I:IDI:I TOMCKWRA
I NOAMTEXHWUIECK WA
BN YHUBEPCHTET

H. #. Kaumax

TEOPUA BEPOATHOCTEM
U MATEMATUYECKASA
CTATUCTUKA.
NMPUMEPbI C PELLEHUAMMW

YHEBRHWK 113 CNO

PexoMeHI0BAH0 YHeORO-METOGNHECKM 00beJHHERHEM
110 0OPAIVBARMIC B 0ORACTH RDUKRATHOW HHDODMATHRY
B KGYECTRE VHEEHMKE J1A CTYACHTOR, 0OVHSIOUIMXCA NG HANDABRCHIG
W CeLUanbHOCTY «[IDUKNAANER BHPOPMATHKE»

KHMra AOCTYNHA B INEKTPOHHOW ONONNOTEYHOH CHCTEME
hiblio-online.ru

Mackea = HOpant = 2019



VIK 519.2075.32)
BBK 22.17a723
K31
Agmop:
Kauman FOavi SANOEHY — KanIHAAT TEXHHYECKHX HAVE, A0LEHT kaeaphl BeigHCin-
TeNLHOH TexHMEH MuctaTyra KnbepneTHin TOMCKOTO TOMH TEXHHYEC KON YHHEEPCHTETR,

Feucnietmn:
Kowwwun I M. — poxtop hHIHEKO-MaTEMATHMeCKMX HAYE, Npodeccop ToMCKOTO rocy-
HAPCTHEHHOUD YHUBEPCHTET;
Ayeena H. 2. — xaHIHAAT MOHKO-MaTEMATHYECKHX HAYE, AoUeHT ToMCKoro recyaap-
CTECHHOTT VHHESDCHTETA CHCTeM YNPasNeHld H PagHoaMeKTROHHEN;

Bosogodenxo B. A. — KanzuoaT Texmiyecksx Hayk, JoueHT ToMCKOTe IOMHTEXHHYE-
CEOM: YHHBEPCHTETA,

Kanman, K. 3.
K31 Teopus BepOATHOCTES H MATEMATHYECKAA CTATHCTHRR, [IPHMEDI € DEIIEHHAMH | yuel-
nuk wia CTIG S B0 A, Kaoman, — M. Haaavesawersa pair, 2009, — 130 ¢ — (Cepia

Ippeccuonannioe cOpazoBaie).
[SEN 978-3-5334-10063-5

Vued)HHK HATIPARIEH Ha NePBOHAATEHOS HEYVIEHHE TEOPHH BEDOATHOCTEH, MATEMATH-
YECKOH CTATHOTHRR H CAydaHapix npoueccos. Hasomens OCHOEHRIE NOHSTHE, CHCTSA
H METOAL CORPEMEHHOH TeopHH, (JO0CHOBAHHE TEOPETHYIECKOND MATEDHAA COMIPOBONIA-
eTCH BOMBIIHM KOIHYECTROM NPHEMEDGE PellleHHA 33834, MPeIcTAaBAAIIHY IPakTHIeCKH I
HHTEPEC B PARAHYHBIE ORTICTHE HAYKH 3 TEXHHKH,

Har cmydcnmoe ofpaIneamersnniy pexdenuti cpedneo npaeccuonarotaee aipaso-
QANNA.

VAR 192(07532)
BEK 22.17a723

Boe npasa aaigtgenst, Hukakes Rocmb Oannoi KU ne momcem Obums a0cnpoussedena
@ KK Oat MO Kit G510 QOpMe 083 NHCERMENNOLD PAIDEIeNUR ATA0CIbIEE ZAMOPLKIY RPas.
Doy 1om Conguer 1 IPEIBORKIO NOOCEepMKY ©300MENBCMEA OOECREUNGAEM WPROUUPCKAR KOMBANUA «Jerthiis.

© Kauman K. 7., 2013
ISBN §78-5-534-10083-9 © 000 sHagarerncrro K paiirs, 2019



OrNABAEHME

BBEHEHHE....

Paznen 1. TEDPPLH BEPGHTHDCTEH :

I'masa 1. OCHOBHBIE ITOHATHA TEDPHH BEPDHTHDCTEH
1.1. FneMeHTE KOMOHHATOPHKH....... ... .cv.e... ?
1.2, ITpOCTpaHETRO BJIEMEHTEI]JHH}{ cm’jhrmi& Cnyqaﬁﬂmﬁ- mﬁm*mn S— |
1.3, CTaTUCTHYECKOS ONPEACNCHHE BEPOATHOCTH ..cvveeee e canensnm s s en en e 14

] —1 LA

1.4, KnaccH4eckas BepOoATHOCTHAA CXeMa.. Y o
1.5, AKCHOMATHYECKOS MTOCTPOSHHES TEG]JHH Bepnﬂmﬂc'rei‘i ISR I
1.6, T'eoMETPHYECKOS OMIPEACNSHHE BEPOATHOCTH . IS 1
I'maea 2, OCHOBHGBIE TEQPEMB] TEQPHW BEFGHTHGCTEH ,,,,,,,,,,,,,,,,,,, 22
2.1, Teopema CIOASHAT BEPOATHOCTER HECOBMECTHRIX COOBITHI .vvvviirivrrennn. 22
2.2, Teopema CIOKEHAA BEPOATHOCTER COBMECTHRIX CODBITHH ..cvvvvverirr i, 23
2.3, He3aBHCHMOCTE COOBTTHI ..\.ovvirieririorimrorarrerrarinesrrasrarnisrannasroarrerrares e veeor 25
2.4. Teopema YMHOKSHHA BEPOTTHOUTEM oo ovvvvrrvrsrrirosroanrisrssrssstsrassassosrssssbes vesbe 26
2.5, DOPMYTA MOJHOH BEPIATHOCTH .vovvrrsrirrssiesrersrssosrosbrisesressrtsrasssssesressssses rosbe 28
2.6, Teopema runoTes (DopMYITA BARSCAT. ...vvrvrrrvresrerrrrsesresrrsrarssresrerrsses resee 30
I'masa 3. IOBTOPEHHE HCTIBITAHIH ... e eeeeeeee e een enen 33
3.1, CxeMa BEPHYIIITH. ..cooiiir e e teeerecre e recir e s csier s en eae e e s s asse e s e csbeassasasse s aes sae o 33
3.1.1. O6obn1eHNE CREMEL BEPHYIIIIH. c.ceiiiiiiie e ererece e re e se e s e e e e e e 37
3.2, Teopema [lyaccoHa (3akoB pEAKHX COOBITHE} ..ocoocivnnr e ccimaenn s 37

3.3. Hoxaneaan TeopeMa Myaspa—Tlamnaca ... L 38
3.4. Huterpaneaan TeopeMa Myaspa—Jlannaca. ... L 39
Tnasa 4. CIIYYAWHBIE BEIHUHHBL ........oovoceecee e ceeeeeeere e e enesnesnesnesneene e
4.1. Knaccuihnkauus cory4ailneiX BETHIHH.
3aK0OH pacnpeIcacHHA TUCKPETHOM cn}'qaifmuﬁ BEITHIHHEL ....coeeeveeeeen e ]

4.1.1. Haterpanbiaa ¢ yHKLHA pacipenensiu ... I - X.
4.2. HenpepesipHad cAyYaiHad BeNHYHHA, ONOTHOCTh pacnpeaenenun.,..,,.,,.,,.45
4.2.1. OCHOBHbBIE CEOHCTBA NAOTHOCTH pacnpeaeacHu .. R ¥ |
4.3, XapakTepCTHEH DOMOKEHHA CAYYaHHOH BETHYKERAK .. N - 1

4.4, HUCTOBBIS XapaKTEPUCTHKH OJHOMEPHOR CJ‘l}”-iﬂﬁHﬂﬁ BEAIMMHMAE ............. 3]
4.4.1. CpoHCTEA MATEMATHYECKOTO OMHUAAHHA. ..o i e e e v v ceneen e e D2

4.5, MOMEHTEI CAOYIAAHON BEITHTIHEET ovvvorivriersarerreresnrsrriorisrtsrasrisssarmsrrsresses vrtor 53
4.5.1, CBOACTEA AHCTIEPITHH ....vvvvvrvsessrasrssrerrestesresbrtses ressrtsesssassisrassessesresirtses e 55
4,52, ACHMMETPHA H FKCLIECT .vvvvrvsrsrrarrrsrorsesres resbrrsesssssrisransestesresbetsesretertsrins 56

I'nasa 5. MHOTOMEPHBIE CIYHAHHBIE BEJTUUMHDBL .....cc.corconiriarcorrennons 59

5.1. MuoromepHada cayJaifuad BeTHYHHA H 33K0H €e PACTIPEASNe s ............ 59
5.1.1. CrolicTEa IBYMepHOR QYHKIHH PACHPEIETCHH .cocoiieeeeeree e ceaieaas 60

5.2, ILToTHOCTE BEPOATHOCTH JBYMEPHOHR CIY9aHHOH BEIHYHHEL ........cvvverenees 02
53.2.1. ¥cnopRas [NOTHOCTE PACTHIPEIEIEHMR ..ovvenceeirearecrarraresresseaeassesnraes e s 63

5.3, HacnoBeEe XapaKkTEPUCTHRH CHCTEME] CYIANHBIX BEMHYHH. ..ccovceraeene il
5.3.1. CrolicTEa KOFPPHIHEHTA KOPPETALIHH .oeov e cerarrareacssnsnnassaessceses sesansnn it



I'nasa 6. OCHOBHBIE 3AKOHBI PACIIPEAEIIEHHA .........c. e
6.1, HOpMAaTTEHEBIA (TaYCCOR) BAKOH DACTIPEASTIEHHA ..vvevrrierisessarrisrisrasrorrmssesis
6.1.1. BepoATHOCTE NONATAHMA HA HHTEPBAM. ..o ove e cee e cece v v ereeen e e e
6.1.2. CrolicTEa HOpMANEHOH PVHKLHH PACTIPEIEMEHHA . ...uvereeeeraeraeisreaness

6.2. Pacnpenenenne 1’2 (COUH-KBAPATE Neveaeeeinrraeraiecerars crsrrasesessrasassesnrasessesan

6.3, IlokazaTenbHEIH (3KCIOHEHNHMATEHELR ) 3aKOH PACTTPEACHCHET .....cvvvne e .
6.3.1. HHChoBLIE XapaKTepCTHEY DOKASATENEHOMO PAcPeleeHHd ... ... ...
6.3.2. MDVHEUMA HAOEHKHOCTH . coue e ies vas e s sas e s s e sess e e sas sn s san e sns sas e s s

6.4, PacnpeleleHue TIADETO ....cvvvveciiervsrrirsies vt irsses ressr s easssssasvansesresresbrtses reses

I'masa 7. 3AKOH BOJIBIITHX HHCEIT ... e e e . B3
7.1. HepaBeHCTRO MEOBIMIEBA .....oviiiiiiiice e et e e e 33
7.2, TeopeMa HMeDBTIHEERA .......o.covivrrerisrarrisnrsrrsresres e tbessrssrter issasrasransrsresresrnsbrtsessr 84
7.3. Obo0nenHAan TeopeMa HeORIMIERA. ... oo e e e e e e B0
7.4 Teapema MapROBA. ... e e e a7
7.5, Teopema bepEynIay ... 87
7.6. HeaTpanesnas l'IpE,[[E.J]bHEH Teupema PPN . ..

Pazaen 2, MATEMATHYECK A CTATHCTH]{A .............................................. 90

I'asa 8. OCHOBHBIE [TOHATHUA H 3AJAYH MATEMATHUECKOH

CTATHCTHEH ...t e e 00

2. 1. BLIOODOUHRIE PACTIPEACITEHM 1.ovvvverrsrirersresressrtsosrossrisesressstsrarsesresressetses roses 02
£.1.1. I'pynoxpoBanHe JAHABIX, THCTOTPAMMA, TTOMHTOH. . e e e e e saeee e s e 23
8.2. CraTHcTHYECKad (IMIMPAYECKAA ) PYHKLUMA PACTPEACTIEHHA . covvnerrcrnenans Q6

8.3. Buidopoyvnbie 3HAYEHHA H OLUSHKA NAPAMETPOB. .. ...cvveeviraeeersreerenrasres casrenen

8.3.1. TpebOoBAHNA «XOPUIIHN DLBHDEY «..cocee e eeneeeeeereeeees sesesees smesees se e en
I'maea 9. MHTEPBAJILHOE OLUEHMBAHMHE...........ccocconiivmimrimrinresresranessesnns 1

9.1. HutepbanbHas OLSHKA MATEMATHYECKORD ORCHAAHNA
NIPH H3BECTHOH JTHCIEPCHH ..ooiemiieiieiceiieaaes ceraeermseeasessesneasssmsseassases aes snenns 1

9.2, MuTepeamunan OLeHKA MATEMATHYLCKOTO (KM IaHKA
IIPH HEH3ZBECTHOHN JHCHEPCHH ....couovieeceve see e sre smser e semssn sms ns ens smmnsmes nnse L
9.3, HuTeppaneHaa oLeHKA BEIOOPOTHON THCTICPCHH ooceeeriireeescesinsnersen snssmrans 1
Imasa 1. CTATHCTHYECKHE KPHTEPHH ...........cooivrieririnrisrieresrorres s esees 1
10.1. TIPOBEPKA THIOTET .. .oiiie e e e e se e e se e e ses e se e e sme e e sn e s een seeees |
10.2, OmudKH TPOBEPKH THIIOTER....ocvrirriarinrerrarrarrarranisriariniorssmersansaninranines 1
Paszen 3. CIVUAHHBIE ITPOLIECCEL... R |

I'maga 11. OCHOBHBIE TTOHATHS 1 MCI,[[EHH CHWAHHLIK

MTPOLIECCOB. ... riaernssvr ioriorsasrasrsssasrarsisrisraarassasrassrassasronesseasns 1
11.1. KnaccHpHKANMa CAYUAMHEIX TPOHECCOR .. .covee e eeeeneeeees seeaerees seesees smees |
11.2. OcHOBHEIC XaPAKTEPHCTHEH CIIVUAHAOIO NPOLIECCA.cicrrerareaeraessessnans 1
11.3, CTAUHORAPHEIE CAYTAHNHEIS MPOUBCEEL o vvvrrvrrerrsrsrrinrisrssrssmsrisrssresrssresses 1
11.4. Maprosckne crygalHBIE NPOLIECCH .. PP |
11.5. IloTokH cobmtui (IlyaccoHoRCkie nnTm{H) .......................................... 1
11.6. HenpepblBHBIH MapKOBCKHIE MpoUsce. YpaBHeHHA KoaMoroposa... ... 1
CNHUCOK NUTE FAT}"F]:[ ................................................................................ 1

03
(5
08
9
11

14

14
13
16
19
20
24
26
29
30



BBEAEHUE

Lens yuebHUKA — H3YUYUTE OCHOBBI TEOPHH BEPOATHOCTEH, O3HAKOMHTh-
CAl C SNEMEHTaMH MaTeMaTHIYECKOH CTAaTHCTHKH W OCHOBAMH TEOPHH CNyval-
HEIX npoueccoB. OJHOMMeHHAaA JHCUMIUIMHA H3Y4YaeTcd B TevdeHue OQHOTO
CeMecTpa, MOATOMY NEPBOCTENSHHOE BHHMAHME B yueOHHKe yAendeTcs oc-
HOBAM TEOPHH BepOATHOCTEH, 623 SHAHMA KOTOPRIX PACCMOTPEHHE METOJ0B
MATEMAaTHUSCKOHN CTATHCTHKN M cNYYalHEIX IPOLECCOR NPOCTO HEROIMOKHO.

Teopus BepoRTHOCTER — Mamemamuyeckan HAVKA, UIVHAOWAR 30K0-
HOMEPHOCIU CRYYatiNblX gerertd. 1100 CNyYaHHBIMA ABTEHHAME MOHHMAK)IT-
cA ABJIEHHA ¢ HEOIPEISNeHHBIM HCXOO0M, IPOUCXOJALINHE IPH HeOJHOKpaT-
HOM BOCIIPOH3BEJEHHH ([IOBTOPEHHUHW) OOHOTO H TOTO e ONb6ITa IpH HEH3-
MEHHBIX YCIOBHAX.

B npHpoae H TeXHHKe, B SKOHOMHEE H COOPTE HET HH OJHOTO (M3Hve-
CKOTO ABNIEHHA, B KOTOPOM He IPHUCYTCTROBANH OBl ANeMEHTh! CIYYAHHOCTH.
PaspaboTka H H3YUeHHE METOJ0B TEOPHH BEpPOATHOCTH M BEPOSTHOCTHRIX
MOJENEH JAST BOIMOKHOCTE NOHATE PAZIIHYHEE CBOHCTBA CNYYAHHRIX SBIE-
HUil Ha a0CTPAKTHOM B 0D00MCHHOM YPORHE, HE Mpuberan K IKCOEPHMEHTY,

Llent BEPOATHOCTHRIX METOOO0B COCTOMT B TOM, YTOOB, MMHYA CIHIIIKOM
CIOKHOE (@ 3a4acTyi0 H HEBOZMOMKHOE) MCCIENOBAHME OTIAENBHOIO Cnyvasd,
H3YUYHTE 3aKOHOMEPHOCTH MACCOBBIX CNYYaHHBIX ABJEHHH, IPOTHOZHPOBATH
HX XApaKTePUCTHKH, BAHATE Ha X0 3THX ABJIEHHH, KOHTPOJIHPOBATL HX, OT-
PAHHMHBATE OONMACTE OeHCTBHA CIYYAHHOCTA.

MaTeMaTH3a1HA 3HAHHA, ONUPAICUIAACA HA MOLWIHYIO TEXHHUECKYIO MO/I-
AepKKY B BHje cCOBpeMeHHRIX JBM, npuerena k HIMpokoMy NpHMeHeHHIO CTa-
THCTHYSCKHX MOTONOBR B paboTe CMenHATHCTOR, NCATEMRHOCTE KOTOPBIX CBA-
3AHA ¢ KOMMBROTEPHOH 0OpadoTkoll AanBEIX, CTATHCTHUSCKNE MCTOARL, OCHO-
BBIBAACH HA 3aK0HAX TEOPHH BEPOATHOCTEH, MO3BOMAIOT H3YUHTE TEXHOJIOTHH
cOopa, CHCTEMAaTH3ANNHKN H HHTERNPETAITHH HUCIOBEIX (CIydaiHbIX) JTaHHBIX.

I'1aBHAdA 1eb CTATHCTHKH — HOAVYEHUE OCMBICAEHHBIX JAKAFOYEHUN U3
Heco2racosatibiy (IOIBEPKEHHEIX pa3dpocy) dantoix.

HelcTBUTENLHO, HCKITIOYAd TPHBHANBHEIE CHTYAlHH, pealbHule NaHHEIE
BCeT/la ARMAKTCA HECcOrNacoBAHHEIMH, YTO TpedyeT IpHMeHeHMA CTATHCTH-
Y4ECKHMX METOA0B, PACCOrNacoBAHHOCTE (Pazipoc) Mexny HHARBUAYATEHBIMHA
HAGTKONCHHAMI MOKET OBITh, BAMPHMED, 00YCNOBNEHA OMUOKOH CYHTBIBA-
HHA MO3HIHA CTPENKN OprOOpPa, KOTAA OHA PACMONMKEHA MEHKILY JIBYMS A¢-
JMEeHHAMH IIKAIBLl CTPEeIOYHOre npHdopa, 1ubo Kak clieJcTBUe HecTaDHNIBHO-
CTH pafoThl ANEKTROHHOrO 000pYA0BAHHA IPH Nepeaade cOOOIEeHHH H T. II.
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CaOyqdaHneH npouecce (cryvyadnad (QYHKUHA BPEMEHH) — Hpoyece
HIMEHEHUS G0 @PEMER COCMORHUI CHCMEMbI 8 COOMBEMCMBUN  6EPOAMHO-
CHIHBIMY FQKOHOMEPpHOCMAMY. JHAYCHHE CIy4YaHHOrO Npolecca B [pOH3-
BOMIBHEII MOMEHT EpeMeHH oOIpeJendeTca paclpeleneHHeM BepOATHOCTEH
COOTBETCTBYIOINSH CIYYAHHON BENTHYHHEI.

AnA coppeMEHHBIX BHUMCIHTSIBHBIX MAlIHH, CHCTEM H CeTel Xapak-
TEpHa paboTa B peKHMe pelieHnd MOTOKA CIYyYAHHEIX ¢ CBOHM XapakTepH-
CTHKAM 3a7a4, NOCTyNarlUIuX B o0leM cnyyae B CIy4aHHBIE MOMEHTREI Bpe-
MeHH. AHAIH3 H, caM{e [NIABHOS, CHHTE3 CHCTEM ¢ YYETOM BEPOATHOCTHOID
XapakTepa IPOTEKAKUIHX B HHUX IPOLECCOB BOSMONKEH METOJAMH Meopiil
MACCOBR2G COCAVICUBIHUA.

H3yuaeMad JUCUMIIHHA — 0UeHb MoONnonas Hayka. [lepeele paboTeL, M0-
CBAIEHHEIE OCHOBHBIM IIOHATHAM TEOPHH BEPOATHOCTH, MOABHIHCE B XVI-
XVII BB. H CBAZAHEL C AHAIHMIOM A33aPTHEIX UIP B KAPTEL H KOCTH. ONHUMH H3
nepprx apTopoB ObumH Jx. Kapaano (1501-1570), I'. anuneii (1564-1642),
b. Mackane (1623-1662) u I1. QepMa (1601-1665). ITepsriil Donee HIH Me-
Hee MONHBIH TRaKTaT ¢ TEOPHH BepoATHOCTEH «) pacyeTax IIpH HIPE B KOCTH
HIH 0 pacueTax TIpH asapTHOH urpex» OBIn Hanucad B 1657 rogy X. [Nwoiiren-
coM {1629-1695). ¥xke B 210i pabote ['HOAreHc NOIUSPKHYI, YTO OEI0 HE B
A3APTHEIX HIPaX, a B TOM, YTO «3aKIaJbIBAETCA OCHOBA OUEHL HHTEPECHOH H
rIy00KOH TEORHHY.

PaszpuTHE NpOH3BOJCTEA, BOSHHKIINE 3aJ1a4d CTPaxXoBaHHA M JeMorpa-
e, yenomHeHHe (HIHYECKNX IKCTIEPHMEHTOB H ACTPOHOMHYCCKHX HA-
CIIONeHHH, CBAZAHHEIX C HAMEPEHUAMH, ¢ METOJaMH ONTHMAIBLHOTO perynn-
POBAHWA, THHCHIHOH QunbTpauHeil H TeopHeli NEpPEaaYn CHIHATOR MO KAHA-
naM CBA3H, OoYeHs ORICTPO TOATBEpIMNH NpeicKasaHHe ['iofireHca u pesko
PACIINPHITH [PAHMLEL IPAMCHCHHA TSOPHH BEPORTHOCTEH, DTN JOCTHKCHHN
OBINH CBAZAHH ¢ HMEHAMH TAKHX BEMHKHX MaTeMaTHKoB, Kak f. bepHyninu
(16341705}, A. Myaep (1667-1754), I1. bepuynmm (1700-1782), T. baitec
(1702-1761), M. 2iinep (1707-1783), L1. Jlanmac (17491827}, C. [Iyaccon
{1781-1840), K. Tayce (1777-1853),

CoBpeMeHHOE pPa3BHTHE TEOPHH BEpOATHOCTEH, MaTeMAaTHYSCKOW cTa-
THCTHKH M CIyYAliHBIX npoueccor ceazano ¢ umernamu [1JI, Yebemiera
{(1821-1894), A A. Maprora (1856-1922), A.M. Jlanynora (1857-1918), K. [Inp-
cora (1857-1936), P. Gumepa (1890-1962), A M, Xunuura (1894-1959),
B.H. I'nusenko (1897-1940), A.H. Konmoroposa (1903—-1987), CTetogenTa
(B. Toccera) (1876-1937),



Paspen 1
TEOPUSl BEPOATHOCTEM

fnasal
OCHOBHbIE NOHATUA TEOPUWU BEPOATHOCTEMN

1.1, 3nemeHTbl KOMOBUBATOPHKM

IIpaeniaoe nponieeneHnd. Ecny aneMeHT x; CTPOKH (X, X3, ..., X)) MOXK-
HO BEIOpaTe #, crmocobaMH H MOC/e KaXkJoro TaKoro BEIOOpa X| 3NMEMEHT X»
MOMXHO BBRIOPATH #y clocoDaMM, H MOCNe BEIOOPA x; M X3 ANEMEHT x3 MOMXKHO
BWOpaTE #3 ¢OOCO0AMH K T. I., HAKOHEL, X, HE3ABHICHMO OT BEIOOpA BCEX npe-
ABLOYIIIHX ANEMEHTOB MOXKHO BRIDOPATE F, cnocobDaMu. Toraa KOJHYECTBO BO3-
MOMKHOCTeH (KoMOHHAITHIA) 00pazoBaHuA CTPOKK (X, X7, ...., Xi)} PABHO:

N=n-n-n-.-n,. (L.1)

HPHMEP 1. Oben B YHHMBEPCHTETCKOH CTOJIOBOH COCTOHT H3 TPEX
omon. Ileproe OO0 B MeHIO MoXeT ORITH BRIOpaHO 5 crmoco0aMu, BTopoe
omono — 4, a Tperse Oumroae — 3, CKoneko AHEH CTYASHT MOKET ChEIATs HO-
BRIA 00en, ecnu moGas komMOHHAMA ONOA BOIMOKHA, M ONUH 00ed oT apy-
TOTO AOMEKCH OTMHYATECA XOTH GBI OIHNM QTHONOM?

PEITEHHE. Tlpn pelliendn NaHHOH 3a7a4H NPHMEHHM Hpasiiio npois-
geoeH A (KOMOWHATOPHKA) H YYTEM, 4TO CTPOKA COCTONT H3 TPEX MMEMEHTOB,
ITepeoe Onrom0 (MEPBBEIH 2EMEHT CTPOKH) MOKHO BEIOpPATE MATEHD patiHd-
HEIMH CNOCODAME, BTOPOE — YETRIPEMA PASTHYHBIMH COOCO0AMH HESARNCHMO
oT BeIDOpa nepBoro. Takum o0pazoM, MepBrle Nea GuioJa MOKHO BRIGPaTE
5-4 pasnnuAeiMH KOMOMHaUMAMH., YuuTmBag eeidop Tpersero Omoaa,
OKOHYATENEHO TTONYYHM:

N=5-4-3=060.

TIIpaBguI10 ¢cYMMEL T]lyCTe MHOKECTEO £ COOCPENT B HMEMEHT, MHO-
HKeCTBO E; — ni; 3IEMEHTOB, ..., H MHOXKecTBo K, — ny 3meMenToB. H ecnH stH
MHOKSCTBA TIONEPHO HE TEPECEKAFOTCA {HET OAWHAKOBBIX WIEMEHTOE), TO
HHACIO 2JIEMEHTOB B HX Uﬁ’hE,I[HHEHHH pPaBHO CYMMC HHCE]l DJIEMEHTOB, CO-
ACPHAIMIHXCH B KAKIOM H3 ITHX MHOKECTB,

N=nm+n+n+...+n. (£.2)
IepecTanosku. ITycts £ ) — {J:I s Kayeaey .ﬁ:ﬂ} — [POH3BONEHOE (HeYNOo-
PAIOYEHHOR) #-DIIEMEHTHOR® MHOKECTBO. PacCMOTPHM padiHyHele KOMOHHA-
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IIHH er¢ ynopagodueadund. [NooydaeMele IpH PTOM YOOPAIOHMEHHBIE MHOXKE-
CTBA OTIHUAKITCA APYT OT APYra TONEKG TOPSAKOM CEA0BAHKN BXOIATIHX B
HHX 912MEHTOB H Ha3BIBAalOTCA NEPEeCTAHOBKAMH H3 4 3eMeHToB. YHCno
BCEX TAKHX MepecTaHOROK 0003HAYaeTcs CHMEONOM P, H HaXoauTCca Mo

dopmyne:
P=nl=123 . (n=1-n (0O1=11=]), (1.3)
HTPHMEFP 2. Tlatepo roctel cay4dalHBIM 0OpasoM pacCaKHBAKOTCA 32

¢TOMOM, CROMBKUMH CTIOCODAMH MOKHO WX PACCAIANTE TAK, YTOORI XOTH ORI
2 TOCTA MOMEHATNCE MECTAMH { M3MEHHIICH TOPATOK)?

PEINERHE. TIpH petleHHH JaHHOW 3aJa4H, YUATHEBAL, YTO 34 CTOJIOM
BCETJa CHAAT BCe 3 TocTeil, IPpUMeHHM Rpasiilo REPECHARORKY.

N=F =51=120,

Pazmeenun, Pasnmiuneie yOOPAIQUEHHBIE M-3TTEMEHTHEIC NOIMHOKS-
CTBa JAHHOTO HEYIOPANOYEHHOTO MHOXECTEA £ (m < 1) HA3BIBAKOTCA pas-
MEINEHHAMK U3 i MeMEeHTOR 1o . Yxcno Takux pasmenieHnH obGo3HadaeTcs

I
A" v BoiuncngeTes no dopMyne:

Am {”L?jm)'—ﬂ(n—l) ..... (H-m+1)- (1.4)

THIPHMEP 3. llecaTs y4acTHHKOB (DHHANA pasbIFPREIBAKOT OJHY 30I0TYIO,
onuy cepebpanyo H onny OpoH30BYI0 Menand. CKONBKHMH CHoco0aMH 2TH
HACPALET MOTYT OBITH PACTIPSICICHE! MEK Y CTTOPTCMEHAMH

FEHIEHHAE, CornacHo YCIOBHI JaHHOW 3a1a4l  HArpaibl IIOMYYar
TONBKO TpH (HHANHCTA M3 JECATH, a LIEHHMCTE MeJalei pasinHyHa, T. €. [0o-
PAJIOK TIPH3EPOR MMeeT 3HaueHHe. Torga Ansa onpeleneHid udcia koMOHHa-
IIHH TTPH3EPOR IPHMEHNUM RPUGHTI0 PAIMEUICHIN:

T
Am_ﬁ_m 9.8=720.
Coueraung. PaznHYHEIE HEYTIOPAOOYCHHBIC M-3JICMETITHRIC ITOOMHO-
HKeCTBd MHOKSCTEA E{ ") (m < H} HAa3BBaK}TCH COYMETAHHAMH H3 A MNIEMCHTORB

- Ll
mo . Yucno Bcex TakuxX codeTaHuii oGoznagaerca cumBonoM C, u ompe-
JenAeTca 1Mo hopMye:

n!
min—m)! (1.5)

Cr



MOoXKHO I0Ka3aTh CIPaBSIMBOCTE CIEAYIOMNX POPMY:
Cr=C",  (msnm),
CleCL+C2 4. +CP =27, (1.6)
Cr=C", +C™!,  (l<m<n).
HPHMEP 4. B nonypHHAIEHOM 3abere YYACTBYROT JECATE CIOPTCME-

HOB. TPH CMOPTCMEHA, NOKAZABIUME TYYUINNA PE3YILTAT, MOMATAT B huRa,
CKOIBKO CYUIECTBYET PA3lIMUHEIX TPoeK PHHATHCTOR?

PEHIEAHE. TIo yenoBne 3amaup B GHHAT BOHAYT TOTBKO TPH CNOpT-
CMeHAa M3 JecATH, MpUYeM MeCTO B MPH3I0BOH TpOHKe He HMeeT 3HAYSeHHA.
Torma ansa onpemencHHA YHNCIa KOMOHHAUNE MPH3CPOB NPHMEHHM HPIEUAD
CONEMAHITT!

. 10!
Cio =7, ;=120

Hpuveuanua.

Pazmeujenuns W3 n DNEMEHTOB TO M NPENCTARAACT COOOH TaxHe m-2ie-
MEHTHHIE BHIGOPKM M3 HEYIOPAJOUEHHOTO MEO¥cCTBa EU", KOTOpHIE OTIMYAKTC
OPYT OT apyra [udo caMiMM 3NeMeHTaMM (XO0TA OBl ONHMM), AH00 NMOPAAKOM MX
PACTI OIIOHEHHA.

{ovemanua e U3 # INEMEHTOB 1O M NIPEACTABIAET CODOH m-3IEMEHTHbLIE
BbIOOPKH, OTIHUIAIIHECA TOILKC CAMHEMH 3J1CMEHTAaMH.

PaiMemieHHd ¢ NoBETOpeHHAMH. Jro6Gas cTpoka ANHHOH m, COCTABICH-
HAd H3 WIEeMEeHTOB MHOKECTBA E{"}, IpHYeM MEMEHTEl B CTPOKE MOTYT [0-
BTOPATECH, HAZBLIBACTCA pa3MelleHHeM ¢ IIOBTOPEHHEM H3 # AIIEMEIITOB 110 .

wr _?:EI'
Uucno Bcex pasMellleHHH ¢ TOBTOpeHHAMM 00o3HadaeTca cuMBoioM A, H
BRIUHCNAETCA 0 opMyne:

A =n" (1.7)
HPHMEP 5. Ina apToMOOUNBHEIX HOMEpOB Henones3yrotes () umdp w

28 OykB. Kaxariil HoMep cocToMT M2 3 OvKB H 4 undp. Kakoe MakcuMansaoe
YICIO MAHHE MOKST DOTYIHTE HOMEDA TIPY TAKOH CHCTEME HYMEpaunn?

PEITEHHE. CHadana ocywiecTBHM BeIOop 4 mudp. Kaxneii takoi
KOMIUTERT updp TpeICTARNAST COO0H YETHIPEXITEMEHTHYIO BHIDODKY W3
[0-aneMeHTHOr0 MaccHBa UHGP, T. €. ABIAETCA pasMelleHHEM C MOBTOpe-
HHAMN 13 10 21eMenToB mo 4, CreaoBaTensro, 0BUIEe YNCTO TAKHX DISMEH-
ToB pasHo 10°. Hexmounm ua Bribopkd HoMep 00-00, ecni oH HeJOMyCTHM.
AHATOTHUHO BEIGOP TPeX OyKE U3 28 OCYIECTBAACTCH 28 YHCIOM €noco-

g



Goe. T. K. HOMEP Ka)n0#i MalTHHE eCTh YIIOPAJIOUeHHAA «apay», CoOCTOAINa
13 kKoMmoaekTa undp v komnaekTa HyKBe, TO O OPABHTY TPOM3BEAEHHA YHCITO
BCeX HOMepOB OyJeT pagHO:
N=(10"-1) x 28°=219 498 048.

CouerTaHns ¢ NOBTOPEHHAMNA. PacCMOTpHM COYETaHHA H3 R 3JIeMeH-
TOEB 10 1 M IPSANON0NKHM, YTO B KOMDHHALIMH BOAMOMKHEI IOBTOpeHHA. B
3TOM clIyyae BeI0Op 3eMeHTOR KOMOHHAUWK OCYIIECTRIAETCA He TONBKS 10
OJHOMY pazy W3 n 3JIEMeHTOB, HO H elle Jo (m — 1) pa3a oJHOro M3 3THUX
aneMeHToB. B 3ToM ciydae ofInee YBCIo 3MEMEHTOB, H3 KOTOPHIX OCYINECT-
BIAETCA KOMOMHALHA, cleyeT YReIHUnTs 10 (n + m — 1) anementos. Cre-
JOBATENBHO, YHC/IO COYETAHHH H3 #1 DJIEMEHTOR 10 M ¢ MOBTOPEHHAMH OIpe-
JenseTes Mo QopMyne

C: = ::im—l- (1.8)
TIPHMEF 6. B ugeToynoM KHOcke npogaercd 10 HauMeHOBaHMH LBe-

ToB. [lokynaTens KenaeT npuobpectd 6ykeT H3 5 UBeToR. CKOIBKO CYINECT-
BYeT KOMOHHAUNA TakHx DykeToR?

PENHIFAHE, QueRHNHO, YTO NBSTE OJHONG HANMEHOBAHMA MOTYT NO-
BTOPATECA B OyKeTe, H TaK Kak IOpAJoK HBeTOoB B OykeTe He HMeeT 3Haye-
HHA, TO 37eCh IpHUMeHHUMa PopMyna YHCIA COUSTAHHH ¢ MOBTOPEHHAMH '

14}
51.91

TIEPECTAHOBKH ¢ NOETOPEHHAMM, PACCMOTPHM TIEPECTAHOBKH, CO-
AepKalye oJMHAKOBEIE 3TeMeHTH. Hampumep, B nepecTaHOBKaxX H3 # 3le-
MEHTOB MMEHTCH & PasmuaHex 3meMeHTOR (K < 1), TlpH 3T1OM nepBeIin Hme-
MEHT BCTpPEUaeTcAd », pa3. 3TO 03HAYaeT, YTo obliee YHCNO NEepecTAHOROK

Cio = Citss1 =Cia = = 2002,

AOMKHG OBITE YMEHRILEHO B 1, ] Pa3, TAK KaK BIAMMHBIG NEPECTAHOBKH QIHO-

I'o H TOIO A< 3MEMCHTA paBHOZHAYHEL.
ABanoTrHuHo MPOHCXGIHT H © GCTANBHEIMHA 3NEMEHTAMH, KOTOPEIE MOI'YT

BCTPEYATRCA Mo, My, ..., F, pas, NIpHYeM B, +A, +..+#, =n IloaroMy
obliee YHCNO MEPECTAHOROK C NOBTOPEHHAMH NIOJCYMTEIBAETCA IO (hopMyTe

al

Bnny,.5m )= (1.9)

bl ont

HPHMEFP 7. iMeeTcq muecTH2HAYHAA KOJ0Bad KOMOHHALHA, COCTOAUIAA
w3 Tpex ungp 1, 3, 5, B xotopoi undpa | BCTPEUAETCS OAMH pa3, widpa 3 —
IBa pa3a W uudpa 5 — TpH pa3a. CKOIBKO CYIUSCTBYET KOMOHHAIIHH TaKMX
HaGopoe?

10



PEHIERHE. B 1aHHOM cIy4ag HMET MeCTO MepeCTAHOBKH ¢ MOBTO-
penuaMu. Mx ypcmo dyaet pasro

|
(L 2 3= —2

— =60
11. 21 3]

1.2. MNpocTpaHCTBO 3NEMEHTAPHLIX COOBITMH. CnyyaHHbie cobbiTHA

ITon codbLITHEM B TEOPHH BepOATHOCTEH MOHUMASTCA BCAKHH (lakT,
KOTOPHIH B PE3V/IBTATE ONBITa MOKET IIPOH30OHTH HIH HE NPOH30HTH.

ITpuMepel COBRITHH:

A — nogaeunca repé npu OpocaHHH MOHETEL,

B — noasneHHe TpeX replor NpH TpeXKpaTHOM OpOCaHHH MOHETEI;

(' — monanaHue B UEAb IPH BEICTPENE;

D — nogsneHHe Ty3a NOpH W3BJIEYEHHH KapTRl H3 KONOMEL H T. J.

PaccMaTprBas BEINICIEPEIHCICHHBIS COORITHA, MBI BHIHM, YTO K0S
U3 HUX oDIanaeT KAakoH-TO CTENSHBI0 BOIMOKHOCTH: OJHH — DONBILEH, Jpy-
rie — MeHblneH. IlpHiem 11a HeKOTOPHIX COOBITHH MEI CPA3y KE MOMKEM pe-
IINTh, KAKOE N3 HUX Doslee, a Kakoe MeHee BOIMONHO. UToOEl KoMHYeCTREH-
HO CPAaBHHTE MEXNy Co00lH cOOBITHA MO CTENEHH HX BO3MOXKHOCTH, O4eBHI-
HO HYXKHO ¢ KQXIBIM COOBITHEM CBH3ATE ONpEASNeHHOS YHCIO, KOTOPOS TeM
Gonewe, yem Gonee BO3MONHO coObITHE. Takoe HUCIO MBI HAa3BIBAEM gepo-
AMHOCMbIO COOBIMIRA.

PaccMOTpHM MHOWECTBO COOBITHH M, KOTOpBIE MOXKHO HaGMIOAATH B
HEKOTOPOM DSKcnepuMeHTe. Beinenum, npesae Bcero, NBa ClelHalbHBIX CO-
OLITHA — docrmoeeprog cobuimiie — U/, KoTopoe 00A3aTENBHO NPOHCXOIHT
B SKCIIEPHMEHTE, H HEECIMONCHOE cobsimue — V| KOTOpoe He MOKeT Ipo-
H30HTH B IKCTIEPHMEHTS HNKOTAA,

Jlun kaxa0ro codeina 4 u3 M BESISM NPOTHRONONGKHOE COORTHE A,

KOTOPOE COCTOHT B TOM, YTO COORITHE A HE NPOH3OO,
Coberte A4 + B (AJ B), saxmouaromieecs B TOM, UTO H3 ABYX COOBITHEH

A wn B nmponcxoguT no kpaiinedl mepe oano (ubo A, mubo B, mbo A n B
BMECTe), HAZBIBAETCH CyMmoli (ITH odnedunetties) CoObBITHA A U B.

Cobmme AB{(ANB), sawmodaomescs 8 ToM, 410 cobpitia A v B
IPOHCXOIAT OJHOBPEMEHHO, HA3BIBACTCA npouzeedeHiieM (WIH Repeceyerti-
em) CoDBITHH A H 5.

CobertHe A \ B vaspieaeTca paznocmbie COORTHA A H B; 0HO 3aKIH04Ya-
eTCd B TOM, UTO IIPONUCXOIHT A H He TIPOHCXOIHT 5.

GHEPEU,HH Han COOHTHAMH ﬂﬁﬂﬂﬂ,ﬂlﬂT CICIYIOITHMH CBOJCTRAMH:

» A+ B=58+A— cOMMYTATMBHOCTE CTOMKEHNA;
» AH{(B+CY=({A+ B)+C — accoOunaTHBHOCTD CNOKEHHN,

11



+ AB=BA4— KOMMYTATHEHOCTE YMHOKEHHA,

¢ A(BC)=(A8)YC — acCOUMATHEHOCTE YMHOKEHUN,

o AAB+C)=AB+AC, A+BC=(A+B)A+{) — 3aKoHB JHCTpRM-
OYTHBHOCTH.

[MTpeamonoxHM, 4TO CpeH BCeX BOIMOMHBIX COOBITHH A4, KOTOpEIE B
AAHHOM OTBITE NO BOJNE CNYYAR NPOUCKXOIAT HNIN HE TMPONCXOIAT, MOMWKHO
BBIIC/THTE COBOKYNHOUTE TAK HASBIBACMEIX 27EMENMIDHDIX CODBIMUE, WM
IAEMEHMAPHEIX HCXe006, OOTANANMNX CCTYKHIMME CBOHCTRAMA:

* RBO-NEPBLIX, BCe OHH B3AMMOMNCKIIYAIOT APYT JApYyra, T. €. ABIAKTCA
HEepeceKatoIIHMNCH;

# BO-BTOPBIX, B PE3YNIBTATS JAHHOTO QNRITA 0O43ATENRHO NPOHCXOANT
OJHO H3 DTHX 3NIEMEHTAPHBIX COORITHH;

® B-TPETBHUX, KaKOBO OBl HH OBLIO CODBITHE A, M0 HACTYIHBUIEMY 3JIE-
MEHTAPDHOMY HCXOAY BCErAd MOMWKHO CYIHTE O TOM, MPOHCXOLHT HITH HE NPO-
HCXOJHT 3TO cODBITHE.

FeMeHTapHBIE HCX0Ab 00BIYHO 0D03HAYAKITCA rpeveckoi OYKBOH @, a
HX COBOKYITHOCTE £} HALIBALTCA MPOCHIPAHCIREOM ZIEMEHIRAPHLLE CODbIMUL.

Hocmoseproe cobwimue U, HacTynawuiee B pesyiasTaTe ITHOGOT0 H3
EMEHTAPHBEIX HCXOJOB ¢, PH TaKOM OTON(IECTBICHUM COOBITHH MHOMKe-
CTEOM COBIANAET ¢ MpocTpaHeTBOM: {f = (2.

Heeozmosicnoe cobmmiie V, He HAaCTYNAOWEe HH TIPH KAKOM 3IeMeH-
TAPHOM HCXONE ¢, COBIANAST C IIYCTRIM MHOMECTBOM H 0bB03HavaeTcA
V =&,

Teneps MoXkHO YKa3aTh JONOJIHHTENBHEIE CEOMCTEA ollepaldil Hajl co-
OBITUAMH;

s A+ A=A A A= 4;

o« A+0=0 ANK=A4;

e A+4=0,ANA4=0;

* T=0, Q=0, A4=4

» A—B=ANB;

» A+B=Eﬂ§, m=ﬁ+§— 3AKOH®B e Moprana,

Ara colmmia 4 1 B HECOBMECTHMEI (MMM HECOBMECTHEL), €CNTH

AN B =2 (1. e. cOBBITHE HERO3MOMKHO).
Cobeitua E,, F,, ..., £, 00pasyloT NOJIHYIO IPYINY COOBITHH, €CIIH OHH

nmonapuo mecosmectasl v E,UE,UE, U...UE, =UEJE =E,, T.€ H3 3THX
&
COBBITHIL TIPOUCKOIHT OJHO H TOILKO ONHO.

12



ITPHMEP 8. Tlobenutent COpPEeBHOBAHHA HAMPLKNAETCA: NpH30M (Co-
OorTie A), acnexnoi npemuch (colprrre B), Memaneio (cobmrie ). Yo
npencTapaaiT coboi cobmtha: a) A+ B;6) ABC 8y AC—-RB?

PEHIFEHHE: a) cobmtne A+ B coctonT B ToM, 4To nmobenuTclh Ha-
rpaxJeH NPH30M WIH peMHeH, WIH NPH30M H NpeMied 0OHOBPEMEHHO;

6) cobriTie ABC COCTOHT B TOM, YTO MOBENHUTENE HATPAXKEH TIPHI0M,
IpeMHEed U MEJANBI0 OJHOBPEMEHHO,

B) cobritHe A4 — B CcOCTOMT B HarpaxkneHHH NodequTens OpH3OM H
MEJAJIEID OOHOBPEMEHHOD, 023 BHAAYN IPEMUHH.
JIA HAarMAOHOH HINKCTpauuy anredpel COBRITHH BOCIIONBIVEMCA JHA-
rpaMMaMi iiepa-Berua.

D=AUEB

7/
A Z

C A
D=BvA D=A\B /

o 0 T

3aech KAKAOH KAPTHHKE (MPAMOYDONLHHMKY) COOTBETCTBYET IIPO-
CTPaHCTBO 3NEMEHTAPHBIX COOBITHI {2 .

HPHMEFP 9. OnucaTs npocTpaHcTBO SJIEMEHTApHBIX COOBITHH cle-
AYIIETO OIBTA — OPOIIEHE! JBE HIPAJIGHBIE KOCTH.

PEHIFAHE., OuerngHo, 3leMeHTApHBIM HCX0J0M JAHHOTO OIITA
MOAHO CUHTATE Iapy YHcen & =(a, ), rie @ — YHCIo OYKOB Ha NMEPBOH KOC-

TH, & — YHUCIIO OYKOB Ha BTOpOH KocTH. H3sectHo, uto (1 < a, b £ 6), npn-
4EeM KOJIHYECTBO OUKOB HA NEPBOH KOCTH HE 3aBUCHT OT TOIC, CKOJIBKO 0YKOB
BEIIANIET HA BTOPOA KOCTH H HaobopoT. OTCHNa NONYyYHM:
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(o =L o, =20 =31 =41 a=051; =61
o, =(L2); @,=(2,2); a,=03,2)x &,=042; o =(52); o,=(062)
4@.3=(L3‘!; o, ={2.3); @&, ={3.3% @,=43; o,=053; a;={63)
ahg =(1,4) ey, =(2,4); ay, =34 @, =(44), o, =05,4% ay,=(6,4)
e =(1,3); ey, =(2,3); @, =(33); @,=043); o,={55) a,=(65}
an, = (L&) @y, =12,6); @, ={3,6) o,=040); a.=(056; a,=(506)

1.3. CraTMCTHYECKOE OnpegeneHHe BepoOATHOCTH

Henvimannem Ha3bBIBAETCA JKCOSPUMEHT, KOTOPBIH MOMKHO (XOTH OB
IPHHOANNATEHO) TPOBECTH B OMHHAKOBEIX YCIOBHAX THOGOE YKUCIO pas.
IMpocTeHNA pesynsTAT HCIBITAHHA HAZBIBASTCA 3AEMEHHAPHBIM CODBIMIEM
Al wcxooom. TIpH HOMBITAHHH HEN3O0CKHO HACTYMACT KAKOH-TO HCXOI W
TONRED OANH.

Ecni cobbiTHe MOXeT IPHUBECTH K # Pa3NHYHEIM PABHOBOIMOKHBIM HC-
XONAM H €CJTH B M CITYYaAX NOABHTCA IIPHU3HAK A, TO OTHOCHTENBHAS YacTOTA

(dacTocTe) coObITHA A 00o3HavaeTCa r(A) ¥ paBHA OTHOIIEHHIO M K A,

HA) = mid) (1.10)
7
JTO TaK Ha3eIBacMoOe cmtamucmiveckoe (KOMOMHATOPHOR) Onpelene-

HUe BepoATHOCTH. CobrITHE A, IR KOTOpPOro OTHOCHTRIBEHAA YacToTa +(A)

IpH DOCTATOUHO GONBIIHX 7 MANO OTNHYAETCA OT HEKOTOPOIo PHUKCIPOBAH-
HOCC YUCSTa, HE 3ABHCAILCTO OT CEPHH NPOBOAHMEIX HCTTRITAHWH, HASRIBACTCH
CHIQMUYECKH VCFOUYHEDIM.

Beposmuoempio cmamuvecku yemoiiuugozo cydadinoro cobeitias A
Ha3plBaeTCA 4HCA0 F{A), OKOIO KOTOPOre MpYNIHPYKTCA OTHOCHTEIBHBIE

YACTOTEL 3TOIC COOBITHA B JJIHHHEIX CePHUAX HE3ABHCHMEIX HCHBITAHWIA:
P(A)=r{(4) npu n->»om. (1.11)
BepoatHooTH P(A) odnagardT CBOMCTBAMH, AHATOTHYHEIME CBOHRCTRAM

YACTOCTH:
1. CTAaTHCTHYECKAA BEPOATHOCTE NKOOT0 COOBITHA 3aKNKUEHA MeXny
HYMEM H SIHAHLGH;
0<P{4)<1.

2. CTaTHCTHYECKAHA BEPOATHOUTE HEBO3IMOEKHOT O EGGHTHH PaBHa HYJTK).
P()=0.
3. CTaTHCTHYSCKASA BEPOATHOCTE JOCTOBRSPHOTD C'EI'GLITHH paBHA CANHHLC

P(C) =1,
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ITPHMEP 10. Tlpu moadpacbiBaHHH HASANTBHOH MOHETEI BEPOATHOCTE
MOABTCHNA repda B KAKIOM OTACTREHOM KMCNMTAHMK pasHa P(A)=0,5. Hn-

#e B TadIHIEe IIPHBCACHE] PE3YIBTATEI JTIHHHEIX Eﬁpﬁﬁ OIEITOB.

FKCNEPHMEHTATOP " ni(A4) rolA)
ALJLIL. Brodon 4040 2048 0.5069
K. TiupcoH 1 20040 6019 0.5016
K. IinpcoH 24000 12012 0.5005

ITPHMEP 11, HmeeTcs KOnoaa TIMATENRHO OCPEMEUIAHHBIX KapT
{36 muctoB). Hayrag BeITacKMBaeTCAa OJHA KapTa. CKONBKO B cpelHEeM Hano
MPOBECTH ONEITOR, YTOOR FTOH KAPTOH OB TY3 MHKOBEIHT

PEHIEHHE, Tak Kak B KWI0Je TONBKO OJHA KapTa Ty3 MHKOBEIH, TO
YACTOCTE {(OTHOCHTENRHAA JACTOTA)} MOABNCHNA TY3d NNKOBOTO paeda 1/36.

Benomunm, uto r{Ay=m/n. Orciona n=m/r(A). B gamem cioy4dae m=1,
TOrda # = 30.

1.4. KnaccHuecHan BePOATHOCTHAA CXeMa

B »10i1 cxeMe nna onpefeneHnd BepOATHOCTH HET HeOOXOIHMOCTH
MPOBOANTE ONETE. CaMa KE BEPOATHOCTE OCHOBBIBACTCA Ha PABHON BO3-
MOKHOCTH MHO0OT0 U3 KOHEYHOIO YHCIA HCXOA0B, YTO XapakTE€pHO JJId Nep-
BRIX MOTILITOK MCHYHCACHHSA [DAHCOR B A3apTHLIX Mrpax. Hexon dpocanus mo-
HeTHl B OJHOM OINbITE CIy4aeH, ONHAKO IpH MHOTOKPATHOM [OBTOpPEHHH
ONBITA MOXHO HAOMIAATE oNpeeneHHYI0 3aKOHOMEPHOCTb.

PaccMOTpHM KNACCHYECKYKY BEPOATHOCTHYK CXeMy Kak COOBITHHHYIO,
TO €CTE [PSTHONOKHM, YTO MEl MMEeM Je/0 ¢ IPOCTPAHCTEOM 3IeMeHTap-
HBIX HCXOJOB, COCTOANIHM H3 KOHEYHOTO dYucoa N 3MeMEHTOB:

Q={a, @,, ..., @, }. Bonee TOro, NPEANONOHKUM, YTO U3 KAKMX-TNGO CO-

OOpAKEHHH MBI MOMKCM CUNTATE MEMCHTAPHEIC WCXOAB PAGHOGOIMONCHbE-
Mti. Torna pepoATHOCTE MO00r0 U3 HHX NPHHHMAETCH paBHoi | / N, DTH co-
obpaXkeHHA Yallle BCET0 He HMEHT OTHOIIEHHA K MATEMATHYECKOH MOJIENN H
OCHOBAHEI Ha KAKOH-NMHOO CHMMETPHH B CIEOYIOIHX IKCISPHMEHTAX:

Bpocanue morems. PACCMOTPHM Takol NpocToid ONBIT, KaK Opocanpe
MOHEeTH. OH HMEET JBa B3aUMHO UCKII0YaloUIHX pYyT JpPYra HCX04a: BHIIAJ
«repby, BRINAIA KIAdpar.

bpocanue uzpansnoti kocmu. ITonOpackHBagTCA MpaBHIBHEIH KyOHK (HT-
pansHaA KocTh). [IpH aToM cnyualHeIM odpazomM BREIIAJAST Ta HIH HHAA

TPaHB, TO AN MHOE YHeno ouxos: =1, 2, ..., 6.

Hepa 8 pyremiy. PaccMOTPHM TOKENBIA THCK, pa3JeleHHEIH HA # IIpa-
BHILHEIX CeKTOpPOB. JJHCK HAXOIHTCH B MOPU3OHTAIBHOM IOIOKEHHH U JIeT-
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KO MOXET BpalllaTeCA BOKPYT CROel ocH. Boonb OKpyAHOCTH 00 Kpake JHCKA
HMESTCH OAHCOPOAHOS yrayOneHue (xemof), B KOTOPOM HAXOAUTCH MANCHEB-
Kuii, ceoboaHO nepememtarowiniics mwapHk. Ha kakaoM OTiensHOM wIare
{oIIBITE) NHUCKY co0BIIaeTcA CHNBHOE BpallleHHe, IPH KOTOPOM [MAPHK KATHT-
ca o xeno0y. [ocie 0OCTAHOBKH IHCKA OCTAHABMHBAECTCA W IHAPHEK, MMONAAAA

B OJMH H3 CEKTOPOR JHCKA {0003HAYCHHBIX HA JHCKE HOMEpaMHu OT 1 g0 A).

Ilo noBoNY KAMIONG H2 ONUCAHHBIX BEINIE ONBITOBR (OpocaHHe MOHETHI
HNHA UrpaLHOH KOCTH, OpocaHue IWAapHKa IIPH HIPe B PYJIETKY) MOKHO CKa-
3ATh CIASAVIOLMIES: BO-MEPBHX, HCXOA ONHTa ABNASTCA CIY4aHHBIM; BO-
BTOPBIX, HMEeTCA KOHEeYHOE€ YNCIO pPasNUYHBIX, B3aHMHO HCKIKMAKINX
ApYT JpyTra HCXOJ0B; B-TPETBHX, BCE 3TH HCXOIH PABHOBEPOATHEL.

B cnyuae, xorja paccMATpHEAEMBIE ONBITEI HMEKT PABHOBOIMOMKHBIC
HCXO/IEl, BEPOSTHOCTE COOBITHA A MOKeT OBITH BHYHUCICHA [0 CIETYHOISH
dopmyne:

n(4) (1.12)

P(A)=

roe N — odmee 4HCIO PABHOBO3IMOMKHBIX H BIAHMHO HCEIHYAMIHX IPYT
ApYra MeXones, #(A)— 4ueno TeX H3 HUX, KOTOPLIS MPUBCAAT K HACTYILIE-

HHI COORITHR A,

HPHMEFP 12, PaccMoTpuM urpy B npedepadc, Korna crapiide 32 kap-
TBI KAPTOYHOH KOMOAH CNy9alHBIM 00pa3oM pacupeiesiiorcs Mexny TpeMs
HIPOKAMH, MONYHAKMIMMH Mo 10 KapT, H «IpHKYNOM:, K¥Aa KIaayT 2 kap-

Tl KakoBa BepOATHOCTE TOrO, YTO B NpPHKYNE OKAXYTCA 2 Ty3a?
PELHIEHHE, Yucno Beex kOMONMBATMEA 13 32 KAPT N0 2 PABHO 9HCTY

COMETAHWH 1 BhuncnaeTes no dopmyne; N = T%_ﬁ' =496. B xaprounoii

KMIOAe HMCETCH pOBHO 4 T¥3a H YHCIO PadIHYHEBEIX EDMﬁ'HHﬂHHﬁ, JAMITHX

2 Ty3a, paBHO YHMCIY codeTaHHH H3 4 mo 2: n{A)= ﬁ = 6. OKOHYATENBHO

INOTYYHM

Pay="0 - 6 ~0,012.

HPHMEP 13, llpeanonoximM, 94T¢ OJHH H3 HIPAOIIMX HMeeT 5 cTap-
[IHX KapT OJHOH MacTH (4epBH), HCKAK4YaA fJamy. IIpH o0BABNEHHH pauHra
HIPE YUACTHHKY NPHXOAHTCA YUHTEIBATE BO3MOKHOCTE OOpAaz0BAHHA ¥ OJ-
HOTCO U3 BHCTYIOUIHX — MPOTHBHHKOBE — KOMOHHAIIHH H3 TpeX OCTaBLIHXCA
yeprel. Kakosa BepoaTHOCTE ATOTO COOBITHA?

PEIOEHHE. ¥ apyxX «puacTyromux» 20 kapr. KonH4ecTro pasnduHBX

20!
100198

Ecniu xoMOMHAIMIG «TpeThd NaMa» 3a(KCHPOEATE ¥ ONHOIO HIPOKa, TO
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HHCIO COBMECCTHMEBIX C 5THM CITYYACM pﬂCHpE,ILEHEHHﬁ PABHO HYHCIY COYCTa-

HHH 13 17 ocTaBmmMxca kapT 1o 7: w{A) = % TakuM odpazom,
_ 8910 5
P(A}—m-ﬁwﬂ,lﬂﬁ.

BepoaTHOCTE NOABICHHE TPETREH AAMBT ¥ NG00 H3 BHCTYIOIMX OU¢-
BHOHO B 2 paza QoJbILE.

TIPUMEP 14, B nocrynuewieii napman w3 30 meeiinsix maumacok 10 ma-
[IMHOK MMET BHYTpeHHHE JedekTel. KakoBa BepOATHOCTE TOIO, HMTO M3
MAPTHH B MATH HAYIAYY BIATBIX MALWMHOK TPH OKAKYTCA Oe3nederkTHBIME?

PEIIEHHE. BeegeM cnenyiomye obo3Havenna: N =30 — obmee 4ymc-
no MalpHok, 7 =20 — gicno 6e3nedekTHRIX MAIHHOK, M1 = 5 — YHCIo 0TOo-
OpaHHEIX B NAPTHIO ([IOAMHOAECTBO) MAIIMHOK, & =3 — gHcno OesnedekT-
HEIX MAallHHOK B OTOOPaHHOH ITAPTHA.

Q0uee yncno KOMOHHAUKA 110 # MAIUHHOK PABHO YHCIY COYETAHHH H3
N aneMeHToR o w1, T. €. ;. OaHako B kaxnoH oToOpaHHOH KOMOMHAIIHH
JONIAKHO COJEpXKATHCA [0 TpH DesnedekTHRIe MAMHHKH. Hucio Takux kom-
OGHHAIHI paBHO 4UCIY COYETAHHH W3 A sneMeHToB mo k, T.e. CF.

L

C Kaxmo# TakoHd KoMOHHauueH B 0TOOPaHHOH MAPTHH OCTABUIHECH NedeKT-
HEIE ANEMEHTHl To#e 00pazyIOT MHOXKECTBe KOMOHHAITHH, YHCIO EEC-TDIJLI}(

PaBHO uUCy coueTauuil us N —n anementos o M — Kk, 1.¢, Co . Toraa

oOnge 9HCM0 ONAronpHATCTBYEMIIHX HCXOOOB PABHO HPGHSBE,ILEHHED (KoM~

GHHATOpHKA — NpaRWIo NpoMseeneHna) C* - C7* . Cornacho (1.12), oxoHua-
p p p n Y~ N-n

TETEHD l'l-l:!L]T}"—THM:

Ck i Cm:k
P(A) =21 (1.13)
Cy
Ilonctapum B QopMymy (1.13) YHCNEHHBIE 3HAYMEHWA H OKOHYATEIBHO
MeAYINM,

3 2
P(A)—CCC‘” ~ 0,36,

30

Javeuarue. Bupaxenne (1.13) nocHT HazBaHHE GopMVis! JuREPIEAMEMPIL-
YECKO20 PUCHPROCTCHNRA,

1.5. AKCHOMATHYECKOE NOCTPOEHHE TEOPHH BEPOATHOCTE H

HIJHEE,H,EHHLIE BBIIIE KIACCHYECKCE H (TATHCTHYECKOE OIPEICIEHHA
BCPOATHOCTH COOLITHA MO3BOJIAKT CO3J4BATE OCHOBHLBIE COOTHOIICHHA, HC-
IIANBIYCMEBIE E TCOPHN EEI}DHTHDETEﬁ H MaTeMaTHUeCKOH CTAaTHCTHEE.
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OaHaKO CYIWIECTBYST H HHOH MOJAXOA K MOCTPOSHHKY OCHOBR TEOpPHH Be-
POATHOCTEH, OMUPAKNLHICA HA CMSUNATEHO BRGIWMLIC B PACCMOTPSHNES AK-
CUOMEBL. JTOT MoAXeI OsLT mpearoxed A.H. Koamoroporeim.

IIpH aKCHOMATHYECKOM MOCTROCHHH TEOPHH BepOATHOCTEH NEepBHYHEIM
MOHATHEM ABAACTCH HE MEMCHTAPHCE CIyJaiiHOS CODBITHE, A DPOCTO Ne-
MeHTapHoe coObpiTHe THG0H npuponel. MuoXxecTBO TAKHX COOBITHH 00pa3zy-
eT Mmojie IeMeHTapHEIX coOMTHA. H3 noaMHOMKecCTBa JaHHOTO MHOMECTBA
COCTABMAIOTCA HEKOTOPBIE AHCAMOIH, KOTOPHIE H HOCAT HAlRaHHE CIyYaliHO-
ro coObITHA. MHOXecTBO TakuX coOHTHH oOpasyer nmoje cobwiThié S. Ha
ITOM MONE CRYUANHLIX COOBITHH BBOAMTCH UNCTOBAS QYHKIMA, HAZBIRACMAN
BEPOATHOCTRID H OTIpe/iedeMad CIeAYHIHMH AKCHOMAMH.

Axcnoma 1. Kaxknomy cnyqaiinomy coOmTHIO A M3 mona cobertuii S
[IOCTARISHO B COOTBETCTBHE HEOTPHUATENBHOS 4YHCIO FP{A), HaseIBacMoe

BCPOATHOCTRHD), TAKOC, UTO
P(QUD) = P(Q)+ P(D) = P(Q).

ArcuoMa 2, BepoaTHOCTE AOCTORSPHOTO cobnimna I/ =€) paeua ean-
HHIIE:
P =1.

Axcnoma 3. BepoATHOCTE CyYMMEI (00BEIHHEHHA) JBYX HECOBMECTHBIX
COOBITHH paBHA CYMME BEPOATHOCTEH PTHX COOBITHH:

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

Hpumeuanua.

PaccMoTpiM Teneps CNENCTEHE, KOTOPOE CIYEHT IPHMEPOM HCMOMB30BAHHA
ITHX AKCHOM. [IyeTE & — nycToe MHOXkEeCTBO COOMTHIA, HHAYUE FOBOpSA, Z) O3HAYA-
er orcyTcrere cobbrtiil. Torna (Q2UZ) = Q 1 O He umeer O0LKX NeMEHTOB

¢ 7, CnenoBatenuHo;
PQUD) = P(2) + P(D) = P(QY),

P(2) =0.

AKCHOMATHUYECKHE NOOxXo] no3songeT © Gonee oOU[HMX NOSHOHE NMONOHETH K
NOCTPOEHHID TEOPHH BEPOATHOCTEH H NPEOAAIEBACT HEKOTOPRIE HENOCTATKH KIIAC-
CHYECKOrO W CTATHCTHUYECKOrD ONpeneneHHi BepoaTHocTH colnTiii. Ograko qng
OONBUIHHCTRA NMPAKTHYECKHX 33039 paccMOTPEHHEIE PAHEE ONPEASIEeHHA BREPOAT-
HOCTEH COOBITHH OKA3ZLIBAIGTCA NOCTATOUHO YAOOHBIMH H HANEKHLIMH, TaK 4UTC B
maneHelem OyaeM OnupaThcs MMEHHO HAa HMX. B 3Tom cnyuae TpeThs akcuoma
oonEHa OBITE BHIPAXEHA HA OCHOBE AOKA3ATENLHOH 0a3bl, uTo W OYOET chemaHo
NO3THEE.

(1.14)
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1.6. leomeTpHyeckoe onpeaeneHMe BepOATHOCTH

MHoOXxkecTBO BCeX 3aJad, BOZHMKAIOIIHX IPH H3yYeHHH CIIy4alHBIX CO-
ﬁHTHﬁ, K COMANICHNKy, HC CBOIONTCA TOMNBKO K PACCMOTPCHHBIM BRILIE OIIPE-
JeleHHsM BepOATHOCTH. I'eoMeTpHueckoe onpeneiieHne BEPOATHOCTH NpPH-
MCHHACTCA B TCX CIy4HafAx, KOTJ4d MHOMCCTBO BCEX HCXOTOB {EDEMIJH{HLIK H
OnaronpHATHEIX) GeCKOHEYHO H 3TH HCXONER! ONpeJeNsioTCa OJHUM WIH He-
CKOJBKHMH HYHCIIOBBIMH [APAMETPAaMH.

Feomempuueckoii eepoamnocmvio cobmmun A Haswieaemos omHuoue-
Hue Mepul obaaonin, Orazonpuamcemeyioweu noferediro cobmmun A, K mepe
&Celt pHIacmu:

mes g

P(Ay=——.
mes O (1.15)

PaccMoTpHM HECKOABKO NPHMEPOB MOJCMETA TEOMETPHYSCKHX BEpPOAT-
HOCTEH.

TIPHMEP 15. TlpennonoKaM, 4TO HA OTPE30K ANuH0H L nelicTeuTens-
HOM TIPAMOH Hayrad OpocacTca TOUKA, KOTOPY 0003HAuNM &, Kakopa Bepo-
ATHOCTE TOTO, YTC OHa OTKIOHATCA HE JANBIIE Y<M Hd pacCTOAHNC .',J OT CEpe-
OMHEL YKAZAHHOTO OTpesKka (CM. pHC.)?

2l

i

L

=il L

PEITEHHE. 3nece HMeeTCsa DECKOHEYHOE MHKECTRO BOSMOKHEIX HC-
XONOB: BeNb TOUKA £ MOXET MMONACTE B NKOYID TOUKY paccMATPHBAEMOIO OT-

peska gnuuoi L. KpoMe Toro, yc/I0BHA ONEITA TAKOBEL, YTO & ¢ OJHHAKOBOH
BEePOATHOCTRID MOMKET OKA3aTheA B JIOO0H TOUKE X 3TOr0 OTpelKa, pacroo-
xeunoro Ha ocH abcuuce. Cobertue A: Touka & HaxonuTcA OT CepefHHEl OT-
pPe3sKa Ha pacCcTOAHHH He Gonplie [, HACTymaeT B peayakTaTe MONaNaHHA B
NbyI0 TOUKY X, OTCTAKMIVIO OT CepelHHbl He falee, YeM Ha BelduHHy /.
«JloJIsD» TAKHX TOMEK X HA BECeM OTpe3Ke MOx#eT OBITEH olpeleleHa KaK OTHOLIe-
uvne £{A4) / L, roe L — nmuua eeero pacemarpusacmoro opeska. L{A) =2 -
IIHHA OTpe3Ka, IOMAJAHNE B KOTOPBIA BlledeT 3a co00H HACTYINIeHHe COObI-
g A. Takum obpasoM, HCKoMad BepoaTHoCTE P(A4) pasHa:

_L{4)y %, ecid [ < L/2;

P(a)= L

l, emmliz=L/2
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THTPHMEF 6. HaHTH BEepOATHOCTE TOTO, YT0 CYMMa JBYX CNy4adHO
BRIQPAHHLIX 9HCEN B3 npoMekyTra [—1, 1] Bonswe Hyns, a X OpoU3BSISHNE
OTPHIATENBHO.

PEIHEHHE, UTo0nl OTBETHUTE HA MOCTABICHHLI BOMPOS, NOCTRONM CIE-
DYy Moaenk. KoopaIHHATE nepBoro 4Hoia OTIO0KHM Ha oTpeske [-1, 1]
ocHd a0CUHCe, a Jpyroe YHCHo OTIOKHM Ha oTpeske [—1, 1] ock opauuHart.
MHOXKECTREO EBCeX EBO3MOMHEIX SHAUEHHH ARYX 4YHceNl JeKHT B KBanpaTe
{cM. pHC.). MHOXKECTBO YHCEN, NPOH3BENeHHEe KOTOPBIX OTPHUIATENEBHO, a
CYMMAa NOJOEKUTENLHAA, PACIIONOAKSHO BO ETOPOM M YeTBEPTOM KBajpaHTe

BRILLIC IPAMOH ¥ = —X (CM. PRC. ).

=x Y
g A

Takum oOpazoM, MHTEPECYIOWIAA HAC BEpOATHOCTEL PaBHA OTHOINEHHIO
MAoIATH (UTYPRI (FATRHXOBAHA) K IUTGLAAH KBAPATA:

P(A)=1/4.

HPHMEP 17. H3 npoMexcyTka [0; 2] Hayaavy BEIOpaHH NBa yHCNa X M ).
HaliTH BepoaTHOCTE TOT'O, UTO 3TH HHCNA YNOBJIETBOPAKT HEPABEHCTRY !

' <4y <4x. (D

PEHIEHHE. Meneitanie cocTOUT B ¢y4alHHOM BBIDOpE H3 OPOMEXKYT-
ka [0; 2] naper uueen X w V., ByneM MHTEPNpPETHPOBATE 3TO KAK BROOp Hay-
Aauy TOYKH M(x, )') H3 MHOMECTBA BCEX TOYEK KBANpaTa co ¢TOPOHOMN, pas-
HOoH AByM. [locTpoMm dUrypy, NpelcTaRIARMIYIO BCE TOUKH KBaJpara,

YIOBNETBOPAIOILNE HepaBeHCTBY (I), KOTOpog INA NpOCTOTH IIPeACTABHM
IKBHBANCHTHOH CHCTEMOM!




OveBHAHO, YTO COORTHE MPON3IOHAET TOTAA H TOJBKO TOTAA, KOTTA TOY-
Ka MOnajeT B 3alITPUXoBaHHYI0 o0nacTk. Toraa no dgopMyne HCKOMasa Bepo-
ATHOCTH PaBHA:

2 Il
p i % 1
4 3
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fhasa 2
OCHOBHbIE TEOPEMbI TEOPUW BEPOATHOCTEN

2.1. Teopema CNOMeHWA BEPOATHOCTEH HECOBMECTHBIX COBBITHIA

Teopema. BepoATHOCTE CYMMBl KOHEYHOIO YHC/IA HECOBMECTHERIX CO-
OLITHH A, 4., ..., A paBHA CYMME BEPOATHOCTEH 3THX COOLITHH:

P fllf%- -3 P(4). (2.1)
i= i=l

JokazaTeascTRO. JJokaKeM 3TY TEOpEMy JUIA ¢JIyyas cyMMEl JIBYX He-
COBMECTHEIX COORITHH 4 H 4,.

IycTe cODRITIIO A OnaronpHATCTRYIOT M, MIEMEHTAPHBIX HCXONOR, A
cOOBITHIO A, —m, HCX0oJoB. Tak Kak cOOBITHA A N 4, 10 YCIOBHIO TEOPEMEI
HECOBMECTHRI, TO COORITHIO A + A4, OnaronpuaTcTBywT m, +m, SNEMEH-

TAPHBIX HCXOI0B H3 00NIEro YHoIa # HeXoAoR. ClieJoBaTeNbHO,
m+m, m m,
)-TAm I

P(4+4)= " 2 P(4)+ P(4),

Fi A
roe P(A4,) 1 P(A4,)— COOTBEICTBEHHO BEPOSTHOCTH COOEITHIA A u A, .

Caedcmeue §. Ecan cobeitHa A, A4, ..., A 00pasywT NONHYKe IPYIITY
MONApPHO HECOBMECTHHIX COOBITHH, TO CYMMa MX BepOSTHOCTEH paBHa eIHHHIIE:
YP(4)=1. (2.2)

i=1

3TO ¢AeACTBHE OUEBHOHO, €CAH BCNOMHHTD, YTO cODRITHA 4, 4,, ..., 4

COCTABNAKOT NOJHYEKY [PYNOY MONAPHO HECOBMECTHRIX COORITHN. Toraa ux
CYMMA — CODBITHE NOCTOBSPHOE, 3 BEPOATHOCTE JOCTOBEPHOrO CODBITHA
paeHa 1.

Hpomueonoaorcnvivn  cofbimiustvi HA3BIBAKOTCA JBA HECOBEMECTHBIX

cOBEITHA, COCTaBILIIONME (0GpasyIoliHe) NOIHYI Tpynny A A
[Ipusmepsr npomuseNOROICHBIX CODMMUIL;

. A— nonaganme npu eeicTpene; A - Npomax Npd BICTpENe.

2. C — npw Spocannm kyOnka eemana wecrepka; C — npu Spocanmn
kyOHKa NiecTepka He BHITIANA.
Credemene 2. CyMMa BEpOATHOCTEH NPOTHBONOIOKHBIX COOBITHH paB-
Ha eMHHHIIE:

P(A)+P(4)=1. (2.3)
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HTIPHMEF 1. JInga oTOpaBKH Ipyia €O CKIaJa MOXeT OBITH BEIENCHA
OOHA H3 IRYX MALWTHH PAa3MHYHOro BHAA. H3BCCTHER! BEPOATHOCTH BRIASACHUA
kepicoH MammHE: P4 )=0,2, P(4,)=0,4.

PEIIEARHE. Tak Kak BelOgleHUE OJHOBEPEMEHHO OBYX MAalllHH — He-
BO3IMOKHOE CODBITHE, TO N hopmyiie (2.1) BepOATHOCTE NMPHOBITHA K CKNANY
XO0TA OBl OTHOH H3 THX MaIllHH G&yJeT paBHa:

P4 +4,)=02+0,4=0,6.

HIPHMEFP 2. B norepee 10000 6uneToB: M3 HHX Ha OJHH OHIeT najaer
BeIHTPRIM 300 pyOneil, na 10 Guneror — Briurpenuu no 1) pyGaei, ua 50
OHIeTOB BEIMIPHILIH 1o 20 pybiaed, Ha 100 Omneros — BHIMIPEIWIH 00 5 py6-
nel, OCTaneHEIC OMNSTH — HCBRIMIPRILTABIE. HEKTO moxkymaeT onud Omer.
HaiTH BepOoATHOCTE BEIMTPATE He Menee 20 pybnei.

PELIEHHE, Obospaqum cobmmna: 4 — eeurpeim He meuace 20 pyd-
neH, A — seiurpeinn 20 pybnesi, 4, — puiurpeit 100 pybned, A4, — BEIHIPLILI
500 pyfnei.

OueBunno, 4Te coOBITHA A .4 .4, TIONapHO HECOBMECTHEL, NpHYEM
COPAaBCAMHBO BHpAKCHHS: A=A + 4, + 4.

Ilo TeOpEME CIIOHCHHA BEPUH’THUETEE:
P(A4)=P(4)+P(4,)+ P(4,)=0,050+0,010+0,001=0,061.

2,2, Teopema CAOMEHHWA BEPOATHOCTEH COBMECTHBIX CODBITHH

Kax o6wiro yrazano sviite, mMeopema CROJMCEHUR BEPOAMHOCIMEN
CHPAGedREa MRALKO A Hecosmecmubix codsimiti. B civuae, koeoa odsea
cobsimua A u B coemecmtsl, cnpaseaTicd cretmomian meopemd,

Teopema. BepoaTHocTe TmoARIeHHMA XoTad OB oJgHOrO M3 JBYX
COBMECTHRIX COOBITHH paBHA CYMME BEpPOATHOCTEH JTHX CcoORITHA Oe3
BEPOATHOCTH HX CORMECTHOTO NMOABISHMA:

P(A4+B)=P(A)+P(B)- P(4B). (2.4)
JorazarenscTso. CobHTHE A—_|~B HACTYIMT, eCAH HACTYIIHT OOHO W3
TPEX HECOBMECTHBIX CoObITHI: AB, AB, AB. Ilo TeopeMe CNOXKEHHA BEPOAT-

HOCTEH HECOBMECTHRIX CODBITHI (2.1) umeeM:
P(A+B)=P(AB)+P(AB)+P(AB). (2.5)
CobelTHe A NpoH30HIET, €CNH HACTYIHUT OJHO H3 JBYX HECOBMECTHEIX CO-
orrvii: AR, AR . BHoBB npumMenss Tepemy (2.1), monydum P(A4)= P(AE] +
+P( ARB),oTkyna
P(AB)=P(A4)- P(AB). (2.6)
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Amnanoruuno ang coberrus 8: P(B)= P(EB) + P{ AB), otxyna

P(A4AB)="P(B)-P(4B). 2.7)

Ilonctapue (2.6) u (2.7) B (2.5), nonyuum Belpakenue (2.4), TeopeMa
AOKa3aHa.

Kak HecnoxkHo 3aMeTHTh, GopMyaa (2.1) ABNASTCA YACTHHIM Cly4aeM
BRIpaKeHHA (2.4). JeHCTRUTETRBO, ¢CTH COORITHA HECOBMECTHEI, TO HX TPO-
H3BEIEeHNE — ITYCTOE MHMKSCTBO, TO 8CTh HEBOIMOXKHOE CODBITHE. A BepoAT-
HOCTh HEBO3ZMOXKHOTO COORITHA paBHA HYJIIO.

AHATOrMYHO BEIpaXeHur: (2.4) 3anHnieM BEpOATHOCTE CYMMEL TPEX CO-
BMECTHBIX CODBITHIA:

P(4+B+C)=P(4)+P(B)+P(C)-

~P{AB)- P{AC)- P(BC)+ P(ABC). (28}

CopapeUIHBOCTh Gropmyi (2.4) H (2.8) HarMRAHO WILTHOCTPHPYETCA Pi-

Z

BC BC

H3 Beipaskenna (2.4) MOKHO MOmyunTh GOPMYNY ANA BEPOATHOCTH
NpOH3BeIeHHA IBYX COOBITHH. JleACTBHTENBHO:

P(AB)=P(A)+P(B)-P(A4+B). (2.9)

IIPHMEFP 3. bpocawTcd JBe HIpalbHBIE KOCTH. KakoBa BepOATHOCTE
MOABTSHHA X0Td 061 ONHOH WEeCTepKH ?

PELIEHHE. O003ra9nM coOrTHA: A — NMOABMICHHS MSCTEPKH HA NEp-
BOH KOCTH, B — Ha BTropol KocTd. [ToHATHO, YTO 3TH COOBITHA COBMECTHEBIE,
T. €. LIECTEPKA MOKET BHINACTE KAK Ha NEPBOH, TAK M HA BTOPOH KOCTH.

ayIna BplyHcAeHHH Bocnonws3yeMcs dopmMynod (2.4). OgHako 37ech
BOZHHKJIA CNIOAKHOCTE, KaK BBIMHCIWTE BEPOATHOCTD IPOU3BENEHHA, T. €. Be-
POATHOCTE TOIQ, YTO Ha KaEIAOH M3 IBYX KOCTeH BeIMany wmecrepkw. Ilo
¢hOpMYNE KNACCHYECKOH BEPOITHOCTH, KOINMYECTBO «YIAYHRIX® KOMONHANNi
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PABHO |, 8 YHCIIO BCEX PABHOBOSMOMKHEIX KOMOHHAIHIT BEITHCIHM [10 TIPAaBH-
ny NpoH3BeacHNS (KOMONHATOPUEA):
1 1 11 11
+ =—.

b} PaccMoTpuM npyroH cnocod pelieHns, BOCNONB3OBABLUIHCE CIENCT-
BHEM 3aK0HA CNOYKEHHA BEPOATHOCTEH!

P(A+B)=1-P(4+B)=1-P(4-B)=1->"= L

2.4
6 36

2.3. He3aBUCUMOCTD COOBbITUN

Tlepen TeM Kak MATOMHUTE TEOpeMY YMHMKSHHA BEPOATHOCTEH, BBENEM
OUHO BAKHOS OHATHE — NOHATHE O 3FGUCHMBEX W HEIAGUCTIMBIX CODRITHAX,

Cobtmmue A Hazmeaemch Re3aeicimsly om cobmmun B, ecan aeposni-
nocme coboimua A wHe 3asucum om moeo, npouzouito codmmue B wiu wem.

Cobtimmue A Hazseaemcs 3a6HCHMNM om cobbimus B, eciu eeporm-
HOCHL CODBIFMUA A MEHASHMCA & 3AGUCHMOCHU O M0Z20, RPOUIOWAC coDbl-
mue B uru nem.

HPHMEP 4, MoaGpacwearotea 2 MoueT. PaceMoTpHM COORITHE!

A — noaeneuna repGa Ha nepsoil MoHeTe; 5 — mosABdenune repda Ha
BTOPOH MOHETE,

PEIHTEHHE, Ouesunno, coOeiTHe 4 HE 3aBUCHT OT TOTO, OPOHIOIINID
cobprmie B naw ver, Cobrimue A HezagncHmo ot cobeimas B,

HPHMEFP 5. B ypue nBa Oenplx mapa H OOHMH YepHBIA. [pa YeloBeKa
MOCIeOBATENBHO BHIHHMAKT N0 OJHOMY [Iapy, He BOIEPAINAs HX B YPHY.
PaccMoTpuM coGuITHA:

A — noaenenne Henoro mapa y Nepsoro Yelnobeka,

B - noarnenne Genoro mapa y BTOporo 4enoBeka.

PEHIFHHE, BepoaTHocTs cobeiTHa 4 paeHa 2/3. Ecnd ctalmo H3BecT-
HQ, 9T¢ COOBITHE A TPOH3IOULIQ, TO B YPHE OCTANOCh JBa Iapa, H3 KOTOPhIX
TOJIbKO OJWH Denwld. Torjga BepoATHOCTE COORITHA B CTAHOBHUTCA paBHOH
1/2. 3 21010 3aKmI04MaeM, 4TO cOOBITHE B 3aBUCHT OT cOOBITHA A.

Bepoamuocme cobbimun B, e6lVHCAEHRAA NPU VCAOAUY, MO HMETO Me-
cma dpyzoe cobmmie A, RAFWBACMON YOROBHOR ECPORMHOCHIBID COOBIMUA
B u obosnauaemcs. P(B/ A).

Tl JIPHMEPA 5: P(A)=2/3%P(B/ A)=1/2.

Tenepe YyCTOBHE IQGHCHMOCIIYE WIIH NE3ARUCHMOCHY CODRITHIH MOWHO
BBIpa3uTh MaTeMaTH4YecKH. ECIIM COOTHOLIEHHE

P(A4/B)=P(4) (2.10)
BEPHO, TO COOBITHA A ¥ B HA3BIRAIOTCA HE3AERCUMBLM.
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EciH BepHO BEIpaMKeHHE
P(A/l B)# P(A), (2.11)

TO CODBITHA 4 H B HazhBAKTCA 3a6LCHMBIMY.

Pacemotpum e pas AIPHMEP 5, 3T0 Tak HA3BIBACMAas «yPHOBAA
cxema». B ypHe (3akphIToii eMKOCTH) HaX0AHTcA & GelbiX H H depHBIX mia-
poB. [Ba 9EnoBCKa MOOUEPEIRO BETHHMAKT MO OIHOMY APy U3 ypHel, Ecmm
peanulyeTca cxema 0e3 gozepauierus, To0 CoODRITHA — 3aBUCHMEIE. Ecln pea-
NU3YETCH CXeMa € 6036parjenuem, NOCIE KAx10T0 ONeITA WADP BOIBPALASTCR
B YpHY, TO COOBITHA — HE3aBHCHMEIE,

2.4, Teopema YMHOXMEHUA BEPOATHOCTEH

Teopema. BepoATHOCTE OpoH3BEASHNA IBYX COOBITHH paBHa NpOH3BeE-
JEHHI) BEPOATHOCTER OHOTO W3 HWX HA YCTOBHYE) BEPOATHOCTE APYTOTO,
BRIYHCIIEHHYIO IIPH YCJIOBHH, YTO [IEPBOE HMENO MECTO:

P(ABY= P(AYP(B/ AYy=P(BYP(A/ B). (2.12)

HokazaTeancreo. [IpennoamxuM, 4To H3 A BCEBO3MOKHEIX DJIeMeH-
TApPHEIX HCXONOR COBHITHIG A GMATOIPHATCTBYIOT # HCXOMNOR, H3 KOTOPRIX
k nexonos GnaronprATCTBYKOT cO0RITHIO B, Toraa BepoaTHOCTs CodbITha A4
oyvner P(A)y=m/n, ycioBHas BepOATHOCTh COOBITHA B OTHOCHTENBHO CO-
Ot A pasua P(B/ A=k im.

IlpouzBeaeHne CODBITHH 4 W B OIaronpHITCTRYIOT TONBKO T€ HCXOH,
KOTOpbIe OIAaronpUATCTEYIOT H CODBITHIO 4, H CODBITUIO B 0 AHOEpEMEHHO, TO
ecTk & ucxoaon. ITo3ToMY BEPOATHOCTE NPOH3BEISHHA COORITHH 4 H B pas-
Ha P(AB)Y=%/n. YMHOKHB YHCIHTENL H 3HAMEHATENL 5TOH JpodH Ha M,

ITOJTYUHM
P(ABY=mk/mn=(m/n)-{(k/m)=P(A)-P(B/ A}
AHATOIHYHO MOXKHO IOKa3aTh, uTo P{AB) = P(B)FP(A/ B),

Credemane {. Ecny coDRITHe 4 He 3aBHCHT OT coOORITHA B, To H Cco0BI-
THe B HE 3aBHCHT OT COOBITHA A,

JogazareqascTeo. COrNMacHo YOIOBHIO, COORITHE A HE 3aBHCHUT OT CO-
OrTis B, Torna ¢ yaetom (2,10) nonyunm P{ A/ B) = P(A}. Tloacrasum 310

ypaeHeHHE B QopMyry (2.12):

PeA) - P(B/ 4) = P(B)- PiA).

Pazaenue neevie M NpaByK: YacThk YpaBHEHHA HA F(.4) # 0, monydHm
P(B/! Ay= P(B).
Taxkum odpa3zom, CISACTBHE JOKA3AHO.
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Credemee 2. BepoATHOCTE NPOH3IBEISHHA HE3ABUCHMHEX COOBITHH
PABHA [IPOM3BSICHIME) BEPOATHOCTEH ITHX COORITHA,

Horazamerbemeo. JIA BE3aBHCHMEIX COOBITHH YCIOBHEIE BEPOATHOCTH
PaBHEL He3yCIOBHBIM:

P(A- Ao A)= P(A)-P(4)-. P(A).

HPHMEP 6. Ilpubop, paboTaleliii B TeueHHe BpeMeHH {, COCTOHT M3
TPEX Y3JIOB, KAKJABIH U3 KOTOPBIX HEIABMCHMO OT JPYTHX MOXKET B TeUeHHe
BPEMEHH / 0TKa3aTh. OTKa3 X0TA 06l OJHOTO ¥3J1a NPHBOOHT K OTKA3y NpHOO-
pa. 3a BpemA { BEPOATHOCTh Oe30TKAZHOH paboTH Y3NOE COOTBETCTBEHHO
papHa: py = 0.8; p; = 0,9; ps = 0,7. Kakopa HaNeXHOCTE NpUDOpa (BEpOAT-
HOCTE He30TKa3HoH paboTeL) 33 Bpemd {7

PEIIEHHE. Q603HauHM COOLITA:

A — Bezotkaznag pabota mpubopa;

A — BesoTxazkan pabota neproro yina;

A, — GezoTkazHas paboTa BTOPOro yiia;

A, — BezoTkazHad paboTa TPETHETO yaua.

bezorkaszuas pabora npubopa olecnedyHBasTCA HE3aBHCHMOH H 0e30T-
Ka3HOH paboToH kaxnoro us Tpex yanos: A=A -4 + A.

Toraa mo TeopeMe YMHOMKSHHSA BEPOATHOCTEH HE3ABHCHMEIX COOBITHH
TOIYUHM:

p(4)=P(4) P(4,) P(4)=080,9-0,7=0,504.

HPHMEFP 7. J3aMEHYIOWHMCH NO  TEOPMH  BEPOATHOCTEH OBINO
npennoxkeno 34 6mnera. CTyIeHT ABAKIBI H3BISKAST 0 OOHOMY OUIETY K3
APEONOKEHHBIX (HE BOIRPAMAA ¥X). KAakoBa BEPOATHOCTE TOMY, YTO CTYASHT
CHACT PK3aMeH, €ClIH OH NOATOTOBM THIUE 3{ DHIETOBR H B NEPBBIH pa3 Bhl-
TAHYJ «HeyIAYHEIH» O1IeT?

PEHIEAHE. McoeiTanne COCTOHT B TOM, MTO [IBa pa3a NOOpA H3BJe-
KAKT N0 ONHOMY DHNeTy, NMpHYeM BHIHYTHIH B NepBRIA pa3 BMIET HARA[ He
Bozpparaerca. Ilycts cobmte A — «B HepBLIH pa3 BHIHYT «HEYIaqHBIH»
OHIeTy, 5 — BO BTOPOH pa3 BRIHYT «yIAaYHBIA» OHIeT:. OUYeBHIHO, YTO CO-
OnTHa 4 W B 3aBHCHMEI, TAaK KakK H3BJICYSHHBIH B IEPBEIH pa3 OMIET HE
BO3BPAIAETCA B YHCNO BCeX OHIeTOR. TpebyeTca HAHTH BEPOATHOCTE CODRI-
A A [ B. o dopMyne yMHOKEHHA BEPOATHOCTEIH:

P{A-By=P(A)y- P(B/ A);

4-30

P(Ay=4/34P(8/ A)=30/33, torna P(4ANB)= 1233~ 0107
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2.5. dopmyna NONHOH BEPOATHOCTH

CrneacteHeM o0enX OCHOBHEIX TEOpPEM — TeopeMbl CIOAECHHA BepOATHO-
CTeH M TeopeMBl YMHOXEHHA BEpOATHOCTEH — ABNACSTCA TAK HA3bIBaeMad
GOpMYTa ROAHON GEPORIHHOTTI.

[TycTe Tpebyeres ONPeacnnTh BEPOATHOCTE HEKOTOPOTO COORITHA A,
KOTOPOE MOMKET RpPOUI0HmL HIIH He RPOU30LHNL BMECTE C OTHHM U3 COORITHH:
H,H,,..,H,, o0pasyriHX DOTHYIC TPYIIY HECOBMECTHBIX COORITHH, TO

4
ectp H, ﬂHj =3, i,j=1..,n izj, > H=Q.
i=l
ByaeM 3TH COOBITHA HAZHIBATE cunomesamiu. B 3ToM crydae chopMynm-
pyeM QoOpMYIY (TeopeMy) NONHOH BEPOATHOCTH.
Teopema. BepoATHOCTE COBHITHA 4 paBHA cyMME NPOHABSIASHHUNA BepO-
ATHOCTH MHMOTE3BN HA COOTBCTCTRYKHIIYH) YCMOBHYEDY BEPOATHOCTE TOTO CO-
ORITHA:

P(4)= iP(Hf)P(Afo)- (2.13)

HokazatenwcTeo. BocnoMunm onepanuu Hajg coOHTHAMH A = 4 N =

=Aﬂ[ZH!-]=A-H1+...+A-Hn. Tax kak H:”Hj =3, 0N {ﬁ'HE}‘(ﬂ‘Hj]z
i=1

=@, i, j=1,..,n i# j, T0 ecTb coberua A - H; n A-Hj TAKKE HEeCOBME-

¢THBL. Toroa no TeopeMe cIOKeHHS BepPOATHOCTEH HECOBMECTHRIX COOBITHIH
P(A)=P(A-H) )+ P(A-Hy}+..+P(4-H,), T.¢

P(A)=2 P(A-H;). Tlo Teopeme nponseeachns pepoaTaocted P(A-H;)=
i=1
=P(H;)-P(A/ H,), oTkyaa H cneayet popMyna (2.13). Teopema nokazaHa.
HPHMEP 8. Hmerorca Tpu onpHakoBeie YpHEL B nepsoi ypHe Haxo-
AATCA ABA OLNBIX H OOWH 4SPHBIA wrap. Bo B1opoi ypae — TpH OenbIX H OOHH
YEPHBIH, @ B TPETRSH YPHE — ABd OENEIX B ARA YEPHEIX. KaKORA BEPOATHOCTE
TOTO, 4TO HEKTO NGAOHACT H M3 NPON3BONBHON YPHEL M3BICUCT Oeneti wap?
PEIEHHE. PaccMOTPUM 3 THIIOTE3HL:
H, — BeIDOp NIEpBOH YPHEI;
H+ — BHIGOP BTOPOH YPHEI,
H+ — BrIDOp TpeTBEH YPHEL
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Cobnitie A — BRIHYT Oenbli map. H3 yonosus 3agady cneayer, 40 THIIO-
Te3sl paBHOBOSMOXHEL P{H|}=P(H,}=P(H;}=1/3. Ecru ciydaiino no-
AONATH K NEPBON YPHE, TO BEPOATHOCTE H3BNCYE W3 Hee Denerii wap pasna 2/3,

Paccy#ad aHATOTMYHEIM 00pa3oM, BLIYHCIIHM YCIOBHEIE BEPOATHOCTH CO-
Gutma 4 npm oTHX rumoresax cootBercrBeHHO: P{A4/H)=2/3,

P(A/H,)=3/4,P(4/Hy)=1/2. Tlo ¢opMyre NOIHOA BEPOATHOCTH
{2.13) OKOHYATENBEHO NONYYHM:

P(A):lE.FlE.Fl = ]

33 34 32 36

HPHMEP 9. Ilpeactasum cefie CTpaHHHEA, HWIYILETO H3 HEKOTOPOTO
MyHKT4 () W HA PAIRCTRICHHMM JOPOr BRIOMPAKIIETO HAYTAL OANH H3 BO3-
MOKHBEIX IMyTel. Kakosa BepoATHOCTE TOTO, YTO CTPaHHHK H3 ITyHKTa {J MO-

nageT B OyHeT A7

i 23

B

AW

PEHIEHHE, Kak BUAHO H3 PHCYHKA, CTPaHHHK 00A3ATENBHO JONKEH
IIPOHTH 4Yepe3 OOHH H3 NYHKTOB B, 5,, B; n B,. O003sHaunM H; THIIOTE3El,

COCTOSIIHE B TOM, YTO ITYTHHK IIPH CBOSM JABHKEHHH MONAJeT H3 NYHKTa ()
B OYHKT 8. OueBnnno, uyro cobeitua H,, H,, A, n H, obpa3ylor nonmymo
rpynmy coOOBTHHA. ITH rHnoTe2sl (COOBITHA) PABHOBEPOATHEL, TAK KaK II0 YyC-
NOBHK 3A044H CTPAHHNK Hayral emOupacT oave w3 nytein OF,, O8,, 08,

unu OF,. Toraa F(H ¢)=1/4. 3 nyskra B, B 4 MoXHO OPUHATH JIHIIE 10

OJHOMY M3 TPEX PAaBHOBEPOATHRIX HAHpaBJAeHHH. Tak 4TO YCIOBHAA BEPOAT-
HOCTE JOCTHYE A [pH yermoBun A pabHa /3. AHanorv4Ho paccy#jaf,

IITYYHM.
P(A/H\)=1/3% P(4/Hy)=1/2; P{A/Hy)=1; P(A/H4)=2/5.

Tenepe no GopMyne MONHOH BEPOATHOCTH:
P(A):lf4-(if3+1f2+1+2f5)=6?f12ﬂ.
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2.6. Teopema runotes (Popmyna baieca)

Credcmauer meopeMsl VMROXCEHUA 1 POPMYILL ROTNOU BEDOTIMHOCIN
AGRAEMCA MmeopeMa zunomes, uau dopmyaa batieca.

Cepopmyaupyes sadayy. FiIMeerca nonnaa rpynia HeCOBMECTHRIX COOBI-
THH (THnotes) H |, H,, ..., H, . BepoaTHOCTH 3THX THIIOTE3 H3BECTHH H paB-

HEl COOTBeTCTBeHHO P(H,), P(H,), ..., P(H,). TlpouseeneH omeT, B pe-

3YNILTATE KOTOPOro HAOMIGAANoCck CoObTHE A.

CHPHHIHEEEMEH, WEIN medyem HIMEHLUNTH SEQOAMHOCIHIE SURGIMES 6 CER-
3 € ROARREHUEM MO20 COOBIMUA"

PaKTHYECKH HaM HeoDXOAHMO HANTH YCIOBHYIO BepOATHOCTE F(A)= 0

AN KAGKIOH THNOTE3R!, M3 TEOPEMET YMHOXKSHHA BEPOATHOCTSH (2.12) nmeem:
P(A-H;)=P(A)-P(H,/ A)=P(H) P(AIH) (i=12,...,n).
OTcrona
P[A)-P(HFfA]=P(Hf}-F{AIH,); (i=1,2, ..., n).
Pazaenum Ha P(.A) = 0 1eByi0 H NpaBy0 YacTk YPaBHEHHA, TOTJA OKOH-

YATENEHO ITWTY UMM
P(H,)-P(A/ H,
W) PATH) ot2,n). @14)
P(A)

Beipasxan F(A4) ¢ noMowse) GOPMYNEL OOMHON BEPOATHOSTH (2.13),
IONY4HM opmyay baneca:

P(H, ! 4)=

P(H, /A)=

P(H,) P(A] H,)
il (H;)-P{A] H;)

TIPHMEP 1. TIpuGop moxeT cobDHpaTheA M3 BEICOKOKAYECTREHHRBIX Q8-
TajleH H U3 neTaneH obrvHoro Kavectea. 40 % npubopos cobupaerca H3 BhI-
COKOKAYeCTReHHBIX JeTaNnci, H HX HANSXKHOCTE 33 BpeMa ¢ pasHa 95 9%.
IpuGope! H3 oORMHBIX JeTaneil 3a BpeMsa ¢ uMetoT HagexuHocTe 0,7. [Ipudop

HCORITAH M 33 BpeMA ¢ pabotan DezoTkasHo. Kakoka BepOATHOCTE TOTO, YTO

0H cODpaH H3 BEICOKOKAYeCTBSHHEBIX JeTaneii?
PEHTEHHE . BoiMoXkHB 2 THIIOTE3E]:

H, —npubop coGpaH H3 BEICOKOKAYeCTBEHHEIX JeTanel;

H, —npubop cobpan u3 odeMHBIX agTanci,

BepoaTHOCTH STHX [HIOOTE3 A0 OOEITA COOTBEICTBEHHO pPAaBHEL
P (H | )= 0,4, P{H 3 ) =10,6. B pe3syneTaTe oneta HA0NKIaN0CE CodnTne A —

npudop De30TKAZHO paboTAI BpeMa ¢ YCIOBHBIE BEPOATHOCTH TOT0 CODRI-
TWA NpH THnoTesax H, H {1, cooTBeTcTBeHHO paBHH: P(A/ H)=0,95,

P(A/H,)=0,7.

P (i=12,...1) (215
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ITo dopMyne Baieca HaiineM YCIOBHYIQ BEPOATHOCTE THIIOTE3E M)

0,4-0,95
0,4.0,95+0,6-0,7

TIPHMEP 1I. B ypHe HaxoJarcsa TpH mapa 0eloro H YepHOro LBeTa,
IpHYeM paclpejelieHHe 4HCNa WapoB [0 UBeTaM HEW3BeCcTHO. B pesynbtare
HCORITAHNA H3 YVPHBI H3RISKNH ouH lrap. a) ChopMynmHpyiiTe rfINoTE3H ©
COIOSPKHMOM YPHBL 0 HCIBITAHHA B YKAKHTE HX BepoATHOCTH. b) Halinnute
BEPOATHOCTH THTIOTES NOCAS UCTIRITAHNA, COCTONUIETO B M3BICYEHHH W3 yp-
HEI Denoro wapa.

PEUHIEHHE,

a) Jlo MCOIBITAHMA BEICKAMKEM UYETRIPE NOMAPHO HECOBMECTHMBIX H paB-
HOBEPOATHBIX TMIOTE3EL:

H, — B ypre 3 Oenwmix 1 {) uepHBIX Wapa;

Ho — B ypHe 2 DefpIX H | YepHEBIA MIap;

= (0,475,

P{H /A)=

H; — Bypue | Henenit n 2 9epHEIX nIapa;
H, — B ypHe 0 DeHX H 3 YepHBIX Ulapa.
P(H,)=P(H;)=P(H;)=P(Hs)=1/4.
b) Tak kak msereueH Oenslil wap — cobeiTue A, TO YCOTOBHRIC BEPOATHO-
CTH 3TOTO CODBITHA COOTRETCTBEHNG paBHE: P(A/ H, ) =0, P(A/H{)=1/3,
P(4/H,y=2/3, P(4/H)=1. Ilo dopmyne balieca BEHUCIHM:

L 12
P(H,/ )= =L P(H,/ d)=—122 =1
_]_. 1+_2_+_1. 2 1{1+2+1) 3
4y 33 4773 3
11
P(H;/ 4)=—-33 —é, P(H,/ A)=0.

1 ( 2 1]_
—-1l+—-+=
4 3 3
FIPHMEP 12, Tpu opravw3agnn NpPeiCcTABHAH B HATOCOBYH) HHCTICK-
ITHI0 OTYETRI [IA BeIOOpodHOH nposepkd. [lepras opraHuzaiMa npencrasuna
13 oTueToe, BTOpas — 1), TpeTea — 25, BEpOATHOCTH MPABUABHOTO OQHOPM-
NeHHA OTUeTOR ¥ STHX OpraHH3alMiA H3ABeCTHH H COOTBETCTBEHHO PABHBI:
.,9; 0,8 1 0,85, Hayrajg Owin BplOpaH OOWH OTYHET, H OH OKAa3alcHd IPaBHIb-
HeIM. KakoBa BepOATHOCTR TOTO, UTO 3TOT OTYET MPHHANMEKHT BTOpoil ap-
raHH3alHH?
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PEITEHHE. ITycte H,, H,, Hy — TU00TE36I, COOTBETCTBYIOLIHE BRIOO-

PV OTYETA NSpPBOH, BTOPOH WIH TpeThed opraHH3auMH. BepoATHOCTH 3THX
IHII0TE3 COOTBETCTBEHHO PABHBI:
P[H,}=15f5ﬂ, P(H:)=lﬂf5ﬂ', P(H3)=25f5ﬂ.
Ilo popMyIe NOAHOH BEPOATHOCTH BEIMHCIHM BEPOATHOCTh CODBITHA:

A — BpIOpaH NpaBHIBHO OQOPMIEHHEIH OTUYET
P(A) =0,9-15/50+0.8-10/50+0,85-25/ 50 =10,855

ITo fopmyne Baileca BEIMHCIHM HCKOMYIO BEPOATHOCTE!
P(H,/ 4y=0,2.0,8/0,855=0,19.

Jropmyna bakieca (2.15) Haselpaerca dopMynol anocrepropHoH (06-
PATHOH) BEPOATHOCTH, TAK KaK B HeH HCOONb3YeTCA HHODMaUnd O MPOH30-
IemeM COBHTHHN. ITO NO3RONIET KOPPEKTHPOBATE YPOBEH: HMERINSHCH
ANPHOPHOH BEPOATHOCTH MO MEPE NDOCTYNNEHHA CBSACHHHA O PACCMATPHBAS-
MBIX COBBITHAX Ha OCHOBE MPOBOTHMEBIX IKCIepUMeHTOB. IlosToMy Baliecon-
CHHD MOAXON NOTYYHT LWHPOKOS PACTPOCTPAHEHHS B CTATHCTHUYECHUX 0g-
CIeIOBAHHAX.
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Fnaea 3
NOBTOPEHME UCTILITAHWHA

3.1. Cxema bepHynnu

Fomy npouiscOumcs Heckoaske ucnmmaniti (onwmoe), RpUveM gepo-
amHocme cobbimi A & Ka3¥COOM UCHBIMAHUY RE 3ABHCUM OM UCX0d06 Op)-

2HX HCHBIMAKNE, MO MAKHE HCRBIMAHUA HAZMAWIOMCH HESMBUCHMbIME ONHO-
CHIRETLHO cobbimusg A .

B cxeme . BEepHYINH DACCMATPHBASTCA Cepnf, COCTORINAA M3 2 HE3A-
BHCHMBIX MCIBITAHHH, KAXKI0€ H3 KOTOPHEIX HMEeT JHUIEB ABA HCXO0/Ja: HACTY-
[INeHHEe KaKoTro-To COOBITHA A (ycnex) MM ero HeHacTyILleHwe A (Heyna-

ua). [IpHueM BepOATHOCTD YCIeXa HpPH OJHOM MCNBITAHUM paBHa P(A)=p,
(0= p<1) — NOCTOAHHA KU HE 3aBHCHT OT HOMepa HCNEITaHHA. CleoRaTEeNb-
HO, BEPOATHOCTE HEyCnexa P(A) =]— p =g To¥e NOCTOAHHA.

ChopMymHpyeM 3839y — BEIMHUCTHTE BEPOATHOCTE TOTO, 9TO NPH A
HCOBITAHUAX COOBITHE A OCYIIECTBHICA POBHO & pa3s H, clieIOBaTelbHO, HE
OCYINECTBHTCA # — & pa3s (CM. pHC.):

k -k
s i ~ g =,
[+ X < S P ' o S+ s
—-..._‘v‘_,.u-— e
e

ITo TeopeMe YMHOKSHUA BEPOATHOSTEH HE3ABHCHMEBIX COORITHI HOKO-
Masd BepoATHOCTE GynerT paBHa:

P=p-p-..pqq..qg=p g"" (3.1)

OJHAEKO MHTEPECYIOINEE HAC COOBITHE (A VCIIEXOB IPH n OIITax) MO-

HKET IPOH3IONTH He TONIBKO ONHUM crocoboM. HHcNo BO3ZMOXHEIX EAPHAHTOR
{(kOMOHHaUWA) BEIGOPKH & 2M€MEHTOB K3 A BHEIYHCAASTCA 10 dropmMye (1.5):

cho__ "
" TR (k)

OKoH4YaTeNLHO INOMYHHM.

ok k nk_nlpieg
Hz(k)'"cn'p *q = -(H—k)‘.l (3.2)
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D10 ¥ ecTh (opMyna bepuyinmn (OHHOMHANBHOE pacnpeaelcHHE).
BenosmuaM opMyny Gunoma HeroToHa:

e Ck . k. gk
(pta) =2GC-p 4" (3.3)
k=0
OTtciona, H HermocpeACTEeHHO U3 dopMynsl bepuymnu (3.2), cneayert:

iﬂ;(ﬂ’)ﬂ- (3.4)
£=0

OueBHOHO 3TOT K€ Pe3yAbTaAT MOAYYUHICA, €CIH YYTeM, YTO JiA
k= { 0,1, 2,..., n} NONYUHM NOJTHYE TPYIINY CODBITHH, BEpOATHOCTE KOTO-

pBIX pagna 1.

TTPHMEFP 1. B cempe 10 gerell. CuMTas, YTO BEpPOATHOCTE POMKIACHHA
MAJIBYHEKA paBHa 0,5, nalineM BepoATHOCTE TOTO, YTO B ceMbe uMerotea O, 1, ...,
10 ManpuHKOB.

PEUHIEHHE, OrMeTuM, 9T0 B CHIY nipeanoaoxkenns p=g=1_{,5 n pa-

serctea C =C) " wmeroT mecto paseuctea: £, (m)= P, (n—m). Orcrona

TMTYYHM]
1 1
Fo(0)=FRo(10)=Cy - S0~ 1024
1 10
R,(=Rp(9)=Cly === ,
lﬂ'() ll]( ) [H 2]{} 1024
1 45
Hﬂ(z}=ﬂu{3)=cﬁu'2m=m24=
] 120
1”1{}(3)=ﬁu{?)=c|30'2m=m24,
] 210
ﬁn(4)=ﬂu(5}=cl4u'2|n=m24,
1 252
Fo(5)=C == .
1 l: ) 10 21.[]. 1024

B MHOIOAeTHOH ceMbe ¢ JeCAThIO JeTbMH MAJBYHKOB H JeBo4eK OvaeT
IOPOBHY C BEPOATHOCTEIO ~ 0,25, BepoATHOCTE TOTO, YTO B ceMbe OYIYT Je-
TH OJHOTO 110714 (MAJIBYHKH HIH JEBOYKH) — Yy Th MEHBILUE OJHOH IIATHCOTOH.

Beenem cnenyrouiee ofosHaueHHe, nycTs F,(m <k <m,) O03HAYAET

BCPOATHOCTE TOTO, HTO B A HCIIBITAHHAX CXEMEL EEPH}U]JIH YCIIEX HACTYIIHT
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He MEHee YeM #y pa3 | He Gonee 4eM m, pas (0 < my <m, < #). Tak kak co-

OBITUA, COOTBETICTEYICIHE Pa3TIAYHOMY YHCIY YCIIEXOR, MOIApHO HECOBME-
CTHEHI, TO HMEeT MecTO fopMyna:

ir
P (m<k<m)=3 P(k). (3.5)

k=m,
Bepoathoetes B, (1< m<n) TOro, 910 B pE3yABTATE 2 MCITBITAHHH, Yo-
MeX HACTYIIHT XOTA Obl OJHH pa3, BEIMHCIAETCH M0 GopMyIe:

P,(1<k<n)=1-F,(0)=1-4". (3.6)
Tunwaaslid  rpadur  OUHOMUANEHONO PACTIPCACACHAA TNPHBSACH HA
pHc. 3.1 nma p=05; n=20.
CdropmymipyeM 3anady: Heo0Xogumo HaliTn Ky — HaHBepoATHeHlIee
HHCIIO YCNEXOB, TO €Tk TAKOS Ky, BEPOATHOCTE KOTOPOTO MAKCHMATRHA,
3anHuIeM YCIOBHA MaKCHMYMa BEpOSTHOCTH:

F(kg) £, (kp)

a) =5 b) =1.
Fy(kg —1) Fylkg +1)
3anvuieM HEpPAREeHCTBA &) U A) B ABHOM BHIE:
o Ptk __ n (koDMektD)  plgh
Pkg—1) kln—kp)! n! prolgnhet]
_ (n—kyg+1)p > 1,
Kod
-l"i-'ﬂ shap+ o
5) Bke) _ 0t (kp+l)n-ky-1) plg"*
Rl +1} K !(H —ky ! r! pkn“"q"'ku“l
_ (kg +1}q S,
(n—ky)p
kg 2 np —gq.
YunTeigag 004 HEPABCHCTRY, OKOHYATSARHO MOIYINM;
np—q <k <np+p. (3.7
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0.20 . r - v : r . . v
0,16 } | : | - -

o1al . TR P
012}y -7 - : : = u

0.10%
0,08 {

0.06 1

BepoRATHOCTE YCNEXS

0.04 i , (] [ ]
noz%

-0.02 ' = ' '
2 0 2 4 6 8 10 12 4 18 48 20 22

LEACIO WEMEN0E

Puc. 3.1 Fpachur seposmuocmeti DUROMUATLNOZ0 PACRPEOEACHUR
fp=05n=20)
B n ucnvimanusx cxemst Bepuyaau ¢ 6epoamHoOCbio Yehexa p Haubo-
REE GEPOARIHBIM HHCIOM VCREXDE AGAACHICH
& EOURCMEEHROE HLUCA0 ky = rnp + p-L ECRU YHEAO AP + P HEYEROE,
» dea wucra kp=np+ p u ky=np+ p—1i, ecru vucronp + p yesoe,
IIpH mocTaTOYHO CONBILOM YHCIE HCOLITAHHE (R — ) H3 BEHpaXEHHA

Ky

(3.7) nonyunm p = ) (CTATHCTHHECKOE ONpeJclieHHe BepOATHOCTH ).

HFH HOILIUNY FHAYERURY N HaGuboIee GEPORMHAR OMHOCHRIERBRAR YdC-
MOMa YCHExXa CoBRaodem C 8epomMRGCIbI0 YCREXa HPH OOHOM UCRBIMAHUN.

TIPHMEP 2. BepoATHOCTh TOTO, YTO PACcXOJ 3JISKTPO3HEPTHH Ha Mpo-
JOMACHHH OJHHX CYTOK He OpeBhllaeT YCTAHOBIEHHOH HOPMBI, paBHA
p=0,75. Ha¥iTH BEpOATHOCTE TOT0, 9To B OMGKADUWHE & CYTOK pacxol
ANEKTPOSHEPTHH B TedeHUE 4 CYTOK He MPERBICHT HOPMEBI.

PEUIEHVE. BepoaThoCTs HOPMANBRONG pacxoxa p=0,75. Beposar-

HOCTE Nepepacxona g = 0,25, Heromas sepoaTHoCTE no hopmyne bepaynm:

_61.0,75% 0,257
412

R(d)=c)-p*-q4* =03
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3.1.1. Obobujenue cxemo! beprynau

PacemoTtpim obobiuenne cxemMs bepaynmd. [Tycte mpoHIBOAUTCA 1 Hesa-
BHCHMBIX HMCIBLITAHHH, KaXKI0e H3 KOTOPBIX HMeeT m (m > 2) IOIApHO Heco-

BMECTHBIX H BO3MOKHBIX MCXOJOB, KOTODBI® 0003HATUM A, ( f=12,... m).

CoOBITHA A; COCTABIAKT MOJHYIO [PYIIHY COOBITHH. BepoATHOCTH HacTyI-

NEeHHA KaX/0ro cobHTHA p; =P(A J,-) B ODIIEM CITyYae pa3IHuHEl H YAORIE-

i
TBOPAKOT YCIOBHIO 3 p; =1. Toroa ans nponsBonBHO 3aQaHHRBIK NETBIX HE-
i=
Kt
OTPHLATENILHEX YHCEN X; TakuX, YTe > K. =4, ONpenciHM BepOATHOCTH

i=I
P.(k, #y, ..., k,,} TOTO, 4TO NIPY 1 HCOBITAHHAX HCXOJ A HACTYIIHT POBHO
&y paz, ucxon 4, -k, paz M T. A, ucxod 4, nponsoiiaer &, pas:

n! kk i
R!(klﬁkzj.-gkm):kl'kzl k ]Pl pzz...Pmm. (3‘8)

Beipa:kenue (3.8) HaszeiBagTca QOpPMYIO MOTEROMUMIGHOZ0 pacnpe-
derenun.

THTPHMEP 3. HrpancHada KoCTeE moadpaceipaerca i5 pad. Kakoea sepo-
ATHOCTE COOBITHA — BRINAIO POBHO JSCATH UISCTEPOK M TPH SIHHHITEL?

FEHIEHHE, BepoATHOCTH BHINAJASHMA [IECTEPKH H SIHHHULI PaBHEI
1/ 6, a BepOATHOCTE TPETLETO KCXOAA (BBIIANK MHOOHIE OPYTHe IPani) pasHa
4/ 6. Toraa BepoATHOCTE NONYYHTE 19 wecTepok, 3 eMHHHIEI H 2 JPYTHX
3HAYEHUA YHCEl paBHA:

Rs{10,3,2)=

15! 1 1 [4

2
2| =1,002-1078
1003121 610 g1 ﬁ)

3.2, Teopema lNyaccoHa (3akoH peaknx cobbiTHiA)

QropMyna bepHyIIH yao6Ha IS BEYHCIEHHA JTHUIL NPH CPaABHHTENBHO
HEOOMBLIOM Ynene HeneITannii #. TIpy OOneIMX 3HAYCHNAX A TIONR30BATRCA
310l dopMynoil zaTpynuuTenesHo. Eiie Gonpinan npodleMa BO3HHKAET, €C/H B
cxeme bepHyIH YHCNO HCIIBITAHWA BEIIHKO, 8 BEPOATHOCTE YCIleXa Maja.

Ihyems n—w, p, >0, max ¥mo np, > A>0. Tocoa orn awboco

k20 aeposammuocmv noayuume kK ycnexoe 6 n uCRblmanuax cxemst beprya-

k
A" 4
AUl C GEPORMHOCHIBIO YCREXA P, CIPEMUMCA K 6CTUUHE ~ € "
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B (kK)=Cip*(1-p)"" = k!(:ik)!({k(l-ﬁ)ﬂ_k -

LA [ A]”( 4)“" FLE
= -Z 1 1=Z= =T g,
k) H*(H_k); n # k!

IIpH pemeHHH KOHKPETHHIX 3adad MOHATHA «4HCIO WUCIBITAHHH BeNH-
KO H «BepOATHOCTE YCrexa Mana» cyOBeKTHBHEL. [Ipu Gonee cTporoM moa-
Xone BOCNONBIYEMCA OLeHKOH IIorpeltHocTH dopMynel ITyaccoHa:
ckpi (1 )n—.fc A o < pp? = A2 (3.10)

ﬂp P x =R = . . ]

HPHMEP 4. Ha npeqHpHATHH H3TOTOBJIEHO H OTIIPABISHO 3aKATYUKY
100 000 SyTeiNOK nDnBa. BEpoSTHOCTS TOTO, UTO OYTHIIKA MOXKET OKA3ATHCH
OuroM, papHa (,0001. Kakopa BepOoATHOCTE TOrO, 4TO B OTIpaBASHHOH map-
THH OyNeT pOBHO TPH BHTEIX OYTELIKA?

PEUHIEHHE, Bocnonpiyvemca dopmynoi TlyaccoHa, yYWTBIBAA, YTO
n=100000, p=0,0001, A =np=10:

¥ =

10
Rooogo (3} =10° *% =10,007567.

Ilo dopmyne (3.10) BRIYHCINM MOTPEITHOCTH, KOTOPad HE MpeBLIUIacT
0,001, Takum obpazom, HCKOMAR BEPOATHOCTE He npeeeicHT 0,008567,

3.3. NokanbHan Teopema Myaepa—Sflannaca

Hecmotpa Ha sneMeHTapHOCTE (pOopMYNIEL bepHyinn F, (I:) = Cf pkg"_k ,

Ipy DONBIIOM YHCIE UCTIRITAHHH A HENOCpEeCTBEHHOE BBIYKUCIIEHHE MO HeH

CBA3aHO ¢ QONBUION BHYMHCIHTEIBLHOH paboTol (morpemiHocThiC). Paspe-

IATH 3TY [IpodnemMy NOMOKeT JokaabHad Teopema Myaspa—Jlannaca:
Ecau seposmuocms p Hacmynaenua coomimun A & KaxeooM uchuima-

Hutt nocmoanna w omanung om O u 1 (0< p<l), mo eepoamuocme F,(k)

moza, umo cobrimie A Rpousoddem kX pasz 6 0 HEIEEUCUMBIX UCHBIMAHIAX
HPH ﬂﬂcmamﬂHHﬂ ﬁ{?ﬂbmmf gHCAe N, Hpﬂﬁﬂﬂﬂl‘ﬂﬂ'ﬁ}fﬂ pﬂﬁ'Hﬂ

P::(k)ﬁmw(x)! (3.11)

l —_
e 2, X =

rae p{x)= o b
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Jaunaa qopMyna (TeopeMa) TeM TOUHee, 4eM # — oo, BpluHcneHHne no
ITOH (POPMYNE NACT HEIHAYMTENRHYH) NOTPEMIBOCTE YHE TPH BHITIONHEANH
yenosua apg = 20, OyHEKIMA 4;:-{ x} TabyIMpoRaHA H 00NaNaeT cledyKITHMH

CBOMCTBAMH:

1} dynxuma @(x) semiercs 4eTHOH, TO ecTb @(—x)=@(x});

2) dyuruua u;:r(x) — MOHOTOHHO YOBIBAIOINAA IIPH IMOJOAKHTEIBHBIX
3HAYEHNAX X, IPHYEM IPH X 9 & @(x) = 0;

3y opu x24  @(x)<0,0001.

TIPHMEFP 5. B nekotopoii MecTHOCTH M3 Kaokarix 100 cemeidl 80 nMmeror
apToMOOMIH. KakoBa BepoATHOCTE TOTO, 4TO U3 400 cemert v 300 umerotca
aBTOMOOMIHY

PEHIEHHE, BepoaTHOCTE TOTO, YTO B CEMbE HMEETCA aBTOMOOHIE,
papa p=80/100=0,8. Tak kak # =400 JOCTATOYHO BEJHKO (YCIOBHE

npg =400-0,8-0,2 =64 > 20 BBRINOIHEHO), TO NPHMEHHM JIOKANBHYIC TEO-
pemy Myagppa—Jlamnaca:
_300-400-0,8

X ———m—m—m————
J400-0.8-0,2

Proo(300) = 223000175 o

J400-0,8.0,2 8

Iameuarnue. InaveHue MyHKyuY q;:(—Z,ﬂﬂ) HOMNEHO UF COOMBEMCINEVIOWUX

= 2,30

CMAMUCMEYeCKnXY mﬂﬁﬂﬂl{.

3.4. UnrerpansHan Teopema Myaepa—/flannaca

Ilycte B yenosuax [IPHMEPA 5 veo0xXoaHmM0 HAHTH BEPOATHOCTE TOTO,
yto o1 300 o 360 ceMed (BKINYHTeNBHO) HMEOT apToMOGHIH. Toraa no
TEOPEME CIIOKSHHE BEPOATHOCTSH COORITHA, M vunTmBasa (3.5), monydum:

P00 (300 S & £360) = Pigg (300) + Py (301) ...+ Py (360).

B IIPHHITHIIC EBIYHCIHTE EKaAEIOC CMArdeMoc MOKHO 110 AOKARABHOU
Gropmyne Myaspa—ilaniaca, Ho DONRWOE KONHYECTBO CNATACMEBIX JCTACT
PACMET OMCHB TPYAOEMEKHM. B Takmux CIIYHagX CHpapcIIHBEa HHTETRAILHAH
Teopema Myappa-Jlanaaca:

Ecan sepoamuocms p nacmynrenus cofimmur A & xaxcoom ucnmma-

Huw nocmonnna u omawing om O u 1, mo eepoamuocns moeo, ¥mo wucio k
HACMYRAEH A cobbtmut A 8 B HEIAGHCUMBIY UCRBIMAHWX JAAGUEHD 8 npe-
QeRax om my 00 my (SKUOVURMEILbHE) NP COCMAmMOYHO DoTbUIOM Yliche N,
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APUHOIUNCEHHO PAGHA

i
P(m<k<m)=3Cip*q"  n—=[e 2dr, (3.13)
&

roe o= ; = .
v RPg VRPY

Jma erupcnenma o 3Tof GopMyne spoanTes Gyukunsa Jannaca (wHTS-
I'pal BEpPOSTHOCTH ):

2
x L

Dy (x)=——]e 2dt, (3.14)

N2

o0IaATAKIAL CIeIYIOILAMH CBOMCTBAMH:

1} dpyskums $y(x) HeuerHas, To ecth @, (—x}=—Py(x);

2y dyrxuna Og(x) — MOHOTOHHO BOPACTAIOIAT, NPUYEM TIPH X — +00
Dyix) = 0,5 (IpAKTHYECKH MOXKHO CUHTATH, UTO yike IpH x> 4 @ {4)=0,3).

YuHTHIBag cROHCTRA QyHKITHH Jlamnaca, OKOHYATeIBHO IIOTYYHM:
2

p_x
J;_:rig Pdx=BQy(f)- Tpla) (315

HuterpancHas opMyna, KaK ¢ JIOKaJLHAsA, TeM To4Hee, 1M GombIue n.
Ipu venoeun #pg = 20 uaterpanbHas dopumysa (3.15) gaeT HeaHAUHTENIE-

HYK) ODOMPSUIHOCTE BRITHCIICHHA BEPOATHOCTEN.
HPHMEP 6. TTo nauusiM [IPUMEPA 5 BRIUHCIHM BepOATHOCTE TOTO,
y1o o1 300 10 360 (exnwuntensHo) cemed n3 400 umernT agToMOOHIR.
PEHNIEOHE, TlpuMeHnM HHTerpaleyie Teopemy Myappa—llamnaca
(npg =64 > 20).
_300-400-0,8 _360-400-0,8

= —— - '
f400-0,8-0,2 J400-3.8-0,2

P (300 < & <360) = @y (5,8) — @y (—2,50) =@ (5,0} + By (2,50) = 0,9938.

B(m<k<m)=

=—2,3{} il 3,0,



fhasa 4
CNYYAWNHbBIE BEAWUYMHDI

4.1. Knaccudurauua cAyuanHbIX BEAWYMH,
3aK0H pacnpeaeneHvA AUCKPETHOW CAYMAHHOH BENWMMHDI

Hueio6an seTynna é:, JHOQEHUE EGHIG_PHHU MOFCEM MEHAMBbLCA & 346U~

CUMOCHIY Om CIYYaR, HaIMeaemes caysaiyol eexuvunoud (C8).

B paMKax TeopeTHKO-BepOATHOCTHOH CXeMBI, KOTJa NpeanonaraeM, 4To
HMESTCH HEKOTOPOE NPOCTPAHCTBO 0 MMEMEHTAPHBIX HCXOOOB @, CNy4qai-
HOM BeIUMYHHOH £ HAIWBAKT (PYHKIHIG OT 3NEMSHTAPHBIX HCXONOE !

E=E&(w), Tne well.

PasnuuaroT gBa OCHOBHBIX THUNA CITy4alHBIX BEIHYMH: AHCKPETHLIE H
HEMPEpLIEHO pacipefe/eHHbIe.
JIHCKpETHBIE B&MHYHHEL & = 5(&), B 3aBHCHMOCTH OT WIEMEHTApHBIX

HCXOO0B &, NMPHHEUMAKT KOHCHROC UIH CUCTHOC YHCTO PASNTHYHBIX 3HAYC-
HHH X C COOTBCTCTBYHIIHMH BCPOATHOCTAMHK.

Py(x)=P({ =x). (4.1)

3nece £ =x obo3HaYaeT, 4TO cAyvalHHad BeJIMHHHA ¢ NpHHHMAET 3Ha-
YeHHE X, TO eCTh { § =X |={ @ () =x}.

BepoaraocTs cobrmuna X' < £ <x") coctomuero 8 Tom, uTo cnyuaiinas
BENWYHHA & [PUHHUMAST OJHO K3 3HAYSHHH X, Nexallee B Opeferax

x'icfix',em:h

Pix <£<x)= iPé (x), (4.2)

B dopmyne (4.2) cyMMHpOBaHHE IPONIBONMTCA 10 KOHEYHOMY KIIH
CYETHOMY UMCHY 3HAUSHHH X, KOTOpBle MOXeT MPHHHMATE NUCKpeTHasA Cly-
JAHHAA BETHUKMHA &,

Coomaememeue Mexcgy eoamoxciumi snavenuamu CB u gepoamno-
CHIAMU MUX 3HAYERUE Hazbieaom packpedercnuesm eeposmuocmeti CB u
oboshauaion Pe(x).

JaKkoHOM pacnpcicJacHHA CB HaseIpacTCA BCAKOS COOTHOICHHE, Y-
TAHABTHEAKIILC CBA3E MOKIY BOSMUEKHBMHE 3HAYCHWUAMH CB 1 ¢ooTReTCT-
BYHMIIHMH HM BEPOATHOCTAMH.
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IMpocTeiinieil ropMoil 33JaHHA PTOrO 3aKOHA ABJIAETCA TabIMUa, B KO-
Tﬁpﬂ-ﬁ nﬁpﬂq}’]ﬂﬂﬂﬂh[ BOIMOKHBIC JHAYCHHY CE H CG-E}TEETETB}-’IGIL[HE: M BC-
POATHOCTH:

I‘: x X X,

2 7 5 Py
Takyro TaGumiry OyaeM Ha3EIBATE PAAOM pacnpeneileHns thckpernoi CB.
Cobertug X =x;, X =x;,..., X =x,, COCTOAILIHE B TOM, UYTO B PEIYIE-

TATe HCIBITAHHH CAy4YaHHAaA BeMHYHHA X NOPHMET COOTBETCTBEHHO 3HAYe-
HHA Xy, ..., X, ABJIAKOTCA HECOBMECTHBIMH M € JHHCTBEHHO BOIMOMKHEIMY (B

TAONNUE TEPSYHCTEHE BCE BOSMOKHEIE 3HAYCHNA CB), TO eCTh COCTARTAIOT
OOJHYIO0 Ipynny. CleqoBRaTeNsHO, CYMMa HX BEpOATHOCTEH paBHa 1. Takum
oOpazoM, ant MODOH JUCKPemMOol CRYHARHOU GeIUYLHE CIPABSIIHEO COOT-
HOLICHHE:

H n

YP(X=x}=3p; =1 (4.3)
F=1 i=l

Urobel npHoaTe pAnyY pacnpeneieHns OoNiee HACMANHBIA BHJ, YACTO

npuderaioT K ero rpadhudeckoMy otobpakenno (puc. 4.1). Takoe npeacras-
nerre CB Ha3biBaeTcd MHOMOYTOILHHKOM pacnpeneleHHA.

P.l.

MHuoOroyronsHME
pacnpeacneHuA

0 r x2  x3 gy x5 X
Puc, 4.1, Jaxon pacrpedercuus ouckpemuon CIyainol aeriyutib

fIPHMEP 1, Ctpenok BemeT cTpensly no MHIICHHW A0 TIEPBOTO MONAAA-
HHA, HMedA Doe3anac 4 natpona. BepoATHOCTE ONIANAHHA NP KAKIOM BEI-
crpene pagna 0,6, IToctponts paa pacnpenenerua Hoesanaca, oCTapmETOCH
HEN3PacX o0 BaHHEIM.

PEHIEHHE, CB X — 9ueno HEN3pACXOAOBIHHLIX OATPOHOB, KOTOPOE
HMEET YETEIPE BOIMOKHEIX 3HaUeHHA: 0, 1, 2 u 3. CTrpenok H3pacXoayeT Bech
Goesanac, €CITH NEPBBIE TP BREICTPCNA — «ITPOMAXKY, A PEIYALTAT YETREPTO-
ro HHKAaK He CKaMeTca Ha ocTaBlleMcia Ooezanace. JcTaHeTCH OJHH MaTpPOH,
SCITH CTPCIOK JBAK LI TPOMAXHETCH M MONAAST NPH TPEThEM BRICTpene, Eo-
¥ CIOpTCMEH CHadana MpoMaXHercd, a 3aTeM IonaJeT B MHINEHb, ¥ HEero
CUTAHCTCA IBA MATPOHA, W, HAKOHEL, OCTAHETCH TPH NMATPOHA, ©CITH ﬁ}'ﬂﬁr
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IoNaJaHHe Ipd MepBOM BEICTpeng. BepoaTHOCTH 3THX 3HaYeHHH paBHB] CO-
oTBeTCTBERHO: po=0,47; p =0,4°.0,6; p, =0,4-0,6; p, =0,6.
x; 0 1 2 3
ek 0,064 0,096 0,24 0.6
O4eBHOHO, 4TO PHA pACTHIpPeAeJeHHA He YHHBepCAlbHadA XapakTepH-
cTHKA. HeTpynHo ybeAMTRCA, YTO ANA HenpepHBHON CB Takyio Xapakreph-
CTHKY MOCTPOHTE HENEB3A (TAak kKak CB nmeeT BecYHCNEHHOE MHOKECTRO 3HA-
yeHuil), Tlosromy coctapuTe Tabmuay, B KOTOpoi Oml OhIN MEPEYHCICHE]
BCS BOSMOKHEIE 3HayeHua CB, HesoaMmomkHe, Kpome TOTO, Kak MeT yhegumes
B JaIBHEHIIEM, KaXI0e OTAIBHOS 3HaYeHne HenpepslBHOH CB 00HYHO HE
o0JagaeT HUKaKO, OTIHYHOH OT HYIIA, BEpOATHOCTEED.
OOHako pasnuuHele 00IACTH BO3MOKHEIX 23uadeHndl CB Bece ke He #B-

MAIOTCA OMHHAKOBO BepOATHEIMH H 1A HenpepbipHoH CB cyniectByer «pac-
npederenue seposmiccmely, X0TA H He B TOM CMEICIS, KaKk 11 AHCKPETHOI.

4.1.1. Unmezpanenan hyHkiua pacnpedenerHun

JInA KOMMYeCcTReHHOro OMHCAaHWA paclpeneieHHa BEpoATHOCTEH yaob-
HO BOCIONLIOBATECA He BepPOATHOCTHHD COOBITHA X =X, a BePOATHOCTBIO
cODBITHA X <X, Ile x — HEKOTOpas TeKyllad [epeMeHHad. BepoATHOCTE
ATOTO COOBITHA, OUEBHIHO, 2ABUCHT OT X U ABIAETCA HeKOoTOpOH QyHkUMeiH
OT X. 3Ta QYHKUMA HARRIBACTCA (PYHKIHS pAclpeneleHdd clydaiHol pe-
nnauael X 1 obozsagacten Fx):

F(I}= P{X <x). (4.4)
Dymcyguio Fix) uxnoz0a rRasegiom unmezpaibhon ¢Gyurkyued pacnpe-

i}E.-'IEHHH, AW URMESPALIBRBIM 3ANOROM P{IEHPE&E.-TEHHH;

DYHKIMA paclipefleNneHHA — caMad YHHBepcalbHad XapakTepucTika CB.
(Ona CcyUIECTRYET Kak N8 AMCKPETHRIX, TAK M BenpepriBHBIX OB, ©yHrumn
PACTIPEASTCHHY TIOTHOCTEIO XapakTepusyeT CB ¢ BepOATHOCTHOH TOURK 3pe-
HHY 1 ABTACTCH OAHOH 13 POPM 3aK0HA PACOPEACTICHNA,

Obuyue caoticmed UHME2PAIbHON DYHKYHE PACRPECEREHUR:

1. ®yuxina pacnpensinenns F{x) HeyOmBaOMAA (YHKIHA CBOETO

APTYMEHTa, TO 6CTh IPH X, > %, F{x,}2 F(x).

2. Ha munyc OeckOHeYHOCTH (PYHKIUHA pacnpejelcHHA pPaBHA HYIIO:
F(-w)=0.

3. Ha nmroc SeckoHeuHOCTH GYHKUNA pacipencieHus papHa eIHHHIE:
F+w)=1.

4. F(I] LX< x3}= F(:rz}— F(xl).
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I'pathuk ¢YHKIMH pacnpeneieHna B oflIeM ciay4dae NpeicTABIAET CO-
60if rpadmk neyORBAKOMICH PyHKUNH, 3HAYCHNE KOTOPOH HaunBacTea ot 0 1
JOXOAMT A0 1, IpHYeM B OTASABHEIX TOMKaX (PYHKI[HA MOKET HMETE pa3phIB.

3Haq pag pacnpeaeneHHs guckpeTHoH CB, MOMHO JNerko NocTPOHTE
PYHEIHIO paclpeneieHHA 3TOH BeIHYHHEL JelCTBHTENEHO:

F(x)=P(X <x)= Y P(X =x).

.1' =X
HPHMEP 2. IlpouzsejieM OJHH OIBIT, B KOTOPOM MOMKET MpPOH30HTH
HIIM He NpoH30iiTH co0bITHE 4. Bepoatuocth coGurtua A pagHa p=0,3. CB
A — YHCIIO NMOABIEHHH coDBITHA A B onblTe (QuckpeTHad CB). Heobxoaumo
MOCTPORTE PYHKUNK pacnpeacncHua CB.
PEHIFAHE. Pan pacapenencaua CB X umeeT Bua:

X; 0 l

!

D 0.7 0,3

IMocTponmM dryHKIHIO pacnpeaensana CB X

1}y mpu x<£0 F(x)=P(X < x)=0;

2y npu 0<x<l Fx)=P(X <x}=P{X=0)=0,7,

3y mpu x>1 Fix)=P(X <x)=P(X=0)+P(X =1)=1.

HPHMEFP 3. llpn tex ke ycenopuax ([IPHMEF 2) npoeenH 4 He3asn-
cuMex onerTa, [locTpoiite dyHKUNKG PACOPEACTCHMS YHCNA NOABAEHHE CO-
OpITRA A.

PEITEHHE. llyers CB X — yuceno nogssneguit coOpTHa 4 B 4 OnkiTax,
ITa BENHYHHA UMEET PAI paclpe/TeIeHHA:

X, 0 [ 2 3 1 =4
p; | 02401 | 04116 | 02646 | 00756 | 0,008
F, 0 02401 | 06517 | 09163 | 0,9919 1

IMocTpoumM dyukio pacnpeaenenns CB X:
1) Opw x<0 Fx)=0;
2y 0<x=1 F(xy=0,2401;
3} l<x<2 Fix)y=0,06517;
4y 2<x=<3 F(x)=0,9163%
5y 3<x<4 F(x)=0,9919,
6y x>4 Fi{x}=1.



4.2. HenpepbiBH3aA cAYY3HHAA BEANYMHA, NNOTHOCTL pacnpeaencHus

Cryuatinan eeanuuna X HA3WGQEMCR HERPEPHIBHON, €Chti e€ Hpo-
CHPAHCHIBOM HAEMEHRAPHLIY CODLIMHT AGRASMCA 8CA HuCAo8aR och (Mubo
GHIPE30K (GMPE3RU) YHCROBOU OCH), @ GEPOAMHOCHL HACMVANLHUR RIOHO20
IEMEHMAPHO20 COBBIMUA PACHA HVTIO.

A HenpepsIBHOH CTydaiiHOH BeMHYHHEI BepOATHOCTE MONACTE Ha HH-
TepBall paBHa

Pla<X <h)=Pla< X <b)=F(b)-F(a). (4.5)
IIycte uMeerTca HenpepeieHas CB X ¢ dyHruHel pacnpeieieHud
F{x), ROTOPYI> MBI MPSAMGIATAEM HEOPEPRIBHOH H An(GepeHIHPYEMOH,

BRUMCTHM BEPOATHOCTE DONAZAHNA 3TOH CB Ha y4acTOK OT x 00 X+ Ax,

TO €CTh IpHpAIleHHe PYHKNHMNA pacipeleleHHs HA ATOM YHacTKe:
P(x<X<x+Ax)=F(x+Ax)-F(x). (4.6)

Hafnem OTHOUWICHHE ITON BEPOATHOCTH K JIMHE YYIaCTKd, TO ECTh cped-
HINO GEPOAMHEOCMb, TPNXOJANIYIOCA Ha eIUHAITY JIHHB Ha 3TOM YYaCTKE, H
yverpemMaM Ax K 0. B npenene nonyuHMm npouzecoryio Gyvrkiul pacnpede-

REHUS:
. Flx+aAx)-F(x)
lim ( } = F (J:) = p(x). (4.7)
A x—0 Ax
dyukimua p(x) — npou3eogHad QYHKLMA pacnpeneleHHd, XapaKTepH-
3yeT IUIOTHOCTE, ¢ KOTOPOH paclipedendioTcd 3HavdeHHA CB B JaHHOH Touke.
3ma yHKHUA HAIBIRAEMCA NIOMHOCMBG pacnpecererus (MRave —
(ILIOMROCNG sepoRmuacmiy) nenpepuenoit CB X,
[lnoTHOCTE pacnpeneleHHA ARIAETCA OfHOH H3 OpM 3akoHA paclipe-

Aenennd. 3Ta opMa He ABNAETCA YHHBEPCATLHOH, Tak Kak p(x) cyIecTBy-

&T TOJBKO JNg HellpepheHeIX CB.
PaccMoTpuM HenpepriBHYEY CB X ¢ INOTHOCTEREY pacpeeneHH p{ x]

M ATSMCHTAPHBIA YYACTORK dX, OPIMBIKAKUING K TOYKS X,

BepoatHocTs nonaganua CB X Ha 3TOT 3NeMEHTAPHBIM YYACTOK
{C TOUHOCTERY [0 DeCKOHEYHO MAalbIX BBEICIIETD IOPANKA) paeHa p(x]dx.
I'eomerpHyYecKH — 3TO IUIOIANE SNEMEHTApPHOIO NPAMOYIOIBEHUKA, OIHpaIc-

Lerocd Ha orpesok dx (puc. 4.2).
BeipasuM BepoaTHOCTE Tonagadng CB X Ha oTpesok o @ g0 f uepes

MNOTHOCTRE pacnpeneneand, (JueBnIHO, OHA PABHA CYMME HTEMEHTOB BEPO-
ATHOCTH HA BCEM Y4acTKe, TO eCTE HHTerpany:

g
PlasX < f)=[p(x)dx. (4.8)
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p{x) §

p(x)

"X

P AN

Puc, 4.2, Bepoamunocmb RORQIGHNA K ITCMSHMGIMBIT UHMEDadR

T'eOMETPHYECKH BECPOATHOCTE MONAJAHNA BCANYHHE! X HA OTPEIOK
[er, £] paBHa mnouwaau $Uryps, orpaHHueHHOH KPHEBOH pacnpefe/eHHa H

OMHUPADIIEHCA HA STOT y4acTok (puc. 4.3).

Qopmyaa (4.7) BrIpakaeT ILIOTHOCTE pacnipeaeneHusa CB depe3 HuTe-
rpaneHyE GyHKOHD pacnpeneiennd. [locragum obpaTHylo 3a1ady — BRIpa-
3HM DYHKIHK pacnpeielieHusa Yepes INIOTHOCTE. COorlacHo onpeIeIeH IO

F(x)=P(X <x)=P(-o< X <x). (4.9)
plx) 4

|
|
i
]
]
|
|
|
]
I
1
1
|
1
o B
Puc. 4.3. Bepoamuocme RoRaoanisg Ha HHMEPEAn
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H1 fopmynm (4.9) ¢ yueToM (4.8) MOmydnmM:
F(x)= [ p(t)ar. (4.10)

I'eoMeTpuveckn F'(x} €cTh He YTO MHOE, KaK IUIOWANE (QHTY]PEL, OTpa-

HHYEHHOH MNOTHOCTHIO pacipelenedHla (Cepxy) H oChbi0 abclee (CHH3Y) H
Ngxane nepee TOMKH X (puc. 4.4).

p(0) 4

- — — -

S TTT T

Puc. 4.4. Buyucaenue pyniuu pacnpedeTenia vepes niomuocms U8

-

4.2.1. Ocroenbie ceolicmea nAcmHocmMuU pacnpedenenun

1. TLnoTHoCTE pacnpeeleta ABNAETCA HeOTPHUATENRHOH DYHKNHSH
Plx)y=10. (4.11)

3T0 CBOHCTBO HENOCPSACTBEHHO BEITEKAET H3 TOTO, YTO (GYHKITHA pacnpens-
NeHust F(x)— HeyGbIBAIOIAA.

2. Haterpan B OecKOHEYHRIX NMpeienax OT IUIOTHOCTH pacrpelelieHus
paBeH enuanne. JIeHCTRHTENBHO,

o
f px)dx = F () - F(-0)=1.
o (4.12)
TeOMETPHYECKH OCHOBHBIE CROMCTBA MIOTHOCTH PACMPEASIICHHA O3HA-
JaoT!
& KpHBAd pacTpeieNeHHs JIekHT He HIXKe ocH abenmec;
¢ IOMAAbs (MCYPR], OTpaHHMEHHOH KPHUBOH paclpeeleHHI B OChKO
abCUHeS, PABHA SANHILE,
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PaccMOTpHM HECKONBKO [PHMEPOB.

HPHMERP 4. Oypxums pacnpeasneHng senpepueaoil CB X paBna

F(x)=+

Heobxompmo waiitn: xkodbduHUHEHT @, MIOTHOCTE PacnpeIeneHis

{0

.EIIE

1

-

TIpH
TIPpH
TIpH

x=0;

D<xsl;

x>,

f(x}, n, Haxonen, pepostaocts P(0,25 <x <0,5).

PELIIERHE:

a) Tax kak F{x)~ ¢yrxups senpepeienas, o npu x =1, ax’ =ax 1’ =1,

TO eCTE @ =k
(O
b) f(x)=F (x)=+

S (%)

Heobxoaumo: a) HaltH kosddwMedT a, b) nocTpoutes rpadHk NNOTHO-
CTH PACTIPEOSNEHNE [ (x) ¢) HalTH F(x) v nocTpouts rpacdhuk, d) HakTH Be-

MTpH

| ¢ npH

o

acos X,

0,

x =ik
2x nmpu 0<x%1;
x>
¢) P{0,25<x<0,5)=F(0,5)- F{0,25)=0,25-0,0625=10,1875.
TIPHMEP 5. CB X nopvxHeHa 3aKOHY paclpeJelleHHA ¢ NIOTHOCTHEO

g =

xe

x =z
2" 2]
% =]
2" 2/

pOATHOCTE NTomagania CB X va yuactok [0, %].

PEITEHHE:

i

2
a) Ia-cnsxdr=2a=i, a=

2

fx)4

b)

1

o+
2




¢) MOAYYHM BEIpAKEHHE 10 GpyHKIHH pacnipeaeneHus (4.10):

I:I npH x{—E;
$inx +1§ id f
Flx)=y—F— mpu —_<xs—
{ } 5 Inp 7 2
1 o x»s
| Tp 2
A -
1| 7
—-"-‘-"./ -
P 0 vEox

d)} P(0< x< z/4) = ((sin (z/4)+1) — (sin(0) + 1)}/ 2=/2 /4.

4.3. XapaKTepnCTMKHM NCAGHEHNA CAYYIUHOH BEAWMMHDI

Ha npakTike B TEOpPHH BEPOATHOCTEH MPHMEHAIOT XAPAKTEPHCTHERH T0-
NOXEHHA CIYYAHHBIX BETHUMH, OTPaXKAlOIHe Te MIH Jpyrue ocobeHHOCTH

pacripengieyus.

Modoii Mo(X) coyuaimon seruqunm X nazmeaemcst ee Haubionee ge-
POAMHOE 3HaveHie (A1 KOTOPOTO BEPOATHOCTE P!, ILTH [UTOTHOCTL BEpPOAT-
HOCTH p2{x) NOCTHraeT MaKCHMYMA).

B¢ BEPOATHOCTE HIM MIIOTHOCTR BEPOATHOCTH JOCTHTAST MAKCHMYMA
B OJHOM TOMKE, pacripeliefieHHe HA3BIBAETCA YHUMOOAAbHBLM, SCIIH Ke Mak-
CHMYM OOCTHCACTCH B HECKONBKHX TOYKAX, PACOPEACTEHHE HABIBACTCA RG-
Amodarzenbin (puc. 4.5).

NoALUMOOENEHOE
5 4 yuumodansHoe pix) 4

00 Mo X Mo(X), O  Mo(X), X

Puc. 4.5. Moda pacnpedenerua CB

49



Meonanott Me( X'} cayvuatincii eeantuunbt X Ha36I6AEMCA MAKGE ee

INQYEHUE, NP KOMOPOM eéepogmuacms mozo, ymo CB X < Me, oounaroeo
geposmua momy, wmo CB X > Me, u bydem paena 0,5,

P(-o<x<Me)=P(Me<x<x)=0,5. 14.13)

Me an
| p(x)dx= | p(x)dr=0,5.
—~o Me (4.14)

INeoMeTpHUeCKH MenMaHa — 3T0 abCLHCCa TOUKHM, B KOTOPOH ILIOIAAE,
OTpaHHYEHHAaA KPHBOW pacnpeleneHHA, JASNMUTCA nomonam (PyHEOHA pac-
npeaeleHHA pasda 0.5, puc. 4.6).

fix 4 Fa

Ij Me N | n Me X
Puec. 4.6. Meduaua pacnpederenus C8

Keaumuavio FPO8HA (MH q—xsanmmmm] HAIBIBTEMCH MAKOE 3HO-

YEHUE X, CAYUAURGH 8ETHYLHN, N KOMODOM VMKW €8 Pacnpeoenetis

RPUARWEMOER JRAYNCHEE, MIGHOE , MO €CRh
Fx,)=P(X<x,)=¢. (4.15)

HekoTophle KBAHTHIM MOAYMHIH 0co60e HazBauue. OMEBHIHO, YTO Of-
PEASTEHHAS BRIIG MeOUAHA CITYHANHON BTHUHHE! ¢CTh KBAHTHIE YPORHS
0.5, 10 ectb Me(X)=x, ;. KpauTiwmm x,,; U X;,; TONYMHIH HaisaHue

HudicHel U gepxnell Keapmtiteli COOTBETCTBEHHO.,
C NOHATHEM KBAHTH/A TECHO CBAZAHO NOHATNE RPOUYENMNON MOYKU,
IMon 100¢%-i mouroi NogpasyMeBaeTCA KBAHTHIE X, _ 4 TO ECTh TaKoe 3Ha-

YeHHE cnydafHoH BeIHUMHEL X, ITPH KOTOPOM F(X 2 Xy ] =g.

TIPHMEP 6. HalTH MOy, MeHaHy, KBAHTHWIE X, ; H 30%-t0 Touky CB X
C TINIOTHOCTBIO BEPOATHOCTH .;z:(x) =3x° MpH X € [ﬂ; l].

PEIEAHE., JInd HaxoXOHHA MOJH pacnipeJeneHHA Heo0X0JHMO
HAWTH MAKCHMYM ILIOTHOCTH ({3KCTPEMYM QVHKIHH e;:ll(.lr)=3.1rI ). OnHako
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3Ta (PYHKIHA BO3PACTAeT HA 3aJaHHOM HHTEpBale, CleJOBAaTSNbHO, MaKcH-
MYM JTOCTHTACTCH TIPY X = Ma(X ) =1.
JJ1A HAXO0XK AEHHA MeIHaHBl BOCIIONbayeMcA GropMynoi (4. 14):

Me 1 Me 0 Me [
[ o()ds =—5= [olx)ds= [ 0-de+ [ 3xtdx= s |gfe=(ME)s:E_
—on —on —r 0

Orciona Me=31/2=0,79. Tlo dopmyae (4.10) nomyanm (yHKIHIO pac-
npeaeIeHHsA

0
F(x)= Tg?(x]dx = | [lv.:ix—kflixzdj:: X

—ah 0
YupreBas  (4.15), HaHneM KBaHTHIb X3 = x3;=0,3, orkyna

xg3 =0,67. 30%-10 TOMKY CmydalfHON BEMWUMHBI X WIH KBAHTANL X, 7

HakJeM H3 ypaBHEHHA xﬁg? =0,7, oTKyZa x;; = 0,89.

4.4, YMCNOBbIE XapaKTepPUCTHRY OAHOMEPHON CAYYZIHHON BEAMYHHDI

Mamemamudeckum ONCUOTHHEM, Wt CPEOHUM 3NAYERUEM CAVIATNON
GEIUYLHEL ¢ HOZBIGAEMMCH ROCHORHRAR (KOHCManma), o003HaYaemas CliMeo-

aom M ( M[X]) u# onpederneman pasencnmaeom.

-

Zx!- + P; — AJIA JHCKPETHOH CB,
v=m =M =] (4.16)
I x 2 x)dx — nna wernpepsienoi CB.

L—IJC'

HPHMEP 7. U3pecTHH 2akoHEl pacnpenelenna CB X W ¥ — 4ucna
QYKOR, BEIONBACMEIX TICPBRIM H BTOPBIM CTPC/IKAMH;

X, 0 1 2 3 4 & il 7 8 9 10
X

P (015011 (004005004010 |0,10]0,04]005|0,12]|0,20

¥, 0 1 2 3 4 5 6 7 8 9 10
¥

2, 1001005005002 |0,11|0,24]021(0,10]0,10 | 0,04 | 0,02

HeobxoamuMo BEIACHHTE, KakoH K3 JBYX CTPe/IKOB CTpelAeT TyUIle,
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PEIIEHHWE, QUeBHIHO, 4TO H3 JABYX CTPEIKOB JYUMIE CTPETAET TOT,
KTO 6 cpeonesm BRIONRAET Oonpmee ynueno oukor, Toraa mo Gopmyne (4.16)
saiamcnom M| X | w M[Y]:
M[X]=0-0,15+1-0,11+2-0,04+...+9-0,12+10-0,20=5,36;
M[¥]=0-0,01+1.0,03+2.0,05+...+9-0,04 +10-0,02 = 5,36,

Tak kak cpegHee YACIO BEIDHBaeMEBIX OYKOB ¥ JIBYX CTPENKOB OJHHAKOBOE,
TO MPEANOYTEHNE BENR3A OTIATE HH OQHOMY CTPEIKY: OHH PARHOCHABHEL

HPHMEP & Henpeprinaa CB X' paBHOMepHO pacnpejieliena Ha OT-
peake [a, £]. Onpencnum m, .

PEITEOHE, [Ipese Bcero onpeieliHM [MIOTHOCTE paciipeaeneHnd. Ha
YCIOBHA 3AJa4l HIBECTHO!

const, xe€[a,b];
px)=
0, xela,b]
HcenonsayeM croiicteo (4.12):

) a b o
I Plxydx = I Uvdx+fcnn3r-dx+fﬂvdx= cﬂnst-xli=cnn5tv(b—a}=l.
-0 -0 a b

x-dx _a+b
b—a 2

canst = =

b—a;

R e

4.4.1, Caolicrnea mamemamuqecko20 owucanun

i. Mamesmamuveckoe oxcudanue ROCHOARHOU BEAHUUMBI PABHO CAMOU
ROCHOAHHOW,

M[C]=C. (4.17)

2. HﬂcmﬂﬂHHbIﬁ JMEQNCHMETH HMOMNCHO BEHAGCEWML 30 IHOK MAdmeMamiye-
CKO20 OHCUGAHLA,

MkX]=k-M[X]. (4.18)

3. Mamemamuvecxoe oxcuoanie areebpauveckoll cyMMbl KOHEHNOZO
YHCRO CRVHATTHBIX BQTUNHH PABHO CYMME UX MAMEMUMUYCCKUX ONCUOQHIT.

MY X1=) M[X/] (4.19)
i=l =1

4. Mamemamuveckoe oNCUOGHNE BPOUIBEOCHUR KOHEYHOS0 HHCAR HE3-
GUCHMBIX CRVUAUHDIX GEAWYUH PAGHC NPOUIASOCHWIO X MAMEMIMUYECKNX
oxcuoatii (Roxadcem smeo ceoticmeao 0nn oeyx CB).
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H M H JH
M[XY]=ZZIJ;F§ =ZI;' P 'Z.Pj Py =M[X]-M[Y]. (4.20)
i=1 j=1 i=1 j=1
3. Mamesmamuveckoe oxcuOQHNUE CIMKROHEHHR CAVHAHHON GCIUNHHGE O
e MAMEMAMUYECKO26 ONCUOaHNA pasho Hymto. Tlvems mamemamuveckoe
oxcuoatie U8B X paeno a, mozda:
M[X -M[X]]=M[X -a]=M[X]-a=a-a=0. (4.21)
Mamemamuveckoe OMCUHIGHEE — 0OHO H3 XAPAKMEPUCIUK HOI0MNCE-
nwun CB. C amodi mouky 3penus mamesmamudecroe oxcudanue CB ecme He-
KOMOPOE HUCRO, ARTTIOWCCCR KAK Hbl €€ «Npedcmasumenemy i 3aMEHAIOCe
CB npu 2pyborx (opuermupoaoyHbiX) pacyemax.
TIPHMEP 9. HallTH MaTeMaTHYeCKOe OXKWIAHHE CAVJIaHHOH BelIHYHHEI
Z=8X —5Y +7, ecnn usecTro, uro M| X|=3, M{¥]|=2.
PELHIERFHE, Hononkiys CBOHCTRA MATEMATHYCCKOTO OKHNAHKMA (4.17),
{(4.18) 1 (4.19), Haiigem
M(Z}zSM[X]—SM[Y]+T=8*3—5-2+?=2].

4.5. MomeHTbl cAYYaHHOH BESIMUYMHDI

TIOHATHE MOMEHTA ILMPOKO MPUMEHIETSS B MEXAHHKE ATA ONHCAHHA
PACOPEACHCHUA MACC (CTATHUCCKHE MOMEHTEL, MOMESHT BHEPILUKM U T. T1.),

Hauaasnslii Momerm 5-20 nopackd cay4anHon sexuyunnt X 0ooina-
Yaemca cumeonam « (x} u ONpedeIsemca ablpadiCeHueM:

A
Z x; - p; — Aaa gyuckpetroii CB,
-

ag{x)=1 _ (4.22)
_[ x° - p(x)dx — ana nenpepreroil CB.

o
Hetpyano yGeqHTECH, 4TO BREIEHHAA BBILIE XapaAKTEPUCTHEA Mamema-
MUNECKoe 0XCHOaHUe TIPEICTABIACT cOoDOH He YUTO HHOe, KaK MEPeniii Ha-
YQAAbHBIN Momenm. Flcnonp3ya CHMBON MaTeMaTHHYecKoTo OKHIAHW, BbIpa-
Henune (4.22) MOXKHO IPeACTaBHTE B CNSAYICIIEM BHE:
o, (x)=M[x"]. (4.23)
IIycte mMeerca CB X ¢ MaTeMaTHYeCKHM OXHOanuem m_. Bpegem

HOBOE [IOHATHE.
Henmpuposannoi ciayualinoti eeiryiiiol, COOTRCICTRYIOUIECH BEMAYH-
HE X, Ha3IRAETEA OTKAoHenne CB X OT €¢ MATEMATHYECKOrO O3KNIAHMA:

X=X-m,. (4.24)
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MoMeHTEl USHTPHPORAHHOH CB HakBalOTCA HEeHMPATBHBEMUE MO-
Mmermanu. HETPYIHO DOKA3ATE, YTO MATEMATHYISCHKOES OKHAAHHE HEHTPHPO-
BaHHOH CB pasHO HYIIO!

M[X|=M[X-m]=m _—m_=0. (4.25)

Henmpaasusiv momenmon s-20 Roproka cryuainod serununnt X Ra-

IBIGACTRCH MAMEMAMUYECKOE OHCUOaHUE S-1U CMEREHY, COOMBEMCMENIOHEU
yeumpuposanvoi CB:

U (X)=M[X*]= M{(X —m,)'] =

-

(x,-m_y - p; — s quckpeTnoii CB,
é ) (4.26)

L |
I (x—m )" - p(x)dx — nns uenpeprisHoii CB.

—0

.,

OueBHOHO, 4TO ANA M1000H CB yesmparshbiii MOMEHIN HEPBOZO HOPAOC-
ka pasen gymo. Bropoit uentpansrerii moMmenT CB, BBHOY €ro KpaiHei pax-
HOCTH CPeIH JPYTUX XapakTepUCTHK, HA3EIBaeTCA ducnepeuei: n obosnada-
erca D[X]:

;Jz(,r}=ﬂ[X]=M[Xz]- (4.27)

Hucnepeuets DX | cayuatirou semoginbi X HAZHIEALMCR MAMEMamMu-
YECKOEe OMCUOTHIE Eﬁ'adpﬂma 28 OMETONEHUEA oM MAMEMAMRBYECKOI0 OMCH-
OaHUR:

DX]=M[(X -m)’]=

-

o 5 ]
x; —m, )" - p;— Armd AHcKperHol CB,
é( o (4.28)

I (x-— .-anrji2 - p(x)edx — g vwenpepeieHOH CB.

L, —oC

ducnepcena CB xapakTepusyeT paccesnie (BapHaunwo, pazbpoc) stoib
BETHUHHE] OTHOCHTENIBLHO €& MATEeMATHUSCKOro O#pnIaHuA. JHchoepcHA
D[X'] umeeT pasMepHOCTE KBaApaTa CIYYAHHOH BeNMMYHHEI, YTO He BCErna

F,I[DEHD. HDE'ITDM}I’ B KQ4YCCTEE MNOKA3ATENA PACCEAHHA HCIIONEIVIOT TAKMKE BC-

NHMHEY, paBHYio +f D[ X].
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Cpednum Keqopamuveckum omiIoHeHEeM (CMAROQPIRHNM CIK0-
HEREEM, WA CMAHOGpMOM) &, CAVHAUHOW eeaudunsl X Hazbleaemcs

APREMEMUUECROE IHAYCHUE KOPHA KeQOPaMHO20 U3 €€ OUCREPCUN:
o, = JD[X]. (4.29)

4.5,1. Ceoticmea ducnepcuy

1. Juenepeus Koncmanmel pasrRa HRIwo,
DCl= M[CE]= M[(C—M[C]}E]= M[(C—C)E] =0. (4.30)

2. Hocmonnrkrblli MROJMCUMERD MONCHO EMHOCUMB 30 3HAK OUCREDCIY,
836204 €20 NP MM 6 Keaopam.

DICX1= M[(CX - M[CX1)?] =
= C2M[(X - M[X])?]= C D[ X].

3. Jucrepcua ar2efpauieckofl CYMAMbL KOHEYHOZ0 HUCAQ HE3UBHCUMbLIX
CB paena cymme wx ducnepcui. Ilokaxkem 31o ceoictro 1A neyx CB:

DX +Y]=M[(X+Y -M[X +Y]P]=
= MI((X -m )+ (¥ —m, N 1= M[(X -m)" ]+

(4.31)

(4.32)
2M(X —m )Y —m)]+ M[(Y —m,)?] =

= D[X]+2M[X - Y]+ D[¥].

YureM, yTo X H ¥ — He3aBHCHMEBIE CIvJaHHEIE BEMHYHHEL, 4 KOTO-
pEIX BRIDOTHAKOTCH CBOMCTRA (4,.20) v (4.25), TO ¢CTh:

M[XY]=M[X]-M[Y], M[X]=M[Y]=0. (4.33)
C yyerom (4.33) seipaxkeHne (4.32) npuMeT OKOHYATEMEHEIH BHA;
D[X +Y]=D[X]+ D[Y]. (4.34)

BrurcnouM gucnepcuto pasHocti CB:
DX =Y ]|={X +(-)Y]= DX ]+ D[(-D)F]=
= D[X]+{-1¥D[Y]=D[X}+D[Y].

Takum 0OpazoM, MBI MOKa3and CASAYIOUIee CBOHCTBO. QUCHEpCHA pa3-
HOCMU PAGHA CYMME OUCREPCUN.

(4.33)

4. Bmopoti yeRMPATbHbIE MOMERM CAVHARHON GeIHUtHbL PAGEH PAIHG-
CHIH MENCOY GMOPEIM HAYAALHBIM MOMENMOM 1 Keaopamom Neprozo Ha-
YATOHO20 MOMEHMA 3mot caveatinon geanununsl. JJpyTHMH CIIOBAMH:

33



Lucnepena cavdaliHon ETUGHHBL PABHA PAZHOCHIU MEeNCOV MameMd-

HUYECKHM OXCUOGNUEN KEAOPIMI CAVHAUHOU SSTUYHNL I KEaopamoM eg
MAEMAMHYECK 020 ONCHOAHIA:

DIX]=MX -m ) ]=M[X*-2m X —m:]=
= M[X*)-2m M[X]+m] = M[x*|-2mi +mi = (436)
= M[X°]—m; = a,(x) — a7 (x).

5. JQuenepcus npouseedennn nezasuctmbix CF X u Y pasra npoussede-
Huro Oucnepcuu X Ha oucnepcuro Y noc npousegieHue Keaodpama Mameima-
muvecxoco axcnoanust CB X na ducnepaino Y naroc npouseedenue keadpama
Mamenamuveckoro oxcuoanua CB Y na ducnepcivo X, TIOKAKEM 3TO;

D[XY]= M[(XY - M[XY])*]=

_ M[XEYE _mem}rﬂ ¥ mfmi] — M[XE]M[}’E]—Zm_%mi +
(4.37)

tmim’ = (D[X]+miXD[¥1+m) - mim. =

= DIXID[Y1+m DY ]+ mZD[X].

4.5.2. AcuMmempua u sKcyece

Tpemuii yenmpaivHbill MOMERM H CAVHCHM O XAPAKMEPUCIMUNY

acummempui (crkowennocmy) pacnapedencnua. TAK Kak TPETHH UCHTPanL-
HEIH MOMEHT HMEET pasMepHOCTE Kyda cnydalHoH BeTHYHHEL, TO, YTO0EI 10~
NYYHTE GS3PAIMEPHYI0 XAPAKTEPHCTHKY, TPETHH HEHTPANRHEIN MOMEHT I¢-
JAT Ha Ky0 cpeHero KpaapaTHHeckoro oTknoHeHua CB X
Sk=%3. (4.38)
a
Benuunna St HasbIBaeTCH KoaMpuuyneHmoM QCUMMEMPUN CIyYali-
HOU BeRULHB.

Py Sk>0 Sk<0

Q

E
&
¢

Puc. 4.7. Xapaxmepucmunag gcumMmMempul pachpeoercnul
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Ha puc. 4.7 nokazaHel ABa pacnpefeleHHd, HMEIOWHX MOT0KUTSIE-
HYE) (PacnpeasneHns 1) W OTPHUATENEHYK (PACOPEACTCHIS 2) ACHMMETPHED,
EcTecTBeHHO, YTO 1 CHMMETPHHHOTO pacnpeaeneans Sk =0.

Yemeepmotii YeHMPITOHLIT MOMEHRT Uy CRVICUIN 078 XAPAKIMEPUCMU-

Kit Kpymochiit (GCMPoBEPUIMHHOCINI) PACAPEOSAEHUR.
EHEIQEEEILH CﬂyqﬂﬁHﬂﬁ EENNMYHHE] HAZKBACETCA YHCNOD
Hy
Ex="—r-3. (4.39)

4
a3

Yueno 3 B gpipawenny (4,39) BeHTAETCS N3 OTHOWUCHNA #y / &, no-
TOMY 4TO /1A HaHbolee 4acTo BCTpedarlerocsai HOPpMAIBLHOTO pacnpeneie-
HHA 3TO OTHOWEHHe pasHO 3, Takum 0bpazom, pacnpeaeneHus HOIee 0CTpo-
BEPUIHHHEIE, YEM HOPMAIBHOE, UMEKT MOOKHTENBHBINA 3KCLECT, pacipene-
NEHHA ¢ MEHBIMIEH KPYTOCTREY, YEM HOPMANBHOES, — OTPHUUATENBHBIA IKCIECT,
ANA HOPMAJIBHOTO pacipeieNleHHa JKCUece paBeH HyIk (puc. 4.8).

Pi

=

-

A

Puc. 4.8. Xaparmepucmiukad oCmposeitiHOCMI POCAPeoeIeHuil

HPHMEP 0. Ina pasuomepuo pacnpeaeneHioi CB (cM. JIPHMEP 8)
HeoOX0anMo BRaHCuTh D[ X, Sk, Ex.

PEHIEHHE:
A) BCOOMHAM, UTO i, =(a+ b}/ 2]

b) aHcnepcHio BEMUCIHM 00 dopmy e (4.36):

fr 2 3 2 2
D[X]=M[XE]—m§=‘[I dx_(a+b}g= X lg_a +2ab+ b _
“b—a = 2 b —a) 4
_b-a a‘+2ab+b’ _a’+ab+bh’ a’+2ab+b’ _ (b-a)
Wb—a) 4 3 4 12
b—a
J =




o) Sk=28

J'{I mx) dy = {I m;;) i

= = A(b—a)
a+b 4 a+b 4
B s s M TN
4(b-a) Ab—a)-2* ‘
a+b.s
b (x =" )
Ha _ _H-I-f} _ 1 . 2
d) Ex=t5-3. 4= l{x i
b—ajﬂ—(a—b)s:{b—a)+{b—ﬂ)“_(H_b}{a_b}‘i:
(b-a)-5-2° 5.32-(h—a)
G I S ) M A I . SN
5:32.(b—a) 80 80-(h—a)*
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Frnaga 5
MHOFOMEPHbIE C/TYYANUHBIE BESIAYUHDI

5.1, MHOromepHaa cAyyaiHas BeAWYMHA M 33KOH ee pacnpeaeneHus

OYeHp 93CTO PE3YARTAT HCNBITAHHA XAPAKTEPUIYETCR HE OQHOH eny-
YAHHOH BeIHYHHOM, a HEKOTOPON CcHCMEMON CIVUAUHBIX  BETHYLH
Xy, X3, ..., X,, KOTOPYIO HA3BIBAIOT TAKKE MHO2OMEPHOU (n-MepHOH) cay-

YAUROU BEANYUHOU, WIH cayyainnim sexmopom X =(X, X9, ..., X}
Cny4aliHple BEIMYHHH X, X., ...,X,., BXOOAWIHE B CHCTEMY, MOTVT

OLITE KaK OtcKpemubimi, TAK U HEHPEPLIGHBIMY.

Ilpusedem npuMepsl MHOZOMEPHBIX CAVHAUHBIX GERYUN.

* (H3NUECKOE COCTOAHHE YelTOReKka MOXKHO OXApaKTepHIORATE CHCTE-
MOH CJIYYaHHEBIX BENIHIHH: X| — poCT, X5 — BeC, Xy — BOIPACT HT. IL.;

* YCNEBAEMOLTR CTYACHTA MOEHQ OMHCATE MHOTOMEDHOH CNy4aiHON
BeNHYHHOH X, X, ..., X, rAe X; — OLeHKa [0 {-MY NpeaMETY.

INeOMETPHYUSCKH ABYMEPHYH) H TPEXMEPHYEY CIYYAHHBIE BETHUHHE
MONKHO HHTEPIPETHPOBATE CAYYAHHOW TOYKOH (BEeKTOPOM) HAa IUIOCKOCTH
Oxy niM B TPEXMEPHOM npocTpancTee Oxyz, Kak oTMeganocs paHes, Han-
Gonee noaHelM onucanHeM CB ABIAETCA 3awxcM ee pachpedetetun. Janb-
HSlEE paceMoTpeHne MHEOTOMEpHREIX CB npoeeaeM Ha mpumMepe aByMep-
HBEIX CIYYaHHEIX BEIHYHH.

Onpederum, xarx u 039 oonomepuoti CB, uumezpaionvio hynruuo pac-
npederenun deymepnot CB:

Fle,y)=PX <x, ¥ <y} (5.1)

lNeomeTpuuecku $yHKIMA pacnpeneneHnd F(x,)) o03HAYAET BepOAT-
HOCTE [ONA0AHHA CIYYalHHOH TodkH (X,Y) B 3alITpHXOBAHHYH 00IacThb —
OeCKOHEUHEIH KBANPAHT, NeKalllHi Nepee H Hibke ToukH M (x, y) (puc. 5.1}

Tpagas 1 BEPXHAA TPAHWLEB! OONTACTH B KBAADAHT HE BKTIOMAKITCA — ITO
IHAYHT, YTO (PYHKIHA paclpenelieHHA HENpepelBHa cregd M0 KakOoMy N3
APTYMEHTOR.

B cmyvae DHCKPETHOH ABYMEpHON CNyYaHHOH BelIMYHHE! €€ (DYHKIMA
PACTPEICTEHHA ONPEAETACTSA MG hopMyne;

Fix,yy=22p; (5.2)
L

3aeck (3.2) CcYMMHpPOBaHHE BEPOATHOCTEH NMPOH3BOMHICA 10 BCEM 3HAYESHN-
M J, JUTH KOTOPRIX X; < X, H 1O BCEM f, ANTH KOTOPRIX p; < Y.
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KX, ¥)

Z

Puc. 5.1, Dvrrgus pachpederennn davmepuoi C8B

5.1.1. Ceoficmea deymepHoil ynxyuu pacnpedenerun

1. @yunyua pacnpederenun Fix,y) ecmo HEOMPutidmeTotan vy,

IANDOVEHHAA MEXCAY HYIEM U cOURUYEH, Mo echb
O0< F{x,v)<1. (3.3)

210 yTEEp¥)IsHHEe OasHpyeTcd Ha TOM, YTO0 MHTerpancHad QyHKUWA pacipe-
AeneHus npyMepHoi CB ecTh aepormuocmb.

2. Qyrryua pacnapederenua F(x,v) ecmb neybuvisaiowas vHkyus, no
KANCOGMY H3 QpVMERMOE:

IpH Xy > x| = F(x5,v}2 F(x,¥),

OpH  y, >y = Flx,y,)= Fix,v).
Tak kak NpH yBeNMUeHHH KAKOre-THOO apryMeHTa 3aIlTpHXoEaHHAA
00NacTh Ha pHUC. 5.1 yBeNWUHBAETCA, TO BEPOATHOCTE IIONATAHHA CNy4alHOH
TOUKH E 3TY 0OACTE, N0 KpaliHeH Mepe, YMeHBIINTLCA HE MOKET.
3. Ecau xoma Oul o0un u3 dpsymenmoe obpauwigemca 8 —x, QYHKUA
pacnpeoerenus F(x,y) pasna Hyaw.

F(—0, y) = F(x,—0) = F(—0,—0} =1 (5.5)

(5.4)

DYHKIHA pacnpedeneHua F(x, ) B NaHHBIX CIYYafAX pPaBHA HYNKY, TaK
KAk COOBITHR X <—o00, ¥ <« —e0 H HX MPOWIBCACHHE MPCACTABNAIIT HEBO3-
MOMKHELIE COOBITHA.

4. Ecau odun uz apzymenmos paser +o0, d6PMEpHAR GyHRYHA pachnpe-
derenus F(x,y) cmarosumca paaroti oOHOMEPHON PYHRKYHL PACHpedeneHNS

Om OpV2020 apaVMenmia:
60



F(x,+w} = F(x),
F{tm,y)=F;(y),
rne Fi(x)=P(X <x), F(y)=P(¥ <y). O4eBHOHOCTE JAHHOIO CBOHCTEA

(5.6) BRITEKACT H3 TOMY, 9TO NPOM3BEACHAE COOBITHA (X < X) W NOCTOBEPHO-
1o cobeITHA (¥ < +wo) ecTh caMo cofelTHe (X < X), aHATOTHYHO MOXKHO [10-

(3.6}

Kazate u Ama (Y < p).

5. Eciu oba apzymenma pasusl +o, Mo QYHKYUA PACRPEOeReHUS
F(x,y) pasna edunue:

F4oo,+a0)=1. (3.7)
FTO CBOHCTBO O0YCIIOBACHO TEM (PaKTOM, YTO COBMECTHAA peaH3auuna IBYX
AOCTOBEPHBIX CODRITHI (X < +50) M (¥ < +m) ¢cTe COORITHE JOCTOREPHOE, A

BELOATHOCTE JOCTOBEPHOTO COOBITHA PaBHA SIHHHIIE.

PaccMoTpHM BepOATHOCTE HONanaHHs AsyMepHod CB B HekoTopbld
NpAMOYTOIBHHAK S (pHC. 5.2). BepoATHOCTE MONagaHNd Cly4aHHOH TOYKH B
YKA3aHHBIH MIPAMOYTONBHHK MOJKHO 3alHCATE!

P(S)=P(x £ X S xp, 3, SY < ). (5.8)
Y AlX ) Bl v,)
Yo -
S
F -----
! !D{Iv Vi) chxrﬁ]'
\ I
] Eh
0 X X2 X

Puc. 5.2. Bepormuocmb NORGOaRUS & NPAMOYVZOTEHUK

3naf (QyHKUHIO pacupeieneHHa F{x,y), BEIPpa3HM HCKOMYH BepOAT-

HOCTE. JT4 BEPOATHOCTE PABHA BePOATHOCTH NONaJaHMA B GecKOHeuHBIH
KBaJpaHT ¢ BEpUIHHON B(x,, y,) MHHYC BEPOATHOCTE NONAJAHHA B KBAJpaH-

Tel ¢ BepmuHamy A(x, v,) B Clx,, y,) NNHOC BEPOATHOCTE MONAJaHHA B
KBaApaHT D{(x , y ) (Tak Kak 3Ta BEPOATHOCTL BEIYUTANACE ABAXKIEI). OKOH-
YATENBHO TOTYUHM:

P(S}=F{IE!yE}_F(I]!yIJ_F(Izﬁy]}+F(I]!ly]]'+ {59]
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5.2, MAOTHOCTE BEPOATHOCTH ABYMEPHONU CAYNAHHOH BEAHYHHDI

Heymepnan coyiainan semvuna (XY} naswsaemcs Henpepwenoli,
echtt ee Gyurkyua pacnpederenun F(x,y) — Henpeputghar gnuxyna, oudge-
PEHHUPYEMAT N0 KAXCOOMY HI apIVMEHmMOs, ¥ CYHIECMEYem amopan Ccme-
HARRAA RPOUIBOOHAA FI}"(I'-' ¥

Kak 1 114 oaHoMepHOH Clny4alHOH BEIHYMHEL, BBE/eM IOHATHE XAI0M-
rocmu sepormnocmi [epyMepuoi CB.

(O1eHHM BEpOATHOCTE NONAJAHHA CTYYAaHHOH TOYKH B NpPAMOYTOJIBHHK
co cTtopoHaMi Ax H A y. CpelHAS IUIOTHOCTH BEPOATHOCTH B JaHHOM NpA-

MOYTONbHHKE paBHA OTHOIMEHHIO BEPOATHOCTH K IUIOMIATHA MPAMOYIOABHAKA
Ax-Ay. bynem HeorpaHH4YeHHO YMEHBINATH CTOPOHEI OPAMOYTONBHHKA,

yeTpeMuB Ax H A v K HyI. C yuetoM (5.9) monydum:

I Pix< X <x+Ax,y< ¥ <Ay) . Flx+Ax, v+ Ay)
im = lim -
Ax—0 Ax- Ay Az—0 Ax- Ay
Ar—} Ay—0
1 Fix,y+Ay}+ Flx+Ax, y)— Flx,y)
Jim, e (510
Ay—l
_ 1 . Flxr+Acy+ A7) Flx,y+Ay)
= lim —I[ lim -
Ar—0 Y Ax—30 Ax
. Flx+Ax vy -—Fixy)
— lim I
Ax—0 Ax

Yunteigas o, 910 $yHkuns F(x,y) senpepraieran w anddepenunpye-
Mafd [0 KOKIOMY apryMeHTy, Belpaxerne (3.10) npuMer Bua:

- F(x,y+AN-F.(x, . L.
fitn [ PV SOP ), = B (o).
Ay =30 A (5.11)
Ilnomuocmoerp GEPORMHOCIHH (Mﬂﬂlﬂﬂﬂ'ﬂﬁm Pﬂﬂﬂpﬂﬂﬂflﬂﬂﬂﬂ, HITH C=

EMECHIHON HAOMHOCINBIO) NERPEPHIBHOU OGVMEPNOT CAVHALHON BEANYIIHD]
{X.¥Y) Hazwmeaemca 6MODaR CMEUHARRAR YACHAAR HPOUSE0HAR ee GYHRYI

PACRAPEOETIENUA.
&*F(x,)
axay

ITnotaocTs pacnpenenedns apyMepHoll CB obinagaer cpoicTBaMH,
AHATOTHYHEIMH CBOHCTBAM ILUIOTHOCTH BepOATHOCTH OHoMepHoi CB:

plx,y) = = F_, (%), (5.12)
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1. ITomuocme pacnpederenun daymeprofi cayHanol CelUudUHE ecmtb
HeOMPULAMEIbHAR PYRKYHA, MO eChib

2(x, 120, (5.13)

370 CROMCTBO BRITEKAET H3 TOTO, uT0 F(x,1) — QyHKuus veybRBaOUIan no
KAKIOMY apryMeHTy.

2. Bepoamuocme nonaoanus HenpepuiGHOU O8YMEPHON CAVHAUMNON ReTi-
yumot {X,Y) ¢ obracme [} pasna

PI(X,Y) e D] =] p(x, y)dxdy. (5.14)
b

Mo asanoruu ¢ onpomepuodl CB, ana neymepuoil CB (X,F)} BBenem nons-
THE «3JIeMEHT BepOATHOCTH», paBHHH po(x,y)dxdy. OH npeiacraBmaaer (c

TOUHOCTREO 0 DeckoHeUHO MATbIX Dofiee BRICOKHX MOPAJKOB) BEPOSTHOCTE
IONaJAHAA CYHaHHOH TOMKH B MIEMEHTAPHBIH NpAMOYTOJIBHHK O CTOPO-
HaMH dx U dy. Torna seposmuocms nonaoanun ogymeprou CB & obracme

D na nrockoemu Oxy zeoMemipudecki W3o0padxcaemca obveMoM HHAUNG-

PUMECKOZ0 MEND, OZPAHUYEHHOZ0 CEEPXY HOBEPYHOCMBIO PACnpPeceieHiis
2lx, y) u onupaouiezocs #a ebaacms £, a aHATHTHYECKN — JBOHHBIM HHTE-

rpanoM (5.14).

3. Dynryus pacnpeoeicHuR HENPEPHaRO JEVMEPHOU CAVIAUHOU ReTi-
HHNOL EBPANCACINCT Heped ee HACIMHOCMb sepoAmHocmy o opmvae:

x v
Flx)= [ | plx.y)dsdy. (5.15)

—] =k
PyHKIHA pacipelencHis F(x, ) ecTh RepOATHOCTE HONAAHHA B Hec-

KOHEYHEIH KBAIPAHT {), KOTOPRIA MOMKHO PACCMATPHEATE KAK MPAMOYTONE-
HHK, OTPAHHMEeHHBIHA abCIUCCAMH ~c0 H X H OPJHHATAMH -0 U ).

4. Heotinoti necobcmaenublll uRmMezpan 6 DeckoHeuHblx Hpedelax om
nIomHOCHN eepotmiocmu osymeprod CB paren edunune:

00 00

[ [ ptx,yydxdy =t. (5.16)

HecobereeHustd HaTErpa (5.16) CTh BEpOATHOCTE MONAJAHHA BO BCIO
NOCKOCTE UXy, a BEPOATHOCTE JOCTOBEPHOTO COOBITHA paBHa 1.
3Haf MIOTHOCTRE BepOATHOCTH aBymepaod CB (X,Y), MOxHO HAliTH

PYHKUHH pacnpeleleHHA H IUIOTHOCTH BEpPOATHOCTEH ee OJHOMEPHBIX CO-
cTaRIACWHX X M Y. YVautkisan {5.6) v (5.15), nonyuum:
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oy
Flroo,0)=FK(0)= [ [ p(x, y)dxdy.

=0 =0

X oo
Flx40)=Fi(x)= | | plx,y)dvdy.

—aD —i

Jnddepenuupys gyHKuMH pacnpefeneHus f1(x) v F(y) no apry-
MEHTAM X M § COOTBETCTBEHHO, MOJYYHM IUIOTHOCTH BEPOATHOCTH OJHO-
mepHeix CB;

(5.17)

a@= [ odr. 0s00= | otz ), (5.18)

T. €. HECOOCMGENHBII UNMEZPAT & DeCKOHEUHBIX Npederax om COSMeCMHO
nIomHOCHE P(X,Y) O8VMepHO CAVHAHOL eeauttilbt HO ap2yMermy X da-

em nIOMHOCE éepoamuocmy (V) a@ no apayMmermy v — RIOMHOCIAE 68Po-
amuocmu p (x).

HPHMEP [I. 3anaHo pacnpencieHue BepOATHOCTEH THCKPETHOH NBY-
MepHOH CIy4allHOH Be/IHYHHLIL:

X
¥ 3 0 2
3 017 013 0.25
5 0.10 0.30 0.05

Tpebyerca: a) HaliTH 3aKOHBl pacnpeneieHHA cocTapasommx X H Y,
b) cocTaBHTE DYHKUHKS PacTIpeaeIeHHA.

PEHIEHHE:

A) CIOANE BEPOATHOCTH «II0 CTON0LAaMy, HalleM 3aK0H pacipeleeHus
cocTapnawmei -

X 3 10 12 =12
£ 1027 0,43 0,3
F 0 0,27 0,7 1

(NOKHB BEpOATHOCTH «IIC CTPOKaMy, aHAIOTHYHO HaWeM 3aKoH pac-
OpeJeIeHHA COCTABIAKMIEH } !

b 4 > > 5
P 0,55 0,45
F { 0,55 |
b) cocTaBuM (DYHKUNK PACTPEISTEHMN;
X
¥ 3 10 12 = 12
4 ( QO 0 0
5 ) 0,17 0,30 0,55
=5 0 (3,27 0,7 1
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HPHMEF 2. (3ana4a bwdidona)

Hrny mnnso# [ OpocaT HA DAOCKOCTE, HA KOTOPOH HA PaccTOSHWH L
ApYyT OT APYTra NpOBREACHEl Mapa/ienbHele THHAN. OnpecinTe BEpOATHOCTE
epeceyeHla MIMoH onnol 13 MHHHHA, ecH [ < L.

/ PEIIEAHE. BeeneM CHCTEMY CIYYalHBIX
F BenuydH X, &, rae X — paccTosanne OT cepeHHE

x m | > L4 el
HIIB No DIMEaHmed JIJHHHH, a ¢ — OCTPEIH YOI

L MEKOY HIIOW H JHHHed (cM. puc.). O4YeBHIHO,
UTo paccTosHHe X pachpefefneH0 paBHOMEpHO B

¥ uuTeprane [(, L /2], a yroxn ¢ pacnpeiencH pag-

HOMEPHO B HHTepBane [0, 7/ 2], YuuTersan, uto
CB X wu ¢ — nHesasucumee, nonyunMm f(x, @ =2/L-2/r=4/xL npn
0<x<Lf2, 0<£Lp<x/2. llepecevenue urnoil ogHoll H3 NHHHI IIPOHCXO-

IAHT TIPH 3aJJAHHOM YIJE ¢, ecH £ x £ -sing . Orcrona monyvHM HCKOMYED
BEPOATHOCTR!
fsing
4 mi2 2
P=— do I dx=2/xl.
zL 0

8.2.1, YenosHan naomuaocms pacnpedencrun

PaccMoTpHM Apyrofl Moaxo[ OpH olpeleNeHHH BEpOATHOCTH IIONANa-
HHA AByMepHOH CB B 3JIeMeHTApHBIH NPAMOYTOIBHHK CO CTOPOHAMH AX H

Ay HyCcTpeMHM AX U Ay K HYIO (pHC. 5.3).

¥y
" W

Puc. 5.3 Bepormrocmy noRAOGHUA 8 NPAMOY20TLHUK

PaccMOTpHM BepOATHOCTE MONAJAHUA B DJleMeHTapHBIH OpAMOYTONb-
HHK KaK [POU3BEOSHHE BEPOATHOCTH IONAJaHHA B OeCKOHEYHYI 10 apry-
MEHTY y Tonocy [x, x+ Ax], paeHyo o{x)dr, Ha BEpPOATHOCTH IONACTE B
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nomocy [y, v+ Ayl OpH YCAOBHH, 4YTO apryMeHT X IMONal B MOAOCY
[x,.x+Ax] — p{y/ x)dy. B CRE3H C TEM, YTO APrYMEHTE X H J PABRHOCHIL-
HEI, 3aITHIIEM:

plx, vdedy = p(xydxp(y/ x)dy = p(y)dyp(x/ y)yde.  (5.19)

TaxuMm oOpazoM, IRYMepHAA IUIOTHOCTE pacnpeaeleHnd paBHA MPOH3-
BeJeHHIO OJHOMEpHBIX ILIOTHOCTEH pacnpefeleHud, oJHA H3 KOTOPBIX Yc-
nopHaA. OTCKYIA CAeAyeT, YTO YCI0BHAA INTOTHOCTE paclpe]eleHHsa papHa:;

plxyy _ plxy)

pxlyy= o .
POV o,y
~® (5.20)
oy m=ﬂ{x=y)= plx.yy
plxy T
| o{x, »)dy

—n
Crvyaiihaa eeRntUHA HE 3AQUCH O OpY2ol CAVYAUHOUE BERNYUNRR, el

5@&’1(1&1{{13 HAGMHOCI D pﬂCHPEI'jEfIEHHH IMOE BETUHHMGT Hasd _}?{l’IﬂSH{?ﬁ
HIOMHOCHH pacnpedmewuﬂ:

plx)=plx/yy<= ply} = ply/ x). (5.25)

B 3TOM cnyuae TOBOPAT, UTO cNydalHeBIE BENMUHHEL X KU ¥ — chami-
CHIRRECKE REIAGHCIUMBL,

IIpH He3aBHCHMMOCTH CIyYalHBIX BEIMUYHH X W ¥ IUIOTHOCTB pacnpe-
aeneana apyMepnod CB (5.19) papHa NpOM3BEACHAD IOTHOCTEH COOTRET-
CTBYWINHX oOAHOMepHBIX B, a HHTerpanbHas (YHKUMA pacrpe/eleHHA
AByMEpHOH CB papHA NPOV3BSACHHID OAHOMEPHBIX PYHKUMA;

plx,p) = plx)p(y),

x ¥
Fx.p)=[ | plx,y)drdy = (5.22)

—0 —an

x Y
= | p(x)dx | p(y)dy = F(OE(Y).

5.3, YMCNOBDIE XaPAKTEPUCTHRM CHCTEMBL CAYIAHHDBIX BEAMYHH

Ilo ananoruu ¢ ogHoMepHsiMH CB, And aByMepHOH ClTy4alHOH BelH-

YHHEI[ BBCICM EL[pﬂJEEHHH OINMA HAYANBHOTO H ueﬁrpanbnnm MOMCHTOB,
a, ,(x,y)=M[x*, 3],
b (5.23)
i 166,y = M, 51,
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Ecan 2osoptivt o someume #-20 #Hopaoka devmepuoti UB, mo amo 3Ha-
YK, YN0 cymmupyiomcs unoexkcel n=k+1.

A 0HO3HAYHOrO 33jJaHHA MomMeHTa AsymepHoH CB Heobxomimo
YKa3aTh TOHIE ABA YHCNA B3 TpeX: &, I U r. PaccMoTpuM moapobHee:

(%, y) = M[x', "] = M[x] = o5 (x),

o523 =M, Y 1= My = (),
molnyy=M[2, 7%= M[#*]= D[x], (5.24)

to (%, ¥) =M[Z°, 3% 1= M[3*]= D[y,

1106 y)= M35 1= M[% 3]
Kak BuanM, j1a JeyMepHord CB MOXKHO yKa3aTh TPH UEHTPAIGHBIX MO-
MCHTA BTOPOO ITOPAIRA, 0CcOOBIH HHTEPCC BRISEIBACT CMEWIARHBIN MOMEH.
Kosapuanusieli (L1 KopperaniuonHibM MOMEHMOM) CAVHQUHEIX eeqi-
g X u Y HAIBEAEMCH MAMEMAMMUNECKDE OHCHOAHUE NPOUIRENCHUA OM-
KROHERLI MUY GETUMHH O CEOUY MAMEMAMUNECKUX ONCHOQHUE (CMEMAH-
HbIll HEHMPARBHBIE MOMEHM BMOPO20 HOPROKA):

cov(x, ) = K,y = MI(X = m )Y ~m, )] (5.25)
Jna auckpeTroil CB:
R K
cov(x,y)=K,, = Z‘i Z] (% —m Ny, —m,)p;. (5.26)
i=1Jj=
Ja HenpepeisHo# CB:

cov(x,y)=K,, = j' J (x—m)y-m,}plx.y)dxdy.  (527)

— —0
Teopema. Koppersyuonnsili MOMERM OBV HEIAEUHCUMEIX CIVYQIIHMWX
eequvun X u Y pacen Hymo.
Jorazarenwereo, [Joxawem 3Ty TeOpeMy Ang HenpeprieHeix CRB,
ITycte X u ¥ — Hesaaucumole cayualinuie seRuunnbl, mozda cozracro (5.22)
2lx, vy= p{x}p(y}. IloncTaBuM 310 B BEIpaKeuue (5.27)

cov(x,¥)=K,, = | [ (x—m)(y—m,) p(x,y)dxdy =

—o —an

= [ (x—m)p@)dx | (y—m,)p(y)dy =10,

-

(3.28)

KoBapHanHa OBYX CNy4YalHBIX BeNHYHH XapakTepU3yeT KaK CHeneHs
3AEUCHMOCHY CTTYUANHEIX BEIHYMH, TAK M UX PACCERHUE BOKPYT TOUKH
{(m,,m.)}. EciH paccesnye (cTeneHb pazdpoca) Mo, T0 H KOBAPHAIIMA Mana.
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Kosapuanis devy CONAIHbIX 6STUYHN PAGHI MAMEMUMULCCKOMY OMCH-
OGHIIG X NPOUIGEOSHUR MUHYC NPOUIGCOCHIE MAMEMAMMUNECKIX ORCUOANIL.

ij? = M[(X —mr}(}r—m},)] =M[XY]—?H},M[I]—
—m M[yl+mam, = M[XY)—mm,. (5.29)

Koxpghununenmont Koppenayiins 0eyx CAVHaiHbIx 6EIIGHH HA3LIGACHICH

OMHOUEHIE KORAPUALUY K NPOUIGEOEHII0 CPEORUX KEadPAMUMECKUX OMKA0-
HEHUE MUY BETUYHH,

T(I,_}')= K-‘}' — Cﬂ"ﬁ"(l’,_}’) .

0.0, |JD[x]Dy] (5.30)

KoahOHIHeHT KOoppenaluHH SBIgeTcs Oe3paiMepHON BelHYHHOH W He
3ABHCHT OT ¢TEMEHH pazbpoca, Taxk kak QyHKUHE HOPMHDPOBAHA HA MCDY pas-
opoca [o,,7,,].

fIPHMEP 3. HMerOTCH MTHHEHHO 3ABUCHMBIE CTYYARHEIC BENNYHABL X

U Y: y=gx+5b HeobXoIUM0 BEIUHCIHTE Ko3pHULMEHT KOppeTAHH.
PEITERHAE. Ilycte ana 3anannod CB X n3pectHo, 9T0 Mxi=m,,

D[x]= c.rf. Toraa, yUnuTRIBAA CBOHCTEBA MATEMATHYISCKOTO ORHIAHNA K JTHC-

[IepCHH, BEIMHCIHM MaTeMaTHHECKOe OKHIaHKe i aucnepcHio CB T
Mly]=m,=am, +b,

Dly]=a"Dix],
C."y = |H|£:"j .
rx,y) = PO =)y = m)] M —m Nax +b—am, —b)]
7T o, o,
_aMIG—m)o—m))_ aMIG—m )y g
d|oyo, [l D1 |

5.3.1. Ceoiicmaa koaghguyuenma Koppenayi

1. Koahpurpwenm vopperayiu npunisaern 3navenua na omipesxe [—1, 1]:

—-1£r=1. (5.31)

2. Ecau cayvaiinete gerudnbt He3a8ucmsl, mo ux Koaduguenm roppe-

sy pager rymo. CIPABENIHBOCTE 3TOTO CBOHCTRA OUEBHHA, ECNH YUYSCTh
BEIpakeHue (3.28), Tak kak B 3T0M caydae K, =0.

3. Pagencmeo Hymo koxddutuenma Kopperayiiie — HecOxooumoe, Ho He-
COCMAMOMHOE YCA0GUE HEIAGUCUMOCIIE CIVYHALNBIX GETUHIMN,
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H3 He3aBHCHMOCTH CIyYaiiHBIX BETHYHH BHITSKAeT WX HEKOppPeIHpO-
BAHHOCTE, OOPATHOS HE BOErad BEPHO., YOCIHMCS B ITOM HA TIPHMEDE,

ITPHMEP 4. Vimerores mpe CB: X = m, =0, a3(x)=0; ¥ =1x°. Io-
KARHTE, 9TO0 5TH BEITHYHHBL HCKOPPCITHPOBAHHKBIC.

PEHIEHHE. BoMHCNIHM KOBAPHALIHEO:

cov(x, y) = M[(x ~m )y -m},)]=M[I{IE —E}] = M[x’]-
~M[x)- M[x*]=a5(x) - m, - x* =0

Ha npakTuke ang n-MepHOTO Cnydaddoro e¢ktopa X =(5,5;, ..., &)

AOCTATOMHO CJIOKHO HAMTH 3aKOH pacnpeneieHus (HHTerpalbHvIo PyHK-
LMK, NAOTHOCTE pacnpeasneHng U T, m), [Todromy 0DeMHO YKa3BIBAKOT 2
MaTeMATHYSCKHX oxumaHui  M[&5], M[&], ...  M[£ ], »  nucnepcHii

D[&], D&, ..., DIE,] B n~1 xoppensuuoHHEIX MOMeHTOR K . (i# /),
]
XapaKkTePHIYIOINX NapHble KOPPENSIHH BeeX BEeMHYHH, COCTABMAKMIIHX BeK-

TOp A. BCE KOPPENAUMOHHRIC MOMEHTh, JONOINHCHHMIEC JHCOCPCHIMH
K £E ({=1, 2, ..., 1), PACOONACAKIT B BAJIE MATPHILKL

K‘fl g K‘f} K-S K‘fl i
K K .. K
K, = b e bt |
_Kgra 16'1 K—;r !*‘:2 Tt IE:é:"'.lr *djﬁr _ (5.32)

KOTOPYH HAalbIBAKT KOPPERSUROHHOH Mampunelt CHCTeMEBl CIydaiHbIX Be-
NU9HH,

JaMevanne. Koppeanyuonnas Mampuyd CUMMEMPUYHG OMHOCUMETLHO
ziaenol duazonati {cm. hoprryrer (5.26) 1 (5.27))

HPHMEP 5. AeyMepuasn CB (X, ¥) sagana nuddpepennpansHol
hyHKUNEH!
i 22
F) =1 es BHYTPH UIKHIICA Y +—=1;
&, BHE DIIITHIICA.
HokaxuTe, uTo X W Y — 33BHCHMEE W HEKOppenuporannee CB,

PEHIFAHE., 3Haa NByMEpHYKY MINOTHOCTE paclpeJenaHiA, BEIYHCITHM
OAHOMEPHBIE MTNOTHOCTH
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A= foaydr=a [ dy=—2no—x2.

b —EJI—_”TE G
o 1 -3 1

= dx = —— dx = ——afd— 2
£(p) Lf (x, ) r { S N4y
2 2 1 2
—y0—x7, <3; —d—y, < 2;
fi={or = ° b fin=i2z ¥ 7 b1
0, |:-:| =3 0, |y| =2,

Tak kak fix,y)=1/6x = f(x)- fo{¥), To X H ¥~ 3aBHCHMEle BenH-

oo oo
guubt, Hadinem xopapnanwo: K = | [ (x—m )y —m,)f(x,y)dxdy. Tax

—0 —o

ka fi(x}— QyHrung comMeTpuaHas otHockTensro OF, To M, =, anano-
THYHO M, = (), YYuTeIBAK ITH PE3YNBTATRL, TONYHIHM:

¥

'I o o0
K _ =— I I.{ixj vdy =0
% — —aa0
JeHCTBHTeTbHO, Ka# b1 HHTErpan oT HeueTHOH $YHKIHMHA B CHMMET-
PUYHBIX TPEACNAX PaBeH Hymo. Takum obpazom, CB X u Y — 3aqeucumbie u
HEKGPPETHPYEMBIE.
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Fhaea 6
OCHOBHBbIE 3AKOHbI PACMPEAENEHHUA

6.1. HopmanuHbiM {rayccos) 3aKoH pacnpeaeneHun

HopMansHBIA 3aK0H pacnpedencHHA (3akoH I'aycca) HIpaeT HCKIHOYH-
TEIBHO BAWHYK POIE B TCOPHH BEPOATHOCTSH. ITO HANbONEE 4acTo BCTpe-
YaKIUHHCA HAa NpakTUKe 3akoH pacupeneneuus CB. ['napHas ocoGeHHOCTS,
BRIICASKINAA 3AK0H ['aycca, COCTONT B TOM, YTO OH ABRNAETCH BPeOeTbHuEM
IEKOHOM, K KOTOpOMY NpHONHEAIOTCA JPYTHE 3aKOHB MPH BECcbMa YacTo
BCTPEUYADUIHXCA THIIHYHBIX YCIOBHAX.

JIoKazaHo, YTO CYMMa JJOCTATOMHO GOJNBILOrO YHCAA He3aBHCHMEIX {MIH
cnabo 33aBHCHUMEIX) CNYYaHHBIX BEMHYHH, MONYHHEHHBIX KAKHM YTrOJHO 3a-
KOHAM pacnpeneneHds (Ipy cOOMIONEHHH HeKOTOPLIX BEChbMa HENECTKHX
OrpaHHYEHHAX ), IPHONUAECHHO NOJAYHHAETCA HOPMAIBHOMY 3akony. H ato
CBOMCTBO BRIIOMHASTCA TEM ToqHee, veM Oonbinee konndectso CB cymmn-
pverca. [lo HOpManEHOMY 33aK0HY pacnpedeleHsl OlINDKH HiMepeHHH, De-
TIBIH UIYM B JIEKTPOHHKE H T. IL.

Henpepuianan cRAyRaunais Gerwqdund X uMeem HOPMAILNLIE 1AKOH
pacnpederenun (zaxon Faycea) c napamempami a 1 6, ecii e HIOMHOCME
BEPOAMNOCIY ONPEOCICH HA BCEE YUEROROU OCU X € (—0, ™) U UMEEm U0,

(x—a)

1 B 2

— 2
f(x) Yy : (6.1)
KpHBYIC HOpMAIBHOIO 3aKOHA pac- Hu4
IpeJeneHHA HA3LIBAKOT HOPMATBHOH, HIIH
rayccopoii KpHeoH (puc. 6.1). I'ayccosa
KPHBAS MMEET CHMMETPHYHEIA XOIMMOOO-

N | Nia, o)
Pd3HEIH B C MAKCHMYMOM B TOYEC X =4, | p A
| I
PHYEM CaM MAKCHMYM PaBeH f(a)= :
{IGZ??: :
'
BrISicHHM CMBICT TIAPAMETPOR @ H ¢, BXO- a %
JAUINX B BRIpAMEHHE {6.1). Puc. 6.f. Hopumaannoe pacnpederenie

A 3Toro BEMHCIHM CHauana MaTeMaTtHueckoe oxkHiuaHHe CB X, pac-
IpeIeNeHHoH 10 HOPMAaJIEHOMY 3aKOHY:

w _Gma)

] 207 (6.2)
——— | x-e “° dx. '
o272,

MIxl= | x- f(x)dsx =
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x—da
IlpouseeaeM 3aMeHy IIEPEMEHHBIX, ONPESNgNHB ¢ = \},_i TOrna
a2

x=02t+ @, ady= .:r\/idr [IoacTaBus B (6.2), HONy4HM:

f(ﬂ'\/_f.-i-ﬂ} o2 e £t =

M[x]=

.:r«..l'
25 a o

=g, |— 1t te di+— { e di
\/;L il

B Bripakenuu (6.3) MEPBBIT MHTEIPAN PABSH HYJTK), KAK HWHTETPAN OT HEUET-
HOH l:l)}'HEI_IHH B CHMMCTPHYHEIX OTHOCHTCIIEHO HAYdlla KOOPAHHAT [IPEOCilax,

(6.3)

BTOPO HHTerpan — »ro HuTerpan IlyaccoHa—3inepa, KOTOPHIH paBeH + 7.
Toraa okOHYATENBHO TONYYHM:

M[x)=m, = % Nz =a (6.4)

Hmar, napaMemp aO a6 WIOMHOCIY SeROAMAOCIHNE HOPMAIEHO20 PAC-
npedereHust paeen mamenamuseckomy oxcudanine C8 X
Beruncmaum Tenepes aucnepeney C8 X

y @ _{x—a)’

D[x]=i(x—mx)1f(x)dx=Jmi(x—a)z-e 20" dx.

Mponseens Ty e 3AMEHY NMEPEMEHHEBIX, UTO H TIPH BRIUNCTEHHH MATEMATN-

HECKOrD N IaHHA, ITONYHHM.
2

D[x]= J—T

Jr
2
=""T (t- ey 4 | & d:}= 2
a —a

ITosicHHM HEMHOTO TOMYMEHHBIH pe3yabTaT. MelcTeBHTeNnbHO, DepBoe Ccla-
X

T4€MOE B BRIPAKCHHH (6.5) PABHO HYJTIO, TAK KAK € = CTPEMHTCS K HYNHO
IpH ¢ = oo BEICTpee, YeM BO3pacTaeT JH00AA CTENleHb £. A BTOPOe claraeMoe —
310 naTerpan Tyaccona—Jinepa.

Credosamennro, rapavemp o & popmyie (6.1) ecimp He umo unoe, Kax
cpediee Keadpamuveckoe omiionenue CB X

Beireaem obmye opMyny And IHeHTpambHOTO MOMEHTA JIGOro mo-
panxa CB X, pa{:npeﬂenfmnnﬁ o HD[}MHJTE.HUM}’ 3aK0HY, [10 OnpeacneHnK:

(x—ay’
j'(.r a)’-e 20 cir—(gj_i

12t di =
E:ir \—.,_‘
(0.3)

o (x) = J_ }_[r et dt.
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3,[['3':51 KaK H B IIPEIEIAYIITHA HHTCrpalax, IpHMCHHTH IIOJCTAHOBRY, 4 [HMIY-
YeHHLIA WETErPAN OyaeM OpaTe 00 JacTaM:

(oN2) *

He =7 Ii-—l“-—-v-—-*z
7r 5
{j‘?. e :)I%Hq 1}1 2t d | = (6.6)

_s—1)(ov2 } M =2
o
iz L "

TTpW HHTETPHPOBAHMK TTO YACTAM OTMETHM, YTO NEPROS CHATACMOS PAB-
2
HO HYJIO, TAK KaK ¢ ' CTpeMHTCA K HYJII0 BBICTpee, YeM BOZpACTaeT JKbad

CTeIeHE . TEHE]JL JallHIICM I.I,EI-II'FEIJII—.-HE-Iﬁ MOMEHT 5§ — 2 [OPpAIERA.

52 =
He o = (JQ I #2 e, (6.7)

CpaBHHEAA MpaBble YacTH BEIpAKEHHH (6.0) ¥ (6.7), OKOHUATENBHO TIO-
NYYHM:

a, =(s— Do u,_s. (6.8)

PexyppeHTHOE coOTHOLIEHHE {6.8) clipaBe/JINBO JUIA HEHTPAIBHBIX MO-
MEHTOB JoGoro mopaika. [ssectHo, 4T0 4y =1, a g =0. Torna Bce uen-
TpadbHEIE MOMEHTBI HEHETHRIX MOPATKOE JUTA HOPMAILHOTO paclpeleleHHA

pPaBHBI HYTIIO.
HopMaibHoe pacnpeieieHie CUMMempPUu3HD;

i

Sk = J—i =0, TaKkak t5=0. (6.9)

Kospipuyuenm sxkcijecca nopmaasnoze pachpederenus, cozracro (6.8),
PEEH:

o o * (6.10)

. 2
HopmaneHsii 3akoH pacnpegeneHis CB ¢ napametrpamu a=10, o =1
obo3Hadaerca N(0; 1) H Ha3EIBACTCA CRAHOAPHIHBIM, HITH HODMUPOGAHNELM,

a COOTBETCTBYHHMIIAA HOPMANbLHAA KPHBAA — caxoapmuoli, WIH HOPpMupo-
GaHNOU,
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6.1.1. Beposmuocme nonadaoxus NG UEmMepaan

PaccMoTpHM BEPOATHOCTE NONATAHKMT HA wHTepBan [«, ] CB X, non-

YHHEHHOH HOPMABHOMY 3aK0HY pacnpedeleHHs ¢ napaMeTpaMH m H «. s
BRIMHCIICHHA ATOH BEPOATHOCTH BOCIIONBIYEMCH O0IICH GopMYIIOkH:

Pla<X <) =F(f)-Fle), (6.11)
rne F(x)— HHTerpanbHan GpyHKOHA pacupenenenuds CB X, Hakhgem F{x):

| 5 - (x—m)’

F(x)= ff(x)air: Ie 200 gy (6.12)
. TFN2T .

CraenaeM 3aMeHy nepeMeHHHX B (0.12) = f=(x-m)/ o
I—ht

1 e -

T S
Flx)=—— | e 24t (6.13)
V2T o
OTMeTHM, YTO STHM IIpecOpazoBaHHEM (3aMeHOH NepeMeHHBIX) HOp-
MaJIbHOE paclnpengieHie ¢ IPoU3BOIBHEIMH SHAUEHHAMH # H ¢ [NPHBOOWT-

CA K CTAHAAPTHOMY HOPMANbHOMY 3aKOHY ¢ Napamerpamy « =0, o =1.

Humezpan (6.13) ne evipaxcaemcs uepes 2ACMeHMAPHBIE DYHKUUE, HO

220 DObIYRG GHIPANCMOM HEPET CREYUTILHYIO (DVRKLINO, SbipaRaniuiVio on-
II
[ _Il _E -

PEOCHEHHBIN UNMeZpar om € wme € < (max HazeieaeMblil UNMezpan ge-
POSMROCMU, ORA ROMOPE20 COCMARREHbE CIIAMUCMUNECKHE MAbRIYLL).

Boobuie CYMECTRYST MHOWKECTBO PASHOBHAHOCTEH TAKAX (QYHKILMT,
HanpHMeD:

II
: e 1dt = dvuxuma Jlannaca;

Var
j (6.14)

¢](x)=ije_fldf; 1'?1:)!“(,%:}:L {e 2ds.

VT g V2r L

BeiGepeM B kavecTBe TakoH ()WHKLUHH TAK HA3RIBACMYIY ROPMARbHYIO

By (x) =

= T— I

PYREHRIO PacNPeOenenus iIJ*{x). BripazuM QyHKIHI0  PacpeacicHHs
(6.13) uepes @ (x):

* X =F
Flx)=® ( - ). (6.15)
ITonctapuM Teneps (6.15) B (6.11) H OKOHYATENBEHO OOIYYHM:
g-m W — M

P{a{Xﬁﬁ]=¢"(T)—‘1’{ ). (6.16)
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6.1.2. (soiicmea nopmanorolil yskyu pacnpedenesun
1. @ (~0)=0.
2. @ (+o0)=1.
3. 'I‘*{I:l — (pyHKIHA HeyDRIRAKOILAS.

4, H3-33 CHMMETPHUHOCTH CTAHAAPTHOTO HOPMANEHOTO PACOPEACTEHMA

OTHOCHUTEIEHO HAYANIAa KOOPANHAT claeayeT (pHc. 6.2): © (—x)=1- @ (x].

fix} &

- 0 X X

Pur. 6.2, Cmandapmnoe pacnpederenue

Ha nmpakTHke 04eHb 4ACTO BCTpedaeTcs 3a/ava BbIYHCJIEHHA BEPOATHO-
¢TH nonanauus CB X HA y4acToK, CUMMeTpHUYHBIH OTHOCHTENLHO LEHTpa
paccenBauns m. PaccMmoTpuM Takoi yuacTok ayiHHOH 2/ BeruciouM 21y Be-
POATHOCTE:

Plm—1<X <m+D=0"(D)-0 D) =20")-L  (6.17)

Yacto paccToanne / BeEIpaxaroT B eJHHHIAX ¢. Ha pHc. 6.3 nuq ctan-
AAPTHOTO HOPMATEHOTO PACTIPSACHCHHN NOKAIAHB BEPOATHOCTH {OAHOCTO-
POHHHE) OTKIOHHUTECH OT MATEMATHYECKOT0 OKHIAHHA Ha ¢, 20, 3.

Fle)y
0,34

l 014

002

i
Puc. 6.3, Ceoticmsa HOPAMIIBRO2O 3ANCGHT
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THTPHMEF I. IlonaraeMm, 4T0 pOCT CTYINEHTOE — HOPMANBHO paclpeie-
NEHHan Cnyuaiinaa senmuunna X ¢ napamerpammn ¢ =173 ¢cM 1 o =36, He-
QOXOIHMO HAWTH:

a) BeIpAXKeHHe NIOTHOCTH BEPOATHOCTH H PYHKUMH pacnpesenennd CB X,

b) nonu koctroMoB 4-ro pocta (176—-182 cm) 1 3-ro pocta (170-176 cm),
KOTOPBIE HYKHO PENYCMOTPETE B 0d1IeM 06heMe NPOH2BOICTRA;

C) KBaHTHME X » ¥ 10%-10 TouKy CB X]

d) chopmynuporate «npaBuio Tpex curm» misa CB X

PEIITEHHE:
a) o dopsMynam (6.1), (6.12) i {6.15) sanuueM

_x-173) x -7 _
f) =g P36 F(x) =) At

[e 23 di=d(

627 o2

b) nonw kocTioMOB 4-r0o pocta (176—-182 cM) B 00GeM obbeMe npous-
BOJCTEA ONpeneluM Mo dopmyie (6.16):

P(176< X <182) = m*(lﬂﬁ ;1?3]_{1;(176;173] _

=®"(1,5)— @' (0,5) = 0,9332 - 0,6915 =0, 2417.

Jonw koctiomop 3-ro pocta (170-176 oM) MOXKHO OOpeJeINTE aHAIO-
I'HYHEIM 00pa3zoM, HO ECNH YUYECTh, YTO NaHHBIA HHTEPEAT CHMMETPHYEH OT-
HOCHTENEHO =g =173, To no gopMyne (6.17) oLeHHM:

P(m—B{X{m+3]=2ﬂ3*{%]—1=ﬂ,383.

¢) Kpautuns x, ; CB X' waiineM n3 ypasnenus (6.15):

ef Xp7—173 Xp7—173
Fixp7)=® | — p =0,7; =0,525=— PR Xo,7 2 176.

270 3HAUHT, 4To 70 % CTYAEHTOB UMEIOT pocT A0 176 cM. 10%-a Touka CB X —
3TO KBaHTHIb X( g, KOTOPLIH, BEIYHCIINE AHAIONHYHO, IONYYUM X, ¢ = 181.

d) «lIpapniio Tpex cHIrM» I HOPMAadbHOTO paclpeneieH .

P(m—3J{X{m+35]=2ﬂ1*[3—ﬂ-}—1=ﬂ,99'f’4.
(3

Torga ¢ BepoaTHOCTEIO, paBHOH 00,9974, pocT CTYNSHTOB HAXOJMTCA B HH-
Tepeane; 155 < X <191,

TTPHMEP 2. CpenHad cTOMMOCTE HeHHOH §yMark coctasiaaer 2000 pyo.,
a CPEAHEE KBAAPATHUHOS OTKNOHCHHS paBHo 100 py6, [Ipennonaraeres, uto
IIEHA HMeeT HOpMAallbHOEe pacnpeiencHHe. ONpelelHTIs BEPOATHOCTE TOTO,
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YTO B JIEHB MMOKYIKH 1IeHa 0yALT 3aKimdeHa B npeaenax ot 1800 no 2300 pyo.
Haiit ¢ HanexaocTee 0,9 HHTEPBRAT A H3MSHEHHA UCHM OyMard, CHMMeT-

PUYHDBIA OTHOCHTEIBHO MATEMATHYECKOTO OHIAHHA.
PEHIEHHE:

P(1800 < X < 2300) =¢-“‘[

23ﬂﬂ—2ﬂﬂﬂ]_¢*(18m—2ﬂﬂﬂ] _
i00 100

= @'(3)-@"(~2)=0,99865 - 0,02275 = 0,9759;

b) m‘[i]-q}*[i)=n,9: zq}*(i)-l _0,0: m'(i]=n,95;
100 100 100 100

A=1,645-100=164,5,
3HAYHT, CTOMMOCTE LEHHOW OyMard 3akiiodeHa B uHTepBane (18335.5;
2164.,5) pybnei.

a)

6.2. PacnpegeneHue Iz («xn-KBappaTH)

Tax HazeBaeTCA pacnpefeneHie pepodaTHocTedl CB BHaa:
2 2 2 2 2
roe &, ..., &, — HEIABUCHMEIE CITy4aiiHble BeNMMHHB], HMEoUTHe 0JHO H TO
#E HOPMANTBHOES PACMIPESACHEHHS ¢ mapameTpamy m=4, o=1. HYucno »

HA3KIBACTCH YHCTIOM CTEMCHSH CBOOOIB pACTIPpEISNICHHA ZI. CooteeTCT-
BYKIAA MNOTHOCTE {pUc. 6.4) onuckBacTea GopMymoin:

1 o =

2(x) = ; x2 -e_z; x e (0; o). (6.19)
22F(n/2)

0,2
0,15

0,1

0,05

ol
4] 5 10 15 20 25 3 3B X
Puc. 6.4. Pacnpedenenue «xu-Keadpamy
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2 [ i i
PHGHI}E,II,EJIEHHE A NIPEACTABNACT caoboi YacTHRIA CIYY4dH TaK HA3B]-
BACMOTO ME-FEEHFEﬂEH EHUA.

6.3. MoKasaTenbHbli (3IKCNOHEHUMaNLHEIR) 3aK0H pacnpeeneHHs

B Teopuu maccoporo obcnykuBaHHA CIydalHBIE POLECCH YaCcTO pPac-
IpeaeneHsl 0 NOKa3aTeNFHOMY 3aKOHY, HAanpHMep, Bpemsa OOCTyXKHBaHHA
TpeQOBaHHA KaHAIOM 0DCIYKHBAHHAL

Henpepoianaa cayvainaa eervdutna X urmeem noxazamensrotl (3xc-
RORCHRUAIBHBIE) QKON PACHPEOSTeHUA ¢ rapaMempom A, eciu ee nrom-
HOCMb BEPOAMHROCIN UMM U0,

flx)=

0, x <0,

A-e ™ x>0

31eck A — MOCTOSHHAA [KNIMKHTENRHAA BeNHYiHa. TakuM obpazomM, moKa-
3aTeNbHOS pacpeneneHue oNpeieIaeTea OJHHM MONIOKNTENEHBIM apaMeTPoM
A. Halinem HHTEIpansHyI0 GYHKIHIO NOKa3aTENBHOTO pacpeneneHHs:

X 0 X
Fx)= [ fx)dx= [ 0-de+ [L-eMdr=1-¢*. (621
0

(6.20)

—a0 —o
Hraxk,
Fix) ad, x <0,
X)= 6.22
- x>0. (622)

Ha puc. 6.5 1 6.0 npeiacrapieHa IUIOTHOCTE pacnpeieleHHd H HHTe-
rpansHan $pyHEUHA pacnpencenedus CB, pacnpelencHHOH N0 MOKa3aTENbHO-

MY 3AKOHY.
20 ™ T S

1|5,-. .................... ,.- ---------------------
1.0

T T g
I " a

—

0. 74E 1,495 2,243 2,250

0.0

Puc. 8.5. Jupchepenyuanonan dvaryus noxazameabnoco pacapedesesua (A =1}
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]

0.0

0.748 1.485 2 243 2,950

Puc. 6.0. Humezpaapuan ynryug norazamernno2o pacnpederenia (A =1)

8.3.1, Hucnoeoie XAPAKMEPUCTIURKY TOKU3AMENGROZO pacApedenerun

BEIYHCIHM MATeMaTHYECKOe KHIAHHE H JHCIEPCHIO MOKAIATENBHOTO
PACOPEASTEHMA;

g4 !
M[x]=Afx- e Mdx=—x- P +
0T ar -
= (6.23)
T —x 1 _axp_ 1
+ledy==¢ =—.
I 7¢ k=7
JUIA BEIMHCAEHHA JUCIRPCHH BOCIONB3IYEMCH OJHHM H3 ee CROHCTR!
D[x]= a, (x)— & (). (6.24)
Tak kak a(x)=m_ =1/A, To ocTaeTcA BEIYUCAHTE &H{X):
T2 A 2 Ax 0 L4t Axg_ 2
ay(x)=Afxs e Udi=xteT T +2[xe Pdi=— (6.25)
oL i ;ﬂ F A
IlonctaeHe (0.25) B (6.24), OKOHYATENEHO IIOMYIHM:
2 1 1 1
Dixl=6*==-—=—; o=—. (6.26)

2 42 2
AC AT A A
Hua cayuaiinol eertyunsl, pacnpedercHtion no NORAINETLHOMY 3AK0-

RY, MIGMEMAMUMNECKEC OMCUOAHUE JAeHT CPE"{}HEM‘}J xm&pamuuecmﬂy n-
KIOHEHTH,

HPHMEP 3. Hamucate nuddrepeHUMAIEHYH U HHTETPANBHY DYHK-
IIHH TTOKA3ATENBHOTO pacnpeaeleHnd, 8Cli mapaMetp A =8,
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PEHIEHHE:
a} ILnoTHOCTE pacnpeJelIeHHs HMEeT BHI!

) 13 x=0,
x}=
§.g5% x>0,
b} CooTseTcTRYIOAA MBTETPANBHAA QYHRIMA pagHa:

{ﬂ, x < 0,
F(x)=

1—e®, x=0.
TIPHMEFP 4. HallTH BepOATHOCTE MONANAHHA B 3aJAHHEIH HMHTEpBal
{a,d) nna CB X, pacnpeneneHHol 10 3KCIOHSHUHAIBHOMY 3aKOHY.
PEHIFAHE. Haiifem pemteHde, BCIOMHHMB, 4YT0 FPla<X <b)=
= F(b)—=F(b). Teneps, ¢ ydeTom (6.22), IONYIHUM:

0, a<b<,
Pla<X <b)={1—e %, a<0,b>0,
‘E"M —e™® 0ecg<b.

6.3.2. @yuxuua Hadewrocmu

E}"LI,E:M HA3bBIBATE MICMCHTOM HCROTOROC }’ETPDFICTBD, HE3IQBHCHMO OT TO-
ro, MpoCToS OHO HITH CIHOAHOE. H}-’CTL ANMEMEHT HAYHAHACT l‘.‘lﬂﬁﬂTﬂTL B MOMEHT
BpEMEHH {; = 0, a 00 HCTEeYeHHH BpeMEHH AMHTENBEHOCTEEY § MPOHCXOOHT OT-

ka3, OBo3HaunM uepes T senpepmeryio CB — INMTEIEHOCTE RPEMEHN BE30T-
ka3uon pabotel aneMeHTa. Ecnu snement npopabotaer GesoTkazno (1o na-
CTYINEHNA OTKA3a) BpeMd, MeHbllee, YeM !, TO, CIed0BaTeNBHO, 3a BpeMA
JUIHTEIEHOCTRIO ¢ HACTYIIMT OTKA3. TAKHM 00pPa3zoM, 62poRMHOCHE OMKA3A 3a
BpeMA JUTMTENEHOCTEKY ¢ ONpeAeIaeTcd HHTEerpalbHoH DyHKITHE:
P(T <8)=F(t). (6.27)
Torga BepoATHOCTE DE30TKA3HOM paGoTHI 3a TO Ke BpeMsa NIHTENbLHO-
CTREO { PABHA BEPOATHOCTH MNPOTHBOMMIOKHOIO CODRITHS;
P(T>ty=1-F(t)= R(¥). (6.28)
@ynxiuei nadexcnocmu R(i) nazvieqiom @yrRUUI0, ORPEOCITIOUNIO
GEPOAMHOCL DEIOMKAZHON PADOHIB! IREMEHMA 330 8PEMA ORHMETOHOCHHBIO L.
HacTto NIMTENBHOCTE BpeMeHH Ge30TKa3Hol paboThl 3MeMEHTa UMEST
MOKA3aTEIEHOE PACIIPEIe/ieHHe, HHTerpansHal GYHKUKUA KOTOPOre paBHa:
F(ty=1-¢". (6.29)
Torama, B ¢Iydae NOKA3ATENRHOTO PACOPEASICHNA BpEMEHH HEI0TKA3HOM
paboTh! ANeMEeHTAa U ¢ YueToM (0.28), PYHKIHA HAJeXKHOCTH OV eT papHa:

R(H=1-F({r=c"Y. (6.30)
ITPHMEP 5. Bpema 0¢30THASHON PabOTEl MEMEHTA PACTIPSICACHO N0

MmokazaTelsHOMY 3akoHY f{6) = 0,02 - & **¥ npu ¢ > 0 (f — Bpema B uacax).

HaiiTH BepoATHOCTE TOTO, YTO MeMeHT npopaboTtaet Geszorkasuo 100 vacos.
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PEHIEAHUE. B mamem npumepe A =0,02, Torma BOCMONE3VEMCA BEI-

paxkenueM (6.30): R(100)=e 011 =72 = 013534

INokazaTensHBIH 3aK0H HANSHHOCTH BEChMA IPOCT M ya0beH A4 pelleHHs
IpPakTHYECKUX 3a0a4. ITOT 3ak0H 00IanaeT CIeqyIoUTHM BAKHBIM CBOUCTBOM:

Bepoamuocme Dezomuaznon pabombl 37eMeHMA HA URMEDPEARE peMe-
Hit QATMERLHOCKHILIO | HE 3AGUCHTIR O gpeMenit npediiecmeyioigel padorin
00 HAYAIA PACCMAMPUEIEMOID UHMEPEART, 4 JABUCUIN MOALKD OM ORUMETb-
Hocmu speMert t (NP 3a0aHHOH HHMEHCHRHOCHH OMIKA30R).

HokaseM 3To ¢BOHCTRO, BBEIA CledyiolnHe 0003HAYEHHA!

A —bezoTkasHag paboTa sneMeHTa Ha MHTepsale ({0, ¢;) JIHTENBHO-

B —bezoTKa3Hag paboTa MIEMEeHTa Ha NHTepBane (fy, f, + ) JIHTENLHO-

CTRID {.

Toraa cobriTHe A8 COCTOMT B TOM, UTO MeMeHT HE30TKa3HO paboTaet
Ha uHTepBane {0, f; +1) NIHTENBEHOCTRIO {y + 7. HalaeM BepoATHOCTH 3THX
colermiit no gopmyne (6.30), moparan, uto spems 0e30TrAHON padoTrL 3nme-
MCHTA [NMOIYHHEHO MOKAIATCIIEHOMY 3aK0OHY !

P(Ay=e 1, P(B) =&,

F(AB) =E—41{!'D+.I’]| =E—.-1!'D _E,—.--:HIl
HaﬁﬂEM YCINOBHYHD BEPOATHOCTE TOI'G, HYTO JIJIEMEHT ﬁ}'ﬂET paﬁﬂTﬂTL
QEe30TKAZHO HA HHTCPEA4JIC BPEMCHH (fu,fﬂ.‘l‘f} IIPH ¥CIIOBHH, 4YTO OH YAC

(6.31)

npopaboTan De30TKa3HOe Ha IpeUIecTBYIoUIeM HHTEPBAJE BpeMeHN:

P(4B) e *h.g M -y

P(4) et (6.32)
ME1 BHAHM, HTO IIOJIYHCHHAA [l]DPM}FJIH. HE 3aBHCHT OT ID! a TONILRKD OT I.

P(B/ A)=

CpaBHHBaA BeIpaxkeHua (6.31) v (0.32), MOXKHO CIENATh BBIBOJ, YTO VCIOB-
Had BepOATHOCTE 0e30TKasHOH paboThl PNeMeHTa Ha HWHTepBaNe JIHTeNbHO-
CTBKY 1, BRIYHCICHHAN B NPSANONOKEHHH, YTO IMEMEHT mpopadoran De3orT-
KAa3HO Ha MpeJIIeCTBYHINEM HHTEPBANE, paBHA 0e3YCIOBHON BEPOATHOCTH.

Hmak, 6 cayuge noxazameisHo20 3GKOHA HAOSHCHOCMU GE30MKasHAan
pafoma 31eMeHma «& RPOUAOMY) HE CKAIBIEAEMCH HA GEAUNURE BEPORMHG-
chin e2o bezomraznoi patomsl «e Oaudcaiiess dydvugems.

6.4. Pacnpesenenne Mapero

B IIPAKTHYCCKHN 3aldaYax BLTPEHAHOTCA Tak HA3EIBACMBIE YCOCHUEHHLBIE
PACTIPEACNEHHA, ¥ KOTOPBIX W3 06Mero MEOKECTBA 3nauchnii CB yeTpaHeHs!
JHAYCHHA, QOILIIHE HNIH MeHLIe HCKOTOPOTrd IMOPOroporo yYpobBHA C'}.
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B 4acTHOCTH, Takoe pacnpejensHie dyaeT MMers zapaboTHad nnata pabot-
HHKA MPH YCIOBMH, UTO €€ 2HaUYeHHe He MokeT OBITh MeHBbIle HEKOTOpOoii 3a-
JaHHOH BENHYHHEI.

Pacnpeoerenuen Hapemo naimeaemca maxoe pacnpedeiesie, 0 Ko-
MOPo2e GVHKYHA U RIOKHOCHD PACHPeOeieHUR GEPOSIMHOCIEN UMEIOM aUa,

F(x}=1—(ﬂf,

X

(6.33)

| @ Cﬂ -+l ) -
f(I)—Eﬂ ~ ) 7%k (6.34)

O4eBHIHO, IIOTHOCTE paclpeleneHHa BepOATHOCTH MOHOTOHHO yObIBaerT,
BRIXOAS W3 TOUkH (Cy, & / ()

BEUHCTIHM MAaTEMAaTHYECKOE OKHIAHHE TAKOH CIYYaiHON BENUYHHE]
- o +1 i
cx _
M{x]=fx—[—uj dx=aCy [x %dx=
¢, Col ¥ ¢,
(6.33)

oG

o
e S
cr—1 ¢

Co

(6.36)

fIPHMEP 6. 3apabotHas mnata paboTHHKA PHPMBEI OTPAHHYUCHA HMXK-
HHM OpenenoM B pasMepe 10000 pyb. H nogunnaserca 3akoHy Ilapeto
{x — 3zapaboTHas npata B TeicAYax py0d., @ =3). HeobXomauMo 3an0uCaTe
IIOTHOCTE pacipeiaeneHida CB X, HalTh MaTeMaTHYeCKoe OKHIaHHE YPOBHA
3apaboTHOMN NAATE B €¢ CPEIHEE KBAMPATHUSCKOS OTKITOHEHHNE,

PELHIFHHE. YuuTeiras (6.34), monyaum

4
310
=—] — . ]1I =1,
f(x) H][x) x>10, =3

Henonsaya Beipaxkenus (6.35) 1 (6.36), BEIMUCIHM:
M[x]=3-10/2=15, D[x]=3-10"/2*1=75, & ~8&66.
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Fhasa 7
3AKOH bOJIbLUUX YUCEN

CROHCTBO YCTOHYHBOCTH MACCOBBIX CAYUAMHEIX ABRMCHHH M3BCCTHO uc-
NOBEYECTBY ellle ¢ TyQoKHX BpeMen. B Kakol 0Ob1 0051acTH OHO HE OpOABIA-
NOCh, CYThH €70 CBOANTCY K CAENYKOMIEMY; KOHKPETHRIS OCODECHROCTH KAXKIO-
ro OTOSIRHOrO CMYYAHHOTO ABIEHHA MIOYTH He CKA3BIBAKTCA HA CPETHEM pe-
3YNBTATS MACChl TAKMX sencnnii. HMenno »Ta vomotwusocms cpedHux n
npeAcTaBIdeT coboli guInteckoe cOAEpPKAHUE 3UKOHA DORbILUNX Yiceld, TI0-
HHMACMOTO B IDHPOKOM CMEBICNE CIIOBA: HPi 0MeHb DOTbIOM HHCRe CAVYal-
HbIX REACHIUE CPEOHUI UX Pe3yIsmam HPaOXmENEcKy Repecmacm Dems cay-
YAUHBIM U MOXNCEm Dbimb Npedckaian ¢ DOALWION CPenenbi0 ONpedereHio-
CIHU.

ITon 3akonom GOMBUIHX YHCET B Y3KOM CMBICTE MOHHMACTSA PAD MATE-
MaTHYECKHX TEOpeM, B KAXKIOH U3 KOTOPHIX NpH cOOMKIEeHHH OIpeeleH-
HEIX YCNOBHH yCTaHARTHBASTCA (akT NpHOMIKEHHA CPEeJHHX XapaKTepUCTHK
CONBIIOTO YHCIIA HCOBITAHHH K HEKOTOPBIM OIIPeeIeHHBIM TOCTOAHHBIM.

Paznuunrpie ¢opMbl 3akoHa OONBIIHX YHUCENT BMeCTe ¢ pPadIHYHBIMH
$opMaMi UEHTPaNBHOH NpelelsHOH TeopeMEl 00pa3yIoT COBOKYNHOCTE TaK
HA3EIBASMEIX #PeOeTbRBIX MeoPer TEOPHH BEPORATHOCTEH.

ITpegentHBlE TEOpEMBl Jal0T BEO3MOKHOCTE HE TOIBKO OCYUIECTBUTE HA-
YUHEIE IIPOTHO3EL B 001aCTH CNYYaiHbIX ARNEHHH, HO H OLEHHMBAThH TOYHOCTE
ITHX OPOTrHO30B.

7.1. HepaeeHcreo Yebuiwesa

Hmeercs cmyvaiinaa eenuuusa (CB) X—= m,, [),. Hepasencteo Ue-

ORILICB YTBEPKIACT, YTO KAKOBO OBl HN OBINO NONMKNUTEIBHOE YACTO &£, BE-
pPOATHOCTE Toro, yTe CB X OTKNOHUTCA OT CBOEro MaTeMaTHUYeCKOIo OXH-

JAHHA He MeHbIlle, YeM HA £, OTPAHHYESHA CBEPXY BETHUHHOH [}/ g°:

DI

JloxkazaTenseTee. PaccMOTpHUM NOKA3aTeNsCTBO 1A HenpepelBHOH CB X
[To onpeneneHH0 WIBECTHO, YTO

P(|X —NII| > E) - . Il p(x)cix. {?2}
BcnoMunM onpenenenre nqucnepcud CB A:
D, =[(x—m)y p(x)dx2 | [ (x—m) p(x)dx. (7.3)
—o N-m,»s
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lMpounmwocTpHpyeM BeIpakenne (7.3) pHCYHKOM:
£ £

[ A g
0 A m B A

Puc, 7.1 Ompezorn unmezpuposanust

B BEIpaskeHMH (7.3) |I—?HI| > £ 03HAYAST, YTO HHTEMPIPOBAHHE BEIET-

CH Ha BHEUMIHEW wacTH oTpeska AF. Eciu B (7.3) NpHHATE, 4T0 x—m, =&
{OTMETHM, YTO HEPAREHCTRBO IIPH 3TOM TONBKO YCHIIHRAETCA ), TONYUHM:

D 25" | px)de=P(X—m,|>£). (7.4)

.-'f—u.lrj-l}.:.'
Hrax, Hepapenctso Yebnimerna nokazano. HepapencTro YeOrliesa na-
eT rpy0yK? OLIEHKY CBEPXY H YTBEPKIAeT, HTO A Nodoil cirydaiiHoii penu-
YHHEL X BEPOATHOCTHL TOTO, YTO OHA OTKIOHWUTCA HA £ OT M, MEHBIIE, YEM

2
AHCIICPHA, JCIICHHAA Ha & .

IHPHMEP | Jana CB X = m_ , D, =J§. OueHUM CBEPXY BEpOAT-
HOCTE TOTO, 4TO X OTKNOHHTCA OT m, He MeHBIIE, UeM Ha 3.

PEHTERHE. CornacHo HepapeHCTRY HelBIUIeRa 3aminem

D ]
P X =m,[>30,)s—%==—.
9o° 9
H3pecTHO, 4TO AN CIYyYaHHOW BeIHYMHBI, paclpelelleHHOH [0 HOP-
MATBHOMY 3akoHy, P(| X —m, |> 30, ) =0,003.

7.2. Teopema Yebuiweea

Mycte umeetes CB X= m, U, Hax 3To¥ BenuuHHOH TPONIBOINTCH

# He3aBHCHMBIX OIIBITOB H BBRIMHMCIIASTCA CpeJHee apH(PMETHUECKOE BCeX Ha-
OMIONeHHEIX 3HAYeHHH cnydaliol renHydmnHel X, Heobxonumo HalTH Xapak-
TEPHCTHKN CPedHere apHQMETHMECKOTO — MAMeMIIMUYECKOe ONCHOaHUE 1
cucnepeure. B pesynrrate nepeoro onkita CB X npueana sHadeHHe x|, BO

BTOPOM OIIBITC — X2, ..., B H-M OIIBITE — X,,.

PaEEMDTpHM CpEaHES apﬂq)METHIIEEI{ﬂE ITHX 3HAYUCHHH:
] o
Y=—-Yx. (7.5)
"=l

CB Y- nHHelHad GYHKIHA HE3ABHCHMBIX CNy4YalHBEIX BeNHUYHMH
Xy «ry X, OOpeacnum;
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| 2 1
my =M[Y]=;ZM[I!-]=;H*mI=mI, (7.6)
I=|

” 2
Dy=i32ﬂ[x,-]=&=g—- (1.7)
FI =]

i i

Tarum obpaszom, my He 3aBHCHT OT YHCIA OIBITOB (#), 4 JHCIIEPCHA NPH

OONBUIHX 7 MOKET CTATE CKOMB YTOOHO Manoi, 1o ecTh CB ¥ eeaeT ceba noy-
TH HE KaK CIIY4aiHad. 3TO CBOMCTBO H YCTAaHABNHMBAET TeopemMa Hebrlmera.

Hpu docmamouno OOALIMOM HUCAE HEIABUCUMBIX ONBIMOE CpegHee
apumemuieckoe HAOMoOeHHBX FHAYCHNIE CAVHARROU SEAUUUHE CXOOUMCA
nO GEPOAMHOCIU K €€ MAMEMAMUMNECKOMY OHCUOANUID.

lopopsT, yto CB X, CXOOHTCS NO BEPOATHOCTH K BEAHYHHE @, ECNTA
NP YBEMHYEHUN # BepMITHOCTH TOTO, 4TO X, H @ OYIOYT CKONG YTOMHO

ﬁHHEEH, HEOTPpaHHYCHHO HpHﬁJ’IH}I{aETEH K ENHHHNOC, a 3TO 3HAYHT, 4YTO NOpH
AOCTATOYHO OONBILIOM R

P(X,-al<e)>1-0, (7.8)
rnc & H 5 — [IPOH3IBOJNBHO MAUIBEIC ITOTOANTEIBEHBIC YHCIIA. 3aHHIIEM AHATO-
THUHO TeopemMy Yebuimena;

F{|lixf_mx|{£}}l—§+ (7.9)
L

1 H
JdokazaTelbcTBO. Panee DBLIO NOKa3aHo, 4TO WA Y =—3 x;, my =m,,
Hizo

Dy =&+ [Tpumennm k CB ¥ nepagenctro Yebrmera:
7

Dy, D
P(|Y—my|2g)<s L =—2 (7.10)
& n-g

Kag Oe1 HY OBLIO MANQ £ BCErda MOKHO B3ATE Takoe OoIemoe n, 4TODEI

X

BBIIIONMHATIKCE HORABCHCTBO. <&, roe J — CKOJIB ¥YIOAHO MaJoc SHCIHO.

n -EI
Torga momy4nmM:
P iixj—mx £ |<d. (7.11)
3aMHIMEM BEPOATHOCTE COORTNA ;II}GTHEGHQHO}EHQP-U (7.1%)
F iilﬁ_mx <& |>F-0. (7.12)
=

Hmo u mpebosaroce doxaiams.
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7.3. ObobwenHan Teopema Yebbiwesa

Tlvere X7, Ao, ..., Ay — HEJABNCHMEBIC CITYYAHABIE BETHYHHERL ¢ COOTBET-
CTBYIOIUMMH MaTeMATHYECKHMU OXHIAHHAMH ¥ TUCTIEPCUAMK: Xy => My, I, ;

Xy = Migye Iys o) Xy = By, D, . BCTIK BCR IHCTICPCHH OTPAHHYEHH CBEPXY

OMHUM H TEM X< gucnom L, takum, uro D, <L (i =1, 2, ..., 1), TO npn BO3-
PACTAHKMK # CPEIHSS apudMeTnueckoe HAbMWACHHRIX 3HAYCHHH BETHYNA
X1 Xz ooy Xy CROOATCA IO BEPOATHOCTH K CPEIHEMY APNPMETHYSCKOMY WX
MATEMATHYSCKHX OEOIAHHH:

7 n a \
X Lmy
PllEL = e n1-6. (7.13)
F n
“ 1
H
JorasaTenbcTeo. PaccMoTpimM CB ¥ = — ' X, ¢ COOTBETCTBYIOMHMH
fl =]
| I 1 e
XAPAKTEPUCTHKAMK: my =— > m,, Dy =— > D . Tlpumenum x CB ¥
ni f ne o=l
HepaBeHCTRO Yeheiera
Y -my |2)s—WIH
s n - ™
Z Xil' Zm."{i I
=t et
Pl | - — 2 . zg |« 5 (7.14)
HE
. A

Kak 0Bl HM OHIIO MANO 5, MOMKHO Tak BBIOpATE i, 4TO OYNET BEIIOI-

HATBCA HEPABEHCTBO < & . Torna momy4um:

H-gt
(| A R
E Xi’ mel.
PliEL__ =L >e 8. (7.15)
n #
\ /
IMepefigeM Kk NPOTHEONOIOAHOMY CODBITHIY:
4 H H k
2X, Em,
Jof =S <g |>1=4. (7.16)
# #
h /

HYmo u mpebosarocs doxazams.
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1.4, Teopema Mapkosa

Ecnn umewtes sapuckmere CB X, X,, ..., X, » ecmn npH #— o

ﬂ[ii X))

HE

HaOmoAeHHBIX 3HaueHHH CB X, X, ..., X CXOOUTCA N0 BEPOATHOCTH K

cpedHeMy apApMeTHUSCKOMY HX MATEeMaTHUSCKHX OMHAAHHIA.

COPABEATHBO COOTHOMEHHE —{}, TO cpenpee APNPMETHICCKOS

JokasaTenwcTeo. PacemoTpum  Berumunny Y= 1 LA, =Dy =
" =

H
= LD[Z X;]. IlpuMeHHM K pelHuRne ¥ nepasencTro YebhImena:

HI i=]

Dy

EI

Tax kKak DO yCMOBHIO TCOPEMEl MPH # — = [k =0, 10 npu aocta-
TOYHO OOMBIIOM # chpasednuso P Y —my |2 £) < &, WIH mepexodsa k mpo-
THBONOIOAHOMY CODBITHEY:

P(Y=my |2 £)<

P|Y-my|<g)=PF L — <g|>1-6. (7.17)

Umo u mpebogaroct doKazams.

7.5. Tecpema bepHynau

IIycTe NpoH3BOAWTCA # HE3ABUCHMEIX ONBITOB, B KaAJAOM W3 KOTOpPBIX
MOXeT MPOHIONTH HNK He NPOoH30HTH COORITHE A, BEpOATHOCTE KOTOPOTO B
Ka#JOM ONBITE paBHA p. TeopeMa BepHYINN yTBepKIAET, UTO Hpl HEOZPA-
HUYEHROM VEEAUYERUN YUCAA ONBIMOE 1 yacrmoma cobbimus A cxodumea no

BEPOSMHOCIY K €20 BEPOANHOCIIL D.
|
O003HAYMM 4acTOTy COOBITHA A B # ONBITax udepes p M 3anMIeM

TeopeMy Beprynnmn g BHOC GOPMYNEL:
Pp -plke)>1-8, (7.18)

INe & U & — CKONBKO YIOAHBIE MANEIE IKMIOKHTEIBHEIE Ynciaa. Tpebyerca
AI0KA3ATE HepaBeHCTRO (7.18) IpH TOCTATOMHO BONBIIOM H.
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JlorazaTeabeTRO, PACCMOTPHM HEZABMCHMEIE CIYYAHHBIS BETHYHHEI;
X, — 4HMCIO NoABAEHHA COOMTHUA 4 B IEPBOM OIILITE;

X5 — YHCIIO NOABIICHHA CODBITHA 4 BO BTOPOM OIIHITE;

B¢e 3TH BEMHYHHE AUCKPCTHRIC M UMCKOT OHH H TOT X 3aK0H pﬂﬂ"pﬂ'
AETEHAA, SLIPANCEHEBIE PAGOM DACRPEOCIENUA!
-.-I!' ﬂ 1
b g 4 .

3neck g =1— p. Hetpynuo nokazate, uro m, = p, D, = pg. Hactora p
He 4T0 MHOE, Kak cpelHee apHPMeTHYecKoe BEelMYHH X, X,, ..., X,, TO

e
M .
«Th p =— 2 X, Toraa, cormacho 3akoHy H0aRMMX YHCET, P CXOAUTCA 00
H =

BECPOATHOCTH K ﬂﬁluﬁh{}" MATCMATHYCCKOMY Q3 HITaHHKY M, FITHX BCITHYHH.

7.6. LleHTpanbHana npegenbHan Teopema

Jaxon 6oabiux wucer yCTaHABMMBACT (akT npHONHKCHNA CpeaHnX
OONMBIIOTG YHCNA CHYYARHBIX BETHYHH K onpedereqnbivM nocmosinnim, Ho
ITUM HE OTPAHHYHBAKOTCHA 3AKOHOMEPHOCTH, BOIHHKAKMITHE B PE3YNRTATS
CYMMAPHOTO ICHCTEHA CNYYaHHRIX BENUYHH, ORA3KRIBACTCA, YTO NPH HEKOTO-
PRIX YCTOBHAX COBOKYTTHOC JEACTENE CNYYAHHEIX BEIHYNH OPHEOANT K On-
PEGSACHHOMY, A UMEHHO — K HODMATLHOMY IGKONY Pacnpedencnus,

Henmpansnas npedersnag meopema NpeAcTaBaaer cobol rpynny
TEOPEM, MOCBAMISHHBIX YCTAHOBIEHHIC YCIOBHN, IIPH KOTOPHX BO3HHKAST
HOPMAJIBHBIHA 3aK0H pacnpenenedua. Upely 3THX TEOpeM Baj)KHEHILUEe MECTO
IpHHAIIERHT TeopeMe JanyHoBa.

Teopema Jdanyuoea. Ecm X, X5, ..., X

I
B8ERUYHHHbL, ) Kaxcoon 13 KOMOpsix Cyigeceyem MameéMdmiidecKoe OO -

nue M[X,]|=a;, oucnepcua D[X|=0;, abcomomusiii yenmparoruiti mo-

— HEIUEHTCUMBIE mylmﬁume

3
MEHM MPEMbEZD NOPAOKT M[|X;- — a;-| } =m; U

lim —Zi="___¢, (7.19)
Ho® {e—n 2

MO 3axoH pacrpederenun cymmol ¥, =X+ X, +...+ X, npu n = 0 peos-

RIS SHNG ﬂpﬂﬁﬂl&?ﬁfﬂﬁmﬂﬂ £ RODMOALAROMY IAKOHY O MAMEMIMWYECKHEM
. H

ONCHOGRUEM ) @ 4 UCREPCUEH ZG‘E.
=l i=l

Teopemy npumes bez GOKA3AMerbCmea.
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H
CMeIcn ycloBud (7.19) cocToHT B TOM, YTOBEL B cymMMe ¥, =X X, He
i=!
QB0 CIArAeMBIX, BIIHAHUE KOTOPHX Ha pACCefiHHE ¥, NOJABMAOILIE BEINKO
[0 CPABHEHHIO ¢ BIUIHHEM ECEX OCTANGHBIX, A Takke He NOKHO OBITh
QONBNIOre YHCAA CMyHafiHEX ClaraeMbX, BIMAHHE KOTOPBIX OYEHE MANO 10
CPABHEHHIO ¢ CYMMAapPHEBIM BIMIHHEM OCTANBHBIX. TakuM obpaszoM, ydezbrbii
8EC KANCO0Z0 OMOCTBHOZ0 CAASAEMO20 OORNCEH CIMPEMUMLCR K HVO AP
YEEAUREHUN YUCAT CIAZAEMBIX.
Credemeue. Ecav X, X,, ..., X

p — HEFdGUCUMbIC ﬂ.-'!_}"iﬂﬁﬂhlf SEAHY -

Hbl, ¥ KOMOPBIX CYWECMEVIOm PAGHBIE MAMEMAMUNECKUE O0XNCUOHUS
2
M|X;]|=a, oucrepcuu E{X f] =& U abCcorfOmKbIe HEHMPATbHBIE MOMEH-

Mbl MPEMbEZD ROPAOKA M[|X!-—ai|3:|=m, (i=1,2, ...,n), mo 3axou pac-

npedenenun cymmot ¥ = X+ Xo +..+ X, HpU 1 —> 00 HEOZPAHUNEHHO HP-

GAUICACIMCA K HOPMATBHOMY 3AKOHY.

Jamenanne, ONMAPAACk HA ISHTPATBEYIO NPEISARHYID TEOpeMy, MOWKBO YIRS
AIAThH, 970 PacCMOTPedHBe HAMA panee CMydaiiHble Be/MYAHGBL, HMEHUIHE 3aKOHb
pacopegenenns {OHaOMuaneHeid, llyaccoHa, paRHOMEpPHEH, ;g'z («XKn-KBagpaT»),
¢ (CTriOOeHTa)}, IpH 22 — 00 pachpeasiedkl ACHMITTOTHYECKH HOPMATTEHO.

HTPHMEP 2. Onpeaenntk BEPOATHOCTE TOTO, YTO CPEAHAAL NPOIOIKN-
TeNBHOCTE 10(} IPOH3BOACTBEHHEIX ONEpalUi OKAKETCH B Ipeaeiax oT 46 0o
49 ¢, ecMH MATEMATHMYECKOE OKHOAHNE OOHON oncpaumm pasno 47,4 ¢, a

CpenHce KBAINPaATHYHOC OTKIOHCHHE — 4,9 C.
PETEAHE, B >Toi 3apaue X — nNpOaOmKATENEHOCTE HAYTAN B3STOH

NpoH3BOACTBEHHOH oNepaluH, a=M|[X]|=47,4¢, o=D[X]=49c,

_ 1 _

X = 1 2. X;, n=100. 3gecy X — cpenuas npojomxuTensHocTe 100 Hayran
=

BIATBIX TPOM3BOACTREHHBIX Onepauui, npusem M[X]|=47,4¢, D[ X |=

—o*/n=4,9" /100 ¢*. Teneps BBLIYHCITHM COOTBETCTBYIOLLYED BEPOATHOCTD
14 < X—4?,4E 1,6

(2,49 0,49 0,49
= (3,265)+ @ (2,857)-1=0,9973.

Tlpu pewiennu 3a0aui HA OCHOBAHNHY CIEOCMBUA U3 meopemst Jlanvrosa
PACApedeteHide  YEHMPUPOBAHHOZ0 U HOPMUPOBARHOZO  CPEOHEZO

(X —47,4)70,49 npubauswcenno 3aMeHeno Ha pachpedenehue cranoapm-
KOt HOpMaasHou cryuatinoi aeandunsl Z ~ N{0, 1).

P(46< X $49)= P[ j= P(-2.8575Z £3,265)=
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Paspen 2
MATEMATUMECKAA CTATUCTUKA

fnasa 8
OCHOBHbIE NOHATUA U 3AAAMU MATEMATHUMNECKOW
CTATUCTUKH

MaTeMaTH4YecKkaA CTATHCTHKA — 3TO HAYKA, HIYYAKMIIAA METONEL ¢Do-
Pa, CHCTEMATA3AIMHE H WHTEPOPETALIMN YNCTOBEIX (CNYYAHRBIX) JAHHETX.

B 3T0M onpedeneHWH HHTepIIPeTalHd ¥ CUCTEMATH3aIMA JaHHBIX pac-
CMATPHRACTCA KAK CYIUSCTREHHRIH ACMTEKT.

I'1apnas uenk CTATHCTHKH — IONYYEHHE OCMEICTICHHBX 3aKIHOYeHHA
M3 HECOTIACOBAHHEIX (MOABEPHKCHHBIX pA3bpOCy) DAHHEIX.

HeHCTBUTEIBHO, HCKIIIDYaA TPHBHANBHEIE CHTYAIIHH, peallbHEIE NaAHHbIE
BCCTAA ABNKKOTCH HECOTTTACOBAHHEIMH, YTO TPEOYET NPHMEHSHNA CTATHCTH-
YeCKHX MeTOM0B. PAccornacoBaHHOCTE (pazdpoc) MEKTY HHAHBHIYATBHEIMH
HAOMHACHHAMN MOKET ORITE, HANPHMEpP, o0ycmoeneHa OmMOKON TPy Cumn-
TEIBAHHH MO3ZHIIHH CTPENKH NpHOOpa, KOrQa OHA PaclonokKeHa MeXIy JBYMA
ACTECHNAMH MIKAMEL CTPenoYHore npubopa, HaMeHYNBOCTE MOMKET OBITE TAK-
Ke CIecTENeM HecTaOHIBHOCTH paboTel IMEKTPOHHOTO 00OPYI0BAHNA NPH
nepeaaye coodueHui no pagne unn Tenerpasdy. (B nocmennem cmyyae ans
XapaKTEPHUCTHEH CHTYALHH UCIIONB3YETCA TEPMUH «IIIYM ).

Hem ofce KOHKPEMHO 3IQHUMACMCA MAMEMAMUNECKAR cmamucmuxa’
Karue 3a0auu pewaem?

1. Boibopounsie pacnpeaeacHnn

CTaTHCTHKA JOJIAKHA I[OMYYUTH CBOHM BBIBOJLI, HCMONBL3YA HATHYHYIO
BeIOOpkY. Kaxjaoe HabIOAeHHe ABNAeTCA peanHzanued HekoTopod cnydai-
HOH Benu4uHHBL. M3BecTHO MHOKECTBO 3HAYEHHH, KOTOpPbIE MOMET IpPHHH-
MATH CIVYAHHAA BETHYHHA, HEKOTOPEIE H3 HHX HMENT OONBUIYIO BOIMOK-
HOCTB IIOABJICHUA, YEM JpPYTHE.

3naueHKe, KOTOPOS HABIIONANOCH, NPEACTARIACT ¢coDOH peanHn3aunio.
BepoATHOCTH BOMOXHBIX peaMH3aunil XapaKTepH3VIOTCA pacnpeleneHneM
BEPOATHOCTEH cny4yalnnix BeanyHH (CB). ObsHO riyHEIHH paclipene-
JICHHA BEpOATHOCTEH OBIBAIOT 3a[aHBI € TOYHOCTBIY 10 OJHOrO, NBYX napa-
METPOB 3HAYeHHH HEKOTOPBEIX HeM3RECTHEIX. JTO NMPHROJHT K NpobieMe Mo-
HCKA TakuX KoMOWHAIHK BHIOOPOYHEIX 3HAYSHHH, KOTOpHE OBl NaBajlH HaK-
nydilee NpHOMIKeHHEe A4 HEHABSCTHBIX MapaMeTpoB. Kaxigad Takad KoM-
OHHALHA ¥ eCcTh cmamucmurd. BubopoyHoe pacnpeieeHHe CTATHCTHKH 10~
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IBOJIACT CYJAHTE, MOMKCT JIH IIPEJIOEKCHHAA CTATHCTHEA CIIYAHTH UI_I,'E:HEDﬁ
HHTEPECYIOTIETO HAC NAPAMETPA.

2. OUeHKN, TeCTH {KPHTEPHHA IHAMHMOCTH), PEINEHNRA

IMpobremMa oleHHBAHHA OBIMA CXEMATHYHO PACCMOTpEHA BRILE. SCHO,
4YTO pa3yMHasd Npoleaypa OLUSHUBAHWA He OO/KHA OIPaHHYHBATHECA JIHIUL
BEIDOpPOM MPHOIHXEHHOTO YHCIEHHOTO 3HAYEHHA ANA HEeM3BECTHOTO Iapa-
METpa; OHA JMDKHA YTO-TO FOBOPHTE H O HAJAEKHOCTH 2TOT0 NMPHOIHKEHN.
OORIMHO TOBOPAT O MOYEUHOM OYEHUBAHUR H 00 UHMEPEATBHOM OUEHUBAHUL.

CYIIECTBYIOT pasiHYHEIE METOAE KOHCTPYHPORAHHA MOYEYHEX OIIEHOK
U omnpeneneHid Hx HajexHocTH. Hanbonee moieaHeIM H3 HAX ARIIETCA METO
MaKcHMaasHOro npasaonoqodus (MMIL). Jdpyroi n3pecTHeIH MeTOn, KO-
TOPBIA MOXKHO PACCMATPHEATE JHOO KaK cleiuaneHuid cimydaldl MMIL, aubo
KAaK HE3aBHCHMY POIETYPY MOArOHKH, — METC HAHMEHBIIHX KBaAPaToB.

HHTepRANLHOS 0NIEHHBAHNE CBAZAHO C OIPENeNieHHEM «NOBEPHTENBHAIX
HHTEPBAJIOE», IPaBI0oNeI00HEX HHTEPBAJIOB, 0alieCOBCKUX HHTEPBATIOB.

[TockoNRKY CTATHCTHKA B IETOM OCHOBAHA HA CIYYAHHOH H3MEHUMBO-
CTH, KOKIAA OIEHKAa MOoJBepkeHa ommOKke. Tak, ecliH NOMy4YeHsl JBe pas-
ITMYHEIE OIIEHKH IApaMeTpa — OfHA IpH OJHOM Habope yCIoBHN, a pyras —
IpH JIPYTOM, HEIOCPEACTREHHO HEACHO, COOTBETCTBYET JIH HMEKIISSCA Me-
KOy HEMHA pazMUyie palTHYMHIC MeXTy napameTpamin. Bompoc 00 HxX pasnn-
YHH PemiaeTca ¢ NOMOIUBID CTATHCTHHECKOTO KPHTEpPHA (TecTa) WIH KpHTE-
PHA SHAYHMOCTH.

OOHA 13 NOOXO0O0B K CTATMCTHUYECKHM KPHTEPHAM (NPOBEPKN MMOOTES)
cefa3ad ¢ umeHeM P A, Ouirepa, KOTOPEIH paccMaTpPHBAET MPOBEPKY THIIOTE-
361 KAK MPOOHBIH A B DPOBSICHUY HAYYHOIO MCCHSIOBARNMS, NOZBOIAK)-
AR TOTYYHThE YUEHOMY OOBEeKTHBHRIA KpHTepHi, ¢ NOMOIUBH KOTOPOTO
MOKHO CYOWTE 00 UCTHHHOCTH THIOTE3RL

Apyrod moaxon c¢BA3aH B OCHOBHOM ¢ HMeHaMH J[xK. HelimMana H
3. TInpcona, KOTOPBIE PACCMATPURAKT NPOUEIYPY NPOBEPKH MHMOTE3B KAK
IpaRwIo, ¢ OOMOILBH KOTOPOTO AOKEeH OBITh cAeNaH BEIDOP JHOO NPHHATO
peieHne 00 HCTHHHOCTH OJHOH TMNOTE3H B NPOTHEOPETHE JpyTOH.

(Ha U3 YACTHRIX MPOOIEM TEOPHH NPOBEPKH CTATHCTHYSCKHUX THIOTES —
OIIHKA MPHUTOJHOCTH MOJASNH, NpelIoKeHnoi g o0niacHennd (HHTepnpe-
TANMH) JaHARIX. [Tpn 3TOM HEOOX0OMMO PEIINTE: HACKONEKO NMPEANOKEHAAS
MOJeNs COOTBETCTBYET BhIGOpKe? I sBnAroTca mM BRIOOpOYHBIE 3HAYECHHA
ACHCTEHTEIRHO ONHIKMMH K TEM, KOTOPBIE MOXKHO OKHOATH, HCOONB3YA MO-
JOTHAHHYH Mojaenes? HauGonee ninpoko I0A pelieHHA moJ08HRIX BOIPOCOR
IpAMEHASTCA Npolelypa, npeioxeHdad KapnoM I[JHpCOHOM H HCNONL-
IVIOIAA KPHTEPHA, OCHOBAHHEIH HA ee BEIDOPOYHOM paclpeleneHHH. J3To
MHPCOHOBCKHA KPHTEPUHA COTNacul Xk-Kedopam.
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8.1. BbibopouHbie pacnpegeneHna

CTAaTHCTHUECKAA YCTOMYHBOCTH CIYUAHHBIX ABMEHHH IIpOABMAESTCA
nmuie npl GonenroM (B npenene — GeckouedHo OONBIIOM) YHCIE HaOmIe-
HUil. OOFAKO HA TPAKTHRE PEANEHOS YMCIO HAONKICHUE OTPaHRYCHO,
IlosTOMY XapakTepHCTHKH clay4yakHelX BenuuHH (CB), onpenenenHele no
MAnNOMy YHCTY HAOMOICHWI, B UPHHNNNE HE AOMKHEL CORMNANATE ¢ BETHUN-
HAMH TeX e XapaKTepHCTHK, ONpeeIeHHBIMH 10 OOMBIIOMY YHCITY HaOIH-
OeHHH (YCIOBHA ONBITA OCTAKOTCA HEeH3MeHHBIMH). UToOH mpoBecTH pazin-
yne Mexay XapaktepucTHkaMH CB, HallJeHHBIMH 10 JOCTATOYHO GONBIIOMY
H MaJIOMy YHCITYy HAOMIGIEHHH, B MATEMaTHYECKOH CTATHCTHKE BBEJIEHEI 110-
HATHA abCTPAKTHOH 2eRepansHoi COEOKYRROCME N 6mO0pKY.

IeHepANBHOH COBOKYNHOCTLI0 CAYYAHHOH BEHYMHEI ¢ HA3LIBAETCA
MHOMCCTRBO BCEX 3HAYEHHH, KOTOPEIE MOMKET NPHHAMATE CIyJadHas Benu-
YHHA &,

BriGopka npeactarnger cofod COBOKYNHOCTE OrPAHNYCHHOTO YHCNA
HaOIKOIeHHH.

B COOTBETCTEBHH ¢ 3THM pazmiH4yai0T BLEIOOPOUHBIS XapakTepHceTHRH CB,
HalJeHHEIE 10 OTPAHHYSHHOMY YHCIY HAaDMOOeHMN (BEIDOPKS) H 3aBHCAILINE
oT yHcaa HaOmoJeHHH, H COOTBETCTBYHMIIHE UM XapaKTEPHCTHKH B IewHe-
PATBHOH COBOKYMHOCTH, HE 3aBpcauIme ot yucena nabmwoaerwui. [Ipu sTom
BEIOOPOYHBIE XAPAKTEPUCTHKH PacCMATPHUBAKOTCA KAk OLEHKH COOTBETCT-
BYHOUIHX XAPAKTEPHCTHE B [EHEPATRHON COBOKYIHOCTH.

Ha npakTHke BO MHOTHX ciaydasix (pyHKIHA paclpelecHHA pacCMaTpH-
BACMON CNYYANHOHW BEINMYHHEL & HCH3BSCTHA; €€ ONPEICNANT (¢ PE3YNBTA-
TaMm HADIIOeHHH HIH, Kak TOBOPAT, 10 emOOPKE.

BuiSopkoii oopeMoM # U1 JaHHOH coy4aiHOH BeTHYHHEL & HA3EIBAET-
CA MOCNEAORATENRHOCTE X, X5, ..., X, He3aeucHMeIx Rabmonennil ITOH

BCIIHYHHEIL.

[TycTe B3 reREPATREHON COBOKYNHOCTH H3BNEUSHA BRIDOPKA, MPHYEM
X, HaOmoaanock v, pas;

X, nabmoganocs v, pas;

X, Habmoganock v, pas.

k
Odnem erRIOOpKrM: 7= 3 v;. HabnwaacMeie 3HA9€HHA X; HA3RIBAKOT
i=l
BAPDHAHTAMH, 4 IIOCJIEAOBATEIIRHOCTE EdpHAHTOE, 3JAIIHCAHHEIX B BO3PAac-
TAKMICEM [MOPAIKE, — BAPDHAUTHOHHBIM PHIOOM.
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Yncno nadbnieaeHnid Ha3eIBaoT FACTOTAMH, 4 HX OTHOUICHHE K DG'LEM}’

V.
BRIDOpKH: —L = W, — OTHOCHTENLHEIMH YACTOTAMH (4ACTOCTAMH).
1

B cTaTHCTHKE pazMHYyatoT mansie B Gorbiue entbopru.

Masoti sobopxoti cuuTAOT Taky BROOpKy, npH 0bpadoTre KOTOPOH
METONaMH, OCHOBAHHBIMH HA IPYIIHPOBAHKK HAGMIOACHHH, HENL3A JOCTHYE
33JAHHAIX TOYHOSTH N J0CTOBEPHOCTH,

boavticit CYHTAKOT Takyw BREIDOPKY, OpH 00pabdoTKe KOTOPOH MOMKHO
MepeiTH K Tpynnupoeatnin Hadmonesnii 6¢3 owyTmoi noTepu nudopmMa-
ITHH H JOCTHXEHHIO 3aJaHHLIX 3HAYEHHH TOMHOCTH H JOCTOBEPHOCTH.

Ecnn BeI0OpKa JOCTATOYHO BEJTHKA, TO NOCTPOCHHBIH HA €€ OCHOBE Ba-
PMAITHOHHEIA paj HeyaoOeH I8 JanbHEHIIero CTATHCTHYECKOTO aAHAINA.
B 3TOM Coyuac CTPOMTCH TAK HASEIBACMEIH ZPYNRIPOSGRHBIL CIMAmMucCmuye-
CKMil pagd.

8.1.1. Npynnuposchte SaHHLIX, 2UCMOZPUMME, NOMI20H

[IpH rpynnupoBaHHH JaHHBIX HEOOXONHMMO COOMIOIATE Olpele/ieHHEIe
npasuaa, PaceMoTpum Hanbonee BAKHBIC B3 HUX;

1. O0beM BEIOOPKH TOJKEH ORITE AOCTATOYMHO BelXHK (1 = 50).

2. UHcnmo MHTepBaNoR MPYINNPOBAHMA M (YHCJIO TPYII) JOLKHO HAXO-
IUTECA B HHTepBane 5<m<20. Ilpu Buibope m B KAMKIOM KOHKPETHOM
CAYYAE CNESAYET NOMHNTE, YT¢ OpPH MUIOM YHCAE TPYMN OMPEICICHHS BHAA
TeOpeTHYecKOH KpHBOH pacnpejeleHUs N0 SMIHPUYECKUM JAHHBIM MONET
OLITE 3ATPYOHEHO N3-38 MACKMPOBKH (YTPATBI) PE3KHX H3MCHEHWH KPUBOH
pacupeneneHua, ecIi oHH aKTHYSCKH UMeNH MecTo. [IpH OOIBIIOM YHCTE
IPYII H HE3HAYHTENRHOM 00LeMe BRIOOpKH OymeT HadmomaTtbed OONBINOES
KOJIHYECTBO MPOIYCKOR (HOIE MONANAHHH B IPYIIY}, YTo OyaeT obycnopne-
HO HE CTONBKC BHAOM pachpelelleHHA, CKOJBKO HEeMOCTATKOM CTATUCTHKH,
KPOME TOTO, B 3TOM CAyYae AaKe HEQOMBITHE CMyqaitHee koneHaHng mpueo-
AT K HCKa#eHHK} KpHBOH pacnpeJencHHA.

3. Heobxoamumo, mo BOIMOWKHOCTH, OXBATHIBATE BCH 00NACTR JAHHBIX,
TAK KaK [PH HEM3IBECTHRIX IpeNelbHEIX 3JHAYEHHAX HEBO3MOMHO BRIYHMCIHTE
HEKOTOpHIE YHCIOBBIE XapaKTEPHCTHKH BHIDOPKH.

4. HuTteppans He J0J/DKHBl HepeKpRIBATECA. He TO/DKHO BOZHHKATE HH-
KAKHX COMHEHWH OTHOCHTEIBLHO TOro, B Kakoi HHTepBal NollajaeT Nkdoe
3HAUESHHE.

5. Ecin 3aBeoMO HM3BECTHO, YTO TeOopeTHYeCKasd KpHBaA MOKeT OBITb
ABYMOAANBHOH, YHCTO TPYNN MOKET OBITe YREAHUCHO B 1,52 pasa mo cpas-
HEHHUEY ¢ ONTHMAILHEIM YHCIIOM #.
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OnNTHMaNBHOE YKUCTO TPYNN A BeIOOpKH 00BeMOM R PACCHHTHBACTCA
g thopmynam:
* MpPY H3BCCTHOM 3HAYCHHH £ = f, [at:

m=g"t a3 (8.1)
& IIpHM HEH3BRSCTHOM 3HAYSHHH £, HO H3BECTHO, UTo L8< £ < 6!
0.4 0,4,
0535 " <m=<1,25n, (8.2)
* cornacHo gopmyne Ctepaxecca:
m=1+log,n. (8.3)

Hz (8.3) BUAHO, YTO 1A YBJIHYSHHA ONTHMAJIBHOIO KOJHYECTEA HH-
TEPBANOB Ha SIHHUALY HeoOX0IHMO YBeNHIHTE 00keM BRIOOpKH BaBoe. Llar
rpYNNNpPOBAHKE (LHPYHE WHTEPBANA) /1 ONPEACNACTSA Mo GopMyne:

h= (Xmax — Xnin )/ 1. (8.4)

JLiA rpaipHdecKkoro H200pakeHHA BAPHALHOHHBIX PATOB HAHGOIEE Yac-
TC HCIIONB3VIOTCA HOAKZOH, CHCIGEDAMMO # KYMVRAMNGHAR KPUaas.

Fucmozpavmoii pacnpedenenun, HIH NPOCTO 2HCMOZPAMMOIl HASEIBA-
€TCA HEPTEX B NPAMOYTOJBHOH CHCTEME KOODAHHAT, N'OpHIOHTAlBHaA OCh
KOTOPOro pasdHBASTCA HA m PABHRIX HHTEPBANOB {rpymmn) nmpHHol 4. Ha
Ka¥I0M OTPe3Ke, KAK HAa OCHOBAHHH, CTPONTCA IPAMOYIMJBHHK C BLICOTOH,
PABHOH 9acTOTe (HacTOCTH) v; (@) COOTBETCTBYIOLIETO HHTEPBAJA.

Honuzonom pacnpedenennar, WIH IPOCTO AOAUZOHOM HA3LIBACTCH JIO-
MAHAS JTHHHY, COCAMHAKIMAN CCPEAMHBI BEPXHWX OCHOBAHWH KAKIOTO
CTOJOHA MHCTOTPaMMEL 32 MpedelaMy TMCTOIPAaMMEL KAaK CJIeBa, Tak H cIpa-
Ba pasMellalT MyCcTEle MHTepPBasbl, B KOTOPHX TOYKH, COOTBETCTBYIOUINHE HX
cepeHHAM, JIeXKAT Ha ocH abcupce.

Kymyaamuenan Kpueas (KyMy1sma) — KpHEaA HAKOIUIEHHA 4acToT (dac-
TocTed). /A NUCKpeTHOro pAjla KyMYNATA NpeACTaBIseT NMOMAHYK, COENH-

i {
HAIOIUYIO0 TOYKH (Xx;, 2" v, ) HIH (x;, 2. @, ). JI1 HHTepRANBEHOrO BapHalMOH-
k=1 k=1

HOr® pdia JNoMaHad HAYHHACTCH C TOYKH, abcIMeca [{DTDIJ-Dﬁ paBHa Ha4amy
MEPBOTO WHTSPBANA, A OPAMHATA — HAKOIUTEHHON YacTOTe (HACTOCTH), PABHOH
HYIIH). OCTATRHEIE TOUKH 3TOH NoMaHOH COOTBETCTBYHOT KOHIIaM HHTCPBAIIORB.

TIPHMEFP . IloCTpOHTE MOJMHIOH, THCTOrpaMMY B KYMYNATY IO BEI-
bopke obbeMa n =100. CrpynniposaHHEIe JAHHBIE NPHBEISHE B TabJIHIE.

Hureppannl

[U. 1]

[1, 2]

[2, 3]

[3. 4]

[4, 3]

[5, 6]

[6, 7]

[/, 8]

YaeToTH
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14

28

22

20

b

1

a4
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HHTepEan rpynnUpoBKK
Puc. 8.1. Nicmospavna vacmom
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25
20
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BapHaHThl
Puc. 8.2. Homueon
120

100

HakonneHHbI2 4acToThi

e 8 & & 8

BapuaHTe

Puc., 8.3. Kymyaama
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8.2, CratucTueckan [amnupuyeckan) GYHKUMA pacnpeaeneHun

CmamucmuveckuM pacnpelerenueM anbopki HA3eIeaIoN REpeveHt 6a-
PUGHMOG U COOMBEMCIMBYIOWINX UM NACINGM U OMHGCUMERBHLIX YQCHON!
(vacmocmeit).

B TeopuH BepoATHOCTEH NOJ, paclpelefieHHEeM MOHHMAKT COOTBETCT-
BHE MEXIY BOIMOMXHBEIMH IHAYCHHAMH CIYYANHOH BETHUMHEL H HX BEPOAT-
HOCTAMHA, 8 B MaTeMaTHYECKOW CTATHCTHKE — COOTBETCTBHE MEAIY HalIo-
JAeMBIMH 3HAYSHUAMH H HX YACTOTAMH IJIH OTHOCHTENBEHEIMH YaCTOTAMH.

TIPHMEF 2. 3agana eei0opka o0beMoM # =2{ ¢ COOTBEICTBYIOUIHMH
yacTotaMH. HeoOXoauMo HAHTH 4acTOCTH (OTHOCHTENEHEIE YACTOTEI ).

X; 2 6 12
v; 3 10 7
€k 3/20 10/20 720
3
Koumpatw: 3, ;= 3 + 0 + ’ =1
=l 20 20 20

TI¥CTE HCCTEOYETCR CTATHCTHYECKOES PACAPESICTEHHUS YACTOT KOIMYECT-
BEHHOT'Q IPH3HAKA {CIy4YaiHod sBenMYMHHEL) A, BeeneM o003HaUCHHE:
¥, — YHCIO HAOMIOAEHHHA, NPH KOTOPBIX OTCIIEKHBANIOCH 3HAYEHHE IIpH-

JHAKA MEeHLIIIee X;

1 — obuee yreno nadbmoachni (odneM BRIDOPEN).

OYERHIHO, YTO OTHOCHTENBHAA 4ACTOTA (YACTOCTR) COORITHMA X <X
pagpHa @, =v. /&

CrarncTHveckod PyHKnHen pacnpeneieHna CIy4alHoH BeTHYHHE X
Ha3BIBaeTCA (WWHKIHA, ONpPeNelaomad LIS KakNoro 3HAYeHHA X OTHOCH-

TEIIBHYKY HACTOTY coOBITHA X < X
2 v
PX<x)=F'(x)="L=a,. (8.5)
Al

Cpasuiis CRAMUCMUYECKYI0 H URMEZDARBNVIO QVHKYUY pachpedene-
ruR. Benomuum (meopema bepryiiu), wmo omuocumensHas 4acmoma co-

™
Gormug X <X, mo ecms F (x) CHIPEMUMCA N0 8EPOAMHOCMN K GEPORHIHO-
cmn F [x} IMO20 CODOBIMUA,

@yuxiua F (x) oGragaer Temu ke ceoiicTBaMH, uTo M £ {x):
. 3uagenun F"(x)e[0; 1].
2. SMnupudeckas GYHKUNA pacpesencHns F (x)— HeyGelBaonas.
3. Eciu x| — HaMMeHbIIas BapuanTa, To F (x}=0 mpm x < x.

4. Ecnu x;, - nauGonenras papuanta, To F (x)=1 npu x > x;.

35



ITPHMEP 3. IlocTpoHTh PMOHPHYSCKYI0 (DYHKUHID [0 NaHHOH BHOOpKeE:

Xy

2

6

10

Vi

12

1¥

30

PEHIEHHE., Hanpem ob0beM BeIOOpKM #=12+18+30=060. Teneps
HANIEM CTATHCTHUSCKYE) (PYHKUHK PACIPCASTCHHN;

X; 2 6 10 > 10
F'(x) 0 12/60 | 30/60 1
Ilpeactapum F t(x) B QHATTHTHYECKOM H rpaQHueCKOM BHIE:
(0 mpm x<2;
" 0,2 opun 2<x<6;
F(x)=+
0.5 npun o6<x<1;
1 opa  x>10.
F(x)
F

1 I—

r___J
r___J

S .'
0 2 4 6 & 10 X

Puc. 8.4. Cmamucmuveckas o pacnpederenus {2ucmozpanna)

0,5

8.3, BoiGopOuHbIE 3HAYCHUA W OL|EHKa NapamMeTpoB

PEIEEMDTFHM O0HUH H3 BO3MOKHBIX MECTOJOBR OLCHHBAHHA CPCAHCTO 3HA-
YEHHA H JHCIICPCHH E.]I}”—lﬂf:[HDﬁ BeNMUHHLE] X M0 7 He3laRMCHMEBIM Habmome-
HHAM.

1>
X=—2X; (8.6)
R = ,
] o vl ixiz_l{ixi]
S =or=sXlx-x) =5 o= (8.7)
i=



30eCb X H Sf — BBIOOPOYHOE CpegHee U BHOGOPOMHAA JHCOSPCHA COOT-

BeTeTBeHHO, HHIEK: B opmyne S,f (cv. B.7) YKA3RIBACT HA CMEMH{EHROCHb

ougHKH ancnepcii. Hapaay ¢ Buenpuee e HHEIMH XapaKTepUCTHKAMH, IPH

oOpadoTKe pe3yneTaToB HADNIOASHNH OORIYHO HAXOOAT CISIYIIIHE OLEHKHN:
* BEIDOPOMHAA JHCOEPCHA (HECMEUTEHHAA)

2
1 . 2 ZI:'E _l[zxi]
§2 _ Sy — ) = &= =1 :

* CpCOHEE KBAOPATHYCCROC OTKIIOHEHHC
s =+/s2, (8.9)

* BRIOOPOUHBIF KOMDOHLUHEHT ACHMMETDHH

1 = .1
Sk=535 ==Y (%) (8.10)
S L
& BHIOOPOUHEIH KOaQDHUMEHT 3KCIecca
1 2 —.4
Ex=53 -3 g =—% (x;-%)" (8.11)
S 1 i

Ja yCTAaHOBNEHHA KadeCTBa HIH «NPABIIBHOCTH» THOOOH ONeHKH
HCOONB3YHOTCH ceotichien (mpebosanua) «xopouitis OyeroKs.

8.3.1. TpeboBaHUR UXOPOUIIX OLEHONY

I. Hecmetgennocms.
Bo-niepebix, kenatenbHo, uToOH MAaTeMaTHUYSCKOS OKHNAHHE ONEHKH
ABHANIOCE OLUCHWBACMOMY DAPAMETDY:

M[p] =, (8.12)
rne ¢ — OleHKA mapaMeTpa ¢. Eciu ceocTBo (8.12) HMeeT MecTo, TO OleH-
KA Ha3bIBACTCHA HECMEU{eHHOH.

2. Ippexmuenocme.

Bo-BTOpHIX, enaTensHo, YTOOEl cpeJHeKBaIpaTHYeckan OIIMOKa JaH-
HOM QUSHKH OBITA HAHMCHBIICH CPEAN BOSX BOIMOWHEBIX OLSHOK, TO S0TH;

M[(@ - @) 1< M(@ - )], (8.13)

roe ¢ - Hccnenyemad OUEHKA, a @; — nwodad gpyras ougHkd. Ecnw sto
CBOJCTBO HMeEET MeCTO, TO OLICHKA ) HA3RIBARTCA 3hdrekmusnot.
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3. CocmormensHocs.

B-TPeTEHX, HKENATENEHG, YTOOEI OUCHKA CXOIMNACE K OUCHHBACMOMY
IApaMeTPY C BEPOATHOCTHIO, CTpeMAIeHCA K e[IUHHLE [0 Mepe YRENHUeHHA
pa3sMepa BEIOOpPKH, TO ecTh 1)1 T10oro € >0

lim P[|¢—¢|= £]=0. (8.14)

H—pod

Ecnu BenonHeHO yenoBHe (8.14), TO OUSHKA Ha3BIBASTCA COCHIOAMERL-
not. U3 vepapenctra Hedbslnesa cneyeT, YTO JOCTATOUHBIM N4 BHEIIOIHE-
HUA (8.14) ABnASTCA YCNOBHE:

lim M[(#—@)>]=0. (8.15)

H—¥c0

B kayecTBe NpHMEPA «XOPOMIEH OUEHKM» PACCMOTPHM OLUCHKY CPeIHe-
ro 3HaueHHs (8.6). MareMaTHueckoe OMHMIAHHE BHIGOPOUHOTO CPefHETO X
paBHO:

M[E]=M[lixf]=liﬂ-mx}=mx- (8.16)

=i i
CregopateneHo, cornacHo (8.12), ougHka m, = X — Hecmemennan.
CpeaHekBaJpaTdecKkas olllHOKa BEIOOPOUHOTO cpe/IHEro X paBHA:

M[(E—mx)z :M[(l‘ixf_mx)z}:
Roj=]
| i , 2 (8.17)
E_EM [E](Ii_mx)] -

l_.[’El"lEI'ii.'IEI'.]II:nr['IE}Ir HaOMJeHH X; He3ABHCHME], TO MATEMATHYECKOS OXKHNA-

HHE YICHOB, COACPMKAIUMY CMCUIAHHBIC TPONIBEACHHA, PaBHBl Hymw. [lo-
3TOMY K3 (8.17} nomydnm:

- P, 1 o 2 1 . D’E
M| (7-m,) ]=—2M|:Z(I,-—mx) }=—2(mx)=—x. (8.18)

H i=1 4! "
Taxum obpaszoM, cornacHo (8.15) oneHka m, =X — cocmoamensuans. Mox-

HO MOKA3ATh, YTO 3TA OUeHKa dPpPerTHRHA,
PaccMOTpHM OLIEHKY JHCTIEPCHH IO (popMyne (8.7}

M[st]= MB ¥ (% —5)1 - ifw[i(,ﬁ —E)E}. (8.19)

i=l i=]

G



O nHako
2 ?

(5, -%) =3((x-m)+(m,~F)) = (%-m,) -

AF-m IS —m)+ S -m =T (x—m Y~ (820)
i=l1 i=1

i=]
— — - pi —
—2n-{x—mx}2 -I-H*(I—m_x)z =¥ (x—m,) —n-(x—mx}z.
i=l
IMockoneky M[(xj -~ m, )EJ =¢* u M[(fumx)z] =J§ {n, TO, NONCTABHE

B (8.20), momyunm:

M[S;-']:%[n.gf—a§]=(”_L)'J§. (8.21)

CregoBaTenbHo, OLEHKA c}'ﬁ = S§ — CMEMEHRAR.

X0TA olleHKA (BRIDOpOYHAA NUCIIEPCHA) S§ H ARTAETCA CMEIIEHHOH,
OHA cocmoamensua 1 3@gemuana. M3 (8.21) noraTno, 910 Ind NONYYCHHA

HECMeIeHHOH OleHKH crﬁ CNENYET B3ATH HECKOJNBKCY BHIOH3MEHEHHYIO BRI~
GOPOMHYIO NUCepcHKo (8.8).
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fhaea 9
WUHTEPBA/IPHOE OUEHWUBAHHWE

Pance Me1 0OCYINITH HCOONMBIOBAHNE Emﬁﬂpﬂqnmx IHAYEHHH B KAYECT-
BE OLEHOK MapaMeTpoB CMYHaHHEX BEMHYHH. (JNHAKO TaKHe NpOoueTypel aa-
0T TONBKO TOYEYHEIE OIEHKH HHTEPECYIOIIHX HAC [ApaMeTpOB H HE MO03BO-
NAKT CYIUTEL O CTENSHH DIIM30CTH BRIOOPOUHEIX 3HAUSHHH K OLEHHBACMOMY
MAPAMETPY, Bonee NpeanoaTHTENBHAS MPOUSAYPA — NOCTPOCHHS HHTEPBANA,
KOTOPBIH HAKPHIBAaST ONSHHBAEMEIN NapaMeTp ¢ H3BECTHOH CTENEHBKY IOCTO-
BepHOCTH. Takod IIOAXON HASBIBAETCH «RHMICPEATDHBIM ORCHUGLHUELA.
Cpasy OTMETHM CISAVIOMEES: 96M DONBIIE YREPSHHOCTE B TOM, 9TO QUECHH-
BaeMEIH MapaMeTp JEKHT B HHTEPBANIe, TEM IIIHPE HHTEpPEaN. TaK 4T0 HCKATE
HHTEpBAJI, HAKPBIBAIILHH IapaMeTp ¢ BEPOATHOCTBHY, PABHOH eJHHHIIE,
GeccMEBICTISHHO. JTo Bed 00nacte B K, To ecTh f = (—o0,+ o0},

ITycte mng mapaMeTpa ¢ DOMYHEHA HecMewjeH aa oleHKa d. Mu xoTuMm
OLEHATE BOIMOKHYKO NMPH 3TOM omHOKy. HaiHauum HeKOTOpYIO IOCTAaTOYHO
bonemwyr BepoaTHOCTs § (Hanpumep: F=0,9; 0,95; ...), Takyw, 410 codEI-

THE C BEPOATHOCTLIC [ MOMKHO CUMTATE NPAKTHYECKH JOCTOBEPHEIM, H Hal-
JEM TAKOE 3HAUCHHE £, ANA KOTOPOTO BEIMOIHASTCH COOTHOIEHHE
Plla—a|<e)=45. (9.1)
Torma awana3oH OpaKkTHYECKH BO3IMOMKHBIX 3HAYEHWH OIMHOKH, BO3IHH-
KAKMEH Opy 3aMere @ Ha g, Oyaer paeen tg, Owmbin, 0dneume no abco-
NKTHOW BEMHYHMHE &, OyayT NOABNATECH ¢ MANOH BEpOATHOCTRIO a =1— 8.
3anuniem (9.1) B npyromM Buje:
Pla—e<a<a+te)=4 (9.2)
To ecTh HeH3BECTHOE 3HAYEHHE IapaMeTpa @ C BEPOATHOCTRIC f I0-
MAJACT B MHTEPRAT
Iﬁ={ﬁ—£;&+£}. (9.3)
Panee (B TeopHH BepOATHOCTEH) MBI PACCMATPHBANH BePOATHOCTE I10-

MATAHHMA CNYYAlHON BETHYWHEL HA HEKOTOPBIH HHTEPBAM, Y HaC HE 4 HE
CMyvyaHHasA BEIHYHHA, 4 HHTEPBAJ CIY4YaeH, 3JeCh KOPPeKTHO I'OBOPHTE O Be-

POATHOCTH 5 HAKPRITE TOUKY 4.
BepoaTHOCTE f NTPHHATO HA3EIBATE J08EPUMETLHOU GEPORMHOCHILNG, A

HHTEPBAI {3 — OO8CPUMETLHBIM HHMEPEATOM.
PaccMoTpHM 3a7avy HaxOXKJEHHA JOBEpHTENBHBIX MPaHHL a4, H a, 0a-

paMeTpa a, UMEIIero HecMeleHHYH0 OLeHKY &. EcnH Oe HaMm OBLT H3Bec-
TCH 3aKOH PAcrpeAeNCHHR BETHUYMHB! &, TO W3 Beipaxenun (9.1) maxoxne-

101



HHe & NpH 3aJaHHOH F He mpeacTaBimano Gel 3aTpyaHeHHi. OMHaKO, Kak

IpaBHIO, MBI HE 3HaeM 3aK0H paclpeNeeHHA CIydaHHOM BeIHIHHE X.

Ilycte Tenepes pacnpefeleHHe CIyYalHOH BelHYHHB X OTIHYHO OT
HOpManeHOTO. [IpMMEHAA HEeHTpalbHYIO NpPeJeNbHYIe TeopeMy, NOTydaeM
CHeNYIOIUME pe3ybTar.

C yeeanyenuem obvema entbopru n abibopounoe pachpedenenue enbo-
POYHOZO CPeOHEn X CMPEMUMCHE K HOPMALIBHOMY PACHPEOSTIeHI0 HE3AE6-
CUMO OM 6U0Q PACHPEOEICHNR HCXOOHOU CRYYGURONW GERUUUNDL.

IIpakTHYeCKH BO MHOTHX CHOy4dagx BHOOpOYHOE X MOMKHO CUHTATH
HOPMATEHBM Vi&e TP 7> 4, a npH 2> 10 npubnmkenne Hyaet xopoumm.

B kauecTBe mpHMepa pacCMOTPHM 3a0a4y HaXOXKIESHHA JOBEpHTENBHO-
TO HHTEPRANA MATEMATHUCCKOrO OKHAAHNA, JI¥yCTE MPOH3BCACHO 7 HE3ABN-

CHMBIX OMNBITOB HAN COYYAHHOH BENMHYHHONW X C HEM3IBECTHBIMH m_, D .
A 3THX NapaMeTpos BRMOSPEM MICHKH:

-_12 2_ 1 =2

X=—"2 X 8° = -2 (- X). (9.4)

n o= n—1 .

HeoGxoauM0 MOCTPOUTH AOBEPHIENBHBIA HHTEpBAl [g, COOTBETCT-

BYHOILHA JOBEPHTENILHON BEPOATHOCTH /-

P(%—m,|<e5)= . 9:5)

9.1. HHTepBaNELHAA OUEHKA MATEMATHYECKOTO OWAIHUA
NPY WIBECTHOH AWCNEPCHM

Ilycte CB X wWMeer rayccoBo pacOopenelieHne C IapaMeTpaMH
Ni{m_ ,a.), npuyueM m, HCHIBECTHO, A SHAYCHHUC ﬂf H3BCCTHO, Toroa agh-

. “ _ 1
GexmueHon oyerKou IapaMeTpa m, OyaAeT x =—- ) x;.
fo=l

IIpH 3TOM X HMEET HOPMATRHOE PAaCnpenecHAE N (mx, ./ Jn ]

CratucTHka (onenka) CB z =2 "7 veer pacnpenenenne N{(0, 1),
o, /n

He3aBHCHMO OT [lapaMeTpa m,, H Kak (YHKIMA ¢ — HENpephlBHA H MOHO-
TOHHA, BenoMuumM, 90 & =1— F, Toraa, ¢ yuetom (9.2), 3annurem:

P(Uﬂ-fz {E{Ul—ﬂf2)=1_a=ﬁ’ {9+ﬁ}

roe U, ,» u U/}_, ;5 — KBAHTHJIH CTAaHJAPTHOIO HOPMANBHOTO paclipeneleHus
N(0,1), mpugem U, ==U|_,,;». loacTagum z B sBHOM BHAC B (9.6);
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X —
g <= <Uy_g2. (9.7)

Gy

JamunieM 3To HEPABEHCTBO OTHOCHTEIIBHO m .

_ o _ o
x —Ul—asz; <m, <x+U_ T; (9.8)

KBaHTHIH CTAHIAPTHOTO HOPMANRHOTG PACTIPSACACHHA OUPCACNAIOTCH 0O
TﬂﬁJ'IHL'I,ﬂ.M, TOr Jd OKOHYATENBHD [IOTYHHM:

o
e=U_op ﬁ (9.9)

HCKOMBIH dogepumieabHbili HHMEPanl MaTeMATHUSCKOrO OXHIAHUA HOp-
MATEHG pacnpeacneHucoii CB ¢ n3peCTHON IMCenepCHeH paseH:

) a
To=(x-U_ o=, X+U__1—=) 9.10
g = al2 7 -2 J;) (9.10)

Ha puc. 9.1 npencraenena NNoTHOCTh pacnpeieleHrA CTAHJAPTHOTO
HOPMAIBHOTO paclpeneneHia ¢ 0OTMeYeHHBIMH KBaHTHIAMK « = (,05.

0,640

. i : -
O AS prr-arsaasrrrrr--amq: Irrrr-aaatt i rrrr -1 R R N T I I I R I
[} 3 = - [}

1
o P 1 J

£, O - : .
-3,50 -1.75 0,00 1,75 3,50

Puc. 9.1. Nayccoao packpedeaenue (N0, 1), A=095U_, =£1,96)

9.2. UHTepBaneHad OUEHKa MaTeMaTHYECKOrO OMHAIHMA
NPH HEM3BECTHOHW AWCNEPCHH

Ha npakTHKE NOYTH BCETAA TEHEPANRHAA THCTICPCH Jf (KaK H OueHn-
BacMOe MaTeMaTHYeCKOe OXXHIOaHHe m, ) Heu3zBecTHa. Htak, uMeerca Hop-
MaNneHO pacnpeneneHsHad CB X = N(m,,&,), ¢ HEH3BeCTHBEIMH NapaMer-

2 P L bt
pamu m, H ;. llo comygaiino# BuiOopke HalineM Hecmeujernbie, 3Qdekmus-
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_ 1?2 1 p» _
Hbie OLIEHKH: X =—- ¥ X} 5% =—1 -2 [x, -1)2‘ ITocTpoeHHe HHTEPRANE-
A=l H—1 0

HOHM OLeHKH OCHOBAHO Ha CTATHCTHKE:

_x-m,
LA T (9.11)
BenoMuuM, uto § = il - S, , M oncTasuM B (9.11):
H_
i Gx
% —m, (x .'5'1'.,,:},*’.‘,,E
f"_1=S— L =—2. (912)

Hucnurens BeipaxkeHud (9.12), kak ObII0 IOKA3aHO BEIIIE, HMEEST CTaH-
JapTHOE HOpMANbHOE pacnpefencHHe N(0, 1). IlokazaHo, 4YTO BeJHYHHA

n-Sf/of umeer y® pacnpenenceme ¢ k=n—1 CTeneHAMH CBOGOAML
A CTATHCTHKA f,_; MMeeT pacnpeneneHde CTeioneHTa ¢ & =#—1 creneHamu

ceoboarl. Pacnpegenenne CTBIOJEHTA He 3aBHCHT OT HEH3BECTHEIX NapaMer-
POB PACMPEICTCHHN CIYYAHHON BEMMYWABI X, @ 3ABUCHT THILE OT 4HCa K.

Credvem ommemimnb, umo pacnpedeienue CMnodedmd HanoMRHaent
HOPMATLHOE PACApedeiertie H npR kK — oo CKORB V20O0HE DAUIKG RPUDRHDICH-
ENICH K HEMV.

Huciao cmeneneli caobodul k onpedeinemca Kax obujee YHCRO B Hi-
Garodentit (8apranmoes) CRVHGUROU seruvtiisl X MUHVC Yucic ypaeHenit |,
CRATLISANUY I HaDrooernun, mo ecmb k=n—1.

Tak, Hanpumep, Ana pacnpeieleHHA ! CTATHCTUKH HHCIO CTeNeHeH
ceoboapl & =n—1, DOCKONBKY OHA CTENEHb CBOGONBI «TepAeTCA» IHpPH O1I-
peleneHuH BHOOpOYHOTC cpenuerce X (# HaOmogeHUH CBA3AHEB OJHHM
YpaBHEHHEM ).

Taxnm obpazomM, no aranoryn ¢ (9.6) sanuweM:

P(I{Ifz o fn_] < !l_ml) =1 - ¥ =ﬂ (913)
X —-m,
9. {T' <l g2 (9.14)
X-—1 i{m <X+t =l (9.15)
1—&';’2\/; X 1—e¥/2 \'/; .

Ha puc. 9.2 nmpeacTapmeHa MIOTHOCTH pacnpeacneHus CTeroaeHTa ¢
MATHAJUATLIS CTENEHAMH CBOGONEL.
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ﬂﬂﬁépﬂlﬁ&’!bh‘b!ﬂ MAMEPRAT MATCMATHHYCCKOIY OAHIAHHA HOPMANbHO
pacnpeacnenuoi CB ¢ HEW3BECTHOH ANCNEPCHEH PABESH:!

_ S _ S
fg=(X=t_4p2 T X +1_g2 EJ- (9.16)

0,500 . . .

TT I rrEsETTI P rrE e LR BE LRI rEEETTT Il FFrFEEETTIY O I FrEERTIT Il FEFRER

DAFE e rrrrannn

OG0 k- - rrrr----

R -1 TR D

" msmnmenasaasasssasasssasssd s s s s s n
e mamemsasssmesassssmdessasana

0,000 . . . -
-3, 50 -1.75 0,0 1.75 3,60

Puc. 9.2. Pacnpedenenue Cmbrodenma (k =15, #=0,95,1,_,, =12,131)

9.3. HHrepBancHan oUeHKa BLIDOPOMHON AMCHepcHu

JlopepuTeneHBI MHTEPBAN AN OLEHKHM JHCMSPCHH 00 BEIOOPOUHOH
mucnepcun ¢ i CB X = N{m_,o_) CTpOHTCH aHAIOHYHEIM O0Dpa3oM.

ECTEC»TEEHH{], 9T0O B KQUCCTEC MATCMATHUCCKOMD OEWHAAHHA H JHCNCPCHH Ta-
vceoeoil CB MBI BO3BMEM HX HecMmeujeHibie W 3P@exmushbie OUCHKH!

X =i-zx-; 57 =L]-Z(x;-—f}2. Hcxona H3 BRILECKA3aHHOTD, 3and-
L ES H—1 j=]
LITEM
P‘(u:ll'2 <o’ <:r:rl)=ﬁ
l 2 ? (9.17)
{2 2
I5=(ot. 07) (9.18)

JTO MHTEPBAN, KOTOPBI ¢ BEPOATHOCTREG f§ HAKPHIBAET HEHIBECTHYIO
aucnepcHio, M3 cratucTiky n3gecTHO, 4T¢ ¢cnn CB X WMeeT rayccoso
pacnpeaenenue N{(m,,c.). aCB x= N(m, o,/ Jn), To copaseannso co-
OTHOILEHHE:

(H—])SE=ET:I:?—1. (9.19}
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31ech Xﬁ—l — XH-KBaJpaT paclpencieHna ¢ # —1 creneHaMH cBoOOIH.
Teneps, 3aaBas 8, MM 9TO PABHOCKABHO &, MOKHO HAHTH KBAHTIIA (COOT-
BETCTRYHOILUNE) XE—I( ,-f?) [Ipy »ToM cleayeT yuecTh, UTO pacnpeneleHue

;r,%_l He CUMMETPHYHO (pHC. 9.3).

0,175 . . . r

o131

0.0a87r

0,044

0,000 . i i i
0,00 E.26 12,50 18,76 25.00

Puc. 9.3. Pacnpederenue ) (k=10, 5=0,95, x> .. =3247, » . =20,486)

Kax owe pewunme 3my zadauy oodvosnaguno? Benb ¢IBUras HHTEpBAN
BICEO HJIM BIPaBCd COOTBETCTBYIOMMM 00pa3oM, MOXKHO JIJIA 3aJaHHOH J10Be-
PHTENBEHOH BepOATHOCTH HAATH DecKOHeUHOe MHOXeCTRO pellleHHH (HHTep-
BanoB). Jna obecnmedenua enuHo0OpasHA YCIOBWIMCE BHIOHpAaTH Takue
KBAHTHIH (HHTEPBAN), YTOOR IUIOIIAAL 0 KPHUBOH, Nexallad Jieree JIeRoH
KBaHTWIH, PaBHANACE IUIOINATH 0], KPMBOH, pacnONOKeHHOH Opapee Ipa-
BOW KBAHTHIIH:

-5 «

P2 < =Py > )= = (9.20)

Toraa nz {2.19), yunteiBas (9.20), MOIyIHM COOTBETICTRYIOIIIHE TPaHN-
Bl HHTEPBANA!

,_(n-1)8* ,_(”_1]'32

2
o] = : o5 =

(9.21)

2 2
Xn—lil—ai2 Xn_tar?

HPHMEFP . Hana suiGopika CB Y obnemoM n=10. Ilpeanmonaraercs,
yro CB ¥ pacnpeneneHa HOpMATBEHO ¢ HeH3IBeCTHBIMH IMapaMeTpaMH

{m_}.li J_],.IJ‘

{

L0

Vi

1,2

2.4

1,3

1,3

0.0

1,0

l,5

0,8

4.6

1.4
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Heo0xomuMo HaiiTH JOBEPHTENLHEIE HHTEPBAIL I MATEMATHUECKO-
TO ORHIAAAHA M AUCTIEPCHI MPH AOREPHTENLHOH BEPOATHOCTH, pasHoil (1,97,

PEIIEHHE. B kadecTBe HeCMEMIEHHBEIX H MMPEKTHBHBIX OIIEHOK BLbIl-
YUCTHM!

n=10;, ¥=3y/10=158 S§*=Y(y-7)7/(n-1)
9.5 =13,616; $2=1513; S=1,23.

3) BreiuncmimM ,[[-DBEIJHTEJILHLIﬁ HHTEPEAT A1 MATEMATHYCCKOIMD OXHAd-

HHA, BCIH OHCIEPCHA H3BECTHA ([10JIaraeM, 4To ol =8* ). Toraa u3 TalauUE
HOPMANBHOTO pacnpeacneHna nonyuuM LUy gus = —Ug g5 = 2,17, TloacTagum

o 1,43
3HAYEHHA KBaHTHIHH B (9.9) u (9.10): e=U/_, ;o -TP=2,1? — =0,844,
n V10

Iy 57 =(0,736; 2,424).

b} BBEMHCIHM JOBEPHTEIBHBIA HHTEPBAN I MATEMaTHYSCKOIO OXKH-
faHHA, IPH HeH3BeCTHOW Aucnepcun. Bocnoskayemca Tabnuued pacupene-
nenna CTRIONEHTa ¢ YHCIOM creneHei cpobompl A =rv—1=9. CooTBETCT-
BYIOWIHE KBAHTWIH PARHEL fy. ) ggs = —Io. o135 = 2,327, [loJcTaruM momyyeH-

HEIE 3HAYEHHA B (9. 15) H{2.16):

=2,527- 1,23 =0,983; Iyqe7 =(0,597; 2,563).

={
l-a/2° -Jl_ J_{}

¢) BRIUHCTHM JOBCPHTENRHBIN WHTEPBAN ANA IHCNSPCUH. Bocnonesy-
emcs Tabnuuedi pacnpenenenud ¥’ CumMmerpuuHrii 97 % BeposSTHOCTHBIHA
HHTepRal ¢ kK =#-—1=9 unciaom crenenei ceodoawl: (2,33; 20,5). lloacra-
BHEB NOMYYCHHEBIE 3HAYCHUA B (9.2]), nomyamm;

ol = 13,616 _ 664 o2 = ]3*6;6 =5,844; [yq7 =(0,664; 5,844),
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{nasa 10
CTATUCTUMECKHUE KPUTEPHMH

IMpexne veM NepelTH K PACCMOTPEHHIY MIOHATUA CHQMUCHHYECKOH 2id-
nomessl, CHOPMYITHpYEM TaK HA3EIBAEMEIH NPHHUKUN MPEKMHYEcKOl yaepen-
pocmn, NeXauHi B OCHOBE NMPHMEHEeHHS BLIEOJOB M pPeKOMEHNAUMH, Mony-
YEHHBIX € IOMOUIEK TEOPHH BEPOATHOCTEH H MATEMATHYECKOH CTATHCTHEH.

Ecnu eeposmuocms cobutmus A 6 OaniOM UCHBIMARIY OYeHb MATa, Mo
R Gd‘HﬂHPﬂFﬂHﬂM HCNBIMERIN MONCHO OBtE YEEPENELBIM F MOM, YO O0-
Guimue A He npouzolidem, W 6 NPAKMEYECKON deamennHocmy eecmi cebs
max, Kax byomo cobvimie A soobiye REBOIMOICHO.

Bonpoc o ToM, HACKOIBKG MaloH JOIDKHA OBITh BEPOATHOCTE & COOBI-
THA A, 9ToDB! ero MOAHO BBING CYHTATE NPAKTHUSCKH HEBOSMOKHBIM, BEIXO-
IOHT 33 paMKH MAaT€MaTHYECKOH TeOpHH H Pellagrcs B KaKIOM OTIOEILHOM
CAYUAE ¢ YUSTOM BAKHOCTH MOCNEACTBHH, BMTEKAMMNX M3 HACTYIUICHHN
cOOBITHA A. B pAne cioy«aep MOKHO npeHedpedsb cODBITHAMH, BEPOATHOCTE
KOTOPEIX MeHbILe 0,05, a B Ipyrux, KOroa peub HACT, HAMPUMED, O PA3PYILS-
HHH COOpY#AEHHHA, rHOe/H cynHa W T. 1., HeNb3A NpeHedperaTk cOORITHAMH,
KOTOPBIE MOTYT IIOABHTILCA ¢ BePOATHOCTEED, paproi 0,001.

Cmamucmuwecxusm Kpumepnem (WIH IPOCTO KPHTEpHEM) HA3ZLIBAIOT
CYYAHHYIO BEIHYHHY K, KOTOpaA CNYKHT IJIA NPOBEPKH THIOTE3H.

Kpumepun sunauumocmu (KpUTepHH NPOBEPKH THIIOTe3, HHOTJAA Mpo-
CTO fRecthnt) — 3TO MpocTeiliHe, HO Haubolee UTHPOKO HCIOJIbIyeMEle CTa-
THCTHYSCKHE CPEICTERA.

KpHTepHi 3HaYHMOCTH JaeT BOIMOMKHOCThE CTATUCTHKY HAHTH pasyM-
HEIH OTBET HA BOMPOC, MOLOOHBIN CIEaYHOIINM,

# CTane, NPOMIBCACHHAN PAIHEIME METOIIMH, UMECT HCOIMHAKOBRIC
IpeAensl IPOYHOCTH. « ¥ Ka3elBaeT JIH 3TO Ha TO, 4TO OPOH3BOJHMaA pasHEI-
MH MCTOOAME CTANE HMECT PAINYHY NPOYHOCTh MITH KE BRIABICHHOS Pas-
NHYHE MOXKHO OOBACHHTE BRIGOPOUHBIMH DIAVKTYAUMAMH 7>

¢ ¢lIpepocxomuT MH No 3PeKTHBHOCTH OJHO NPOTHBOrPHNNO3HOES
CpencTBO Opyroe?s

* «CnocoOCTBYET KM OTKAS OT KYPEHUS CHHIKCHHMI) BEPOATHOOTH PAKQ-
BBIX 3a00neBaHHA?»

e «llpeBocxoJUT MH 00 BO3NSHCTBHID ONHO YI0OpeHHe Apyroe nOpH
BBIPALNIHBAHMN OBOLUCHT»
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10.1. Npoeepka runoTes

Cmamucmpuecxoli HA3BIBAKT THIIOTEIY 0 BHIE HEHIBECTHOTO pacipe-
JeIeHNA HIH O [IapaMeTpax H3BeCTHEIX paclpeneneHHH.

PaccMoTpuM npocTeflMi BH CTATHCTHYSCKOH NpOLRIYPEL, HAZRIBASMOH
npoBepkoil runotes. IIvcTh naHa HekoTOpaA OIEHKA ¢, NOCTPOSHHAA IO BEI-

Oopke H3 # HezaBUCHMEBIX HabmoneHuid CB X [IpennofgoxnM, 410 ecTh OCHO-
BAHNA CUHMTATH HCTHHHOC 3HAYCHHC ONCHHBACMOID NMApaMETRd PABHBIM (.

Onuako, Aake eclH HCTHHHOE 3HaYeHHE NapaMeTpa ¢ paBHO ¢, BeDOpod-
HOC 3HAYCHNES (7, BEPOATHO, HE DYACT B TOUHOCTH PABHATRCA @y, M3-33 BbI-
CopoYHOi H3MeHYHBOCTH, nNpucyiiei . IosroMmy chopMymupyeM clIeayro-
wni ponpoc. EciH NpefnonokiTh, YT0 ¢ =4y, TO [PH KAKOM OTKIOHEHHH
@ OT @, ITA TUNOTE3A QOMKHA BRITE OTBEPTHYTA KaK HecocTOATENBNAAT Ha

3TOT BONPOC OTBET MOXKHO JATE B CTATHCTHYSCKHX TEPMHHAX, BEIYHCIHB Be-
POATHOCTE NFOGOTO 3HAYWMOTO OTKIOHEHHA @ OT @; N0 BRIGOPOUHOMY pac-

IMPEICNEHHED lﬁ' Ecnn BEPOATHOCTE TAKOI'O OTIIMYHA Mdld, TO OTIIHHHE <JIC-
AYET CHHTATE 3HATHMEIM H I'HIIOTE3A @ = ¢, JOKHA GRITE OTBEPrayTa. Ecin

HE BEPOATHOCTE TAKOIO OTNHYHA BEJIHEA, TG OTKIOHEHHE CIENYET IIPHINHA-
CATh eCTeCTREeHHON CTATUCTHYECKOH HIMeHYHEOCTH H THIIOTe3a @ = ¢y MO-

HeT OLITE IPHHATA.
[MpounnmocTpHpyeM o0LWMH MOAX0N, IPSIHONOKHE, YTO BHOOpOYHOE
3HAYCHUE @, ABNAMILCECH OUCHKOH MAPAMETPA ¢, MMCEET MIOTHOCTE BEPO-

SITHOCTH HOPMAJILHOTO paclpeaeneHua o). Teneps, eClld THIOTE3a ¢ = ¢
BEpHA, TO po(@) AOKHA MMETE cpenpee SHaUYeHHe @ (puc. 10.1).
BeposiTHOCTE &, HCNONB30BANHAA NPH HCNBITAHUN THIIOTES, HAZHIBASTCH

YPOGHEM IHAYUMOCIIL KPUMEDA,
BepoaTHOCTE TOTO, UTO ¢ OKAKETSA MCHBUIE HHAKHEH TPAHMIUEBT @, /4,

paBHA BEpOSTHOCTH TOTO, YTO ( INPeB30HJET BEPXHIOW TPaHHIY @y_,;; H
KANOAN M3 HHX paeHa ¢ /2. CnemopaTeneno, BEPOATHOCTE TOTO, HTO ¢ OKA-

KeTcsA BHe HHTEpBala, 3aKIIOUEHHOT? MEXTY PTHMH IPaHHLAMH, PaBHA 4.
O0nacTe 3HaueHUH @, NpH KOTOPBIX THNOTE3a MPHHUMAETCH, HA3HBASTCH

o03ACMBIO NPUHAMUR TUNOTCSHL
Hynesoit (0CHOBROMN) HALIBAOT BRIIBHHYTYIO THNOTEsY Hy. B mannom

npumMepe Hy: ¢ = @;.
COnmacTe 3HAYCHNIA @, TPU KOTOPBIX THIOTE3A A0KHA OMITE OTBEPIHY-

T4, HA3BIBACTCA GHRACMBI0 OMKIOHEHUA THIIOTESEL, WIH Kpumiiieckow obaa-
CHBH,
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OOnac T NPMHATR
il =
O nacTs OBRCTE
il l———i
QTHACHRHWA OTRIOHBHMA

s 2 1 i

Puc, [0.], Qbzacme npunamust 4 OMCTIOHENIR ZUNROTHEB
(OEYCMOPORKINR KpUmepiti)

Konxypupyiowieli (aNbTepHATHBHOH) HA3LIBAIOT THOOTE3Y, KOTOpas
MPOTHBOPSHHT HYAEBOH, B manuom npumepe . ¢ # ¢,

PaccMOTpeHHBIA HAMH IIPOCTOH KPHTEPHIH HUCNBITAHHA FANOTES HA3bIBa-
ETCH OFVCMOPOHRRUM KpumepueM, TAK Kak, KOTAa THNoTe3a HEREpHA, 3HAYe-

HHe ¢ MoKeT OnTh THGo Donbine, Nnub0 MeHBIIE ¢y,
B pane cioydaer [OOCTATOYHO OBIBAST 0OHOCHMGPOHHUX KPHTEDHER
(puc. 10.2). HampuMep, nycTe OCHOBHag rumnoTe3a Hy: ¢ =p,. Torma ans-

TePHATHEHAA THIIOTC34A. H 1+ @< - CneJoBaTenbLHO, B KPHTCPHH OOJAHA
HCMNOJIEZOBATECA TONBEO HHAKHAA (JIEBHH]' rpaniiia g, OMNPENCIAEMad [10

IIJJOTHOCTH BEPOATHOCTH o(@).
o4

! CHENSCTh NPWHATMA

OGNacTe

OTEMOH&HAR

ol

=

0 b
Puc. 112, Obracmo npunimus 4 omEroneHies CHRomesst
foduocmoponsun Kpumepuu)
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10.2. CwrbKK npoBepKM rMnoTes

IMTpu npoBepke THIOTE3H BOIMOMKHEL IBA THIIA OIIHOOK.

s Bo-nepreix, ranoTeza MOXKeT ORITE OTKMOHEHa, XoTd AKTHYECKH OHA
pepHa. Takas omndka HAEIBACTCR OMHENOKON REPEOZO Pooa.

¢ Bo-BTOpPBIX, THOOTE3d MOWET OBITE ODPHAATE, XOTH QAKTHUYECKN OHA
HeBepHa. Takad OIMHOKA HA3bIBASTCH QM UDRKOR 8OPO2o podd.

TIpOUNAROCTPUPYEM 3TH MoHATHA rpadmucckn (pue, 10.3).

o 4

Mrowane =

Pue. 103, Onpedenenne ouibiu nepsozs 1 sMopo2o
pooa npu BPoEEPKE JHNOMES

Hz prcynka BHAHO, YTO OMHOKA MEPROTO POAA NPOHCXOAHT B TOM CIIY-
uae, KOTJa IIpH clpaBelNUBOCTH THNOTe3H A, 3HaveHne ¢ nolanaeTr B of-

NacTeE €€ OTKAOHEHMA (KpUTHUYECKYI oBIacTh). CNenokaTrennrHO, BEpOAT-
HOCTE OIUHOKN IEPBOT0 poJa paBHA & — YPOBHK 3HAMHMOCTH KPHTEPHA.

Jns onpeaeneHna BEPOATHOCTH OIWNOKH BTOPOTQ POAA MPEANONOKHM,
K MNpHMEpY, YTO HCTHHHEIH MApaMeTp paseH JMHOO ¢, +d, aHbo ¢y —d

{cm. puc. 10.3). Ecni rumoresa COCTOHT B TOM, 9T0 5. ¢ =y, TOrOa Kak
Ha CaMOM Nelle @ = @ T ¢, TO BEPOATHOCTH TOrO, YTO ¢ NMonajaeT B 0ONacTh
NPUHATHA THIOTE3E, 3AKTIYEHHYI0 MEKIY @, H @_,/3, PaBHa f Cneno-

BATSNIBHO, BEPOATHOCTR OIMOKK BTOPOTO poaa pasHA fJ Mpyu BBIABNCHHH OT-
KNOHEHHA BeMHYHHOH +d OT rHIOTEeTHYECKOTO SHAUCHHA @,
BepoatHocTs 1 - F HazpIBASTCH MOUROCHIBIO KPUMEPHA.

Cnemyer OTMETHTD, YTC¢ BEPOATHOCTH OIMMHOOK MEPBOTO H BTOPOTO Pona
BRIUHCNAIOTCA IIPH passsix MPeIIoIoKeHHIX 0 pacnpeJeleHHH (ecln BepHAa
THIOTe3a |, H ecnu BepHa runote3a /A ), TaK 4TO HHKAKHX pa3 H HaBcerna

QHKCHPOBAHHBIX COOTHOIIEHNH (HampuMep ¢ =1— #, He3aBHCUMO OT BHIA

THIMOTE3R! M BHAA KPHTEPNA) MEKIY HUMH HET, Takum 00pazom, npn durcn-
pPOBAHHOM 00beMe BEIDOPKH A MBI MOXMEM CKOJB YIOJHO YMEHBINATE OUIHG-
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Ky MepROTO poja, YMeHbIlas YpoBeHb 3HAUMMOCTH . [IpH aToM, ecTecTBeH-
HO, BO3PACTAET BepPOATHOCTE ff — OmHGKKA BTOporo pona (yMeHbIIaeTcs

MOINHOCTE KpHTepHA). EXuHCTBEHHHH cnocod OJHOBPEMEHHO YMEHBUIHTE
OUIHOKH TIEPBOrG H BTOPOTo poJa (¢ H )} — YBENHYHTE pasMep BEIDOPKH H.

HmeHHO TakMe coOOpamkeHus NEXKAT B OCHOBE BEIOODA HYKHOTO paimMepa
BRIGOPKH B CTATHCTHUECKHMX IKCIIEPUMEHTAX.
fIPHAMEP I, Hocmpoghue xpumepus NPoGEPKY ZHHOMES,
IMpeanonoxuM, uro cpennee sHadeHHe CB X papHo m, =10, Tatoke
IPeIIOI0KHM, YTO JHCOSPCHS M3BECTHA H paBHA -::rf =4. Heobxoaumo

HANTH 0OREM BRIOOPKH 7, NO3BOAAKMMNA NOCTPONTE KPUTEPHI NPOBEPKH
runmoTeskl Ay m, =10 ¢ 5%-M ypoeBHeM 3HauMMoCTH H 5%-i otlIHOKOH

BTOPOTO PONA AnA BABNCHUA | 0%0-X OTKNOHEHHH OT THIOTETHUSCKOTO 3HA-
veHHA. [locTpoum Take o6MacTs MPUHATHA THIOTE3R H .

PEHIEHHE. Bruibopounoe cpeanee X, onpeaenseMoe dopmymnoi (8.6),
ABNIASTCA HECMEUIEHHOH OLEHKOH m, . COOTBETCTBYIOMIEE BLIOOPOYHOE pac-

NpEeneNeHHe X QNMpPeaenaeTes n3 coornomennn (9.7);

'3
T’f:—:+ i, (10.1)
fl

roe z HMeeT pacipefenende N(0,1). BepxHad v HIKHAA rpaHALB 00IACTH

X

MPHHATHAA CHITOTE3E COOTBCTCTELHHO PDABHE,
J.JL‘ ':F.‘f
My Y2 a2 \I{_? M.+ 2y \/_ - (lﬂ'-z}
H !

r
Ecny Teneph MCTHHHOS cpelllee 3HAaYeHHe paBHO m, =m, T d, TO ¢ BepoAT-

HOCTEIO f mpousoiiieT omHOKA BTOROTG pona, eciy BHIOOpOYHOE CpeHes X
OKAKETCA MEHBLIE (TEBEC) BEpXHEH TpanWusl 1 OONBILE (MPABEE) HIKHEH,

B TepMHHaX BRIOOPOMHOTO paclpeneneHisa X co cpelHHM M., =m, +d WA

wi, =m, —d DU BEpPXHEH H HUXKHEH rpaHuL {puc. 10.3)

mo+d+ Lz, m —d+Ziz (10.3)

Jn Jn

Hrak, CIPABCIITHUBEI CIICAYHOINHE PABCHCTBA.

7

m, +z ;Ei—m +d+2E 2 Z|_gr =2 + X2 g
X - I« ? —rfL s
Jn Jn P e

JE (10.4)

o o]

M, +2, —==mM_—A+—%2_p, Z,1=Z_g——4d.
xt ey =M -Apr Zai2 TA-p T

X
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BenoMuuM, 4To Gnaronapa CHMMETPHYHOCTH pacnpenenedda N({0, 1) copa-
Be/NIHER] PAREHCTRA:

Zaf2 = "% _gizs 28 =TZ1-g- (10.5)
Temepe 13 (10.4) ¢ yuetom (10.5) naiinem Tpedyemaiil obnem BRIOOPEH!
2
F NZi_ v+ Zy_
H=[ x(lﬂrj lﬂ)} . (10.6)

JIns KOWKPETHBRIX 3HAYEHHH JaamHoro mpemepa: o, =2, 4=0,1-10=1,
Zl—qr2 = 20975 = L9, z1_g = 2995 =1,645. TlogcraBum 3TH 2HauYeHHd B
(10.6) M monyunM 3HAUEHHe HeoBXOIHMOTO oObeMa BRIOOPKH n=51,9841.

Takum obpazom, ofbeM BEIOOPKH JOMKEH OBITH pageH HWIH O0ONBINE MATHIE-
CATH ABYX. UONAcTe NPHHATHA THIIOTE3E A, ONpefenieTcs COOTBEICTBYIO-

INMMH MPpaHHIAMH (BepXHeW H HH:kHed (10.2)):

m, +z,_m1%= 10,54; m, + zﬂm% =9, 46.
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Pazpen 3
CAYYANHDIE NMPOLIECCHI

{napa 1l
OCHOBHbIE NOHATHA U MOAENU CAVYAUHBIX
NMPOLUECCOB

Teopua cayuatinsx npoyeccos HMeeT MHOTOUHCNEHHEIE TIPMMeHSHHA B
3afavyax NpoOrHO3HPOBAaHHA, TEOPHH (TIpoUeccax) MaccoBOTro 00CIYKUBAHKA,
(GHHAHCOBOWM MATEeMAaTHKE, NPHKIATHON CTATHCTHKE H COLHANBHEIX HAVKAX.

CayuaiinsiM npomeccom & =£(r) Oynem HaznBaTe QYHKIHIO OT Ne-
CTEBHUTENILHOrO NapaMeTpa €T, 3HadeHnd E{f) KOTOpOoH IpH KAXIOM { MB-

NATCA CIYYaHHBIMH BEMTHYHHAMH. JIpYTHMH CIOBaMH, CIYYAHHOH QYHKUH-
el £(f) HalBIRAKOT cyvaliinyio senuunny (CB), 3apdcalnyio OT HecTyqdalHo-

TO APryMEHTA |
3aKOHOMEPHOCTH cnyuaHHoro npouecca &£(¢), €l onpenenmswrcea co-

BMECTHEIMH paclpeeeHHAMH BEPOATHOCTEH €T0 3HA4YSHHMH £(h), ..., 5(t,)
IIPY PAsIHYHEIX [, ..., f, {OHH HA3BLIBAIDTCHA KOHEYHOMEPHLIMY pachpedene-
HUAMN AGHHOCO CNy4aiinoro mpouecca). Kaxnoe smauenne £(f) cnyvaiinoro
Ipolecca, ABNAACE CIY4ahHOH BETHYHHOH, QOPMAIIBLHO 3aBHCHT OT 3IIEMeHn-
TAPHOCO WCXona @ : &(1) = E(w,1).

Ilpn ¢HKcTIpOBAaHHOM SHAYEHHH f, TO €CTb IPH ¢ =f, € T, cay4adneli
npouece E(aw, ) obpamaercs B CB &{m, 1), HAIRIBACMYIO ceveniteM CAYHaL-
Hoze npoyeccd (puc. 11.1).

ant

)

——

|
|
|
!

o

fin-
i
Puc. 111, Cevenute cayvaiinozo npoyecca

114



Pearwzanen, UM mipaexkmoptieid CIIYYAHHOTO Ipouecca £(a,2} HA3RI-
BaeTCA HECIydaliHad (PYHKLMA BpeMeHH & (f) = 5 (ay,?) NpH PHKCHPOBAHHOM
0= ty, TO ECTh KOHKPETHHIH BHI, NMPHHUMaeMBIH CIYYaWHBIM IIPOLECCOM
{CII) B pesynbrate HecneiTanng. Peammsaumu CII obosHavator x(¢), x5(f), ...,
I HHAEKC COOTBETCTBYET HOMEPY ONBITA.

11.1. KnaccdHKaumna caydantblx npoueccos

Cny4aiiHrél npouecc, NpoTeKawIMK B NH00H (PH3HYECKON cHeTeMe §,
IpeACTaRIAeT COOOH ClyJalHHBIE MEPEXOILl CHCTEMEL H3 OJHONG COCTOAHMUA B
APYToLC.

Chnyuaifinelil npouecce £(¢) HAIBIBACTCA APOHECCoM © GUCKDERHRBIM Gp€-
MeHeM, eClIH CUCTEMAa, B KOTOPOH OH NMPOTEKaeT, MEHAET CBOHM COCTOAHHA
TONRKO B MOMEHTRI BpEMEHH f, ..., {,, YHCI0 KOTOPRIX KOHEYHO HIH CYETHO.

CirydaliHBIA OpoLlecC HA3LHIBASTCHA HPOHECCOM © HERPEPLigHbiM apeme-
HeM, ecIM IEepexo/ CUCTEMEBl M3 COCTOAHHA B COCTOAHHE MOMET TNPONCXO-
AHTH B MROOH MOMEHT BpeMEeHH.

CIyy4aHHBIN TIPOIECC HASLIBAETCH HPOUECCOM ¢ HEHPEPLIBHLIMU CO-
CHIORHUAMY, €CITH 3HAYMEHHEM CITYYAHHOTO IpoLiecca ABMAETCA HENpepsIBHAA
cnyJyaiHas BeMHYHHA.

CHyuaiiHBIA NPOoUece HAIBIBACTCA HPONECCOM © OUCKPEMHABLYY COCHOR-
HUAMI, ©CIIH IHAUEeHMEM CIydadHOoro npolecca ABIAETCH JUCKpeTHaA CIIy-
YalHAA BEMHYUHHA.

B aBMCHMOCTH OT MHOMECTBA 3THX cocToAuud W, oT MHOXecTBa T
IHAYSHHUN apryMeHTa ¢ Bee CNy4alHBIe MPoLecch NElAT Ha KIACCH:

1. JJMcKpeTHRH npolece (JHCKPEeTHO: COCTOAHHE) ¢ NHUCKPETHBIM Bpe-
MEHEM.

2. JHMCKpeTHRIA IIPOLECE ¢ HENPePRIBHEIM BpeMeHeM.

3. HenpeprBHEIH Ipolece (HElMpephIBHOS COCTOAHHE} ¢ JHCKPETHEBIM
BpEMEHEM.

4. HenpeprIBHEIH Npollect ¢ HENpephIBHLIM BpeMeHeM.

PaccMoTpuM Heckonsko npuMepoB CII, oTHocAIMxcd K pasnHUHBIM
Kllaccam:

» TTouToBAS MPOTPAMMI HE NEPESOHANKHOM KOMOBITEPE B JHCKPETHRIS
MOMEHTEL BPEMEHH (Z[, ..., {,) 3aTPYKAET ¢ MOYTOBOIY CEPBEpa HOBBIE IIHCE-

va, Komnueetero nonyueHasrx mucem — CIT neprore knacea.
o Cuer 3a0HTRIX MAYel B TeHHHCHOM Marye — CI1 BTOPOIO KNacca.
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* ABToMaTHUYecKAad MCTEOCTAHIHA B (bHKCHpGBaHHBIE MOMEHTEL Bpc-
MEHH TNepeaaeT JaHHEIe 0 TeMneparype — CII Tperkero kinacca.

* Camonucen, PMECHPYIIAH BRICOTY, Ha OOpPTY CaMONeTd — MpUMEp
CII yeTBeproro knacca.

11.2. OCHOBHbBIE XapaKTEPUCTMKW CAYHAHHOTO NpoLecca

A ciyvallHOro TIpolgecca BBOAATCA [pOCTeHIIHE XAapakTepUCTHEM,
AHATOCHYHEIS OCHOBHBIM XAPAKTEPHCTHKAM CAYYARBAIX BEnHdaHH, M3eecThO,
ITO MONHAA XapaKTepHCTHKA CIVUaHHOrO Ipolecca JaeTcA €ro MHOTOMEP-
HBIM (KOHEYHOMEDHBIM) 3AKOHOM pacrpenencuud, OoHAKO 3HAHHE OCHOB-
HEIX XapaKTEPHCTHE MOXET OKa3aThCA JOCTATOMHHIM JJIA PEINeHHA MHOTHX
3agad, CreayeT mpu 3TOM YUECTR, UTO B OTINYNE OT YHCHOBBIX XAPAKTCPH-
cThK CB, npencraengromnpx codoil onpeaengHHEE YHCIa, XapaKTePHCTHEH
CII apmaroTCA, KaK NPaBHIo, He YNCTAMH, 2 (FYHKITHAMU.

Mamesmamuveckum ooxcudanies cayuaiinceoe npogecca X (i) Ha3plBa-

€T¢A RecTyvainas GyRRUMA my (1), woTopas ans modoro ¢ Oyaer onpeae-
JHATECH KK MAaTCMATHHCCKOC O KHIAHHE COOTBETCTBYKMIIET O CEUSHHM.

N

2 X () p;{t), ceueHne — nuckp. CB,;

=1

. (11.1)
I xp(t, x)dx, ceuenre — Henpep. CB.

| —

my (£} =M[X(£)] ="

Ceoticmien Mamesmamuveckozo oxcuoaunug CIT

1. MaTemarHueckoe OMHIAHHE HECIyYaHHOM (YHKUMH paBHO camMoH
PYHEI[HH:

ML (] = f{). (11.2)

2. Hecmy4aliHeIH MHOMHTEIE MOXKHO BHIHOCHTE 33 3HAK MaTeMaTHYe-
croro oxnaanng CII:

ML) X ()] = fle) my (). (11.3)

3. MaTeMaTH4eckoe oXKHJaHHMe cyMMEl (paznocTtH} neyx CII paeno
CYMME (PA3HOCTH) MATEMATHHECKHX KNIABMNIA ITHX MPOUECCOB:

MIX()Y LY ()] =my (£) £ my(£). (11.4)

HPHMEP [. CyuaiiHbiii npoliece onpetenserca opnmynoil Y (1) =X e,
>0, X=N(3,1), rac X —CB, pacnpencneHnan mo HOPMATBHOMY 3aKOHY
¢ m_=3, o_=1. Heobxoaumo naitn MatemaTndeckoe oxuganue CII ¥ (7).
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PEITERHE. Tak kak IIOTHOCTE rayccOBa paclupelceiieHHA HaM H3-
BECTHA, TO 33Ja4a CBONMTCA K B3NTHIO COOTECTCTRYHMUETO HHTErpana. Oa-
HAKO 3HAYHTEIEHO MPOLE PEIUHTE 3aJady, HCIOJIB3YA CBOHCTBO MaTeMarn-

yeckoro owmmanus CI (11.3): M[Y(©)]=M[X e ]=e"'-m_=3.2".
Lleumpuposarnbis ciyyaiinbiv npoyeccor X (1) HasHBAaeTcs mpouece,
KOTOpPEIA pareH pasHocT CI1 X(#) M ero MaTeMaTHYeCKOTO OXKUNAHHA 1 (7).
Hucnepcueu civuannoze npoyecca X (1) HalbplBaeTCd HeclydaHHad
GYHKIHA Dy (f), KOTOpad OpH JI0O00M 3HAYEHHH apTyMEHTa { OIpelenaercs
KAK AMCTIEPCHA COOTRBETCTRYHOINETO CEYEHHA CAYYaHHOTD nponecca X ()

DIX ()] =M[X (1)) = M[(X (@) —my ())). (11.5)

Aucniepcus Dy (t) xapakTepusyeT pasOpoc (paccesaHie) BO3MOXKHBEIX 3HaUe-

HHH CII OTHOCHTERIBHO ero MaTeMaTHISCKOr 0 OH IAHHA.
Hapsagy ¢ ancnepenedl pacCMaTpHBACTCA TAKKE CPEIHES KBAAPATHYEC-
CKOE OTKNOHEHHNE o - ({), oNpeaeigeMoe PABSHCTBOM:

Ty (1) =Dy (). (11.6)

PasMepHOCTE cpennero kpanpatudeckoro oTiioHenus CII pasua pasmepHo-
¢th CIT X (1.

Ceoiicmen oucnepenu CIT

1. Inenepena HeCTyqailHOd PyHKINN PABHA HYTHY.

Dy =0. (11.7)
2. HQucnepcua CII HeoTpHIIATEIRHA:
Dy(0)=0% ). (11.8)

3. Oncnepens nponsBeocnna HECHyUAHHOH (PYHKIHH HA COYYANHYTO
QYHEIHIO paBHA MPON3BENSHHIC KBAJApATa HeclIydailHOH DYHKIMH HA JHC-
MEPCHIO CTYYANHON QPyHKIIHH!

DL (Y- X(0]= F2()- Dy (1) (11.9)
4. Hucnepcua cyMMel (pasHoctd) CII H HecnyvaliHON (pyHKIHH paBHA
ancnepenn CIT:

DI(X (g} f(1))] = Dy (). (11.10)

TIPHMEP 2. Uenonesys yenoene ITPHMEPA 1, wailnem guenepenio n
cpenuee KBanpaTHyeckoe oTkIoHeHHe ClI.

PEITFEHHE. Henoneaya ceoiicteo (11.9) » yuuTeiBag, 410 o, =1, BHI-
anenum: DIV (O]= DX - 1=(e) D, =¥ 1=, ay(t)=ve ™ =€
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A OUEHKH CBA3H MEeXNY pasiHIHBEIMH cedeHHAMH CI1 Henonb3yerca
KOpPEAUNOHHAN GYHKIMA — AHATOT KOBAPHALIHH,

Koppenayuonnoi (KoeapualuoHHod, GEMOKOSIPUAUKONHGH, d8IMO-
kopperyuonnoi) yrxyuen CIT X () BasmBAeTeS HECHyYaiinat GyHKUHA

OBYX apryMeHTOB K y({f|, f,), KOTopas IpH KaxIod nape 3Ha4eHHH # H

pPaBHA KOPPeNAIHOHHOMY MOMEHTY (KOBapHAIMH) COOTBETCTBYIONINX cede-
Hiil X () w Xz}

Ky (0 =M X (1) X(1y)]=
= M(X (1)) - m(1)) - (X (ty) — (1, ). (11.11)

Ceolicmea Koppenayuonnolt (nemoxosapuanieonnoil) dynnun CH

1. KoppenAauHoHHAd GYHKIHA NPH OAHHAKOBEIX SHAYSHHAX ApryMeHTOR
papHa aucnepcud CII:

Ky(t.t)y=covr(X(0), X (1)) = MI{X () —m(t))- (X (1) - mt)) =
= M[(X(#) —m(£))*]= Dy (0). (11.12)

2. Koppenaunonsaas QyHKIHA HE MEHACTCA OpH MEPECTAHOBKE Apry-
MEHTOB MECTAMH:

Ki{y,t2)=K,(f2,6) (11.13)

3. Ecnv k CIT npudasnTs BECOyUaHHYI0 PyHKLHIO, TO KOPPETANNOHHANR
QYHKITHA HE H3MEHWUTCA, TO eCTh eclH Y (¢} = X () + f(t), To:

Ky(.6)=Ky(.15). (11.14)

4. IMpu ymuoxenud CIT X (¢} Ha HecnyuyalHBH MHOXHTENE f(f) ero
ROPPETAUMOHAAN QYHKUMS YMHOKASTCA HA npoussencane f{f)- f(t,), 1o
ecTh ecnH Y(t)y= X{¢)- f(¢), To:

Ky(h,6)Y=f(n) fit) Ky {1,15). (11.15)

Hapsaoy ¢ koppensunonnoit pyrkuucil CIT seoguTes Takke Hopmupo-
GAHRAA KOPPersyuonnal (Gemorosapuayuonnan) varyin vy (4,1, ), olpe-

ACTAEMAN PABCHCTBOM
Kyln.ty) Kx(4.53)
gx(f) oxli;) \/Kx(fhﬁ) ‘JKx(fzifz}

IMTo cumeicny 7y (f,f2) aHamoruuyHa koadduumenty xoppenaunn CB, Ho be

Py (b 8 ) =

© (11.16)

ABNACTCH KOHCTAHTOH H 3ABHCHT OT APTYMEHTOE §) H 1o,
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Ceoticmena HopMuposaHioll Koppeazynoniol yniynn CIT

CRoticmea MOPMUDORIHNOH KOPPETIRKUOHNON GVHKLHY ARATOTHYHB
CBOACTBAM KO3WPHIMEHTA KOPPEIAIHH:

I |FX(f1,rz)| = I,
2. ry(2i)=1;
3. FX(II:- fg) = ."‘X(II, f]}.
HIPHMEFP 3. Hcnioneaya yenoeHe [IPUMEPA 1, HaligeMm koppenann-
OHHYHO ¥ HOPMHPOBAHHYIO KOPPeTAIHOHHYH hvHKIHK CII ¥(2).

PEHIFHHE. CornacHo {11.11) seaHcnum:
Kyt ,t)=M[(X - -3-¢ ") (X e -3.¢ ?)=

= ;’iﬂ_‘f[{XI e g _gX e g 407 g h )=
= M[E_fl . E_fz (X - 3)1] — E‘_'rl . E_'rz . D-[X] — E_I:!I +f;) 1=
=g With)
Teneps, cormacuo (11.16), nonyanm:

_I'| _I‘__|
[ o
() =———7F=1.

el e
11.3, CrauuoHapHBIe cAYyYaHHbIEe NPOLECCH

BaxuuiM knaccom CIT SBIAKTICA crrayuorapriie CRVYAHHLIE hpoyec-
¢bi, KOTOpEIE He H3MEHAIOT CROH XapaKTepHCTHKH ¢ TeUeHHEM BpeMeHH. Ta-
KHe HpOIeCChl HMEIOT BH/I HENIpePLIBHEIX CIYYAHHEIX KOJTeDaHHH BOKPYT He-
CNYYAWHOTO 3HAYCHNUA, HATIPUMED: (UIVKTYAUMA HAMPAKEHUA B AMEKTPHYE-
CKOH CeTH, JaBleHHe ra3a B TpyboIpoBone, TeMIepaTypa B TenmoBOM (Aaep-
HOM) PAaKTOpE.

Cryvaupiid nponece X(f) HA3BIBACTCA CRIAGHUOHAPHBIM 6 WUDOKOM

CMBICAE, CCTH ETO MATEMATHYSCKOS OANIAHNE My {f) NOCTOAHHO, A KOppe-
NAUHOHHAR GyHRUMA K (.7} 3aBHCHT TONBKO OT PA3HOCTH APTYMEHTOE,
my{(t)=m=const, Ky({.t)=Ky({t; 1) {11.17)
H3 sToro onpeaeneHus cnenyer, 9TO KOPPENAIHOHHAA QYHKUMA CTa-
IHOHAPHOTO IpoIecca ECTh byHKIHA ONHOTO apryMeHTa’
Kx{fl,fz} = Kﬁ'(f}, roe T ZIE —Il.
CayyaliHEIH HpOLECC HA3BIBASTCA CHIGHUOHAPHBIM € Y3KOM CAMbICRE,
SCITH BCE €10 XAPAKTEPHUCTHRH 3ABHCAT HE OT 3HAYEHHH APTYMEHTOB, 4 NHILE
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OT HX B3aWMHOTO pacnonokeHnd. Tak 1A GyHKUHH pacnpengieHHA Cede-
HHH TPOUECCA JOMNKHO BRITIONHATECH PABEHCTRO,

‘FI!] s, th (Ksees X ) = £ ot (Xp 50005 Xy ), {11.18)
npH ndmx >0, n=2l, 4.4,..0 1.

bOMLMINHCTBO CTALMOHAPHAIX CIT ofnanaror BaxHLIM LIS NPAKTHKH
IPLOOUYCCKIUM CROUCINBOM.

Jproonyeckoe CROMCTRO CTALHOHAPHGI Cny4ainod QyHKIHH 3AKIK0-
JAETCA B TOM, 4TO Jobad ee pealnzanua odIanaerT 0OJHHMH H TEMH ¥E CBOH-
CTBAMK H HA JOCTATOYHO Oonsmom naTepeane 1 aprymenTa ! eener cebn B
CpeJHEM TaK e, KaK W BCE JApyrue peanu3auui. PHc. 11.2 wimocTpHpyer
¢cBA3L MeIy knaccamu CIT,

Iﬁll

AproaMMecHue

CTAUMOHApHBIE
B YIKOM CMBICAE

CTalMOHapHBIE
B WHPOKOM CMBICAS

Puc, 11,2, Coomuouentie 1ac008 CO/9aunbLx HRPOYeCcos

11.4. MapKoBCKWe CAyvalHble Npouecchl

Cmyuaiinbid RPOYECc, RpOMERTIOWHIE 6 CHCTEME, RUIHBAENCR MAPRO6-
cKkuM (uau npoyeccom Hez nocredelicmaus), ecai GI8 RI0G020 MOMEHMY 6pe-
MeHY ty GEPORMHOCHE MOOG20 COCMORRIA CUcemnl 8 Oyoyuem >t 3a6i-

CHM MOAEKS oM g COCMORRNA € ROCTHOAHIEM (I =Iﬂ,) i HE IQEHCUHM m IHo-

20, KK W KaKUM 00pazom cliceMa RPUIAG 8 M0 COCMaaHlE.

ITycTe MMeeTca HekoTopad (M3HUSCKad CHCTeMa S, B KOTOpoH mIpoTe-
kaiorT CI1. IMon BIHAHAEM CIyYaiHBEIX (PaKTOPOB ¢ TeHYeHHEM BPEeMEHH CHC-
TEMA MOWET NEPEXOANTE H3 QAHONG COCTORHUA B IPYTOC,

CnyvalHBIA OpOoLEcC HAZBIBACTCA HPOKECCOM C DUCKPEMHEMY COCMOR-
HUAMN, CCITH MHOMWECTBO €T0 BOIMOKHBIX COCTORHNHA 5, $s, ..., 5;, ... KOHECUY-
HO HIH CHETHO, A NMEPEX0] H3 O[IHOTO COCTOAHHA B JAPYTOE OCYIIECTBIASTCA
CKaYKOM, TIPHYSM [EpeX0nbl BOIMOAKHEI TOJIBKO B ONPEIESNeHHLIE MOMEHTEI
BPeMeHH {, &, ..o by -..

PaccMoTpHM MAapKOBCKHH CITYYaHHEIH OPOIECe, OIMHCRIBAOMIING CHCTEMY
¢ AHCKPETHBIMH COCTOAHHAMH H THCKPOTHRIM BPEMEHSM t:]]}-’HHL[HDHHp{lBﬂHHH.
IIponece, NpOHCXONAIUHA B TAKOH CHCTEME, MOXKHO MPENCTABHTE B BHIE Lie-
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mo4ky cayuadaex codnTHii 57(0) — S({)—= - — S;{v)—>---— &, (k). Ta-
Kad CNyyalHasa MocIeloBATENLHOCTE HAZBIBASTCA OHCKPEMHOU MAPKOGCKOU
enso, CI JUIA Kaxjoro wara v (v =1, 2,..., ) BepOATHOCTE Mepexoaa H3

nboro coctoarus S; B mwdoe cocToanwe S (4,7 =1, 2, ..., #) HE 3aBHCHT

OT TOI'D, KAK CHCTCMA IIPAOLIA B COCTOAHHE 5;.

MapkogckHH TIpoliece CAYXHT MOJENEI0 JIA MHOTHX NpoIeccoB B DHO-
IIOTHH (paclpOCTpaHeHHe 3IHISMHUN, POCT IONYIAIHHA), B QHIHKe (paJHoak-
THBHBIH PACMAL), B TEOPUK MACCOBOTD 0BCITY KnEaHNA,

PaccMoTpHM CBONCTRA MAPKOBCKUX CIIYYAHHEIX NIPOLECCOB HA HPHMEpE
H3BECTHON HIPHI « THINE eaeilb — Aaneiie Oyaenby.

BecnoMHHM paBHIa UrpEL:

1. B 310l urpe GHIIKA HIPAKMIETO JOIDKHA IPOHTH HEKOTOPOE KOHEY-
HOE YHCIO nyHRTOR |, 2, ..., m,

2. INepexon M3 0JHOTO NYHKTA B APYIOH KaXKNBIH paz OnpelenieTcd He-
X000M OpoCaHHA HIPANBHOH KOCTH.

Takum obGpazoM, eClIH Ha NAHHOM WIAre (MIIKA HAXOAMTCA B IYHKTE i,
TO OpaBHIaMH HIPH YCTaHABMHBAETCA MYHKT MepPeEXona €€ Ha CIEIYICUIEM
ATE, B 3ABHCUMOCTH OT YHCMA OYKOR, BRIMABIINX HA HIPANBH0E KOCTH, OT-
METHM OYEBHIHOE CROHCTBO MAPKOBCKUX CIYUAHHEIX HPOLECCOB.

H3 moboro nyHKTa i QHIIKA ¢ HEKOTOPOH BEPOATHOCTRIO p;; NEPeXORHT

B OJJHH H3 IIYHKTOB f, HE3AaBUCHMO OT XapaKTepa e€ IBHAEHHA 0 MoNaJaHHA
B IOYHKT {. DTO cBOACTBO Henei MapkoBa 4acTo Ha3BIBAKT cucHesmami bes
ROCREOCMBNUA, HITH CHCHIEMAMY ¢ OMCYMCHIBHEM RAMAMN.

TyCTh HMESTCH CHOTEMA, KOTOPAT MOXKET HAXOAHTHCH B OOHOM U3 (haso-
BRIX ¢OCTOAHHEA 59, 5%, ..., 5,. CocToAHHe CUCTeMBI MeHASTCA B 3aBHCHMOCTH
OT HeKOTOpOr'o napaMeTpa f, IPHYEM [IEPEX0] H3 COCTOAHHA B COCTOAHNE 3a-
BHCHT OT CNYYaHHOTO diakTopa. byleM YCIOBHO HAasHIBATE IapaMeT] ¢ BpeMe-
HEM H CUHTATh, 4To { Ipoderaet MHOO Henkle, NHOO JAelCTBHTENBHEIE YHCIIA.

ITycte &(f) — COCTOAHHE CUCTEMEB] B MOMEHT BPEMEHH {, M IIYCTb COOMIO-
AAETCH 3AKOHOMEPHOCTE, €CITH B JAHHBIH MOMEHT BPEMSHN § CUCTEMA HAXO-
AHTCA B (Ja30BOM COCTOAHHH i, TO B NOCISAYHMIHH MOMEHT BpeMeHH ¢ Oy-
AET HAXOAHTBCA B COCTOAHHH f C HeKOTOpOH BepOATHOCTRIO py(s,f) Hesa-

BHCHMO OT MOBEICHHA CHCTEMB 00 YVEA3AHHOI'O MOMEHTA 5.
BepoaTHOCTH

py(s,)=P{EO)=j/ {=1} (,j=12,...) (11.19)
HARHBAKITCA REPEXOOHWME 8EPOAMROCHIAMY MAPKOECKOH eNH 7).

Mapkorckad Hene £(f) Ha3EIRAETCH odropodre, eClH IepeXoNHEIe Be-
POATHOCTH p;{s,{) 3aBHCAT NUIIb OT PASHOCTH £ — 5

pyls,n)=pyls—8) (1ji=12,..)
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IlOIHEIM OIIHCAHHEM D,D,HDPDI[HUF] MﬂpEﬁBCKﬂﬁ USITH MORKET CNYAHTE

[P#L:

P11
£

pre]

Lz
Pz

Pu? e

KBAJIPATHAA MATPHLA NEPEXOAHBIX BEPOATHOCTEH

Pln
p?ﬂ

Pnn_

i {11.24

DT-IEBHH.H{}, YTOo OJA KaKJoro COCTOAHHA (HGMEI}H. II'.IEII"‘E’L] BO3MOKHEBIC

epeXoabl 00pazyIT MONHYH Ipynny cOORITHE, TO eCTh i py; = Iepexon-
=1
HEIE BEPOATHOCTH, COOTEBETCTRYEMIIHE HEBOIMOMKHEIM NEPEXOIAM, PABHEI HY-
N, BepoATHOCTH, PacloNoKeHHbIe 110 TIABHOH JHAroHaIH MATPULEL, COOT-
BETCTBYIOT TOMY (DAKTY, 9T COCTOAHHE CUCTEMB! HE HIMSHINOCE,
JHCKpeTHad MapKOBCKasA LENb HAZBIBAETCA HeodHOpoOHoH, ECH Tepe-
XO[HBIE BEPOATHOCTH MEHAKOTCH ¢ H3IMEHEHHEM HOMEDA 1IAra,
OTMeTHM, 4YTO Nepexoq CHCTeMBl H3 OJHOINO COCTOAHUA B OpYroe B Io-
CAGIOBATENLHEIX OMBITAX MOKET NPOUCXOIHTE HEOOCPSICTREHHO JTHOO TO-
IIaroBO:

(1) 2) _

_ {#) _
Pij = Pij» Pjj ? =

-1
S PuPy - P s

2. Pik Py (11.21)
k

B »Tom BBIpAAKCHHH BEPKHHF] HHICKC VEA3BIBACLT YHLIO HIaroe, 3a KOTO-
PLIC CHCTEMA W3 COCTOAHHA | TEPEXQIUT B COCTOAHNIE .

PaccMOTpHM HECKOJIBKO IIPHMEPOR, HIMIOCTPHPYICUIHX CBOHCTRA Henei
MAPKOBA H MATPHIEI NepPEXONHEIX BEPOATHOCTEH.

TTPHMEP 4. HmeeTcd KOHeYHas MapKOBCKAA LEMNE ¢ COOTBETCTBYIOIIEH
MATpHIIEH BEepoOATHOCTEH MepeXoIon

[1/6 0

1/6 0

0 Y4 0 0

2/3]

3/4

/4 38 1/ 1/4 0
¢ 0 0 1 0
0 3 0 0 23

AHaTH3 JaHHOH MaTpPHIE [IEPCXOIHEIX BEPUHTH{I'ETEﬁ CBHACTENIBCTRYET
O TOM, YTO HE A4 KEd:RNO0I0 COCTOAHHA CYINCCTBYET OTHNHYHAA OT HYNMA BEPO-
HTHOCTE [SpCXola B JpyTroc COCTOAHHE. Bonee O, 1A NaHHOH CHCTEMEI
CYIIECTBYET TYIIHEOBOC COCTOAHHE, U3 KOTOPOID HH B KAKOS ApYIoS COCTOA-
HHC HEPEﬁTH HEBOEMOAHO.
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Karace skeusarenmnocmt (MHOKECTBO COCTOAHWA) — 3TO KIACC, B KOTO-
POM U KaKNOH Naphl COCTOAHHH CYIIECTBYET OTJIHYHAA OT HYJIA BEPOAT-
HOCTR IEPEXONa H3 OIHOTO COCTOAHNA B NPYToL.

¥ Hac TpH KIacca PKBHBAIEHTHOCTH:

Iy 1=Il, —» p;=1/6, p,=1/4

2) oV, - p=34, p,=1/3

3) IV, = pa =1

PaccMOTpHM DEpexonH W3 NEPROT0 KIACCAd IKBUBANEHTHOCTH BO BTO-
poH M TperHH. O0paTHeli Nepexon HeBoimOXkeH. I[03TOMY mHepBeIH KIacc
HA3BIBASTCH VYOMOUYLGHIM,

BTopoH H TpeTHH KIacCcH HAXOAATCA B PABHOBECHH H ABIAKOTCHA IAMK-
HYMBLMU, TO €CTE €CNIA CHCTEMA Iepellyia B OJHH H3 3THX KIAcCOB, TO Nepe-
XOM B JPYTOM KIACC HEeBOZMOXKEH. JTH JIBA KIACCA HARBIBAKWTCA 3pzodude-
CKHMU KiIqccami PKBABANEHTHOCTEH. TpeTHH KiIace HMEeT eNHHCTBEHHOE
IProJudeckoe COCTOSHUE, HazblBaeMoe noarowaiotiim. MapkoBekad 1iene, B
KOTOPOU Kau[0e SProMUecKoe COCTOAHNE ARMASTCH MOrTOUIAIONIHM, HARK]-
BACTCH AOSROWIGIOWEN YENbio,

TTPHMEP 5. «Cnyqaiinoe Dy xnaHnes.

PaccqoTpHuM criyuailHoe OIy:kNaHHe YacTHIB] ¢ NETOYHCTICHHEIM 3HA-
YEHHAM ACHCTBHTENBHON OCH (pamMoi). YacTHua HA KAKIOM UIATE C BEPO-
ATHOCTEIO P CMEINaeTeA Ha +1 | ¢ BepOATHOCTEIO ¢ = 1 — p cMeaeTca Ha —1.

PEHIFEHHE. IIycte &(r) — NonoXKeHHe YACTHIB Yepes » IIAroR, Torjaa
nocnenosareapnocTe C(0), (1), S(2), ... odpazyer mapkorekyrd uens. Ecny
YACTHILA HAXOIHUTCA B KAKOWH-TO TOYKE {, TO ee JaIbHeHIge TOBeJeHHe He 3a-
BHCHT OT OOCTOATENBCTR, NPEAUISCTBYIOINX MMONMAJaHHI0 B TOMKY {. 3a II0-
CACAYIOUIME B 1UATOR YACTHLA ¢ BEPOATHOCTRD P,; (1) DepexoanT B COOTBET-
CTBYHOIIEE COCTOAHNE j. OTMETHM oueBHIHEIE CBOHCTBRA:

e [lpu |{ —j| > # nepexon H3 COCTOAHHA { B COCTOAHME j HEBO3IMOMKEH,
Toraa £;(n)=0.

» 3a A WATOB YACTHLA MOKET NEPEATA ANILE B T€ COCTONHIA J, LIA KO-
TOpPBIX BEIpaXkeHHe |{ — j| HMeeT Ty &e 4eTHOCTE, 4To H #. [lepexo Bo3MOKeH
TONBKO B T COCTOAHHA, WA KOTOPEIX YNCIO m ABMASTCA [ETbIM:

m={n+|i-j|}/2.

e Ecnu jfZ{, TO NONACTh B COCTOAHHE j MOXKHO TOTJA H TONBKO TOTAR,

KOTJa U3 BCEX # LIATOB POBHO 1 LIAr0B COBEPIIACTCA B MOJOMHTENBHOM Ha-
npasleHHH. BepoATHOCTE 3TOr0 coOBITHA BBIMHCIHMM II0 dopmyne bepHyinn:

MM, H—MH
P{_’;’ (”) = Cn P .
*  AHAJOTHYHO BBIMHCIHM BEPOATHOCTE NepeXxoja H3 i B f, ecn f < F:
M __f#—M _M
Fn)=Clp" "q".
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11.5. Notoku cobbiTid (MyaccoHOBCKME NOTOKM)

Ilon nomoxosm cobvimuy MOHWMAETCA NOCNEAOBATENBHOCTE OOHOpPOA-
HEIX COOBITHH, CISAVIOWIHX OOHO 3a APYTHM B CTyJaliHBIE MOMEHTE BpeMe-
HH (HAOPHIMED, DOTOK 3aNpOCoB K ¢eprepy 0a3ml A3HHBIX, MOTOK MOKYNAaTe-
NeH B MATASHAE, MOTOK KMHEHTOR B NADHEMAXCDCKOH H T. 1),

IMoTok HasbiBasICA opOUHAPHbIM, €CIH COOBITHA NPOHCXOOAT IICGOIH-
Houke. Mateppanu 77, 75, ..., T, opauHapHOTO MOTOKA MOTYT OBITE OJHHAKO-

BBIMH HIIHM Pa3IMYMHBIMH, THCKPETHBEIMH WAH HENpepHIBHBIMK, CITYYAAHBEIMH
HJTA HECTy4JaHHBIMA {puc. 11.3).

Puc. 113 Opdunapuniti nomok coGblmut

IloTOK XapakTepH3yeTCA HHTEHCHBHOCTBID A — 4acTOTOH NOABJIEHHA
COOBITHH WIH CPedHUM YHCAOM COOBITHH, IOCTYNAKUIHX B CHCTEMY Macco-
gord obcay:xkneranng {CMO) B eIHHMILY BPEMEHN,

[ToToK COGBITHI HAZEIBACTCA P2V IAPHBIM, CCITH CODRITHA CNEOYIOT 0AHO
33 JIPYTHM Uepes olpeleleHHBIE PARHEIE NPOMEKYTKH BpemeHi. ITpuMepoM
TAKOT'0 [OTOKA MOMET CAVAKHTE [HOTOK BXOJAUIHX (BBIXOJAUIMX) IIOYTOBHIX
co0CUIeHNH HA NePCOHANBHOM KOMIBIOTEpE (IIOYTOBAS IPOrpaMMa CoeJHHA-
€TCA ¢ cepBepoM vepes kaxaeie 10, 20, ... MHHYT).

[MoTok cnyqaliHBIX COOBITHA HA3BLIBASTCA HVACCOHOGCKUM, €CIIHA HHCIIO
m COOBITHH MOTOKA, MONAAACMEIX HA NKOO0H YYACTOK T OCH BPEMEHH, pac-
npegeneHo no zakony Iyaccona

m
ad  -a
P =—2:¢"°, (11.22)
m!
rNe g— cpedHee YUCI0 COOBITHH, MPHXOJAIIHXCA Ha YIACTOK BpEMeHH 7.
[TyaccOHOBCKHIN MOTOK ABMAETCA cMayUoHAPHBIM, eCITH IUIOTHOCTE No-
Toka cobbITHIE A=cOnst, Torga cpenuee 4HCAO coDBITHI g=A7, M

HeCmayuoHApHEM, eCTH A = A(Y), TOTOA
Igtt
a= | A@)dt. (11.23)
fa
PaccMoTpuM CiydaliHyio BENHIHHY I — HHTEPBAT BPEMEHH MEXIY CO-

CEIHHMH COOBITHAMH B CTAIIHOHAPHOM NYacCOHOBCKOM [OTOKE — H ONpene-
nuM ee QyHKUuio pactpeaeneuua: F(7)= P(T < 7). Beipaxeune T < 1 o3Ha-

Y4€T, YTO B HHTEPBANE EPCMEHH T Hﬂﬁ.]II-D,I[ElETCH X0OTH ORI OJJHO coDBITHE MO-
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Toka. BelpazuMm F(r) uepes Fy(7) — BepoaTHOCTE TOTO, UTOG B HHTEpBaTe

BpPpEMECHH T HE HEIEJII-G,.[[H.ETEH HH OJHOID COORTHA MOTOKA:
]

F(r):l—Fn(r)zl—%f'“. (11.24)

Taxnm 0bpa3OM, IN8 CTAUMOHAPHOTO MYACCOHOBCKONG NOTOKA GYHKILUA
PACHPEASICHUA BPEMEHN MEKIY COCCIHUMM COOBITHAMH W [NIOTHOCTE Pac-
MPSISICHHA COOTESTCTBEHHO PABHEI

F(n)=1-¢*":  f(r)=Ae*. (11.25)

H3 (11.25) cneayeT, 4TO HMHTEPRAN BREMEHH MOIYHUHEH SKCMTOHEHLN-
ANMEHOMY (NOKAZATSARHOMY) 3AKOHY DPACNPEACNCHHA, NAPAMCTPB KOTOPOTO
paBHeL: .=, =1/ A

Ecny BenuyuuHel 7; ABIAIOTCA 3aBUCHMEIMH CYMAHHBIMH BEJIHYHHAMH,

L]

TO IOTOK HA3EIBACTCA ROMOKoM ¢ RociedelicmeneM, TAK Kak I Jodoro
MOMEHTA BPEMEHH IIOCISIYIOIIee TEUSHHE NIOTOKA HAX0IHTCA B BEPOATHOCT-
HOW 3ABHCHMOCTH OT npeabiayuiero. Ecnn CB T1 nesappcnmen, TO cnyyaii-

HEIH [OTOK HAIHBASTCH AOMOKOM © OSPAHRYECHH B HocRredeticmeauem H
IINOTHKTE BEPOATHOCTH CHCTCMB]l MOKHO IIPCICTABHTE B BHIC,

J(# T Ty = f (1) f (7). S (7). (11.26)

TaxuMm obpazoM, B CAYYAE CTANUMOHAPHOTO NYACCOHOBCKOTO MOTOKA BCE
HHTepBaJlel 71, 75,..., 7T, HMerT OJHHAKOBHEIE 3aKOHEI pacupeaeneHHA
Hley=4(r;), rme i=1, 2,.., »n 4TO ABIAETCA NPOABIEHHEM OTCYTCTBHA
MOCTTEAE HCTRIA,

Cryuaiinbiii nomok coObimiti, Komopbiii obaadaem ceolcmeoM cma-
HUOHAPHOC, OPOUHAPDHOCHU H He HMEem RNOCICOChCMENR, HATWEACMCA
RPOCHEHHIUM U A8IAEMCA CMAUNONAPHIM RYICCOH0SCKUM HOMOKOM,

HPHMEP 6. Ha kadenpansHsidl cepBep NOCTYNAECT NPOCTEHIIHE IOTOK
3AMPOCOB ¢ MHTEHCHBHOCTRIG A = 0,3 3ampoca B MHHYTY. Kakora Bepoart-
HOCTE TOTO, MTO 33 3 MHHYT: 4) He IIPHOET HH OOHOrO 3anpoca; b) npuner
POBHO 5 3a0p0oCoB; €) NPHOST XOTA OBl OJHH 3a1poc?

PEHIEHHE, Cny4aiinaa peludHHa X — 4HC/IO 3aHpOCOB K Kaden-
PATBHOMY CepBepy 34 IIATh MHHYT — paclpeleneHa 1o 3akoHy Ilvaccola, na-
paMeTp KoToporo paeed: ¢ =Ar =03 -5=1,5.

a) BepoATHOCTE TOTO, 4TO 33 3 MHHYT HE NPHIET HH OJHOTO 3anpoca
(m=0) BeramcauM 1o popmyie (11.22): Py(5)=¢"" = 0,2231.

5
b) BepoatrocTts iaTH 3anpocos (m=15): R(5)= % e =0,01412.

¢) BepoaTHOCTE x0T GBI 0AHOTO 3anpoca:
PIXzD=1-AX=0)=1-0,223]1 =0,7769.
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JLIA MPOCTEHITNErO MOTOKAa ¢ HHTEHCHBHOCTREY A BEpPOATHOCTE [10Iana-
HHMA HA 3IeMeHTapHBlH (Maneld) oTpesok BpeMeHH Af XOT4 OB OJHOTO CO-
OLITHA MOTOKA paBHa cornacuo (11.25):

P, =P(T <Af)=1-e"" = Az, (11.27)

Hauuas GOpMyIa MONYYACSTCT TTPH PAITOKECHWH SKCTTOHSHTB! B paa Teinopa
IO CTeleHAM Af, IpHYEM OTPaHHYWIHCE TONBKO ABYMA IIepBEIMH WIeHAMH
paga. IlouarHo, yto gopmyna OyaeT TeM ToOUHee, YeM MeHBIIe Af.

11.6. HenpepbleHBIH MapKOBCKWA NpoLec.
YpasHeHMA KoAMCropoea

PaccMorpuM cHeTeMmy S, B koTOpoH npoHcxonuT Mapkoecekuid CII ¢
JHCKPETHBIMH COCTOAHHAMHE 57, S9,..., 3,,.

EEHH ITE]I}E?{-EIJIH CHCTEMBI H3 COCTOMHHUA B COCTOHHHC npﬂHEK[}ﬂHT HE B
PHKCHpPOBAHHBEIE MOMEHTHI fg, !, I3, ..., & B CAyvalHBlE MOMEHTEI BpeMeHH
{ITD YIS BCTPEYASTCA B PEANLHEIX 330494X ), TO TAKOH NPOUSCE HAZLIBACTCH
MAPROBCKUM HPOYECCOM € CQUCKPEMHBLMU COCMOARUAME U HERPEPHIGHEIM
BPEMEHEM,

Mapkorckue CII gaHHOTO THIIA TIPHMEHAKOTCH OPH KUCCIENOBAHHH (MO-
aenwposanuy) peanbasix CTMO, CocTotaue cnecTembl Oy IeM XapaKTEPH3IOBATE
yuciaoM TpeCoBaHMA (3aMBOK) HA OOCNYAMBAaHHE, HAXOJAIINXCA B CHCTEMeE.
IMpennonoxum, YTo NepeXxodbl CHCTEMEI H3 COCTOSHHA S; B COCTOSAHHE S ;

OCYIIECTBNAIOTCA NOI BO3AEHCTBHEM NYacCOHOBCKOTO MOTOKA ¢ HHTEHCHB-
HOCTBIO A; =const.

I'pady cOCTOAHHHA CHCTEMEI ¢ MIPOCTABIEHHEIMHA ¥ CTPEIOK HHTEHCHBHO-
CTAMH HA3BIBACTCA pazmenernsin (pHC. 11.4).

5|| h AUI

A 3, !llz

Puc. 1.4, Pasmevennviti epadh CMO ¢ vembipetst COCMORHUSAMY

Bepoamuocnibio i-T0 COCTOAHHA HA3LIBAETCA BepOATHOCTE p;{f) Toro,
YTO B MOMEHT { cHCTeMa OyIeT HaXOIMTLCA B COCTOAHHH S O4eBnIHO, YT
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JJIH JIEUEGI"G MOMeEHTa CYMMA EEPUHTHUGTEﬁ BCEX COCTOAHHH CHCTEME]
PABHE EOMHULE;

ip,(f)ﬂ. (11.28)
i=0

1A HaXOAEHHA ITHX BEPOATHOCTEH p2:{f) (BEpOATHOCTEM COCTOAHHS CHC-
TeMBl Sg, 51, 85,...,3,,) HYKHO PEIIHTE ¢HETEMY O0BIKHOBEHHETX nnddepen-
IHANLHEIX YpaBHeHHH — ypastenuti Koasmozopos.
dp:(t) _
at

¢ HAYANBHEIMH ycnoBuaMu Po(d),.... 72,00 p{0)20 u ycmoemem HoOpMH-
poBkH (11.28).
Hpasuaa cocmagnenun ypasnenuii Koamozoposa:

P = iﬁﬁ-pj(r)—p,-(f)- > Ay G=0,1) (11.29)
=0 j=0

« B nepoil yacTH KaXKNOTO YpPAaBHEHHA CTOHT NPOHIBOIHAA BEPOATHO-
CTH {-TO COCTOAHMAL

* B npaBoH 4acTH — CyMMa NPOH3BEIEHNA BEPOATHOCTEH BCEX COCTOA-
HHH (M3 KOTOPEIX HATIPABNCHE] CTPRIKH B JaHHOE COCTOAHHE) HA HHTEHCHER-
HOCTH COOTBETCTBYIOIMX MOTOKOB COOBLITHH MHHYC CYMMapHAas HHTEHCHB-
HOCTE BCEX [OTOKOB, BRIBGIANIIHX CHCTEMY H3 AdHHOMG COCTOAHNS (CTPETKH
IIOTOKOB BBIXOJAT H3 {-T0 COCTOAHKA), YMHOKEHHAA HA BEPOATHOCTh JAHHO-
) COCTOHHHA,

Yunureigas (11.29), HnK, 9T0 3KBHBANSHTHO, BEIECHOPMYIHPOBAHHbIE
NpaBHIIa, 3allHINEeM CHCTeMy ypaBHeHui njiaa CMO § {puc. 11.4):

Do = AoP1 + APz — g + Az) Pos
ﬁ P = Ag1pg + A1 p3 — (g + Ai3) 1,
Py = Ags o + Ag3 3 = (Fag + A3 } P2
' P3 = X3P+ Az Py — (A1 + 22) -

B cucreMe (11.30) nesaBHCHMBIX YpaBHeHHH HAa e IMHHUY MeHBIIE 00-
mere 4ucna ypaeHeHnil. IloaToMy An8 pelneHHA CHCTeMBbl HEoOXOoIHMO 10~
Gaeutes ypaeueHHe {11.28), ECTECTBEHAO NPEAMONOKHTE, 9TO B HAYANKHEIH
MOMeHT BpeMeH CMO HaxoguTCa B COCTOAHHN Sy, TO €CTh HAYAJIEBHBIE YC-
NnoBHR paBHEL Po{0)=1, p,(0) = p,(0) = p;(0} =0,

YpapHenHa KonMoropora JaiT BO3MOMKHOCTE HAHTH BCE BEPOATHOCTH
Kak ghyrxigun apemeni. OgHAKD ocobBIA MHTEpEC TPSACTARIAT BESpOATHO-
CTH CHCTEMBT P, (I) B HpedersHom CRauuoNapioM pPeNcuMe, TO0 eCTh Opy

(11.30)
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{ —> o0, KOTOPEE HA3BIBAKOTCA MPedeabhbMU (DUHADHBMU) BEPOATHOCTAMH
COCTOAHHH.

Toxazano, wmo ecru YuCI0 COCMOARUT CUCIEMbL KOHEYHO H U3 KANCOo-
20 UT HUX MOFCHO (30 KOHEYHOEe HiCI0 WaZ08) REpemy 8 moboe dpyzoe co-
CITORHUE, MO APEOLTLHBIE COCHMOARNA CVIHECTRBION.

IlpenenvHas BepOATHOCTh COCTOAHHA §; HMeeT YeTKHH CMBICH: OHA

PABHA cpedrReMy OMHOCHMETLROMY SPeMeNl HPEOBBAHUR CUCMEMbl & IMOM
cocmoanuy, HanpuMmep, eCu MpEacnsHAL BEPOATHOCTE COCTORHNA Sy PaBHA

0,5 (po = 0,5), TO 3TO 3HAMMT, 4TO B cpeaHeM 3¢ % BpeMeHH CHCTeMa Haxo-
HTCA B COCTOAHHH S,

Tak kak npegenbHEle BEPOATHOCTH MOCTOAHHEL, TO, 3aMEHAA B ypaBHe-
HHAX Konmoropora (11.29) UX IpoOM3BOAHEIE HYNERHIMH 3HAUEHHAMH, NOTY-
YHM CHCTEMY JMHHEHHBIX anrgdpandeckux ypaeHeHud (CHAY), onuceigako-
KX CTAIHOHAPHBIH pexuM. Jma CMO, rpadr cocToAHHA KoTopol npef-
cTapieH Ha puc. 11.4, CJIAY npumer pua:

(g + g2 )Po = Ao 1 + Az P2

j (Ag + A3)p = A Po + 4173 (11.31)
(g +A23) P2 = Aga Do + A2 P36

| (3 + 43003 = A430 + Aza P

FIPHMEP 7. HaitTh NpeacibHBIS BEPOATHOCTH A CUCTEMBT S, Dad co-
CTOAHMH KOTOPOHN NpencTapie Ha puc. 11.4 npH cleqyIniX HHTeHCHBHOCTAX

MOTOKOB: Ay =1, Ap =2, 43 =2, A3 =2, g =3 A3 =1, A3 =3, A3; = 2.

PEHIEAHE. CIIAY, oNMCcBIBatOINHXY CTAUMOHAPHEIH peikiM NIt JaH-
HON cHcTeMEl (11.31) ¢ yueToM 3HAYEHHH HHTEHCHBHOCTEH IIOTOKOB, MOYKHO
MpedcTARHTE!

(3py=2p +3py,
J4P1=po+3p3,

4p; =2py+2ps,
Pttt ps=1

F0ece smecmo odnozo wautine2oy ypassenua cucmemst (11.31) vuau yeaoeue
Hopmupoere (11.28).

Pemne cuctemy (11.32), nonyunm;

Po=06/15p=3/15 p,=4/15 p,=2/15.

(11.32)
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3AKMOYEHUE

IMoaroToska coBpeMeHHBIX, IPAMOTHEIX CIEHMATHCTOE 110 KOMIIBED-
TEPHBIM TEXHOMOTHAM, B YacTHOCTH 00 HanpaeneHuio «HupopMalmonusle
CHCTEMB] M TeXHOJNOTHM» (NPOQHIE NMOATOTOBKH «I eoMH(BOpPMALHOHHBIE
CHCTEMB], HHPOPMAITHOHHBIE CUCTEMEl B TEXHONOTHA H OH3Hece»), Tpedyer
rIybokHux 0A30BEIX 3HAHHH CeTeBBIX TEXHONOTHHA, MeTONoR paspadoTKH H
IKCITYaTalH| $a3 MaHHBIX W 3HAHHH, TeXHOJIOTHH NMPOEKTHPOBAHHUA BEIMHC-
NHTENBHEX HHPOPMANMOHHEIX CHCTEM H TIpOrpaMM H MHOTOMO JOpyroro.
OnHako ANs YCIeIHOre YCBOSHHA BeeX PTHX JHCUHIUIMH He0oOX0IHMEL 3Ha-
HHUA OCHOB TeOpHH BepoATHOCTeH. [IpH aBTOMAaTH3alMH W3MepeHnH (pa3pa-
OOTKE H NPOrPAMMUPOBAHHH MHKPOKOHTPONNEpOR) He ofoiiTucs O¢3 HaBel-
KOB CTATHCTHYECKOH oO0paboTKH 3KCTIepUMMeHTaNbHBIX JaHHBIX. KoMIbEO-
TEPHOS MOACTHPOBAHWE, TPOCKTUPOBAHHE M pa3padoTka KOMOBHITEPHBIX
cucteM H cetell (CMO) HeMBICIMMO D3 3HAHHA TeOPHN CIYYaHHBIX TTpollec-
cos (CIT). Hexons u3 BCErg BRIMECKAAHHOTO, JAHHAA OMCUHNTHHA (y49ed-
HHK) MOMET pacCMATPUBATECA KAk IIEpBHH 1Al K JallbHeHINeMY YCBOEHHIO H
yrnyGmeHHT0 nPodEeCCHOHANTBRBIX SHARNH,
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