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BBenenue

HukTo He cramer orpunarh TOT (aKT, YTO KU3Hb UYeJOBEKa 3a4acCTYIO
MIPOTEKAeT B YCJOBUSX HEOMPEJEIEHHOCTH. BBIXOZs yTpoM ©3 JIOMY, MBI
HE YyBEPEHbI HA CTO TMPOIEHTOB B TOM, YTO JHEM He OyHeT I0XK/Is.
OdeHbp TPYIHO MNPEIBUAECTH yPOBEHb II€H, HCXOJ CHOPTUBHBIX COCTS3aHUM,
He TroBops yKe 0 cdepe asapTHBIX Urp (KApPTHI, PYJIETKA, JOTEpest W T.II.),
IJle Pe3ysIbTaT pPemaroluM o0pa3oM 3aBHCUT OT ciyd4as. HeompeeseHHOCTH
WIA CJIyYalHOCTHb COIyTCTBYIOT M 0O0jiee CEPbE3HBIM 3aHATUSAM: IIPOU3BOJIA
dusudeckne W3MEpeHUsi, Mbl PEIKO IOJIYIAeM OJIMHAKOBBIE pE3YyJIbTaThI,
HECMOTPSI HA HEU3MEHHOCTh YCJIOBUIl U3MEPEHUs; CPOK CJIYKOBbI OJJHOTHUITHBIX
pubOpPOB HEOIMHAKOB, 0OJiee TOrO, €ro HEBO3MOXKHO IIPEJICKA3aTh 3apAHEE;
ere B OOJIbIIENl CTEIEHM ISTO OTHOCUTCS K CPOKY 2KH3HUA OTJEJIHLHOIO
4gesioBeka. HEcin NpoaHaIM3WpoBaTh C  ITOW TOYKHM 3PEHUs] IIPOIIECCHI,
IIPOUCXOJAINNE B IPHUPOJE WJIX B KM3HM dYeJIOBEKa, TO MaJio Haiijercs
obJracTeil, rae Bce MPOUCXOIUT IPEICKA3YEeMO, HECTYIailHO, WIN, KAK TOBOPSIT,
JeTepMUHUPOBaHHO. HeompeeleHHOCTh B TOU WJIM WHOU CTENEeHU IIPUCYIIA
JIIOOOMY peajIbHOMY SIBJIEHHIO. B 9THX yC/IOBHSAX YeJOBEKY, IPHHUMAIOIIEMY
pelleHue, IIPUXOJUTCH OIEHUBATL 3Ty CTelleHb HeOIlPeJeJIeHHOCTH: €eCJId
OHA HE3HAYNTE/IbHA, TO OH JefiCTByeT, IpeHedperas €K; KOTJIa Ke
CTENeHb HEOIPEIEJIEHHOCTH BEJIMKA, BBIOOD TAKTUKU IMOBEICHWS CTAHOBHUTCS
JAaJIEKO HE MPOCTBIM [EJIOM. 3aMETUM I[P ITOM, UTO UEJOBEK, OICHUBA
CTelleHb HEOIPEIEJIEHHOCTH TOI0 HJIM HHOIO COOBITHSA, 3a4acTyIO JiejiaeT
9TO MHTYUTHBHO, Ha OCHOBE IIPEJBIIAYIIEro ombiTa («C yTpa HEGO dYHcTOe,
CJIETOBATENIBHO, IO/ MAJIOBEPOsiTeH» ). K OlleHKe cTeleHn Heonpe1eIeHHOCTH
B 0oJiee CJIOXKHBIX C/IydasX W UMEET OTHOIIEHWE HayKa, Ha3blBaeMas Teopueit
BEPOATHOCTH.

Bo wmmHOrmx pykoBomcTBax u  y4eOHHKAX ~TEOPUs  BEPOSTHOCTEH
omnpesesigeTcs KaK MAMeMAmMUYeckas Hayka, U3Yy4arowas 3aK0HoMePHOCTIU
CAYHATUHDT ABAECHUT. DTO TPABWIBHO, OJHAKO BCIKHUI 3IPaBOMBICISIINI
quTaTes]b CPa3y 2Ke II0AMEeTUT HEKOTOPOe IIPOTUBOPEYHe, COAePKaIIleecs B 9TOM
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dbopmysnuposke. B camom jsere, ciydafiHbIM OOBIKHOBEHHO HA3BIBAIOT TaKOE
sIBJIEHUE, KOTOPOE IIPOUCXOIUT HEOKIJIAHHO, HEIIPEICKA3YEMO, BOIIPEKH BCIKIM
npaBwiaMm. CjreoBATEIbHO, IO OIPEJIEJICHUI0 HE JOJDKHO CyIeCTBOBATH
HAKAKUX 3aKOHOMEDHOCTEH, WPUCYIUX CIyJailHbIM SBJIEHASIM. ITOOBI
Pa3bsICHUTDL BO3HUKINEE IMPOTUBOPEUNE, HYKHO YTOYHUTH OOBEKT U3yUeHHs,
WU, KAK TOBOPSIT, IIPEJIMET TEOPUH BEPOSITHOCTEN.

Teopuss BepodTHOCTell W3ydaeT CJydailiHble ¢ABJIEHU, CBA3aHHLIE C
TaK HA3BIBAEMBIMHU CAYYAUHLMU IKCNEPUMEHMAMY. BbIpaxasch TOYHee,
OHA U3YYAET MOMEMATMUMECKUE MOJEAY  CAYHQUHDIT — IKCTEPUMENMOS.
Ilon caydaliHBIM TIOAPa3yMeBAETCA TAKONH IKCIEPUMEHT, WCXOJBI KOTOPOTO
HEOHO3HAYHO OIPEIE/ISIOTCS HadaJIbHBIME yeaoBuaMu. [Ipocreitmuit mpumep

TAKOTO JKCIEPUMEHTa — HIPa B <«OPEI» W <PENIKy», KOTOpass COCTOUT B
OA0PACHIBAHUE MOHETBI. B 3TOM 3KCIIeprMenTe BO3MOXKHBI JIMIIb JABa UCXOJA!
BBINIQJIEHNE «Opya» («repba») WM «pemku» (<«pemerku»), — MPU ITOM

TOYHO IIPEJICKa3aTh pe3yJbTaT JO IPOBEJEHUdA 3IKCIEPUMEHTa HEeBO3MOXKHO.
Ipumepbl  HecaydafiHbIX  (JeTEPMUHMPOBAHHBIX) 3KCIEPUMEHTOB MOYKHO
[IPpUBECTHU U3 00JIACTH €CTECTBEHHBIX HAYK: XUMUIECKUE PEAKINH, (DU3UIECKUEe
9KCIIEPUMEHTHI, JIBUYKEHHEe KOCMUYECKHX TeJ U T.II. B 3TuX 3IKCIepuMeHTax
[POIIECC OTIPEJIETISAETCS YIPABJISIFOIIAM 3aKOHOM (ypaBHEHHEM) U HAYAJIbHBIMU
YCJIOBUAMU, 3HaHUE KOTOPBIX, KaK IIPaBUJIO, II03BOJIAET IIPEJCKa3aTh Pe3yIbTaT
9KCIIEPUMEHTA JI0 €0 IIPOBEJICHUS.

IlonsaTue ciay4ailHOTO SKCIEPUMEHTA SABJISETCH, OJIHAKO, YePECUyDP OOIIMM.
Teopust BeposTHOCTEN M3yUaeT He BCAKUE CIydailHble SKCIEPUMEHTHI, & JIUIIhH
Takue, KOTOpble 00JIAJAIOT JIByMs CBOMCTBAMU: a) UMEIOT MAaCCOBBII Xapakrep,
T.e. MOT'YT OBITH BOCIPOW3BEICHBI B HEM3MEHHBIX YCJIOBUSX KAKOE YTOIHO
9HCII0 pa3; 6) MOAYUHSIOTCS 3aKOHY CTATUCTUYIeCKOl ycroitunBocTu. [loscHmm
oIpobHee MOCje Hee CBOMCTBO.

IIpoBenmem ciy4daiiubiit SKCIEpUMEHT N pa3. PaccMoTpuMm Kakou-mbo ero
ucxon A u oboznauuMm V,(A) guciao noseieHuii ucxona A B n IPOBEJEHHBIX

v, (A)

skcrepumentax. OtHommenme —— = ,(A) HasbBaroT wacmomol
n

WIn  0mHocumenvroli wacmomot cobvimus A B N UCHBITAHUAX. [OBODIIT,
9TO  CJIyYaiHBI SKCIIEPUMEHT O00JIaZlaeT  C80UCMBOM CMAMUCNUNECKOT
yemotuusocmu, ecan JUid Joboro ero mcxoga A uacrora H,(A) umeer
TEH/ICHINIO CTaOMIN3UPOBATHCS, HEOTPAHMIEHHO MPUOJINKASICH K HEKOTOPOMY
quciay P(A), Korja d9ucjao 7 [IPOBEJEHHBIX WCIBITAHUN HEODAHUYEHHO
BO3pAacCTaerT.

IlogBomsr wTor, MOXKHO CKa3aTh, YTO TEOPHUA BEPOSATHOCTEN H3ydaeT
MaTeMaTHIeCKIe MOEJH CIIyJalHBIX 3KCIEPUMEHTOB, NMEIOINAX MAaCCOBBIA
XapakTep u 00/1aIal0NNX CBONCTBOM CTATUCTUIECKON YCTOWIMBOCTH.
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IIpu >TOM 3aKOHOMEDHOCTH CIIyYailHBIX S$BJIEHUU IPOSABJISIOTCS HE B
pe3y/IbTaTax OTAEJIbHBIX €INHUYHBIX JKCIIEPUMEHTOB, a JIUIIb IPU OOJIBIIOM
quCjie UX MOBTOPEHUi. BBIIo 3aMevYeHo, 910, HeCMOTPsI HA HEIPeICKA3yeMOCTh
pe3yJIbTaTOB OTIEJIbHBIX IOJ0PACHIBAHUN MOHETBI, YaCTOTA BBIMAJICHUS
«repbay TIpU YBEJIUIEHUU KOJUIECTBA MOJAOPACHIBAHUN TPUOIUKAECTCI K
qucity 1/2. Tax, K. ITupcon 6pocan monery 24 000 pas, mpu 3ToM <«repb»
Boman B 12 012 cayuasix. Yacrora BeimaszeHus «rep6a» paeHa W, () =
12012/24000 = 0,5005, uro ovennb Guusko k 1/2. Ilpupoma omnmcanHOro
pe3y/IbraTa CBI3aHa ¢ CAMMETPUIHOCTHIO MOHETHI, HU OJIHA U3 CTOPOH KOTOPOMH
HE UMEEeT MPENMYIIECTBa TepeJ] APYroi, IO9TOMY IO0JIM MOsIBJICHM «repbay u
«pemierkn» onuHakoBbl M 6au3ku K 50 %. OnHako 1mogoOHas CUMMeETpUsI He
00513aTeJIbHO IPUCYTCTBYET B CJIyYalHBIX SKCIIEPUMEHTAX C JBYMs HUCXOJIaMU.
Hanpumep, nmpu kakyimeiics paBHOBO3MOYKHOCTH IOSIBJICHUS MAJIBINKA WA
JEBOYKH TIPU POXKJEHWU DPeOEHKa YaCTOTHI STUX COOBITHI HEOJIUHAKOBBI: W3
geMorpadudecKnx HaOJIIONEHAN M3BECTHO, UTO 9aCTOTa POXKICHUS MAJIbINKa
npubsimkenno pasua 0,511, a geBouku — coorBercTBeHHo 0,489. Tem He Menee
YCTOMYHMBOCTD 9aCTOT IIPUCYTCTBYET U B 9TOM «CJIYYAHHOM IKCIIEPUMEHTES.

Bce ckazanHOe BbIlle O IpeaMeTe TEOPHH BEPOSTHOCTEN aBTOMATHYECKHU
CTaBUAT BOIIPOC O PaMKaX HPUMEHUMOCTH ee pe3ysabraroB. OTBer Ha 3TOT
BOIIPOC CBSI3aH C IIPOBEPKOI CBOMCTBA CTATUCTUYIECKON YCTONYIMBOCTH TOTO
WIA WHOIO CJydaffHOro skcuepuMeHTa. K COXKaJeHHIO, HCYEPIIBIBAIOIIETO
HaY4YHOI'O IOJXOJA /I ODOCHOBAHMS CTATUCTHYECKOH YCTONYMBOCTH WJIU ee
OTCYyTCTBUs He CyIIecTByeT. Benb JaxKe SKCIepUMeHT, npelupuHarbii K.
ITupcornomMm, cTporo roBopsi, HUYETrO HE JIOKA3BIBAET, IIOCKOJBKY OCHOBAaH Ha
pe3YyIbTaTaX KOHEUHO020 HUCAG TNPOBEJEHHLIT UCTBIMAHUY, & OCYIIECTBATH
GECKOHEYHYIO IIOC/IE/IOBATEIBHOCTh UCHBITAHWI (DU3UIECKN HEBO3MOXKHO.
Bonpoc o mnpumenuMocTr pe3ysIbTATOB TEOPUU BEPOSITHOCTUA OCTAETCHA 34
ee IpeJleJIaMH U PelraeTcs B KOHKPETHBIX OOJIACTAX IPUMEHEHHUS IIyTeM
9KCIIEPUMEHTAJBHON TPOBEPKU TEOPETUIECKUX PE3yJIbTATOB. BaxKHyro poJib B
pa3paboTKe METOIOB IKCIIEPUMEHTAIBHON MPOBEPKU UIPAET MaTEMaTHIEeCKAst
CTaTUCTUKA — HAYKA, POJICTBEHHAs TEOPUU BeposTHOCTel. Peub o Heit moiizer
B IIOCJIE/IYIONIUX IJIaBaX ITON KHUIH.



['1aBa 1

Ciry4aiiHblil S9KCIIEpPUMEHT, COOBITHUS

§ 1.1. CoOpiTusi, onepaiu HaAd COOBITUSIMU

Teopust BeposTHOCTE! M3ydaeT MATEMATHIECKUE MOJMIEJU CJIyYaiHbIX
sKcrrepuMeHnToB. [lom ciaydaifHbIM  TOJpa3yMeBaeTcs TAKON JKCIIEPUMEHT,
HCXOJIbI KOTOPOT'O HEOIHO3HAYHO OIIPEJIESIOTC HAYAJIbHBIMUA YCIOBHSIMU.
IIpocrefimum TpPUMEPOM TAKOT'O SKCIEPUMEHTA SBJISETCS [MOI0PAChIBAHUE
MOHETBI. B 9TOM 3KCIepuMeHTe BO3MOXKHBI JIIIL J[Ba WCXOJA: BbINAJCHHE
«repbay WM <«PEIIETKH», — IPU TOM TOYHO MPEJCKA3ATh PE3YIbTAT 0
[IPOBEJIEHUST FKCIEPUMEHTa HEBO3MOXKHO.

Co BCSKUM CJIy9aifHBIM 3KCIIEPUMEHTOM MOYKHO CBSA3ATH MHOYKECTBO
Q = {w} Beex ero B3ANMOUCKJIIOUAKIIMX HCXOJOB. DTO MHOXKECTBO
HA3bIBAIOT HPOCTPAHCTBOM 3JIE€MEHTAPHBIX WMCXOJOB, a €ro 3JIeMEHTHI
— 3JIEMEHTAPHBIMU WCXOJAaMU. Pe3yabTaToM TPOBEJEHUS CJIy9IailHOro
9KCIIEPUMEHTa  sIBJISIETCS HEKOTODPBIA 3JIEMEHTapHBIA wucxom W € .
CobOBITHUSIMU HAZBIBAIOT TIOJMHOXKECTBA IIPOCTPAHCTBA JIEMEHTAPHBIX UCXOJI0B
). Belpaxkenue <«mpousonuio cobeitue As» o3Hadaer W € A, e W
— BJIEMEHTAPHBIN WUCXOJ, SIBUBIIMICS Pe3yJIbTaTOM 3KciepumenTta. Jloboe
«COOBITHE» B OOBIYHOM IIOHMMAHHUHU, TO €CTh JIO0OW WCXOJ CJIydaitHOTO
9KCIIEPUMEHTa, MOYKET ObITh MPEJCTABIEHO HEKOTOPBIM MojMHOKecTBOM A C
Q npu MOIXOAAIEM BBIOOPE IMPOCTPAHCTBA 3JIEMEHTAPHBIX HCXOJ0B. B
JaJIbHEHTIIeM He OyIeM pasindaTb <«COOBITHS» B OOBIYHOM TOHUMAHUU WU
COOBITHST — TIOJMHOXKeCTBa, 2.

CobbITre Ha3BIBAETCS JOCTOBEPHBIM, €CJIM B PE3yJbTaTe 3KCIEPUMEHTA,
OHO HEIPEMEHHO IIPOUCXOJINT; COOLITAE HA3BIBAETCS HEBO3MOXKHBIM, €CJIA B
pe3ysbTare IKCIEPUMEHTa OHO HE MOYKET MPOU3OUTH; COOBITHE HA3LIBACTCS
CIAyYalHBIM, €CJIM B pe3yJbTarTe SKCIEPUMEHTa OHO MOXKET TPOU30HTH,
a MoxKer He mnpowmsoiitu. Tak Kak Jjisg JOOOTO 3JEMEHTAPHOTO HCXOJa W
cooTHOIeHne W € () WMeeT MeCTO BCerja, TO BCe IIPOCTPAHCTBO )
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COOTBETCTBYET JOCTOBEPHOMY COOBITHIO, ITyCTOE MHOXKECTBO () — HEBO3ZMOXKHOMY
cOOBITHIO, COOCTBEHHBIE MMOJMHOXKecTBa A C ) TpeicTaBIAoT CirydaiiHbie
COOBITHS.

ITycrs A u B xakue-uubyub cobbiTus (HOAMHOXKECTBA ().

O0benuHEeHNEM, UM CYMMOM, 9TUX COOBITHII HA3BIBAETCs OObeMHEHNEe
A U B muoxects A u B. IlepeceyennemM uju mmpousBegeHUEM COOBITHIA
HA3bIBAETCSl WX TEOPETUKO-MHOXKECTBEHHOE Mepecevderne . AHAJOrHIHO,
pasHocThIO cobbitnii A u B HasweiBaeTcs pasHocts A \ B COOTBETCTBYMOMAX
MHEOKecTB. IIPOTHBOIIOIOMXKHBIM K COOBITHIO A Ha3bIBAETCH JonoHeHne A =
0\ A mHO)KeCTBa A.

[TostByienne cobbitusi A U B B pesy/brare 3KCIHEPUMEHTa O3HAYAET, 9TO
3JIEMEHTAPHBIA ucxon W € AU B , a 970 nMeeT MecTo, eciiu W € A um w € B.
ITosToMy MOXKHO CKa3aTh, 4To obsedurenue (cymma) cobvimuli npoucrodum
mozda u moavko moada, k0206 NPOUCToouUM roms v, 0010 U3 IMULT cobLIMU.

Awnasiorudano, nepeceuerue (npoussedenue) cobvimuli npoucrodum moz0a u
moavko moezda, k0206 IMu cOOLIMUS NPOUCTOOAM, COBMECTNHO.

Pasnocmov A\ B cobwimutdi npoucrodum moeda u moavko moeda, ko2da
npoucxodum A, Ho He npoucrodum B.

IIpomusononosichoe cobvimue A npoucrodum mozda u moavko mozda,
Kxoeda camo A ne npoucxodum.

loopsiT, ur0 cobbiTME A BJleder cobbiTme B, mim A comepxkurcs
B B, ecsim A asusiercs nmoamuoxkectsom B: A C B. CobbITUs Ha3LIBAIOTCS
PaBHBIMU, WM SKBUBAJEHTHBIMHU, €CJIU OHU COBIAJAIOT KAK MHOXKECTBA:
A = B. OueBugno, uto A = B moeda u moavko mozada, xozda xascdoe u3
amux cobuimuti eaevem dpyeoe.

Ob6benunenne u mepecedeHne 0Oojiee UeM JBYX COOBITHN OIPENEISIOTCS
AHAJIOTMYHO, T.€. KaK OObeIUHEHWe W IlepecedeHre COOTBETCTBYIOIIX
noaMuoxkecTB. Hampumep,

Ua Qs
k=1 n=1

03HAYAIOT  COOTBETCTBEHHO O0ObEJMHEHHE KOHEYHOIO U IepecevdeHue
GECKOHETHOTO (CIETHOTO) MHOYKECTBA COOBITHIA.

CobbITrsi Ha3BIBAIOT HENEPECEKAIOINMUCSH, Wi HECOBMECTHBIMU,
€CJin WX TEepecedeHne ecTh HeBO3MOXKHOe coObiTre. CoOBbITHS M3 HEKOTOPOH
coBokymHOCTH A7, Ao, ..., Ay, ... HA3BIBAIOT IIOTIAPHO HECOBMECTHBIMU, €CJIN
mo0bble 1Ba U3 HUX HeCOBMeCTHEBL, T.e. A; M Aj; = () upu i # j.

[Tocko/ibKy BBEIEHHBIE ONEpAlUU  HaJ, COOBITUSMU  TOXKICCTBEHHBI
COOTBETCTBYIONIUM OIIEPAIUIM HaJ[ MHOXKECTBAMHE, TO OHH MOTIMHAIOTCS BCEM
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AKCHOMAaM OIlepalyii HaJl MHOYKECTBAMU:
AUB=BUA, ANB=BNA (KOMMyTaTUBHOCTD);

AU(BUC)=(AUB)UC), AN(BNC)=(ANB)NC) (acconuaTuBHOCTS);
AN(BUC) = (ANB)U(ANC), AU(BNC) = (AUB)N(AUC) (mucTpuby TUBHOCTS );

A, (IBOICTBEHHOCTD);

A=A OTpUIIaHNE OTPUIAHULA ).
p p
110}

BameTuM B 3aKJIOY9EHHME, 9TO I OOO3HAYEHUS BBEICHHBIX OIEpaIuit
obbeaunenus (CyMMbl), mnepecedenusi (IPOU3BEJEHUS), DPA3HOCTU COOBITHUIL
HCIIONIB3YIOTCA TAKXKE TPAJUIMOHHBIE AJreOpamvdecKue CUMBOJBL «+», <»,
«—»:

AUB=A+B, ANB=AB, A\B=A-B, |JA=)_ A
k=1 k=1

§ 1.2. Pemnienne TMNOBBLIX IPUMEPOB

ITpumep 1.1. Cayuatnud skcnepumenm cocmoum 6 O00HOKPAmHOM
n000PaAcHIBAHUL ULPANLHOT KOCTMU — MPABUABHO20 KYOUKE € HAMECEHHBIMU
HG  epanAT wucaamu om 1 do 6. Ob6osnavwum wepe3 W ucxod,
cocmoswutl 6 noasaenuu Ha eeprueld epanu wucaa k. Toeda 6 wawecmee
NPOCMPAHCINGA INEMEHMAPHBIT UCTO008 MONCHO B3AMb MHOdHCECME0 () =

{1, 0, 03, Wy, Ws, We}-

ITpumep 1.2. Pacemompum cay4atnwill sKCnepumenm u3d npedvidyuwe2o
npumepa. Beedem caedyrowue «cobumusns: A = { swnadernue uemnozo wucaa},
B = {swnadenue wucaa, menvwezo 3}, C = {swnadenue dpobroeo wucaa}. Ilpu
8bL60pe NPOCPAHCNBE INEMEHMAPHHLL UCT00068 U3 npumepa 1.1 yrxasarmwvie
«cobbimuUAY>  0UeBUIHBIM  00Pa3OM NPEICTABAAIOMCA MHOMCcecmeamu: A =

{(*)25(*)47(06}5 B: {(*)1;(*)2}7 OZ@

IIpumep 1.3. Caywatnwi sxcnepumenm — deykpamuoe nodopacviearue
uepaavrott. kocmu. Ilocmpoumsv nodxrodawee npocmparcmeo AeMeHMAPHHLT
ucx0dos  das onucarnus caedyowux cobwmui: A = {oba pasa svmaro wucao
oukos, kpamnoe mpem}, B = {cymma swnaswur wucea ne Goavwe 12}, C =
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{evinasu odunarosvie wucaa}l, D = {npoussederue svinaswux wucea 0eAumMCs
na 14}, Hatmu nodmmoowcecnea ), obpasyrougue 3mu cobbimus, yKa3amo
d0CmosepHvle, HEBO3MONCHBLE U CAYHATHBLE COOLIMUA.

Pemrenne. IlockonbKy pe3yabTaTOM 3SKCIEPUMEHTa SBJISAETCA Iapa
YHCeJI, BBITABIINX Ha BEPXHEH I'PaHU IPU [IEPBOM U BTOPOM MOAODPACHIBAHUM
UTPAIbHOM KOCTH, TO B KadeCTBE IPOCTPAHCTBA 3JEMEHTAPHBIX MCXOJOB
€CTECTBEHHO BBLIOPATH MHOXKECTBO BCEX YIOPAJIOYEHHBIX HabOpPOB U3 JBYX
qucesI, KaXKJI0€ W3 KOTOPBIX MOXKET IIPUHUMAThL JI000€ M3 HATYPAJbHBIX
guavennii or 1 1o 6, re. Q = {(4,5) : i =1,...,6, j = 1,...,6}. Torma
YKA3aHHBIE COOLITHSI COBIIQJIAIOT CO CJIEAYIOMMMY IOJAMHOXKECTBAMHE §)

A= {(373)a (376)a (673)a (676)}a B = Q;

C=1{(1,1),(2,2),(3,3),(4,4), (5,5),(6,6)}; D=0.

Cobritre B mocTtoBepHO, TaK KaK OHO IIPOUCXOUT IIPU JTFOOOM 3JI€MEHTAPHOM
ucxoze (4, j) € 2, cobpirue D HeBo3MoxkHO (et GbI OHO MOIVIO IIPOU30NTH, TO
KaKoe-HUOY/Ib U3 JIBYX BBINABIIAX THCEJI JOJKHO JIETUTHCS Ha 7), COObITHS A
u C ciiy4aiiHbI. v !

§ 1.3. 3agaum A0 CaMOCTOSTEJILHOIO PeIleHuns

1.1 Yro oznagator cobbituss AU A u AN A?
1.2 Korma Bo3MoxkHO paBenctBo AN B = A 7
1.3 Cobbirusi: A — XOoTs OBl OJUH W3 TpPEX MNPOBEPSIEMbIX MTPUOOPOB
OpakKoBaHHBIN, B — Bce mpubOPBI J0OpOKaIeCTBEHHBIE. ITO 03HAYAIOT COOBITHS:
a) AUB;6) AN B?
1.4 Cpeau CTYyHEHTOB, COOPABIIUXCS Ha JIEKIUIO 110 TEOPUU BEPOSITHOCTEH,
HAyJlady BBIOMPAIOT OFHOro. IlycTh coObITHE A 3aKJII0YaeTCs B TOM, 9YTO
BBIOPAHHBINA CTYJEHT OKAXKeTCsl [oHoIe; coobiTue B B TOM, 9TO OH He KypHT,
a coberrie C - B TOM, 4To OH KuBeT B obmexuruu. Omucars coberrue ABC.
Korna cripaBeqmuBsr:

a) pasenctso ABC = A; B) paBencTBo A = B;

6) sxmouerne C C B; r) pasercteo B = B?
1.5 PaGouwii uzrorosus n gerajeir. [lycts cobbiTue A; cocTouT B TOM, 9TO i-5
M3TOTOBJICHHASI UM JIeTaJIb UMeeT JiepeKT. 3anmucarTh COObITHE, 3aKIII0IAIONIEeCs
B TOM, 9TO:
a) HU OJlHA W3 JieTaJieil He uMeer JedeKTOoB;

1KOH€H penieHnsd njIm JoKa3aTeJIbCTBa.
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6) xoTs1 OBl OJHA JeTajIb UMeeT JedeKT;

B) POBHO OJiHA JleTaJib uMeeT J1edeKT;

r) He Gosiee ABYX JeTaseil uMeIoT nedeKTh;

1) o KpaiiHeii Mepe JiBe JleTaju He UMeIOT 1edheKTOB;

€) TOYHO JBe Jerann nedeKTHBI.

1.6 IlpenomaBaTesib MPOBOJIUT 3aHATHS C TPYIION U3 TpeX CTY/IEHTOB.
CobbiTre A — 1epBbIil CTYIeHT MOTPeOyeT BHIMAHUE [IPEIIOIaBATEIs B TeUEHNEe
qaca; B — BTOpoil crymeHT moTpebyerT BHUMAHUE MPENOJaBATENsl B TEUCHUE
qaca; C — Tperuil crymeHT moTpebyerT BHUMAHUE PENOIaBATeNsi B TEUCHUE
gaca. Uto oznauator cobuitus: a) ABC; 6) A+B+C; 8) AB C+ABC+A BC;
r) ABC+ ABC + ABC; n) ABC; e) A+ B+ C — ABC?

1.7 Cobbitue A — x0T OBl OJHO M3 YETHIPEX UMEIOIUXCS W3JeJIni
6pakoBaHHOE, COObITHE B — OpaKOBAHHBIX U3JEIUI CPEN HUX HE MEHEe JBYX.
YT0 03HAYAIOT IPOTHBOIOJIOKHEIE COObITH A 11 B?

1.8 Cosmectnsl jix cobbitusgs A u AU B?

1.9 JlokazaTb TOXK/IeCTBA:

a) (A +BC)(B+ AC)(C+ AB)=ABC + ABC.

B) (A—-B)+(A-C)=A-BC.

1.10 JlokasaTh, 9To ciemyromue cobbrtus goctoseprsr: a) (A+ B)(A+ B)+
(A+ B)(A+ B);

6) (A+B)(A+B)+ (A+ B)(A+ B).

1.11 Jlokasatb, uro cobuitue (A + B)(A + B)(A + B)(A + B) neBo3MoxKHO.
1.12 YcraHOBUTDH KaKHe U3 CJAEAYIONINX COOTHONTEHUH MPABUIbLHBI:

a) (A+B)\C=A+(B\C(O); n) ABC = AB(B+ C);

6) (A+ B)C = ABC; e) (A+ B)C = AC + BC;
8) A+B+C=ABC; x) ABC C A+ B;
r) (A+B)C=C\C(A+ B); 3) (AB+BC+CA)C (A+B+0C).

1.13 13 rabimip! cirydaiiHbIX Yuces Hayaady BeIOpaHo oaHo uucio. Cobbitue A
— BBIOpAHHOE YUCJIO JIETUTCSA Ha 5; cobbiTe B — JaHHOE YUCI0 OKAHIMBAETCS
HysieM. Yro oznavaror cobbitust A\B u AN B?
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[1aBa 2

Kiaccugeckoe BEPOATHOCTHOE

IIPOCTPAHCTBO

§ 2.1. BeposTHOCTHOE MPOCTPAHCTBO,
KJIACCUYECKOEe ONpeieJIeHnEe BEPOATHOCTH

IIycTh NpOCTPAHCTBO 3JIEMEHTAPHBIX MCXO/0B KOHEYHO, TO €CTh
Q= {w, Wy, ..., n }. IIpu 5TOM BEPOSTHOCTD JIFOGOTO COOBITASA A BHIUUCIISETCS
o popmyie:

N(A)
P(A) = ——, 2.1
(4) = = (2.1)
e N(A) — 9ucio 3JeMeHTapHBIX MCXOJ0B, 00pasylomux cobeitue A,
N = N()) — uncsno Beex sseMeHTapHBIX ncxozioB. Pasercrso (2.1) HasbBaIOT

KJIACCUYEeCKUM OIIpeJieJIeHNeM BepOATHOCTH. /I3 3Toro oupesesenus
JIETKO CJIEJIyET, ITO
M1. P(2)=1 u P(A) > 0 mus soboro nommuoxkecrsa A C
M2. st IOOBIX MOTAPHO HECOBMECTHBIX MHOXKECTB Aj, As, ... BBITOJIHSIETCS
paserctso P(|J;2, 4;) = >, P(A;) (cBoiicTBO O—aiuTHBHOCTH).
BouJtee Toro, o Besikoit byHKINT 3aJaHHON HA MHOXKECTBE OJIMHOXKECTB u3 )
obamaromeit ceoiicrBamu M1 u M2 Mbl B gasibHeiineM 6yaeM TOBOPUTH KakK O
BEpOATHOCTHOH Mepe. B wacTtaOCTH, 13 cBoiicTB M1 n M2 BhITEKAIOT ClIeyIonue
OYEHb TOJIE3HBIE CBOMCTBA BEPOSATHOCTH.

1.P(A) =1-P(A).

2. Ecm AC B, o P(B\ A) =P(B) — P(A).

3.P(AUB)=P(A)+ P(B) - P(AB).

IoxkaxkeMm repBoe paBeHCTBO. [Iocko/IbKY coObITUsI A 1 A He IIepeceKkatoTcs,
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pu 3ToM AU A = Q, 1o, ucrons3ys ceoiicrea M1 1 M2, momygaem
1=P(Q)=P(AUA)=P(A) +P(A),

OTKyJa COOCTBEHHO WM TIOJIydaeTcss Tpedyemoe paBeHCTBO. Jlokarkem BTOpoe
pasencreo. T.k. A C B, to B = (B \ A)|JA. Ilpu srom cobeitust B \ A u
A He IepeceKaloTcs, MOTOMY, UpuUMeHss cBoiicrBo M2, mosyuaem P(B) =
P(B\ A) + P(A), nostomy u P(B\ A) = P(B) — P(A). Tak ke upocro
JIOKa3bIBAETCSl M TPEThe PABEHCTBO. JlJIsi 3TOr0 JOCTATOYHO 3aMETHTH, UTO
AUB = (A\AB)UABU(B\ AB). Muoxecrsa A\ AB, AB u B\ AB nonapso
HE IIEPECEeKAIOTCs, CJEIOBATENIbHO, IpuMeHsisi M2 u BTOpOe COOTHOIIEHUE,
IOy 9aeM

P(AUB) =P(A\ AB) + P(AB) + P(B\ AB)
= P(A) — P(AB) + P(AB) + P(B) — P(AB) = P(A) + P(B) — P(AB).

§ 2.2. DjeMeHTbI KOMOMHATOPUKU

Iycrs umeerca xomednoe muoxkectso S = {ai,as,...,a,}, KoTOpoe Gyuem
Ha3bIBATDH 2€HEPAALHOT COBOKYNHOCTLIO, & IUCJIO €r0 IJIEMEHTOB 1. — 006EMOM
reHepaJjibHOIl COBOKYITHOCTH.

Ompenenenne 2.1. Bbibopkoii obbema k u3 2enepanvrot
COBOKYNHOCMYU  00BEMA N HA3BIBAEMCA YnopadouenHuud nabop u3 k
INEMEHMOE 2enepasvHoll cosokynnocmu St (aj,,a4,,...,a; ). Bubopka
Ha3bl6aeMCs BBIOOPKOW €  BO3BPAIIlEHUEM, ECAU  OHA  MOJHCEM,
codeporcamv  nosmopaowuecs (00UHAKOBE) INEMEHMDI, UAU BHIOOPKOM
0e3 BO3BPAILEHUSI, ECAU BCE €€ INEMEHMbL PASAULHDL.

Hampumep, ceMusnadubIit Homep TestedOoHa MpeCTaB/IsgeT BEIOOPKY 00beMa
7 W3 reHepasibHOH coBoKymHOCTH Ob6bema 10 (kommuectso mudp or 0 o
9). IMockonbKy nudpbl B HOMEPE MOIYT IIOBTOPITLCs, ITO BBIOOPKa ¢
BozBpareaneMm. Ha3zBaHus Tpex KapT, U3BJIEUECHHBIX IO MOPSIKY W3 KOJIOIBI,
00pa3yroT BEIOOPKY 0e3 Bo3BpalleHust 00beMa 3 U3 TeHEPATHHON COBOKYITHOCTH
BCEX KapT KOJIOJBI, HanpuMep: (Ty3 Tped, Ty3 6ybeit, nama MuK).

SamMernmM, 4TO Ha3BaHUs <«BbIOOPKa C BO3BpAIllEHHEM» M <«BbIOOpKa 0Oe3
BO3BpAIIEHNUSI» OTPAXKAIOT IIPOIECC WM3BJICUYEHUs] BBIOOPOK W3 TI'eHEePaJIbHOMN
COBOKYITHOCTH: U3BJIEKAsl 110 TOPSIKY KaXXIbIil 3JIEMEHT BBIOODKHA C
BO3BpAIlleHNEM, MbI €ro OTMEYaeM ¥ BO3BpAIlaeM B T'€HEepPaJbHYIO
COBOKYIHOCTh. Ilpu wu3BiederHnn BBIOOPKH 03 BO3BpAIEHUs, 3JIEMEHTDHI
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B TEHEPaJIbHYI0O COBOKYIHOCTH He Bo3Bparmaiorcs. g Bweibopku 6e3
BO3BpAIIEHNUs] PACIHPOCTPAHEHO W JIpyroe HA3BAaHUE: pPAZMEWEHUE U3 TN
anemenmos no k. BeIDOPKY ¢ BO3ZBpAIEHUEM HA3BIBAIOT TAKIKE PA3MEULLHUAMU
€ NOBMOPEHUAMU.

Teopema 2.1. Yucao Bcex BbIOOPOK C BO3BPAIIEHUEM (UAU YUCAO
pasMewenuti ¢ NOEMOPeHUAMY) U3 T dAeMenmos no k oboznawaemcs BE u
BHIYUCAAEMCA POPMYNOTL:

BF =nk. (2.2)
Yucsio Bcex BbIOOPOK 0e3 BO3BPAIEHUS (UAU HUCAO PA3MEULEHUT) U3 N
anemenmos no k obosnavaemea A% uau nlFl u evvucasemes no gopmyae:

n!
(n— k)

JokazaTenabcTBo. 3Bjedyenne BHIOOPKHU U3 T€HEPAIbHON COBOKYITHOCTH
MOXKHO IIPEJICTABUTH KaK IPOIECC 3AMMOTHEHUS CJIEAYIONEN TaOUIThL:

AR —pll = (n—1) - (n—k+1) = (2.3)

| a5, | gy | Ajs | | Ajr 1 | gy |

ITpu 3TOM, ecyiz peub UAeT 0 BEIDOPKE C BO3BPAIIEHUEM, TO IIEPBYIO KJIETKY
Tab/IMIBl MOYXKHO 3aIOJIHUTH 7. CIIOCODAMHU, MOCKOJIBKY Ha MeCTe 3JIEMEHTa
@j, MOYKeT OKa3aTbCd JII000H U3 7 3JIeMEHTOB I'€HepaJIbHOW COBOKYIIHOCTH;
BTOPYIO KJIETKY TaKKe MOXKHO 3aIOJIHUTB 7 CIOCODAMHM, IOCKOJIBKY IJIEMEHT
aj, W3BJEKAeTCA U3 IOJHONW TeHepaJbHOM COBOKymHOCTH. Takmm ob6pasoM,
9UCJIO CITIOCOOOB, KOTOPBIMU MOYKHO 3AIIOJHUTH IMapy U3 JBYX EPBBIX KJIETOK,
paBHO N - n = n?. PaccyXmas aHAJOTHTHO, MOXKHO CKAa3aTh, ITO TPU KJICTKH
3AMOJHSIOTCS n° crocobaMu, a BCs Tabiamina n3 Kk KIETOK MOMKET ObITh
3alI0JTHeHA YHCIOM CIOCO60B, paBHBIM n¥. DTo U ecTh YHCIO0 BCEX BBHIOGOPOK
¢ Bo3BpailenneM. BoiBesiem Ternepsb BTopyio dopmyiy. Ilockosbky pedb ujier o
BBIOOpKE 0€3 BO3BPAIIEHHUs, TO MEPBYIO KJETKY TAOJUIIBI MOYKHO 3AIIOJHUTH 7
crrocobaMu; BTOPYIO COOTBETCTBEHHO N — 1 crtocoboM, T.K. 3JIEMEHT, KOTOPBII MbI
[TOCTABUJIN B IIEPBYIO KJIETKY UCIIOJIH30BATHCS y2Ke HE MOXKET U T.J[. U, HAKOHeII,
k-y1o KJIeTKy TabJuIbl MOXKHO 3amoHuTh N — k 4+ 1 crmocobamu. Ilockombky
KaXKJIbIit CII0co0 3ammosiHenns: 1-0if KJIeTKU CBODOOIHO KOMOUHUPYETCSI CO BCEMU
crrocobaMu 3aIoJIHEHUsT 2-0#f KJIETKM ©U T.J. A0 k-Off KJIEeTKH, TO IOJIydIaeM

Ab=nn—-1)...(n—k+1)= 2% <

ITpumep 2.1. Cayuatinsili IKCNEPUMENM COCTNOUM 6 NPOU3BONDHOM
pasmewernuy, k- pasaunumwxr wapos no n awuxaem (k< n).
IIpednonazaemca, wmo KaxHcobill Wap CAYYAUHO U PABHOBO3MONCHO MOAHCEM,
okazamuvca 6 arobom auyuke. Hatimu eepoamuocms mozo, wmo 8 pe3yavmame
IKCNEPUMEHTNA 8CE WAPYL OKAHCYMCA 8 PASHHL AUUKAL.
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Pemrenue. 3anyMmepyeM Bce sIUKA U MHOYKeCTBO HOMepoB S = {1,2,...,n}
OyJeM CcUMTaThb I'eHepaJbHOl COBOKYIHOCTHIO. CJlydaiiHBIN SKCIIEPUMEHT II0
pasmernenuto k mapos (OymeM cddTaTh, 9TO OHU TOXKE 3AHYMEPOBAHDI)
MOXKHO IIPEJICTABUTH KAK W3BJIEYEHUE BBIOOPDKM OObeMa k U3 TeHepasbHOI
COBOKYIHOCTH OObeMa n: 3Ta BBIOOPKA COCTOUT M3 HOMEPOB SIIIUKOB,
[peHA3HAYEHHBIX U1 KaXKI0T0 13 k mapoB. IIoCKOMbKY KaXKIbIi m1ap MOXKeT
M3HAYAJIBHO OKAa3aThCs B JIIOOOM SIIIUKE, TO HOMEpa SIIMUKOB JJIsi PA3HBIX
MAapoOB MOTYT MOBTOPSTHCSI, CJIEJIOBATENILHO, BBIOOPKA, MPEICTABJISIONIAS
KAXKJIBIH 3JIEMEHTaPHBIA UCXOJ] OMUCHIBAEMOIO SKCIEPUMEHTa, €CTh 6b00pKa ¢
so3epaweruem obbeMa k W3 reHepaJibHOI CcOBOKymHOCTH obbema n. Obriee
YICI0 BCEX 3JIeMEeHTapHBIX McxoaoB pasio N = N(Q) = BF = nk
Cobbirre  A={Bce mapbl OKaXKyTCsl B PA3HBIX SIIUKAX} OOPA3yeTcsi TAKUMU
9JIEMEHTAPHBIMU HMCXOJIAMU, TPH KOTOPBIX HOMEpa SIIUKOB JJIsi Pa3JIMIHBIX
[IAPOB JIOJIZKHBI OBITH PA3JIMYHBI, CJIEJOBATEILHO, COObITHE A eCTh MHOXKECTBO
Bcex BBIOOPOK 6e3 6o3epawsenus u3 n aeMeHToB o k . Vx uncio N(A) =
AF = nlFl| Torma seposiTHoCTh COGBITHE A paBHA

M Aﬁin[k]7n-(n—1)~-~(n—k+1)

PA == =B =W~ o

Sajada, paccMOTpeHHash B STOM IIPUMEpE, SIBJSETCs MOJIEIbHON, WU
9TAJIOHHOI, B TOM CMBbICJIe, YTO Ha SA3BIK 3TOH 3a/Ja4d MOXKHO II€peBECTH
MHO2KECTBO JAPYI'UX 3aJ/ia4 C MHBIM KOHKDETHBIM COJlepzKaHueM, U TOrJa OTBeT
CTAHOBUTCS OYEBHUIHBIM.

IIpumep 2.2. Cayuatinwd sKcnepumenm cocmoum 6 4emuvlperkpammHoMm
nodbpacvisaruy uepasvroli xocmu. Hatimu eepoammocms mozo, wmo wucaa,
NOABUBWUECA WA GePITHEN 2panu, 60 6Cer wembvipexr Opocanusr 6ydym
DASAUEHDL.

Pemenne. CyTb sKCIepUMEHTA HE U3MEHHTCs, €CJIM BMECTO YeThIpex
OpocaHmii OJHOI KOCTH TOAOPACHIBATH IMOOYEPETHO UYEThIPE PA3JINIHBIE
koctu. Torma ycjooBusi m BONPOC 3aJa9YU CTAHOBSITCS IOJHOCTHIO UIEHTUIHBI
paccMOTpeHHBIM B mpuMmepe 2.1: KOCTH COOTBETCTBYIOT IIapaM, a dJucjIa Ha
BepxHell rpanu — HOMepaM AMmuKoB. J[J1s1 HaIero ciaydas duciio mapos k = 4,
YUCJIO0 ANUKOB 1 = 6, 8 BEPOATHOCTb MHTEPECYIOIIEro COObITHSI paBHA

64 6.-5-4.3 5
6+ 64 18
Omnpenenenne 2.2. IlepectaHoBKOII M3 N 3JEMEHTOB HA3BIBAETNCA

evibopka 6e3 6o3spawehus, o00Bem Komopol coenadaem ¢ 0bseMOM N
2EHEPANDHOT COBOKYNHOCTIU.

P(A) =
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TepmuH «mepecTaHOBKa» OTparkaeT TOT (akT, UTO H3BJIEUEHHE JIOOOM
BBIOOpKM 0€3 BO3BpallleHUs 00beMa 7 U3 TeHepabHOM COBOKYITHOCTH TOTO
Ke 00beMa 7 PaBHOCUJILHO BBICTPAMBAHUIO BCEX 3JIEMEHTOB T'€HEPaJbHOMI
COBOKYITHOCTH B OIIPEJIEJIEHHOM IOPsiIKE, TO €CTh HEKOTOPOI IepeCTaHOBKE,
WU YHOPSIIOYEHNIO, TeHePATbHONU COBOKYITHOCTH.

Crnencreue 2.1. Yuciio Bcex MEPECTAHOBOK U3 N IAEMEHMOG
obosnavwaemes Py u evivucasemces Gopmyaoi:

Pn =nl! (2.4)
JlokazaresbCcTBO BbITEKaeT u3 paseHcrs: P, = Al =n-(n—1)---2- 1.

IIpumep 2.3. 10 wxnue, cpedu KOMOPHIT UMEEMCA MPETMOMHUK
A. C.IIywkuna, caywatinvm obpazom cmasam na noaxy. Kaxosa eeposmmocmo
mozo, umo mpu moma A.C.ITywkuna okadxtcymes cmoswums padom: a) 6 ux
ecmecmeennom nopadke; 6) 6 arobom nopsdke.

Pemtenue. DieMeHTApHBI — MCXOM,  CIYYAHOIO  SKCIEPUMEHTa  —
paccranoBka 10 KHUI B OIpEJEJEHHOM IIOPHAJIKE — €CTh, OYEBHJIHO,
mepectanoBka u3 10 3yemenToB. YHCIO BCeX 3JIEMEHTAPHBIX HCXOJIOB
paBHO gucity nepectanoBok N = 10!, u 0 yCJIOBUIO BCE 3JIeMEHTaPHBIE UCXObI
PaBHOBO3MOKHBI.

a) O6osHaunM uHTepecyromee Hac cobbitie: A={tpu Toma A.C.Ilymxunna
OKaXKyTCsl CTOSIIIAMH DPsiZIOM B €CTECTBEHHOM Topsizike }.UTo6BI mojcuuTarh
YUCJI0 TIEPEeCTAHOBOK, 0o0paldymoonmx coObiTHe A, 3aMeTHM, 9TO yKa3aHHBIE
TPU TOMa MOYXKHO PacHojIoKUTh Ha 10 MecTax B €CTECTBEHHOM IOpsAJKE 8
crocobaMu, a WMEHHO: pacrojiaras HepBbIii TOM Ha JOOOM Mecte ¢ 1-TO
mo 8-if, a BTOpPOM W TpeTuil — PAAOM BCJIeI 3a NepBbIM. Kaxkmprit m3 8
c110cO60B PACIIOIOXKEHNS TPEXTOMHUKA MOXKHO COYETaTh C JIOOBIM CIIOCOOOM
pPacCTAHOBKHU OCTAJIbHBIX CEMH TOMOB Ha OCTABIIHUXCS 7 MECTaX, YTO MOXKHO
cresaTh 7! cocobamu (MUCII0 IepecTaHOBOK U3 7 3jeMeHTOB). Takum o6pasom,
obrmee ancyio nepectanoBok u3 10 kuur, B KoTropbix Tpu Toma A.C.Ilymkuna
CTOAT PSIJIOM B €CTECTBEHHOM T0psiike, paBuo N (A) = 8-7! = 8!, a BeposiTHOCTD
N 8 1 1

N 100 9-10 90

6) Ecim mac wunTepecyer cobbitme B={tpm Toma A.C.Ilymxuna
OKAaXKyTCsl DsJIOM B [POU3BOJBHOM IOPAJKE}, TO UHUCIO IEPECTAHOBOK,
peanu3ytomux 310 cobbitrie paHo N(B) = N(A) - 3. B camom nere,
U3 KaxKJIOf MmepecTaHoBKH, peajusyomieil codbitue A, MOXKHO TOJIYyYUThH 3!
Pa3/IMYHBIX [IEPECTAHOBOK, Pean3yomux coobiTue B, nmepecrasiidas Tpu Toma

cobbrtust A pasna P(A) =
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A.CIHymkura (1,2,3) wmexmxy coboit 3! cnocobamu. Torma BepOSITHOCTH
cobbiTust B paBHa:
N(B) 8'-3° 3-2-1 1
N 100 9-10 15
Omnpenenenne 2.3. CoyeTaHUAMH U3 N 3J1eMeHTOB 110 K nasviearomen
8v00pKY 63 8036PAWEHUA 00BeMA k U3 2EHEPAALHOT COBOKYNHOCTNU 00BEMA N,

P(B) = <

Pa3AUHAIOUWUECA AUWD N0 COCTNABY INEMEHTTOB.

[MockosibKy It coYeTaHWsl MOPSIOK PACIOJIOXKEHUsI €ro SJIeMEHTOB
3HAYEHUs] HE WMEEeT, TO MOXKHO CKa3aTb, UTO COYETAHWs M3 N SJIEMEHTOB
mo k ectb BceBO3MOXKHBIE k-daemenmuvie N0OMHOIICECTNBG TEHEPAJbHON
COBOKYITHOCTH 0O'beMa n.

Teopema 2.2. Hucso codeTanmii u3 n asemenmos no k obosnavaemcs

CF wau (}) u evvucasemes dopmyaoti:
A plFl p (1) (n—k+1) n!
E_ (ny = _n - = ==
C"_(k)_Pk k! k-(k—1)---2-1 k- (n— k) (25)

HokazarenbcrBo. 0603HauUnM depe3 X MCKOMOE YUCJIO BCEX COYETAHUM
u3 n sjgemeHToB 1o k. U3 Kaxkgoro coderaHwus, IIyT€M BCEBO3MOXKHBIX
[IEPECTAHOBOK €r0 3JIEMEHTOB, MOXKHO MOJIYIUTh Py = k! pasindubix BHIOOPOK
6e3 BO3BPAIIEHNUS C TAHHBIM COCTABOM 3JIeMEHTOB. 1IpojiesiaB 9To ¢ KaxKJIbIM 13
X codeTanwuii, Mbl TIOJIyIUM, OUYE€BUIHO, BCE BHIOOPKHU 063 BO3BPAIEHU 00beMa
k w3 reHepabHOIl COBOKYIHOCTH obbema n. MHawde TOBOps, CIPaBEITUBO
coornomrenne X - P = A¥ w3 xoroporo maxomm:

Ak B n ¥l

<

Bripaxenns CF = (1), zajzaunmble pasercrsamu (2.5), yKe BCTpedasnch

YUATATENIO B KypCe BBICIIEl MaTeMaTHUKH, HAIPUMED, B U3BECTHOI (opMysie

ounoma Hprorona:
n

(a+b)" = Cka*pn=*.
k=0

Hostomy Bbipazkenuss  CF = ()  Ha3bIBAIOTCH  OUNOMUGALHBIMU

n
rxoappuyuenmanmu. Huzke TPUBOIATCS HEKOTOPBIE CBOMCTBA OMHOMHUAJILHBIX

K03 DUIMEHTOB, KOTOPbIE OBIBAIOT MOJIE3HBI IIPU BHIYUCICHUSIX.
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CaoiicTBa GMHOMHUAJIBHBIX KO3 (PUIIMEHTOB

1. C%9=C" =1 (nosaraioT M0 ONPeJIeTCHHIO).
9. Ck = Cnk,
3. Ck=cCr1 0k .
4. S Ch=C0+Cl+--+Cn =2
k=0

CaoiicTBa 2, 3 MOXKHO JIOKA3aTh, II0JIb3YsCh paBeHcTBamu (2.5), a CBOHCTBO
4 mosyaaercsa u3 dopmysabl 6unoma HpioTona, ecim B Hell MOJOXKHUTDL @ =
b = 1. Ecim Benomunth, uto kodddumument CF  Boramenser wmeno Beex
k-3J1eMEHTHBIX IIOJIMHOX>KECTB MHOYKECTBA, COCTOSINEr0 M3 7 IJIEMEHTOB, TO
u3 CBO#CTBa 4 BBITEKAET, UTO WUCAO GCEL NOOMHOHCECTNG N-INEMEHTHOZ0
MHO0cecmBa pasgHo 2™.

IIpumep 2.4. (Vpuosas cxema) B ypne n wapos, HEPASAUNUMBLT
HAOWYN®, u3 HUT Ny — wephux, (n — ny) — beawx. Hayead useaexaromes
k wapos (6es sozepawenus). Hatimu eeposmmuocms moz0, wmo cpedu HUT
okaorcemes k1 wepnox u (k— ki) Geawx.

Pertenne. DjeMeHTAPHBIN HCXOJ, OMICAHHOTO YKCIIEPUMEHTa — BBIOOPKA
06e3 Bo3BpalleHus u 0e3 uHTEpeca K TMOPAJKY IapoB B BBIOOpDKE, T.e.
— coueranue w3 n 110 k. PaBHOBO3MOXKHOCTH 3JIEMEHTAPHBIX HCXOJOB
obecrieunBaeTcss TEeM, 9TO IMapbl B ypHe HepazaumduMbl. CiieoBaTeIbHo,
NPUMEHMMO  KJIACCHYIECKOe —ompejejieHne  BepostHoctu. O0Imee  4ucyo
amemenTapuex ucxonop N = N(Q) = CE. Beemem cobmitme Ay, =
{cpenu BRIGpaHHBIX MAapoB OKaxkercss ki depHbix u (k — k1) Gesbix}. Torma
N(Ag,) = Ck - Cﬁ:ﬁll. B sroit dopmyse nepsbiii comnoxurens CE! — sro
9UCJI0 CIIOCOOOB BBIOpATh ki UEpHBIX IMApOB M3 N1, HUMEIOIIUXCS B YPHE,
a BTOpOIA CS:Z? — gucso cnoco6os BeiOparh (k — k1) OesbIX mMApoB u3
umeronuxes B ypae (n — nq). [HockoJbKy KaxKiaplii croco® BbIGOpa YepHBIX
MMapoB MOXKHO COYETATH C KAXKJIBIM CIIOCOOOM BBIOOpa OesIbIX, 00Iee Uucyio
croco6oB BhIGOpa KOMOuHaImu «k; wepHbix u  (k — ki) Genbix» paBHO

yKazaHHOMY mpousBefennio. OTciona HaXoMuM

N(Aw) _ Chi-Chip

P(Akl ) = N CF

< (2.6)

3anada, pazoOpaHHas B 9TOM IIPHMepe, TaKKe ABJdeTce dragonnoi. Hirxe
IPUBOAUTCA IPHUMEP AHAJOIHMYHON 3amadu, chOPMYIUPOBAHHON B APYTHX
TEePMUHAX, HO C OTBETOM, COBHAAAONM ¢ (2.6)
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§ 2.3. Pemnienne TUNoBBIX IPUMEPOB

Ilpumep 2.5. B napmuu us n usdeauti k 6parxosarnovir. Onpedesumo
BEPOAMHOCMD MO20, YMO CPEU BLIOPAHHIT HAYIaAwY 0AA NPOSePKY M u3deaudi
Po6HO | oxascymces 6paKosaHHbLMU.

Pemtenne. Ywucio BOBMOXKHBIX CIIOCOOOB B3dATh M U3JEAUIl U3 N paBHO
C)". BnaronpuaTCTBYIONUMA fABJIAIOTCA CIydYad, KOIJa U3 OOINEro Yucia
OpakoBaHHBIX H3Je/uit B3sATo | (310 MONKHO cremats Cf crnocobamu), a
ocTaJibHble M — | u3tenit HeOpaKOBaHHBIE, T.€. OHU B3ATHI U3 ODINEro 9ucC/ia 1 —
k (xommuecTBO €OCOGOB PABHO Cgl:kl). IlosToMmy mcI0 6JIATONIPUATCTBYIONIAX

CJIy4aeB PABHO C,lC Cgl:kl. Torma nckoMasl BEpOSITHOCTD OyJIeT paBHA

1 ~ym—I1
P = Ck n—k
o

Samernm, uYro HAOOp BepodTHOCTEH pp, [ 0,...,k, Ha3BIBAIOT

TUIEepPreoMeTPUYeCKNM paclperesieHueM. \/

IIpumep 2.6. Bpocaromcsa dse uepanrvrvie kocmu. Kaxosa eepoammnocmo,
YMO CYMMA BLINAGUWUT 04K08 deaumcs Ha 67

Pemrenue. IIpocTpaHCTBO 3JIEMEHTAPHBIX UCXOJ0B — MHOXKeCTBO ) =

{(é,5) : i = 1,...,6, j = 1,...,6} Bcex yuopamodenunix nap uucen (i,j),
e ¢ W j UPUHUMAIOT HE3aBHCUMO JPYT OT Jpyra IeJble 3HAYEHHS OT
1 mo 6. Crajo 6BITh, umcno Beex Takux map N = N(Q) = 62 =

36. EcrecTBEHHO IPEIIIOIOXKUTH, YTO 0D WIpajbHblE KOCTH HIEHTHYHBI U
CUMMETPHUYHBI, [IO3TOMY BCE 3JIeMEeHTapHbIe NCXO0/Ibl PABHOBO3MOKHBI, a 3HAYUT,
IPUMEHUMO KJIaCCUYecKoe oupezenenune seposraoctu (2.1). Oboznauus uepes
A = {cymma BbIaBIIMX OYKOB Jeiaurcd Ha 6} uMHTEpecyiomiee HAC COOLITHE,
JIETKO TIEPEYUCIIATD BCE JIEMEHTAPHbIE UCXObI (1, j), obpadyiomue A:

A={(1,5); (2,4); (3,3); (4,2); (5,1); (6,6)}.
Takum o6pazom, N(A) =6, u cienoBaTeibHO,

Py YA _ 5 1
N 36 6
IIpumep 2.7. Konoda uepasvroix kapm (52 aucma, 4 macmu no 18
Kapm 6 Kaotcdoli) muamenvno nepemacosana. Haydawy bepym 6 xapm (6e3
so3epauserus). Onucams NPOCMPAHCMBO IAEMEHMAPHHIT UCT0008, 4 MaKHCe
HAUMU BEPOAMHOCTD MO20, YMO CPedu, IMUL KaPM.:
a) oKadHCeMes KOPOAL NUK;
6) 6ydem posno 5 Kapm 00HOU macmu.
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Pemrenue. DjieMeHTapHbBI UCXOJ[ CIIyYallHOIO SKCIIEPUMEHTa — BBHIOOPKA
6e3 Bo3Bpalenus obbema 6 U3 reHepabHOI COBOKymHOCTH obbema 52. Tak
KaK B OIMCAHUHU WHTEPECYIOINX HAC COOBITUI MOPSIOK JIEMEHTOB BBIOODKH,
TO €CTh MOPSJIOK PACIIOJIOYKEHNS IEeCTH BBHIOPAHHBIX KAaPT, POJIX HE UTPAET, a
BasKeH JIMIIb COCTaB BBIOPAHHBIX KapT, TO MOYXKHO CYUTATDH, YTO IPOCTPAHCTBO
9JIEMEHTAPHBIX UCXOH0B ) COCTABJISAIOT BCEBO3MOYKHBIE COUETaHUs U3 52 1O
6. [TockouibKy KOJIO/1a ObLIA TIIATEIHHO IEPETACOBAHA, TO MOXKHO CIUTATH BCE
3JIeMEHTapHBbIE MCXO/bl PABHOBO3MOXKHBIME. X ob6mee ancio N = N(Q) =
cs,.

a) O6osnaunB A={cpe/u BbLIOPAHHBIX KAPT OKAXKETCs KOPOJb MUK},
HaXOJIAM

Ct-Cy 1-51-50-49-48-47-6! 3

P(A) = = ==
A ==Gs, ~ 5525150 49 4847 ~ 26

6) OGosmauass ~ B={cpemu BBIOpAHHBIX KApT OKAaXKeTCS D OJIHOM
MAaCTH}, MPEJCTABUM 3TO COOBITHE B BHUJE CYyMMbI IIOMAPHO HECOBMECTHBIX
cobpiruit: B = By + By + B3 + By , — e Bi={cpeiu BbIOpaHHBIX KapT
okaxkerTcst poBHO 5 nuk}, Bo={cpeau BbIOpAHHBIX KapT OKAXKETCd POBHO 5
tped}, u r.a. Torma

N(B) = N(B1) + N(By) + N(Bs) + N(By) = 4N(B,)

N(B) _ N(By)
N N
Hust maxoxnenust P(Bj) Mbl ucmnosib3yeMm TOT BakT, U9TO MsITh THKOBBIX
KapT U3 KOJIOABI MOXHO BbIOpaTh CPy crocobamu, B TO BpeMs KaK OJHY
HEIMKOBYIO KapTy MOxHO BbIOpaTh Ciy crocobamu. Bce crocobbl BeIGOpa
MIATH TUKOBBIX KapT CBOOOIHO KOMOMHHPYIOTCS CO BCEMHU CIOCODAME BBIOOpA

P(B) =

= 4P(By).

OJITHOIl HEIMKOBOM, CJI€J0BATENILHO, YNUCIO BCEX CIIOCOOOB BHIOOPA MIECTU KapPT
U3 KOJIOJIbI, CPE/IN KOTOPBIX POBHO MATH MUKOBLIX, paBHO (75 - Cag.

Cp3-Chy  13-12-11-10-9-39-6!
CS  5!-11-52-51-50-49-48 - 47’
13-12-11-10-9-39 - 6!
51-11-52-51-50-49 - 48 - 47

P(By) =

P(B) =4 ~ 0,0099.

§ 2.4. 3Bagadu AJisi CAMOCTOSTEJILHOTO PeIleHus

2.1 B kop3uHe nATh KPACHBIX W UETHIPE 3eJieHbIX siOsioka. Hekto Geper
Hayraj, Tpu s610Ka. HallTn BEpPOSITHOCTH: &) TOrO, UTO CPEU BBIHYTHIX TPEX
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sI6JI0K GyJ1eT POBHO J1Ba 3eJIeHbIX; 0) He GoJiee JBYX KPACHBIX; B) IO KpaiiHeil
Méepe OJIHO 3eJIeHO€; ') He MeHee TPEX KPACHBIX.

2.2 Ky0, Bce rpanu koToporo okpairiensl, pacuouies Ha 1000 KyOUKOB 0OTHOTO
pa3mepa. OmnpenenTh BEPOATHOCTh TOTO, UTO HAYJIAdy W3BJICUCHHBIN KyOHK
OyJeT UMeTh POBHO J[B€ OKpAIIeHHbIE IT'PAHHU.

2.3 B Jjorepee paswirpeiBaercss 1000 6mieroB. Cpeau HUX JIBa BBIUI'PBIIIA
mo 50 py6., 5 mo 20 py6., gecars - mo 10 py6. mw 25 - mo 5 py6. Hekro
nokynaer ojun 6user. Haiitu BepogaTHOCTD: a) BuMrpbinia He Menee 20 pyo6.;
6) KaKoro-aubo BHIUTPHIIIA.

2.4 Ha mecrun xaproukax nammcanbl OykBel B, I, 3, O, V¥V, X. Ilocie
[I€EPETACOBKH BBIHUMAIOT HAyTaJ| OJHY KapTOYKY 3a JAPYTroil u:

a) PaCKJIAJBbIBAIOT UX B TOM IOPSJIKE, B KAKOM OHU ObLIN BBIHYTHI;

6) Kaxkjasd u3 OYKB Ha BBIHYTOH KAPTOYKE 3aIlMCHIBAETCSH, & caMa KapTodKa
BO3BPAIAETCS B KOJIOIY.

HaiiTi BeposiTHOCTB TOTO, UTO MOJyIUTCS CJIOBO "BO3myx".

2.5 Pebenok urpaer ¢ 10 6ykBamu paspessoit azoyku: A, A, A, E, I, K, M,
M, T, T. KakoBa BEpOSTHOCTH TOT'O, UTO MPHU CJIYIANHOM PACIOJOKEHNN OYKB
B psig oH mojryuuT cjioBo MATEMATUKA?

2.6 B ymdT 9-3TakHOTO J0Ma HA IEPBOM dTaXkKe BOILIN 5 YesoBek. 3BecTHO,
9TO KaXKIbIil M3 HUX C PABHOW BEPOATHOCTHIO MOYKET BBITH Ha JIIOOOM u3
ITazkeit, HaUMHAsT cO BTOporo. Haiitu BeposiTHOCTH TOTO, YTO:

a) BCe IATePO BBIAYT Ha ISTOM ITAXKe;

6) BCe mATEPO BBIALYT OJHOBPEMEHHO (HA OJJHOM M TOM YKe JTarKe);

B) BCE LATEPO BBIALYT HA PA3HBIX ITANKAX;

') Ha OEePBBIX TPEX 9TarKaxX HEe BbIAJET HU OJUH YeJIOBEK;

1) BCe IACCAXKUPBI BBILYT HA NEPBLIX MIECTH ITAKAX;

€) Ha OHOM 3TazKe BBIHYT TPH MACCAKUDA, & HA IPYyTOM JBa’

2.7 KakoBa BEpPOATHOCTH TOrO, YTO B YETHIPEX3HAYHOM HOMEDPE CJIyYaiiHO
BBIOPAHOTO B OOJIBIIIOM TOPOJIE ABTOMOOUJIS:

a) Bce 1udpbl PA3HbIE;

6) JBe mapbl OJIMHAKOBBIX UMD;

B) TOJIBKO J[B€ OJMHAKOBBIE IUMDBHI;

') TOJIBKO TPU OJIMHAKOBBIE IU(DDHI;

1) BCe I Pbl OIUHAKOBBIE;

€) cyMMa JByX IEpBbIX 1udp paBHa cyMMe JABYX nocjaegaux mudp?

2.8 B amuke 10 xkpacubIx u 6 cuaux myrosur]. KakoBa BeposiTHOCTb TOTO, YTO
JIBe HAY/ATy BBIHYTBIE IIyTOBUILI OYILYT OJHOIBETHBIMIU!

2.9 U3 kosomel kapr (52 Jmera) Haygady BBIHIMAIOTCS TPU KapThl. Haiitu
BEPOATHOCTD TOT'O, YTO:

a) Cpeli HUX OKAXKeTCsl POBHO OJUH TY3;
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6) cpe/l HUX OKaXKeTCsl XOTd Obl OJUH TY3;

B) 910 OyyT TPOHKa, ceMepKa U Ty3 (B JH000OM MODSIIKE).

2.10 VY4YacTHUK JIOTEPEU <«CIOPTIOTO» m3 49 HanMeHOBaHWII BUJOB CIIOPTA
Ha3bIBAET II€CTh. BBIUIPHINT ONpEIEIsIeTcs TeM, CKOJIHKO HANMEHOBAHWII OH
yrajiaj u3 IIeCTH JIPYI'uX HANMEHOBAHUI, KOTOPBIE OIPENENAIOTCH B MOMEHT
PO3BITPHINIA JIOTEPER C IOMOIIBIO CIEIMAJIBHOIO YCTPOUCTBA, PEAIHIYIONIETO
ciaydaiiablii BbIOOp. C KakOll BepOSITHOCTBIO YYaCTHUK YIraJlaeT BCe IIeCThb
HanMmeHnopanuii? Ilare HanMenoBanuii u T.1.7

2.11 U3 xousozapl kapt (52 jmcra) HAyjady U3BJIEKAIOTCA TpU Kaprhl. Hafitu
BEPOSITHOCTB TOT'O, 9TO ITO OYAYT TPOUKA, CEMEPKa, TY3.

2.12 U3 28 xocreit JOMUHO CIyYaiiHO BhIOMpaioT jBe. HaiiTu BepoSTHOCTH
TOr0, YTO U3 HUX MOXKHO COCTaBUTDH «IIEIIOYKY» COIVIACHO IIPABUJIAM UIDHI.
2.13 Hmeercsa ngTh OTPE3KOB, JJIUHBI KOTOPBIX PABHBI COOTBETCTBEHHO 1, 3,
5, 7 u 9 equauriam. OnpeseuTs BEpOATHOCTH TOTO, 9TO C MOMOIIBIO B3SITHIX
Hay[ady TPeX OTPE3KOB U3 JAHHBIX IISITH MOXKHO IIOCTPOUTH TPEYTOJbHUK.
2.14 U3 jecaru OmjIeTOB BBIUTPBINIHBIMU SIBJISIIOTCS  JBa. OIlpenenuTb
BEPOSITHOCTH TOTO, UTO CPEJIU B3STHIX HAYAATy MATH OMJIETOB: a) POBHO OJUH
BBIUTDBIIIHGI; 6) POBHO JBa BBIUIPBINIHBIX; B) XOTs ObI OJMH BBIUTDBIIIHBII.
2.15 Ha mosike B cIy9aifHOM TOPSJIKE PACCTABJIEHO N KHUT, CPEIN KOTOPBIX
maxomurca asyxtomuuk JI.  Jlommoma. llpenmostarast, d9rTo pas3jamdHble
PACIIOJIOXKEHUST KHAT PABHOBEPOSATHBI, HAMTH BEPOSATHOCTH TOrO, YTO 006a TOMa
PACIIOJIOZKEHBI PSIIOM.

2.16 DBpocaerca 6 wurpanbHbXx KocTeii. HallTu BeposTHOCTH CJIEIyIONTIAX
cobprruit: A ={BbinaayT 3 exuHunpBl, ABE TPOHiKU U OnHA Hecrepka}, B ={BbI-
najyT pasable nudpbl}, C ={BbIIaIyT TPU OJUHAKOBLIE TUQPHI }.

2.17 52 kaprhl pa3JaTcs YeThbipeM urpokaM (kaxkaomy no 13 kapr). Haiiru
BEPOSATHOCTH CJlefyromux coObrtuit: A ={kaxzpii urpox mosyunt Ty3a},
B ={omuu u3 urpokos moayuut Bce 13 kapr ommoit mactu}, C' ={Bce Ty3bI
HONA/YT K OJHOMY U3 UI'DOKOB}.

2.18 OpuH MKOJBHUK, 2KeJIas MOMAITYTATh HAJI CBOMMHU TOBAPUIIAMHI, COOPAJT
B rapjiepobe Bce MajbTo, a MOTOM Pa3BeCHJ UX B CaydaiiHoMm mopsinke. KakoBa
BEPOSATHOCTD P, TOI'O, YTO XOTs OBI OJIHO IAJIBTO IIONAJIO HA IIPEKHEEe MeCTO,
€CJIM BCEro B rapiepobe n KPIOYKOB U Ha HUX Buceso n najbro? Haiitu mpemen
Dy, IPH N — 0OO0.

2.19 B kyneiinbiii Baron (9 kyme mo 4 mMecra) ceMu MACCAKUPAM IIPOJIAHO
ceMb OmeroB. HaiiTu BepOSTHOCTH TOT0,9TO OKA3AIUCH 3aHSATHIMU:

a) POBHO JIBa KYIIE; 6) POBHO TpH KyTie

2.20 8 CcTYIEeHTOB, JOTOJHUTEIHHO 3a9UCIIEHHBIX B YHUBEPCUTET, CJIYJalHBIM
00pa30oM paclpesessioTCs 10 4YeTbipeM rpynnaMm. HaiiTm BepoATHOCTH TOrO,
qT0:
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a) B KayKIyIO TPYIILY [OHayT 10 2 CTYIEHTA;
6) BCe OKAXKyTCsl B OJHOI I'DYIIIE;
B) 110 4 CTYJEHTA IIONALYT B JBE TPYIIIbL.
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[1aBa 3

I'eomeTpuyeckasi BEpOSITHOCTD

B reomerpmueckoil BEpOATHOCTHONH MOIENIM HPOCTPAHCTEO 3JIEMEHTAPHBIX
ucxonos 0 C R?  ecTb HEKOTOpOE MOIMHOXKECTBO (-MEPHOIO €BKJIHIOBA
npocrpancTa RY, mMeromee Koneunsiit Hemysesoit oower U(Q) (B wactHOCTH,
npu d = 1 3TO MOJAMHOXKECTBO JAeHCTBUTEIHHON MPIMOil, IMEIOIee KOHEIHYIO
JiauHy; upu d = 2 9TO TOJAMHOMKECTBO MJIOCKOCTH, HUMEMINee KOHEIHYIO
IJIOIIAIb; TPK d = 3 3TO MOJMHOXKECTEO TPEXMEPHOTO TPOCTPAHCTBA, IMEIOIIEe
KOHEUHBI 06beM).

[IpeamnosoKumM, 9YTO BEPOSITHOCTH TOMaJaHusi B JIIOOOE IIOJIMHOXKECTBO
A C Q nponopimonaibHa Mepe Toro moamuoxecrsa WU(A) (re. amme,
WJIOMAM WM OObEMY) U He 3aBHCUT OT BUJA U PACIOJIOXKEHHs MHOXKECTBa
A. Torga BepoaTHOCTD COObITUsT A (BEPOATHOCTH HONAJAHUA B MHOXKECTBO A)
ompeiesisieTcss pOpMyJIoit:

P(A) =~ (3.1)

§ 3.1. Penienne TUIIOBBIX MPUMEPOB

ITpumep 3.1. Ha naockocmu navepuwens, napaiiesvhovie Npamvie,
naxodauyuecs dpye om dpyea na paccmosnuu 2a. Ha naockocmv naydawy
opowena monema paduyca r < a. Kaxosa seposmmnocms mozo, 4mo moHema
nepeceyem 00HY U3 NPAMIL?

Pemtenne. Wurepecyionee HAC COOBITHE OJHO3HAYHO OIUCHIBAETCS
[TOJIOXKEHMEM MOHETBI OTHOCHTEJBHO OsmKaiimeil m3 npsambix. llosromy
B KadecTBe 3JEMEHTApPHOIO WUCXOJa JIAHHOTO 3KCIEPUMEHTA MOXKHO B3SITh
3HAYEHWE BEJIMYUHBI & — PACCTOSHUE OT IEHTPa MOHETHI J0 OJmzKaiiiei
npamoii. Torga mpocTpaHCTBO 3JIEMEHTAPHBIX HUCXOJAOB )  MPEICTaB/IAETCS
muOKecTBoM ) = {2 : 0 < z < a}, TO ecth orpeskoM [0,a] Ha UKCIOBOIL
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ocu. CobbiTre A ={MoHeTa IepeceveT OJHYy U3 IPSMBIX} HPOMCXOAUT TOTAA U
TOJIBKO TOrAa, Korga ¢ < r. CiieZj0BaTesIbHO, OHO [IPEICTABIISETC MHOXKECTBOM
A={x:0<2z<r}, ro ectb orpeskom [0,r] C Q. BeposrHocTb cobbITHsT A
naxoauM 1o dpopmysie (3.1):

=

p(ay = B _ pl0.d o

@)~ w(0d) a

IIpumep 3.2. (3adaua o scmpeue). Jsea auya A u B ycaosusuco
BCMPEMUMCA 8 ONPEIENCHHOM MeCme MeNCAY O08YMA U MPEMA  HACAMU
onsa.  Jluuyo A owcdem  dpyeozo 6 mevenue 10 muHym, nocie wezo0
yxodum; auuo B owcdem dpyzozo 6 meuenue 15 muwnym. Ilpednosazas,
Ymo KaHcoull U3 Hux Mmodcem npuldmu 6 a0boe epems 6 meueHue
YKA3a1HH020 waca, Hatimu eepoammuocmu caedyrowur cobwmud: C ={ecmpeua
cocmoumes}, D ={ecmpeua cocmoumcs, 1o 60 6mopoti norosune waca}.

Pemenne. He orpannmumbas OOITHOCTH, MOYKHO CYHTATH, YTO BCTpEYa
Ha3HAYEHa Ha MPOMEKYTOK Bpemennm Mexkay 0 m 1. O6osmaunm wepes (z,y)
MOMEHTBI npuxoga A m B coorsercTBeHHO. [IpOCTPAHCTBOM 3JIEMEHTAPHDBIX
ucxonoB sBasercs MEokectBo Q= {(z,y) : 0 < 2z < 1,0 < y < 1}, 1o
€CTh eIMHUYHBLIN KBaapaT Ha miockoctd. Cobbitne C MOXKHO IPEJCTABATL B
Buge C = C; Uy, tae C7; ={BcTpeda cocToUTCsl, IPUYEM IIEPBBIM IPUIET
A}, Cy ={Bcrpeua cocrourca, npuduem nepsbiM npuier B}. Ono coorsercrByer
mnoxkecrsy C = C1UCy, tae C1 = {(z,y) € Q:x <y <az+1}, Co={(z,y) €
Q:y<z<y+i}={(z,y) € Q:2—1 <y < z}. Uso6pazkaeM 3T1 MHOKeCTBA
Ha puc. 3.1. IIpu stom mMHO)KecTBO (] €CTh MHOXKECTBO TOYEK KBajpara (),
BAKJIIOYCHHBIX MEXKJIY IPAMBIMA §y = T U Y = T + %; mHOXKecTBO C3 — 3TO
qacTb (), 3AK/IOYEHHAsl MexK/Iy IPAMBIMI § =T H Y = T — 3; 00beIuHeHHe
ux C 3aIITPUXOBAHO MApaJUIEJbHO JUATOHAJN KBaJApaTa. PaBHOBO3MOKHOCTH
IPUX0/ia 0OOUX JIUI, B T€ICHHE 9aca MO3BOJIAET UCIOJIb30BATH T€OMETPUIECKOE
omnpeiesienne BepositHocTH (3.1), CorylacHO KOTOpoMy

_WO) _1-5(8)° - 3(5)° 107
P(O) = nQ) ; 1 T 288"

CobeiTue D MoxkHO 1pejcTaBuTh B Buje repecedenuss D = C N E, rue
E ={xorsa 06bl OiHO W3 JBYX JIAI NPHJIET BO BTOPON IOJOBUHE dacCa}.
Coorsercrayromee Muoxkectso E = {(z,y) € Q:y > 3 = > 1} Bbigeneno na
puc.3.1 ropuzoHTaIBHON IITPUX0BKOiT, a D = C' N E - MHOXKECTBO ¢ JABOWHOMI
mrpuxoBkoit. Haxomss mromags 3Toro MHOKeCTBa (IUIOMAJb €IUHUIHOTO
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N~

0 % 5 1 X
Puc. 3.1:
KBaJ[paTa MUHYC ILIOINAIb KBAJAPaTa CO CTOPOHOI 1/2 MHUHYC ILIOIIAIU JBYX

Tpamnenuii) U IpUMEHssi CHOBA I'EOMETPUYECKOE OIPEJIEIeHHE BEPOSITHOCTH,
MIOJIy UM

HD) 1-(E)P-3G+P3-sG+Ds 5
TR 1 24

P(D)

§ 3.2. 3Bagauum AJisi CAMOCTOSTEJILHOTO PeIleHus

3.1 B ksagpar ¢ sepumuamu (0,0), (0,1), (1,0), (1,1) naymagay 6poinena Touka.
Iycre (X,Y) 6ynyT ee koopuuuarsl. Haiiru:

a) P{2X - Y| < 1/4}; ) P{XY < 3/4);
6) P{min(X,Y) < 3/4}; n) P{max(X,Y) <1/5};
B) P{(X+Y)/2<1/3} e) P{X +4Y <1/2}.

3.2 Ha GeckoHeUHyO MIAXMATHYIO JOCKY CO CTOPOHOI KBajpara a Opocaercs
Haynady MOHeTa guaMerpa 2r < a. Haiitu BeposTHOCTH TOrO, 4TO:

a) MOHeTa TOMaJeT IEeJTUKOM BHYTPb KBapaTa;

6) MoHeTa mepeceder He GoJiee OIHON CTOPOHBI KBaJparTa.

3.3 B unrepsase Bpemenu [0, 7] B ciydailHbIii MOMEHT U HOABJISETCS CUIHAJL
murenbaoctn A. Ipuemuuk BRIOUaercs B ciaydaiinbii moment v € [0, 7]
Ha Bpems t. IIpennosoxkus, 4ro Touka (u,v) PaBHOMEDHO DacIpejesieHa Ha
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ksagpare [0,T] x [0, T], HaliTn BeposSTHOCTH OOHADYZKEHUsI CUTHAJIA.

3.4 B ksagpar ¢ sepmmaamu (0,0), (0,1), (1,0), (1,1) maynady Gpormena TouKa.
Hycre (X,Y) 6yayr ee koopauuarel. Jokazars, uyro mig jaobbix 0 < z,y < 1
BBINIOJIHEHO:

P{X <z,Y <y} =P{X < z}P{Y <y} = zv.

Hna 0 <z <1 nHaittu:

a) P{{X -Y| <z} r) P{XY < z};
6) P{min(X,Y) < z}; n) P{max(X,Y) < z};
B) P{(X+Y)/2<z}; e) P{X +2Y < z}.

3.5 Crepxenb muHbl | pa3jioMaH B JBYX Hayldady BBIODAHHBIX TOYKAX.
C Kakoif BEPOATHOCTHIO M3 IIOJYYEHHBIX OTDPE3KOB MOXKHO COCTABUTH: &)
TPEYTOJIbHUK; 6) OCTPOYTOJIBHBIN TPEYTONbHUK !

3.6 Ha okpyxuoctu Hayigady BbiOpanbl tpu Touku A, B, C. Haiitu
BEPOSITHOCTH TOT'O, 4TO Tpeyroiabuuk ABC Gyner:

a)OCTPOYIOJIbHBIM; I')IIPABUJIbHBIM;
6) TyOYTOJIbHBIM; 1) PABHOGEIPEHHBIM.
B)LIPSIMOY T OJIbHBIM;

3.7 Ha mnepekpecTke yCTaHOBJIEH ABTOMATHUYIECKUN CBETOMOP, B KOTOPOM
OJIHY MHUHYTY TODPUT 3€JICHBI CBET W IOJIMHUHYTHI KPAaCHBIM, 3aTeM CHOBAa
ONHY MUHYTY — 3€JIEHBII M HOJMHHYTHI — KpacHBI W T.h0. B ciaygainbrit
MOMEHT BPEMEHH K IIEPEKPECTKY II0be3KaeT JIErKoBoil apToMobmib. Kakosa
BEPOSITHOCTD TOI'0,9YTO OH IIPOEJIET TIEPEKPECTOK 63 OCTAHOBKU !

3.8 Touka B3aTa Haymady BHyTPH Kpyra paguycom R. Haiigure BeposaTHOCTH
TOTrO, YTO ITA TOYKA OKAXKETCsI OT MEHTPA HA PACCTOSHUHU, MEHBIIIEM 7.

3.9 Haynauy soibupaior asa uucia u3 npomexyrka [0, 1]. Kakosa
BEPOSITHOCTb TOTO, 9YTO UX CyMMa DOJIbIlIEe Wik PaBHA 1, & MX Pa3HOCTH MEHbIIE
Jinbo pagHa 07

3.10 /IBoe CTYIeHTOB YCJIOBUJINCH BCTPETUTLCS B OIPEJETEHHOM MECTe U B
OIIpeJIeJIEHHBIN JleHb Mexkay 12 m 13 wacamm. Ilpmmenmuit nepBbIM KJIeT
BToporo B Tedenue 10 MuH, mocse dyero yxomut. Haiitu BeposTHOCTb BCTpedn
CTYIEHTOB, €CJIA IPUXOJ[ KAaXKJIOTO W3 HUX HE3ABHCHM U PABHOBO3MOXKEH B
JII000# TTPOMEKYTOK BPEMEHU.
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[1aBa 4

Ycj10BHBIE BEPOSITHOCTH

§ 4.1. OmnpenesieHnda N IPUMePbI

st mobbix cobertuit A, B, rme P(B) > 0, ycJOBHOH BepOSITHOCTBHIO
cobpiTust A 1ipu ycjoBum B Ha3bIBAETCsl YHUCJIO

P(AB

p(4/p) = ZAB) (4.1)

P(B)
VceioBHasT BEPOSATHOCTh BO3HUKAET B CHUTYAIMH, KOTJA HUMEETCs YaCTHIHAS
uHGOPMAIHST 0 PE3YIIBTATAX CIIyYAHOrO SKCIIEPIMEHTA ( «IIPOU30IILIO COOBITHE
B»), u B 3TUX yCJIOBUSAX TPEOYeTCsl HANTH BEPOSITHOCTH COObITHsT A.

§ 4.2. Pemnienne TMIOBBLIX IPUMEPOB

IIpumep 4.1. Bpowerv, mpu  ueparvrwvie xocmu. Yemy pasHa
BEPOAMHOCTND MO20, YMO HA 00HOT U3 HUX GbINAAGL eOUHUYA, eCAU HG BCEX
MPET KOCMAL GHINAAY PA3HBLE YUCAA Y

Pemtenne. IlepBsiit croco6. O6osnadnm cobeitusi: A = {Ha omHoil
u3 Kocreil Bblmajia emuumia}, B = {Ha Bcex KOCTAX BBIIAJU Pa3HbIE
qucia}. IIpocTpaHCTBO 3J€MEHTAPHBIX UCXOJ0B §)  €CTh MHOXKECTBO BCEX
yTOpsiioueHHbIX HAGOpOB umcesn (%, j, k), BBIIABIINX COOTBETCTBEHHO Ha 1-
i, 2-it m 3-it Kocrax. [[ocKOMBbKY KaxK0e M3 dTUX UNCeJ MOXKET MPUHUMATH
Jgoboe u3 3HadeHwit or 1 g0 6, To () ecTh MHOXKECTBO BCEX BBIOODOK C
BO3BpaiIeaneMm oobema 3 u3 mectu. OOIIee 9uCIo BCeX 3JIEMEHTAPHBIX UCXOI0B
pasio N(Q) = B3 = 63. Cobbitne B 06pa3oBano Bcemu BbIGOpKaMu 6e3
Bosppanienus, ux unciao N(B) = A3 = 613!, BepositHOCTB COGBITHSI B paBHA
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P(B) = % = % = % CobpiTe AB 00pa30BaHO TAKMMHU BBIOODKAMHI
6e3 BosBpaienust (4, j, k), y KOTOPBIX Ha OJJHON U3 TpeX MO3UIMH cTOUT «1»,
a Ha OCTaJbHBIX - PA3JIMIHbIe Yucja oT 2 10 6. Yucmao Takux BIOOPOK PaBHO
N(AB) = 3-5-4, a sepoaruocts P(AB) = 334 = 5 Torna ycnosnyio

63 18"
BEPOSTHOCTH HaxoauM 110 dbopmyie (4.1):

P(AB) 158 1
5

PUA/B) = By = 5 =

5 2
BTopoit cnocob. [TockoabKy M3BECTHO, 9TO Ha BCEX KOCTSX BBIMAJN PA3HBIE
9HCIa, TO €CTh IMPOU3OILIO0 COOBITHE B, TO MPOCTPAHCTBOM 3JIEMEHTAPHBIX
HCXOJIOB MOYKHO CUUTATH MHOXKeCTBO B. B aToMm ciiydae mosiBiieHne coOBITHS
A paBHOCHJIBHO TOsiBJIeHUIO nepecedennsi AB. Torma ycioBHasi BEpOSATHOCTH
coObITHST A BBIUUC/ISIETCSI 110 KJIACCUYECKOMY OIIPEIEJIEHUIO:

N(AB) 3-5-4 3:-5-4 1

P(A/B) = N(B) — 6B T 6-5-4 2 v

§ 4.3. 3agaum A0 CaMOCTOSATEJILHOIO PeIlneHuns

4.1 DBporens!l gBe UrpaJibHble KOCTH. UeMy paBHA BEPOSITHOCTH TOT'O, YUTO
CyMMa BBINABINIAX HA HUX OYKOB PABHA 8, €CJIM M3BECTHO, UTO ITa CYMMa, €CTh
9eTHOE 9HCJIO?!

4.2 Bpomensl aBe urpasibHble KocTu. KakoBa BEpPOSITHOCTH TOrO, 4TO Ha
[IePBOil KOCTH BbINAjo 4 04YKa, eCcjiyd M3BECTHO, YTO HA BTOPOIl KOCTH BBINAJIO
00JIbIlle OYKOB, YeM Ha IepBOii?!

4.3 UssectHo, uTo npu 6pocanuu 10 urpaJbHBIX KOCTEH BbITaja 1Mo KpaitHeit
Mepe OnHa emHuIa. KakoBa MpU 9TOM BEPOSTHOCTH TOTO, UTO BBIMAJIU JBE
nu 6ojiee eIMHUITHI?

4.4 B gamuke jexaT 12 kpacHbIX, 8 3eseHbix n 10 cunux mapos. Haymaqay
BBIHIMAIOT JiBa Iapa. KakoBa BepOATHOCTH TOT'O, YTO BBIHYTHI IAPBI PA3HOTO
[IBeTa, €CJIM M3BECTHO, UTO CPEJIN HUX HET CHHEro?

4.5 Urpanbaas KOCTh Opocaercs 0 TeX HOp, NOKA HE BBINAJET €IUHMUIIA.
W3BecTHO, 9TO 1718 3TOr0 MOTPEOOBAJIOCH UeTHOE dYmcyio Opocanwmit. Haittu
BEPOSITHOCTDb TOT'O, UTO €JIMHUIIA BBIIAJET [IPU BTOPOM OPOCAHUM.

4.6 IIycre P(A;/As) = P(A;). Tlokasars CrIpaBeyIMBOCTD CJIELYIONIUX
DPaBEHCTB:

4.7 ]JIBoe WrpaioT B UIpY, MOOYEPETHO BBIHMMASI AP U3 YPHBI, COAEPKAIIEH
3 6eJIbIX U b YEpHBIX MAPOB. BBIUTPABIINM CIUTAETCSA TOT, KTO IIEPBBIM BBIHET
Gesprit map. Yemy paBHa BEPOSTHOCTH BBIUIPHIIIA JJjIs HAYABIIETO UIDY, €CJIN
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ocJie KaKJI0ro HeyIadHOr0 SKCIEPUMEHTa I1ap BO3BPAIAETCs B yPHY 7

4.8 IlucbmMo HaAXOAUTCSI B CTOJE C BEPOSITHOCTHIO P, TPUYEM C paBHOMN
BEPOSITHOCTBIO OHO MOXKET OBITh B JIIOOOM M3 BOCBMH SIIUKOB CTOJA. MBI
mepecMoTpesn 7 ANUKOB U MUChbMa He 00HApyKmin. KakoBa BepOSTHOCTD, 9TO
[IACHMO:

a) HAXOJUTCSI B BOCHMOM SIIIUKE;

6) orcyTcrByer B croe?

4.9 U3 nosnmoit kosmogwl kapr (52 JmcTa) BBIHUMAIOT CPa3y JBE KapThI.
OpHy U3 HEX CMOTPSAT — OHA OKA3aJaCh JIAMOIA, ITOCJIE STOTO BBIHYTHIE KAPTHI
[IEPEMEITMBAIOT U OJHY W3 HuUX OepyT Hayraj. HaiiTu BepOSTHOCTH, 9TO OHA
OKAaKeTCS TY30M.

4.10 YernIpe Imapa IMOCJIEI0BATEILHO PA3MEIAIOTCS B YETBIPEX SITUKAX.
KakoBa BeposTHOCTH TOTO, 9TO OJIMH U3 SAMUKOB Oy/IE€T COMEP!KATH POBHO TPU
mapa, eCjid W3BECTHO, UTO MEPBBIE JBa MAPa OKA3AJNCh B PA3HBIX d9eiKax?
4.11 pa urpoka urpaior B 6e300uuyio urpy (y o00MX HMIAHCHI 06eIUuTh
OJINHAKOBBI, HUIbUX HET), U OHU JIOTOBOPUIIACE, YTO TOT, KTO [IEPBLIM BBIUTPAET
IIECTh ITAPTHii, MOJIYYUT Bech npus. IIpenmnosnoxum, 94To Ha caMoOM Jeje urpa
OCTAaHOBMJIACH JI0 TOI'O, KAK OJUH U3 HUX BBIMIDAJ [PU3, HAIIPUMED, HEPBHIH
WIPOK BBIUTPAJI MATH MapTuii, a BTOopoir — Tpu. Kak cupaBemmBo ciemyer
pa3nenuTsb Tpu3’

4.12 [okasars, uro ecsiu C C B C A, to P(C/A) = P(C/B)P(B/A).
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['1aBa 5

HezaBucumMmbie coObITUS

JBa cobbiTust A, B Ha3bIBAIOTCS HE3aBUCUMBIMU, €CJIH JJIg HUX
BBIIIOJIHSIETCST COOTHOIIIEHNE:

P(AB) = P(A) - P(B). (5.1)

Eciu P(B) > 0, 1o He3aBUCUMOCTD COObITHIN A, B PaBHOCUJIbHA BBIIIOJIHEHUIO
paBeHCTBA

P(A/B) = P(4),

KOTOPOE 03HAYAET, 9TO BEPOSITHOCTH COOBITHS A He 3aBUCHT OT TOsIBJIeHUsT B.

Cobbrtust Aq, Ag, ..., A,, HA3BIBAIOTCSI HE3ABUCUMBIMU B COBOKYITHOCTH,
ec/mm  JiIs  JIIOOOTO  KOHEYHOTO HA0Opa W3 3STUX COOLITUil BBITOJIHSIETCS
COOTHOIIIEHHE:

Cobbitust  Aq, As, ..., A, Ha3BIBAIOTCS MOMAPHO HE3ABUCUMBIMU
JIIOOBIE JIBa U3 HUX HE3aBUCUMOBI.

, ecu

§ 5.1. Pemnienne TMNoOBBLIX IPUMEPOB

Ipumep 5.1. Touxa & = (&1,&2) ewbpana naydauy e xeadpame [0, 1]2.
Hycmb A= {El < 1/2},3 = {Eg < 1/2} C = {(E.l — 1/2)(&2 — 1/2) > 0}
Buiacrumo, nezasucumvt au amu cobvimus:

a) 8 cogokynHoCMU; 6) nonapno.

Pemrenue. IIpocTpancTBo 3/1eMEHTAPHLIX HCXOA0B - €IUHUYHLIN KBaIpaT
Q = [0,1]2. CobbiTHe A — JIeBast ero MOJIOBUHA, COOBITHE B — HIZKHsIs, COOBITHE

33



C npencrapisger 00beIUHEHNE ABYX KBAJIPATOB
AB={8 <1/2, & <1/2} AB={& >1/2, & >1/2},

3aIITPUXOBAHHBIX HA pucC.5.1. BepoaTHOCTH 3THX COOBITHII HANJIEM C TIOMOIIBIO

£
A

1

D=

BeposiTHocTn monapHbIX mepecevennii paBHbI:

Pmm:izpmypwypmmzizpmypwy

PB@:%:PByNQ.

Takum 0b6pazoM, JaHHBIE COOBITHS TIOMAPHO HE3aBUCUMBI. TakK Kak

ABC = AC = BC = AB, 10
1
P(ABC) = ; # P(4) - P(B) - P(C),
a 3Ha4uT, cobbiTust A, B, C' He sIBJIAIOTCS HE3aBUCUMBIMYU B COBOKYITHOCTHU. \/
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§ 5.2. 3agaum A1 CaAaMOCTOSTEJILHOIO PeIleHuns

5.1 Jokasars, uro ecsu cobbrtust A u B HecoBmectrbl, P(A) > 0 u P(B) > 0,
TO cobbiTust A u B 3aBUCHMBI.

5.2 JokazaTb, 9TO ecau cOObITus A m B HE3aBUCHMBI, TO TAKyKe HE3ABUCHMBI
cobbitusi: a) Au B; 6) Au B; B) Au B.

5.3 PaccmoTpuMm Bce BO3MOXKHBIE TEPECTAHOBKU YETHIpEX OYKB a, b, ¢ u
d. Oupenesnurb, 3aBucumbl wim Her cobbitug A = {a npemmecrsyer b} u
B = {c upenmmecrsyer d}.

5.4 Bpomensl gBe WrpagbHbBIE KOCTH. PaccMoTpuM Tpu cobbitms: A —
HA [EPBON KOCTH BBINAJO HEUYETHOE YHCI0, B — Ha BTOPO#l KOCTHU BBINAJIO
HeueTHoe uncyio, C' — cymMa 4mces Ha 00enx KOCTsAX HedeTHa. [IpoBepurs,
3aBUCUMBI WU HeT cobbitus A, B, C:

a) B COBOKYIIHOCTH; 6) monapHo.

5.5 IlycTb cobbiTHe A TAKOBO, 9TO OHO HE 3aBUCHT OT camoro cebs. Jlokasars,
aro torga P(A) = 0 wm P(A) = 1.

5.6  Bpomenb mocienoBareabHO Tpu MOHETHI. OIpeNenuTh, 3aBUCHMBI
wm Her cobbitus A =  {Bbmas repb Ha neppoit Monere} u B =
{BBINANA XOTst GBI OJIHA PEIlKA }.

5.7 Ha puc. 5.2 mpuBemeHa cxema COEIUHEHUS 3JIEMEHTOB, OOpPa3yIOIIAX
3JIEKTPUIECKYIO TeNb. IIpeInoIaraercss, 9T0 OTKA3bl JJEMEHTOB SBJISIOTCS
HE3aBUCUMBIMU B COBOKYNHOCTH  coObITusiMu. Cunraercss W3BECTHOMN
HAJIEXKHOCTb P k-TO 3JIEMEHTa, TO €CTh BEPOSITHOCTb €ro 6e30TKA3HON
paboThl (COOTBETCTBEHHO G, = 1 — Py, — BEPOATHOCTH €r0 0TKa3a). Bhraucanrhb
HAJeKHOCTb P BCEH IIeln.

Puc. 5.2:

Puc. 5.2.
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5.8 Bpocatorcst Tpu mpaBuiibHbIE MOHETHI. IlycTb cobbiTe A cocrouT B TOM,
9TO BBITAJIO TT0 KpaliHel Mepe JIBe PEIiKu, a coobiTine B — B TOM, 9TO XOTs ObI
Ha OHOI Mouere Bbinas repbd. Ommcars cobbitre A. OupenenuTh, 3aBUCUMbI
mwin HeT cobbitusg A u B.

5.9 Bpocarorcs jBe urpaJibabie KocTu. IlycTb cobbiTue A cOCTOUT B TOM, YTO
BBITIABIINAS CYMMa OYKOB HeYeTHA, & cOObITHE B — B TOM, ITO XOTs OBbI Ha OJTHOMN
n3 Kocreil BoinaJia eauHuia. Omucars cobbitue AB. OupeneinTh, 3aBUCHMBI
mwin HeT cobbitusg A u B.

5.10 IIycts 0 < P(A) < P(B) < 1. Caeayer s 0TCIO/la HE3aBHCHMOCTD
cobbiruit A u B?

5.11 YTobbl HAWTH HYKHYIO KHHUTY, CTYAEHT PEIIua 000UTu 3 OUOJIMOTEKH.
st Kazk ot OnbIMOTeKN OJIMHAKOBO BEPOSITHO, €CTh B (DOHIAX 9TA KHUATA WU
HET, W eCJIi KHUTa eCThb B (POHIAX, TO ¢ BeposaTHOCTHIO 0,5 OoHA He 3aHATA
JpyruM uurarejeM. KakoBa BEpOATHOCTH TOTO, YTO CTYJEHT HAWIET KHUTY,
€CJIN U3BECTHO, YTO OMOIMOTEKN KOMILIEKTYIOTCS HE3ABUCUMO OHA OT JIPYTOit?
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[1aBa 6

HezaBucumsble ucnbiTaHud

§ 6.1. Popmyabl Bepuynam

Paccvorpum Cy4aiHbIi 3KCIIEPDUMEHT,  COCTOAIIUN u3
[OCJIEIOBATENILHOCTH (KOHEUHOH miu GeCKOHEYHOl) OTIeJNbHBIX OJHOTUIHBIX
skcrepuMeHToB I, Io, ..., I, ..., KOTOpble OyJeM Ha3BIBATH UCIIBITAHUSIMU.

Bynmem npeamosarars, 9To B KarKI0M UCIBITAHAU BO3MOYKHBI JIAIIH JBA UCXOJIA:
HOSIBJICHIE HEKOTOPOI'O COOBITHSI A 160 IPOTHBOIOIOMKHOIO COOBITHS A, IpH
5TOM mosiB/Ienue A GyieM HAZBIBATE «yCIEXOM», a MosgBJIeHne A — «Heymadeiis.
O6osnaunm A; ={nosiBierne A (mim «ycmex») B 4-OM UCOBITAHUW}. Bymem
IPEJIIoJIaraTh, 9YTO BEPOATHOCTD «yCIexa» B KaXKJOM HCIBITAHHH OIHA U Ta
xe, Te. P(A;))=p, P(4;)=1-p=qupn seex i.

O603HaYMM Yepe3 V, YHUCJIO «yCIHeXOB» B 1 HE3ABUCHMBIX HCIBITAHUSIX.
OueBuIHO, V,, MOXKET IIPUHUMATH JIOObIe Tiesible 3HaueHust oT 0 10 n. Beeaem
cobpirust B = {v, = k}, k = 0,1,...,n. Bepoaraocru cobbrruii By

BBIUUCJIAIOTCH IO cieayonmuM dpopMmyiaMm Beprysiu:
P(By) =P((v, = k) = ChpFg" % k=0,1,..,n. (6.1)

IlonmnrOoMManbpHas cxema.

IIycte mMmeeTcss n HE3aBUCHMBIX WCHBITAHUN, HO B KaXXJOM HCIBITAHUN
MOKET HACTYIUTH ONWH U3 k BO3MOXKHBIX UCXOH0B: Ri, Ra,..., Ry, Tme ams
Ka’KJIOT0 U3 7N HCOLITAHNH BEPOSTHOCTH HCXONOB omuum u Te xke: P(R;) =
pj, J = 1,2,..,k, Tak 910 p1 + p2 + ... + pr = 1. CoorsercrByolee
BEPOSTHOCTHOE IIPOCTPAHCTBO, B OTJIMYHME OT CXEMbI DEpHYJIIN, Ha3bIBAETCH
[OJIMHOMMANIBHON cxemoit. OGosmainM  V/  wmeno uwexomos  R; B
n He3aBHCHMBIX wucHbiTaHusx. Cienyromas Teopema 0000maer GOpMyJIbI
Bepnynnu ma ciryuait moImHOMAATIBLHON CXEMBL.
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Teopema 6.1. Jlaa mo0bx HOMYPAALHOL N1, N2, ..., N MAKUL, YN0
n=mni+ng+ ..+ ng,

n!
P(V,ll = nl,vi = ng, ...,Vfl =ng) = PO Pyt py?e-eprt. (6.2)

nyl-ngl--n

§ 6.2. Pemnienne TMIOBBLIX IPUMEPOB

IIpumep 6.1. Ilpu nepedaue coobuieHus GEPOAMHOCTIL UCKANCEHUS,
0dnozo 3naxa pasna 1/10. Kaxosa sepoammocms moeo, wmo coobwerue uz 10
3naxos: a) me 6ydem uckasiceno, 6) codepocum PoSHO 8 UCKANHCEHUA,

8) codepotcum e 6oaee mpex uckascenuli?

Pemienne. Ilepemaay n = 10 3HAKOB MOXKHO pacCCMATPUBATL KaK
N HEe3ABUCUMBIX WCIBITAHUN, UCKayKeHHe 3HaKa Oy/eM CUYUTATh YyCIEXOM,
BeposaTHOCTH yerexa P(ycmexa) = p = 1/10. VlckoMble BEPOATHOCTH HAXOIUM
o dhopmynam Beprysm:
a) P(v, =0) = Cpp'q" = ¢" = (%) 0;

6) P(vn = 3) = Cp*q" ™ = Ciy(15)° ( )"

B) P(v, <3) = P{ U (Vn = k)} = 2; wpta" T = (35)" + Clotg(35)° +
R ER L E Y NG e L A
IIpumep 6.2. B odnom yuebHnom 3asedenuu obyuwaromcs 730

cmydenmos. Jlenv poswcderus Haydawy 6vlOpaHH020 cmydeHma npurodumcs
Ha onpedesennvill denv 20da ¢ eeposmmuocmyvio 1/365 das kasrcdozo uz 365
oneti. Hatimu eeposmmuocms mozo, wmo Hatidymes mpu cmydenma, umeouyue
00ur u mom orce denv posrcoenu.

Pemtenune. Haiinem BeposiTHOCTH JIONOJIHUTETHLHOTO COOBITHS, TO €CThb
HallJIeM BEPOATHOCTH, TOTO YTO POBHO JBa CTYAEHTa POJWINCH B KaryKJIbII
n3 MecdrneB roma. s 3Toro BocmoJib3yeMcs TOJMHOMHUAJIBLHON cxeMoit. B
HAIIIEM cJiy4dae, 04eBUIHO, N = 730, IpuyeM BEPOsTHOCTb POXKJIEHUS HayJlady
BBIODAHHOI'O CTYJEHTa B OIpPEJEJIeHHBI JIeHb OJMHAKOBA W paBHA pP; =
1/365, i = 1...365. Ilox cobpiruem A;, i = 1...365 noHuMaercs poKjeHUE
BBIOPAHHOIO CTYAEHTA B i-OM Mecsitie. Torma HaM COOCTBEHHO HYKHO HAiTh
BEPOSITHOCTD, 94TO B 730 MCOBITAHUSAX TPOM30ieT PpOBHO 2 mcxoma Tuma Aj,
pOBHO JiBa ucxofa turna Asg,..., POBHO 11Ba ucxoja Tuma Asgs win, 9T0 TO XKe
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camoe, Vis, =2, j = 1...365. B TakoM ciiydae BEPOSTHOCTD JIOIOTHUTEILHOIO
COOBITHST PaBHA:

730!
W(l /365)730,
Vckomast 2Ke BepOsSITHOCTD paBHA 1 — (273—%5(1/365)730 v -

§ 6.3. 3amauu AJisi CAMOCTOSTEJILHOTO PeIleHus

6.1 lcobiTanue 3akjiodaeTcss B OpOCAHUHU TpeX UrpaJibHbIX Kocreil. Habitu
BEPOSITHOCTb TOTO, 9TO B ISTH HE3aBUCHAMBIX WCIBITAHUSX POBHO IBa pa3a
BBIMAJIET 110 TPU €IMHUITHI.

6.2 HabsrogeHnsaMr yCTaHOBJIEHO, UTO B HEKOTOPOW MECTHOCTU B CEHTSAOpE
B cpeaHeM ObiBaeT 12 noxkmimmBbiX JHeil. KakoBa BepoATHOCTH TOrO, 4TO
U3 BOCBMHU CJIy4aiflHO B3dATBIX B ITOM MecCsdlle JIHEeH TpH JHS OKAXKYTCsd
JIOZK IJTUBBIMHE !

6.3 Ilycrn BeposTHOCTH HOmajanus B neab pasua 1/5. Ilpoussomurca
10 me3aBucHMMBIX BBICTpeOB. KakoBa BepOATHOCTH MOMAJAHUS B II€JIb IO
MEHbIIeN Mepe JIBaKIbI!

6.4 BeposTHOCTD [OJIyYeHUs YIQ9HOTO Pe3yJIbTaTa IIPU IIPOBEIEHUH CJIOKHOTO
XUMUYECKOro ombita pasha 2/3. Hailtu nauBeposTHeliliee YuCIO yIATHBIX
OTIBITOB, €CJIN UX O0IIee YUCIO PABHO 7.

6.5 BeposiTHOCTH IO JaHAS B IIEJIb TP KAaXKIOM BBICTPEJIE U3 OPy/Ius paBHA
4/5. CKOJIBKO HY?KHO [IPOU3BECTHU BBICTPEJIOB, YTOOBI HAUBEPOSTHEIIee IUCIIO
ronaiafuii op110 paBHo 207

6.6 Kakayio cekyHIy € BEPOSTHOCTHIO P HE3ABUCHMO OT JIPYIMX MOMEHTOB
BPEMEHHU TI0 J0pOore Mmpoe3KaeT aproMammaa. [lemexomy ist mepexoia noporu
meobxomumo 3 c¢. KakoBa BEpOSTHOCTB TOrO, 9YTO MOIOMIEININII K JOpOore
nerexos GyIeT 0XKUIATh BO3MOXKHOCTH Iepexoja: a) 3 ¢; 6) 4 ¢; B) be?

6.7 JIBoe mo ouepemu OpOCAIOT MOHETY. BBIUTPBIBAET TOT, KTO IEPBBIM
nosyauT «repb». HaiiTn BepoaTHOCTDH COOBITHI:

a) urpa 3akoHuuTcs 710 4 Gpocanus;

6) BbIUTpaeT HAYABLIMH UTPY (IIEPBBIl UTPOK);

B) BBIATDAET BTOPOM UI'POK.

6.8 B cxeme Bepuyim p — BeposaTHOCTD ucxoga 1 1 ¢ = 1 — p — BEpOSATHOCTH
ucxona 0. Haiitm BepositHOCTH TOro, uro menouka 00 (mBa Hysst mompsin)
nosiBUTC panbine nernodku 10. B wacTHOCTH, BBIYHCIUTH 3Ty BEPOSATHOCTH
upu p =1/2.

6.9 Texawdeckuili KOHTPOJIL TPOBEPsiET W3IEUs, KaXKJI0€ U3 KOTOPBIX
HE3aBUCHUMO OT JPYTUX U3JEJIUil MOXKET € BEPOATHOCTBIO P OKa3aThCH
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JedeKTHBIM.

a) Kakosa BepositHOCTB TOr0, 9T0 M3 10 IPOBEPEHHBIX U3/EJIUIl TOIBLKO OIHO
0Ka3aJIoCh J1eEKTHBIM !

6) Haiitu BepogTHOCTH TOro, 4r0 UEPBLIM JIeEKTHBIM OKA3aJ0Ch k-e
[IPOBEPEHHOE U3JIEJINE.

B) Haiitu BepogrnocTs Toro, uro mocienyromme 10 wmzmesnnii OKaxKyTCs
TONHBIMUA IIPU YCJIOBUH, YTO Upeiplaymme | = 5 wu3neaunil ObLIM TaKXKe
TOJIHBIMA. 3aBUCUT JIX TA BEPOATHOCTH OT [7

r) HaiiTu BeposgTHOCTH TOTO, 9TO YUCJIO OOHADYKEHHBIX [IPU IIPOBEPKE TOMHBIX
U3IeIui MEXK Ty JBYMs TOCIEI0BATEIbHBIMUA J1e(DeKTHBIMI PABHO k.

6.10 B mekoropoii rpymme Juogel magbronuku cocrasiasior 1%. Haittu
BEPOATHOCTH TOT0, 4TO cpesm 100 denoBek:

a) HEeT JAJIbTOHUKOB; 6) JAJLTOHUKOB J[BA WU GOJIbIIE.
6.11 Orpesok [0,10] Toukamu 1, 2, 3, 4, 7 paszjeseH Ha 4YeTbIPpE OTPE3KA
Jymabl 1w Ha jaBa orpeska JumHbl 3. Ilycrh Aj, ..., Ag — He3aBUCHMBIE

cilydaifHble TOYKHN, NMEOIIne PABHOMEPHOe pacrpeeerne Ha orpeske [0, 10].
KakoBa BepoATHOCTH TOro, YTO U3 ITUX TOYEK B JIBA KAKHUX-JIHOO OTpE3Ka
JauHO#M 1 momajieT 1o 2 TOYKH, & B KK/l U3 OCTABIIUXCS OTPE3KOB — IIO
OIHOI TOUKe?

6.12 Ha orpesok AB jymubl @ GpolneHbl HayJady, HE3aBUCHMO OJHA OT
JPYTOH, MmecTh Touek. HaiiTu BeposTHOCTD TOTO, UTO:

a) JBe TOYKK OyJyT HAXOAUTCA OT TOYKH A Ha DACCTOSHHMU, MeHbIIeM b, a
qeThIpe — Ha, PACCTOSTHUM OOJIBITIEM b;

6) aBe TOYKM OyJyT HAXOAUTCS OT TOYKH A HA PACCTOSHUM, MEHBIIEM C,
OJlHa, — HA PACCTOSHWM, HE MEHbINEM ¢ u He OoJibIieM b, a TpU TOYKH — Ha
paccrosiauu 6oJibIieM b.

6.13 KakoBa BEpOSTHOCTD MOJYIATH KaKIyI0 I'PaHb JABaK/Ibl IIpH OpOCAHUU
JIBEHA/IIIATU UT'PAJIBHBIX KOCTEH !
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['naBa 7
®opmyJibl TIOJIHOI BeposiTHOCTU u baiieca

§ 7.1. Iloanag rpynma coObITHit

IIpeamosiokum, 9rTo it A MOXKHO HaNTH KOHEUHYIO W OECKOHEIHYIO
[OCJIEI0BATENBHOCTE COObITHH  { Hj }, KOTOpBIE YIOBIETBODPSIIOT CJIEyFOIINM
YCJIOBUSIM:
Cl. Coberrust {Hy} nomapno mecoBmectssl, T.e. H; N H; = () upu i # j.
C2. CobbiTre A TMPOUCXOJUT, JIWIIH KOTJA MMPOUCXOIUT OJHO U3 coObITuit Hy,
T.€.

k
C3. P(Hy) > 0 upu Beex k.

Habop cobbiTuit, yaoBIeTBOPSIONINiT STUM YCJIOBHUSM, HA3LIBAIOT IMOJIHOM
rpynnoii cobbrtuii (rumores). Yeiosus Cl-C2 paBHOCHIBHBI TOMY, 9TO
BMecTe ¢ coObiTreM A BBINOJHSIETCS OAHO U3 cobbituit {Hy}, npuyem
TONBKO ofHO. Eciu cobeitme A u mnocienoBaTenbHOCTh cobbituit  {Hy}
yaosiersopsior yciosusim Cl-C3, to BepositHocts P(A)  moxker 6bITH
BBIUUCJIEHA MO CJiejIyiomieil (popmMysie MOJIHOM BEPOSTHOCTH:

P(4) = 3 P(A/Hy)P(Hy) (7.1)
k

B rmex ke ycaoBusix, ecju MpOM3ONLIO coObITHE A MOJIOXKUTETBHOM
BEPOSITHOCTH, TO C yYETOM ITOIO COOBITHS HOBBIE, T. €. YCJIOBHBIE BEPOSITHOCTH
cobprTuit H; Bbrducisiorest mo gopmyse Batieca

_ P(A/H;)P(H))
PULA) = S~ B A i )P (i)

Ot BEPOATHOCTHU HA3BIBAIOTCA ANOCMEPUOPHIMU, (T. €. BbIYHUCJIAEMBIMU IIOCJIE

OCyIIeCTBIIeHNs cOObITHS A).
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§ 7.2. Pemnienne TMIOBBLIX IPUMEPOB

Ilpumep 7.1. U3z ypnw, codeporcawsets 3 6eavix U 2 UePHOLIT WaAPA,
BLIHUMAIOMCA Haydauy 064 wapa U MEPEKAAIbIBAIOMCA 60 SMOPYIO YDHY,
codeporcawgno 4 beavir u 4 uepnwxr wapa. a) Hatimu eeposmmocmov sviymo
nocae amozo u3 6mopott ypro, beawd wap. 6) Hycms uz emopot ypro, Ovia
eviHym beavili wap. Kaxosa eeposmmnocms moz2o, 4mo npu nepexiaiv6aHul
U3 Nepeoti YpHuL 80 BMOPYI0 OBLAL NOA0IHCEHBL 084 beALT wapa?

Pewmenne. Ilycrs A ={u3 Bropoii ypubl BeiHyT Gesiblii map}. B kauecrse
IIOJTHOW I'PYIIIBI COOBITUM, CBA3AHHBIX C THUM COOBITHEM, MOYXKHO PACCMOTPETH
BCe BO3MOXKHBIE HCXOJIbI IEPBOIl (ha3bl IKCIIEPUMEHTA, T.€. MEePEKJIA IbIBAHUS
JIBYX IIAPOB U3 MepBoil ypHbI Bo Bropyo. O6o3HaunM, Hanpumep, Hyy ={u3
[EepPBOM yPHBI BBIHYTHI JBa YepHBIX mapa} , Hyp ={u3 uepsoii ypHbI BHIHYTHI
OJIUH YepHbI U ojuu Gesblii mapsl}, Hgp ={u3 1nepBoii ypHbI BBIHYTHI JIBa
Gesbix mapa}. O4eBUIHO, YTO 3TU COOBITUS MONAPHO HECOBMECTHBI, M BCEIJIA
IIPOUCXO/JUT OJHO U3 HUX, CJIEJIOBATEJIBHO, OHU OOPA3YIOT IOJIHYIO I'DYIILY
cobbrTuii. JIjisi BBIYKMCJIEHUS] BEPOSITHOCTU COOBITUsI A mnpumeHUM (HOPMYILY
TOJIHOU BEPOSATHOCTU:

P(A) = P(A/Hyy)P(Hyy)+P(A/Hup)P(Hyp)+P(A/Hsp)P(Hpg). (7.2)

Haiinem BeposaTHOCTH THIIOTES:

coc? 1 cicl 6
P(H‘{‘{) = 822 — 1_07 P(H‘{B) = 222 = 1_07
5 5
cico 3
P(Hpp) = 22 = —.
(Hes) CZ 10

YcaoBHBIE BEPOSITHOCTU HAXOANM, HCXO/ISI U3 M3BECTHOT'O COCTaBA BTOPOH yPHBI
IIPU OCYIIECTBJICHUU TOM WJIN WHOU I'MIIOTE3bI:

4 2 5 1 6 3
P(A/Haq) = 5= ¢, P(A/Hus) =15 =35, P(4/Hss)= 5=+

IMoncrasnsas B (7.2) HalizeHHBIE BEPOATHOCTH, IIOJLYIHM:

12 6 1 3 3 13

PA=— -+— -4+—-—-=—.

() 10 5+10 2+105 25

OrBetum  Ha  BTOpOil  BompoC — 3azadd.  VICKOMYIO — BEPOSITHOCTD
P(Hpp/A) maxomum no dopmyne Baiteca:

P(A/Hgg)P(Hss)
(A/Heqq)P(Hey) + P(A/Heg )P (Has) + P(A/Hgg )P (Hss)

P(Hpp/A) = P
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_ P(A/Hgp)P(Hss) _ 465 _ 9
P(4) 2w Y

Ilpumep 7.2. Ilo xanaay ceasu moscem 6vimvb nepedana 00Ha U3 mpex
nocaedosamenvrocmeti 6yxe: AAAA, BBBB, CCCC, npuwem anpuophwie
BEPOAMHOCTNU  KAHCOOT U3 MOCAECIOBAMEALHOCTNEN ECMb  COOMBEMCMBEEHHO
3/10, 2/5, u 3/10. Hzeecmmo, wmo nod delicmeuem wWymos GeposmHoCmy
NPaBUALHOZ0 NPUEMA KaHc0T u3 nepedarnux 6yks pasra 3/5, a eepoammocmu
nepesoda  Kaoicdol bykev, 6 a6yl dpyeyro 0dunarosv. U pasuu. 1/5.
IIpednonazaemca, wmo OYykev, UCKAAHCAIOMCA He3a6UCUMO Opye om Odpyeaq.
Hatimu  eepoammocmd  moz20, 4mo 0viaa nepedana MocAedo8amesbHoCb
AAAA, ecau ma NPUEMHOM YCMPoOUcMEe NOAYHEHE NOCAEOOBAMENLHOCTIL

ABCA.

Permnienne. O6osnaunv D={Ha npuemMHOM yCTPOHCTBE MOJyIEHA
nocaenosareabaocts ABCA}, a B kauecTBe rumore3 BbIGepeM COOBITHSL:
Hs  ={unepenana mnocnegoarenpuocts AAAA }, Hp  ={nepenana
nocsieioBaresnbuocts  BBBBY, He  ={unepesana 10CJeI0BATEIHHOCTD
CCCC}. Us yenoBus 3amaun 049eBUIHO, 9TO cobbitust Hy, Hp, He 06pasytor
MOJIHYIO TPYIITY COOBITHH, & UX BEPOSITHOCTU PABHBI

3 2 3
P(Hy)=—, P(Hg)=-, P(H¢) = —.
( A) 10° ( B) 5’ ( C) 10

Tpebyerca naiitu yciaoBuyio BepostHocts P(H 4 /D), KOTOPYIO BBIYUCIAM

o dpopmyne Baiteca:

_ P(D/HA)P(Ha)
P(H4/D) = .
P(D/HA)P(Ha)+P(D/Hp)P(Hp) + P(D/HC)P(HC)( )
7.3
HaiizeM ycJIOBHBIE BEPOATHOCTH, BXOJsIue B HpaByl dactb (7.3).
Umeem: P(D/Hy) = P(ABCA/H,), mnocienHsis BEpOSITHOCTH —€CTh

BEpOSITHOCTD IIpreMa nocjepoBaresbaocT 6yks « ABCA» BMecTo miepeanHoi
nocsenoBareabHoctn «AAAA», TO €cTh BEPOATHOCTH IPABHJILHOIO IIPHEMa
nepBoii u yerBepToil OyKB A u mepeBona Bropoii Oykeel A B B u Tperheit — B
C. Tak Kak IPaBUILHBII [IPUEM WJIN UCKAYKEHWsT KaXKJI0H M3 Iepe/laBaeMbIX
OYKB SIBJISIIOTCSI HE3ABUCUMBIMH COOBITHSIMU, TO BEPOSTHOCTH YKA3aHHOTO
nepecedeHusi COOBITUI paBHa MPOU3BEJICHUIO BEPOSITHOCTEI:

P(D/Ha) =P(ABCA/Ha) =P(A/Ha) -P(B/Ha) -P(C/Ha) P(A/Ha) =
3 1 1 3 9

5 5 5 5 625
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Anajioruano HaXOJUM YyCJIOBHbIE€ BEPOATHOCTHU:

P(D/Hp) =P(ABCA/Hp)==-Z-=.— -3

P(D/Hc) = P(ABCA/Hc) = .

Toncrasissa B (7.3) Bce HAllJIEHHBIE BEPOATHOCTH, HOJLy Ya€M

9 .3
P(Ha/D) =5 6235 ) 3 .3 16 VYV
65 10t 5T 10 10
Ilpumep 7.3. Tpu cmpeara npousodam no 0OHOMY BLICMPENY 6

o0y u my olce muwends. Bepoammnocmu nonadaHus 6 Muwens npu 00HOM
svicmpene 0ai KadHcdozo U3 CMPEAKOS COOMBEMCMBEHHO PABHbL D1, P2, P3.
Kaxosa sepoamrocmsd moz2o, wmo 6mopoti CMpeaok NPOMAGLHYACA, ECAU TLOCAE
BHICMPENOE 8 MUWEHU 0KA3ANA0CH 08€ NPOLOUHDL?

Pemrenne. O6oznaunm A ={0ocje BBICTPEIOB B MUIIEHHN OKA3aJI0Ch JBE
upobounst }, H; ={u3 Tpex cTpeaKoB IpOMaxHyJIC i-ii, a J1Ba APYTrUX IIONAJM |,
i = 1,2,3. Tpebyerca naiitu yciosuyio BepodTHocTs P(Hs/A), KOTOPYIO MBI
Haitem 1o popmysie Baiteca. /s 9Toro Haliiem BEpOATHOCTH THUIIOTES:

P(H,) = P(B1B:Bs3) = P(B1) - P(B1) - P(B3) = (1 — p1)paps.

BJech uCIoMb30Banbl 06o3Hauenns B;—{nonajanue i-ro crpenka}, B;=
={npomax 4-ro crpejka} U IPEJIOJOKEHHE, YTO PE3YJIBTATHI CTPEIHObI
OTIE/ILHBIX CTPEJIKOB SABJISIOTCS HE3aBUCUMBIME COOBITHSIMHI. AHAJIOTHYHO
HAXOJIZM:

P(H>) = P(B1B2Bs) = pi(1 — p2)ps, P(Hs) = P(B1B2Bs) = pipa(1 — p3).

3amernm, UTO BCe yCJIOBHBIE BepositHOCTH paBHbl 1: P(A/H;) = P(A/Hs) =
P(A/H3) = 1. Torma noacrasiss Bce atu BepostHocTH B dbopmysy Baiieca,
HoJTygaemM

p1(1 —p2)ps
(1 — p1)paps + p1(1 — p2)p3 + pip2(1 — p3)

P(Hz/A) =

§ 7.3. 3Bamauu AJisi CAMOCTOSTEJILHOTO PeIleHus

7.1 B mepsoit ypue HaxojsiTcest 1 Gesbiit 1 9 UepHBIX IMIapoB, BO BTOpoit — 1
4epHBIi 1 b Oesbix. VI3 KazK/10#1 yPHBI YAQJIMIN 10 OJHOMY IIapy, BBIOpAHHOMY
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Hayra/Ji, a OCTABIINECH IAPhI CCHIIAIN B TPETHIO YPHY.
a) Haiitu BeposiTHOCTH TOrO, YTO IIAp, BBHIHYTHIA Hayraj M3 TpeTbeil ypHBI,
OKayKeTCs OeJIbIM.

6) Eciu map, BBIHYTBHIA ©U3 TpeThell yPHBbI, OKA3aJcs OeJIbIM, TO KaKoBa
BEPOSITHOCTH TOI'O, UTO U3 MEPBLIX JBYX YPH ObLIH yJAJI€HbI YePHBIE MapbI!
7.2 B mepnoit ypue Haxonarcs 1 6enbiit map m 4 KpacHBIX, BO BTOpoii — 1
Genplit 1 7 KpacHBIX. B nepByio ypHy J1006aBUIN JIBA ITapa, BHIOPAHHBIX HAYTAT
U3 BTOPO! YPHBI.

a) Haiitu BepogTHOCTH TOrO, YTO IMIAD, BBHIHYTBIA HAyraj, U3 IIONOJHEHHOM
[I€PBOIl YPHBI, OKAXKETCsT OEJIBIM.

6) IlocraBuTh BOLpPOC, OTBET HA KOTOPBI MOYKHO HANTH C IIOMOIIBIO (DOPMYJIBL
Baiteca (1 oTBeTUTH HA HETO).

7.3 Umeerca 5 ypH CJEIyIOMETO COCTaBa: B MEPBOM M BTOPOU ypHAX IO 2
GesbIx U 3 UEpHBIX Iapa B KaxKJOif; B TpeTbeil W 4eTBepToil ypHax — 1mo 1
G6esoMy u 4 UYepHBIX Iapa; B msiToil ypae — 4 6enbix u 1 wepnbrii map. U3
OJIHOI Hay1a4y BeIOpaHHON ypHBI B34T map. OH okazaJics GenbiM. Uemy paBHa
[IPU 3TOM BEpPOSITHOCTH TOT'O, YTO OH BBIHYT W3 MSITON yPHBI?

7.4 B Tpex ypHax cojepKarcs Oejible W UepHBbIe IAaphbl: B IEPBOH ypHE —
2 6enbIXx W 3 UYEPHBIX IIapa, BO BTOPOIl — 2 OeJbIX W 2 YEepHBIX IMapa, B
TpeTbeit — 3 Gesbix u 1 depwnsiit map. V3 mepBoit ypHBI BBIHYT HayJIady IIap
U IIepesiokeH BO BTOpyio. Jlajiee m3 BTOpPOil ypHBI BBIHYT HayJady IMap U
repesiozkeH B TpeThio. HakoHel u3 Tperneil ypHBI Map MePesIoKeH B MEPBYIO.
a) Kakoii cocras mapos B 1iepBoit ypHe HanboJiee Bepositen?

6) C Kakoii BEPOSITHOCTBIO COCTAB IIAPOB BO BCEX YPHAX HE M3MEHUTCH?

7.5 U3 ypHBI, B KOTOPOH OBLIO M > 3 O€JbIX U N YE€PHBIX, TMOTEPSIA OJUH
ap HEM3BECTHOTO IiBeTa. J[jist TOro 9robbl ONpeIeIuTh COCTaB IIapOB B YPHE,
U3 Hee HAyIady ObLIN BBIHYTHI JBa Iapa. Haiitu BeposTHOCTH TOTO, UTO OBbLI
[IOTEPSTH OeJIbI IIap, €CJI U3BECTHO, YTO BBIHYTHIE IIAPHI OKA3AJINCH OEIBIMU.
7.6 B ypue nexar 12 mapos, uz Hux 8 depubix u 4 Genpix. Tpu urpoxka A,
B u C noodepenHO BBIHUMAOT IMApPbl. BBIUTPBIBAET TOT, KTO IEPBBIM BBIHET
6esbrit mrap. ONMEHUTh MAHCHL HA YCIEX KaXKJI0TO UTPOKA.

7.7 Ilpu HEKOTOPBIX YCJIOBUSIX CTPEJbObI CTPEJIOK A IMopaykaeT MHUIIEHB C
BEPOSATHOCTBIO p1 = 3/5, crpesiok B — ¢ BeposiTHOCTBIO po = 1/2, crpesiok
C — ¢ BeposiTHOCTBIO p3 = 2/5. CTpesIKM JAIM 3aJ1I1 10 MUIIEHH, 1 JBE IIyJIn
onaJid B 1e/ib. 10 BeposiTHee: nonas C B MUINEHb WA HET?

7.8 Uzgenumss HEKOTOPOro MPOU3BOACTBA YIOBJIETBOPSIOT CTAHIAPTY C
BepogTHOoCcThIO 0,96. Ilpenmaraercss ymporieHHasi CHCTEMa HUCHBITAHUIM,
JaroIas IOJOXKUTEJIbHBIN pe3ysbraT ¢ BepodTHOCThbIO 0,98 1y usnenwii,
VJIOBJIETBOPSAIONIUX CTAHJAPTY, & JJIs U3JEJINil, KOTOPble HE YIOBJIETBOPSIIOT
cTanapry, ¢ BepogaTHocThio 0,05. KakoBa BEpOATHOCTH TOTO, 9TO:
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a) uznesue Oyuer 3a6paKOBaHO;

6) uzzesre, BblIEPKABIIee HCIBITAHUE, YI0BJIETBOPET CTAHAAPTY?

7.9 Hekoropoe u3zesnme BBITyCKAETCH JABYMS 3aBOJAME, IPUIEM OObEM
[IPOJYKIINK BTOPOTO 3aBOJIa B K pa3 mpeBocXxoauT 0ObeM MPOMYKIIUU IIEPBOTO.
Honst 6paka y mepBOro 3aBojia p1, y BTOPOro — po. V3menus, BbINyIIEHHBIE
3aBOJIAMU 33 OJIMHAKOBBIN IIPOMEXKYTOK BPEMEHH, IIepeMelllajd U IIyCTUIN B
nposaxy. Kakosa BEPOATHOCTb TOI'O, YTO BBl IIPHOOPEJIN U3JEJINE CO BTOPOI'O
3aBOJIa, €CJIM OHO OKA3aJI0Ch OPAKOBAHHBIM !

7.10 B cemu ypuax copepxkutcs 1mo 3 OeJIbIX W 2 9YEpHBIX IMapa, a B TPEX
ypHax 1mo 7 Oenblx W 3 depHBIX mapa. KakoBa BepOSTHOCTb, 9TO U3 YPHBI,
B34ATOI Haynady, OyjeT u3BjedeH Oesiblii map? HaliTu BeposTHOCTH, YTO IIap
U3BJIEYUEH U3 YPHBI ¢ 7 OEJILIMU U 3 Y€PHBIMU IIAPAMU, €CJIN OH OKA3aJIC OEJIBIM.
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['1aBa 8

Pacnpenesienus caydaiiHbIX BeJIMYUH

§ 8.1. CayuaitHag BequuuHa ©u  QYHKIUS

pacnpeeseHust

Cayuaiinoii BesuumHON (c.B.)  Ha3bBaeTcs Bedkad —(DYHKIU

X : Q — R, CONOCTaBIAIOINAA KayKJIOMy 3JEMEHTAPHOMY HCXOmy ) €
O neiicrBuresnbHOe dncao X (W).

D yuknuen pacopeaeseHus (b.p.) caydaiftHOl — BEJUYUHBI

X mazwiBaercsa dyukius Fx : R — R, 3amaBaemasi COOTHOIIIEHUEM:
Fx(t)=P(X <t)=P{w: X(w) <t}, t€R. (8.1)

OyuKIMs pacupe/eeHus 06/1agaeT CBOCTBaMU:
Fl. 0 < Fx(t) <1 VteR
F2. Fx " (meybwiBaromas GbyHKIUs).
F3. Fx(—OO) = tl}gloo Fx(t) = O, FX(+OO) = tl}eroo Fx(t) =1.

F4. Fx(t) uHenpepbiBHa CJIeBa U UMEET KOHEUHBIN IIPEJeJl CIpaBa: JJId BCEX
teR
lim Fx(y) = Fx(t); lim Fx(y) = Fx(t+0).
y—t—0 y—t+0

F5. [ng mo6bix a < b BeposTHOCT Honajganus ¢.B. X B uHTEpBaJ [a, b) paBHa
P{a< X <b} = Fx(b) — Fx(a).

F6. nsa noboro a € R BepoATHOCTH NONAJAHUA C.B. X B TOYKY @ PaBHA
CKauKy ¢.p. B TOUKE a:

P{X =a} = Fx(a+0) — Fx(a).
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§ 8.2. JIuckperHoe um abCOJJIIOTHO HENpPepPbIBHOE
pacnpeaesieHust

MmuoxkectBo G Ha3bBIBAETCS CUYETHBIM, €CJU OHO OECKOHEYHO, HO BCE
9JIEMEHTBI €r0 MOXKHO 3aHyMepOBATH YHUCJIAMU HATypaJbHOro psga: G =
{x1,22, ..., Tp,...}. MHOXKECTBO Ha3BIBAIOT He OoJiee YeM CYETHBIM, eCjiu
OHO KOHEYHO WM cYeTHO. l[oBopaT, 4uro c.B. X  wuMeeT AUCKPETHOEe
pacopefesieHUe, ecjii ¢ BEPOSITHOCTHIO 1 OHa MOXKeT NMpUHUMATH He OoJiee
9eM CYeTHOe MHOXKeCTBO 3Hadenuii. Mrnade rosops, c.B. X uMeer JUCKPETHOE
pacrpejiejieHue, €cjii CyIecTByeT He 6ojiee YeM CYeTHOe MHOXKecTBO G =
{z1, 2, ..., Ty, ...}, TAKOE, YTO

pi=PX=2)>0i=12,.. > pi=L (8.2)

Vaporras TepMAHOJIOTHIO, OyIeM TOBOPUTH B 3TOM CJIyvae, UTO CJIydalHast
BesmuuHa X auckperHa. Ecim c.B. X guckperHa, TO Jjisg Hee MOXKHO
YKa3aTh JBe IOCIeJ0BATEIbHOCTH: IIOCJI€I0BATEILHOCTD &1, L2, ... BO3MOXKHBIX
sHadeHnit X W IOCAEIOBATEHLHOCTDL P1,P2,... BEPOSITHOCTE STUX SHAUCHUIA.
Tabmuma, cocrapiaeHHass U3 STUX MOCJIEIOBATEILHOCTE, HA3BIBACTCS PSIIOM
pacupeneseHus win Tabauieit pacupeaejgeHus X :

X |£L‘1|£L‘2||$Z|
P(X=ux)|p |p2]| | pi]

Ecim ¢.B. X wumeer JuckperHoe pactpejesienue (8.3), TO BEPOITHOCTH ee
nonaganusa B MHoxkecTBo A C R Bbluucigercsa no dopmyie:

P(Xcd) =) p. (8.4)

T, €EA

(8.3)

B wactHocTn, dpyukmus pacupe/iesienus CaydaiiHoi BeuInabl X BbIPAKAETCs
gepes psiJi pacrpejesneHus hopMyIIoii:

Fx(t) =Y pi (8.5)

x; <t

Ecnu npeanosioKuTh, 4T0 BCe 3HAUEHUS CITy YallHOM BeJIMYIUHBL X YIIOPsI0YEHbI
110 BO3pPacTaHUIO, TO €CTh

T <T2<...<Tp<...,

TO (PYHKIIUsI PACIpeIeieHus OyIeT nMeTh rpaduK, m300parKeHHbIil Ha puc. 8.1.
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Puc. 8.1: I'pacdux dbyuxiuu pacupenenenus Fy (t).

OyHKIUS pacipeeeHns JUCKPETHONH CrydaifHoll Bequanabl X sBJIseTCs
CTYIIEHYaTOM’, TO €CThb OHA COXPAHAET IIOCTOSHHBIE 3HAYCHUSI B UHTEPBAJIAX
(xi—1,%;), a B TOYKAX &; WUMEET Pa3PBIB IIE€PBOrO pojia (CKAIOK), PABHBII
BepoarHoctu p; = P(X = ;).

ToBopaT, 4YTO C.B. X nMeeT abCOJIFIOTHO  HEIPepbIBHOE
pacupenenenue, eciau ee GbyHkus pacupepenenus  Fx(t) MOYKET
OBITH TIPEJICTABJIEHA B BUJE:

Fx(t) = / fx(w)du, (3.6)

rame fx(u) — HeoTpunaTe/bHas, HHTErpUpyeMas Ha BCell YHCIOBOH ocu
dyHKIWMS, KOTOpas HA3BIBAETCS MJIOTHOCTHIO PACIIPEJIEIEHUS CJIydIalHON
Benuunnubl X . Eciau pacupenenenne ¢.B. X abCOJIIOTHO HEIPEPBIBHO, TO €€
IJIOTHOCTD pacIpejiesienust 00J1a/1aeT CBORCTBaMU:

f1. Iuist Bcex t € R muoTHOCTH pacupesie/ieHnsi HEOTPUTIATEIbHA!

fx(t) >0.

f2. HTerpas or mIOTHOCTH PACIIPEIeIEHNs 110 BCell YUCJIOBON IPSIMON paBeH
enuuue (ycsoBre HOPMUPOBKN):

/_Z Fe(t)dt = 1.

f3. BepositHOCTH TOrO, UTO CiyuaiiHas BeJIMYMHA TPUHUMAET 3HAYCHUS
U3 MHOXKECTBa, paBHa HMHTErpajly OT IJIOTHOCTU PaCIpEJesEeHUs II0 ITOMY
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MHO>KECTBY:

P(X € A) = [ fx(t)dt
/

Juist moboro MuoxkectBa A C R, 11 KOTOPOro mHTErpaj B NpaBoil 4acTu
OIIpEJIEIEH.

f4. ®yukuusa pacupeienenus Fx (t) HeupepblBHa Ha BCell YMCIOBOR OCH, a B
TouKax HenpepbiBHOCTH IwoTHOCTH fx () &d.p. Fx(t) muddepeniupyema,
npuIemM

Fy (t) = fx(t).

5. BeposTHOCTD mOa aHus CIydaiiHON BeJIMYUHBI B TOYKY PaBHA HYJIIO: JIJIs
Jroboro a € R BeInosieno

P(X =a)=0.

6. dnsa mobbix a < b
b
P(a§X<b):P(angb):P(a<X§b):P(a<X<b):/ fx(t)dt.

BeposgTHocTn monanaHus B NPOMEXKYTOK, (DUTIYPUPYIOIINE B IIOCJIEIHEM
CBOIICTBE, BLIYHUCJILIOTCA  KaK  INUIOINAAbL  KPUBOJIMHEHHONW  Tpalleluu,
3aITPUXOBAHHON Ha puc. 8.2:

fx(t)

// A S~

0l a b t

Puc. 8.2: Ilnornocts pacupenenenust fx(t).

Ormernm, uro cBoiictBa fl wm {2 saBisOTCH XapaKTepUCTHIECKAMA
CBOCTBAMM IUIOTHOCTH pPACIpEIEeeHns, TO eCcTh Jiobas QyHKIHs,
VIOBJIETBOPSIONIAS STUM CBOWCTBAM, SIBJISETCS ILUIOTHOCTHIO DPaCIpee/IeHust
HEKOTOPOH CIydaliHO! BEJIMYUHBL.

50



§ 8.3. Ilpmmepbl pacnpeaeeHuili CJaydaifHBIX
BEeJIMYNH

1. Pacnpenenenune Bepnynmm B,. 39to pacnpenenenne c. B. X,
MIpUHUMAIOEN Juimb aBa 3uadenuss 1 u 0 ¢ BepoaTHOCTAMU D M ¢ =1—1D
coorBeTCcTBeHHO. Kak MBI BHjesM, Takoe pacIpejie/leHre HUMeeT CiIydaiiHasd
BeJIMYMHA, PaBHAs YHCJIY <yCIIEXOB» IIPH OJHOM WCIIBITAHUN DepHyJLm.
OueBnjHo, pacupegenenne X JUCKPETHO, W Psijl PACIPEEIICHUST 3a/1aeTCs
DPaBEHCTBOM:

p, ecmm k =1;

PX =k)=
( ) 0, ecmu k =0.

Tot daxkr, aro c. B. X umeer pacupenesienne beprysuim, Oyaem o003HaIaTH
cremytomuM obpasom: X & B, time p — mapamerp, 0 <p < 1.

2. BunomuaJsibHOe pacnpegesieane B, ,. T'osopar, uro c. B. Y nwmeer
OGUHOMHAJILHOE paclpejiejienne ¢ napamerpamu (n,p), rme n = 1, 2, ...,
0 <p <1 (obosnauaem Y & B, p), eca OHa MOXKET IPUHUMATL 3HAUCHHSI
0, 1,..., n ¢ BEPOATHOCTSMU, BBIUHUCIsIeMbIMU IO popMmyiam beprysin:

pe=PY =k)=Crp*¢" % k=0,1,...,n.

Kak MbI 3HaEM, OMHOMEAJIBHOE PACIPEIE/IEHAE HMEET CIIydaiiHasd BeJINInHa
Y, paBHasg 4YHCIy <«YCIIEXOB» B N HE3aBUCHUMBIX HCIBITAHUAX DepHYJIIH.
OueBumHO, pacipejiesieHne BepHy/In ecTh YaCTHBIN Cilydail OMHOMHUAJIBLHOTIO
upun =1: By = By .

3. Pacmpenenenune Ilyaccona IIy. Tosopgar, aro c. B. Z wumeer
pacnpenienerne [lyaccona ¢ mapamerpom A > 0 (obosnauaem Z € II)), ecan
OHA MOXKET IIPUHUMATH ITIeJIble HEOTPHUIATEIbHbIE 3HAYEHNSI C BEPOSTHOCTSIMU,
BBIYHUC/IEMBIMA TI0 (POPMYJIAM:

)\k
_ AN
TR

Pacnpenenenne Ilyaccoma siBisiercsi mpeebHBIM Ijiss OMHOMHUAJIHHOTO
B, p, Korma n Bemumko, a p Maugo (cM. Gosmee Toumo Teopemsbl Ilyaccoma
10.6, 10.7). IIpubamrkeHHO MOXKHO CUUTATH, YTO 3aKOHY DACIIPEIeJeHMUsI
IIyaccona ymoB/IeTBOPAIOT TaKue CJIydaiiHble BEJIUIUHBI, KAK YHCJIO BBI3OBOB,
IOCTYIUBINUX HA TeJeMOHHYIO CTAHIUIO 3a OIPEIEICHHBIH TPOMEXKYTOK
BPEMEHM, WM YHCJIO0 OTKA3aBIIAX 3JEMEHTOB CJIOXKHOHM  ammaparypsl,
COCTOSIIIEH 13 DOJIBITOTO YNC/IAa TAKUX JIEMEHTOB, 33 HEKOTOPBI TPOMEXKYTOK
BPEMEHH.

pr=P(Z=k) k=0,1,....
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4. TeomeTpudeckoe pacnpenenerue G,. lI'opopsar, uro c. B. X nmeer
reoMeTpHUYecKoe pacupeesiennue ¢ napaMerpom p, rie 0 < p < 1 (o6o3navdaem
X € Gp), ecim oHa MOXKeT IPUHAMATDL IIOJOKUTEJIbHBIE IIeJble 3HAUCHHs C
BEPOSITHOCTSIMU, BBIYUC/ISIEMBIME 110 (hOpMyIIaM:

pk:P(X:k):quila k:1527 RN qzl_p

HazBanue sToro pacnpeneneHuss oObsSCHSAETCS T€M, YTO BEPOSATHOCTH Dy
psfa pacrpefieneHns o0pa3yloT OeCKOHEYHO YOBIBAIOIYI0 TIE€OMETPUIECKYIO
nporpeccuio. ['eomerpudeckoe pacipejiesieHiue UMeeT €. B. X, paBHAS YUCILY
[IPOBEJIEHHBIX MCHBITAHUI BepHYIIIN 10 NOSBIEHUS IEPBOTO «YCIIEXas.

3ameuanne 8.1. Bce swvuuenpusedentvie npumeps, NPeIcmasasom
duckpemmwie pacnpedesenus. dumamenro npediaeaemcs nposepumy, 4mo O0AfL
HUT BBINOAHAIOMCA 00A3AMEALHBIE OAA BCAK020 JUCKPEMHO20 PACTPEIENEHUA
yeaosua pl — p2.

5. PaBHomepHOe pacnpegenenue U, p. [osopar, uto c¢. B. X umeer
paBHOMepHOe pacrpe/esienne Ha oTpeske [a; b] (obosmagaem X & Ul y)),
ecym pacripenesenne X abCOTIOTHO HENTPEPBIBHO, & IJIOTHOCTD PACIIPEIEIeHUsT
[OCTOSIHHA Ha OTpe3Ke [a,b] W paBHA HYJIIO BHE 3TOTO OTPe3Ka:

C, ecuut € [a,b],

Ix(®) = 0, ecmut ¢ [a,b].

Koncranty C' MOXHO HAifiTH, BOCIOJIB30BABINACH OOS3aTEIBHBIM JIJIs
BCSIKOI TIJIOTHOCTH yCJIOBUEM HOPMHUPOBKHU f2:

0o a b 0o
1= / fx@)dt == / Odt—i—/Cdt—i—/Odt:O-i-C(b—a)-i-OzC(b—a).
—00 —00 a b
1
Orcioma C = b a U IJIOTHOCTH PABHOMEPHOTO pactpenenennsd Ulg, 4
—-a
MpUHUAMAET CJIeAyIONNAN OKOHYATEIbHBI BUI:
! ecu t € [a,b]
7 JI s Yl
Ix(t)=qb—a (8.7)
0, ecim t ¢ [a,b].

Herpynuno mocrpouts rpadukn (GYHKIUE U IIOTHOCTH DPaBHOMEPHOTO
pacupegenenus Uy, 3], OHU IPEJICTAB/ICHDI Ha puc. 8.3.
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0| a b X 0] a b X

Puc. 8.3: @ynkiusa u MIOTHOCTh PACIIpe/ieIeHIsI PABHOMEPHOI'O 3aKOHA.

Yuopaxkueaune 8.1. Hatidume anarumuveckoe suipadicerue 0af @.p.
pasromeprozo pacnpedenerus Ulq; p)-

Iloiesno oTMETHTDH ele OJHO CBOHMCTBO PABHOMEDHOIO pacCHpeesIeHNUs,
9aCTO UCHOJIb3yeMOe IIPU BBIYNCIEHUN BEPOATHOCTEN.

Ecau c. 6. X umeem pasnomeproe pacnpedeaenue na ompeske [a,bl, mo
BEPOAMHOCTND €€ NONAOAHUSA 6 N1000T NPOMENHCYMOK, UEAUKOM COOEPIHCAUUTICA

6 ompeske [a,b], GHMUCAACTCA COZAACHO 2EOMEMPUYUECKOMY ONPECALHUIO
sepoammocmu. Hanpumep, ecau [c,d] C [a,b], mo

P(X € [e,d]) = fracd — cb — a. (8.8)

okazaTesbcTBO. I[l0CKOMBbKY BEpOSTHOCTD MOIMAIAHUS B ITPOMEXKYTOK

BbIYUCJIACTCA UHTEeIr'pajioM OT IIJIOTHOCTHU  PacCIIpe/ieJIeHUA 10

3TOMY
IIPOMEXKYTKY, TO

d d d
1 1 d—
P(Xe[c,d]):/fx(t)dt:/—b_adt: b_a/dt:b—z'

5. DKCIOHEHITNAIbHOE

(mokazaresnbHOE) pacrpeesieHue
Ey. T'oBopar, uro c. B. X mMeeT moka3aTeIbHOE pacupeiesieHre ¢ TapaMeTpOM

o > 0 (obosmauaem X € Ey), ecim pacupepesenue X

abCoJIIOTHO
HEIIPEPBIBHO C IIJIOTHOCTHIO PACIIPEIE/IEHUSI

Ce™ % ecmut >0,
fx(@) =
0, ecom t < 0.
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Koncrauty C MoxkHO HallTH, KaKk U B [PEJIBLIYIIEM IPHMEpE,
BOCIIOJIb30BABIIICH YCJIOBUEM HOPMHUPOBKU f2:

e’} 0 [e%s)
1=4 fx(t)dtZZo Fx(t)dt + 0/ fx(t)dt =

T c C
= O—l—C/e_“tdt: —e M| = =,
—a a

0

Orcioma C = O , ¥ IUIOTHOCTH SKCIIOHEHIMAJBHOIO pacipejeieHus Fgy
MeeT BHJL

oe % ecomt >0,

0, ecm t < 0.

fx(t) = (8.9)

3aKOHYy  9SKCIIOHEHIHAJBLHOTO  PACIPEIEJICHUS  [MO[IYUHSIOTCS — TaKue
cilyJallHble BEJIMYMHBI, KaK BpeMs 0e30TKa3HOI pabOThl PaInoaliaparypbl
WM BpeMd MeXKJy IOCTYILIEHHEM JBYX IIOCJIE/IOBATEIbHBIX BBI30BOB Ha
CTAHITAIO CKOPOU MEJUIMHCKOI ITIOMOIIIHA.

VYanpaxknenue 8.2. Hatimu anarumuyeckoe ewvipasicenue 0t @.p.
nokazamenavrnozo pacnpedesenun FEy u nocmpoums epaduru dynkuyuu u
NAOMHOCTIU PACTPEIEACHUA.

Onpenenenne 8.1. losopsit, uro ciyuaitHas Begmanaa X UMeET
HOpMaAbHOe pacnpedeaenue, WU pacnpedenenue laycca, ¢ mapamerpamu
(a,0?%), ecn pactipesiesierne X  abCOJTIOTHO HEPEPBIBHO C TLIOTHOCTHIO

1 (t—a)?

fx(t)=—=e 20° | —oo<t<o0. (8.10)

gV 2m
HopwmasbHoe, mim rayccoBCKOe, PACIPEIEIeHRe 3aHIMAET 0c0b0e MECTO B
TEOPHU BEPOATHOCTEH B CHJIy CBOEH DACIPOCTPAHEHHOCTH B NPHJIOKEHUIX U

TEOPETUIECKON BaXKHOCTH JIJIsi MHOIUX (DYHIAMEHTAIbHBIX PE3YIbTATOB TEOPUN
BEPOATHOCTEH.

OTHOCHTEIHHO TApAMETPOB HOPMAJIBLHOTO PACIIPE/ICIIEHUST [IPEJIITOIAraeTcs,
qaro a — JI000e eCTBUTENILHOE YUCIO0, Ha3bIBaeMoe cpedium, a G > 0
HA3BIBAECTCST CIMAHIGPTHIM, UAU CPETHUM KEAIPAMUMECKUM, OMKAOHEHUCM.

Tor daxr, uro c¢. B. X uMeeT HOpMAJIbHOE PACIpEIe/IEHIe ¢ MapaMeTpaMu
(a,0%), Gynem obosnadarb: X € N, q2. HopmasmbHoe pacupesnenenne N i
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¢ mapamerpamu a = 0,0° = 1 Ha3LIBAIOT CMAHIAPTHOLM HOPMAALHDILM
pacnpedesenuem, Wil CmarIaPMHbLM HOPMANGHBLM 3AKOHOM.

OrmermM, ato ecmu X € N, g2, TO cioydaitmas penmauaa X MoxKeT OBITD
[IPEJICTABJIEHA B BUJIE

X =a+0Z, (8.11)

rJie cIyJaiiHas BeJIMINHA Z WMeeT CTAaHIApPTHOe HOPMAaJbHOE pacupeescHue.
Cumpict mapamerpoB (a,0?) HOPMaIbHOTO 3aKOHA MOYKHO TIOHATH U3
rpaduka IJI0OTHOCTH, IPEJICTABIEHHOIO Ha puc. 8.4.

YA

0 a X

Puc. 8.4: IlnorHOCTH pacupeneneHnst HOPMAJIbLHOTO 3aKOHA.

Haitnem Teneps ¢. p. HOpMAIBLHO PaCIpeIeIeHHON CIIyIalHON BEJTUINHDI.
Byuem o6oznavars uepes ®(t) &. p. crangaprHOro HOpMaJbHOrO 3aKkoHa. Torma

/¢ o\}_n/t e~ odu. (8.12)

Dynkiust P(t), onpeeneHHast STUM PABEHCTBOM, HA3bIBAETCsl (yHKyued
Jlanaaca, ee 3HaUeHUsT TPOTAOYJIMPOBAHBI, W COOTBETCTBYIONINE TaOIUITHI
HUMEIOTCSI BO BCEX PYKOBOJICTBAX IO TEOPUU BEPOSTHOCTEHN UM MATEMATHIECKOM
craTucTuke. B HacTosAmEeM yueOHIKe OHA TOMEIEHA B IPUJIOKEHUN & BKOHIIE
kHurU. J[JIs OpakTUYeCKOro WCIOJIb30BAaHUsT TAOJUILI MOJE3HBI HEKOTOPbIE
cpoiicra dbyukiun P (t). Ouu comepkaTcsd B cieyromeil gemme.

JIemma 8.1. Jas ¢ynruyuu pacnpedesenus P(t)  swnoansromes
coommowenus: s cex t >0

B(—t)=1-d(t), (0)= (8.13)



HokazaresnbcTBo. Pacemorpum rpaduk mwiotHoctn y = ¢(x) (puc. 8.5).

YA

Var

Puc. 8.5: I'pacduk mmorHOCTH pacipeaeaeHus
CTaHJAPTHOIO HOPMAJILHOI'O 3aKOHA.

O6o3HaunM dYepe3 Z C. B., HMEOILYI0 CTaHIAPTHOE HOPMAJIbHOE
pacnpenienierne. Tak kaxk B cury (8.12)

@@@:Pw<—o:/¢@m%

1-0d(t)=1-P(Z <) :P(ZZu):/(I)(u)du,

ro 3HadeHnss P(—t) u 1 — O(t) paBHBI WIOMEAIAM, 3AIITPUXOBAHHBIM HA PUC.
3.10, KOTOpBIE COBIAIAIOT BBULY cuMMeTpun IWIoTHOCTH Yy = (). Tem cambim
JIOKa3aHo TepBoe u3 coorHomenuit (8.13). Bropoe crenyer us pasercts (77)
npu a = 0:
1
20)=P(Z<0)=P(Z<0)= 7
Sameuanue 8.2. Jloka3annas AEMMG NO3GOAAET,  NOALIOBANDCA
mabauyamu Pyrnkyuy Jdanaaca D(t) moavko npu nosoKHCUMEOHHT T.

Crenyromast JeMMa BbIpaykaeT (. p. IPOU3BOJIHFHOIO HOPMAJIBHOTO 3aKOHA
N, o2 gepes dynkmuio Jlamraca.
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JIlemma 8.2. Dynryua pacnpedenenus c. 6. X & Ny g2 6v4UCAACTCA O
dopmyse

<I>a_02(t):<1><t_a). (8.14)
’ o

JToka3zaTeabCTBO. Benomuum, uro cormacuo (8.11) cunpasemiuBo
npeacraBiaenne X = a + OZ, T1e Z UMeeT CTAHJIAPTHOE HOPMAaJbHOE
pacupenenenne. Boipasum &. p. P, ¢(f) mo ounpenesnenmio dyHKIUEI
PaCIpeIe/IeH s :

@aﬂaz(t):P(X<t):P(a+0Z<t):P(Z< t;“) :@(t;“)

§ 8.4. I'emepmpoBaHUe CIIyIaHBIX YUMCEJT

Paccemorum renepupoBaHue moc/ie10BaTeIbHOCTA HE3ABUCUMBIX OJIMHAKOBO
paCIpeieJIeHHBIX CJIyJaifHbIX BEJWYWH, WMEIOMUX pacupeaenenune F. s
MIPOCTOTHI OyJIeM MpeanoiaraTb, 9To F — CTPOro MOHOTOHHAsT (DYHKITHS
(Bospacraromast smbo ybeiBaromas). OTMETHM, UTO 3/eCh MBI PACCMOTPUM
TOJIBKO OJIMH CIOCOO NeHEPUPOBAHUSA CJIYYANHBIX BEJTUIUH.

OxasbiBaercs, ciaydaiinas semanna F~1(W), Tie W mMeeT paBHOMEpHOE
pacupegenenue na orpeske [0, 1], pacupemesnena 1o 3akody F. DT0 MOXKHO
YCTAHOBUTH, BOCIIOJIH30BABIINCH MOHOTOHHOCTRIO F'. JleficTBUTEIBHO,

P(F Y w) <t)=P(w< F(t)) = F(t),

B CHJLY TOTO, 9TO () PAaBHOMEPHO pacipeeiena ua orpeske [0; 1]. Tlosromy nuis
TOrO, 4TOOBI CreHEepUPOBATH IOC/IEIOBATENLHOCTD X1, Xo,... HE3ABUCUMBIX
CIyYaifiHBIX BEJIMYUH C pacupejeieHneM F', 10CTaATOYHO CreHEPUPOBATDH
[IOCJIEZIOBATEILHOCTD Wy, Wy, ... HE3aBUCHMBIX PABHOMEDHO DPACIPEIEIEHHBIX
na [0,1] cayuajinpix Bemuuun u nojoxuth X; = F7l(wy),i = 1,2,...
s reHepupOBaHMS TOCIEIOBATEILHOCTH PABHOMEPHO DPACIPEIEICHHBIX HA
orpeske [0,1] ciydafiHBIX BeJINYMH MOYKHO WCIIOJIB30BATH, HAIPUMED, MAKET
nporpamm MS Excel. [Ijist 3roro B myHkTe MeHio «BcraBka» HY:KHO OTKPBITH
nyHKT <«@DVYHKIUS» U B KATEIOPUM <«MaTEMATHIECKHE» HAWTH BCTPOEHHYIO
DYHKITIIO
CJIIUC()

— 9Ta QYyHKIWS OyIeT BBIIABATE P KAXKJIOM €€ 3aIlyCKe YHC/Ia, PABHOMEPHO
pacupejenennbie  Ha orpeske [0,1]. B ciemyiomem npumepe Mbl s
KOHKpeTHOro F' cremepmpyeM MOCTIeIOBATEHFHOCTh HE3ABUCUMBIX CJIYIaiHBIX
BEJIMYHH.
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ITpumep 8.1. Ceenepuposamsb nocaedo8amMesbHOCNb IKCNOHEHUUANDHO
DACTPEIENEHHDIT CAYUATHDLET BEAUMUN.

Pemrenne. T'oBopar, 4ro ciaydailinas BeJIHITHA X nmeer
SKCIIOHEHIIMAJIbHOE DpaclpeelieHue ¢ mapaMeTpoM O (o6o3HavueHUe:
X € Eq), ecau ee pacupejiesieHue UMeeT BHL

1 —exp(—at), ecaut >0,
Fx(t) = 8.15
x(®) {O, ecia t < 0. ( )
Torna F~'(t) = —2In(1 — t). lajee reHepupyeM IOCJIEI0BATEIBHOCTD
PABHOMEDHO pachpesieileHHbIx  Ha orpeske [0,1] cuaydafiHBIX — BeIndmH:
Wi, Wy, .... B urore nociiegoBaTeIbHOCTH
1 1 .
F~ (o) = —aln(l—(.oi), i=1,2,...
U ABJIAETCH UCKOMOIL.
\Y
§ 8.5. Pemnienne TMnoBLIX IPUMEPOB
IIpumep  8.2. Touxa @ = (w,0s) swvbupaemcsa Haydauy 6

mpeyzoavhure ¢ sepuunamu 6 moukax (0,0), (2,1) u (2,0). Hattmu dynryuro
pacnpedesenus cayuatinot seaunumnst X, ecau:

a) X(w) = wy; 6) X(w) = wy.

Pemrenne. a) Coracuo onpenenenno (8.1), dyHKIms pacrpemeneHus
Fx(x) ecTb BEpPOSATHOCTH TOTO, UTO CJIydaiiHAA BEJIMTIMHA ITPUMET 3HATECHUE,
MEeHBIIIee .

Tak Kak Touka W = (W, W) BEIOUpAETCst B Ipejeiax TpeyrojbHuka ) (eM.
puc.??), o c.B. X(W) = @ MOXKET NPUHUMATH CBOU 3HAYEHUS JIUIIbL B
npezienax orpeska [0, 2].

IMosromy upu = < 0 umeeMm Fx (z) = P(X < z) =0, aupu z > 2 noiydaem
Fx(z)=P(X <z)=1.

ITycrs reneps 0 < x < 2. Torga cobbitne {X < x} = {w; < x} o3nagaer,
9TO TOUKA W= (Wy, W) OKAMKETCS JieBee NPSAMONl W) = Z, TO eCTh OKAYKETCsI
B obJtactu A, 3alITpuxoBaHHOM Ha puc. 8.6.
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Puc. 8.6: Boraucienue dbyuknmit pacupeiesienus B mpumMepe 8.2.

BepositHocTh  momasanumst B 9Ty  00JIACTh  HAXOMM
FEOMETPUIECKOMY OIIPEeJIEJIEHUIO

COTJIaCHO

Fx(z) =P(X <2)=P(we A,) = “Lfé;”)) -

Taxum obpazom, uckomasi (pyHKIUS pacupejesieHus c.B. X paBHA

0, ecin ¢ < 0,
2
Fx(r)=q%, ecm0<z<2,
1, eca x© > 2.

6) AHAJIOTUYHO TPENbIIYIIEMY, HAXOIM:

Fx(z) =P X <z)=Plur<z)=0
upu x < 0;
Fx(z) =P X <z)=Plix<z)=1
upu z > 1. Ilycrs 0 < 2 < 1. Torma umeem (cMm. puc. 77):
W(B.) 1-(1—x)? 2
Fx(z) =P X <z2)=Plw<z)= = =2z —x°.
() = P(X < 0) = Play <) = :

ITostHoE BBIpazkenue s §.p. caydaiiHoil Beqnauabl X HUMeeT BUI:

0, ecm x© < 0,
Fx(z)=(2r—2%, ecm0<z <1, \V4
1, ecomm x > 1.

IIpumep 8.3. Monemy 6pocatom n = 3 pasa. Hatimu psad pacnpedenenus

u Pynryuro pacnpedeaenus: a) wucaa swnadenud zepba; 6) pasnocmu wucea
evinadenus 2epba U pewemxu.
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Pemenne. a) O6osnauas X — uucisio BblnajeHuii repba, 3aMeTUM, 4TO
c.B. X MOXKeT MPUHUMATH JIUIIb KOHEYHOE MHOXKECTBO 3Hauenwmii: 0, 1, 2,
3. CnenoBarenbHO, pacrupenenerne X — OIUCKPETHO, a P PACIpeaeIeHUsT
onpegesercs dopmysnamu Bepuyswm (6.1):

pe=P(X =k)=CFpF¢" " k=0,1,...,n.

IloncraBiss B 9tu popMysIbl 3HAYEHUS P = ¢ = %, n =3, HAXOJUM:
3

1 1 1 3 1
=0 =, =Ci_ =2, =, = .
Do 3 23 ] b1 3 23 ) b2 ) b3 )
Haiinennsrit psin pacupeseiennsi MOYKHO [PEJICTABUTH TaOJIATIEHH:
| i Jo]t1]2]3

| P(X=4)|1/8]3/8[3/8]1/8]

OyHKIWIO pacIpeseeHnsT MPOIe BCEro IMPEACTaBUTh TI'PapUIECKH IOI0OHO
puc. 8.7. FX(t)

0|~ —
L
T

D=

T

OT 1 2 3 t

Puc. 8.7: I'padux Fx (t) B upumepe 8.3.

Anasmmruaeckn  (QyHKIHIO pacipe/iesieHnst Fx(t) MOXKHO 3aJaTb

bopmyioit:
0, ecau t < 0,

1/8, ecm 0 <t <1,
Fx(t)=1<91/2, ecm 1<t <2,
7/8, ecam 2 <t <3,

1, ecim t > 3.
6) O6osnayag Y — pasHOCTh 4YHCeJ BbIIAJEHUs Iepba M DPEIIeTKH,
sameruM, yro Y = X — (3 — X) = 2X — 3. CuemosaresbHo,
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Y wMokeT mpuHHMATh KOHEYHOE MHOXKeCTBO 3HadeHuit: —3, —1, 1, 3. ITosTomy

pacipeiesieHne CIyJaiiHOM BEJIUIUHBI Y JUCKPETHO, a €€ P PacIpeIesIeHnst
omnpeessaeTcs U3 COOTHOIIEHU:

pi=P(X=i)=P2X -3=2i-3)=P(Y =2i—3), i=0,1,2,3.

[MoacraBnss 3nadenust p; W3 TAOJIUIBI pacupemenennss X, MOy IUM P
pacrpe/ieJieHns i Y

|k [ =3]-t] 1|3

|P(Y_k:) | 1/8|38|3/8| 1/8|

Dyukumo pacnpejeiaenus  Fy (t)
TIOMOIIBIO Psijia pacipeeieHus Y.

CTPOMM TaK K€, KaK B IYHKTE a), C
4

Tosopam, wmo cayuatinas eeauvurna X
pPaBHOMEpHOE pacmpejiejieHne Ha OTpe3Ke [a;

IIpumep 8.4. umeem

b] (o6osnauerue:
X € Ul ), ecau ee pacnpedenerue abcorrommno HenpepuiHo ¢ NAOMHOCTIbIO0

) C =const, ecaut e [a; b],
Ix(®) = {O, ecau t & [a; b]. (8.16)

Cwumasn, 4mo X € U, 1 HATUMU  NAOMHOCTY  PacnpedeneHus
caywatinoe eesunun: Y =2X +1; 7= X2,

Pemenwme. U3 suja nyornoctu pacupeienenud ¢.B. X € Ul,, p) BBITEKaeT,
aro Pla < X < b) 1. Tak kak ¥ = 2X + 1, To Bce 3Hauenus Y c

BEPOATHOCTBIO 1 mpuHajyiexar orpe3ky [2a + 1; 2b + 1]. Hoxncrasnsaa a = 0,
b =1, naxomum: P(1 <Y < 3)=1. CienosaresbHo,

0

, ecmt < 1,
Frt)=PY <t)=<P2X +1<t), ecm1<t<3, (8.17)
1, ecim t > 3.

Borancanm BEpPOATHOCTL B

cpefHell CTpoke mocjenHeir  (bOPMYIIbL,
OJIb3ysCh (PYHKIHUEN pacupeesenus ciaydaitnoi seamunnst X € U[0; 1]:

0, ecmt <0,

~

Fx(t)=<t, ecm0<t<1,

, ecamt > 1.

(8.18)
1
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t—1 t—1\ t—1
P(2X+1<t)_P<X<T)_FX (T)‘T

Tak Kak 1 <t < 3, asz3Hauut, u 0 < % < 1. IlozacTaBiisiss pe3yabTaT ITOTO
BbrunCIeHns B (8.17), mosty1aeM OKOHYATENBHO:

0, ecim t < 1,
Fy(t)=4q5, ecm1<t<3,
1, ecia t > 3.

[ToTHOCTH pacupeseenus ¢.B. Y HAXOIUM B COOTBETCTBHH CO CBOHCTBOM
f4 nuddepennuposanuem b.p. Fy () :

0, ecmté[1; 3],

!
v(t) = Fy(t) =
Fr(®) v(®) {%, ecim 1 <t < 3.
QOyHKIUIO pacupeiesieHns: C.B. Z = X? HaxoQuM aHaJOTMYHO
IpebIIYIIEMY, IPUYEM ¢ caMoro Havaja 3ameruMm, yro P(Z € [0; 1]) = 1,
a CJIeJ0BATEIBHO,

0, eciun t < 0,
Fz(t)=P(Z<t)=<P(Z<t), ecm0<t<1, (8.19)
1, ecom t > 1.

IIycts 0 <t < 1. Torma
Fy(t) =P(Z < t) =P(X? < t) =P(|X| < VI) = P(X < V1),

tak kak P(X € [0; 1]) = 1. Beposrnocts P(X < /t) BbIMHCIsEM, TOTB3YACH
usBecTHbIM BbipaxkenueM (8.18) mia ¢d.p. X € U[0; 1] u yuursiBas, 9ro

0<VE<I:
P(X < Vt) =Vt
IMoscTaBisist Pe3yJIbTATHL IPOJIEJIAHHBIX BhIUncaeHuit B (8.19), mosyuaem
0, ecin t < 0,
Fzt)=P(Z <t) =<Vt ecm0<t<1,
1, ecim t > 1.

Hakounen, wioraocts fz(t) naxomum guddepennupoBanuem byHKIMI
pacupeneneruss Fz(t):

fZ(t) _ F/Z(t) _ {0,1 ecau t ¢ [O, 1],

—, ecm0<t<l.
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§ 8.6. 3agaum A0 caMOCTOSATEJILHOIO PeIleHuns

8.1 BepogTHocTh monajjanus 6acKeTOOJILHONO Msda B KOJBIO IpU OpocaHuu
HAYUHAIOIMM CIIOPTCMEHOM paBHa 1/4. Msa 6pocaioT 70 IepBOro monaIaHus,
HO [aioT He OoJiee 2 mombITOK. HaiiTu psij pacupemesieHnsi 9UC/Ia TPOMAaXOB.
Tlocrpouts rpaduk OYHKIME PACIPEIETEHUS .

8.2 Ilo mumrenu o HOBPEMEHHO CTPEJISIOT 2 CTPEJIKA, BEPOSITHOCTH MOIaIa Tt
KOTOPBIX paBHbI cooTBeTcTBenHO 0,3 u 0,6. Haittu ps pacupenenenus: qucia
nonaJganuii B murenb. [loctponts rpaduk pyHKIUN pacipereeHus .

8.3 Bepogarnocts nomasanus B MumieHb paBHa 0,6 Tpu KaXKJIOM BBICTDEJIE.
Crpesibba BeieTCsi OMHOYHBIMU BBICTPEJIAME [0 HEPBOTO IIOMAIAHUS, MTOKA
He Oyger wu3pacxogoBaH Ooe3amac. Haiitu ps  pacrpeneieHus YucIa
[IPOM3BEJEHHBIX BHICTPEJIOB, €CJIi Ooe3anac cocTapiseT 2 equnuipl. Ilocrponts
rpaduk QYHKIUH PACIPE/IeICHHSI.

8.4 Wrpasbayo xoctb Opocaior n = 6 pa3. Haittu psn pacrpeneneHus u
bYHKIMIO pacupesesieHus : a) YUCIa BbIIAJICHUI 1IecTepKH; 6) PA3HOCTH YUCeT
BBIMIAJIEHUS [IIECTEPKU U TPOUKH.

8.5 BeposrHOCTh 0TKa3a cepBepa IPU KaXkKJI0M U3 HE3aBUCUMBIX ITOIKIIOYEHI
¢ nomomibio Mogema paBHa 0,3. IlonbITKn HOJIKIIIOYEHUs] ITPOM3BOJATCI 0
YCTAHOBJIEHUs] CBsi3u. HaiiTu psn pacrpeiiesieHus [HCJa [TPOU3BEICHHBIX
MTOTIBITOK TIOJIKJIFOUEHHsI, €CJIA IUCJIO TOMBITOK OrpaHuveHo aByMs. [locrponts
rpaduk dyskiun pacupenenenns. 8.6 UrpaibHyo KocTh OpOCaioT 10 I€PBOro
rosiBJIeHus 1ectepku. Haiitu psyg pacupesesenns u pyHKIUIO paclpeieseHnst
9UCJIa IPOBEJEHHBIX OpOCaHuil.

8.7 Momnery 6pocaior 70 mosiByienus AByx repbos. HaliTu psig pacupenenenust
7 QYHKIUIO pACIpeIeIeHIs INCIa TPOBEIEHHBIX OPOCAHMUIA.

8.8 Jluckpernasi ciryuaitiast BeuanHa X UMeeT Psifl pacIpeIe/IeHust

n o |0 |1
P(X=u) | 1/3]1/3[1/3

IlocTpouTs psaapl pacupeiesieHus CJIELYIONIX CIYYailHbIX BEJIMINH:

a) 2X + 5; r) 2%,
6) X%+ 1; 1) min(X, 1);
B) | X[; e) 1/(3 - X).

8.5 Pemutsb 3a1ay 8.4, eciin quCKpeTHas ciiydaiinas BeqmdanHa X uMeeT Psij
pacipeiesieHus
no | 21 0| 1| 2
P(X =u;) | 1/10 [ 1/5 | 3/10 | 3/10 | 1/10
8.9 Cxkopocrh Temexofa Ha OUCTAHIMU B 1 KM SBJISeTCS CIIydailHON
BEJMYMHON, PABHOMEDHO PpacCHpeJie/IeHHOl Ha oTpeske or 2 KM/4 g0 6
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kM/41. Haiitu BeposiTHOCTB TOrO, YTO BpeMsi, 3aTPAvYeHHOE Ha MPEOIOJIeHUe
JUCTAHIUN, IIPEBBICUT 24 MUHYTHI.
8.10 3axkon Pajes ¢ mmoTHOCTBIO pacmpeaeeHnst

flz) = Aze="/2 upu x > 0;
0 mpuz<O0

B pse CJIy9aeB OIWCHIBAET PACIpEe/IeHre CPOKa CJIyKObl 3IJIEKTPOHHON
anmaparypbl. Haiitu kosdduruenr A, QYHKIMIO paclapeiejeHus U
BEPOSATHOCTb TOT'O, YTO Ciy4aiiHas BeJUYNHA, PACIpEJIeJIeHHAas 110 3aKOHY
Panes, npumer 3uatenue, 60sbiee 1.

8.11 Cuyuaitnas Besmanaa X UMEET IJIOTHOCTH PACIPEIE/ICHUsT

[ Acosdz upm z € [0; T/8];
f(;v)—{ 0 upu z ¢ [0;17/8].

Haiitu kosdpdunmentr A u Pynkuuo pacnpenenerus. [locrpours rpaduku
IJIOTHOCTHU pacIpeiesieHust U (bYHKIUMN PACIIPEIeICHIS.

8.12 HenpepoiBHas DYHKIU pACIPeIeCHUsT CIyYaifHOM Benannubl X 3a/aHa,
BBIPAYKEHUEM

0 uput <0;
F(t)=1< At mpu0<t<2;
1 mpmt>D0.

Haiitun koaddurnment A, njoraocts pacupemesenus, a takxke P(0 < X < 1).
TlocTpouTts rpadukn GyHKIUN pacIpeIeeHus U MJIOTHOCTHA PACIIPeIeICHNUS.
8.13 Ha okpy:kHOCTH pajuyca R ¢ IMEeHTPOM B Hadaje KOOPIUHAT HAYIATY
oporera Touka. HaiiTu pyHKITUIO U IJIOTHOCTH PACIIPE/ICJICHIS:

a) abCIUCChl TOYKY IO AHMNS;

6) JIMHBI XOPJIbl, COeAMHSAIONIEH TOUKY Tonaaanus ¢ Toukoi (—R,0).

8.14 PapuoOepeHHBII TPEyrOJbHUK 00PA30BaH EIUHUYHBIM BEKTOPOM B
HAIPABJIEHUN OCH abIMCC U €JIMHUIHBIM BEKTOPOM B CJIYYailHOM HAIPABICHUN
B R2. Haiitu ByHKIMIO PACIIPeIeeHns JJINHEl TPEThel CTOPOHEL.

8.15 U3 rouku (0, a) upoBeiena npsmas moj, yriioMm ¢ K ocu opaunar. Hafiru
DYHKIMIO pacrpejiesieHusT TOYKHU MEePECeYeHrsl 9TOM MpsaMOil ¢ ocbio abruce,
ecym yroji ¢ paBHOMEPHO paCHpesieieH B IPOMEXKYTKE:

a) (0,1/2); 6) (-1/2,192).

8.16 Ha orpesok ocu opmunar mexzay toukamu (0,0) m (0, R) maymady
OporieHa ToYKa. Uepe3 TOUYKY MOMAJAHUSI MPOBEJEHA XOPJa OKPYYKHOCTH

22 + y? = R? nepnenmukyaspHas ocu opAmHAT. HafiTh pacmpemesenue
JJINHBL 3TOU XOPABI.
8.17 ToBopsT, uro cayuaiinasg Beauunna X HWMeEET ITOKA3aTE/HLHOE
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pacipesiesierne ¢ napamerpom 0 > 0 (X € E(0)), ecam ee pacupefeseHne
abCOJIIOTHO HENPEePBIBHO C INIOTHOCTHIO:

ce™ ™ ecomt >0,
fx(@) = {

0, ecim t < 0.

Haiitu 3HaueHne BXOjdIIEl B OnpeiesieHne fx (t) MTOCTOSTHHO ¢ 1 PYHKITUIO
pacupegenenus Fx(t). Tocrpours rpaduku IUIOTHOCTH DAaCHOpPEIEIeHUs] U
BYHKIME pacIpeIeIeHus.

8.18 MokHO /i 1I0106PATh HOCTOSHHYIO ¢ TaK, 9T06b dyHKIus ct 4 GoLa
IJIOTHOCTBIO PACIIPEJICJIEHUST HA MHOYKECTBE:

a) [1;00); B) [-2:-1];

6) (0;00); r) [-3;0).

8.19 IlycTtp cayuaiitnas BesmmuamHa X paclpesieieHa pAaBHOMEPHO HA OTPE3Ke
[0,1] (X & UJ0;1]). Haiiti mnoTHOCTH pacipeeseHnst CIe Ay FOIInX Iy daifHbIX
BEJINIUH:

a) —In X; B) —In(1 — X);

6) X —1/X; r) eX L.

8.20 Ilycrp ciayuaiinas BequamHa X HMeeT MOKa3aTeIbHOE pacupesescHue ¢
napamerpom 0 (X € F(a), cm. 3a1ady 8.17), To ecTb abCOIIOTHO HEIIPEPBIBHOE

¢ IJIOTHOCTBHIO
ae % ecmut >0
fX (t) — { b 9

0, ecim t < 0.

Haittr mimoTHOCTH pacmpeiesieHus CIIeIyIONMNX CyIaTHbIX BEeJTAIIH:

a) vVX; r) In(aX);
6) X2; ﬂ) e—aX;
B) 2X; e) min(X, X?).

8.21 Ilyctp cayvaiinas BesmaumHa X WMeET IUIOTHOCTb PACIpEIeSIEHUAS p.
Haittn mitoTHOCTH pacipe/iesIeHns CJIeIyIONMIX BeJTNINH:

a)aX + b,a,b € R, a# 0; 1) X3

6) X1 1) eX;

B) X% e) | X — 1]
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['maBa 9

MaTremaTundeckoe oXK1JIaHIe

§ 9.1. OmnpeneseHne n cBoiicTBa

Iycre X = X(w) — coaydvaiiHas BeJMUnHA, 3aJaHHAs HA IPOCTPAHCTBE
3JIEMEHTAPHBIX UCXOJ0B (2.
MareMaTuIecKuM OXKWUJIAHUEM C.B. X HA3BIBAETCSl  YUCJIO,

obosznagaemoe EX wmmum MX, koTopoe omnpeensieTcs CaeayomuM 00pa3oM.
Eciu X wumeer jpuckpernoe pacupejesnenue: p, = P(X =x,), n=1,2,...,
TO

o0
EX = anpn. (9.1)
n=1
Ecim X mmeer abCOTIOTHO HENPEPBIBHOE PACTIPE/IETICHNAE C IIOTHOCTRIO [fx (1),
TO

EX = /:vfx(x)dx. (9.2)

ToBopsT, 4TO MATEMATHYECKOE OXKUJAHUE CYIIECTBYeT (KOHEYHO), eCiu
psim B mpasoii wactu (9.1) mam waTerpan B (9.2) aGCOMIOTHO CXOIMTCH.
Maremarunueckoe oxkugaaue (M.0.) EX MoxKXHO paccMaTpuBaTh Kak CpejiHee
3HaYeHWe Ciydaiinoii Beamumubl. Maremarudaeckoe oxkujanue 00Jaa€T
CJIEJIYIOIIMMU CBOWCTBAMU:

E1. M.o. nocrosiuHoit paBHO 3T0i nocrosinaoii: EC' = C.

E2. M.o. muneitno, To ecThb 41s J100bIX mocTodHubIX C, Cy 1 J1106bIX ¢.B. X1, Xo
BBIIIOJIHEHO PABEHCTBO

E(Cle + CQXQ) = ClEXl + CQEXQ

IIPU YCJIOBUU, UTO MaTeMaTHIECKNe OKUIAHUS B IIPABOI YaCTH CYIIECTBYIOT. B
YaCTHOCTH, IIOCTOSHHBIA MHOXKHNTEJIb MO>KHO BBIHOCUTH H3-IIOJ] 3HaAKa
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MaTeMaTUu4IeCKOIro O>XKmnJJaHus#d:
E(C-X)=C-EX, (9.3)

a MaTeMaTU4YeCKOoe OXXHUIAHNE CyMMbl PABHO CyMMeE MaTe€MaTHYECKUX
OXKUIAHMIA:

E(X;+Xo+ ...+ X,) =EX; + EXo + ... + EX,,. (9.4)

E3. Ecm c¢B. X > 0 c Bepograocteio 1, To EX > 0. Ilpm stom
EX =0 pasrocmibao P{X =0} = 1.

E4. Ecamu c.B. X7, X5 He3aBUCHMBI, TO MATEMATHYECKOE OXKHUIAHUE WX
MIPOU3BEJICHUsT PABHO ITPOU3BEICHUI0 MATEMATUICCKUX OXKUTAHMIA:

E(X;- X,) = EX;-EX, (9.5)

IpA YCJAOBUM CyIIECTBOBAHWS M.0. B MPaBOil dYacTu. ITO CBOICTBO
pacmpocTpaHsieTcs Ha J00e IUCI0 C.B.:

E(X; X, - X,) = EX;-EX, ---EX,, (9.6)

ecia ¢.B. X1, Xg, ..., X,, HE3aBUCHMBIL.

CuyuaiiHble BeJIMUUHBL, YAOBJETBOpsIonme ycaoBuio (9.5), HA3BIBAIOTCs
HEKOppeJnpoBaHHBIMHU. TakuMm obpasom, cBoitctBo E4 yrBep:kmaer, 9TO
€CJIN C.B. HE3ABUCUMBI, TO OHU HEKOPPEJIUPOBAHBI.

B nasbueiimem znaMm nonagoburcs dopmyna juis Berauciaenus Eg(X), rue
g — Hekoropas byHKmus. Ecim ciaydaitnas Beqwmawmaa X wumeerT abCOJIOTHO
HEIIPEPBIBHOE PACIIPE/IESICHUE, TO

By(x) - [ T o) dt (9.7)

— 00

B cayuae muckperHoro pactpezesnenuss (opmyna st Beraucienns Eg(X)
[IPUHUMAET BUJL

Eg(X) = Zg(xn)pn' (9-8)

B szakmiodennme paccMOTpuUM TPUMEPBI  BBIYUCIEHUST MATEMATHYECKIX
OYKUJIAHUI.

IIpumep 9.1. Hatimu M.0. cayuatnoli eauwuHbl X, umerouwed
pacnpedesenue Bepryau By.
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Pemrenue. 3r1o pacupegesienune c. B. X, IPUHUMAOIIEH JIUIIb B
suadenuss 1 u 0 ¢ BeposgTHOCTAMU D U ¢ = 1—p cooTBercTBenHO. Hamommum,
9TO0 pacupejnesienne BepHy/umn mMmeeT CiydaiiHas BeJIMYMHA, PABHASA YGUCILY
«yCIexoB» mpu ofgHoM ucnbiTanuu bepnymmm. Pacnipenenerne X mguckperHo,
U Psifi PACIIPe/IesIeHusl 3aaeTCs PABEHCTBOM

p, ectmk=1

PX =k)=
( ) 0, ecmu k =0.

MaremaTrueckoe OXXKHuIaHIE

EX:Zxkpkzl-p—l—O-q:p.
k=1

IIpumep  9.2. Hadmu Mm.0. cAy4atiHOT BeAuMUNDL Y, umerowed
bunomuanvroe pacnpedenerue By .

Pemenne. HanomuamM, 9To c. B. Y umeer GmHOMUAIBHOE PACIPEIEICHAE
¢ mapamerpamu (n,p), tnen = 1,2, ...; 0<p<1(Y & B, ), ecnu oua
MOKET TIpUHUMATh 3HavYeHuss 0, 1, ... , m ¢ BEPOATHOCTSIMH, BBIUUCISIEMbBIME
o popmysiam Beprysau:

pe=PY =k)=C*p*¢"* k=0,1,...,n.

Takoe pacmpenenenme uMeeT C. B. Y, paBHag UHCIY <«YCIIEXOB» B
N He3aBUCUMBIX ucnblTaHusax DBepmysum. Ilockombky c¢. B. Y ecTth [mcio
«yCIIEXOB» B 1 HE3aBUCHUMbBIX HWCIBITAHUSAX DepHy/IIn, TO ee MOXKHO
[IPEJICTABUTH B BHUJE

Y=X1+Xo+ ..+ X,, (9.9)

rae ¢. B. Xji paBHA YHUCIY <YCIIEXOB» B OXHOM k-M wmcmblTanuu Beprysuin
(k=1,2,...,n), 1. e. ona upuauMaer 3uadenus 1 wiu 0 B 3aBUCUMOCTH OT TOTO,
OBLTT JTH «ycIex» B k-M ucnbITannu. fIcHo, 9T0 Bce Xj WMEIOT pacipeesieHne
Bepnymm B,. Torna, npumensisi cieicrsue 77 U Pe3yabTaT IPeIbLIYIIEro
IprMepa, HaxoauM OoJiee IPOCTOi OTBET:

EY = E(Xl +Xo+ ...+ Xn) =EX; +EXy+ ..+ EX, =np.

IIpumep 9.3. Hadmu Mm.0. cAy4atinOl BeauduHbL Y, umernwed
pacnpedesenue Iyaccona IT .
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Pemenne. HamomuuMm, uto ¢. B. Y wumeer pacupenenenne Ilyaccona
¢ mapamerpom A > 0, (Y &1l ), ecsiu oHA MOXKET TPUHUMATE IEJIBIE
HEOTPUIIATE/IHHBIE 3HAYEHUS C BEPOSITHOCTSIMU, BEITUC/ISIEMBIMU 0 (DOPMYJIaM:

)\k

pe=PY =k)= ef)‘y,

k=0,1,...

Jljisi BBIYUC/IEHUS M.O. IPUMEHUM ero oupesesenue (77):

EYzzgckpk:Zke E:e Zkﬁz
k=1 k=0 k=1

B “Ap A
=€ )\;mze )\6 :)\

B nocreiaux BeIvncaenusix 6bL1a UCIOIb30BaHa hopMysia Makiopena s
IoKa3aTebHOM (hyHKIUN:

A A2 )\kfl > )\kfl
A
=l+=+=4+.+—+4+... = —_—
e T TR (s S I;(k—l)!
YnpakHeHue 9.1. [llokaostcume, wmo ecau c. 6. Y  umeem

eeomempuneckoe pacnpedenenue G, (Y € G,), mo ee mamemamuueckoe

ootcudanue pasro EY = —.
D

IIpumep 9.4. Hatimu Mm.o. cayuatnol seauwunv, X,  umerowed
pasromeproe pacnpedesenue Uy, p).-

Pemrenne. C. B. &€ Uy y wumeer abCOMOTHO HENPEPBIBHOE
pacIipeiejieHue € IJI0THOCTHIO

ecu t € [a,b],
0, ecim t ¢ [a,b].

0o b
t 1 2" »®-a® a+b
EX = t t)dt = dt = = = = .
/fX() /b—a b—a 2|, 20b-a) 2



IIpumep 9.5. Hatiimu Mm.o. cayuatinot eesuvunv, X,  umerowed
nopmaavroe pacnpedeserue Ng g2.

Pernenne. HamomanMm, 49ro c. B. X & N,g2 wuMeeT abCOJIOTHO
HEIPEPBIBHOE PaCIIpeie/IeHIe C IMIOTHOCTHIO

M.o. HAXOAMM TIO OTIPEIEICHUIO:

7 1 _(t—a)?
EX = /th(t)dt: /:zre 207 dt.
oV 2m

— 00
Boraucimm riocsieiHuii nHTErpaJl, IpUuOErHyB K 3aMeHe IIepEeMEHHO:
0 2
1 _(t=a)” _ t=a _
e 37 = | Y=o t=0y+a
oV 2Tt dt = ody, —oo<y< oo

— 00

1
B oV 2T

(0} 7 7£ a y 7£
:ﬁ[ ye 2dy+ﬁ_[ e 2dy=04a-1=a.

YupaxkHeHue 9.2. Jloxaotcume, umo ecau c. 8. X  umeem
Ikenonenyuasvroe pacnpedesernue Eq (X € Eq), mo ee mamemamuneckoe

ootcudarue pasno EX = o

§ 9.2. MomMeHTHI U AUCIEPCHUs

IIycte £ > 0. MomenToM mnopsiaka k ciaydaiiHoit BenumdumHbl X, WiIx
HAYAJIbHBIM MOMEHTOM IOPSAKA k, HA3BIBAETCS UUCIIO

a, = EX*,

€CJIM COOTBETCTBYIOINIEE MATEMATHIECKOE OXKIJIAHNE CYIEeCTBYeT. AHAIOTUYTHO
OIIPEJIETAIOTCS: ADCOTIOTHBIN MOMEHT TIOPsIZIKA K

Bx = E[X|",
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IeHTPAJIbHbIIT MOMEHT mopsaaKa k
We = E(X — EX)F,
abCOJTIOTHBIN ITEeHTPAJIbHBIN MOMEHT MOPSIKa k
vp = E|X — EX|*.

Broraucisirorcss MOMEHTBI ¢ TIOMOIIBIO (hOPMYJT

EXF = Zxﬁpn, EXF = /:kax(:v)d:v
n=1 — 00

JUIS  JUCKPETHOro W abCOJIIOTHO  HENPEPBIBHOIO  pacCIpejesieHuit
COOTBETCTBEHHO.

loBopsT, 9YTO MOMEHT ciyd4aiiHOIl BEJWYUHBI HE CYIIECTBYET, €C/IH
COOTBETCTBYIOINIUH PsiJI WX WHTEIPAJT HE SIBJISETCsT aDCOTIOTHO CXOIATIIAMCS.

Teopema o0 CyIIeCTBOBAaHMM MOMEHTOB YTBEDXKIAET, dUTO U3
CyIIECTBOBAHUSI MOMEHTa mopsaka k > 0 ciay4ailHOl BeJIMYMHBI T ClIEe/LyeT
CyIIeCTBOBaHIE MOMeHTa Jiroboro mopsiaka [ > 0, menbmiero, yem k. B
YaCTHOCTH, U3 CYIIECTBOBAHUS BTOPOI'O MOMEHTA CJIEJIyeT CYIeCTBOBAHIE
[IEPBOr0 MOMEHTA, TO €CTh MAaTEMATHIECKOTO OXKUIAHUS.

Jucnepcueii ciyqaitaoit Besmauabl X HA3BIBAIOT MEHTPAJIBHBIA MOMEHT
BTOPOro Hopsifika u obosnadarr ee DX smbo VarX:

DX = VarX =y, = E(X — EX)”.

Ilpu BbrumciieHUE Oucmepcuu  yAOOHO — MOIB30BATHCS — CJIEAYIONIAM €€
[IpeJiCTaBJICHuEM:

DX = EX? - (EX)?, (9.10)

JIETKO BBITEKAIOIINM W3 OlpejeseHus. B ciydae abCOTIOTHO HEIPEPHIBHOIO
pacIpeiesieHusl IUCIIEPCUs BBIYUC/ISETCS TAKZXKe 10 Takoi (popmysie

DX = /(t—EX)QfX(t)dt.

W amamormymno B cirydae AUCKPETHOTO PACIIPE/IEIEHIST

o0

DX =) (z, — EX)’p,.

n=1
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B To Bpems Kak MaTeMaTHYecKOe OXKHJIAHUE IIPEJICTABJISET CpPeIHee
3Ha4YCHUE CAy4aliHON BEJIMYUHBI, JUCIEPCUS XapaKTepu3yeT CpeJHU KBaJapaT
OTKJIOHEHWsI CJIyJaifiHOW BEJIMYIMHBI OT €€ MAaTEeMaTUIeCKOrO OXKUIAHUS.
Jucnepcust mMeeT Cjemayonue CBONCTBA.

D1. ducnepcus neorpunarenbua: DX > 0, — u obpalmaercsa B HyJIb TOTIa U
TOJIBKO TOIZA, KOIJa C.B. Hecaydaiina, 1. e. P(X = C = const) = 1.

D2. TIlocrosHHBII MHOXXHUTEJb BBIHOCATCH WN3-TI0J] 3HAKA JIMCIIEPCUU C
KBaJIpATOM:

D(CX) = C*DX.

D3. Ilpubasienne K ¢.B. KOHCTAHTHI HE U3MEHSET IUCIEPCUU:
D(X +C)=DX.

D4. Ecnu cay4aitnole Benmanasl X1, Xa, ..., X;, TONApPHO HEKOPPEJIUPOBAHBI,
Tem 0OoJjiee, €CJIM OHUM HE3aBUCHUMBI, TO AUCIEPCUS UX CyMMBI paBHa
CyMMe JUCIePCHii:

D(X1+X2+...+Xn) =DX; +DXs + ...+ DX,. (911)

CrangaptHbpiM  (CpeJHEKBAaJPATUYECKUM)  OTKJIOHEHUEM Ox
Ha3bIBAETCA KOPEHb U3 JIUCIIEPCHUH:

ox = VvDX.

CranjapTHOE OTKJIOHEHHE WMEET Ty XK€ Pa3MEepPHOCThb, U9TO M WCXOJIHAS
cydaiinad BeJIMInHa.
PaccmorpuM HEKOTOpBIE IPUMEDHI BBIUUCIEHUS JIACIEPCHI.

IIpumep 9.6. Hatmu ducnepcuto cayuatinotd sesuvuns, X, umerowed
pacnpedesenue Bepryaiu By.

Pemtenne. Hamomuaum, uTo 310 pacupemesenune c. B. X, IPUHAMAIOIIEH
st aBa 3Hadenust 1 u 0 ¢ BepossTHOCTAMU D U ¢ = 1 —p COOTBETCTBEHHO.
B upumepe 9.1 6buto naiineno m.o. EX = p. Tornaa, ucrionssysa dbopmyiy (77),
naxomum: DX = EX?2— (EX)? = EX? —p?. Bamernwm, uto c. B. X2 uMeer To
2Ke pacrpejiesienue, 4To 1 X, a UIMEHHO: OHA IIPUHUMAET Te XK€ JIBa 3HAYEeHUs
1 mw 0 cBepostHOCTSIME p U ¢ = 1 —p coorBercTBenHO. CireI0BATEIHHO,
ee M.0. COBIIaIaeT ¢ M.0. X, To ecTb EX? = p. YuuTwIBas 3TH COOOparKeHN,
HaXOJIUM OKOHYATEHHO:

DX =EX’— (EX)*=p—p*>=p(l —p) =pq.
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IIpumep 9.7. Hatmu ducnepcuro cayywatinot seauvwurs, Y , umerowed
buromuanvroe pacnpedenerue By, ;.

Pemtenune. Haitnem DY, wucnospsyst cBoiictBa gucnepcuu. Kak u mnpu
pertenuu npuMepa 9.2, caydaiiHyIl0 BeJIUYIMHY Y — YHCIO <YCIEXOB» B T
HE3aBUCUMbBIX UCIBITAHUSIX BepHy/uIn — MOXKHO TpeacTaBuTh B Buje (9.9):

Y = X1+ Xo+ . + X,

rae ¢. B. Xjp paBHA UYHUCIY <YCIEXOB» B OJHOM Kk-M HCHOLITAHMM BepHy/uiu
(k=1,2,...,n). IIpu sTOM, TOCKOIBKY C. B. X} CBsi3aHA C k-M HCIBITAHHEM
Bepuymau, a ucnbiranust He3aBucuMbI, TO €. B. X1, Xo, ... , X,, HE3aBUCUMBI.
Torna aucrepcusi CyMMbI paBHA CyMMe JTUCIIEPCHUIA:

DY =D(X;+ X2+ ..+ X,) =DX; + DX, + ... + DX,, = npq,

Tak Kak Bce Xj uMeOT paciupenesenue Bepnymm B, u, 1o npeapiiymemy
upumepy, DXy = pg.

VYuopaxknenune 9.3. Iloxazamov, umo ecau c. 6. 'Y umeem pacnpedenerue
Ilyaccona 11y, mo

DY =EY =A.

YnpakHeHue 9.4. Hatmu ducnepcuro c¢. 6. Y,  umerowel
2eomempurecxoe pacnpedeaenue Gp.

Yupaxxnenme 9.5. Iloxazamov, wmo ecau c. 6. X umeem pasHomeproe
pacnpedenerue Ulg, 3, Mo
(b—a)?
12

IIpumep 9.8. Hatmu ducnepcuro cayuatinot eesununs, X, umerowed
Hopmanvroe pacnpedeserue Ny g2.

DX =

Pemenne. Haiinem pucrepcuio CTaHJapTHOIO HOPMAJIBHOTO 3aKOHA.
BenomunmM, 4wro, corvtacHo mnpumepy 9.5, Ui CIIyYaiiHOH  BEJIMYUHBI
Z, uMeronieil CTaHJApTHOE HOPMAJIbHOE PACIIPE/IeJIEHHe, MaTeMaTHIecKOoe
OXKUJIaHUE PABHO HYJIIO, M TIOTOMY

1 oo
DZ =EZ* - (EZ)> =EZ* == —/ 21" /24¢.
SQrE2TU J iy 1y

DTOT MHTErPaJI BEIYUCIIUM 10 TaCTIM:
u=t, du = dt
2 =

DZ = 2 t2 t
dv=te Zdt, v= [te  ZTdt=—e 2T
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1(t§)°°+17§dt 0+1=1
= —(—te e +— e = =1.
V2T V21

B IIOCJIETHUX BBIYHUCJICHUAX OBLIN UCIIOJIB30BaHbI COOTHOIIEHUSI:

. _ . t 1 _
lim te”2 = lim — =0, — e 2dt=1,

t—=4oo t—too 12
e 2

IIepBOe 13 KOTOPBIX I0JIyYaeTcs u3 npasuiia Jlonurass, a BTopoe — u3 CBOHCTBa
IUIOTHOCTU HOPMAJIBHOT'O PACIIPE/IEJIEHUS.
Wrak, mjs crasgapTHONO HOPMAaJIbHOTO pacupenenenuss DZ = 1.
Ciy4daiiHyio BeJUYHUHY C IPOW3BOJIBHBIM HOPMAJBHBIM PAaCIIPEIe/IEHUEM
npeacTaBuM B Bulle X = a + OZ, rjie Z WMeeT CTaHIAPTHOE HOPMAaJIbHOE
pacupenesienue. [lo cBoiicTBam nucnepcuy,

DX =D(a+0Z) =D(0Z) = 0°DZ = 0* -1 = ¢°.

Takwum obpaszoM, NaPaMEMPLL HOPMAADHO20 pacnpedesenus
Ny o2 npedcmasAsom CcooOmeemCcmEeHHO MATNEMATMUYECKOE 0HCUOGHUE
U JUCMEPCUIO CAYHATHOT BEAUNUHDL:

a=EX, o?=DX.

§ 9.3. YwmciaoBble XapaKTEepPUCTUKU CJIyYIaAHBIX
BEKTOPOB

KoBapmanueii cioyuaiiubix Beqnaud X1, Xo HA3BIBAETCS TUCJIO:
COV(Xl,Xg) = E(Xl — EXl)(XQ — EX2) (912)

Jlyist  BBIYUCJICHWST KOBApHWAIMU MOXKHO WCIIOJIB30BATH  CJIEIYIOILYIO
dopmyiy:
COV(Xl, XQ) = E(Xng) — EXl . EX2 (913)
KoBapuanus 1y TUCKPETHBIX CJIyYailHBIX BEJIUIUH OOBIYHO CUNTAETCS IO
ceytoreit popmyiie:

oo oo

cov(X1, X2) = 3 Y 2nhP (X1 = 20, Xo = yi) - EX;EX.
k=1n=1

74



Bamerum, uro ecau c.B. Xi,X; He3aBUCUMbI, TO KOBaApUAIIUSA WX
paBHa Hym: cov(Xq,X2) = 0. B obmem ke ciyuae (T.e. Korja C.B. He
00s13aTeIbHO HE3ABUCUMBI ), CIIPABEJJIMBA CJIeLyoMasd (hOpMYIIa, CBA3BIBAIOIIASL
KOBapuaIuo ¢ jucnepcusmu c.B. X1, Xo, X1 + Xo :

D(X1 + X2) = DX; 4 2cov(Xy, X2) + DXos. (9.14)

Ilocnenmee cooTHOIIEHME AOMyCcKaeT 0OOOIIEHNE HA CAydail N CIyJIaiHbIX
CJIAraeMBIX:

D(X;+Xo+..+X,) = DX1+DXo+..+DX, 42 Y cov(X;, X;). (9.15)

1<i<j<n

Kosdbdummentom  Koppeadiuu  ciaydaiHbix — Beamyann X1, Xo
HasbiBaeTcst BesmanHa P = P(X1, X2), paBHAs OTHOIIEHUO:

p(X X)Z COV(Xl,Xg) :E(Xng)—EXl-EXg (9 16)
b DX, VDX, /DX,v/DXs '

Kosdbdunnent xoppensimuu p = p(X7, X2) MUPOKO UCIOIB3yeTCsT KAK Mepa
3aBUCUMOCTH MEXy C.B. X1, X9, BBUIY CJEIYIOIMNX CBOMX CBOMCTB:

pl. |p| < 1
p2. Ecin c.B. X1, X2 mesasucumbl, o P = p(X1, Xa2) = 0;
p3. |p| = 1 Torma m TosbKo Torma, Korma X1, Xo  CBSI3aHBI JIMHEHHOMN

3aBUCHUMOCTBIO: X1 = aXo + b, mpu 3TOM

(p=1) & (a>0); (p=-1) & (a<0).

§ 9.4. Penienne TUIIOBBIX MPUMEPOB

IIpumep 9.9. Cmpeavba no ueau sedemcs do nepsozo nonadaHus, HO
daemces we boaee dsyxr nonwmok. Kaxoso mamemamuueckoe oscudarue U
QUCTIEPCUA “UCAA 6ICTPEOS, Komopbie 6ydym cleaamnl, €CAU GEPOATMHOCTL
nonadanus 6 xaxcdom eviempene pasra 0,272

Permtenne. Yucso cielanHbIX BHICTPEJIOB — 3TO Cayvaiinas BeumdanHa X,
KOTOpas MOYKeT MPUHUMATH JINIID JIBa 3HaUYeHusd 1 min 2, ¢ BepodaTHocTsMu (), 2
(310 03HAUAET, YTO Cpa3y MPOU3OIILIO ONAJAHUE U CTPEJIb0a 3aKOHUUIIACD ) HJIH
0, 8 coorsercrenno. [Ipuuem P(X =2)=0,8-0,2+0,8-0,8 =0,8, . e. aBe
IIOIBITKX MOTYT IIPOU30UTH B JBYX CJIydasX: JIMOO B IEPBBIil pa3 He IOIaJju, HO
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BO BTOPOil pa3 momnaJin, JTuO0 U B MEePBbIH, 1 BO BTOPOIl pa3 He nomaju. Torma
MaTeMaTHIeCKOe OKUJIaHUe JIErKo HaxoauTes mo dgopmyste (9.1):

EX:I1p1—|—ZC2p2 = 10,2+20,8: 1,8
Hucniepcusi cautaercs mo popmyJie:
DX = 23p; + 23py — (EX)?* =1%2.0,24+2%-0,8 — 1,82 =0, 16. \V4

IIpumep 9.10. Heymeprvii  cayuatinod eexmop (X,Y) umeem
pacnpedeserue, 3a0anroe Mabauyert:

X 0 1

Y

1 0,10 | 0,15
0 0,15 | 0,25
1 0,20 | 0,15

a) Hatimu wmamemamuueckue oorcudarus, ducnepcuy U Kodpduyuenm
rxoppeaauuyu c. 6. X, Y.
6) Hatimu xoagppuyuenm xoppessyuu P(X +Y, X — 2Y).

Pemenne. a) YroObl BBIYUCIUTH MaTEMATUYECKUE OXKUJIAHUA U
JUCIIepCUNU, HafileM dacTHble paclpejiejieHuss c.B. X,Y, 3amuceBas WuX
B JONOJHHTEJIbHBbIE CTPOKY U CTOJOel JaHHOM TabJUIBI COBMECTHOI'O
PacIpeeJICHAS:

X[ 0 1 [PY =k
Y
-1 0,10 [ 0,15 0,25
0,15 [ 0,25 0,40
1 0,20 [ 0,15 0,35
[P(X =n) [ 0,45 ] 0,55 ] |

Wcnonwb3ya nalijieHHble psijibl pacipe/iesienns c.B. X, Y, BBIYUCIIsIeM UX M.O. U
JUCIIEPCUN:

EX =0-0,454+1-0,55=0,55;EY = —1-0,254+0-0,4041-0,35 = 0, 10;
EX? = 0%.0,45+1%.0,55 = 0,55; DX = EX?—(EX)? = 0,55—0, 55% = 0, 2475;

EY? = (~1)%.0,25+0412-0,35 = 0,6; DY = EY?—(EY)? = 0,60, 1% = 0, 59.
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Yrobbl HaiiTn KOI(MDUIMEHT KOppessiud, HalJgeM CcHadaa KOBapUAIUIO,
ucnonb3ys coorromenne (9.13) u rabsumy pacupenesenust X, Y

E(XY)=Y (n-k)P(X =n,Y =k)=0-(~1)-0,10+0-0-0,15+0-1-0,20+
n,k
+1-(=1)-0,15+1-0-0,254+1-1-0,15 = 0;
cov(X,Y) =E(XY)—EX-EY =0—0,55-0,1 = —0, 055;
_cov(X)Y) —0,055 B
T V/DXVDY 0,2475,0,50

Bennunna woaddunmenta koppessiun OJM3Ka K HYJIIO, TOITOMY MOXKHO

cauTarhb, 970 C.B. X,Y caab0 3aBUCUMBI.
6) cnonb3ys onpeseneHie KOBAPUAIU, [10JLYYaeM

P(X,Y)

0, 144.

cov(X +Y, X —2Y) =cov(X,X) —2cov(X,Y) + cov(Y, X) — 2cov(Y,Y) =
=DX —cov(X,Y)—-2DY = 10,2475 - 0,055 — 2 - 0,59 = —0, 9875.

Hucnepenu c¢.. X +Y, X —2Y wnaifinem, noss3ysick coorHomerneM (9.14):

D(X+Y)=DX + DY 4 2cov(X,Y) =0,2475—-2- 0,055+ 0,59 = 0, 7275;

D(X-2Y)=DX+4DY —4cov(X,Y) =0,2475—4-0,055+4-0,59 = 2, 3875.

Ocraercst BBIYACIUTE KOIMDPUIMEHT KOPPEJISIIUN:

Py A = \/(;(D);’)((X++Y})/i3)§)(_ EZ;) - \/077_2(;759-8 275 w0V

Ilpumep 9.11. Uz uugp 0, 1, 2, 3, 4 evibuparom waydauy dee yudpo, be3
sozepawerus. Hatimu xosdduyuenm xoppeasyuu meacdy mernvuiet u 60avwets
U3 GOLOPAHHIT UUPD.

Pemenne. Yucso crmocob6oB BuibpaTh 2 1udphl u3 5 6€3 BO3BPAIEHUAS U
6e3 yuera nopsjka pasugerca Cz = 2?—;’, = 10. [TosTOMy BEpOSTHOCTD KarXKIOi
JIoIycTUMOl KoMOuHamu nByx 1udp pasaa 1/10 =0, 1.

Ob6ozunaunm depe3 X MEHBIIYIO W3 JABYX nudp, depe3d Y — OOJIBIIYIO.

Tlosyunm crenyronyio Tab/InILy ABYMEPHOTO PACIIPE/IEIEHIS:

Y[ 1] 2] 3]4
X

0 010,110,101
1 0 |0,1]0,1]0,1
2 00 ]01]0,1
3 0] 0] 0]o01
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CocraBuM TabJAIIBI OJTHOMEPHBIX PACIIPEJIeIEHUIT:

i 0] 1] 2] 3
P(X=i) | 04]03]02]01

j 1123 4
P(X =i |0,1]02]03]04

Jlyist  coKpaleHusi BBIYUCJICHWI IIOJIE3HO OTMETHUTb, 9UTO CJIydaitHast
BequmunHa Y pacmpenesiena Tak ke, Kak 4 — X. Haiimem wwnciioBbie
XapaKTEPUCTUKH CiaydaifHoil Besmumubl X . Maremarndeckoe OXUJIaHHE U
BTOPO MOMEHT PaBHSIIOTCS

3
EX =) ap;=0-0,4+1-0,3+2:0,243-0,1=0,7;
1=0

3
EX? = (z;)’pi = 0%:0,4+1%.0,3+2%0,243%0,1 = 0+0,3+0,8+0,9= 2.
1=0

Haitnem mucnepcuio:
DX =EX? - (EX)?=2-0,7"=2-0,49=1,51.

Jlyisi HaXOXKJIEHUsI YNCJIOBBIX XapaKTEPUCTHUK CJIyYailHONH BeJUYuHbl Y
BCIIOMHHIM, UTO OHA PACHPEJIEJIeHa TaK ke, Kak 4— X (IpoBepbTe, 9TO UUCIOBBIE
XapaKTEPUCTUKU [ Y MOXKHO BBIYHCJIUTDH U HEIIOCPEJICTBEHHO, U PE3YJIbTaThHI
COBIIAJIAIOT ¢ TEMH, YTO II0JIyYeHbI HUXKE):

EY =E(4—-X)=4-EX =4-0,7=3,3;

DY =D(4 - X)=D(-X) = (-1)’DX = DX = 1,51.

Boranciimv  MaremaTndecKoe — OXKHJIAHWE — MIPOU3BEJIEHUS — CJIYIadHBIX
BesmmawH XY 110 TabJ/IMIE COBMECTHOTO PACIIPEIEICHUS, OIb3yACh (POPMYJIOit

3 4
EXY =Y > i j-P(X=i Y =j).
i=0 j=1

Brmmucannas BoitHas cymMa cocTomT u3 16 ciaraeMbIxX, KaKJioe W3
KOTOPBIX IIOJIydaeTCd NpOu3BeJleHHeM 3HadeHU# CJydallHbIX BeJIUYUH U
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BEPOSATHOCTH B KaxKJ0# m3 16 kjeTok Tabsunbl. Bemmimem te 10 ciraraembix,
JI7IST KOTOPBIX BEPOSATHOCTH HE PABHDBI HYJIIO:

EXY=0-1-0,140-2-0,140-3-0,1+0-4-0,1+
+1-2-0,1+1-3-0,1+1-4-0,1+2-3-0,1+2-4-0,1+3-4-0,1=
=0+04+0+4+0+0,2+0,34+0,440,6+0,8+1,2=3,5.
CienoBaresibHO, KOBapHUAaIus CIydailHbx Bejunand X u Y paBHA
cov(X, V)=EXY -EX -EY =35-0,7-3,3=3,5-2,31=1,19,
7 KO3PDUIUEHT KOPPEIAnn

oxy) - SV Y) 119 119
T UDXVDY /1,512 1,517

0,79.

§ 9.5. 3agaum A1 CaMOCTOSTEJILHOIO PeIleHus

9.1 JluckperHas ciydaiiHas BejunduHa X HMeeT Psil PaCIpPeIesIeHus

i | -1 ] 0o | 1 | 2
P(X =ux;) [ 1/5 | 1/10 [ 3/10 | 2/5

Haiitu maremaruyeckue OXKHNJTaHUA U JUCIIEPCUN Cﬂy‘{aﬁHbIX BeJIMYIUH:

a) X; B) X%
6) |X|; r) 2%,

9.2 Ilycrp cayuaitHas Beaumunna X npuHuMaer 3nadenus -2, -1, 0, 1 u 2 ¢
BeposaTHOCTBIO 1/5 Kaxkzoe. Hailtu MaremaTudeckue OXKUJIAHUS U JIUCIEPCUN
CJIyYaiflHbIX BEJINYWH:
a) X; B) [ X[;
. 2
6) — X; r) X-.

9.3 Umeercs miecTb KJIOYE, U3 KOTOPBIX TOJIBKO OJUH MOIXOIUT K 3aMKY.
CocraBuTh psiji pacIpee/IeHIs 9UC/IA MONBITOK IPU OTKPBIBAHUHU 3aMKa, €CJIN
UCIIPOOOBAHHBIN KJIIOY B IOCJEIYIONINX OMPOOOBAHUAX HE yUIacTByeT. demy
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PaBHBI MaTeMaTHIeCKOe OXKUJIAHNE U JUCIEPCHUS STON CJIyYaiiHON BEJIMIMHBI!
9.4 U3 ypHbI, co/iepKaliieii IATh O€JIbIX U TPU YE€PHBIX IIapa, I0CJIeI0BATENHHO
BBIHUMAIOT IAPHI, ITPIUYEM OIIE€PAINs M3BJICUCHUS ITPOJIOJI2KACTCS 10 TIOSIBJICHUST
6eoro tmapa. CocTaBUTBH DsiJi PACIPEIETCHUS YHUCJIA W3BJIEYEHHBIX YEPHBIX
MIAPOB U BBIYHUCIATH MaTeMaTHYeCKOe OXHUJIAHWE U JUCIIEPCUIO, €eCJId
U3BECTHO, YUTO: &) BBIHYTHIE APl B YPHY He BO3BPAIIAIOTCs; 0) BBIHYTHIE
Iapbl BO3BPAIIAIOTCS B YPHY.

Haiitu maTemaTmyeckoe OXHUJAHWE U JHUCIEPCUI0  COOTBETCTBYIOITUX
CJIyJalHBIX BEeJIMYWH B 33a49ax 8.1 — 8.7.

9.5 Nrpok OGpocaer B aBTOMAT KeTOH cTomMmocThiO 10 pybseit. B cayduae
BBIUI'DHIIIA UTPOK Iosry4daeT 50 pybureil. BeposTHOCTH BBIMIDBINIA COCTABIISAET
0,16. HaiiTu mMaremMaTudeckoe OXKUJIAHUE U JUCIIEPCUIO BBIUTPBIIIA UTPOKA B
TaKOU urpe.

9.6 Jlmamerp Kpyra m3mMepeH npubsmKkeHHo. Cuurasi, 9TO €ro BeJNYWHA
PABHOMEDHO paclpeJieJieHa Ha OTpe3ke [a,b], HafiTu cpejmee 3HaYeHHE U
JUCIIEPCUIO TIJIOMIAINA KPYTa.

9.7 Cuyuaiinbie BesinanHbl X Y HE3aBUCUMBI, IpudeM X HMMeeT HOPMaJibHOe
pacupejesieare ¢ napaMerpamu 2 u 1/2, a Y - paBHOMepHOe paclpejieieHue
Ha orpeske [0, 4]. Haiiru:

a) E(X +Y); r) BE(X —Y?);
6) EXY; n) D(X +Y);
B) EX?; e) D(X —Y).

9.8 Bpocaerca n urpanbubix kKocreil. Halitu maremaTudeckoe OKujaHue u
JIUCTIEPCUIO CYyMMbI OYKOB Ha BCEX KOCTHX.

9.9 JIBymepHOe pacmpefiejieHre Mapbl MEeJOUUCTEHHBIX CIyIailHbIX BEJTMINH
X un Y 3amaercs ¢ TOMOIIBIO TaOJIAIIHI,

X=—2[X=0]X=1
Y=—-1| 1/6 1/ 1/
Y=2| 1/6 1/6 | 1/6

re B mepecedeHun ctoyiona X = ¢ U CTPOKKA Y = j HAXOJUTCS BEPOSTHOCTD:
P{X =i, Y = j}. Hafiru:

a) EX, DX, B) Cov(X,Y);

6) EY, DY; r) E(X —2Y), D(X —2Y).

9.10 /Isymepubiii ciayvaitnbiii Bekrop (X,Y) umeer pacupezesenue, 3aJlaHHOE
TabJIAIei:
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X[ -1 0 1
Y

2 1/8 [1/12 | 7/24
0 1/12 [ 1/12 | 1/16
1 3/24 | 1/12 | 1/16

Haittu maTemaTmyeckue OXKHUIAHWS, TUCITEPCUN U KOIDDUIMEHT KOPPEISIITUN
c. B. X, Y, a TakKe MaTeMaTuIeCcKoe OxKujanue u aucrepcuio ¢.B. X —3Y + 1.
9.11 Haittu kosddunnent koppessinum p(X, X +Y), rae X u Y HesaBucuMsr,
OJIMHAKOBO PACIPEE/IEHbl U MMEIOT KOHEYHBIH BTOPON MOMEHT, MPUMEHUTH
noJiydeHuyio GopMmyiny st ciaydas, Korma X W Y UMET CTaHIapTHOE
HOPMaJIbHOE PACIIPEJIE/ICHIE.

9.12 Ilycrs c.B. X umeer paBHOMepHOe Ha orpeske [—1,1] pacmpeznesnenue.
Haittn koabdurment xoppensamuu p(X, X?).
9.13 Cuyuaitnas BesindnHa Z WMEET PABHOMEDHOE PACIIPe/Ie/IeHre Ha OTPE3Ke
[0, 1]. Haittu koaddunuent koppessiuu ciaydailHbix Bejudun Yy, Ya, ecu:
a) Y1 = aZ, Yo = bZ (a,b > 0);
6) Y1 = aZ, Yo = bZ (a < 0 < b);
B, = Z, Yy = Z%

9.14 Haittu Ko3DPUITUEHT KOPPETANUN MEXKJIY UYUCIOM €IUHUI] U TUCIOM
MEeCTEPOK TIPU TPeX OPOCaAHUAX TPABUIHLHON UTPAJIHLHON KOCTH.
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['masa 10

Hp@,j]e.HI)HI)Ie TEOpEMbI

Eme Bo BBeleHNH, TOBOPSI O 3aKOHOMEPHOCTSIX CJIyJIaWHBIX SIBJICHUM, MBI
YTOUYHIJIM, YTO 9TH 3aKOHOMEPHOCTH IIPOABJISIOTCA B PE3yJIbTaTe IIPOBEICHHUsI
GOJILIIOrO YHUCJIa, CILyIAHBIX SKCIEPUMEHTOB. IIpuMep Takol 3aKOHOMEPHOCTH
—  YCTONYHBOCTH YACTOTBI COOBITHS — MOXKHO HabJIONaTh, IPOBEJst
JIOCTATOYHO BGOJIBINIOE YHCIIO PEAIbHBIX SKCIEPUMEHTOB, HIIH BOCIIOIb30BABIINCEH
CTATHCTUYIECKUMH JIAHHBIME HaOJIONEHUI TOrO WJIM HHOIO CJIydaifHOro
sBJleHus  (JeMorpaduyecKue JAHHBIE, METEOPOJIOIUYECKUe HAOJIOACHUA U
1.71.). HauGosee siprkue pe3ysbTaThl T€OPUE BEPOATHOCTEH, IPUCYIIE UMEHHO
9TON HayKe, CBA3AHLI C OTKPLITHEM (DAKTOB, HAGIIONAEMBIX MOALKO HPH
[POBEIECHAN OGOJIBIIONO YHCJIA CIyYailHbIX 9KCIEPUMEHTOB. Takoro poja
Pe3YJIbTAThl HA3bIBAIOT NPEJeAbHbMU MEOPEMAMY TEOPHU BEPOSTHOCTEH.
Hawu6oJiee BasKHBIMI 1 N3BECTHBIMHU [IPEIEIbHBIME TEOPEMAMU SIBJIIOTCH 3GKOH
boavwux wucen (3BY) u yenmpaavran npedeavras meopema (IIIT).

§ 10.1. 3akoH 60JBMIMX YHUCET

B mpocreiimem  ciiygae 3akoH OOJIBIIMX YUCENT 3AKJIOYAETCS B
CIIEIYTOIIEM:  CPEJHEE  APUPMEMUNECKOE OOALWO020 HUCAG HE3ABUCUMDIT,
00UHAKOBO PACNPEIEACHHDT CAYUATHBIL BEAUYUN 6edem cebsa KK GeAUMUHA

HeC./Ly"t(M'ZHa.ﬂ, pasraA MAMEMAMUYECKOMY ootcudaruto. ATo O3Ha4vaeT, 4YTO

X1+ Xo+...+ X,
cpenHee apudMeTHnIecKoe IpU 1. — 00 BeJeT ceds BeChbMa
n

YCTOHYNBO, B TO BpeMs KaK OTJeJbHble ciaaraemble X1, Xa, ... , X, MOryT
HCIIBITHIBATH 3HAYUTEbHBIE CITydaliHble OTKIoOHeHus. VHade roBops, mpu n —
00 MMEeT MECTO CXOIUMOCTb:

X1+ Xo+ ..+ X,
n

— a=EX;,
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IJie CMBICJI CXOJUMOCTU U JIOIOJIHUTEJIbHBIE YCJIOBUS YTOYHSIOTCS HIXKE
B TOYHBIX (POPMYJIMPOBKaxX. 3jiech ke orMerum, 4dro 3BY mposiBisiercs
BO MHOIHX PEaJbHBIX <«CAYyYaflHbIX IKCIIEPUMEHTAX»: CPEIHEe KOJUIECTBO
OCaJIKOB, BBIMAJAIONIAX B JAHHOW MECTHOCTH 3a TOJ, BBIUYUCISIEMOE II0
pe3y/sibTaTaM MHOI'OJIETHUX HAOJIIOJEHN, OKa3bIBAETCS BEJIMIMHON BecbMa
cTabuWIIbHOW; pe3yabTaT U3MePeHHs (OUINYECKUX BEJIUYUH BBIYUCIISIETCH
OOBIKHOBEHHO KaK cpejHee apudMeTndecKoe JOCTATOYHO OOJIBIIOr0 YHC/Ia
peasbHbIX WM3MepeHnil, Y4TOObI YMEHBINUTH BJIMSHAE CIyYalHBIX OIMADOK,
BOBHUKAIOIIUX [IPUA OTAEJIBbHBIX U3MEPEHUAX, U JIP.

IlycTs 3amaHBI IOC/IEIOBATEIBLHOCTD CIyYAfHBIX BeawduH Y7, Ya, ... H
cilydaitnas BeuauHa Y .

Onpenenenne 10.1. Bygem roBopuTh, YTO II0OCJIEI0BATEIBHOCTH
cydaiiuplx Besmuud Yy, Ya, ... cxodumca ¢ eeposmmnocmuvio 1 (uanm
cxodumes nowmu naseproe) K cirydaiinoil BeauauHe Y, ecan Yy, (W) — Y (w)
IIpu N — OO JJIsI BceX W € ) 3a UCKIIOYEHNEM, ObITh MOXKET, () U3 MHOXKECTBa
HYyJIeBO BEPOATHOCTH.

By,ZLGM HCII0JIL30BaThL 0003HAYCHIE JJId CXOAUMOCTH IIOYTHU HaBEPHOE:

Y, —Y o n

W3 omnpenenenns caemyet, 9to Y, — Y M. H. TOTJIa U TOJIBKO TOTJa, KOTA
Y, —Y — 0 1. H., 94T0 B CBOIO 0Yepeb PABHOCUIILHO cxoaumoctu |V, — Y| — 0
. H.

OTMmeTnM, 9TO eCc/ii IJIOTHOCTD PACHpEIe/IeHNs CJIyJaitHON BesmauHbl X1
[OJIOKUTEIBHA TIOYTH BCIOJY HA (KOHEYHOM WM GECKOHETHOM) MHTEPBAJIe
(a; b), m (X1, ..., X,) — Boi6opKa, To min{X;} — a n. H., ® max{X;} — b m.
H.

BaxXHBIM CBOWCTBOM CXOIMMOCTH ITIOYTH HABEPHOE SIBJISIETCS CBOMCTBO
CcXOmMMOCTH (PYHKIUN OT CIy9IalHBIX BEJIMIMH.

Teopema 10.1. ITycmov Y, — Y n. 1., g(x) — nenpepuwsnas ynkyus.
Tozda g(Y,) — g(Y) n. n.

JokazarenabctBo. Ilo ompernenennto HenmpepbIBHOM (DYHKIWM, COOBITHE
Y., — Y Braeuer coberrue g(Y,) — g(Y). Crnenosaresnbho,

P(g(Ya) — g(¥)) > P(Y, — V) = 1.

To ke cBoiicTBO mMeerT MecTO W i (PYHKIUU TPOU3BOJBLHOTO UHCIIA
repeMeHHBIX. JloKaxKkeM ero Jijis cirydast JByX II€PEMEHHBIX.
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Teopema 10.2. Ilyemo Y, — Y n. n., Z, — Z n. n., glx,y) —
Henpepushas Pyrrkyus deyr nepemenmvir. Tozda g(Yn, Z,) — g(Y, Z) n. n.

loka3aTeJsibCcTBO. Ilo ompenenenuio HenpepbIBHON  DYHKIUN,
nepecedenne cobeituit Y, — Y, Z,, — Z Bueuer cobwrrue (Y, Z,) — g(Y, Z).
Caenosarensno, P(g(Y,, Z,) — gV, Z2)) > P(Y,, — Y, Z, — Z). Tak kax
PY,—-Y)=1P(Z, - Z) = 1, o obbeiuHeHrE ITUX MHOKECTB TaK¥Ke
nMeer BeposTHOCTh 1. Orciooma mo dopMmysie BepOSTHOCTH O0ObEIUHEHUST
[oJIy9JaeM, 9TO BEePOSTHOCTD Iepecedenusi Takke pasua 1. CiesoBaresbHO,
P(9(Yn, Zn) — g(Y,2)) = 1.

Creyromasi BaKHasi TeopeMa HOCUT HA3BaHHUE 3aKOHA OOAbWUL “UCEN
Koamozopoasa.

Teopema 10.3. Ilycmov X;, Xz, ... — He3asucumvie 00UHGKOBO
PACIPETENEHHDIE  CAYHATUNDIE BEAUHUHDL €  KOHEYHBIM — MAMEMATNUNECKUM
ootcudanuem EX;. Obosnawum S, = X1+ ... + X,. Toeda S,/n — EX;

n. H.

JlokazaresibcTBO 9TOI TEOPEMbI MOXKHO HaiiTu, Hampumep, B [1].

§ 10.2. IlenTpasabHas mpejiejibHasg TeopeMa

PaccmoTrpuM  HECKOJIBKO pe3yJIbTaTOB, KOTODbIE OOBEIUHSIOTCS IO,
Ha3BaHMEM IEHTPAJIHHON MPENEJbHON TEOPEMBI W 3aHUMAIOT 0CODOE MeCcTO
B TEOPUU BEPOSITHOCTEH. YIPOINEHHO TOBODs, IEHTPAJBbHAS IIPE/Ie/IbHAs
reopema (IIIIT) dopmynupyercs Tak: cymma OOABULO20 HUCAGL MAAVET
HE3ABUCUMDBIT — CAYYATUHLT — BEAUNUH NPUOAUHCEHHO UMEEM HOPMAADLHOE
pacnpedenenue. Birarogapst IITIT HopMasibHOE paciipeiesieHe UMEET, TOXKAJIYH,
HanbOJIbIIIee PACIIPOCTPAHEHNE B PA3JUYHBIX MPUKJIAIHBIX objacrsax. Tak,
HampuMep, OOIMIENPUHATO CINTATD PE3YJIBTAT JTF000T0 (DU3MIECKOTO M3MEPEHUST
HOPMAaJIbHO PACIpPEeAEeJICHHON CIIyJallHOU BEJIMYMHON, IIOCKOJIBKY B Pe3yJIbTaT
u3MepeHus. Hem30eKHO BXOJUT HEKOTOpas OIIMOKa, KOTOpas COCTOUT U3
OOJIBIIIOIO YNCJIA MEJIKUX HE3aBUCHMBIX ONINOOK, BBI3BIBAEMBIX DPa3INIHBIMU
dakTopamMu: HETOYHOCTH WHCTPYMEHTA, MEHSIONINECH IIapaMeTPhl CPEJIbl,
YCJIOBUS U3MEPEHUS U T.]I.

CxXOmMMOCTh EHTPUPOBAHHBIX ¥ HOPMHUPOBAHHBIX CYyMM  CJIyIaifHBIX
BeJIMYMH B IEHTPAJBbHON INPEIEJbHON TeopeMe HMEET MEeCTO B HEKOTOPOM
CITEIUAJIBHOM CMBICJIe, O0Jiee CJ1aboM, YeM CXOJIUMOCTD IOYTH HABEPHOE.

Hammm ompeiesIeHre CXOIUMOCTH o pacIIpe e/ IeHuIO.
TTocie1oBaTE IBHOCTD CIIy YaHBIX BEJIUYUH Y1, Y2, ... HA3BIBAETCS CLOOAWETCH
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no pacnpedeseHuto K CIydalHON BejquduHe Y C HEIPepbIBHON (yHKIHe
pacupesienierust Fy (t), ecim mocseoBaTesbHOCTh (DYHKIUHA DPACIpeIeIeHust
CXOIUTCA K MPEeIeIbHON (DYHKIUN PACIPEIeeHUs B KaXKJIOH TOYKe: JJIst
JIIOOOrO JeHCTBUTEILHOIO ¢ BHIIIOJIHEHO

Fy (t) — Fy (t)

Ipu 1. — 00.
Paccmorpum IOC/IeJI0BATEIbHOCTD HE3aBUCUMBIX OJIMHAKOBO
DACIDEJIEIEHHBIX ~ CaydaiHbix  BeamanH {X,}02, u 0003HaYMM dvepes
n
Sp = > X} TOCIeI0BATENHLHOCT YACTUIHBIX CYMM, COCTABJIEHHBIX U3
k=1
[IEPBBIX N CJIy4YaiiHbIX BesndnH Xj. OTHOCUTE/IBHO PaclpeIesieHuil CJIy YaiiHbIX
BesmauH X OyJeM IPearosiaraTh, YTO OHU MMEIOT J[Ba KOHEYHBIX MOMEHTA:
EX, =a, DX; =02 >0, k=1,2,.... Torna u cymMmMEl S,, IMEIOT KOHETHEIE
MaTeMaTUYeCKOe OKUJIaHUE U JUCIIEPCUIO:

ES, =na, DS, =no?.

Ilepeitmem K ToCI€I0BATETHLHOCTH IEHTPUPOBAHHBIX U HOPMUPOBAHHBIX CYyMM:

n
> X —na
§":Sn_ESn:k:1
" DS, oyn
. Ougesuamo, A]E/Jg‘vn = 0, D§/n = 1. O6osmaunMm Tak:Ke dYepes
F.(x) = P(S, < ) dyukuuum pacupejieieHus HEHTPUPOBAHHBIX U
—~ z w2
HOPMUPOBAHHBIX CyMM S, a depes P(x) = \/%1 f ez du — QYHKIUO
— 00

pacIpeJiesileHnst CTaHIaPTHOTO HOpMaJsbHoro 3akona N (0, 1).

Teopema 10.4. (LT 0aa 00unaxo6o pacnpedeseHHBIT CAG2AEMBIT.)

IIyemv  {X,}52, — nocaedosamesvnocmsv  He3GBUCUMBE U 00UHAKOBO
DACTPEIENEHHDIT CAYHATHBEL BEAUNUH, UMEIOUULT KOHCUHBLE MATMEMATNUYECKOE
ooicudanue EX, = a u ducnepcuro DX, = 02> > 0. Tozda dan smod

NOCALIOBAMEALHOCTNU UEHMPAAOHASL NPEJCAOHASL MEOPEMA BLINOAHAETNCH 6
caedyrousem sude: das ecex © € R svinoanero

uau Oasn ecex x1,T2 € R (1 < x2) vinoaneno

< x> — ®(x), n— oo, (10.1)

. Sp, —na
nlLII;OP (a:l < 07\/% < xg) = ®(z2) — P(x1), n — o0, (10.2)
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mo ecmbv UEHMPUPOBAHHBIE U HOPMUPOSAHHBIE CYMMDL CAYUAGTHDIT SEAUNUN
CTO0AMCA NO PACNPEIEAECHUIO K CAYHATHOT BeAUNUHE, UMEULET CAKIGPMHOE
HOPMAABHOE PACTPEIENEHUE.

Baxxuwbim ciencrBueMm Teopembl 10.4 SBIIIETCS CITeIyIONTAs

Teopema 10.5. (Myaspa — Jlanaaca). ITyems V — wucao «ycnexoss 6 n
HE3ABUCUMDBIT UCTLOIMAHUAL CTeMb, BEPHYAAU, U P — BEPOAMHOCNG <YCNETa»
6 xaocdom ucnvimaruu. To20a cnpagediusv, caedyrouUe PABHOCUALHDLE
npedeavHble COOMHOULEHUA:

V J—
P (_np < :E) — d(x), n— oo, (10.3)
Vv pq
vV —np
P<x1§—<x2)—>q>wg —®(z1), n— oo, 10.4
NET (w2) — (1) (10.4)
2de Y
1 o L —d
=1-p; T)=—F—— e 2 du.
q P () Tom /
JokazaTreabcTBo.  IIOCKOJNBKY cCiaydaiiHas BeJIMYMHA V €CTh YHCJIO

«yClIexXoB» B 7T HE€3aBUCHMbIX HUCIIBITAHUAX BepHymm, TO e€ee MOZKHO
npeacTaBUTb B BUJ€ CyMMbl HE3aBUCUMBbBIX cnyqaf/iHbe BeJIMYIUH:

V:Sn:X1+X2—|—+Xn,

rJe ciayvaiiHas BeJIMduHa Xj DPaBHA YHCJY «YCIEXOB» B OJHOM k-M HCIIBITAHUU
Bepuyumm (kK = 1,2,...,n), 1. e. oHa npunumaer 3Hadenus 1 wim 0 B
3aBUCUMOCTH OT TOTO, OBLT JIU «yclex» B k-M wucobITaHuu. flcHO, 4TO BCe
X} uMeroT oJHO M TO e pacupelesenue Bepuynnu Bj,. Eciu BCHOMHHUTE,
9TO WX MaTEeMATHYIeCKOe OXKWjaHue u juctepcusi paBabl EXy = a = p un
DX}, = 0% = pg COOTBETCTBEHHO, TO BCe yCJI0BUS TeopeMbl 10.4 BBINOIHEHBI, a
nmokasbiBaeMble cootHormenus (10.3)—(10.4) mosry9aroTest OICTaHOBKON HOBBIX
oboznavennii B coornormenus (10.1)—(10.2) u3 Teopemsbr 10.4.

§ 10.3. Teopema Ilyaccona

Teopema Ilyaccoma maer napyroe upubimkeHune B cxemMe DBepHYyJIH.
Hanomuum, aro pacnpedeaeruem Ilyaccona ¢ napamerpom A > 0 HazbIBaeTCHA
JUCKPETHOEe paclpesiesieHre BUIa

k

P{X:k}:nk:e*"%; k=0,1,...
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YcnoBust cOmmkennsi OMHOMUAJILHOTO PACHpPEIEIeHNsT C pacipeaeeHneM
Ilyaccona, ympoIreHHo roBopsi, COCTOSIT B TOM, 9TO YHUCJIO 1 UCIIBITAHUN BEJIMKO,
a BEPOSATHOCTb P  «yCI€Xa» B KaXKJIOM HWCIOBITAHWUN MaJja. boJjiee TOJIHAst
GbOPMYIMPOBKA COJIEPXKUTCS B CJICAYIONIEN TeopeMe.

Teopema 10.6. (Ilyaccon). ITycmv n — wucao ucnwvimanul 6 creme
Bepryanu — HeoeparuMerto 803pacmaem, ¢ 8EPOAMHOCING <YCnexas — 00HG
u ma orce das BceT ucnuimanul — sasucum om n i p = p(n); npuvem p =
p(n) — 0 makum obpazom, wmo np — A > 0 npu n — oo. Toeda das a0b6020
Purcuposarnozo yerozo k > 0 vnoanaemca npedesvroe coomuouterue:

Pop (k) =T, n— oo, (10.5)
e
k, k n—k A"
— n—~K. — p—
Pn,p(k)_cnpq ) T[k—e F
dokazaTesbcTBO. Byem ucnoib3oBarh caeayiomiee CTaHIAPTHOE JIJIsT
MaTeMaTUIECKOr0 aHaJN3a 0003HAYMEHNE SKBUBAJEHTHBIX [T€PEMEHHBIX:

On
O, ~Bp, & lim —=1 <a,=p,+0B).

n—oo n

13 ycioBuit 10Ka3bIBAEMON TEOPEMBI CJIEAYET, ITO P ~ o qg=1-p — 1

upu n — 00. Jorazxkem coorrorenne (10.5) cravasa jis k = 0:

lim P,,(0) = lim CYp%" = lim ¢" = lim (1 —p)" = lim [(1 —p)%]’m =

n—oo n—oo n—oo

= Tim [(1—p))(FHomDm = e,
n—oo
ITocnensee pPaBeHCTBO CjleLyeT M3 TOLO, YTO OCHOBAHUE CTEHEHH
(1 — p)/? — e, anokasarems (2 +0(2)) - n=A+o(2) - n— A Takum
obpazom,
Py (0) = e =1, n— oo (10.6)

Haitnem Termepb mpeaes OTHOIIEHUS

P,, (k) p-(n—k—i—l)'

P,p(k—1) k-q

IIpu sTOoM, mOCKOJIBKY T — 00, a k > 1 dbukcupoBaHO, MOXKHO CUUTATD,
qaro k < n. ByzeM Tak»ke UCHOIB30BaTh TOT PAKT, UTO MPEJe HE MEHSIETC,
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ec/in JI00O COMHOXKHUTETb B <«JIOUPEJIETbHOM» BLIPDAYKEHUN 3aMEHHUTh Ha
SKBUBAJIEHTHBIN.

A
-(n— 2.n—k+1
i Fee®) o pe(i—kt+l) Rkt D) A
Takum obpazom,
P, , (k) A

Py i 1) — s oo, (10.7)
Haxomen, nias moboro nenoro k > 1 mpencrasum BepoatHocTs P, p (k) B
BUIE
Py Pup(®  Puy(k)
Pn,p (0) Pn,p (1) Pn,p (k - 1).
BaMeHsis B IIPABOIi YaCTU 9TOTO IPEACTABJICHN KaXK b COMHOXKUTEIb €10
upeyesiom u3 (10.6) u (10.7), Haiigem npejen NIPOU3BEICHIS

Py (k) = Poyp (0)

Prp (1 : P,y (k
lim P, , (k)= lim P,,(0) - lim Py lim _Fp )

n—0o0 n—o00 n—00 Pn,p (O) n— oo Pn,p (k - 1)
AA A AF
= 7}\ . —_ . —_ .. . —_ = 7)\ - —_— =
—° 1 2 T Kl -

IIpumep 10.1. Hssecmmo, wmo aecswu cocmasasiom 6 cpedrnem 1%
6cez0 nacenenus. QUeHumMd 6EPOAMHOCTG MO20, YMO NO MEHLULET MEPE MPOE
seswetl okastcemces cpedu 200 wenosex.

Pemtenue. EcrectBeHHO mCIosp30BaTh cxemy BepHYy/IN ¢ mapamMeTpamMu
n = 200; p = 0,01. O6o3HaYNM Yepe3 V YUCJIO JIEBILE, OKA3aBIINXCs B JAHHON
rpymme (YACI0 «YCeXOB» B N HE3ABUCHMBIX HCIBITAHUSAX). Torma Todnoe
3HavYeHne NCKOMOI BEPOSTHOCTH BBIPAXKAETCsI C TTOMOIIBIo hopmy Bepryimim:

200 200 200
Pv>3)=P U(v:k) :ZP(V:k) :choopquoofk'
k=3 k=3 k=3
IIpu mnoxacranoBke 3Hawenmit p = 0,01; ¢ = 0,99 IIOJIY YUM

BhIpAyKEHUE, BEChbMa TPYJIOEMKOE I BblYMCJIeHui. Brpodem, mnepeiins K
[IPOTUBOIIOIOKHOMY COOBITHIO, MBI 3HAYUTEIHHO YMEHBIIUM YHUCJIO CJIAraeMbIX
B cymme. Kpome TOro, 3aMeHuB BEPOSITHOCTH OMHOMHAJIBHOTO PACIIPEIEIeHUST

k
CkpFqn=* = P, ,(k) BeposTHOCTSME €A - ),‘C—, = T pacupenesnenus Ilyaccona,
MBI TTOJIy4UM 60JIee IIPOCTOE IPUO/INKEHHOE 3HAYEHUE NCKOMON BEPOSTHOCTH:

2
P(v23):1—P(v<3):1—ZP(v:k)¢z1—Tr0—n1—ng.
k=0
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A

k
Borauciing 3naxenust BEpOATHOCTEH T, = e~ % npu A = np = 2. Ioaydum

P(v>3)~1-0,68=0,32.

3ameuanme 10.1. B meopeme 10.6 ycmanasausaemes Auwb cam Parm
npubsuoicenmozo pasencmea Pn (k) ~ T  npu 60avwur 3HANEHUAT
n. OdHako O0af  MPAKMUYECKO20 UCNOALIOBGHUA IMO20 NPUOAUHCEHUSA
HEObToduMO 3Hamb ouenky donyckaemol nozpewnocmu. Ecau, npumenss
YKA3AHHOE NPUOAUNCEHHOE DABEHCMBO, Mbl ONYCKAEM OWUDKY, CPABHUMYNO C
DESYALIMAMOM BDIHUCAEHUA, O UCNOALIOBAHUE NPUOAUINCEHHO20 DABEHCBG
mepaem cmoica. Mo yeudum mosoice, wmo 6 npedvidyulem npumepe owubra
npubausicerus Ilyaccona ne npesviuwaem 0,01.

B  dopuynmupyemoit Humke TeopemMe yCTAHABIUBAETCS HE TOJBKO
BO3MOXKHOCTH 3aMeHbl OWHOMHAJIBHOI'O DAaCIpeIesIeHUsl PpaclpeiesIeHueM
IIyaccona, HO u J1aeTcs OlIEHKA IOTPENTHOCTH, BOSHUKAIOIIEH IIPU TAKO 3aMeHe.
Jloka3aTeJbCTBO ITON TEOPEMBI BBIXOJUT 3a PAMKH JIEMEHTAPHOTO Kypca
TEOPUHU BEPOSITHOCTE, TOITOMY MbI OIPDAHUYUMCS TOJIBKO €€ (DOPMYIUPOBKOIA.

Teopema 10.7. Ilycmvd V — yuCA0 <YCnerosé» 6 M HE3A6UCUMDBLT
UCNBIMAHUALT CTeMbL, BEPHyAIu, a D — 6EPOAMMHOCID <YCNEeTa» 6 KAANCOOM
ucnvmaruy. Toeda das A106020 wucrosozo muoocecmea A C R cnpasedaiuso
HEPABEHCME0

PweA) =S ml =3 Puylk) - Sl <min(p; np?),  (10.8)

keA keA keA

2de
N
et —.
k!
Bosspamasgce k mpumepy 10.2, TOIyYEeHHBIH TpPHU €ro PEIIeHuN OTBET
[IPEJICTABUM B BU/JIE

N=np; P,,(k)=Ckp*¢" " m =

P(v>3)=0,32+A,

rJie MOTrPeNnIHOCTb A OIEHMBAETCs C IOMOIIbI0 Teopembl 10.7:
|A| < min(p, np?) = min(0,01, 0,02) = 0,01.

Xoremoch Obl  TakkKe WMEThb BO3MOXKHOCTH OIEHMBATH  OIIUOKY,
BO3HUKAIOIILY O mpu HUCIIOIb30BAHNNI HOPMAaJILHOTO TIPUOJIMKEHIST
OMHOMMAJIBLHOTO pACIpeeieHnsl. B HEKOTOpOil CTemeHW 3Ty BO3MOXKHOCTH
[PEJOCTABIISIET CJIEAYIONMI PEe3yJIbTaT, KOTOPBIA Mbl npuBoguM u3 [13] Ges
J0Ka3aTeIbCTBA.
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Teopema 10.8. (Beppu — Eccen). IHycmo Xi,Xo,... X, —
HE3ABUCUMDIE CAYUATHBLE BEAUNUHDL, UMEOWUE 00UHAK0B0E pacnpedescHue.

E| X3
ITyem» maxoce EX; = 0, EX? = 0®> > 0, E|X1|? < 00, p = %. Tozda
suinoansemcs caedyrowee Hepasencrso Beppu — Eccena:
sup |P LiXk<:1: — ®(x) <A (10.9)
s oVn = - yn’ '

2de ®(x) — Pynryus pacnpedesenus cmMandapmmozo HOPMALLHOLO 3AKOHA.

Caenctue 10.1. Owubka, 603HUKAIOULAA NPU UCTLONDIOBAHUL TNEOPEMDL
Muyaspa — Jlanaaca, ouyerusaemca caedyiouum HepaseHCcmeoMm:

_ 2, 2
A = sup ’P (v—np < x) - P(x)| < Au. (10.10)

@ v 1pPq v pq

Hszeecmmno, umo 6 xauecmee xoucmanwmo, A moocrno 6zams 0,4. Umax, npu
NPUMEHEHUL NPEIEALHBIT Mmeopem K cxeme Bepryasu 6ydem deticmeosamo
CAEOYIOWUM 0OPAZOM: BVIMUCAUM MAKCUMANDHO B03MONCHBLE NOZPEUWHOCTNU 6
meopemax Myaspa—J/lanaaca u Ilyaccona u cpasnum ux. Ecau

P +¢

O i
np(1 —p)

> min(np®, p),

mo bydem ucnoavdosamsv meopemy Ilyaccona. B npomusrom cayuae 6ydem
ucnoav3dosams meopemy Myaspa—J/lanaaca.

Ecm B yemoBusax npumepa 10.2 mostoxkuts p = 0,5, TO JJIs1 IOTPENTHOCTH
A MOXKHO TapaHTUPOBATH JIUIIb CJIELYIONLYI0 IPAHUILY:

|A| < min(p, np?) = min(0,5, 50) = 0, 5.

Takum obpazom, ucrnosib3oBanue npubmkenus Ilyaccona mpu p = 0,5
HEJIOIIYCTUMO.

IIpumep 10.2. IIpoexmupyemcs meaedorrnas cmaruus Ha 300 Homepos.
IIpednonazaemca, wmo kasncdoli u3 noav3osamenet, He3a6UCUMO OM OPY2u,
NOABL3YEMCA MenePonnoli cea3vi0 6 cpeduem 00wy munymy 6 uac. Karxum
Q0AHCHO OBIMB MUHUMAADHOE YUCAO KAHANA0E C8A3U, YWIMODbL C 8EPOAMHOCNBIO,
ne menvwets 90 %, moboti 661306 He noayuua 6o, 0MKa3a.
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Pemienne. Bynem paccmarpuBaTh JeitctBus Kaxkaoro w3 n = 300
abOHEHTOB B TeYEHWE HEKOTOPOIO0 KOPOTKOI'O IIPOMEXKYTKa BPEMEHH KakK
HE3aBUCUMbBIE HUCIBITAHUSA, & <«YCIEXOM» OyJIeM CUATaTh TO, 9YTO abOHEHT
BOCITOJIB30BAJICS TEJePOHHON CBA3bI0. BeposaTHOCTH «yclexas IO YCIOBUIO
pasaa p = 1/60. O6o3HaunM 1Uepe3 V 9ucsI0 aBOHEHTOB, BOCIOJIB30BABIIIXCS
TeslepOHHOM CBS3BIO 338 PACCMATPUBAEMBIN IIPOMEXKYTOK BPEMEHH, T. €. V —
YUCJI0 «YCIEeXOB» B 7T HE3aBUCUMBIX HCHBITAHUAX cxeMmbl bepmysmu. Torma
BOITPOC 3aJ1a9M CBOJAUTCS K HAXOXKJCHUIO MIHUMAJBHOIO HATYPAJIBLHOIO JHCIIa
N0, YIOBJIETBOPSIONIETO HEPABEHCTBY

P(v <ng) > 0,9. (10.11)

Yro0bI HAWTH TAKOE N, BEIPA3UM JIEBYIO YAaCTh 9TOIO0 HEPABEHCTBA U€pe3
N U UCXOJIHBIE JAHHBIE 33/1a49W, UCIIOJIb3ys npubsmkenne [lyaccona:

no no
P(v<ng) =Y Puplk) =) T +A. (10.12)
k=0 k=0
1
B mamem ciaysae A = np = 300 - 0 - 5, a IOTPENIHOCTh

ucnosb3yeMoro npubsmxenust [lyaccoHa oreHuBaercst HepaBeHCTBOM: |A| <
min(2p, np?) = min(1/30, 1/12) = 0,033. JIjaa BLITOIHEHHS HEpaBEHCTBA
(10.11) HeoGxoaumo mOTpebOBaTh, YTOOBI cymMa B mpapoil udactun (10.12)
YIOBJIETBODSIJIA HEPABEHCTBY

no
> T > 0,933,
k=0

CTPaxysiCb OT BO3MOXKHOI omubku A. Beramciisiss BeposiTHOCTH 110 (POpPMYyJIe
Ilyaccona, mpu A = 5 BuuM, 9TO CyMMa

70 no 7}\)\1@
DT =) e T

k=0 k=0

BrepBble mpebinaer 3Hadenne 0,933 npu ng = 9. Crajgo GbITH, UCKOMOE
MUHUMAJIBHOE YUCJIO KAHAJIOB CBA3U PaBHO ng = 9.

§ 10.4. Pemnienne TUIOBBIX IPUMEPOB

IIpumep 10.3. Teamp, smewarowuis 1000 wenosex, umeem 06a pasHovir
6xoda. OKono kaxHcdozo 6xoda umeemcs ceoti 2apdepob. Ckoavko Mecm JoAHCHO
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bvimb 6 Kastcdom 2apdepobe Oas moz0, umobv, 6 cpednem 6 99 cayuwasx us 100
8CE 3pUMENU MO2AU Pa3dembes 6 2apdepobe mozo 6xoda, wepe3 Komopwvill onu
sowau. IIpednosazaemes, 4mo 3pument NPurodAm: a) napamu He3asucuMo
odna napa om dpyeol;  6) noodunouke Hezasucumo dpye om dpyea.

HokasaresnbcTBo. IlpuBesieM pelieHne B yCIOBUsIX 0), OCTABUB ILyHKT
a) YMTATEJII0 B KadecTBe yIpaykHeHHd. llpemmosoxkum, 49ro 06a BXOIA
paBHOIIPABHBI B TOM CMBICJIE, YTO BCAKWI 3pUTEIb BBIOMpaeT J000H u3
Hux ¢ BeposTHOCTBIO 0,5. BeibepeMm Kakoi-HUOYIAL OJIMH BXO, JJI KOTOPOI'O
ojicanTaeM TpedyeMoe 9ucIo MecT B rapaepobe. Bymem caurars «ycnexom» To,
9TO OYEpETHOM IIPUIIE I 3pUTeIh BBIOPAJI JaHHbII BX0 . Torma, ecyim V ecThb
qucyio «ycrnexoB» B N = 1000 He3aBUCUMbBIX UCHBITAHUAX, TO V O3HAYAET YHCJIIO
3puTeJieil, IPUIIEAIINX B TeaTp Yepe3 JaHHbIN Bxoxd. Bompoc 3ama4u cBonuTcs
K TOMY, 9TOOBI HANTH HAWMEHbIIee HATYPaJIbHOE 9nco K, yI0BIETBOPSIOIIEe
HEPABEHCTBY:

Pv<K)>0,99 < P(v>K)<0,0l.

TTockoIbKY C€.B. V IPUHIMAET JIMIIb [IJI0YNCIeHHbIe 3HaueHnus1, To P (v < K) =
P(v< K+1). Ipumenum K mociemneil BepogrnocTu teopemy Myaspa —
Jlanmaca:

P(V<K+1)_P<v_np K“_”p) — ®(2),

<
V1pq Vv 1pq
re
K+1-np K+1-1000-0,5 K —499
x = = - )
Vg 4/1000-0,5-0,5 5v10
ITo rabaunam dyHKIMH HOpMajbHOrO pacupezaenerns () Haxomum

rakoe x, jysi koroporo P(x) = 0,99, m mo 3TOMY 3HAUEHWIO X HaleM
cooTBeTcTBYyIOIIEe K:

K — 499
5v10

Tlockonbky K 1esioe 4mcio, To caeayeT B3aTh K = 536.

z =233 =233 & K =499+ 5V10-2,33 ~ 535, 84.

3ameuanne 10.2. B npusedennom pewenuy, Mol 80CNOAB306AAUCH TEM,
ymo c.6. V, coznacho meopeme Myaspa — Jlanaaca, umeem npubsusicenmo
Hopmaavhoe pacnpedeserue. Odnaro bumnomuarvhoe pacnpedeserue B(n,p),
KOMopoe umeem c.6. V, moocem boims npubausiceno pacnpedeaernuem [lyaccona
II(A), 2de A = np, npuuem 603MOHCHAA OWUOKA NPU IMOM NPUBAUICEHUU
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ne npesocrodum eeaununvt A = min(np?, p), Komopaa 6 YCAOBUAT HauLe2o
npuMepa pasHa

A = min(1000- 0,52, 0,5) = min(250; 0,5) = 0, 5.

HCHO, Mo BblYUCAAND GEPOAINMHOCTD C maxotl owubxol He umeem cmulcaa,
noamomy npU6JLU9fC€HU8 Hyaccomz 6 daHHoM cayvae HENPUMEHUMO.

Bozsparmasics k mpumepy 10.3, BBIYUCIIM OIEHKY BO3MOXKHOU ONTUOKY IIpA
UCIIOJIb30BAHUU HOPMAJILHOTO npubsmkenus (reopembl Myaspa — Jlamaca):

2, 2 2 2
4

p°+q 20740,5 +0,5° 0, ~ 0,013,

Vpq

\/1000- 0,52 10y/10

Kak Bumum, BO3MO)KHAs OmMUOKa IPHEMJIEMA I HCIOJH30BAHUSA JAHHOTO
npubmkenusi. OgHAKO, €C/id YK OBITH COBCEM CKPYILYJIE3HBIMU, CJIEIyeT
3aMeTUTh, YTO TOJYUYEHHBIHI NpHU pemeHnu npuMepa oTBeT K = 536
obecrieanBaeT OrOBOPEHHOE B IpuMepe ycsoBue (ITo0BI BCE 3PUTENU MOTJIA
paszeTbcsi B rapjiepobe TOro BXOJA, Uepe3 KOTOPBIA OHM BONIUIA) HE C
BepositHOCTBIO 0,99, a sk ¢ BeposTHOCTHIO 0,99 — A = 0,977.

A<0,4

IIpumep 10.4. Vpoorcatinocms kycma kapmogeas pasha 0 ke c
sepoamuocmwvio 0,1; 1 ke ¢ seepoammnocmoro 0,2; 1,5 ke ¢ sepoamnocmuvio 0,2; 2
Kxe ¢ sepoammocmoio 0,3; 2,5 ke ¢ sepoamnocmoio 0,2. Ha yuacmre nocastcero
900 xycmos.

a) B xaxux npedesax ¢ seposmmuocmvio 0,95 6ydem naxodumuvcs ypoosrcati?
6) Kaxoe mnaumenvwee KoAUMECTBO KYcmos nado nocadumv, wmobv, c
gepoAmMHOCMBI0, He menvwel 0,975 | ypootcali bvia He menee MoHHbL?

Pemenne. O6oznaunm X, — ypoxaiiHocTs k-ro Kycra. Torma S, =
X1+ Xo+ ...+ X, — ypoxkaii, mogydeHHbI ¢ n KycToB. cmonb3ys JaHHOe B
YCJIOBUU 33JIa9U pacipejiesierne ¢.B. Xy , HallJileM ee MOMEHTHI:

EX,=0-0,14+1-0,2+1,5-0,24+2-0,3+2,5-0,2=1,6;
DX, =EX?—(EX;)? =1-0,2+1,5%-0,24+2%-0,3+2,5%-0,2— 1,6 = 0, 54.

a) Hyxwuo maiitu x1 < x2, rmakue,uro P(xp < 5, < x9) = 0,95 upun =
900. Takag 3aja4a, OJHAKO, HE PENIAETCS OJHO3HAYHO (JBA HEM3BECTHBLIX [IPU
ojaOoM ypasuenut ). [loaToMy, B KA4ecTBe IPAHUIL, MEXKJLy KOTOPHIMU OKAXKETCSI
3HavYeHne S,, OOBIYHO BBHIOMPAIOT T'PAHUIBI IIPOMEXKYTKA, CUMMETPUIHOIO
OTHOCHUTEJILHO MaTeMarudeckoro oxujanus KES,. Takum o6pasoM, HyKHO
Haiitu Takoe | > (0, Jj1s KOTOPOro

P(ES, —1< S, <ES,+1) =0,95.
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IIpeobpa3yem JieByl0o dYacThb 3TOrO YpaBHEHUS K BHUIY, YIOOHOMY JIJIst
pUMEHEHNd LEeHTPAJbHO’ IIpeebHOIl TeOpeMblL.

P(ES, —1<8, <ES,+1)=P(-1< S, —na<l)=

l Sp —na l l l
=P( - < < x| —]| -0 ——r 10.13
(o= <o) =2 (am) 2 (am) 00w
rne a =E§, =1,6; 0 =+/D& = 0,54 B cuny (10.13), 6yzem uckarb
TaKoe & = #ﬁ, qutst kKoroporo (em. (10.13))

O(z) — @(—z) =20(x) —1=0,95 <= &(x)=0,975,

a 3arem Haiiaem [. s 3TOoro BOCmoOb3yeMcs TabuIel 3HAYEHUN (OYyHKIUN
PACIPEJIENIeHUs] CTaHIAPTHOTO HOPMAJIBHOTO 3aKkoHa P () (cM. mpmioxkeHue B
KOHIIE KHUTH), OTKyaa Halizem z = 1,96, upu koropom P(z) = 0,975. Torma

= 20yn = 1,96 /0,54 - 900 ~ 43, 2.

VYunresas snavenne ES,, = na =900 - 1,6 = 1440, u3 (10.13) okoHUaTEIHHO
HOJIy JaeM:

P (1440 — 43 < S,, <1440+ 43) = P(1397 < S,, < 1483) =~ 0, 95.
6) B maHHOM Cilyuae HEM3BECTHO N, U €ro Hy?KHO HAWTH U3 yCIIOBUSI:
P(S,, > 1000) > 0,975.

ODKBUBAJIEHTHBIMU  [TPEOOPA30OBAHUSMHU IIPUBEJEM JIEBYIO YacTh  ITOTO
HEPABEHCTBA K BUJY, YIOOHOMY i IPUMEHEHHs IEHTPAJBHON MpPene/bHON
TeOPEMBI:

P(S, > 1000) = P <Sn ~na 1000 - na) )
ovn ovn

S, —na 1000 — na 1000 — na
=1-P ~1-9o = —
( ovn < ovn ) (z), @ ovn
Byznem uckarb x, npu koropom 1 — ®(x) > 0,975 wm (em. (??)) &(—z) >
0,975. O6paruBumch K Tabauie 3uadennii P(x), HAXOIUM, YTO

1000 — na
oy/n
<= na-—1000 > 1,960/n <= na— 1,960/n — 1000 > 0.

(—z) >0,975 < —x>1,96 >1,96 <=
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VYunresasg, uro a > 0, pemaeMm NOCTeJHEe KBAJPATHOE HEPABEHCTBO
oTHOCUTENBHO /N > 0 :

252 252
\/521,9604—\/1,960 + 4000a n> 1,960—1-\/1,960 + 4000a
2a 2a
IloncTraBnss B mocenee HepaBeHCTBO 3Hadenns a = 1,6 mw 0 = /0,54,
HaXOJMM OKOHYATEJIbHO N > 648. \V4

§ 10.5. 3ama4um Iy CAMOCTOSATEJIbHOI'O pPeIIeHns

10.1 Urpok B Kaxkmoil urpe (HE3aBUCHMO OT DPe3YJbTATOB JDPYTHX WUID)
BeiurpoiBaer 80 pybseit ¢ BepoaTHocThbio 0,1, mpourpoiBaer 20 pyOseit ¢
BepogaTHOocThIO (,9. HaiiTn, K Kakoil BeJTUInHe CXOAUTCI CPEJIHIH BBIUTPHIIT 32
7 UTP TpU N — 00.

10.2 Ilycts X3, Xs, ... — ciyd4aiiHble d9#CIa, TO €CTh HE3ABUCUMBIE
cJly4JaliHble BEJIMYUHBI, NMEIOIe PABHOMEPHOE PacCIpe/iesieHre Ha OTPE3KE OT
0 mo 1. Haiitu pesestsl m. H. CJIEIYIOIINX BBIPAXKEHU IIPH N — 00!

a)X12+...+Xn2 )1 1 P 1
_ B) — S —— _— ]
n ’ n \1+X; 1+X,/°
X2+ ..+ X,2 2
g YA o An r)arctg<—(X1+...+Xn)>.
n n

10.3 KakoBa BeposgTHOCTH TOro, uro B 100 mapTusx OIUHAKOBBIX IO CHUJIE
MIPOTUBHUKOB OJIUH n3 HUX Bhmrpaer bosee 70 pa3z? Huubux mer.
10.4 Kaxgas OyKBa TEKCTa MOXKET OKa3aThCsI OIMEYATKON C BEPOSTHOCTHIO
10~%. KakoBa BeposITHOCTH TOro, uTo B TekcTe n3 40 000 6yKB oKaxkercst 6oJee
2 omevaTox?
10.5 Jlna nuna, goxxwusiiero g0 20-JeTHEro BO3pacTa, BEPOSITHOCTH CMEPTH
ma 21-m romy xkwu3nm pasHa 0,006. 3acrpaxoBana rpynma B 10000 dwesoBek
20-7ieTHETO BO3pacTa, NMpUYEM KAaXKIbIil 3acTpaxoBaHHbl BHec 120 pyOJeit
CTPaxOBBIX B3HOCOB 3a rojfl. B ciydae cMepTu 3aCcTPaxOBAHHOIO CTPAXOBOE
yupexaerue BoimadnBaeT Hacaesaukam 10000 py6ireit. KakoBbl BepossiTHOCTH,
qT0:
a) K KOHILY T'0J[a CTPAXOBOE YUPEKJICHUE OKAKEeTCHA B YObITKE;
6) ero goxos npesbicut 600000 py6ueii; 400000 py6iieii?

Kakoit MuUHUMAJIBHBIN CTPAXOBO# B3HOC CJIEAYeT YUIPEIUTH, 9TOOBI B TEX
JKe yCJIoBUAX ¢ BeposaTHOCTBIO 0.95 moxox 6b11 He MeHee 4000000 py6iieii?
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10.6 CryuentT moJydaer Ha 9K3aMeHe 5 ¢ BeposiTHOCTHIO 0,2; 4 ¢ BEpOSITHOCTHIO
0,4; 3 ¢ BepositHocThIO 0,3 1 2 ¢ BepositHOCThIO 0,1. 3a Bpemst 0OydYeHUsI OH
craet 40 sx3amenos. HaitTu mpe/iesibl, B KOTOPBIX ¢ BeposTHOCTBIO 0,95 jrezkuT
cpeaHuit 6aJI CTyIeHTa.
10.7 UsBecTHO, YTO BEPOATHOCTH POXKICHUS MAaJbINKA TPUOJIUIUTETHHO
pasaa 0.515. KakoBa BeposTHOCTH TOro, UTO cpegu 10 ThIC. HOBOPOKIEHHBIX
OKAaXKeTCsI MAJBLIUKOB He OO0JIbINe, 9eM JIEBOYEK !
10.8 N3BecTHO, YTO BEPOSITHOCTL BBIMYCKA CBEPJIA IMOBBLINIEHHON XPYHKOCTHU
(6pak) pasna 0.02. Ceepiia ykiajapiBaioTcs B Kopooku 1o 100 mr. Yemy pasaa
BEPOSITHOCTb TOTO, 9TO B KOPOOKEe He OKaxKeTcs OpakoBaHHBIX cBepusi! Kakoe
HanMeHbIIIee KOJIUYIECTBO CBEPJI HYKHO KJIACTbh B KOPOOKY JJIsI TOI'O, YTOOBI C
BEPOSITHOCTBIO, He MeHblieil 0.9, B Hell O6b110 He MeHee 100 ucnpaBHBIX?
10.9 BepossTHOCTB BBIXO/a U3 CTPOsi 3a BpeMsi 1’ OJHOTO KOHJIEHCATOPA PAaBHA
0.05. OmpenenuTh BEPOSITHOCTH TOrO, UTO 3a BpeMms 1 n3 100 KOHI€HCATOPOB
BBIJ[yT U3 CTPOs &) HE MEHee 5 KOHJEHCATOPOB; 0) MeHee 13 KOHIEHCATOPOB.
10.10 BepositHocTh yrajpiBaHusi 6 HOMepOB B cnoprioro (6 m3 49) pasHa
7,2-1078. IIpu moxcuere OKA3aJIICh 3aII0JHEHHBIME 5 MJIH. KapTouek. Kakosa
BEpPOSITHOCTH, 9TO HHUKTO He yrajaji Bce 6 Homepos? Kakoe HanMmeHnbiree
KOJIMYIECTBO KAPTOUYEK HYZKHO 3AIIOJTHUTH, YTOOBI C BEPOATHOCTHIO HE Meree (0,9
x0Tst OB OfiuH yrajgana 6 HomMepos?
10.11 1000 pa3 6pocaercst urpajbuas KocTh. HaliTu mpesesnbl, B KOTOPBIX C
BEPOATHOCTDIO, Oobieit 0.95, Oymer JiexkaTh CyMMa BBITIABIIAX OYKOB.
10.12 Hexkoropass wmamuna coctouT wu3 10 Tweic. geraseit. Kazkmas
JeTajib HE3aBUCHMO OT JIPYTUX Je€Tajeil MOXKET OKAa3aTbCs HEWCIPABHON C
BEPOATHOCTBIO p;, TpmiaeM utd ny = 1000 meramneit p; = 0.0003, mst ne = 2000
nerajeit po = 0.0002, u mra ng = 7000 merasneit ps = 0.0001. MamwuHa He
paboTtaet, eciu B Hell HEUCIIPABHBI XOTs ObI JiBe Jerann. HaitTu BeposTHOCTD
TOTO, YTO MaIllHA He Oy/eT paboTaTh.
10.13 UrpampHast KOCTh MOAOPACHIBAETCS JI0 T€X IOP, MOKA ODImas CyMMa
oukoB He mpebicuT 700. OmeHUTH BEPOATHOCTH TOTrO, YTO [JIsi ITOTO
norpedbyercs 6osee 210 Gpocanuii.
10.14 Maremarudeckoe OXKHMJIaHHE KOJUYECTBA BBIIAJIAIONIMX OCaJIKOB B
TedYeHHe rojila B JaHHOII MecTHocTH cocTasisger 60 cvm. B mpemmnosioxenun,
9TO KOJINYECTBO OCAJKOB PACIIPEJIEJIEHO 110 HOPMAaJbHOMY 3aKOHY, OIIEHUTH
BEPOSITHOCTb TOTO, 9TO KOJMYECTBO OCAJKOB B IIPENCTOSINEM roiay OyIeT He
6ouibrire 120 cM, eciim M3BECTHO CTaHIapPTHOE OTKJoHeHne — 20cM.

OLeHUTh BEPOSITHOCTH TOrO, YTO BbIaserT He MeHee 180 cM OCaJKOB B
YCJIOBHSX, OIIMCAHHBIX BBIIIIE.
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[maBa 11

Bribopka. OnienuBanue
ImapaMeTpoB

§ 11.1. BpiOopka n BapmalluOHHBIN P

B wmaremarmdeckoil CTATUCTHKE PpacCMATPUBAETCS CHTYyaIlus, KOTIA
pacupenesienne HaOJIOZaeMOl B CIy4ailHOM 3SKCIEPDHMEHTE BeJIMYUHBI
X  HemsBecTHO (XOTst OBl YACTUYHO), 3aTO HCCIIEJOBATENb DACIIOJIATAET
pe3yJIbTaTaMy IKCIEPUMEHTa (CTATUCTUIECKUMHE JAHHBIMHA), MO KOTOPBIM OH
JIOJIZKEH CJIeJIaTh BBIBOJIBI O HEM3BECTHOM PACIIPEICJIEHNN CJIy IaiiHOM BeJIMINHBI
X. K sromy crour m00aBuThH, 9TO 3a/adeil MaTEMAaTHIECKONH CTATUCTUKA
fABJISI€TCA  WCIIOJIB30BATh PE3YJIbTaThl IKCIEPUMEHTa 110 BO3MOXKHOCTHU
OIITUMAJLHBIM 00PA30M.

OCHOBHBIM OOBEKTOM HCCJIEJIOBAHUSI B MATEMATHYIECKONW CTATUCTUKE
SIBJISIeTCSL BBIGOPKA X = (X1, Xs, ..., X,), To ecTb HAGOp 3HAUEHHMIT CIIyIaiiHOM
BesmamHbl X, MOJIYYE€HHBIX B PE3yJIbTaTe 1 HE3aBUCHMBIX BOCIIPOU3BEIEHUN
skcrepuMenTa. lHade roBopsi, BBLIOOpKa IMPEJICTABJSAET COOOH CIy<uaiiHbIi
BEKTOP, KOOPJIMHATHI KOTOPOT'O0 — 3JIEMEHThI BbIOOpKU X1, Xo,..., X,
HE3aBUCHMbIE CJIyYailHble BeJIMYMHBI, HUMeEIOIHe oOlee pacIpejieJieHue ¢
dyukupmeii pacupenesenus F(t). Bysem roBoputh B 3T0M cilydae, 4TO UMEETCs
ciyd4aiiHasi BhIOOpKa X u3 pacupenesienus F', u 0603HAYATH COKPAIIEHHO:
X € F. Yucno n uasbiBaercst o6beMoM BbIOOpKU. Konkpernbiit nadbop
9HUC/IOBBIX 3HAYEHUH CAyJalHbIX BequduH X1, Xo,..., Xp, [OJyIE€HHLIH B
pe3ynbTaTe SKCIepUMeHTa, OyaeM Ha3blBaTh peajin3anueil BLIOOPKU U
06o3HauaTh T = (X1, T2, ..., Tp).

Ecin smementsr BoiOOpKu X7, ..., X, YHOPSIOYATH IO BO3PACTAHUIO, TO
TIOJTYIUTCsT HOBBIN HAOOD C/IyYaflHbIX BEJUYNH, HA3bIBAEMbIIl BApUAITMOHHBIM
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paaoM:
Xy <X <o S Xpmy) £ Xy
A

Cryvaiinas sesmuuna X (), 1,...,n Ha3bBaeTcsd k-M UYJIE€HOM
BapUAaIMOHHOTO pPsifa, win k-ii MOPsiAKOBOI CTaTUCTUKOI. B wacTHOCTH,
X(l) = Inin{Xl, ceey Xn}, X(n) = max{Xl, v ,Xn}.

§ 11.2. DmMnupudeckas pyHKIIMs
pacnpe/iejieHsi, TICTOTPaMMa

. " *

Omnupundeckoii dyHKImeil pacunpenenenust F(t) HasbiBaercs
9acTOTa 3JEMEHTOB BBIODODKH, MEHBINX 3aJaHHOTO t. IJMIUPUIECKAsT
dyukus pacupenesienns, coorBercrByiomast Boibopke X = (X7, Xo, ..., X)),
MOYKET OBITh ITOCTPOEHA, 0 ITOH BBHIOOPKE C MOMOIIBIO JIFOOOH M3 CJIeTyIONnX

bopmyir:

Fr() = {xommuecrBo X; : X; < t} _ 1

— I(X; <), 11.1
: Sin<n, L
e pyHKIIsT

1, ecmm X; <t,

I(X; <t) = { 0 wuHaue

— ungukaTop cobbitusa {X; < t}.

SameTum, 9T0 dSMIIIpUYecKas (DYHKIINs PACIPEJIeJIEHUsI, COOTBETCTBY IO
CJIyJaiiHO#l BBIOOPKE X , CaMa sIBJISIETCs CJIyJIalHOM, MMOCKOJIBKY OIPEIE/IsIeTCS
qepe3 ajemeHThl BbIOOpKH X1, Xo,...,X,, SBIMIONIMeCs CJIy9ailiHBIMA
BesmuuHAMu. B TO ke BpeMms Jr0basd peasusanusg & = (L1, %2, . .., %, ) BHIOOPKH
X [IOPOXKJIA€T COOTBETCTBYIONLYIO DEaN3alUi0 IMIMPUIECKO (yHKINN
pacupegenenus (1o Toit xke dbopmyse (11.1)), koropas sBigercs 0ObIYHOlN (&
He ciydaiinoii) dyHknueil pacupeieaeHus.

C moMoIIpI0 BAPHAIMOHHOIO psifia (UM €ro Peasu3aliii) SMIMPUIeCKast
bYHKIMS pacrupeiesieHns MOXKeT ObITh TOCTPOeHa TPpadUIeCKn.

Omnupuueckast GbyHKIus pacnpesenenns F(t) siisiercst BBIGOPOIHBIM
AHAJIOTOM HEM3BECTHOH Teoperwdeckoil dyHKimu pacnpeaenenns F(t),
ee HA3bIBAIOT TakXkKe OLEHKOW g F(t). BoibopounbiM amajorom s
TEOPETUIECKON IUIOTHOCTH pacupepesienus: f(t) sBiagercs TACTOrpaMma,
Wi SMIIMPUYECKAs MJIOTHOCTb PAaCHpeesIeHUs, KOTOPpas CTPOUTCH II0
BBIOOPKE X = (X1, Xa, ..., Xp,) cremyrommmM o6pasoM.
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Puc. 11.1: Omuupudeckas yHKIms pacupenenenns F(t).

IIycte h > 0 — mnpomsBousibHOe umcio. Pazobbem 00acTh 3HAUCHMIA
u3ydaeMoil ciaydailHON BeJuYuHBI (HADUMED, BCIO YHUCIOBYIO OCb) HA
OpOMEXKYTKH Ap = [2x—1,2;) JWIMHBL A U TIOCTPOUM CTYTIEHIATYIO (DYHKIUIO
(), koropas Ha KarXKJIOM IIPOMeKYTKe Ay IPUHIMAET IIOCTOSTHHOE 3HAYECHHE,
BBIYHC/IIEMOE 10 JII000H 13 hOpMyJI:

n

£ = {xosmuecro X; : X; € A} _ 1 ZI(Xi € Ay) = V_k7 Le Ay
nh nh ~ nh
(11.2)
rae Vg - YHUCJ0 3JIEMEHTOB BBIOOPKM, TOMABIIUX B MpOoMexRyTOK Ay. Tak
mocTpoeHHas (QYHKIMS HA3BIBAETCA THCTOIPAMMON € IMaroM h W HMeeT
rpacduk, nzobpaxkeHHbIi Ha puc. 11.2. 3ameruMm, UYTO IUIOMATLL KaXKJIOTO
IPSIMOYTOJIBHIKA, IHCTOIPAMMBI DaBHA A, TO €CTh YaCTOTe MONAJAHHS B
COOTBETCTBYIOMUI HHTEPBAJT Ay .
Wuorga mmar rucrorpammbl b BeiOUpaioT ciemyommuM obpasom. Cragasia
pacuuThIBAIOT Yucja0 nHTEpBaaoB K 1o gopmyase Cmedorceca

K = [logyn] + 1. (11.3)
3xecb n — o0beM BBIOODPKH, [] — menas dacTh uucsia. 1loToM jumHA
MHTEPBaJa PacYUThIBAETCs 110 (POpMyJIe

X =Xy

h =
K

Ilpu mocTpoeHWM rHUCTOrpAMMBI —IIOCJIEIHAN MPOMEXKYTOK BBIOMPAETCs

saMKHYTBIM: Ak = [25 15 2K]. Bemmauny X () — X (1) = max{X;} — min{X;}
HA3BIBAIOT PA3MaXOM BBIOODKU.
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Puc. 11.2: I'ucrorpamma f(t).

B mekoropmIx ciaydasx ©0ojiee TOYHON OIEHKOH I IJIOTHOCTH,
TO €CThb OIIEHKOH, 0oJjiee TOYHO  AIMIPOKCUMUPYIOMEH  HEM3BECTHYIO
IUIOTHOCTb PACIIPEIEJICHUS, $BJISETCAd IOJUTCOH $YaCTOT. ITO KYCOYHO-
JuHeiHAasg ~ JIoMaHasd, KOTOpasd CTPOUTCA W3 THUCTOTPAMMBI  IIyTEM
MIOCTIEJIOBATEILHOTO  COEIMHEHUsI OTPE3KAMU MPIMBIX CEPEJIMH  BEPXHUX
OCHOBAHUI MPSMOYTOJBHUKOB, COCTABJIAIONNX rICTOrpamMMy (cm. puc. 11.3).

falt

Puc. 11.3: 'mcrorpamMma 1 MOJIUTOH 9aCTOT.
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§ 11.3. BpibopodyHble MOMEHTHI

o BoGopke X = (X1, Xa,...,X,) MOXKHO MOCTPOUTH SMIIUPUIECKHE
(BBIGOPOYHBIE) AHAJIOTH YUCJOBBIX XapaKTEPUCTUK pactpeenerus. Hanbosee
YHOTPEOUTEILHBIMU SIBJISIIOTCST BBIDOPOYHOE MATEMATUYECKOE OXKUJIAHUE, WU
BBIGOpPOYHOE cpedHee, X, 1 BBIGOPOYHAs aucIepcus S2:

Y:

S

ZH:XZ-, 52 = %Z(Xi -X)% (11.4)

Ilo/106HO BBIOOPOYHBIM CPETHEMY U JUCIIEPCUU OIPEJIE/IAIOTCS BBIOOPOUHbBIE
MOMEHTBI opsaaKa k

KOTOPBIE sIBJIIOTCSI SMIHUPUYECKUMU aHaJOoraMU MOMEHTOB Oy :]3)(7{C

IIpumep 11.1. Ilpednosaeas u36ECTIHBIMU  COOMBEMCMEYOULUE
meopemuneckue momenmat, doxazamy, ymo EXF = ay.

IIpuBenennoe cooTHOIIEHNE O3HAYAET, YTO MATEMATHUIECKUE OYKUIAHUS
SMIIUPUYECKIX MOMEHTOB COBIIQIAIOT C COOTBETCTBYIONIUMHU TEOPETUYECKUMHI
MOMEHTAMHU. IJTO CBOMCTBO HA3BIBAETCS HECMEIIEHHOCTBIO: TOBOPST, UTO
SMIIUPUYECKHE MOMEHTDBl ¢BJIAIOTCA HECMEeIIeHHbIMU OI€HKaMM /JId
COOTBETCTBYIONIUX TEOPETUIECKUX.

Pemtenue. U3 cBoiicTB MATEMATHIECKOTO OXKUIAHUS IOy IAEM:

— 1 1 & I 1
EX’“:EEZXZ-]CZE;EXfZE;GkZE'nGk:Gk'

i=1

B T0 Xke BpemMs IleHTpaJbHbIE SMIUPUYECKHE MOMEHTBI SIBJISIOTCS
CMENIEHHBIMU OLIEHKaMU JJIT CBOUX T€OPETUYECKUX aHAJIOIOB.

OrmerrM, d9TO BBIOOPOYHAS JUCIHEPCUS BBIYUC/IAETCS AHAJOTTIHO
JUCIIEPCUN.

Caencreue 11.1. S% = X2 — (X)2.

lokazaTesibCcTBO.
PackpoeM CKOBKH B onpeserenun S2:

1 D R iy e
§P=—3 X -2md Xt~ (X=X 2(X)°+ ()P = X2 (X)”
=1 =1 =1
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Brrauciimm maremarudeckoe O2KHJTaHue CTaTUCTUKU 522

ot o — -1
ES? =EX?-EX =EXZ?- (EX)?-DX = _

DX;.
n
MT&K, 9Ta OIlEHKa ABJIAeTCAd aCUMIITOTUYICECKU HeCl\leHLeHHOfI.
Jlist TOro, 9TO6BI IIOJIYYUTh HECMEIIEHHYIO OIEHKY IHCIIEPCUH, JeNAT S2
n—1
Ha ——
Hecmewennan 6vt60pounas Qucnepcus — 9TO CTATACTUKA

2 n
5o = S?
n—1
st Hee BBITIOJTHEHO CBOMCTBO
ES,? = DX;.

OTMmernM, 4TO KOpPEHb U3 HECMEIIEHHOW BBIOOPOYHON juciiepcuu Sy He
ABJISIETCSl HECMEIIIeHHOI OIIeHKON /JIs1 CTAaHJAPTHOIO OTKJIOHEHUs O x, TaK Kak

EVY # VEY.

§ 11.4. CraTuCTUKU U OIMEHKU

Bajaua OIEHWBAHWS IIAPAMETPOB BO3HHUKAET B CUTyallud, KOTJA
pacupeneseane F He SBIAETCS TOJHOCTBIO HEU3BECTHBIM, & U3BECTEH
ero maremaruueckuii Bux F = F(t,0), coxepxamuii HeusBeCTHDIH
napamerp 0 (wm HeckoabKo, TOorma O - MHOTOMEDHBIH mapamerp).
3ajila4a COCTOUT B TOM, YTODOBI IO BBIOODKE X BbIMHCIUTD IpUOJIMKEHHOE
3HAMEHHE 0*(X) JUIST  HEM3BECTHOTO IIapaMeTpa, IpUIeM CAEIaTh
3TO B TOM WJM WHOM CMBICJIE ONTHMAJBLHBIM 00pa3oM. ITO 3ajada
TOYEYHOTO OIEHUBAHMS. /[Pyroi II0IX0/ COCTOUT B MOCTPOEHUH TI0 BHIOOPKE
X  umrepsana  (0_(X); 64(X)), KOTOpBIi HAKDBIBAET HEH3BECTHOE
3HaveHne mapamerpa 0 ¢ 3a7aHHON (BBICOKOI) BEPOSITHOCTBIO. DTOT MOIXO,
HA3BIBACTCS MHTEPBAILHBIM oleHuBanneM, a (0_(X); 04 (X)) nasssacrcs
JOBEPUTEJIbHBIM UHTEPBAJIOM.

IIyctn XeF (t,0), npuuem napamerp 0 MoKeT IPUHUMATH 3HAYEHUS
u3 MHOXKeCTBa ©, KOTOPOEe Ha3bIBAETCS MAPAMETPUYECKUM MHOXKECTBOM.
ByjeM HA3BIBATH CTATHCTHKON J00yI0 coydaiinyio seamauny suga T/(X),
KOTOpas sBjsgeTcs (DYHKIMEH TOJIBKO OT 3JIEMEHTOB BbIOOpKu. OneHkoi
napamerpa 0 Ha3blBaeTCs CTATHCTHKA O = é(X' ), KOTOpas NPUHUMAET
3HAUEHUs U3 APAMETPUIECKOr0 MHOXKECTBa ©.
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Onenka 0 HasbIBaeTcs HECMEIIEHHOI OlleHKOI mapaMeTpa 0, ecim s
Jr06oro O € © BBIIOIHEHO

E6 = 6. (11.5)

JloroBopuMcs yKa3bIBaTh B 0003HAYECHUHN CTATUCTUKNA 00 bEM BBIOOPKH, €CJIH
9T0 HEOOXOIMMO IOLIEPKHYTh: 8 = 0,,.

Onenka 6, maswBacTcsi (CHUIBHO) — COCTOATEJILHON  OIEHKOIM
napamerpa 0, eciu jyig go6oro 8 € © mpm n — 00 UMEET MeCTO
CXOJINMOCTh

6, =5 o, (11.6)

10 ectn P{6, — 0} = 1.
K ciemyromemy npuMepy Mbl 6y1eM 9aCTO BO3BPAIATHCS B JAJIbHEHIIEM.

IIpumep 11.2. (Badawa o pacnucanuu aemobycos). Ilpuda na
0CMAHOBKY, NACCANCUP NBIMAEMCA OUEHUMD  OAUMEABHOCTND  UHMEPBAL08
Metcdy asmobycamu 6uvl6panozo um mapwpyma. On ankemupyem Opyeux
NACCANCUPOB, 02ACUIAIOWUT IMOM A8MObYC, U Y KaHCA020 U3 N NACCAHCUPOS
BHLACHAEM. BPEMA, NPOBEIEHHOE UM HA OCMAHOBKE, NOAYHAL MAKUM 00pA30M
6wbopry X1, ...,Xn. Ilpednosrazaemca, umo Xi,..., X, obpasyrom evibopky
u3 pasromeprnozo pacnpedeaenus U, g), 2de 8 > 0 — neussecmmuviti napamemp
— UHMEPBAA BPEMEHU MENHCAY a8MOOYCAMU.

Iepswiti naccasicup npedaazaem oas ouenxu napamempa 0 ucnoavsosamo
6wL60pouHOe cpediee, M. e. NOAYYUMb ouerky 6 eude B = 1 X .

Bmopoti naccasicup npedaazaem ucnoab3osams camoe boavwoe 6pems
ootcudanusa, m. e. noayuumy oyenky 6 6ude By = caX(y).

Tpemuti naccasicup npedaazaem CAOHCUMD CaMOe OOADULOE U  CAMOE
manenvroe epems oocudanua: 83 = X, + X(1).

_ Bumucaumn xonemanmet c1, c2, 06eCnenu6anusue HECMEUEHHOCTD 0UEHOK
01, 0. Ilposepumv necmewernocms ouenku O3. Hceeaedosamsv  cusvhyo
COCTMOAMENDHOCTND BCET NOAYUEHHBIT OUEHOK.

Pemienne. BoraucanM MaTeMmaTmaeckoe O2KHJaHUe CTaTUCTUKU 611
Eél = ClEX = ClEXl = 019/2.
YesoBue HEeCMEIIeHHOCTU BBIIIOJIHEHO, €CJIN
Eél = 016/2 =0.

Orcioma ¢ HeOOXOAUMOCTBHIO ¢; = 2. MTak, MBI TOJIYyYIWIN IEPBYIO
HeCMeleHHyIo onenky: 0; = 2X. Ee cuabHasg COCTOATENBHOCTDL CJIELYET W3
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YCHJIEHHOTO 3aKOHa GOJbImmX [mces: Tak Kak X — EX; = 0/2 m. n., To
0, =2X -0 B cuity HenpepbiBaocTu (yukuuu y(t) = 2t.

UceeoBanne OLEHKH 0 3HAYATEIBHO 6oJlee Tpymoemko. Haiinem
pacnpe/jiesienne craTucTuku X (). Ee pynxumsa pacupesenenus pasna

FX(n) (y) = P{X(n) <y} =P{max(Xy,...,X,) <y} =

n n

=P{(|(Xi <y} =][[PX:i<y)=F"(v),

i=1 =1

rie
0, ecmy<0
Fly)=14%, ecom0<y<8,
1, ecmmy > 6.

— ¢dynknus pacupenenenus 3akona Ulo, g). Juddepennupysa Fx (y), naitgem
IJIOTHOCTD PACIIPe/Ie/ICHU CIy4YaiiHON BeJIMYUHbI X(n):

Fxiy (W) = nF" L (y)F'(y) = nF" " (y) f(y).

[Moncrasisa B mociennee papeHCTBO BYHKIMIO pacnupesenenus 3akona U, g)
U ero IJIOTHOCTb

1
_J§ ecmyc€ (0,9),
fly) = {0, ccn y ¢ [0, 6],

HAXOJUM TIJIOTHOCTD PACTIPENIENICHAA X (y,):

n—1

e—, ecmy € (0,0),

fxon(y) = { 0, ectm y ¢ [0,6].

s TpOBEpKH HECMEIIEHHOCTU HaljJeM MaTeMaTHIecKoe OXKUJIaHue
OIIEHKU:

(11.7)

0
n—1 n yn—i-l n

Eee:EeX(’”:/y o W= e 0:n+19'
0

Orciofa Cile/yer, uTo oleHka Oy = coB = c2X () ABJIACTCS HECMEIIEHHOM
mias napamerpa © npu yesnoBuu can®/(n + 1) = 8. Orcioga naxomum co =
(n+1)/n. Mbl HOJIyHWIN BTOPYIO HECMEIEHHYIO OlleHKY: B = (n + 1) X ) /0.

[IpoBEpUM CHJIBHYIO —COCTOATENLHOCTh B, COMIACHO —OTMEHEHHOMY
CBOMCTBY CXOIUMOCTH IIOUTH HABEPHOE, MAKCUMyM W3 HE3aBUCUMBIX
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OJJMHAKOBO pacCIpeaeJIeHHbIX cnyqaf/iHbe BeJIMIWH, MMEIOIUX Ha HHTepBaJie
IOJIOZKUTEJIbHYIO IIJIOTHOCTDb, CXOAUTCH II. H. K IIPaBOMY KOHILY HHTEpBaJla:

Xy — 0 m n.

Tak kak (n + 1)/n — 1 Kak YuCIOBas MOCJIEIOBATEIBHOCTD, TO B CHILY
HenpepbiBHOCTH DYHKIWMHA ¢(X,y) = TY UMEET MECTO CXOUMOCTD

& =mn+1)/n-Xu —1-80=0mmn

s ;oKa3aTesbCTBa HECMEIIEHHOCTH TPETbell OIEHKH 3aMeTUM, UTO
MUHUMYM BBIOODKH X(1) pacupeleien CHUMMETPUIHO Makcumymy X,
OTHOCHUTEJIHLHO CepeiMHbl OTpe3Ka 0/2, T. e. 1yisi Beex ¢ BBIIOJIHEHO

P{X(l) < t} = P{B — X(n) < t}.

Orcrona
EX1) =0-EXq) =6/(n+1),

EgB3 = 6 — omnenka HecMeleHHAL.
B cuy Toit ke cummerpmu mosydaem, u4to X(;) — 0 1. H., m B cuiy

HenpepblBHOCTH QYHKIWMA ¢(X,y) = T + y MUMeeT MeCTO CXOAuMocTh B3 — 6
II. H.

§ 11.5. OueHku MeTogOM MOMEHTOB

Hawubomee pacnpocTpaHeHHBIMI METOIAME HAXOXK ICHUST OIIEHOK SBJISIIOTCST
MEMOO MOMEHMOE T MEMOO MAKCUMAALHO20 NPAEAON0006US.

Meron MmoMeHTOB (OQHOMEPHBIN Ciry4aii)

IIycre 8 € © - ogHOMepHBIH Tapamerp, u ¢ : R — R Hekoropas
qucioBas GyHKIm. Toraa mo JanHoil BEIOOpKE X = (X1, X2,...,X,) MOXKHO
IOCTPOUTH BHIGOPKY g(}’() = (9(X1),9(X2),...,9(Xy)). Obozuauum

> 9(X))
i=1

BeIOOpOUHOE cpenHee 310l BbIOOpKU. C Apyroif CTOPOHBI, MOYXKHO HAWTH

9(X) =

SRS

TeopeTHyIecKoe cpefHee BHIGOpKU g(X) :

my(8) = Eg(X,).
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Onpepenenne 11.1. Ouenkroli memoda momenmos (OMM) HaswbIBAETCS
Takoe sHadenne ) = 07 (X), npu KOTOPOM TeopeTHYUECKOe CpejiHee BBIOOPKH
g(X) coBuagaeT ¢ BLIOOPOUHBIM CPEJIHUM:

mg(6;) = g(X), (11.8)
To ectb OMM sBasercss pemennem ypasrenust (11.8) orHOCHTENBHO
HenspecTHOro 67.

Ecau npu sToM okasbiBaercs, IT0 GyHKIusS my(0) HempepbiBHa U CTPOro
MOHOTOHHA, TO IJIsl Hee cyInecTByeT obpatHas m, ', m OMM umeer Bu:

0,(X) = my ! (9(X)).

B kavectBe dyHKIUM ¢ dYale BCEro BLIOMPAIOT CTENEeHHbIE (hYHKITAN:

g(z) = 2%, rme k =1,2,... . B 9T0M cilyuae TeopeTHyecKoe cpe/Hee BHIGOPKH

g(X) coBmazaeT ¢ TEOPETHYECKMM MOMEHTOM COOTBETCTBYIOIIETO IIOPSIJIKA,
nanpumep, ecm g(X) =z, to my(0) = EX; = a1(0); ecsm g(X) = 2%, o0
my(0) = EX? = a2(0), u 1.1 Ilpu srom ypasnenne (11.8) st HaxozKienust
OMM upuobperaer BUIL;:

0, (0%) = X*, (11.9)

OrneHKa 0 METOy MOMEHTOB B 3TOM CJIydae HA3bIBACTCS 0ueHKoU no k-
momy momenmy u obosnagaercs 05

Ormerny, uro ecnu dbyukius mg(0) = Eg(X;) mempepoisma u crporo
MOHOTOHHA, TO OLHKa 110 MeToxy MoMentos 0%(X) = m;'(g(X)) cumbro
COCTOATEJILHA.

Meton MoMeHTOB (MHOTOMEPHBIN city4Jaii)

I[Iycte X € Fg, e mapamerp 0O € O, nomrexamuil OINEHUBAHUIO,

— MHOTOMEpHBIA. PaccMOTpUM 1T TIPOCTOTBI JIBYMEDHBINA CIIydail, TO €CThb

0 = (61,02). Torma s OJHO3HAYHOIO HAXOXKJEHUS JIBYX HEU3BECTHDLIX

61,02 ommoro ypasnenns (11.8) (mim (11.9)) memocrarouno. Onenkoit MeTosa

MOMEHTOB B 9TOM CJjlydae Ha3biBaercs pemienne (07,05) cucrembr ypasHenwmii
BHJIA

Mg, (elu 92) =01 (X)7

Mg, (81,6:) = g2(X).

B kagecTBe dyHKIU ¢1,g2 MOXKHO BBIOPATh, KAK M PAHBINE, CTEIIEHHBIE

bynxmm  gi(z) = 2F, rme k = 1,2,.. . Torga ypaBHEHHA CHCTEMBI

(11.10) mosyuaroTcst Kak pe3yJIbTaT IPUPABHUBAHUS SMIMPUIECKAX MOMEHTOB

(11.10)
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.
BBIOOpKK X COOTBETCTBYIOIIUM TeopeTudeckuM. Hampumep, mTpupaBHUBas
[epBbIe J[BA MOMEHTA, TOJIYIUM CHCTEMY:

a1(61,02) 277

7 11.11
0(2(91,92)=X2. ( )

Kaxk u pambire, BMeCTO BTOPBIX MOMEHTOB MOYKHO TPUPABHUBATH JTUCIEPCUN.

§ 11.6. PemmeHnue TUMOBBIX IIPUMEPOB

IIpumep 11.3. Ilo Jdanwnoli peasudauyuy,  BvO0PKU =
(3,8,6,4,6,1,5,4,9,4) nocmpoumsv  peasusayulo  6GPUAUUOHHO20  PAda,
epagpuru  peasusdauul  amnupuyveckol  Gynrkuuu  pacnpedesenus U
2ucmoepammot. ducao uHmMeEPBanos 0As NOCMPOEHUS 2UCTNOZPAMMbL BBLOPAML
no gopmynse Cmedorceca.

Pemtenne. Peanuzanuio BapuanuoHHOTO psija 0Opa3yeM W3 JIEMEHTOB
JAHHOW PeaJIM3aIi BHIOOPKH, PACIIOJIOXKUB UX B MOPSIIKE BO3PACTAHUS:

1,3, 4,4, 4, 5, 6, 6, 8, 0. (11.12)

O6bem BoIOOPKE 1 = 10. I'paduk peanmsarum MOIUPUIECKON OYyHKITIH
paciupeiejieHnusl CTPOUM C ITOMOIILIO IIOJIyYEeHHON Peasin3aliy BAPUAIMOHHOI'O
psja: 3TO cryneHyYaTas PyHKINA CO CKAYKaMU B TOYKaX BAPUAIMOHHOIO Psijia,
npuHIMaomas 3uaderne 0 B mpomexkyTke (—oo,1] m mMmeromas CKauKu B
TOYKAX T(j), PABHBIE TaCTOTE SJIEMEHTa I (;). Hanpumep, ckauok B TOUKe X (1) =
1 paBen %, CKaIOK B TOYKE T(2) = 3 paBen % u T.1. ['paduk peasmmsarun
SMIIUPUIECKON (QYHKIMU pacupeesiennst n30opaken Ha puc.11.4

Pacumraem uncio npomexxytkos no dopmyiae Cremxkeca: K = [log, 10] +
1 =3+1 = 4. Pasmax BeiGopku pasen 9 — 1 = 8, mar rucrorpammbl h = 8/4 =
2. Pazobeem orpesok [1; 9] Ha IpoMeKyTKHU JJMHBL h = 2:

Ay =[1; 3); Ay =[3; 5); Az =[5 7); Ay =1[T7; 9].

Yucso 3jieMeHTOB BBIOODKH, HOHABINUX B mHTEpBas Aj, paBHo Vi = 1.
AHayornIHO HAXOMUM:

V2:4; V3:3; Vg = 2.

Vi

k.t € Ay Ha KazKJIOM U3 HHTEPBAJIOB

Borunciias snavenus byuxkun f(t) =
Ay, crpoum rucrorpammy (pue.11.5):
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Eloesle —

Slegle

SIS

o
—@

Puc. 11.4: Omnupuueckas dynkuust pacupenenenus F)(t).

Ilpumep 11.4. Ilycmo X e I, 2de A > 0 — neussecmmuili
napamemp. Hatimu ouenxu napamempa N no a) nepsomy u 6) emopomy
MOMEHTNAM.

Pemenne. a) Taxk kak mia pacupezesnenus: [Iyaccona EX; = A, To A}
nostygaercs cpady u3 pasercTs (11.8) wiun (11.9): samensis A ma A}, a EX; na
X, nomyqaem A} = X.

6) B arom ciryuae BeIMucasieM BTOpPOil MOMEHT pacupejesenus [lyaccona:

EX? = (EX;)? +DX; = A+ A2

IIpupaBHuBast 3Ty (DYHKIUIO BTOPOMY BBLIOOPOYHOMY MOMEHTY M 3aMEHsIs
A Ha A}, mosryunm ypaBHeHue:

A5+ () = X2,

U3 KOTOPOr'O HAXOJHUM AJ :



|
4 I L
0 | |
I I 3 I 2 [
20 10 10
IS | | |
| | | | |
0 1 3 5 7 9 ¢

Puc. 11.5: I'ucrorpamma f(t).

Tak xak A3 > 0, TO M3 JABYX peIlIeHUii BEIOMpAEM OHO — IIOJIOKUTEJIHHOE, U

OMM nmeer BUI:
1 1 —
A(X) = —= — 4+ X2
5(X) 5 +1/ 1 +

Sameuanmne 11.1. M3z deyr naiidennwir ouyenox A npedcmasasemcs
npednoumumenvreld. Bo-nepsvir, ona necmeuwennas, max xax

1 — 1 & 1
E)\*:E— XiZ— EXi:—)\:)\;
A )\n; n; A nn

60-8MOPHLT, OHA COCTNOAMENOHAA 6 CUAY YCUNEHHO20 3AKOHG OOADUUL YUCEN
(V3B4).

B mo owce epems, ouenka A5 menee ydobna das uccaedosarus, Toms
OHA ABAAETNCA COCOAMEAbHOT (nposepbme, ucnoavdys Y3BY). Hanpumep,
uceaedosams 0aa Hee CEOUCMEBO HECMEWEHHOCTNU — METHUYECKU MPYIHaL
3a0ava.

IIpumep 11.5. ITycmo X e Upg,; 8, 20 —00 < B < By <0 —
HeudsecmHuoie napamempo,. Hatimu OMM.

Pemenne. BprancanM MOMEHTHI IIEPBBIX JIBYX IOPSIKOB PABHOMEPHOI'O

PpaCIIpeIeeHusI
01(6:,6:) = EX; = @7
(82 —61)°

DX, =
12
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CocraBuM  cucTeMy ypaBHEHWi, [PHUPABHUBasE TEOPETHYECKHE U
SMIIUPUYECKHE MaTeMaTHu4ecKoe OKUJaHue U JUCIIePCUIO:

EX, = X, ¢ 8 + 6, = 2X,

T 0.2

DX, = 52, % =92, 0, — 0; = V125.

Permast mocsieIHIOI0 CUCTEMY OTHOCUTEIBHO HEM3BeCTHBIX 01,02 (BBIUmTas u
CKJIA/IbIBasi yPABHEHUsI CHCTEMBI), OJTyInuM oneHKr MM:

T=X—35, 05=X+38S.

§ 11.7. 3Bama4um Ijigd CAMOCTOSATEJIbHOI'O pPeIIeHns

11.1 Tlo mamno# peasmmsanuu BeiGopkun x = (0,0,1,1,0,0,0,0,0,1):

a) moctpouTh rpaduKn SMOUPUUECKON GYHKINM pPaclpeeseHusl |
TUCTOI'PAMMBIL;

6) BBIUUCIUTH BHIOOPOYHBIE CPEJTHEE U IUCIIEPCHIO.
11.2 IIpoBoamiuCh OMBITHL ¢ HPOCAHUEM OJTHOBPEMEHHO 12 UTDAJIBHBIX KOCTEM.
Habmromaemyto caydgaiinyio Beamanny X CUMTAJIM PABHOU YHCIIy KOCTEl, Ha
KOTOPBIX BBIIIAJIO He 00JIbIle Tpex 09KOB. IIycTh V; - 9HC/I0 ONBITOB, B KOTOPHIX
nabsonaoch 3uadenne X =4; ¢ = 0,1, ..., 12. lannasie gy n = 4096 ombIToB
[IPUBEJIEHBI B CJIeAyIONIell TabIuIIe:

o123 | 4|5 |67 8] 9 |10]11]12]
|vi|0| |60|198|430|731|948|847|536|257|71|11| 0 |
a) ITocTpouTh rucTOrpaMMy W CpPaBHUTH ee ¢ rpaduxrom QyHKIMH Y =
ce” .
6) BbraucanTh BHIGOPOUHbIE CPEIHEE U TUCIEPCHIO.
11.3 Usmepen pocT (B cM) CTYJIEHTOB OJTHO
y4aebHoit TPYIIIIbI. Pesynbrars n3MepeHuit JTAJTH BBIOODKY

(171; 186; 164; 190; 158; 181; 176; 180; 174; 157; 176; 169; 164; 186).

a) ITocTpouThb pean3aluio ruCTOrpaMMBL.

6) Boluucaurs peasu3anuu  BBIOOPOYHOIO  CPEJIHEro, BBIGOPOYHON
JIMCIIEPCUU U BBIOOPOYHOIO CTaHIAPTHOrO OTKJOHeHus1 S. Ha omHoM rpaduke
C THUCTOIPAMMON IIOCTPOUTH TI'padUK IJIOTHOCTH HOPMAJBHOIO 3aKOHA C
mapamerpamu X, S2.

11.4 IlaccaXup MapIIpyTHOTO TAKCH U3MEPUJ 8 pa3 BpeMsl OKHUIAHUST TaKCU
U TIOJIyduJI cjlefytonye pesyabrarsl (B MunyTtax): 8; 4; 5; 4; 2; 15; 1; 6.
YV Hero ecthb JiBe T'HIIOTE3BI OTHOCUTEIBHO I'paduKa JBUKEHHS TAaKCHU: JINOO
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rpaduK IBUXKEHUs CODJIIOATCs, W BpEMsl OXKHUJIAHWS HMEeT PABHOMEPHOE
pacrpesiesierne Ha orpeske [0; 8], mbo rpaduk JBUKeHUS He COBIIONALTCS, U
BpEMsI OXKUJIAHUSI UMEET TTOKA3aTeIbHOE PACIPEIe/IEHIE C TApaMeTPOM A.

a) BeluucuTh peajnsanyuu OleHOK apaMeTpoB O u A, UCII0/Ib30BAB OIEHKU

0, = (n+ 1)X(n)/n uAy = Z__Yl

6) ITocrpouTh Ha OgHOM TrpaduUKe peaJUu3anuio IMIUPUIECKON byHKIMN
pacupeiesIeHnst W TEeOPETUIeCKne (DYHKIMH PACIPEIEIeHUusT PABHOMEPHOIO
U TIOKA3aTEILHOrO 3aKOHOB, B KOTODPble BMECTO HEM3BECTHBIX IIapaMeTPOB
[IOJICTABJIEHBI PEAJU3AINA UX OIEHOK.

B) Ilocrpours Ha opHOM rpaduKe peaNnu3anye TUCTOIPAMMBL U
TEOPETUIECKHE TLIOTHOCTH PACIPEIEJCHNAsT PABHOMEPHOTO W IOKA3ATEIbLHOTO
3aKOHOB, B KOTOPBIE BMECTO HEM3BECTHBIX NAapaMeTPOB IIOJCTABJICHBI
peaM3aun uX OIEeHOK.

r) Ha ocHOBaHMY [IPOBEICHHOIO UCCIIEI0BAHNUS CAeJIaTh BBIBOJ, O TOM, KaKas
U3 TUIIOTE3 BBITJISIAUT 60JIee COOTBETCTBYOMIEH SKCIIEPUMEHTAIBHBIM JTaHHBIM.
11.5 Ilycrs X N(a,0?). Berumcours EX, DX. Kakxoe pacupesenenue
HMeeT CIIydaiiHas BeInauHa X 7
11.6 Tana Beibopka X & II(A), A > 0 — meussecrublit napamerp. [Iposeputs,
YTO CTATUCTUKU

n
ﬂ:X,BZEZﬂxzm,Rzéigﬁ
n 2

SIBJISIIOTCS. HECMEIEHHBIMU OIIEHKAMU COOTBETCTBEHHO I A, },‘C—Te*)‘ u A
SBasrorcs JIn 3TH ONEHKHU COCTOSITETbHBIMU? '
11.7 Ilo Bwbopke (X7, ..., X,,) u3 GepHy/UIMEBCKOrO paciupeieneHus B, ¢
Hen3BeCcTHBIM mapamMeTpoM p € (0; 1) mocTpouTh OLEHKN mapaMerpa p:

a) 10 NEepBOMY MOMEHTY;

6) 110 BTOPOMY MOMEHTY;

B) II0 IIPOU3BOJILHOMY Kk-My MOMEHTY.

MOXKHO I OTJATH IPEANOYTeHne KaKOW-Tnb0 U3 MOCTPOEHHBIX OIEHOK?
WcenenoBaTh UX COCTOATENHHOCTD U HECMEIEHHOCTb.
11.8 Ilo BeiGopke (X1, ..., X,) u3 GHHOMUAJIBHOrO pacupenesieHus By, ,
[IOCTPOUTH OIEHKU METOJOM MOMEHTOB:

a) IapaMeTpa p [0 IIEPBOMY U 110 BTOPOMY MOMEHTY [IPU U3BeCTHOM m > 0;

6) mapaMerpos p u m.

UccnenoBarh cOCTOATENBHOCTD TOCTPOEHHBIX OIEHOK.
11.9 IIpu kakux 3HaueHHmsix napamerpa O > 0 pacupenenenust [lapero c
IJIOTHOCTBIO

]
o, >1
— 9+1> - 5
Jo(®) 0, t<l1
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CYIIECTBYET OIEHKa MapaMerpa 10 MepBoMy MOMeHTY? MOXKHO Jin TOCTPOUTD
COCTOATEJIbHYIO OLIEHKY METOJOM MOMEHTOB B CiydYae, KOIJla OIeHKH IO
[IEPBOMY MOMEHTY HE CyIIeCTByeT?

11.10 ITo BwiGopke (X1, ..., X,,) u3 pacupeneienus Jlamiaca ¢ mIOTHOCTBIO
Alt) = %6_)“”, t € R, mocrpouth oneHky mnapamerpa A > 0 merogom
MOMEHTOB.

11.11 IlycTh mana BHIOOPKA M3 HOPMAJILHOTO PACIIPEIE/IEHUS C TapaMeTpaMu
o u 02. Vcnoms3ys MeToJ, MOMEHTOB, IIOCTPOUTD OIeHKH

4) HEM3BECTHOI'O MATEMATUIECKOrO OXKUJAHUS O

6) HEM3BECTHOI AUCIIepCHH 02, ec/m O M3BECTHO;

B) HEM3BECTHO JMCTIepCHy 02, ec/iu O HEeM3BECTHO.

WcciieioBaTh 10y YeHHBIE OIIEHKN HA HECMENIEHHOCTH U COCTOSTEJILHOCTD.
11.12 Hcnoas3yst MeTOI MOMEHTOB, OIEHUTH mHapaMerp O paBHOMEPHOrO
pacmpejieJieHas Ha OTPe3Ke

a) [-6; 8],8>0;06) [6; 6+ 1].

WccireioBaTh 10y YeHHBIE OIIEHKN HA HECMENIEHHOCTH U COCTOSTEJLHOCTD.
11.13 C momoIpl0 Meroja MOMEHTOB HalTH OIEHKHM I[IapaMeTpPoB
u b DABHOMEDHOIO pacHpejeseHnst Ha orpeske [a,b]. Byayr sm oHm
COCTOSITE€JIbHBIMU !

11.14 Hcnonpays MeTOT, MOMEHTOB, MOCTPOUTH OECKOHEUHY IO
[IOCJIE/IOBATEIBHOCTh ~ PA3/JUYHBIX OIEHOK Tapamerpa 6 paBHOMEPHOIO
pacnpesienierusi Ha orpeske [0; 0]. Bymyr Jsm  mosydeHHBIE OIEHKH
COCTOSATEJILHBIMU !

11.15 C nmomoIpo MeToja MOMEHTOB MOCTPOUTEL OIEHKY mapamerpa 8 > 0,
ecJiu pacupejie/ieHre BBIOOPKU MMeeT ILIOTHOCTD

a) 8t mpu t € [0; 1]; 6) 2t/6% upu t € [0; ).

UccireroBaTh 101y U€HHBIE OIIEHKN HA COCTOSTEIBHOCTD.

11.16 Jlana BeIOOpKa U3 pacipeeseHus ¢ IIOTHOCTHIO

[ 32873, telo; 1],
fe(t)_{ 0, t & [0; 1].

Haiitu onenky mapamerpa 0 > 0 METOJOM MOMEHTOB, HCCJIEIOBATEL €€ Ha
HECMEIEHHOCTh U COCTOSTEIbHOCTbD.
11.17 MeromoM MOMEHTOB HaiiTu OneHKY mapamerpa O > 0 mo BbIOOpKe U3
[OKa3aTe/IbHOTO paclpe/ieleHust ¢ IIIOTHOCTBIO fq(t) = de % ¢ > 0. Byzer
JI OLICHKA HECMEIIEHHON’ U CcOCTOATeIbHOI?
11.18 Ilo BwiGopke (X7i,...,X,) METOIOM MOMEHTOB HANHTHU JBE PA3JIAUHBLIE
onenku mapamverpa p € (0, 1), eciu u3BecTHO, YTO

P{X, =1} =p/2, P{X1 =2} =p/2, P{X; =3} =1-p.

By,ZLyT JIX IIOJTy9€HHbIE€ OIICEHKHN HEeCMEIIEHHbIMU 1 COCTOATEILHBIMA !
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[1aBa 12

Or1eHKII MaKCUMaJILHOTO
IIpaB /01010014,
CpaBHeHUe OIeHOK

§ 12.1. Meroa MaKCIMAaJILHOT'O IIPABIOIIOA00MS

Hycre X € F (t,0), 8 € ©O. IlpeanosoKuM, 9YTO TEOPETUIECKOE
pacupejesienne Jmbo abCONIOTHO HENpPEPLIBHO ¢ miaotHocTbio  f(t,0) =
fx,(t), mbo nuMCKperHO, IpH 3ITOM s psijia pacupeeienus OyjeMm
UCHoNb30BaTh TO ke ofosHauenwe: f(t,0) = P(X; = t). ®yHkumeit
IPaBIOIOZI00NSsI, COOTBETCTBYIOIIEH BBIOOPKE X , Ha3bIBaeTCsa PYHKITAS

n

() = (X, 8) = [[ f(Xi, ©). (12.1)

=1

OrneHKolt MakcuManbHoOro npasaonoaotust (OMII) HaseiBaeTcs Takoe
sHadenne napamerpa 6 = 6(X), wupum koropoMm QyHKIMS IpaBIONONOOUS
[IPUHAMAET HAauOOJIbIIee 3HAUYEeHNE, TO €CTh

(X, ) = maxII(X, 0). (12.2)

Ecin dyuxmus npasponomobus muddepenimupyema npu Beex 8 € O, o
sHadenne 6 = O HO/KHO OBITH peIeHneM ypaBHEHUS

IT'(6) = 0, (12.3)
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KOTOPOEe HAa3bIBAETCS yPaBHEHUEM IIPABJONOIAO0MS, WIM SKBUBAJEHTHOI'O
YPaBHEHUS
d

" d
5O =0 = ;%mf(xi,e) =0. (12.4)

y = I1(6, X)

0 X(n) 8

Puc. 12.1: @yHKIUA IpaBIononodust Jis X e U[o,e]-

Paccmorpum Temepp ciydail MHOTOMEPHOI'O IIapaMeTpa, IIPEIIOJIOZKUB
olATh Jyist PocToThl, yro 0 = (01,02) - aBymepmbiii napamerp. Torua
s maxoxaennss OMII Hy:kHO HaiiTH Touky 0 = (él,ég) HanOOJIBIIErO
suavenns GyHKOUM aByX nepemeHHbix  11(61,02). B wacrHOCTH, ecim
dbyurums npaBponoaodus auddepeHnupyeMa, TO s PeleHus STOH 3a1a4u,
BMeCTO ypasHeHust npasaononobust (12.3) mm (12.4), Hy>KHO HalTH perieHne
CJIeAyIOLIel CUCTeMbl YPaBHEHUA:

oT(81.82) _ ()

891 ?
(12.5)
8H596912792) =0.
§ 12.2. CpaBHeHUe OIIEHOK:
cpeaHeKBaAPATUIEeCKHl TTOIXO0/T
[ycrs X € F(t,0), ® € O, u 06 = B6X) — xaxas-

uubysp oneHka mnapamerpa 0. Tak Kak oOIeHKa sIBISETCS CJIydaitHOl
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BEJIMYUHOMN, TO Jlazke CBOMCTBO HECMEIIEHHOCTH He TapaHTHPyeT OJIM30CTh ee
KOHKpeTHOH peasmsaruu 0(Z) K omeHmBaemomy mapamerpy. Ecim oneHKa
SIBJISIETCSL  COCTOSITEJIbHOM, TO Takasi OJU30CTh TapaHTUPYeTCs € 3aJIaHHOM
BEPOSITHOCTBIO, HO TOJIBKO IPU JOCTATOYHO OOJBIMUX OObemMax BBIODODKHU 1.
IIpu dukcupoBanHoM o6bemMe BBIOOPKU HaMOOJee PACIIPOCTPAHEHHOM «Mepoit
6M30CTH> ONEHKH K OIEHMBAEMOMY HapaMeTpy fABIAeTcd KBaJpaTHdecKast
XapaKTepUCTUKA, WIN CpejiHee 3HaUeHne KBaIpaTa oTKaonenns E(0 — 0)2.

N3 nByx oreHOK 0, cunraercsa JydIne, yem 62, ecqm mpu Beex O € ©
BBIMTOJIHSIETCS HEPABEHCTBO

E(6, — 0)2 <E(6, — 0)?, (12.6)

a xorst 661 Jyist oiHOTO O HepaseHcTBO B (12.6) OKa3BIBAETCS CTPOTHM.
SameTuM, 4TO KBaJIpaTHdecKas XapaKTEPHUCTHKA ONEHKU HE MeEHbIIE ee
JACIEePCUH, I PABEHCTBO JOCTUTACTCA JIJIsl HECMEIIEHHBIX OIIEHOK:

~ - 2 ~ - 2 - ~
E@-0) = (E(e - e)) +D@O-0) = (Ee - e) + D8 > DB.
Ecm 6 — HeCMellleHHasl OlleHKa mapamerpa 0, To ectb E6 = 0, To g Hee
- - 2 - ~
E@-0)? = (Ee - e) + D8 = DB.

OrMernM, 9TO IPU CPEJHEKBAIPATHIECKOM IIOAXOE K CPABHEHUIO OICHOK
HeJIb3 HAfTH HAMJIYUIIYIO B KJIACCE BCEX OLEHOK (B YaCTHOCTH, CYIIECTBYIOT
HECPaBHUMbIE OILCHKH).

Teopema 12.1. B ueswpootcdernnotl cmamucmuueckot 3adave (mo ecmo
6 cumyayuy, K020a no 8uLOOPKE HEABL3A 0OHOZHAUHO ONPEIEAUMD HEUSBECTIHYIT
napamemp) e cywecmeyem nausy et 6 KAacce 6Cex OUeHOk.

Loxazameavcmeo. Tlpeanosiozkum, 9To CyIecTBYeT HAMIYYIas B KJIACCe BCEX
OIIeHOK mapamerpa 0 onenka 0. PaccMOTPHM CIIELYIONLYIO IyPAIKYIO OIECHKY
8, = By. DTa onenka paBHseTCsd KOHCTaHTe Oy g JIOOLIX BBIOOPOYHBIX
3HaYeHUil, TO €CTb HUKAK HE WCIOJIb3yeT HH(MOPMAIINIO, IPEICTABICHHYIO
BBIOOPKOI. OmHako eciu B — BO3MOXKHOE 3HaYeHHE mapamerpa 0, To Helb3s
UCKJIIOYUTH cuTyanuu, korga 8 = 0y (nypankas OIeHKa MOXKET OKa3aThCsl
nanbojiee BEpHOW, €CJM MPABWIBHO YraJblBaeT 3HAUCHHE HEU3BECTHOIO
napamerpa). B aroM cilydae KBajpaTudHAs XapaKTEPUCTUKA ITOH OLEHKU
pasHa 0:

E(0; —6)2 =E(0, —8,)?=0.
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Ho eciu onienka 0 He xyxke, yem By, TO ee KBaJpaTUIHAS XapPAKTEPUCTHKA
Beerjia He 60JIbIIe, YeM KBAJIPATUIHAS XaPAKTEPUCTUKA ONEHKN By 71151 J1H060T0
0. B wactnocru, ipu 6 = By mosyuaem:

E(6-0,)? <E(8; —8)* = 0.

Orcrona E(é - 89)2 = 0, To ecTpb 8 = 0y ¢ BepositHOCTBIO 1. DT1O
IPOTUBOPEYUT HEBBIPOKIEHHOCTH CTATUCTUIECKON 331841 — IIPEIIOJIATaI0Ch,
YTO MO BBLIOOPKE HEIB3S OJHOZHAYHO OINPEJEIUTh HEM3BECTHBIM NapaMerp.
Wrax, HE MOXKET CyIIeCTBOBATH HAMJIyYINel B KJacce BCEX ONEHOK. Teopema
JIOKa3aHa.

Hns Toro, UToOBI U30EXKATH HEOOXOMAMMOCTU CPaBHUBATH IOJIyYIaeMbIe
OLIEHKH C BBLIPOXKJIEHHBIMU OIEHKaMU (PACCMOTPEHHBIMU B JOKa3aTeJIbCTBE
TEOPEMbI), HY?KHO OIPAHUYUTD KJIACC PACCMATPUBAEMbBIX OIeHOK. KaK 1paBuiio,
CPABHUBAIOT TOJILKO HeCMemeHHble OneHKH. Cpenm HECMEINEeHHBIX OLEHOK
HamIydIIas ONeHKa IapamMerpa IS 3aJaHHOTO NMapaMeTPUIECKOro ceMeicTBa
MOXKET CyIlecTBoBaThb. Ee HasbiBaloT agderxmusHotll OleHKoii. JdpdekTuBHAs
OIIEHKA MMEET HAUMEHBIIYIO JIUCIIEPCUIO U3 BCEX HECMEIIEHHBIX OIEHOK.

K coxamnennrio, Takoe ompesesnenne 3hdeKTUBHON OIEHKU HEIIPUTOIHO JIJTsT
IPAKTUIECKOTO UCIIONBb30BAHNSA, TAK KAK JJIs TPOBEPKU ONTUMAIHLHOCTH OTHOMN
OLIEHKN TpeOyeTcst CPaBHUBATHL JUCIIEPCAM BCEX OIEHOK BCEX HECMENMIEHHBIX
oreHOK. [lo3ToMy 2KejiaTeJIbHO UMeTh KPUTEPHl, TIO3BOJIAIOININN IIPOBEPSATH
ONITUMAJILHOCTD OIEHKM Ha OCHOBAHUY XaPAKTEPUCTUK PACIIPEIETIEHUS TOTBKO
sToli ornenkn. OJMH M3 TAKUX KPUTEPUEB OCHOBAH Ha HepaBeHCTBe Pao-
Kpawmepa, koTopoe ¢hopMyImpoOBaHO HIKE.

Jns  dOpMyJIMPOBKM TOYHOTO pe3yabTaTa BBEJIEM JOIOJHATEIHHOE
yeaosue. Ilycrs dyukuus pacupenesennst F(t,8) paccmarpuBaemoit Mogesu
UMeeT ILUIOTHOCTh WJIM DPsJi PACHPEJeNIeHNsl, KOTOPble MbI, KaK W IPEXK/IE,
obosnauaem omuuakoso:  f(¢,0)). Byzem unpemmosarars, uro QyHKUIus
f(t,0) ynoBiaerBopsieT HEKOTOPBIM AHAJUTUYECKUM YCJIOBHIM, KOTOPBIE Oy 1eM
Ha3bIBaThL ycjoBusaMu perynsapHoctu (yciosus (R)), u cyrb KOTOPBIX
3AKJIIOYAETCS B BO3MOXKHOCTH MEHATH HOPSIOK auddepeHnupoBanus 1o
® wuw wuHrerpmpoBanums mo ¥  dysKium upasgomopobus  II(Z, 0),
coorBercrByiomeii  f(t,0). Toumas dbopmysaupoBka 3TuUX yc/I0BUil JOBOJIBLHO
CJIOXKHA, TIPUBEZIEM B KavuecTBe TpHMepa yciaoBme u3 [1], mocrarounoe s
(R): dbyuxuus f(t, 8) muddepennupyema mo 6 € O, u dynkuua i(0),
HasbiBaeMast nagopMmanueil mo Ouinepy u onpejgenseMas paBeHCTBOM

Ol f(X;,0))
00 ’

CYIIECTBYeET, CTPOTO TI0JIOXKUTEIbHA U HelpepbiBHA 110 0 jist Beex 0 € ©.

i(0) = E (12.7)
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IIpumepoM Mojiesn, Jjiss KOTOPOi He BBLIIIOJIHEHbI YCJIOBUS PeryJsiPHOCTH,
)
asygerca mogenb X € Uy, g, 0> 0.

Teopema 12.2. (HepaBencrBo Pao-Kpawmepa.)
Iycmov X € F(t,0), 8€ 0, svnoanenvt ycaosua pezyaaprocmu. Tozda dns
210607 Hecmewentnol ouenky O napamempa B 6LNOAHAENCA HEPABEHCMNEO:

1

Do = e

(12.8)

Ecin 715t HeKOTOPO# HECMEITEHHO# OIEHKN 0 OKaKeTCsI, 9To ee JICIePCHsT
COBIIaJIaeT C NpaBoil YacThbio HepasencrBa Pao-Kpamepa (rosopsr, uro s
9TOi oneHKU B HepasencTBe Pao-Kpamepa jrocruraercst paBeHCTBO), TO OLEHKA
B siBistercst 3(bdEKTUBHON, TaK KaK JyIs J000il Ipyroii HeCMeIeHHOi OLCHKH
0 mepasencrso (12.8) MPOJOIZKAET BHIIOIHATHCS 1, ClleJoBaTeIbH0, DO > DO
14 Beex O € ©.

§ 12.3. PemeHne TUIIOBBIX IPUMEPOB

Ilpumep 12.1. B ycaosusax npumepa 11.4 watimu OMII neuseecmmozo
napamempa .

Pemienne. g pacupenenenus [lyaccona Il psa pacipeeneHus mmeeT
BUJL:

FEN) = P(x = 1) = 2

Vckomast OllgHKa JIOJIKHA OBITH peIleHneM ypaBHeHUs! mpasjonogoous (12.3)
i (12.4). Jlyisa peneHnst 3TOr0 ypaBHEHUST BBIYUCIUM [OCIIEI0BATENBHO:

X
f(Xi,\) = e_)‘%, In f(Xi,A) = =A 4+ X;InA — In(X;!),

7.

d 1
oy In f(X;,A) = —1+XXZ-,
1 n
Zd)\lan“)\ X; i=-n-+ nX.

Torna ypasaerue (12.4) u ero penieHne UMeOT BUJI:

—n—l—%nY:O — A=X.
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3ameTuM, 9TO  BTOpasl  IPOU3BOJHAS  JOrapudMUYIecKoir  (DYHKINU

[IPaBJIONOI00U S

d? 1 —
— InlI(A\) = —=nX <0
dN? ) A2
npu Bcex A, Tak Kak mnpu HameM npeanojoxkenun X & Il BCE
3jieMeHTbl BbIOOpKM X1, Xo,...,X,, a 3HAUUT, U BBIOOPOUHOE CpejHee
X, € BEPOSTHOCTHIO €JMHUIA HEOTPHUIATETHHBI. JHAYNAT, HAJIEHHOE PelleHre
A = X ypaBHeHHs MPaBIONOJIOOUs SIBJISETCS EJMHCTBEHHON TOUYKOIL
makcumyMa dyskimit II(A) u  InTI(A), a ciemoBaresnbHO, craTuCTHKA A =
X asasercas OMII napamerpa A.

IIpumep 12.2. ITycmo Xe Ujp,e), 20e 8 > 0. Hatimu OMII das
napamempa 6.

Peinenne. Haiimem ynkiuio mpaBmaomomodusi, COOTBETCTBYIOILYIO
BeiOOpke X W3 DPABHOMEDHOIO  PACIIPEIEIEHUS Ulo,)- ILmornocTs
pacnpesenenus 3akona Ul g npu t = X; papna:

F(Xi,8) = { (%),, ecJn Xl: ¢ [0, 0] (12.9)

Torma dyHKIMS TPABIOIONOONS BEIYUCISETCS CJIELYIONUM 00pa3oM:

n .
_ ein, ecm X; € [0,0] mus Beex @ = 1,2, ...,
0, wHade.

OTO COOTHOIIEHHE MOXKHO IEPENUCaTbh B CACAYIOIMX PABHOCHILHBLIX
dbopmax:

L ecmm max X; < 6; 1 .
11(6) = { ’ 1<i<n = TI(6) = { g ecmt 8> Xy

0, wuHadve. 0, wmaue.

Hocaenuee sasamme dynkmma 11(0) = II(X, ) mo3BossteT erko n306pasuTh
ee rpaduk (cm. puc. 12.1). U3 rpaduka BumHO, 9TO CBOEro HambGOJBIIErO
suadenns Gynxmus I1(8) mocruraer mpu 8 = X(,,). CrenosarespHo, oneHka

MaKCHMAaJILHOI'O IPaBAOIOA00M UMEeT B é()? ) = Xmn)-

IIpumep 12.3. B ycaosusax npumepa 11.5 natimu OMII neussecmmozo
napamempa 0 = (61, 02).
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Permienne. Haitmem dynkimio mpaBmomnoaodusi, COOTBETCTBYIOILYIO
BpiGOpKe X u3 pasHomepnoro pacnpejenenus Upg, g, Tak Kax mI0THOCTH
pacnpenenenns 3akona U, g,) Ipu ¢ = X; paBna

1
| _ | &t ecm Xi € (81,87),
f(X;,0) = { 0, ecmu X; ¢ [01,09],

TO (DYHKIHS TPABJIOINOI00US IPEICTABIIAECTCS B BUIE

T(6:,6,) = [ [ p(X:,0) =

i=1

n { W, ecim BeceX; € [0y, 62

0, nHAYe.

W mo-ppyromy:

e 82 > X(n), 01 < X(1);
n(el,ez)z{ @—a7 SO B2 = A, B = A (12.10)

0, nHadJe.

W3 mocnenmero paBeHCTBa BUJIHO, YTO (DYHKIHUS ITPABIONOMOOMS OTJIMIHA
or Hynst (6osee TOTO, CTPOrO TOJIOXKUTEJIBHA) JIMIIb pu 3HavYeHusx (61, 0),
VJIOBJIETBOPSIOIINX HEPABEHCTBAM:

01 < X(1) < Xy < 62

Suauut, cBoero Hambosibiiero snadenus Gyukuus 11(01,0) mocruraer smumb
npu takux (61, 02). Onnako npu takux 3Havenusx (01,03) pasnocrs (62 — 0;)
IPHHIMAET CBOE HamMenbiee 3Hadenne (X,) — X)) mpun By = X,

81 = Xq1). A smauur, B cuy (12.10), dbynxmua I1(8;,62) npurmmaer cpoe
HAMOOJIbIIIEe 3HAUEHNE TIPU TexX ke 3uadennsx (01, 02), To ectb mecxkomas OMII
nMeeT BUJ: 0, = X(n)s 6, = X1y

IIpumep 12.4. Ilycmo Xe Up; ey 8 > 0. Cpasrumo c nomouywro
cpednexsadpamuneckozo nodroda ouenku napamempa 0 : 0f = 2X u 6= X(n)-
Permienne. IIpoBepuMm cHadasa CBONCTBO HECMEIIEHHOCTH 0bOenx

OIeHOK. DBrurumciseM MaTeMaTHYeCcKUe OYKUJIAHUS, WCIOJIb3Yd Pe3yIbTaThI
upepiayiero maparpada (eM. pemenue npumepa 11.2):

E6' = E(2X) = 2EX = 09 _ 6, E6=EX(, = " a
2 n+1

BuauMm, uro m3 aByx omenok 07 = 2X gaBadgerca HecMemeHHOH, a 0 =
’ 1 )
X — cMereHHoil. YTo0bl BBISICHUTD, KaKasl U3 OLEHOK JIYYIIe, BHIYUCIMM
(n) ) ’

119



JIIST KaKJI0M KB IPATUIHYIO XapaKTepUCTUKY. [l HeCMeIeHHOM OIeHKN OHA
COBIIQIA€T C JUCIIEPCUEIi:

- 1 « 1 —

* 2 * _ Ry R
E(8] - 6)° = D6} = D(2X) = 4D ;XZ =4— Z;DQ)Q =
102 @2
nl2  3n’

IIpu BEIYHC/IEHNN KBAAPATUIHON XapaKTEPUCTUKU OIEHKN én =X (n) MBI

OyZIeM HCIIOIBb30BATh IJIOTHOCTH €€ PACIpeesIeHNs, HAMIEHHYIO [IPU PEIeHUuN
npumepa 11.2.

1
= 4-—5nDeX, = (12.11)

0
n—1
2 2 2 2 Y nb 2
0
N 2n 2 202
_n+29 n+1e o= (n+1)(n+2) (12.12)

CpaBHuBag KBaJpaTUYHbIE XaPAKTEPUCTUKH, Bbluucjennbie B (12.11) u
(12.12), Bumum, 9o
62 S 262
3n = (n+1)(n+2)
st Beex 0 > 0 m juia Becex n > 1.
CrenosBaresbao, OMII 6 = X(n) Jydllle B CPEJHEKBAJIPATUYHOM, 9€M
OMM 67 =2X.

Ilpumep 12.5. Hccaedosamv ¢ nomouwro wepasencmsa Pao-Kpamepa

onmumanvHoCMsd OUEHKU 7 6 MO()@./L.FL%.’
a) X & E%, 0 > 0;
6) X eIy, A>0.

Peumienne. a) BbluuciauM JuCHEpCHIO OIEHKHU, IPUMEHsId CBOMCTBA
JIUCIIEPCHN U YUINTHIBasI, uro DX; = 02:
DG*—DY—D1 ; X, = Ly DX, = ! DX —92
=DX=D-3 X;=—> DX;= —nDX; = —. (12.13)

i=1 i=1

Haitnem npasyio qactb HepapencTBa Pao-Kpamepa s paccmaTpuBaemoit
MOJIEJIN, JJIsT TOTO BBIYUCIUM ITOCTIEI0BATEIHHO:
i Xi Jln f(XZ,B) 1 Xi

! _XT; In f(X;,0) =—1In®— —; =—— 4=

(X, 8) = ge ) BL) 6 82’
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2 2 2
i(e)zE(ialnfgg(“eU :E(—%—F%) :E(Xie;(B) —

1 DX, 1
1 62
TR (12.14)

Cpasuusas (12.13) u (12.14), Buaum, uto jy1st onenkn 6% = X B HepaBeHCTBe
Pao-Kpamepa jmocturaercst paBeHCTBO, CJI€I0BATEIHLHO, OHA YD PEKTUBHA.

6) Ilpexze Bcero BcrmoMHUM, YTO Jid pacupezesenus: Ilyaccoma 1Ty
MareMaTHIecKoe oxKuianne u gucinepcus papasl EX; = A, DX; = A. Torza
JIUCIIEPCUS HAIIEH OIIEHKU pPaBHA:

n

. - 1 & 1 1 A
DA :DX:DEZXFEZDXFEnDXl:; (12.15)

=1 =1

AHaJIOrMYHO IYHKTY &), BBIYUC/IAEM IIPaBYIo 4acTh HepasBencTsa Pao-Kpawmepa:

A Oln f(X;,N) X;
. R SN . — _ ) _ Ny, AT
f(Xi,N)=e X In f(X;,N) A X In A—In(X;!); N 1+ 3
. . 81Df(X“)\) 27 Xl 27 Xl—)\ 27
‘W—E(T) —B(x Y "Bl ) -
e, oa2=tpx, =L
= B —N)? = SDX, =
1 A
T (12.16)

Cpasnusas (12.15) u (12.16), Bugmm, 4o 1151 onerkn A* = X B HepaBeHCTBe
Pao-Kpamepa J0CTHTAETCS PABEHCTBO, CIIEI0BATENBHO, OHA 3¢ deKTuBHA.

§ 12.4. 3Bamaum Iy CAMOCTOSATEJIbHOI'O pPEIIeHns

12.1 Ilo Bwibopke (X7, ..., X,,) u3 GepHy/UIMEBCKOrO paciupeieneHus B, ¢
HeusBecTHbIM napamerpoM p € (0; 1) mOCTPOUTH OLIEHKY IapaMeTpa P METOOM
MAKCUMAJIbHOIO IpaBaonojobus. (YKazaHue: I0Ka3aTb, 4YTO BEPOITHOCTD
nonajianus B TOUKy © Jijist 3jleMeHTOB BbiGOpku pasHa f(t, p) = p(l —
p)'~t, Tre t MOXKeT NMPEHUMATL TOJBKO jBa 3Hadenus: 0 u 1). Uccienosarh

121



COCTOSITEJILHOCTDh U HECMENIEHHOCTD IIOJIy YEHHOI OIEHKU.

12.2 Ilo sBwiGopke (Xi, ..., X,) u3 OHHOMHUAJBHOIO DACIPEIEICHHs
B,,,p TOCTPONTH OIEHKY MaKCHMAJBHOTO IPaBJONON00nsa mapaMeTpa p Ipn
n3BectHOM M > 0. VccaenoBars cOCTOSITEIBHOCTh U HECMEIEHHOCTD OIEHKH.
12.3 Ilo BwIOOpKE u3 IMOKA3aTEJIHLHOIO pacipeenienns Fy TOCTPOUTH
OIIEHKY MAKCHMAJIbHOTO IIpaBronooous mapamerpa O > 0. Hcciaemoars
COCTOSATEJILHOCTD OIEHKU.

12.4 TlocTpouTh OIEHKY MAaKCHUMAJBHOIO IIPABJIONOI00US II0 BBHIOODKE U3
pacupenesienus [lapero ¢ mIoTHOCTHIO

0
a1, t2>1
_ 6+1> — L
fe(t)_{o, t<1

JlokazaTh COCTOATENIHHOCTD [IOJIYY€HHOM OIEHKH.

12.5 Tlo BeiGopke (X1, ..., X,) u3 pacupenesenus Jlamiaca ¢ MIOTHOCTHIO
Alt) = %6_)“”, t € R, mocrpouth oneHky mnapamerpa A > 0 mMerogom
MaKCHMAJIbHOTO TIPABIOION00USI.

12.6 Ilycrs mana BRIOOpPKA M3 HOPMAJIHLHOTO PACIIPEIEIEHUS ¢ mapaMerpaMu O
u 02. Ucnosb3ys MeTo MAKCHMAIBHOTO IIPABIOIOI06HS, IOCTPOUTH OICHKI

4) HEM3BECTHOI'O MATEeMATUIECKOrO OXKUJAHUS O

6) HeW3BECTHOI JUCTIepcuy 02, ec/im O U3BECTHO;

B) HEM3BECTHOH JHUCIIepCH 02, ecu O HeM3BECTHO.

WccireroBaTh 10JIyYeHHBIE OIIEHKN HA HECMENIEHHOCTH U COCTOSTEJILHOCTD.
12.7 Ucnoab3yst METOJT MAKCUMAJIBHOTO TPABJIONOI00Us, OIEHUTH apamerp 0
PaBHOMEPHOT'O PACIIPE/Ie/ICHUS Ha OTPE3Ke

a) [-0; 6], 0> 0;6) [6; 6+ 1].

HUccnenoBaTh mosydeHHble OIEHKN HA HECMEMEHHOCTh U COCTOSATETHHOCTD.
12.8 C noMoImpio MeToIa MaKCUMAaJIbHOIO IIPABIOI0I00MS IIOCTPOUTh OIEHKY
napameTpa 0 > 0, eciin pacupesiesieHne BBIGOPKU UMEET ILJIOTHOCTD

a) 6t91 mpu ¢ € [0; 1]; 6) 2t/6 npu t € [0; O].

Uccire1oBaTh 101y Y€HHBIE OIIEHKN HA COCTOSTEIBHOCTD.

12.9 Jlana BBIOOPKA M3 PaCIpee/IeHns C INIOTHOCTHIO

[ 32073, te|o; 1],
fe(t)_{ 0, t & [0; 1].

Haiitu onenky mapamerpa 6 > 0 MeTOI0M MaKCUMAJILHOIO IIPBIOIOL00MSI,
HUCCJIeJI0BATh €6 Ha HECMEIEHHOCTb U COCTOSATE/IbHOCTb.
12.10 Tlo sBeiGopke (Xi,...,X,) METOJOM MAKCHMAJBHOTO IIPABIONONO0US
HafiTu onenky napamerpa p € (0,1), ecam u3BecTHO, UTO

P{Xlzl}:p/27 P{X1:2}=p/2, P{X1:3}=1—p.
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Byner s nostyuennast oreHKa HECMEIEHHOM U COCTOSITEILHOMN

12.11 ITo peanuzanuu Z = (4; 5; 2) BBIGOPKU 13 PABHOMEPHOTO PACIIPEIEJIEHISI
ua orpeske [0; 0] maiiTu peanuzanuu ONEHOK Hapamerpa 0, IpeiioKeHHbIX B
mpumepe 11.2.
12.12 Tlo peammsanuu & = (0; 2; 0; 3) BBIOOpPKHN U3 pacupeesenus [lyaccona
¢ mapameTpom A > 0 HaliTu peaqu3aluu OIEHOK HapaMerpa A 110 IEPBOMY U
BTOPOMY MOMEHTaM, W OIEHKH MaKCHMAJIbLHOTO IIPABIIONOI00NS.
12.13 Tlo peamusanuu & = (—2; 3; 4; —2; 1) BoIOOPKHM U3 PABHOMEPHOIO
pacupejesienus Ha orpeske [01; 03] HaiiTu peasusanuu ONEHOK IAPAMETPOB,
MpeJJIOKEHHBIX B IIpuMepe 11.5, 1 OleHKr MaKCUMaJbHOTO MPaBIONono0us u3
npumepa 12.4.
12.14 lama BbIOOpKA Xe Ujg, © > 0 — nemssecTHblil mapamerp.
CpaBHUTD, KaKasl U3 OIEHOK Jjis apamMerpa 0 jydiie B cpeHeKBaPaTHIHOM:

1 =2X,0; =2 X,
12.15 Ilycrs X e F(t,0), tne 8 = EgX;, DX; < co. Ilokazare, 4ro
omenka 0 = X dABdercsa HamIydImeil B CpeIHEKBAIPATHYHOM CPEIH BCEX
HECMEIEHHBIX OIEHOK BHJIA

0" = C1 X1+ CoXo+ -+ CpXn, Cr+Cod-tCp=1.

12.16 UccrmemoBarh ¢ moMmoIbio HepaeHcTBa Pao-Kpamepa onTumabHOCTH
OMII mist HEM3BECTHOTO ITapaMerpa B MOJIEISTX

a) XeB, 0<p<l;

0) X e Bmyp, 0<p<1, m — usBecrHo.

B) X € Ng1, —00 <0< 0.

r) X € Nyg, 0<8< .

m X &Gy, 0> 1.
12.17 Jlana BbIOOpKaA M3 pACIpEIEeHUs C IJIOTHOCTHIO

= Bt t>8,
folt) = { 0, t < 8.

Haiitu onenky syist 8 a) MeTogoM MOMEHTOB; ) METOIOM MaKCUMAJIHLHOTO
npaBaonoaobusi. ByayT s moJiydeHHBIE ONEHKH  HECMEIEHHLIMH U
COCTOSATEJILHBIMU !

12.18 Boraucennts cmemenust onenok B 3agade 12.17 W MOJyYdATH
HCIIPABJICHHBIE HECMEIEHHDBIE OICHKMH.
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['maBa 13

CraTtucrmieckass oOpadoTKa B
nakere Excel

ITaker mporpamm Microsoft Excel mmas OC Windows wHe sBisiercst
CIIEIUAJIM3APOBAHHBIM ~[TAKETOM CTATUCTUYIECKOTO AaHAJIM3a, HO IMHPOKO
pacmpocTpaHeH u cHaOXKeH HabopoMm (YHKIU, HOCTATOYHBIM IS PEIIeHUsT
GOJIBIITMHCTBA CTATUCTUIECKUX 331,

§ 13.1. IIpumep craTucTI4YeCcKOii 0OpadbOTKMI

Paccmorpum mporierypbl CTaTUCTUYECKOTO aHAIM3a Ha, IPUMEPEe UCKYCCTBEHHO
CreHEePUPOBAHHON BBIOOPKMU.

IIpumep 13.1. Ceenepuposamv peasudavyuto  6v00PKY  0bseEMa
n = 30 no gopmyse r; = 1 — 100lnwu;, 2de u; — cayuaiinoie wucaa
— 00pasyom peasudauuto  GulbOPKY U3 PAGHOMEPH020 PACTPEOEAECHUS HG
[0; 1]. IHocmpoums peaausdauuio 6apuALUOHHO20 PACGL U 2UCTOZPAMMbL,
8uI0PaB  UUCAO mpomescymros no gdopmyase Cmedorceca. Budsunymov dee
08YINAPAMEMPUYECKUT 2UNOMESdL O DACNPEICAEHUY BBLOOPOYHVIT 3HAYEHUL.
Ouenums napamempo, pacnpedeseHuti Memodom MOMEeRMos (no nepeomy
U 6MOPOMY MOMEHMAM) U MEMOIOM MAKCUMANLHO20 Npacdonodobus. Ha
OCHOBAHUL NOAYUEHHBLT PEAAUSAUUT OUEHOK NOCTPOUMD DPEGAUSAUUL OUCHOK
Ppynryut pacnpedesenus. Cdeaamsv 6vi600d 0 naubosee adexksammnoli MoOdeal.

Pemrenue. Ilosyunm peanmsaruio BEIOOPKH B CTOJIOHMKE A 3JIEKTPOHHOM
Tabsunbl. s aroro B sueiiky Al BBesieM dpOpMyTy

—1-LN(CJTIIC())*100
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(3mech CIMUC() — mamemamuyeckas GYHKIUs, PEATU3YONAsT HE3ABICHMBIE
cotyuaifHble IncJa, PABHOMEDHO PACIpeieieHHble Ha oTpeske ot 0 o 1).

CkomnupyeM coziepkuMoe stueiiku B sueiiku A2-A30. CkonupyeMm 3HaueHus
CTOJIONKA A B TOT 2Ke CTOJIOUK (JIJIsT 9TOTO IIEJIKHEM IPABOil KHOIKON MBbIIIH IO
OyKBe A U B BBITAJAIONIEM MEHIO BBIOEPEM CNEUUAADHAA BCTNABKE = 3HAYEHUA.

KomnupoBanune 3nadeHuit GurcHpyer peau3anuio BBIOOPKH, COXPaHSS
3HAYEHUs OT IIOCJIELYIOIIETO [I€PECYeTa.

Boraucimm kosmdecTBo mpomexxyTkoB 1m0 dopmyse Cremxkeca: B sIeiiky
B1 BBegeM popmyay

=IEJIOE(LOG(30;2))+1

B aueiikax B2, B3, B4, B5 wnaiijeM I0CJIeJ0BATEILHO HAUOOJIbIIEE U
HauMeHbIIee 3HAYEHUs], pa3MaX peajiu3allii BbIOOPKU U JJINHY IIPOMEXKYTKA:

ddaeiika  dopmyiia

B2 —~MAKC(A:A)
B3 ~MUH(A:A)
B4 —B2-B3

B5 —B4/B1

IlocnenoBarenpHo upubaBiissd JIMHY [IPOMEXKYTKA K MUHUMAJIHLHOMY
3HAYEHUIO, XPAaHAIeMycss B sdefike Al, moaydaeM B crojibuke C mpaBble
IPaHUIBl TPOMEXKYTKOB: 61,5; 117; 173; 229; 284 (okpyruenHo). Ormernm,
9TO 37IECh HAJIO CIENHUAIBHO T03a00TUTHCS O TOM, YTOOBI BCE 3JIEMEHTHI ITOTIAJIA
JieBee CaMOil TIPaBOW TPAHUIBI IMPOMEXKYTKA, JJIs ITOr0 IMPUOABAM K CAMOI
mpaBoii rpanurie 1, moaydus 285 Bmecto 284.

Iloncumraem KoJMYecTBA SJIEMEHTOB, IIONABIIMX B  KaXJbIA U3
npoMexKyTKoB. [Iist sToro Bocmonb3yemcst dyukimeit YACTOTA. Bpemem B
sa4aeiky D1 dopmysry

—~YACTOTA(A1:A30,C1:C5)

3arem BoieauM sdeiiku D1:D5, HaxkMem kiasuiry F2 u BBemem dhopmyiry Kak
dbopmysry maccuBa, HaxKaB kKJapuiu CTRL+SHIFT+ENTER.

B cronbuxke F mosyduM 3HA4YEHUs T'HUCTOTPAMMBI, PAa3J/eJIUB 3HAYEHUS
croyibuka D nHa n = 30 u Ha JIUHY TPOMEXKYTKA, XPAHIIIYIOCd B sdelike B5.
TocTpoum rucTorpaMmy 1o croybuky F ¢ moMorpbio GpyHKiuu duazpamma (CM.
puc. 13.1).

Ilo Bmay rucrorpaMMbl HaM HPEJICTOUT PENMUTH, KaKWe THUIOTE3BI O
pacupeiejieHuun BBIOOPKM CJIE/IyeT BBIABUHYTH. BCIIOMHUM, KAK BBITJISIAT
rpaduKu IJIOTHOCTU PAaCIpPeIesIeHNs H3YYeHHBIX HAMU JIBYXIIapaMeTPHUIECKUAX
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CeMeCTB  pacCIpeJieJIeHnil:  PABHOMEPHOI'O, CIBHHYTOTO II0KA3aTEJbHOTO,
IIapeTro, HOpMaJILHOTO.

A | B ECJCGIE] E T & H
582 & 614 12] |0,0072 8289 30,58
106 284 117 & 0003 1135 0,012
126 582 173 & 0003
144 279 229 & | 0003
164 5657 285 3 0008
297
345
35,1
21337 fopooy 4

10 458
11 g2 [ 0,006 +

12| 857 |
13] mep | U0

14| 895 | 0,004 -

15| 108
16| 112 | 0003 - B B B

A7 15 | goog

18| 117
19| 154 |0001 -

20| 163 ;
21| 183

22] 168 61 M7 173 229 284

| =

0,005 -

Puc. 13.1: Tabauya Excel u eucmozpamma 6v00pOUHT OGHHBIT.
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SameTuM, UTO TOJBKO CJABHHYTOE IIOKA3aTEJbHOE paclpejiesieHue ¢
pacupenesienne llapeTo uMEIOT ILUIOTHOCTH, IIOXOXKHME Ha IIOJIYYEHHYIO
rucrorpammy (puc. 13.2). Ha pucynke cieBa uzobpazked rpaduk ILUIOTHOCTH
CABUHYTOIO TIOKA3aTEJbHOIO pAaCIpeIesieHns, CIpaBa — paclpee/eHnst
ITapero. HamoMuum, 910 hOpMYyJIbl TSt IJIOTHOCTEN pPaCIpeIe/eHni NUMEIOT
CJICAYIOIIUI BUJ.

ae %= ecom ¢t > 6; yRYt= 0D ecim ¢ > h;

faolt) = { 0 HHAYE; o) = { 0 uHAYE.

00,0025

0,012

0,

0 oo

0 0og

0,0015

0,006
0,00

0,004

00,0005

0002

1 85 1bY 253 1 :BE& 135 202269

Puc. 18.2: Ilaomnocmu cd8uHYmMO20 NOKG3AMEALHO20 PACTPEIENEHUA
u pacnpedesenus Ilapemo
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Y  cHBHHYTOTO  IIOKa3aTeJIbHOIO  paclpelesieHds  mnapaMmerp O
[IOJIOXKUTEJIbHBIN, a mapamerp O — o6oe JIefCTBUTEILHOE —YHCIIO.
Y  pacmnpenenenus Ilapero oba mapamerpa Y u h  TIOJIOKUTEJIBHBIL.
CootBercTByfomye OYHKINN PACIIPEIETEHUS UMEIOT BT

1—e 29 ecaut > 0; 1—hYt™Y, ecaut > h;
Faolt) = { § cm 28 Ran={, o !

IlocTpouMm oneHKH mapaMeTrpoB IO IIEPBOMY M BTOpOMYy MoMmeHTaM. Jljs
CIABUHYTOIO II0Ka3aTeJbHOIO PACIpeesieHnsl 3JIEMEHThI BbIOOPDKH X; paBHBI
X; = 0+4Y;, rae Y; o6pa3yior BeIOOPKY M3 MOKA3ATEJHHOTO PACIPEIEICHIS
¢ napamerpoMm 0, a 8 — napamerp casura. Kak ussecrno, EY; = 1/a, DY; =
1/a%. Ilomb3ysach cBOMCTBAMH MATEMATHHYECKOTO OMKHIAHHUS W JIUCIEPCHH,
[IOJIy9aeM CHCTEMY ypPaBHEHMIA

EX; =0+ 1/a,
DXi=1/02.

Brrpaszum napameTpsr:

a=(DX;)"/2,
8 =EX; — (DX;)"/2

SaMeHUM MaTeMaTHYIecKoe OXKWJAHWe W JINCIEPCUI0 HA BBIOOPOUHOE
cpennee X ¥ BBIGOPOUHYIO AUCIepcnio S2, a mapaMeTpsl O u O Ha UX OIEHKH
o* u 0*. Tlomyuum ONEHKHM TapaMeTpoB:

a* =81,
{&2%s

Haiimem peanmzanum 3Tux ONeHOK. BBIOOPOYHOE CTAHIAPTHOE OTKJIOHEHUE
S — »sro dyukuus CTAHIOTKIIOHII, a BBIOOpOYHOE CcpeiHee — (DyHKIUS
CP3HAY. Bporumcnum wux 3Hadenus B saueiikax Gl u G2, BBeaa Tyza
dyukmun =CTAHIOTKIIOHII(A:A) m =CP3HAY(A:A). B sgueitkax H1 m H2
moJiyguMm  peajmsarnuu  oneHok 0 w a*. Jlpg  Toro, 9robbl TOHSATH,
HACKOJIbKO XOPOIIM OIEHKA METOJIOM MOMEHTOB, IIOCTPOUM T'paduku
peasimzanuii apaMeTpudecKkoil oneHku (QyHKuuM pacupesenenus F(t,a*, 0%)
u sMmumpuyeckoit dyukuum pacnpenesnenus FF(t). Iomyuum dbopmyry mis
WHTEpBaJIa JUCKpeTu3aruu dt mepeMeHHON t, UCXOJId U3 TOTO, 9TOObI dt OBLIO
1eJoit cremnenpio dnciia 10, 1 MHOXKECTBO BBIOOPOYHBIX 3HAYEHUN JEIUIOCH HE
menee yeM na 100 marepsanos. O6osnaums uepes R = X(,) — X(1) pasmax
BBIOOPKH, TTOJTYIAeM:

R/100 > dt, dt= 10’“7 dt < 10'8R-2,

128



Broioupas B kadecTBe dt HauboJIbINIEe U3 TAKUX THUCEJT, TPUXOIUM K (DOpMyJIe

dt = 10l8F=2,

rje [[] — mesast 9acTh YuCIIA.

IlockonbKy B HallleM IpuUMepe pa3MaxX BLIOOPKH paBeH 279, mosydaem
[lg279] = 2, u dt = 1. Haiinem 3HaueHus: oneHKH (byHKIUM DACIIPEIETIEeHUsT
o opmyiie

—ECJIN(CTPOKA ()<H$1;0;1-EXP(-H$2*(CTPOKA()-H$1)))

U cKomupyeM 3Ty hopmysry B sdeitku 11:I1285.

[Tonyynm 3HAYeHUS SMIUpUYecKOil (DYHKIHUU PACIPENEeHUs B TeX JKe
Toukax. Jljisi 9TOro CO3MaJMM BCIOMOTATEIbHBIN CTOJOMK M, comepzkamuit
TPAHUIIBI TPOMEXKYTKOB JUCKpeTu3anuu, ckonunpoBas Gyaknuio =CTPOKA() B
saeiiku M1:M285. [loroM momcanTaeM, CKOJIBKO JIEMEHTOB BBIOODKHU TIOIAJIO
B KaXXJIbIif U3 MpoMexKyTKoB. st aToro Bocmosb3yemcs ¢pyukimeit YACTOTA.
Bgenem B aueiiky P1 dopmyiny

=YACTOTA(A1:A30;M1:M285)

3arem BbLIeauM sdeiiku P1:P285, maxkmem kiasuiry F2 u BBemem dopmyity
KaK dopmysy maccuBa, HaxkaB Kiaapuimu CTRL+SHIFT+ENTER. Tenepsb nosryanm
3HAYEHUs SMIUPUYIECKON (PYHKINU paclpejiejieHuss B CTOJIONKe J, BBeIsd B
MepBYIO gUeiiky dopmyy

—CYMM(P$1:P1)/30

U CKOIIUPOBAB €€ B OCTaJIbHBIE sTueiikn. 31ech 30 = n — 00beM BBIOODKH.

IMTocrponm guarpammy no croabuxkam I u J (puc. 13.3).
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1

0.3

1

06

04

1

1

0.2

1 27 53 79 105 131 157 183 209 235 261

Puc. 18.3: Ouenra dynxuuyu c08uHymoz0 noka3amesvbHozo pacnpedeseHus
MEMOIOM MOMEHMOB.

Terneps HOIYYIIM OIEHKN MAKCHMAJIBHOTO IIPABIONONO6HS JIJIsI IAPAMETPOB
O 1 O CIBHHYTOIO MOKA3ATEJHHOIO PACIPEIEJICHNs. 3aAMETHM, UTO IJIOTHOCTD
pacIIpe eI e HusI
ae =9 ecim t > 6;

fas(t) = { 0 nHaYe;

HeIpepbiBHA 10 napamerpy O > 0 u paspbiBHa 1o napamerpy 0. Cragana
HaliIeM OIEHKY mapaMeTpa 8 HemocpeICTBEHHO OTHICKAHIEM TOYKU MAKCUMYMa
byuknnu npasaonobodbus. OyHKIUS TPaBIONOoI00us paBHA

a,0) = { [T, (e 9Xi=9) " ecom Bee X; > 6;

0 UHaYE;

njin

0 nHaJe.

H()Z,q79) — { qne*G( ::1 Xi*ne), ecr O < mln{XZ},
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BasucumocTh (GYyHKINK NpaBIonoaodus orT mapamerpa 0 mzobparkena Ha
puc 13.4. Ee makcumy™m gocruraercs B Touke 8 = min{ X}, koropas sieistercst

OTIEHKON MaKCHMAJILHOTO MIPaBJIONoA06us napamerpa 0.

nix)

mindX_i}

Puc. 13.4: Basucumocms gynxuyuu npacdonodobus om napamempa 6.

Haitmem orenky MakCUMaJILHOTO ITPaBAONOA00us mapamerpa d. s aToro

IocjieJ0BaTeJIbHO BBIYUCJIMM

In f(¢t,0,8) =lna —a(t—0)

npu t > 6;
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pu t > 6;

0 = "9 " /1
%mn(x,a,e)_;%mf(xi,a,e) => (a_(xi_e)>,

i=1

ectm Bce X; > 0. IlpupasuuBasi npousBOAHYyIO Jiorapudma GyHKIUNA
[IPaBIOTIOI00NS K HYJII0, IOJYyYaeM ypaBHEHUE JJis OIPEIEJCHUS OIEHKU
napamerpa o:

n

(3-0x-0) -0

i=1

penienueM KOTOPOIr'o ABJIAETCHA

n 1

YL X8 X8

a

IMockombKy TapamMerp O HemsBecTeH, 3aMEHHM €0 Ha  OIEHKY
MaKCUMAJLHOTO npaBaonoaobust 8 = min{ X;} u mosxyunm

~ 1
G - =" __"—".
X —min{X;}

VYenosue X; > 0 okasbIBaeTCA BBITOJIHEHHBIM aABTOMATHYCCKH.

Haiimem peasmsanum OIeHOK MAKCHUMAJILHOTO TIPABJIONOI00MS U IIOCTPOUM
rpadukn peasusanmii MapaMeTPUIECKOR OIMEHKHM (DYHKIMN PACIpEIeIeHusT
F(t,d,0) (kak 115 ONEHOK METOJOM MOMEHTOB) W 3MIMPHYECKOi byHKIII
pacupegesenns F(t). ['paduk npusenen na puc. 13.5.
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08 -

06 -

04 -

1 27 53 79 105 131 157 183 209 235 261

Puc. 13.5: Ouenra dynxuyuu cdeurnymozo nokaszamesvHozo pacnpedesenus,
MEMOJOM MAKCUMANDHO20 NPABAON0J0OUA.

CpaBHuBasi pe3yiabrar ¢ puc. 13.3, BUIUM, YTO HUCIOJBb30BaHUE OIEHOK
MaKCHMAaJLHOTO MPaBAONOAO0HsT IO3BOJSIET 0Oojiee TOYHO IPUOIU3UTH
SMITUPUIECKYIO (DYHKITIIO PACIIPEIE/ICHNUS.

ITocTponm oneHKM mapaMeTpoB pacipeiesieHns llapero mo mepBoMy u
BTOPOMY MOMEHTaM. BCHOMHUM, YTO ILIOTHOCTb PACIpEJIE/ICHUs 33 1aeTCs
dbopmyitoit
yRYt= 0D ecim ¢ > ks

it ={ ¥
Borancionm EX; n EXizz

nHave.

EX; = / tfyn(t)dt = / tyhVt= O+ D gy =
—00 h

YL yRYRYA vh

=vyhY [ tVdt =vyhY
v/h y va v
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ecam Y > 1 (B IPOTMBHOM CJlyuae MATEMATHIECKOe OXKUJIAHNE HE CYIIEeCTBYET).
Anajoruano

Eﬁ:/ ww@ﬁ:/tMMWHm:
0o h

£YT2 YRRV yR2

h = =

:l%/t”“ﬁ:hy :
", e y—2 y-2

ecan Y > 2 (B IPOTUBHOM CJIydae BTOPOI MOMEHT He CYIIECTBYET).
[Tonygyaem cucremy ypaBHEHUI

EX, — Yh2
{ T y_227
2 Yoo
EX; = 2
Bripaszum mapameTpsr:
-1
h=Y""EX,
Y
yiy—1)°

EX;)? = EX?,
ww—m< )

(v = 1)*(EX;)? = y(y — 2)EX?.
Ilorygaem KBajpaTHOE ypaBHEHUE:

DXy’ - 2DX;y — (EX;)? = 0.
Pemiast ero u BeiOUpast moJI0KATENBHBIN KOPEHD, ITOJIYIaeM:

(EX;)?
DX; °

y=1+4/1+

SaMeHUM MaTeMAaTHIeCKOe OXKUIAHUE U JUCIEPCHI0 HA BBIOOPOYHOE
cpennee X U BEIOOPOUHYIO AmcHepcHio S2, a mapaMeTpel h U Y Ha UX OLEHKH
h* un y*. IloryquM OlEHKH MTapaMeTpPOB:

vo=14+y/1+ 58
Ty
h = X

OTMmernM, 9YTO OIEHKA TapaMeTpa Y BCErja HE MEHbINe YHCjia 2, 9TO
COOTBETCTBYEeT TPEOOBAHMWIO K IAapaMerpy, ODECIeUYMBAIONIEMY KOHEIHOCTH
BTOpOoro Momenra. Haiimem peasin3amum OIEHOK IIO BBIOOPDKE U IIOCTPOUM
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rpaduKu peaju3aliuii HapaMeTpUyeckoil oleHKH (YyHKIUH paclpele/IeHust
F(t,h*,y*) no dopmyme

—ECJIA(CTPOKA() < R$1;0;1 — (CTPOKA()/R$1)"(—R$2))

u sMmmnupudeckoil dyHkimn pacupenesnenust F(t). I'padux npuseneH Ha
puc. 13.6.

A

1 32 B3 94 125156 187 218 249 280

Puc. 13.6: Ouenxa dynruyuu pacnpedeaerus Iapemo
MEMOJOM MOMEHMOBE.

W3 pucyHka BUIHO, 9TO IPUOJIMZKEHIE B 9TOM CJIydae OKa3bIBAETCS OYEHDb
HEYIAYHBIM.

[Momyunm  omenkm mapamMeTpoB pacmpefieieruss llapero  meromom
MaKCHMAaJIbHOTO TIPABIOION00USI.

Cuavajia HaiijieM OIEHKY mapamerpa h HEIOCPEJICTBEHHO OTBICKAHIEM
TOYKHU MaKCcUMyMa (DyHKIUH IpaBomnobodus. s sroro 3amumieMm GpyHKITUIO
MIPaBIOTIO 100U

I, (YRYX; YY) ecom Bee X; > 6
0 nHadJe.

(X, h,y) = {

SaBucuMOCTh (DYHKIIUU MPABIONOA00MS OT mapaMerpa h WMeeT TOT
JKe XapakTep, YTO U B CIIydae CIABHHYTOIO MOKA3aTEJIHLHOI'O PACIPeIeCHIs
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3aBUCHMOCTD OT mapamerpa 8. Ona mzobpazxena cxemaTnano Ha puc. 13.4. Ee
MaKCUMyM Jocturaercs B Touke h = min{X;}, koropas sIBJsleTCs ONEHKOIl
MaKCHMAaJIbHOT'O TpaBIononobus mapamerpa h.

Haiimem oreHKy MakCHMaIbHOTO MIpaBaonoaodus napamerpa Y. s storo
[TOCJIEIOBATEIBHO BBIUHCIAM

In f(t,h,y) =lny+ylnh — (y+1)Int

npu t > h;

0 1
— In f(t,h,y) = —+Inh —Int
ay [t h,y) v

npu t > h. [IpupaBuuBast mpou3BoHyio jorapudma GpyHKIUN TPaBIOTOI00MsT
K HYJIIO, TIOJIyIaeM yPaBHEHHE JjIsl OIPeIe/IeHnsi OIEHKHU mapaMeTpa V:

n

> (1 +1nh—1nXi> =0,
y

=1
penienueM KOTOPOIr'o dABJIAETCHA

v 1
InX —Inh
ITockonbky mapamerp h HEU3BECTEH, 3aMEHHM €ro Ha  OIEHKY
MaKCHMAaJIbHOTO mpaiomogobust h = min{X;} (Tak ke Mbl NOCTYIAJH
[PY HAXOXKJEHUH OIEHOK JJIsi CIBUHYTOIO HOKA3aTeIbHOIO PACIIPE/IeIeHHs) I
HOJTy 9UM
1

v= In X — In(min{X;})

Vesosue X; > h 0Ka3bIBAETCS BBITIOIHEHHBIM ABTOMATHIECKIL.

Haiigem peamsanum OIEHOK MaKCHUMAJIBHOTO HpPaBionomobus. Ormerum,
YTO IS HAXOXKJIEHHs BBIGOPOYHOrO ycpejameHns jorapudma In X HyKHO
pEeBAPUTENHLHO B OTAEJBHOM CTOJOUKE BBIYUCIUTH JIOTApU(MMBL BCEX
BBIOOPOYHBIX 3HAYEHWIA, cKommpoBas MyHKIMIO =LN(A1), u 3aTeM BBIUMCJIATH
cpeauee u3 30 3HAUEHUH JIOTapUQPMOB.

[ocTponm rpadukm peanmsaryii HapaMeTPHYecKO# ONeHKH (QyHKIIT
pacupesenenus F(t,h,y) (kak [y OIEHOK METOJOM MOMEHTOB) U
sMIuUpudecKoil pyHKmu pacupeieienus F(t).

I'paduk npusenen na puc. 13.7.
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08 -

BREEL

2 A

¥o2FEahs #8631 1567 183 209235 2R

Puc. 13.7

Anammzupyst rpaduk, BuauM, UYTO JUid pacnopeneienusi llapero u
OIIEHKM MAKCHMAaJIbHOTO IIPABJONON00NS HE AIOT XOPOIIEro NPUOIMKEeHUs
sMIupuyeckoil GyHKnuu pacupenesenus. Ha ocCHOBaHMM NIPOBEJIEHHOTO
HCCJIEOBAHUS MOXKHO 3aKJIIOUUTH, YTO DOJiee aJleKBATHON MOJIEIBIO SABJISETCS
MOJIeIb  CABUHYTOI'O IIOKa3aTeJbHOI'O paclpejlesieHusd, W JIy4dIInit MeTOJ
OTICHUBAHMNS €€ MapaMeTPOB — METOJ MAKCUMAJIBHOIO TPaBaononobus. OueHkn
MaKCHMAaJBbHOI'O IIPABJIONOI00U 3/IECh IOy YAIOTCH CMEIEHHBIMU, OJHAKO MBI
He OyzieM 00Cy2K/1aTh, KAK MOXKHO YMEHBIIUTH CMEIIEHUE.
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§ 13.2. 3Bamaum A1 CAMOCTOSITEJIbHOTO PellleHMs

3agaua 13.1
B Tekcre 3amaun yepe3 Ne 0603HAYEH HOMEDP CTYIEHTA MO CIIUCKY
rpPYyIIbI.

1. Jng Beibopku X1, ..., X, u3 paBHOMepHOro pacupezesenus ua [0; 6]
[OJYYUTh OIIEHKM Mapamerpa 6 MerojoM MOMEHTOB Ha OCHOBAHUU
nepsoro, Broporo, Ne+2-ro Momenta. Berauciuts E(X; 4+ Ne)eX1/N g
Ha 9TOM OCHOBAHWU TOJIYYHUTH OIEHKY Hapamerpa 0 uepes3 ycpeanenue
COOTBETCTBYIOIIEH (DYHKIIH 110 BHIOOPKE.

2. s Toit ke BBIOOPDKM HANTU OIEHKY MaKCHMAJbHOIO MPABIONOI00US
napamMeTpa 0, BBIYUCIUTL €6 MAaTeMaTHIEeCKOe OXKUJIAHUE U MCIPABUTH
ee, IOJIyYUB HECMEIIEHHYIO OLICHKY.

3. TemepupoBarh peasm3aruio BblOOpku obObema n =  1004+Ne wu3
pasHOMepHOro pactupenesenus ua [0; 0], npunas 6 = Ne.

4. BpraumcauTh peanu3alui  BCEX IMOJYYEHHBIX OIeHoK. l[loacumrarh
abCOJIFOTHBIE TIOIPEIIHOCTHA OIEHUBAHUS U PAHKUPOBATH OIEHKH II0
abCOJTIOTHO TTOT'PEITHOCTH.

Sagaua 13.2
Ciyuaiinas BeJIMYMHA, nMeer JlorapugMuIecKu HOPMAaJIbHOE
pacipejiejieHue, ecid ee JIOrapudM pacipeesieH 110 HOpMaJIbHOMY 3aKOHY.

1. dnsa BelOOpRE X7, ., X, w3 JorapudmMudecKkn HOPMAJIHLHOTO
pacmpejiesleHds ¢ TapaMeTpaMd @, O TOJYYUTH OIEHKHW ITapaMeTpOB
MEeTOJIOM MOMEHTOB M METOJ[OM MaKCHMAJIBLHOI'O IIPAaBI0I0I00us.

2. TenepupoBaTh peasm3anuio BbIOOPKH obbemMa n = 100 110
dopmyae U1UxUs /Uy, tae Uy, ..., Uy — ciayvaiinble duciia, paBHOMEDHO
pacupegesennbie #a [0; 1]. Ilocrpours rucrorpammy, BoIOpaB YHCIIO
MMPOMEXKYTKOB IpyIupoBanusi mo dhopmyse Cremxeca.

3. Ilo peanuzanuu BBIOOPKH BBIYUCIUTH PEAJIU3AIMH BCEX IOJIYYEHHBIX
OIIEHOK.

4. * Haiitu TeopeTrmyeckue 3HaUeHHs napamerpon. llojcunraTh
abCOJIFOTHBIE IMOTPENTHOCTH OIEHWBAHUS ¥ PAHKUPOBATH  OIEHKHU
110 abCOTIOTHON ITOTPEITHOCTH.
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[1aBa 14

I/IHTepBa.HI)HOG OLHEHNBAHUE

§ 14.1. OmnpegeseHue TO0BEPUTEIHHOIO
MHTEPBAJIA

IIycrs nmeercst BEIOOPKa 00beMa 1 U3 PACIIPEIEICHIS, B3BECTHOT'O C TOYHOCTHIO
IO mapaMerpa: Xe F(t,0), 8 € ©. Jlosepumenvrvim UHMEPEANOM C YPOGHEM
dosepus, Y ( Y-I0BEpUTEJILHBIM MHTEPBAJIOM) JIJIs HEU3BECTHOIO IapaMeTpa
6 maswBaroT cayuaiinbiii narepsasa (0_; 0,) C O, mocTpoeHHSBIH 110 BBIGOPKE,
KOTODBIII HAKpbIBaeT HEN3BECTHOE 3Ha4YeHUe IIapaMeTpa C BePOATHOCTBIO,
paBHO# Y, wim 1o KpaiiHeil Mepe CTpeMsIIIeiicss K Y ¢ poCTOM 00beMa BBIOODKH,
TO €CThb

P{0c (0_; 0,)} -y (14.1)

apu n — 0.

B ClIy4dae, KOorga BMECTO CXOAUMOCTH BBIIIOJHAECTCA TOYHOE PaBEHCTBO,
,ILOBGpI/ITCJIbeIﬁ HHTEPpBaJI Ha3bIBACTCA MOYHOIM.

0_,0, — 910 omenku mapamerpa 0, Ha3bIBaeMble HudiCHel U GeprHetl
dosepumenvrovmu eparuyamu. Jucio y € (0; 1) — ypoBeHb JoBepus, Win
JIOBEPHUTEIbHAS BEPOSITHOCTD, — BBIOMPAETCS 3apaHee U OTPAXKAeT, KAK CKA3aHO
B [7], «CTeneHb rOTOBHOCTH MUPHUTHCS ¢ BO3SMOXKHOCTBIO OIUOKA»: €M MeHee
MBI TOTOBBI MUPHUTBCsI ¢ BO3MOXKHOM OmubKoii, Tem Gosbiee (Gosee 6amusKoe K
eJIMHUIIE) 3HAYECHHUE Y JOJZKHBI YCTAHABJIUBATD.
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§ 14.2. Pacnpegesenusi, CBI3aHHbIE
C HOpPMAaJIbHBIM

IIpu mocrpoeHnn MOBEpUTETBLHBIX MHTEPBAJIOB [ IAPAMETPOB HOPMAJIBLHOTO
pacupeiesieHusi Mbl OyJIeM HCIIOJIb30BATH JBa CIEIUAJbHBIX PACIIPEIe/ICHNUs,
CBSI3aHHBIX C HOPMAJIBHBIM: DPACIPEIEEHNEe XU-KBAJIpAT U PpaclpeieseHne
Creronienra. Haszsanme «pacmpepesienne CTbIOJEHTa» CBSA3AHO C HWMEHEM
aarmiickoro craructuka K. locceta, KOTOPBI HOANMKMCHIBA CBOU PabOTHI
riceBJoHUMOM « CTBIOIEHT>.

Cayuaiinass BequuuHa /Z, HUMEET pacnpedesenue Tu-xeadpam ¢ n
cmenenamy c80600vi, ecan

Zn=X124+ ...+ X2,

rne X1, ..., X, — He3aBHUCHMBIE CJIydailHble BEJUYIWHBI CO CTAHIAPTHBIM
HOpPMAaJILHBIM pacipeneneareM. OTMeTHM, 9TO «9IUCTO CTEMEeHel CBOOOIBI» —
9TO TPOCTO TPAIUIMOHHOE Ha3BaHUE IJIsI HapaMeTpa 7 PaCIpedeeHus] XU-
kBajpat. [lapamMerp n — MOJOXKHUTEIHHOE II€JI0€ YUCT0. B YacTHOCTH, TIpU
n = 1 mosiydaeM KBaJIpaT OJIHOU CJIyYalHON BEJIMYUHBI CO CTAHJIAPTHBIM
HOPMAJIBHBIM pacipenesenneM: Z; = X2, rae X & No, 1.

Bynem ucnonb3oBaTh ciejyiomniee obo3HaMeHne: £, & Xi.

OTMmeTnM cremyomue CBOMCTBA PACIIPEIEIEHUS XU-KBAIPaT.

Caencreue 14.1. Ilycmv Z, € X2. Tozda
1) EZ, =n;
2) Z,/n — 1 noumu naseproe npu n — oo.

JokazareabCcTBO.
Bo-nepsoix,

EZ, =EX?=DX + (EX)?,

rme X mMeeT CTaHJApTHOEe HOpMaJbHOe pacupeiesnenue, n moromy EX = 0,
DX = 1. CaenosarenbHo,

EZ =140%=1.
1) IIo ompenenenuio pacupefiesleHus XU-KBaJIparT,

EZ,=EX.’+...+X,)=EX,’+.. . +EX,>=nEX;’>=n-1=n.
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2) Tak kak Z, — CyMMa He3aBHCHMBIX OJMHAKOBO DPACIDPEJIETECHHBIX
CJIyJalHBIX BEJIMYHUH, TO CIIPABEJINB 3aKOH Oosbmux dnces Kosamoroposa:

X2+ 4+ X2

n

Zn/n = —EX;’=1
[IOYTH HABEpHOE Ipu N — 00. JloKa3aTe/IbCTBO 3aBEPIIEHO.

Cayuaiinass BeqmumHa Y, wumeer pacnpedesenue Cmovrodenma ¢ n
cmenenamy c80600vi, ecan

X
N

IJie CJIyJaiiHble BeJInYnuHbl X U 2, He3aBUCUMBI, IpudYeM X HMeeT CTaHIapTHOe
HOpPMaJIbHOE pachpejiesienne, a Z, HMeeT pacupejesieHne XU-KBaJpaT C 1
CTereHsiMA CBOOOJIBI. 3J1eCh, KAK U Y PACIPEIEICHUS XU-KBAJPaT, N — 3TO

Y, =

MIPOCTO TOJIOKUATEILHBIN eI mapaMeTp.
Bynem ucnonbzoBath ciemyromee obosnadenue: Y, € T,.
OrmeruMm ciepymoomue cBoiicrBa pacipeeeruss CThIOIEHTA.

Caencrsue 14.2. I[Iycmv Y, € T,. Tozda

1) 0aa mobozo t ewnoaneno P{Y, < —t} = P{Y, > t}, mo ecmo
pacnpedeaenue Cmuvrodenma cummempusro;

2) Y, — X noumu nasepnoe npu n — oo, 2de X umeem cmandapmmoe
HOPMAABHOE PACTPEIENEHUE.

JokazareabCcTBO.
1) Cummerpusi ciegyer W3 CHUMMETPUH CTaHJAPTHOIO HOPMAJLHOTO
pacIpe/ieJieHusI:

P{Y, < =t} =P{X < —t\/Z,/n} = P{X > t\/Z,/n} = P{Y,, > t}.

2) CxomumoCTh cjleflyeT U3 CBOWCTBA CXOJMMOCTH IOYTH HABEPHOE,
HenpepeIBHOCTH (DYHKIUK T/,/Y U U3 CBOMCTBA PACHPEIEICHHs XU-KBAJPAaT.
Jloka3aTesibCTBO 3aBEPIIEHO.

§ 14.3. Tounble goBepuUTEbHbIE MHTEPBAJIBI

Hawubosree pacmpocrpaneHHO cuTyamueil, KOTJa BO3MOXKHO ITOCTPOEHUE

TOYHBIX JIOBEPUTEJIbHBIX HHTEPBAJIOB, SBJSETCH CAydail HOPMAaJbHOTO
5

pacupenenenus: X & N, g2, — KOTJa XOTd OBl OJUH M3 €T0 IIapaMeTPOB
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Hen3BeCcTeH. B 3TOoM cjydae M3BECTHO COBMECTHOE DPaclipejiesieHre Haubosiee
yHoTpeGUTeIbHBIX OleHOK X u S? mapamerpoB a u 02, C IIOMOIIBIO
KOTOPOT'O M CTPOATCA COOTBETCTBYIOIIUE JIOBEPUTEJIbHBIE HHTEPBAJIBL.
OcCHOBHBIE PE3YJIBTATHI CONEPIKATCS B CIACAYIOMENR TeopeMe, KOTOPYIO IIPUMEM

0e3 J10Ka3aTe/IbCTBA.

Teopema 14.1. (Teopema ®Puinepa) I[Tycmo X e Ng 2. To2da sepriv
caedyrougue 4 darxma:

S NO,l-

Z?:l(Xi - a)2 2

= e x:.

2)

nS? 9
3) o2 € Xn-1-

/) \/n—ls(’X—a)

OTMmeTnM, 9TO IEpBOE YTBEPKICHIE TEOPEMBI CIIEIYeT CPa3y »Ke U3 CBONCTB
HOPMAaJIbHOI'O paclpeje/leHus, BTOpoe U3 OIlpe/iesIeHUsl paclpe/ieseHud
XU-KBaJpaT C ydeToM TOro akra, dYTO % uMeeT CTaHJIapTHOE
HOPMAaJIbHOE pacupesesenre. Tperbe yTBEpKIeHNe — HETPUBHAJIBHBIN (DakT,
[IPOKOMMEHTHPOBATH KOTOPBIN MOXKHO CJIeAyromuM obpa3oM. Bemomuamm, 9o

e T, 1.

i=1
Eciu BbiGOpKa cOCTOUT M3 OJIHOTO dj1eMeHTa X1, TO eCTb 1. = 1, TO

nS2 (Xl - X1)2
2 = 2 =0,
O O
— cJly4aiiHas BeJIMYMHA MMeeT DAaCIIPeJiesieHNe, BBIPOXKIEHHOE B TOYKE HOJIb,
KOTOPOE MOXKHO IIO OIpPEJIEJIEHHIO CYUTATh PACIPEJIeIEHUEM XU-KBaJpPaT C
HYJIEBBIM YHCJIOM CTeIleHell CBOOOIBI.
Ecisin BoiGopka cocrour u3 asyx saementon (X1; Xa), To ecTb n = 2, TO

nS® (X1 - (X1 - X2)/2° + (X2 — (X1 = X32)/2)° (X1 —X»)°

o2 02 202

Ormerum, uro E(X; — X5) = a —a = 0. Tak kak X7 u X2 He3aBUCUMBI,
to D(X; — X3) = DX; + DX, = 202%. Coriacho cBoificTBaM HOPMaIbHOTO
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pactpeenenns, X1 — X2 € Ny g2, TO ecTb X — X = \/§0X, riue X umeer
CTaHJIapTHOE HOPMaJIbHOE pacupejesenue. I[loaTomy

n$?  202X2

_ 2 — 2
o = 292 =X X

Jloka3aTenbCTBO [Tt 1 > 2 OKA3bIBAETCS CYIIECTBEHHO 0OJIee CJIOKHBIM, U
[IPUBOJIUTH €r0 37eCh MbI HE OyJIEM.

YeTBepTOoe yTBep:KJIEHWE CJeIyeT W3 TPEThEro W OIpeJleSIeHUs
pacupenesienus CThIOIEHTA.

§ 14.4. AcumnToruvdeckKue JOBepPUTEJIbHbIE
WHTEPBAJIbI

Ecim pacnpesiesieHne He sIBJISIETCS HOPMAJBHBIM, TOYHBIN JIOBEPHTEJHHBIN
WHTEDPBAJ, KaK NPABWIO, HE YIAETCS NOCTPOUTH. 1lo3TOMYy CTpOAT
ACHMOTOTUYECKUIT JIOBEPUTEJILHBI WHTEPBAJ, IIPUMEHSS IIEHTPAJBHYIO
npejiesibHyI0 TeopeMy (reopema 10.4), KoTOpasi yTBep:KAaer, UTO s BCEX
t1,t2 € R (t1 < t2) Bomonueno (10.2)

. nX — na
nh—>H;oP (tl < 0'7\/% < t2> = ‘I)(tg) — ‘I)(tl), n — 00

TO €CTH IEHTPUPOBAHIbIE X HOPMIPOBAHHDIE CyMMbI CJIyUaiHbIX BEJIHIAH NX =
X1+4+...4+ X, cxomsgTcs 1o pacipeIe/eHuio K CIyIaiHOl BeJInIrnHe, TMEIOIeit
CTaHJAPTHOE HOPMAJIbHOE PaCIpejlejIeHHe.

Brecs a = EX;, 02 = DX; — MarTeMaTHIeCKOe OXKUJAHUE U IUCIEPCHS
3JIEMEHTOB BBIOOPKU.

Eciin BBIOpaTh to = —t1 = A U IPUHSATH JIOBEPUTEJIHLHBIN YPOBEHD PABHBIM
Y, TO

n1LH§OP<—ASM07\;ﬁm<A) L B(A) — B(—A) = 20(A) — 1=y, n— o0

OTKY/la IIOJIy4aeM

D(A) = (y+1)/2. (14.2)

ITo szamamsOoMy Y MOXKHO HailTu A ¢ TOMOMIBIO TaOJUI] HOPMAJHLHOIO
pacnpejiejieHusl WA~ IPOrPAMMHBIX — IPUJIOXKEHUN. Ormerum  6e3
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JIOKa3aTeJIbCTBA CJIEJYIOIIEe CBOMCTBO CXOJIMMOCTH II0 PACIIPEJIEJIEHUIO:
ecii Y, CXOIUTCS IO PACHpesesieHuio K Y, a Z, CXOJAUTCs MOYTH HABEPHOE K
1, To ux npoussenenue Y, 7, CXOOUTCs IO pacupeienennto K Y. Beibepem

Yn:nY—na:\/ﬁ(Y—a), Zn:g.
ov/n c S

Bemomanm, uto S = 4/ X2 — (X)? — O nouru HaBEpHOE, U O CBOHCTBY
CXOIMOCTH TI0YTH HaBepHoe Z,, — 1 n. H. CiiesoBaTesbHoO,

ViX—a) o V(X —a)
Y. ip=7r"F =
o S S
CXOIUTCA 110 PACIpPEIEICHUI0 K CTaHJapTHOU HOPMaJIbHOW CiydailHOM
BeJIMYNHE, TO €CTh

lim P (-Ag VX —a) <A> = B(A)—B(—A) = 28(A)—1 =Yy, n— oo,

n—oo S
(14.3)
rie KoHcraHTa A BbiOupaercs 1o gpopmysie 14.2.

Yro6bl I HEM3BECTHOTO napamerpa 0 HaliTh J10OBEepUTELHBIN
WHTEPBAJ AaCUMITOTAYECKOIO YPOBHS Y, HYXKHO s HCCJIEIyeMOro
OJIHOIIAPAMETPUYECKOIO CeMelcTBa paclpeselieHuil  HalTu  3aBUCUMOCTb
EX; = a = a(0) u moacraBurh mosyueHHOe BhIpakeHume B 14.3, TO ecThb
PEIUTh OTHOCUTEJILHO napamMerpa 0 1BoiiHoe HEpaBeHCTBO

A< M <A (14.4)

(mast sToro myzxkHO, 4ToObl (GyHKIMa a(0) ObLia HENPEPBIBHOE U CTPOro
MOHOTOHHOI). IloJyduBIIHECS] TPAHUIBI JBEPUTEIBHOIO HHTEPBAJA OyjeM
oboszHauaTh yepes 6_ u 6.

§ 14.5. PemmeHne TUIIOBBIX IPUMEPOB

IIpumep 14.1. IIycmv» X € N, g2, a € R. Hlocmpoumn dosepumenvrivii
unmepsan (a_; ay) Oaa napamempa a, cuumaa OF  USGECTIHLLM.
Boiruucaums peaausayuto do8EPUMEAbHOZ0 UHMEPBAAA C YPOBHEM A08ePUA Y =

0,95, pacnosazas damnvmu: n =10, X = 2,7, 02 = 4.
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Pemenne. [l mocTpoeHus JOBEPUTEIHHOIO HHTEPBAJA HCIOJIb3yeM
orenky X, pacmpejesenne KOTopoit m3BecTHo. s 3aaHHON JOBEPUTETHHOM
BepositHOCTH Y Haiinem Takoe A > 0, gro

y:P{’\/ﬁX;a’<A}=P{—%<7—a<% (14.5)
n

Vn \/ﬁ}'

_ gA _ oA
Takum 06pa30M, HY2>KHO HCKaTb &1 = —n Eg = vn TaKue, 49To

BBIIIOJIHSIETCSI PABEHCTBO:
P{sl <X—a<82}=V.

st aroro Bepaemes K (14.5). B cuiy reopembr 14.1, ciayvaiinas Bequduna,
CTOSIIIAs [IOJT 3HAKOM MO/LYJIsl, IMeeT CTaHIAPTHOE HOPMAJILHOE PACIIPEIe/IeHNE,
[I03TOMY BEPOSTHOCTH B INPABOM YACTHU MOXKHO BBIPA3UTh dUepe3 (PYHKIIUIO
pacupenenenus P(t) sakoma Ny i, u Torma ypasaenue (14.5) npuoGperaer
BUJ;:

1+
2(A) — 1=y = @(A):Ty, (14.6)
rme  ®(t) — dynxmua Jlanmaca, 3HaAUEHHsS KOTOPOW IPEICTABJIEHBI
B Ta6ﬂI/IHe IPpUJIOZKEeHU A B KOHIIEe KHUI'u|. ?)aMeTI/IM7 q9To 3Ha4YeHUue
A = Aiy, ynoerereopsiomee (14.6), mpencTaBisieT KBAHTHIb YDPOBHS
2

1—*2'y pacupenenenusi  No 1. Haiing ero mo tabmuie u nojcrasus B (14.5),

[IOJIy9UM PaBEHCTBO:
a—X
=P
v={ 0

—a

\/ﬁX

<A%}=P{—A%<\/ﬁ

<AM} =
2

A1y AM
, (14.7)

_ Y _ 2 Y 2
= y—P{X 0\/ﬁ <a<X—i—0\/ﬁ

OTKYyJa UCKOMBIA Y-J0BEpUTEIIbHBII NHTEepBAJIL:

e
(a_, a+)— X—Ow, X+o \/ﬁ .

HO,ZLCT&B.HHH CI0Zla KOHKpETHBbI€ JaHHbIe W3 YCJIOBUA, BbIYUC/ISAEM

peaJIn3aIuIo JJOBEPUTEILHOIO HHTEPBaJIa:

1,96 1,96
iy 2,7+2’—) ~ (1,46;3,94) <
V10

V10
< P(1,46 <0< 3,94) = 0,95.

(a; ag) =~ (2,7— 2
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3ameuanue 14.1.  Ilocmpoernviii dosepumenvhoill  UHMEPSQN

OKG3BLBAEMCA  CUMMEMPUYHBIM — OMHOCUMEALHO  GBOOPOYHO20  Cpednezo

X u umeem dauny 2A-%, nponopyuonasvryo 3naveruto A, xomopoe 6v.10
n

natideno us ycaosus (14.5).

Ilpumep  14.2. Ilycmo X’@Napz, 2de a € R, 02 > 0 —
dsa meuzsecmuoir napamempa. Ilocmpoums dosepumenvhovili UHMEPEAL OAA
napamempa 02, Burucaumd peasusayuto 006EPUMENLHO20 UNMEPEANL C
yposnem dosepusa Y = 0,9, pacnosaeasn dannvimu: n = 10, S? = 4.

Pemtenne. Ucnonb3ys nemmy @uirepa, mpoine BCEro MOCTPOUTH TaK
Ha3bIBAEMBIH OJIHOCTOPOHHUI JIOBEPUTENbHbINN wuHTepBaJ. s 3TOoro mo
3a/IaHHOM JOBEpUTEIbHOI BepogTHOCTH Y = 0,9 Haiinem Takoe B > 0, 4ro

nS? nS?
y_P{?>B} — P{FSB}_I—y. (14.8)
YaureiBasg, YTO CcaydaiiHas BeJIMIHHA ”0—522 uMeeT pacupejeeHue

X2_,, HeTpyJHO BHJETh, 4YTO HCKOMOe B  ecThb He 4YTO HHOe, Kak
KBAHTUIb  X]_y, 1 9TOr0 pacupegenenus. Iloncrasmss ee B (14.8) u
paspelnast HeDaBeHCTBO TI0JT 3HAKOM BEPOSTHOCTH OTHOCHTEIBLHO O, HAXOHM
JIOBEPUTE/BHBII HHTEPBAJ:

nS? 9 nS? 9
y_P{F>X1V’”1} < Y:P m>o <~
2
< (0%; %)= |0, QnS
Xl—y,n—l

ITomcraBiss KOHKPETHLIE JaHHBIC, HAXOIUM PeaJA3aIuIo TOBEPUTEIHLHOIO
HHTEpBaJIA;
2 . 2. 2\ _ (.
Xo.1.0 =4, 17; (02 07) = (0; 8,63).

Yr0o6bI IOCTPOUTD JABYCTOPOHHUIA JIOBEPUTE/ILHBINA HHTEPBaAJ, BMecTo (14.8)
UCIIOJIb3YEM CJIe/IYIONIee yPaBHEHE:

52 52 52
y—P{x1<nc—2<:1:2} <— Pe{%<02<%}_y, (14.9)

rme 0 < x1 < =z, yuosiersopsiomue (14.9), HaXOmUM [0 U3BECTHOMY

2
pacIpe/ieIeHuio X2 _; CIydaitHOi BeJTMIuHbI "c%. B obmiem ciryaae sra 3amaga

He WMeeT eJIMHCTBEHHOTO perreHus. Eciau obpaTtuTtbcsa K rpaduky MJIOTHOCTH
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pacmpejiesienus X2 _;, HpeJCTaBIeHHOMY Ha puc. 14.1, To x1 < x5 cieyer
BBIOMpAThL TaKUM O00Opa30M, YTOOBI CYyMMa BEpPOSITHOCTEH, IMPeICTABIEHHBIX
IO MU 3aIITPUXOBAHHBIX 00J1aCTel 10T TPadUKOM IJIOTHOCTH, PABHSLIACH
1 —y. fdcuo, 4TO 3TO MOXKHO C/Ie/IaTh MHOIMME CIHOCOOaMU.

y
Yi+tYe=1-y

Puc. 14.1: [InorHocTh pacupeneneHus X%—l

Yro0bI crenarh pelneHne OHO3HAYHBIM, BbiOEpeM =1 < Tg Tak, 9TOOBI

o 1—
KaxKJagd U3 3aldTPUXOBAHHBIX ILJIOIUIAJEH pPaBHAJIACH Ty, TOrZa HETPYITHO

BUIOEThb, YTO T1, L2 BbIPpaXKaIOTCd Y€pPe3 KBAHTUJIN PaCIIpeaeJICHNA Xifl:

_y2 —y2
1= Xy o P25 Xy,

THoncrasisa 1o B (14.9), HAXOAUM UCKOMBIii JIBYCTOPOHHUIT JIOBEPUTEIHHDII
AHTEPBAJL:

nS? 2 nS? 9 9 nS? nS?
Pg

<O < g—— =Y &= (02;07)= . =3

2 2
S Xt n Kiptns Xip

Haxonst mo TabmIe pacupeiesieHns Xu-KBaJpaT —X2_, e X2y .
Zon— = n-

KBaHTUJIN PaclpeieleHns X%fl JJ1s1 KOHKpeTHBIX 3HadeHuii y = 0,9, n =
10, m JaHHBIX B YCJOBHHM YHUCJIEHHBIX 3HAYEHUI, HAXOJIMM DPean3alliio
TOBEPUTEJILHOTO WHTEPBAJIA:

Xit00 o = 16,9; X3 0o 4~ 3,325;
2 5>

(0%, 0%) = (2,37; 12,03).

IIpumep 14.3. Ilycmo X e Ey, o > 0. IHocmpoumns
acumnmomuseckuli dogepumesvhoili UHMeP8an 0Af napamempa o.
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Pernenne. Tak Kak jyisi MOKa3aTEILHOIO PACIPEIEIEHUSI C TApAMETPOM
O MareMaTudeckoe oxujanue pasusiercs EX; = 1/d, To coriacHo dopmyiie

14.4 B
—A< V(X —1/a) < A.
S
HOCJ’Ieﬂ;OBaTeJ’IBHO BpraSI/II\’I
A _
__S S X — l < ﬁ’
n a n
— AS 1 — AS
X——<=-<X+—F;
n o n
1 1
> o>

Wrak, Mbl HOIy9WIM JOBEPUTEIbHBIA nHTEpBa (A_; 04 ), rue

1 q 1
— A4S tT T ASY
X+ = X-=
t Jn

a KOHCTaHTa A BBIOMpAeTCst B COOTBETCTBUNU ¢ paBeHCTBOM (14.2).

a_ =

§ 14.6. 3agadm JJisi CAMOCTOATEIHLHOTO peIleHust

14.1 Ilyers X € N(61,82), 85 € R, 62 > 0. Ilocrpourh UEHTPAJILHBII
JIOBEpUTEIBHBI WHTEpBaJ i napamerpa 0. Beramesuts peanmsanmio
JOBEPUTEIHHOTO HHTEepBaJia ¢ ypoHeM Y = 0,95, pacnosnaras gapabivu: n=10,
X =2,7; S? = 4. CpaBHuTH ¢ pe3yabraToM npuMepa 14.1.

14.2 Ilycrs X e N(a,8), 8 > 0, a wussecrno. Ilocrpourh TOUHBIE
JIOBEPUTE/IbHbIE UHTEPBAJIbI (OIMHOCTOPOHHUI U HEHTPAIBHBIA JIBYXCTOPOHHMIA )
Ha ocHoBe crarmcTukm S7 = 37" (X; — a)?. Borumeauts peanmnsaiun
IIOCTPOEHHBIX UHTEPBAJOB ¢ ypoHeM Y = 0,9, pacmonaras ganabivm: n=10,
S? = 4. CpaBHUTB ¢ pesy/bTaTaMu mpuMepa 14.2.

14.3 Iyers X € K (), 6 € R. IlocrpouTh ONTUMAJBHbIH TOYHBIH
JIOBEPUTEIbHBINA UHTEPBAJ Jjist napamerpa 0 1o oguomy Habmogennio (n=1).
144 X e B(p), 0 < p < 1. Ilocrpourh npubinKeHHbIE JOBEPUTENbHBIE
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HHTEpBAJIbI /I IapaMeTpa P Ha OCHOBE oleHKn 0% = X:

a) [IpH IIOMOIIM HepaBeHCTBa ebblieBa;

6) UCIOJIBb3Ysl ACUMITOTUYECKYIO HOPMAJILHOCTD OIEHKU.

145 Xe (A), A > 0. IlocrpouTh aCUMITOTUYECKUI JIOBEPUTEIHHDIH
HHTEpPBAJI JJIsl TapaMeTpa A ¢ IOMOIIBIO OIEHKH A* = X .

14.6 Ilycrs X € U(0,6), rae 8 > 0. C nomompio crarncTuk X X 2 IOCTPOUTS
ACUMIITOTHYIECKUE JIOBEPUTE/IbHbIC HHTepBabl (coorTsercrenno (07 ,0)) u
(85,63)) yposHst 1 — & m mokazaTh, 4To cayJaiineiit maTepsa (05 , 05 ) Kopowe
coorsercrpytomero (87 ,07).
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[maBa 15

IIpoBepka craTucTnyeckmx
TUII0TES

§ 15.1. CrarucTuvdeckue TrumnoTe3bl

Mycrs X = (X3, Xs,...,X,,) — Boibopka, X € F, rue F - nosmocrsio
UJIM 9aCTUYHO HEM3BECTHOE PACIIPEJIEJICHAE OTIAEILHOr0 HAbMomeHns X .

Omnpenenenne 15.1. Cmamucmuyeckol eunome3otl OyneM Ha3bIBATH
BCSIKOE€ YTBEPXKIEHHUE O BUJE WJIN CBOWCTBAX HEM3BECTHOrO pacipesesieHus F.

ITpumep 15.1. IIycmv F — noanocmoio neussecmmoe pacnpedeseHue.
Ipumepamu 2unomes ABAAOMCA

H: F=F,, 2de Fo — noanocmovio onpedenennoe pacnpedenerue;

H: FeFy, 2de Fo — mmnoorcecmso pacnpedenenuts (nanpumep, Fo =
Ny o2 uau Fo = By).

B amux npumepar nabatodenus umeom pacnpedeierus u3 Hexomopozo
00no-  uau  dsyxnapamempuueckozo  cemetcmea. Ho  moeym  6wimo
Henapamempuueckue mrodxcecmsa, nanpumep, Fo € {F : EX; > 0} — xuacc
pacnpedesenutll ¢ NOAOHCUMEADHHLMU MATNEMAMUYECKUMU OHCUIGHUAMAL.

IIpumep 15.2. Ilyemv F — wacmuuno useecmmoe pacnpedeserue.
Hanpumep, F € Ul p (nabaodenus umerom paenomepnoe pacnpedenenue).
B amom cayuae npumepss eunomes:

H: a=0, b=1 (pacnpedeserue pashomeproe wa [0; 1]);

H: a =0 (pacnpedeaenue pasromeproe na [0; b]);
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H: a<b—1 (pacnpedeserue pasnomeproe na ompeske daunss 6osee 1).

l'unoreza Ha3bIBaeTcss nNpocmoti, €Cau OHA OJHO3HAYHO OIPEIeJIAeT
pacupenesieane F, B IpPOTUBHOM cjydae THUIOTE3a HA3BIBAETCS CAONHCHOU.
B mpuBemeHHBIX BBINIE TpUMEpPAX MPOCTHIMHU SIBISIOTCS THUIIOTE3BI:

H: F=FouH: a=0, b =1 (nocieaussa B ciydae, KOrja U3BeCTHO,
YTO paclpejiesieHre paBHOMEpHOe Ha [a; b]).

OcrajbHbBIE TUIIOTE3BI SIBJISIOTCS CJIOXKHBIMU.

Mgbr OymeMm paccMaTpWBATB CUTYAIdiO, KOrga rumnore3 Bcero jgse. OmaHy
U3 HAX HAa3bIBAIOT OCHOGHOU, & IPYIYI0 — aAbmephamuenol, 00O3Hadast
coorsercrBenno Hy u Hy.

§ 15.2. Crarucrumdeckue KpuTepuun

Omnpenenenne 15.2. Cmamucmudeckum Kpumepuem Ha3BIBAIOT BCAKOE
[IPaBUJIO, IIO3BOJIAIONIEE HA OCHOBAHUU HAOJIIOIA€MOro BBIDOPOYHOI'O BEKTODPA
=
X [pUHATH OJHY M3 T'MIIOTE3: OCHOBHYIO UJIN aJIbTEPHATUBHYIO.

IIpu npuMeHeHUN CTATUCTHUYECKOIO KPUTEPHUS MOI'YT BO3SHUKHYTH OIINOKH
aByX posoB. OmubKa HyJIeBOTO POJa COCTOUT B TOM, YTO OTBEPraeTCs BEPHA
HysieBasi rumore3a. OmubKa MEepBOro pojia — OTBEPraeTcs BepHAsi IMepBast
rumore3a. Boobine omwubKa i-ro pojia COCTOUT B TOM, UTO CTATACTHUIECKUN
KPHUTEepUil OTBEpPraeT BEPHYIO ¢-I0 TUIIOTE3Y.

[IPUHUMAEMASI BepHa, BepHa
IUIIOTE3a, runore3a Hy | runoresa Hy
Hy HeT omnbKa,
OITHOKM 1-ro poma
Hy OIInoOKa HET
0-ro poma OIITIOKH

Kpurepnit xapakTepu3yeTcss BEpOATHOCTSME OMUOOK:
0o = Py, (Hp orBepraercs), 07 = Py, (H; orBepraercs).

31ecb HMKHUNW WHIEKC Yy CHMBOJIA BEDOATHOCTH YKa3bIBAET, IIPU
BBIIIOJTHEHUN  KAKON  THIOTE3bl  MOJCYUTHIBAETCS  BEPOATHOCTH. U3
BCEBO3MOXKHBIX KPUTEPUEB HAJO BBHIOMPATH TAaKWe, Y KOTOPHIX BEPOSITHOCTH
OMMOOK II0 BO3MOXKHOCTH MaJjbl. K coKaJleHWio, B HEBBIPOXKIEHHON
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CTATUCTUYECKON 3ajlade He CYyIIeCTBYeT KpUTepHusi, i KOTOpOro obe

BEPOSITHOCTH OIMMOOK pPaBHBI HYJ0. Kak MpaBUiIO, YeM MEHbBIIEe BEPOSTHOCTD

OIMMOKHU HYJIEBOT'O POJIa, TeM OOJIbIIIE BEPOSITHOCTD OMUOKM IIEPBOTO POJIA.
PaccmorpuM BBeJIeHHBIE TTOHATHS Ha CJIEJYIONIEM IIPUMEpE.

IIpumep 15.3. Cmydewmor epynnv, A cuumarom, wmo oHU U2parom
6 warmamyv, 606oe Ayuwe, wem cmydenwmor 2pynno. B. B ceoi0 ouepedv,
cmydernmus epynnot B cuumaiom, wmo onu uzpatom 6 uaTMamol, 6MpPoe AyHuULe,
yem cmydenmol epynnv, A. Jlaa pewenus cnopa HaA3HAMAEMCA WaATMAMHbIT
mamy meocdy epynnamu A u B. C kaorcdolt cmoponv, ywacmsyrom 3
cmydenma, swvibupaemvie no ocpeburo.  Peweno cuwumamv  cnpasedisusvim
MHEHUE 2PYNNBL, BLIUZPLLEUET MAMY, MO ecmb Habpaswel He MmeHnee 2 04Kos
6 8 napmuaz. IIpednonrazaemcesa, wmo nuuvuxr wem. Hatimu, 6 wem cocmosm
owubKY HYALE6020 U NEPE02o poda. Buruuciums 6epoammocmu smux owubox.

Pewmenne. Ilpemnonaraem, 9To HyJeBag [HUIOTe3a (COOTBETCTBYIONIASI
MHEHHUIO CTYJIEHTOB I'DYNIBl A) COCTOMT B TOM, YTO BEPOSTHOCTH BBIMIDHIIIA
KaKJIOT0 CTYAeHTa Ipynbl A y crymenTa rpynisl B BjiBoe 60JIbIlie BEPOSITHOCTH
[IPOUIPBIINIA, TO €CTh BEPOSITHOCTH BbIMIPbINa pasHa 2/3. CorsiacHo mnepsoii
runorese (MHEHHIO CTYAEHTOB IPYIIBI B), BEPOATHOCTH BLIUIPHIIIA KAXKIOTO
CTyJIEHTa TPYNIbl A BTpOe MeEHbBIE BEPOATHOCTUH HPOUTPHINA, TO €CTh
pasusiercs 1/4.

Wrak, mpoBOJATCS TPHU WCIBITAHUS CXEMbl DBEepHy/UIM ¢ BEPOSITHOCTHIO
ycuexa p, runoresa Hy : p = 2/3; runoreza Hy : p=1/4.

Kpurepuit (ncxos mMaTda) NpeiMcbiBA€T UPUHATL runoredy Hy, eciu
YUCJIO YCIIEXOB B cXeMe DepHy/u paBHsSeTCa JBYM WU TPEM, a B IIPOTUBHOM
cily4ae IPUHATH runoresy Hj.

Ommbka HYJIEBOrO poOJia COCTOUT B TOM, UTO KPHUTEPHl IIPE/IIUCHIBACT
CYUTATh BEPOATHOCTb BBIMIDLINIA CTYIEHTa IepBOil rpynubl pasuoit 1/4 B
TO BpeMsl, Kak oOHa papHsercs 2/3. OmmOKa IIE€pBOrO pPOJA OIKMCHIBAET
[IPOTUBOIIOJIOXKHYIO CHATYAIMIO: BEPOSITHOCTH BBIUIPBINIA CTYJIEHTA I[I€PBOMN
IpyIIbl paBHsiercd 1/4, a KpuTepuil IPpeJIUChBACT CIUTATDL ee PABHOMH 2/3.

Boraucimm BeposgTHOCTH OMIMOOK.

BeposTHOCTh OmMubKu HysI€BOro pojga Oy — 3TO BEPOATHOCTH OTBEPTHYTH
BEPHYIO HYJIEBYIO THIIOTE3Y, TO €CTh MOJIYyYIUTh HOJIb UJIU OJWH YCIEeX B CXeMe
Bepuysuu, koropag upejanosaraeT 3 HCHbITaHUS ¢ p = 2/3 B KaxkKIOM.
Broraucnum 3Ty BeposTHOCTH Ha OCHOBaHWH (hopMyJibl bepmrysuim:

0o = Py, (Hy orsepraercs) =

=C9(2/3)°(1/3)* + C3(2/3) (1/3)* = 1/27+2/9 = 0, 25.
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BeposTHOoCTb OMmUGKE EPBOrO Poaa 07 — 9TO BEPOSTHOCTD IIOJLYIUTH ABA
WIM TPU yClexa B cxeMe BepHysm, KoTopas HPEJIoaraeT 3 HCIBITAHUA C
p =1/4 B KaxIOM.

01 = Py, (Hy orsepraercs) =

= C3(1/4)%(3/4)" + C3(1/4)3(3/4)° = 9/64 + 1/64 ~ 0, 15.
§ 15.3. Kpurepun coryacusi

V100HO IPEICTABISATh CTATUCTUIECKHIT KpUTEPHil Kak (DYyHKIIAIO 6()? ) or
BBIOOPOYHOIO BEKTOpA, MPUHUMAIONIY0 1Ba 3Hadenusi: Hy u H;. Haumbosee
obIuit MOAX0m [ IIOCTPOEHHUS] CTATUCTUYECKUX KPUTEPHEB COCTOUT B
CJIEJTYTOIIIEM.

IIycts T = T()? ) - HEKOTOPasl CTATUCTHKA, XAPAKTEPUIYIOIIasl OTKJIOHEHIE
SMIIUPUYECKUX JAHHBIX, IIPEJICTABJIEHHBIX BBIODOPKOH, OT TEOPETHYECKUX,
COOTBETCTBYIOMNX TMpoBepsemoit rumnorese Hg. Ecam pacmpenesnenue
CTATUCTUKH T(X') U3BeCTHO (TOYHO WM XOTS OBl TIPUOJIMIKEHHO), TO
I7st oboro O > 0 MOXKHO HailTH Takoe MHOXKeCTBO 1y 3Hauenunit T, misa
KOTOPOT'O OYyJIET BBIITOJTHEHO HEPABEHCTBO:

P(T € Tq/Hp) < a. (15.1)

IIycte 0 > 0 HACTOJIBKO MaJio, YTO COOBITHE, UMEIOIIEE BEPOSATHOCTD, HE
[IPEBOCXOMIAIIYIO O, MOXeT CUYATATHCH MPAKTUYECKH HEBO3MOXKHBIM. Torma
CTATUCTUYECKUAN KPUTEPUIl MOXKHO 33/1aTh CJIEIYIOMUM 00Pa30M:

3(X) =

Hy, eccmu T(X) € T, (15.2)
e .

Hy, ecmm T(X) ¢ Tq.

DT0 mpaBUIO OCHOBAHO Ha 3JPABOM CMbBICJIE: OHO TPEIINCHIBAET OTBEPIHYTh
runoresy Hp (1o ects mpumusarte H;), ecam upoumcxomur — coObiThe
{T(X) € Tq}, xoropoe me momkmO mpomsoiitu, Gyms rumoresa Hy
cupasegyiuBa. Jucio o > 0, koropoe durypupyer B (15.1) - (15.2),
HA3BIBAETCS YPOSHEM KPUMEPUSA, WA  YPOBHEM ZHAMUMOCTMU, CTATUCTHKA
T(X) HA3BIBAETCSI cmamucmukol Kpumepus, & MHOXKecTBO Tgq -
KPUMUECKUM MHOHCECTNEOM.

153



§ 15.4. JlocTturaemsplii ypoBeHb 3HAYUMOCTH

Or crarucrukn T = T(X' ) TPeBYIOT CJIEYONIUX CBOUCTB:

1) npu BbmosHeHHH runoressl Hy craructnka 1 WMeET U3BECTHOE
pacupenesieHne WM, 1O KpaiiHeifl Mepe, CXOIUTCS 10 PACIPEIEJEHUI0 K
HEKOTOPOil cirydaiiHo#l Besimanae J ¢ M3BECTHBIM PACIIPEICTICHIEM;

2) npu BBINOJIHEHNH TUOTe3bl H cratucTuka T’ CXOUTCS HOUTH HABEPHOE
K GECKOHEYHOCTH C POCTOM 00beMa BHIOOPKH.

s Toro, 9ToOBI MOMYYUTh KPUTEPHl YPOBHS O, 33/al0T KPUTHUIECKOE
MHOXKECTBO B BUJIE

Ty ={T > C},
rjae C — KOHCTaHTa, OlIpe/iejisgdeMasd yCJIOBUEM
P{J > C} =aq,

to ectb F;(C) = 1—0a. fcno, 9To ipu TakoM BbIGOpe KOHCTAHTHI C' BEPOSITHOCTD
omubKu HyJIeBOTO posia O Jiubo paBHa YPOBHIO Kpurepust O (B ciydae, KOTJa
cratucTuka 1 mpu BepHON HYyJIEBOIl THMIIOTE3€ PACIpeIeeHa B TOYHOCTH KakK
J), smubo, no kpaifineii Mepe, cxoauTcs K O ¢ poCTOM 00beMa BHIGOPKU.

CxomuMocTh cTaTuCTUKU 1 TMOYTH HABEPHOE K OECKOHEYHOCTH IIPU
BBITTOJIHEHHOI TIEPBOil THIIOTE3€ TAPAHTUPYET COCMOAMEABHOCTD KPUTEPHUSI, TO
€CTh CXOJIMMOCTH BEPOSITHOCTU ONIMOKU IMEPBOrO pojga 01 K HYJIIO C POCTOM
00 beMa, BLIOOPK.

JI7151 KasK 10/ KOHKPETHO{! BLIGOPKH X MOYKHO HA{ITH IPEIeIbHOE SHATCHIE
ypoBHs O = d *()? ), upu KoropoM runoreza Hy eie MOxkKeT ObITh IIPUHSITA.
Takoe 3HaUEHNE HA3BIBAETCS (PEAALHO) JOCTNUZAEMbBIM YPOBHEM ZHAYKUMOCTU.
Kak ckazano B [10], 0* «uMeeT CMBICT BEPOSITHOCTH MOJIY IUTh XY/IIIIEe COTJIACHE
C IpOBEpSIEMOil TUIIOTE30i, YeM peaJibHO IOJIydeHHoe, ecju rumoresa Hy
BepHay. [losTomy dem menbiie O, Tem 60Jiee 9TO TOBOPUT IMPOTUB TUIIOTE3bI
Hy.

Hocrturaemplit  ypoOBEeHb  3HAYMMOCTH  BBIUUACISETCS C  [TOMOIIBIO
pacipesiesieHusl CTaTUCTUKA J:

a* =P{J>T(X)} =1 - F;(T(X)).

B Tepmumax pocturaeMoro ypoBHsI 3HAYUMOCTUA KPUTHUUECKas 00JIaCTb
uMeeT BUJ
Ty = {0* < a},

TO €CTh HyJI€Bas THUIIOTE3a OTBEPraeTcs Ha ypoBHE O B caydae, kKorga o* < d.
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Kaxnapiit  kpurepmii  corjiacust — UCHOJB3YeT  CBOIO  CTATUCTHUKY,
[peHA3HAYEHHYIO ISl DPA3JIMYeHUs] HYJIEBOH TUIIOTE3bl U AJbTEPHATHBEI
7 ODJIAQIAIONIYI0 HYXKHBIMU CBONCTBAMM: CXOJIUMOCTBIO K (DUKCHPOBAHHOMY
pAaCIIPEIeJIEHUIO [IPU BBIMIOJTHEHUN HYJIE€BOW THUIIOTE3bI M CXOAUMOCTBHIO MOYTH
HaBepHOE K OECKOHEYHOCTH IIPY €€ HEBBIIIOJTHEHUH.

B kavecTBe BarKHBIX IIPUMEPOB KPUTEPHUEB COIVIACHS PACCMOTPUM KPUTEPUN
Kommoroposa u xu-kBajspar [Iupcona.

§ 15.5. Kpurepunu coriacus Kosmoroposa u X2
IIupcona

Pacemorpum  BeIGOPKY X &€F obbeMa n ¢ Hen3BeCTHOI dyuxnueit
pacnpesesienuss F u npocryio runoredy Hp : F = Fo. Anbrepuarusnoii st
Hp siBnsierca cioxnas runoreza Hp : F £ Fy.

Kpurepnit KosmoropoBa mpumensiercss B cjaydae, Korjga QyHKIHA
pacupesesenns Fo(t) menpepbiBaa. PaccmarpuBaercs ciieyrolree paccTosiHue
MeKJy SMIIMPUYECKON U TeOPeTHIeCKOl (DYHKIMAMU PaCIpeeIeHN:

Dn=D(Fy, Fo) = sup  [Fy(t) = Fo(t)] = _max _[F;(t) = Fo(t)].

B kaugectBe cratuctuku Kpurepus KosMoropoBa BbIOMpaeTCs 3ITO
paccTostare, yMHOKEHHOE Ha /T, TAe N — 06beM BHIOOPKH:

Ty = ViD, = Vi max_|Fi(t) = Ro(t).

A. H. KosMoropos j1okazaJi cJIe/IyIole CBONCTBa CTaTUCTUKHA T}, :

1) ecsm runoresa Hy Bepua, To T, ¢ POCTOM N CXOHUTCA K
cirydaitHoil Besimunne J ¢ MyHKIWEH pacupesesienns, Ha3blBaeMoil byHKIel
pactpegiestenns Kommoroposa:

Fr(t)=1-2) (~1)F1e 2",
k=1

2) ecqin runoresa Hy HesepHa, T0 T;, CXOAUTCS MOUTH HABEPHOE K +00 IpH
n — oo.

Takum  o0OpazoMm, JOCTUTaeMbIi yPOBEHb  3HAYMMOCTH  KPUTEPUS
Kommoroposa pasen

a* =1—Fy(T,) =2 (~1)Fle 2 T0 = 93" (—1)btle= 26D (15.3)
k=1 k=1

155



OTmeruMm, 4YTO IsI PacdeToB II0 3TOH QopMmyse Hy»KHO Oparb He
BCIO OECKOHEYHYIO CyMMYy, a TOJIbKO HECKOJIbKO CJIaraeMbIX, IIPH 3TOM
omuOKa BBIYHCICHUI He MPEBOCXOAUT IIOCJIEIHEIO OTOPOIIEHHOI'O CIaraeMoro.
Kpurepnit Konmvmoroposa orsepraer runorely Hy Ha yposHe O, ecan 0 < O.

JI1sl IpaKTUYeCKOro BBIYHC/IEHHUS CTATHUCTHKH D, = Dn()z) MOZKHO
HCIIOJIb30BATH CJIEJLYIOIYI0 (hOPMYILy:

- i i—1
Dn(X) = 1?%)(" max F(X(i)) — E N F(X(i)) — " (15.4)
Brmecb X(;) — 9TO 3JIGMEHTBI  6aPUALUONHO20 PAJA, TO €CTb JIJIs

9TUX BBIYUCJIEHUI BBIOOPKY CJIEAYET IIPEIBAPUTEBHO YNopadovums no
603PacmaHUlO.

Eciun runoreruueckas Qynkuusa pacupeenenus Fo(x) He gaBisiercs
HEMPEePBIBHOM, TO KpuTepuii Koamoroposa nenpuMennM. B aTom cirydae MOXKHO
BocHob30oBaThes X 2-kpumepuem ITupcona. Craructuka xKpurepus IInpcona
CTPOUTCH IIOCJIE IIPEJIBAPUTEIHLHOIO «IPYIIIMPOBAHUA» BBIOOPOYHBIX JAHHBIX.
st 9TOr0 BCE MHOXKECTBO S BO3MOXKHBIX 3HAUYEHMI CIyJailHbIX BesudnH X;
pa30uBaeTCsd HA KOHETHOE UUCJIO HEeIePeCEKAIUXC s IacTeil:

S=5USU---US,, SlﬂSJZQ),Z#]

O6o3HaTMM V; — YHCIO 3JEMEHTOB BBIOOPKN X , TOIABIINX B MHOXKECTBO
Sj, a pj — BEpOATHOCTH MOMAJAHNSA CIyJIaifHON BeJMINHBI X; B MHOXKECTBO
Sj, BBIYUCIEHHAS C MOMOINBIO THIOTETHIecKoH dyHKIMN pacupeenennsd F =
Fy. Torga B KauecTBe CTATHCTUKH KPUTEPUA X2 PaCCMATPUBAIOT CJIEILYIONLYIO
npeiokeHuyio [InpconoM Mepy OTKJIOHEHUS SMIUPUIECKOIO PACIPEIICHIS
OT IPEJIIOIAraeMOr0 TEOPETUIECKOrO:

T

(X)) =Y W. (15.5)
=1 ’

CupasemBa cJlegyomas TeopeMma, II03BOJIAIONIAA HaXOIUTH
pacIpe/ieleHie CTATHCTUKH X2  1pu OGOJBIINX 3HAYEHHAX 7, a CTAJIOo
OBbITh, M CTPOUTH CTATUCTUICCKUN KPUTEPHIi.

Teopema 15.1. Ecau eunomesa  Hy odnosnauwno durxcupyem
BEPOATVHOCTVU, P1, P2, - - -, Dr, 20e pj = P(X; € S;), mo npu swnoaneruu smot
eunomesv, cmamucmuka X2(X) caabo cxodumes x pacnpedesenuro X2_q:

2 2
X" = X,_1, N — 0.

Ilpu neevimoanenuu nyaecot eunomesv, cmamucmuka X2(X)  crodumes
NOYMU HAGEPHOE K +00.
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JIJ1s1 TIOCTPOEH s KPUTEPHUs, OCHOBAHHOI'O Ha CTATHCTUKE X2, HCIIOJIb3yeM
pacupesiesienne  X2_;, U IO HaiifeHHoMy 3Hadenuio X2(X) oTBICKHBaeM
,ILOCTHFaeMbIﬁ YPOBEHb 3HAYUMOCTU

* 2/ v
Ot =1-Fe (X(X))
110 Ta6m/me 5 pacipeneaeHusa Xu-KpaapaT WU C IIOMOIIBIO MaTEeMaTHUYICCKHUX

makeroB. B mnaxkere Microsoft Excel nocruraemsiii ypoBeHb 3HAYUMOCTHU
BBIYUC/ISIETCA (POPMYIIOH

=XU2PACII (sauetira;r-1) (15.6)

(B KauecTBe AYEHKU HAJIO IOACTABUTDL AJpeC s9efiKu, B KOTOPOW BBIYHMC/ICHA
CTATUCTUKA XU-KBaJIpaT, a 1 — 1 — 4uciao creneneii cBoGOIbI).
Torna xpurepnit [lupcona mmeeT cireryrommit BUI:

Hy < a* >a. (15.7)

BaMmeTuM, 9TO JJIsl IPAKTUIECKOIO IPUMEHEHNST DEKOMEH/IyeTCs pasbuenue
[IPOU3BOJUTH TAaKUM 00pa30oM, YTOOBI BBIIOJHSJIOCH yciaoBue np; > 10.
ITpu HapyIIeHUH STOrO yCIOBUS HyKHO 00BLEIUHUTH COCENHUE MHOMXKECTBA S;.
BeposTraocTu p; HaIo BEIOHPATH 10 BOZMOYKHOCTH PABHLIMIL.

Kpurepuit Xu-KBaJpar d€acTo HCIOJB3YIOT I IIPOBEPKH  CJIOXKHBIX
IHIOTE3 O IPUHAJIEXKHOCTH PACIIPEIEIIEHUs K HEKOTOPOMY IapaMETPUIECKOMY
cemeficrBy (HanpuMep, K HOPMaJbHOMY). IIpu 9TOM BMECTO H3BECTHBIX
BEPOATHOCTEH Pj HOJCTABIIAIOT X ONEHKH P, MOy IeHHBIC IIyTeM OIeHHBAHUA
HEN3BECTHBIX [APMETPOB paclpejiesieHns. BaKHO MOHUMATh, YTO B STOM
ciyaae upejenbHoe pacmpegenenme craructukn X2(X) yxe me Gymer
pactpejiesienreM X2, a 6y/eT 6/IM3K0 K PACIIpeIesIeHu o X2_ |, TJIe § — THuC/I0
OLICHNBAEMBIX [ApaMeTpoB (§ = 2 I HOPMAaJILHOrO pacipejeneHus). Boiee
TOYHO, NpejieibHast DYHKIMS PACIPE/IEJCHHs 3aKII0YeHa MKy (DYHKIUSIMI
pacupeesenns X2__, u X2_.

Hocruraempiii ypoBenb 3HaunMOCTH O 3aK/mOYeH Mex1Ly 1 —Fy (X2(X))

ul—Feo (X2(X)), rje § — UNCIO OIEHUBAEMBIX IAPAMETPOB.

st Toro, 4robbl MOIYyYUTH B TOYHOCTH DACIPENEJICHHE XU-KBAAPaT C
r — 1 — s creneHsME CBOGOJBI, CJleLyeT OICHUBATH HEM3BECTHBIE MapaMeTph
METO/IOM MaKCHMAJIBHOIO IIPAB/ONOA00US 110 2pYnnuposanol BHIOOPKE, HO 3TO
[IPUBOJUT, KAK IPABIIIO, K CJIOXKHBIM BBIUACIUTEIbHBIM IIPOIIELYPAM.
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§ 15.6. PemmeHnune TUMOBBIX IIPUMEPOB

IIpumep 15.4. Bapuayuonnwvili pad  ewbopku  umeem  6ud
(1; 2; 3; 4; 5; 6; 7; 8 9; 10). IIposepumv 2unomesy o pagHOMEPHOCTU
pacnpedeserus, nemenmos ewvibopku wa ompeske om 0 do 10 ¢ nomowpwro
xpumepus  Koamozoposa: walimu  peasusauuro  docmuzaemozo  YposHs
3HAYUMOCTIU U COeAamb 6bl600 0 NPUHATIUL 2UNomedv, Ha yposhaxr 0,1

u 0,01.

Pewmenne. Tlocrpoum na oguom rpaduke smnupuueckyio Fi(t) u
reoperuieckyto Fy(t) dyHkuum pacnpeseneHust.

Omnupudeckas QYHKIUsS PACIPEIEJCHUS — ITO CTyIeHdaTas (DYHKIW,
BbICOTa CTyleHbKU pasHa 1/10 B Toukax 1; ...; 10.

Teoperndeckass (YHKIUs pacnpeiesieHuss pPABHOMEPHOIO 3aKOHa Ha
orpeske ot 0 1o 10 pasHa

0, ecm t <0,
Fo(t) =< t/10, ecnm 0 <t <10, (15.8)

1, ecam t > 10.
Tak kak dyuknus pacupezpesenus Fo(t) HEIPEPBIBHA, TO MOXKHO
npumensith Kpurepuit Koamoroposa. Haitmem mo rpaduky 3HadeHnue
D,, — HaumbOJBIIYIO IO MOMIYII0 Ppa3HOCTh MEXKIY SMIUPUIECKOR U

TEOPETUIECKON (DYHKIMSIMU DPaCIpPEJIeIeHnsl. JTa PAa3HOCTh JOCTUTAETCS B
TOYKAX pa3pblBa SMOMpHYecKoil (yHKImu pacupenenennss u pasHa 1/10.
Beruncinm peasusaiuio HO0CTUraeMOro YpOBHS 3HAYMMOCTH, BCIIOMUHAS, UTO
n = 10: cornacuo (15.3),

o = Qi(_l)kﬂe—zk?nz}g ~
k=1

~ 26—0,2_26—4-0,2+26—9»0,2_26—16-0,2+26—25-0,2_26—36»0,2+26—49-0,2 ~ 0, 99997.

JocTturaemsplii ypoBEeHb 3HAYUMOCTH OKa3aJiCd OJIM3KUM K 1; 9TO O3HAYAET,
9TO HET OCHOBaHUil OTBEpraTh TI'HIIOTE3Y O PABHOMEPHOCTU BBIOOPOYHBIX
3HAYEHUN. DTy TUIOTE3Y CJIEI0BAJO Obl OTBEPTHYTH TOJIBKO B CJIydae, KOrja
JIOCTUTAEMBINl YPOBEHb 3HAYUMOCTHU OKA3aJICS OBl OJIM3KUM K HYJIIO.

B wacrtHOCTH, B Hammem cjydae BBINOJHEHO HepaBeHcTBO O > 0,1.
CrenoBaresibHO, TUIIOTE3a O PABHOMEPHOCTH nmpuHuMaeTcs Ha yposae 0,1. Tem
6oJ1ee oHa OymeT nmpuHnuMaThcsa Ha yposHe 0,01.
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IIpumep 15.5. Pewumv npumep 15.4 Oas peasudauyuy, 6v00pKy
(10; 0; 0; 10; 10; 10; 0; 0; 0; 10).

Pertenune. Ynopsaouus peaan3aliuio BEIOOPKY 110 HEYOBIBAHUIO, ITOJTY IUM
peasmzanuio Bapuaionoro psga: (0; 0; 0; 0; 0; 10; 10; 10; 10; 10). Kak u B
[peJIbILYINeM IIpUMepe, TOCTPOUM Ha OJHOM rpaduke sMuupudeckyo Ff(t) u
reoperndeckyio Fy(t) dyuximu pacupegesnenus. B ormdue or npembiiynero
npuMepa, sMmoupudeckas (DYHKIWS pPacIpeesieHnsl 3/1eCh MMeeT BCEro JIBe
crynesbkun B Toukax 0 um 10, Bbicoroit mo 5/10 = 0,5. Teopermueckast
GbyHKIMS pacipe/ie/IeHns OCTAeTCsI TON Ke caMoit u ompe/iesisieTcss (PopMyJIoit
(15.8). Buauenue D,, TOCTUraeTCsI B TOUKAX PA3PhIBA IMIMPUIECKON DYyHKIUN
pactpenestennsa u paBHdgerca 0,5. BpramcamM peamsaruio JTOCTUTAEMOTO
YPOBHS 3HAYMMOCTH:

o0
af =2 (~1)kHe D & 9pm 210057 9675 & 0, 0135,
k=1

31ech MBI B3sJIM TOJIBKO OJHO CJIaraeMoe CyMMBI, TaK KaK OCTaJIbHBIE
cJlaraeMble TOPa3i0 MEHbIIIE.

B sToM npumepe jocTuraeMmblii ypoBeHb 3HAYUMOCTH OKa3aJiCsl OJIM3KUM K
0, ¥To roBopuT npoTuB runorTe3nl Hy. B wactHocTn, 0* < 0, 1, TO ecTh rumoresa
OIHOpOIHOCTHU oTBepraercs Ha yposHe 0,1. OqHako oHa IpUHUMAaeTCs Ha boJiee
am3koM yposue 0,01, Tak kak o > 0,01.

ITpumep 15.6. IIposepumd 2unomesy o0 PABHOMEPHOCTYU HA OMPE3Ke
om 0 do 10 das e6wbopox u3 08Yyxr npedvidyuwur nNPuMepPos ¢ NOMOULBIO
xpumepua ru-keadpam Ilupcona: natimu peaausayuu docmuzaemur yposHet
3HAYUMOCTNUY U COEAATND 6616800V, 0 NPUHATIUL 2unomedv. Ha yposuar 0,1 u
0,01. Yucao npomestcymros epynnuposarus, suopams no gopmyae Cmeddiceca.

Pemrenne.
Coruacuo opmyne Cremzkeca (11.3), BEIUuCIIsIEM METYIO 9aCTh Jorapudna
110 OCHOBAHUIO 2 OT 00beMa BBLIOOPKH U MPUOABJIIEM €INHUILY:

r=[logon]+1=[log, 10 +1=34+1=4,

Tak Kak 2% =8 < 10 < 24 = 16.
Nrak, MHOKECTBO JIOIMYCTUMBIX BBIOOPOYHBIX 3HaUeHnit — orpe3ok [0; 10]
— cJeyeT pa3duTh Ha 4 MPOMEXKYTKA PABHON JIJTMHBI:

Sy =10; 2,5), Sy=1[2,5;5), S3=1[5; 7,5), Sy=][7,5; 10].
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CorutacHo HyJIEBOI rUnIOTE3€, pACIpeie/IeHne PAaBHOMEDHOE Ha OTPe3Ke OT
0 mo 10. CienoBare/ibHO, PABHBI BEPOSTHOCTH IOIAJIAHKS 3JIEMEHTa BBIOOPKU
B OTPE3KHU PABHOM JIJIMHBI:

pL=p2=p3=ps=1/4=0,25.

SHadeHus CcTaTUCTUKY Xu-KBapar [lupcona pasmmans 1jist npuMepos 15.4
u 15.5:

1) B npumepe 15.4 KoawdecTBa 3J€MEHTOB, NMONABIIMX B KAXKIBIH 13
[IPOMEXKYTKOB, PABHBI COOTBETCTBEHHO

Vi=2, Vo =2, v3=23, Vy=3.

Borauciium cratucTuky Xu-KBaapar corsiacHo dgopmydie (15.5):

T

= (v; —np))?
X2 X == _— =
H=y

(22— 10~O,25)2+(2— 10-0,25)2+(3— 10-0,25)2+(3— 10-0,25)2 — 0.4
10-0,25 10-0,25 10- 0,25 10-0,25 7

Haiinem pocturiyTeiii yposenb 3aadumoctu 1o dopmydie (15.6), ucnonbsys
dyukuio XN2PACII u noacrasiss 3aadenue 0,4 u aucio crenexeil cBoOObI,

paBHoe r —1=4—1=3:

XM2PACII(0,4;3) ~ 0,94.

Wrak, 3mecy gocturnyT yposenb 3HaduMmoctu 0,94, 4To He JaeT oCHOBaHUIL
OTBepraTh rUIoTe3y O paBHOMepHOCTH HU Ha ypoBHe 0,1 < 0,94, Hu TeM Oostee
na yposue 0,01.

2) B upumepe 15.5 KojmdecTBa 3JIEMEHTOB, HOIABIIUX B KAXKJIbLA 13
[IPOMEXKYTKOB, IPUHUMAIOT 3HAYUEHUS

Vi =35, Vo=0, v3=0, vy =35.

Kak u B myskre (1), BBIYMCJIMM CTATHCTUKY XW-KBAJpPAT U Haimem
JOCTUTHYTBIIl yPOBEHb 3HAYUMOCTHU:

T

X2()‘(’) _ Z (Vj — npj>2 _

=1 P
5-10-0,25)2 (0—10-0,25)2 5—-10-0,25)2 (0—10-0,25)2
L (B10.0257 (010025 (5-10-0.257 , (0-10-0.258
10-0, 25 10-0, 25 10-0, 25 10-0, 25
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XM2PACII(10;3) ~ 0,0186.

B stom mpumepe pocturnyT HU3KUit ypoeHb 3uadumoctu 0,0186, uTo maer
OCHOBAHUsI OTBEPraTh TUIOTE3y O paBHOMepHOCTH Ha yposme 0,1 > 0,0186, Ho
e ua yposue 0,01.

OrmernM, 9TO JIJIsi PACCMOTPEHHBIX NPUMEPOB Kpurepun Kosimoroposa
u xu-KBaspar [lupcoHa maroT MOX0XKWMe pPe3yabTaTbl — JIOCTUTHYTHIE YPOBHU
3HAYUMOCTUA JUIsi ODOMX KPHUTEPHEB OKAa3aJIUCh JIOBOJIBHO Osm3kumu. B
cily4ae, KOIJa OCHOBHAsI T'MIIOTE3a IMIPEJIIoJaraeT JUCKPETHOE PacIpeIesIeHue,
kpurepuit KosimMoroposa HenmpumeHHM, U MbI OyJeM II0Jb30BATHCA TOJIHKO
KpurepueM xu-KBajapar [lupcona.

IIpumep 15.7. Ilpu 4040 6pocanuar monemovs Brogporn noaywus Vi =
2048 ewnadenuti ezepba u Vo = n — V; = 1992  gwnadenuid pewemru.
Coeaacyemcesa AU 2IMoO ¢ 2unome3ot 0 MoM, “IMO MOHEMA NPAGUNGHAL, NPU
yposre 3navumocmu o = 0,17 C xaxum npedeavhovim yposrem 3HAYUMOCTIU
ModtCcem Ovimb NPUHAMGA IMa 2unomesa?

Pemtenne. MoxkHO cumTarh, 9TO MBI UMEEM JEJI0 CO CTATUCTUIECKON
MoZebI0 X € B,, Toe Hem3BecTeH mapaMeTp P - BEPOATHOCTH BBINAICHUS
repba. [Iposepsitemast runoreza Hp : p = 0, 5. I[lockobKy BHIOOPOUHBIE JTaHHDIE
y»ke crpynnuposanbl ( Vi = 2048 — wgmcso 3Havennit X; = 1, Vo — 9ucio
suavennit X; = 0 ), TO MOXKeM BBIYUCIUTH HAOIIOAAEMOE 3HAYEHIE CTATUCTUKY
X*:

1= PHO(Xi = 1) = 075; P2 = PHO(Xi = O) = 075;
(vi —np1)? (2048 — 2020)?

= =0, 285;
npy 2020 Y

—ape)? (1992 — 2020)2
(V2 = np2)” _ | ) _ 0, 388; x2 = 0,285 + 0,388 = 0, 673.

nps 2020
Yucao MHOXKeCTB pas3bumeHuss r = 2, [O3TOMY JOCTHUTHYTBI ypPOBEHb
3HAYUMOCTHU

XU2PACII(0,673;1) ~ 0,412.
JlocTurHyThIii ypOBEHb 3HAYUMOCTH JIOBOJIBHO BBICOK. B dacTHOCTH,

0,412 > 0,1, TO ecTb TUIIOTE3a O CUMMETPUIHOCTA MOHETHI TPUHUMAETCS Ha,
yposgre 0,1.
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§ 15.7. 3Bamaum Ijid CAMOCTOSATEJbHOI'O pPelIeHns

15.1 IIpu n=4000 He3aBUCHMBIX WuCHbITaHUN cobbiTuss Al, A2, A3,
COCTABJIAIONINE TTOJTHYIO TPYIITY, OCYIIECTBIIACH cooTBeTcTBeHHO 1905, 1015 1
1080 pa3. IIposeputb, coryiacyioTcs i 3TU JAHHBIE TP YPOBHE 3HAUUMOCTH
0,05 ¢ runoresoit Hy: p1 = 1/2, po = ps = 1/4, tne p; = P(A;). Haiitu
JOCTUTHYTHIN YPOBEHb 3HAYUMOCTH.

15.3 B skcnepuMenTax ¢ cejekimeit ropoxa Mengenb HaOIIOMAT IaCTOTDHI
Pa3/IMYHBIX BHUJOB CEMsH, IIOJYyYEHHBIX [PU CKPEIIUBAHWN PACTEHU C
KPYIJIBIMU 2KEJTHIMA CEMEHAMH ¥ PACTEHUIl € MOPIIUHUCTHIMU 3€JI€HBIMU
ceMeHaMU. DTHU JAHHbIE U 3HAYEHUS] TEOPETUIECKUX BEPOSITHOCTEN IO TEOPUU
HaCJIeICTBEHHOCTH IIPUBEJIEHBI B CJIeIyIONIell Tabniie:

Cemena Yacrora | BeposTHOCTB
Kpyruble n xkearbie 315 9/16
MopIHACTBIE U XKeJIThIe 101 3/16
Kpyruble u 3eenbre 108 3/16
MopmuancTsie 1 3ej1eHbIe 32 1/16

by n=>556 1

Cremyer npoepurhb runoresy Hy O cOriacoBaHMM YACTOTHBIX JAHHBIX C
TEOPETUIECKUMU BEPOSITHOCTAMU (Ha ypoBHe 3Haummoctu 0,1) u HaiiTu
JOCTUTHYTHII yPOBEHb 3HAUUMOCTH.

15.3 B rabaume OpHBeIEHE! WHCTIA M; YyIACTKOB paBHOi mromamu 0,25 xu>
oxkHOU YacTu JIoH0HA, Ha KasKIBII 13 KOTOPBIX TPUXOJIMIOCH IT0 ¢ MOMaIaHui
CaMOJIETOB-CHAPSIIOB BO BpeMs BTOPO# MUpOBOil Boitubl. [IpoBepuTh corsacue
ONBITHBIX JIAHHBIX C 3aKOHOM pacupejesienns llyaccona, npuHas 3a ypoBeHb
saagumoctu o = 0, 05:

7 0 1 2 3 | 4 5u Wroro
ooJiee
m; | 229 | 211 | 93 | 35| 7 1 Y¥m; = 576

15.4 KpynHasg mnapThss TOBAPOB MOXKET COJEPKATL OO JedeKTHBIX
uznenuii. TlocTaBmuk mojaraer, 9To 3ra J0Js cocrasiager 3%, a mokynareib
— 10%. VYcnosust nocrapku: ecam upm nposepke 20 coaydaitHbIM 06pazom
0TOOpPAHHBIX TOBAPOB ODHAPYKEHO He 0oJiee OMHOro JIedeKTHOro, TO MMapTusi
[IPUHUMAETCS Ha YCJIOBUSAX MOCTABIIUKA, B IIPOTUBHOM CJIydae — HA yCJIOBHUAX
nokynaresst. TpeGyeTcst onpesenuTh: 1) KaKOBBI CTATHCTUYECKHE [HIOTE3HI,
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CTATUCTHUKA KPUTEPHUsi, O0JIACTD ee 3HAYEHUI, KpUTHIeCKas O0IacTh; 2) Kakoe
pacupejiejieHne UMeeT CTATUCTUKA KPUTEPHUs, B UEM COCTOSAT OIIMOKU IIEPBOTO
7 BTOPOTO POJIa W KAKOBBI UX BEPOSATHOCTH.

15.5 Imeerca BbIOOpKa oO0bema 1 M3 HOPMaJBHOIO pacupefeseHus N 1.
IIposepsttorcst ipoctoie Tunore3sl Hy : a = 0, H; : a = 1. Ucnonb3yercs
CJTeTyOIuit KpuTepuit (IpU 38 JaHHOM TOCTOSTHHOI ¢):

Hy< X <ec

Borauciurs, B 3aBUCHMOCTH OT ¢, BEPOSTHOCTH OIMMOOK IIEPBOTO W BTOPOTO
posa.

15.6 IlocTtpouts KpuTepuii, 0018 IAONIII HYJIEBBIMI BEPOSTHOCTSIME OITHOOK,
J7s1 mpoBepku rumore3 Hy : Xe No,1 mporus Hj : X e II, .

15.7 HyCTb)? & Ng,1. g nposepku runore3 Hp :a =0 nporus Hy:a =1
ucro/b3yercs ciaepyiomuit kpurepuit: Ho npunumaercs, ecmn X,y < 3, m
OTBepraercs B IPOTUBHOM ciydae. HaiiTu BepogTHOCTH OIMHIOOK.

15.8 Ucnosp3ys KOHCTPYKIHWHM JOBEPUTEIHLHOIO WHTEPBAJA, HOCTPOUTH
Kpurepuil ypoBHs € ist ipoBepKu runoresnl H: 0 =1 | ecsu a) X e Ne,1; 6)
X e Nig; B) X € Eg; r) X e Be/2; 1) X eIl
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['1aBa 16

HO,ZI;I‘OTOBK& K 9K3aMEHY

B »sroit rmaBe comep:karcs mporpamMma dK3aMeHa I CTYJEHTOB —
3a04YHUKOB U IIPUMEPLI TEOPETUIECKUX BOIIPOCOB.

§ 16.1. IIporpamma s3K3amMeHa

1. Tlousarue BepostTHOCTH. Kitaccumaeckoe M MeOMETPUIECKOE OIIPEIeICHIUsT
BeposiTHOCTH. (CBOICTBa BEPOATHOCTH: JOIOJIHEHWSI, BKJIIOUEHUSI,
00'beIMHEeHUS.

2. YcnoBuasa BeposTHOCTb. llomHas rpynmna cobbituii. PopMysia MOJHOI
BeposTHOocTH. Popmysta Baiteca.

3. HesaBucumbie cobbitus. HezaBucumble ucnbitannsi. Cxema Beprysmm.
®opmyna Beprymm. Teopema Ilyaccona.

4. JluckpeTHbIe cJrydaiiubie BEJIUINHDI. Psn pacripe/iesieHus.
BIPOXKJICHH HYJITTHEBCK MHOMUAJIHH I HOBCK
Bripoxxaennoe,  Ge eBCKOe, OHMHOMUAJIBHOE, aCCOHOBCKOE
pacnpenenenus. Qopmysia mocaeTa BEpOATHOCTEI.

5. A6coioTHO HempepbIBHBIE pachpeenenus. [IJI0THOCT pacipe/ieieHust.
HopwmanbHoe, paBHOMEPHOE, TTOKA3aTEIHHOE PacCIpeiesIeHne.

6. @yuknus pacupejeiennsi. BeposiTHOCTH TONAJaHUsI B HWHTEPBAJ U B
touky. CpoiicrBa pyHKIUU pacipejieierns u ee rpaduk. Hesapucumbie
cJIy9daiiHble BEJIMYIMHBI, UX CBOWCTBA.

7. MartemMaTndeckoe O:KUJaHNIe, €r0 CBOMCTBA, POPMYJIBI IJIsT €r0 MOACIETA.
MowmenTnl, TeopeMa O CyIIeCTBOBaHUM MOMeHTOB. Jlucmepcus u ee
CBOMCTBA.
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10.

11.

12.

CxomumocTh 10 BepositHOocTH. HepaBencrBa MapkoBa u UeObliieBa.
3akon 6oabmux yuces Jedbimesa n ero ciaeactsud. CXoAuMOCTb IIOYTH
HaBEpHOE, €€ CBOMCTBA. YCUIEHHBIN 3aKOH O0IbmuX dnces KoaMoroposa.

IenTpaspnas npeaenrsaas Teopema. Teopema Myaspa — Jlamiaca.

[Tousstue BBIGOpKU. Bapuarumonnsiit psig. Dmoupudeckas GYHKINAS
pacnpenesnenus. ['ncrorpamma. Beibopodnbie MOMEHTBI U X CBOHICTBA.

Samaga OIEHHBAHWS HEM3BECTHBLIX IapaMeTpoB. HecMereHHoCTb,
COCTOSAATEIbHOCTD, CHJIbHAS  COCTOATEILHOCTH. MeTom  MOMEHTOB.
Teopema O CHJIBHOW COCTOSITEJIBHOCTH OIIEHOK METOIOM MOMEHTOB.
MeTo/1 MaKCHMAJIBLHOTO TIPABIOIOI00MSI.

IIpoBepka rumore3, OCHOBHBIE IIOHATHS. KpuTepum CoOTrJIacus
Kommoroposa, xu-KBagpar.

§ 16.2. IIpumepbl 3K3aMeHAITMOHHBIX BOIIPOCOB

Kazx 1prit 9K3aMeHAIMOHHBIN OUJIET COIEP?KUT YETHIPE BOIIPOCA, ITO0 Y€THIPEM

TeMaM Kypca: 3JIEeMEHTapHas TeOpHsi, CJIydailible BeJIUINHBI, IpPEIe/IbHbIE
TEOPEMBI, MATEMATHIECKAs CTATUCTUKA. BUjIeT BKJIIOYAET JBa TEOPETHIECKUX
Bollpoca ® JBe 3amaud. Jljisi oTBera Ha KaXblii U3 TEOPETHIECKUX
BOIIPOCOB, KaK IIPaBuUJjIO, TpeOyercs 3HaHWe HECKOJIbKHUX aparpadgoB Kypca.
DK3aMeHAIMOHHBIE 38a9H TOJ00HBI 3a1a9aM KOHTPOJILHON paboThI.

Hike npuBeieHbI IpUMePHI TEOPETUIECKUX BOIIPOCOB.

Kiraccuueckoe omnpejiesienne BepostHocTH. ONPEEUTh BEPOATHOCTD
KaXKJI0# 13 mepecTaHoBOK N dwucelr.

Popmyita oHOM BeposiTHOCTH U hopmysia Baiteca jj1st OJTHOM TPy,
COCTOsAIIEH U3 COOBITUS B U ero oTpuIiaHus.

Ciyuaiinasi BeJnvuHa ¢ OMHOMHUAJIBLHBIM DACIPEJIEIEHAEM, TOCIeT ee
MaTeMaTUIeCKOI'O OKUJAHUA U JINCIEPCUH.

PaBromepnoe pacnpejniesienne. BBIYUCIUTE MOMEHTBI — CIIydaiiHOM
BEJINYMHbI, PACIIPEIEIEHHON paBHOMepHO Ha orpeske [0; 6].

CroificTBa CXOIMMOCTH ITOYTH HABEPHOE. YCHJIEHHBIN 3aKOH OOJIbIINX
qucesi, ero rpadudeckas WHTEPIPETAINs: [MOBEIEHUE CPEIHEero u3 mn
HE3aBUCHUMBIX CJIyYalHBIX BEJIMYUH C POCTOM 7.
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6. llenTpaspHas npernenbHas TeopeMa, ee rpaduyeckas WHTEPIPeTAIus:
npubsmKenne GYHKIUA — PACIPEIeseHns HOPMHPOBAHHOM  CYMMBI
HE3aBUCUMBIX CIyJailHbIX BesimanH K yHKimu Jlamraca.

7. HecmemneHHOCTD, COCTOSTENBHOCTD, CHJIBHAS COCTOSITEIBHOCTH OIEHOK.
Jokazarh, 9TO BBIOOPOYHOE CpeliHee M3 pacupejienennss bepmymmm —
CUJIBHO COCTOSITEJIbHASI OIEHKA JIJIsI [TapaMeTPa PACIIPEIe/IeHIS.

8. Meronm momeHTOB, mpuMepbl. TeopeMa O COCTOSITETLHOCTH OIEHOK
MeronoM MomeHToB. Haiitu onenky napamerpa 8 < 1/2 mo Boibopke
CJIy9alHBIX BEJUYINH, MUHAMAIOMNX 3HadYeHusi 1 u -1 ¢ BepOATHOCTSIMU,
paBabiMu 0, u sHadenne 0 ¢ BepoaTHOCTHIO 1 — 26.
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[maBa 17

KonTpoJsibnast pabora

B sToit 1yiaBe UpHBEAEHBI 3aJIaHUS KOHTPOJIBHOUW pPabOTBI 10 TeopHH
BEPOSITHOCTEH U MaTEMATHIECKON CTATUCTHUKE. BBIIOIHATH KOHTPOJIbHBIE
3aJIAHUS CJIEJYET B COOTBETCTBHUU C BADUAHTOM, HOMEDP KOTOPOI'O COOTBETCTBYET
[IOCJIEMHUM JIBYM ItndpaM yaeOHOro mudpa CTymaeHTa.

Bapwuant | Ilocienaue nse mudpsr || Bapuanr | Ilocienuaue npe nudpsr
1 01 31 61 91 16 16 46 76
2 02 32 62 92 17 17 47 77
3 03 33 63 93 18 18 48 78
4 04 34 64 94 19 19 49 79
5 05 35 65 95 20 20 50 80
6 06 36 66 96 21 21 51 81
7 07 37 67 97 22 22 52 82
8 08 38 68 98 23 23 53 83
9 09 39 69 99 24 24 54 84
10 10 40 70 00 25 25 55 85
11 11 41 71 26 26 56 86
12 12 42 72 27 27 57 87
13 13 43 73 28 28 58 88
14 14 44 74 29 29 59 89
15 15 45 75 30 30 60 90
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KouTpoJsbHBIE 3a1aHUA

Bapuanut 1

1. VI3 Tabsuisl crydailHbIX dmcesl Hayra BhIOpaHbl aBa duciaa. CobbIThst
A u B coOTBETCTBEHHO O3HAYAIOT, YTO BHIOPAHO XOTs ObI OJHO IPOCTOE UHCJIO
1 XOT4 OBl OJIHO YeTHOe 4ucJo. dro ozHadaior cobuitus AB u AU B?

2. VI3 KOp3uWHBI ¢ TATHIO KPACHBIMU SIDJIOKAMU U YETHIPbMSI 3€JIEHBIMU
Gepyrcst (6e3 BozBpamienus) Haygady tpu abioka. C Kakoil BepOATHOCTBHIO
CpeJiu 3TUX Tpex s0JIOK: a) POBHO JIBa 3€JIeHBIX, 6) XOTs1 ObI ONHO KpacHoe?

3. Momonioit 4e10BeK JIOTOBOPHUIICS BCTPETUTHCA C AeBYIKO# Mexkay 9 m 10
qacamu u obemas xkaarh eé 1o 10 gacos. [eBymka obemasia kaaTh ero 10
MUHYT, €CJIU IpUIeT paHbire. HailTu BepoOSTHOCTH TOrO, ITO OHU BCTPETATCH.
IIpenmonaraercs, 9T0 MOMEHTHI UX IIPUX0/Ia PABHOBEPOSTHDLI B TE€UEHUE TACA.

4. Tlpu nepegaue rexcra B cpegaeM 5 % OyKB UCKaXKAETCA U IPUHUMAETCS
umeBepHoO. [lepenano cimoBo u3 6 6yks. KakoBa BeposiTHOCTH TOTO, 94TO BCe OyKBBI
cjoBa OyayT npunaATH npaBuibHO? [Ipeamosaraercs, 9To OyKBBI HCKAYKAIOTCS
HE3aBUCHMO JPYT OT JIpyra.

5. B Tupe nmeerca 6 omMHAKOBBIX Ha BUJT py2Keil. BeposaTHOCTD TTOTatanus
B MUIIEHb I ABYyX n3 Hux 1mo 0,9, mra tpex mo 0,8 u g omaoro 0,3. Kakosa
BEPOSITHOCTb TOT'O, UTO CTPEJIOK IOTA/IET B MUIIEHb, €CJIN OH BHIOUPAET PyKbe
Haymauy? KakoBa BEpOSITHOCTD TOTO, YTO OBLIO BEIOPAHO PY2Kbe, JIJIsi KOTOPOI'O
BEpOSITHOCTH Tonaganus 0,3, TP yCJIOBHH, ITO CTPEJIOK HOMAJ B MUIIEHD?

6. BepogarnocTs nonamanus B MulieHb paBHa 0,6 Mpu KaKJI0M BBICTPEJIE.
Crpenbba BeJeTcst OIMHOYHBIME BBICTPEIAME JI0 TIEPBOT'O IONA aHUs, TIOKa, HE
Oymer m3pacxojoBaH Ooesarmac. Haittu psiy pacnpeseseHus, MaTeMaTUIeCKOe
OXKWJIaHUE W [UCIIEPCUIO0 YNCJIa IPOM3BEJEHHBIX BBICTPEJIOB, ecjIu Ooe3amnac
cocrasisier 3 equauIpl. [locTponTs rpaduk OYHKINN PACIIPEIETECHUS .

7. Ciy4daiinas BetuauHa & UMeeT TPEyroJibHOE pacipejenenue. [L1oTHOCTh
pacIIpe/ieJIeHIsI paBHA

| Az mpu0<x <6,
fla) = 0 upu z & [0; 6.

Haiitu woadpdurment A, MareMaTHIecKoe OXHUJIAHME U CTaHIAPTHOE

orkjonenue. Haiitu BeposTHOCTL Toro, uro § > 6/2. Haueprurs rpaduku
IUIOTHOCTH paclpeiesieHns U DYHKIUKA PACIIPE/IEIEHUS.
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8. CocraBuTh TAOJUIy COBMECTHOTO PACIPEIEJICHUS YUCJIA BBITABIINX
€JIMHUIL ¥ YHCJIa BBIIABIINX IIIECTEPOK IIPUA OJIHOM IIOAOPACHIBAHUN UI'PAJIBHOMN
koctu. Halitn koadduimenT Koppeasun MexK 1y HIMH.

9. YyacTHuUK JioTepen OpocaeT wurpajbHyl0 KocThb 10 pas. YdacTHUK
[IOJIyIaeT IEHHBIH TIP3, ecau cyMMa 09KoB 6osibIie 50. OneHuTh BEPOSTHOCTD
[TOJTy9eHUsI TIEHHOTO TIPU3a.

10. Hdyst Bei6opku (X1, X, ..., X;,) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacnpeniesierns: f(x) HafiTu onesku mapamerpa 6 > 2 1Mo mepBoMy MOMEHTY
U METOJIOM MAKCHUMAJBHOTO IMpaBonopobus. IIpoBepuTh coOCTOATEIHHOCTD
[OJIYYEHHBIX OIEHOK. [IJIOTHOCTE pacipese/ieHus paBHa

B2~ C+)  mpum & > 1;
fz) =
0 mpmax <1.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIECICHUS C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pacmupeeiennd. llogcraBiss
BMECTO HEM3BECTHBIX IIapAMETPOB UX TOYEYHBbIE OIIEHKH, 3aIICATh BbIPDAXKEeHUE
JUIS OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPDAMMY C IIArOM, DaBHBIM CpEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

0,78 1,26 1,8 2,11 0,01 1,35 2,05 0,76 1,65 1,61 0,12 2,03 1,07 1,10
3,06 0,38 0,64 1,63 0,54 2,65 0,82 1,21 0,73 1,99 244 0,93 0,47 0,88

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y 0 TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pacnpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHAMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe goepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,46 0,68 0,59 1,97 1,03 0,62 0,89 1,93 0,88
1,66 1,34 1,99 0,59 0,00 0,46 1,48 1,35 1,74

Bapuant 2
1. U3 mabuipl ciaydaifHbIxX quces Hayaady B3ATO ogHO ducyio. Cobbitue A

— BBIOpAHHOE YHCJIO JEJIUTCS Ha 5; coObITHe B — maHmoe 9ncjio OKAHIUBAETCS
HysieM. Yro oznavaror cobbrtust A\ B u AB?

2. B ksagpar ¢ sepumuamu (0,0), (0,1), (1,0), (1,1) maymaay Gpomrena
rouka. [Iyers (X,Y) — ee koopmunarer. Hafitn P(max{X + 3Y, Y} < 1/2).
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3. Bpocafor 3 urpasbabie KocTu. KakoBa BEpOSATHOCTH TOTO, UTO HA HUX
BBINAJIET PA3HOE YUCJIO OUYKOB?
4. DyeKTpUYecKas LEeNb COCTOUT U3 3JIEMEHTOB Aj, COeIUMHEHHBIX II0
CJIeAYIOLIEH cXxeMe:
o)

BeposiTHOCTB BBIXOJIa U3 CTPOsT KaxKioro 3jemeHta Ay pasaa 0,02.
IIpennonaraercs, 9T0 3JIEMEHTHI BBIXOAT U3 CTPOS HE3ABUCUMO JIPYT OT JIPYTa.
Haiitu BeposiTHOCTH TOTO, 9TO TIeNh Oy/I€T IPOIYCKATH TOK.

5. OIuHAKOBEIE JIeTaIH MOCTYIIAIOT Ha cOOPKY C Tpex aBTOMATOB. llepBoit
apromar gaet 20 %, sropoit 30 %, tperuit 50 % Bcex gerasieil, HEOOXOIUMBIX
mias cbopku. Bpak B IpOAyKIMM IepBOro apromara cocTapiaser 2,5 %,
Broporo — 2 %, tperbero — 2,5 %. HaiiTu BepOATHOCTH IIOCTYILICHUS HA
c60opKy OpakoBamHOi meTayu. HaiiTH BepoATHOCTH TOrO, UTO OKA3aBIIASCH
OpaKOBAHHOM JeTaJIb H3rOTOBJICHA Ha IEPBOM aBTOMATE.

6. Ilo wmwumeHn OJHOBPEMEHHO CTPEJSIOT TPHU CTPEIKA, BEPOATHOCTH
MOMAJAaHuil KOTOPBIX paBHBI coorBercTBeHHO 0,55, 0,6 mw 0,65. Haittu psn
pacipejiesieHusi, MaTeMaTUIeCKOe OXKUJIAHUE U JUCIIEPCUI0 YUCJIa TOINaIaHuit
B MuIeHb. [locTponTs rpaduk GpyHKINN paclipeseaeHus.

7. Pacmpenenenne Ilapero mnpub/IMAKEHHO ONUCHIBAET paCIpeIeIeHne
J10x0/10B (busmaeckux Jjmir. [IIoTHOCTD pacipe/ieenust paBHa

A
_ | & mpuz>6;
)= 0 mpuzx <6.

3mec 0 > 2, 0 > 0 — mapaMeTpsl pacipejesienus, A — HOpMHUDPYOIIast
koHcTanTa. Hafitu koncranty A. BerawmcanTh 3nHadenue mapamerpa O, mpu
KOTOPOM MATEMaTHIECKOe OXKUJIAHUE MPEBOCXOIUT 3HaUYeHue mapamerpa 0 B
3 paza.

8. IloxbpachiBatoTCss TPU CUMMETPUYHBIX MOHETBI. COCTaBUTH TaOJIUILY
COBMECTHOTO PACIPEJIEJICHNsT KOJIMYECTB BBIMABIINX TepOOB Ha TPEX MOHETaX
U Ha MEPBLIX ABYyX MoHeTax. HailTu koaddUuImeHT Koppeasiun MexK 1y HUMU.

9. Bpemst oxujianust moesga METpO 3a OJIHY HOE3JIKYy MMeeT PaBHOMEDPHOE
pacmpepeiienre Ha orpe3ke or 0 j1o0 5 muHyT. OIEHNTH BEPOSITHOCTH TOTO, UTO
CyMMapHOe BpeMs oXKujtanus 3a 30 M0e3/I0K OKaXKeTcd MeHbIe 1,5 9acoB.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupeejieHus ¢ NJIOTHOCTHIO
pacupenienierns: f(x) Hafitu onenku mapamerpa 6 > 0 mo BTOpoMy MOMEHTY
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U METOJIOM MAaKCHMaJIbHOro mpasiononobus. IIpoBepurh cocTosTeIbHOCTD
[IOJIy9eHHBIX OIleHOK. 11sioTHOCTD pacupesesenns paBHa
2
fla) = %””e_w /9 pu x > 0;
0 mpmazx <O0.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIPEJEJIEHNs C HEM3BECTHBIMU
mapaMmerpamu. HaliTm onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOYEeYHbIE OIIEHKH, 3allUCaTh BbIDaXKeHHUe
Ui OIEHKHW TIJIOTHOCTH pacmupenesenusi. [loctpouts Ha omHOM rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEIECHUS.

2,06 0,80 0,32 3,31 1,12 3,29 3,87 2,65 2,01 2,65 1,19 -0,85 4,07 1,23
3,38 5,17 1,61 2,20 5,41 1,22 1,89 2,02 3,17 -1,02 2,73 1,10 3,87

12. Ilo xpurtepuio KosmMoroposa npoBepuTh I'UIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMepHOe pacupesesierne Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta TUmoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

0,24 1,25 0,87 0,54 0,48 1,20 1,79 0,62 0,75 0,55
0,46 1,02 1,71 1,91 0,83 0,99 1,46 1,09 0,94

Bapuant 3

1. Cobbitne A — x0Tsi OB ONHO W3 HUMEIOIINUXCS YEThIPEX W3/IeJIHi
OpakoBaHHOe, cOObITHE B — OpaKOBAaHHBIX U3JEINN Cpeiil HUX HEe MeHee JBYX.
Yro 03HAYAIOT MPOTUBOMOJIOKHBIE cOObITUsT A 1 B?

2. B xBagpar ¢ sepumuamu (0,0), (0,1), (1,0), (1,1) maymaay GporeHa
rouka. [Iyers (X,Y) — ee koopmunarer. Hafitu P(max{2X,Y} < 1/3).

3. B crynenyeckoii rpymme 15 fomorreit u 10 geBymek. Ha yuuBepcureTckumii
OPa3HUYHBI Oajl IPyIa IOJYyYrsia TOJBKO 2 MPUIVIACHTENbHBIX Ouiiera,
KOTODPBIE Pa3bIrPBIBAIOTCS 110 Kpebuio. KakoBa BEposATHOCTH TOro, 4TO Ha OaJI
MoMaJyT I0HOIIA U JEeByIIKa?

4. Pabounit obciykuBaeT 4 cTaHka, pabOTAOMMX HE3ABUCUMO JPYT OT
apyra. BepositHOCTb TOTO, 9TO B TeueHUe Yaca CTAHOK HE MOTPeOyeT BHUMAHUS
pabodero, paBHa iy nepBoro cranka 0,6, mrs Broporo — 0,8, mjist Tperbero
— 0,9, myis gerBeproro — 0,7. Haiitu BeposgsTHOCTH TOTO, ITO XOTs OBl OJUH U3
CTAHKOB B Te€UEHHE Yaca He moTpedyeT BHUMAaHUA pabotero.

171



5. Cranok obpabarbiBaer 2 Buja jerajeir A u B, upuyem Bpemsi pabOThI
pactpesienisiercss MexKay HuMU B cooTHomtennun 1:4. IIpu obpaborke merasn
Buga A oH paboraer ¢ MaKCHUMAJBHON I HEro Harpyskoit B tedenme 70 %
Bpemenu, npu obpaborke gerasm Buga B — 50 % Bpemenn. B ciygaitnbrii
MOMEHT BpPEMEHH CTAHOK paboTaj ¢ MaKCUMAJBHON Harpyskoil. Omnpejenntsb
BEPOSITHOCTDH TOT'0, YTO B 3TO BpeMsi OH obOpabarbiBaJ jleTajb Bujga A; Buga B.

6. BeposiTHOCTB MO 1aHmst 6ACKETOOJIBHOTO MsT9a B KOJIBIIO IIPU OPOCAHUHN
HAYUHAIOIMM CIIOPTCMEHOM paBHa 1/4. Msa 6pocaioT 70 IepBOro monaiaHmus,
HO maiorT He Oosiee 4 mombiTok. HaiiTm psim pacrpeenieHus, MaTeMaTuIecKoe
OXKUJAHUE U JIUACIIEpCHUIo |ucjaa mpomMaxoB. lloctpouth rpaduk GyHKIUN
pacipeiesieHus.

7. CkKOpoCTh Temexoja Ha AUCTAHIUA B 1 KM $BJISETCH CJLydIaifHON
BEJIMYMHON, PABHOMEPHO PACIIPEIIEJICHHON Ha OTpe3Ke OT 2 KM/9 70 4 KM/4.
Haiitu maremaTnyeckoe 0XKHJaHWE U CTAaHJIAPTHOE OTKJIOHEHWE BPEMEHH,
3aTPAYEHHOI0 Ha IIPeoIoJieHne JucTaniuy. HaliTu BepogTHOCTb TOrO, YTO ITO
BpeMs [IPEBBICUT 24 MUHYTHI.

8. B rpymme u3 25 cTyAEHTOB TOIBKO JIBOE€ M3YYAJHd B MIKOJE MOJAJIHHYIO
JIOTHKY, ¥ UMEHHO OHHU IIOJIyYHJIM OLEHKY «bH» Ha 3K3amene. I3 ocraybHBIX
crygeHToB 10 desoBek mosiydusd OneHky <«4», 10 dYejoBeK — OIEHKY
«3», U 3 CTyIeHTa TOIydmin <«JABOWKn». COCTABUTH TAOJIMILY COBMECTHOTO
pacmpejieJleHds OIEHKN Ha 3SK3aMeHe W WHJINKATOpa W3YYeHHs MOJAJbHOU
JIOTMIKHY JIJTsi BHIOPAHHOTO Hayaady cryaenta. Haiitu koaddunment koppesrsinun
MEXKTy HIMH.

9. Hucsio onevyaTok Ha CTpaHHIle KHUIH nMeeT pacipeesnenue [lyaccona c
mapameTrpoM 2. Haiitu mpesennl, B KOTOPBIX ¢ BePOATHOCTHIO (0,9 JIeKUT 9ncyio
omevyaTok B kKaure 3 400 cTpanuir.

10. Hdyst Bei6opku (X1, X, ..., X;,) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacupenienierns f(x) Haiitu onenku mapamerpa 6 > 0 mo TpeThbeMy MOMEHTY
U METOJIOM MAKCHUMAJBHOTO IpaBono1obus. IIpoBepuTh coOCTOATEIHHOCTD
[TOJIy9EeHHBIX OIEHOK. [[JIOTHOCTD pacipesieieHns paBHa

)= { e pwa >0

0 mpmazx <O0.

11. Jana BbIOOpKa K3 HOPMAJIBHOI'O DPACIPEEsIEHNUsI C HEM3BECTHBIMU
mapaMmerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiisis
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIEHKH, 3allUCATh BbIDAXKEHHNE
Ui OIEHKHW IJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOoM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEJICHUS.
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7,61 3,33 7.35 3,05 2,54 1,91 1,77 2,92 5,95 2,31 0,27 5,12 6,60 -1,58
542 5,67 6,28 -0,09 2,74 2,45 1,11 6,97 -1,59 -1,41 2,69 4,99 7.24 1,75
4,76

12. ITo kpureputo Kosmoroposa mpoBepuTh rumoresy O TOM, 9TO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,49 1,42 0,61 2,00 0,59 0,58 1,18 1,58 1,01 0,57
0,05 0,25 0,17 1,30 0,52 0,91 0,84 1,66 1,24

Bapwuanut 4

1. Momnera noabdpacbiBaeTcs TpHU pas3a mojapsia. IlocTpouTh mpocTpaHcTBO
aJIeMeHTapHbBIX ucxo10B 2. Onucars cobbiTue A, cocrosinee B TOM, YTO BBIIAJIO
He MeHee JIByX repboB.

2. B xoMmanunm u3 Tpex 9esIOBEK PEIWIN CAETIATh IPYT APYTY MOJAPKU, JJIs
qero KarKJIbIl IpUHeC ToJIapoK. Bee mojgapkm cIoKWIm BMeCTe, TepeMentaTn
7 CJIIyYailHO pacupesesui CPen YIaCTHUKOB. HallTu BEpOATHOCTH, UTO XOTH
OBl OJIVH IOJIJAPOK BEPHETCS K CBOEMY BJIAJIEJIBILY.

3. Ha numneiike amunoit 20 cMm ciy4daiiHo cieianbl j1Be Hacedkn. KakoBa
BEPOSITHOCTD TOTO, UTO TIePBasi OKAXKETCs JAJbIe OT HAYaJIa He MeHee, YeM Ha
5 cM, TI0 CPABHEHUIO CO BTOPOIi?

4. [Heramu mupoxomasT Tpu omnepainumu obpaborku. Ha waxkmoit wu3s
omeparuii MOXKEeT BO3HUKHYTh OpaK HE3aBUCHMO OT OCTAJIbHBIX OIePAIlnil
¢ Beposgraoctamu 0,02, 0,03 u 0,035 coorBercTBeHHO. HailTu BeposTHOCTD
TOJTyIeHnsT HeOPAKOBAHHON JIeTaJIH.

5. BeposiTHOCTH TOTO, 9TO U3/IE/IME YIOBJIETBOPsIET CTaHaapTy, paBua 0,95.
Ha zaBome mpunsTa cucremMa m3 TpeX HE3aBUCUMBIX HCIBITAHUN, KaxKI0€ W3
KOTOPBIX W3JIeJIie, YIIOBJIETBOPSIONIEE CTAHIAPTY, [IPOXOINUT C BEPOSATHOCTHIO
0,8, a meymoBIeTBOPLAIONIEe — ¢ BepodTHOCTHIO (0,3. KakoBa BepOATHOCTH TOTO,
9TO HAyJIady B3dTOE WM3JIeJIHe BbLIEPXKUT HCIbITanus! KakoBa BepOSTHOCTD
TOrO, 9TO U3JIeJINe, BBIIEPXKABIIEE UCIBITAHNS, YIOBIECTBOPIET CTAHIAPTY !

6. BeposiTHOCTH M3rOTOBJICHNST HECTAHIAPTHOTO U3/IEJIUS [IPU HAJIA2KEHHOM
TEXHOJIOIMIECKOM IIPOIecce I0oCcTosHHa 1 paBHa 1/5. Jjisa npoBepKu u3e/uii
OTJIEJI TEXHUIECKOT0 KOHTPOJIsI O€peT U3 MapTUU U3/e/Ids OJIHO 3a JPYTUM, HO
ne 6ostee 3 u3aenuit. [Ipu obHApPYKEHUN HECTAHIAPTHOTO U3JIEJUs BCs TAPTUT
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3asep:xuBaercd. Haiitu psig pacupenesieHnsi, MaTeMaTUYeCKOe OXKHUJIAHUE U
JUCIIEPCUIO YUCJIa U3JEJNil, IPOBepsieMbIX B Kaxkjoil mnaprtuu. llocTpouts
rpaduk QYHKIUN pacIpeIe/IeH s

7. Momuocts W, BbIzensieMasi HA CONPOTHUBJIEHUH [, BBIUUC/ISAETCS TI0
sagkonmy W = RI? tme I — cuma Toxa. Ilpeamosmaraercs, UTo cmIa TOKa
pacmpe/iejiena paBHOMEPHO Ha OTpe3Ke oT 1 7o 2 ammep. Hailitm mrorHOCTD
pacupeniejieHuss U MaTeMaTHYeCKOe OXKUJIAHWE MOIIMHOCTH, BBIIEIsIeMOil Ha
conporusjieand B 1000 Om. HaiiTu BeposiTHOCTB TOr0, YTO MOITHOCTD IIPEBBICUT

2 xBr.

8. B mayunom otese 3 maboparopun. B nepsoii taboparopun 4 cOTpyTHUKA
U 2 HCCJIeIOBATEbCKUX IIPOEKTa, BO BTOPOil 6 COTPYJIHMKOB M 1 IPOEKT, B
TpeTheil — 3 coTpymHuka um 2 mpoekTa. HaliTu coBMecTHOe pacmpeiesieHne
quCcia COTPYIHUKOB W 9UHCJIA MPOEKTOB B BHIOPAHHON Hayldady JiabOpPaTOpPUM.
Haiitu koaddurimenT Koppesasium MexK 1y HIMH.

9. Mapmpyr pazbur #a 900 yuactkos. [lorpemuocTs u3mepenuit yImHbI
KayKJIOTO U3 HUX pacupeieieHa MO0 HOPMAaJbHOMY 3aKOHY C HYJIEBBIM CPEJTHIM
U CTAaHJAPTHBIM OTKJIOHeHHeM b5 MerpoB. HailTm, B Kakux mpemesiax JIEXKHUT
CyMMapHas IOIPENTHOCTE C BeposaTHOCTHIO (0,95.

10. dyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacnpeniesierns: f(x) Hafitu onenku mapamerpa 6 > 0 o mepBoMy MOMEHTY
U METOJIOM MAKCHUMAJbHOTO IMpaB/omo1oous. IIpoBepuTh coCTOATEIHHOCTD
[TOJIy9€HHBIX OIEHOK. [[IOTHOCTD pacipesieieHns paBHa

1 —\/z/0 .
Flz) = Tz ¢ v/ upu z > 0;

0 mpumax <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiisis
BMECTO HEM3BECTHBIX IIapaMETPOB UX TOYEUYHBIE OIIEHKH, 3aII1CATH BbIPDAXKEeHUE
JUIS OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

-1,70 -0,72 -4,46 -3,24 242 -1,70 -1,24 -0,07 6,20 2,67 1,80 0,26 9,61
2,51 1,44 -3,65 5,50 4,17 -2,06 7,48 2,60 7,61 2,54 9,77 9,67 7,36 7,86
11,22 3,38

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesierane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
MIPUHUMAETCS JIX 3Ta Tunore3a Ha ypoBHe gosepus (0,1; Ha ypoBHe HoBepus
0,01; ma yposne mposepus 0,001.
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1,60 1,44 0,70 1,33 0,74 0,61 1,03 1,25 0,85
0,81 1,04 0,76 0,80 1,55 1,61 0,82 1,70 1,63

Bapuant 5

1. UrpasbHasi KocTb mojdpachiBaercss jBa pasa mnoapsia.  Omnucarb
[IPOCTPAHCTBO dJIEMEHTAPHBIX MCXOA0B ). Onucarb cobbiTue A, cocrosiee B
TOM, 9TO XOTs ObI OJIUH Pa3 BbINaJa eJUHUIA, coObITHe B, cocrosimee B TOM,
YTO CYMMa OYKOB, BBIMABIIUX IPH IIEPBOM U BTOPOM TOJA0PACHIBAHUHT, HEYETHA.

2. B maxmaTtHOM TypHEHpE yuacTBYIOT 10 UeJ0BEK, KOTOPhIE PA30MBAIOTCS
Ha mapbl o kKpebmro. KakoBa BepOATHOCTH TOrO, 9TO BA CAMBIX CHUJIBHBIX
[MAXMaTHUCTa, MOTATYT B OJHY APy’

3. B Kpyr eq@HUYHOrO pajamyca Hayuady OpomeHsl naTh Touek. C Kakoii
BEPOATHOCTBIO PACCTOSHAE OT TPAHUIIBI KPYTa J10 OJIMzKaiiIell TOIKN OKazKeTCst
He MeHbIe 1/37?

4. DyeKTpUYecKas LelNb COCTOUT U3 3JIEeMEHTOB Aj, COeIUMHEHHBIX II0
CIeyIomell cxeMe:

BepositHocTh BhIXOJI2 U3 cTpost daemenTa Ay pasna 0,1. Ilpeanosaraercs,
9TO 3JIEMEHTHl BBIXOJIAT W3 CTPOd HE3aBUCHMO Jpyr oT japyra. Haittn
BEPOSTHOCTB TOTO, UTO TIelh He OYIeT MPOITyCKATh TOK.

5. Ha cbopky mocrymnator meranaum ¢ AByX aBTOMaToB. llepBbiit aBTOMAT
maer 80 %, a Bropoit 20 % Bcex meraseil, HEOOXOIUMBIX I cOOpPKH. Bpak
B IIPOJYKIMN IIEPBOrO aBTOMaTa cocrasjser 1 %, a sroporo — 4 %. Ilerann,
U3rOTOBJIEHHASI aBTOMATOM, OKal3aJsach OpakoBaHHON. KakoBa BepOSTHOCTH
TOrO, 9TO OHA M3TOTOBJIEHA HA IIEPBOM aBTOMATE?!

6. BeposiTHOCTL OTKaza cepBepa IpU  KaXKJIOM W3 HE3aBUCUMBIX
MOJIKJTIOYEeHnit ¢ momorpio MozgeMa paBaa 0,3. IlomblTkum moakioveHMsT
MIPOU3BOMATCS JI0 YCTAaHOBJIEHWS CBaA3U. HaiiTu psj — pacmpeesieHus,
MaTeMaTUIeCKOe OXKWJIAHUE U JIUCIIEPCUIO0 YHC/Ia MTPOU3BEIEHHBIX IIOMBITOK
MTOJIKJIFOYEHNSI, €CJU YHCJIO TOIMBITOK OIPAHWYEHO dYeThipbMs. llocTponTh
rpaduk QYHKIUH PACIpPE/IeICHHS.
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7. BakoH Pajiest ¢ IIOTHOCTBIO paciipe ie/ileHust

) = Axe="/(20%) upu x > 0;
N 0 mpumazx <0

B psjie CIy4YaeB OINUCBIBAET PACIpEJeIeHHEe CPOKA CJIy>KObl 3JIEKTPOHHOI
anmaparypbl. Haiitu ko3ddunmenr A, MareMaTHdeckoe OXHUIAHUE U
mucriepenio.  (Pexomenjyercss  MCHOJB30BaTh  TabJUIBL  ONPEIEJIEHHBIX
MHTErpaJos).

8. Ha 4 kaproukax wnammcanbl nudpsl or 1 g0 4. Hafitu coBmecTHOE
pacupeiejieHne 9UHC/Ia, HAIMCAHHOIO HAa BBIODAHHON Haydady KapTOdKe, U
WHIAKATOPA TOrO, YTO 3TO Yucjo detHoe. Haiitn xkoaddumnment koppesrsnun
MEKJIY HIMH.

9. KosmyecTBO BOBI, PACXOLYEMOE YKUTEJISIMUA OJHOW KBApPTUPHI B CYTKH,
AMeeT TOKa3aTeIbHOe paclpefiesienne co cpegauM 3HadenneMm 100 JjmTpoB.
Haittn, Kakoro KojmdecTBa BOJIBI JOCTATOYHO C BepodATHOCTHIO 0,98 s
yAoBJaeTBOpeHus norpedbroctei xunbiios 250000 kBapTup.

10. Hua seibopku (X1, Xo, ..., X,,) U3 pacupeejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maittu onenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJbHOTO NPaBAonogobms. IIpoBepUThH COCTOSATENBLHOCTD
[OJIy Y€HHBIX OIECHOK. IIJIOTHOCTH pacupesie/ieHus paBHa

) ={ ¥

—=/8  npu z > 0;

0 mpmax <O0.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIPEJEsIEHNUs C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pactpeeiennd. llogcraBiss
BMECTO HEM3BECTHBIX ITAPAMETPOB MX TOYEUHBIE OIEHKH, 3AIMCATH BHIPAYKEHUE
Ui OIEHKHW IIJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOM rpaduke
PECTOIPAMMY C INArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEIEHUS.

4,83 -1,10 13,11 10,84 9,45 8,56 7,87 7,34 -4,06 3,48 4,70 7,13 -1,08
4,563 13,56 2,66 7,29 9,41 11,86 9,54 10,86 2,50 -2,84 11,21 8,93

12. ITo kpureputo Kosmoroposa mpoBepuTh rumoTesy 0 TOM, 9TO BBIOOPKA
uMeeT paBHOMepHOe pacupesesierne Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
MIPUHUMAETCS JIX 3Ta Tunore3a Ha ypoBHe gosepus (0,1; Ha ypoBHe moBepus
0,01; ma yposne mposepus 0,001.

0,32 0,49 1,12 1,98 0,25 1,52 0,52 0,03 1,10
1,59 0,27 1,30 1,79 1,93 0,23 1,84 1,04
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BapwuanTt 6

1. IIycts A, B, C — upousBoJibHbIe cOObITHsA. HailTu BhIparkeHue s
cobbITHsI, cocrosimero B ToM, uro u3 A, B u C upousonuio xors Obl JBa
COOBITHS.

2. IIlects KHUT Ha MOJIKE PACCTABJIEHBI CydailHbIM obpazom. Haiitu
BEPOATHOCTH TOIO, 4TO JBE OLPEIEJEHHbIE KHUIY OKAXKYTCs PsiZioM (B JH060M
HOpsiJIKe).

3. dBa siunia A u B UM€IOT 0JIMHAKOBYIO BEPOSITHOCTD IIPUITH K YKA3AHHOMY
MecTy B JII000i MOMEHT Bpemenu Mexk 1y 12 u 13 wacamu. Jlumo A xkger apyroro
B Tevenne 10 MUHYT, TIOCJIe YeT0O YXOJUT; JUIO B XKIeT Apyroro B Tedenue 15
munyT. Haiitu BeposgTHOCTH TOTO, 9T0 A m B BCTpeTsaTcs.

4. BeposiTHOCTD TIOTIQIAHNAS B MUIIIEHb IIPU OJTHOM BbicTpese pasua 0,7. Ilo
MUIIIEHN CTPEJISIOT OJUHOYHBIMU BBICTPEIAMHU [0 IEPBOTO IMOAIAHUS, [TOCJIE
4qero crpesib0y npekparmaoTr. Haiitu BepogTHOCTH TOrO, 9TO OYIET CAeJIaHo He
6oJtee TpeX BBICTPEJIOB.

5. CrymeHT BbIy4YWs K 3K3ameHy ToJibKO 20 BompocoB u3 30. s cuaunm
9K3aMeHa [JJOCTATOYHO OTBETUTH Ha JIBA M3 TPEX Pa3HbIX BompocoB. Kakosa
BEPOSITHOCTb TOT'O, UTO dK3aMeH Oymer cman? KakoBa BEpOSTHOCTH TOTO, UTO
CTYZEHT OTBETHJI Ha BCE TPHU BOIIPOCA, €CJIU U3BECTHO, ITO OH CIIAJ SK3aMEH!

6. Ilonp3oBaTesb KOMIIbIOTEpa 3a0bLT MApOJb U TepedupaeT HayIAdy
4 Bo3MOXKHBIX. [locie Tpex HEyIaYHBIX MOMBITOK KOMITBIOTED OJOKUPYETCs.
Haiitu psn pacrpeenenuns, MaTeMaTHIeCKOe OXKUJIAHUE U JIMCIIEPCUI0 JHUCIIa
monbITOK. [TocTponTs rpaduk GyHKIUM pacipe e/ eHus.

7. Ckopoctb V' MOJIEKYJT ra3a UMeeT IJIOTHOCTD PACIpPeesIeHusT

02 _? 2
sy = § BB mpno >0
0 mpuv <0

(pactpenenerne Makcpesuia). Onpenesqurb MaTeMaTHYecKoe OXugaHue V.
(MoO2KHO MCIIOIB30BATE TAGJIUIIBI OIIPE/IEJIEHHBIX HHTETPAJIOB).

8. B nByx m3 deTblpex KOMHAT TemuepaTrypa 20 rpajycoB, a BJIaXKHOCTb
80 mpormenToB. B Tperbeit koMHaTe TemmepaTypa 25 rpajlycoB, a BJIAYKHOCTH
90 mporieaToB. B werBepToit KOMHATE TeMiepaTypa 20 IpaycoB, a BJIAKHOCTH
90 nporerToB. HaliTu coBMecTHOe pacupesesieHre TeEMIIEPATYPBI U BIAXKHOCTU
B BBIOpaHHON Haygady KomHare. Haiitm KO3DDUIMEHT KOPPESSIuu MeXKLy
TEMITEPATYPOU U BJIAZKHOCTBHIO.

9. YuacraHuk Jjorepenm Opocaer 6 IIAPOB, KAXKJbII W3 KOTOPBIX MOXKET
[IOIIACTh B JIy3bI C HOMepaMu OT 1 710 6. Y4acTHUK IOJIy4YaeT eHHbIN IIPU3, eCJin
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cyMMa 09KOB MeHbIe 12. OmneHnTb BEPOSITHOCTD HOJIYyIeHUsI EHHOTO MIPU3a.

10. dyst Bei6opku (X1, X, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupegenenus f(z) Hailtu omeHku mapamerpa 8 > 0 0O TpeTbeMy MOMEHTY
U METOJOM MAaKCHMAJbHOTO NPaBAonogobus. IIpoBepUTH COCTOSATENBLHOCTD
MOJIy9E€HHBIX OIEHOK. [1JIOTHOCTE pacupese/ieHnst paBHa

fla) = %e‘mﬁ/e upu x > 0;
0 mpumax <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIECICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTm omnenku napameTrpoB pacupejenenus. lloncrasiiss
BMECTO HEU3BECTHBIX I1apaMeTPOB UX TOYEeYHbIE OIIEHKH, 3allUCaTh BbIDaXKeHHUe
Ui OIEHKHW TJIOTHOCTH pacupenesenusi. lloctpouts Ha omHOM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHYECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

5,16 6,70 2,88 9,09 -2,06 6,25 6,46 4,25 16,16 7,07 1,35 13,58 7,96 14,64
-2,14 10,81 2,50 2,24 -1,04 5,31 11,93 16,20 7,49 -5,21 5,90 5,63 7,26

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y 0 TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposue nosepus 0,001.

0,46 0,79 0,64 1,06 0,42 0,69 1,65 0,45 0,43
1,48 0,44 0,97 1,49 046 1,29 0,37 0,45

Bapwuanut 7

1. Pabounit usrorosusn tpu gerasiu. Ilycrs cobbitue A; cocrour B TOM,
9TO {-asd WM3TOTOBJIEHHAs WM JI€TaJb uMeeT JedekT. 3ammcaTb coObIThe,
3aKJIIOYAIONIEECsT B TOM, UYTO POBHO OJIHA JIeTaJIb UMeET JTeEKT.

2. OMH IIKOJIBHUK, YKeJIasl HOJIIYTUTh HaJl CBOMME TOBAPUIIAMK, COOPAJI
B rap/iepobe Bce MajbTo, & MMOTOM PAa3BECUJI X B CIydaiiHoM mopsiake. KakoBa
BEPOATHOCTD, YTO KarKJ0€ IaJIbTO CHOBa IIONAJIO0 Ha IIpeKHee MeCTO, €CJId B
rapaepobe mecTb KPIOYKOB U Ha HUX BUCEJIO IIECTh MMAJIbTO.

3. Ha orpeske AB wmaymauy soeibupatorcs jase Ttouku M u N. Kaxosa
BEPOSITHOCTb TOTO, 9TO TouKa M okaxkercs Osimzke K Touke N, 9eM K TOYKE

A?

178



4. DJIeKTpUYecKas Iellb COCTOUT U3 3JIEMEHTOB A, COeIMHEHHBIX IIO
CJIeAYIOLIEH cXxeMe:

BepositHocTs BBIXOZIA M3 crpost asementa A; pasma 0,1, ocrajabHBIX
anementoB A — mo 0,04. Ilpenmnosaraercst, 9TO 3JEMEHTHI BBIXOJAT W3
CTPOSI HE3aBUCUMO JPYT OT japyra. HallTu BepOATHOCTH TOTO, UTO Ienb OyaeT
MIPOILYCKATH TOK.

5. IIpubop cocTouT U3 JABYyX HE3ABUCUMO pabOTAIONINX OJIOKOB, BEPOSATHOCTH
OTKa3a KOTOPBIX 3a cMeHy paBHBI cooTBercTBeHHO 0,05 m 0,08. BeposTHOCTD
BBIX0/Ia U3 CTPOst IPpUOOpa IMpU OTKa3e OJHOro n3 6JI0KOB paBHa 0,8; mpu oTKa3e
oboux 0s10koB — 1. Oupese/inTh BEpOATHOCTH BBIXOJa IPUOOpa U3 CTPOs 3a
cveny. HaiiTu BeposiTHOCTDB TOTO, 9TO OTKa3au 06a 6JI0Ka, eCJIU U3BECTHO, UTO
pubOP BBHINIES U3 CTPOSI.

6. Ilpm umrpe ¢ aBTOMATOM B CJIy4ae BBIUTIDBHIMA HUIpoK mojydaeT 10
pyOaeit. BepositHocTh Bbiurpbimia coctasiser 0,3. Haiitu cymmy x pyOJeit,
KOTOPYIO HUI'POK OpocaeT B aBTOMAT U TepseT B CJydae IPOUIPHIIIA, €CJIU
MaTeMaTHYeCKOe OXKUJAHUE BBIUTPHINIA PaBHO MuHyc 2 pybisam. (B ciaygae
[IPOUTPHINIA CYMMa BBIATPBIIIA CIUTAECTCST OTPUIATEIHHBIM YUCJIOM, PABHBIM
CyMMe OPOUTDBIINIA, B3ATON €O 3HAKOM «MuHyc».) Haiitu psj pacupepesenns u
JIUCTIEPCUIO CYyMMBI BhIUTPhITIa. I[locTponts rpaduk GyHKIUN pacipe/ie/IeHus.

7. IlmoTHOCTD pacpe iejeHnst BEpOATHOCTEH CIydaiiHOM BeJIMIUHbI § nMeeT
sun f(z) = Ae 21l (pacmpenenenne Jlammaca). Haiitn kosddumment A,
BBIYUCJIUTh MaTeMaTUIeCKOe OXKHJIaHWEe W CTaHJAApTHOe OoTKjoHenwe. Haittn
BEPOSITHOCTH TOTO, UTO CJIydaifHas BeJMIUHA & NpuMeT 3HaueHue, 6osibiiee 1.

8. B Tpex m3 derblpex ayauropwii mo 20 CTYIE€HTOB W YpPOBEHb IIyMa
80 menmbes1, a B 9eTBEPTON ayJIWTOPUU HET CTYIEHTOB U ypOBeHb mryma 20
nenubesi. HaliTu coBMecTHOe pacipesiesieHre Yicyia CTYIEHTOB U yPOBHS IITyMa
B BhIOpaHHO# Haymady aymauropun. Haiitu KoadduimeHT Koppeasainum Mex Ty
YUCJIOM CTYIEHTOB U YPOBHEM IIIyMa.

9. KommdaectBo 10-KOmmeeIHBIX MOHET, HEOOXOMUMOE I BBIIAYH KayKIOM
coaun B Kacce, npuHuMaeT 3HadeHus oT 0 10 4 ¢ paBHBIME BEPOSTHOCTSIMU.
Haiitu, ckoyibko 10:KHO OBITH 10-KOIlEEUHBIX MOHET B Kacce, YTOOBI C
BepogaTHOCTHIO 0,9 nx xBaTuiao Ha 2500 BbIIAY CIadvn.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupenienierns f(z) HaiiTn onerku napamerpa 0 < 8 < 1 o nepoMy MOMEHTY
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U METOJIOM MAKCHUMAJBHOTO IMpaBono1obus. IIpoBepuTh coCTOATEIHHOCTD
[TOJIyIYEHHBIX OIEHOK. [IJI0THOCTE pacipesiesieHus paBHa
flx) = { %Ii(eﬂ)/e upu > 1;
0 mpmazx<1.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
napamerpaMu. HaiiTu omeHku mapaMeTpoB pachpejesenus. llogcraBiisis
BMECTO HEM3BECTHBIX [IAPAMETPOB UX TOYEUHBIE OIEHKHU, 3AlMCATH BBIPAYKEHHUE
JUIsl  OIEHKW ILIOTHOCTH pactpejiesenus. llocrpouts Ha ojHOM Trpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IJIOTHOCTH PACIIPEIEICHUS.

1,29 12,70 10,80 -10,19 4,32 12,02 13,68 3,75 -0,90 2,94 15,07 2,08 16,22
13,42 1,55 -6,05 15,70 12,35 13,94 -0,56 24,10 7,45 3,60 -0,24 16,84 6,13
-5,28 3,00 10,04

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y 0 TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHAMAETCS JI 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,28 1,13 1,78 0,65 0,55 1,02 0,88 0,76 0,57
1,71 0,62 1,69 0,15 0,23 1,99 1,53 1,91 1,57

Bapuant 8

1. Haymauy 6porensr Tpu moHerhl. Oumcars cobbitusi: A — xorsi Obl Ha
OJIHOII BbINAJIA pemnika, B — xoTs 6bl Ha nByxX Bbimaj opesi. OmmcaTh Takke

cooniTne AB.

2. Homep Jstorepeitaoro 6umsera cocrout u3 3 nudp. Kakosa BeposTHOCTD
TOrO, 9TO Bce IudPbl B3ATOrO HAYIAdy OMIeTa OKAXKYTCH PA3JIATHBIMU !

3. Ha orpeske eIuHWYHOI JJIMHBI HayJady IOCTaBJICHBI JBe TOYKH, B
pesyJbTaTe dero TOT OTPE30K OKa3blBaeTcd Pas3fle/IeHHBIM Ha TPU YacCTH.
OnpenieTh BEPOATHOCTD TOIO, 9TO JJIMHA XOTd OBl OJHOU M3 IEPBBIX JIBYX
HOJIyYUBIIIXCS YacTell He mpeBocxoauT 2/3.

4. Ilo mMumenm 1O OJHOMY pa3dy CTPENdIoT 3 CTpejka. BeposTHOCTb
nonajanus Jjis mepsoro pasHa 0,5, 1t Broporo — 0,6, mrsa Tperbero — 0,7.
Haittu BepoaTHOCTH POBHO JIBYX IOIAJIAHUIA.
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5. B cemu ypHax cojiepKutcs 1o 2 6eJIbIX 1 2 YepHBIX Iapa, a B TpexX ypHax
mo 7 6enbix U 3 UepHLIX Iapa. KakoBa BEpOSTHOCTH, UTO U3 YPHBI, B3SITON
Hayzmady, Oymer u3Bjeden Oesbiit map? Haiitu BeposgTHOCTD, UTO IIap U3BJIeYeH
U3 YPHBL C 7 6eIbIMU U 3 YEPHBIMU MIAPAMHA, €CJIN OH OKA3AJICA OEJIBIM.

6. [Tpubop cocTonuT u3 Tpex MaJIOHA e KHBIX 3JIeMeHTOB. OTKA3bI 9JIEMEHTOB
3a HEKOTODBII IIEPHOJ] BPEMEHU HE3aBHCHUMBI, & WX BEPOSTHOCTH PAaBHBI
coorBerctBenno 0,1; 0,2; 0,3. Haiitm panm pacrhpenenenns, MaTeMaTHIeCKOe
OXKWJIAHUE W JUCIIEPCUI0 YUCIa OTKA3aBIIUX 3eMeHTOB. [locTpouts rpaduk
GbyHKIIUM pacipe/ie/IeHus.

7. Touxka M nBuzxercs o ocu Ox 10 3aKOHY & = at?. B ciryuaiiHbIi MOMEHT
BpEMEHH, DPABHOMEPHO pacipeeiennblii na orpeske [0; 1], nabiomaercs
nosioxkerre & Touku M. Haiitu mioTHOCTH pacipejieieHus, MaTeMaTHIeCKOe
OXKWJIAHUE U CTAHJAPTHOE OTKJIOHEHUE CJIyYaiiHON BEeJUIUHBI &,

8. UeTnIpe moe3a MeTPO, YXOSIIHE C MHTEPBAJIOM B 4 MUHYTBHI, yBE3JIH TI0
200 maccazkupoB. HeTbIpe moe3/1a, yXOIsIue ¢ THTEPBAJIOM B 6 MUHYT, yBe3/I1
o 100 maccazkupos. [IBa noesa, yXoadimue ¢ THTEPBAJIOM B 8 MUHYT, YBE3JIN
o 50 maccaxkupos. HaiiTu coBMecTHOE pacipejiesieHne Yucia MacCaKUpoB U
WHTEPBaJIa JIBUKEHUS /)i BHIOPAHHOTO Haypady moe3ga. Haiitu koaddurmerT
KOPPEJIAIUN.

9. KosmuecTtBo 6pakoBaHHBIX W3/e/Mii B KOPOOKE MMEeT pacIpelieieHue
IIyaccona c mapamerpom 3. HaitTu BeposiTHOCTH TOTO, 9TO B 25 KOPpOOKax MeHee
100 6pakoBaHHBIX U3JIEJIHII.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupejejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu onenku napamerpa 6 > 3 1m0 BTOPOMY MOMEHTY
W METOJOM MAaKCHMAJLHOTO NPaBAonogobmus. IIpoBepUTH COCTOSATENHLHOCTD
[IOJIyYE€HHBIX OIEHOK. [[JIOTHOCTH pacipeie/ieHnsl paBHA

@) = { 0—1)2® npux>1;
0 mpmax <1.

11. /Jana BBIGOpKA M3 HOPMAJBLHOIO DPACIPEJETIEHUsI ¢ HEU3BECTHBIMU
napaMerpamu. HaiiTwm oneHku mnapaMeTpoB pacrpegesnenus. llogacraBnsas
BMECTO HEM3BECTHBIX ITAPAMETPOB MX TOUYEIHBIE ONEHKH, 3aIMCATh BHIPAXKEHNE
JUIsL OIIEHKM TJIOTHOCTH paclpejeienns. lloctpourh Ha oOaHOM rpaduke
ECTOIPAMMY C IIArOM, DaBHBIM CpEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHUIO, U TPa(hUK OIEHKU ILIOTHOCTH PACIPE/IEJIEHHS.

14,92 748 2,82 22,84 7,49 8,98 13,84 14,17 7,07 9,69 -8,35 12,77 14,93

581 8,62 11,22 3,85 2,86 9,52 15,93 9,43 19,48 19,19 12,20 19,40 12,09
8,47 6,79
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12. Ilo xpurepuio KosmMoroposa nmpoBepuTh I'UIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta TUoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

1,91 0,91 0,30 1,34 0,61 1,12 1,00 0,53 1,58 0,62
0,41 0,89 1,20 1,51 0,78 1,44 0,46 0,69 1,33

Bapuant 9

1. I3 konoapr Kapr B 52 JmMCTa HAyJady BBIHUMAKOTCS TPH KapThl (6e3
Bo3Bpainenus). Onmucarb IPOCTPAHCTBO 3JIEMEHTAPHBIX HCXOJIOB, & TaKXKe
CcOOBITHE, COCTOSINEE B TOM, 9YTO CPEIN STUX TPEX KAPT OKAXKETCsI POBHO OJIUH
Ty3.

2. B opurage 3 paboumx. KakoBa BeposSTHOCTH TOro, 4TO IO KpaiiHeit
Mepe JIBoe U3 HUX POJUJIMCH B OJIMH U TOT Ke JeHb Hejenu! CUurarh, 9TO
BEPOSITHOCTU POJIATHCS B KAXKJIBIN U3 JTHEH OJUHAKOBHI.

3. Ha orpeske eguHMYHON JUIMHBI HAyJAady NOCTABJICHBI JBE TOYKH, B
pesyJibTaTe HYero ITOT OTPE30K OKA3bIBAETCsl PA3/EJIEeHHBIM HA TPU YACTH.
Onpeenurs BepOSITHOCTD TOrO, YTO JUIMHA KayKJOH U3 TPeX IOJIyIHBIINXCS
vacreii He IpeBocxouT 3/4.

4. DyeKTpUYecKas LelNb COCTOUT U3 3JIEMEHTOB Ay, COeIUMHEHHBIX II0
cleyIomell cxeMe:

BepositHocTh BBIXOJ@ U3 cTposi djementa A, pasua 0,01, ocraabHBIX
anemenToB A — mo 0,1. IIpenmosiaraercs, 970 3JIEMEHTBI BBIXOJAT U3 CTPOS

HE3aBUCHUMO Jpyr oT xapyra. Haiitm BepoATHOCTH TOro, 4YTO Ienb OyIeT
IIPOILyCKaTh TOK.

5. Tenerpaduoe coobmieHHE COCTOUT W3 CHUTHAJOB <«TOYKA» U <THUPE».
N3BecTHO, 9TO Cpein IepeIaBaeMbIX CUTHAJIOB «TOUKAy U «TUPE» BCTPEIAIOTCS
B oTHOmEeHnH 3:2. 3-3a moMex nckazkaercs B cpegaeM 25 % curHAJIOB «TOYKa»
u 20 % CUTHAJIOB «TUDPE», IPUIEM «TOYKA» UCKAZKAETCS B «TUPE», & «TUPE»> B
«TOYKy». HaiiTu BeposTHOCTH MCKaxKeHust curaaa. OnpeieiuTb BepOSTHOCTD
TOTO, YTO MEePEeTABATIN «TUPE», €CJIU U3BECTHO, UYTO MPUHSIINA «TOUKY>.

6. /IBa mrpoka WrpaloT B IaXMaTbl Ha JeHbIHU. VI3BeCTHO, UTO B CpejHeM
u3 4 mapTuil OHY BBIMIPHIBAET IIEPBBI UTPOK, OJHA 3aKAHIMNBAETCS BHUYBIO, 1
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JIBe BBIUT'PBIBAET BTOPOIl UT'POK. B citydae mpourpsliina mepBblil UIPOK ILIATUHT
BTropoMmy 5 py0Oseit. CKOJBKO OH JIOJKEH IMOJIyYaTh B CJIydae BBIUIPBIIIA,
9TOOBI MATEMATHIECKOE OXKWIAHUE €r0 BHIUTPHINIA PaBHsLIOCH Hymo! Haittu
P PACIPEJIEJIEHNs] U JUCIIEPCUI0 CYMMbI BBIUTDBINIA (OTPUIIATEIbHAS CyMMa
BBIUTPBIIIA — TO CyMMAa IIPOUIPHIIIA, B3sITas CO 3HAKOM «MHHYyC» ). [TocTponts
rpaduk QYHKINH PACIpPE/IeICHHSI.

7. Ciyuaitnasi Besinauna § UMeeT IIOTHOCTD PACIPEIeICHUsT

f@) Ao~ (e=0)?/(20%)
x) = oV2m

upu € [a; 00);
0 mpur <a

Haiitn HopMupyIoIyo KOHCTAHTY A, BBIYUCIATH MATEMATHIECKOE OXKUJIAHIE.
TTocrpouTs rpaduk mIOTHOCTH pacupesesieHns upu ¢ = 0 = 1.

8. B moabesne 15 0IHOKOMHATHBIX KBapTHUP IJIOMAAbI0 1Mo 50 KB. M., 10
JBYXKOMHATHBIX KBapTup 1Mo 70 KB. M. U 5 TPEXKOMHATHBIX KBapTup 1mo 80
KB. M. Jl71s1 BRIOpaHHO# HayJa4uy KBapTHUPHI HAMTH COBMECTHOE paclpesesieHne
quciia KOMHAT U miomaan. Haiitu KoahduimerT Koppeasanum Mex Iy HAMHA.

9. Cymmaproe Bpems paboThl MamwuHBl CcKiaagbiBaercas u3 10 000
WHTEPBAJIOB BPEMEHU, KaXKJbIl W3 KOTOPBIX H3MEPSeTCsl CO CTAHIAPTHBIM
OTKJIOHeHHeM B 1 muHyTy. HaliTu BepoaTHOCTH TOro, 4T0 (haKTHIECKOE BPEMs
paboOTHI OTJIMIAETCS OT U3MEPEHHOT0 DOJIbITE, YeM Ha 1 Jac.

10. Hua seibopku (X1, Xo, ..., X,,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maittu onenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAONOno0us. IIpoBEepUTH COCTOATENHLHOCTH
O/ Y€HHBIX OIEHOK. IIJIOTHOCTH pacupesie/ieHus paBHa

le—;ﬂ/e

fa)={ #

upu x > 0;
0 mpuzx <0.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO PACIIPEJEIEHNs C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapaAMETPOB UX TOYEYHBbIE OIIEHKH, 3aIINCATH BbIPDAXKEeHUE
IS OIEHKHW IJIOTHOCTH pacupenesenusi. lloctpouts Ha omHOM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

22,59 -2,61 11,87 1,37 5,92 -5,10 5,38 14,71 7,55 3,91 1,23 8,50 -5,58
-1,97 17,93 9,42 11,99 9,39 4,78 543 9,40 8,68 2,20 7,15 14,78 14,77
-15,16

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA

uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
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[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

1,49 1,96 0,64 0,76 0,01 0,82 0,23 0,82 1,96
1,28 1,49 1,07 1,92 0,17 1,68 1,01 0,48

Bapwuant 10

1. Bporuens! jBe urpajbhble KocTu. Ilycrs cobbitue A cocTouT B TOM, 9TO
BBITIABITNAS CYMMa OYKOB HeYeTHA, & cOObITHE B — B TOM, ITO XOTs OBbI Ha OJTHOMN
u3 KocTeil Beimaia Tpoiika. Onucars cobbitust AB u AB.

2. N3 mosmoro mabopa KocCTeil JIOMUHO Hayldady OepyTCs MATh KOCTEid.
Haiitu BeposiTHOCTE TOTO, UTO Cpein HUX OyAeT XOTs OBl OJHA C IECTEPKOM.

3. Ha snuneiike Haymady mocTaBjeHbl 2 TOYKH. KakoBa BEPOATHOCTH TOTO,
9TO PACCTOSTHUE MEXKJIy HUMU OKaYKeTCsl OOJIbIIe TIOJIOBUHDI JUINHBI JINHEHKN

4. JIBa cTpesiKa IOOYEPETHO CTPEJSIOT II0 OJHON W TOW K€ MUIIEHH.
Y kaxkzgoro crpeiaka 2 marpona. Ilpm mepBom momajaHWm CcTpesbda
npekpaiaercs. BeposgTHOCTD MONMaaHus B MUIIEHD [P OJTHOM BBICTDEJIE JJIst
nepsoro crpenka 0,3, anas sroporo — 0,4. Haittu BepoATHOCTH TOrO, UTO 00a
CTPeJIKA U3PACXO/IYyIOT BeCh CBOIl Ooe3arac.

5. IlepBoe opymue 2-opyauitHOl OaTapenm MPUCTPEISTHO TaK, 9UTO
BEPOATHOCTh HONAJaHus Jyisi Hero pasua 3/11. st BTOpOro opyausi OHA
pasua 1/5. Barapes jasna 3ain o neau. HailTu BeposgTHOCTH TOrO, 4TO IEJIb
nopazkeHa. HaiiTu BepoSTHOCTb TOTO, YTO IIEPBOE OPYIHUE IOMAJIO B I/, €CJIN
U3BECTHO, YTO II€JIb ObLIa MopakeHa. s nopakeHus eI JIOCTATOIHO OJTHOTO
[IOTIaIAHUSI.

6. BepogrHocth mpuema otaenbHoro curfasia pasua 0,15. Pamgmocuraadt
mepenaercst 4 pasa. Haiitu psi pacuperenennsi, MaTeMaTHIeCKOe OKUIAHUE
U JUCHEPCHUI0 YUCIA [PUHATHIX CcurHajgoB. llocrpours rpaduk dyHKIUN
pacupenesienusi. HaiiTu BepogTHOCTb TOTO, YTO TPUHSTHIX CUTHAJIOB OyleT He
MeHbIIle 2, HO He OoJibie 3.

7. Paamyc xpyra sdBisercd CAyJaiHOW —BeJUYHHON, PaBHOMEPHO
pacupenesnennoii  Ha orpeske [0;1]. Haiitm mioTHOCTH —pacupejesieHus,
GYHKIMIO pacmpeesieHns, MATeMATIHIECKOe OXKUTAHNE U JUCIIEPCUIO ILIOIIA A
kpyra. Haiitu BeposiTHOCTB TOrO, 9T0 II0mab ipesocxoaut T/16. Haueprurs
rpaduKu IJIOTHOCTU pacupeesienns U MOYHKINN PACIIPEIeIEHUS.
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8. B oTmese paboTaeT ouH COTPYIHUK C JIBYMSsI BBICIIIMU OOPa30BaAHUIMH,
aBrop 6 wu30bpereHUil, dYeTbIpe COTPYAHUKA C BBICHIMM OOpPa30BAHUEM,
KaXKJIplil W3 KOTOPBIX SBJISIETCS aBTOPOM OJIHOTO W300pDETEeHHs, U UeThIPEe
COTPYyJIHUKa 0e3 BBICIIEro 0Opa30BaHW, HA CUETY KOTOPBIX M300pETEHUil HeT.
st BBIOpAHHOIO Haymady COTDY/JIHUKA HANTH COBMECTHOE paCIpejiesieHue
KOJIMYIECTBA M300PeTeHnil u BBICIIUX 00pa3oBanuii. Borauciuth KoadduimeHT
KOPPEJIAIINU MEYKJY HUMH.

9. Bpems oxwumanus aBroOyca MacCa)KUpOM WMeeT IOKA3aTeJIbHOe
pacriipesiesieHue co cpeaauM 3HadenneM 10 munyT. Haiitu npenesbl, B KOTOPBIX
¢ BeposgTHOCTHIO 0,8 JIEXKUT CyMMapHOe BpeMsl, 3aTpadeHHOe Ha OXKWJIAHWE
aBToOyca 3a 48 10e3/10K.

10. dyst Bei6opku (X1, X, ..., X;) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacupenienierns: f(x) Hafitu onenku mapamerpa 6 > 0 Mo mepBoMy MOMEHTY
U METOIOM MAaKCHMAJIbHOTO mpaBaomnonobus. [IpoBepurb coOCTOATEIHHOCTD
[TOJIy9E€HHBIX OIEHOK. [[JIOTHOCTD pacipeseienns paBHa

z? —x/8 .
_ ) a@e mpu x > 0;
f(@) { 0 mpmazx <O0.

11. Jana BbIOOpKa M3 HOPMAJIBHOIO DPACIPEJEIEHNUs C HEM3BECTHBIMU
mapamerpamu. HaliTm ornenku napameTrpoB pacupejenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIEHKH, 3allUCATh BbIPAXKEHHNE
Ui OIEHKHW IJIOTHOCTH pacupenesenusi. lloctpouts Ha omHOM rpaduke
CECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEICHUS.

9,36 19,48 3,89 4,45 15,11 1590 24,94 1,72 3,25 -3,77 12,17 10,08 14,36
9,39 1,27 7,89 8,68 1,09 10,67 3,21 -6,11 15,61 10,82 1,68 5,63 6,79
20,27 -2,15

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.
0,46 1,43 0,40 1,23 1,40 0,76 1,09 1,656 1,32
1,24 1,39 0,81 0,39 0,76 1,14 1,24 1,69 1,58

Bapwuant 11
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1. Cobbitusi: A — xoTst Obl OIMH K3 TPeX IIPOBEPsiEMbIX IIPUOOPOB
OpaxoBaHHbI, B — Bce mpubOpPHI JOOPOKateCTBEHHDIE. UTO 03HATAIOT COOBITHS

AUBwu AB?

2. B amuxe jrexxkat 3 uepHbIX U 3 Oesbix mapa. Haifitu BeposTHOCTD TOTO,
9TO IIPU [TOCJIE0BATEILHOM CJIy YaifHOM M3BJIEUCHUN [TAPOB U3 SIIIUKA CHAYAJIA
BBIHYT BCe OeJIble MIAPHI.

3. Ha orpeske equHMYHON JUIMHBI HayJady [IOCTABJIEHBI ABE TOYKH, B
pesysbraTe 9Yero TOT OTPE30K OKA3BIBACTCS DPA3JEACHHBIM HA TPH YACTH.
Omnpe/ieIuTh BEPOSITHOCTH TOIO, UTO JJIMHA KaXKJO#H M3 TPEX IIOJIY IMBIINXCS
qacreii He MeHbIe 2/3.

4. BeposTHOCTDb M3TOTOBJIEHNsT HeKAadYeCTBeHHOMN netayu pasua 0,2. Haittu
BEPOSITHOCTD TOTO, 94TO U3 4 jerajeil HaiigeTcss XOTs Obl OJTHA KAaIeCTBEHHAS.

5. 3ampoc aboOHEHTA AaBTOMATHYECKH C PABHBIMH BEPOSITHOCTSIMU
HAIIPaBJISETCH Ha OJIMH U3 JIBYX CEPBEPOB. BepOsiTHOCTH BOSHUKOHOBEHUS COOsT
B pabore mepporo cepsepa pasua (0,1, Broporo — 0,01. KakoBa BeposTHOCTH
TOro, YTO 3arpoc Oymer obciryxken 6e3 cbos? KakoBa BepOSTHOCTB TOTO, UTO
aboHEHT OOC/Iy?KHBAJICSI Ha IEPBOM CepBepe, €CJIU U3BECTHO, UTO OH ObLI
obciryKeH 6e3 coost?

6. BepogarnocTh nonamanus B MulieHb paBHa (0,8 Mpu KaXKJIO0M BBICTDEJIE.
Crpenbba BeJeTcst OIMHOYHBIME BBICTPEJIAMH JI0 TIEPBOT'O IOMAaHUs, TIOKa, HE
Oymer m3pacxojoBaH Ooesarmac. Haittu psii pacnpeseseHns, MaTeMaTUIeCKOe
OXKWJIaHUE W [UCIIEPCUIO0 YNCJIa IPOM3BEJIEHHBIX BBICTPEJIOB, ecju Ooe3amnac
cocrasisier 4 equanipl. [loctponTs rpaduk OYHKINN PACIIPEIETEHUS .

7. Touky Gpocalor Haymady B map paauyca R. Ciydaiinas seaumamba &
— paccTosiHHMEe OT TOYKHM JO IleHTpa Imapa. Haiitu dyHKImio pacupenesienns,
IUIOTHOCTh PACIPEIE/ICHUs, MATEMATHIECKOe OXKUJIAHUE W CTaHIAPTHOE
OTKJIOHEHME cJrydaiinoil Beqmuaunsl §. Haiitu BepositTHOCTB TOrO, 9TO § mpumer
3HadeHune, 60JIbIee MOJIOBUHBI paiuyca 1mapa. HatepruTs rpaduku mioTHOCTH
pacupeeienns U MYHKIUNA PACIPE/IETICHUS.

8. CocraBuTh TaOJMIy COBMECTHOTO PACIIPEIEJIEHUs] YUCJIA BBITABIINX
JBOEK U YHCJIa BBIIABIINX YETHBIX YHCEJ IIPU OJHOM IOJAODPACHIBAHUU
urpaJibHo#t Koctu. Halitun KoadpuimenT Koppeasiun MexK/1y HUMH.

9. VuactHuk Jjorepen OpocaerT HUrpajbHyl0 KocTh 20 pa3. YdYacTHHK
[TOJIy9aeT MEeHHBIN Tpu3, ecyim cymMMa 09koB 0oJibie 90. OeHnTh BEpOATHOCTH
[IOJIy9eHUs IIEHHOI'O IIPU3a.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupeejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu omenku napamerpa 6 > 3 1o mepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO IPAaBAONonobus. IIpoBepUTh COCTOATENILHOCTH
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[IOJIy9eHHBIX OIleHOK. 11yioTHOCTD pacupesesenns paBHa

[ (8-1)27® mpmaz>1;
f(x)—{ 0 upuz<1.

11. Jama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pacmupeeiennda. llogcraBiss
BMECTO HEU3BECTHBIX I1apaMeTPOB UX TOYEeYHbIE OIIEHKH, 3allUCaTh BbIpaXKeHHUe
JUIS OIEHKH IJIOTHOCTH pacupenesenus. l[loctpouts Ha onHoMm rpaduke
PECTOIPDAMMY C INArOM, DaBHBIM CpEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

1,87 1,26 1,58 2,11 0,01 1,35 2,05 0,76 1,65 1,61 0,12 2,03 1,07 1,10
3,06 0,38 0,64 1,63 0,54 2,65 0,82 1,21 0,73 1,99 2,44 0,93 0,47 0,88

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHAMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe goepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,46 0,68 0,59 1,97 1,03 0,62 0,89 1,93 0,88
1,66 1,34 1,99 0,59 0,00 0,46 1,48 1,35 1,74

Bapwuaut 12

1. /Ie wurpajbubie KocTu Opocaiorcss n pa3, n > 6. Ilyctb cobbiTue
A osHavaer, uTo KaxzJasa u3 mectun KombGuHarmmit (1,1),..., (6,6) mosiBuTcs
mo Menbleii Mepe ogun pasd. Oumcarb oTpunanue cobbiTus A, UCIOIL3YS
ollepaIiy HaJl COOLITHAME.

2. Bpocator 4 urpanbabie Koctu. KakoBa BEPOSTHOCTH TOTO, UTO HA HUX
BBIIAJLYT TOJBKO «5» U «6»7

3. Ha orpeske eIuHMYHOI JJIMHBI HayJady IOCTaBJIEHBI JBe TOYKH, B
pesyJbTaTe 4ero TOT OTPE30K OKa3blBaeTcd Pas3fleIeHHBIM Ha TPU YacTH.
OnpenieiiTh BEPOATHOCTH TOrO, YTO JJIMHA MaKCHMAJIbHOI 4YacTH U3 Tpex
HOJIyYUBIIIXCS YacTell He mpeBocxoauT 4/5.

4. DyeKTpUYecKas LelNb COCTOUT U3 3JIEMEHTOB Ay, COeIUMHEHHBIX II0
CJIeAYIOLIEH cXxeMe:
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BeposiTHOCTb BBIXOJIa U3 CTPOs KaxKiaoro 3jemeHtra Ay pasHa 0,02.
IIpennonaraercs, 9T0 3JIEMEHTHI BBIXOAT U3 CTPOs HE3ABUCUMO JIPYT OT JIPYyTa.
Haiiti BeposiTHOCTH TOTO, YTO IIeNb Oy/IET IPOIYCKATH TOK.

5. OIUMHAKOBBIE JIeTajl MOCTYMAOT Ha COOPKY € Tpex 3aBojoB. llepBblit
zasoz gaet 10 %, sropoit 40 %, Tperuit 50 % Bcex meTaseit, HEOOXOUMbIX JIJIsI
cbopku. Bpax B mpoxykiuu mepsoro 3asoma cocrasiger 2 %, sroporo — 3 %,
rperbero — 4 %. Haiitu BepOATHOCTH MOCTYILIEHUS Ha COOPKY 6GpaKOBaHHOI
geraju. HaiiTu BeposTHOCTH TOrO, 9TO OKA3aBINAsCS OPAKOBAHHOM J1€TAJD
M3TOTOBJIEHA HA TIEPBOM 3aBOJIE.

6. [Ias1 Tpex carkKeHIeB BEPOSITHOCTH YCIIEITHO BBIHECTH ITEPECAIKY PABHBI
0,7, 0,8 u 0,85. Haiitu psiyi pacrpejesieHusi, MaTeMaTUIECKOe OXKUJIAHUE
U JUCIEPCHI0 YUCJIA BBIHECIINX IMepecaiKy cakenrneB. [locrpouts rpaduk
GbYyHKIIMKM pacipe/ie/IeHus.

7. Pacmpenenenne IlapeTro mnpuO/IMAKEHHO ONUCHIBAET paCIpeIeIeHre
J10x0/10B (busmaeckux Jjmir. [I10THOCTD pacipe/ieenust paBHa,

f@) = wa—‘il npu = > 6;

0 mpumax <6.
Bmecb 0 > 1, 6 > 0 — mapamerpsl pacipejesienus, A — HOPMHUDPYOIIAsT
koHcTaHTa. Haiitu koHcranty A. Bbrauciaurh 3HadeHue napamerpa O, mpu
KOTOPOM MATEMaTHYIECKOe OXKUJIAHUE MPEBOCXOIUT 3HaUYeHue mapamerpa 0 B
10 paz.

8. IlombOpackiBatoTcss Tpu CUMMETPUIHBIX MOHETHL. (COCTaBUTH TAOJIUILY
COBMECTHOTO PACIPEJIEJIEHUsT KOJIMIECTB BBINMABINNX repOOB Ha IMEPBBIX JBYX
MOHETaX W Ha TOCJeTHUX JByX MoHerax. HaiiTu ko3adduiimenT Koppessimn
MEXKJIy HUMU.

9. Bpemst oxkumanusi TpoJsuteiibyca 3a OJHY MOE3/IKy UMeeT PaBHOMEDPHOE

pacupezesienue Ha orpeske oT 0 70 15 muayT. OeHUTh BEPOSITHOCTH TOT'O, YTO
cyMMapHOe BpeMs oxKujtanus 3a 10 moe3/10K oKaxKeTcd MeHbIne 1,5 9acoB.

10. Hua seibopku (X1, Xo, ..., X,,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu onenku napamerpa 6 > 0 o BTOPOMY MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAONonobus. IIpoBepUTh COCTOATENILHOCTH
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[IOJIy9eHHBIX OIleHOK. 11yioTHOCTD pacupesesenns paBHa

2z —x%/0% .
- &°€ npu x> 0;
f(@) { 0 mpmazx <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTu onenku napameTrpoB pacupeenenus. lloncrasiss
BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3AIICaTh BbIDarKeHNe
JUIs OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

3,50 0,80 0,32 3,31 1,12 3,29 3,87 2,65 2,01 2,656 1,19 -0,85 4,07 1,23
3,38 5,17 1,1 2,20 5,41 1,22 1,89 2,02 3,17 -1,02 2,73 1,10 3,87

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUAMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe Joepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

1,42 1,25 0,87 0,54 0,48 1,20 1,79 0,62 0,75 0,55
0,46 1,02 1,71 1,91 0,83 0,99 1,46 1,09 0,94

Bapwuant 13

1. Haiitu cirygaitnoe cobbsitTie X u3 paBeHCTBa
X+A+X+A=8B.

2. B crynenueckoit rpynme 10 ronomreit u 15 neBymek. Ha yauBepcurercknii
Npa3IHUIHBIN Oaj Ipynna HOJyYWIa TOJbBKO 3 MIPUIVIACHUTEIbHBIX OuUjeTa,
KOTOPBIE PA3bIIPHIBAIOTCH 110 Kpebuio. KakoBa BepOATHOCTH TOTO, 9TO Ha OaJI
IO/ T TPU JIEBYIITKH!

3. Ha oTpeske eqmHWYHON JJIWHBI HAyJady MOCTABJIEHBI JBE TOYKHU, B
pe3yabTaTe Yero 3TOT OTPE30K OKA3bIBAETCH pa3JeJeHHLIM Ha TPU YACTH.
OrnpesiesinTh BEPOSITHOCTH TOTO, 9YTO JJINHA MHUHHMAJHHOW YaCTH U3 TPEX
HOJIY YMBIIHXCs YacTeil He peBocxoaut 4/5.

4. CucremHbBIl agMUHHUCTPATOP OOCIyKuBaeT 4 cepBepa, pabOTAONINX
HE3aBUCUMO JIpYT OT JIpyra. BeposTHOCTH TOro, 9TO B TedeHue pabovero
JIHsL cepBep He noTpebyerT BHUMAHUS aJMHUHHCTPATOPA, PABHA JIJIsI IEPBOTO U
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BTOporo cepsepa 0,8, s Tperbero u derseproro — 0,10. Haiitu BeposTHOCTD
TOr0, YTO XOTsI ObI OJIMH U3 CEPBEPOB He OTPedyeT BHUMAHUS a]MUHACTPATOPA.

5. @upma pacrnpocTpaHsger 2 BUJA PEKJIAMHBIX JUCTOBOK A u B, npudyem
KOJIMYIeCTBa JINCTOBOK JIBYX BHUJIOB HAXOJIATCA B cooTHONIeHNN 2:3. Ha mmcToBKy
Buga A nonoxkureasno pearupyior 20 % nosygareseii, Ha JIMCTOBKY Buja B —
10 % nomyuareseii. HaiiTu BeposaTHOCTD IIOI0KUTEIBHOM peaKIuy oIy JaTesIs
sucToBku. HaiflTu BEepOSATHOCTH TOTO, YTO IMOJIyUYeHa JIMCTOBKa Buja A, ecyn
M3BECTHO, YTO PEAKINs ObLIA ITOJOKUTETHHOM.

6. BeposiTHOCTE MO 1ammst 6ACKETOOJIBHOTO MsT9a B KOJIBIIO IIPU OPOCAHUHN
HAYUHAIONIMM CIIOPTCMEHOM paBHa 1/5. Msa 6pocaioT 70 IepBoro monaiaHus,
HO naioT He Oosiee 5 monbiToK. HaiiTy psin pacrpejiesieHus, MaTeMaTHIeCcKOe
OXKUJAHUE U JIUACIIEpCHUIo |ucjaa IpomMaxoB. lloctpouth rpadux GyHKIUN
pacipeiesieHus.

7. Cropoctb aBromobuis Ha guctanmyu B 100 KM SBJsieTCs CIIydaifHON
BEJIMYMHON, DPABHOMEPHO pacipeieieHHoil Ha orpeske or 40 km/u mo 80
kM/ 1. Haifitu MmaTemaTnueckoe oxxuiaHne 1 CTaHIAPTHOE OTKIOHEHNE BPEMEHN,
3aTPAYEHHOI0 Ha IIPeoioJieHne JucTaniuy. HalTu BepogTHOCTb TOrO, YTO ITO
BpeMs IIPEBBICUT 2 daca.

8. B rpymme u3 20 cryseHTOB TOJIBKO JIBO€ UPOIYyCTHIN Oojee
MIOJIOBUHBI 3aHATUN, W WMEHHO OHHU IMOJYYWJIN OIEHKY <«2» Ha 3IK3aMeHe.
W3 ocTajbHBIX CTYJAEHTOB 5 €EJOBEK MOJYUWIN OIEeHKY «5», 10 wuemoBex
— omeHKy <«4», m 3 cryjeHta MHOMydmiu <«Tpoiikm». CocTaBUTh TaOJIUILY
COBMECTHOI'O DACIIPeJIeJIeHNsI OIEHKU Ha dK3aMeHe U HHINKATOPa IIPOILyCKa
6oJiee TIOJIOBUHBI 3aHATHI JjIg BBIOPAHHOIO HayJady CTylIeHTa. Haittu
K03 PUIMEHT KOPPEJISIUN.

9. Yuciao cepuwasioB, TPOCMATPUBAEMBIX 3a JI€Hb BBIODAHHBIM HAYIATY
CTyIeHTOM, uMeeT pacupernenenune llyaccoma c¢ mapamerpom 0,5. Haittn
IIPEeJIETIbI, B KOTOPBIX € BEPOATHOCTHIO (0,8 JIEYKUT YUCIIO IIPOCMOTPOB CEPUAJIOB
3a JIeHb CTyJeHTaMu rpynnbl u3 20 JesioBek.

10. Hdyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupegenenus f(z) HailTu omeHku napamerpa 8 > 0 0O TpeTbeMy MOMEHTY
M METOJOM MAaKCHMAJLHOTO NPaBAonogobms. IIpoBepUTH COCTOATENBLHOCTD
[IOJIyYE€HHBIX OIEHOK. [1JIOTHOCTH pacipeie/ieHnsi paBHA

2 3 2
32_e=2"/8  npu x> 0;
fl@)=4® ’
0 mpmazx <O0.

11. /Jama BBIOOpKA M3 HOPMAJLHOTO PACIPENETICHUS C HEU3BECTHBIME

napaMerpamu. HaiiTu ONeHKu mnapaMeTpoB pachpenesenus. Llojcrasisist
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BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3AIICaTh BbIDarKeHNe
JUIS OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

8,16 3,33 7,35 3,05 2,54 191 1,77 2,92 595 2,31 0,27 5,12 6,60 -1,58
5,42 5,67 6,28 -0,09 2,74 245 1,11 6,97 -1,59 -1,41 2,69 4,99 7,24 1,75
4,76

12. ITo xpurepuro Kommoroposa mpoBepuTh TUIIOTE3Y O TOM, UTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesierne Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIU 3Ta TUoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

1,94 1,42 0,61 2,00 0,59 0,58 1,18 1,58 1,01 0,57
0,05 0,25 0,17 1,30 0,52 0,91 0,84 1,66 1,24

Bapuant 14

1. Ilycte A, B u C — cobbitus. Kakos cmbicin pasencts ABC = A u
AU BUC = A? IlpuBectu npuMepsb.

2. [lepBas BoiOpaHHas Haymady 3 28 KOCTEll JOMUHO HE OKA3aJIaCh TyHJieM.
Haiitu BeposiTHOCTH TOTO, YTO BTOPYIO TaKKe B3ATYIO HAYIATY KOCTb MOXKHO
[IPUCTABUTH K [IEPBOIl COTJIACHO IIPABUJIAM HUI'DBI.

3. Bcerpeunble moesma NpUXOAAT Ha CTAHIAIO B CIIyYallHble MOMEHTBI
Bpemenu B Tedenue cyrok. Omaun moe3n crout Ha craHiuu 30 MUHYT, IpyToit
40 munyT. HaiiTy BEpOsATHOCTH BCTPEYH II0€3/10B HAa CTAHIIUU.

4. llpenna3HadeHHbIl K IMMeYaTH TEKCT IPOBEpSETCS CHAJYAIa aBTOPOM,
zareM pemakTopoM. ABrop HaxomuT B cpegaeM 80 % JOIMyNIEHHBIX B TEKCTE
onedarok, pegaktop — 90 % u3 ocraBmmxca onedarok. HaliTu BepOSTHOCTD
TOro, 4TO OYAYT HCIPABJIEHBI BCe 4 cojiepKallyecs B IePBOHAYAJIBHOM TEKCTE
OIlEYaTKHU.

5. BeposiTHOCTD TOTO, 9TO U3JE/NE YIOBIETBOPSET cTaHaapTy, pasua 0,8.
Ha 3aBose npunsTa cucreMa u3 TpeX HE3aBUCUMBIX HCIIBITAHUN, KaxKJ0€ U3
KOTODBIX U3JeJne, YAOBIETBOPSIONIEe CTAHIAPTY, TPOXOJUT C BEPOSITHOCTHIO
0,9, a meymoBaeTBOpsIONIEe — ¢ BepodTHOCTHIO (0,3. KakoBa BepOATHOCTH TOTO,
9TO HAyIady B3SATOE U3Je/INe BBIIEPXKUT HUCIHbITaHUsi! KakoBa BEpOSATHOCTH
TOrO, 9TO U3JIeJINe, BBIIEPKABIIEE UCIBITAHNS, YIOBIECTBOPIET CTAHIAPTY !
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6. BeposiTHOCTB yCIIEITHOIO COEIMHEHNsI KOMIIBIOTEPA C CEPBEPOM paBHA
0,6. IlombITKM coequHEHUST TPOU3BOAATCS O YCTAHOBJIEHUS COEJINHEHUs, HO
ue 60s1ee 6 monbiTOK. HaiiTu psini pacmpesiesieHnst, MaTeMaTHIeCKOe OKUIAHTE
U JIACIEPCUIO YHUCJIa MONBITOK coeaunueHus. lloctpouts rpaduk dyHKIMNT
pacupe/iejleHusl.

7. Momuocts W, BbIgensieMasi HA CONPOTHUBJEHUH [, BBIYUC/IAETCS TI0
sakony W = U?/R, rne U — mampskenme B ceTu. llpejmonaraercs, 9To
HaIPsZKEHUE — CJIyJaiiHast BeJIMINHA, PACIIPE/IeIEHHAsT DPABHOMEDHO HA OTPE3Ke
ot 200 mo 250 BonbT. HaitfTn maoTHOCTH pacmpesesieHus] U MaTeMaTUIeCcKoe
OXKMJIAHUE MOIIHOCTH, BbljesieMoii Ha comnporusierun B 100 Om. Haiitu
BEPOSATHOCTD TOT'O, YTO MOITHOCTH mpeBbicuT 500 BT.

8. B oduce 4 xkomuarer. B nepBoit KoMHaTE 2 COTPYIHUKA, 8 KOMIBIOTEPOB
HeT, BO BTOpoil 4 KOMIbIoTepa W 1 COTPYJAHUK, B OCTAJbHBIX JBYX IO 2
KOMIIBIOTEpa U 110 2 coTpy/iHuka. HaiiTu coBMecTHOe pacIpeiesieHne YHca
COTPYJIHUKOB U YHCJIa KOMIIBIOTEPOB B BBIOPAHHOI Haymady komuaTe. Haiitu
KO3 DUIMEHT KOPPEIANITH MEXKTy HUMUA.

9. BsBemmBaior rpy3, Haxomammuiica B 200 wmemkax. Ilorpemrnoctn
U3MepeHnil Beca KaxKJIOr0 M3 HUX PAacCIpeJiesieHa M0 HOPMAJIbHOMY 3aKOHY
C HYJEBBIM CPEIHUM U CTaHAapTHBIM oOTKjonenmeMm 100 rpamm. Haiitn
BEPOSTHOCTb TOI'O, YTO CyMMAapHAs IIOI'PENIHOCTh 110 abCOJIIOTHOI BesdduHe
MeHbIrte 1 Kr.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu omenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAONonobus. IIpoBepuTh COCTOATENIHLHOCTH
[OJIy YEHHBIX OIECHOK. IIJIOTHOCTH pacupesie/ieHus paBHa

L _o—Vz/8® mpu z > 0;

fa) =4 WV

0 upumx <O0.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIIPEJEIEHNUs C HEM3BECTHBIMU
mapaMmerpamu. HaliTm onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3aIICaTh BbIParKeHNe
Ui OIEHKHW TJIOTHOCTH pacupenesenusi. [loctpouts Ha omHoM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

1,07 -0,72 -446 -3,24 2,42 -1,70 -1,24 -0,07 6,20 2,67 1,80 0,26 9,61
2,51 1,44 -3,65 5,50 4,17 -2,06 7,48 2,60 7,61 2,54 9,77 9,67 7,36 7,86
11,22 3,38

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
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[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,06 1,44 0,70 1,33 0,74 0,61 1,03 1,25 0,85

0,81 1,04 0,76 0,80 1,55 1,61 0,82 1,70 1,63

Bapwuant 15
1. Bporens! Tpu MoHerbl. Onmcarh COOBITUS
A = {Bbmajo e Gosblie ABYX repboOB U 1O KpaiiHeil Mepe ojHa penika} u
B = {Bbina; no kpaitaeit Mepe ojuu rep6 u xors Obl onHa pemka}. Onucarhb

Takxke cobbitust AB, AB.

2. B maxmaTHOM TypHEHpE yIacTBYIOT 16 UeJI0BeK, KOTOPbIe PAa30OMBAIOTCS
HA Tapbl [0 KPEOMI0 M UIPAIOT 110 OJIMMIUICKON cucreMe (IpoMrpaBInuii
BBIOBIBAET U3 WIPbI, HUYbUX HET). KaKoBa BEPOSITHOCTH TOTO, YTO BTOPOH IO
cujie MaxMaTUCT He TonajeT B hbuHaI!

3. Ha oTpeske equHWYHON JJIWHBI HAyJady MOCTABJIEHBI JBE TOYKHU, B
pe3y/jibTaTe 4Yero 3TOT OTPE30K OKa3blBaeTCd Pa3/IejIeHHbIM Ha TPHU YacTH.
OrnpesiesinTh BEPOSITHOCTH TOTO, YTO CyMMa JIIMH IIEPBBIX NIBYX dacTeil He
IIPEBOCXOJIUT JJIMHBI IIOC/Ie/IHEell YacTH.

4. DJIeKTpUYecKas Iellb COCTOUT U3 3JIEMEHTOB A, COeIMHEHHBIX IIO
CJIeAYIOLIEeH cXxeMe:

BepositHocTh BBIXOJIa U3 cTpOost demenTa Ay pasaa 0,1. IIpeamosaraercs,
9TO JIEMEHTHI BBIXOJAT K3 CTPOd HE3aBUCHMO Jpyr oT apyra. Haiitu
BEPOSITHOCTB TOTO, UTO TIelh He OYIeT MPOITyCKATh TOK.

5. Ha cbopky mocTymaroT aeTaju ¢ Tpex aBToMaroB. llepBwiii aBTOMAT
naer 50 %, a sropoit 30 % Bcex gerasieil, HeOGXOAUMBIX I cOOpPKH. Bpak
B IPOJAYKIMHU IIEPBOTO aBToMaTa coctapiser 1 %, sBroporo — 2 %, a Tperbero
— 4 %. Jletann, n3roToBJIEHHAS aBTOMATOM, OKa3aJach OpakoBaHHOI. Kakosa
BEPOSITHOCTH TOT'0, UTO OHA M3TOTOBJICHA HA TIEPBOM aBTOMATE?!

6. BeposTHOCTH OTKa3a cepBepa IPU KaXKJIOM ©3 HE3aBUCUMbBIX
MOJIKJIIOUEHU ¢ moMoIbio Mojiema paHa 0,2. IlombITKu TIOAKIIIOUEHUS
MPOU3BOJIATCS JI0O YCTAHOBJEHWsT CBsA3W. HaliTu psa  pacupeeeHns,
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MaTeMaTH4ecKoe OXKHUJIaHWe U JUCIEePCHUIO YHUCJa IIPOU3BEJEHHDBIX IIOIBITOK
[IO/IKJIIOYEHU, €CJIM YHCJIO HOIBITOK OrpaHu4eHo nAThbio. Ilocrponts rpaduk
GYHKIME pacIpe/IeIeHus .

7. 3akoH DpJiaHra C IJIOTHOCTHIO PaCIpele/IeHNsT

[ Az?e™%* npm x > 0;
f(x)—{ 0 mpuzxz<O0
OIUCHIBAET PACIPeJIeIeHIe BPEMEHY IIPUOBITHUSI JIBYX BBI30BOB B IIyaCCOHOBCKOM
noroke. Haittn koaddunment A, mMareMaTwmdeckoe OXKUJIAHAE W JUCIEPCHUIO.
(PekoMmenyercss  HCIIOJB30BATH — TaOJIMIBL  ONPEIEJCHHBIX — UHTErPAJIOB).
TTocTponTs rpaduK IIOTHOCTH PACIPEICTICHHS.

Ha 5 kaproukax mamucansl 1mudpsl or 1 mo 5. Haiitm coBmecTHOE
pacrpejiejieHne 9YHC/Ia, HAIMCAHHOIO Ha BBIODAHHON Haydady KapTOdKe, U
WHIAKATOPA TOTO, ITO 3TO 4ucjo HedeTnoe. Haiitu koaddurimenT koppesasaimn
MEZKJIy HIMH.

9. KosmraecTBO BOMBI, pacXoLyeMoe KUTEISIMU OJHOIl KBApTUPHI B CYTKH,
nMeeT IOKa3aTeJbHOe paclipejesienne co cpeanuMm 3HadeHneMm 200 JsmaTpoB.
Haittu, ¢ Kakoit BEpOSITHOCTHIO JIJIsT YAOBJIETBOPEHUs MOTPEOHOCTEH YKUIIBITOB
500 xBapTup Oymer moctarouno 12 000 JUTPOB BOJILI.

10. dyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupesienierns: f(x) Hafitu onenku mapamerpa 6 > 0 o mepBoMy MOMEHTY
U METOIOM MAaKCHMAJIbHOTO mpaBiomnonobus. [IpoBepurb coOCTOATEIHHOCTD
[TOJIy9E€HHBIX OIEHOK. [[JIOTHOCTD pacipesieienns paBHa

fa)={ =

—/6” npu x > 0;

0 upumx <O0.

D

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIECICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiisis
BMECTO HEM3BECTHBIX IIapAMETPOB UX TOYEYHBbIE OIIEHKH, 3aIICATH BbIPDAXKEeHUE
IS OIEHKHW IIJIOTHOCTH pacupenesenusi. [loctpouts Ha omHoM rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

5,38 -1,10 13,11 10,84 9,45 856 7,87 7,34 -4,06 3,48 4,70 7,13 -1,08
4,563 13,56 2,66 7,29 9,41 11,86 9,54 10,86 2,50 -2,84 11,21 8,93

12. ITo kpurepuio Kosmoroposa mpoBepuTh rumoTesy 0 TOM, 9TO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
MIPUHUMAETCS JIX 3Ta runore3a Ha ypoBHe gosepus (0,1; Ha ypoBHe HoBepus
0,01; ma yposne mposepus 0,001.
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1,23 0,49 1,12 1,98 0,25 1,52 0,52 0,03 1,10
1,59 0,27 1,30 1,79 1,93 0,23 1,84 1,04

Bapwuaut 16

1. Cayuaitnag rtouka A Hayjgady BbIOMpAeTCs B NPIMOYTOJILHUKE CO
croponamu 1 u 2. Onucarsb cobObITHE, O3HAYAIONIEE, YTO paccTosHue or A 1o
KaXKJIOfl CTOPOHBI IIPSIMOYTOJIbHIKA He [peBocxoauT 1/2.

2. Ha mosike B cily4aifHOM MOpPSIIKE DACCTaBJIEHBI 8 KHHUI, B TOM YHCJIE
aByxToMHEK Mannenbimrama. HaliTu BepOgTHOCTH TOTO, 9TO OJIMH U3 TOMOB
MamnesrbmramMa oKazKeTcs y MpaBoro Kpast MOJIKH, & APyroil — y JIeBOTO.

3. Ha oTpeske equHWYHON JJIWHBI HAyJady MOCTABJIEHBI JBE TOYKHU, B
pe3yabTaTe Yero 3TOT OTPE30K OKa3blBaeTCsl pa3/iejIeHHbIM Ha TPU YaCTH.
O1npeie/iuTh BEPOSITHOCTD TOIO, YTO CYMMa JIJIMH IOCJIEIHUX JIBYX 4YacTeill He
TPEBOCXOIUT JJIMHBI IEPBOYA YACTH.

4. BepodaTHOCTH TTON&IaHNAS B MUIIEHb TTpU OJTHOM BbIcTpese pasua 0,9. Ilo
MUIIIEHU CTPEJISIOT OJUHOYHBIME BBICTPEIAMU [0 IEPBOTO IMOTAIAHUS, [TOCJIE
qero cTpenbby mpekparraioT. HaitTu BeposTHOCTH TOrO, 9TO OYIeT CIAEIAHO
60Jiee TpeX BBICTPEJIOB.

5. CrymeHT BbIydusa K 3K3ameny TojbKo 30 BompocoB u3 40. ns cmadam
9K3aMEHa JOCTATOYHO OTBETUTH HA JIBA U3 YE€THIPEX PA3HBIX BOIpPocoB. KakoBa
BEPOSITHOCTB TOT'0, YTO dK3aMeH Oyrer cuan?! KakoBa BEpOSITHOCTH TOTO, UTO
CTYJIEHT OTBETHJI HA BCE YETHIPE BOIIPOCA, €CJIN U3BECTHO, YTO OH CJIAJ IK3aMeH !

6. Ilonp3oBaTesb KOMIbIOTEpa 3a0bLT MApOJb U IepedupaeT HayIAdy
6 BozMOxkHBIX. [lociie Tpex HeyJIadHBIX MOMBITOK KOMITBIOTED OJIOKUPYETCs.
Haiitu psin pacrpeenierns, MaTeMaTHIeCKOe OXKUJIAHUE U JIMCIIEPCUI0 JHUCIIa
nonbIToK. [locTpouTs rpaduk GyHKINE paCIpe/Ie/IeHIs.

7. Bpems J1oCTUKEHMST CTAHIAPTHBIM OPOYHOBCKUM JIBU2KEHUEM yPOBHS
“MeeT IJIOTHOCTD PACIPEeeICHIS

At=3/2¢=a*/(20) pu t > 0;

1) = 0 mpumt<O.

Haiitu wopmupyromngyo koucrauty A. JlokazaTb, 9TO MaTeMATHYECKOE
OXKMJIaHMe BpeMeHHU JiocTuxkenus e cymecrsyer. (Cuenars 3ameny a/ Vi=1y.
MO2KHO HCIOJIB30BATH TAOJIUIIBL ONIPEIEIEHHBIX NHTEIPAJIOB ).
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8. B Teuenme Tpex jaHeit Hemenum Temmeparypa Oburta 30 rpajycos, a
BiaaKHOCTHb 60 mporieHToB. B Tedenme apyrux Tpex mHeil Temmeparypa 20
rpajycoB, a BJIakHOCTh 90 mporenToB, a B mocaeaauit jenb 10 rpajycoB u
100 mpornienTos. Haittn coBMecTHOE pacupefiesieHre TEMIEPATYPBI U BJIasKHOCTH
B BBIOpaHHBIN Hayda4dy JeHb. HalTun Ko3hDUIUMEHT KOPPEInd MKy
TEMIEPATYPOil U BJIAXKHOCTHIO.

9. YuacTHuk Jjorepenm OpocaeT 5 IIAPOB, KAXKJBI W3 KOTOPBIX MOXKET
[IONIACTh B JIy3bI C HOMepaMu OT 1 710 6. YYacTHUK IOJIy4YaeT [eHHbIH IIPU3, eCJin
cyMMa 09KOB GoJibiiie 23. OIeHUTh BEPOSTHOCTD IIOJIYYeHUsT [IEHHOTO [IPU3a.

10. Hdyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacnpesienierns f(x) HaiiTu onenku napamerpa 6 > 0 mo TpeThbeMy MOMEHTY
U METOIOM MAaKCHMAJIBHOTO mpaBiomnonobusi. [IpoBepurb cOCTOATETHHOCTD
[TOJIy9E€HHBIX OIEHOK. [[JIOTHOCTD pacipesieienns paBHa

—32\9/25671\/5/92 npu = > 0;

= {

0 mpma <0.

11. Jana BbIOOpKa M3 HOPMAJIBHOIO DPACIPEJEIEHUs C HEM3BECTHBIMU
mapamerpamu. HailiTm onenku napameTrpoB pacupejenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapAMETPOB UX TOYEYHBbIE OIIEHKH, 3aIIICATH BbIPDAXKEeHUE
Ui OIEHKHW IIJIOTHOCTH pacupenesienusi. [loctpouts Ha omHoM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEJIEHUS.

4,61 6,70 2,88 9,09 -2,06 6,25 6,46 4,25 16,16 7,07 1,35 13,58 7,96 14,64
-2,14 10,81 2,50 2,24 -1,04 5,31 11,93 16,20 7,49 -5,21 5,90 5,63 7,26

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

1,64 0,79 0,64 1,06 0,42 0,69 1,65 0,45 0,43
1,48 0,44 0,97 1,49 0,46 1,29 0,37 0,45

Bapuant 17
1. Cayuaitnag rtouka A Haygady BbIOMpAeTCs B NPIMOYTOJILHUKE CO

croponamu 1 u 2. Onucarb coObITHE, O3HAYAIONIEE, YTO paccTosHue or A 1o
GuirKaiineil CTOPOHBI IPSMOYTOJIBHIKA He IIPEeBOCXoauT 1/2.
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2. U3z xomombl kapT B 306 JIMCTOB BBIHUMAIOTCA TpU KapTbl. HaiiTn
BEPOSTHOCTD TOT'O, YTO CPEJIX HUX OKAXKyTCs XOTs OBl JIB€ KPACHbBIE KaPTHI.

3. Ha orpeske AB wnaynady sbiOupatorcss jase Touku M u N. Kaxosa
BEPOSTHOCTDL TOTO, 4TO TOUKa M oOKaxkeTcs 1O KpaitHeil Mepe BTpoe OJmKe
K Touke N, 4em K To4uke A7

4. DyeKTpuYecKas LelNb COCTOUT U3 JJIEeMEHTOB Aj, COeIUMHEHHBIX II0
CJIeAYIOLIEH cXxeMe:

| A2 |

BepositHocTs BBIXOZIA M3 crpost asementa A; pasma 0,1, ocrajabHBIX
anementoB A — mo 0,04. Ilpennosaraercst, 9TO 3J€MEHTHI BBIXOJAT W3
CTPOSI HE3aBUCHMO JPYT OT japyra. HallTu BepOSTHOCTH TOTO, UTO Ienb OyaeT
IIPOIYyCKAaTh TOK.

5. IIpubop cocTouT U3 Tpex He3aBUCUMO PabOTAIONINX OJIOKOB, BEPOATHOCTH
OTKa3a KOTOpBIX 3a cMeHy paBHbl cooTBercrBenno 0,01, 0,05 wm 0,08.
BepositHOCTB BBIXO/1a M3 CTPOsi TPUOOpA P OTKA3€ OHOrO W3 OJIOKOB pPaBHA
0,5; mpu orkase jByx OsokoB — 0,8, mpum OTKase BCcex TpexX OJOKOB —
1. OmpenesuTb BEpOSTHOCTH BBIXOJA HPHOOpAa M3 CTposi 3a cMeHy. Halitm
BEPOSTHOCTH TOI'O, YTO OTKAa3aJi BCe TPHU OJIOKA, €CJIM U3BECTHO, YTO IIPUOOD
BBIIIIEJT U3 CTPOS.

6. IIpu urpe ¢ aBromaToM urpok mnosydaer 50 pyOseit ¢ BEepOSTHOCTHIO
0,1, 10 py6Jeit ¢ BepositHocThiO 0,3. Haiitu cymmy x pyOJieit, KOTOpYIO UTPOK
OpocaeT B aBTOMAT W TepseT B CJIydae HPOUDHIIIA, €CIU MaTEeMATHIeCKOe
OKMJIAHKE BBIUTPBHINIA PaBHO MuHYC 2 pyOusm. (B ciyuae npourpbiima cymMa
BBIUT'PHIIIA CIUTACTCST OTPUMATETbHBIM YUCJOM, PABHBIM CyMMe€ ITPOUTPHIIIA,
B35TOi CO 3HAKOM «MuHyC».) HailTu psij pacupeesetus u AUCIEPCUIO CYyMMBI
BeIurpoia. [loctpoutsh rpaduk GyHKIUE pacIpeIe/IeHus .

7. IlmoTHOCTD pacipe ieeHnst BEpOATHOCTEH CIydaiiHOM BeJIMIUHbI § nMeeT
BU/J,

A;E y 1pu |z| <6
0 wpu |z| >0

(yceuennoe pacnpeneienne Kommu). Haiitu kosdbdunuent A, Bbaucaurhb
MAaTEMaTHIECKOE OXKMJAHUE W CTAaHZAPTHOE OTKJIOHeHWe. HaliTh BeposTHOCTH
TOTO, YTO C/TydaiiHas BeJMYHHA & MPUMeT 3HadeHue, 6osbiee 0/1/3.
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8. B nByx m3 werwipex aymuropuii mo 20 CTyJIeHTOB U YPOBEHDL IIyMa
60 nermbenn, B Tperbeit 10 cTymenToB m ypoBenb miyma 50 mernumbest, a
B YETBEPTON AayJAUTOpUHM HET CTYJIE€HTOB W ypoBeHb Iryma 20 gerubesu.
Haiitu coBmecTHOE pacupese/ieHne 4Yucjaa CTYJAEHTOB W YPOBHsS IIyMa B
BBIOpaHHON Haymady ayaurTopuu. HaiiTu Ko3(pOUIMEHT KOPPEeTAnuu MKy
YUCJIOM CTYIEHTOB U YPOBHEM IIIyMa.

9. KoanuectBo 10-KOmeeYHBIX MOHET, HEOOXOAMMOE JIJIsI BBIIAYN KarKIOM
coaun B Kacce, npuHuMaeT 3HadeHus oT 0 10 4 ¢ paBHBIME BEPOSTHOCTSIMU.
Haittn, ¢ xakoit BeposgTHocThio Ha 100 BBImAY caadm Oymer moctaTodro 220
10-KoTeeYHbIX MOHET .

10. Hdyst Bei6opku (X1, X, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupegenenus f(x) nailtu onenku mapamerpa 1 < 8 < 2 10 nepBoMy MOMEHTY
M METOJOM MAaKCHMAJbHOTO NpaBAonogobms. IIpoBepUThH COCTOSATENBLHOCTD
MOJIy9E€HHBIX OIEHOK. [1JIOTHOCTD pacupese/eHnst paBHa

1 _..—6/(6-1) :
fz) = 1% upu x > 1;
0 mpma <l1.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIPEEsIEHUs C HEM3BECTHBIMU
mapamerpamu. Hailitu omeHku mnapamMeTrpoB pacupeneieHus. lloxcraBiss
BMECTO HEM3BECTHBIX IIAPAMETPOB MX TOYEYHBIE OIEHKH, 3AIMCATH BHIPAYKEHUE
Ui OIEHKHW IIJIOTHOCTH pacmupenesenus. [loctpouts Ha omHoM rpaduke
ECTOIPDAMMY C IIArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEJIEHUS.

2,92 12,70 10,80 -10,19 4,32 12,02 13,68 3,75 -0,90 2,94 15,07 2,08 16,22
13,42 1,55 -6,05 15,70 12,35 13,94 -0,56 24,10 7,45 3,60 -0,24 16,84 6,13
-5,28 3,00 10,04

12. Ilo xpurtepuio KosmMoroposa npoBepuTh I'UIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMEpPHOe pacnpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
MIPUHUMAETCS JIM 3Ta TUmoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

1,82 1,13 1,78 0,65 0,55 1,02 0,88 0,76 0,57
1,71 0,62 1,69 0,15 0,23 1,99 1,63 1,91 1,57

Bapuaut 18

1. Bpormensr Tpu urpasbabie Koctu. OmucaTh cOOBITHE, O3HAYAIOIIEE, ITO
XOTsI ObI HA OJITHON KOCTHU TOSIBUJIACH €UHUIIA, U He OoJiee 1eM Ha JIBYX BbITaJIN
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JIBOUKU.

2. Homep storepeitaoro dmiera cocrout u3 6 mudp. Kakosa BeposTHOCTD
TOrO0, IYTO XOTs OBl JBe MUMPHI B3ATOTO HAYAATy Omiera COBIAIAIOT !

3. CrepkeHb e IMHIIHOM JTuHbl A B pa3jioMan B ABYX HayIaqy BRIODAHHBIX
toukax X u Y. C Kakoil BEpOSTHOCTHIO PACCTOSTHIE MEXK/Iy STUMU TOIKAME HE
MPEB30RIET MAKCUMAJBHOTO U3 JByX oTpe3koB AX wmm AY?

4. Ilo mumenm 1o omHoMy paldy crpensior 4 crpenka. BeposTHOCTB
TonaJanus Jjist mepBoro pasHa 0,5, s Broporo — 0,6, mis Tperbero — 0,7,
anst gerBeproro — 0,9. Haiitu BeposTHOCTH POBHO JIBYX IOIAIAHUIA.

5. B cemu ypHax comepkutcs 1o 3 6esIbIX U 2 YepHBIX I1apa, & B TPEX yPHAX
mo 7 6esibIx W 3 UepHBIX IMmapa. KakoBa BEPOSTHOCTb, UTO U3 YPHBI, B3sITOI
Hayady, Oyner u3pjeder Oesblii map? HaiiTu BeposiTHOCTD, YTO IIap U3BJIEYEH
U3 yPHBI C 7 O6eJIbIMA U 3 YEePHBIMU IIAPAMU, €CJIH OH OKa3aJics OeJIbIM.

6. [Ipubop cocTouT U3 Tpex MAJTOHAIEIKHBIX 371eMeHTOB. OTKa3bI 3JIEMEHTOB
3a HEKOTOPBIA Mepmoj BpPEMEHM HE3aBUCUMBI, a WX BEPOSTHOCTU pPaBHBI
coorBerctBenno 0,2; 0,3; 0,4. Hafitu psajg pacrpesesieHus, MaTeMaTUIeCKOE
OXKUJIAHUE U JIUCIIEPCUIO YUCTA OTKa3aBmMUX 3djeMenToB. [locTpouth rpaduk
GbyHKIIMKM pacipe/ie/IeHus.

7. Touka M nBmwxkerca no ocu Ox 1o 3zakomy x = vt — at’. B
CJLy9aiiHblii MOMEHT BpeMEeHU, PABHOMEDHO pacipe/iejieHHblil Ha orpeske [0; T,
nabsonaercsa koopaunara & Toukn M. Haiitm mareMaTndeckoe OXKUIAHUE U
CTaHJAPTHOE OTKJIOHEHHe ciydaiinoii seamuunsl &. [Ipu v = 10 m/c, a = 10
M/c?, T = 3 ¢ HafiTH BEPOATHOCTH TOTO, 4TO & > 0.

8. UYernipe aBTOOyCA, yXOAdIIne C HUHTEPBAJOM B D MUHYT, YBE3JIH
mo 20 maccaxkupos. JIBa aBroOyca, yxojsdiiume ¢ wHTepBajoM B 10 MHHYT,
yBe3su 1o 30 maccaxkupos. JIBa aBTobyca, yxojdmiue ¢ WHTEpBaJIoM B 15
MUHYT, yBe3au 1o 35 maccaxkupos. HaiiTu coBMecTHOe pacupesesieHne ducia
[MaCcCa)KUpoOB U WHTEPBAJa IBUXKEHUS I BBIODAHHOIO HAyJIady aBTOOYCA.
Haiitu xosddunuent koppessimn.

9. KosmuecTBo 6pakKOBAHHBIX U3/IE/UH B KOPOOKE MMeeT pacIpejie/IeHne
IIyaccona ¢ mapamerpom 2. HaiiTu BeposgTHOCTE TOTO, 9TO B 16 KOpoOKax GoJiee
40 6paKOBaHHBIX U3/E/HUI.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu onenku napamerpa 6 > 2 1m0 BTOPOMY MOMEHTY
U METOJOM MAaKCHMaJIbHOro mpasiononobus. IIpoBepurh cocTosTeIbHOCTD
[IOJIy9eHHBIX OIleHOK. 1IsioTHOCTD pacupesesenns paBHa

Bz~ D) npu x> 1,
0 mpmax < 1.

fz) =
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11. Jana BbIOOpKa M3 HOPMAJIBHOIO PACIPEJEJIEHUs C HEM3BECTHBIMU
mapamerpamu. HaliTu onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEM3BECTHBIX ITAPAMETPOB UX TOUYEIHDIE OIEHKH, 3aIICATh BhIPAXKEHUE
IS OIEHKHW IJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOoM rpaduke
PECTOIPDAMMY C IIArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IJIOTHOCTH PACIIPE/IEJICHUS.

13,29 7,48 2,82 22,84 7,49 8,98 13,84 14,17 7,07 9,69 -8,35 12,77 14,93
5,81 8,62 11,22 3,85 2,86 9,52 15,93 9,43 19,48 19,19 12,20 19,40 12,09
8,47 6,79

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pacnpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUAMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,19 0,91 0,30 1,34 0,61 1,12 1,00 0,53 1,58 0,62
0,41 0,89 1,20 1,51 0,78 1,44 0,46 0,69 1,33

Bapwuanut 19

1. HekTo Hammcas n ajpecaraM IHACbMa, B KaKJblil KOHBEPT BJIOXKMJI 110
OJJHOMY IHCBMYy, U 3aTeM HayJady HallucaJs Ha KaKJIOM KOHBepTe OJIUH U3 7
azpecoB. Ilycrs cobbiTue A; COCTOUT B TOM, 9TO i-€ MUCHBMO IIONAJIO B CBOM
kouBepT. Onucars COOBITHE, 3aKJIOYAIONICECS B TOM, YTO POBHO OJHO ITHCHMO
[IOIIaJI0 B CBOY KOHBEPT.

2. B opurage 4 paboumx. KakoBa BeposATHOCTH TOro, 4TO IO KpaiiHeit
Mepe Tpoe W3 HUX POJWINCH B OJIMH U TOT Ke JeHb Hegesau! Cumrarhb, 9TO
BEPOSITHOCTH POJUTHCS B KAXKJIBIA U3 JIHEH OJIMHAKOBBI.

3. Crep:keHb e IMHIIHOM JTHbl A B pa3iioMan B ABYX HayIaqy BRIODAHHBIX
toukax X u Y. C Kakoil BEpOSTHOCTHIO PACCTOSTHIE MEXK/Iy STUMU TOUKAME HE
[peB30iieT JInHbl oTpe3ka AX 7

4. DuekTpudueckas I[EIb COCTOUT W3 3JEMEHTOB Aj, COeIMHEHHBIX MO
CIeyIomell cxeMe:

BepositHocTh BBIXOJ@ U3 cTposi djementa A, pasua 0,01, ocraabHBIX
anementoB A — mo 0,1. IIpeamosaraercst, 9T0 3JIEMEHTBI BBIXOJAT U3 CTPOS
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HE3aBUCHUMO Jpyr oT xapyra. Haiitm BepoATHOCTH TOro, 4YTO Menb OyIeT
IIPOILyCKaTh TOK.

5. Tenerpaduoe coobmieHne COCTOUT U3 CHIHAJIOB <TOYKA» U <TUPE>.
M3BecTHO, 4TO Cpe/in IIepe1aBaeMbIX CUIHAJIOB «TOYKa» U «THPE» BCTPEYAIOTCH
B oTHOmEHnH 7:3. M3-3a moMex nckazkaercs B cpegaeM 25 % cUTHAJIOB «TOYKa»
n 20 % CUTHAJIOB «TUPE», IPUIEM <TOYKa» HCKAYKACTCH B «TUPE», & <«TUPE» B
«TOYKy». HaiiTu BeposTHOCTH MCKaxKeHust curaasia. OnpeieiuTb BePOSTHOCTD
TOT0, YTO IEPEJIABAJIA «TOYKY>, ECIH U3BECTHO, YTO IPUHSIU «THUDE>.

6. /IBa urpoka uUrparoT B IIaXMaThl Ha JeHbru. VI3BeCTHO, 9TO B CpejHeM
u3 5 mapTuil oJ{Hy BBIUIPHIBAET IIEPBBII UI'POK, JBE 3aKAHINBAIOTCS BHUYBIO, U
JIBe BBIUT'PBIBAET BTOPOIl UT'POK. B citydae mpourpsliina mepBbiil UIPOK ILIATHT
Bropomy 50 pyOseit. CKOJIBKO OH JOJIKEH TOJYYaTh B CJIydae BBIUTDHIIIA,
9TOOBI MATEMATHYIECKOE OXKWJIAHUE €r0 BHIUTPHINIA PaBHsLIOCH Hymo! Haittu
PsiJl PACIpEIEJIeHNs] W JUCIIEPCUIO CyMMBI BBIUTDBINIA (OTPHIATENbHAST CYyMMa
BBIUTPBIIIA — TO CyMMAa IIPOUIPHIIIA, B3sITas CO 3HAKOM «MHHYyC» ). [locTponts
rpaduk QYHKIUH PACIPE/IeICHHSI.

7. CayuaitHast BeJIMunHa & UMEET IJIOTHOCTD PACIIPe/IeIeHNsT

A —(z—a)?/(20%)

fla)=q oV

upu |z — a| < 20;
0 mbox |z — a| > 20.

Haiitn mHopMupyIoIyo KOHCTAHTY A, BBIYUCIATH MATEMATHIECKOE OXKUJIAHIE.
TTocrpouTs rpaduk mIOTHOCTH pacupesesieHns upu ¢ = 0 = 1.

8. B moabesne 5 OMHOKOMHATHLIX KBapTHp Ijomajabio mo 40 KB. M.,
10 aByxkoMHaTHBIX KBapTHp IO 60 KB. M., 10 TpeXKOMHATHBIX KBapTHP IO
70 kB. M. u 5 gerbipexkOMHATHBIX 0 90 kB. M. st BBIOpaHHON Haymady
KBapTUPBI HAWTH COBMECTHOE PACIIPEIe/ICHIE YIC/Ia KOMHAT U miorna . Haitru
KO3 DUIMEHT KOPPETANIH MEXKy HUMU.

9. CymmapHOe BpeMsi paboThl MamuHbl cKaaapiBaercs u3 1000 uaTepBaaoB
BPEMEHM, KaXK bl U3 KOTOPBIX M3MEPSIeTCS CO CTAaHIAPTHBIM OTKJIOHeHWeM B 10
MuHyT. HaliT BeposiTHOCTD TOT0, ITO (paKTUIECKOe BpeMs PAOOThI OTJINIAETCs
OT U3MepeHHoro 6obiire, yeM Ha 10 Jacos.

10. Hdyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacnpesiesierns: f(x) Hafitu onenku mapamerpa 6 > 0 Mo mepBoMy MOMEHTY
U METOIOM MAaKCHUMAJIBHOTO mpaBaomnonobus. [IpoBepurb cocTosATEIBHOCTD
[TOJIy9EeHHBIX OIEHOK. [[JIOTHOCTD pacipesieieHns paBHa

fla)={ &

—=/0” npu x > 0;

0 upumx <O0.
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11. Jana BbIOOpKa M3 HOPMAJIBHOIO PACIPEJEJIEHUs C HEM3BECTHBIMU
mapamerpamu. HaliTu onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIIEHKH, 3allUCATh BbIPAXKEHHNE
IS OIEHKHW IJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOoM rpaduke
PECTOIPDAMMY C IIArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IJIOTHOCTH PACIIPE/IEJICHUS.

23,95 -2,61 11,87 1,37 5,92 -5,10 5,38 14,71 7,55 3,91 1,23 8,50 -5,58
-1,97 1793 9,42 11,99 9,39 4,78 5,43 9,40 8,68 2,20 7,15 14,78 14,77
-15,16

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHAMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

2,94 1,96 0,64 0,76 0,01 0,82 0,23 0,82 1,96
1,28 1,49 1,07 1,92 0,17 1,68 1,01 0,48

Bapuaut 20

1. HekTo mammcan n ajpecaraM NUCbMa, B KaXKIbId KOHBEPT BJIOYKIJI IO
OJJHOMY IHMCBbMY U 3aTeM Hay/iady HallicaJ Ha KaKJOM KOHBEpTe OJUH U3 N
anpecoB. Ilycrs cobbiTne A; COCTOMT B TOM, 9TO i-€ IHUCBMO IIONAJIO B CBOM
kouBepT. Onmcarb coObITHE, 3aKIIOYAIONIEEC B TOM, YTO POBHO JIBa IUCHMAa
IIOIIAJI B CBOM KOHBEPTHL.

2. Hekro Hammcas Tpem ajpecaTaM IHCbMa, B KayKJIbIl KOHBEPT BJIOZKMUJI
110 OJHOMY IHCbMYy, W 3aTeM HayJady HaIucaJ Ha KaXXJOM KOHBEPTE OJINH
u3 Tpex ajzpecoB. HaiiTu BepOATHOCTDB, 9TO XOTs ObI OTHO MUCHMO IOTAJIO IO
Ha3HAYEHUIO.

3. Ha smmeiike Haymady mocTaBieHbl 2 TOUKH. KakoBa BEPOATHOCTH TOTO,
9TO PACCTOSIHUE MEXKIy HUMU OKAXKeTCsi OOJIbIIIe YeTBEPTH JJINHBI JTUHEHKH !

4. Tpu cTpeska IOOYEPEHO CTPEIAIOT 1O OJHON W TOHW K€ MHUIIEHH.
Y kaxkzgoro crpeiaka 2 marpona. llpm mepBom momajgaHum cTpesnda
nmpekparaercs. BeposSTHOCTh TONaJaHUs B MUIIEHb IMPU OJHOM BBICTPEJIE
ans mepsoro crpenka 0,3, maiaga sroporo — 0,4, miasa tperbero — 0,6. Haiitu
BEPOSTHOCTD TOT'0, YTO BCE CTPEJIKH U3PACXOAYIOT BeCh CBOIl Ooe3arac.

5. IlepBoe opymue 3-opymaumiiHoit Oarapenm MPUCTPENSIHO TaK, d9YTO
BEPOATHOCTD IIOLIAIaHNs [Jist Hero pasHa 3/11. Jlyist Broporo u Tperbero opyaust
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ona papna 1/5. Barapes masma 3ammn mo nemau. Haifitu BeposiTHOCTB TOTO, UTO
1eJIb mopazkeHa. HaflTu BeposiTHOCTB TOTO, UTO IepBOE OPY/IUe TOHAJI0 B IEb,
€CJIN M3BECTHO, UTO IeJIb ObLIa moparkeHa. Jljist mopaKeHus 1eIu JOCTATOIHO
OJTHOTO TIOTIATAHMSI.

6. BepogrHocth mpuema otaenbHoro curaasia pasua 0,05. Pamgmocuruadt
nepesaercsd b pa3. Haiitu psim pacrpejiesieHus, MareMaTH4ecKoe OXKUJIAHUE
U JUCHEPCHUI0 YHCIa [PUHATHIX curaajgoB. llocrpours rpaduk dyHKIUN
pacupenesienusi. HaiiTu BepogTHOCTH TOTO, YTO TPUHSTHIX CUTHAJIOB OyleT He
MeHbIIe 2, HO He boJibie 3.

7. Karer paBHOOEIPEHHOIO MPSMOYTOJBLHOIO TPEYTOJbHUKA SBJISIETCS
clydaiffHON BeJIMUMHON, pPABHOMEDHO paclpejejieHHON Ha otpeske [0;1].
Haiitu mutoTHOCTE pacupeneienusi, GyHKIUIO PACIPEIEIEHNs, MATEMATHIECKOEe
OXWJIaHUE W JUCHEPCHIO IUIOMAIN TPEYTroJbHUKA. HallTu BeposTHOCTH
Toro, 4rTo Imomaab npesocxogur 1/8. Haveprurh rpaduku rorHocTH
pacupeesieHns U MYHKIUNA PACIPE/IETICHUS.

8. B otmese paboraeT oquH COTPYAHUK C JIBYMsI BBLICIIUME 00pa30BaAHUSIMU
BozpactoMm 30 JieT, IBa COTPYIHHUKA C BBICITUM 0Opa30BaHuEM Bo3pacToM 1mo 50
JIET W JIBa COTPYIHUKA 6e3 BhICcIIero obpaszoBanus Bopactom 1o 20 jer. st
BBIOPAHHOI'O HAyIA4y COTPYIHHUKA HAMTU COBMECTHOE PacIpeesieHe BO3PacTa
U KOJITIECTBa BBICIIUX OOpazoBaHuii. Boraucgnth K0dDDUINEHT KOPPEsInm
MEZKJTy HIMH.

9. Bpems oxwumanus aBroOyca MacCa)KUPOM WMMeEeT IOKA3aTe/bHOe
pacmpeiesieHne CO CpeIHUM 3HadeHneM 8 MuHyT. HaiiTn KOJIM4ecTBO MOe3IoK,
3a KOTOpOE CyMMAapHOE BpeMs, 3aTpadeHHOe Ha OXKWJaHue aBTobyca, He
IIPEBBICUT D YacoOB ¢ BeposaTHOCTHIO 0,9.

10. dyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupegenenus f(x) maittu omenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJbHOTO NPaBAonogobms. IIpoBepUThH COCTOSATENHLHOCTD
MOJIy9E€HHBIX OIEHOK. [1JIOTHOCTD pacupese/eHnst paBHa
fay = | e mpua >0

0 upumx <O0.

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIPEJEJIEHNsI C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIEHKH, 3allUCaATh BbIPDAXKEHHNE
Ui OIEHKHW IIJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOM rpaduke
CECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEICHUS.
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10,63 19,48 3,89 445 15,11 1590 2494 1,72 3,25 -3,77 12,17 10,08
14,36 9,39 1,27 7,89 8,68 1,59 10,57 3,21 -6,11 15,61 10,82 1,68 5,63
6,79 20,27 -2,15

12. Ilo xpurtepuio KosmMoroposa npoBepuTh I'AIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
MIPUHUMAETCS JIU 3Ta TUoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.
1,64 1,43 0,40 1,23 1,40 0,76 1,09 1,65 1,32
1,24 1,39 0,81 0,39 0,76 1,14 1,24 1,69 1,58

Bapwuant 21

1. Bpocarorcs jige urpajbhbie Koctu. [IycTh cobbiTre A COCTOUT B TOM, YTO
BBITIABITNAS CYMMa OYKOB HeYeTHA, & cOObITHe B — B TOM, ITO XOTs OBbI HA OJTHOMN
n3 Kocreil BoinaJia Tpoiika. Onucars cobbitusts AB u AB.

2. B gamuke 5 KpacHbIX U 4 cuHuX myrosul]. KakoBa BepOSITHOCTH TOTO, UTO
Cpejii YeThIpeX HayJady BBIHYTBIX IIyTOBUIL OYyT U KPACHbIE, U CHHUE?

3. Momosioit 4e10BeK JIOTOBOPHUIICS BCTPETUTHCA C AeBYIKO#M Mexkay 9 m 10
qacamMu u obermas Kaathb eé 10 10 wacos. eBymika obermaia kaath ero 20
MUHYT, €CJii IpuaeT panbine. HaiTn BepoOSATHOCTDH TOTO, 9TO OHU BCTPETSITCH.
IIpenmonaraercsi, Y70 MOMEHTHI UX IIPUX0JIa PABHOBEPOSTHDLI B TE€UEHUE TACA.

4. Tlpu nepegade coobmennii B cpeaneMm 20 % mmceMm He I0XOIAT 10
rosrydaresisi. Haiftu BeposiTHOCTBH TOro, 4ro m3 6 mucem 0oJiee IIOJIOBUHBI Ha
Oy/ZIeT MOJIyIeHO aIpecaTaMu.

5. B mymkre mnpokara nmeercsd 6 OIMHAKOBBIX Ha BHJ BEJIOCHUIIENIOB.
Bepositnocts mosiomku it aByx u3 Hux 1mo 0,1, mia tpex mo 0,2 u jia
onuoro 0,7. KakoBa BEPOATHOCTH TOTO, YTO BEJIOCHUIIE]] CJIOMAETCS, €CJIU €ro
BeIOMparoT Haymady! KakoBa BepOSITHOCTH TOTO, 9TO OBLI BHIOpAH BEJIOCHIIE]T,
JJIsE KOTOPOTO BEPOSITHOCTD MOJIOMKY 0,7, IIPU YCJIOBUM, YTO OH CJIOMAJICS !

6. BeposiTHOCTD TIOTIaIaHus B MuiieHb paBHa 0,4 TpH KarKJIOM BBICTpeJIE.
Crpesibba BeIeTCst OMHOYHBIMU BBICTPEJIAMHE JI0 TIEPBOTO MOTAIAHNS, TTOKA HE
Oyzaer m3pacxomoBaH Ooeszamac. Hailitu psii pacrpefieneHus, MaTeMaTHIecKoe
OXKUJIAHUE W JIUCIIEPCUI0 YHCJIA TPOU3BEIEHHBIX BBICTDEJIOB, ecjin Goe3arac
cocrasiyisieT b exauauil. [locrpouts rpaduk GyHKIINN pacupeeeHnsd.

7. Coayuwaiimass Beiwdmna & — KOODAMHATA TOYKH, COBEPIIAIOIEi
KojiebaTeNbHbIE JBHXKEHHUs 10 3aKOHy x = asin(wt), n zHabiomaeMoil B
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cJIydafiHblii MOMEHT BpeMmeHH 1, paBHOMEDPHO pAacCIpeeseHHBbIN Ha Iepuojie
kosebanmii [0; 2T/w)]. Haiitu maremarnueckoe OXKuJAHWE U CTAHIAPTHOE
OTKJIOHEHUE Cjrydaiinoil Besuuunsl §. Hafitu BepoaTHOCTH TOrO, 94TO & > a/2.

8. CocraBuTh TAOJUIy COBMECTHOTO PACIPEIEJICHUS YUCJIA BBIMTABIINX
YETHBIX U HEYETHBIX YUCEJ IIPH OJHOM IMOJAOPACHIBAHUM WUIPAJIBHON KOCTH.
Haittu kosdduriment Koppeasaium MexK 1y HIMH.

9. OneHuTh, CKOJBKO Pa3 HYy?KHO OPOCUTH UTPAJIBHYIO KOCTh, YTOOBI CyMMa,
BBIIABINNX OYKOB IpeBbicuaa 300 ¢ BepoaTHOCTHIO He MeHee (,92.

9 Hast Boibopku (X1, Xa, ..., X,) W3 pacupeieseHus] ¢ ILUIOTHOCTHIO
pacnpesienierns: f(x) Hafitu onenku mapamerpa 6 > 4 1o mepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPaBaonomobus. IIpoBepHTH COCTOATENIHLHOCTH
HOJIy9eHHBIX OICHOK. IIJIOTHOCTH pacupeeeHus paBHa,

[ (®8=2)2 % mpua > 1;
f(x)—{ 0 upuz<1.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pacupenesennd. llogcraBiss
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3AIICaTh BbIPaKeHNe
JUIs OIEHKH IJIOTHOCTH pacupenesenus. l[loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTAHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

0,87 1,26 1,8 2,11 0,01 1,35 2,05 0,76 1,65 1,61 0,12 2,03 1,07 1,10
3,06 0,38 0,64 1,63 0,54 2,65 0,82 1,21 0,73 1,99 244 0,93 0,47 0,88

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe noBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

1,46 0,68 0,59 1,97 1,03 0,62 0,89 1,93 0,88
1,66 1,34 1,99 0,59 0,00 0,46 1,48 1,35 1,74

Bapwuaut 22

1. I[Ipubop cocTouT M3 JABYyX OJOKOB IIEPBOTO TUMA U TPEeX OJOKOB BTOPOTO
tuna. Cobprrus: Ay, k = 1,2, — ncupasen k-it 6s10k nepsoro tuna, Bj, j =
1,2,3, — ucnpasen j-it 610k Broporo Tuna. [Ipubop ucrpasen, ecyi uCIIpaBHBI
x0T Obl OnuH OJIOK TIEPBOrO THIA U HE MEHee JBYX OJIOKOB BTOPOIO THUIIA.
Beipasuts coberrue C', 03HaUaOIIEe UCIIPABHOCTD IpHOOPA, uepes Ay u Bj.
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2. Bpocaior 4 urpasbubie kKocTu. KakoBa BepOSTHOCTB TOTO, UTO XOTsI ObI
HA JIByX U3 HUX BBIIAJIET OJIMHAKOBOE YUCJIO OYKOB?

3. Crep:keHb eIUHUYHOM NHBl A B pazjioMan B ABYX Haya4y BHIOPAHHBIX
toukax X u Y. C Kakoii BEpOSITHOCTHIO PACCTOSIHAE MEXKJIy STUME TOYKAMU He
[peB30iiJeT AInHbl oTpe3Ka BY ?

4. DyeKTpUYecKas LelNb COCTOUT U3 JJIEeMEHTOB Ay, COeIUMHEHHBIX II0
CIeyIomell cxeMe:

BeposiTHOCTb BBIXOJIa U3 CTPOsT KaxKioro 3jemeHtra Ay pasaa 0,02.
IIpennonaraercs, 9T0 3JIEMEHTHI BBIXOAT U3 CTPOS HE3ABUCUMO JIPYT OT JIPYyTa.
Haiitu BeposiTHOCTB TOTO, 9TO TIeNh Oy/I€T IPOILYCKATH TOK.

5. OquHAKOBBIE JETa U MOCTYIAIOT Ha COOPKY ¢ Tpex aBroMaroB. [lepBbiit
apTomar gaet 25 %, sropoit 30 %, Tperuit 45 % Bcex gerasieil, HEOOXOIUMBIX
mias cbopku. Bpak B IpOAyKIuM IepBOro apTromara cocTapiaser 2,5 %,
Broporo — 2 %, Tperbero — 3 %. Haiitm BeposTHOCTH TOCTYILIEHUST HA
cOOpKy HEOpakoBaHHOW jieTasin. HallTu BEpOATHOCTH TOTO, UTO OKA3ABIIASACS
HEOPAKOBAHHOMN JI€TAJIb U3rOTOBJIEHA HA TEPBOM aBTOMATE.

6. Ilo mwuIileHH OIHOBPEMEHHO CTPEJISIIOT TPHU CTPEJIKA, BEPOSTHOCTHU
MonmaJanuii KOTopbix paBHbl cooTBercTBeHHO 0,4, 0,7 m 0,9. Hafitu psan
pacipemesienns, MaTeMaTHIeCKOe OXKUIAHNE W TUCIEPCUIO UNC/Ia, TOMaIaHuit
B MuIeHb. [locTponTs rpaduk GpyHKIIMN pacipeseeHus.

7. MakcuMaJbHbIH HyJIb CTAHJAPTHOTO GPOYHOBCKOTO JBuzKeHus Ha [0; 1]
uMeer KoopauHaty & ¢ dpyHKIMeH pacipejenenust

Aarcsiny/z upu z € [0; 1];

Flz) = 1 mpumax>1.

Haiitu komcranty A. Tlocrpoursh rpaduku GyHKIME pacupeeeHus u
IJIOTHOCTHU PACIPENEJICHIS CJIyIaiHON BEJIMINHBI &,.

8. IlombpachiBatoTCss TPU CUMMETPUYHBIX MOHETBI. COCTaBUTH TAOJIUILY
COBMECTHOT'O PACIIPEe/IeHNs] KOJIMIECTB BBIIABIINX TepOOB HA NEPBOil MOHETE
7 Ha Tpex MoHeTax. Haiitu KoadduimenT Koppeasanum MeX Iy HAMHA.

9. Bpemsi oxuanus 1moesna METPO 3a OIHY IOE3KY MMEeT PABHOMEDPHOE
pacmpepesierre Ha orpe3ke or 0 mo 5 muayT. OIEHUTH YHCIO TOE3J0K, B
TedeHne KOTOPBIX CyMMapHOE BpEeMsI OXKHJIAHUsI OKaXKeTCsl MeHbIne 1 [daca ¢
BeposaTHOCTbHIO 0,96.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupenienierns: f(x) Hafitu onenku mapamerpa 6 > 0 mo BTOpoMy MOMEHTY
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U METOJIOM MAaKCHMaJIbHOro mpasiononobus. IIpoBepurh cocTosTeIbHOCTD
[IOJIy9eHHBIX OIleHOK. 11sioTHOCTD pacupesesenns paBHa

oy { BT mpna>0;
0 mpmazx <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOYEeYHbIE OIIEHKH, 3allUCaTh BbIpaXKeHHUe
JUIs OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

2,50 0,80 0,32 3,31 1,12 3,29 3,87 2,65 2,01 2,65 1,19 -0,85 4,07 1,23
3,38 5,17 1,51 2,20 5,41 1,22 1,89 2,02 3,17 -1,02 2,73 1,10 3,87

12. Ilo xpurepuio KosmMoroposa nmpoBepuTh I'AIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMEpPHOe pactpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta TUmoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

0,42 1,25 0,87 0,54 0,48 1,20 1,79 0,62 0,75 0,55
0,46 1,02 1,71 1,91 0,83 0,99 1,46 1,09 0,94

Bapuaut 23

1. CyaHo mMmeer OJIHO PYJIEBOE yCTPONCTBO, YeThIpe KOTJIA U JBE TYPOUHBI.
CobbiTre A 03HAYAET WCIPABHOCTH PYJIEBOro ycrpoiictsa, By, k = 1,2,3,4,
— mcnpaBHOCTh k-ro Kotna, a Cj, j = 1,2, — HCOpaBHOCTH j-ii TypOMHBIL.
Cobbitne D — cynHo yiipasJisieMoe, 9TO OyJeT B TOM M TOJIBKO B TOM CJIydae,
KOT'JIa, UCHPABHBI PYJIEBOE YCTPOUCTBO, XOTs OBl OJIMH KOTEJI U XOTsi OBbI OJTHA
TypbuHa. Beipasurs D depe3 A, By, u Cj.

2. B crynenueckoit rpynme 10 ronomreit n 15 neBymek. Ha yauBepcurercknii
[IPa3IHUIHBIN OaJI TPYIa MOIyduia D MPUTJIACATEIHHBIX OMIETOB, KOTOPHIE
Pa3BIrPBIBAIOTCS 110 Kpebuio. KakoBa BEpOSITHOCTH TOTO, 9TO HA OAJI MOMAIET
XoTs1 ObI OJ[HA JeByIIKa?

3. Ha orpeske emuHWYHON IIMHBI HAYAATy [IOCTABJEHBI JBE TOYKH, B
pe3y/sbTare 49ero 3TOT OTPE30K OKA3BIBAETCS PA3NEJE€HHBIM Ha TPHU YaCTH.
OmnpenesiuTh BEPOSTHOCTD TOTO, YTO JJIMHA BCEX TPEX MOJIYUUBINAXCH TacCTe
He 1peBocxouT 2/3.
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4. Ha Tpex TejleKaHajlaX qacTh BPEMeHH 3aHATa PEKJIAMOIl: Ha IIepBOM —
60 % Bpemenn, na Bropom — 40 %, na mecrunom — 30 %. Haiitu BeposiTHOCTD
TOro, 9TO B CIyHaiiHbLIii MOMEHT BPEMEHH HeT PeKJIaMbl XOTs OBl Ha OIHOM K3
KaHaJIoB.

5. Cranok obpabarbiBaer 2 Buja jerajeil A u B, upuyem BpeMmsi pabOTHI
pacmpeienisiercss MexKJay HuUMU B cooTHomtenunn 2:3. IIpu obpaborke merasn
Buga A oH paboTaer ¢ MaKCHUMAJBHOW Jisi HEro Harpyskoit B tedenme 60 %
Bpemenu, npu obpaborke gerasm Buga B — 90 % epemenn. B ciygaitnbrii
MOMEHT BPEMEHHM CTAaHOK paboTas ¢ MAaKCHMAJIbHOW Harpyskoii. OmpenesnTsb
BEPOSITHOCTDH TOT'O, YTO B 3TO BpeMsi OH obOpabarbiBaJl jleTajb Bujga A; Buga B.

6. BeposiTHOCTB MO 1aHmst 6ACKETOOJIBHOTO MsT9a B KOJIBIIO IIPU OPOCAHUHN
HAYUHAIONIMM CIIOPTCMEHOM paBHa 1/9. Msu 6pocaior 70 1epBoro monaiaHmus,
HO maiorT He Oosiee 6 mombrTok. HaiiTm psim pacrpeenieHus, MaTeMaTuIecKoe
OXKUJAHUE U JIUACIIEpCUI0 |ucjaa IIpoMaxoB. Iloctpouth rpadux GyHKIUN
pacipeiesieHus.

7. Cwta, meficTByOMast Ha JIEKTPOH B JIEKTPUIECKOM I10JI€, BEITUCTISETCS
o dopmyne F = k/r?, riae r — paccrogHme oT aHOIa — CTydaitHas BeJuduHa,
pacipejieleHHasl paBHOMepHO Ha [R; 2R|. Haiitn MaTemaTuyeckoe oxKumaHue
U CTaHJIAPTHOE OTKJOHeHHWe cuibl F. HaiiTu BeposSTHOCTH TOrO, 4TO 9Ta CUJIa
npesbicut k/(2R?).

8. B rpymre u3 20 cTyIeHTOB TOJIBKO JBOE U3yYAJN B IIKOJIE (DPAHILY3CKUIA
sI3bIK, U WMEHHO OHHU IOJIyYWJIM OIEHKY «4» Ha 3K3ameHe. V3 ocTajbHBIX
cryleHToB 10 dYejloBeK IOIYyYUIN OLEHKY «3», O UeJOBeK — OIEHKY
«3», m 3 CTyIeHTa TOJydImin <«JABOWKn». COCTABUTH TAOJMILY COBMECTHOTO
pacmpejiejieHUusl OIEHKN HA K3aMeHe W WHANKATOPAa U3ydeHusl (DPAHILYCKOTO
sI3BIKA, [IJIs1 BBIOpAHHOTO HayJady crymenta. Halitu Kosddburnuent koppesnun
MEXK/Ty HUMH.

9. Yucso omevyaToK Ha CTpaHUIlE KHUTM HMeeT pacuperenenue llyaccona
¢ mapamerpom 0,5. HaiiTu, CKOIbKO JOKHO OBITH CTPAHUI] B KHUATE, ITOOLI
9HUCJIO orevYaToK B Heil He npeBbicuyio 200 ¢ BeposaTHOCTBIO 0,75.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacnpenienierns f(x) Haiitu onenku napamerpa 6 > 0 mo TpeThbeMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAONonobus. IIpoBepUTh COCTOATENIHLHOCTH
O/ Y€HHBIX OIECHOK. IIJIOTHOCTH pacupesie/ieHus paBHa

fay={ Fe " >0,
0 upumx <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiiss
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BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3AIICaTh BbIDarKeHNe
JUIS OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

7,16 3,33 7,35 3,05 2,54 191 1,77 2,92 595 2,31 0,27 5,12 6,60 -1,58
5,42 5,67 6,28 -0,09 2,74 2,45 1,11 6,97 -1,59 -1,41 2,69 4,99 7,24 1,75
4,76

12. ITo xpurepuro Kommoroposa mpoBepuTh TUIIOTE3Y O TOM, UTO BHIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta TUmoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

0,04 1,42 0,61 2,00 0,59 0,58 1,18 1,58 1,01 0,57
0,05 0,25 0,17 1,30 0,52 0,91 0,84 1,66 1,24

Bapuaunt 24

1. MamuHHO-KOTEeIbHAST YCTAHOBKA COCTOUT W3 JBYX KOTJIOB W OJHOM
mamuabl. CobbiTre A — ucnpasua Mausa, cobbitue By, k = 1,2, — ucnpasen
k-t koresn. Cobertme C' o3HaUYaeT pPabOTOCIOCOOHOCTH MAIIMHHO-KOTEJIbHON
YCTaHOBKH, 4TO OyJIET B TOM U TOJIbKO B TOM CJIydae, eCJIM UCIPABHA MAINHA

1 XOTsi ObI 0/ivH KoTeJl. Boipasurh cobobitust C' u C uepes A u By.

2. B koMmaHuM ©3 JIECATH UEJOBEK PENIIN CJejiaTh JApYyr JApyry
MMOJAPKHU, JJIsi Tero KaxKIblil MpUHEeC MOoJAapoK. Bce MomapKy CIIOXKUIN
BMeCTe, MepeMeNIagn U CAyIaiiHO pacupesesnin cpeau ydacTHukoB. Haittn
BEPOSITHOCTD TOTO, 9TO TPU KOHKPETHBIX UEJIOBEKA MOJIYIAT CBOIl COOCTBEHHBIN
MTOJAPOK.

3. Ha numneiike amunoit 20 cMm ciydaiiHo cieanbl j1Be Hacedku. KakoBa
BEPOSTHOCTh TOT'O, YTO PACTOsIHWE OT IIePBOM HACEYKHU JI0 HAYaJa JIMHEHKN
MIPEBOCXOIUT PACCTOSHHE OT BTOPOIl HACEUKH 0 HadaJa JUHEHKH OoJiee, deM
Ha 15 cm?

4. PagmocurnaJ nepejaeTcs MOCaeI0BaTeIbHO Yepe3 3 peTpaHciasTopa. Ha
KaXKJIOM PETPAHCJISATOPE MOXKET BO3HUKHYTH [TIOMEXa HE3ABUCUMO OT OCTAJIbHBIX
perpancaaTopos ¢ BepogTaoctamu 0,02, 0,03 u 0,04 coorBercTBenno. Haittu
BEPOSTHOCTD IIOJIyYeHUsI PAJUOCUrHAJIA Oe3 IIOMeXH.

5. BepogaTHOCTb TOTO, 9TO M3/IE/IME YIOBIETBOPsIET cTaHAAPTY, paBHa 0,95.
Ha 3aBosie nmpunsaTa cucreMa n3 4eTbIpeX HE3aBHCHUMBIX HCIBITAHUIN, KaXKI0e
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13 KOTOPBIX U3JIEJIHE, YIOBJIETBOPSIONIEE CTAHIAPTY, IIPOXOIUT C BEPOSATHOCTHIO
0,9, a meymoBjeTBOpsIONIee — ¢ BepoaTHOCTHIO 0,4. KakoBa BEpOSITHOCTH TOTO,
9TO HAyIady B3SATOE U3JE/INe BBIIEPXKUT HUCIbITaHUsi! KakoBa BEpOSATHOCTH
TOTO, YTO W3/IEJINE, BBIAEPXKABINEE UCIBITAHUS, YIOBIETBOPSAET CTAHAAPTY 7

6. BeposiTHOCTH M3rOTOBJIEHUS HECTAHIAPTHOIO U3/IEJIUS IIPU HAJIA2KEHHOM
TEXHOJIOIMIECKOM IIPOIEcce I0CTosiHHa 1 paBHa 1/9. jisa npoBepKu usie/uii
OTJIEJT TEXHUIECKOT0 KOHTPOJIsI O€peT U3 MapTUU U3/eJIds OJIHO 3a JPYTUM, HO
ue Oostee 5 manenuii. [lpu obHApPYXKEHNN HECTAHIAPTHOTO U3E/INS BCsI TAPTUS
3ajiep:xuBaercd. Haiitu psig pacupenesieHusi, MaTeMaTUYeCcKOe OXKHUJIAHUE U
JUCIIEPCUIO YUCJIa U3JEINil, IPOBepseMbIX B Kaxkjoil mnaprtuu. llocTpouTs
rpaduk QYHKIUH PACIPEIeICHISI.

7. Boicota H, KoTOpOil mocTUTraeT OpPOIIEHHDBIH BBEPX MU, OMPEIEIsIeTCs

no dopmyne H = 92/(2g), rme v — CKOpPOCTb, C KOTOpOii Oporen
MY, g — YCKOpEHHE CBODOIHOIO IaJEHUs, KOTOPOE NpHMeM PpaBHBIM 10
m/c2. Tlpeamosaraercss, 9To v — caydafiHas BeJWYUHA, pPacIpe/eseHHas

pasHoMepHO Ha oTpeske or 10 10 20 m/c. Haiitu mwiorHocTs pacipeeienus u
MaTeMaTUIeCKOe OXKUIAHNE BBICOTHI, JOCTUTHY TOI Mstaom. Halitu BeposgTHOCTH
TOT'O, 9YTO BBICOTA IPEBBICUT 15 M.

8. B mayumom otmene 3 saboparopun. B mepsoit saboparopunm 6
COTPYJIHUKOB U 2 HCCJIEN0BATEJbCKUX IPOEKTa, BO BTOPOH 8 COTPYIHUKOB
u 1 mpoekT, B TpeTheit — 4 corpyauuka u 2 mpoekTa. HaiiTu coBmecTHOE
pacupeiejieHne Yicja COTPYIHHKOB U YMCJIA IPOEKTOB B BHIOPAHHON HayIady
snapoparopun. Haiitu KoadPuImeHT Koppesasaiun MexK1y HUMH.

9. TlorpermHocTh W3MepEHUU [JIMHBI KAaXKJIOTO M3 yYIACTKOB MApIIPyTa
pacmpejiejieHa 10 HOPMAJBHOMY 3aKOHY C HYJIEBBIM CPEIHUM U CTAHIAPTHBIM
OTKJIOHeHHeM bH MeTpoB. HaliTu, Ha CKOJBKO y4YacCTKOB MOXKHO pa30burhb
MapIIpyT, 9TOOBI CYMMapHas MOTPENTHOCTh He IMpeBocXoausa mo moaysaio 100
MeTPOB ¢ BeposATHOCTHIO (0,95.

10. dyst Bei6opku (X1, Xo, ..., X,) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacupenienierns: f(x) Hafitu onenku mapamerpa 6 > 0 Mo mepBoMy MOMEHTY
U METOJIOM MAKCHUMAJBHOTO IMpaBono1obus. IIpoBepuTh coCTOATEIHHOCTD
[TOJTy9E€HHBIX OIEHOK. [[JIOTHOCTD pacipesieieHns paBHa

fay = | wvEe YT mpna>0;

0 upumx <O0.
11. Hama BBIOOpKa M3 HOPMAJbLHOTO PACHPEIETICHUsT C HEU3BECTHBIMUI

mapamerpamu. Haiitn omenkn mnapamMerpoB pactpeseiennd. llogcraBiss
BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOYEeYHbIE OIIEHKH, 3allUCaTh BbIpaXKeHHUe
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JUIs OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY C IHArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

-1,07 -0,72 -4,46 -3,24 242 -1,70 -1,24 -0,07 6,20 2,67 1,80 0,26 9,61
2,561 1,44 -3,65 5,50 4,17 -2,06 7,48 2,60 7,61 2,54 9,77 9,67 7,36 7,86
11,22 3,38

12. Ilo xpurtepuio KosmMoroposa nmpoBepuTh I'UIOTE3Y O TOM, 9TO BHIOOPKA
uMeeT paBHOMepHOe pacipesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
MIPUHUMAETCS JIM 3Ta TUoTe3a Ha ypoBHe moepus 0,1; Ha ypoBHe moBepusi
0,01; ma yposue nosepus 0,001.

1,06 1,44 0,70 1,33 0,74 0,61 1,03 1,25 0,85
0,81 1,04 0,76 0,80 1,55 1,61 0,82 1,70 1,63

Bapuaur 25

1. Bpomensb! geTbipe MOHETHI. IlycTh cobbITHE A COCTOUT B TOM, UTO IIO
Kpaiineil Mepe Ha JIBYX MOHETaX BbIIAJ repb, a codbiTHe B — B TOM, 9TO XOTS
ObI Ha JIBYX MOHeTax Bbilaja pemka. Onucars coobitus AB, AB, AB.

2. B maxmaTtHOM MaTUue yJIacTBYIOT 4 Maphbl MaxXMaTHCTOB. BeposTHOCTD
HUYbell B Kaxk/0il naprun pasna 1/4. Haiitu BepositHOCTB TOrO, 41O B MaTde
OyaeT XOTs ObI OJTHA HUUIb.

3. Ha oTpeske eqwHWYHON JJIWHBI HAyJady MOCTABJIEHBI JBE TOYKH, B
pe3yibTaTe Yero 3TOT OTPE30K OKA3BIBAETCS PA3JEJECHHLIM HA TPU UACTHU.
Onpeie/inTh BEPOSITHOCTD TOIO, YTO JJIMHA KayKJIOW M3 IEPBBIX ABYX 4YacTeil
He mpeBocxoauT 3/5, IynHA ¥Ke mocie el yactu Gosbine 1/2.

4. DyeKTpUYecKas LEelNb COCTOUT U3 3JIEeMEHTOB Aj, COeIUMHEHHBIX II0
CcHeyIomell cxeMe:

BepositHocTh BBIXOJIa U3 cTpost daemenTa Ay pasaa 0,1. IIpeamosaraercs,
9TO 3JIEMEHTHI BBIXOJAT W3 CTPOd HE3aBUCHMO Jpyr oT apyra. Haiitu
BEPOSITHOCTB TOTO, UTO TIellh He OYIeT MPOITyCKATh TOK.

5. Ha cbopky mocTynaoT JeTajin ¢ YeTbipex aBToMaroB. [lepBorit u BTOpoii
apromarsl gaor 1mo 40 %, a Tperuit m uwerseproiii mo 10 % Beex meraseii,
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HEOOXOIMMBIX J/isi cOopKu. Bpak B MpOAyKIIMM MEPBOTO M BTOPOTO aBTOMATA
cocraBisier 1 %, a Tperbero u werseproro — 4 %. Jleranab, U3roTOBJICHHAS
aBTOMATOM, OKa3aJach OpakoBaHHON. KakoBa BepOATHOCTH TOrO, YTO OHA
M3rOTOBJICHA HA IIEPBOM aBTOMATE?

6. BepogTHocThr oTKa3a cepBepa TpPU  KaXKJOM U3 HE3aBUCUMBIX
[IOJIKJIIOYEeHN T ¢ moMoImbio Mojema pasHa 0,2. IlombiTku mojaKIrOdYeHus
[IPOM3BOJATCH JI0 YCTAaHOBJIEHHWs CBaA3u. Haiitu psjg  pacupeneseHus,
MaTeMaTH4ecKoe OXKHUJIaHWe U JUCIEPCHUIO YHUC/a I[IPOU3BEJEHHDBIX IIOIBITOK
TOJIKJTFOYEHNSI, €CJIA YHUCJIO MOMBITOK OMPAHNYIEHO TecThio. [locTponts rpaduk
GYHKIME paCIpe/IeIeHus .

7. 3akoH DpJiaHra C IJIOTHOCTHIO PACIIPEIE/IEHUST

Ax?e ™ mpu x> 0;
0 mpuzxz<O0

fx) =

ONKCHIBAET BpEMsI OXKUJIAHUS WPHUXOJA TPEX BBI30OBOB B IIyaCCOHOBCKOM
noroke. Haiitu koapdurmenr A, MareMaTndeckKoe OXKUIAHUE U JIUCIEPCHIO.
(PekoMmen/iyercs ucroib30BaTh TabJIUIbI OUPEIEIEHHBIX HHTErPAJIOB ).

8. Ha 8 kaproukax wmammcanwsl mudpsr or 1 g0 9. Haiitu coBmecTHOE
pacrpeiejieHne 9YHC/Ia, HAIMCAHHOIO HAa BBIODAHHON Haydady KapTOdKe, U
WHIAKATOPA TOrO, YTO 3TO d4ucjio Oosbime Tpex. Haifitm koaddurment
KOPPEJIAINN MEXKTy HUMU.

9. Konm1aecTBO BOJIBI, PACXO/IyeMO€E YKUTEISIMIA OJHOU KBAPTUPHI B CYTKH,S
nMeeT TOKa3aTeJbHOe paclipejesienne co cpeanum 3HadeHneMm 100 JsmTpos.
Haittu, nyia kakoro xommdectsa KBaptup goctatodno 100 000 smTpoB BOJIBI
¢ BepogaTHOCTBHIO (0,94.

10. Hdyst Bei6opku (X1, Xo, ..., X;,) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacupegenenus f(x) maiitu onenku napamerpa 6 > 0 o nepBoMy MOMEHTY
W METOJOM MAaKCHMAJbHOTO NPaBAonogobms. IIpoBepUTH COCTOATENBLHOCTD
[IOJIyYE€HHBIX OIEHOK. [1JIOTHOCTH pacipeie/ieHnsl paBHA
flz) = %e*m/es mpu z > 0;

0 mpmazx <O0.

|

11. Jana BbIOOpKa K3 HOPMAJIBHOIO DPACIIPEJEIEHNsI C HEM3BECTHBIMU
mapaMmerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiisis
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIEHKH, 3allUCATh BbIDAXKEHHNE
Ui OIEHKHW IJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOoM rpaduke
PECTOIPAMMY € IHAIOM, DABHBIM CPEIHEKBAIPATUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IIJIOTHOCTH PACIIPE/IEJICHUS.
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4,38 -1,10 13,11 10,84 9,45 8,56 7,87 7,34 -4,06 3,48 4,70 7,13 -1,08
4,53 13,56 2,66 7,29 9,41 11,86 9,54 10,86 2,50 -2,84 11,21 8,93

12. ITo xpurepuro Kommoroposa mpoBepuTh TUIIOTE3Y O TOM, UTO BHIOOPKA
uMeeT paBHOMEpPHOe pactpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposue nosepus 0,001.

0,23 0,49 1,12 1,98 0,25 1,52 0,52 0,03 1,10
1,59 0,27 1,30 1,79 1,93 0,23 1,84 1,04

Bapuaut 26

1. Ha orpeske [0, 1] naynauay crasarca nse To9ku. [locTpouThb mogxosiiee
[IPOCTPAHCTBO JIEMEHTAPHBIX MCX0/0B () U onmcaTh cobbitre A, o3Hadaroree,
9TO BTOpas TOYKa OJMKe K MpaBoMy KoHIy orpeska [0, 1], uem K jesomy, u
cobbiTre B, o3Ha4alollee, 9TO PACCTOSHUE MEXKJY JABYMsI TOYKAMH MEHbIIe
[OJIOBUHBI JJTMHBI OTPE3Ka, a TakkKe cobbitue AB.

2. Tpoe KeHIIUH 1 TPOe MYKUYUH CaJIATCS CIIyYaiiHBIM 00Pa30M 38 KPYTJIbIT
cros. HaiiTu BepossTHOCTH TOrO, 9YTO MY?KYMHBI U YKEHIIUHBI 38 CTOJIOM OYIyT
gepeioBaThCs.

3. Cuyuaiinasi Touka A Haymady BBIOMPAETCS B IPSMOYTOJILHUKE CO
cropoHamMu 1 m 2. HaliTM BEPOATHOCTH TOrO, YTO paccrosiHue or A 10
GuimzKaiiieil CTOPOHbI IPSIMOYTOJBLHUKA He IIpeBocxoaut 1/3.

4. BeposaTHOCTb YCTAaHOBJIEHHS COEJUHEHUS C CEPBEPOM IIPU KaKJOi
monbiTke paBHa 0,9. Haifitu BepoaTHOCTH TOro, YTO COeJUHEHHE OyIeT
YCTAHOBJIEHO HE PaHbIIE YeTBEPTON IOIBITKU.

5. CryseHT Bblydms K 3a4dery TOJbKO 10 Bompocos u3 30. s mosryueHust
3a4dera JIOCTATOYHO OTBETHUTH HA JBa U3 YETHIPEX Pa3HBIX Bompocos. Kakosa
BEPOSITHOCTDb TOTO, 4TO 3a4er Oyzer mosyden? KakoBa BEpOSTHOCTH TOTO, UTO
CTYZIEHT OTBETHJ He MeHee YeM Ha TPH BOIIPOCA, €CTIU U3BECTHO, UTO OH MOy U
3aqer?

6. Ilosib3oBaTesb KOMIBIOTEPa 3a0BLIT APOIL W IepedmpaeT Haymady b
BO3MOXKHBIX. [locite deThipex HeyIadHBbIX IOMBITOK KOMIBIOTED OJIOKUPYETCH.
Haiitu psn pacipejiesienus, MaTeMaTUIeCKOe OXKUJIAHUE U JIUCIIEPCUIO JHCJIA
nonbIToK. [locTpouTs rpaduk GyHKINE paCIpe/Ie/IeHIs.

7. ChyuaiiHasg BequaumHa ¢ HWMEET CTAHJAPTHOE JIOTApU(DMHUIECKA
HOpMaJIbHOE Ppaclupeiesenne, ecau & = e, rme I UMeeT CTaHIapTHOE
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HODMaJIbHOE  pacupeiesnenne. HafiTu IUIOTHOCTb — paclpefieieHus U
MaTeMAaTHYECKOe OXKUJAHUE CJIydaifHoi BeauduHbl §. HaliTym BepoOATHOCTD
Toro, 4ro § > 1.

8. B nByx m3 deTbipex KOMHAT TeMIepaTypa 25 rpa/iycoB, a BJIAXKHOCTD
80 mporienToB. B Tperbeit komuaTe temmeparypa 20 rpajiycoB, a BJIAKHOCTH
90 mpornieaToB. B WeTBepTOit KOMHATE TEMITEpATypa 25 TPAYCOB, & BJIAKHOCTH
90 mpomneaToB. HaiiTu coBMecTHOE pacmpefiesieHre TeMIEPATyPhl U BIAXKHOCTU
B BBIOpaHHON Haygady KomHare. Haiitm KO3DDUIMEHT KOPPESIun MeXKLy
TEMIEPATYPOil U BJIAXKHOCTBHIO.

9. YuacTHHK JioTepen OPOCAeT HECKOJBKO IIapPOB, KAXKJBIA M3 KOTOPBIX
MOZKET TIOMACTh B JIY3bl ¢ HOMepaMu oT 1 70 6. YJacTHUK MOJIydaeT IeHHBIN
pu3, €ecad CcyMMa O4YKOB MenbIie 12. HailiTm, mpm KakoMm dmciae mapos
BEPOSATHOCTD IOJIyUeHUsI TIeHHOTO mpu3a Oymer menbime 0,01.

10. Hua seibopku (X1, Xo, ..., X,,) U3 pacupeejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(z) HailTu oneHku mapamerpa 8 > 0 0O TpeTbeMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO IPAaBIAONOno0us. IIpoBEepUTh COCTOATENLHOCTH
[OJIy 9€HHBIX OIEHOK. IIJIOTHOCTH pacupejie/ieHus paBHa

@) :{ eVl

npu x > 0;
0 mpma <0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIECICHUS C HEM3BECTHBIMU
mapamerpamu. HailiTm omnenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEM3BECTHBIX IIapAMETPOB UX TOYEUYHBbIE OIIEHKH, 3aIICATH BbIPDAXKEeHUE
JUIS OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onmom rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

5,61 6,70 2,88 9,09 -2,06 6,25 6,46 4,25 16,16 7,07 1,35 13,58 7,96 14,64
-2,14 10,81 2,50 2,24 -1,04 5,31 11,93 16,20 7,49 -5,21 590 5,63 7,26

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y 0 TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pactpesieserne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,64 0,79 0,64 1,06 0,42 0,69 1,65 0,45 0,43
1,48 0,44 0,97 1,49 0,46 1,29 0,37 0,45

Bapwuant 27
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1. Uz MmHOXKeCTBa Cylpy2KecKux nap Beibupaercs oxana napa. Cobbirue A
{Myxy 6omabmie 25 sner}, cobbrrne B = {Myx craprue xkeHbl}, coobitue C' =
{?Kene Goubire 25 ser}.

Boracauts cMpict coburtuit: ABC, A\AB, ABC.

2. Ha orpeske AB wuaymady swibupaiorcs jse touku M u N. Kakosa
BEPOSITHOCTb TOrO, 9TO TO4YKa M OKakeTcs MO KpailHell Mepe BiaBoe OJimke
K Touke A, yeM K Touke N7

3. Cobpasuch BMecTe TPy HE3HAKOMBIX desioBeKa. HailTu BeposiTHOCTD, 9TO
XOTs ObI ¥ JBYX U3 HUX COBIAJIAIOT JHU POXKIECHU.

4. DJIeKTpUYecKas Iellb COCTOUT U3 3JIEMEHTOB A, COeIMHEHHBIX IIO0
CJIeAYIOLIEH cXxeMe:

BepositHocTs BBIXOZA 13 crpost 3jnementa A; pasma 0,1, ocrajabHBIX
anementoB A — mo 0,04. Ilpennosaraercs, 9TO 3J€MEHTHI BBIXOJAT W3
CTPOsI HE3aBUCUMO JPYT OT apyra. HalTu BEpOATHOCTH TOTO, UTO Ienb OyIeT
[IPOILYCKATH TOK.

5. Ilpubop cocTomT ™3 UYETHIPEX HE3ABUCUMO pPabOTAIONNX OJIOKOB,
BEPOATHOCTH OTKAa3a KOTOPBIX 38 CMeHy paBHBI cooTBeTcTBeHHO 0,01, 0,02, 0,03
u 0,04. BeposiTHOCTH BBIX0O/1a U3 CTPOs MPUOOpA IIPU OTKA3€e OTHOTO U3 OJIOKOB
pasna 0,8; mpu orkase 6oJiee dyem oHOTO Os10Ka — 1. OmpenesinTs BepOSTHOCTD
BBIXOJIa IIpubopa U3 CTPOost 3a cMeHy. HaiiTu BEPOSATHOCTH TOTO, YTO OTKA3aJl
ofuH OJIOK, eCJIU U3BECTHO, UTO MPUOOP BBIMIE U3 CTPOS.

6. IIpu urpe ¢ aBTOMaTOM B CJIydae BBIUTPHIIIA UI'POK moJrydaeT 10 pyoJieit.
st yaacTusi B urpe Urpok 6pocaer B aBromaT H pyoseit. Haiitu BeposaTHOCTH
BBIUTDHIIIA, €CJIM MATEeMATHIECKOE OXKWJIAHUE BBIUTDHINIA PABHO MHUHYC 2
pyGuisam. (B cirydae npourpeiina cyMMa BHIMIPBIIIA CIATACTCS OTPUIATEIHHBIM
YHUCJIOM, PABHBIM CyMM€ [IPOMIPBIIIA, B3ATON CO 3HAKOM «MHUHYC».) Haiitu psi
pacipe/iesieHus U JUCIIEPCUIO CyMMBbI BBIUIpbIma. [loctpouts rpaduk dyukmnn
pacipeiejieHus.

7. IlmoTHOCTD pacpeIeeHns BePOATHOCTEH CIydaiiHoi BeJInaunbl & nmeer
sun f(x) = Ae~l*=al (pacnpenenenme Jlamraca). Haiitu kosdbdumment A,
BBIYUCJIATh MaTeMaTUIeCKOe OXKHJIaHWe W CTaHJAApTHOe OoTKjoHenwe. Haittn
BEPOSITHOCTH TOTO, UTO CJIydaiiHas BeJIMUMHA & MpUMeT 3HaYeHue, 6obIiee 2a.

8. B Tpex m3 derbipex ayauropwii mo 20 CTYIE€HTOB W YpPOBEHb IIyMa
60 menmbes1, a B 4eTBEPTOU ayJIWTOPUU HET CTYIEHTOB U ypOBeHb mryma 20
nenubesi. HaliTu coBmecTHOE pacupesiesieHre Yicjia CTYIEHTOB U yPOBHS IITyMa
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B BeIOpaHHON Haymady aymauropun. Haiitu KoadduimeHT Koppeasainum MexTy
YUCJIOM CTYIEHTOB U YPOBHEM IIIyMa.

9. KomndaecrBo 10-KOmmeeIHBIX MOHET, HEOOXOMUMOE I BBIIAYH KayKIOM
cJlaum B Kacce, mpuHuMaeT 3Hadennd oT ) 10 4 ¢ paBHBIMU BepOATHOCTAMU. B
Kacce B HavaJsie pabouero just HaxomuTcs 2500 10-komeeunbrx momer. Haifitu,
JUIS KaKOTO KOJIMYeCTBA IIOKyIaTeseil IOoJIydeHue Clladd rapaHTUPOBAHO C
BepogaTHOCTHIO (,8.

10. Ins seibopku (X1, Xo, ..., X,,) u3 pacupeiesenus ¢9 NJIOTHOCTHIO
pacupegenenus f(x) nailtu onenku mapamerpa 2 < 8 < 3 10 nepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAoNonobus. IIpoBepuTh COCTOATENILHOCTH
[OJIy Y€HHBIX OLEHOK. IIJIOTHOCTH pacupejie/ieHus paBHa

1 _.—(6-1)/(6-2) .
) = o XY npu z > 1;
0 mpmx <1.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pacmupeeiennd. llogcraBiss
BMECTO HEM3BECTHBIX IIapAMETPOB UX TOYEYHBbIE OIIEHKH, 3aIIICATHh BhIPDAXKEeHUE
JUIS OIEHKH IJIOTHOCTH pacupenesenus. l[loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

1,92 12,70 10,80 -10,19 4,32 12,02 13,68 3,75 -0,90 2,94 15,07 2,08 16,22
13,42 1,55 -6,05 15,70 12,35 13,94 -0,56 24,10 7,45 3,60 -0,24 16,84 6,13
-5,28 3,00 10,04

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y 0 TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpHOe pacipesesierne Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta I'UIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

0,82 1,13 1,78 0,65 0,55 1,02 0,88 0,76 0,57
1,71 0,62 1,69 0,15 0,23 1,99 1,63 1,91 1,57

Bapwuanut 28

1. Bpoiienbl Tpu urpaJsibHble KocTu. [lycTh cobbiTue A COCTOUT B TOM, YTO
BBINABIIIAsT CYMMa OYKOB HEYETHA, COObITHE B — B TOM, 9TO XOTs OBl Ha OJIHOIA
73 KOCTell BhIaa eauauIa, coobirue C' — B TOM, 9TO XOTs ObI HA OJIHOI KOCTH
BBIIAJIA ABoiika. Omucars cobeirus: ABC, ABC, ABC.
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2. Homep storepeitaoro 6usera cocrout u3 8 mudp. Kakosa BeposTHOCTD
TOrO, 9TO MEPBbIe YeThIpe MudPhl YeTHBIE, a MOCIeHIE YeThipe — HedeTHbIe?

3. Cuyuaiinasi Touka A Haymady BBIOMPAETCS B IPSMOYTOJILHUKE CO
cropoHaMu 1 u 2. HAWTU BEPOATHOCTH TOTO, YTO PACCTOSHUE OT A 110 KasKJIOH
JIUArOHAJIM IIPFAMOYTOJLHUKA He IpeBocxoiauT 1/3.

4. VurepBan JBMXKEHUS MEXKJy aBrobycamMu mapripyta A — 5 MumHyT,
Mmapiipyta b — 6 munryT, mapmpyTta B — 10 munyt. [laccaxkup nmpuxomut na
OCTaHOBKY B CJIyYalHBII MOMEHT BpeMeHU. KakoBa BepOSITHOCTD TOTO, UTO XOTH
OBl OJIH aBTOOYC IPHJIET B T€UEHNE 2 MUHYT [OCJE IIPUX0J1a naccaxkupa’

5. B meBarm ypHax comepxkurcst mo 4 OeJbIX M 2 UYEpHBIX IMapa, a B
onuoit ypue 9 Genbix u 1 depnbiii map. KakoBa BEpOsSTHOCTH, YTO U3 YPHBI,
B34TOI Hayjaa4dy, Oyaer u3BjedeH dyepHbIil map? Haiitu BeposTHOCTD, 9TO Iap
U3BJIEYEH U3 yPHBI ¢ 9 O6esibiMu 1 1 YEepPHBIM IIIaPOM, €CJIN OH OKA3aJICs YEPHBIM.

6. Ilpubop cocTOMT W3 HYeTBIPEX MAJIOHAJEXKHBIX 3JeMeHTOB. OTKa3bl
9JIEMEHTOB 33 HEKOTODBIN MepUoJ] BPEMEHU HE3aBUCHUMBI, 8 WX BEPOSITHOCTH
paBabl coorBercTtBenno 0,1; 0,1; 0,2; 0,2. Haiitm pspx pacopeienenns,
MaTeMaTUIeCKOe OXKWJAHUE U [UCIIEPCHI0 YHC/Ia OTKA3ABIINX 3JIEMEHTOB.
TTocTpouTs rpaduk GyHKIHN pacipe/ie/IeHus.

7. Touka M neuzkercs o ocu Ox 10 3aK0oHy T = ae'. B ciydaitnbiit MoMeHT
BpPEMeHM, DABHOMEDHO pacipejiesieHHbiii Ha orpeske [0; T, Habuaromaercst
nosoxkenue & Touku M. Hailtu miorHOCTH pacrpejiesieHnsi, MaTeMaTuIecKoe
OXKWJIAHWE U CTAHIAPTHOE OTKJIOHEHUE CJIYyYaiiHON BEJUUNHEL &,

8. YernIpe 1oesia METPO, YXOMIAIINE C HHTEPBAJIOM B 4 MUHYTHI, yBE3JIH 110
200 maccazkupoB. HeTbIpe noe3/1a, yXOIsIue ¢ THTEPBAJIOM B 6 MUHYT, yBe3/I1
o 300 maccazkupos. [IBa noesa, yXoadipe ¢ THTEPBAJIOM B 8 MUHYT, YBE3JIN
o 100 maccaxkupos. HaifTn coBMecTHOE pacIpe/iesIeHre Jrcja MacCazkKupoB U
WHTEPBaJIa JIBUKEHUS /)i BHIOpAHHOTO Haypady moe3ga. Haittu koaddurmerT
KOPPEJIAIUN.

9. KosmuecTtBo 6pakoBaHHBIX W3/e/ii B KOPOOKE MMEET pacIpelieieHue
IIyaccona c mapamerpom 4. Haiitu MmakcuMaabHOE IUCIO KOPOOOK TAKOe, 9TOOBI
BEpOATHOCTD HaiiTu B HuX 60s1ee 200 6pakoBaHHbIX 31e/uit 6bl1a MenbIie 0,04.

10. dyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENEJIEHAS C IJIOTHOCTHIO
pacnpesienierns: f(x) Hafitu onenku mapamerpa 6 > 4 o BTOpOMY MOMEHTY
U METOIOM MAaKCHMAJIBHOTO mpaBaomnonobusi. [IpoBepurb coCTOATEIHHOCTD
[TOJTy9EeHHBIX OIEHOK. [[JIOTHOCTD pacipesieienns paBHa

[ (®8=2)2 % mpuma > 1;
f(a:)—{ 0 mpuz<l1.
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11. Jana BbIOOpKa M3 HOPMAJIBHOIO PACIPEJEJIEHUs C HEM3BECTHBIMU
mapamerpamu. HaliTu onenku napameTrpoB pacupeenenus. lloncrasiiss
BMECTO HEM3BECTHBIX ITAPAMETPOB UX TOUYEIHDIE OIEHKH, 3aIICATh BhIPAXKEHUE
IS OIEHKHW IJIOTHOCTH pacupenesenusi. [loctpouts Ha omHOoM rpaduke
PECTOIPDAMMY C IIArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHHIO, U I'PA(UK OIEHKU IJIOTHOCTH PACIIPE/IEJICHUS.

14,29 7,48 2,82 22,84 7,49 8,98 13,84 14,17 7,07 9,69 -8,35 12,77 14,93
5,81 8,62 11,22 3,85 2,86 9,52 15,93 9,43 19,48 19,19 12,20 19,40 12,09
8,47 6,79

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMEpPHOe pacnpesiesnerne Ha orpeske [0; 2]. Caenars BBIBOZ O TOM,
[IPUHAMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe JoBepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.

1,19 0,91 0,30 1,34 0,61 1,12 1,00 0,53 1,58 0,62
0,41 0,89 1,20 1,51 0,78 1,44 0,46 0,69 1,33

Bapuaut 29

1. Moxer 1 cymma IByX coObITHIT A 1 B COBIaaTh ¢ UX MIPOU3BEICHAEM !
IIpuBecTn cooTBeTCTByIOMNME IPUMEDHI.

2. B 6puraze 4 pabounx. KakoBa BepoATHOCTH TOrO, 9TO IO KpaiiHeit Mmepe
JBOE M3 HUX POIUJINCH B OIWH U TOT ke Mecsr! Cumrarh, 9T0 BEPOATHOCTH
POIUTBHCH B KaXKJIBII MECHAIl OJINHAKOBHI.

3. Cnyuaiinass Touka A HayJZady BbBIOHpAETCS B NPAMOYTOJIHHOM
TpeyroyabHuKe ¢ Karetamu 1 m 2. HaiiTm BepoaATHOCTHL TOrO, UTO PaccTosHUe
or A 110 GimMzKaiiieil CTOpOHBI TPEYTOJNBHUKA HE TIPEBOCXOIUT 1/3.

4. DyeKTpUYecKas LEelNb COCTOUT U3 JJIEMEHTOB Ay, COeIUMHEHHBIX II0
CJIeAYIOLIEH cxeMe:

BepositHocTh BBIXOJ@ U3 cTposi djementa A, pasua 0,01, ocraiabHBIX
anementoB A — mo 0,1. IIpenmosiaraercsi, 970 3JIEMEHTHI BBIXOJAT U3 CTPOS
HE3ABUCUMO JpYyr OT apyra. HaiiTm BeposTHOCTH TOro, 4TO MEnb OyIeT
[IPOILYCKATH TOK.
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5. Tenerpadmuoe coobmieHne COCTOUT U3 CHIHAJOB <TOYKa» U <TUPE>.
M3BecTHO, 4TO Cpe/in IIepe1aBaeMbIX CUIHAJIOB «TOYKa» U «THPE» BCTPEYAIOTCH
B orHomennn 11:10. M3-3a momex wuckaxkaerca B cpeaneM 30 % curnayos
«rouka» m 20 % CUTHAJIOB «TUPE», MPUIEM «TOYKa» HCKAXKAETCS B «TUPE»,
a «TUpe» B «TOUYKy». HailTm BeposiTHOCTH mcKarkeHust curnasa. Onpeiennts
BEPOSTHOCTDH TOT'0, YTO CUTHAJI HE OBLJ UCKAXKEH, €CJIU U3BECTHO, YTO IIPUHSIIIN
«TOYKY».

6. IBa wumrpoka wurpaioT B IIaxMaThl Ha JAeHbIUA. VI3BecTHO, YTO B
cpeauem u3 10 mapTuii Tpu BBIUTPBIBAET MEPBbBIA UTPOK, TPU 3aKAHIUBAIOTCS
BHUYBIO, M 4YeThIPe BBIUI'DBIBAET BTOPOHl WUIpoK. B ciydyae mnpourpsliira
nepBbIit Urpok miatut Bropomy 30 pybieit. CKOJIBKO OH JIOJIKEH II0JIy4YaThb
B CJIydYae BBIUTPBINIA, YTOOBI MATEMATHIECKOE OXKWUIAHUE €r0 BBIUTDHIIIA
paBHsitoch Hyst0? Haiitu psii pacipeiesieHust 1 AUCIIEPCUIO CYMMBbI BBIUTDBIIIIA
(oTpuraTesbHag CyMMa BBIMIPBILA — ITO CyMMa IPOMIDBIINA, B3ATas CO
3HAKOM «MUHYC» ). [locTpouTs rpaduk QyHKIMA pacpe/eeHusl.

7. CayuaitHast BeJIMunHa & UMEET IJIOTHOCTD PACIIPe/IeIeHNsT

A e,(mfa)2/(202)

fla) =] ovm upu |z — a| > 20;

0 mupulz —al < 20.

Haiitn HopMupyIoIyo KOHCTAHTY A, BBIYUC/IATH MATEMATHIECKOE OXKUJIAHIE.
IlocTpouTts rpaduk MJIOTHOCTH pacupejeseHns Ipu ¢ = 0 = 1.

8. B moabesne 5 OMHOKOMHATHBIX KBapTHp ILTomaapio mo 40 xB. M., 10
JBYXKOMHATHBIX KBapTup 1Mo 60 KB. M. © 5 TPEeXKOMHATHBLIX KBaptup 1o 70
KB. M. Jl71s1 BBIOpAaHHO# HayJa4uy KBapTUPHI HAMTH COBMECTHOE paclpeseseHne
quc/ia KOMHAT ¥ momaan. Haittu KkoadpdunmuenT Koppersaimn MexK 1y HUMUA.

9. CymMmapHOe BpeMsi pPabOThl MAINMWHBI CKJIAJIBIBACTCS U3 WHTEPBAJIOB
BPEMEHM, KaXKJIbIil U3 KOTOPBIX M3MEPSETCS CO CTAHIAPTHBIM OTKJIOHEHHUEM B
1 mumyTy. Haiitn MakcuMaabHOE YHMCJIO WHTEPBAJIOB BPEMEHH TAKOE, UTOOBI
daxTrIecKoe BpeMsi pabOThl OTINYIAJIOCH OT U3MEPEHHOI0 He DOJIbIe, YeM Ha
2 gaca, ¢ BeposTHOCTBHIO 0,95.

10. Hua seibopku (X1, Xo, ..., X,) U3 pacupelejieHus ¢ NJIOTHOCTHIO
pacupegenenus f(x) maiitu onenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJBbHOIO NPAaBAONonobus. IIpoBepUTh COCTOATENHLHOCTH

[IOJIy9eHHBIX OIleHOK. 11yioTHOCTD pacupesesenns paBHa
.03
flz) = e #/9° mpm x > 0;
0 mpmazx <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapaMmerpamu. HaliTm onenku napameTrpoB pacupejenenus. lloncrasiisis
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BMECTO HEU3BECTHBIX IIapaMeTPOB UX TOUYEUHbIE OIEHKHU, 3AIICaTh BbIDarKeHNe
JUIs OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
PECTOIPAMMY € IHAIOM, DPABHBIM CPEIHEKBAIPATHUIECKOMY (CTaHIAPTHOMY )
OTKJIOHEHWIO, U T'PAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

22,95 -2,61 11,87 1,37 5,92 -5,10 5,38 14,71 7,55 3,91 1,23 8,50 -5,58
-1,97 17,93 9,42 11,99 9,39 4,78 543 9,40 8,68 2,20 7,15 14,78 14,77
-15,16

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacipesesierane Ha orpeske [0; 2]. Caenars BBIBOJ, O TOM,
MIPUHUMAETCS JIX 3Ta Tunore3a Ha ypoBHe gosepus (0,1; Ha ypoBHe HoBepus
0,01; ma yposne mposepus 0,001.

1,94 1,96 0,64 0,76 0,01 0,82 0,23 0,82 1,96
1,28 1,49 1,07 1,92 0,17 1,68 1,01 0,48

Bapwuant 30

1. MokeT Jin pa3sHOCTHh ABYX COOBITHII COBIAJATH C UX IIPOU3BEICHUEM
IIpuBecTn mpumepsI.

2. B uynane jiexkaT Tpu pa3HbIX Hapbl 00THHOK. CIlyYaiiHO BRIOUPAIOTCS TPU
6otrnka. UeMy paBHA BEPOSATHOCTH TOTO, UTO CPEIUM HUX He OYIeT HU OIHON
mapor?

3. Ha smmmeiike Haymady mocTaBieHbl 2 TOUKH. KakoBa BEPOATHOCTH TOTO,
9TO PACCTOSTHUE MEXKJIy HUMU OKAYKeTCsl MEHBIIe TPETH JUINHBI JINHEHKN

4. DJIeKTpUYecKas Iellb COCTOUT U3 3JIEMEHTOB A, COeIMHEHHBIX IIO
CJIeAYIOLIEH cXxeMe:

As

1Az [ A

BepositHocTs BBIXOJ@ U3 cTposi sjementa A, pasua 0,01, ocranabHBIX
anementoB A — mo 0,1. IIpeamosaraercst, 9T0 3JIEMEHTBI BBIXOJAT U3 CTPOST
HE3aBUCHUMO Jpyr oT xapyra. Haiitm BepoATHOCTH TOro, 4YTO Ienb OyIeT
[IPOILYCKATH TOK.

5. IlepBoe opymue 4-opyaumitHoit Oarapenm MNPUCTPENISIHO TaK, d9YTO
BEPOATHOCTh HONAJaHus Jyisi Hero pasaa 1/2. Jjig ocraiabHBIX Opyauil oHa
pasHa 2/5. Barapes jasa 3ain o neau. HailTu BeposiTHOCTB TOrO, 4TO IJIb
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rnopaketa. HaifTu BeposiTHOCTb TOTO, ITO IIEPBOE OPY/IME MOTAJO B IeJIb, €CIN
M3BECTHO, YTO TeJIb OBbIIa mopakeHa. s moparkeHus 1meju J0CTATOTHO OJTHOTO
TOTIaTAHMSI.

6. BepositHocTh mpuema oTaenabHOro curxajga pasua 0,3. Pamgmocuraadt
nepesaercsa 6 pa3. Haiitu psim pacrpejiesieHus, MareMaTHYeCKOe OXKHUJIAHUE
U JIUCIIEPCHUIO YNCIA MPUHATHIX curHajoB. lloctpoutsh rpaduk GyHKIUN
pacupenesienusi. HaiiTu BepogTHOCTH TOTO, YTO TPUHSTHIX CUTHAJIOB OyleT He
MeHbIIe 2, HO He boJibiie 4.

7. Inamerp Kpyra sBJsSeTCS CIyJYalHOW BEJUYINHON, pPaBHOMEPHO
pacnpesiesierHolt Ha orpeske [0; d]. Haiitm mioTHOCTH pacupejeseHust,
GYHKIMIO pactpeesieHns, MATeMATHIECKOe OXKUTAHNE U JUCIIEPCUIO ILIOIIA A
Kpyra. HaifTu BeposSTHOCTH TOTO, HTO ILIOMAIb IIPEBOCXOAUT T2 /32.
Haueprurs rpadukn njaorHOCTH pacupeieseHns u (DYyHKIUN PacIpeIe/IeHus.

8. B ormese paboraeT oquH COTPYAHUK C JIBYMsI BBLICIIUME 00pa30BaAHUSIMU
mo 13-my paspsiy, JBa COTPYIHMKA C BBICIIHM OOpa3oBaHWeM 10 12-My
pa3psily, U IIeCTb COTPYIHUKOB 0e3 BhIciiero obpasosanus mo 10-my paspsiy.
s BBIOpAHHOTO HAayJady COTPYJHHUKA HANUTH COBMECTHOE pacupeiesieHne
pa3psja U KOJUYEeCTBa BBICIIUX 00pa3oBaHuit. BoraucanTh KoddduimeHT
KOPPEJIAINN MEXK Ty HUMU.

9. Bpema oxunmanus asToOyca IIacCayKUpPOM WMeeT II0Ka3aTeJIbHOe
pacupenesienne co cpeaHuM 3HadeHmeM 9 muHyT. Haiitm umciao moesnok,
JJIs KOTOPOIO CyMMapHO€ BpeMs OXKHUJAHWs aBTODyca IPEBBICAT 3 daca C
BeposTHOCTBIO He 6ostee 0,2.

10. dyst Bei6opku (X1, Xo, ..., X;) U3 DACHDPENENIEHAS C IJIOTHOCTHIO
pacupegenenus f(x) maittu omenku napamerpa 6 > 0 o nepBoMy MOMEHTY
U METOJOM MAaKCHMAJbHOTO NPaBAonogobms. IIpoBepUTH COCTOSATENBLHOCTD
MOJIy9E€HHBIX OIEHOK. [1JIOTHOCTD pacupese/eHnst paBHa

fa) = { sme™® wpua >0
0 mpmax <O0.

11. Tama BbIOOpKA W3 HOPMAJIBHOTO PACIPEIEICHUS C HEM3BECTHBIMU
mapamerpamu. Haiitn omenkn mnapamerpoB pactpeeiennd. llogcraBiss
BMECTO HEM3BECTHBIX IIapaMeTPOB UX TOUYEYHbIE OIIEHKH, 3allUCATh BbIPAXKEHHNE
JUIs OIEHKH IJIOTHOCTH pacupenesenus. [loctpouts Ha onHoMm rpaduke
ECTOIPAMMY C INArOM, DaBHBIM CPEIHEKBAIPATHIECKOMY (CTaHIapTHOMY )
OTKJIOHEHWIO, U TPAGUK OIEHKN IIJIOTHOCTH PACIIPEIEICHUS.

9,63 19,48 3,89 4,45 15,11 15,90 24,94 1,72 3,25 -3,77 12,17 10,08 14,36
9,39 1,27 7,89 8,68 1,59 10,57 3,21 -6,11 15,61 10,82 1,68 5,63 6,79
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20,27 -2,15

12. Ilo kpureputo Kosmoroposa npoBepuTh rumoTe3y O TOM, 9YTO BBIOOPKA
uMeeT paBHOMepHOe pacupesesieane Ha orpeske [0; 2]. Caenars BBIBOJ O TOM,
[IPUHUMAETCS JIM 3Ta IUIoTe3a Ha ypoBHe Joepus 0,1; Ha ypoBHe noBepus
0,01; ma yposne mposepus 0,001.
0,64 143 0,40 1,23 1,40 0,76 1,09 1,656 1,32
1,24 1,39 0,81 0,39 0,76 1,14 1,24 1,69 1,58
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IIpnaoxkenne. Tadauiibl

T ab6xawuima l. HopmanbHoe pacipeaesieHue.

T +2
Buauenust Gyukuu P (r) = \/%1 - [ e~z dt nu bysknun

(z)=d(—z)=1—P(x). !

x O(—x) D(x)
475 | 0,000001 | 0,999999
426 | 0,00001 | 0,99999
3,72 | 10,0001 0,9999
3,09 | 0,001 0,999
258 | 0,005 0,995
233 | 0,01 0,99
205 | 0,02 0,98
1,96 | 0,025 0,975
1,88 0,03 0,97
1,75 0,04 0,96
1,64 | 0,05 0,95
128 | 01 0,9
0,84 0,2 0,8
0,52 0,3 0,7
0,25 0,4 0,6
0,00 05 0,5

nsg x > 4,75 MOXKHO HCIIOJIb30BATh aIlllIPOKCUMAITUIO

67w2/2

D(z) ~
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T a 6 au 1 a 2. Pasaomepno pacnpezenennsie Ha [0,1] ciyuaitasie uncia

0,5916 | 3406 | 6079 | 4101 | 5314 | 6562 | 7463 | 8203 | 1643 | 5825

3127 | 1413 | 9711 | 6253 | 4135 | 0690 | 0120 | 3993 | 3136 | 3821

3617 | 6700 | 5940 | 9629 | 1094 | 7128 | 6396 | 6787 | 3147 | 2625

6635 | 5477 | 9121 | 4513 | 6213 | 9162 | 3901 | 7480 | 6319 | 2645

9313 | 5889 | 0399 | 2226 | 7919 | 8216 | 8851 | 4184 | 0471 | 9664

9470 | 2099 | 1992 | 0836 | 5050 | 3361 | 6387 | 3374 | 4963 | 1255

5303 | 5501 | 4237 | 5307 | 8954 | 1039 | 9430 | 6838 | 4188 | 2383

9031 | 4215 | 1197 | 8764 | 8382 | 9481 | 4474 | 8315 | 1752 | 8546

8922 | 6145 | 5759 | 5489 | 1479 | 5725 | 6542 | 2141 | 7449 | 1653

4398 | 7198 | 5643 | 3687 | 2311 | 3652 | 5889 | 8865 | 2378 | 2198

9612 | 0448 | 9632 | 3741 | 4776 | 6836 | 0101 | 8861 | 2786 | 5132

4601 | 8247 | 6883 | 2196 | 6570 | 9154 | 7397 | 3584 | 2139 | 1019

2212 | 8036 | 6484 | 9953 | 8382 | 7158 | 2036 | 5270 | 7441 | 4387

9192 | 9019 | 7880 | 4728 | 0115 | 3072 | 2267 | 6512 | 5673 | 2943

2380 | 4955 | 7803 | 1907 | 5803 | 3290 | 8562 | 2558 | 5986 | 1904

4448 | 1790 | 1932 | 0833 | 7005 | 7042 | 4161 | 9279 | 4049 | 1693

9978 | 5412 | 2154 | 9202 | 7586 | 7147 | 7403 | 5033 | 8549 | 6005

3617 | 6700 | 5940 | 9629 | 1094 | 4386 | 9362 | 6122 | 0193 | 1987

2210 | 9405 | 5860 | 9709 | 3433 | 5072 | 5682 | 4829 | 4052 | 4201

1374 | 6700 | 7818 | 4754 | 0610 | 3676 | 6679 | 5190 | 3647 | 6493
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T a6 uia 3. Pacnpenenenne X?(n). Kpantumm pacrpe/esenns:

Xp.n X
1 n/2—1_—x/2
p= / kn(x)dx = (2 / a2 e 2 gy
0 0
n \p 01 | 03 | 05 | 07 | 09 |095] 099 | 09999
T [ 0016 | 0,148 | 0.455 | 1,07 | 2.71 | 3,84 | 6,63 | 10.8
2 | 0211 ] 0,713 | 1,39 | 2,41 | 4,61 | 5,99 | 921 | 1338
3 10584 | 142 | 2,37 | 3.67 | 625 | 782 | 11,3 | 163
1 106 | 2,20 | 336 | 4,88 | 7,78 | 9,49 | 13,3 | 18,5
5 1,61 | 3,00 | 435 | 6,06 | 924 | 111 ] 151 | 205
6 920 | 3,83 | 5,35 | 7.23 | 106 | 12,6 | 168 | 22,5
7 283 | 467 | 6,35 | 838 | 12,0 | 14,1 | 185 | 24,3
8 349 | 553 | 7.34 | 952 | 134 | 15,5 | 20,01 | 26,1
9 117 | 639 | 834 | 107 [ 14,7 [ 169 | 21,7 | 27.9
10 | 487 | 7.27 | 934 | 118 | 16,0 | 183 | 232 | 29,6
11 | 558 | 815 | 103 | 12,0 [ 17,3 [ 19,7 | 24,7 | 31,3
12 | 630 | 903 | 11,3 | 140 | 185 | 21,0 | 26,2 | 32,9
13 | 704 | 993 | 123 | 1552 | 13,4 | 165 | 20,1 | 26,1
14 | 779 | 1008 | 133 | 162 | 21,1 | 23,7 | 29.1 | 36,1
15 | 855 | 117 | 143 | 17,3 | 22,3 | 250 | 30,6 | 37.7
16 | 931 | 126 | 153 | 184 | 235 | 26,3 | 32,0 | 39,3
17 [ 10,09 | 135 | 16,3 | 19,5 | 24.8 | 27.6 | 334 | 40,8
18 | 109 | 144 | 173 | 20,6 | 26,0 | 28,9 | 348 | 42,3
10 | 11,7 | 154 | 183 | 21,7 | 27.2 | 301 | 362 | 4338
20 | 124 | 163 | 193 | 22.8 | 284 | 31,4 | 37.6 | 453
91 | 132 | 17,2 | 203 | 239 | 29.6 | 32,7 | 38,9 | 46,8
22 | 140 | 181 | 21,3 | 24,9 | 308 | 33,9 | 403 | 483
93 | 14,8 | 19,0 | 223 | 26,0 | 32,0 | 352 | 41,6 | 497
24 | 15,7 | 19.9 | 233 | 27.1 | 33,2 | 364 | 430 | 512
25 16,5 | 20,9 | 24,3 | 28,2 | 34,3 | 37,7 | 44,3 52,6
26 | 17.3 | 21.8 | 253 | 29.2 | 35,6 | 38.9 | 45.6 | 54,1
97 | 181 | 22,7 | 26,3 | 30,3 | 36,7 | 40,1 | 47,0 | 55,5
98 | 180 | 236 | 27,3 | 314 | 370 | 41,3 | 483 | 56,0
29 | 19.8 | 24.6 | 283 | 32,5 | 391 | 42,6 | 496 | 583
30 | 20,6 | 255 | 293 | 335 | 40,3 | 438 | 50,0 | 59,7
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T a 6 1 u 1 a 4. Pacupenenenne CrbronenTta S(n)
Suauenus Gynxmuu ty

ty,n ty,n

T(ntl 2
n

— 00 — 00

n\y 09 | 095 | 098 | 0,99
1
9 2,920 | 4,303 | 6,965 | 9,925
3
1
5
6
7
8

6,314 | 12,706 | 31,821 | 63,657
2,353 | 3,182 | 4,541 | 5,841
2,132 | 2,776 | 3,747 | 4,604
2,015 | 2,571 | 3,365 | 4,032
1,943 | 2,447 | 3,143 | 3,707
1,805 | 2,365 | 2,998 | 3,499
1,860 | 2,306 | 2,896 | 3,355
9 1,833 | 2,262 | 2,821 | 3,250
10 | 1,812 | 2,228 | 2,764 | 3,169
12 | 1,782 | 2,179 | 2,681 | 3,055
14 | 1,761 | 2,145 | 2,625 | 2,977
16 | 1,746 | 2,120 | 2,584 | 2,921
18 | 1,734 | 2,101 | 2,552 | 2,878
20 | 1,725 | 2,086 | 2,528 | 2,845
22 | 1,717 | 2,074 | 2,508 | 2,819
24 | 1,711 | 2,064 | 2,492 | 2,797
26 | 1,706 | 2,056 | 2,479 | 2,779
28 | 1,701 | 2,048 | 2,467 | 2,763

30 | 1,607 | 2,042 | 2,457 | 2,750
oo | 1,645 | 1,060 | 2,326 | 2,576
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