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BBEOEHUE

CoBpeMEHHBIN 3Tan pa3BUTUA HAyKH, TEXHUKH, IPOU3BOJICTBA, SJKOHOMUKH XapaKTe-
pHU3yeTCs BO3pPACTAIOLIMM HWHTEPECOM K TEOPUU BEPOSITHOCTEW, MAaTEMAaTUYECKOW CTaTH-
CTUKE, TEOPUU CIIyYaHHBIX MPOLECCOB. M3ydeHne pa3nuyHOro poja CllydyalHbIX SIBJICHUU,
CTOXACTUYECKUX OTKJIIOHEHHI OT HOPMBI SIBIIIETCS BAXKHBIM CPEJCTBOM IMPEAOTBPAIICHUS
YpE3BBIYAHBIX CHUTYaIlUi, TEXHOTCHHBIX KaTacTpod, BBITYCKa HEKAYeCTBEHHOW W HEHa-
NEKHON MPONYKUHH U T.1. [1o 3TOM mpUYMHE CTOXACTUYECKHUE 3HAHUS CTAHOBSITCS HEOTh-
eMJIEMbIM KOMIIOHEHTOM COJEpKaHHUs MPOQPEeCCHOHATBHOTO 00pa3zoBaHusi. be3 MuHU-
MaJIbHOW BEPOSTHOCTHO-CTATUCTHUYECKON TPaMOTHOCTH HENb3d B HAllW JIHU aJI€KBATHO
BOCIPUHUMATh Pa3HOOOPA3HYIO COLMAIBHYIO, MOJIUTHYECKYIO, IKOHOMUYECKYI0O HUH(OP-
MallM0, BBIJBUTaTh U OIICHUBATh THIOTE3bl U IMPUHUMATh OOOCHOBAaHHBIE PEIICHUS.
be3 cooTBeTcTBYIOLIEH MOJATOTOBKM HEBO3MOKHO MOJHOLICHHOE M3YYEHHE €CTECTBEHHO-
Hay4YHBIX U COI[MAJIbHO-?PKOHOMHUYECKUX NUCIUIUIMH. B 3TO# CBA3M B CHUCTEME MaTEMaTH-
YECKOro 00pa3oBaHMs B MOCIEIHUE JAECCATUIECTHUS BHICTPAUBAETCS HOBAasA, CTOXAaCTUYECKAS
auHus. OHa mpencTaBisieT co00il 0ObeNMHEHHE B3aMMOCBS3aHHBIX COCTABIISIONINX —
AJIIEMEHTOB KOMOWHATOPHKH, TEOPUU BEPOATHOCTEH, MaTEMaTHYECKOW CTAaTUCTUKH U
TEOPUU CIyYalHBIX MTPOIIECCOB.

[enpro HacTOAUIEr0 MOCOOUS SIBJIAETCS MOBBIIIIEHUE YPOBHS TEOPETUUECKUX 3HAHUU
Y MIPAKTUYECKUX YMEHUN CTYJIEHTOB MHXKECHEPHBIX HAMPABJICHUI MOATOTOBKHU.

ABTOpBI NpeJjiaraloT UHTETPUPOBAHHBIA MOJIXO0] K U3YYEHUIO CTOXACTUKU, UCIOJIb-
3YIOIIMA B OCHOBHOM KOHKPETHBIE MOJEIN IOHATHUS BEPOSTHOCTH, HO BMECTE C TEM
aKLIEHTUPYIOUINI 00IlMe CBOWCTBA PAa3IMYHBIX MOJENEH BEPOSTHOCTH, aHAJIOTUU MEXKITY
JEUCTBUSIMH HaJ| COOBITUAMH W HaJl MHOKECTBaMU, HaJl COOBITUSMH U HAJl BHICKA3bIBAHU-
sMH U T.I. B yacTHOCTH, B ajanTUpOBaHHOUN (hopMe H3JIaraeTcsi TEOPETHUKO-(yHKIHO-
HaJbHAsl WUJIed BBEJCHUSA BEPOSATHOCTU KaK CUYETHO-aJIUTHUBHOM MeEphl Ha OOpEIeBCKOU
anredpe coobiTuii (akcuomsl A. H. KoniMoroposa).

B To ke Bpems yTBepauBIIMIACS B 00pa30BaTEIbLHON MPAKTUKE KOMITETCHTHOCTHBIM
NOAXO0J MpeArnoaraeT (opMUPOBAHUE Yy O0YUaAIOIIHUXCA CIIOCOOHOCTU MEPEHOCUTH MOJY-
YEHHbIC 3HAHUS U YMEHUSI HAa HOBYIO CUTYalMIO MPUMEHATh UX B MPAKTUYECKUX 3a7avax.
C oToi1 11e7IBI0 MpeCTaBICH OOIIMPHBINA 3aJJa4HbIA MaTeprall Ha aKTyaJbHbIE TEMBI (Ki1ac-
CHUYECKHUE CIOKEThl C MOHETAMM, UTPAJIbHBIMU KyOUKamu, IIapaMu B YpHAaX U CTPEIbOOH
CBEJICHbI K MUHHUMYMY), & B IPUJIOKCHUSX TPUBOAITCS MPUMEPHI UCIIOIb30BAHUS BEPOST-
HOCTHBIX METOJIOB B PEIICHUH COBPEMEHHBIX HAYYHBIX 3a/a4.

B cootBetrcTBHM ¢ TpeboBaHusaMu akTyanu3upoBanHbix OI'OC Briciiero oOpa3oBaHUs
10 pa3jIMyYHbIM HaIPaBJICHUSIM OakaaaBpCKOW MOJITOTOBKU, Y OOYUYaIOIIUXCS JTOJKHA OBbITh
chopmupoBaHa ooOmenpodeccuoHaIbHAs KOMIIETSHIIMS, MPE/Ioaramas CrocoOHOCTh
MPUMEHSTh €CTECTBEHHOHAYUHbIE U OOIICMH)KCHEPHBIE 3HAHUS, METO/Ibl MAaTEMATUYECKOTO
aHaJIN3a U MOJIETTUPOBAHUS, TEOPETUUECKOTO U AKCIIEPUMEHTAIILHOTO UCCIIEOBAaHUS B TIPO-
(dheccroHaIBHOM 1eATeTLHOCTH.

NuaukaTopsl COOTBETCTBYIOIIMX PE3YIHTATOB MPUBEICHHI B Tab. B.1.

MOHUTOPHUHT BBINIOJHEHHUS CTYACHTAMHU 3aJIaHUH, MPEJIOKEHHBIX B KAXJIOM U3 KOH-
TPOJILHBIX OJIOKOB TMOCOOWS, TO3BOJUT OIEHWTHh YPOBEHb JOCTHIKEHHUS PE3yJIbTaTOB
B COOTBETCTBUU C BBILIEITPUBEAEHHBIMU UHAUKATOPAMH.



B.1.

Pe3yibTathl 00y4eHust

Kona, HammeHoBanue
WHJIMKATOpa

Pe3ynbrarhl 00y4eHus MO AUCIUTIINHE

WJI-1 (OTIK-1)
3HaTI>: OCHOBBI BEICIIIEN MaTeMa-

THUKU, CI)I/ISI/IKI/I, OCHOBBI BBIYHCJIN-
TEJIbHOM TEXHUKHU U ImporpamMmmu-

3HACT OCHOBLI TCOPHUHU BCpOSITHOCTCﬁ N MaTCMaTH4C-
CKOM CTaTUCTHUKH, OCHOBHLIC 3aKOHBI PACIIPCACICHUSA
CJ'Iy‘-IElfIHBIX BCJIMYUH M MCTOAbBI CTAaTHUCTHYCCKOI'O
daHaJIn3a NAaHHBIX, ITO3BOJLAOINUC CTPOUTH CTATHCTH-

poBaHUs YCCKHC MOJCIIN IIPHUKIIAAHBIX 3a/1a4

NJI-2 (OIIK-1)

YMeTh: pemars CTaHIapTHBIE
npo(ecCuOHANIBHBIE 3a/1a4H

C IPUMEHEHUEM ECTECTBEHHO-
HAYYHBIX U OOILENHKEHEPHBIX
3HAHMM, METOJOB MaTeMaTH4e-
CKOI'0 aHaJ13a U MOJACIIUPOBAHUS

yMEEeT BBIUUCIISATH BEPOATHOCTH CIIy4alHBIX COOBITHH,
COCTABJISITh U HUCCIEA0BaTh (DYHKLIHMH PACIpPEACICHUS
CJIy4allHbIX BEJIMYMH, 00padaThiBaTh CTATUCTUUECKYIO
MH(pOpPMAIMIO [JI1 OLEHKH 3HAYEHWA MapaMeTpoB
U INPOBEPKU 3HAYMMOCTH THUIIOTE3 IIPU IIPOBEIACHUU
CTaTUCTUYECKOTO MOJEIUPOBAHUSA

YMEET CTPOUTh, NPUMEHSITh M HHTEPIPETUPOBATH
BEPOSITHOCTHO-CTATUCTUYECKUE MOJCIIN HCCIeaye-
MBIX TPOIIECCOB, SBJICHUH W OOBEKTOB, OTHOCSIITUECS
K cepe npodeccroHaIbHON AeATeIbHOCTH

WJI-3 (OIIK-1)

BitazmeTh: HaBBIKAMH TEOPETHYC-
CKOTO M 9KCIIEPUMEHTAIILHOTO
HCcCIIeIOBaHUsI OOBEKTOB TIpodec-
CUOHAJIBHOM JCATCIIBHOCTH

BJIAJICET BEPOSATHOCTHO-CTATUCTUYCCKUM ITOAXOJIOM
K IIOCTAaHOBKE W PEIICHUIO 3a1ay I[PU IIPOBEICHUU
VH)XEHEPHBIX Pacy€ToB

dopMUpoBaHUE CIIOCOOHOCTEH MPUMEHATH MaTeMaTHYECKHEe (B TOM YHCIIE BEpOST-
HOCTHO-CTATUCTUYCCKNE) METObI, €CTCCTBCHHOHAYYHBIC M OOIIECHHXCHEPHBIC 3HAHUS,
METO/Bl MOJEIMPOBAHUS JOCTUTACTCS CPEACTBAMHU PEIICHUS 3a7ad CICAYIONINX TPEX
YPOBHEM:

— TPAKTUKO-OPUCHTUPOBAHHBIC M MPUKIIATHBIC MATEMATHUCCKHUE 3a1a49H;

— 3a7a4u npo(heCcCHOHATFHO OPUEHTUPOBAHHOTO XapaKTepa;

— KBa3unpogecCuoHAIbHbBIC 33/1a4H.

[Ipu »TOoM B pamkax mpeaMeTHOW oOmactu «MareMaTukay pemiaroTcs MpeumMylie-
CTBEHHO 3a71a4u TIepBOT0 YpoBHs. CIOKEThl CTOXaCTHUYECKHX 3aJ]ad, MIPeJlaraeMbIX YUTa-
TEJISIM JAaHHOTO MOCOOUS, CIIEAYIOIIHE:

— BbIOOpKU ((popMUpPOBaHUE KOMILUIEKTOB, Telie()OHHBIE HOMEpa, BAPUAHTHI apCH/IbI
B KapIIEPUHTOBBIX KOMITAHUSX U JIP.);

— COCTaBHBIC COOBITHS (DIEKTPUUYECKHE CXEMBbI, BAPUAHTHI MOMAJaHUN B MUIICHb
IpH CTpeb0e, HaBsI3uMBas pekiiaMma u T.11.);

— KJIaCCHYECKash BEPOSTHOCTh, BEPOSATHOCTh CYMMBI U MPOU3BEICHUS (3214l O BBI-
Oopke, pacmpeneneHre KBapTUp Mo KPeOHo, KOHTPOJIb CTAHIAPTHOCTH W3JIEIHIA, BEPOSIT-
HOCTb MOCTYyTUIeHUS (PeiikoBoOM HH(pOpMaIK, OAHKOBCKHE OIEPAIMH U JIP.);
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— cxema rumnote3 (morojaa v pbldanka, OMMOKKA MPU KOMIBIOTEPHON HAarHOCTHKE,
HaJIM4KME BAaKaHCUN U BEPOSITHOCTh TPYJI0YCTPOICTBA);

— cxema bepHymm u mpedelbHbIE TEOpeMbl (HAUBEPOSTHEHIIEE YUCIO TMO0en
B CIIOPTUBHBIX COPEBHOBAHMSX, ONEYATKW HA CTPAHUIIC KHUTH, 3aJIEPKKU aBHAPEUCOB,
npojaka aklui, remMorpadus);

— JIUCKPETHBIC CIy4yailHble BEJIMYUHBI (YYaCTKH, TPEOYIOIIME PEMOHTA, WHAUKATOPHI
COOBITHH, KOHTPOJIb KA4E€CTBA MPOTYKITNH, CUTHAIA3aTOPHI aBAPUIHBIX CUTYaIUN, OyJITUTHI);

— HETpEpBhIBHBIE CIy4yaliHble BEJIMYUHBI ((hapMalleBTUYECKOE MPOU3BOACTBO, BpeMs
0e30TKa3HOM paboThI MpUOOpa, MOJOKEHHUE YKa3aTelsl Ha U3MEPUTENBHON HIKaJe U JIp.);

— DJIEMEHTBl MATEMATUYECKONU CTATUCTUKH (OTKJIOHEHHE Pa3MEpPOB U3/ENIUN OT CTaH-
JapTa, Kypc JoJuiapa, U3MepeHus apTepualibHOTO JaBieHUs, KOHTpadaKTHas MPOTYKIIHS).

OkoHYaTeNbHOE OBJIAJICHUE HABBIKAMH TEOPETHUYECKOTO M OAKCIEPUMEHTAILHOTO
UCCJIEIOBAHUSI OOBEKTOB MPOPECCUOHANBHON JEATENBHOCTH C HMCIOJb30BaHHEM CTOXa-
CTUYECKUX 3HAHUU JOJKHO OBITH COPMHUPOBAHO B IPOIIECCE U3YUCHUS CHEIUATBHBIX
JCLUTLIH.

Crpykrypa mocobusi takoBa. Ilo kaxmoi u3 Tem «DJIeMEHThl KOMOUHATOPUKUY,
«Cayuaiiubie coObITUS», «CilydailHble BEJIMYUHB), « DIEMEHThl MAaTEMaTUUYECKON CTaTH-
CTUKW» TpeJjaraloTcs oOy4aromuid M KOHTPOJIbHBIM Moaynu. OOydarouuit Moayiib
COJIEPKUT OCHOBHBIE MOHATUS U (HaKThl IO COOTBETCTBYIOIIEH Teme. OCHOBHbBIE YTBEP-
KJEHUS TPUBEACHBI C JOKA3aTEIbCTBAMU. TEOpETHUECKU MaTepHall WIUIIOCTPUPYETCS
MHOTOYHCJICHHBIMU TIPUMEpPaMHU MPAKTUKO-OPUEHTUPOBAHHOTO xapakTtepa. KoHTpoJabHbIN
MOJYJb COJAEPKHUT Pl TEOPETHUECKUX YIPAKHEHUN W 3aJaHUs JUJII CAMOCTOATEIbHOTO
peuieHusl.

Takum 00pa3zoM, Mocodue MpeACcTaBisIeT COO0K JIEKIIMOHHO-TIPAKTUYECKUN KYypC,
HaIpaBJICHHBI Ha (OPMUPOBAHUE y OOYYAIOMIMXCS HABBIKOB MPOCTEHUINET0 CTOXaCTHUYe-
cKoro mojenupoBanus. s 6ojee 0OCHOBATEIHHOTO 03HAKOMIICHUS C TIOHSATUSIMU U METO-
JaMH CTOXACTUKH aJpeCcyeM UYUTATeNs K KHUram, Hanpumep [1] u [2].



Mnasa 1. AJIEMEHTbl KOMBUHATOPUKU

OBYUYAIOILIIUN MOJIY.JIb

Pemenue 3a1a4 Ha BBIYKCIICHUE KJIACCUYECKON BEPOSITHOCTU TECHO CBSI3aHO C METO-
JaMU TIEPEUUCIIUTEIIbHOU Kombunamopuxku. Komounamopuka — smo pazoen ouckpem-
HOIl MaTeMAaTHUKH, U3yYaIOIUN METO/Ibl HAXOXKICHHS KOJIMYECTBA BCEBO3MOKHBIX KOHEY-
HBIX MOJAMHOKECTB JAHHOTO MHOXKECTBA MO 3aJaHHBIM XapaKTEPUCTUKAM 3THUX MOJIMHO-
YKECTB.

1. KOPTEXWU. IPAMBIE IPOU3BEJIEHUSA

1.1. Ilyctes nanel MHOXecTBa G, ..., G,. Kopmescem oOnumnwt N, COCTaBICHHBIM
U3 DJIEMEHTOB JTHX MHOXECTB, Ha3bIBaeTCsa Ji00as TMOCIEA0BATEIbHOCTh BHJA
9= (91, - Un), T1e gy €Gy, 1<k <n.

Koprexu mmuabl 2, T.e. KopTexu Buaa (J;, §,), HA3bIBAIOTCS YHOPAOOUEHHBIMU

napamu; KOpTEXH JUIMHBI 3 — yIOPAAOYCHHBIMU TPOMKAaMU U T.1.
Jlexapmoevim npouseedenuem Gy x..xG, mnoncecme Gy, ...,G, Ha3pIBaeTCs

MHOXecTBO Bcex G koprexei Buna g = (9q, ..., 9,,)-
Hanpumep, nekaptoBo npousseneHne MHOkeCTB G x G, COCTOUT U3 BCEBO3MOMKHBIX
ynopsimoueHHbIX ap (9;, 9,), rae 9, € Gy, g, €G,.

IIpumep. JIBoe npy3en pemuiy BOCIOJb30BATHCA KAPIIEPUHTOM ISl MYTEIIECTBUS.
VY pupMbI UMEIOTCS TIECTh CBOOOTHBIX aBTOMOOMIIEH «PeHo» 1 1saTh aBTO «ToioTay. CKOJIb-
KO BO3MOKHO BapHaHTOB BbIOOpA aBTOMOOUJICH, €CITU APY3bsi BHIOUPAIOT aBTO Pa3HBIX MApPOK?
Pewenue. Cnenyer HalTH KOJUYECTBO BCEX yMOpsmoueHHbIX map (dy, ¥,), rae g, —

IPUHUMAET WIECTh BO3MOXKHBIX 3HAUEHUM, a §, — IATh 3HaYeHuil. B mape ¢ puxcupoBan-
HBIM (BBIOpAHHBIM) (1 MOXKET OKa3arhcs Jitoboe g, €{1, 2, ..., 5}, T.e. Takux map OyneT 5,
COOTBETCTBEHHO KOJIMYECTBY BO3MOXKHBIX 3HAUYECHUU (,. YUUTHIBas, YTO BHIOOp (; BO3-

MO>KEH IIIECThIO CIIOCO0aMH, IMEEM BCE YIOPSAA0UEHHBIE Maphl B KonmudecTBe 5- 6 = 30.
1.2. O603nauuM vepe3 v(M) KoJU4ecTBO 3JIEMEHTOB KOHEYHOTO0 MHOXKeCTBa M.

Teopema 1.1 («mpuHIKAT YMHOKEHHS»). FIMeeT MeCTO paBeHCTBO
V(G xGy) = v(Gy) - v(Gy).

Jlnst nokaszarenbCcTBa HANO MOBTOPHUTH PACCYXKACHUS, NMPUBEIEHHBIE MPU PEIICHUU
npumepa 1. 1.1. Ucnonb3ys pe3yabTaT TeopeMbl 1 U METOJ MaTeMaTH4eCKOW MHIYKLIHH,
HIOJIy4aeM CIIEYIOIIEE YTBEPKACHHUE:

V(G %...xG,) = v(Gy) -...- v(G,).

1.3. B yacTHOCTH, €CIIM UMEETCS 1 IKIEMNIAPO8 0OHO20 U Moo e MHodxHcecmea G
U TpeOyeTcsl HAaUTH YUCIIO KOPTEXEN JJIMHBI 1, B KOTOPBIE BXOAUT 10 00OHOMY (M TOJIBKO
OJIHOMY) 3JIEMEHTY W3 KaXKJIOT'O 3K3EMIUISIpa, TO TaKUE KOPTEKU HA3BIBAIOTCS pazmeuie-
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HUAMU ¢ ROBMOPEHUAMU; TPYTUMH CIIOBAMH, PA3MENIECHUS C TOBTOPEHUSIMU — 3TO KOP-
Texd Buaa g = (0y, ..., §p) €G x...xG. Uucio Takux KOPTEXKEH, COTrJIAaCHO MPUHIIMITY

YMHOKEHHSI, O4YEBUIHO, €CTh
v(G")=m",

rae m=v(G).

IIpumep. Kakoe MakcumanbHOE YUCIO TeICHOHHBIX HOMEPOB MOXKET OBITH Y MO-
OWJIBHOTO OTIepaTopa, €CIU KaKIbIii HOMEP TOJDKeH HaYnHATHCA ¢ 1udp 9537

Pewenue. TlockonbKy Bce HOMEpa MOOWJIBHBIX OIEPATOPOB OJWHHAIATU3HAYHBIC,
TO B Kaxa0M HoMepe +7953 XXX XXXX moryT BappupoBathcs 7 mudp. iMeem koprexu
JUTHHBI K = 7, B KOTOPBIX KaxK/Ibli 3JeMeHT mpuHaiexxuT maoxkectsy G = {0, 1, 2, ..., 9},
comepxamemy m = 10 amemenToB. CaeqoBaTeNbHO, YACIO TAKUX KOPTEKEH v(G')=10".
Opnako TeneOHHOTO HOMEpA, COCTOALIETO CIUIONIb U3 HyJel, 00bIYHO HE ObiBaeT. Ciie-
JIOBATEIBHO, UICKOMOE YHCIJI0 HOMEPOB PaBHO 107 —1=9999999.

2. PASMEILIEHUSA, IIEPECTAHOBKH, COYETAHUA

2.1. Ecnu ctpouth kopmedicu OnuHvl k U3 31eMeHmo8 00H020 U MO20 Hce MHOMCe-
cmea G Tak, 4YTOOBI 21eMeHmbl 8 KOpmedice He NOBMOPAIUCL, TO TAKUE KOPTEKHU Ha3bIBa-
I0TCSL pa3meujeHuAMu 6e3 noeMmopeHuil.

Teopema 2.1. KonuuecTBO pasmerneHui (M3 M 3JIeMEHTOB MO K 3JI€MEHTOB) €CTh
YHCIIO

A =m(m—1)...(m -k +1).

JlokaszaTeabCTBO TEOPEMBI BBITEKACT U3 MPHHIIKAIIA YMHOXKeHHUs (11. 1.2).
Ecnu ucnons3oBaTh 0003HaueHne Mi=1-2-...-(m—1)m, cuuras 0! = 1! = 1, 10 Jterko
MIPOBEPUTH, YTO
k m!
An“'(m—k)!'
2.2. B yactHOCTH, pa3MeIeHust u3 M 1o m 3JIEMEHTOB HAa3bIBAIOT HepPecmaHo8KaAMU;
YHCIIO BCEBO3MOXKHBIX TIEPECTAHOBOK U3 M AJIEMEHTOB €CTh

Py =mt.

2.3. lIpumep 1. CkoabKUMU CTTIOCOOAMH MOYKHO Pa3JIOKHUThH B Psii HA BUTPUHE Mara-
s3uHa 119t DVD-auckoB?

Pewenue. Imeem KOpPTEXH IJIMHOM B S5 3JIEMEHTOB, COCTABJICHHBIE U3 JIEMEHTOB
muoskectBa G, ms kotoporo v(G) =5. CregoBaTensHo, UIEM KOJIHYECTBO MTEPECTAHOBOK

U3 5 DJIEMEHTOB:
P, =5!=120.
IIpumep 2. CKOJIBKUMH CTIOCOOaMH MOKHO PACCTaBUTh Ha ITOJIKE IMEeCTh KHUT, CCIIH.

a) JBE OIpeesIEHHbIE KHUTH JOJDKHBI BCETIa CTOSITh PSJIOM,
0) 9TU JIB€ KHUTU HE JIOJKHBI CTOATH PAJIOM?



Pewenue.

a) [lapy KHUT, KOTOPBIE TOJKHBI CTOSITh PSIOM, YCIOBUMCS MOKa pacCMaTpUBATh Kak
OAHY KHUTY. Torjga Hy>KHO pacCTaBUTh ISATh KHUT IO IATH MECTaM, YTO MOYKHO CJI€JIaTh
P; = 5! cnocobamu. YuuTeiBas Tenepp MOPSIOK PACIOIOKEHHUS TE€X JIBYX KHUT, KOTOPBIE

MBbl [IOCUMTAIM 32 OJHY, UMeeM P, mepectraHOBOK Mexay HUMHU. COrjaacHO NPUHLMITY
YMHOKEHUS, I10JIy4aeéM OKOHYATEJIbHO YHCIIO clioco00B Py xP,=120x2 =240 .
6) Crioco0oB mepecTaBUTh MIECTh KHUT CylIecTBYeT Py =720, HO U3 HUX, KaK yCTa-

HOBJICHO B II. a) cymiecTByeT 240 crnocoOOB MOCTaBUThH OMpPEAEIEHHBIE KHUTH BMECTE.
CrnenoBaTelbHO, YUCIO CIOCOOOB MOCTAaBUTh KHUTH TaK, YTOOBI JBE 3aJaHHBIC KHUTU
He cTosutd, paBHO pazHoctu 720 — 240 = 480.

2.4. Ecnu Teneph CTPOUTH U3 AJIEMEHTOB MHOXxecTBa G, s koroporo v(G)=m,

Heynopsi0oyeHHble TTIOIMHOXKECTBA 10 K 3JIEMEHTOB, TO TaKHe MOJAMHOXKECTBA HA3bIBAIOT
couemanuamu uz M no K snemenmos.

Teopema 2.2. Kou4ecTBO BCEBO3MOXHBIX COYCTAHUN M3 M 1O K 3JIEMEHTOB MOXET
OBITH BBIUUCIICHO 110 hopMmyJie

_An
Cr = . (2.1)

ﬂOKClb’Clme]ZbCWlGO. Yr1oO0mI IIOJIYYUTh BCCBO3MOXXHBIC pazmeujernuss u3 M 1o K snemen-
TOB, MOXHO CHadajla «OpPraHHU30BaTb)» BCCBO3MOKHBIC COYCTAHHA (HGYHOPHIIOTIGHHBIC

k
noaMHoxkecTBa U3 M o K) B konmuuectBe Cp,, a 3aTeM B KaKJIOM TaKOM ITOJMHOMKECTBE
MIPOU3BECTU BCEBO3MOXKHBIC YIOPSAOUCHUS, T.€. MPOU3BECTH BCEBO3ZMOXKHBIE TIEPECTAHOB-
k _ ~k
ku B konuuectBe P, . Paccyxmas kak B m. 1.2, momyyaem torma A, =C, B, oTkyna u

BBITEKACT YTBEPIKICHNE TEOPEMEI.
2.5. ImeroT MecTo paBeHCTBa

m!

C=— 2.2
™ kI(m—k)! (2.2)
Co=Cm™; (2.3)

CX=Cfi+CK,. (2.4)

CootHomenue (2.2) Boitekaer u3 (2.1) u Gopmyinbl AJis BBIYUCICHUS YHCIIa pa3Me-
nieHui; cooTHomienus (2.3) u (2.4) HETPYJHO NPOBEPUTH, €CIU BOCIOJIB30BATHCS MPE]-
craBiieHUEM (2.2).

IMpumep. Umeercs 10 paznuuHbIX UTPYIIEK, U3 KOTOPHIX (POPMUPYIOT KOMIUICKTHI
MOJAAPKOB MO TPU UTPYIIKU B KaxA0M. CKOJIBKO Pa3IUYHBIX KOMIUIEKTOB MOJAAPKOB MOX-
HO cpopMUPOBATH?

Pewenue. imeem BCEBO3MOKHbBIE HEYNOPSIAOUECHHBIE TTOAMHOKECTBA MO 3 3JIEMEHTA
n3 10. CormacHo 1.11. 2.4, 2.5 umieM KoJIM4ecTBO COUYETaHUM, T.€.

| 1.8.0.
ci. 100 78910,
31(10-3)!. 317!

Htak, MoxHO chopmupoBaTh 120 pa3nmuyHbIX KOMILJIEKTOB MOJAAPKOB.



2.6. PazmMelenusi, IepecTaHOBKH, COUETAHUS MOKHO MHTEPIIPETUPOBATH KAK BCEBO3-
MOJKHBIE 8blIOOpKU 3aJAHHOTO KOJMYECTBA 3JIEMEHTOB M3 HEKOTOPOM COBOKYIMHOCTH,
coziepkauieil m snemeHToB. [Ipu 3TOM BBIOOpKM-pa3MELIEHHs Pa3INYalOTCs KaKk CaMUMU
3JIEMEHTaMHU, TaK U UX MOPAIKOM; BEIOOPKU-COYETAHUS PA3HATCS TOJBKO CAMUMU AJIEMEH-
TaMu (MOPSIOK UX CIIEOBaHMsI HECYIIECTBEHEH), BBIOOPKH MEPECTAHOBKH M3 M 3JIEMEH-
TOB APYT OT ApPYyra MOTYT OTJIMYAThCS JHIIb MOPSAKOM CIIEIOBAaHUS 3JIEMEHTOB. MIMeHHO
TaKWe NMPU3HAKU OOBIYHO MCIIONB3YIOTCS JJI pacro3HaBaHMs BUAAa BbIOOPOK B TEOPHUU
BEPOSTHOCTEM.

3. YU CJIO 2JIEMEHTOB B OFBbE/IJMHEHUU MHOXECTB

3.1. HamoMHMM, 9TO 00Bedunenuem muoxcecmeé A m B Ha3bIBaeTCss MHOXKECTBO
AU B, KaxJIbIi 3JIEMEHT KOTOPOTO COACPIKHUTCS XOTsI Obl B OJJHOM W3 MHOXECTB A WU
B, T.e. cogepxxutcs unu B A, wiu B B, win B 000ux 3THX MHOKecTBax. OO01as ke 4acTh
AN B 3TUX MHOXECTB Ha3bIBACTCS UX HEpeceueHUueM.

3.2. Teopema 3.1. Ecniu koHeuHbIe MHOKecTBa A U B mMeroT mycroe mepecedcHue,

TO KOJIMYECTBO 2JIECMCHTOB
n(Auw B) =n(A) +n(B).

Teopema 3.2. Eciiu koneunsie MuokecTBa A n B mmeror Hemycroe nepeceueHue, TO
n(AuB)=n(A)+n(B)—n(AnB).

JlokazarenscTBa TEOpEM | M 2 JIETKO BBITEKAIOT U3 TEOMETPUUECKUX MUHTEPIIPETAUN
00BEIMHEHNS HENIEPECEKAIOIINXCS U NTEPECEKAIOLINXC MHOXKECTB (nuarpamm Brena).

IIpumep. Bee akumonepst 3A0 nepeBoasaT AMBUAEHABI HA cyeTa B Oankax. [Ipu aTom
U3BECTHO, UTO YEThIpe aKIMOoHepa UMeIoT cueta B COepOaHke, mecTh yenoBek — B [loura-
OaHKe, HO U3 HUX JBOE UMEIOT Takke cyeTa U B CoepObanke. CKOJIBKO BCEro aKIIMOHEPOB B
nagHoM 3A0?

Pewenue. Tlycte A — MHOXKECTBO aKIIMOHEPOB, UMerOIIMX cuera B COepbanke, B —
MHO>KECTBO AaKIMOHEpOB, mMewmmx cyera B Iloura-Oanke. Torma TpeOyercsa HaiTh
n(Au B). Umeem

n(AuB)=n(A)+n(B)-n(AnB)=4+6-2=8.

4. BUHOM HBIOTOHA

4.1. V3BecTHbIie (POpMYIIBI KBajpaTa, Kyda CyMMbl MOTYT ObITh 00OOIIEHBI CIEAYIO-
UM 00pa3oMm.
Teopema 4.1. [Ins1 1100010 HaTYpaIbLHOTO M UMEET MECTO COOTHOILICHUE

(0+PB)™ = ic;am—ksk. (4.1)
k=0

Yucna Crlf] B opmyite (4.1) 3mech Ha3bIBAIOT OMHOMHAIBHBIMHU KO3 PHIIMEHTaMU.

OOmmi unen cymmsel (4.1), T.e. ciaraemoe, crosimee Ha K + 1 mecre, cumraror
k-M 4ieHOM pa3iioxeHus U 0003HAYAKT Ty , T.C.

T, =CXa™ X, k=0,1,...,m.



C paBeHcTBOM (4.1) cBs3aHa TEXHHKA MOJYYEHHs PE3yJbTaTOB JJI OJHOTO U3 BAXK-
HEHIIMX pachpeliefieHud CIy4ailHbIX BEJIMYMH — OMHOMMAJIBHOIO; 3TO paclpejesieHue
OyIeT U3JI0’KEHO HUXKE.

OauH 13 BO3MOXHBIX CIOCOOOB JoKazarenbcTBa Gopmydbl (4.1) 6uHomMa HeloToHa
coctout B cieaytomieM. CHauana onpenaernseMm kodpdummentsl a, (K =0, 1, ..., m) B pas-

JJOXKCHUU
A+X)" = ag + X+ a,x? +...+a, X" +a,x". (4.2)

Jliist 5TOrO MosaraeM B cootHomernn (4.2) X = 0; rorma a, =1=C_. Jlanee mudpde-
peHIupyeM obe yactu (4.2):

m(1+x)™™ = a, + 2a,x +3a5x% +...+ ma,x" ",

Ecnu BeiOpates X =0, TO momyyum & = m = Crln. [Tocne Broporo muddepeHupona-
HUS IMEEM
m(m-1)(1+x)"2 = 2la, +3-2X +...+ m(m—1)a,x" 2.

B ciydae X = 0 momygaem m(m—1) = 2!a,, otkyna

izzc
PZ

— 2
a, = m-

Tenepp mporiecc siceH: B 00111eM cirydae
ak = Crl:], k = O, 1, vy ML
CnenoBatenbHO, cooTHOIIEHUE (4.2) mpuodpeTaeT B

(1+X)" =1+ Cix+C2x% +...+CI ™+ CcMx™, (4.3)

[lepexon k ytBepxkacHUO (4.1) OCyIIECTBIAETCS, €CIM TOJIOKUTH TENEeph X = —
o

B paBeHCTBE (4.3).
4.2. Baxubsim crenacteueM (4.1), momydaembiM nipu oo =3 =1, aBisercs clieayromnmii
pe3yInbTarT:

cl+Cl+c2+..+CMtiCl=2m

k
Ecnu BCIIOMHUTB, 4YTO Cm CCThb KOJIMYCCTBO BCCX HCYIMOPAAOYCHHBIX K-3I1eMEHTHBIX

MOJIMHOXECTB JTAHHOTO MHOXECTBa (CoJliepKalllero BCEro M 3JIEMEHTOB), TO yKa3aHHas
CymMMa BBIpaKaeT €000 KOJMYECTBO BCEX Pa3IUYHBIX TMOJMHOXKECTB JAHHOTO MHO-
xectBa. UTak, uyucno ecex noommooicecme mmodcecmea, cooepiscaujeco m 371eMeHmos,

pasno 2"

IIpumep. B aynuropun BoceMb JIFOMUHECIIEHTHBIX Jiamm. CKOJIBKO CYIIECTBYET pas-
JMYHBIX CTIOCOOOB OCBEIIEHUS JTAHHOUW ayuTOpUn?

Pewenue. JIrob6ast koMOMHAIIUA U3 BKIIIOYEHHBIX B JAHHBI MOMEHT JIAMIT €CTh HEKO-
TOpO€ TMOAMHOXECTBO JAHHOIO MHOXKECTBA, COJEP)KAIEr0 BOCEMb 3JEMEHTOB. Uucio
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BCEBO3MOXKHBIX KOMOMHALIMH (ITOJIMHOKECTB) €CTh TOTIa 28, 1.e. 512. Vckmouast Ciyvau
HYJIb-3JIEMEHTHOTO MOJMHOXKECTBA (CiIydail, KOr/la HU OJIHA JIaMIla HE TOPHUT), MOIydaeM
B oTBeTe 511 crmocoOoB OCBeIIEHUS.

KOMBHUHATOPHUKA. KOHTPOJILHBIA MOJYJIb
1. TEOPETUYECKHUE YIIPAYKHEHUS

1. Jloxa3aTh paBEHCTBO Crlﬁ, = C;]"_k.

2. Jloka3aTb paBeHCTBO P, = A,'; Py

3. Tlomw3ysce pesympsratom N(Aw B) =n(A)+n(B)—n(AnB), BeiBectn hopmyity
st mojicuéra koimdectna aneMeHToB N(AU B U C) B 00beiMHEHNN TPEX MHOKECTB.

4. KakoB HauOonpmmii u3 OWHOMHUAIBHBIX KO3(P(PUIMEHTOB B PA3I0KEHUU

1+ x)2"?

m m
5. PaBHBI M TOKIECTBEHHO CYMMBI ZCrﬁxm_k U ZCrﬁxk?
k=0 k=0

2.3AJJAYH JIAA CAMOCTOSATEJBHOI'O PEHHEHUA

1. JloruH AOJKE€H HAYMHATHCS ¢ OYKBBI S U COCTOSITh U3 YETHIPEX OYKB aHTITUNCKO-
ro andanura (B aHrmiickoM andasute 26 0ykB). CKOIBKO MOXHO 00pa3oBaTh TaKUX JIO-
TMHOB, €CJIU:

a) Bce OyKBBI B HEM JIOJKHBI OBITh PA3IMYHBIMU;

0) OYKBBI MOTYT MOBTOPSITHCSI.

2. Kaxnplil u3 CTYJIEHTOB TPYNIBI BO BpeMsl KAHUKYJ padoTall B CTPOMOTPSAC WU
noObIBaJl B CIIOPTUBHOM Jiarepe. B crpoitorpsiae 6b110 75% crynenTos, a B narepe — 60%,
npu4éM HEKOTOpbIE YCIENH U mopaboTaTh, U MOOBIBATh Ha CHOPTUBHBIX cOopax. Kakos
MPOIIEHT TAaKUX CTYJEHTOB?

3. CKOJBKO CyIIECTBYET Pa3IMYHBIX aBTOMOOWJIBHBIX HOMEPOB, KOTOPHIE COCTOAT
U3 YeThIpEX UGP, €CU NepBas U3 HUX HE paBHA HYIIO?

4. W3 BOoChbMHM AeNyTaToB HAJ0 BBIOpaTh MpeicenaTess CYETHOM KOMHCCHHM U €ro
3amecTuTesa. CKOJIBKUMU CIOCOOAMU 3TO MOXHO CIIEaTh?

5. CKOJIBKO CYHIECTBYET Pa3JIMYHBIX IEPECTAHOBOK OYKB B CIIOBE «JI0TOBOP»?

6. CKOJIBKO CYIIECTBYET Pa3IMYHBIX JUATOHAICH B BBIMTYKJIOM N-YTOJbHUKE?

7. B otnenenuu cBs3u npoaaroT 10 BUI0B KOHBEPTOB U S BU0B MapoK. CKOJIbBKUMHU
croco0aMu MOKHO KYITUTh KOHBEPT U MapKy K HEMY?

8. Illectp MemOMaHOB CIIEMIAT 3aHATH O4Yepepb K (umapMonnueckon kacce. CKoJb-
KHMH CTI0OCO0aMH MOXKET ObITh c(popMuUpOBaHa Takasi ouepen?

9. B moHenenbHUK y CTYIAEHTOB JOJDKHO ObITh 4 yueOHble mapbl. CKOJIBKO MOXKHO
COCTaBUTh PACTIMCAHHI HA MOHEEIBHUK, €CJIi Bcero umeercs 10 yaeOHbIX TUCITATIITNH?

10. I'pynmia u3 17 yenoBek A0JKHA OBITH pa3/iefieHa Ha JIB€ MOATPYMIbI IJis1 U3yde-
HUS aHTJIMICKOTO U (DPaHIly3CKOTrO S3bIKA, MPUYEM B «AHIJIMICKOI TPpYIIe TOKHO OBITh
10 genoBek. CKOJBKO CYIIECTBYET CIIOCOOOB (hOpMUPOBAHUS MOATPYIII, €CIIM CaMU y4ale-
Csl HE BBICKA3bIBAIOT HUKAKUX MPEANOYTEHHIA IO TOBOAY BHIOOpA MHOCTPAHHOTO SI3bIKA?
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Masa 2. CJIYYAUHBIE COBbITUA

OBYYAIOIIIMA MOYJIb

OCHOBHBIMU TOHATHSIMH TEOPHUU BEPOSTHOCTEH SIBIISIOTCS TIOHATHS COOBITHS M €TO
BEpOATHOCTH. Ha OCHOBaHWM HAaIero >KW3HEHHOTO OMNBITa COOBITHS MOXXHO pa3OuTh
Ha TPU KaTETOPHH:

— JIOCTOBEPHBIC, T.€. HABEPHIKA MPOMCXOJSIINE MPU BHITOJHEHUHA JAHHOTO KOM-
IJIeKCa YCIOBUM; I0CTOBEPHBIE COOBITHS 0003HAYaeM CUMBOJIOM F;;

— HEBO3MOXXHBIC, T.€. HABEPHIKA HE MPOUCXO/ISIINEC; HEBO3MOXKHBIE COOBITHSI 000-
3HaYaeM CHMBOJIOM J;

—  CIydYaifHbIe, KOTOPhIC MOTYT KaK MPOU30MTH, TaK U HE MPOU3OUTH MPHU BHITIOIHE-
HUM JTaHHOTO KOMIUIEKCa yCIOBHi; o0o3Hauenus: 4, B, C, ... .

BeposiTHOCTh MOHWMAETCs Kak HEKOTopas YHCICHHAs Mepa CTENeHH OOBEKTHBHOU
BO3MOYKHOCTH TIOSIBIICHUS JAHHOTO COOBITHS, TaK YTO KaKIOMY COOBITHIO A COTIOCTaBIIS-
eTcst (SAMHCTBEHHBIM 00pa3oM) HekoTopoe uncio P = P(A).

1. AJITEBPA COBBITUI

1.1. Cnoscenue coovimuii. Codbitne A= A; + A, + ... + A, Ha3bIBaeTcd CyMMOU
coobiThit Ay, Ay, ..., An, eciiii coObITHE A COCTOUT B HACTYILJIEHUM XOTS Obl OJHOTO U3 yKa-
3aHHBIX A4, K=1, ..., n.

CooObitie A=A; + Ao+ ...+ A, + ... Ha3bIBaeTCd CyMMOW OECKOHEYHOTO KOJnYe-
CTBa COOBITUH, eclii cOObITHE A COCTOUT B HACTYILJICHUU XOTSI OBl OJTHOTO M3 YKa3aHHBIX
A, k=12, ...

Ymnoorwcenue coovimuii. Cobvitue B = A1A;...A, Ha3bIBaeTcsl NpPOU3BEACHUEM
coobIThil A1, Ay, ..., An, €ciii cOOBITHE B COCTOUT B COBMECTHOM HACTYIUICHUHU BCEX yKa-
3aHHBIX A4, K=1, ..., n.

[TpousBeaeHne 6€CKOHEYHOTO KONMMYeCcTBa COObITUI B = AjA;... Ay... COCTOUT TaKxke
B HACTYTUICHUH BCEX YKa3aHHBIX COOBITHH.

1.2. MErOT MECTO CIIeAYIOINEe CBOWCTBA!

a) KOMMYTAaTHBHOCTB OTICPAIMHA CIIOKCHHS K YMHOKCHHUS:

A+hy =R+ A, Al = RA;
0) accOMaTUBHOCTH OMNEPAIUil CJI0OKCHHUS U YMHOXKCHHS (COOTBETCTBEHHO):

A+A+ A= (A+A)+ A=A+ (A + Ay,
AP Ag = (AA) Ag = A (Arhs)

B) JHUCTPUOYTHBHOE CBOWCTBO
(Al + Ag)Ag = AjAz + AAs.

JlokazarenbCcTBa yKa3aHHBIX CBOMCTB U JIPYTUX PABEHCTB MEXKAY COOBITHSIMU MOYKHO
(dopManu3oBaTh, €ciau oOydaroluecss BIAACIOT TaOIUI[aMU UCTHMHHOCTH JJIi OCHOBHBIX
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JIOTHUYECKUX orepanuii. J[eo B TOM, 9TO BBICKA3bIBAHUE «HACTYIIUT XOTS OBl OJTHO U3 COOBI-
tail Ay um A, » («HactynsT 06a coObitus A 1 A, ») UICTUHHO TOTJAa U TOJIBKO TOTAA, KOTJaa

UCTUHHA [U3BIOHKIMA (KOHBIOHKIMS) BBICKa3bIBAHUM «HACTYNUT A », «HACTYIUT A, ».

CrnenoBaTenbHO, IMEET MECTO B3aMMHO-OJHO3HAYHOE COOTBETCTBUE MEXKIY OIEpalisIMU
CIOXXKEeHHUSI (YMHOXEHHUS) COOBITUH M JU3BIOHKIIMEH (KOHBIOHKIIMEH) COOTBETCTBYIOIIHUX
BBICKA3bIBAaHUIA.

Tax, HanpuMep, YCTAaHOBUM CIPABEIJIMBOCTh TUCTPUOYTUBHOTO CBOWCTBA Ha OCHO-
BaHUU CJICYIOIICH TaOIHIIbl ICTHHHOCTH. Kak 00bIYHO, B Hell cMMBOJ | 03HAYaeT UCTHH-
HOCTb BBICKA3BbIBAaHUS «COOBITHE HACTYNHT» ((DYHKIUS UCTUHHOCTH MIPUHUMAET 3HAUCHUE,
paBHoe 1), a cumBoi 0 — ero JOKHOCTH ((YHKIUS UCTHHHOCTH TPUHHUMAET 3HAYCHHE,
paBHoe 0). CBOMCTBO OyJI€T yCTAaHOBJIEHO CPABHEHUEM IATOU U CEIBMOM KOJOHOK TaoI. 1.

1. 3navenust yHKIUUM HCTUHHOCTH

>

Az

&

A1+ A (A1 + A2)As AlAs A2A3 A1As + AZA;
1 1 1 1

oO|lrr|lo|jlo|lo|r, =

1
141
0
1
0
1
0
0

oO|lo|Oo|rRr|R|IFR|O|F
Ol rRrIOIrR IS
OO0 0|0/, || O|F
OO0l o|—,r|O
o|lo|o|lo|r,r|O|O
o|lo|o|o|r | |O

1.3. C noMo1pto BBEAEHHBIX ONEpalyil ONpenesseTcs Tenepb MOHATHE HECOBMECT-
HOCTU COOBITHIl: coObiTuss A u A, HecoBMecTHBI, eciiu AA, =D, T.e. B pe3ylbrare
OMbITa HACTYIUIEHHE OJHOTO M3 HHMX HCKIIOYaeT HacTyIuieHue apyroro. CoObITHs
A, Ay, ..., 4, Ha3bIBaIOTCA INOMAPHO HECOBMECTHBIMH, €CJIM JIOOBIE ABa U3 HUX HECOB-
MECTHBI.

['oBopsrt, uto rpynmna coObituii Ay, Ay, ..., 4, monna, ecmtm A + A, +..A, = E, T.e.
B pe3yJIbTaTe OIbITAa HACTYIUIEHUE XOTS Obl OJIHOTO M3 YKa3aHHBIX COOBITUH SIBISETCS J10-
CTOBEPHBIM.

CoObiTus A 1 A Ha3BIBAIOTCS MPOTHBOIONOKHBIME, ECITH OHU HECOBMECTHBI M 00pa-
3YIOT MOJIHYIO TPYIILY:

AA=C, A+A=E.

MO>KHO TakXe CKa3aTb, 4TO A COCTOUT B HEHACTYIUIEHUU A: BBICKA3bIBAHHUE «HACTY-
nut A ecTh OTPUIIAHHE BHICKA3BIBAHUS «HACTYIIUT A».

IIpumep 1. biiok B 2JIEKTPUYECKOM CXEME COJIEPIKUT JIBa MapalieIbHO COEIUHEHHBIX
AJIEMEHTa; COObITHE A; €CTh UCHPABHOCTh MEPBOrO 3IeMeHTa, A, — BTOporo. Beipazuthb

yepes A, u A, crenyromniie coObiTus: A OJIOK MpomycKaeT TOk; B 010k He mpomyckaeT
TOKaA.
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311eCh pacCyKJEHHUsl COCTOAT B cienyromeM. Ilockonbky HacTyrieHue coObITus A
O3HA4yaeT UCIPABHOCTb XOMs Obl 00OHO20 U3 31EMEHTOB, To A= A + A,. CoObiTue B 03Ha-

qaCT HeucnpasHocmsb KaXA0Tro0 9JICMCHTA, T.C. COBMECNHOE HACMYNl1eHUue AEI. nu A2 , d 3Ha-

aut, B=AA.

IIpumep 2. Beipazuth (Mpu HATUYUHM TOW KE DICKTPUUECKON CXEMBI) CIIEAYIOIIEe
cooniTe C: B OJIOKE UCIPABEH TOJIHKO OJMH 3JIEMEHT.

Paccyxnaem Tak: coObiTe C paBHOCWIBHO OJHOMY U3 JIBYX CJIEIYIOIIMX: UCIPAaBEH

IEPBBIA 21I€MEHT (CoObITHE A ), M HEHCIpaBeH BTOpou (A, ), Tak 4ro Hactymaer AjA,,
uiu (Ha000poT) HacTymaeT A A,; CIeI0BATENBHO,

C=AA, +Ah,
UuraTento npeasiaraéM paclpoCTpaHUTh pe3yJbTaT Ha Clydyall HACTYIUICHUS POBHO
OJIHOTO U3 TPEX, ..., U3 1 JIAaHHBIX COOBITUH, T.€. I0KAa3aTh, UTO HACTYIUICHHE POBHO JABYX

U3 TPEX JaHHBIX COOBITUN €CTh COOBITHE

A=AAA+ A A A3+ A A A T

1.4. CoBokymnHOCTh U Bcex paccMaTpuBaeMbIX COOBITUN UMEHYETCS aneebpoti coObl-
muu. OHA XapaKTEpU3yeTcs TEM, YTO

— B HEW BBEACHBI OMEPAIMH CIOXKEHUS W YMHOXKCHHS, PE3yJIbTaThl BBITIOJHCHUS
KOTOPBIX Takke cojepkarcs B U;

— U coaepxut 10CcTOBEpHBIE COOBITHS,

— BMeECTe C KaXIbIM COOBITHEM A MHOXeCTBO U COIEPKHUT MPOTHBOIMOJIOKHOE
cobbiTHE A,

Anrebpa coObITUH, copeprKaIas TakKe BCEBO3ZMOXKHBIE OECKOHEUHbIE CYMMBI U MPO-

W3BEJICHUSI, HA3bIBACTCS G-aJIre0poit (0opesieBCKo anredpoi).

2. KIACCUYECKASA BEPOATHOCTD

2.1. Bynem paccmatrpuBaTh coObiTust A, B, C, ... Kak UCXOABI HEKOTOPOTO OTBITA;
YHUCJIO UCXOJIOB CUMTaeM KOHEYHbIM. Ka)kJIoMy OMBITY COMOCTABUM MHOXECTBO BCEX €r0
anemenmapuplx (MPOCTENIINX, «HEPAZIOKUMBIX») UCX00068 ) ={®;, ®,, ..., ®,}, KOTO-
poe aéT MOJIHYI0 HHPOPMALIMIO O TIPEANOIaraeéMblX pe3yabTaTax 3TOro ONbITA.

DneMeHTapHbIMH Ha3bIBAKOTCS TaKWE UCXOJBl (; OMNbITA, KOTOPBIE YAOBIETBOPSIOT
CJIETYIOIIUM YCIIOBUSIM:

a) TpyIIa UCXOOB IOJIHA, T.€. 005A3aTeIHbHO MPOU3ZOHAET XOTs OBl OJIUH U3 ©; ;

0) HCXOIbI MOMAPHO HECOBMECTHHBI;

B) BCE (; — PAaBHOBO3MOXHBI, T.€. 0OBEKTUBHO HU OJMH U3 MCXOJIOB HE SBIIACTCS
0oJ1ee BO3MOXKHBIM, YEM JIFOOOU JPYTOM.

2.2. Cpenu »jeMEHTOB MHOXKecTBa () MMEIOTCS MCXOJbI, OJaronpusTCTBYIONINE
COOBITHIO 4, T.€. T€, B pe3yJIbTaTe KOTOPHIX COOBITHE A HACTYyMAET.
Knaccuueckoit éepoamnocmuio coObITHS A Ha3bIBAaCTCSI OTHOIIIEHUE YnCIa M =My

9JICMCHTApPHBIX HMCXOOO0B, 6HaFOHpI/IHTCTBYIOHII/IX A, K 06H_IeMy qucsly N BCEBO3MOKHBIX
QJICMCHTAPHBIX UCXOA0B OIIbITA:

P(A) :%. 2.1)

14



2.3. OueBUAHBI CIEAYIONINE CBOMCTBA KIIACCUYECKON BEPOATHOCTH:
P(E)=1, P(Y)=0, (2.2)
0 < P(A) <1 ans BCIKOro CAy4aiHOro COOBITHS A. (2.3)

JleicTBUTENBFHO, B TEPBOM Clydae BCE€ HCXOJbl OJarompusaTHel, T.e. Mg =N,
a BO BTOpoM My =0, Tak uro cootHomenus (2.2) — B cuiny onpenenenus (2.1) — oueBua-
HBI; HakoHeI, 0 <M, <N I BCSIKOTO CIydaitHOTO coObITHsI A, a TOATOMY oreHKa (2.3)
UMEET MECTO.

2.4. MHorMe npakTUYeCcKHe 3a7a4i MOTYT ObITh CMOJICJIMPOBAHbBI B BUE CIEAYIOLIEH
3aJ1aqy O BEIOOPKE.

[Iycts cpean N oObekToB wumeercss M MedeHBIX (HampuMmep, OKpAIICHHBIX;
0<M < N). KakoBa BepoATHOCTb, UTO CPEIH U3BICYEHHBIX CIydaliHbIM 00pa3zoM K 00b-
eKTOB oKaxkeTcst poBHO L MeueHbIx (0< L <M )?

Pewenue. O603HaunM yepe3 4 coObITHE, BEPOSITHOCTh KOTOPOTo MBI uilleM. BceBos-
MOKHBIE BBIOOpKH 00bEMa K 00pa3yroT MpOCTPAaHCTBO 3JIEMEHTApHBIX HCXOJO0B (OHU
MOTIAPHO HECOBMECTHBI, PABHOBO3MOJKHEI, U WX TpylIa MmojHa). Paznmuyasce naumb oTo-
OpaHHBIMU OOBEKTAMH, UCXOJbI SBISIIOTCS COYETAHUSIMU, TAK YTO BO3MOXKHOE MX YHUCIIO

ectb N =C/; . BIaronpusTHBIN HCXO/ HACTYIIAET, KOTIA OXHOBPEMEHHO H3BJICUCHO POBHO
L o6wexToB 3 M, octanmbabie K — L u3Bieuensl u3 N — M HeMeUeHBIX.
. L

Yucao BO3MOXKHBIX U3BIeueHUit L 00bekToB (M3 M) ectb Cy,, Torma Kak YHCIIO

OCTaJIbHBIX U3BJICYEHUN €CTh Cﬁ__,\'] ;  IIpY DTOM Ha Ka¥J0€ W3 C,\'7| W3BJICYCHUN MEUe-

HBIX OOBEKTOB MPUXOJUTCS POBHO C,\}f__,\l‘,, U3BJICYEHUN 00BEKTOB HeMeueHbIX. CoriaacHo
NPYHIUITY YMHOMKEHHS KOIHYECTBO GIArONpUATHBIX Hcx010B ecth Cy Cfi 7y . Crenosa-
TENBHO,

L ~K-L
Cm CN-m

ch

P(A) =

3. OTHOCHUTEJIBHAA YACTOTA U CTATUCTUYECKAA BEPOATHOCTD

3.1. [lonsiTHe OTHOCUTENBHONW YAaCTOTHI COOBITHSI BBOJUTCA B pe3yjbTaTe aHaIu3a
poBeNEHHBIX ONbITOB. Ecu coObiTHe A MOSBMIOCE M =M, pa3, TO OTHOCUTEILHON Ya-

CTOTOH COOBITHS A HA3BIBAIOT YHCIIO

m

W(A) =W, (A)=—.
n

3.2. [IpakTuka moKa3bpIBaeT, 4YTO C POCTOM YHCJIa OJHOTUITHBIX ONBITOB OTHOCUTEIIb-

Has 4acToTa MPUOOpPETAeT CBOMCTBO YCTOMYMBOCTH, KOJEOIACh OTHOCUTENEHO HEKOTOPO-

ro ygucina P = P(A), KoTopoe Ha3bIBACTCS CTATUCTHUYECKOH BEPOSATHOCTHIO COOBITHS A.
Huxe Oyner mpeniokeHo mMaTeMaTHYeCKOe O00OOCHOBAHHME STOTO CBOMCTBA, HA3bIBAEMOE
3aKOHOM O0JbIIKX YKces bepHyu.

3.3. OueBuaHO, yTO OTHOCUTENbHas yacTtota W(A) yaoBIeTBOpPSAET CBOMCTBAM, aHa-
ngoruyHbM (2.2), (2.3); B uactHOCcTH, 0 <W (A) <1.
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4. TEOMETPUYECKASA BEPOATHOCTD

4.1. PaccMOTpUM CEAYIOIMIUNA OTBIT: B HEKOTOPOW OTpaHWYCHHOW obOyiactu E ciry-
YaliHBRIM 00pa3oM OykIaeT TOYKa, MPUYEM MolagaHus e€ B JI0ObIe YacTH, MMEIOIIHC
OJIMHAKOBYIO Mepy (Hampumep, IUIOIMa s B COy4yae IUIOCKUX 00JacTeil), CUMTAIOTCS paB-
HOBO3MOXHBIMH. IlycTh coObiTHE A — e€ monamanume B oOsacth A < E. Ecim S(A)

u S(E), S(E)#0 — coorBercTBeHHO Mephl A U E, TO reOMETPUUYCCKON BEPOSITHOCTHIO
coObITust A OyZieM Ha3bIBATh YUCIIO

SOR-C

4.2. Jlnsg reoMeTpUYecKOd BEpPOSITHOCTH COXPAHSIIOTCS, OUYEBUAHO, CBOMCTBA (2.2),
(2.3) m onienka 0< P(A) <1 misg BCIKOTO CIIy9aliHOTO COOBITHS A. 3aMETHM, YTO 37eCh
paBerctBa P(A4)=1, P(A4)=0 oka3bIBatOTCS BO3MOXHBIMH U ISl HEKOTOPBIX CIVYAUHbIX

coObiTuil 4. Tak, Hanpumep, eciu E — KBajpart, a cliydailHoe coObITHE 4 — MONaJaHue
TOYKM Ha OOy ero nuaroHainb, To P(A) =0, mocKoNbKy nuaroHajlb UMEET HYJEBYIO

Iomanab.

5. MIOHATHUE Ob AKCUOMAX BEPOATHOCTHU

5.1. PaccMoTpeHHBIE BBIIIE MOJEIU BEPOSATHOCTH COOBITHSI (KJIACCUYECKasl, CTaTH-
CTUYECKas, TeoMeTpuueckasi) 00J1ajaloT HEKOTOPHIMU OOUIMMHU CBOMCTBAMHU, KOTOpPHIC
MO>KHO TIOJIOKHUTH B OCHOBY aKCHOMAaTHYECKOTO OTPEICTICHUS BEPOSITHOCTH.

3agaauM BEPOATHOCTh Kak HEKOTOpyr ¢yHKIuio P Ha anredpe cobObituit U (umm
naxe o-aiareope coOwiThil). Byaem cyuTaTh, YTO BBIMOJHEHBI CIEAYIOLIME CBOMCTBA
(aKCHUOMBI):

A1 (HeoTpuraTebHOCTh BepossiTHOCTH): P(A) >0 ms Besikoro AeU

A2 (HOpMHPOBAHHOCTH BeposATHOCTH): P(E) = 1;

A3 (aqIMTHBHOE CBOMCTBO): €CIii COOBITHS Ay, Ay, ..., Ay IOIIAPHO HECOBMECTHBI, TO

P(Al + A+ .+ An) = iP(Ak)’
k=1

A4 (akcroMa «pacIIMPEHHOM» aITUTUBHOCTH IS TOMAPHO HECOBMECTHBIX COOBITHH):

P(A1+A2+ oA )= iP(Ak)’
k=1

I'JIe YUCJIOBOM PsiJT MIPEATIOJIAraeTCsi CXOSIAMCS.
5.2. Ilpu BeimonHeHNH akcuoM Al — A4 UMEIOT MECTO CIICAYIOIINE YTBEPKIACHHUS.

Teopema 5.1. JIng Bcsikod mapbl IPOTHUBOIIONOXKHBIX cOObITUH A, A crpaBeinBO
PaBEHCTBO

P(A) + P(A) =1.
JleiicTBUTENBHO, B cHily cooTHomeHuss A+ A = E u cBoiicTBa HopMupoBaHHOCTH Al
P(A+A)=P(E)=1.
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Jlanee, B cuity HecoBMecTHOCTH coObiTuiit A, A u akcuombl A3 monyyaem

P(A)+P(A) = P(A+A) =1,
qTO U yTBep>KI[aJIOCB.
B YaCTHOCTH, OJIA CO6BITI/II71 AJOCTOBCPHOT'O N HCBO3MOKHOC KaK IIPOTHUBOIIOJIOKHBIX
IoJIy4yaem

P(J)=1-P(E)=1-1=0.
Teopema 5.2. Besikoe coObiTre 4 umeeT BeposiTHOCTS P(A) <1.
Jlns mokazaTenbCTBa BOCHOJIB3YEMCS PE3YJIBTATOM Teopembl 5.1 u cBoricTBoM Al:

1=P(A)+ P(A) > P(A).

5.3. Belie ans kinaccu4eckoil BEPOATHOCTH YCTAHOBJIEHO, YTO OHA Y OBJIETBOPSET
ceorictBaM Al u A2. [IpoBepum s He€ Teneps cupaBeanuBocTh A3. Hauném ¢ paccmoT-
pPEHUS IBYX HECOBMECTHBIX COOBITHI U YCTAHOBUM, UTO

P(A +A)) =P(A)+P(A;).

[TycTh OIBIT UMEET N AJIEMEHTAPHBIX UCXOJIOB, U3 KOTOPBIX My OJaronpusaTcTByeT Aj,
a My ucxonoB — Ay. BBuy HecoBMecTHOCTU cOObITUM A 1 Ap, cpeiu My 1 My HET o0ImuX
nucxoaoB. CinenoBarenbHO, COOBITHIO A + Ay 01aronpUATCTBYIOT POBHO My + My UCXOJIOB,
a Toraa

m+m, My
n

P(A+Ay) = +22=P(A) + P(Ay).

5.4. YTBepxkaenue 1. 5.3 MOXKHO paclpoCTPaHUTh TENEph Ha MPOU3BOJIBLHOE KOHEY-
HOE€ KOJIMYECTBO COOBITHM, MOJIb3YSICh ACCOLMATUBHBIM CBOMCTBOM CJIOXEHUS U JEUCTBYS
no WMHAYKIuu. Tak, Hampumep, eciu Tpu coObITus Aj, Az, A3z MONapHO HECOBMECTHHI,
To coObitust (A1 + Az) u As, oueBUIHO, OyJyT HECOBMECTHBIMH. Terneph Ha OCHOBaHUU
yTBEpKIeHus 1. 5.1 momydaem

P(AL+ Ay + Ag) = P((A + Ay) + Ag)) = P(A + Ay) + P(Ag) = P(A) + P(Ay) + P(Ag),

TaK 4TO CBOMCTBO A3 OKa3bIBAETCSl BEPHBIM U B ClIy4yae TPEX CJIaraeMbIX.

6. BEPOSITHOCTbH ITPOU3BEJEHUA COBBITUN

6.1. PaccMoTpuM cnoco® BBIUMCIEHHS KIAaCCHUYECKON BEPOSTHOCTH MPOU3BEICHUS
cobbituii AB. O6Go3naunM uepes P,(B) BeposTHOCTH cOOBITHS B, BhIUMCIEHHYIO ITpU

yCJIOBUH, YTO A TIPOU30IILIO0, U OyJeM Ha3bIBaTh €€ YCIOBHOW BEPOSITHOCTHIO COOBITHSI B
(BEepOSTHOCTBIO B 10 HACTYIUICHUU A).
Teopema 6.1. FIMmeeT MecTO COOTHOIIICHUE

P(AB)=P(A)PA(B). (6.1)

okazamenvcmeo. Ilpeanonoxxum, 4To cpeind N 3IEMEHTAPHBIX UCXOA0B OMbITA POB-
HO M OJaronpusTCTBYIOT pousBeaeHuo AB, 1 M, KCX0lI0B OJAronpusTCTBYIOT COOBI-

turo A. Torna
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p(aB)=_Ma M _prpy M 6.2)
n n my m,
Ocraércs YCTAaHOBUTD, YTO
m
Pa(B)=—. (6.3)
m 4

I[J'I}I 9TOro 3aMCTHM, 4YTO 11O HACTYIJICHHU A mmmb Te mA HCX0O0B, KOTOPBLIC CMY

OIaronpusATCTBOBAIN, OKa3bIBAIOTCS BO3MOXHBIMHM JJI1 JAJIBHEHIEro pacCMOTPEHMS,
a coobiTHe B nmeer Torga OnaronpuATHBIMM MCXObI, OJaronpusTHbIE OJHOBPEMEHHO U
st A. Takum 0Opa3oM, 1Mo HACTYIUIGHUH A OKa3bIBaeTcs Mg =M, U BeruucieHue P, (B)

MIPUBOJIUT K paBEHCTBY (6.3).

CornacHo paBeHcTBaM (6.2) u (6.3) monydaem ytBepxaeHue (6.1).

6.2. B cinyuyae npousBeneHust TpEX U OOJIBIIETO YKCIA COOBITUN UMEET MECTO aHaJIO-
TUYHBIM pe3ysbTaT. Tak, Harpumep,

P(ABC)=P(A)PA(B)P5(C).

Jloka3zaTeabCTBO MPOBOAMUTCA MO MHAYKIMM C MCIOJIB30BAHMEM CBOMCTBa accollua-
TUBHOCTH YMHOXXEHUSI COOBITHIA.
3ameuanue. COOTHOILICHUE

P(AB)
P(A)

BbITeKaromee (s kiaaccuueckod BepositHocth) mpu P(A) #0 w3 dopmynsr (6.1),

PA(B) =

B 00IIIEeM CTydae MOXKET OBITh MOJIOKEHO B OCHOBY OnpedeiieHus yCIOBHOW BEPOSITHOCTU
coObITust B. CTOUT 3aMETUTh, YTO ATO OIpPEAENIEHUE KOPPEKTHO, €CIH Il BHIOpaHHOM
MOJICIM BEPOSTHOCTH MPEABAPUTEIBHO ycTaHOBICHO, uTo P(AB) < P(A).

6.3. CoObiTHsi A 1 B Ha3bIBaIOTCA HE3aBUCHMBIMH, €CIIH BEPOSTHOCTH KaXKIOTO
U3 HUX HE 3aBUCHUT OT TOTO, HACTYMWJIO JIU WU HE HACTYMWJIO Jpyroe coObithe. Hampu-
mep, eciu cpeau N mpeameroB Oyaer poao M (0 < M < N) medeHbIx (OKpaIICHHBIX,
OpakOBaHHBIX U T.II.) U IPOU3BOAUTCS «O€3BO3BpaTHASD BHIOOPKA, TO BEPOSATHOCTH MU3BJIC-
YEHUsI BTOPOTO MpeAMeTa MEUYEHBIM (COOBbITHE B) 3aBUCUT OT TOTO, OBLI JTU MEUEHBIM
(coObiTHE A) M3BJICUEH NIEPBBIN MpeaMET. JeliCTBUTENBHO,

M -1
P,B)=——
(B =
(tak xak o Hactyrieaun A cpeau N —1 mpenmeros ocranocs M —1 Meuensix) u
M
P;(B)=——.
AlB) =11

OpHako B ciiydae BO3BpPaTHOW BBIOOPKHU BEPOSTHOCTH U3BJICYEHUSI BTOPOTO MPEIMETa
MEUCHBIM ObLTa OBl OJHOM M TOHM ke (HE3aBHCHMO OT TOrO, KaKUM OBLI IEpPBBIA Mpe-
METOB):

P(B) =P ,(B) = P, (B) =%.
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Takum 06pazom, B IepBOM citydae cOObITUSI 4 U B 3aBUCHMBI, @ BO BTOPOM CIIy4ae —
HE3aBUCHMBI.
6.4. AnanoruyHo, coObITusi A, Ay, ..., A, Ha3bIBAIOTCS HE3aBUCUMBIMHU B COBOKYTI-

HOCTH, €CJIM Kaxkias u3 BeposTHocTed Pj =P(A;) ocraéres mOCTOSAHHOW B yCIOBUSX

JTAHHBIX OIBITOB.
N3 Teopemsl 6.1, mpuMeHEHHON K IBYyM HE3aBUCHUMBIM COOBITHSIM, BBITEKAET, YTO

P(AB)=P(A)P(B).

PaCHpOCTpaH}IH pPE3yJIbTaT HA n CO6I>ITPIﬁ, HC3aBUCHUMBLIX B COBOKYITHOCTH, IIPUXOIUM
K COOTHOIICHUIO

P(AAg..A,) = P(A)P(A)...P(A4,).

7. BEPOATHOCTb CYMMBbI COBMECTHBIX COBBITUI

7.1. Beiie Obuta paccCMOTpPEHA BEPOSITHOCTh CYMMBbI MOMAPHO HECOBMECTHBIX COOBI-
Tuid. Creayromuil pe3yiabTaT B Clydae CyMMBI JIFOOBIX JIBYX COOBITHH A U B saBiseTcs
Oonee oOLUM.

Teopema 7.1. UmeeT MmecTo paBEHCTBO

P(A+4;)=P(4)+P(4y)=-P(44,).
3ameyanue. CBOMCTBO aJIUTUBHOCTA BEPOATHOCTU JIBYX HECOBMECTHBIX COOBITHI
B IIPUBENEHHOM YTBEPKIEHUH COIEPHKUTCS, IOCKONBKY P (44, )= P(J) =0.

JlokazarenbCTBO TEOPEMbI HETPYIHO MPOBECTH, MOIB3YSCh YTBEPKIEHHEM TeopeMbl 3.1
0 YHMCJIE DJIEMEHTOB B 00bETMHEHNH MHOKECTB.
7.2. B cimyyae CyMMBbI 72 COOBITHII UMEET MECTO

TeOpeMa 7.2. P(Al + AZ +...+ An) =1- P(AlAZAn) .
JI0Ka3aTeNbCTBO BBITEKAET U3 TEOPEMBI 5.1, IIOCKONIBKY COOBITHE HACTYIUIEHHS XOTSI
ObI OJJHOTO M3 YKa3aHHBIX COOBITHIA

A=A+ A4, +...+ 4,

N HCHACTYIUICHUA HU OAHOI'O U3 HUX

A= 4 dy... 4y

SIBIISIIOTCSI, OUYEBUIHO, TPOTUBOIIOJIOKHBIMH.
7.3. Ilycte Temepsr coObitust A, Ay, ..., A, He3asucumvl 8 COBOKYNHOCMU,
pj=P(A)) n q; = P(Kj)zl— P(A;), j=12,..,n. U3 teopempr 7.1 BbITeKaeT TOrAa
COOTHOIIICHHE
P4+ Ay +..+ 4y) =1-40y...05 .

B wactHOCTH, 0715 08yX Hezasucumbix coovimuti A 1 A, onydaem

P(4 + 4y) =1- 0y =1- Q= p)A—p;) = pr + po — P1P2,
Y MBI TIOJIYYMJIM YaCTHBIN CiIy4yal yTBEepKIAeHus 1. 7.1.
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8. ®°OPMY.IA TIOJTHOM BEPOSITHOCTH
U ®OPMY.JIbI BEMECA

8.1. IlpenmonoxuM, 9To COOBITHE A €CTh pPe3yIbTaT HACTYIUICHUS XOTsI ObI OJTHOTO U3
coosiTuii Hy, Hy, ..., Hy, momapHo HecOBMECTHBIX M 00pa3yIOIIUX MOJHYIO IPYINY, HO MPU
TOM HEM3BECTHO, Kakoe MMEHHO U3 H; HacTynuT. B aTom ciaydae coowitus Hi, Hy, ..., Hy
HA3BIBAIOT TUIIOTE3aMH 10 OTHOIICHUIO K A.

8.2. B ycnoBusix 1. 8.1 crnpaBeyiInBO COOTHOIIEHUE (Ha3biBaeMoe hOPMYIION noIHOL
6EPOSMHOCMIL)

n
P(A)= > P(H,)Py, (A). (8.1)
k=1
loxazamenvcmeo. BBAy IOJIHOTHI TPYIIIBI TUIIOTE3 UMEEM

E=H +H,+..+H,.

YuuTeiBasg OYE€BUIHOE TpencTaBieHue A= AFE W CBOWCTBa OIEpAllAN CIOXEHUS U
YMHOXEHUSA , IOJIy4aeM TOTaa

A=AE =HjA+HyA+..+ H, A.

Cobwbituss Hy A, K=1,2,...,n oKa3pIBafOTCS MOMAPHO HECOBMECTHBIMU (TIPEAIIOIIO-
’KUB TIPOTUBHOE, MBI ITOJTYYUIIA ObI COBMECTHOCTD THIIOTE3), a IOATOMY

P(A) = ZP(HkA).
k=1

Uto0b1 ycTaHOBUTSH (8.1), OCTanoCh MPUMEHUTH K KaXJOMY ClaraéMoMy TocCIeHen
CyMMBI TEOpEMY YMHOKeHHS 6.1.
B wactHOM citydae nByx rumote3 popmyiia MoJHONW BEPOSITHOCTH IPUHUMAET BH/]T

P(A) = P(Hl)PH1 (A) + P(HZ)PH2 (A).

8.3. Ilycth BbImosHEeHB! ycioBus 1. 8.1 u nipu 3ToM coOwite A Hacmynuno. Torna
BEPOATHOCTb TOTO, UTO COOBITHE A OKasanocy credcmeuem cunomesvl umenno H, , onpe-

NEJISIETCS B BUJIE

P
(Hi)P, () k=1,2,..n, 8.2)
P(A)

Pa(Hy) =

rae P(A)# 0 — momuas BepostHocTh (8.1). CootHomieHus (8.2) Ha3pBalOT (HOpMyIaMH
berieca.
okazamenvcmeo (8.2) BbITekaeT U3 paBeHcTBa AH | = Hy A, IpUMEHUB K KOTOPOMY

TCOPEMY YMHOKCHUA, IMOJTYIUM

P(A)P;(Hi) = P(H)Py, (A), k=12, ..., n,

YTO U PAaBHOCHJIBHO (8.2).
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9. KIACCHYECKASA BEPOATHOCTD: TUIIOBBIE 3ATAYHN

3amaya 9.1. Bo BHOBb NOCTPOCHHOM Aome umeeTrcs 20 KBapTUpP, CPEAN KOTOPBIX
8 pacmosoxeHbl Ha KpailHuX 3Taxax. KBapTupsl pacnpeaenstorcs mno xpeduto. Haiitu Be-
POSITHOCTB TOTO, YTO 3TH 8 KBAPTUP JNOCTAHYTCS TAHHBIM BOCBMHU CEMBbSM-TIEPECEICHIIAM.

Pewenue. TlockonbKy BCEro yuaCTHUKOB kepeObEBkU — 20, TO 3IEMEHTapHbIE UCXO-
JIbI OTBITA — ATO YIopsaoYeHHbIe BhIOOpKH U3 20 mo 20, T.e. mepectaHoBKU. KonnuecTBo
BCEBO3MOJKHBIX HCXOJ/IOB, TAKKM 00pa3oMm, ecth n = 20!

Ecnu cobbiTe A COCTOMT B TOM, YTO 8§ KBApTUP HA KpPAaMHHX ATakaxX JTOCTaHYTCS
BOCBMH CEMBSIM-TIEPECEICHIIAM, TO YUCIIO OJIarONpHUSTHBIX UCXOJOB 71, MOKHO BBIYHC-

JUTH cheayromuM oOpa3zom. Cpeau JaHHBIX BOCBMHU ceMedl BO3MOXKHO 8! crmocoOoB pac-
IpeJeeHNs KBapTUp Ha KpallHUX 3Ta)kaX, U KaKJbld TaKOW CIIOCOO COYETaeTCs C OCTallb-
HbIMH 12! ciocobamu pacnpeneneHuss KBapTUP CPEIH OCTANIbHBIX 12 yYaCTHHKOB KepeOb-
¢Bku. CornacHo npuHIUy yMHoxenus: m , = 8l-12!1 Urak,

my 8121 1
201 125970

P(A4) =

3agaya 9.2. B ToproByio ceTh MOCTYMaOT OJHOTHUITHBIE TOBAPHI IBYX MPOU3BOIUTE-
neit. Tlepswiii mpousBoauTenb nocrasisieT 80% cTaHmapTHRIX u3nenui, Bropoit — 60%.
JI71s1 KOHTPOJISE BBIOPAHO CIy4allHBIM 00pa3oM MO OJHOMY M3JCIIMIO KaXKI0TO ITPOU3BOIH-
tenst. KakoBa BEpOSITHOCTB, UTO

a) 00a u3nenus CTaHJAapTHBL;

0) TOJBKO OJHO M3 HUX CTAaHJIAPTHO;

B) XOTs ObI OJTHO CTaHJIAPTHO.

Pewenue.

1. O6o3Hauum uepe3 4 coObITHE, COCTOSAIIEE B TOM, UTO 00a U3/ACNIUS CTaHAAPTHBI.
Bripazum 4 depe3 coObiTua A1 — U37ENHUe TIEPBOTO MPOU3BOJUTENS CTAHIAPTHO U Ap —
U3JIENUe BTOPOro craHAapTHo. SIcHo, uto A= A A, npuuém coObITus A1 U A> HE3aBUCH-

MbI. ClieIoBaTeNLHO,
P(A)=P(A)P(A,)=08-0,6=0,48.

2. Ilycth coObiTHE B — pPOBHO OJHO WU3JEIME CTaHAAPTHO; B OJTOM Cllydae
B=AA +AA,. IlockoabKy BEpOSTHOCTH COOBITMH A1 B A MOCTOSHHBI B YCIOBHSX
IPOBOJUMOI0 KOHTPOJIS, TO A 1 A, — HE3aBUCHUMBI; TOUHO TAK)KE HE3aBUCUMBI A 1 A, |

Y TIPU 3TOM MPOU3BEICHUS ASLKZ u KlAz, OYE€BUIHO, HECOBMECTHBI. Toraa
P(B) = P(A))P(A;) + P(A))P(A;) =0,8-0,4+0,2-0,6 =0,44.

3. C — xotsa Obl OHO W3JIETUE CTaHIAPTHO; oueBHAHO, YTo C = Ay + Ay, mpuuém
coObITHsS A1 1 A2 — COBMECTHEI, CJI€I0BATEIBHO,

P(C) = P(A) + P(A,) - P(A)P(A,) =0,8+0,6—0,48 =0,92.

3amauya 9.3. Ilo camonéry BmimyiieHa pakera. OHa MOXET OBITh YHHUYTOXKCHA.
CamoJIET MOXKET YHUUTOXUTH €€ ¢ BepoaTHocThIo 0,6. Ecnu 3toro caenate He yma€rcs,
TO pakeTa MOPAXKAET CaMOJIET ¢ BepoATHOCThIO (,8. KakoBa BEpOSATHOCTH MOPAKECHUS
caMoJ€Ta pakeTou?
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Pewenue. Tlopaxxenune camoii€ra — ciaoxHoe coobiTue C, COCTOSALIEE B COBMECTHOM
HACTYIJIGHUU COOBITUSI A — HEYHUUYTOKEHUU PAKEThl U COOBITUSA B — MOpakeHUsl B ITOM
ciaydae camoliéra paketoil. CnegoBarensHo, C = AB. Teneps

P(C) = P(A)P ,(B).

[lepeitném k HaxoxnaeHUro BeposiTHOCTEH. CoObiTHE 4 TMPOTUBOIOJIONKHO COOBITHIO
YHUYTOXEHUS PAKETHI, CIEA0BATEIBLHO,

P(A4)=1-0,6=0,4; npustom P,(B)=0,8.

Temnepp
P(C)=0,4-0,8=0,32.

3agaua 9.4. 20% unpopmanuu mocTymnaer ¢ nepsoro cepsepa, 80% — co BTOpOTO.
BepositHOCTh mocTymieHus GeiikoBoit nHdopmanmu it mepBoro cepsepa pasna P = 0,1;
1151 BTOporo — P, = 0,05,

|.  KakoBa BeposATHOCTh, YTO MH(POPMAIIHS C HayTraJl BEIOPAHHOTO cepBepa MOCTYIHT
detikoBas?

2. Tloctynuna deiikoBas nunpopmanusa. KakoBa BepoSITHOCTb, YTO €€ OCTABWII MEP-
BbI cepBep?

Pewenue. Ilycte A — coObiTHEe OOHapykeHus ¢erika. Bo3amoxxubl runoressl: Hi —
oH noctynui ¢ cepepa Ne 1, H, — ¢ cepepa 2. OueBUAHO, YTO BBHIMOJHEHBI YCIOBUS
HECOBMECTHOCTH M MOJHOTHI rpynnsl Hi w H,. 3necs P(H:) = 0,2, P(H;) = 0,8;
P,_|1 (A) =01 P,_|2 (A)=0,05. Torpa:

1) 1o dopMyJie MOTHOM BEPOSITHOCTH
P(A)=P(H,) PH1 (A)+ P(HZ)PH2 (A)=0,2-0,1+0,8-0,05=0,06;

2) 1o gopmynam beiieca a1 epBoit U3 rUIOTE3

P(H)Py, (A 02.01 1
P(A) 006 3

3amaya 9.5. KomnbploTepHOW QUAarHOCTUKE MOJBEPraeTcs rpymmna yYaCTHUKOB JIHC-
naHcepu3anuu, cpeau Kotopsix 10% cTpagaroT HEKOTOPHIMU 3a00JIEBAaHHUSIMU.

B pesynbrare AuarHocTUkM 00J€3Hb BBISBIISAETCS C BEposTHOCTHIO 0,95, 1 ¢ BeposIT-
HOCTBIO, paBHOW 0,03 370pOBBIM y4YaCTHUK NOPHU3HAETCA OOJBHBIM. Y MPOHU3BOJIBHO
BBIOPAHHOTO MPOTECTUPOBAHHOTO YYACTHHKA KOMITbIOTEpP BBISIBUI 3a0oiieBanue. KakoBa
BEPOSITHOCTb, YTO MPOU30IILIA OLINOKA?

Pewenue. Ilycth coObiTHE A COCTOUT B TOM, YTO MPOTECTUPOBAHHBIN YYACTHUK MPHU-
3HaH 00JbHBIM. BO3MOXHBI IpenonoxeHus (TUInoTe3bl):

H; — Tectupyercs y4acTHUK, CTpaJaloiinii 3a0071€BaHUEM;

Pa(Hy) =

H, — tecTupyeTcs 310pOBbII YUaCTHHK.
TpeOyeTcsi HalWTU BEPOATHOCTh TUNOTE3bl H, TpH yclOBUHU, YTO HACTYMUIIO COOBI-
THe A; cnenosarensHO, mpuMeHnMa Gopmyna beiteca
P(H,)Py, (A)
P(A)

Pa(Hz) =
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[To ycioBuio 3amaum TUIOTE3bl MMEIOT BepostHoctu P(H;) = 0,1 u P(H;) = 0,9.
COOTBETCTBYIOIINE YCIOBHBIC BEPOSATHOCTH COOBITHS UMEIOT BU/I:

Pu, (A)= 0,95; R, (A)=0,03,

BeposiTHOCTh cOOBITUSI A Hax0IUM TI0 (hOpMYyJIIe TTOJIHOM BEPOSITHOCTH
P(A)=P(H,) PH1 (A)+P(H,) PH2 (A)=01-095+0,9-0,03=0122;
Tenephb
09-0,03 27

P,(H,)= .
a(H2) 0122 122

3agaua 9.6. Ha cknane Bnepemeniky jexar 50 3K3eMIUISIPOB KHUT, KOTOPBIE SIBIISI-
FOTCSI TIEPBBIMU M BTOPbIMU TOMaMu counHenui JIx. P. P. ToynkueHa, npuuém 4ucio Tex u
JIpYyrux OOJibllle €IUHUIIBI. BO3MOXKHO JIU MPU 3TOM YCIOBHUM B3SITh CIIy4allHBIM 00pazoM

.1
I[mapy KHHUT, YTOOKI C BCPOATHOCTBIO, PABHOH ? , 9TO OKa3aJcCAa OBI I[BYXTOMHI/IK?

Pewenue. 1lycte nepBbix TOMOB K MTYK, a BTOpbIX L mryk. MOXHO cUuTaTh, 4YTO
KHUTH OepyTcst moouepénHo. BeposTHOCTh B3STh CHavaja NepBbIA TOM, a 3aT€M U BTOPOU

K L
TOM II0 (pOpMyJIE€ BEPOSATHOCTU IpOoU3BeaeHUs Oyner P = 5029’ BEpPOSITHOCTh BHIOOpA B

L K
oOpatHOM nopsinke P, = ——. CrnenoBaTesbHO, BEPOATHOCTD C(HOPMHUPOBATH ABYXTOM-

50 49
KL
HUK TEM WJIU UHBIM CIIOCOOOM 110 (pOpMyJie BEpOSITHOCTH CyMMBI ecTb P+ P, =2- 50.290°
[To ycioButo 3a1auu MOJIy4aeM CUCTEMY YPaBHEHUH B IEIBIX YUCIAX
KL _ l; KL=25.7:
25-49 7 wumm K+ L 50
K + L =50; TR

[lepBoMy ypaBHEHHIO YIOBJICTBOPSIOT CICIYIONIUE Taphl HATYPaJbHBIX YHCET,
OonbMx eauHUIsL: (25; 7), (35; 5). OnHako HU OJHA U3 HUX HE YAOBJICTBOPSIET BTOPOMY
ypaBHEHUIO (MOXKHO TaKXe HETOCPEACTBEHHO PENINTh CHCTEMY, YTOOBI yOCIHTHCS, UTO
y He€ HaTypaJbHbIX PEIICHUH HET).

Omeem: HEBO3MOXHO.

10. HOBTOPEHME OIIBITOB. ®OPMYVYJIA BEPHYJIJIN

10.1. TlycTh OAMH W TOT € OIBIT MOBTOPSETCSA N pas, U IPU STOM BEPOSTHOCTH
HACTYIUICHHUS COOBITHS A B Ka)KIOM TaKOM OIIBITE OCTAETCS HEM3MEHHOM, paBHON HEKOTO-
poMy p; myctb (=1- p. MaremaTudeckas MOJEIb, UCIIONb3yeMasi IJIs1 OIMMCAHHUS TaKOi
MIOCJIEI0BATEIbHOCTH OMBITOB, Ha3bIBACTCS cxemotl Bepuyu.

O06o03naunM yepe3 P,(K) BeposTHOCTE TOTO, UTO CcobbImMuUe A nosisumcs pouo k pasz
6 n onvimax. B 3ToM ciydae roBopsaT Takke o0 K «ycmexax» B N ombiTax. MMeeT mecTo
crnenytomas popmyna Bepuynnu:
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P.(k)=CfpXq"™. (10.1)

Hoxazamenvcmeo. ®ukcupyem kakue-miubo K omnbitoB. O603HauuMm uepes A,

coObITHE HACTYIUICHUs COOBITHS A poBHO K pa3 (T.e. B 3TuX B K ombITax), mpoucxoasiiee
COBMECTHO ¢ HeHacTyneHueM A (HactyruieHneM A) n—K pa3. O4eBHIHO, YTO

k yn—k
P(Ank)=prP-q--q=p"q "
%/_J
k n—k
CobGpitHe B, |, cocTosmee B TOM, 4TO A HOABHTCA POBHO K pa3, paBHOCHIILHO
HACTYIUIEHHIO KaKOr0-IMOO U3 ONMCAHHBIX (IIONApHO HECOBMECTHBIX) A, |, T.€. UX CyMME.

Torma
P.(K) =P(By )= P a" ™ + p*q"* +...pKq" ¥

OpUYEM ClIaraéMbIX B 3TOM CyMME CTOJIBKO, CKOJIBKO CYHIECTBYET CIOCOOOB chopmMupo-
k
BaTh pa3jMuHble KOMOUHANMU THNa A, . 9T0 KoiauuecTBO paBHO C, — yuciy (Heynops-

J04YeHHbIX) BBIOOPOK M3 N mo K. Takum o6Gpasom, ciaraemoe pkqn K IIOBTOPSETCS

C,'f pa3 u MbI ipuxo1uM K Gopmyte (10.1).

10.2. B ycnoBusix nynkra 10.1 seposmuocme nacmynnenusi coovimusi A 6 n onvimax
om K; 0o Ky pas, t.e. vmm Ky, umm k;+ 1, ..., wmm K, ects, oueBuIHO,

_ k k n— k
P,k <k <k,) = ZC
k=k,
10.3. Yucno m, nosiBjaeHUsI COOBITUS HA3bIBACTCSI HAUBEPOSMHEUUUM, ECITT BEPOSIT-
HOCTb TIOSIBJICHUSI COOBITHSL M1, pa3 B N UCIBITAHUIX MPEBbIMaeT (WM, N0 KpaifHel mepe,

HE MEHBIIIE) BEPOSTHOCTH OCTAIBHBIX BO3MOXKHBIX MCXOJIOB UCHBITAHUA. MOXHO JOKa-
3aTh, YTO YUCJIO M, (WIA HAUBEPOATHEHILINE YMCIIA, TOCKOJIBKY UX MOXKET ObITh U JIBA)

OIIPCACIIACTCA U3 ,HBOfIHOFO HCPaBCHCTBA
(n+Yp-1<my, <(n+1p.

10.4. O606mennem cxembl bepHyiu sBIsieTCS cleAyrolas cxema, Ha3biBaeMasi 1o-
JAMHOMUAIBHOU. IIyCcTh OT OmbITa K ONBITY BEPOSTHOCTh HACTYIUICHUS COOBITHS A MOXET
MEHSThCS, OYJyYd 3aBUCHUMON TOJIBKO OT HOMEpa OIBITA, TaK YTO B MEPBOM OIMbBITE OHA
paBHa P;, BO BTOPOM — Py, B N-M — P,,; monoxum G; =1-p;, 9, =1-p,, ..., 0, =1-p,.
Torna BeposITHOCTh HACTYIJICHUSI COOBITUSL A B 3TUX N OMBITaX POBHO K pa3 oka3biBaeTCs

paBHOM KO3hULIMEHTY TTPU z* B MuOTOUITCHE
n
¢ (2) :H(Qj +Ppjz),
j=1

(GyHKIHIO @, (Z) Ha3BIBAIOT MIPOU3BOISIICH.

24



Ecau xe Bce pJ =p OJUHAKOBbI H, COOTBCTCTBCHHO, OJIMWMHAKOBBI BCC

d; =1-p; =q, To cornacHo (opmyne dbnHoma HprotoHa, koddurment npu z* coBnazét
¢ mpaBoit yacteio popmyisl (10.1), B pe3ynbTrare uero npuxoum K popmyiie bepaysm.

11. MIPEJEJIBHBIE TEOPEMbI B CXEME BEPHYJIUIN

C poctrom N (N — o) ucnonb3oBanue Gopmyibl bepHymm u e€ cieacTBuil IPUBO-
JTUT K TPOMO3JKUM BBIYUCICHUSM. PaccMOTpUM B 3TOM ciiydyae COOTBETCTBYIOIIHME IPH-
OmKEHHBIE (POPMYJIBI.

11.1. TIpu Gonpmmx 3HaueHHsX N U 0 < p < 1 3Ha4YeHHWE BEPOSATHOCTH bepHyIH
P, (k) M0oxHO pUOIMKEHHO BBEIYUCIHTS TI0 «IOKATbHOUW» (hopmyne Jlannaca

1
I:)n (k) ~ M(P(Xn, k)’
2
k—n 'y
rae Xn’k_\/nT)(;) o(X) = ﬁe 2

JlokanpHas ¢opmyna Jlanmaca npu N —> oo ‘Xn’ k‘ <const BeITEKaeT U3 MpeacTaBlie-

HUS (ACUMIITOTHYECKOU (POPMYIIBI)
1
Py(K) = —o(x 1+ : 111
n(K) \/TM(P( n,k)( Sn,k) ( )

const

Jn

11.2. Ecam xonmvecTBO N ombIToB Beduko U 0 < p < 1, TO BEpPOATHOCTH
P, (k; <k <k,)Toro, uto cobwimue A npouszoudém ne menee ki u ne bonee kz paz, moscem

ObIMb HaliOeHa NO NPUOIUNCEHHOU UHMe2paTbHOU popmyne Jlannaca
P (kl < k < kz)z (D(sz )—@(Xkl) y

riae ‘8,] k‘<

ki —n ko —n
rae X, = \1/nT)o:D; X, = \Z/mp D(x) = j o(t)dt.

Tabnuibl 3HaYCHUI SKCIOHEHIMATLHON (YHKIHMH ((X) ¥ MHTErpaibHOW (YHKIMH
®d(x) UMEIOTCS BO MHOTUX JIMTEPATYPHBIX MCTOUYHHKAX; cM., Hampumep [1]. IIpu stom
UCIIOJIb3YETCSl CBOMCTBO YETHOCTH (PyHKIMHU @ G(—x) = @(x) 1 CBOMCTBO HEUETHOCTH D(X):
D(—x) = — D(x).

Wuterpanbhas ¢opmyna Jlammaca BeITEKaeT U3 aCHMITOTHYECKOTO MPEICTaBICHUS
(11.1) BepositHOocTH bepuymnu u cnenctBust 10.2 popmynsr bepaymm.

11.3. C nomo1pto UHTErpagbHOM GhopmMybl Jlammaca MOKHO HAMTH BEPOSITHOCTh OT-
KJIOHEHHs OTHOCUTENBHOM yacToThl W(A) cobbitis A ot ero Bepostaoctu P(A) mo cie-
nyromier npubmmkEHHON popmyre:

p@%_ ol < gj < 2c1>£s %j (11.2)

3nech @ — Kak U Bblllle — UHTErpaibHas pynkuus Jlammaca.
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Jlns nokasarenbcTBa BolpakeHus (11.2) 3anuiiemM HepaBEeHCTBO < & B paBHO-

m
—Pp
n
cuinbHOM Buae N(P—¢€) <m<n(p-+&) U 3aMETUM, YTO M €CTh YNCJIO HACTYIICHUH COOBI-

Tisi A B n ombiTax. [1o3TOMy MOXXHO NPUMEHHTH HHTErpajibHyro ¢dopmyiy Jlamiaca
c ky =n(p—eg), k, =n(p+¢). Umeem Torma

X _k-np_ —ne P Ly i L}
“ Jnpg  Jopg \pg 2 “npg \ pg

CraenoBaTeibHO,
POE— p| < s) = CD(S l]—@(—s ij,
n Pq Pq

OTKyJla B CHJTy HEUETHOCTH MHTETpaibHOM (GyHkmuu Jlammaca u OyaeT BBITEKaTh COOTHO-
menue (11.2).

11.4. U3 pesynbraroB 1. 11.3 crnegyer ynmoMsIHYTBHIN BBIIIE€ 3aKOH OOJIBIIUX YUCET
bepnyun.

m
Teopema 11.1. ITycts W, (A) = —2 — oTHOCHTENbHAS YACTOTA COOBITHA A B 71 OIIBI-
n

tax 1 P(A) — ero BeposTHOCTE. Toraa s modoro € >0 UMeeT MECTO COOTHOIICHHUE

lim P
n—oo
YTBepxaeHue cienyet u3 cootHomenus (11.2) u Toro dakra, 4To IpU 7 —> 0 €ro
npaBas 4acTh CTPEMHUTCS K 3HaueHuio 2d(w) =2-0,5=1.

B cBsi3u ¢ paBencTtBOoM (11.3) roBOpST Takke, 4YTO OTHOCUTENbHAS YaCTOTa COOBITHS A
CXOJUTCS 110 BEPOATHOCTH (IIpH 71 —> o0 ) K BepositHocTh p(A).

DA _ p(A)
n

< s) =1. (11.3)

11.5. IlycTh B Ka)KIOM OIBITE BEPOSITHOCTH COOBITUA A TOCTOSIHHA, HO OT CEpUU
K CEpUU OTBITOB (C POCTOM HMX KOJHMYECTBA 7) OHA MEHSETCS 00OpaTHO MPOMOPIIMOHATIBEHO
KOJIMYECTBY OIIBITOB; APYTMMHU CJIOBaMH, 3HAaY€HUE IPOU3BENEHUs A =NpP ocTaércs

NOCTOSHHBIM. [Ipu copMyTHpOBaHHBIX YCIOBUSX UMEET MECTO COOTHOIICHUE

K.—A
lim (k)= "

n—o0 k!

(11.3)

Jlst ero nokaszaTenbCTBa MPEICTaBUM BEPOATHOCTh bepHyiu B BUjie

n.(n—l).,i(.!. (n—k+1) pk (- p)n_k _

_ n-(n—1)-...-(n—k+1)(§jk (1_%” -

k! n n B

P (k)=

i _%.(n_k)

‘ n
:L.(E.”—l.___.”‘k+1j. (11) : | (11.4)
kI \n n n n
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k
A ,
HpI/I BBIYMCJIICHMM IIpEAciia mpu N —> oo 3aMETUM, YTO OTHOMICHHUEC F OCTacTCA I10-

CTOJAHHBIM, ITPOU3BCACHHUC KC B CKOOKax COACPIKUT K MHO}KI/ITGJIefI, K&)KI[LII?I N3 KOTOPBIX
CTPCMUTCA K COAWMHMUIIC. HOCJ’IGI[HHFI MHOXKHUTCIIb COACPKUT B CKOOKax BBIPA’XCHUC BHOA

(1+t)m, rie t:—&,TaK yro t -0, ecau N — 0.
n

[Ipenen sToro BelpaxkeHus (BTOPOI 3amMedaTesbHbIN Mpejen) ecTh unucio e. [lokaza-
TEJIb K€ CTETICHU

A k
A -k)=n+ X
n n
IIPU 3TOM CTPEMUTCS K 3HAUEHHIO — A .

Takum o6pa30M, MNpCaACJIbHBIM 3HAYCHHUCM IIPOU3BCACHHUA B HpaBOﬁ YaCTH BBIPAKC-

k
Hus (11.4) spisercs % ke , 9eM | JToKa3aHo yTBepxaeHue (11.3).

Y cTaHOBIICHHBIM PE3YJIbTAT O3HAYACT, UTO CCJIM BCPOSATHOCTD p ITOABJIICHUA coObITHS A
B KOXJO0M H3 N OIIBITOB MaJia, 4 IPH 3TOM N — BEJIIMKO, TO UMECT MECTO HpI/I6J'II/I)KéHHaH

dbopmyna
Ae
k!

Py (k) =

B KOTOPOH A = np.
BeposiTHOCTH e TOro, 4TO MPU JOCTATOYHO OOJIBIIIOM YHUCIIE OMBITOB COOBITHE MPO-
M30MIET HE MeHee My U He OoJjiee M, pa3 MOkHO HaTH (cp. 1. 10.2) mo npubIMKEHHOM

bopmyie

mo }\’k Y
P,(m <m<m,)= de .
k=m1 -

12. CXEMA BEPHYJIUIM: TUIIOBBIE 3ATAYN

3agaua 12.1. Haifti BeposSTHOCTH TOTO, YTO COOBITHE A MOSBUTCS B TISATH HE3aBHCH-
MBIX ONBITaX: a) 2 pasa; 0) MeHee 2 pa3, €Cld BEPOSTHOCTHb IMOSABJICHUS COOBITHS A
B o7HOM ombite p = 0,4,

Pewenue.

1. Ilyctb coObiTHE B COCTOMUT B MOSIBIIEHUU A POBHO 2 pa3a B ISITU ombITax. Toraa
o ¢opmyiie bepruymim

P(B) = P;(2) =CZ - (0,4)? - (0,6)% = 0,3456.

2. Ecnu cobwitne C o3HavaeT mosiBienue A MeHee 2 pas, T.e. win Hu pasy (k = 0),
v oauH pa3 (K= 1), To

P(C)=P;(0)+P;(1)=C2-0,4°.0,6° +CL.0,4-0,6% =
— 014256 +0,4752 = 0,61776.
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3agaya 12.2. ®yr6onpHas KOMaHAa UTPAET C PAaBHOCHIBHBIM COTNEPHUKOM CEpHUIO
MaTuell (B ciyyae HUYbel Ha3HayaloTcs OyuuThl). UTO BeposiTHEe: BBIMTPATh JIBa MaTya
U3 YETHIPEX WM TP U3 IECTH?

Pewenue. Imeem cxemy bepHyIuim, B KOTOPOH BEPOSTHOCTh COOBITUS B €AMHUYHOM

OTbITE (BBIMTPHINIA B MaT4e) P = %, q=1-p= % Cpasaum P, (2) u P;(3). Umeem

et (3]-5. w45

CrnemoBaTelibHO, BEPOSTHOCTh BBIMTPATH JIBa MaT4a U3 YETHIPEX — BHIIIIE.

3amaya 12.3. Tect no matemaruke ciaaroT 15 cryaeHToB. BeposTHOCTH peoaoeTh
IIOPOTOBOE 3HAUYCHHE I Kaxkaoro u3 Hux 0,9. HaliTn HauBeposTHEHIIICE YUCIIO YCIIEIITHO
MPOIIEAIINX TECTUPOBAHKUE U €TI0 BEPOSTHOCTD.

Pewenue. Tak xak n =15 p = 0,9, 10 1o ¢opmyne (10.3) wumeem
16-0,9-1<m, <16-0,9 T.e. m,= 14,
Tenepp

Rs(14) =Ci2 - (09)* - (0" = 0,343.

3agaya 12.4.

a) BeposATHOCTH TOTO, YTO HA CTPAHUIIE PYKOITUCH UMEETCS XOTs ObI OJIHA OIeYaTKa,
paBHa 0,2. Haittu BepositHOCTE TOTO, 4TO M3 400 cTpanun kHuru poBHO 104 coxep:kat
OTICYATKHU.

0) Ilpu Tex xe yCIOBUSIX HAUTH BEPOATHOCTH TOTO, UTO OyJeT HE MeHee 72 u He 60-
nee 104 crpaHull ¢ oreyaTKaMu.

Pewenue.

a) MoXHO uCnoJsib30BaTh JIOKalnbHyt0 dopmyny Jlammaca, tne n = 400, p = 0,2,
g =0,8; Torna

« = 104 -80
n,k — g -
[Mockonbky @(3) = 0,0044, To OyaeM UMETh

1 3) 0,0044

+400-0,2-0,8 G

0) Ucnons3yem mHTEerpansHyo Gopmyny Jlammaca, B koropoit n = 400, p = 0,2,
g =0,8; Torma

3.

Pyoo (104) ~ = 0,00055.

72-80 104 -80
n, k]_ = 8 = —1’ Xn’ k2 = 8 =
Haxogum ®(—1) = - d(1) =-0,3413, O(3) = 0,4986. CnemoBaTeibHO,
Paoo(72 <k < 104) = D(3) — D(— 1) = D(3) + D(1) = 0,8399.
3agaua 12.5. Cxonbko pa3 Haj0 OpOCUTh MOHETY, YTOOBI ¢ BeposiTHOCTHIO p = 0,9544
yTBEpXKAaTh, YTO OTHOCHTENbHAS 4YacToTa BBINAJACHHS Tepba oOTKiIoHWIack or 0,5

He Ooitee, yeM Ha 0,057
Pewenue. Cornacuo npubnmxéanoi popmyne (11.2) umeem

3.
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M _o5

0,9544 = P(
n

< o,osj ~20 0,05 |— " |
1 0,5(1—0,5)

rac m — 4YuCIIo MOSIBJICHUH rep6a Ipu n HOI[6paCLIBaHH}IX MOHCTHEI. OTCIOI[a
0,9544 ~ 20(0,05v4n) wm @(01vVn) ~0,4772.

[To TabGnure 3HayeHU MHTErpanbHON (yHKIMHU Jlammaca HaxoauM 3HAYEHUE apry-

MeHTa HHTerpanbHoi dyrkuun Jamiaca: 01vn ~ 2, otkyna n ~400. Wtak, MOHETY HAzO
opocutsb 400 pa3.

3agaua 12.6. BeposaTHOCTh TOr0, YTO aOOHEHT HEMPaBMWJIBHO HAOEPET TeneOHHBIHI
HOMED, MMPUHUMAETCS 111 Bcex aboHeHToB paBHOil 0,001. Onpenenuts BEpOsITHOCTH TOTO,
yTo cpean 500 mpom3BEeNEHHBIX HE3aBUCHUMO OJWH OT APYrOoro BBI30BOB POBHO OJWH
aOOHEHT HaOEepET HeNPaBUIILHO Telle(OHHBIN HOMED.

Pewenue. Yucno onsitoB N = 500 Benuko, BEpOSITHOCTH HEBEPHOTO HaOOpa HOMeEpa
B kKaxaom ombite p = 0,001 — mama. CnegoBatenbHo, npuMensieM dopmyny Ilyaccona,

B KoTopoi A = np = 0,5. [Tockoabky e 0° ~0,6065, o

050605 _ 35555

Psoo (1) =

3agaua 12.7. B Teuenne roma u3 aspomnopra ropoaa N ormpasisercs 1200 aBuapeii-

coB. BeposTHOCTB 3a7ep KK KaKJI0ro BbulieTa 1o mereoyciioBusiM paHa 0,005. Kakosa
BEPOSATHOCTD 3aJEPKKU 10 METEOYCIIOBUSIM B TEUEHHUE T'0J1a HE MEHEE 2 PEUCOB?

Pewenue. Tlo ycnoBuio 3aa4ul BEpOSTHOCTh HACTYIUIEHUS COOBITHS B €IUHUYHOM
ombITe (3aJepKKHU peiica mo mereoyciousiMm) mana: p = 0,005, Torma Kak 4YUCIO OMBITOB
(aucino peiicoB) Benuko: N = 1500. CiaegoBaTenbHO, B pacy€Tax BO3MOXKHO UCIIOJIH30BAHUE
dbopmyisl [Tyaccona. CoObITHE 3aIepKKH HE MEHEe 2 PEHCOB MPOTUBOMOJIOKHO COOBITHIO
3agepxku K <1 peiicoB. Umeem A =np=1200x0,005=6 u

6% 6le™®
+

=7e7°,
o! 1

Pisgo (0 <k <1) = Pysgo (0) + Piseo (1) =
T.C. p1500 (k > 2) =1- 76_6 ~ 0,97

CJIYYAHUHBIE COBBITUS. KOHTPOJIBHBIA MOJIY.Ib

1. TEOPETUYECKUE YIIPAKHEHUA
1. Hcnonb3ys TaOauIbl MICTUHHOCTH, I0Ka3aTh pAaBEHCTBA

A1+A2 :Z].A_Z’ A].AZ :Kﬂ_-i—ﬂz.

2. Ecnu xiaccudeckas BEpOSITHOCTh HEKOTOPOTO COOBITHUSI paBHA 1, TO BEpPHO JIH,
YTO 3TO coOBITHE — HocTOBepHOE? [Touemy?
3. Moxkazatb, 4yTo JJis1 JTI0OBIX ABYX COOBITHI A U B MMEeT MeCTO HEPaBEHCTBO

P(A+B)<P(A)+P(B).
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4. Jlokazats, uto ecmt p=P(A) u q=P(A), 10 pg< %

5. MoxHO M B ciydae 0gyx THUIOTE3 (OpMyIy TOJHON BEPOATHOCTH 3aIMCcaTh
B BUJIE
P(A) = P(Hl)PHl (A)+P(H,) Pﬁl (A)?

6. I[OKaSaTL, 9qTO B CXCMC BepHy.TIJII/I BCPOATHOCTL P HACTYIUICHHA cOoOBITHS A XOTS

n
OBl OJTUH pa3 MOXKET OBbITh BbIUKCIIEHA B BUAe p=1—0 . 31ech p — BEpOATHOCTb MOSIBIIE-
HUS COOBITUSL A B K&XKJOM U3 N ONBITOB, =1—p.

7. BeposTHOCTh p TOSBICHUSI COOBITHS A B KaXIOM OIBITE MOCTOsTHHA. OTBITHI
MIPOBOJIAT J0 TIEPBOTO HACTYIUICHUS COOBITHs. UemMy paBHA BEPOSTHOCTH TOTO, YTO OyIeT
IIPOBEICHO POBHO 7 OIBITOB?

8. Jlokazarb, 4TO €CJIM BEPOSTHOCTH p TOSBICHUS COOBITHS A B KaXKJIOM U3 N OIIbI-
TOB MaJja (N — BEJIMKO) U A = NP, TO BEPOIATHOCTD MOSIBIICHUSI COOBITUSL A XOTsI ObI OAUH pa3
MOXET OBITh HalifieHa 10 MPUOMKEHHON hopmyIie

Pk>1)~1-e*.

2. 3AJAYU JJIA CAMOCTOATEJBHOI'O PEHIEHUSA

1. OOGpa3yroT JM MOJHYIO TPYIIY CIAEAYIOLUE COObITUS: A — JIBa NOMAJaHUsl B MU-
IIEHb [IPH JIBYX BBICTpEiax, B — HU OAHOTO NOMAaJaHus MpHU TeX XKe JIBYX BBICTpeax?

2. PaccmatpuBaroTcs clieyronue coObITUs: 4 — MepBOe U3 MOIYYEHHBIX JIEKTPOH-
HBIX MHUCEM COJEPKUT HaBsizunmByto pekiamy (CITAM), B — BTOpo€ MHCHMO COIEPKUT
CITAM. Bripa3uTh ¢ MOMOIIBIO ONIEPAINI CIOXKEHUS U YMHOXKEHUS uepe3 coobitust A u B
U (WJIM) UM TPOTUBOTIOJIOKHBIE CIEAYIOIINE COOBITUS:

a) coObiTue C —HU 0HO U3 TceM He cojepxkut CITAM;

0) xotsa 6s1 ogHO nucbMo coaepxut CITAM;

B) TOJBKO OJHO TTUCbMO coaepxut CITAM.

3. BeposTHOCTh MOXKMIMBOW TOTOABI B MPEACTOSIINN BBIXOTHOW JNeHb paBHa (,7.
BeposiTHOCTh y1auHO#l phIOanIKu B JOXKIJIMBYIO Moroay pasHa 0,8, a B SICHYIO NOTOAY —
0,4. KakoBa BepOsSITHOCTb, UTO B MPEACTOSIIINIA BEIXOAHON phIOaiika OyaeT yaauHoi?

4. 3asBkuM paboToiaTesiell Ha CIELHAIMCTOB MHXKEHEPHBIX, JKOHOMHUYECKUX U IOpU-
JUYECKUX HAMpaBIICHUH MOCTYMalOT HAa OMpXy B oTHolIeHUHU 6:3:1. BeposTHOCTH TOTO,
YTO MPETEHJECHT Ha BAKAaHCHUIO MHKEHEPA YIOBIETBOPUT TPEOOBAHUSM pabOTOATENS PaB-
Ha 0,8, Ha BakaHcHIO 3koHOMHUCTA — 0,8, Ha BakaHcuto opucta — 0,5. HaliTu BepoATHOCTS,
YTO:

a) ciay4yallHO BbIOpaHHBII Ha OMpKe MPETEHACHT YCTPOMUTCS Ha padOTy MO CBOEH
CIELUAaIbHOCTH;

0) BEpOSATHOCTH TOTO, YTO YCTPOUBILUINCS HA pabOTy CIIELUATUCT — SKOHOMHUCT.

5. Nmeercsa 10 nBamiiaTua0IapOBhIX KYIIOP, U3 KOTOPBIX 4 KYIIOPHI (paTbIIUBBIC.
Hayran noouepéono u3BIEKarOT ABE KYIMIOPbI U OTHICKUBAIOT BEPOSITHOCTH COOBITUS A,
COCTOSIIIIETO B TOM, YTO 00€ 3TH KYMIOPbI OKaKYTCS (pasIbIIUBBIMU. MOXKHO JIU IPUMEHSThH
dbopmyny bepnymnnu, ecnu

30



a) KyIopa MoCJIe U3BJICUYECHUS U MPOBEPKU BO3BPAILAETCS B MTAUYKY;

0) BbIOOpKA O€3BO3BpaTHAS.

Haiitu P(A) B KakJ[0M U3 caydacB a) U 0).

6. BeposiTHOCTBH MpoJaTh MO ONTUMAIBLHOMN IEHE KaXXIbli U3 MATH MAaKETOB aKIIMM
B niepuoj ux najgeHus pasHa 0,25. KakoBa BeposSITHOCTb MPOAAXKK IO ONTUMAIBHOH 1I€HE
OombIIel yacTu nakera?

7. B npsSMOyrojibHUK BIHCAaHBI JIBE€ OKPYXHOCTH PAaBHOTO paJuyca, Kacarolluecs
JpyT Apyra BHEIIHUM 00pazoM. B mpsiMOyToJIbHUK Ciy4ailHBIM 00pa3oM OpolieHa TOouKa.
KakoBa BEpOSITHOCTb, UYTO OHA HE MOMAIET HU B OJIUH U3 KPYroB?

8. B cembe mATh AeTel; BEPOSITHOCTh POXKJIEHUS MalbuMKa B JTAHHOW MECTHOCTHU
pasHa 0,6. HaiiTi BeposSITHOCTH CIIEYIOMIUX COOBITHI:

a) B CEMbe JIBE JICBOYKH;

0) B ceMbe HE MEHEE JBYX JICBOUEK;

B) B CEMbE MAJIBUYMUKOB OOJIBIIE, YEM JICBOYEK.

9. B nmaHHOUW MECTHOCTH JIeBIIU COCTaBIsOT 5% HaceneHus. KakoBa BepOsITHOCTb,
41O Ha (hakynpTeTe, rae ooydarorcs 400 yenoBek, OKaKyTCsl HEe MeHee 3 JieBIei?

10. CTyneHT OJMHAKOBO IUIOXO MOATOTOBWIICS K KaXKIOMY M3 TpPEX HSK3aMEHOB.
C Kakoiif BepOSITHOCTBIO OH CIIAET KaX bl 9K3aMEH, €CJIM XOTs Obl OJTUH U3 HUX OH CIIACT
¢ BepositHOCThIO 0,578125.

11. Kaxapiii U3 TpEX HE3aBUCUMO pabOTAIOMIMX CUTHAIN3AaTOPOB CBOEBPEMEHHO
coOo0UIaeT 0 HApYILIEHUH 3a/IaHHOTO peXUMa padOThl PEaKTOpa C BEPOSITHOCTBIO, COOTBET-
ctBenHo, p; =0,9; p, =0,8; p3 =0,75. KakoBa BeposSTHOCTH TOTO, YTO IPU HAPYIICHUU

3aJIaHHOTO peXXMMa pabOThl CUTHAJIA HE TOCTYIUT?

12. Cpenu nsiTH OIMHAKOBBIX 110 BHELIHEMY BHUJy Ca)XXKE€HIIEB TpU — 3MUTHBIX. Hayran
B3SITHI JIBa caxkeHIa. KakoBa BEpOSTHOCTh, UTO POBHO OJIMH U3 HUX 3JUTHBIN?

13. BeposITHOCTH CBOEBPEMEHHOTO TOCTYIUICHHS TIaTeXa Ha KapThl, MPUOOPETEH-
Hble B OaHkax A, b, B, paBnbl cootBerctBenHo p; =0,7, p, =09, p; =0,6. Ha kaxnayto

u3 kapT 0ankoB A, b, B nepeuncnensl cpencrsa. KakoBa BeposITHOCTh TOTO, UTO POBHO
Ha JIB€ KapThl MEPEBO]I MOCTYIUT CBOCBPEMEHHO?

14. BeposITHOCTh TOTO, YTO Kbl JaHHBIA KIWEHT OaHKa MOTpeOyeT B TEeUEHUE
KQJICHIAPHOTO rojla 3aKPBITHs CBOETO JINIEBOTO cuéra, paBHa 0,002. KakoBa BEepOsSTHOCTb,
yto cpeau 1000 kueHTOB oTaeneHus: coepOaHka Tpoe MOTpeOyIOT B TEUCHUE I'0/1a 3aKPbI-
TUS JIULIEBBIX CUETOB?

OTBer 3amucath B BUAE NCCATUUHOMN Apodu mpubmmkeHHO ¢ TouHOCThIO 70 0,01.

15. CkonbKO ciemyeT pa3MecTUTh JIOMEHHUCIICHTHBIX JIaMIT Ha TOTOJIKE oduca, 9To-
ObI opuc ObLT OCBEmIEH (XOTS OBl OHOM JaMITON) ¢ BeposAsTHOCTHIO 0,99968, ecim BeposiT-
HOCTb IIEPEropaHms KaKJ10M jJamiibl paBHa 0,27
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Masa 3. ClTYYAUHBIE BENTMYUHDI

OBYYAIOIIIMA MOOYJIb

Cnyuaunou eenuduHol Ha3bIBACTCS YUCIIOBas BEIMYHUHA X, KOTOPask B KayKJOM OIIbITE
IIPUHUMAET OAHO W TOJBKO OJHO 3HAYCHHE, 3apAHEE HEU3BECTHOE M 3ABHUCSUIEE OT CIIy-
yalHbIX NpuuuH. [IpocTeitmuii npumep — HHIUKATOP CIIy4aHOTO COOBITHS A, T.e. QyHK-
s 1 =mn(A4), npuHUMaroIas 3Ha4YeHue, paBHOe 1, eciiu A HACTymHaeT, ¥ 3HaYCHHE, PaB-

Hoe (, B IPOTUBHOM CIIy4ae.
Eciu Bce BO3MOKHBIE 3HAUYEHHS BEIMYMHBI X MOKHO 3aIMCATh B BHJIE YHMCIOBOM MO-
CIIEM0BATENBHOCTH {X,}, N = 1, 2, ... (kOHe4HOM MM GECKOHEYHOMH), TO X Ha3bIBaeTCs

nuckpetHoil (JJCB — nuckpetHas ciiydaiiHasi BETUYHHA); €CIIU KE BO3ZMOXKHBIC 3HAUCHUS X
3aII0JIHAIOT LEJIMKOM HEKOTOPBIM YMCIIOBOW MHTEPBAJ, TO BEIUYMHA X Ha3bIBACTCs HEMpe-
PBIBHO pactipeaenéHHoi Ha 3ToM uHTepBaie (HCB — nenpepbiBHas ciydyaliHasi BEJIUYMHA).

[IpumepoM TUCKPETHOM CIIy4allHOW BEJIMYMHBI SBIISAETCS €XKEIHEBHO (PUKCUPYEMBIit
pyOJeBbIN Kypc J0Julapa, HENpepbhIBHOW — Bpemsi t 3arpy3ku (Qaiiina, cKayMBaeMoro u3
Wurepnera: t € (0, «).

1. PSIJI PACIIPEJIEJIEHUSI JUCKPETHOM CJOYUYAWMHOM BEJITUYUHBI.
YUCJIOBBIE XAPAKTEPUCTUKH

1.1. 3axkonom pacnpedenenus nuckpetHon ciyyaitnoi Benmunnsl (JICB) X HazbiBaercs
COOTBETCTBHE MEXIy €€ BO3MOXHBIMHM 3HAYCHHUSAMH X U BeposTHOCTAMH px = P(X = X)
OpUHATUS ATUX 3Ha4YeHH. OOBIYHBINA CIOCOO 3alaHusl TAKOTO 3aKOHA — psij (Tabnuila)
pacrpesiesieHns, KOTOPhIA B cllydae KOHEYHOTO YMCJIa 7 3HAaUYCHWM BEJIMYMHBI X (3arucaH-
HBIX B TIOPSIIKE BO3pACTaHUsI) UMEET BUJT

X|x1|x2|...|xk|...|xn
P|p1|p2|...|pk|...|pn
3amMeTuM, 4To
n
> op =1 (1.1)
k=1

JleticTBuTENBHO, Bee coObITHS BUIa 4, ={X = X, } 00pa3yroT MoyHyt0 rpymiy, TaKk 4To
A +A+...+A4,=E,
U 110 aKCHOMe BeposiTHOCTH Al
P4+ A4, +..+4,)=1.

brnaronmapsi momapHOW HECOBMECTHOCTH COOBITHH A, u akcuome A3 moiydaem

U3 TIOCJIeTHETO paBeHcTBa yrBepkacHue (1.1).

Bo3MokHO Takxke paccCMOTpeHHE psifa pachpeleseHus ¢ OECKOHEYHbIM HabopoM
3HaueHuid X. B 3TOM ciydae, cormacHo akcuoMme A4, /UIsi COOTBETCTBYIOIIUX BEPOSTHO-
cTeit 3HaueHui {X{, X5, ..., X, ... JHIMEET MECTO COOTHOIIIEHHUE
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Z pk = 1
k=1

[Ipm 3TOM MBI pacCMaTpUBaEM paCIPEIEIICHHUs], JUIsl KOTOPBIX 3allMCaHHBIN YHUCIOBOU
P SABASETCSA CXOAAIIUMCH.

1.2. UwucrnoBbsle BEIUYUHBI, OMUCHIBAIOIINE CIIYyYalHYI0 BEIUYHHY «CYMMAapHO,
Ha3bIBAKOTCS €€ uucaoevimu xapakmepucmukamu. Cpeyu HUX OCHOBHBIMU SIBJISIFOTCSI TaK
Ha3bIBAEMBIC MAaTEMaTUYECKOE OKUJAHUE, XapaKTEpU3YIOIEee CPEAHEE 3HAUCHHUE CITydaii-
HOU BEJIMYMHBI, U TUCIIEPCUS, XapaKTEPU3YIOLIasi CTEIEHb PACCESHUsSI CIIy4allHOW BEIUYH-
HbI OTHOCUTEJIBHO €€ CPETHETO 3HAYCHUS.

OrpaHnuuMces IOKa paCCMOTPEHUEM JUCKPETHOM CIIy4aiiHOW BEJIMYMHBI C KOHEYHBIM
HAa0OPOM BO3MOKHBIX 3HAUEHUII.

1.3. Mamemamuueckoe oxcuoanue M (X) ITUCKPETHOW BEINYHMHBI X ONpPEACISICTCS

B BUAC

M(X)=anxk Py - (1.2)

k=1

[TosichuM, B KakoM cMbiciie BeipaxkeHue (1.2) sBnsieTcs cpeoHum 3HayeHuem Cirydaii-
HOW BENWYHUHBL. J[JIsI ’TOro pacCMOTpPUM IPUMEP PABHOMEPHOTO pacmpeneineHuss X , T.e.
pacnpenieneHus C pagHbIMu BEPOSITHOCTSMU p Beex 3HadeHuid. CornacHo cBoictBy (1.1)

1
KaXxJasi Takas BEPOATHOCTb P =—. 3Ha‘-II/IT, MAaTeMaTUICCKOC OKHMAAHUC PABHOMCPHOI'O
n

1 .
pacrpenielieHusl €cTb cpefHee apu(pMETHUECKOE X -;+x2 o= +..t X, o= 3HAYCHUH X .

B o0mem e ciydae ecCTeCTBEHHO BBIOpAaTh B KaU€CTBE CPEIHErO Ty K€ KOHCTPYKIUIO
CYMMBI MPOU3BEACHUN HAOII01aeMbIX 3HAYEHUN CIy4yallHON BEIMYMHBI Ha UX BEPOSITHO-
CTH, YYUTHIBAIOIIYIO «BEPOSITHOCTHBIN BKJIa1» (BOOOLIE TOBOPS, HEPABHOMEPHBIN) KaXKI0-
IO TaKOro 3HAYEHUS, B YKa3aHHYIO CYMMY.

3ameuanue. Matematnueckoe oxxuganue [ICB oTHOcHTCA K Tak HA3bIBAEMbIM Xapak-
TEPUCTUKAM ITOJIOKEHUS, YKa3bIBAIOIIMM HEKOTOPOE CPEIHEE, OPUEHTHPOBOYHOE 3HAYe-
HUE, OKOJIO KOTOPOI'O T'PYNIUPYIOTCS BCE BO3MOKHBIE 3HAUEHUS CIIYYaHHON BEJIIMYMHBI.
K npyrum xapakTepuUCTHKaM IOJOKEHUS OTHOCSTCS MOHATUS MOJBI U MEAMAHbI pacipe-
JIEJICHUS, 03HAKOMUTHCS C KOTOPBIMHU YUTATENIb MOKET, HAIpUMEp, 1o KHuUre [1].

1.4. Hapsiny co cpennum 3Haduenuem M (X) cayuaiiHo# BenmumHbl X Oblia ObI

TAKKC II0JIC3HA XApPAKTCPUCTHKA CTCIICHHU PACCCAHUA 3HAYCHUM Xk OTHOCHUTCJIBHO HX

cpennero. Ha mepBblid B3IUIsiA, ClIeAyeT PAacCMOTPETh CPENHEE 3HAUYEHUW Pa3HOCTEU
Xy —M(X), T.e. cymmy Buza

n
2 (% =M (X))py - (1.3)
k=1
Onnako, npeodpasosas hopmyiny (1.3) x BuIYy
n n
%P =M (X)) px
k=1 k=1
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U IipuHUMas BO BHUMaHKe cootHomeHus (1.2) u (1.3), noiaydaem

i(xk ~M(X))p, =0 (1.4)
k=1

UL 100bIX paclpeNielieHui, W, CIeqoBaTeNnbHO, BhIpakeHue (1.3) He MOXKET CiTyKUTh
XapaKTEePUCTUKOMN paccesiHus KOHKPETHBIX pacIpeesICHUN.

HyneBoe 3nauenue cymmbl (1.4) momydusioch 3a CYET «UHTEPPEPEHIIUI TMOJIOKHU-
TEJIIHBIX W OTPHUIATENBHBIX YKIOHeHHH X, —M (X). UTOOBl yCTpaHWTh TaKyl HHTEp-

dbepeHIuIo, paccMaTpUBAIOT CYMMY NPOU3Be0eHUll K8AOpamos OMKIOHEeHUU HA 6eposm-
Hocmu p, COOTBETCTBYIOIIUX X

D(X) = 3 (% ~M ) py (15)
k=1

Uucnosas xapakrepuctuka Buma (1.5) Ha3wpIBaeTCsi Oucnepcuetl CIy4ailHOW BeIu-
YUHBI X.

N3 axcuomsl Al u onpenencaus (1.5) cnenyer, uro D(X) >0, a Torma MoxxHO pac-
CMOTpPETh XapaKTePUCTUKY PACCESIHUS BUIA

o(X)=+D(X),

Ha3bIBAEMYIO CpeoHuUM Keaopamuueckum omxnoneHuem. OHa NpeANOYTUTENbHEN Aucnep-
CHM, TOCKOJIBKY MMEET Pa3MEpPHOCTh 3HAYECHUW CaMOM CIIy4YalHOW BEJIWYHHBI, TOTJa
kak D(X) umeer pa3smMepHOCTh KBaJpaTOB 3HAYCHUN X.

1.5. lucnepcuto JICB MOKHO BBIYUCIUTD TaKXe IO popmyJie

D(X) =" (%)% P = (M(X))*. (1.6)
k=1

Jns mokazarenbeTBa (1.6) BBIMONHUM B BeIpakeHuH (1.5) criemyroriye npeoopa3oBaHus:

D(X) = > (¢ Pi —2M (X)X i + (M (X))? py) =
k=1

=3 Xk = 2M (X)X X P+ (M(XND) Y py =
k=1 k=1 k=1

n n
= Y Xk P —2(M (X))? +(M(X))? 1= xEpy — (M (X)),
k=1 k=1
4yeM 1 yctanosieHo (1.6).
3ameuanue. OnpeneneHre MaTeMaTudeckoro oxugaanus u aucnepcuu CB moxHO
pacrnpoCcTpaHUTh U Ha cllydyail BEIMYMH C OECKOHEYHBIM MEPEUHEM BO3MOKHBIX 3HAUCHUI.
B stom ciydae cymmsl (1.2) u (1.5) cremyeT 3aMeHUTh YUCTOBBIMU psiiaMu

MO)=3xpe 1 DX)=3 (X ~M (X)) Py .
k=1 k=1

TpeOysl KX CXOAMUMOCTb, MPUUEM JIJISl IEPBOTO M3 HAMMMCAHHBIX PSAIOB — AOCOJIOTHYIO CXO-
JAMOCTb.
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1.6. IIpumep 1. PemonTHas xommnaHusi OOCIYy>KHMBAaeT JBa y4acTKa BOJOINPOBOJA.
B cuity X M3HOIIEHHOCTH BEPOSTHOCTh MOPHIBA CETH Ha MepBOoM paBHa 0,3, Ha BTOpOM —
0,2. CocTtaBuTh psijl pacrpeaeieH s ClIy4ailHoi BeJIUYUHbI X — Yucila Y4acTKOB, HE Tpe-
Oyromux pemoHnTta. HaiiTu MaTreMaTH4eCKOe OKUJAHNUE U TUCTIEPCHUIO BEIIMUUHBI X.

Pewenue. PaccmatpuBaemasi ciayyaiiHas BeJIMUKMHA X MOJKET MPUHATH OJHO U3 Clie-
nyromux 3HadeHuid: X1 = 0, X2 = 1, X3 = 2 COOTBETCTBEHHO CIICIYIOITUM COOBITHSIM: UMeE-
I0TCS MOPBIBBI HA O0OOMX y4YacTKaX, UMEETCS POBHO OJUH MOPBHIB M MOPHIBOB Ha 00OMX
ydgacTkax He Oynmer. BeposTHOCTH HOpMaTbHOTO (BYHKIITMOHHUPOBAHMSI CETH Ha KaXKIOM
13 y4acTKOB paBHbI cooTBeTCTBEHHO 0,7 1 0,8. CoriiacHo TeopeMe 0 BEPOSITHOCTH MPOU3-
BEJICHUSI COOBITUIA

P(X =2)=0,7-08=0,56; P(X =0)=(1—0,7)(L—0,8) = 0,08.

Ocranock HaiiTh BepositHOCTh P(X =1) Toro, 4to OyneT pOBHO OJWH IOPHIB; 371€Ch
MO’KHO BOCITI0JIb30BaThCsl CBOMCTBOM (1.1) BeposiTHOCTEH B psifie pacipeIeeH s :

P(X =1)=1- P(X =0)— P(X =2)=0,38.

Urak, pan pacnpeneneHus Ciy4aiiHON BEIMYUHBI X TPUHUMAET BU/T

X | 0 1 2
p |06 |0,38]| 0,56

Haniném Tenepp MaTeMaTHUECKOE OKUJIAHUE U JUCIICPCHUIO CIIYYaHHOW BEJIMYUHBI X.
[Tonb3ysice popmynamu (1.2) u (1.6), nonyyaem

M(X)=0-0,6+1-0,38+2-0,56 =15

D(X)=0%-0,6+1%-0,38+2%.0,56 —-1,5% =0,37.

IIpumep 2. Psig pacnpenesieHus CaydyailHOW BETUYHHBI X UMEET BU/T

X X1 X2
p | 0307

Haiitu 3HaueHus Xx; U X,, €CJIM U3BECTHBI MaTeMatndeckoe oxunanue M (X) = 2,7
u qucnepcust D(X) =0,21.
Pewenue. CorimacHO JTaHHOMY PSILYy paclpelelICHUs

M(X)=2x-0,3+x,-0,7 u D(X)=x{-03+x5-0,7-2,7%

I/IMGCM, CJICAOBATCIIbHO, CUCTCMY aﬂre6pal/lquKI/IX ypaBHeHI/IfI I HAXOXKIACHUA Xq
n x,

0,3x; +0,7x) =2,7;
0,3xZ +0,7x3 —2,7% =0,21,
KOTOPYIO HECJIOKHO MpeoOpa3oBaTh K BUY
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X1 :9—%)(32;

gxg —9x, +12=0.

Haiinsg 3 nocnegHero KBaApaTHOrO YpaBHEHUS 3HAUCHHUS X, , TOJIYYaeM 3aTeM Iapy
PEILICHUN CUCTEMBI

X=2,%x%=31 xlzg,xzz%.

ITockonbky B psae pacnpeneneHus 3HadeHus [ICB pacnonoxxeHsl B opsiike Bo3pac-
TaHUsl, TO X; < X,. CienoBaTenbHo, x; =2, x, = 3.

2. DYHKIUA PACITPEAEJIEHUSA

2.1. Tlonatue psima pacupeneiacHUs HEMPUMEHHMO K HENPEPBIBHBIM CITyYalHBIM
BenuunHaM (HCB), mockoyibKy HEBO3MOKHO BBINHMCATH IMEPEYEHb BCEX €€ 3HAUYCHHM
(unTarenp, 3HAKOMBIM C TEOPUE MHOMXECTB, 3HAET, YTO MHOXKECTBO BCEX TOUYEK UMCIIOBO-
r0 MHTEPBAJIA HE SIBJIAECTCS CUETHBIM); 0OJIE€ TOT0, KaK Mbl YCTAHOBUM HUXKE, BEPOSITHOCTD
KQKJI0T0 KOHKPETHOTO 3HAYEHHS HENPEPBIBHOM CIIyYalHOW BEIMYMHBI OKa3bIBAECTCS PaB-
HOH Hyn10. B 3TOM ciiyuyae comeprkaTtenbHON XapaKTepUCTUKON «noBenenus» HCB mornu
Obl CIY’)KUTh BEPOSITHOCTU MPUHATHUS €10 3HAUCHUH B 3aJaHHOM YHCJIOBOM HHTEpBAJIC.
OTU BEPOSITHOCTH, KaK Mbl YBUJUM B JaJIbHEUIIIEM, MOTYT OBbITh BBIpaXKEHBI uepe3 (hyHK-
LU0 BUJA

F(x) = P(X < x). (2.1)
dynkimio, onpenenéunyo B Buae (2.1), Mbl Oylaem paccMarpuBaTh TEMephb OJis
0601 CIy4aiHOM BETUYMHBI X; OHA COOTHOCHT Ka)XJIOMy X € (—00; +00) BEpOSTHOCTb

COOBITHS, COCTOSIIIYIO B MPUHATHH BEIUYMHON X 3HAUCHUS JieBee TOUKH X (cM. puc. 2.1)
U Ha3bIBaeTCs QyHKyueu pacnpeodenenus (CAHOHUMBI: UHTETPAJIbHBIA 3aKOH pacrpesere-
HUSI, MHTETrpajibHas QYHKIMS pacrpeeeHus ClIydailHONH BeTMIUHbI X).

T

X

."'_;.;: L

Puc. 2.1

2.2. Hauném c paccMoTpeHust (hyukyuu pacnpeoeieHus OUCKPemHOU CIYYAUHOU Ge-
auyunsl X. IlyCTh OHA MPUHAMAET KOHEYHOE YHUCIIO 3HAYCHUH, TAK YTO €€ PSAI pacupere-
JICHUSI UMEET BU/T

X’xllxg‘...‘xk‘...‘xn
P‘pl‘pz‘...‘pk‘...‘pn
Jlokaxem, 4To
FOO= D Py, (2.2)
K |x, <X
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npu4éM CyMMHPOBAaHUE B COOTHOIICHUU (2.2) MPOBOAMTCS MO TEM M TOJBKO TeM K, ms
KOTOPBIX COOTBETCTBYIOILIME 3HAYEHUSI X, OKa3bIBAIOTCS MEHBILINMHU X.

YT0OBl YCTAaHOBUTH COOTHOIIEHUE (2.2), paCCMOTPUM BCE BO3MOKHBIE PACIIOIOKE-
HUSl apTyMEHTa X M0 OTHOIICHUIO K 3HAYEHUSAM X, X, ..., X,. Ecau X < X;, TO coObITHE

X < X sBIIsSIeTCS HEBO3MOXKHBIM, U, cienoBatensHo, F(X)=0.

B cimydae X; <X <X, cobbitTue X <X paBHOCWIBHO COOBITHIO X =X;, a Tornaa
F(X) = p;. Ecmu X, < X < X3, TO coObITHE X < X COCTOMT B HACTYIJICHUH XOTS OBI OJTHOTO
U3 JIByX HECOBMECTHBIX COOBITUI X =X; U1 X = X,, aTorma F(X) = p; + p,.

Paccyxmast momoOHBIM 00pa3oM najnee, Mbl IPUXOUM, HAKOHEII, K MOCIETHEMY CITy-
qaro X, < X, 4 Toraa

F(X)=p +py+...+p, =1
B «pa3BépHyTOi1» (hopMe YCTaHOBIEHHBIN PE3ybTaT IPUHUMAET BH/]L

0, X<Xy;
D1 X1<XSX2;

F(X) = D1+ P2, Xp <X=X3;

p1+p2 +"'pn—l’ Xn—l <x< Xn;
1, X > Xp,

¥ TeM CaMbIM COOTHOIICHHE (2.2) YCTaHOBJICHO.
Mpb1 nosty4niin HeyObIBAIOIIYI0 KYCOYHO-TIOCTOSIHHYIO (DYHKITHIO, 3HAYEHUSI KOTOPOI
pacrioniokeHsl B mpomexxytke [0, 1], HenpepbiBHYIO B Kaxmoi Touke X, (K =1, 2,...,n)

cieBa. E€ nmpenen Ha —oo paBen 0 (tounee, F(X) =0 npu X < X;), a Ha +o0 paBeH 1 (Tou-
Hee, F(X) =1 mpu x> X,).

VYka3aHHBIH NpUHIKI MOCTpoeHus F(X) Ha3pIBarOT MPHUHIMIIOM HAKOIUICHUS BEpO-
ATHOCTEH.

2.3. Hekotopsie cBoiicTtBa pynkiuu pacnpeaeneaust JJCB Moryt ObITh mepeHECEHBI
Ha o0 cirydail. Pedb unér o crieayrommux cBONCTBAX:

a) 0<F(x)<1;

0) P(@<X<b)=F(()-F(a);

B) F(X) — HeyObIBaroas GyHKIIHS;

I) €CIIM BO3MOXKHBIC 3HAYCHHS CIIYYalHON BEIMYUHBI MPHHAUICKAT HHTECPBATY
(o, B), To F(X)=0 mpu x<o m F(X)=1 mpu X>[3; B ciydae pacnpenencaus X
Ha BCEU YHUCJIIOBOM OCH UMEIOT MECTO COOTHOLIEHHUS

F(+0)=1 u F(—0)=0, (2.3)
rae, no onpeaenenuio, F(+o)= lim F(X).
X—>ho0

Hoxazamenvcmeo. CBOMCTBO a) OYEBUIHO, MOCKOJIBKY 3HaueHuss F(X) cyTh BeposT-

HOCTH COOBITHUH.
Jliis moka3aTenbCcTBa cBOMCTBa 0) npeacTaBum 3Hauenue F(D) B Bume
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Fb)=P(X <b)=P(X <a um a<X <b).

[Mockonbky coObiTist X <@ m a< X <b HECOBMECTHBI, TO B CHITy aKCHOMBI A3 110-
JTy4UM
F(b)=P(X <a)+P(a<x<b).

Takum 00pazom,
F(b)=F(a)+P(a<x<b),

a 3TO U PAaBHOCHJIBHO CBOMCTBY 0).

W3 nocneanero cootHolrenus u ounenku F(a) >0 moxydaem, uyto F(b)>F(a) npu
b >a, asTo u 03Havaer, uTO (HYHKIHSI paclpeieeHUs] — HEYOBIBaIOIIas BCIOY.

[lepBas yacTh yTBEPKACHUSA II. T) JOCTATOYHO OYEBHIHA: COOBITHE X < X SIBISACTCA
HEBO3MOXHBIM MPpH X < 0L U JOCTOBEpHBIM — Tipu X > 3. CootHomenue (2.3) B oOmem
CJIydae MBI HE JJOKa3bIBAEM.

2.4. Cnenyroliye CBONCTBA OTHOCATCS K Ciiydaro Henpepwisnou F(X).

a) CooTHoIllIeHuE
P(X=x)=0

UMEEeT MECTO JIJIS TF0OOTO IEUCTBUTEIIBHOTO X.
0) ChopaBenMBO PaBEHCTBO

Pla< X <b)=P(a< X <b)=P(a< X <b)=P(a< X <b)=F(b)- F(a). (2.4)

JlokazaTenbcTBa CBOMCTB @) U 0) OCHOBAHbBI Ha BO3MOXKHOCTH MPEICILHOTO TIepexoia
noJt 3HakoM ¢GyHKIuu F(X), obnanaromieii CBONCTBOM HEeNpephIBHOCTH. Tak, CBOMCTBO a)
€CTh pe3yibTaT mpejenbHoro mepexona (mpu AX —0) B paBeHCTBE (CM. CBOWCTBO 0)
B 1. 2.3):
P(Xx< X <X+ Ax)=F(x+Ax)-F(X);

cooTHoIIeHus (2.4) CHOBa CIIEAYIOT U3 CBOMCTBA 0) 1. 2.3, MOCKOJIBKY BEPOATHOCThH MPH-
HATHUS HENPEPBIBHOM CIIy4YalHOM BEJIMYMHOM Ka)XKIOr0 KOHKPETHOrO 3HAYEHHWs pPaBHA
HYJIIO.

B nanpHeliem, paccMaTtpuBas HenpepbiBHbIE ciayyaiiHbie BennunHbl (HCB), Oynem
BCETJIa TpeAroiararh, 4to ux GpyHkuu pacnpenenenus F(X) HenmpepbIBHBI U KyCOYHO-
nudGepeHInpyeMbI.

2.5. Ilpumep. CnyuyaitHoe coObitne A umeer BeposTHOCTH P(A)= p. IlocTpouTtsh

(YHKIHIO pacrpeieieHus] HHIUKATOpa 1) HACTYIUICHHUS COOBITHS Y HAWTH €r0 YHCIIOBBIC
xapakrepuctiuku M (n) u D(n).

Pewenue. Briie naaukaTop ObLT ONpeieNi€H Kak AUCKPETHas CiiydaiHasi BeTUYHHA C
PAIOM pacipeaeICHUs

rae q=1-p.
38



CornacHo cooTHomIeHUO (2.2) nMeeM (YHKIHIO paclpeeeHus
0, x<0;
F(x)=<0, 0<x<1
1, x>1.

Hanném MmaTemaTudecKoe 0KUIAHUE U JUCTICPCUIO:

MM)=0-q+1-p=p, D(M)=0?-1+1%-p— p® = p(L- p) = pq.
Htak, MaTeMaTHUECKOE OKUIaHUE WHAUKATOpA COOBITUS 4 PAaBHO €r0 BEPOSITHOCTH P,
a aucrnepcus — NIpou3BeICHUI0 P .

3. IVIOTHOCTDH PACIIPEJAEJIEHUSA

3.1. IInomunocmuro pacnpedenenus HENPEPHIBHONW CIydyalHOW BeNMMYHUHBI X (TUIOT-
HOCTBIO BEPOSATHOCTH WM AuddepeHIHaIbHON (QYHKIHEH paclipeaeicHus) Ha30BEM
dbynkiuio Buga f(X) =F'(X), roe F(X) — coorBeTcTBYIOIIast PyHKIMS pacipe/IcICHNU.

CornacHo MpUHATOMY B II. 2.4 COIJAIIEHUIO JUIsI BCAKOW HENMPEPBIBHOW CIy4aliHOU
BeJIMUMHBI X TUIOTHOCTh paclpe/ieNieHUusl CYIIECTBYET (XOTsi Obl B BUJIE OJHOCTOPOHHEH
MIPOU3BOJIHOM ) BCIOY 32 UCKIIFOUEHUEM, MOXKET ObITh, KOHEUHOI'O YHCIa TOYECK.

Hcnonb30BaHre TEPMUHA «HJIOMHOCHbY OMPABIIAHO CIEAYIOIIMMU COOOPaKECHUSIMHU.
[To onpeneneHnto mMpou3BOIHOM

f(x)=F'(x)= lim F(x+Ax)—F(x) _ lim P(x< X < x+Ax).
AX—0 AX AX—0 AX
OTtHomenue, 3anmucaHHoe 1Mo 3HakoMm mpeaena (3.1), mpu AX >0 ecTh kak ObI cpe-

HSIS TUIOTHOCTh BEPOSATHOCTH 3Ha4YeHHi X Ha mpoMexyTtke (x,x + Ax). 3HaueHHe mpeaea

(3.1)

(3.1) mo aHaIOrUM C U3BECTHBIM M3 (PU3NUKH IMOHATHEM TUIOTHOCTH MAaCcChl €CTECTBEHHO TO-
I1a IMEHOBATH TNIOTHOCTHIO BEPOSITHOCTH B TOYKE X.
B coorBercTBUU ¢ BhIpakeHrneM (3.1) mpu Majbix AX CHpaBeJIMBO NMPUOIIKEHHOE
PaBEHCTBO
P(x < X < X+ Ax)~ f(X)AX,

T.€. BEPOSITHOCTb NMPUHITHSA HENPEPBIBHOW CIyYalHOW BEIWYMHOM X 3HAYEHUN B MaJOM
WHTEpBAJIC MPAKTUYECKU PaBHA COOTBETCTBYoLeMy auddepeHuany QyHKIuu pacrpe-
JEeHUS.

3.2. Ilepeitaém K pacCMOTPEHUIO CIEAYIOUIUX C80UCME TUIOTHOCTU PaCIpEeIICHHUS.
CrpaBeIsIMBbI YTBEPKACHMUS:

a) f(x)>0 s Bcex x;

b
6) P(a<X <b)=[f(x)dx

B) ¢yukuus pacnpeneicaus F(X) MoxeT ObITh BOCCTaHOBJICHA (TI0 M3BECTHOM
nudepeHnnansHoi GyHKIMN) B BUJE

F(x)= Tf(x)dx;
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+00
r) J. f (X)dx =1 (cBOWCTBO HOPMHUPOBAHHOCTH ).
—00
3ameuanue. HecoOCTBeHHBIN HHTETpat Mo (—o0, +00) 3/1eCh M B JIaJIbHECHIIIEM ITOHH-
MaeTCs B CMBICJIC TaK HAa3bIBAEMOTO TJIaBHOTO 3HAUCHUSI:

+o0 T
| f (x)dx=_lim [ £ ()dx.
% —>+oo__|_

CBoiicTBO a) oueBHIHO, TaK Kak f (X) ecTh Mpon3BoHAS HEYOBIBAIOIICH (DYHKIIHH.

YcranoBuM cootHomeHue 0). CornmacHo onpeneneHuto 1. 3.1, pyHkius pacnpenene-
Hus F(X) sBisercs omHoit w3 mepBooOpasubix s f(X). Torma mpumenuma dopmysa

Hrerorona—JleniOaunia

b
[ f()dx=F(b)-F(a),

B IPaBOI 4acTH KOTOPOI cormacHo (2.4) Mbl y3HaeM 3Hauenue P(a < X <b).
PaBeHCTBa B) U I') BBITEKAIOT U3 CBOICTBA 0) U cooTHOUIEHUS (2.3); Hanpumep:

X
[ £(x)dx=F(x) - F () = F(x) - 0= F(x).
3.3. Ilpumep. IlnoTHOCTH pacmpeneneHusi HEKOTOPOH HEMPEepPHIBHOW CIydailHON
BEJIMYUHBI X UMEET BU]

0, x<0;
f(x)=<cx, 0<x<1,
0, x2>1,

rJe ¢ — IOCTOsTHHAs BennunHa. Halitu 3Hauenue ¢, GyHkuuto pacnpenencaus F(X) u Be-
1 3
POSITHOCTD P(E <X < >/

Pewenue. CornacHo CBOHCTBY T') HOPMHUPOBAHHOCTH (I1. 3.2) nuMeeM

+00 0 1 +00 1 1 1
1= [f(qdx= [0dx+ [cxdx+ Ide:0+—cx2 +0="=c,
—00 —00 0 0 2 0 2
oTkyna C=2. Teneps
0, x<0;
f(x)=<2x, 0<x<1
0, x>l

Haitném F(X), ncnonb3ys CBOWCTBO B) 1. 2.2, B); paCCMOTPUM IIPU 3TOM BCE BO3-

MOKHBIC 311ech ciydan: X <0, 0<x<1, x>1. Umeem
1) mpu x<0

F(x) = Tde =0;

—0o0
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2) npu 0<x<1

0 X
F(x)= dex+ ijdx: X2

3) mpu x>1

0 1 X
F(x)= J'de+ j2xdx+j0dx:1.
1

—0o0 —0o0

Takum obpazom (cm. puc. 3.1):

0, x<Q0;
F(x)= x2, 0<x<1;
1, x=>1.
Y A
1

Puc. 3.1. ®ynkuus pacnpeneneHus

J7s1 HaXOXKJIEHHST BEPOSITHOCTH P(% <X< gj 3aMETUM, YTO ge [1, +0), %e [0, 1).

Tornma B COOTBETCTBHUH ¢ HaieHHBIM BHaAOM F(X) Oymem uMeTh

fhox oy 3

4. YUCJIOBBIE XAPAKTEPUCTHUKU HEITPEPBIBHbIX
CJIYYAHUHBIX BEJIMYUH

4.1. Tlycte X — HenpepbiBHas ciayvaiinas Bennynaa (HCB) u f(X) — e€ mioTHOCTD
pacnpenenenusa. byeM Ha3plBaTh MAaTEMAaTUUYECKUM OXXUJIAHUEM M AUCIIepcuerd X 3Hade-
HUS CIEAYIOIINX UHTErPaIOB

41



M(X)::Txfoodx (4.1)

—o0

u D(X) = T(x — M (X))? f (x)dx (4.2)

COOTBETCTBEHHO. [Ipu 3TOM MBI mpenoiiaraeM CXOAMMOCTh HECOOCTBEHHBIX MHTETPAJIOB,
npudéM cXoIuMOCTh cooTHomeHui (4.1) u (4.2), mpuuéMm B ciaydae (4.1) Tpedyem cxou-
MOCTB a0COTIOTHYIO.

Yucna (4.1) u (4.2) SBIAIOTCA €CTECTBEHHBIMU aHAJIOTaMH COOTBETCTBYIOIIUX YHC-
J0BBIX XapakTepucTHK (1.2) u (1.5) THCKpeTHBIX CITydaliHbIX BEJIHYMH.

B Tom ciydae, koryma Bce BO3MOXKHBIC 3HaUCHUS X PacrojoKeHbl Ha oTpe3ke [a, b],
UHTETPUPOBAHUE B COOTHOMICHUSX (4.1) 1 (4.2) 10/DKHO OBITH, OYEBHIHO, 3aMCHEHO HMHTE-
rpupoBaHHeM 110 [a, b]:

b b
M(X)=[xf(x)dx u D(X)=[x*f(x)dx—(M(X))*.

4.2. N3 onpenenenus mucrnepenu (4.2) u cBoricTBa HeoTpunarenbHocTh f (X) BbITe-
kaeT orerka D(X) > 0.
Cpeldnee Keadpamuyeckoe OmMKIOHeHUe HeNpepblGHOU CAVYAUHOU 6eIUYUHbL OTIPETIe-

JSICTCA B BUJIC
5(X) =/D(X).

4.3. JIns BBIYMCIICHUS JUCTIEPCUHA MOYKHO BOCIIOJIB30BAThCS TaKke (hOPMYIIOM
D(X)= [x*f(x)dx—(M(X))*. (4.3)

JokazarenscTBO (4.3) IPOBOAMTCS C MOMOIIBIO PACCYXKJICHHM, MOJ00HBIX Im. 1.3,
HO JICHCTBUSA C CyMMaMM 3aMEHSIFOTCS COOTBETCTBYIOIIMMHU JACHCTBUSMU C MHTETPATIAMU
U HCIOJIb3YeTCs CBOMCTBO HOpMupoBanHocTu f(X) (1. 3.2).

4.5. lIpumep. HenpepoiBHas ciydaiinas BenrurHa X 3a1aHa GyHKIMEH pacrpeneacHus
0, x<-1,
F(x)={1-x?, —1<x<0;
1, x>0.
Haiitu miotHocth pacnpenencHus f(X), marematuueckoe oxxumanue M(X) u auc-
nepcuio D(X).

Pewenue. TINOTHOCTD pacnpenencHus HalAEM B COOTBETCTBUH C €€ OIMpeeieHueM
KaK Mpou3BoaHY0 oT F(X):

0, x<-1,
f(X)=F'(X)=9-2X, -1< x<0;
0, x>0.
[Tone3no nmoctpouts rpaduku Yy = F(X) uy = f (X), cm. puc. 4.1:
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4y
A y § .............. 2
;
4 A\
0 1 X 0 "
y =F(x) y=f

Puc. 4.1. I'paduxu GpyHKUIMU H MJIOTHOCTH pacnpeaeeHus

Haitee, cornacHo BeipakeHusM (4.1) u (4.3) Oyaem umethb

0 5 .0 ,

M(X)= [x(-2x)dx=—x°| =-%;

% 371, 3

0 ) 0
D(X)=IX2(—2x)dx—(—§) _ 24 41
x| 3 4714, 9 18

5. CHEIIUAJBHBIE BUJIbl JMCKPETHBIX PACIPEJEJEHUN

5.1. PaBuomepnoe pacnpeneaenue ACB. Brime (B m. 1.3) Obuta BBeneHa paBHO-
MEpHO pachpenenéHHas AUCKpeTHas ciydaiiHas BenuunHa X. EE€ uncnoBbie xapakTepu-
CTUKU UMEIOT BUJI:

2 2 2 2
X1+Xo+...+ X Xy +X9 +...+X X1+Xo+...+ X
M(Xv): 1 2n n - D(Y)Z 1 2 n _( 1742 nj .

n n

Wtak, MaTeMaTH4eCKOE OKHIAHUE PABHOMEPHO pACIPE/ICIEHHON BEJIIMYMHBI PAaBHO
B TOYHOCTHU CPEIHEMY apH(PMETHYECKOMY BCEX 3HAUCHHM CIyd4aifHOM BEJMYHUHBI (ITOT
dakT yxe oTMeyayucs), a AUCIEPCHUs] paBHA CPEAHEMY KBaJpaTOB 3HAUCHUN BEIHMYUHBI
MUHYC KBaJIpaT €€ CPeAHEro 3HAaUECHUSI.

5.2. 'unepreomerpuueckoe pacnpenenenne JICB. PaccMoTpum 3amauy o BeIOOpKe
(. 2.4 rnaBer 2). 3 N 00bekTOB, cpeau koTtopbix M Medenbix (1< M <N -1), cnyyaii-
HBIM 00pa3om m3Biekaercsi K 00bekToB (1< k <N —1). B xauecTBe ciy4ailHOW BEIIMYHHEI
X paccMOTpUM YHCIO MEYEHBIX OOBEKTOB B U3BJICUEHHOW BhIOOpKe. EE 3HaueHuUs
1 €{0, 1, ..., min(k,M)}. Kak moka3aHo BeIIe

|~k
CmCN-m .
CK

P(X =1)=

["'oBOpAT B 3TOM cilyyae, 4TO IUCKPETHAs cilydyaiiHasl BellnuumHa X pacrpesesieHa 2u-
nepeeomempudeckum oopazomM. MoxHO J10Ka3aTh, UTO

M(X):kWM; D(X):%{l-%)(l-%).

5.3. buHoMuanbHOe pacnpenenenue. [lyctb nuckperHas ciydaiiHas BenuuuHa X
NPUHUMAET 3HAUYEHUs, PaBHbIE KOJIMYECTBY MOSBICHUN COOBITHA A B 1 UCHBITAaHUSIX, NIPH
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YCIIOBUH, YTO B KaXKJIOM OIBITE BEPOSITHOCTh p = P(A) omHa u 1a xe; =1—p (cxema

bepnynnmn). EE€ 3akoH pacripeeneHuss Ha3bIBaeTCs OuHomudaibHoiM. B miepBOil cTpoke
psna pacupenelieHus: BeAM4YMHBI X OyayT 3amucaHbl  BO3MOXKHBIE  3HAUYCHUS
X =0, X=1 ..., X =n, BO BTOpPO# CTPOKE — COOTBETCTBYIOIIHNE BEPOATHOCTH bepHyim:

X 0 1 .. k .. n

P qn plqn -1 Cr|? pkqn—k pn

HasBanue pacrnpeznenenuss oObACHIETCS T€M, YTO CyMMa BCEX BEpPOSTHOCTEH Mpe/-
cTaBJsieT cOO0M CyMMy WICHOB pasiiokeHus omuHoma HproToHa

(p+0q)" =1,

buHOMMaNBHBIN 3aKOH PaCIpPEIeNICHUs] UPOKO UCIIOIB3YETCS IPU CTATUCTUYECKOM
KOHTpOJIE KAa4ecTBa MPOAYKIUHU, MPU OMUCAHUM (PYHKIIMOHUPOBAHUS CUCTEM MacCOBOTO
o0cIy>)KUBaHUs, B TCOPUU CTPEIbOBI U T.I.

UwucoBbie XapaKTepUCTUKN OMHOMUANIBHOM CIIy4aifHOW BETMYUHBI X UMEIOT BUJI:

M (X)=np; D(X)=npq.

YcraHoBUM, HaIpUMED, IEPBOE U3 COOTHOLIEHMN. B cOOTBETCTBUM € PSAOM pacipe-
neseHus 0yJeM UMETh

M(X) chk k yn— k
k=0
3aMeTHM, 4TO CyMMHUpOBaHHE (aKTHUECKH Mpou3BoaMTcs mo K = 1, ..., N, Tak Kak
npu K = 0 cmaraemoe oOparaercs B HOJb. [IpeoOpasyem MoJydeHHYI0 CyMMY CJICTYIONUM
obOpazom:

n! n —1)!
V(X okg"k = 3k n(n-1)! (n-1)~(k-1) _
(X)= kzl K-k’ kzzl k(k—l)!((n—l)—(k—l))!pp R
DZZ (n-1)! ok (n=D~(k-)

S (k=D(n-1) - (k-1))!

(0O MHOKUTENB 1p BBIHECEH 3a 3HAK CyMMbl). [lepeHymMepoBaB uieHsl (T.€. 3aMEHUB
uHaeke cymmupoBanust K —1 Ha K), nonyqaeM

n
M(X)=np) Cayp gt = anC p "™ =np(p+a)"*t =np-1=np,
k=1
YTO U YTBEPHKIATIOCH.
Crnenyromue 1Ba pacmpesieieHus OTHOCITCS K CIydard JUCKPETHBIX CIydalHBIX
BEJIMYMH ¢ OECKOHEUHBIM MEPEYHEM 3HAUCHUH.
5.4. Pacnpenenenue Ilyaccona. ['oBopsT, 4TO AUCKpETHAs ciydyaiiHas BelIuurHa X
pacnpeneneHa no 3akowy Ilyaccona ¢ mapaMeTpoM A, €CIM OHA TPUHUMAET 3HAYCHUS
{0,1,2,...,m, ..} c BEepOSITHOCTSIMHU

AMe =

n=P(X=m)= (m=0,1 2,..).
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3akon IlyaccoHa MOXXHO MOHMMATh KaK «IPENENbHBIM Clydai» OHHOMHAIBLHOTO
3aKOHA, B KOTOPOM N — 00 U A = NP = const. 3anmumemM psiJi pacrpeaesICHHS:

X 0 1 2 m
P et re e e
2 m!

KoppeKkTHOCTh paccMOTPEHHS «IIPEAeTbHOTO» psaa OyaeT MOATBEPKICHA, €CIIH MbI
YCTaHOBHUM, YTO CyMMa BCEX BEPOSATHOCTEM OCTAETCA paBHOM enuHUlE. MTak, BEIYMcaIum

CyMMYy psijia
o0 —7\

Z . (5.1)

m=0

)
Hcnonb30BaB pa3inokeHUE SKCIIOHEHTHI e 1o cTeneHsM A (psa MakiiopeHa)

N o AMm
=3
m=0 m!
noyiyuaem cymmy (5.1) B Buze
e_li—m e
i—o m! |

YTO U TPEOOBAIOCH YCTAHOBHTb.
Kak oka3bIBaeTcs, MaTeMaTHUYECKOE OXUAAHUE U JAUCIEPCUs CIy4YalHOM BEJIUYWHBI,
pacnpenenénHoil no 3akoHy Ilyaccona, coBnagaroT Mexay coOO0 M paBHBI MapaMeTpy A
9TOTO PacHpeeIICHUS:
M(X)=A; D(X)=Ax.
Tak, Hanpumep,
0 xm -\

M(X)_Zm —”xz(m - —MZ " —e et =

mOm

5.5. I'eomerpuyeckoe pacnpenenenue. I[Iyctb cHoBa uMmeercs cxema bepHymiu,
B KoTopoit BeposTHOCTH p = p(A), 0<p<l, cobbitus A ocTaércs HEU3MEHHOW WU

g=1-p. Ho temeps peub moinér o ciaydailHOM BenmuuuHe X, MpEACTaBISIOMEH co00i
YHCIIO UCTIBITAHUH, IPOBEAEHHBIX 70 MEepBOTO MosiBiIeHus 4. O603HaunuM depe3 P,, BEpo-

SATHOCTh HACTYIUIEHUSI COOBITUSL A B M-M OMbITE, TOTAAa Kak B MEPBBIX M — 1 HCHBITAaHUAX
cOOBbITHSI A HE POU3OILIO:
p1 = p (cobbITHE A HACTYNUIIO YK€ B IEPBOM OIIBITE);

P> = p(AA) =qp(cobbiTie A He HACTYNWIO B HEPBOM OMBITE, HO HACTYITHIIO
BO BTOPOM);

=p(X =m) = p(AA..AA) =g 1p (m=1 2, ..).

45



Takum 00pa3oMm, MOTYHYaEM Pl 2eoMempuiecKo2o pactpeielieHus:

X 1 2 3 m
P p rq P pq"

HazBanue oObACHAETCS TEM, UTO BEPOATHOCTU Pm 00pa3ylOT OECKOHEYHYIO TeOMET-
PHUECKYIO MPOTPECCHIO C IEPBHIM YWICHOM ) ¥ 3HAMEHATeJeM (.

JlokakeM, 4TO MaTeMaTHYeCKOe OKMAAHWE CIy4YailHOW BeIMYMHBI X €CTh YHUCIIO,
00paTHOE BEPOSTHOCTH IMOSIBIICHUS COOBITHS B OJTHOM HCIIBITAHUH:

M(X):%. (5.2)
Nmeem
o0 o0 m— o0 d m o0 m
M (X) =D X, P =D mpyq 1=p2di=pd— >q"|=
-1 -1 m=1 04 m=1
_,9(9)_ @d-9+q_p 1,
2

= - p > ;
dg\l-q (1-q) pe P
HpI/I BBIYUCIICHUHNU HCIIOJIB30BdAHA BO3MOXHOCTLH ITOYJICHHOI'O I[I/I(l)(l)epeHHI/IPOBaHI/I}I CTC-

TIeHHOTO psza ¢ obumm unerom (", 0 < q <1. CoorHomenue (5.2) nokazaHo.

MoXHO TakXe JJOKa3aTh, YTO T€OMETPUUYECKH pacrpees€HHasl clyJdaiiHasi BeIMYrHa
X M€EEeT TUCIEPCUI0

_ 9
D(X) = —

5.6. lIpumep 1. Komnanus nmpousBoauT msnenusi, 4% u3 KOTOPHIX UMEIOT OTKJIOHE-
HUE OT cTra”aapta. Jns koHTpossa kauectBa otouparoT 200 uznenuit. Haittu oxumgaemoe
KOJIMYECTBO M3/CJINM C OTKJIOHCHUSIMU OT CTaHJapTa.

Pewenue. Ilycts X — uncno oOHapyKEHHBIX HECTAHIAPTHBIX m3Aenuil. Bennunna X

pacmpejenieHa, 04eBUAHO, OMHOMHUATIBLHBIM 00pa3oM ¢ unciioM onbIToB 7 =200 1 BepoAT-
HOCTBIO OOHAPYKEHUS HECTAHIAPTHOCTH B KakJa0M enuHHIHOM ombite p = 0,04. Oxuna-

emMoe (cpeaHee) KOJMYECTBO HECTAHAAPTHBIX M3JIEIUN €CTh TOT/la MaTeMaTHYECKOE 0XKH-
naane M (X). B cOOTBETCTBHM C YHCIOBBIMH XapaKTEPUCTUKAMU OMHOMHAIBHOTO pac-
npeaeneaus M (X)=np=200-0,04=8.

3amMeTUM, YTO HEMNOCPEJACTBEHHOE BBIUMCICHUE MATEMaTUYECKOTO OKUJAHUS
no gopmye (1.2) 610 OBI CBSI3aHO B TIOCTPOCHHUEM Psifia PACTIPEICIICHHSI, COACPKAIIETO
201 3HayeHue ciy4ailHOW BeIMYMHBI U BeluuciaeHueM 201 BeposTHOCTH !

IIpumep 2. HeomnbiTHBIN GyTOOTUCT OBET TpHU NEHANBTH. BeposTHOCTh MOpakeHuUs

BOPOT BCSKMHU pa3 = —. KakoBa BepOSITHOCTb TOI'0, UTO OH IIOPA3UT BOPOTA C TPETHETO
6 2

pa3za? KakoBo cpemHee 4mCIIO MEHAIBTH, KOTOPHIE HYKHO MPOOUTH B ATOM Cliydae Jisl
nomnajaHusi B BOpoTa?
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Pewenue. PaccMoTpum ciiyyailHyr0 BEIUUYMHY X — YHMCIJIO BBIIOJHEHHBIX YAApOB I10
BopoTaM. MlMeeM reomMeTpu4eckoe pacrnpeneseHue ¢ BEPOSITHOCTBIO p :6 HACTYIUICHUS

COOBITHS B €TUHUYHOM OIIBITE U YUCIOM ONBITOB m = 3. CorjacHo pe3yibTaraMm II. 5.5

1Y% 1 49
=p(X=3)=|1-=| - ==—-.
Pz = P( ) ( 6) 6 216
CpenHee 4HCiIo yaapoB 10 BOPOTaM €CTh MaTeMaTndeckoe oxumanue (5.2)

M(X) =S =6.
p

IIpumep 3. B xapiiepuHroBoit KOMIaHUU UMEIOTCS BCEro JiBa CBOOOIHBIX aBTOMO-
Owrst. M3BeCTHO, 4TO €XETHEBHBIM CHpPOC MOMUMHSCTCSA pacnpeneneHuro Ilyaccona wu
B CpeJHEM cocTaBiigeT 1,3 MaIIMHBI B JICHb, IPU 3TOM apeHJaToOp HE OTHAET KaKUX-THOO0
NpEeANOUYTeHUI HU OIHOM U3 HUX. KakoBa BEpOATHOCTB, UTO B OO0 U3 THEM:

1) Hu oMH aBTOMOOWIIb HEe OyIeT BOCTpeOOBaH;

2) OyayT BocTpeOOBaHbI 00C¢ MAITUHBI.

Pewenue. 11o ycioBuio 3a1aum ciaydaiiHas BeIrdrHa X €CTh YMCIIO 3aKa30B B JICHb,
¥ OHa pacripejieicHa 1o 3akoHy [lyaccoHa, mpu 3TOM KOJUYeCTBO K 3aKa30B MOXKET OBITb,
BOOOIIIC TOBOPS, HEOTPAHWYCHHBIM. BEepOsATHOCTh MOCTYIUICHHSI pOBHO K 3aKa30B BBIYHC-
nsercst mo popmyie Ilyaccona. IIpu aTom mapameTrp A €CTh MaTeMaTHYECKOE OXKUJIaHHE
BeMUMHBI X (cM. 1. 5.4) unu e€ cpeaHee 3HaYeHHEe, KOTOpoe, M0 YCIOBHIO, paBHO 1,3.
CnenmoBaTtesbHO,

k -1,3
P(X =k):1’3+, k=0,123, ...

B wacTHOCTH, eciiu He 3aKa3aH HU OAUH aBTOMOOUIL, To X =0 u

0 -13
P(X =0) =1’3%:e_1’3 ~0,27.
Ecnu sxe kak MUHMMYM Ha 00a aBTOMOOWJISI MOCTYMIIA 3aKa3bl, TO YHUCIO 3aKa30B
X>2mu
P(X 22)=1-P(X <2)=1-(P(X =0)+ P(X =1)) =

0 -13 1 -13
=1£1’3 e L3 ]zo,37.

o il

6. PABHOMEPHOE U IIOKA3ATEJIBHOE PACHHPEJEJIEHUSA
HENPEPBIBHBIX CIYYAWHBIX BEJIMYUH

6.1. HenpepriBHas ciayuaiiHas BenuunHa X HA3bIBACTCS PACIPENCIIEHHON IO pasHO-
MepHoMmy 3aKkony Ha oTpeske [a, D], ecnu eé mIOTHOCTH BEPOATHOCTH NOCTOSHHA HA STOM

O X €[a, b]; - cont
(X)_{O, x¢a, bl Vv = const.

OTPC3KCE:
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13 cBoiicTBa HOPMUPOBAHHOCTH TUIOTHOCTH paciipesiesieHus OyIeT BbITeKaTh, YTO

1 |
() :{m’ xelabl; 6.1)
0, x ¢ [a,b].

JlencTBUTENBHO,

+00 b

1
1= J. f(x)dx = IVdXz c(b—a), orkyma v=—-—.

i " b-a

Haiiném Teneps GyHKIUIO pacnpeaeeHus
X
F() = [ f(qdx.

Nmeem, oueBuaHo, mpu X < a 3Hadenus F(X) = 0. [Ipu a < X <b momyuum

a X
F(x) = det+jbfadt=;:Z.
—0 a

Haxkowern, mpu X > b

T T 1 T b-a
F(x)= |0dt+ | ——dt+ |0dt=——=1.
- “b—a " b-a
Hrak,

0, x<a;

-a
F(x)= b, a<x<b; (6.2)
1 X >D.

['paduku pynkuuii (6.1) u (6.2) n3o0pakensl Ha puc. 6.1.
JlokaskeM, 4TO Jis PaBHOMEPHO paclpeleléHHOl Ha oTpeske [a, b] cmyuaiinoii

BeJIMYUHBI X
a+b (b—a)?
M(X)=—— D(X)= .
(=222 n D)=
ﬂx)u F(x)ﬂ
1 1
b-a T 1
[ I
I I
I I >
0 a b X
a) 0)

Puc. 6.1. IlnoTHOCTH U PYHKIIMS PABHOMEPHOI0 pacinpenaejieHust
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Nmeem

M (X) = jxf(x)olx:jbfadxzb_a7

a

_b*-a® a+b
. 20-a) 2

q)OpMYJ'Ia L AUCIICPCUN JOKA3bIBACTCA aHAJIOTUYHO!

_a’+ab+b® (a+b)® _a’-2ab+b® _(b-a)’
3 4 12 12

D(X) = TXZ f (x)dx—[M (X)]?

6.2. HenpepsiBHast ciydaifHas BeanurnHa X Ha3bIBaeTCs paclpepeNéHHON MO noKa-
3amenbHoMy 3aKOHY C TapaMeTpoM A > 0, eciin €€ INIOTHOCTh BEPOSATHOCTA UMEET BUJL

(0 0, X <0; 6.3)
X)= .
e, x>0.

Oyukius (6.3) ACUCTBUTEIBHO MOXKET CIYXKUTh IJIOTHOCTBIO paclpeeeHus], Tak
KaK OHa, OYE€BUHO, HEOTPULIATENIbHA U JJISI HEE BBIIIOJIHEHO CBOMCTBO HOPMUPOBAHHOCTHU:

Tt o0dx Tredx—a lim Tedx—1 tim [ Le* )
_J;o (X)dx= [re*dx=2 lim ge X = m(—xe ‘)_

A—o0 A—0 0
- (Iim e‘M)— (-)=0+1=1.
A—>00

Haiiném ¢ynknmro nokasatenbHoro pacrpeneincuus F(x). Scuo, uyto F(X) = 0 mpu
X<0.Ecm x>0, 10

0 X
F(x) = det+jxe—“dt:o_&e—M‘X e %) =1,
RO ao o
Nrak,
F(x) 0, X <0;
X) =
1-e™™, x20.

['padiky MIOTHOCTH M (PYHKUMHU IMOKA3aTEIbHOIO PaCHpelesieHusl MPEeACTaBIEHBI
Ha puc. 6.2.

Hcnonp3ys ¢popMyily HHTETPUPOBAHUS 110 YaCTAM, HETPYAHO MPOBEPUTH, UTO MaTe-
MAaTHYECKOE 0KUIAHUE U JUCIIEPCHS MTOKA3aTEIbHO PaCIPEAEIEHHON CIy4ailHOM BEJINYH-
HbI UMEIOT, COOTBETCTBEHHO, 3HAYEHUS

1 1
M(X)==— D(X)=—. 6.4
(=3 n D)= 6.)
ﬂx)u F(x)u
A
1.
l]l 2; 1 2;’

Puc. 6.2. IlnoTHOCTh U QYHKIMS MOKA3ATEJIHLHOI0 pacnpeaejaeHust
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Hanném, Hanmpumep, MaTeEMaTUYECKOE OKHUTAHUE

+00 +o0 A A
A
M(X)= [xf(x)dx=[xre™dx=— lim [xde™ =— lim (xe—“\ —[e7*dx) =
i 9 A—x 0 A—w 0 0
A 1 x|A 1 2A 1
=—Ilm|—F-0+= =——1Iim (e 1) ==,
A—)oo(e%‘A )\, ‘0 ) 7\, A—)oo( )
34CCh IPCACII BUaa

. A 1
lim —— = lim =0

A—o0 ekA A—o0 }\‘ekA

BBIYUCJIEH IO npaBuiy Jlonurars.

N3 cootomenuii (6.4) ciieayer BaKHOE CBOWMCTBO: JUIS CIIYYalHON BEJWYHMHBI, pac-
NpeAeaEHHON M0 MOKA3aTeIbHOMY 3aKOHY, MAaTEMaTUYECKOE OKUJIAHHE PAaBHO CPEIHEMY
KBaJpaTUYECKOMY OTKJIOHEHHIO, T.€.

M (X) = o(X) ==
A
6.3. [IpuBeaém nmpuMepsl MOKa3aTeILHOTO U PABHOMEPHOTO paclpeesieHUH.
IIpumep 1. YcranoBneHo, 4To BpeMs padoThl IpuOOpa 10 NEPBOM MOJIOMKH SIBISETCS
ciy4aiiHo# BennuuHON T, pacipeeIEHHOM 10 T0Ka3aTeJIbHOMY 3aKOHY C ITapaMeTpOM A.
O603HaunM yepe3 A ciydailHoe COOBITHE, COCTOSIIee B TOM, 4TO Mpubop Oyner pa-

Gortath  Oe3oTkasHo Ha  wmHTepBane [0, t]. BeposTHOCTL  3TOrO  COOBITHS
P(A)=P(T >t)=1-P(T <t)=1-F(t)=1-(1—e ) =™,

AHanoruyno, eciim C — citydailHOe coObITHE, 3aKIodaronieecs: B 0€30Tka3zHoi padoTe
npubopa Ha naTepBae spemenn [0, t+ 1], To P(C) =e ).

Hanee, mycts B — ciaydaitHoe cOOBITHE, COCTOSIIEE B TOM, YTO IIPHUOOp OyeT 6e30T-
Ka3HO paboTaTh Ha MHTepBane BpeMeru [t, t+t]|. V3 onpenenenus ciyyailHbIX cOOBITHIA
A, B u C cnenyer, uto C = AB. Torma P(C) = P(A)P ,(B). Haiiném Tenieps P A(B), T.ec.
YCJIOBHYIO BEpPOSTHOCTH TOTO, 4TO IpuOOp Oyaer 0e30Tka3HO paboTaTh HAa WHTEpBAJIC
[t, t + ] npu ycnoBuwm, uto o yxke npopaboTan 6e30TkazHo Ha uHTepBane [0, t]. Mmeem

P(C) B e—?x,(t+‘c) s

PA(B): P(A) - e_M =€

[TomyyeHHOE 3HaUEHNE BEPOATHOCTU OKA3aJI0Ch HE 3aBUCAIIUM OT 1; cJe10BaTeNbHO,
cobpitue B He 3aBucut ot A. Jlpyrumu cioBamu, BEpOSITHOCTh O€30TKa3HOU pabOThI MpH-
6opa Ha NIPOMEXYTKe BpeMeHH [t,t + T] 3aBHCHT TONBKO OT AJIMHBI STOrO MPOMEKYTKA T,

U HE 3aBHCHUT OT TOTO, CKOJIBKO BpeMeHH Mmpubop mpopabdortai a0 storo. IlogobHoe siBite-
HUE HA3bIBAIOT CBOMCTBOM «OTCYTCTBUEM MOCHEACUCTBUSI

Ipumep 2. Cerment [a, b] ocu OX npexacrapiser (MoaeaupyeT) coOO0I0 KAy He-
KOTOpPOTo Mpubopa, IpuuéM BEPOATHOCTh MOMAJaHMs yKa3aTelsh B HEKOTOPBIA OTPE30K
IIKAJIbl MPOMOPIMOHAIBHA JIJIMHE ATOT0 OTPE3Ka M HE 3aBUCUT OT €ro MecTa Ha IIKale.
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[IpoBeputhb, yTO ciydaifHas BeaM4YMHA X — OTMETKA yKaszaTels nmpubopa — pacrnpeserneHa
[0 PaBHOMEPHOMY 3aKOHY M HaWTH BEPOSITHOCTb TOTO, YTO IMPH HCHBITAHUU yKa3aTellb
OCTaHOBHTCS HA OTMETKE B MPaBOM MOJIOBUHE IIKAJIBI MpUOOpa.

Pewenue. ImeeM HENPEPBHIBHYIO CIYYalHYIO BEIMUYUHY X, pacnpeAenEéHHY0 Ha OT-
peske [a, b]. [To ycioButo, mist moOBIX ABYX TOUYEK X, Xo (X <X, ) oTpeska [a, D]

P(X <X <X, )=Kk(X, =% ),

rae K — mocTosHHbBIN KO3 GUITMSHT IPONOPIUOHATBLHOCTH. B yacTHOCTH,
1=P(a<X <b=k(b-a),

1
oTkyaa HaxoauM K = —— . Cie1oBaTelIbHO,
—a

P(x £ X £x5) :b—la(x2 —X1)- (6.5)

Teneps moctpoum ¢ynkuuio pacnpenenenus F(x)=P(X < x). [Tockonbky ciyyaii-
Hasl Belln4rHa X pacrpejierneHa Ha otpeske [a, b], To

F(X)=0 npu x<a (6.6)
u F(X)=P(X <x)=P(X <b)=1npu x>D. (6.7)

Jaitee, coryiacHo BeIpaskeHuto (6.5)

F(x):P(X<x)=P(asxsx)=;‘;a, a<x<b. (6.8)

B cootBeTcTBHM ¢ cooTHOmIeHUsIMHU (6.6), (6.8) u (6.7) monyuennas F(X) comana

¢ yHKIIMENH paBHOMEPHOTO pacnpenenenus (6.2), 4To U TpeOOBaIOCh YCTAHOBUT.
PaccmoTpum ciyuaiinoe coObiTHE 4 — PAaCHONIOKEHUE yKa3aTels B MIPaBOil MOJIOBUHE

< X £b, Tak uro coort-

a—+
HIKaJIbl TpOopa. DTO COOBITHE PABHOCUIBLHO HEPABEHCTBY

BETCTBYIOIIAsE BEPOSITHOCTh MOXKET ObITh BhIYKCIIcHA B BUjE (cM. (6.5))

P(4) = 1 (b_a+bj:£
b—a 2 2

7. HOHATHUE O MOMEHTAX PACHHPEAEJEHUA

7.1. O6001IeHNEeM MOHATHI MaTEMaTUYECKOTO OXKUJAHUSI M JUCIIEPCUU CIydalHOM
BEJIMYMHBI CITy>KaT MOHATHS Ha4yaJbHOTO U LIEHTPAJIbHOTO MOMEHTOB pacnpeseineHus. Jis
JMCKPETHBIX BEJIMYUH OHU BBOASTCS COOTBETCTBEHHO B BUJIE

vi =2 (%) P =2 (% —M(X) py, 1=1,2, ..,
k=1 k=1

a U1l HCTIPCPBIBHBIX BCJIMYHH OIIPEACIIAIOTCA KaK

V| = Tx'f(x)dx uoy = T(X—M(X))I f(x)dx, 1=12, ...

—0o0

o1



Kaxk mokazaHo BBIIIC, MMCKOT MECCTO COOTHOIIICHUA

v =M(X), uy =0, up = D(X), py =v, _(Vl)z-

CBsI3b HAUaJIBHBIX M 1EHTPAIBHOIO MOMEHTOB, TOJIBKO YTO OTMEUEHHas [Jisi
Vi, Vo Uy, MOXKET OBITh pacIpOCTpaHEHa U Ha MOMEHTHI Oosiee BbICOKOro nopsaka. Tak,

CIIPaBCIJINBBI PABCHCTBA

Mg = V3 =3viva +2(v1)°, 1y = Vg —4vivg +6(vy)’v, —3(vy)" (7.1)
M T

7.2. OcTaHOBHUMCSI Ha PAaCCMOTPEHHUU IIEHTPAIbHBIX MOMEHTOB HEYETHOTO MOPsJIKA.
Ecnu 3navenus x,, k=1, 2,..., B psAae pacnpeneicHus AUCKPETHONW BEIUYMHBI X CHM-

METPUYHBI OTHOCUTEJIBHO MaTEMaTHYE€CKOT0 0>KMIaHUS, TO, OUYEBUIHO, BCE TAKHUE MOMEH-
Thl paBHbl HyNI0. ECTECTBEHHO MO3TOMY B KauyeCTBE XapaKTEPUCTUKH ACHUMMETPUHU
(«CKOILLIEHHOCTH») paclpeleieHusi BbIOpaTh KaKOH-TMO0 M3 HEYETHBIX MOMEHTOB; IS
ATOrO BBIOMPAIOT MPOCTEUIINK TPETHI LIEHTPAJIbHBIII MOMEHT.

Kosddumentom acuMMeTpuu Mpu 3TOM Ha3bIBAlOT O€3pa3MEPHYIO BEIMYUHY

Sk_H3

=35 Irae ©— CpeaHEC KBAAPATHICCKOC OTKIIOHCHHUEC, 3aMCTHUM, YTO MOMCHT |[l3 UMECT
&)

pa3MepHOCTh KyOa cimydaiiHod BenmnuuHbl. Eciin S, > 0, To mpeo6iaatoT MOJ0XKUTENb-
HBIE OTKJIOHEHHS OT MAaTEeMaTUYECKOTO OXHUAanus, eciu S, < 0 — To oTpuliaTeIbHbIE.

7.3. MoMeHTBI pacnpeneseHuss TECHO CBSA3aHbl C M3y4aeMbIM HUKE HOPMAJIbHBIM
pacrpeneneHueM (TOYHEe, ¢ TaK Ha3blBAEMOM LEHTPAJbHOM MPENEIbHON TEOpeMoil).
NHTEpec K MOMEHTaM pacIpelesieHUs] BbI3BaH TaKXKE PSIAOM COBPEMEHHBIX HAYYHBIX

3agad. OHOM M3 HHUX SBJISETCS 3aj7adya BOCCTAHOBJICHHMS IJIOTHOCTH HEMPEPBIBHOTO pac-
npeesieHusl 0 3aJJaHHOM TOCIeI0BAaTeIbHOCTH HaYaabHbIX MOoMeHTOB {v,}, | =1 2, ... .

B HacTosiiee Bpemsi pa3paboTaHa COOTBETCTBYIOIIAs METOAMKA, OCHOBAaHHAs HA TEOPUU
OpPTOTOHAJBHBIX MHOTOWIECHOB M Pa3NioKeHUsIX QyHKIMI B psag Pypbe M0 cUCTEME TaKHX
MHOI'OYJICHOB, OJTHAKO JaXe ISl IEPBUYHOIO O3HAKOMIIEHMS C COOTBETCTBYIOLIEH TeMa-
TUKOM YUTATENIO CIEAYET OCHOBATEIBHO U3YUYUTh CIIELIMAIBHYIO JIUTEPATYPY.

8. HOPMAJIBHOE PACIHIPEAEJIEHUE

8.1. HempepoiBHast ciy4aiiHasi BenwurHa X HA3BIBACTCS PACTPEACIEHHOW TO HOp-
MAbHOMY 3aKOHY ¢ TIapameTpamu a u ¢ > 0, ecu e€ mIOTHOCTh BEPOSATHOCTH UMEET BUJ

_(x—a)2

20° (8.1)

f(x):ﬁe

Oynukums (8.1) AEUCTBUTEIBHO MOXKET CIY>KUTh MIOTHOCTHIO HEKOTOPOT'O pacmipeie-
JICHUSI: OHA, OYEBMJIHO, HEOTpUUATEIbHA U OOJAJaeT CBONCTBOM HOPMHUPOBAHHOCTH.
[IpoBepum mociEeHEE CBOMCTBO, BOCIOJB30BABIIUCH 3HAYEHUEM HECOOCTBEHHOTO HHTE-
rpajia, Ha3bIBaeMoro uHTerpaiom Jinepa—Ilyaccona
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[e 2dt=van. (8.2)

C momo1ipio 3aMeHbI IEpeMeHHOM T = MoJIy4aem

(¢)

_(x-a)? £2

+00 +00

7 1 > 1 —
f(xX)dx = e 20" dx= | ———e 20dt=—-| e 2dt=—-=-2t =1,
_'[O ) _'[ocx/Zn _'[00\/275 ° \/27‘5_‘[0 \N2m :

YTO ¥ YTBEPIKIATOCH.
Ecnu B Beipaxkenun (8.1) =0 u 6 =1, T.c.

2
400 1
1

TO TOBOPST, YTO UMEETCSI CTAHAAPTHOEC HOPMAILHOE PACIPE/ICIICHHE; €r0 MIIOTHOCTh COB-
najaaer ¢ ¢pyHkuer Jlamraca ¢(x), BBeAEHHON B pacCMOTPEHHUE paHee.

8.2. Beipazum GyHKIUIO pacrpeesieHUs
_(x-a)?

2
e 20 (x

F(x):_j —

yepe3 HHTerpanbHyro pyHkuuio Jlamnaca

x t?

@(x):%ﬂje_z dt,
0

a4 MIMCHHO, YCTAHOBHUM, 4YTO

F(x) =05+ qn(ﬂj . (8.3)
c
JIeCTBUTENBHO, C TOMOIIBIO0 BBOJUMOU paHee 3aMEHbI IEPEMEHHBIX t = — TOJIy-
c
yaem
X—a X—a
P B G
F(X)=—/—— | e 2dt=—- [e 2dt+— | e 2dt. 8.4
) N2m _'[O V2n_‘[o \2m E[ 84)

[Tpu 3TOM TIepBOe ciaraemoe B cymMe (8.3) ecTh «ImosioBMHa OT 3HaueHus» (8.2), mo-
ckoNbKy (8.2) ecTh mHTerpans OoT 4ETHOW (PYHKIHUH MO CHUMMETPUYHOMY MPOMEXKYTKY.
HWrak, nepBoe ciaraemoe B (8.4) paBHO Y2, a BTOpoe — 3HAUYCHHUE MHTETPaIbHON (DYHKIIUN

Jlamnaca B Touke , YeM U f0Ka3aHo (8.3).

c
8.3. I'paduku myIoTHOCTH M (PYHKITMM HOPMAJIBHOTO PACTIPEICIICHHS MPECTaBICHBI
Ha puc. 8.1.
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F(x)A A

Puc. 8.1. ILnoTHOCTH M PYHKIHSI HOPMAJIBHOIO pacnpeaeaeHust

Kpugyto, n3obpakeHHyto Ha puc. 8.1, a, Ha3bIBAIOT HOPMAILHOL WU 2AYCCOBOLL KPH-
Boi. OTMETUM, UYTO HOpMaJbHasi KpUBas CHMMETPUYHA OTHOCUTEJBHO MpSMON X=a u

UMeeT MakCUMyM B TOYKe X =a, paBHbId 1/(cV27), a Takke MMeeT TOYKH Teperuda

X=azxo ¢ opauHaTOI 1/(c~/27e).

BbisicHuM, Kak OyieT MeHAThCS HOpMaJlbHAsl KpUBasi MPH N3MEHEHNH ITapaMeTPOB d U O.
Ecin mapameTp ¢ ocTaércs MOCTOSIHHBIM, HO MEHSETCS ITapaMeTp @, TO HOpMaJlbHasl KPH-
Basl CMeIIaeTCs BIOIL OcH adciuce, He MeHss Gopmbl. Eciii mapameTp a octaéres mocTo-

SHHBIM, HO MEHSETCSI G, TO MEHSETCS opAMHaTa Makcumyma kpuBod 1/(c+v2m). Ilpm

YMEHBIIICHUU G (T.€. IPU YMEHBIIICHUU PACCESHUS CIIy4allHON BEJIWYUHBI) OpANHATA TOY-
KM MakCUMyMa yBenuduBaercs. Ho Tak kak 1uioimaab noj Jiro0o KpUBOM pactpeaesieHUs
JIOJKHA OCTaBAaThCA PABHOM €IUHUIIEC, TO KPHUBAasl BBITSTMBAECTCA BBEPX, OJHOBPEMEHHO
CKUMasiCh ¢ OokoB. IIpu yBennueHuu mnapamerpa ¢ HaOIOJaeTcs oOpaTHas KapTHHA.
Takum 00pa3om, mapameTp a omnpeesseT MOoJoKeHUE, a mapameTp ¢ — GopMy HOpMaJlb-
HOU KPUBOU.

8.4. Jloxaxxem, YTO BEpPOSTHOCTH MOIAJaHHUS 3HAYCHUN CIydaliHOW BETWYUHBI X,
pacrnpeaeIéHHOM 110 HOPMAIBHOMY 3aKOHY, B TPOMEXYTOK (o, [}) MOKeT ObITh BBIUHCIIC-

P(a < X <) :@(B?Ta)—cp(“—_aj.

Ha B BUJE

(¢

JlelicTBUTENILHO, €CJIM BOCHOJBb30BaThCs BUIAOM (yHKIMEM pacnpeneneHus (8.4),
TO MOJYYUM

oa—a

P(a <X <B)=F(B) - F(o) = o,sm(ﬁj_(o,sm)(_jj -

c c
= @(Ej - q)(a__aj ’
c o
4TO U YTBEPHKIAJIOCH.

8.5. U3 pesynbrara m. 8.4 BbITEKAET CIEIYIOIIEE YTBEPKICHUE O BEPOATHOCTH MaJIO-
r0 OTKJIOHEHHS! 3HAUYECHUW HOPMAJIBHOW BEJIMYUHBI OT MapameTrpa a: 1js jrodoro € >0
MMEET MECTO PABEHCTBO

P(X —al<g)= 2@(3.
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Jlns jokazarenbcTBa 3amuilieM HEepaBeHCTBO | X —al<e B PaBHOCHIBHOM BHIE
a—e< X <a+e¢. Torna, BBuny Heu€tHOCTH PyHKIMHU Jlammaca, OynemM UMeTh

Pla-s< X <a+e) -0 12222020 of £)_q[ %] z0[ £

4TO U TpeOOBAJIOCh JOKA3aTh.
B wactHOCTH, 1IpH € = 3G MOIy4YaeM TaKk Ha3bIBAEMOE MPABUIIO «TPEX CUTMH

P( X —al<3e) = 2@(3‘°‘j = 2d(3) ~ 0,9973.

CMBICT €T0 COCTOWT B CIACAYIONIEM: MPAKTHYECKU JTOCTOBEPHO, YTO aOCOMIOTHAS Be-
JWYMHA OTKJIOHEHUS 3HaUE€HUH HOPMAJIBHO pacmnpenciéHHOl X OT mapaMerpa @ MCHbIIE
YTPOEHHOTO 3HAYEHUS .

8.6. BeposSTHOCTHBIN CMBIC]T TTAPAMETPOB d U G TMPOSICHAETCS B CICIYIOIIEM yTBEP-
KICHUH.

Hopmanvho pacnpedenénnas cnyuatinas eeiudyuna umeem MamemMamuiecKoe 0dCU-
oanue

M(X)=a
u oucnepcuio
D(X)=c?

I[OK&)KCM, HaIIpuMcEp, IICPBOC U3 COOTHOIIICHUH. I/ICHOJILS}’}I CHOBA 3aMCHY IICPCMCH-

. X—a .
HOM t=——, cooTHomIeHe (8.2) U CBOWCTBO PaBEHCTBA HYJIIO MHTErpaja Mo CUMMET-
c

PUYHOMY TIPOMEXKYTKY OT HEYETHOU (DYHKIUH, TIOTyUUM
_(x-a)® a) _t2

+00 -
2 dx = é_ [ @+ot)e 2 di=
7T

+00

\/_Ixe

_t2 —t2
e 2 dt+—Jte 2 dt=a-1+0=a,

M (X) :Txf (x)dx =

a 400
== j
—00
YTO U YTBEPKAAIOCH.

8.7. HopmanbHblil 3aKOH pacripeiesieHnusi HanboJiee 4acTo BCTpEYaeTCsl Ha MPaKTHKE.
OOBsCHAETCS 3TO TE€M, UYTO OH SIBIISIETCA MPEAEIbHBIM 3aKOHOM, K KOTOPOMY MpHUOIHKa-
IOTCSl IPYTH€ 3aKOHBbl PACHPENEIICHHS MPU BEChbMa YacTO BCTPEYANOIIUXCS THUIHYHBIX
ycnoBusix. IMeHHo, ecnu cinyyaiiHas BenuuuHa X MpeAcTaBisieT co00i cymMMy OOJIBIIOrO
YKCIa B3aUMHO HE3aBHCUMBIX CIIydaiHbIX BenuuuH X = X;+...+ X, (T.e. 3HaueHus X

CKJIaJIBIBAIOTCS M3 3HAYCHUH cCiydaliHbIX BenmumH X, K =1, 2, ..., n, pacnpeneieHue

KaXJIOM M3 KOTOPBIX HE 3aBUCUT OT 3HAYEHUMN, TPUHUMAEMBIX OCTaJIbHBIMU CIyYalHBIMU
BEJIMYMHAMH), TO MPU BEChbMa OOIIUX YCJIOBUSX 3aKOH pacHpeaesieHUsl CIydailHOW BeIu-
yuHBl X OJM30K K HOPMAaJbHOMY. YCJOBHUSIM (BBIPQXKEHHBIM B TEPMUHAX IEHTPATBHBIX
MOMEHTOB TPETHEr0 MOPSIKA), MPU KOTOPHIX BOZHUKAET HOPMAJIbHBIN 3aKOH pacrpezerie-
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HUSI, TIOCBSIIEH PSAJl TEOPEM, Ha3bIBAEMBIX YEHMPAIbHOU npedenvHol meopemoti. CMbICI
ATUX YCIOBUI COCTOUT B TOM, UTO «YJIEJbHBIA BEC» KaXKJOr0 OTJAEIBLHOIO CJIaraeMoro
JOJDKEH CTPEMUTHCS K HYJIIO MPU yBEIMYEHUHU 4Mcia cinaraeMmbix. Hanpumep, ecim X —
MIPOU3BOJICTBEHHAS! TIOTPEIIHOCTh, TO HAa HEE¢ BIUSIOT MHOXECTBO (PakTOpoB (TOTper-
HOCTh Marepuajia, MOTPEeIIHOCTh CTaHKa, MHCTPYMEHTa W T.J.), IPUYEM €CIM HU OJHA
W3 3TUX MOTPENIHOCTEN HE SABJSETCS ONPEACINSIONIEH, TO ClaydailHas BeIWYMHAa X UMEET
3aKOH pacrpeesieHust, OJU3KUI K HOpMaJIbHOMY.

8.8. Ilpumep 1. Haiitm mMaTeMaTHyeckoe OXHUAAHUE HOPMAIBHO paCIpeeiEéHHON
CIIy4allHOW BEJIWYUHBI C INIOTHOCTHIO

; ( ) —%xz—x—z
X) = e
221
Pewenue. Beiaenss nOMHBIN KBaJIpaT B IOKA3aTENIE CTEIICHU, UMEEM
_L —x—2:—1(x2 +8x +16) :—1(x+4)2.
8 8 8

Tenepp

1 2

1 —— 5 (x+4)
f(x)= g 22
) 221

HOCKOJ’IBKy INIOTHOCTb HOPMAJIBHOTO PACHIPEACIICHUS UMCCT BU/L

(x-a)°
f()=———e 2°
ovV2rn
TO B HAIlIEM CjIydae MMeeM mapaMeTp a =—4, W, CIeI0BaTe/IbHO, HCKOMOE MaTeMaThye-
ckoe oxxuganue M (X)=—-4.

IIpumep 2. Ha dapmaneBtruueckoil pabpuke KOHTPOJIUPYETCS BEC MPOU3BOJUMBIX
TabaeToK. B3BenmBaHue He MOJBEPKEHO CHCTEMATHYECKUM OIMMOKaM, OJTHAKO BO3MOXK-
HbI CilyyaliHble OIMOKU X, pacrpejereHue KOTOPhIX MOAYMHEHO HOPMaJIbHOMY 3aKOHY
CO CpPEJIHMM KBAJIpPATUYECKUM OTKJIOHEHHEM, paBHbIM 0,4 r. HaiiTu BEpOSITHOCTH TOTO, YTO
B3BCIIIMBaHUE OYJIET MPOM3BECHO ¢ OIMMOKOM, HE MPEBOCXOAAIICH M0 aOCOMIOTHOM BEIH-
yune 0,3 cMm.

Pewenue. OmmoOOK CHUCTEMAaTHYECKUX, T.. OMMOOK OJHOTO 3HAKa, HET, CleI0Ba-
TEJIbHO, MAaTEMaTUYECKOE OXKUJIAHUE CIYyYalHBIX OIIMOOK PaBHO HYJO (MOJIOKUTEIIbHbBIC
U OTpUIATEIbHBIC 3HAYEHUS OIMMOOK «ypaBHOBEIIMBAIOT» IpYyr apyra). Mcmombsyem

popmyy
P(X —al<d) = 2@(3),
(@)

B KOTOpOH 3HaueHHe MateMarndeckoro oxumaanus a =0; nanee 6=0,4 u €=0,3.
[Tonyunm

P( X |<0,3) = 2@(%) = 2d(0,75) ~ 20,2734 = 0,5468 .
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9. CIYUAMHBIN BEKTOP.
JUHENMHASI KOMBUHALIMSA CJIYYAUHBIX BEJITUUNH

9.1. BBoas IOHSATHE CHCTEMBI CITyJaiHBIX BeMWUuH X U Y WIH CIIy4alHOTO BEKTOpa,
MBI OTPAHUYUMCS CIIy9aeM, Korja 00€ BeTUINHBI JUCKPETHBI U MTEPEYCHh 3HAUCHUN KaX-
JIOW W3 HUX MOXKET OBITh MPEACTABICH KOHEYHON IMOCIIEIOBATEIHFHOCTHIO (COOTBETCTBEH-
HO) {X¢, X9, ooy Xp} ¥ {Y1, Y2, .-y ¥, }- Cityuaitnsiit Bektop Z = (X, Y) ompenensercs: Bce-
BO3MOYKHBIMH TIapaMH 3Ha4YeHUH (Xk, Y1), 1 <k <n, 1 <1< m, kaxnas U3 KOTOPHIX MPUHU-
MaeTcs, OYEBHIHO, C BEPOSATHOCTBIO Py = P(X = Xk, Y = V). [Tockonbky peub HIET O MPO-
u3BEACHUH cOOBITUH X = X 1 Y =Y, T0 Py = P(X =Xy ) Px=x,) (Y = V1) . B ciyuae nesa-

BHUCHMOCTH COOTBETCTBYIOIINX COOBITHH, T.€. B ciydae Py = PPy, 1 <k<n, 1 <1<m,

CiTy4aiiHble BeTMUMHBI X U Y Ha3bIBAIOTCS HE3aBUCHMBIMHU.
Ananorom psga pacnpenenenuss JICB 31eck BbICTymaer Tabnuiia pacrpesesieHUs
(MaTpuily BepOsSITHOCTEH) BUIa

XY) I xe | %o | o | X | s | Xn

Y1 P11 | P21 | - | Pkt | ... | Pn1
Y2 P12 | P22 | ... | Pk2 | ..o | Pn2

Yi Pur | P21 | ... | Pt | .- | Pni

ym plm p2m pkm pnm

Matpuiia BEpOATHOCTEH 001a1aeT TeM OYEBHIHBIM CBOHCTBOM, YTO CYMMBI BEPOSIT-
HOCTEH 110 BceM CTOJIONaM 1 CTPOKaM paBHA €IUHUIIC.

9.2. PaccmoTpuM cHCTEMY TMCKPETHBIX ciydaiHbIX BenuduH (X, Y) U MOCTpoUM HO-
BYIO CllydaiiHyto BenuuuHy Z = X + Y, 3Ha4€HHs] — 3TO BCE BO3MOXKHBIE CYMMBI Xj + Y|,

pacnoyioKEHHbIE B MOPsiAKE Bo3pacTaHusl. O4eBUIHO, YTO KAKIOM TaKOW CyMME CleIyeT
MIOCTaBUTh B COOTBETCTBUE BEPOSATHOCTD Py = P(X = Xx, Y =Y)). Jpyrumu cjaoBamu, BEJIH-
yuHa Z = X + Y umeeM psiji pacupenesieHus BUaa

X+YH ‘xk+y| ‘ ‘
p " ‘ Px ‘ ‘

(1<k<n,1<l<m).

[Tono6ubIM 0Opa3zom omnpenensercs npousseneHue Z = XY . [lepBasi cTpoka cOOTBET-
CTBYIOIIIETO psiJia COJEPKUT BCE BO3MOXHBIE TMPOU3BEICHUS XY, PACIOJIOKCHHbBIC
B TOPSKE BO3pacTaHUs, a BTOpasi CTPOKa — BEPOSITHOCTH py. B dacTHOCTH, ciydaitHas
BennunHa Z = CX, rae C — MOCTOsIHHAS, OTJIMYHASL OT HYJIS, ONIPEACIISIETCS PSAJIOM pacipe-
JeeHUs

CX
p

o | |
T |

| ..
.
(1<k<n).
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Teneppb nms MOOBIX MOCTOSHHBIX A U |1 (OJHOBPEMEHHO HE PAaBHBIX HYIIO) ONpee-

JieHa JuHelHas koMOuHamusa Z = AX + uY,
9.3. PaccmoTpuM 3amavy HaXOXACHHUS YHMCIOBBIX XapaKTEPUCTUK (MATEMATHIECKOTO
OKHUJIaHUS U JUCTIEPCHH ) TUHEHHOW KOMOMHAIINY TUCKPETHBIX CITyYalHBIX BEIUYHH.
Teopema 9.1. ImeroT MecTo paBeHCTBa

M (CX)=CM(X);
D(CX)=C?D(X).
Teopema 9.2. imeeT MecTo paBeHCTBO
M(X +Y) = M(X) + M(Y).
Ecnu cnyuaiinblie BenmnuuHbl X U Y — HE3aBUCUMBI, TO
D(X+Y)=D (X) + D (Y).
B wactHocTH, 1151 TuHeiHON koMOuHanuu JICB Z = AX + pY GyneMm umerthb
MAX +pY) =AM (X)+uM(Y);
D(AX +pY) =2%2D(X) + p2D(Y).

JlokazarenbcTBO TeopeMbl 9.1 untarento peKOMEHIyeTCsl TPOBECTH CaMOCTOSITEIIBHO,
JI0Ka3aTesIbCTBO TeopeMbl 9.2 MbI HE pacCMaTpPHUBAEM.

3ameuanue. IloHsATHE NTUHEWHONW KOMOWHAIIMU TOMAPHO HE3aBUCUMBIX CIIYYaHBIX
BEJMYMH MOXKHO PacHpoOCTpaHUTh Ha JIt000e WX KOHEYHOe KoymuecTBo. [Ipu stom, ecnu
X=MX{+A Xo+...+ Ay X, TO

M (X) =AM (Xq) +A,M (X5) 4o+ LM (X )

D(X) =2D(Xy) + %, D(X,) + ...+ A, D(X, ).

9.4. Ilpumep. Hanorosoii cimy:x00# MpOBOAUTCS KOHTPOJIb TPEX BUIOB MPEANIPUHU-
MaTeIbCKOM JeATenpbHOCTH. 1lo mepBoMy BHAY IE€ATEIBHOCTH BEPOSITHOCTh COKPBITHS
noxonoB coctasiusier 0,1, mo Bropomy — 0,2, mo Tpetbemy — 0,25. Cpenctsa ot mrpados
32 COKPBITHE JI0XOJ0B MOCTYMAIOT B OIO/UKET peruoHa. Cunrasi, 4To Bce (PAKTHI COKPHITUS
BBISIBJISIFOTCS,, HAWTU CPEIHUN JT0XOJ PErMOHAJIBHOTO OO/KETa OT MOJYYEHHBIX TaKUM
0o0pa3oM CpejacTB, €clii CyMMa HajlaraeMoro mrpada mo KakqoMy BHIY AESTEIbHOCTH
coctaBinser, cooTBercTBeHHO, 50, 40 u 20 MPOT (MuHMMaIBHOTO pa3Mepa OIUIAThI
Tpya).

Pewenue. Ilycte X — ciydaiiHas BEJIWYMHA, BO3MOKHBIE 3HAUYCHUSI KOTOPOU PaBHBI
MOJIy4aeMOMY J0X0]y OrojKeTa OoT TpadoB 1Mo BCeM TPEM BHUAAM JEATEIbHOCTH. SICHO,
YTO CpPEIHUI JIOXOJ PErHOHAJIBHOTO OOJPKETa ecTh Maremarmdyeckoe oxumanue M (X).

3HaueHHss X CKJIAQABIBAIOTCS U3 3Ha4eHMU Xq, X,, X3, Ile Kaxaas U3 yKa3aHHBIX TPEX

BEJIMYMH MMPUHUMAET 3HAYEHUSI CYMMApHBIX MITPadOB MO COOTBETCTBYIOUIUM KaTErOPUSM
npeanpuHuMareabckon nestenbHoctu. CnenoBatensHo, X = X+ X, + X3. B cBoio oye-

penb, Xy =MMk, K=1, 2,3, rme N, — UHAUKATOP COOBITHS COKPBITHSA J0Xo/a 1o K-ii ka-
TEropuu, a Ay — CymMMa COOTBETCTBYIOILEIr0 HajlaraeMoro mrpada. 3HauuT, corjaacHo 1. 9.3
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M (X) =M (X1 + X, + X3) =M () +2,M (M) + A3M (n3).

IToCKONBKY MaTeMaTHYECKOe OKHIaHWE HWHINKATOpA PAaBHO BEPOSTHOCTH COOTBET-
ctBytotero codertus, o M(n;) =01, M(n,)=0,2, M(n3) =0,25. Takum obOpazom,

M(X)=50-0,1+40-0,2+20-0,25=18.
OtBet: 18 MPOT.

CJIYYAMHBIE BEJIMUYMUHBI. KOHTPOJIbHBIA MOJIYJIb

1. TEOPETUYECKHUE YIIPAYKHEHUS

1. Tlocrosiaayro BenmunHy C OyaeM paccMaTpuBaTh Kak JUCKPETHYIO CIy4alHYIO
BEJIMYMHY, TPUHUMAIOIIYIO0 eTUHCTBeHHOE 3HaueHne C ¢ BeposTHOCTHIO p = 1. JlokazaTs,
yro M(C)=0 u D(C)=0.

2. Ilycte C — mocrostaHast BenununHa, C # 0. /luckpeTHyio ciy4ailHyt0 BEIUYUHY
CX ompegenuM Kak BENIWYUHY cO 3HaueHUsAMU Cxy, COOTBETCTBYIOIIUE BEPOSITHOCTH
KOTOPBIX, O4EBUIHO, OyayT paBHbl P, = P(X =X, ), k=1, 2, .... [lycts, nanee, X HeKoTO-

pas HCB; nenpepsiBHyI0 ciyuaiinyio BennunHy CX ompenenuM Kak BETUYHHY CO 3Haue-
HussMu CX (Tae x — J1r000e BO3MOKHOE 3HAUYCHUE BEJIMUMHBI X ) U IUIOTHOCTBIO BEPOSTHO-

ctu f(x) To¥ e, 4TO M IJIOTHOCTH BEPOSATHOCTH BeauunHbl X. B obomx ciydasx (T.e.
B ciyyasx JICB u HCB) nokasats, 4to

M(CX)=CM(X) n D(CX)=C?D(X).

3. Pammyc X xpyra m3mepen npubanmxéaao. Cuutas X HENpEpbIBHOW CiydaitHOU
BEJIMYMHOM, pacnpenenéHHol B mHTepBaiie [a, D], HaliTm MaremaTnueckoe OXuIaHUE U

JTUCTIEPCHUIO UTUHBI OKPY>KHOCTH.
4. Bo03MOXHO I1, 4TOOBI MJIOTHOCTh pacmpe/eneHus Obliia paBHa | Ha TPOMEXKYTKE
5. Moser U TUIOTHOCTH paclpeiesieHus MPUHATh 3HaUeHue, paBHoe 1,17
6. Moxer ymu pynkmus F(X) =1-e ™ 6pirs byHKIMEH Kakoro-mubo pacrpenaene-

Hus? Moxet 1 BooO1ie uétHast GyHKIUs ObITh (PyHKIIMEH KaKoro- Ju00 pacnpeneneHus ?
7. Ecmu mnotHocTh pacnpenenenus f(X) — yérna, To yeMy paBeH HECOOCTBEHHBIN

HHTETpal
0
[ f(x)dx?

8. MoeT 11 INIOTHOCTb pacrpeAesieHns ObITh HEUETHOM ?

a2
axtabxte e a>0,buce— HEKOTOPBIE 3a/aH-

9. J[okasath, uto ¢yukuus f(X)=e
HbI€ MTOCTOSIHHBIC BEJIMYMHBI, CIYKUT TUIOTHOCTBIO CiiydailHOM BenmmuuHbl BX, roe f —
HEKOTOpas OCTOsTHHAs, a X pacipeneicHa HopMaiibHo. Haiitu (Bbipa3uTh uepe3 a, b u ¢)

MAaTeMaTUICCKOC OXKUAAHNUC U JUCIICPCHIO BEJIMYNHDBI BX .
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2. BAJAYU JJSA CAMOCTOSATEJBHOI'O PEHHIEHUSA

1. Ha xumMu4eckoM MpPOM3BOJACTBE B ClIydae MPEBBIINICHUS MPEACIbHO JOMYCTUMOU
koHneHTparmu (I1IJIK) B Bo3ayxe BpeHbIX BEIIECTB JOJIKHBI CpabOTaTh TPU HE3aBUCHUMO
paboTaIIKUX CUTHAIM3ATOpa. BEpOsITHOCTh OTKa3a Ka)XXAOro M3 HUX B CIIydae MpeBbILIE-
Hus [1JIK paBna 0,2. CocTaBuTh psii paclpeesieHUs] YUCIa CUTHAJIN3aTOPOB, HE cpado-
TaBIIMX B 3TOM ciiydyae. HaliTh BEpOSTHOCTh TOTO, UTO OTKAXKET HE O0Jiee OAHOTO CHIHA-
JM3aTopa.

2. Tpoe 6ackeTO0MMCTOB Ha TPEHUPOBKE M3JaeKa OpocaioT Msd B Kop3uHy. Bepo-
ATHOCTBh YCIEIIHOTO Opocka [uisi mepBoro crnoprcmena 0,5, Iisi BTOPOTO W TPETHETO —
o 0,7. ITycte X — ynciio nonaganuii B KOP3UHY, B ClIy4yae, KOrjaa KaxXabli CIIeJIall 0 OJI-
HOMY Opocky. CocTaBUTh psJl pacrupeesieHus X, HauTh GyHKuio pacupenenenus F(X) u
MOCTPOUTH €€ TpaduK.

3. B mauke u3 10 TeaTpanmpHBIX OWJIETOB Tpu OwmiieTa — Ha Tpembepy. Haymauy
B35AThl TpU Ousieta. CoCTaBUTh PNl pacOpeleieHUs] CIy4alHOW BeIWYuHbI X — yucia
OWJIETOB Ha MpeMbepy cpeau oToOpaHHbIX. HallTh BEpOATHOCTH TOTO, YTO XOTS ObI OJIUH
U3 B3SATHIX OUJIETOB OKAXKETCSA HA MIPEMBEPY.

4. BeposTHOCTB TOTO, YTO CTPEJIOK MOMNaAET B MUIICHb MPU OJHOM BBICTpEJE, paBHA
0,6. CTpenky BBIOAIOTCS MATPOHBI JO TEX MOpP, MOKAa OH HE MOMAaAET B MEPBBIA pa3
B MulieHb. COCTaBUTh pANl paCHpeIeSICHUs] CIy4YailHOW BEJIMYMHBI X — 4YUCIa MMaTPOHOB,
BBIJIJAHHBIX CTPEJIKY.

5. He3aBucuMbIiM 00pa3oM HCTBITHIBAETCS TpU IHEprodioka. BeposarHocTh oTkaza
B UCTBITAHUM KaKJ10r0 U3 HUX coctaBisieT 0,1. CocTaBUTH psii pacpeieNIeHUs] CIIy4YalHOU
BEeUYMHBI X — YKClia OTKa3aBIIMX 0JI0kOB. HaliT e€ maremaTnueckoe OXKHJIaHUE U JIUC-
nepcuio. BEIYUCIUTD BEPOSTHOCTH COOBITHIA:

a) X=0;0) X<3.

6. JluckperHas ciayuaiiHas BeiqnurnHa X UMEET TOJBKO J1BA BO3MOXKHBIX 3HAUEHUS Xq
U X, , Ipuu€M X; < X, . BepostHOCTh TOTO, YTO X mMpuMeT 3HaueHue X;, paBHa 0,5. Haiitu
3aKOH pacmpejeneHus X, 3Has MaTeMaTudeckoe oxkuaanue M (X ) =4 u cpenHee KBaapa-
THYecKoe oTKIoHeHHe (X )=2.

7. CnyuaiiHas BenuuuHa X 3aj7aHa Ha BCEW UYMCIIOBOM ocu (pyHKIMEH pacrpejee-

Hus F(x) = 2 arctg x. Haiiru:
T

a) BEPOSATHOCTH TOTO, YTO B PE3yJbTaTe HCIbITAHUS X NMPHUMET 3HAYCHHUE, 3aKIIO-
4yeHHoe B mpomexxytke [-1; 0];

0) mroTHOCTH pactpenencuus f ().

8. CnyuaiiHas Beau4uHa X 3ajjaHa MHTErpaibHOW PpyHKUMeH (QyHKIMen pacnpemne-
JICHUS)

F(x)= X—+§, 0<x<3.
18 6
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Haiitu: a) mudpeperumansayro Gynaxnuro f(x) (wotHocTs pacnpenenenus);
0) MaTeMaTUYECKOE OXKUJIaHUE;

B) CpeJHEEe KBAPaTUYECKOE OTKJIIOHEHHUE CIy4allHON BEJIMYUHEI X;

I') BEpOATHOCTh MOMNAJaHKs 3Ha4eHuii X B maTeppan (—1; 1),

9. IlmoTHOCTH pacmpenciieHUs] BEPOSTHOCTEH HENMPEPBHIBHON CIy4ailHON BEITWYUHBI
X UMeeT BUI

0, x<0;
f(x)={vx, 0<x<4;
0, X > 4.

Haiitu 3HaueHue nmapamerpa v, QyHKIUIO paclpeeieH s, MaTeMaTU4eCKOe OXKUa-
HHE U IUCIIEPCUIO CITYYaWHON BEJTUYUHBI X.

10. Cnydaiinas BenuyuHa X pacmpe/ielieHa HOPMaIbHO CO CPEIHUM KBAAPATUICCKUM
otkionenneM o =0,4. HaliTu BeposSTHOCTH TOTO, YTO JBAXKIBI B TPEX UCIBITAHUIX OTKJIIO-
HeHue X OT e€ MaTeMaTUYeCKoro oxkujianus oyaer Mensie 0,3.

11. HenpepbiBHast ciyyaiiHas BenuuuHa X 3a/laHa IUIOTHOCTBIO paclpeieNeHus
f (x) = 1,5sin3x B unrepraie (0; /3) u f (X) = 0 BHe 3TOro0 MHTEpBana. Haiitu BeposTHOCTH
TOTO, YTO MPH TPEX ONBITAX 3HAYCHUE X JBaXK/bI ONaAET B uHTEpBal (70/6; m/4).

12. Cnyuaiinasa BenuuuHa X 3aj7iaHa TUIOTHOCTBIO pacpeeIeHUs

f(x)= ax’+45x—6 mpu x e€[2;4]; f(X)=0 mpu x & [2;4].
Haiitu: a) 3HaueHue napametpa a; 0) MaTeMaTUYECKOE OXKUJaHNE.
13. Cnydaiinas BenuurHa X 3a/1aHa TIIOTHOCTHIO Pacpe/IeICHUs

f(X):%x mpu X € [0;¢]; T(X)=0 mpu x ¢ [0; c].

Haiitu a) 3HaueHue napamertpa c; 0) BepostHocTh P(—100 < X <1).

14. HekoTopas ciiydaiiHasi BeJIMUMHA MOJIYMHSETCS 3aKOHY HOPMaJbLHOIO pacrpeie-
JIEHUs ¢ MareMatudeckum oxupanveMm S50 m aucnepcuen 36. Hallth BEpOATHOCTH TOTO,
YTO OTACIBHOE 3HAYCHME CIy4YailHOM BEIMYMHBI 3aKitodeHo B uHTepBasie oT 40 go 60.
OrtBeT 3anmucaTh ¢ TOYHOCTHIO 70 0,1.

15. JluckpetHasi ciy4yaiiHas BeIMYMHA X TPUHUMAET TPU BO3MOXKHBIX 3HAYCHHUS:

1
X;= — 2 C BEpOSATHOCTBIO P;= 5 X,= 1 ¢ BEpOSTHOCTBIO P, =§ U HEKOTOpOe 3Haue-

HHUE X3 C BEPOSITHOCTBHIO p 3. [IpW 3TOM HM3BECTHO, YTO MaTEMAaTUYECKOE OKUIAHUE CIIy-
vaitHo# BenrunHbl M(X) paBro 1. Haiitu qucniepcuro D(X).

3. CHIEHUAJIBHBIE PACHIPEAEJIEHUSA. KOMIIVIEKCHBIE 3AJAHUSA

1. Tlpu dbopmMupoBaHUM KaJIPOBOTO pe3epBa Ha yIpaBJIEHUECKUE TOJDKHOCTH MPO-
BOJISIT coOeceJOBaHNE C IIECThIO KaHauaaTaMUu. BEepoATHOCTh TOTO, YTO KaKAbIA JaHHBIN

. 1
KaHJIUJAT YIOBJICTBOPUT TPpeOOBAHUSAM K yIPaBICHYECKON JTODKHOCTH, paBHa — . KakoBa
BEPOSITHOCTD, YTO:
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a) BCE KaHAWAATbl BOUIYT B KaJAPOBBIA PE3EPB;

0) HM OAMH U3 HUX HE yIOBJIETBOPUT NPEABSBISIEMbIM TPEOOBAHUSAM;

B) XOTs Obl OJJUH KaHAUJAT 3TUM TPeOOBaHUSM YAOBIETBOPUT.

C KakuM KOJIMYECTBOM KaHIWJATOB HAJl0 IPOBECTU Oeceny, 4ToObl CPEIHEE YUCIIO
T€X, KTO MOKET BOMTH B KaJpOBBIN pe3epB, COCTaBWIIO TpH yesnoBeka? KakoBa BeposT-
HOCTb, YTO MIMEHHO CTOJIBKO YEJIOBEK BOMIYT B KaJAPOBBI pe3epB?

2. B agmunucTpanuio cyobekta PP exeMecsyHO MOCTYNaeT MPUMEPHO ThIcsSua
nucem. [logcuntano, 4To OOBIYHO B KAXKJIOM COTOM MHCHME COJCPIKUTCS KOHCTPYKTUBHOE
npemioxxenne. KakoBa BEposITHOCTh, YTO B OYEPETHOM MECSLIE MTOCTYIINT !

a) XOTs Obl OHO KOHCTPYKTHUBHOE MPEATIOKEHUE;

0) pPOBHO JBa MPEMIOKECHHUS,

B) HE MEHEE JBYX MPEAJIOKEHUN?

KakoBo mMaTemMaTH4eckoe OKMJAHUE U CPEIHEE KBAJIPaTHUYECKOE OTKIOHEHUE YHCIIa
KOHCTPYKTUBHBIX NPEIIOKEHUN?

3. B ropoae N umeercs 10 ¢prHaHCOBBIX KOMITAaHUH, CPEAN KOTOPBIX YETHIpE HaXo-
JSTCSL Ha TpaHW OaHKporcTBa. KiMeHT BhIOMpaeT A XpaHEHUs. U YMHOKEHUSI CPEICTB
CIly4aiiHbIM 00pa3oM JBe komnaHuu. CoCTaBUTh pAJl paclpenenaeHus yncia X BhIOpaHHBIX
KOMIIaHUM, UMEIOLINX BBICOKUN pUCK OaHKpoTcTBa. HaliTu MareMaTuueckoe OXKUAAHUE U
JUACTIEPCUIO CIIyYalHOM BEJIUYUHBI X.

C kakoil BepOsATHOCTBIO MOKHO YTBEP)K/1aTh, UYTO XOTs Obl OJJHA U3 BHIOPAHHBIX KOM-
NaHUU OKaXETCS Ha TpPaHu OaHKpPOTCTBA?

4. A3apTHbBIM IrpakJlaHUH NPUOOPETAET JIOTEPEHbIE OUJIEThI O MOMEHTA IEPBOTO

BBIUTPHIIIA. BeposTHOCTh BRIMIPHINIA AJII KaKIOTO TPHOOPETEHHOTO OuiieTa paBHA ——

100
C kakoil BEpOSTHOCTBIO €My JIOCTaTOYHO MpuoOpecTH yeThipe Ounera? KakoBo cpenHee
YHUCJI0 OMIIETOB, KOTOPbIE HEOOXOIMMO NPUOOPECTH IO MOMEHTA MEPBOTO BHIUTPHIIIA?
5. CnyudaiiHas BeanMuMHa X MpeEACTaBiIsieT cCOO0M 3HaYeHUsl OTKJIOHEHHS MapameTpa
IPOU3BOJAMMOrO M3JENusl OT craHpaprta. M3BecTHo, uro X pacnpeneneHa HOPMalbHO
¢ matemarnueckuM oxkuganrem M (X)=0,5 u mucnepcueir D(X) =0,01. KakoBa Bepo-

SATHOCTB, 4TO B TPEX OMBITAX:
a) e€ 3HaueHUs OTKJIOHSTCS OT cpelHero He MeHee ueM Ha 0,1 xoTs Ol 0711H pa3;
0) Takue OTKJIOHEHUS OyayT HaOmroaaThCs Bce 3 pasza?
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asa 4. 3JIEMEHTbl MATEMATUYECKOWU CTATUCTUKMU

OBYYAIOIIIMA MOOYJIb

1. CTATUCTUYECKOE PACITPEJAEJIEHUE BBIBOPKHA

1.1. T'eHepajbHasi COBOKYNHOCTh W BbIOOpKa. I[lycTh HMeeTCs MHOXECTBO,
COCTOSIIIIEE U3 KOHEYHOTO (HO OCTATOYHO OOJIBIIOrO) YKCIa HEKOTOPBIX OOBEKTOB, IIPH-
4éM KaXKJIblii OOBEKT XapaKTepU3yeTcs €IMHCTBEHHBIM 3HAYEHUEM Xj HEKOTOPOI'O KOJInye-
CTBEHHOI'O IIpu3Haka X. Takoe MHOXECTBO Ha3bIBACTCS 2€HEPANbHOI COBOKYNHOCHIbIO;
B CBOIO OY€peb COBOKYMHOCTb W3 N CIy4ailHO OTOOpaHHBIX OOBEKTOB HA3BIBACTCS
évlOopKoil 00véma N. U3BieuéHHble BHIOOPKH TMO3BOJSIOT MOJIYYUTHh MPEACTABICHUE
0 pacnpelereHuy KOJINYECTBEHHOIO MpU3HaKa X KaK HEKOTOPOM CIydyallHOM BEJIMYWHBI.
B nogoOHBIX ciaydyasx TOBOPAT 00 SMIUPHUUECKOM pacipenesieHuu X.

1.2. I[ycth N1 00BEKTOB M3 BRIOOPKH XapPaKTEPU3YIOTCS 3HAYCHHUEM X1, N2 0OBEKTOB —
3HAYEHUEM X2, ..., Nk — OOBEKTOB — 3HAUEHUEM Xx. Yucna xi, X, ..., Xk Ha3bIBAIOTCS Gapu-
anmamu, a 9ucia Ny, Ny, ..., Nk — wacmomamu COOTBETCTBYIOIMX BapuaHT. COOTBETCTBHE
MEXIy BapUaHTaMU M COOTBETCTBYIOIIMMHM UM YaCTOTaMH HA3bIBAETCA CTATUCTUUYECKHUM
pacnpeeneHreM BbIOOpKH, a Tabauia BUaa

Xi|X1|X2|...|Xk
ol | m | |

HaA3bIBACTCH BapI/IaI_[I/IOHHBIM pﬂ,z[OM; O4Y€BHUIOHO, UYTO
Ng+nNo+ ... +Nk=n.

OmnuocumenvHbiMu uacmomamu 3Ha4eHUN X; Ha3bIBAIOTCS COOTBCTCTBYIOIIHUEC YK C-
n:
Jla Buga W; = —I, CIIpaBCaAJIMBO COOTHOIICHUEC
n

Wy +Wo+ .. +we=1.

Moooii Mo Ha3bIBaIOT BapHaHTY, UMEIOIIYI0 HauOObIINYI0 4YacToTy. Meduanoi me
Ha3bIBAIOT BapUaHTY, KOTOPAsi HAXOAUTCS B CEPEIMHE BapPUALIMOHHOTO PAJA, €CIH YUCIIO
BapUaHT HEYETHO; MeAraHa ME paBHA cCpeAHEMY apu(PMeTHUYeCKOMY IBYX ONMKallIux
K «CepeluHe» BapHaHT, €CIM UX 4Yuciao 4€THO. Pazmaxom BapbupoBaHus R Ha3bpIBaroT
Pa3HOCTh MEXy HauOOJbIlIEeH U HAUMEHbILIEH BApUAHTAMHU.

1.3. Botoopounoit cpedneir X, HazpIBaeTCa cpeaHee apupMeTUUeCKoe BceX HaOIro-

JaeMbIX (B BBIOOPKE) 3HAUCHUIA

_ X+ X))+ (X + o+ X))+ o+ (X + o X )

B bl

n
npuyéM B MEPBOIl CKOOKe MMeeTcs Ny cllaraeéMblX, BO BTOPOH — Ny, ..., B IOCIAEAHENH — Ny
cllaracMbIX. Y CTAHOBUM, UYTO
- n n, n, N
Xy =X =+ X —= 4.t X — ML X, = Y XW .
n n n =
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JlelicTBUTENBHO,

X1 + Xony +...+ X N Xihn X-5N XN

_ 2t Kol ke _ XM Zollp ) Al
n n n n

:X1W1+X2W2+...+kak.

B

Bo3Hnukaer eonpoc o konuuecmeeHHol xapakmepucmuke CmMeneHu pacceusanus
Ha01100aembiX 3HAUEHUI OMHOCUMENbHO UuX cpeoHnezo. llepBoe, 4TO €CTECTBEHHO Clie-
JaTh — 3TO PacCMOTPETh cpeaHee apupMETHIECKOe CaMUX YKJIOHEHUH x — X, T.€.

((Xl_ )_(B)+"'+(X1_ )_(B))+°°’+((Xk — )_(B)+"'+(Xk B )_(B)) ’
n

WIH, 4TO TO K€E CaMOg,
1 k
_Z(Xi o )_(B)Wi J
Nz

OJIHAKO TaKasi CyMMa paBHa HYJIIO 0/ 6CAKO20 CTAaTUCTUYECKOTO pacipeiesIiCHUsI BHIOOPKH
(1 cremoBaTenbHO, MOAOOHO ciyyaro Teoperuueckux pacnpeaenenuit JICB, He moxer
CIIYKUTb XAPaKmMepucmuKou paccesiHus):

K K K
DG =X IW; =D XiWy — X, D W =
i i i

O4eBUIHO, YTO HYJEBOE 3HAUEHHUE BBIUMCIECHHON CyMMBI MOJTY4YaeTCs 3a CUET B3aAUM-
HOTO TOTallleHHUs] OTPUIIATENIbHBIX M MOJOKUTEIbHBIX YKJIOHEHUW. B 3TOM ciyyae ecre-
CTBEHHO MEPENTH K PACCMOTPEHHUIO CPETHETO apU(PMETHUUECKOTO K8aOpAmos YKIOHEHUN
3HAYEHUU Xj OTHOCUTEIBHO UX CpelHEeN X, HA3bIBAEMOTI'O 8b100pouHOoll Oucnepcueit D, .

X

=X, =0.

Wtak, BBIOOpOYHAS TUCTIEPCUS OTIPEIETISICTCS B BUJIE
K 2
D, :Z(Xi — X)W ,
&

KOTOPYIO yA0OHEE BBIYUCIATH MO (opMmyse (Joka3biBaeMOM CIOCOOOM, aHAJOTUYHBIM
npuBeAEHHOMY B 11. 1.4)

D, = () ™2+ () 22 4t () 2 = (%,

BBI60pO‘-IHBIM CpCAHUM KBAAPATHUICCKHM OTKIIOHCHHUCM HA3bIBACTCA BCIIMYHUHA

o(X)=+/D, .
1.4. ITockOABKY C POCTOM 7 OTHOCUTEIBHBIE YaCTOThI
W, = WX =x)
CTAHOBSITCSI OJIM3KUMU K COOTBETCTBYIOIIUM BEPOSTHOCTSIM
pi =P(X =x),

TO 3HAYEHUS BBIOOPOUYHBIX CPETHUX X, CTAHOBATCS OJU3KMMH K MAaTEMaTHUYECKOMY OXKH-
nannio M = M (X) xomuuectBensoro npusHaka X. TOYHO TakKe 3HAUYEHMS BLIOOPOU-
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HBIX aucrnepcuil D, ctaHoBsaTcs (¢ pocToM 7) OIM3KUMU K AUCTIEPCUU KOJUYECTBEHHOTO

IIpU3HAKA 62 = D(X). TouHsle (OpMBI STUX YTBEPKACHUN UCHOIB3YIOT MOHATHE CXOIH-
MOCTH I10 BEPOSATHOCTHU U BBIXOJAT 332 paMKH HACTOSALIEr0 MaTepuasa.

2. CTATUCTUYECKHUE OIIEHKHU ITAPAMETPOB PACITPEJAEJEHUSA

2.1. TlpenmoyioxkuMm, YTO HAC HMHTEPECYeT HEM3BECTHOE 3HadeHHUE O HEKOTOpOro
napameTpa, XapaKTepHU3yIOIIero KOJIMYECTBEHHBIA MpHU3HAK X reHepanbHOW COBOKYITHO-
ctu. OneHkol mapamerpa 0 Ha3wpIBaIOT 3HaUYCHHUS O° HEKOTOPOW (YHKIIMU OT HaOJromac-
MBIX (B BBIOOpKAX) 3HAYCHUH, TAFOIIHE MIEPBOHAYAIBHOE MPEACTABICHUE O BeTUINHE 0.

Toueunoii ouenkou napamempa © HaA3BIBAIOT OIEHKY, KOTOpas OIpeAeNseTcs
OJTHUM YHUCJIOM; TakK, HampuMep, TOYCYHOW OICHKOW MAaTEeMaTUYECKOTO OXKHIaHUS
uw=M(X) KOJMYECTBECHHOTO NMpHU3HAKa X T'CHEepalbHOW COBOKYITHOCTH SIBIICTCS 3HaYe-
HUE BEIOOPOYHOM Cpe/THEN.

2.2. Ilyctpb usBected By (pyHkumu pacupenenenus F(X,0) komudecTBeHHOrO Ipu-
3HaKa X TEeHEpaJbHOW COBOKYMHOCTH, HO €JIMHCTBEHHBIM MapaMeTp pacrpeiencHus 0
ocTa€Tcsi HEM3BECTHBIM. JIJIsi €ro OLIEHKH JOCTaTOYHO UMETh OJHO YpaBHEHHE OTHOCHU-
TeJIBHO ATOTO napameTpa. [TockoibKy MaTeMaTudecKkoe OKUAaHUE | CIIydailHOW BeTu4u-
HBI X TakkKe 3aBHCHT OT 3TOTO mapamerpa, T.e. uw= M (X,0), To umeem (cM. 1. 2.1) cie-
nyroniee npuOImKEHHOE PAaBEHCTBO IS HAXO0XK IeHUs O:

X, ~M(X,0)

Ecnmm dyHKIMS pacnpeneneHns onpeaesieTcss ByMsl HeU3BECTHBIMHU TTapaMeTpaMH,
T.¢. umeeT Bua F(X,0;,0,), To 115 uX OlleHKM HEOOXOIMMBI JBa ypaBHEHuUsA. B aToM ciy-

Yae CJeAyeT HOJIb30BaThCs CHCTEMOM JBYX MPUOIMKEHHBIX PABCHCTB
X, M (X,61,65);
D, ~ D(X,0y,65).

VYka3aHHbIN cI0OCOO HAXO0XKJIEHUSI HEM3BECTHBIX MapaMEeTPOB paciipeiesIeHHs Ha3bIBa-
€TCS METOJIOM MOMEHTOB.

Haiiném, HampuMep, METOJIOM MOMEHTOB OLICHKY MapaMeTpoB & U D paBHOMEpHOTO
pacrpeneneHnss paBHOMEPHO paclpeaeIEHHOIO KOJIMYECTBEHHOIO IIPU3HAKA T€HEPAIIBLHOU
coBOKymnHocTH. MImeeMm cucremy

%, ~M (X,a,b);
D, ~ D(X,a,b),
i, y‘H/ITBIBaSI, YTO I paBHOMepHOFO paCHpe,Z[GJ'ICHI/ISI

_ a)2
M(X):a%b u D(X):%,

HNMCEM

%(a+b)z>‘<B;
1 2

—(b-a)°=D..
5, 0-2°~D,
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PemuB 9Ty CUCTEMY, ITOJIYYUM UCKOMBIC OLICHKU.

a*=)_(B—GB 3, b*:)_(B+GB\/§,r/:[e o, zﬁ.

2.3. HumepeanvHoii HaA3b16al0M OUEHKY, KOTOPask OTPEIEIAETCS ABYMS YUCIAMH —
KOHIIaMi WHTepBaja. Haa&KHOCTHIO (IOBEPUTEIBHONW BEPOSITHOCTHIO) OIICHKH 0" Ha3bI-
BalOT BEPOSTHOCTH Y, C KOTOPOH OTKJIOHEHHE | 6 — 0 | oxa3bIBaeTCs 3a1aHO MaJIbIM.

HaunbGonee gacto 3amaroT HanéKHOCTh, paBHyIo 0,95; 0,99; 0,995. UntepBan (6*— 9,
0" + O) Ha3BIBAIOT JOBEPUTEIBLHBIM HHTEPBAJIOM JIJISl OLIEHKH MapameTtpa 0.

PaccmoTpuM Tak Ha3bIBaeMble 0o6epumenbHbvle UHMEPBANbl 011 OUCHKU Mamema-
MuUYecKo20 0)cudanus HOPMAJILHOTO pacipeicieHUs] MpH W3BECTHOM CpPEeIHEM KBajpa-
THUYECKOM OTKJIOHEHUU G. [IyCTh KOnmMyecTBEHHBIM MpU3HAK X F€HEPAIbHOM COBOKYITHO-
CTH PACTIPEIENICH C MIIOTHOCTHIO

(x-a)?
- 252

f(x):ﬁe

(HOpMaIbHOE pacmpe/ielieHue); 3/1eCh MapaMeTp a €CTh 3HAYCHHE MaTeMaTHYECKOTO OXKH-
JaHusl, a G — CpeJIHee KBaJpaTUYECKOe OTKIIOHEHUE cirydaitHoi BenuuuHbl X. [Ipenmnosno-
KUM, 4YTO CpellHEee KBAJPAaTUYECKOE OTKJIOHEHHE G HTOr0 pacIpe/esieHus H3BECTHO,
U u3BJIeUYCHA BbIOOpPKAa 00BEMaA N. TpeOyeTcss OIEHUTh HEU3BECTHOE MAaTeMaTHYeCKOe
OXKUJIaHUE a M0 BBIOOPOUHOM cpefHel ¢ 3aaHHOM HAAEKHOCTRIO ¥. Eciu

P(/x,—al < &) =,
TO 3HaueHue O (paauyc JOBEPUTEIHHOTO HWHTEpBaJia) OMpENENsIeTCsS B BUAEC O = t%,

rae yucio t Moxker ObITh HalifieHO u3 cooTHomeHus d(t)=-, mo tadm. I1.1. Cremosa-

N [

TEJIbHO, C HAJEKHOCTBIO Y TOBEPUTEIBHBIA HHTEPBAII

()_( -t—, X +t—j
? \/n’ ° VN
c

MOKPBIBAET HEM3BECTHBIN MapaMeTp a; TOUHOCTh OLEHKH ecTh O =1 —.

Jn

3. METOJA HAUMEHBIIINX KBA/IPATOB

3.1. IlpeanonoxuM, 4YTO SMIMPUUECKUM MYTEM BBISBIICHA 3aBUCUMOCTh MEXIY Be-
auuuHamu X u Y, rae Y — ciaydaiiHas BennuuHa. Hanpumep, SKCIEPUMEHT MOXKET COCTO-
ATb B M3MEPEHUM 3HAYEHUU )q, Vy, ..., V, CIy4alHOM BeIMYMHBI Y B TOYKax

X1, Xp, vy X,,. [lOMydeHHAS HA KOOPJAMHATHOM MJIOCKOCTH CHCTEMa TOo4eK (X, Yj), J = 1...N,

HAa3bIBACTCA AuarpaMmoil paccesHus. [Ipu 3TOM 1O XapakTepy pacIojOXEHUs TOUYEK
MOXET OBITh CJIeJIaH BBIBOJI O BO3MOYXHOM BHJI€ OOBEKTUBHO UMeEIOIIeHcs (QYHKIIMOHATb-
HOM 3aBUCUMOCTH Y = ¢(x); moCieHee YpaBHCHHE HA3bIBACTCS YPAaBHEHHEM PErPECCHH.

Hampumep, peub MOKET UATH O perpeccuu (3aBUCUMOCTH) JIMHEWHOM Y = ax+ b, kBajpa-

THYHOH Y = ax?> +bx+c u ap. OmHako 3HA4YCHHS MapaMeTpoB &, b, ... ocrarorcs Heus-

66



BECTHBIMH; Ha OCHOBE IMOJYYEHHbBIX SKCIEPUMEHTAIIbHBIX JAHHBIX MOKHO TOBOPHUTH JIMIIIb
0 TOYEYHBIX OIIEHKaxX «, f3,... mapameTpoB 4a,b,.. Mrak, Mbl HIIEM 3aBHCHMOCThb

y=0(X; a, B, ...), <HAWIy4IIIM 00pa3oM» OMKCHIBAIOIIYIO PACIIOJIOKEHUE TOYCK HA JTHa-

rpaMMe paccesHus (Tak Ha3plBaeMOE€ BBIOOPOYHOE ypaBHeHHE perpeccun). llomb3ysch
BbIIENpUBEAEHHBIMU (CM. 1. 1.3) paccyKIeHusMH O 11eJIeCO00pPa3HOCTH PACCMOTPEHHUS
KBa/IpaTOB YKJIOHEHU, KOTOpbIE (YKIOHEHHS) B JAHHOM ClIy4ae UMEIOT BUJT

8; =Y —o(Xj; o B ...),

BbIOEpEM 3HAUCHUSA O, f3, ... TaK, YTOOBI CyMMa
n
Do, By )= D (Y; —0(x o, B, ...)?
j=1

NpPUHAMAJIa HauMCHbIIee 3HaueHue (OHO, OYEBHIHO, JOJIKHO CYIIECTBOBATH, ITOCKOJIBKY
MHOYKECTBO BCEX 3HAYEHUM TaKON CyMMBbI OTPAHUYEHO CHU3Y HYJIEM).

Y »

1
1
1
1
! X
X1 X2

CornacHO HEOOXOAMMOMY YCIIOBHIO SKcTpemMyMa GyHKimu D(a, B, ...) Bce e€ yacT-
HBIC TTPOU3BOHBIC IO IEPEMEHHBIM O, [3, ... JIOJDKHBI OOPATUTHCS B HOJIb:

0 < _ 2 .
%;(yj_@(xj’a’ B,...))" =0;

8 n
a_BjZ::l(yj —(p(Xj; a, B, ))2 =0,

Ecnu uucna a, B, ... (pelieHne 3TOi CUCTEMbI) ONPECIIATCS OJHO3HAYHBIM 00pa3oMm,
TO OHU U OyJIyT UICKOMBIMHU TOUYCYHBIMHU OLICHKAMH MapaMeTpoB a, b, ...; TeM caMbIM 3a1a-
4a 0 MOUCKE BRIOOPOYHOTO ypaBHeHus perpeccunt Y = @(X; a, B, ...) Oyner perieHa.

3.2. B ciiyuae nuHeiHO# perpeccun Y = ax + b cucrema ypaBHenui . 3.1 is moity-
YCHHUSI TOYCUHBIX OIICHOK o, 3 mapameTpoB @, b mpuHumaer Bua

n a .
212211()’] _(OCXJ' +B))(—£(GXJ' +B)j =O,
ZZ(YJ' —(OLXJ- +B))(_8%3(axj +[3)j =0,

j=1
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501051

n
ZZ(yJ —OLXJ' —B)Xj =0;
j=1

2) (yj—axj—Pp)=0,
j=1

OTKyJ1a

n n n
aY XZ +BY X = D XjYj;
i [

j=1

n n
a) Xj+Bn=>yj.
j=1 j=1

\

Hckomble 3HaUeHUS O U [3 HAXOJIUM B pe3yJibTaTe PEIICHUS MOJyYeHHOW JUIsl HUX
CHUCTEMBI YPaBHECHU.

3.3. Ilpumep. Haiitu BEIOOpOYHOE YpaBHEHUE JIMHEWHON PErPECCHUHU TIO CIICTYIONAM
JTAaHHBIM U3MEpPECHUM:

X; 1 2 3 4 5 6

Yi 5,2 6,3 7,1 8,5 9,2 10,0

Pewenue. HaxonuMm 3Ha4eHHs] CyMM, KOTOPBIE SIBISIOTCA KO3(PPUIUEHTaAMH NPU O U
B B cOOTBETCTBYIOIIEH CUCTEME YPaBHEHHIA:

>xj=21,3y; =463, 3 xj =91, }1x;jy; =1791.
] ] J J

3anuchIBaEM TENEPh YPABHEHUS CUCTEMBI 1. 9.2:
9la +213=179,1,
21o + 6B =46,3,

otkyna Haxomaum o = 0,98, B = 4,3 Tak, yT0 BRIOOPOYHOE TUHEHHON YpaBHEHHUE PETPECCHH
npuauMaeT Bug y =0,98x +4,3.

4. MATEMATHYECKAS CTATUCTUKA: TUIIOBBIE 3ATAYHN

3anaua 4.1. 13 renepasibHON COBOKYIMHOCTH HM3BJe4eHa BhIOOpKA. 3BecTeH Bapua-
LIMOHHBIN Psif

VYka3arh pa3max BapbUpOBaHUs, MOJY, MEIAWaHy BapUAlMOHHOroO psna. Hawntu:
a) BEBIOOPOYHYIO CPEAHION; 0) BEIOOPOUHYIO JUCTIEPCHIO.
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Pewenue. Pazmax
R = Xmax — Xmin :1,5 _1,1: 0,4

Mopna Mo = 1,3, Tak Kak 3Ta BapuaHTa 00y1alacT HauOOobIIEH YacTOTOM, paBHOM 40.
Menunana me = 1,3, MOCKOJBKY 3Ta BapuaHTa PaclojioKeHa B CEPEIUHE BapHAIIMOHHOTO
psana. O6bEM BHIOOPKH

n=10+25+40+ 15+ 10 = 100.

a) ITo dopmyne . 1.3 umeem

X, = 1,1-£+1,2-é+1,3-4—0+1,4-£+1,5-£ =1,29.
100 100 100 100 100

0) Cormacuo 1. 1.3
D, =(11)?-01+ (1,2)?-0,25+ (1,3)% - 0,4 + (1,4)? - 0,15+ (1,5)% - 0,1 — (1,29) = 0,0319.

3agaua 4.2. CiydaiiHas BenmuyrHa X MMEET HOPMAaJbHOE PACHpe/e/IeHue C U3BECT-
HBIM CPEIHUM KBaJIpaTUYHBIM OTKJIIOHEHUEM G = 4. HallTu JOBepUTENbHBII UHTEPBAI s
OLICHKM HEU3BECTHOI'0 MaTeMAaTUYECKOro OKMJIaHUsS @ MO BBIOOPOUYHOM cpenHelt X, = 3,6,

eci 00bEM BRIOOPKH N = 64 1 3a7aHa HaAEKHOCTH oreHkH Y = 0,95.

Haiiném t u3 cootromenus O (t) = O’—SS =0,475. Ilo tabaume I1.1 Haxomum t = 1,96.

O e 1196 * 4 v
Haiiném TouHOCTh OIICHKH O = ~Ton =0,98. CaenoBatenbHO, TOBEPUTEIBHBI HHTEPBAI

umeet Bux (3,6 — 0,98; 3,6 + 0,98). Muaue roBopsi, ¢ Hané&xHOCTRIO ¥ = 0,95 nMmeeT MecTo
HEpaBeHCTBO 2,62 < a < 4,58.

MATEMATUYECKASI CTATUCTUKA. KOHTPOJIbHBINA MOJYJIb

1. TEOPETUYECKUE YIIPA’KHEHUA

1. Jloxa3ath, 4TO BLIOOPOYHAS CPENHss X, NMPUHUMAET 3HAUECHUS
Xy € [Xmin » Xmax 1.
TI€ Xpgy U Xpin — COOTBETCTBEHHO HAWOOJIBIIEE U HAMMEHBILEE 3HAYEHHS BAPHAHT X .

2. KonuvecTBeHHBIN MpU3HAK paCTIpee€H M0 TTOKA3aTeIbHOMY 3aKOHY C MapaMmeT-
pOM A ,T.€. INIOTHOCTH PACIpeCIICHUS UMEET BH/]T

f(x)=re™, x>0; f(x)=0, x<O0.
W3Bneuena BeIOOpKAa M BBIUMCIIEHA BBIOOpOYHas cpemHsis X,. Mcmomb3ys mMeron
MOMEHTOB, HAMTH TOUEUYHYIO OIICHKY IapameTpa A .

2. 3ATIAYU JJIAA CAMOCTOATEJBHOI'O PEHIEHUSA

1. B teuenne 20 OGuUpKEBBIX TOPTOB KypC I0JUIapa COCTABUII CIICAYIOIINE 3HAUCHUS
(B py0IIsIX):
25,75; 25,8; 25,7; 25,7; 25,6; 25,65; 25,6; 25,65; 25,65; 25,7;
25,8; 25,8; 25,8; 25,7; 25,7; 25,7; 25,7; 25,6; 25,5; 25,65.
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Haiitu: a) mony Mo; 6) Mmenuany Me; B) pa3max BapbHpoBaHus R; r) cpennuii Kypc
JoJu1apa.

2. U3 reHepasbHOM COBOKYIHOCTH 3aJ€pXKaHHBIX Ha TaMOXKHE KOHTpa(aKTHBIX
TOBAapOB c/ejlaHa BbIOOpKA. M3BECTHBI MPUMEPHBIE PHIHOYHBIE [IEHBI AHAJIOTMYHBIX TOBA-
POB IIPU3HAHHBIX OPEHAOB B ThIC. pyO. Xi U 4aCTOTHI N UX 3HAYEHUN B BEIOOPOYHON COBO-
KyITHOCTH.

Xi 2,0 2,2 2,4 2,6 2,8 3,0
n; 26 15 12 18 16 13

Haiit BBHIOOPOYHYIO CPEIHIOI0 PHIHOYHOM IIEHBI KOHTpadakTta M €€ BBIOOPOUHOE
CPEIHEKBAIPaTUYECKOE OTKIIOHEHHUE.

3. Hailtu noBepuUTEnbHBIM MHTEpBAN AJS OLEHKM MaTeMaTHYECKOIO OXHUIaHUS a
HOpPMAaJIbHOTO pacrpeaeneHus ¢ HaaéxHocThio Y = 0,95, 3Has BBIOOPOYHYIO CPENHIONO

X, = 82,51, 00béM BbIOOpKU N = 11 U cpenHee KBaApaTUYHOE OTKIOHEHHE G = 11,

4. W3 reHepalbHOW COBOKYMHOCTH METAUIMYECKUX IIald cjaelaHa BbIOOpKA.
M3BeCcTHBI BHYTPEHHHUE AMAMETPHI Xj K YACTOTHI Nj ITHUX 3HAYEHUI B BHIOOPOYHOI COBO-
KYITHOCTH (pa3Mephbl 1aHbl B MUJUTMMETpax ). HaiiTu BRIOOpOUYHYIO CpETHIOH0.

Xi 1,0 1,1 1,2 1,3 1,4 1,5
n; 10 26 12 18 16 18

5. Bpauum pekoMEeHAYIOT MpU KUCIOIL30BAaHUUA TOHOMETPOB-aBTOMATOB MPOU3BOIUTH
U3MEPEHUs apTepuaibHoro fAaBiieHus (AJl) HECKOIBKO pa3 U MPUHUMAThH 3a MPaBUIIbHBIN
pe3yabTar cpeaHee apudmeTudeckoe uzmepeHuid. Oco60 MHUTEIBHBIN MAlMEHT U3MEPHIT
nasnenne 20 (!) pas3. KakoBo uctuHHoe BepxHee 3HaueHue AJl, ecau aJjisi HEro oH moJsy-
YU cleayromme pe3yiabTaTel u3Mmepenunii: 140, 135, 135, 135, 140, 145, 145, 150, 145,
150, 150, 140, 145, 150,160, 145,155,155, 160, 160?

6. Mexnay BepXHUM W HIDKHUM 3HAYEHUSMH TIOKa3aTeliel apTepUaIbHOTO JaBICHUS
(X um Y) cymectByeT 3aBUCHMMOCTh. CunTasi ¢ JIMHEHHOHN perpeccueii, HalTH COOTBET-
CTBYIOIIIEE YPABHEHUE, €CIIU JAHHBIE U3MEPEHUH CIEAYIONIHUE:

Xj 125 130 130 140 145 150 155 160 165 170
Yi 65 65 70 75 80 80 85 90 95 100

[Io ypaBHEHHIO JIMHEWMHOW perpeccuu ONpenesuTh HUKHee 3HaueHue AJl, ecnum
BepxHee 3HaueHue qocturdet 180 ex.
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Masa 5. NIPUMEHEHUE TEOPUM BEPOATHOCTEN

1. MPUJIOKEHUE PACHPEJAEJEHUSA TIYACCOHA

PaccMoTpum mpumep MCOIb30BaHUs CBOMCTB pactipeaesienus [lyaccona Ha npakTu-
K€ IpHU ayJIUTOPCKUX MPOBEpKax CTpaxoBbIX kommnaHui. [lycTh mmeeTcsi KBapTalibHBIN
oTuéT (Tabs. 1), momaHHbBIN B TJIaBHBIN 0UC HEKOTOPOU CTPaxoBOW KoMmaHuen u3 e€ (u-
Juana, 0 KOJIMYECTBE CTPAXOBBIX CIIy4aeB, MPOU3OIIECANINX C 3aCTPAXOBAaHHBIMH OOBEKTa-
MU. B HEM COOTHECEHBI NaHHBIE, C KAKUM KOJUYECTBOM CTPAXOBBIX OOBEKTOB CKOJIBKO
CTPaxOBbIX CIy4aeB IMPOU3OILIO.

1. laHHbBIE 0 KOJIMYECTBE CTPAXOBbIX CJIy4YaeB 3a KBapTaJl

KonnuectBo CTPAaxOBbIX CIIy4acB k KoanuectBo 34CTpaxXOBaHHbIX 00BEKTOB Mk
0 120
51
2 35
3 21
4 13
5
6
7
Htoro 250

B ayautopckoM otTaene cTpaxoBOM KOMIIAHUU PEIIMIN YOEIUThCS B MOJIJIMHHOCTH
OTYETA — €CTh JIU B HEM IIPUIIUCKU.

Kak u3BecTHO, cimydaiiHble COOBITHS, TTPOUCXONAIINE B HAIICH KU3HU, — MOMEXH
Ha JIMHUAX 3JIEKTPOIEepeIayu, MOJIOMKH 000pYI0BaHMs, CTPaXoOBble CIyyau U Jp. — MPO-
ucxoat no 3akoHy Ilyaccona. CneacTBue M3 HEro — CpelHEE KOJIMYECTBO CTPaxXOBBIX
CJIy4aeB U €ro AUCIEPCHs T0JKHBI ObITh MPUMEPHO paBHbL. [IpoBepum 3to.

Omnpenenum o0111ee KOJTUYECTBO CTPAXOBBIX CIyYaeB:

$;=0-120+1-51+2-35+3-21+4-13+5-8+6-1+7-1=289.

Torga cpeaHee KOJWYECTBO 3aCTPaxOBAaHHBIX CIIy4aeB HA OJMH OOBEKT 3a KBapTall
paBHO (00IIIee KOTMYESCTBO 3aCTpaxoBaHHBIX 00BeKTOB paBHO N = 250)

E:%=1,156, (1.1)

T.€. B CPEJIHEM C OJIHUM OOBEKTOM citydanach 1,156 cTpaxoBbIX cilydaes.
Teneps HaWIEM AUCTIEPCUIO KOJIMYECTBA CTPAXOBbIX ciiyyaeB. CHavaia BEIYUCIUM
s, =0%.120 +1% .51+ 22 .35+ 3% .21+ 4% .13+5%.8+6% -1+ 72 .1=873.
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Cpennuii KkBasipaT paBeH

S
k2 =22 —3492.
N
Hucnepcust paBHa
Ty =2
D=k?—-k“=3492-1156° ~ 2.156.

KaK BUOHO, ,ZII/ICHepCI/IH D Ha 1 6OJIBHIC cpeI[Hero KOJIMYECTBA k , T.C. p€3KO oTJIMua-
FOTCH. CJICI[OB&TCJII)HO, HUMCIOTCA HpI/Il'II/ICKI/I, TaK KaK HapymaeTcsi CJICACTBHUC M3 3aKOHA
HyaCCOHa. OHpCI[GJII/IM, CKOJIBKO CTanOBLIX cnyqaeB 6LIJ'IO HpI/IHI/IcaHO.

3aMCTI/IM, qToO BpSII[ JIN 6I>IJIH HpHHI/ICKI/I C 06’LCKTaMI/I, KOTOpLIC Imormagalin 1mmoa CTpa-

XOBbIE clyyau o l-my pasy (ecinu NpUNKCHIBaTh, TO OosbluMu 00bEMamu). Torma
3anuiieM 3akoH [lyaccoHa /st 00beKTOB, MOMABIIMX MO/ CTPAXOBOM CIydail OJIUH pa3:

1
m; = N%e_k,

rie A — WCTUHHOE CpeIHee KOJMYECTBO CTPAXOBBIX CIIy4aeB Ha OJIWH OOBEKT, WIIH
(u3 Tab:. 1)

51 = 2500e .
Honyt{aeM TpaHCHeHI[eHTHOG ypaBHeHHe OTHOCUTCJIIBHO 7\, .
A =0,204¢*
WITH A =0o(L). (1.2)

s ero pemieHust OyJaeM HCIOJIB30BaTh METOJ MOCIICIOBATCIbHBIX MPUOIMKCHUIA.
Tak xak pynkmus @(A) Bcromy monotoHHas, @(0)=0,204 u (1) =0,204e <1, To mis

A €][0; 1] 3nauenus ¢pyukuun @(A) €[0; 1]. Taxke 3ameTrm, 4TO
¢'(A) =0,204e" = p(1).
Cnenoarenbho, i A €[0; 1]
0<o'(A) <1.

Torma o teopeme 1 [1, c. 136, 137] cymecTByeT eNMHCTBEHHBIM KOPEHb YPaBHEHUS
(1.2) Ha otpeske [0; 1]. HauanpHOe mpuOmmkeHue A, K KOPHIO TaKXKe BbIOMpaeTcs
u3 otpeska [0; 1].

ITycts Ay =0,5. Toraa

A, =0,204e™ ~ 0,336,
A, = 0,204e™ ~ 0,285,
As =0,204e"2 ~ 0,271,
A, =0,204e"2 ~ 0,268,
A5 = 0,204e™ ~ 0,267,
Ag = 0,204e"s ~ 0,266,
A, =0,204e™s ~0,266.
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Kak BuAHO M3 WTEpallMOHHOIO IMpolLiecca, TPU 3HAKA MOCJE 3alsATOd, HauyuHas
¢ 6-i1 utepanun, He MeHst0TCs. [103TOMY MOXKHO CUMTATh, 4YTO KOPeHb ypaBHeHHs (1.2)

A = 0,266.

Torga 00bEM MPUMHUCOK A MOXHO OIPEIETUTh U3 CIEAYIOMIEr0 COOTHOMECHHUS (€CIH
A =0, To monyunm popmyay (1.1)):
S; = NA+A,
OTKyJa
A =3, —NA =289 -250-0,266 ~ 223,

T.€. 223 ciy4ast ObLIU IPUIIHCAHBI.

2. NIPUMEHEHHUE MAPKOBCKUX ITPOLHECCOB JJIA MOAEJIUPOBAHUA
ITPOIECCOB IEPEPABOTKMU ChIITYYUX MATEPHAJIOB

Jlns ycnenrHo NMpOMBINUIEHHOW peanu3aluid TEPMOXHUMHYECKON KOHBEpCHH OHO-
Macc He0OXO0AMMO 00ECTIEUNTh PABHOMEPHYIO 3arpy3Ky OMOMacchl B peakTop. Pe3ynbTaTsl
MHOI'OJIETHUX MCCJIENOBAHUM IPOLECCa TO3UPOBAHUSA 3EPHUCTBIX MATEPUAIOB IIOKA3bIBA-
10T, 4TO 3a CYET HUCIOJIB30BAHUS TEXHOJIOTMU JBYXCTAJAUMHOIO HEIPEPBIBHOTO BECOBOIO
no3upoBanus, pazpadotanHoit B TI'TY [3, 4], MOKHO 0OecrieyuTh HEMPEPHIBHYIO U PaB-
HOMEPHYIO 3arpy3Ky OMOMAacchl B peaKkTop.

CyIHOCTh JaHHON TEXHOJIOTUH 3aKJIF0YAETCS] B TOM, YTO Ha MEPBOM CTaUU BECOBBIM
MOPLIMOHHBIM J103aTOPOM (POPMHUPYIOTCS OTAEIbHBIE OPLHUH CBHIITYYEr0 MaTepruana BECOM
AP, a Ha BTOPOM CTauu 3TH NOPUUHU NPpeoOpa3yroTcs B HEMPEPBIBHBINA MOTOK. B kauecTBe
npeoOpa3zoBatTeisl MCHOJB3YETCsl Bpallamomasics TpyOa WIM HAKIOHHBIM BUOPUPYIOLIUN
aotok. Iponecc npeoOpa3zoBaHus OTAENIBbHBIX MOPLUUN B HENPEPHIBHBINA MOTOK OIUCHIBAET-
CS € UCNOIb306AHUEM MAMEMAMUYECKO20 ANRAPAMA CAYYaiHbIX MAPKOECKUX npoyec-
coe. Pemas o0paTHy0 3ajady, MOXKHO IO TpeOyeMOMYy BHUIY HENPEPHIBHOTO IMOTOKA
HAWTH perjaMeHT 3arpy3Ku OTIEIbHBIX MOPIHM B mpeoOpa3oBarenb. Takas 3amgada sBIis-
€TCs aKTYaJIbHOM Ha CETOJIHSIIHUN JICHb.

PaccmoTpum mpouecc npeoOpa3oBaHUsl OTAECIbHOW MOPLMM CHITYYEro MmaTepuana
Ha BUOPHUPYIOIIEM JIOTKE, KOTOPbI HAKJIOHEH K TOPU30HTY IMOJ YIJIOM, MEHbBILIUM, YEM
yroia TpeHus nprkenus. CChIMalmuiics Kpai JIOTKa MIapHUPHO 3akperui€éH. Takum obpa-
30M, JABMKEHUE MaTepualia OCYLIECTBISETCS TOJbKO MPH BUOpauuu joTka. JIoTok pasne-
JUM Ha M y4acTkoB. VX ayivHa BBIOMpaeTcsl Takoil, 4TOObI 32 OJAMH MEPEXO0]l YACTHIIbI
MaTepuraia MOIUIM EPEMELIATHCSA TOJIBKO B COCEIHION0 TYECHKY.

B HauvaibHBII MOMEHT BPEMEHM Ha JOTOK MoAaércs mopuus Marepuana. [lycrts sra
nopLHUs pacnpeaenuiach B ABe ssueiiku (puc. 1 u 2).

v

Puc. 1. HayanbHoe pacnpenesieHue BelecTBa HA JIOTKe
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Puc. 2. Moaenupywmas uenb — TOJbKO Mepexo/l BIepéan Wil CBOA sueiika

O603HaunM Yepe3 S BEeKTOP-CTPOKY, KOTOPBIH XapaKTepU3yeT COCTOSIHHUE BEIECTBa
Ha JIOTKE, T.€. S; — 9TO KOJMYECTBO BEIeCTBa B i-if sueiike, i =1, m. Haunnaem BHOpPHpO-
BaTh JIOTOK. Uepe3 MpOMEKyTOK BPEMEHH At, Ha3bIBA€MBIM BPEMEHEM OJTHOTO TMEepexo/ia,
BEKTOP S© psmennres u craner Y. Cunras At mocrosHHBIM, 3aMeHHM HEIMPEPBHIBHOE
BpEeMs €ro JTUCKPETHBIMU MOMeHTaMu t, = KAt u Oymem paccmarpuBath K kak HOMeEp co-

cTosiHus (111ara) BelllecTBa Ha JIOoTKe. Marepuan nepemMeniaercs BA0JIb OCH JIOTKA U yepe3 N
[IaroB JIOCTUTAET CCHIMAIOUIETOCs Kpas, U €clid MNPOAOJIKUThH MpOIlecC, TO MaTepHall
HAYHET CCHINATHCS C JIOTKA.

CocTosiHue cucTeMbl B 000l MomeHT BpeMmeHH tx (K =1,n) ommceiBaetcs ciemyro-
el MaTpuyHOM POpMYIIOH:

sk —gkDp, (2.1)
OI[HOpOIIHaH KBaJApaTHaAdg MaTpHIla P ImopsaaKa M UMEET BUJ,
'p 1-p 0 ... 0 O |
0 p 1-p .. 0 O
0 0 .. 0 0
p_ p
0O O 0O .. p1l-p
0O O o .. 0 1

Kak BunmHO U3 paBeHcTBa (2.1), M1 TOTO, YTOOBI pacCUMUTATh MPSMOK TpoIiecc, HE0O-
XOJIMMO 3HAaTh HAYAJIbHBIM BEKTOP U MATpUIly P mepexoaHbIX BEPOSITHOCTEH, OMpeesito-
II1e KOHCTPYKTUBHBIC MapamMeTpbl BUOPHUPYIOUIETO JOTKa. MHOTOJETHUE HCCIIETOBAHUS
MOKAa3bIBAIOT, YTO MPOIECC UACHTU(UKAIIMU MTapaMeTPOB MAaTEMaTUYECKONW MOJEIH TPO-
[IECCOB MApKOBCKOI0 THUMA, T.e. (opMHpoBaHUE MATpuUllbl P mepexoHbIX BEPOSTHOCTEH,
BECHbMA TPYIOEMOK.

[Ipu pemennn oOpaTHOM 3a7a4l BO3MOXKHBI TPH BapHaHTA: CYIIECTBYET TaKOW BEK-
TOpP HAYaJIbHOTO COCTOSIHUS, U3 KOTOPOTO C M3BECTHOM MaTpuileil P MOXHO moiyduTh
TpeOyeMbIil BEKTOP KOHEUHOT'O COCTOSIHUSI; K KOHEUHOMY COCTOSIHUIO MOXHO MPHUNTH, HO
JUTSI 9TOTO HEOOXOAMMO U3MEHUTH MaTpHIly P; KOHEUHOE COCTOSTHUE HEAOCTUKUMO.

[IpakTrueckuii MHTEpEC MPECTABISIOT TIEPBhIEC ABa ciaydas. [Ipexae Bcero, He0Oxo-
MO TIOJyYUTh YpPaBHEHHE, PEIICHUEM KOTOPOro Oblia Obl MmepexoaHasi BEPOSTHOCTH P,
omnpeaesitonas Matpuity P.

[TpeoOpasyem ams atoro popmyiy (2.1) mpu K = n x cucreme Buaa

S:En_l) p — (n),
Sl(n—l) (1_ p) n Sén—l) p= Sén);
s a-p)+s{"Pp=s{; (2.2)

s D a—p)+si = s,
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Tax kak B cocTossHuu N — 1 mocnenuss sueiika cBoOOIHA, TO Sr(nn_l) =0. Takum o6pa-

30M, cucteMa (2.2) 3aMkHyTa. BripazuM u3 mocineaHero ypaBHeHUS Sr(nn__ll) yepes Sr(nn):

(n)
S(n__ll) _ Sm . (23)
1-p

[Moacrapinss BeipakeHue (2.3) B mpeapIAyIIee ypaBHCHHE CUCTEMbI, UMEEM

s(D) _ st (1 p)—sp
m-2
1-p)?

AHaJ'IOI‘I/I‘IHO HOJI}"I&CM S(n 1) S(n l) S(n ) U T.A. 10 S(n 1)
(D) _ s, (1- p)? s(”)l(l p)p+siMp?
3 - )
- 1-p)°
(D) _ st (01— p)® -5, (1- p)? p+s(”)1(1 p)p? —siMp*.
m 4 — )
1-p)*
oy _ Smea= ) -5y p)’p sy @ p)* 7 - s - )P+ st p
1-p)
m ) .
3 ()'sMa-p)™p'-2
Sl(n—l) _i=2

1-p)™t

[ToacTaBuM mocieHee BEIPAXKCHNUE B TIEPBOC YPAaBHEHHE CUCTEMBI (2.2):
m . ..
> (D' a-p)" p'
i=2

1-p)™*

O0o006mas BeipakeHue (2.4) mias ciydas, Korja Ha mare ¢ HomepoM K =n,1 B Bek-

=" = i(—l)‘ sVA-p)"p't=0.  (24)

k .
TOpe S® pmerores | =n—k nocrexnnx HYJIEBBIX DJIEMEHTOB (CBOOOIHBIE STYCHKU Y Kpast
JIOTKA), UMEEM

m—I|
i (k) mol—i i1
> (D't (@-p) p =0,
i=1
WIA B OOIIIEM BHJIE
f(p) = 0. (2.5)
Ecmu crenens MHOTOWIeHA f GoJbIie 4eThIpEX, TO 1Mo Teopeme ["arya pemuTh anreo-
pandecku ypaBHeHUE (2.5) HEBO3MOXKHO. PeaqbHbIM MyTEM pEIIeHUs SIBISIETCS UCTIOIb30-
BaHWE YUCJIEHHBIX METO/IOB.
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Haubonee ynoOHbIM siBIsieTCS MOAU(PHUIMPOBAHHBIA MeToA cKaHupoBaHusa. CyTb
MeTrona: orpe3ok [0; 1], B KOTOpoM JiexaT JOIMyCTUMbIE KOPHU ypaBHeHus (2.5), pa3OuBa-
ercsi N ToukamMu Ha OJMHAKOBBIE OTPE3KU. B KaKI0¥l TOUKE pacCUUTHIBACTCS 3HAYCHUE
¢yuknuu f, abcooTHAs BEIMYMHA KOTOPOTO CPABHUBACTCS C 3aJaHHON TOYHOCTBIO €.
Tak ocyliecTBIsIeTCS MOUCK OTPE3KOB JIOKAIM3allMU KOPHEH, B KOTOPHIX a0OCOJIIOTHbBIC
3Ha4YeHUs GyHKIUH f 1ekaT BHYTpH €-OKPECTHOCTH HYJISA. B KaKIOM M3 HUX HIIETCS TOY-
Ka, COOTBETCTBYIOIIAass MHHAMAIBHOMY 3HAueHHIO aOcooTHOH BenmmuuHbl f, aGcmmcecy
KOTOPOI MBI IPUHHUMAEM 32 MPUOIMKEHHOE 3HaUCHHE KOPHS. BHE OTPE3KOB oKaNM3aIiu
CMOTPST 3HAaKW 3Ha4YeHWH f s Kamoit mapel coceHUX TOYeK. Ecnm 3HaKu pas3indHbl,
TO 3a KOpPEHb MOXKHO NIPHUHSATH JIIOOYI0 TOYKY, JIEKAIIYI0 MEXIY paccMaTpUBAEMbIMU
TOYKaMU (HaIpUMep, TOUKY NepecedeHus IpsMOM, coenuustomneld 3HadcHus GpyHkiun f,
C OChI0 abcrmce).

TakuMm crioco6oM MOYKHO HalTH BCe JOMYCTHMbIE MPUOIMKEHHBIE PELLICHUS] ypaBHE-
Hus (2.5).

3aMeTHM, YTO MpU OOJBIIOM 3HaueHHU pasHocTH M — | GpyHkIws f sBisIeTCs mosoroit
Ha otpeske [0; 1]. [loaToMy NnpUMEHSTH, HAIPUMEDP, YUCICHHBIM MeTOJ HpioTOHA B ATOM
Clly4ae HEeXKeIaTelbHO — MOTYYHM OOJBIIYI0 OTPEIIHOCTh HAMIEHHOTO KOPHS U3-3a OJIn-
30CTH TIPOU3BOAHON (pyHKIMM f K HYIIO0, a UIS MMOBBIIIICHUST TOYHOCTH MOAM(DHUIIMPOBAH-
HOTO METOJ]a CKaHWPOBAHMS HEOOXOAMMO MPOM3BOAUTH BBIYUCICHUS C aHAIOTOM (DyHK-

uu f:
o(p) =Kf(p),

rae K — koadpuimeHT yBenuueHusl.
Jlanee npejuiaraeTcs aaropuT™M HaXO0XKJACHHS UCXOJHOTO COCTOSTHUS S )

HAYAJIO

1. 3amaémcs BeposTHOCTBIO P # 0 (BBIpOKICHHYIO MaTpuUIly P MbI HE paccMaTpuBa-
€M), XapaKTepu3yrollel KOHCTPYKIMIO alnapara, YuciaoM IIaroB N U BEKTOPOM KOHEYHO-
ro cocrosrnst S

2. k=n;

3. 1=0;

4, s*D=gkp-t,

5. ECJIM cpean KOMIOHEHTOB BEKTOpa S «D per OTpULIATEIBHBIX YKCeN (TaK KaK
3TO (przmuecku HeBo3MOkHO), TO mepexon k mary 13;

6. Pemaem ypaBHeHue (5) U MogydaeM CIUCOK (CTEK) BEPOSITHOCTEH SP;

7. ECJIM cniucok Sp myct, TO nepexon k mary 18;

8. CHumaeM co cTeka Sp 3JIeMEHT B IEPEMEHHYIO ];

9. ECJIM p == 0, TO niepexon k mary 7;

10. s&P =skp-t.

11. ECJIA cpean KOMIIOHEHTOB BEKTOpa S ®D her oTpuuaTenbHbix uyucen, TO
nepexoA K mary 13;

12. Tlepexon k miary 7;

13. Boieog S* Y u P;

14. k =k -1,
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15.1=1+1,

16. ECJIM k == 0, TO nepexon na KOHEILL (pe3ynbrar paboThl alropurMa —
BEKTOP S(O);

17. Ilepexon k miary 4;

18. BriBog "HeB0O3MOXXHO HaWTH MpEIbIAyIee COCTOSIHHE I Mpolecca C IABYX-

JIaroHaiabHON MaTpuien P
KOHEIL

JUIs IpoBeIcHHs PACYETOB B PEAIbHOM PEKHMME BPEMEHHU IIOMCK MaTpuusl Pt HeoO-
XOAUMO pEaIU30BaTh C HCHOJB30BAHUEM MATPUYHBIX QITOPUTMOB MATEMATUYECKOIO
naketa MATLAB 7.0 u 6a30B0oif TEXHOJIOTHUHU OMEPAMOHHON cucTeMbl Windows — Tex-
Hosioru COM (1.e. MATLAB npenocTaBisieT A10CTyll BHEUIHUM IporpaMMaM K OCHOB-
HBIM (DYHKITUSIM ITaKeTa).
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3AKIIKOYEHUE

CyTh KOMIETEHTHOCTHOI'O IOAXOJa B MaTEeMaTHYECKOM OOpa30BAHMH COCTOUT
B (hopMHpOBaHNH Y 00YHAIOIIMXCS CIOCOOHOCTH NMEPEHOCUTH MOJTYYCHHBIC 3HAHUSA U YMe-
HUS B HOBBIE YCJIOBHS, HA BHOBb OCBAaMBAE€MbI€ OOBEKTHI UCCIEAOBAHUS M T.II. Takumu
00BEKTaMU MOTYT OBITH M CaMU MaTeMaTHYecKHe TeopuH. M3yueHue Teopun BEpOSTHO-
CTeH M MAaTeMaTHYeCKOW CTAaTHCTHKH, KaK MPaBWJIO, CIEAyeT 3a U3yuyeHUeM (WJIu mapai-
JIIbHO U3YYEHUIO) 3JIEMEHTOB MAaTEMaTUYECKOM JIOTHKH, JIMHEWHON anreOphl, MaTeMaTH-
4yecKoro aHanusa u Jp. [loatoMy cieayer oOpatutTh BHUMaHHE OOyYaroIIUXCsl Ha «IpO-
HUKHOBEHHE» METOJOB JIMCKPETHON MaTeMaTUKU (KOMOMHATOPHUKH, TEOPUU MHOMKECTB),
anreOpbl U aHAJIM3a B BOIIPOCHI CTOXACTUKH. Takue METOJIbl CIOCOOCTBYIOT YKPETICHUIO
BHYTPHUIIPEIMETHBIX CBs3ed, POPMUPOBAHUIO Y OOyUaOIIUXCsl IPEACTABICHUM O LEI0CT-
HOCTH MaTeMaTHYE€CKON HayKH, OOIIHOCTH U YHHUBEPCAIBHOCTU €€ OCHOBHBIX HJIEH.
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NPUNOXEHUE.
TABNULbI 3HAYEHUN ®YHKLIUA NANNACA
N SKCMOHEHTbI

X2

1 = g 6T
X)=——e 2, O(x)=——=|e 2dz
000 == (== i
Tao6auua I1.1
X 0 0,5 1,0 15 1,645 1,96
¢(x) 0,3989 0,3521 0,2420 0,1295 0,103 0,0584
D(x) 0,0000 0,1915 0,3413 0,4332 0,45 0,4750
X 2,0 2,50 2,80 3,0 3,5 4
¢(x) 0,0540 0,0175 0,0078 0,0044 0,0009 0,0001
D(x) 0,4772 0,4938 0,4985 0,4987 0,4997 0,4999

Ta6auua I1.2

X 1 2 3 4 5

. 1036
€ 788

0,13534 | 0,04979 | 0,01832 | 0,00674
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OrMMABJEHUE

I'masa 1.

I'nmaBa 2.

I'maBa 3.

I'nasa 4.

I'maBa 5.
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