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BBeaenue

Bo muorux BOIIPpOCaxX HaYKN U TEXHUKH, IIPOU3BO/JICTBa U IKOHOMUKU, BOECHHOI'O
JdeJia 1 YIpaBJICHUA ITPUXOJAUTCA BCTPpEYaTbhCA C CUTyalludAMH, MCXO KOTOPLIX HE
HOJIaeTCAd TOIYHOMY IIPOI'HO3UPOBAHUIO. TaK, HallpUMED,

e 1Ipu cTpeibOe U3 OPY/Ius HeJIb3s MPeICKa3aTh, YTO MOCTAHHBIN CHAPS TOMaIET
B IIeJIb;
e 1Ipu OPOCAHUKM MOHETHI HeJIb3s MPeJCKa3aTh, YTO OHA YHAJET repboM BBEpX;

e 1pu 1epejade coodIeHnil (HapumMep, TeslerpadHbIX 3HAKOB) [0 KAHAJLY CBSA3H
MOT'YT MOABUTHCA TTOMEXH, KOTOPbIE UCKA3AT COODINEHNE WJIH TOJTHOCTBHIO TOJIa~
BAT €ro;

® HeJIb3d NIPEJICKa3aTh IIeHY aKIUi B 3aJaHHbII MOMEHT BPEMEHU;

arrapaTypa MOXKeT OTKa3aTh Ha JIIOOOM dTalle CBoeil padOThI M3-3a 0TKa3a KAKIX-
JiOOo JieTasieil, HO Mbl He MOXKEM IIPEJICKa3aTh, IPOU30MIET 9TO WU HET;

® IIPU MOKYIIKE JIOTEPEeHHOr0 OnIeTa HesIb3s IIPEJICKA3aTh, BBITAJET JIM BBIMTPBIIT
Ha KYILJICHHBII OnJrer.

Takoro pojia MprMepoB MOXKHO IIPUBECTH OY€Hb MHOIO. UT0 00IIero B mo00HbIX
CUTYAIUSIX !

Jles10 B TOM, 9TO B KazKJIOM IIPUBEIEHHOM IIPUMEPE Ha MCXO/I BIUSIET OUeHb 00JIhb-
II10€ 9HCJI0 Pa3HOTO Pojia MPUYINH, 3aKOHBI JEHCTBUS KOTOPHIX HEM3BECTHBI. Tak, B
[IEPBOM IIPUMEpPE — IIPHU CTPEIbOE U3 OPYIUst — MOKHO HA3BATh HEKOTOPHIE M3 TaKUX
IPUYIHH: CKOPOCTh U HAIIPaBJICHUE BeTPa, OCAJIKN, TeMIepaTypa Bo3/lyxa U T.II.

Bce 10 1puBOIuT K TOMY, 9TO PE3YJILTAT OIBITA HE ONPEIE/IAeTCa OHO3HATHO;
TOBOPAT, 9TO PE3YIHTAT TAKOI'O OIBITA CIyUIAEH.

BrergBienneMm n uzydeHueM 3aKOHOMEPHOCTEH B CJIyUaflHBbIX SIBJICHUAX 3aHUMAa-
ercs creruaibHasg 00acTh MaTEeMATHKNA — TEOPHUS BEPOSITHOCTEH M €€ MHOTOYMC-
JIEHHBbIE OTBEeTBJIeHUsI. [IpeameroM Teopru BEpOATHOCTEN SIBJISETCS M3YyUEeHHIE BEPO-
ATHOCTHBIX 3aKOHOMEPHOCTEN MaCCOBBIX OJIHOPOJIHBIX CJIYyUIANHBIX COOBITHUIA.

CTposT 9Ty TEOPHIO JIeTYKTUBHO, UCXO/IsI 13 HEKOTOPBIX aKCHOM U OIIPEJIeIeHUI.

Meto/ibI Teopun BepOSITHOCTEl 110 CBOEH MPUPOJIE TPUCIIOCOOIEHBI JIJIsT UCCTIe-
JIOBaHUsT MAaCCOBBIX SABJIEHU, T.€. TAKUX sIBJICHUII, KOTOPhIE MHOTOKPATHO IIOBTOPSI-
I0TCA WM KOTOPhIE MOXKHO BOCIIPOM3BECTH CKOJIBKO YTOJHO Pa3 MPH COXPAHEHHH
HEM3MEHHBIM OCHOBHOTO KOMILIEKCA YCJIOBHIl. DTH METOJbI HE JIA0T BO3MOMKHOCTHU
peJIcKa3aTh UCXOJ OTJAETBHOTO CAYIailHOTO SIBJIEHUsI, HO MO3BOJISIIOT PEICKA3aTh
CyMMapHBIil pe3y/IbTaT OOJIBIIOTO YUCIa OJJHOPOIHBIX CIyUANHBIX STBICHUN.



YJACTBH I
TEOPUS BEPOSITHOCTEN

[JIABA 1
BBesenne B Teopuio BeposiTHOCTEM

1. Aujrebpa cobbrTuii

CoBpeMeHHOe TTOCTPOEHNEe TEOPUN BEPOSTHOCTEH KakK pas3jiesia MATeMATHKU OC-
HOBBIBAETCsT Ha, AKCHOMATUIECKOM TIOJIX0/I€ U OIUPAETCs HA dJIeMEeHTapHbIe TOHATHUS
TEOpUU MHOXKeCTB. Teopust BepOATHOCTEH Olepupyer ¢ JeHCTBUTEIbHBIMU HJIA MbIC-
JIEHHBIMU OITBITAMU, UMEIOIINME CJIyIafiHbIN HCXOT.

O/ iHUM U3 OCHOBHBIX MOHSTHI TEOPUU BEPOSTHOCTEI SBJISETCA CJIydaiiHoe cOObI-
THE UJIN IIPOCTO COOBITHE.

CobpITHE — MIEPBUTHOE MTOHATHE B TEOPUH BEPOSITHOCTEH B TOM CMBICJIE, ITO €ro
HEJTIb3sI OIPEJIe/TUTD Uepes3 JIpyrue, 0ojiee 31eMeHTaPHBIE TTOHSITHA.

Moy cobbITHEM TTOHUMaETCs BCAKUiT (DaKT, KOTOPBIil B pe3ysibrare onbiTa (MCIbl-
TaHUsl, SKCIIEPUMEHTa) MOXKeT IIPOM30HTH WM He TPOU30iiTH.

¢ llox ucnwmanuem (onvimom, sxcnepumenmom) GyjaeM TOHUMATH OCYIIECTB-
JIeHHEe KaKOT'o-T00 OIPeJIe/IEHHOIO KOMILIEKCA YCJIOBHIA, KOTOPbIE MOT'YT OBITH BOC-
[IPOU3BEJIEHBI CKOJIb YTOIHO OOJIBINOE IHCIIO pa3 (PeasbHO MM MBICJIEHHO).

CobbITnst 0003HAYAIOTCS TPOIUCHBIMI OyKBaMu JiaTuHCKOro ajdasuta: A, B, C
u T

[IpuBeiém npuMepsr COOBITHIA

A — nonajianue B 11e/1b IPU BbICTpesie (OIbIT — IIPOU3BEJIEHUE BhICTPEa, COObITHE

— TONaJIaHue B 1EJIb);

B — nogsienne repba 1pu OPOCAHUU MOHETBI;
C' — BBIXOJ| U3 CTPOs JETAJU COTOBOTO TesiedOHa IMPU UCHBITAHUN.

YCI0BUMCS Pa3/IndaTh COCTaBHbIE (MM PA3JIOKUMbBIE) U SJIEMEHTapHbIe (Hepas3-
JIOXKUMBIE) COOBITHSI.

Bo uszbexkanme HesgCHOCTEH TPU ONUCAHUU CJIyUANHBIX SBJIEHUN, PE3yJIbTaTOB
OllbITa WJIM HaOJIIO/IeHnit HeobxouMo (opmasinzoBarh 3t onucanusd. C Toii 1e-
JIBIO BBOJIUTCST MHOXKECTBO ) 3JIEeMEHTAPHBIX HCXOJIOB IKCIEpUMeHTa (IIPOCTPAHCTBO
9JIEMEHTAPHBIX COOBITHIA).

¢ CoBOKYITHOCTH (MHOXKECTBO) BCEX MBICMMBIX HCXOJOB OIBITA, TAKUX, YTO B
pesyJsibraTe MCHBITAHUS MOXKET MPOU30NTH OJMH W TOJBKO OJMH M3 HUX, HA30BEM
NPOCMPAHCNEOM INEMEHMAPHBLT coObimul 1 OyaeM obo3HadaTh ero (2. Karkabrii
sJIeMeHT w € ) (OTJebHBIN UCXOJ ONbITa) Gy/JeM HA3BIBATH IACMEHMAPHOIM COOVL-
MUEM.

[IpocTparcTBO 3/IeMEHTAPHBIX COOBITUN SIBJIAETCS TEPBOHAYABHBIM TTOHSITHEM
[PU [IOCTPOEHUY MATEMATUIECKOH MOJIE/N sIBJIEHUI, UMEIoNUX ciydaiinyio (croxa-
CTUYECKYIO) MTPUPOLY.

¢ JIr060€e 1o IMHOKECTBO MHOYKECTBA JIEMEHTAPHBIX COOBITUI HA3BIBACTCS COObI-
muem (WA cAywatinom cobvimuem).

B nmanbreiimem yrBepikienne «A ecTh MOIMHOXKECTBO )» 3aIMCHIBACTCA B BUJIE
A C Q. ToopsT, uTo cobbITHE A HACTYIIMIIO, €CTIU PE3Y/IbTATOM UCIBITAHUS SIBUJICS
HCXOJT, W, TpUHAJIeKAIMil MHOXKeCTBY A (w € A).

PaccmoTpum psii mpuMepoB, TMOSICHSIOMIUX BBIOOP MHOXKecTBa ).

IIpumep 1.1. Ilpu ogHOKPATHOM TOJIOPACBIBAHUE MOHETBHI TPOCTPAHCTBO MCXOI0B
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() cocrour u3 JABYX TOYEK:

Q = {TP},

riae I' — «repb», P — «permérkay (IpocTopedroe «perrkas ).
MBI BCK/II0O9aeM BO3MOXKHOCTH THUIIA «MOHETa, CTaJa Ha pedpo», «MOHETa MCUes-
Jay U T.I.

IIpumep 1.2. IlogbpackiBanue uUrpajbHONl KOCTU OJIMH pa3. B 3ToM ombiTe ecre-
CTBEHHO BbIOpATD
Q= {wly Wa, W3, Wyq, Ws, wﬁ}a

rae depe3 wjy 0003HAUeH MCXOJ OIbITa, 3aKI0YAOIINiics B BbIIaJeHIn k 04YKOB. B
9TOM OIIBIT€ BO3MOZKHBI INIECTh NCKJ/IIOYAIOIINX LLPYF ,ZprFa HNCXOJ0B. HyCTb HaC WH-
Tepecyer cobbiTne A — BbINaeHne YETHONO YNUC/Ia OUKOB:

A= {WQ,W4,W6}, AcCQ.

B wacrHOCTH, MOZKHO paccMaTpuBaTh coObITHE ) (BE/ib KarK/10€ MHOYKECTBO €CTh
CBOE COOCTBEHHOE TOJIMHOYKECTBO).

ITpumep 1.3 (3amaua o BcTpeue). [IBa cryjeHTa yCJIOBUINCH BCTPETUTHC B Ha-
3HQYEHHOM MeCTe MErK/ly OJIMHHA/IATBIO U JIBEHa/IIIaThI0 YacaMHU U KJIaTh JPYyT
napyra B Tedenne 10 Mun (HO He J0Jee, YeM Ji0 ucTedeHns daca). KaxKpiil u3 HIX
HAayJlady U HE3aBUCHMO OT JIDYroro BbIOMpaeT MOMEHT CBOero mpuxoja. Ommcarhb
npoctpancTBo {2 u codbiTue C'; 03HAYAIOIIEE, YTO BCTPEUA COCTOUTCS.

Pemenue. O60o3uaunm yepe3 x BpeMs MPUXOJa OJHOIO CTYAEHTa U Yepe3 Y BpPeMs
npuxojia Broporo. Kazk iplit u3 HUX MOXKET TPUUTH B J11000i MoMeHT Mexk ity 11 m 12
JacaMu, ITO9TOMY

1< <12 v 11 <y <12

B cucreme koopjmHaT BhIbepeM 3a HaYaJI0 OTCUYETa Ymrcyio 11, Torjga mpocTpaHcTBO
9JIeMEeHTapHBIX cOObITHIT ) mpeicTaB/IsieT cobOil MHOKECTBO TOUEK KBaJIpaTa

Q=142 : 11 <z <12,
VWY 1<y <2

Yy

He smrobast Touka KBaipaTa olpe/iesisgeT CUTyalno, s/

0/1arOIPUSTCTBYIONLYIO BCTpede, HAIPUMEpP TOYKa
(116, 11%2). Ilepsbrit npummes B 11 gac 10 mum, Bro-  4/6
poit — B 11 wac 30 MuH, HO IIEPBBIN y2Ke yIIe, IPO- 4.
2KJlaB ero ycJjioBjienHble 10 MuH.

Kakne ke ncxompr onbita OyayT 6/1aronpusaTcTBo- 26
BaThb BcTpeue? Te, /11 KOTOPBIX Pa3HOCTb MEXKJLy MO-  1/6
MEHTaMH IPUX0Jia CTYIEHTOB OKaxkeTcs He Oosee 10
MuH, T.€. 11 1/6 2/6 3/6 46 566 12

|z —y| < 1/6. Puc. 1.

[Moctponm obmacts —1/6 <  — y < 1/6; €€ rpaHUIHBIMEI JIMHUSIME OYJLyT

r—y=—1/6;
x—y=1/6.

MHo2KecTBO UCXO/IOB OIbITA, OJATONPUATCTBYIOMNX BCTpede, ecTh obsactb C, 3a-
IMTpUXOBaHHAsd Ha pucC. 1.



8 I'maBa 1. BBenenne B TeopHio BEpOSITHOCTELT

¢ CobObitre () HasbIBAETCI JOCMOGEPHBIM, €CJIN OHO HE MOYKET He IIPOU30UTH B
YCJIOBHUSAX JIAHHOI'O OIBITA WJIN SBJICHUS.

Ko Bcemy npocTpaHcTBY 971€eMEHTAPHDBIX COOBITHUI JI0OABIIAETCS €Ille IIyCTOe MHO-
>kecTBO (). DTO MHOXKECTBO TOKE PACCMATPUBACTCS KaK COOBITHE U HA3BIBACTCA HEBO3-
MOXKHBIM COOBITHEM.

¢ Cobuirue () = {w € (1} HasBIBAETCH HEGOZMONCHBIM, ECIT OHO HE MOKET IIPO-
U30UTH [PU BBITOJTHEHUH YCJIOBU JJAHHOI'O OIIBITA.

[Ipumep j1ocToBepHOrO COOBLITHSA — BBINAJCHUE He Oojiee 6 OYKOB Ipu OpocaHuu
UT'PAJILHON KOCTH, IPUMED HEBO3MOXKHOT'O COOBITUS — BBINMaJeHNe 7 OYKOB IIPU OPO-
CAHUU UT'PAJILHON KOCTH.

3aMeTuM, 9TO IPOCTPAHCTBO JIEMEHTAPHBIX COOBITUN B OJIHOM U TOM K€ OIIBbITE
MOXKHO 33/IaBaTh I10-PA3HOMY; HAIIPUMED, IIPH CJIYYAIHOM BLIOOpE TOYKU Ha ILJIOC-
KOCTH €€ MOJIOYKEHNEe MOXKHO 3a/[aBaTh KaK JEKapPTOBBIMU KOODJIMHATAMU (I, Y), TaKk
¥ TIOJIAPHBIME (), ).

¢ Cobbitre A HA3BIBAETCS NPOMUBONON0NHCHVM COOBITHIO A mau ero donoane-
HUeM, eCJI OHO TTPOUCXOJIUT TOTJIA U TOJBKO TOIJIA, KOIJIa He IMPOUCXOIUT COObITHE
A: -

A=Q - A

¢ st HArsiAHOCTH BOCIIO/Ib3yeMces nuarpaMMamu Benna—ditiepa. Bymem n306-
pazkaTb 001aCTh ) B BU/Ie IPSIMOYTOIbHUKA, KaXK/1asd TOIKA KOTOPOI'O COOTBETCTBYET
9JIEMEHTapHOMY HMCXO/Y, a COOBITUsIM — HeKoTopble obsactu BHyTpu (). Torma co-
OBITHIO A, IPOTHBOIOJIOAKHOMY COOBITHIO A, MOYKHO CONOCTABUTH 3aAINTPUXOBAHHYIO
Ha puc. 2 00JIaCTb.

OueBmIHO, YTO COOBITHE A COCTOMT M3 3JIEMEHTOB MHOMKecTBa §), KOTOpBIE He
BXoiaT B MHO)KeCcTBO A (cM. puc. 2). CobbITHE, TPOTUBOIOJIOKHOE JIOCTOBEPHOMY,

ABIAETCS HeBO3MOKHBIM, T.e. () = (). CobbiTne A, IPOTHBONOJIOKHOE K IPOTUBOIO-

JIOZKHOMY, ecTh cobpitne A (A = A).

¢ CobOnitne C' Ha3bIBaeTCss cymmotls mim obsedunenuem dsyx cobvmuti A nu B,
ecJI OHO IPOMCXOJNT JIMIINhL TOTJA, KOIJa IMPOMCXOJNUT 10 KpaiiHell Mepe OIHO U3
cobbrTnit A nnn B:

C=A+B=AUB.

OrnpejiesieHre MOYKHO PaCIpPOCTPAHUTh Ha JIFOO0e KOHETHOE UUCJIO CIaraeMbIX.

Ha guarpamme Bernna—iiiepa cymme aByx cobbituii A + B MOXKHO COITOCTaBUTD
3alITPUXOBAHHYIO Ha PUC. 3 00JI1aCTh.

¢ U3 onpejieiennst BBITEKAIOT CJIEIYIONINE CBOMCTBA OIMEPAIMH CJIOMKEHMS:

A+ B =B+ A;
(A+B)+C=A+ (B+C);
A+ A=A

A+Q=Q;

A+ 0= A;

A+A=Q.

Puc. 2. Puc. 3.
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B B
‘D D

Puc. 4. Puc. 5.

¢ Coberrue C' HazbIBaeTCA npoussedernuem d6yxr cobwmut A u B, eciim OHO 1IpO-
UCXOJIUT TOIJIA, KOIJIa MPOUCXOIAT U cobbiTre A, u cobbitne B:

C=A-B=AnNB.

Takum obpazom, poussejienne coobITuit A 1 B ecTh MHOXKECTBO, COCTOSIIEE U3 dJ1e-
MEHTOB, ITPUHAJJIEKAINMNX Kak MHOXKecTBy A, Tak m muoxkectBy B. Ha mumarpamme
Benna—itsiepa npoussejieHnio JByX coObITuit A N B conoctaBuM 3aIiTpUXOBaHHYIO
obsacthb Ha puc. 4.

¢ U3 omnpejiesiennst BBITEKAIOT CJIEIYIONINE CBOWCTBA OMEPAITMH YMHOXKEHUS:

-B=B"-A;
(B-C)=(4-B)-C;

’

’

AN N N
SO

I
=S e

A

¢ Pasnocmuiro dsyx cobvmutd A m B HaspiBaercs Takoe cobbitre C', KOTOpoe
IIPOMCXOINT JIUIIb TOTJA, KOT/Ia IPOUCXOIUT coObITHe A, a cobbITHe B He MpPOnCcXo-
JIAT:

C=A-B=A\B.

CobpiTuio C' cONOCTaBIISIETCS 3AIITPUXOBAHHAS 00/1aCTh HA PHUC. D.

U3 ompenenenus cienyer, aro A — B = AB, To ecTh Pa3HOCTHb COOBITUIT MOYKHO
CBECTU K MX IPOU3BEJIEHUIO.

¢ LoBopsr, uro cobwmue A eaewém cobvimue B (A C B), ecii Ipu HACTYIIJIEHIN
cobbITHs A HenmsbexkHO Hacrymaer cooeitue B (cum. puc. 6).

B sTom citydgae muOKkecTBO A siBiisiercst opmHO)KecTBoM B. Tak, npu 6pocanun
UT'PAJIBHOI KOCTH COOBITHE A — «BBIIAJIET JBa 0YKa» BJIEUIET COOBITHE B — «BBIIAIET
YETHOE YUCTIO OUKOBY.

¢ Eciu A C B,a B C A, 10 A u B HasbiBatoTCst 9K6UBaACHMHbIMU ( PABHOCUND-
HOLMU), 9TO 3alUChbiBaeTcst Kak A = B.

Puc. 6. Puc. 7.
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Hanpumep, npu 6pocannu JByX KOCTel cOObITHs: A — «BBIIAJET YETHAS CyMMay
u B — «Ha KaxK/10if rpaHn BBIIA/LYT OUKH OJIHOI IETHOCTHY SIBIAIOTCS SKBUBAJICHT-
HBIMU.

¢ Cobuitust A u B necosmecmmoy, ecniu A - B = () (em. puc. 7). B wacraocrn,
HECOBMECTHBIMHU COOBITHSIME SIBJISIIOTCS IIPOTHBOIIOJIOXKHBIE.

¢ Cobbitus Ay, As, ..., A, 00pazyor noanyro epynny cobvimuil, €cii XOTs ObI
OJTHO M3 HUX 00sI3aTE/bHO CJAYUUTCA B PE3YJIBTATE OIIBITA.
Nupivu cioBamu, cobbitus Aq, ..., A,, n < 00, 00pa3yoT MOJHYIO TPYIILY, eC/In

nx O6'be,ZLI/IH€HI/Ie €CTb JOCTOBEPHOE CcOOBITHE:

OAi =0 wm iAi = Q.
i=1 i=1

[ToMuMO OTMEUEHHBIX BBIIIE, OIEPAITUU HAJI COOBITUAME 00JIAAI0T CJAC Y FOITUMN
CBOIICTBaAMU:

1. (A+ B)C =AC + DC.

2. AB+C = (A+C)(B+ ).

3.A+B=AB.

4. A-B=A+ B.

JlokazaTerbcTBa 3TUX CBOMCTB JOCJIOBHO TOBTOPAIOT JIOKA3ATEIHCTBA COOTBET-
CTBYIOIIUX CBONCTB Ollepaluii HaJl MHOXKECTBAMU B TEOPUU MHOKECTB.

W3 ycraHOB/IEHHBIX CBOMCTB Olle€palinii HaJl COOBITHSIMU CJIEJIYeT, UTO I JTI0ObIX
cobbrTuit A u B

A=AQ=A(B+ B)=AB+ AB. (1.1)

Ota dopMmyaa daeT passozKeHHe JF0O0ro codobTuss A Ha JIBa HEMepeCeKarNINXCs
coObITHS. o o
Ecm B C A, to AB = B, uu3 (1.1) cienyer A= B+ AB nwim A= BU AB.

IIpumep 1.4. YcraHosursh, cupaseymso Ju coorHorrerne A — (B — C) = (A —
B)+C.

Pemenune. IIpeobpasyem mpaByio U JIeByIO HacTH, UCIOJIb3Ys CBOWCTBA oliepariuii
¢ cobprtusvm: D = (A — B) +C = AB + C, anamornuno £ = A — (B - C) =

AB=C) = ABC = A(B + C) = AB + AC. Crnenosarensno, E C D, Tak kax
AC C C, a coornomenne C' C AC' B obmem ciydae He cripaBeinBo, 10 D # F, u
ucxojHoe yreepxenue umeer sug A — (B—C) D (A— B)+ C.

IIpumep 1.5. Jlana cucrema u3 Tpex OJIOKOB a1, ag,b (cM. puc. 8), rie a3 u ag —
aybupyrone OJI0KH (CxXema MoCJIeI0BaTeIbHOrO coelnHenns 6I0Ka b ¢ mojcucre-
MOI @ TTapaJuIe/IbHO COEJMHEHHBIX OJIOKOB (1 U Gsg).

Bammcarb COObITHsI, COCTOAIIIE B TOM, UTO cUCTeMa 1) ucrpasHa, 2) HEMCIPABHA.

! Pentenne. Beeném obosnauenus: A, — cobbITHe, CO-
b = crogmee B TOM, 9TO GJIOK @i mcupaseH; Ay — COOBI-

a, THE, COCTOSINee B TOM, UTO OJIOK ao HCHpaBeH; B —
cOOBITHE, COCTOSINEe B TOM, 94TO 00K b mcrpaseH; S

Puc. 8. — cODBITHE, COCTOMAIIEE B TOM, UTO CUCTEMA UCIIPABHA;

S, — cobBITHE, COCTOAINEeEe B TOM, 9TO IOJCHCTEMA @
ucipaBHa. Pazobobem cucremy Ha e nojcucrembl a u b. Ilogcucrema a aybmupy-
foImuxX OJIOKOB HCIpaBHA B TOM CJydae, KOIJa MCIIPaBeH XOTd Obl OJIMH n3 OJIOKOB
ar (k= 1,2) ucnpasen, o ectb S, = A; + Ay. Jljist HCIpaBHOCTH CUCTEMbI HEOOXO-
JIIMa UCIPABHOCTD II0JIcHCTeMBl @ 1 6sioka b, 10 ectb S = BS, . Takum obpazom,

S = B(A; + Ay). Anamorndnble paccyzkiaeHnust MoryT npusectu K S = Ay - Ay + B.
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BamMeTuM, 9T0 S MOYKHO IOCTPOHUTH 110 S € ITOMOIIBIO CBOMCTB IPOTHBOIIOJJIOKHBIX
COOBITHIA.

¢ MuoxkecTBO JF, COCTOSIIIEE U3 MOJIMHOYKECTB MHOXKECTBa, ), HA3bIBAETCS A.A2€0-
poti cobvimuti, ecan
1) muO)ecTBO F COJIEPKUT JIOCTOBEpHOE cobbiThe, T.e () € F;

2) BMmecre ¢ cobbiTreM A MHO)KeCTBO JF COJEPKUT MPOTUBOIOJIOKHOE €MY COOBITHE
A

3) BMecTe C JIFOOBIM KOHEYHBIM HaOOPOM COOBITHIT MHOKECTBO JF CONEPKUT 00b-
eJIMHEeHNe 9TUX COOBITHIA.

VesoBust 1-3 Ha3BIBAIOT aKCHOMAMU aareOpbl COOBITHIA.

ITpumep 1.6. /Isa crpesnka crpessitor o murneru. [lycts cobbrrme A — moman B
IIeJIb [IE€PBbIN CTPEJIOK, cOObITHE B — rmonaJsi B 1eJib BTOPOil CTPEJIOK. 3alluCaTh Ha
sI3bIKe aJIreOphl coObITHil cieyionue coobiTus: C' — oba cTpesika Monain B 1esb; D
— oba cTpesiKa MPOMAaXHYJINCh; F — momast B 1ejib POBHO OJINH CTPEJIOK; F' — XOTs
Obl OJIUH CTPEJIOK TIOMAJ B IEJIb.

Pemmenue. Cobbrtne C' 3aK/H092€TCS B OJITHOBPEMEHHOM OCYIIECTBICHIH COOBITHI A
u B, 9TO0 110 OIPEJIeSIEHUIO ABJIACTCA ITPOU3BEIEHUEM STUX COOBITHUI, CJIeI0BATETHHO
C = AB.

CobpiTre D 3aK/IF09aeTCs B TOM, 9TO He TPOU30MIET HU coObITHE A, HI cOOBITHE
B, 1o ecTb B OJTHOBPEMEHHOM OCYIIECTBJICHUU COOBITHU, ITPOTHUBOIOIOKHBIX COObBI-
tusgmM A u B, 9T0 ecTh npou3BeieHre MIPOTUBOIOIOKHBIX COOBITHI, CIIe/I0BATEILHO,
D = AB.

CobpiTre E mpou3oiiIéT, ecim B 1e/ib MOMAJIET EPBBIN CTPEJIOK, & BTOPO 1pn
9TOM He IMONAJIET, JIMDO eC/IN TMONAJIET B 1eJIb BTOPOIl CTPEJIOK, & MEPBLIH IIPU 3TOM
npomaxHéTcs. CoObITHe, 3aK/II0YAIONIEecs B TOM, ITO IIEPBBIN CTPEJIOK TOMAJ, a BTO-
POl He IIOIIAJI B IIeJIb, €CTh 1IPON3BeJIeHne COObITUS A 1 COOBITHS, IIPOTUBOIIOJIOZKHO-
ro cobpITHio B, TO ecTb 3710 cobbiTie AB. AHAJIOrNYHO COOBITHE, 3aK/II0UAIONIEecs B
TOM, 9TO BTOPOIl CTPEJIOK IOTAaJI B 1e/Th, a MepBbIil He nona, ectb AB. [Tockombky
HAaC yCTpamBaeT JI000e U3 9TUX COOBITHIL, TO cOObITHE [ ecTh CyMMa 9THX COOBITHIL:
E=AB+ AB.

CobbiTuio I’ yI0BIETBOPSIOT CJIEIYIONINE SIeMeHTapHbIe COOBITHUS: TIONAJ B TEJTh
TOJIBKO IEPBBII CTPEJIOK, IOHAJI B IeJIb TOJIBKO BTOPOI CTPEJIOK, 00a CTpesKa Io-
nasm B 1ieib. CregoBaresibHo, ' ecth cymma stux cobwituit: F'= AB + AB + AB.
Kpowme Toro, MoKHO 3aMETHTD, YTO COOBITHE, IIPOTUBOIIOJIOXKHOE K COOBITHIO F', eCcTh
COOBITHE «HH OJWH CTPEJIOK He TONAJ B Ie/Iby; CJIeI0BATEIbHO, COOBITHE F' MOXKHO

BBIPA3UTh Yepe3 MPOTHBOIIOJIOKHOE cOObITHE ceayronum obpazom: F' = AB. U,
HAKOHEIl, coObITHe F' — monaJi B 1eJb X0Td Obl OJIMH CTPEJIOK — TI0 OIIPEIeICHIIO
ectb cymma cobpitit A u B: F' = A + B. Ucnonb3ys cBoiicTBa oneparuii HaJi co-
OBITUSIMU, JIETKO yOeInThCs, 4TO Bee (popMysbl ToxkIecTBeHubl. [locennss 3amnuch
ABJIAETCH XOTh U CAMOI ITPOCTOM, HO HEe CaMOil yI00HOI, TTIOCKOJIbKY B HEil Mbl BbIPa-
3UJIU COOBITHE Yepe3 CyMMy COBMeECTHBIX coObiTuil. Kak npasuiio, eciau Oyjer uaru
pedb 0 HACTYIUIEHUU XOTs Obl OJHOIO COOBITUS W3 I'PYIIILI COOBITHI, y/I00HEe BCEro
BBIPA3UTH 3TO COOBITUE YePe3 IMPOTUBOIOIOKHOE.

¢ Anrebpa cobbrtuit F, 3aMKHYTas OTHOCUTETEHO CIETHBIX 00bEIMHEHNH, HA3bI-
BaeTCd 0-a.n2e6pot.

Aurebpa coObITHiT 00/1a1aeT CAEIYIONUMI CBOCTBAMA.

CsoiictBo 1. HeosmoxkHoe cobbitne npunaexkut muaoxecrsy F (0 € F).

HoxkazarenbcrBo. Cormacno akcmome 1, € F, ciaemosarenvho, ) = Q € F B
CHJTy aKCUOMBI 2.
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CsoiictBo 2. Eciin Ay, Ay, --- € F, 10 [[ A4; € F.

HokazarenbcrBo. CoryiacHo coiictBam onepanuii Ha cobbrrusamu, [[ A; = > A;,
i i

a B CHJIy akcuoM 2 u 3 crupasemso »  A; € F.
i
Takum 06pa3oM, IPUMEHEHHE CYETHOTO UHC/Ia OLepaIuil HaJ| COOBITHAMM, Ta-

KUX KakK O0be/lnHeHne, nepecedenne, J0IoMHeHne, K MHOXKecTBaM n3 JF cHOBa JIaéT
MHOXKECTBO u3 JF, W, KaK TOBOPAT, MHOXKECTBO J 3aMKHYTO OTHOCHUTEJIHLHO ITUX
olepaluii.

MmuoxectBo F OyjieM TakzKe Ha3bIBATh MOAEM COObIMUL, CBA3AHHBIX C JIAHHBIM
UCIBITAHUEM.

ITpumep 1.7. IlogbpaceiBaercd urpasibHas KOCTb. [IpuBecTn mpumepbl COOBITHIA,
SIBJIATOIIUXCS M HE SBJISIIONIUXCS O-aJreOpamMu.

Pemenne. [Tycre Q = {1,2,3,4,5,6}, rie k-blit mcxon o3HadaeT, 9To BbIIAIO k
oukoB. Tora, HanpuMep, CjeayIoNine MHOXKEeCTBa J ABJIAIOTCA o-aJredpaMu:

1) F ={Q,0} — rpusuanbhas o-anreGpa;

2) F={Q,0,{1,3,5},{2,4,6}};

3) F — MHOXKECTBO BCEX TOJIMHOYKECTB MHOZXKeCTBa, ).

[TpumepoM MHOXKECTBA, HE SIBJISIIOINIET0CA 0-aaredpoil, MOXKeT CIy?KNUTh, HALPUMED,
muoxkectBo F = {Q,0,{1,2},{3,4},{5,6}}, raxk kak, B uacrnocru, {1,2} U{3,4} =
{1,2,3,4} ¢ F.

2. Yacrota coobiTug. CBoiicTBa 4aCTOTHI COOLITUA

EcrecTBenno cpaBHMBATHL COOBITUSA 110 TOMY, KaK 9acTO KarKJI0€ U3 HUX MOSABJIsI-
eTCsl IIPU TIOBTOPEHUU JIAHHOTO ONbITa. FCn mpu MoBTOPEHUN OIBITa OJTHO COOBITHE
MOSIBJIAETCS Jallle, YeM JIPYyTroe, TO TOBOPAT, UTO IIePBOe 8epoAmHee BTOPoro. fcuo,
YTO JIJIsi CPABHEHUs COOBITHIT HEOOXOIMMO ITPEJIIIOIOXKUTH, YTO JAHHBII OITBIT MOKHO
[POU3BOUTH CKOJIKO YIOJHO (B IPHUHIUIE, HEOTPAHUIEHHOE YHUCIIO) PA3.

¢ Yacmomoti (ommuocumervrot wacmomoti) cOObITUS HA3BIBAETCI OTHOINEHUE
YUCJIa €0 MOAgBJICHUI K YUC/Iy BCEX MPOU3BEIEHHDBIX OITBITOB.

Takum ob6pazom, gactota cobbiTus A onpejessiercs: (hopMysIoi

m my,(A)
pn(A) = — = ——,
n n
rje n — obIiee Inucsio uebltanuit; m = m, (A) — duciio nosteHuii cobbiTiss A B n
UCIBITAHUSX.

OmbIT MOKA3BIBAET, UTO MPU MHOTOKPATHOM IOBTOPEHUN WCIBITAHUN TacToOTa
tn(A) citydaitnoro cobbiTusi 00/1a1a€T yCTORNIMBOCTHIO. B KadecTBe miLtrocTparyun
PACCMOTPUM JIAHHBIE TI0 ITPOBEPKE CUMMETPUIHOCTH MOHETHI. [lycrs m, — uwucio
BBINIAJIEHNI repba B N UCHBITAHUSAX, TaK 9TO My, /N — YacToTa BbIIAJEHUs Tepoa.

B cienyiorneit Tabsuie npuBeJieHbl PE3Y/ILTATHI MOsABIeHUs repda Mpu 1mojadpa-
CHIBAHUM MOHETBI, SKCIIEPUMEHTAJIBHO MTOJIyYeHHbIEe PA3HBIMU UCCJIe0BATE/IsIMU, Ha-
ynnag ¢ XVIII B. Ix dbamuium nmomerensl B IEPBOM CTOJIONE TaOIUIBI, BO BTOPOM
cToJI0IEe yKA3aHO YUCJIO TOJ0PAChIBAHUI, & B TPETHEM — YaCTOTa IOSABIeHUS repha.

Broddhon 4040 0,507

Jle Mopran 4092  0,5005
JlxxeBoHC 20480  0,5068
Pomanosckuii 80640 00,4923
[Tupcon 24000  0,5005

Desiep 10000 0,4979
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Takum 06pa3oM, MBI BUJIMM, 9TO [IPU OOJILIIIOM YHUCJIe OPOCAHMIT MOHETHI YACTOTA
HOsIBJIEHNS Tepba MaJsio oTandaercd ot dncia 0,5, T.e. obrajgaer yecToidInBOCTHIO.
OTmeTnM OCHOBHBIE CBONCTBA IaCTOTHI.

CsoiicTBo 1. YacroTa 11006010 COOBITHS IIPEICTABIIAET COOOI HEOTPHUIATETHHOE TNC-
JIO, He IMpeBocxojsdinee 1, MpUIéM JacToTa HEBO3MOXKHOIO COOBITHS PaBHA HYJIIO, a
JacToTa JIOCTOBEPHOIO COOBITHS paBHa 1:

0< pun(A) <1, (2.1)
a(0) =0,  pa(Q) =1

CsoiicTBo 2. Yacrora nogsieHud OJIHOT'O M3 HECOBMECTHDBIX CO6bITHﬂ, 6e3pa3j11/1q—
HO KaKOI'O UMEHHO, paBHa CyMMe UX 9aCTOT. T0 cJieJIlyeT HelIoCPeACTBEHHO U3 TOro,
9TO YHUCJIO IIOSIBJIEHUI CJIOXKHOI'O CO6bITI/I$I, COCTOMAIIIECTO U3 HECKOJIBKUX HECOBMECT-
HbIX CO6IDITI/II7I, PaBHO CyMMe€ YUCEeJI ITIOABJICHUA KazK/I0T'O U3 9TUX COOBITHI

(A + B) = jn(A) + jun(B) = ol (B

n n

OueBWIHO, 9TO €CJIU YacTOTa COOBITUS B JAHHOW Cepur OIBITOB paBHA HYJIIO
(WM eJMHUIE), TO U3 ITOrO HE CJIEJLYyeT, YTO COObITHE HEBO3MOXKHO (JOCTOBEPHO).
Taxk, nHapumep, ecau Mpu TATH OPOCAHUAX MOHETHI Tep0d He MOABUIICI HU pasy, TO
U3 9TOTO HE CJIEJIYET, UYTO MOABIeHne Tepba HEBO3MOXKHO.

VeToiunBOCTD 9acTOTHI COOBITHS JTA€T OCHOBAHNE CUUTATD, YTO C KAXKJIBIM COObI-
THEM CBA3aHO HEKOTOPOE UUCTIO — BEPOAMHOCG IM020 COObMUA, — OKOJIO KOTO-
pPOTO CTPEMUTCHA CTaOMIM3UPOBATHCA ero Jacrora. Hampumep, dacrora mosiBjIeHUS
repba 1mpu 6GPOCAHUN MOHETBI, OYEBHJIHO, JIOJIZKHA CTAOMIM3UPOBATHCSA OKOJIO 1/2.
CuiestoBaTeIbHO, BEPOSITHOCTH MOsIBJIeHNs Tepba paBHa 1/2.

BepositHocTh cobbiTHst A 0bo3HadaeTcst P(A). 910, KOHETHO, HE HCKITIOYAET [PU-
MeHeHHsI COKPAIeHHbIX obo3Hadenuii, Hanpumep P(A) = p u 1.1

[TongTue BepoATHOCTH COOBITHS SBJISAETCA IEPBUYHBIM U [TIO3TOMY HE HYZKJIAeTCs
B onpejesnenun. OHO mpejicTaBiisieT coboil pe3ysibraT abcTparupoBanus, HeoOX0/ -
MBIl JIJIsT TTOCTPOEHUS Ji000i Teopun. OTBIEKASICH OT CJIOKHBIX U HECYIIECTBEHHBIX
KOJIeOaHUIT YaCTOTHI IPU HEOIPAHMYEHHOM MOBTOPEHUH OINBITOB U OCTABJIsIsT OCHOB-
HYIO, CYIIIECTBEHHYIO 3aKOHOMEPHOCTH, HAOJIIOJIAEMYIO B JIAHHOM SIBJIEHUU, — YCTOIi-
YUBOCTH YACTOTBI, — MbI U BBOJIMIM a0CTPAKTHOE TIOHATUE BEPOATHOCTU COOBITHA.

BepogTHocTh COOBITHST B JIAHHOM OIIBITE — €r0 OObEKTUBHAs XapaKTEePUCTHUKA.
Ona mMeeT BIIOJTHE ONPEJIEIEHHOE 3HAUYEHNE HE3aBUCUMO OT TOT'O, COOMPAEMCS MbI
[IPOM3BO/UTH OIBITHI WJIA HET.

¢ llox cmamucmuueckoti eepoammocmvio cobvimus A TTOHUMAIOT TIPEJeN, K KO-
TOPOMY CTPEMUTCS YaCTOTa COOBITUS NPHU HEOIPDAHUYEHHOM YBEJIUYECHUU TUCTIA HC-
IIBITAHUN.

¢ Takum 06pazoMm, MO/ CTATUCTUYIECKON BEPOSTHOCTHIO COOBITHSA ITOHHMAETCSH
YHUCJI0, OTHOCHTEIHHO KOTOPOro dacTora cobbitust i(A) ycroitunso kosebiaercs u
K KOTOPOMY IMPHOJIUKAETCS C HE3HAYUTEJHHBIMU OTKJIOHEHUSIMU, HOCAIIUMU CJIy-
YAHBI HE3AKOHOMEPHBII XapaKTep, PN HeOTPAHUYEHHOM YBEJMYEeHUU YHCJIa UC-
noiTanuii. MatemaTudeckoe cojiepKanue MOHATHSA «YCTOWYMBO KoJjieOJieTcss» Oyjaer
paccmoTpeno 6ostee opodbHO B rytaBe «lIpeeabubie Teopembl. 3aKOH OOIBITUX TU-
cen».

O U3 onpejieiennst e yeT, 9TO eCJId OIBITHBIM ITyTeM YCTaHOBJIEHA OTHOCUTE Tb-
Hasl 9aCTOTa HEKOTOPOTO COOBITUS A, TO MOJIyIeHHOE 9HC/I0 MOYKHO IIPUHSITH 38 IIPHU-
O/I2KEHHOE 3HAYEHIE BEPOSATHOCTU STOTO COOBITUS MPU YCJIOBUH, YTO N JOCTATOUHO
BesIMKO. TeM He MeHee, TAKOe OIpeJie/IeHre BEPOATHOCTU OKA3bIBAETCH HEYIOOHBIM.
Bo-1iepBbIX, BCIO MMOCTIEI0BATETHHOCTD YACTOT MOJIYIUTh HEBO3MOXKHO. Kpome Toro,
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OTHOCHTETbHAs dacToTa (1( A), KAaK MBI y7Ke OTMeUasIi, OGHAPYKUBAET YCTONINBOCTh
MMEHHO [OTOMY, UTO JaHHOMY COOBITHIO A TpucyIa HeKoTopast BeposiTHOCTb P(A).
To ecTb MMEHHO YCTOWYMBOCTH OTHOCUTETHLHOM YACTOTHI COOBITHS MOPOKIEHA BEPO-
ATHOCTBIO COOBITUS, a HEe HA0DOPOT, KAK B JIAHHOM OIIPE/IeJIEHUN.

3. AKcmoMBbl TeopuMn BEpPOSITHOCTEI

[Ipn akcmomaTnyecKoM MOJIXO/e K OIPEJIeJIEHIIO BEPOATHOCTU TTOCTIETHAS 3a/1a-
eTcd repevncienneM ee cBoiicTB. [Ipocreiinue cBOicTBA BEPOATHOCTHU OIIPEIE/IAIOTC
eCTeCTBEHHBIMI CBOHCTBAMHU 9acTOThI [i1(A), YKA3aHHBIME BHIIIIE.

[IycTh KaxK10My COOBITHIO CTABUTCS B COOTBETCTBHE HEKOTOPOE YUCJIO, HA3LIBA-
eMO€e 6EPOATHOCTNDIO COOVIMUA.

¢ Bepoamnocmovro HasbiBaeTcs uncioBast GyHkiws P(A), 3aaHHas Ha MHOKe-
cTBe cOObITHIT, 0Opa3ymux o-aaredpy J, ecjii BLIIOJIHAIOTCH CJIEIYIOIIe aKCHO-
MBL.

Akcmoma 1. Bepoammocmo 4106020 cobvimusa A neompuyamenvra:

0< P(A). (3.1)
Akcmuoma 2. Bepoammnocmov docmoseprozo cobbimus pasha edunuye:

P(Q) =1. (3.2)

Axcuoma 3 (caoxkenusi BepositHOcTeit). Ecau Ay, As, ... Ay, ... — necosmecm-
Hole cobvimus, mo
o o0
P(D_Ai) =2 P(A). (3.3)
i=1 i=1

Hpine npunsgToe akcmomaTudeckoe OlpejiesieHre BepOsATHOCTA ObLIO BBEJEHO B
1933 r. A.H. Kosmoropossim.

AKCHOMBI TEOPUU BEPOSITHOCTE TTO3BOJISIIOT BBITUC/IATH BEPOATHOCTH JTFOOBIX CO-
ObITHi (MOJMHOXKECTB TPOCTPAHCTBA {)) ¢ MOMOIIBIO BEPOSITHOCTEH JIeMEHTAPHBIX
cobbrTuil. Borpoc o ToM, Kak onpeiesinTh BEPOATHOCTU SJIEMEHTAPHBIX COOBITUI, ITIPH
9TOM He paccMaTpuBaeTcd. Ha nmpakTuke oHM OIpeiesIaioTed MO0 13 coOOparKeHuil,
CBSI3aHHBIX C CUMMETpPUel orbiTa (HAIpUMeD, JJisi CHMMETPUIHON UTPAJIbHON KOCTH
€CTEeCTBEHHO CYUTATH OJIMHAKOBO BEPOSITHBIM BBINAJICHIE KAXKI0# U3 rpaHeit), Jnbo
7K€ Ha OCHOBE OIIBITHBIX JIAHHBIX (YacToT).

¢ 3amermm, UTO BEPOSITHOCTH COOBITHS A, ompejenéHnas akcuoMamu 1-3, 3a-
JlaeTcsd He Ha IpocTpaHcTie (), a Ha HEKOTOPOil o-ajredpe cCOOBITHI, OIpe e IeHHO
Ha 2. MoxkHO moKa3aTh, 9TO CyIiecTByOT MHOKecTBa A C (), JjIsT KOTOPBIX HeJIb3s
OIIPEJIESIUTH BEPOATHOCTD, KOTOPas Y/A0BJIeTBOpsiia Obl akcmomMam 1-3. [losromy B
JTAJIBHERIIIEM Mbl OYJIeM pacCMATPUBATH TOJIBKO Te MHOKecTBa A C (2, J1J1st KOTOPBIX
MBI MOYKEM OIPEJIeJINTh BEPOSATHOCTD.

¢ Tpoiika R = (Q, F, P), tiae {1 — 1pOCTPAHCTBO 3JIEMEHTAPHBIX UCXOJIOB, JF
— o-ajredpa ero MOJIMHOXKECTB, a P — BeposdTHOCTHas Mepa Ha J, Ha3bIBAETCS
BEPOAMHOCTVHBLM NPOCTNPAHCIEOM.

Nrak, BeposaTHOCTHL ecThb dyHKImMsa P: F — R, yIoB/IeTBOPSIONas yCJIOBUIM
akcuoM 1-3, miu, Kak rOBODPSIT, HOPMUPOBaHHAsI (BEPOSITHOCTHAs) Mepa, 3a/[aHHas
Ha MHOXKecTBe F.

¢ MoKHO TIOKa3aTh, 9TO aKCHOMAa 3 SKBUBAJIEHTHA, JBYM CJIEIYIOIAM AKCHOMAM.

Axkcuoma 4. Fcau A u B necosmecmuw, mo P(A+ B) = P(A) + P(B).
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Axcuoma 5. Feau Ay DA D A3 DDA, D ... uAd= A4 uw A C Ay C
i=1

o0

A3 C---CA, C... uA=> A;, mo P(A) = lim P(A,).

i=1 n—00

4. CsBoiicTBa BEpOSITHOCTH
PacemorpuM ocHOBHBIE CBOMCTBA BEPOATHOCTH.
CsoiicTBo 1. BeposgTHOCTh HEBO3MOMKHOTO COOBITHS paBHA HYJIIO:
P(0) = 0. (4.1)

Heiicteurennho, 0 = Q+0, a cobbrrus Q u () necosmectnr: ) = (). Torna, coracHo
TpeTbheil aKCuoMe TEOPUH BePOATHOCTeI,

P(Q) = P(Q+0)=P(Q)+ P(0).
Orcrona cieayer, aro P()) = 0, tak kak, coracHo akcuome 2, P(€)) = 1.

CsoiicTBo 2. [l 106010 cobbITHs A BEPOSITHOCTD MPOTUBOIIOJIOKHOTO COOBITHS
A BBIpazKaeTcsi PABEHCTBOM

P(A)=1- P(A). (4.2)

Heiicteurennno, ) = A+ A, a coobtua A u A necosmecrnnr: AA = (). Cieoba-
TeJILHO,

P(Q)=P(A+A) = P(A)+ P(A)

nJIn

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

CsoiictBo 3. Eciu cobbitue A Biedér 3a coboii cobbitue B, T.e. A C B, TO BeposiT-
HoCTh coOBITUS C, Tiie C' — pasHocTsb coObiTuit B u A, onpejiesisieTcss COOTHOIIEHIEM

P(C) = P(B\ A) = P(B) — P(A).

HeiictBurensho, ecim A C B, 10 cobbitne B MOXKHO IIDEJICTABUTH B BHJE CYMMBI
HecoBMeCTHBIX cobbituit B = A + (B '\ A). Torma

P(B) = P(A)+ P(B\ A),
OTKYJIa cJIejyeT, 9to (cM. puc. 6)
P(B\ A) = P(B) — P(A).

CsoiicTtBo 4. Eciu cobeitne A Bieuér 3a coboit coobitue B, T.e. A C B, T0 Bepo-
ATHOCTB COOBITHA A He MOXKeT ObITh GoJIbIle BepogTHOCTH coObITusA B, T.e. P(A) <

P(B).

[eiicTBUTeIBHO, B CHJLy TIpEJIBbIIyINero coiicTsa, ecan A C B, to P(A) = P(B) —
P(B\ A). Ho, cornacuo akcuome 1,

P(B\A) =0,
OTKyJIa cyrefyer, 9to (cm. puc. 6)

P(A) < P(B).
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CsoiicTBo 5. BepoaTHocTh /1100010 COOBITUS 3aK/II0UEHA MEXK/Ly HYJIeM U €JIMHU-
new:
0< P(A) <1,

CrpaBeI/IMBOCTh 9TOI0 YTBEPXKIeHHUsI HEIIOCPEICTBEHHO CJIeIyeT n3 akcuoMm 1 u 2 u
cBoiicTBa 4.

CBoiicTBO 6 (Teopema CJIOXKe€HUsI BEPOATHOCTEI). BeposTHOCTE CyMMBbI JTF0OBIX
JIByX COOBITHII paBHa CyMMe BEPOATHOCTEH THX COOLITHII MUHYC BEPOATHOCTDL HMX
COBMECTHOI'O TIOSIBJIEHUS:

P(A+ B) = P(A) + P(B) — P(AB). (4.3)

JleiictBurenbho, cobbitne A + B MOXKHO IIPEJICTABUTH

KaK CyMMYy HECOBMeCTHBIX coObitnii: A+ B = B+ (A\
(AB)) (cm. puc. 9). Torga

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

Ho AB C A. CiieioBaTesbHO, COITIACHO CBOHCTBY 3 (CM.
TaKzKe pHC. 5H),

P(A\ AB) = P(A) — P(AB).
B wacrHocry, ecom cobbitust A u B Hecopmecthbl, 10 P(AB) = P(0) =0 u
P(A+ B) =P(A)+ P(B).
CBoiicTBO 7. BeposaTHOCTH CyMMbI COOBITHII He IPEBOCXOAUT CyMMY BEPOATHOCTEN!
STUX COOBITHIA:
P(A+ B) < P(A)+ P(B). (4.4)
CnpaseymmBocts cooTHomeHns (4.4) cie/lyerT HEIOCPEICTBEHHO M3 IIPEIbIIYIIEro

CBOICTBA € y4eTOM aKCHOMBI 1.
Coornorernne (4.3) MoxkeT 6bITh 0606IIEHO HA JII000E KOTMIECTBO COOBITHIA.

CsoiicTBo 8 (00IIIee TPaBUJIO CJIO0XKEHUsI BeposiTHOCTeit). BepodarHocTh cyM-

MBI N cobbITHT Aq, As, ..., A, MOXKeT OBITH BbIYUCIEHA IO (POPMYJIIE
P(ZAi) =S PA) - Y PAaA) + Y P(AAAL) -
i=1 i=1 1<i<j 1<i<j<k

- Zn: P(AAAA) + .+ (=1 'P(A Ay - A,). (4.5)

1<i<y<k<l

Coornorienre (4.5) oKa3bBaeTCs METOJOM MaTeMaTndeckoil nuaykinuu. OHO crpaBe/ -
BO it n = 2 B cuity (4.3). Ilpe/onozkum rerepb, YTO OHO CHIPABE/JINBO JJIst CyMMBI 1 — 1
COOBITHI, W JIOKAYXKEM €0 CIIPABEINBOCTD JIJI CyMMBbI 7 COOBITHIA.

Hnst cymmbl n — 1 cobbituii Ao, As, ..., A, uMeem

n n

P(iAZ) :éP(Ai)— D PAA)+ D) P(AAAL) — ...

2<i<j 2<i<j<k
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st cymmbr n — 1 cobbrrmit A1 As, A1As, ..., A1 A, 10 Toii ke dpopMyJIe UMeeM

n n

P<ZZA1AZ‘)=ZQP(A1A@')— Z P(A1AA;)) + Z PALAA A — ...

2<i<j 2<i<j<k

n
Torna, npeicraBuB cyMMy n COOBITHI B BUJI€ CyMMBI JIBYX coObITHii: A1 u Y A;, nosydnm
1=2

P(gAi):P(A1+§Ai>:P(A1)+P(§Ai)—P(A1§Ai>:
:P(A1)+iP(AZ-)— anp(AiAjH Zn: P(AA;AL) — ...
rr s

<i<j 2<i<j<k

—[ZP(AlAi)— S PMAA)+ D P(AlAZ-AjAk)—...] =

i=2 2<i<j 2<i<j<k

=Y P(A)— > PAA)+ > P(AAAL) — ...+ (—1)" ' P(A1 Ay Ay).
=1

1<i<j 1<i<j<k

Takum 06pasoM, CrpaBe/yInBOCTh cooTHOIIeHUsT (4.5) jgoKa3aHa.
¢ B uacrHocru, jyist Tpéx cobbituit u3 (4.5) cieyer

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

5. Kuaccudeckoe omnpejiesieHrne BepOSITHOCTHA

Kak yxke ormedasioch, akKCHOMBI M TEOPEMbI TEOPUU BEPOATHOCTEN TO3BOJISIOT
BBIUUC/IATH BEPOATHOCTU JIIOOBIX COOBITHII C TIOMOIIBIO BEPOSATHOCTEH 3JIeMeHTap-
HBIX COOBITHUI, HO OHM HE IO3BOJISIOT OIPEJIETUTh BEPOATHOCTDL CAMUX 3JIEMEHTap-
HBIX cOOBITHI. B Tex ciryuaax, Korja sjieMenTapHble COOBITHs 00/1a/1al0T CBOHCTBOM
CUMMETPHUM B TOM CMBICJIe, UTO BCE dJIEMEHTapHbIE COOBITHS HAXOMIATCS B OJ[MHA-
KOBOM OTHOIIIEHUH K YCJIOBUSIM, KOTOPBIE OIPEJIC/IAIOT XapaKTep UCIbITAHU, MOXK-
HO WCIIO/Ib30BATh KJIACCHYECKOe olpejeseHne BepogTHocTu. Hampumep, 6Gpocanue
UIPAJILHON KOCTU WJIM MOHETBI 00J1aJ/laeT CBOHCTBOM CUMMETPHUU 10 OTHOIIEHUIO K
BBINAJIEHUIO TOT'O WJIM MHOTO YHUCJIA OYKOB Ha KOCTH WU TON WMJIM WHOW CTOPOHBI
MOHETBI. TaKUM Ke CBOHCTBOM CUMMETPUU 00JIaJIal0T ITPABUJILHO OPraHU30BaHHAS
KepeObEBKa WM THPaK JIOTEPEN.

JL1s1 onbITOB, 00/18/1AI0NIUX CUMMETPHUEi BO3MOZKHBIX UCXO0JIOB, IPUMEHSETCS CIIO-
€00 HETOCPE/ICTBEHHOIO BBIYUCICHUS BEPOATHOCTEN COOBITHIT B TAK Ha3bIBAEMOI cxe-
me cayyaes (MHAUE — cxeme YpH). DTOT Crocod OCHOBAH Ha JIOIYIIEHUN O PABHOBE-
POATHOCTH (PaBHOBO3MOYKHOCTH) SJIEMEHTAPHBIX COOBITHIA.

¢ Heckombko cobbitmit Aq, As, ..., A, Ha3BIBAIOTCSI PAGHOGO3MOHCHVILMU, €CITN
B CUJIy CUMMETPHUH YCJIOBHIl OIBITA OTHOCUTEIHLHO STUX COOBITUI BEPOATHOCTU UX
OJIMHAKOBBI:

P(A) = P(Ay) = ... = P(A,).

Ecan B KaKOM—JII/I6O OIIbITE IIPOCTPAHCTBO 3JIEMEHTAPHBIX coobITuil ) MOXKHO
IpeaACTaBUTh B BUJIE ITOJIHOM I'PYIIIbBI HECOBMECTHBIX N PaBHOBO3MOXKHBIX CO6BITI/H71
W1, W, ..., Wy

Q= {wlaw2a s awn}a

TO TaK¥e COOBITHS HA3BIBAIOTCS CAYYAAMY (MIA WAHCAMU), & TIPO CAM OIIBIT TOBODSIT,
9TO OH CB00UMCA K CTEME CAYUaes (creme yph).
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¢ CobbiTHe w; HA3BIBACTCS OAG20NPUANCMEYOUUM COOBITUIO A, €CJT HACTYII-
JleHne cOOBITHs w; BIEYET 3a co00i HACTYILIEHNE COOBITUS A:

w; € A.
Tak Kak cjrydan (CO6I>ITI/IH) Wi, W, ...,Wy o6pa3y10T IIOJIHYIO T'PYIIILY CO6I>ITI/II./JI7 TO
n
i=1
Tak kax 9JIEMEHTapHbIE CcOOBITHUS wi,wWa,...,wW,y, HECOBMECTHLI, TO, COIVIACHO aK-

CHOME CJIOZKECHM A BepOHTHOCTeIL/'I,

n

Zp(wi) =P( ) w)=PO)=1 (5.2)

i=1

Tak Kak QJIEMEHTapHbIE COOBITHUSA wi,wW,...,Wy PaBHOBO3MO2KHbBI, TO BEPOAT-
HOCTb KazKJ0T'0 M3 HUX OJ/IHa U Ta 2KE€E U PaBHA 1/7’L

P(wy) = P(wsg) = ... = P(wy,) = % (5.3)

OTCIO,ZL& HEIIOCPEJACTBEHHO CJlelyeT TaK Ha3blBaeMasd KJlaCCHUYIeCKasd (bopMlea JLJIA

m
BeposTHOCTH cOObITHsg A = ) w;:
i=1

m

P(A) =3 Pw)=P( Y w) = -

i=1

¢ Eciu onbIT cBOIMTCS K CXEME CIIYYAEB, TO BEPOSITHOCTHIO COOBITHS HA3BIBAIOT
OMHOWEHUE YUCAGL T OAGZONPUATIVHOLL IMOMY COOBIMUIO UCT0008 K 00ULEMY “HUCAY
N 6CET PABHOBOZMONCHHLL UCTO0E UCTLLIMAHUS:

Py =" (5.4)

3J1ech m — YHUCJIO ClIydaeB, 0JIaronpuATCTBYIOMUX cOObITHI0 A; n — obiee daucio
CJTYIa€B.

Dopmyia (5.4), IpUHIMABIIASCT KOTJA-TO 3a OIpeJieeHne BEPOSITHOCTH, MPU
COBPEMEHHOM aKCHOMATHUIECKOM I10JIX0JIE€ €CTh CJIEJICTBUAE AKCHOMBI CJIOXKEHUS BEPO-
sarTHOCTEe. e MOoXKHO 3amucarh Tak:

P(A) = Al _m
9 n
1o KJIaccuueckoe omnpejenenne Bepositaoctr, |A|l u [ ectb obosHauenne umciia
9JIEMEHTOB KoHeunvx MHOKeCTB A (2.

Taxum ob6pazom, OyjieM TOBOPUTD, ITO UMEETCH KAACCUMECKUT CAYUAGTHIT ONDIM,
ecJIu

1) mpocrpaHcTBO ) KOHEUHO,

2) syteMeHTapHble COOBITHST PABHOBO3MOKHBL.

[Ipexe gem paccMaTpuBaTh IPUMEPHI HA BBIYUCIEHUE BEPOSITHOCTEN IO KJIac-
CUYECKOMY OIIpPEJIeJIeHUI0, HY?KHO HaydnuThCsl BIUUCAATH |A| u ||, T.e. qucio se-
MEHTOB MHOXKeCTBa A 1 IUC/I0 9/IEeMEHTOB MHOXKeCTBa ).
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ITpumep 5.1. B kopsune jBa OefbIXx U Tpu YEPHBIX Mapa. BulHUMaeTcd Hayra
ojmH map. Haiitu BepodTHOCTH TOTO, YTO OH OEJIbIIA.

Pertenne. OOiee 9ucsio s/eMeHTAPHBIX UCXOMOB 1 = 5 (MOXKHO JIOCTATh JIIO0O0I
u3 ngarn mapos). Cpejn 9TUX UCXOI0B OJIArOIPUATCTBYIOT COOBITHIO (Oy/IeT BBIHYT
Gesprit mrap) sBa ncxoza. CreoBaTesbHO, HCKOMas BeposaTHOCTh: P(A) = 2/5.

IIpumep 5.2. Bpocator 2 urpajbable KocTu. HailTu BEpOSTHOCTH CJIEYIONIUX CO-
obrTHit: A — cymMMa 9uc/ia 09KOB He MIPEBOCXOANUT 5; B — Mpou3BejieHne Ircia OIKOB
ne rpesocxojuT 4; C' — mpousBejieHne Yncjia OYKOB JIETUTCI Ha 8.

Pentenue. Vcnonms3yem Kiaccudeckyio popmyity BepogTHocTr. OupejesnmM obiee
YUCJIO UCXOJIOB: ITOCKOJIbKY B CJIydae 1Moi0pachlBaHUs OJIHON KOCTH uMeeM 6 MCXOI0B,
TO B cJIydae 1oJ0pachiBaHUs JIBYyX KocTeir umeeM n = 6 - 6 = 36 ucxomxon. Haiigém
YUCJIO OJIATONPUATHBIX HUCXOJIOB.

MHO>KeCTBO HCXOJIOB, OJ1aronpuaTHbIX coObITHI0 A, coctonT n3 10 ncxo108B:

{(1,1),(1,2),(1,3),(1,4),(2,1),(2,2),(2,3),(3,1),(3,2), (4, 1)}
COOTBGTCTBGHHO, BEPOATHOCTL TOI'O, YTO CYMMa YHCJIa OYKOB HE IIPEBOCXOIUT 52
P(A) = myu/n = 10/36.

MuozkecTBO HCXO/I0B, 6HaI‘OHpI/IHTHI)IX COOBITHIO B, COCTOUT "3 8 HNCXO/J0B:

{(1,1),(1,2),(1,3),(1,4),(2,1),(2,2), (3, 1), (4, D}.
CoOTBETCTBEHHO, BEPOATHOCTH TOrO, UTO MPOU3BE/IEHIE YNCJIA OYKOB HE IIPEBOCXO-
mur 4: P(B) = mp/n = 8/36.

MHOKeCTBO HCXOJI0B, OJIATONPHATHBIX cOOBITHIO C';, COCTOUT U3 5 MCXOJIOB:

{(2,4),(4,2), (4,4),(4,6),(6,4)}.
COOTBGTCTBGHHO, BEPOATHOCTD TOI'O, 9TO IIPOU3BE/ICHUE TUCJIa OYKOB JIEJIUTCA Ha 8:

P(C)=m¢/n =15/36.

st mosicuéra dancia nexo/10B B O60JIee CI0KHBIX CJIydasdX MCIOIb3YIOT MTPaBUIa
KOMOMHATOPUKHU, HEOOXO/IUMbIE CBEJIEHUS U3 KOTOPOIl MbI IPUBEIEM JIJIs TTOJTHOTHI
M3JIOYKEHN .

KombunaTopHbie (hopMyIIbI

1. IIpaBuio ymHOXkeHusi (OCHOBHOE ITPABUIO0 KOMOMHATOPUKM )

[Iycth umeercst k pasjimIHbIX MHOYKECTB, TIEPBOE U3 KOTOPBIX COMAEPIKHUT Ny dJIe-
MEHTOB, 2-€ — Ny JIEMEHTOB, k-€ — M JIEMEHTOB.

Byziem coctapiisiTh BCeBO3MOXKHBIE HOBbIE MHOYKECTBA, B34B 110 OJTHOMY 3JIEMEHTY
u3 Kaxkjoro JaHHoro. OYeBUIHO, UTO KarKJ0€ HOBOE MHOYKECTBO OYJIET COoeprKaTh
k smemenToB. OKa3bIBAETCs, UTO 0DOIIEe YUCI0 TAKIX HOBOOOPA3OBAHHBIX MHOYKECTB
oyer

N =mnq1-ng-ns---ny.

JlokaszbIBaeTCss METOJIOM ITOJIHOM MaTeMaTUuIeCKON MHTYKITAH.

ITpumep 5.3. OubiT cocTouT B MOAOPACBIBAHIN TPEX UTPAJIBHBIX KOCTei. CKOIBKO
PA3JIMIHBIX PABHOBO3MOXKHBIX MCXOJ0B COJIEPXKUT IIPOCTPAHCTBO ) 3TOr0 UCIIBITA-
Hus?

Pemenue. Yucio nucxonos npu mnogdpachblBaHUN KaxK0it u3 kocteil pasuo 6. Ilo
NpaBUIYy YMHOXKEHUA ODIlee YNC/I0 UCXOJI0B IIPU MOJI0PACBIBAHUN TPEX KocTeir N =
6% =6-6-6=216. MuoxkecTBO () B 3TOM Cjlydae MOKHO OIHCATL TaK:

Q={(1,1,1),(1,1,2),...,(6,6,6)}.

OubrT K,H&CCI/I‘IGCKI/HU/I, TaK KaK MCXOJAbl PaBHOBO3MO2KHDI.
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2. Pazmerenus

[IycTp M3 MHOMKeCTBA, COIEPIKAIIETO 7T PA3INYIHBIX JIEMEHTOB, OTOMPAIOTCT M
9JIEMEHTOB U PA3MEIaloTCs B MOpsJiKe nx nogpienud. [lomydatomumecs rakuM odpa-
30M yHOPS0UE€HHbIe KOMOUHAIIMYI HA3BIBAIOTCH PA3MEUEHUAMY U3 N SJIEMEHTOB 110
M 3JEMEHTOB, a IOJHOe YUCJI0 TAaKUX BBIOOPOK OIpe/iersgeTcs (hopMyJIoit

Anm:n(n—l)(n—Q)---(n—m—l—l):(n_ni!mﬂ.

3. IlepectanoBKu

[Iycts mMmeercss n pas/JMIHBIX 3JIEMEHTOB, U3 KOTOPHIX (GOPMUPYIOTCS BBHIOOD-
KU, OTJIMYAIONINEC MOPSIKOM 3j1eMeHToB. [losrydartonuecs TakuM oOpa3oM yropsi-
JIOUEHHbIE KOMOWHAIIUN HA3BIBAIOTCA NEPECMAHOSKAMU U3 N SJIEMEHTOB, & IOJIHOe
YHUCJIO0 TAKUX BBIOGOPOK OIpeiessieTcs: (pOpMyIIoit (4acTHBI cJIydail pasMerneHuit mpu
m=n)

Po=n-(n—-1)-(n—2)---2-1=nl

4. Couyeranuga

[IycTh U3 MHOXKECTBA, COCTOMAIIETO U3 N JEMEHTOB, OTOUPAIOTCA M PA3TUIHBIX
9JIEMEHTOB 0e3 yueTa mopsijiKa ux nossienus. [losrygaomumecs Takum 06pa3oM KOM-
OMHAIMN HA3bIBAIOTCA COYETAHUAME U3 7 JIEMEHTOB II0 1M 3JIEMEHTOB, a IOJHOE
YUCJI0 TAKUX BBIOOPOK OIpe/iesisgercs (hopMyJIoit

. AT nn—1)(n—2)---(n—m+1) n!
C = — = — .
" P, m! m!(n —m)!

ITpumep 5.4. B kopsune naxojsiTcsd BoceMb OeJIbIX U IIeCTh 4€pHBIX IrapoB. Ha-
y/lady BBIHEMAIOTCS TATh IapoB. Haiitu BeposTHOCTH crieayromux coObitmii: A —
BCe BBIHYTHIE MIapbl Oejible; B — cpe/in BHIHYTBIX TPU OEIbIX U JIBa YEPHBIX IIApa;
D — cpeiy BBIHYTBIX XOTs ObI TpH O€JIBIX IIapa.

Pemntenune. OubIT KjIacCudecKnii, Tak KaK HCXOJIbl paBHOBO3MOXKHBI. O0I1iee 1nc/io
9JIEMEHTAPHBIX MCXOI0B 1. pABHO YHCJ/IY CIIOCOOOB, KOTOPBIMHA MOXKHO BbIOpaTh U3 14
IApOB 10 5 pasjMuHbIX Mapos, T.e. n = C7,. Yucjio 6aaronpusTHbX cobbiTHio A
HCXOJIOB PABHO YUCJIY CIIOCOOOB, KOTOPBIMHU MOYKHO BBIOpPATh U3 8 O€/IbIX IapOB I10
5 pasmuHbIX mapos, T.e. my = CF. Torna

ma  C3 85Il 4

PA)= A8 _ 2" °
A== C?, B3l 14l 143

[Ipu nojicuére OJIATOMPUATHBIX UCXOJIOB JIJisg COOBITUS B yuréMm, uTo 3 OesIbIX Imapa
U3 8 UMemuxca MOKHO nosyanth Cg criocobamu. [Ipr 3ToM J11st KazK 10t BRIOpaH-
HOIl KOMOMHAINN U3 TPEX OEJIbIX IMIApOB JIBa Mapa 3 6 MMEIIMMUXcd YEPHBIX MOXK-
1o Beibpath Cz cnocobamu. Torja, cOrIACHO OCHOBHOMY IPABUILYy KOMOUHATODHKH,
PB)=—= —g = —.

n Cyy 143
JLtst cobbiTust D 61aronpusiTHBI KCXO/IbI, KOTJIa BhIOOPKaA COMEPKUT Judo 3, jimnbo 4,
6o 5 Genbrx mapos. [lostomy mp = C3CE + C3CE + C3CY n

mp  C3C8 + CyCg + C3C 94
n o c3, 143"

P(D) =
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IIpumep 5.5. Yucna 1,2,...,9 3anuceiBaiorcs B caydaitHOM nopsake. Kakosa Be-
POSITHOCTD, UTO 9mcia 1 1 2 OYAyT PsIOM B MOPSiJIKE BO3PACTAHUS !

Pemenue. O061iee 4nc/io UCXo/I0B M PABHO HUHCJIY IEPECTAHOBOK M3 9 3/IeMEHTOB,
re. n = Py = 9. Yucno 1 B 370il mocsieoBaTe lbHOCTH U3 9 dmMces MOXKET 3aHU-
MaTh 8 PA3INIHBIX TO3uIHii (¢ 1-0if 110 8-yI0), IPU STOM UYHCIIO 2 JIOIKHO 3aHIMATD
coceHIO0 no3uruio. [Ipu Kaxk oM (hUKCUPOBAHHOM ITOJIOYKEHUH duces | u 2, ocTas-
muecd 7 TO3UIUI MOTYT ObITh 3aHATHI OCTABIIMMUCS 7-bI0 YUCIAMU, KAK OYEBUJIHO,
7! criocobamu (YHCITIO TIEpecTaHOBOK u3 7 sseMeHToB). CreoBaTebHO,

8 8.7

1
P(A —.
(4) Py 9! 9
IIpumep 5.6. Haynauy B3gThiil TestepoHHBII HOMEp cocTouT u3 H nudp. Kakosa
BEPOSITHOCTH, 9TO B HEM Bce udpPhl pasimaHbe’

Perrenne. Tak Kak Ha KaKJIOM U3 ISITH MECT B ISITU3HAYHOM HOMEPE MOYKET CTOSITh
srobast u3 mudp: 0,1,2,3,4,5,6,7,8,9, To 00I11€€ KOJUIECTBO PA3JIMIHBIX IISITH3HAT-
HBIX HOMepoB pasuo n = 10°. Homepa, y KOTOPBLIX Bce IUMPLI PasingHble, — 3TO
pasmerienus u3 10 snementos 1o 5, To ectb m = AJ. Crenosaresbho,

m A3 10-9-8-7-6
P(A)=— =20 = ————— —0,3024.
n  10° 10°

IIpumep 5.7. B naprun uz N uznenuit umeercsas M < N Opakosanubix. [Ipemmo-
JIOZKHUM, YTO BBIHUMAIOTCA HayraJi n udjeauii. OnpeienTb BepoATHOCTH TOIO, UTO
cpei HUX OyaeT xoTs Obl 0JHO OpaKOoBaHHOE.

Pemenne. Vcxon onbita — n n3BAeUE€HHBIX HayTra l nsenuit uz N. Vcxoabl paBHO-
BO3MOXKHBI, T.e. || = C}.

CobeiTie A — xoTst ObI O7HO W3je/me OpakoBaHHOe. HyKHO HANTH, CKOJIBKO
HCXOJIOB BXOJHUT B COObITHE A. -

Bwmecro cobbitust A yaobHee pacCMOTPETH IPOTHUBOIIOJIOXKHOE coObITre A — cpen
N M3BJIEICHHBIX M3E/IMH HeT Hi ofHoro 6paxosamnoro. Torma |A| = O%_,, u

P(A) = N

cy
a 110 BTOPOMY CBONCTBY BEPOATHOCTH
P(A)=1-P(4),

T.€.

P(A)=1- N
N

IIpumep 5.8. Ilaprusa ToBapa cocrout ki uzjenuii 1-ro copra, ko uzjenuii 2-1o
4

copra, k3 uznennii 3-ro copra u ky uzgenuit 4-ro copra (Y k; = N). Jljia koHTpOJIs
i=1

Hayaqdy Bbioupatorcs M uzgenuit. OupeaennTb BepOsITHOCTb TOIO, 9TO CPEeIu HUX

POBHO my m3jieauii 1-To copra, msy U3 2-T0 copTa, Mg U3JeJHUil 3-T0 copTa u

my M3Jienii 4-ro copra.
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Pemenue. Ob1ee 1ncsio sjieMeHTAPHBIX HCXOJ0B 7 PABHO YUCIY CIOCODOB, KOTO-
PBIME MOXKHO BBIOpaTh u3 uMeromuxcd N wusgenuit M pa3inydHbIX W3Ae/TUil, T.e.
n = C¥. m; usnennit 1-ro copra MOXKHO BHLIGpATh U3 UMerolUXcs ki usjaesuii 1-ro
copta C}"' criocobamm, my W3/1emii 2-T0 copTa MOZHO BHIOpaTh U3 ko MMeronxcs
u3jiesuit 2-ro copra C’,?;Q criocobamu u T.J1. Tora obree UncyIo 6J1aroNpPUSITHBIX HCXO0-
JIOB, COIJIACHO OCHOBHOMY IIPABUJIy KOMOMHATOPUKH, paBHO my = OO 2 C O
U COOTBETCTBYIOIIAs BEPOSATHOCTD

le Mo ,YM3 YNy
k1

_'a ko ~ks “ka
P(4) = = L . (5.5)

6. T'eomeTpuveckoe orpejiejieHIEe BEPOITHOCTH

Kiraccnaeckoe orpejiesieArie BEpOATHOCTH OCHOBAHO Ha pPac-
CMOTPEHNH KOHEYHOI'O YUC/Ia PABHOBEPOSTHBIX 9JIEMEHTAPHBIX CO-
obrTuii. Ho kKak BBIMUC/INTE BEPOSITHOCTD COOBITHS, ecyin §) nMeer
OEeCKOHEYHOEe MHOXKECTBO JIEMEHTOB, KaK, HAIIPUMED, B «3aJa4e O
Berpeues (em. npumep 1.3)7

CymectByet hopmasibHOE OTIPe Ie/IeHNe BEPOSTHOCTH JIJTsT OITbI-
TOB ¢ OECKOHEYHBIM YMCJIOM UCXOJ0B. B 10/I00HBIX Cilydasix IIpo-
CTPAHCTBO JIEMEHTAPHDBIX MCXOJIOB MOXKET ObITh HEKOTOPOIii 00J1a-
crbio G (KOTOPYIO JUist ONPEIEIEHHOCTH Oy/IeM CIUTATh PACIIOJIO-
xennoit B R?, r.e. G C R?), u B Heil cojiepkuTes ipyras ob/1acThb g

Puc. 10. (puc. 10) ¢ onpeesiéaHoi Mepoii (JJIMHOM, TLIOMA/IBI0, 00HEMOM ).

[Tox cobbrTreM A MOXKHO TOHMMATH UCXO/IbI, BXOIAIINE B 00JIaCTh
g. llycTn, manpumep, Hayraj 6poriena «rouka» M. Kakosa BEposiTHOCTH TOTO, UTO
«roukay M momaJer B 00J1acTh ¢, ABJLIONIYIOCH YacTbio obyiactu G7

Xots kaxk10e n3 MHOXKeCTB (G U ¢ COJIepyKUT OECKOHETHOE KOJIMIEeCTBO TOYEK,
€CTECTBEHHO MOJIOXKUTh, YTO BEPOSITHOCTH TOMNAaHUs B MHOXKecTBO (G OOJIbINE U
IPUTOM BO CTOJILKO Pa3, BO CKOJIBKO ILIOMa b S obsactu G IPEBBIIIaeT IO b
Sy obmactu g. Cumrad Bce JIOMYCTHMBIC CIIOCOOBI MOMAJIaHIA PABHOBO3MOKHBIMI,
€CTeCTBEHHO TI0JIaraTh, YTO UCKOMas BEPOATHOCTb paBHA

Se
B obmiem ciryuae muoxkectsa G 1 g MOIyT UMeTh pasnyto pasmeprocts (R, R? u
J1Ip.), HO TpuBeIEHHAst (POPMYyJIa COXpaHsIeT CBOI CMBIC C TOIl JIMIL PA3HUIEH, ITO

MHOKECTBa B OOIIEM CJIydae OIEHUBAIOTCS MEPOil (JJTMHOM, TJIOIMA/BI0, 00BEMOM).
Takum obpazom, B 0bIIEM CiIydae

G

P(A)

mes g

P(A) = (6.1)

mes G’

O Mepa mHOMXKECTBA — 000DIIEHIE TTIOHATHS JTHHBI OTPE3KA, ILIOMAIN (DUTYDHI,
06bEéMa (DUTYPBI UM MACCHI TeJIa IIPU HEKOTOPOM 3aJIaHHOM ITPOCTPAHCTBEHHOM (I10-
BEPXHOCTHOM, JINHEITHOM) pacrpe/ieJieHin JIOTHOCTH MacChl.

[Ipu sTom npesnosiaraercs, 9to g u G n300paXKaIOTCA HEKOTOPBIMUI MHOXKECTBa~
MHI eBKJIHJIOBA IpOCTpaHcTBa RF, mMelomumMu Mepy, U paBHOBEIHKHE MHOYKECTBA
CUATAIOTCS PABHOBEPOSATHBIMU.

[IpoBepuM BBITIOJIHEHTE AKCHOM.

1.0 < P(A), Tak Kax jyimHa, IJIOMA/H W 00bEM — MOJIOKUTE/IbHBIE BEJTMINHbI.

2. Akcroma 2 TakiKe CIIPaBeJINBA, TAK KaK

Py =BG

mes G
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3. CrpaBeI/INBOCTDL aKCUOMBI 3 CJIEJYeT U3 CBONCTB & IATUBHOCTU JIJTUHBI, ILJIO-
@/, 00bEMa: Mepa CyMMbI HEIlepeCeKaIoIMXcs 00J1acTell paBHa CyMMe UX Mep.
Takum o6pazom, Bce aKCUOMBI BBITOJIHSIOTCS.
IIpumep 6.1. Jlis yciosuii mpumepa 1.3 («3amada 0 BeTpedes ) HAWTH BEPOSATHOCTH
cobbrTust C' — J1Ba CTYJIEHTa BCTPETSATCS.

Permtenne. [Ipocrpancrso 2 u cobwitne C' ommcanbl B npumepe 1.3 (cm. puc. 1).
[IpuMmeHnB reoMeTpUYecKoe OIpeJiesIeHre, IOy INM

mes{(z,y)| |v —y| <1/6} 1-(5/6)* 11

0<z<1 12 36
mes < (x,y) 0<y<l

P(C) =

IIpumep 6.2. Cuyuaitabim obpasom B uaTepBase (0, 1) BelOMparoTcs nBa ducia: a
u b. Haiitu BeposiTHOCTD citejtyrorux cobbrtuii: A: a +b < 1; B: ab < 1/2.

Pemenue. Bribepem jiekapToBy cucremy KoopauHat, u Ha ocu Ox Oyj1eM OTKIa/Ibl-
BaTh 9nCI0 a, a Ha ocu Oy — [ucsio b. [lo yemoBusm 3amaan 0 < a < 1,0 < b < 1.
OdeBnIHO, ITO MHOXKECTBY 9JIEMEHTAPHBIX UCXO0B (00/1acTh (7) IIPU TAKOM MOJIXO/IE
Oy/leT COOTBETCTBOBATH KBaJIPAT CO CTOPOHON, paBHOil exunuie: mes G = Sg = 1.

Obsacteio ¢, GaronpusgTcTByOmei coobiTuio A, Oyer SBASTHCST MHOXKECTBO
TOUYEK JIAHHOTO KBaJipara, /11 KOTOPBIX (3amrTpuxoBaHHasd Ha puc. 11 obsacts)
mes g = S, = 1/2. CnegosareinbHo,

S, 12 1
P(A)—SG— T =3

ObsacTbio g, OJArOIPUATCTBYIONIEN COOBITUIO B, OyleT ABJIATHCA MHOXKECTBO
TOYEK KBajipara, Juist KOTOPBIX xy < 1/2 (3amrpuxoBaHuas Ha puc. 12 061acTh):

1
1 1 1 1 1 1 1
S, == —dr = -+ =1 =—-—+-In2~0,85.
g 2+/;xx st g tgmery
1/2
CrenoBaTesbHO,
S 1+In2)/2 0,85
p(py= 2o - LHIDZ, 085 _ o

T So 1 1

ITpumep 6.3. B orpeske equHIUTHOIN JTMHBI HAY 1AMy BhIOUpAtOTCs JiBe Toukn. Orpe-
JIEJINTH BEPOATHOCTH TOTO, UTO PACCTOSTHUE MEXKJIy TOYKaMu MeHbIre 1/2.

Y Y
1,0 1,0
1
y:_
o 2x
0,5 0.5
T+UY<l1
0 0,5 1,0 0 0,5 1,0 x

Puc. 11. Puc. 12.
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| Y
v
7
P4
~
/\\w
<
1z
Puc. 13.

Puc. 14.

Pemenne. Ilycth & — paccrosHume OT KOHIIA OTPe3Ka J0 MEepBOii TOYKH, & y —
pacCcTogHIEe OT TOTO YKe KOHIa OTPe3Ka J10 BTopoii Touku. Toria mpocTpancTBo JJ1e-
MeHTapHBIX nexonos: = {(x,y) € R?*0 < 2 < 1,0 < y < 1}. Paccmarpusaemomy
COOBITUIO «PACCTOSHIE MEXK/Iy TOYKAMU MeHbIe 1/2» cooTBeTCTByeT MHOXKECTBO A
TOYeK MHOXKecTBa (2, /ist KOTOpbIX |z —y| < 1/2. Torma, coryiacHo reoMeTpuIecKoMy
OIPEJIEJIEHUIO BEPOSITHOCTH, BEPOSATHOCTH TOr0 coObIThs (CM. puc. 13)

Sy 1-1/2-1/2 3
P = = = —

Sa 1 4
IIpumep 6.4. IlinockocTh pasrpadieHa Ha KBaJpaTbl CETKON MapaJiiebHbIX JIH-
uuit ¢ marom 3 cMm. Ha mtockocTs 6poriiena MoHeTa jguaMerpoM 2 cM. Kakosa Bepo-
SITHOCTD, 9TO MOHETA [EePecevéT deThipe KBajpara’

Pemenne. Byjem xapakTepu3oBaTh IIOJIOXKEHIE MOHETBHI HOJIOYKEHHEM €€ IEHTPA.
OueBuano, uTo B KadecTse () MOXKHO B34Th MHOXKECTBO TOUEK KBaJipaTa, B KOTOPbIE
nonaJj meHTp MoHeThl. MoHeTa mepecedéT deTbIpe KBaJIpaTa, €CIU IEHTD MOHETHI
Oy/ZleT HaXO/INThCA Ha PACCTOAHNN, MEHBIIIEM paJinyca MOHeThl [T = 1 ¢M, oT o/HOil 3
YeThIPEX BEPIINH KBapaTa (MHOKECTBO A COOTBETCTBYET 3aIlITPUXOBAHHOI (HUrype
ma puc. 14). Torga BeposTHOCTE 9TOr0 COOLITHS

Sy 4-1/4-mRE 7w

P Sa 9 9

[Iposeiém kKavecTBeHHOE cpaBHEHME C(DOPMYINPOBAHHDBIX BBIIIIE OIIPE/IeJIEHUIT Be-
POSATHOCTH.

Kaxoe u3 omnpejenennii BepogTHOCTH BO3HHUKJIO B PE3yJIbTaTe pelleHus KOH-
KPETHBIX IPUKJIAJIHBIX 3a/1a9 U, CJIeJI0BATe/IbHO, OTpaXKaeT 3aKOHOMEPHOCTH SIBJIe-
HUIT peajibHOrO Mupa. K Tomy Ke Kakj10e U3 HUX 00J18/1a€T CBOMMU MOJIOYKUTETbHbBI-
MM Ka9eCTBaMM, HO ¥ HE JIUIIEHO HEJIOCTATKOB. ¥ 30CTh KJIACCUIECKOTO OTPEJIeICHUS
CBsI3aHa C BbIJIEJIEHIEeM KOHEYHO ITOJTHON I'PYIIIBI PABHOBEPOATHBIX COOBITHI, UTO He
BCerJia MO3BOJIFET PEJCTABUTE KazKJI0€ COOBITHE B BUJIE PA3JIOXKEHUS 110 COOBITHIM
9TOH I'PYIIIBL.

HaobopoT, reomerputeckoe oripejiesieHne TepsieT CMBICT B Caydae KOHETHOI'O
MHO2KeCTBa (G: OHO OKA3bIBAETCsT HEIIPUMEHUMBIM, KOIJIa PABHOBE/INKNAE MHOYKECTBA
He Oy/1yT paBHOBEPOSATHBIMUA. CTATHCTUYIECKOE OIIPEJIeIeHIe TIPE/IIOIaraeT IIOBTOpe-
HUE OJIHOI'O U TOrO Ke OIbITa JII000e YHCJIO Pa3, YTO MPAKTUIEeCKH MOYKHO CUUTATD
HEOCYIIIECTBUMBIM, & CaMa BEPOATHOCTH K TOMY K€ HE BBIUUC/ILAETCS — HaXOIUTCH
JINIITb HEKOTOPOEe MPpHUOJIMKEeHne K Heill.

AkcromaTnvueckoe IMOCTPOEHHE TEOPUH BEPOSTHOCTEH, JAHHOE aKaJIeMIKOM
A H. KosmmoroposbiM, 00beIMHIIO PA3INTIHbBIE TOIXO/BI K OIPEIE/IEHUI0 BePOSIT-
HOCTU U B 3HAYUTETBHON CTEIeHU CIIOCOOCTBOBAJIO PA3BUTUIO 9TOW HAYKH.



7. VYciroBrast BepositnocTh. HezaBucumocTb coObITHER 25

Oj1Hako HU aKCHMOMATUYECKUil, HU KJIACCUYECKUl, HU NeOMEeTPUUIECKHil, HU CTa-
TUCTUYECKUH 110/IX0/Ibl K OIIPeJIe/IEHNI0 BEPOSITHOCTU HE UCUYEPIIBIBAIOT PeabHOE 110-
HATHE «BEPOATHOCTBY», a SIBJIAIOTCH JIUIND MPUOJIMZKEHUAMU KO BCE DOJiee TIOJIHOMY
ero packpbeiTuio. [Ipemmnosioxkenre o TOM, YTO NPH JIAHHBIX YCJIOBHUAX JTAHHOMY CO-
OBITUIO OTBEYAET HEKOTOpPasd BEPOSITHOCTD, ABJIACTCA TUIIOTE30i, KOTOpas B KaK 10t
OT/IeJILHON 3ajiavde TpedyeT MPOBEPKU U 0OOCHOBAHUS.

7. YciaoBHasi BeposaTHOCTh. He3aBucuMocCcTh cOOBITHIT

Pacemorpum ipumep. 1pe/imonozkmm, 9To SKCIIEPUMEHT COCTOUT B TPEXKPATHOM
o/I0pachIBAHUU MOHETHI. Torjia mpocTpaHCcTBO 3JIeMEHTAPHBIX COOBITUN UMEeT CJie-

JLyIOIILYI0 CTPYKTYDY:
Q = {I'TT, I'TP, I'PT, [PP, PIT, PI'P, PPT, PPP},

T.e. || = 8. Ucxoapl paBHOBO3MOXKHBI, T.e. P(w;) = 1/8 s Beex w; € Q, i = 1,8.

[Iycte A — cobbiTHe, cocTosilliee B TOM, 9TO repd TOSBUTCS POBHO OJIUH PAas.
Cobwirue A — nopmuozkectso €2, A = {T'PP, PI'P, PPI'}. Bocno/ib30BaBuimch Kiac-
CUYECKUM OIIPEJIEJIEHNEM BEPOSITHOCTH, HANJIEM

A3

p(ay= A3
Q8

Hpe,ZLHOJIO}KI/IM Telnepb, 9TO 00 HNCXO/I€ OIIblTa U3BECTHO, YTO IIPOU3OIILIO cobbiTHEe B

— YHMCJIO BbIITaBIINX rep60B HEYETHO:

B = {I'TT, ['PP, PP, PPT'}.

Kak nsmennrtcs BeposaTHOCTE coObITHsT A TIpU 9TOM JIOMOJIHUTETHHOM HH(pOPMAIAN !
Wi ckazkem Tak: deMy paBHA BEPOSITHOCTH COOBITHS A MPHU YCJIOBUU, ITO TPOU30-
1710 cobbiTre B7

Hucsio ucxoyos, GaaronpusTerByomux cobbituio B, pasho 4, re. |B| = 4. Co-
6brTHi0 A OJIArONPUATCTBYIOT TPU HMCXOJIA, BXOAANUX B cobbiTre B. EcrecTtBenHO
HOBYIO BEPOSITHOCTD COOBITHA A TIPU yCJIOBUU, 9TO MIPOU3OIILIO COObITHE B, TPUHSITH

3

P(4/B) = .

PaccmoTpum tereps GoJsiee obiuit mpumep.
[IycTh numeercs Kiraccuieckoe POCTPAHCTBO 2:

Q={wi,ws,...,wn};

1 _
Q=n, Plw)=—-, w,€Q, i=1n,
n

u myctb A, B — HekoTopble cobbitust, ipuuém |A| =r, |Bl=mu |A- B| = k.
Yenosryio BepositHocTh P(A/B) 10 aHaJOrnu ¢ IPEeJbIIYIIIM MOXKHO BBIYHC-

Py~ F_ B/ _ PA-B)

r r/n  P(A)
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¢ BeposgraocTs cobbiTust A, BhIMUCIEHHAS IPU YCJIOBHM, YTO UMEJIO MECTO CO-
ObiTue B, HasbBaeTCs Yca06HOU eepoammocmuvio, obosnadaercs P(A/B) u onpese-
JIIETCS COOTHOLICHUSIMU

P(A/B) = %, (7.1)
P(B/A) = % (7.2)

U3 dopmyin (7.1) u (7.2) cieayer TeopeMa YMHOKEHUS BEPOSTHOCTEI.

Teopema 7.1 (Teopema yMHOXKeHUsI BEPOSATHOCTE). Beposmmuocms npousse-
denus 08YT cobbyMUL, PasHa NPOU3EEIEHUIO BEPOAMHOCTIU 00H020 U3 HUT HA YCA0G-
HYM0 8EPOAMHOCTG OPY2020, BHIYUCAEHHYIO NPU YCAOBUU, YMO NEPBOE COOBIMUE UME-
A0 MECTMO:

P(A-B) = P(A)P(B/A) = P(B)P(A/B). (7.3)

VTBepxKieHne TeopeMbl 7.1 MOXKeT ObITh 0000IIEHO Ha Ciydail HECKOJIBKUX CO-
ObITUIA.

Teopema 7.2 (0biiasi TeopeMa yMHOXKeHUsI BEPOSITHOCTEH). Beposmmuocmo
NPOUIBEIEHUSA HECKOALKUL COODMUL PABHA NPOUIBEIEHUNO BEPOAMHOCMET IMUL CO-
Ovimutl, NPUYEM BEPOAMHOCTNG KaHCA020 CACIYIOWL20 MO NOPAIKY COOBIMUA BbIMUC-
AAEMCA NPU YCA0BUL, YMO B8CE NPedbldyUUE UMEAU MECTO:

P(AAy -+ A,) = P(A)P(AsJAy) - P(An/ A1 Ay - Ap_y). (7.4)

Hpu IMOM, COOMEEMCLCIBYIWUE YCAOBHBLE GEPOATIIHOCITIU doaoicrvt 6vimo onpede/Le—
HbL.

JlokazaTeJbCTBO cjeayeT HEIOCPEICTBEHHO M3 Hpeablayiieii Teopembl. COOTHO-
merre (7.4) T0Ka3bIBAETCS METOJIOM MATEMATHICCKO MHIYKITHN.

IIpumep 7.1. B kop3une HaxXomdTcd JBa O€JIBIX U TPU YEPHBIX Iapa. BbhIHUMAaOT
nBa mapa. Haiitu BeposTHOCTH TOrO, 4To 00a mapa Oesble.

Pemenue. O6osnaunm cobbitus: A — BBIHYTHI jBa Oesibix mapa, A, — TepBbIil
BBIHYTBIN 1ap Oesiblii, Ay — BTOPOil BRIHYTHII map Oesbiit. Torjga, B cooTBETCTBUM
€ KJIACCMYECKUM OIIPeJIeJIeHNeM BePOATHOCTH, BEPOSITHOCTD BBHIHYTH ITEPBBIM O€JIbIil
map P(A;) = 2/5. Iloce Toro, Kak u3 KOP3WHBI OB U3BJIEYEH OeJIblil map, B KOp-
3UHE OCTAJIOCH 4 Iapa, cpeji KOTOPbIX ol Oestbiit. CrieoBaTe/IbHO, BEPOSITHOCTD

BBIHYTH BTOPBLIM OeJIblil IIap, IPU YCIOBUH, YTO HEPBLIM ObLI BBIHYT OeJiblil Imap,
P(As/A;) = 1/4. CrenosarenbHo,

P(4) = P(A)P(4/A) = 21 =01

¢ VcinoBHas BEPOATHOCTD 00J1a/[aeT BCEMHU CBOWCTBAMHU BEPOSATHOCTH, TTOCKOJIb-
Ky €€ JIOTUYHO PACCMATPUBATH KAK OOBIYHYIO BEPOSATHOCTH, ONPEJICIEHHYIO HA JIPY-
IOM IIPOCTPAHCTBE JIEMEHTAPHBIX COOBITHIT (POJIb JOCTOBEPHOIO coObITHs §) Urpaer
cobbiTre B). IIpoBepuM BBINOJHEHIE AKCHOM TEOPUH BEPOSTHOCTH JIJIS YCJIOBHO
BEPOSATHOCTU:

1) P(A/B) > 0 qys Bcex A, T.e. akcroma 1 BBIIOJIHSETCH;
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2) ecrm A = B, 1o

BB PmB)
PBIB="pm = Bm) "

T.e. AKCHOMA, 2 TaKZKe BBIIIOJTHACTCS;
3) myctb Ay u Ay — Takue cobbrrus, uro A; - Ay = () u P(B) > 0. Haiigém

def P((A1 +A2)B) . P(AlB+AQB) o
P((A1 + A2)/B) = P(B) - P(B) B

P(A1B)  P(A3B) gef

T.€.

P((A; + Ag)/B) = P(A1/B) + P(A2/B),

1 aKCHUOMAa 3 BBIIIOJIHACTCH.

ITpumep 7.2. Cpean 25 sK3aMeHAITNOHHBIX OMJIETOB UMEETCs D «CIacTIuBbIX» 1 20
«HecYacTIUBbIX». CTYIEHTBI OJXOIAT 38 OUIeTaMU OJIMH 38 JIPYTHUM 110 O4Yepein. Y
KOro O0JIbIlIe BEPOSITHOCTD BBITAIIUTL CYACTJIMBLIN OWUJIET: Y TOTrO, KTO TOJIOIIEN 38
OMIeTOM TIEPBBIM, UJIH Y TOTO, KTO MOJIOIIET BTOPBIM?

Pemenue. Onuiitem npocTpancTBO J€MEHTAPHBIX cOObITHIT ()
Q0= {1CQH, ]_HQC, 1C2C, 1H2H} = {wl,wg,wg,w4}
(manpumep, saement 1C2H 6Gynem nmoHnmarh Tak: 1-ff CTYJEHT HOTYyYNII CYACTIIH-

BBIIl Omiier, a 2-ii — HeCcYacT/IMBBINA). BOCIOIB30BABIINCH «TEOPEMOil YMHOKEHUST
BepogaTHOCTel» (7.3), BBEJIEM BEPOSITHOCTH Ha IIPOCTpaHCTBE ():

P(w)) = P(1C2H) = P(1C)P(2H/1C) — 25—53
P(w,) = P(IH2C) = P(IH)P(2C/1H) — 3—2%
P(uws) = P(1C2C) = P(1C)P(2C/1C) — 235%
P(ws) = P(1H2H) = P(1H)P(2H/1H) — %g

[Tposepum:
4

1
P(Q):ZP(wi):m(5~20+20'5+5'4+20-19):1.
i=1

CobbiTre A — 1-it cTy/IeHT TOJIydaeT CIacTIuBbIi Ourer:
A= {1C2H, 1C2C} = {wl,W3}.
Cornacao akcuome 3,

20-5 5.4 1
P(A) = P Plws) = 1
(A) = Plun) + Plws) = o570 + 55751 = 5
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CobbiTie B — 2-it CTYJIeHT TOJIyYaeT CUYACT/IMBBII OnIeT:
B = {]_HQC, 1020} = {wg,wg}.
Cornacao akcuome 3,

20-5 5-4 1

P(B)=P P(ws) = -
(B) = Plws) + Plew) = 550+ 9521 = 5

Urak, P(A) = P(B) = 1/5.
¢ Cobbitust A u B Ha3BIBAIOTCA HE3ABUCUMbLMU, €CIIA BEPOSITHOCTH KazKJ0I0 U3
HUX HE 3aBHCUT OT HACTYIUICHUS WJIM HEHACTYILIEHUs JPYTOrO:

P(A/B)= P(A) u P(B/A) = P(B). (7.5)

Teopema 7.3. Cobwmus A u B mesasucumv, mozda u moasvko mozda, ko2da 6e-
POAMHOCTID UL 00HOBPEMEHHO20 NOABAEHUA PAGHA NPOUIEBEIEHUIO SEPOATHOCTET
amux cobvimui

P(AB) = P(A)P(B). (7.6)

Jloka3aTebCTBO CIc/yeT HEIOCPEICTBEHHO U3 TEOPEMbI YMHOMKEHUS BEPOATHO-
creit (7.3) n oupenenenns (7.5).

Teopema 7.4. Ecau cobwmusa A u B mezasucumol,

mo _cobvimua A u B, cobwmus A u B, cobvimua A AB
u B maxorce nesasucumol. B
HoxkazarenbcTBo. [JokaxkeMm IepBoe yTBEp:KIeHne %
TEOPEMBI.

Tak kak cobbiTsi A 1 B HE3aBUCUMBI, TO, COTJIAC- Y
HO npepyIeit reopeme, P(AB) = P(A)P(B). Tlo-
CKOJIbKY (cM. puc. 15) Puc. 15.

AB+AB=A, (AB)(AB) =0,
TO, COIVIaCHO aKCHOME 3, 3allulIeM
P(AB) + P(AB) = P(A),

T.€.

P(AB) = P(A) — P(AB).
Bocnonszosasmmces syt P(AB) coornommennem (7.6), mosyanm
P(AB) = P(A) — P(A)P(B).

Orcroma ceyer
P(AB) = P(A) = P(A)[1 - P(B)]

nJjim

9TO U TPeDOBAJIOCH JIOKA3aTh.
Bropoe u TpeTbe yTBepKIeHNS TeOpeMbl JT0KA3bIBAIOTCS aHAJIOTMIHO.
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IIpumep 7.3. Vcnbrranue 3akiodaercs B ogdpacbBaHnu urpaibaoit kocru. Co-
ObiTie A 3aKJIIOYAETCS B TOM, 9UTO BBINAJIO JIBA 0YKa; B — BBINAJIO YETHOE THCIIO
oukoB. Haittu P(A), P(B), P(A/B), P(B/A) u BBIICHATD, 3aBUCHMBI UK HET CO-
ObiTus A u B.

Pemenne. B npumvepe paccMarpnBaeTcs Kiaaccuaeckas BepoaTHOCTD. 1o dopmyire
(5.4) maxomum P(A) = 1/6, P(B) = 1/2. Ecim cobeitne B HACTYNHIIO, TO BbIIIa-
70 ymbo JBa, b0 deTsipe, b0 mmecTsh oukoB. CiemoBarensno, P(A/B) = 1/3.
Ecmu cobbrrme A macTynmio, To 310 cobbITHe BIeYET coObITre B, cjie10BaTeIbHO,
P(B/A) = 1. Tak xak P(A/B) # P(A) nwmu P(B/A) # P(B), To cobbituss A u B
3aBUCHMBI.

¢ Cobbrrust Aq, Ao, ..., A, HA3BIBAIOTCS HE3ABUCHUMBIMU B COBOKYITHOCTHU, €CJIN
JTst JI0ObIX Kk n3 Hux (k < ) BBIIOIHSETCS COOTHOIIEHIE

¢ Eciu coornomenne (7.7) BBIIOJIHSAETCA TOJBKO pU k = 2, TO COObITHS HA3bI-
BaIOTCA NONAPHO HE3AGUCUMDBILMU.

IIpumep 7.4. /IBa cTpesika HE3aBUCUMO JIPYT OT JIpyTra CTPEILAIOT 10 MuIlenn. Be-
POATHOCTD TOIaJIaHud B IeJIb JIjIg 1epBoro crpesnka pasna 0,7, maa sroporo 0,8.
OtpeiesnTh BEPOSATHOCTH CJIEIYIOINX COOBITHII: &) POBHO OJIMH CTPEJIOK TIONAJIET B
1eJib; 0) XOTs ObI OJMH U3 CTPEJIKOB TOMAJIET B TIETh.

Pemntenne. [lycts cobbiTe A — mormaJ B 11e/1b HEPBLI CTPEJIOK, coObITHe B — momaJt
BTOPOI CTPEJIOK. B

a) Cobbitne C' — POBHO OJIMH CTPEJIOK IMOIAJET B 1eJIb — eCTh cobbitue AB +
AB. Tak kak coobitust AB u AB necoBmecTHBI, a coObITHA A U B HE3aBUCUMBI, TO

P(C)=P(A)P(B)+ P(A)P(B)=0,7-0,2+0,8-0,3 =0,38.

6) CoberTne D — monaJt B 1eJib XOTs ObI OJMH CTPETIOK — MOYKHO TIPEJICTABUTH
B Bujie cyMMmbl cobertuit A uw B: D = A + B. Cueposarensno, P(D) = P(A) +
P(B) — P(AB). Tak kak coobrtusg A u B mezasucumsbl, To P(D) = P(A) + P(B) —
P(A)P(B)=0,7+0,8 — 0,56 = 0,94.

Kak mbr yke orMevasn panee, KOrJia pedb HJET O MOSABICHUH XOTs ObI OJIHOTO
COOBITHSI B CEPUM UCIIBITAHUIL, IPUBEJIEHHBIE BBIIIE TIPsAMble Beraucienus P(D) aB-
JISIOTCS He CaMbIMU YJOOHBIME, OCOOEHHO €CJIM YHUCJI0 UCIBITAHuil Beanko. Jlytrie
B TAKOW CHUTyallud MepeiiTi K MPOTUBOIOJIOKHOMY cOObITHIO, onpeaens D = AB;
Torja ¢ yuerom (4.2) samuinem

P(D)=1-P(D)=1—-P(AB)=1— P(A)P(B) =1—0,3-0,2 = 0,04,

IIpumep 7.5. B aByx naprusx tosapa, coorsercTsenno, 86% u 32% nobpokade-
cTBeHHBIX m3jenuil. Haynady BeIOMpaIOT 10 OJHOMY HM3JEJINI0 U3 KayKJIOi HapTuu.
KakoBa BeposiTHOCTH OOHAPYKUTH CPEJIH HUX: a) JIBa GPAKOBAHHBIX; 6) OJIHO 100pO-
KaueCTBEHHOE U OJIHO OPAKOBAHHOE; B) XOTs ObI 0JHO OpaKoBaHHOE?!

Pemenwne. B coorBercTBUM € yC/ioBUEM 3aJiaqH, BEPOSITHOCTHA BhIOpaATh JI00pOKartie-
CTBEHHOE U3JieJiie U3 KazK/JIoi MapTUu paBHbI cOOTBeTCTBEHHO p; = 0,86 u py = 0,32.
BocnonbzoBaBmmch TeopeMaMy CJIOXKEHUS W YMHOYKEHHS BEPOATHOCTEN, HAIEM

a) BEPOSTHOCTH OOHAPYZKUTH J1Ba ODAKOBAHHBIX:

P =(1-py)(1—ps)=0,14-0,68 = 0,0952;
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6) BEpOATHOCTH OOHAPYZKUTDH OJIHO JI0OPOKAYECTBEHHOE 1 OJIHO OpaKOBaHHOE:
P =pi(1—p2)+p2(l —p1) =0,86-0,68+ 0,14 - 0,32 = 0,6296;
B) BEPOSATHOCTH OOHAPYZKUTDH XOTs ObI OJIHO OPAKOBAHHOE:

P=1—pipp=1—086-032=0,7248.

IIpumep 7.6. Mounery 6pocator 10 pa3. Haiitu BeposgTHOCTH TOro, YTO XOTs ObI
OJIUH Pa3 IOsSBUTCsT OPEJI.

Pemenue. CobbiTne «B JECSITH WCIBITAHUAX XOTsI OBl OJINH Pa3 MOSIBUTCS OPET»
SIBJISIETCSI IIPOTUBOIIOJIOKHBIM COOBITUIO «B JIECATH UCIBITAHUSX HUA PA3y HE TOABUTCS
opé». Tak Kak BEpPOSITHOCTH TOTO, YTO OPEJ HE MOABUTCA B OJIHOM HCITBITAHWH,
g = p = 1/2, To BEpOATHOCTb TOTO, 9TO XOTsI OBl OJMH pa3 HosIBUTCA Opén B 10

HUCIIBITAaHUAX
1>10__ 1023

P=1-¢"=1-(5) =
g 9 1024

ITpumep 7.7. Ha orpeske [0; 1| BeiGupatorcst ciiydaiinbiM o6pa3oM 5 TOYEK ¢ KOOp-
JIMHATAMU T1, Lo, . . ., T5. KakKoBa BEPOATHOCTb TOIO, YTO MUHUMAJILHASA U3 KOOD/IU-
HaT TO4YeK Gosibie 1/57

Perrenne. Pacemorpum cobbitie {min(xy, s, ..., x5) > 1/5}. lanuoe cobbiTHe K-
BUBAJICHTHO cOObITHIO {KOOp/MHAaTA KazK 101l Toukn Gosbire 1/5}. BeposTHocTh 910~
r0 COOBITHSI, COIVIACHO TeOpeMe YMHOKEHNUS,

P(min(zy, z9,...,25) > 1/5) = P(xy > 1/5,29 > 1/5,... x5 > 1/5) =
= P5(xy > 1/5) = (4/5)°.

IIpumep 7.8. ¥Ypna comepkut 6 mapos ¢ Homepamu ot 1 110 6. [Ilapsr n3BirekaroTcs
1o ojHOMY O€e3 Bo3BparieHusd. HailTu BeposTHOCTb TOro, 4T0 XOTd ObI y OJIHOTO Iapa
COBIIA/YT HOMep Iapa W MOPsJIKOBBII HOMED ero m3Bjedenus. Haittu mpemeabHoe
3HAYEHNE BEPOATHOCTH, €CJIU YHCJIO MAPOB B yPHE CTPEMUTCH K OECKOHEYHOCTH.

Pemenue. O6osnaunm uepes Ay, k = 1,6, cobbiTue «map ¢ HoMepoM k H3BJIedEH
k-bIM IO TIOPsJIKY», & 1depe3 A coObITHe «XOTsi OBl Yy OJIHOTO IMapa COBIAJT HOMEpD
C TIOPSIIKOBBIM HOMEpPOM u3BJIedeHUsI». Ha mepBblil B3IVIs] KaXKeTcsd, YTO BEPOST-
HOCTBH COOBITHS IPOIIE HAWTHU, Tepelijisi K TPOTUBOMOJIOKHOMY COOBITUIO, KaK 9TO
OOBITHO JIEJIAETCsI, KOTJIAa Pedb UJET O MOSIBJIEHUsT XOTsI ObI OHOTO cOObITHsA. O THAKO
[IPOTUBOIIOJIOZKHOE COOBITHE — «HU Y OJIHOT'O U3 MIAPOB HE COBIIAJ HOMED C TOPSIKO-
BBIM HOMEPOM HM3BJIEYEHUs» — OKa3bIBAETCS CBA3AHHBIM C ellle 0oJiee TPYI0eMKUMU
pacaéramMu BEPOSITHOCTHU, deM mpsimoe. [loaromy Haiiém BEPOSTHOCTDH JIAHHOTO CO-
OBITHS 10 OIPEJIE/IEHUIO KaK BEPOATHOCTD CYMMbBI COOBITHIA:

Ay + Ay + .+ A

[Tockobky cobbitust Ay, k = 1,6, cOBMECTHBI, TO TI0 OOIIEMY HPABUIY CJIOKEHHS
BEPOATHOCTEN

mm:imm—E:m@@+§:fm@mydym@@Mwm

i=1 1<1<j <6 1<i<j<k<6
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6
Haiingém  P(A;). OueBumno, uro P(A;) = 1/6. Cobbirue Ay npounsoiiaér, eciu
i=1

[EPBbI BBIHYTHI m1ap He OyJeT mapoM ¢ HOMEpOM 2, a BTOPO BBIHYTBHIH Imap
Oy/ieT SABIATHCS IMAPOM C HOMEPOM 2, CJIEIOBATEIBLHO, €r0 BEPOSTHOCTD 110 TEOPEMe
yMmHOzkeHnst BepostHocTei: P(Ay) =5/6-1/5 = 1/6. AHAIOrITHO MOXKHO TIOJIYIUTh
JUTsl BCEX OCTaIbHbIX cobprtnit: P(A3) = ... = P(Ag) = 1/6. Torma

Jlajiee MOXKHO 3aMETHTDh, UTO BEPOSITHOCTU BCEX IIPOU3BEJEHUIT COOBITUI ITONAPHO,
BCEX MPOU3BEICHUIT COOBITHUI 110 TPU U T.JI. TAKXKe PABHbI MeK Ty coboit. To ecThb j10-
CTATOYHO HAMTU BEPOATHOCTH OJIHOIO U3 TAKUX MPOU3BEJICHUI U OIPEJIe/IUTHL 00IIee
KOJIMYECTBO CJIaraeMbIX B KaxKJ0il cyMMme. B pesysbrare 1mosrydnM:

Z 6-5H 1 1
— 2 . . _ — f — ¢ — = —"
1< <6
6-5-4 1 1 1
— 3 A - - ... S
N E P(AiA;Ay) = CoP(AA A = —r— 5 2 7 = 37
I<I<j<k<6

1 1 1 1
PAZA"A — e — o — e — » — = —.
@A A =55733
6 MHOXKUTEEH

OxoHYaTeILHO 1IOJIYy9YUM

1 1 1 1 1
[Iposeist 10/100HbBIE BHIMUCIEHUS TIPU YCJIOBUU, YTO YHCJIO IIAPOB B YPHE CTPEMUTCS
K OECKOHEYHOCTH, B IIPEJIesIe IOy IIM

o
1 1 1 1 1 Z (=1)F1 1
2031 4l 51 6l k! e
k=1
IIpumep 7.9. /IBa cTpeska 110 o4epeyu CTPEJIAIOT 110 MUIIIeHn. BepodaTHOCT mona-
JaHUsT JUIst IepBOrO IPU KazKJIoM BbicTpese 1/3, myst Broporo — 2/3. Beiurpsisaer
TOT, KTO TIEPBBIM IONAJET B MUIleHb. KakKoBa BEpOATHOCTH, YTO IEPBBIN BHIUT'DAET
He T03/[Hee cBoero 3-1o BbicTpesa? KakoBbl BEpOATHOCTH BBIMTPLIIIA JIJIs KayKJI0TO
[IPU CKOJIb YTOJIHO JIJINTEIHHO cTpe/bhe’?

Pemtenne. Breném obo3navenust: Ay — nepBblil T0a1 B MUIIEHD [IPU k-OM BbICTpe-
ne, By — Bropoit onaa npu k-om BeicTpeste. [lo yemosuto P(Ag) = py = 1/3, Te.
¢ = 2/3; P(By) = po = 2/3. Cobbitue A — «I1€pBblil BBIUTPAJ HE IO3/HEE 3-TO
BhICTpesay — 4depe3 Ay u By, BbIpasurcs cieaytomum obpasom: A = Ay + A1 B Ay +
A1 B1AyBs As. Torma BeposITHOCTH 3TOIO COOBITHUS

P(A) =pi + qiopr + Gigspr = 1/3 +2(1/3)* + 4(1/3)° =~ 0,424,
HpI/I CKOJIb yFO,ILHO ,ZLHI/ITQHI)HOIL/'I CTpeJIb6e BepOHTHOCTb BbII/IprIHIa JLJIA HepBOFO:

P(A) =p1 + q@epr + G o1+ = Zpl(fh%)k “1—am 7 ~ 0,429.
k=0
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¢ W3 nomapHOoit HE3aBUCUMOCTH COOBITHI He CJIeyeT HE3aBUCHMOCTD TDYIIIbI
COOBITHIT B COBOKYITHOCTH.
[IpomutiocTpupyemM 9TO YTBEP:KJIEHHUE CJIEIYIONIMHI ITPUMEPAMU.

ITpumep 7.10 (Bepuinreiina). [Iycrs Ha I0CKOCTH GPOCAIOT TIPABUJILHBIN TeT-
pasjip, TPH TPaHd KOTOPOro OKpalieHbl coorBeTcTBeHHO B KpacHbiil (K), cunnii (C)
u sesénblii (3), a Ha dYerBepTyio HaHeceHbl Bce Tpu 1Bera. Cobbrrus K, C, 3 —
TeTpayIp yHaJ Ha IUIOCKOCTb I'PAHbIO, OKPAaCKa KOTOPOIl COJIEPYKUT KPACHBIN, CHU-
HUil, 3eJIEHBII 1BeT cooTBeTcTBeHHO. [IpoBepnth, amistorcs mu cobbrmusa K, C, 3
[OTIAPHO HE3aBUCUMBIMU U HE3aBUCUMBIMU B COBOKYITHOCTH.

Pemenne. Kpachbrit (cOOTBETCTBEHHO CHHUIA, 3€/IEHBII ) TIBET IIPUCYTCTBYET Ha JIBYX
rpangx u3 derbipex. [losromy

Tpu, a 3uaduT, U JIBa IBETa MPUCYTCTBYIOT TOJBKO HA OJHON I'DAHU M3 YETHIPEX.
CretoBaTesibHO,

1 1 1

T.e. cobbiTusg K, C, 3 nonapHo HE3aBUCUMBI, HO

PKC3) = § # PIOP(C)P(3) = ¢,

T.e. cobbiTust K, C, 3 He IBIAIOTCS HE3aBUCUMBIMI B COBOKYITHOCTH.

ITpumep 7.11. Touka ¢ koopauHaToit  BbiOMpaercs Haydady Ha orpeske [0, 3], u
HE3aBUCHMO OT Hee TOUYKA ¢ KOOPJMHATON 1) BhIOUpaercs Hayjady Ha orpeske [0, 2].
[Iposeputh, apistorcs gu Tpu cobbitust: A = {{+n <2}, B={1 <& <5/2} n
C' = {n < 1}, HE3aBUCUMBIME B COBOKYIIHOCTH.

Y a Y o Y 8
2 2 2
B
1 1 1
A C /
0 1 2 3% 0 1 25232 0 1 2 37
Y 2 Yy 0 Y
2 2 2
1 1 1
7
0 1 ] 3% 0 1 25232 0 1 p) 37
Puc. 16.

Pemenue. [IpocTpancTBo smeMeHTApHBIX UCXOJ0B {2 €CTh MHOYKECTBO TOUYEK ILJIOC-
koctu (§,n), misg kKotopbix 0 < € < 3,0 < n < 2u Sy = 6. Cobbrruio A = {41 < 2}
OTBeYaeT MHOYKECTBO TOYEK, OrpaHuIeHHbIX npsiMbiMu © = 0, y = 0, y = 2 — x (puc.
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16,a): Sp = 2 u P(A) = 1/3. Cobbiruio B = {1 < £ < 5/2} orBevaer 06/1acTh,
samrTpuxoBannas Ha puc. 16,6: Sp = 3 u P(B) = 1/2. Cobsrruio C' = {n < 1}
oTBedaeT 06JIaCThb, 3alITpuxoBaiiasd Ha puc. 16,60 S = 3 u P(C) = 1/2. CobbI-
THs HE3aBUCHMBI B COBOKYITHOCTH, €CJIH I JTI0O0T0 COYeTaHNs U3 HUX BEPOATHOCTD
[pou3BeieHnst cOObITHI paBHA pousBejeHnio BepogTHocreil. Haitném P(ABC). U3
puc. 16,2 Bumno, aro Sapc = 1/2 u P(ABC) = 1/12 = P(A)P(B)P(C). Oxnako n3
9TOTO PABEHCTBA €Ille He CJIe/IyeT He3aBHCHMOCTh coObITHil. HeobxomMo mpoBepuTh
BCe BEPOSTHOCTH IOsABJIEHNN Bcex map cobbituii. Haxomum P(AB) = P(A) = 1/3
(em. puc. 16,a), P(BC) = 5/12 (puc. 16,d), P(AC) = 1/4 (puc. 16,¢). Bumum, aro
P(AB) # P(A)P(B), P(AC) # P(A)P(C); cirenoBaTesbHO, COOBITHS B COBOKYII-
HOCTH 3aBUCHMBL 3amernMm, uro P(BC) = P(B)P(C), to ecrs cobeitus B n C
[OITAPHO HE3aBUCHMBI.

IIpumep 7.12. Cucrema S coCTOUT U3 JIByX HE3aBUCHMBIX MOJCHCTEM S, 1 Sy (CM.
puc. 17). HeucnipaBHOCTb XOTs1 GBI OJIHO# MOJICHCTEMBI BEJIET K HEUCIIPABHOCTH BCei
cucTeMbl (IIOJICHCTEMbBI COEIMHEHBI MTOC/Ie0BaTeIbHO). Kark1as mojcucrema cocTonT
U3 JIBYX HE3aBUCUMBIX JyOupytonmx 6J0koB ay 1 by (k= 1,2) (cxema napasuiesib-
HOTO COEJIMHEHNsT OJIOKOB B TOJICHCTEMAX ).

HaiiTu HameKHOCTD CCTEMBI — BEPOSTHOCTH TOIO, 9TO CHCTEeMa OY/IeT UCIIPaBHA
B TedeHHe HEKOTOPOTO BPEMEHM, €C/IM M3BECTHO, YTO HAJEKHOCTU OJIOKOB aj U by
paBHbI cooTBeTcTBeHHO 0,8 1 0,9.

Pentenune. Beeném obosnavenust: A, — coObITHE, COCTOSINEE B TOM, 9TO OJIOK @
ucrpaseH; By — coObITHe, cocTosinee B TOM, YTO OJIOK by ucipaBeH; S — COOBI-
THe, COCTOMAIIee B TOM, UTO CHCTEMa HCIpaBHA; S, — COOBITHE, COCTOSINEe B TOM,
YTO TOJCHCTEMAa ¢ WCIpaBHA; S, — COObITHE, CO-

4 b, crosiiee B TOM,  9TO  IojcucremMa b
ucipaBHa. Pa3o0ObeM cucTeMmy Ha JIBe IOJCUCTEMBbI
a, b, a n b. Ilogcucrema a gybsupyrommux OJOKOB HC-

IpaBHAa B TOM CJlydae, KOTJa MCIPABEH XOTd Obl
Puc. 17. oyuH u3 6510K0B a, (k = 1,2), To ectb S, = A1+ A,

— CyMMa JBYX COBMECTHBIX HE3aBUCHMBIX COOBI-

tuit. Ciienosaressuo P(S,) = P(A;)+P(Ay)—P(A;)P(Ay) = 0,840,8—0,64 = 0,96.
Ananornuno P(S,) = P(B;) + P(Bs) — P(B1P(B2) = 0,9+ 0,9 — 0,81 = 0,99. st
HCIPABHOCTH CHCTEMBI HEOOXOIMMA UCIPABHOCTD HOJCUCTEM a U b, TO ecTh S = S,5.

Taxum obpaszom, P(S) = P(S,)P(Sy) = 0,9504.

8. @dopmyia mnoJsHOoI BeposaTHOocTu. Popmysnbl Baiteca

B Tex ciyuasix, Korma BepoATHOCTH coObITusA A HaiiTh
TPY/IHO, HO JIEFKO BBIUUCJSIIOTCS (MJIM JAHBI 110 YCJIOBHUIO )
BEPOSITHOCTU ITOTO COOBITUST OTHOCUTEIBHO TIOJTHOW T'PYTI-
bl [TOTIAPHO HECOBMECTHBIX COOBITHI, MTPUMEHSIOT (Hop-
MyJIy HOJTHON BEpOATHOCTH. DTa (POPMYyJIa ABJIAETCA OC- H,
HOBHBIM CDEJICTBOM IIPU HOJCYETe BEPOATHOCTH CJIOKHBIX | ()
COOBITHII C UCIIOJTH30BAHUEM YCJIOBHBIX BEPOSATHOCTEIA.

Teopema 8.1. IIycmv Q2 = Hy + Hy + ...+ H,,, npuuém

H, Hs
o

H,Hj; = 0 npui # j uA — npouszeoavnoe cobvimue, A € Prc. 18.
(em. puc. 18), mozda umeem mecmo caedyrousas Gopmyaa:
P(A) = 3" P(H,)P(A/H)) 5.1)
k=1

Coommowenue (8.1) nasvsaemesa Gopmyaot noanotl 6eposMHOCMU.
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HokazareabcTBo. C y4€éTOM CBOICTB OlEpaIiyii Ha| COOBITUSIMU
A=AH,+Hy+ ...+ H,)=AH, + AHy + ...+ AH,.
CortacHo akcuoMe 3 TeOpHH BepOSTHOCTEI,
P(A) = P(AH,) + P(AH,) + ...+ P(AH,).
Bocroib3oBaBInch T€OpEeMOil yMHOXKEHUA, TTOJTYIUM
P(A) = P(H,)P(A/H,) + P(Hs)P(A/H5) + ...+ P(H,)P(A/H,)
nJjin n
P(A) = P(Hy)P(A/H,),
k=1
qTO " Tpe6OBaJIOCI> JOKa3aThb.

CaencrBue 8.1.1. Ilycrb BBIIOTHSIOTCS yCI0BUs Ipe bl yiieii reopembl u P(A) >
0. Torma

P(H,)P(A/H,
P(Hy/A) = — (H) P(AJHL) (8.2)
S P(H)PA/H)
j:
CoorHorernns (8.2) HazbBaloTCsa gopmyramu Batieca.
HokazareabcTBo. [lo onpenenennto
P(HA)
P(Hp/A) = ————. 8.3
(Hy/ ) = Z5s (83
[To Teopeme yMHOXKEHMST
P(HyA) = P(Hy)P(A/Hy), (8.4)
a 110 hbopMyJie TIOJIHON BEPOSITHOCTH
P(A) = P(H;)P(A/Hj). (8.5)
j=1
[Momncrasus (8.4) u (8.5) B (8.3), mosyunm coorrorrerne (8.2).
¢ Cobbitust Hy, Hy, ..., H, 9acTO Ha3BIBAIOT 2UN0OME3aMU, TAK KaK 3apaHee He
U3BECTHO, ¢ KAKUM U3 HUX npou3oiinér cobbite A. @opmysnr Baiteca (dbopmysibt
IUTIOTE3) TO3BOJISIOT [EPEOIIEHUTh BEPOSTHOCTH coObITHit (runore3) Hy, Ho, ..., H,

B CBA3U C HOABJICHUEM COOBLITHUSA A, NHBIMU CJIOBaMM — BBIYUCJ/IATH allOCTEPUOPHbIE
BEPOATHOCTHU 110 alIPUOPHBIM.

IIpumep 8.1. Ha 3aBoje, n3rorapjmBatoIieM MUKPOCXEMbI, 1-s1 JIMHUsT ITPOU3BOINUT
25%, 2-a — 35%, a 3-a — 40% Bcex mspemmii. Bpak B UX IPOIYKIUM COCTABJISET
coorBercrBento 5, 4 u 2%. KakoBbl BEpOATHOCTH TOTO, UTO CJIyYailHO BBHIOpaHHAST
MHKpocxeMa, oKazkercst jedekTHoi! KakoBa BEpOSITHOCTH TOTO, UTO CJIYYailHO BBI-
OpaHHasi MUKpOCXeMa IIPOM3BeJIeHa Ha MEePBOii, BTOPOIl U TpeTheil JUHUU, eC/Ii OHA
oKaszajach JedeKTHO?
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Permrenne. O6o3naunm vepe3 A coObITHe, COCTOSIIIEE B TOM,
YTO CIyIaliHO BBIOpaHHAsS MUKpocxeMa JdedeKTHa, a yepe3 Hy, | H,
fA

Hy, H3 — cobbITHs, COCTOMAIINE B TOM, YTO 3Ta MHUKPOCXe-
Ma [POM3BEJIEHa Ha MEepPBOi, BTOPOW U TpeThell JIMHUSX (CM.

puc. 19). __/
i

fcno, aro O 2
1. H1+H2+H3:Q;
3. ACqQ. e

CJIG,ZLOBaTeJIbHO, MO2KHO BOCIIOJIB30BaTHCA (bOpMyJIOfI HOJIHOI71 BepOHTHOCTI/I
3
P(A) = P(H,)P(A/H,).
k=1

ITo yciioBuro

P(H)) =025 u P(A/H;) = 0,05;

Torna BeposiTHOCTL TOrO, YTO BhIOpaH JepeKTHBIN OOJIT, paBHA
P(A) =0,25-0,05+ 0,35- 0,04 + 0,40 - 0,02 = 0,0345.

ITo dopmynam Baiieca (8.2) nmeem

0,25-0,05
0,35-0,04
0,40-0,02

¢ CpaBHuTE 3TH BEPOATHOCTU C BEPOATHOCTAMU COOTBETCTBYIOIIENO COOLITHSI,
eCJIM He M3BECTHO, YTO HMPou30Iuio cobbitue A (T.e. 10 OmbiTa).

ITpumep 8.2. B kop3uHe HaAXOAUTCHA OJUH MIAP — C PABHON BEPOSITHOCTHIO OEJIBIit
nin 9épHbIit. B Kop3uHy omycTuin Oesblil map, u mocje mepeMeninBanusi 3BIeK I
ojun 1rap. OH okazasics 6esbiv. KakoBa BEPOSTHOCTD, ITO B KOP3WHE OCTAJICS OeJThIi
map?

Pentenwne. [lycrs runoresa H; cocTOUT B TOM, YTO B KOP3UHE UCXOJIHO HAXOIUTCH
Oesblit miap, runoresa Hy — B KOp3HMHe HaxoauTcd 46pHBIH Imrap. Tak kak ¢ pas-
HOIT BEPOATHOCTHIO B KOP3WHE MOXKET HaXOJUTbCs KaK OeJsIbIil, TaK M YEPHBIN IIap,
to P(H,) = P(H) = 1/2. Ilocte Toro kax B KOp3uHy OBLT OIyIeH Gesiblil mmap,
BEPOATHOCTH BBIHYTH OeJiblil map (cobbitie A) B HPEIIOJIOKEHNH CIIPABEJIHBOCTH
runoressl Hy ects P(A/H;) = 1. Anajorn<dno BepOSTHOCTD BBIHYTH OeJIbIil IIap
B npeamosoxkenun runoressl Hy: P(A/Hy) = 1/2. Crenoarernbro, mo dhopmyiie
IIOJIHO! BEPOSATHOCTH

1 11 3

P(A)=P(H,)P(A/H,) + P(Hy)P(A/Hy) = = -1+ - - = —.

2 22 4
Toria BEepoATHOCTD, ITO B KOP3HHE OCTAICA Gesiblif map (To ecTh BepHA IHIIOTE3A
Hy)

P(H\)P(A/Hy) 1/2 2

P /A) = P(A) T 3/4 3
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ITpumep 8.3. B marazun noctynaior oJIHOTUIIHBIE U3JIETUS C TPEX 3aBOIOB, TPUIEM
nepsklit 3aBoj, nocrasiger H0% usnennii, Bropoit — 30%, a Tpernit — 20% wn3menmii.
Cpen uzgenuii 1-ro sasoga nepsocoptbix 70%, sroporo — 80%, Tperbero — 90%.
Kymuieno onno uznenme. OHo okazayioch nepBOCOPTHLIM. OIpeiesinTh BEPOSITHOCTD
TOrO, 9YTO KYILJIEHHOE M3JIe/THe BBIITYIIEHO ITEPBBIM 3aBOJIOM.

Pemenwne. Bocrosibsyemcst bopmyiamMu 1oJiHoit BepositTHocTu u Baiteca. Bsejém
runioressl Hy, Hy, Hy — KyIIeHHOE U3J1e/1e H3TOTOBIEHO COOTBETCTBEHHO IIEPBBIM,
BTOPBIM 1 TpeTbuM 3aBojgamu. 1o yemosuio P(H;y) = 0,5; P(Hy) = 0,3; P(Hy) = 0,2.
YCI0BHBIE BEPOSITHOCTH COOBITHSI A — m3esine mepBOCOPTHOE — DABHBI, COOTBET-
creenno, P(A/H,) = 0,7; P(A/Hy) = 0,8; P(A/H;3) = 0,9. Torna no dopmyse
OJTHOT BEPOSATHOCTH BEPOSTHOCTH TOTO, UTO KYILJIEHHOE HU3JIeJINe OKAZKeTCs 11ePBO-
COPTHBIM, OIPEJIEJUTCS COOTHOIITEHUEM

3
P(A) =" P(Hy)P(A/Hy) =05-0,7+03-08+02-0,9=0,77.
k=1

BeposiTHOCTB TOT0, 9TO KYILJIEHHOE U3JIE/THe BBITYIIEHO MEPBBIM 3aBOJIOM, €CJTH OHO
0Ka3aJIoCh TIEPBOCOPTHBIM, HalijIEM 110 (popMmyste Baiteca:

P(H\)P(A/Hy) 05-0,7
P(A) 0,77

P(H,/A) = ~ 0,455.

ITpumep 8.4. IIpubop cocTouT U3 JIBYX HEZABUCHUMBIX Y3JIOB U b, COEIMHEHHBIX
nociaeoBaTesibHO (eM. puc. 20). Ilpu sToM HemcnpaBHOCTH XOTst ObI OJHOIO y3J1a
BeJIeT K HencipaBHocTH pubdbopa. [Ipubop B pesysibraTe UCIBITAHUS BBIIE U3 CTPOS
(orkazas). Haiitu BeposiTHOCTH TOTrO, 9TO OTKA3aJ TOJBKO Y3€JI G, €CJIU U3BECTHO,
YTO HAJIEYKHOCTU y3JIOB @ U b PaBHBI p; U Py COOTBETCTBEHHO.

Pentenne. Beeném obosnadenus: A — cobbiTre, COCTOSI-

a b = 1mee B TOM, 4TO y3es a ucupasen; B — cobbITne, cocTo-
siee B TOM, 9To y3es b ucupapeH; S — coObITHE, COCTO-
Puc. 20. dgree B TOM, 4TO NpuOOp ucipaBeH. BBeJEM IUmoTessbl,

XapaKTepHu3yIoNIue BO3MOKHbIE COBOKYITHBIE COCTOsAHNs y3yio8: Hy = AB — oTkazan
TOJIBKO y3eit a; Hy = AB — orkaszaJ TobKo y3er b; Hy = AB — orkazajm oba y3/1a;
Hy = AB — oba ysna ucupasnbl. Vimeem P(H1) = (1 — p1)p2; P(Hz) = pi(1 — p2);
P(H3) = (1 = p1)(1 — p2); P(Hs) = p1p2. llpm sTom P(S/Hy) = 1; P(S/Hy) = 1;
P(S/Hs3) =1; P(S/H,) = 0. Torna, cormacmo (8.2), naxomum

4

kgl P(H,)P(S/Hy)

(1 - p1>p2 -1 (1 - pl)p2

(1—p)pa-14+pi(1—p2) 1+ (1 —=p)(1—p2) - 1+ppa-0  1—pipy

IIpumep 8.5. /IBa crpeska CTPEMdIOT 1O MUIIEHH, Jiejlagd M0 OJHOMY BBICTPEITY.
BepositHocTs mnortatanus st mepsoro crpeska 0,8, mjst sroporo 0,4. [Tocse crpesb-
Obl B MHIIIeHNn OOHApYyKeHa TOJILKO ojiHa rpobouna. BocnosibzoBasimcs dhopmyioit
IIOJIHOM BEPOATHOCTH, HAWTU BEPOATHOCTL TOI'O, YTO IIOIIAJI IIEPBBIA CTPEJIOK.

Pentenne. Beeném obozaauennst coobiTnii: C' — MoOnaJ B ejib TOJIBKO OIUH CTPEJIOK,
A — 1epBbIil CTPEJIOK oA B 1e/ib, B — BTOPOIi CTPe/IOK HomnaJl B 1ejih. lorma C' =
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AB + AB. To ecTb, MOXKHO CUATATH, 9TO COOBITHE MOYKET HACTYIIUTH B PE3Y/IbTaTe
OCYIIEeCTBJIEHH JIBYX runore3: H; = AB — nonas B IIeIb TOJBKO HEPBBII CTPEJIOK,
Hy = AB — noniazt B 1iesib TOJIbKO Bropoii crpesiok. Umeem P(Hp) = 0,8-0,6 = 0,48;
P(Hy)=04-0,2=0,08, P(C/H,) =1; P(C/Hy) = 1; P(C) = 0,48 + 0,08 = 0,56.
CretoBaresibHO,

P(H,/C) = P(Hlj)DP(C/Hl) _ 0,48 -1 _ §

() 0,56 7

IIpumep 8.6. B nepnoit ypue 10 0ebIx u 8 4€pHBIX IIApOB, BO BTOPOi H GeJIbIx
n 9 uépubix. I3 nepBoit ypHBI BO BTOPYIO IEpeIoKeHbl 6 I1apoBs, 3aTeM U3 BTOPOit
u3BjieuéH ojuH 1map. OnpeaesmTh BEPOSTHOCTb TOTO, UTO BBIOPAHHBIN M3 BTOPOIt
YPHBI Tap — OeJIbIii.

Pertenne. OueBniHO, 9TO BEPOSITHOCTH BHIHYTh GEJIbIil 1ap 13 BTOPOil ypHBI (COObI-
tie A) 3aBHCHT OT TOrO, Kakue Iapbl ObUM Tepesioxkenbl. [losToMy ecrecTBeHHBIM
Ka3aJI0Ch OBl BBECTU T'MIIOTE3bI, CBA3AHHBIE C Te€M, KaKne Iapbl ObLIN ITePEIOyKEeHbI
u3 11epBoil ypHbI BO BTOpyio. Takux runores Oyier, oueBuHO, ceMb. OTHAKO POITE
PACCMOTPETH CUCTEMY THIIOTE3, CBA3aHHYIO C T€M, U3 KAKOil M3HAYAIHLHO YPHBI ObLIT
BBITaIIeHHbIN 1map. Obo3HatdnM 1depe3 Hp rurore3y — BBITAIEHHBIN T1ap ObLT U3
nepoit ypuel, P(H;) = 6/20, P(A/H,) = 10/18; 1yepe3 Hy — BbITAIEHHBIIT mIap
ObL1 13 BTOpOit ypusl, P(Hy) = 14/20, P(A/H,) = 5/14. Torga
D

P(A) = P(H:)P(A/H) + P(Hy) P(A/H,) = .

9. Cxema Bepnynan

B Teopun BeposdTHOCTEl OO0JIBbIIOE 3HAYUEHUE UMEET IIPOCTasi CXeMa CJIydaiHbIX
OIIBITOB, Ha3bIBaeMasi cxeMoii Bepryuim.

9.1. Popmyna Bepnysim

¢ Hcnvmanusamu Bepnyanu (cremoti Bepryaiu) HA3BIBAIOTCS HE3aBUCHMBIE TC-
IBITAHUS C JIBYMSI HUCXOJAMU U BEPOSITHOCTBIO «yCIeXay, He MEHSIOIMIEHCs OT UCIThbI-
TaHUs K MCITBITAHUIO.

Paccmorpum gaBa tipumepa.

1. Ilycts n pas 6pocator monery. Hac maTEpecyer mosiBjieHne repba — «ycrexy,
TOrJIa MOSIBJICHHE PEITKN — «Heyaaday. BeposTHocTh «yciexay paHa 0,5 B KaxKJI0M
U3 N UCIbITAHNNA.

[IpocrpancTBo {2 MOXKHO OIKCATH TAKUM OOPA3OM:

Q=1400...0;10...0;01...0;...:00...1:110...0;...;111...1%
— = = — ) —— —_——

n n n n n n

rjae n — JJIMHa IEIIOYKH, «YCIIEX>» 00603HaUYCH qepes ]_, «HEyda4da» — 4Yepe3 0.
2. CTpeJIb6a B 1€JIb 1 O/IMHAKOBO METKHUX CTPEJIKOB (HOH&,ZL&HI/IG — «YCHGX»)I

Q={00...0,10...0, 01...0, 00...1, ..., 111...1}.

¢ U B mepBoM, 1 BO BTOPOM IPUMeEpPaxX 3JIEMEHTAMU [IPOCTPAHCTBA {2 SIBJISTIOTCS
MENOYKN U3 HyJIel U eJIMHUIL JIJINHOM 1. DTO CIPABEJJINBO U JIJIsi BCEX UCIBITAHUN 110
cxeme bepmnysum. IlycTh BeposTHOCTB ycrexa paBHa p, a Heyjgadn ¢ = 1 — p. Torma
BEPOSITHOCTD JIEMEHTAPHOIO COOBITHs w € (2, cojepKalero [ eJuHull (yCrexos),
COTJIACHO TeopeMe YMHOXKEHUs,

Pw)=p'¢"™",  weQ, 0<p<l, ¢g=1-p
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Teopema 9.1. Ecau p — wucao ycnexros 6 n ucnvmanuar bepryasu, mo
P{p=mj} = Py(m) = Clp"q"™", (9-1)

2dem = 0,n; p — eepoamnocms «ycnexas 6 omadeavrom ucnvimanuu. Hucaa P,(m)
(9.1) naswearomesa buroMuaILHYLMU GeposmHOcmAMY, & popmyaa (9.1) nasveaem-
ca popmynoti Bepryanu.

,ZLOKaBaTe.HbCTBO. PaCCMOTpI/IM Te dJIEMEHTapHbIE NCXOJ/IbI B Q, Y KOTOPbLIX YHCJIO
YCIIEXOB (L PABHO TN
{p=m}={wlp=m}. (9.2)

JIioboit sremenT w u3 (9.2) uMeeT OJIHY U TY Ke BEpOATHOCTD

m_n—m
pq .

A CKOJIBKO BCEro Takmx 3JeMeHTOB w? DyieMeHTHl w B (9.1) pasimvarorcsa TOJBKO

pacIojioKeHneM HyJeit n equanI. KoamaecTBo 371eMEeHTOB OHO3HATHO OIPe/Ie/IsgeT-

cs1 BBIOOPOM 1M MECT J1JIsl €IHUIL U3 12 BO3MOXKHBIX. DTOT BBIOOD MOXKHO OCYIIECTBUTH

C)" criocobamu. CiieoBaTesbHO,

P{p=m} = P{wlp=m}=Clp"q"",

T.e. mpuxouM K (9.1), 14T0 n TpebOBAIOCH JOKAZATD.
aMeTHuM, 4TO

D Plu=mp=2 Crpng" = Crpt(l-p) " =
m=0 m=0 m=0

=(1=p)"+Cop(L—=p)" '+ Cop*(1—p)" *+ ... +p" =[1-p)+p]" =1,

T.e. P,(m) — wens pasnoxenns ounoma (p + q)".

OrmMernM HEKOTOPbIE YaCTHBIE CIIydarl.

1. Bepositnocts TOro, 9ro cobpitie A He HACTYIUT HE pa3y B N UCILITAHUAX,
paBHa

. on
P,(0) = ¢".
2. BeposiTHOCTE TOrO, 9TO COOBITHE A HACTYINT M Pa3 B N UCIBLITAHUSAX, PABHA
_on
P,(n)=p".

3. BepositHOCTB TOrO, 9TO COOBITHE A TPOU3OIIET OJMH Pa3 B N UCIBITAHUIX,

paBHa
P,(1) = npg" .

4. BeposiTHOCTE TOTO, 9TO cOOBITHE A HACTYyHmUT XOTs ObI OJWH pa3 B N UCIIBITA-

HUAX, paBHaQ
n

D Pum)=1-¢" (9.3)
m=1
KaK BEPOSTHOCTBH COOBITHSA, TTPOTHBOIIOIOKHOTO COOBITUIO, 9TO A He mpon30iIéT HI
pasy.
5. BeposgitHOCTB TOTO, 9TO COOBITHE A TIPOM3OIIAET B N UCIBITAHUSX HE MeHee 1
pa3, HO He DOoJjiee k pa3, paBHa
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IIpumep 9.1. BeposgTHOCTh TONaIaHus B IeJIb P OJHOM BbicTpese pasHa (,6.
KakoBa BeposTHOCTB TOTO, 9TO 8 BBICTPEJIOB JAJIyT 5 MOTAAHNI !

Pemntenue. 3nece n = 8, m =5, p = 0,6, ¢ = 0,4. Bocnosib3oBasiiuck hopmyJioit
(9.1), mmeem

P8(5) = 085]75q3 = m()ﬁS . 0743 ~ 0,28

IIpumep 9.2. JIng nopakenus Iejid HYXKHO He MeHee 3-X TONAJAaHUN CHApPSIA.
Haitti BeposiTHOCTD HOparkeHust eI 1IpK 7 BbICTPeJIax, eCJIi BEPOATHOCTD TI0TIa,1a-
HUsI TIPU OJIHOM BbICTpesie paBHa 1/3.

Pemntenne. Ilycts cobbirne A — menb nmopazkera. Torma, obo3HaduB depe3 P Bepo-
ATHOCTDB M TONAJIAHUNI B N BBICTPEJIAX, 3allUIIeM

P(A) = Pr(3) + Pr(4) + Pr(5) + P7(6) + P7(7) = 1 — [P7(0) + Pr(1) + P7(2)] =

2\" 1 /2\° 7-6/1\%/2\°

- == — | = - = 0,43.
(3) o 3 (3) o 2 \3 3
IIpumep 9.3. B cpeanem 20% nakerop akiuii Ha ayKIMOHAX HMPOJAIOTCS 110 IIep-
BOHAYAJILHO 3adABJeHHON 1eHe. Haiitu BepogTHOCTH TOrO, 9TO M3 9 MAKETOB AKIIHIA

B pe3yJIbTaTe TOPI'OB 110 IIePBOHAYAJIBHO 3asBJIEHHOI IeHe:
1) He OymyT HIpPOJAHBI b AKETOB;

—1-

2) OymyT TpOJaHBL: a) MeHee 2 MakeToB; 0) He GoJiee 2; B) XOTs ObI 2 MaKeTa.

Permrenne. 1) BepositHocTs Toro, uto maker akiumii He Oy/eT MpoJaH MO IIePBOHA-
JaJibHO 3asiBiieHHoi nene, p = 1 — 0,2 = 0,8. ITo dopmyne Beprysmm (9.1) nmeem
Py(5) = C50,850,2* = 0,066.
2) Ilo ycmosuto p = 0,2. Torma
2.a) Py(m < 2) = Py(0) + Py(1) = €§0,2°0,8° + C20,2'0,8% = 0,436;
= (§0,2°0,8% + C20,2'0,8% 4+ C20,2%0,8" = 0,738;
2.8) Py(m>22)=1— Py(m <2)=1-0,436 = 0,564.

IIpumep 9.4. Monera Opomrena 10 pa3. Haiitu BeposiTHOCTH TOrO, YTO XOTdA ObI
OJIUH pa3 MOABUTCA OPEJ.

Permtenne. Tak kak B Haimem ciaydae p = ¢ = 1/2, T0 BEpOSATHOCTb TOTO, UTO XOTSI
661 omH pa3 nogBuTca opéa B 10 mcnbitanusx onpegesmres dhopmytoit (9.3) mpu

n = 10:
1)10 B 1023

PA=1-¢"=1-(2) =-—"=.
(4) q <2 1024

ITpumep 9.5. Ckoiibko pa3 HaJIO ChIrpaTh B « CHIOPTIIOTO», 9TOOBI ¢ BEPOSITHOCTDIO,
Gosbimeit 1/2, yragars xors Obl oJiH pa3 6 HoMepoB u3 49.

Penienne. Beposgrnocts yrajgarb 6 HomepoB n3 49 B OJlHOM PO3BITPHIIIE MOZKHO
OTIPEJIETUTH 110 KJIACCHYECKON (hpopmyiie:

1 4316!
=——=——~0,72-10""%
P=co = o1 T

BeposiTHOCTB XOTsT GBI OJJHOIO TAKOTO COOBITHSI B 1 PO3BITPHIIax (cobbiTre A) BbI-

pasuM depe3 BepOoATHOCTD ITPOTUBOIOJIOKHOTO cobbrtusi: P(A) = 1— P(A). Beposit-

HOCTB, YTO B N UCIIBITAHUAX HU pasy He Oyjer yragano 6 Homepos: P(A) = (1—-p)" =
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(1 —0,72-107%)" = 0,999999928". Torma P(A) = 1 — P(A) = 1 — 0,999999928".
Tak Kak 1o ycJoBHSAM 339 JIaHHAs BEPOSATHOCTH JOJKHA ObITH OoJibine 1/2; 1o
MOJTy9aeM ypaBHEHUE I HaXOXKIEHUS 1

1—0,999999928" > 0,5, m.e. 0,999999928" < 0,5.
[Iposorapudmuposas, moayaum n 1n(0,999999928) < In(0,5) win

__ In(05)
n(0,999999928)

~ 9627043,8.

ITpumep 9.6. Momnery mojdpachBaioOT JI0 TeX MOP, ITOKa OPEJ He BhIajeT 4 pasa.
HaiiTu BepossiTHOCTB TOTO, 9TO peIIKa MPU STOM MOABUTCS POBHO 2 pasa.

Pemienne. [lockopKy 10 yc/IOBHIO 3aa49U B IOCJIEIHEM HCIBITAHUU JIOJIZKEH IIO-
ABUTBCA OPEJI, TO B IPEIBLIYIINX NCIBITAHUAX JOJIKHBI 3 pa3a BBIIACTb OPET 1 2
pasa pemka. Torja mHTEpecyomiee HAC COOBITHE MOXKHO IIPEJICTABUTh B BUJIE IIPO-
U3BeJIEHN: JIBYX HE3aBUCHUMBIX COOBITHIl: A — «B cepuu U3 IATH NOJAOPACHIBAHUI
OpEJT BBITAJIET 3 pasay U [ — «IIpH MecToM MojAdpachblBAaHUU BBIAJIET OpEl». Be-
posTHOCTH cobbiTnst A Haxomum 1o dopmyne Bepuymmn: P(A) = C2(1/2)3(1/2)3,
a BEpOATHOCTHL cobbITus B, ouesnyino, P(B) = 1/2. Torga mo Teopeme yMHOXKEHUSsT
P = P(A)P(B) = C3(1/2)% ~ 0,156.

¢ Ecim kaxK/10e ncnblTanue uMeeT k MCX0I0B, BEPOSTHOCTH KOTOPBIX P1, P2, - - - » Pk,

Zpk = ]_, TO BEPOATHOCTHL TOI'O, 9TO B 7Ti UCIIBITAHUAX HepBbIﬁ HMCXO/, IIOABUTCA 171
k
a3, BTOPOI MCXO/, IIOIBATCS Mo pPa3 U T.1., OIIPEACJIUTCA 110 (POPMYJIC
) )

n!
_ mi, ma Mg
F= malmal -t L P2 P (5:4)

JlokazaresbeTBO (POPMYIThI AHAJIOTHIHO JOKA3ATEIBLCTBY JIJId CJIydas JIBYX UCXOJIOB.

9.2. HawuBeposTHeiilllee YNCJIO «yCIIEXOB» B cxeMe BepHyin

YacTo HEOOXOIUMO 3HATH, IIPU KAKOM 1 BEPOATHOCTH NPUHUMAET HaubOJIbIIee
3HAYEHNeE, T.e. TpeOyeTcs HAllTh HauBeposiTHEIIee YuCI0 My HACTYILIEHUsT COOBITUS
A B JlaHHOIl cepruy ONBITOB. UMCIIO YCIEXOB Mg, KOTOPOMY COOTBETCTBYET HAMOOJIb-
mas BePOSTHOCTH B UCHBITAHUAX 110 cXeMe DBepHyJIn, Ha3bIBAETCd HAUBEPOAMHET-
WUM YUCAOM YCNETO8.

Teopema 9.2. IIycmo my = [(n + 1)p] — naubosvwee yenoe wucro, 1e npecocro-
dawee (n + 1)p. Toeda P, (k) npunumaem naubosvwee 3navenue npu k = my.

JlokazaTeabCTBO. 3aMeTuM, ITO

P k)  Ckpfgm*  n—k+ lp
P.(k—1) o Ch—1ph—1gn—k+1 o k q
— Dp — p —
:1+(n k+1)p kq:1+(n+ )p k
kq kq

[Mosromy, ecm k < (n + 1)p, ro P,(k) > P,(k — 1), T.e. ¢ Bo3pacranueMm k Be-
positioctu P, (k) Bospacrator; ecau ke k > (n + 1)p, to P,(k) < P,(k —1) u c
BospactamueM k Bepostaoctu P, (k) yobBaior. 3HAUNT, UHCIIO My JOZKHO YIOBIIE-
TBOPATDH JIBOWHOMY HEPABEHCTBY

np—q < mgy<np+p,
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rje mg € Z — 1eJ0e 4nucio.

[Tycts mg = [(n+ 1)p] — wHanboubiiee 1es0€e 9HCII0, He TpeBocxosee (n + 1)p.
Torna P, (k) npunnMaer HanboJsibiiiee 3HaYeHUE TIpU k = 1my.

Bamerum, 9ro cerMeHT [np — ¢, np + p|, B KOTOPOM JIEXKUT 1M, UMEET JIJIUHY

(np+p)—(p—q)=p+q=1

[TosTomy, eciin KoOpMHATA KAKOTO-JINOO U3 €r0 KOHIIOB HE SIBJIAETCS TETBIM YUCIOM,
TO B 9TOM CEI'MEeHTe JIe?KUT €JMHCTBEHHOE 11eJI0€e YUCJIO U 1M OIIPE/IeJIEHO OJITHO3HAY-
Ho. B Tom cityuae, Korjia KoopAuHATHI 000X KOHIIOB — IIeJIble YHCJIa, UMEIOTCs B
" 1 2

HauBEPOATHENIINX 3HAYECHU: m(() ) = np—qu m(() ) = np + p.

IIpumep 9.7. BepodTHOCTh NHpueMa CUTHAJIA PAJUCTOM BBICOKOTO KJjacca paBHA
0,7. ITepenano naTh curnasioB. OmnpejienTh HanOOJIee BEPOSITHOE YUCJIO TPUHATHIX
CUTHAJIOB.

Pemenwne. IIpumennma cxema Beprymm: n = 5; p = 0,7; ¢ = 0,3. Haubosiee Bepo-
SITHBIM 9HCJIOM IIPUHATHIX CUTHAJIOB OyIeT TO YHCJIO Mg, IPU KOTOPOM BEPOATHOCTH
P, (mp) Gyaer nanbosIbIeii:

np+p=>5-0,74+0,7=4,2;
np—q=25-0,7—0,3=3,2.

Hawubostee BeposiTHOE 3HAaUEHHUE My JeKUT Ha cermente [3,2;4,2] u, cienoBaTesbHO,
paBHO 4.

[Tpuseném pacuér BepositHocTeir Ps(m) npu m = Py(m)
1,2,3,4,5: 0.4
0,3
P5(0) = 1-0,3" = 0,00243; 02
Py(1) =5-0,7-0,3" = 0,02835; 0.1 [ {
P. hi

0-0,343 - 0,09 = 0,30870;
0,2401 - 0,3 = 0,36015; Puc. 21.
0,16807 = 0,16807.

4
5

(0)=1-
(1)=5-
5(2) = 10 - 0,49 - 0,027 = 0,13230;
3)=1
Ps(4) =5-
P5(5)=1-

HawubGosbiiee 3Hauenne BepogTHocT oTBedaer m = 4 (puc. 21). CregoBarennHo,
HanboJjiee BEPOATHOE YUCJIO CUTHAJIOB, IPUHATHIX PAJNCTOM, PaBHO 4.

IIpumep 9.8. BeposiTHOCTH MBrOTOBJIEHUS CTAHIAPTHON JleTaJ i Ha aBTOMAaTHYIe-
ckoM ctanke pasaa 0,9. OupeaeanTh BEPOSITHOCTH TOrO, 9TO U3 9 Haymady B3sSITHIX
netasieit 6 okaxKyTcd cramHgapTHbiMU. Halitn namBe- 0.4LPs(m)
pPOsITHeliIIIee YuC/I0 CTaHIAPTHBIX JeTaJsIeil. ’
0,3F
Pemenune. Yciosue 3a1a41 cOOTBETCTBYET cxeMme bep- 0.2t
HYJLIA. «YCIIeX» — IOsIBJIEHUE CTaHIaPTHON JIeTaJIu.
Torman =9, p=20,9, ¢ = 0,1. [logcauraem BeposT- o ‘o
HOCTb: or 7 2 g 6 g M

Puc. 22.

El

Py(6) = C§-0,9%-0,1% ~ 0,0446
1 HauboJIiee BEPOATHOE UMCJIO CTaHIAPTHBIX JleTasieil n3 9 B3AThIX HayTa/l:
m={[(n+1)p] =[10-0,9] = [9] = 9.

Taxmm 06paszom, nanbosiee BeposdTHBIX 3Hadenuii apa: Py(9) = Py(8) ~ 0,397 (puc. 22).
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9.3. Ilpeaeabpubie Teopembl Ilyaccona u MyaBpa—Jlamiaca

IIpumep 9.9. BepodTHOCTH TOrO, YTO M3Je/IHE HEKOTOPOI'O ITPOU3BOJICTBA, OKAYKET-
ca 6pakoBanubiM, pasra 0,005. Hemy paBua BeposTHOCTB TOro, uTo 3 10000 Haya-
9y B3ATBIX JleTajieil GpakoBaHHBIX OKaxkeTcs: a) poHo 40; 6) He Gostee 70.

Pemenne. 1o dbopmyre Bepuyiin
a) Proooo(40) = Cionoo - 0,995%6° . 0,005

B ciryaae 6) Bocmosib3yeMcst aKCHOMOM 3:
70 70
6) Ploooo(m < 70) = Z Ploooo(m) = Z C{rOLOOO : 0,9951000077” : 0,005m
m=0 m=0

¢ HemocpeicTBeHHOE BBIYHUC/IEHIE STUX BEPOSITHOCTEH OYeHB TPYI0eMKO. Bo3-
HUKAET BOIIPOC 00 OTBICKAHUH MTPOCTHIX TPUOJINZKEHHBIX (POPMYJT JIJIsi BEPOSATHOCTEIH

k

P,(m) u > P,(m) upn 6oabimux n. 3aTpyaHeHus IPH BBIYUCICHUSIX BO3HUKAIOT
m=s

TaKsKe [IPU MaJIbIX 3HAYEHUSIX P U ¢.

Teopema 9.3 (Ilyaccona). Ecaun — oo up — 0 max, wmonp — X, 0 < A < o0,
mo

P,(m)=Cp"¢"™ " — Pp(\) = —e (9.5)
npu A1060M NOCTNOAHHOM UEAOM M.
HokazarenbcrBo. CopepiinM npejiebhblii epexo B opmyse Bepuysm (9.1):

|
n—oo m!(n —m)!

~ lim nin—1)(n—2)---(n—m+1) (i>m<1 )\>nm

lim P,(m)= lim C)'p™¢"™™

n—oo

n—00 m! n n
A —1 —2) - — 1 A\ n—m
_ A g M= D =2) (0 m+)hm@——) _
m! n—oo nm n—0o00 n
m m,—\
m! n—oo m)!

9TO0 1 Tpe6OBaJIOCI) JOKa3aThb.

¢ Taxmm obpasoMm, Ipu OOJBIIMX 7 U MAJBIX P MOMKHO BOCIIOJIb30BAThHCS IIPH-
OJnzKeHHoI (hopMYyJIOit

P,(m)~ —e™", A=np. (9.6)

Oyuxrws P, (\) TabysmpoBaHa.
Ecim Mano ¢, TO 1myacCoOHOBCKUM IPUOJIMZKEHIEM MOKHO BOCIHOJIB30BATHCS ISt
BBLIYHC/ICHUST YUC/Ia HEey1ad.

ITpumep 9.10. 3asos ormpasus Ha 6a3y H000 100poKatecTBeHHBIX JeTaseil. Bepo-
ATHOCTDb TOTO, UTO B IyTH u3jeue nospeaurcd, pasua (0,0002. Haiitu BeposiTHOCTD
TOrO, 4TO Ha 0a3y NpUOYIAYT 3 HErOJHBIX W3JIEJINs.
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Perienne. VYcoBne 3ajiadn COOTBETCTBYeT cXeMe o, P
Beprysm: n = 5000, p = 0,0002, A = 1 (puc. 23) 1

/\3
Paoo = 564 ~ 0,06131.

@opmyay Ilyaccona (9.6) MOXKHO TakzKe HpUMe-
HATH BMECTO (hopMyJibl BepHy/um, ecjin 9uc/I0 UCIbI-
TaHUl BEJINKO ¥ TOYHO HE M3BECTHO, HO U3BECTHO CPE/I-
Hee YUCI0 A TOSBJIEHUI COOBITUS B 3TON CEepUU UCIIbI-
TaHUM.

ITpumep 9.11. Habopiuk jiesiaer B CpejiHEM IO OJHON ONevYaTKe Ha CTPAHUILY.
[IpeanoiokuB, 9TO BEPOITHOCTH OMEYATKNA KarKJIOTO CUMBOJIA OJIMHAKOBA M HE 3a-
BUCHUT OT OIleYaTOK JPYI'UX CUMBOJIOB, HAMTU BEPOSTHOCTb TOI'O, YTO Ha JIAHHOMI
crpanuiie OyJeT He OoJiee JBYX ONEYATOK, a TAKXKEe BEPOSTHOCTb TOIO, UTO B KHUTE
U3 CTa CTPAHUIL HET CTPAHUIILI, cojepzKalieil 6ojee JIByX ONEYaToK.

Pemenne. O4eBn1H0, 9TO BEPOATHOCTH TOTO WM MHOTO YHUC/Ia OIEYATOK HA CTPAHNU-
1e onpegesercs popmysaoit Bepnyiim, o1Hako HaM HEM3BECTHO HU TOYHOE YHUCJIO T
CHUMBOJIOB Ha ﬂaHHOﬁ CTpaHune, H1u BepOATHOCTD P Olle9aTKN KazKJI0I'0 CUMBOJIA. HO,
IIOCKOJIbKY YHMCJIO CUMBOJIOB Ha CTPAHUIE BEJIUKO, 4 BEPOATHOCTL OIEYATKH OJHOIO
CHMBOJIa, MaJla, TO 3TY BEPOATHOCTb MOXKHO HPHOJIMIKEHHO BBLIYACIUTH 110 POPMYJIe
[Tyaccona (9.6) ¢ mapamerpom A = 1 (cpesHee gucsio onedarok Ha crpanure). Torma
BEPOATHOCTH TOT'O, YTO CTPAHUIIA, COACPKUT He HoJiee JIBYX OIedaTOK

101 1te! 121

P(m <2)=P(m=0)+P(m=1)+ P(m=2)~ 0! 1! 2!
1 5 . | |
— e 11 1+_>_——%O92.
‘ < 2 2e ’

BeposTHOCTD, 9TO U3 cTa CTPAHUI] HET CTPAHMUIIBI, cojleprKalieii 6oJee IBYX oreda-
tok: P = p'% =~ (0,92)!% ~ 2107,

¢ Ecmm 0ba mapamerpa p U ¢ HeJIb3si CAUTATH MAJBIMU, HCIOJIB3YOTCSI TEOPEMbI
Myagpa—Jlamiaca (lokaibHast 1 MHTErpaJbHAas).

Beeném byuximn p(z) u @(x) ciemryomumn cOOTHOIEHUAM:

Oynknus ¢(x) — gérHas, Gy $(x) — HeuérHAs, I HIX COCTABJICHBI TaOIII-
ot (em. puc. 24).

O (z)
0,4:' 77777
0.2}
3 2 1/ 1 2 32
04

Puc. 24.
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Teopema 9.4 (siokasibHasi Teopema Myaspa—Jlanmaca). Ecau n — o0, a p
nocmosnna (0 < p < 1), mo

(), (9.7)

20e

xr = :
v 1pq

JokazareabcTBO npuBe/ieM 1o3Hee B pasjene «Teopembr Myaspa—/lamnaca u

[Iyacconas.

Takum obpazom, Korjia p u ¢ He MaJibl, TPU OOJIBIINX 7 MOYKHO BOCIIOJIB30BATHCS
npuOIMzKeHHo# (hopmytoit

[oxcrasus cioga = u3 (9.7), moayanm

1 1 m —np 2
P,(m) ~ ——exp{ — [ ] } (9.8)
VIPq V21 v2npq
Teopema 9.5 (uHTerpanbHasi Teopema MyaBpa—Jlamaca). Ecaup nocmosn-
na (0 < p < 1) un docmamouno eeauro, mo

P,(my <m < my) —— O(x9) — D(xq), (9.9)
2de
my—n my —n
p= 2, 22 (9.10)

, =

AL, AL,

¢ U3 meopembl cieyer, 9TO, KOIjIa P W ¢ HE MaJjbl, IPU OOJIBIINX 7 MOYKHO
BOCIIOJIb30BATHC (DOPMYJIOit

P,(m; <m < mg) = P(xg) — P(11).
[Togcrasus ciofa rp u o u3 coornomenus (9.10), momyanm
my — np) _ q)<m1 —np)l
Vg Vg

IIpumep 9.12. BeposTHOCTh TOparkeHUs IeJIM IIPU OJHOM BbICTpesie paHa 0,4.
Haiitu BeposiTHOCTB TOTO, 94TO 4TO Tesb Oyser mopaxkena a) 200 pas; 6) or 200 o
300 pa3 B cepun u3 600 BHICTPEJIOB.

Pu(mi < m < ms) ~ cp( (9.11)

Penienue. Yciosue 3ajiaun coorBercTByeT cxeMe bepnymwm: n = 600; p = 0,4.
a) st Psoo(200) Haiiném npubiiimzkeHne, NCIOIb3Ys JIOKAJIbHYIO TeopeMy MyaBpa—
Jamnaca (9.8):

Proo(200) ~ 1 <200 — 600 - 0,4) B i (4_0) B
600t ™ 600 - 0.4 0.6 /TG “12%\12) T

= 0,083p(3,33) ~ 0,083 - 0,00154 & 0,0001.
6) Bocmosibsyemcest unrerpasbHoit Teopemoit Myaspa—/lamraca (9.11):
300 — 240 200 — 240 60 40
Psoo(200 < m < 300) ~ @(7> . <I><7> - @(E> - <I>< - E) -

V144 V144
= O(5) + B(3,33) = 0,5 + 0,4996 = 0,9996.
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ITpumep 9.13. Ilo pesynbraraM IPOBEPOK HAJOTOBLIME MHCIIEKIIUSIMEU YCTAHOBJIE-
HO, 9TO B CPEJHEM KazKJ0€ BTOPOE MAJIOe IPEIIPUATIE PDEIHOHA NMEET HAPYIICHHEe
dunancopoit pucruiumnbl. Haiitu BepositHOCTH TOro, uTo u3 1000 3aperucrpupoBan-
HBIX B PErHOHE MAJIBIX IPEAINPUATUI UMEIOT HApyIIeHust (PUHAHCOBON JUCIIUILINHBL:
a) 480 npeanpustuii; 6) He Menee 480.

Perrenue. 1o yciosuio p = 0,5. a) Tak Kak MOXKHO CINTATH, ITO 1 BEJIUKO (1 > 1),
to npumennM dbopmyry Myaspa—J/lammaca (9.8):

m—np 480 —1000-0,5

z = — —1,265.
\/npq 4/1000-0,5-0,5
Torma
1 1,265 0,1793
Po(m) ~ o(—1,265) = P 265) LT3 g

/1000 0,5-0,5 V250 /250

6) Heobxommmo waittu Piggo(m = 480) = Pigoo(480 < m < 1000). Bocrmosbsyemest
coorHomenneM (9.10):

480 — 1000 - 0,5 1000 — 1000 - 0,5
T = = —1,265, Ty —
/1000 -0,5-0,5 v/1000-0,5-0,5

= 31,6

Torma
Pi00o(480 < m < 1000) = ¢(31,6) — (—1,265) ~ 0,5 + 0,397 ~ 0,897.

Berancienne snadenns ¢(1,265) ¢ nomormpio maxkera Statistica npuseseno B Tperbeit
JACTU HACTOSIIErO yIeOHOr0 MOCOOHSI.

ITpumep 9.14. B crpaxosoii kommanuu 10 Teic. KauerToB. CTpaxoBoil B3HOC KarK-
noro kjneHTta coctasiger H00 py0. Ilpm mHacTyiieHnn crpaxoBoro ciydasi, Bepo-
ATHOCTH KOTOPOI'O 110 UMEIOIUMCS JAHHBIM U OIEHKAM SKCIIEPTOB MOYKHO CUHTATH
pasuoit p = 0,005, crpaxoBasg KOMIIaHUA 00g3aHA BBILIATHTL KJIMEHTY CTPAXOBYIO
cymmy 50 Toic. py6. Ha Kakyro mpubbLIb MOXKET PACCUNTHIBATH CTPAXOBAT KOMITAHUS
¢ HaIEKHOCTRIO (0,957

Pemenwne. [Ipubniibp KOMIIAHUNT COCTABJIAET PA3HOCTb MEXKLy CYMMAaPHBIM B3HOCOM
BCeX KJIMEHTOB M CyMMOI, BBIIIJIAYEHHO Ny KJIUEHTaM IIPpU HACTYILJIEHUU CTPaxOBOT'0

cirydasi, T.e.
IT=500-10 — 50 - ng = 50(100 — ng) ThIC. PYO.

JList onipejiesieHust ng NpUMEHNM HHTerpaJjbHyo dhopmyny Myaspa—/lammaca:
Proooo (0 < m < ng) = @(12) — P(21) = 0,95,
rJae m — YHUCJIO KJIMEHTOB, KOTOPbIM 6y,ZLeT BhIIIJIaY€Ha CTpaxoBad CyMMa;

0 — 10000 - 0,005 ng — 10000 - 0,005
= = —7,09, T2 = .
/10000 - 0,005 - 0,995 /10000 - 0,005 - 0,995

X1

Orcroga ®(xg) = ®(x1)+0,95 = ¢(—7,09)+0,95 ~ —0,5+0,95 ~ 0,45. I3 Tabiuist
sHadennit pyukmun Jlammaca ciemyer, ato xo ~ 1,645. Torma ng = 50+ x94/49,75 ~
50 + 1,645/49,75 ~ 61,6 u IT ~ 50(100 — 61,6) ~ 1920, T.e. ¢ mHagékuocTHIO 0,95
oxKmjTaeMas puoObLTL coctaBuT 1,92 MitH. pyo.
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IIpumep 9.15. 13 100 konmencaTopoB 3a BpeMs 1’ BBIXOJAT U3 cTposd 4 KOHJIEH-
caropa. /L1t KoHTpOJIg BRIOMpaAOT 5 KOHIeHcaTopoB. Haiitu BepogTHOCTD TOTO, 9TO
cpesy HUX 3a BpeMs 1 BbIiJIET U3 CTPOs POBHO 1 KOHJIEHCATOD, UCIOJIL3YS KJIac-
CUYecKoe ollpejiesienne BeposaTHOcTH, dhopmyny Bepmuymiu, dopmyny Ilyaccona u
JIOKaJIbHYI0 Teopemy Jlaruraca.

Permtenne. 1) Mcnosnb3ys Kiaccmueckoe OIPEJIesIeHIe BEPOSTHOCTH, 10 (hopMyJie
(5.5) Haxomum

b CUICE?  CiCy _ 43321960
! cH %o 75287520

~ 0,1765.

2) Tlo dopmystie Beprysm (9.1)
Pn(m) = C:anmqnfm,
rnem=m;=1,n=M=5 p=k /N = 0,04, naxonum
Py =ci-0,04-(0,96)% ~ 50,04 - 0,84935 ~ 0,1699.

3) o dopmyue Ilyaccona (9.5):

e A = np = 0,2, HaxouM

0,2)!
P, = ( 71) e %2~ 0,2-0,81873 ~ 0,16375.

4) Vcnonn3yst JIOKaIbHYIO TeopeMy Jlariaca, 1o dhopmyste (9.7):

p~ P2
Vpq
HaXOIUM
gz 1202 0 08 1,822574
VPG /5-0,4-0,06  0,438178
n
1,8257)  0,7535
Py~ PLS2T) 07535 0o

7 0,438178 © 0,4382

¢ Uurerpasbias Teopema Myappa—/lamiaca mo3BoJiseT OIEHUTH OJIM30CTH Ya-
CTOTBI M BeposiTHOCTH. IIycTh p — BEpOSTHOCTH yclexa B cxeMe bepHysm u j —
obrree Tmcso yerexoB. JacroToil yerexa Ha3bBaOT oTHOMIIEHUE f1/1. OIeHnM Bepo-
sarHOCTb cobbiTust A = (|p/n — p| < 9).

CobbiTie A MOXKHO IIPEJICTABUTH B BHIE

(1 -2l <o) = ("5 <0) =
= (Ju —np| < on) = (=dn+np < u < on + np).

Ecmu n J0CTaTOYHO BEJIMKO, TO

P()%—p) <5> =P(=dn+np < p<dn+np)=
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z@(‘wl#>—cb<_5”j§_;_”p>:2¢( on ):2@(5 3).

P(’% —p’ < 5) - 2@(5 ]%)

ITpumep 9.16. BepositHocTs npuéma HekoToporo curaaja pasua 0,72. Ompese-
JINTh, KAaKOBO JIOJIZKHO 6bITb 06Luee KOJIMYIECTBO ITPUHATBHIX CUT'HAJIOB, LITO6bI JacToTa
IpuéMa STOTO CUTHAJIA OTINYAIACH OT BEPOSITHOCTU ero npuéMma ne 0oJjiee 4eM Ha
0,1 ¢ magéxnaoctoio 0,95.

Nraxk,

Pentenue. VceioBug 3aja4un yJIoBJIeTBOPAIOT cxeMe bepHysum, B KoTopoit p = 0,72;
0 = 0,1; n HEM3BECTHO, HO U3BECTHO, UTO

P<’% —p) < 5) — 0,95

2@(5, /ﬁ> — 0,95;
P
2@(0,1 L) — 0,95;
0,72 0,28

0.95
@(0,1 2 475,
0,

NJIn

n ) B
0,72-0,28/
IIo Tabaume HAXOIIM
n

2
W= =1
0,72-0,28 96,

T.€.
n = (1,96)%-0,72- 0,28 - 100 ~ 77,45.

Tak Kak n J0JI2KHO OBITH IEJIBIM, TO 00I1Iee KOJINIECTBO IMPUHATHIX CUT'HAJIOB JIOJIZKHO
ObITh HE MeHee 77.



TJIABA 2
Ciyualinble BeJINYINHBI

10. OpHoMepHas cirydaiiHasl BeJIUYNHA

10.1. OpgHoMepHas cirydaiiHasi BesimunHa. @yHKIMS pacipegesieHus
OITHOMEPHOI CJIyYaifHO! BeJIMYUHDI

o cux 1mop MbI UMEH JIeJI0 €O ciydaiiHbiMu coObiTugMu. CoObITue SIBIISeT-
¢ KaueCTBEHHOI XapaKTEePUCTUKON pe3ysbraTta ciaydaitnoro onbita. Ho cydaitabrit
PE3YJILTAT OIBITA MOXKHO XapaKTePU30BaTh U KOJTUYECTBEHHO, €CJIU BBECTU COOTBET-
CTBUE MEK/Iy 3JIEMEHTAPHBIMH UCXO/IaMU ¥ HEKOTOPBIMU ducIaMu. KomnaecTBeHHOI
XapPaKTEPUCTUKON CAYIANHOIO OIbITA ABJIACTCA CIIydaliHas BEJIMYNHA.

[Ipunaro onpenesdaTs CaydailHyIO BEJIMIUHY KaK YHCJIOBYIO (PYHKIIHIO, Opeie-
JIIEMYIO Ha MHOYKECTBE JIEMEHTAPHBIX COOBITHUIA.

¢ Yucnosas dyurims £ = £(w) co snadenusvu B R, onpejeséHaast Ha mMpo-
CTPAHCTBE JIEMEHTapPHBIX COOBITHI (), HA3BIBAETCS CAYYAUHOT BEAUMUHOT.

Boobiiie roBopsi, eciu Mbl UMeeM JIeJI0 ¢ BEPOSATHOCTSAMHE, ONPEJICTEHHBIMA Ha
HEKOTOPOil o-anrebpe cobbiTuil F, T0 ciaydaiiHas BesmanHa &(w) A0JKHA OBITH He
IPOM3BOJIbHON (hyHKIHel, oToOpaxkatomeit {2 B R, a o-usmepumoit dyukimeir. To
ecTb st Jioboro x € R MHOXKECTBO MCXOJOB w, JJI KOTOPBIX &(w) < &, JOJXKHO
[IPUHA/JIEZKATD g-aJredpe cobbrTuit F.

Mpur1 Oyjiem 0603HAYATH CIydaiiHble BEJIMIUHBI TPedecKuMu OyKBamu &, 1, ¢, [t 1
T.J1., & IPUHIMAEMble MMU 3HAYCHUS — CTPOYHBIMU JIATHHCKUMU OyKBaMu (B aHIJIO-
aMepUKaHCKON M MHOIJIa B OTE€YEeCTBEHHON JiuTepaType ciydaiiHble BeJIMIUHbI 000-
3HAYAIOTCST TPOIUCHBIMI JlaTuHCKuME OykBamu X, Y, 7).

[Ipu Takom ompesiesieHNN Ha CIydailHble BEJIMYUHBI PACITPOCTPAHAIOTCS BCE TIpa-
BUJIA JEHCTBUI ¢ OOBITHBIMU (DYHKIIUSAME: UX MOYKHO CKJIAJIbIBATh, BBIUYNTATD, IT€pe-
MHOXKATb U T.JI.

IIpumep 10.1. B mojenn aByKpaTHOTO MOAOpAChIBAHUS MOHETHI € IIPOCTPAHCTBOM
ucxonoB @ = {I'T\I'P,PT\PP} nmn Q = {wy,ws, w3, ws} onpemesmm caydaiinyio Be-
mmanny € = &(w) ¢ mOMOIIBIO Tab THIThL

w | |[IP|PT|PP
w2 1T [T1T]0

Brech {(w) 1Mo CBOEMY CMBICJIYy €CTh He 9TO WHOe, KaK 9YUCI0 «repboB», OTBEYaro-
mux nucxoy w. IlockosibKy B paccmarpuBaeMom ciydae () COCTOUT W3 KOHETHOTO
qucsia ToUeK, 1o MuoxkecTBo 3uadenuit {0, 1,2} C R ciayuaiinoit Besmaunbl § Takxke
KOHEYHO.

ITpumep 10.2. IIpousBosgTcs BBICTPEJIBI JI0 EPBOTO MoNaianus B 1ejib. Obo3Ha-
YUM Yepe3 eIMHUILY oA [aHme, depes Hy b mpomax. Torma 2 = {1;01;001;0001; ... }.
MuoxkecTBO ncxo10B cuérno. CiryvaitHas BendnHa £ — 9HUC/IO BBICTPEIOB 0 Tep-
BOI'O IONA/IAHUSA B I1eJIb. MHOXKECTBO €€ BO3MOXKHBIX 3HAYEHUN CHETHO:

£e{1,2,3,4,...}.

IIpumep 10.3. Bpewmsa 6e30TKa3HOIi paboThl COTOBOTO TejiedoHa — CIydaiiHas Be-
JIMIUHA, MHOYKECTBO 3HAYEHUI KOTOPOit 3amnosHgeT uarepsas [0, 0ol.

ITpumep 10.4. llena akiun — coaydaiinas peqmanaa . O6/acTh U3MEHEHUS CJTy-
JaitHoit Besmaunbl |0, 4+00.
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¢ JIioboe cobbITHe MOXKET OBITH OXapaKTePU30BaHO CIydaiinoil Besmannoii. Crpa-
BEJIJTUBO U 0OpaTHOE: KarKJI0e 3HAUEHNEe CJIyIailHON BeJTMINHDBI { MOXKHO TPAKTOBATH
KaK COOBITHE, TPUIEM PA3INIHBIM 3HAYEHUAM & COOTBETCTBYIOT HEIIEPECEKAIOITIECs
COOBITHS.

ChydaiiHasi BeJIMIUHA CIUTAETCS OIPEJIEIEHHON, ecii U3BEeCTeH 3aKOH €€ pac-
IpeeICHUS.

¢ 3axonom pacnpedeserus cayuaiinotl 6eAUMUHD, HA3BIBAETCA BCAKOE COOTHOIIE-
HUEe, YCTaHABJIMBAIIIEE CBA3b MEXKJIY BO3MOXKHBIMU 3HAUYEHUSIMU WJIM MHOXKECTBOM
3HAYCHUN CJIIyYalHON BEJWYMHBI U COOTBETCTBYIOIUMU BEPOATHOCTAMUA.

¢ B sBakone pacmupemeeHust COIEp;KATCA OCHOBHAsI U BaykKHasi MH(MOPMAIIS O
ciaydJaiinoit Besmmianae. V3 HEro MOXKHO MOJIyIUTh IPAKTUIECKH BCEe BO3MOXKHBIE CBe-
JEHUd O CJIy4dalHON BeJIMYnHe.

¢ B 3aBucuMOCTH OT BO3MOXKHBIX 3HAYEHUI, MPUHUMAEMbIX CJIyIailHOW BeJu-
YUHOI, U XapaKTepa 3aKOHa paclipe/leJIeHud JIefiCTBUTebHbIEe CydaliHble BeJInYu-
HbI MOXKHO Pa3/leJINTh HA TPU I'PYIIIbL JIMCKPETHBIE, HEIPEPbIBHbIE U HEIIPEPBIBHO-
JIICKPETHBIE (CMEIaHHbIE).

Wrak, Mbl IPUXOMM K BBIBOJLY, UTO JIJIsi TIOJTHOM XapaKTePUCTUKU TOM UM MHOI
CJIy9IaifHON BEJIMYUHBI KAK TAKOBONH HEOOXOIMMO U JIOCTATOTHO 3HATH:

1) mepeveHb Bcex BO3MOXKHBIX 3HAYEHUIT 9TON CITydailHON BEJTMIMHBL,

2) BEpPOSITHOCTH, COOTBETCTBYIOIIME STUM 3HAYEHWUIM (MM MHOXKECTBY 3Have-

Hawunbosee obreit dpopmoit 3akoHa pacipejiesieHust CaydaiiHONl BeJIMUINHBI sIBJIsI-
ercst (pyHKIUS pacipeie/eHus.

¢ Dynxuyuet pacnpedesenus caywatinot 6eAuMUHbL & HA3bIBACTC (DYHKITUST Fg(x),
JUTI KazKJI0r0 BeIeCTBEHHOI'O 3HAYEHUSA T paBHas BEPOSITHOCTU cOObITUS & < X, TJie
caydaliHas BeJIMUUHA [IPUHUMAET 3HAUYEHUd MEHbIIE T, T.€.

F(z) = Fe(z) = P(€ < z). (10.1)

Ompeienierre pyHKINN PACIPEIEIEHUsT TOITYCKAET ITPO-
CTYIO NeoOMeTpUYecKyio HHTepliperaluio. Ecim paccmar- , - -
pHUBaThL CJAydYaiiHyI0 BeJIMYMHY Kak ciaydaiinyio Touky & O 3 z &
ocu Ox, KOTOpasi B Pe3yJibTaTe SKCIIEPUMEHTa MOYKeT 3a- Puc. 25
HATHb TO WM WHOE TOJIOYKeHUe, TO (PYHKIINA Pacipeieie- o
HUsI €CTh BEPOSATHOCTb TOTO, UTO CJIydaiiHasg Todka & TOMaJET JieBee TOYKA T (pHC.
25).

¢ Oyukiuio pacupeenenns F'(x) nHOTIA HA3BIBAIOT TaK¥Ke MHTErPAJTBLHON DyHK-
LLI/Ieﬁ pacipeae/icHusd Uil MHTerpaJIbHbIM 3aKOHOM pPacCIIpe/Ie/ICHUA.

QyHKIUS pacipeieeHnd — yHUBEpcaabHad XapaKTepUCTUKa CIydaiiHOil Besu-
YU HDbI. OHa CyliecTByeT JJjIsd BCEX Cﬂyqaf/IHbIX BeJIMYMWH! KaK IIPEPbIBHbLIX, TaK M
HEeITPEPLIBHBIX.

10.2. CaoiicTBa PYyHKIIUN pacnpeaeieHust
OITHOMEPHOI CJIyYaifHO! BeJIUMYWHDBI

Pacemorpum ocHoBHBIE cBOficTBa (DYHKIINN pacIpeie/ieHnusi OJTHOMEPHOMN CTyvaii-
HOH BeJINYUHBI.

CsoiictBo 1. Qyukius pacrupenesnenns F(x) ectb HeyObIBAIOINAs HEOTPUIIATEb-
Has DYHKIMS CBOErO apryMeHTa, T.e. eClid Ty > 1, T0 F(x9) = F(x1) > 0.

B coorBercrBun ¢ mepBoit akcnomoii Beposgrrocteil, F(x) = P(§ < ) > 0
x1 < x9. Tak Kak cobbiTHE { < X7 BiIeuéT cobbiTue & < 3, To P(§ < x1) < P(§ <
T3), T.e. F(11) < F(29).
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CsoiicTBo 2. Ha munyc GeckonednocTn pyHKIUS pacipeesiennsl paBHa HyJIIO:

F(—=o00) = lim F(z)=0.

r— —00

[eiicTBuTesbHO, COOBITHE { < —00 ABJISETCS HEBO3MOKHBIM. CiietoBaresibo, P(€ <
—o0) = P(0) = 0. Torga 1o onpesenennto F(—oo) = 0.

CsoiictBo 3. Ha mroc 6eckoneunocTrn YHKIMS Paclpe/Ie/leHns paBHa e IuHUIIE:

F(400) = lim F(z)=1. (10.2)

T—+00

[eiicTBurenbho, cobbiTe £ < +00 sBisgercs jpoctoBepabiM. Cireoaresbho, P(€ <
o0) = P(Q) = 1. Torga no oupenenennio F(oco) = 1.

CsoiictBo 4. QyHKIWMs pacipejeeHns HelpepbiBHa cieBa (puc. 26):

lim F(z) = F(xg).

F(:l:) r—x0—0

/_ HeitcrBuresnbho, myctsh {x,} — BO3pacTaomas mno-
CJIEJIOBATEJIBHOCTD, CXOfsIasics K xg. Torma {& <
nyC{l<z}c...c{{<z}Cc{{<xh}C

[e.e]
6/ cu Y {E < x,} = {€ < xp}. CrenoBaresnbho, B

& n=1
Puc. 26 COOTBETCTBUM C AKCHMOMOM D TEOPUU BEPOATHOCTEH

o [IOJTY IHIM

lim F(x)= lim F(z,) = lim P({ < x,) = P(§ < x¢) = F(x0).

r—x0—0 n— oo n— o0

CsoiicTBo 5. BeposaTHocTh TOro, UTO CaydaiiHasi BeJUIUHA ITIPUMET 3HAYCHUS W3
3aJIAHHOI0 MHTEpBaJia, paBHa MPUPAIIEHUIO (DYHKIMH PACIPEIEJIeHI B 9TOM WH-
TepBaJie:

P(a < €<b)=F(b) — Fla).

Tak kak cobpitre (§ < b) MOXKHO HPEJCTABUTH B BUJE CYMMBbI JIBYX HECOBMECTHBIX
cobprrmit: (§ < b) = (£ < a)+ (a < & < b), TO, COIACHO TPETHEl AKCHOME TEOPUH
BepositHoctr, P(§ < b) = P(§ < a) + P(a < £ < b). CnenoBarensro, Pla < § <
b) =P({ <b)— P({ <a)=F(b) — F(a).

¢ B uwactHOCTH, BepositHOCTD P(§ = 2) TOrO, 9TO CayvaiiHas BeJIUINHA TIPUMET
3aJIAaHHOE 3HAYEHME, OIPEJIeNISIeTCs] COOTHOTIEHIEM

3 517010 COOTHOIIEHUS CJIEIYeT, YTO eCu (PyHKIUs pacipe/ie/leHnsi HellpepblBHa, B
TOUKe Zg, T0 P(§ = x9) = 0.

O I'paduk dynknnm pacupenenenns F'(z) B obiem ciydae MpeICTABISET CO-
6oii rpaduk HeyObIBaroel (hyHKIUKN, 3HAYEHUsT KOTOPOil HAYMHAIOTCA OT HYJd W
JIOXOJIAT JIO €JIMHUIIBI, TPUYEM B OTJIETBHBIX TOYKaX (DYHKIMST MOKET UMETH CKAIKH
(paspsiBbl) (puc. 26).

Taxum obpazom, YyHUBEpPCAJIBLHON XapaKTEPUCTUKOM, OJIMHAKOBO ITPUTOIHON KaK
JUIS JIMCKPETHBIX, TaK U Jijisi HEIPEPhIBHBIX OJIHOMEPHBIX CJIYUYalHBIX BEJIUYUH, siB-
ngercst (byHKIMST PacIpeiesleHns BeposiTHOCTell F'(x), omnpeesisiioniasi BepOSTHOCTh
TOrO, YTO CaydaiiHas BeJnduHa & IPUMET 3HAYeHUe MEHbIe HEKOTOPOro YhC/Ia .
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10.3. /IuckpeTHasi oJHOMEepHAas cjaydaiiHasd BeJIMYNHA

Hawubostee mipocToil BUJI UMEIOT 3aKOHBI PACIPEIC/ICHIS TaK Ha3bIBAEMbIX JIUC-
KPETHBIX BEJIMYMH.

¢ Coyuaitnast BemanHa Ha3bIBAETCA JUCKpemMHOT, €CJIU MHOKECTBO €€ BO3ZMOXK-
HBIX 3HAYEHUT KOHETHO MM CIETHO (CIETHOE MHOXKECTBO — TAKOE MHOXKECTBO, JJIe-
MEHTBI KOTOPOTO MOI'YT OBITH IIPOHYMEPOBAHB).

[IpumepamMn MOTyT CIIyKNTh:

1. Yucsio BBI30BOB, MOCTYHAIONIUX OIEPATOPY COTOBOM CBA3UM B TEUYEHHE CYTOK.
Coyuaitaast BeuanHa  MOXKET TPUHUMATD CJIEIYIONee MHOYKECTBO 3HATEHUI:

33'1:0, 33'2:1, 33'3:2,

2. Yucno nedeKTHBIX u3/IeIuil B TapTH U3 1 MITYK. BO3MOXKHbIE 3HAUEHUS CJTY-
yaitnoit Besmmaunnl £ caeytommue: 0, 1,2, ... n.
[IycTh nuckpernas cirydaiiinas BeJndnna & MeeT KOHEYHOe MHOXKECTBO BO3MOK-
HbIX 3HAYCHUN
L1, T2y, ..., Tp.

B pesynbrare omnbiTa BeuvdnHa £ MPUMET OJHO U3 ITUX 3HAYEHUN, T.€. TPOUBOUJIET

OJIHO U3 COOBLITHUI
{g :x1}7 {g :l'g}, sy {fZZL‘n}

PaccmaTpuBaemble cOOBITHSI HECOBMECTHBI, TaK KaK ClydaiiHas BEJIUINHA B pe-
3yJIbTaTe SKCIIEPUMEHTA MOXKET NMPUHATH TOJBLKO OJIHO 3HAYEeHHe, U 00pa3yioT MOJI-
HYIO TPYIILYy COOBITHI (HUKAKUX JIPYIHX COOBITHI, KPOME YKA3aHHBIX, B pe3yJbTare
OIBITA TIPOU30HTH HE MOXKET), T.€.

{=n}+{{=m}+...+{{=2,} =
O603Ha49UM BEPOATHOCTD COOBITUI Yepes
P({ =) =P,
Torma

Y Pe=uz)=) P=1
=1 =1

[Tocnenee cooTHOIIEHNE OCTAETCS CIIPABEJIUBBIM K IIPH 1. — 0O.

[Ipocreiiteit hopmoit 3aKoHa pacIpe/ie/IeHus JTUCKPETHON BEJTMIUHBI & sIBJISAETCS
pad pacnpedesenus — TaDJIUIEA, B BEPXHEH CTPOKE KOTOPOIl IepedncC/IeHbl Bce 3HATe-
HUs CJIy9IaifHOW BEJIUYUHBI L1, Lo, . . . , T, . . . B IOPLAJIKE UX BO3PACTAHUSA, & B HIKHEI
— COOTBETCTBYIOIINE UM BEPOATHOCTH

g 1 | Lo | ... €T;
PP | P|...|F

['padmaeckoe m306pazkenne psijia pacipe/iesieHus Ha3bIBAETC MHO020Y20A0HUKOM
pacnpedeaenus (puc. 27).
Jlst TUCKpeTHOM cydaitHOl BeJTMIUHBI £, KOTOPas MOXKET IPUHUMATH 3HAUCHUS

T1,To, ..., Ty, QYHKINAA PaCIPeIe/eHIs UMeeT BUJT
F(z) =P <z)= )Y P =)
x;<x

CyMMHUpOBaHUE PaCIPOCTPAHSIETCS Ha BCE BO3MOXKHBIC 3HAYEHUs, KOTOPBIE II0
cBOeil BeJIM4KMHEe MeHble aprymenta x. 13 onpeaenenns cieayer, 9To pyHKIUSA pac-
[peJIeJIeHIs JIMCKPETHOM CJIydaiiHoli BeJIMYMHbI pa3pblBHA ¥ BO3PACTAET CKAIKOM
IPH IIEPEXO/e Yepe3 TOUKU BO3MOXKHBIX 3HAYCHUI T1, g, . . ., Ty, IPUIEM BEJIUIMHA
CKadKa PaBHA BEPOSITHOCTH COOTBETCTBYIONIEro 3HadYeHust (puc. 28).
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1P

I

I
4AP1 | |
Ly I I2 T3

IIpumep 10.5. [lan psj pacrpejiesieHus CIydaiiHoil BeTUInHbl &:

ETo0 11273
P101]03[02]04

Haiitu dyuknuio pactpenesernst F'(x) 9T0ii cydaifHON BEJINIUHEL

Pemntenmne. [lo onpejiesienuio (pyHkimm pacrpejiesienns: HaiijéM, 9To
ecn < 0, To F(z) = P(§ < x) = 0;
ecm 0 <x < 1,10 F(2) =P <z)=P(=x1)=p =0,1;
ecm l <x<2,10 Fla)=P<z)=Pl=x1)+Pl=a3)=P+P,=
=0,140,3=0,4;
ecm2 <z <3, 10 F(z) =P <x)=Pl=a1)+Pl=x9) + P({ =u3) =
— P+ P+ Py = 0,1+03+02 = 0.6;
ectu x> 3,10 F(z) =P <2)=P(=x1)+ Pl =)+ P({ = x3)+
+P(€:$4) :P1+P2+P3—|—P4IO,1+0,3+0,2+O,4: 1,0

10.4. HenpepsbIBHBIE CiIy4daiiHble BEJIMYINHBI.
IInoTHOCTH BeposaATHOCTU M (PYHKIUS pacIpeieJIeHus

MHuoKecTBO BO3MOXKHBIX 3HAYEHUI JTUCKPETHON C/Iy4YaifHOM BeJMYMHBI KOHETHO
WIK CYETHO; HEJIMCKPETHBIE CllydaliHble BEJIMYUHBI XapaKTepU3ylOTcd TeM, 4TO MX
MHOKECTBO BO3MOYKHBIX 3HAUEHUI HE CIETHO.

¢ Chayuaitnasg Bemnauna & Ha3BIBACTCSI HENPEPOIEHOT, €CIIN JIJIs HEE CYIIECTBY-
eT Takas HeOTPHIATeIbHAs KyCOUHO-HenpepbiBHas GyHKims f(x), aro dyHKIms
pacupejeseHus Cay9IaiHON BeJIMIUHBI € YIOBJIETBOPAET PABEHCTBY

F(z) = / f(t)dt. (10.3)

Oynknus f(x) HABBIBAETCS NAOMHOCMBIO PACIPEIEACHUA BEPOAMHOCTNEN, NITA KPAT-
KO — IIOTHOCTBIO PACIIPE/IC/ICHHS.

[TprMepbl HENPEePLIBHLIX CIYYaHbIX BEJINIHH:

1) murenpHOCTH TestedbOHHOrO pasrosopa t € [0, 0ol;

2) ommbKa U3MEpeHNs;

3) BeJIMYMHA BXOJHOIO CUIHAJIA B PAJUOTEXHUYECKOM YCTPOHCTBE;

4) OTKJIOHEHHUE COIPOTUBJIEHUs] PE3UCTOPA OT HOMUHAJILHOTO — 00JIACTH BO3MOK-
HBIX 3HAYEHUi | — 00, 00l;

5) IeHa aKIUu WU OIIUOHA.
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CaoiicTBa IJIOTHOCTH U (DYHKIUU PacCIIpeieJIeHus BEePOsSITHOCTEM
HEITPEePhIBHON CJIyYalilHON BeJIMYNHBI

CsoiicTBo 1. I[1I0THOCTL pacCIpe/iesieHns BEPOATHOCTEH SIBJISIETCS HEOTPHUIATE b-
woit dyukrmeit (f(x) > 0) s Beex x €] — 00, 00].

Jloka3aTejbCTBO HENOCPE/ICTBEHHO CJIeIyeT U3 OIpeJe/IeHus.

CsoiicTBo 2. Eciu ciyvaiinas BeJIndnHa UMEET HEIIPEPBIBHYIO IIOTHOCTDH pacipe-
JIeJIEHUS BEPOATHOCTH, TO €€ (DYHKIIMA paclpejie/ieHnsl TaKyKe HellpephIBHA.

JleficTBUTE/ILHO, HETPEPBIBHOCTD (DYHKIMH PACITPEIeICHUS CJIeJIyeT U3 MPeJICTaBIe-
HUHA

Fe(w) = [ Jele) a

1 HEIIPEPBIBHOCTU MHTEI'DaJIa KaK (bYHKHHH IIEPEMEHHOT'O BEPXHEI'O IIpe/ieJia.

CsoiictBo 3. Ecim dbyuknus f(x) HenpepbiBHA B TOYKE Tg, TO
F'(xo) = f(z0).

HoxkazareabcTBo. B cirydae nenpepoiBroit dbyukimn f(x) dyuknus F(x) mudde-
peHnmpyeMa u

3 ]

CsoiicTBo 4. CrpaBeInBO COOTHOIIEHIE

Pla<é<b) = / F(@)da. (10.4)

CortacHo cBoiicTBY H (DYHKIME paclpejie/ieHus BEPOATHOCTH,
Pla<¢<b)=F(b) — Fl(a)

JUIA Beex a, b, a < b. VI3 onpejiesiennsi HENPEPBIBHOM CJIydailHON BEJTMIUHBI

FO) = [ s = [ jwyis - [ s

T.C.

OTKY/la CJIEJIyeT
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CsoiicTBo 5. CrpaBejinBO COOTHOIIEHUE

lfﬂ@sz

eiicTBuresibHO, 10 cBoiicTBY 3 dynkuuii pacupenenenus (10.2): F(oco) = 1, cuejo-
BaTeJIBHO,

F(oo) = 7f(x)dx ~ 1.

CsoiicTBo 6. CrpaseyinBo IpejcTaB/IeHIe

Pla<¢<z+Ax) Flx+ Az)— F(x)

J(w) = Ax - Ax ’

4eM U 00bACHACTCH TEPMUH <«IIJIOTHOCTH BEPOATHOCTU>.

Jeitcruresbho, ecsm f(x) HENPEPBIBHA, TO [0 T€OPEME O CPEJIHEM
+Ax
Pz <{<az+Ax) = / f(z)dt = f(c)Ax,

T

e Az >0, x < c< x+ Ax.
leomerpuieckn P(z < £ < z + Az) upn Maiabix Az npubIMKeHHO PaBHA ILJI0-
IMIAJIN 9JIEMEHTAPHOTO TIPSMOYTOJIBHUKA, OIMUPAIONIErocsi Ha OTpe30K Az (cM. puc.

29) Pz <& <a+ Az) = f(z)Az + B(z)
f(e) = f(z) + a(x),

rie a(x) — 0u f(z) — 0 nupu Az — 0. OTKy/Ia u cjeayer CrpaBeInBOCTb YTBEp-
JKJICHUSA.

n

CsoiicTBo 7. BeposiTHOCTE TOrO, UTO HENIPEPHIBHAS CIydaiiHasd BeJnInHa & TPUMET
duKcupoBanHoe 3HAYUEHUE (, PABHA HYJIIO:

P =a)= /f(x)dx = 0.

Henocpeicrsenno cieyer usz coorromrerust (10.4).

¢ CobbiTre £ = a BO3MOYKHO, HO UMEET BEPOSTHOCTH, paBHYyO Hym0. CooTBeT-
CTBEHHO 3TOMY, UMEETCS IIPOTUBOIOJIOXKHOE COOBITHE, O3HAYAIOIIEE IO IaHue CIIy-
YaHON TOYKM & B JIIOOYIO TOUKY JEHCTBUTEILHON OCH 3a MCKJIIOUEHUEeM TOYKU ¢ U
SIBJIATOINEECs He JIOCTOBEPHBIM, HO UMEOIINM BEPOSTHOCTh, PABHYIO €IHHHUIIE.

T o+Azx T a b z

Puc. 29. Puc. 30.
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O BepositHOCTD nMOMIaawst 10601 CITy 9aiiHON BeJIHIHHDL (JIICKPETHO 1IN Helpe-
PBIBHOIT) Ha ydYacTOK ocu OT a J0 b (BKiiodas a W He BKJodas b) BeIparKkaeTcs
dbopmyoii (10.4):

Pla <& <b)=F(b) — F(a).

Tak Kax Jyig HeNpepbIBHOM ciryvaiinoil Besmuannbl P{{ = a} = 0, 3HaKk paBeHcrBa
(a < &) MOXKHO OTOPOCHUTD 1

Pla <& <b)=F(b)— F(a).

Feomerpuyecku 3Ta BEPOATHOCTH PaBHA ILIONIAIN KPUBOJMHEHHO Tpallerun, orpa-
HUYIEeHHO! MPSIMbIMU T = a, & = b, ocbto Oz u kpuBoil y = f(x) (cm. puc. 30).
®opmyaa (10.3) umeer dusnueckyio ananoruto. Bepograocrs P{a < £ < b}
MOYKHO TPAKTOBATh KaK MaCCy HEOJHOPOJHOIO CTEPXKHSI € JIMHEHHON IJIOTHOCTHIO
pacipejiesieHnst Macchl f (), IpUIéM Macca BCero CTepKHsI paBHA €JMHUIE, TaK Kak

/b flx)dr =1

KaK BEPOATHOCTH JIOCTOBEPHOIO COOBITHUSI.

¢ Ilycts mocrpoen rpaduk (GyHKIIUN pacipe- Fla)
nenenus F(x) HekoTopoil ciaydvaiinoit Bemaunel € ol __________
(em. puc. 31). Opmunara |AB| rpaduxa mpu € = |
X1 PEOMETPHUYECKN M300pazkaeT BepOSTHOCTh TOTO, |
9TO CIydaiiHasi BeJIMYMHA TPUMET KaKoe-HIOy b 3Ha- 0,5 |
YeHHne, MeHbIlee T1, a He BEPOATHOCTb TOIO, UTO |
OHa TpUMeT 3HaueHue ;. PaHee yCTaHOBJIEHO, YTO :
BEPOATHOCTH TOIO, UTO HelpepbiBHAs CaydaiiHas @ T T2 bz

BeJIMYNHA TPUMET ONpeIe/IEHHOE 3HAYEHNE X', PaB- Puc. 31.
Ha HYJIIO.

OTcrofa, B 9aCTHOCTH, CJIEJIYET, UTO JJIsi HEIIPEPHIBHBIX CJIYIallHBIX BEJIUINH Be-
POSTHOCTHU

P(.CL'1<€<Q]2), P($1<§<l’2), P(l'1<€<l'2), P(xléféxg)

COBIAJIAIOT U PaBHBI F'(15) — F'(11).
Eciin HenpepbiBHas cirydaiinas BendnHa £ MOKeT IPUHUMATDH TOJIbKO 3HAYEHUS
B uHTEpBaJe OT a 70 b (re a u b — HEeKOTOpble MOCTOSIHHBIE), TO €€ (hyHKIus
pacipeieaeHns paBHa HYJIIO JIJI BCeX 3HAUEHN T < @ U eUHUIIE /IS BCeX 3SHATEHMIT
x > b, MOCKOJIbKY cOObITHA £ < T JijIst JIFOOOTO 3HaYeHUs T < @ ABJIAIOTCA B 9TOM
cydae HEBO3MOXKHBIMU, & JIJIsl JTF0O0TO 3HAYeHusl & > b — JIOCTOBEPHBIMH.
Cpasmum cBoiicrsa F(z) n f(x):

F(r) = P(§ < ) flz) = F'(z)
1. F(x) — meyboiBatomast Gyukius, r.e. | 1. f(z) >0
F(xg) > F(xy) upu xo > 11

2. F(—o0) = xEr_noo F(z)=0 2. F(x) = / f(t)dt
3 Fltoo) = lim F(r) =1 3. / F@)de =1

4. P(xy < € < x9) = F(x2) — F(11) 4. P(xy < €< x9) = /f(x)dx
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IIpumep 10.6. lana miorHocTs pacupesenenus f(x) ciaydaiiHoilt BeauanHb &:

_ [Acosz, x| <m/2;
J(w) = {o, 2| > /2.

Tpebyercs

1) maiitu Kospdunment A;

2) mocTpouTh rpaduK MIOTHOCTH pacupejeserns f(x);

3) maiitu dyHkmio pacupejenenus: F(x) u nocrpoutsb ee rpaduk;

4) HalTH BEPOSITHOCTH Mo faHus Benannbl £ B uaTepBa ot 0 g0 /4.

Pemenne. 1) s onpeenenns koabduimenta A BOCHOIb3yeMcs yCIOBHEM HOP-
MHUPOBKH TIJIOTHOCTHU PACIIPE/IeIEeHNUS:

0 w/2
/ f(x)dx = / Acosxzdr =2A =1,
—00 —7/2
orkyma A =1/2.

2) I'paduk mnoraoctu f(x) npencrabieH Ha puc. 32.
3) Ilo ompesenenmio,

Flz) = / ()t

Tak kak Ha uHTEpBaJse | — oo, —m /2] dyukius f(z) =0, To F(z) = 0.
Ha unrepsase | — /2, 7/2[ dynknusg f(z) = 0,5 cosz, caegoBaTesbHO, Ha 3TOM
MHTEpBaJIe

—n/2 x .
F(z) = / ft)dt + / ft)dt =0+ / %costdt:%(sinx—i-l).
-0 —n/2 /2
st uaTepBasia /2, co| 3ammiiem
—n/2 /2 b /2
F(z)= / f(t)dt + / f(t)dt+/f(t)dt: / %COStdtZl.
—o0 —7/2 /2 —7/2
CrenoBaTesbHO,
0, r < —m/2;
Fla)={ Sena+1), o < /2,
1, x>m/2.
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I'paduk dynknun F(r) mzobpaxken Ha puc. 33.
4) BepositHOCTH TIONIaIaHus BeUIuHbl  Ha ydaacTok or 0 10 7/4 Haxomum 1o

dopmyire
w/4

1 1
P<O<£< %) :/icosxdx: isinx
0

60 10 dopmyrte Pla < € < () = F(§) — F(a):

/4 \/§

0 4

1 1 5
Plo<g< %) - 5<sm£+1> ~ 5(sin0+1) = %.

C reoMeTpPHIECKOil TOYKN 3PEHNs, BEPOSITHOCTD P = v/2 /4 paBHA IIOIIAN 3AIITPH-
XOBaHHOI Ha puc. 32 0bJIaCTH.

11. Cucrembl cayvaifubrx BeJmiunH. OyHKIAs
pacnpeieJieHusd CUCTEMBI CJIy4aiiHbIX BEJIMYUH

O B npakTmyeckmx 3ajadax dacTo MPUXOJUTCS HMETh Y
JIeJI0 ¢ cucTeMaMu cirydaitebix BermauH (€,1,C, ... ). Cpoii- @.y)
CTBa& CHCTEMbI CJTyYallHbIX BEJIMYUH HE UCYEPIBIBAIOTCS CBOI-

CTBaAMM €€ OTJEJbHBIX COCTABJIAIONIUX, OHU BKJIIOYAIOT TaK- // /
JKe 3aBUCUMOCTU MEXKJy TUMU BejqudnHamu. [Ipu paccmor- 7
PEHMH BOIIPOCOB, CBA3AHHBIX C CUCTEMaMU CJIyYallHbIX BeJIH-
YUH, YI00HO ITOJIb30BATHCS F€OMETPUIECKON HHTEPIIPeTAIIei
cucrembl. Hanpumep, i aByx ciaydaiiHeix Beawans {&,n} / .
BEKTOP 5 = (§,n) — cayqaitasiii Bekrop. g narisnocTn g )
Oy/ZieM paccMaTpuBaTh CUCTEMBI JIBYX CJIYYalHDBIX BEJIMYIHH. Puc. 34.
O06o061enne Ha cirydaii MIPOM3BOJILHON PA3MEPHOCTH HE IIPEJICTABIIAET TPYIA.

¢ COBOKYNHOCTD C/IydaifiHbIX BeJMdIuH {&, N}, 3a/IaHHBIX HA OJIHOM BEPOSITHOCT-

HOM IIPOCTPAHCTBE, OyJieM Ha3bIBATh caAyuatinvim eexmopom ¢ = (£,n) wiu cucme-
MOT CAYHAUHDIT BEAUNUH.

¢ Dynxyuet pacnpedeserus cucmemov, 08YT CAYUGUHGIT GEAUNUH & T 1) HA3BIBA-
ercst dbyukiust F(z,y), B Kax10it Touke (x,y) € R? paBHas BepOATHOCTH COOBITHS

(€ <wn<y):
F(x,y) = Fep(z,y) = P(E <x,n<vy).

Ec/l paccMaTpuBaTh CilydailHyio BeduunHy ( Kak CIydailHylo TOUKY ILIOCKOCTH
xOy, 1o dyHKIWs pacupesenenus F(x,y) ecrb BEpOITHOCTH TOTO, 9TO TOYKA C KO-
opauHatamu (£, 7) TpUHAIEKUT KBaJApaHTy & < x, n <y (cMm. puc. 34).

Anasiornuno onpejiessiercst (pyHKIUS PACHPEIEIeHIs CUCTEMbI 1 CJIy Yl HbIX
BEJIMYNH.

11.1. CsBoiicTBa PyHKIIUN pacnpeaeieHust
JBYMEPHOI CJIyYaiiHO!l BeJIMYUHDI

CsoiictBo 1. Qyukims F(x,y) — HeyObBatomas (HbyHKIMs CBOMX apryMeHTOB.

JlokazaTeTbcTBO aHAJIOTUIHO COOTBETCTBYIONIEMY JIOKA3ATETLCTBY JIJIS OJTHOMEPHOTT
CJIYYallHO! BEJIMYNHBI.

CsoiictBo 2. Crpase/ymBsicooTHolenns F'(x,—o0) = F(—oo, y) = F(—o00,—o00) =0.

HeiictBuresbho, F(—o0,y) = P(§ < —oo,n < y) = 0, Tak Kak cobbITHE { < —00
HEBO3MOZKHO.
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CsoiicTBo 3. Cupasemssl cootHomtenust F(z,00) = Fe(x), F(oo,y) = F,(y), rue
Fe(z) u F,(y) — dyHKIun pacupeiesenns BeJHInH & 1 1) COOTBETCTBEHHO.

HeiictBuresnsho, F(oco,y) = P(§ < oo,n <y) = P(n <y) = F,(y), Tak KaK cobbITHE
£ < 00 — JIOCTOBEPHOE.

CsoiictBo 4. Cupaseymso coorromenue F'(0o0,00) = 1.

HeiictBuresbro, F(00,00) = P(§ < 00,1 < 00) = 1 Kak BEpOSITHOCTD JJOCTOBEPHOI'O
COOBITHS.

CsoiicTBo 5. Oyuknus F(x,y) HenpepbIBHA [0 KaXKJIO U3 IIEPEMEHHBIX T, Y CJIEBa.

JlokazaTebCTBO aHAJOTUYIHO JI0KA3aTeJIbCTBY COOTBETCTBYIONIETO CBOICTBA OHO-
MEPHOH C/IydailiHON BeJIMYNHDL.

CsoiicTBo 6. BepositHocTh monajianust crydaitHoil TOUKN (&, y) B IPAMOYTOJIbHUK

a<r<fB,y<y<o
Pla<z<B,y<y<d)=F(B,0)—F(B3,7) - F(o,0) + Fla,7)
¥ (Ho AHAJIOTUU C OAHOMEPHOU CJIydalHOW BEJIMYUHON YCJIO-
5 (c.0) (30)  BUMCH JIEBYIO M HUYKHIOIO I'PAHUIIBI BKIIOYATH B UHTEPBAJI, a
IPaBYIO U BEPXHIO HE BKJIIOYATH).
ey AV
CripaBe[JInBOCTb 9TOI0 YTBEPKIEHUS JIETKO ITPOBEPUTDH T'€0-
& i MeTpuyecku (puc. 35).
Puc. 35 ¢ Tosopsit, uro ciyuaitablii Bekrop ¢ = {£, n} umeer duc-

Kpemmoe pacnpedenerue, €CJIM MHOXKECTBO IIap 3HAYEHUN €ro
KOMIIOHEHT (;, ¥;) KOHEUHO WJIN CIETHO, IIPUIEM

Zzp(fzxim:%) =1

¢ Tabiuna, comepzKalias MepedeHb BO3MOKHBIX KOMOUHAIMI 3HAUYECHNI KOMIIO-
HEHT JIUCKPETHOTO CAyYaiiHOro BeKTopa {&, 7} M COOTBETCTBYIONIMX MM BEPOSTHO-
creil, HasBIBACTCA MabAULEl COBMECTNHO20 PACTPEIeNEHUA BETUTIUH & U 1).

Ec/in u3BecTeH 3aKOH paclpejieieHnst JUCKPETHOro cIyvaiiHoro Bekropa (rab-
JIMIA PACIPEJIEJIEHNS ), TO U3 HEIO MOIYT ObITh MOJIYYeHbI OJJHOMEDHbIE 3aKOHBI Pac-
[peJiesIeHnst ero KOMIIOHeHT (06paTHoe B ODINEeM CJIydae HEBEPHO):

P =)= ZP(S =z.n=vy;), Pl=y)= ZP(f = 2,1 = y;).

¢ Tosopsr, aro coryuaitabrii BekTop ¢ = (£,7) nMeer nenpepvishoe pacnpedene-
Hue, eCIn CyIIeCTBYeT HeoTpHIaTenbHast GyHKIms fe (2, y) Takas, 910 [1st 000t
roukn (z,y) € R? dynkiusa pacupenenenns Fg,(x,y) cayuaiinoro sekropa {&,n}
PEJCTABUMA, B BUJIE

Fey(z,y) = / /fs,n(fm)dédn. (11.1)

—00 —0OQ

Dyuxuus fe,(z,y) HASBIBAETCS NAOMHOCTIBIO COBMECTVHOZ0 PAcnpedesenus Be-
suaud € u 7). I[LI0THOCTH COBMECTHOrO pacupeiesienns 00Ja aeT CBORCTBAMM, aHa-
JIOPUYHBIME CBOHCTBAM TLJIOTHOCTH PACIIPEIEIEHUs OJIHOMEPHO BETMYNHbIL.

O Teomerpuuecku dyrknuio f(x,y) MOKHO H300pa3UTh TOBEPXHOCTHIO, KOTOPas
HA3bIBAETCS NOBEPTHOCTNGIO PACTPEICACHUA.
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11.2. CBoiicTBa NJIOTHOCTU PacIIpeieJIeHus
JABYMEPHOI CJIy4yaliHO!l BeJIMYUHBI

CsoiicTBo 1. [ltoTHOCTH pactpese/ienns: SBISETCA HEOTPUIATEIbHON (DYyHKITHIEH:
fa,y) = 0.

ZLOKa3aTeJIbCTBO HEIIOCPEJCTBEHHO CJIeAyeT U3 OlIpeJe/ICHUA.

CsoiicTBo 2. CrpaBeinBO COOTHOIIEHNE

/dx/dy fen(z,y) = 1.

JokazaTeabCTBO aHaJOTMYHO JIOKA3ATETbCTBY COOTBETCTBYIOINIETO CBOMCTBA OJTHO-
MEPHOW CJIyYalHOU BEJIMYNHBI.

CsoiicTBo 3. CrpaBeInBo COOTHOIIEHIE

_ aQFE,ﬂ(xvy)
fé,n(%y) = T&y

Jloka3aTeabCTBO HEIOCPE/ICTBEHHO CJielyer u3 onpeenenus (11.1).
¢ Mexons u3 aHHOTO CBOMCTBA U OIPEJIEIEHUs IPOU3BOIHOI, IIJIOTHOCTL COB-
MECTHOI'O PACIIPEIEICHUs BEPOATHOCTU MOYKHO OBLIO ObI OIPEIETUTh KaK

O*F(z,y) 1 (OF(z,y+Ay) OF(z,y)
— 7’ — ]_ B ’ — ’ —
M) =gy~ Al &y T o)
.1 Fr+Ar,y+ Ay) — F(z,y + Ay)
= lim —< lim —
Ay—0 Ay \ Az—0 Ax
- Alirilo Az ) N
T F(x+ Az, y+ Ay) — F(x + Az, y) — F(z,y + Ay) + F(x,y)
- Axz—0 Al’Ay a
Ay—0
. Ple<é<a+Ar,y<n<y+Ay)
= lim .
Az—0 AzAy
Ay—0

CsoiicTBo 4. BepositHOoCTh nonaianms B 001acTh D paBHA 00BEMY IUJIMHIPUTIE-
CKOTI'O TeJIa, HAIPAaBJIAIOINIell KOTOPOro sABJsgeTcs Irpanuiia odaactu D, a obpazyrorast
napaJuiesibia ocu (Jz, OTPAHMYEHHOIO MOBEPXHOCTBIO pacupejienenus z = f(x,y) u
OIIPAIOIIErocst Ha 9Ty 00JIaCTh:

P((¢&,n) e D) = // f(z,y)dz dy. (11.2)

JlanHoe cOOTHOIIEHNE BLITEKAET HEIOCPEJICTBEHHO U3 MPEIbIILYIIEero CBOHCTBA, 1103~
BOJISIIOIIErO OIPEIETUThH BEPOSTHOCTD TTONAIaHI CIyIaliHbIX BeJnauH &, 1) B 6eCKo-
HeYHO Masyio obacte drdy xak f(z,y)dr dy. B wacTHOCTH, U1 TPSIMOYTOJIBHOT
obJracTn

B 6
P(a<§<ﬁ,7<n<5)Z//f(l’,y)dl’dy' (11.3)
a Y
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CsoiicTBo 5. Ecsmm coryuaiinbiii Bektop ¢ = (£, 7)) MMeeT HEIpPepbIBHOE PACIpeie-
JIEHWE, TO U KaKJlad U3 BeJIUYUH & U 1) UMEET HEIPEPBIBHOE pacipeesieHue:

felr) = / fenlw)dy;  fyly) = / fen(z,y)de. (11.4)

HokaszarenbcrBo. Ilo onpenenenmo Fe(r) = P({ < x), upu 9TOM BeJHYHHA 1)
MOKET IIPUHUMATE JI00bIe 3HadeHusd. CiieoBaTeIbHo,

Takum obpazom, & — HenpepbIBHAS CiIydaiiHas BEJIUIUHA C IJIOTHOCTHIO
0. ]
fe(x) = / fen(x,y)dy.
—0o0

Ananornvno 1okaspiBaeTCs BTOpoe coorHornenue n3 (11.4).

11.3. HezaBucumble ciry4daiiHble BEJIUIUHBI

¢ Coayuaitabie Bemuauabl 1, &s, ..., &, HaA3BIBAIOTCI HE3A6UCUMBLMU, €CJIA JIJId
JI00bIX MHOXKeCTB D1 C R, Dy C R, ..., D, C R umeer MecTo paBeHCTBO

P& €Dy,& €Dy, ... 6, €D,) =P(& €D)P(& eDy)--- P&, €Dy).

MozkHo IIOKa3aThb, YTO 9TO OlIpeae/ICHUuE PaBHOCUJILHO CJIEYIOIIEMY.

¢ Coayuaitabie Bemumauabl €1, o, . .., &, HA3BIBAIOTCI HE3AGUCUMBLMU, €CJIA JIJId
JIIOOBIX X1, T, ..., T, UMEET MECTO PABEHCTBO
F(xy,29,...,2,) = Fe (x1)Fey(22) - - - Fe, (). (11.5)

g cucreM ciydallHBIX BEJIMYNH, MMEIONINX JINCKPETHOE UJIN HEIIPEPBIBHOE Pac-
pejiesIeHne, MocIe/Hee OlpeiesleHne MOYKHO IepedopMyInpoBaTh Tak.

¢ Coayuaiiabie Benmannbl &1, o, . .., &, UMeOOIINe IUCKPETHOE pPacCIpee/eHne,
HE3aBUCUMBI, €CJIH JIJIsd JIIOOBIX T1, L, . . ., L, UMEET MECTO PABEHCTBO
P& = 21,86 =2, ..., & = xn) = P(& = 1) P(& = 22) -+ - P(&n = ).
¢ Ciyuaitaeie Bemaunbl 1, &y, . . ., &,, UMEOIINE HEIIPEPBIBHOE PACIIPEJIeICHIE,
HE3aBUCUMBI, €CJTH JIJIs JIFOOBIX T, L, . . ., L, AMEET MECTO PABEHCTBO
felwr, wa, oy an) = fe (21) feo (22) - feo (). (11.6)

BaMeTuM, 9TO B CJIydae HE3aBUCHUMBIX CJIyYailHBIX BEJMYUH 3aKOH UX COBMECT-
HOT'O pacipejiesieHust MTOJIHOCTBIO OIpeJIe/IsIeTcss OJHOMEPHBIMIA 3aKOHAMU PacIipe/ie-
JICHUS TUX BEJTUIHH.

¢ Veroshotll naommocmuvio pacnpedeserus BeJIMIUHBI £, BXOISINEl B CHCTEMY

¢ = (&, 1), npu ycjaoBum, YTO BEJMUMHA 1) IPUHsIA ONPEIeJEHHOe 3HAUYEHUE ¥, Ha-
3bIBaeTCd (DYHKIINA
f(z,y)

fe(x/y) = ) (11.7)
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IIpumep 11.1. /IBa cTpesika HE3aBUCHUMO JIPYT' OT JIpyra CTPEJSIOT 110 MUIIEHH.
Ommcarb 3aKOH pacrpe/ie/ieHusi CHCTeMBbI CIyJIaiiHbIX BeJaundanH (£,7) — ducia mo-
naJlaHuil B MUIIIEHb, €CJIU BEPOATHOCTD IO /IaHUS B MUIIIEHb JIJId [IEPBOI'O CTPEJIKA
0,7, st Broporo 0,6 (KayKJiblil 13 CTPEJIKOB TPOM3BOIUT TOJIBKO OJIMH BBICTPEI).

Pemenne. Tak kax cobbitust (§ = z;), (n = y;) HE3ABUCUMBI, TO BEPOSTHOCTU
Pij MOTYT OBITH HaiiieHbI 110 (HOPMYJIe IPOU3BE/IEHNS BEPOATHOCTEH HE3aBHCHMbIX
COOBITHII:

pu=PE=0,7=0) =03 04=0,12;
pa=PE=0,7=1)=03-0,6=0,18;
por=P(E=1,7=0)=0,7-04=0,28;
p=PE=1n=1)=0,7-0,6=0,42.

3akoH pacipezie/IeHsd IpejcTaBuUM B BUJIE Ta6JH/IHbI C ABYM: BXOJIaMMU.

Tabuna 1
BaKoH pacIpe/e/IeHUsT CUCTEMBI CJIyYaillHbIX BeJinauH (£, 7)) — ducia monaJaHuil B
MUIIIEeHD

E&n| 0 NN
0 0,12 [ 0,18 | 0,3
I 0,28 | 0,42 | 0,7
ST 104 |06 | 1

2
OrmernM, 9TO CyMMa BCEX BEPOSTHOCTEl » | p;; = 1, cyMMa BepOATHOCTEI 110 CTPO-
ij=1
2
KaM PaBHA BEPOSTHOCTSAM COOTBETCTBYIONINX 3HAUEHUN BEJIMIHHBI &1 Y Pij = Py, &
j=1
CyMMa, BEepPOATHOCTEl 110 CTOJIONAM paBHA BEPOATHOCTSIM COOTBETCTBYIONINX 3HAYTE-
2
HI{i BEJIMIHUHBL 1): Y Dij = Dj.
j=1

IIpumep 11.2. /IBymepnasd ciydaiiHas BeJIUYNHA UMEET ILJIOTHOCTH COBMECTHOTO

pacipeae/IeHruA
1

P+ )1+ )

rpaduk KoTopoit n3obpazken Ha puc. 36. Haiitu dbyukimio pacipenenenus F(x,y),
IoTHOCTH pactpe/enenns kommonent f(x), f(y) u P(|¢] < 1,|n| < 1).

flz,y) =

o5
S oL e e
(AL
275825250F:

L7
L7
554, ll,"'l" 77

"" TAALE
AL T A LIHL Y
R A

LA
o e ¥,
e AR
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Pertenue. Bocnosbzyemes dhopmysioit (11.1):

y z y
1 1 dx 1 1 T
Feolen) = o5 [ (T | )= T (et 5 )dy =

y
<1 . +1)1/ dy <1 . +1)<1 ) +1>
= | —arctgx + - )— —2 = |(—arctgx + = ) [ — arc — .
™ & 2/ )] 1+ y? T & 2/ \ Y75

['paduk nonyuennoit pbyHKIMN pacipeaeienns n3obpazken Ha puc. 37. [lioTHocT
pacripe/iesieHnst KaxK/I0i 13 KOMIIOHEHT Haiiiém 1o dgopmyste (11.4):

o) +00
1 1 1 1 1 1 1
_ )y = — (=)t == =~
Je(@) /f(.%’y)y 7r21+x2/ 1+ y? 4 7r21+9€27r w1+ a2
1 1
fn(y)_;1+y2’

Bamernm, ato, coriacHo (11.6), (11.7), KOMIOHEHTHI & ¥ 1) SIBJISIFOTCS HE3ABUCHMBIMI
1 X HaliJIeHHbIE TIJIOTHOCTU PACIIPE/IeIeHNsT COBIIAIAIOT € YCJIOBHBIMM.
BeposiTHOCTD TIONaaHus B KBajpar Hailjém 1o dopmyste (11.3):

+1
) < arctgy
-1

+1 d +1 d
1 x Y 1
Plel <Ll <) =% [ 75 [ 7555 = = (aretea
] 1

+1 1
)=a

Ipumep 11.3. JIBymepHas cilyvaiitas sejuauna ( = (&£, m) paBHOMEPHO pacIpe/ie-
JieHa BHYTpH TpeyroJsibHIKa ¢ Bepimuaamu B Toukax 0(0,0), A(1,0), B(0,1) (puc. 38).
Haiitu miorsoCTh pactnpeienenust f(z,y), MIOTHOCTH PACIPEIECHAS KayK IO 13
KOMIIOHEHT f¢(x), f,(y), yCIOBHBIE IUIOTHOCTH paCIpeJie/IeHus KayK/I0il U3 KOMIIO-
uent fe(z/y), f,(y/x) n BeposrHOCTE P (£ > 0,5, nn < 1).

Permrenne. Tak kak cucrema ¢ = (£,7) paBHOMEDHO paciipe/ie-
B @31 JieHa, BHYTpH TpeyrojbHuka, 10 f(z,y) = C, ecau Touka (z,Yy)
Ry rpuaaIEKUT Tpeyrombauky OAB, u f(x,y) = 0 B ocTaJabHBIX
roukax. Haiijgém C' u3 yc/ioBust HOPMUPOBKH:

(e 9]

]° [ ez

—00 —0Q

CrenoBaTesbHO,

é://dxdy,
D

rjie obsactb D — ob6j1acTh, orpanndentas croponavu tpeyrobanka OAB. Orciona

cJIejryeT
1

dedy = -

J[ avdy=3.

D
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Te.C=2mn

2 (z,y) € D;
fley) = { ’ ’
()= 1 (z,y) & D.
[LnorHOCTH pactpe/iesieHus: BeJuauH £ U 1) HaxoauM 1o (opmysam (cBoiicTBo 5)

( 1—x

f&@):]of(x,y)dy: /2dy=2y

1—x

=2(1—-2), 0<z<1,

0

L0, x ¢ [0,1];
( 1—y
i /Qd 2] U =2(1—y), 0<y<i
€T = &k = - ) X b
Fn) = [ fewis =4 : w 0=y

0

x ¢ 1[0,1].

YcJI0BHBIE TJIOTHOCTH BEPOSATHOCTEH BBIPA3UM 4Yepe3 IJIOTHOCTD PACIIPE/Ie/IeHUs
U TIOJTyYeHHbIe TIJIOTHOCTH BEPOATHOCTEN Beaudud & u 1):

Sy 21 o
fe(x/y) = T -y 1-y O<y<l O<z<l-—uy;
fn(y/ﬂf)zf(x’y): 2 ! L, O<z<1l, O<y<l—ua.

fe(x) 20—2z) 1—=x

BepositHocts P(€ > 0,5, < 1) ecTb BEPOATHOCTD TOTO, UTO CJIydaiiHasi BenanHa &
pUMeT 3HadeHwusl, Jexaiue B obsactu F (cMm. puc. 38):

oo 1
P(€>0,5,77<1)://f(x,y)dxdy:£/2dxdy,

0,5 —oco

rje obsiactb D' — nepeceyenne obsacreit D u E| T.e. yactb Tpeyrojabuuka OAB,
orpaHmveHHas ciaesa npsmoit © = 0,5 (em. puc. 38). CregoBarenHo,

1 1—x
P(£>0,5;n<1)://2dxdy:—(1—x)2 =0,25.
0,5 0

1
0,5
11.4. DPyHKIUU CIyYUAUHBIX BEJINYIUH

Yacro npu mpoBeieHnN U3MepEeHHil Mbl 1101y 4aeM HH(MOPMAIIIO He O caMOil ¢Iy-
JaiiHOI BeJIMYInHe, a 0 HeKOTopoit hyHKImu oT Hee. [ToaTomy HEOOX0MMO ITPOBOINTH
orepalny ¢ PYHKIUAMA OT CJIYIailHbIX BEJIMIHH.

IIycte € — coryuaiinast BeJIMYMHA C U3BECTHLIM 3aKOHOM pactpejesenus Fg(x),
a caydaitnas Beamanna 11 = @(&), e p(r) — Hecaydaiinas dbyrkims. Tpebyercs
OIIpEJIe/INTD 3aKOH paciipejiesenus: F, (x) ciiydailHOl BeJIMYUHBI 7).

BaKOHBI pacipejiesieHnsi HeIPEPbIBHBIX CJIyJaiiHbIX Beanand & u 1 = ¢(£) B3an-
MOCBSI3aHBI B CHJIY CJIEJIYIOIINUX CBOWCTB.

Teopema 11.1. ITycmv & — nenpepui6Hai CAYHAUHAA BEAUNURA, UMEIOWAA HYHK-
yuwro pacnpedenenusn Fe(x) u naommocmo pacnpedenenus fe(x), a pynkyua o: R —
R dugdgepenuupyema u monomonna. Tozda cayuatinas eeavuuna n = (&) umeem
NAOMHOCTNG PACTPEICNCHUA

fa(@) =l @) | fele™" (@) (11.8)
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Hoxkazareabcrso. [lycrs jyist onpesenénnocru p(x) — Bo3pacraomas OyHKIU.
Tak kak @(r) MoHOTOHHA M auddepeHnupyema, TO CymecTByeT obpaTHas K Heil
dbyukust 1 (x), koTopas Gyjer TakKe Bozpactatomeii n guddepentupyemoii. To-
rja Jyist (DYHKIME PACIIpe/IesIeHns BeJIMIUHbL 1] = (&) 3ammriem

¢~ 1(2)
Fy(z) = Fye)(z) = P(p(§) < 2) = P(( < ¢ ' (x)) = Fe(p ™' (2) = / Je(t)dt.
[IpoBeém B MHTErpasie 3aMemny IepeMennbix: t = ¢ 1(2), dt = [p~1(2)]'dz; t; = —o0,
21 = —00; ty = ¢ (1), 2o = x, u HOMYUNM

Fy(z) = / fe( () (2)] dz.

Tax xak fe(¢p~(2))[p ' (2)] > 0, To MO Onpesenennio sta GYHKIMA ABIAETCSA TIOT-
HOCTBIO PaCIpeieIeHnst caryaaiinoi sesmaunst 7: f,(x) = [~ (2)] fe(¢~ (x)), uro n
TpeboBaJIOCh JI0Ka3aTh. JloKazaTe/beTBo JIs Cilydas MOHOTOHHO yObiBatomieil (pyHK-
n () aHAJIOTHUIHO.

ITpumep 11.4. Haiitu pacrpe/ieieHue crydaitHO BEJIMIHHBI 1), TADMOHUYECKH (KBa/I-
paTUIHO M KyOMTHO) 3aBUCHINEH OT JPYroil cIydaiiHoN BeJUanHbI :

: 2 3
a) n = sin; 6) n==¢; B) n=4¢,
riae g — ITOJIOZKUTEJIBHO OHpe,ZLeJIeHHaH cnyqaﬁHaH BeJIMYNHa.

Pertenne. a) B coornormennn (11.8) mostoxum

. 1 - . 1 r_ 1
o(r) = sinz, o '(x) = arcsinz, (o () = i

(mocste iHEE CIIPaBEJIMBO B COOTBETCTBYIOMIUX OOJIACTSIX OIPE/IEIeHIsT PACCMATPHU-
BaeMbIx dynknuii). Torma
fe(arcsinz)

V1—a2

Anagormano u3 (11.8) maiiném g p(x) = a2

fn(2) (11.9)

fol) = %fam, (11.10)
u s p(r) = 23 )
fo(a) = 33—\/9?]2(%). (11.11)

CraencrBue 11.1.1. Eciu n = a& + b, To
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JlokazaTeabCTBO HerocpecTBeHHo ciaepyer u3 (11.8).

Ecimu & un = p(§) — aucKperHble cyvaiiHble BeJIUMIUHBI, TO PSJT PACIIPE/CJICHNU
BEJIMUMHBI 7) MOZKET OBITh OJIyYeH HEIIOCPEJICTBEHHO IIyTeM IOJICIETa BEPOSITHOCTEH
3HAYEHUIl BEJIMYNHBI 1) Yepe3 BEPOATHOCTH 3HaYeHUil BeJImunHbl £ 110 popmyite

Plp=wy)= Y, Pl=um) (11.12)
i:(p(i)=yx)

T.€. CyMMHUPOBAHUE TIPOBOJIUTCS IO BCEM 3HAYEHUSIM UHIIEKCA 4, [T KOTOPBIX ¢(x;) =
Yk-

IIpumep 11.5. [lan pgji pacupejenenud ciaydaiinoit Besmmaunbl €. [loctpouts psjt
pacipe/ieeHns CaydaiiHoil BeJIMuunbl 1) = &2,

E]—-1] 01
P[1/8|5/8]1/4

Pemenne. Cocraum Tabsmity 3HaYeHUN 1):

El-1]0]1
n| 1 [0]1

Buynm, 4o 1 Moxker npuanMarh jBa 3uadenus: 0 u 1, upuuém, ouesngno, P(n =
0) = 5/8, a BEpOSITHOCTD 3HAYEHHSI 7) = 1 MOYKHO IMOJICIUTATH TI0 TeOPEME CIIOKEHUST
BepositHocreit: P(n = 1) = 1/8 + 1/4 = 3/8. B pesynbrate psiji pacrpe/ieseHus 1
nMeeT BUJ

gl o0 ] 1
n | 5/3 [ 3/3

O606mum dopmyiy (11.8) Ha MHOrOMepHBIH ciayuaii. [Tycrs 5 — k-MepHas HENPEPHIB-
Hasl C/TydaiiHas BeJIMYNHA C IJIOTHOCTBIO pacrpenenenus fe¢(L) = fe(xy,x2,. .., o). llycrs
MHOTOMEpHAasl CJIydaiiHas BeJUYuHa 7] OlpejesieHa Kak BekTop-pyHKms Buja 7 = g(&),
re 7; = gi(&1,...,&), i = 1,k. Kaxk u pamee, mycThb cooTBeTcTBHE MeXIy & U 1] B3a-

VIMHO OJHO3HAYHO M CyIIeCTByeT obpaTHoe mpeobpasosanme & = g~ 1 (7)), Takoe uto & =

9; 1(772~, M2y Mk), © = 1, k. Torja coBMecTHasI IUIOTHOCTb BEPOSITHOCTH CJLyIailHbIX BeJIH-
quH 7;, ¢ = 1, k, paBHa

Folwt, -y 21) = (g7 @), 65 @) g @I @), (11.13)
rie T = {x1,22,...,2} — BEKTOp aprymenros; J(Z) — sikobuan npeobpasoBaHus BH/IA
D91 (%) 99, ' (#)
i ) e | BT
(Z) D(zy,x9,...,7k) 991 (7) dg M ()
oxq oxy

B wacrrocTu, npu uneiinom npeobpasosanun 17 = A€ + [i, Tae A — HEBBIPOKIEHHAS
MaTpHUIIA, a [i — HEKOTOPbIl BEKTOD CJIBUTA, MMeeM

—1/—
E=a7li-p, gl @=ATNT-q), % = dei(A™) = gy
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u, ucrosb3ys (11.13), momydanm

FE) = g A7 = ). (11.14)

¢ Ilycrs {&,n} — cayuaitasrii BekTop u ¢ = ¢(&, 1), e ¢(u, v) — HecydaitHas
dyuKImMa, Toraa GyHKIMIO pacIpeIe/eHnst CIyIaiiHoli BeTMInHbl ( MOKHO, OYeBH/I-
HO, OIIPEIEJIUTH KaK

Fe(z) =P(C<2)= Y>> Pl=z.n=y)
o(i,y;)<z
JJId BEKTOpPa C JUCKPETHBIM paclipele/JieHueM 1 KaK

Fe(2) =P(( < 2) / fen(x,y)dx dy
p(z,y)<z
J1JIs1 BEKTOPa C HEIIPEPBIBHBIM pPacIIpe/Ie/IeHueEM.
11.5. Kowmmno3uiusi ciry9dailHbIX BEeJIMYUH

OjtHoft W3 HamboJIee BaXKHBIX 3a/1a9 MPU PACCMOTPEHUHN (DYHKIUI CIIydaifHOro
BEKTOpa 4ABJIAeTCdA TaK Ha3blBacMas 3aJava KOMIIO3UIINU — 3a/ia4a OIIPe/e/ICHUd
3aKOHA CYMMBbI CJIyYalHbIX BEJINYUH 110 U3BECTHLIM 3aKOHAM paclIpe/esieHud CaMUX
BEJIMYNH.

Teopema 11.2 (dopmyna cBepTKnu). Ecau caywaiinoe seausunv, & u 1 He3a6u-
CUMDL U UMENOM HENpepbisHbe pacnpedeserus ¢ naommnocmamu fe(x) u f,(y), mo

fein(2) /fg ﬁ7z—aval3:—/f77 ) fe(z —y)dy (11.15)

HokazareabcTBo. [lo onpeenennio

Fel®) = P& +n<2) = [ [ fowdedy = [[ fetw)sw)drdy -

§+n<z E4n<z

- ]odx Z/_mfg(x)fn(y)dy

Creraem B mHTETrpasie 3aMeHy epeMeHHbIx: ¢t = x + y. Torma

oo

Fen(2) —/dw/fs fnt—w)dx—/dt/fg 2)fyt — 2)do
/(/fs fnt—xdx)dt /f£+77

fernlz /fs 0 (= — 2)di

CrenoBaTesibHO,

9TO U TPeDOBAJIOCH JIOKA3aTh.
AH&JIOI‘I/ILIHH.H TeopeMa uMeeT MeCTO 1 JIJId JUCKPETHBIX CﬂyqaﬁHbIX BeJINYUH.
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Teopema 11.3. Ecau cayuatinove seauswurv, £ w1 HE3AEUCUMDL, O

P(+n=2)= ZP ) P(n = 2 — ;). (11.16)

JlokazaTeJbCTBO aHAJIOTUYIHO JIOKA3aTEIbCTBY IIPE/IBIIYINEN TeOPEMBI.
Herpynano 3amerutsb, uTo DyHKIUS pacipe/ie/ieHus PA3HOCTH CJIyYallHbIX BeJIU-
quH € U 1) ONpeJIesIgeTcss COOTHONIEHUEM

fen(2) /fs Vfyz + 2)dz

¢ Pacupesesnenne Ha3bBaeTCS YCMOUYUSHIM NO CYMMUPOSAHUN, €CJIN CYMMa
JIByX BEJUYNH, UMEIOIINX OJIHO U TO K€ Paclpejie/ieHne, UMEeeT TO Ke PacIpejie-
JIEHHE.

O Hapsiny ¢ cymMMoii 1 PasHOCTBIO CAyYailHBIX BEJIMIUH B IMPUIOKEHUSIX MOLYT
BOBHUKATH UX IPOU3BEJIeHNe U JacTHOe. Tak, IJIOTHOCTH pacipeieseHust IPOonu3Be-
nenusi ( = £n onpejiesigeTcst cCOOTHOIIeHneM (cM., Harpumep, [14], e paceMoTpeHo
0OJIBIIIOE KOJIMYIECTBO 3a/1ad 110 1IpeoOpa3oBaHnio (DYHKIUU IJIOTHOCTHA paciipejiesie-

i BEpOATHOCTH)
/ L10f (3 /fg o5t (1

a IIJIOTHOCTDL pacIipe/ie/ICHUA YaCTHOI'O — COOTHOIICHHEM

o) = [ trteasy0de — [ s @t (11.15)

12. YwucjioBble XapaKTEPUCTUKHU CJAyYaiiHO BeJIMINHBI

3aKOoHBI pacipeje/ienns CIydaiiHoi BeJTMINHBI TOJTHOCTHIO OMUCHIBAIOT CJIyUaii-
HYIO BEJIMIUHY C BEPOSTHOCTHOW TOYKHU 3peHusi. OHAKO 3TU (DYHKIMH HE BCET/IA
U3BECTHBI, JIa U BO MHOTHX 3a/adaX OHU HE HYXKHBI. 3a9acTyi0 JOCTATOYHO 3HATH
TOJIBKO OCHOBHBIE YHCJIOBBIE ITapaMeTPhl, XapaKTEepPU3YIOIUe CIydaliHyl0 BeJandu-
Hy, TaKue KaK WHTEpPBAJ, B KOTOPOM HAXOJUTCA OOJBLINMHCTBO 3HAYCHUI CJTydaii-
HOW BeJIMYMHBI;, CpeJHee 3HaYeHNE, OTHOCATEIBHO KOTOPOIO TPYIIMPYIOTCA 3HaJe-
HUS CJIyYallHO# BeJIMYMHBL; PA30POC 3HAYEHUN CJIydailHONl BEJTUIUHBI OTHOCUTETHHO
CpeJIHero 3Ha4YeHus 1 T.JI. Takne XapaKTePUCTUKN HA3bIBAIOTCH “YUCAOELLMU TAPAK-
MEPUCTNUKAMU CAYYATUHOT 6EAUMUHDL.

12.1. MaremaTnieckoe OXKHUJ/IaHUE CJIyYalHOU BeJIMYNHBI

PaccmoTpuM AuCKpeTHYIO CilydafiHylo BeJIYuHy &, HMEION[YI0 BO3MOXKHbIE 3Ha-
vqenns {xy}}_, ¢ BeposTHOCTSAMU { Py} ; (/I CIy9ailHON BEJIMYIMHBI, TPUHIMAIO-
meit CIéTHOe MHOYKECTBO 3HAYEHNIL, 1 = 00).

¢ Mamemamuneckum oscudaruem, WL CPeOHUM 3HAYEHUEM, TICKPETHON CIIy-
JATHON BeJTMYINHBI £ HA3bIBAETCS UHCJIO

= zn:xipi. (12.1)
=1
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MaTremaTndeckoe oKujlaHue CJIy4dailHOM BeJIMIMHBI MOYKET U HE CYIIEeCTBOBATD, €CJIN
pu n = 0o cooTBercTByoNmas cymma (12.1) pacxomurest. [osromy npemoaraerc,
9T0 1pu n = 00 paj (12.1) exoaures abCcoIOTHO.

PacemorpuM HenpepbIBHYIO C/IydaiiHyIo BeJIMYUHY & C TIJIOTHOCTHIO BEPOATHOCTH
fa).

¢ Mamemamumeckum ostcudaruem HEITPEPHIBHON CJIyYaitHON BeITUIHHBI £ HA3bI-
BaeTcd YUCJI0, PABHOE MHTETPAJTY

oo

M) = / of (x)dz, (12.2)

— 00

€CJIN OH CXOJIUTCH.

B nporuBHOM cilydae CUUTAIOT, UTO CaydaiiHasd BeIndnHa £ He UMeeT MaTeMaTH-
YEeCKOTO OXKUJIAHUS.

Dopmyia (12.2) nmeer Takoii ke BEPOITHOCTHBII CMBIC/I, KAK U JJIsT IHCKPETHON
c/lydafiHOIf BeJIMYMHBL: MaTeMaThdecKoe OXKHUJaHue OJHOMEpPHOI ciydaiiHoil Besu-
YUHBI — 3TO HEKOTOPOE €€ CpejiHee 3HAYEHNE.

O B sureparype napsaay ¢ (12.1), (12.2) ucnonb3yiorest 0603HaYEHMs

M(8§) = M =me = M¢] = Ee = £ = (§).

B Tex ciaydaax, Korjia BO3MOXKHbBIE 3HAYEHUS CIIyYailHONW BEJIMYUHBI PACIIOJIAra-
10TCs He 10 Beeit ocu Oz, a NpUHAJJIEKAT UHTEPBAILY [a, b], MOXKHO 3amucarh

M(©) =€ = [ of@)d

U3 onpeieienns BBITEKAIOT CJIEYIONIAE CBOMCTBA MaTEeMaTHIECKOTO OYKUTaHUS,
JIOKA3aTe/IbCTBO KOTOPBIX OyJ/ieM IPOBOJIMTH Ha IpUMepe JUOO JIUCKPETHOi, b0
HENPEPBIBHON CIyYalHON BEJIUYUHDI.

CsoiicTtBo 1. Maremarudeckoe oxKujiaHne mocTosHHON C' pABHO 9TOM TOCTOSTHHOI:

M(C) = C.

HokazareabcTBo. [locTosinayio C' MOKHO paccMaTpUBAThH KaK CJIyIaiiHyIO BEJTTIU-
Hy &, KOTOpasi MOYKeT MPUHUMATD TOJIBKO OHO 3HatdeHne C' ¢ BEPOSITHOCTHIO, PABHOIA
enunauie. [losromy

M) =C-1=0C,

CsoiictBo 2. [ljs npousBosibHOil dyHKINN 1) = (&) cirydaitHOro aprymesTa §
( n
E cp(:pi)PZ- JJI TACKPETHOI CJIYYailHON BEJIMYUHBIL;
i=1
o0

/ o(z)f(x)dx nia HEIPEPBIBHON CJIydailHON BeJMIHHBL.

\— o0

(12.3)
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HoxkazarenbcTso. [lycrs dynkims ¢(§) npuauMaer 3HAUEHHsI Cq, Cg, . . . C BEPOST-
nocramu P(p(€) =c¢p) = Y.  P(§=x). Torga (em. (11.12))

kip(zr)=cm

(p(§) = ZCmP(‘P(g) = Cp) = Zcm Z P =) =

k:(p(zr)=cm)

plae) P(§ = k) = Z p(:) P(€ = ).

=

M(n) =

AHaAJIOrn9HO JIJIg HENPepBIBHOI cirydaitnoil Besmaubl u3 (11.8) 3anumem

o0 (e 9]

M((€)) = M(y) = / yfoly)dy = / ylle™ @) felo™ ().

—00 —00

Crnenas sameny mepemenunix y = o(z), * = ¢ y), de = |¢ ' (y)|'dy, momxyanm
(12.3).

CroiicTBO 2 MOXKeT ObITH 0000IIEHO U Ha (DYHKIHIO CIydaifHOro BekTopa. Tak,
JUTst QYHKIUH JIBYX CIIy9aillHbIX BeJHIUH (&, 7)) 3anmmiem

Z Z o(x;,y;)P(€ = x;,m =1vy;) Vi AUCKPETHOIO BEKTODA;
(S

M(p&n) =9 7 T
/ / o(z,y) fen(z,y)dx dy JIUIST HEIIPEPBIBHOI'O BEKTOPA.

—00 —00

CBOI71CTBO 3. THocTosgHHbII MHOXKUTEHL MOXKHO BLIHOCATE 38 3HAK MaTeMaTUIeCKO-
T'0 02K JJaHWA, T.€. MaTeMaTUu1IeCKOe O2KH/TaHne ITPOU3BEJICHU A HOCTOSTHHON BEJIMYNHBI
Ha CJIyYaliHyIO BEJIMYUHY PABHO IIPOU3BEJICHUIO 9TON IIOCTOAHHON Ha MaTeMaThde-
CKO€ OXKMJIaHUE CIydaliHOW BeJUYNHbI:

M(CE) = CM(E). (12.4)

HoxkazarenbctBo. [lomoxkum ¢(x) = Cr u BOCHONB3yeMCsl MPEIBIYIIIM CBOTi-
CTBOM:

M(CO = 3 CanP = O3 P = CM(E),
i=1 i=1

CsoiicTtBo 4. Martemarudeckoe OKUJIaHHE CyMMBI HECKOJBKUX CJIyIailHbIX BeJIH-
YUH PaBHO CYMME MAaTEMAaTHYCCKNX OXKUIAHUN 3TUX BEJIMYNH:

M+ &+ .. +6)=ME) +ME&)+ ...+ M(&,). (12.5)

JlokazaTeabCTBO MPOBEIEM JIJIsT CYMMBI JIBYX HEIPePbIBHBIX BejandnH. CoryracHo
CBOHCTBY 2,

M +n) = / /(x+y)fs,n(w,y)dxdy=

—00 —00

= 7 7xfg,n(x,y)daf dy + 7 7yfs,n($,y)dx dy =

—00 —0OQ0 —00 —00
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- /xfg(x)dx—f- /yfn(y)dsz(§)+M(n)-

B,ILGCI) MbI BOCIIOJIb30BaJIUCh T€M, 9TO

/fsn:vydyﬂfn /fgnxy z.

Takum obpaszoM, yTBEpKIECHUE JTOKA3AHO.

CsoiicTBo 5. Maremarudeckoe OKUIaHNE CyMMBI TIOCTOSTHHON U CJIyYIaitHON BeJin-
YUH PaBHO CYMMe HOCTOAHHON BEJIMYUHBI U MaTEeMaTUICCKOIO OXKUJIaHNA CIIydaiHON
BEJINYNHBI:

n

M(E+C) = (z;+C)P ZxZPH;*ZP M(€) + C. (12.6)

i=1

JlokazaTeabCcTBO. 3aMeTHM, 4TO NOCTOAHHYI0 (' MOXKHO PAacCMaTPUBATDL KaK CJIy-
YaifHyI0 Ben4InHy &, KOTOpasi MOXKeT PUHUMATh TOJBKO OjHO 3Hadenne C' ¢ Bepo-
SITHOCTBIO, paBHOil enuante. [losromy (12.6) stBisiercst 9acTHBIM CJIy9IaeM COOTHO-
menus (12.5).

CsoiicTBo 6. Maremarnueckoe OZKJTaHWE IIPpOU3BEIACHUA JIBYX HE3aBUCUMbBIX CJIYy-
YallHbIX BEJIMUYH PaBHO ITPOU3BE/ICHUIO MaTeMaTUI€CKUX O)KI/I,ZL&HI/IP'I ITUX BEJIMYUNH:

M(&n) = M(§)M (n). (12.7)

JokazaTeabCcTBO MPOBEIEM JIJIst HETPEPBIBHBIX BestnduH. [lo orpesenenuto,

M(&n) = 7 7 ry fen(z, y)dr dy = 7 7 vy fe(x) fr(y)dz dy =

- /:cfg(x)dx/yfn(y)dy:M(f)M(n)a

9TO U TPeOOBAIOCH JJOKA3ATh.

¢ Coyuainas sesmuanna £ = £ — M () (oTk/I0HEHNE CITydaiiHOfl BeJIMYNHDL OT €8
MaTeMaTHIeCKOrO OZKUIAHNST) HA3BIBACTCS YEHMPUPOBAHHOT CAYHATHOT 6eAUNUHOT.

llenTpupoBanue cry9daiiHOl BEJHIHHBl PABHOCIIIBHO MIEPEHOCY HAYasa KOOD/IH-
HAT B CPEJIHION, «IIEHTPAJIBHYIO» TOUKY, abCIICCa KOTOPOil pABHA MATEMATHIECKOMY
OZKHJTAHHIO. )

Ormernm, aro M (§) = 0. B camom geste,

M(§) = M(&— M(£)) = M(&) — M(£) = 0.

M&TeMaTI/I‘{eCKOG OZKIJTaHUE ABJIAETCA BarKHeUIeun us3 XapaKTEePpUCTUK I10JIOZKE-
HUA. CpeILI/I IIPOINX XapPaKTEPUCTUK IIOJIO?KEHUA BbBIIACJIAIOT MOJAY U MEIuaHy CJIy-
YJailHOIl BeJIMINHBI.

¢ Modoti xy0q MUCKPETHOMN CIyYaifHON BEJIMYINHBI HA3BIBAIOT ee HAamboJee BEpPO-
ATHOE 3HAYECHUE.

¢ Meduanoti cayuatinoti seaurunvt £ HA3bIBAETCS TAKOE 3HAYEHNE Tpyed, I KOTO-
poro P(§ < Tymeq) = P(€ 2 Tmed), TO €CTH MejinaHa ABJSETCS DEIleHIeM yPaBHEHUs
F(2mea) = 1/2
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IIpumep 12.1. Haiitu maremarndeckoe oxkujgauue M (€) muckperHOit cirydaiiHoit
BEJIMYUHBI &, 3a/IAHHOI 3aKOHOM pacipeieeHus

€ 51234
P [04]03[01]02

Pemenwne. [lo onpenenennio, M () = —-5-04+2-0,3+3-0,1+4-0,2=—-0,3.

12.2. Imcrepcus ciryvaifHOU BeJIMYWHBI U €€ CBOMiCTBA

MaremaTudeckoe OKuJIaHUE CIYyYAHON BEJIUYMHBI XapaKTEpU3yeT eé cpejiHee
3HAYEHNe, JUCIIEPCUsl Ke CIIYKUT XapaKTePUCTUKON pa3dpoca 3HAYMEHU CITydaiiHoi
BEJIMYMHBI OTHOCUTEIBHO MaTEMATUYECKOT'O OXKUJIAHUA.

¢ Jucnepcued caydaitHoil BeimanHbl £ HA3BIBAETCS MATEMATUIECKOE OXKHJIAHIE
KBa/[paTa OTKJOHEHUs CJIyUYailHON BEJTMIUHBI OT €€ CpeJIHero 3HadYeHus u 0003Hada-
ercs

D(§) = D¢ = M(§ — M(€))*. (12.8)

U3 onpeenenus (12.8) ciemyer, 9To st HEMPEPHIBHON CJIyYailHONW BEJIMIHHBI &
JIUCIIEPCUS OIPEJIEIISIETC UHTErPaIoM

o0

() = / (6 — M(€))*f(x)dz, (12.9)

— 00

€CJIU OH CXOJIUTCHA, & JIJId JTUCKPETHON CJydaliHONW BEJIMYUHBI — CYyMMON
D(&) =Y (x; — M(€))*P(E = ;). (12.10)

Hucniepcust D(€) mveer pasMepHOCTDb KBaIpaTa CJIyIaiiHOM BeJIMIMHBIL, s XapaKTe-
PUCTUKHU PACCENBAHUS Ke YI00Hee UCIOJIb30BATh BEJIUUNHY, PA3MEPHOCTH KOTOPOIt
COBIIQJIACT C PA3MEPHOCTHIO CIAYYaANHONW BEJIUYUHDI.

¢ Cpednexsadpamusmnvim omrasoHeRueM (CIMaHOGPMHBLM OMKAOHEHUEM, LI CINAH-
dapmom) CIIyYaiHON BeJIMYUHBI £ HA3BIBAETCs KOPEHb KBaJIPATHBIN U3 JIUCIIEPCUN:

o= VD).

Ecin Bocrosib30BaThest CBOMCTBAMI MAaTEMATHIECKOTO OKujanust, To n3 (12.8)
HOJLy UM

M(§ = M(€))* = M(€* — 26ME + (M¢)*) = ME* — 2MEME + (ME)*.

Orcrona cmemyer
DE = M — (M),

CsoiicTBa Jiucnepcun
CsoiictBo 1. [ljs sro6oii coaydaiinoii Besmannbt € mucnepcus D(€) > 0.
CupaBeIJTIBOCTD YTBEPXK/IEHHUS CJIEJIyeT HEIIOCPEICTBEHHO U3 OIIPE/Ie/ICHNUS.

Csoiicto 2. Ecim C' — nocroganasi, ro D(C') = 0.
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JleHCTBUTEBHO,
D(C) = M(IC — M(C)*) = M((C — C)*) = M(0) = 0.
Csoiictso 3. Ecim € — nocrosmnas, To D(CE) = C2DE, D(€ + C) = D(€).
JTeHCTBUTEIBHO, COMIACHO CBOCTBAM MATEMATHIECKOIO OXKIIAHNIS,
D(CE) = M((CE)?) — M*(C€) = C*M(%) — C*M2(€) = C*D(¢).
Anajornano

D(E+C)=M((§+C—M(E+C))?*) =M(§+C—M(E)—-C)) =
= M((§ = M(£))*) = D(S).

CgoiicTtBo 4. Ecim ciryuaiinble BeJUYUHBI U 1) HE3ABUCUMBI, TO
D(&+n) = DE+ Dn.
Joka3aTreabcTBo. COriacHO CBOICTBAM MATEMaTUYECKOI'O OXKHJIAHUA,

D(E+n)=M((E+n)?) = M*(§+n) = M(E* +2n +n*) — [M(§) + M(n))* =
= M(&?) 4+ 2M(&n) + M(n?) — M?(§) — 2M(§) M (n) — M?(n) =
= M(&%) — M?(&) + M(n®) — M?*(n) = D(§) + D(n)

12.3. MoMeHTBI cirydailHOI BeJIMYMHBI 1 UX CBOMCTBA

HOMI/IMO MaTEMaTUICCKOI'O OXKMIAaHUA W JUCIIEPCHUN, B KadeCTBE YMCJ/IOBBIX Xa-
PaKTEPUCTUK CﬂyqaﬁHbIX BeJIMYUH IIPUMEHAIOTCA MOMEHTDI. Ha IIpaKTUKe Jalle BCe-
ro NPUMEHSIOT HadaJlbHbIE U IeHTPaJIbHbIe MOMEHTHI.

¢ Hauvarvroim momenmom k-ro TOpsIKa CIydaiHON BeIUYInHbI { HA3bIBAETCH
MaTeMaTHUYIEeCKOE OXKMTaHNEC BECJIMYMHBI gk, T.€.

Oék(f) = M(fk)

JIng TUCKpEeTHOMN ciydYaifHON BeJTMYUHbI HAYAIbHBII MOMEHT OIIPEIe/IAeTCS COOTHO-
HIeHueM
n
2: k
ap = €, -P'i7
i=1

a JIJIsl HeIIPEPBIBHON CJTyYaifHOW BeJIMYINHBI { HAYaJIbHBIIE MOMEHT k-TO TIOPsJIKa Pa-

BEeH MHTErpaJLy
o

ap = / 2" f(z)dr, k=0, occ.

—00

HadapHblii MOMEHT 11€pPBOTO MOpsijiKa CJIyYailHON BETMIHHBI €CTh HE 9TO HHOE,
Kak Maremarndeckoe oxupanue: a; = M(§).

¢ Yucio p,(€) = M(E— M (€))* naswiBaercs yenmpaavrvim momenmom k-ro mo-
psizika. Jlist qucKperHoit ey qaiHoi BeJnInHbl EHTPAJIBHBIT MOMEHT k-T0 HOPS/IKa
BBIUHC/IAETCs 110 (hopMYyJIe

n

e = () = Y — M(E)]'P.

i=1
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HenTpasbHbiii MOMEHT k-TO TIOpS/IKa HEITPEPBIBHOMN CIyYailHONM BEJIMYMHBI pABEH UH-

Terpay
o0

= / o~ MO f(x)dz, k=0,

—00

¢ Herpyauo zamerurs, aro puy = 0, s = D(§).
¢ Havaronolm momermom TOPSIKoOB k, s cucTeMbl CaydaiiHbx Besuaud (€, 1)
HA3BIBAETCA MATEMATHIECKOE OYKUIAHNE

k. s
Qs = M(g n )
Jlst cucTeMbl BeJTMYINH, HMEIOIINX JTUCKPETHOE PacIpeiesieHue,
k, s .
A s = E E xzyjp(glean:yj)v
( J

JJId CUCTEMbBI BEJIMYWH, UMEIOIINX HEIIPEPBIBHOE PaCIIPpEeIeJIEHNE,

Qs = / / 2"y fen(x,y)dx dy.

—00 —0O0

[IepBBle HaYaIbHBIE MOMEHTBI COBIAQIAIOT C MaTEeMaTHIECKUMI OKUJIAHUAMU Be-
JIMYnH § U N

eiicTBUTEILHO, HAIPUMED, JJI HEITPEPBIBHBIX BEJIMYNH:

al,oz77w1yof§,n($,y)dxdy= 7wdl"7f§,n($,y)dy= 7$fg(l“)dl’=M(§)'

¢ Llernmpanvroim MOMEHMOM TTOPSIIKOB k, § CHCTEMBI CITyJaiiHbIX BesimauH (€, 1)
HA3BIBACTCS MATEMATHICCKOE OXKHIAHNE

pins = M([€ = M) [n — M()]"). (12.11)

OueBnjiHO, 9TO
s = 3 D _lwi = ME)y; = M) P(€ = zin = ;)

JJTA CUCTEMBI BeJIMYNH, UMCIONNX JTUCKPETHOE pacIpe/iesiecHue, 1

s — / / [ — ME)Ply — M) fe (2, y)de dy

—00 —0OQ

JIJIsl CUCTEeMbl BEJIMYMH, UMEIIINX HEelIPEPhIBHOE paclipe/lesIeHe.

MozkHO 3aMeTuTh, YTO BTOPBIC IEHTPAJIbHBIC MOMEHTHI [lg g U [lp2 €CTh JHCIep-
cunt Bt € 1 1p: fiog = D(E), pio2 = D(1).

¢ Tlo ompeeneHnio, MIOTHOCTh BEPOATHOCTH OJIHO3HATHO OIPEJIEITeT BCE MO-
MeHThl. CrpaBeyinBO U 0OpaTHOE yTBEpIK/ICHHUE.
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Teopema 12.1. [Iyemov f(z) u g(x) — naomuocmu pacnpedeserus 6ePOAMHOCTIU
cayyatinolr eeaunur £ u ¢ u

ak:/f(x):p dr, [p= /g(x)xkdx

Tozda ecau oy, = Bi, k = 0,00, u pynryus o(x) = f(r) — g(x) pasaoscuma 6 psad
Tetinopa, m.e.

(@) = f(x) — g(x) = 3 Ciat,
mo f(x) = ().

JlokazareabcTBo. PaccmMorpum mHTErpadt

1= [ () - )’
OueBnano, aro [ > 0 n
1= [ $@@) = ga)ds — [ g@)(7(e) = gla))ds =3 Cuan = > Cusle =0,
oo e k=1 k=1

CrenoBarensno, f(z) = g(x).

Eciu cayvaiinas Besntdnia pacupeieeHa CAMMETPUTIHO OTHOCUTEILHO MaTeMa-
TUYECKOTO OKUJIAHUS, TO BCE TEHTPAJIbHbIE MOMEHTHI HEUETHBIX MODPSIJIKOB DaBHBI
Hystio. JIj1s1 XapaKTepUCTHKU CTEleHN OTKJIOHEHUSI PACIPE/IeIeH T OT CHMMeTPHY-
HOT'O HCIIOJIB3YIOT IEHTPAIBHBIA MOMEHT TPETHEro HOPSIIKA.

¢ Bennuuna

3
A=A =18
o3

HA3BIBAECTCSA KOIPHUUUEHMOM ACUMMEMPUY IX KOIDQUIMEHTOM CKOIIEHHOCTH.

Kosdpdbunuent acummerpnn xapakTepusyeT CTEIeHb aCHMMETPUU PacIIpejieie-
HUS CJIy9aiiHOl BEJIMUNHBI OTHOCHTEIBHO €€ MaTeMaTHIeCKOro oxkutanns. [l cum-
MerpuaHbIX pacupejenennii A = 0. Ecsm nuk rpaduka dyuknum f(x) cmernen B
CTOPOHY MAaJIbIX 3HadYeHuil («XBocT» Ha rpaduke Gynknun f(z) cupasa), To A > 0.
B nporusHoM ciyaae A < 0 (em. puc. 39).

HeTBepThiil IEHTPAILHBIA MOMEHT CJIYZKUT JIJIsi XapaKTEPUCTUKUA OCTPOBEPIITIH-
HOCTH PaCIIPEIe/ICHHIS.

A £
0.5l A=0 1.0
0,81
0,61 0.6/
0.4} 0.4/
0.2} 0.2t
0= = 053
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¢ Bennunna

HA3BIBAETCS IKCUECCOM CIIYIARHON BEJTMIMHDBI I KOIPHUUUEHMOM 0CTNPOGEPULUH-
HOCTIU.

DKCIECC MTOKA3bIBAET, HACKOJILKO PacIpejesieHe OTINYAeTCsd OT TaK Ha3bIBAeMO-
ro HOPMAaJBHOTO paclpeseslenns, s KoToporo £ = (.

Kosdhdunment skcnecca siByisiercss Mepoit ocTpoThl rpaduka GyHKIUN ILIOTHO-
cru pacnpeenenus f(z) (cm. puc. 40).

¢ Ksanmuavio mopsiaka (3, OTBeYAOIIeil 3aaHHOI BEPOATHOCTH (3, pacipeieie-
HUA HEIPEPBIBHON CIIy4YaitHON BeMmduHBI { Ha3bIBAETCH JEHCTBUTEIBHOE YHCIIO Tg,
yaossieTBopstiortiee ypasuennio P (€ < 75) = 3 (cm. puc. 41).

Kpautuias nopsiyika 1/2 sasisiercsa meduanot.

SHavyeHns Ty7; U Tpo5 HA3BIBAIOTCA COOTBETCTBEHHO BEPXHEH M HIKHEN Keap-
muaamu. KBapTuabHBI pa3mMax, PaBHbII PA3HOCTU BepXHEll M HUZKHEHl KBapTuJIei,
IpeJICTaBIAeT cOOOM MHTEPBAJ BOKPYT MeJMaHbl, B KOTOPBII CIyvaiiHasd BeJIUYUHA,
¢ norajiaer ¢ BepogTHOCTHIO (,5.

1) flz)
\

¢ Kpumumeckol mouxot TOpsiIKa (v PaCIpeIe/leHns HEeIPEPBIBHONW CIyJaiiHON
BEJIMYUHBI £ Ha3bIBAETCS JEHCTBUTE/ILHOE THCIO t,, YIOBIETBOPAIOIIEE YPaBHEHIIO
P >1t,) = a (em. puc. 42).

O4eBuIHO, YTO KBAHTUJIb HOPsiIKA [ COBIAIAET ¢ KPUTUIECKON TOUKOIM MOPSIIKA
a =1 — (3, OCKOJIbKY

12.4. KosBapualiusa u ee CBOMiCTBa

PacemorpuMm cucremy ciiydaiiHbIX BeJIMIUH

—

f: (fbf%"'?gn)'

¢ Kopperauuonrvim momenmom WM Kosapuayuet CITydaifHbIX BeJnInn & u §;
Ha3bIBACTCSA BEJIUUINHA,

Kij = cov(§&;) = M[(& — M(&)(& — M(€))].

Herpyano 3ameruts, 4To
Kii=D;, K= Kj.
Koppensiuonabsie MOMEHTBI U JUCIIEPCHIO YJIOOHO 3aIMCHIBATH B BHJIE MATPHIIBI

— —

cov(€) = A(€) = | Kijllnxn = M[(§ = M(€))(€ = M())T]. (12.12)

Marpuiia (12.12) Ha3bBaeTCS KOBAPUAUUOHHOT MAMPUUET, CUCTIEMBL TITH MAMPULET
Kosapuayul.
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Jst cucrembl cotydaitnbix Beumau (£, 1), UMEOIMIUX JUCKPETHOE PAaCIIpe/Ie/IeHne,
KOPPEJIAIMOHHBINT MOMEHT OIpeIessaeTcss COOTHOIIEHTEM

Key = Z Z(% — M(&))(y; — M(n))pij,

a JIJId CUCTEMbBI HEITPEPBIBHO paCHpe,ILeJIéHHbIX CJIy‘l&fIHbIX BEJIMYMH — COOTHOIIICHM-
eM

Ky = / / (2 — M)y — M(n))f (. y)de dy.

—00 —00

CaoiicTBa KoBapualmn

CsoiicTBo 1. [ly1 KoBapuanuu caydaifHbIx BeJInauH £ U 1) ClipaBejinBa (popMya

cov(&,n) = M(&n) — M(§)M(n).

CsoiicTBo 2. Ecymn ciyuaiiable Bequmauubl £ u 1) He3aBucuMbl, 1o cov(E,n) = 0.
O6parnoe yTBepzK/ieHue B o0IIeM cilydae HeBepHO, T.e. m3 Toro, uro Kg, = 0, ne
CJIEJIYET, UTO BEJTUIUHBI £ U 1) HE3ABUCHMBI.

CsoiictBo 3. Crpaseymso coorromenne M (En) = M(E)M(n) + cov(E,n).
CsoiictBo 4. Cupaseymso coornomenue D(E +n) = D(&) + D(n) + 2cov(E, ).

KoBapuanus 3aBucut oT pa3MepHOCTH CIyYaiHbIX BEJIUYUH & U 1), TOITOMY Y100~
Hee BBeCTU Oe3pa3MepHYI0 BEJIMIUHY U UCIIOJIB30BATH €€ B KaueCTBe XapaKTePUCTUKN
B3aMMHOI'O BJIMAHUS CJIYYalHBIX BEJIMUHH.

¢ Bennuuna
cov (&, 1)

D(§)/D(n)

(pu yeqoBum, aro D(&), D(n) cylmecTBYIOT U He DaBHBI HYJTI0) HA3BIBAETCS KO-
duyuernmom xKoppesayuy CydaitHbIX BeuanH &, 1) .

¢ Marpuna r = | p;j||, e

Pij = ﬁ 0; = \/EZ VK, i, =1,n,

)
0,03

p(&m) = pen =

HA3BIBACTCA KOPPEAAUUOHHOT MAMPULET CUCTEMDL.

CsoiicTBa KoaddunmeHTa KOppeasdaiuu

Orpann4anM paccMOTpPEHMe CBoicTBaMU KOI(MMUIMEHTA KOPPESINNA I JIBYX
CJIy4YalHbIX BEJINYNH.

Csoiicto 1. Cupasenmso cooTHoIIeHuE |pg | < 1.

JlokazareabcTBO. Bociosb3ayemcst cBoiicTBaMu MaTeMaTUIECKOIO OXKUIaHIS U JINC-
HIEPCHM:

cov(§, 1) M (én)

A N N O

- M<é%) = M (&omo),

O¢
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rie

§O:§:£—M(€)7 770:77—M(77)
o o Oy

~ CTaHJapTU3NPOBAHHBIE CJIydaiiHble BeuIuHbL. Tenepb BOCIOJIL3yeMcst HepaBeH-
crBom ab < (a® + b?)/2 u cpoiictBom MonoToHHOCTH: ecan &(w;) < n(w;) ma Beex
w; € 2, ro M(&) < M(n). Homyanm

[D(&) + D(mo)] = 1.

N | —

M(gmo) < M (516 +7d]) = SIM(E) + MOR)] =

Ananornuno, ucnonbsyst HepaseHctso ab > —(a® + b%)/2, MOXKHO TOKazaTh, YTO
p(&n) = -1

CgoiicTBo 2. Ecsm Besmmunubl £ U 1) CBA3aHbBI JIMHENHOI 3aBUCUMOCTBIO: 1) = a& + b,
TO KO3(DDUIUEHT KOppeasaun pe,, = 1, ecim a > 0, u pe,, = —1, ecm a < 0.

HokaszarenbcrBo. Vmeem pg,, = K, /(0¢0,). Ucnonb3ys cBoiicTBa MaTeMaTHe-
CKOT'O OXKUJIQHUS W JUCIIEPCUH, HAlIEM

Key = M(&7) = M(I€ — M()]n — M(n)]) =
= M([§ = M(&)][a& +b— M(a& +b)]) = aM([¢ — M(£)]?) = aD(&);

oy = /D) = /D(ag +b) = \/a?D(§) = |aloe.

CrenoBaTesbHO,

K¢y aD(E)  a {1, a > 0;

Pen = oeo, - |a|o? " al -1, a<o.

CsoiicTBo 3. Eciu xkoaddurment koppessanuu p = £1, To BeJTUIUHBL £ U 1) JTUHEl-
HO 3aBUCHMBI.

HoxkazarenbcTBo. Ilycts pe, = 1, HO 910 03HAUaer, uro B dopmyte M(Eymy) <
M((&2+n2)/2) crour 3nak pasencrsa, umu M((£y—n9)?) = 0, 9TO BOZMOKHO JIUIITH
B TOM CJIydae, eci BeJudrHa & ¢ BEPOSITHOCTBIO 1 paBHa BeamduHe 7). CrenoBa-
TEJILHO,

f—iw(f) :U—M(U)’ n=20¢ — TUN(E) + M(n) = af + .
¢ oy O¢ O¢

¢ Cuyuaiinble BeIm4InHbI £ 1 1) HA3BIBAIOTCA HEKOPPEAUPOSAHHILMLU, €CITH pg , = 0,
NOAOHCUMENLHO KOPPEAUPOSAHHOIMU, €CII pep > 0, 1 ompuyamesvro Koppeaupo-
GaANHBLMU, €CIN Pg < 0.

Taxum obpazom, KOIPUIMEHT KOPPEIAIUN XapaKTepU3yeT CTeleHb JIMHEIHO
3aBHCHUMOCTH MEKJy BeJMInHaMH £ U 1), IPUIEM ecin pg, > 0, To Bo3pacTaHHIO §
COOTBETCTBYET BO3PACTAHUE B CpejiHeM (YCJIIOBHOTO MATEMATHIECKOIO OKUIAHNUS) 1),
a eci pg, < 0, To BO3pacTaHuio  COOTBETCTBYeT yObIBaHUe B CPEeJIHEM 7).
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CsoiicTBa MaTpuIlibl KOBapuaruii

—

CsoiictBo 1. Marpuna kosapuarmii A(§) ciaydaiiHoro Bektopa £ HEOTPHUIIATETBHO
olIpe/lesIeHa.

—

HoxkazarensctBo. [lycrs X = {x, 2, ..., x,} — NIpOU3BOJIBLHBII BEKTOD, £ — CIIy-
JaitHbIi 1eHTpupoBaHHbIl BeKTOp, A = cov(§). Torma

XTAX = XTM(EENX = M(XTEXTET) = M(XTEP > 0,
qTO " Tpe6OBaJIOCI) JOKa3aThb.

BameTnm, 9TO PaBEHCTBO BO3MOYKHO JIUITE B ciydae, ecian X ¢ = () ¢ BepOSTHO-
CTHIO €JUHUIA, T.€. IIPU YCJOBUM, UTO BEJIMYUHBI &; CBA3AHbI JIMHEHHON 3aBUCUMO-
CTBIO.

W3 3T0oro croiicTBa BBITEKAET, UTO OIPE/IETNTE/Ib MATPUIIBI KOBApUAIUil 1 Bce eé
cobCcTBeHHbIE 3HaUeHUs HeoTpuiaTeabHbl. [Ipudem det A = 0 Tora u TOJIBKO TOTJIA,

KOTJIa KOOP/IMHATHI £ CBA3aHbI JIMHEHHON 3aBUCHMOCTBIO.
BameTrnM Tak:Ke, YTO U3 JAHHOTO CBOICTBA MATPHUIIBI KOBaAPUAIINN JIETKO ITOJTY-
YUTH PACCMOTPEHHbIE BBIIE CBONCTBa Ko durmenTa koppessiun. leficturebno,

IIyCTh é’: {&1, &}, Torma
= K K

Tak kax det A > 0, ro K11 Ky — K2, > 0 wm p2, < 1, npuuem |ppp| = 1 Torga u
TOJIbKO Torjia, Korya det A = 0, T.e. ecou & u & TUHENRHO 3aBUCUMBI.

CsoiicTBo 2. Eciu BeKTOD 7] TOJIyUeH ITyTeM JIMTHEHHOTO Tpeo0pa30BaHms BEKTOPA
&= C¢+ d, tne C — npousBosibHASI MATPUIA pa3Mepa 1 X 1, TO

cov(if) = Ccov(§)CT.
HokazareabcTBo. [lo onpesenennio,
cov(i7) = M((7 — M(7)(1] — M(77))T).

Haiiném M (77):

Torma

IIpumep 12.2. Bakon pacipejiesieHnsi CHCTeMbI CJIyYaiiHbIX BeaudnH (7)) 3a/1aH
B BHUJIe TaOJIUIIBI

S| 1 ]2
—1 [0,3]0.2
3 (0104
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OrnpenieuTh MaTeMaTuvIecKue OXKUJIAHUS W JIMCIIEPCUU JIJI KaXKJI0W U3 BEJIMYUUH,
BXOJISIINX B CHCTEMY, 8 TAKXK€ BBIUYUCIUTH KOPPEJISIIUOHHBI MOMEHT BeJIMInH & U
1 1 KO3PDUITUEHT KOPPEISIIIH.

Pemenue. Haiiiém maremaTudeckue oxKujgaHus BeJudIud & u 1):

ME) =) apy=-1-03+(-1)-02+3-01+3-04=1;
i=1 j=1
2 2
M) =33 gy =1-03+1-01+2-02+2-04 =16,

i=1 j=1

2 2

Hucriepcun HaiijieM o dpopmysram
D(¢) = M(€*) = M*(§),  D(n) = M(n*) — M*(n).
s aToro onpeesmm

2 2
ME) =" a?py=(~1)* 03+ (~1)*-02+3%- 0,1+ 3% 04 = 5;
i=1 j=1
2 2
M) =>" ylpy=12-03+12-01+2-02+2%-04 =28

J
i=1 j=1

CrenoBaTesbHO,
D(&) =5—1% = 4; D(n) = 2,8 —1,6% = 0,24.
Koppensamuonnbiii MoMeHnT Haiiaém 1mo dopmyiie

Key = M(&n) — M(§)M(n),

JJId 9TOTrO OlIpeJIe/INM

2 2

M(En) =Y wypy=(=1)-1-03+(-1)-2:02+3-1-01+3-2-04=2.

i=1 j=1

Orcrona
0,4
Kepy=2-1,6-1=04; p(g,n) — ﬁ ~ 0,408.

1,/0,24

ITpumep 12.3. IIpoBoaurcs nmpoBepKa KadecTBa napTuu u3jenii. 13 orobpannbix
5 uznennit £ u3sesmii OTBEUAIOT CTaHIAPTY; cpeu HUX 1) (1) < 3) — BBICIIETO Kave-
crBa. CoBMecTHOE pacripe/iesieHre CiucTeMbl (£, 1) 3a/1aHO JBYMEDHON TabJuiiedt

77]’\5@'
0 0

T 1T 21 31 45
210,08 0,1 |0,06]0,04 0,02
0,03 0,07 0,09 0,1 | 0,12
0 0,02 0,04 0,06 0,08
0 | 0 [0,01]0,02]0,04

ol ol ol o

1
2
3
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Haiitn OJJHOMEPHBIE 3aKOHbI pacClIpele/IeHn A Ka}K,ILOIL/'I 13 BEJIMYUH 5 nrmn. OHpe,ILeJII/ITb
MaTeMaTu4ieCKue OK1nJaaHusd, CpeJHEKBa/APaTUIHbIEe OTKJIOHEHU A BeJIMIMH f urnuux

Pemenune. HpOBepI/IM BBIIIOJIHEHUE  YCJIOBULA
HOPMHUPOBKH:

['pacbukoM BEPOSITHOCTEN pPaCIpPeIeIeHNsT AB-
JgeTcst rucrTorpamMa cucreMmsl (€, 1) (puc. 43).
Bo3MOXKEH IJIOCKUI BAPUAHT TI'MCTOTPAMM

HAJIOZKEHKE TOCTPOYHBIX PACIIPEJIIEHIH (CM.
puc. 44).

Puc. 44.

OyHKIMs pacipeenenns sekropa ¢ = (&, n) onpejensercs (pOpMyIIoit

Ff»’?('rvy) = Z Z Pmn;

Ym <Y Tn<T

/e CyMMHPOBAHUE PACIPOCTPAHSETCS HA BCE M, JIJIA KOTOPBIX Yy, < Y, U BCE N, IS
KOTODBIX T, < & (Tabi. 2 u puc. 45)

= Tabmma 2
DyuKIWs pacipeiesieHnsi CHCTEMbI CIyJaiiHbix Bejanand ¢ = (£,7) npu IpoBepKe
Ka4ecTBa [MapTUu U3Je/Inil
0 0,02 | 0,10 | 0,20 | 0,26 | 0,30 | 0,32
1 0,021 0,13 10,30 | 0,45 | 0,59 | 0,73
2 0,02 0,13 10,32 | 0,51 | 0,71 | 0,93
3 0,02 10,13 10,32 | 0,52 | 0,74 | 1,00

Haiiziém o/fHOMepHBIE 3aKOHBI PACHpE/IeJeHNs 110 KayKJIOi U3 BeJuIuH & u 1) 1
nocTpouM rpaduKu OJHOMEPHBIX 3aKOHOB PACIIPEICICHNS KaXK/IO0H U3 BEJIUINH.

J171s1 ocTpoeHust psijia pactpe/iesieHust 1o & 9JeMEeHThl MATPUIBI PACIPEIeIeHUST
cucremsl (£,n) (Tabi. 2) cymmupyeM 110 crosbiiam (pacipesesenne o £ M. B TadJI. 3
u Ha puc. 46).

Tabsuna 3
Psan pacupenenenns: ciaydainoil BeJMInHBL £ IPU IPOBEPKE KAUeCTBa HAPTUU W3 IeJIAil
x; 0 1 2 3 4 5
p; | 0,02 0,11 | 0,19 | 0,20 | 0,22 | 0,26
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P i I 7 P
7 Vil 0,3
0,2H 1

N ) NN

Wiz NN

0 1 2 3 4 5= 0% 1 2 3y
Puc. 47.

Puc. 46.

Jlist mocTpoenus psajia paciipe/ie/ieHust 110 1) 9JIEMEHTBI MATPUIIBI PACIIPE/IE/ICHUST
cucrembl (£,n) (Tabm. 12.4.) cymmupyeM 110 cTpoKaM (pacIiipejieJieHne 110 7) CM. B
tabs1. 4 u Ha puc. 47).

Tabsmna 4
Psin pacripesiesienust ciydaiinoil BeIMIUHBL 7) TPU TIPOBEPKE KAYECTBA TMAPTUN W3IETHi

Yi 0 1 2 3
pi 10,32 10,411 0,20 | 0,07

YucsioBble XapaKTepUCTHKY HailéM, umMes jpanubie Tads. 3, 4. Maremarudeckue
OXKUJIQAHNA:

M(¢ :inpi:0-002+1-0,11+2-0,19+3-0,2+4-0,22+5-0,26:3,27;
ZZprZ] Zy]pj_o 0,32 +1-0,041+2-0,2+3-0,07 = 1,02.

Jlucnepenn u cpeHeKBaAPATHIHbIC OTKJIOHCHUS:
= ZZ[% — M(&)Ppi; = Z[‘”l — M(&))p; = fopz — M2(¢) = 1,9971;
T B B

oe = /D(€) = 1,41319;

= Z Z[yj — M0)Ppiy =D ly; — M(n)’p; = Zy?pj — M?*(n) = 0,7996;

o, =/ D(n) = 0,894204;
K&n = Z Z[xl - M(S)H j plj Z leyjplj )M(n) = 0,6346.

Kosdbdurment Koppessium CUCTEMBI JIBYX CJIyYaHBIX BEJUINH:

= & = 0,502185
Pen = =Y .
O¢0y Y

B
IIpumep 12.4. B tpeyrosbauke ¢ seprmaamu O(0,0), A(1,0), 1
B(0,1) (puc. 48) Bbibupator Haymady Touky. [lycrs &, 7 — KoOp-

JMHATHI 9TOi Touku. Haiitn KoahduImenT Koppessaiun MexK Ty D A
BeJIMIUHAMU & U 7). Ol 1 =
Pemenne. Tak kak Bce TOUYKH BHYTPU TPEyrOJbHUKA PaBHO- Puc. 48.

IPABHBI, TO IIOTHOCTH COBMECTHOTO pactpejenenns fe,(x,y) Bequwdun £ u 1) 1o-
CTOAHHA:

2, ecmu (z,y) € D;
f 577(.%’, y) =
0, ecmu (x,y) ¢ D.
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M(&) = M(n) =2 //xdxdy—z/ / _

D
1 12
(f”)_2//:cyd:cdy—2/xdxo/ :1_12;
D(§) = 77_2// 96—— dxdy——8

1

cov(&,m) = 2 § = —%

Torma

1 KO3 PUIUEHT KOppeJIsiium

(€)= -1/36 1
pem) = V1/18y/1/18 2

Kosddunment kopperdaium moaydIusicad OTPUIATEIbHBIM, YTO MOXKHO OBLIO IPeJI-
cKa3aTh, Tak Kak (cM. puc. 48) deMm GoJibIie &, TeM MEHbIIe B CPEJTHEM 7).

IIpumep 12.5. Ilo moTHoCcTH BEpOATHOCTEM

(1+2°)(1+y°)

flz,y) =

JIByMEPHO# CJIydaifHO# BeJMYNHBI 5 = (&,n) omnpenenmuth Kodpdunuent a, GyHK-
o pacrpenesnenns F(x,y), MareMaTHdecKue OXKUJIAHUS W JIUCIEPCHNA CHCTEMBI
CYYafiHbIX BEJNYNH W UX KOPPEJSIUOHHBIN MoMeHT. Haiitu ojfHOMepHBIE 3aKOHBI
pacripejie/ieHns KazKJI0il 13 BeJIUYINH.

Pemenne. Koadbdunmenrt a onpejiesgercs n3 cBoiicTBa HOPMUPOBKH:

+00 +00 d +ood 9n 2
x y T

1= )dx dy = :(—).
//fxy rdy a/1+x6/1+y6a3

[IpumennmM cTaHapPTHYIO IPOIEYPY UHTEIPUPOBAHUS IPOOHO-pAIMOHAIbHON (DyHK-
I

dt 1
/ T =I(t)+C = 1 [4 arctgt + 2 arctg(2t + \/§) + 2 arctg(2t — \/§)+

24+ /3t+1
+/31 —) +C
! 2—\/§t+1]

Takum obpazom, a =9/ 472, a IJIOTHOCTL BEPOSTHOCTE! JIByMEepHOl cilydaiiHoii Be-
JIMYUHBI TpuHUMaeT Bujl (cM. puc. 49)

9 1
An2 (14 29)(1+y5)

flx,y) =
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)
e

VT 0 14272

Puc. 49.
Oyukiwio pacnpesenenns F(x,y) naxomum o dopmyse (11.1):

7

F(x,y)://f(x,y)dxdy:%([(m)+§)<[(y)+g):

- (o) (L)

3/1ech MBI BOCIIOJIB30BaMCh TeM, uto [(00) = 7/3. I'paduk dyHKImn pacupejee-
uust F'(z,y) nsobpazken Ha puc. 50.
[LnoTHOCTH pactpejieeHus: KayK 101 13 KOMIIOHEHT Haiijgém o dhopmyite (11.2):

[e%s) +oo
9 1 1 9 1 2« 3 1
o= S [y L LB
fe(x) /f(a:y)y 47T21+x6/ 1+ ¢S Y 4721 + 26 3 21 1 + a6
" aHaJIOTUYHO
O p—
"y_27r1+y6.

Bamernm, 1to, coriacuo (11.6), (11.7), KOMIIOHEHTEI £ ¥ 1) ABJISIIOTCA HE3ABUCHMBIMI
U UX HaiijleHHble IJIOTHOCTU PaclpejesleHud COBIIaIaloT C YCJIOBHBIMU.
I'padux mrornocru pacupeienenns fe(x) u300- f
pazkeH Ha puc. ol. LJe@)
Jlasee HaAXOM HYNCIOBBIE XapPAKTEPUCTUKH CJLy-
JafHON BeJIUYUHDI:

+oo +oo
3 T
—0o0 —0o0 1 Y
Awnanornano
Puc. 51.
M(n) = 0.

[Ipu BbIYUCIEHNN MaTEMATHIECKOTO OXKIJIAHUSA MBI BOCIIOJIb30BaJIUCh TEM, YTO OIpe-
JIEJIEHHBI MHTErpaj OT HedeTHON (PYHKIUU ¢ CUMMETPUYHBIMU IIPEJIeJIaMi PaBeH
nyso. Hermocpe/icrBeHHoe BbIMUCICHUE MHTEIPAJIa MPUBOJUT K TOMY K€ Pe3yJIbTa-
Ty, IOCKOJIBKY

/ tdt _ 1 [2\/§arctg(2t —V/3) — 2v/3arctg(2t + V3)+

116 12

+1In

(12 + 1)
‘(tQ + V3t +1)(12 — V3t +1) H
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Mg qucnepcuit morydanm

+00 +oo
3 7 3 arctg(z®) |t 1
D) = — M) dr=— | ——do = ——7—| =3
U aHAJIOTHTIHO ]
D(n) = =.
(n) =3
Torma o = /D(€) = 1/v/2 ~ 0,707 1 KOPPEIAINMOHHBI MOMEHT B CHJIy HE3aBUCH-

MOCTH CJIyJaiiHbIX Besimaun § U 1) paBen nyso: K, = 0.

IIpumep 12.6. /lana mIOTHOCTH BEPOATHOCTH CUCTEMBI CIYHYalHbBIX BEJIMIIMH

fa.y) asin(x+y) mpu0<z<7/2;0<y < 7/2;

X =

Y 0 [IPH JIFOOBIX JIPYTUX T U

Onpenemutb KO3pUIMEHT @, (DYHKIINIO PACIPEIE/IEHISA CUCTEMbI, MAaTEMATHIECKIE
OXKMIAHUSA W JUCIEPCHU CUCTEMbBI CIYyYalHBIX BEJIUINH W UX KOPPEISAIIMOHHBINA MO-

menT. Haiiru O/THOMEPDHDBIE 3aKOHbBI pPacCIIpe/Ie/ICHUA Ka}KlLOfI 13 BEJIMYMH.

Pemenue. Ha ocnoBanuu cBoiicTBa HOPMUPOBKHU OIIPe/iesisieM KO3hDpuImenT a:

w/27/)2
a= 1/[/ /sin(:p%—y)dyd:p},
00
e
w/27/2 /2 /2
X 7'('/2 T
/ /51n(x+y)dydx = — / cos(x +y)| dr=— / [cos (x—i— 5) —cosx]dx =2.
0
00 0 0
Torma a = 1/2.

[110THOCTH BEPOSTHOCTH CHCTEMBI CJIYUYaiiHbIX BesmauH f(x,y) IpuMeT Bu

2

1

—sin(x + mpn 0 <z <7/2;0< y < n/2;
flz,y) = ( y) up / ) /

0 1pu JIIOOBIX JAPYTHUX T U ;

I'paduk dynknun f(z,y) npusenen Ha puc. 52.
DyHKIMS paCIPeIe/IeHIs BEPOSTHOCTH CHCTEMBI CIIydaiinbx Besmann Fy ,(x,y)
onpejessiercst ceytormmmu yeaopuamu: i {x < 0,y < /2 N{x < 7/2,y < 0}
F(z,y) = 0;

g {0 < <7/2,0<y<7w/2}

F(x,y) = jjsin(f +n)dédn = — O/y[COS(l“ +1) — cosnldn =
1

= a[sinx + siny — sin(x + y)];
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st {0 <z < 7w/2,7m/2 <y < oo}

1
F(z,y) = §(sinx + 1 — cosx);

s {7/2 < x < 00,0 <y < 7/2}

1
F(z,y) = a(siny + 1 — cosy);

st {x > 7/2,y > 7w/2}
F(z,y)=1.
I'padux dyukiun Fe,(x,y) npusegen Ha puc. 53.
OmnpeJiesisieM TIOTHOCTH Paciipejie/ieHnst BEPOATHOCTE 10 KazKJI0ii IlepeMeHHOii:
w/2 w/2

fe(x) = /fg,n(:c, n)dn = % / sin(x+n)dn = —% cos(z+n)
0

0

7T/2_1< +1. )
.~ 3 coS T 2smx.

Anajioruaso

w/2 w/2

folx) = / fen(§y)dE = /fg,n(f,y)df = % / sin(€ + y)dé = %(cosy +siny).
% 0 )

I'pacdux dbynknuum f; npusesen Ha puc. H4.

fot
0,6/_\
0,4}

El

0,2t

xr
—m/d T w2 34

Puc. 54.

aiee HaliIEM YnCIOBBIE XaPAKTEPUCTUKE CUCTEMbI CJIyJaiiHbIxX Beamand (&, 1):

w/27/2 m/27/2

M) = / /xfm(x,y)dxdy:O,?SM; M(n) = / /yfg,n(:c,y)d:cdy:OJSM.
0 0 0 0
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w/27/2

/ / x — N2 fen(z, y)dx dy = 0,187647;

7r/2 7r/2

/ / N2 fen(,y)da dy = 0,187647;

e = \/D(£) = 0,433182; o, =+ D(n) =0,433182;

w/2m/2

Key = / /[x — M)y — M(U)]ffm(% y)dx dy = —0,0460539;

K
pen = —L = —0,245429.

O¢0y

¢ llycrs mana cucrema sesman (£,7). Maremarndeckoe OxKujiaHue BeJIUIUHBI
7), BBIYUCJIEHHOE TP YCJIOBUH, YTO BeJMYUHA & TPUHAIA OIPEJIC/IEHHOE 3HaYeHUE,
HA3BIBAETCS YCAOBHBIM MAMEMAMUYECKUM 0AHCUIGHUEM BEAUMUNDL 1).

g cucTeMbl IMCKPETHBIX BEJINYUH

M(n/¢ = ;) = ZyjP(n =y,/€ = 13);

JJId CUCTEMbBI HEIIPEPBIBHBIX BEJIMYMH

o0

M(n/é = z) = / yfy(y/2)dy

—00

AHaJIOrmIHO MOXKET ObITH OIPEIEJICHO YCIOBHOE MATEMATUIECKOE OYKUJIAHNE BeJIN-
YUHBI £.

YesoBaoe Maremarndeckoe oxujganue M(n/€), Kak 9TO caeyer u3 ompejese-
HUS, €CTh HEKOTOpas (PyHKIUSA apryMeHTa &, KOTOpas XapaKTepu3yeT 3aBUCHMOCTD
CPEJIHEro 3HAYeHNs BeJIMIUHDIL 1) OT BeJMIuHbl £. DTy (PYHKINIO HASBIBAIOT PE2pec-
cueti CAYHAUHOT BEAUNUHDL 1) HA CAYUATHYI0 6eaununy &, a TpaduK 3TOi HYyHKIMN
HA3BIBAIOT KPUBOT PE2PECCUL.

[Tpeano1osKumM, 9T0 MbI XOTHM OIUCATH 3aBUCUMOCTL B CPEJIHEM 1) OT & ¢ IIOMO-
b0 HEKOM (DYHKIMOHAJIBHOI 3aBucumoctu 1 = (€, a, b, ¢, . ..), rie a, b, ¢ — HEKOTO-
pble apaMeTpbl. ByjeMm Ha3bIBaTh TaKyl0 3aBUCUMOCTD MOJEALIO pezpeccut 1) Ha &.
Oynknuio y = ¢(z,a,b, ¢, . ..) HABBIBAIOT HAUAYHUWUM NPUOAUNCEHUEM T) B CMBICTIE
MeTOJIa HAMMEHBIITX KBAJIPATOB WIN cpedreksadpamuunoti peepeccueti n Ha &, ecu
sesmunna M ([n—p(€, a, b, c, .. .)]?) npuHUMaeT HaUMeHbIIee 3HAUeHHe KaK (PYyHKIHs
napameTpos a, b, c, . . ..

Pacemorpum Moztesb JimHeHOI cpeiHeKBaipaTuaHoil perpeccun ¢(€, a, b) = a+
b. Haiiném, npu Kakux 3HadYeHHsX mapamerpos a u b dyuknusa F(a,b) = M([n —
©(€)]?) npurMMaeT HamMeHbIIee 3HadeHne. Comb3yst CBOHCTBA MATEMATHIECKOTO
OKHJIAHUSI, MOYKHO 3aIIUCATH

F(a,b) = M([n — (& a,0)]*) = M([n — a§ = b]*) =
= M(n?) + a®>M () + b? — 2aM (&n) — 20M (1) + 2abM ().

Uccnenyem sty dyHKIMO Ha sxkcTpemyM. Haiiném

OF(a,b) OF(a,b)

sl = 2aM(E) - 2M () + M),

= 2b—2M(n) +2aM (&).
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[Mpupasuss 0F /0a = 0, 0F/0b = 0, nosyanm cucremy

{aM(§2) +0M(§) = M(&n);
aM (&) +b= M(n),

pelmnB KOTOPYIO, Hali/IEM ITapaMeTpbl a U b:

M(&n) — M(§)M(n) _ cov(én) _ 9o, 1
M(€2) — M2(€) D) Mo
y_ ME)M(n) — MEM(En) _ DEM(n) — M(§)cov(€n) _
M(€2) — M2(¢) D(€)

oF

= M(n) = M(&)pe. :

Bocroib30BaBIIACH JIOCTATOYHBIM YCJIOBUEM SKCTPEMYMA, JIETKO YOEIUTHCS, YTO
dbyukius F(a, b) mocruraer muanmyma. CresoBaTesbHO, ypaBHEHNE JINHEHON cpei-
HEKBa/[PATUIHON perpeccuut 1) Ha & UMeeT BU/I

yZM()+psn {x— M(E)}- (12.13)

[pu maiiiennpix sHatennsx a u b saadenne Gynxmmn F(a,b) = o (1 — pg ) na-
3BIBAETCS OCTATOIHON JHUCIIEpCHeil CIyIailHON BEJTMIUHBI 7) OTHOCUTETBHO BEJTNINHBI
€. Ona xapakTepusyeT OmuOKY JIMHEIHON perpeccunu.

12.5. XapakKrepuctuieckKasi 1 Npou3BOJsIiasi pyHKIUN

¢ Xapaxmepucmuueckol dynkyuets Ye(t) ciydaitnoit Beandunbl  HA3BIBAETCS
KOMIIJIEKCHO3HAYHAsT (DYHKIUSA JIEHCTBUTEILHOTO apryMeHTa ¢, omnpejessgeMas Kak
MaTeMaTHIecKoe OyKUJIaHne CIydaiiHoN BeJmInHbl e/

A(t) = e(t) = M(e™). (12.14)

g AUCKpeTHON cydaliHON BeJIMINHBIL:

— Zeitzkpk, (12.15)
k=1

JIJI HEIIPEPBIBHON CJIyYaiiHON BEJIMYNHBL:

(e 9]

~(t) = /em’f(:p)dx. (12.16)

—00

¢ Kak Bugmm, 7718 HepepbIBHON CIydIailHOW BEJTUYUHBI XapaKTEPUCTHIECKAsT

bynrkIIa ecth obpaTHoe mpeobpasosanme Oypoe Y(t) = 21 F, L, f(x) mrorHoCTH
BEPOATHOCTH paclipeie/leHnsi. 3Hast XapaKTepUCTUIeCKY0 (DYHKIMIO, MOKHO C T10-
MOIIBIO TpeobpaszoBannsa Oypbe HAWTH IJIOTHOCTH PACIIPEICTICHHS:

1 1 A
T F_. — tye " dt.
@) = <=t = 3= [ 200
Hconb3oBanue XapaKTEPUCTUIECKUX q)YHKH‘I/H./JI IIO3BOJIAET IPUMEHATDL JIJIA Pe-

IIIEHNS MHOT'UX BEPOSITHOCTHBIX 3a/1a9 Teoputo peobpasoBanns Pypbe, XOPOIIo pas-
paboTAHHYIO B MaTeMaTHIeCKOM aHasm3e (cM., Hampumep, [3]).
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CBoiicTBa xapakTepucTU4ecKoii pyHKIUn

CgoiictBo 1. Xapakrepucrnieckas OYHKINS YIOBIECTBOPSIET COOTHOIIEHUSIM
H0) =1, O] <1. (12.17)

JokazareabcTBo. /lelicTBUTEILHO, IO OIIPEJIETIEHUIO
7(0) = ]of(x)dxz L.
C sipyroit cTOpOHBI,
RIGIES 7|f(93)6m| dx = 7f(l“)|€”’”| dr = 7f(l“)dl’ =1

CsoiicTBo 2. Xapakrepuctudeckasi (DyHKIUsS CIydaiiHON Beaudauubl 17 = af + b
nMeeT BU/I '
T(t) = eat)e™. (12.18)
HokazareabcTBo. [lo onpejenennio,
’Yn(t) _ M(e“") _ M(ez’t(a£+b)) _ M(eitaéeitb) — eith(eitag) _ ”yg(at)e“b.

B,ZLGCI) MBbI BOCIIOJIB30BaJIUCh Te€M, 9TO HOCTOSHHBIIT MHOXKHUTEJb MOXKHO BBIHOCUTH 34
SHaK MaTeMaTUYICCKOI'O OZKMJIaHMA.

CgoiicTBo 3. Ecimm cyiecTByeT KOHEYHOE MaTeMaTHYeCKOe OyKUJIaHUe CJIydaifHOi
BesrauHb! EF, To

7 ®(0) = M (€F). (12.19)

okazareabcTBo. [lycTh
10 = [ fw)eis

[Ipomuddepentiupyem 310 BhIpazkeHue 1o t:

o0

Yt =i / £f(2)e® dz,
CJIEJTIOBATEIIHHO,
V(0) =i / £ f(x)de = iM(E).

AHaI0rnIHO MOXKHO IIOJIYYIUTD BbIpazKC€HUA U JIJIA ITPOUSBOJAHBIX BBICIIUX ITOPA -
KOB.
C IIOMOIIIBIO CBOMCTBa 3 MOXKHO BBIYHMC/ISITH HAYaJbHBIE MOMEHTHI cnyqaﬁHoﬁ

BEeJINIUHBI 110 (hopMYy.JIe

ow = M(€5) = 4 (0). (12.20)
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CaoiictBo 4. Eciu ciyvaiinas Besmunna £ uMeeT KOHEIHbIE MOMEHTBI JIF0OOTO TI0-
psijika, TO pasJjiolKeHHe ee xapakrepucrTudeckoil dynkmuu y(t) B pang Makiaopena
MeeT BU/L

A(t) = %tk. (12.21)
k=0

JokazareabcTBo. ClpaBeInBOCTh YTBEP:KJIEHUSA HEIIOCPEJICTBEHHO CJIeyeT W3
HPEJbLIYINEro CBOMCTBA.

CsoiicTBo 5. Xapakrepucruieckasi QyHKIUS CYMMbI HE3aBUCUMbBIX BEJUYUNH DaB-
HA [IPOM3BEJIEHNIO XaPAKTEPUCTUIECKUX (PYHKIUN STUX BEJTHINH:

Ven(t) = ()1 (t). (12.22)
HokazareabcTBo. [lo onpejenennio,
Vern(t) = M(e"ET0) = M(e™e™) = M (™) M (™) = 7e(t)7,(1),
9T0 U TPeBGOBAJIOCH JI0KA3aTh. 3/1€Ch Mbl BOCIIOJIL30BAJIUCH cooTHOIIeHneM (12.7).

[To unmyknun yoexxaaeMcst, 9TO ecjii caydaiinas Bejuanna ( SBISETCA CyMMON
N

N He3aBHCHMBIX CIyYaifHbIX BeauduH: ( = » | &;, TO €€ XapaKTepucruieckas (pyHK-
i=1
U OIPeIeNIgeTcs COOTHOIIIEHIEM

16(t) =T

¢ [Ipoussodaweti Gynryuet: HauasvHbT MOMERMOE CITy YAl HON BeJIMUINHEL £ Ha-
3piBaeTcs bynkiws a(t), ecin

aft) = M(e*).

¢ [Ipoussodsweti Gynkyuets YeHmpairbHbL MOMEHMOE CIIYyIaiiHON BETMIHHBL &
HaspiBaeTcs byHKIw (u(t), ecan

u(t) = M(et[éfM(i)]).

[IpuBeiém ocHOBHBIE CBOWCTBA MTPOU3BOIAIIEH (DYHKITUN, KOTOPbIE aHAJIOTUIHBI
CBOIICTBAM XapaKTEePUCTUUIECKON (DyHKITIH.

Cgoiicto 1. Ecim cymecTByior Konednbie MOMeHTHI o = M (EF), py, = M(€F), To
ar =a®(0), = p™0). (12.23)
HokazareabcTBo. [lycTh pacupejenenne ciaydaiftHONl BeJTMIUHBI £ JTUCKPETHO:
alt) = M(e®) => e P,
i=1

[Ipomuddepentiupyem 310 cooTHOIIEHHE TIO

a(t) = Z x;e™i P
i=1
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u Haiiém o (0):
i=1

Borancsins nponsBo/iabie 60J1ee BBICOKUX HOPSIAKOB, mojyanm (12.23).
JlokazaTeIbCTBO JIJId HENPEPBIBHBIX PACIPEJIC/ICHUI CIyYallHbIX BEJIMYUH aHa-
JIOTUYHO.
OTO CBOMCTBO IMO3BOJIAET BBIYUCIATH MOMEHTBI CJIyYallHON BeJIMYUHBI 110 POP-
myste (12.23), anamormasoit dpopmyste (12.20).

CsoiicTBo 2. Eciu s ciydaitHoit BeTMIUHBI £ CYIIECTBYIOT MOMEHTHI JIIOOOTO
OpSAJIKa, TO

o
alt) =) Ok k. => k— (12.24)
k=0 k=0

Jloka3aTeabCTBO Cjle/lyeT HEOCPEICTBEHHO U3 IIPEJIBIIYIIErO CBOMCTBA U OIIpeie-
Jienns psja Teittopa.

CsoiicTBo 3. Ecimu ag(t) — npoussossias (DyHKINS CIyIallHON BeJUIUHBI £, TO
npou3Bo/idinas GYHKIMA CaydaiiHol BeJimanHbl 1) = af + b paBHa

a,(t) = ae(at)e”

Jloka3aTeJbCTBO aHAJOTMYHO JI0KA3aTe/JLCTBY CBOMCTBA 2 XapaKTePUCTUYECKUX

dyHKIHII.
¢ IIpouseodswets Pynryuets HaUaIbHBIL MOMEHMOS Oy, s CHCTEMBI CJIydYailHbIX
BesinauH (£, 7)) HA3BIBAETCS MATEMATHIECKOE OXKUJIAHIE

aft,7) = M),

¢ [Ipouseodawieti pyrryuet yeHmpasoHolLT MOMEHMOS |1k, s CACTEMbI CJIyYailHbIX
BesinauH (€, 7)) HA3BIBAETCS MATEMATUIECKOE OXKUJAHIE

w(t, 7) = M(et[E—M(S)HT[n—M(n)J).

Teopema 12.2. Qynkyuu o(t, T) U MOMENMBL Otk 5 CEAZAHDL COOMHOUEHUEM
1
k__s
= — st T
2. ksl
k,s

JlokazaTesbCTBO MMOTHOCTHIO COOTBETCTBYET JI0KA3aTEIbCTBY aHAJIOTTIHON Teope-
MBI JIJIs1 OJIHOMEPHOI'O CJIydasd.

O Ilyctb € u ) — NPOM3BOJILHBIE CIIyUYaiiHbIE BeJIMIUHbI. TOT/Ia TUCTIEPCHs CYyMMbI
STUX BEJIMINH

D(&+n) = M(E*) +2M (En) + M(n*) — M?(&) — 2M ()M (n) — M?*(n) =
= D(&) + D(n) + 2[M(&n) — M(§)M(n)].

Ecin sesmmauna M (En) — M (£) M (n) ne paBHa HyJIO, TO OYEBH/IHO, ITO BEJININHDI {
¥ 7] B 9TOM CJIydae 3aBUCHMBI (06parHoe yTBepKaenne e sepuo!). CieroBaresbHo,
JIACTIEPCUIO MOZKHO HCIOJIB30BATh B KAYECTBE HHINKATOPA 3aBUCUMOCTH CJIydaifHbIX
BeJINYNH & 1 7).
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13. DbwmaHoMmanbHOE paciipeaejiecHue n ero 4aCrHubie Cjiyvdan

13.1. BpeipoxkeHHOe paclipe/iejieHue

¢ ToBopaT, aTo ciaydaiiHas BeaudnHA & UMEET 6bLPONHCOEHHOE PAcnpedeneHue ¢
[IapaMeTPOM @, €CJIM OHa MOXKET MPUHATH €JINHCTBEHHOE 3HadeHue { = @ C BEePOAT-
HocThio 1. Maremarudeckoe oxkujianue BBIPOXKIEHHOTO pactpenenenus M(€) = a,
mucniepens D(€) = 0.

13.2. Pacnpenenenne Bepuynan

¢ ToBopsr, uro ciaydaiinas BequanHa & umeer pacnpedenenue Bepryaiu ¢ napa-
MeTpOM p, 1 00o3Ha4aIOT € B, ecin OHa MOKET IIPUHUMATD TOJIBKO J[Ba 3HAYCHHA:
1 1 0 ¢ BepogTHOCTSIME P U ¢ = 1 — p COOTBETCTBEHHO, T.€. CIydaiiHasd BeJuvduHa, &
€CThb YUCJIO MOABJIEHUI HEKOTOPOT'O COOBITUS B OJTHOM UCIBITAHUU 110 cxeMe bepmyii-
JIN ¢ BEPOATHOCTBIO YCIIEXA, P.

Xapakrepucruieckas (pyHKIUS pacipejiesiennss bepuy/um nmeeT BHT

’}/(t) — qeit-O +peit-1 — q_'_peit.

YucoBble XapaKTEPUCTUKHU HAHIEM M3 OIpeeIeHnil:

ME)=0-q+1-p=np,
D) = (0—p)*q+ (1 —p)’p=p*q¢+¢’p = palp+q) = pq.

¢ BoIpoxkjennoe pacupejiesieHne MOKHO PACCMATPUBATL KaK PaCIpe/ieeHne
Bepnaynmm ¢ g = 0.

13.3. DbuHOMUMa/IbHOE pacIipe/iejieHne

Cpe/in 3aKOHOB pacIpe/iesieHus Jjist JIMCKPETHBIX CAYYailHbIX BeJMYNH Hanbo-
Jiee PacpOCTPAHEHHBIM SBJIAETCH OUHOMUAALHBIT, TACTHBIM CJIyIaeM KOTOPOTO SB-
JisieTcs pacupejesenue beprysu. BunomuaibHoe paciipejiesieHue UMeeT MeCTO B
CJIEJTYIONINX YCJIOBUSX.

¢ [oBopsr, uro ciydaiinas Bemausa £ pacnpedesena no OUHOMUGALYHOMY 3GKOHY
Cc IapamMeTpaMu n U p, u 0bo3Hauaior § € B, ,, ecam oHa MOXKeT IIPUHATD OJIHO U3 1
CBOUX BO3MOYKHBIX 3HAYEHUIT ¢ BEPOSITHOCTHIO

P(=m)=P,(m)=C"p"¢"™™, m=0,n ¢g=1-p,

T.e. cilydaiinasg BeJmdnHa £ €CTh YUCJIO0 MOABJIEHUNH HEKOTOPOIO COOBITUS B 711 UCIIbI-
TaHUAX 10 cxeMe DepHy/In Py BepOATHOCTH TOSABJICHUS COOBITUS B OJIHOM HCIThI-
TaHUU, PABHOU P.

Bunomuasibnoe pacrpejiesienne MOXKHO 3aIUcaTh B BUJIE PsAJia

E=m | 0 1 2 1 ol n
Po(m) | ¢ | Chpg"™" | Cop*q™ > | ... | Cip'q" ™ | .. | p"

¢ MHuoroyroibHUKN OMHOMHAJIBHOTO PACIIPEIEICHIS /ISt YaCTHBIX ciaydaeB p = 0,1;
p=0,5 p=0,9 upu n = 20 npuBejieHBI Ha pPUC. HH.

QOYHKIMA pACIpE/Ie/ICHIs CJIyIailHON BEJIMYUHBI, PAaCIpPeIe/IEHHON 110 OMHOMM-
AJILHOMY 3aKOHY, OIPEIEIIeTCS COOTHOIIIEHUEM

0 npu x < 0;
F(ZL’): Z Pn(m) mpu 0 <z < n;

o<m<x
1 upu x> n.
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Pyy(m)
03} p=0.1 p=09

0,25}
0.2t
0,15
0,1t

0,05}

5 10 15 2071
Puc. 55. Muoroyroibuukun 6MHOMUAILHOTO PACIIPE/IC/ICHUS

IIpumep 13.1. IIpousBojsarcs 3 HE3aBUCUMBIX BBICTPesa IO Ie/id. BepogaTHOCTH
ot IaHns PN KazkI0M BbicTpesie paHa 0,6. Haiitu psaj u dpyHnkmmio pacipe/iesie-
HUs YUCTIA TTONaaHMi.

Pemenwne. Beinunnaa £ nveer OMHOMHAJILHOE paclipejiesieHne ¢ mapaMeTpaMu n =
3, p = 06, ¢ = 04. Cinyuaiinag Besmannaa £ (IUCIO0 MONAJAHUN B IEJIb) MOXKET
IPUHATDH cJiejiyiomue 3Hadenns: rg = 0, x1 = 1, 9 = 2, x3 = 3. DTH 3HaYEHUS
caydaitHas BeJn4YnHa £ NPUHUMAET ¢ BEPOATHOCTAMU Po, P1, P2, P3, KOTOPHIE, B CO-
oTBeTcTBUN ¢ hopMmysioit Bepuyiu, paBHbI

po = ¢° = 0,064;
=C03p'¢* =3-0,6-0,4% = 0,288;
= C2p’q¢=3-0,6"-0,4 = 0,432;
p3 =p® =0,6% = 0,216.

13 BLIMUCIEHHDBIX 3HaYeHnil p;, ¢ = 0, 3, BUJIHO, 9TO HanboJjiee BEPOATHO II0TIa[a-
HHE B IEJb JIBYMS IYJISIMH, B TO BpeMs KaK IPpoMax ITPU BCEX BBHICTPeEJIaX MaJioBe-
pOsITEH.

Pan pactpenenenuit numeer cJieIyronuii BUT:

pi | 0,064 | 0,288 | 0,432 | 0,216

[To omnpeneienuio, pyHKIUS pacupeie/eHnst

Flz)=P<x)= ZP

x;<x

F(x) [pn 2 <0 F(z) = P(§£ <0) = 0;
10t . HpHO<x<1F(:E):P(§:x0:0):0,064;
0.8k | mpu 1 <z <2 F(x)=PE=04+PE=1) =
076: | | 073527
T | | 2
04f
ol T mpn 2 <z <3 F(x) =Y P& =) =084
20000 1 :

—e | | i=0 .

0 1 2 3 T

Puc. 56. upn x > 3 F(x ZP ZR:L

['pacbuk pyHKIMU pacipejie/ieHus MpeicTaBIeH Ha puc. 56.
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Haiiiém MaTemarmyeckoe OXKUJIaHUE U JIMCIIEPCHIO CJIyYailHON BEJIMYUHBI, MMe-
o1ell OMHOMUAIBLHOE PACIIPEJIe/IeHNe, UCIOJIb3Ys IMPOU3BOIITYI0 dyHKIMO. [
OMHOMUAJILHOTO PACIIPE/IETIEHUS 110 OIPEIEIEHUIO

Oé(t) Z emtp Zemtcm m n—m __
> O ey = (g 4 ped)

Cormacuo coiicTBaM npomssojaieit Gynkimn, a; = o' (0), as = a”(0), Te.

o/ (t) = n(q+pe')"'pet, o' (0) = np;
o (t) = np[(n —1)(q + pe')"2pe* + (q + pe')"'e'],  a”(0) = np[(n — 1)p+1].

TOI‘IL& M(f) = Q3 = Np, D(é—) = Qg — O‘% =npq, o \/ = \/1pg.-
MaremaTntiecKoe OXKUJIAHIE U JIUCIIEPCUIO MO}KHO HaiiTn HHaqe HCIOJIBb3YST CBOTi-
cTBa MareMarndeckoro oxuganusa M (€) n gucnepcun D(E).
Hckomyto crydaiiHyio BeJIMYNHY PACCMOTPUM KaK CYMMY CJIy9aillHbIX BEJIIMH:

E=G+&+. . 6.

HAcno, uro & nomapno HezaBucuMbl. Kaxkmas & MOXKeT TPUHUMATDH TOJILKO JIBA 3Ha-
YeHUsl: HyJIb, €Ci coObiTHe A He HACTYIUT B i-M HCHbITaHUM (i = 1,n), U eauHu-
1a, ecau coobitre A nHacrynut. BeposgTHOCTH 9THX COOBITHIT paBHBI COOTBETCTBEHHO
q =1 —p u p. CireroBaresibio, ciydaitable BeTUIuHbl 1, o, . . ., &, HE3ABUCUMBI 1
OJ/IMHAKOBO PACIIPeJIe/IeHbI 110 3aKOHY BepHy/un ¢ mapaMeTpom p.

[TosroMy MaTeMaTHUeCKOe OXKUJaHUe KarKJoil u3 ciydaitubix Besmaud &; (i =

1,n) ectnb

a JInCIepcus

D(&) = pq
JLJIA JIIO6OFO Z C yqéTOM CBOﬁCTB MaTeMaTHn4dICeCKOI'O OZKMJJaHA 1 rILI/ICHGPCI/II/I CyMMbI
OJIMHaKOBO paCHpeﬂeﬂéHHbIX HE3aBUCUMDBIX CHy‘lafIHbIX BEJIMYMH HaXO/JIUM

M(&) = M(& + &+ ..+ &) = M(&) + M(&) + ... + M(&,) = np;
D) =D& + &+ ...+ &) = D(&) + D(&) + ... + D(&) = npg.

SameTnum TaK2Ke, 9TO B JJTaHHOM CJIy4dae KOS(b(I)I/IHI/IeHT ACUMMETPHUU OlIpEJieIdeT-

Cd COOTHOIIIEHNEM
Q9P _ 1—2p

Vpa  \/np(1—p)’

1—6pg  6p*—6p+1
npq np(1 —p)
ITokaxkeM, 9TO GMHOMHMAJIBLHOE pacIpe/ieJieHIe YCTONINBO O CyMMHIPOBAHHIO.

a IKCIecC

FE =

Teopema 13.1. Ecau & u n nesasucumo, u § € B, ,, n € By, ,, mo

<:€+77 € Bn+m,p-

3decv B,,, — bunomuanrvroe pacnpedeserue ¢ nNapamMempamy n u p.
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g nokasaTesibCcTBa B JJAHHOM CJIydae JIOCTATOYHO BCIIOMHHUTBH, YTO CIydaiiHas Be-
JITYWHA, paclpejie/IEéHHas 110 OMHOMUAILHOMY 3aKOHY, €CTh YHCJIO YCIIEXOB B CEPUU
ucnblTanuit bepuysm.

ITpumep 13.2. Cuyuaiinas Beauauna & UPEICTABILET THCIO OPAKOBAHHBIX J[ETa-
Jsieit m3 BeIOOpKU B 50 mTyK. BeposarnocTh Opaka kaxkjoit jgeranu p = 0,06. Haiitu
M (&), D(€) n 0 unciia GpakOBaHHBIX JieTasell B BEIOODKE.

Pemenue. Criyuaitnas pemmanaa £ nmeer OuHOMHAIbHOE pactpejesnenne. Cremno-
BaTE/ILHO,

M (&) = np =50-0,06 = 3 gerann;
D(€) = npg = 50 - 0,05 - 0,94 = 2,82,

Tak Kak ¢ = 1 —p=1—10,06 = 0,94;

o= /npqg=+/2,82=1,6793.

ITpumep 13.3. Ciyuaitnas BeJlmanHa, (i — OTHOCUTEIbHAS YACTOTA MOSIBJIEHUST CO-
ObITHS B N ucnblTanusx 1o cxeme bepuysmn. Haittu eé maremarudeckoe oxKujianue,
JUCIIEPCUIO U CPEJHEKBaIPATUYHOE OTKJIOHCHNE.

Pentenwue. [lycts caydaiinag Beimanna { — YUCIO MOABJICHUI COOBITUS B 11 UCIIbI-
tauusix 1o cxeme Beprysun. Torga p = £/n. Vcnonb3ys cBoiicTBa MATEMATHIECKOTO
OXKUJIAHUS U JIUCIIEPCUN, HAXOIUM

1 1
M) = (5) = M) = Znp =
1 1
D(p) = D(%) = D) = g = %7 Op = %

[Tonydennble 3navenus: MOJATBEPKIAIOT (PAKT YCTONUIMBOCTH OTHOCUTEIHLHON YaCTO-
TBI: €€ 3HAYEHUs TPYIIUPYIOTCA BOKPYT BeposgTHOCTU cobbitusi (M (p) = p) u pas-

6pOC X OTHOCUTEJ/IbHO 9TOI'O SBHAYE€HUA TEM MEHbIIE, YEM OoJIbIIIE 1 (UM = \/pQ/TL)

14. T'eomerpuyeckoe pacrpejejieHne

¢ ToBopsiT, 4TO cilyuaiiHas BeJUUnHa £ UMEET 2e0MEMPUUECKOE PACNPEIEACHUE C
rapaMeTpoM p, u nuniyT £ € G, ecm OHa MOXKET HPUHATH OJIHO U3 CBOUX BO3MOXK-
HBIX 3HauYeHuit m ¢ pepostHocTbio P(E =m) = P, = p¢™ ', m =100, q=1—p.

¢ Takum obpaszoMm, ciydaifHas BeJuduHa & €CTh YHCIO IOINBITOK JIO MEPBOIO
«ycrexa», BKJI0Yas yJIaBIIyIOCs, UK HOMEp IIEPBOr0O YCIIENTHOTO UCIIBITAHUS B CXEMe
Bepuyim ¢ 6eCKOHEYHBIM HYUCJIOM HMCHBITAHUNR U BEPOATHOCTHIO yCIIEXa B OJHOM
UCIBITAHUM, PABHOM P.

BepositHoctu P, i 1I0C/Ie0BATEIbHBIX 3HAYEHUIT M 0Opa3yioT reoMerpude-
CKYIO TIPOI'PECCUIO C HEPBBIM YWIEHOM D U 3HAMEHATEJIEM (.

YucioBble XapaKTepUCTUKN TE€OMETPUIECKOIO PACIIPEJIIeHUST BHITUCIAIOTCS CTaH-
JIAPTHBIM 00Pa3oM:

ME) =Y mpg" " =p> (¢") =p( D" :P<L)/ zp(; = 1;

]_ —
m=1 m=1 m=1 q
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M(&%) = i m’pg"™ ! = p( i mqm), = (q i mQM1>/ — p(q i(qmy), _

- (q(mzlqm) ) :p<q<ﬁ>/)/ :p((1 _qq)2>/ :p(lquq)g = 1;2q;
D(E) = M(E) - Mg = L - = L

2—p
A(€) =
€)= =
1 9KCIIeCC
6 — 6p + p?
p

ITpumep 14.1. Monery nogdopachIBaioOT JI0 IEPBOTO MosBaeHus opJia. Haiitu cpej-
Hee YUCJI0 MOI0PAChIBAHUN U JTUCIIEPCUIO YUC/Ia, TTOJ0PACHIBAHUIA.

. P,

Pemenwne. Yucio nojpdpaceiBanuii j1o mep- 0,847 ™
BOT'O MTOSIBJIEHUS OPJIa — CJIydaiiHas BeJTHIu- 0.6 "\ p=0,8

61

Ha f — paclipejesieHno, O94€BU/JIHO, 110 reOMET-

R 3 \
PUYECKOMY 3aKOHY € HapaMeTpoM p = 1/2. )

Cnenosaresibio, m = 1/p =2, D = q/p* = O4p ™
2. 0,2

¢ Ha npakrTuke paccMaTpuBalOT TakzKe
ciaydaitayo Bequuuay 1n = £ — 1 — duc- 0
JIO «DE3yCIIEIIHbIX> MONBITOK, — PacIpejie-

JIEHHYIO 110 T€OMETPUYECKOMY 3aKOHY:

Pin=m)=P,=p¢"; m=0,00; 0<p<1l; ¢g=1-p

MHOTOYTOJIBHUKY PACIIPEJIe/IEHUS JIJTsl CJIyUYailHOM BEJIMYUHBI 1), pacIpPeIeIEHHOI 110
reoMeTpudecKoMy 3aKoHy ¢ IapaMerpamu p = 0,2; p = 0,5; p = 0,8 npusejieHbl Ha
puc. H7.

OcHOBHBIE YUCJIOBBbIE XaPAKTEPUCTUKU PACIIPEIe/IeHUs CJIyIaliHON BeJIMYUHbBL 1)
BBIpasKaIOTCs depe3 IMapaMeTp paclpeiesleHus P CIeIyoNUM 00pa3oM:
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15. Pacnpenenenue Ilyaccona

15.1. YwucaoBble xapakTepucTukm pacnpezeiienus Ilyaccona

[Ipw permennn MHOTUX MPAKTHIECKUX 33149 ITPUXOINTCS UMETh JIeJI0 C JTUCKPeT-
HBIMU CJTyIaifHBIMU BeJTMIMHAMI, PACIPEIeIEHHBIME 110 3aKkoHy [lyaccona.

¢ Jluckpernas ciydaiiHas BeJudnHa & HA3bIBAETCS pacnpedesérnoti no 3aK0HY
Iyaccona c napamerpom A > 0 u obosnadaercsa & € 11, ecim oHa MOYXKET IPUHUMATD
OJIHO M3 CBOMX BO3MOXKHBIX 3HadeHnuii k ({{ = k}) ¢ BeposTHOCTBIO

PN

Pl =k) = e

k=0,1,2,...
MHuoroyro/ibHUKN pacipeeseHus Jijisd CAy9IallHON BeJIMIUHBI, PACIPE/Ie/IEHHON
o 3akony [lyaccona ¢ pa3mmaHbIMu 3HAYEHUSAMI TapaMeTpa A\, TPUBEJIEHBI Ha PUC. H8.
BameTnm, ITO

ZP({' =k)= Z—'e_’\ = G_AZF —e et = 1.
k=0 k=0 k=0
0.61 B MmuozkecTBO 3HAYEHMI CIIydailHON BeJn-
0:5_ A=0,5 quubl € cuérno. Ilyacconosckoe pacripe-
0.4} JleJIeHUe SBJISEeTCd TPeIesIbHBIM I On-
03l \ A=2 HOMHMaJIbHOTO 1Ipu p — 0, n — 00, ecn
021N\ T, _ASS np = A = const. DTuM pacnpejeenueM
MOZKHO IIOJIb30BATbCH, €CJIU IIPOU3BOINT-
011 . ',*‘ cs1 BOJIBINIOE YUCIO HE3ABUCHMbBIX OIIBITOB,
0 2 4 6 8 10 ™M B KaxK/IOM U3 KOTOPBIX COObITHE A TIPOHC-

XOJMUT C MaJIOl BEPOATHOCTBIO.

Puc. 58. .
[Ipumeps cirydailHBIX BEJIMYNH, Pac-

npeenenubx 1o 3akony Ilyaccona:
1) 9mca0 0TKAa30B CIIOKHON anmaparypbl 3a BpeMs t;
2) 9MCII0 BBI30OBOB, MOCTYIUBIIUX OIIEPATOPY COTOBOII CBSA3M 32 OIPEJIEIEHHBIH TPO-
MEYKYTOK BPEMEHH;
3) UMCIIO 9JEKTPOHOB, BBLIETAIOIINX € KATOJA 38 BpeMs t;
4) 9uCsI0 OMeYaTOK B KOPPEKTYPE U T.I.
Haiiném maremarndeckoe oxuganme M (), mucnepcuto D(€) u cpennekBajipa-
TUYIHOE OTKJIOHEHUE O
o) o] )\k o )\k—l
M) = Zxkpk = Z k—'e”\ =X Z Ty = e et = A\
k=0 =~ k=1 (k=1

TaK KaK
o /\k;—l 2 /\k;—l

A
-1 s+ =
D) A+ et e

k=1

Takum obpazom, M(£) = A, T.e. mapamerp A B pacupesesennn [lyaccona ectb mare-
MaTHUYeCKOe OXKUJaHUEe CIydailHOl BeIUIUHbI. BOCIO/Ib30BaBIIUCH CBOMCTBOM JIHC-

epcuu
D(g) = M(&%) — (M(g))*,
onpejenm rereps D(§):

2 — 2\ AN, A AN A
=0 =1 =1
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N e /\kfl \ OO )\kfl
k=1 k=1
© )\k 2 & )\k—l

_)\2 f/\z

Tak kak Kak/asi U3 CyMM paBHa €, TO
M(E%) = Ne et + he e = N2+ A

CrenoBaTesbHO,

DE)=XN+X-X =\

Taxkum obpazoM, jucnepcus CaydaillHON BeJIMYMHBI, UMEIOIIEH pacipe/ie/ienne
[Iyaccona, anciieHHO paBHa €€ MaTeMaTUIeCKOMY OXKHIAHUIO.

Torma
o=V
Urax, M(€) =\, D(€) =\, 0 = V\.

O Bamernwm, uTo amasormdHo MoxkHo Haitu A(E) = 1/vV\, E(&) = 1/V\.
[Tokazkem, aro pacupenesnenne Ilyaccora yecToR<InBO 110 CyMMHPOBAHHIO.

Teopema 15.1. Ecau & u n nesasucumo u § € Iy, n € 11, mo

C=§+77€HA+u-

3oecw 11y, 11, I\, — pacnpedenerus [lyaccona ¢ napamempamu X, f1, A+ [t coom-
BEMCMBEHHO.

HoxkazarenabcTBo. Bocrosbsyemes dopmysioir (11.16):

k k )\me—A Iuk—me—u
PE+n=ky =) PE=k-—m)=) ~— )
m=0 ’ )

m=0

e~ (tm) F k!
k! ml(k —m)!

m:0

e_(>‘+ﬂ) ()\ + ,u)k
k! ’

)\mkm_ m)\m k—m __

9TO 1 Tpe6OBaJIOCI) JOKa3aThb.

IIpumep 15.1. Haiitu xapakrepucrudeckyto GbyHKIU0O Y(t) AUCKPETHO Cirydaii-
HOft BeIMUMHBI €, pacrpeieénnol 1o 3axony Ilyaccona: P(§ = m) = A™e™*/m/,
m = 0, oo.

Penienne. [lo omnpeyenennio,

i ezth f m)

o0 oo

e Z
ml

ztm )\m -

Crenas 3aMeny nepeMennoit Ae’ = z, mosmyuanm

> Sm
_ _ _ it it_
e /\E : e /\ez e /\e/\e e)\(e 1).
m=0

CrenoBaTesbHO, _
y(t) = XD, (15.1)
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15.2. Pacnpenesnenue Ilyaccona Kak mmpejiejibHbIN cirydJaii
OMHOMUAJILHOTO 3aKOHA pacIlipe/iesieHus

Pacnpenenenune Ilyaccona MOXKHO MOJTyInTh KaK IPEJICIbHbBIN CIydail OMHOMU-
AJILHOI'O, KOIJ[a YUCJIO HCIBITAHWI BETUKO, & BEPOATHOCTH IOSIBJIEHUs COOBITUS B
OJIHOM WCIBITAHUU OYEHb MaJjia, MPUIEM CpeJiHee YHUCJIO «YCIIEXOB» B OECKOHETHOI
CEepPUU UCIIBITAHUN OCTaeTCd MOCTOAHHBIM. B 3TOM cmbiciie 3akon [lyaccona mMozKHO
UHTEPIPETHUPOBATH KAK 3aKOH PEJKUX COOBITUI.

[TycTp cayuaiinaa BeanyanHa § pacipejesigercd 10 ONHOMHUAIbHOMY 3aKOHY B, .
PacemorpuMm mipejies1 OmHoMuaIbHON BEPOSTHOCTH Tpu N — 00, p — (0, npudém
Tak, 910 np = A = const (10J0OHAsA cuTyaIysi, KaK MbI y6e1L1/1Mc;1 B JIaJIbHENIIEeM,
peann3yercda B IIPOCTEHRIEM ITOTOKE co6b1T1/H71):

lim P,(m) = hm crlp™gtT™ =

~ lim n(n—1)(n—2)~--(m—n+1)<é)m<1_é)nm:
n—oo m) n n
A =D =2) e (mmnt D) (1_5>”_m:
m! n—oo nm n—00 n
m m,—A\
_ A" i e Mammn Z AMET
m! n—oo m)!

T.€. BEPOATHOCTb B TaAKOM IIPEJIe/ie ABJIAETCS TyacCOHOBCKOI.
CiieoBaTeIbHO, KOTJIa M BEJIUKO, & P MaJio, MOXKHO HCIOJIB30BaTh JIJIs IIPH-
OJIM2KEHHOTO BBIYUC/IEHUs] OMHOMUAILHBIX BepodTHOcTell dpopmyty Ilyaccona.

IIpumep 15.2. Ilexaps Bbiniekaer 160 kekcos, knagsg B Tecto 300 m3toMmnHOK. Ka-
KOBa BEPOSITHOCTD, 9TO CIyIaiiHO BRIOPAHHBIN KEKC He OyJ1eT co/iepKaTh N3FOMUHOK !

Pemntenwne. [Tycts & — qnciio monasmnx B KeKC n3toMuHOK. OUeBHIHO, UTO & NUMeeT
fuHOMHAJIbHOE pactipe/iesienne ¢ mapamerpamu p = 1/160 u n = 300. CienoBaresinb-

HO,
1 \O 1 \ 300 159+ 300
P o (—) (1——) :(—) ~ 0,152455.
(£ =0) = Caog 160 160 160

[TockobKy p MaJj0, a n JOCTATOYHO BEIUKO, 9TY 3aJa9y MOXKHO OBLIO ObI PEIIUTD
u ¢ nomorbio dpopmyibl Ilyaccona. Cpenree 9ncio M3IOMUHOK, TPUXOSIIAXCS HA,
onua Keke, A = 300/160 = 1,875, cireoBaresbHO,

—1,875 1.875 0
Pl=0)~Py=" é" S~ 0153355,

15.3. Ilpocreiimuii (ImyacCOHOBCKUIA) MOTOK COOBITHUI

[IyaccornoBckoMy paciipe/ie/IeHNIO OIMHSIeTCS TaK Ha3bIBAEMbIil «ITPOCTENIIIit
IIOTOK COOBITHIT», TO €CTh MOCJIeI0BATEILHOCTh OIHOPOIHBIX COOBITUI, HACTYIIAIO-
X OJHO 3a JIPYTUM B CJIyJaiiHble MOMEHTHI BpeMeHU. [IpuMephl: TOTOK BBI30BOB,
HOCTYIAIONINX OlepaTopaM COTOBOW CBA3M, HA IIYHKT HEOTJOXKHOW MEIUIMHCKON
IOMOIIH, TOTOK cOboeB Ha DBM, MOTOK (-9aCTHIl, MCIIYCKAEMBIX pPaJIlOaKTUBHBIM
UCTOYHUKOM U JIpyIrHe.

[Torok HazbiBaeTcst npocmetiwum (IIyacCOHOBCKUM ), €CJIH OH 00J1a/1aeT CBOTiCTBA~
MU

1) crarm@oHApHOCTH, TO €CTh BEPOSTHOCTH TOMAJAHUS TOTO WM WHOIO JHCTIA
coObITHIT Ha JIFOOOW yJaCcTOK BpEMEeHU JJINHON t He 3aBUCUT OT IIOJIOXKEHHUSI 9TOI0
yJyacTKa Ha OCU BPEMEHU, a 3aBUCUT TOJIBKO OT €ro0 JIJINHBI t;
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2) Op/IMHAPHOCTH, TO €CTh COOBITHS BO3HUKAIOT ITOOIMHOYKE, a HE I'PYIIAMHA 110
JIB&, IO TPU U T.JI., WA BEPOATHOCTD MOSABJICHUS JIBYX U O0jiee COOBITHII B MaJIblii
IIPOMEXKYTOK BPEMEHHU JIJTUHOW T MpPeHeOPeKMUMO MaJia [0 CPABHEHUIO C BEPOSITHO-
CTDHIO MOSABJIEHUS B 9TOT IPOMEXKYTOK OJTHOI'O COOBITHUS;

3) OTCYyTCTBHUS MOCJIEJICTBHI, TO €CTh «OyiyIees MOTOKa He 3aBUCHT OT €ro Ipo-
IIJIOT0, WU BEPOSATHOCTH TONAAHUS TONO WM MHOIO YUC/Ia COOBITHI Ha 38/ IaHHBII
YYIACTOK OCH BPEMEHH He 3aBUCUT OT TOT'0, CKOJILKO COOBITUII ITOMAJIO Ha JIF000I JIpy-
rofl, HE MEPECEKAIONNICA C HUM YYaCTOK.

¢ Cpearee 9ucio cobbITHI TOTOKA, (v, TIOABJIAIONUXCSA B €JIMHUIYY BPEMEHU, Ha-
3BIBACTCA UHMEHCUBHOCTNDIO NOMOKG.

[IycTs B Tedenne BpeMenu ¢ JieficTByeT TPOCTERIINIT TTOTOK COOBITUIT MHTEHCHBHO-
cTbio . Tpedyercd BHIYUCUTDL BEPOATHOCTH TOTO, UTO 3a BPeMs ¢ HACTYIIUT POBHO
m cobbITHii (Cydaiinas BeuarHa & — IUCII0 COOBITHI 3a BpeMs ¢, IPUMET 3HAUEHUeE,
paBHoe m).

Pazobbem oTpe3ok Bpemenu ¢ Ha n gacreii (n gocrarodHo Besmko). O6o3HAUNM
7 = t/n. Ilo cBoiicTBY CTAIMOHAPHOCTH CPEJIHEE YUCJIO COOBITUI HA OTPE3KE T €CTh
at = at/n. Tak Kak T MaJ0, TO B COOTBETCTBUHU CO CBOHCTBOM OPJIMHAPHOCTH Oy 1eM
CYUTATH, YTO HA OTPE3KE T COOBITHE He MOYKeT Ipou3oiitu H60see ojanoro pasa. Ciie-
JIOBATEILHO, YNUCI0 COOBITUI Ha OTPe3Ke T IMOYUHEHO pacipejiesennio bepuyium ¢
BEPOSAITHOCTBIO ycrexa p = at/n.

Bce n nmpoMeKyTKOB MOXKHO pacCMaTpPUBATh KaK CEPUIO UCHBITAHWUI, pe3yJibTa-
TOM KayKJIOT'O M3 KOTOPBIX SBJISETCH HACTYIJIEHHE COOBITUS C BEPOSATHOCTBIO P =
at/n niam HeHacTyIUIeHHe ¢ BeposgTHOCThIO ¢ = 1 — p = 1 — at/n. Tak kak Bce n
OIBITOB HE3ABUCUMBI (110 CBOHCTBY 3), TO BEPOTHOCTH TOTO, YTO 3a BpeMsl ¢ HACTY-
IUT POBHO M COOBITHIA, onpejiessercd (opmyroit Bepuysum, npuuém Tem TouHee,
geM OOJIbIle N, T.e

at\m at\n—m
P(¢ =m) = lim P,(m) = lim C;”(-) (1 - —> .
n—oo n—o0 n n
Tak kak p = at/n — 0 npu n — oo, upudéMm np = nat/n = at = A, T0 JaHHAs
BEPOATHOCTD TIPU 1. — OO CTPEMUTCS K BEPOATHOCTH, OIPEAeasseMoii (hopMyIIoii
[Iyaccona

P(€ =m) = lim cx(“—t>m(1 - O‘—t>"m _p, = et

CiieoBaresbHO, IIOTOK COOBITHI Ha MHTEepBaJse ¢ nogunHeH 3akoHy llyaccona c ma-
pamerpoM A = at (v — UHTEHCUBHOCTH IIOTOKA).

IIpumep 15.3. CpejiHee 9uCI0 BBI30OBOB, IOCTYIAOIIIX OIIEPATOPY COTOBON CB3U
B OJIHY MUHYTY, paBHO 2. HaiiTu BepogTHOCTH TOrO, 9TO 3a 5 MHHYT moCTyruT 1)
2 BBI30Ba, 2) MeHee JIBYX BBI3OBOB, 3) He MeHee JIBYX BbI30BOB. [l0TOK BBI30BOB
IIPEJIITOIaraeTcst TPOCTENTITIM.

Pemntenwne. Ilo ycmosuio @ = 2, t = 5, m = 2. Takum obpaszom, A = 10, u 1o
dopmyite Ilyaccona HaxomuMm:
1026710
1) P, = T ~ 0,00225;
’ 10010 10le—10
9) P(m < 2) = Py+ P, = Oe, + 5 ~ 0,000495;

3) Plm>2)=1— P(m < 2)=1-0,000495 ~ 0,999505.

BameTumM, 9TO mapaMerp t MOXKHO pacCMATPUBATH He TOJIBKO KaK JIJIMHY BPEMEH-
HOT'O MHTEpBaJia, HO U KakK JIJIMHY MHTepBaJa Ha IMPOU3BOJIHLHON KOOPANHATHON OCH
WU KaK IUIOMIAIb HEKOTOPOil obsacTi B pocTpaHcTBe R2, mam Kak oObEM Ipons-
BOJILHOIT obJtacTu B nipocrpancTBe R™.
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ITpumep 15.4. Cpejnsis MJI0OTHOCTH 00JIE3HETBOPHBIX MUKPOOOB B OJHOM KyOute-
ckoM MeTpe Bo3jyxa paBHa 150. Bepercs Ha mpoby 2 KyOn1IecKnx JennumMerpa BO3/Ly-
xa. HaiiTu BepogTHOCTD TOTO, YTO B HUX OyJIeT OOHAPYKEH XOTsd Obl OJIMH MUKPOD.

Pertenne. [Ipemnomnozkim, 9to: 1) BEPOSITHOCTE IIPUCYTCTBUST TOTO MJIX HHOTO THCIIA
MHUKPOOOB B BbIJIEJIEHHOM 06'bEME 3aBUCHUT TOJBKO OT BEJTMINHBI 00bEMA; 2) B 3JIEMEH-
TapHOM 00bEMe dv HE MOYKET cojiepzKaThed OoJtee ojiHoro Mmukpoba. Ho Toria cydaii-
Has BeJIMInHA  — YUCJI0O MUKPOOOB B BBIJIEJIEHHOM 00bEME — OYIIET UMETh PACIIpeie-
stenne [lyaccona. [ng 2 kybudeckux JgenuMeTpoB HapaMeTp A 3TOro pacipe/ie/eHust
— cpejHee UnCI0 MUKpPoOOB — OymeT paser A = 2 - 150 - 1073 = 0,3. Torma BeposT-
HOCTh OOHAPY?KUTH XOTs ObI ojuH MUKpPoO: P =1 — P(£ =0) =1 — e %% = 0,259.

ITpumep 15.5. JlepeBbs B Jjiecy PacTyT B CIydYailHBIX TOUYKAX, KOTOPble 00pa3yioT
IyaccoHoBckoe Tojie ¢ miaorHoctbio 0,04 nepesbes/m?. Ciryvaiinast Bemunna & —
paccTosinre OT MPOU3BOJBHON TOYKHU B Jiecy J0 OJyimxKaiiiero jepesa. Haiitu 3a-
KOH pacIIpeJie/ieHus CIyJIaiiHoli BeJIMIUHbI & U CpeJiHee PAcCTOSHIe J10 OJIrKaiiinero
Jiepesa.

Pemenue. Haiiném dbyuxnuio pacupegerenus €. Ilo oupenenenmo, Fe(x) = P(€ <
x). Ho cobeitne {¢ < x} = {paccrosnue 10 Giimzkaiiiiero jepeBa MeHbIIE T} paB-
HOCHJIBHO COOBITHIO «HA PACCTOAHUU T OT BBIOPAHHOW TOYKHU €CTh XOTd Obl OJIHO
JIePeBO» WJIM COOBITHIO «B Kpyre C IUIOMIaIbl0 Tx? ecTh XOTdA Obl OIHO JEPeBO».
[TockobKy “HCIO JIepeBBEB HA yIacTKe Jieca IIOMAJIbIo S, 110 YCIOBUIO, NMEET Pac-
upeaenenne [lyaccona ¢ mapamerpom A = 0,045, To moyunm

Fe(z) =1—e 007 250,
Torna mioTHOCTL pacupeaeeHus CaIyIaliHON BeJIMIUHBI
fe(x) = Fi(z) = 0,08wze 00 2> 0.

COOTBGTCTBGHHO, cpejHee pacCTodHuEe 10 OJIzKaIIIero JepeBa paBHO

[e.9]

M) = /xfg(x)dx =25 M.

0

16. T'umepreomerpuyeckoe pacrpejesieHue

Chyuaitrast BenumanHa & UMeeT 2unepzeomempuyeckoe pacnpedesenue ¢ N =
2,3,...; M =1,2,... < N;yn = 1,2,... < N, ecn oHa NPUHUMAET KOHETHOE
MHO>KECTBO HATYPaJbHbIX 3HAYEHU & = M, COOTBETCTBEHHO, C BEPOSATHOCTIIMMU

Cm n—m
Pe — _ YmMYN—Mm
(5 - m) - Cn )
N
rae m = 0, min(M, n).

[Tosib3ysich A3BIKOM «CXE€MBI YPH», MOXKHO CKa3aTh, YTO THIIEPIeOMETPUIECKOe
pacupejeeHue BO3HUKAET IPH CJIeIYIONNX yejaoBuaX. B yprae naxojaurcsa N 1mapos,
u3 KoTopbix poBuo M Gesbix. [lycts onmHoBpemenno (wim oxus 3a Ipyrum 6e3 BO3-
BpaTa) U3BJIEUEHbI N apoB. HallTi BEpOATHOCTD TOT0, 4TO CPEJIM STUX U3BJIEUEHHBIX
mapoB OyeT m OesIbIX IapoB.
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Takum 0bpazoM, ciydaliHyo BeJIMIUHY £ MOYKHO TPAKTOBATH KaK YUCJIO YCIIEXOB
B 7 TIOCJIEJIOBATEILHBIX UCIBITAHUAX MPU YCJIOBUH, UYTO U3BECTHO oOIee yucao M
BO3MOXKHBIX yCIEeXOB B [N BO3MOXKHBIX UCIIBITAHUSIX.

Ha npakTuke runepreomerpudeckoe pacupejiejieHne MpUMeHIeTcsl ITPU PeleHnn
33/1a4, CBA3aHHBIX ¢ KOHTPOJIEM IPOIYKIIUU.

JL1s Toro 4ToOBI HANTH YHC/IOBBIE XapPAKTEPUCTUKH CJIYIalHON BEJIMIHHBI, Pac-
[PeJIeIEHHO 110 THIIEPreOMeTPUYECKOMY 3aKOHY, IIPEJICTaBUM & B BUJIE

E=&+E+... +&, (16.1)

rje & — YUCJIO yCIIeXoB B j-M ucublTanun. O4eBnJIHO, 9TO KaxKJasd U3 BeJUIuH &;
MOYKET MMPUHATH OJIHO M3 JABYX 3HadeHnit: 0 mim 1, mosromy

M(&)=0-P(=0)+1-P(=1)=P(=1).

CityJaiiHble BeJIMUINHBL {; 3aBUCUMBI MEZK/Iy COOOI, HO /Il KayK/Oi U3 HUX BEPOIT-
nHocts P(§; = 1) oana u Ta e u paBHA

M
PEG=1=rE=1)=+.
[eiicTBuresnsho, Jyis k ucubtanuii obiee qucsio uexooB pasao N(N —1) .-+ (N —
k + 1). Baaronpusitabivu jiist coObiTust {§r = 1} ABAAIOTCS MCXOMBI, JAfOIIHe B
k-m ucnbitannu yerex. ObImee IUesIo TaKIX UCXO/I0B, COITIACHO TeOpeMe YMHOKEHNS,
paao M(N —1)---(N — k+1). Torna

M(N=1)---(N—k+1) M
PG =1)= N(N—-1)---(N—k+1) N’

Tak Kak MaTeMaTUdecKoe 0XKUJIaHue CYMMbBI PABHO CyMMe MaTeMaTUIeCKUX 0K 1a-
HUli, TO

M) = MG +&+.+&) =) M(&) =ny

J1jist BBIYMCIeHNs JUcIepent Boctosbayemes dopmyitoit D (&) = M(£2) — M?(€).
M (£?) naiiiém Takske uepes MaTeMaTHIeCKoe OXKHJIaHue KaK CyMMY

ME)=ME+&+...+ &) Zﬁf +2§j (&€)).
1<i<y

Tax xak & — 4HCIIO yCIIeXOB B j-M UCIBLITAHUH, TO

M(E) =0"- P(&=0)+1"- P& =1) = P(§ =1) = —

M(&, &) =0-0-P(§=0,§=0)+0-1-P(&=0,§=1)+
+1:0-P(&=1,6=0)+1-1-P(&§=1¢=1)=P(& =16 =1).

|| 2|§

MozkHO moKazaTh, 9T0 [yIst JiI00bIX map (&, §;), @ # j, BepoarHocts P(§; =1,& = 1)
onHa u Ta ke. Haiiiém sry BeposraoCTh tst (&1, &2):

MM -1

Ple=16=1)=F5—
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DI§) = M) - M) = "M

B nannoMm cityvae nHTEpeC MPEJICTABISIOT TaK¥Ke YUCI0BbIE XapaKTEPUCTUKN: KO-
durmenT acuMMeTpun

_ VN-T(N - 2M)(N —2n)
(N —2)y/Mn(N — M)(N —n)’

OIPEJICITAIONTNNA CTEIIeHb ACUMMETPUIHOCTI MHOTOYTOJIbHUKA PACTPEICJICHAS, 1 IKC-
1ece

- (N = 1)N?
b= N N (N = (N =)

< NN 4 1) —6n(N —n) + %[31\4(1\1 — M)(6n(N —n) + N2(n —2) — Nn2)]},

OHpe,ZLeHHIOH_H/Iﬁ CTelICHb OCTPOBEPIIMHHOCTU MHOT'OYI'OJIbHUKa PaCIIpeae/ICHUA.

IIpumep 16.1. U3 nmaprun, cojepxkaieit N usjennii, cpeji KOTOpbIx numeercs M
CTAHJIAPTHDLIX, BLIOPAHBI CJIyYailHbIM 00pa30M 7 U3JEJNil JIJIsi TPOBEPKU UX Kate-
ctBa. [locTpouts psiJi pacpejie/iennii ciaydaifHoro dnucia & = m CTaHJAPTHBIX W3-
JIeJINIL, COJIEPKAIIIXCA B BHIOOPKE.

Pemenue. Vckomast BepOATHOCTD BBIYUCIAETCS 110 hOpMYyJIe
m n—m
Ple — _ CuChvn
N
IIpumep 16.2. Vmetorca 7 3/IeKTpUYECKUX JIAMII, CPEJIM KOTOPBIX 3 HEUCIIPaBHBIE,
HA BUJI HEOTJIMIUMbIe OT HOBLIX. Hayra s 6epyTces 4 raMIbl 1 BCTaBJIAIOTCH B 4 TATPO-
na. Haiitu psiji pacripejie/ienus U MOCTPOUTH MHOTOYTOJIbHUK PACIIPEIC/ICHIS YHUCIIa
pajmonamil £, KoTopble OyayT paborars. Haiitu ee uncioBble XapaKTepUCTHKH.

Pemenue. Benmunna ¢ umeer rurepreoMeTprieckoe pacipejiesieHne ¢ napaMerpa-
vMu N =7;n=4; M = 4. Crpoum psiji pacupe/ie/ieHusi BeJTNInHbI :

CiC3 4 c:icy 18

(&=1) Cc? 35’ (£=2) Cc? 35’
cicy 12 cicy 1

ci 35 cr 35

P pacupejesienns ciaydaiinoit Beuannbt  (3HaUeHUst BeposiTHOCTEH P, OKpyTIie-
HBI JI0 TPEX 3HAKOB I0CJIe 3aIATOil) OyIeT NMeTh BU/T

E=m]| 1 2 3 1
P, | 0,114 | 0,514 | 0,343 | 0,029

Haiijiém qmcsioBble XapaKTEpUCTUKU CIyYaitHON BEJTUYIUHBI &:

M(€) ~2,286; D(€) ~0,490; A~0,041; E~ —0,283.
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B yacrrocTH, KO duimenT acummerpun A =
0,041 > 0 ykazbIBaeT Ha CKOIIEHHOCTH MHOI'O-
YIOJIbHUKA PacIpejie/ieHns BJIeBO, a Kodhduim-
enT skcrecca FF = —0,283 < 0 moguépkuBaer
TYIHOBEPHIMHHOCTh MHOTOYTOJIbHUKA PaCIIpeieie-
HUs, KOTOPBIIl n300pazkeH Ha puc. 59.

Ecmn M w N Benukw, a 4mucC/I0 UCHBITAHUI N
MHOTO MeHbIre M u N, To KazKj10e U3 9TUX UCIIbI- . . . . . ;
TaHWUI TTOYTHU He BJIMAET HA BEPOSITHOCTDL ycIexa B L5 2 25 3 35 4m
HOCJIEYIONIMX MCIBITAHUSX. Puc. 59.

Teopema 16.1. Fcau N — oo, M — oo max, wmo M/N = p = const, mo dan
aobvir n, 0 < m < n,

m on—m
C1M N

Pe=m)= =5 = Cp"d"™"
N

?

2dep=M/N, qg=1—np.

HokazarenabcTBo. PaceMorpuM mpejies1 BEPOSITHOCTH CorydaifHoro cobbitus {§ =
m} upu N — oo, M — oo u yurem, uro M /N = p = const. 3amerum npesapu-
TeJILHO, YTO

MM=1)-(M—-m+1) M™

upu M — oo Chy = . N
n Nn
upu N — oo Cy ~ o
n—m (N _ M)n—m
upu M — oo, N — 00 Cy_u ~ (= m),
Torma
. CHCy v n! . M™(N —M)"™
lim " = — ' lim =
m q: M~Nm™ N — M\nr—m m, m n—m __
o im () (TF—) = Cnma—p = Rm).

Takum obpazom, rurepreoMerpudeckoe pacipe/ienenue B npejeie N — oo, M — oo
Hepexo/uT B OMHOMHUAILHOE ¢ mapamerpamu n u p = M/N. CnemoBarenbHo, Ipn
oosbiux N, M jytg npuOJIMZKEHHOTO BBIYUC/ICHUS BEPOATHOCTEN CJIyYalHBIX Be-
JIMYWH, PACIIPEIEIEHHBIX 110 IUIIEPreOMeTPIYECKOMY 3aKOHY, MOXKHO HCIIOJIb30BaTh

dopmyity Beprysin.
17. PaBHOMepHOe pacripejejieHne

¢ Coyuaiinas BesmanHa £ pashomepro pacnpedesena Ha oTpeske [a, b] m 0603Ha-
vyeHa § € Uy, €C/Ii IJIOTHOCTD €€ PacIpe/ieieHus UMeeT BUJ

_[C upu z € [a,b],
f(x)_{() upu z ¢ [a,b],

rne C' = const u a < b.
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U3 ycioBus, aTo

7f(l’)dx =1,

Haxoaum C':

oo a b 00
/f(x)dx: /Od:c+/0d:c+/0dx=0(b—a) =1
—00 —00 a b
Orcrona
1
C = . f(x)
b—a )
CrietoBaTeIbHO, IJIOTHOCTH BEPOATHOCTH HMEET B h—al| T *
(em. puc. 60) l I
J b
1 b a b T
f@y=4b—a " v € o], Puic. 60.

0 npu x ¢ [a,bl.

Haiiném dyukimio pacupesenenust F(x) st pas-
HOMEPHOI'O pacipejiesiernst Ha uaTepBasie [a, b]. CormacHo onpe/ieeHuro,

1. Ecom x < a, To

2. Ecmma <z <b, 10
f [ dt T —a
F(x)= [ 0dt =
(z) / + / b—a b—a
3. Ecim x > b, 1o
a b T
dt
F(z)= [ 0dt+ + [ 0dt =1
b—a
—00 a b
Nrak (cm. puc. 61),
0 mpu x < a,
F(z) = i_a mpu a <z < b,
—a
1 nupu z > b.
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F(z) f(x)
1
| / l
L
| x a o B b T
Puc. 61. Puc. 62.

BeposiTHOCTD HONagaHnst CIydaiinoil BeJimaninl £, nMeolieil paBHOMEPHOE pac-
[peJiesieHne, Ha yIacTOK [, [3], KOTOPBIil SBJIsleTCst 9acThio yaacTka [a, b] (puc. 62),
olpe/iesigercs 1o (popMmyJie

P(Cvéféﬁ) o

T b—a’

Haiiiém ocHOBHBIE YMCJIOBBIE XaPAKTEPUCTUKHU CJIYIaiiHON BEJIMUUHbBI, UMEIOIIIEeit
paBHOMEpHOe pacipe/jiesienne. [l MaTeMaTndecKoro OyKuIaHus MOy IIM

0o b

M(i)Z/xf(x)dx:/x Uogpo x?

b h? — g2 a+b

a:2(b—a)— 2

b—a b—a 2

— 00 a

Urak, MaTemMarnmyeckoe OXKHUJaHNE PABHOMEDPHOI'O DPACIIPe/IesIeHNsI PaBHO KOOD/IH-
HaTe cepe/uHbl uHTepBasa [a,b]. Juctnepcuio ciydaiiHON BeJUUUHBI £ HAXOIUM 110

dopmyie
D(&) = M(&*) — [M(§),
HO
b
1 1 a3 v —a? b + ab + a?
M(&%) = 2dox = —| = = :
(&%) b—a/x TTh—a3l 3(b—a) 3
Torma
1 1 (b—a)?
D(£) — = (B2 2y 2 _
(€) 3(6 +ab+a”) 4(a—|—b) TR
OTKY/Ia
b—a
oc=+vyD() = .
-2
AHAJIOrMYHBIMI BBIYUCIEHUSIMA MOXKHO motyantb A(§) = 0 uw E(§) = —1,2, uro

XapaKTepu3yeT paBHOMepHOe pacipejieiierne (cM. puc. 62) Kak CHMMETPpHYHOE U
TYIHOBEPIITITHHOE.

Pasnomepnoe pacripejiesienne xapakTepHO Jijisi OIMUOOK IrpyObIX m3Mepenuii. Kc-
JIN U3MEpeHne Kakoh-JIM00 BEJIMYUHBI TPOU3BOJIUTCA C TOYHOCTBIO JIO TEJIBIX JIeie-
HUl ITKaJIbI, 6€3 orpe/ie/ieHus Ha IIa3 JOJIM JIeJIEHUs, TO OMNOKa M3MEePEHUs] MOYKET
UMeTh JII000€e 3HaYeHNe, He TTPEBOCXO/IsIee 110 abCOTIOTHON BeJIMIUHE TTOJIOBUHY JIe-
JICHU S ITKaJIbI, HpI/I“Iél\/I HET HUKAKNUX OCHOBaHMWII CUUTATDH BEPOATHOCTU Pa3HBIX 3Ha-
YeHuil pas/imiHbIMUA. BoJjiee TOro, MOYXKHO C yYBEPEHHOCTBIO CKa3aTh, YTO IPHU OOJIb-
IIIOM YHCJI€C TaKNX HSI\lepeHI/Iﬁ BCE€ SHAYCHUA OH_H/I6KI/I B IIpegesiaxX OT MUHYC ITIOJIOBUHBI
JIeJIEHUS JI0 TLTIOC TIOJIOBUHBI JIeJIeHUs Oy/IyT BCTpeYaThCA OJMHAKOBO YacTo. [loaTo-
My OIuOKa rpyObIX M3MepeHUil, MPOU3BOJUMBIX C TOYHOCTBIO JIO TIEJIBIX JIEJIeHMUIT
ITKAJIBI, TTPEJICTABIIIET COOOM CIIyYailHYI0 BEJIMYUHY, PABHOMEDHO PACIIPEICIEHHYTIO
B 1pejiesiax oT —3/2 10 /2, e 0 — 1ieHa JeJIeHnsl MIKAJIbL.
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ITpumep 17.1. Ciuyuaitnag Bejmunna £ pPaBHOMEPHO DAacCIpejieieHa Ha OTPE3Ke
[—1, 3]. HaiiTi 110THOCT BEPOATHOCTH CJTy9aitHON BEJTMIUHBL 1) = § 2,

Pertenne. Tak kak £ paBHOMEDHO pacipejiesieHa Ha orpeske [—1, 3], To eé dbynkius
pacupejieJieHus UMeeT BU/JL

0, r < —1;
1
Fe(z) = xl_ , —1l<a<3;
1, x> 3.

Haiiném dyuxrmio pacupenenenns sesuaunbt 7). [lo oupenenenmo, F,(z) = P(n <
r) = P(& < 1),

1) Iycrs x < 0. Ouesnnno, uro Fy(z) = P(§* < z) = 0.

2) ITycrs 0 < = < 1. Torna

Fy(z) = P(n <x) = P(§ <a) = P(—Vr < <) = Fe(Va) = Fe(—Vr) =

VT4l —z+l 1
4 4 _2¢5

3) Ilycts 1 < 2 < 9. Torma

Vo+1

F
4

W) = P(& <) =P({ < V)= F(Jr) =

4) Ilycre x > 9. OveBuHo, uTo B 3T0M ciaydae F(z) = 1. Takum obpasom,

(0, x < 0; (071 x < 0;
1
-\, 0<z<1; —, O0<z <
2 4y/x
Fia) =222 fola) = Fyfa) = ¢ Y
l<z<09; —, <z <9
4 Y ) 8\/5
(1 x> 09; 0, x> 9.

\

Mo2KHO 6BLIO PENUTD JAHHYIO 33/a9y ¥ HHAUe, BOCIOIB30BABIIICH (HOPMYJIOi JIst
peobpa3oBaHust MJIOTHOCTH PACIpe/Ie/e s : ecyin { — HelpepbiBHAs CJlydaiiHast Be-
JIMYHHA, UMeIOIas IJIOTHOCTD pacipeenenust fe(x), a dyunkuusa n = () mudde-
peHIpyeMa 1 MOHOTOHHA Ha MHOXKeCTBe, Ije fe(x) > 0, To ciydaiinas BeJHYHHA
n = ¢(£) nmeer mwornocts pacupeenerns f,(z) = |[¢~ (@) fe(p ().

B namewm ciyuae dyukiua 7 = £? nemonoronna na Muoxectse | — 1, 3[. Onmako,
YUUTBIBasl CBOMCTBA IIOTHOCTA PABHOMEDPHO PaCIIPeJIe/IEHHON CIyvaliHOi BeJIMINHBI
€ u cBoiicTBa oTOOpaKeHns 1) = £2, MOXKHO HOJIYYUTH, UTO
o) = 2(x) fe(V/x), ecn © €]0, 1] (B urrepsasn |0, 1| orobpakatorcs j1Ba HHTEp-
Basa | — 1,0[ u 0, 1]);

(@) = (V) fe(Vx), ecmn @ €]1,9] (B unrepsar |1, 9] orobpazaeTcs OIHH HHTED-
Bast |1,3[; f,(z) = 0 m1st Bcex ocTa/IbHBIX 3HAYEHUIT .

Yuaureas, aro (/) fe(v/x) = 1/8y/x, 11s yKa3aHHBIX HHTEPBAJIOB MOJIY UM

Ty 2Ke (bOPMYILy, UTO U BHIIIIE.

ITpumep 17.2. Ciyuaitable BeJTMIuHbI £ U 1) HE3ABUCUMBI, £ PABHOMEPHO PacIpe-
nenena Ha |0, 1[; n umeer pacnpesenenue Bepuysum ¢ napamerpom p = 1/3. Haiitu
bYHKIUIO pacipeesieHus U, €CJIU CYIIEeCTBYET, INIOTHOCTh PACIIPEIeIeHU CIIydaii-
HOIT BeJIMYNHBI ( = & + 7).
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Pemenue. 3anuiiem GyHKINIO pacipejieieHns BeJIUIunbl & U PsJi PACIPe/IeIeHIs
BEJIMYIUHBI 1):

0, =<0 3 T
_ ) n
Fe=<qx, 0<z<I; 23173
1, =z>1;

Bamerum, uro ( = £ + 1 MoxkeT npuHUMAaTh 3Hadenus ot 0 o 2. Haiiaém dyrkmmio
pacripejiesierns ( 10 OIpPeIeIeHAO.

ITycrs z < 0. Torma, oweBnano, Fr(z) = 0.

[Tycts 0 < 2 < 1. B sarom cimygae ( = £ + 1) MOXKHO OBITH MEHbBIIE Z JIUIIb TOTJIA,
KOTJIa BeJIMYNHA 1) IPUHUMAET 3HadeHne, paBHoe Hysio. Takum odpasom,

Fi(5) = P(C <) = P(€+n<2) = Pn=0,6 < ) =
= Pln=0)P(€ < 2) = 2F(z) = 2=

[Iycts 1 < z < 2. B atom ciryuae, ecim 1) = 0, TOo cpa3y BbinoJinsercd ( < z.
Ecmm xxe n = 1, To ycnosue £ + 1 < z Boionsgercd npu £ < z — 1. Takum obpaszom,

Fe(2) =PE+n<z)=P((n=0mwm (n=1¢{<z-1)) =
:P(n:0)+P(77:1)P(£<z—1):g—|—1(2—1).

3 3

IIycts z > 2. Torna Fi(z) = 1.
Uraxk,

(0, 2 <0;

2

gz, 0<z<1;

Fe(z) = 1
g( +1), 1<z<2;
L1, z > 2.

IMockonbKy Fi(2) HempepbiBHA, TO ( — HelpepbIBHasl Cilydaiinas sernduna. Ciero-
BaTEJIbHO,

2/3, z€]0,1];
folz) = Fl{(z) = { 1/3, z€]L,2[;
0, z €10, 2[.

HpI/IBQ,ZLéM €nIe OJIHO YTBEP2KJAEHNE, KOTOPOE NMEET UCKJIIOYUTE/IbHO BaKHOE 3HA-
YeHue J1jid MOJJeJIMPOBaHUA Cﬂy‘{aﬁHbIX BeJIMYNH.

Teopema 17.1. Ecau cayuatinas 6eausuna & umeem HEnpepuisHyo U cmpo2o Mo-
nomownyro dynryuto pacnpedeaernus Fe(x), mo eeauvuna n = F¢(§) pasrnomepro
pacnpedenena na ompeske [0,1], m.e. n € Up;.

HokasarenbcTBo. 3amerny, 1o Beananua 1) € [0, 1] n B cruty B3anMHO 0HO3HAY-
HOTI'O COOTBETCTBUS MEXKJLy & U 1) UMeeT TaKzKe HelPEPBIBHYIO (DYHKIIUIO PACIIPEIeie-
uust F(z). lyers 0 < 2 < 1, Torma Fy(z) = P(n < x) = P(Fe(§) < z) = P(€ < &),
rae & onpenensiercst u3 ycaosus Fe(§y) = x. Ho P(§ < &) = Fe(§) = x. Takum
obpaszoM,

0, =<0

Fﬂ(x): €, O<l‘<1,,
1, =z>1

T.e. F(x) ecrb dynxius pacupegerenus Uy ;.
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CnencrBue 17.1.1. Eciu cioyuaiinasg Beamauna  MMeeT HENPEPBIBHYIO U CTPOIO
MOHOTOHHYIO (YHKIMIO pacupesesenus Fe(z), a semmauna ) € Uy, 10 § = F, : (n),

rje Fé_l(x) — dyukims, obparnas K Fe(x).

18. DkcnoHeHIuagbHOE (IOKA3aTeJIbHOE) paclpe/iesieHue

¢ Ciyuaiinas BenmunHa £ pacrpejiesieHa 10 IKCNOHEHUUANDHOMY 3AKOHY C Tia-
pamerpoMm A > 0 u obozHavuena £ € F)y, ecim €€ IJI0THOCTD PaCIpeJIe/IeHNsT BEPOsIT-
HOCTell 3a1aéTcsd POopMyJIOit

] 0 upu x <0,

QyHKINS paCIpeiesIeHns CIydaifHOl BeJIMYNHBI, PACIPE/IEIEHHON 110 TTOKa3aTe/ b
HOMY 3aKOHY,

] 0 npu z < 0,

OKCIIOHEHIINATBLHOE PACIIPE/IEICHIE PDEAIN3yeTCs B TEOPUU OOC/Ty ) KUBAHUS, IPU ITOM
&, HAIIpUMED, — BpeMs OKUJIAHUS IIPU TEXHUYECKOM OOCTYKUBAHUU, U TEOPUU Ha-
JIEZKHOCTH, TJIe &, HAIIPUMEp, — CPOK CJIYZKOBI 3JIEKTPOHHOI aIapaTypbl, KOMITbIO-
TEePHOI TEXHUKMU.

[TokazarenbHOE pacHpe/ie/ieHne TeCHO CBSI3aHO C IPOCTEHIINM (IIyacCOHOBCKHUM )
MIOTOKOM COOBITHIT: MHTepPBaJ BpeMeHn 1 MexKJly JBYMsi COCEJHUMU COOBITHAMU B
IIPOCTEHIIEM IIOTOKE UMEeT IMOKA3aTEe/IbHOE PACIPEeICHUE C IIapaMeTPOM, PaBHBIM
MHTEHCUBHOCTHU IOTOKA.

Haiiyiém ocHOBHBIE YMC/IOBBIE XaPAKTEPUCTUKH ITOKA3aTEJHLHOTO PACIIPE/IE/IEHNS.
L1 MaTeMaTUIecKOoro OyKUJIaHUS TIOJTY IIM

M(¢) = ]Ox f(z)de = A 7336—%1;.
—00 0

BerancauM HHTErpas 1o dactaM, noioxkus U = z, dV = e Mdx, dU = dz, V =
(—=1/N)e % u nosyanm

() e ()
0

Ananornuno pist mucnepenn D(€) = M(£2) — [M(£)]* nomyuaum

M(£%) = /fo(x)d:c = )\/xQe)‘“dx.
—o0 0

[IpomnTerpupyeM 1o uactam, nojgoxkus U = 22, dV = e Mdx, dU = 2xdx, V =
(—=1/A)e " u nosyanm

M(£?) = A{x%—%)e”)?—()/ <—§>e)‘“2xdx} = QO/xe’wdx = %M(f) = %
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CrenoBaTesbHO,
M(E) =

Ananornano moxno noayuants A(E) =2 u E(§) = 6.

. D)= (18.3)

> =

ITpumep 18.1. Bpewmsa Gezorkasnoit paboTe! mepconaibHoro kommbiorepa (ITK) —
ciaydaiiHas BesnunHa ', MMeromas MoKa3aTe/IbHOE pacHpesesleHne ¢ TapaMeTpPOM
A =5 (dbusmaeckuil ¢MbICT BeJIMIUHBI A — CPeJIHEe UNCJI0 OTKA30B B €JUHUILY BPe-
menn, He cuntas rpocroes [IK g pemonta). Ussectno, uro ITK yike mpopaboras
6e3 orkaz30B BpeMs 7. Haiitu mpu 3Tux ycj0BUAX IUIOTHOCTH U (DYHKITUIO PACIIPE/Ie-
JIeHUs BpeMeHu, KoTopoe mpopadoraet 1K mocsie momenTa 7 10 OimzKaiiimero oTka-
3a. Beraucintes BepogTHoCTh TOro, uTo 11K He BBIiIET U3 cTpOsi B TeueHue cpeiHero
BpeMeHn 6e30TKa3HOI PabOTHI.

Pemenne. Yuciio orkazos 1K mMoxkHO paccmaTpuBaTh Kak IyacCOHOBCKHUil (TIpo-
cTeimuii) MoTOK COOBITHIT, KOTOPBI 00J1a/Ia€T CBOICTBOM OTCYTCTBUS ITOCIEICTBHIA.
[TosTOMy BEPOATHOCTH MOABJIEHNS XOTs OBl OJIHOTO OTKa3a Ha y9acTKe OT T 70 T +
HE 3aBUCHT OT TOIO, TOSBJISLIUCH JIM OTKa3bl paHee MomenTa 7. (CJiejioBaTesbHO,
nojicraBuB A = 5 B coorHomenust (18.1) u (18.2), mosyuum

_J0 pu t < 0,
Ft) = {5e5t upu t > 0;

_JO npu t < 0,
F(t)_{l—ef’t upu t > 0.

['pacduku mroTHOCTH M PYHKIIUK MOy YEHHOT'O IIOKA3aTE/IHHOTO pacIpe/ie/ieHns n300-
pazkeHbl Ha puc. 63.

f@) Fz)
1.0k
4 0.8f
3 0.6f
2 0,4
1 0’2:
0 02 04 0.6 0.8 1.0 0 02 04 06 08 1.0

Puc. 63.

Cpemree Bpems Gesorkazuoit paborsl [IK M(€) = 1/A = 0,2. Torga P(0 < t <
M(€)) = F(M(€)) — F(0) = 1 — ¢ ~ 0,63,

ITpumep 18.2. Cucrema COCTOUT W3 JIBYX HE3ABUCUMBIX OJIOKOB, CPEIHUIl CPOK
CJIy2KOBI KOTODPBIX, COOTBeTCTBeHHO, 3 u H Jier. Haiitn dbyuxnuio pacrpejenenns
CJIyYaTHOW BEJIMYUHBI — CPOKA CJIY2KObI CUCTEMBbI — U CPEJIHUI CPOK CJIY2KObI CHUCTe-
MBI, €CJIN CPOKH CJIyKObI OJIOKOB PACIPEJIEJIeHbI 110 MOKA3aTeIbHOMY 3aKOHY (J1Ist
BBIXOJIa CUCTEMBI U3 CTPOs JOCTATOYHO BBIXOJIA U3 CTPOSI OJHOTO OJIOKA).

Pemntenne. Ilycts & — cpok ciykObl cucreMbr, £1,& — CPOKH CIyKOBI OJIOKOB.
DyHKIUA pacHpeleeHns] CPOKa CIyKObl CHCTeMbI F¢(x), 10 oIpeesieHnio, ecThb
BEPOSATHOCTH COOBITHUS, 3aKJ/IIOYAIONIErOCs B TOM, YTO CUCTEMa ITpopaboTaeT MeHbIIe
x jrer. Tak Kak cucTemMa BBIIET U3 CTPOsSl B TOM CJIydae, eCJIl XOTd Obl OJUH OJIOK
BBIIJIET W3 CTPOsi, TO, MO ONpeJie/ieHno, cobbitre {{ < x} ecTb cymMMa COOBITHIL
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{& < z} n {& < x}. Tockonbky cobbitus {1 < =} u {&& < x} coBMecTHBI, 1O
obImeit TeopeMe CII0KEeHUs BEPOATHOCTEN MOy IiM

Fe(x) =P <z)=P& <zumé <x)=
=P& <x)+Pllh<zx)—PG<zub<zx)=
=P(& <z)+ P(& <) — P& <2)P(& <) = Fe (x) + Fe,(v) — Fe, () F, (2).

g ciaydaitHON BeJMYUHbL &, PACHPEJIE/IEHHON 110 TIOKa3aTeJbHOMY 3aKOHY
Fe(z) =1—e 2 >0, a =1/M(), tne M(§) — MareMaTHuecKoe OKHUJIAHIE
caydaitnoit Besmunubl. B mamewm ciyuaae M (&) = 3, M (&) = 5. Torna

Fez)=(1—e )+ (1-eP) =1 -1 —eP)=1 -/ z>0.

[Mosyunsm, aro £ TakKe pacipejeseHa 1o IMOKa3aTeIbHOMY 3aKOHY € IapaMeTPOM
a = 8/15. CrenoBaresibHO, cpeHuil Cpok cayKObl cucrembl M (€) = 1/a = 15/8 =
1,875 ner.

IIpumep 18.3. IIpogo/KuTe IbHOCTL PAOOTHI MUKPOCXEMbI — CJIydailHasd BETUYIN-
Ha, paclpee/éHtas 110 IoKa3aTeIbHOMY 3aKoHy ¢ mnapamerpoMm o = 0,01 a1, Uc-
MOPYEHHYIO0 MUKPOCXEMY HEMEJJIEHHO 3aMeHSI0T HOBOI. KakoBa BepogTHOCTH TOTO,
110 3a 100 1acoB MUKPOCXEMY TPHUIETCA 3aMEHsITh OOJIbINe JBYX pa3?

Pemenue. [Tocko/ibKy POIO/IKUTETBHOCTD pabOTHI MUKPOCXEMBI — CJIydaiiHas Be-
JIMINHA, paclpeieI€eHHas 110 ToKa3aTeTbHOMY 3aKOHY, TO IIOTOK OTKAa30B MUKPOCXEM
sIBJIETCsT IpocTeiinmM ¢ naTeHcuBHOCTHIO v = 0,01 wmc. /4. Torma, ucronbsyst dop-
myaty I[lyaccona ¢ mapamerpom A = 0,01 - 100 = 1, Haii/1IéM BEpOATHOCTH TOTO, YTO
YUCJIO OTKa30B & Oyjier OoJibIe JIBYX:

P(>2)=1-P(<2)=1-P(¢=0)-Pl=1)-P((=2)=
1970 qle=l 1272
=l T T

~ 0,323.

ITpumep 18.4. Ciyuaitnas Besmmanna & pacipe/ie/ieHa Mo MOKa3aTeTbHOMY 3aKOHY
¢ napameTpoM «. HaiiTu 110THOCTL pacipejie/ienust cIydaitHoit Bemaunbl 7 = &2,

Pemenne. Oynkima z = 22 monoronna mia Beex ¥ > 0. ObparHas GyHKImS 1
—Qx

e€ MpOU3BOJHAS UMEIOT BHJ T = /2, ' = 1/(2y/2). Yura, aro fe(r) = ae™ ™", u
nozicraBuB B hopmyity (21.1), mosy i

a
=T 2 >0

2\/x
ITpumep 18.5. Ciyuaiinble BeuYIuHbl £ U 1) HE3aBUCUMBI; & MMeeT PABHOMEDPHOE

pacrpeneserne Ha |1, 3[, 7 — HoOKa3aTesbHOE pacipe/iesieHre ¢ mapaMeTpoM A = 1.
Haiitr nimoTHOCTH pacmupeiesienns caydaifHONl BeJnYnHbI ( = & + 7).

fo(z)

Pentenue. [Tockobky & n ) UMEIOT HEIIPEPBIBHBIE PACIIPEIEICHUS, BOCIIOIH3YEeMCs
dopmytoit ceeprku. Mmeem

1/2, @ €]L3
fﬁ(”ﬁ):{o, v ¢J1, 3]
_Je™ y €0, 00f;
ZORS R
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Bamerum™, uto ( = £ + 1) IpUHEMAaeT 3HadeHus OT 1 /10 00, cireoBarTesbHo, fe(2) =0
g z < 1.

IIycte 1 < 2z < 3. Torma, uTobbl BbIIOIHSIINCE yeioBus fe(x) > 0, f,(y) =
fn(z —2) > 0, Heobxomumo 1 < x < z. C yuerom (11.15) 3anumem

z

fo0) = [ @ty —a)do = [ 5o a =S -,

1

IIycre 2z > 3. Torma fe(x)f,(y) > 0 maa 1 < z < 3, cieg0BaTesbHO,

1

[e'e) 3
1) = [ Rl = a)do = [ 5o Do = Se = St - ),
—00 1

OKoHYATETBHO TIOJTy TUM

0
1 1-2
fC(z): 5(1—6 ), 1 <2z<3;
1
2

19. HopwmaJjbHOe pacrnpejeieHne

19.1. IlnoTHOCTH BEPOSITHOCTH

Cpenu pacupejiesieHnii HEIPEPBIBHBIX CIYyYailHbIX BEJIUYIUH IEHTPAIbHOE MECTO
3aHNMaeT HOpMaJIbHOE paclpe/jiesienne, nmim 3aKoH [aycca.

Coygaitnas Bemanna £ HOpMaAbHO pacnpedesena niIn nodYuHAEMCA 34K0HY Pac-
npedesenus Iaycca, ecim eé MIIOTHOCTL pacupejieienus f(x) umeer Bu

f(l') _ 1 e—(z—m)2/202

o\ 2w '

rje m, o — mapaMeTpbl paciipejesienus, npuaém o > 0.
[TpunajekHocTh £ K HOPMAJBHOMY PACIPEJIE/IEHUI0 C MapaMeTpaMu m u o
obosHauaercss 00brMHO & € N,y o2 min & € N(m, o?).
Pacemorpum sekoTopbie ocobernoctu dyHKIwn f(2) u mocrponm eé rpaduk:
1) byuknusa f(x) onpenesnena s Beex x € R;
2) rpacduk f(r) cuMMeTpUYeH OTHOCUTENILHO MPAMON T = 1M
3) dyukims f(z) umeer MAKCHMYM B TOUKe & = 1, DaBHbII

reR, (19.1)

1
max f(z) = ;
T=m oV 2T

4) rpacduk f(x) umeer nBe TOUKM Teperuda: r = m + 0; OpAUHATHI TOUYEK MEpe-

ruba O/IMHaKOBbBI 1 DaBHBI
1

oV ore’

5) ock Ox CIIy’KUT TOPU30HTAJIBHO acuMiToToii rpaduka dyHkiwn f(z):

flmo) =

lim f(z)=0;

r—=+00
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f(z)
| m=-3 m=0 | m=3 f(LU)
| |
| I o3=1/2
| |
| |
| |
| |
| |
| |
| |
-4 -2 0 2 4 x
Puc. 64. Puc. 65.

6) IpU IMOCTOSTHHOM 0 C M3MEHEHWEM 11 KPHUBbIE IJIOTHOCTH He MEHSIOT (hopMmy,
HO CJBUHYTHI OTHOCHTEHLHO ocu Oy BupaBo npu m > 0 min BieBo npu m < (
(cM. prc. 64); ¢ Bo3pacTaHIeM Ke ITapaMeTpa 0 KpuBasi CTAaHOBUTCsI H0JIee MOJIOroi,
ckuMaercest K ocn Oz 1 pacTaruBaeTcs BIOb Heé (cM. puc. 65).

[Ipumepamu crydallHBIX BEJIMYNH, UMEIOIINX HOPMaJIbHOE PACIIPE/Ie/IeHe, MOTYT
CJTy)KUTh:

1) omubku w3Mepenuit;

2) BeJMUMHA TIOMEXH Ha BXOJIE PAJIMOIMPUEMHOIO YCTPONCTBA B JIAHHBINH MOMEHT;

3) OTKJIOHEHHE TIPH CTPeJIbhe;

4) MHOrHe mapamerTpbl pajuojeraseil (EMKOCTb, WHJYKTHBHOCTh, COIPOTUBIIE-
HI€) [IPH MacCOBOM ITPOU3BOJICTBE;

5) OTKJIOHEHHUsI JIeiCTBUTEIbHBIX PA3MEPOB JjieTasieil, 00paboTaHHBIX Ha CTaHKe,
OT HOMUHAJIbHBIX.

[IpoBepum, uTO

/ f(z)de =1. (19.2)

JleficTBUTEILHO, CIeIaB 3aMeny IepeMennoii (x — m)/ov/2 = t, nomyunm dr =

oV/2dt n
1 2 /9 2 1 2
dr = —— —(z—m)? /20 dr = _/ —t dt.
[ s a\/ﬁ/ ‘ =)

HpI/I N3y49€HUU HECOOCTBEHHBIX HnHTErpaJioB OBLIIO YCTaHOBJIEHO, 9ITO

o0

/ e dy = Nz

— 00

Torma
1

ffumx:;§ =1

OrMmerum, 9TO BBHY OCOOOH BarKHOCTH PAaCCMATPUBAEMOIO 3aKOHA 3HAYECHUSI
wiorHocty f(x) mpu m =0 u 0 = 1, 1.e. 3HAYeHUsT DYHKIUN

1
p(r) = —==e 12, (19.3)

3aTa0y/INPOBAHBI.
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st obriero cirydast

fir = e[ 1) ] = L2,

2T o o

o3TOMY 3HaueHus f(x) TakyKe MOryT OBbITH HAfi/IEHBI C TOMOIIBIO TAOJIUITHI 3HAYCHUIT
o(x).

19.2. ®dDyukIiuga pacrpejiejieHus

CDYHKHI/IH pacupe/ie/IeHnd HOPpMaJIbHOI'O 3aKOHa MMEET BU/JT

1 2 o2
= t)dt = —(t=m)20% gy 19.4
1w —= [« (199

WNurerpan, crodmuii B MpaBoil YacTh, HE MOXKET OBITH CBEJIEH K JIEMEHTAPHBIM
GYHKIUAM B KOHEYHOM BHJIE, OJHAKO MPUBOJUTCA K CHENUATBHBIM (DYHKITUAM, KO-
TOpbIe TabyJINPYIOTCS.

O6o3HaYNM
t— —
z= , dz=—dt, t;=u, Zl:x m, ty = —00, 29 = —0Q.
o o o
Torma
| (x—m)/o . 0 . (x—m)/o
Flz) = — e P2y = —_ / e /2 + — / e 24y (19.5
() V2T / V2T V2T ( )
—00 —00 0
[TostokuM B 1I€pBOM MHTErpaJie z = —, TOra

E\H
=)

1 ; 1 ;
= | e P2y = __/e—y2/2d —
2m / V2T Y

Ha ocxoBanuu (19.2). 3xech

T 1
[y = v0) = 5
0

E\H
3

/ e 2dz (19.6)
0

ecThb pyukIimg Jlammaca, Jij1g KOTOpOil cocTaBjieHbl TaO UMbl 3HaYeHuil. Bropoe cia-
raemoe B (19.5) ormmgaercsa ot (19.6) TOJIBKO BEPXHUM HPEJIEJIOM HHTEIPUPOBAHMUS.
[Tosromy dbyHKINIO paclpe/ieleHnst HOPMaJIbHOT'O 3aKOHA MOXKHO IIPEJICTABUTH B BU-

e

F(z) :%+<I>(x;m>. (19.7)

®yuknus Jlamiaca yacto Berpedaercs B pacdérax. I109ToMy Mbl IPUBEIEM HEKO-
TOpBIe €€ CcBojicTBa (6e3 JI0Ka3aTe/IbCTBA):
1. (0) = 0;
2. o(—x) = —0(x);
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de(z) _ 1 .2
dx Vor
Oynknusg Jlammaca MorHoTOHHO Bo3pacraer (puc. 66,a).

I'paduk dyHkmn pacrupejeseHus HOpMaIbHOIT cirydaiinoil Besmaunbl F(x) mo-
aydaercs u3 rpaduka Gyrknnn Jlammaca mpu momornu c¢asura Baosb ocun Oy Ha 1/2
B IIOJIO’KUTEIbHOM Harpasiennn (puc. 66,6).

[Tokaxkem, 9TO HOpMaJIbHOE pacIpeiesieHue siBISIeTCs YCTOWIUBBIM 110 CYMMUPO-
BaHUIO.

> 0 st Beex T €] — 00, 00].

Teopema 19.1. Ecau & u n nezasucumv, u & € N(my,0?), n € N(my,03), mo
( =&+n€ N(my+my,0f +03).

HoxkazarenbctBo. Jlokaxkem teopemy g & € N(0,1), n € N(0,1) (moxkazaresnb-
CTBO JiIst 06IIero cirydasi anajorndno). [lo dopmyste ceprku (11.15) mveem

17 . 00
f§+77(2) = 2_ / e—g;2/26—(z—z)2/2dx _ 2_6_22/2 / €_$2+Zxdx _
m T
! —z2/2 / —(—2/2)*+2%/4
=50 e dr =
1 2 T 2 1 5 1 i
_ - =z%/4 —(z—2/2) dp — — % /4 I 75
= (& (& €T = e T = e ]
27 / 2m vr V2712

[Torydyennoe BbIpazkeHue eCTh IJIOTHOCTH HOPMAJILHOTO PaCIIpeIe/IeHns C ITapaMeT-
payu m = 0 u 02 = 2, 9T0 U TPeHOBAIOCH JTOKA3aTh.

19.3. YwmciioBble XapaKTEepPUCTUKU

OHpelLe.HI/IM MaTeMaTu4IeCKOe OKnJaaHue, JUCIIEePCUIO 1 CpeJHEeKBa/ApaTUuIHOE OT-
KJIOHEHUE HOPMaJIbHOI'O pacCIIpeae/ICHNA.
MaTremaTnyeckoe OXKHnjJJaHnue olipeaesideTcd COOTHOIIEHNEM

[e.e]

M(§) = /xf(x)dx: 127r /xe_(x_m)Q/%de.

o

—00
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C,ZLGJIaeM 3aMeHy IIEpEeMEHHbIX!

r—m
—— =2z, x=0z+m, dr=odz.
o

m 2
oz +m)e Z/2ad2—— / 22/2dz—|—— e % 2dz.
\ 2T

Sk

[lepBoiit uHTerpas crpaBa paBeH HYJIIO KaK HUHTErPAJ OT HEYETHOU (DYHKIUUA B
CUMMETPUYHBIX IpeJesiax, & BTOPOil MHTerpaJl eCTh M3BECTHBIN MHTerpaJ Jilepa—

[Iyaccona
o0

1 2
—— [ e Pdz=1 19.8
e z ) )
V2T / ( )
[TosTomy
M(&) =m. (19.9)

Takum obpasom, mapaMerp m B HOPMaJbHOM 3aKOHE paclpejesieHus PaBeH MaTe-
MATUYCCKOMY OXKUJIAHUIO CJIYYAHON BEJIMYUHBIL.
Jlucriepcus HOPMAaJILHO PACITPEIEIEHHON CIyvIailHON BeTMIMHBI

DO = [ (o= MR )s = [ (0= mpe e e

[IpousBesng B uHTErpajie Ty Ke 3aMeHy IIepeMEHHBIX, YTO U B IPEJIbIIYIIEM CIydae,
U [IPUHAB BO BHUMAaHUE, YTO IIPE/Ie/Ibl NHTEIPUPOBAHUA HE MEHAIOTCA, IIOJIYIUM

2 [oe)
D 20=2/20, — 7 / 2(ze %" 2d2).
(§ \/271’ / 2T ( )

52 o e
Honoxus U = z, ze~* /2dz = dV u nponHTErpupoBaB 10 4acTsIM, HailIeM

oo

- —|—/622/2d2}.

— 00

D(§) = \7—2_7r [ — ze F/?

Tax Kak 1epBoe cjaraeMoe B KBaJJPaTHbIX CKOOKaX PABHO HYJIIO, & BTOPOE — yIKe
u3BecTHbI nHTerpast (19.8), paBHbIil /27, TO

D(&) = o (19.10)
CJIe,ZLOBaTeJIbHO, BTOpOI71 HapaMeTp 0 B BbIpazK€HUU JIJIA ITIJIOTHOCTU HOPMaJIbHO pacC-

[PEeJIE/IEHHO CJIydailHOl BEJIMUUHBI €CTh CPEJIHEKBAJIPATUIHOE OTKJIOHEeHUe (CTaH-
JIAPTHOE OTKJIOHEHUE STOH CJIydailHON BeTMINHbI )

o =+/D(€). (19.11)
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AHAJIOrMYHO BBIYUCJIAIOTCA HEeHTPaJIbHbIE MOMEHTDI k-ro IOPsAIKA:

! (z — m)ke=Em?*20% qg.

Ob6o3naunM & — m = \/ﬁat, torna dr = /20 dt u

1T :
e = — | (V20)kthe " dt.
VT /

— 42
Berancaum unTerpan mno gactam. Homoxnm U = th=1 dV = te V' dt, Torna dU =

(k=D 2dt u V =—e"/2, a

[, = (‘f% (—tk_le_tQ C:ooo-f-(k‘—l) 7tk_26_t2dt) = (\2@%(/&—1) 7tk_2€_t2dt =

— 00

= (k—1)0*—= / V22 dt = (k — 1)0” s

Takum obpasoM, Jjisi IEeHTPAJIbHBIX MOMEHTOB HOPMAaJIbHON CJIydaitHONW BEJTMIUHBI
CIIpaBe/IJINBa CJIeJIyIoNas peKyppeHTHas (popmylia:

= (k — 1)0?py_s. (19.12)

Tak kak HOpMAJIBLHOE pacipeie/ieHue CHMMETPUYIHO OTHOCUTE/ILHO MaTeMaTHuIe-
CKOT'O OXKHUJIAHUS, TO BCe IMEHTPAJbHbIE MOMEHTBHI HEYETHBIX IMOPSAJTKOB PABHBI HY-
JIFO, cJieioBaTesibHo, Koddduiment acumMerpun A = 0. 11 BBIUMCIIEHNS SKCIECCa,
HaiiiéM 1o pekypperTHoit dopmyite (19.12) npu k = 4 4eTBEPTHI TEHTPATLHbII
MOMEHT: jig = 302y = 304, oTKy 1A

E=H_3-0
g

B sToMm cMbIciie KpuBas IMJIOTHOCTA HOPMAJIBLHOTO PACHpE/IeSIEHNs] ABIAETCA STAJIOH-
noi: A =0, £ =0.
19.4. BeposaTHOCTH MONAJAHUS HOPMAJIBHOMW CJIyYailHOU BeJIMYINHBI

B 3aﬂaHHbII71 nHTEepBaJI

V3BecTHO, 9TO eciiu cirydaiiHast BeJIMIMHA 33/[aHa [IJIOTHOCTBIO BeposaTHOCTH f (),
TO BEPOSITHOCTD IOIAJIaHs BeJIMIUHBI £ Ha y9acToK |a, 3] paBHa

B
Pla<<h) = [ fa)de = P(9) - Fla)

111 HOpMAaJIBbHOM CJTy4aifHOM BeJTMYNHbBI
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[TosTomy
Ploseen =g en(T58) g oo (t0R) s a(F5R) - a(557)
rie )
P(z) = ¢Lz—ﬁ 0/ 12
— dynknug Jlanmaca. CienosaresbHo,
P(a<§<ﬁ):@(5;m>—®<o‘;m). (19.13)

IIpumep 19.1. Cuyuaiinas sBesmunna & pacrpesesera 1o 3akony N(1,4). Haiitu
P(2<¢£<3).

Pentenne. llnmeem m =1, 0 = 2, a = 2, § = 3. CireioBaresibHO, CONIACHO (hOpMyJIe
(19.13),

3—1

P(2<§<3):<1>(T>—¢>(

2—-1

5 ) ~ 0,3413 — 0,1915 = 0,1498.

19.5. IIpaBujio Tpé€x curma

C moMOIIbIO BeJIMIWH M U 0 MOYKHO BBIBECTHU J[Ba OYEHb TOJIE3HBIX MTPABUIIA
1) 95% pacupejiesienust JIeXKUT MeKJly 3HAYCHUSAMU M — 20 U m + 207
2) 6osiee 99% pacupejiesieHns 3aKII0UEHO MeXKy m — 30 u m + 30.

[Toceinee TpaBmIo M3BECTHO TI0JT HA3BAHUEM <«IIPABUJIA TPEX CUT'MAay.

U3 dopmyter (19.13) ciemyer

P(lE—m| < Xo)=P(-Ac<{—m< o) =
=P(m—Aoc <{<m+Ao)=F(m+Ao)—F(m—Ao) =

— @(W) _ @(m) — B(\) — B(—N).

o o

YaureiBas, aro ¢(x) — meuérnas Gynknusa (P(—z) = —P(x)), Gyaem nmernb
P(|€ —m| < Ao) = 2B()\). (19.14)
Ucnonbays Tabmuity jyist $(x), B 9aCTHOCTH, TTOJIY THM

mpu A =1 P(|¢ —m| < o) = 2®(1) = 0,6827;

)

T | I

|
|
|
|
|
|
L |
+o m+20 m+3c
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upu A =2 P(|€ —m| < 20) = 29(2) = 0,9545;
upu A =3 P(|¢ —m| < 30) =29(3) = 0,9973;
upu A =4 P(|¢ —m| < 4o) = 2P(4) = 0,99994.

BepositHOCTH TOTO, 4TO Cilydaiinas BeIudnHa £ MEHbIe YeM Ha 30 OTJIMYaeTcs
OT CBOEr0 MaTeMaTHIeCKOTO OXKWUJIaHUd m, cocTasiger 0,9973, T.e. mouTm paBHa
eanaUIe. TakuMm 0Opa3oM, «IIPpaKTUIECKH OYTH JIOCTOBEPHO», T.€. C YBEPEHHOCTHIO
99,73% pacipejieJiéHHas 10 HOPMAJBHOMY 3aKOHY € TlapaMerpamu (m, o) ciaydaiinas
BeJIMY1HaA f IIpUHUMaET JIMIIb 3HaYCHUA B IIPpeaesiax <<TpéX CUI'MOBBIX I'DaHHUIL», T.€.
B poMexyTke (m — 30, m + 30).

OTKJIOHEHHE TI0 MOJYJIIO OOJIBINe, YeM 30, BCTPEYaeTCsl B CPEJIHEM TPHU pas3a u3
TBICSTYN.

19.6. CraHgapTHOe HOPMAJIbHOE pacIipeae/ieHne

Hopmanbhoe pacupegenenue N(m,o?), e m = 0, a ¢ = 1, HasbBaercsa cman-
QAPMHBLM HOPMAALHBM PACTPEIEACHUEM.
[LnorHOCTD CcTaHIAPTHOTO pacupeeaeHud g BcexX © € R 3ajaérea popmyioit

a (pyHKIUS pacipejie/ieHns

I
FOJ(x):\/—Q_W/et 2t (19.15)

Herpynnao 3ameTntsh, 9TO
1
Foa(a) = ®(2) + 5,
09TOMY JIJIs1 CJTyYaiiHol BeJImauHbl £, uMeromieii HopmasibHoe pacupesetenue N(m, o2),
3aIUIIEeM

(19.16)

Fé(x) = Fm,JQ(x) = F0,1<x;m>§
Pla<§<p) :F0,1<ﬁ;m> _F071<04(—7m>;

P(¢ —m| < §) = 2F071<5> 1.

o

19.7. Xapakrepuctuieckass (pyHKIMS HOPMAaJIbHON BeJIMYUHBI

Haiijiém xapakTepucTudecKyio (pyHKIMIO HOpMaJbHOW Beaudubbl. J[ns cran-
JapTHOW HOPMAJIbHON BEJIMYNHBI

. 1 T . 2 1 T . 2
=M ezt§ _ /eztxe—z /QdZL' _ /eztx—m /2dl’ _
(1) = M(e) = =

/ 6—(z2—2itx)/2dx _ / 6—(z2—2itx—t2)/2—t2/2dl, _

—0o0 —00

ﬁ‘ =
N

ﬁ‘

N
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o0
1 —t2/2 6—(m—it)2/2dl,.

= ——¢
\ 2T

—00

CrieaB 3aMeHy MepeMeHHbIX 2z = (z — it) /v/2, moryamm

o0

L - e dy = Le”‘?/?\/? = t/2,

[Tepexo/1 0T WHTErPUPOBAHUS 110 IPSAMOTL y = —it/ /2 K MHTErpupoBaHMIo 10 Ipsi-
Mot y = () ompaB/IbIBAETCH aHAJTUTUIHOCTBIO TOJIBIHTErPAILHON (PYHKIIMU B YACTU
IJIOCKOCTH, OT'PAHUYIEHHON STUMU MPSIMBIMU, ¥ BO3MOZKHOCTBIO JIe(POPMUPOBATEH KOH-
TYp MHTEIPUPOBAHUS B O0JIACTU aHAJIUTUIHOCTHU, coryiacHo TeopeMe Kormu. NTak,

v(t) = e /2. (19.17)

Tak kak g ciaydaitHoir BeJimauHbl 1) = mé + b xapakTepuctTuieckasd (PyHKIUA €CTh
V() = ye(mt)e™, ro, monoxus n = o€ + m, ¢ yuerom (12.18) mosyunm xapaxre-
pucTHYecKyIo (BYHKIIMIO IIPOU3BOJILHOIO HOpMaJibHOro pacipesesienus N (m, o?):

’Y(t> — 6702t2/2€imt — eimthQtQ/Q. (1918)

Hopwmausibnoe pacripejiesienns HeIPEPBIBHON CJIy4ailHON BEJTMYUHBI NMEET OY€Hb
IIMPOKOE PaCIIPOCTPAHEHUE B CIYyYaHBIX IIPUPOIHBIX ABJICHUAX, TaK KaK €My II0JI-
YUHACTCH Paclipe/ieJIeHue CJIy4YailHOil BeJWYnHbI, IPEICTaBJICHHON B BHUJIE CYMMBbI
€200 3aBUCHMBIX CJIyYallHBbIX BeJuduH. Ha npakTuke oveHb 9acTO BCTPEYAIOTCS
caydaiiHble BeJIMYMHBI, 00Pa3yIOIecs UMEHHO B Pe3yJbTraTe CYMMHPOBAHUS MHO-
IUX CJIyYalHbIX CjlaraeMbIX, CPABHUMBIX 110 CTEIICHU CBOCI'O BJIMAHUA HA UX CYMMY.

PaccemorpuM j1asiee HeKOTOpPBIE BazKHbBIE PACIIPEIEJIEHNS, [IOPOXK IEHHBIE HOPMaJIb-
HBIM paclpejie/leHIeM HeIIPEPbIBHON CilydaliiHOl BeJUYNHbI.

19.8. HWHTterpaJs onmmbok

JL71sT TOJTHOTBI M3JIOXKEHUsI IIPUBEAEM CBEIEHUs O CHEIUAILHBIX (DYHKIUIX, CBAZAHHBIX
¢ dyukiueii Jlamraca 1 THOTA UCIOIL3YEMbIX B JINTEPATYPE 10 TEOPUU BEPOSITHOCTEH U
MaTeMaTUIECKOl CTATUCTUKE.

¢ Unmeeparom (Ppynxyuet) eeposammocmu, WIL unmezpa- 1|
AOM 0WubOK, HABBIBACTCS (DYHKITHSI

erf (t) = e da; (19.19)

S

Puc. 68.

erf (t) = e dr =20(tV2).  (19.20)

S

S O~

HemnocpesicrBerno u3 onpeesenus ciaeyer, 1to dyukiws erf (¢) HenpepblBHA 1 MOHOTOHHO
Bo3pacraer or Hyss Jo erf (co) = 1, Tak Kak

erf (00) = % O/erdx - \%F(ﬁ) -1 (19.21)

3
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Hapsiy ¢ dynkmwueii erf (t) pacemarpuBaior dbyHKIIO

Fxf (£) = 1 — exf (£) = % [\/g - /te_xQdac}
0

i ¢ yaérom (19.21)

00 t 00
2 2
Erf (t) = NG [/ e " dw — /eﬁdx} = ﬁ/ezgd:c. (19.22)
0 0 t

Oynxrus Erf (1) nenpepsisua u monoronno yosmsaer or Erf (0) = 1 mo Erf (c0) = 0 (cm.
puc. 68).

IIpumep 19.2. Haiitu npejicraBienne nHTErpaJja ommbOK B BUJE PsiJia MO CTEHEHSM t.

Pemenne. Cornacuo (19.19), nmeem

> [ 2 « k+1 21
f(t d = — -1 .
“ w/kz_o v \/7?;( N T T
0 k= -
3ameTus, 9TO
io: k+1 tQk—l B io: (—1)lt2l oo 28t28+1
_ — 1) | 17’
— (2k — 1)(k — 1)! —~ l ‘ (2s + 1!
[OJTY IUM
& 2st23+1

2 2
erf(t):ﬁe gm

20. MHoromepHoe HOpMaJIbHOE pacIpeeieHne

¢ HyCTb 5 = {&,&2,...,&} — coydaiiHblil BEKTOD, UMEIOIINil HEIPEPBIBHOE pacIpe-
JleJIeHne; [{ — BEKTOP MaTeMaTHIeCKUX OXKMJIAHHIT BeJIHIHH 1,8, ...,&,, a A — marpuna
KoBapuanuii seuand £1,&o, . .., &,. ToBopar, aro 5 pacnpedenér HopMasbHO C TTapaMeTpa-

mu fi u A (obosnauator £ € N(fi, A)), eciiu ero IOTHOCTb PACIPE/EJICHUs] UMEeT B

Jel@) = (ﬁm@

ITycrs cayqaiinbiit BekTop {£, 7} UMeeT JIByMepHOE HOPMAJILHOE PACIIPE/IEICHIE U MATPHIA
KoBapuanuii cucreMst {&, 7} uMeeT Bu

2
A= ( 78 Kg’?) .
Kfﬂ O'77
Torma oupejaenureshb MaTpUllbl KoBapualuii ecrb det A = 020727 — Kgn = 020727(1 — pgn) "
obpaTHasi MaTpUIA JIJIsT MATPUIIHI KOBAPUAIIHIA:

A= 2 ! 3 < 0727 —K2'5,7>.
ofod(l—pf,) \~Ken  0f

exp [~ (@~ BTAT @ )]
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0,151 a
0,101 \
\N
0,05 1 WY
SRR
RS

Puc. 69. I'padukn m1oTHOCTE! ABYMEPHOTO HOPMAJIBHOTO PACIPEIECHNS TIPU My = Ty =
Ounoy,=0,=1,p=0(a);0,=0y,=1,p=08(0); 0, =2,0,=1,p=0(6); 0 =2,
oy=1,p=08 (2

IIycTb

1 r—me\' [ 02 K x—m
f—»TAlf—*:—( f) < Ui §77>( 5):
(@ = @)TA=(F — i) oZo2(1—p2) \Y=my) \~Key 0f ) \y—my
(e me)ol 20— ey mg) ey + (5 g =

p) 2
050727(1 — pén)

1 T — Mg\ 2 T—Mmegy —m Y — My \ 2
“ (o) e ()]
L= pg, o¢ g¢ On In

¢ [Isymepnas caydaiinas senmdauna {£,n} pacnpedesena nopmasvho, ecian eé wIoT-
HOCTb BEPOATHOCTH f¢ (%, y) UMeeT Bu

1 1 T — me\2
f&,n(wvy) = exp{ - 201 ) [( 5) -
2rogopn /1 — pgn (1- pfn) O¢

s (1)
On On 7

—2pen

e Mg, M, — MaTeMaTHYeCKUe OKUJIaHNus BeUdIuH § 1 1), 0¢, 0y — UX CPeJIHEKBAPATH-
HbIe OTKJIOHEHUS, a gy — Koaddunuent xoppensamuu mexay Eun, r € R,y € R. 'pacduxn
IJIOTHOCTH JIBYMEPHOI'O HOPMAJIBHOTO PACIIPEJIe/IEHNUs] JIJIsT pa3IMIHBIX 3HATEHUN KO3 Ppu-
IIUEHTOB PUBEIEHBI Ha puc. 69.

CBoiicTBa MHOTOMEPHOTO HOPMAaJIBHOTO pacipejieJIeHus

CBoiictBo 1. [Ij1st TOro 4To0ObI KOMIIOHEHTHI MHOTOMEPHON HOPMAJIBLHON CJIyvaiiHoOl Be-
JINYUHBI OBLIN HE3aBUCUMBI, HEOOXOIUMO U JIOCTATOYHO, ITOOBI KOPPEJISIIS MEXKJIy HUMU
OblIa paBHA HYJIIO.
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HokazaresnbcTBO. HeoOX0MMOCTh BBITEKAECT HEIIOCPEICTBEHHO U3 TOTO, UTO JIJIs JIIOOBIX
CJIyYaflHbIX BEJIMYMH U3 X HE3aBUCUMOCTH CJI€/IyeT HEKOPPEJIMPOBAaHHOCTDH. JlokarkeM J10-
crarounocTb. Ilyers &, @ = 1, n, nexkoppemuposanbl. Toryma A — numaroHajbHas MaTPHILA, C
JIMATOHATTLHBIMHI 3JIeMEHTaMH 05, 05, . .., O2. COOTBeTCTBeHHo O6paTHaH MaTPUIA — TAKKe
JmaronHabHast ¢ sementamu 1/0%,1/03,...,1/0%, a det A = o303 ---02. Torna

=1 Ji
UK
(27T —n/2 n
fe(mr,mo, .. zn) = (2m) ™ exp [ Y (2 — wi)*0} | = fe (@1) feu (22) -+ fe, (),
0’10'2 P O'n =1
T.€. cydaiiHble Besm4uHbl &1, &, . .., &, HE3ABUCHMBI.

Takum obpazoM, Jjist KOMIIOHEHT MHOTOMEPHOIO HOPMAJILHOTO CJIYYaflHOTO BEKTOpa
HEKOPPEJINPOBAHHOCTH PABHOCUJIBHA HE3ABUCUMOCTH (BCIIOMHUM, 9TO JIJIsi TIPOU3BOJIBHBIX
BEJIMYMH U3 HEKOPPEJIMPOBAHHOCTHU He CJie/[oBajIa B 00IIeM ciiydae He3aBUCUMOCTD). OTMe-
THM TaKXKe, UTO, COIVIACHO OIPEJICJICHHIO, He JII00asi COBOKYITHOCTh HOPMAJIHHBIX CJIyUaii-
HBIX BEJIMYMH MOYKET 00pa30BLIBATL HOPMAJILHBIN BEKTOD.

CsoiictBo 2. Ecin & € N(fi, A), To m060ii 110/BeKTOp BekTOpa £ Oy/IeT HOPMAJILHO pac-
IpeJIeIEHHON CITyYaiiHOW BEJTMIUHON.

JlokazkeM 3TO CBOWCTBO JIjIs IBYMEPHOU CJIYYAHON BEJTUINHBI.

Teopema 20.1. Ecau eexmop {£,n} umeem dsymeproe nopmasvroe pacnpedeaenue

o< |()- (%, )

mo seaununs & u ) maroice pacnpedenerv, nopmarvio: & € N(me, 02), n € N(my, 0727),

HoxkazareabcTBo. [lo CBOICTBY IJIOTHOCTH PaCIIPE/I/ICHUS

:/kmw@

Crenaem sameny u = (y —my)/(oy), nosyuum

1 _ 2 _
[(x mg) — 2/)5,711,L L —|—u2] }du.

o0
1
fele) = ——— [ e { - 577
2mogy /1 — pgn_oo 2(1 - pgn) O¢

BbI,ZLeJH/IM HOJTHBII KBa/IpaT B ITOKa3aTeJIi€ 9KCIIOHECHTDI:

fi) = T% /exp st g (e ) gt () Jfan =

(e 9]

ﬂ)?du.

e[ 2] fe [ gt
—exp -0 exp | — ————(u— pgy
2noe\ 1 - P, 20¢ 2(1 = pz,) ¢

—00

r—m
t=(ureo ) V1=l

Iomoxxum
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HOJIY IHM
2 o 2 9
1 - t _
fe(z) = exp _M} /exp[——]dt: exp[—i(x me) ]’
2mog 20¢ 2 V2moyg 20¢
— 0

9TO U TPpebOBAIOCH JTOKA3ATh.
Haiiném yeosabie mmoTHocTH BepositHocTeit. [1o onpesenennto,

fn(x ) 1 ( —mn)Q 1 1
fe(z/y) = gfn( )y {\/%Un eXp[_y?T]} 27705%@

1 T — me\?2 r—mey —m — My 2
e - 5o [(F57) ~2e— e () ) =
2(1 = pg,) L\ o¢ og oy oy

1 1 T—me\ 2 T—Mey—m My 2
oo ) e k() ) -
oeV2m 1—,0277 ( _pgn) g¢ g¢ On On
1

e (e}

Takum obpaszom, eciu cjydaiiHasi BeJUUIUHA 1) TPUHSIA 3HAYEHUE Y, TO CJydaiiHas
BesinunHa  MMeeT HOPMaJIbHOE PaclpesiesIeHue ¢ IapaMerpamMu

X

MIE/y) = me + pgnj—jw —my),  DIEfy] = o2(1— p2).

CsoiicTBo 3. Ilycrb £ — MHOrOMepHas Cilydaiiias BeJIMUUHA, PACIPEIEISHHAS HOPMAIb-
HO ¢ mapamerpamu i u A (E € N(i, A)). Torna _MHOTOMEpHasi CJly‘aiiHas BeuIuHA 7,
MOJIy9eHHasT JIMTHEHHBIM npeo6pa3OBaH1/1eM 7= C§ + d TaK>Ke SBJISIeTCs HOPMaJIbHO pac-
npezenéunoii, npudem 77 € N(Cfi + d, CACT).

HoxkazareabcTBo. llycts E € N(fi,A), Torga s MHOIOMEPHO# CJIy9aiiHOl BeJIMIrHBI
77 = C& + d no dopmyite (11.14) mosryanm

. —n/2 5 .
(@) = ]de(tQC)]—d\/meXp [~ S0 - d) - AT o7 @ - d) - .

IIpescrasum kosddunuent npu ji kak C~1C u Bomecem C™! kak obmuii MHOXKHTEIIb 34
CKOOKH, ITOJIYYHNM

. 27) /2 R AT A—lrr—lrm B ey
fn(Z) = ‘de(tc)‘mexp —d) - C'CTAT e (# —d) - C 10;4] =

1
5l
1

{

[\)

T [detC|Vder AP
(27T) n/2 .
=/ ——€XD
| det C'|vdet A
(2m) /2 1 L I
= Lz~ @+ cprcact) [z — (d+cp),
|detC|\/detAeXp{ [ = (d+CR)]T( )HE — ( u)]]

2
9TO €CTh IIJIOTHOCTDH MHOFOMGpHOfI HOpMaJIbHOfI CJIy‘IaIL/'IHOI‘/JI BEJIMYUHBI C ITapaMeTpaMn

Cji+du CACT.

Y
C7\E — (d+ CANTATHC T F - (d+ C)} =
(

-
_@n) {
{-

7 ([d+CpIT(CyTATICT F - (d+ Cf))| =

L\’JI»—A
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Bamernm, uto ecin £ € N (0, E), T.e. KOMIOHEHTHI BEKTODA £ HE3ABHCHMBI U HMEIOT
CTaHJIADTHOE HOPMAJIbHOE pacipejiesieHue, TO ] = Cf + [l OyjileT UMeTh HOPMaJIbHOE pac-
upesesierne ¢ napamerpamu M (77) = i u A(7f) = CCT. Takum o6pazom, 1100y10 HOpMAaJIb-
HYIO CJIy9ailHyI0 BEJIMYWHY 7] C mapaMerpaMu i 1 A MOXKHO MOJIyUNTh ITyTeM JIMHEHHOIO
npeobpasoBaHus 1 = Cf + [ Besmaunbl £ € N (0, E), rue marpunpst C' n A CBsI3aHbI COOT-
womernem A = CCT.

21. Pacmnpeaesnenusi, CBI3aHHbIEe C HOPMaJIbHBIM

21.1. JlorHopmaJsibHOe pacnpejejeHune

¢ HeupepsiBHas cirydaiiHas BeJU4InHA  UMEET 102HOPMAAbHOE pacnpedenerue,
ec 1) = In ¢ nojaunena HopMmaibHoMy 3akony 1 € N(m, o?).

W3 onpesesieHns JTOrHOPMAJIBHOTO PACIPE/IEIEHUs CIIe/LyeT, ITO eCJIN CIydaiiHast
BeJIMYNHA 7) PaclpejieieHa HOpMaJIbHO, TO § = €' pacipejieseHa jornopmasbto. Ta-
KM 00pa30M, JJOIHOPMaJIbHOMY PACIPE/IeTICHIIO HOAINHACTCA PACIPe/IeIeHIe CIIy-
YailHOI BEJIMYUHBI, IIPEJICTABJICHHON B BUJIE NPOU3BEJIEHUA CJI1A00 3aBUCUMBIX CJIy-
YaliHbIX BEJIMYMH, CDABHUMBIX 110 IOPAJKY UX BIUAHUA.

U3 coorromenns (11.8) mpu ¢(z) = €* jjid MIOTHOCTU paCHpe/IeJICHIsT BePOsT-
Hocreil osryanm (em. puc. 70)

1
fla) = ——me Mmemw?/2% 0y~ im0 <2 < oo (21.1)

ToN 2T

JIorHopMasbHOE pacmpejiesieHne YacTO BCTPedaeTcsl B 9KOHOMIKe, HarpuMep B (hop-
mysie Biska—Croyiisa neHbl eBporeiickux onmnuoHos (eM. takxke [20]).

Haiiyiém amcioBble XapaKTepUCTUKH CJIyHailHOM BEJMYMHBI, PACIIPE/IEIEHHON 110
JIoTHOpMaJIbHOMY 3akony. [lo onpenenenmnto,

oV 2T

T oo
M(f) _ \/_/e—(lna:—u) /20 dr.
0

Cuenaem 3ameny nepemennbix: ¢t = (Inz — p)/o. Torna x = ete, dx = oere dt;
t=—oconpuxr=0ut=o0upuxr=oc. [lonyunm

o0 (e 9]

02/2
M(€) = < / ete t2qt = L; / / e_(t_a)2/2d(t —0) = ere? /2 = meo /2,
V2

—0o0 —00

1"
0,8t

>

0,61

H

0,4¢
0,2t

>

0 1 2 3% 0 1 2 3

Puc. 70. 'padurn f(z) u F(x) JIOrHOPMATBHOTO PacCHpe/Ie/IeHuUs
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Borumncanm pasee M (€2):

M(€?)

(In z—p)? /202
re~ dr.
a\/ 2T /

Crenas Ty ke 3ameny nepeMenbix: t = (lnx — p) /o, nomy«anm

(e 9]

2 7 1
M(&?) = e’_QW / 2t 2t = —_27T€2M6202 / e_(t_20)2/2d(t —20) = e’

—00

U, nakonerr, HaAEM JIMCIIEPCUTO:

2 2 2

D(€) = M(€) = M(§) = e — e’ = e (¢ — 1) = m?e” (7" — 1),

MGILI/IaHa JIOTHOPpMaJIbHOI'O paclipe/ie/ieHnud COBITaJaeT C MaTeMaTHUYIeCKUM OXKUJ1a-
HUEM:! Tmeq — 1, MOJ/Ia ITOI'O PaCIIpeeJICHNA OIIPEAC/IACTCA BbIPAazKEHUEM Tmyod =

)
me~ 7", a Jiuisd Ko duimenTa acCuiMMEeTPUH U SKCIECCA TTOJIY IUM

A= (e +2)\/(e” — 1),
E = (e —1)(e% + 3¢ +6e” +6).

JlornopMaJjibHOE pacIipejie/ieHre HMCIOJIb3YeTCs I ONMUCAHUS PACIIPE/Ie/IeHUs
JIOX0JIOB, DAHKOBCKUX BKJIAJIOB, MECSIHON 3apIuiaThl U T.JI.

21.2. Tamma-pacnpejejieHue

¢ Ciyuaiinag BenumdunHa £ HA3BIBAETCA 2aMMA-PACTPEIEAEHHOT C TTapaMeTpaMu
a >0, A > 0, ecin pacipejiesieHne e€ IJI0OTHOCTH BEPOSITHOCTH UMEeT BU/I

aa—1
Az

flx) =1 T(a)

0 npu x < 0,

-z >
e pu x = 0, (21.2)

rie I'(a) — ramma-dbysknus (em. [2]), u obosnagaercs € € 'y, (puc. 71).
¢ [Ipu a = 1 cayqaitnas BesmmanHa £ HA3bBI- @)

BaeTCst Pacnpedesénnoti no noka3amenvHomy 3a-

Kony, a pu @ = k, k = 2,00, — pacnpedeaénunoti 04

no 3axkony Spararea. 0.3}
Haiiyiém ancsioBble XapaKTEepUCTUKN FaMMa-

pacupesenenus. [1o onpenenenuto, maremarude- 0.2

CKO€ OZKHMIaHHNE 3allUIIeTCAd KaK 0.1
o0
1 0
M) = —— [ N (.
© = 7o /
0

CrenaB 3aMeHy mepeMeHHBIX Ax = t, dx = dt/\, noayanm

T 1
M(€) /to‘etdt Platl) o
0

TAC(@) A
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CrenoBaTesbHO,
Q@
M) = 3 (21.3)
Boraucyimm juctiepenio. [lo ompeesennio
D(¢) = M(&%) - [M(9)],
HO
1
— F_ / A& a+1 7)\zdx
0
CrenaB 3aMeHy nepeMeHHBIX A\x = t, dx = dt/\, 3ammiiem
I - +2)  ala+1)
M toc-‘rl td (Oé — )
(€ )\QF / AT () A2
0
CrretoBaTeIbHO, JIJIS JIUCIIEPCHE TTOJTY UM
ala+1) o  «
DO)=—""%2= (21.4)
a JIsl CPETHEKBAIPATUTHOTO OTKJIOHEHUST HAlIEM
yo Vo (21.5)

Bamernm Taxske, aro A(E) = 2/V\, E(€) = 6/a.

BeraucmMm ternepb MpoU3BOIAIILYI0 (DYHKITUIO TEHTPUPOBAHHBIX MOMEHTOB:

17 1= gz —a/))

Ot Ot Wi r—o d .
(o / v
0

Crenaem 3ameny mepeMenubiX (A — )z = u n dv = du/(A —t) n nosxyanm

(e 9]

_ 1 A ¢ a—1_-u —at/\
M(t)_l“(a)<)\—t> /“ ¢ duc

0

I
t

u(t) = <1 - X)f ot/ (21.6)
AHaJIOrTIHO HaIEM XapaKTepUCTHIECKYO (DYHKIINIO raMMa-Pacipe/ie/IeHus:
N —a
() = (1 - Z—) . (21.7)
A
CaoiictBa I'-pacnipenesenust

CsoiicTo 1. Pacnpenenenne Iy ; ecTs mokazaTebHOE pacipe/iesleHAE ¢ ITapaMeT-
poM A.
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Heiicrsurensno, ecim § € I'y 1, TO

e M x> 0;

g ={o " 2

€CTh IJIOTHOCTD Paclpe/le/IeHUs CJIydailHOM BeJIMYUHBI, paclpee/IeHHON 110 1T0Ka3a-
TEJILHOMY 3aKOHY C ITapaMeTPOM .

Csoiictio 2. Ecim £ € N(0,1), Ton=¢&? € L2,/
HokazareabcTBo. Haiijigm dynknmio pacipejiesienus caydailHONl BeJIMYUHBI 1) =

¢2. IIna nonoxkurenbubix = (x> 0) sanumimem

1
\ 2T

e 1244,

N
Fya) = P <) = Pl-va<¢ <) =2 [

Crnenaem sameny nepemenubix z = t2. Torga t = \/z, dt = dz/2\/z n

T

[ (1/2)'2 1oy -

F = z/2 — N2 121 —2/2 — F )

ko) /\/2#26 dz /F(l/Q)Z e "dz F1/2,1/2($)
0

CaoiicTBo 3. 'amma-pacnpejesieHre yCTONIUBO 110 CYMMHUPOBAHUIO, T.€. ecjii £ U
1 He3aBUCUMBL U § € ['y o,, ) € 'y oy, TO

C - f +ne F)\,alJraQ'

CorutacHo cBoiicTBaM mpeobpaszoBanns Pypbe (TeopemMa YMHOXKEHNS ), JIJIs XapaKTe-
PUCTUYECKON (DYHKITUU 3AITAIIIEM

10t = el = (1- 1) " (1-5) = (=),

a 9TO M €CTh XapaKTepUCTHIecKas (DYHKINS paciupenesenus 'y 4, yq, (21.7).

21.3. DBera-pacnpejsesienue

¢ Ciyuaiinas BesmunHa & Ha3bIBAETCS
bema-pacnpedesérmotl, eCiu e€ IIOTHOCTh Pac-
peJIeJIeHNsT BePOsiITHOCTEl nMeeT BuJL (puc. 72)

1

xa—l — b—1 -
f(x) = (])3(a, b) (1-z) € [0, 1],

x ¢ 0,1],
(21.8)
riae a > 0, b > 0, B(a,b) — 6era-dynkmus
(em. [2]).
YEBHJIHO, ITO
0,z <0
1 xr
Fg(r) = Bla.b) /u“_l(l — )" tdu, 0<z<1;
"0
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Haiiiém umciioBble XxapakKTepUCTUKU OeTa-paciipe/ie/IeHus :

1
B(a+1,b) a

MO =5~ /:p“(l — o) dr = B(a,b)  a+b

1
b [ oemyy ey Blat2b)  (a+1a
M@?)—B(a’b)—()/w“(l D= TR T b D)
CinetoBaresbHO,
a a+1 a
D(g):M(§2)_[M(§)]2:a+b<a+b+1_a+b>:
a (a+D(a+b) —ala+b+1)
Ca4b (a+b+1)(a+Db)
_a ala+b)+(a+bd)—ala+b)—a ab
" (a+b)? a+b+1 ~(a+0)Pa+b+1)
Anajornaso

_2(-a+b)V1i+a+b

A) Vavb(2 +a +b)
B 3(1+a+0b)[(—6+a+b)+2(a+b)?
Blg)=—3+ ab(2+a+0)(3+a+b)
¢ Oyuknys i
Bu(z) = / B(i b)xa_l(x — 1) tda (21.9)

HA3BIBAETCA HENoAHOT bema-@dynryued.

21.4. x-Pacnpepenenue. x2-Pacnpegenenue.
Pacnpenesnienus CrbionenTa u @umniepa

Iycts &, j = 0, k, — HezaBucuMble CIydailHble BeJIMYMHBI, PacIpe/Ie/IEHHbIe 110
HOpMaJIbHOMY 3akoHy ¢ 0 = 1, m =0 (§; € N(0,1)).
¢ Coayuaitnas BeumduHa 1)

k
n=>y & (21.10)

Ha3BIBACTCH X - pacnpedenérnoli ¢ k cTelensMu cBOOOIDL.
¢ Ciyuaitnas Benmania (

(21.11)

HA3BIBAECTCA X-pacnpedesérnot ¢ k creneHsMu CBOOOIBI.
¢ \-pacnpesienenne npu k = 3 HazbBaeTcs pacnpedeseruem Makceenna.
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¢ ChyuaitHast BeJImIuHa T

(21.12)

Ha3bIBAETCsI pacnpedenénnoti no 3axony Cmurodenma ¢ k cmenenamu c60600v (t-
pacupeyesierne Crbiojienta) u obosnadaerca 7 € Sy. (3mech & — ciaydvaiinas Be-
JIMIWHA, TOMIUHSAIONIAACT HOPMaJbHOMY pacupejiesneanto ¢ m = 0, 0 = 1 u He
3aBHCAIIAs OT BeJTHINH &;.)
Teopema 21.1. [lromnocmo eeposmmocmu X -pacnpedesenus umeem ud
2h1
—e
— 2-1
fulw) = { BT (/)
0 x < 0.

HokazareabcTBo. BepostHocTh cobbitusg © < ( < x + dr MOXKHO TOJYYUTH U3
k-MepHOil IJIOTHOCTHU PacIpe/ie/IeHns HOPMaJIbHOIO 3aKOHA

— 1 _3—3»2 0.2 N
f(x) N (27T)k/20'k€ & y = (1'1,~~~,17,1<;),

UHTErpupys eé 1o k-mMepHoMy cheprudecKoMy CJIOK0 pajuyca T U TOJIuUHbL dr. B
pesyJibTare, OCKOJIbKY (k — 1)-MepHbiit 06b6éM (k — 1)-mepHoit cdepbr 2 mpomoprm-

onasen ¥, mosryumm

fylx) = Crpa* e /2,

7f(x)dx =1

W3 ycioBust HOpMUPOBKHI

Haiiaém mocrosinayo C:

Cr = /xklex2/2dx = oKDk /2)Cy = 1.
0

Taxum obpazoMm, TeopeMa JOKa3aHa.

Teopema 21.2. y%-Pacnpedeseriue A6AACMCA HACTHOIM CAYHAEM 2AMMA-PACTPede-
aenus ¢ o =k/2, X =1/2, m.e. dynryus

k21

felx) = § 2PPT(k/2)°
0 z <0

—z2/2 > 0
z20; (21.14)

ABAACTNCA NAOTMHOCTDBIO GEPOATIHOCITU o X2-pacnpedeﬂeﬁuﬂ.

HoxkazareabctBo. Vcnonb3ys cBasb (11.11) mex 1y mwiorHoCTAMEI

1
2\ ) = ——= T
HOJIyYUM YTBEPXKICHAE TEOPEMbL. 31€Ch MbI BOCIIOJIbL30BAIMCH TEM, YTO €CJIH 0JI0-
JKUTeJIbHAS CIydaiiHas BeJudnHa & MMeeT IJIOTHOCTh pacupeesenns f(x), To ciy-
qajinag Benmnna 1) = ¢(§) nveer miotHoCTH pacnpeaetenns P(z) = ¢’ (z) f(¢(z)).
Taxnum 06pa3oM, TeopeMa JOKa3aHa.
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0.4 @) ; 11 F(a)

i 0,8
0,6
0,4
0,2 ;
0

0.3

0,2

0.1

0

3 2 10 1 2 3

3 210 1 2 3
Puc. 73. I'padurn fs(x) u Fs(x) t-pacupenenenus npu v = w = 10

Teopema 21.3. [Lromrocms pacnpedeserus CAYHAGEHOT BEAUMUMNDL T, PACTIPEICAEH-
noti no saxony Cmurodenma, umeem eud (cm. puc. 75)

CT((k+1)/2) 22\ ~kHD/2
[s,(x) = W(l—kz) , —00 < <o00. (21.15)

JlokazaTesbCTBO aHAJIOTUYIHO JIOKA3aTEIbCTBY IIPE/IBIIYINEN TeOPEMBI.
YucsioBble XapaKTEPUCTUKNU t-PacIIpeie/IeHus

M(E) = Pt = Pmoa =0, DO = a=0, p=_S

MozkHo 1oKasarh, 9YTO pu k — 00

Xi _

k
C=r D S8 ME) = M) =1,
1=1

| =

nosromy Sy — N(0,1) npu k — oc.

Taxkum obpasom, npu GOIBIMIX cTeneHsx cBoboabl (kK > 30) t-pacupe/esienue
CrbrojieHTa IPAKTHIECKH COBIAJAET ¢ HOpMasbHbIM pacrupesenernem N (0; 1).

Ha puc. 74 npusesiensl Jyisi cpaBHeHus rpadUuKi MJIOTHOCTEH PACIIPe/IeJIeHIs:
e HopMastbHOrO ¢ m = 0, 0 = 1 (mrrpuxoBas juaus) — f(x) ausa N(0,1);
e CrpiozienTa ¢ m = k (ToHkas crutontaas jaunusa) — fsi(x) mrs St(5);
e Crprozierra ¢ k = 1 (skupnas criomuas guans) — fsq(x) ms St(1).
Dt rpaduKi HATTISIHO UILIFOCTPUPYIOT, 9TO C
YBEJINUEHUEM CTeIeHU CBODO/IBI k paciipe/iesie-
Hre CTBIOJIEHTA CTPEMUTCS K HOPMAJIBbHOMY

lim fs(z) = L6_31’12/2.
k—o0 \/ﬁ
¢ B gactHOM ciayuae npu k = 1 pacmpese-
stennie CTBIOJIEHTA [TEPEXOIUT B pacipeieieHne
Kormmm.
[110THOCTH BEPOSITHOCTH IS PACIIPEIeie-
nusg Ko umeer Bujt

1
= —0. 21.16
o) =~ (2116
Haiijiém byHKIUIO pacipeiesieHust:
N 1
F(x):;/ =11 :%arctgx—ké. (21.17)
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XapakTrepuctuieckasi byHKIIUs pacipeienenus Kol onpeaenTes cCoOOTHOIIEHHeM

o0

(t)_l/ e—z‘tx
A A 1422

—00

Beraucsms uaTerpadt (cum., Hanpumep, [2]), mosyanm
y(t) = e M. (21.18)

ITpumep 21.1. Ciyuaiiable BeJUYUHbI £ W 1) HE3ABUCUMBI U UMEIOT CTaH/IaPTHOE
HOpMaJIbHOE pactpejesienne. HaliTu 3aKOH pacupejesieHus CIydailHoil BeJTMIuHbI

¢=mn/¢ Y=2T

Pemenue. Tak Kak cirydaifHble BeJIMUYUHBI £ U 1) UMEIOT CTAHIaPT-
HOe HOpMaJIbHOE paclipe/ieieHue, TO UX IIJIOTHOCTh paclIpe/ie/leHus
UMeeT BHU/I

fe(z) = fo(z) = ! e _0o <1 < 400.

Tak KaK 3TN BeJINMYNHDI HE3aBUCUMDBI, TO IIJIOTHOCTH COBMECTHOI'O Puc. 75.
pacipeaes/icHrud 9TUX BEJIMYUH PpaBHa IIPOU3BEIECHUTO JIOTHOCTEN:

1 2 /9 42
— e @) o < 2 < o0, —00 < Y < Q.

ff,n(xvy) - fn(x)fﬁ(y) = o

Haiiiém dynkimio pacupejenenus Besmmaunbl (. [lo ompeenenuto,

F(z) = P(u < 2) = P(n/ < 2) = / fen(, y)dz dy =

Di:y/z<z
// fen(@,y)dz dy + // fen(z,y)dz dy.
Doy<zx,x>0 Da:y>zx,x<0

[Tycrs 2z < 0 (em. puc. 75). Ilepeiiém K MOIAPHBIM KOOD/IMHATAM:

Fe(z) = ( // (@*+4°)/2 dy + // e~ @2y dy) =

Diy<zz,x>0 Do:y>zx,x<0
arctg z arctg z+m [e)
(T erren ] Jorrn)-
—7/2 w/2 0

—1< t +7T+ tg 2z + 7T)—1< t +7T>
=5 arctg z 5 arctgz + 7 5) = = arctg z 5)

Jlerko nokaszarh, 4To B ciydae z > () MoJrydnM Takoii ke pe3ysabTar. Takum odopasom,
dYHKIUSA pacipe/ie/ieHus OIpPeJIessieTcss COOTHOIEHUEM
z

1 dt 1 T
Fez) =2 / Do = 5 (e 4 3).

—00
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T.e. ( mMeeT pacupejenenne Kormrm.

Haiiiém gmcsioBble XapaKTEPUCTUKN PACCMAaTPUBAEMBIX paCIIpe/IesIeH .

1. TTocko/bKY pacipejiesienue x> sBjgeTcs JaCTHBIM CIydaeM raMMa-pacipe/ie-
genusi ¢ A =1/2, a = k/2, To

M) =2 =, D(f):%:%, o =2a, A:\/% E:%

2. [lnsa x-pacupejesieHus MOy IiIM

z T gkl s
0

C,ZLGJI&B 3aMeny IepeMEeHHbIX

x? du
—=u, r=V2u, dr=-—,
2 V2u

IIOJIyIUM

y_ 2 i ra/2—1 —u? ;L +1)/2)
ME) = pgzy [+ = ey 2

B wacrtHOCTH,

_ Sk +1)/2) 2y _ oL ((k+2)/2)

M) = V2 ME) =2
. 2 k+2\ T2((k+1)/2)
D<£):F(k¢/2) {P< 2 )‘ r'(k/2) |

3. Momenter M (€') nna pacupenenenns CThIOeHTa CYIIECTBYIOT TOJIBKO JIJIst
[ < k, npu 3TOM HavaIbHbIE MOMEHTBI PABHBI HYJIIO, & JJIS IEHTPAIbHBIX MOMEHTOB
HOYH T(1/2 + 1/2)T(k/2 — 1)
+ —
ple?] =k . 2<2< k.

VAT (k/2)

Teopema 21.4. Dynkyusa pacnpedesenus Fg, () evipasicaemes wepes Henosnyio
bema-pynruuro:

K/ (k+a?)

1 uk/Q—l(l o u)k/2_1du.

Fs(z) =1— 2B(k/2,1/2)

JlokazaTresabcTBO. /leiicTBUTENHHO,

 T((k+1)/2) ’ L2\ ~(k+D/2
Faule) = m/ (1*‘?) dz.

— 00

C,ZLeJlaeM 3aMeny IEpeMEHHbIX

U:L, x:\/E—kz\/E 1—u7
k+ 22 U U

TOLIa,
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0,8>f(x)l' 1,0-F(-'L')
06l 0,8
F 0,6
o4 N I
0,4
0.2} 0.2

0 : 0,0 '
0,5 1,5 25 35 45 05 15 25 35 4.5
Puc. 76. I'pacduku f(x) u F(z) 3akona F-pacupeesnenus: @uiepa

Vk 1 —du _@ u  du

dr = ¥ — v a

2 1/u—1 u? 2 1 —wuu?
11 = —00, u; = 0, 19 = x, uy = k/(k + x?). Takum o6pazom,

K/ (k+a?)
Fo (2) =1 — 1 / uD/2(1 u)k/Qluk/22< _ @)du _
’ VEB(k/2,1/2) 2
o/ (k+a?)
-1 ; uk/?*l(l o U)k/zildu,

- 2B(k/2,1/2)

YTO U TPeDOBAJIOCH JIOKA3ATh.

O Pacnpenenenne Croionenta (k= 1,3,5) ucnosib3yercst B 9KOHOMUKE JIJIs OTIU-
causg (QIYKTyallnii CTOMMOCTH IeHHBIX Oymar. DJIyKTyalliuu, OINUCHIBAEMbIe pac-
npejesenneM CTbIOJIEHTa, B CUJIy CTEIIEHHOTO XapakKTepa (PYHKIUU IJIOTHOCTU Pac-
npeJiesieHs MHOTOKPATHO IIPEBOCXOJAT (PJIYKTYAIUU, OMUCHIBAEMble HOPMAJIbHBIM
paciipe/ieJieHueM.

¢ HemnpepoiBaas ciayuaitnas sesmanna £ nmeet F-pacnpedesenue Puuiepa, ecim
OHAa IIpeJICTaBUMAa B BHU/JI€ OTHOIIEHU JIBYX HE3aBUCUMBbIX CJIydYailHbIX BEJIUYNH, pac-
NPEJIEJIEHHBIX 10 3aKOHY XHM-KBQJIPAT CO CTEHEHAMU CBOOOJIBI V M W, U IJIOTHOCTH
pacriipe/iesieHnst BEpOsiTHOCTel nmeeT BuJL (CM. puc. 76)

D((v+w)/2) (v\"/2 0 < v\~ Wtw)/2
= T W)E) (AT et Y ) C 0<z<oo. (2119
Jr@) = 50 T 2) (5) = o v<oo.  (2119)
OcCHOBHBIE YNCJIOBBIE XapaKTEPUCTUKU F-pacipeieenus:

Mo -2y - e

5

A6) = W2/ =4+ w(-24 2w +w)
(bt wV—2Fr+w’

2[(—4+w)(—2+w)?+v(—2+v+w)(—22+5w)]

E(&) = )
(&) =8+ w)(—6 1) (—2+ v + )

['pacdukn mwrorHoctn fr(x) mas F- Fa,w)
pacupezenenns Ouinepa s pasauaabix - 2,00 77 / ] —pew=5
MApaMeTpoB ¥ M W TIPeJICTABICHbl Ha DUC. | s 3 / \ P =20
77. ’ / e

¢ Ecmu ciyuaiinas senmunna & pac- 1,0 2/7“\\\_ 3—v=w=100
npesieniena 1o sakony Dumepa c¢ mapa- g 5| / 1 N\
merpoM A (§ € F)\) mwa > 0, To coyJaii- ///' '
Hast BeJIMHUHA 1) = a& TaKkzKe pacupejene- 05 10 15 20 25 307

Ha 110 3ak0oHy Puirepa ¢ mapamerpom A/a
(n=a& € Fy/q). Puc. 77.
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¢ Pacupenenenne Qummepa—CHeekopa MpH TMEJbIX ¥V = M U W = N HA3BIBACTCS
pacnpedenenuem F-ommowenus

o =x*(m)
= mX
~x2(n)

rie x2(m) u x?(n) — ciayuaiinble BeJIMYUHBI, UMEIOIHE Y -pacipe/ie/ieHue ¢ m 1 n
CTeneHsAME CBOGO/IbI COOTBETCTBEHHO.

DJLJINTICON/T, PACCEeSTHUS

[lycrh cayuaitiass BeudIuHa 5 = {&,&, ..., &} uMeer HOpMAJIbHOE DPACIIpE/Ie-
JIEHUE C BEKTOPOM CPEJHUX [I = i1, [i2, - - - , [, T MATPUIlEH KoBapuanmii A.

PaccemorpuMm B mpoctpancTse nmepeMeHHbIX 1, &a, . . ., &, 001aCTH, OIPEJIETAEMYIO
HEPaBEHCTBOM

(- mTAT(E ) <9,

rjae 0 — HEKOTOpOe IMOJIOKUTETBHOE YUCI0 (BEKTOP PACCMATPUBAEM KaK MAaTPHILY-
crosibern). JleBast 4acTh HEpaBEHCTBA €CTh IMOJIOKUTEIHHO OINpE/IeICHHAs KBa/pa-
tuaHas ¢dopma (IpH YCIOBHU, YTO XOTsI ObI OJMH U3 KOI(MMUIHEHTOB KOppeJs-
mun |p;;| < 1). CienoBaresibHO, JaHHOE HEPABEHCTBO OIIPEIEJISET B HPOCTPAHCTBE
R"™ 0bs1acTh, OrpaHUYEHHYIO JLTUIICOMIOM. LIeHTp s/umuiconia HaXoIUTCA B TOYKE
(f1, f2y -« - fbn), OCH TTAPAJIIETBHBI COOCTBEHHBIM BEKTOPaM MaTpuiibl A, a mosyocu
IPOIOPIMOHATBHBL /A1, VA2, - . . s V/An, TIIE A1, Ag, . .., Ay — CODCTBEHHBIC 3HAYCHUS
MaTpurbl A.

C apyroit cTropoHsl, 177 = (E — /I)TA”(E — [I) €ecTb HEKOTOpasi OJIHOMEpHAsT CJIy-
vyaiiHag BeJUYuHa, dBJdomascd QyHkipein segmans &1, &y, ..., &,. Haiiném 3akon
pacrpeesenns 77. Kak usBecTHO (CM. CBOWCTBO 3), MHOTOMEPHYIO HOPMAJIBHYIO CJIy-
JalHYIO BEJIMYUHY 7] ¢ TTapaMeTpaMu [ 1 A MOXKHO MOJIYIUTD IyTeM JIMHEHHOTO TIpe-

06pa30BaHI/IH BEKTOpPa f, KOMITOHEHTBI KOTOPOI'O HE3aBUCHUMbI 1 UMEIOT CTaHIapTHOE
HOpPpMaJIbHOE paclipele/IeHue

§ = BC+ i,
rjie Matpunia B csa3ana ¢ matpureii kopapuanuit A coornormennem BBT = A. Ho
TorIa

n=(BOTBBT) (B ={"C=> ¢,
=1

T.€. 7) €CThb CyMMa KBaJIPATOB HE3aBUCUMBIX CTAHJIAPTHBIX HOPMAJILHBIX CJIy9aiiHbIX
pesmund. CiieioBaTesIbHO, 1) UMeeT paclpeeneHue X2 ¢ 1 cTeleHsaMU cBobobl. To-
ra 1o Tab/auiaM pacipejesenus Y2 Jyis 3a/aHHOi BepOATHOCTH (3 MOYKHO OIIpe-
JIeIUTh 3HaueHue §, jis Kotoporo P(n < §) = 3, Te. § GyleT KBaHTUIbIO Y-
pacnpeenennst yposas (3. COOTBETCTBEHHO, ¢ BEPOSATHOCTHIO 3 MHOIOMEPHAs CJIy-

yaitHag BesmmauHa £ OyJieT MpUHaJIeKaTh 00JIACTH, OIPAHUYEHHON SJITUIICOMIOM
> o 1= = -
(x_:u)TA (.%'—ILL)<(5, x:{xhx%“wxn}‘
Taxoit 71TUIICON]T HAZBIBAETCA AAAUNCOUIOM PACCEAHUA.

IIpumep 21.2. [Ins cucremsr {£,n}, nMeroreii HOpMaJbHOE PaCIpeiesleHne ¢ a-

pamMeTpamu
. (0 (11
o) 4Gy

MIOCTPOUTH JJIJIATIC PACCESTHUS, COOTBETCTBYOMMIT BeposTHOCTH (,9.
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Pemenue. [lycts ¥ = (g), TOI/Ia

(@ — @)TATHT — i) = 22° — 2zy + y°.

ITo TabsmramM pacipeeseHns 2 JJId 9ucia cTereneil cBoboIbl ¥ = 2 HaliIéM KBaH-
b ypoBHA 0,9: 799 = 4,506. CooTBeTcTBYIOMMIT SJIJIUIIC paccesdHus OyeT orpe-
JCJIATHCA ypaBHEHIEM

227 — 22y + y* = 4,506.

BaMeTHM, 9TO IPHU 9HCJIe CTelleHel cBOOOILI ¥ = 2 paclpeeIeHne X2 coBIaia-
eT ¢ HMoKa3aTeIbHBIM pacupeesenneM ¢ mapamerpom A = 1/2. [Tosromy 75 MoKHO
Ob110 OB HAWTH Kak KopeHb ypasuenusi F'(7g) = (3, rue F'(z) — dbynknus pacmpe-
Jle/leHnst ToKazareabHoro 3axkona F(z) = 1 — e . Tloo:KuB A\ = T U NpUpaBHSB
F(x) x B8, nomyanm 1 — e /2 = B wm 75 = —21n(1 — 3).

22. Pacnpeaenenus JleBu, Ilapero n
JIOTHCTUYECKOEe paciipeaesieHue

B zakiiouenne paccMOTpUM psiJl pacipeiesieHuil, IMMPOKO PACIPOCTPAHEHHBIX B
9KOHOMUYECKUX U OMOJIOTMIECKUX TTPUIOXKEHUX.

22.1. Pacnpepesnenue JleBu

B skoHOMUUYeCKHX MOJE/IsIX 9acTo BeTpedaercs pacupejesenue Jlesu. Tak pac-
npejesaeHbl QIyKTYallnn WHAEKCOB U KypcoB akiuii. [taBHasg 0cOOEHHOCTH KOHO-
MUYeCKHX QJIYKTyallii B TOM, 9TO B OTJINYNE OT (PUBUIECKUX BEJIUINH, Y KOTOPHIX
OOJILITTNX PJIYKTYyaInii MaJjio, MOCKOJIbKY 3TU (DJIYKTyaIluu UMEIOT B OCHOBHOM T'ayC-
COB XapaKTep U B CUJIy 9TOT'O MaJibl, pacipe/iesieHust (pJIyKTyaruii B SKOHOMUKE MMe-
0T TaK Ha3bIBAEMBbIE <«TSI?KEJIbIE XBOCTBI», T.€. 3HAUUTEILHOE KOJIUIECTBO OOJIBIITIX
daykTyarmii.

¢ Cayuaiinas BeanauHa £ Ha3bIBaeTCs pacnpedesérnoti no 3axony Jlesu, ecim eé
XapaKTepucTuieckas (DYyHKINs pacipeeieHus TMeeT BU/T

vo(t) = exp(—[t]*), 0<a <2 (22.1)

[Iposenga obparnoe npeodpazosanne Oypbe g PYHKIUH TJIOTHOCTH PaCIIpe/ie/ie-

HU, SallilleM
o)

1 ; «
fr(z) = Dy / ewte " gt

—0o0

C y4éToM 9€THOCTHU XapaKTEPUCTUIECKON (DYHK-
UM MOXKHO 3allicaTb

+00

fr(x) = % / cos(xt) e 1% dt. (22.2)

— 00

CoorHorierne (22.2) omnpejiessier Tak Ha3bIBa-
eMoe JIByCTOpOHHee pacipejiesienue Jlesu, Ko-
ra x € R. Ilpumep pacnpenenenus Jleu c
a =1/2;1;3/2; 2 npusenén na puc. 78.
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Eciu x € [0, 00[, mosryunmM Tak HazblBaeMoe OJHOCTOPOHHee pacipejierenue Jle-

BU:
00

fr= %/cos(xt)etadt. (22.3)
0

O Tlpu o = 2 dopmyana (22.1) cosnagaer ¢ (19.7), a pacupenesnenne Jlepu cos-
aJaeT ¢ HOpMasbHLIM pactpesenenneM (19.1); upu a = 1 coornommenne (22.1)
corajiaer ¢ (19.8), a pacupenenenne Jlesu — ¢ pacupenenennem Ko (21.16).

22.2. Pacnpenenenue Ilapero

a/::sof(f ) ¢ ToBopsr, uro Besmunna { umeer pacnpedeaenue Ila-
pemo ¢ napamerpamu (g, ), ecan (eM. puc. 79)
a [ To\et!
e 7 felw) = x_()(?) » &> %o
Puc. 79, 0 TS To.

¢ Herpynro 3amernTsh, 9T0 pactnpe/enenue [lapero ycedennem Ha nHTEpBaJe |xg, 00|
CTEIIEHHOI'O paclpe/ieIeHns ¢ IapaMeTPOM ¢ U IJIOTHOCTBIO BEPOATHOCTHU

az~@t) 2> 0;
f(z) = {O, z < 0.

HernocpeicTBeHHOI TPOBEPKON MOXKHO yOeuThCsI, 9TO y pacipejesnenus [lapero
CYIIECTBYIOT MOMEHTHI k-10 nopska (k < a):
2
axg
a > 2;
xk, D¢ =9 (a—1)(a—2) 7

00, a <2

A =

—k

22.3. Jloructuveckoe pacnpejejieHue

¢ ToBopar, uro Besmunna £ UMEET A02UCTUMECKOE PAC-
npedeaenue ¢ napamerpamu (m,o?), ecm (em. puc. 80)

T (x—m)

O

i{i o] -

¢ OyHKIUS JIOTHOCTH BEPOSITHOCTU JIOTHCTUIECKOTO
pacupejeneHud 1Mo popMe MaJjo OTIMIaeTcsd OT (PYHKIMA TJIOTHOCTA BEPOATHOCTU
HOPMAaJILHOI'O paclIpe/iesIeHusd U HapsLy C IOC/Ie/IHel MUPOKO UCIIOJIb3YeTCd B IIPU-
JIOZKCHU AX.

Jlorucrudeckoe pacipejiesieHne JeKUT B OCHOBE TeOPHHU MOIyJsiuii (bakrepuii,
YeJI0BEKa U T.J.). DBLIO 0OHAPYKEHO, UTO BBICOTA M BEC PACTEHUN U KUBOTHBIX
IOJJIMHACTCA JIOTUCTUICCKOMY 3aKOHY.

XapakTepucruiecKkass QYHKIIAA JOTUCTUIECKOIO PACIPe/Ie/IeHIsT UMeeT BU/I

Ve(t) = e”’“T(l — iUT‘/gt>F(1 + z‘%@f)

OcCHOBHBIE YHCJIOBLIC XapaKTEPUCTUKU Cﬂy‘{aﬁHOﬁ BEJIMYMHBI 5 OIIpEJeJIAI0TCA COOT-
HOIIICHUAMU

z € R.

fe(x) =

Puc. 80.

Mé=m, Dé=o* A=0, E=12.



23. CXoauMOCTb CIYYaHHBIX ITOCAE0BATEIBHOCTEH 137

[JIABA 3
ITpenenbubie TeopeMbl. 3aKOH OOJILIITNX YHCEJT

Brliie MbI y2Ke HeoJTHOKPATHO OTMeYaJii, YTO 9KCIIEPUMEHTaIbLHO 3aMedeHa yCTol-
YUBOCTD OTHOCHTEILHOI 9aCTOTHI M/N PEAIbHBIX COOBITHIT (1M — THCIIO MOABIICHMI
cobbITust A B 1 OIBITaX).

OTHOCuTE/IbHAA YaCTOTa — 3TO IPOCTEHINHI IPUMEDP CPeIHEero CIIydaiiHbIX Be-
qmann & (k= 1,n), KaxK1ast 13 KOTOPBIX €CTh YUCJI0 HOAB/IeHuil cobbiTusa A B k-M
OIIbITE
m _ S +&E+. T+, ~ P(A).

n(A) =
n n n—00

CBs3b OTHOCHTEIHHON FaCTOTHI U BEPOATHOCTH ITOTO COOBITHUSA YCTAHABINBACTCS
teopemoit Beprymau. Mcropudecku Teopema Bepryminm — mnepBas u3 HOKa3aHHBIX
npezeabubix TeopeM (1713 1.). Tlocste Heé 6bLIO JTOKA3AHO JOBOJBHO OOJIBIOE YUC-
JIO TEOPEM TaKOI'0 POJia, BBISICHSIONINX TOBEJICHUE CPEIHENO PA3INIHBIX CJIydaliHbIX
BeJIMYIUH IIPpU 1 — OQ.

Cymo npedesvHblT meopem cocmoum 6 mom, 4mo Cpeoree Npu HEOPAHULEHHOM
YBEAUMCHUL YUCAG ONDIMOE MEPACN TAPAKMED CAYHATH020, U NOIMOMY €20 NOGEJE-
HUE MOHCHO NPEICKA3AMD.

DTO TOJIOXKEHNE, JIOKA3aHHOE B Psijie TPEJIEIbHBIX TEOPEM, Ha3bIBACTCS 3a4KOHOM
boavwux wucen. HakoIeHHBIN OIIBIT OTMeYaeT XOpolee Coriache peIebHbIX TeO-
peM ¢ peaabHOU JIEHCTBUTEIBLHOCTBIO.

Ha mnpenenbabix TeopemMax (haKTHIeCKH OCHOBaHA BCs MaTeMaTHYecKasl CTaTH-
CTHKa, ITOCKOJIbKY OHU TO3BOJIAIOT ITPUOJIUKEHHO BBIYUCIUTD XaPAKTEPUCTUKU CJIY-
YailHOI BeJIMYMHBI HA OCHOBE IKCIIEpUMEHTAJIbHBIX JTaHHbIX.

N3 Bcero MHOXKeCTBa MPEIETbHBIX TEOPEM PaCcCMOTPUM TeopeMbl eObIeBa,
Bepny/in, a TakKe IeHTpaJbHYIO MIpeJe/ibHYI0 TeopeMy JIsmyHoBa u e€é 4acTHBII
ciaydait — Teopemy Myappa—/lamaca.

31ech HaMu Oy/IyT pacCMaTpPUBATHCS TOJIBKO OJITHOMEDPHBIE CJTyYaiiHble BeJTUINHBI,
IIOTOMY C TIEJIBIO YIIPOIIEeHNs Oy/iIeM Ha3bIBaTh UX IIPOCTO CJIYIARHBIMEI BEJIMTIHHAMHU.

23. CxoamMocTh CJIy4dailHBIX IOCJIeT0BATEJIbHOCTEM

Hamomuum, 9ro ciiydaiiasi BeJIMUMHA eCTh (DYHKIIUS, OIpPeIeséHHas Ha IpPO-
CTPAHCTBE 3JIeMeHTapHbIX coObITnii §). Cle0BaTeIbHO, CXOIUMOCTD HOCIEI0BATE b-
HOCTH CJIy4YaiiHBIX BeJIMYMH MOYKHO HOHUMATD B PA3HBIX CMBIC/IAX, AHAJIOTIYIHO TOMY,
KaK /14 (byHKHI/IOHa.HbHBIX HOCHe,ZLOBaTeHbHOCTeIU/I CYIIECTBYIOT IIOTOYE€YHaA CXOIU-
MOCTb, paBHOMEPHAasI, CXOAUMOCTb 110 HOPMe W T.I.

¢ Tosopst, uro nocaedosamervrocmsy cayuwatinme seauvun {&,(w)} crxodumea x
seaunune E(w) ¢ 6epPOAMHOCMbIO OUHUYG UITH «TTIOYTH HABEPHOE», U THIIYT &, (w) —
£(w), ecm lim &, (w) = &(w) mag moboro w € ) kpome, MoxkKeT ObITh, w € A, e

n—od

MHO)KeCTBO A (cobbiTue A) mMeeT HYJIEBYIO BEPOSTHOCTb.

BamernmM, 4TO B 00IIEM Cirydae, 9T00bIl TOBOPUTDH O CXOJUMOCTHU C BEPOATHOCTHIO
eJIMHUTIA, HEOOXOIMMO 3HATH CTPYKTYpY oTobpaxkenuit w — &,(w), B 3aj1adax xe
TEOPUH BEPOATHOCTEH M3BECTHDBI, KaK IPABUJIO, HE CAMU CJIyYailHble BeJUIUHDI, a
ux pacupejeserusi. [loaromy GoJiee pacipocTpaHEHHBIMU OKA3BIBAIOTCSI CJIEJLY FOIIIEe
OIIpeJIeIeHUsT CXOJUMOCTH.

¢ Dosopsit, aT0 nocaedosamenvrocms cayuatinnr eesuvun {€,15°, crodumes

p

K seaunune & no eepoamuocmu, u numyt &, —— &, ecom Jig Jodoro € > 0
n—oo

CIIPABEJITIBO

P&, — €| > ¢) —— 0 wm P(l&, —€<e¢) — L
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Kpome cxo/mmocTeit «I1ouTH HaBepHOE» 1 110 BEPOATHOCTH, B TEOPUU BEPOSTHO-
CTell UCIOIB3YETCsT TAKKE CXOIUMOCTD 110 PACIIPEJIEJICHHIO.
¢ ToBopsT, uto nocaedosamenvrocmo caywatnmr eesusun {&,15°, crodumes
K seauvune £ no pacnpedenenuro, u muamyt &, = £ wm Fe (v) —— Fe(z), ecun
n—oo

dbyHKIHOHAIBHAS [OCIIEI0BATENLHOCTD { Fe, () }2° | CXOmUTCH MOTOUEIHO K (PYHK-
mun Fe(z), re.
lim Py, () = Fy()

n—0o0

Jyist JIF0O0ro @, IPHHA/IEZKAINEro K 0bsacTi HetpepbiBHOCTH (byHKIHN F¢ ().
CaoiicTBa CXOAMMOCTHU 110 BEPOSITHOCTH

CsoiictBo 1. Ilycre {&,}02, u {n,}52, — mocse10BaTE/IBHOCTH CIIyIaiiHbIX BEJIH-

. P P
YIMH, OIPEIeIEHHBIX Ha BEPOATHOCTHOM mpoctpancrse ). Ecmm &, —— &, 1, ——
n—oo

n—oo
7, TO MPEJIEJT TI0 BEPOSTHOCTU CyMMBI (IIPOM3BEIEHNUST) OC/IEI0BATEILHOCTENH paBeH
cymMe (IIPOM3BEJIEHNIO) UX MIPEJIETIOB, T.e.

CsoiictBo 2. Ilycrs g(z) — menpepwiBHast dbyukiums. Torga cayuaitaas dyHKIs
g(&,) HempepbIBHA 110 BEPOATHOCTH, T.€. JJIs JIIOOOM C/IydaiiHOl 110C/Ie10BaTeTbHO-

cru {£,}5°,, cxomgmeiicss 110 BepOATHOCTH K cJiydaiinoii Besmuanne & (&, L €),
n—oo

cripaseyiuBo ¢(&,) —r, g(&).

CsoiicTBo 3. I3 cxoamMocTu ¢ BEPOATHOCTHIO €IUMHUIIA CIEIyeT CXOAUMOCTDH II0
BEPOATHOCTHU, T.€. €CJIU {fn};’ozl — MOCJIETOBATEJILHOCTD CJIyYalHbIX BEJIUYUH, CXO-

JIAIIASCSA ¢ BEPOSITHOCTBIO €JIMHUIA K cirydaiiHoil Besmaune £ (&, — &), 1o &, L¢

CsoiicTBo 4. Ecim 1ocsienoBaresibHOCTh CIydaitHbIx Beandaud {&, 1%, cxomures
1o pacmpejesenno K £ (£, —— &), a mocaea0BaTebHOCTb {1, }°° | CXOAUTCs 110
n—oo

. P

BEPOATHOCTH K TOCTOAHHON ¢ (1), —— ¢), TO cupaBejuso &,n, — c&, N, +
n—oo n—oo

fn —— c+ &

n—oo

CsoiicTBo 5. Ecim mocien0BaTe/IbHOCT CAyIaitHbIx Beandani {&, 100, cxomures

- (e o]
[0 paCIpee/IeHII0 K HOCTOAHHOM (&, — ¢), TO TOCJIEIOBATEILHOCT {1, }o°

o p
CXOJUTCA K IIOCTOAHHOU C II0 BEPOATHOCTHU, T.€. gn — C.
n—oo
CsoiicTBo 6. 3 cxonmuMocTu 1O BEPOATHOCTH CJIEIYET CXOJIUMOCTDL IO Pacipeje-
p
JIeHUIo, T.e. eciu &, — &, 10 &, —— &.
n—oo

CsoiictBo 7. Ilyctb ¢, (1), Ve(t) — xapaxkTepucrudeckue YHKIUH BeJUIHH &, 1
€. Torna eciu F, (x) — Fe(x), 10 e, () — (), n HAobopor: ecim e, () — ve(z),
t0 Fy, () — Fe(x).

CsoiictBo 8. Ecin nocienoBaresbHOCTD {£,}0° | CXOAUTCS 1O pACIPEIEIeHI0 K
£ (& —— &) u dyukuua pacnpenenenns: Fe(x) HenpepblBHA B TOYKax a u b, TO
n—oo

P(gn € [0,8]) —— P(£ € [0,)).
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Hokazxkem nepsoe cpoiicrBo. Pacemorpum P(|€, + n, — & — 1| > €). Bamerum,
at0 [&n 41 — & = 1| < &0 — &| + |nn — 1. Torma, ecim \£n+nn—£—n\ >, 101
|§n_£|+|77n_77| > &, IpuieM P(|§n+nn g 77| >5) (|£n £|+|nn_n| >5)7
Tak Kak cobwirue {&, + 1, — & — n| > £} Baever cobwrrue {|&, —&| + [, — 1| > €}.
CretoBaresibHO,

P(l&nt+mn—&§—nl>¢) S P(I& =&l + | — 1| > ) <

P(|&+nn—&—n|>e) < P(|& — €| > ¢/2 mm |n, — | > £/2) <
S P& =&l > e/2) + P(lnn =0l > £/2) — 0.

OcraJjibHble CBOMCTBA JO0Ka3bIBalOTCA aHaJIOTMYIHO.

IIpumep 23.1. Ilycrs {£,}5°, — HOCIEI0BATENIBHOCTD CIyIaiiHBIX BEJMINH, KarK-
Jlast U3 KOTOPBIX MOYKET IPUHUMATH JiBa 3HadeHust: 0 u n ¢ BepositHocTsME (n— 1) /n
u 1/n coorBercrBerro. [lokazarh, 4To 9Ta MOCIEIO0BATEIHHOCTH CXOIUTCS TI0 BEPO-
ATHOCTHU K HYJIIO.

Pemenune. /leiicTBurebHo, Jijid MPOM3BOJIBHOTO £, HAYMHAA C HEKOTOPOTO 1 > €,
Oy/1eT BBIIIOJIHEHO

Plle, — €] > €)= P(1&)] > €) = P&y = n) =+ —— 0,

n n—oo

O B omimane 0T CXOAMMOCTH 110 BEPOSITHOCTH CXOJUMOCTD ¢ BEPOSITHOCTBIO €11~
HUI[a 3aBUCUT OT 0TOOpakerns w — &, (w). IlycTs, Hanpumep, w — TouKa, ciydaii-
HbIM 00pasoM BbiOpanHas Ha orpeske [0,1], a &, (w) =0, eciim w € [0, (n — 1)/n], u
En(w) = n, ecin w €](n — 1)/n, 1]. Torma st moboro w € [0, 1], HaUMHAS ¢ HEKO-
toporo n, w € [0, (n —1)/n] u, ciemoBarenbho, &,(w) = 0, T.e. HOCIEIOBATEILHOCTD
&, CXOIUTCS K HYJIO C BEPOATHOCTBIO euuuiia. [Iycrs Tenepb w — TouKa, Crydaii-
HBIM 00pa30M BbIOpaHHAs Ha OKPYKHOCTH, U §,(w) = n, ecin w IpUHAJJIEKUT

n—1
uHTepBasy yrios 2mw[S,_1,S,-1 + 1/n], tue Sp,o1 = > 1/k(n > 1), u §,(w) =0
k=1

B nporusHOM ciaydae. To ects muTepBaN AIHHOM 27 /N, COOTBETCTBYIOMINIT 3HAME-
HUSIM corydaiiHoil Besmaunbl &,(w) = n, HepeMeraercs 1Mo OKPY’KHOCTH TaK, 9TO
KOHEI[ [IPEJIBIIYINEro HHTEPBaIa SB/IAETCA HadaaoM cieayiomniero. [lockombky rap-
MOHHIYECKU{T PAJ] ABIACTCH PACXOIANIIMCS, TO 9TOT HHTEPBaJ OGECKOHETHOE HHCIIO
pa3 HaKpoeT JI0OYIO0 TOUKY W, ¥, CJIeIOBATEIHHO, TOBOPUTH O CXOJMUMOCTH C BEPOSIT-
HOCTBIO €JIMHUIIA HEITPABOMEPHO. 3aMeTHM, ITo ec/iu Obl BepositHocTn P(E(w) = n)
CTPEMUIIICDH K HYJIO JIOCTATOYHO ObicTpo (Hanpumep, P(£(w) = n) = 1/n?), To mo-
CTPOEHHAsT AHAJIOMMIHBIM 00PA30M CJIyvaiiHas BeJMINHA Y2KEe CXOAMIIACh Obl K HYJIO
C BEPOSITHOCTDIO €/THHHIIA.

ITpumep 23.2. Ilycrs &,& ..., &, — He3aBHUCUMBIE, PABHOMEDPHO PACIIPE/IETIEHHBIE
na orpeske [1,4] ciyuaiinbie Bemmrannbr. JJokasars, uto max{&, & ..., 6} —— 4.

n—
Pertenne. O6o3naunm max{&y,&s ..., &} = n,. Haitgém dbyakimio pacupejeienus
F,, (x). Ilo onpeznenenuto,

F, (xr) =P, <z)=P(Bce & <z, x=1,n) =
)=

=Pl <2)P( <) Pl <z)=P' (&G <z gl()
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Tak kak & umeer pasHoMepHoe Ha [1, 4] pacupejenenue, T0

0, r < 1;
Fe = xgl, 1 <x <4
1, x> 4.
Torma
0, r < 1;
F, = (‘”?)n 1<z <4
1, T > 4.

B 3ajaue Tpebyerca jqokazarh, uro P(|n, — 4| > &) — 0 mia Beex € > 0. Haiigém
P(|n, — 4| > ¢). Tak kak 1, < 4, T0

P(|n, — 4] >5):P(4—377n>5):P(77n<4—5):
o= (5 - 03

[Tockosbky € > 0, TO IpU N — 00

P(ln.—4] > ¢) = (1—§>n—>o.

p
CJIG,ZLOB&TGJII)HO, Ny — 4, q9TO0 1 Tpe6OBaJIOCb JOKa3aThb.
n—00

MozkHo 661710 OBI peruTh 33 1a4y 1 nHade. Haitném mpeest npu n — oo dyHKIun

pacupejernenns F, (x):
. 0, =<4
s Fy, (v) = {1, r >4

3HavYeHns 3TOro pejiesia B TOYKaxX HEIPEPLIBHOCTH COBIAIAIOT CO 3HAYCHUSAME (DYHK-
U PacIpe/ieieHnst IOCTOAHHOI Besnaunbl, pasuoit 4, t.e. F, (r) —— 4. Cueno-

n—00
o p
BaTe€JIbHO, COIJIACHO CBOUCTBaM CXOJIMUMOCTHU 110 paClUpeAC/ICHUutO, 1), —— 4.

n—oo

24. HepaBenctBo YeOnbimieBa

Teopema 24.1 (mepBoe HepaBeHcTBO UebbImeBa). Fcau  neompuyamesvnas

CAYHATHAR 6EAUNUHA § uMeem Konewroe mamemamuueckoe oocudanue M(E), mo

s mobozo € > 0 cnpasediuso HEPaserHcmeo

M) M)
€

PE>e) < 8

uru P <e)>1-— (24.1)
HokazareabcTBo. /[oKa3aTe/IbcTBO TPOBEIEM JIJI HEITPEPBIBHON CJIydaiiHOi BesTu-

qnnbl. [lo onpepenenuto, /s MOJIOKUTETLHON CIYIaHON BEJIMIMHBI

ME) = [ xf(x)de > | xf(x)de > e | f(x)de =ecP(§ > ¢).
[t frsonee]
CretoBaresibHO,

Pe>e) < )

9TO U TPeDOBAJIOCH JIOKA3aTh.
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Teopema 24.2 (BTopoe HepaBeHCTBO UebbimieBa). /[as 410000 cay4alinot ee-
aununos §, umerowet konewnyro ducnepcuto D(E), npu mobom e > 0 umeem mecmo
HEPABEHCTNEO

D(¢)

P{le—M(©) >} < =5

910 HepaBeHCTBO UeOblIIeBa JaeT OICHKY BEPOATHOCTU TOIO, YTO OTKJIOHEHHUE JIIO-
6ol coryuaitHoil BesmanHbl £ OT TeHTpa pacupejaesnerns m = M (€) npeBsoitaér 3a-
JAHHOE MOJIOYKUTEILHOE UHCIIO .

(24.2)

JokazarenbcTBo. 1 cnocob. Honoxum n = [ — M(£)]*. 3amerum, uro M(n) =
D(£). B coorBeTcTBIE € IEPBBIM HEPABEHCTBOM eObIIIeBa, JJisl BEJMIUHBI 1) HMeeM

M D(¢
P(Tl > 62) < 6(277) _ 6(2 )
Vurg, uto cobbitue (n > &2) = {[§ — M(§)]* > %} skBuBajenTHo cobbiThio | —
M(&)| = e, momyuanm
P~ 1) > 9 < 28,

2 cnocob. Ilycts Benmmunna € nenpepbiBHa. V300pa3uM HEKOTOPBIE €€ YacTHBIE
SHAUEHUsT 1 MATEMATHIeCKOe OKIJIaHNe B BUJIe TOUeK Ha uncjoBoit ocu Ox (puc. 81).

> €
Pt Vet

0 o =z x3 A m B z,11h,

Puc. 81.

3ajga/ M HeKoTopoe 3HadeHne € > () U BBIYUCIUM BEPOSITHOCTH TOT'O, YTO CJIy-
JaiiHas BeJMIrHa  OTKJIOHUTCS OT CBOEr0 MaTeMaTHIecKoro oxupanus m = M (§)
00JIbIlle, YeM Ha €:

P(le = M) =¢) =P(l¢—m|>e). (24.3)

JL71s 9TOr0 OTJIOZKUM OT TOYKH 1 BIPABO U BJIEBO 110 OTPE3KY JJIUHON £; MOy IUM
orpe3ok AB. BepositHocTh (24.3) ecTh He 94TO UHOE, KAK BEPOSTHOCTH TOTO, YTO MIPH
caydaiinom Opocanun ToUKa & MONaIET He BHYTPb oTpe3ka AB, a BoBHe ero:

P(l§¢=m|>¢) = P(£ ¢ [A B))
Hy}KHO IIPOCYMMUPOBATL BEPOATHOCTHU JIJIA BCEX T, KOTOPbLIE JiE2KaT BHE OTPE3Ka

[A, B].

[Tycts f(2) ecTh MWIOTHOCTH BEPOSITHOCTH CJIyYalHON BETMIUHBI &:

P(lE—=m|>¢) = / f(z)dx.

|z—m|>e

g qucnepcun nuMeeM

D(g) = 7 (2 — m)2f(x)da = 7 = ml2f(2)d > / & — ml2f(2)d,
T oo |z —m|>e

e BeIpaykKeHue | — m| > € O3HAJaeT, 9To MHTErpUpPOBAHNUE PACIPOCTPAHIETCS Ha
BHEIITHIO 9acTh oTpeska [A, BJ.
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3aMeHuB |ZL‘ — m| 110/ BHAaKOM HMHTEeI'PaJla Ha &, II0JIy9HUM

DO [ fa)dn =Pl ml > ),

|z—m|>e

OTKY/Ia U BBITEKaeT HepaBeHCTBO eOblleBa Jist HePepbIBHbIX BendnH (24.2).
¢ OueBWIHO, ITO yTBEPIKIEHUE ITONH TEOPEMbI PABHOCUIBHO YTBEPKICHIIO

D(¢)

e2

P{le—M¢)|<e}>1-— , (24.4)

Ha TOM OCHOBAIHHM, ITO COOBITHA | —m| < € u | —m| > £ IPOTUBOIOIOKHBIL.

O Hepasencrso YebbIleBa jaeT OMEHKY BEPOSITHOCTH OTKJIOHEHUs CJIyJIaiiHOM
BEJIMYUHBI OT €€ MaTeMaTUIeCKOr0 OXKUJIAHUS, 110 CYIIECTBY, IIPU JIFOOOM 33/ [aHHOM
3aKOHE PacIpeesIeHns.

[Ipuuém peunb HIET TOJHKO O BEpXHEl 'PAHUIlE BEPOATHOCTH 38 [AHHOTO OTKJIOHE-
HUs, KOTOPYIO TOC/IE/IHsAsT He MOYKET MPEB30MTH HU IIPU KAKOM 3aKOHE PacIipe/ie/ie-
Hud. g OobIIMHCTBA 3aKOHOB JIaHHAas OIEHKA ABJIAeTCA O4YeHb rpyooit. Tak, Mbl
3HAEM, YTO OTKJIOHEHNE 3HAYEHUN HOPMAaJbHO PACIPEIEIEHHON CIIydaiiHON BeInIn-
Hbl OT MATEeMATUIeCKOIO OXKUJIAHUSA Ha BEJIUYUHY, OOJIBIIYIO YeM 30, BO3MOMKHO C
BepositHoCThIO P =~ 0,0027. Ecau omeHuTh 3Ty »Ke BEPOSITHOCTH, UCIIOJIb3Ysl Hepa-
BeHCcTBO YeObIeBa, TO MOJIyINM

P(€ = M(&)| = 30)

/N
I

T.e. B 49 pas (!!!) Gosbre.

ITpumep 24.1. Yucsao macMypHBIX JHEH B TO/LY ABJISETCHA CJIYUIANHON BEJTMIHMHON &
co cpegaum 3unadenunem 100 jgueit. ONEeHUTH BEPOATHOCTH COOBITHSA: YHUCJIO TTACMYyP-
HBIX JHEl B roiay Gouibine nByxcor (£ > 200), ecim a) 3naderne D(£) HEM3BECTHO;

0) u3BecTHO, 4TO 0¢ = /D(§) = 20 nHAM.

Pertenne. a) 3anannas ciaydaiinas BendanHa & sIBJIAETCS TOJOKATEIbHOM CITydaii-
Hoit Bestmumuoit ¢ M(£) = 100. Crenosaressro, B coorsercreun ¢ (24.1), P(§ >
200) < 100/200 = 0,5 g e = 200.

6) Tax xak cobbirue {§ > 200} skBuBasentao cobuituio {§ — M(€) > 100},
KOTOPOE, B CBOIO 0Y€PE]ib, sABJISIETCs MOJMHO)KecTBOM cobbitus { | — M(&)| = 100},
TO

20?2

P(§ > 200) < P(I€ = M(§)] = 100) < {553

= 0,04.

ITpumep 24.2. Cpeanee 3nadenne jymabl getan H0 cm, a aucnepcus — 0,1. TToss-
3ysCh HEPABEHCTBOM eObIIeBa, OINEHUTh BEPOITHOCTH TOTO, UTO CJAYyYaHO B3dATas
JieTajib OKayKeTces 110 JiyInHe He MeHbIne 49,5 ¢cm u He 6oJibine 50,5 cMm.

Pentenwne. [lycrs £ — pmuna ciaydaitno B3gToil geran. V3 ycioBus 3a1a4m ciery-
er, aro M (&) = 50, a D(§) = 0,1. Tpebyercs onennts Besmauny P (49,5 < & < 50,5).
Tak kak HepaBeHCcTBO 49,5 < & < 50,5 paBHOCHILHO HepaseHcTBy € — 50| < 0,5, To
tpebyercs orennTh BepositHocth P (| — 50| < 0,5). CornachHo HepaBeHCTBY eObI-
meBa (24.4), npu £ = 0,5 mosryaum

D
P(I€—50] < 0,5) > 1 — =& =
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25. Teopema YebOnmnmeBa

[Tycrb uMeeTcst OCIe0BATENILHOCTD { &, }°° | HE3aBUCUMBIX U OJIMHAKOBO PACIIPe-
JIEJIEHHBIX CJIy9ailHbIX BEJIMINH, MMEONUX KOHEUHbIE MaTeEMATHIEeCKIe OXKIUJIAHUsT U
jucrepenn. Tak Kak Bce BEJIMYUHBI OJIMHAKOBO PACIIPEJIEIEHbI, TO MATEMATHIECKUE
OXKUJIAHWS U JINCIIEPCUN Y HUX TaK2Ke OJMHAKOBBI 1 paBHbI, Hapumep, M (&), D(&;).
CocTaBuM CJIy9IaiiHYIO BEJIMIUHY

1 n
:;;@-.

O‘{GBI/I,ZLHO, qTO M)y, — CﬂyqaﬁHaH BeJIMInHa C YUCJIOBBIMU XapaKTEPUCTUKaMN

M) = 13306 ) =D arte) - %ZM@ - M(&)
D(n,) = ( Z@) D D(&) = Z (&)

=1

Taxum obpazoM, cpejiHee apudPMETUIECKOe 1), €CTh CcIydaiiHas BeJIMYUHA C TEM JKe
MaTeMATUIECKIM OXKHJIAHUEM, YTO U Y BeJIMUUH &;, U C JIUCIIepcueil, KoTopas Heorpa-
HU'IEHHO yObIBAET C POCTOM 1, TO €CTh IIPU OOJILIITNX N BEJAET cedsd, MOYTU KaK HeCJIy-
yaiinag Besmmuuna. [[pumenum Kk Bejimaumne 1), HepaBeHCTBO ebbiesa:

Dlw) _, _ D)

P(ln, — M(n,)| < >1-—
(Im (na)] <e) = s

BamMeTnm, 9TO IPHU N — 00 ITA BEPOSITHOCTH cTpeMutcs K 1. JlefictBurenbHo,

i Pl =3r(0)] <€) = fim (|3 6 -0r(6)] <) > tim [1-550] -1

n—00 ne?

Taxkum obpaszom, ecin {&,}°2; — HOCIEI0BATEILHOCTD HE3ABUCUMBIX U OJ[MHA-
KOBO DPAaCIIPE/IeJIEHHBIX CIyYallHbIX BEJINYNH, UMEIOIINX KOHEYHOEe MaTeMaTHYecKoe
oxkugarne M (&) u pucniepcuto D(&;), TO cpeiHee apudMeTHIECKOe STUX BEJININH
CXOJIUTCH 110 BEPOATHOCTH K UX MaTeMaTUYeCKOMY OXKHUJIAHUIO.

DTO yTBEpPkK/IEHNE MOXKHO 0OOOIIUTE 1 Ha CJIydail, KOTJa CJIydaliHble BeJUINHbI
UMEIOT Pa3/M4yHble MaTeMaTUudeCKre OKUJIaHUd U JIUCIIEPCUN.

Teopema 25.1 (3akoH 6osbiux yuces B dopme Hebbimesa). Feau {£,}5°,
— N0CACI0BAMENLHOCTND NONAPHO HEZABUCUMBLE CAYHATHBIT BEAUNUN, UMENOULUT KO-
neunve ducnepcuu, ozpanuservie 00not u mot sce nocmosnnot C, m.e.

D(,) < C, n=1,00,

mo 0as Mobwvr nocmoanmsvx € > 0 umeem Mecmo coommoueHue

JL@OP{)%Z@ — Y M) < } =1, (25.1)
k=1 k=1
20e .
1
=D &
k=1

— cpeduee apugpmemuneckoe n seauiur 1,8, . .., Ep.
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HokazareabcTBo. Tak Kak £, — B3aMMHO HE3ABUCHMbIE BEJTUIUHBI, TO
1 o 1
D(=> &) == D&
k=1 k=1
CrenoBaTesbHO,
1< C
D\ — < —
(13a) <5,
k=1
tak Kak D(&) < C. Cormacuo HepaBeHcTBy Yebbrmiena (24.4),
1 1 1 (1 C
P{’EZ& - EZM@’“)’ < 5} >1- ?D<EZ§I<) >1- 2
k=1 k=1 k=1
[Tepexo/ist K mpejeny mpu n — 00, HOJLYIUM
_ 1 1
lm P4J= S g— =Y M(G)| <=p > 1,
n— o0 n n
k=1 k=1

a TaK KaK BEPOSITHOCTH He MOXKeT OBITh OOJIBIIE €IMHUIIbI, TO YTBEPXKIECHNE STOi
TEOpEeMbI CIIPABE/JINBO.

O Ecnn caydaiinble BemanHbl { UMEIOT OJMHAKOBBIE MaTeMAaTHIECKIEe OKI/Ia-
aust (M (&) = M(&)) u aucniepcnn (D(&y) = D(&1)), TO U3 NPUBEIEHHOIO JT0KA3a-
TEJILCTBA CJIEJLYET, B IaCTHOCTH,

p('%ﬁ;&—m&) <5) 51 - 2]
1 P('% iilfi —M(&)| > 5> < 12(521) 5

ITpumep 25.1. Pesysibrar nuzmepenust HEKOTOPOil (hPU3MIECKON BEJIUIUHBI SBJISIETCS
CITyYaifHON BEJIMYMHOI CO 3HAYEHWEM CpPeIHeKBaJIpaTUdHOro oTkjaonenns o = 0,02.
[IpoBojiuTcst cepusi HE3ABUCUMBIX M3MEPEHUII M BBIUUC/ILAETCH CPEJIHee STUX U3Me-
peHnii, KOTOpoe UCIOIb3yeTCd B KadecTBe OIEHKN MaTeMaTHIeCKOr0 OXKUJIAHUS Pe-
3yJITATOB U3MepeHus. Tpebyercs: a) ONpeseuTh ¢ BEPOSATHOCTHIO, HE MEHBIIei
0,95, BepXHIOIO TPaHUIY abCOTIOTHOM MOIPENTHOCTH CPEJHEro MATH U3MepeHHuil; 0)
YUCJI0 M3MEPEHUil, KOTOpoe HEeOOXOJIMMO IPOU3BECTU, YTOOBI C BEPOSTHOCTHIO, HE
Menbineit 0,95, moryanTsb abCoIIOTHYIO MTOTPENTHOCTE cpe/iHero, MenbInyo dem 0,01.

Pemenne. a) Heobxomumo onpesenuts &, Jijis KOTOPOTO

P('%i&—M(&)

Tak kKak pesyJbraThl U3MEpPEHUil eCTh OJMHAKOBO PACIPEIEIEHHDbIE CIydaiiHble Be-
JIMIUHBL, TO B COOTBeTCTBUE € (25.2)

P('%Z&_M@

< 5) = 0,95.

D(&1)

ne?

<5)21—
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CrenoBaTesbHO,
D)

1
ne?

= 0,95,
OTKY/Ia CJIeTyeT, UTO

, 04 4-107
0,050 0,05-5

=16-10° u e=4-10"%

6) C nomorpio 91010 2Ke coorHorerns (25.2) mist € = 0,01 u P = 0,95 mosryanm

D(&)  4-10% <0
7 0,05-¢2  0,05-104

OTMeTuM, 9TO MOCKOJIBKY IOIPEITHOCTD XapaKTepPUu3yeTcs 3HaUeHUeM CPeTHeKBa/l-
PaTHUIHOIO OTKJIOHEHUs 0, & JIJIsI CPeJIHEero apudMeTuIecKoro

1 - _ D(gl)_o-fl
)N =

TO MOTPEITHOCTDH CPEJIHETO KaK OIEHKN MATeMaTHIeCKOro OXKUJIAHUs YOBIBAET IIPO-
HOPIUOHABHO /. [109TOMY, 4TOOBI CJIe/IaTH TIOTPEITHOCTH MEHbIIIEl B 4eThipe pasa,
noTpedboBaJIoch ObI B 16 pa3 OoJibIlie M3MEepeHHii.

4 [oBopsT, UTO MOCIIENOBATEILHOCTD CIydaiiHbix Besmant {&,}°°  ydosaemeo-
PAEM 3AKOHY DONDUWUT YUCEN, €CITH

1 & 1 &
E;Q—E;M@ﬁ&

DaKTUIECKH 3TO O3HaYa€T, 9TO CpeJIHee apI/I(bMeTI/I‘{eCKOG IIOCJIe10BATEJIbHOCTHU CJIY-
YallHbIX BEJIMYNH CXOJUTCA 110 BEPOATHOCTU K CPEJHEMY apI/I(bMeTI/I‘{eCKOMy nx Ma-
TeMaTHUIECCKNX O)KH,ZL&HHfI. HO,IL CpeJHUM apI/I(bMeTI/I‘{eCKI/IM MaTeMaTU4ICCKUX OzKH1-
,IL&HI/Iﬁ 31€Chb IIOHUMaETCA 1IpeJIe/I IIPpU 1 — OO BEJIMYINHDBI

> (6

¢ Ilpenmonoxkenne 06 OrpaHUYEHHOCTH MOMEHTOB BTOPOIO IOPSAJKA B 3aKOHE
OOJIBINNX YHCE]T CBA3aHO MCKIYUTEIHHO C HMPHUBEIEHHBIM CIIOCOOOM J0Ka3aTe Ib-
cTBa. 3aKOH OOJIBIIMNX YHUCETT OCTAETCS BEPHBIM M B CIydae CYIIECTBOBAHUS TOJIBKO
IIEPBBIX MOMEHTOB TIOCJIE/IOBATEIHLHOCTH CIyUYailHbIX BEJIMYWH. BoJjtee Toro, cripase]i-
JIMBa CJEJIyIoNas TeopeMa.

Teopema 25.2 (3akoH Gosbiux yuces B dopme Xunuuna). Ecau {€,}°0, —
nocAedo8aAMENLHOCTNG HE3ABUCUMDBLT U 00UHAKOE0 PACNPEICAEHHBLT CAYIATHLT BEAU-
YWUH, UMEIOWUT KoHeuHoe mamemamuyeckoe oocudarnue M (&), mo cpednee apud-
MEMUYECKOE IMUL BENUMUH, CTOOUMCA C BEPOATNHOCTNGIO QUHUUA K UL MATNEMATU-
YECKOMY 0AHCUOGHUIO:

Y6 M(@), (25.3)

JlokazaTeabCTBO CM., Hapumep, B [22].
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ITpumep 25.2. Ilycrs &1,&, ..., &y, ... — He3aBUCUMDBIE Clydaiinble BeJsmanHbL. [Ipu
JoboM k > 1 Besmmamna &op 1 uMeeT pacupejienenue [lyaccona ¢ napamerpom o = 2,
a BemuuHa & € Noi. Haiitu mpenesr 7 1o BepoATHOCTH HOCI/IEI0BATEILHOCTH

{nk}%o:h rae n, = (gl + §2 +...+ £n)/n
Pertenne. [lockonbky aucnepenn Besmand &, orpanmderbr (D(&o_1) = 2, D(&ar) =
1), TO B COOTBETCTBUE C 3aKOHOM OOJIBIIUX YHCEJI CpejiHee apudMeTuIecKoe STUX

BEJIMYUH CXO/IUTCH 110 BEPOATHOCTH K CPeJIHEMY apuMEeTHIECKOMY X MaTeMaThde-
CKUX OXKMJIAHUM, T.C.

Ny ——n = lim — ZM@.

n—oo n—oo N

Haitngm lim Z M (&;). dna gernsx n = 2k:

’I’LHOO

2k
1 2k+0-Fk
S M) =T =
ok 2 M6 ==
1, COOTBETCTBEHHO,
Jim o ZM &) =

st nevernoix n = 2k — 1:

2k + (k—1)-0 2k
M(&) = —
Z (&) = 2k —1 2k — 1’

1, COOTBETCTBEHHO,
2k—1

1 M(E) =
klif}o%—lz (&) =

p
Takum obpaszom, 1, — 1.
n—oo

IIpumep 25.3. /lana nocseoBaTebHOCTD HE3aBUCHMBbIX CJTydaitHbIX BesmanH {&, 100

KasKJiasi U3 KOTOPBIX PABHOMEDHO PACIPEJIeJIeHa Ha OTPE3Ke [dy, by,], npudem by —
ag = On

1
bn - ap = bn—l —Qp—1 + —
n
JLJIA TL 1. y,ILOBJIeTBOpHeT JIX 9Ta ITOCJIEA0BATE/IbHOCTH 3aKOHY OOIBIINX YUCETT!

Pemenne. IlocieioBaTebHOCTD CIYIaHBIX BEJTUTUH {nn}fle VJIOBJIETBOPSIET 3a-
KOHY OOJIBIITUX YHCe]I, €C/IN

1 — 1 —
E;EZ-—E;M(&)ﬁ

CortacHo HepaBeHCTBY UeObIieBa, ecjin

1 n
D(ﬁ;@') — 0,
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TO IIOCJIEJOBATE/IbHOCTDL YIOBJIETBOPAECT 3aKOHY OOIBIINX YUCEJT.

Haiiném
1 n
D — i -
)

J11s1 paBHOMEDHO pacrpe/Ie/IeHHON Ha OTpe3Ke [a, b| BeJmunHbl Juciiepcust onpe/ie-
JIIeTCA BhIPaYKECHIEM

p_ b=
12
Torma
D(&) = %?
D(&) = 7(1 +112/2) )
D(&s) = (1+ 1/?;— 1/3) ;

[TockobKy &; HE3aBUCUMBI, TO
1< 1 1 /<= 1)\? 1 1)
(32e) = re =5 Y p(Xh) = me2 (Xh)

OneHnM CyMMy, CTOAIILYIO B CKOOKaX:

CrenoBaTesbHO,

= 1 (1+1nn)?
2 2 _
( E §Z> o2 E (1+1Inl)* < 12n2n(1+lnn) =19,

Torma
lim D Zf < 1 1+1In n)2 0
1m m — =
n—oo ! n— o0 12n ’

T.€. II0CJIEJOBATEJIbHOCTDL Y/I0OBJIETBOPAECT 3aKOHY OOJILIIINX TUCE.

26. Teopema bepnynan

OtHUM U3 BayKHBIX CJIEJICTBUI 3aKOHA OOJIBIIIX TUCET STBJISIETCI TaK HA3bIBAeMast
Teopema bBephysn, obbgacHgoOmMas GpakT yCTOWIUBOCTH OTHOCUTEIHHON YacTOThI
COOBITHS B CEPUN HE3aBUCUMBIX HCIIBITAHUI U JAIOIIAasl TEOPETUIeCKOe 0OOCHOBaHUE
CTATUCTUIECKOMY OIIPEIETICHUI0 BEPOATHOCTH COOBITHS.
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Teopema 26.1. I[lycmv 1 — wucao wacmynaenutd cobvimus A 6 n HE3A6UCUMDIT
UCTOIMAHUAT U P — BEPOAMHOCTIL HACMYNAEHUA cobvimus A 6 Kancdom u3 ucnvl-
manuti. Tozda, xarxoso b6v. ne 6viro € > 0,

lim P{‘H —p) <€} =1,
n—0o0 n

m.e. Kaxum 6vL MAABLM TOAOHCUMEALHDIM YUCAOM € HU 6bL/L0, GEPOAMHOCITD cobbi-
mus

n

HoxkazareabcTBo. Pacemorpum coydaiinyo Besmanny & = p/n. B pasgene «Cxe-
Ma BepHysmny Mbr yoemuincnh, 9ro i pacrpeenenust beprayim M(p) = np u
D(u) = npq. Torna

(E) - 2o 2 o
D<%> - %D(,u) - % - %. (26.2)

Barmriem teopemy Hebbimesa B popme (24.4). s wamero ciaydas ¢ yaérom (26.1)
u (26.2) momyanm

P{‘H—p)<€}>l—p—q2. (26.3)
n ne
[Tepexons K mpeesry Ipu n — 00, Haligém
lim P{’— —p) < 5} ~1. (26.4)
n—oo n

Takum 06pa30M, BEPOSITHOCTH TOTO, UTO OTKJIOHEHHE OTHOCUTEIBHON 9aCTOTHI fi/1
OT BEPOATHOCTU P CcOOBITHS A TPeB30WIET 3aanHoe ancio € > (0, cTpeMuTcsa K
HYJIIO [IPY HEOTPAHMYEHHOM yBEJMUeHUH HCIa ONbITOB (n — 00). VHbiMu cioBamMu,
MOZKHO 3allUCaTh CJEIYIONLYIO TeOPeMY.

Teopema 26.2 (Bepuysm). Loavwue omraoHEHUA OMHOCUMEALHOT YACTNOMbL
[/n om eeposamuocmu cobbMUA NPU A0OOM CKOAD Y200HO BONLULOM T MANOBEPO-
AMMDL.

¢ Teopema Bepry/m B cHMBOJIMYIECKOM BHJE 3aIMCHIBAETCS CJIELYIOMMM 0Opa-
30M:
woop

LR SN
n mn—oo

U 9UTAETCA TaK: OTHOCUTEJIbHASI TaCTOTa (/7 CTPEMUTCS TI0 BEPOATHOCTH K THCITY
p IpA N — 00.

ITpumep 26.1. Momnery noabpacsBaior 10 000 pas. OmeHuTb BepOATHOCTH TOTO,
YTO OTKJIOHEHHE OTHOCUTEJBHON YacTOTHI OT BEPOATHOCTHU BBIAJIEHUS OPJia COCTa-
BuT Menee 0,01.

Pertenne. lveem n = 10000, ¢ = 0,01, p = ¢ = 0,5. Torma B coorsercTBum ¢ (26.3)

pq 0,25
g
ne? 10000 - (0,01)?

P(lp—pl<e)> =0,75.
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27. llenTpaJjabHas mpejejibHasg TeopeMa JIsgsnmyHoBa

WNuorna nmpuxoanTess UMeThb JIe10 CO CIyHailHON BeJIMYMHON, KOTOpas sIBJISETCS
CyMMO# OOJIBIIIOTO YUC/IAa MAJIBIX U HE3aBUCUMBIX MEXKJIy COOOM C/IydailHbIX BeJIM-
YMH, 3a8KOHBI PacCIpe/le/ieHns] KOTOPBhIX HEM3BECTHBI. Takoil ciy4ailHO BeJIMYnHOI
OyieT, HAIIpUMep, OIIMOKA MPU U3MEPEHUH, SABJISIONIAACT CYMMON OOJIBIIOrO YHC/Ia
MaJIbIX ¥ HE3aBUCHUMBIX MEXK/Iy CODOI OMMOOK, MOPOXKIAEMBIX PA3/IMIHLIMU (haK-
TopaMu (COCTOsIHIE M3MEPUTEJILHOIO MPUOOpa, 3PEHMsl, BIIAXKHOCTH, TEMIIEPATYPHI,
aTMochepHOTo JlaBjieHus, ommbka HaO/mogaeHnst u T.1.). Habsogarens nmeer je-
JIO JIUIIb ¢ CyMMAapHBIM JIEHCTBUEM OTJEIbHBIX (DAKTOPOB, M €r'0 MHTEPECYET 3aKOH
pacIpeJie/IeHls «CyMMAapPHON OIMUOKIS.

OtBeT Ha BOIPOC O MOBEJEHNH (PYHKIIUU PACIIPeIe/IeHNs] CyMMbl TAKUX BEJIMUUH
JIaéT TaK Ha3blBaeMagd IeHTpaJjbHas IpejieibHas TeopeMa JIsamyHnosa.

Paccmorpum cucreMmy n B3aUMHO HE3aBUCHMBIX CJIyYIalHbIX BesmanH {&; }r_;:

n
>k
k=1

[Hentpupyem n Hopmupyem eé. Tak Kak

M

n

= E My
k=1
n

- E Dka
k=1

ABJIAIOTCA HOPMUPOBaAHHBIMMU. CHpaBe,ILJII/IBO cjrejiyromee yrsepzKJjcHue.

Teopema 27.1 (JIamynosa). [Tycmwv npocmuie caywatinoe seauswurvs 1, oy .o Epn
B3AUMHO HE3ABUCUMbL, UMEIOM, KOHEUHbLE MAMEMAMUYECKUE OHCUIAGHUSA T, Mo, . . .
Koneunvie ducnepcuu Dy, Ds, ... U KOHewHbIE MPEMbU UEHMPAALHDIE MOMEHMDL
0B1, Ba, ... Tozda dpyrruyus pacnpedesenus HOPMUPOSAHHOT U UEHMPUPOBAHHOT CAY-
Yairotl 8eAUNUHDL

(27.1)

CMPEMUMCA NPU N — 00 K PYHKUUU PACNPEIeNeHUA HOPMAALHOT CAYHATHOT 8EAU-
yurv, ¢ napamempamu m =0 u o =1 pasHomepHo omHocumesvHo x:

f 2 1
= _t /2 = —
Fy(2) = Pl < ) —— ﬁ/ dt = 5 + (@), (27.2)
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ECAU BBIMONHEHO YCAOBUE J]ﬂnyHO@Cb
n
> B
k=1
n 3/2 n— o0 0
k=1

3decv ®(x) — dynryus Jansraca (19.6).

(27.3)

JokazareabcTBo. /JlokazarebCTBO MPOBEAEM IIPU YIIPOIIAIOIIEM [IPEIIOI0KEHIN,
4TO Ciydaiinble Besumannbl &1, &o, . . ., &, UMEIOT OJMHAKOBBIE MATEMATHICCKUE OXKH-
nanusg M(&) = m u gucnepcun D(&;) = o2. Torga ciyvaiinag pemuunna (27.1)
3aIUIIeTCS B BUJIC

T = k=1 k=1 _ b Z i s
\/ﬁ i=1 V D(fl)

(27.4)

[Mockosbky [&; — M(&;)]/+/D(&1) — neHTpupoBaHHbIE 1 HODMUPOBAHHBIE BEJIMINHBIL,
TO, He Hapyllas OOIMHOCTH, Oy/ieM CYUTaTh, 9TO &1,&o, ..., &, — CTaHJIapPTHBIE CJIy-
YaiiHble BEJIMYUHBI ¢ MATEMATHIECKUM OXKHJIAHUEM, PaBHBIM HYJIIO, W JIUCIIEPCUE,
PABHOM €JIMHUIE, U PACCMOTPUM BEJIUIHHY

1 n

Bamernm, aro M (n,) = 0, D(n,) = 1. Ilycts v¢(t) — xapakTepucrudeckas QyHKINA
sesiman &;. Coryacuo csoitcrBam (12.18) u (12.22) xapakrepucTuyueckoit dbyHKIUH,
sammmeM 7, (t) = ¢ (t/y/n). Pasnoxum v¢(t//n) B pax Maknopena, yauTbisas,

aT0, coracho (12.17), g(0) = 1, a cormacno (12.19), v (t)],—¢ = i*my.:

t 2mot? n 12 n
m(t):(mmlﬁﬂm +o) = 1= 5o /m)]

NJIn
t? t2 12 2 12 12
Infy (] ~ o 1= 5o o()| =n = 5ot o)) =5 +neo():
[lepexong K npezesy Ipu n — 00, HOTYIUM
t2 t2 2
)= [ o))
Jim Infy,, (8)] = lm | — 5 +n-o — 5

. _42 o
wi lim 7, (1) = e7*/2, 10 ectnb 7, (t) cTpemuTes K XapakTepucTHuecKoit hyHKIIHE
n—oo

(12.18) crangaprHoro HopmasbHoro 3akoHa N (0, 1). CiemoBaresbHo, O CBOHCTBY
CXOJIMMOCTH TIO0 pacipeesieHuIo (DYHKIUS PACIIPE/ICICHIS BEJTNINHbI

1 n
77—%;&
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crpeMuTcs K GyHKINE pacipejernenns Fo () crangapTHOil HOPMAIbHON BT IHHBL
(19.15), aTo u TpebOBAIOCH JOKA3ATh.
Wuatie roBops, PN BBIITOJHEHUN YCJIOBUIT TEOPEMbI HOPMAJIHHDIH 3aKOH

SIBJISIETCS TPEIEIbHBIM JIJId 3aKOHA PaCHpeIeseHus NEeHTPUPOBAHHON U HOPMHUPO-
BAHHON CYMMBI (HJIH, 9TO TO JKe CaMoe, CPeJHEero) CaydaiHbix Beanans (27.1).
Wrak, npu BBINOJHEHUN YCJIOBUN TEOPEMbI U DOJILIIIOM 7

Fy () % 5+ ®(x). (27.5)

n
Toryia 3aKoH pacupejieerust » | & ABJSETCs TPUOJNKEHHO HOPMAJbHBIM C MaTe-
=1
n n
MATHYECKUM OKUJAHUEM » | My U CTAHJIAPTHBIM OTKJIOHEHHEeM , [ ¥ Dy, T.e.
=1 k=1

- 1 1 T—m
P ~ 4D =S +o(=0). 27.6
(Co<e)~ye et (27.6)
k=1
CraencrBue 27.1.1. Eciu cinygaiinbie Beuaunst &1, &, . . ., &, HE3aBUCUMBI, O/INHA~

KOBO pacIpe/ieJieHbl U UMEIOT KOHEUHOe Maremarudeckoe oxkujganue M (&) u juc-
nepcuto D(&;), To pu n — oo Jyist Jiroboro x € R crpaseyinBo

OGEME) N
" (\/ﬁZ VDE) ) o foale) o

n
i=1
ITpumep 27.1. Chyuaitnas BeuauHa & SBISIETCS CPEIHUM apuDMeTHIeCKIM He3a-
BUCHMBIX U OJIMHAKOBO PACIPEICIEHHBIX CIYyUYaHbIX BEJIMYWH, JIUCIIEPCUA KaKI0i
u3 KOTOPBIX paBHa 5. CKOJIBKO HY?KHO B34Th TAKUX BEJTUYUH, ITOOBI £ C BEPOSTHO-
cThiO, He MenbIel 0,9973, mMesra OTKJIOHEHNE OT CBOETO MAaTEMaTHUYIeCKOTO OXKU/Ia-
Hust, He pesocxosiiee 0,1. Pemmutk 3aaty, ncrosb3yst: a) HepapeHCTBO ebbIesa;
6) MEHTPAJIBHYIO MIPEJIEIbHYI0 TEOPEMY.

Pemtenne. Coracuo olpejieJieHnudaM 1 yCJIOBUIO 3aJla'9U,

1y _ _DE) 5
§= 5;&7 M) = M(&), D)= =
a) Coryacuo HepaBeHCTBY ebbIiiesa,
P~ M(©)] <2) > 1~ 28
nJjm
)

P = M(9)] < 0.1) > 1= 5



152 I'maBa 3. Ilpenenbabre TeopeMbr

OTKY/Jla HOJIyYuM n ~ 185185.
6) CoryacHO TEeHTpAJIBLHOI HpeJe/bHOI TeopemMe, pacrpejesieHne & sBIAeTCs
NPUOJINZKEHHO HOPMAJIBHBIM € TIapaMeTpaMu

M(§) = M(&), D) =

Torma

P(lg — M(€)] < €) ~ 2c1>< ;(£)> — 20

ITo yenosuio P(|§ — M (&) < &) = 0,9973, r.e.

S

0,1
7o)

1
2@( 0, ):0,9973.

V/5/n

[To rabsmmam dyuknuu Jlamraca vaitaém z, mis koroporo $(z) = 0,9973/2: x = 3.

Torma
0,1

Vi

Ormnennre pasuuity!!! Takimm 06pasom, olieHKa, OJIyUeHHAsS ¢ TOMOIIBIO HEpABEHCTBA
YeOwimeBa, spigercd 0OoJiee Tpy0oil, YeM aHaJOTHYHAdA OIEHKA, ITOJIydeHHasd C T10-
MOIIIBIO IEHTPAJIBHON IPeJIe/IbHON TeOPEMBI.

3, n=150.

28. Teopembr MyaBpa—Jlamiaca n Ilyaccona

Teopema 28.1 (Myaspa—Jlamtaca). [Tycmo & — cayuwatinas eesuvuna, pacnpe-
0eNEHHAA MO OUHOMUGALYHOMY 3AKOHY € NAPAMEMPAMU T U P, M0o20a NPu 1 — 00
CAYHATUHAA BEAUNUHA,

§—np

AL,

ABAACTNCA CMAHOAPMHOT HOPMAALHOT CAYUatnol 6eaudunol (1. € N(0,1)).

M = (28.1)

HoxkazareabcTBo. [lycTh £ — 4uc/I0 ycrexoB B n UCHBITAHUAX IO cxeMe BepHyrin.

n
[pegcraBum € Kak & = Y &, T71e & — UNCII0 YCIEXOB B i-TOM HcHbITannu. OueBH/HO,
i=1
ITO KarKasi U3 BeJTMIHH &; MOXKeT IPUHUMATH JIBa 3HaUeHUs: {; = 1 ¢ BEPOSITHOCTBHIO
pu & =0 c sepogrHoctbio ¢ = 1 — p. Torma M(&) = 1-p+0-q = p, D) =
(1 =p)*p+ (0—p)*q = pq.
n
CriesioBaTesIbHO, TIPU N — 00 JIJIsl CITyYailHOW BeJUYIUHBL = Y | & clipaBe/jinBa

=1
IeHTpaJibHad IIpe/ie/IbHad TeoOpeMa.:

L
nD[&] Vnpq

9TO U TPeDOBAJIOCH JIOKA3aTh.
Kak cnencrsue Teopembr Myaspa-—J/lamaca cpasy ke nojiydaeM MHTErPAIbHYIO
dopmymy Jlamraca.

= T Moo € N(O, 1)7
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Teopema 28.2 (unTerpanbHas teopema MyaBpa—Jlamnaca). [Tyems & — wuc-
A0 NOABAEHUT COOBIMUA A 8 N HE3ABUCUMDIT UCTVOIMAHUAT, 6 KAACIOM U3 KOMOPHIT
sepoammocmo noasaenus cobvimus A pasna p (0 < p < 1) (cxema Bepnysiu).

Toz0a 5
—np o —np
Pla<é<h) 5 CD( N ) - CD( npq ) #82)
20e

1 [ 2
q)(lll') = \/—2_71_ /et /th
0

— ¢ymxyua Jlanaiaca.

Ora TeopeMa HaXOJIUT IIpUMEHEHUE B HpI/I6JII/I}KéHHbIX BBIUMCJICHUAX OMHOMUAIb-

flx)

HBIX BEPOSTHOCTEN M MX CYMM.

BepositHocTh TOTO, UTO OMHOMUAJbHAA CJIydaiiHast
BeJIMYMHA IIPUMeT 3HaYeHHe 1M, MOXKHO CUYUTATh IIPU-
OJINKEHHO PABHOW BEPOSATHOCTH IIOIA/[aHIsA HOPMAaJlb-
HOfI cJrydaifHON BeJWYUHBI B MaJjblii uaTEpBas (m —
1/2,m + 1/2) (puc. 82). [TockoibKy B mpejiesiax 9To-
r'o MHTEPBAJIA [IJIOTHOCTH BEPOSTHOCTH MOYKHO CUUTATH
HOCTOSTHHOM 1 paBHOit f(m), TO 9Ta BEPOATHOCTD TIPH-
Puc. 82. OJINKEHHO paBHA IO/ IPAMOYTOJIBHIKA

P =m) ~ f(m) - 1= f(m) = me—www

Takum obpazom, MbI IPUXOIUM K JiIoKaabHO# hopmysie Myaspa—J/lamnaca.

m-12mm+12x

Teopema 28.3 (;mokanbphas dopmyna Myaspa—Jlannaca). [lyems £ — cay-
YAUHAA BEAUNMUHA, PACTPEIENEHHAS NO OUHOMUAALHOMY 3AKOHY C NAPAMEMPLMU T
u p, moada npu n — o0

P& = m) = b onpe) _ ] Go=_3} (28.3)

V27 /npq VPG N /1P

IIpumep 28.1. IIpowusseseno 700 He3aBUCUMBIX UCIBITAHUN, B KAXK/IOM U3 KOTOPBIX
BEPOATHOCTH HacTyiieHus coObituss A pasua 0,7. HaiiTu BeposTHOCTH TOTO, 9TO
JaCcTOTa MOsiBJIeHUs coObITHA A OKaxKkeTcs 3ak/rodénnoin mexkty 460 u 600.

Permtenue. [puvennm unrerpaibayio Teopemy (dbopmysty) Myaspa—/lamiaca (28.2),
e a = 460; = 600; n = 700; np = 700 - 0,7 = 490; npq = 490 - 0,3 = 147;
J/npq = 12,124 n

a—np 460 —490

= —2.47,
/npq 12,124
— 600 — 490
pmp_ = 9,07,

Jnpg 12,124

Torma
P(460 < £ < 600) = ®(9,09) — &(—2,47) = $(9,09) + $(2,47) =
1
=3 +0,49324 = 0,9932.
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ITpumep 28.2. Haiitu BepogTHOCTh TOTO, 4TO B pe3ysbrare 1000 6pocanuii Mmoner
YHCJIO BBINAJAHUNA repba Oy/er 3ak/I0vueHo B nHTepBase |475,525].

Pemenne. Bocronbsyemest dopmysnoit (27.5), e o = 475; § = 525; n = 1000;
p=q = 0,5 np = 500; npq = 250; \/npq ~ 15,8114 n

a—np 475—-500

= —1,58;
/1pq 15,8114
— 525 — 500
b _ = 1,58.

Jnpg 15,8114

Torma
P(475 < £ < 525) = ®(1,58) — ¢(—1,58) = 2P(1,58) = 0,8858.

Teopema 28.4 (Ilyaccona). [lycms § — cayuatinas eesuduna, pacnpedesérnas
no saxony llyaccona ¢ napamempom X, mozada npu A — 00 CAYHATHAA BEAUMUHA

(€ = N)/VX cxodumea no pacnpedeseruio x nopmaivromy 3axony N(0,1).

okazareabcTBo. /[j151 M0Ka3aTebcTBA BOCIOJB3YEMCS CBOMCTBAMU XapaKTepH-

criaeckux dynkmmit. Pacemorpum semmuniy 7 = (€ — \)/VA. Tak kak M(£) =
D(&) = X, o M(n) = 0, D(n) = 1. IlockoibKy xapakrepucrudeckas QyHKIUs

BeJMInHEL § onpejensercs coorHomenneM (12.14): y¢(t) = M =1 10, cornacuo
CBOMCTBY XapakTepucTuaeckoil hyHKImn Yoeip(t) = Ye(at)e™, nia seauaunns 1 no-
JIyIHIM

(t) = %<L)€—z‘tﬁ — NEVAD) it A1) —it/x

VA

Paznoxxum 9KCIIOHEHTY B DAL MaKJIOpeHa IIO CTelIeHAM t/\/X C TOYHOCTBIO IO CJia-
Ta€MbIX BTOPOI'O IMOPAJKa MaJIOCTHU U ITIOJIyIUM

MV —1) =itV h = A1+ \Z/—tX + (?2)!2 + 0(§> —1] =itV = —g + Ao(?).

CrenoBaTesbHO,

. . _ 42 2 _ 42

lim ~,(t) = lim e [2H20(EE/A) — o=t°/2,
A—00 A—00

YTO COBIIAJAET ¢ XapaKTePUCTUYECKON (DYHKIMEH CTaHIapTHOIO HOPMAJILHOIO 3a-

kKoHa. Takum oOpa3oM, 3aKOH pacIpejie/ieHnus 1) Ipu A — 00 CTPEMUTCH K 3aKOHY
N(0,1), aro u TpebOBATIOCH JTOKA3ATh.



3agaHns A9 CAMOKOHTPOJIS

TeOpeTI/I‘{eCKI/Ie BOIIPOCHI

1.

SOt W

© oo N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

Cayuaitroe cobbitue. [IpaBuia jeficTBus HaJl COOBITHAME. DJIeMEHTAPHOE, J0-
CTOBEPHOE, HEBO3MOXKHOE, IIPOTUBOIIOIOKHOE coObITHsA. [IpocTpancrso cobbITHil,
IIOJIHAsI TPYIITa COOBITHUIA.

Yacrora. CBoiicTBa 4aCTOTHI.

AKCHOMBI TeOpUN BEPOSITHOCTEIA.

CroiictBa BepositHOocTH. KOoMOMHATOPHBIE (DOPMYJIBL.

Kinaccuueckoe ompesesnenne BepodaTHocTu. ['eomMmeTputeckne BepOATHOCTH.
YejioBHast BepodTHOCTE. [lonmapHas He3aBUCHMOCTE COOBITHI 1 HE3aBUCUMOCTD B
COBOKYITHOCTH.

@opwmyJta nosiHol BepogTHOCTH. PopMmyna Daiteca.

Cxema Bepuymmu. HauseposiTheiiiee yucio ycrexos B cxeme Beprysuim.
[Ipenenvubie Teopemsbr [lyaccona n Myaspa—/lamiaca.

Coyuaitnas Benmanna. OyHKIUS ¥ 3aKOH PACIPe/Ie/IeHUs CIIYYaitHON BETUINHBI.
JluckpeTHble U HENPEPBIBHBIE CIyYaiiHble BEJIMIHHBI.

YucsioBble XapaKTEPUCTUKU JIUCKPETHOW CIyYailHOW BEJIMYUHBI U UX CBOMCTBA
(MaTeMaTHIeCKOE OXKHJIAHNE, JUCIIEPCHs], CPETHEKBAIPATHIHOE OTKJIOHEHHE, MO-
MEHTBI U UX TPOU3BOJSIIAs DYHKIHS).

YucoBble XapaKTEPUCTUKHN HENPEPBIBHON CJIyYailHON BEJIUYMHBI M WX CBOI-
crBa (MaTeMaTHYeCKOe OKUJIaHUe, JIUCIEePCHs, CPEHEKBAIPATHIHOE OTKJIOHE-
HIe, MOMEHTBI U UX [TPOU3BOJIsIIas (DyHKINS).

JluckperHas ciaydaiinas BesmantHa. bunoMmunasibHoe pacipejenenne. Maremaru-
JecKoe OKHJIaHUe, JINCIEPCUs U CPeHEKBA/IPATUIHOE OTKJIOHEHNE.
uckpernas ciaydaitnas Besmmanna. Pacripesiesienne [Iyaccona. Maremarndeckoe
OXKWJIAHUE, JINCIIEPCUS U CPETHEKBAIPATHIHOE OTKJIOHEHUE.

HenpeproiBnag ciyuaiinas Bemyanna. PaBHOMepHOE U ITOKa3aTe/IbHOE PACIIPEIe-
Jienns. Maremaruieckoe OxKuJIaHue, JIUCIEPCUs U CPETHEKBAIPATUIHOE OTKJIO-
HEHUE.

Henpepbisaas ciydaitnast Besmanna. Hopmasbaoe pacipesenenne (3akon [ayc-
ca). Maremaruiaeckoe OKUJIAHWE, JUCIEPCUsT U CPETHEKBAJIPATHIHOE OTKJIOHE-
HUE.

HenpeprniBras ciyuaitnas Benmunna. 'amma-pacupesenenune. Marematnyaeckoe
OKUJIAHWE, JIUCIIEPCUs U CPETHEKBaIPATUIHOE OTKJIOHEHNE, IIPOU3BOIAIIAs (DY HK-
s

Henpepeisras ciayuaitnas sesimanna. Bera-pacipeenenne. MaremaTuieckoe 0xKu-
JlaHue, JIMCIEPCUs U CPeTHEKBa/IPATUIHOE OTKJIOHEHHE.

[TonaTue MmEOrOMEPHOIT CiTy4aitHoil Beamaunbl. OyHKINS PaCIIpe/iesIeHns U 10 T-
HOCTH PaclpejiesieHnsi BEPOATHOCTE JIByMepHOil ciydaiinoit Besmmannbl. CBOI-
CTBA.

YucsioBble XapaKTEPUCTUKU JIBYMEPHOI CJIydailHOW BEJMYUHBI U UX CBOMCTBA.
Kosdbdunment koppessnun.

[Ipesienbubie TeopeMbl. 3akon 6osbiux uncesa. CyINIHOCTH W HA3HAYEHUE IIpe-
JIEJIBHBIX TEOPEM.

HepasenctBo Yebnimena.

Teopembr HYebnimesa n Bepryiimn.

llenTpanbHas npenesnbHas Teopema Jlsmynosa (dbopmymuposka). [lenrpruposan-
Hasg U HOPMUPOBaHHAad CJIydaiiHas BeJUIUHA.
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NuauBuayaabHble 3aJlaHUS

CiryuaiiHble COOBITHS M UX BEPOSATHOCTDH

Bapwuant Ne 1

1.1 Cucrema S cocTouT M3 YeTbIpEX HE3aBUCUMLIX mojgcucreM S,, Sp, S. u Syz. Henc-
[PABHOCTH XOTsi OBl OJIHOI TIOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCEll cHCTeMbI (IOJICHCTe-
MBI COeJIMHEHBI HoC/eI0BaTe bHO). [lojcucrembr S, u S cOCTOAT U3 JBYX HE3aBUCHMBIX
Jybsmpyronux 6J10koB ap u by (K = 1,2) (cxema mapasiiebHOTO COeMHEeHUst GJIOKOB B
O/ICHCTEMAX ).

2 b1 —l
J C d

) b,

Wcnonb3yst onpeeernss CyMMbI U IIPOU3BE/ICHIST COOBITHUI, 3aliicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBOMCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

1.2. B ycioBusax mpenpiaymieil 3ajadn HAWTH HaJeYKHOCTDL CUCTEMBI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJIU U3BECTHBLI Ha-
nexkuocru 6sokoB P(ag) = 0,8; P(bg) = 0,9; P(c) = 0,99; P(d) = 0,95. [lynst koHTpOIIsi
HCIIOJIB30BATh CBOMCTBO CBA3U BEPOATHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOKHOTO
COOBITHS. -

1.3. Jokazars ToxaecrBo: (A — B)+ (A—C)=A+ BC.

1.4. Konoma kapr (36 smcroB) gesnrcst ciydaiiHBIM 00pa30M Ha JiBe PaBHBIE YaCTH.
Haiitu BeposiTHOCTH TOTO, UTO B KaXKJIOW Havdke OY/JET 10 JBa Ty3a.

1.5. Ha oxmoit mosike maymady paccrapjsercd 8 kuur. Haifitu BeposTHOCTH TOro, 9UTO
ompeieIEHHbIE 3 KHUTH OKAYKYTCsl ITOCTABIEHHBIMI PSIIOM.

1.6. Cpemnm 10 storepeitabix 6uieToB 6 BRIMTPHIIHBIX. Hayaaay B3siin 4 outera. Ormpe-
JIEJIUTDh BEPOSITHOCTH TOT'O, UTO CPEJIM HUX XOTs ObI 2 BBHIUTPLIIIHDIX.

1.7. B mudr 6-3Taxknoro jgoma Boruu 4 mnaccaxkupa. Kaxk/plii He3aBUCUMO OT JIPYTHX C
OJIMHAKOBOI BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HaumHasi co Broporo) sraxe. Oupe-
JICJIATH BEPOSITHOCTb TOTO, YTO: &) BCE BBINLIN Ha Pa3HBIX Takax; 0) Mo KpailHeil mepe,
TPOE BBINLIN HA OJHOM ITAZKe.

1.8. B orTpeske e mHUYHO JJIMHBI HayJlady BbIOMpaOTcs jiBe Touku. OIpeesnTs Be-
POSITHOCTB TOTO, YTO PACCTOSIHUE MEXKJLy TOYKAMHU He mpeBocxoauT 1/4.

1.9. MomenTsl Havaa IByX COOLITHUI HAyAdy PACIPEICJCHBI B IPOMEXKYTKE BPEMEHU
qumaoit 200 munyT. O1HO U3 coObITuil jyinTest 10 MmuH., apyroe — 5 mun. OUpeIe/iuTh Bepo-
SITHOCTH TOT'O, UTO: &) COOBITUSI «IIePEKPBIBAIOTCS» 110 BPEMEHH; 0) «He HePEeKPbIBAIOTCSI.

1.10. B cdepe pajinyca 2 caydaiiHo u He3aBUCUMO JIPYT OT Jpyra pa3dpocanbl 10 Touek.
Haittn BeposITHOCTH TOTO, UTO PACCTOSHIE OT IEHTPA JI0 OJIMKAMIIEet TOUKN He MeHbIe 1.

1.11. BeposTHOCTDb TTONAIaHUs B IeIb IpU OfHOM BbhicTpesie paBua (0,7. [Iponsseneno 3
BoICcTpesia. KakoBa BEpOSITHOCTD, UTO ByjeT: a) Tpu Horajianust; 6) OJUH IPOMax; B) XOTsI
OBl OJHO ToNaaHue?

1.12. Vpua comepxxkut 12 mapos ¢ nomepamu ot 1 o 12. Ilapsl n3BIeKaIOTCs MO OJI-
HOMY 06e3 Bo3BpallleHusi. PaccMaTpuBarOTCs cJiejlyrolme coobiTus: A — HOMepa MapoB B
HOPsiJIKe MOCTYILIEHUsT 00pa3yIoT rocjiemoBaresbuocTb 1,2,...,12; B — xoTs 66l OfH pa3
COBIIAJIA€T HOMED Iapa W HMOPSIKOBBIA HOMep u3Bjedenns; C' — HET HU OJHOIO COBIIAJIe-
HUsI HOMEpa II1apa U HOPSIKOBOrO HOoMepa n3Bjedenusi. OIpeie/inTh BepOATHOCTA COOBITU
A, B, C. Haiitu npejie/ibHbIe 3HAYEHUST BEPOATHOCTEH, €CITH IUCJIO MMAPOB B yPHE CTPEMUTCST
K OECKOHETHOCTH.

1.13. Bpocator Tpu moneTsl. OUpee/nTh, 3aBUCHMbI I HeT cobbiTust A = {Bbinas
opé Ha 1epBoil MoHere} u B = {Bbinasa xors Obl OjiHA pellKa}.

1.14. Mpbimbs MoxKeT BbIOpaTh Hayraj ojuH u3 5 jrabupuntos. V3BecTHO, 9TO BEpOST-
HOCTU €€ BBLIXOJa W3 PA3/IUYHBLIX JIAOUPUHTOB 3a Tpu mMuuyThl pasubl 0,5; 0,6; 0,2; 0,1;
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0,1. ITycTh OKazaoCh, 9TO MBIINIbL BbHIOpaIach U3 JaOUPUHTA Yepe3 Tpu MUHYTHI. KakoBa
BEpPOSITHOCTH TOI'0, UTO OH& BBIOpAaJia MepBblil J1abupuHT?! Bropoit sadupuaT?

1.15. B nepom smuke u3 6 mapos 4 KpacHbIX U 2 YEPHBIX, BO BTOPOM SIITUKE u3 7
mapoB 2 KPacHBIX W O YEPHLIX. V3 mepBoro sImmka BO BTOPOI MEePeIOXKWJIN OIUH Iap,
3aTeM M3 BTOPOTO B IEPBLIi mepesioxkuan onun 1map. HaliTu BepogTHOCTH TOrO, 9TO IIap,
M3BJIEYEHHBII TOCJIE 9TOTO U3 MIEPBOrO AMNKA, TEPHBII.

1.16. [yt ipoBepKu reojie3ntdeckKux paboT Ha3HAYEHA I'PYIIA IKCIEPTOB, COCTOSIIAS
u3 Tpéx noarpyii. B mepsoii moarpytie 1 desioBek, BO BTopoit 4 u B Tperheil 5. DKCIepTh
MIepPBOI TO/IrPYIIIBI TPUHIMAIOT BEPHOE PeIeHre ¢ BeposaTHOCTHIO (,8; 3KCIepThl BTOPOit
MOAIPYIITBI — ¢ BepPoATHOCTHIO (,6; 9KCIIEPTHI TPEThEl MOJAIrPYIIIBI — € BEPOATHOCTHIO 0,5.
Haynaay BbIZBaHHLIN 3KCIIEPT MPUHUMAET 3 HE3ABUCUMBIX pelrenns. HallTm BeposgTHOCTD
TOrO, 9TO: &) POBHO 3 PEIeHNs] IPUHATHI BEPHO; 0) MIPUHIMAJI PEIeHHs SKCIIEPT U3 MepBOit
[IO/ITPYIIIIBI, €CJIH 3 PEIeHUs] TPUHSITHI BEPHO.

1.17. BepositHOCTB BBIUIDBIIIA B joTepeio Ha oxun Ouser pasua 0,3. Kymienst 10 6u-
sieroB. Haittu mauBeposiTHefiIiee IUCI0 BBRIUTPABIINX OUIETOB U COOTBETCTBYIONIYIO BEPO-
ATHOCTD.

1.18. Monery GpocatoT JI0 Tex 1op, HoKa OpéJ He BbinaeT 3 pasa. OnpeeanTs Bepo-
ATHOCTb TOT'O, UTO IIPU STOM PEIIKa BLITAJIET 2 pasa.

1.19. BepositHoCcTh «COOst» B paboTe TeaedOHHON CTAHIMKA TPU KaXKJIOM BBI30BE paB-
na 0,003. ITocrynummo 500 Bb3oBOB. OnpejesnTh BEPOATHOCTH TOTO, 4TO Oyjier Oojiee 2
«cOoeB».

1.20. BeposiTHOCTH HACTYIJICHIS HEKOTOPOI'O COOBITHS B Kaxk oM u3 100 He3aBUCHMBIX
ucnbitanuii pagaa 0,8. OmpeesinTh BEPOSITHOCTD TOTO, UTO YHUCJIO 171, HACTYILIEHUH COOBITHST
yaoBJsieTBopseT HepaBeHCTBY 80 < m < 90.

1.21. U3 100 muzmenuii, cpejim KOTOPBIX nMeeTcs 6 HeCTAHIAPTHBIX, BBIOPAHDBI CJIydaii-
HBIM 0Opa3oM 6 m3jesnii JjIs TpoBepKH MxX KadecTBa. Vcnosb3ys kiiaccudeckoe ompeje-
Jienne BeposTHoCcTH, (hopmyiry Beprysu, dopmynny Ilyaccona u jiokanbuyio Teopemy Jla-
aca, OmpeIeuTh BEPOATHOCTD TOI'O, UTO CPEIN BHIOPAHHBLIX 6 M31e/ Uil OKAXKeTCsl POBHO
1 HecranlapTHOE M3JIETHE.

Bapwuaut Ne 2

2.1. Cucrema S cocTouT U3 TPeX HE3ABUCUMBIX HOJACUCTEM Sy, Sp u S.. HemcupasnocTnb
XOTsi ObI OJTHOI MMOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCEii CHCTEMBI (IOJICHCTEMbI COE/IHE-
HBI [I0CJIeI0BaTeIbHO). Kazkast mojicncreMa COCTOUT U3 JIByX HE3ABUCUMBIX JLyOJIMPY IOIIIX
610KOB ag, by u ¢ (k= 1,2) (cxema mapasyiebHOrO CoeMHEeHNsT GJI0KOB B MOJICHCTEMAX ).

a4 bl 4]

) by )

Wcnonb3yst onpeeernss CyMMbI U IIPOU3BEICHIS COOBITHUI, 3alicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BaTh CBOMCTBO IIPOTHBOIIOJIOXKHOTO COOBITHUS.

2.2. B ycnoBugx mnpenpiayiieil 3ajiaqu HARTU HAJIEXKHOCTH CUCTEMbI — BEPOSTHOCTD
TOro, 4TO CUCTEMa OyJIeT UCIHpPABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJU M3BECTHBI Ha-
nexuocru 6aokoB P(ag) = 0,8; P(bg) = 0,9; P(cx) = 0,7. lyist KOHTPOJIsI UCHOJIB30BATH
CBOMCTBO CBSI3U BEPOSITHOCTU COOBITHS C BEPOATHOCTHIO MTPOTUBOIIOJIOZKHOIO COOBITHUS.

2.3. Ycranosutrh, crnpase/ymBo i coorHomenne A+ (B —C) = (A+ B) — C.

2.4. U3 xomompl, comepkarieit 52 kapTol, BbIHUMaeTcs Hayras 3. Haiitu BeposgTHOCTD
TOTO, 9ITO 9TO TPOUKA, CEMEPKA U TY3.

2.5. 7 9esI0BEK paccarKUBaIOTC CJIyYailHbIM 00pa3oM 3a KPYIJIbIM cTojioM. Haiitu Be-
POSTHOCTB TOTO, YTO JIB& OMPEJICJEHHBIX JIUIA OKAYKYTCSI PSATOM.

2.6. Nmerorca 2 m3nenus 1-ro copra, 2 mszenus 2-ro copra, 4 msmenust 3-TO copTa
u 2 wmsnenusi 4-ro copra. Jljsi KOHTposst Hayjaady BbiOmpaercss 5 usjesuii. Omupene/nTh
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BEPOATHOCTH TOTO, YTO Cpeju HuUX poBHO | m3nenme 1-ro copra, 1 m3nenme 2-ro copra, 1
u3jesime 3-ro copra u 2 uzjienns 4-ro copra.

2.7. B mudr T-sTaxkuoro goma Bountn 4 maccaxkupa. Kaxkplit He3aBUCUMO OT JIPYTUX C
OJINHAKOBOI BEPOSITHOCTBIO MOYKET BBIITH Ha JIIOOOM (HadmHasi co Broporo) sraxe. Ompe-
JIeJIATH BEPOSITHOCTH TOIO, UTO: a) BCE BBIILIN Ha OJHOM 3Taxke; 0) 110 KpaiiHeil Mepe Tpoe
BBIIIJIM Ha OJIHOM ITazKe.

2.8. B orpeske euHUIHON JJIMHBI Hay ady BbIOUpArOTCs JBe TOUKU. OUpesesnTb Be-
POSITHOCTH TOTO, YTO PACCTOSTHUE MEXKJy TOYKAME MeHbIe 1/2.

2.9. MomenThl Hagasa JIByX COOBITHIT HAy/Iady PACIpECICHbl B IPOMEXKYTKE BPEMEHU
qumaoit 200 MuH. Oj1HO U3 coObiTHil jymTest 10 muH, apyroe — 15 mun. OnpejieuTh Bepo-
SITHOCTB TOT'O, YTO COOBITHSI &) «IE€PEKPBIBAIOTCS» 110 BPEMEHH, 6) «HE HePEKPBIBAIOTCS ».

2.10. Ha robyce ciy4aitabim oOpasoMm BbibupaeTcst Touka. HaiiTu BeposgTHOCTH TOTO,
YTO OHA OKAYKEeTCsl 33 CeBEPHBIM INOJISIPHBIM KpyroM (66,5° ceBepHOli IUPOTHI).

2.11. BepogaTHOCTE TOTO, UTO II€JIb MOPakKeHa MPU OJHOM BBICTPEJIE TIEPBBIM CTPETTKOM,
0,62, Bropbim — 0,54. Ilepsblii caenan 3, Bropoii 2 BuicTpesioB. OnpeneuTh BEPOITHOCTD
TOTO, UTO IIeJIb He TOparkKeHa.

2.12. Ypua comepkut 8 mapos ¢ nomepamu ot 1 7o 8. [Ilapbl m3BI€KAIOTCS IO OTHOMY
6e3 BoszBpareHusi. PaccMaTpuBaroTCst cieyomnime coobITus: A — HOMepa 1MapoB B HMOPSIIKE
HOCTYILIeHUsT 00pa3yIoT HOcae0BaTe/bHOCTD 1,2,....8; B — X0Ts Obl OJINH pa3 COBIAJIACT
HOMeD Iapa U MOPSIIKOBBIN HOMep u3Bjedenns:; C' — HET HU OIHOIO COBIIAJIEHUsI HOMepPa
mapa u TOPsiIKOBOTO HOMepa u3Bjedenus. OmnpeemTsh BeposgTHOCTH cobbituit A, B, C.
Haiitu npesesibHble 3HAUEHUS BEPOSATHOCTEH, €CJIM YUCJIO IIAPOB B yPHE CTPEMUTCH K Oec-
KOHEYHOCTH.

2.13. Hoxkazarnb, uro ecim cobbitust A n B mecosmecrust, P(A) # 0, P(B) # 0, To
cobbiTust A 1 B 3aBUCHMBI.

2.14. B nepsoit ypHe 4 Oesbix u 1 4€pHbIi 11ap, Bo BTOpoil 2 Gebix u 5 4épHbIX. M3
[IepBOIl BO BTOPYIO IE€pEJIOKEHBI 3 IMapa, 3aTeM W3 BTOPON YPHBI M3BJIEYEH OJIMH IIap.
Ornpe/iesuTh BEPOSITHOCTH TOTO, YTO BBIOPAHHBII 13 BTOPOil YpHBI I1ap — OeJIbIii.

2.15. N3 1000 namm 430 npuaaiekaT mnepsoit maptun, 180 BTOPOIi, OCTAIBHBIE Tpe-
theit. B nepsoit maprun 6%, Bo Bropoit 5%, B Tperbeit 4% Opaxkosannbix Jsami. Haynaay
BBIOUpaeTcs ojiHa Jamira. Onpeie/inTh BepOATHOCTh TOrO, YTO BhIOpAaHHAS JiaMIa Opako-
BaHHasd.

2.16. B anpbbome 7 uncThix u 6 rareHbix Mapok. 3 HuX Hayjady U3BJIEKAIOTCH 2 Map-
KU, TIOJBEPIaiOTCs CIIENIaIleHIIo U BO3BpaIaioTes B asibbom. [locse aTroro BHOBL Haymady
usBJiekaoTcst 3 Mapku. OmpeesinTh BEPOSITHOCTD TOIO, UTO BCE OHU YHCTHIE.

2.17. BeposiTHOCTB BBIUTPBIIIA B JioTepero Ha oauu buser paHa 0,3. Kyriensr 14 6u-
steroB. Haiitu HamBeposTHEiiIIee 9UC/I0 BRIMTPABIINX OUJIETOB U COOTBETCTBYIOINLYIO BEPO-
ATHOCTD.

2.18. Monery 6pocator Jio TeX Iop, IMoKa Opés He BhimajgaeT 7 pa3. Oupenae/mTs Bepo-
ATHOCTb TOT'O, UTO IIPU STOM PEIKa BHITAACT 3 pas3a.

2.19. BepositHOCTD «COO0st» B pabore TejieOHHON CTAHIIUN TIPU KaXKJIOM BBI30BE DaBHA
0,004. TTocryrmio 500 Bb30BOB. OUpeie/inTh BEPOSITHOCTD, YTO IIPU 9TOM OyjieT He Gosiee
6 «cboen».

2.20. BeposiTHOCTD HACTYILIEHUS] HEKOTOPOTO COOBITHs B Kaxk oM n3 100 He3aBHCUMBIX
ucnbitanuii pagaa 0,8. OmpeiesinTh BEPOSITHOCTD TOIO, UTO IHUCJIO 171, HACTYILJIEHUI COOBITHST
VJIOBJIETBOPseT HepaBeHCTBY 85 < m < 95.

2.21. N3 100 xonmencaTopoB 3a BpeMsd 1 M3 CTPOs BBIXOAAT 7 KOHIEHCATOPOB. Jls
KOHTPOJISI BBIOMPAIOT 5 KOHACHCATOPOB. M CHo/b3yst KIacCHueckoe OIpEJIeJIeHIE BEPOsT-
noctu, dpopmyiy Bepuysiu, dopmyiy [lyaccona u jokanpHyto Teopemy Jlamraca, naiitu
BEPOSITHOCTH TOI'O, UTO CPEIU HUX 32 BpeMs 1 U3 CTPOsI BLINIET POBHO 1 KOHJIEHCATOP.

Bapwuant Ne 3

3.1. Cucrema S coCTOUT U3 JABYX HE3ABUCUMBIX OJICUCTEM Sy U S.. HemcripaBaoCTh XO0-
Ts1 OBl OJIHOM IMOJICHCTEMBI BEJIET K HEUCIIPABHOCTU BCEH CHCTEMBI ([OJICHCTEMbI COETMHEHbI
nocJIe10BaTebHo). Kaxkaas 1mojacucreMa COCTOUT U3 JIBYX HE3ABUCUMBIX JIyOJIMPYIOIIIX
60koB abg u ¢ (k = 1,2) (cxema mapaJjuieIbHOrO COeMHEHNsI GJIOKOB B IOJICHCTEMAX ).
Biok aby, cocrout u3 mocaesoBaTeIbHO COEIMHEHHBIX OJIOKOB aj U by.
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Ucrionbaysi onpejiesieHrst CyMMBbI U ITPOU3BE/IEHUST COOBITHI, 3AlIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOIB30-
BaTh CBOMCTBO IIPOTHBOIIOJIOXKHOTO COOBITHUS.

3.2. B ycimoBugax mpemplayIeil 3aJadu HalTH HaJeKHOCTL CHUCTEMBI — BEPOSITHOCTDL
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJU U3BECTHBLI Ha-
nexuocru 6siokoB P(ay) = 0,85; P(bx) = 0,9; P(ck) = 0,95. [lyist KOHTPOJIsI UCHOJIB30BATE
CBOMICTBO CBSI3U BEPOSITHOCTU COOBITUS C BEPOSITHOCTBIO IIPOTUBOIIOIOXKHOIO COOBITHUS.

3.3. YcranosuTs, crupasemBo ju coornomenne A + B = (A — AB) + B.

3.4. UrpanbHas KOCTb MoOPOIIeHa JiBa pa3a. HallTu BeposTHOCTL TOrO, YTO: a) CyMMa
OYKOB HA BEPXHUX TPAHSIX COCTABUT 7; 6) JiBa OUYKa MOSABITCSA XOTs ObI IIPU OJIHOM T10IOGpa-
CBIBAHUN.

3.5. B xopobke naxosarcs xetoubl ¢ nudpamu to 1 ;10 10. Haynaay ussiekaiorcs j1Ba
JKeToHa. KakoBa BEpOSITHOCTE TOTO, YTO OYJLyT BHIHYTHL: a) 00a KeTOHA ¢ HEYETHBIMU HOME-
pamu; 6) xoTst Obl OJIMH YKETOH C HEYETHBIM HOMEPOM; B) OJIMH KETOH C YETHBIM HOMEDPOM.

3.6. YUernipe mapuka cirydaiiubiM 00pa3oM pa3dpachIBaioOT 10O YeTbipeM JiyHkam. Kaxk-
JIBII TIIAPUK C PABHOW BEPOSTHOCTHIO M HE3ABUCHMO OT JIDYTHUX IMONAJIAeT B JIOOYIO JIYHKY.
OrpejiesuTh BEPOSITHOCTH TOTO, YTO B OJIHOI M3 JIYHOK OKasKeTCsi POBHO TPH MIAPHUKA.

3.7. B st 8-3TarkHoro joma Bonuid 5 maccaxkupoB. Kaxkiblil He3aBUCUMO OT JIpy-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmnpeesnTh BEPOATHOCTL TOrO, YTO: &) BCE BBIILIM HA PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe JIBOE BBINLIM Ha OJHOM ITaKe.

3.8. B kpyre pajguyca 11 Haymady nosiBisiercs Todka. OIpejiesinTh BEpOSITHOCTD TOTO,
YTO OHA TONAJAECT B OJIHY U3 JBYX HEIEPECEKAIOMMXCA (DUTYD, TJIONAIN KOTOPBIX PABHbI
2,25 u 3,52.

3.9. MomeHThI HavaJa JIBYX COOBITHI Hay ady pPaCIpEJIe/CHbI B IIPOMEXKYTKE BPEMEHH
qumaoit 100 MunyT. OHO U3 cobbiTHil jymrest 10 Mun, apyroe 12 mus. OnpeeuTs Bepo-
SITHOCTB TOT'O, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCS» [0 BPEMEHH; 6) «HE MePEKPBIBAIOTCS».

3.10. ILnockocTb pasrpadiiena napaJjie/JibHBIMI JUHASIME ¢ Tirarom 2 cMm. Ha miockocTb
6pocator Morery jmamerpom 1,5 cm. OnpeeinTh BEPOSITHOCTh TOrO, 9TO OHA He TepecevérT
HU OJIHY U3 JIMHUI.

3.11. B aByx maprusx jgobpokadecTeHHbIX uzgennii 87% u 31% coorsercrsenno. Ha-
y/lady BBIOMPAIOT 110 OJIHOMY WM3JIEJNI0 U3 KaxKJoil naprun. KakoBa BeposATHOCTH 0DHADY-
JKUTBh CPeJI HUX: a) XOTs1 Obl 0/IHO GpakoBaHHOe; 6) JiBa OPAKOBAHHBIX; B) OJHO J00POKa-
YeCTBEHHOE U OJIHO OpakoBaHHOE?

3.12. Jlpa urpoka A u B mnoodepeiHO 6pocaroT MOHETY. BBIMIPABIIMNM CIUTAETCS] TOT, Y
KOTO panbliie Bbinataer opén. [lepsorit 6pocok gemaer urpok A, sropoit — B, Tpetmit — A
u 1,1 Haittu BepositHOCTb coOBITHSI «BbIUrpas A 10 6-ro 6pockay. KakoBbl BeposiTHOCTH
BBIUTPBIIIA JJIST KAXKJIOI'0 UI'POKA MIPU CKOJIb YI'OJIHO JJINTEIbHON urpe?

3.13. 13 xomoap! B 36 KapT Hayady U3BJIEKAETCS OJHA KapTa. YCTAHOBUTD, 3aBUCUMBI
WJIM He 3aBUCUMBI cyejytornue cobbitusi: A = {BbiHyTast kKapra Ty3} u B = {BbIHyTas kapra
4EpHON MacTu}.

3.14. B rpymne cuopremenos 10 jbikHuKOB, 6 60okcepoB u 4 Geryna. BeposgTHOCTD BbI-
[OJTHATH KBaJIM(MUKAIIMOHHYIO HOPMY It JIbDKHUKOB cocTtasiser 0,8, s 6okcepos 0,7,
s 6eryuos 0,9. HaliTu BepossiTHOCTD TOT'O, 9TO CIIOPTCMEH, BLIOPAHHBIN HAY/IATY, BBIIOJI-
HUT KBaJU(PUKAIIMOHHYIO HOPMY.

3.15. B mepBoit ypue 2 Oesbix u 3 UEpPHBIX IIapa, BO BTOPOi 5 Oesibix u 4 4épHBIX.
V13 mepBoit BO BTOPYIO IepesIOZKeHbl 2 Iapa, 3aTeM U3 BTOPON yPHLI U3BJIEYEH OJUH IMap.
OrnpeiesuTh BEPOSITHOCTH TOTO, YTO BBIOPAHHBII 13 BTOPOIl YPHBI I1ap — OeJIbIii.

3.16. st mpoBepKu Teoe3ndeckKux paboT Ha3HAUEHA I'PYIIIa SKCIEPTOB, COCTOAIIAS
u3 Tpéx noArpytir. B nepsoii mogrpyiiie 4 geioBeka, BO BTOPOi 3 1 B TPETheil 2. DKCIEPTHI
[IEPBOI TIO/IPYIIIBLI IPUHUMAIOT BEPHOE pelleHne ¢ BeposTHOCTHIO (,6; 9KciepThl BTOPOit
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MOATPYIIBI — C BepoATHOCTHIO (),7; 9KCIIepTHI TPeTheil MOArPYIIIBl — ¢ BepoaTHOCTHIO 0,8.
Haynaay BbI3BaHHDIN 9KCIIEPT MPUHUMAET H HE3ABUCUMLIX perrenuii. Haittu BeposgTHOCTD
TOrO, UTO: &) POBHO 3 PElleHNns] IPUHATHI BEPHO; 0) MIPUHUMAJI PEIIeHNs SKCIEPT U3 MepBOit
MIOATPYIIIIBI, €CJIN 3 PEIeHs TPUHSITHI BEPHO.

3.17. Monety 6pocatoT J10 Tex 1op, moKa opés He BbinaaeT 4 pasa. OupejienTs Bepo-
ATHOCTb TOT'O, UTO IIPU STOM PEIKa BLITAaeT 7 pas.

3.18. Ha waxkpiit jiorepeitnblii 6uier ¢ BeposiTHOCTBIO 0,15 MOYXKET BBINACTH KPYITHBII
BBIUTPBIII, ¢ BEPOATHOCTBIO (0,15 MeJKMil BBIUIPBIINT U ¢ BEPOATHOCTBIO 0,7 OUIeT MOXKET
okazaTbcs 6e3 Beurpbima. Kytiensr 15 omneros. OnpeieiuTh BEPOATHOCTD MOy YeHUsT 2
KPYIIHBIX BBIUTPBINICH U 2 MEJIKUX.

3.19. BepositHocTh «cbH0si» B pabore TesieOHHON CTAHIUU IPU KayKJIOM BBI30BE PaB-
Ha 0,008. ITocrymmmo 500 BbI30BOB. OnpeesnTh BEPOSITHOCTH TOTO, 9TO Oyjer Oojiee 2
«cHoeB».

3.20. BeposiTHOCTD HACTYILIEHUS] HEKOTOPOTO cOObITHs B KaxKjioM 13 100 He3aBUCUMBIX
ucnbitanuii pasaa 0,8. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
yJI0BJIeTBOpsieT HepaBeHCTBY 70 < m < 95.

3.21. U3 100 uzmennii, cpejin KOTOPBIX UMEETCs 8 HEeCTAHJIAPTHDLIX, BLIOPAHDLI CJIyYaii-
HbIM 0Opa3oM 4 m3jiesinsi Jjisd TPOBePKHU X KadecTBa. Vcmosb3ys kiraccudaeckoe orpeje-
Jienue BeposTHoCcTH, (hopmyiry Beprysu, dbopmynny Ilyaccona u jiokanbuyio Teopemy Jla-
aca, OmpeIeuTh BEPOATHOCTD TOI'O, UTO CPEIN BHIOPAHHBIX 4 M3IeIUil OKAXKeTCsI POBHO
1 mecranmaprHOe n3IETE.

Bapwuant Ne 4

4.1. Cucrema S cOCTOUT U3 JABYX HE3ABUCUMBIX IOJICUCTEM S, 1 Sp.. HencripaBHOCTh XO0-
Ts1 ObI OJIHOM HOJICUCTEMBI BEJIET K HEUCIPABHOCTU Beeil cucreMbl (II0JICHCTEMbI COeINHEHBI
nocJie1oBarenbHo). Kaxkaas mojicucreMa COCTOUT U3 JBYX HE3ABUCUMBIX JIyOJIMPYIOIIIX
60K0B ay u beg (k= 1,2) (cxema napaJuuleIbHOIO COEJIMHEHUsT GJIOKOB B IIOJICHCTEMAX).
Baok beg, cocrouT U3 mocsenoBaTeIbHO COeIMHEHHBIX OJIOKOB by 1 c.

ay bl (e8]
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Wcnonb3yst onpegeeHnsi CyMMbI U IIPOU3BEICHIST COOBITHUIA, 3alcaTh COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOJIB30-
BaTh CBONCTBO IIPOTHBOIOJIOXKHOIO COOBITHSA.

4.2. B ycnoBusax NpeblIyIneil 3aja9d HaAWTH HAJEYKHOCTb CUCTEMbl — BEPOSATHOCTH
TOr0, 9TO CHUCTEeMa OyJeT MCIpaBHa B TEUYEHUN HEKOTOPOI'O BPEMEHM, €CJIU U3BECTHDLI Ha-
nexnocru 6siokoB P(ay) = 0,85; P(bx) = 0,9; P(ck) = 0,95. Jljist KOHTPOJIsI UCHOJIB30BATh
CBOMCTBO CBSI3U BEPOSITHOCTU COOBITHSA C BEPOATHOCTHIO ITPOTUBOIIOJIOKHOIO COOBITHSI.

4.3. Kakos cmbica pasencrs: a) ABC = A;6) A+ B+ C = A?

4.4. V3 30 BOIIpOoCOB, BXOILIINX B 9K3aAMEHAITMOHHbBIE OUJICTDHI, CTYACHT HOAroToBmI 20.
Haiitu BeposiTHOCTH TOrO, YTO CTYJAEHT OTBETH/ IPABUILHO Ha dK3aMEHAIIMOHHDIN Ouer,
COCTOSIIUI U3 2-X BOIIPOCOB.

4.5. U3 kopaunbl, cojepkarieii b KpacHbIX, 7 3eJEHbIX U 4 CHHUX MIapa, Hay/1ady Bbl-
HUMAIOT Tpu Iapa. KakoBa BEPOSITHOCTD, UTO BCe OHU PAa3HOIO IBeTa?

4.6. Bpocator jBe urpasibhble KocTu. OUpesiesnTh BePOsSITHOCTb TOIO, YTO: &) CyMMa
qHCIa OYKOB He MpeBocxoauT 6; 6) mponsBejieHre nucjia O9KOB He MPEBOCXOIUT 6; B) MPO-
U3BEJCHUE YKCJIa OYKOB JIeJINTCs Ha 6.

4.7. B smdr 9-37a2KHOT0 J0Ma BOILIN 5 HacCaKUpoB. KarKablii He3aBUCUMO OT JIPYy-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmnpesiesnTh BEpOSATHOCTH TOrO, YTO: &) BCE BBIILIM Ha PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe TPOE BBINLIN Ha OJHOM ITaZKe.
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4.8. B kpyre pajuyca 14 Hayjgady nossisiercs Todka. OUpeesinTh BEpOSATHOCTD TOTO,
YTO OHA MONAJAET B OJHY U3 JIBYX HEIEPECEKAIOMMNXCS (PUTYP, ILJIOMIAIN KOTOPLIX PaBHBI
2,55 u 1,57.

4.9. OTpe3ok pazbUBAIOT JBYyMsi TOYKAME CJIy4IailHbIM 00pa3oMm Ha Tpu dactu. Kakosa
BEPOSITHOCTH TOI0, UTO W3 9TUX YaCTel MOYKHO COCTABUTH TPEYTOJbHUK !

4.10. MomeHTBI HauaIa JIBYX COOBITHII HAy/Iaty PACIPEJICTICHBI B IPOMEXKYTKE BPEMEHH
qumaoit 200 MuH. OtHO 13 cobbiTuii Jyurest 10 muH, apyroe 20 mus. OnpeesuTb BeposiT-
HOCTBb TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpEMeHH; 6) «He [epeKPbIBAIOTCS>.

4.11. BeposgTHOCTH TOTO, YTO XOTsI OBI OJIUH U3 TPEX MOKYyIIATEeH KYIIUT OMPEIeICHHbBIT
ToBap, paBHa 0,784. BeposiTHOCTH TOKYIIKM TOBapa MOKyIATe sIMA OInHAKOBBI. Ompee-
JIUTh BEPOSITHOCTH TOTO, YTO: &) JIBa MOKyIAaTessi W3 TPEX COBepIIaT MOKYNKH; 0) Tpu
MOKYTIATE IS COBEPIIAT MOKYIIKU.

4.12. BeposiTHOCTH TOTO, UTO TEeJb ITOpaYKeHa IPU OTHOM BBICTPEJIE TTEPBBIM CTPEJIKOM,
0,64, Bropeim — 0,32. Ilepssrit ¢iesan 2, Bropoit 4 BoicTpesa. OrpesienTh BePOSTHOCTh
TOrO, UTO IEJIb HE TTOPaKeHa.

4.13. Terpasap, Tpu rpaHd KOTOPOTO OKPAINEHbI COOTBETCTBEHHO B KPACHBINA, KeJ-
TBI U CHHUI 1[BETa, & YeTBepTas IpaHb COIEPXKUT BCE TPHU IBeTa, OpOCAIOT Hayady Ha
mwtockocThb. Cobbitust A, B, C' cOCTOST B TOM, 94TO TETPa’3J/p YIAJ Ha IPaHb, COAEPIKAIILY IO
COOTBETCTBEHHO KPACHBIN, YKeJIThIH, Jinbo cuauil 1npeT. [IpoBepuThb, 3aBUCUMBI JIM TTOITAPHO
cobertust A, B, C.

4.14. B nepoit ypue 8 6eJibIX U 2 YEPHBIX IIapa, BO BTOPOil 3 O6esibix u 2 uépHbix. 13
[IePBOI BO BTOPYIO MEPEJIOZKEHBI O MIAPOB, 3aT€M U3 BTOPON yPHLI U3BJIEYEH OJUH IIap.
OrnpeiesuTh BEPOSITHOCTH TOTO, YTO BBIOPAHHBII 13 BTOPOil ypHBI I1ap — OeJIbIii.

4.15. B marasun moCTymaloT OJHOTUITHBIE W3NS C TPEX 3aBOJIOB, MPUIEM ITE€PBBIi
zaBoj nocrapiaster 60% mspenuii, Bropoii 20%, tperuit 20% nsnenuit. Cpeau uznenmit 1-ro
3aBosia 1epBocoptHbix 70%, Broporo — 60%, Tperbero — 80%. Kyrmuteno omno uszenue.
Ono okazajock epBocopTHbIM. ONpeIesinTh BEPOATHOCTh TOTO, UTO KYIIEHHOE H3JIE/INe
BBIIYIIICHO TPETHUM 3aBOJOM.

4.16. Tpu cTpesika CTPeJISIOT 110 MUIIeHH (KazK/Iblil 10 pa3y ). BepositHocTn nonaanust
JIIsT cTpesiKoB paBHbI cooTBeTcTBeHHO 0,5; 0,6 1 0,7. Ilocie crpebObI 3aduKCHPOBAHBI J1BE
pobouHbl B MuilieHu. KakoBa BEPOSITHOCTD, 9TO IMPOMAaXHYJICS TPETHIl CTPEJIOK !

4.17. BeposttHOCTE BBIMTpHIIIa B jioTepeio Ha onun Ouser pasHa 0,2. Kymiensr 20 6u-
sieroB. Haittu mauBeposiTHefiIiee IUCI0 BRIUTPABIINX OUJIETOB U COOTBETCTBYIONIYIO BEPO-
ATHOCTb.

4.18. Monery 6pocatoT 10 Tex 1op, MoKa opés He Bbinaaaer 4 pasa. OupeieuTs Bepo-
ATHOCTb TOT'O, YTO IIPU STOM PeITKa BHITAJAET 3 pas3a.

4.19. BepositHOCTB «COOst» B pabore TesiebOHHOM CTAHIIMK 1TPU KarXKJOM BBI30BE paBHA
0,009. IMocrymmmo 600 BbI30BOB. OupeesinTh BEPOSITHOCTH TOr0, 4To Oyjer He Oojiee 3
«COOEB>.

4.20. BeposiTHOCTD HACTYILIEHUST HEKOTOPOI'O COOBITUA B KaxkioM u3 200 He3aBUCHMBIX
uctbitanuii pasaa 0,4. OupeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUI COObITHS
VIOBJIETBOpsieT HepaBeHCTBY 75 < m < 90.

4.21. Nz 100 xoHmeHCATOPOB 3a BpeMst 1 u3 CTPOsi BBIXOAAT 9 KoHmeHcaTopoB. s
KOHTPOJISI BBIOMPAIOT 3 KOHJEHCATOPOB. VCIIO/b3ysi KJIACCUYECKOE OIIPE/IEIEHUE BEPOSIT-
noctu, dopmyny Bepryiiu, dopmyny Ilyaccona u mokanbayio Teopemy Jlaraca, maiitTu
BEPOSITHOCTH TOT'O, UTO CPEJIM HUX 3a BpeMs 1’ U3 CTPOst BBIIJIET POBHO 1 KOHJIEHCATOD.

Bapwuanut Ne 5

5.1. Cucrema S COMEPHKUT TOJACUCTEMY Sgpe, COCTOSIIIER U3 IBYX HE3ABUCUMBIX JTy0JIU-
pytomux 60koB abey (k= 1,2) (cxema mapaJiieJJbHOTO COeJMHEHNUsT OJIOKOB B HOJICHCTE-
max). Biok abcy cocront u3 Tpex 10csie0BaTeIbHO COSIMHEHHBIX OJIOKOB Gk, b 1 Ck.

a bl [e3]
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Ucrionbaysi onpejiesieHnst CyMMBbI U ITPOU3BE/IEHUST COOBITHI, 3alIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOIB30-
BATh CBONCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

5.2. B ycnoBuax mpenpimyiieil 3alaun HANTH HAJIEXKHOCTH CHCTEMBI — BEPOATHOCTD
TOro, 4TO CUCTEMa OyJIeT UCIHpABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexnoctu 6iokoB P(ag) = 0,9; P(bg) = 0,9; P(cx) = 0,8. lyist KOHTPOJIsI UCHOJIB30BATH
CBOMICTBO CBSI3U BEPOSITHOCTU COOBITUS C BEPOSITHOCTBIO IIPOTUBOIIOIOXKHOIO COOBITHUSI.

5.3. Ycranosutrs, crupase/ymBo ju coorHomenne A — (B +C)=(A—B)+ (A—-C).

5.4. M3 xomonpl, comepxkarreil 36 KapThl, BHIHUMAIOT Hayraj 5. HailTm BeposgTHOCTD
TOr0, 9TO 9TO JIBE IIECTEPKH, JIBE CEMEPKU U TY3.

5.5. HaiiTi BEpOSITHOCTB TOTO, UTO Ha OIPEJIeJIEHHYI0 KapTouKy B «Croptyioro — 5 u3
36» OyJer HoJy9YeH MUHUMAJIBHBIH BBIMIPLIII (yraJaHO POBHO TPU YHCJIA).

5.6. Yerpipe mapuka cjiydafiHbIM 00pa3zoM pa30pachIBaiOT IO ImecTu JiyHkam. Kaxk-
JIBIH MTAPUK C PABHOW BEPOSTHOCTHIO U HE3ABUCUMO OT JAPYTIHUX MOMAJIAET B JIOOYIO JIyHKY.
OrpeiesuTh BEpOSITHOCTD TOI'O, UYTO B IIEPBBIX YEThIPEX JIYHKAX OyJIeT 110 OJIHOMY IIAPUKY.

5.7. B ymudr 10-3raxk#uoro joma Boiuin 6 maccaxkupoB. KaxKJiplii He3aBUCUMO OT JIPY-
I'UX C OJIMHAKOBOIl BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmpesienTh BEpOSATHOCTH TOrO, YTO: &) BCE BBIILIM HA PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe, 9eTBEPO BLIINLINA HA OTHOM JITAXKE.

5.8. B kpyre pajmyca R nHaymgady craBsaT TOUKy. OIpeenTh BEpOSITHOCTH TOTO, 9TO
OHA TOTMAJIET BO BIUCAHHBLIN B 9TOT KPYT PABHOCTOPOHHUI TPEYTOILHUK.

5.9. HaiiT BeposiTHOCTH TOTO, 4TO KOPHH ypaBHEHHs T2 + 2bx + ¢ BeIIeCTBEHHDI, eCIIH
k03bdurtmenTts! b u ¢ — Jyobble Unca, yaosaeTBopsonue yeaopuaMm 0 < ¢ < 4, —2 < b <
2.

5.10. MomeHTBI HavaJ1a JBYX COOBITHIT HAYIAYY PACIPEIC/ICHBI B IIPOMEXKYTKE BPEMEHU
qumaoit 200 Mub. OtHO 13 cobbiTuii jJyurest 10 muH, apyroe 20 mus. OnpeeuTb BeposiT-
HOCTB TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpeMeHH; 6) «He [epeKPbIBAIOTCS».

5.11. Ha cropTHUBHBIX COPEBHOBAHUSAX BEPOATHOCTH IMTOKA3aTh PEKOPIHLIN Pe3YILTaT
nyis mepBoro cunopreMena 0,5, s Broporo 0,3, mira tpernero 0,1. KakoBa BeposgTHOCTH
TOrO, YTO: &) PEKOPJL OyJIeT yCTAHOBJIEH OJHUM CIIOPTCMEHOM; 6) peKopi Oy/leT yCTaHOBIIEH
XOTsi ObI OJJHUM CIIOPTCMEHOM; B) PEKOPJL He Oy/IeT yCTaHOBJICH?

5.12. Ckoabko pa3 HaJ0 OPOCUTH MOHETY, YTOOBI ¢ BEpOATHOCTHIO He MeHee 0,99 xors
OBl OJIUH pa3 MOSBUJICST OPeJI?!

5.13. Terpasp, Tpu rpanu KOTOPOrO OKPAIIEHBI COOTBETCTBEHHO B KPACHBIHN, YKEITHIN I
CUHUII T[BETA, & YeTBepTas I'PaHb COJECPXKUT BCE TPH IIBETa, OPOCAIOT HAY ATy HA ILJIOCKOCTh.
Cobbirust A, B,C' cocToSIT B TOM, 9TO TeTpasjIp yhaj Ha I'DaHb, COIEPKAIILYI0 COOTBET-
CTBEHHO KPACHBI, 2KeJIThIN, JInbo cuamii nBeT. [IpoBepuTh, 3aBUCUMBI JIU B COBOKYITHOCTU
cobertust A, B, C.

5.14. B nepsoit ypue 6 Oesbix u 4 4EpHBIX I1apa, BO BTOPOW 1 Oebiit U 7 YEPHBIX.
V13 mepBoit BO BTOPYIO IepesIOZKeHbl 2 Iapa, 3aTeM U3 BTOPON yPHLI U3BJIEYEH OJUH Iap.
OrpeiesuTh BEPOSATHOCTH TOTO, YTO BBIOPAHHBII M3 BTOPO#l yPHBI I1ap — OeJIbIii.

5.15. B marasus mocTynamoT TEJEeBU30PbI YEeThIPEX 3aBOJ0B. BeposiTHOCTL TOro, 9TO
B TeUYEHUE Trojia TEeJeBU30D He OyJIeT MMETh HEUCIPABHOCTH, PaBHA /I IIEPBOTO 3aBOJA
0,9, mra Broporo 0,8, mist Tperbero 0,8 m st gerseproro 0,99. Ciyuailno BBIOpaHHBII
TEJIeBU30P B TEUEHUE I'0JIa BbINIE 13 CTPosi. KakoBa BEepOSTHOCTH TOrO, YTO OH H3TOTOBJ/ICH
Ha [IEPBOM 3aBojie?

5.16. Jlns npoBepKHu reojie3mdeckux paboT HazHadeHa TPYIIA SKCIIEPTOB, COCTOSAIIAs
u3 TpéX moArpyIil. B nepsoii mojgrpyiime 3 deoBeka, BO BTOPOil 5 1 B TpeTbeil 2. DKCIEPTHI
[IePBOI TO/IrPYIIIBI TPUHIMAIOT BEPHOE PeIleHre ¢ BeposaTHOCTHIO (),7; 3KCIepThl BTOPOit
MOATPYIIIBI — C BepodATHOCTHIO (,9; 9KCIIepThl TpeTheil MOArPYIIIBl — ¢ BepoaTHOCTHIO 0,8.
Haynaay BbI3BaHHDIN 9KCIIEPT MPUHUMAET H HE3ABUCUMLIX pertenuii. Haittu BepogTHOCTD
TOrO, 9TO: &) POBHO 4 pelleHus IPUHATHI BEPHO; 0) MPUHIMAJI PEIIeHNs SKCIIEPT U3 MepBOit
[OJITPYIIIIEI, eCJii 4 PerieHus TPUHITHI BEPHO.

5.17. BepogTHOCTh BBIUIPBINIA B JjioTepeio Ha oxua Owmser pasHa 0,12. Kyrmrensr 14
6owiteroB. Halitn HauBeposiTHEiiIIee YMC/IO BRIUTPABIINX OUJIETOB U COOTBETCTBYIOIIYIO Be-
POSATHOCTD.
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5.18. Ilapy urpasibabix Kocreit mojdopackiBaioT 10 pa3. KakoBa BeposiTHOCTD, 9TO cyMMa
01KOB, paBHasi 10, Beitajger Gostee 2 pasz?

5.19. BepositHocTh «cbosi>» B pabore TemedOHHON CTAHIME MIPU KAXKIOM BBI30BE PaB-
na 0,003. ITocrynmmo 600 Bb3oBOB. OpejesuTh BEPOATHOCTH TOTO, 4TO Oyjier Oojiee 2
«cOoeB».

5.20. BeposiTHOCTE HACTYILJICHUST HEKOTOPOTO COOBITUs B Kaxk1oM 13 200 He3aBUCUMBIX
uctbitanuii pasaa 0,3. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIJICHUI COObITHS
yaoBJsieTBopsieT HepaBeHCTBY 70 < m < 120.

5.21. U3 100 uzpesnii, cpejin KOTOPBIX UMEETCH D HECTAHIAPTHBIX, BHIOPAHBI CJIyYaii-
HBIM 0Dpa30M 7 u3e/uil Jjisd TPOoBepKH nx KadecTBa. Vcmosb3ys kiraccudaeckoe ompeje-
Jienne BeposiTHOCTH, (hbopmysny Bepuymmu, dpopmyny Ilyaccona u joxkanabuyio Teopemy Jla-
j1aca, OlpeJIe/INTh BEPOSITHOCTD TOI'O, YTO CPEJ/IM BHIOPAHHBIX 7 U3/IEJINIl OKAYXKETCsi POBHO
1 HecranlapTHOE M3JIETHE.

Bapwuaut Ne 6

6.1. Cucrema S cOCTOUT U3 TpeX HE3ABUCUMBIX IOJCUCTEM Sy, Sp u S.. HemcunpasmnocTnb
XOTsl ObI OJTHOI MOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCEH CUCTEMBI (IOJICHCTEMbI COE/THE-
HBI TI0CIe10BaTesIbHO). [Tojicucremsr S, 1 Sy cOCTOAT U3 JBYX HE3ABUCUMBIX JIyOJINPYIOIIIX
610K0B ay 1 by (k= 1,2) (cxema napaJuieJbHOIO COEIMHEHNsI OJIOKOB B HOJICUCTEMAX ).

a b,
1
b

)

Wcnonb3yst onpeeernss CyMMbI U IIPOU3BEICHIS COOBITHUI, 3allicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBOMCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

6.2. B ycmoBusax mpemplayIneil 3aadu HaflTH HAJJIEKHOCTb CUCTEMbl — BEPOSTHOCTD
TOro, 4TO CUCTEMa OyJIeT UCIHpPABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexuocru 6iokoB P(ag) = 0,8; P(b) = 0,9; P(c) = 0,85. [ljist KOHTPOJIsI UCHOJIB30BATH
CBOMICTBO CBSI3U BEPOSITHOCTU COOBITUS C BEPOSITHOCTBIO IIPOTUBOIIOIOXKHOIO COOBITHUS.

6.3. YcranosuTs, crupase/mBo i coornomenne (A — B)+ (B—-C)=A—-C.

6.4. 113 nostnoit kosozpt kKapt (36 smcros) BeianMalorcs 4 kaprel. Haiitu BepositHOCTD
TOrO, YTO BCE KAPTHI PA3HON MAacCTH.

6.5. Ha cremnaxe 12 y4yebnukos, 4 u3 Hux B neperviére. Hayaaay Boioupator 3 yued-
HuKka. KakoBa BepOSITHOCTH, UTO XOTsi ObI OJUH M3 HUX OyJIeT B Heperiére?’

6.6. Bpocator ape urpasbhbie koctu. ONpeesuTh BEPOSITHOCTH TOIO, YTO: &) CyMMa
YHCJIa OUYKOB HE HPEBOCXOJUT 8; 6) NPOU3BE/EHIE YHCIIa OYKOB He IPEBOCXOIUT 8; B) HPO-
U3BEJICHUE YKCJIa, OYKOB JICJINTC Ha 8.

6.7. B iudr 11-3TarkHoro joma Born 4 naccaxkupa. Kaxkiplit He3aBUCUMO OT JIPYTUX
C OJIMHAKOBOIi BEPOSITHOCTBIO MOYKET BBITH Ha J1060M (HauuHast co BTOporo) sraxe. Oupe-
JICJIATH BEPOSITHOCTh TOTO, YTO: &) BCE BBINLIN Ha Pa3HBIX Takax; 0) Mo KpailHeil mepe,
JTBOE BBIIILIN HA OJIHOM dTarKe.

6.8. B kpyre pajuyca 12 Hayjgady nosiBisiercss Touka. OIpejiesinTh BepOsITHOCTD TOTO,
YTO OHA TONAJAECT B OJIHY U3 JBYX HEIEPECEKAIOMMXCA (DUTYD, TJIONAIN KOTOPBIX PABHbI
2,39 u 5,57.

6.9. Ha rrockocTs, pasrpadeHHyIO mapa/iebHbIMU JUHUAME ¢ T1arom 1 cM, 6pocaioT
MOHeTY jinameTpoM 1,4 cm. Oupeie/inTh BEPOSITHOCTD TOI0, IYTO OHA, IEPECEUET TOJIBKO OJIHY
JIMHUIO.

6.10. /IBa cyjma MOryT MOMONTH K NpUYaLy B JIOOOE BpEeMs B TEUEHUE CYTOK HE3aBU-
cumo. Ha mpuyase ommo Mecto myis pasrpysku. Pasrpyska giaurtces 2 daca. Kakosa Bepo-
ATHOCTb TOT'O, YTO OJHOMY U3 CYJIOB HMPUJCTCH XKIATh.

6.11. BepositHOCTb BBIMTDBIIIA B JioTepeio Ha ojuH Ouser pasua (,01. Ckojbko HAJIO
KyIUTHb OUJIETOB, 9TOOBI BRIMTPATh XOTsI ObI Ha OJUH ¢ BeposiTHOCTHIO 0,97
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6.12. B aByx naprusx mobpokadecTBeHHBIX usnesuit 86% u 32% coorsercreenno. Ha-
yAady BBIOMPAIOT IO OJHOMY HM3JIEJIMIO U3 KaxKoi maprun. KakoBa BEpOATHOCTDL OOHAPY-
JKUTBh CpeJI HUX: a) XOTs1 Obl 0/IHO GpakoBaHHOe; 6) JiBa OPAKOBAHHBIX; B) OJHO J00POKa-
YeCTBEHHOE U OJIHO OpakoBaHHOE?

6.13. Bpocator e urpasbubix Kocru. CobbiTe A = {Ha 11epBoii KOCTH BBIIAJIO HEYETHOE
YHCJI0 OYKOB}, coObITHe B = {Ha BTOPOil KOCTU BBINAJIO HEYETHOE YHUCJIO OYKOB}, COOBITHE
C = {cymma 04KOB Ha 06enx KOCTsIX HeYéTHA}. BBISCHUTH 3aBUCHMBI WM HET COOBITHS
A, B,C a) nonapho; 6) B COBOKYITHOCTH.

6.14. Tlaccaxkup 3a nosrydeHueM OujieTa MOXKET OOPATHTHCS B OJHY U3 Kacc. BeposT-
HOCTDL ObOparrieHust B epsyio Kaccy coctasjser 0,4, Bo Bropyio — 0,35 u B Tpernio — 0,25.
BepositHOCTE TOrO, 9TO K MOMEHTY HPHUXOJIa MACCAXKUPa UMEIOIIHECs: B Kacce OmIeTnl Oy-
IyT TPOJaHbl, paBHA My nepBoil Kaccol 0,3, ams Bropoit 0,4, nms tperneit 0,6. Haittn
BEPOSITHOCTH TOT'O, TO MACCAYKUP KYIUT OUJIeT.

6.15. 13 muoxkecTBa gmcesn 1,2, 3, ... ,n 0 CXeMe CJIyIaiiHOro BEIOOpa 6€3 BO3BpAIICHUS
BBIOUpaioTCs Tpu uncia. HaflTu ycmoBHYIO BEPOSITHOCTH TOTO, UYTO TPEThE UHUCJIO MOHAJIET
B MHTEpBaJ, 00PA30BAHHBIN MEPBBIMU JBYMsi, €CJIU U3BECTHO, YTO IEPBOE YHCJIO MEHbIIIE
BTOPOTO.

6.16. Nnmerorca 3 ypubl. B mepBoit u3 uux 4 6ejibix U 5 9épHBIX IIAPOB, BO BTOPOH 7
OeJibix 1 3 4€PHBIX IIapa, B TpeTbeil 2 6esbix u 4 4épHbix mapa. Hekro nayraji Beibupaer
OJ/IHy W3 YPH W BBIHUMAaET W3 Hee IIap. JTOT IIap okasajcs OejbiM. Haiitu BeposiTHOCTH
TOrO, 9YTO TOT IIap BLIHYT U3 TPETheil YPHBI.

6.17. Monery 6pocalor jio TexX 1op, moka opéa He Bhinajaer 6 pa3. OupeaesnTb Bepo-
ATHOCTb TOT'O, UTO IIPU STOM PEIKa BLITAIAeT 5 pas.

6.18. Ha waxkpiit jiorepeitnbiii 6uier ¢ BeposiTHOCTBIO 0,06 MOYXKET BBINACTH KPYITHBII
BBIUIPBIII, C BEPOATHOCTBIO (,2 MeJIKHUil BHIUTPHINT U ¢ BepodaTHOCTHIO (0,74 6uaer MoxKeT
okazaTbcs 6e3 Beurpbia. Kytensr 14 ouneros. OnpeieiuTh BEPOATHOCTD MTOJIYIeHUsT 2
KPYITHBIX BBIUTPBINIEH U 3 MEJTKUX.

6.19. BepositHocTh «cOosi» B pabore TesiepbOHHON CTAHITUU IIPU KAaXKJIOM BBI30BE paBHA
0,002. Hocrymmmo 600 Bbr30BOB. Oupeie/inTh BEPOATHOCTH TOro, 4To OyJjeT He Oosiee 1
«COOsT».

6.20. BeposiTHOCTD HACTYILIEHUS] HEKOTOPOTO cOObITHs B KaxKjioM 13 300 He3aBUCUMBIX
ucnbitanuii pasaa 0,3. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
VJIOBJIETBOPsieT HepaBeHCTBY 65 < m < 90.

6.21. 13 100 xommencaTopoB 3a BpeMs 1' W3 CTPOs BBIXOIAAT 4 KomjeHcaToposB. [lys
KOHTPOJISI BBIOMPAIOT 8 KOHIACHCATOPOB. M CHo/b3yst KIacCHtueckoe OIpPEJIeJICHIE BEPOsT-
noctu, dpopmyiy Bepuysiu, dopmyiy [lyaccona u jokanpHyto Teopemy Jlamraca, naiitu
BEPOATHOCTH TOTO, UTO CPeJN HUX 33 BpeMs 1 W3 CTPOs BLINIET POBHO 1 KOHIEHCATOP.

Bapwuaut Ne 7

7.1. Cucrema S COCTOUT U3 JIBYX HE3ABUCUMBIX THOjcCHCTeM S, u Sp.. HemcrnpasaocTsb
XOTsi ObI OJTHOI MOJCUCTEMBI BEJET K HEHCIIPABHOCTH BCEil CHCTEMBI (IIOJICHCTEMBI COEJU-
HEHbI 1ocsiesioBaTebHo). Tlomcucrema Sy, cocTonT n3 JIByX HE3ABHUCHMBIX JIyOJIMPYIOIIIX
610K0B bey, (k= 1,2) (cxema napaJiieJIbHOrO CoeJlMHeHus] GJOKOB B IOJCHCTeMax ). BJiok
bci, COCTOUT U3 MOCJIEN0BATEILHO COEIMHEHHBIX OJIOKOB by 1 C.

bl 9

bz 2

Vcnonb3ys onpejie/leHnsl CyMMbI U IPOU3BEICHNs COOBITHUIl, 3allcaTh COOLITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOIB30-
BaTh CBOHCTBO IPOTHBOIOJIOMKHOIO COOBITHUS.

7.2. B ycnoBuax mpeablaymieil 3amadm HaiiTH HAJEXKHOCTH CHUCTEMBI — BEPOATHOCTD
TOro, 9TO CHCTeMa Oy/eT MCIpaBHA B TEUYCHUHM HEKOTOPOIO BPEMEHM, €CJIM M3BECTHBI Ha-
nexkuocru 6iokoB P(a) = 0,95; P(bx) = 0,9; P(cx) = 0,8. ljist KOHTPOJIsI UCTIOJIB30BATH
CBOICTBO CBA3U BEPOATHOCTH COOBITHSA C BEPOSITHOCTBIO IPOTHBOIOJIONKHOIO COOBITHS.
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7.3. Hokazars Toxxaectso A+ (B-C)=(A+B)-(A+C).

7.4. Hecko/ibko pa3 OpocaioT UrpajbHyio KOcThb. KakoBa BEpOSITHOCTH TOTO, 9TO IIECTD
OYKOB TIOSIBUTCS BIIEPBbBIE IIPU TPETheM OpocaHuu?

7.5. Ha kaproukax namucanbl 0ykeel K, A, P, T, O, 4, K, A. Kaprouku nepeMeniuBaioT
U KJIQJIYT B MOPsJIKE WX MOsiBJIeHHUs. KakoBa BEPOSTHOCTH TOrO, UTO IOJIYIUTCI CJIOBO
«KAPTOYKA»?

7.6. Konona kapr (36 smmcroB) jeaurcst Ha Tpu paBHble dacTu. KakoBa BepOsSITHOCTB,
9TO B KaXKJO Mmadke Oyer XoTsa Obl IO OJHOMY Ty3y?

7.7. B simdr 12-3Taxknoro joma Bonum 4 mnaccaxkupa. Kaxkplii He3aBUCHUMO OT JIpy-
I'UX C OJIMHAKOBOIl BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmnpeiesnTh BEPOSATHOCTL TOrO, YTO: &) BCE BBIILIM HA PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe TPOe BBINLIN Ha OJHOM ITaKe.

7.8. Ha orpeske [0, 1] cayvaiinbim 06pasom BeiOupatorcst jase Touku: x u 7). CobbiTHe
A: x> 1/2, cobbitue B: n > 2/3. Oupejenurs BepositHocTu cobbituit AB u A + B.

7.9. MomenTnb! HaYa & JIBYX COOBITUI HAyIady PacCIpee/eHbl B IIPOMEXKYTKE BPEMEHU
quaoit 50 MuH. O1HO U3 cobbITHil Ayurest 10 MuH, apyroe 5 mus. Ompeie/inTh BEPOSITHOCTD
TOrO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCS» 10 BPEMEHH; 6) «He TePEKPBIBAIOTCS».

7.10. Ha GeckoneunyI0 MaxMaTHYIO JOCKY CO CTOPOHOI KBajipaTa 4 cM 6pocaioT MOHETY
pajmycoMm 1,5 em. OripejiesiuTh BEPOSITHOCTB TOTO, UTO MOHETa, IIEJTMKOM IOMaIET Ha YEPHOe
moJie.

7.11. BeposiTHOCTB TOTO, ITO CTPETOK MOMAAET XOTsT OBl OJUH Pa3 IpU TPEX BBICTpEJIax,
pasra 0,992. HaifTn BeposTHOCTDH TOMaJaHUs B IeIb IPU OJIHOM BLICTPEJIe, MPe/IToIaras
e€ TOCTOSTHHOM IIPU KaK/IOM BBICTPEJIE.

7.12. JIa urpoka A u B moouepeHO OPOCAOT MOHETY. BBIMIDABIIMM CIUTAETCSI TOT,
y KOTO panblIle BbimajgaerT opéir. IlepBoiit 6pocok jiejtaer urpok A, Bropoit — B, Tpernii
— A u 1, 1. Haiitu BeposiTHOCTDH cobbIThsi «BuMrpas A e mosanee 4-ro 6pockay. KakoBb
BEPOSITHOCTH BBIUTPBIIIA JJIsI KA¥KJI0I'0 UT'POKA IPU CKOJIb YIOJIHO JIJINTEIBLHON Urpe?

7.13. Bpocator Tpu urpanasabix Kocru. Cobeirne A: {Ha nepBoil 1 Bropoii KocTsiX Bblla-
JIO OJIMHAKOBOE YUCJIO OYKOB}, cobbiTne B: {Ha mepBoii U TpeTheil KOCTSIX BBINAJIO OJNHA~
KOBOE YHCJIO OUKOB}, cobbiTre C': {Ha BTOPOIl 1 TPEThell KOCTSIX BBIIAJIO OJMHAKOBOE UHCIIO
04KOB}. BelsicHuTh 3aBucumbl win zet cobbitust A, B u C' a) nonapuo; 6) B COBOKYITHOCTH.

7.14. Tlepey nocesoM 95% cemsiH 0OpabaTBIBAIOTCH CIENUAJILHBIM PACTBOPOM. Bexo-
JKeCTh ceMsiH mocsie obpaborku 99%), neobpaboranubix 85%. a) KakoBa BeposiTHOCTH TOrO,
qTO CaydaitHo B3saToe cems B30i6T? 6) Cirydaiino B3sitoe cemst B3onuio. Kakosa BeposiT-
HOCTb TOI'0, YTO OHO BBIPAIIEHO U3 00PabOTAHHOI'O CEMEHM?!

7.15. B ypue 7 6enbix u 4 4épHbIX mapoB. U3 ypHbI BLIHYJIM OJUH INAp U, HE IS,
oTioKuH B cropony. [locsie sToro 3 ypHbl B3syin ere ojuH mmap. OH oka3ajics I6PHbBIM.
HaiiTu BepogTHOCTD TOTO, YTO HEPBLIN AP, OTJIO?KEHHBI B CTOPOHY, TOXKE UEPHBII.

7.16. Jlns npoBepKHu reo/ie3ndecKux paboT HazHadeHa TPYIIA SKCIEPTOB, COCTOSIIAs
u3 TpéX moArpyIil. B nepsoit mojgrpyiime 2 yeoBeka, BO BTOPOil 3 U B TpeTbeil 5. DKCIEPTHI
MIePBOI TO/TPYIIIBI TPUHIMAIOT BEPHOE PeIleHre ¢ BeposaTHOCTHIO (0,5, 3KCIepThl BTOPOit
MOAIPYIITBI — ¢ BepoATHOCTHIO 0,6, 9KCIIEPTHI TPEThEl MOJArPYIIIBI — ¢ BEPOATHOCTHIO 0,7.
Haynaay BbI3BaHHLIN SKCIIEPT MPUHUMAET 7 HE3aBUCUMBLIX pemnrenuii. HailTn BepogTHOCTD
TOrO, 9TO: &) POBHO H pEIeHuii IPUHATHI BEPHO; O) MIPUHIMAJI PEIIeHIs 9KCIIEPT U3 MepBOit
[O/ITPYIIIIBI, €CJIN D PEIIeHUl TPUHSITHI BEPHO.

7.17. Monery 6pocator 10 TexX mop, MoKa OpéJl He Bhimaaer 3 pa3a. OnpeesnTs Bepo-
ATHOCTb TOT'O, YTO IIPU STOM PeIKa BLITAJAeT D pas.

7.18. Ha kaxkipiit jiorepeiinpiit Ouser ¢ BepodTHOCThIO0 (0,08 MOXKET BBIIACTH KPYITHBIN
BBIUTPBII, ¢ BEPOATHOCTHIO 0,22 MEJIKHUIl BBIUTPBINT U ¢ BepoATHOCTHIO 0,7 Guyier MoxKeT
okazaTbcsi 6e3 Buurpbia. Kytmensr 10 6umero. OnpeieiuTh BEPOSTHOCTD MTOJIYIeHUsT 2
KPYITHBIX BBIUTPBINIEH 1 1 MeJIKOro.

7.19. BepositHocTh «cbOosi» B pabore TejieOHHON CTAHIUU IPU KaXKJOM BBI30BE PaB-
Ha 0,001. IToctymmmo 700 BbI3OBOB. OlpeesnTh BEPOSTHOCTH TOTO, 9TO Oyjer Oojiee 2
«cHOeB».

7.20. BeposiTHOCTE HACTYILJICHUST HEKOTOPOTO COOBITUS B Kak/10M 13 120 He3aBUCUMBIX
uctbitanuii pasaa 0,3. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
VJI0BJIETBOPsieT HepaBeHCTBY m < 30.
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7.21. U3 100 uzmenunii, cpeau KOTOPBIX UMEETCsT 3 HECTAHAAPTHDLIX, BHIOPAHDLI CJIydaii-
HBIM 0Opa3oM 9 wm3jennii Jjis MpOBepKH UX KadecTBa. Mcmosib3yst Kjraccuaeckoe ompeje-
Jieane BeposiTHoCTH, (hbopmysny Bepuymiu, dpopmyny Ilyaccona u joxkanabuyio Teopemy Jla-
raca, ompeaeuTh BEPOATHOCTD TOIO, 9TO CPEIN BBIOPAHHBIX 9 M3IeInil OKarKeTcsi pOBHO
1 HecranrapTHOE M3JIETHE.

Bapwuanut Ne 8

8.1. Cucrema S cOCTOUT U3 TPEX HE3ABUCUMBIX HOJCUCTEM Sy, Sp u S.. Hencupasnocrhb
XOTsi ObI OJTHOI MOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCEil CHCTEMBI (IOJICHCTEMbI COE/IHE-
HBI TIocIe/IoBaTe bH0). [Tojcucremsr S, 1 S, COCTOSAT U3 JBYX HE3ABUCUMBIX JIyOJIUPYIOMIAX
610K0B ay 1 ¢ (k= 1,2) (cxema napaJiiebHOIO COeIMHEHNsI OJIOKOB B HOJICUCTEMAX ).

“ 1 e
v B A g o

Vcnonb3ys onpejiesiennsi CyMMBI U TPOU3BEICHNs COOBITHIA, 3aIMcaTh COObITHE, COCTO-
silliee B TOM, 9TO &) CHCTeMa UCIpaBHa, 0) cucreMa HencrpasHa. [Jisi KOHTPOJIS HCIIOIB30-
BaTh CBOHCTBO IPOTUBOIOJIOXKHOIO COOBITHS.

8.2. B ycioBuAX mpeapLaymmeil 3aqadM HaiTH HaJeKHOCTH CUCTEMBI — BEPOSATHOCTD
TOro, 9TO CHCTeMa Oy/leT MCIpaBHA B TEUCHUHM HEKOTOPOIO BPEMEHM, €CJIM M3BECTHBI Ha-
nexkuocru 610koB P(ag) = 0,8, P(b) = 0,95; P(cx) = 0,85. [yt KOHTPOJISI UCTIOJIB30BATH
CBOICTBO CBSA3U BEPOATHOCTH COOBITHSA C BEPOSITHOCTBIO IPOTHBOIOJIONKHOIO COOBITHS.

8.3. Yupocrurh u uzobpasuts rpaduuecku (A — B) + C — ABC.

8.4. B ypue umeercs 5 uépHbIX U 7 KpacHbIX mapos. [locienoBarensho (6e3 Bo3Bpa-
IeHUs1) U3BJIEKaeTCsi Tpy Inapa. HaiiTu BeposiTHOCTBH TOro, 4To a) Bce TpH Imapa GyiyT
KpacHbIMU, 6) Bce Tpu mmapa 6yjiyT YEPHBIMH.

8.5. lllecTnb mapukoB ciIydaiiHbiM 00pa3zoM pa3dpachIBAIOT 110 TpeM JyHKaM. Kaxkabrit
IMAPUK € PABHON BEPOSITHOCTHIO U HE3aBUCUMO OT JIPYTUX HONAJAeT B JII00YIo JyHKY. Ompe-
JICJINTDL BEPOSITHOCTD TOT'O, UTO B IIEPBOIL JIYHKE OY/IeT OJUH IIApUK, BO BTOPOII JIBa IAapUKa,
a B TPeThell TPU IIapUKa.

8.6. 13 nosHoit kos1ozpl kKapT (36 JmcToB) BhIHUMAOT cpa3y 4 Kaprel. Haiitu BeposiT-
HOCTBH TOT'O, YTO BCE 3TU KAPTHI Oy/IyT OJHON MaCTH.

8.7. Ha mmraxmarHyto JJOCKy IIPOU3BOJILHO CTABUTCH JIBa CJIOHA: Oesiblil n uépubiil. KakoBa
BEPOSITHOCTD TOTI'0, UTO CJIOHBI MOOBIOT JPYT Jpyra’

8.8. Buyrpu kBajpara c¢ sepmunamu (0,0), (1,0), (1,1), (0,1) naymaay BeiGupaercs
touxa M (x,y). Haiitn BepositHOCTH cobbitus A = {(x,y)|z? + 3% < 0,36}.

8.9. MomenTh Havaja ABYX COOBITUN HAydady PACIPEIC/ICHBI B IIPOMEXKYTKE BPEMEHU
qgumaoit 100 mun. OpHO U3 cobbiTuit jymres 8 MuH, apyroe 12 mun. Oupeie/inTb BeposT-
HOCTb TOTO, YTO COOBITHSI &) «II€PEKPBIBAIOTCSI» 110 BPEMEHNU; 0) «He NepeKPBIBAIOTCS ».

8.10. ILiockocTh pasrpadiiena Ha KBaJIpaThl co cToponoit 3 cm. Ha 1ockocTs 6pocaior
MoHeTy jimamerpoM 1 cm. OupesesinTs BeposiTHOCTH TOTO, 9TO MOHETa TIepecevdéT POBHO TPU
KBaJIpaTa.

8.11. BeposaTHOCTB TOTO, YTO IEe/Ih TOpaKeHa PN OJHOM BBICTPEJIE MIEPBBIM CTPEIKOM,
0,68, Bropeim — 0,45. Ilepsblii cienas 1, Bropoii 2 BbicTpea. OUpeaeanTb BEpPOSTHOCTD
TOr'0, YTO IIEJIb IIOPaKeHa.

8.12. BeposiTHOCTD CIIaTh 9K3aMeH B 0/IHOI mombiTKe paHa 0,1 1 He MEHAETCs OT TOTBIT-
KU K notbiTKe. CKOJIBKO HAJIO CEIATh MOMBITOK, 9TOOBI CJATh 9K3aMEH C BEPOATHOCTHIO,
e menbIreit 0,99.

8.13. Touka ¢ koopauuaToii  BEIGUpaeTcs Hayady Ha orpeske [0; 1] u He3aBHCHMO OT
HeE TOUKa C KOOPJMHATOIl 1) BbiOupaercst Hayjady Ha orpeske [0;2]. [TpoBeputs, siBiisttoTcst
s Tpu cobbitust {€ +n < 1}, {£ > 1/2} u {n < 1} He3aBUCHMBIME B COBOKYIHOCTH.

8.14. B mepBoMm gamuke u3 6 mapoB 4 KpacHBIX U 2 YEPHBIX, BO BTOPOM HAIMIUKE U3 7T
apoB 2 KpPacHBIX U b U€pHLIX. U3 1mepBOro simmka BO BTOPOI MEPEIOXKUJIN OJUH IIap,
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3aTeM W3 BTOPOrO B IEPBLII MEPEToKWIN OauH map. HallTn BeposaTHOCTH TOTO, |UTO IIap,
U3BJIEYEHHBIN 1I0CJIE 9TOI'0 U3 MEPBOTO ANINKA, YEPHBIII.

8.15. Ilokymaresib ¢ paBHON BEpOSITHOCTDHIO MIOCEIIACT TPU Mara3una. BeposTHOCTD TOTO,
YTO MOKyHaTe b KyIUT ToBap B mepBoM Marasmne, pasHa 0,4, BropoM 0,6 m Tperbem 0,8.
a) OmnpeJiesiuTh BEPOSITHOCTH TOIO, YTO MOKYIATE/Ib KyIUT TOBAP B KAKOM-TO Mara3uHe.
6) IMokynaresp kymnuin ToBap. HailT BeposiTHOCTH TOrO, YTO OH KyIHJ €r0 BO BTOPOM
MarasmHe.

8.16. B mepsoit ypue 13 6esbix u 12 4€pHBIX MIApOB, BO BTOPOil 4 6enbix u 6 IYEPHBIX.
113 mepBoit BO BTOPYIO MEPESIOKEHDI 3 TIapa, 3aTeM U3 BTOPOU YPHBI U3BJIEUEHBI JIBA IIapa.
Orpe/iesuTh BEPOSITHOCTH TOTO, 9TO BBIOPAHHBIE M3 BTOPOIl YPHBI IIapbl — OeJIbe.

8.17. Mounery 6pocalor Jio TeX 1op, Moka opés He Bhimajaer 8 pa3. Oupeae/nTb Bepo-
ATHOCTb TOT'O, UTO IIPU STOM PeITKa BbITajaeT 4 pas3a.

8.18. Ha waxk/ipiit jiorepeitabiii 6uier ¢ BepoaTHOCTbIO (0,05 MOYXKET BBINIACTD KPYITHBIH
BBIUTPBII, ¢ BEPOATHOCTHIO 0,35 MEJIKUIl BBIUTPBINI U ¢ BeposATHOCTHIO 0,6 Guyier MoxKeT
oKkazaTbcsi 6e3 Bburpeima. Kymierasl 12 6ujgeror. OnpeeuTh BEPOSITHOCTD ITOJTY I€HUST
POBHO 2 KPYIHLIX BBIUTPHINIENR 1 1 MeJTKOro.

8.19. BepositHocTh «cbH0si» B pabore TesieOHHON CTAHIUU IPU KAayKJIOM BBI30BE PaB-
Ha 0,002. ITocrymmmo 400 Bbr30BOB. OlpeaesnTh BEPOSTHOCTH TOrO, 4TO Oyjer Oojee 3
«COOEB>.

8.20. BeposiTHOCTD HACTYILIEHUsT HEKOTOPOT'O COObITUsA B KaxkioM u3 100 He3aBUCHMBIX
ucnbitanuii pasia 0,4. OupeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIJICHUI COObITHS
VJIOBJIETBOPsET HEPABEHCTBY M < 25.

8.21. Nz 100 xoHmeHCATOPOB 3a BpeMst 1 U3 CTPOsT BBIXOIAT 7 KOHIEeHCAaTOpoB. s
KOHTPOJIS BBIOMPAIOT 5 KOHJIEHCATOPOB. VCIo/b3yst KJIACCUYECKOE OIIPE/IEIEHUE BEPOSIT-
noctu, popmynny Bepryiiu, dopmyny Ilyaccona u jmokanbayio Teopemy Jlaraca, maiitTu
BEPOATHOCTH TOTO, UTO CPeJ HUX 33 BpeMs 1 W3 cTPOs BLINIET POBHO 1 KOHIEHCATOP.

Bapwuaut Ne 9

9.1. Cucrema S cOCTOUT U3 TPeX HE3ABUCUMBIX IOJCUCTEM Sy, Sp u S.. HemcupasmnocTnb
XOTs1 ObI OJIHON IOJCUCTEMBI BeJIeT K HEHUCIPABHOCTU BCeil cuCcTeMbl (IIOJICHCTEMBI COE/IH-
HeHbI 1ocsieioBaresibho). [logcucrema S cocTonT M3 JIByX HE3ABUCUMBIX JIyOJIUPYIOMIAX
610k0B by, (K =1,2) (cxema mapasuieJIbHOrO COeJMHEeHNs OJI0KOB B MOJICHCTEMAX ).

by

b,

Wcnonb3yst onpeeernss CyMMbI U IIPOU3BEICHIS COOBITHUI, 3alicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBONCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

9.2. B ycimoBugx mpemblayIneil 3a/adu HafTH HAJJIEKHOCTb CHUCTEMbl — BEPOSTHOCTD
TOro, 4TO CUCTEMa OyJIeT UCIHpPABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexuocru 6iokoB P(a) = 0,95; P(by) = 0,9; P(c) = 0,99. ljist KOHTPOJIsI UCHOJIB30BATh
CBOMICTBO CBSI3U BEPOSITHOCTU COOBITUS C BEPOSITHOCTBIO IIPOTUBOIIOIOXKHOIO COOBITHUSI.

9.3. Yupocruts u m306pasuts rpadpudecku A — BC'+ A 4+ BC.

9.4. Haynauay B3siTbiii TestedpoHHBII HOMep coctouT u3 7 1up. OnpeeuTs BeposiT-
HOCTBH TOTO, 9TO BCE IUMPHI B HEM Pa3IHIHBI.

9.5. Bpocator 4 urpasbhbie kocti. Haiitu BeposiTHOCTB TOro, 4TO: a) X0Tst Obl Ha OJIHO
HOSIBUTCSL 2 OYKa, 0) Ha HUX BBINAJET 110 OJMHAKOBOMY YHCJIy OYKOB.

9.6. Nmerorcst 3 uzmenust 1-ro copra, 2 mM3Heaust 2-r0 cOpTa, 3 U3JIENHUsS 3-TO COPTa
u 2 wmsnenusi 4-ro copra. Jljsi KoHTposst Hayjaady BeiOmpaercs 7 usgenuii. Omupene/nTh
BEPOATHOCTBL TOI'O, YTO CPEJIM HUX POBHO 2 u3jiejinsg 1-ro copta, 1 usnenue 2-ro copra, 3
u3jesimst 3-1o copra u 1 uzjesnue 4-ro copra.

9.7. B smudr 14-sTaxkHoro jgomMa BOILIH 3 HaccaxKkupa. Kaxkblil He3aBUCUMO OT JIpy-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
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OmpeiesnTh BEPOSATHOCTL TOTO, YTO: &) BCE BBIILIN Ha PA3HBIX Takax; 0) BCe BBIILIN Ha
OJIHOM 3TarKe.

9.8. B kpyre pajuyca 11 Haymady nosiBisiercs Todka. OmpejiesinTh BEpOsITHOCTD TOTO,
YTO OHA TONAJAECT B OJIHY U3 JBYX HEIEPECEKAIOMMXCA (DUTYD, IO KOTOPBIX PABHbI
2,29 u 3,52.

9.9. HaiiTi BeposSITHOCTB TOrO, UTO KOPHHU ypaBHEHHs 12 4 2b2 + ¢ BEIIECTBEHHBI, €CIIH
K03 durmenTsl b u ¢ J0OBIe YncIa, 1Mo abCOMIOTHONR BeJINIrHe He IpeBbIaorme 1.

9.10. MomenTh! HaUA A JIBYX COOBITUN HAYIATy PACIPE/IC/ICHBI B IPOMEXKYTKE BPEMEHU
mmaaoi 130 mua. OH0 3 cobbituit maymures 20 muH, apyroe 23 MuH. OUpeIeanTb BeposiT-
HOCTBb TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpEMeHH; 6) «He [epeKPbIBAIOTCS».

9.11. B memke cmemanbl Hutu Tpéx 1msetoB: 30% 6enbix, 50% KpacHBIX, OCTAILHBIE
zesiéable. ONpeiesuTh BEPOATHOCTH TOTO, 9TO IIPHU ITOCJIE/IOBATEIHLHOM BBITATHBAHUNA Ha-
yraJi TpEX HUTEH OKAXKETCsI, ITO BCE OHU OJIHOTO IIBETA.

9.12. /IBa murpoka A u B moodepe HO 6poCaioT MOHETY. BLINTpaBIMM CIUTAETCS TOT,
y KOTO paHblIle BbimajgaerT opéir. IlepBoiit 6pocok jiejtaer urpok A, Bropoit — B, Tpernii
— A u 1, 1. Haiitu BeposiTHOCTH cobbIThs «BuMrpas A e mosanee 6-ro 6pockay. KakoBb
BEPOSITHOCTU BBIUTPBIIIA JJIST KAXKJIOI'0 UI'POKA IIPU CKOJIb YI'OJIHO JJIUTEILHON urpe?

9.13. Terpasap, Tpu rpaHu KOTOPOIO OKPAIIEHbI COOTBETCTBEHHO B KPACHBIN, XKeJ-
TBI U CHHHUI I[BeTa, a JeTBepTasi 'PaHb COJICPYKUT BCE TPU IBeTa, OpocaeTcs Hay/ady Ha
mwtockocThb. Cobbrtust A, B, C' cOCTOSIT B TOM, 9TO TETPa3J/p YIAJ Ha IPaHb, COAEPIKAIILY IO
COOTBETCTBEHHO KPACHBIN, »KeJTbIi, b0 cunuii 1set. [IpoBepuTh, 3aBUCUMBI JIH B COBO-
KynHocru cobwitus A, B, C.

9.14. B nepsoit ypue 1 Oesblit u 5 9EPHBIX IMIAPOB, BO BTOPOHl 1 Oesbiit u 6 IEPHBIX.
113 mepBoit Bo BTOpyIO MepesiozKennl 4 1mapa, 3aTeM U3 BTOPOU YPHBI U3BJIEUEHBI JIBA IIapa.
Orpe/iesuTh BEPOSITHOCTH TOTO, 9TO BBIOPAHHBIE M3 BTOPOI YPHBI IIapbl — OeJIbe.

9.15. B maraswn mOCTymaloT OJHOTUITHBIE W3NS C TPEX 3aBOJIOB, MPUIEM IE€PBBIi
zaBog nocrasiger 10 % wsnenuii, Bropoii 15%, tperuit 75% usnemmit. Cpeau uznenuii 1-ro
zaBojia epsocopTabix 70%, BTOporo s3asoma — 55%, Tperbero zasoma — 20%. Kyrureno
osiHo u3zesme. OHO OKA3aJI0Ch MEPBOCOPTHBIM. OINPEenTh BEPOATHOCTH TOTO, YTO KYTI-
JICHHOE U3JIeJINE BBIMYIIEHO TPETHUM 3aBOJIOM.

9.16. st mpoBepKU Te0/Ie3NIeCKUX PabOT Ha3HAUEHA I'PYIIIA SKCIIEPTOB, COCTOSINAS
u3 TpEX moArpytil. B nepBoii mogrpyiiie 2 geoBeka, BO BTOPO 3 1 B TPETheil 5. DKCIEPTHI
[I€PBOI TIO/IIPYIIIBLI IPUHIMAIOT BEPHOE PeIeHrne ¢ BeposaTHOCTHIO (,8; 9KcrepThl BTOPOit
MOATPYIIIBI — C BEPOATHOCTBIO (,6; 9KCTIEPTHI TPeThell MOATPYIILI — ¢ BepoATHOCTLIO (,55.
Haynaay BbI3BaHHDIN 9KCIIEPT NPUHUMACT 3 HE3ABUCUMBIX perenus. HailTu BeposgTHOCTD
TOrO, YTO: &) POBHO 3 PEIICHUsI IPUHSATHI BEPHO; 6) MPUHUMAJT PEIIEHsI SKCIIEPT U3 TPETheit
MIOATPYIIIIBI, €CJIN 3 PEIeHs TPUHSITHI BEPHO.

9.17. Urpasnbhyto koctb 6pocator 10 pa3. OnpeiesinTh BEpOSITHOCTE TOTO, 9TO: &) MIECTh
OYKOB TIOSIBIJIOCH XOTs1 ObI OJIMH pa3; 6) MIeCTh OUYKOB He MOSIBIUJIOCH HU Pa3y; B) IECTh OYKOB
[IOSIBUJIOCH POBHO JIBa Pasa.

9.18. Ha waxkpiit jiorepeitnbiii 6uier ¢ BeposiTHOCTBIO 0,06 MOYXKET BBINACTH KPYITHBII
BBIUTPBII, ¢ BePOATHOCTHIO 0,14 MEJIKUiT BBIUTPBINT U ¢ BeposATHOCTHIO 0,8 Guyier MoxKeT
oKazaTbCsi 6e3 BeiUrphilia. Kymieno 14 oujeros. OnpeieinTh BEPOSITHOCTD TOJTyIeHusT |
KPYITHOTO BBIUTPBIIIA U 2 MEJKHUX.

9.19. BepostHocTh «cO0si» B pabore TesiehbOHHON CTAHITUU IIPU KAaXKJIOM BBI30BE PaBHA
0,002. TMocrymmio 800 BbI30BOB. OIlpeie/inTh BEPOSITHOCTH TOTO, YTO OyjieT He MeHee 3
«COOEB>.

9.20. BeposiTHOCTD HACTYILIEHUsT HEKOTOPOT'O COObITUsA B KaxkioM u3 100 He3aBUCHMBIX
uctbitanuii pasia 0,4. OupeesinTh BEPOSITHOCTD TOTO, UTO YUCJIO 1M HACTYIJICHUIH COObITHS
yJI0BJIeTBOpsieT HepaBeHCTBY 30 < m < 40.

9.21. N3 100 uzmenwnii, cpejin KOTOPBIX UMEETCs 4 HECTaH/IAPTHBIX, BHIOPAHBI CJIyYaii-
HbIM 0Dpa3oM 6 wm3zenuil Ay TpoBepKH Ux KadecTBa. Vcmosib3ys kiiaccudaeckoe ompee-
Jienne BeposiTHOCTH, hopmysty Bepuymiu, dpopmyny Ilyaccona u joxkanabuyio Teopemy Jla-
j1aca, OlpeJIe/INTh BEPOSITHOCTD TOIO, YTO CPE/IM BHIOPAHHBIX 6 M3/1e/Inil OKaYKeTCsi POBHO
1 HecranlapTHOE M3JIETHE.
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Bapwuaut Ne 10

10.1. Cucrema S cocrouT M3 YeThIpeX HE3ABUCHUMBIX mojacucreM Sy, Sy, S. u Sy. Hemc-
[PABHOCTD XOTsI ObI OJIHOMN IOJICHCTEMBI BEJIET K HEUCIPABHOCTU BCEil CHCTEMbI (II0JICHCTe-
MBI COEJIMHEHBI TT0Ce0BaTesbHo). Tlomcucrema Sy coCTOMT U3 IBYX HE3ABUCUMBIX JIy0JIU-
pytoiux 6J0koB by, (k = 1,2) (cxema mapaJsuiesIbHOro coe/IuHeHus 6JI0KOB B II0JICHCTEMAX ).

by

by

Ucnionbaysi onpejiesieHnst CyMMBbI U ITPOU3BE/IEHUST COOBITHI, 3alIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOJIB30-
BaTh CBOMCTBO IPOTHBOIIOJIOXKHOTO COOBITHUS.

10.2. B ycioBugx npemplayieil 3ajatdu HAHTU HAJIEKHOCTD CUCTEMbI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJIU U3BECTHDLI Ha-
nexknoctu 610k0B P(a) = 0,95; P(by) = 0,9; P(c) = 0,8; P(d) = 0,8. st KoHTpOIISI
HCIIOJIb30BAaTh CBOWCTBO CBSI3U BEPOSTHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOZKHOTO
cOOBITHS.

10.3. Hust cobbrrmit A, B, C' cipaBejgueo: A + B = C. MoxXHO Jin yTBEPXKJIaTh, ITO
B = C — A? OrBer 060CHOBATD.

10.4. U3 xosiomel, comepkarieit 36 kapT, BblHuMaeTcs Hayras 3. Haiitu BeposTHOCTH
TOr0, YTO CPEJIU HUX J[Ba Ty3a M IUKOBBI KOPOJIb.

10.5. Ha kaxkoit u3 11 kaprodyek HammcaHa ojiHa u3 cjeayomux Oyks: A, B, P, A,
K, A, ]I, A, B, P, A. Kaprouku nepemeraabl. OnpeejuTb BEPOSITHOCTb TOTO, UTO W3
BBIHYTBIX Hayady U HOJOKEHHBIX B psil Kaprodek noJyuurcs caoso «ABPAKAJIABPA».

10.6. 10 cTymenToB pacceadaT ciiydaiiHbiM 00pa30M B JIBE YETHIPEXMECTHBIX U OJTHY JIBYX-
MeCTHYIO0 KOMHATy. KakoBa BEpOSITHOCTD, 9TO JIBA KOHKPETHBIX CTY/ICHTA OKAXKYTCS B JIBYX-
MeCTHOI KoMHaTe?

10.7. B yindr 14-3raxkuoro moma Bonuim 3 rnaccaxkupa. KakJplii He3aBUCUMO OT JPY-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
Ompe/ie/nTh BEPOSITHOCTD TOTO, YTO: &) BCE BBINLIM HA PA3HbIX Taykax; 0) BCe BBIILIM Ha
OJIHOM 3TaxKe.

10.8. B kpyr Buucan xajipar. Haiitu BepossiTHOCTD TOTO, UTO TOYKA, HAyIATy OpOIIeH-
Has BHYTDb KPyra, OKAXKeTCs BHYTPU KBaJIPaTA.

10.9. MomenTs! HavaIa ABYX COOBITHI HayIady PACIPEIC/ICHBI B IIPOMEKYTKE BPEMEHU
qumaoit 30 muH. Oj1HO U3 coObITHi JAyuTCes 2 MuH, apyroe 10 muna. Opeie/inTh BEPOSITHOCTD
TOrO, UTO COOBITHUS: &) «IIEPEKPHIBAIOTCSI» 110 BPEMEHH; 0) «He IePEeKPBIBAIOTCS ».

10.10. ILnockocTs pasrpadiieHa Ha KBaJpaTbl co ctopoHoit 4 cM. Ha rtockocts Gpo-
caror MoHeTy muamerpoMm 1,5 cm. KakoBa BepOSTHOCTH TOrO, UTO OHA IMEPECEUET UeThIPE
KBajIpara?’

10.11. BeposiTHOCTH BBIUTDHIIIA B JjioTepero Ha ojuH 6uier paBHa 0,13. CkobKO HAJI0
KyIUTH OUJIETOB, 9TOOBI BRIMTPATH XOTsI ObI HA OJUH C BEPOSITHOCTHIO He MeHbIe 0,87,

10.12. /Ipa urpoka A u B moodepeno 6pocaioT MOHETY. BBIMIPABITUM CUHTAETCS TOT,
y KOTO paHblIle BbimajgaerT opéi. IlepBoiit 6pocok jiejtaer urpok A, Bropoit — B, Tpernii
— A u 1, 1. Haiitu BeposITHOCTH cobbIThs «BuIMrpas A e mosanee 7-ro 6pockay. KakoBb
BEPOSITHOCTH BBIUTPBIIIA JJIsI KA¥KJIOI'0 UT'POKA IPHU CKOJIb YIOJHO JIJINTEIBHON urpe?

10.13. Brayrpu xBajpara ¢ seprmmuamvu (0,0), (1,0), (1,1), (0,1) mnaynady BoiOupaercs
rouka M (z,y). Ilpu xakux 3uadenusix ¢ HezaBucuMbl cobbitust A = {|lx — y| > ¢} u
B={z+y<3q}?

10.14. B nmepBom smuke comepzkurcs 20 meraseit, n3 unx 10 cTaHZapTHBIX, BO BTOPOM
30 meraneit, m3 HuUX 25 CcTaHIAPTHBIX, B TpeThbeM 10 merasieil, n3 HUX 8 cTaHIAPTHRIX. 3
CJIy9ailHO B3ATOIO sIIUKA HAayJady B3sTa OJIHA JIeTajlb, KOTOPas OKa3aJaCh CTaHIAPTHOI.
HaiiTu BeposgTHOCTD TOrO, UTO OHA B3STa U3 BTOPOrO SAIIMKA.
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10.15. B nepoit ypHe naxojsitcs 1 Oesblit u 4 4€pHBIX Iapa, BO BTOpPOil 1 Oeblit u
2 uépubix. V3 mepBoii BO BTOPYIO MEPEJIOKEHDbI 3 Iapa, 3aTeM U3 BTOPOH YPHBI U3BJICUEH
map. Onpeie/uTh BEPOSITHOCTh TOTO, YTO BBIOPAHHBIN U3 BTOPOI YPHBI IIap — OeJIbIii.

10.16. Tpu crpesika cTpesstioT 110 MulieHn (KazKiblii o pasy ). BeposTHocTH nomnaanust
JI7IsT CTpesIKoB paBHbI cooTBeTcTBeHHO 0,5, 0,6 1 0,7. Ilocie crpessObI 3aduKCHPOBAHBI J1BE
pobouHbl B MuilieHu. KakoBa BEpOSITHOCTD, 9TO IPOMAaXHYJICS TPETHIl CTPEJIOK !

10.17. [Tapy urpaspHbIX KocTeit OpocaroT 12 pa3. OnpejaeuTb BEPOSITHOCTb TOrO, UITO
CyMMa OYKOB, MEHbIINAs YeThIPEX, BBIMAJICT 00Jiee TPEX pas.

10.18. Ha kaxkipiii jorepeitHblii 6user ¢ BepodTHOCTHIO 0,12 MOXKET BBIIACTH KPYIHBII
BBIUTPBIII, ¢ BepoATHOCTBIO 0,24 Me/IKuil BLIUTphINT U ¢ BeposaTHOCThIO 0,64 Outer MoxKeT
oKazaTbcs 0e3 BeMrpbima. Kymieno 8 owmieros. Oupeie/inTh BEPOSITHOCTD MOJYyYeHUs 2
KPYITHBIX BBIUTPBINIEH U 2 MEJTKUX.

10.19. BepositHocTh «cbosi» B pabore TejiepOHHON CTAHIIUN IIPHU KaK/IOM BBbI30BE paB-
na 0,006. [Tocrynuno 100 Ber3oBoB. Omupenie/inTh BEPOATHOCTH TOTO, YTO OyJjieT MeHee 2
«cOoeB».

10.20. BeposiTHOCTD HACTYILIEHUST HEKOTOPOTO COOBITHS B KaxK10M 13 200 He3aBUCUMBIX
uctbitanuii pasaa 0,7. OmpeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
VJIOBJIETBOPsieT HepaBeHCTBY m < 120.

10.21. 13 100 xonmencaTtopoB 3a BpeMs 1 W3 CTPOs BLIXOAAT 3 KOHIeHcaTopa. s
KOHTPOJISI BBIOMPAIOT 7 KOHIAEHCATOPOB. VCHo/b3yst KIacCHueckoe OIpEJIe/ICHIEe BEPOsT-
noctu, dpopmyiy Bepuysiu, dopmyiy Ilyaccona u jokanpHyto Teopemy Jlamraca, naiitu
BEPOATHOCTH TOTO, UTO CPeN HUX 33 BpeMs 1 U3 CTPOs BLINIET POBHO 1 KOHIEHCATOP.

Bapwuaut Ne 11

11.1. Cucrema S cocrouT U3 YeThIpeX HE3ABUCUMBIX HojgcucreM Sy, Sy, S. u S,. Henc-
[PABHOCTD XOTsI ObI OJIHON MOJICUCTEMBI BEJIET K HEUCIPABHOCTU BCEl CHCTEMBI (IIOJICUCTe-
MBI COEJIMHEHBI TI0CIe10BaTesIbHO). Tlogcucrempr S, , Sy, Se COCTOAT U3 JBYX HE3ABUCUMBIX
Jy6aupyronmx 6J10K0B ak, by u ¢ (k= 1,2) (cxema napasuiesibHOro coejimHeHnst GJI0KOB B
HOJICHCTEMAX ).

aq b] [e5]

2 bz c2

Ucrionbaysi onpejiesieHnst CyMMBbI U ITPOU3BE/IEHUST COOBITHI, 3AlIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIST HCIIOIB30-
BaTh CBOMCTBO IIPOTHBOIIOJIOXKHOTO COOBITHUS.

11.2. B ycioBusix mpenpliyIieil 3a/aqu HAWTH HAJIE?KHOCTh CUCTEMbBI — BEPOATHOCTD
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJU U3BECTHDLI Ha-
nexxuocru 6iaokoB P(ag) = 0,8; P(bg) = 0,9; P(cx) = 0,85; P(d) = 0,95. lyist KOHTpOJIst
HCIIOJIb30BAThH CBOWCTBO CBSI3U BEPOSTHOCTU COOBITHS C BEPOSTHOCTHIO ITPOTUBOIIOJIOZKHOTO
COOBITHS.

11.3. s cobwrruit A, B, C' cipasegmuso A + B = C. B kakoM cjiydae MOXKHO yTBep-
Kaarb, uro B = C — A7 Orer 060CcHOBATD.

11.4. B copeBaOBanusx 1o ¢pyrbdosy yaacryior 20 koman. CiydaifHbiM 00pa3oM OHI
nengTced Ha ase rpynnsl mo 10 koman . KakoBa BeposiTHOCTD TOTO, UTO 2 HAMOOJIee CUIbHbIE
KOMaHJ[bI IIPA 9TOM OKayKyTCsT B OJIHOI rpyiime?

11.5. B opranuszaruu padborator 12 my»K9uH u 8 »KeHiuH. [l HUX BbIJEIeHb! 3 TPEMUN.
Oupe/ie/nTh BEPOSTHOCTH TOTO, YTO IPEMUIO TIOJIYUaT: a) JIBOE MY KUMH U OJHA YKEHIINHA;
6) TOJIbKO YKEHIIUHBI; B) XOTs1 Obl OJINH MYy?KUNHA.

11.6. Heckommbko pa3 6pocaioT urpabHyio KocTh. KakoBa BepOITHOCTH TOIO, UTO IIECTh
OYKOB TIOSIBSITCSI BIIEPBBIE IIPU MIECTOM OpOCaHum?

11.7. Yersipe mapuka ciaydailHbIM 06pa30M pa3bpachbiBalOT MO ceMu JyHKaMm. Kakibrit
[MAapUK ¢ PABHON BEPOSITHOCTHIO U HE3aBUCUMO OT JIPYTHUX ONaaeT B JII00yI0 JyHKY. Ompe-
JICJIATH BEPOSITHOCTH TOTO, YTO: &) BCE MIAPUKH TONAJyT B PasHble JIYHKU; 6) XOTs Obl /1B
[IAPUKA MOTALYT B OJHY JIYHKY.
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11.8. Ha orpeske [0, 1] ciayuaitapiM 06pa3oM BeIOUpAIOTCS TP YHCIa T, Y U z. Haiitn
BEPOSITHOCTH TOT'O, ITO UX CyMMa OoJibIie 1.

11.9. B xpyre ¢ HpOBeJIEHHBIM JUAMETPOM CJIyYailHbIM 00pa3oM BBIOHPAETCS XOpJa
HEPHEHUKYIAPHO 3TOMY Juamerpy. OnpeiesinTh BEPOSITHOCTD TOr0, YTO Ta XOopJa OyJeT
MEHBITIe PaJInyca KpyTa.

11.10. JIBa cymHa MOIYT MOJONTH K IpUYay B JIIOOOE BpeMs B TEUYEHUE CYyTOK HE3aBU-
cumo. Ha mpuyasne oo mecro mjisg pasrpysku. Pasrpyska giaurcs 4 gaca. Kakosa Bepo-
SATHOCTb TOTO, YTO OJHO U3 CyJIOB OyJieT »KJIaTh bojee daca?

11.11. B aByx maprusx mpobpokadecTBeHubIx nznenii 82% u 36% coorsercrsenno. Ha-
y/lady BBIOMPAIOT 110 OJIHOMY HM3JIEJNI0 U3 KaxKJoil naprun. KakoBa BepoATHOCTH 0OHADY-
JKUTBh CPeJI HUX: a) XOTs1 Obl 0JIHO GpakoBaHHOe; 6) JiBa OPAKOBAHHBIX; B) OJHO J00POKa-
YeCTBEHHOE U OJIHO OpakoBaHHOE?

11.12. JIpa urpoka A u B mootuepeHo 6pocaroT MOHETY. BbIUIpaBIinM CINTAETCS TOT,
y KOTrO pambIlie BbhImagaeT opéir. llepswiii 6pocok gemaer urpok A, ropoit — B, Tpernit
— A u r, 1. Haittu BeposiTHOCTE cOOBITHST «BhIUTpaa B He mozanee 3-ro 6pockay. KakoBb
BEPOSITHOCTH BBIUTPBIIIA JJIsI KA¥KJI0I'0 UT'POKA IPHU CKOJIb YIOJIHO JIJINTEIBLHON Urpe?

11.13. Ha orpesok [0, 2] Haymady u HE3aBUCUMO JIPYT OT Jipyra GPOIIEHbI JBE TOYKN
¢ kooppuHaramu & u 7). IIpoepurs, siBisitorcst jm cobbitusg & < 1 u min(€,n) > 1/2
HE3aBUCHMBIMU.

11.14. N3 1000 samm 810 npunajyiexkar 1-it mapruu, 70 Bropoii, octaibuble TpeTheil. B
nepsoii maptun 10%, Bo Bropoit 1%, B Tperbeit 2% OGpakoBanubix Jiamil. Hayady BuiOupa-
ercst ojtHa Jtamia. OIpeesinTh BEPOSITHOCTD TOTO, UTO BbIOpaHHAsI JlaMita OpaKOBaHHAS.

11.15. B ampbome 4 unctbix u 8 ramieHblx Mapok. V3 Hux Hayjgady usBjekaior 6 ma-
POK, IOBEPraioT CIEIUAJILHOMY TAIIEHUIO W BO3BpAIIaoT B ajbboM. Ilocsie sToro BHOBBL
Hayady ussjekaoT 4 mapku. OnpeesuTb BepOsSITHOCTh TOTO, ITO BCE OHU YHCTHIE.

11.16. st mpoBepKU reo/ie3ntdecKux paboT Ha3HAYUEHA, I'PYIIA IKCIEPTOB, COCTOSIIA
u3 TpéX HoArpyIl. B nepsoii mojgrpyiime 2 deoBeka, BO BTOPOil 7 1 B TpeTbeil 3. DKCIEPTHI
[IepPBOI MOATPYIIBI TPUHUMAIOT BEpPHOE PeIeHne ¢ BePosATHOCTHIO 0,85; SKCIEPTHI BTOPOIt
HOAIPYIITBI — € BEPOATHOCTHIO (,5; 9KCIIEPTHI TPETHEN MOJAIPYIIIBI — ¢ BEPOATHOCTHIO 0,6.
Haynaay BbI3BaHHLIN 3KcrepT mpuauMaeT 6 He3aBUCHUMLIX perrennit. HailTn BepogTHOCTD
TOrO, YTO: &) POBHO 4 peIlieHnst IPUHSATHI BEPHO; 6) MPUHUMAJT PEIIEHHsI SKCIIEPT U3 TPETheit
HMOAIPYIIIBI, eciii 4 perenns TPUHATH BEPHO.

11.17. Urpanbhayio kocth 6pocator 24 pasa. OupesesnTb BEPOSITHOCTH TOTO, HUTO: a)
IIECTh OYKOB IIOSIBUJIOCH XOTsl Obl OJIMH pa3; 0) IIecTh OYKOB He IOSIBUJIOCH HU pa3sy; B)
IIECTh OYKOB IOSBUJIOCH DOJIBINE JBYX pa3.

11.18. Ha xaxkprit JioTepeiinbiit Ouier ¢ BeposaTHOCTHIO 0,1 MOXKeT BBITACTbL KPYIHDLIT
BBIUTPBII, C BEPOATHOCTHIO (0,35 MEJIKUil BHIMIPHINT U ¢ BeposATHOCTHIO 0,55 Oujer Moxker
okazaTbcsi 6e3 Bbiurpeima. Kymierasr 10 6ujgeror. OnpeeuTh BEPOSITHOCTD ITOJTY T€HUST
poBHO () KPYMHBIX BBIUTPLINIENR 1 4 MeJTKUX.

11.19. BepogTHocTh «cb0si» B pabote TesiebOHHON CTAHIINK IIPU KAXKJIOM BBbI30BE PaBHA
0,007. TToctynumo 1000 BerzoBoB. OuUpene/inTh BEPOSITHOCTH TOrO, YTO OyIeT He MeHee 2
«cHoeB».

11.20. BeposiTHOCTD HACTYILICHUS HEKOTOPOT'O COOBITUS B KaxK oM 13 400 HE3aBUCUMBIX
ucnbitanuii pasaa 0,7. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUI COObITHS
VJIOBJIETBOPSIET HEPABEHCTBY M < 295.

11.21. 13 100 uzaemnuii, cpejin KOTOPBIX UMEETCsi D HECTAHIAPTHBIX, BHIOPAHBI CJIyYaii-
HbiM obpa3om 6 m3jennil Jid MPOBEPKHM UX KadecTBa. VcCmo/b3yst KIacCuiecKoe OIpe/ie-
Jienue BeposTHOCTH, (hopmyiry Bepuysu, dopmyny Ilyaccona u jiokanbuyio Teopemy Jla-
aca, OpeIeuTh BEPOATHOCTD TOIO, UTO CPEIN BHIOPAHHBIX 6 M31e/ Uil OKAXKeTCsl POBHO
1 HecranrapTHOE M3JIE/THE.

Bapwuant Ne 12

12.1. Cucrema S cOCTOUT U3 TPeX HE3ABUCUMBIX MOACHCTEM Sy, Sp 1 S.. Hencrnpasuocth
XOTsl ObI OJTHOl MOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCElH CUCTEMBI (IOJICHCTEMbI COE/THE-
HBI TI0CTIe10BaTesbHO). [Togcncremsr Sy 1 S, COCTOAT U3 JABYX HE3ABUCUMBIX JIyOJINPYIOIIIX
610K0B b 1 ¢ (k= 1,2) (cxema napaJuieJbHOIO COEJIMHEHNUs OJIOKOB B HOJICUCTEMAX ).
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Wcnonb3ys onpeeernss CyMMbI U IIPOU3BEICHIS COOBITHUI, 3alicaTh COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIST HCIIOIB30-
BaTh CBOMCTBO ITPOTHBOIIOJIOXKHOTO COOBITHS.

12.2. B ycnoBugax mpeaplayIieil 3ajaun HaAfTH HaJeKHOCTb CHCTEMBI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJIU U3BECTHBLI Ha-
nexkuocru 6sokoB P(ay) = 0,85; P(b) = 0,9; P(ci) = 0,75. st KOHTPOJIsSI UCTIOJIB30BATH
CBOMCTBO CBSI3U BEPOSITHOCTU COOBITHS C BEPOATHOCTHIO MTPOTUBOIIOJIOZKHOIO COOBITHUS.

12.3. B kakom ciyqae cupaseminso B = A+ (B — A)? Orser 060CHOBATE.

12.4. U3 xonompl, conepxkameii 54 xkaprel (2 /Ixkokepa), BoiHUMaroT Hayraj 5. Haiitu
BEPOSITHOCTh KOMOMHAIINH «Kape»: YeThipe KapThl ogHOro HomuHasa (/[»Kokep 3ameHsieT
JIOOYIO Kapry).

12.5. T'oToBsICH K BCTYIIUTEILHOMY 9K3aMEHY 10 MATEMATUKE, AOUTYPUEHT JI0JIZKEH 0]I-
roToBuThb 20 BOIPOCOB 110 JIEMEHTAM MaTeMaTUIeCcKOro aHan3a u 25 mo reomerpuu. OiHa-
KO OH YCIIEJI MOATOTOBUTH TOJBKO 15 BOIIPOCOB IO 37IeMEeHTaM MaTeMaTHIECKOTO aHaIn3a u
20 o reomerpun. Bujier comepkuT 3 BOpoca, 2 U3 HUX — 110 JEMEHTAM MaTeMaTHICCKO-
ro anasmsa u 1 — 1o reomerpun. KakoBa BepOsSITHOCTB, YTO: &) CTYJECHT CIACT 9K3AMEH Ha
OTIMYHO (OTBETUT Ha BCe TPH BOIpOca); 6) Ha XOpoIno (0TBETUT Ha JIFoObIe J(Ba Bolpoca)?

12.6. Ha kaproukax nHamucanubl Oykebl K, A, P, T, O, 4, K, A. Kaprouku nepemermniu-
BAIOT U KJIQJYT B IOPsJIKE UX BbITaCKuBaHUs. KakoBa BEPOATHOCTD TOTO, UTO IIPU BbITAC-
KUBAHUU 5 KapTodeK moydutcst oo «KAPTA»?

12.7. B yiudr 8-3T2KHOTO JIOMa BOILIH 7 TACCAKUPOB. KarK/Iblil He3aBUCUMO OT JPY-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmpeiesnTh BEpOSATHOCTL TOTO, YTO: &) BCE BBIILIN Ha PA3HBIX Takax; 0) BCe BBIILIN Ha
OJIHOM 3TarKe.

12.8. B cdepe paguyca 3 ciydaiino u He3aBUCHMO JIPYT OT Jpyra pa3dpocaHbl H TOUEK.
Haiitu BeposSTHOCTB TOTO, 9TO paCCTOSHUE OT MEHTPA JI0 OJIMKAMIIel TOYKH HE MEHbIIEe 2.

12.9. CrymeHT U CTYJIEHTKA YCJIOBUINCH BCTPETUTHCHA B OIPEJEJIEHHOM MECTe MEXKLy
JIEBSATBIO W JIecsITbIO dacamu Bevepa. CTyaeHTKa KJET J1ecsITh MUHYT U YXOJWUT, a CTy-
gent KAST 20 munyT. Yemy paBHA BEPOATHOCTDL BCTPEUU, €CJIN KAXKJIBIN U3 HUX B TE€UEHUE
YKA3aHHOI'O Yaca MOXKET HPUATH B Jioboe BpeMsi?

12.10. DuieKTPOH BbLIETAET U3 CJYyYalHON TOUKU HMPSIMOJMHEHON HUTHU HAKaJIa U J[BU-
JKETCST 0 TepIeH UKy Isipy K HuTH. C Kakoil BepOSITHOCTBIO OH CBOOOJIHO HPOWIET depes
CETKY, OKPY?KAIOIIYI0 HATH U UMEIOIIYIO BUJ BUHTOBOW JIMHUU pajnyca R, TOMIUHBL § 1
mara H?

12.11. BeposiTHOCTB TOTO, UTO TIEJTH TOpAaskeHa, IIPU OTHOM BBICTPEJIE TIEPBBIM CTPETKOM,
0,24, Bropeim — 0,12. Tlepssrit cienasn 3, Bropoit 5 BeicTpesioB. OUpeae/inTh BePOSTHOCTh
TOTO, UTO IIEJIb TTOPAYKEHA.

12.12. Ypna comepxkur 5 mapos ¢ HoMepamu oT 1 10 5. IIlaphl n3BIEKAIOT IO OTHOMY,
3aIIOMUHAIOT X HOMEpa U BO3BPAIAIOT B ypHY. PaccMaTpuBaioTcs CJieIyIonine COObITHUS:
A — HOMeEpa MApOB B MOPSIIKE MOCTYIICHNsT 0OPa3yioT MOCaeI0BATeIbHOCTE 1,2,....5; B —
XOTs1 ObI OJINH pa3 COBIAJAIOT HOMED Iapa U MOPsIKOBBIN HOMep u3BjedeHus;; C' — HET
HU OJTHOTO COBITQJICHUS HOMEpPA Iapa ¥ IMOPsJIKOBOINO HOMepa mu3BjedeHus. OUpeie/inTh
BepositHOCTU cobbITuil A, B, C'.

12.13. Touky ¢ koopamHaTOl £ BBIOUpAIOT Hayaady Ha orpe3ke [—1, 1] u He3aBHCHMO OT
HeE TOYKY € KOODJIMHATON 1) BbIOMpatoT Hayady Ha orpeske [0,2]. IIposepurs, siBiisttorcst
s tpu cobbitust {§ +1n < 1}, {€ > 0} u {n < 1} He3aBUCHMBIME B COBOKYITHOCTH.

12.14. VI3 5 BUHTOBOK, 13 KOTOPBIX 3 CHafillepcKue u 2 0ObIYHBIE, HAY/ATY BHIONPAETCS
OJIHA, U U3 HEE MPOU3BOIUTCS BhICTpe . HaiiTu BepOsITHOCTE MOMa aHmst, €CJIU BEPOATHOCTD
mona ianns u3 cHaiimepckoil BuaToBkH 0,95, a n3 obbramnoii 0,7.

12.15. B anmbbome 12 qucthix u 5 rameHbix Mapok. V3 Hux Hayjaady u3BjekaioT 6 ma-
POK, IOBEPraioT CIEIUAJLHOMY TAIIEHUIO W BO3BpAIIaoT B ajbboM. Ilocse sToro BHOBBL
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Hay[aqy u3BjekaT 3 Mapku. OnpeesuTb BepOATHOCTh TOTO, YTO BCE OHU YUCTHIE.

12.16. Nmeercst Tpu ypubl. B niepBoit 1 Gesiblit u 5 4EPHBIX MIAPOB, BO BTOPOil U Tpe-
Theil 1o 4 6eibIX 1 3 YEpHBIX IMapa. V3 ciydailHo BRIOpaHHON ypHBI n3BjiekatoT map. OH
okazajicsi 6esibiM. KakoBa BepOATHOCTH TOTO, UTO IIAp B3AT U3 [IEPBOH YPHBI!

12.17. BeposgTHOCTh BBIUTpBIIIA B joTepeio Ha onuna omiaer pasaa 0,02. Kymrensr 120
bwiteroB. Halitu nauBeposiTHEiiIIee YMC/IO BRIMTPABIINX OUJIETOB U COOTBETCTBYIOIIYIO Be-
POATHOCTb.

12.18. Ha xaxkjpiit torepeitabiii Ouier ¢ BeposTHOCTHIO 0,12 MOXKeT BBIIACTH KPYITHDLIT
BBIUTPBII, ¢ BEPOATHOCTHIO 0,38 MEJIKUIl BBIUTPBINI U ¢ BeposATHOCTHIO 0,6 Guyier MoxKeT
okazaTbcsi 6e3 Bbiurpeima. Kymierasr 13 6ujeror. OnpeeuTh BEPOSITHOCTD ITOJTY I€HUST
POBHO 2 KPYITHBIX BBIUTPHINIENH 1 (0 MeJTKUX.

12.19. BepositHoCTh «cH0si» B paboTre TesiebOHHOM CTAHIIUU [IPU KAaXK/IOM BbI30BE DaBHA
0,0085. TTocrymnumo 1000 Ber3oBoB. OlpeienTh BEPOSITHOCTD TOTO, YTO Oy/leT He MeHee 5
«cHoeB».

12.20. BeposiTHOCTD HACTYILIEHUST HEKOTOPOTO COOBITHS B KaxK10M 13 600 He3aBUCHMBIX
ucnbitanuii pagaa 0,8. OmpeesinTh BEPOSITHOCTD TOIO, UTO IHUCJIO 171, HACTYILIEHUH COOBITHST
yJ0BJIeTBOpseT HepaBeHCTBY m = 500.

12.21. M3 100 xoHmeHCATOPOB 3a BpeMs 1 U3 CTPOsi BBIXOAAT 3 KOHIeHcaTopa. Jls
KOHTPOJIS BBIOMPAIOT 5 KOHJIEHCATOPOB. VCIo/b3yst KJIACCUYECKOE OIIPE/IEIEHUE BEPOSIT-
noctu, dopmyiy Bepuysiu, dopmyiy [lyaccona u jokanpHyto Teopemy Jlamraca, naiitu
BEPOSITHOCTH TOI'O, UTO CPEIU HUX 32 BpeMs 1 u3 CTPOst BLINIET POBHO 1 KOHJIEHCATOP.

Bapwuant Ne 13

13.1. Cucrema S cocTouT M3 TpEeX HE3ABUCUMBIX HOJCUCTEM Sgp, S u Sy. Heucnpas-
HOCTb XOTsI ObI OJIHON MOJCHCTEMBI BEJIET K HEUCIIPABHOCTH BCEH CHCTEMbI (IIOJICHCTEMBI
coejiHeHbI T10cse0BaresbHO). [lomcucrembr Sqp, S COCTOAT U3 JABYX HE3aBUCHMBIX JIy0-
Jupytorux 6J10koB aby u ¢ (k= 1,2) (cxema mapaJiieJbHOrO CoeIMHEHNs OJI0KOB B 11O/
cucreMax). BIIoK aby cocTouT M3 MOCIIE0BATEIBHO COCMHEHHBIX OJIOKOB a) ¥ by.

a’l bl 4]
] ]
2 bz Cc2

a

Wcnonb3yst onpeeernst CyMMbI U IIPOU3BE/ICHIS COOBITHUI, 3alicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBOMCTBO IIPOTUBOIOJIO?KHOTO COOBITHS.

13.2. B ycioBugx mpeaplayIieil 3ajatdn HANTH HaJeXKHOCTb CUCTEMBI — BEPOSITHOCTH
TOro, 4TO CUCTEMa OyJIeT UCIHpPABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexuocru 6s10k08B P(ay) = 0,85; P(bx) = 0,9; P(ck) = 0,95; P(d) = 0,99. st KoHTpOUIsI
HCIIOJIB30BATh CBOMCTBO CBSA3U BEPOSATHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOKHOTO
COOBITHS. -

13.3. Ycranosuts, crupaseuso ju coorromenne (A — B) 4+ (A — B) = A.

13.4. N3 30 BOIIpOCOB, BXOJSAIINX B 9K3aMEHAIIMOHHBINA OUJIET, CTYIeHT 1HoAroroBut 20.
Haiitu BepogTHOCTH TOrO, UTO CTYJACHT OTBETHJI IIPABUILHO HA HK3AMCHAIIMOHHDIN OuJer,
COCTOSIIIUN U3 3-X BOIPOCOB.

13.5. HaiiTu BEpOSITHOCTH TOTO, UTO JTHU POXKIEHNs 12 YeJOBEeK MPUXOMATCI HA PA3Hble
MECSIIbI TOJIA.

13.6. B xopobke n3 25 wmzjesnuit 15 noswieHHOro KadecrBa. Haymady mspiekaior 3
uzesnst. Onpesie/inTh BEPOATHOCTL TOTO, UTO: &) OJHO U3 HUX HOBBIIIEHHOTO KAYeCTBa,
6) Bce TpU W3JEJIUST TOBBIIMIEHHOIO KAYeCTBA; B) XOTsl Obl OJHO U3JIEJINE TIOBBIIIEHHOIO
KavIecTBA.

13.7. Yernipe mapuka cjydaiiHbIM 00pa3oM pa3dpachIBAIOT 110 YeThIpeM JiyHKaMm. Kax-
JIBI TIIAPUK C PABHOW BEPOSTHOCTHIO M HE3ABUCHMO OT JIDYTHUX IMOIAJIAeT B JIOOYIO JIYHKY.
OrpeiesuTh BEPOSITHOCTH TOTO, UTO BCE IMIAPUKU OKAXKYTCSI B OJIHON U3 JIYHOK.
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13.8. Ha orpeske [0, 1] caygaitnbiv o6pa3oM BeIOUpaoT jBa ducia & u y. Oupeaeaursb
BEPOSITHOCTH TOTO, 9TO CyMMa THUX 4ncei Oojbiie 1, a abCoOTIOTHAS BEJIMINHA PA3HOCTH
menbIie 0,5.

13.9. /IBa mapoxojia He3aBUCUMO TOIXOIAT K OHOMY W TOMY YKe Ipudasy. Bpems npu-
X0/1a 000UX ITaPOXOI0B PABHOBO3MOXKHO B T€UCHHE JAHHBIX CyTOK. BpeMst CTOSHKM TIePBOTO
apoxojia OJINH Yac, & BTOPOro — nBa Jaca. KakoBa BepOSATHOCTL, ITO OJHOMY M3 MAapOXO-
JIOB TIPUJETCS 0XKUJIATH OCBODOXKJICHUS [TPpUYAJIA.

13.10. B xpyr Bmmcan mpaBUJIbHBIN IMIECTUYTOJbHUK. HaliTu BEpOSITHOCTH TOTO, YUTO
TOYKA, HAyJady OpOIIEeHHAs BHYTPb KPyra, OKAXKeTCs BHYTPHU IIECTHYTOJIHLHUKA.

13.11. BeposiTHOCTB TOTO, UTO TIEJTH MMOpAaskeHa, IIPHU OTHOM BBICTPEJIE TIEPBBIM CTPETKOM,
0,21, Bropeim — 0,1. Ilepsbiit cuenan 2, Bropoit 5 BoicTpesioB. OUpeeanTb BEPOATHOCTD
TOTO, UTO IIeJIb He TOparkKeHa.

13.12. Ipa urpoka A n B moouepeHo 6pocarT MOHETY. BbIUIpaBIinM CINTAETCST TOT,
y KOTrO pambIlie BhImagaeT opéi. llepswiit 6pocok memaer urpok A, ropoit — B, Tpernit
— A u r, 1. Haittu BeposiTHOCTE cOOBITHST «BhIUTpaa B #He mozanee 5-ro 6pockay. KakoBb
BEPOSITHOCTH BBIUTPBIIIA JJIsI KA¥KJI0T'0 UT'POKA IPU CKOJIb YIOJIHO JIJINTEIBHON Urpe?

13.13. Touky ¢ koopaunaramu (x,y) 6pocaioT Hayjady B TPEYTOJIBHUK C BEPITHHAMU
(0,0), (0,1), (1,0). Asnsorcs s cobbrrus A = {x < 1/2} nu B = {y < 1/2} nesaBucumbl-
Mu?

13.14. B nepBoit ypHe 7 6eyibIX 1 2 YEPHBIX IIapa, BO BTOPoil 3 Oesbix u 1 uépubrit. 13
[IEePBOil BO BTOPYIO IEPEJIOXKEHbI 4 IMapa, 3aTeM U3 BTOPOil ypHbI u3BjaedeH map. Oupese-
JINTH BEPOSITHOCTH TOTO, YTO BBIOPAHHBINA U3 BTOPOW yPHBI AP — OeJIbIii.

13.15. /IBa mpeAnpusATUs BBITYCKAIOT OJTHOTUITHBIE U3, IPUIEM BTOPOE BBHIITyCKAET
55% Beex mzmenmii. BeposTHOCTD BBIYCKa HECTAHJIAPTHOIO M3JEJNS HEPBBIM IPEIIPUsi-
tueMm 0,1, Bropeim 0,15. a) OnpeseuTh BEPOATHOCTL TOIO, YTO B3sITOE HayJady HM3JesIHe
OKasKeTCsl HeCTaH/IapTHBIM. 0) B3sitoe usesine okasajnoch HecraHjapTHbIM. KakoBa Bepo-
SATHOCTH, 9TO OHO BBIIIYIIEHO HA BTOPOM IIPEIIPUATHH !

13.16. st mpoBepKH reojie3nveckux paboT HA3HAYEHA IPYIIA IKCIIEPTOB, COCTOSIIAS
u3 TPExX noArpyIi. B mepsoii moarpyiie 6 4esioBeK, BO BTOPOil 2 U B TpeTheil 2. DKCIepTh
[IePBOI TO/TPYIIIBI TPUHIMAIOT BEPHOE PeIeHne ¢ BeposaTHOCTHIO (),7; KCIepThl BTOPOit
OAIPYIITBI — € BEPOATHOCTHIO (,8; 9KCIEPTHI TPEThEN OATPYIIIBI — ¢ BEPOsATHOCTHIO (),85.
Haynaay BbI3BaHHLIN 3KcrepT mpuauMaeT 6 He3aBUCHUMLIX perrennit. HailTn BepogTHOCTD
TOrO, 9TO: &) POBHO 4 pelleHus IPUHATHI BEPHO; 0) MPUHIMAJI PEIeHHs SKCIIEPT U3 BTOPOit
HMOAIPYIIIBI, ecaid 4 pereHns TPUHATH BEPHO.

13.17. MMapy urpasbubix Kocreit Opocator 20 pa3. OnpeesuTb BepOATHOCTh TOrO, UTO
CyMMa OYKOB, paBHas 12, mosgBmach XoTs ObI JBa pasa.

13.18. Ha xaxkpiit torepeitabiii Ouiter ¢ BeposTHOCTHIO 0,02 MOXKET BBIIACTH KPYITHDLIN
BBIUTPBII, ¢ BePOATHOCTHIO 0,18 MeJIKUil BRIUTPLINT U ¢ BeposaTHOCTHIO 0,8 Guyer MoxKeT
oKkazaTbcsi 6e3 Bbiurpeima. Kymierasr 15 oujeror. OnpeeuTh BEPOSTHOCTD ITOJTY I€HUST
poBHO () KPYMHBIX BBIUTPLINIER U 3 MEJTKUX.

13.19. BepositHOCTb «CcOO0Osi» B pabore TesieOHHON CTAHINE IIPU KaXKJIOM BBI30BE paB-
Ha 0,002. [octymmiao 1000 BbI30BOB. OnipeieinTh BEPOSITHOCTH TOTO, UTO OyJeT MeHee 4
«cHoeB».

13.20. BeposiTHOCTD HACTYILICHUS HEKOTOPOT'O COOBITUS B KaxK10M 13 700 HE3aBUCUMBIX
ucnbitanuii pagaa 0,8. OmpeesinTh BEPOSITHOCTD TOTO, UTO YHUCJIO 171, HACTYILJIEHUH COOBITHST
VIOBJIETBOPsIeT HepaBeHCTBY H4H < m < H7h.

13.21. N3 100 uspenuii, cpeau KOTOPBIX UMEETCS b HECTAHIAPTHBIX, BHIOPAHDLI CJIydaii-
HbIM 0Dpa3oM 4 um3jiesinsi Jjis TPOBepKHU UX KadecTBa. Vcnosb3ys kiraccudaeckoe ompeje-
Jienue BeposTHocTH, (hbopmyiry Beprysu, dbopmyny Ilyaccona u jiokanbuyio Teopemy Jla-
Iaca, OmpeIeuTh BEPOATHOCTD TOI'O, UTO CPEIN BHIOPAHHBIX 4 M3IeIUil OKAXKeTCsI POBHO
1 mecranmaprHOe n3IETE.

Bapwuaut Ne 14

14.1. Cucrema S cocTOUT W3 TpeX HE3ABUCUMBIX IOJCUCTEM S,, Sp. n Sy. Hemcrpas-
HOCTBb XOTsl Obl OJJHOMN IOJICHCTEMBI BeJeT K HEHUCIIPABHOCTU BCEH CHCTeMBbl (II0JCHCTEMBI



HNunusuayanpapie 3ajaHus 175

a b] c

a, b, €2

COEJIMHEHbI TI0C/Ie/10BaTesbHo). [logcucrempr Sy, Spe COCTOAT U3 JIBYX HE3ABHCHUMBIX J1y0-
JIPYIONIUX 0JIOKOB ag u bey (k= 1,2) (cxema napasulelbHOro coe/iiHeHusl OJIOKOB B T10JI-
cucreMax). Biok bcg cocTonT u3 mocsiejoBaTeIbHO COeMHEHHBIX GJIOKOB by 1 Ck.

Ucrionbaysi onpejiesieHrnst CyMMBbI U ITPOU3BE/IEHUS COOBITHI, 3alIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIST HCIIOJIB30-
BATh CBOMCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

14.2. B ycioBugx npemplayieil 3ajatdu HAHTU HAJIEKHOCTD CUCTEMbI — BEPOSITHOCTH
TOro, 4TO CUCTEMa OyJIeT UCIHpABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexuocru 6ao0koB P(ag) = 0,85; P(by) = 0,9; P(cx) = 0,95; P(d) = 0,7. st KoHTpOUISt
HCIIOJIB30BATh CBOMCTBO CBA3U BEPOSATHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOKHOTO
COOBITHS.

14.3. YcranoBurs, crpasenso ju coornomenne A+B+C = A+(B—AB)+(C—-AC).

14.4. N3 xostompl, comepkareit 36 Kapt, BIHUMAIOT Hayra sl 4. HaiiTu BepogdTHOCTH TOTO,
YTO CPEJId HUX TPU Ty3a U IIECTEPKA UK.

14.5. B ypue umerorcs 5 9épHbIX 1 7 KpPacHLIX mapoB. llocaenoBaTeibHO N3BIEKAIOTCS
JeThIpe Iapa ¢ 3allOMIHAHWEM IIBeTa KayKJIOro Iapa W BO3BpallleHneM ero B ypHy. Haii-
TH BEPOSITHOCTH TOIO, UTO a) BCEe HUeThIpe Iapa OyiyT KpacHbIME, 0) IIBeT IapoB Oyjer
9epeJIOBaThLCs, HAUUHAS C KPACHOTO.

14.6. 3 mocienoBarebuocT aucest 1,2, ..., n HayraJ BbIONpAIOT JBa 4dncia. Kakosa
BEPOSITHOCTH TOT'O, 9TO OJHO U3 HUX MeHbIne k, a apyroe 6osbiie k, rie 1 < k < n —
[IPOM3BOJIBHOE T1eJI0€ UNCJIO?!

14.7. B nudt 12-3Taxknoro joma BoiLin 7 mnaccaxkupon. Kazk et He3aBUCUMO OT JAPY-
I'UX C OJINHAKOBON BEPOSITHOCTHIO MOXKET BBIATH Ha JII060M (HAYMHAsI CO BTOPOIO) STazKe.
OmpeiesnTh BEPOSATHOCTL TOTO, YTO: &) BCE BBIILIN Ha PA3HBIX Takax; 0) BCe BBIILIN Ha
OJIHOM 3TarKe.

14.8. B xpyre pajuyca 10 Haymady mnosiBjsiercst Touka. OnpeesuTb BEPOSITHOCTD TOTO,
YTO OHA TONAJAECT B OJIHY U3 JBYX HEIEPECEKAIOMNXCA (DUTYD, TJIONAN KOTOPBIX PABHbI
3,25 u H,22.

14.9. HaiiTu BEpOSITHOCTB TOT'O, YTO KOPHU ypaBHeHUs x> + 2bx + ¢ BEIECTBEHHDI, eCJIH
K03 duruenTol b n ¢ — JIF0OBIe Ynciia, 1Mo abCOTIOTHON BeJINYUNHEe HEe TMPEBBINTAOINIe 2.

14.10. MomenTbl Havaja JIBYX COOLITHI Hay ady PACIPE/Ie/IeHbl B IIPOMEKYTKE Bpe-
Menn jymuOit 60 Mun. OpHO U3 cOOBITHIl JyinTcsd 7 MuH, jpyroe 13 mun. Oupeie/nThb
BEPOSITHOCTD TOI'O, YTO COOBITHS: &) «II€PEKPBIBAIOTCSI» 110 BPEMEHHU; 6) «He [epeKPhIBAIOT-
csT».

14.11. UrpanpHast KOCTh ClejlaHa TaK, UITO BEPOSITHOCTH BBIMAJIEHUS OIPEIEIEHHOTO
YHCJIa OYKOB MPOMOPIHUOHAIBHA YUCTY OYKOB. KakoBa BepOATHOCTH, UTO MPHU JABYX MOI-
OpacblBaHUAX TaKOMl KOCTH 00a pasa BBIIAJIET HIECTh OUYKOBT

14.12. ¥Ypmua conepxut 11 mapos ¢ nomepamu ot 1 1o 11. [lapsr uzsiiekaior mo oHOMY,
3AIlOMUHAIOT UX HOMEpa M BO3BpAIIAIOT B ypHY. PaccMarpuBaloTcst ciieiyionue coObITHs:
A — HOMepa IapoB B MOPsIIKE MOCTYIIeHnsT 00pasyoT mocjenoBareabHocTs 1,2,...,11; B
— x0Ts1 ObI OJINH Pa3 COBIAJIAIOT HOMED Ilapa U MOPsIKOBBI HOoMep u3Bjedenus:; C' — HET
HU OJTHOTO COBITQJICHUS HOMEpPA Iapa ¥ IMOPsJIKOBOINO HOMepa u3BjedeHus. OIpesie/nTh
BepositHocTu cobbituit A, B, C'. Haiitu npejie/ibHble 3HAUEHUSI BEPOSITHOCTEN MpU HHCJIE
IIAPOB B YPHE CTPEMSIIEMCsT K OECKOHETHOCTH.

14.13. VmeroTcst Tpu MOMAPHO HE3aBUCUMBIX COOBITHUSI C OJIHOH U TOH 2Ke BEPOsiTHOCTHIO
p. llpemostarast, 9To 9T COOBITHS OJTHOBPEMEHHO ITPOM30HTH HE MOTYT, HAITH HANOOJIbIIIEE
BOBMOXKHOE 3HAYUCHUE P.

14.14. B nepBoit ypHe 7 6eibix U 7 YEPHBIX MIaPOB, BO BTOPOil 3 Oesbix u b uépubix. 13
[IEPBOil YPHBI BO BTOPYIO IEPEJIOKEHBI 2 Tapa, 3aTeM U3 BTOpOoil u3BiedéH map. Oupese-
JINTh BEPOSITHOCTH TOI'O, YTO BBIOPAHHDLIN U3 BTOPOU yPHDI AP — OEJIbIii.

14.15. CemeHa JiJist TIOCEBA B XO3SIHICTBO MMOCTYIAKOT U3 TPEX CEMEHOBOTIECKUX XO3SMCTB.
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[Tpuuém nepBoe u BTOpoe xozsiicTBa npuchLiaior mo 40% seex cemsin. BexoxkecThb cemsin
u3 nepsoro xossiiicrea 90%, sroporo 85%, tperbero 95%. a) Oupejenursh BEpOATHOCTH
TOrO, UTO Hayjady B3siToe ceMsi He B30iinér. 6) Haymauy B3siroe cems me B3omuio. Kakosa
BEPOSITHOCTD, YTO OHO IOJIYy9€HO OT BTOPOTO X03siiicTBa?

14.16. BeposgTHOCTD TOTO, ITO MUIIEHDL MTOPAYKEHA IIPU OJTHOM BBICTPEJIE TIEPBBIM CTPEJI-
koM, 0,45, Bropeim — 0,72. Ilepssiit ¢iesan 3, Bropoit 2 BeicTpesia. [locie crpesbObl B Mu-
meHn oOHapyzKeHbl Tpu 11pobouHbl. OIpPeIe/InTh BEPOSITHOCTh TOTO, UTO TEPBBIi CTPEIOK
II0T1aJ1 TOJIBKO OJIMH pas.

14.17. BeposiTHOCTb BBIMI'DBIIIA B JioTepeto Ha oxua Ouser pasaa 0,07. Kymersr 50
6uaeros. Haiitn namBeposiTHEilIIee UNC/IO BLIUTPABIINX OUJICTOB U COOTBETCTBYIOILYIO Be-
POATHOCTb.

14.18. Ha kaxkiplii jorepeitublii 6user ¢ BepodTHOCTHIO 0,05 MOXKET BBIIACTH KPYIHBII
BBIUTPBIII, ¢ BEPOATHOCTBIO (0,25 MKWl BBIUIPBIIT U ¢ BEPOATHOCTBIO 0,7 OUIeT MOXKET
oKazaTbcs 6e3 Beurpbiiia. Kyrrenot 8 6uieroB. Opeie/inTh BEPOSTHOCTD MTOJIYY€HUsT POB-
HO 2 KPYIHBIX BBIUTDBIIIEH U 2 MEJIKUX.

14.19. BepositHOCTb «COO0si» B pabore TesieOHHON CTAHINK IIPU KaXKJIOM BBI30BE paB-
una 0,0025. HHocrymmio 300 BerzoBoB. Oupene/inTh BEpOATHOCTH TOrO, UTO Oyjer Gosee 1
«ch0os».

14.20. BeposiTHOCTb HACTYIJICHHS HEKOTOPOro coObiTusi B KaxkjoMm u3 400 HezaBucu-
MbIX uctbitanuii pasra 0,15. OrnpeeuTh BEPOSITHOCTD TOTO, YTO YUCJIO 17, HACTYILIEHUI
cobBITUS yIOBJIETBOpsieT HepaBeHCTBY 45 < m < 60.

14.21. 13 100 xonaencaTopos 3a BpeMs 1’ 13 cTpost BLIXOAAT 4 KoHIencaTopa. s Kon-
TPOJIS BBIOMpaoT 3 KoHJeHcaTopa. Vcrosb3ys KiaccudecKoe OIpeJie/ieHre BEPOsITHOCTH,
dopmyity Bepryiuiu, dopmyny Ilyaccona u sokanpayto Teopemy Jlamaca, Haiftu BeposiT-
HOCTD TOT'O, UTO CPeJIu HUX 3a BpeMs 1’ u3 CTpos BBIHIET pOBHO 1 KOHJIEHCATOP.

Bapwuant Ne 15

15.1. Cucrema S COCTOUT W3 JBYX HE3aABUCUMBIX MOJICUCTEM Sgp. U Sy. HencupaproCTb
XOTsi ObI OJIHOI MOJCUCTEMBI BEJET K HEHCIIPABHOCTH BCEil CHCTEMBI (IIOJICHCTEMBI COEJU-
HEHbI 10c/Ie/0BaTeNbHO). [lojgcucremMa Sype. COCTOUT U3 JIBYX HE3ABUCUMBIX JLyOJIMPYIONIIX
610k0B abey, (k= 1,2) (cxema napaJiiesbHOIO COeJIMHEHNsI OJIOKOB B IOJICHCTeMaX ). BJiok
abcy, coCTOUT U3 TPeX IOCIEI0BATEHLHO COSIUHEHHBIX OJIOKOB aj, by U Ci.

a’l b] 4]
} 7
a, b, c2

Wcnonb3yst onpeeernss CyMMbI U IIPOU3BEICHIS COOBITHUI, 3alicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBONCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

15.2. B ycioBugx npemplayineil 3ajatdu HAHTU HAJIEKHOCTD CUCTEMbI — BEPOSITHOCTH
TOro, 4TO CUCTEMa OyJIeT UCIHpPABHA B TEUCHUH HEKOTOPOTO BPEMEHH, €CJIU M3BECTHBI Ha-
nexuocru 6sokoB P(ag) = 0,9; P(by) = 0,9; P(ci) = 0,8; P(d) = 0,75. st KoHTpOJISI
HCIIOJIB30BATh CBOMCTBO CBA3U BEPOSATHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOKHOTO
COOBITHS.

15.3. YcranoButs, crupaseymso Jju coorHomenne A+ B+ C = A+ (B — AB)+ ((C —
AC) — BO).

15.4. B ypue umeercs 10 Gesbix, 5 uépubix u 15 kpacubix mapos. 3siekaiorcs 1mo-
caemoBarenbHo 3 mapa. PacemarpuBaiorcst 2 cobbitust: A — XoTst ObI OJIUH AP U3 TPEX
BBIHYTBIX KPACHBIN; B — X0Ts ObI OUH BHIHYTHIH 1rap Oesbiii. HaliTu BepossTHOCTD cOOBITHUS
C=A-B.

15.5. B aByx rpymnax obyuaercs 1o 25 cTyieHTOB. B 11epBoii rpyliie ceccuio Ha «OTJInd-
HO» CJlajin 7 9eJIOBEK, BO BTOPOit 4 desoBeka. V3 KaxK10il IpyIiibl HAY/IATy BBI3BIBAIOT 110
onHOMY cryjieHTy. KakoBa BEpOsSITHOCTB TOrO, 9TO: &) 00a CTYJIeHTa OTJIMYHUKHI; 6) TOJIBKO
OJIH OTJIMYHUK; B) XOTsI OBl OJINH OTJINIHUK.
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15.6. Tapaepobinuiia oJIHOBPEMEHHO BbIJiaja HOMEPKH IIATH JIMIAM, CJIABIIAM B rap-
Jiepob CBOM TLJISIIBI, U [TOBECUJIa UX Hayral. HaiiTu BEpOsSTHOCTH TOTO, UTO OHA KaXKIOMY
BBIJIACT €r0 COOCTBEHHYIO IIJISILY.

15.7. B yiudr 9-3TaKHOTO JIOMa BOILIH D HAcCakupoB. Kak/plil He3aBUCUMO OT JPY-
I'UX C OJIMHAKOBOil BEPOSITHOCTBIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmupeieinTh BEPOSTHOCTL TOrO, YTO: &) BCE BBIILIM Ha PA3HBIX dTaxkax; 0) 10 KpaiiHeit
Mepe, TPOe BBIILIN Ha OJHOM ITaXKe.

15.8. B orpesok eauHUYIHOM JyMHBI Hayady Opocaercst b Todek. Onpeie/inTh BEPOsIT-
HOCTD TOI'O, 9TO JIBE TOUYKHU OYy/IyT HAXOIUTHCS OT IIPABOI0 Kpas OTPe3Ka Ha PaCCTOTHUH,
MenbIem 1/2, a Tpu — Ha paccrosiHud, 6osbiieM 1/2.

15.9. MomenTsl Hava & ABYX COOBITHI HayIady PACIIPEIC/ICHbI B IIPOMEXKYTKE BPEMEH!
qumaoit 100 Mus. OyHO U3 cobbiTmit jymrcest 10 muH, apyroe 6 mun. Ompeie/inTs BeposiT-
HOCTb TOTO, YTO COOBITHSI: &) «[IEPEKPBIBAIOTCSA» 10 BPEMEHH; 6) «He MePEKPBIBAIOTCSI».

15.10. IliockocTh paszbuta mapaiebHbIME Junugmu ¢ marom 1 cm. Ha mirockocts
opocator Morery juamerpoM 1,3 cMm. OmpeesinTs BEPOSTHOCTH TOTO, UTO OHA IEPEeCcedET
JIBE JIMHUM.

15.11. B aByx maprusx mpobpokadectBeHubx uzneanii 71% u 47% coorsercrsenno. Ha-
yAady BBIOMPAIOT IO OJHOMY HM3JIEJIMIO U3 KaxKoi maprun. KakoBa BEpOATHOCTDL OOHAPY-
JKUTh CPEJI HUX: &) XOTs Obl OJJHO OpakoBaHHOE; 0) JBa OPAKOBAHHBIX; B) OJHO J0OPOKa-
JeCTBEHHOE M OJIHO OpakoBaHHOEe?

15.12. BeposiTHOCTB TOTO, UTO TIEJTH TOpaskeHa, IIPU OTHOM BBICTPEJIE TIEPBBIM CTPETKOM,
0,61, Bropeim — 0,65. IlepBrriit cienas 2, Bropoit 3 BeicTpesioB. OUpeae/inTh BePOSTHOCTh
TOrO, UTO IEJIb HE TTOPaKeHa.

15.13. Touky ¢ koopuHaTamu (x,y) 6pocator Hayuady B kBajapar ¢ epumnamu (0, 0),
(0,1), (1,1), (1,0). dsasorcsa sm cobbitust A = {x < 1/2} u B = {y < 1/2} nesaBucumMbl-
Mu?

15.14. B ayipbome 8 uucThiX U 5 ramensbix Mapok. M3 nux naymady usBiekaoT 4 MapKu,
[IOJIBEPraloT CIEITAIEHUI0 1 BO3BpaIialoT B ajasboM. [locse aToro BHOBL Hayady M3BJIe-
kafoT 4 Mapku. OnpeesuTb BePOSITHOCTh TOTO, ITO BCE OHU IUCTHIE.

15.15. B Mara3zuu mocTymaioT OMHOTHUIIHLIE U3ICUs C TPEX 3aBOJOB, MPUIEM MEPBDLIi
zaBog nocrasiser 50% uznenuii, Bropoit — 30%, a Tpernit — 20% uzpennii. Cpenn usmesnii
1-ro zaBoga nepsocoprubix 70%, Broporo — 80%, Tpernero — 90%. Kymieno onno uznenme.
Ono okazajoch epBocopTHbIM. ONpPeIe/inTh BEPOATHOCTb TOTO, UTO KYIIEHHOE H3JIE/INe
BBIIYIIICHO TIEPBBIM 3aBOJIOM.

15.16. st mpoBepKu reo/ie3ntdecKux paboT Ha3HAYUEHA, I'PYIIA IKCIEPTOB, COCTOSIIA
u3 TpéX moArpytir. B nepBoii mogrpyiiie 2 gejioBeka, BO BTOPO 5 1 B TPeTheil 3. DKCIEPTHI
[IEPBOI TIO/IPYIIIBLI IPUHIMAIOT BEPHOE PeIeHre ¢ BeposaTHOCTHIO (,7; 9KCiepThl BTOPOit
MOAIPYIITBI — ¢ BepPOATHOCTHIO (,8; 9KCIIEPTHI TPEThel MOJArPYIIBI — ¢ BEPOATHOCTHIO 0,6.
Haynaay BbI3BaHHLIN 3KcIlepT MpuHUMAET 4 He3aBUCHUMBIX pelrennd. HallTm BeposgTHOCTD
TOrO, UTO: &) POBHO 3 PElleHNns] IPUHSATHI BEPHO; 0) MPUHUMAJI PEIIeHNs SKCIEPT U3 MepBOit
MIOATPYIIIIBI, €CJIN 3 PEIIeHus TPUHSITHI BEPHO.

15.17. Monery 6pocator 70 Tex MOp, MoKa opéia He BbinamaeT 4 pasza. OrpeeanTsb
BEPOSITHOCTH TOT'O, UTO IPU STOM PEIIKa BBIIAIACT 2 pa3a.

15.18. Ha xaxkprit JioTepeiinbiit Ouier ¢ BeposaTHOCTHIO 0,1 MOXKeT BBITACTbL KPYIHDLIH
BBIUTPBIII, C BEPOATHOCTHIO 0,2 MEJKUN BBIUTPHIIT U ¢ BepoATHOCTHIO 0,7 OUIET MOXKET
oKazaTbCsi 6e3 BuUrpbia. Kymiensr 15 ouseros. OnpeieuTb BEPOSITHOCTE MOy deHust |
KPYITHOTO BBIUTPBIIIA U 2 MEJKHIX.

15.19. BepositHoCTh «cH0si» B paboTe TesiebOHHOM CTAHIIUU [IPU KaXK/IOM BbI30BE DaBHA
0,03. ITocrymuao 100 BbI30BOB. OTpeie/inTh BEPOSITHOCTD POBHO 3 «COOEBY.

15.20. BeposiTHOCTD HACTYILICHUS HEKOTOPOT'O COOBITUS B KaxK10M 13 100 HE3aBUCUMBIX
ucnbitanuii pasaa 0,8. OmpeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUI COObITHS
VJIOBJIETBOPSIET HEPABEHCTBY 1M < 85.

15.21. M3 100 uspenuii, cpeau KOTOPBIX UMEETC 4 HECTAHIAPTHBIX, BHIOPAHDI CJIydaii-
HbIM 0Dpa30oM 7 m3e/uil Jjisd HpoBepKH nx KadecTBa. Mcmosb3ys kiraccudaeckoe ompeje-
Jienne BeposiTHOCTH, (hopmysty Bepuymiu, dpopmyny Ilyaccona u joxkanabuyio Teopemy Jla-
j1aca, OlpPeJIe/INTh BEPOSITHOCTD TOI'O, YTO CPEJ/IM BHIOPAHHBIX 7 U3/IEJIUIl OKAYKETCsi POBHO
1 HecranrapTHOE U3JIE/THE.
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Bapwuaut Ne 16

16.1. Cucrema S cocrouT M3 YeThbIpeX HE3ABUCUMBIX HojgcucreM Sy, Sy, S. u S,. Henc-
[PABHOCTH XOTsi OBl OJIHOI TIOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCell crcTeMbl (IOJICHCTe-
MBI COeJIMHEHBI HoC/e0BaTebHO). [lojcucrembr S, u S cOCTOAT U3 JBYyX HE3aBUCHMBIX
Jybsmpyronux 6J10koB ap u by (K = 1,2) (cxema mapasiiebHOTO COoeMHeHnst GJIOKOB B
O/ICHCTEMAX ).

al b,

) b,

Wcnonb3yst onpegeeHnsi CyMMbI U IIPOU3BEICHIST COOBITHUIA, 3alicaTh COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOJIB30-
BaTh CBONCTBO IIPOTHBOIOJIOXKHOIO COOBITHS.

16.2. B ycioBugx npemplayieil 3ajatdu HAHTU HAEKHOCTD CUCTEMbI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyeT MCIpaBHa B TEUYEHUN HEKOTOPOI'O BPEMEHMH, €CJIM U3BECTHDLI Ha-
nexuocru 6sokos P(ag) = 0,8; P(by) = 0,9; P(c) = 0,85; P(d) = 0,7. st KoHTpOUIsI
HCIIOJIb30BAThH CBOWCTBO CBSI3U BEPOSTHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOIOZKHOTO
COOBITHSI.

16.3. ¥YcranoBurb, cupaseinso jm coorHomenne A — (B —C) = (A—- B) + C.

16.4. Uz 15 crpoutenbubix pabounx 10 — mrykarypsl, a 5 — Mmassapol. Haymady orbu-
paercs Opurajia u3 5 pabounx. KakoBa BepogTHOCTb TOrO, 9TO CpeJid HUX Oyzer 3 MaJisapa
u 2 mrykarypa’

16.5. 13 kousozpl, comepxKarieii 52 kaprol (6€3 JIKOKEPOB), BBIHUMAIOTCS HayTraj b.
Haitt BeposiTHOCTH TOrO, YTO M3 TUX KapT MOXKHO COCTABUTH KOMOWHAIHIO <«(JIeNlhb-
pOsiiby (KAPTBI OJIHON MACTH O MOPSIJKY ).

16.6. Bpocator aBe urpasnbhble Koctu. OUpeiesuTh BEPOSITHOCTH TOIO, YTO: &) CyM-
Ma 9HCJIa OYKOB He MPeBOCXoauT 4; 6) Mpou3Be/leHne Yucjia OYKOB He MPEBOCXOIUT 4; B)
[IPOU3BE/ICHUE YHC/Ia OYKOB JIe/IUTCA Ha 4.

16.7. B nudT 7-3Tarknoro goma BoOILIA 5 maccakupoB. KarKIbIil He3aBUCUMO OT JPY-
I'UX C OJIMHAKOBOil BEPOSITHOCTBIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmnpesiesnTh BEpOATHOCTH TOrO, YTO: &) BCE BBIILIM HA PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe JIBOE BBINLIM Ha OJHOM ITaZKe.

16.8. B kpyre paguyca 10 mayaady mosiBisgerca Touka. OmpeaeanTb BEpOITHOCTD TOTO,
YTO OHA HE TOMAJIAeT B OJIHY U3 JIBYX HEIIEPECEKAIOMNXCs (PUTYD, ILJIOMAIN KOTOPBIX PABHBI
2,47 u 3,58.

16.9. HaiiTu BEpOSITHOCTD TOTO, YTO KOPHH ypaBHEHUs &2 + 2bx + ¢ BEIIECTBEHHDI, €CJIH
k03 dunmentsr b u ¢ ar00bIe YnCIa, 0 AGCOTIOTHON BEeJIMINHE HEe HpeBbIaonye 1/2.

16.10. MomenTBI Havdaja JIBYX COOBLITHIl Hay ady pacIlpeje/ieHbl B IIPOMEXKYTKE Bpe-
menn jymaHOi 140 mun. OO U3 cobbrtuit jaymurest 10 muH, apyroe 15 mua. Otupene/nTs
BEPOSITHOCTD TOI'O, YTO COOBITHS: &) «II€PEKPBIBAIOTCSI» 110 BPEMEHHU; 6) «He [epeKPhIBAIOT-
cs».

16.11. B nByx naprusx nobpokadecTseHHbIX usneauii 78% u 39% coorsercreenno. Ha-
yAady BBIOMPAIOT IO OJHOMY HM3JIEJIMIO U3 KaxKoi maprun. KakoBa BEpOATHOCTDL OOHAPY-
JKUTBh CPeJI HUX: a) XOTs1 Obl 0/IHO GpakoBaHHOe; 6) JiBa OPAKOBAHHBIX; B) OJHO J00POKa-
JeCcTBEHHOE W OJIHO OpakoBaHHOE?

16.12. pa urpoka A u B noouepenro 6pocaioT MOHETY. BhIUrpaBIInM CINTAETCS TOT,
y KOro paHblie Bbhlnagaer opéi. Ilepsuiit 6pocok aenaer urpok A, sropoit — B, TpeTuit —
A u T, 1. Haiitu BepositHOCTB cOObITHST «BBITpa A 10 5-ro 6pockas. KakoBbl BEpOSITHOCTH
BBIMTPBIIIA JJIsT KayKI0I0 UTPOKa P CKOJIb YTOAHO JIJIMTENbHON urpe?

16.13. BpigcHuTb, KaKuMu HOJKHBI OBITH coObiTHsa A n B, urobbl codbitust A + B u
AB 6bL1u He3aBUCUMBIMU.

16.14. B Mara3mn moCTyHaloT OJHOTUIIHDLIE U3IEUs C TPEX 3aBOJOB, MPUIYEM MEPBLIT
zaBoj mocrasisier 60% wuzmenmii, sropoit 30%, a tperuit 10% wsnenmit. Cpenn wsaennit
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1-ro zaBoma 50% mepsocopTHBIX, BTOporo 3asoga — 80%, Tperbero zasoma — 95%. Kyn-
JieHo ojHO m3jene. OHO 0Ka3aJI0Ch MepBoCcOpTHBIM. OIpene/nTh BEPOSTHOCTh TOrO, 9TO
KYILIGHHOE U3JeIUE BBITYIIEHO MEPBLIM 3aBOJIOM.

16.15. B cenrsibpe BeposiTHOCTD noxKauBoro jausa pasaa 0,3. Komanma «Ilonmnrexmuks
BBIUI'PBIBACT B SICHBIN JICHL C BepOoATHOCTHIO (0,8, a B JIOXKJIUBBII JIEHb 9Ta BEPOSITHOCTD
pasua 0,3. V3BecTHO, 9TO B CEeHTSAOpE OHU BBIUIDAJIM HEKOTOPYIO UIPY. KakoBa BeposiT-
HOCTb, 9TO B TOT JIEHb &) IeJ JI0XK/Ib; 0) ObLI SICHBIN JIEHb !

16.16. B nepsoit ypue 7 6esnbix u 3 4€pHLIX IIapa, BO BTOPOil 5 Geyibix u 1 9épHbIX.
113 mepBoit BO BTOPYIO IepesIozKeHbl 4 1apa, 3aTeM U3 BTOPOH yPHLI U3BJIEYEH OJUH Iap.
OrnpeiesuTh BEPOSITHOCTH TOTO, YTO BBIOPAHHBII 13 BTOPOil ypHBI I1ap — OeJIbIii.

16.17. Monery 6pocaror 10 TexX Iop, oKa Opés He Bhimajaer 7 pa3. OupegesnTs Bepo-
ATHOCTb TOT'O, YTO IIPU STOM PeIKa BLITAJAeT D pas.

16.18. Ha xaxkpIit torepeitabiii Ouier ¢ BeposTHOCTHIO 0,15 MOXKeT BBIIACTH KPYITHDLIT
BBIUTPBII, ¢ BePOATHOCTHIO 0,15 MeJIKUil BBIUTPLINT U ¢ BeposaTHOCTHIO 0,7 Guyier MoxKeT
oKazaTbcsi 6e3 Buurpbia. Kytmensr 15 6umeros. OnpeieiuTh BEPOSITHOCTD MTOJIYIeHUsT 2
KPYIIHBIX BBIUTPBINIEH u 1 MeJIKOro.

16.19. BepositHoCcTh «cH0si» B paboTe TesiebOHHOM CTAHIIUU [IPU KAaXK/IOM BbI30BE DaBHA
0,004. ITocrymumo 500 Ber3oBoB. OUpeenTh BEpOSITHOCTE MeHee 6 «cOoeB».

16.20. BeposiTHOCTD HACTYILIEHUST HEKOTOPOTO COOBITHS B KaxK10M 13 100 He3aBUCHMBIX
uctbitanuii pasaa 0,8. OmpeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIJICHUIH COObITHS
VJIOBJIETBOPSIET HEPABEHCTBY 1M < 79.

16.21. N3 100 xommencaTopoB 3a BpeMs 1' U3 CTPOsl BBIXOAAT D KOHJIEHCATOPOB. Jlirs
KOHTPOJISI BBIOMPAIOT 8 KOHIAEHCATOPOB. M CHob3yst K/IacCHtueckoe OIpEJIeJIeHIE BEePOsT-
woctu, popmyny Bepryiiu, dopmyiny Ilyaccona u mokanbayio Teopemy Jlaraca, maiitTu
BEPOATHOCTH TOTO, UTO CPeJN HUX 33 BpeMs 1 U3 CTPOs BLINIET POBHO 1 KOHIEHCATOP.

Bapwuant Ne 17

17.1. Cucrema S cocToUT W3 TpeX HE3ABUCUMBIX IOJCUCTEM S,, Sp. n Sy. Hemcrpan-
HOCTBb XOTsl Obl OJIHOMN IOJICHCTEMBI BeJeT K HEHUCIIPABHOCTU BCEH CHCTeMBbl (II0JCHCTEMBI
coeIMHEeHbI nocseoBaresibho). [ogcucrema Sy, cocTonT U3 JByX HE3ABHCHUMBIX JyOJIUDY-
forux 6710KoB bey, (K = 1,2) (cxema napaJiiesIbHOrO COeJIMHEeHNUs! OJI0KOB B IIOJICHCTEMAX ).
Baok beg, cocrouT U3 mocsenoBaTeIbHO COeIMHEHHBIX OJIOKOB by 1 ¢.

— b] c; H

L] b2 o H

Wcnonb3yst onpeeeHnsi CyMMbI U IIPOU3BEICHIST COOBITHUIA, 3alicaTh COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOJIB30-
BaTh CBONCTBO IIPOTHBOIOJIOXKHOIO COOBITHSA.

17.2. B ycioBusix mpenplyIneil 3a/iaqu HATH HAJIE?KHOCTh CUCTEMBI — BEPOSITHOCTH
TOro, 4TO CUCTEMa OyjIeT MCIpaBHA B TEUEHHUH HEKOTOPOTO BPEMEHU, €CJIU M3BECTHBI Ha-
nexxuocru 6sokoB P(a) = 0,95; P(bg) = 0,9; P(cx) = 0,8; P(d) = 0,85. lyist koHTpOIISt
MCIIOJIb30BaTh CBOMCTBO CBSI3M BEPOSITHOCTU COOBITHSI ¢ BEPOSTHOCTBIO IIPOTUBOIIOJIOMKHOIO
COOBITHSI.

17.3. YcranoBurs, cupase o jm cooraomenne A+ (B —C) = (A+ B) — (A+C).

17.4. Bpocator ape urpasnbhble Koctu. OUpeiesnTh BEPOSITHOCTH TOIO, YTO: &) CyM-
Ma 9HCJIa OYKOB He MPEBOCXOMUT 3; 6) MPOM3BE/IEHNE YUC/Ia OYKOB HE HMPEBOCXOIUT 3; B)
[IPOM3BEJICHNE YKCJIa OYKOB JICJINTCA Ha 3.

17.5. VI3 komogpl, comepzkaeii 54 kapTol (2 jzKOKepa), BbIHUMAIOT Hayraj 5. Haiitn
BEPOSITHOCTH TOTO, YTO ITU KAPThI COCTABIISIIOT KOMOMHAIMIO «ITOKEP» (ISTh KAPT OJHOIO
HOMUHAJIA, JKOKED 3aMeHsIeT JII0OYI0 KapTy).

17.6. Cpemu 20 jorepeitnbix 6meToB 7 BRIMIPLIHLIX. Haymaqay B3stin 5 6uteros. Orpe-
JICJIATH BEPOSITHOCTDH TOIO, YTO CPEJIM HUX XOTHA Obl 3 BBIUIPLIIIHDIX.
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17.7. B yiudr 8-31axknoro joma Borumm 6 naccaxkupoB. Kak/iplit He3aBUCUMO OT JPy-
I'UX C OJIMHAKOBOil BEPOSITHOCTBIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmupesieinTh BEpOSTHOCTL TOrO, YTO: &) BCE BBIILIM Ha PA3HBIX dTaxkax; 0) 10 KpaiiHeit
Mepe TPOe BBINLIN Ha OJHOM ITaKe.

17.8. B orpeske e uHUYIHOI JIJIMHBI HAyady BBIOUpatOTCs JiBe ToUKu. Opee/inTs Be-
POSITHOCTH TOTO, YTO PACCTOSTHUE MEXKJy TOYKAME HPEBOCXOIUT 1/2.

17.9. MomenTs! Hava & ABYX COOBITHI HayIady PACIPE/IC/ICHbI B IIPOMEXKYTKE BPEMEHU
qumaoit 100 mun. OpHO U3 cobbiTuit jymres 2 muH, apyroe 20 mun. Oupee/inTh BeposT-
HOCTB TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpEMeHH; 6) «He [epeKPbIBAIOTCS>.

17.10. Ilmockocts pasrpadiieHa napasie/ibHBIMU JUHUSAMEU ¢ miarom 2 cMm. Ha tutoc-
KOCTH OpocarorT MoHeTy gmamerpoMm 1,3 cm. Oupene/mTs BepOSITHOCTH TOTO, UTO OHA He
repecevyeT HU OJHY U3 JIMHUM.

17.11. UrpanbHas KOCTL CHeJaHa TaK, UTO BEPOITHOCTH BBLIIAJACHUS OIPEIeTEHHOTO
YUCJIa OYKOB IIPOMOPIMOHAIBHA, IUC/IY OYKOB. KakoBa BepOSTHOCTH BBIIAJICHUS TPEX OU-
KOB, €CJTM M3BECTHO, YUTO BBIMAJIO HEYETHOE UHCIO OTKOB.

17.12. ¥Ypua conepxut 5 mapos ¢ nomepamu ot 1 g0 5. [Hlapbr u3Biekaor mo omgHOMY
6e3 BO3BpAIlleHNs. PaccMaTpuBaiOTCs CIIeIyIoNue COObITH: A — HOMEpa MapoB B MOPSIIKE
[OCTYILIeHUsT 00pa3yIOT MOCIeI0BATENILHOCTD 1,2,...,5; B — X0Ts Obl 0JINH pa3 COBIAJIAIOT
HOMeD Iapa U MOPSIIKOBBI HOMep u3Bjedenns:; C' — HET HU OIHOIO COBIIAJIEHUsI HOMEPa
mapa u TOPsiIKOBOTO HOMepa u3Bjedenus. OmnpeaemTsh BeposTHOCTH cobbituii A, B, C.
Haiitu npenenbibie 3HAYEHUsT BEPOSITHOCTEH MPU YHUCTIE IIAPOB B YPHE, CTPEMIIEMCs K
OECKOHETHOCTH.

17.13. Touky ¢ KoopuHaTOii { BbIOMpaOT Hay/lady Ha orpeske [—1, 1] u He3aBuCUMO OT
Hee TOYKY € KOODJMHATON 7) BhIOMparoT Hayjady Ha orpeske [0,2]. [Tposepurs, siBistorcst
s tpu cobbrtust {€ +1n < 0}, {€ >0} u {£+ 1> 1} HE3aBUCUMBIMEU B COBOKYITHOCTH.

17.14. N3 1000 mamm 170 mpunagmiexkar 1-it naptun, 540 BTOpoil, ocTagbHbIEe TPETHEN.
B nepsoii napruu 1%, Bo Bropoii 5%, B Tperbeit 6% GpakoBanubix samir. Hayjaady BuiOu-
paercst ojtaa jamia. Oupene/inTs BEPpOSTHOCTb TOTO, UYTO BBIOPAHHAS JIaMIla OpaKOBaHHASI.

17.15. Y pbibaka UMEIOTCS 2 MeCTa JIOBJIU PBHIObI, KOTOPBIE OH TOCEIIAET ¢ OJIMHAKOBOI
BEPOSITHOCTHIO. Kcim OH 3aKuIbIBACT y/IOUKY Ha IEPBOM MECTe, PbI0a KJ/IIOET C BePOSTHO-
creio 0,6, HA BropoMm — ¢ BepositHocTbio 0,7. Phibak, BbIiijisg Ha JIOBIIO B OJIHO U3 MECT, 2
pa3a 3akuHyJ y104uKy. HaflT BeposTHOCTH TOr0, 9TO pbi0a KJIIOHET TOJILKO OJIMH pPa3.

17.16. B anpbome 6 9ucThix U 8 rameHbix Mapok. V3 HUX Hay/ady U3BJICKAIOT 3 Map-
KU, MOJBEPraioT CIIeINaJIbHOMY TAIICHUIO U BO3BpaIaioT B ayibboMm. [locie sToro BHOBBL
Hayaqy usBjaekaoT 1 mapky. OupeaesnTb BepOsSTHOCTh TOTO, 9TO OHA YHCTasl.

17.17. Monery 6pocatorT 70 Tex MOp, MoKa opéia He BbinamaeT 4 pasza. OrpeeanTsb
BEPOSITHOCTH TOT'O, UTO IIPU STOM PEIKa BBIIAIACT D pas.

17.18. Ha kaxkipiii jorepeitublii 6user ¢ BepodTHOCTHIO 0,15 MOXKET BBIIACTH KPYIHBII
BBIUIPBIII, ¢ BEPOATHOCTBIO (0,15 MKWl BBIUIPBIINT U ¢ BEPOATHOCTBIO 0,7 OUIeT MOXKeT
okazaTbcs 6e3 Boiurpeia. Kymiensr 15 6usaeros. OnpeseuTb BEPOATHOCTD IOy YCHUS
poBHO (0 KPYITHBIX BBIUTPHINIENR U 5 MEJTKUX.

17.19. BepositHoCcTh «cH0si» B paboTe TesiebOHHOM CTAHIIUU [IPU KAaXK/IOM BbI30BE DaBHA
0,008. ITocrymmio 500 Ber3oBoB. OlpeeuTh BEpOSTHOCTE He Dojiee 4 «COOEB>.

17.20. BeposiTHOCTD HACTYILIEHUS HEKOTOPOTO COOBITHS B KaxK10M n3 100 He3aBUCHMBIX
ucnbitanuii pasaa 0,8. OmpeiesinTh BEPOSITHOCTD TOTO, UTO YUCJIO 1M HACTYIICHUIH COObITHS
VJIOBJIETBOPSIET HEPABEHCTBY M < 79.

17.21. 13 100 uznemnuii, cpejin KOTOPBIX UMeeTcsi 4 HeCTaHIAPTHBIX, BHIODAHBI CJIydaii-
HbIM oOpa3oM 9 wm3jennii Jiid MPOBEPKHU UX KadecTBa. VCrmo/b3yst KacCudecKoe OIpe/ie-
Jienne BeposTHocTH, (hopmyity Beprysu, dopmyny Ilyaccona u jiokanbuyio Teopemy Jla-
raca, OmpeIeuTh BEPOATHOCTD TOI'O, UTO CPEIN BHIOPAHHBIX 9 M3/ Uil OKAXKeTCsT POBHO
1 HecranrapTHOE U3JIETHE.

Bapwuant Ne 18

18.1. Cucrema S cocrouT U3 YeThIpeX HE3ABUCUMBIX HojgcucreM Sy, Sy, S. u S,. Henc-
[PABHOCTH XOTsi OBl OJIHOI TIOJICUCTEMBI BEJIET K HEUCIIPABHOCTH BCeil cucTeMbl (IOJICHCTe-
MBI COEJIMHEHBI HoC/eI0BaTe bHO). [lojcucrembr S, u S, cocToAT U3 JBYyX HE3aBUCHMBIX
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Jybsmpyronux 6J10koB ap u ¢ (k= 1,2) (cxema mapasiiebHOTO COoeMHEeHnst GJIOKOB B
HO/ICHCTEMAX ).

Wcnonb3ys onpeeernss CyMMbI U IIPOU3BEICHIST COOBITHUI, 3allicaTh COOBITHE, COCTO-
silfiee B TOM, 9TO a) CUCTeMa MCIpaBHa, 6) cucrema HencnpasHa. J1jisi KOHTPOJIS UCIIOIB30-
BATh CBOMCTBO IIPOTUBOIOJIOXKHOTO COOBITHS.

18.2. B ycnoBuax mpeaplayIieil 3a7aun HAfTH HaJeKHOCTb CUCTEMBI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJIU U3BECTHBLI Ha-
nexxuocru 6sokoB P(ag) = 0,8; P(b) = 0,95; P(cx) = 0,85; P(d) = 0,9. lnst kouTpOsst
HCIIOJIb30BAThH CBOWCTBO CBSI3U BEPOSTHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOZKHOTO
cOOBITHS. _ _

18.3. Ympoctuth u n3obpasurs rpacdudecku AB — BC — ABC.

18.4. Cpemu 20 jiorepeiinbix 6mteToB 5 BRIMIPBINIHBIX. Haynaay B3smu 5 6mreros. Ormpe-
JEeJINTL BEPOSITHOCTH TOT'O, YTO CPEJI HUX POBHO 4 BBIUTPBINTHBIX.

18.5. B nepgoit ypue 10 mapos: 6 uéproro u 4 6esioro 1msera; BO BTOPO 3 YEPHBIX U
7 Genbix mrapoB. M3 Kaxkmaoit ypHbI HayJdady H3BJIEKAIOT OJuH Iap. KakoBa BEpOsSITHOCTD
TOrO, YTO BBIHYTHL: &) 2 GesibIxX 1mapa; 6) XoTs Obl OJIUH AP YEPHBIA; B) Oesblil U 4EpHBIiT
B JII00OM IIOCJIEI0BATEILHOCTI.

18.6. 13 koso/ipl, cosiepzkaieit 52 kaprol (6e3 J1zKOKepoB), BhIHUMAIOT HayTas 5. Haiitn
BEPOSITHOCTb TOIO, UTO U3 STUX KAPT MOXKHO COCTABUTb KOMOMHAIMIO <«dys-xaycs» (jBe
KapThl OJJHOIO HOMHUHAJIA -+ TPH KapThl JPYrOro HOMUHAJIA).

18.7. B yiudr 9-sTakHOro0 JIoMa BOILIH D HaccakupoB. Kakiplii He3aBUCUMO OT JIPy-
I'UX C OJIMHAKOBOil BEPOSITHOCTHIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmnpeiesnTh BEPOATHOCTL TOrO, YTO: &) BCE BBIILIM HA PA3HBIX dTakax; 6) 1Mo KpailHeit
Mepe TPOe BBINLIN Ha OJHOM ITaXKe.

18.8. B orTpeske eIMHUYHON JJIUHBI HAYAIy HOSABJsieTCS ToUKa. OpesIe/uTh BEPOsIT-
HOCTH TOIO, YTO PACCTOSTHUE OT TOUYKHU JIO KOHIIOB OTpe3Ka mpeBocxoaut 1/9.

18.9. MomenTsl HaUaIa ABYX COOBITHI Hay/Iady PACIPEIC/ICHBI B IIPOMEKYTKE BPEMEHU
qumaoit 120 mun. OpHo u3 cobbrtuii jyures 10 muH, gpyroe 30 mun. OupeesuTb BeposiT-
HOCTB TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpEMeHH; 6) «He [epeKPhIBAIOTCS >

18.10. ITirockocTh pazdbuTa HA KBaJIPATHI CETKON IMapauie/IbHBIX JIMHUI C I1aroM 2 CM.
Ha mtockocts 6pocator monery mumamerpom 1,2 cm. Haiitu BeposiTHOCTD TOTO, UTO OHA HE
repecevéT HU OJHY W3 JIMHUII.

18.11. st mopazkeHus 1eJu JIOCTaTOYHO MONaJlaHus XOTs Obl 0JHOTO cHapsia. 1Ipo-
U3BEJCHBI J[Ba 3aJj11a u3 JAByX opyauii. HaliTu BepogTHOCTH MOparkeHus I1e/1d, eCIU Bepo-
ATHOCTH TIONAJIaHUS B IeJIb IIPU OJTHOM BBICTpPEJIe U3 1epBoro opyaus pasaa 0,46, BToporo
0,6.

18.12. ¥Ypmna cogepxkut 11 mapos ¢ nomepamu ot 1 710 11. ITIapsl H3BIEKAIOT IO OTHOMY
6e3 BozBpareHusi. PaccMaTpuBaroTcst cieyomnine coobITus: A — HOMepa 1apoB B HOPSIIKE
MOCTYILIEHUsT 00PA3yIOT MOCJIEI0BATEILHOCTD 1,2,...,11; B — X0Ts ObI OJIMH pPa3 COBIAJIAIOT
HOMeED Iapa U MOPSIIKOBBI HOMep u3Bjedennst; C' — HET HU OIHOIO COBIIAJIEHUsI HOMepa
mapa ¥ IOPsIKOBOro HoMepa u3Bjedenus. Oupejaennts BepositHocTu cobbituit A, B, C.
Halitn mpenienbable 3HAUEHUsT BEPOATHOCTEN MPU YHUCJIE ITAPOB B YpHE, CTPeMIIeMcs K
OGECKOHEYHOCTH.

18.13. Ha orpesoxk [0, 2] Hay/ady u HE3aBUCHMO JIPYT OT JIpyra OPOIIEHbI J[BE TOUKH C
koopuHaTamu & u 7). [Ipoepurs, sBiisitorcs jn cobbitust {n — & > 1} u {£ < 1} Hesasu-
CHUMBIMU.

18.14. Jlpa aBTOMaTa MPOU3BOJSAT JETAJM, KOTOPBIE MOCTYIAIOT Ha OO KOHBEHep.
IIpousBouTEILHOCTD IEPBOTO aBTOMAaTa B 3 pasda 00JIbIe TPOU3BOUTE/IHLHOCTH BTOPOTO.
BepositHocTh m3roroBisieHnsi He OPAKOBAHHON JleTajin epBbIM aBTomMaroM pasHa 0,95, a
BropbiM (,8. HaiiTu BeposiTHOCTH TOTO, UTO B3ATasl HAyraJl JAeTaib Oy/JIeT CTAaHIAPTHOMN.

18.15. 13 1000 samm 520 npunasiexar 1-it naptuu, 390 Bropoii, ocTajabHble TPETHENL.
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B nepsoii napruu 5%, Bo Bropoii 3%, B Tperbeit 2% GpakoBanubix Jsami. Hayjpady BuiOu-
paercst ojtaa Jamia. Oupene/inTs BEPOSITHOCTb TOTO, YTO BBIOPAHHAS JIaMIta OpaKOBaHHASI.

18.16. Nmetorcst Tpu ypubl. B meppoit 3 6eyibix n 2 4EpHBIX IIapa, BO BTOPOIl U Tpe-
Theil 10 4 6esibix 1 3 YEpHBIX IMapa. M3 ciydaiino BRIOpaHHON ypHBI n3BjiekaoT map. On
okasaJicst 6ejibiM. KakoBa BEepOSITHOCTH TOTO, UTO IHap B3sIT U3 TPETheil yPHBI!

18.17. BeposgTHOCTh BBIMIDBIINIA B JjloTepeo Ha ojua Ouyer pasua 0,3. Kyrmrensr 10
6owiteroB. Halitu nauBeposiTHEiiIIee YMC/IO BRIMTPABIINX OUJIETOB U COOTBETCTBYIOIIYIO Be-
POSATHOCTD.

18.18. Ha kaxkipiii jtorepeitublii 6user ¢ BepodTHOCTHIO 0,05 MOXKET BBIIACTH KPYIHBII
BBIUTPBIII, ¢ BEPOATHOCTBIO (0,15 MKWl BBIUIPBIINT U ¢ BEPOATHOCTBIO 0,8 OmaeT MoxKeT
oKazaTbcsi 6e3 Buurpbina. Kymiensr 10 6useros. OnpeieuTb BEPOSITHOCTE MOy deHust |
KPYITHOTO BBIUTPBIIIA U 2 MEJKHUX.

18.19. BepositHocTh «cbosi» B pabore TejiepOHHON CTAHIIUU IIPHU KaK/IOM BBbI30BE paB-
na 0,009. [Hocrynuno 600 Ber3oBoB. Omnpese/inTh BEPOATHOCTH TOTO, 4TO OyJjieT MeHee 3
«cOoeB».

18.20. BeposiTHOCTD HACTYILICHUS HEKOTOPOT'O COOBITUS B KaxK10M 13 200 HE3aBUCUMBIX
uctbitanuii pasaa 0,4. OupeesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
yaoBJyeTBOpsieT HepaBeHCTBY 60 < m < 80.

18.21. N3 100 xommencaTopoB 3a BpeMs 1' U3 CTPOsl BBIXOAAT 7 KOHJIEHCATOPOB. Jlirs
KOHTPOJISI BBIOMpAIOT 6 KOHJIEHCATOPOB. VCIo/b3yst KJIACCUYECKOE OIIPE/IEIEHUE BEPOSIT-
woctu, opmyny Bepryiiu, dopmyny Ilyaccona u jmokanbayio Teopemy Jlaraca, maiitTu
BEPOATHOCTH TOTO, UTO CPeN HUX 33 BpeMs 1 U3 CTPOs BLINIET POBHO 1 KOHIEHCATOP.

Bapwuaut Ne 19

19.1. Cucrema S cocrouT M3 YeThIpeX HE3ABUCHUMBIX IojgcucreM Sy, Sy, Se u Sy. Hemc-
[PABHOCTD XOTsI ObI OJIHOMN IOJICHCTEMBI BEJIET K HEUCIPABHOCTU BCEil CHCTEMbI (II0JICHCTe-
MBI COEJIMHEHBI MocseoBaTesibho). Ilogcucrembr S, u Sy cOCTOAT U3 JIBYX HE3aBUCHMBIX
Jybsmpytonux 6s10koB by u di (k= 1,2) (cxema mapasiiebHOTO COeMHEeHUst GJIOKOB B
O/ICHCTEMAX ).
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Ucrionbaysi onpejiesieHrst CyMMBbI U ITPOU3BEJIEHUST COOBITHI, 3AlIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOJIB30-
BaTh CBOMCTBO IIPOTHBOIIOJIOXKHOTO COOBITHUS.

19.2. B ycnoBugax mpemplayIieil 3a7aun HaAfTH HaJeKHOCTb CUCTEMBI — BEPOSITHOCTH
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJIU U3BECTHBLI Ha-
nexxuocrn 6sokoB P(a) = 0,95; P(bg) = 0,9; P(c) = 0,85; P(dx) = 0,8. st kouTpOIst
HCIIOJIb30BAThH CBOWCTBO CBSI3U BEPOSTHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOZKHOTO
cOOBITHUS. -

19.3. Yupocruts n nzobpasuts rpabuniecku (A — B) + (C — B) + (A —C).

19.4. Uz xosonpl, comepzkaiieii 36 KapThl, BBIHUMAOT Hayrajd 3. Haiitu BeposTHOCTH
TOTrO, YTO BCE KAPTHI OJIHON MAacTH, MPUIEM OJHA M3 HUX TY3.

19.5. Bpocator 4 urpasbibie koctu. Haiitu BeposiTHOCTB TOTO, 9TO: &) XOTs1 ObI Ha OJIHOM
NOsABATCST 2 OUKa; 0) Ha HUX BBIIAJET 110 OJMHAKOBOMY YHCJIy OYKOB.

19.6. Nmetorca 4 m3penus 1-ro copra, 2 m3menusl 2-ro copra, 2 U3AeJus 3-TO cOpTa
u 2 uznenust 4-ro copra. st KoHTpOJst Hayjaady BbiOuparoTcs 7 wsjesnii. Ompee/nTh
BEPOATHOCTBL TOI'O, YTO CPEJIM HUX POBHO 3 u3jiesinsg 1-ro copra, 1 usnenue 2-ro copra, 2
nznenns 3-ro copra u 1 m3genne 4-ro copra.

19.7. Yernipe mapuka ciaydaiiubiM 00pa3oM pa30pachkIBAIOT IO IMIECTH JyHKaMm. Kax-
JIBI TIIAPUK C PABHOW BEPOSATHOCTHIO M HE3ABUCHMO OT JIDYTHUX IOIAJIAeT B JIOOYIO JIYHKY.
Orpe/iesuTh BEPOSITHOCTH TOTO, YTO B KaXK/10¥ JIYHKe Oy/eT He OoJiee OJIHOTO IIapuKa.
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19.8. B kpyre pajmyca 9 naymady nosiBjisiercsd Todka. OupeenTb BePOSTHOCTh TOT'O,
YTO OHA TMOIAJAET B OJHY U3 JBYX HEIEPECEKAIOMNXCH (PUTYDP, IJIOMAIN KOTOPHIX PABHBI
2,31 u 4,57.

19.9. MomenTh! Havasa JIByX COOBITUI HAy/Iady PACIIPE/IEIECHBI B IIPOMEXKYTKE BPEMEHU
qumaoit 200 MuH. OtHO 13 cobbiTuii Jyurest 10 muH, apyroe 25 muH. OnpeesuTb BeposiT-
HOCTb TOTO, YTO COOBITHSI: &) «[IEPEKPBIBAIOTCSA» 10 BPEMEHH; 6) «HE HMePEKPBIBAIOTCS».

19.10. Ha mockocThb, pasrpadieHHYO Mapa/uie/IbHbIMI JUHUAME ¢ T1arom 1,8 cM, 6po-
caroT MOHETY juaMeTpoM 1,2 cM. Oupese/inTh BepOATHOCTh TOrO, YTO OHA HE [I€PecedéT HU
OJIHY U3 JIMHUIA.

19.11. CkoJibKO pa3 HaJI0 OPOCUTH MOHETKY, 9TOOBI TIOSBUJICS OPEJI C BEPOSITHOCTHIO HE
menee 0,9997

19.12. ¥Ypua conmepzkut 7 mapoB ¢ noMepamu oT 1 mo 7. Hlapbl n3BaeKaioT Mo oHOMY
6e3 BozBpareHusi. PaccMaTpuBaroTCst cyieyomnime coobITus: A — HOMepa 1apoB B HMOPSIIKE
HOCTYILIEHUsT 00PAa3yIOT MOCJIEI0BATEILHOCTE 1,2,....7; B — X0Ts ObI OJINH pa3 COBIAJIAIOT
HOMeED Iapa U HOPSIKOBBIN HOMeD u3BjedeHus; C' — HET HU OJHOIO COBIAJIEHUs] HOMEDa
mapa ¥ IOPsIKOBOro HoMepa u3Bjedenust. Oupeaenntb BepositHocTH cobbituii A, B, C.
HaiiTn mpenienbable 3HAUEHUsT BEPOATHOCTEN MPU YHUCJE ITAPOB B YpHE, CTPEMIIeMcs K
OECKOHEYHOCTH. - -

19.13. Bepusr sin pasencrsa: a) P(B/A) + P(B/A) =1;6) P(B/A)+ P(B/A) =17

19.14. Nmerorcst Tpu ypubl. B meppoit 3 6eybix n 3 UEpHBIX IIapa, BO BTOPOIl u Tpe-
Theil 10 2 6esiblX 1 H 4épHBIX IMapa. M3 ciydaiino BRIOpaHHON ypHBI n3BjiekaioT map. On
okasajicst 6eibiM. KakoBa BEepOSITHOCTH TOTO, UTO IHap B3sIT U3 TPETheil yPHBI!

19.15. 13 1000 samn 360 mpunaamexkar nepsoil maptuu, 600 BTOpoil, ocTaJbHbIE Tpe-
theit. B neppoit napruu 10%, Bo BTopoit 5%, B Tperbeit 1% Opakosannbix sami. Haympaay
BbIOMpaeTcs ojHa jamia. Onpene/uTh BEPOITHOCTh TOrO, YTO BLIOPaHHAs JIaMIla Opako-
BaHHasd.

19.16. BeposgiTHOCTD TOTO, ITO MUIIEHD MTOPAYKEHA IIPU OJTHOM BBICTPEJIEe TIEPBBIM CTPEJI-
koM, 0,65, Bropeim — 0,51. Ilepssiit ¢iesran 2, Bropoit 3 BeicTpesia. [locse crpesbObl B Mu-
meHn OOHApY KeHbI JiBe TMPOOOUHBI. OIpPeie/InTh BEPOSITHOCTH TOTO, 9TO 006a pasa Momall
BTOPOI CTPEJIOK.

19.17. Monery OpocarorT 70 Tex TOp, MOKa Opéjl He BbilamaeT 3 pasa. OnpeeanTh
BEPOATHOCTH TOTO, UTO MIPU ITOM PEIKa BbIIaIaeT 6 pa3.

19.18. Ha xaxkpiit jtorepeitabiii Ouier ¢ BeposaTHOCTHIO (0,05 MOXKET BBIIACTH KPYITHDLIIH
BBIUTPBII, ¢ BEPOATHOCTHIO 0,25 MEJIKUil BBIUTPBINI U ¢ BEpOATHOCTHIO 0,7 Guyier MoxKeT
okazaTbcs 6e3 Beurpbima. Kytensr 12 oueros. OnpeieiuTh BEPOATHOCTD MMOJIyYeHUs 3
KPYITHBIX BBIUTPBINICH U 3 MEJIKUX.

19.19. BepositHoCTh «cH0si» B paboTe TesiebOHHOM CTAHIIUU [IPU KAaXK/IOM BbI30BE DaBHA
0,003. IMocrymmmo 600 BbI30BOB. OuUpeesinTh BEPOSITHOCTH TOrO, 9TO Oyjier He Oojiee 2
«cHoeB».

19.20. BeposiTHOCTD HACTYILICHUS HEKOTOPOT'O COOBITUS B KaxK10M 13 200 HE3aBUCUMBIX
uctbitanuii pasaa 0,3. OupeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
VJIOBJIETBOPsIeT HepaBeHCTBY 1 < H0.

19.21. 13 100 uzaemuii, cpejin KOTOPBIX UMeETCsi 3 HECTAHIAPTHBIX, BHIODAHBI CJIyYaii-
HbiM obpasom 6 m3jennii Jiid MPOBEPKM UX KadecTBa. VCmo/b3yst KacCuiaecKoe OIpe/ie-
Jienne BeposiTHOCTH, (hopmysny Bepuymmu, dpopmyny Ilyaccona u joxanabuyio Teopemy Jla-
j1aca, OlpeJIe/INTh BEPOSITHOCTD TOIO, YTO CPEJ/IM BHIOPAHHBIX 6 M3/1eIUil OKAYKeTCsi POBHO
1 HecranrapTHOE U3JIETHE.

Bapwuant Ne 20

20.1. Cucrema S coCTOUT M3 TPeX HE3ABHUCHUMBIX IMOACHCTEM Sg, Sp u Sqq. Hemcupas-
HOCTBb XOTsl Obl OJJHOMN IOJICHCTEMBI BeJeT K HEHUCIIPABHOCTU BCEH CHCTeMBbl (II0JCHCTEMBI
COeJIMHEHbI Toc/IeI0BaTebHo). [logcucrema S, COCTOUT U3 JIBYX HE3aBUCHUMBIX JyOJIUPY-
fomux 6/10koB by (k = 1,2) (cxema mapaJiie/IbHOrO COeJMHEHUsT OJIOKOB B IOJICHCTEMAX ).
[Mojcucrema S.y COCTOMT U3 JBYX HE3aBUCUMBIX JlyOsmupytomux 6s0koB cdy (B = 1,2)
(cxeMa TapaJIIeIbHOTO COEJIMHEHMsT OJIOKOB B mojicucreMax). BJok bey cocrouT u3 mociie-
JIOBATEJILHO COEINHEHHBIX OJOKOB by W Cj.
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Ucrionbaysi onpejiesieHrst CyMMBbI U ITPOU3BE/IEHUST COOBITHI, 3AlIUCATH COOBITHE, COCTO-
silIiee B TOM, 9TO &) CHCTeMa HCIpaBHa, 0) cucreMa HencrpapHa. J[jisi KOHTPOJIS HCIIOIB30-
BaTh CBOMCTBO IIPOTHBOIIOJIOXKHOTO COOBITHUS.

20.2. B ycimoBugax mpenblayIeit 3a1aui HalTH HaJIeXKHOCTh CUCTEMBI — BEPOSTHOCTD
TOrO, 9TO CHUCTEeMa OyJIeT UCIPABHA B TEUEHUU HEKOTOPOrO BPEMEHU, €CJU U3BECTHBLI Ha-
nexuocru 6aokoB P(a) = 0,95; P(bg) = 0,9; P(ck) = 0,8; P(dg) = 0,85. Iyt KoHTpOUISK
HCIIOJIB30BATh CBOMCTBO CBSA3U BEPOSATHOCTU COOBITHS C BEPOSITHOCTHIO ITPOTUBOIIOJIOKHOTO
COOBITHS.

20.3. Yupocruth u uzobpasurh rpacdudecku AB + C + ABC.

20.4. Ha otnmenbHBIX KapToukax Hammcaubl mudps 0,1,2,3,4,5,6,7,8,9. Bee kaprou-
KU [EPEMENIUBAIOT, TIOCJIEe 4Yero HayraJl 0epyT b KapTodeK U PACKJIAJbIBAIOT UX B D/l
OrpeiesuTh BepOATHOCTH TOTO, 9TO HMUMPHI OY/IyT PACIOJIOKEHBI B ITOPsJIKE BO3PACTAHUS
(manpumep, 12345, 45678 u T.1.).

20.5. B rpymme u3 25 denoek 10 yuauTcd HA «OTIUYHO», 8 HA «XOPOIIO» U 7 HA <«YyJIO-
BJIETBOPUTEILHO». HaliTu BEPOATHOCTH TOTO, UTO U3 B3STHIX HAYTAJL 8 UEJOBEK XOTs ObI 3
9eJIOBEKA YUIaTCs HA «OTJIUIHO.

20.6. 13 xosomer 36 kapt BerHEMa0T 10 Kapt. OJIHY U3 HUX CMOTPSIT; OHA OKA3bIBAETCST
TY30M, [IOCJIe Uero ee CMEIUBAIT ¢ OCTAJbHBIMU BBIHYTBHIMU. 3aT€M BHOBb CMOTPSIT OJIHY
u3 10 kapr. KakoBa BeposiTHOCTD, 4TO 910 Ty3 (He 00s13aTEIBLHO TOT YK€ CaMblii)?

20.7. B mudr 10-3Taxkunoro goma Bonum 4 naccaykupa. KaxKiplii He3aBUCUMO OT JIPY-
I'UX C OJIMHAKOBOil BEPOSITHOCTBIO MOXKET BBITH Ha JIFOOOM (HAYMHAS CO BTOPOIO) STAKE.
OmpeieuTh BEPOSITHOCTH TOT'O, UTO: &) BCE BBIILIN HA PA3HBIX TarkKax; 0) TPoe BBIILIN Ha
OJTHOM 3TazKe.

20.8. Ha orpeske [0, 1] cayuaitnbiv o6paszom Beibupator Tpu dncia. OnpeaenTs Bepo-
ATHOCTb TOT'O, UYTO OJHO U3 HUX OOJIbINE, UeM CyMMa JIBYX JIPYTHUX.

20.9. MomenTb! HavaJ1a IByX COOBITUI HAayIady pacipee/eHbl B IPOMEXKYTKE BPEMEHU
qumaoit 200 mun. OO U3 cobbituit jymres 20 muH, jgpyroe 5 mun. Ompee/inTb BeposT-
HOCTBb TOTO, YTO COOBITHSI: &) «IIEPEKPBIBAIOTCSI» 110 BpEMeHH; 6) «He [epeKPhIBAIOTCS».

20.10. CreksTHHBIN CTepXKEHb pas3dWBaeTcst Ha Tpu YacTu. HaiiTu BepOsSiITHOCTH TOTO,
YTO U3 HOJIYIEHHBIX YacTell MOXKHO COCTABUTH TPEYTOJbHUK.

20.11. BeposiTHOCTB TOTO, UTO TIEJIb TTOParKeHa IIPU OJHOM BBICTPEJIE ITEPBBIM CTPEIKOM,
0,66, Bropeim — 0,49. Ilepssrit ¢iesan 3, Bropoit 2 BoicTpesa. OrpelienTh BePOSTHOCTh
TOTO, UTO IEJIb HE TOPaKeHa.

20.12. /Ipa urpoka A u B moodepeHO OPOCAOT MOHETY. BBIUTDABIINM CIUTAETCST TOT,
y KOTO paHblIlie Bbiajaer opéi. [lepprrit 6pocok jenaer urpok A, sropoit — B, Tpernit —
A u r.1. Haiitu BepossiTHOCTB cOOBITHST «BhIUTpaa A 10 9-ro 6pockay. KakoBbI BeposTHOCTH
BBIUTPBIIIA JJIsI KazKJI0I0 UI'POKA IIPU CKOJIb YIOJIHO JJINTEbHONW urpe?

20.13. Touky ¢ xKoop/uHaTamMu (x,y) GpocaloT Hayady B KpyTr pajmyca 1 ¢ IeHTpOM B
Havase KoopuHar. fBisiorcs u cobertust A = {x < 1/2} u B = {y < 1/2} ne3aBucumbI-
Mu’?

20.14. 13 1000 samm 700 mpunaamexkar nepBoil maptuu, 90 BTOPOIi, OCTAJIbHBIE Tpe-
theit. B nepsoit maprun 8%, Bo Bropoii 3%, B Tperbeit 1% Opaxkosannbix sami. Haynaay
BBIOUpPaeTcs ojiHa Jamira. Onpeie/inTh BepOATHOCTh TOrO, 9TO BhIOpAaHHAS JiaMia Opako-
BaHHasl.

20.15. B mepnoit ypue 3 0ebix u 2 4EpHBIX MIapa, BO BTOPOW 4 6esbix u 4 YEpHBIX.
V13 mepBoit BO BTOPYIO IMepesIOZKeHbl 3 Iapa, 3aTeM U3 BTOPON yPHLI U3BJIEYEH OUH IIap.
OrpeiesuTh BEPOSATHOCTH TOTO, YTO BHIOPAHHBIN U3 BTOPOIl YPHBI IIAp — YEPHBIA.

20.16. [l1st mpoBepKu Teo/ie3ndecKnx paboT Ha3HAYEHA I'PYIIIA SKCIEPTOB, COCTOSAIIA
u3 Tpéx noarpyi. B mepsoii moarpyiie 1 desioBek, BO BTOPoil 2 U B TpeTheil 7. DKCIepTh
[IepBOI MOATPYIILI TPUHUMAIOT BEpPHOE PeIeHne ¢ BeposATHOCTHIO 0,65; SKCIEPTHI BTOPOit
HMOJIPYIITBI — € BEPOATHOCTHIO (,75; 9KCIIEPTHI TPEThEN MOJArPYIIIBI — € BEPOATHOCTHIO 0,5.
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Haynaay BbI3BaHHLIN 3KcIlepT MpuHUMAET 4 He3aBUCUMBIX pernrennd. HallTm BeposgTHOCTD
TOrO, UTO: &) POBHO 4 pelleHns: NPUHATHI BEPHO; 0) MPUHUMAJI PEIIeHNs SKCIIEPT U3 BTOPOi
[OJITPYIIIIBI, €CJii 4 PerieHus TPUHITHI BEPHO.

20.17. Monery GpocaroT JIo Tex I1op, 1oKa opéJi He BoinaaeT 6 pas. OupeenTs Bepo-
ATHOCTb TOT'O, UTO IIPU ITOM PeIKa BblajaeT 1 pas.

20.18. Ha kaxk/ipiit jioTepeitabiii 6usier ¢ BepossTHOCTHIO 0,06 MOXKeT BBIITACTD KPYITHBIN
BBIUIPBIII, ¢ BEPOATHOCTBIO 0,2 MeJKHUil BHIUTPHINT U ¢ BepodaTHOCTHIO (0,74 6ujaer MoxKeT
oKazaTbcsi 6e3 Buurpbia. Kytensr 14 6umeros. OnpeieiuTh BEPOSTHOCTD 1oty denust
KPYITHBIX BBIUTPBINIEH U 3 MEJTKUX.

20.19. BepositHOoCcTh «cO0si» B paboTe TeaedpOHHOM CTAHITUN [IPU KarK/IOM BBI30BE PABHA
0,002. Hocrymmmo 600 Bb30BOB. OupepesinTh BEPOATHOCTH TOro, 4To Oyjier He Oojiee 3
«cHoeB».

20.20. BeposgTHOCTE HACTYILIEHUST HEKOTOPOT'O COOBITUS B Kaxk10M u3 300 He3aBUCUMBIX
ucnbitanuii pasaa 0,3. OmpeiesinTh BEPOSITHOCTD TOTO, YTO YUCJIO 1M HACTYIICHUIH COObITHS
VJI0BJIETBOPsieT HepaBeHCTBY m < 80.

20.21. N3 100 xommencaTopoB 3a BpeMs 1’ M3 CTPOsl BBIXOAAT 3 KOHjeHcaTopa. Jls
KOHTPOJISI BBIOMPAIOT 8 KOHJIEHCATOPOB. VCIIo/b3ysi KJIACCUYECKOE OIIPE/IEICHUE BEPOSIT-
noctu, popmynny Bepryiiu, dopmyny Ilyaccona u mokanbayio Teopemy Jlaraca, maiitu
BEPOATHOCTH TOTO, UTO CPeJN HUX 33 BpeMs 1 W3 CTPOs BLINIET POBHO 1 KOHIEHCATOP.

Ciy4gaiiHble BeJIMYUNHBI

Bapwuant Ne 1

1.1. merorcs 5 KioUeit, 13 KOTOPBIX TOJIBKO OJIMH MOAXOMUT K 3aMKy. Coryuaiinas se-
JmarHa £ — 9ucso 1pob IIPU OTKPBIBAHUA 3aMKa (MCIPOOGOBAHHBIN KJIIOY B [OCJIE/LYIOIIIX
npobax He yuacrsyer). Haiitu 1) psij pacupesesnenus ciydaiinoii Beamnansst £; 2) dyHKIMO
pacIipejiesieHusi; 3) MareMaTuIeckoe OXKUJIaHNe, JIMCIEPCUIO, CPEIHEKBAPATUIHOE OTKJIO-
Herne, Ko3hMUIMEHT aCUMMETPUN U KCIECC PACIIPE/ICTICHUS.

1.2. BaJana WIOTHOCTE PaCIpe/ieseHusl HePEPBIBHOI cirydaiinoil Besmannst &: fe () =
Acos(xz) mpn x € [—m/2;7/2]; fe(x) = 0 upu & ¢ [—7/2;m/2]. Haiitn xospdbumenr A n
dbynkimio pacipesenenns Fe(x); nocrponts rpadukn fe(x) u Fg(x); naiiru M(€), D(§),
o (&), koadbdburment acummerpun A(€) u sxcrece pacupeienenus: F(); HallTH BeposSITHOCTD
HONA/IAHNST CJIyIailHOM BEeJMIHHBl B HHTEPBAT | — 357 /4].

1.3. Bazjana dhyHKIUSA pacupe/ie/eHnsl HeIPEePbIBHOM CirydaifHoil BeanauHbl §:

0 nmpu xr < —2,
Fe(r) =< Az +B mpn —2 <z < 4,
1 npu x = 4.

Haiiru: a) nocrosinnsie A u B; 6) IJI0THOCTD BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOTIA (A
HUs CITydaiinoii Besmanunl B uuTepsan [—3; 1], r) M (&), D(§). locrpouts rpaduxu fe(x)

1.4. Ciyuaiinast BesimanHa £ MOXKET IPUHUMATH J[BA 3HAUEHUST: 2 U —2 ¢ PABHOI BEPOSIT-
HocThio. Haiitn xapakrepuctideckyo (byHKIHIO CJIydailHoi BesmauHbl 7 (t) 1, UCHOIb3Yst
€e, BBIYHCJIUTH MAaTEMAaTHYECKOe OXKMJIAHNE U JUCIEPCUIO CIIyYallHON BEJTMYUHBI &.

1.5. Ilpu 3amucu nporpaMMbl HA HEHUCIIPABHOM HAKOIUTEJIE TOSBJISIETCS B cpejiHeM 4
ommbKku (MOTOK OMUOOK Mpe/nonaraercst npocreiimum). Kakosa BeposiTHOCTD 6e301mmn60o9-
moit 3armmcu? CKOTBKO pa3 B CPeHEM HAJIO 3alMCHIBATH TPOTPAMMY, ITOOLI MOy IUTDH Oe3-
OIMIOOYHYIO 3AIHCH

1.6. BepositHOCTB BBIMUTpaTh XO0TsA ORI Ha omauH Owaer m3 100 B joTepero pasha 0,8.
Ckosbko B cpesreM u3 100 6miteroB BerpbIiiabix! KakoBo HamBeposTHEIiIee YUCIO BbI-
UrpeImHBIX OmmeTos? [Ipeamosaraercs, 9TO BEPOSTHOCTH BBLIUTPHIIIA HA KaXKJIBIH OWIET
OJINHAKOBA.

1.7. Bpemst paboTbl s1eMeHTa JI0 OTKa3a MOJIUHEHO [T0KA3aTeIbHOMY 3aKOHY paciipe-
nesennst ¢ mapaMerpoM o = 2 - 107° w1 Haiitu cpenee Bpemst MEZKJTy TOSIBJIEHUEM JIBYX
CMEYKHBIX OTKA30B U BEPOSITHOCTb HE30TKA3HON PabOThl K MOMEHTY CPEJIHEro BPEeMEeHH I10-
cJie BKJIIOYEHUSI TEXHUYECKOI'0 yCTPONHCTBA.
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1.8. Kopobku ¢ 1I0KOJIaJI0M YIIAKOBBIBAIOTCS ABTOMATHIECKU: UX MACCa €CTh HOPMaJIb-
Has ciaydaiinas Besmanua co cpeanum 1.06 xr. Haiditu cpegrexkBajpaTndnoe OTKIOHEHUE
CJTy9aifHOM BeJIMYMHBI — MacChl KOPOOOK, €CJIM M3BECTHO, UTO 5% KOPOOOK MMEIOT Maccy
MeHblre 1 kr.

1.9. Cuyuaiinast BeqmauHa & paciipejiejieHa PaBHOMEPHO Ha uHTepBasie | — w/2,7/2].
Haiitu rtoTHOCTE pacupesesieHusi ciaydaiiHol BeJinaunbl 1) = tg €.

1.10. Cuyuaiinast Besimunna £ pacupejiesieHa paBHOMEpHO Ha orpeske [—2;1]. Haiitu
IJIOTHOCTD PACIIpe/IeIeHtsl CIIyYaifHoil BesmanHbl 1) = 1/ 52.

Bapwuanut Ne 2

2.1. B maprun u3 10 geraseii umeercsa 8 cranjgapTabix. 3 910l naprun nayjady B3si-
To1 2 jierasu. Coyvaiinast Bemanaa £ — YUCI0 CTAHJIAPTHBIX JleTtaseii B BoiOopke. Haiitu
1) psij pacipe/iesieHust CJrydaiHoil BesmauHbl &; 2) DYHKIUIO pacrpe/iesiennst; 3) MaTeMa-
TUYECKOE OXKUJAHUE, JUCIIEPCUIO, CPEIHEKBAPATUIHOE OTKJIOHEHNE, KOI(DMOUIUEHT acum-
METPUH U SKCIECC PACIIPEJIEICHHUSL.

2.2. BaJjana IJI0THOCTD PACIpe/IeIeHIs HelPEPBIBHOM c/Iydaiinoit Besmaunbl &: fe(x) =
Az? npu x € [—1;1]; fe(x) = 0 npu x ¢ [—1;1]. Haiitn kosdpdpunuent A n dbynxiumio pac-
npesenenust Fe(x); nocrpours rpaduku fe(x) u Fe(x); maiirn M(£), D(£), 0(§), xoaddu-
menT acummMerpun A(€) u skcrece pacnpesenenns E(€), HaiiTu BEpOSTHOCTD TONAJIAHIS
cJIydaiiHOI BesimauHbl B uHTEpBas |1/2, 2.

2.3. Bajana QyHKIWMs pacipe/ie/leHns HeIPePhIBHOI CiTyvaiinoit Beqmannst &: Fg(x) =
A+ Barctg(z), « € R. Haiitu: a) nocrosuneie A u B; 6) mIOTHOCTH BepOATHOCTH fe(X);
B) BEPOSITHOCTD TIOMIAJIAHMs CIIydaitHol Besimunubl B unrepsas [—1,1]; v) M(£), D(€). To-
crpouthb rpadukn fe(r) n Fg(x).

2.4. Cnyuaiinast BequarHa  MOXKeT NPUHUMAThL Tpu 3Hadenus:: 1, 0 u —1 ¢ paBHOi
BeposTHOCTHIO. Haiitu xapaxrepuctudeckyio (OyHKIUIO CIYyIaliHON BEJIUIUHbI fy(t) ", nc-
HOJIB3YS €€, BLIYMCIUTH MATEeMATHIECKOe OXKHJIAHUE W JIUCHEPCUIO CJIyIailHOW BeJUIHHbI

2.5. BepogaTHOCTH TOrO, YTO CTPEJIOK IOMA IET B MUIIIEHDb IIPU OJHOM BBICTPeEse, PaBHA
0,9. Crpesiky BBIIAIOTCS HATPOHBI JI0 TEX 0P, IOKa OH He rpomaxHeTcs. Tpebyercs: Haiitu
cpejiHee U JIUCIIEPCUIO KOJMYECTBA BBIJIAHHBIX CTPEJIKY 1aTPOHOB.

2.6. 3 xopaunbl, cojepzailieil 8 GesbIx MapoB U H 96PHBIX MapOB, HAYy/Iady BBIHUMa~
orcs 6 mapos. Haiitu cpejiee u fucriepcuio Iucjia 9épHBIX MIAPOB B BHIOOPKE.

2.7. CpeaHsist IJIOTHOCTH GOJIE3HETBOPHBIX MUKPOOOB B OJIHOM KYOHMYECKOM MeTpe BO3-
nyxa pasra 100. Bepyrces na npoby 2 kybudeckux jienumerpa Bo3ayxa. Haiitu BeposiTHOCTD
TOro, YTO B HeM OyjieT oOHapy»KeH XOTs ObI OJIMH MUKPOO.

2.8. leraJib n3roTaBuBacTcs Ha ctanke. Ee pasmep & npejcraniser coboit cirydaitHyio
BEJIMYMHY, PACIpPEIeJEHHYIO TI0 HOPMaJbHOMY 3aKOHY ¢ nmapamerpamu a = 20 cm, 0 = 0,2
cM. Haiitu BeposTHOCTB TOTO, UTO U3 TPEX HAyTa/| BRIOPAHHBIX JI€TAJC, pa3MePhbl XOTs ObI
OJIHO OTJIMYAIOTCS OT cTaHgapTa OoJibiie, yeMm Ha 0,5 cM.

2.9. Crywaitnas Beqmuuna & pacrpejiesiena 1mo HopMaabaomy saxony N (0,02). Haiitu
3aKOH pacrpe/iesiennst 00paTHoil eif Besmanubr 77 = 1 /€.

2.10. Cayuaiinas BesmauHa & paclpejiejieHa paBHOMepHO Ha orpeske [—1,2]. Haiitu
IJIOTHOCTD PACHPEJIC/ICHIS CIyIaiiHON BeJMYHHbL 1) = &2

Bapwuant Ne 3

3.1. [lpousBojuTCs TPU HE3ABUCUMBIX UCIBITAHUSI, B KayKJIOM U3 KOTOPBIX BEPOSTHOCTD
nosisjienus: coobitust A pasaa 0,4. Ciydaiinast BeqmunHa £ — YUC/IO MOSBJIEHUT COOBITHSI
A B ykazanubix ucnbitanusx. Haiitu 1) psiy pacupesesnenust ciaydaiinoii Besmaunnt £; 2)
dyHKIMIO pacnpesenenus; 3) MareMaTHUECKOe OXKUJIAHUE, JIUCIIEPCHIO, CPEHEKBAIPATU -
HOE OTKJIOHEHHUE, KOIMMUIMEHT aCHMMETPHN M 3KCIECC PACIIPEIC/ICHUS.

3.2. Ba/lana IJIOTHOCTD PACIIpe/le/IeHIs HelIPEPbIBHOM ciIydaiinoil Bennaunbl &: fe(x) =
Az ipu z € [0,3); fe(z) = 0 upu x ¢ [0, 3]. Haiitu xosddurment A u dbynximio pacipe/ie-
nenust Fe(x); nocrpouts rpabuxn fe(r) u Fe(x); maimu M(£), D(£), o(§), xoaddurment
acummerpun A(€) u skcuece pacnpesenenns E(€); HaliTn BepOATHOCTD HONAIAHUS CIIy-
JaiiHoii BeJMIMHBbl B HHTEpBaI | — 1, 2.
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3.3. Bajana GyHKIMs PACIpEJICTICHIS HEIIPEPBIBHOM CJIyYaiiHON BeIUInHBI :

0 mpu = < 0,
Fe(z) = Asinz + B 1pu 0 < z < 7/4,
1 upu x > /4.

Haiiru: a) nocrosiuasie A u B; 6) IJIOTHOCTH BEPOSITHOCTH f¢(); B) BEpOSTHOCTH IOIIA-
JlaHusl corydaiiHoii Besmannbl B uarepsas [—1,1/2]; r) M(€), D(§). Ilocrpours rpadukn
fe(w) n Fe(a).

3.4. Ciyuaitaas BemauHa & MOXKET IPUHUMATD 3HavdeHus —2, —1, 1,2 ¢ paBHOIiT BeposT-
HocThio. Haiitn xapakrepuctiieckyo (byHKIHIO CJIydaiiHol BesmauHbl 7 (t) 1, HCHOIb3Yst
ee, BLIYUC/IUTD MAaTEMATUIECKOE OXKUJIAHUE U JIUCICPCHIO CIYYaHOW BEJTUINHDL &.

3.5. BeposTHocTh ciaTh 9K3aMeH B OfHON monbiTke paBHa 0,2 1 HEe MEHSIeTCS OT I10-
IBITKHU K MONBITKE. T pedyeTcs HATU cpejiHee U JUCIIEPCUIO TUCTIA TOMBITOK, HEOOXOIMMbIX
JUIS CJIa¥d 9K3aMeHA.

3.6. B nabsionienusix Pezepdop/ia u Telirepa pajumoakTHBHOE BEIIECTBO 3a IIPOMEYKYTOK
BpemeHu 7,5 ceKyH I uciyckasao B cpegaem 3,87 anbda-dactui. Haiitu BeposiTHOCTH TOTO,
49TO 3a 1 CeKYHJLY 9TO BEIIECTBO UCIYCTUT XOTHA Obl OJHY ajbda-dacTuIry.

3.7. CKOJIbKO 3HAYEHU CJIydaiiHON BeJMYuHbI &, PACHPEJCCHHON 110 HOPMAaJIbHOMY
zakoHy N (25,9) HY>KHO B35Tbh, 4T00bI ¢ BeposTHOCTBHIO 0,99 XOTst 6bI OJIHO M3 HUX HOIIAJIO
ma unrepsai |20, 28][.

3.8. TIpomo/KuTe/ IbHOCTh pabOThI JIEKTPOJAMIIBI — CJIydaiiHas BeJUYUHA, PacIpe-
JIeIéHHAST IO TOKA3aTeIbHOMY 3aKoHy ¢ napamerpoM a = 0,02 u~ L. Tleperopesryio jamiry
HEMEJJICHHO 3aMeHSIoT HOBO#. KakoBa BepositHocTb Toro, uro 3a 100 gacoB jamity He
NPUJIETCS 3aMEHSITh !

3.9. Cuyuaitnag Benmanna £ UMeeT CTaHJIAPTHOE HOpMAaJbHOE pactpesesnenne. Haiirn
IJIOTHOCTH PACIIPeJIeIeHIsT BeJnanHbl 1) = exp(&).

3.10. Cuyuaiinas BeauuuHa & paclpejiejieHa paBHOMepHO Ha orpeske [—1,4]. Haiitu
IJIOTHOCTD PACIPE/ICICHIsA CTyIaiiHoil Beamaunel 7 = 1/£2,

Bapwuant Ne 4

4.1. B xopobke 7 kapanjaieil, u3 KOTopbix 4 KpacHbiX. I3 310l KOpOOKM HayIady
usBJiekaeTcst 3 Kapaugaiia. CiydaiiHast BequdnHa £ — YHCIO KPacHBIX KapaHJalieil B
Boibopke. Haiitu 1) psi pacnpejesiennst ciaydaiiHoit Beaumansbl §; 2) QYHKIMIO pacipe-
JleJleHrst; 3) MaTeMaTHIeCcKoe OXKUJIAHWe, JMCIEPCHI0, CPETHEKBa[PATUIHOE OTKJIOHEHHE,
KO3 DUIUEHT aCUMMETPHUN U SKCIIECC PACIIPEIeTIeHMS.

4.2. 3a/lanHa IIJIOTHOCTD PACIIpe/Ie/IeHIs HelIPEPbIBHOM ci1ydaiinoil Bennaunbl &: fe(x) =
Asin(x) npu x € [0,7]; fe(x) = 0 upn x ¢ [0, w]. Haiitu xosdbdunument A u bynxmmo pac-
npegenenns Fe(x); mocrpouts rpabuxu fe(x) n Fg(x); naiitu M (€), D(§), o(§), xoabdu-
menT acummMerpun A(€) u skcrece pacnpesenenns E(€); HaiiTu BepOSTHOCTD TIONAJIAHIS
ciyJaiiHoil BesimuuHbl B uHTEpBaJ | — 1, 7w/3[.

4.3. Bajana GyHKIMs PACIPE/ICTICHIS HEIIPEPBIBHOM CJIyYaiiHON BeIUINHBI :

0 upu x < 0,
Fe(z)={ A2+ B 1pn 0 <z < 2,
1 npu x > 2.

Haiiru: a) nocrosinnsie A u B; 6) IJI0THOCTH BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOTIA (A
HUsA cilydaiinoii Besmmunuel B uaTepsan [1,3]; r) M(§), D(&). Iocrpouts rpadukn fe(r) u
4.4. Cnyuaitnas BeqmdanHa £ pacipejesieHa paBHOMepHO Ha orpeske |[—1,1]. Haitru
XapaKTEePUCTHIECKYIO (DYHKIMIO CIy<IaiiHOi Besmanubl () ¥, UCHOIb3Ys €€, BBITUCIUTD
MaTeMaTHIeCKoe OXKUJIAHUE U JIUCIIEPCHUIO CILyYailHON BeJIMInHbBI &.
4.5. I3 aByx opy/uii MOOYEPEIHO BEIETCA CTPEIbOa Mo eI JI0 IEePBOro HOIIa aHNsT
OJIHUM U3 Opy/uil. BeposiTHOCTD Honaanus B 1ieJb HepBbIM opyiueM paHa 0,4 BTOpbIM
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— 0,6. Haunnaer ctpesnibdy nepsoe opyjue. Tpebyercst HAWTH cpejiHee U JIUCIEPCHIO YUCTIa
BBICTPEJIOB ITPOU3BEJIEHHBIX OOOMMHU OPY/IUSIMU.

4.6. CKOJIBKO M3IOMa JIOJI2KHA B CPEJIHEM COJIEPXKATH OYJIOUKA, 9TOOBI BEPOATHOCTH CO-
JiepKaHus XOTsi Obl OJIHON M3tOMUHKEH B Oysiouke Obuta He menee 0,997 Ilpesnosiaraercs,
YTO IPHU BbIIIEYKE KarK/jas MU3IOMUHKA C PaBHOI BEPOSTHOCTHIO IIONAJIAET B KaXKJIYIO U3
OyJI019eK.

4.7. Bpemst paboThI 9j1eMeHTa JI0 OTKa3a IMOJIMHEHO MOKA3aTebHOMY 3aKOHY pacIpe-
nesienns ¢ mapamerpom « = 2- 1077 u~ . Haiiti cpejiee BpeMsi MeK/Ly TOSBICHHEM JIBYX
CMEYKHBIX OTKAa30B U BEPOSITHOCTh DE30TKA3HON PAOOTHI K MOMEHTY CPEJIHEro BPEeMEeHH I10-
cJie BKJTIOUCHUS TEXHUIECKOTO yCTPONHCTBA.

4.8. Tlpu nsmepenun jeranu e€ JimHA & SBJILETCA C/IydailHONW BEJIMYMHON, pacipe-
JICJIEHHO 110 HOPMAJIbHOMY 3aKOHY C MaTEMATHICCKUM OXKHUIAHUEM 22 MM U CPE/IHEKBaJI-
paruyeckuM oTkjonenneM 0,2 mm. Haiijinre nnrepsas, CMMMETPUYHBIH OTHOCUTEIHLHO Ma-
TEMaTUYIECKOI0 OXKUJIAHWS, B KOTOPBIN ¢ BepoATHOCTHIO 0,9545 monasaer €.

4.9. Coyuaitnasi BequunHa & paclpejiesieHa paBHOMEpHO Ha orpeske |[—2,3]. Haiitu
IJIOTHOCTD PACHPEIC/ICHIS CIyIaiiHON BeJMYHHbL 1) = &2

4.10. Ilycrp ciyygaitnas Besimunna & nMmeer pacipejiesienue Ko ¢ miIoTHOCTBIO

1 1
w1+ 22’

fe(z) =

x €] — 00, +00].
Haiitu mtorHOCTD pacripejiesienus caydaiinoi Beauanssl 1 = 1/€.
Bapwuant Ne 5

5.1. U3 25 KOHTPOJIBHBIX PaboOT, Cpean KOTOPBIX D OIEHEHbI Ha «OTJIUIHO», HAYTal U3-
ByreKaioTcsa 3 paborel. Coyuaiinas Beamanna & — IUCIO0 PabOT, ONMEHEHHDBIX HA «OTIHIHOY,
cpeu usBsiedéHHbIX. Haiitu 1) psi pacipejiesienust cirydaittoii Besnauibl &; 2) GyHKIMO
pacipeJiesieHnst; 3) MareMaTHIecKoe OXKUJIaHNe, JUCIIEPCUIO, CPEIHEKBAIPATHIHOE OTKJIIO-
HeHne, KO3 UIMEHT aCUMMETPUHI U 9KCIIECC PaCIPeIeTeHNs.

5.2. 3ajiaHa JIOTHOCTb PACIIPE/IeJIeHNsT HEIIPEPBIBHOI ciryyaiinoil Besimunsbl &: f(x) =
Ae 7l 2 € R. Haiiri koscppurment A i hyHKIMIO PACIIPE IeIeHsT F¢(z); mocrpouts rpa-
buxu fe(r) u Fe(x); maiirn M (), D(€), 0(§), xkoadbdunuent acummerpun A(§) u sxcmece
pacipegesieanst F(§); HaiiTu BEepOSTHOCTH MOMAJAHUS CIyJIailHON BETMIMHBI B UHTEPBAJ
10, 1].

5.3. Bayiana GyHKIUS PACIPEIC/ICHAs] HEITPEPBIBHON CJIyIailHOM BeJTMIHHBL &:

0 mpu x < 1,
Fe(z) =< A2+ B npnl<ax <9,
1 npu x > 9.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HUsl CJTydaifHoit Besmuunbl B uaTepBas [—1,5]; r) M (&), D(&). Ilocrponts rpaduxn fe(z)
u Fe(x).

5.4. Cnyuaiinas BemmanHa £ MOXKET TPUHUMATE 3HadeHne (0 ¢ BEpOSTHOCTBIO S, U 3HA-
genusi —1 u 1 ¢ BepositHocTsimu 1/4. Haiditu xapakrepucTudeckyto (byHKIUIO CIydaiiHO
BesnuuHbl Y(t) ¥, UCHOJIB3Ysl ee, BBIUUCJIUTH MaTeMaTHIecKoe OXKUJAHUE U JUCIEPCUIO
cayvaifHoit Beumannb! &.

5.5. BeposiTHOCTBD monaianust B IeJib IpU OJHOM BhICTpese paBHa 0,3. OupeesnTs,
CKOJIbKO B CPEJTHEM HEOOXOMMO BBICTPEJIOB JIJTsT TIOTIAIAHUS B T1ETh.

5.6. HacTuma ABIMAKETCS B PA3PEKEHHOM Ta3e, BEPOSITHOCTH €6 CTOJKHOBEHUS HA, Iy TH
dl ¢ apyroit wactuneit p = Nqdl, rme N — KOHIIEHTpaIldsl JacTUI[ B rase, ¢ — CeIeHUe
crosiknoBenus. Haiitu cpeanio qiuHy cBOOOIHOrO mpodera.

5.7. Cnyuaitnast BemnanHa £ TOMYNHEHA HOPMATBLHOMY 3aKOHY PACIpEIC/IeHUsT ¢ Ma-
remarnaeckuM oxuganunem M[E] = 0. Bazan orpesok [«, (3], He BKIIIOUAOIIHUI HAYAIO
koopauHAT. [Ipu KakoM 3HAUYEHUN CPEJTHEKBAPATHIECKOIO OTKJIOHEHUsI O[] BEPOSTHOCTH
HONA/IAHUS CIIyIaiiHOM BeJMYIMHBI B OTPE30K [, (3] jocTuraer MakcuMmyma?
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5.8. IlposomkuTe/bHOCTD pabOTHI JIEKTPOJIAMIIBI — CJIydaiiHas BeJUYUHA, Pacipe-
JIeIEHHAS 110 TI0KAa3aTeIbHOMY 3aKoHy ¢ mapamerpom « = 0,002 v~ !. KakoBa BeposTHOCTS
Toro, uro Jsamia 3a mecsi (30 jHeil) He neperoput?

5.9. Cuyuaitnast Besimanna £ pacupejesieHa 1Mo 3aKoHy Kol ¢ 1mI0THOCTHIO

1

f(x)

Haiitu mtoTHOCTE pacupesesienus caydaiiHoll Besnaunbl 1) = arctg €.
5.10. Coryuaitnast Besimansa & pacupejiesiena paBHomepHo Ha orpeske [0, 1]. Haiiru mior-
HOCTb pacIIpeJle/ICHUs], MaTeMaTHdecKoe OXKHUJIaHWe W JUCIHEPCUN CJIydaiiHON BeJTMYNHBI

n= max(f, 1- 5)
Bapwuanut Ne 6

6.1. B ypue 5 6esbix u 20 uépubix mapos. Beinyin 3 mapa. Ciyuaiinas Besmanna £ —
YHUCIJI0 BBIHYTHIX Oesibix mapos. Haiitu 1) psizi pacupejesienus ciydaiinoii Beaudusbr £ 2)
dyHKIMIO pacnpesenenus; 3) MaTeMaTHIeCKOe OXKUJIAHNE, JIUCIIEPCHIO, CPEHEKBAIPATH -
HOe OTKJIOHEHUEe, KOI(MDMOUIMEHT aCUMMETPHUN M IKCIECC PACIIPE/Ie/ICHUSI.

6.2. 3a/lana IJIOTHOCTD PACIIpe/le/IeHIs HelIPEPbIBHOM ci1ydaiinoit Besmaunbl &: fe(x) =
A/ —x? upn x € [—c,c]; fe(x) =0 npu x ¢ [—c, c|. Haiitn koapdunuenr A u dynk-
nmo pacupegenenns F¢(x); mocrpouts rpaduxu fe(x) u Fe(x); mairu M(E), D(§), o(§),
koabdunment acummerpun A(€) u sKciece pacupesesnenus F(§); HallTH BEpOSITHOCTD 110~
naJlaHus CJIydailHOl BeJIMIMHBI B UHTEpBal | — 2¢, ¢/2].

6.3. Bagana QYHKIUsT pacipeieieHrns HelPEePhIBHOM CJIyJYaiiHON BEJTMIUHBL :

AePT mpu x <0
F; = ’
e(@) {1 upu x > 0.

Haiitu: a) nocrostnueie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HUsI colydaiiHoil BesmuuHbl B uHTepBas [—oo, —In2); r) M(€), D(§). Ilocrpours rpaduku
fela) m Fe(x).

6.4. Ciyuwaitnas Benmumua £ pacupejesiena 1o sakony Jlammaca: fe(r) = o=l /2,
x € R. Haiitu xapakrepuctudeckyto GyHKIUIO CiydailHON BesuduHbl Y(t) U, UCIOJIB3Ys
€e, BBIUUCJIUTh MATEMATHICCKOE OXKUJIAHUE U JUCIEPCUIO CJIyIalHON BeJTUIUHBI &.

6.5. B HEKOTOpPOM 3KCIIEpUMEHTE TOSIBJICHIE HOBON YaCTUITLI MOXKET IIPOU30HTH C BEpo-
araoctbio 0,01. TosiBuBrasicss gactuia MO2KeT ObITH 3aPETUCTPUPOBAHA, C BEPOSATHOCTHIO
0,2. Kakoe cpesiHee UnCI0 SKCIEPUMEHTOB HAJIO IIPOU3BECTHU, ITOOBI 3apPErUCTPUPOBATD
YACTHILY.

6.6. Cpennee Bpemsi 6e30TKa3HO# paboThl Oj0Ka paBHO 1 roay. Orkasasiuit 6JI0K
HEeMeJIJIEHHO 3aMeHsIeTCsl Ha MCIpaBHbIi. KakoBa BepOSITHOCTH, UTO 3a TOJ MPUIETCS TBa-
2KJIbl 3aMEHSITh HEUCIPABHBIH OJIOK?

6.7. Haiitu cpemree amnciao A OpaKOBaAHHBIX M3AEINN B MAPTUN U3/IEJIHIH, €CJIH BEPOSIT-
HOCTB TOTO, 9TO B 9TOW HMAPTUU COJEPKUTCH XOTs ObI OJIHO ODpAKOBAHHOE U3JIEjIHe, PaBHA
0,95. Ilpenmonaraercs, 9To 9uC/I0 OPAKOBAHHBIX U3JEINN B PACCMATPUBACMOI IAPTUN Pac-
npe;iesieno 1o 3akony llyaccona.

6.8. 3aB0oJ1 U3rOTOBJIAET TIAPUKH JJI TOMIIUITHUKOB. HOMUHAJIBHBIH JTuaMeTp IapuKkoB
do = b mm. BestesicTBrie HETOIHOCTH U3TOTOBJICHUS MMTAPUKA (PAKTHICCKUI €ro TuaMeTp eCTh
caydailHas BeJUYUHA, PACIpEeICHHAS 110 HOPMAJIbHOMY 3aKOHY CO CPEIHUM 3HAUYECHUEM
do u cpennekBaiparudeckuM orkaonenneMm o = 0,05. IIpu kouTposie OpakyroTCs IMApUKH,
JITAMETP KOTOPBIX OTJINYIACTCS OT HOMUHAJIBHOTO OoJibiie ueM Ha € = 0,1 mm. OupegesinTs,
KAaKOM MPOIEHT MIAPUKOB B CPEJIHEM OyIeT OTOPAKOBBIBATHCS.

6.9. Cayuaitnast BesmanHa & paciipejiesieHa pasHomepHo Ha orpeske [0, 1]. Haiitu mwior-
HOCTb pacIpe/ieJieHnst cirydaiiHoil esmaunet 1) = — In(1 — &).

6.10. Ciyuaiinas BemanHa € pacipejiesieHa 110 MOKa3aTeIbHOMY 3aKOHY C ITapaMeTpoM
«. CulyvaiiHast BeJIMYIUHA 1) ONPEJIE/IAETC KaK Iejiasi 9acTh CJIydailHOl BeJuduHbl &, T.€.
n = [£]. Haiitu psj pactipejiesiernst ciydaifHON BeJMUUHBL 7).
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Bapwuanut Ne 7

7.1. C BeposgTHOCTBIO Monaauns 0,9 OXOTHUK CTpEJISeT MO JUYH JI0 MEPBOTO MOIa-
JIAHWsI, HO YCIEeBAET cJenaTh He Oosee 4-x BuicTpesoB. Chyuaiinas Beawmanna £ — UUCTO
npomaxoB. Haiitu 1) psiji pacupesesenus ciaydaitHoil Besmansbl £; 2) dyHKIUIO pacipe-
JleJIeHnst; 3) MaTeMaTHIeCKoe OXKUJIAHWE, JUCIEPCHIO, CPETHEKBAIPATUIHOE OTKJIOHEHHE,
KO3 DUIUEHT aCUMMETPHUN 1 SKCIIECC PACIIPEIeTIeHMS.

7.2. BaJlaHa JIOTHOCTh PACHPEIEIeHIs] HEeIIPEPLIBHON CiIyvaiinoil Beamannbl & f(z) =
Ame_mQ, x > 0. Haiitu koscbpurment A u dbynxnuio pacupejenenns Fg(z); mocTponTs rpa-
dukn fe(x) u Fe(x); naiiru M (§), D(€), 0(§), xoasbdunmenr acummerpun A(§) u skcrece
pacupesesienns: F(€); HafiTn BepOSTHOCTD MONAJAHNS CJIyYaiiHON BEJMYMHBI B MHTEPBAJI
10, 2[.

7.3. BayiaHa GYHKIWUs pacipeie/ieHnsl HEPEPBIBHON CJIyIailHOM BeJIMInHbBL &:

0 upu x < 1/e,
Fe(r) =< Alnz+B mpul/e <z <e,
1 npu r > e.

Haiiru: a) nocrosinnsie A u B; 6) IJI0THOCTH BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOIIA (A~
HUsL ColydaiiHoil Besmunael B unrepsain [1,e2]; r) M(€), D(€). Ilocrpours rpaduxu fe(z)
u Fe(x).

7.4. Cnyvaiinast BesimanHa  pacipejiesieHa Mo MOKa3aTeJIbHOMY 3aKOHY € ITapaMeTpoM
«a. Haittu xapaxrepuctudeckyo (QYHKIUIO CIyIaliHON BeJIUIUHDLI fy(t) U, UCIIOJBL3Yyd ee,
BBIUUC/UTh MATEMATHIECKOE OYKUJIAHUE U JUCIIEPCUIO CIYyJIailHONW BeJIMIUHbL &.

7.5. Cpejinee 4uCJIO TOIBITOK HEOOXOJAMMOE JIJIs Cladn 3K3aMeHa pasHo 4. Kakosa Be-
POSITHOCTH CJIATh 9K3aMEH C OJHO¥ MOMBITKE (IIPEJIIOIAraeTcsi, YTO BEPOSTHOCTD CIAadn
9K3aMeHa OT IOINBITKH K IIOIBITKE HE MEHSIeTCsl).

7.6. CpeniHee 9ncyo onedaTok Ha crpaHuiie pasHo 2,5. Haiitu BeposgTHOCTH TOTO, 9TO
HA JIAHHOW CTPAHMIE HET OIeYaTOK (BEPOSITHOCTH ONEYATKH KayKJ0r0 CUMBOJIA MIPEJIIoJIa-
raercs OJMHAKOBOU U He 3aBUCHIINEH OT Apyrux oneanOK).

7.7. Bpewms, 3aTpaumBaeMoe IpernojaBaTeeM Ha dK3aMeHe Ha OJHOTO CTY/IEHTa, €CTh
ciayvaiiHas BeJUYUHA, PACHPEIeICHHAs 110 MOKA3aTE/ILHOMY 3aKOHY C IapaMeTpoM o =
3 u~!. KaxoBa BeposiTHOCTBH TOrO, UTO IIPENOJABATENL 3a TPH 4YACA IPUMET TDYIIY U3
[SITHA/IATH CTYIEeHTOB?

7.8. CiydaiiHas BeJIMUMHA NMeET HOPMAaJIbHOE PACIIPE/IEJICHUE C IIapaMeTpaMu ¢ = 3 u
0% = 2. Haijiti uHTEpBAJ, CUMMETPUUHBIH OTHOCHTEIHHO MATEMATHYECKOIO OYKHJIAHUS, B
KOTOPBII ¢ BepoATHOCTHIO (0,8 TomnajiaeT Kark/ijoe 3Ha9eHne CJIy9aifHOM BeJTUYUHbI.

7.9. Cnyyaiinas Besimanna £ UMeET MOKA3aTE/bHOE PACIPEICICHIE ¢ TaPpaMEeTPOM (o =
1. Haittu 3akon pacupejeieHust CaydaiiHOl BEJIUYIUHBL 1) = € S.

7.10. Touka Oporrena Hayjady BHYTPb Kpyra pajmycom R. BeposiTHOCTBH monajianus
TOYKH B JIIOOYIO 00/1aCTh, PACIOJIOXKEHHYIO BHYTPU KpPyTa, IIPOIOPIMOHAILHA ILIOMIAIN
obsactu. Haiitu dyHKINIO pacipe/iesieHns, MaTeMaTHIeCKOe OYKUJIAHNE U JTUCIIEPCUIO PaC-
CTOSHUS TOYKHU JIO IEHTPA KPYTa.

Bapwuant Ne 8

8.1. Bpocator tpu monetwr. Crayvaitnas Beanduaa  — 9HCIO BLITABINX perrek. Haii-
i 1) psi pacupejiesienus: ciaydaifnoil Beaumdaunbl £; 2) GYHKIMIO pacipeiesieHnst; 3) Ma-
TEMATHIECKOE OXKUJAHUE, JUCIEPCUIO, CPEIHEKBAPATUIHOE OTKJIOHEHHE, KOIMDhUIMeHT
ACHMMMETPUY U KCIECC PACIIPEJIEJICHHUSL.

8.2. Ba/lana IIJIOTHOCTD PACIIpe/le/IeHIs HelIPePbIBHOM ciIydaiinoil Bennaunbl &: fe(x) =
Az? ipu z € [0,2], fe(z) = 0 upu x ¢ [0,2]. Haiitu xosddurment A u dbynximio pacipe/ie-
nenust Fe(x); nocrpouts rpabuxn fe(r) u Fe(x); maimu M(£), D(£), o(§), xoaddurment
acummerpun A(§) u skcrece pacnpesenennst E(€), HallTH BEPOSITHOCTH MONAJAHUST CJLy-
JaiiHoii BeJMmauHBl B MHTEpBas |1, 3[.
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8.3. Bajana GyHKIMs pACIpE/ICJICHI HEIIPEPBIBHOM CJIyYaiiHON BeIUInHBI :

0 npu x < 1;
Fe(z)=¢ Alnz+ B npul<az<e
1 npu x > 2.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BepOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HIs CoTyvaiinoit Besmauusl B uarepsai [0, el; v) M(§), D(§). locrpours rpadukn fe(x) n
Fe(x).

8.4. Coryuaitnas semanna € pacupe/iesieHa Mo ONHOMAATLHOMY 3aKOHY € TIAPAMETDAMN
n u p. Halitu xapakrepucTutieckyio pyHKIUIO C/IyIaiiHON BEJIMIHHBI fy(t) U, UCIIOJIb3YH €ee,
BBIUUC/IUTh MATEMATHICCKOE OYKUJIAHUE U JUCIIEPCUIO CIYyJIailHOW BeJIMIUHBL &.

8.5. Cpe/iHee 4nciio BHICTPEIIOB, HEOOXOMMOe JIjisl ONIA[aHNsT B MUIIIEHb PaBHO b (Ipei-
[0JIaraeTCsl BEPOsITHOCTD TOMAJIAHNs B MUIIEHD JIJIs KAXKJIOI0 BBICTpeJIa OJMHaKoBOil). Ka-
KOBa& BEPOSITHOCTD MMOPAYKEHUST TETH C JIBYX BBICTPEIOB?

8.6. Pajmoamnmaparypa cocrout u3z 1000 smemenToB. BeposgTHOCTD 0TKa3a KayK /1010 dJj1e-
MEHTa B TedeHune ojHOro roja paborsl pasaa 0,001 u He 3aBUCUT OT COCTOSIHUS JPYTUX
sanemenToB. Haiijiure cpejiHee 3HadeHne 4mcJia 3JIEMEHTOB, OTKa3bIBAIOIINX B TEYEHHE I'O-
na. KakoBa BepoSgTHOCTB TOrO, 9TO B T€YEHHE T'0J[a OTKAXKYT: a) 2 9jieMeHTa; 0) He MeHee
2 snemenToB? Haiijnre cpejiHee 9uc/io 3JIEMEHTOB, OTKA3BIBAIOIINX B T€UCHUE 2 JIET.

8.7. Cpemree uncjio onevyarok Ha crpanuiie pasHo 0,1. HaiiTu BeposiTHOCTH TOrO, 9TO
B kuure n3 100 crpanur; He 6oJsiee 5 CTPAHUIL ¢ OIIEYATKAMHU.

8.8. Cayuaitmas Besmanna € pacrpesesieHa HOPMaIbHO ¢ MATEMATHICCKIM OXKHJTAHIEM
m = 10. Beposirnocts nonaganus £ B uarepsad |10, 20[ pasua 0,3. Uemy pasHa BeposiT-
HocTh nonasanus & B unrepsai |20, 30[?

8.9. Curyuaiinast BesmmanHa & paciipejiesieHa pasHomepHo Ha orpeske [0, 1]. Haiiru mior-

HOCTb PaCIpeJIeJIeHUsT CIIydaiiHoil Besmmaunbl 1) = — In(§).
8.10. IIycTp ciyyvaitnas Besimunna & nMmeer pacipejiesienue Ko ¢ mioTHOCTBIO
1 1
T)=———> T €] — 00,400
felz) = —7 ey ] , 00|

Haiitu mtorHOCTD pacrpejiesienus caydaifnoi Beauanssl = 1/€.
Bapwuanut Ne 9

9.1. JIBa cTpeJika Jie/IaloT 10 OJHOMY BBICTPEJIYy B MHUIICHL. BepOoaTHOCTH MOIaaHsI
Juist iepsoro crpenika — 0,5, st Broporo — 0,4. Corydaiinast Besmauna & — 9HUCIO T10-
najanuii B muinensb. Haiitu 1) PsiJl pacipejiesieHnst CaydaifHol Besmaunbl £; 2) GyHKIMO
pacipeJiesieHnst; 3) MareMaTHIecKoe OXKUJIaHNe, JUCIIEPCUIO, CPEIHEKBAIPATHIHOE OTKJIIO-
HeHue, Ko3(hMUIMEHT aCUMMETPUH U IKCIECC PACIPE/ICICHIS.

9.2. BajiaHa IJIOTHOCTH PACIIPE/I/ICHNs] HEeIPEPLIBHOM C/Tydaiinoii Bemmanse §: fe(x) =
AJz* upu x € [1/3,3]; fe(z) = 0 upn z ¢ [1/3,3]. Haiitu xosdpdurment A u dynx-
muio pacnpegenenns Fg(x); nocrpours rpadukn fe(x) u Fe(x); nairu M(§), D(§), o(§),
koabdunment acuvmmerpun A(€) u sKciece pacupesesnenus: F(§), HallTH BEPOSITHOCTD 110~
naJIaHust CJIydaifHON BeJImunHbl B nHTEpBAaJ |2, 4.

9.3. Bajana QyHKIM pacipe/ieleHnss HePEPbIBHON CIydaliHON BeJMIUHbI :

0, <1
Fz)=< A@x® —2*)+ B, 1<z<2
1, x> 2.

Haiiri: a) nocrosiuasie A u B; 6) IJIOTHOCTH BEPOSTHOCTH f¢(); B) BEpPOSTHOCTH IOIIA-
JAaHUs Corydaiinoii Beamauusl B unrepsai [3/2,5/2]; v) M(§), D(€). Iocrpouts rpaduxu
fe(x) m Fe(x).

9.4. Cayuaiinast BesimanHa € pacipejiesiera o 3akony Ilyaccona ¢ mapamerpom A. Haii-
TH XapaKTePUCTUIECKYT0 (DYHKIUIO CIIydaiinoil Besmaunbt 7 (t) U, HCHOJIb3Ys e, BBIYUCTUTD
MATEMATHIECKOe OXKUJIAHUE U JMCIIEPCUIO CJIyIaliHON BeJIMIUHBL &.
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9.5. CpejiHee 9HCJIO TOMBITOK HEOOXOMMMOE Jist ciadu sk3amena pasao 10. Kakosa
BEPOSITHOCTD CJIATh 9K3aMEH C JIECSITH MOIBITOK.

9.6. Peibax zabpocui cimauunar 100 pa3. KakoBa BeposiTHOCTH TOrO, UTO OH IOHMAaJ
x0Tsi ObI OJIHY PbIOY, ecjii ojiHa pbiba mpuxoanTcs B cpegaem na 100 3abpacbiBaHuii?

9.7. Bpems 6e30Tka3HO#l paboThl yCTPOiiCTBA — CilyvaiiHas BeJUduHa, pacipeIe/ éHHast
110 HOKA3ATEILHOMY 3aKoHy ¢ mapamerpoM « = 0,007 maueii~ . KakoBa BEpOATHOCTDH TOrO,
qTo 3a 10 (365 JHEll) yeTpoiicTBO He BBIiIET U3 CTPOst?

9.8. Ciryuaitnas BesmuanHa & pacipe/ieleHa HOPMAJILHO C IapaMeTpaMu a = 1 u 02 = 3.
Haiitu 1) BeposiTHOCTD TIONa aHust £ B MHTEPBAJI | — 00, —3[; 2) IpaHUIlbI HHTEPBAJIa, CUM-
MeTpu4HOro otHocuTesbHO M (£), B KOTOpOoM Gyjer HaxomuTbest 70% 3HavdeHuit cirydaiiHoii
BEJINIUHBI.

9.9. Ilycrs cayuaitnast BeqndanHa ¢ uMeeT pactipejienerne Kol ¢ mioTHOCTHIO

1 1

;m, xe]—oo,—i-oo[

fe(x) =

HaiiTn mI0THOCTD pachpejiesienns crydaiinoit Bemmaunel 7 = 1/(1 4 £2).
9.10. Cyuaiinas BesmanHa & paciipejiesiena paBHoMepHo Ha orpeske [0, 1]. Haiiru mior-
HOCTB PACIpEJIe/ICHUs CIyIailHOl BesimanHbl 1) = — Iné.

Bapwuanut Ne 10

10.1. Uz napruu B 20 us/enuii, cpeji KOTOPLIX UMEIOTCst 4 GpaKOBAHHBIX, BHIOPAHBI CJIYy-
JaitHbIM 00pa3oM 3 u3Jiesinst Jjisl IpoBepKu nx Kadecra. Ciydaiinas Bequduna & 9uCI0
OpaKoBaHHBIX M3JIeJINi, cojep:Kaluxcst B Beibopke. Haiitu 1) psiyi pactipejiesiennst ciiyvaii-
HOIT BestnanHb! §; 2) DYHKIUIO pacrpe/iesieHnst; 3) MaTeMaTuIecKoe OKI/IaHKe, TUCIIEPCHIO,
CPEIHEKBAIPATUIHOE OTKJIOHEHNE, KOIMMUIMEHT aCUMMETPHUN 1 9KCIIECC PACIIPEICICHNUS .

10.2. Bajiana mJI0THOCTD PacIpe/iesIeHIst HellPePbIBHOI ciryvaiinoil Bennaunnbl §: fe(x) =
A/xmupnx € [1/2,2]; fe(x) = 0 npu x ¢ [1/2,2]. Haiitun kosddbunuent A n dynxnmo pac-
npesenenust Fe(x); nocrpours rpaduku fe(x) u Fe(x); maiirn M(£), D(£), 0(§), xoaddu-
menT acummMerpun A(€) u skcrece pacnpesenenns E(€); HaiiTu BEpOSTHOCTD TIONAIAHIS
caydaiiHoil BesmuuHbl B uHTEpBad |1, 3].

10.3. 3ajana dyHKIUs pacupe/ie/ieHnsi HeMPEePhIBHOM ciryYaifHol BeuanHb! &:

0 np z < 0,
Fe(z)={ Az*+ B 1pn 0 <z <2,
1 npu x > 2.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HUsA cilydaiinoii Besmmunuel B uaTepsan [1,3]; r) M(§), D(&). Iocrpouts rpadukn fe(r) u

10.4. Cayuaitnas Beqununna & UMeET HEIPEPBIBHOE PACIIPE/IEJICHUE C IJIOTHOCTBIO BHUJIA
fe(x) =2z mpu 0 <z < 1u fe(x) =0 npu = ¢]0, 1. Haiitu xapaxrepucruaeckyio ¢yHK-
U0 CirydaifHON BesmauHbl (1) U, UCIOJB3Ysl €e, BBIYUCIUTH MATEMATHIECKOe OXKUaHNe
U JIUCIIEPCUIO CIIyIallHOM BeJIMIUHBI &.

10.5. B uToroBoii KOHTPOJILHOI 110 T€OPUU BEPOSITHOCTEH CTYIEHTBI (KazK/IbIil) Je/1ai0T
B cpejiHeM 110 JiBe omubku. KakoBa BEpOSITHOCTb, UTO KOHKPETHasi paboTa He COJEPXKUT
ommbok? CKOJIBKO B CpEJIHEM HAJIO MPOBEPUTH PA0OT, UTOOBI OOHADPYKUTH OE30ITHO0THY 0.

10.6. B TpéxmepHOM MPOCTPAHCTBE CJIyYaAHBIM 00PA30M PACIIOJIOXKEHBI TOUKU. THCI0
TOYEK B HEKOTOPOM OOBbEME ¥V MPOCTPAHCTBA €CTh CJIydaiiHasi BEJUYNHA, TOJUUHEHHAST 3a-
kony Ilyaccona ¢ mMareMaTu4ecKuM OXKHJIAHUEM A = al, TJIe @ — CPEJIHee YHCJIO TOYEK,
HAXOJIAIINXCA B €JIMHUIHOM 00béMe. Tpebyercs HAlTH 3aKOH paCIIPEJIe/IEHUs] PACCTOSTHUS
p oT Jio00il TOYKHU ITPOCTPAHCTBA J10 OJIMzKaliIIeil K Hell C/IydaiiHoil TOUYKH.

10.7. Bpems 6e30TKa3H0i paboThl yCTPOICTBA — CyvaiiHas BeJIMINHA, PACIPEIeIEHHAST
10 TIOKa3aTeIbHOMY 3aKomy ¢ mapamerpoM « = 0,005 ameii~!. Kaxkosa BepogTHOCTDL TOTO,
qTo 3a 107 (365 JHEll) yeTpoiicTBO He BBIiIET U3 CTPOost?

10.8. Cayuaiinas BeJimduHa pacipejesieHa HOpMaJbHO ¢ Juciepcueit 2,5 u cpegaum 2.
Haiitu BeposiTHOCTB TOrO, 4TO OHA NpUMeET 3HadeHue B uHTepBade |0, 4[.
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10.9. Cuyuaitnas BesmamHa & pacrpejesieHa nmo HopMaabHomy 3akony N (0, 1). Haiitn

[JIOTHOCTH PACIPEIEIeHNs CIyYaifHol Besnaunbl 1 = {/|].
10.10. Cuyuaiinas Besimunna  umeer dbyHkuio pacupeesnenus F(z). Haiitu dyuakiumio
pacupejesienns: Beanaunbl 77 = max{0,{}.

Bapwuant Ne 11

11.1. Tpu crpenka HE3aBUCUMO JIPYT OT JIPpyTa CJEIATH 110 OJHOMY BBICTPENY 1O MU-
meHn. BeposiTHOCTH Tonaanust T mepBoro crpeska 0,9, mist Broporo 0,8, 171st TpeThero
0,7. Cayuaitnast BesimanHa § — 9uUCI0 nonaanuii B Mumnienb. Haiitu 1) psi pacipesedie-
HUsI CITy9aitHON BesmuuHbl &; 2) (DyHKIMIO pacipe/ieieHns ; 3) MaTeMaTHIeCKOe OXKHJIAHNe,
JIUCIIEPCHUIO, CPEHEKBAIPATUIHOE OTKJIOHEHNE, KOI(MDMUIMEHT aCUMMETPUH 1 IKCIIECC Pac-
pe/Ie/ICHHS.

11.2. Bajiana MIOTHOCTH PacIpe/ie/IeHnsT HEITPEPBIBHON CJTyIaifHON BEJTUIHHBI : fg(x) =
A4z upun x € [-A,0]; fe(xr) = A—x npu x € [0,A]; fe(xr) =0 upn x ¢ [—A, A]. Haiiru
koabdunment A n dyunkimio pacupesnenenns Fe(x); nocrpouts rpabuxn fe(x) u Fg(r);
naiiru M (&), D(§), o(§), koaddunuent acummerpun A(§) u sxcnece pacupepenenus E(E);
HAiiTH BEPOSTHOCTH MONAJAHUS CJIyJaiiHON BemanHbl B uHTepBa |A/2, 2A[.

11.3. 3ayana GyHKIWMS pacipeie/ieHns] HEIIPEPBIBHON CJIyJaiiHON BeJImanHbI &:

0, z < -1
Fe(x) = q A+ Barcsinz, —1 <z <1;
1, x> 1.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HUsT CJIydaiiHoN Beqamuuubl B unrepsast [—1/2,1/2]; r) M (&), D(§). Iocrponts rpaduxu
fe(x) m Fe(x).

11.4. Cayuaitnas Beqmuanna & pacupejienena papaoMepro na orpeske [0, 4]. Haiitn xa-
PaKTepUCTUIECKYIO (DYHKIUIO CIyIaitHON BesmduHbl Y(1) 1, UCIOJIB3Ysl €€, BBIUUCIUTD Ma~
TEMaTUYIeCKOE OXKUJIAHUE U JIUCIIEPCUIO CJIYIailHON BeJUIUHBI €.

11.5. ABromaruveckast JIMHUsI [IPU HOPMAJIBHON HACTPOWKE MOXKET BBIIYCKATH OPaKo-
BanHoe uzfenne ¢ BepogaTaHocThio 0,004, [lepenanaaka TUHUN MPOU3BOIUTCS TOCIIE TIEPBOTO
2ke OpakoBaHHOTO u3jesms. Haiijure cpejaee 4ncsio Beex M3Je/ni, N3rOTOBJIEHHBIX MEXKJTY
JBYMS TIepeHaJIaJIKaMU JTUHAH.

11.6. Barapes masna 14 BbICTpEsIOB 110 00BEKTY, BEPOATHOCTH MHOIMAJAHUS B KOTOPBIi
pasua 0,2. Haittu namBeposiTHeiiiee InUC/I0 MOMAJAHII U BEPOSITHOCTb STOr0 UHUC/Ia HOTa-
JTAHUI.

11.7. TIpogo/KuTe/IbHOCTh PAbOTHI JIEKTPOJIAMIIBI — CJIydaiiHasi BEeJUYIUHA, PACIpe-
JIeIEHHAS 110 TI0Ka3aTeIbHOMY 3aKkoHy ¢ mapamerpoM « = 0,001 u~!. KakoBa BeposTHOCTE
TOrO, YTO JIaMIa 3a JBa Mecsina (60 jiHeit) we neperoput?

11.8. Cnyuaitnast Besimanna & paclpejiejieHa HOPMaJjbHO C mapamerpamu ¢ = —1 u
02 = 2. Haittu 1) BepositnocTs monaganns & B unrepnad |0, 00[; 2) rpaHMIBI HHTEPBAIA,
cuMMerpuaHOro oraocureabHo M (€), B KoTtopom 6yser naxomurbes 90% 3HaueHumii ciry-
JalHOU BEJUYNHBL.

11.9. Cayuaitnas Beqmunua & paBHOMEPHO pacipejieiieHa Ha orpeske [—1,1]. Haiitu
IJIOTHOCTH PACIIPEJICICHHs CIIYYaiHON BEJIMUMHEL 1) = €5,

11.10. Cayuaiinas ejmausa & MMeeT IOKA3aTeIbHOE pPaCIpeJie/IeHHe ¢ IapaMeTpOM
a = 1/5. Haiiti 3akon pacupejeienns caydaitnoil seamaunst 1 = (£ — 1)2.

Bapwuant Ne 12

12.1. B nepsoit ypue 5 mapos: 2 6ejbix u 3 4épHbix. Bo BTopoit 3 mapa: 1 6esbiit u 2
uépubix. V3 1epBoii ypHbBI HayAady MEePETOZKIIN BO BTOPYIO 1 m1ap, moc/ie 9ero, u3 BTOPOii B
nepByio nepesiozkmin 1 map. Ciryuaiiaas Beuauaa & — 9ucjio OesIbIxX MapoB B [IEPBOi ypHe.
Haiitu 1) psin pacupejienienust ciydaiiHoii Bequdaunbl &; 2) GYHKIUIO pacipejieeHust; 3)
MaTeMATHICCKOE OXKUJIAHIE, JINCIIEPCHIO, CPETHEKBAIPATUIHOE OTKJIOHEHIE, KOY(DDUITHEHT
ACUMMETPHUHU U IKCIIECC PACIPEIeIeHUs.
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12.2. Bajiana mJI0THOCTD PacIpe/iesieHIst HellPePbIBHOM ciryvaitnoil Beinaunnbl §: fe(x) =
—Ax pn x € [-2,0]; fe(r) = Az npu x € [0,2]; fe(x) = 0 upn x ¢ [—2,2]. Haiitu koad-
dbumuent A u dbynxumo pacnpejenenus Fg(x); nocrpouts rpadukn fe(x) n Fe(r); naiitn
M(§), D(§), (&), koapdunment acummerpun A(€) u sxcrece pacupenesenns F(€); naiitn
BEPOSITHOCTD TIOIAJIAHNs CIIyIailHON BeJIMvInuHbl B MHTepBas | — 1/2, 3].

12.3. Bajyana GyHKIWUS pacipeiesieHus] HEIIPEPBIBHON CJIyJaiiHON BeJImaInHbI &:

0, < —1;
Fe(x) = ¢ A+ Barccosz, —1 <z <1;
1, x> 1.

Haiiru: a) nocrosinnsie A u B; 6) IJI0THOCTE BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOIIA (A
HUsI CJIydailHoll Bemunubl B uaTepBan [—1/2,1/2]; r) M (), D(£). Iocrpours rpadukn
fe(x) m Fe(x).

12.4. Ciyvaitnas Besmauna £ nMeeT HelIPePbIBHOE paclipesie/ieHne ¢ IJI0THOCTHIO BHJIA
fe(@) =2? npu 0 < x < 1 u fe(z) = 0 npu z ¢]0, 1. Haiitn xapakrepucTnieckyo ¢yHK-
[UIO CJIyJaifHON BesimauHbl 7y (1) U, UCIOJIB3Ys €e, BBIYUCIUTH MATEMATHICCKOE OXKHJIAHIEe
U JIUCIIEPCUIO CIIyYailHOM BeJIMYUHbI €.

12.5. Cpennee uuncso Ber30BOB, nocrymatonmx Ha ATC B munyTy, paBro 90. Haiitu
BEPOATHOCTH TOro, 4T0 3a 2 cekyHbl Ha ATC nocrynur He 6osiee JBYX BbI30BOB. [loTok
BBI30BOB IIPEIIOIATACTCS IIPOCTEHIITIM.

12.6. st mocTpoiikn 3manns Hy»KHO 3a6uTh B 3emitio He Mernee 300 cBail Ha rryOumy
5 M. Ecim cBast ma MenbImeil TiiyOnHe HATHIKACTCS Ha KAMEHB, €€ CIHUJIHBAIOT U B UHCIIO
HECYIUX CBail oHa He BXOANUT. BeposiTHOCTH «BCTPETHUTH» TAKON KAMEHDL B TOJIIE 36MJIH
rybunoit 1 m pasua 0,02. V3BecTHo, UTO CpeiHee 9UC/IO KAMHEH B TOJIIIE 3€MJIM IIPSIMO
IPOIOPIUOHAIBHO ToJtIHHE ¢j10si. CKOJIBbKO HY?KHO 3alOTOBHUTH CBaif, 9TOOBI ¢ BEPOSITHO-
crpio 0,95 UX XBaTUIO HA HOCTPOIKY 3/IaHus !

12.7. Bpewms, 3arpadnBaeMoe IperojaBaresieM Ha SK3aMeHe Ha OJIHOIO CTY/EHTa, eCThb
caydaiinas BeINTHHA, PACIPEICTICHHAS MO MOKA3ATEILHOMY 3aKOHY C MAapaMeTpoOM o =
5 y~!. KakoBa BepoATHOCTL TOTO, UTO MpENojaBaTe/h 3a [Ba Yaca MPUMET POBHO ISATD
CTYJIEHTOB?

12.8. CurydaitHasi BeJIMUMHA € PacIpe/ieIeHa HOPMAIbHO ¢ jaucnepcueii o2 = 3. Haiitu
P(le — E¢l) > 4.

12.9. Coryuaiinas sesmanna & pacipejiesiena 1o HopMaabHoMy 3akony N (a,o?). Haiitn
ILJIOTHOCTD PACIIPE/IC/ICHIS CTyIaiHON BEJIMIIHBI 1) = €5,

12.10. Cayuaiinas BesmauHa  MMeeT MOKa3aTeJIbHOE PACIPEESICHIE C TapaMeTPOM
a = 2. HaiiTn 3aK0oH pacrpe/e/ienus Ciydaitnoi semannsr 7 = (£ — 2)2.

Bapwuant Ne 13

13.1. OXOTHHUK CTpEJISeT JIO MepBOro TONAJAHNs M YCIEBAET CEIaTh TPH BBICTPENA C
BepOSITHOCTSIME Tonaianus coorsercrserno 0,9; 0,7; 0,5. Coy4vaiinast BesimanHa § — 9UCIO
npomaxoB. Haiitu 1) psiji pacupesesenns: ciaydaitHoit Besmansbl £; 2) dyHKIUIO pacipe-
JleJIeHnst; 3) MaTeMaTHIeCKoe OXKUJIAHKE, JUCIEPCHIO, CPETHEKBAIPATUIHOE OTKJIOHEHHE,
KO3 DUIUEHT aCUMMETPHUN U SKCIIECC PACIIPEIeTIeHIS.

13.2. Ba/1ana mI0THOCTH PaCIIpe/Ie/IeHHsT HEIIPEPEIBHOM Citydaiinoil Besmmannbl &: f¢(r) =
Acos(2z) npu x € [—m/4,7/4]; fe(x) =0 upn x ¢ [—7n/4,7/4]. Haittu kosdpdbunuent A u
dbynkimio pacipesenenus Fe(x); nocrponts rpadukn fe(x) u Fg(x); naiitu M(£), D(E),
o (&), koadbdbunment acummverpun A(€) u sxcrece pacupeienenus: F(); HallTH BeposSITHOCTD
HON/IAHNS CIIyIaiiHoll Bemaunbl B naTepsan |1/5,1/2].

13.3. Bajana dyHKIMs pacrpe/iesieHns HePEPhIBHON CIIyYaifHON BeJnanHbI £:

0 mpn r < 1,
Fe(z)={ Az®+ B 1mpn 1l <z <4,
1 npu x > 4.
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Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HIs CoTyvaiinoit Besmauusl B uarepsai [0, 3]; v) M(§), D(§). Ilocrpours rpadukn fe(x) n

13.4. Cayuaitnas Besutuaa £ UMeeT HEPEPLIBHOE PACIPEIC/ICHUE ¢ IOTHOCTHIO BUIA
fe(@) =23 upu 0 <z < 1 u fe(z) = 0 npu z ¢]0, 1. Haiitu xapakrepucTniecKyio yHk-
MO CJIyJaifHON BesimauHbl 7y (1) U, UCIOJIB3Ys €e, BBIUYUCIUTH MATEMATHICCKOE OXKHJIAHIE
U JIUCIIEPCUIO CIIyYailHOM BeJIMYUHbI €.

13.5. 113 xoporiro neperacoBaHHoON KoJo/ibl (52 KapThl) Ha CTOJI HOC/IE0BATEIBHO Bbl-
KJI/IBIBAIOTCS. KaPThl JINIIEBOIl CTOPOHON BBEPX, IOCJIE YEero aHAJOIMYHBIM 00Pa30M BbI-
KJIQJIBIBAETCS BTOPasi KOJIOJA, TaK 9TO KayKjias KapTa MePBOIl KOJIOBI JIEKUT 0] KApTOi
u3 BTOpOil Kosojbl. KakoBo cpejinee 4uciio coBnajeHuil HuxkHeii u Bepxueil kapr? Kaxoso
cpejiHee YUCJI0 COBIAJICHUI MACTU HUXKHEH 1 BepxHeil KapT?

13.6. Cpeiaee amc/io apapuii Ha Joporax ropojia B CyTKu paBHO 3. HaiiTu BeposiTHOCTB
TOr0, 9TO 3a HEJE/I0 TPOou30iIeT MeHbie 5 aBapuii. [loTok aBapuil cantaTh TPOCTERIITNM.

13.7. IIpoao/KuTeIbHOCTD pabOThl FJIEKTPOIAMIIBI — CJIydaiiHas BeJUYUHA, PACIIPe-
JeIGHHAS 110 MOKa3aTeIbHOMY 3akoHy ¢ mapamerpoM o = 0,01 u~!. ITeperopesmyio jam-
Iy HEMeJJIeHHO 3aMeHdAI0T HOBoil. KakoBa BepogTHOCTH TOro, yro 3a 100 wacos jamiry
HpUJIETCH 3aMEHATh OOJIbIe ABYX pa3?

13.8. Cryuaiinas Bejmunna & pacipejiesieHa HOPMaIbHO ¢ jauciepcneii o2 = 4. Kakosa
BEPOSITHOCTD, YTO XOTsA ObI OJIHO U3 6 HADJIIO/IAEMBIX 3HAYEHUN 9TOH BEJUIUHBI OTKJIOHUTCS
or F¢ na Bennuuny, 60/bI1yio 67

13.9. Cayuaiinasi BeJimamuHa [i PAaBHOMEPHO pacipejesieHa Ha uarepsadse [0, 27|, Haiitn
IIJIOTHOCTD PaclIpee/leHnsl CJIyYailHON BEJIMYUHBL V = COS 4.

13.10. Ciyuaitnas sesqmanna & nMeer dyHKuio pacipeeiaenns F(x). Haittn dynkimio
pacupegerrenus Bennaunel 1 = (£ + |£])/2.

Bapwuaut Ne 14

14.1. Bpocator npe urpaibubix kKoctu. Ciydaiinas BendanHa & — CyMMa BBIITABIINX OU-
koB. Haiitu 1) psiji pacupesesienns ciaydaiinoii Besmaubl £; 2) GYHKIUIO paciipe/ieieHust;
3) MaremMaTHYecKOe OXKUJAHUE, JUCIEPCUIO, CPEHEKBAIPATHIHOE OTKJIOHEHHE, Kodhdu-
[IUEHT ACUMMETPHUHU U IKCIECC PACIPEIC/ICHUS.

14.2. BaJiaHa IIOTHOCTH PACIIPEJIeJIeHIs] HEIIPEPbIBHOM cirydaiiHoil Bemannbt &: f(x) =
Ae 112 2 € R. Haiitn xoacppurment A u (byHKIHMIO PaCIpeIeIeHIst F¢(x); mocrponts
rpacduxn fe¢(x) u Fe(x); naiitu M(§), D(§), o(§), xoaddurment acummerpun A(E) u sxc-
niecc pacupejiesennsi E(£); HallTi BepOSITHOCTD MONAJIAHNsL CJIyYaiiHOi BeJIMIUHBI B HHTED-
Ba |0, 2[.

14.3. 3ayana GyHKIUS pacipeesieHusi HeITPEPhIBHON CIydaiiHON BeJIMIuHbI &:

0 npu & < —2,
34 A
Fe) = T25 mpu 2 <a <2,
1 npu x > 2.

Haiiru: a) nocrosinnsie A u B; 6) IJI0THOCTS BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOIIA (A~
HUsA Ccilydaiinoii Besmmunuel B uaTepsan [1,3]; r) M(§), D(&). Iocrpouts rpadukn fe(r) u
14.4. Cnyuaitnas BejimunHa £ UMEET N€OMETPHUYECKOE PACIPEJIE/IEHUE ¢ HMapaMeTpPOM
p. Haiitn xapakrepuctuteckyio (QyHKINIO CIyIalHON BEJIMIUHDBI fyg(t) ", UCIOJIL3YS ee,
BBIUUC/UTh MATEMATHICCKOE OYKUJIAHUE U JUCIIEPCUIO CIYyJIailHONW BeJIMIUHbL &.

14.5. Cpejiaee 9UCII0 JIOXK/IMBBIX JIHEN B TOJLY Jisl JIAHHONH MECTHOCTH PABHO 32 (KarK-
JIBI JIEHBb C PABHOIN BEPOSITHOCTBHIO MOXKET OKA3aThCsl JIOXK/IJIMBBIM). KKakoBa BEpOSTHOCTH
TOr0, IYTO B OJIMKAMIIYIO HEJEIO 0K Ieil B JIaHHONH MeCcTHOCTH He Oy1er?

14.6. Bpems, 3aTpadumBaeMoe IpemnojiaBaTesieM Ha dK3aMeHe Ha OJHOTO CTYAEHTa, eCThb
ciayvaiiHas BeJIMUNHA, paCIpe/lesIEHHasl 110 IOKa3aTeIbHOMY 3aKOHY € IlapamMeTpoMm « = 4
4!, KaxoBa BepoOSTHOCTH TOTO, YTO IPENOIABATENIO0 Ha Ipymiy u3 10 cTyneHToB norpe-
Oyercst boJibie 4 9acos?
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14.7. CkonbKO n3I0Ma JIOJIZKHA B CPEJHEM COJIEPXKATH OyJiouKa, ITOOBI BEpOATHOCTH
COJIEpPXKaHmsT XOTs Obl OJIHON M3IOMUHKH B OyJouke Obijia He menee (0,957 Ilpesnoaraercs,
YTO MPHU BBINEYKE KaXKJasd U3IOMUHKA C PABHON BEPOSTHOCTHIO IOMAJIACT B KAXKJIYIO U3
OyJI09eK.

14.8. Ciygaitnas Bestmumnua € pacipe/ieieHa HOPMAJIbHO ¢ juciepcueii o2 = 4. Haiitu
BEPOSITHOCTH TOTO, YTO B PE3yJibTaTe 3 MCIBITAHII POBHO OJIHO 3HaUYCHUE & OTKJIOHUTCS OT
CBOEr0 MaTEMATUIECKOr0 OKUJIAHUS HA BEJIUUIUHY, OOJIBIIYIO 4.

14.9. Cuyuaiinast BesimunHa £ pacupejiesieHa paBHOMepHO Ha orpeske [—2,4]. Haiitu
IUIOTHOCTH PACIPEJICICHIs, MATEMATHIECKOEe OXKUJIAHNE U JTUCIIEPCUU CJIYIaiHON BeJIMdn-
HEL ) = 1/€2.

14.10. Ilycrs cayuaiinas Bequmauaa & UMeEET MOKa3aTe/IbHOE PACIIPE/IEIEHUE ¢ apaMeT-
pom . Haiitu miorHoCTh pactpesesienust ciaydaifnoil Beaumansbl 1 = In(af).

Bapwuanut Ne 15

15.1. UrpaJibayo KOCTb OPOCAIOT JI0 BBINAJIEHUs €JINHUIIBI, HO He OoJiee tisitu pa3. Ciry-
JaiiHast BeJudnHa { — YHUCIJIO BBINABIINX IecTepok. Haittu 1) psiyt pactipe/iesiennst cirydaii-
HOIi Bestm4amHbI §; 2) DYHKIUIO PACIIpe/IeIeH s ; 3) MaTeMaTuIecKoe OXKIIaHie, JUCIIEePCHIO,
CPETHEKBAIPATUYIHOE OTKJIOHEHUE, KOIDMUIMEHT acUMMETPUH U SKCIIECC PACIIPE/IC/ICHUS.

15.2. Bajiana JI0THOCTH pacIipe/ieieHnsl HelIPEePBIBHOM ci1yvaiinoii Besnunnbt &: f () =

Aze*/* 2 > 0. Haiitu kosbdumment A u dynxmmo pacupeenenus Fg(x); moctpo-
uth rpacduru fe(r) u Fe(x); maiirn M (), D(E), 0(§), xoabdunuent acummerpun A(§)
1 9Kcrece pacupesenennst E(€); HallTH BEPOSATHOCTD MONAJAHNS CJIyYaiiHON BEJINYHHBI B
unrepsas |1, 5[.

15.3. Bagana dbyHKIMS pacipeiesIeHust HeIPEPBIBHON CJIyIailHOil BenIuHbl §:

0 npu r < 1,
11 A
Fe(z) = % npu 1 <z < 2,
1 npu xr > 2.

Haiitu: a) nocrosinabie A u B; 6) IUIOTHOCTH BEPOSITHOCTH f¢(); B) BEPOSITHOCTD IOIIA1a~
Hus ciydaiinoit Besmannel B unrepsad [0,3/2]; ) M(§), D(&). Hocrpours rpaduxu fe(x)

15.4. Coyuaitnas Beamdauna  nMeeT raMma paclpejieienne ¢ mapamerpamu o > 0,
A > 0, ¢ IVIOTHOCTBIO paCIIpe/IeIeHNsT

[e.9]
Buecs () = [ A te~tdt — ramma-bynkmus, '(A) = (A — DI(A — 1), T'(n) = (n —
0
1)!, T'(1/2) = \/m. Haiitn xapakTepucTHIecKyio QyHKIMIO CIIydaiiHoil Benaunsl e (t) u,
HCIIOJIB3Ysl €€, BBIYUCIUTD MATEMATHIECKOe OXKHJIAHNUE U JIUCIIEPCUIO CITy IailHON BEJMYNHBI

15.5. BepositHOCTh CHaTh dK3aMeH ¢ Tpéx nonbitok pana 0,6. Kakosa BeposTHOCTH
¢laTh 9K3aMeH ¢ OjHOI TonbITKu! CKOJIBKO HAJI0 B CPEIHEM CJejlaTh IONBITOK, UTOOBI
¢/IaTh SK3aMeH?!

15.6. ABromaTuvecKkast JIMHUsI [IPU HOPMAJIBHON HACTPOWKE MOXKET BBIIYCKATH OPaKo-
BaHHOE U3JIeJINE C BePOATHOCTHIO p. [lepenasna ka JTUHUN TPOU3BOINTCS MOCJE MIEPBOTO JKe
O6paxoBamHOro m3jesus. Haliure cpeiinee UuUC/IO BCEX U3JEUN, M3TOTOBJICHHBIX MEXKITY
JBYMS TIepeHasIaJIKaMU JTUHAH.

15.7. Haiitu cpesiaee ancio A 6pakOBaHHBIX U3JIEIUI B TAPTHUH, €CJIU BEPOSTHOCTH TOTO,
9TO B 9TOM MApPTUN COMEPXKUTCS XOTsT OBI OJIHO OpakoBaHHOe n3ienne, papua 0,9. IIpemmno-
JIATaeTCsi, 9TO YUCJI0 OPAKOBAHHBIX U3JE/INI B PACCMATPUBAEMON TAPTHH PACIPEIEJICHO 10
3akony Ilyaccona.
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15.8. Coyuaiinas Beqmuuna € pacipejie/ena HOPMAJIbHO ¢ juciepeneii o2 = 5. Haiitn
BEPOATHOCTH TOT'O, YTO B Pe3yJsibTaTe b UCHBbITAHUN BCe 3HAYEHUs & OTKJIOHATCH OT MaTe-
MaTHUYECKOI'O OKUJIaHUs & HA BEJIMYNHY, MEHBIIYIO 6.

15.9. Cuyuaitnas BesmanHa & pacrpejesieHa no HopMaiabHomy 3akony N (0, 1). Haiitu
IJIOTHOCTD PacIpejiesieHns caydaiinoit Bemmuauaet ) = 1/(1 4+ £2).

15.10. Cayuaiinast BesimanHa £ MMeeT HENPEPLIBHYIO (DYHKINIO pactpenesernst F(x).
Haiiti dbynknmo pacnpejenenns: senannsr 7 = — In(F(£)).

Bapwuanut Ne 16

16.1. DK3aMeH MOXKHO CIaBaTh JI0 TPEX Pa3, MPH 9TOM BEPOSITHOCTH CJIAYM B M-Oif I10-
nbiTKe pasHa n/4. Ciydaiinast BesmauHa { — YUCIO 3aTpadeHHbIX HONbITOK. Haiitu 1) psi
pacipe/ieJieHnst CIydaifHoit BesimanHbl & 2) DYHKIMIO pacupeieenus; 3) MaTeMaTuIecKoe
OXKUJIAHUE, JIUCIIEPCHIO, CPETHEKBAJIPATUIHOE OTKJIOHEHNEe, KOIMMUIMEHT acCUMMETPHH U
9KCIIECC PACIIPEJIEJICHHS.

16.2. Bajiana JI0THOCTD PacIpe/iesIeHIst HellPePbIBHOI ciryvaitnoil Besnaunbl §: fe(x) =
—Az + A? upn x € [-1,0]; fe(z) = Az + A% npu z € [0,1]; fe(x) = 0 upn z ¢ [—1,1].
Haiitn koapdpurment A (A > 0) u dynxumo pacupejerenus Fe(x); mocrpours rpadu-
ki fe(x) m Fe(x); naiitu M(§), D(§), (), xoabdunuent acummerpun A(§) u sxcmece
pacipeeseanst F(§); HaiiT BEpOSTHOCTH MOMAJAHUS CIyJIailHON BETMIMHBI B UHTEPBAJ
11/2,2].

16.3. Batana GyHKINA pacipe/iesieHns HeIIPEePBIBHOIL city daiinoii Besmyannsl &: Fe () =
A+ Barctg(z), € R. Haiitu: a) nocrosinnsie A u B; 6) miorHOCTh BeposaTHOCTH f¢(7);
B) BEPOSITHOCTD IOMAJIAHNsI CILyIailHON BeJMIMHbl B uHTepBaJ [7/4,4+00]; v) M (&), D(§).
ITocrponts rpaduxn fe(x) n Fe(x).

16.4. Ciyuaitnast Beimanaa £ IMeeT pacIpe/le/ieHne «XU-KBaJipaT» ¢ k CTEleHsIMUI CBO-
60/IbI € IIJIOTHOCTBIO PACIIPEJICTICHIsT

_ 1 k)21 —2/2
fe(x) = 2"“/2F(k/2)x e v x>0.

Buech I'(z) = [t*7le7tdt — ramma-bynxmus: I'(z) = (2 — )I(z — 1), I'(n) = (n —
0

1)!, T'(1/2) = y/m. Haiitn xapakrepuctudeckyio byHKIHIO CIIydaiHON Besmannbl Ye(t) u,
UCIIOJIb3Ysl €€, BLITUCIUTh MATEMATHICCKOE OyKUJIAHNE U JIUCIIEPCHIO CITY YaiHOM BeJNIHHbI

16.5. Cpeatee 4KCIIO BBICTPEJIOB, HEOOXOAMMOE JIjIsl HOpaykeHus e, pasHo 4. Ka-
KOBa, BEPOSITHOCTD TMOPAXKEHUS TEJIA C JBYX BBICTPEIOB! BepOsiTHOCTD MOpayKeHUs MeJid ¢
Ka2KJI0T'0 BBICTPEJIA MPE/IIN0IAraeTCs OJNHAKOBOIL.

16.6. Cpe/iHee 9UCIIO JIOXKIMBBIX JIHEH B TOJLY Jisl JIAHHON MecTHOCTH paBHO 60 (Kark-
JIBI JIEHBb C PABHOIN BEPOSITHOCTBIO MOXKET OKA3aThCsl JIOXK/IJIMBBIM). KKakoBa BEpOSTHOCTH
TOr0, YTO B OJIMKAMIIYIO HEJEIO J0XKIeil B JIaHHONH MecTHOCTH He Oyier?

16.7. /lepeBbst B jiecy pacTyT B CJIyYailHbIX TOYKAX, KOTOPbIE 0OPA3YIOT IIyacCOHOBCKOE
nosie ¢ mwrornoctwio 0,1 nepeso/M2. Cirydaiinas Besmauna € — PACCTOSHEE OT HPOU3BO/IL-
HOIT ToUKHM B jiecy Jjio Ommkaiinero gepesa. Haiiru Fe(x), M(§), D(§).

16.8. Ciyuaiinas Besmunna & pacipe ie/ieHa HOPMaJIbHO ¢ napaMerpaMu @ = 1 u o2 = 3.
Haiitu 1) BeposiTHOCTD TIONaaHust £ B MHTEPBAJI | — 00, —3[; 2) 'paHUIIbI HHTEPBAJIA, CUM-
MeTpudHOro otHocuTesbHO M (£), B KoTOpoM Gyjer HaxoquTbest 70% 3HadeHuit cirydaiiHoil
BEJTMINHDI.

16.9. Huamerp kpyra — ciydaiiHasi Besimanna &, KOTOpas PABHOMEDPHO pacIpejiesieHa
Ha orpeske [a,b]. Haiitu dyHKIMIO pacupejesieHns mIoma iy Kpyra.

16.10. Ilycrs coayuaiinas Bequmauaa & UMeEET 1MOKa3aTe/IbHOE PACIIPE/IEIEHUE ¢ TapaMeT-
poM . HaiiTu mI0THOCTE pacipe/iesieHnst cryaifHoil Bemauael 1) = min(&, £2).
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Bapwuant Ne 17

17.1. Bauér MOXKHO CJIaBaTh JIO MSITU Pa3, IPU STOM BEPOSITHOCTH ¢JIavu ¢ JIF0OO0i 1mo-
neITKU ojinHakoBa u pasHa 0,3. Ciydaiinas Besmdauna £ — YUCI0 3aTPAYEHHDBIX MOIBITOK.
Haiitu 1) psin pacupejienienust ciydaiiHoii Bequdausbl &; 2) GYHKIUIO pacipejieieHust; 3)
MaTeMaTHIeCKOe OXKHJIaHue, JUCIEPCUIO, CPEIHEKBAIPATUIHOE OTKIOHEHNE, KO3 MDUIUEHT
ACUMMETPHUH U IKCIECC PACHPE/IE/ICHMSI.

17.2. BaJlaHa IIOTHOCTH PACIIPe/IeJIeHIs] HEIPEPbIBHOM cirydaiiHoil Bemannbt &: f(x) =
2A/(e™" +e"), x € R. Haiitu xoscdbdurment A n dbynxruio pacupesesenus Fe(x); mocTpo-
uth rpacduru fe(r) u Fe(x); maiirn M (), D(E), 0(§), xoabdunuent acummerpun A(§)
u 9Kcrecce pacupejenenuss F(€); HAlTH BEepOSTHOCTH MONAJAHUS CIyJYailHON BEJIMIMHBI B
unrepsas |1, 0o

17.3. 3ajana dyHKIUs pacupejie/ieHnsi HePEePhIBHOM ciryYaifHol BeuanHb! &:

0, <1
F(z)={ Az?> — Bz, 1< <3;
1, x> 3.

Haiiru: a) nocrosinnsie A n B; 6) IJI0THOCTH BEPOATHOCTH f¢(2); B) BEPOATHOCTD IOIIA (A
HUsA CITydaiiHoil BesmunHbl B unTepBad (2, +ool; v) M(§), D(§). Iloctponts rpadukn fe(x)
17.4. Haiiti xapaxTepuctideckyio dbyHKIMO Ye(t) AUCKPETHOI C/IydaiiHON BeJMYINHBI
¢, pacrpesienénnoii o sakomy Ilackansa: P(€ = k) = pg®, k= 0,1,2,..., u, ucnoms3ys ee,
BBLIYHCTUTH MaTeMaTHIeCKOe OXKUJIaHUEe ¥ JUCIEPCUIO CJIydailHOl BeudnHbl &.

17.5. U3 aByx opymuil moovuepeiHo BeJAETCA CTPeabbda 1o Mejiu 0 IMePBOro IO IaHus
O/lHUM U3 opy/uii. BeposiTHOCTH TONaanust B 1eJib MepBbIM opy/ueM pasHa 0,3, BTOPbIM
0,4. Hauunaer crpesib0y nepsoe opyaue. Tpebyercst HAfiTh cpejiHee YUCI0 BBICTPEJIOB, ITPO-
U3BEJIEHHBIX OOOUMU OPY/IUSIMH.

17.6. Bpewmsi, 3aTpaunBaeMoe IIpenojiaBaTe/ieM Ha dK3aMeHe Ha OJHOTO CTYJIEHTA, €CTh
ciydaifHas BeJIMYMHA, PACHpPEJIeIEHHAs 110 MOKA3aTeIbHOMY 3aKOHY € IapamerpoMa = 4
4~ !, KakoBa BepoOSTHOCTH TOTO, YTO IPENOIABATENIO0 Ha Ipymiy u3 10 cTyneHToB Horpe-
Oyercst bosibie 3 9acos?

17.7. JlepeBbsi B JieCcy pacTyT B CJIy4ailHbIX TOYKaX, KOTOPbIe 0OPa3yIoT MyacCOHOBCKOE
nosie ¢ mrornocteio 0,04 nepesves/m2. Cryuaiitnas Besmdanna € — PacCTOSHIE OT TIPOM3-
BOJIBHOIT TOUKH B Jjlecy JI0 OimzKaiimnero jgepesa. Haiiru Fe(x), M(£), D(§).

17.8. Pesyibrar mamepenust (pusnveckoil BeIMINHbI — HOPMAaJIbHAS CIydaiiHas BeJin-
quna § ¢ napamerpamu M (€) = 1, D(§) = 0,1. KakoBa BeposiTHOCTb, ITO PE3yJIbTATHI TPEX
u3MepeHuil 9Toji BeJauauHbl JiexkaT B uaTepsase [0,9,1,1]?

17.9. Touka Gporrena Hayjady BHYTpb Kpyra pajuycom R. BeposTHocTb moOnajaHmst
TOYKM B JIIOOYIO 0BJIACTH, PACIIOJNIOKEHHYIO BHYTPU KpPyTa, MPONOPIMOHAIBHA ILIONIAN
obsractu. Haiitu hyHKIUIO pacipe/ie/ieHus, MATeMaTHIecKoe OXKUJIaHIe U JIUCIIEPCUIO Pac-
CTOSIHUSI TOYKH JI0 TEHTPa KpPyTa.

17.10. Corywaiimas Bemuamna & pacrpe/esena mo nopmaiabuomy sakony N (0, 02). Haiirn
IJIOTHOCTD PACHPEJIC/ICHIS CIy ailHON BeJMYHHbL 1) = &2

Bapwuaut Ne 18

18.1. B ypue 3 Gesbix u 7 uépHbIx 1mapoB. Beiaymu 5 mapos. Coy4aitnasi Besimanna &
— 9MCJI0 BBIHYTHIX Oesibix mapos. Haiitu 1) psiji pactupejesienust ¢y 9aiiHoi BeTMauHbI &;
2) byHKIMIO pacipe/ie/ieHnst; 3) MATEMATUIeCKOe OXKUJIAHUE, JUCIIEPCUIO, CPEHEKBaIpa-
TUYIHOE OTKJIOHeHne, KO3(hMUIMEHT aCUMMETPUN U IKCIECC PACIPE/IeIeHNS.

18.2. Ba/1ana mI0THOCTH PaCIIpe/e/IeHusT HEIPEPEIBHOM CiIydaiinoil Besmnannsl §: fe(r) =
Az upn x € [0,3]; fe(x) =0 nupn x ¢ [0, 3]. Haiitu xoscdbdurment A n dbynxiumio pacipe/ie-
nenust Fe(x); nocrpouts rpabuxn fe(r) u Fe(x); maimu M(£), D(£), o(§), xoaddurment
acummerpun A(§) u skcrece pacnpesenennst E(€); HalTH BEPOSITHOCTH MONAJAHUS CJLy-
JaiiHoii BeJIMIMHBI B MHTEpBas |2, 4.
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18.3. 3ayana yHKIUS pacipeesieHusi HeIIPEPhIBHON CIydaiiHON BeJIMIUHbL &:

0, Tz < —3;
Fz)=¢A/x+ B, —-3<z<-1;
1, x> —1.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10IIA/1a~
HUsA CIIydaiinoii Besmanubl B uHTepBas [—2,2); r) M (&), D(§). Ilocrpouts rpaduxu fe(x)

18.4. Ciy4aiinas BeJimdnHa § IMeeT HEIPEPBIBHOE PACIIPEJIe/IeHNE C IJIOTHOCTDIO f¢ () =
Nz exp[—Az], z > 0 (mapamerp A > 0). Haiiti xapaxTepucTuaecKyio (hyHKIIHIO CIIydaii-
HOIT BeJIMINHBI V¢ (1) U, UCIIOJIB3YsT e, BBIYUC/IATD MATEMATHICCKOe OKUIaHIe I JIICIEPCUIO
CJIy9ailHOM BeJIMIMHBI.

18.5. Tlpu zamnwmcu mnporpaMMbl Ha HEHCIIPABHOM HAKOIHMTEJE TOSBJISIETCS B CPEJHEM
3 ommbku. Kakosa BeposiTHOCTL 6e301mmb04noil 3amucu? CKOJILKO Pa3 B CpPeJHEM HaJlo
3alUCHIBATD IIPOrPaMMY, ITOOBI TMOJIYIUTH O0€30MMO0THYIO 3aIICH

18.6. Uz ypubl, comepxkareit 10 6ebix n 3 4€pHBIX IIapa, BRIHUMACTCS HAYIATY D
mapos. KakoBo cpejiree n nanBeposiTHeifiee 9ncao YEPHBIX MAPOB B BHIOOPKE?

18.7. TIpogo/KuTe/IbHOCTh PADOTHI JIEKTPOJIAMIIBI — CJIydaiiHasi BEJUYINHA, PACIpe-
JIeIEHHAST 110 TIOKA3aTeIbHOMY 3aKoHy ¢ mapamerpoM o = 0,01 u~!. ITeperopesmyio jam-
Iy HEMEJJIeHHO 3aMeHA0T HOBOil. KakoBa BeposgTHOCTH TOro, uro 3a 100 wacoB Jamiry
OPUAGTCS 3aMEHITDL OOJIBITE JABYX pas?

18.8. Cuyuaitrast BejinanHa £ MOTIMHEHA HOPMAJBHOMY 3aKOHY PACIIPEJIEJIEHHUST C Ma-
remarndeckuM oxkuganunem M ([E] = 0. Ilpum KakoMm 3HAYEHUU CPEHErO KBaJIPATHIECKOTO
OTKJIOHEHHUsI 0[] BEPOSTHOCTD MO [aHUs CJIyYaiiHON BeJImunHbl B 0Tpe3oK |1, 4] mocruraer
MakcumyMma?

18.9. Ciyuaitnast BesimanHa £ pacipejesiena Mo mokKas3are/ IbHOMY 3aKOHY ¢ TapaMeTpPOM
. CrayJaiinasg BeJTMIUHA 1) ONMPEEIIeTC Kak Te/asd 9acTh CAyIaiiHoil BequdIuHb! £, T.e.
n = [€]. Haiitu psiz pactipe/iesiennst ciry9aifHON BeJIMIMHBI 7).

18.10. Cuyuaiinas Bequ4MHA [ PABHOMEPHO pactpe/iesieHa Ha unrepsase [0, 1]. Haiitu
[JIOTHOCTH PACIPEJIEICHIs CIyYaifHON BeJuauHbl v = [ — 1/ p.

Bapwuaut Ne 19

19.1. B ypue 4 Gesbix 1 8 4EpPHBIX MAPOB. BHIHUMAIOT OCIEI0BATEIBHO TIAPBI JI0 HO-
siBjieHnst YépHoro mapa. Ciryuaiinast BeauduHa & — YUCIJIO BBIHYTHIX mapos. Haiitu 1) psi
pacIpe/iesieHust CIyIaitHoil BesmauHbl &; 2) DYHKIMIO PACIPEICSICHNs; 3) MATEMATHYECKOe
OXKHJIAHNE, JIUCIEPCUIO, CPEeHEKBAJPATHIHOE OTKJIOHEeHHE, KOI(DMUIMEHT acuMMeTpUu 1
9KCIIECC PACIIPEICIICHIS.

19.2. Ba/1ana mI0THOCTH PaCIpe/ie/IeHIsT HEPEPBIBHOM CiIydaiinoil Bestmaunsl §: fe(z) =
A/x upu x € [1/e,e]; fe(x) =0 upu x ¢ [1/e, e]. Haiitu xosddumnuent A u dbynxmnmo pac-
npegenenns Fe(x); nocrpours rpabuxu fe(x) n Fg(x); naiitu M(€), D(§), o(§), xoabdu-
nment acummMerpun A(§) u akcnece pacupesesnenust F(E); HafiTn BepOSTHOCTD IONAIAHNS
ciydaiiHoil BesmunHbl B uHTEpBad |1, 3]

19.3. Bayjana yHKIUS pacupe/e/eHnst HeIPEePbIBHOl CirydaifHoil BeananHbl &:

0, <1
F(z)={ Az® — Bz, 1< <4
1, x> 4.

Haiitu: a) nocrostnusie A n B; 6) mI0THOCTE BePOATHOCTH f¢(x); B) BEPOSTHOCTD I10TIA/1a~
HUs CJIy9aiiHoil Besmannbl B uHTepBas [2, +oof; r) M (), D(€). Ilocrponts rpadukn f¢(x)

19.4. Cuyuaiinas Beauauaa & pacupe/iesieHa 10 3aKOHy DPJIaHra n-ro MOpsijiKa ¢ Iapa-
merpom A > 0 ¢ miotHocTsio fe(x) = A(Az)"e % /nl, > 0 . Haiitn xapakTepucTHIECKYIO
bYHKIMIO cityJaifHOl BesmanHbl Ve (1) 1, HCIOMIB3Ys ee, BLIYUCINTD MATEMATHIECKOE OKI-
JIAHUE ¥ JIUCIIEPCUIO CJIYYaiiHOI BEJIMYUHBL.
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19.5. BeposaTHOCTD TOTO, YTO CTPEJIOK MOMAJAET B MUIIEHDL IIPU OJIHOM BBICTPEJIE, PABHA
0,95. Crpesiky BBIJAIOTCsT TATPOHBI JI0 TeX 0P, [TOKA OH He TpoMaxHeTcst. T pebyercst HaiiTu
cpejiHee IUC/I0 BBIJAHHBIX CTPEJIKY HATPOHOB.

19.6. Peibak 3abpocus cumaauar 50 pa3. KakoBa BEpOSTHOCTH TOIO, 4TO OH HOWMAJ
X0Ts1 ObI OJHY PbIOY, €CJIi OJIHa Pbi0a IpUXoanTcst B cpegaeM Ha 100 3abpacbiBaHmii?

19.7. CpejiHsisi IWIOTHOCTH OOJIE3HETBOPHBIX MUKPOOOB B OJIHOM KyOUIECKOM MeTpe BO3-
Jiyxa pasaa 150. BepyTcs na npo0y 2 kybudeckux jienuMerpa Bosayxa. Haiitn BeposTHOCTD
TOro, YTO B HEeM OyjieT oOHApY2KEH XOTs ObI OJIMH MUKPOO.

19.8. Pesysibrar nzmepennst (pu3nieckoil BeJIMUUHBI — HOPMAJIbHAS CJIydaiiHas BeJId-
uynHa & ¢ napamerpamu M (€) = 2, D(§) = 0,04. KakoBa BeposiTHOCTb, 4T0 pe3ysbrarsl 10
U3MEPEHUI OTKJIOHUTCS OT MATEMATHIECKOIO OXKWJIAHUS Ha BEJIUIUHY, He 60sbInyio 0,27

19.9. Cnyuaitrast BejimvanHa £ UMeET MTOKa3aTebHOE PACIIpeJIeIeHIe C TapaMeTpoM ( =
5. Haiitu dbyHKIMIO pacipe/iesienus (& eciii CyIecTByeT, TO U INIOTHOCT PaCIPe/IesIeHNs)
caydaitnoit Besimannbl 1) = 1 — 5¢. Haiitu gucrepcuto 7).

19.10. Coyuaiinasi BesmunHa & pacipejiejieHa paBHOMEPHO Ha orpeske [—2,2|. Haiitu
IJIOTHOCTD PACHPEIC/ICHIS CIyYailHON BeJMYHHbL 1) = &2

Bapwuant Ne 20

20.1. B maptun u3 20 merasteit mmeercs 16 cranmapTHbIX. V3 9T0il mapTum Haymady
B3aThI 4 jietasm. Ciyuaiinas BesmauHa § — YUCI0 CTAHJIAPTHBIX JeTaseil B Boibopke. Haii-
i 1) psi pacupejiesienus ciaydaifHoil Beaumdaunbl £; 2) GYHKIMIO pacipe/iesieHnst; 3) Ma-
TEMATHIECKOE OXKUJAHUE, JUCIEPCUIO, CPEIHEKBAPATUIHOE OTKJIOHEHHE, KOIDhUIMeHT
ACHMMETPUY U KCIECC PACIIPEJIEJICHHUSL.

20.2. Ba/1aHa INIOTHOCTH PACIIPe/Ie/IeHIs HEeIPEPBIBHOIT /Ty daiiHoi Besmannsl §: fe(x) =
Asin(x/3) upu x € [0,3n]; fe(x) = 0 npu = ¢ [0,37]. Haiitu xosbdunument A u dynk-
muio pacnpegenenns Fg(x); nocrpours rpadukn fe(x) u Fe(x); nairu M(§), D(§), o(&),
koabdunment acummerpun A(&) u sKciece pacupesesnenus: F(§); HallTH BEpOSITHOCTD 110~
naJlaHust cJlydaifHoil BesimunHbl B uHTEpBaJ | — 1, 7.

20.3. Bajana (PyHKIMs pacipe/leleHus HelPEPbIBHON CIydaiiHON BeJNIUHbI &:

0, T < -2
Fz)=X A/2*+ B, —-2<z<-1;
1, x> —2.

Haiiri: a) nocrosiuasie A u B; 6) IIOTHOCTH BEPOSTHOCTH f¢(); B) BEpPOSTHOCTH IOIIA-
JIaHNsT CoTydaitnoit Besmannel B unrepsat [—3/2,0]; r) M(£), D(£). Ilocrpouts rpadukn
fe(a) n Fe(a).

20.4. Ciyvaitnas BesanHa & NMeeT HElIPEPBIBHOE PaCIPe/IesIeHIe C INIOTHOCTBIO fe(x) =
N22e77 /6, & > 0 (mapamerp A > 0). Haiiti xapakTepucTuiecKyo byHKIHMIO CIydaiiHoi
BEJIMYUHBI V¢ (1) ¥, UCIOIB3Yd €€, BHIYMCIUTH MaTeMaTHYeCKOe OKHUJAHHUE H JIHCICPCHIO
CITyvaifHON BeJTMINHDL.

20.5. BepositHOCTBH TIOTIafaHUsI B IeJIb TP OJHOM BbIcTpesie pasha 0,3. OupeesnTs,
CKOJIBKO B CPEJIHEM HEOOXOJIMMO BBICTPEJIOB JIJIs [TOTAJIAHUS B 1Eb.

20.6. Bpems, 3arpatunBaeMoe ImperoaBare/ieM Ha dK3aMeHe Ha OJHOIO CTYICHTA, eCTb
cayJaiiHasg BeJIUYIUHA, paclpellesI€EHHas M0 OoKa3aTeTbHOMY 3aKOHY € mapaMeTpoM o = 6
4~ !, KakoBa BepOSTHOCTD TOTO, Y4TO IIPEHOABATE/Ib 32 TP Yaca IIPUMET SK3aMEH Y TDYIIIbI
U3 JIBAJIIATH CTY/IEHTOB?

20.7. Huist mocTpoiiku 3/1auust Hy2KHO 3a0uTh B 3eMiito He Menee 200 cBail Ha ryryOuHy
4 M. Ecimm cBag Ha MeHbIlell 1yyOMHE HATBIKAETCS HA KaMeHb, €€ CIUJIMBAIOT M B YUCJIO
HECyIUX CBail OHa He BXOJHUT. BeposTHOCTH «BCTPETUTH» TaKOW KaMeHb B TOJIIIE 3EMJIN
rybunoit 1 m pasua 0,03. VzBecTHo, 4TO CpeiHee 9uC/IO0 KAMHEH B TOJIIIE 3€MJIM IIPSIMO
MPOIOPIIHOHAILHO TOJIHHE ¢J10s. CKOJILKO HYKHO 3arOTOBUTDL CBail, ITOOBI ¢ BEPOSTHO-
cthio 0,95 UX XBATUJIO HA TOCTPOINKY 3/IaHMs !

20.8. CKOJIBKO 3HAUYEHUil CJydaifHON BeUdIuHbI &, PACHPEIEJIEHHOI 110 HOPMAJIBHOMY
sakoHy N (25,9) HYKHO B34Th, 9TOOBI ¢ BepoaATHOCTBLIO 0,99 X0Tst 6bI OJIHO M3 HUX IMOIAJIO
na unrepsai |20, 28].
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20.9. Cayuaiinast Bemunna £ pacupejienena 1o nopmasabaomy sakony N (0,4). Haiiru
IIJIOTHOCTD PACIIPEJIETICHIST CTyIaifHOil BeManHb! 7 = ef.

20.10. Coyuaitnasi BesimunHa § umeer IJIOTHOCTH pacupejesenus f(z). Haittu mior-
HOCTDH pachpejiesenns semanns min{é, €2},

Cucrembt CJ'Iy'—IElﬁHbIX BeJINYNH

Bapwuant Ne 1

1.1. JIBymepHast ciyuaiinas Beamanna {£, 7} pacupejeseHa paBHOMEpHO B obsactu D,

OorpaHUYeHHOI cHU3Y ocbio O, a CBepxy KpHUBOil 1) = e~®". Haiiru COBMECTHYIO IIJIOTHOCTDH
pacipejienenus fe,(x,y), maornocTn pacupenenenns fe(x) u fy(y), ycaoBHbIe IOTHOCTH
pacupezenenns fe(x/y) u f,(y/x), oCHOBHBIE YHCIOBBIE XaPAKTEPUCTUKH BEJIMUHH & U 1),
KO DUIUEHT KOPPEIA MexK Ly & u 1.

1.2. TTycrb € u ) — He3aBUCHMBbIE CJTyYIaliHbIE BEJTUNIUHBL, TPUIEM £ UMEEeT PaBHOMEPHOE
Ha orpeske [—1, 1] pacupejenenue, a 7) uMeeT GHHOMHAJIBLHOE PACIPEJIEIEHNE C IapaMeT-
pamu 2 u 1/2. Haiit QyHKIUIO U [JIOTHOCTH PACHpPEIEIeHs: CyMMbI & + 7).

1.3. Ilycts € u 1) — He3aBUCHMBIE CIydaliHbIe BEJUIUHBI, UMEIOIIHE TOKa3aTeTbHbIe
pacIpeJiesieHnsT ¢ mapaMeTpaMu A1 U Ag COOTBETCTBEHHO. JloKazarh, 9To cIydaiiHble BeJn-
quHbl £ — 1 u min{&, 7} He3aBUCUMBIL.

1.4. ITycrs &1, &2, ...,&y, ... — HE3aBHUCHUMBIE ciIydaiinble Besaudunbl. [Ipu jiobom k > 1
BenmumHa o1 MMeeT pacrpesenenne [lyaccona ¢ mapamerpom A\ = 3, a Beqwanna Eop €
No,1. Haiitu npesesn 1o Bepositaoct nociegosarenbHoctn (& + & + ...+ &) /n.

1.5. Jlana mocyieoBaTeIbHOCTD HE3ABUCUMBIX CIyYaiiHbix Beaudud &1,&o, ..., &y, .. ..
Coayuaiinas sequunna &, (n = 0,1,2,...) MoXKeT OIpUHUMATH JiBa 3HaUeHus: +In“n ¢ Be-
POSITHOCTSIMHU, PABHBIMHU 1 /2. VII0BJIETBOPSET JIM 3Ta TIOC/IEI0BATEIbHOCT 3aKOHY GOJIBIITIX
qncest Yebbimea?

1.6. CximapiBaercst 10% mces, kazkioe u3 KOTOPBIX OKPYIJIEHO ¢ TOYHOCTHIO 10 107,
[Ipeanonaraercst, 970 OMUOKN OT OKPYTVIEHHUST HE3ABUCUMBI I PABHOMEPHO PACIPEIC/IEHBI B
unrepsase |—0,5-107"",0,5-107™[. Vcuonab3yst IEHTPaJIbHYIO [IPEJIEIbHYIO TeopeMy, HalTu
peJiebl, B KOTOPBIX C BEPOATHOCTRIO, He MeHbIei 0,99, 6y1er cymMmapHast OmmoKa.

1.7. Cayuaitnas Beuanna & sIBJISIETCST CpeHEN apuMeTHIeCKO He3aBUCHMBIX U OJIU-
HAKOBO PACIPEJIEJIEHHBIX CJIYUIANHBIX BEJIUINH, CPEIHEKBAIPATUIHOE OTKJIOHEHIE KaXKI0i
13 KOTOpPbIX paBHO 2. CKOJBKO HYKHO B3ITh TAKUX BEJIMYUH, 9TOOLI CaydaiiHas BeTMInHa
& ¢ BeposTHOCTBIO, He MenbIreit 0,92, nMesra OTK/IOHEHNE OT CBOEI0 MATEMaTHIECKOTO OXKU-
nanus, He npesocxojsiee 0,05. Pemurs 3a1a4y, nucrnob3ys a) HepaBeHCTBO ebbiesa; 6)
MEHTPATBLHYTIO MPEJICIBHYI0 TEOPEMY.

Bapwuaut Ne 2

2.1. JIBymepHas ciay4vaiinas Beanauna {,n} pacupejesena paBHOMepHO B obsactu D,
OrpaHMYEHHON OKPYKHOCTBIO pajuyca R ¢ meHTpoM B Havase koopaunar. Haiitu copmect-
HYIO IIJIOTHOCTH pacupesesenns fe,(x,y), miorHocrn pacupegenenns fe(x) u f,(y), ycios-
HbIE IJIOTHOCTH pacupejenenns fe(x/y) n fy(y/x), ocCHOBHBIE YMC/IOBBIC XapaKTEPUCTHKH
BesinauH £ U 1), U KOIDPUIMEHT KOppesannn Mex /iy & u 1.

2.2. Ilycrb € u ) — He3aBUCHUMBIE CIIyYallHbIE BEJIMYUHBI, IPUYEM & NMeeT PaBHOMEPHOE
pacipejiesienne Ha orpeske [—1, 1], a 77 — mokazareabHOe pacupejiesieHue ¢ mapaMeTpom 2.
Haiitu dbyHKIMIO pacinpe/ie/ieHnst, IJI0THOCTh PACIPEIEIEHIs, MATEMATHIECKOE OKUIAHIE
U JIUCIIEPCUIO CIYYaRHON BeTUaIuHbl & + 7).

2.3. Ilycts € m 1) — HezaBUCHMBIe, pactpesenénnse o 3akony N(0,02) ciyuaitabie
BesmanHbL. [[0Ka3aTh, 9TO CIyvaiiHble BemauHbl £2 + 12 u € /1) He3aBUCHMBI.

2.4. Tlycre £1,&2,...,&n, ... — HE3ABUCHMbIE, OJIMHAKOBO PACIIPEJIEIEHHBIE CJIyYailHbIe
BEJIMUMHBI, UMEIOIIUe IIJIOTHOCTh pacupejenenns f(x) =2 — 2z, x € [0,1]. Jokazars, aro

P
max{&1,&2,..., &} — 1.
2.5. Jlana mocjenoBaTeIbHOCTh HE3aBUCUMBIX CJIyUIaHbX Besudud £1,&9,...,&n, .. .,

KazK/las M3 KOTOPBIX pacipesesena 1o saxony Komm: fe, (v) = 1/[n(1 + 2?)], = € R.
[TpumennM i K 9TOi HOC/IE0BATEIBHOCTH 3aKOH OouibIux unces Jebbimesa?
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2.6. Crpesiok TorajaeT IpU BBICTPEJIE 0 MUIIEHA B JIECATKY € BepOATHOCTHIO 0,5; B
neesatky — 0,3; B BocbMEpky — 0,1; B cemepky — 0,05; B mecrepky — 0,05. Crpesiok ciresast
100 BoicTpesioB. KakoBa BeposgTHOCTDL TOTO, UTO OoH HabpaJs 6osee 950 0IKOB.

2.7. CkosbKO (MUHMMYM) HEOOXOMMO B3SITh CJIyYailHbIX BEJIMIMH, PACIIPE/ITIEHHBIX 110
zakony llyaccona c¢ mapamerpoMm \ = 2, 4T0ObI C BEpOsITHOCTHIO, He MeHbIel 0,8, cpeaee
apudMeTnuecKoe TUX BeJMunH OyJer Jiexkarb B unrepsase [1,95;2,05]. Pemurs 3amaay,
HCIIOJIb3Ysl a) HepaBeHCTBO UebbieBa; 6) MEeHTPATBHYIO IPEIEIBLHYI0 TEOPEMY.

Bapwuanut Ne 3

3.1. Jlano pacrpejiejieHre BepOATHOCTEH CJIydIaiiHOTO e =110 1
BekTopa (£,n). Hailtn pacnpe/iesiennst BeposiTHOCTEN CJty- 077 0110210
JafiHbIX BeJIUYUH & U 1), YCJIOBHBIE 3aKOHDBI PACIIPE/IC/ICHIS, T 0’2 0’3 09

MaTeMaTHIeCKue OXKIJIAHHUS U JTUCIIEPCHH STHX BEJTMYHH 1
KO3 PUITHEHT KOPPEIIun MexKIy & u 1.

3.2. Ilyctb € u ) — HE3aBUCHMBIE CJIyYaiiHble BEJIMYNHBI, IPUYEM & MMeeT PABHOMEPHOE
pacipejiesieane Ha orpeske [0, 2], a n — moKazaTesbHOE PACIpeeIeHre ¢ mapaMerpoM 1.
Haiitu dynknuio pacrpesesienusi, IJIOTHOCTD PACIIPE/IEIEHNs], MATEMATUIECKOe OXKIIAHNe
U JIUCIIEPCUIO CIIyYailHOW BeJIMYMUHBI 2€ — 7).

3.3. OnpenennTsb IOTHOCTD PACTIPE/IETCHUST UTHHBI PAINYC-BEKTOPA, €CIU CaM BEKTOD

20,2 2

MMeeT HOPMAJILHOE PACIIPEJE/ICHIe ¢ IWIOTHOCTRIO f(2,1y) = (2mo?)~te (@ +y7)/207
3.4. Ilycro &1,&9,...,&,, ... — HE3ABUCUMBIE, OUHAKOBO PACIPEICCHHBIC CIydaiiHbIe
BEJINYMHBI, MMEIOIIHE IJIOTHOCTh pacipeeinenus f(x) =2 — 2z, x € [0, 1]. Jokazars, aro

min{&y, &, ..., &0} 2 0.

3.5. Jlana mocjie10BaTeIbHOCTh HE3aBUCUMBIX CIy9IafiHbIX Besmaud £1,&9,...,&,, .. .,
KazkJ[asl M3 KOTOPBIX PABHOMEPHO paclpejiesieHa Ha MHTepBaJe [ay, by,], npuaém b, — a, =
bp—1 — ap—1 + 1/n. IlpuMenunM i K 3TOM 10CJIEI0BATEILHOCTH 3aKOH GOJIBIINX YUCEJI
YeoObimmena?

3.6. Ncnonb3yst HepaBeHcTBO YebObIeBa, OMEHUTH BEPOSTHOCTD TOI'O, YTO YaCTOTA BbI-
najienus opya upu 500 mogdpackIBAHIAX MOHETHI OTKJIOHUTCS OT BEPOATHOCTU BbIIIAJICHUS
opJia 1ipu ojiHOM moopackBanun Oojiee ueM Ha 0,1. CpaBHUTBH 9Ty BEPOSITHOCTH C BEPOSIT-
HOCTBIO, TIOJIYUE€HHOI ¢ IIOMOINBIO HHTerpaabHoit hopmyssl Myaspa—/lamiaca.

3.7. Ypoxait mmenurpl (B eHTHepax) Ha KaxkaoM u3 3600 ['a — coyuaiinas Beamdnna,
pacipejiesiéHHasi paBHOMEPHO Ha oTpeske [18,22]. Vcnosb3ysi NEeHTPaIbHYO HPeJIeJbHYO
TeopeMy, HATU CUMMETPHUIHBIN OTHOCUTEIBLHO CPEJIHEro 3HaYeHUs] WHTEPBAJI, B KOTOPOM
¢ BepogTHOCTBIO 0,95 JIeyKUT O0IIMiT ypoyKail MIIeHUTIBI.

Bapwuant Ne 4

4.1. lana IJIOTHOCTH pacupe/iesienust crydaiinoro sekropa (£,1): fen(z,y) = A/(16 +
22)(25+92), (x,y) € R2 Tpebyercs: a) onpepesuts Bemuauny A; 6) HaiiTu dbyHKIMIO pac-
[peJiesieHns]; B) HANTH yCJIOBHBIE IJIOTHOCTU PACIPeIeIeHnsT BeJIMUnH & ¥ 1); I')BBIYUCIUTD
M(§), M(n), D(&), D(n), p(&,m).-

4.2. Ilycrb € u 1) — HE3aBUCUMBbIE CIyUYalHbIe BEJIMIUHBI, IPUUIEM & UMeeT PABHOMEPHOE
pacipejiesierne Ha orpeske [0, 1], a n — mokazaresbHOE pacpejieeHue ¢ napamerpom 4.
Haiitn dyHKIUIO pacnpenesenus, IIOTHOCTh PACIIPEICICHUST, MATEMATHICCKOE OXKUIAHNIE
U JIUCIIEPCUIO CIYYaiHON Bemaunnl & — 27).

4.3. Ha orpesoxk [0, 1] mayras 6porienst gse Toukn. [lycrs £ — paccrosiHme MexK 1y HIMH.
Haiitu dynknuio pacupejenenust ciydaitaoil Besmansbl & u Bbrancautb M (§), D(E).

4.4. Tlycte &1,&9,...,&,, ... — HE3ABUCUMBIE, OTUHAKOBO pa;:npe;gen'éHHbIe cJIyqaiiHble
BEJIMYMHBI, UMEIOIMe IUIOTHOCTL pacupejesenust f(x) = e 2, x < 2. Jlokasarb, 4To

P
max{&1,&2,...,&n} — 2.

4.5. Jana mocjeoBaTe/IbHOCTh HE3aBUCUMBIX CJIydaiiHbIX Beaudaud 1,82, ...,&q, .. .,

KazKJlasl U3 KOTOPBIX PABHOMEPHO DACIIpe/IeJieHa Ha HHTepBaJIe [ay, b, ], npuuém b, — a, =
3 o

bp—1 — ap—1 + 1/vn2. Ipumenum jim K 3TOi MOCJIEIOBATEIHLHOCTH 3aKOH OOJIBINUX YUCEIT

Yeborimena?
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4.6. Ciyuaiinas Bejinunna & sBisiercs cpejueit apudmerndeckoit 2000 He3aBUCHMBIX
U OJINHAKOBO PACIPEICJICHHBIX CIYIalHBbIX BEJIMIUH C MATEMATUICCKUM OXKUJIAHUEM, PaB-
HpiM 2, u gucnepcueit, pasuoit 1. Ucnonbs3ysa mepaserncTtso UeOblieBa, ONEHUTH BEPOST-
HOCTH TOr0, 4TO § IpUMeT 3HaueHne B npoMexxyTke |1,9;2,05[. CpaBHUTD 3Ty BEpOSTHOCTH
C BEPOSAITHOCTBIO, TIOJIYIEHHON € TIOMOIIBIO HHTerpasbuoit hopmyisl Myaspa—/lamiaca.

4.7. Ypoxaii oBca (B neHTHepax) Ha KaxkjoMm u3 4900 ['a — ciyuaiinast Beamuunna,
pacupeenéHHas 1Mo moKa3arebHOMY 3akoHy ¢ napamerpom 20. Vcmoab3yst meHTpaIbHyio
[IPEJICJIbHY IO TEOPEMY, HAWTH CUMMETPUIHBIH OTHOCUTE/IHLHO CPETHEr0 3HAMCHIS HHTEPBAJI,
B KOTOPOM ¢ BeposiTHOCTBIO 0,98 Jiexkut obIuii ypoxKait oBca.

Bapwuanut Ne 5
5.1. laHa mI0THOCTH pacipejesienns ciydaiinoro sekropa (£,7):

_ [Asin(x+y), x€]0,7/2], y€|0,7/2[;
Jen(@,m) = 0 uHave.

Tpebyercsi: a) onpenenuth Bequduny A; 6) HailTh (GYHKIMIO pacHpejeeHus; B) HalTH
YCJIOBHBIE IUIOTHOCTH pacupejenenus Beanand £ u 7; 1) Beraucautsb M (£), M(n), D(E),
D(n), p(&,n)-

5.2. Ha orpesok [0, 1] Gpomienbl Hayjady u HE3aBHCHMO JIDYT OT JpPyTa JBE TOYKH.
Haiitu koadpduriment koppeidiun KOOpAMHAT JIEBOH U IPABOil TOUEK.

5.3. Ilycrs &1,...,&, — He3aBUCHMBIC CJIyYaiiHble BEJIMIMHBI, UMEIOIINE MOKA3ATE b
HOe pacrpejiesiere ¢ napamerpom A > 0. Haiitu nioTHOCTH pacrupejiesienus CiiydaiiHoi
BeuauHbl Sy, =& + &+ ...+ &,

5.4. Tlycrb &1,&9,...,&n, ... — HE3ABUCUMBIE, OJIMHAKOBO PACHPEICICHHbBIE CIIyJaiiHble
BEJIMIMHbI, MMeIONHe TI0THOCTE pactpeerenns f(x) = 3313z < —1. Jlokasats, uTo

p
max{ﬁl)&?a cee afn} - —1
5.5. Jlana mocjenoBaTeIbHOCTh HE3aBUCUMBIX CJIyUIaitHbX Besudud £1,&9,...,&,, .. .,

IPUIEM KaxKIasl U3 BEJINIUH UMeeT CHMMETPUYIHOEe TPEYTOJIbHOEe pacipeiesienne Ha WHTeP-
Base [—an, ay], v71€e a, = V/n?2. TIpuMEnnM JIi1 K 5TOfl TOCIICI0BATEILHOCTH 3aKOH GOJIBIIIX
qnces Yebbimena?

5.6. CkoIbKO (MUHUMYM) HEOOXOMMO B3SITh CJIyYaiiHbIX BEJMINH, DABHOMEPHO PacIpe-
JIesIeHHBIX Ha nHTepBadie [0, 1], arobsl ¢ BeposdTHOCTEIO, He Menbieit 0,99, cpeaee aprdne-
TUYECKOE 9TUX BeJTM4InH Oyer jexkarh B unrepsadie (0,49, 0,51]. Pemurs 3a1a4ay, ucrnob3yst
a) HepaBeHCTBO ebbiiieBa; 6) NEHTPAJIBHYIO HPEJIEIBbHYIO TEOPEMY.

5.7. Kakoa BepositHoCTb, uT0 1ipu 10000 1moi0packiBaHUsX UTI'PAJILHON KOCTH 9acTOTa
BBINIQICHUS MECTEPKU OTKJIOHUTCS OT BEPOATHOCTU Ha Besjumduny, ne 6ospiryo 0,01.

Bapwuaut Ne 6
6.1. Tana mioTHOCTH pacrpejiesieHust cirydaiinoro sekropa (£, 7):

a? —-xT), T .
f&m(fﬂ,y)z{gl y(I =), x€]0,1], y €]0,1[;

nHa4de.

Tpebyercsi: a) onpenenuth Bejauuuny A; 6) HalTH QYHKIUIO pacHpe/e/IieHUsT; B)HARTH
YCJIOBHBIE IIOTHOCTH Daclipejiesienusi Besmaud § u 1); 1) Boraucaurs M (E), M(n), D(&),
D(n), p(§,n).

6.2. IlycTb ciydaiinble BeJIMYUHBI £ U 1) HE3ABUCUMBI, IPUYEM € nMeeT paBHOMEPHOE Ha
orpeske [0, 1] pactipenesenne, a 1) npuaumaer 3uadernsi 0, 1 1 2 ¢ paBHBIMU BEPOSITHOCTSIMU.
Haiitu dpynkimo pacupe/iesenns, MaTeMaTUIeCKoe OXKUJIAHNE U JIUCIEPCUIO CYMMBI € + 7).

6.3. Ilycts £ u n — HesaBucumble ciydaitable Besmunsbl, & € N(1,3), n € N(-2,9).
Haifitu mioTHOCTb pacupe/jiesieHnst CrydailHol BeTnduHbl v = 2& — 3n + 1.

6.4. Ilycto &1,&9,...,&,, ... — HE3ABUCUMBIE, OJUHAKOBO PACIPEICACHHBIC CIydaiiHbIe
BeJINYMHBI, UMEIOIINE [IJIOTHOCTD pactpeesenns f(x) = cosx, x € [0,7/2]. Jokazars, 410

max{¢1, &, ..., &} L w/2.
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6.5. Hdana mocie/1oBaTeIbHOCTh HE3ABUCUMBIX CJyUalHBbIX BeguduH &1,&a,...,&,, ...,
OpUIEM KazK1ash U3 BEJIUIUH UMEET CHMMETPUYIHOE TPEYTroJbHOe paCIpe/ie/leHue Ha WHTEP-
BaJIe [—ay,, Gy, THE Gy, = /N. YIOBIETBOPSIET JIU 9TA IIOCJIEI0BATEILHOCTD 3aKOHY GOJIBIINIX
qncesr Yebbimena?

6.6. Ciyuaiinast BeinanHa £ SIBJISIETCsT CPeJIHEN apudMeTHIeCKOil HE3aBUCUMBIX U OJTU-
HAKOBO PACIPEJICTICHHDBIX CJIYUYANHBIX BEJUYUH, CPEJHEKBAIPATUIHOE OTKJIOHEHNE KAaXKI0i
13 KOTOPBIX paBHO 2. CKOJIBKO HYYKHO B3sITh TAKUX BEJIMUNH, ITOOBI C C/IydaiiHas BeJIMInHA
& ¢ BeposiTHOCTBIO, He MenbIteit 0,92, nMesra OTKJ/IOHEHNE OT CBOEI0 MATEMaTHIECKOTO OXKU-
nanust, He npesocxojsiee 0,05. Pemmurs 3aa4y, ncrnob3ys a) HepaBeHCTBO ebbiesa; 6)
[EHTPAJILHYIO MIPEJIC/ILHYIO TEOPEMY.

6.7. Monera nogopaceiBaercst 6400 pa3. KakoBa BeposiTHOCTb, 9TO OTHOCUTEIbHAS Ta-
CTOTA MOSIBJIEHUsI OPJIa, OTKJIOHUTCS OT BEPOATHOCTHU IOsIBJICHUS OPJIa IPU OJHOM I10/I0pa-
CbIBAaHUU Ha BeJu4uny, e 60sbiryio 0,02.

Bapwuant Ne 7
7.1. laHa mI0THOCTH pacipejiesienns ciydaiinoro sekropa (£,7):

Azy(1 —2?), z€]0,1[, y €]0,1];
0, nHaJe.

fen(@,y) = {

Tpebyercst: a) onpejenuts Beananny A; 6) naiitu GyHKIMIO pacipeesneHust Bekropa (€, 1);
B) HAiiTH yCJIOBHbIE IJIOTHOCTU pacipe/iesienns Beanans  u 1; r) Beraucautsb M (£), M(n),

D(&), D(n), p(&;n).

7.2. HezaBucuMble, OJMHAKOBO pACIPEIC/IEHHbIC CIydaiiHble BeJudIunnl &1, . . ., &, uMe-
10T paBHOMepHOe pactpejesenne Ha orpeske [0,1]. Haiitu dynkimo pacupeesnenus: u
MaTeMaTHIeCcKoe OXKUJIaHue cirydaitnoil Besmanabl min{&y, &, ..., &y}

7.3. llycrs & u ) — HE3aBUCUMBIE CJIyYallHbIC BEJIUIUHBI, TPUIEM & MMeeT PABHOMEPHOE
pacrpejiesienne Ha orpeske [—1, 1], a 7 — nokazaresbHOe pacupejiesieHne ¢ napaMerpom 1.
Haittu dbyHKImio pacipe/iesenns, II0OTHOCTh PACIIPEIETICHIS, MATEMATHICCKOE OXKHUJIAHNE
U JIUCIIEPCUIO CIIyYailHOW BeJMYNHbI 2€ + 7).

7.4. lycro &1, &9, ...,&,, ... — He3aBUCUMbBIE CiIydalinbie BesmauHbl. [1pu jgobom k > 1
Besmanna o1 € Ny 4, a BemunHa §oj, UMeET pacipe/esienne Beprymm ¢ napamerpom
p = 1/3. Haiitu npesesn mo BepositHocTH HOCTER0BaTeabHoCTH (&1 + &2 + ... + &) /N

7.5. Jana 1mocJie/IOBATeIbHOCTh HE3ABUCUMBIX CJIyYailHbIX BesnduH &1,&a, ..., &, ...,
npuuém ciaydaitnas seqmunna &, (n = 0,1,2,...) Moxer npunumarh 2n + 1 3HavYeHUs:
—n,—n+1,...,-1,0,1,2,...,n — 1,n ¢ BepostrOCTSIMU P(£, = k) = 1/(4]k|?) nna k =

n

+1,42 43 ... 4nu P&, = 0) = 1 — > 1/(2k%) ana k = 0. Ilpumennm m K 9TOi
k=1

IIOCJIC/IOBATEILHOCTH 3aKOH OOoJILIINX duces Jebnimesa’

7.6. CkosIbKO (MMHUMYM) pa3 HaJI0 MOJ0POCUTh UIPAIBHYIO KOCTb, YTOOBI ¢ BEPOSITHO-
CTBIO, He MenbIreil 0,9, gacTora BBITAIEHUST IIECTEPKN OyIeT OTINIAThCA OT BEPOSITHOCTH
OSIBJIEHUSI [IIECTEPKH Ha BeJM4nHY, He 6oubinyio 0,1. Pemmre 3asady, ucnosnb3ys a) Hepa-
BeHCTBO UebbieBa; 6) NEHTPATBHYIO [IPEJIECIBLHYI0 TEOPEMY.

7.7. Beraucienne mHTETpasa
1

I:/:chx
0

npoussesieno MetonoM MonTe-Kapio na ocnoBannum 1000 He3aBUCHMBIX ONBITOB. BbIvnc-
JINTL BEPOSITHOCTb TOT'O, UTO abCOJIOTHAs IMOIPEITHOCTH B ONIPEIeJCHUU BeJuduHbl [ He
npes3oiizér 0,01.

Bapwuaut Ne 8

8.1. Ilpu omHOM BBLICTpEJIE CTPEJIOK TONaJaeT B MHUINIEHb C BeposaTHOCThbio (0,2 He3a-
BHCHUMO OT Pe3yJIbTaTOB JPyTruX BbICTpesioB. CiydaiiHast BeJmanHa £ paBHA KOJUIECTBY
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HOTIAJIAHUI [TOCJIe TPEX BBICTPEJIOB, & CJaydailHas BeJUYMHA 1) DABHA EJIMHUIIE, €CJIH [PU
[IEPBOM BBICTpEJIe IPOU3OIILIO MOIaJIaHue, U PaBHA HYJII0 B IPOTUBHOM Ciydae. a) [locTpo-
UTh TabJIUIy COBMECTHOrO pacupejenenus & u 1. 6) Haiitn kosddunment xoppessiyn
sesimand € u 7). B) Hapucosars rpaduk dyHKImMu pactipe/iesieHnst ¢y daifHol BeJIMIuHbI 7).

8.2. HesaBucuMble, OJIMHAKOBO PACHPEIEIEHHbBIE CIIydaillHble BeJIMIUHbL &1, . . . , &, UMe-
I0T paBHOMEpHOe pacipejesenne Ha orpeske [1,2]. Haiitu dynkimo pacupejesienus: u
MaTeMaTHIeCcKoe OXKHUJIaHue CJIydaitHoil Besmanabl max{&y, ..., &, }

8.3. [lycrs cayyaitnas BetmauHa & IMEET TOKA3aTeIbHOE PACIPEIeICHUE ¢ ITapaMeTPOM
«a = 7, ciiydaiiHas BeJIMYMHA 7) IMeeT paBHOMepHoe Ha orpeske [0, 1] pacupenesnenue, a ¢
nMeeT pactpe/iesienre bepHysumu ¢ mapamerpoM p = 1/7, 1 Bce TpH BeJIMIMHBI HE3ABUCUMBI.
Haiitu dbyHKiuio pacupeiesieHus 1 JUCIEePCHIO CIIy YaitHON BenauHbl v = —Ton+(1—p)E.

8.4. Ilycto &1,€&9,...,&,, ... — HE3ABUCUMDIE CjIydaiinbie BesmauHbl. [Ipu jobom k > 1
BesimunHa o1 UMeeT ODMHOMUAJILHOE pacipe;ieieHue ¢ mapamerpamu 8 u 0,25, a Besmmanna
ok MMeeT paBHOMepHOe pacipejiesenne Ha orpeske [0,2]. Haiitu npejen mo BepositHoCcTH
nocseoBarebuocta (§1 + &2+ ...+ &) /n.

8.5. [ana 1ocie/10BaTeIbHOCTh HE3ABUCUMBIX CJIyYaiHBIX BeJnduH £1,82,...,&n, . ...
Cayuaitnas Besmauna &, (n = 0,1,2,...) MOXKeT OPUHUMATH JBa 3HadeHWs:: £ Inn ¢ Be-
positHOCTsIMH, paBHbIME 1/2. [TpuMeHum Jin K 9TO# MOC/IEI0BATETLHOCTH 3aKOH GOJIBIITIX
qnces Yebbimepa?

8.6. CkosibKO (MUHUMYM) pa3 HaJI0 HOJAOPOCHTH MOHETY, YTOOBI ¢ BEPOSTHOCTHIO, HE
Menbineit 0,95, gacrora BbINaJIEHUsT OpJia OYJET OTJINYATHCS OT BEPOSTHOCTU MOSIBJICHUST
opJia IpU OJHOM MoAOpachiBaHUU Ha Beqmauny, e 60sbiryio 0,1. Permuts 3a1at1y, ucmoib-
3ysl a) HepaBeHCTBO UelOblieBa; 6) IEHTPATIBbHYIO [IPEJIEIbHYI0 TEOPEMY.

8.7. Urpanbuas koctsb 6pocaerca 1000 pa3. Hafitu cumMeTputnbie OTHOCUTEIBHO CPE/I-
HErO IPEJIEJIbl, B KOTOPBIX C BEPOSATHOCTHIO, Oosibiieit 0,99, OyaerT HaAXOMUTHCS YUCIO BbI-
[ABIIMX OYKOB. Penmurhb 3aj1ady, UCIOb3ysl a) HepaBeHCTBO UebblnieBa; 6) HEHTPaJbHYIO
[IPEJIEJILHYIO TEOPEMY.

Bapwuaut Ne 9
9.1. /lana WIOTHOCTH pacipejiesieHnst ciaydaiinoro sekropa (&,n):

—x—xYy .

Fen(any) = Aze , x €]0,+o0[, y €]0,400];
)
" 0, nHaye.

Tpebyercsi: a) onpezenuts Beauunny A; 6) naiitu QyHKIMIO pacrpe/iesieHust; B) HalTH
YCJIOBHBIE ILUIOTHOCTH pacupejenenus Beanand £ u 1; 1) Beraucautb M (€), M(n), D(E),
D(n), p(&,n)-

9.2. Curyuaitnast BejtmauHa £ MMeeT IOKa3aTe/IbHOe PACIpe/ieleHre ¢ MapaMeTpoM o =
2, cirydaiiHasi BeJIMvnHa 1) — paBHOMEpHOe paclipe/iesieHne Ha orpeske [0,3] u ciaydvaiinas
BeJIMUnHa Y — pacupejenenue Ilyaccona ¢ nmapamerpom 4, NpudéM BCe 3TH BEJUIHHDI
HesaBucUMBL. HaiiTn MaremMaTnyeckoe O:KUJIaHUE U JIUCIIEPCHIO CJIyIaiiHONW BEJIMIUHDBI ¢ =
§ —4nx.

9.3. Urpanbuas kKocTh mnojdpacbiBaeTcs 6 pas. Haiitu koBapuamumio Mexk1y UHCIOM
BBITIABIINX €JMHUI] U [IECTEPOK.

9.4. Iycre &1,&,...,&n, ... — HE3ABUCUMbIE, OJIMHAKOBO PACIIPEIEIEHHBIE CITydYailHbie
BEJIMIMHbI, NMEFOTIIe IIOTHOCTL pactpesenenus f(r) = 1/2% x € [1,00[. Hokazath, uTo

min{&, &, ..., &) S 1.

9.5. Jlana mocjie10BaTeIbHOCTh HE3aBUCUMBIX CIydIafiHbiX Besmaud £1,&9,...,&,, .. .,
. 3 I
npuuém M (&,) = 0, D(&,) = Vn?. IlpumennM Jm K 3TOil MOCIEI0BATETBHOCTH 3aKOH

6osipiux grcest deboiesa?

9.6. Nmeetrca 100 He3aBUCUMBIX 3HAMEHUN CJIYyIalHON BEJIMIUHDI, pACIPEIEIEHHON paB-
HomepHo Ha uHTepBase [0,1]. Kakosa BepositTHOCTB, 4TO cpejiHee apudMETHIECKOE TUX
3HAYEHUI OTKJIOHUTCS OT MaTEeMaTHYECKOTO OXKUJIAHNS CJIY9aifHON BETMINHBI HA BEJININHY,
He 6osbiryio 0,05. Permus 3aady, ucnosb3yst a) HepaBeHCTBO Uebbiiesa; 6) IMeHTPATbLHY IO
peIeSIbHYI0 TEOPEMY.
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9.7. Monera nogoporena 100 pa3. Haiitu cuMmMeTpudHbie OTHOCUTEIBHO CPEJTHErO 3HA-
YeHUs T'PAHUIIBI, B KOTOPBIX € BEPOATHOCTHIO (0,9 JIEXKUT YUCIO BBIMABIIIX OpJioB. Vcmoin-
30BaTh 3aKOH OOJIBINUX YUCES U IEHTPAJIbHYIO IIPEJI/IbHYIO TEOPEMY.

Bapwuanut Ne 10

10.1. TIpu omHOM BBICTpEJIE CTPEJIOK TOMa aeT B MHUIIEHb ¢ BeposiTHOCTHIO (0,2 Hesa-
BHCHUMO OT Pe3yJIbTaTOB JPyTruX BbICTpesioB. CiydaiiHast BeJmdnHa £ paBHA KOJUIECTBY
HOTIAJIAHUI TTOCJIe TPEX BBICTPEJIOB, & CJaydailHas BeJUYNUHA 1) DABHA EJMHUIIE, €CJIH [PU
[IEPBOM BBICTpeJIe [POU30IILIO II0laJlaHe, U HYJII0 B HPOTUBHOM ciydvae. a) Ilocrpounrs
TabJIMILy COBMECTHOIO pacrpejiesieHusi & U 1) U Haiitu ux Kodddunuent koppessium. 6)
Hapucosars rpaduk GpyHKIUN pacupepeeHus CaydaitHOl BeJIUINHDI 7).

10.2. Cnyuaitrast BesinvanHa £ UMEET ITOKa3aTebHOE PACIIPEJIeIeHIe C TapaMeTpoOM (v =
2, cay4vaiiHasi BeJIMYUHA 1) — paBHOMepHOe pactpejesieane Ha orpeske [0, 2] u caydaiinas
BeJIMYMHA X — pactpejesenne bepruym ¢ napamerpom 1/3, npudém Bce 3TH BeJTUUUHbBI

HezasucnMbl. Haiitu a) dbyHKIMO pacrnpe/iesienns cirydaiinoil Beamansasl v = —x§ + (1 —
X)1n; 6) nucnepcuto D(v).
10.3. Ilycrp &4,&2,£3 —- He3aBUCHUMBIE B COBOKYITHOCTH CJIyYailHbIE BEJUYUHBI, UMEIO-

IMe OJIHY M Ty Ke IJIOTHOCTH pacupenenenns f(x) = cx?, x € [—1,1]. Haiitn dbynxmmo

pacipejiesieHus CaydaiiHoii Beaumannbl max{{, 2£s, 383 }.
10.4. Tlycts &1,&9, ... ,&n, ... — HE3aBUCHUMBIE CJIydailHble BEJIMUNHBI, PACIIPe/Ie/IEHHbIE
o 3akony Ilyaccona ¢ mapamerpom A. Haittu npejies 1o BeposgTHOCTH HOC/IE/I0BATENLHOCTH

E+&8+...+8)/(E+&L+ ...+ &)

10.5. lana mocse0BaTeIbHOCTh HE3aBUCHMBIX CJIydaiineix Besmand &1,&2,...,&n, . . .,
npuuém M (&) = 0, D(&,) = /n. Ilpumenum Jm K 9TOH 110CJIEIOBATEILHOCTH 3aKOH

bosbiux ances Yeboimesa?

10.6. meetrcsa 400 HE3aBUCUMBIX 3HAUEHUN CIYyYalHON BEJIUYMHBI, pACIPEIeTEHHON 0
[IOKa3aTeILHOMY 3aKOHY ¢ napaMerpoMm o = 3. KakoBa BeposiTHOCTB, ITO cpejiHee apudme-
THYICCKOE ITUX 3HAUECHUN OTKJIOHUTCS OT MATEMATUIECKOTO OXKUIAHUS CJIyIailHON BeuIn-
HBI Ha BesmauHy, 60sibiryio 0,05. PemuTh 3aady, ucnoib3ys a) HepaBeHCTBO JeObIIeBa;
6) HEHTPAIBHYIO MIPEJIE/IbHYIO TEOPEMY.

/2
10.7. CKOJIbKO OIBITOB HAJIO IIOCTABUTHL IIPU BBIYUC/ICHUU MHTErpaja I = f sin x dx

0
metosiom MonTe-Kapsio fjis Toro, 9robbl ¢ BeposTHOCTHIO p = 0,99 M0KHO OBLIO CUNTATD

abCOJIIOTHYIO MOIPENTHOCTh BBIYHCICHHOIO 3HAYEHHS MHTerpaJa He npepocxosmeii 0,1%
or I?

Bapwuaut Ne 11

11.1. lana m10THOCTD pacipe/iesienns! cJrydaitnoro sekropa (&, n): fe (z,y) = A/(z*+
y? + 1)3, (z,y) € R% Tpebyercst: a) onpeaenutsh Bemauny A; 6) HalTn GyHKIHIO pac-
[pejie/ieHNs]; B) HANTH YCJIOBHBIE TUIOTHOCTH PACHPEIEIeHNs] BEJTUINH & 1 1); T') BBIYUCIUTH
M(&), M(n), D(E), D(n), p(&,n).

11.2. Tlyers € u 1) — He3aBUCHMBIE CJlydailHble BEJTUUUHBI, TPUIEM & UMEeT TeOMEeTPH-
YecKoe paclipe/iesieHne ¢ mapaMeTpoM p = 1/2) a 1) uMeeT reOMeTpUIECKOe PACIIPeIeIeHIe
¢ mapamerpoM p = 2/3. HaiiTu 3akoH pacipe/jiejienust cirydaitHoil Besmanabl min{é, n}.

11.3. Tlycth € u 1) — He3aBUCUMBIE CJTyYailHble BEJIMIUHDI, TIPUIEM & UMeeT paciipejierie-
nue [lyaccona ¢ mapamerpom 3, a 7) uMeer GUHOMUATBLHOE PACHPEIEIEHIE C TTAPAMETPAMU
4 u 1/2. Haiitu: a) koaddunuent koppessiiuu ciaydaiinbix Besmaud & — 3n u § + 3n; 6)
BepositHOCTh P (§ = 7).

11.4. Tlycrs &1,&9, ... ,&n, ... — HE3aBUCHUMBIE CJIydailHble BEJIMYUHBI, PACIPe/Ie/IEHHbIE
[0 TIOKA3aTeIbHOMY 3aKOHY € IapamerpoM «. HaiiTu mnpejesn mo BeposiTHOCTH TIOC/IeI0Ba~
TembrocTH (&1 + &+ ... + &)/ (63 + &5+ ... +E2).

11.5. Jlana mocjeoBaTeIbHOCTh HE3aBUCUMBIX CIydaiiHbix Beswaud €1,E8o,...,&q, ...,
upuuém M (E,) = 0, D(&,) = /n. Ilpumennm jm K 9TOH HOCIIEI0BATEIBHOCTH 3aKOH 6OJIb-
mux gncey ebbimesa?’
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11.6. nmeerca 200 HE3aBUCUMBIX 3HAUEHUN CIYyYalHON BEJIUYMHBI, PACIPEIETEHHON 0
sakony Ilyaccona ¢ mapamerpom A = 5. KakoBa BeposdTHOCTB, 4TO cpejHee apudmerntie-
CKO€ 9THX 3HAYCHUI OTKJOHUTCS OT MATEMATUIECKOTO OXKHIAHUS CJIYIafHON BEIUIMHBI
Ha BesinanHy, He 6osbinyto 0,1. PemuTs 3a1a4y, ucnonb3ys a) HepaseHcTBo ebbiiena; 6)
IEHTPAJIBHYIO IIPEJIEJIBHYIO TEOPEMY.

11.7. B nmamnom xo3siiictBe ypoxkaiiHocTh & KycTa KapTodess, BbIDayKCHHas B KHUJIO-
rpamMMax, IMeeT CJle/IyIolee pacipeeseHne:

{(¢, P)} ={(0,0,1),(1,0,2),(1,5,0,2),(2,0,3), (2,5,0,2)}.

OrpejiesuTh, Kakoe HAUMEHbINee KOJIMIECTBO KYCTOB KapTodeist Hal0 TMOCaJIUTh, YTOOBI ¢
BeposiTHOCTBIO 0,975 cHsTh ypoxkailt He mMeree 1000 Kr (MCII0JIB30BaTh HEHTPAJIBHYIO IIpe-
JICJIBHYIO TEOPEMY ).

Bapwuant Ne 12

12.1. Ilycrs € u 1 — He3aBUCUMBIE CJIyYailHbIe BEJIMIUHBL, TPUIEM & UMEET MOKA3ATE b
HOe pacipejieieHre ¢ apaMerpoM A = 2, a 1) uMeeT HopMasbHoe pacipejeserue N (8,9).
HaiiTu m1oTHOCTD COBMECTHOTO pacipee/ieHus BeJuIud £ u 1.

12.2. TlpaBuabHAsT MOHeTa HOAOPACHIBAETCS TPUKIBI. HailTn KoOBapHaIliio Trcaa Op-
JIOB, BBIITABIINX IIPHU MEPBBIX JABYX MOAOPACHIBAHUSIX MOHETBI, U YNCJIA OPJIOB, BHIIABIINX
[P BCEX TPEX MOAOPACHIBAHUSX MOHETHI.

12.3. HezaBucumble, 0JMHAKOBO pacHpeaeeHHbIe CIydaiiible BeJIUnInHbl &1, £a, {3 nMe-
I0T paBHOMepHOe pacmpejenenne Ha orpeske [—1,1]. Haiitn dynknuio pacnpemesenus,
MaTeMaTHYeCKOe OXKMJIaHUe W JIUCIEPCHIO CJIydaiHoil BesnmduHbl & + & + &3.

12.4. Tlycto £1,&9, ..., &y, . .. — HE3ABUCUMbBIEC, OJIMHAKOBO PACIPEICIEHHDIE CIIyYaiiible
BEJIMIMHbI, UMEIOMIIe MI0THOCTE pactpesenenus f(x) = 3z, x € [0,1]. JlokasaTs, uTo

max{&1, &9, ..., & B 1.

12.5. Jana 1ocJie/IoBaTeIbHOCTh HE3ABUCUMBIX CJIyUYailHbiXx Beaudud &£1,&2,...,&n, .. ..
Cayuaitnas sesmuansa &, (n = 0,1,2,...) MOoXkeT IpUHUMATH JBa 3HadeHus: +vInn c

BEPOSITHOCTSAIMU, paBHbIMU 1/2. TIpuMeHuM J1 K 9TOI 10C/I€10BATEIEHOCTH 3aKOH GOJIBIITIX
qncesr Yebpimena?

12.6. IIpousBoauTcst n HE3aBUCUMBIX U3MEPEHUN HEKOTOPOU (PU3NIECKON BETHIUHDI.
Cunrast, 970 pe3yJbTaT U3MEPEHUsl eCTh CydailHas BeJNIrHa, MaTeMaTHIeCKoe OyKU1a-
HUE KOTOPOW XapakTepudyeT (BU3UUECKYIO BEJIUYUUHY, OIPEICUTh BEPOITHOCTL TOrO, UTO
abCoTIOTHAST TIOPEITHOCTD cpefaHero aprudmerndeckoro 100 mamepennii He npepbicut 0,2,
ecsn jucniepenst pesysbraros pasaa 0,5. Pemmre 3a1ady, ucnosnb3ys a) HepaBeHcTBO e-
ObireBa; 6) HEHTPAILHYIO IIPEJICJBLHYIO TEOPEMY.

12.7. Kaxpiit uz 240 abouernro ATC B 11000if MOMEHT BpEMEHHM MOXKET 3aHUMATh JIM-
Huo ¢ BepositHOCThIO 1/40. Kakoe Munnmasbaoe dncio junuii qosmkHa copep:karb ATC,
9TOOBI BEPOSITHOCTD MOTEPU BbI30Ba (3aHsiTocTH Jimaun) He npesocxojauia 0,005 (ucmosb-
30BaTh MEHTPAJIBHYIO MTPEJIETHHYI0 TEOPEMY ).

Bapwuant Ne 13

13.1. JIsymepHnasi cayuaiinas Beanduta {&, 7} pacupejeseHa paBHOMEPHO BHYTPH IDsi-
MoyrosibHOro Tpeyrospanka ¢ seprmuamu A(0;0), B(0;8), C(8;0). Haiitu coBmecTmyIo
IJIOTHOCTH pacipejienenus fe,(x,y), miorHocTn pacupesenenns fe(x) u f,(y), yciosusie
IJIOTHOCTH pacupesenenns fe(x/y) u fy(y/x), oCHOBHBIE UHCIIOBbIE XaPAKTEPUCTHKH Be-
simane & U 1), KO3MOUIUEHT KOPPEJSAIIT MEXKTy & U 7).

13.2. HezaBucumbie, 0InHAKOBO pacIpeIe/éHHbIE CIyIailuble BeIuIuunl &1, . . . , &, UMe-
0T TIOKa3aTeIbHOE pacipejescHue ¢ mapamerpom A = 1. Halitu dyHkuio pacipesesienust
U MaTeMaTHYecKoe OXKUJaHue cirydaitnoil esmanabl min{éy, ..., &, }.

13.3. Ilyctb & u 1 — He3aBUCUMBIE CydaliHble BEJIUIUHBI, TPUIEM & MMeeT OMHOMU-
aJabHOe pacupejiesienne ¢ napamerpamu 3 u 1/3, a 1 umeer pacupejesnenue Ilyaccona ¢
napamerpom 2. Haiitu: a) koadbdurpent koppesiun caydaiinbix Besnaut £ — 21 u &+ 21;
6) Beposirnoctb P(§ = ).
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13.4. Tlycrs &1,&0, ... ,&n, ... — HE3aBUCHUMBIE CJIyYaiiHbIe BEJUIUHBI, PACIIPEIC/IEHHBIC
110 HOPMAJILHOMY 3aKOHY C IapaMeTpaMu a u o2. HailTi mpesest 1o BepoaTHOCTH T10CIe 0
BarembHocTn (&1 + & + ... + &) /(2 + &5+ ...+ &2).

13.5. ana 1mocJie/IoBaTeIbHOCTh HE3ABUCUMBIX CJIyUYailHbiX Beaudud &£1,&2,...,&q, .. ..
Cayuaitnas seqmauna &, (n = 0,1,2,...) Moxker npuHUMATL TpHU 3HaueHus: —2n,0,2n ¢
BEPOATHOCTSIMU, PABHLIMU cOOTBeTCTBeHHO 1/27, 1 —1/27~1 1/2", Tlpumenum jm K 9Toit
IIOCJICJIOBATEILHOCTH 3aKOH OOoJILIINX duces1 Jebnimesa?

13.6. IIpousBoauTcss n HE3aBUCUMBIX U3MEPEHUN HEKOTOPOU (PU3MIECKON BETMIUHDI.
Cuwurast, 9TO pe3yJibTaT U3MEPEHUS €CTh CJIyUYaiiHas BeJUINHA, MATEMATHICCKOE OXKITAHUE
KOTOPOII XapakTepusyeT (DU3NYECKYIO BEJUUYUHY, OLPEIEUTh C BEPOSATHOCTHIO, HE MEHb-
mreit 0,9, ckobKO (MUHUMYM) HaJI0 MPOU3BECTH M3MEPEHUii, YTOObI abCOIOTHAS TOTPEII-
HOCTB CPEJIHEr0 apudMEeTHIECKOr0 3TUX U3MepeHuit He npesbimasta 0,1, ecyin guctepcust
oziHoro uamepenusi pasHa 0,4. Pemurs 3asady, ucnonb3yst a) HepaBeHcTBO Uebbiesa; 6)
HEHTPATBHYIO TIPEJICJIBHYIO TEOPEMY.

13.7. Ha dakymprere EHM® orenka £ na sK3aMeHe IO TEOPUU BEPOSITHOCTEH mmeeT
cienytomee pacupenenenue: {(§, P)} = {(2;0,2),(3;0,4),(4;0,25), (5;0,15)}. Vcnonb3ys
[EHTPATBHYIO HPEJCIBHYIO TEOPEMY, OIPEJICTUTh BEPOATHOCTh TOTO, YTO CPEJIHUil Has 3a
sk3aMeH noroka u3 81 crygsenra EHM® snexur B unrepsase |3,8;4,2].

Bapwuaut Ne 14

14.1. IpymepHas ciy4vaiinas Beaudanna {£, 7} pacupejeseHa paBHOMEPHO BHY TPU KBa/I-
para ¢ JuaroHajsIMi, COBIAJAIONIUME ¢ OCIMU KOODJMHAT M paBHbIME JByM. Haiitu cos-
MECTHYIO IJIOTHOCTH pacupejenenns f¢,(x,y), mioraocrn pacupenenenus fe(x) u fy(y),
YCJIOBHBIE INIOTHOCTH pacnpejencuns fe(x/y) u f(y/x), ocHOBHBIC YHCIIOBBIE XapaKTepH-
CcTUKU BeJInIuH £ U 1), KOOMDUITUEHT KOPPEIAIIT MeXKLy £ u 1).

14.2. HezaBucumbie, 0IMHAKOBO pacIpeIe/éHHbIE CIydaiiuble BeIuInuubl &1, . . . , &, UMe-
0T TIOKa3aTeIbHOE pacipejeseHne ¢ mapamerpom A = 2. Halitu dyHKIMO pacipejiesieHust
U MaTeMaTHYecKoe OXKUJaHue CirydaitHoil Besmanabl max{&y, ..., &}

14.3. Ilyctb € u n — HE3aBUCUMBIE, OJINHAKOBO PACIIPE/ICJICHHBIE CJIyYailHble BETUINHBI
¢ moraocteio f(z) = 1/(1+2%), 2 € R. Haiiti m10THOCTD pactpe ie/ienust BeTmaunbI & /1.

14.4. Ilycrs £1,&9, ..., &n, . .. — HE3aBHCUMBIE CiIy4daiinble BesnduHbl. [Ipu jmobom k > 1
Besimanna Eop 1 uMeeT pacupepesenue [lyaccona c¢ mapamerpom A = 2, a BequmuuHa Eof €
Ni,1. Haiitu npegen 1o BepositHocT nociegosarenbHoctn (& + & + ...+ &) /n.

14.5. ana 1ociie/IoBaTeIbHOCTh HE3ABUCUMBIX CJIyYailHbiX Beaudud &£1,&2,...,&q, .. ..
Cayuaitnast sesmanna &, (n = 0,1,2,...) MoXKeT npuHUMATL TpH 3HaYeHUs: —n,0,n ¢
BEPOATHOCTSIMHU, PABHBIME cooTBeTcTBenHo 1/27 1 —1/2771 1/2". Tlpumenum ym x 370
[IOCJIEJIOBATEILHOCTH 3aKOH OOJIbINUX duces JeObiieBa?

14.6. BeposiTHOCTD TIOSIBJICHUSI HEKOTOPOTO COOLITHSI B KAKJ/IOM HCIIBITAHUH B CEPUU
He3aBUCUMbIX uchbiTanuii pasaa 1/4. CkobKo (MUHUMYM) HAJ0 MPOU3BECTH MCIBITAHMUI,
9TOOBI ¢ BEPOSATHOCTBHIO, He MeHbIneil 0,95, yacrora mosiBjieHUsi COOBITHS B TOW cepun
UCIBITAHUN OyJIeT OTJIMYIATHCS OT BEPOSTHOCTU COOBITUS Ha Bejuwduny, ne Oosbinyio 0,01.
Perure 3a1a1y, ucrosb3ys a) HepaBeHcTBO Hebblinesa; 6) MEHTPATBHYIO IPEJIEIbHYIO TEO-
pemy.

14.7. UrpasbHas KOCTb MOJ0PAChIBACTCH JIO T€X IOP, MOKa CyMMa OYKOB HE IIPEBbI-
cut 700. OmeHUTh BEpOATHOCTH TOTO, YTO i 9TOr0 norpedbyercs Gosee 210 6Gpocanuii.
(Mcnonb3oBaTh 3aKOH GOJIBIIIX YHCE] U NEHTPAIBHYIO IIPEJIEJbHYI0 TEOPEMY ).

Bapwuant Ne 15

15.1. Ilycre {&,n} — ciay4aiinblii BeKTOp, Yy KOTOPOro KoOpJmHATa & paclpejeseHa
[0 [OKA3aTeJIbHOMY 3aKOHY € MapaMeTpoM A, a KOOpJUHATa 1) IPU 3aJ@HHOM 3HAYEHUN
¢ = x > 0 pacupejiesieHa 110 MOKa3aTe/JIbHOMY 3aKOHY € apaMeTpoM x. HalTn coBMecTHYIO
IJIOTHOCTB paciupejieenns fg (,y) U yCIOBHBIE ILIOTHOCTH pacupejenenus fe(z/y) n
Faly/2).

15.2. Urpasbias KocTh mofOpachiBaeTcs JiBaxKbl. HaiflTu KoBapuanuio cyMMbl THCTIA
OYKOB, BBINABIIMX HPH JBYX HOJAOPACHIBAHUAX, M YUCJA OYKOB, BBINABIIUX IIPH BTOPOM
TOA0OPACKIBAHNN KOCTH.
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15.3. Ilyctb € u np — He3aBUCHMBIE CJIyYallHbIe BEJTMIUHBI ¢ IJIOTHOCTAME pacipejielie-
mns fe(x) = 1/(mV1 —2?), |z| < 1, fy(z) = ze™™ | x> 0. HaiiT m10THOCTD pacipeere-
HUS BEJIMYUHBI £7).

15.4. Tlyctn £1,&9, ..., &y, . .. — HE3aBUCUMbBIE, OJIMHAKOBO PACIPEICIEHHDIE CIIyYaiiible
BEJIMYIMHbI, NUMEIOIHe IJIOTHOCTH pactpeenenus f(z) = 2e 2% x > 0. Haiitu npesen mo
BepositHOCTH Min{¢y,&a, ..., &} npu n — 00.

15.5. ana mociie/1oBaTeIbHOCTh HE3ABUCUMBIX CJIyYailHbiX Beaudud &£1,&2,...,&n, .. ..
Cayuaitnas senmauna &, (n = 0,1,2,...) Moxker npuHUMaTL TpU 3HadeHus: —2n,0,2n ¢
BEPOATHOCTSIMHU, PaBHBIMU cooTBercTBenno 1/(2n?), 1 — 1/n?, 1/(2n?). Ipumenum su K
9TOM MOCJIEIOBATEILHOCTH 3aKOH OOIbINUX dnces debbiiesa?

15.6. CrobKo (MUHUMYM) pa3 HAJ0 HOAOPOCUTH MOHETY, YTOOBI ¢ BEPOSTHOCTBIO, HE
MenbIneit 0,9 gacTora BbIlaIeHUs OpJia OY/IeT OTIINYaThC OT BEPOATHOCTHU MOsIBJIEHHS OPJIa
[IPU OJIHOM I10JIOPAChIBAHNK Ha BesnduHy, He 6osbiryio 0,02. Pemurh 3a1a4dy, ucrnoib3ys
a) HepaBeHCTBO YebblmieBa; 0) MEHTPAJBHYIO IIPEJIEIbHYIO TEOPEMY.

15.7. Ypozxaii mienunibl (B IieHTHepax) Ha KaxkioM u3 2500 ['a — ciyuaitnas BesmanHa,
pacipejiesiéHHasi paBHOMEPHO Ha oTpeske [13,22]. Vcnosnb3ysi NeHTPaIbHYO HPeJIesIbHYO
TeopeMy, HAfTH, B KAKUX TPEIETAX, CHUMMETPUIHBIX OTHOCUTEILHO CPETHErO 3HAMCHUSI, C
BeposATHOCTHIO 0,95 jiexkuT cpeHuil yporxKail MmimeHursl ¢ oHoro la.

Bapwuanut Ne 16

16.1. JIsymepHast ciydaiinas Beaunansa {€, 7} pacupejeseHa paBHOMEPHO BHYTPH Tpe-
yrojbHuKa ¢ Bepumuamu B Toukax A(—1,0), B(1,0), C(0,1). Haiitu coBmecTHyIO 7I0T-
HOCTB pacipesenenns f¢,(x,y), mioraoctn pacupeaenenus fe(x) u f,(y), ycrosnsle mioT-
HocTu pacupejenenns fe(x/y) n fy(y/x), OCHOBHbBIE YHCIIOBbIE XaPAKTEPUCTUKN BEJIMIHH
& u n, kodpbUIMeHT KOppesIsdanun Mexxty £ u 1.

16.2. Ilycrs & u 1 — He3aBUCUMBIE C/IydYailHbIe BEJMYMHBI, KOTOPbIE UMEIOT ITOKA3a-
TeJbHOE pachpeieseHue ¢ mapamerpoMm A. Haiitu dyuknuio pacupeseneHus ciydaiinoi
Besimaniel Z = £/ (& + 7).

16.3. Crpesok, monajaromyii o MUIIEHH ¢ BEPOSTHOCTBIO 1/3, /esiaeT jiBa BhICTpEIIA.
Haiitu kosdduriuenT Koppesisinun MezK 1y OOIUM YUCJIOM ITONaJIAHII U TUCIOM ITOTa/a-
HUl IIpU 1I€PBOM BBICTPEJIE.

16.4. Ilyctn £1,&9, ..., &y, ... — HE3aBUCUMbBIEC, OJIMHAKOBO PACIPEICIEHHDIE CIIyYaiiible
BEJIMYMHbI, MMEIOIINe IJIOTHOCTD pactpenenenus f(x) = 1/x% x €] — oo, —1]. Haiitn mpe-
Jieat o BepositnocTr max{&y, &a, ..., &, upu n — oo.

16.5. Hama 1mocsie/1oBaTeIbHOCTh HE3ABUCUMBIX CJIyYailHbiX Beaudud &£1,&2,...,&q, .. ..
Cayuaitnas seauuanna &, (n = 0,1,2,...) MoxeT npuHuMaTh Tpu 3HadeHus: —n,0,n c
BEPOATHOCTSIMHU, PaBHBIME cooTBercTenno 1/(2n?), 1 — 1/n?) 1/(2n?). Ilpuvennm s K
9TOM MMOCJIEIOBATEILHOCTU 3aKOH OOIBINUX dnces debbiresa?

16.6. BeposiTHOCTD TOSIBJIEHUSI HEKOTOPOT'O COOBITHS B KAXKJIOM HCIHBITAHUA B CEPUU
HE3aBUCUMBIX UCHbITaHui pasHa 1/3. Mcnonb3ys HepaseHcTBO UeObIIeBa, ONEHUTH BEPO-
ATHOCTH TOI'O, UTO YaCTOTa IMOsABJICHUS TOro codbitus B cepun u3 9000 ucnbitanuii or-
KJIOHUTCsI OT BEpOATHOCTU coObITusi He 6osiee, deM Ha 0,01. CpaBHUTH 3Ty BEPOSATHOCTH C
BEPOSITHOCTBIO, MTOJTyUIEHHOI C ITOMOIILI0 nHTerpabuoil dpopmysasr Myaspa—Jlamiaca.

16.7. CrpeJsiok monajaer Mpu BBICTPEIE MO0 MUIIEHH B JECSITKY ¢ BeposTHOCTBIO (,3;
B JeBdaTKy — 0,4; B BocbMepKy — 0,2; B cemepky — 0,05; B mecrepky — 0,05. Crpesok
ciesran 100 BeicTpesioB. Vcnosib3ysi MEHTPAIbHYIO MIPEJIEIbHYIO TeOpEeMY, HATH, B KAKUX
pesiesiax, CHMMETPUIHBIX OTHOCUTELHO CPEHEro 3HAUCHHUS, ¢ BePOATHOCTHIO 0,9 JtesKuT
KOJINYECTBO HAOPAHHBIX CTPEJIKOM OYKOB.

Bapwuant Ne 17

17.1. IBymepHas ciydaitnast BesmanHa {£, 7} pacupejesiena paBHoMepHO B obactu D,
orpanmuennoil cumsy ockio OE, a csepxy — kpusoit = 1/(1 + 22). Haiitu cosmecTHyIO
IJIOTHOCTH pacupejenenns fe o(x,y), miornocru pacupenenenus fe(x) u f,(y), ycnosmbie
IJIOTHOCTH pacupenenenns fe(x/y) u fy(y/x), ocHOBHBIE YHMCIOBBIE XapaKTEPUCTHKN Be-
JsmanH € U ) u Ko3ddunmenT KoppeJsanun Mexy € u 1.
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17.2. Ilyctb € u ) — HE3aBUCUMBIE CJIyYaiiHbIe BEJIMYMHBI, DABHOMEDHO PACIIPE/IC/IEHHBIE
Ha orpeske [—1,1]. Haiitu mwioTHOCTL pacipe/iesieHusi 1 OCHOBHBIE YHCJIOBBIE XapaKTepU-
CTUKHU CJIy9aiiHOW BesmydnHbl ( = & + 1.

17.3. Haiitu kosbduImenT Koppesimi Mexty £ 11 = e, eciin ciydaiinas BeTimanHa,
& mMeeT cTaH/[ADTHOE HOPMAaJIbHOE pacIIpejie/IeHue.

17.4. llyers &1, &9, ..., &y, - . . — HE3ABUCUMBIE, OJIMHAKOBO PACIPEICJIEHHBIC CJIyYaliHbIe
BEJIMUMHBI, MMEIOIIUe IJIOTHOCTh pactpesenenus f(x) =2 — 2x, x € [0, 1]. Haiitu npesen
1o BepositHoctu min{&q,&a, ..., &, } npu n — oo.

17.5. Hana 1ociie/IoBaTeIbHOCTh HE3ABUCUMBIX CJIyYailHbiX Beaudud &£1,&2,...,&n, .. ..
Coyuaiinas senuunna &, (n = 0,1,2,...) MOXKeT IpUHUMATL TpHU 3HadeHus: —/n, 0, /1
C BEPOSITHOCTSIMU, PaBHBIME coorTBercTBeHHO 1/m, 1 — 2/n, 1/n. Ilpumennm jwm K 310
[IOCJIEJIOBATE/ILHOCTH 3aKOH OOJIbINUX duces JeObiieBa?

17.6. Ucnob3yst nepasencTBo ebbiiieBa, OINEHUTH BEPOSATHOCTH TOTO, UTO YACTOTA
Boirtajenns opJa rpu 1000 moabpackiBaHUSIX MOHETHI OTKJIOHUTCS OT BEPOSTHOCTHU BbIIIA-
JIEHUsI OpJia IIpu OJHOM mojiopackiBarnn Gosiee dem Ha 0,05. CpaBHUTH 3Ty BEpOSITHOCTH C
BEPOSITHOCTDHIO, TOJyYEHHON ¢ ITOMOIIBIO nHTEerpaabHoit popmysibl Myaspa—J/lamaca.

17.7. Nmeerca 1600 mpsiMOyTOJBHUKOB, y KayKJIOTO U3 KOTOPBIX JJIMHA W ITUPUHA —
He3aBUCHUMBbIE CJIydaiiHble BEeJIMYUHBI, paclpe/iesiéHHble paBHoMepHO Ha orpeske [0, 1]. Uc-
MIOJIB3Y S MEHTPATBHYIO TPEJETbHYIO TeoPeMY, YKa3aTh CUMMETPIIHBIE OTHOCUTETHHO CPE]I-
HEro TPAHUIIBI, B KOTOPBIX C BEpOATHOCTHIO (0,9 JIe2KHUT cyMMa ILIOMAIeH BCeX MPsiMOYTOJIb-
HUKOB.

Bapwuant Ne 18
18.1. Jlana myIOTHOCTB pacHpejieeHus caydaifnoro sekropa (&, n):

A.’L’y(l - .’L'Q), T 6]07 1[7 Yy 6]07 1[a
ff,n(xu y) - 0
, uHave.
Tpebyercsi: a) onpenenuth Bequduny A; 6) HaiiTi (GYHKIMIO pacHpejeeHus; B) HalTH
YCJIOBHBIE IIOTHOCTH Daclipejiesienusi Besmaud § u 1); 1) Boraucaurs M (E), M(n), D(&),
D(n), p(&,n).
18.2. Cayuaiinbie BeiuauHbl £ U 1) HE3aBUCUMBI U PABHOMEPHO PaCIpejesIeHbl Ha OT-
peske [0,1]. Haiitu muiorHOCTH paciipejieieHusi 1 OCHOBHBIE YHCJIOBBIE XapAKTEPUCTUKH
cirydaiiHbIX BesimauH: a) £1; 6) £ —n; B) |£ — 1.

18.3. Haiitun roaddunment xoppessuun mexiay & u n = ||, ecom & — cuyuaiinas
BEJINYMHA C CAMMETPHYHBIM PACIPEJICTICHIEM U KOHETHOM JUCIIePCUEit.

18.4. Ilyctn £1,&9, ..., &y, . .. — HE3aBUCUMbBIE, OJIMHAKOBO PACIPEICIECHHDIE CIIyIaiiible
BEJIMYMHBI, UMEIOIIHe IJIOTHOCTH pacupesesenus f(x) = cosz, x € [0, 7/2]. Haiitu npesen
1o BepositHocTn min{y,&a, ..., &, } npu n — oo.

18.5. Jlana mocje0BaTeIbHOCTh HE3aBUCUMBIX CIydaiiHbix Beswmaud €1,&89,...,&q, ...,
KazK/las M3 KOTOPBIX pacipesesena 1o saxony Komm: fe, (z) = 1/[n(1 + 2?)], = € R.

[TpumennmM i K 9TOi TTOCIEIOBATEIBHOCTA 3aKOH OOJIbINMUX duces JeObimrea’?

18.6. Ucmonbayst nepasencTBo ebbiiieBa, OINEHUTH BEPOATHOCTH TOTO, UTO YACTOTA
Bhintajenns opJia npu 100 moadpachlBaHUsIX MOHETHI OTKJIOHUTCS OT BEPOATHOCTH BBITA (e~
HUsI OpJia TIPU OJHOM TojbpackiBanuu He Oojiee, deM Ha 0,1. CpaBHUTH 3Ty BEPOSITHOCTD C
BEPOSITHOCTDHIO, TOJIyYEHHON ¢ ITOMOIIBIO nHTEerpajbHoit popmysibl Myaspa—J/lamaca.

18.7. ¥Ypoxaii kaprodess (B MelKax) ¢ OJHOM COTKM — CiydaiiHas BeJMYIMHA, MMe-
otas pactpegenienne [lyaccona ¢ mapamerpom 5. Vcmosib3yst MeHTPAIBHYIO TPEIEILHYIO
TEOpeMy, HATH CUMMETPUYIHBIE OTHOCUTEIHLHO CPEJIHET0 TPAHUIIBI, B KOTOPBIX C BEPOSTHO-
creio 0,92 Oyzer jexkaTh CyMMapHBIT ypoxkait Kaprodesisa ¢ 625 coTox.

Bapwuant Ne 19

19.1. Koopaunare! ciy4vaiinoit Touku (£,7) Ha IUIOCKOCTH HOJ{YMHEHBl HOPMAJILHOMY
3aKOHY PaCHpPEJIEICHNs C IJIOTHOCTHIO

e = g[3G5+ 5]
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OmpeiesnTh COBMECTHYIO IUIOTHOCTH pactipeesierus f (7, ¢) MOJIAPHBIX KOODJAUHAT ITOM
rouknu (R, D).

19.2. Ilycre € u 1 — He3aBUCUMBIE C/Iy4ailHble BEJMYMHBI, KOTOPbIE MMEIOT IIOKa3a-
TeJIbHOE pacipejesienne ¢ napamerpom A. HafiTu mornocTs pacrpe/jiesiennss 1 OCHOBHBIE
YHUCJIOBBIE XaPAKTEPUCTUKU CIIy9IallHbIX BeauduH a) & —1; 6) [£ — 7).

19.3. Bpocatorcsa Tpu npaBUIbHBIE MOHETHI. HaliTi KoBapHannio 4ucia pernek, BhITaB-
IIIUX Ha BCEX MOHETAX, C YHUCJIOM DeIleK, BbIIABIINX Ha IIEPBOIl MOHETE.

19.4. Ilyctp &1,&0, ..., &, . . . — HE3ABUCUMBIC, PABHOMEPHO PACIPEICICHHDBIC HA OTPE3-

ke [1,4] cayugaiinble Beamaunbl. Jokasars, uro max{&1,&a,..., &} 2 4.

19.5. Jlana mocie/loBaTe/IbHOCTh HE3aBUCUMBIX CJIydaiiHbIX Beaudud &1,&o, ..., n, - .,
npuuém ciaydaitnas seqmunna &, (n = 0,1,2,...) Moxer npunumarh 2n + 1 3HavYeHUs:
—n,—n+1,...,-1,0,1,2,...,n — 1,n c Beposrnoctamu P(&, = k) = 1/(4]k|]?) nna k =

n
+1,42 43 ... dnu P&, = 0) = 1 — > 1/(2k3) ana k = 0. Ilpumennm m K 9TOi
=1

IIOCJIC/IOBATEILHOCTH 3aKOH OOJILIINX duces Jebnimesa’

19.6. Cayugaitiast Bemmauna £ sIBJIsTeTCs CpeiHeil apudMeTHIeCKO He3aBUCUMbBIX 1 OJIN-
HAKOBO PaCIpeIe/EHHBIX CAYYalHbIX BEJINYNH, JUCIEPCHsT KaXkKJI0i M3 KOTOPBIX paBHa b.
CKOJIBKO HY?KHO B3$ITh TAKUX BEJIUYIUH, ITOOBI CaydailHas BeJudnHa & ¢ BEPOSITHOCTHIO,
e menbireir 0,9973, nMesa OTKJIOHEHHE OT CBOErO MATEMATHIEeCKOIO OXKUJIAHUSI, He Ipe-
Bocxosiee 0,1. Pemurs 3aiaay, ucnosbsys a) HepaBeHCTBO Uebbliesa; 6) NEHTPaJIbHYIO
[IPE/IEJIBHYIO TEOPEMY.

19.7. Ha daxyiaprere OTOD onenka £ Ha 3K3aMeHE 0 TEOPUU BEPOATHOCTEH HMEET
caenytonee pacupeenenue: {(&, P)} = {(2;0,4), (3;0,3), (4;0,2), (5;0,1)}. Vcuons3yst 1ex-
TPaAJIbHYIO IIPEJIEJIbHYIO TEOPEMY, OIPEIE/INTh BEPOATHOCTL TOTO, UYTO CPEIHMI Oasl 3a 9K-
samen 1oroka u3 121 crygenra T nexur B unrepsase |2,5; 3,5].

Bapwuaut Ne 20
20.1. Jana maoTHOCTH pacrpe/iesieHnst cJrydaiiHoro Bekropa (&, 7):

Axe ™% x €]0,+o0], y €]0, +o0l;
fen(zy) = {0 ] b e [

nHa4de.

Tpebyercsi: a) onpezenuts Beauunny A; 6) naiitu QyHKIMIO pacupejiesieHnst; B) HalTH
YCJIOBHBIE ILUIOTHOCTH pacupejeneHus Beanand £ u 7; 1) Beraucautb M (£), M(n), D(E),
D(n), p(&,n)-

20.2. Curyuaiiaple BeJuauHbI & U 1) HOPMAIBHO PACIpPE/IeJICHbl 1 He3aBucuMbl. Haiitu
[JIOTHOCTD PACIIpe/ieieHus BeJmaubl ( = & /1.

20.3. CTpesioK, MonaIaioIuii 10 MUIIEHN ¢ BEPOATHOCTBIO 1/3, jeaer jBa BbICTpEA.
Haiiti koaddunmenT Koppessim MezK1y OOIIUM YHCIOM TPOMAXOB U YUCJIOM TIONAIAHHI.

20.4. Ilycts &1, &9, ..., &y, . .. — HE3aBUCUMbBIC, PABHOMEPHO PACIIPE/IC/ICHHBIC Ha OTPE3-
; . P
ke [—1,1] cayuaitabie Beqmunnbl. JJokazars, yro min{éy, s, ..., &} — —1.
20.5. Jana mocjeoBaTe IbHOCTh HE3ABUCUMBIX CAyUYalHBIX Besudud &1,82,. .., &y, .. ..

Coayuaiinas sesmunsa &, (n = 0,1,2,...) MOXKeT NpUHUMATDH JiBa 3HavYeHus: +Inn ¢ Be-
positHOCTsIMH, paBHbIME 1/2. [TpuMeHum Jin K 9TO# MOC/IEI0BATETLHOCTH 3aKOH GOJIBIITIX
qnces Yebbirea?

20.6. Cayuaitnas Benmanua £ sBisercs cpemreli apudmerndeckoit 3200 nezaBucu-
MBIX W OJWHAKOBO PACHPEIETEHHBIX CIyYailHbIX BEJIUIHH C MaTeMATHIECKUM OXKUIAHU-
eM, paBHbIM 3, u aucnepcueii, pasuoit 2. Vcmonb3ys #epaBeHcTBO UeObIlieBa, OINEHUTH
BEPOSITHOCTb TOrO, 4TO & IpPUMeT 3HadeHue B mpomexyrtke |2,95;3,075[. CpaBuurb a1y
BEPOSITHOCTD C BEPOSTHOCTBIO, TIOJIyYEHHOHN ¢ MOMOIIBI0 HHTErpaabHoil dpopmysibl Myaspa—
Jlamnaca.

20.7. Kaxprit abornert ATC B m1060it MOMEHT BpeMEHN MOYKET 3aHUMATH JTIHHUIO C Be-
positaoctbio 0,075. Kakoo mMakcumasbaoe dncso abonento N (N > 10), koropoe MoxkKer
o6cykuth ATC, umeromas 10 jimHMi, €c/in BEPOSITHOCTD MOTEPU BBI30BA, (3aHATOCTHU JIU-
Hun) He J1o/KHA npeBocxouTh 0,001 (MCHoIb30BaTh EHTPATIBHYIO IPEJIEIBHYI0 TEOPEMY ).
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