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ITPEOVICIIOBME

ITpenyaraemoe y4eOGHOe mocoOve IpeqHa3HAYeHO IS CTYI€HTOB 3KOHOMMYECKVX CIeIVaTbHOCTe BBIC-
X y4eOHBIX 3aBeIeHMVI, M3YUaloNIX Kypc TeOpuy BEpOSTHOCTEN ¥ MaTeMaTNIecKOl CTaTUCTVKY. B moco-
Oviv TIpericTaBIIeHbI 3afaun, KOTOpBIe CIIyXKaT [JIs YCBOEHNS MaTepasia BCeX pasiesioB TeOPUM BEPOSITHOCTEN
Ha KOHKPEeTHBIX IIpVMepax, BO3HMKAIOIINX B IIPAKTUKe YIIpaBJIeHNs 5KOHOMIYECKVIMM, COLIMaIbHBIMU U PU-
HAHCOBBIMM CVICTEMaMI. B IIpoliecce pelieHns Takux 3a/1a4 CTy[I€HT He TOJIBKO 3aKpeIUIseT 1 yriryOsisieT Teo-
peTudecKyie 3HaHMS, TIOJIy9eHHBIE Ha JIEKIVISIX, HO VI YUNUTCS IIPVUMEHSTh 9TV 3HaHMS IIPY ITOCTAaHOBKe 1 pe-
IIIeHNY peaIbHbIX 3KOHOMMYECKNX 3a/1ad. B mpemiaraeMoM mocoOmy SKOHOMMUeCKue, (PUHAHCOBBIE U CO-
IIMOJIOTMYecKye TIPWIOKEHUs MEeTOIOB TeOpUM BEPOATHOCTEN M MaTeMaTi4ecKoy CTATUCTUKM BBIXOAST Ha
IIepBBIVI IUIaH, CEPBE3HBIN aKIIeHT JlelaeTcsl He TOJIBKO Ha MeTOJIBI pellleHNs 3ajiad, HO U Ha IIOCTpOeHVe Ma-
TeMaTU4YeCcKMX MOjIesleVl, aHaJIn3 ¥ 3KOHOMIMYECKYIO MHTepIIpeTaIiio I0JIyYeHHbIX pe3ysIbTaToB. B pe3yibTa-
Te VICII0JIb30BaHMs yueOHOro 1ocodms CTyIeHT 3HaKOMUTCS ¢ OCHOBHBIMM IIpo0iIeMaMy yIIpaBiIeHus, S5KOHO-
MVIKM, (PVHAHCOB, COIVIOJIOTUI 1 IPYTVIX CMEXHBIX 00J1acTerl, IPY pelieHny KOTOPBIX I10JIe3HO IIpUMeHeH e
BEPOSITHOCTHO-CTATUCTUUECKMX METOIIOB, YUUTCS OPUEHTMPOBAThCS B MaTeMaTUUYeCKMX MeToHax ¥ 110 3KOHO-
MITYeCKOV TIOCTAaHOBKe 3ajau OIIpeflesIsiTh, B KAKOM pasjiesle MaTeMaTMKV MICKaTh CPefICTBa [IIS e€ pelleHis,
IIePeXOINTh OT S5KOHOMMYECKOV IIOCTAHOBKM 33/1aui K €€ MaTeMaTidecKoyl MOZeIIV, IIPOBOIMTD 110 3TOV MO-
AeJTn pacuéThl U T0JIyYaTh YMCIIOBbIe Pe3yJIbTaThl, aHAJIM3MPOBATh 3TU Pe3yJIbTaThl U fejlaTh KOJIM4ecTBeH-
HbIe VI KaueCTBEeHHBIe BBIBOJIbI, HEOOXOMVIMBIe [IJIsl IIPVHATHS PellleHn I B CBOeV IIpeIMeTHOVI 00IacT.

YueOHoe 1TocOOMe OTpakaeT OIBIT IIPeIIofIaBaHIs TEOPUV BEPOSTHOCTEN VI MaTeMaTIeCKOVI CTATVICTUKM B
T'ocymapcrBerHOM yHMBepcutete ympasienvs (cm. [1], [8], [9], [10], [11], [14], [20], [21], [23]) m momHOCTBIO
COOTBETCTBYeT y4eOHUKYy [1].

3amauy pa3duTHI IO TIaBaM U IaparpacdaM B COOTBETCTBUN CO CTPYKTYPOTI AEVICTBYIOMIVIX yaeOHBIX IIPO-
rpamm 1 yuebHMKa [1]. B kaxxmom maparpade mpemyiararorcss HeOOXOAVIMBIE TeOpeTUdecKe CBefleHNs, 3ama-
UYL C pelIeHmsIMY, a TakKe OOJIbIIIoe UNCITo 3a7ad TS CAMOCTOSITeIIBHOV PabOTHI, COITPOBOXK/IAOIIVIXCS OTBe-
Tamu. B pemrenmsix 3amad Oosiblioe BHVMaHMe yeseTcs He TOJIbKO MeTolaM U ajiropuTMaM, HO U IIePexomy
OT KOHOMWYECKOVI IIOCTAaHOBKM IIPO0OIeMBl K MaTeMaTWU4YeCcKOV MOV, SKOHOMWYECKOMY aHaJIi3y IOJIy-
YeHHBIX pe3yJIbTaToB. BHyTpu maparpados c/10XHOCTb BO3pacTaeT OT IIPOCTHIX 3afjay, VIS pPeleHns KOTOPBIX
HeOOXOIIMMO WMCIIONIb30BaTh CTaHAAPTHBIE (POPMYJIIBI M IIPUEMBL, IO JOBOJIBHO CJIOXKHBIX, PaCCYMTAHHBIX Ha
CTYHEeHTOB, M3yYaloIINX PaCIIMPEHHBINI KYpC T€OPUM BEPOSTHOCTEN VI MaTeMaTUIeCKOV CTAaTUCTUKN, — pe-
IIIeHMs 3TVUX 3a7la4 cofiepyKaT IMIPVHIIMIINAIBHO BaXKHBIe Me JIN00 TpeOyIoT akKKypaTHOIO MpOoBeeHNs HOC-
TATOYHO OOJIBIINIX MaTEMATUUYECKMX BBIKJIALOK.

Yro0BI 00J1€rYnTh CTYeHTaM OCBOEHVIE CJIOKHOV AVICIIMIUIVHBI, aBTOPbI CTPeMWINCD Ce/laTh 3aadil MH-
TepecHBIMI 1 10 (POpMe, 1 110 COflepP>KaHMIO.

ITpu mogroroBke 1mocodusi aBTOpaMy ObUT YUTEH OIIBIT BCeX M3BECTHBIX MM 3aJaYHMKOB II0 TEOPUU BEpO-
ATHOCTEVI 11 MaTeMaTI4ecKol cTaTUCTUKe. Py 3amad 3anMcTBoBaH 13 padot [1]-[25]. bonburmHcTBO 3amad sB-
JISIOTCS. OPUTVIHAIBHBIMM U IIOITOTOBJIEHBI aBTOPaMI CTIeLVaIbHO /I JaHHOTO M3HaHMs.

Pabota aBTOpOB Haj, mocoOMeM paciipefie/iach CJIeAYIOMNM 00pa3oM: IIPeINcIoB/e U TeopeTdecKie
BBefIeH K MaparpadamM HaIvcaHbl COBMECTHO JI-POM 9KOH. Hayk, mpod. B. A. KosemaeBriM, KaH/I. TexH. Ha-
yK, npod. B. H. Kamuuaunon n kanz. skoH. Hayk B. V1. ConosbésbiM; 3amaun 13-18, 25-27, 39, 40, 51, 53, 72-75,
77,90, 101, 103, 104, 106, 110-112, 139-143, 147, 148, 154-157, 170, 175, 176, 193, 198, 200, 201, 213, 224, 231, 232,
234, 247-249, 252, 253, 256, 260, 261, 264-267, 271, 272, 275, 283, 284, 301, 304, 309, 310, 314, 315, 317, 319, 321-
323, 330, 343, 348, 358-360 (Bcero 83 3amaun) IIpeIoKeHH I-poM 9KOH. Hayk, mpod. B. A. Konemaesriv, 3a1a-
um 64-66, 70, 82, 83,121, 122, 130, 158, 167, 168, 172, 179, 182-184, 189, 191, 199, 207, 225-229, 244-246, 255, 262-
263, 268-270, 294, 296-299, 311, 316, 324, 351 (Bcero 44 3ajaun) mpeyyIoXkeHbl KaH/I. TexH. Hayk, Irpod. B. H. Ka-
JviHvHOW, 3agaun 1-12, 19-24, 28-37, 41-46, 48, 52, 55, 57-63, 69, 71, 78-80, 84-88, 91-100, 102, 108, 109, 114-120,
123, 127-129, 131, 135-138, 146, 149-153, 159-160, 162, 165, 166, 169, 171, 174, 177, 178, 180, 185-188, 190, 192,
196, 197, 202, 204-206, 212, 214-216, 222, 223, 230, 235, 236, 239-243, 251, 254, 257-259, 273, 274, 276-282, 285-293,
295, 300, 302, 303, 305-308, 312, 313, 318, 320, 325-329, 331-342, 344-347, 352-357, 361-369 (Bcero 200 3amau)
IpeyIoXeHbl KaHy,. 9KoH. Hayk B. VI. ConosbéBriM, 3amaun 38, 47, 54, 56, 67, 68, 81, 89, 105, 107, 132-134, 144,
145, 161, 163, 164, 173, 181, 194, 203, 208-210, 217-220, 233, 250, 349, 350 (Bcero 33 3amaum) IIpesIOKeHEI I-POM
¢dus.-mart. Hayk, mpod. B. V1. Maneixmaei, 3agaun 49, 50, 113, 126, 195, 211, 221, 237, 238 (cero 9 3amau)
IIpeIUIOKeHbI KaH[. TexXH. HayK, HoIl. A. IT. KypoukuHslm; perreHns Bcex 3a7ad, OTBETHI U IIPVIIOKEHMS IO~
rOTOBJIeHBI KaH/I. 9KOH. HayK B. V1. CotoBbEBBIM.



I'maBa 1. BEPOSITHOCTHBIE ITPOCTPAHCTBA

§1.1. DJIEMEHTBI KOMBUMHATOPUKM

B Teopun BepodTHOCTeN YacTO MPUXOAUTCH MMeTh J1eJI0 € 3ajjadaMy, B KOTOPBIX HeoOXOIMMO ITofI-
CUUTBIBATh YMCIIO BO3MOXHBIX CITOCOOOB COBepIIIeHMsI KaKMX-I10o0 JIevicTBuUiL. 3ajaun TaKoro TuIla Ha-
3bIBAIOTCSI KOMOMHATOPHBIMM, a pas/iell MaTeMaTVKM, 3aHUMAFOIINUIICA pellleHreM TaKuX 3a7ad, — KOM-
ounaTopuxon. ChpopmynmpyeM ABa yHUBepCcaJIbHBIX ITpaBila, IpYIMeHseMbIX IIpU pellleHnr KoMOuHa-
TOPHBIX 3a/1a4.

ITPABVITIO IPOU3BEAEHWSL. [1ycmb mpebyemcs Buinoanuims 00HO 3a Opyeum kakue-1ubo m Oeticmbuil. Ecau
nepBoe deticmbue MoxHo Boinosnums ny cnocodamu, Bmopoe deicmbue — n, cnocobamu u mak 0o m -eo decm-

Bus, Komopoe MOXKHO BbinoAHUmMb N, cnocobamu, mo Bce m OeticmBuii Mo2ym 0bimb BbinoAHEHb! nqNy = Ny

cnocobamu.
IIPABWIO CYMMBIL. [Iycms mpebyemcs Buinoinums 00HO u3 kakux-iubo m Oeicmbuil, 63aumHo uUckAwo-
uaiouux 0pye opyea. Ecau nepBoe deiicmbue moxno Guinosnums ny cnocobamu, mopoe deiicmbue — n, cnoco-

bamu u mak 00 m -20 deticmBus, KOMopoe MOXHO BblNOAHUMD N, CHOCODAMU, MO BbINOAHUM 00HO U3 IMUX M
deticmButl MOKHO (nq + My + -+ Ny ) crocobamu.

Hanomuamy nousTHIE Cl)aKTOpI/IaJ'Ia, aKTMBHO MCIIOJIb3yeMO€E B KOMGVIHaTOPVIKe. (DlZKﬂ’IOPMMOM Hamy-
paavHo2o Hiucaa n Ha3blBaeTCA YlVICiIo

nl=n(n-1)(n-2)-3-2-1. (1.1)

ITo ompenernenuiio, pakmopuaiom Hyia sIBISIETCS eqVHNLIA:
0l=1. (1.2)
PaccMOTpUM HEKOTOpOe MHOXEeCTBO S, COCTOsIIIiee M3 n pasiuunsix 3meMeHToB. Ilycte 1<k < n.
Hazosém mHoxecmbo, coctositiee u3 k 271eMEHTOB, Ynops00ueHHbIM, eCIIV KaXKIIOMy 3JIEMEHTY 3TOTO MHO-
JKeCTBa MOCTaBJIEHO B COOTBETCTBIE YMCIIO OT 1 110 &, IpMuéM pasIMIHbIM 3JIEMEeHTaM MHOXKECTBa COOT-

BETCTBYIOT pasHble UrciIa.

Pasmewjernuamu u3 n s1emenmob no k HasbIBAIOTCS YHOPsOYEHHbIE IIOJIMHOXKECTBA MHOXeCTBa S, CO-
CTOsIIIVE U3 k PA3AUYHBIX DIIEMEHTOB W OT/IMYAIOLIMeCs APYT OT Apyra COCTaBOM 3JIEMEHTOB TUIV IIOPSi/I-

KOM VIX PaCIIOJIOKEHVIS.
Yuicmo pasMerieHni U3 n 3JIeMeHTOB 110 k paBHO

|
A]fl:ﬁ:n(n—l)(n—Z)---(n—k—i—l). (1.3)
HepecmaHOHKaMu U3 n 341emMeHmol HasbIBAIOTCI pa?:MeHleHVISI u3 n 4emenmob no n, T e. YHOPSIJ:[OLIGH-
HbIe IIOOMHO>XeCTBa MHO>XeCTBa S , COCTOAIIINMEe 3 BCeX 2JIEMEeHTOB 1aHHOI'O MHOXeCTBa 1 OTJIMYaroIire-
CsL APYT OT ApyTra TOJIBKO IIOPSAIKOM VX PacIIOIOXeHVs.
Yucro HepeCTaHOBOK M3 n 2JIEeMEHTOB paBHO

P,=n!'=nn-1)(n-2)---3-2-1. (1.4)

Couemanuamu u3 n s1emenmol no k Ha3bIBarOTCS IOAMHOXeCTBAa MHOXeCTBa S, COCTOsIIMe U3 Kk pas-
AUYHBIX JTIEMEeHTOB ¥ OTJIMYalolyecs APYT OT JIpyra TOJIbKO COCTaBOM 3JIEMEHTOB.
Ypicrio couetaHmit U3 n 3JIEeMEHTOB IO kK paBHO

AFY o =D —-2)(n—k+1) L5
P kl(n—k)! k(k—1)(k—2)---3-2-1 '
Pasmewjenusamu ¢ nobmopenusmu us n 21emenmob no k Has3bIBAIOTCS YHOpsIOYeHHbIe ITOJIMHOXXeCTBa
MHOXecTBa S, COCTOsIIIMe M3 Kk 3JIeMEHTOB, Cpely KOTOPBIX MOTYT OKa3aTbCs OIVMHAKOBbIe, 1 OTJIV-
Jarolyecs APYT OT Ipyra COCTaBOM JIeMEeHTOB IV ITOPSAKOM VX PacIoIOKeHVIs.
Ynicsio pasMerieHni ¢ IIOBTOPEHVSIMYL U3 1. 3JIeMEHTOB 110 k£ paBHO

A =t (1.6)

ck =



Couemanusamu c TlongPEHuﬂMM U3 n s/1eMeHmob no k Ha3BIBAIOTCSI ITIOOMHO>XeCTBa MHO>XeCTBa S , CO-
CTOsAIIIVIEe M3 k 2JIEMEHTOB, Cpell KOTOPBIX MOI'YT OKa3aTbCiA OOMHAKOBBbIE, M OTJIMYaroIIecsa Opyr OT
Apyra TOJIBKO COCTaBOM 3JIEMEHTOB.

Yucmo coueTaHmin ¢ IIOBTOPEHVAMMU V3 1 3JIEMEHTOB I10 k PaBHO

ak — ok _(n+k=1)! (n+k-1(n+k=2)n
n ntk=1 g — 1)1 k(k—1)(k—2)---3-2-1

(1.7)
OtmeTnM, uto popmyitsl (1.4) - (1.7) coxpaHSIIOT CMBICII M OCTAIOTCS CIIpaBeyIvBbIMu M Tipu k = 0.
Ecyim Bo MHOXecTBe S, cOCTOsIIEM U3 7 3JIEMEHTOB, €CTh TOJIBKO 1M paA3AUYHbIX 3JIEMEHTOB, TO nepe-

cmanobkamu ¢ noBmopeHusMuU U3 n 31emeHmob Ha3bIBAIOTCS YIIOPsiOYeHHbIe ITOJMHOXXeCTBa MHOXKeCTBa

S, B KOTOpbIE TIEPBbIVI JIeMEeHT MHOXeCTBa S BXOAWUT 7, Pa3, BTOPOV 2JIEMEHT — N, pas U TaK [0

m -TO 2JIEMEHTA, KOTOPBIV BXOAUT 7Ny, pas (ng + 1y + -+ nyy = n).

Yuicito nepecTaHOBOK C IIOBTOPEHMSIMU M3 7. 3JIEMEHTOB, B KOTOpPbIe IIepBbIil 3JIeMeHT MHOXecTBa S

BXOIWUT 7, Pas, BTOPOVM 3JIEMEHT — 7N, Pa3 M TaK JIO m -TO SJIeMeHTa, KOTOPbII BXOAWUT 7, pas

(ny +ny + -+ ny, =n), paBHO

~ n!

Py (ny,ny,.snpy) (1.8)

B nq !n2 Leeenyy ! '
1. Maiziria HOCCOPT/IHaCB c I'leremm n He xoueT exaTb C HUM B OIHOM aBTOGyce. Ot
OOIIIEeXWTNS 1O VHCTUTYTA ¢ 7 10 8 4 oTIpasisgercs ATk aBToOycoB. He ycreBrm Ha
TIOCIIEIHNVI M3 3TMX aBTOOYCOB omasabIBaeT Ha jeKimio. CKoipkuMy criocobamm Marria
u Iletsa MOTYT 0exaTb 10 T/IHCTVITYTa B pa3HBIX aBTOGYCaX " He OIIO3d1aTh Ha HeKHT/IIO?
PEMIEHME. IleTss MOXeT JoexaTb A0 MHCTUTYTa ny= 5 pazmmuHbBIMU criocobaMyt (Ha OHOM M3 IIATH
aBTOOYCOB), P 3TOM Maiire OCTaéTcs TOJIBKO ny = 4 criocoba (Tak KaK OOMH M3 aBTOOycoB 3aHAT [le-

Tent). Takum obpasom, o mpasity npowssesenus y Iern n Mawm ects nyn, = 5-4 = 20 pasnmunbix

cr1oco00B moOpaThcs 1O MHCTUTYTA B pa3sHBIX aBTOOycax 1 He 0II031aTh Ha jlekiyo. U

2. B I/IHq)OpMaIH/IOHHO—TEXHOJ’IOFVI‘IGCKOM YHpaBJ'IeHT/[T/[ OaHKa pa60Ta10T TPpM aHa-
JINTVIKA, HecsTh ImporpaMMuctoB 1 20 nrKeHepoB. 1 cBepxypoduHOV paboThI B IIpas/-
HUYHBIN OJeHb HaYaJIbHVK ynpaBJIEHVISI OOJDKeH BbIIeJINTh OIHOI'O COpr,Z[HVIKa. Cxoitb-
KO CII0COOO0B CyIIeCTByeT Y HadaIbHMKA yIIPABIIeHS?

PENIEHME. HauajibHUK yIIpaBiieHVsI MOXXeT OTOOpaTh OHOTO aHaIMTHKa ny =3 crrocobamu, OTHOTO
porpammucra — n, =10 criocobaMy1, a OJHOTO MEXKeHepa — ngy =20 criocobamu. ITockoipKy 1o yc-
JIOBUIO 3aflauyl HaYaJIbHWK YIIPABJIeHMS MOXET BBIIEINTh JII000ro M3 CBOVX COTPYIHWMKOB, COIJIaCHO
IIPaBJTY CYMMBI y HETO CYIIECTBYET 1y + Ny + Ny = 3410 + 20 = 33 pasmmuHBIX criocodba BEIOpaTh CO-
TPyIHMKa 1711 CBepXypOoUYHOV paboTsl. U

3. Hauvansamk CJ'IY)K6BI 6630HaCHOCTT/I 6aHKa JOJDKeH e’XeIHEBHO paCCTaBHHTB e~
CiATb OXPaHHVKOB IIO OeCATN ITIOCTaM. B meJriax YCT/IJ'IeHT/ISI Oe3oracHOCTU OIOHa " Ta Xe
KOMGT/IHaHVIH PacCTaHOBKM OXPaHHMKOB II0 ITOCTaM He€ MOXET ITOBTOPATHCA Hallle OTHO-
ro pasa B Mecsr. YToObI OIIeHMTh, BO3MOXKHO JIV 3TO, HaWTV YMNCIIO Pa3IMIHBIX KOMOU-

Hamm PacCTaHOBKM OXPaHHVKOB.
PEINEHME. IlepBbIi1 cr1oco6. Ha mepBeit mocT HavaIlbHMK CITy>KOBI 0€3011acHOCTM MOXKeT Ha3sHa4YMTh
mmoboro n3 ny =10 OXpaHHMKOB, Ha BTOPOVI IIOCT — JIOOOTO M3 OCTABLUMXCS Ny =9 OXPAHHWKOB ¥ TaK

JI0 [AE€BSITOTO II0CTa, Ha KOTOPBIVI MOXXHO Ha3HAYNUTH JIFOOOTO 3 OCTABIUNXCS Ng =2 OXPAHHIKOB, [PV
5TOM OCTaBIUWVICS nqq =1 OXxpaHHMK Oyjer HasHa4YeH Ha HecsThI IoCT. [losToMy, coracHO npaswLy
IPOM3BEIEeHNs], Y HauaIbHMKa CIIyXObl OesomacHOCT ecTb nqyn,y -+ nyg = 10-9---2-1=10! =3 628 800

Cr1oco0O0B pacCTaHOBKM OXPaHHMKOB 110 IocTaM. [10CK0JIbKy KOJIM4UecTBO JHeV B Mecslle He IIpeBbIIlaeT
31, y HauasIbHMKa CJIy>KObI O0e30I1acHOCTM 3aBeJOMO CYIIeCTByeT JO0CTaTOYHOe YMCIIO CIIOCOOOB paccTa-
HOBKM CBOVMIX IIOTYMHEHHBIX I10 IIOCTaM.
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BTOPOIZ cmoco6. Yricsto crmocoboB PacCTaHOBKM OeCAT OXPaHHVKOB I10 JeCATV II0CTaM, CYIIeCTBYIO-
muX 'y HadaJIbHVIKa CJ'Iy>K6BI 6€3OHaCHOCTVI, OIIVICBhIBaE€TCA YMCJIOM IlepeCTaHOBOK W13 10 SJIEeMEHTOB, T. €.
P,y =10!=3628800.0

4.  OnpenennTh, CKOJIBKMMIU CIIOCOOAMV MOXKHO pa3sMeCTUTh Ha IIIaXMaTHOV JIOCKe
BOCeMb JIajleVl TaK, YTOObI OHM He OWUIN IpyT ApyTa.
5.  HosbIt npesuneHT OaHKa /JOJDKeH HasHAYMTh IBYX HOBBIX BHIle-IIPe3UJIeHTOB

"3 YMcCila OeciaTn OUVPEKTOPOB. CKoJIBKO CII0cO0OB CymieCTsyeT y IIpe3lVieHTa, eCJINn:
a) OOVIH 73 BUIIe-TIPe3VIeHTOB (IIePBbI) BBIIIE OPYroro IO JOJDKHOCTY; O) Bulle-
MIpe3VAEHTHI 10 JOJDKHOCTY PaBHBI MEXIy COOOTA.

PEIIIEHME. IlepBbIit cmoco®. a) [TlepBoro Burie-mpesnmeHTa MOXHO BBIOpaTh 13 ny = 10 mpereHpen-
TOB, IIPV 3TOM Ha II0CT BTOPOTO BULe-TIpe3VeHTa Oy/ayT IIPeTeH/I0BaTh N, =9 OCTABIUMXCS AUPEKTO-
pos. TlooaTomy, coracHo IipaBiIly IIPOU3BENEHIs, Y HOBOIO IIpesujieHTa OaHkKa ectb nyn, = 10-9 =90

CII0COOOB Ha3HAYeHVs IBYyX BULIe-IIPe3VIeHTOB, OAMH 13 KOTOPBIX ITOIUMHSIETCS JPYTroMY, 13 Urciia fIe-
csaTn aupeKkTopos. 6) IlycTs mepBoe ericTBye 3aKII0YaeTCsd B TOM, YTO IIpe3ueHT OTOMpaeT IByX deslo-
BeK Ha JIOJDKHOCTVI BUIIE-IIPE3VIEHTOB, a BTOPOe [IEVICTBIIE — B TOM, UTO IIPE3VIEHT T'OBOPUT OTOOpaH-
HBIM JIFOJISIM, KTO U3 HUX SBJI€TCH IIePBBIM BULIe-TIPe3UIeHTOM, a KTo — BTOphIM. ITycTs mepsoe nevicr-
BI€ MOXXHO BBIIIOJIHUTE 71y criocodaMy, BTOpoe JIeVICTBIe, OUYeBVIHO, MOXKHO BBITIOJTHUTH ny = 2 CIIoco-

Gamm, 1 O NpaBWIy IPOM3BeIeHNs YMCIIO CIOCOO0B Ha3HauYeHMs ABYX BUlle-IIpe3uIeHTOB, OVH U3 KO-
TOPBIX IIOYVIHSETCS IPYTOMY, M3 UVCIIa JIeCSTH VPEKTOPOB COCTaBIIsIeT nyny = 2ny . C Ipyrom cropo-

90
HBI, B IIyHKTe a) MBI HAIILIV 9TO YNMCIIO, U OHO OKa3aiock paBHbIM 90, rI03TOMY Ny = 5= 45.

BTopor crtoco6. a) Yncsto cioco0oB BeIOOpa IBYX KaHAMIATOB Ha [IBe pasjIMuHble JOJDKHOCTU U3 fe-

N 2
CATV IPeTeHeHTOB OMVChIBaeTCs YMCIOM pasMelteHunt n3 10 areMeHTOB 1O 2, T. €. A10 =90. 6) Yucito
cr1oco0o0B BbIOOpa IBYX KaHOMAATOB Ha [IBe OIVHAKOBbIe JOJDKHOCTY U3 AeCATV IpeTeHIeHTOB ONVICHI-

_ 2
BaeTcs umciIoM couyetaHmi n3 10 smeMeHTOB 110 2, T. €. C1 0= 45.0

6. B xpenuTHOM oTHesie GaHKa paboTaroT BoceMb udesioBeK. CKOJIBKO CYILIeCTByeT
cr1ocobOB pacrpenenTh MeXOy HUMM TPpU IIpeMuN: a) OOVMHAKOBOTO pasmepa; 0) pas-
HBIX pa3MepoB, M3BECTHBIX 3apaHee?

7. OpnHa m3 BOIOIOINMX CTOPOH 3axBaTwia B IuleH 12 conpat, a gpyrag 15. Omnpene-
JINTH, CKOJIBKMMYVI CIIOCOOaMVI CTOPOHBI MOTYT OOMEHSTh CeMepPbIX BOEHHOIUIEHHBIX.

8. Ilera n Mama xosureKMoHUpPYIoT BuaeoKacceTrl. Y Iletn ects 30 xomenwii, 80
6oesBukoB 1 7 mestogpamM, y Mammt — 20 xomenurt, 5 6oesukos 1 90 menonpam. CKoib-
kumu criocobamu Ilerss m Maira MOryT oOMeHSAThCS TpeMsi KOMeOusiMu, AByMsi OoeBu-
KaMM M OITHOW MenonpaMoﬁ?

9. B ceccuto B Teyenue 20 gHe CTyIeHTBI OAHOV TPYIIIB JO/DKHBI CIIaTh IIATh K-
3ameHOB. CKOJIBKMMM CIToco0amMM MOXXHO COCTaBUTBH pacIicaHue 3K3aMeHOB, eCIIn:
a) 3alIpelrjaeTcs cAaBaTh ABa 5K3aMeHa B O[VH JeHb; 0) MexXy OByMs 5K3aMeHaMM J0J1-
JKeH ITPOVITY XOTsI OBl OVH JIeHb IS IIOATOTOBKM?

10. B Oanke geBATb yupenuresent. PervcrpalioHHbIe JOKyMeHTBl XpaHATCS B cell-
de. CKoIbBKO 3aMKOB JOJDKEH MMeTbh celld, M CKOJIbKO KIIIouell K HUM HY>KHO M3TOTO-
BUTb, YTOOBI JOCTYII K COIEpXKUMOMY cevicdpa ObUI BOZMOXKeH TOJIBKO TOIZa, Koraa cobe-
PpEéTcs He MeHee IIIeCTU yupeanTesien?

11. Marmra penmnwia moMupuThcs ¢ IleTent v TO3BOHUTE eMy, HO 3a0bUIa JiBe OCIIeI-
HUX OUdpel ero TejiedpoHa 1 HaOupaeT Mx Haygaudy. Havtu HamOorsiblliee BO3MOXHOE
4VCIIO HeyJauyHbIX HOMBITOK, KOTOpble cAeslaeT Marlia, mpexxie yeM J03BOHUTCS 110 Ile-
TH.
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12. CkojbKO aBTOMOOWIEN B OJHOM rOpojie MOXKHO 00ecreunTh roCcyIapCcTBeHHBI-
MW PErMCTPalIOHHBIMIM 3HaKaMVl, eCJIM KaKIbIV PervcTPallIOHHBINI 3HaK COCTOUT 3
Kofla Topoza, Tpéx OyKB, MMEIOINX OfMHAKOBOe HadepTaHMe KaK B PYCCKOM, TakK M B
JIATMHCKOM ajidpaBuTe («A», «B», «E», «K», «M», «H», «O», «P», «C», «T», «V», «X»), n
Tpéx umdp?

13. JlokasaTb HpaBWIO IIPOV3BEACHVI.

14. JloxasaTb IpaBUJIO CYMMBI.

15. JokasaTb crapasemnBocTb popmyit (1.3) - (1.5).

16. [ToxasaTh paBeHcTBO: CE = C' % (0<k<n).

—cr k.0

n! n!

K(n—k)!  (n—k)[n—(n—F)]!
17. PABEHCTBO ITACKAJISA. [TokasaTs paBeHcTBO: Ch+Ch1=CHT (0<k<n).

PEIIIEHME. C’;’; =

18. [IokasaTh paBeHCTBO: C) +CL 4+ C2 4.4+ CP =27,

19. OmpenennTs, CKOJIBKO CYIIIECTBYeT BapVaHTOB OIIpOca TPYIIIBI M3 HeCsITI CTY-
JIEHTOB Ha OHOM 3aHSTUM II0 TeOPUM BEPOSITHOCTEV, eCJIVI HY OOVH M3 CTyI€HTOB He
OyHeT IoIBEprHYT OIPOCY IBaXKIBL, M Ha 3aHATUV MOXET OBITh OIPOIIEHO JIF0boe unc-
JI0 CTYZIeHTOB (B TOM 4Wcjle, HU O[IVH)?

20. Jloxa3saTb paBeHCTBO: (@2 1y (@22 4+ (Ch)? = Cy,, -

21. Maa oueHb JIIOOUT IMPOXHBIE ¥ €XeTHEBHO B OyJIOUHOW PSIOM C MHCTUTY-
TOM TIOKYyIIaeT IIeCTh IIMPOXKHBIX (OAMHAKOBBIX WIN pasHbIX). Bcero B Oysiounom mpomaa-
érca 11 coproB mmpoxxHbIX. CKOIBKMMM criocobamMm Marrta MoXXeT BBIOpaTh M3 HUX

IIIeCThb ITYK?

PEINEHME. KaxmoMy Habopy HMpOXXHBIX, KOTOpbIe BbIOepeT Marria, OyzeM CTaBUTh B COOTBETCTBIIE
TIOC/IeIOBaTeIbHOCTD HYyJIeN ¥ e[IVHMNII, OIlpefiesiseMyIo Mo ciefylolieMy Ipaswiy. Hammimem noppsi,
CTOJIBKO €[IVIHWUII, CKOJIBKO IMVPOXKHBIX IIepBOro Buia BbiOpasia Mailia, /1ajiee TIocTaBUM HYJIb U IIOCTIE
Hero 3aImiieM KOJIMYeCTBO OTOOpaHHBIX HMPOXKHBIX BTOpOro Buaa uT.A. Hampumep, xomOuHaimm
«00HO NnupoxHoe Bmopoeo Buda, Mpu NUPOXKHBIX NAM020 Buda u 00HO nupoxHoe 6ocbmoeo 61.0a» COOTBETCTBYET
TaKasl TocienoBaTesIbHOCTE: «010001110001000» (Hymvi OTHENSIOT BUABL IIMPOXKHBIX APYT OT Apyra, Io-
3TOMY HYJIb IIOCJIe OJMHHA/IIATOro Bujla He HyXeH). [Ipu 3ToM KakjoMy HabOpy MMPOXKHBIX B3aIMHO
OTHO3HAYHBIM OOpa30OM COOTBETCTBYeT I10CIIeOBaTeJIbHOCTh, IIOCTPOeHHas I10 ONVCAaHHOMY ITpaBIIIY.
Bce Takme mocsieoBaTesIbHOCTM COCTOSIT, OueBMAHO, 13 16 3HakoB, mpudéM 10 13 HUX HYJIM, KOTOpbIe
MOTYT 3aHMMaTh Jio0oe Mecto. [ToaToMy KosmdecTBO cr1oco0oB BEIOOPa MUPOKHBEIX PaBHO KOJIMYECTBY

BCeX TaKVX I10CIIeZIOBaTeIbHOCTEV, T. €. YMCIIY pasMellleHNi1 AecsTy HyJslen 1o 16 Mectam: C%g =8008. 1

22. B KOHKypce II0 TpéM HOMMHAIIVSM Y4YacTBYIOT [ecaThb KMHOPWIEMOB. Beramc-
JINTH 4YWMCJIO BapVIaHTOB paclipeleJIeHNsI ITPpU30B, eI II0 KaK[IoV HOMMHAIVN
yCTaHOBJIEHBL: a) pa3/IM4HbIe IIPU3bl; 0) OMHaKOBbIe IIPU3bIL.

23. CKOJIBKO pa3IM4YHBIX CJIOB MOXKHO COCTaBUTB, IlepecTaByids OyKBbI B CJIOBE «M-

Mma»? BpIIcaTh BCe T CJIOBA.

PEIEHME. Ynci1o pasjiMuHbIX CJI0B, KOTOPbIe MOXXHO COCTaBUTh, IIEPECTABISIs OYKBBI B CJIOBE «MaAMA»,
OIVCBIBAETCS YMCIIOM ITEPECTAHOBOK C IIOBTOPEHMSIMI M3 1 = 4 371eMeHTOB (OYKB B CJIOBE «MaMa»), B KO-
TOpbIe [IepBBIVL 27IeMeHT (OyKBa «M») BXOLUT nq =2 pasa, a BTopon s1eMeHT (OykBa «a») — n, =2 pasa

41
pecTaHOBKaMU OYKB B CJIOBE «MAMA», TAKOBBL: «MMAA», <MAMA», <MAAM», «AMMI», «AMAM», «aamMm».

24. CKOJIBKO pa3jIMYHBIX CJIOB MOXKHO COCTaBUTb, IlepecTaBisisd OyKBbL B CJIIOBE «Ma-
memamuxa»?

25. JlokasaTb crapaBemyiMBocTb popmyit (1.6) - (1.8).

(n; +n, =4 =mn). DTO YNCIIO paBHO 154(2, 2) = = 6. IllecTs pasIMUHBIX CJI0B, ITOJIyYarolIyecs I1e-



§1.2. VICUMCITEHUE COBBITUM

Cayuainoe cobvimue A, cBsasannoe c onvimom S, — 3TO TaKOe COOBITIIE, KOTOPOE MOXKeT IIPOM30TH WIN
He IIPOVI30UTY B pe3yJIbTaTe OIbITa S , IPUUEM 3apaHee, 110 IIPOBEIIEHIS OIIbITa, HEV3BECTHO, IIPOV30Vi-
HOET OHO WIN HeT. Bcrofly B masibHeIIIeM TPV pacCMOTPEHMM CIIyYaliHbIX COOBITIII MBI Oy/1eM OITyCKaThb
CJIOBO «cayuainoe». JJocmoBepHvim cobbimueM, cBA3aHHbIM ¢ onbimom S, Ha3bIBaeTcs Takoe coObITue (), Ko-
TOpOe 00s13aTeIbHO MPOV3OMIET B pe3ysibTaTe onbiTa S . HebosmoxHbim cobbimuem, c6A3aHHbIM C ONbITNOM
S , Ha3pIBaeTCs TaKoe COOBITIE &, KOTOpOe 00s3aTeIbHO He IIPOM30TIET B pe3yJIbTarTe OIbITa S .

Hap coObrtmsimm A u B, cBsI3aHHBIMM C OIHUM V1 TeM e OIIBITOM S , OoIlpefieJIeHbl CyleflyIolie olle-
patmm.

Cobvimue A Baeuém 3a coboil cobvimue B (vor cobvimue A Baoixero 8 cobvimue B), eciivt KaXXmgoe I10sIB-
sreHme coObITHsI A copoBOXKHaeTcs TosiBieHeM coObITrs B . D10 obo3Hauvaercs kak A C B . Cobbimus
A m B HaswBaroT sxkbubasenmuvimu, ecomt A C B 1 B C A . DKBUBaJICHTHOCTL 00O3HavaeTca Kak A = B.

Obredunenuem (vt cymmoit) cobsimuii. A v B HasbiBaeTcsa cobbitiie AU B (wm A + B), KoTopoe Ha-
CTyIIaeT Bcerya, Koraa HacTyIaeT Jimbo codsitie A, i11bo cobertie B .

[lepeceueruem (v npousbedenuem) cobbimuii A v B HasbiBaercs cobbrtme AN B (wm AB), KoTopoe
HACTYIIaeT BCerya, Kormaa coobTust A v B HacTyHaroT OJHOBPEMEHHO.

Honoanenuem codbvimus B 0o cobbimus A (voma paswocmoio cobbimuti A v B) HasbIBaeTcsl COOBITHIE
A\ B, KoTOpOe HacTyIIaeT Bcerja, Korja HacTyIlaeT cOObITVie A, VI PV 5TOM He HacTyIIaeT coObITne B .

[IpomuBonoaoxHuim cobbimuto A HasbiBaeTcs coObrTiie A = Q\ A (umraercs «He A»), KOTOpOe HaCTy-

TIaeT Bcerya, Korma coobITre A He HacTyImaer.

Cobvimuss A v B HasbIBaloTCs HecobmecmHbiMuy, ecii AN B = &, T. e. eCJII B pe3yJsIbTaTe OIbITa COOBI-
TMsE A ¥ B He MOTYT HaCTyIIUTh OTHOBPEMEHHO.

T'oBopsT, uto cobbrTNsa H. ,Hz,...,Hn 00pasyIoT noaHyw epynny, eca OHU IIONApHO HEeCOBMECTHBI

(H,NH ;=9 1] ) W ux oObenvHeHVe SKBUBAIEHTHO [OCTOBEPHOMY COObITMIO (Hy UH, U

U---UH, =Q).

CriryuariHoe coObITVIE w, CBS3aHHOE C OIIBITOM S , KOTOpOe HEBO3MOYKHO ITPeICTaBUTh KaK OObeIHe-
HVIe VIV IlepeceveHye 0ojlee IIPOCTBIX COOBITUV, CBSI3aHHBIX C TEM JKe OITBITOM, Ha3bIBAETCS 3/4eMeHMap-
HolM cobbimuem. OueBmIHO, mocToBepHOE coObITie ) = {w} — 3TO MHOXXECTBO BCEX JIEMEHTAPHBIX CO-

ObrTuiL (1T03TOMY () HAa3BIBAIOT €€ NpoCmpancmbom 31eMeHmapHbLx codbimuil), a HEeBO3MOXHOe COOBITIIe
@ — 3TO IyCcTOoe MHOXeCTBO. JIto00e coOBITIE, CBSI3aHHOE C OIIBITOM S , MOXKHO ITPeACTaBUTh KaK HeKO-
TOpOe ITOIMHOKEeCTBO JIOCTOBEPHOTO COOBITHA (), T. €. KaK MHOXXECTBO HEKOTOPBIX 3JIeMeHTapHBIX COOBI-
TUN.

J1s HaIISAHOTO IIpeficTaBJIeHWsl COOBITUI, OIle-
panmy Hajl, COOBITMSIMU M OTHOIIIEHWII MeXIy HVUMU
VICTIONIB3YIOTCS Ouazpammul Bvenna — Disepa (puc. 1.1).
Ha sTmx gmuarpammax j1ocroBepHoe coObITue ) m30-
OpakaeTcs B BUjle HEKOTOPOVI 00s1acTy Ha IJIOCKOCTH,
5J/IeMeHTapHble COOBITUS w; — TOUKaMu BHYTpU 00-

nactu, cootseTcTByoment 2. ITpu sTom ymobomy city-
yaiHOMy coObITHIO A OyneT cooTBeTCTBOBATh HEKO-
TOpasi reoMeTpudeckast purypa BHyTpU 00J1acTu, co-
oteercTBytomen ) (puc.1.1a). O6venvunene AU B
coObrTi A M B COCTOUT M3 BCeX 371eMeHTapHBIX CO-
OBITIVI, IIPVHAJIeXKAIIIVIX, II0 KparHel Mepe, OITHOMY
u3 cooerruit A n B (puc. 1.16). Ilepeceuenne AN B
cobbrTivi A M B cOCTOUT 13 BCex 371eMeHTapHBIX CO-
ObITVVI, IpVHAIJIEXaIIVIX OHOBpEMEeHHO 00oumM co-
oprmsim A n B (puc. 1.1B). Jononuenne A\ B co-

ObiTus B 1o cobbltusas A cocTOMT M3 BCex 3jIeMeH-
TapHBIX COOBITMVI, NIpMHAyIEXAmmX coObrTmio A u
Ipy  9TOM  He  IpWHAIEKAIINX  COOBITHIO

Puc. 1.1. Luaepammot Boenna — Diepa B (pwuc. 1.1r). CobbiTrie A , TIPOTVBOIIONIOKHOE COOBI-
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THUIO A, COCTOUT M3 BCcexX 3JIeMeHTapHBIX COOBITU, He MpuHaIexarx coosrrmio A (puc. 1.1x). Heco-
BmecmHble coObIMUA He VIMEIOT OOIIVIX 37IeMeHTapHBIX coObITNi (puic. 1.1e). [Toanas epynna cobvimuii TIpes-
crapjieHa Ha puc. 1.1x. Cobsimue A Baeuém 3a coboti cobvimue B, eciv Bce 271eMeHTapHBIE COOBITVISL, BXO-
nsmye B A, Bxogar us B (puc. 1.13).

Omnepariit Hajg COOBITVSIMY 00JIQJATOT CITEMYIOIITVIMIL CBOVICTBAMIAL

KoMMymamuBHocmy 00se0uHeHUs coObIMUIL:
AUuB=BUA, (1.9)

accoyuamubrocms 006e0uHeHUA COObIMUTL:

(AUB)UC = AU(BUC), (1.10)
AUA=A, (1.11)
AUA=Q, (1.12)
AUuo = A, (1.13)
AUQ=1Q, (1.14)
KOMMymamugHOCﬂ’lb nepeceueHusA cobvLmutL:
ANB=BnNA, (1.15)
accouuamué’uocmb nepeceueHus cobbLmutL:
(ANB)NC =AN(BNC), (1.16)
ucmpudymubBHocms nepecevenus codbIMU OMHOCUMNEALHO 006e0UHEHUA:
(AUB)NC =(ANnC)u(BNCO), (1.17)
ANA=A, (1.18)
ANA=2, (1.19)
ANo =2, (1.20)
ANQ =4, (1.21)
A\B=AnNB, (1.22)
Q=0, (1.23)
o=Q, (1.24)
npabuaa de Mopedna:
AUB=ANB, (1.25)
ANB=AUB. (1.26)

26. IIpwBecTy mpuMepsl IIPOTMUBOIIOIOXKHBIX CJTyYaHbIX COOBITUI.
27. IlpwBecTy mpuMepsl HECOBMECTHBIX CJTyUaTHBIX COOBITMIA

28. U3BectHo, uTo A C B.Hamrtm: a) AUB;06) AN B.

PEINEHME. CoObITiie AU B 3amITpuxoBaHO Ha 3
puc. 1.2a, coberrme AN B — Ha puc. 1.26, otkyna
crremyet, oueBmaHo, uto AUB=B, ANB=A.0Q

29. VYcraHOBUTH, IIPU KaKMX YCIJIOBVIAX
coObITMsE A 1 AN B SBISIOTCS SKBVMBAJICHT-
HBIMIA.

30. Ilyctes A, B, C' — mpowsBosibHble coObITHs. HatiTy BeIpakeHMs IyIst COOBITITA,

Puc. 1.2. Coovimus AUB (a) u ANB (0), koeoa ACB

COCTOSIIIIVIX B TOM, UTO: a) IPOM30IUIO TOJIbKO A; 0) nmpomsonuin A n B, Ho C' He 11po-
V30IIUIO; B) BCE TP COOBITMS ITPOM3OIIUIN; T) IIPOM3OIUIO XOTS OBI OTHO M3 3TMX COOBI-
TWV; /1) IIPOM30IIIIO XOTs OBI ABa COOBITHMS; €) Hy ogHO 13 cobsrTvit A, B n C' He mpo-
M30IIUIO; ) IIPOM30IUIo He Oortee AByX 13 coObrtuit A, B u C'; 3) IPOM30IIUIO POBHO
OJTHO W3 3TMX COOBITMI; 1) IIPOVM3O0IIUIO POBHO JIBa M3 3TMX COOBITUIA.



31. Ilycte A, B, C — Hexoropble coObiTysg, npuuéMm A C B. C moMompio nma-

rpamMmM BrenHa - Ditepa ympoctuts BblpaxeHus:: a) ANB; 6) AUB; B) ANBNC;
r) AuBUC.

32. [IIposeputh cpaBeyIMBOCTh CIICAYIONINX YTBEpPXKIeHWUI, CpaBHMBas Ayarpam-
MBI BpeHHa - Dvulepa I COOBITMII, CTOSAIIMX B JIEBBIX M B IIPaBBIX YaCTIX:

a) (AUB)\C=AU(B\C); ©6) AnNBNC =ANBN(CUB);, B) AUBUC = AU(B\(ANB))U
U(C\(ANC)); 1) AUB=(A\(ANB)UB; 1) (AUB)\A=B; ) (AUBUC)=A4ANBNC;
X) (AUBNC=(ANC)U(BNC); 3) (AUB)NC=ANBNC; n) (AUBNC =C\(CN(AUB));
K) ANBNCC(BNC)U(CNA);n) (ANB)U(BNC)U(CNA)CAUBUC; M) ANBNC C AUB.

33. C momomipio AmarpamMMm BbeHHa - Dinlepa yOeOuTbcs B CHpaBeJIMBOCTU
cBomicTB (1.9) - (1.26) misg mponsBosbHBIX coObITHT A, B, C.

34. Ilposepurs, sBisorcs i cobbrtst A 1 AUB (rme A m B — mpowusBoJIbHBIE
COOBITIST) HECOBMECTHBIM.
PEIIEHME. AN (AU B) = {no nipaswty e Mopréna}= AN (AN B) = {110 CBOVICTBY accoIMaTMBHOCTY

Hepecequm[} = (A N Z) N B= N B= , 3Ha4UmUT, coobITna A 1 AU B sgBistroTcs HecoBMecTHbIMM.

35. TIposepuTh, ob6pasyior ym cobbrtusi A, ANB, AUB momayio rpymy (A u
B — mpow3BosibHbBIE COOBITIS).

§1.3. KITACCMYECKOE OIPEAETEHUE BEPOSITHOCTU

BEPOHTYZHOCTI’HJ HacmynieHus cobbimus XapaKTepusyeT Mepy BO3MOXXKHOCTW HACTYIUIEHWMS 3TOIO COOBITIA
IIpn IIpoBeeHNny OIIbITa. Ecrmm MBOXecTBO SJIEMEHTAaPHbIX coopITMIL ) = {wl,wz,...,wN} KOHEYHO, 1

BCe 3JIeMeHTapHBIe COOBITVS OVHAKOBO BO3MOXXHBI, TO TaKas BeposmHocmHAs cxema HOCUT Ha3BaHVE
Kkaaccuueckorl. B atom cirydae Bepoamuocms P{A} nacmynaenus cobvimus A, cocrosirero mz M s1eMeH-
TapHBIX COOBITUV, BXOOSIIMX B (), olpemesieTcsd KaK OTHOIIeHMe uncia ) 31eMeHTapHBIX COOBITUT,
671aroIpUATCTBYIOMINX HACTYIUIEHNMIO cOOBITHS A, K obmemy umciy N 3/IeMeHTapHBIX COOBITHMIL. DTa
dopmyrsta HOCUT Ha3BaHMe KAACCUUECKO20 OnpedeseHUs BepoamHoCu:

P{A} — % (1.27)
B YaCTHOCTM, COIJIaCHO KHaCCV[quKOMy OHpe):[eJ'IeHVIIO BepOSITHOCTT/I,
P} :%, i=1,2,..,N, (1.28)
N
P{Q) — g _1, (1.29)
P{g} =+ =0. (1.30)

YacTHBIM ciTydaeM KJIacCMYeCcKOVl BEpOSITHOCTHOVI CXeMBI SBJIAeTCs YpHobBas cxema: B ypHe COIe P KUTCS
(K + L) mrapos, cpenyt KoTopbix K OestbIx M L 4€pHBIX; U3 YPHBI HayTaz, Oe3 BO3BpaIleHs M3BJIEKaI0T-

cst (k+ 1) mrapos, Torma BEpOSITHOCTD PK, 1 (k1) Toro, uro B BEIOOpKe comepXnTCst POBHO k Oesrbix 1ma-

POB 1 | YEpHBIX, BBIUMCIIAETCH 110 (hopMYy.e unepeeoMempuueckoil BeposmHocmu:

CxCl
Py (k1) = ezt (1.31)

K+L
B CJIy4dae, Korga MHOKECTBO 2JIEMEHTapHBIX COOBITMI OECKOHEYHO 1 daxe HEeCUYETHO (HO S5TM COOBITUS
ABJIAOTCA OOIVMHAKOBO BOSMO)KHBIMVI) , BEPOATHOCTD HaCTYIIIEHWA COOBITIS MOYXHO paccunTaTb, I10JIb3Yy-
JCh ceoMempuvecKum OTIPEI)EAEHMBM €ep0;zmH0cmu, KOTOpoOe COCTOUT B CJIEAYIOIEM. HYCTB MHO>XXeCTBO
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3JIeMeHTapHBIX COOBITHMII () IIpelicTaBiIsieT cOOOVI HEeKOTOpPYyIO 00J1acTh B d-MepHOM IIPOCTpaHCTBe,

VIMEIOIIYT0 HeHysleBort 00beéM! V(§2): Q C R?, 0 < V(§2) < co. ITpu 3TOM KaXkHOMY 37IeMEHTapHOMY CO-

OBITIIO COOTBETCTBYeT TOUKa w € 2 C RY , a Kaxyoe cobbITie A mpericTasiisieT cob0vt 00J1acTh, BIIOKEH-
Hy!0 B ) 1 mMetomyo oobém V(A4): A CQC Rd, 0 < V(A) < co. Torma, cornmacHO reoMeTpUUecKOMY

OIIpeNieIeHNIO BepOoSITHOCTH, Beposmuocmy P{A} nacmynienus cobvimus A MOXHO paccumMTaTh KakK OT-
HorleHVe 00béMa V(A) obrmactm A x 00bémy V(§2) obmacti 2

V(A
pa) — VA (132)
V(©)

Ecr ariemeHTapHBIE COOBITHS He SBJISIOTCS OAVHAKOBO BO3MOXKHBIMY, 71 IPUOJIVDKEHHOTO BBIUVIC-
JIeHMs BePOSITHOCTEVI MOXKHO VCIIOIb30BaTh OTHOCUTEIIbHBIE YacTOTHL. [1ycTh B pe3yibraTe 1 -KpaTHOTO
IIpoBeJIeHws ombiTa S coObITie A HacTymwio m, pas. HasoBém omuocumenvnon uacmomornr $(A) nosbae-
Hus cobbimus A 6 cepuu u3 n onsimob S OTHOIIEHME YMCiIa m, HaCTyIUIeHui coObITus A K obiemy
YVCITy 1 IIPOBEIEHHBIX OITBITOB!

f(4) =—". (1.33)
n
ITpu aToMm Beposmuocmy P{A} nacmynienus cobvimus A Oyner paBHa Ipeney? OTHOCUTEIIBHO dac-

TOTbI HaCTYIUIEHWS 5TOI'O COOBITUST B cepun M3 n OIIBITOB IIpV HEOIpaHMYEHHOM YyBEJIMYEHUN 4lCIIa

OITBITOB:

Mo P pray (1.34)

n n—oo

P
(3mech « ———— » 03HaYaeT «cxodumcs no Beposmuocmu», cM. §4.2).
Ha mpakTyke B 3TOM CJTy4ae BEpPOSITHOCTb PaCcCUMTBIBAIOT TPV IIOMOIIV PVOIVDKEHHOTO PaBeHCTBa

P{A} ~ f(A) = % (1.35)

CrieztyeT IIOMHUTB, YTO JAHHOV (POPMYJION MOYKHO II0JTb30BAThCS JIVIIIIDL TPV BBIIIOJIHEHUN TPEX yC-
JIOBUIA:

o paccmampubaemple cobbIMUA 00AXKHDBL ObIMb UCXO0AMU MOALKO MAKUX ONbINOE, Komopsle Mo2ym bbimb 6oc-
npousBedersl HeoepaHUueHHOe HUCAO Pa3 NPU 00HOM U HOM XKe Komniekce Ycaobuil;

o cobbimuA 004kHbL 004a0ams Yycmouuubocmoio omuocumessHulx uacmom (cMm. meopemy bepnyiiu B §4.3);

® YUCA0 UCTLIMAHULL, 1O Pe3yAbmamam KOmopwix Buituciiemcs 6eposamnocmy, 004XKHO 0bimb 00CamouHo
Beauxo.

36. B xop3uHe Tpu KpacHBIX 1 ceMb 3eJIEHBIX S0710K. VI3 KOp3MHBI BEIHMMAIOT OITHO
s6710Kk0. HaviTt BeposITHOCTB TOTO, YTO OHO OyeT KpacHbIM.

PEINEHME. I[1ycTk ombITOM OyIeT m3BjiedeHue si07I0Ka 13 KOP3WHBL, a COOBbITHe A COCTOUT B TOM, YTO
VI3BJIEYEHHOE M3 KOP3MHBI S0JI0KO OKaXkeTcsl KpacHbIM. Torma oOlriee 4mcio aj1eMeHTapHBIX COOBITMI

n =10, U3 KOTOpPBIX m = 3 3JIeMeHTapHBIX COOBITVS OIaronpUATCTBYIOT HACTYIUIEHUIO COObITMS A.

3
CoryTacHo KJTaccdaecKoMy orperiesieHmio BepositHoct P{A} = = = 0= 0,3.Q
n

37. B xop3mHe Tpm KpacHBIX VI CeMb 3eJIEHBIX SI0JI0K. V13 KOP3MHBI BBIHYJIV OHO 50-
JIOKO M OTJIOXIWIN B CTOPOHY. DTO s0JI0KO OKasasioch 3es1éHbIM. ITocste aToro ms xopsu-
HBI OepyT e11é ogHO s10710K0. HarTi BepossTHOCTE TOro, UTO OHO OyIeT KpacHBIM.

38. Tpoe urparor B KapThl. KaXXmomy mrpoky cmaHo II0 [ecsiTh KapT U JBe OCTaBJIe-
HBI B IpuKyned. OOuH 13 UTPOKOB BUAUT, YTO Y HEero Ha pyKax IIecTb KapT OyOHOBOM
MacT, a 4eTblpe — Apyrux macret. OH cOpackiBaeT /iBe KapThl M3 3TUX YeTHIpEx 1 Oe-

1 3necwy mop, 06vémom V(A) obaacmu A moHMMaeTcs eé IMHA B OIHOMepHOM cirydae (d = 1), mwio-
Ik B ABYMepHOM city4ae (d = 2), 00béM — B TpéxMepHOM cirydae (d = 3) U T. 1.

? B HEKOTOPOM CMBICIIE CXOOUMOCHIU RO 8ePOSAMHOCMU, KOTOPBIH OyeT MOSCHEH Hike, §4.2-84.3.

3 VmeeTcs B BULy UI'pa B npeheparic, KOrja B Kojiofe Bcero 32 KapThbl, 110 8 KaXkI0Vl MacTHA.
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pét cebe mpuxy1. HanTu BeposdTHOCTh TOro, YTO B IPUKYIle OKaXXyTcs [Be OyOHOBbIe

KapThl.

PEHIEHME. ITycTb coObITMIE A COCTOUT B TOM, YTO B IIPUKYIIe OKaXyTcs ABe OyOHOBBIe KapThl. V3 32
KapT UTPOKY M3BECTHBI [AeCATh, a OCTaIbHBbIe 22 HeM3BeCTHHI. B3STh IBe KapThl U3 IPUKyIla — 3TO TO Xe
caMmoe, 4TO B3sITh VX U3 22 HEeM3BECTHBIX KapT, Cpely KOTOpbIX 1Be OyOHOBBIe. [TosTOMY 0OIIee umciio

3JIeMeHTapPHBIX COOBITUI N = C%Q , VI3 KOTOPBIX JIUIIb m = 1 371leMeHTapHOe cOObITIe 0J1aronpuaTCTByeT

HaCTYIUIEHWIO COOBITIS A. CortacHO KJTaCcCYeCKOMY OIIpeHeJIeHIIO BEPOSITHOCTH,
m 1 1

P{A} =" L = .
n C39 231

39. B maptum, cocrosent n3 1 000 m3pem, yeTbipe mM3aens MMeroT fedeKTel. s
KoHTpossg oromparorcs 100 m3mgenmii. Haitty BeposSITHOCTE TOTO, UTO Cpen OTOOpaHHbBIX
V3IeTUT He OKaKeTCsI OpaKOBaHHBIX.

0~100
clc
PEIIEHME. Ilo opMyJIe TuIlepreoMerpuueckom BeposTHocTu (1.31) P 100,0) = 4-99 _
opmy. P 1Y P ( ) 1000’4( ) TC%OOO
4! 996! 4! 996!
_ 0!41100!896! _ 1.4! 1001896 ! _ 99611001900-899-898.897-896! _ 899449897 . .= o
1000 1000-999-998-997-996 ! 1001-89611000-999-998-997-996! ~ 10-111-499-997 ~ ’
100!900! 100!"900-899-898-897-896 !

40. JlokasaTb popMyIly rumepreomeTpudeckort seposaraoctu (1.31).

41. B 80-e rr. XX B. B CCCP 6bU1a nonysisipHa urpa «Cnopmaomo». VIrpatomnmi oT-
MedaJl Ha KapTOuKe IIATh 4yicesI OT 1 g0 36 v HoJIydast IIpU3kl Pa3JINdHOIO JOCTOVMHCTBA,
ecJIV OH yrajajl OfHO, [IBa, TP!, YeThIpe U IIATh Yncesl, OObABJIEHHbBIX TUPaXXHOV KOMC-
cuent. Hamttu BEPOSTHOCTU CJIEIYIOIIX COOBITUIL: HE yragaTb HU OIHOIO 4nciia m3 36,
yragaTb OfHO, ABa, TPV, YeThIpe U IATh uvcesl 13 36.

42. Ha masom npeanpusTii paboTalOT [IecaTh ceMeMHBIX Hap. YToObl HMKOMY He
OBUT10 OOMTHO, Ha €KeroTHOM COOpaHMM aKIMIOHEPOB COBET AMPEKTOPOB, COCTOSIIINIA 113
BOCBMVI 4UeJIOBeK, BBIOMpaeTcs CiIydarHbIM oOpa3zoMm. HamTi BeposTHOCTM CIlemyToInmx
COOBITUIL: a) B COBeTe IMPEeKTOPOB OTCYTCTBYIOT CceMeViHble I1apbl; O) B coBeTe OVPEKTO-
POB ecTb POBHO O[JHa ceMeViHas Iapa; B) B COBETe IVPEKTOPOB eCTb POBHO JIBe ceMell-
HBIX HapbI?

43. HawTy BeposTHOCTB TOTO, UTO ITPpU pasgave KOJIOAkl B 52 KapThl YeTHIPEM UTI'PO-
KaM IIepBBIV 113 HYX IOJIYUYNUT POBHO 1 Map «My3 U kopoab 00Hou macmu» (n = 0,1,2,3,4).

44. [Isepu mmdTa 3aKpBUIVICH Ha IIePBOM 3Take IIpsiMO meper Ilerer, KoTopsi yc-
I1eJI TOJIBKO 3aMeTUTh, YTO B JIM(T BOIIUIN IIIeCTh YesloBeK. B oOmexmTii ceMpb sTaxers,
¥ T, ecim OTKpoeT Ha KaKOM-JIOO M3 HUX OBEPH, CTOUT TaM LieTyo MuHYyTY. [lers
JKVBET Ha CeflbMOM 3Take VI OUeHb He XoueT MATH 110 jlecTHUIle. OH pa3MBIIIUIsAeT, KaKo-
BbI BEPOSITHOCTVI CJIEZIYIOLIVIX COOBITUIL: a) BCe IIlecTepo BHIVIAYT Ha OIHOM 3Taxe; 0) Bce

IIecTepo BBIVIAYT Ha pa3HbIX dTaxax. Havitu sTi BepogarHOCTM.
PEIIEHME. a) OnbIT, 3a KoTOpbIM HaOmogaeT IleTs, cocTouT B TOM, UTO JIIOAM BBIXOIAT M3 JiMdTa
IIPOM3BOJILHBIM 00pa3oM: KaKIBIV M3 IIIeCT 4YeJIoBeK MOXKeT BBIVTV Ha JIF0OOM M3 IIecTu 3Taxen (co

. ~6 _ N
BTOPOIO I10 Ce,[I;BMOI/I). O6Luee YMCJIO MICXOO0B 3TOI'O OIIbITa N — A6 = 66 (HepBBIT/I YeJjIoOBeK MOXeT BbIV-

TU Ha JIFOOOM W3 IIIeCTU STaXer, BTOpOW — TaKXKe Ha JIFOOOM M3 IIeCTM 3Takey M TaK OO IIeCTOro 4esIo-
BeKa; BCe 3TV IIIeCTh IIeCTEPOK IIePeMHOKAIOTCS I1I0 IIpaBIwly mpomssemenms). [Tycts cobsrtme A cocro-
WUT B TOM, YTO BCe IIIeCTh YeJIOBeK BBIVIIIyT Ha OJJHOM VM TOM JKe 3TaXke, TOI/ia YMCIIO VICXOAO0B OIVICAHHOTO
OIIbITa, GJIArONPUSTCTBYIOIINX HACTYIUIEHIIO COOBITISI A, paBHO m, =6 (BCEro eCcThb LIECTh STaxer).

6 1
ITosTomy, cormracHO KiIacCMYecKOMY OIlpefeleHnI0 BepositHocTH, P{A} = — = = ~ 0,00013. ©) Pac-
6 6
CMOTPUM TOT K€ OIIBIT, UTO U B II. a). [IycTb cOGBITMIE B COCTOUT B TOM, UTO BCE IIIECTh YeJIOBEK BBIVITYT
Ha pasHBIX 3Takax, TOT/Ia YMCJIO VICXOMOB OIIbITa, OJIarompusATCTBYIOMIVX HACTYIUIEHUIO coObITus B,
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paBHO mp = 6! (YNMCIIO IIePecTaHOBOK LIIECTV JIOZEN 110 wiecTn taxam). Ilo xiaccndeckon dpopmyiie

Z 1 1
BepOSITHOCTMP{B}:i! §-5~’4-Z~1-1:5.D
1

© 66 6 68 66 34

45. Ilers n Mama npurialiieHsl Ha JeHb POXKAEHVS B KOMITAHMIO M3 JIeCSATY UejIo-
BeK, BKJTIOYAsl VX, HO IPUXOMAST Ha HETO IOPO3Hb, IIPMYEM, KaK ¥ OCTaJIbHBIE TOCTH, B
ciIy4ariHoe Bpems. HaviTyit BeposiTHOCTBb TOTO, UTO OHM OyAyT CcUIeTh 3a IMpasgHUYHBIM
CTOJIOM PSIZIOM, eCJIVI XO3sIMH paccakmBaeT TOCTeV CIydarHbIM 00pa3oM, a CTOJI, MMelo-
IV IIPAMOYTOJIBHYIO (POPMY: a) CTOUT B cepelliHe KOMHATBL; 0) MPUIOBMHYT K CTEHe.

46. Bo Bpems rposel Ha ydacTtke mexay 40-M m 70-M KvtomeTpamu TesleddOHHOV
JIVIHUVI TIPOM3011IETT OOpbIB Imposoaa. Cunrasi, 4To 0OpBIB OIVHAKOBO BO3MOXXEH B JIIO00T!
TOYKe, HaWTV BepOSTHOCTb TOro, YTO OOpBIB pacmosiokeH Mexay 40-m m 45-m
KIJIOMeTpaMI.

47. Ha 200-kmw1oMeTpOBOM ydacTKe ra3oIIpoBOfa MeXAy KOMIIPeCCOPHBIMM CTaH-
My A 1 B iponcxonmT yTeuka rasa, KoTopast OAMHAKOBO BO3MOXKHA B JIIO0OV TOUKe
rasorposofa. Hamrn BeposiTHOCTH cilemyIoImX cOOBITMIL: a) yTeuKa paclojlodkeHa He
nastee 20 kM ot A win B; 0) yTeuka pacriosoxxeHa oioke K A, geMm K B.

KM
48. Pamap aBTOMHCIEKTOpa MMeeT TOYHOCTh 10 — 1 OKpyIIsfieT CBOM MOKa3aHVA B
9

Ormvokaniryio cropony. OmpenenTb, YTO IIPOUCXOAUT Yallle — pajap OKPyIJIseT CKO-
PpOocThb «8 noaw3y Bodumens» vt «6 noavsy IVBII»?

49. Ilpu npoBeseHMV VIHBEHTapU3aLN Il OITpesle/IeHIs MMEIOIerocsl Ha CKyIazie
KOJI4ecTBa XXMIKOTO XMMIUeCKOI0 peaKTHBa MCIIONIb3yeTcs M3MepUTeIbHbIV IIprdop ¢
nienon pgentenns mkasel 0,2 51. [TokasaHnsg mpubopa OKpyIJISIOTCS 4O OJIVDKaVIIIIero Jie-
JIeHVIs IIKaJTbl. Havitut BeposiTHOCTB TOTO, UTO OomInOKa oKpyTiieHns He ripesbicuT 0,04 1.

50. EMKOCTh TMCTepHBI Ul XpaHeHMsl OeH3MHa Ha aBTO3aIPABOYHOV CTAHIIUN
pasHa 50 T. HarTit BeposaTHOCTV COOBITII, COCTOSIIINX B TOM, UTO IIPW CJIyYafHOV IIPO-
BepKe B LIIICTepHe OymeT oOHapyXeHO: a) MeHee 5 T OeH3mHa; 0) 6os1ee 20 T OeH3MHa; B)
x0T ObI 1 T OeH3MHa.

51. Mamra TpatuT Ha gopory B MHCTUTYT oT 40 mo 50 MuH, npuyém jr000e BpeMs B
3TOM HPOMEXYTKe SIBJIAeTCsl pPaBHOBepOSITHBIM. HalTu BeposiTHOCTb TOro, YTO B JI€eHb
SK3aMeHa OHa IIOTPaTUT Ha J1opory oT 45 10 50 MyiH.

52. Yrtobel mobpartbea B MHCTUTYT, IleTs MoxeT BOCIIOIIb30BaThcs aBTOOYCOM OIIHO-
ro M3 ABYyX MapuIpyToB. ABTOOYCHI II€pBOTO MapIIpyTa CJIeAyIOT C MHTEPBaJIOM B
18 MuH, BTOpOro Mapmipyra — ¢ MHTepBajioM B 15 muH. HanTn BeposaTHOCTE TOrO, 4TO

Ilets Oynet xmaThk aBToOyca He Oostee 10 MuH.
PEIIIEHVE. BeiGepeM B KauecTBe MHOXeCTBa 3JIeMEHTapHBIX COOBITHII () IIPSIMOYTOIBHVIK CO CTOPO-
Hamn 17 =18 mun u T, =15 mun (puc. 1.3). Cobbitiie A cocTouT B TOM, 4TO Bpewmsi, KoTopoe Ilers

Oymer xmatb aBToOyca, MeHbIle ¢ = 10 MyH. DiteMeHTapHBIe COOBITIS, OJIaronpusSTCTBYIONIVE HACTYII-
JIeHnIo coObITHsA A, 3amTpuxoBaHel Ha puc. 1.3. ITosToMy, corslacHO reoMeTpuIecKoMy OITpelIeIeHIIO

T, Ty —(T, —t)(T,) —t :
BepositHocTH, P{A} = V(4) _ %172 S EIC. ):1— y | LN P 4
V(©Q) T, T, T,
10 10 23
Tipu T; =18, T, =15, t = 10 P{A}_1—(1—E)(1_B)_E,
53. Ilers m Mamma moroBopwinchk BCTPeTUThC ¢ 12 1o o = §

13 4 Ha cTaHIVM MeTPO «Buixuno» y MOCJIeIHero BaroHa Mo- Puc. 1.3.  Muoxecmfo  siemen-
e3/1a, VIyIIero B [eHTpP TOPO/ia, OTHAKO HI OOVH M3 HUX He MAapHblx cobbimutl 6 3a0aue 52
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CMOT TOYHO yKa3aTb BpeMs cBoero mpwmxona. OHM JOroBOpWINCh XAaTh APYT Ipyra B
TedyeHMe 15 MyH. HamiTyi BepOsSITHOCTB VX BCTPEU.

54. B ycroBusix mpenpinylient 3aadyt HamTy BepOATHOCTb Berpeunt Iletn i Marn,
ecsin Ilersa xpét yxe 10 MuH, a Mammm Bcé emé Her.

55. Ilers, Marma n Bacst moroBopminck BCTPETUTHCS B OOJIBIIION IIepePbIB, KOTOPHIN
JUTATCS 4Yac, OKoslo OmbrmoTtexkn. HUKTO 13 HYUX He CMOT TOYHO yKas3aTb BpeMs CBOETO
Hpuxopa, II03TOMY OHM JOTOBOPWINCH XOaTk ApYyr Apyra He Oosee 10 muH. Havitut Be-
POSITHOCTM CJIeYIOIIMX COOBITUIL: a) OHM BCe BCTPeTATCs; O) o KparHel Mepe, IBOe U3
HVIX BCTPETSTCSL.

56. PpiOaxmu movimarm B ipyay 100 peIO, OKoJIbIeBayIM X M BBITYCTIIIV Ha3a/ B BO-
ny. Ha ciepyromum nens onu novimanm 120 peib, n3 xkoTopsix 10 okasaaichk OKOJIBIIO-
BaHHBIMM. HaniTi: a) BepOSTHOCTB TOTO, UYTO BHUIOBJIEHHAs PblOa OKOJIbIIOBAHA; 0) KO-

9ecTBO PhIO B IIpymy.
PEMIEHME. Ilycte n — uywmcso pei0 B ipyay, m, = 100 — umnciio oKoyIbII0OBaHHBIX PBIO B IIPYLY, CO-

ObITiie A COCTOWUT B TOM, UTO BBUIOBJIEHHAsl pbl0a OKOJIbIIOBaHa. Torga BeposiTHOCTh coObITHA A paBHa,

100 _
COITIACHO KJIACCMYECKOMY OIIpee/IeHIo, P{A}=—"—.C JIPYroVi CTOPOHBI, ITOCKOJIBKY 13 120 BBUIOB-
n

JIEHHBIX PBIO My = 10 OKasamch OKOJIBLIOBAHbL, BEPOSITHOCTb COOBITHSL A IPUOIIVDKEHHO paBHA ero
oTHOCcUTeTbHOM YacTore: P{A} ~ 150 (A) = % = % = % . Otcroia 100 % wm n~1200.0
n
57. W3BecTtHO, uTo B cpegHeM 3 1 000 BemaHHBIX KpeOUTOB OpvMepHO 12 He BO3-
BpalllaloTcs B CPOK. B TekyiieM romy Gask Bbimait 3 000 xpeamros. Hariti KosmmdaecTBo
KpeOnToB, KOTOphIe He OyIyT BO3BpallleHbl B CPOK.
58. IlpmBecT mpmmepbl COOBITMI, IS BBIUMCIIEHMS BEPOSITHOCTEVI KOTOPBIX He-

IIPVIMEHVIM crrocob pacqéTa C IIOMOIIBIO OTHOCUTEJIbHBIX YaCTOT.

§1.4. AKCMOMATHUYECKOE ITIOCTPOEHUE TEOPUW BEPOSITHOCTEM

Kitace § momMHOXeCTB MHOXECTBA 3JIeMeHTapHBIX COObITMI ) Ha3bIBAaeTCS noeM codbimut (a12edpot
cobbimuil), ecvi OH COIePKUT JI0cToBepHOe coObITie ({2 € §), a TaKke 3aMKHYT OTHOCUTEJIBHO OIlepa-
umn oovenuHenmns (ecm A, Be€ S, to AUB € S), nepecedenns (ecmm A, Be S, o ANB€eS) u no-

noyHeHus (et A€ S, 10 A€ S). Ilose coberTumt S HasweiBaeTcst o -nosem (o -a12e0poit), ecivi oObeIy-
HeHVie 1 repeceveHyie OeCKOHEYHOV (CIETHO) IOCIeI0BaTeIbHOCT coObITMIL Ay, 45, Ay,... € S TaKke

o O
HIpUHaIeXxar oo S': U AZ. €S, ﬂ Az‘ €S.
=1 =1
ITpw axcuomamuueckom nocmpoernuu meopuu Bepoamuocieri B KaXXOM KOHKPETHOM IIPOCTPAHCTBE dJle-
MeHTapHBIX COOBITH () BBIIEISETCS o -TI0JIe COOBITMI S, M IS KaXHIoro cobbitns A € S 3amaércs Be-
POSITHOCTh — 4YMCIIOBast (PYHKIINS, ONpenesIéHHAsl Ha o -110j1e COOBITUIT S W YIOBJIETBOPSIONIAS Cle-
AYIOIIVIM aKCOMaM.
AKCMOMA HEOTPULIATE/IBHOCTU BEPOJATHOCTMW:

ona6cex AcS: P{A} > 0. (1.36)
AKCMOMA HOPMMUPOBAHHOCTH BEPOSITHOCTM:
P{Q}=1. (1.37)

AKCVMOMA AIIAUTUBHOCTU BEPOSITHOCTM:
042 6cex A,B € S, makux, umo ANB =2: P{AU B} = P{A} + P{B}. (1.38)

Bo mMHOrmx cjrydasgx BMeCTO aKCHMOMBI aJJIUTUBHOCTY BEPOATHOCTU Tpe6yeTcs1 eé pacIIvpeHHbBIV Ba-
pviaHT, Ha3bIBa€MbBIV aKCMOMOVI CYETHOV aaddUTVBHOCTY BEPOSTHOCTIA.
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AKCVMOMA CUETHOVI AAUTVBHOCTU BEPOSITHOCTM:

o0 [e%¢)
045 Bcex Al,AQ,... € S, maxux, umo npu i = j A N Aj =g: P{’U1 Ai} = Z P{A}. (1.39)
1= =1
Kaxmast onpenenénnas meopemuxo-Geposmuocmuan cxema 3amaérest Tpovikont {€2, S, P}, rme 2 — xon-

KpeTHOe IPOCTPaHCTBO 3JIeMeHTapHBIX COOBITUT, S — o -TIojle COOBITNIA, BhIeleHHoe Ha {2, P — Be-
POSITHOCTB, 3a/1aHHas Ha o -11ojle S . Tpovika {€), S, P} HasweiBaeTcs BeposmHocmHbim npocmpancmbom.
V3 akcmoM (1.36) - (1.38) crremyroT ciieAyroriiyie CBOVICTBA BePOSITHOCTIAL:

0eparHudeHHoCMms 56]90}11’}1}10(371’11/1.'

o151 6cex AcS: 0<P{A} <1; (1.40)
P{o} =0; (1.41)
das Bcex A€ S: P{A} =1—P{A}; (1.42)
oas bcex A,B € S, makux, umo A C B: P{A} < P{B}; (1.43)
meopema cA0XKeHUs Bepoammnocmert:
ona 6cex A,Be S: P{AUB} =P{A} + P{B} —P{AN B}; (1.44)
HepaBercmbo mpeyeoAbHUKA:
ora 6cex A,B € S: P{AU B} < P{A} + P{B}; (1.45)
000014éHHAS MeopeMa cA0KeHUS BeposmHocHen:
n
0451 Bcex Ay, Ay, Ay €S P[L_J1 AZ} =P{A4 U4 U-UA4,} = (1.46)
1=
n 1 n
— +
=y P{4}- > P{4nN A+ >, P4 NA;NALY =+ (-1)" P[.ﬂ AZ.].
i=1 1<i<j<n 1<i<j<k<n i=1
B cIy4dae n = 3 00001méHHas TeopeMa CJIOXKEHVs BEPOSITHOCTEVI IMEET CJIEY IOV BUA/L:
o151 6cex A,B,C € S:
P{AUBUC} =P{A}+ P{B}+ P{C}-P{ANB}—P{BNC}—P{ANC}+P{ANBNC} . (1.47)

59. UI3BecTHO, UTO KypcC eBpo K py0iIto MoXkeT Bo3pacTy ¢ BepossiTHOCThIO 0,55, a Kypc
Hoiuiapa K pyOsro MoxeT Bo3pacTu ¢ BeposiTHOCTBIO 0,35. BeposiTHOCTE TOro, UTO BO3-
pacTyT oba Kypca, coctasisteT 0,3. Hartyt BepossTHOCTB TOTO, UTO KypC €BpO WIN JOJUIa-
pa I10 OTHOLIIEHMIO K pyOIII0 BO3PaCTET.

PEIIEHME. ITycTb cobbITIE A COCTOUT B TOM, KypC €BPO K Py0II0 BO3pacTéT, a cobbITIe A$ — B TOM,
9TO KypcC Jlojutapa K py6imo sospactér. Torma 1o yemosimo P{Ap}=0,55P{A} =0,35 P{ApNA;}=0,3.
BepOSITHOCTB TOI'O, YTO KypC €BpO WM Oojuiapa 110 OTHOIIEHMIO K pY6J'IIO BO3paCTéT, 110 TeopemMe CJ10-
XKeHWs1 BeposiTHOCTeN: cocTasysier P{ALU A$} =P{Az}+ P{A$} —P{4An A$} =0,55+0,35-0,3=0,6.4

60. B maptum 100 msmernnt, n3 KOTOPBIX HIecTb MMeOT AedekTol. [lapTia mpowms-
BOJIBHO pasile/leHa Ha JBe paBHBbIE YacTV, KOTOPble OTIIPaB/IeHbI JBYM IIOTPEeOVITeISIM.
Hamty BeposiTHOCTM CIIeAyIOIIMX COOBITUIL: a) Bce OpaKOBaHHBIE M3MENNS TOCTaHyTCS
OIIHOMY IIOTpebuTesnto; 0) OpakoBaHHBIe WM3[eNs JOCTAaHYTCsS OOOMM IHOTpeOuTesIaM
IIOPOBHY.

61. Ilers umer pabory. OH moOwBasl Ha cobeceroBaHMsIX B OaHKe U CTPaxOBOW
KoMIaHuUM. BeposiTHOCTb cBoero ycriexa B OaHke oH oreHmBaeT B 0,5, a B cTpaxoBom
komranu — B 0,6. KpoMme Toro, oH paccumTbiBaeT, 4To ¢ BeposATHOCThIO 0,3 eMy mocTy-
IIAT IpefyIoKeHns OT AByX opraHmsanum cpasy. Havitu BepostHOCTh TOro, uro Ilers
IIOJIYYWUT XOT4 ObI OHO IIpeyIoKeHye paboThI.

62. Menemxep 0 KajJpaM pa3sMecTwI B ceTu Internet oObsiBjIeHME O TOM, UTO OaHKY
TpeOyeTcs HauaJIbHUK OT/esIa JOJIroBbIx 00s13aTesibeTs, 1 noryurt 300 pestome. V13 mpo-

15



IIPOIIUIOTO OIIbITa M3BECTHO, YTO BEPOSATHOCTH TOTO, YTO IIPEeTEeH[IEHT VIMeEeT BBICIIIee
SKOHOMMYecKoe oOpasosaHMe, pasHa (0,3, BEpOSITHOCTb TOrO, UTO IIpeTEHIEHT VMeeT
OIIBIT PYKOBOAAIIEN paboTe! B Oarke, — 0,7, a BEpOSITHOCTD TOTO, UTO IIPEeTEHIEHT MMe-
eT ¥ BbICIllee SKOHOMMYeCKoe o0pa3oBaHue, 1 OIBIT pyKoBomsleit paborsl, — 0,2. Oue-
HUTBb KOJIMYECTBO IIPeTeHIeHTOB, MMEIOIINX OIIBIT PyKOBOIAIIel pabOThl WV BBICIIIee
3KOHOMMYecKoe obpasosaHme. [IocTponTs COOTBETCTBYIOITYIO AMarpaMMy BoeHHa - Di-
JIepa.

63. CoObITiie A cOCTOUT B TOM, YTO IIOTEHIMaIbHBIV IIOKYIIaTellb VB peKIamy
TOBapa IIO TeJIeBM30pPY, a coObITe B — B TOM, UTO OH yBUIEJI peKjiaMy B rasere. V13-
BectHO, uro P{A} > 0,8, P{B} > 0,4, [IpoBeputh CrrpaBeyIMBOCTh CIIEIYIOIINX YTBEpP-
XneHuni: a) A u B HecoBMmecTHBI; 6) A 1 B mipotuBonosnoxHsl; B) P{AN B} > 0,2.

64. VI3BecTHBI BEPOATHOCTY JOIIOJIHUTEIILHON ITOTPeOHOCT (PUPMBI B MHXKEeHepax
Ha IIpe/ICTOosIINe [IBa roja:
Yucio MHKEHEPOB | <100 100—-199 200—-299 300—-399 400—-499 > 500

BeposTHOCTS ‘0,10 0,15 0,30 0,30 0,10 0,05

Harmtty BeposITHOCTHM CIIeAyIOIIMX COOBITMI: a) Ha IPOTsDKEHMM IPECTOSIINX JIBYX
j1eT pripMe JOMIOIHUTEIFHO NToTpedyeTtcs He MeHee 400 MrDKeHepoB; 0) Ha IIPOTSDKEHUM
MPeACTOSIINX ABYX JIeT pripMe JOIOIHUTEIbHO NoTpedyeTcs mo MeHsinent Mepe 200,
HO He Oosee 399 HXeHepOB.

65. Pesysbratsl ortpoca 1 000 ciryuaitHO 0TOOpaHHBIX MOJIOIBIX JIIOJIEV TAKOBBI:

pabomatom 811 wer.,
yuamcs 518 uer,,
pabomatom u yuamcs 00HoBpemerHo 356 uer.,
npoxubatom 6 MockBe 752 uert.,
u3 MockBuueri:
pabomaiom 570 aer.,
yuamcs 348 yger1.,

pabomatom u yuamcs 00HoBpemenno 297 yerr.

OnpenennTts, COmepXXUTCS IV B TOV MHQOpMaImm ommoxa.

PEHIEHME. [TycTb coObITIE A COCTOUT B TOM, UTO CITy4alriHO BBIOpaHHBIV MOJIOION YeJloBeK paboTa-
eT, coObITHe B — B TOM, YTO CJIy4alfHO BBIOpaHHBIV MOJIOIOV YeJloBeK IpoxuBaeT B Mockse, coObITIe
C — B TOM, 4TO CJIy4YaViHO BBIOpaHHBIVI MojI0f0M YestoBeK yuntcs. Tak kak n = 1000 gocraTouHO Be-
JINKO, MOXKHO BOCITOJIb30BaThCSI CTATMCTUYECKMM —oOlpenereHvieM BepostHocTi: P{A} ~ 0,811,
P{B}~0,752, P{C}~0,518, P{ANB}~0, 570, P{ BNC }~0, 348, P{ ANC}~0, 356, P{ANBNC}~0,297 . TTo cop-
myite (1.46) P{AUBUC}=P{A}+P{B}+P{C}—-P{ANB}-P{BNC}—-P{ANC} —P{ANBNC} ~ 1,104 > 1.
Ho BeposATHOCTh He MOXeT ObITh OOJIBIIle eIVHMUIIBI, CJlefloBaTe/IbHO, B JaHHOV MHMOpMAaIUM Copep-
Xutes omnmmoka. U

66. Ilers — crapocra rpymmel. Korma mgexkaHaT IIOIPOCWII ero IofgaTh CBeAeHMs O
CcTydeHTax cBoen rpyrmbl, [leTd mo mamaTm coctaBwl CjiedyIolnyIo 3aIvicKy: «B epynne
45 cmydernmob, 8 mom uucae 25 wonowen; 30 cmydenmob yuamces wa “xopowio” u “omauuno”, 6
mom uucae 16 toHowets; 28 cmydenmob sanumatomcs cnopmom, 6 ux uucae 18 rwonoweir u 17
cmydenmo8, ycneBaowux Ha “xopowo” u “omauuno”; 15 ronouen yuamca Ha “xopowio” u
“omauuno” u 3anumatomca cnopmom». COTPyIHMKNM AeKaHaTa Cpas3y OHIpefeIy, 4To
ITetst ommm0cst, v TonpocIn ero Oosiee aKKypaTHO MOLOWTM K BBIIIOJIHEHUIO IIOpyde-
HuA. Kak coTpymHmKaM IekaHaTta yaaaochk «noumams» [leTio?
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67. Ilycte A, B, C — mpousBoibHBIe COOBITU. PacriooXuTh cenyrore coobl-
TS B TIOPSIJIKe Bo3pacTaHms nx BepositHocTer: AUC, @, A\B, A\(B\C), 2, AuUBUC, A\B\C'.

68. Ilyctrb ACBUC u BNC =@. IIposepuTh cripaBeyINBOCTb YTBEPXKIEHWUIL:
a) P{AU B}=P{B}; 6) P{AUBUC}=P{B}+P{C}; ) P{A}>P{B}; 1) P{A}>P{B} + P{C}.

69. B yoioBmsax 3amaunt 41 HaTV BEPOSITHOCT CJIeAYIOIIVIX COOBITIIL: @) yrafaTh He
MeHee Tpéx unces1; 0) yragaTb XOTsl ObI OJTHO UMCIIO.

70. VI3BeCcTHO, UTO IIATh M3 COPOKA ITacCaXXMPOB CaMOJIéTa 3aMelllaHbl B IIOXMILEHUN
KPYITHOV JeHeXXHOV CyMMBI. B aspornopty k Tparty camosiéra nomomén MHCIeKTOp yro-
JIOBHOTO PO3bICKA ¥ 3asBWI, YTO IJIsI OOHAPYKEHMS XOTs ObI OTHOTO IIPEeCTyIIHNKA eMy
JIOCTaTOYHO IIPOM3BECTI OOBICK Y IIIeCTV HayTrall BBIOpaHHBIX accaXnpos. YTo pykoBo-

AVJIO VIHCIIEKTOPOM: TPe3BbIVI PacuéT VIV PUCK?
PEHIEHME. [1ycTh cOOBITHIE A COCTOUT B TOM, YTO Cpefy IIecTu CIydallHO BBIOpaHHBIX ITacCakKMpOB

eCTh XOTs GBI OIIVIH ITPECTYIHUK, COObITME A — B TOM, UTO Cpe/IM IITeCTV CIydaliHO BHIGPAHHBIX Tacca-
XVPOB HET HY OJHOTO IIpecTyHuKa. Toraa, ncromns3ys hpopMyIly IMIIepreoMeTpIecKoit BEPOSTHOCTI
kr6—k
(1.31), B xoroponn n=40,m=>51=6, mnomyunm: P40;5(6; k):%,k =0,1,2,3,4,5, nostomy
40

2 1
— el (.35 61-34] 35134 333731
P{Al—P .0)— 535 _ 05! 61291 __A'"35 _ _ ~0,4229, PIAY —
{4} =Py5(6:0) = 00 T 6200400 201400 4030 3837 36 4229, omkyna P{A}
40 61-34! 11 1 A 19 17
1 3 1

=1-P{A} ~1-0,4229 = 0,5771 > 0,5. Bummmo, 3T0 ¥ TOGYIWIO WMHCIIEKTOpa Ha3BaTh UMCIIO
«ulecmb», XOTs1, Ha B3IJISAZ], aBTOPOB, MHCIIEKTOP, CKOpee, PUCKYeT «nambiecim Ha namsoecsam».

71. JlokasaTp, 9YTO eI KiTacC S TOIMHOXECTB MHOXXECTBA 3JIeMEHTAapPHBIX COOBI-
T ) ’ 38MKHYTBIT7I OTHOCUTEJIbHO oOllepanun HOIIOJIHEHMS, 3aMKHYT OTHOCUTEIIBHO
onepaunu oobeaHeHVs, TO OH 3aMKHYT I OTHOCUTEJILHO OIlepaliii IlepecedeH .

PEIIEHME. TTo ycmosuio, ecm A, B € S, 10 A, B € S (Tak Kak S 3aMKHYT OTHOCWUTEITHHO OTTepariym

mortortHerys). Tak kak A, B€ S, AUB € S (tak Kak S 3aMKHYT OTHOCWUTETLHO OTIepariivi 00besTyHe-

aust). Tak kak AUB € S, AUB € S (Tak Kak S 3aMKHYT OTHOCUTEITLHO OTleparyu jionossenvs). Ho

coryiacHO mpaswiy ge Moprana AN DB = AU B, nostoMy ANB = AUBeS , T.e. K1lacC S 3aMKHYT
OTHOCUTEJIBHO OIlepalny IepeceueHvs. U

72. 3ammcaTb OOOOIIEHHYIO TeopeMy CII0KeHVs BepOATHOCTe IS CJTydast YeThIPEX
COOBITIIA.

73. Ilposepurts BbINOIHEHVE akcoM BepositHocTH (1.36) - (1.38) misa K1accuaeckom
BEPOSITHOCTHOVI CXEMBI.

74. llposeputsb BeIIOJIHEHMe akcoM BeposiTHocTU (1.36) - (1.38) mist reomerpude-
CKOVI BEpOSITHOCTHOVI CXEMBI.

75. BoiBectnt 13 akcmoMm BepositHocTH (1.36) - (1.38) cBomictsa (1.40) - (1.47).

I'naBa 2. YCJIOBHBIE BEPOSITHOCTM.
TTIOCJIEDOBATEJIbHOCTY MICIIBITAHUM

§2.1. Y CI1OBHBIE BEPOSITHOCTU

Kak y>xe ObUIO OTMeYeHO, TOBOPUTEL O BepOSITHOCTY HACTYILIeHMs KaKoro-Inbo coOBITHA KakK O Mepe
BO3MOXXHOCTV HacTyIUIEHMsI 3TOTO COOBITMS MOYKHO JIMIIIb TPV BBITOJIHEHUN OITpeJIe/IEHHOTO0 KOMIUIEK-
ca ycJI0BUA OIbITa. TakK, ecn K KOMIUIEKCY YCJIIOBUW, PV KOTOPBIX M3ydaslach BEpPOATHOCTh HaCTyILIe-

17



HUst coObITM A, 10OaBUTH yCIIOBUME HACTYIUIEHNMS COOBITVS B, IOJTydMM JIpyroe 3HaueHVe BePOSTHO-
ctu P{A| B} — Bepoamnocms nacmynienus cobsimua A npu ycaobuu, umo cobvimue B npousouiso! (v
yca06uas Beposmuocms cobvimus A npu ycaobuu B'), KOTOpas paBHa 110 OIIpe[iesIeHIIO0
P{AN B}

P{A|B} = ) 2.1)
Vuorpa Bvecto o6osHavenvst P{4 | B} mcnonbsytor obosnauenne Pp{A} = P{A| B}.
Bepoamnocms P{A}, B orimume ot yciioBHOM BepositHoctt P{A | B}, Ha3biBaeTcs 0e3yc106Ho.
VI3 ontpenerieHst yCII0BHOV BeposiTHOCTH (2.1) crtenyet ghopmyaa ymmoxerus Beposimmuocmer
P{AN B} =P{B}P{A| B} = P{A}P{B| A}, (2.2)

OCTaroIIAsICS CIIpaBeIMBONL 1 B citydae, korga P{A} = 0 wm P{B} =0.
T'oBopsT, uTo cobvimus A u B SBISIOTCS He3aB8UCUMbIMU, €CIIV

P{AN B} = P{A}P{B}. (2.3)
Dopmyity (2.3) It He3aBUCUMBIX COOBITHII A 1 B Ha3bIBaIOT 1Me0pemMotl YMHOKeHUs BeposmHuocmen.

OuesunHo, npu P{B} > 0 Teopema yMHOXeHMs BeposiTHOCTeN (2.3) O3HAYaEeT, YTO yCIIOBHAS BEPOSIT-
HOCTB COOBITVSE A TIpu ycstoBuM B coBlagaeT ¢ 6e3yCcsIOBHOV BEPOSATHOCTBIO COOBITHS A

P{A| B} = P{4}. (2.4)

dopmysTy yMHOXEHMS BEPOSITHOCTEV JIETKO 0000IINTh Ha CJIy4art IPOM3BOJIbHOTO KOHEUYHOI'O Ynciia
COOBITMIL:

P{A N4, N--NA, L = P{A JP{A | A JP{A| A NAy b P{A, A NA,N - NA ). (2.5)
Cobbimus Al,AZ,...,An Has3bIBaIOTCS He3aBucumvimu 6 cobokynHocmu, eCiv IjId JII000ro MX IOIMHOXe-

crea A. A ... A
h n

;  BEPOSITHOCTE OJIHOBPEMEHHOIO HaCTyIUIeHWs coObItvin A, , A, ..., A, paBHa IIpo-
k 1 2 k

M3BeIeHNIO 0e3yCIIOBHBIX BEPOSITHOCTEV! STUX COOBITUIL:
P{A NA Nn---NA }=P{A }P{A }.--P{A. } (k=1,2,...,n). (2.6)
b n % “ P % Y

Ecin yetosue (2.6) BBIIOJIHSIETCS. TOJIBKO 1Py k = 2, TO cobbimus Ay, A, ..., Ay, Hasvibanomes nonapto
He3a6UCUMBIMUZ,

Crenyer oOpaTuTh BHMMaHMeE Ha ciIeAyomiye (aKThL:

* U3 ycrobus vecobmecmHocmu He caedyem ycaoBue He3aBUCUMOCTIU;

* U3 ycrobus vesabucumocmu He caedyem ycaoBue HecoBMecHOCU;

® U3 ycaoBus Hesabucumocmu 6 coboxynHocmu caedyem nonapHas He3abuCUMOCHIb, HO U3 NONAPHOLL He3aBu-

cumocmu He caedyem He3aBucumocms 6 cobokynHoCmu.
Ecitm coObrTmst A4, ..., A, HE3aBUCUMBI B COBOKYIIHOCTV, TO W3 0000IIIEHHOVT TEOPEeMBI CITOKEHVIS

BepOSITHOCTeVI cJIeyeT, 4To

P[Lnj Ai]:P{AluAQ U-UA,} = 2.7)
i=1

n
—1- (1= P4 (A~ Py} (1 P{4,}) = 1- [ (1 P{4}).
1=1
Ecimt cobertvst Hy, H,,..., H, 0OpasyoT IIOJIHYIO IPYIILY, TO [UISl BEIYVCIIEHVISE BEPOSITHOCTI [IPOVI3-

BOJIBHOTO COOBITMSI A MOXXHO VICTIOJIB30BaTh (POPMYAY NOAHOU BeposmHOCL:

L1151 KOPPEKTHOCTW OIIperieieHns HeoOXommmMo, YToObl coOBITHE B 1MMeo HEHYJIEBYIO BEpPOSIT-
Hocth: P{B} > 0.

2 EcTecTBEHHO, IIPEMIII0JIaraeTcs ClIpaBeyINMBOCTb 3TOTO YCJIOBMS M IIpU k = 1, T. e. BBIIIOJIHEHWE TPU-
BrasbHOTO paBeHcTBa P{A4,} = P{A } i Bcexi=1,2,...,n.
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n
P{A} = P{A| Hy}P{H,} + P{A| Hy}P{H,} + -+ P{A| H, }P{H, } = Y P{A| HIP{H}, (28)
i=1
B COOTBETCTBUM C KOTOPOVI BEpOSITHOCTh HACTYIUIeHMs COOBITHS A MOXeT OBbITh IpeficTaBieHa KaK CyM-
Ma IPOVI3BE/IEHNIT YCJIOBHBIX BEPOSTHOCTEVI COOBITMSI A IpW yCII0BUM HACTyIUleHus coObitvin H, Ha

GesycioBHbBIe BepOSITHOCTY TNX coObITHII H; . TlockonbKy cpenm cobbrtuin Hy, H,,..., H; , 0Opasyommx
TIOJIHYO TPYIIILy, B pe3yJIbTaTe OIIbITa [IOJDKHO HACTYIIUTh OJIHO VI TOJIBKO OIHO, 3TV coObITvst H, Hasbl-

BaroT eunomesamu (i =1,2,...,n).

dopMyiia OJIHOV BepOsTHOCTY (2.8) ocTaéTcsl clipaBe[l/IVBOV U B CJIydae, ecjIv yCJIOBIe, COCTodIIee B
TOM, uTO coObITVst Hy,H,,...,H, 0OpasyiOT IOJHYIO IpyIily, 3aMeHUTb Ooyiee C1abbIM: IMIIOTE3bI

H,,H,,...,H;, nomapxo HecosmectHs! (H, N H = @ 1pu @ = j), a X oObeIiHeHVe COIIePKUT COOBITIe
A(ACH UH,U--UH,).
W3 dopmyIIbl IIOJITHOV BEpOATHOCTY cilefyeT cpopmyaa baiieca:

P{A|H yP{H}  P{A[H}}P{H)}

P} Enjl P{A | HYP{H,}

P{H, | A} = =1,2,...n). (2.9)

Beposithoctit P{H} rurores H, HasbIBaIOT anpuophsimu BepoamHocmamu (BEPOATHOCTSIMY TUTIOTE3
H, 110 IpOBefIeHVIsI OITbITa) B OTIIVUME OT anocmepuophsix Geposmmuocmen P{H, | A} (BeposTHOCTEV TUITO-

Te3 H,, yTOYHEHHBIX B pe3ysIbTaTe OIIbITa, MICXOIOM KOTOPOTO CTasIo coObITIe A ).

76. Ha aBromoOwie «Mepcedec-600», mprHamIexXalieM MIpe3uaeHTy OaHKa 1 IIpem-
CTaBJISAIONIEM OTPOMHEMIINII VIHTepeC IS YTOHIIVKOB, YCTaHOBJIEHBI 3JIeKTPOHHAs
CUTHAIV3aIS VI MexaHdecKasl OJTOKMpOBKa pbldara nepektodeHns Irepenad. Beposr-
HOCTB TOT'O, YTO YTOHIIVK CIIPaBUTCS C CUTHaJIM3aImer, coctasisieT 0,2, a BeposTHOCTb
TOTO, YTO OH cJjIoMaeT Osrokmparop, pasHa 0,1. CeronHs mpe3nieHT, PUCKHYB, OTIIpa-
BUJICSL B TOCTM Oe3 BOIAMTEsIA M OXpaHbL. HamTu BeposSTHOCTM CIIeAYIOIIVX COOBITMIL
a) aBTOMOOWIb OymeT yrHaH; O) yTOHIIMK CIIPaBUTCSA TOJIBKO C OIHOV CHCTEMOW 3alll-
TBI.

77. V3Bectno, uro P{A} > 0,8, P{B}=0,6, P{AUB}=0,9. Hamtu P{AN B},
P{A | B}, P{B | A} v BbIICHUTB, 3aBVICVIMBI JTV1 COOBITHS A 11 B.

PEIIEHUE. Ilo Teopeme cioxeHus BepositHocTelt P{AUB}=P{A}+P{B}-P{ANB}, oOTKyIa

P{ANB}=P{A} +P{B} —P{AUB}=0,8+0,6—0,9 = 0,5. [1o onpe/esieHnIo yCJIOBHOV BEpOSITHOCTI

P{A| B} = Pﬁgf} = 8:2 = 2, P{B| A} = P{P?Z}B} = 8:2 = g . st Toro, uTroObl coObITHsE A 1 B ObUIN

He3aBVUICMMBIMM, HEOOXOIVMMO BBIIIOJIHEHVE TeOpeMBbl YMHOXeHUs BeposiTHocTen: P{ANB}=
= P{A}P{B}. B namewm ciyuae P{AN B} =0,5, P{A}P{B} =0,8-0,6 =0,48 = 0,5, 1. e. TeOpema ym™m-
HOXXeHWSI BEPOSITHOCTEV He BBIIIOITHSETCS, 3HAaUNT, COObITIS A 1 B aBisroTcs 3aBvicuMbivi.

78. VI3 KOp3mHBI, copeprKaley TPU KPAcHBIX s0JI0Ka M CeMb 3€JIEHBIX, BBIHVMAIOT
cpasy nBa s6710ka. Haritit BepossTHOCTB TOrO, 4TO 00a OHM OYAyT KPacHBIMIAL.

79. VIrpaspHas KocTb Opocaetcs ABa pasa. Hamtu BeposiTHOCTB TOro, uTo 00a pasa
IIOABUTCS OHO U TO )K€ YICJIO OYKOB.

80. B rpymnme n3 1 000 wenoBek 452 mMeroT TeKylyue cyeTa, 336 — IIeIIO3UTHBIE Ccye-
Ta, a 302 — u TeKyIIMe, 1 Aerto3uTHbIe. OpenennTs, SIBIISIOTCS JIVI COOBITUS «004a0aHue
meKyuwuM cuémom» Vi «004a0anue 0eno3umHsiM cuémom» He3aBVICVIMBIMM?

81. TamaHTIMBBEI caHTeXHUK Muira 00s3aTesIbHO pa3 B HeEEeII0 HAIMBAEeTCS «00
uépmuxob» (TOJIBKO pas, HO oOg3aTesbHO). HaliT BeposiTHOCTM CIIedyroIx COOBITHIL:
a) Muiia HanbéTcd BO BTOPHMK, eCJIVt OH ObUI Tpe3B B IOHeNeIbHMK; 0) Muia Oyner
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Tpe3B B Cpefly U B YeTBepI, ecjI OH He IIWI B IIOHeeJIbHUK ¥ BO BTOPHMK; B) Muiiia Oy-
JeT ITbsIH B OAVH O€Hb C JIEKTPUKOM Korten, KOTOPBIVI BEIET ceDd Tak xe, HO He3aBVICH-
MO OT Mum.

82. Kropm cocTouT 13 Tpéx CyzeV, BBIHOCSIINX pellleHre He3aBUCVMO IPYT OT Apy-
ra: 1Boe M3 HMX, KaXObIN ¢ BeposiTHOCTBIO 0,8, MpUHMMAaIOT IpaBIwIbHOE pellleHue, a
TpeTWI Il BbIHeCeHMs pelleHus nopgopacekiBaeT MoHeTy. OKOHYATeNIbHOE pellleHvie
IIpUHMMaEeTCsT OOJIBIINMHCTBOM rojiocoB. Hamty BeposaTHOCTE BbIHeceHMs IPaBVUIIBHOIO
peliieHs.

83. HedrenobriBaromias KOMIIaHMs IPOBOAUT OypOBbIe pabOTHL B TPEX Pas/INMUHBIX
Mectax A, B u C. Bepogaraoctu ycnemsoro 6ypenns B A, B u C paBHBI cCOOTBETCTBEHHO
0,5, 0,4 1 0,1. ITpentiosioxus, YTO COOBITHS, 3aK/IIOYAIOIINECs B YCIIEIITHOCTY OypeHMs B
MecTtax A, B u C, He3aBUCHUMBI, BBIYMCINTD BEPOSITHOCTY CJIEMYIOIIVIX COOBITUIL a) XOTS
ObI o1HO OypeHMe OKaXkeTcsl YCIeITHbIM; 0) pOBHO OHO OypeHVe OKaXKeTCsl YCIIeITHBIM.

84. VI3 Kop3mHBI, copeprKallleyl TPU KPacHBIX s0JI0Ka M CeMb 3€JIEHBIX, BBIHVIMAIOT
10 ouepeny Bce s1010KM. HariTyi BepoITHOCTD TOTO, UTO BTOPBIM IO CUETY OyeT BBIHYTO
KpacHoe si0JI0KO.

85. VI3 Kop3uHBI, copeprKallerl TPU KPacHBIX s0JI0Ka 1 CeMb 3€JIEHBIX, BBIHVIMAIOT
OIIHO 3a IPYTMM Bce s10J10K1, KpoMme ofHoro. Haity BeposATHOCTB TOTrO, UTO HOC/Ie[IHee
ocTaBlIIeecsl B KOP3WHe sI0JI0KO OyJieT 3eJIEHBIM.

86. Ilera 3Haer He Bce BOIIPOCHI IIpOorpaMMbl. B Kakom ciiyyae BepOSITHOCTH BBITa-
IIVTh HeM3BeCTHBIV OwleT OyaeT MeHbIlle: KOT[a OH TSHeT OwIeT IepBbIM VIV IOCIeI-
HUM?

87. CryneHTsl cunTaroT, 4To 13 50 9K3aMeHalMOHHbIX OwieToB 10 gBIISAIOTCS «X0po-
wumu». Ilerss 1 Marta 1o ouepenu TSHYT 1o ogHOMY Owiety. Havtty BeposiTHOCTH Cite-
maytommx cooerruit: a) Ilere mocrasicss «xopowuil» Owiet; 6) Martte mocTtasics «xopouiuti»
OwieT; B) M 000MM IOCTIIVICH «XOpouile» OVIIETHL.

88. Mama npuiuia Ha 3K3ameH, 3Hast oTBeThl Ha 20 BOIIpOCOB IIporpamMmsl u3 25.
ITpodeccop 3amaéT Tpm Bompoca. Hattu BepodaTHOCTM ciiemyromyx coosrTuit: a) Martia
OTBETUT Ha BCe TPpM BoIIpoca; 0) Mamra oTBeTT Ha ABa BOIIpoca; B) Mallia OTBETUT Ha
OIIVH BOIIpOC; I') Marita orBeTuT XOTs Obl Ha OVH BOIpPOC; 1) Mallia He OTBeTUT HU Ha
OJIVIH BOIIPOC.

89. BepogTHOCTH TOro, 4TO KpeAuTHas KapTa HaxOAWUTCS B IMCbMEHHOM CTOJIe,
paBHa p, IPUUEM C PaBHOV BEPOSITHOCTBIO KapTa MOXKeT HaXOAUTHCS B JIIOOOM M3 BOCh-
MM ALIVKOB cTosia. Eé Biiajester; ocMOTpesI ceMb SIMKOB 1 II0Ka He HalIlEl CBOIO Kpe-
OUTHYIO KapTy. Havty BeposiTHOCTB TOTO, YTO OHA HaXOAWUTCA B BOCBMOM SIIIVIKe.

90. JloxkasaTb dpopmyiry (2.5).

91. [lokasaTp, 9YTO M3 He3aBUCUMOCTM coObITHMII A M B cilemyeT He3aBUCVIMOCTbD CO-
6orrmit:a) Awu B;6) AuB;B) Au B.

92. IlpuBecTy mpumMep COOBITHU, ABJISIOIINXCS HEe3aBUCUMBIMIU Y IIPU 3TOM COBMe-
CTHBIML.

93. IlpuBecTy mipriMep COOBITH, SBIJISIOIIVIXCSI HECOBMECTHBIMM, HO He SIBJISIOIIVIX-
Csl IIPVL TOM He3aBVICUMBIMI.

94. Jloxasats dopmyiny P{A| B} +P{A|B} =1.

95. JlokasaTh, uTo pasercTsa P{A|B} +P{AB}=1 n P{A|B} + P{AB} =1 HesepH®L.

20



96. Ilyctb coObiTisz A, B n (' monapHO He3aBUCUMBI, IPUUYEM KaXIloe M3 HIX VIMe-
eT BepOATHOCTb, OTJIMUHYIO OT HyJIs U equHMIBL [TpoBeputs, MoryT ymv cobbitnss AN B,

BNC n ANC O5ITh: a) mONapHO HE3aBMCUMBIMIL; 0) He3aBVICVIMBIMYM B COBOKYITHOCTA.
PENIEHME. a) PaccMOoTpuM cileyroriiyie cOOBITHS B YCIIOBMSIX 3afaun 47: coObITre A, 3aKiTIovarorieecs
B TOM, YTO yTedKa rasa IIpOMCXOOuUT OIvpke K cTaHIIMM A, yeM K B, coOpiTie B, 3aKIodarolrieecs B TOM,
YTO yTeuka pacrosiokeHa Mexay 50-m m 150-m xwiomeTpamu, n coObiTrie C', COCTOdIIIee B TOM, UTO
yTedKa pacIoyiokeHa Mexy oTMeTKamu 12,5 km 1 62,5 kM ymmbo mexay 112,5 xkm m 162,5 xm. Torna, co-

IJIACHO TeOMeTprUecKoMy onpererieHnio sepositioct, P{A}=P{B}=P{C} :% , P{ANB}=P{BNC}=

=P{AN C’}:% , 3HaunT, coObITN A, B 1 C' momapHO He3asucuMmsbl. [Tpu atom, ouennnro, P{ANBNC} =

:%, P{ANB)N(BNC)} =P{ANBNC} = % = P{A}[P{B}]*P{C} = P{AN B}P{B N C}. Ananoruu-

Ho noirydaeM paseHcTBa P{(ANB) N (ANC)}=P{ANB}P{ANC} n P{BNC)N(ANC)} = P{BNC}P{ANCY},
T.e. coObrTnst A, B u C SBIISIOTCS HE3aBUICUMBIMU B COBOKYITHOCTH. 0) HesaBucMocTh B COBOKYITHO-
CTM 03HayaeT, Bo-iepBbiX, uto P{ANBNC} =P{(ANB)N(BNC)} =P{A4} [P{B}]2 P{C} w, Bo-BTOPBIX,
aro  P{ANBNC}=P{(ANB)N(BNC)N(ANC)}=[P{A}2[P{B}?[P{C}*>. Tlostomy P{A}[P{B}*P{C}=
:[P{A}]2 [P{B}]z[P{O}]2 , HO 3TO paBeHCTBO HEBO3MOXXHO, TaK KaK BeposiTHOCTM coObrtTuit A, B n C' or-
JIMYHBI OT HYJIA U eauHuIEL [TosToMmy coberruss AN B, BNC u AN C He MOTyT OBITh HE3aBUCHMBIMMU B

coBokymnHocTH. U
97. TIlyctb cobermss A, B m C' He3aBUCMMBI B COBOKYITHOCTV, IPUUYEM KaxKoe W3

HUX MIMeeT BePOSATHOCTb, OTIIMYHYIO OT HyJIs U eguHMIIBL. ITpoBepnTh, MOTyT jI1 COOBI-
s ANB, BNC n ANC ObITh: a) IIONapHO He3aBUCHUMBIMY; O) HE3aBUCUMBIMI B CO-
BOKYITHOCT.

98. TIlomOpacemBatoTcst Tpu urpastbHble KocTu. CoObrTie A COCTOMT B TOM, UTO Ha
IIEPBOVI VI BTOPOVI KOCTSIX BBIIIAJIO OMHAKOBOE UMCIIO OYKOB, COOBITHIE B — B TOM, UTO
Ha BTOPOV M TpeThell KOCTSAX BBINAJIO OAMHAKOBOE YVCIIO OYKOB, coObITe €' — B TOM,
YTO Ha IIePBOM U TPeTher KOCTSX BbIIaJIO OVHAKOBOE UNCIIO 0UKoB. I[IpoBeputs, sBiIs-
10TCd i cobbiTnst A, B u C': a) nonapHO He3aBUCHMBIMY; O) HE3aBUCUMBIMI B COBO-
KYITHOCTL.

99. IlpuBecT mpuMep IONAPHO HE3aBUCUMBIX COOBITUV, He SBJISIONIVXCA IIPU
5TOM He3aBVCUMBIMI B COBOKYITHOCTM.

100. [oxkasarts, uto n3 paseHctBa P{ANBNC} = P{A}P{B}P{C} He crnenyer mo-

ITapHas He3aBUCMOCTB cooprtiit A, B n C'.
101. [doxasaTb dpopmyity (2.7).
102. Ilycte A, B — mpowsBosibHbIe coObITHA. [TpoBepuTh, 00pasyroT jv cobbITIs A,

AN B, AU B monmHyfo rpyTy.

103. [lokaszaTb popMyIIy HOIHOV BepOATHOCTH (2.8).

104. [oxasatb dpopmyiy baiteca (2.9).

105. CraTmcTMKa 3arrpocoB KpeamTos B OaHke TakoBa: 10% — rocymapcTBeHHBIE Op-
ranbl, 20% — pgpyrue 6aHKM, ocTajlbHBIe — u3MdecKye Jinia. BeposTHocT TOro, 4ro
B34TBIVI KpeauT He OyneT BosBpaléH, cocrasirsitor 0,01, 0,05 1 0,2 cooTBeTcTBerHO. Or1-
penenTh, KaKas H0JIs KpeOUTOB B CpeJHeM He BO3BpalllaeTcsl.

PEHIEHME. [TycTh coOBITMIE A COCTOUT B TOM, UTO B3SITHIVI KPeIUT He BO3BpalllaeTcs, TUIIoTe3a H1 —
B TOM, YTO 3aIIpOC Ha 3TOT KpeAUT ITIOCTYIIMII OT IroCy1apCTBEHHOT'O OpraHa, I'ioTesa HZ — B TOM, 4TO

3aIIpoC Ha KpeduT IIOCTYIINII OT APpYyTroro 6aH1<a, rurioresa H 3 B TOM, 4YTO 3alIpOC Ha KpeauT II0CTY-
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mwt or  ¢usmueckoro smma. [lo  yorosmio BepositHocTM Tmnores cocrapisnor  P{H;}=0,1,
P{H,}=0,2,P{H;}=1-P{H}-P{H,}=0,7. AnocrepnopHsble BEpOSTHOCTI, B CBOIO OYepe/lp, IO yC-
nosuto pasabl P{A|H } = 0,01, P{A[H,}=0,05P{A[H;}=0,2. Tlo dopmyse HOIHO BEPOSITHOCTN
P{A}=P{A|H YP{H } +P{A|H,}P{H,} +P{A|H3}P{H,}=0,01.0,1+0,05-0,2+0,2-0,7=0,151. 0

106. BeposTHOCTH TOTO, UTO HENEIBHBINI OOOPOT TOProBIla MOPOXXEHBIM ITPEBBICUT
2 000 py6., mpu contHeyHom noroge pasHa 80 %, ipu riepeMeHHoM obstaunoct — 50%, a
IIpV JOXIJIVBOVL IIOTOIe — 10%. Hanttm BEPOSTHOCTh TOTO, UTO Ha CJIeyIOIIen Hefesie
ob6opot mpessicut 2 000 pyO., ecim BepOSTHOCTb COJTHEYHOW IIOTOMBI B JaHHOE BpeMsi
rofga cocrasisieT 20%, BepOSITHOCTb IIepeMeHHOM 00JIaYHOCTY 11 BEPOSITHOCTD JOXKIJIN-
ot roroabsl — 110 40%.

107. B ycnosusax 3amaum 105 HaualbHMKY KpeAUTHOTO OTAEsIa JOJIOXKWIIV, YTO IIO0Iy-
4yeHO pakCMWIbHOe cOOOlIIeHe O HeMCIIOITHeHN 00s3aTesIbCTB 110 BO3BpaTy KpeauTa,
B KOTOPOM OYeHb IUIOXO IpoIledaTajioch MM KiIveHTa. HaliTii BeposaTHOCTh TOro, 4TO
KpeauT He Bo3BpalliaeT KaKom-I1noo OaHK.

PEIIEHME. [TycTb COOBITVIE A COCTOWT B TOM, UTO B3SITBIVI KPeOUT He BO3BpalliaeTcs, rmmoresa H. 1~
B TOM, 49TO 3aIIpOC Ha 3TOT KpeAUT IIOCTYIIMII OT IrOCydapCTBEHHOI'O OpraHa, rmrioresa H 2 B TOM, UTO
3aIIpoC Ha KpeduT IIOCTYIINII OT APpYyTroro GaHKa, rurioresa H 3 B TOM, 4UTO 3alIpOC Ha KpeauT II0CTY-
mwur or  ¢usnueckoro smua. Ilo  yorosmo BepositHocTM rmmores  cocrapinor  P{H;}=0,1,
P{H,}=0,2, P{H;}=1-P{H,}—P{H,}=0,7 . AnocrepnopHbIe BEPOSTHOCTN, B CBOIO OUepPELb, PABHBI
no yenosmo P{A[H;}=0,01, P{A|H,}=0,05, P{A[H3}=0,2. Ilo copmyne baneca
P{H, | A} :IMU?{Z{@ = %z 0,066, rie BepositHOcTE P{A} = 0,151 ObLIa paccunraHa 110 popmysie
TIOJTHOVI BepOosITHOCTI B 3amade 105. U

108. B xop3mHe Tpu KpacHBIX M CEMBb 3eJIEHBIX S07I0K. VI3 KOp3MHBI BEIHYJIVI OJIHO $10-
JIOKO U He IJIAOs OTVIOXKWIN B CTOpOHY. Ilociie 3TOro 13 KOp3mHBI JOCTaIM elllé OHO
s16710K0, KOTOpOe OKa3aJIoch 3e/IéHbIM. HaiiTi BepoSaTHOCTb TOrO, UTO IepBoe si0JI0KO,
OTJIOXKeHHOE B CTOPOHY, TaKXKe ObUIO 3eJIEHBIM.

109. 1 OpuHSATKS pelleHnI O IIOKyIIKe IIeHHBIX OyMmar ObUla paspaboTaHa cucTe-
Ma aHaJIM3a peIHKA. VI3 JaHHBIX 3a IIPOIIUIbIe TIePUOIbI U3BECTHO, UYTO 5% BCex IIeHHBIX
OyMar SBIISIOTCS «HAOXUMU» — He TIOOXOINSIIMMI IIJId MHBecTrpoBaHMs. [Ipemtoxen-
Hasl crcTeMa ompenerisieT 98 % «n40xux» IeHHBIX OyMar KakK IIOTEeHIMAIBHO «/110XUe», HO
npu 3ToM 15% IleHHBbIX OyMar, IIpUTrOAHBIX IS MHBECTULINIL, TakXKe oIlpererseT Kak
MIOTEHIIMAJIBHO «1.40xue». Havty BepoaTHOCTB TOrO, UTO LIeHHasl OyMara HMOIXOOUT IS
VIHBECTVIPOBaHMS, IIPY YCJIOBUM, YTO JAaHHOV CHCTEMOV aHaIM3a PhIHKA OHa ObUIa OIT-
penerieHa KaK HOTeHIIMAJIBHO «n.10xas». Ha ocHOBe IOJIydeHHOro pe3yJsbTaTa IIPOKOM-
MEeHTMPOBaTh IIPUTOAHOCTb CUCTEeMBI IJIsI IIPVIHSATVS VHBECTULIVIOHHBIX PelleHVI.

110. YrtoO®I mopmep KaTh MO3UIIMY (PUIPMBL TPV 3aKIIOUEHVI [IPaBUTETLCTBEHHOTO
KOHTpaKTa, HEOOXOAMMBI 3HaUMTeJIbHbIe MHBECTUIIUN B OIlpesieleHle CTOVMMOCTH Iep-
BOHA4aJIbHBIX VICCIIeIOBAaHUM 1 pa3paboTok. Eciii dupma A ciernaer sTm MHBeCTULINN, a
eé OCHOBHOV KOHKYPEeHT 3TOrO He CJeJjIaeT, TO BepPOsITHOCTb 3aK/IIOUeHMs JOroBopa C
dupmont A cocrasut 0,8. OgHako eyt KOHKYPeHT TakKe IIPOBeIET IIpefBapuTeIbHbIe
ViccilefoBaHM U Ppa3pabOTKM, TO BEPOSATHOCTb 3aK/IIOUeHMs [IoroBopa ¢ dpupMoit A
yMmenblaercs 10 0,4. AHarmTigeckas cityx0a dpuipMbl A olleHMBaeT BepOSTHOCTD IIPO-
BefleHVsI KOHKYPeHTOM M3bICKaHW 110 IIpeficTodiemMy mpoekty B 0,3. Beravcimts Bepo-
ATHOCTY CJIEAYIOLIVIX COOBITUIL: a) IIPaBUTEIIbCTBO YCTPOUT IleHa, IIpeyIokeHHas pup-
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MO A (T.e. KOHTpakKT OyAeT 3aKiIoueH), IPU OTCYTCTBUM MHEOPMaLUM O pelleHUn
KOHKypeHTa; 0O) IpaBUTeJILCTBO He YyCTPOWUT IleHa, IIpeljlokeHHad upmont A
(T. e. KOHTpaKT He OydeT 3aK/II0YeH), NP YCJIOBUM, UYTO KOHKYPEHT IPeIJIOXUT CBOIO
1IeHY; B) KOHKYPeHT IIpe[ICTaBUT CBOIO 1leHy IIpW yCJIOBUM, YTO lieHa, HpejIoKeHHas
dupMont A, mpyHMMaeTCs: IPaBUTeILCTBOM; T') KOHKYPEHT IIPeICTaBUT CBOIO 1IeHY IIpu
yCJIOBUM, YTO LieHa, IIpejIoKeHHas pupMoi A, He IIPUHMMAETCS IIPaBUTeIbCTBOM.

111. Ecim mpeanpuHMMaresib IUIaHUPYeT CyIleCTBeHHOe M3MeHeHue B oOpasile To-
Bapa, TO ¢ BepoATHOCTEIO 0,7 OH HaUHET BHOCUTD M3MEHEeHVI B TeXHOJIOIVIIO IIPOVM3BO/-
cTBa 10 1 ceHTsOps, ecy ke OH He IUIAHMPYET CYIIeCTBEHHOV IIepeesIKil, TO BepOsT-
HOCTb M3MeHeHMs TexHonornm cocrasut 0,2. Ha ocHOBaHMM ITpedplIyIIero omblTa Be-
POSITHOCTD CYIIIeCTBEHHOW Iepenesiky oOpasiia coctasisgeT 0,2. BeramcimTe BeposTHO-
CTVI CJIEAYIOMIVIX COOBITUIL: a) B TEXHOJIOTMIO OyZyT BHeCeHbI M3MeHeHMs 10 1 ceHTs0psL;
0) oOpaser; ToBapa IpeTepINT CyIleCTBeHHbIe M3MeHeHNs, eC/IM I3MeHEeHMs B TeXHOJIO-
IVII0 HauMHAIOT BHOCUTECS 00 1 ceHTs0ps; B) oOpasel ToBapa HIpeTepINUT CYIeCTBeH-
Hble M3MeHeHMs, ecyi 1 ceHTAOps yXe IPOIIUIO, a M3MEHEeHUI B TEXHOJIOTUV He IIPO-
VI30IIUIO.

112. MarasuH 1ojiy4aeT TOBap OT Tpéx IOCTaBIIMKOB: 55% ToBapa MOCTyIlaeT OT
nepsoro 1ocrasiyka, 20% ot Broporo u 25% oT Tperbero. [Tpomykis, mocrynaroas
OT TIepPBOTO IIOCTaBIIMKa, COAepXuUT 5% Opaka, IIOCTyHaroIas OT BTOPOIO IIOCTaBIIIKa
— 6% Opaka, a mocTyHarolas OT TpeTkero Iocrasiirka — 8% Opaka. [Tokymarens ocra-
BWI B KHIUTe II0XKeJIaHM ITOKyIIaTesIs XaJIo0y O HM3KOM KauecTBe IIPMOOPeTEHHOIO TO-
Bapa. Havimit BeposTHOCTB TOrO, UTO IUIOXOVI TOBAp, BbI3BAaBIINI HapeKaHMs ITOKyIlaTe-
JIsA, TIOCTYTIVJI OT BTOPOTO IOCTaBIIVIKA.

113. IlIpu pacciiemoBaHMUM HpPeCcTYIUIEHV, COBEPIIEHHOIO Ha aBTO3allpaBOYHON
crautyy (A3C), ObUIO yCTAaHOBJIEHO, UTO IOTOK aBTOMOOWIIEV, ITPOe3KAOIINX MIMO
A3C, coctout Ha 60% n3 rpy30BbIx 1 Ha 40% 13 jlerkoBeIx aBToMoOWIen. ITo mokaszanm-
sIM CBUJIeTesIeV, BO BpeMs coBeplileHVs npectyivleHns Ha A3C HaxoOuiIcsi aBTOMOOWIIb.
V3BecTHO, UTO BEpOSATHOCTD 3allpaBKy I'Py30BOro aBToMooOwwis pasHa 0,1, 1erkoBoro as-
tomobwist — 0,3. HamTit BepoATHOCTh TOTO, UTO BO BpeMsl COBepIIeHVs IPeCcTyIUIeHVIs
Ha A3C HaxoOwics: a) FPy30BOVI aBTOMOOWIIB; O) JIETKOBOVI aBTOMOOWIIE.

114. B xaxmou m3 Tpéx KOP3MH HaXOOUTCA II0 CEMb KPACHBIX sI0JIOK U TPU 3€JIEHBIX.
V13 niepBoI KOP3MHBI HayZda4dy JOCTa/IV OIHO SI0JIOKO M IIepesIoXIIN BO BTOPYIO, 3aTeM
13 BTOPOVI KOpP3MHBI HayAady I0CTajIN sI0JIOKO U HepeIoXwIn B TpeThio. Havitu Bepo-
ATHOCTb TOTO, UTO 0JI0KO, HayZady M3BJIe4€HHOe T10CiIe STUX MaHUITYJIALNUI U3 TPeTh-
eVl KOP3MHBI, OKaXKeTCS KpaCcHbBIM.

115. 3AIAYA O PA3OPEHMM!. IleTs c mamon urparoT B ciedyrollyo urpy. Ilers 6po-
caeT MOHeTy, IIpeIBapuUTeJIbHO COODIINMB I1are, Kakas CTOPOHa, I10 ero MHEHWIO, BbIIa-
aeT: «eepb» v «peuiémxa». Eciu Ilera yrapas, To namna rwiatut Ilete 1 py©., B mpoTms-
HoM citydae Ilers roiatur nane 1 py6. Havanessii kanvrai Iletu cocrasisger x = 100

1 ITpakTuueckas vHTepIipetanyus 3aga4 115 - 118 cocrout B cnemyromieM. VIHBecTUIIMOHHAs KOMIIa-
HUS «u2paem» ¢ PbIHKOM. BO3MOXHOCTM pbIHKa Oe3rpaHMYHEBI (Uero HejIb3sl CKas3aTb O BO3MOXXHOCTSIX
KoMmaHmy). KoMranms melTaeTcs yrazgarh, Kakve (OUMHaHCOBble MHCTPYMEHTHI OKaXyTcs B OymylieMm
IOXOIHBIMM, €CiIV yTafblBaeT — IIOJIy4daeT IpUObUIb, MHaUe — Hec&T pacxodsl. Ecim pacxomos craHo-
BUTCSI MHOTO, TO PaHO VIV IO3IHO KOMITaHMsA pasopseTcs. MOXXHO paccMOTpeTh U ciIydart, Koraa y Ipo-
TMBHMKAa (PVHAHCOBBIE BO3MOXXHOCTN TaKKe OrpaHUYeHbl, pelleHne OyaeT He cioxHee. [Ipernocrasiisgem
4JYTaTesII0 CAMOCTOSTEILHO IIOCTaBUTh VM PeIINTh COOTBETCTBYIOIINE 3aJaull.
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py©. rpa npoposrkaeTcs 10 Tex 1op, 1oka Ilers He HabGepéT 3apaHee onpene/IéHHYIO
CyMMy §, 10O II0Ka OH He PasopUTCs, MPOUrPaB BeCh MMEIOINIICS KanuTal x . Havrru
BepOATHOCTL Toro, uro Ilers pasopurcs, Tak 1 He HabOpaB XejlaeMyIO CyMMYy, eCJI 3Ta
cyMMa s coctasistet: a) 110 py6; 6) 1 000 py®.

PEIEHME. ITyctb p(z) — BepoOATHOCTH TOTO, UTO, MMes = PyO., [leTs Bcé-Takm pasopurcsi, coObITHIE
A cocrour B ITeTniHOM pasopeny, rumoresa H; — B ToM, 4to IleTs BeIUrpasl Ha [1epBOM ILlare Vrpsl,

runoresa H, — B TOM, uTo Ilers mpourpait Ha riepBoM wiare urpel. IIpu 5ToM, 04€BIIHO, BEPOSITHOCTD
PasopeHVIst [PV yCJIOBUY BBITPhIIIA Ha riepBoM mare coctaput P{A|H,}=p(z + 1), a BeposTHOCTH pa-

30peHVIsI TPV yCIIOBUV ITPOUTPBIIIA Ha TepBoM mare cocraBut P{A[H,}=p(z —1). ComacHo wraccu-
"ecKoMy ompepeneHmio BepositHoctn  P{H,}=P{H, }:1 I[lo dopmyse TIOIHOM BepPOATHOCTU

L p(e+1)4p(a—1)]. TIpur 310M, oue-

p()=P{AY=P{AH, YP{H, } + PLAH, P{Hy } = pla+1)) +p(a— 1)2 :

sumgHo, p(0) =1, a p(s) = 0. Pemiennem ypaBHeHUs p(z) = [ (z 4+ 1)+ p(z —1)] sBstercst uHeHasE

dyskums p(z) = C T +Cz, K03 PUIVIEHTHI KOTOPOTI C " C HavéM n3 yorosum p(0) = C2 =1mu
p(s)=Cs+Cy =0: C) = —1, C, = 1. Takum obpasom, p(z) = 1——. B urygae a) z =100, s =110,

nostomy p(100) = — =~ 0,091, a B ciiyuae 6) = 100, s = 1 000, moatomy p(100) = 0,9. 0

116. B YCJIOBI/ISIX IpeabIIyIen 3aa4m I1ara UrpaeT HedecTHo: oH fail Ilete Monery
CO CMEIIEHHBIM LIEHTPOM TsDKeCTH, Tak uTo IleTd (cumrass MOHeTy «npabuivHoi» 11 Bbl-
Oupas B cpefiHeM B IIOJIOBMHE CJIydaeB «2epd» 1 B IOJIOBMHE CIy4daeB — «peulémky») Bbl-

2 3 .
WUIPBIBAET C BEPOSTHOCTBIO U IPOUTPBIBAET C BEPOSTHOCTBIO . HauanbHbI KaninTat

IleTn cocTapiisgeT, Kak ¥ B mpeapayieit 3agade, = 100 py6. Virpa mpomorokaeTcs 10
Tex 110p, 11oKa IleTss He HaOepéT 3apaHee ompeesIEHHYIO CYMMY s, JIMOO ITOKa OH He pa-
30pWUTCsl, IPOUTPaB Bech MMeroImics KanuTai z . Havty BepostHOCcTh pasopeHms [letn
B 00IIIeM cjIyJae (IS IIPOU3BOJIILHOV CYMMBI §) M B KOHKPeTHBIX ciTydadx s = 110 py0.
u s =1000 py6.

117. Yrto mpom3oViIéT C BepOSTHOCTBIO pasopeHms lleTu B ycjoBuMSX ABYX ITpebl-
AyIINX 3a7ad, eyt cTaBKa Ha KaXJoM xofe Oyrer pasHa He 1 py0. kak paHbllle, a
2 py0.?

118. Harvrtv cpeqHIO0 IIPOIOIDKUTEIBHOCT (%) MIPBL , OIIMCAHHOM B 3afade 115.

119. 3AJAYA O PA3BOPUMBOV HEBECTE!L Y omHoV 113 MammHbIX HOOPYT eCTh A0CTa-
TOYHO OOJIBIIIOE YNCIIO KeHMXOB. 3apaHee OHa HUYEro O CBOVIX JKeHMxaX He 3HaeT, KPo-
Me 1x uncia n. PacnonoXmBimice B odepelib B CIIy4YaliHOM HOpAIKe, XeHVXU IHpe]l-
CTaBJIAIOTCS Pa30OPUYMBOV HeBeCTe OIIVMH 3a JIPYIMM, TaK UYTO BCTpedasi OUepeHOro JKe-
HVXa, OHa 3HaeT Bcex IIpellIecTBYIOIIMX. IIpeacTaBiieHHBbIVI Y OTBEPIHYTBIV KEHUX
Oosplrte He Bo3Bpalaercs. Hesecra penmwia m30path CjIeoyIONIyIO CTpaTerio BeIOOpa:

1 ITpuBeném 1 prHaAHCOBYIO (POPMYIIMPOBKY AaHHOM 3anaun. [1ycTe MHBeCTOp BiIafieeT HEKOTOPBIM
aKTMBOM, IIPUYEM B TeueHMe OIpeIeJIEHHOTO CpOKa IleHa aKTVBa MOXeT M3MEHSThCS, a 110 OKOHYaHUN
Cpoka — cTaHeT (PVIKCMPOBAHHOW (TaKMM aKTMBOM MOXKeT OBITb 00smraryis, ppIHOYHAs KOTMPOBKA KO-
TOPOVI MOXeT M3MEHSThCS IO MOMEHTA IIOTallleHVs], VIV KaKOV-JIM0O VHBECTULIVIOHHBIVI IIPOEKT, II0Ka
OH eIé He 3aBepuréH). CTOMMOCTI aKTMBa B IIPeABIIYIIe THV M3BECTHBI, a B IIOCTIEAYIOIe — HeU3-
BecTHBI. K IpenpiayieMy mHIO BEpHYThCS yKe Hellb3sl. TpelyeTcs onpeesinTe MOMEHT POV aKTH-
Ba C HaMOOJIBIIIET BLITOOVL.

24



OHa IIpOCMaTpMBaeT IIEPBBIX M >KeHWMXOB, HUKOIO M3 HMX He BbIOMpas, a 3aTeM OcCTa-
HaBJIMBaeT CBOVI BHIOOP Ha IIePBOM M3 OCTaBIIMXCS (7 — M ) XEHMXOB, KOTOPBIVI OKaKeT-
sl JIydllle, 4eM JIIOOOM M3 IepBBIX m >XeHMxoB. Havrru BeposrHocts P, (A) cmenaTs

HaVWTy Yy BIOOp mpu Takom crpatermn. ONpenesmTh Takoe Yncio m,, , 9TO0bI Bepo-
sSiTHOCTD Py (A) Obuta MakcuMastbHOV cperm Beex Py, (A), m = 0,1,2,....,n.

120. Ierx pasrHeBasicad Ha 3Be304Y€Ta M HpMKa3al Ka3HUTh €ro, HO B IIOCJIeIHUN
MOMEHT IepenyMall ¥ pelll AaTh 3Be3J0Y€Ty BO3MOXXHOCTB cracTuch. OH B3sUI [1Ba
YEPHBIX M [IBa OeJIbIX ITapa, OTIMYAOIINIXCS TOJIBKO IIBETOM, M IIPEJIOXKIIT 3Be30YETY
pacIpenie/MTh VX IPOU3BOJIBHBIM OOpasoM IIO JIBYM OMHAKOBBIM cyHOyKaM. Ilasmau
JOJDKEH C 3aBsI3aHHBIMM IVIa3aMM BBIOpaTh CYHIOYK M HOCTaTh M3 Hero oguH map. Ecam
OH J0CTaHeT OeJIbIVI IIap, IMIeviX IOMIIYeT 3Be3J04€Ta, B IIPOTVBHOM CJIydyae — Kas3HUT.
Kak 3Be3ouéT mospkeH paclipelie/iTh Iapbl 0 CyHAyKaM, YTOOBI MMeTh HanOoJIbIIve
IITaHChI CITaCTHCH?

§2.2. ITOCITEDOBATEJIBHOCTY VICIIBITAHUM

ITycTh IpOBOAMUTCA KOHEYHOE YNMCIIO 1 IIOC/IeIOBaTe/IbHBIX ICIIBITAHWI, B KaXX/IOM M3 KOTOPBIX HEKO-
TOpOoe cobbITHe A MOXeT JIM00 HaCTyIUTD (TaKylo CUTYyaIlio Ha30BEM Ycrexom) JInbo He HACTYyHUTh (Ta-
KYIO CUTYaITMIO Ha30BEéM Heyoayeil), IPUUIEM 3TV UCIIBITAaHNS YAOBIeTBOPSIOT CJIeMYIOIIVIM yCIIOBVSIM:

® Kak00e UCNbIMAHUE CAYYATIHO OMHOCUMEAbHO cobbimus A, T.e. 4O IPOBeIeHMs VCIIBITAHNS HeJIb3s
CKasaThb, HOABUTCA A VIV HeT;

o ucnvimanusa npobooamca 6 00uHaxoBuix, ¢ BepoAMHOCIIHOU MOUKU 3peHUs, YcA0BuUsX, T. €. BEpOSTHOCTD
ycriexa B KaKJOM OTAe/IbHO B34TOM VCIILITAaHUV paBHa p M He MeHseTCs OT VCIbITaHVs K VICIIBITaHWIO;

® UCNbIMAHUA He306UcUMbL, T. €. COOBITMS Al, AZ,...,An , TIe AZ- COCTOUT B ycIlexe Ha %-M WUCIBITaHUN

(i=1,2,...,n ), He3aBUCVMBI B COBOKYITHOCTM.

Takast 1moc/Ie10BaTeIBHOCTD WCIIBITAHWMIL HAa3BIBAIOTCS cXeMol bepryiu v OUHOMUAABHOT CXeMOlL, a
caMW VCIIBITaHWsT — uchsimanuamu bepryaiu.
Beposarnocts P, (k) Toro, uro B cepum m3 n ucHBITaHUV bepHYIUIM OKakeTcst pOBHO K YCITEITHBIX,

paccunThIBaeTCs 110 hopmyae bepryaau:
P,(k)=CEpF1—p)"F (£ =0,1,2,....,n). (2.10)

_ * _
HaVIBepOHTHeVH_Hee qucio k YCIIEXOB B Ceprn U3 7 VICIIBITAHVIN BepHYJ'IJ'IVI YAOBJIETBOPAET Hepa-

BeHCTBaM
%
np—(1—p)<k" <np+p. (2.11)
B cirygae, xorma unciio n vicoertaHu bepHy i Besmko, pacdéTsl 1o popmysie beprysuim craHOBST-
Cd 3aTpyHIHUTEIIbHBIMU. Ecm IIPN 3TOM BEPOATHOCTH p YCII€EXa B KaXOOM VICIIBITAHUNM MaJla, TaK 4TO
MOJKHO CUMUTaTh, UTO N — 00, np — A = const, JyId pacuéra Pn(k) MO>XHO ITOJIb30BaThCsI HpT/I6J‘[T/I>I<éHHOT7[
dopmyrton Ilyaccona:
k
a  —a
e (=012, (2.12)

rje a =np .

Ha npakTuke dopmyston Ilyaccona rosp3yroTes B ciIydae, Korja 4Mcjio n UcHblTaHu bepryum —
HeCKOJIbKO JIecsITKOB Wi Ooslee, a mpomssefieHne a =np <10. B ciayudae, xorma n Belmko, a
a =np > 10, dpopmyra IlyaccoHa gaér oueHn rpydoe npubnvokenue, u mis pacyéra Py, (k) ncromssyior

JIOKaJIBHYIO 1 VIHTerpaJIbHYI0 TeopeMbl MyaBpa - Jlariaca (cM. §4.4).

OT cxeMblI IIOCIIe/TOBaTeIIbHBIX HE3aBUCHMBIX VCIIBITAHUM C ABYMs MICXOdaMy (OVMHOMMAJIBHOVI CXeMBbI)
MOJXKHO TIePeVTV K NOAUHOMUAALHOT CXeMe, T. €. CXeMe II0CIIeZIOBaTe/IbHBIX He3aBVCVMBIX VICIIBITAHW, B
K&XIOM U3 KOTOPBIX BO3MOXHO m >2 WCXOHOB C BEPOSITHOCTSMU Py, Py,..-, Py COOTBETCTBEHHO
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m
(0<p; <1 (i=12,...,m), Z p; =1). B noymHoMuabHONM cxeme BeposTHOCTb Py (k. Ky, ..., ky,) TOTO,
i=1

4ToO B cepum M3 n VICIIBITAaHUM HepBBIVI VICXO[, TIOABUTCA POBHO kl pas, BTOpOVI VICXOL, TIOABUTCA POBHO

k, pa3 v TaK 10 m -ro MCXO0fa, KOTOPBIVL ITOSIBUTCS. POBHO ky;, Pas, pacCYMTBIBAETCSI 110 (pOpMyIIe

- ki k k n! ky k k
Py (ky ks ki) = P (ky koo ki )DL D2 - D Zmpllpzz P (213)
1 iy Ly !

(0<k <n (z’zl,Z,...,m),Zki =n).

121. VI3BecTHO, 4TO M3 UMCIIa 3pUTeIIeN OIpenesIéHHON Teslerporpammbl 70% cMoT-
AT U pexlaMHBIe 0JI0K1. I'pymIibl, cocTosimme u3 Tpéx Hayral, BBIOpaHHBIX TeJle3puTe-
JIevi, OIlpalllVBalOT OTHOCUTEILHO CoflepKaHMs peKjIaMHOro 010ka. Paccunrars BeposT-

HOCTVI 4VICJIa JINI] B TPYIIIle, KOTOpPble CMOTPSAT peK/IaMHbIe OJIOKA.
PEHIEHME. BeposiTHOCTB TOTO, YTO HayTa/, BBIOpaHHBIV 3pUTesIb JaHHO TeJlelIporpaMMbl CMOTPUT U
peKiIaMHBIe OJIOKM, COITIACHO CTaTMCTMYEeCKOMY OIlpefesleHnI0 BepositTHocTy, paBHa p = 0,7 . VHTep-

HPeTUPYs OIIPOC TPEX Tele3puTesIeVi Kak TPV UCHBITaHVs bepHyIUm 1 canTast ycrexoMm CUTyaryo, KO-
I7a TeJje3puTeslb CMOTPUT peKIaMHbIe OJIOKM, HalIéM VICKOMBIe BEpPOATHOCTU ITo dopmyste bepryrmm

_ k k 3—k 0 0 3
(2.10), B xotoport n =3, p=0,7: Py(k)=C50,7%0,3>"" (k=0,1,2,3); P;(0)=30,7%0,3% = 0,027,

1n 71 22 20 720 1l 30 73 10
P,(1) = C30,710,3% = 0,189, P,(2) = C30,7%0,3" = 0,441, P;(3) = C30,7°0,3" = 0,343. 0
122. B ycnoBusx mpeablayliient 3agauy HalTy HaMBeposiTHeVIIIIee YvICiIo JINIL B TPyII-
Ile, KOTOpbIe CMOTPSIT peKJIaMHble OJIOK.

PEIIEHVE. HanBeposiTHeniiee uncio k™ jmil B rpyTire, KOTOpble CMOTPST peK/laMHble BIIOKM, TTOjI-
umHsgercss HepaBeHcTBaM (2.11): np —(1—p) < K <np+p, B Kotoppix n =3, p=0,7, T.e.

3-0,7-0,3< K" <3 0,7—-0,7 v 1,8 < kS < 2,8, oTKyHa k" =2.2r0 IOOTBEePXKIAETCS U pellIeHreM
npenpinyIent sagaun. U

123. CromMocTb IHpoessia B aBToOyce paBHa 3 pyO., MecsuHBIV IIPOe3IHON OwieT Ha
aBToOYyC ctouT 120 py0., a mrpad 3a Ge3dmteTHbIN ITpoess, coctasigeT 10 py06. Ilers 24
pasa B Mecsll e3IUT Ha aBToOyce B MHCTUTYT 1 oOpaTHO. OH He IOKyHaeT IPOe3THOro
OwieTa, HUKOITIa He IUIATUT 3a IIpOe3]] 11 CUUTAeT, YTO BepOATHOCTD OBITh ITIOVIMaHHBIM U
samwiaTnTh mrpad pasHa 0,05. CpaBHUTH CTOMMOCTB IIPOE3IHOrO OmsleTa ¢ Hamboslee
BEpOATHOW BeJIMYMHON HITpada 3a 48 11oe3noK.

124. B Gpokepckovl KOHTOpe I CTUMYJIMpOBaHWS IPUObUIBHOCTY TOPIOBIN IIPU-
MeHseTcd CJlefylollasl cyucTeMa IIpeMUpoBaHVA COTPYOHMKOB. Ecam coTpynHuK He
JOCTUTaJI YCTAaHOBJIEHHOTO IHEBHOIO yPOBHSI HMPMOBUIM Ha IIPOTSKEHUN Oojiee TPEX
nHen 3a ase Heperm (10 paGounx mHert), oH TepsieT CBOIO Ipemuio. BeposiTHOCTE TOTO,
YTO COTPYIHMK BBIIIOJIHUT TpebyeMyro HopMmy purobsun, coctasiset 0,85. Havrru gnicrio
npemmii, moTepstHHBIX 100 coTpyaHMKamu 3ToM Opokepckovt KOHTOpsI 3a rof (50 pabo-
YUX HeMeb).

125. Havitii BepOSITHOCTB ITOsiBIIEHMS POBHO 5 rep6os mpm 10-kpatHOM OpocaHmmM
MOHETBL.

126. Cpenu 12 mposepsieMbIX PeBU30POM HOIOBOPOB ceMb O0pOpMIIeHbI HellpaBIIIb-
Ho. HamTi BeposATHOCTD TOrO, YTO Cpeay MISATU IOrOBOPOB, IIPOMU3BOJIBHO OTOOpPaHHBIX
PeBU30pOM IUId IIPOBEPKM, OKaXXyTcs HeNpaBWIbHO OQOPMIIEHHBIMI: a) POBHO TpPU
J0TOoBOpa; 0) He MeHee TPEX JOrOBOPOB.

127. Yto BeposiTHee: BHIUTPaTh B OWIBSAPI Y paBHOCWIBHOIO IIPOTMBHMKA TPU Iap-
TV W3 YeTBIPEX VIV IIATh IapTU V3 BOCbMM?
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128. Yrto BepogdTHee: BRIMIPaTh B OWIbApP/, y PaBHOCWIBHOIO IIPOTMBHIMKA He MeHee
TPEX ITapTUIL 13 YeTBIPEX VIV He MeHee IIATY apTUil 13 BOCbMI?

129. B TeueHme Mecslia JaHHas aKLMsl MOXET IIOAOPOXaTh Ha 1% ¢ BEpOATHOCTBIO
0,7  moperteBets Ha 1% ¢ BepositHOCTBIO 0,3. Ilpenmorarast exxemecsuHble M3MeHEHS
LIeHbl He3aBVICMMBIMY, pacCUMUTaTh BepOATHOCTM TOTO, YTO 3a TPW Mecslia 1leHa aKLWU
BO3pacreT: a) B (1, 01)3 pasa; 6) B O, 99-(1,01)2 pasa.

130. 73 1000 omporennbix 700 desioBeK ITOAgepKMBalOT HEKOTOPYIO HPaBUTEIIbCT-
BEeHHYIO IIporpaMMy. Haiity MyMHMMaJIBHYIO UMCIIEHHOCTb IPYIIIBL, B KOTOPOV C Bepo-
ATHOCTbIO, He MeHbIlet 0,9, XoTs Obl OOMH pecrOHAEHT He MOAAepKMBaeT 3Ty IIpo-
rpaMmy.

PEIIEHME. HYCTB UVCJIEHHOCTD I'PYIIIbI PpaBHaA 7N . By,HeM VHTEPIIPETMPOBATh OIIPOC I'PYIIIBL U3 N

4eJIoBeK KaK VICIIBITaHVSA bepHysuIn, cauras ycrexoM To, 9TO CJTy4arHO BBIOpaHHBIV PeCIIOHIeHT IO/ -

JepXVBaeT IpaBUTeIbCTBEHHYIO ImporpaMMy. COIIacHO CTaTUCTUYECKOMY OITpeesIeHNIO BEepOATHOCTH,
700

BEPOATHOCTD yClIeXa paBHa p = 1000

=0,7. Ilyctb cobbiTMIe A COCTOUT B TOM, UTO B IpyIlle U3 n Ye-

JTOBeK XOTs GBI OIMH He TIOJIepXKIBaeT ITPaBUTeTbCTBEHHYIO TIPOrpaMMy, TOT/Ia coObITIe A O3Hadaer,
YTO B TPyIIle M3 n UeoBeK BCe 7 TIOfJIepXWBaroT 3Ty mporpammy. P{A} =1—P{A} =1—P,(n) =
= {no ¢opmyne Bepuynm} =1—CJip"(1— p)o =1-p" =1-0,7". Tlo yuioBmio BepositHocTH P{A}
norkHa 06Tk He MenbIte 0,9, mostomy 1—(0,7)" > 0,9 wm (0,7)" < 0,1. YToGbl HaTV MMHUMAIIBHOE
3HauUeHMe 7 , TPV KOTOPOM BBIIIOJIHSIETCS 5TO HEpaBeHCTBO, OyIeM I0CIIeJOBaTe/TbHO IIOCTABIISATh B He-

ro uncia 1, 2, 3 u T. 1., Ioka HepaBeHCTBO He yxosierBopurcs: (0, 7)1:0, 7; (0, 7)2:0, 49; (0, 7)3:0, 343;
(0,7)*=0,240; (0,7)°=0,168; (0,7)°=0,118; (0,7)”=0,082 . Busso, uto Hepaserctso (0,7)" < 0,1 He BbI-

nonHseTcs npu n = 1,2,...,6 , HO BBIIIOJIHAETCA OIPpU 1 = 7 , HO3TOMY MUHVMMaJIbHasl YMCII€HHOCTD IPyII-

IIbI, B KOTOPOV C BepOSATHOCTEIO, He MeHbIIer 0,9, xoTd Obl OAMH PecrioHIeHT He IO/iepXXMBaeT 3Ty
nporpammy, pasHa 7 gei. U

131. Cpenm OmyteTOB JIOTEpeN IIOJIOBVHA BBIMIPBIIIHBIX. HamTn MyHMMaIpHOE 9vic-
J10 O1JIeTOB, YTOOBI C BEpOSITHOCTBIO, He MeHbIIent 0,99, ObITh yBepeHHBIM B BBIUTPbIIIIE
XOTs1 OB 110 OTHOMY OwJIeTy.

132. B ropome paboraror 1 000 Kommepueckmx 6aHKOB, 13 KOTOpbIX 330 IOITyCKaroT
HapyIlleHNs HaJIoroBOro 3aKoHozaresbcTBa. OnpenermTs 4nciIo 0OaHKOB, KOTOpbIe
JOJDKHa OTOOpaTh I IMPOBEePKM HaJIOroBasl MHCIEKIVsI, YTOOBI C BepOATHOCTHIO, He
MensbItent 0,99, cpenyt HUX oKa3asics XOTsI ObI OIVMH HapYIINTeIb 3aKOHOAATeIbCTBA.

133. B ycroBusix 3agaun 132 Hajorosasi MHCIIEKIIVSI IIPOBOAUT IIpOBepKy 12 OaHKOB,
BbIOVIpas VX CJIydarHbIM oOpa3oM. BelOpaHHBIe GaHKM IIpOBEpPSIOTCS He3aBUCKMO IPYT
oT mpyra. [lomyIieHHbIe B IIpOBepsieMOM OaHKe HapyIeHWsI MOTYT OBITh BBISBJIEHBI VIH-
crieknuent ¢ BepodarHocTbio 0,8. HariT BepOosITHOCTh TOTrO, 4TO B XOHE 3TOV HPOBEepPKU
OymeT BbIABIIEH XOTs Obl OVH HapyIINTesIb HAJIOTOBOTO 3aKOHO/IaTeIbCTBA.

134. bank mmeer maTe otgeneHnii. ExxenHeBHO ¢ BeposTHOCTBIO 0,3 Kakaoe oTaerie-
HIe, He3aBMCMO OT APYIMX, MOXET 3aKas3aTb Ha CJIeOYIOIIVI JIeHb KPYIHYIO CYMMYy
neHer. B xoHIle paOodero qHs OOVH U3 BUlle-IIpe3NIeHTOB OaHKa 3HaKOMMTCS C IIOCTY-
OVBIIMMY 3asgBKaMy. Haiity BeposTHOCTM CJIemyIomIX COOBITHMIL: a) IIOCTYIIVIIN POBHO
IIBe 3asBKM; O) IIOCTyImwIa XOTs OBl OffHA 3asBKa; B) CpeAy IMOCTYIMBIINX OBYX 3asBOK
€CTb 3asiBKa OT I1epBOT0 OTeJIeHVIs.

135. VrpanpHyr0 KOCTb OpocaroT mATh pas. HailTu BeposATHOCTB TOTO, YTO IIBaKIbI
IIOSIBUTCS YMCIIO, KpaTHOE TPEM.
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136. 3AIJAYA O PA3JEJIE CTABKM. Ilets 1 Mara yacTto urparoT B OWibspa OpyT €
npyroM, npuuéM Ilersa BemirpeiBaer B ABa pasa vaile, yeM Mamma. Vicxops us 3Toro, onu

2 1
OLICHWIN CBOWM BEPOATHOCTI HO6€):[VITB KakK g JIA Iletn g JJIA Maimm v Havam TYPpP-

HUP Ha CIeAYIOMIVX YCIOBMSAX: KaXXObIVI BEIUTPBIII IIPUHOCUT OIHO O4KO, IleTs mrt no-
Oernbl moyDKeH HaOpaTh IBEeHAAIIATh OYKOB, a Mamra — mrects. [Tocsie Toro, xax Ilers Ha-
6paJ1 BOCEMDBb OYKOB, a Maima — YUEThIPE, NTPY IPUIUIOCH ITPEKPATUTD, U HO6€,H,Y peui-
JIVL IPUICYANUTH TOMY, Y KOTO BEPOSITHOCTh OKOHYATEJIBHOTO BBIUTpPHIIIa Oosblte. Ompe-
He/INTh, KOMY OPUCYAWIN ITI00ey B 3TOM TypHUpeE.

PEIIEHME. OueBnIHO, MaKCUMaJIbHOe KOJIMYeCTBO IapTuil, KOTOpoe ocTasiochk ceirpath Ilete 1 Ma-
11e, paBHO AT (7160 IleTs BeIMrpaer Tpu pasa, a Mamra — fia pasa, ymbo Maiiia BeIMrpaeT ofMH pas,
a Iletss — deTripe pasa). IToaToMy cobbITHe, 3aKIIOUarOlleecs B BeIUTphIIe IleTy (a 3HAUNT, TPOUTPEI-
m1e Mar), CoOCTOUT B TOM, 4TO Mailia 13 IIsITY ITapTHi He BRIUTPaeT HY OJHOV WIV BBIMIPaeT BCero OfI-
Hy. ITloaTomMy BepogTHOCTE BeMTpbIlia [leT paBHa BepOATHOCTV TOTO, UTO B IIATM MCIBITaHMAX bep-
HyJUIV, B KaXIIOM M3 KOTOPBIX ycCIleX MHTepIIpeTHpyeTcd KaK BBIUTPBII Maliernt odepenHom mapTumn

(T. e. BepOSITHOCTB ycr[exa B KaXIOM WCIIBITaHMNM COCTaBJIAdeT p:% ), HaCTyrIVIT 0 I 1 YCHEXZ
2Tl 2]
3 5(3) (3
1n2_131
243~ 243

0
P{sbrpemu Iletn} = P{0 nm 1 Bemrpsin Mamm n3 5 napruii}=Pg (0)—|—P5(1):Cg [%]

_112
243°
3TOMY B JaHHOM CjIy4ae I1obesy moJDKHBI ObUmi mpucyauTs Marme. U

137. Ilers wurpan c Baceil (paBHOCWJIBHBIM HPOTMBHMKOM) B ILIaxMaTbl Ha IpPWU3 B
100 py®.: Ka>KABIVI BEIMTPHILI IIPYHOCKII OJHO OYKO, HUUYbM He cunTavch. Vrpa mnuia 1o
8 oukoB. Korpa Ilers Bemrpar nare naptuii, a Bacas — Tpu, BHe3aIrHO 11orac cBeT, U UI-
Py OpUIIUIOCh IpeKpaTnThb. Kak mm pasgennts ipus — 100 py6.?

138. 3AMAYA BAHAXA. IM3BectHbII MaTeMaTuK CTedpan banax Bcerma HocwI ¢ cobon
JIBe KOPOOKM CITiyeK, B KaXXIIOM M3 KOTOPBIX IIepBOHAYIIBHO ObUIO 7 crmdek. Kaxxmpin
pas, Korma OH XOTeJI 3aKeub CIMUKy, banax mocraBast Hayraz ogHy 13 KopoOok. Havrrm
BEPOSITHOCTb TOTO, UTO KOIZIa OH B IIEPBHIV pa3 BBIHMMAaJI IIyCTYI0 KOPOOKY, B APyrom
KOpOOKe OKa3bIBAJIOCh POBHO 1 crmuek, rae r = 0,1,2,...,n.

PEMIEHME. Crimuknt Opasmick Becero (2n — r) pas, OpuU4uéM n pa3 u3 KOPOOKM, OKa3aBIIIeViCs ITyCTO.

210 COOTBETCTBYET 7 yCIlIeXaM B (277, T ) He3aBUCHMMBIX WCIIBITAHVIAX, IIO3TOMY BEPOATHOCTD
n

C
PLAL = 217

ITpu stom P{Beurpsinu Mamm} = P{Bbmrpsiu Iletn} =1— P{Bburpouu [lern}=1—

139. BeiBecTut dopmyity beprysum (2.10).

140. JokasaTb dpopmyity (2.11) misg HauBepOSITHENIIIEro Yicila YCIIeX0B B MCIBITaHM-
sx bepryom.

141. [oxasaTb dpopmyity Ilyaccona (2.12).

142. Ha nekumm 1o Teopun BepodTHocTen mpucyTerByeT 200 gestoBek. BeposgTHocTh
TOTO, YTO [€Hb POXXIAEHMs CJIy4YalHO BBIOPAHHOIO CTy[eHTa IIPVXOOWUTCS Ha OIpele-

.. _ 1 _
JICHHBIV I€Hb I'0O/da, COCTaBJIAeT % Havtu BEPOATHOCTHb TOI'O, YTO OOMH Y€JIOBEK W13

PVCYTCTBYIOIINX pomwica 1 aHBapsi, v [Ba 4esIoBeKa poAwInCh 8 MapTa.

PEHIEHME. ITycTb coObITiIE A COCTOUT B TOM, UTO CJIy4alfHO BBIOpaHHBIV CTYAeHT poawicsd 1 sHBaps,

cobbrTie N — B TOoM, uTO k 4yertoek m3 200 pomwmck 1 stHBaps. Torma mo yconosmo p = P{A} = %

! Takas 3a1aua BO3HHKAET NPHU OIpPE/IEICHAN JI0TH HHBECTOPA, KOTOPbI XOUET «Gbliimiu» N3 HE3aBEPIICHHOTO
MPOEKTA.
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Hpe):[HOIIO)KVIM, YTO OIIPOC N = 200 CTyOEeHTOB OTHOCUTEJIPHO AaThbl VX POXIEHV YOOBJIETBOPAET yC-
JIOBVIZIM, KOTOPbI€ HaKJIaAbIBAIOTCA Ha VICIIBITaHWMA BepHYIUIVI, rae ycIexoM e€OVHMYHOTO VICIIBITaHWMA
CUNTaeTcAaA HacCTylUIeHue cobbrTmst A. TOF)Ia, IIOCKOJIBKY N = 200 BEJIMKO, a IIpOu3BeNeHIe

np = % = 0,548 < 10, ms moxmcyéra BepOSTHOCTM COOBITMS N MOXHO BOCIIOJIB30BAThCS (POPMYIION
k
Ilyaccona: P, (k) = @6_0’548 v npu k=1 nonyuaem P,q4(1) =0, 548¢ 094 — 0,317 ITycts

coOertiie M cocrout B TOM, uTo m desosek n3 200 pomwick 8 Mapra. Torma B cooTBeTCcTBUM C POPMY-
ot ymHOXeHws BepositHocrer, P{NNM} = P{N}P{M|N}, rne P{M | N} =P _,(m) — BeposTHOCTH

Toro, uro u3 (n — k) crymeHTroB m pomwmck 8 Mapra. Tak Kak uncio n —k = 200 —1 =199 Benuko, a

198
(n—k)p =

365 0,542 <10, mia pacdéra BEpOSITHOCTM COOBITMSL )M MOXXHO BHOBB BOCIIOJIB30BaThCS

(0,542)™

m!

dopmyson Ilyaccona: P, (m)= e~0:242, IMpu n=200, k=1 m=2 nonyuaem: P{M |N}=

2
— g (2)= 0222~ 0542_ 0, 086, osTomy uckomas sepostTiocTs PN 1 M} = 0317 - 0,086 = 0,027 . O
2

143. B yciioBusx mpenpblaylneit 3agauyl HalTH BePOSTHOCTb TOTO, YTO UMCIIO POAVB-
mxcst 1 auBapst 1 8 MapTa He OoJIbIIIe [IBYX.

144. Biapmesblibl KpeAUTHBIX KapT LIEHAT VX U TePsIOT BeCbMa PelIkO — BepOATHOCTD
IIOTEPATHh KPEANTHYIO KapTy B TedeHMe HeelV IS CIy9aliHO BRIOpaHHOTO BKJIa/T4MKa
cocrapizer 0,001. bank Bbman kpegutHble KapTbl 2000 ximentam. Havrm:
a) BepOSITHOCTb TOTO, YTO 3a IIPeACTOSAINYIO HeJlelto OyHeT yTepsHa POBHO OIHa Kpe-
OVTHas KapTa; 0) BEpOSATHOCTD TOTO, UTO 3a IIPECTOSAIIYI0 Hellelto OyeT yTepsiHa XOTs
OBl of1Ha KpeaWTHAas KapTa; B) HanboJslee BEPOSITHOE UNMCIIO KPeAUTHBIX KapT, TepsieMbIX
3a MecsIIl,.

145. OpwH IIPOLIEHT CTOAOJUIAPOBBIX KYIIIOP COCTABJISIOT (pasIbIlVBBIE, CIejlaHHbIe,
OIIHAKO, JIOBOJIBHO MCKYCHO, TaK YTO OIEpPaIIOHVCT OOMEHHOIO ITyHKTa JIEeCATYIO X
4JacTh IIPMHMMaeT 3a HacTtosiye. Kaxapii neHs s oOMeHa mmpmHocaT npumepHo 200
CTOHOJUIAPOBBIX KymIop (Bcero — Hacrosmmx u  dampmmseix). OmpenennTs:
a) BEpOSITHOCTDH TOTO, UTO Cpeay HUX eCTb XOTs Ol omHa dapimbas; 0) Hambosiee Be-
pOsATHOEe BpeMmsl, 3a KOTOpOe OIIpaBlaeT cebdsi JeTeKTop BaltoThl, KoTopbil crouT 100
HOJUL. U1 OIIpefiesisieT Bce (pasIbIINBbIe KYIIIOPhI Kak (aIbIIBhIe.

146. Ha nipasmauku [Tetst m Mara oTiipaBwvchk B Toxoz, Ha Oanmapkax. VI3BecTHO, uTO
PV IIPOXOXKIIEHNMI OHOTO Iopora Oariapka He II0JTy4aeT ITOBPeXIeHU C BEPOSITHOCTHIO
0,7, TIOJTHOCTBIO JIOMaeTcs ¢ BeposaTHOCTHIO 0,1 111 TToJTy YaeT cepbE3HOe ITOBPEXIIeHVIE C Be-
positHOCcTBIO 0,2. [IBa CepbE3HBIX TTOBPEXIEHMS IIPVBOIIAT K ITOJIHOV rTojIoMKe. Havtu Be-
POSITHOCTB TOTO, UTO IIpM IpoxoxeHun 10 moporos Oarapka He Oy/ieT IIOITHOCTBIO CJIOMaHa.

I'maBa 3. CJIYUAVHBIE BEJIMUMHBI
VI IX UMCJIOBBIE XAPAKTEPUCTUKU

§3.1. OIIPEOE/TEHVE CJIYYAVIHOVI BEJIMUMHBI
W EE ®YHKLIVV PACIIPEOETEHVS

Cayuaiinoti Beauuunoil HasbiBaeTcs: umciioBast dyHKuMS X(w), 3aaHHas Ha IIPOCTPAHCTBE 3JIeMeH-
TapHBIX COOBITMI ) ¥ M3MepuMasi! OTHOCUTEIBHO o -TI0jIst coObITvmt S . [lasiee ciTydaviHble BEIVIVHBI

131ech IIOX UBMEPUMOCHIbI0 OTHOCUTEIBHO o -0l S TOHMMAeTCsl Cilefyfolee: Ui JIFo0oro
reRHAw: X(w)<z}eS.
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OymyT 0003HaYaTHCS IPOIVICHBIMM JIATMHCKMMY OykBamu (Hatipumep, X,Y,Z ) wivi CTpOYHBIMU I'pede-
cKvMM (HarpuMmep, &,1,C ).

3akoHom pacnpedeseHus Beposmuocmeil cAyuanHou BeauuyHs Ha3bIBAe€TCS IIPABWIO, YCTaHABJIMBAOIIIEe
COOTBETCTBME MeXy 3HaueHVSMM 3TOV CJIy4YayHOV BeJIMYMHBI (VI MHOXKeCTBaMy 3Ha4yeHUV) 1 Bepo-
ATHOCTSIMM TOT'O, YTO CJIy4aliHasl BeJIMYMHa IIpVMeT JJaHHOe 3HaueHue (WIN IIONaJEéT B COOTBETCTBYIO-
11lee MHOYXEeCTBO).

Qyukyuetl pacnpedeserus Beposmrocmen (VuI, Kopode, (hyHkyuetl pacnpedeseHus) cAy4anHoi Besutunsl
X HasbBaeTcst PyHKIMA!

Fy(z)=P{X <z}, z€R. (3.1)
Ecyim 3BecTHO, 0 KakKom CIIy4aviHOV BeJIMYMHe MAOET pedb, TO MHIEKC, 0003HavarOIINI ITy CiIydam-
HYO BEJIVUMHY, omyckaercs:: F(z) = Fy(z).
Kak umcioBas cpyHKumI OT YMCJIOBOrO apryMeHTa I, cpyHKuMﬂ pacripeneneHs F(x) TIIPOM3BOJIb-
HOVI CJIyYaVviHOVI BEJIMYVIHBI obramaetr CJIEOYIOIIVIMIU CBOVICTBaMIA:

oaa a0b0e0 z € R: 0< F(z) <1; (3.2)

F(-0)= lim F(z)=0; (3.3)
T——00

F(+oo)= lim F(z)=1; (3.4)
T—+00

F(z) abasemcs neybviBatowjent pyrxyuetl, m. e. 041 110061X 11,1, € R, maxux, umo z; < z, :

F(zy) < F(zy); (3.5)

F(z) nenpepvibra caeBa, m. e. 04 a106020 = € R : F(z) = F(z —0) = lim F(z). (3.6)
Z—T
2<T

[t ;mroBovt crydarHov BelamHbl X 1 JIFOOBIX umcert T1,%y € R, Takmux, aTo 21 < Z,, BEpOATHOCTh

TIOTA/IaHVIs CJTyHaviHOVI BeJIMYMHBL X B IIOJIyMHTEPBal [7,;7,) MOXHO paccumTarh 1o dopmyiie

Plz; < X <y} = Fy(zy) — Fy(zq). (3.7)
e cayuaiinvie Beaununss X v 'Y Ha3bIBAIOTCS He3aB6UcUMbIMU, €CIIVI [T BCeX T,y € R
P{X<z)Nn(Y <y)} =P{X <z}P{Y <y}, (3.8)

T. €. ecyv [yt BeeX 2,y € R coObrmmst {X < 2} m {Y < y} He3aBucuMBL

147. [loxasaTb cBoVICTBa PyHKIIMM pacrpeneneHns (3.2) - (3.6).
PEIIEHME. [Ty1s1 sr00oro =z € R: F(z)=P{X<z}€[0; 1] 10O CBOVICTBY OrpaHNYEHHOCT! BEPOSITHOCTI
(1.40). F(—oo)= lim F(z)= lim P{X<z}=P{X<—o0}=P{@}=0 mo cBovcrBy (1.40). F(+o0)=
rT——0Q0 rT——00

= lim F(z)= lim P{X<z}=P{X<+o0}=P{Q}=1 10 akcmome HOPMMPOBAHHOCTM BEPOSTHOCTM
T——+00 T——+00

(1.37). Eom 2y <z5, T0 F(25)=P{X <1, }=P{(X<2{)U(2{<X<Z,)}, HO OCKOIBKY cOOBbITMSI {X <z} "
< X<z HECOBMECTHBI, TO  II0O  aKCYOMe  QIIWUTMBHOCTM  BEPOSTHOCTU .

1 S X <y ) 1.38

F(zy) = P{X<z  } + P{oy<X<u,} = F(z)) + P{z;<X<a,} > F(z), Tak xak P{z;<X<z,} >0 mo ak-

cuome HOPMVPOBaHHOCTH BEPOSITHOCTU (1.37). F(x—0)= lim F(z) = lim F|z — l):
22— n—oo n
2<T

o0
= lim P {X <z —1} = P{ U (X <z— 1)} =P{X <z}=F(z). CsomcrBo (3.6) mperyiaraeM YMTaTEIIIO
n

n—o00 n n=1

JoKa3aTb caMOCTOATEIbHO.

Tox {X <z} monmmaercs {w: X(w) <z}, T. e. cOOBITME, COCTOSIIIEE B TOM, UTO CJIydaviHas BeJIV-
umHa X OpUMeT 3HaueHIe, MEeHbIIee YeM UNCIIO T .
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148. [lokasaTb popMmyiy (3.7).
149. dyuxuyg pacnpeneeHns HeKOTOPOV CJIy4ariHOV BeJIMYVIHBL X VIMeeT BUJL

0, x <0,
F(z)= cmz, 0<z <2,
1, x> 2.

Harvityt Bce BO3MOJKHBIe 3HaUeHMs [TapameTpa C.

PEIIEHME. 13 ycoBus (3.2) citemyer, 9To cz? >0,z €(0;2], otkyma c €

0; ﬂ W3 ycnosus (3.5) cite-
nyer, uto npomsBoxHast F'(z) >0, snaumt, 2cz >0,z € (0; 2], orkyma c €[0;1]. Voosus (3.3), (3.4),

(3.6), oueBMIHO, BBIIONIHEHHBL. [ToaToMy ¢ € .Qa

0;1
4

150. B ycrmoBusIX IpedplayInent 3ajauy M3BeCTHO, YTO F(r) HempephlBHA B TOUKe
r = 2. Havtu 3HaYeHMe TIOCTOSIHHOV ¢, a Takke P{X > 1}.

PEIIEHME. VI3 ycjIoBUMs HeOpephIBHOCTM  (PYHKIIMM F(z) B Touke 1z =2 CJIeyeT, dYTo

cx?ly_p=c22=4c=1, orxyna ¢ = % P{X>1}=1-P{X <1} —1—F(1)—1—"’f$ = % 0
151. dyuKuMA pacnpeaeseHys HeKOTOPOVI CJIydartHOM BeJII/[qMHb;X VIMeeT BUIT
0, x <2,
F(z)= (:I:—a)z, 2< 2 <3,
1, x> 3.

Harvity 3HaueHme nocTOSTHHOM a, a Takke P{1 < X <2,5}.

152. Onpepnenurtb, MOXeT JIv (PyHKITVA

0, x <0,
Fla)={1-—, z€[0;1),
1, x>1

ObITh PyHKIIVMEN pacipeiesieHs KaKOV-IM00 CITy4artHOV BeJIMYVHBIL.
153. Ilyctb X m Y — HesaBucuMble CJIydaliHble BeJIM4MHBL, ¢(z),z € R u

h(y), y € R — HexkOoTOpBIE B3aIMHO OIHO3Ha4HbIe (PYHKIIMMN. l0Ka3aTh, UYTO CIydarHble

BermumHbl U = ¢g(X) n V = h(Y) He3aBUCUMEL.

§3.2. HVICKPETHBIE CJTYYAVIHBIE BEJIMUMHBI
VI IX BAXKHEVIIIIVEE UM CJITOBBIE XAPAKTEPVICTUKM
ﬂucxpemuaﬂ C/lyiiallea}Z beauyuna X — 2TO CJ‘IyanIHaH BeJIMMYNMHa, IIPVHVIMAIONIasd 3Ha4YeHs 13 KO-

HEYHOTO WIN CUETHOTO MHOXeCTBa. 3aKOH pacrpesie/IeHNs AUCKPeTHOV CTydalfHOV BeJIMYMHBI 3a1aéT-
cs Jalrle Bcero He (PYHKIIVEVI pacIIpenesie s, a psAooM pachpedejetus, T. e. TaOIIIen

X | 1’1 xz coe xn .o
, (3.9)

p |p1 by = Pp v
B KOTOPOVI J)‘l, .’L’2, ey Ty — paCHOHO)KeHHBIe I10 B03paCTaHI/IIO 3HaUYeHWVA J_—[VICerTHOVI CJ‘IyanIHOI?I Be-
JMIVHBL X, @ Py, Pys-ees Ppse.. — OTBEYAIOIINE TUM 3HAUeHMsIM BepOSTHOCTU. Mo cTosb1oB B 9101

TabJIMIIe MOXeT OBITh KOHEYHBIM (eC/IVI COOTBETCTBYIOIIAs CIyvaliHas BeJIMdyHa IPYHMMaeT KOHeYHOe
UIICIIO 3HAYeHMT) 1TV OeCKOHEUHBIM.
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OueBuOHO,

>op =1, (3.10)

Kpuboti pacnpedesenusn Beposmuocmeri OUCKPETHOV CITy9ayvHOV BeJIMYMHBI X Ha3bIBAe€TCS PV 3TOM
JIOMaHasi, COeIMHSIONIAs TOUKN (T i pi) B IIOPSI/TKE BO3PACTaHVIS.

Ilo pspy pacrnipenerieHMs OVCKPETHON CIIYYarHOV BeJIMYMHBI MOXKHO BOCCTAHOBUTH €€ (PYHKIIUIO
pacipenesieHns, 1 HAOOOPOT.

Hambortee yoTpebuTeIbHON YMCIIOBOV XapaKTePUCTUKON IeHTpa IpyHHupoBaHMs 3HaYeHWUI CITy-
4JalHOV BEJIMYMHBI SBJI€TCS MaTeMaTudecKoe OXumaHme. Mamemamuueckum oxudarnuem OuckpemHon
cayuainon Geauuuns: X Ha3bIBAe€TCS YMCIIO

MX = "z,p,, (3.11)
7
paBHOe CcpeHeB3BelIeHHOMY 3HaYeHMIO CJTyYaiHOVI BeJIVUVIHEI C BeCaMy-BePOSTHOCTSIMIL.

MaremaTueckoe oXvIaHMe OVICKPETHOVI CJTy4arHOVI BEeJIMYMHBI obstamaer CJIeOYIOIIVIMIU CBOVICTBA-
Mu (30eck X, Y — nOmcKpeTHBIe cilydaviHble BeJIMYMHBL a ¢ € R — IpousBosibHas (HecaydarHas) 1o-
CTOsIHHAsA):

Mc =c; (3.12)

M(cX)=cMX; (3.13)

MX+Y)=MX+MY; (3.14)

o1a HezaBucumoix cayuannslx beauuun X u'Y M(XY)=MX-MY . (3.15)

HawubGostee yrioTpeOuTetbHOVI XapaKTepyCTMKOV CTelleH) Bapualuy 3HaUeHWUII CTyJaHOV BeJIndu-
HBI (ITPOU3BOJILHOM, He 00s3aTeIbHO AMCKPeTHOM) BOKPYT IleHTpa rpyHIMpoBaHMs sBJIseTcs AycIep-
cust. [lucnepcuetl cayuainoi Besununs. X Ha3bIBaeTCS YMCIIO

DX = M(X — MX)?, (3.16)

paBHOE MaTEMATNYIECKOMY OXMIOAHIIO KBaJdpaTa OTKIIOHEHVA CHnyIaVIHOVI BeJIMYMHEBI OT CBOEIr0 MaTeMa-
TMYEeCKOI'0O OXVMIOaHMA.
):[J'[SI BBIUVICIIEHVIA OVICTIEPCUV IHOI'Ia ITPOILe VCIIOJIb30BaTh CpOpMYJ'[y

DX = M(X?) - (MX)?. (3.17)
J1s1 IVICKpeTHBIX CJIy4YanHbIX BelauH popmyrsl (3.16) n (3.17) mpuHMMAIOT B,
DX =Y (z, - MX)?p,; (3.18)
?
_ 2 2
DX =) zrp, —(MX)~. (3.19)

7

COOTBETCTBEHHO.
Hucriepcuist AVICKPETHOM CJIyYarHOV BeJIMYMHBL 00sIafjaeT CIeIyIOIIMY CBOVICTBaMM (KaK 1 paHblIle,
X, Y — puckpeTHble cyIydariHble BeJIMUMHBIL, ¢ € R — HeclydarHas IIOCTOSIHHAsA):

Dc=0; (3.20)
D(cX) = ’DX; (3.21)
oA HesaBucumulx cayuainoix beauvun X u'Y D(X+Y)=DX +DY. (3.22)

Cpednum xBadpamuunvim omrionenuem (VI CHIAHOAPIMHBIM OMKAOHEHUEM) cAyuatHol Besuduns. X Ha-
3bIBaeTCsl HeoTpuIlaTe/IbHOe 3HaUeHVe KBaJpaTHOIO KOPHS M3 JVCIIePCUN:

oy =+J/DX. (3.23)

Ilomoxom cobbimuti Ha3bIBaeTCs IOCIIeI0BaTeIbHOCTh COOBITHII, HACTYTIAIOIIVIX B CJTyYayiHble MOMEHTBI
BpeMeH.
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Ilomoxk cobbimutl Ha3bIBAeTCS CHIALUOHAPHLIM, €CIIVI €TO BEPOSITHOCTHBIE XapaKTePVICTVKY He 3aBVICST OT
BpeMeHN (DoJlee CTPOTO, €C/IV BEpOSITHOCTB TOTO, UTO 3a BpeMsi A! HACTYIIUT POBHO k COOBITHII, He 3a-
BUICUT OT Hadajla OTCYETa IIPOMeXyTKa Atf, a 3aBVICUT TOJIIBKO OT €ro JIVHBL).

Ilomoxk cobbimuii Ha3bIBA€TCS OpOUHAPHBIM, €CIIVI 3a MaJIblii IIPOMEXYTOK BpeMeHN At HacTyIUIeHVe
ABYX Wi Oojiee COOBITMII MaJIOBEPOSATHO (T. €. eCJIv BepOsITHOCTb HACTYIUIeHMs IBYyX WiIn Oosiee cOOBI-
TV 32 MaJIBIVI IIPOMEXYTOK BpeMeHN At IIpeHeOpeXXnMo Majla IO CPaBHEHMIO C BEPOSITHOCTBIO HACTY-
IUIeHMSI OJTHOTO COOBITHA 3a 3TOT IIPOMEXYTOK).

IToTox coOBITMII Ha3bIBAETCS NOMOKOM ¢ omcymcmbBuem nocaedeiicmbus, eciv OyAyllee HaCTyIUIEHVE
COOBITUIT He 3aBVICUT OT TOTO, KaK OHV HACTYIaJIN B IIPOIUIOM (T. €. eC/IV BepOSITHOCTb HACTYIUIeHWS k
COOBITUII B JTFOOOM ITPOMEXYTKE BpeMeHV He 3aBVICUT OT TOT'O, CKOJIBKO COOBITUII yyKe HaCTYIIIO K Ha-
YaJly 3TOro IIpOMeXYyTKa, V1 B KaKrie MOMEHTBI BpEMEHV OHU HaCTYHT/IHVI).

Ilomox cobbimuil Ha3bIBaeTCs npocmeiuiyum, ecyivi OH o0JIaZlaeT CBOVICTBAMM CTallMIOHAPHOCTY, OPIM-
HapHOCTY I OTCYTCTBVS ITOCIIENEVICTBIS. VHmeHcuBHocmvio nomoka (i Ha3bIBaeTCs CpeaHee YrciIo cOObI-

TV, HACTYTAIOIIMX B €IVHUITY BpeMeHI.
Hambortee gacTo BcTpedaroIecs: 3aKOHBI pacIipefesieHns OVCKPETHBIX CIIyYaHbIX BeJIMYVH IIpYBe-
meHsl B Tads. 3.1.
Taoamuma 3.1
OcHoBHuvie 3aK0HbL pacnpedesenuss OUCKPeMHbIX CAYHATIHbLX BeAutUH

Hassanme | Kpartkoe OO0o3HaueHMe CIIydartHON dopmysia 3akoHa | BeipakeHme mare-
3aKOHa pac-|0003HadeHMe| BeJIMIMHBI, MEXaHW3M eé pacipeneeHus MaTUIeCKOTo 0XKM-
mpenesie- 3aKOHa dopmmpoBanma 1 0603Ha- OaHWA VI IYcIIep-

HUS JeHWMs MapaMeTPOB 3aKOHa cuu depes mapa-
MeTpbI 3aKOHa
arvmep- | X ~ A(n;p) | X =1 o3Hauaer ycrex B emu- P{X =1} = p, MX = p,
Hamubiioil HUYHOM WCIBITaHUM (C Bepo-| P{X =0}=1-1p DX = p(1—p)
ATHOCTBIO p), X=0 — Heyma-
uy (c BeposiTHOCTBIO (1—p))
ouromu- | X ~ Bi(n;p) | X — €ncIo ycriexos B n wc- P{X =z} = MX = np,
AAbHBLI meITaHMAX bepHY/UIM C Bepo- _
SITHOCTBIO [ I;ciexa B enpr/[- = Cop”(1—p)", DX =np(1=p)
x=012,....n
HVYHOM VICIIBITAaHVN
eeomempu- | X ~ G(p) |X — uncio ucoerranuii bep- P{X =z} = MY — L
yeckuil HYJUIV, KOTOpbIE TIPUIETCS = p(1— p)$—17 p’
IIPOM3BECTH IO IIEPBOrO yCIIe- r=012 . DX — 1_721”
xa Y P
Iyaccona X ~TI(\) |1. X — 4uncio ycruexoB B n P{X = 2} = )i:e_)\ MX =DX = A
VICTIBITaHVSIX BepHyIm c Be- z! ’
POATHOCTBIO p ycIlexa B ely- z=0,1,2,
HUYHOM VICIIBITaHUM, KOTTIa 7
BEJIIKO (HECKOJIBKO [IeCSITKOB
v 6ortee), a A = np < 10.
X ~TI(put) (2. X — unciIo HACTYIUIEHUN P{X=z} — Me*ﬁ“‘ MX =DX = ut
COOBITMS IIPOCTEVIIIIErO IOTO- z! ’
Ka C MHTEeHCMBHOCTBIO [ 3a x=0,12,...
Bpems ¢

CrocoOBI 3aJaHMsI M YMCIOBBIEe XapaKTEPUCTUKM
OUCKPETHBIX CJIyYaMHBIX BeJIUUIMNH

154. [an psp pacnpenerneHus (3.9) guckperront ciydartHon BeananHbl X . IToctpo-
UTb e€ PYHKLMIO pacIiperieIeHNs.
155. [loxasaTbk, uTo PYHKLMSA pacrperesieHNs AUCKPETHOV CJIy4YalHOW BeJIMUVHBI
ABJISIETCS CTyIIeHYaToM (KyCOYHO-TIOCTOSIHHOM).
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156. [lana dyHKuMs pacupenerteHnss F(X) OMCKpeTHOV CIydYavHOV BeJIMUMHBL X .
ITocTpouts eé psn, paciipesiesleHs.
157. JlokasaTb, 4TO I AVCKPETHBIX CJIyYaVHbIX BelmuH X ¥ Y ycJIoBMe He3aBVI-
cvMocTH (3.8) SKBMBaJIEHTHO CIIeAyIOIIEeMY YCIIOBUIO:
P{X =2)n(Y =y)} = P{X = 2}P{Y =y}.
158. B norepee Ha xaxxzable 100 GrteroB mpuxonurces 15 emrpenrent. Komraectso n
pasMepbl BEIUTPBIIIEV TAKOBBL:

PasMmep BuIMrpHIIIa, pyo. | 2 000 500 100

KomnnyectBo OMIeToB ‘ 1 4 10 -

CiryuariHas BesimuyHa X OHVCBIBaeT pasMep BBIUIPBIINIA Ha OAVH CIy4YayrHO Bbl-
Opanubpm OvwteT. COCTaBUTD psif, pacpenerieHis: cirydaHon Beimamnael X . [Toctponts
KPMBYIO paclipefiesieHVss BeposTHocTevt. Hanty pyHKumo paciipenenens FX(:U) V1 110~

crpouthb eé rpadpmk. Hamru P{X < 500}, P{X <2100}, P{-100 < X <1000}, cpen-

HVIVI BBIMTPBIII Ha OAMH OWIeT M AMCIIepCUIO BRIUTPHIIIIA.
159. B pesynbrare anammsa caetos 400 MHBecTOpOB Ha (POHIIOBOVI OMprKe MOIydeHa
crlemyromasi THopMaiys 0 KOJIm4ecTBe CAeIOK 3a ITOCIeTHMI MeCSLI:
X, KONMUYECTBO CAEIIOK | 0 1 2 3 4 5 6 7 8 9 10

KonuyectBo nHBECTOPOB ‘ 146 97 73 34 23 10 6 3 4 2 2°

OrnpenesMTh BEpOATHOCTV TOrO, YTO CJIy4yalHO BBIOpaHHBIVI VHBECTOpP IPOWM3BEIN:
a) HOJIb CHOeJIOK; O) IIo KpariHell Mepe, OOHY CHOEJIKY; B) Oojiee ISATH CHEJIOK; T) MeHee
IIIeCTU CIeJIOK.

160. B yciioBmsax mmpenpiayInert 3afady HavTy MaTeMaTdeckKoe OXXVlaHle U CpeliHee
KBaJlpaTVYHOe OTKJIOHEHVIe Ylicila CHOeJIOK.

161. bauk Beimast ccyay B 510 000 py©. mox 10% romoBbIX CPOKOM Ha OIOVH IO IIOT,
3aJI0T JIoMa KJIMeHTa. B cilydae, ecjiit oM CrOpuUT, paspyIInTCs U T. I. (T. €. IPOU30IAET
CTPaxoBOW CJIy4an), KJIMeHT HU4ero He BepHET OaHKY, IIO3TOMY IS yMeHbIIIeHUs PUC-
Ka 0aHK o0s3ai1 xmeHTa mprobpectu crpaxosont moymic Ha 500 000 pyO., 3aruiaTvs 3a
Hero 10 000 py©6. Jom ObuT omjeHéH skcriepramm crpaxosort kommauvmt B 500 000 py©., a
BEpOATHOCTb HACTYIUIEHMs CTPaxoBOrO CJIydas C TakKMM [IOMOM B TedeHWe rojga — B
0,001. CocTaBuTh psAIBI pacIpernerteHNs Joxona 0arnka X 5 VI Aoxoria CTPaxoBOVI KOMIIa-

Hum X o/x 33 TOr. Hanrtn oxxmaeMble 1oxompl OaHKa 11 CTPaxoBOV KOMITAHWL.
162. KimmeHT nojDKeH BepHYTh OaHKY KpeauT [10 cerofHsIHero nua. Henermo Hasaz,

OH OTITpaBWI A€HEXHBIV IIEPEBOM V3 OPYTrOoro ropoaa, KOTOPBIV I0 CUX IIOP He JOIIEN.
Bpemsi T' mpuObITHIS IeHeT OlleHMBaeTCs KIIMEeHTOM TakK:

T|1 2 3 4 5
p‘O,?) 0,3 0,2 0,1 01"

3a KaXOpIVl JeHb OIIO3[IaHMs BO3BpaTa KpeauTa KIMEeHT J0JDKeH BBIIUIATUTh OaHKY
3% OT ero cymMMBbl (IIPOLIEHTHI IIPOCThIe). EcTh BO3MOXXHOCTB 00paTUThC K YaCTHOMY Jle-
TeKTVBY, KOTOPBI 00s3yeTcs 3a 5% OT cyMMBI pasbicKaTh eé B TeueHwue jHs. Onpee-
JINTB, UTO KJIVIEHTY BBITOJIHee — OOpaTUTBCS K JIeTeKTUBY MJIV XKIIaTh IIPUXOa JIeHer.

163. Beuepowm Ilere nmoHamoOwmIoch 0OMeHATH BaIOTy. OH 3HaeT, YTO U3 TPEX MYyHK-
TOB OOMeHa BaJIIOTHI, PACIIOJIOKeHHBIX IOOJIM30CTH, B 3TO BpeMsl paboTaeT JIMIITb OJIVH,
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HO He IIOMHUT, Kakovl mmeHHO. CocTaBuTh psf pacipenerieHns uncia N 0OMeHHBIX
IIYHKTOB, KOTOpbIe NpuAETCa IToceTuThb Ilere, ecsim cumrarh, 4YTO KaXKObIVI M3 IIYHKTOB

1
MOXeT pa6OTaTb C BEPOATHOCTBIO g . OI_IGHT/ITB OXnaemMoe BpeMsi T , KOTOpoOe I'lers mmo-

TpaTVIT Ha 06MeH BaJITOTHI, €CJIV Ha KaXJ10e IIoCellleHme YXO,ZH/IT I10JI9aca.

164. VIHBecTOp paccMaTpuBaeT 4eThbIpe olepaluyl CO ClIydarHbIMKU 3P deKTUBHO-
CTAMUV, OIIMICbIBa€MbIMM CJ'IyTlaVIHbIMT/I BeJIMMYMMHaMM Ql’ Q2, Q3 148 Q4 C pS[ILaMT/I pacnpe—
OeJIeHmda

Q1|—5 0 5 10 Q2|—5 0 5 Q3|—5 0 5 10 Q4|—5 0 10
P ‘0,1 0,2 0,5 02" p ‘0,1 0,4 0,5 p ‘0,4 0,1 0,1 0,4" p ‘0,1 0,7 0,2°

Havrtut oxxudaemvie sgppexmubrocmu onepayui Q; = MQ, v pucku onepayuii r; = /D@, ,

1 =1,2,3,4. Hanectn Touxkm (QZ.; 7"@) Ha eOVHBI pUCYHOK. OIpenenTs oreparinm, OIl-

TMaibHbIe 110 [laperol.
165. VIHBecTOp paccMaTpuBaeT 4eTbIpe Olepaluy CO ClIydarHbIMKU 3ddeKTMBHO-
CTSAMM, OIVCBIBAeMBIMV CJTy4YaViHbIMM BeJIVYVHAMM Ql’ Qz, Q3 171 Q4 C pAOaMu pacripe-

deJIeHA
Q258 4 Q23412 Q35810 Q12438
1111, (1111, (1111,  [1111
Pl 266 P12 6 6 6 6 6 2 6 2 6 6 6

Hantut oxmraembre acdexrrsrocTi 1 prickn onepanmit. Hanectn toukn (Q; 7;) Ha

eVHBIN prCcyHOK. OpeenmTs orlepanmy, onTuMasibHble 1o [TapeTo.
166. TVIHBecTOp paccMaTpuBaeT TPU OIepaluil CO CIIydarHbIMU 3P PEeKTUBHOCTAMM,
OIIVChIBAeMBIMVI CJTyYaHbIMV BeJIMYVIHAMM Ql’ sz 171 Q3 C psijaMu pacipeeseHns
Q1|—5 0 5 10 Q2|—5 0 5 10 Q3|—5 0 5 10
P |0,1 02 05 02’ p |073 02 01 04’ p |0,1 02 06 01°

Hantu oxmraemble acpdexrrsHocTM 1 prickn onepanuit. Hanectn toukn (Q; 7;) Ha

equHbI pucyHOK. OmnpenernmTes onepaumy, onrtvMaibHble 110 Ilapero. C momoribro
B3BelmBamomern dopmyisl E(Q, 7) = yQ —r, B KOTOPOW MHOJIOXUTb KO3 PuIeHT

CKJIOHHOCTVI MHBECTOpa K PUCKY v = 2, OIpefesINTh JIYUIIyIO W XYIIIYIO OIleparum?.
IIpenyioxnTh Kakoe-HMOYIb 3HaUeHMe <y, PV KOTOPOM JIydlllad M Xy[lllas oIlepariim
OymyT mpyrmMm.
167. HesaBucumele ciydariHble BeJIMYMHBL X M Y MMEIOT pacipenesieHns
X | -1 0 1Y | -2 2
p ‘0,1 0,1 7" p ‘ 70,7

IrJe 3HaKOM «?» OTMEUYeHBI HEV3BeCTHBIE BEPOATHOCTM.

Qi > Q %) QZ = Q i
1 Omeparmss Q. domunupyem omepaiio Q ., eciam I )" One arms (). Ha3bIBaeT-
i S Yy

j Qi <Q;

cst onmumarvHot no Ilapemo, ecyii He CyIIIeCTByeT oIlepaliuii, KOTopble Obl €€ TOMUHUPOBAJIN.

2 Onepauyst @ Ay4uie orieparmn Qj, ecnm E(QZ., ri) > E(Qj, rj).
35



Havrmt MX, MY, DX, DY . CocraBuTh psn pacipefesleHNs CIy4dariHOVI BeJINYVHBI

Z=X+Y,santnu MZ n DZ, y6enutecs B ciipaseryimsocTi (3.14) m (3.22). CocTaBUTb
pAn pacripeneneHus ciiydaHon BesimamHbl V = XY, Hantu MV u DV, ybenurbes B
cupasemymmBocTt  (3.15). CocrtaButh psifi pacipefesieHMs CIIy4dalfHOV —BeIMYVHBI
W = min{0, X}, gavttu MW u DWW .

168. CiryuamHas BenmuvHa X HOpuHMMaeT 3HaveHud 7; 9; 10; 11 1 13 (xaxpgoe c Be-

POSITHOCTBIO ;), a olyvyarHasd BelM4MHa Y OpuHMUMaeT 3HaueHus 22; 24; 25; 26; 28

1 .
(TaxKe Kakgoe C BEPOSTHOCTBIO E)' Hanrm DX w DY, npoBepuTb, BBIIOIHSETCS JIN

pasencteo DY = DX
169. IlpuBecTu mmpuMep 3aBUCHMBIX CJIIYYalVHBIX BeJIMYMH, I KOTOPbIX dopMysia
(3.15) mecipaBemMBa.
170. Berpasure D(XY') mis He3aBUCHMMBIX CITydamHbIX BeIanH X 1 Y yepes MX,
MY, MX?, MY?.
171. [doxkasaTb, 4YTO I HE3aBUCUMMBIX CIydarHbIX BesmumH X wu Y
D(XY)>DX-DY.
172. CiyuanHble BetmanHbl X 1 Y pacmpernerieHbl OOVHAKOBO:
XY|-5 0 5 10
D ‘0,1 0,2 05 0,2

CocTaBuUTh psifibl pacliperiesieHVs CJIydaHbIX BeJInunH Z = X 2uvV=XY.
173. HauasnpHBI KanuTai Toprosua-«uesHoka» cocrasiger 10 000 py6. OmbITHBIE

_ 1
KOJUIEr CKasaJiih €My, 4TO I1I0CJIE€ KaXXOOW ITO€3IKNM KallrTall ¢ BEPOATHOCTBIO - YyBEJIN-
2
1 .. -
UMBa€TCA B ITOJITOPA pasa, ¢ BEPOATHOCTBIO Z oCcTaéTCst 0e3 M3MEeHEeHW U C BEPOATHO-

1
CTbIO -~ YMEHDINAETCs B HOJITOpa pasa. CocTaBuTh psf pacrpeesieHns KalluTaaa Top-

roBlia I10CjIe ABYX IOe3I0K VI HalTV ero MaTeMaTudeckKoe OXugaHue.

174. IIpoexT coctomuT M3 Tpéx 3Taros. IlepBbli I BTOPOW 3Tarbl MOXHO BBIIIOJIHATD
NapauleIbHO, a TPeTurl 3Tall MOKHO HadMHaTh TOJIBKO II0 3aBepIIeHUN IIePBBIX JIBYX.
[mTenbHOCTY 3TANoB (B paboumx JHAX) ONVCHIBAIOTCS AVICKPETHBIMY CIIyYalHbIMU Be-
mravisammt T, (¢ = 1,2,3) ¢ psimamut pacripesiesieHst

|2 3 4 T2 3 4 T2 3 4
P | 01 08 01" p | 04 04 027 p | 02 03 05°

Hantt BeposITHOCTH TOrO, UTO OT Hadayla paboT IO IIPOEKTy O ero 3aBepIIeHVIS
IponaeT OoJlee I1ecTy paboumx JHeTL.

175. [loxasaTp cBovicTBa MaTtemaTmdeckoro oxmmpanms (3.13) - (3.15) n cBovicTBa myvic-
nepcuu (3.20) - (3.22) AMCKpeTHO CJTy4artHO BeJINYMHBL.

176. okasatb dpopmyts (3.18) - (3.19).

177. IleTs moexasi Ha KaHMKYJIbI Ha n JHEV M PelIl, 4To OyaeT eXXe[JHeBHO TPaTUTh

_ 1 _ 1
COOTBETCTBYIOIIYIO YacTh JIeHer: B IIePBbIl JeHb — —, BO BTOPO eHb — —— OT OC-
n

Tatka U T. 1. [Tycte X ; — YacTb OT OCTaTKa JIeHer, KOTopas OT/IeJIs€TCsl Ha pacxOJibl B 1-1

messb (i =1,2,...,n). 3opaBo IIOHMMAs], YTO TPATHl KaXObIV JeHb OyAyT pasIMIHbIMI,
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Ileta penni, 9TO X MOKHO OIIMCaTb He3aBVICVIMBbIMI CJ'Iy‘IaVIHBIMT/I BeJIMYMHaMMn XZ C

1 _
MaTeMaTrmuecKuMm oxumaHusammu MX ;= il Hamitt mMmatemaTtmueckoe oXwIaHve
n—i

arygaviHon Bemumbbl ¥V = (1—X)(1—X,)--(1—X,,), paBHOV OCTaTKy JieHer K IIo-
CJIeTHEeMY ITHIO.
178. CiyuanHas BeriumHa X IIPMHVMAET TOJIBKO IleJIble HeOTpUIlaTeIbHbIe 3HaUe-

o0
Hud. [JJokasats, uto MX = Y P{X > k}.
k=1

_ ° X—MX
179. Ilycte X — puckperHast ciiydariHas BeimumHa, X = ——— . JloKasaTb, 4TO

7X
¢] o
MX=0,DX=1.
180. BriBecTyt popMyJIbI JIsI MaTeMaTUYeCKOro OXMAAaHMA W OVICIIeEpCUN albTepHa-

TUBHOVI CJTyYalfHOV BeJIM4YMHBI (cM. Tads1. 3.1).
bnMHOMMaIBbHOE pacnpegeseHmne

181. CiyuanmHad BeiumHa X ~ Bi(n =5p= ;) CocraBuUTh psfi pacrpeneIeHs

STOVI CJIydaylHOVI BeJIMYMHBI, HalTV eé (PyHKUMIO pacIipederleHNs, MaTeMaTUdecKoe
oxnpgaHue u aucnepcuio. [Toctpouts rpadmk eé dyHKIMM pacpeneleHvIs.

182. IlocTtpoutsb oXwumaemoe pacrpenesieHe pe3yyIbTaToOB MCIIBITaHNI, KOTOpoe ObI-
710 OBl TIONTy4YeHO st 256 abCoIIOTHO HeBeXXeCTBEHHBIX 3K3aMEeHYIOIIVXCH, CITydartHO
yraJplBalOIIVX OTBEThI Ha YeThIpe BOIPOca C YeThIPpbMsI BOSMOXXKHBIMM BapviaHTaMW OT-
BeTa Ha KaXXIbI BOIIPOC (13 KOTOPBIX OAVH ¥ TOJIBKO OAVH BEPEH).

PEIIEHME. YragpiBaHVe KaXXIbIM 3K3aMeHYIOIIVIMCS OTBETOB Ha YeThIpe BOIIpoca MOXKHO MHTepIIpe-

TUPOBaTh KaK n = 4 wcnblTaHus bepHysumm. IIpm 3TOM, ITOCKOJIBKY 3K3aMeHYIOIINIICS HeBeXXeCTBEeH,
IUIsL HeTO PaBHOBEPOATHBI BCe UeThIpe OTBeTa Ha KaXKIbIVl BOIIPOC, T. €. BEpOSITHOCTD ycIlexa (IIpaBuJIb-

1
HOT'O OTBeTa Ha BOHpOC) paBHa p = Z . TOF)Z[a yuciio X yragaHHbIX OOHVIM 3K3aM€HYIOIIVIMCS OTBETOB

_ _ . 1
Ha JeThIpe BOIpoca MpescTaB/IsieT cobov OMHOMMaIBHYIO CIyJYalHyIo BeIM4nHy X ~ Bl(n =4p= Z)

X

1)7(3

4—zx
f] , x=0,1,2,3,4, a oxumaemoe pacrpesesieHe pe3ysIbTaToB

u P{X =z} =Cpp"(1-p)" "=Cy

4) \4
st 256 3K3aMeHYIOIIVXCS, YINUTBIBas X He3aBUCVIMOCTB APYT OT ApYyra, OyaeT MMeTh CIemy oI BIA/;
Yuciio mpaBHIBHBIX OTBETOB, X | 0o 1 2 3 4 |

4 .a
81 108 54 12 1| 3 256P{X =z ,} = 256

Yucno sx3amenyroumxces, 256P{X = z,}
i=0

183. AOuTypueHT Hpu HOCTYIUIEHMUN B MHCTUTYT CHAET YeThIpe 3K3aMeHa, BepOsT-
HOCTb YCIEITHO cAaTh KaXXapii o9k3ameH pasHa 0,8. CirygariHas BesianHa X OIVICHIBAET
YlCJIO0 CAAHHBIX aOUTYpPUEeHTOM 3K3aMeHOB (B IIpeAIIoIOKeHUN, YTO pas3/IM4Hble 3K3a-
MeHBI IIPeJICTaB/IAI0T cOOO0V He3aByCMBble MCIIbITaHys). COCTaBUTD psifl, pacIipeesieHs
crydartHon BeymanHbel X. OnpenermTs, KakKuM OyaeT psif pacipenesieHus], eCIi MecTo
abuTypueHTa 3aIMET CTYIeHT, CIIAIOIINI YeThbIpe CeMeCTPOBBIX dK3aMeHa.

184. B rpymme m3 16 denosek 12 monzep>XuBarOT HEKOTOPYIO IIPaBUTEIIbCTBEHHYIO
nporpammy. VI3 sTom rpymmel Haygady oTOMparoT Tpoux destoBeK. CocTaBUTh Psif, pac-
IpefieleHVIs Yiciia JIofleVl B BBIOOpKe, HOAAepKMBaOIIVIX IIporpaMMy, HalITV CpeljHee
4VICIIO TaKMX JIIO[eVI M AVICIIEPCUIO UvciIa TaKyX JIOHev.
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185. B Gank noctrymwio 30 aBu30, cpeay KOTOPBIX ISATh (payIbIIMBbIX. TIaTesIbHOM
IpoBepKe (KOTopasi rapaHTMPOBAHHO BbISABIIAET (pasIbllVBble JOKYMEHTBI) II0[IBepraroT-
Csl IecsiTh CJIy4arHO BBIOpaHHBIX aBym30. HanTu oxmmaemMoe KOJIMYECTBO BBISIBJIEHHBIX
paIBIIMBBIX aBU30.

186. PwuHaHCcOBas onepars 470;9611;96 COCTOUT B 3aK/IIOUEHUN CHOEJIKV Ha IPOHaxy
(w1 mOKYTIKY) B OyayIieM HeKOTOPOro TOBapa IO lieHe, OIperesseMOVl CTOPOHAMM B
HaCTOAIIVII MOMeHT BpeMeH. DepMep IpepriosiaraeT, YTo 4yepe3 Mecsdll, Korga OH CO-
Oepét ypokar, lieHa IIIeHUIIbl B KaXIOM W3 [IecATV PervioHOB, KyJa OH OOBIYHO eé
OpomaéT, MOXeT ¢ BepoATHOCTBIO 0,9 moHM3uTECA 1 ¢ BepoATHOCTBIO 0,1 HOBBICUTBCA.
ITosToMy OH 3aKJIIOUaeT C [IeCAThIO MeJIbHMKAaMI B 3TUX PerroHax OecsaTb popBapAoB Ha
IIOCTaBKy VM IIIIIEHWUIIBI Yepe3 Mecdll 10 CerOfHAIIHeN IieHe. LleHbl B permoHax m3me-
HSIOTCSA He3aBucuMoO. Haritu mMaTtemaTnyeckoe oXmgaHue ducia popsapiios, KOTOpble
OKa’KyTCsl BBITOAHBIMI I (pepMepa M BEpOSITHOCTb TOTO, YTO BCe JeCsTb IPOJaHHBIX
dopBaproB OKaXyTcsd I Hero BBIFOAHBIMM (dpopBapl, OKakeTcs BBITOIHBIM, eCiI B
JTAaHHOM pervoHe 3a MecsI] IleHa ITOHU3UTC).

187. E6ponetickum onyuoHom «ko44» Has3bIBaeTCs IleHHas Oymara, Jaforras eé Bila-
Jesplly IIpaBo (HO He 00s13aHHOCTB) KyIIUTh HEKOTOPYIO aKIVIO B 3apaHee OIpe[esiéH-
HBIVI MOMEHT BpeMeHI 110 3apaHee OIIpedeI€HHON IleHe, Ha3bIBaeMOVl TepMWMHAIIbHOU
CTOMMOCTBIO. EBpomerickiM omImMoHoM «nym» Ha3bIBaeTCs IIeHHas OyMara, Jaromias eé
BJIajieJIblly ITpaBoO, HO He 00513aHHOCTh IPOJaTh HEKOTOPYIO aKILVIO B 3apaHee OIpeie-
JIEHHBIVI MOMEHT BpeMeHU II0 3apaHee OIpeneIeHHON IieHe, Ha3bIBaeMOV TepMWMHAIb-
HOVI CTOMMOCTBIO. Onpene/mTh paliOHAJIBHYK CTOMMOCTE I'OLOBBIX €BPOIIeVICKMX OIl-
IVIOHOB «K0//1» VI «1Yym», €CJIVI TeKYIIas I1eHa aKIIyv, Ha KOTOPYIO BBIIIVCAHbI OIIIVIOHBI,
paBHa 35, TepMMHAJIbHBIE CTOMMOCTY OIILIMIOHOB COBIIQZAIOT M paBHBI 40, rogosas Oes-
pUICKOBas ITpolleHTHas cTaBKa cocTasiseT 10%, a rogoBast M3MeHUYMBOCTb JJOXOTHOCTM
aknuy paBHa o = 20% . PacuéTsl mpoBecT 110 OVMHOMMAIIBHOVI MOJIeNM 11IeHOOOpas3oBa-
HISI aKTVBOB, pasfesisas CPOK XKM3HM OIIMOHa Ha YeTblpe Itepropa. CocTaBuUTh psifi, pac-

IpefesIeHs JOX04a OT VICIIOJIHEeHVS OILIVIOHA «K0A/4».

PENIEHME. [IycTh Ha HEKOTOPYIO aKIIMIO, TeKyllas 1eHa KoTopovt S = 35, BbIIIMCaHbI OMIIVIOH «K0/4J1»
VI OILIVIOH «1Ym», TepMUHAaIbHbIEe CTOMMOCTY OIIIMOHOB COBIIafaloT 1 paBHbl X = 40, rogosas Gespuic-
KOBasl IPOLIEHTHAsI CTaBKa COCTABIISIET Ty =10% = 0,1, a rogoBas M3MEeHUYMBOCTDL JOXOITHOCTM aKIIM
o= 20%=0,2.

ITpoBenem pacuérsl 10 OMHOMMAIBHOV MOAEIM IIeHOOOpa3oBaHMS OIIIVIOHOB, pasdersis rof Ha
n = 4 1mepuona, B KaX/IbI 3 KOTOPBIX IleHa aKIui, Ha KOTOPYIO BBIIIVCAH OIIIVIOH, MOXeT ITOBBICUTBCH
B U pas3, JI0O IIOHM3UTLCA B d pas.

VI3BeCcTHO, UTO u = NI/ , d= eoNT/n (dokaxume!), tme T =1T. — CPOK HEVICTBUSI OIIVIOHA,
n =4 — KOJMYecTBO MepUoJIOB B GMHOMMAILHOVI MOJIeNM, 0 — TOIOBasi M3MEeHUMBOCT aKIuu. B city-

yae YeThIPEX IepUoI0B U = Uy = D21/ 4 — 01 o 1,105, d = d(4) -1 0,905.

U
(4)
CkoppekTupyeM TofI0ByI0 0e3pMCKOBYIO IPOIIEHTHYIO CTaBKy B COOTBETCTBUU C Oojlee KOPOTKUMM
nepuogaMy BpeMeHn. O4eBUIHO, cTaBKa 0e3pVCKOBBIX BJIIOXKEHWV ITOfT, CJIOKHBIe ITPOLIEHThI Ha OAVH U3
1
n  TEPUONOB BLIDAKAETCS Yepes TOMOBYIO CTaBKy, KaK 7= (1+170q)n —1. TloaTOMy

1

Hay= (Ut Tign)4=1=(1+ 0,172~ 121,024 — 1=0,024.

ITycte R( 4= 1+ T4y = 1,024 . PaccmoTpum Kakov-nbo m3 nepronos. Ecin B ero Hadasle IieHa ak-
OV COCTaBJIIa S(z.), TO K KOHIly Ilepuofa akiys MOXeT IOAO0pOXaTh 10 uS(Z.) C BEPOSITHOCTBIO
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R(n)—d

n) T ud
(1+ u)p(n) +(1- p(n))(l +d) morkHO coBmnamath ¢ (Oe3pPMCKOBBIM) yBeIMYeHVEM CyMMBI Ha OaHKOB-

p ( (TaK KakK MaTeMaTn4deckKoe OXUIaHue yBeJIMYEHM ITeHbI aKIIMm

cKkoMm cuéte 1+ R, ., oTKyOa +u +1-— +d—d =1+R wm (u—d = —d
(n)7 OTYAR Py UP) T 11, P(n) (ny W (0= gy = By —d)
WIM  TIO[EIIeBeTb [0 dS(Z.) ¢ BeposTHOCTRIO (11— Pl ). i ueThIpéX  MEepPUOIOB
By =d 1004-0,905
Py = "u=d T 1105-0,905
HpOHeCC MIBMEeHEHV IIeHbl aKII MOXHO HpEZLCTaBVITb KaK I10CJ1Ie10BaTeJIbHOCTh T He3aBVICVIMBbIX

VICTIBITaHWUVI, CYMTasl yCIIeXoM MOBBIIIIeHNe 1IeHbl akIlU B © pa3, a Heyjaueil — eé IIOHVDKeHue B d pas.
Ecrm B TeueHME 1 IepmoOOB IIeHa aKIIVV IIOOHVMMAJIACh & pas M oIycKaack (n — k) pas, To e€ I1eHa K

~ 0,595.

KOHIly MOCJIeTHEero Iepuojia CoCTaBUT S, | = SukdnFk, BeposATrHOCTh HacTyIuleHMs Kk ITOBBIMICHUV W
(n)

(n — k) IIOHVDKEHWMIT 1IeHbI aKIny coCcTaBuT 1o dpopmysie bepruyrwm P, (k) = C]fl pF (1- p)n_k .
CocraBuM psp, pacpenesieHs 1IeHbl aKIyM K KOHILy YeTBEPTOro nepuopa:
S( 4 | 23,478 28,667 35,002 42,737 52,182

P ‘0,027 0,158 0,348 0,341 0,126

OnmmoH «ko41» MIMeeT CMBICII UCNOAHAMY, T. €. IO0JIb30BaThCs 3aJI0KeHHBIM B HEM IIPaBOM ITOKYIIKU
aKIIMV 110 1leHe X , JIMIIIb B TOM CJIydae, Korja pPhIHOYHAas I1eHa S(n) 3TOVI aKIIVI K MOMEHTY OKOHYaHWs

CpOKa [AEeVICTBYS OIIIVIOHA, T. €. K KOHILy II0CJIeffHero meproma, Oyner 6ospire X . Ecyiv perHOUYHAs meHa
aAKITU S(n) OKaxkeTcs Ooriplite X , meprKaTelTb OMIIVIOHA, VICIIOJIHWB €T'0, IIOJIYUUT JOXO S(n) — X . Ecmm

JKe pBIHOYHAd IeHa aKIIUu S(n) OKaXkeTcsl MeHbllle X , ep>KaTesIb OMIIMOHA IIPOCTO He OyaeT ero wc-

IIOJIHATD U IIOJTY4YUT HyneBOVI TOXOM. Takym 06pa30M, eCdJIM I1eéHa aKIiy B MOMEHT VCIIOJIHEHWMA OIIINMO-
Ha «kxo441» W3BeCTHa VI paBHa S(n) , TO 10XO0HO OT WCIIOJTHEHMA TaKoI'O OIIIIMMOHa COCTaBUT

C, .= max{S(n) — X; 0}. ITockosbKy IieHa aKImm S(n) ABJISeTCs CJIy4alriHOVI BeJIMYMHOW, JOXOL, OT VIC-

(n)
TIOJTHEeHVsI OTIIIVIOHA «K044» TakKke SIBJISIeTCS CJTyYayiHOVI BEIMYMHOV, KOTOpasi MPUHMMaeT 3HaueHVs
C(n) = max{Su*d"* -~ X; 0} (k=0,1,2,....,n) c sepostHOCTAIMU P, (k) = CFpF(1— p)" %, Pan
pacriperiesieHu st 1OXO7a OT  WCIIOJIHEHWMs OMNIMOHA TPW  pacyérax IO  YeThIPexIepUoIHO
OVHOMMAITLHOVI MOJIEITV VIMEeT CJIeTy IOV BUAII:

Cy | 0 2,737 12,182
» ‘ 0,027 + 0,158 + 0,348 = 0,533 0,341 0,126

O)I(VIZ[aeMBIVI J0XO0d OT MCIIOJIHEHWMA OIILIVMOHAaA «KOAA», paBHBIVI MaTeMaTU4YeCKOMY OXWMIAHWIO CIIYy-

YaltHOW  BEeJIMYMHBI C(4), COCTaBJISIeT MC(4): fj max{Sukd"_k—X; O}C]flpk(l _p)”_k: 0-0,027+
k=0
+0-0,158+2,737-0,341+12,182.0,126 = 2,468 .

HOCKOJ'IBI(Y OLl€HKa OIILMOHAa IIPpOMCXOAUT Ilepel Ha4daJIOM IIEpPBOTO IIepuoa, A ITOJIYUEeHWMS €ro

~

PaLIVIOHATIBHOV CTOVIMOCT (CT IIOCTAaTOYHO JAVCKOHTMPOBATH OXWIAEMBIV TOXO, OT VICITOJTHEHWSI OII-
LIVIOHA Ha 11 TIePVIOOB:
n
k n—k k k n—=k
e (n) = Z max{Su"d - X; 0}C,p™(1—p) .
(n) k=0
-2,468 ~ 2,245

Host uetbipéxniepropHot mopernm noinydaem Cp = (1, 024)

PallVOHAJIBHYIO CTOMMOCTD P OIIMOHA «/1yi» MOXHO BHIUVCITUTD, BOCHIOIB30BABIIIVICE M1e0peMoil 0
napumente eBponeiickux onyuonod «koar» u «nymy». CornacHo rovt Teopeme, P —Cp = X — 8 (doxaxu-
me!), mosromy Pp = X -S4+ Cp =40-35+2,245=7,245. 01
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188. BriBecTu q)OpMy.TIBI I MaTEMAaTMYECKOTO OXVIOAHVA VI OVCIIEPCUN OMHOMMU-
aJIBHOTO pacriperiesieHs (cM. Tabi. 3.1).
PEILEHME. briHOMMasibHy0 crydanHyo Beranay X ~ Bi(n; p) MOXHO mpencTaBUTh B BUIle CyMMBI

N He3aBUCUMBIX OOVMHaKOBO pacnpeneﬂéHHHx aJIbTEPpHaTUBHBIX CJIy‘IaVIHBIX BemumumH X Z-NA(p)I

n
X = X,. llpu sotom MX, =p, DX, = p(1—p) (cm. 3amauy 180). Ilo cBovicTBy MaTeMaT4€cKOro
1=1

n n
oxumanvs (3.14) MX = - MX, =np, no ceovictsy pucriepcnu (3.22) DX = - DX, =np(1—p). 1
i=1 i=1
lFeomMeTpuuecKoe pacnpeneeHmue
189. B cpenneM sieBIIVM cOCTaBIsOT 1% Bcero HacesteHMs. CKOJIBKO B CpeIHEM HYKHO

OIIPOCUTB JIFOZIEV], UTOOBI HAOpaTh AeCcATePhIX JIEBITIENT?
PEIIEHME. [Tpu vHTepIipeTanium omrpoca Kak MOC/IeI0BaTe/IbHOCTV He3aBVCHMBIX VICIIBITAHWUI C Be-
positHOCTBIO yerexa p = 1% = 0,01 unco X OIpoIeHHBIX 10 ITOSIBJIEHVIS JIEBIIN B IIePBBIV pa3 (Tak

Ke, KaK ¥ YVCIIO OIPOIIIEHHBIX ITOCIIe TIOSIBJIEHVIS JIEBIIN B { -7 Pa3 [0 T0sBJIeHNs JieBIn B (i + 1) -1 pas)

— 3TO reoMeTrpudecKkast ciaydariHas sermanHa X ~ G(p = 0,01), 1 eé cpenHee 3HaUYeHVe OIlEHVBAETCS

1 1
MaTeMaTrJYecKM oXmgaHnmeM MX = = = 001
P )

ThIBasi CBOVICTBO aJIMTUBHOCTY MaTeMaTudecKnx oxmupgaHuit (3.15), B cpenHeMm Hy>xHO orpocuTs B 10
pa3 Oospirte mmroners, T. e. 1 000 yroment. U

190. Cpenu BbITycKaeMbIx 3aBooM aBToMoOwIent 80% HeKoMIUIeKTHBI. OTpenesnTs,
CKOJIBKO aBTOMOOWJIEV JOJDKeH B CpelHeM OCMOTPeTh IOKYIIaTesIb, UTOObI BBIOpaTh KOM-
IUIEKTHBIVI aBTOMOOTIb.

191. Ilers 3axoTesl HAMTU 4YeJIOBeKa, AeHb POXAeHMs KOoToporo cosnapaer c Ilerm-
HbM. COCTaBUTh psAQ, pacopenesieHnsa yncia N He3HaKOMIIeB, KOTOPBIX IPUOETCS OI-
pocuts IleTe, 1 HaMTV CpefHee YMCIIO OIIPOIIIeHHBIX HE3HAKOMIIEB.

192. 3amectuTens IpencenaTerss IIpasjleHMs OaHka AmnowioH MwrpodaHOoBIY
O4YeHb JTIIOOUT XOAMUTH B Ka3MHO, M eCIIV OH Ty/Ja 3allléyl, TO He BBIXONT, II0Ka Ha pPyJIeTKe
He BBITIazIeT «3epo» (TO eCTb UmMcIIo «HoAb»). Kaxmpi pa3s AnosutoH MutpodaHoBIY cTa-
BUT IISATh PyOsIeVt Ha «3epo» 1 IO OHOMY pyOJIto Ha «08adyamos debamv» v Ha «mpuoyans
06a». TTociie 3TOrO KpyIbe BpalllaeT KOJjIeco PyJIeTKM, U IIapMK yKas3blBaeT Ha OIHO M3
uyicest oT 0 mo 36. B ciryyae, korza mapuk yKasblBaeT Ha 4YMCIIO, COOTBETCTBYIOIIee HeKo-
TOpoM cTaBke AnojuioHa MurpodaHoBmda, mocjleHUI II0Ty4YaeT BBIUTPHIIL, B 35 pas
OosIpIINTL, YeM 3Ta CTaBKa, a Te CTaBKM AmnosuioHa MwuTtpodaHoBIYa, KOTOPBIe He COOT-
BeTCTBYIOT BBIIIaBIIIeMy 4mcily, Tepsiorca. CKOJIBKO pa3 urpaeT B cpeHeM AIIOJUIOH
Mwutpodanosnu? Kakos ero cpesHmii BBIMIPBIIIT?

193. BeiBecTrt popMyIIbI 1T MaTeMaTUYeCKOro OXMIAHWSA W OVICIIEPCUN FeOMeTpu-
4yecKoro pacrpeneneHus (cMm. Taos. 3.1).

Pacnpenenenmue Ilyaccona

194. Criyganuas BemmumHa X ~ II(A = 2). Onpenenute BepositHocTm P{X = 2},
P{X>1}, P{0< X <3} u P{X =1| X > 0}. Hanrtut pysKIMIO pacmpenerneHns, MaTe-
MaTu4decKoe OXWOaHMe ¥ AVCIIePCUIO 3TOV CTy4YayHOV BeJIMYMHBI, IOCTPOUTh Ipadmk
eé pyHKIIMM pacpeneseHs.

195. IlweHOM 3aBop, orpaswwl B MarasuH 400 sammkos mvBa. BeposATHOCTB TOrO, 4TO
AMIVK OyZleT pa3OuT Ipu TpaHCIOPTUPOBKe B HaHHBIX yotosusx, pasHa 0,005. ITo mpu-
e3/le B MarasuH 3KCIIeIUTOP, ePeBO3MBIINI TPY3, 3asiBWI, YTO CeMb AIIMKOB C IIMBOM
ObUIM pa3sOUTBI IPY TPAHCIOPTUPOBKe. PasMBIIIUIASA, MOXKHO JIV JOBEPSITh SKCIIEAUTOPY,
AVPEKTOp MarasyHa XOdeT HaWTV BEepOSATHOCTb pasOUTh CceMb SINVKOB, BEPOSTHOCTH

40

=100 . /It Toro, 4ToObl OTOOPATH J1€CSTH JIEBIIeV], yUu-



pasdbuTh He MeHee ceMU SIIMKOB, MaTeMaTUecKoe OXMaHWMe, OVCIIEPCUIO 1 CpeHee
KBa/J[paTVUHOe OTKJIOHEHVe KOJIMYecTBa SIIMKOB, Pa3OUTBIX IIPU TPAHCIIOPTUPOBKE,
YTOOBI OIIEHNTH BO3MOXKHOCTB IIOTEPB, 3asBJIEHHBIX 3KcIenmuTopoM. Havmn ykasaHHBIe
BEJIMYMHEI.

196. B Gank nocrymmio 4 000 makeToB JeHeXHBIX 3HAKOB. BeposTHOCTH TOro, 4uTo
ITaKeT COAePKUT HETOCTaTOYHOE VIV M30BITOYHOE KOJIMYECTBO JIeHe)XHBIX 3HAKOB, paB-
Ha 0,0001. HamTi: a) BeposTHOCTB TOTO, YTO IIpM HpOBepKe OyaeT oOHapyKeH XOTs Obl
OIIVH OIIMOOYHO YKOMIUIEKTOBAHHBIV IaKeT; 0) BEpOATHOCTb TOTO, YTO IIPU IIpOBEpKe
Oymer oOHapyxeHO He O0oslee Tpéx OIIMOOYHO YKOMIUIEKTOBAHHBIX IIaKeTOB;
B) MaTeMaTu4IecKoe OXMIaHMe ¥ OVICIIEPCHIO UlciIa OIIMO0YHO YKOMIUIEKTOBAHHBIX ITa-
KeTOB.

197. [l nponBioKeHMs cBOell IIPOAYKIIMY Ha PIHOK prpMa pacKilagblBaeT 110 [10Y-
TOBBIM SIIMKAM peKJIaMHBIe JIMCTKN. [IpexxHnit ombIT paboTel prpMBI ITOKA3bIBAET, UTO
npuMepHoO B ogHoM cirydae m3 2 000 crenyer 3akas. HaviTit BeposATHOCTB TOTO, UTO HPU
pasmeriennm 10 000 pexstaMHBIX JIMCTKOB IOCTYIIUT XOTsI Obl OOVH 3aKa3, CpejHee uyc-
JIO TIOCTYTIVIBIIIMX 3aKa30B VI AVICIIEPCUIO 4UyciIa ITOCTYIIVBIIVIX 3aKa30B.

198. BriBecTut dpopMyJIbl [JIsI MaTeMaTUYeCKOro OXWOaHVs ¥ OUCIepCui pacipere-
nenus Ilyaccona (cM. Tabit. 3.1).

199. Jloka3aTb, YTO UMCIIO COOBITMII IIPOCTEVIIIIErO IIOTOKA C MHTEHCMBHOCTBIO (i, Ha-
CTYNVBIINX 3a BpeMs ¢, IIpeficTaBiIgeT cOOOV CIydarnHylo BeJInumHy X , pacrperenéH-
HY10 110 3aKoHY [lyaccona c mapamerpoM A\ = pt .

200. B gucneruepcKyro TakcoIlapKa HOCTyHaeT IIPOCTEVIINII IIOTOK 3aKa30B TaKCU C
3aKasa

MHTEHCUBHOCTbIO 1 = 1,2 . Hamrtu BeposiTHOCTM citenmyromyx cOOBITMIL: a) 3a Be

MUH
MMHYTBI He IOCTYINUT HY OJHOIO 3aKa3a; 0) 3a [ABe MMHYTBI IIOCTYIIUT POBHO OIMH 3a-
Kas; B) 3a JIBe MVHYTBI IIOCTYIIUT XOTsI ObI OJIVH 3aKas.

201. MarasuH mMmeeTt JBa BXO/1a, ITOTOKIM HOKyT[aTeJ'IeVI Ha 3TMX BXOOaX He3aBVICVIMBI

- _ (S %
" ABJIAKOTCA IIPOCTEVIIVIMIL. ‘-Iepe3 IIEPBBIV BXOL, IIPOXOOUT B CpeaHEM ul = 1, 5— ’
MHH

_ (S 8
Jepes3 BTOpOM Bxof, — (i, = 0,5——. OnpenenmTs BepOATHOCTb TOTO, YTO B HayTaJl, BbI-
2 ’ MMHH

OpaHHYIO MIHYTY XOTsI OBl OIVIH UeJI0BeK ITOCeTUT MarasyiH.
202. Hantu dyHKIIMIO paciipeferieHns MHTepBajla BpeMeHy T MeXIy JBYMs IociIe-
J0BaTeIbHBIMIY HACTYIUIEHVSIMM COOBITHS B IIPOCTEVIIeM ITOTOKe C MHTeHCUMBHOCTBIO 4 .

§3.3. HEIIPEPBIBHBIE CJTYYAVIHBIE BEJIMUVHDI
Y IX BAXKHEVIIIVE UM CJIIOBBIE XAPAKTEPVICTUKM

Cayuannas Beauvuna X HasbIBaeTCS HenpepblbHOl, el OHa MPVHMMaeT OoJlee, YeM CUETHOE YVICIIO
3HAYEHWI.

Cayuainan 6esuuuna X HasbIBaeTcs a0COA0MHO HenpepbibHotl, ecv eé PYHKUMS paciiperesieHns Mo-
XeT OBITh IIpefiCTaB/IeHa B BUIe

T
Fy@) = [ fy(2)dz. (3.24)
—O0
Ilpn stom dynxums fy(z) HaseBaercs niomuocmuio pacnpedesenus beposmuocmer (VI, KOpode,

nAomuocmulo pacnpedesenus) cayuannon Besuvuns: X . I'padvK ITIOTHOCTV pacrpenesieHus CIydarHO
BeJIavHBL X HasbIBaeTcs kpuboil pacnpedeserus Beposmuocmeii (Vuivi, Kopoue, kpuboii pacnpedeseHus) CIty-
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vavtHoV BelmamHBL X . Beromy HiDke B TaHHOM Iaparpade OyIyT paccMaTpuBaThCs aOCOIIOTHO Hellpe-
PBIBHBIE CJTy4aviHble BEJIMYHEIL, IIPVI 3TOM CJIOBO «a0C04101mMH0» OyIIeT OIyCcKaThCsl.

Kak u paHbIlle, ecsi M3BeCTHO, O KaKOVI CJIy4altHOVI BeJIMUMHE MAET pedb, TO MHIEKC, 0003Havaro-
LLVE STy CITyHaviHyo BeJIMUNHY, oyckaercs: f(z) = fy (z).

ITnoTHOCTE paciipenejieHn:sa 06J1a;1aeT CJIeAyrommMI CBOVICTBaMIA:

ona bcex x € R: f(z) > 0; (3.25)
+o0
f f(2)dz =1; (3.26)
—0o0
045 Bcex mouek x € R, 8 komopuix cywecmByem npousboonasn F'(z): f(z) = F'(z). (3.27)

BeposiTHOCTH TOrO, UTO HellpephIBHAs CJIydaliHasd BejindiHa X IpVMeT KOHKpeTHOe UMCIOBOe 3Ha-
JeHe, paBHa HYJIIO:

s bcex x e R: P{X =2}=0. (3.28)

BeposiTHOCTE monamanus HenpepbIBHOVI CIIyYayiHOV BEIVYVHBL B YMCIIOBOVI IIPOMEXYTOK MOXKHO
paccumTaTh 110 hopMyIIe

014 Beex ¢,d € R, maxux, umo ¢ < d: (3.29)
P{c<X<d}:P{C<X<d}zP{céX<d}:P{c<X<d}:F(d)—F(c):ff(x)dx.
Mamemamuueckum oxudanuem Henpepwvl6Hoi cayuanHoi Besununs: X Has3bIBaeTCs UMCIIO
+00
MX = [ af(z)de. (3.30)
— 00
MaremaTdeckoe oXugaHVe HeNpepbIBHOV CIy4YallHOV BeIMYMHBI 0OJIajlaeT TeMM JKe CBOVICTBaMM

(3.12) - (3.15), uTo 1 MaTeMaTMUECKOe OXMIaHVIe IVICKPETHOV CJIyYarHOV BeJINYVIHEL.
Dopmyitsl (3.16) 1 (3.17) my1s BBIUMCIIEHMS 0UCnepCUll HenpepuiBHblX CAYHAHbIX BeAutuH TIPVHVIMAIOT BUT,

400

DX = f (z — MX)? f(2)dz, (3.31)
oo

DX = [ 2®f()dw — (MX)*. (3.32)

COOTBETCTBEHHO.

Hucriepcrist HellpepbIBHOV CTyYariHOV BeJIMYMHBL 00J1amaeT TeMu e corictBamu (3.20) - (3.22), uro
VI AVICTIIEPCUST AVICKPETHOV CJTYyYaviHOVI BEJIVYHEL.

HamnbGoree gacTo BcTpeuaroryecs: 3aKOHBI pacIiperiesleHIs HeIIPePBIBHBIX CJTyYalfHbIX BeIVYVH IIPV-
BerieHsbl B Tabi1. 3.2.

CnnocoObI 3aJaHUsA M UMCIO0OBBIe XapaKTepPUCTUKM
HelpepbIBHBIX CJIYYaMHBIX BeJIUYMNH
203. PACHPEOEJIEHME ITAPETO. ['omoBov JOXO CJIy4ariHO BBIOpaHHOTO HaJIOrOIDIA-
TeJIBbIIVIKA ONVIChIBAETCS CJIy4YarHOVI BeJIMUMHO X C IUIOTHOCTBIO pacIipeaesieHIs

0, z<1,

fl@)=1 ¢
—, x=1.
x3’ 5 =
Harvtty 3HaueHMe napaMeTrpa c, PYHKIIMIO paciipefesieHss TOA0BOro 10X0[a, Cpel-
HUVI TOZOBOVI JIOXOI M CpeJHee KBaJlpaTUUHOe OTKJIOHEHVe rofoBoro poxoaa. Omnpene-
JIATH pasMep TOIOBOIO JIOXO/A T, . , He HVDKe KOTOPOTO C BEPOSITHOCTBIO 0,5 okaxkeTcs
TO0BOVI 10XO[, CJIy4ariHO BEIOpaHHOIO HaJIOroIUlaTesIbIIKa.
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Taoamma 3.2

OchoBrble 3aK0HbL pacnpedeseHus HenpepulBHbLX cAyUalHbIX Beaudun

HasBanme | Kparkoe |OO0o3HaueHMe cIy4dartHOM Ben- | PyHKIOMA M IVIOTHOCTB pac-| BerpakeHne maTema-
3aK0oHa | o0o3Hade- | YMHBI, MexaHWU3M eé popMMpo- npeneseHust THUYIECKOro 0XKu/ia-
pacupene- | Hue 3aKOHa | BaHMsI 11 0603HaYeHVsI [TapaMeT- HVSL Y OVCIIePCUN
JIeHNs POB 3aKOHa depes IIapamMeTphl
3aKOHa
pabuo- | X ~R(a;b) |X — olydamHas —BeluuMHA, L aefa] MY = otb
- P I Bl - I
MepHbLil [IPVHMMAOIIAs 3HAaYEeHMSI TOJIIBKO f(z)={b—a
. 2
M3 HeKOTOporo orpeska [a;b], 0, agab], px — (-9
OPUYEM C COIepPKaTeIbHOVI TOUKM 0, r<a, 12
3peHusl Bce 3HauYeHUsd BHYTpU F(z) =122 zelab],
3TOr0 OTpe3Ka OAVHAKOBO BO3- b;“ b
MOXKHBI '
nokasa- | X ~ Exp(u) | X — wMHTepBal BpeMeHU MeXIy 0, <0, My =1
TMeAbHbIT OBYMSI IIOC/I€IOBaTe/IbHBIMM Ha- fla) = pe M 1>0 "
(axcnonen- CTYIUIEHUSIMM COOBITMS B IIPO- CT DY = L
- _ 0, <0, 2
YUALbHDLIL) CTeunIleM IIOTOKe C MHTEHCHBHO- Flz) — H
(z) = jz
CTBIO [4 l—e ™, 220
Hopmare- | X ~ N(a;o) | N(a,0) = X + Xy + -+ Xy, . (z—a)? MX = q,
7 _ 2 _
Hol rme X}, X,,...,X, — Gombmoe f(x)l_ oo 207 = DX = o2
r—a
YMCII0 HE3aBUCUMBIX B COBOKYII- = ;w( 5 , Flz) =
HOCTV CJIyYavHBIX BEIVYWH, BO3- . (=)
OEVICTBUE KaXKIOVI M3 KOTOPBIX Ha = 1 f 2002 dt =
X paBHOMEpPHO He3HAUUTEITHbHO INIT
VI PaBHOBEPOSITHO IO 3HaKy (co-| _ 1 P (mfa) [
- 7
[JIACHO II€HTPAJIBbHOV IIpeJesib- 2 0\ o
HOVI TeopeMme, cM. §4.4) bynxum p(z) n ¢ (z) mpn-
BemeHsl B Taosr. I1.1
N02HOD- X ~ LN (a LN (a;0) = In N (a; 1 Inz—1 2
pA (a;0) (a;0) = In N (a;0) f(z):—ga(nz na)7 MY — ae” /27
MAABHBLT or o 2 ( o2p
_ o2 072
F(m):l+®0(lnz 1na) D X=ae (e 1)
2 o
«Xu KBad- X ~xn X% = /\/‘12(0;1) + /\/’22(0;1) + 4 npu n < 30 3HaYeHu: X%;p, My; = n,
pam» ¢ n
- 2
cmenenAMU +N2(0;1), e N{(0,1),N5(0,1),.... COOTBeTCTBngm”e;epo’ITHO Dy; =2n
cbobodst N, (0;1) — mesaBucumbre B copo-| T P = P{xXii > Xap}, 1py-
KYITHOCTY CJTyYaviHble BeJTnumHbl | BEIEHbBI B Tabr. T1.2, mpn
2
V2n—1;1
n > 30 X?L%N ( 2” i)
Cmvio- X~T 0;1 < . =
n Tn:N( ;1) , rme N(0:1) X%L _ | mpm n < 30 3HAYEHVS 1)), MT,, =0,
denmac n 2 n
Xn/n COOTBETCTBYIOIIIVIE BEPOSTHO- DT —
cmeneHAMU —PIT.|> ¢ n= 9
cB0600b. HesaBucumble ctydarmbie ey-| T P = P{Ty[> 1y}, pu-
YUHBI BefieHH! B Tabi1. [1.3, ipu
n>30 T, ~ N(0;1)
~ . 2 - n.
Quuiepac | X Fnl,nQ Xiny /ny 5 5 3HaYeHMA fnl;n2;P’ COOTBET MF,, , 2
nq U ny nme, — o s A€ Xp VI Xp 172 ny—2
2 /n. 1 2| CTBYyIOIIME BEPOSITHOCTU
Xn2 2
cmeneHamu —PF, ., > } DF,
_ = | P ny;n N3N DS 7 172
cBo6odst He3aBUCVMEbIe CJTydaiiHble Be 1727 il

JIMYMHBI

npviBeneHsl B Tads. [1.4

2
2n5(ny —5—2n2 -2)
)
1y (ny—2)"(ny—4)
ny >4

43




00 1 00
PEINEHME. [lapamerp ¢ HamgéMm wu3 yoioBus (3.26): 1= f f(z)dzx = f Odx + f I;S dz =
—00 —00 1
. 1 . 0, <1,
=725 m2’5‘1 =25 otkyaa ¢ = 2,5. Takum oOpasom, f(z) = 23,57 w1,
€T )
T T
DyHKIMIO pacrperesieHns HavigeM 110 dopmyie (3.24): F(z) = f f(z)dz = f 0dz =0 mpn z <1,
—0o0 —o0
1 i 1 25 1 1

F(x) = z)dz = z)dz + z)dz = —dt=——F% =1-— npu z > 1

0= [ J@ie= [ @)=+ [ = [ 55 23, ~1-2s ™

—00 —00 1 1
0, z<1,
Taxnm obpasom, F(z) =1, _ ;5’ 1.
x )
F 25 25 1[® 5 oo 2 [ 225 5)2
MX = [ af@)ie = [ v 55 dr = -T2 I1’5‘1 =2 DX = [ PP fade —MxP= [ 5 dx—[g] _
—00 1 —00 1
00 2 2
S ({EIR L JOE . JUp
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Io ycnosmo P{X >z . }=1-P{X <z . }=1-F( ,)=05, oxyma F(z , )=05, re

1— % = 0,5 mwm xifn: 2, mo3ToMy In T = 12n)52 ~ 0’26’23 ~ 0,28, 3sHauur, T ™ 60,28% 1,32.04

T nin

204. T'omosoii moxop, ciIy4aliHO BIOpaHHOI'O HaJIoroIvlaTesIblIyKa ONChIBaeTCs CIIy-
YartHOVI BeJIMYMHOM X C IVIOTHOCTBIO pacpere/IeHus

0, z<1,
f@) = %, x> 1.

X

Havity 3HaueHMe napamMeTpa ¢, CpeqHUII TOJOBOV JIOXOI, M CpeHee KBaapaT4YHOe

OTKJIOHEHWEe TOIoBOro roxoaa. OmpenemTs pa3Mep TOAOBOTO I0X0OAa T, HE HIDKe

KOTOPOro ¢ BepossTHOCTBIO 0,6 OKaXkeTcs TOI0BOV JIOXO[L CJIy4YaliHO BRIOpaHHOIO HaJlo-
rorvlaTesIbIIyKa.
205. ID1oTHOCTB pacrpeneeHus CJIy4ariHOV BeJIMurHbL X

ez, z€[0;2],

Ix@) =10 z¢[0:2].
Harntu 3HaueHne napaMmeTpa a, PyHKIMIO pacliperiesleHns FX(x), MX u DX, no-
crpoutb rpaduikn pyHKumn fy () n Fy(z). Beranomre P{| X —MX [< 0,5} npymst
criocobammt: mcnonb3yst fy (z) v Fy(z), OTMETUTB 5Ty BEpOSTHOCTh Ha 000mx rpadukax.

206. Havityt tutoTHOCTB pacipesesieHns, MaTeMaTi4eckKoe OXWAaHue U AUCIIePCUIO
CJIy4ariHOVI BeJIMYMHBI ¢ PYHKIIVIeN paciipeeleHs

0, r<—2,
T
1 x>=2.
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° X—-MX
207. Ilycte X — HempepbIBHas cilydariHas BenndmHa, X = ———. JloKas3aTb, 4TO

9x
O O
MX=0,DX=1.
PaBHOMepHOe pacmpeaeieHMe
208. Criygamuast BermmumHa X ~ R[0;100]. Hawmrrm BepositHoct  P{X > 10},

P{40 < X <90}, P{X =50} m P{X >50|X < 80}, a Takxe MareMaTnyecKoe OXW-

JlaHMe v IVCIePCUIO 3TOV CJIyYatHOV BEJTMYUVHBL.

PEIIEHME. P{X>10}=1-P{X<10}=1-F(10)=1—-——-=0,9;P{40 < X <90} = F(90)—F(40)=
900  40-0 (100—0)%> 2500
100-0  100-0 12 3

209. Hantu BepodaTHOCTD TOro, 4TO CyMMa 3HaYeHWUVI CJIy4ariHOW BeJIM4MHbBL X , OIl-
penenénnon B 3agade 208, B AByX He3aBMCHMO IIPOBeOEHHBIX oIblTax ImpeBbicnT 80. 3a-
Jady pelmTb rpadaecKt.

210. Bce 3HauveHNs paBHOMEPHO pacIpefe/IéHHOV CJIy4arHOV BeJIMYMHBI PacIioyo-
KeHBbI Ha oTpe3ke [2; 8]. Hamrtu MaremaTmdeckoe oXwgaHve VI OVICIIEPCUIO 3TOM CIIy-
YayHOV BeJIMYMHBL, a TAaKXKe BepOATHOCTH eé IoaJaHNs Ha OTpe3oK [6; 9] 1 B mHTepBa
(3; 5).

211. IIpw BBIACHEHWMM HPWYMH HeLOCTadlM OParolleHHBIX MeTa/UIOB B IOBEJIVIPHOM
MarasyiHe yCTaHOBJIEHO, UTO VX B3BellVBaHMe ITPOM3BOANTCA Ha Becax, LieHa [eJleHVs
KoTopbix paBHa 0,1 I, a moKa3aHMs BeCOB OKPYIJISIOTCS IIpW B3BellVIBaHMM A0 OyvoKari-
IIIero [eJIeHNMsl VX IIKa/Ibl, IpUYéM OKpyIyieHus Ha jio0ble 3HaueHns oT - 0,05 mo 0,05
paBHOBepOSTHBL. OIIeHNTh BO3MOXHOCTh BO3HMKHOBeHM olbkm Oosiee, uem Ha 0,03 T,
BBIUVCIIUTh MaTeMaTudecKoe OXMIaHue, QVICIIeEPCUIO U CpeliHee KBaJpaTUYHOe OTKIIO-
HeHVIe II0TePb.

212. Pemmts 3amaum 47 — 56, HOJIB3yACh paBHOMEPHBIM pacIlpefiesieHVIeM BepPOsATHO-
CTeT.

213. BeiBecTy dpopMyIIBl U1 MaTeMaTUUeCKOro OXMIAHWA M OVCIIepCU paBHOMep-
HOTro pactpefeeHns (cMm. Tadi. 3.2).

04100

=50; DX= .a

=0,5, P{X=50}=0, P{X>50|X< 80}:g ; MX=

oo b 200 2 2
- b+
— MX:f of () f 11 22 b -a® _ pa(btae) atb, DX —
b b—a 21, 20b-a)  2(b-a 2
a
2 2 2 1 a+b 2 1 3 b3 —a3 a—i—bz M(b +ab+a”)
L S e e I e = T 30b—a) 2 ) 3(2 N
—a —a —a
—00 a M
0 —2ab+b” _ 407 +dabtda® 30’ —6ab+3b” _a®—2ab+b® _(b-a)®
4 B 12 12 12 12

214. IIrABWIO TPEX CWUIM. Crygamuas BemmumHa X ~ R(a;b).  Hanrmm
P{|X — MX|< 30, }.
215. Ciryganasle Bermamebl X ~ R(a; b)) m Y ~ R(c; d) He3aBucmmer. Hartu M(XY)
1 D(XY).
IToka3zaTepHOE pacOnpeneieHmue

216. OOGbruHO mama pyraet Iletio 3a mpuHecéHHYIO «08oliky» OKoIo 6 MyH. Ha sToT
pa3 HoTarus JITcd Oosbltie 6 MyH. Haimy MaTemaTndueckoe oXmpgaHVe U QVCIIEPCUIO
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JUTATETLHOCTY HoTaruu. OnpenenTh, ¢ KaKOV BePOATHOCTBIO I1aria 3aKOHYUT «HUmanb
Homayuwo» B TedeHye OJIvDKaIet MUHY TBI?

PEIIEHME. [inTebHOCTE HOTalM X MOXKHO CYMTAaTh pacIiperie/IéHHOV 10 IT0OKa3aTeJIbHOMY 3aKO-
Hy. [lo yctoBuio oObIUHas CpemHss INTETPHOCT HOTayM (Wi eé MaTeMaTidecKoe OXMaHMe) Co-

1 1 1
crapisieT MX = 6 muH. Ho w1 nokasarensHoOro pacipenenennsas MX = —, orkyna p = MY 6 Hvic-
o

2
1
[epCvist JUINTENIBHOCTY HOTALUN PV 9TOM paBHa DX = — = [1%6] = 36 . BeposiTHOCTB TOTO, UTO Hara
7
3aKOHYUUT «4Umams HOmMayuio» B TedeHue OyvoKamien (cembMovl) MUHYTBI PV YCJIOBUM, YTO HOTAIIVA
P{(X<7)N(X>6)} P{6<X<7} F(7)—F(6)

mTCcsE  Oosbille 6 MMH, ~ paBHa P{X<7|X>6}= P{X>6) ~Ps6)  LF6)

~7/6 —6/6y  —1__~7/6
_ 1 *<1*6€ /%) _e - APV 0,154. O
1-(1—e /6) e
217. CriyganHas BemmumHa X ~ Exp(p = 2). Onpenenurs BepostHocT P{X > 1},
P{X <2}, P{X > -1}, P{X =3} n P{X > 1| X <3}, mareMaTndueckoe OXWIaHNE U

AVICIIEPCUIO 3TOVI CJITyYaTHOV BEJTMYIVIHEL.

218. OOBIYHO OpOKep MOTyYaeT OT CBOero KJIMeHTa IIPMKa3bl 00 oreparinsix Ha poH-
J0BOVI Oupike pa3 B Hefemo. HaliTy BeposITHOCTB TOTO, YTO CerOAHS MOCTYIUT IIpUKa3,
eCJIN TIOCJIeIHNI ITPVIKa3 IOCTYIWII ABa JHA Hasad. [1oTok nmpukasos cuntarh IpOCTevi-
IITVIM.

219. OObruHO coBelraHMe T Yac. Ha aToT pa3 3a yac oHO He 3aKoHUMIOCH. Ka-
KOBa BEPOSITHOCTBb TOTO, UTO OHO 3aKOHYMTCS B Oymvpkarimme 15 muH. [nTersHOCTD Co-
BelllaHV: paclpesiesieHa 0 NoKa3aTeJIbHOMY 3aKOHY.

220. [1ymMTesIbHOCTbh MeXIYTOPOIHMX TejledpOHHBIX PasrOBOPOB paclipesleleHa IIpu-
MepHO 10 II0Ka3aTeJIbHOMY 3aKOHY, pasroBOp IIpopoirKaeTcs B cpeqHeM 3 MuH. Hantu
BEPOSITHOCTB TOTO, YTO OUEPeTHON pasroBop OydeT mpopospKaThcst Oortee 3 muH. Ornpe-
JeJIVTh JI0JTI0 PasrOBOPOB, KOTOPBIe IIATcst MeHee 1 myH. HanTy BepodaTHOCTB TOTO, 4TO
PasroBop, KOTOPBIV IJIUTCS YXKe 10 MuH, 3aKOHUYMTCA B TeyeHme OJIvpKarien MUHYTHL, a
TakKe MaTeMaT4decKoe OXUIaHMe U AVCIIePCUIO JJINTeJIbHOCTY pa3roBopa.

221. Bpewmsi, HeoOxommMoe 11711 0pOpMIIEHNSI JOTOBOPA, SBJISeTCsl CJTy4YaltHOVI BejIu-
JIOTOBOPA

YMHOVI, paclpee/IéHHOV 110 IOKa3aTeJIbHOMY 3aKOHY ¢ napaMmerpoM A = 0,3
9

Havitit BeposATHOCTB TOrO, 4TO 0pOpMJIeHIe JOroBOpa 3alMET MeHee 7 4. Hantu cpen-
Hee BpeMs 0pOopMIIeHVS I0rOBOpa.

222. CriyganHas BermmumHa X ~ Exp(p) . Hanmu P{a < X < b}.

223. CiyganHas BeTMYVHA X ~ Exp(p). Haviru: a) PO X <7},
O) P{t <X <t+7|X >t}

224. BeBecTi dpopMyIIbl Id MaTeMaTWM4ecKOro OXWOaHWMS VI OVCIIepCU IIOKasa-
TeJIPHOTO pacrpenesieHys (cM. Taos. 3.2).

HopmanbpHOe pacnpengesieHue

225. 3nHauenms Tecta IQ (koaddurimenTta nHTEIwIekTa) CToHOpIa - bunae pacrpe-
JleJIeHbl MPUOIM3UTEIFHO 110 HOPMAJIBHOMY 3aKOHY C MaTeMaTMYeCKVM OXVaHvieM
a =100 m cpemHVMM KBagpaTWYHBIM OTKJIOHeHWeM o = 16. 3ammcaTh BbIpaXKeHMs I
dyHKIIMM pacpeneneHvss Ko3dduiveHTa MHTeIUIeKTa ¥ IVIOTHOCTY ero paclperesie-
Hu. [Toctpouts rpadpmkmt 3TMx PyHKIN.
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2
T (2-100) B -
PEILIEHVE. F(x):Lf e 512 dz:%Jrch[x 100], fz) = l 7w :l(p(%loo),

1627 16 1627 16 16
—0
rpadpviky 3TMx PYHKLIMI ITpeficTaBsieHbl Ha puc. 3.1. U
1,00 4 0,03
_F[ T fl' T
0,02 A
050 4
0,01 4
0,00 . : . — 000 . : . —=0
50 70 90 110 130 150 50 7n 90 110 130 150
a) 0)

Puc. 3.1. ['pagpux pynxyuu pacnpedesenus (a) u kpubas pacnpedesernus (0) 8 3a0aue 225

226. B ycmoBusix 3amauvt 225 HanTy JOJIIO JIOEN, Y KOTOPbIX KO3 PUIIMEeHT VHTeI-
JIeKTa oKaxeTcs: a) MeHblIlle 60; 0) MeHbIIe 75; B) MeHblire 95; r) meHbirie 100; 1) MeHbIITe
120; e) B ipenertax ot 80 go 120.

227. B ycioBusix 3agadvt 225 HamTy JOJIIO JIOfIeN, Y KOTOPbIX KO3 PUIIMEeHT VHTeI-
siekTa oTkIoHUTCA oT 100 MeHee, yem Ha 48.

228. B ycimoBmsax 3amaum 225 HaWTV BEPOATHOCTb TOIO, YTO W3 IIECTVI He3aBVICHIMO
O0TOOpaHHBIX YeJIoBeK y IBOMX K03 PUIIMEeHT MHTeJUIeKTa OyaeT Bbiiire 92.

229. Ciyuanzas BermunHa X ~ N(a = 0;0 = 1). IlocTponts KpMBYyIO pacmpererie-
HMs 3TOV CJIy4YarHOV BeJIMYVHBL, Ipaduk eé PyHKUMM paciipenesieHus. Havtm xoop-
AVMHATBL IUIOTHOCTM pacupenerteHus f(x) w yHKumm pacupenernenns F(z) tmipm

z=1;—1;2,25. BerumcmTh 1 ykasaTb Ha 00omx rpadmkax CiIeayoliye BepOosSTHOCTI:
P{X<1}; P{X>-1}; P{|X|< 1}; P{| X | < 3}; P{O<X<3}.

230. Cryuanzas BemumHa X ~ N (a = 1;0 =1). Hantn BepositHocTn P{X > 2},
P{X <2}, P{0<X <2} muP{X <2|X>0}.

231. IIPABWIO TPEX CUIM. Cryuanuas BemumHa X ~ N(e;jo). Hanmn
P{|X — MX|< 30, }.

232. dokasate, urto it orydarHom BemmumHbl  X~N(a;0)  Pl{a<X<pf} =

—P{a<X <B}=P{a<X< B}=P{a<X<B)=2, (5;“)—@0 (1), Pl —a <A} =22, [A] .

g g
233. Ciyuanuas Bemmumua X ~ N(a = 2;0 = 3). Hawmmu BeposgtHoctn P{X > 1},

P{-2<X <2}, P{X <2} m P{X <2|X>0}. 3atmucate «npabuio mpéx cuem» s

STOVI CJTYYaviHOVI BeJITYMHBL.

234. BeBecTy popMyJIBI I MaTeMaTUYeCKOTO OXUIaHWSA M IVCIIepCU HOpMallb-
HOTO pacrpepereHns (cM. TabI. 3.2).

235. Texy1ast IeHa akIy MOXeT OBITh IIpMOIIVDkeHa HOPMaIbHBIM pacIipeesieHN-
eM Cc MaTeMaTudecKM oxuaaHveM 15,28 py6. 1 cpemHmM KBagpaTUYHBIM OTKJIOHEHVeM
0,12 py0. PaccumraTh BepOSTHOCTM TOIO, YTO lleHa aKILWUM OKaKeTCsS: a) He HIDKe
15,50 py0.; 0) He Bt 15,00 py06.; B) Mexay 15,10 py6. 1 15,40 py0.; r) mexay 15,05 pyO.
1 15,10 py®.

236. llena HekOTOpOVI aKIMM paclipefesieHa HOpMaJIbHO. B Teuenwme nociennero ro-
na B 20% pabounx gHen 1eHa Obuta MeHbIlle 20 py0., a B 75% paboumx gHen oHa Obula
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Oosmpire 25 py6. Hant MaTeMaTideckoe oXujaHue 1 cpeflHee KBaJpaTHU4YHOe OTKIIO-
HeHUie ITIeHbI OTOV aKIIU.

237. VI3 maHHBIX, IIOJIyYeHHBIX OT PYKOBOJICTBA 1lexa IIPY ero IIPOBepKe, CIefyeT, YTo
Opak cocrasiigeT 5% Bcem BbITycKaeMoV IponyKuwmn. Ilo gaHHBIM, IOJIyYeHHBIM W3
TeXHYEeCKOV JOKyMeHTall!/, yCTaHOBJIEHO, YTO pasMep IIPOAYKIVN IIpefcTaBiIsieT Co-
Oov1 cITy9yalHyI0 BeIIMUMHY, pacpefe/IEHHYIO 110 HOPMaJIbHOMY 3aKOHY C MaTeMaTiJe-
CKVMM OXwaaHveM, paBHbIM 10 MM, 1 cpeHVM KBaJpaTWUYHBIM OTKJIOHEHVIEM, PaBHBIM
0,2 MM. BermumHa MaKcMMasIbHO HOIYCTVMMOIO OTKJIOHEHMs pasMepa [eTalyi OT HOMMU-
HaJIBHOT'O, IIPVI KOTOPOM [eTaJlb ellé cumnTaeTcs rogHom, cocrasieT 0,3 mMm. OLeHuTs C
IIOMOIIIBIO BEPOSTHOCTM OCTOBEPHOCTb MHQOpMalNy, MOJIy4eHHOM OT PyKOBOZCTBA
1iexa O KauecTBe BbIITyCKaeMOV POy KIIVL.

238. Ilpwm paccriemoBaHMM IPUYMH aBapuy ObUIO YCTAHOBJIEHO, YTO OHA MOIJIa IIPO-
VI30TITH M3-3a YCTAHOBKM Ha aBTOMOOWIIb AeTaIi, pasMephbl KOTOPOV BBIXOHMT 3a IIpefie-
abl goryctuMoro mHTepsasia (15 Mm; 25 mm). VIsBecTHO, UTO pasMep [eTasieV, IIOCTY-
MafoIMX Ha KOHBeVep aBTO3aBOMa, IIpefCTaB/IsieT cOOOM CIIyYarHyIO0 BeJIMYMHY, pac-
MIpefe/IéHHYI0 110 HOPMaJIbHOMY 3aKOHY C MaTeMaTMYeCcKuM OXWMIaHVeM, PaBHBIM
20 MM, ¥ cCpeHMM KBaJlpaTUYHBIM OTKJIOHEHVEM, PaBHBIM 5 MM. O1leHUTb BEpOATHOCTD
TOT'O, YTO IPUYMHON aBapuM IIOCITyXXWIa yCTaHOBKA Ha aBTOMOOWIb JeTalii HeCcTaH-
JapTHOTO pasMepa.

239. IIPABWMJIO INECTU CUIM. KpynHeniive MUpOBble KOpHOpaluu IIpy CTaTUCTU-
4eCcKOM KOHTPOJIe KaudecTBa IPOMYKLVNM IIepexOodsT B HacTosdllee BpeMs Ha IIpaBIIO
mrectrt curm. HamomHMM, 9To mpasBmwio Tpéx curMm O3HadaeT, 4TO HeKadeCcTBeHHas IIPo-
AyKums  (He momamamomas B uHTepBal (MX-30 be MX+30 X)) COCTaBJISIeT

100 — 99,73 = 0,27%, T. e. Ha Kaxzaple 10 000 exyHMI] TPOAYKIINN TOITyCTVIMO M3TOTOB-
JleHVe He OoJlee, ueM 27 HeKadecTBeHHBIX. [[0cHITD, B UéM 3aK/Ir0uaeTcs IIpaBIwIo Ilec-
TV CUI'M: KaKOBa Oy CTVIMas A0 HeKaueCTBeHHOV IPOLy KLV ?
JlorHOpMaJIpbHOE pacmpegeyieHue

240. Yxa3aTb HeLOCTaTKM WCIIOJIb30BaHMS HOPMaJIBHOIO paclpenerleHus I IIpu-
OrmvkeHMs pactpenerieHUi 1eH akTBoB. OOBACHUTD, KaK JIOTHOPMaJIbHOE pacIiperie-
JIeHVeE VICIIOJIb3YeTCH [T ITPeOJOJIeHNS STUX HeJOCTaTKOB.

241. BemBecTy dopMyJIbl UIsI MaTEMaTWUYeCKOrO OXWIOAHWA U OVCIIEPCUM JIOTHOP-
MaJIBHOTO pacrpenesieHns (cM. Tabi. 3.2).

242. CraTmcTMKa IO BKJIaZlaM HaceJIeHMs B HEKOTOPBII OaHK TOBOPUT O TOM, UTO
pasMep BKJIaJla CJIy4alHO BbIOpaHHOTrO KJIMeHTa paclipefesiéH 110 JIOTHOPMaJIbHOMY 3a-
KoHY ¢ mapaMerpamu a = 1 200 men. er., 0 = 2 neH. en. OnpenenmTs: a) CpeOHUN pas-

Mep BKIaza; 0) OO0 KIMEHTOB, pa3Mep BKJIaJla KOTOPBIX COCTaB/IsgeT He MeHee
1 000 mem. er.

243. MecsauHBI 10XOH, CJIyY4allHO BBIOPAHHOM CeMbU W3 HEKOTOPOW COLMAIBHOM
ICPYIIIBl OHVCHIBAETCS JIOTHOPMaJIBHBIM 3aKOHOM paclpepesleHNs C MaTeMaTU4ecK/M
oxmpanveM 1 000 geH. ex. 1 cpenHMM KBagpaTdHbIM oTKiIoHeHVeM 600 neH. ex. Harii-
TV JOJTIO ceMer1, mMerormx moxom MeHee 1 500 geH. e,

dpyrve 3aKoHBI pacnpegesleHUs

244. BprumcrmThb: ) P{X%O>1O’ 9}, 0) P{X§0 < 28,4}; B) P{8,26 < X%O< 31,4};
2 2 2
r) P{xjy > 10,9}; m) P{xjy < 28,4}, e) P{8,26 < xjy < 31,4}.
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245. Hawmm: a) P{|T;4|<2,23}; 6) P{-1,81<T;;<3,17}; B) P{-1,81<T,,<3,17}.
246. Havtu P{|F5 ;[>3,24}.

247. TPEYTOJIBHOE PACIIPEOEIEHVE (PACHPE- FG
OETEHUME CVIMIICOHA). ID1oTHOCTR pacipenesie-
HUSL CIIydamtHOM BedmumHbl X WM300paXkeHa Ha
puc. 3.2. Hantu pyHKUMIO paciipenesleHNs, MaTe- y ; 3
MaTU4yecKoe OXMIaHWe M VCIIePCUI0 3Tom ciy- Puc. 3.2. Tpadux naomuocmu mpeyeorsho-
YaVIHOVI BEJINYVHBI. 20 pacnpedeaerus

248. PACHPEOEJIEHVME P2JIEA. Havitut pyHKIIMIO pacnpenesieHns ¥ MaTeMaTudecKoe
OXVJaHMe CJIy4arHOV BeJIMYMHbBL X , INIOTHOCTE paclipeesieHns KOTOPOVI MeeT BU/

e

0, <0,

fay={
T

—5€ 252 , x=0.

o
x 0
PEMIEHME. OueBugno, F@) =0 npm x<0. Ilpu z>0 F(x):f f(r)dr:f Odr +
—00 — 00
AR N A A T _(ry2 o (gl 2
+ a%e 2a2dr:fe (ax/i) Za—gdr:—fe (Uﬁ) d_(gf/i) ]:—e (U\/E) 0=—¢ 202+60:1—6 202 .
0 0 0
+o00 0 +o00 7& +o0 5 2
MX:f Tf(r)dT:f T-Odr+‘£ r-gize ZUZdT:U\/E{ 2(%) e (U\/—) (U\/_) {BaMeHa tzﬁ}:
—0o0 —0o0

+00 5 +00 2 +00 2 +00 2
=02 f 202V dt = 042 f t-2te” U dt = —o\2 f toe ! d(—tz) =—o\2 f t-de” " = {nouacram} =
0 0 0 0

0\/_[25 e 2‘000_—7.06 tzdt]
0
2

—
=o\2T — fe 2 —dU—O'\/_q) (—i—OO)—O'\/_ —a\/7 Q
0

+00 5 +00 7& 1
= O'\/E{ e_t dt = {samenau=2t} = U\/E{ e Zﬁdu:

27

§3.4. ITPOU3BOISIIAS ®YHKIIVIS, MOMEHTHI,
MOIA, MEOVIAHA VI KBAHTWJIN CJTYYAVHOW BEJTMUVHBI

Hauanvhvim momenmom k-eo nopadka cayqainoi Beauuuns X HasbIBaeTCs MaTeMaTydecKoe OXuaHve
k -vi cTerienu1 CiTy9artHOVI BeIMIMHBL X :

v, (X)=M(X¥), k=0,1,2.... (3.33)

Llenmpaavhovim momenmom k-eo nopaoka cayuaiunon Beiuuuns: X Ha3bIBaeTCsl MaTeMaTHdecKoe OXMja-
HUe k -VI CTelleHV OTKJIOHEeHWS CTyJaliHOV BeJTMIMHBI X OT CBOEr0 MaTeMaTM9eCcKOTo OXKITaHVIs:

1y, (X) = M[(X —- MX)"], k=0,1,2,.... (3.34)
CHpaBeﬂHVIBBI CHeLLYIOHH/Ie BBIpa)KeHVISI JIA ueHTpaanbe MOMEHTOB:
Ho(X) = 1y(X) =1; (3.35)
1y (X)=0; (3.36)
o (X) = v (X) — V2 (X) ; (3.37)

49



3
fig(X) = v3(X) = 3v (X)v, (X) + 207 (X); (3.38)
2 4
pg (X) = v4(X) — 4vy (X5 (X) + 607 (X)v, (X) — 3 (X). (3.39)
[IpousBodsuyen pynxyueil cayuannon Beauuuns. X HasbplBaeTcd (PYHKLMS OT MapaMeTpa t (BooOle ro-
BOPsI, KOMIUIEKCHOTO), paBHas
tX
my (t) = Me" . (3.40)
Kak n paHbIIle, eIV M3BECTHO, O KaKOW CJIyYarHOVI BeIMYMHE VOET pedb, TO MHIEKC, obo3Hauaro-
LIVVI STy CITyHariHyIO BeJIMUVHY, OIycKaeTcs: m(t) = my () .
HauatbHBIe MOMEHTBI CITyYayHOV BeJIMUMHBL X BBIPAKAIOTCS Yepe3 IPOVM3BOIAHEIE €€ IIPOM3BOIIS-
et pyHKumm:
k
0as Beex k =0,1,2,...: v (X) = mg()(O), (3.41)

e mg];)(t) — k- npousBonHas PyHKIMM m X(t).

Ecm t =iu (tme i =+/—1), To npousBomsmast GYHKIMS IEPEXOINUT B XAPAKMepucmuueckyio gymk-
4u10, IIMPOKO VICIIOIB3YEMYIO B (PYHIaMEHTAIbHOV TEOPUY BEPOSITHOCTEV! 11 TEOPVIV MEPHI.
ITpowsBomsimast PYHKIIMS CIIyYariHOV BEJTMYMHBI O0JIafaeT CJIeAYOIIMY CBOVICTBAMM:
m,x (t) = my(ct); (3.42)
my_y (t) = my (t)my(2) (3.43)

(3mece X, Y — HesaBucumbie cJTydaviHble BeJIMUMHBI, ¢ — HecJIydaliHas ITIOCTOSTHHas).

B kaudecTBe mokasaresis LleHTpa IPyINIMPOBaHM 3HAYEHWV CJIy4YaliHOVI BeJIUVHBI, Hapsgy C MaTe-
MaTWYeCKVIM OXVJIaHVIEM, VICIIOIb3YIOTCS TakKe MeOUaHa Vi MOOd.
Meouarnoi abcoatommo Henpepwlbroil cayuannoi Beaununs: X HasbIBaeTcs Takoe unciio MeX , 9o

P{X < MeX} = P{X > MeX}=0,5. (3.44)

Meduana MeX OJuckpemmoil cayuainoi Beauvuns: X (3amaHHOV psimoM pactpernerteHus (3.9) — arTo
JI060€ U1CII0, KOTOPOe HaXOMTCS Ha OTpeske [z; 7 +1] , OITpefieIsieMOM 3 yCIIOBUIL

l +1
=1 =1

¥ Ha3bIBaeMOM MeduanHsiM. B KadecTBe MemmaHsl MeX OOBIMHO VMCIOIB3YIOT 3HadeHMe, IIOJIydaeMoe
JIVHEVIHOVI alllIpOKCVIMAIIVIeVL:

Tl — 4|1 l
MeX =z +—T——|= =% " p,|. (3.46)
P 2 t
1+1 =1
Moodoi abcostommo HenpepwlBHoul cayuainou Besuvuns: X Has3bIBa€TCS TOUYKA JIOKAJIPHOTO MaKCHMyMa
IDIOTHOCTM pacnpe;:[eneHMﬂ:

fy(MoX) = I;Ea]fg fy(@). (3.47)

Moodoi duckpemnoii cayuatinoi Beauuuns: X Has3bIBaeTCs 3HadeHVe 3TOV CIIyYartHOW BEJIMYVHBI, COOT-
BeTCTBYIOIlee HanboJIbIIell BePOSTHOCTIA:
MoX = z,, Takoe, 4TO p; = max P (3.48)
J
PacrpenerieHmsi, MeIOIIVie OTHY MOy, Ha3bIBAIOTCSI 00HOMOOAAbHBIMU.
Koappuyuenm acummempuu A y Caydainoi Geaudutvs X XapaKTepusyeT CKOIIEHHOCTh KPMBOVI pac-

IpenesieHst TOVI CJIyYaliHOVI BeJIMYMHBI OTHOCUTEIPHO €€ MaTeMaT4YeCKOro OXMIAHWSL VI BBIUVICIISAET-
csi 1o popmyiie

Ay =3 (3.49)

1 Ecyi 3TV IpOM3BOIHbIE CYIIeCTBYIOT.
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OOGbraro | Ay [< 2. [Tt cvimmeTpudaHbIX pactpesierieHnit A - = 0, ecyi JieBasi BETBb KPUBOVL pac-
IpefiesIeHVIst JUIVIHHee IIpaBovi, To Ay < 0, eci Xxe JieBasi BETBb KPVBOVL pacIIpeiesieHVist KOpode I1pa-
BOV, TO A x> 0.

Oxkcyece Ey  cayuannon besununss X xapakrepusyeT OCTPOBEPLIVHHOCTb KPVIBOVI pacIperesieHms

3TOVI CJIyYaVIHOVI BEJIMYMHBI 110 CPAaBHEHWIO C KPMBOV HOPMaJIbHOTO PaCIIPeIe/IeHNs VI BEIUYMCISIETCS 110

dopmyite

114 (X)
E, =—2--3. (3.50)
7x
Obpruno —-1<E X <6. [Inga HOpMaJIBHOrO  pacHpefeeHns A

E N(azo) = 0; ecy xpuBasg pacIpeneseHVs CJIy4daliHOV BeJIMYMHbL X
’

VIMeeT MeHee OCTPYIO BepIINHY, YeM KpuBas HOPMaJIbHOTO pacrpeie-

nenns, To By < 0; ecy KpmBas pacrpenesieHns: CJIydariHOV BeJIdu-

Hbel X MMeeT Oojlee OCTPYIO BepIIVHY, YeM KpuBasi HOPMaJIbHOTO pac-
npepnenenus, To E x> 0.

JleBocmoponneis kpumuueckoi epanuyen (Uuiu kBaHmMuAbi0) YPOBHS o
CJTydavHOV BeJImduHbl X HasblBaeTcs Takoe umcio K, , uTo

Fy(Kq)=a, (3.51)

Puc. 3.3. Kpumuueckue epanuvl

T.e. P{X < K,} =q.
IIpaBocmoponnen kpumuueckoi epanuyer YpoBHS « CJIydaltHOVI BeJldrHbl X Ha3bIBaeTcs TaKoe YlCIIo
B, , uto

Fx

(By)=1-aq, (3.52)
T.e. P{X >B,} =«.

JleBocmoponnas u npabocmopoHHAA Kpumuueckue epanulybl 00H020 U 1020 Xe YPOBHS (v CBSI3AHBI MEXIY
cobov1 COOTHOIIIEHIEM

Ko=B, .

(3.53)
J18ycmoponnumu kpumudeckuMy 2paHuyamy YpoBHS o CIIydalfHOV BeJIMUMHBI X Ha3bIBAalOTCS TaKye

uncna B, Ba, 4T0

B ):%;FX(BQ):1——, (3.54)

T. €. P{X<§a}:P{X>§a}:%.
Mexoy odHocmoporHuMu 1 08YcmopoOHHUMU KPUMUUECKUMU 2PAHUYAMY CITy9atHOV BeIIMIMHBL X CyIIle-
CTBYIOT CJjIelyromyie COOTHOIIEHVI
B, =K,

=K (3.55)

12 =B 2 Ba 1—a/2 = B2

Mnst cranmapTHOro HopMasbHoro pacnpenernierns N(0;1) [IByCTOpOHHMe KPUTWYECKVe TPaHMIIbI

YPOBHS v CMMMETPUYHBI U MMEIOT CIlellaIbHble 0003Hauenmus: B, = —uq, Ba = U, , IpU 3TOM

1-a

P (uq) = —

Ha pwic. 3.3 ykasaHbI JIeBOCTOPOHHSIS, IIPABOCTOPOHHSISL VI By CTOPOHHIE KPUTIYECKIEe TPAHMIIbI [IsT
HEKOTOPOTO PacIipeesIeHVIs.

249. JlokasaTb dpopmyitsl (3.35) - (3.39).
250. CrywaviHas BerumHa X VIMeeT IPOM3BOMANIYIO PyHKUMIO my (1) = 0,2+

(3.56)

+0,3¢! 40, 1e2 + 0, 4¢* . Cocraputs psin paciipenesieHNst 3TOV CJIy4aliHOV BeJIMYVHBL,
HalTy e€ MaTeMaTuJyecKoe OXWIaHWe W JVCIIEPCUIO, a TakkKe ITPOM3BOAAIIYI0 PYHK-

LVIO CJIy4YaliHOVI BeJIMUMHEL Y = X 2.
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251. Hamtn mpomsBopslnyio (YHKIIMIO CIy4dallHOW BeJIMYMHBI, 3alaHHOV PSAOM

pacrpeneneHs
X | -1 0 1

D ‘0,2 0,3 0,5

252. JlokasaTb popmyity (3.41).

253. [lokasaTb cBOVICTBa ITpomsBogsien pyHkumn (3.42) - (3.43).

254. Hantn mponsBoasinyo pyHKIMIO CIyYartHOV BeJIMYMHBI, pacIIpeie/IéHHO 110
HOPMaJIbBHOMY 3aKOHY.

5 1 +00 1/z—a)\2
t tr — &
PEIIEHUE. m, (1) = Me ™ = feez(a)dx—
X( ) N2wo
—0o0
+oo 1 (2 2,02 5 2 2,, 42 42 +oo  1z—a—ot) 2,2
1 f - 2(1’ —2z(a+0t)+a“ +2a0t—2a0t+0o "t —c "t )d 1 = TTamo v g t p
= e 2 r=-— | e o e 2 dr =
N2wo 7 N27o
—o0 —o0
2
2,2 too  1rg_o2 2,2 2
—eaH% 1 f 6_2[$aa<f’f dx—eaHU t [1+<I> +oo—a—a2t] oy (1+1) eaHU t Q
\N27o 2 0 o 2 2
—0o0
255. Harvitv yeTBEpTHIVI HaYaIbHBIVI MOMEHT CiTyuartHovt Besimumabel X ~ N(0; 1).
!/
e £ ( tz) 2
PEIIEHME. [Tpowssopsimas dbyHKums my(t) =e 2 =e2, eé HIpOM3BOOHBIE \e2 ) =te2 ,
" 3 4
I Y S N L Y S -
e2) =e2 +te2, \e2 =3te2 +te2, \e2 =3e2 +6t%e2 +1'e2, MOSTOMY YeTBEPTHIV
4
2 2t el
HAUaIBHBIVI MOMEHT v/, (X) = \e 2 t=0 =3e2 +6t%e2 +t7e2),_5=3.U

256. Havitit mmpousBogsinyo YHKIVIO U C €€ MOMOIIBIO0 BBIUMCINTG MaTeMaTide-
CKOe OXViaHVIe [T CJTy4darHov BermanHbl X ~ G(p).

257. Hawnrtyi npomsBoasiyo (OyHKIINIO I CJTy4danHo BermaHbl X ~ R(a; b).

258. Harvityt ipon3BOAAIy 0 PYHKIIVIO, BTOPOV HadaJIbHBIV V1 TPETUN LIeHTPaIbHbIV
MOMEHTHI [IJTS CJTy4dartHov BermmamHbl X ~ Exp(u) .

259. [doxkasaTh, uTo BenmumHa M(X — c)2 JTOCTUTAeT CBOEro HaVIMEHbIIIero 3HaYeHM S

aopu ¢ = MX.
260. Havti Mmony v Menmany cirydaviHov BermmamHbl X ~ R(a; b).

261. Havtu Mmony v MemaHy ciTydatHoOv BermanHbl X ~ Exp(p) .

262. Ilyctb X — HexoTopas ciaydavHasg BeimdamHa, Y =aX +b (a m b — Hecoty-
Ay, a>0,
YarHbIe ITOCTOsSHHBIe, a = 0). Jloka3zaTh, uto A, = ,E, = E.
_ ° X—MX
263. Ilycte X — HekoTopas ciydariHas BennumHa, X = ———. JlokasaTb, 4TO
g
X
A, =A,,E, =E,.
X X X X

264. Hanmtn KoaddpuimeHT acMMMeTpuUM W 3KCIeCC CJIy4YarHOV  BeIVYMHBI

X ~ N(a; 0).
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265. Hamtn kosdduimeHT acuMMeTpuy W 3KCIeCC CJIy4YarHOM  BeIVYMHBI
X ~TII(N).

266. Havtt koadduiiMeHT acuMMeTpuUM W 3KCLecC CJIy4darHOV —BeJIMYMHbI
X ~ R(a;d).

267. Hantut xo3dPuIMeHT acuMMeTpuM M 3KCIecCc CJIy4alHOM BeJINdmHbL X,

VIMeloIIIeN pacnpedeserue Jlaniaca ¢ INIOTHOCTBIO f(1) = %e_“ |2 |, reR.

268. Hamrtn s cnyuartHon semumesl X ~ N(0;1): a) 2,5%-uyro n 97,5%-Hyr0
KBaHTWIN ; 0) 5%-HyI0 IIpaBOCTOPOHHIOI KPUTUUYECKYIO TOUKY.
269. Harvrrut 5%-Hyto 11 95%-Hyt0 KBaHTWIV pacrpenenieHmit: a) 1) ; 6) X%O'

270. Hawrti 5%-Hy10 1 95 %-Hy10 KBaHTWIV paclpeesieHns F2-3 .

§3.5. MHOTOMEPHBIE CJTYYAVHBIE BETMUVMHBI
Mmnoeomeprasn cayuaiunas Gesuvuna X = (X, X,,...,X,) — 3TO COBOKYIHOCTH CITy4aliHBIX BeIVYMH
X, (i=1,2,...,n), 3aJaHHBIX Ha OITHOM ¥ TOM X€ BEPOSITHOCTHOM IIPOCTPAHCTBE ().
3aKoH pacIpepesieHNs] BepOATHOCTeVI MHOTOMEPHOVI CJIy4alfHOV BeJIMUMHBI 3a7aéTcs eé PyHKImen
pacipesiesieHus

Py (2,25, Tp) = FXl,Xz,...,Xn (21, @55 2p) = P{(X] <3)N(Xy <2y) NN (X <)},

KOTOPpasl SIBJISIETCS YMCIIOBOV (PYHKIIMEVI MHOTMX IlepeMeHHBIX U (KaK BepOSITHOCTD) IIPMHMMAeT 3HaJe-
Hus Ha oTpeske [0; 1].

DyHKUMS paciipefe/ieHNss MHOTOMEPHOV CJIy4darHOV BeJIMYMHBL oOIajaeT CJIeyIONIMI CBOVICTBa-
M.

041 Bcex @q,Ty,..., 7, € R0 FXl,X2, X, (x17x2,...,xn) <1; (3.57)
Fle Xy Xy (T, Ty, -, Ty ) He YOuibaem no kaxdomy apeymenmy; (3.58)
FX17 Xy Xy (:1;1, Tryyeeos T,,) HenpepuiBua caeba 1o Kaxoomy apeymeHmy; (3.59)
Py, Xy X, (B0 00 By 15 —00) = 0 (3.60)

FXl,X2,...,Xn (1, @5s0s T, _q,+00) = FX17X2""7Xn—1 (@1, @gsees T _q) - (3.61)

B ommume oT omHOMepHOrO CiTy4asi, BbIIOJIHEeHMe cBOVICTB (3.57) - (3.61) mist HeKOTOpom PyHKIIUM
F:R" — R He rapanTupyeT, 4To 3Ta PYHKIMS ABJIsIeTCs: PYHKIVEN pacItperie/ieHVsi HEKOTOPOV MHO-
TOMEPHOVI CJTy4aviHOVI BEJIIHEI.

MHoromepHeIe cTydavHble BeJIMUMHBL, TaK Xe, KaK ¥ OITHOMEepPHbIe, MOTYT OBbITh JuckpemHbiMu (KOTAa
HabOpBI BO3MOXHBIX 3HAaUEHU 00pa3yloT KOHEeYHOe I CUéTHOe MHOXECTBO) WIN HenpepuibHbviMu (KO-
I7la MHOXKeCTBO HaOOPOB BO3MOKHBIX 3HaUeHWVI HeCUETHO).

Bcromy Hypke B maHHOM Haparpade OyayT paccMaTpUBaThCS IByMepHBIE CIy4aliHble BeJIVYVHEL

BeposTHOCTE momamaHus ABYMEPHOV CIIy4aViHOVI BeJIMYMHBI B IOJYOTKPBITBHIVI IIPSAMOYTOIBHUK

paBHa
P{(a, <X;<by)N(ay <X;<by)}= (3.62)

=F by,b,)— F Gq,by) — F bi,a,)+ F aq1,0n ) .

Xl,XZ( 1:02) Xl,XZ( 1:02) Xl,XZ( 1:42) X17X2< 1:92)

Ecym nononaurensHo K yotosusM (3.57) - (3.61) morpebosaThk oT pyHKIMM F : RZ R HeoTpuIIa-
TEeJIbHOCTY BeJIVUVHBI

Fy x (b1:0y) = Fy v (aq,0y) — Fy

b,a,)+ F a+,a
1% 1:%2 1>X2(1’ 2) X1’X2( ey
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IUIS JTFOOBIX Qg5 0y, bl,b € R Takmx, 9to b al, b2 > a,, TO TOIZA 9Ta dyHKIMSA 00s3aTeNIbHO OyrieT

ABJIATbCA PYHKIIMEN paciperiesieHns HeKOTOPOV IByMepPHOVI CTy4artHOV BeJINYVHBIL.
J16ymeproie Ouckpemmovle cayuainble Beauyuns. yIOOHO 3a/laBaTh C IIOMOIIIBIO TaOJINIL pacipeiesieHs

X
v Ty Ty Ty
Y1 P11 P12 7 Py
Y | Py1 Ppp Py (3-63)
Ym | P P2 7 Pmn

B Takom Ta6m/1ue 3aroJIOBKM CTO.T[6H,OB X j COOTBETCTBYIOT BCEM BO3MOJXXHBIM 3Ha4Y€HVIAM HepBOVI

KOMITOHEHTB! X , a HasBaHWsL CTPOK Yy, — BCEM BO3MOXXHBIM 3HAYEHVISIM BTOPOVI KOMITOHeHThI Y . [Ipn

3TOM B KJIETKY, HaXOMSIIYIOCS B i-VI CTPOKe M B j-M CTOJIOLle, 3aIlMChIBAETCS 3HAUEHNEe BEPOSTHOCTMU
Py = P{(X = xj) N(Y =y;,)}. EcrecterHo,

.2 v =1 (3.64)
i

DyHKIMS pacperiesleHNs JByMepHO AVICKPeTHOV CJTyJYariHOV BeJIUVHEI paBHa

Fyy(wy)= 32 >0 py- (3.65)

2 <TY;<y

3aKoHBI pacipesiesieHNsi KaXIOV 13 KOMIIOHEHT TaKOVl JIByMEPHOW CJIy4allHOV BeJIMYMHBI (TaK Ha-
3bIBaeMble MaAp2UHAAbHbIE 3AKOHbL pacnpedeseHiisl) BOCCTaHaBIMBAIOTCs 110 TaOimile pacrpenesieHus (3.63)
Ipy HoMomy popMyJI

PX=u}=> p; PV =y} =2 p;. (3.66)
i J

[ByMepHad cIydarHas BeJIMuyHa Ha3bIBaeTcsl a0coA10mHo HenpepbiBHoll, ecnt e€é PyHKIIMS paciperie-

JIEHWST MOXeT OBITh IIpeacraBjieHa B BUE
T

)
—o0\—0
HpT/I 3TOM (bYHK]'_U/ISI fXY(.’L', y) Ha3bIBaeTCAa 1MAOMHOCHbIO pacnpeaeAeHuﬂ aé’yMepHoﬂ C/lylim;lHOI;l Beauuutol
(X;Y).
ITnoTHOCTE pacnpeneneHMﬂ a6COTIIOTHO HereprBHOT?I JIBYMepHOT?I cnyqaﬁHoV[ BeJIMYIVIHBI 06na)1aeT
CHGHYIOHIVIMVI CBOVICTBaAMIA:

oas Beex m,y € R: fyy (2,y) 2 0; (3.68)
+o00 (+00
[ | [ fey@yidy|de =1, (3.69)
—Oo0\—

npryéM smobas pyHKIMs, obnamaromnias 3tnMu covictBaMm (3.68) - (3.69), sBiisieTcs IWIOTHOCTBIO pac-
IpeziesieHsI HEKOTOPOV aOCOJTFOTHO HEIIPEePBIBHOV ABYMEPHOVI CJIyYartHOV BEJTNYVIHBIL.
Ecimn dyHKIms pacpenerieHst abCcoJIFOTHO HEIIPephIBHOVI IBYMEPHOW CJTydartHOV BeyamHbl (X;Y)

2
VIMeeT CMEIIaHHY0 YacTHYIO ITPOVU3BOHYI0 ———Fy (2,y), TO IUIOTHOCTb PacIpeyiesieHmisl fXY(x, )
0x0y

paBHa 3TOV YaCTHOVI IIPOMU3BOIHOVL:
92

—F ). 3.70
910y Xy(x y) ( )

fxy(xa y) =
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Ecmn abcomroTHO HempepblBHas [ByMepHas cilydarHas BeamumHa (X;Y) wMeeT IUIOTHOCTB

fyy (#,y), TO onHOMepHbIe CiTyvaiiHble BelMUMHBL X 1 Y Takoke SIBJISIIOTCS aOCOJIFOTHO HEpepBIBHBI-

MU, M IX IDIOTHOCTU MOXHO pacCuUnTaTh I10 CpOpMYHaM

T Y
fy@= [ fyy@oidy fyw) = [ Fyyyds. (3.71)
—00 — 00
CsorictBo (3.71) cripaBemIMBO TOJIBKO ISl 0ByMepHbiX aOCOITIOTHO HEIIPEepPbIBHBIX CITyYallHBIX BeJIN-
ypH. B ciryvae n > 2 3TO CBOVICTBO BBITJISIINT CyIIIeCTBEHHO MHayve.
HaHOMHI/IMl, qTo /1Be C/lyliailele beauvuns, X v Y HasbIBAIOTCS He3a6ucuMbm4u, eCJIN IJIA BCeX T,y € R

P{(X <z)N(Y <y)} =P{X < 2}P{Y <y}, (3.72)

T. €. ey Jy1st Bcex 7,y € R cobprmms {X < z} u {Y < y} He3aBuCHMBEL

1 qucKpeTHBIX CTydaliHbIX BemuH X 1 Y ycioBue HesaBucuMocTH (3.8) SKBMBaJIeHTHO yCJIO-
BUIIO

P{X =2)n(Y =y)} = P{X = 2}P{Y =y}, (3.73)
a 11711 abCOJIIOTHO HelIPePBIBHBIX CJTyYallHbIX BJIMYMH — YCIIOBUIO
fyy (@y) = fx @) f (). (3.74)
J1J1s1 isMepeHMst 3aBUCMOCTY CJTyYarHBIX BeJIMUMH BBOIUTCS Kobapuayus CIydaniHeX BemarH X 1 Y
cov(X,Y) = M[(X —MX)(Y —MY)]. (3.75)
ITocnennsas dopmyiia jierko mpeodpasyeTcs K BUILY

cov(X,Y)=MXY)-MX-MY. (3.76)

KoBapmatins ciTy9ganHbIxX BeJIMYVH 00J1afaeT CIemy O IMI CBOVICTBAMIAL
cov(X,Y)=cov(Y,X), cov(X,X)=DX, (3.77)
cov(aX,Y)=acov(X,Y), cov(X +Y,Z) = cov(X,Z)+ cov(Y,Z), (3.78)
ona Hesabucumbix cayuainsix besunun X u'Y cov(X,Y)=0. (3.79)

g oryvanseix BemmaH X 1 Y, MMeIomX TeHAeHIIIO U3MeHAThCS OHOBPEMEeHHO B OfHY U TY
JXe CTOPOHY, cov(X,Y) >0, s CJIy4YaviHbIX BelmumMH X 1 Y, MMEeIoIIX TeHIeHIIIO U3MEeHAThCS Of1-
HOBPEMEHHO B pasHble cTOpoHbI, cov(X,Y) < 0.

Hvicriepcrist CyMMBI TIPOM3BOJIBHBIX (3aBVICVIMBIX VUV HE3aBVCHMBIX) CJTyYallHBIX BEJIMYVH PacCUUTHI-

Baetcs 1o popmyiie
DIX+Y)=DX+DY +2cov(X,Y). (3.80)

Kopapuartiyg MoxeT OpyHUMAaTE IIPOM3BOJIbHBIE BellleCTBeHHbIe 3HaueHsl, [I09TOMY He BIIOJIHe IIpW-
rojiHa K VICIIOJIb30BaHMIO B KauecTBe Mephl CBA3M CJIydaliHbIX BeJIMUMH. [1JId 3TOro jIydlie IOaXOaUT Ko-
appuyuenm koppessayuu crydaviHbIx BeymaH X n Y

_cov(X,Y)  M[(X —MX)(Y —MY)] M(XY)-MX MY

p(X,Y) = = = (3.81)
Tx% Tx% Tx%
KoaddpunmenT koppesrsiimm o0amaeT Ceay oMMy CBOVICTBAMIU:
014 1100b1x cayuanmbix Geavuun X u'Y: =1 < p(X,Y) < 1; (3.82)
044 He3aBucumbix cayuannsix Geauuun X u'Y : p(X,Y)=0; (3.83)

045 AuHenHo cBasannbix cayuatnvlx Geauuun X u'Y =aX +0b (a,b € R, a = 0) u moavko 044 Hux:
p(X.Y)=1. (3.84)

Ecm xoadpdpurnment koppersimym p(X,Y) =0, To 3T0 He 00si3aTelIbHO O3HAYaeT HE3aBUICHIMOCTH
cTydanHblx BesimauH X, Y . B aToM cilydae roBopsT, UTO JaHHbIe CJTydariHble BeJIMUVHBI HeKoppeAupoBan-
HoL. VI3 He3aBUCUMOCTH CJlefTlyeT HeKOppeIMpOBaHHOCTh, HO HA0OOPOT — He Bceryia.

1 CMm. dpopmyiy (3.8) B §3.1.
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CJ'[yanIHaSI BeJINMYMHa, KOTOpasAd 3a/1aéTCH IVIOTHOCTBIO paciipeneiieHnsi

_ _ a2

x. aq T Qa, xT a

D B e B [ 2 2]
0'1 0'2 0'2

a2
5171 0,1
71

1|
! 2(1-9%)|

f(‘rl7x2) - e
2
21— p 010,

HasbIBaeTCs pacIipeiesIEHHO 10 08YMepHOMY HOPMAALHOMY 3AKOHY.
ITpu 5TOM €€ KomnoHeHTEl X; 1 X, paciipeesieHsl 10 OJIHOMEPHbIM HOPMAJIPHBIM 3aKOHaM € Ma-

, (3.85)

TeMaTn4YeCKMMIM OXMIOaHVIAMM a1 " a2 COOTBETCTBEHHO U CpedHVIMV KBalpaTUYHBIMIM OTKIIOHEHVISIMI
01 VI 0, COOTBETCTBEHHO, a ITApaMeTp p paBeH KOI(PUIIMEHTY KOPPEIISLI MEXIY CITy4aiiHbIMIL Be-
nvavHaMu Xy i X, .

271. JlokasaTb cBOVICTBa (PYHKIIMV pacipefesieH s MHOTOMEePHOVI CTy4allHOV BeJIvi-
uynsl (3.57) - (3.61).

272. [loxkasaTb dpopmyiny (3.62).

273. [loxasaTb, 4TO PYHKIIVI
sin z-sin g, :1:1<0, :1:2<0 VI 74 +x1<1,

F(xvy):{ 0,

yIoBjleTBopsieT BceM cBomcTBaM (3.57) - (3.61), HO IIpu 3TOM He sBjIgeTcd PYHKIIMEN
pacripenesieHus CJIyYavtHOVI BeJIMYMHBL.

MHadve, T. €. KOT/ia OHOBPeMeHHO 7 >0, Ty >0wu 9 +x1 >1

PEIIEHME. [Ipennonoxnm, 4ro F(zy,7,) ONVCHIBAET HEKOTOPYIO CIydavHylo Beramay (X;,X,).
Beposraocts  P{(0,1 <X;<1,1)N(0,1<X;<1,1)}=F(1,1;1,1) - F(0,1;1,1) - F(1,1;0,1) + F(0,1; 0,1)=

=1-1-1+0= -1, 9To OPOTMBOPEUYNUT aKCHOMe HeoTpullaTeJIbHOCTN BepositTHocTH (1.36). Mexumy
TeM CIIpaBeJIMBOCTb CBOVICTB (3.57) - (3.61) j1erko 1poBepuTh (IIpegocTaBiisieM 3To unTaTeso. U

274. ]IBymepHas ciydaviHas BermumHa (X;Y') 3amaHa pyHKIMEN paclpeneieHns

. . i 71'
sinz-siny, 0<zr<—, 0<y<—,
F(z,y) = S

0, VHaye.

Harviru P{(O<X<Z)O(Z<Y<g)}.

275. [oxasaTb dpopmyity (3.66).
276. 3apmaHO pacIipesiesieHVe BepOATHOCTEeVI AVICKPeTHOVI IBYMEPHOV CIIydaliHOV

BermumHbI (X;Y):
X
v -1 0 1

0 |0 01 04.
1 102 02 0,1

CocraBuTh psAnpl pacnpenerneHns eé KoMnoHeHT X n Y. OnpenennTs BEpOATHOCTb
P{X <Y}.

PEIIEHVE. Brauaste coctaBuM psAabl paciipefeleHns cIydarHblx Beimuma X n Y . CilyvanHas Bejm-
uyHa X npuHMMaeT 3HadeHus -1; 0 m 1 ¢ Beposaraocrsamu 0,2=0+0,2;, 0,3=01+02mn 0,5=0,4+0,1
cooTBeTcTBeHHO. TakymM 0Opas3oM, 3Ta cirydariHas BeJIMdMHa VIMeeT psll paciipefesieHus

X|-1 0 1
p |02 03 05
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AHaJIOTMYHO I10JTy4aeM psifl, pacipesiesieHns CJIydalfHOV BeJIMUMHBL Y :

Y| O 1
p 0,5 0,5

Bepostaocts P{X<V}=P{(X=—1)N(Y=0)}+P{(X=—1)N(Y=1)} + P{(X=0)n(Y=1)}=0+0,2+0,2=0,4. U

277. JlByMepHas ciryuanHas seyimurHa (X;Y) 3amaHa pyHKIME pacpenerieHns

1-277-27Y 27"V 2>0y>0,
Fa,y) = { 0, VHayve.

Havrty rytoTHOCTB paciipenesieHuist STOVI CJTy9aiHOVI BeJIVYVHBL.
278. JIBymepHas ciaydariHas BervramHa (X;Y') 3amaHa IDTOTHOCTBIO pacIipeeTeHyst

sin(z+y) T T

—— 0<e<—, 0<y<—,

flay) =1 2 2 2
0, VHayve.

Harvitit pyHKUMIO pacipeneieHns 3TOV CJIyYaliHOV BeJIVUVHBL.

279. Jlokas3aTbh, UTO IUIOTHOCTb pacIipefesieHus 100011 aOCOIIOTHO HeNpepBIBHOM
JAByMEepPHOV CJIy4artHOV BeJIM4MHbI oO1afaeT ceovictBaMu (3.68) - (3.69).

280. JlokasaTb, uTo Jr00ast pyHKIMs, obsagarorias ceovicteaMu (3.68) - (3.69), saBiis-
eTcsd IUIOTHOCTBIO pacIipefiesIeHsi HEKOTOPOil abCOIIOTHO HeIPepBhIBHON IByMEpPHO
CITy4ariHOV BEJIMYMHBI.

281. lokasaTb popmyiy (3.70).

282. Jlokas3aTb, YTO I JIFOOBIX aOCOJIFOTHO HEIIpepbIBHBIX ABYMEPHBIX CITydallHBIX
BeJIVYVH CIIpaBejINBO CBOVICTBO (3.71).

JOKA3ATEJIbCTBO. ITo CBOVICTBY (3.61) Fy(2)=Fyy (z,4+00) :yEI}:OOFXY (z,y)=
x Yy r (400
= lim fyy (W v)dvidu=lim f [y (w,v)dv|du, uro v TpebGoBasock nokasars. Bro-
Y——+00 Y——+00
—o0\—00 —0\—0
fx(x)

Ppasl 9aCTb JOKa3bIBa€TCs aHaJIOTUYHO. a

283. JlokasaTb yCIOBVe He3aBMCVMOCTY AMCKPeTHBIX CJIy4YarHbIX BeJindanH (3.73).

284. [loxasaTh yCJIOBMe He3aBUCHMOCTV aOCOJIIOTHO HeIPepbIBHBIX CIIyYamHBIX Be-
vauH (3.74).

285. 3apmaHO pacipenesieHIe BepOATHOCTEV AVICKPEeTHOV IBYMEpPHOV CIIydaliHOV
BermmumHbl (X;Y):

X

-1 0 1
Y

1 |0,15 0,3 0,3.
2 |01 005 01

3nmech crydariHas BeJMuMHa X ONIMCBHIBAeT AOXO[ MHBECTULIVMOHHOV KOMIIAHWM Ha
PBIHKe aKluy, a clydaliHas BeJImdrHa Y — J10Xx0f1 Ha pbIHKe oOnurarymii. CocTaBUTh
psabl pacpesesieHns e€ KOMIIOHeHT X 1 Y, a TakXKe YCJIOBHBIVI 3aKOH pacIIpeesIeHis
KOMITOHeHTbI X mpu ycioBum Y = 2. BeIICHWTE, 3aBUCHMBI JIVI KOMIOHEeHTEl X m Y.
Havityt 3akoH pacrpeneneHvs CcyMMapHOro Joxoga KoMoanvm X + Y .
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286. [IBymepHas ciryuariHas BemumHa (X;Y) 3aaHa IUIOTHOCTBIO pacIipeesIeHNs

2 2
f(z,y) = c-e™® 724" Hapru Hec/yuariHyo IIOCTOSHHYIO ¢, IDIOTHOCTY PACIIpelie-

JIGHV CJIy4davHbIX BeJimurH X v Y, BBISICHUTD, 3aBUCHMBI JIM MapTVHaJIbHBIe CIIydari-
HbIe BeiTmumMabl X m Y.

287. JokasaTb dpopmyiy (3.76).

HOKA3ATEJIBCTBO. ITo cBovictBamM MaTematudeckoro oxuaanus cov(X,Y)=M[(X—-MX)(Y-MY)| =
=M(XY-V-MX-X-MY+MX-MY)=M(XY)-MY-MX -MXMY+MXMY=MXY)-MX-MY.Q

288. [lokasaTb cBovicTBa KoBapmarium (3.77) - (3.80).

HOKA3ATEJIBCTBO. cov(X,Y)=M((XY)-MX -MY =MYX)-MY -MX = cov(Y,X); cov(X,X)=
=M(X 2)—(MX)2 =DX; mig He3aBuCMMBbIX CiIydavHbIXx BenmumH X u Y cov(X,Y)=M(XY)—
-MX - MY =MX-MY-MX-MY =0.4

289. B yciioBmsax sagaum 276 HalTvi KOBapyallMIoO CIydaHbIX BesimaH X n Y.

PEINEHME. YToObr HaviTyt M(XY'), IepeMHOXIM BCe BO3MOXKHBIE 3HAUEHVIS T, Y; VI COOTBETCTBYIO-

VX BEPOATHOCTEN p; j Vi3 TaOJIMIIBI pacrpesiesleHns JaHHOV CIy4YayHOV BeJIMYMHBL U IPOV3BeleHs

m N m "
croxmm:  M(XY) = Z Z xjyz-P{(X = a:j)m(Y =y;)} = Z Z TPy = 0-(<1)-0+0-0-0,1+
i=17=1 i=1j=1

+0-1-0,4+1-(-1)-0,2+1-0-0,24+1-1-0,1=04+040-0,2+0+0,1=-0,1. MX u MY Hanmgém
0 psAfaM pacopefe/ieHMs CIydaliHeIX BeyumH X u Y, mHonydeHHBIM B 3agade  276:
MX =-1.0,2+00,34+10,5=0,3, MY = 00,5+ 10,5 =0,5. [Tostromy cov(X,Y)=M(XY)-MX-MY =
=-0,1-0,3-0,5=-0,25.0

290. Hanyn xoBapuaiyio 1 Ko3dduineHT Koppesainm cJIydaiHbIX BeJIndd X U
Y, ecyiv IByMepHast cJlydanHas BejimurHa (X;Y) 3aJaHa INIOTHOCTBIO paciipeiesIeHms

1 . .
—sinz-siny, 0<z<m, O<y<m,
fla,y) =14

0, MHayve.

291. [loxkasaTb cBomicTBa KoadpdpurimeHTa koppesrsmm (3.82) - (3.84).
HOKA3ATEJIbCTBO. [lokakeM HocjIe/lHee 13 Ha3BaHHBIX CBOVICTB (CIIpaBeIMBOCTD IIE€PBBIX ABYX Ul-
TaTeJIb JIETKO ITPOBEPUT CaMOCTOﬂTeHBHO). I'lo cBOVICTBAaM MaTeMaTHMYeCKOro OXMIaHVIA VI AVICTIEPCUIN

_ M[X(aX+b)-MX-M(aX+b) _ a(MX2)+IMX—a(MX)?>—bMX
p(Xv Y) - - 2 2 -
T X0 0 X +b VDX M[(aX +b)2]—(aMX+b)

aD X +b(MX —MX) _aeDx |71 a<0

DX \Ja?M(X2)+2abMX +12 —a2(MX)2—2aMX 42 latDX] | 1 a>0,
nostomy [p(X,Y)=1.0

292. B ycnoBusix 3agaum 276 HaTyt K03 PpUIIMeHT KOppesiiuy CJIydarHbIX BesIu-
umH X n Y.

PEIIEHME. Haimnem M(X2) = (1) 0,2 +0%-0,3+1%-0,5=0,7 u M(¥Y?) =0%0,5+1%0,5=0,5. Or-
coma DX=M(X2)—(MX)?= 0,7—(0,3)>=0,61, DY =M(Y?)—(MY)? =0,5—(0,5° =0,25 (MX=0,3 mn
MY =0,5 Obumn  monydeHsl B 3amade  289).  Ilosromy oy =vDX = 0,61 ~ 0,78,

cov(X,Y)

oy = DY = /0,25 ~ 0,5. OkoHuaTeJIbHO 1oy 4aeM p(X,Y) = - 0B —0,64. 4
oxOy 0,78-0,5

293. Ilycte X,Y, 7 — He3aBuCHMBIe CJIydarHble BeJIMYMHBI C KOHEUHBIMIM IIOJIOXM-

TeJIbHBIMM Avicnepcuamu. [IposepuTs, MOryT jivt citydanitble BesimdnHibl X +~Z nY + 7
OBITH: @) 3aBUCUMBIMIL; 0) He3aBUCUMBIMI.
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°© X-MX °
294. Jlokazarh, utoecom X = ———, Y =

Tx Ty

Y-MY
~——— (tme X u Y — HeKoTOpBIe CIIy-

o O
YJaviHble BEJIMYVHEI), TO p (X : Y) = p(X,Y).
295. 3apaHO pacmpeqesieHVie BepOATHOCTEN AVICKPETHOV JByMEPHOV CIIy4YaliHOW Be-
mvavibl (X;Y):
X

2 41
v 6 30 50

23 0,05 0,12 0,08 0,04.
2,7 10,09 0,30 0,11 0,21

Harvrty koBapuatinio 1 K03 puiineHT Koppedainy e€ KOMIIoHeHT X un Y.
296. IleTs BBIYMCITIII KOBapMammio pocTa X CIOPTCMEHOB M3 MHCTUTYTCKON OacKeT-
O0IbHOVI KOMaH/IbI, M3MEPEHHOIO B CM, U CKOpocTM Oera Y (Tex )Ke CIIOPTCMEHOB), W3-

_ M _
MEpPpEHHOMN B —. Maria L TOM K€ COBOKYITHOCTU 0ackeTOOIMCTOB BHIUMC/IVIIA KOBa-
C

- M
puanmio pocta X , MU3SMEPEHHOIO B M, 1 cKopocTu Oera Y, m3amepenHou B —. Omnpene-
C

JINTBh, B KAKOM OTHOIIIEHVI HaXOSATCs 3TV KOBapMaIU.
297. B ycrioBusix mpenpinylnent 3agadyl CpaBHUTb KO3 PUIMEeHTb KOppesIaLny, I10-
syudenHsle [Teren 1 Marmeri.
298. CpenHue KBagpaTW4Hble OTKJIOHEHVS CJIy4YarHbIX BeJImuH X 1 Y paBHBI CO-
orBeTcTBEeHHO 5 11 4. OnipenernTh HanboIIbITIee BO3MOXHOe 3HaueHme cov(X, V).

299. CiayuyanHble BesiauHbBL X 1 Y — 4YMCIIO HOSIBJIEHUN COOBITUII ITPOCTEVIIIIero
riotoka B vHTepBasiax Bpemenn (0;¢) v (0;¢ + 7) coorBercTBeHHO. Hamti p(X,Y).

PEIIEHME. IlycTh ciyuayiHas BeIMuMHA Z — YWCIO TOSBIEHUII COOBITUN ITPOCTEVIIero MOoToKa B
uHTepBaste (t;t+ 7). Torma X ~ II(At), ¥ ~ IL(A(t+7)), Z ~ (A7), MX =DX =X, MY =DY =\t +71),
MZ = DZ = Xr . Iloaromy 110 dpopmyite (3.17) M(X?) = DX + (MX)? = M + (At). Yuursisas, uto B CHILy
CBOVICTBA OTCYTCTBMS ITOCIIEHEVICTBIS ITPOCTENIIIErO ITOTOKa CJIydaviHble BeJIMYMHBL X,Y W 7 He3aBU-

cvMBL, Io3ToMy 110 popmyite (3.15) M(XZ) = MX -MZ = Atr Vcnonssys (3.81), (3.76) u (3.14), mosy4da-

oM. UTO (X Y) _ MXY)-MX-MY _ MX(X+2)-MXMY B MX2 +M(XZ)-MX-MY _ t 0
’ P - Oy Oy N Tx Oy n VDX VDY N t+71

300. Oxumaemas ZOXOTHOCTB IIEPBOTO aKTVBa paBHa 8% CO CpeHMM KBaJpaTUIHBIM
OTKJIOHeHMeM 7%, OXwiaaemas JOXOIHOCTh BTOPOro akTmBa paBHa 11% co cpemHmMm
KBagpaTuuHbeIM oTKIOHeHneM 10%. Koadduiment xkoppersaumm Mexay 3TUMM aKTH-
Bamu coctasiister 0,7. HanTy oxnmaeMyro JOXOIHOCTD M CpefiHee KBaJpaT4HOe OTKIIO-
HeHIe NTopTderrsil, cocrosiero Ha 35% 13 IepBOro akTmBa 1 Ha 65% — 13 BTOPOTO.

301. [loxasaTb, YTO KOMIIOHEHTBI X " X, [IByMepHOV HOPMaJIbHOVI CJIyYaiiHOV Be-

JINMYMHBI (385) paciipenesiedbl 110 OTHOMEPHBIM HOPMAJIBHBIM 3aKOHaM C MaTeMaTi4de-
CKVIMI OXVMOaHWMAMI al n 0,2 COOTBETCIBEHHO M CpEAHVMN KBaJpaTUMYIHBIMIM OTKIJIOHE-

HVSIMI 0 VI 0y COOTBETCTBEHHO, a IapaMeTp p paBeH KO3(hPUIMEHTY KOppeIsin

MeXny CHY‘I&VIHBIMT/I BeJIMYMHaMM Xl nX -

! Ilopmcpesem HasbIBaeTCss HAOOP LEHHBIX OyMar, KOTOpBIM 00JIafjaeT MHBECTOP.
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302. CnyuanHas Beymunza (X; X, )3a1aHa INIOTHOCTBIO PaCIIpesieseH sl

f(zy,25) = P 5,112 [(xl_3)2_0’6(5”1_3)(x2_5>+4(332_5)2].
’ 1,287

Havrrv KoapprinvieHT KOppestsiiinm MeX/y CTy4arHbMy BeravHamm X, 1 X, .

303. IIpmBecTn mmpuMep 3aBMUCHMBIX, HO HEKOPPeIMPOBaHHBIX CTyYalHbIX BeJIVYVH.
304. ]lokasaTp, 4TO I HOPMaJIbHO paclipeleJIéHHBIX CJIy4YaliHbIX BeJIMUMH yCJIOBYe
He3aBVCVIMOCTH SKBUBaJIEHTHO YCJIOBUIO HEKOPPeIMPOBaHHOCTM.

§3.6. Y CITOBHBIE PACIIPEOETEHWS

ITycTh ¢ momorreio Tabimiibl pacrpenenenns (3.63) 3amaHa JIByMepHasl AVICKpeTHasl CJTydariHasi Be-
manHa (X;Y) . YVeaobuas eposmuocms cobvimus {Y =y, } npu yeaobuu {X = xj} BBIUVICIISIETCSI, COTJIac-

HO OlIpefieJIeHNIO YCJIOBHOM BepoATHOCTH (2.1), B cOOTBeTCTBUM ¢ (POPMYIION

P gy X —a = D O )

-4 3.86
P{X = xj} Z pkj ( )
k

Takmm 06pa3oM, MOXHO IIOIYUYUTb YcA06H0e pachpedesere OUckpemHoil cayuainoi besuuunst Y npu yc-
106uu {X = xj} , OHO Oy/IeT 3a/1aBaThCsl PSIOM pacIIperiereHs

» hy o Py P (3.87)
Xpy Xy 2Py
k k k

MaremaTirdeckoe OXugaHVe CIydarHOV BeJmuHbL (3.87) HasbIBaeTCs YCAOBHbIM MAmMeMamuuecKkum
oXXudanuem ouckpemuoil cayuainon Beaununsl Y npu ycrobuu {X =z j}:

yPIX =2)N (¥ =y)} 2 Vit
P{X =1} a S '
— Y

JUtst yicKpeTHBIX CITyvarHbiX BeymunH X n Y yeaobuvie beposmuocmu P{Y =y, | X} n yciobroie ma-

M(Y|X:xj):ZyiP{Y:yi]X:a:j}zz (3.88)

memamuueckue oxudarnua M(Y | X) npu ycaoBuu X onpenessroTcs Kak CJIydaviHble BeJIVUVIHBI, IIPVIH-

MaloIIie Ha MHOXeCTBE {Zy, Ty, T3, .., Ty, ...} 3HaueHws (3.86) u (3.88) cooTeTcTBEHHO:
P{Y:yi\X}| 1, Ty Ty
» Pi Pip . _Pin (3.89)
2P 2P 2P
. k1 . k2 k km
MY | X) | 4 Ty T,
, ? YiPi1 ZZ: Vil ZZ: YiPin (3.90)
Ly Py 2 Pip
7 ) 7

AHaJIOTYHBIM 00Pa30M OITpeIesIIOTCS YCIIOBHBIe IUIOTHOCTY pacIipefiesieHNs 1 YCIIOBHBIe MaTeMa-
TUYeCcKVe OXVIAHWS [IJIs aOCOJTIIOTHO HeIIPephIBHBIX CITyYaliHbIX BeJIMUMH. Y c106HAs niomHocms pacnpe-
Oesenus abcoatommo HenpepbvlbHot cayuaiunou Beauuunst Y npu yeaobuu {X = r} onpenensercs popMyIion

_ ny(% ) _ ny(xv ) ) (3.91)
fX(x) oo
f ny(@’"» y)dy

fY|X:I(y)
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a yca06Hoe mamemamuveckoe oxudanue — popMyIIoNn
400

f Uy (@, y)dy
MY [ X =2)= [ vy , (0)dy =32 : (3.92)

PaccmaTtpuBast ycjI0BHYIO IUIOTHOCTb fy| x () Kax ciIyuariHyIo BelMUMHY, ITIOTHOCTE PaCIIPerieTIeHVs]

KOTOpOVI OIpefesIsieTcs IIpu KaXIoM Y Q)opMynoV{ (3 91), morry4ynm

M(Y | X) = f 1 (v (3.93)
CrrpaBeyIVBBI CJIEIYIOLIIVIE Pe3YIIbTaThL:
PlY=y}=MP{Y =y, | X = x]}) (0142 Ouckpemmbix cAYHATIHBIX BeAUUUH); (3.94)
fy(y) =M fy| x () (045 abcoatommo enpepbiBrvix cayuannvix besuun); (3.95)
hopMYyAa NOAHOSO MAMEMATNULECKO20 OKUOAHUSL:

MY = M[M(Y | X)]. (3.96)

CrpaBeymiBa Taxke popMyJIa st AVCIIEPCIL:
D(Y) = MID(Y | X)]+ DIM(Y | X)], (3.97)

e yca06Haa oucnepcua orpenesisieTcst PopMyITon

DY | X)=M{y - My | x)? | x}. (3.98)

305. B ycinoBusax 3amaunt 276 HaWTW YCJIOBHBIVI 3aKOH paclipefie/IeHVsI KOMIIOHeHTbI
X npu yciosun Y = 0.

PEIIIEHME. Y CJIOBHBIVI 3aKOH paclipeie/ieHVis CJIy4ariHOV BeJInurHbel X 1pu ycioBum Y = 0 11onyda-
P{(X=1,)N(Y=0)}

eM C [IOMOLIBI0 (POPMyJIbl YCIOBHOM BepositTHOCTH:  P{X =1, |Y =0} = P =0] , T.e.
P{(X=—1)N(Y=0 0 P{(X=0)"(Y =0 01 1
P{X = 1|y =0} = 2U P{Y):é} D=9 =0, prx=op=0 = "1l P{Y)Z(O} Dol L px=1y=0} =

_P{(X=1)N(Y=0)} 04 4
o P{Y=0} 05 5°

pu ycjioBum Y = 0 TakoB:

. Takum 06pa30M YCJ'[OBHBIT/I 3aKOH pacIipeesIeHN:Ad CJ'[y‘IaT/IHOT/I BeJIMUYMHBL X

X|Y=0|-1

Q

SN

0
1
0 =
I
306. B ycmoBmsax samaum 276 HaliTM yCJIOBHOe MaTeMaTHdecKoe OXWAaHVe KOMIIO-
HeHTel X Hpwu ycaosun Y .
307. JokasaTp cripaBemymmBoCTh popmyit (3.94) - (3.97).

308. Pacmmcate ¢opMyIy MOJIHOIO MaTeMaTW4ecKoro oxwpaHus (3.96) mis gwuc-
KPeTHBIX 11 aOCOJIIOTHO HelIPepPBhIBHBIX CIyYaliHbIX BeJIMUVH.

§3.7. D YHKIINU OT CJTYYAVIHBIX BEJIMUVH
HYCTL HaHa OVICKpeTHasA cnyqaﬂHaﬂ BertmumHa X , 3alaHHasA pAOOM paclipelesIeHVA
X | Ty Ty v Ty
P ‘ pl p2 Dy et

(3.99)

¥ MOHOTOHHAas PyHKUMS ¢(z) . Torna pasymaHbIM 3HaueHVSIM X COOTBETCTBYIOT Pas/IMUHble 3HAUEHVIS
Y = ¢(X), npudém BepOSITHOCTV COOTBETCTBYOIIMX 3HaueHn X =z, u Y = ¢(z;) OIMHAKOBBL
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[TosToMy psifi pacIpesiesieHs CTy9arHOV BeJImumnHbl Y = ¢(X) Oymer TakumM:

Y|s0(w1) () - ()
p‘ D Dy v Dp

(3.100)

B cityuae xe, korga QpyHKIMS (r) HEMOHOTOHHA, Pas/IMYHBIM 3HaueHMsIM X MOryT, BOOOIIe TOBO-
P, COOTBETCTBOBATH OIVIHAKOBBIe 3HaueHMs Y = ¢(X), Impu 5TOM IS OTBICKAHWMS BEPOSTHOCTEV BO3-
MOJKHBIX 3HAU€HWV CITy4ayHOV BeJIMUMHBL Y = ¢(X) HyXXHO CJIOXWUTH COOTBETCTBYIOIIE BEPOSITHOCTI

TeX BO3MOXXHBIX 3HaueHU? X , Ipu KOTOpeIX Y = ¢(X) mpuHMMaeT OfMHaKOBbIe 3HAYEHVISE:

Y | yp =e(@)) Yy =) oy = ()
DR @10
i ‘P(xz'):yl i <p(a?i)=y2 & @(xi):yn
IIycte Temeps X — HempepblBHas CilydaviHad BeJIMYMHA, 3aJaHHas IUIOTHOCTBIO pacliperiesieHns

fy(2). Ecm dynkums y = ¢(z) sBIISIeTCS CTPOr0 MOHOTOHHOV M AyipdepeHIpyeMont (IIpy 5TOM Cy-

IecTByeT obparHast GYHKIMSA = = 1)(y)), TO IVDIOTHOCTb pacIIpenesleHNs CIIyYatHOV BeJINMINMHBL X BbI-
YMCIISIOT 110 popMmyIie

Frw) = fx @) ') (3.102)

Ecrmn xxe pyHKIMS y = () HEMOHOTOHHA, TO 00JIaCTh BO3MOKHBIX 3HAUEHWVI CJTyYaltHOVI BeJTVIIHEI
X pasOuBaroT Ha y4acTKM MOHOTOHHOCTM (PYHKIN ¢(z), B KaXIOM MHTepBale 10 dpopmysie (3.102)

(

paccunThIBaeTCsl COOTBETCTBYIOMIAs PYHKITVA in)(y) = fy (@) Wz/ (y)|, a 3aTeM Bce OHVI CYMMMPYIOTCSL:

KW =YKW (3103)

15t GYHKIIMM HECKOJIBKMX CITyYavHBIX BEJIMUMH yA0OHee MCKaTh He IUIOTHOCTh pacIpeerieHs, a
dyskumo pacrpenenenus. Hanpumep, mia dyskoum asyx aprymenros Z = ¢(X,Y) dyHkums pac-
HpefesieHNs BbIUMCIIgeTcs 10 popMyIie

F,(z) = ff Fxy (@ y)dady . (3.104)
p(z,y)<z

B wacTtHOCTH, PyHKIIMS pacpeiesieHst CyMMBI IBYX CJIy4aliHbIX BelinunH Z = X + Y paBHa
z

400
F,(z) = ff fyy (@ y)dedy = {samenau = v +y,y = u —a} = f f Iy (@ u—2)dz|du, (3.105)

r+y<z —oo\—o0

Dopmya (3.106) Ha3bIBaeTCS POPMY.A0U KOMNOSUYUU VIV (hOpMYA0T CBEpmKU.
309. Ciyvannas senmumHaa X ~ Exp(p). Havmu pacrpenerienne ciyuaHOV Besu-

YMHBL Y = e_“X.

PEIIEHME. [lo omnpenenennto dyHKuun pacripenenenvsi [ (y) = P{Y <y} = P{e_“X <y} =
0, y<0,
={P{—pX<lny}, 0<y<l, YuureiBasg, 4ro P{—pX<Iny}=P {X >l y}:l—P {Xg—l In y} =1-P {X<—l In y}:
I " I
1, y=1.
[ 1 ] 0, ¥<0,
1 —p|——Iny
=1-Fy (——ln y)zl— 1—e 1% =y, TIOJIy4aeM OKOHYATEJIbHO Fy (y) = iy, 0<y<l, T.e. Y ~ R(0;1). a
i

1,  y=1,



310. CiygaviHasg BelmmumHa X 1MMeeT CTPOrO BO3pacTaloNIyo (PYHKIIMIO paciperie-
nenus F(z). Hanrtu pactipenenenve crydavHoOM BeltmamHeL Y = F(X).

311. Ciyvanuas sesmmumia X ~ AN(0;1). Hamtu 1wioTHOCTB pacrpeesieHus: Ciiy-

YaitHOM BeunHbL ¥ = X2 (T.e. Y ~ X% )-

PEIIEHME. 1o ontpepiesienno pyHKIIMM pacipesiesieHns,

Fy(y) = P{Y < y} = P{x? <y}ZP{\X|<ﬁ}:P{—ﬁ<X<@}:@0[«/51*0]_(1)0[—\/@70]:

N

2 2
NI t =
V2% caa-1
271'_00

v N
:q)O(ﬁ)_(bO(_ﬁ):Z@O(ﬁ):%fe 2dt—2[21ﬂ_fe 2dt+§
0 0

ITpw 5TOM IJIOTHOCTBH pacIpesiesieHNs CJTy4altHOV BeJIMIMHBI Y 110 CBOVICTBY (3.27) paBHa

2 /
2 G| 2 2yl
Nz 20y JyN2m

_y
) =F(y) = e 2.0

312. CnyuanHasi BenumHa X VIMeeT IUIOTHOCTB pactiperenenus fy(z). Hanrm
IUIOTHOCTH pacIipenesieHns cJIydaHov BeymamHbel Y = [1 — X|.

PEIIEHME. PertteHne cBeiéM B TaOIIMILy:

fx (@) fx (@)
y = p(z) y=|1-=z|
U1 (y), zp=1-y
x:{%(y) 1y =1+y
[y (9)] = 15 (v)] 1
Fy @) = 2 fx @) Wil fy 0) = fx A= 9) + [y (A +1),y > 0.

Ipn y <0 fy(y)ZO,TaKKaK Y=1-X/>0.04

_ ™ T -
313. Ciyuannag BesimumHa X ~ R (—2;2). HaviTut 110THOCTE paciipesiesieHus Ciiy-
YarHOW BeJIN4MHbI Y = cos X .
314. X, X,,...,X;, — HesaBuUCHUMBble CIIy4ariHble BeJIMYNHBI, PABHOMEPHO pacIiperie-

nénnple Ha orpeske [0; 1]: X, ~ R(0;1), 7 =1,2,...,n. Harrtu dpyHKIMIO pacniperiesieHms

CIJTy4ayHOV BeJIMIMHBL X = max{Xl,Xz,...,Xn}.

PEIIIEHVE. Fy(z) = P{X <z} = P{max{X, X,,..., X;, }<z} = P{(X <a)N(X,<z)N - N(X,<z) } =
n n 0, z <0,
= {nesapucumoctn} = [[ P{X; <z} = [] Fy (z) ={2", z€[0;1],
i=1 i=1 1, r>1.0
315. X 1 X PINEEE X, — He3aBUCUMBbIe CJIy4daViHble BeJIMYMHBI, KaXmas M3 KOTOPBIX

ax, x € |0;1],
VIMeeT IUIOTHOCTb pactpenertenuns f(z) = { 0, z¢ [[O' 1]] Harntty miotHOCTE pacmpere-

JIeHVs CJIyYayiHOV BeJIMIMHBL X = min{Xl, Xoseens Xnt-

2
316. ]lokazaTp, UTO Flk = Tk .
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317. Ciyuannble Bemmumibl X; ~ N(aq, 01), X, ~ N(ay, 0,). Hantu 3axon pac-
o =MX = M(X, + X,) = MX, + MX, =

Hpefie/IeHs CJIyYaiHOM BeJIMUYMHbL X = X1 + X 5-
=a; ta,, o2 =DX = D(X; +X,)=DX; + DX, +2cov(Xy,X,) = 012 + O'% +2p0y0,. Ilpumenum

PEIIIEHUE.
dopmyiry komnosuyu (3.106) K AByMepHOV HOpMaIbHOV CTydartHov BeyimariHe (3.85):

Ka

OXMaaHVe  CyMMBI

MaTtemaTtmueckoe

2

dxl .

+0o0
Ie(@) = f7() = [ fy x, (o = op)day =
+[£L‘—.Z‘1 —az
%2

(21 —aq)(2—11—ay)

Tq —Q 2
+00 1 [ 11 —2p
— 1 f e 2(1*92){ 79 719
2
211 —p 0109 —o
Ilpn samene u = z; —aq, v =1 —a, V—u=T—T] —0y, & INCIIUTEIIb IIOKa3aTeIsl KCIIOHeHTE! (Oe3 3Ha-
Tq —Q 2 Tq—Q T—Tq4 —Q T—Tq —Q 2
«MUHYC») 3aImIIeTcs TaK: [11 o, ) ) —i—[ 1 2] =
a. 0,0 o
1 172 2
u? U v—u (v—u)2 22 2 22
5 —2p—- +n = 22[u0 —2w(poyo, +07)+v al}:
o] o1 92 oy 0105
2 22 2 2
1 fval(paz +01) v 01(/)‘72 +U1) 2 2 1 val(poz +Ul) 2 2
= o ||Uo — - 5 tvolE |0 ——2(1—,0)-
Ul 02 g o 0’1 0'2 g o
2
Vo4 (POsH+0
[ua 1(P 2 1)]
1/v\2 +o0 g
. _ 1 **(*) 2(1—p2)0202
Hopcrapmsist, nonyunm: fy () = > e 2\o e 192 du. CpgeraB HOBYIO
21— p 0105 IS
o voy(poy +0q)
odu
3aMeHy IIepeMeHHBIX = z > ,  dt = T mojTyd4aeM  OKOHYATEeJIbHO
0102\/1—p 0102\/1—,0
; S e
e 2\o) = e 2\ o , rme a=a4 +a,
N2mo 1772

fy(z) = L e;(;})ZLJj‘oe—Zdt— !
X \27mo 27 N2mwo
—
[
1
I10 HOpMaHBHOMy
Haivtt 3akon

3aKOHY:

X, pacrperesieHsbl
(1=12,...,n).

2 2, 2
o- =0y +05 +2p0102.EI
318. CiryuamHble BeJIVYVIHBI
X, ~ N(aj;0,), a; — HecaydalHble IIOCTOSHHbIE
n
=1

paciperiesieHyIs CIyYariHOV BeJIMUMHbL X = z ;X -
319. AstomMmar 3amonHseT OaHKM Kode. Macca kode 1 Macca GaHKM pacrperiesieHbl

HopMasibHO co cpeguuMm 500 1, 50 T 1 cpenHMMM KBaJpaTUYHBIMY OTKJIOHEHUSIMI 8 T,
6 T cooTBeTCTBEHHO. KakoBa BepOSITHOCTh TOrO, UTO Macca TOTOBOW K IIpojjake OaHKM

Oymet menblire 540 r?
320. Ciyuarinas BermamHa X, paciperiesieHa paBHOMepPHO Ha orpeske [1; 3], a cy-
vaviHas BelMuvHa X, pacrpesiesieHa paBHOMEPHO Ha oTpeske [2; 6]. Havitu rutoTHOCTB

pacrperiesieHNs CIIyYaiHON BelmanHbl X = X, + X, .
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321. TposutenOycel OBVDKYTCA C MHTepBaJIoM 8 MUH, I10e3/la MeTpO — C MHTepBaJIOM
2 MyH. OnpeneymnTs 3aKOH CyMMapHOIO BpeMeHV OXWIAaHVSA TpaHCIIOpTa CJIydarHo
BBIOpaHHBIM TIACCAXMPOM, IOJIB3YIOMIMMCS, YTOOBI TOOpaThcs Ha padoTy, TposUenoy-
coM 1 MeTpo (0e3 Ilepecasiok B METPO).

322. Hawitu 3aKOH pacripefiesieHst CyMMBI IBYX He3aBUCHMBIX CJIy4YalHBbIX BeJIVIUNH,
pacrpernes€HHbIX 110 3aKOHY IlyaccoHa ¢ mapamerpamu Ay " A, COOTBETCTBEHHO.

323. X m Y — HesaBucuMBbIe CIy4yaviHble BeJIMYMHBI, paclipefeIéHHble 110 PaBHO-
MepHOMY 3aKOHy Ha oTpeske [0; 4]. HanTut BeposITHOCTB TOTO, UYTO KBaJIpaTHOe ypaBHe-

Hte + Xt +Y =0 (oTHOCUTEIBHO t) MIMeeT aeVICTBUTeIIbHbIe KOPHIA.
PEINEHME. KBagpaTHOe ypaBHeHIe VIMeeT JeVICTBUTe/IbHbIe KOPHY, eCJI €r0o IVCKPUMMHAHT HeoT-
puriaTesieH. YToOw! HamT TpeOyeMyro BepOsITHOCTD, BOCIIOJIb3yeMcs dpopmyston (3.102):

2
x
2 14I 1 a? L
P{X" —4Y >0} P{Y } ff 6 rdy = 6ff f4d$ 164 3,0 3"
g 00 0 z=0
S
0<z<4,
O<y<4

324. ]lokasaTb, 4YTO eCjIM CJIy4YaviHble BeJIVYMHBI X;% 171 X;% He3aBUCUMBI, TO
1 1

2 .2 _ .2
Xy T Xy = Xk +ky

I'maBa 4. ITIPEOEJILHBIE TEOPEMbBI TEOPUY BEPOATHOCTEN

§4.1.  HEPABEHCTBA TEOPUM BEPOSITHOCTEM

ITpu mokasaTesTbCTBe MHOTVIX TEOPEM TeOPUV BePOSTHOCTEVI ¥ MaTeMaT9IeCKOV CTaTHCTUKW VICITOITb-
3yeTcsl psifI BCIIOMOTaTeIbHbIX HEpaBeHCTB!.
HEPABEHCTBO MAPKOBA. Eciu nosoxumenvnas cayuainas besuuuna X umeem koHeuHoe Mamemamuue-
ckoe oxudarue MX , mo 015 a100020 € > 0 cnpabedsubo vepabercmbo
MX
P{X<e}>1-—— 4.1)
€
HEPABEHCTBO YEBBIIIEBA. Ecau cayuainaa besuuuna X umeem koHeuroe mamemamuteckoe 0xXuoaxue

MX u ducnepcuto DX , mo 015 4106020 € > 0 cnpabedsubo nepabercmbo

P{|X — MX|<e}>1—¥ (4.2)
S

HEPABEHCTBO VIEHCEHA. 115 4106010 cayuainoil Besuvunst X u 11000t Buinyxaoi [Boenymoil] dynxyuu
g(x) cnpabedrubo nepabercmbo

Mg(X) < g(MX) [cooTBeTrcTBeHHO, Mg(X) > g(MX)]. 4.3)
HEPABEHCTBO KoOIlIM - BYHSIKOBCKOTO - IIIBAPIIA. 115 4t00bix cayuainbix Beauuun X, Y cnpabeo-

Aubo Hepabercmbo
M [XY|< [MX2 /MY? . (4.4)

HEPABEHCTBO T'EIBAEPA. [115 110061x cayuatnvix beavuun X, Y npu o € (0; 1) cnpaBedrubo nepaberncmbo

—

M [xv< (Mxe)” (Mt <1*04>)1 . 4.5)

1 Bnpoqu, 9TV HEPpaBeHCTBa VCIIOJIB3YIOTCA He TOJIBKO B TeOPUI BGPOHTHOCTGVI " MaTeMaTU4eCKom
CTaTUCTNMKe, HO " IIOBCEMECTHO B MaTeMaTUKe. Yuratenu HaBepHsKa 3HaKOMBbI C OOJIBIIIMHCTBOM W3
IIPpVBOAVIMBIX HEPABEHCTB 113 KypcCa MaTeMaTN4YeCKOI'o aHaIv3a.
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HEPABEHCTBO MMHKOBCKOTO. 114 A100bix cayuainsix Beaunun X, Y npu r > 1 cnpaBedrubo nepaben-

cmbo

1/r

(MX )< (X )Y () (4.6)

325. JlokasaTbh HepaBeHCTBO Mapkosa (4.1).
326. JloxasaTbh HepaBeHCTBO YeObIéBa (4.2).
HOKA:‘}ATEHBCTBO. HpOBeHéM HOKa3aTeJIbCTBO JIA IVICKPETHBIX CJIy‘IaT;IHBIX BeJTM4umH. B BbIPpa’>X€eHUM

mwig  gucnepcr DX = Z(zi - MX )2pi OTOpOCMM 73 CyYMMBI Te cJlaraeMble, IS KOTOPBIX

7

|z, ~MX|<e: DX =Y(z; -MX)?’p,> ¥ (z,-MX?p,. (5;-MX?>e?, re
i it |z, -MX[>e
DX> Y (5 -MX?p > > p=t S p.
it [z; —MX[>e it [z; —MX[>e it [z; —MX[>e¢

2 2
Ho Z p; = P{{X—MX[>¢}, nostomy DX > ¢ Z p; = e“P{|X —MX[>¢}, orkyna
it [z; —MX[>e it [z; —MX[>e¢
P{X —MX[> e}<22X TTpu stom P{| X —MX < e} = 1—P{| X —=MX [> &} > 1— 2% 410 u rpeGosa-
52 . p ~ - 52 4 p
JIOCBh IOKa3aThb. B CJlydae HeIlIpepbIBHBIX C.T[y"IaVIHbIX BEJIMYMH BCE€ CYMMBI 3aMEHAIOTCS MIHTETr paJlaMI. a
327. JlokasaTb, 4TO eCJIM CJlydariHas BelmdrHa X vMeeT KOHeYHOe MaTeMaTuJdecKoe

oxumanve MX n gucniepcrro DX, To msa moboro € > 0 crpaBemyiBO HEpaBEeHCTBO

DX

328. IIPABWIIO TPEX CUIM. C momoIIpio HepaBeHCTBa UeOBIIIEéBa OIIEHUTh BEPOSIT-
Hocte  P{|X —MX|< 30y } 1u1s NpOM3BOIIBHOV CITy9aViHOVI BEJIYVHBL C KOHEYHBIM Ma-

TeEMaTUYeCKVM OXMIaHMeM ¥ KOHEYHOV OVICIIEPCHEN.

329. [l HoBOrOmHero npasgHuKa [leta norwken caenares rvipseaany ms 400 snekTpwm-
yecKMx JiaMrodek. OH pelllaeT BKJIIOYUTD VX IapajulelIbHO. JIaMITOuKM OKa3ach O4YeHb
HM3KOIO KauecTBa — BEPOSATHOCTh TOI'O, YTO KaKasg-IMOO M3 HMX IIOracHeT BO BpeMsd
mpasgHMKa, coctaiget 0,5. C rroMortpio HepaBeHCTBAa YeObIIIEBA OIIEHNTH BEPOSITHOCTD
TOTO, YTO UMCJIO TOPSIIINX JIlaMIIouek Oymet 3axoueHo mexxay 100 n 300.

330. VIHBecTop IOKyIlaeT LieHHble OyMaru 3a CUéT Kpe[uTa, B3STOTO C IIPOLIeHTHO
CTaBKOVI 7 IIOf], 3aJI0T CBOeV HeIBVDKMMOCTU. [J0XOIHOCTD IIeHHBIX Oymar X Ipefcras-
JIIeT co0OM CJIyYamHyIo BEJIMYIMHY C MaTeMaTWYecKM OXMIAHVEM ¢ > 7 VI CPeTHVIM
KBaZlpaTVYHBIM OTKJIIOHeHVeM ¢ . OIIeHUTh BepOsSTHOCTb TOT'O, YTO MHBECTOP He CMOXKeT
BEpHYTb KPeIWUT: a) He MMesl HMUKaKMX CBedeHUII O XapaKTepe 3aKOHa paclpefiesieHIs
CJIy4ayHOW BeIMuMHbl X , 3Has TOJIBKO, YTO OHA IIOJIOXKMTeSIbHA; O) IIpenriosaras CiIy-
YarHyIo BeJInuMHy X pacipefeIéHHOV 10 HOpMaJIbHOMY 3aKOHY.

331. Cymma Bcex BKJIa[IOoB B HeKOoTOpoM OaHke cocTasiigeT 2 000 000 men. ef., a Bepo-
ATHOCTb TOT'O, YTO CJIy4amHO B3gThIi BKiIad He npesblcuT 10 000 gen. em., pasna 0,8.

OL[GHT/ITB UMCJIO BKIIAJYMKOB Oamka.

PEIIEHME. [IycTe n — 4Ymciio BKIAJUMKOB, a cjlydaliHas BeJlnurHa X OIMChIBaeT pasMep CIydaliHO

2 000 000
BeIOpaHHOrO BKIaza. Torga cpeguun pasmep BiIaga MX = ——— JieH. efl., 1 110 HepaBeHCTBY Map-

n
200

koBa P{X < 10000} >1 wm P{X < 10000} > 1—-—. Ho mo ycmosuro P{X < 10 000} = 0,8, or-
n

"~ 10 000

Kyga 1— 200 < 0,8 u, 3HaunT, n <1000 uemoBex. U
n
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332. CpenHue exxeqHeBHBbIE PacXOfIbl Ha MOKYIIKY KaHIIEISPCKIMX IIPUHaJIeKHOCTe
A oduca 6aHka cocrasrsaoT 1 000 pyO., a cperHee KBazpaTUyHOe OTKJIOHEHME 3TOV
crrydartHou BeymamHbl He IipesbiraeT 200 py0. O1eHNTh BEpOSTHOCTD TOTO, YTO PacXo-
Abl Ha KaHIleJIIpCKMe IIPpUHaUIeKHOCTU B JII000VI Hayraj, BbIOpaHHBIV [JeHb He IIpeBbl-
cat 2 000 pyO, ncrosnb3ys: a) HepaBeHCTBO Mapkosa; 6) HepaBeHcTBO eObIIEBa.

333. Ilo cratmcTiyeckuM JaHHBIM B cpeHeM 87% HOBOPOXIEHHBIX TOXMBAIOT 10
50 stet (T. e. BeposiTHOCTB HoxuTus 110 50 stet pasHa 0,87). C nmomoripio HepaBeHcTBa Ye-
OBIIIIEBa OIIEHUTDH BEPOSATHOCTH TOrO, 4TO 13 1 000 HOBOPOXIEHHBIX H0JIs (OTHOCUTEITh-
Hasl yacToTa) noxmsimx o 50 et OygeT omIndaTbes OT BEPOSITHOCTY He OoJlee, 4eM Ha
0,04 (o MopyIIO).

334. [loxasarb HepaBeHCTBO VieHcena (4.3).

JOKA3ATEJIbCTBO. Tak Kak (PYHKIOMS ¢(z) BBIIyKIa, TO IS JIIOOOTO T € R HamaéTcsl Takoe
A=Azy), YTO IL  BCeX reR 9(x) = g(zy) + (z — 25)\zy).  llomcrasisiem zy = Mz :

g(x) = g(Mz) + (z — Mz)A\(Mz), OTKy/a, YYUTBIBaAs, UYTO BeIMUMHEL g(Mz) 1 A(Mz) He ABJIAIOTCS CIIydari-
HBIMI, a M(z — Mz) = 0, moitygaeM Myg(z) > g(Mz), 9To 1 TpeboBasock. [IJIsi BOTHYTHIX (DYHKIIUI JOKa-
3aTeILCTBO aHaIOrMyYHo.

335. Ilycte X — mosoXxuresibHas Cly4anHas BeJIM4MHa C KOHEUYHBIM MaTeMaTude-

CKM oXXumaHmeM. [loka3aTs, 4To 1\/11X <M )1(
336. [lokasaTp HepaseHcTBO Ko - bynskosckoro - IlIsapria (4.4).
337. JlokasaTb HepaBeHCTBO ['énbriepa (4.5).
338. [lokasaTh HepaBeHCTBO MIHKOBCKOTO (4.6).

339. [lokasaTp, 4TO I JIFOOBIX CIydamHbIx BeiauH X , YV nipu a < 1 cripaseymiso
HepaseHctBo M | X + Y[*< M [X [ +M [Y[“.

§4.2. Buabpl CXOOMMOCTU
IIOCJIEJOBATEJIbHOCTEW CJTYUAVHBIX BEJITMUMH
IocaedoBamervHocmy CAYHATHbIX Besudun Xl,Xz,...,Xn,... cxooumes noumu HaBepHoe K CAYHATIHOU
beauuune X , ecrmm
P{ lim Xn:X}zl.
n—oo

II. H.
CxopyMocTb 11ouTy HaBepHoe obo3Hadaercs Tak: X, — X .

ocaedobamenstocme cayuaiineix Beautun Xy, Xy,..., Xp,... cxodumcs no Beposmuocmu k cAy4aunoil Ge-

Auvune X , ecrv mwist mroboro € > 0
lim P{ X, - X |<e}=1.

n—oo
P
CxommmocTh 110 BeposiTHOCTY 0003HavaeTcs Tak: X,, —— X .

ocaedobamenstocme cayuainsix Geauun Xy, Xo,..., Xy, ... cxooumes no pacnpedesenuto (vur caado cxo-
dumcs) « cayuaiinoi besunute X , ecrvi BO BceX TOUKAxX T, B KOTOPBIX (PyHKUWsL pactpenerervst Fy (z)

HeIlpepbIBHa,
lim Fy (z)=Fy(z).

n—oo "1
D
CxommMocTh 110 pacrpenesieHnto odo3Havaercs Tak: X, = X wm X,, —— X .

ITpymepom cxogmMMocTH 110 paciipesiesieHuIo sBisieTcs popmysia Ilyaccona (2.12).
PazmruHble BUIBI CXOIMMOCTY 00J1a/1af0T CJIeTyOIIIMY CBOVICTBAMM:

eci X, —2 XY, — 2 Y, mo X, Y, L X1V,X, Y, L XV; 4.7)
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ecau X, P xu o(x) — Henpepwibuaa pynkyusa, mo @(Xn)Lgo(X); (4.8)

ecau X, meo u @(x) Henpepvibra 6 mouxe xq, mo @(Xn)Lw(xo); (4.9)
eci X, —2 o p=const, Y, =Y, mo X, +Y, =2 +Y,X, Y, =1V ; (4.10)
U3 CX00UMOCHU noumu Habeproe caedyer cxo0UMOCHIb 10 BepOAMHOCIU:
II. H.
eciu X,, — X, mo X, —P—>X, Ho He Haobopom!; (4.11)

U3 cxooumocmu no Beposmuocmu cedyen cXo0UMoCms 1o pacnpeoeseHuto:
ecau X, LX, mo X,, = X ; (4.12)
U3 CX00UMOCU 1O pacnpedeeHuto k KOHCaHMme cAedyem cXo0UMOCHb no BeposmHOCL:
ecau X, = x = const, mo X,, Lx,‘ (4.13)

OTMeTV[M TakKXe, 4TO M3 CXOOVMOCTU IIO BepOSITHOCTVI He C/Leayem CXOOVMMOCTh MaTeMaTM4YeCKIMX
OXXVIIAaHWUVI, OVICIIEPCUVL I IPYTUX XapaKTePUCTHK.

340. [lokasaTb cBovicTBa (4.7) - (4.13).

341. IlpuBectTt mpuMep TakoVi IIOC/INOBATEIbHOCTM — CJIy4amHBIX — BeJIMYMH
X, (n=1,2,...,n,...), 9TOOBI OHa CXOAMJIaCh II0 BEPOSTHOCTM K HEKOTOPOVI CITyYavrtHOM
BeyimumHe X , HO npm 3ToM lim MX,, = MX.

n—oo

342. JlokasaTb, YTO M3 CXOAVIMOCTM IIOYTV HaBepHOE CJIeAyeT CXOAVMMOCTE IO Bepo-

ATHOCTY, a OOpaTHOe yTBepkIeHVie HeBepHO.

§4.3. TEOPEMBI 3AKOHA BOJIBIIIVIX UMCEJT

Iom saxoHom Goavuiux uiuces TIOHVMMaeTCs 0OOOIIEHHOe Ha3BaHVe IPYIIIBI TeOpeM, YTBEP KIAIOIINX,
YTO MpPY HeOrpaHMYeHHOM yBeJIMYeHUV 4ycila VCIIBITaHUV CpefjHIe BeJIMYMHBI CXOIATCs (B KaKOM-TO
U3 CMBICTIOB, PAaCCMOTPEHHBIX B IIpeIbIayIeM Iaparpade) K HEKOTOPBIM ITOCTOSHHBIM. Hanbosee 06-
IIeVi 3 3TUX TeopeM sIBJIseTcs meopema HeOviuiéba, Taxke HasbIBaeMasi IIPOCTO 3AKOHOM DOABUUX HlLCeA:

Ecau ducnepcuu nexoppeaupobannsix cayuannsix beautun X, X, .,..., X;, oepanuuenst cbepxy uuciom B, mo

045 npou3Bo4vHO20 Ck0Ab Y200HO Maro2o € > 0 cnpabedrubo Hepabercmbo
n

n
Z X, leXi

p|l=l— —i= <el>1-— (4.14)
n no| ne
u npedeavtoe pabercmbo
n n
Y X, MX,
lim P|i=l— =1 <e| =1, (4.15)
> >
X, MX.
me i=L ' P o
n n

3aKoHBI OOJIBIINX YVICeIT YTBEPIKIIAIOT, UTO CpeflHee apudMeTHIecKoe CIydaliHbIX BeJIMUMH TP BO3-
pacTaHUM MX YmMciIa obJIafgaeT CBOVICTBOM CIMAMUCHUYecKol Ycmouuubocmu, T. €. CXOIUTCS TI0 BEepOSITHO-
CTU K HecJTy4aliHOV BeJIuyHe — cpefHeMy aprdMeTYecKoMy MaTeMaTU4ecKX OXUIaHU 3TUX CIIy-
yalHbIX BelnunH. ITpakTideckoe mpyMeHeHMe 3aKOHOB OOJIBIINX YMCeI COCTOUT B TOM, UTO CpeHee
apudmMeTHIecKoe, BHIYMCIIEHHOE TI0 JOCTAaTOYHO OOJIBIIIOMY UMCITy Pe3ysIbTaTOB M3MepeHUM KaKovi-
7100 BeJIMUYMHBI, OyeT CKOJIb YTOIHO OJIM3KO K M3MepsieMOV BeJIMYMHe.

CraTucTiyeckasi yCTOMYMBOCTb OTHOCUTEIIBHOVI YacTOTHI MOsBJIEHNs ycIlexa B cepuy He3aBUCHMBIX
VICITBITAaHWUM JTOKa3bIBaeTcs B meopeme bepryiiu:
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Ecau Beposmnocms ycnexa 6 kaxoom u3 n He3aBUCUMBbIX UCHBIMAHULL NOCTMOAHHA U paBHa P, MO 045 NPOU3-
BoavHoeo ckoab Yyeo0Ho masoeo € > 0 cnpabedsubo npedesvroe pabercmbo

m
— 7P

lim P{
n

n—oo

< 5} ~1, (4.16)

20e m — 4ucao ycnexoB 6 cepuu U3 n UCHLIMAHU.
Ecrmn 1 HeKoTopom 1nocjiefoBaTeJIbHOCTHM CTyYalHbIX BeJIMUMH BMECTO CXOIVIMOCTM IO BEpOSITHO-
n n
> X, > MX,
i=1 LH. =]

CTU MMeeT MEeCTO CXOIOVMMOCTD IIOYTV HaBepHOe , TO TOBOPAT, UTO TaKasl ITO-
n n

CJIe0BaTeJIbHOCTDb YIIOBJIETBOPAET YCUAEHHOMY 3AKOHY boAbUIUX HlLCen.

343. ]lokasaTb TeopeMy UeObmméBa (4.14) - (4.15).

IJOKAS3ATEJIILCTBO. OueBumHo, ecimu X, X 5o X, — «lydarHble BeJIMYMHBL, TO BeJIMYMHA
n
> X,
7 =1=1 TaK>XXe SBJISIETCS CJIyYariHOVI, IIPUYEM II0 CBOVICTBAM MaTeMaTUYeCKOro OXMIAHVS U AVICIIep-
n
n n
> MX, > DX,
cnt Mz = L, Dz = % [TpyiMeHVM K CJTy4YarfHOV BeJIMUVHe T HepaBeHCTBO YeObIéBa:
n n
n n n
2 X, X MX; . > DX,
P =1 =1 <e :P{|§—M5‘<E}>1—%:1—L
| n n | € n262
n n
> DX, > B
. d s n
YuwuTeiBas, 4To BCe DXZ- < B, monyunm, 4To 1 - Z_lT >1- 1_21 5~ = 1-——5, T. €. JlIOKa3aHa cIIpa-
n-e n-e n-e

BeJINBOCTh HepaBeHCTBa (4.14). Ilepexonst B 3TOM HepaBeHCTBe K IIpefesly Ipu n — oo, IIOJIydaeM pa-
BeHcTBO (4.15). 4

344. IlocemoBaTesIbHOCTD HEKOPPEIVPOBaHHBIX CIIydalHbIX BelWanH X, X5, Xq,...
OIIperIesIsIeTcst 10 CTIEAYIOLIeMy [IpaBIIly: CJlydariHast BeJanHa X, IpUHVIMaeT 3HaJe-

1 21 _
HVA —V1, 0, ~1 C BEPOATHOCTAMI —, 1-— —, — COOTBETCTBEHHO. HOKa?)aTB, UTO JIA 5TOU
n non

I10CJ1I€10BATEJIBHOCTV BBITIOJTHAKOTCS YCIIOBVIS TEOPEMBI YeObI1éBa.
HOKA3ATEJIbCTBO. Yci10B11s TeopeMbl YeObII11éBa BBIITOIIHEHBI, IIOCKOJIBKY MXZ.: 0, DXZ: 2.4

345. JlokaszaTb, YTO [UId IIOCIIEAOBATEIBHOCTV HEKOPPEeIVPOBAHHBIX CITyYaViHbIX
BesimunH X, X,, X,,..., ollpefesisieMbIX psifioM paciipeie/ieHvis

Xi | —a a
n+1 n
2n+1 2n+1

BBIIIOJTHSIETCS YCUITEHHBIV 3aKOH OOJIBIIIVIX YVICel.
346. [lokasaTp, YTO IS IIOCIIEOBATEIIBHOCTY HEKOPPEIVIPOBAHHBIX CITyYaliHBIX Be-
e X, X5, X5,..., Takux, uto MX, = A DX, < B (¢ =1,2,3,...), BBIIOTIHSIETCI yCU-

JIEHHBIVI 3aKOH OOJIBIIIVIX UMCeIT.
347. g omnpenesieHVs CpefHero J0Xo4a HaJIOrOIUIaTelIbIINKOB TOpoga HaJIOrOBOM
VHCIIeKITVe1 OblIa IIpoBefeHa mposepka 250 XuTesen 3Toro ropopa, OTOOpaHHBIX CIIy-

JaHbIM 00pa3oM. OIleHUTh BEPOSITHOCTh TOTO, UTO CPeTHVIVI TOLOBOVI JOXOZ, KITeJIen
250
> X

ropoja OTKJIOHUTCS OT CpegHero apmdMeTnieckoro z = % TOJIOBBIX JTOXOIIOB BBI-
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OpannbIX 250 xuTesient He O6ostee, yeM Ha 1 000 py06., ecyit M3BeCTHO, UTO CcpejHee KBajl-

paTuyHOe OTKJIOHeHe To0Boro Joxoza He mpesbiiiaet 2 500 pyo.
PENIEHME. CorslacHo HepaBeHCTBY (4.14), KOTOpBIM MOXHO IIOJIb30BaTbCsl, IIOCKOJIBKY BCe

n n
X, MX.
2 t 2 ¢ 2 500-2 500 25

2 =1 i=1
. < — < — frd — = .
DX; < (25007, P||&= | S1000| > 11— o0 = 1 g0 = ©975- 8

348. [lokasaTb TeopeMmy bepnysuim (4.16).

HOKA3ATEJIBCTBO. PaccMOTpMM ajlbTepHaTUBHbBIE CJTydariHble BeTIMYINHbBL X, X5, ..., X, , omperierise-
0, He IIPOV3OIIIETT yCITEX B 4-M VICIIBITAHUM (C BEPOSITHOCTHIO D),

Mble 110 CJIeflyolleMy mpaBwmiy: X. = . ,
t 1, MPOM3OIIEN yCIIeX B i-M UCIIBITAHWM (C BEpOSITHOCTBIO (1—p)).

n

Torma MX; = p, DX, = p(1-p),m = > X, . [lockonbky 0< p <1, qucnepcnn cirydamHbIX BeIVYMH
i=1

X, orpaHWYeHBI cBepXy enuHMIeN (Tak KakDX; = p(1—p) < 1), M MOXHO BOCITOIIb30BaThCsI TEOPEMOI

Yebs1méBa (4.15), corytacHO KOTOpont

n n

Y X, Y MX,
gs}:limP =1 =1 <e|l =1,

o np

n n

m
——p‘ga}: lim P{
n

n—oo

lim P{
n—oo

4yTO 1 TpeboBaock mokaszaTh. U

§4.4.  IIEHTPAJIbHAS IIPEJIEJTbHASI TEOPEMA

3aKOHBI OOJIBIIMX YMCeTI YCTaHaBIMBAIOT PaKT IIPUOIVDKeHMs CpeIHero 3HadeHVst OOJIBbIIIOro umcia
CHy YamHBbIX BEJIMUMH K HeKOTOpBIM IIOCTOAHHBIM B BU1€e CXOOAVMMOCTM HOCHe)IOBaTeHBHOCTeVI CHy‘IaV[HBIX
BeJIMTYVIH IIO BepOSITHOCTV[ " I1I0YTU HaBepﬂoe. HO 3TVIM He OrpaHVI‘IVIBaIOTCH 3aKOHOMepHOCTT/I, BO3HI-
Kalolye B pe3yJibTaTe CyMMapHOTO JIeVICTBYS CJTydarHbIX BelmauH. LlenTpanbHas rpesesibHas TeopeMa
IIpeICTaBIIsIeT COOOTI rpyHIly TeOpeM, YTBEePKIAIOIINX, YTO JOCTaTOYHO Oosiblas CyMMa CpaBHUTEJILHO
MaJIbIX CJIy4YaliHbIX BeJIMYIMH pacrperesieHa NpuOIVDKEHHO 110 HOPMaJIbBHOMY 3aKOHY.

Pacemorpum  mocrienoBatennbHOCTD - X, X5,..., X, He3aBUCHMBIX CIyYalHBIX BeJIVYMH, W IyCTh

T'oBopAT, YTO IS 3TOV IIOCTIENOBATEILHOCTY CITyYaliHbIX BEJIMYMH BBIIOIHSETCS Yca08ue JIundebepea,
ecm

lim il L =0. (4.17)

ITpuBeném crTporyio pOopMyIMpPOBKY meopemvl Jlanynoba, ogHOM M3 TeopeM, HOCAIIMX HasBaHUe
«YEHMPALLHAS NpedesbHAsL 11eopeMar.
Ecau nesabucumvie cayuainvie Gesununsr Xy, X,,..., Xy, yoobaembopsiom yciobuio Jlundebepea (4.17), mo

cAyHaunas Besutuna
n

> (X; —MX,)

cX00umcs 1o pacnpedeseHuio K CrmaHoapmHot HopmaivHot cayuainoi Geauvune N (0;1):
Z = N(0;1). (4.18)

B mpaxTiruecknx IprIoXKeHNsIX BayKHO ciledyoliiee c1edcmbue u3 meopemst JLanyHoba:
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Ecau nesabucumvie cayuainvie Gesuuunsr X, X,...., X, umeiom odunakoboe pacnpedesenue ¢ MX, =a,

DXZ. = 02, mo
n
Z Xi —na
A = S— I 419
p == N 419)
m. e
L 2
Z XZ. —na . . _z7 )
lim P|=L | = —— e dz ==+ ®,(x). 4.20
Tim P =L =/ >+ 2ola) (4.20)
—00
Ilyctp z = % , TOra corsacHo cirenicTsuio (4.20) 13 Teopemst JIsimyHOBa
ag n
n n X n
ZXi El i—a ZXi—na ;
Pli=l oy|=P|— <] =p|=L <z B[], @21
n o/n on n—oo 2 o/Jn
n
2 X
T. €. cpednee apupmemueckoe T = =1 npu n — 00 CXOOUMCA 1O pacnpedeseHuio K HOPMAALHOU CAYHAUHOU
n

beaunune ¢ napamempamu a = MX,, 0% = DX, 1=12...,n.

B psne 3amau mpuxonuTcs cTaJIKMBaThCA C CUTYallyie, Korja MccleyeMas cIydarHas BeJIdHa SIB-
JIIeTCS CYMMOVI OOJIBIIIOTO YMCiIa He3aBMCUMBIX CJIaraeMbIX, BIIVIIHVE KaXIOro M3 KOTOPBIX Ha CYMMY
oueHb MaJ10. TakyMM CITy9artHBIMV BeTMYIMHAMM SIBJISIOTCS, HallpyIMep, KallTaIbl OaHKOB ¥ CTPaXOBBIX
KOMITaHUM (0718 KaXX[I0ro OTHeIbHO B3ATOI0 BKIaJdlKa He 3aBVCUT OT JOJIM APYIVX BKIIaIUMKOB U OT-
HOCUTeJIBHO MaJla, HO B CyMMe BCe 3TV [J0JIVI BeCbMa BeCOMBI), BbIpy4YKa TOPIOBBIX IIPeIIIPUATH (ITOKY-
raTesIn AeVICTBYIOT He3aBMCMO JIPYT OT Jpyra ¥ IOKyIIaloT TOBapbkl HA OTHOCUTEJIbHO HeOOoJIbIINe CyM-
MBI) ¥ IIp.

Ha ocHoBaHMM 1IeHTPaJIbHOV Mpee/IbHO TeOpeMbl YacTO MOYKHO 10 HaOJIFO[IeHMs TOTO VIV MHOTO
ABJIeHNs CKa3aTh, YTO COOTBETCTBYIOIIAs CTydarHasl BeJIMIMHa JO/DKHA MMeTh HOpMaJIbHOe pacIiperie-
JleHMe VI OJIM3Koe K HeMy.

ITpuBeném Taxke fBa CIIEICTBYS U3 IIeHTPaJIbHOV IIpeJleIbHON TeopeMbl, OTHOCAIIMeCs K He3aBCH-
MBIM MCTIbITaHUAM. Jlokasvras meopema MyaBpa - Jlanaaca yTBepXiaeT:

Ecau Beposmuocms p ycnexa 6 kaxoom UCHbIMAHUU OMAUUHA OM HYAA U eOUHUYDL, 4 YUCAO UCHbIMAHUL 1
docmamouto Beauxo, mo 044 pacuéma Beposmuocmu Py, (k) nosbaenus pobuo k ycnexob 8 cepuu u3z n ucnwima-

HULL MOXKHO 1046306ambCes NpubAUKEHHOTL hopMYA0TL
P (k) ~ ———(u) (k= 0,1,2,...), 4.22)
np(l = p)
ede p(u) — pyHKyua naomHOCU HOPMALLHOR20 pacnpedeserus (cm. mada. I1.1).

Ha mpaxTiike, oueBMIHO, BEPOSITHOCTh MOSBJIEHNMS JIIOOOr0 KOHKPETHOTO UMCIa YCIIexXoB Oym3Ka K
HYJII0. DTO VIMeeT IIPOCToe OObSICHEHNE — Beb BCErO eCTh (n + 1) pasymaHBIX COOBITNUI (MOXeT HaCTy-

itk 0,1,2,...,n ycrexoB), u cymMMa BeposiTHOCTeV 3TuX (n + 1) coObITvii JoykHa OBITE paBHa eIVHN-
ne. [TosToMy BaXHO ymMeTb BBIMMCIIATE BepositHOCTH Py, (ky, k) TOTO, 4TO 4mcIIo ycrexos B cepum 3 n
VICIIBITaHWVL OyJeT 3aKII0UeHO MeXLy unciaMm ky u k, . [U1st 5TOro menosns3yercs unmeepatbhas meope-

ma MyaBpa - Jlanaaca:
Ecau Beposmuocms p ycnexa 8 kaxooMm UCHbIMAHUU OMAUUHA OM HYAA U eOUHUUDL, 4 YUCAO UCHbIMAHUL 1

docmamouno Beauxo, mo 0as pacuéma Geposmuocmu Py, (ky, ky) moeo, umo uucio ycnexob 6 cepuu us n ucnoi-

maruii 0ydem saxaioueno 6 npomexymxe [ky; ky ), MOKHO 1n04b306a1mbca NPUOIUKEHHOT (hopmy.A0TL
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Py (ky, ky) = @pluy) — Pp(ug) (k) = 0,125k > k), (4.23)

e0e ®(u) — pynxyus Jlanaaca (cm. maba. I1.1).

349. B panone necars yHuBepcamoB. CyMMapHas CyTOYHas BbIpy4Ka B HVUIX paBHa B
cpenrem 10000 py6. n B 90% ciyuaes otimuaercst ot 10 000 py6. He Gosee, yem Ha
1 000 py6. Hamt BepOSITHOCTH TOrO, YTO OYepeHas CyMMapHasi CyTOYHas BBIpyYKa

okaxketcs B 11pefiestax ot 8 000 mo 12 000 py0.

PEIIIEHME. HYCTB X — CyMMapHasl CyTO4YHasd BbIpYyYKa. Kak ObU10 OTMEUYEHO BBIIIIE, ITOKYyIIaTeJIn
):[eVICTBYIOT He3aBMCMMO IOPyr OT Opyra ¥ IIOKYIIalOT TOBApbl Ha OTHOCUTEJIBHO HeOoJIbIIIIe CYMMBI
XZ < X , HO HOKYHaTeJ'IeVI B paI710He JOCTaTOYHO MHOI'O, TaK YTO MOXHO CUMUTATb, YTO VX KOJIMYECTBO

n — oo. IlosToMy cymMMapHasi BEIpydKa OyzeT MMeTh HOpMaJIbHOe pacIiperiesieHrie ¢ HeKOTOPBIMI Ia-
pameTrpamMu a u o . ITockonbKy 11 HOpMasIbHOTro pactpenenieHnsa a = MX, To 1o ycnosuio a=MX=

=10 000. Taxxke B ycimoBum ckazaHo, urto P{9 000 < X <11 000} =0,9. Ho P{9 000< X <11 000} =

[9 OOO—a] [11 OOO—a] 9 OOO—a):(I)O [1 000]—@0 [—1 000]:

(2 g g

1 000

11 000—a
=% [ . ]_‘I’o
1000

-

= P{9 000 <X <11 000} = &,

0

1 000
, OTKyJ1a <I>0 [] = 0,45, v 1o Tabmrre I1.1 MoXHO HaITH
g

=29,

~ 1,65. Ilckomas Bepo-

o
2 000
= 2(130

g

12 000—-10 OOO} o [8 000—10 000
— |- —————

g

SITHOCTB P{8 000<X <12 000} =, [ ] = 2@0(2 -1,65) =

g
= 20(3,3) = 20,4995 = 0,999. 0

350. bankomat BeIIaéT ctaHmapTHble cymmbl B 500, 100 1 50 noswr., mpuaém nepsble
coctaBrstioT 10%, a mocimemume — 60% Bcex BbImau. B cpeqHeMm OaHKOMAT IIPOM3BOONUT
100 Beimau B cyTkn. OnpenesmTs pasMep IeHeXHOV CyMMBbI, KOTOPYIO HeoOXOIMMO 3a-
JIOXUTBH B OaHKOMAT yTPOM, YTOOBI 3TOV CYMMBI ¢ BepossiTHOCTBIO 0,9 XBaTwIo U1 Bbla-
4yl HAUIMYHOCTY BKJIaJ4MKaM A0 CJIedyIolIero yTpa.

.. 4
351. Ilpu cocraBieHMM CTATUCTMYECKOIO OTYETA HYXXHO ObUIO Ci1oxmTh 107 umcer:,

KaXk7Ioe 13 KOTOPBIX ObUIO OKPYIJIEHO C TOYHOCTBIO 110 107, IIpenmosnaras, uTo ommo-
KI, BOZHMKAIOIIVe IPY OKPYIJIEHUV, He3aBUCVMBI B COBOKYIIHOCTU U pacIlpeesIeHbl
paBHOMepHO Ha orpeske [—0,5-107"":0,5-10" "], orpenenmTs mpeeibl, B KOTOPBIX C

BeposITHOCTRIO, Oostbittent 0,987, Oymet j1eXxaTh CcyMMapHasi OIIoKa.
352. Toproser; raseraMm XOAWT IO BaroHaM 3JIeKTPOIIOE310B. B KaXmoMm 13 BaroHos

1 _
OH MOXET IIPpOHaTh Ia3eTy C BEPOATHOCTBIO g . CﬂyanIHaH BenmumHa X — 4mMcIo Baro-

HOB, B KOTOpPbIe 3aX0MJI TOproBell IIpexie, ueM 1popgas nepssle 100 raser. Hanrru pac-

IpefiesieHye CJIy4amHOM BeJIMYHbL X .
PEIIEHME. [lyctb Y, — 4nciio BaroHoB, KOTOpble 00OLIEI TOProsewy 3a BpeMsi OT popaxu (i — 1)-i

n
raseTsl 10 rpopaxn ¢ -it. Torna Bee Y, (i=12,...,n), X=X Y, . CortacHO LeHTpasIbHOV IIPEeIbHOV
=1
TeopeMe, pu OosbiioM n X wMeeT HOpMaJlbHOe pacrperesieHue. IIpemgocTapiisieM uMTaTeio0 MOKa-
3aTh, YTO MapaMeTphl 3TOro pacrpesenenus pasHel a = 300, 0 = 30. 4

353. IloueMy CcTOMMOCTB aKIIVM JIydllle OIVCBIBAETCS JIOTHOPMaJIbHBIM paclipererie-
HIeM, 4eM HOpMaJIbHbIM?

PELEHME. Cnexyamubras onepayus, COCTOSINAS B TOM, YTO B MOMEHT BpeMeHM (n — 1) MHBeCTOp II0-
KyIlaeT HeKOTOPYIO aKIIMIO 110 IieHe Snfl , @ B MOMEHT n IIPOIAET eé II0 IleHe S, , obecrieumBaeT 00X00-
Sp=5,_4
Sn—l .
n = 1, 2, 3, ... IIPpeACTaBJIAOT coDoVI He3aBUCUMBIE OVHaKOBO pacr[pez[enéHHbIe cnyqaﬂHHe BeJINMYVMHBI C
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MaTeMaTUYeCKUM OXVIaHVeM (0Xu0aemMoi 00X00HOCHIbIO) fi, VI CPeOHUM KBaJpaTWUHBIM OTKJIOHEHVEeM
(usmenuubocmuvio doxooHocmu v BosamiiavHocmoeto) o, . IlycTh B HadasbHBII MOMEHT aKIVs CTOWIa

S(y TieH. efl., TOrAa B MOMEHT 7 €€ CTOMMOCTb cocTaBuT Sy, = Sg(1+ pq)(1+ py) -+ (1 + py,) . [Tpeobpasy-

em 3Ty dopmyy: Spn = Sy(L+ p)(A+py)--(1+pp) = Soeln[(1+p1)(1+p2)'"(1+pn)} =

_ Soeln(1+pl)+ln(1+p2)+...+ln(1+pn) _ Soehl Fhy+--thy, e b, =In(1+p,),i= In.

Pa3obwréMm orpesok [0;t] Ha n wacTem m ycTpeMuM n K OeckoHeyHOCTM. Torma, corsmacHO IleHTpasIb-

HOVI IIpefie/IbHON TeopeMe, cymma H, = lim (A + hy +---+h,) Oyzer pacripesiesieHa 10 HOpMaIbHO-
n—oo

My 3aKOHY, 3Ha4NT, IIOCKOJIBKY CJIydaviHas BeravHa In S, = H, + In S Taxxe Oyzer pacrperierneHa 1o

HOpPMaJILHOMY 3aKOHY, S, OyIeT MmeThb JIOTHOpMasIbHOe pactipeserierve. U

354. TlocTpouTh Ha OHHOM PUCYHKe IpadVKy KOMIIO3MLWI OBYX, TPEX, YeTBIPEx
OIIIHAKOBBIX paBHOMEPHBIX pacrpenerieHuit. Ha ToMm ke pucyHke mocTpouTs rpadmk
IUTOTHOCTVI HOPMaJIBHOIO pacIpeneieHns. YOenuTscs, UTO MIPU YBEIMUEHWN YnciIa
cJIaraeMbIX TpadpVKy COMVDKaIOTCs.

355. IlocTpouTh Ha OOHOM pPUCYHKe IpadpVIKM KOMIIOSULIUV [IBYX, TPEX, 4eTBIPEX
OIIVHAKOBBIX ITOKa3aTeJIbHBbIX pacrpenesieHuit. Ha ToMm Xe pucyHKe IIOCTpOUTH rpadmk
IUTIOTHOCTY HOPMaJIbHOTO paclipefesleHns. YOenouTbcs, U4TO HpU yBeJIMYeHWNM dYincia
cjIaraeMbIX TpadpvKy cOIVDKAIOTC.

356. B ycnosuzax 3agaun 333 HaviTH BepOATHOCTB TOro, uTo 13 1 000 HOBOpOXKIEHHBIX
poist (dacTocTh) AoxmBinmx 1o 50 jteT: a) Oymer 3axrodeHa B Iipefesax ot 0,9 go 0,95;
0) OyneT omInMuaTbes OT BeposATHOCTU He Oojtee, ueM Ha 0,04 (110 MozyIIIo).

357. Mepa mymmHBI «pym», KaK BUAHO V3 Ha3BaHWs, MIMeeT IPsIMOe OTHOIIeHVe K HO-
re: 3To — IMHaA cTynHMU. Ho, Kak n3BecTHO, pasMepbl HOT ObIBalOT pasHble. HemIibl B
XVI B. BBIXOOWIIN 13 ITOJIOKEHMS TaK. B BOCKpecHBIVI JeHb CcTaBWIN psoM 16 mepBbIx
BBIIIEAIINX M3 LEePKBU MY)XYMH, CyMMa JUIMH VX JIeBBIX CTyIIHeN Heiwlack Ha 16 —
CpenHsisd [JIVHA M ObUIa «NpabusbHbiM U 3aKOHHbIM hymom». VI3BeCTHO, UTO pa3Mep CTOIIBI
B3pOCJIOrO MY>KUMHBI TOIO BpeMeHW ONVCHIBAeTCs CIIydaliHOV BeJIMYMHOM C MaTeMaTu-
4ecKM OXmaaHveMm 262,5 MM 1 cpeqHVM KBagpaTU4YHbIM OTKIOHeHueM 12 mM. Havitn
BEPOATHOCTB TOTO, YTO [IBa «NpaBUAbHbIX U 3AKOHHBIX (hyma», PacCUMTAHHBIX yKa3aHHBIM
cr1ocoboM B pasHble JHM, OTIMYAIOTCA APYr OT Apyra Oosee, yem Ha 5 MM. CKOJIBKO
HY>KHO OBUIO OBI B3Tb MY>KUMH [JIs1 TOTO, YTOOBI C BepoATHOCTBIO, Oosibiient 0,99, cpen-
HVIVI pasMep VX CTyIIHeV oTydasicst Obl oT 262,5 MM MeHee, yeM Ha 0,5 Mm?

358. [lokasaThb jIoKaJIbHYIO TeopeMy Myaspa - Jlaruiaca (4.22).

359. [lokasaTp mHTerpasibHyI0 Teopemy Myaspa - Jlaruiaca (4.23) Kak cjlefCcTBUe 3

I[IeHTPaJIbHOV IIpeIeJIbHOVI TEOPEMBI.

HOKA3ATEBCTBO. IlycTh B cepunt 3 n wcoeltanum beprysum nmpousonuio X ycrexos. Torma, co-
I1acHoO 3agade 188, ciayuannyio BeymumHy X, pacpenesiéHHYIO 10 OMHOMMaJIbHOMY 3aKOHY C Iapa-
MeTpaMI n, p, MOXHO IIpeACTaBITb B BUI€ CYMMBbI N HE3aBVICMMBIX OOVHAKOBO pacnpeaeJIé'HHbe aJIb-

n
TEePHATUBHBIX CJIyYamHbBIX BeJIMUMH X ; CTIapaMeTpoM p: X=X Xi . ITpm 3TOM 110 LIEHTpaILHON IIpe-
i=1
OeJIbHOV TeopeMe

n
> X, —nMX

i 1
= 1‘ P Z_li —_ ¢) .
ninoo o~ =7 2 * O(x)

lim P{

n—oo

X—nMX }
—=<x
o~n
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. X—np 1 . 1 k’2—np
Ho MX =np, mostomy lim Pl———— <zl =_—+®4(z) nu lim P, (k;k,))=—=4+P | —|—
n—00 { p(1-p)vn } 2 0 n—00 T2 0 np(1—p)
ky— kny— ky—
— 1—i—<I>O B L 0 B S 0 1" , 9TO M TpeboBasIoCh ToKa3aTh. U
2 np(1—p) np(1—p) np(1—p)

360. [lokasaTpk MHTerpajibHYI0 TeopeMy Myaspa - Jlamwtaca (4.23), He 110JIb3y$ICh LIeH-
TpaJIbHOVI ITpeIeJIbHOVI TEOPEMOTL.

361. CrpowutenpHas pvipMa I IIPUBJIeYeHNs MHBECTUIIUV B CTPOUTEIbCTBO HOBOTO
JoMa cobvpaeTcsl BOCIIOIB30BaThCsl OaHKOBCKMM KpeauTOM. BeposiTHOCTB TOro, uTo Ka-
Ko-711M00 GaHK B OTBET Ha IIOCTYyIUIeHVe OV3Hec-TUIaHa IIpUMeT II0JIOKUTeIIbHOe pellle-
Huie 0 KpeguroBaHuy pupmel, pasHa 0,3. CrpontensHasg dpupma odbpaTiiace B 100 Gan-
KoB. HaliTut BepoATHOCTI TOTO, UTO pelleHVisd O IIpeloCcTaBIeHNy KPeIuTOB 3Tou pupMe

IpUMYT: a) ofguH OaHK; 0) 15 6ankoB; B) 30 6aHKOB; ) 50 OaHKOB.

PEHIEHME. [laHHYO CUTyallI0O MOXKHO paccMaTpmBaTh Kak cepuio n3 n = 100 wcnbrtanuin bepryii-
JIX, B KOTOPBIX YCIIEXOM CUMTaeTcsl IPUHATHe OaHKOM pellleHNs O KpequToBaHUN. BepodaTHOCTE ycriexa
B €[IMHWYHOM WCIBITaHUM paBHa 110 ycaoBuio p = 0,3 . ITocKOJIbKY YMCIIO MICIIBITAaHUVI 7 BEJIVIKO, a

nponssereHne np = 30 > 10, MOXXHO BOCIIOJIb30BaThCA JIOKaJIbHOV TeopeMmort Myaspa - Jlaruiaca (4.23):

1 1-100:0,3 1 (1-30
P, (1) ~ A - = 0,22:0(—6,33) = 0,22:(6,33) ~ 0,220 = 0,
100~ 5505003 S0[¢100-o,3.(10,3)] JaI (P( \/21) #(=6.33) #(6:33)

~ L (15=80) 0 5y —0.77. —0.77. _ 1 (30-30)
P, (15)~ mgp( 22 )_o, 22 (—3,27)=0,22-9(3,27)=0,22-0,0020=0,00044 , P;(30) Nﬁgo[ = ]_
=0,22-(0)=0,22-0,3989 =0, 088, P100(50)%%@(5(3/;0):0,22-4,0(4,36)%0,22‘020. o

362. BepodaTHOCTD ITOABIICHNS yCIleXa B KaKIOM M3 He3aBVICHMBIX VICIIBITAHUV paBHa
0,25. Havtit BepossTHOCTB TOTO, 4TO B cepmm 13 300 McnplTaHMUI ycIiex HaCTYyIIUT POBHO
75 pas.

363. BepodaTHOCTD ITOABIICHNS yCIIeXa B KaXIOM M3 He3aBVICHMBIX VICIIBITAHUV paBHa
0,25. Hantn BepostHOCTE TOTO, uTO B cepum w3 300 mcmbitanmii ycriex HacTynmT ot 70
no 100 pas.

364. B ycinoBmsax 3agaunt 361 HavTV BEpOSATHOCTV TOI'O, YTO pelleHus O IIPeoCTaB-
JIEHUM KpeguToB 3Tom pupMe HNPUMYT: a) XOTs Obl onmH OaHK; 0) Oosree 15 GaHKOB;
B) Oostee 50 GaHKOB.

365. BepogTHOCTE cMepTU TpuALaTIWIeTHero My XKunHbl coctasiseT 0,006. Ctpaxosast
KommnaHus s3axmodria 10 000 cTrpaxoBbIX KOHTPaKTOB € My)KUMHaMW B BO3pacTe TpPU-
ALaT JIeT, COIVIaCHO KOTOPBIM B CJIydae CMepTU 3acTpaxOBaHHOIO JIMIla B TedeHUe
Orymvpkariero roga ero HacjlegHuKaM Bbiwiaumsaercs 100 000 py6. CroumocTs 0HOTO
KoHTpakTa pasHa 1 200 py6. Havtit BeposaTHOCTM CIIeAyIOIIMX COOBITHI: a) K KOHILY I'O-
7la CTpaxoBasi KOMITaHMS OKaKeTCs B yOBITKe; O) JOXOII CTPaxoBOVI KOMITAHMV ITPEBBICUT

4000 000 pyG6.

PEIIEHME. IlycTh 3a rog HacTymwiIo Kk CTpaxoBBIX CJTydaeB, TOT[A IIOXOJ, CTPaxoBOVI KOMIIaHWM CO-
crasut 11 =10 000-1 200 — 100 000k = 100 000(120 — k) py6. IToaTOMy KOMIIaHMSI OKaXkeTcsi B yOBITKe

(I1<0), ecrm 3a rog, HactymmT Gosiee 120 crpaxoBbix cirydaes (T. e. oT 121 mo 10 000 cTpaxoBeIx ciTydaes).
Hoxopn, crpaxosort komnanvm rpesbicut 4 000 000 py©. (II > 4 000 000 ), ecyim 3a rox, HacTynuT MeHee 80

CTpPaxoBBbIX CJIydaeB. BeposTHocTe HacTyruleHus crpaxosoro ciaydas p = 0,006. Bcero mposopurcs
n =10 000 wcnbrranui. [TIOCKOIBKY YMCIO WCHBITAaHWI 7 BEJIVNKO, a npowssedeHue np = 60 > 10,

MOXHO  BOCIIOJIb30BaThCsl  MHTerpayibHOV — Teopemont  Myaspa - Jlammaca: Py o (121;10 000) ~
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o | 100070 ) g (121260 ) g (P00 4 [ O | g (1287,56)-a, (7,90)~0,5—0,5=0
01 f60-(1-0,006) ] 0|.60(1-0,006)| O(J59.64] 0| 59.64) O ’ U
T. €. CTanOBaﬂ KOMIIaHWMA OKaXeTcCAa B Y6BITKe C HyneBOVI BepOHTHOCTBIO}

80—60 @ 0—60 _& 20 @
Teod_o000a | 0| Feoioooer ! Ol Boeal 0| /5964
J60-(1-0,006) 60-(1—0,006) /59,64 /59,64

= <I>0(2, 589) + <I>0(7, 77) ~ 0,495+ 0,5 = 10,995, 3HauMT, [OXOI CTPAXOBOV KOMIIAHWM IIPEBBICUT

P 000(0:80) =,

=(2,589) @ (~7,77)=

4 000 000 pyO©. ¢ BeposITHOCTHIO, OU€Hb OJIM3KOVI K eVHMIIE, T. €. I0YTY HaBepHoe. U

366. B crpaxosont komraHuy 10 000 KIMeHTOB, B3HOC KaXKI0IrO 13 KOTOPBIX COCTaBIIs-
et 1000 py6. BeposiTHOCTS HaCTYIUIEHMS CTPaxOBOIO CJIydas paBHa (IIO OIJeHKaM 3KC-
nepros kommanwum) 0,005, a crpaxoBast BelIIaTa HPY HACTYIUIEHUM CTPaxOBOIo CIydast
cocrasisteT 100 000 py6. OmpenennTs, Ha KaKyio IpuObUIb MOXeT pacCUUTHIBATh CTpa-
XOBasi KOMITIaHV ¢ BeposTHOCTBHIO 0,99. OnpenennTs MYMHMMAIBHBIV pa3Mep CTPaxoBO
IIpeMuy, MIpU KOTOPOM CTpaxoBas KOMIIAHMS IIOJIYYUT IPUOBUIb, He MEHBIITYIO
1 000 000 py®6., ¢ BepogrrOCTHIO 0,999.

367. Paccuurath B yciioBuax 3agaum 187 palnyioHaybHBIE HEeHbl €BpOMeVICKVIX OIILIVIO-
HOB «K0//1» VI «NYym», pasgelisis CpoK Xu3HM omimoHa: a) Ha 100 nepronos; 6) Ha 1 000
IIePVOIIOB.

368. Bo Bpems xanwmky1 [lets pabotasn B mpensbsiOopHOM mITabe KaHAMIATA B JIEIIy-
TaTbl, KOTOPBIVI IIPOBOAWI BBIOOPOUHBIN ompoc m3bmpatenent. [IpumMepHoe pactipere-
JIeHIe roj1ocoB ObUIO M3BecTHO: 110 40% m3bupatenent «3a» U «npomub» KaHOMAATA, OC-
TaJIbHble Bo3epXKach. CKOJIBKO HY>KHO OIIPOCUTD JIIO[IEV], YTOOBI C BEPOATHOCTBIO, He
Menbleri 0,9, rapaHTrpoBaTh OTKJIOHEHVe IIPOLieHTa FOJIOCOB, OTHAHHBIX 3a KaHOuaaTa
P BBIOOPOYHOM OIIpOCe, OT MCTVMHHOTO MHeHVs n30uparesient He Oosiee, ueM Ha 2% OT
BCero 3jIeKTopaTa’?

369. B paunom nmocénke 2 500 xmTerter, KaXXIbI 13 KOTOPBIX IIPVIMEPHO IIeCTh pa3 B
Mecsill e30UT Ha I10e3[le B TOpo/l, BbIOMpasi AHV IOe310K CJIydariHbIM 00pa3oM 1 He3aBu-
CVIMO OT OPYTUX XUTEJIeN. Kakov HamMeHbIIIer BMeCTMMOCTBIO TOoJDKeH o0siagaTh I10-
€371, 9TOOBI OH ITePeNOITHSIICS B CpelHeM He darlle ogHoro pasa B 100 gHen (tmoes3n xommT
pas B CYTKMN).
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1.20. 2.33. 3. P10 =3 628 800. 4. P8 = 8!=40320. 5.a) A10 =90; 0) C10 =45. 6.a) 08 =56;

3 _ T AT 33 2 2l 5 _ .
6) A3 =336. 7. CT,0T, =5096520. 8. C3,C3,C2 C2CLCl, = 92142187200 000. 9.a) Aj, =1 860 480;
6) A%, =524 160.10. C) =126 3amxos 1 4Cj =5 040 wmouer. 11. 99. 12. A,AJ) =123.10% =1 728 000.
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=220. 23.6 CJIOB: «MMaa», <«MAMA», «MAAM», <AMMA», «AMAM», <«aamm». 24. 1510(2, 3,2,1,1,1) =
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= —————— =151 200. 26. BelttazieHne YETHOTO YMCIIa ¥ BbIIafieHVe HEeYETHOrO Ymciia mpu Opoca-
213121111!11!

HVV UTPAJIbHOV KOCTH. 27. BblltafieHe enyHMIIBI 1 BBIIa/IeHVie IBOVIKM PV OpOocaHMI UIPaJIbHOV KOC-
™. 28.a) B; 6) A. 29.TIpu ycnosum A C B . 30. a) ANBNC; 0) ANBNC; B) ANBNC; 1) AUBUC;

m) (ANB)UBNC)U(CNA); e) ANBNC; x) ANBNC; 3) (ANBNC)U(ANBNC)U(ANBNC);
u) (ANB NC)U(ANBNC)J(ANBNC)=((ANB)J(BNC)U(CNA)NANBNC). 31.a) A; 6) B; B) ANC ;1) BUC.
32.8), 1), e), 3), u), K), 1), M) — BepHBl, OcTaJbHble HeBepHbL. 34./la. 35.[a. 36.0,3. 37.3/9.

38.1/ C%Q =1/231. 39. 0,656. 41. BeposiTHOCTb yrazaTh i uwcest u3 36 P{AZ-}:CéCgl_ ‘ /036, i=0,1,2,3,4,5,

IIO3TOMY  WCKOMBIe BepodTHocTm cocrasisitor 0,55, 0,42, 0,12, 0,012, 0,0004; 3.107°.
42.2) 28CY /C3,=0,00145;  ©6) 10-2°C5/C5,=0,42677,  B) 24CZ C3/C5,=0,40010.  43. P{4,}=

_on'STokck  B3-k-2n 013 gy a) 1/6°~0,00013; 6) 5/324. 45.a) 2/9; 6) 1/5. 46.1/6. 47.2) 1/5;
=G4 2 4-nCaa 55 - 44. ~0, ; . 45. ; .46.1/6. 47. ;
6)1/2. 48.Opyaaxoso. 49.1/5. 50.a)0,1; 6)0,6; B)0,98. 51.1/2. 52.23/27. 53.7/16. 54.19/288.
55.a)2/27; 6) 83/108. 56.a) 1/12; 6) 1 200. 57. 36. 58. Takumu IpUMepaMyt SIBJIIOTCS YHUKAJIbHBIE CO-
OBITIS, KOTOPBIE HEBO3MOXKHO ITIOBTOPUTB B TeX XK€ CaMBIX YCIJIOBVISIX: BOSHMKHOBEHIE BOVIH, IIOSIBJIEHVIE
HayYHBIX OTKPBITUIL 148 TeHMaJTbHBIX IPpOM3BeNeHUN VICKyCCTBa M T. II. 59. 0,6.

60. a) (Cgng + ngCg )/C?goz 0,027; 6) CSZCg’/ 0?80z0,322. 61.0,8. 62.240. [Tnarpamma Beenna - DOn-

sepa mpencrasiieHa Ha puc. O.1. 63.a) Hesepro; 0) HeBepHO; B) BepHO. 64.a) 0,15; 6) 0,6. 65.a.
66. COTpyIHVKM JleKaHaTa ITOIIBITAIVICh BBIUMCIINTD 10 JIAHHBIM, IIpeICTaBIeHHbIM [leTet, BEpOsSITHOCTB
TOTO, UTO CJIy4ayHO BBIOpAHHBIN CTYIEeHT JIM0OO OKaXkeTCs IOHOIIeV, JIM00 3aHVMMAeTCs CIIOPTOM, JIMO0
YUUTCS Ha «XOPOUL0» VI «OMAUYHO» V1 TIOITydvuiv 46/45 > 1, a BepOSITHOCTh He MOXKET OBITh OOJIbIIIe ery-
HubL 67. @, A\B\ C, A\B, A\(B\C), AUC, AUBUC, ). 68. a) HesepHo; 0) BepHO; B) HeBEpHO; I') HEBEPHO.

69.2) 0,013; 6)045. 70.Tpessbin pacuér. 72. P{A UA,UAZUA, }=P{A } +P{4,} + P{A3} + P{4,} -
—P{A N4, } —P{A NA} — P{A NA, } — P{A,NA3} — P{A,NA, } — P{ANA, } + P{A NA,NAZNA, L

I'maBa 2

76. a) 0,02; 6)0,26. 77.0,5; 5/6; 5/8; coobitis A u B 3aBucumbl. 78.1/15. 79.1/6. 80. He sBistorcs.
81. a) 1/6; 6) 3/5; B) 1/7. 82. 0,8. 83. a) 0,73; 0) 0,48. 84. 0,3. 85. 0,7. 86. bezpaznuuno. 87. a) 1/5; 6) 1/5; B) 9/245.
88. a) 57/115; 6) 19/46; B) 2/23; r) 229/230; 1) 1/230. 89. p. 92. [IycTh B KOp3UHE HAXOIUTCS 4 mIapa, Ha OLIYIIb
HEPa3IMUYUMBIX: KPaCHBIN, KENTHIN, 3€IEHBIA U CUHUM, U U3 3TON KOP3UHBI HayJlauy U3BlieKaeTca ojuH map. [lycts
coObiTHe A COCTOMT B TOM, YTO M3BJICYEH KPACHBINA MM KENTHIH map, B — KpacHblid win 3enéupiii, C' — Kpac-

ueii mmm cunnii. Torma P{A}=P{B}=P{C}=1/2, P{ANB} = P{BNC} = P{ANC} =1/4. 93. IlycTs B KOp3HHE

HAXOIUTCS 2 Iapa, Ha OILyIlb HEPA3TMYUMBIX: KPACHBIA U KEITHIA, M U3 TON KOP3MHBI HAy/ady W3BJIEKACTCS
omu map. Ilycte coObitie A COCTOMT B TOM, YTO W3BIEYEH KpacHbld miap, B — x&énreii map. Torma
P{A} = P{B} =1/2, no, oueBumHo, P{AﬁB}:Oi(l/Z)2 . 96. a) [la; 0) ner. 97. a) Her; 6) ner. 98. a) /la; 0) HeT.
99. IIycTh B KOp3WHE HAXOAUTCS 4 Iapa, Ha OUIYIb HEPa3IHMUYMMBIX: KPACHBIM, ®KENTHINA, 3€NEHBIN U CUHUM, U U3
3TOM KOP3WHBI HayIa4y U3BjeKaercst oauH map. [lycts coObiTHe A COCTOMT B TOM, YTO M3BICYEH KPACHBINA MU
KENTBIM wap, B — kpacubii win 3enéubii, C — kpacubii wiu cunuit. Torma P{A}=P{B}=P{C}=1/2,
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P{ANB}=P{BNC}=P{ANC}=1/4, no P{AﬁBﬁC}:1/4¢(1/2)3. 102. Ta. 105.0,151. 106.0,4. 107. 0,066.
108. 2/3. 109. 0,744; nanHas cucTeMa YIyCKaeT 3HAYUTEIBLHOE YHCIIO MPUBJICKATEIbHBIX HHBecTUlni. 110. a) 0,68;
0) 0,6; B) 3/17; r) 9/16. 111. a) 0,3; 6) 7/15; B) 3/35. 112.0,2. 113. a) 1/3; 6) 2/3. 114.0,7. 115. a) 0,091; 6) 0,9.
1-2/5

xz
2/5] + C,, ¢ yuérom

116. O6mee pemenne ypasnenus p(z)=[2p(z+1)+3 p(z—1)]/5 umeer sun p(z) = C; [

T ) 100 110
3/2)" —(3/2)° 3/2 —(3/2
TPaHUYHBIX YCIOBHH p(x) = M Ipu 2 =100, s =110 p(100)= ( /1) (3/2()1/10)

1-(3/2)°
opu z = 100, s =1 000 p(100) ~ 1, 1. e. Ilerst pazopurcs noutu HaBepHsika. 117. BeposTHOCTh pazopeHus B

~ 0,983, a

3aja4e 115 HE W3MEHHUTCH, a B 3aja4e 116 YMEHBIIUTCS:

1+ (3/2)°
2Ppy6)(py = T (1py6.)$< (L py6)(, 118. m(z) =z(s — = npu z =100, s =110
PPN ) = o PO <1 PO (@) =s(s—2), mp ,
m n-l 1
m(100) = 1000, a mpu z = 100, s = 1000 m(100) = 90 000 . 119. P,,,(A) = — Z 73 TP N — 00 My & ua
n (&
k=m
rae e = 2,718281828... — ocHoBaHue HaTypansHOTO Jorapudma. 120. Ilepsorit cynayk: 1 Oenbiii map u 2 uép-
HBIX IIapa, BTOPOil cyHayK: 1 Oelnblil map, Torna BeposITHOCTh U3BJICUEHHs O€Ioro mapa Haubobas U paBHa 2/3.
121. P5(0)=0,027, P5(1)=0,189, P5(2)=0,441, P3(3):0, 343 . 122. 2 yen. 123. Haunbonee BeposiTHAsA BEIUYH-

Ha mTpada 3a 48 moe3nok paBHa 20 pyO., UTO CYIIECTBEHHO MEHBINE CTOMMOCTH Tpoe3gHoro ommera. 124. 125.
125. 63/256. 126. ) 0,034; 6) 0,343. 127. P, (3) = 1/4, Pg(5)=7/32<P,(3), 1. e. BbMrpats 3 napruu u3 4 sepo-

sTHee, 4yeM 5 mapTuii u3 8. 128. P4(3)+P4(4): 5/16, P8(5)+P8(6)+P8(7)+P8(8):93/256>P4(3)+P4(4), T. €.
BBIUTPATh HE MEHee 5 mapTwii u3 8 BeposTHEee, 4eM BHIMTpaTh He MeHee 3 maptuil u3 4. 129. a) 0,343; 06) 0,441.
130. 7. 131.4. 132.12. 133. 0,976. 134. a) 0,31; 6) 0,89; B) 0,4. 135. C§(1/3)2(2/3)3. 136. BeposiTHOCTE BBINT-
poimia [letn paBHa 112/243, BeposTHOCTh BhIMTphIlia Mamm paBHa 131/243, 3nauut, Beinrpana Mama. 137. [Tets
nomked 3abpartb 77 py6. 34 kom., a Bacs 22 py6. 66 xor. 138. P{Ai}:an_r/Zzn_r. 142.0,027. 143.0,2.
144. a) 0,27; 6) 0,865; B) 8. 145. a) 0,107; 6) 3a 5 nueii. 146. 0,637.

I'maBa 3
149. CG[O; ﬂ 150. = 1/4; P{X>1}=3/4. 151. a=2; P{l<X<2,5)=0,25. 152. Her. 154. F(X)=P{X<z}=
0, —oo<e<ay,

Pys x1<1’§x2,
Py tpo, Ty <TKIg,

X ‘ 0 100 500 2000
; KpuBas pacrpeacyicHusd MmpeacTaB-

- 156. p,=F(a, ) ~F(z,). 158. —5=—oio 001 001

l
1=

p

1, Ty, <TLA00.

0, <0,
0,85, 0<z<],
neHa Ha puc. 0.2; F(X)={095, 1<z<5, P{X<500}=0,95; P{X<2100}=1; P{—100<X<1 000}=0,99; MX=0,5;
0,99, 5<z<20,
1, >20;
X6 ‘ —10 000 51 000 .
) ‘ 0,001 0,999 °

DX=4,.85. 159.a)0,635; 6)0,0425; B)0,9575. 160. MX=1,585; o,=1,838. 16l.

Xc/K ‘ —500 000 10 000
» ‘ 0,001 0.999 ; MX6: 50 939; MXC/K: 9 500. 162. Beironuee obparutbes k netektuBy (M T=2,4 mus).

N|1 2 3

163. o 113 29 4/9; MT=143mun 20 c. 164. Q=4; =44, y=2; 1,=33; @3=2.5; 1,=6_8; Q,=15;
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r,=4,5; rpaduk «puck — doxoonocme» npencrasnen Ha puc. 0.3; ontumansHoi no [lapero sBnsterest 4-s onepa-
s 165. Q =4,81; 1=1,77; Qy=4,16; 1,=3,57; Q3=7; 13=2,30; Q,=2,81; r,=2,54; rpadux «puck — d0x00-
Hocmouy TpencTaBieH Ha puc. O.4; ontuMmanbHBIMH 10 [lapeto sBustorcs 1-1 m 3-1 omepammm. 166. @1:4;
r1:4,36; @2: 3; Ty= 6,40; 673: 3,5; ry= 3,90; rpaduk «puck — doxoonocmey TipenctaBiieH Ha puc. O.5; ontu-

ManbHBIMH 110 [lapeto sBisiroTcs 1-s w 3-s omepanuu; Jiydinasi onepanus — IepBasi, XyJIllas — BTOpas;, MpH
v=0,5 Jyumel omepanuel craHOBUTCS TpeThsa. 167. MX=0,7;, MY=0,8; DX=041; DY=3,36;
A ‘ -3 -2 -1 1 2 3 V]i-2 0 2

» ‘ 003 007 003 007 024 0,56; MZ=1,97, DZ=2,77;, (3.14) u (3.22) cnpaBeiuBHI, > 1031 01 0759;

Wil-1 0
MV=0,56; DV=3,29; (3.15) cpaBemBoO; PR 09> MW=0,1; DW=0,09. 168. DX=DY=4. 169. Ilyctb
X| 1 2
X 3ajaHa psAOOM pacnpeleicHus 1173 273 Y=X, torma X u Y Oyayr 3aBucumbl, MX = MY =5/3,

Z‘ 0 25 100 V‘750 —-25 0 25 50 100
02 06 02’ p(0,04 01 0,36 0,26 0,2 0,04

M(XY)=3=(5/3)2. 170. D(XY)=M(X>)M(X%)—(MX)2(MY). 172. .

X[ 444,44 666,67 1000,00 1500,00 2250,00 Xjo 1.2 3 4 5
'p‘1/16 s 56 4 14 MX=1361,11. 174.0,564. 177. 1/n. 181. ‘1 10 40 80 80 32 ;

173

Ploss 213 213 213 213 213
0, <0,

1/243,  0<a<l,

11/243, 1<2<2,

F(z)={51243, 2<z<3, MX=10/3; DX=10/9; rpadux ¢yHkumu pacmpenenenusi mnpencrasieH Ha puc. O.6.

131/243, 3<a<4,

211/243, 4<a<5,

1, T>D;
182 Uncio npaBUIIbHBIX OTBETOB, X 0o 1 2 3 4 ‘ 183 X ‘ 0 1 2 3 4 R
* Yucno 3K3aMCHy}OH.[I/IXC$I,256P{X:l‘i} ‘ 81 108 54 12 1 ‘ ’ * p | 0,0016 0,0256 0,1536 0,4096 0,4096
X ‘ 0 1 2 3 B ‘ B s
xe. 184 MX=9/4; DX=9/16. 185.5/3. 186. MX=9; P{X=10}=0,35.

"o [Vor 9j6a 27/6 27/64°

187. Cp=2,245; Pp=7,245; psix pacupeleieHds [OXOZA OT  WCIOMHCHHS  OMIMOHA  KKOMLI»:

C 0 2,737 12,182 N‘ 1 2 k

. 189. 1000. 190. 5. 191. ; MN= .
0,533 0,341 0,126 89. 1000. 190.5. 19 P ‘1/365 (364/365)(1/365) - (364/365)F1(1/365) .- 365

@ |
p

192. Anonnmon MutpodaHoBUY UrpaeT B cpegHeM 37 pas, MPH 3TOM €ro CPeIHUM BBIUTPHIII 332 OIUH pa3 paBeH
- 7/37 py0., T. €. B cpemHEM OH KaXKIblii pa3 mpourpeiBaeT 7/37 py0. W BBIXOAWUT U3 Ka3WHO, OCTaBHB TaM 7 pyo.
194. P{X=2}=0,27; P{X>1}=0,59; P{0<X< 3}=0,55; P{X=1X>0}=0,31; rpaduk QyHKOuM pacmpenencHus

npezcrasied Ha puc. O.7. 195, P{X=7}~0,004,P{X>7}~0,005, MX=DX=2,0~1,41. 196.a) 0,33; 6) 0,9992;
B) MX=DX=0,4. 197.0,993; MX=DX=5. 200.2a) 0,091; 6) 0,218; 8) 0,909. 201. 0,865. 202. F (t)=1—e M.
203. ¢=2,5; MX=5/3; o,=2V5B3~149; oz, ~132. 204 c=3; MX=L5 « 0,=0,75~0787;

0, <0,
2
xmin:%/iim 3,56. 205. a=0,5; Fy(z)= %, 0<x<2, MX=4/3; DX=2/9; P{|IX-MX|<0,5}=2/3; rpaduxu
1 X>2;
L g2,
fx(z) m Fy(z) npencrasnens va puc. 0.8 u 0.9. 206. f(z)=4’ " MX=0; DX=4/3.208. P{X>10}=0,9;

P{40<X<90}=0,5; P{X=50}=0; P{X>50|X <80}= 3/8; MX=50; DX=2500/3. 209. 0,68. 210. MX=5; DX=3;
P{6<X<9}=P{3<X<5}=2/3.  211. P{|X[>0,03}=0,4; MX=0; DX=1/120; 0, =1/(24/30)~0,09.
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(a+b)(c+d)

2 2
214. P{X — MX| < 30y } = V3/1~0866. 215 M(xY) = "D pixy) _Tlac=bd)"+T(ad—be)"+8abed _

144

2 2 2 ;2
_ 2ab(c"+d Hjc‘i(“ ) 216. MX =6 mum; DX =36; P{X <7|X>6}~0,154. 217. P{X > 1} ~ 0,135,

P{X<2}~0,982; P{X>—1}=1; P{X=3}=0; P{X>1[X<3}~0,319; MX=0,5; DX=0,25. 218. 0,133. 219. 0,221.
220. P{X >3} ~0,368; P{X <1} ~0,283=283%; P{X >10|X <11}~0,283; MX=1/3; DX=1/9.
221. P{X <7} ~0,877; MX =10/3. 222.¢ 10— M 223.a)1-¢HT; 6)1—¢ M. 225. F(z) =

.z _(-1007 100)2 100 i y )  (a-100)?
:m_{o 512 dz=— —|—<I>O[ T J, e¢ TrTpaduk mpeacraBieH Ha puc. 3.1a; f(a:):me 512 =
:% [‘”‘1?0], eé rpaduk mpencrasren Ha puc. 3.16. 226. ) 0,0062: 6) 0,0594; B) 0,3783; 1) 0,5; 1) 0,8944;

e) 0,7888. 227.0,9973. 228. 0,326. 229. Kpuasi pacnpenenenus npeacrasieHa Ha puc. O.10; rpaduk GyHKIHN
pacnpenenenust mnpeactasien Ha puc. O.11;  f(1) = f(-1) =0,2420;  f(2,25)=0,0317; F(1)=0,8413;
F(-1)=0,1587; F(2,25) =0,9878; P{X <1} =0,8413; P{X > -1} =0,8413; P{|X|< 1} = 0,6826;
P{|X|< 3} =0,9973; P{0<X<3}=0,49865. 230. P{X >2} =0,1587; P{X <2} =0,8413; P{0<X<2}=0,6826;
P{X<2|X>0}=0,8114. 231. P{|X — MX|< 30} ~0,9973. 233. P{X >1} =0,6293; P{-2< X <2} =0,4082;
P{X<2}=0,5; P{X<2/X>0}=0,3292; mpaBmio Tpé€x curm: P{|X—2|<9}=P{-7<X<11}~0,9973. 235. a) 0,03;
6) 0,01; B) 0,78; 1) 0,04 236. MX~ 50,6; o Y~ 36. 237. UadopMmaris HEOCTOBEpHA, HA cCaMOM Jejie Opak Co-

ctasisier 13,36% Bceit npoaykuuu. 238. 0,3174. 239. IIpaBuiio mectd cUrM 03HA4aeT, YTO HA KaKIBIA MUIUIAAP.T
€IMHUII BBIMYLICHHOW MPOAYKIUH AOIyCTUMO He OoJiee AByX HeKkadecTBeHHBIX. 240. LleHa akTHBa Ipu ero Moje-
JMPOBAHUH C OMOIIBI0 HOPMAJIBHOTO PACTIPEEIICHUS MOKET C TTOJIOKHUTEIBHOW BEPOSITHOCTHIO IPHHUMATH OTPH-
LaTeIbHbIC 3HAUYEHHS, YTO MPOTHBOPEUHT 3ApaBoMy cMbiciay. CiydaiiHas BeIHYHMHA, pacnpeaeTéHHas Mo JOTHOP-
MaJILHOMY 3aKOHY, MO>KET MMPUHUMATH C MOJIOKHUTENbHBIMU BEPOSATHOCTSIMU TOJBKO HEOTPHLATENbHBIC 3HAYCHUSI.
242. a) 8866,87 neH. en.; 0) 0,536. 243. 0,844. 244. a) 0,95; 6) 0,9; B) 0,94; 1) 0,02; m) 1; ¢) 0,735. 245. a) 0,95;

0, r<—I,
2
% —1<2<0, 7&
0) 0,945; B)0,964. 246.0,05. 247. F(x)={ 2% ) MX:O,DX:12/6. 248. F(z)={1-¢ 202, >0,
17(”? . 0<a<l, 0, 2<0,
20
1, =1,

X|0 1 2 4
MXZO’E . 250.

MX =21, DX=269, my(t)=02+03+01e% 10,41

O'th
251. my(t)=0,2¢ " +0,3+0,5¢. 254, mX(t):e“”T. 255. 1, ()= /2 (3(; /2+6t2et2/2+t4et2/2>‘t20:3.
256, mo (= " MX=p. 257 _ e sg, —“ X)=2  pa(X)=2 . 260. Mogoi
. mX()—w’ =Pp. - my(t) = H{h—a) mX() e 2( )—77,“3( )—F - Mozon

SBIIsieTCsl JII00oe 4yuciao U3 mosyuHTepBania MoX € [a;b), MeX = (a+b)/2. 261. MoX =0, MeX =In2/u.
264. Ay =E; =0.265. Ay =1\, Ey =1/A. 266. Ay =0,Ey =—1,2.267. A, =0,Ey =3 (yrasanue:

+00
HCTIONIb30BaTh HHTETPA f e YWy = :+!1 ). 268. a) —1,96; 1,96; 6) 1,65. 269. a) —2,23; 2,23; 6) 10,85; 31,41.
a
0

2 4—z—y
270.9.55; 0,05. 274. 0.26. 276, X‘ 0 1 Y0 1 pov vy g4 277 fay) = MDY 20020
p[05 05 0, UHave.

278. B SlnHSlnyz_sm(gHy), 0<$<g70<y o 285, X1 0 1 v|1 2 A=2|-1 0 1 X Yy
- Flz,y) = p|025 035 04” plo75 0257 p |04 02 04> n
0, VIHaYe.

2 2
sasmen, 0L 23 986, = V3 /7, f() = W3 /vl () = WE /AT x v s
BUCHMBI. 289. 70,25. 290. cov(X,Y) = p(X,Y)=0.292.-0,64. 293. a) Bcerna; 6) Hukorga (0HE MOTYT OBITh HE3a-

BUCHUMBIMU TOJBKO MpHU MZ2= (MZ)2 , T.e. mpu DZ=0). 295. cov(X,Y)=0,0725, p(X,Y)=0,044.
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296. 3HayeHre KOBapHWalWH, MMoTydeHHoe Marmei, okazanock B 100 pa3 MeHbIe 3HaYCHUS, TTOaydeHHOro IleTei.
297. 3nauenus ko3 duIeHTa Koppemsuuy, nonydeHasle Mamieit u Ilerelt, okazanuck onuHakoBbIMHU. 298. 20.
299. Jt/(t+7). 300. M(0,35X + 0,65Y) ~ 9,95% , o = 8,39%. 302. 0,6. 303. KoMIOHEHTHI aBYyMEp-

(0,35X +0,65Y)

HOTO PpPaBHOMEPHOrO pachpeielieHusi B Kpyre paadycoM r C LEHTPOM B Haudajle KOOpAWHAT.
305 Xlv=0)t 0 1 M| 02 08 309. v ~ R(0:1).310. ¥ ~R(0:1). 311. f, () = — e’%
. » ‘0 1/5 4/5° . » ‘075 05" . ;1) . . ;1) . - (Y ﬂ\/ﬂ .

Fe (A=) +fy (1+y), y=0 2 ye0:), 0 =0

312. fy(y)—{X X o ;;0’ 313. £, (y) = { mf1-42 314. f(y) = |o", wel0i1)
’ ' 0, yZ(0;1). 1, z>1.

315 e seoi), 1 —l(zfaf B 2 2. 2

- fx (@) —[ 0 oel0e1] 317. fy(z)= me 2\ e ), e a=ayta,, 0" =o0]+05+2p0j0,.

0, r<3, 0, <0,

n n (z—3)/8, 3<z<5, z /16, 0<z<2,

318. XNN[Z%; Zcfaf]. 319.0,1687. 320 fy(x)=| 1/4 5<e<7, 321 fy(o)=] 1/8  2<u<s,
=1 1=1 (9-2)/8, 7<z<9, (10-z)/16, 8<z<10,

0, >9. 0, 2>10.

322. 110y + ) - 323 13,

I'staBa 4

328. P{|X —MX|<30y}> . 329. P{100< X < 300} >0,99. 330.a) CortacHo HepaBeHcTBY Mapkosa

8

9

P{X <r}> —c, mpu 3TOM ¢ = 50,1 HepaBeHCTBO MapkoBa He TaéT HMKAKOM MHMOpMamm, 1o-
,

CKOHBKy BepOS[THOCTB HIO6OTO CO6BITT/I$I 3aBe10MO 60JTBHI€ HpOT/ISBOJTBHOTO OTpVIL[aTeHBHOFO qndiia,
1
6) HX<@=§+%(

r—a

). 331. Unciio Bwiagumkos He mpesbiraer 1000. 332.a) P{X <2000} > 0,5;
g

6) P{X <2000} > 0,9, T. €. HepaBeHCTBO YeOpi1ésa HaéT Dortee TOYHYIO OLIeHKY.

333. P{| f— p < 0,04} > 0,929. 341. IlycTp ciywavitble BeauHbl X, (n =1,2,...,n,...) 3a4af0TCsI C IIOMO-

X|0 =n
P _
IIIBIO Psifia pacIpeierieHNs T n-1, IPV 9TOM IIOCJIEIOBATEIIBHOCTD X, ——— X =0 (HeVICTBUTEIBHO,
P n n
saduKcMpyeM IpomsBoibHOE ¢>0, TOrma sy BCeX 17, HauMHAsS € HEKOTOPOro  ny > ¢,

1
P{| X,, — 0> ¢} = {rakkak X,, > 0} = P{X,, > e} =P{X,, =n} = —ﬁo ), ~OOHAKO TP  3TOM
n e

lim MX, =1, a MX =0. 347.0,975. 349.0,999. 350.12 691 moswr. 351. [-0,866-102"";0,866-102"""].

n—00
352. X ~ N(300;30). 356.a) P{0,9 < $<0,95} =0,0024; 6) P{| p— < 0,04} >0,9998, mHTerpasibHasi Teo-
peMa MyaBpa - Jlamtaca maér 6osiee TOUHBIN pe3yJIbTaT, YeM OIeHKa C IIOMOIIBI0O HepaBeHCTBa eObl-
mésa. 357.0,24; 3840. 361.a) 0; 6)0,00044; B) 0,088; 1) 0. 362.0,05. 363.0,747. 364. a) 0,999999999876;
6) 0,0008; B) 0,000006. 365.a)0; 6)0,995. 366.3 359 145 py06.; 817 py6. 97 xom. 367.a) 2,181 u 7,181;
6) 2,210 n 7210. 368. 6700. 369. 547 uen.
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Puc. O.1. Juaepamma Bvenna — Ditsrepa 6 3adaue 63

1
Pi
4
0,75

0.5 7

0,25 1

T
5
0 5 10 15 20

Puc. O.2. Kpubas pacnpedesenus

6 3a0aue 158
-‘" @
64 3
* L
4 4 . !
9] 2
Q
0 1 2 3 4
Puc. O.3. I'pagpux «puck - doxooHocms» 6 3a0aue 164
4 Ar
*
3 :
* *
P . . 3
1
!
Q
0 2 4 6
Puc. O.4. I'pagpux «puck - doxooHocnv» 6 3a0aue 165
"
.
4 : 1
2
@
T T T T
0 1 2 3 4
Puc. O.5. I'pagpux «puck - doxooHocmv» 6 3a0aue 166
14 Fila)
0.3 -
06 -
04 -
0.2 D T

0o 1 2 3 4 5
Puc. O.6. I'pagpux pynxyuu pacnpedesenus
6 3adaue 181

T4 -, .
Fir) _
— T
I — I T
0 4
Puc. O.7. I'pacpux pynxyuu pacnpedesenus
6 3a0aue 194
L4 1(e)
0.6 -
04
0.2 -
0 1 2
Puc. O.8. I'pachux fy(x) 6 3a0aqe 205
L Ap(2)
0.6 -
04 4
0.2 4
T T
0 1 2
Puc. O.9. [pacpux Fy(z) 6 3a0aue 205

f
=30

T T
-1,0 10 30

Puc. 0.10. Kpubas pacnpedeserus

6 3a0aue 226

T

.

=30

-1.0 10 30

Puc. O.11. I'pacpux pynxyuu pacnpedeserus

8 3a0aue 229
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ITPMTOXXEHUE. CTATUCTUYECKWUE TABJIULIbBI

Taoamma II.1

3HaueHus NAOMHOCU CIMAHOAPINHO20 HOPMAALHO20 pacnpedeseHus o(u) = % e_uz/ 2
u 47 T1. _ L “ 71‘,2/ 2
yrkyuu Jlanaaca @ (u) = Nors { e dt
U o(u) ‘I)o(“) U o(u) CI)0(“) u o(u) q)()(“)
0,00 0,3989] 0,0000] 1,40 0,1497| 0,4192 2,80 00079 0,4974
0,05| 0,3984| 0,0199 1,45 0,1394| 0,4265 2,85 0,0069] 0,4978
0,10] 0,3970] 0,0398 1,50 0,1295] 0,4332 290 0,0060 0,4981
0,15 0,3945| 0,0596, 1,55 0,1200{ 0,4394 2,95/ 0,0051 0,4984
0,20 0,3910] 0,0793 1,60 0,1109| 0,4452 3,000 0,0044| 0,4987
0,25| 0,3867| 10,0987 1,65/ 0,1023| 0,4505 3,05/ 10,0038 0,4989]
0,30 0,3814| 0,1179] 1,70 0,0940| 0,4554 3,10/ 0,0033]  0,4990|
0,35/ 0,3752| 0,1368 1,75 0,0863| 0,4599] 3,15/ 0,0028|  0,4992
0,40| 0,3683| 0,1554 1,80 0,0790| 0,4641 3,20 0,0024|  0,4993
0,45| 0,3605| 0,1736, 1,85 0,0721] 0,4678 3,25  0,0020 0,4994
0,50 0,3521] 0,1915 1,90 0,0656| 0,4713 3,30 0,0017| 0,4995
0,55 0,3429| 0,2088 1,95 0,0596| 0,4744 3,35/ 0,0015  0,4996
0,60 0,3332| 0,2257 2,00 0,0540| 0,4772 340, 0,0012| 0,4997
0,65 0,3230| 0,2422 2,05/ 0,04838| 0,4798 345 0,0010] 0,4997
0,70 10,3123 0,2580] 2,10 0,0440| 0,4821 3,50 0,0009 0,4998
0,75/ 0,3011| 0,2734 2,15 0,0396| 0,4842 3,55/ 0,0007|  0,4998
0,80 0,2897| 0,2881 2,20 0,0355| 0,4861 3,600 0,0006| 0,4998
0,85| 0,2780] 0,3023 2,25/ 0,0317] 0,4878 3,65/ 0,0005 0,4999
0,90 0,2661| 0,3159 2,30 0,0283| 0,4893 3,70 0,0004 O,4999|
0,95| 0,2541] 0,3289 2,35/ 0,0252| 0,4906 3,75/ 0,0004 O,4999|
1,00, 0,2420] 0,3413 2,40 0,0224| 04918 3,80 0,0003 0,4999|
1,05 0,2299, 0,3531 2,45 0,0198] 0,4929] 3,85 0,0002] 0,4999
1,10 0,2179] 0,3643 2,50 0,0175] 0,4938 3,90| 0,000199| 0,499952
1,15 0,2059| 0,3749] 2,55 0,0154| 0,4946 3,95| 0,000163| 0,499961
1,20] 0,1942| 10,3849 2,60 0,0136] 0,4953 4,00 0,000134| 0,499968
1,25 0,1826| 0,3944 2,65/ 0,0119] 0,4960] 4,25| 0,000048| 0,499989]
1,30 0,1714| 0,4032 2,70/ 0,0104| 0,4965 4,50| 0,000016( 0,499997
1,35/ 0,1604| 0,4115 2,75/ 0,0091] 0,4970] 5,00/ 0,0000015|0,4999997

YKA3BAHME. ITpu v >5 ¢(u)~0, <I>O(u) ~ 0,5. Cienyer Takke oOpaTuTh BHMMaHMe Ha TO, YTO

bynxupst o(u) uétHas, T. e. p(—u) = ¢(u), a pyrxms @4(u) — HewérHas, T. e. Dy(—u) = —Pj(u).
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Taoawmma I1.2

3Hauenus X%; p, coombBemcmbyiousue bepoamuocmu p = P{X2 < X?%;p}

0,01

0,05

01109

p
0,95 0,99 N

0,01 | 0,05

01 | 09

0,95

0,99

0,0002

0,0039/ 0,02 2,71

3,8416,63| 18

7,01 | 9,39

10,86 | 25,99

28,87

34,81

0,02

0,10

0,21 4,61

599(9,21] 19

7,63 110,12

11,65 |27,20

30,14

36,19

0,11

0,35

0,58 | 6,25

7,81 11,34 20

8,26 110,85

12,44 128,41

31,41

37,57

0,30

0,71

1,06|7,78

9,49 13,29 21

8,90 | 11,59

13,24 129,62

32,67

38,93

0,55

1,15

1,61]9,24

11,

07/15,09 22

9,54 12,34

14,04 30,81

33,92

40,29

0,87

1,64

2,20 (10,

6412,

59|16,81] 23

10,20]13,09

14,85]32,01

35,17

41,64

1,24

2,17

2,83112,

02|14,

07/18,48 24

10,86 13,85

15,66 | 33,20

36,42

42,98

1,65

2,73

3,49 (13,

36|15,

51|20,09 25

11,52 |14,61

16,47 | 34,38

37,65

44,31

2,09

3,33

4,17 14,

68|16,

92|21,67] 26

12,20]15,38

17,29135,56

38,89

45,64

2,56

3,94

4,87 |15,

9918,

31)23,21] 27

12,88 116,15

18,11 | 36,74

40,11

46,96

3,05

4,57

5,58 (17,

28|19,

68/24,79 28

13,56 116,93

18,94 37,92

41,34

48,28

3,57

5,23

6,30 [18,

55|21,

03[26,22] 29

14,26 117,71

19,771 39,09

42,56

49,59

411

5,89

7,04 19,

81|22,

36/27,69 30

14,95|18,49

20,60 | 40,26

43,77

50,89

4,66

6,57

7,79 21,

0623,

68/29,14] 40

22,16 26,51

29,05 51,81

55,76

63,69

5,23

7,26

8,55 (22,

3125,

00130,58 50

29,71 |34,76

37,69 | 63,17

67,50

76,15

5,81

7,96

9,31 23,

54/26,

30/32,001 100

70,06 | 77,93

82,36

118,50

124,34

135,81

6,41

8,67

10,0924,

77|27,

59|33,41] 150

112,67

122,69

128,28|172,58

179,58

193,21

Taoawmma II.3

3Havenus t,.,,, coombemcmbyousue bepoamuocmu p = P{|T;, [<tp.,}

p
2\ 10,9

0,95

0,990,995

N

0,910,95

0,99

0,995

6,31

12,71

63,66(127,324

14

1,76|2,14

2,98

3,33

2,92

4,30

9,92 14,09

15

1,752,13

2,95

3,29

2,35

3,18

5,84| 7,45

16

1,75]2,12

2,92

3,25

2,13

2,78

4,60 | 5,60

17

1,7412,11

2,90

3,22

2,02

2,57

4,03 | 4,77

18

1,732,10

2,88

3,20

1,94

2,45

3,71 | 4,32

19

1,7312,09

2,86

3,17

1,89

2,36

3,50 4,03

20

1,72|2,09

2,85

3,15

1,86

2,31

3,36 | 3,83

25

1,71]2,06

2,79

3,08

ORI O |WIN|F

1,83

2,26

3,25| 3,69

30

1,70]2,04

2,75

3,03

—
e}

1,81

2,23

3,17 | 3,58

40

1,682,02

2,70

2,97

—_
—_

1,80

2,20

3,11| 3,50

60

1,672,00

2,66

2,91

—
N

1,78

2,18

3,05| 3,43

120

1,66/1,98

2,62

2,86

—_
o8}

1,77

2,16

3,01| 3,37

1,64{1,96
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2,81




Taoawuma I1.4
3nauenus fnl;nQ;p' coomBemcmByrousue Beposmuocmu p = P{Fnlmz;p < fnl;nz; nt

p = 0,05

n.
n, o 2 3 4 5 6 7 8 9 10 20 30 50 | 100

161,45(199,50215,71|224,58(230,16|233,99(236,77|238,88(240,54(241,88|248,02(250,10|251,77(253,04
18,51|19,00 (19,16 |19,25|19,30(19,33 19,35 (19,37 19,38 | 19,40 | 19,45 19,46 | 19,48 | 19,49
10,139,551 9,28 19121 9,01 | 894 | 8,89 | 885 | 8,81 | 8,79 | 8,66 | 8,62 | 858 | 855
7711694 659|639 | 626|616 | 6,09 | 604|600 |59 |580]|575| 570 | 566
6,61 (579 541|519 | 505|495 | 488 | 482 | 4,77 | 474 | 456 | 4,50 | 4,44 | 441
599 | 514 | 476 | 453 | 439 | 428 | 421 | 415 | 4,10 | 406 | 3,87 | 3,81 | 3,75 | 3,71
559|474 | 435 | 412 | 397 | 3,87 | 3,79 | 3,73 | 3,68 | 3,64 | 344 | 3,38 | 3,32 | 3,27
532|446 (4,07 | 384|369 |358]|350](344|339]|335]315| 3,08 |3,02|297
512 | 426 | 3,86 | 3,63 | 348 | 3,37 | 3,29 | 3,23 | 3,18 | 3,14 | 294 | 2,86 | 2,80 | 2,76
4,96 | 410 | 3,71 | 3,48 | 3,33 | 3,22 | 3,14 | 3,07 | 3,02 | 2,98 | 2,77 | 2,70 | 2,64 | 2,59
4,35 (349|310 | 287 | 2,71 | 2,60 | 2,51 | 2,45 | 239 | 2,35 | 212 | 2,04 | 1,97 | 1,91
4,17 (3321292 (269|253 242233227 (221216193184 |1,76 | 1,70
50 4,03 |318|279|256|240 229|220 (213|207 |203(|178|169 1,60 | 152
100 | 3,94 | 3,09 |270|246 (231 |219|210|203|197 (193|168 | 157|148 1,39

O |0 I[N |[U [~V

_
o

N
(@)

[63)
o

p=0,01

1 2 3 4 5 6 7 8 9 10 20 30 | 50 [ 100

4052 | 4999 | 5404 | 5624 | 5764 | 5859 | 5928 | 5981 | 6022 | 6056 | 6209 | 6260 | 6302 | 6334
98,50 |99,00|99,16]99,25|99,30 (99,33 (99,36 | 99,38 | 99,39 99,40 99,45 (99,47 | 99,48 | 99,49
34,12 |30,82|29,46|28,71|28,24 (27,91 | 27,67 | 27,49 | 27,34 | 27,23 26,69 | 26,50 | 26,35 | 26,24
21,20 |18,00|16,69]15,98|15,52 (15,21 | 14,98 | 14,80 | 14,66 | 14,55|14,02 (13,84 | 13,69 | 13,58
16,26 |13,27|12,06|11,39|10,97 (10,67 | 10,46 |10,29|10,16|10,05| 9,55 | 9,38 | 9,24 | 9,13
13,75 {10,92| 9,78 | 9,15 | 8,75 | 8,47 | 8,26 | 8,10 | 7,98 | 7,87 | 7,40 | 7,23 | 7,09 | 6,99
12,25 1955 (845|785 (746 | 719 | 699 | 684 | 6,72 | 6,62 | 6,16 | 599 | 5,86 | 5,75
11,26 | 865|759 | 7,01 | 6,63 | 637 | 6,18 | 6,03 | 591 | 581 | 536 | 5,20 | 5,07 | 4,96
10,56 | 8,02 | 6,99 | 642 | 6,06 | 580 | 5,61 | 547 | 535 | 5,26 | 4,81 | 4,65 | 4,52 | 4,41
10,04 | 7,56 | 6,55 | 599 | 5,64 | 539 | 520 | 5,06 | 494 | 4,85 | 441 | 425 | 412 | 4,01
810 | 585|494 | 443 |4,10|387 |3,70|356 (346|337 (294|278 |264| 254
756 |539|451|4,02]370|347|330|3,17|3,07|298|255]|239 225|213
717 | 506 | 4,20 | 3,72 | 341|319 (302|289 |278|270 (227210195 1,82
100 | 6,90 | 4,82 (398|351 (321|299 |282|269]|259|250]207|189 |174 (1,60

C || [NV

—_
o

N
o

(€8]
o

Q1
o

1
YKA3AHME. Crieftyer y4nThIBaTh, 9To f, mdep =
2 fnzmlip
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