MunuctepcTBo 00pa3oBanusa U HayKu Poccuiickoit @eneparmnn
QenepaabHOE Ar€HTCTBO MO OOPAZOBAHUIO
fpocmaBckuit rocymapcTrennbiit yausepcurer M. I1.T. lemnmoa
Kademapa muckperHoro amainsa,

TEOPUS BEPOATHOCTEN
N MATEMATNYECKAA CTATUCTUKA

CBOPHIUK 3AJAY

2-e n3ganve, nepepaboOTaHHOE W JOTMOTHEHHOE

Pexomendosaro
Hayuno-memoduneckum cosemom yHueepcumema
05 cmydenmos, 00Y%aUUTCS N0 CREYUUAALLHOCTAM
Ipuraradnas mamemamura u uHGOPMAMUKGD,
Hpurradnas undopmamura (6 sxonomuike),
Hngopmayuonmvie mexrnorozui

fApocmasas 2009



VIIK 519.2
BBK B 171:173-4 + B 172a73-4

T 11

T11

Pexomendosario
Pedaxyuonno-u3damerbcrum co8emom YyHUGEPCUmMema
6 Kauecmae yuebrnozo usdanus. Ilran 2009 200a

Penensent
kadenpa auckpernoro ananusa Apl'Y nm. II.T. Jlemumosa

Cocrasurenu: }0.B. Boromosnor, A.H. Makcumenxo,
A_H. Mopo3os

Teopus BepodTHOCTeli M MaTeMaTHYeCcKas CTAaTHUCTUKA:
c6opuuk 3amau / coct. FO.B. Boromosnor, A.H. Maxkcumenko,
A_H. Mopo3sog; fpoca. roc. yu-T. — 2-€¢ u3m., mepepab. u IOTI.
— dpocnasan: Apl'Y, 2009. — 111 c.

Coopuuk comep:kut 6osee 400 3amad mo Temam «Ciydaiiubie
cobbrTusiy u «Crydaiinbie BeJTUNIUHbIy. Ha BCe BBIYUCIUTETHHBIE
3372491 JaHbI OTBETHI. Kpome Toro, cOOpHUK CHAOKEH MPUIOKe-
HUSIME, COIEPKAIIUMHI CIIPABOYHBIN MaTepuas: TabJuIlbl 3HAYE-
Huil GYHKIMK TLTOTHOCTH HOPMAJIBHOTO pacupegenenns u hyHK-
nvu Jlammaca.

Tlpennaszuaven ajisi CTYAEHTOB, OOYYAMOIINXCS TIO CIIEIH-
agpaocTaM 010501 Ilpukiagrast MaTeMaTnka u WHMOPMATHKA,
080801 IMpuknannas nadopmarnka (B sxonomuke) u 010400 Un-
dopmanumonnsie rexunonorun (aucuuiuinaa «Teopusi BeposaTHO-
cteit», 6ok EH), ounoii ¢hopmbr 00y denust.

VIIK 519.2
BBK B 171a73-4 + B 172:73-4

(© fpociaBcknii TOCYIAPCTBEHHBII YHUBEPCHTET
uMm. IL.T. Temumosa, 2009

Copep2xkaHue

1 Cuyuaiiabie coObITUS

1.1 OcnoBHBIE HIOHATHS.
Knaccudeckoe omnpesenenne BEPOATHOCTA . . . . . . . . .
1.2 KoMOuHATOPHBIE (DOPMYIBL . « .« « o v v v v v oo o o o .
1.3 Tlpumenenne KOMOUHATOPUKN K BBIYUCIIEHUIO
BEPOATHOCTEM . . . . . . . . . . . .. .o

1.4 TeoMeTpHIECKHE BEPOATHOCTH . « © « o o o v o v v o v o s
1.5 VYcnosubie BepositHocTu. HezaBucumocTs coObITH . . . . .
1.6 BeposTHOCTH CJOKHBIX COOBITHH . . . . . « o« o . . . . .
1.7 ®@opmyna TOTHON BEPOITHOCTH . . . . « « . o o o o o o .
1.8 ®opmyma Baijteca . . . . .. ..o
1.9 Tlosropenwe ucnbrranuii. ®opmyna Bepuymmua . . . . . . .
1.10 TIpubmmxkenusie dhopmyst [lyaccona u Myaspa—Jlamnaca
1.11 BeposTHOCTH OTK/IOHEHHST OTHOCUTEIHHON 9aCTOTHI . . . .

2 Cuayuaiinble BeJIUYUHBI
2.1 3akoHBI pacupeiesieHus JUCKPETHBIX CJIYyYalHbIX BETHIUH
2.2 ChaydalHbIE BEKTOPBL . . « o v v o v v v e e e oo e e o
2.3  YwucaoBble XapaKTEPUCTUKU TUCKPETHBIX CJIyY. BEJIUYUH .
2.4 Kosapwuanusi, KO3QHUIUEHT KOPPETIITAT . . . . . . . . .
2.5 IlomHoe MareMaTHYeCKOe OXKUJAHHE . . . . . . . . . . . .
2.6 @DyHKNMSA U MJIOTHOCTH PACIPEIETEHUS CIyd. BETUINHBI
2.7 Ywucnossie xapakrepuctuku HCB . . . . .. . ... .. ..
2.8 HopwmanbHOE pacTpemeeHne . . . . . . o o o o o o oo o. ..

OTBETHL

Crucok nureparypbl

IIpuitoxxenus

101

108

109



1 Cayuaiinbie coObITUS

1.1 OcHoBHBIE IOHITUI.
Kunaccuyeckoe onpenesieHne BepOITHOCTH

CO6bITI/Ie Ha3bIBAETCA Cﬂy‘lal}l’HblM, ecnn B AAaHHOM ONbliT€ OHO MOXET npom3oﬁT|/|
unn He npousoiitn. Cnyyaiinble cobbiTns obosHavaem A, B, C, ...

Mon BepoATHOCTBIO COBbITUS NOHMMaETCs cTeneHb (Mepa) Halwelh yBepeHHO-
CTN B €ro HacCctyna€Hnm, OCHOBAHHAA Ha O6'beKTI/IBHOﬁ OLEHKE 0NN Cny4a€ee €ro
nosienexnsi. BepositHocTb cobbiTusi A obosHauaetcs P(A).

LocTosepHbim HasbiBaeTCst cobbiTue ), KOTOPOE B pe3ynbTaTe OnbiTa Henpe-
MEHHO JOJIXKHO NPON30NTH.

P(Q) =1.

Heso3moxHbim Ha3biBaeTcs cobbiTue (), KOTOPOE B pe3ynbTaTe ONbITa HE MO-
>KET Npoun3omnTu.

P(0) =0.

BepositHocTb ntoboro cobbiTusi A 3aknro4eHa MeXAy HyNeM 1 efUHULENA:
0<P(A) L1

[NonHoii rpynnoii cobbiTuii Ha3bIBAETCS HECKONBKO COBLITUI Takux, YTO B pe-
3yNbTaTE ONbITA HEMPEMEHHO AOJIXKHO MPOU30WATN XOTS BObl OAHO U3 HUX.

Heckonbko cobbiTuii Ha3bIBatOTCA HECOBMECTHLIMMU, ECNN HUKAKNE ABA U3 HUX
He MOFyT NOSIBUTBHCS BMECTE.

HECKOﬂbKO COGbITI/Iﬁ Ha3bIBAKOTCA PABHOBO3MOXXHbIMU, €CNN MO YCNOBUAM
CUMMETPUM ONbITA HET OCHOBAHWUI CHMTATb Kakoe-nubo u3 Hux bonee BO3IMOXK-
HbIM, Yem ntoboe apyroe.

Ecnun Heckonbko cobbiTuii 06pasyroT NOSMHYIO rpynny n HECOBMECTHbI, TO OHU
Ha3bIBAKOTCA 3/IEMEHTAPHbLIMU CO6bITI/IﬂMI/I nian ncxogamun. ECﬂVI, Kpome TOro, Bce
OHN PaBHOBO3MOX>XHbl, TO UX HAa3bIBAKOT LIAHCAMU.

Ncxop naseiBaetcst 6b1aronpusTHeiM COBbITUIO, €CNN NOSIBJIEHNE 3TOFO UCXOAA
BnedeT 3a coboii nosieneHne cobbITus.

Ecnu pesynsTaThl onbiTa CBOASITCS K CXEME LUAHCOB, TO BEPOSITHOCTb CODBITHS
A onpepensietcs opmynoii

rae N — obliee 4ncno nucxoaoe,
N4 — 4ncno ncxopos, bnaronpusaTHeix cobeiTuio A.

MNpumep 1. V13 muoxectea {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} Hayzaqy BbIbGpaHO 4ncio
q, nocnie Yero cocTasneHo ypasHenne 1> + 4z +q = 0. Kakosa BeposiTHOCTb TOIO,

1.1 Ocnosubie nousitusi. Kiaccmdeckoe onpeaenieHne BEPOITHOCTH 5

4TO KOPHU 3TOrO YPaBHEHUSI OKAXKYTCS
a) peiictButensHbimu yucnamu, 6) yeasimu yucnamu?

V¥ CobbITusi, 0 KOTOPLIX NAET peyb B 3ajaqe:
A = {kopHn peiicTBuTENbHbIE},
B = {kopnu ueneie}

DNeMEeHTapHLIMMN COBLITUSIMU B AAHHOW 33a4e MOXHO CHUTATb U3BJIEYEHUS
0AHOro n3 aanubix Yucen (1o ectb n3snedenne yncna 0, 4ncna 1, yncna 2 n Tak
panee). Obuwee KONMYECTBO NCXOAOB:

N = 10.

[na HaxoxaeHus ncxonos, bnaronpusTHeix cobbITUO A, AOCTAaTOYHO HAWTK
KOSINYECTBO uenbix 4ucen g ot 0 o 9, Ana KOTOPLIX AUCKPUMUHAHT KBAaApPaTHOro
YpaBHeHUs z? + 4z + q = 0 HeoTpuuaTenex:

D=4 —4qg=4(4—¢q) > 0.

Jlerko BugeTh, 4TO Takux Yucen ecero 5 (3To 0,1, 2, 3, 4). MNosTtomy konnyecTso
6naronpuaTHLIX ANst CObbITUS A NCXOAOB PaBHO

Ny = 5.
OTcrona BEPOSTHOCTb COBLITUS
Ny 5 1
P =F=w%"73

AHanorny4Ho Haxoaumm BeposiTHOCTb cobbiTusi B. MNop ucxomamu bygem no-
HUMATb TO >XXE€, 4TO N B npep,blp,ymeM cnyqae. I/IX KOJIN4HeCTBO COOTBETCTBEHHO
OCTaHeTCsA I'Ipe)KHVIM. E}'IaI'OFIpVIﬂTHbIe ans C06bITI/I$| B Nncxoabl, KaKk MOXXHO ner-
KO 3aMeTUTb, CoAepXKaTcs B bnaronpusTHbix ucxogax ans A (pelicteutensHo,
ONS HANMYUSA LenbiX KOPHElh Heobxogumo, 4Tobbl Bbiin XOTb KaKMe-TO KOPHWM).
ﬂoaTomy ONs BblABNEHNA 6}'IaI'OrIpI/I9|THbIX NCXO40B MOXHO I'IpOCTO noaCTaBuUTb B
ypasHenue 22 +4x +q = 0 3naueHus ¢ paeubie 0, 1, 2, 3, 4 (npw noacTaHoBKe KO-
TOPbIX yPABHEHNE UMEET KOPHM) 1 BbIBPATh N3 HUX Te, NPN KOTOPbIX KOPHU LENbIE.
HenocpeacTeeHHas npoBepKa MOKasbIBAET, HTO TaKOMY YC/IOBUIO YAOBIETBOPSIIOT
yucna 0, 3, 4. 3HauuT, KoNnYecTBo BnaronpusiTHbIX Ans B ucxonos

Np = 3.
Toraa BepoOSITHOCTL COOTBETCTBYIOLLErO COBLITUA

Ng 3
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B 3amagax 1-3 npoBOAKUTCS OMBIT, COCTOSIIII B TOAOPACHIBAHUN JBYX
CAMMETPHIHBIX MOHeT. Tpedyercst IpoOBEepHUTD:
a) 06pas3yIoT JIn JAHHbIE COOLITHS TIOJHYIO TPYIIIY;
0) ABIAIOTCS JIM 3TH COOBITHS HECOBMECTHBIMMY;
B) SBJIAIOTCS JIM OHU PABHOBO3MOXKHBIMHU.

1. CobGwitusi: A — nosiB/IeHNE IBYX TEPOOE;
B — nossnenne aByx mudp.

2. Cobbrtusi: A — nosiBienue JIByX repOoB;
B — nossnenne apyx mudp;
C — mosiBjIeHne OTHOTO repba u OmHON MU PHI.

3. Cobbrtusi: A — nostBIeHne Xotsi Obl 0HOTO rephHa;
B — nosBienne xotst 6b1 OTHOMN I PHI.

B 3amagax 4-9 nmpoBepuTh, ABISIOTCS JIU [MIAHCAMU JAHHBIE COOBITHUS.

4. OmbIT — BBICTPEJI M0 MUIIEHU; COOBITHS:
A — nonamanme;
B — mpowmax.

5. OmnwiT — Opocanve AByX MOHET; COOBITHSA:
A — mosiejienvie Tepba HA BTOPOI MOHETE;
B — nosiByierne nudpbl Ha, BTOPOH MOHETE.

6. OmnwbiT — Opocanve ABYX MOHET; COOBITHSA:
A — nosiejienvie Tepba HA TIEPBOI MOHETE;
B — nosiByierne nudpbl Ha, BTOPOH MOHETE.

7. OnbiT — Gpocanue UrpaTbHON KOCTH; COOBITHUS:
A — 4UnCITo BHITIABITNX OYKOB JEJUTCS HA TPH;
B — mosinitoch He 6osiee IBYX OYKOB;
C — TIOSBUIIOCH Y€ThIPE UJIHN TISTh OYKOB.

8. OmbIT — u3BJIEYEHUE OJHON KAPTHI U3 KOJOIBI; COOBITHUS:
A — mosiBJIeHVE TY34;
B — moaBnenmne KapThl, HE ABIAIONIEHCT TY30M.

1.1 Ocuosubie nousitusi. Kiaccuaeckoe onpenesienne BeposstHOCTH T

9. U3 ypusl, comepxkarrei mapsl ¢ HOMepamu 1,2, ...,9, caydaii-
HBIM 00Pa30M BBIHWMAIOT MO OJHOMY Iapy [0 TeX TOpP, MOKA ypHA He
okaxkercs: mycroit. CobbrTus: A; — mosiBJIeHME TIapa ¢ HoMepoMm 1 B 4-if
BbIeMKe, Tae 1 = 1,2,...,9.

B 3amauax 10-12 paccmarpuBaeTcs ypHa, comep:kamas a O6eabx u b
YEPHBIX MAPOB.

10. U3 ypHB! BRIHUMAIOT Hayraa oawH map. Haiitum BeposSITHOCTH
TOTO, 9TO ITOT AP — OEIbIit.

11. U3 ypHbI BEBIHUMAIOT HAYTaJ, OJWH IAP U OTKJIAJILIBAIOT B CTO-
pomy. dror map okazascs 6emabiM. [Tocte aToro u3 ypHbr 6epyT ere oauH
map. Haiitu BepossiTHOCTH TOTO, YTO 3TOT IMIAP TOXKE OYIeT OETHIM.

12. U3 ypHBI BEIHUMAIOT TOIPSII BCE HAXOISIIWECS B HEN IMIaphl.
Haiit BepOoSITHOCTH TOTO, YTO BTOPBIM IO TIOPSIAKY OYIET BRIHYT OEJTbIi
map.

13. U3 ypHbI BBIHYIN OIWH IAP U, HE TJIA/Is1, OTIOXKUIN B CTOPOHY.
[Moce aroro u3 ypusr B3stu ere oaue map. Ou okazascs 6enbiv. Haiitu
BEPOSITHOCTH TOTO, YTO TEPBBIA AP, OTJIOXKEHHBIH B CTOPOHY, — TOXKE
6eThIil.

14. U3 ypHBI BBIHUMAIOT OJWH 33 APYTUM BCE IMIaPbI, KPOME OHOTO.
Hajiti BepoaTHOCTD TOTO, YTO MOCTEIHII OCTABIIAICS B yPHE IIap OyaeT
OebIM.

15. B xomozme 36 kapr gersipex macreii. [locie n3Bnedenns: u BO3-
BPAIEHUS OJHON KapPThI KOJIOIA TEPEMEITHBACTCS U CHOBA W3BJIEKACTCSH
onua Kapra. Onpenenurb BEPOITHOCTH TOTO, YTO 06€ U3BJICYEHHBIE Kap-
ThI OJHOI MACTH.

16. Cuayuaitrno BhIOpaHHas KOCTH ITOMHHO OKA3aJiach He IybseM.
Haiitu BepogTHOCTH TOrO, YTO BTOPYIO TAKXKE€ B3ATYIO HAyAAdy KOCTH
JIOMHAHO MOXKHO TIPUCTABUTH K ITEPBO.

17. U3 amwuka, comepzxkaiiero 4 bunera ¢ nomepavu 1, 2, 3, 4, BbI-
HUMAIOT MO OJHOMY Bce Omiersl. IIpenmosiaraercs, 9To BCe MOCIEIOBA~
TEJILHOCTH HOMEPOB OMJIETOB MMEIOT OJWHAKOBLIE BeposiTHOCTH. Haiitn
BEPOSITHOCTH TOTO, YTO XOTsT OBI y OJHOTO OWJIeTa MOPSAKOBBINA HOMED
COBIIAIAET C COOCTBEHHBIM.

18. Umeercs naTh OTPE3KOB, JJIMHBI KOTOPBIX PABHBI COOTBETCTBEH-
o 1,3,5,7 u 9. Onpenenurb BEPOSITHOCTH TOTO, 9TO € MOMOIIBIO B3ATHIX
HAyJA4dy TPEX OTPE3KOB W3 JAHHBIX MSITH MOYKHO MOCTPOUTH TPEYTOJIb-
HUK.
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19. Tpex3HadHoe UUCTO CAYIANHO W PABHOBEPOSTHO BHIOMPAETCS
U3 BCErO MHOXKECTBA TPEX3HAYHBIX dnces. HaliTu BepogTHOCTH TOTO, 4TO
OHO JennTest: a) Ha 3; 6) Ha 7.

20. Ky06, Bce rpaHH KOTOPOrO OKPAIIEHDbI, PACIHIEH Ha TBHICATY
KyOHKOB OJIMHAKOBOTO Pa3Mepa, KOTOPbIE 3aTeM TINATEIbHO TepeMeria-
ubl. HaiiT BEpOATHOCTH TOrO, YTO HAYJATY U3BJIEUEHHBIN KyOUK nMeeT
OKpAIIEHHBIX TPaHeil: a) Tpu; 0) 1Be; B) OIHY; T) HU OTHOIA.

[MonGpackiBalOTCs IBe NTPAThbHbIE KOCTH. B cieayomux 3a1auax Haii-
TH BEPOSITHOCTH YKA3aHHBIX COOBITHIA.

21. A = {uucna oukoB Ha 06eMX KOCTAX COBIAAAOT}, B — {uucio
OYKOB Ha NEPBOil KOCTU GOJIbIIIE, YeM HA BTOPOIi }.

22. C = {cymma oukor Gosbiiie AByX}, D = {cymma OYKOB He
MEHbIIIe [STH }.

23. E — {xors 6bl Ha o1HO# KOcTH TosiBUTCsA mudpa 6}, F — {upo-
W3BeJIeHNe BHIMABIIAX OYKOB PaBHO 6}.

24. G = {cymMMapHOE KOJINYECTBO BHINABIINX OYKOB SBISETCS IPO-
cTbIM dncaoM }, H = {Koau4ecTBO BHINABIIMX OYKOB Ha MEPBOii # BTOPOit
KOCTH OTJIMYaeTcs He Oosee 4eMm Ha 2}.

25*. UrpanpHas KOCTb Opocaercs TpuKabl. IIycTh T - cymMMa O9IKOB,
MOJIyYeHHBIX TIPU BCexX Opocanusx. Urto Gosee BepositHO: x = 12 munm
x =117

1.2 KombOuHaTOpHBIE (DOPMYJIBI

PelieHne BEpOSTHOCTHBIX 3334, CBOASILLNXCS K KJTACCUYECKOMY OMPESENEHIIO Be-
POSITHOCTM, HacCTO 0BNEr4aeTcs NCNoNbL30BaHNEM KOMBUHATOPHBIX hopmMyi.
Mpasuno npoussepenusi. MycTb anemeHT x1 Habopa Buga (z1,z2,...,Tk)
MOXHO BblbpaTh ni cnocobamu; nocne ocywecTeieHnst BoIbOpa X1 3MEMEHT T2
MoxeT bbITh BbibpaH nge cnocobamu; nocne BLIGOPOE T1 U T2 INEMEHT I3 MOX-

HO BbIOpaTb M3 cnocobamm n T.4.; nocne BbIGOPOB X1, X2,...,Tk—_1 dJIEMEHT Tk
MOXHO BbibpaTh ng cnocobamu. Toraa cywecTsyeT ni -ns-. .. ni Habopos Buga
(50175627 ey l'k)

3amedanne. Konnyecteo BCEBO3MOXHBIX HAabopoB BUAa (1, T2, . .., Tk) MOX-

HO HarNsAAHO NEPEeYNCINTL NPU NOMOLWM «AepeBa BapuaHTos» (rpada 3agaun).
B ocHoBaHun «paepeBay OyayT paccpefoTodeHbl 1 3HaudeHul («KOpHER» ), Ko-
TOopble MOXET NpuHUMaTh x1. [Janee, Tak Kak nNpu Ka)kKaoMm Bbibope 3Ha4YeHus T
3HauYeHNe ANs T2 MOXET BbiTh BEIOPaHO M2 Ccnocobamu, TO N3 KaXKAOr0 «KOPHS>

1.2 Kombunaropubie (hpopMyJIbI 9

BbIiIET N0 N2 «BETBEN». 3aTeM W3 KaXKAOW TaKoWi «BETBU» MOSIBUTCS M3 HO-
BbIX «KBETOYEK» — KOJINHECTBO BO3MOXXHbIX 3Ha‘-|eH|/|ﬁ X3 I'Ipl/l COOTBeTCTByIOLLleM
Bbibope 1 1 T2, n Tak ganee. Obuiee YNCNO «BETOHEK» NOC/IEAHEr0 YPOBHS, COB-
nagatouee ¢ obWUM KONMHECTBOM HabOPOB yKa3aHHOro Buaa, byaeT BolYNCASATLCS
no dopMyne n =mng - Nz - ... Nk-

Mpumep 2. Ckobkumu cnocobamu MOXHO BbIOPaThb NATU3HAYHOE HUCIO, KO-
TOPOE OAMHAKOBO YUTAETCS KAK C/1€BA HAMpaBo, Tak U CnpaBa HaneBo (Kak, Ha-
npumep, 85258)?

V¥ Kaxkgomy nsiTU3HAYHOMY YMC/Yy MOXKHO MOCTaBUTb BO B3aWMHO OAHO3HAY-
HOE COOTBETCTBUE CTPOKY (X1, X2,...,%5), TAE T1,...,T5 — COOTBETCTBEHHO 1-,
..., 5-5 undpel. InemeHT T1 3TONH CTPOKM MOXHO BbIBpaTh 9 cnocobamu (nobyro
u3 undp, kpome 0); NpK KAKAOM TakOM BbIBOpE 37€MEHT T2 MOXHO BbibpaTh 10
cnocobamu (Tenepb MOXXHO MCnob30BaTh U Lndpy 0); 3NEMEHT T3 TaKXKe MOXKHO
BbIbpaTh 10 cnocobamu; HaKOHEL, 31EMEHTbI T4 U T5 ONPEAENSAOTCA OAHO3HAYHO:
T4 = T2, T5 = x1. COrnacHo npasusy Npou3BeEHNS UCKOMOE YUCNo crnocobos
Bbibopa pasHo: 9-10-10-1-1 = 900. A

Npumep 3. Kons u Bacs 6pocunu no ogHoii urpansHoii koctu. Haritu sepo-
aTHOCTL Toro, 4to Kons Bbibpocun 6onbiie o4kos, H4em Bacs.

Vv 1 cnocob.

Ncxopom paHHOro ncnbiTaHms sIBASIETCS YNOPSIAOHEHHAS Napa Yucen (ml, mg),
rAe T1 W T2 — KOJIMYECTBO OYKOB, BbibpowernHoe Koneii n Baceii cooTBeTcTBEHHO.
Obuiee konuuecTBo ncxonoe pasHo N = 6 -6 = 36. BnaronpustHeiMu siBRsitoTCA
NCXOAbl, YAOBJETBOPSIOWNE YCIOBUIO L1 > T2. [locuuTtaem ux konudecteo. Ecnn
x1 = 6, T2 MOXET NPUHMMATb 5 BO3MOXXHbIX 3HAYEHUA (OT 1 no 5), npu x; =5
— 4 BO3MOXHbIX 3HAYEHUS!, N TaK Aanee, Npu r1 = 2 — €4UHCTBEHHOE BO3MOXXHOE
3HaYeHune (mg = 1). Mostomy konuyectTeo BnaronpusiTHeix ncxopgos Ny = 5+4+
3424 1= 15. ickomas BEpOSITHOCTb paBHA

Na 15 5
N 36 12

2 cnocab.

Bce ncxonbl gensitca Ha Tpu Kateropun: T > To2, 1 = T2, 1 < 2. Konuye-
CTBO NCXOAOB, YAOBNETBOPSIOWMX YCIOBUIO T1 = T2, pasHo 6 (naper (1,1), (2,2),
u T.4.). [l03TOMY KOMIMYECTBO UCXO[OB X1 > T2 U 1 < T2 B CYMME COCTaBASIET
36—6 = 30. A Tak Kak UCXOMOB BUAA T1 > T2 CTONIbKO XK€, CKONbKO UCXOA0B BMAA
x1 < T2, TO KONMYeCTBO BnaronpusaTHbiX ucxopos coctasnsietr m = 30 : 2 = 15.
Nckomas BeposTHOCTL COBLITUS Tenepb CHUTAETCS aHANOMMHHO. A

Npumep 4. Ckonbkumu cnocobamm MOXHO Ha knet4atyro gocky 10 X 5 no-
CTaBUTbL KPACHYIO, CUHIONO, XKEJITYIO U 3€1EHYI0 (PULLKY TaK, 4TOObI HUKAKUE fBe
huLLIKN He CTOAAN B 0AHOI CTpoKe unu ctonbuye?

Vv 1 cnoco6. Byaem nocnegosatensHo pacctaensaTe dpuwkn. Kpachyto duky
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MOXHO MOCTaBUTb Ha NOOYO KNETKY AOCKM, NO3TOMY KOJIMYECTBO BAapPUAaHTOB Bbi-
6opa knetku ans aaHHoii dumwkn pasHo 50. Mpu kaxaom BapuaHTe pa3meLLeHus
KpacHoii duwwikun, ans cuHeid duwkn MOXHO BbibpaTh ntobyto kneTky Tabnuupb,
KPOME HaXOASALWMXCS C KPACHOM B OHOW CTPOKE USIM OQHOM CTONbLE; KONMYECTBO
TakuMx KNETOK, COracHO Npasuny npomssegerus, pasHo 9 -4 = 36 (knetkmn Tabau-
Ubl, HaxoAAWMECs B 9 «Pa3peLleHHbIX» CTONBLax n 4 «paspelueHHbIX» CTPOKax).
Mpu kaxkgom cnocobe pasmelleHUs KpacHOW M CuHel ULIKKU XKENTyo uwky
MOXXHO Pa3MeCTUTb B KJIETKe, Haxogswelica B ogHOM un3 8 ctonbuos (He 3aHs-
ThIX yXKe YCTaHOBNEHHbIMI bULIKamMK) 1 OAHONR 13 3 CTPOK, TaKyH KJIETKY MOXHO
Bbibpath 8 - 3 = 24 cnocobamu. HakoHeu, 3eneHyto UKy ANs KaXAOro Ba-
praHTa pa3sMeLLeHNs yXKe PaCCMOTPEHHbIX (PULIEK MOXKHO NOCTaBUTb B NtOBYHO
KNETKY, HaxOAsYylCs B OAHOM 13 7 cBoboaHbIX CTONBUOB 1 oaHOW n3 2 CBO-
6OAHBIX CTPOK, Y4TO MOXHO caenaTb 7 -2 = 14 cnocobamu. B cooTBeTcTBUM C
APaBNJIOM MPOU3BEAEHNA, KONNHECTBO CI'IOCO6OB PaCCTaBNTb BCE d)VILIJKVI PaBHO
50 - 36 - 24 - 14 = 604800.

3ameyaHue: OTMETUM, YTO MPaBUIO NPOU3BEAEHUS Mbl UCNOML30BAAU U HA
KaXkaom wware (Npy NoAcCHeTe KOMMYECTBA KNETOK, AONYCTUMBIX AJ1Si PA3MELLEHUS
odepegHoli cduwkm), n npu noacHeTe obwero konm4ecTsa cnocoboB PaccTaHOBKM
BCEX (PULLEK.

2 cnocob.

3ameTum, 4TO B pacCMaTpMUBaeMoOii 3aa4€e pacCTaHOBKE HEObXoAnMO BbIbpaTh
ANS KaXAOI U3 puLLek CTPOKY 1 CTONBEL, Ha MEPECeHeH MM KOTOPbIX Mbl €€ 1 Pas3-
mewaem. Takum obpasom, Tpebyercs BbibpaTh 4 pasnnyHbix cTonbua u 4 pas-
nnynble ctpoku. Ctonbey anst kpacHoi dmwku MoxHO BbibpaTs 10 cnocobamu;
ANs Kax[oro takoro ebibopa ctonbey ans pasmeweHus cuHeli UK MOXKHO
BoibpaTte 9 cnocobamu (n0bOA, KpoMe TOro, B KOTOPOM CTOMT KpacHas du-
Ka), nocne yero 8 cnocobamu Bbibupaem ctonbey Ans >kenToii duKU, a Npu
KaXxoM Bblbope cToNOLOB 415 paCCMOTPEHHbIX Tpex uiiek cTonbew ans octas-
welics (3enenoit) duwkn moxHo BeIbpaTh 7 cnocobamu. Moatomy BeIGOpP HYeTbIpex
CTONBOLOB ANsi pa3MeLLeHUs AaHHbIX (hrLek MOXHO ocywecTBuTh 10-9-8-7 = 5040
cnocobamu.

AHanoOrM4HO HaxoAWM KOJIMHYECTBO BAPMAHTOB BbIGOpa HETbIPEX CTPOK A4S
pasMeLLEHNs YETbIpex Pa3HOLBETHbIX hUllek, OHO paBHo 5 -4 -3 -2 = 120.

Ons kaxpgoro n3 5040 cnocobos BbIGpaTh HeTbipe CTpokU MoxKHO 120 cro-
cobamu BbIbpaTh YeTbipe cTonbua Ans pasmelweHnss AaHHbix duwek. [oatomy,
COrNacHoO nNpaewuny npouseegeHusi, obuiee KONMYECTBO BapmaHTOB BhibOpa CTpo-
KU 1 cTonbuoe (a 3HauuT, u obliee KONMYECTBO CNocoboB pasmelyeHus duiek)
paero 5040 - 120 = 604800.

MOXHO 3aMeTUTb, YTO MEPBOE M BTOPOE pEeLLeHNe OTIMYAIOTCA MWL NOPSA-
KOM MOACHETa KONMYeCTBa Ccnocobos BbibOpa CTPOK 1 CTONOLOEB. A

1.2 Kowmbunartopabie (pOpMYIbI 11

26. Nwmeercs 6 BuIOB KOHBEPTOB 6€3 Mapok u 4 BuIa MapOK O/Iu-
HAKOBO# ctonMocTr. CKOJBKUMHU CIIOCODAMHU MOYKHO BBIOPATH KOHBEPT C
MapKO# 15T TTOCHLIKYA TUCHMA?

27. CKOJTBKO JIBYSI3BIYHBIX CIOBapeil HAJ0 U3JaTh, YTOOBI MOXKHO
OBLIO HEMOCPEACTBEHHO BBIMOJHUTH MEPEBO/IbI C JII00OTO U3 5 sA3BIKOB:
PYCCKOTO, aHTIUACKOr0, (PPAHILy3CKOTO, HEMEIKOTO, UTAIhSIHCKOTO - Ha
JII000#H APYTOoit U3 3TUX 5 ABBIKOB?

28. VY 0mHOrO CTY/IEHTA H KHUT, ¥ ApyTroro - 9. Bce KHUTH pa3mndHbie.
CrobKuMHE CTOCOOAMY CTYIEHTHI MOT'YT TPOU3BECTH OOMEH OHON KHUTH
Ha KHATY?

29. Ha sepmuny ropsr BeayT 4 Tponuakn. CKOJIBKUME CIIOCODAMU
TYPUCT MOXKET MOJHATHLCS B MOPY W TMOTOM CIyCTHUThCs ¢ Hee? Peru-
Te 3Ty 3329y C JTOMOJHUTETBHBIM YCIOBHEM: MOIbEM U CITYCK JOTZKHBI
MIPOUCXOJUTH IO PA3HBIM TPOMUHKAM.

30. Tpu moporu coemmusaoT ropoma A u B, uerhipe moporn coemn-
usttor ropona B u C. CrobkuMu crmocobamMu MOKHO COBEPIITUTE MOE3IKY
u3 A B C uepe3 B u BepayThcs B A Takke uepes B?

31. CrOMBKUME CIOCODAME MOYKHO BBIOPATH YETHIPEX3HATHOE UHC-
J10, BCe UG PhI KOTOPOTO PASIUIHBI?

BakHbiMu CNy4assMun «npasBunia NpousBeneHnsa>» SABNAKTCA KOM6I/IH3TOpr|e
dopmynbl, onpegensowne obuee 4ynucno cnocobos Beibopa k 3neMEHTOB U3 N
Pasnn4HbIX 3NEMEHTOB NCXOAHOrO MHOXecTBa E = {e1,e2,...,en}.

CyuwecTBytoT aBe cxembl Bblbopa. B nepBoii cxeme BbiGOp ocyliecTBisieTCs
6e3 Bo3BpaLeHns 3neMeHTOB (3TO 3Ha4MT, 4TO OTOMPAETCS NOCNEROBATENBHO NO
O4HOMY 3/IEMEHTY, NPUYEM KaXKAblii OTODPaHHbIV 3N1EMEHT WCKNIOHAETCS N3 UC-
XOAHOTO MHOXeCTBa). Bo BTOpoii cxeme BbIGOp OCYLLECTBASIETCS MO3NEMEHTHO C
BO3BpaLjeHnem OTOSpaHHOrO 9JIEMEHTAa Ha Ka>XO0M Lare. Mocne Toro kak Bbl60p
TeM UM uHbIM cnocobom caenan, oTobpaHHbie anemeHThl (NN nx HOMEpa) Mo-
ryT 6biTb ynopsgoyeHs: (T. €. BbIIOXEHbI B CTPOKY). B pesynbrate nonyvarores
cnegyrowme nBe pa3nnyHbl€ NOCTAHOBKU 3KCNEPUMEHTA.

1. Pa3smewenus ¢ nostopexusimu. Jliobas ynopsifodeHHass CTpOKa ASIMHOI
k, coctaeneHHasi n3 (6bITb MOXET, MOBTOPSIOLLNXCS) 3JIEMEHTOB MHOXeCTBa F,
Ha3bIBAETCA PA3MELYEHUEM C MNOBTOPEHNAMUN U3 N 3JTIEMEHTOB 1O k l'll/ICJ'IO BCeX
paaMew,eHMﬁ C NOBTOPEHUAMU U3 1 SINEMEHTOB NO k PaBHO

k
n .

Mpumep 5. Ckonbko cylecTByeT pasnnyHbix HABOPOB MHNLMAOB hamunnn,
nmenn n otyectsa (npumep: ABB) npu ycnosun, uto 6ykeer ‘b, bl, b ne moryt
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6bITb Mcnonb308aHbl? KakoBa BEPOSTHOCTL TOrO, YTO HA HEKOTOPOM MPeAnpus-
Tun cpegn 30 TeicsH pabodux u CAy@awmx HanzyTcs xoTs bbl 4BAa HENOBEKA C
OANHAKOBbIMU I/IHI/IL.[I/IQHQMI/I?

V¥ Habopbl nHnLmanos MOXXHO pacCMaTpUBaTh KakK CTPOKM ANUHOW 3, cocTas-
JIEHHbIE N3 3/IEMEHTOB MHOXeCTBA F, BKatodatowero B cebs 30 byks andpaeuta
(nckniouas b, bl, b). T.e. kaxabiii Habop ecTb pasmeLieHne C NOBTOPEHMAMN U3
30 anemenToB no 3, a scero ux 30° = 27000. CnegoeaTensHo, cpean 30 ThicsY
HabopoB MHMLMANOE 0bs3aTENbHO HaAYTC XOTA Obl 4BA OAMHAKOBLIX U BEPOAT-
HOCTb Takoro cobbiTusi pasHa 1. A

2. Pasmewenus 6e3 noetopenwuii. MepecraHoBkn. YnopsigoyeHHas CTpoKa
,EI,J'II/IHOM k, COCTaBJIEHHAsAA U3 PA3/INHHbIX 3N1IEMEHTOB MHOXECTBA E, Ha3blBAETCA
pa3mewjeHnem be3 nosTopeHuii u3 n 3nemeHTos no k. Yucno ecex Takux pasme-
weHui obosHauaercs AX u pasHo:

n!
(n—k)

B cnyuae, korga k = n, pa3mewyerus 63 NOBTOPeHMIi HA3bIBAKOTCS MEPECTAHOB-
Kamu . 31eMeHTOB. Hncno Bcex nepecTaHOBOK 7 3JIEMEHTOB PAaBHO

AZ:n~(n—1)~...-(n—k—|—1):

Ay =n!

Mpumep 6. Bocemb nerkoatneTos paseirpblBalOT B ¢puHANLHOM 3abere oaHy
30510Tyt0, O4HY cepebpsiHyto n oaHy bpoHsosyto meganu. Ckonbkumu crocobamu
aTu Meganu mMoryT ObiTb PACNpPEREneHbl MEXAY CnopTCcMeHamu?

V [peanonoxunm, 4To CNOPTCMEHbI MPOHYMepOBaHbl undgpamu ot 1 go 8 n x4,
T2, T3 — HOMEpPA CNOPTCMEHOB, NONYYNBLUNX 3070TYI0, cepebpsiHyto n 6poH30BYIO
mepanu. Kaxgomy pacnpegenenunto mefaneil COOTBETCTBYET CTPOKa (X1, T2, x3),
COCTOSIWAs U3 pa3nuyHbIX Yucen (Homepos cnoptcmeHor). CnenoBaTenbHO, Yunc-
110 cnocoboe pacnpegeneHus meganeil pagHo Yucny pasmewieHuli 6e3 nosTopeHuii
13 8 anemeHTOB no 3, T.e.

A3=8.7-6=2336. A

32. UwmeroTca 3 pa3HbIX MHChMa, KayKJI0€ M3 KOTOPHIX MOYKHO TIO-
caarh o 6 pazauaHbM aapecaM. CKOTBKUMU CITOCOOAMU MOXKHO OCYIIe-
CTBUTDH PACCBHLIKY MUCEM, €CIU: &) MO OJHOMY aJPECy MOYKHO TOCHLIATH
HECKOJIbKO THceM; 6) BCe MUChbMa MOCHLIATH [0 PA3HBIM aJpecam?

33. B maccaxkwupckom noesne 9 BaronoB. CKOMBKUME CIOCOOAMEI
MOXKHO PACCaJUTh B IOe3/€e 4 YeJIOBEK, eCJM: a) B OJMH BaroH MOLYT
CECTh HECKOJIbKO MACCAYKUPOB; 0) BCE OHM JIOJKHBI €XaTh B PA3HBIX Ba-
TOHAX?

1.2 Kombunaropubie (hpopMyJIbI 13

34. M3 uudp 1, 2, 3,4, 5 cocTaBASI0TCH BCEBO3MOXKHbBIE YUCTIA, KAXK-
JI0e U3 KOTOPBIX cocTouT He Gosee gem u3 3 nudp. CKOTBKO TAKUX TUCEIT
MOYKHO COCTABUTD, €CJIN: &) TIOBTOpeHue MU(P B YACIAX HE PA3PEITACTCS;
0) pasperiaercs nosropenue mudp?

35. Ckompkumu crnocobamMu Tpu pasnudHbix momapka A, B u C
MOXKHO CIeJIaTh KAKUM-TO TPeM u3 15 Jiuil, eciu: a) HUKTO HE JOJIXKEH
HOJIy9aTh OOJIee OIHOrO MOAAPKA; 6) NOAAPOK A JIOMKHO MOJIYYUTh OLpPe-
JeJIeHHOe JINIO?

36. [IpoBepbTe, 9TO YNCTIO TPEXOYKBEHHBIX «CJIOBY, KOTOPHIE MOYKHO
06pa3oBaTh n3 6YKB CJIOBA «THIIOTEHY3a», PABHO YUCJIY BCEX BO3MOYKHBIX
IePECTAHOBOK OYKB CIIOBA «IIPU3Mas.

OueHb 4acTo B BhIbrpaembix Habopax 6e3 NOBTOPEHUS NOPSAOK HEepeaoBaHus
3NIEMEHTOB HECYLECTBEHEH. B 3TNX CAy4asiX MOXXHO BECTU pPe€db O MOAMHOXKe-
CTBax. PaCCMOTpI/IM ABe NOCTAaHOBKN 3KCMNEPUMEHTA, 3aKNHOYaOWeErocsa s Bbl60pe
NOAMHOMXECTB N3 HEKOTOPOro MHOXECTBA.

3. CouertaHus. Bcsakoe k-anemeHTHOE NOAMHOXECTEO N-371EMEHTHOFO MHOXe-
cTBa F/ Ha3biBaeTcsa coyeTaHmem u3 n 3nemeHtos no k. Yucno Pa3/IN4HbIX COYe-
TaHWA U3 N 3NEMEHTOB No k paBHO

Ck:A—ﬁz n! :n(n—1)~~~(n—k+1)
"k kl(n—k)! k!

Yucna CF obnapator cregyowummn ceoiicTeamu:
cl=1;, ck=cr% Ccl4+Ct4+- 4O =2".

Npumep 7. Ckonskummn cnocobamu n3 konogsl B 36 kapT MOXHO BbibpaTs 6
Kapt?

Vv OueBugHo, 410 6 BbIOpaHHBIX KapT OOPa3ylOT 6-3NE€MEHTHOE MOAMHOMKE-
CTBO MHOXECTBA BCEX KapT, T.e. ABAAOTCA coyeTaHmem m3 36 anemeHToB no 6.
CnenoBaTenbHO, NCKOMOE YMCIO cnocobor pasHo CSg = 1947792, A

37. Ha okpyxuocru Boibpano 10 Touek. a) CKOJIBKO MOKHO ITPOBE-
CTH XOP/I C KOHIIAMHU B 3TUX TouKax? 6) CKOJBKO CYIIECTBYET TPEyTOJIb-
HUKOB C BEPITUHAMY B ITUX TOUKAX?!

38. B moamesne momMa ycTaHOBJIEH 3aMOK € KOJoM. /IBeph aBTOMA-
THYIECKU OTIHPAETCS, €CJTA HAYKATH TPU ONPEIETeHHbIe MIu(PhI U3 HMe-
fomuxca mecarr. Hekro momomren K MOXbe3dy M, He 3Hasd KOIA, CTAJ
Hayza4dy npoboBaTh Pa3udHble KOMOUHAIMY U3 Tpex nudp (He noBTO-
psasch). Kakoe MakCuMaabHOE 9UCIIO TIOMBITOK €My MOTPe0yeTcs, YTo0bI
OTKPBITH IBEPH?
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39. na ygactud B KOMaHIE TPEHEP OTOWPAET MATHh MAJIBINKOB
u3 gecatu. CKONBKUME CIOCO0AMHU OH MOXKeT C(POPMUPOBATH KOMAHIY,
€CJIU JIBA OTIPEIEJIEHHBIX MAIBUNKA JOJIZKHBI BONTH B KOMAHIY !

40. CKOTBKUME CIIOCODAMHU MOXKHO B CTPOUYKY HAMUCATH MIECTH TLITIO-
COB U YEThIPE MHUHYCA?

41. Bocemb YeJIOBEK TOJIKHBI CECTh B JIBa ABTOMOOWJIS, TTPHUUYEM
B KayKJIOM JIOJI?KHO OBITH He OoJiee MaATh 4eaoBek. CKOIBKUMHU CIIOCODa-
MU OHH MOTYT 3TO CAENATH IPHU YCIAOBUHU, UTO TMOPIAOK PACIOJIOXKEHUSI
[IACCaXKUPOB BHYTPH aBTOMOOWIISL HE UMEeT 3HAYCHUSI !

42. B rpynne 9 genorek. CKOTLKAMHU CTIOCOOAMHU MOYKHO 00pazo-
BaTh MOATPYNIy MpU yCJIOBUU, YTO B TOATPYTTY BXOAUT HE MEHEE JIBYX
qeoBeK”?

43. CxOIBKEMH CHOCO0AMHE HA MAXMATHOH JOCKE MOXKHO YKA3aTh:
a) 2 kerku? 6) 2 KJIeTKHU OJHOTO MBeTa? B) 2 KJIETKU PA3HOTO IBeTa?

44. Y omsoro cTyneHTa 6 KHur, y Apyroro - 7. Bce kuuru pasindsble.
CKONbKMME CIIOCODAMM CTYAEHTHI MOTYT OOMEHSTh JBE€ KHHIH Ha IBE
KHUTA?

4. Coyetanus c nostopenusimu. Ecnu ns n-anementHoro mHoxectsa E Bbibu-
patoTcs k anemeHToB 6e3 yueTa nopsgka, Npuyem OfH 1 TOT JXKE NEMEHT MOXKET
6b|Tb Bbl6paH HECKOJIbLKO pa3, TO I'Iony'-laeMble rlpVI 3TOM MHOXECTBA HA3bIBAKOTCA
COYETaHUAMM C MOBTOPEHNAMM, a UX obluee YNCNO PaBHO

k
Cn+k71'

3amedarue. Mpn peweHnn 3agay no Teopum BEPOSTHOCTENR nocnegHsis dopmyna
MCNONb3yeTCs KpaiiHe peako.

Npumep 8. Ckosbko paznnyHbIx HABOPOB 3HAYEHUIT MOXET NOSIBUTLCS NPU
bpocaHnn Tpex OAUHAKOBLIX UrPaNbHbIX KOCTENR?

V¥ Pesynstatom BpocaHus Tpex OAMHAKOBLIX UrPafibHbIX KOCTER siBnseTcs 3-
3/1EMEHTHOE MHOXECTBO, KaXKAblll 3NeMEHT KOTOpOro ectb undpa ot 1 go 6. Cne-
[OBaTeNbHO, KaXKAblli Takoii Habop npeacTaBnsieT coboii coveTaHme ¢ NOBTOPEHU-
amu n3 6 anemenToB no 3, a ux obuee YnMCnNo pasHo Cg+3,1 = 56. A

45. B xomaurepckoi uMeercs 7 BUAOB NUPOXKHBIX. CKOJIBKUME CIIO-
cobaMy MOXKHO BBIOpaTh 4 NUPOZKHBIX?

46. CKOJBKO KOCTEH JOIKHO OBITH B HAOOPE JTOMUHO, €CJIN HA, KaK-
JI0 KOCTH HAPWCOBAHBI aBa uncia ot 0 go N7

1.3 IIpumenerne KOMOWHATOPHKH K BBIYHCICHHIO BeposiTHOcTeH 15

1.3 IlpumeneHume KOMOMHATOPUKU K BHIYHCJIECHUIO
BepodATHOCTEI

Mpu peweHun 3agay C NCNONBb30BAHMEM KOMOUHATOPUKM HY>XHO NPEXAe BCEro
NOHATH, KaKNe Habopbl — yNopsiA0YEHHbIE NN HEYNOPSAOHEHHbIE — IOFUYHEE Bbi-
6paTb B Ka4YeCTBe 3neMeHTapHbIX ucxonoB. B Tex 3ajavax, rae peaynstaTtom npo-
BELEHNS SKCNEPUMEHTA SIBNSIETCA HEKOTOPAS YNOPSAOHEHHAS LIEN0OYKa YUCen nuin
HOMEpOB MpeMETOB, ClefyeT NONb30BaTbCs NPABUIOM YMHOXEHUst 1 hopMyna-
MU ANS YNCNA pa3MELLEHUA.

Mpumep 9. KakoBa BEpOSTHOCTb TOro, 4TO Npu Tpex b6poOCaHUsIX UrpanbHON
KOCTU ByayT noNyHeHsl TPU Pa3Hbix pe3ynbTaTar’

Vv B aToin 33pa4e obuiee KONMYECTBO 3JIEMEHTAPHBIX UCXOAOB U KOJUHECTBO
6J13rOI'IpI/I$|THbIX 3NIEMEHTAPHbIX UCXOAO0B BbIHYNCAAETCA npowe, €C/in B Ka4eCTBe
UX B35ITb yNnopsiioyeHHble Habopsbi.

Kaxxaplii ncxop AaHHOrO SKCNEPUMEHTA MOXKHO 3aMMUCaTh CTPOKOI (1, T2, X3),
rae x; — pesynbtat i-ro 6pocanns, i = 1,2,3. T. K. KaXK[0e x; MOXET NpUHU-
MaTb 3HadeHue oT 1 fo 6, To obliee YNCNO NCXOQOB PABHO HMCAY pasMeLieHuii C
nosTopeHusiMu n3 6 anemeHToB no 3:

N =65

BnaronpustHomy ucxopy cootsetcTByeT cTpoka (z1,T2,3), COCTOSWAS N3 pas-
Hbix Yucen. CnefoBaTenbHO, YMCNO BNArONPUSATHBIX UCXOAOB PAaBHO YUCAY pas-
mewieHnii 6e3 nosTopeHuii n3 6 anemeHToB No 3:

Ny = A}

[eiicTBUTENbHO, NEPBOE YNCIO MOXKET bbITh BbIBPaHO 6 cnocobamu; Npu KaXKa4om
TakoM BbIbOpe BTOpOe MOXET BbiTh BbIOpaHo 5 cnocobamu. A npu kaxaom Beibope
nepebiX ABYX eCTb 4 cnocoba ans Bbibopa TpeTbero ymcna.
N nckomasi BeposiTHOCTB paBHa
Na_654_5
N 6:6:6 9
Npumep 10. Lunppsi 1, 2, ..., 9 3anucsiBatoTcs B cayyaitHom nopsigke. Haitu
BEPOSATHOCTb TOrO, YTO HA YETHbIX MeCTax byayT CTOSITb TOJILKO YETHbIE LUEPPBI.
Vv Obuiee HUCNO NCXOJOB 3TOFO OMbITA PABHO YUCAY NepPecTaHOBOK 9 anemeH-
TOB:

N =9!

,D'ﬂﬂ noacyeTa 6J13FOI'IpI/I$ITHbIX NCXOOQ0B BOCNONb3YyEMCA MpPaBUNOM Npouseene-
Hus. Mo YCNOBUIO 3afa4u npu 6}13I‘Or|p|/|9|THOM NCX0A€ Ha YE€THbIX MECTax MOryT
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CTOATb TOJBbKO HeTHble LU pbl, C/IEA0BATENIBHO, HA HEYETHBIX MECTax MOryT CTO-
ATb TONBKO HeYeTHble Lndpbl. Toraa nepeyto Ludpy MOXHO BbibpaTh 5-10 cnoco-
6amu, BTOPYO — 4-Msi, TPETBIO — W3 OCTaBLUUXCS nocne Bbibopa nepeoii uudpsbl
4-X He4YeTHbIX UNp, HETBEPTYIO — N3 OCTABLUMXCS nocse Bbibopa 2-fi undpsbl
TPeX YeTHbIX undp, n T. 4.

Ny=5-4-4-3-3-2-2-1-1.
A BEPOSITHOCTL Takoro cobbITusi pasHa:

Na_ 432 1
N 9.-8.7-6 126

47. Tenmedponnas KHUTa PACKPLIBACTCA HAyIady, U BEIOMPAETCS CIIy-
vaiinbiit Homep Tenedona. Cuanrast, 9ro TenedOHHbIE HOMEPA COCTOAT U3
6 mudp, npuuem Bce KOMOMHAIINY (D PABHOBEPOSTHBI, HANTH BEPOST-
HOCTH CJIeAyrommnx coobtnit: A = {ueThipe mocnenune nundpo! TemedoH-
HOTO HOMepa OMHAKOBHI }, B = {Bce mudpbl pas3nanvub}.

48. Ha martu kapToukax HamucaHbl udpPsI OT 1 10 5. OnbiT cocTonT
B CIyYaiHOM BBIOOpE TpPeX KAPTOUEK UM PACKIIAJBIBAHUN WX B TIOPSIIKE
MOCTYIUIEHUsT B PsiJi CleBa HanpaBo. HafiTu BepOSITHOCTH CIIEIYIOINIHX
cobbrtmit: A = {nossurcsa uncno 123}, B = {mossurca qucmio, He comep-
xkarmee mudpst 3}, C = {mogBuTca derHoe Yncao}.

49. Ha maxmaTHyo J0CKy HayJady CTaBAT TPU Jajbu (JaIbU XO-
[T [0 BEPTHKAJU U 1O ropusoHTasu). Haiitu BepogTHOCTH TOrO, 9TO
HUKAKWE JBE M3 HUX HE TOOBIOT APYT Ipyra.

50. Haymatuy BoiOmpaeTcs naTU3HAIHOE IUCTO. KaKOBa BEPOSITHOCTD
crenytonmx coobrtnit: A = {uncmno kparHo nstu}, B = {unciao cocronr
u3 HeveTHBIX mudp}.

51. OmnpenenuTs BEPOSITHOCTH TOTO, YTO HOMED MEPBON BCTPETUB-
mieiicss aBTOMAINUHBL: ) He COIEPKUT OJANHAKOBBIX 1udp; 6) COCTOUT u3
OJMHAKOBBIX HU(DD; B) MMEET POBHO JBe OnuHaKoBble 1udpbl. 3Bect-
HO, 9TO BCe HOMepA Tpex3HadHble, HaunHad ¢ 001, He mOBTOpAOIIHEC T
PABHOBO3MOYKHBIE.

52. U3 muoxecrBa uncen F = {1,2,...,n} ciyuaiino Bbibupaiorcs
JaBa uncyia. KakoBa BEPOATHOCTH TOTO, YTO BTOPOE BBIOPAHHOE YHUCTIO
GOJIBIIIE TIEPBOTO, €CJIU BHIOOD OCYIIECTBIACTCS: a) 63 BO3BpAIleHus; 0) ¢
BO3BPAIIEHNEM.

53. U3 pa3pesnoii a30yKu BBIKJIAIBIBAETCS CJIOBO «MATEMaTHKAY.
3areMm Bce OYKBBI 3TOTO CJIOBA TIIATEIHLHO TEPEMEIIMBAITCA W CHOBA
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BBIKJIA/IBIBAIOTCS B clydaifHoM mopsake. KakoBa BeposiTHOCTH TOTO, 9TO
CHOBA TIOJIYIUTCS CJIOBO «MATEMATHKA» !

54. Ywucna 1, 2, ..., 9 3amuceiBaiorcs B ciaydaiinom mopsiake. Hafitu
BeposiTHOCTU cOObITHi: A — {uuncia GyayT 3amucanbl B OPsiIKe BO3pac-
raunsi}t, B = {uncna 1 n 2 GyayT cTOATH PSAJOM M B TIOPSIIKE BO3pAC-
rarns}; C = {cymMma KasKAbIX IBYX UHCEN, CTOSIINX Ha OJNHAKOBOM
paccTogHUM OT KOHIOB, paBHa 10},

55. W3 muoxectra {0,1,2,...,10" — 1} cayuaiineim o6pa3om BbI-
o6upaercsa [gmcao. Haifitm BepoOSITHOCTH TOTO, 9TO 3TO UHCIO0 K-3HATHO
(nmpeacraBuMo B BUJE aj - 105"+ ap_1 - 1024+ ... + ay - 10 + a1, e
0<a;<9,i=1,--- ,k—1u0<ag<9).

Ecnu B ycnoBum 3aaaqu roBopuTcs O BbIBOpe HECKONbKUX pa3Hbix (He MOBTO-
PSIOWNXCS) NPEAMETOB 1 NOPSAOK BbIBOPa 3TUX NPEAMETOB HE UMEET 3HAYEHUS,
TO AN noacyeTa obuwero 4Mcnia NCxXoAoB ChefyeT NoJib30BaThCs (OpMyol Ass
4ncsa CoOYETaHUA.

Npumep 11. B ypHe 4 benbix n 7 4epHbix wapos. VI3 ypHbl BbIHUMAKOT 04-
HoBpemeHHO ABa wapa. Kakoe cobeitne bonee sepositHo: A = {wapsi ogHoro
yseta}, B = {wapsl pasHeix ysetos}?

Vv Kak cnepyet us ycnosus 3agayuu, wapsbl Beibupatotces 6e3 nostopenuii (oguH
M TOT e Wap He MOXeT BbiTh Boibpan gsaxkabl). MoaTomy 4ncno Bcex ncxopos

N = C? =55.

CobbiTue A HacTynaer, ecnn oba wapa bensie nubo oba vephbie. Hucno cnocobos
BbIGopa Benbix wapoe pasHo C%, a Ans yYepHbix — C2. Cymmupys, nonyyaem

_Ci+C: 6+21 27

55 55 55

P(A)

CobbiTe B HacTynaer, ecnum OauH U3 BbIOpaHHbIX LUAPOB OKaXkeTcst benbimM, a
,u,pyroﬁ HEPHbIM. l'lVIC}'IO BCEX TAKUX NCXOOOB BbIHNCNAAETCA C NOMOLWbIO NpaBuna
YMHOXeHUst 1 paBHo 4 - 7. CnepoBaTenbHo,
PB) =17 pay.
55

3amedaHne. BeposTHOCTb CcODObITUS B MOXHO 6b1710 6bl HailTu no copmyne
P(B) =1— P(A), T. k. 9T cobbITusi JOMONHAIOT APYr Apyra. A

56. U3 necstu OMI€TOB BHIMIPHIIIHLIMYA ABIASIOTCA aABa. OnpeneauThb
BEPOSITHOCTH TOTO, UTO CPEJM B3ATHIX HAYJAUY MATH OUJIETOB: &) POBHO
OJIVH BLIUTPBINTHLIH; ) 008 BHIUTPBHIIIHBIX; B) HA OJHOTO BHIUTPHIIIHOTO.
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57. B aBTobOyce, HacuuThBaonem 26 MeCT, CaydaiHbIM 00Pa30M 3a-
HuMatoT Mecta 16 yesosek. HaiiTu BeposiTHOCTD TOrO, 9TO: ) MOCIe HUE
3 MecTa OCTaHyTCs CBOOOMHBIME; 6) OYIyT 3aHATHI MOCTEIHUE 3 MECTA.

58. U3 konomer B 52 KapThl u3BiekaTcsa Haymady 4 kaprer. Haii-
TH BEPOSITHOCTH TOTO, YTO B IMOJIyYEHHOI BHIOOPKE BCE KAPTHI OyOHOBOIM
MaCTH.

59. Tpoe urpokos urpaior B npedepanc (32 kaptor). Kaxmgomy
n3 HuX caano mo 10 KapT u aBe KapThl OCTaBjieHbl B mpukyne. Oanx
73 UCPOKOB BUAWT, YTO y HEro HA PykKax 6 KapT MWKOBO#M mactu u 4
— He mukoBoil. OH cOpachiBaeT IBe KapThl U3 ITUX YEThIPEX U Oeper
cebe mpukyn. Haiitu BepOSATHOCTD TOTO, YTO OH MPUKYIIUT JIBE TUKOBHIE
KapTHhI.

60. U3 kosoapt B 36 KapT crydailHbIM 00pa30M U3BJIEKAIOTCs 6 KapT.
Haiit BeposiTHOCTH pj, TOTO, YTO B TIOJIyYEHHON BEIOOPKE POBHO k TY30B,
rme k=0,1,...,4.

61. B ypmue 5 Genbix u § YepHBIX MAapoB. VI3 310 ypHBI MOCIE10Ba-
TEJIbHO M3BJIEYEHBI BCE MAPHI TI0 OJHOMY W PA3JIOXKEHbI B psim. KakoBa
BEPOSITHOCTH TOTO, UTO IIBETA TIAPOB YE€PEIYIOTCS !

62. Komaoma n3 36 xKapT JeUTCA HAYTAI HA JIBE PABHLIE TAYKU TIO
18 smcros. Haiitu BeposiTHOCTH TOTO, 4TO:

a) B KaXKI0il U3 MaveK OKAYKeTCs 0 IBA Ty34;

0) B OfHOI U3 MaveK (He BAYKHO B KAKOH) OKAXKYTCS BCE YETHIPE Ty3a.

63. I3 kosonpt KapT (52 KapThl) HAYAAYY U3BJIEKAIOTCA TPU KAPTHI.
HaiiTn BeposTHOCTH TOTO, YTO 3TO OYAYT TPOHKA, CEeMEPKA U TY3.

64. U3 kosonpr B 36 KapT HayIa4dy U3BJIEKAIOTCS TpU KapThl. Ompe-
JIEJIATH BEPOSATHOCTH TOI'O, 9TO CyMMa OYKOB 3TUX KapT pasBHa 21, ecsu
BaJIET COCTABJILET /IBA OYKA, /1aMa — TPH, KOPOJIb — Y€TbIPE, Ty3 — OZIH-
HAJIATh, & OCTAJIbHBIE KAPTHI — COOTBETCTBEHHO IECTh, CEMb, BOCEMb,
JIEBATDH U JECATH OYKOB.

Mpumep 12. Ha 2n ctynses, cToswux B psg, cayHaniHeiM obpasom paccau-
BalOTCA M. Masb4MKOB U N AeBo4eK. Haiitu BeposiTHocTn cnegyrowmx cobbituii:
A = {Bce manbunkun byayT cupeTs papom};

B = {Hukakune gBa manbunka He OyayT CUZETH PSAOM}.

¥V [Ins HaxoxzAeHUsi BEpOSITHOCTU COBbITUS A MOXHO MCMOMB30BaTh KaK 3se-
MEHTapPHbIE NCXOAbl C YyNOPAAOYEHHbBIMU Ha60paM|/| MECT, TaK U C HEYyNnOpPAAO4YEH-
HbIMW.

1 cnocob.

Bribepem B KauecTBe 371€MEHTAPHOrO MCXOAA YNOPSAOYEHHbIR Habop u3 2n
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YMCen - HOMEpa MeCT BCeX Masb4YUKOB U [EBOYEK MOCTe TOro, Kak OHU CsayT
B psg (B 3TOM C/y4a€ Mbl HE TONbKO Pa3nnydaeMm pPaCnoONOXEHNE MaANb4UNKOB U
LEBOYEK, HO 1 Nobbix aByx uvenosek mexay coboii). Torga obwee wmncno ane-
MeHTapHbIX ncxogoB N = (2n)! - KONMYECTBO BCEBO3MOXHbLIX NEPECTAHOBOK 21
pasnnyHbIX HOMEPOB. [ns HaxoxaeHUst Konn4ecTBa bnaronpusTHbIX ncxogos Na,
3acpmkcmpyem Kakoii-Hubyab Takoili ucxoa. Hanpumep,

(mvmy"' 7m7d7d7"' 7d)

Tenepb BbIYUCAUM KONUYECTBO BCEBO3MOXHBIX BAPMAHTOB U3MEHEHUSI TaKOro 1C-
Xopaa, l-|T06I:| Apn 3TOM UCXOon4 OCTaBancCs 6J'Iar0|'|p|/|$|THb|M. ﬂCHO, 4TO MOX>XHO ne-
PecTaBnsiTe Mexzay coboii HOMepa MeCT MajbYMKOB U MpU KaXaol Takol nepe-
CTaHOBKE MO-Pa3HOMY MEPECTaBNsATbL MexAy coboli HoMepa MecT aeBouvek (T.e.
Bcero ocywectsutb n!-n! pasHbix nepemewennii). Jpyrum npeobpasosannem sig-
naeTcs cABUr BCero «B6noka» ManbynKoB. TakUX CABMIOB MOXHO caenaTtb n + 1
(Homep nepBoro manednka B «6s0ke» MOXET 3akouaTtbes oT 1 go n+ 1 ).
OkoHuatenbho nonyvaem Ny =n!- (n+ 1)!, a BeposiTHoCTb CobbITUS1 A

Na nl-(n+1)!
N (2n)!

2 cnocob.

Bribepem B kadeCTBe 37€MEHTAPHOrO MCXOAA HEYNOPSAOHEHHbIR Habop us n
qucen, OTO6paHHbIX n3 2TL, —_— HOMepa MECT MaJIb4YNKOB NOCJ1€ TOro, Kak OHMn Cﬂ,D‘yT
Ha CTynbs (OCTanbHbIE 1 MECT AOCTaHYTCs AeBodkam). B atom cnydae mbl He
6y,qu pa3J'II/I‘-|aTb, rage KOHerTHO canmanT Ka)K,D‘blﬁ MaJnb4uK, a 6y,u,eM y‘-WITbIBaTb
TONbKO BECb CMUNCOK MECT, 3aHATbIX MaJibMNKaMN. O6Lu,ee 4Mcno 3}'IeMeHTaprIX
ucxogoe N = (35, - KONIMYECTBO BCEBO3MOXKHbIX COYETaHWUli NO 7. HOMEPOB N3
2n nmerowmxcsi. Konndectso bnaronpusitHeix ncxogoe Na = n + 1, - ctonsko
CywecTeyeT cnocoboB B3ATb 1 HOMEPOB NOAPAL,.

Na _n+1 (n+1)-nl-nl
N Cp (2n)!

BepositHocTe cobbitusi B Toxke MoxHO HaiiTm gaeyms cnocobamu. Orpanu-
4ynMmcs BTOpbIM, 6ofee KOPOTKMM BapUaHTOM, UCMOMb3YIOLWNM HEYNopsifOHEHHbIe
Habopbi.

Bbibepem B KauecTBe 3NEMEHTaPHOrO UCXOAA HeynopsifoHeHHblli Habop 3 n
4Mcen — HOMEpOB MECT MaJsIbYMKOB MOCJIE TOrO, KaK OHU CAAYT Ha CTynbs (OCTanb-
Hble€ 7. MECT JOCTaHyTCst ,u,eBquaM). Torpa obujee HMCNO 3nEMEHTAPHBIX NCXOA0B
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N = C3,,. MNepeuncnum Bce bnaronpusTHble NCXOABI:

1) (d7m7d7m7d7m7"' 7d7m)7
2) (m7d7d7madam7"' 7dvm)7
3) (m7d7m7d7d7m7"' 7d7m)7
n) (m7d7m7d7"' 7m7d7d7m)7

n+1) (m7d7m7d7m7d7"'7m7d)'
OKOHYaTeNLHO NoNyHaem BEPOSITHOCTL CobbiTust B

P(B) = n!-(n+1)!
(2n)!

65. I'pynma, cocrodrnas n3 8 4eI0BeK, 3aHNMAET MECTA 38 KPYTJIBIM
CTOJIOM B CJIydaitHoM mopsigke. KakoBa BEpOSTHOCTH TOTO, UTO MPU ITOM
JIBA OIPEIETIEHHDBIX JIUIA OKAXKYTCS CUIAAIUMEI PATIOM?

66. I'pymma, cocrosimast m3 8 4eI0BeK, 3AHUMAET MECTA C OIHO CTO-
POHBI PAMOYTOIBHOTO ¢TOMa. HaliTi BEpOSITHOCTH TOTO, 9TO JBa OMpe-
JIEIEHHBIX JIAIA OKAYKYTCs PATIOM, €CITH &) IHUCJI0 MECT PABHO 8; §) YUCIIO
MecT paBHO 12.

67. Komaona u3 36 xapT xXoporo nepeMernana. Ha#itu BeposTHOCTH
COOBITHIA:

A = {uerbIpe Ty3a PaCIOJIOKEHDI PSJIOM },
B = {mecra pacnonoxenus Ty30B 06pa3yoT apudMeTHIECKy 0 Iporpec-
CHIO C IIAroM 7}.

68. U3 30 uncen {1,2,...,30} mo cxeme caydaiiHoro BwiGopa 6e3

Bo3Bparenuns oronpaercsa 10 uncen. Haiitn BeposaTHOCTH COOBITHI:

A = {Bce uucna neyérHbie},

B = {poBHo 5 uncen nenurcs Ha 3},

C = {5 unces 4éTHBIX ¥ 5 HEYETHBIX, IIPUYEM POBHO OHO YUCJIO JIETUTCS
ma 10}.

69. Ha monke B cayuaiiHoMm mopsigKe pacctaBieHo 40 KHUT, cpean
KOTOPBIX HaxoauTcss TpéxToMHuuK [lymkuna. Haiitun BeposTHOCTH COOBI-
THIA:

A = {roma Ilymkuna pacrosoKeHbl PsIOM B MOPsJIKE BO3PACTAHUS
HOMEPOB }

B = {rToma IlymkuHa pacrosoOXKeHbl B TOPSKE BO3PACTAHUST HOMEDPOB
(HO He 00sI3aTEILHO CTOSIT TIOAPSI) }.
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70. U3 muoxecrsa uucen {1,2,...,n} 0o cxeme ciaydaiiHoro Beibopa
6e3 BO3BpAIEHNSA BBHIOMPAIOTCS TPHU dnucaa. HaiiTm BEPOSTHOCTH TOTO,
YTO BTOPOE BBHIOPAHHOE YUCJIO OOJIBITNE TIEPBOTO, HO MEHBIIIE TPETHETO.

71. W3 mHOXKecTBa BCEX TOCIEIOBATEIHLHOCTEH IJIWHBI 1, COCTOSI-
mmx w3 mudp 0, 1, 2, caydaiiubim oOpa3oM BwIOMpaeTcs omHa. Haiitu
BEPOSATHOCTH COOBITHIA:

A = {nocnenoBarenbHocTh HaunHaeTcs ¢ 0 u 3akaHunBaercs Ha 0},
B = {B nocnenoBaTensHOCTH ecTh X0Ts 651 onmH 0},
C = {B mocsemoBATENTLHOCTH €CTh POBHO oznH 0}.

72. B ropoxa mpuexanu ceMb TypucToB. Kaskaprit n3 HUX crydaiiHbIM
00pazoM U HE3aBUCHUMO OT JAPYTHUX TOIIET B OJUH U3 CeMH HAXOAIIIXCS
B ropojie KHHOTeaTpoB. HaliTu BepOATHOCTH TOrO, 4TO:

a) BCe TYPHUCThI OKA3aJIUCh B OJHOM KHHOTEATPE,

6) BCe TYpUCTHI OKA3aJIUCh B PA3HBIX KMHOTEATPAX,

B) B OJHOM M3 KMHOTEATPOB OKA3AJIOCH 4 TYPUCTA.

73. HaiiTn BepoATHOCTH TOTO, 9TO MPHU CAYyIAHHOM Pa3MEIIEHUH N
MIAPOB TIO N AIIUKAM XOTSI OBl OJUH SIIMNK OKAYKETCS MYCTHIM.

74. B ypue 10 mapos, u3 KOTOPHIX 2 6esbIX, 3 YEPHBIX U 5 CHHUX.
Haynauay uzsnedenst 3 mapa. KakoBa BepogTHOCTB TOTO, 9TO BCe 3 mapa
pasHoro msera’

75. Ilpu urpe B mokep u3 KOJOAKI B 52 KAPTHI CJIyYAWHO BHIONPAIOTCS
msTh. HaiiTu BEpOSTHOCTH TOTO, 9TO DyIeT:

a) kape (YeThIpe KapThl OJHOTO JTOCTOUHCTBA),

6) by (Tpu KAPTHI OJHOIO JOCTOMHCTBA U JBE JAPYroro),
B) dutem (0gTb KapT OJHOM MacTH),
) cTput (OgTh MOC/IEI0BATENLHBIX KAPT IPOU3BOILHBIX MACTENl),

1) Tpoiika (Tpu KapThl OJHOTO JOCTOMHCTBA),

e) nBe maphl (JBe Mapbl KAPT OJHOTO JOCTOMHCTBA, B KayKIOi mape),

JK) OflHA Tapa (IBe KapThl OJHOTO JOCTOMHCTBA).

76. U3 xomonsl B 52 KapTh HayHady m3BjaekaioTcs 4 kapTel. Haittn
BEPOSITHOCTH TOTO, UTO:

a) oHU OyIyT pa3Hoii MacTH,

6) oHu OyIyT PA3HOIrO JOCTOUHCTBA,

B) OHU OyJyT ¥ Pa3HOIl MaCTU, U PA3HOrO JOCTOMHCTBA,

) CpeIM HAX HAHIETCs XOTs Obl OfHA KapTa 6yOHOBOW MaCcTH,

—

/1) CpeJy HUX Haijercs Xors Obl O/lHA KapTa JOCTOMHCTBOM HE HUXKE
BaJIeTa,
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€) cpeau HUX HaiiyTcsd XOTs Obl TPU KAPThI OJUHAKOBOW MACTHU WU
XOTs ObI TPHM KapThl OJTHOTO JTOCTOMHCTBA.

77. N3 konoapl B 52 KapThl MOCIEI0BATEILHO U3BIEKAIOTCA IBE Kap-
Tel. Ha#iTu BEpOSITHOCTD TOTO, UTO JAHHBIE KAPTHI H3BI€UYEHBI B MTOPSIIKE
YBEJIMYEHUsT JIOCTOMHCTBA.

78. B ypmue 10 mapos. BeposiTHOCTS TOTO, 9TO 2 M3BJIEYEHHBIX IIAPA

OKayKyTCs OesibiMu, PABHA T CKoJIBKO B ypHE GeNbIX mapos?

79. Ha naru kaproukax Hanucanbl udpsbt ot 1 10 5. Oubir cocrout
B CIyYaiiHOM BBIOOpE TpPeX KAPTOUYEK UM PACKIIAJBIBAHUN WX B TOPSIIKE
TIOCTYTIJIEHUS B PsiJ C7I€Ba HampaBo. HaiiTn BepOATHOCTH TOTO, YUTO TIO-
SBUTCS YUCIIO, COAEpIKAIee XOoTs Obl oaHy u3 mudp 2 wan 3.

80. U3 mosHOro maGopa AOMUHO (28 MITYK) HayJady BLIOHDPAIOT
7 xocteit. KakoBa BEpOATHOCTH, YTO CPEIN HUX OKAYKETCS TO KpaiiHeit
Mepe OJIHA KOCTh C IeCTHI0 OYKAMU?

81. U3 xomoxer B 36 KapT m3ByekaTcsa Haymady 4 kaprtel. Haiitn
BEPOSITHOCTb TOTO, YTO B IMOJYYEHHOH BHIOGOpKE HaimayTcs: a) XOTs Obl
JIBE KapThl OJIMHAKOBOW MaCTH, HE BAXKHO KakKoii; 6) jBe KapThl pa3HOi
MAaCTH.

82. U3 komoap! KapT B 36 TMCTOB M3BIEKAIOT CPA3Y HECKOIBKO KapT.
Kakoe MuHMMaTbHOE YHCIIO KAPT HYXKHO HW3BJIEYb [JIsi TOTO, 9TOOBI C
BEPOATHOCTHIO Oostbiiedl yem 0,5 yTBepzK/1aTh, YTO CPEU HUX BCTPETATCH
XOoTs Obl JB€ KapThl OAHON M TOM 2Ke MacTu?

83. Kouioga urpasbubix kapr (52 jmcra) TIIATEIbHO 1EPeTacoBa-
na. Kakoe naumenbiiee 4ucji0 KaprT HAJIO B3ATb U3 KOJIOABI, 4TOOBI C
BEPOATHOCTBIO Gosiee 1/2 cpeju HUX BCTPETHIIUCH XOTs Obl JIBE KapThl
OJMHAKOBOIO 3HAYCHUS !

84. dumuk comepxur 90 roaubix u 10 nedexrunix mypynos. Ka-
KOBA BEPOSATHOCTDH TOTO, 9TO CPEIW CJIydYaitHO BhIOpaHHBIX 10 IIypyrnoB
OKayKeTCs 0 KpaiiHei Mepe oauH JedeKTHBIN?

85. Dpocaerca 10 oquHaKOBbIX UIPaJIbHBIX KOCTEll. Borauciurs Be-
POSTHOCTH TOTO, YTO POBHO HA TPEX KOCTAX BBIMAIET 6 OUKOB.

86. DBoupocsl K 3k3ameny pa30urbl HA JBe rpyiubl 10 20 BOIpo-
coB. Ctyznent roToB K 15 Bompocam u3 nepBoit rpymnmnsl 1 K 10 Borpocam
u3 Bropoii. Ha sx3amene npeiaraior Ha BbIOOp Jin0O J1Ba BOHpPOCA W3
mepBOil Tpymnnbl, MO0 Tpu BOMpoca w3 BTOpoil. B mepBom caydae mis
YCHEITHON ¢/1auu HeoOXOAuMO OTBETUTH Ha 00a BOIPOCA, BO BTOPOM —
xors Obl HA J1Ba BOIpOca u3 Tpex. Kakoil BapuaHT 1POXOK/I€HUS IK3a-
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MeHa JIydIle BeIOpaTh?

87. Illects gesmoBek BoONLIN B TUQT HA TIEPBOM ITAXKE CEMUITAIKHOTO
noma. Cumrast, 9To 1000 MACCAYKUP MOYKET C PABHON BEPOSITHOCTHIO
BBITH HA 2-M, 3-M, ..., 7-M 3TaykaX, HATH BEPOSITHOCTHU CJIETYIOTTIX
cobnrtHit: A = {Ha BTOpOM, TpETheM W UETBEPTOM dTarkaX He BbIHer
HU OJIUH M3 NAcCakupoB}, B — {Tpoe nacca:kupos BBIHLYT Ha CEABMOM
sraxe}, C' — {Ha KaxKJIOM 3TayKe BbIAJIET 110 OJHOMY Haccaxkupy}, D —
{BCe maccazkKupbl BHIAIAYT HA OJHOM ITAXKE }.

88. Tenedonnass KHUTA PACKPBIBAETCS HAYIAYUY U BHIOMDAETCS CITY-
qaitaerii Homep tesedona. Cunrasi, 9T0 TeIeGOHHBIE HOMEPA COCTOAT U3
6 mudp, HAWTH BEPOSITHOCTH TOTO, YTO HOMEP COIAEPIKUT TPHU IUMPHI 5,
onny muppy 1 n aBe mudpsr 2.

89. I3 MHOXKeCTBA BCEX IMOCIEIOBATETLHOCTEH JIIMHBI 7, COCTOSI-
mmx u3 mudp 0, 1, 2, caygaiiubim obpazom BeiOUpaercs oxra. Haiitu
BEPOSITHOCTH COOBITHIA:

A = {nocienoBaTeILHOCTH COMEPKUT POBHO M €WHMWIL},
B = {B nocienoBaTesbHOCTH €CTh POBHO Mg HYJ€H, 1M1 €IMHUIL, Mo
JIBOEK }, TIe mg + my + mg = n.

90. 52 KapThl Pa3AITCA YeThbIpeM urpokam (Kaxkaomy mo 13 kapr).
Haiitu BeposTHOCTH TOTO, YTO KAXKIBIH UIPOK MOIYIUAT TY3a.

91. B snexTpomnoesn, cocTosimit 3 6 BaroHOB, cagsaTcsa 12 macca-
JKWUPOB, TIPUYEM BHIOOD KaYKIBIM TACCAYKUPOM JIFOOOTO BATOHA, PABHOBO3-
Mozken. OTpeesnTe BepOATHOCTh TOTO, UTO: &) B KAYK/IbIH BATOH BOIILIO
1o 2 yesioBeka; 6) B OIMH BAIOH HUKTO HE BOIIEJ, B APYTOil BOIIE OJUH
9eJI0BeK, B 2 BATOHA - TI0 2 YeJIOBEKA, & B OCTABIIINECS 2 BATOHA COOTBET-
CTBEHHO 3 u 4 JeoBeKa.

92. Bpormens! Tpu urpasbabie Koctu. HaifiTn BeposiTHOCT TOTO, 9TO:

a) Ha BCEX TPEX KOCTAX BBIMNAJIO OJIUHAKOBOE KOJIUIECTBO OUKOR,

0) Ha TEPBOl KOCTHU BBHITIATIO H OYKOB,

B) BBIMasa kKoMOuHamws (1, 2, 3) OYKOB B HEKOTOPOH MOCIEOBATETh-
HOCTH,

') Ha BCEX TPeX KOCTAX BBINAJIO PA3HOE KOJIMIECTBO OYKOB,

1) B CyMMe Ha BCEX TpPeX KOCTsX Bbinayo 10 oukos,

€) Ha MepBOii KOCTU BBINAJIO CTOJIBKO XKe OYKOB, CKOJIbKO Ha TPETheH,

JK) Ha TIePBOil KOCTHU BBIMAJIO CTOJIBKO K€ 0UKOB, CKOJILKO Ha, BTOPOIt
U TpeTheit B cyMme,

3) Ha BTOPOI KOCTH BBIMAJIO DOJILINE OYKOB, YeM Ha, IEPBOi, HO MEHb-
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e, YeM Ha TpeThbei,

U) Ha TMEPBOHl KOCTH BBHIMAJIO GOJIBINTE OUYKOB, Ye€M Ha KAKOW-Tu60 u3
JIBYX JIPYTHX.

93. HaiiTn BepOATHOCTH TOTO, UTO TIPU CAYUYARHOM PA3MEIICHUN 1)
PA3IUYHBIX TMAPOB TIO N AIIUKAM:

a) HU OJIVH AIINK HE OCTAHETCS MYCTHIM;

6) POBHO OJIUH AIIUK OCTAHETCSI IYCTHIM.

94*. Konona urpanbubix Kapt (52 aucTa) TIaTeIhHO NepeTacoBaHa.
Haynaay Gepyr 6 kapr (6e3 Bosppaienus). Haiitu BeposiTHOCTH TOTO,
9TO Cpey ITUX KApT:

a) OKayKyTCsl TIPEJICTABUTEIN BCEX MAaCTEl;

6) GyzmeT poBHO 5 KApT OIHON MACTH.

95. Kaxkaas u3 n 0ajoK pasiaMblBAeTCs HA IBE YaCTH - JTHHHYIO U
KOPOTKYI0. 3aTeM 2n 06JOMKOB CIyYalHBIM 0OPA30M COEIUHSAIOTCS B 7
nap, Kaxkaast u3 KOTOPBIX 00pa3yer HOBYIO «MajKy». Hall T BepoaTHOCTh
TOTO, UTO:

a) dactu OyIyT COEJUHEHbI B IIEPBOHAYAILHOM TIOPSIIKE;

6) BCe JJIMHHbIE YacTU OyIyT COEJIUHEHBI C KOPDOTKUMH.

96*. B x0opoOKy moJIOXKUIN N Tap OOTHMHOK. 3aTeM u3 Heé Cydaii-
HBIM 06pasoM BeIHyIn 2k 60oTuHOK. HaiiTh BeposiTHOCTH TOTO, UTO:

1) BoiOpanHble GOTUHKY COCTABJILAIOT Kk HAp, eCu

a) Bce mapbl OOTHHOK B KOPOOKE OJHOTHUMHBIE (OJHOTO IBETA W Pa3-
Mepa),

0) BCe maphl PA3HOTO THUTIA;

2) W3 BBHIOPAHHLIX OOTHMHOK MOYKHO COCTABUTHL MO KpaiiHeil Mepe OmHy
napy, €CJau Bce mapbl O0THHOK B KOPOOKE OJHOTUITHBIE;

3) cpeau BbIOpaHHBIX GOTMHOK €CTh POBHO OJHA I1apa, €CJIU BCE Iaphbl
OOTHUHOK PA3HOTO THIIA.

97*. Tlo k 3aHyMepOBaHHBIM sTUEfiKaM CJIYyJaNHBIM 00PaA30M pa3Me-
maercs n > k HepaznuanMbix dactuil. HaiiTu BepOATHOCTH COOBITHI:
A = {ocranercs xoTs Obl OflHA MycTas A9eiiKa},

B = {ocranercsi poBHO OmHA TIyCTasi sTueiKa}.

98*. U3 muoxkecrsa {0,1,2,...,n} n0 cxeme ciyudaiiHOro BbIGopa ¢
BO3BpAIlleHreM BbIOUparoTcst aBa uncia. O603HAYUM TIepBOe U3 HUX &,
BTOPOE — ¥, & P, — BepoATHOCTH cobbrtus {2 + y? < n?}. Haiitu

lim p,.
n—oo
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99*. Jlecarsb pykonuceii paszsioxkensl no 30 nankam (Ha OIHY PYKO-
nuch 3 manku). HaliTu BEpOsSITHOCTH TOrO, 94TO B CJIy4aiiHO BBHIOPAHHBIX
6 mamkax He COIEP>KUTCS MEJUKOM HU OJHON PYKOIHCH.

100*. U3 MHOMXKecTBa, 0OPa30BAHHOTO BCEBO3MOXKHBIMHU TTOIMHOMKE-
crBamu MuOxkecTBa {0,1,2,...,n}, 10 cxeme ciaydaiinoro BeiGopa ¢ BO3-
BpallleHHeM BBIOMpPAIOTCs aBa MHOXKecTBa Ap, As. Haiitu BeposgTHOCTD
roro, uro A; N Ay = (.

101*. TloBepXHOCTH JAEPEBSHHOrO KybHa pa3smMepom
a) 2 x2x2,

6) 3x3x3

MOTHOCTHIO oKpacuau. Kyb pacnunumm Ha oguHAKOBBIe KyOukm 1 X 1 X 1,
U3 KOTOPBIX MOCJIE CIYYalHOTO MePEMEITUBAHNST BHOBD CJIOXKMIN Ky6 UC-
XOIHOTO pasMepa. HaliTi BeposiTHOCTE TOTO, UTO TIOBEPXHOCTH TIOTYUNB-
merocst Kyba moTHOCTHIO OKPAIITEHA.

102*. U3 mMHOXKeCTBa, 0OPA30OBAHHOTO BCEBO3MOMKHBIMHU TTOIMHO-
kectBamu MHO)KectBa {0,1,2,....,n}, 10 cxeme ciydaiiHOro BbIGOpPA C
BO3BpallleHreM BblOupalorcs MHozkecTBa A1, As, - -+, A,.. Haiitu Bepost-
HOCTb TOT'O, 9TO MHOXKecTBa A1, A, - , A, IOIAPHO HE NEPECEKAIOTC.

1.4 TeomeTpumuecKue BEPOATHOCTU

®Dopmyna knaccuyeckoll BepoATHOCTM MOXeT 6biTh 060bweHa Ha cnyyali Henpe-
PbIBHBIX NPOCTPAHCTE 3MeMeHTapHbIX CobbiTnii. Paccmotpum Ha nnockoctu uns-
mepumMyto obnacte . Ecnu B ycnoeusix onbiTa BEpOATHOCTL NOMNAAAHUS NPOU3-
BOJILHOI TOYKM B HEKOTOPYIO Nogobnacts w obnactu §2 nponopumoHanbHa TONLKO
naowaan 3Toi noaobnacTu n He 3aBUCUT OT €€ MeCTononoxeHus B ), Torga ro-
BOPAT, 4TO TOYKA PaBHOMEPHO pacnpegeneHa g obnactu ). B cnyyae pasHomepHo
pacnpeaeneHHoii Ha aBymepHoli obnactu 2 cnyqaiiHoli TOYKM BEPOSITHOCTL COBbI-
Tns A = {cnyualinas To4ka nonaget B nofobnacTb w} BbIYMCASETCS NO hopmyne:

_ SWw)
roe S(E) — nnowaab nogobnactu E.

STa dopmyna ectecTBeHHbIM Obpa3om obobuaeTcs Ha Cnyqaii NPoCTpaHCTB
NpON3BONLHON Pa3MepHOCTU:

mes(w)

P(4) = mes(Q)’

roe mes(E) — mepa mHoxectea E (anuna, nnowags, obbem un 1. 4.).
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Mpumep 13. Ha otpeske AB gnuroii 8 cny4aiinbim 0bpa3om BeibUpaeTcs To4-
ka C n oTpe3ok crubaercs B 3Toii TO4YKe Nog npsimeiM yrnom. Haiitn seposTHocTs
Toro, 4to naowans Tpeyronsuuka ABC byget He meHbLue 6.

¥ MycTb BoibpanHas Touka C yaanena Ha x egnHuy oT Touku A, Torga BC =
8—az,a Sapc=1z(8—2) (0<z<8).

P(SABC>6):P(@>6):P(2<x<6):%:—.

3apeck 4 — pnnna nogobnactn w = [2;6], a 8 — anuna obnactn Q = [0;8]. A

103. Ha miaockocTn mpoBeIeHBI TAPAJIIETHHBIE JTUHUN, PACCTOSTHUS
MEXKIy KOTOPBIMHU MOTIEpeMeHHO paBHbI 1,5 u 8 cm. OnpenennTsh BeposiT-
HOCTBH TOTO, YTO HAYAA4Uy OPOIEHHBIH HA 3Ty MJIOCKOCTH KPYT PAJUYCa
2,5 cm He Oymer mepeceveH HU OJHON JIMHUEH.

104. Ha gunamerpe AB eIWHWYHOrO KpPyra CAy9YalHBIM 00pa3oM
BeiOpana Touka C. Yepe3 Touky C mepneHauKyaspHo K AB npoBemeHa
xopaa. KakoBa BepoSTHOCTH TOTO, UTO JJIMHA XOPIABI HE MPEBOCXO/IUT
panuyca Kpyra?

105. KakoBa BepOSTHOCTD, He IEJISICh, TIOMACTh OECKOHEYHO MaJIOi
myJsieil B Py Ths KBAAPATHON PEIETKH, €CJIM TOIIIUHA IPYTHEB PABHA d,
a paccTosHme MeXxIy ux ocsmu pasHo | (I > a)?

106. B oxmoit n3 mONMyAApHLIX B AMEpPUKE UTP UTPOK OPOCAET MO-
HETY C JIOCTATOYHO OOJBINOTO PACCTOSHUS HA MOBEPXHOCTH CTOJA, Pa3-
rpadJIeHHYI0 Ha OXHO/AI0MOBbIE KBaapaThl. Eciau mMonera (3/4 moiivma B
JramMeTpe) TOMAJAeT TMOJHOCTHIO BHYTPh KBAIPATa, TO UIPOK TIOIYYaeT
Harpajy, B MPOTUBHOM CJIyYae OH TepsieT CBOIO MOHETy. KaKOBBI MaHChI
BBINTPAThH TIPU YCJIOBUHU, YTO MOHETa, YIaja Ha CTOJI?

107. Ha GeckoHEUHYIO MAXMATHYIO JOCKY CO CTOPOHON KBAApaTa a
6pocaercst MoHera pamuyca r (r < a/2). HaiiTn BepoaTHOCTH TOTO, UTO
MOHETa, TIepeceveT POBHO OJHY CTOPOHY KBaIpaTa.

108. UVgam u [leTp moroBopuanch O BCTpede B OTIPeaeIEHHOM MeCTe
MEXKIy OIWHHAINATHIO W ABEHAIATHIO Yacamu. Kaxaplii TPpUXOIUT B
CIIyYaWHBIH MOMEHT YKA3aHHOTO TTPOMEXKYTKA M JKIET TOSBJIEHUS IPY-
rOoro J0 WCTEeYeHWs 4daca, HO He Gojee 15 MWHYT, MOCIIE€ 9€ro yXOIUT.
Habutonaemblii pesysibrar — napa uuces (x,y), € & — BPeMs IPUXO-
na Usana, y — Bpems npuxoja Ilerpa (Bpems ucuucisiercs B MUHYTaX,
HaumHast ¢ 11 wacon). Haifitn BeposiTHOCTH cOOBITHI:: A = {BCTpeua co-
crosinach}, B = {Ilerpy He mpwurioch xzaarh pana}.
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109. (upomomxkenue). B ycioBusix sKcrepuMenTa npeabliyniei 3a-
nauu Hajitu BepogrHOocTH cOObiTuit: C — {Berpeua cocrossiach mocie
11 w 30 muu}, D = {VBan ono3nan wa Berpeuy}, E = {Bcrpeua cocro-
SITaCh, KOTZIA JI0 WCTEYEHNsT 9aca OCTaBAJIOCh MEHBITE TISITH MUHYT }.

110. JIa mapoxojga JOJKHBI TOJONTH K OJHOMY W TOMY K€ TIPH-
gany. Bpemsa npuxosa 060ux mapoxXoI0B HE3ABUCUMO U PABHOBO3MOZKHO
B TeUYeHWe JAHHBIX cyTOK. OmpesesnTh BEPOSITHOCTh TOTO, YTO OJHOMY
73 TIAPOXOJIOB TPHUIETCS OXKUIATH OCBOOOYKIEHUS MTPUYIAJIA, €CIU BPEMST
CTOSTHKY TIEPBOTO TTAPOX0Ja — OIUH Yac, a BTOPOTO — JIBA, JaCA.

111. CrymeHT MOSBASETCS B ayJIUTOPUH PABHOBEPOSATHO B JTIOOOM
mMoMenT Bpemenu oT 8.50 mo 9.05, a mpemomaBaTesh, COOTBETCTBEHHO,
ot 9.00 no 9.05. KakoBa BEpOSTHOCTHL TOTO, UYTO CTYJEHT HE OTO3/1aJ
(mpuItien paHbile TpenoaaBaTesis)?

112. Ha orpeske AB nnuHOoii | HayAady IIOCTABJIEHBI JAB€ TOYKU L
n M. Haiit BepoaTHOCTH TOTO, 9TO TO4YKa L Oymer Oamxke K Touke M,
ueM K Touke A.

113. Ha orpeske AB jnuHoii | Haygady IOCTABIEHBI JIBE TOYKU
M w N. Oupenenutsb BEPOSITHOCTH TOTO, YTO JITUHBI KAXKJIOTO U3 TPEX
HOJIy YMBIIUXCS OTPE3KOB He IPEBOCXOAT 3aJaHHON Besmaunbt a (1/3 <
a <l).

114. B mabopaTopun mMeeTcst HECKOJIBKO CTEKITHHBIX TPYOOK, KarK-
Jasi ITAHON B 9 CM, IOMEYEHHBIX C OJHOIO KOHIA KPACHOW MeTKoi. Jla-
GOpAHT HEYASTHHO POHSET OJIHY TAKYIO TPYOKY HA ITOJ, B PE3y/IbTATE Yero
OHa pa3buBaeTcs Ha Tpu YacTu. KakoBa BEPOSITHOCTH TOTO, YTO IJIMHA,
KYCKa, C KPACHOW METKOI OKayKeTCsT MEeHbIIe 3 cM?

115. Ha orpeske mauubl | HAyAaTy BRIOMPAIOTCA ABE TOYKH, B Pe-
3yJIbTATE Y€ro ITOT OTPE30K OKA3ZBIBAETCS PA3JIETIEHHBIM HA TPU YACTH.
Onpenenuth BEpOSATHOCTH TOTO, UTO W3 TPEX TOJIYIUBIMTUXCS JacTeil OT-
PEe3Ka MOYKHO MOCTPOUTH TPEYTOJIHHUK.

116. Paccmorpum Tpu orpeska. Immra mepsoro pasma 1. JIauHbI
JIByX JPYTUX BbIOMpaloTcs cirydaiino u3 orpeska [0, 2]. Haiitu Bepost-
HOCTB TOTO, 9YTO U3 3TUX TPEX OTPE3KOB MOKHO MOCTPOUTH TPEYTOTbHUK.

117. Ha oxpyxHOCTH paguyca R Haymgady MOCTaBIEHBI TPU TOYKU
A, B, C. Haiigure BepositTHOCTH TOTO, 4T0 Tpeyroabuuk ABC ocTpo-
YTOJIbHBIA.

118. HaiiTi BEpOSITHOCTH TOTO, YTO CYMMa TPEX HAYIA4dy BHIOpAH-
HBIX 13 oTpeska [0; 1] uncen Gyner Gosbire [.
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119. 3nauenns ¢ u b paBHOBO3MOXKHBI B KBajpare |a| < 1, |b] <
1. Haiitu BepositHOCcTH cOObITHIF A — {KOpHUM KBaJpaTHOrO TpEX4jeHa
22 4 2ax + b peficreuTensub}, B = {KOpPHM MOJOKATEILHBI }.

120. U3 orpeska [—1,2] naymady B3sTHI qBa unciaa. Kaxkosa Bepo-
ATHOCTH TOTO, YTO UX CyMMa OOJIbIIIe €UHUIIBI, & TPOU3IBEICHIE MEHbIIE
€IMHALLI?

Mpumep 14. Ha otpesok [0; 1] cryHaiinbim 0bpasom cTaButcs To4ka (pasHo-
mepHo pacnpegenena). lycte € - gnuna 6onbied n3 4acTel, Ha KOTOPbIE TOYKA
pasaennt oTpe3ok. Havitn P(§ < x) npu kaxzom 3HaqeHnn x € R.

¥V SlcHo, 4TO AnmHa bonblued 4acTn He MOXeET bbiTh MeHble 1/2 n Gonblue
1. Ons 1/2 < x < 1 npowe Haittn P(§ > x) - BEPOSITHOCTb COOLITUSI, MPOTNBO-
nonoxHoro cobbiTuio § < x. CobbiTe & > & NPOMCXOAMT, €CiM TOYKa nonajaet
B OTPE30K [z; 1] nnm cuMmeTpusHbIli eMy OTPE30K OTHOCUTENBHO ToukM 1/2 (T.e.
[0; 1 — z]). 3HaumMT, BEPOSTHOCTbL TOrO, 4TO & > T PaBHa CYMME ANUH 3TUX OTPe3-
KOB, Pa3fAeNEHHON Ha ANUHY BCErO eUHNYHOrO OTpe3Ka:

OkoH4aTeNnbHO nonyvaem
0, npu = < 1/2,
Pé<z)=< 2x—1, npnl/2 <z <], A
1, npu z > 1.

121. Cayvaiinas ToYKa paBHOMEDHO pacrpeziesnena Ha otpeske [0; 1].
Tycrs £ - uncioBoe 3nauvenue ciaydaiinoit rouku. Hailtu P(€ < x) npu
KaykJoM 3Hadenun r € R.

122. Ha orpesok [0; 1] cayuaiiabiv 06pa3oM cTaBUTCs TOUKA (paB-
HOMEpHO pacmpezenena). [lycts i - aiuna
a) MeHbIeH u3 Jyacreii,

0) Gombineii u3 yacreii,
Ha KOTOpbIE TOYKA pa3ieaut orpe3ok. Hailtu P(n < x) npu Kaxkiaom
snauenun x € [0;1].

123. Cayuaitmas Touka M paBHOMEPHO PACIPEIETIEHA B TIPSIMO-
yroabauKe co croporamu 1 u 2. Ilpm xaxkmom 3uavenun x € R waiiTn
BEPOSITHOCTH TOTO, UTO PACCTOSTHUE OT TIOCTABJEHHON TOYKHW 10 JUATO-
HaJjel TPAMOYTOJIbHUKA HE OyJIeT MPEeBOCXOAUThH .

124. Cayuaitnas Touka M paBHOMEPHO pacnpejiesieHa B KBaJpaTe
co cTOpoHOit a. HaiiTu BEPOSITHOCTD TOTO, YTO PACCTOSHAE OT TIOCTABJIEH-
HOM TOoukm M 1m0 OjWKaiiiell CTOPOHBI KBAAPATa, OYIET MEHbBIIE, YeM
PACCTOAHUE OT TOM TOUKM 110 OIMKANTIEH THATOHAIN.
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125. Ha croponax AB u CD exunnanoro ksaapara ABC D Bwibpa-
HO 110 onHOH Touke. CoenMHAIINNA UX OTPE30K pa3buBaeT KBaJApaT Ha
JIBA YETHIPEXYTOJHHUKA. HaliTu BEPOSTHOCTH TOTO, UTO TIIOMIAIbL HAW-
MeHbIITero n3 Hux (Mo TJIommaan) e mpepocxoant 1/3.

126. Ha croponax AB u AD emnunuunoro xkeagapara ABCD ciy-
JafinpiM oOpasom BbiOpanbl Toukn M u N coorBercrBenno. Haiitn Be-
POSITHOCTH TOTO, UTO TUIOIIAIL Tpeyroabuuka M AN
a) He mpeBocxoauT 1/4, 6) He MPEBOCXOINT Z.

127. Ha croponax AB u AD empunuunoro xkeagapara ABCD ciy-
JaifiupiM 0Opa3oM Beibupatorcs Touku M u N. Haiitu BeposTHOCTH TOTO,
9TO TIOMAAL Tpeyroabuuka M NC
a) He mpesocxoauT 1/4,

0) HE MPEBOCXOIUT X.

128. Cayuaitnas Touka M paBHOMEPHO pacnpejiesieHa B KBaJpaTe
ABCD co cropownoii 1. Haiitu BeposiTHOCTH CJI€IYIONUX COOBITHIA:

a) paccrosiaue ot Touku M 10 IEHTpa KBaJapaTa He MPEBOCXOIUT T
0) paccrosiaue ot Touku M 10 BepmuHbI A He MPEBOCXOIUT .

129. Cayuaitnas Touka M paBHOMEPHO pacnpejiesieHa B KBaJIpaTe
ABCD co croponoii 1. Haiitu BeposiTHOCTH CJI€IyIONUX COOBITHIA:

a) paccrosiaue oT Touku M 1m0 GimrKaiiieii CTOpOHBI KBaApaTa HE Mpe-
BOCXOJIUT X;
6) paccrostuue or Touku M 10 GuinKaiiiel BEPIIMHBI KBaIpaTa He Ipe-
BOCXOJIUT .

130. Cayuaiinas Touka M paBHOMEPHO PACIpeIeseHa B KBaIpaTe
ABCD co croponoit 1. HaiiTi BepOSTHOCTE TOTO, YTO CYMMa, PACCTOSTHUH
ot M no cropon AB n AD we TMpeBOCXOINT .

131. Cayuaiinas Touka M paBHOMEPHO pacClpelesieHa B MPSMO-
yroapanke ABCD co croponamn AB = a, AD = b (a < b). Haiitn
BEPOSITHOCTH TOTO, YTO paccTosiume or M 10 Bepmuubl A He TPeBOCXO-
IUT .

132. U3 orpeska [0,1] ciayuaiino BbIOpanbl Tpu 4ucia a, b u c.
Haiitu BeposTHOCTH TOTO, 94TO W3 TPEX OTPE3KOB C JIUHAMHU a, b u ¢
COOTBETCTBEHHO MOYKHO CJIOYKUTH TPEYTOJIbHUK.

133. Ha gmamerpe AB eQuHWUYHOrO KPyra CJydYaiiHbIM 00pa3oM
BbiOpana Touka C. Yepes Touky C meprnenaukynspao Kk AB nposenena
xopaa. Haiitu BeposTHOCTH TOTO, 9TO €€ JIINHA MEHbIIE .

134*. Cayuaiinas Touka (£;7) paBHOMEPHO pDACTpefieieHa B elu-
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HUYHOM KBaJzpare K = {(x,y) 0<x<1,0<y < 1}. O6o038a9IM
gepes vV YUCJI0 JeHCTBUTEIbHBIX KOPHEHl MHOTOYJIeHA

1
fem () = §x3 — &2z +.

Haittn Bepositoctn: P (v =1) u P (v = 3).
135*. Haiitu BeposTHOCTH P, TOro, 9to Cciaydaiinas Todka £ =

(&1,...,&,), uMeIOIIas PABHOMEPHOE DACIIPE/IEJIEHHE B N-MEPHOM Ky0e
K, = {(:vl;...;xn) -1 <2 <1,i = 1,...,n.}, NIPUHAJIEKUT N~
MepHOMY mapy B, = { (15 520) 23+ + 22 < 1, }, BITUCAHHOMY

B K,,. Berunciurs P, nna n = 2,3, 10.

1.5 VYcaoBubie BeposaTHOCTH. He3zaBucmMoOCThL COOBI-
TIit

Mycte A u B — HekoTOpble Habntofaembie B 3KCNEPUMEHTE CODBLITUS, MPUYEM
P(A) > 0. Vcnosroii BeposiTHOCTbI0 cobbiTusi B npu ycnosuu, 410 cobbitne A
npon3oLUso B Pe3ynbTaTe AAHHOIO 3KCNEPUMEHTA, HA3bIBAETCA BENNHYUHA, onpe-

AensaemMas paBeHCTBOM

P(B|A) = %.

[ns KpaTKOCTW yCnoBHYO BeposTHOCTL P(B|A) Ha3biBatOT «BEpPOSITHOCTBLIO CO-
6b1Tust B npu ycnosun Ax.

CobbiTe A HasbiBaeTCsi HE3aBUCUMBIM OT CobbiTus B, ynoBneTBopsitoLiero
ycnosuto P(B) > 0, ecnu BoINOnHsETCS

P(A|B) = P(A).
CobbiTus A n B Ha3bIBalOTCS HE3aBUCUMbIMU, €CNN
P(AB) = P(A)P(B).

Cobbitua Ay, As, ..., A, Ha3bIBAOTCA HE3ABUCUMBIMU B COBOKYNHOCTU, €CAN
ans noboro Habopa ns m cobuituii (m = 2,3,...,n) BEINONHAETCA PABEHCTEO

P(Ak'lAk'g .. Akm) = P(Akl)P(Akz) .. .P(Akm), km € {1,2, .. .,n}.

Npumep 15. VI3 napTuu getaneii, cpeam KOTOPbIX N KAYECTBEHHbIX U T, Bpako-
BaHHbIX, 4151 KOHTpons B3siam k (k < n) wryk. B npoyecce KoHTpossi okasanoce,
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4TO BCE OHU Ka4ecTBeHHble. HaiiTn BEPOSTHOCTL TOro, 4TO ewje 04Ha BbibpaHHAs
HayAaqy AeTanb Takxe byaeT ka4eCTBEHHOI.
v O6o3Haunm cobbituss A = {(k+ 1)-a petanb kavecteennas}y, B = {k nep-
BbIX A€Taneli kauecTeeHHble}. Toraa HyxHo Haiitn P(A|B).
1 cnocob.
Mo onpepenexnto yCnoBHoOii BEPOSITHOCTH,
P(AB)

C y4étom BBEAEHHbIX CODBLITU Nony4aem

AB = {Bce k + 1 BbibpaHHbIx geTaneii KaHeCTBeHHble}7

no3Tomy
Ok+1
P(AB) = : T
Cnim
" k
C
P(B) =
C?"i+77l
3HauuT,
Ck+1 . Ck _
P(AIB) = S =
Cnim'cﬁb n—k+m
2 cnocob.

Mocne npoeepku k pgeraneii B naptum octanock n — k + m petanei, cpeau
KOTOPbIX M — k Ka4eCTBEHHbIX. 3Ha‘-IVIT,

n—k

PAIB) = T

136. DBpomeno are urpamsable Koctn. Haiitn ycioBHy0 BeposT-
HOCTH TOTO, YTO BBITIAJIN JIBE MATEPKHU, €CTU W3BECTHO, YTO CyMMa, BbI-
MTABIITUX OYKOB JEJTUTCSA HA MSTh.

137. Bpornens! faBe urpaabHbe KOCTH. deMy paBHA BEPOSATHOCTH
TOrO, YTO CyMMAa BBIMABIINX HA HAX OYKOB PABHA 8, €C/iv U3BECTHO, 9TO
9Ta CyMMa €CTb YeTHOE YHCJIO?!

138. BeposaTHOCTH COMTH BEPTOTET M3 OOBITHOrO ABTOMATA PABHA
0,01, a BeposgTHOCTH MoTTacTh - 0,2. KakoBa BEpOSITHOCTH TOTO, UTO BEp-
TOJIET OymeT COUT, eciiu OBLIO TTOTAIAHIE B HErO?

139. Cpenn 25 3K3aMEHANMOHHBIX OUIETOB 5 «XOpoImuxy». /IBa cry-
JIeHTa, o odepenu GepyT mo omuomy Ouitery. Haiitu nByms crocobamu
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(¢ TOMOIIBI0 KOMOMHATOPHOIO METO/IA U YCJIOBHBIX BEPOSITHOCTEN) BEpo-
STHOCTH TOTO, 9TO 00a CTYJEHTA B3I «XOPOIIHe» OUIeThI.

140*. B cayuaiino BeIOpaHHOI cembe jiBoe jereil. Caurasi, 9T0 poK-
JIeHVE MAJIBYMKA U JIEBOYKUA — HE3aBUCUMBIE W DABHOBEPOSITHBIE COOBI-
THSI, BBIYUCIUTH BEPOSTHOCTH TOTO, UTO 008 peOEHKA — MAJBINKHU, €CIIN
M3BECTHO, YTO B CEMBE €CTh MAJIBIUK.

141*. U3 xosmoasl B 52 KapThl HayJady U3BJIEKAOTCS aBe. VI3BecTHO,
YTO CPEIN BBIHYTHIX KAPT €CTh Jama. HaiiTu BepOsSTHOCTH TOTO, U4TO 006
U3BJIEYEHHBIE KAPTHI — JTAMBbI.

142. TTombpachIBaioT Haydady TPU UCpaIbHBIE KocTh. Habmomaembre
cobbitusi: A = {Ha Tpex KOCTaX BhINAAYT pa3uble rpanu}, B — {xors 6bl
Ha 0J(HO¥ U3 KocTeil Bhinaer mecrepka }. Borauciaurs P(B|A) u P(A|B).

143. MU3ssecrHO, uTO pn Opocarnu 4 UTPATHLHBIX KOCTEH BHIMAA IO
Kpaiineit Mepe onHa euHua. KakoBa mpu 3TOM BEPOSATHOCTH TOTO, 4TO
BBITIAJIN IBE WM 00JIee eIUHUIIBI!

144. W3 ypusl, comepzxkaiieit 3 6ebix u 7 KPACHBIX MIAPOB, HAYAAYY
TmocieIoBaTehHO W 663 BO3BpalleHust u3BjaeKaoTcs apa 1mapa. Cobwr-
tusi: A = {mepswrit map Genwrit}, B = {Bropoii map Gemnwiii}, C = {mo
KpaiiHeil Mepe OJIMH U3 BBIHYTHIX MIAPOB Gesibiii }. Boraucaurs BeposTHO-
ctu P(B|A), P(A|B), P(A|C).

145. (upomoskenue). B ycioBusix sKcnepumeHTa, ONUCAHHOIO B
IpeAbIIYIIeM TPUMEpPE, YCTAHOBUTD, SIBISIOTCS JIH HE3ABUCUMBIMU CO-
obirust Au B, Au C, Bu C, cobbitug A, B u C' B COBOKyITHOCTH.

146. U3 xonozpl B 36 KapT Haymady uzBiaekaercs oguaa kapra. CoObi-
tusi: A = {BriHyTas kKapra — Ty3}, B = {BBIHyTA KapTa YepHOit MacTn},
F = {mwHyTas kapra — burypa, T.e. sBISETCS BAJIETOM, TaMOii, KOPO-
JIeM WM TY30M }. YCTAHOBWUTh, 3aBUCAMBI WJIM HE3ABWCUMBI CJIEIYIOIINe
Tpu napul cobpituii: Au B, AuF, FuB.

147. U3 xononpl B 36 KapT M3BJEKAIOTCS HAyIady JBe KapThl. Ha-
Guogaembie cobbitusi: A — {cpeau M3BIEYEHHBIX KAPT XOTd Obl OJUH
Ty3} u B — {cpeau usBjieueHHBbIX KapT XOTs Obl ogua gama}. Haiitu
P(A|B).

148. U3 kosoapt B 36 KapT U3BJIEKAIOTCS HAYIATY JIBE KAPTHI. Boisic-
HWUTh, STBJISTIOTCST JIN HE3aBUCUMBIMK cOOBITHS A = {cpemn n3BIeuenHbIX
KapT ecTh MO KpaiiHeil Mepe OJWH KOpoah} W B = {BBIHyTHIE KapThl
OZIHOM MaCTH}.

149. TlombpachiBalOT HAYIAYY TPU UTPATHHBIE KOCTH. YCTAHOBUTH,
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3aBUCUMBI UK HE3aBUCUMBbI COObITUsI A — {[OSBUTCS HE MeHee IBYX eJIu-
wun} u B — {nossurcs ue 6osiee AByX miecTepok }. BoraucauTs yciaoBHyo
BepositHocTs P(BJA).

150. (mpomomxenwue) Hdns coberrmiit C = {mosBurcs xots ObI O
Ha equanna} n D = {nMoSBUTCSA HE MeHee MBYX IMECTEPOK } BHIUYUCINTH
ycioBuyio BepositHocTs P(C|D).

151. Momnera 6pocaercs Tpu pasa. JBIAIOTCA I HE3ABUCUMBIMA
B COBOKYTHOCTH cJyenytomue cobbrtusi: A = {repb mosiBuicst He 6Gosee
oxHOrO pasa}, B = {mnpu neperIx AByX GPOCAHNSIX Tepl TIOSTBUIICS POBHO
omut pasz} u C = {upu nociaenuux AByx 6Gpocanusgx repo nogBuICs POBHO
oauu pas}?

152. U3 100 xaprouek c¢ gucaamu 00,01,...,98,99 cayquaiino BbI-
Gupaerca ogna. Paccmarpusatorcs cobbitus A; — {cymma uudp Ha BbI-
GpaHHOi KapToUKe paBHa i} 1 B = {mpounsreaenme mndp Ha BRIOPAHHOM
kaprouke pasuo 0}. Haiitn P(4;|B), i =0,1,...,18.

153. U3 100 crymenToB, HAXOmANUXCA B ayauTopun, 50 4ea0BeK
3HAIOT aHTIMHCKUH 361k, 40 — dpannysckuit u 35 — umemenxmit. An-
rauiickuit v GpaHIy3ckuil 36k 3HAOT 20 CTYIEHTOB, AHTIMHCKWNA U
memenkuit — 8, dpaniy3cknii u memenknii — 10. Bee Tpu s3bika 3Ha-
for 5 denoek. OIUH U3 CTYJEHTOB BBIMIET W3 ayIuTOpun. PaccMoTpum
craemytonue coobitus: B = {BbII_He,B;H_II/Iﬁ 3HAeT AHTIUUCKHUI HSbIK}, F
= {Bbumenmmit 3uaer ¢paHmysckuii a3k}, D = {Bblmenmmit 3HaeT
HeMeIKnii S3bIK }. YKa3aTh BCe Taphl HE3ABMCHMBIX COOBITHIT. YCTaHO-
BUTH, ABJISIOTCS Jiu coObITust /) F' n D HE3aBUCUMBIMU B COBOKYTTHOCTH.

154. CobOwbituss A u B HECOBMECTHBI, TPUYEM WX BEPOSTHOCTH HE
paBHbI HyI10. Jl0Ka3aTh, YTO OHU 3aBUCHMBI.

155. B amuxke mexar 12 KpacHbIX, 8 3eJeHbIX U 10 CHHUX TapoB.
Haynauy eeramMmatorcst 1Ba mapa. HaliT BeposSTHOCTH TOTO, YTO OyIyT
BBIHYTHI [IAPHI PA3HOTO 1[BETA, TP YCIOBHUH, YTO HE BBIHYT CUHUN mIap.

156. Ha maxMaTHyO0 JOCKY Haymady CTABATCS B3 CJIOHA (CJIOH
xoauT 1o JuaroHasu). KakoBa BeposSTHOCTb TOrO, YTO CJOHBI HE TIOOHIOT
JIPYT IpyTa, IPU YCIOBUU, 9TO OGEIBIH CJIOH MOMAIET Ha OJHO U3 KPARHIX
noJieit mocku?

157. Ha maxmarHyio JOCKY Hayaady CTaBaT ABe Jaabu (JTagbu
XOJAT [0 BEPTUKAJU U 1O ropudoHTasu). Berauciurs P(B|A), eciu A
= {mazpu momanm Ha KJIeTKu pasHoro ngeta}, B = {maapn mobuioT Apyr
apyra}.
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158. Ciyuaiinasg Touka (£; 7)) pABHOMEPHO PACIIPEIeIeHa B KBaIpaTe
{(z,y) 0K 2 <a,0<y < a}. JlokazaTh, 94TO Npu JHOOBIX X U Y
HE3aBUCUMBI cOObITUS A, = {§ < x} n By = {77 < y}

159*. Urpanpnas xocTh 6porrena 2 paza. Ilycts & u 1 coorret-
CTBEHHO YNCJIA OYKOR, BBHITIABIIUX TIPU ITUX UCIBITAHUSX. PacCcMOTpUM
coOBITUS

A = {5 JEeTUTC Ha 2,1 JeTATCS Ha 3},

Ay = {5 JeuTcs Ha 3,1 JeTUTCS Ha 2},

Az = {5 JEJINTCS Ha, 77},

Ay = {n JEJINTCS Ha, 5},

As = {5 + n nennuTcs Ha 2},

Ag = {5 + 7 menauTcs HA 3}

Haiitu Bce mapst {A;, A;} u tpoiiku {A4;, A;, Ay} B3auMHO He3aBHUCH-
MBIX COOBITHIA.

160*. Cuayuaitnas Touka (£;7) paBHOMEPHO PACTIpeieieHa B e THHIY-
HOM KBaJIpaTe { (;9):0<2<1,0<y < 1}. IIpn Kakwx 3HAUEHUAX T
HE3ABUCUMBI COOBITHUSI
A ={l¢—nlzr}uB.={+n<3r}?

161. Cuyuaitnas Touka (£;7) pABHOMEDHO PACIPEIEJIEHA B €UHIY-
HOM KBaJIpaTe { (r;9):0<2<1,0<y< 1}. Tyctn

A1:{§<%}7A2:{n<%}7
As ={(¢—3) - (n—35) <0},
TlokaszaTs, uTo J00bIe ABA CcOObITUS U3 A, As, A3 HE3aBUCUMBI, HO

Bce Tpu cobbitust A1, As, Az 3aBucuMbl. JIBAAIOTCSA /U 3aBUCUMBIMH CO-

ObiTust A1, Ao u Az ?

1.6 BepodTHOCTU CJIO>KHBIX COOBITHI

Cymmoii cobbiTnii A u B HasbiBaeTcsi TpeTbe cobbiTne A + B, KOTOpoe HacTy-
naeT TOrga U TONbKO TOrAA, KOFAA HACTynaeT xoTs bbl 0gHO 13 cobbiTunii: A nnn
B. Mpounseeaennem cobbiTnii A u B HasbiBaeTcs TpeTbe cobbiTue AB, KoTOpoe
HaCTynaeT TOr4a u TONbKO TOrAa, KOraa HactynatoT oba cobbitusi: A u B. MNous-
TUS CyMMbI W NPON3BEAEHUS ABYX CODbITUN 04eBUAHBIM 06Pa3oM nepeHOCATCS Ha
cnyyaii noboro MHoxecTBa cobbiTuii. CobbITNEM, MPOTUBONONOXKHBIM CODBLITUIO

A, Ha3biBaeTcs cobbiTne A, KOTOpOEe HaCTynaeT TOrga u TOJIbKO TOrAa, KOraa He
HacTynaet cobbitue A.
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CnoxxHbIM cObbITUEM Ha3bIBaETCA Habnogaemoe cobbiTue, BbpaXkeHHOE Yepes
Apyrue Habnogaemble B TOM XKe 3KCNepumeHTe CobbiTus ¢ noMowbio anrebpau-
YecKkunx onepauuii.

BepOﬂTHOCTb OCyWeCTBIEHNSA CNOXKHOIo C06bITI/I$| BblHNCNSAETCA NO NpaBunam,
OCHOBY KOTOPbIX COCTaBSIIOT:

Dopmyna yMHOXKEHUSI BEPOSITHOCTEN

P(AB) = P(A)P(B|A) = P(B)P(A|B).
Popmyna caoxeHns BEPOATHOCTEN
P(A+ B) = P(A) + P(B) — P(AB).

DopmMyna yMHOXEHUS ANS NPON3BOSLHOIO YUCNa cobbITUl 3anUChbiBaeTCs cre-
ayouwmnm obpasom:

P(A1As. .. An) = P(A)P(As]Ar) ... P(An|A1Az ... An_y).

Mpumep 16. Ha cBS3KE N CXOXKUX KAHOHEN, N3 KOTOPbIX TOJILKO O4UH NOAXOANT
K ganHomy 3amky. Kakosa BeposTHOCTL TOro, 410 3aMok bYA€eT OTKPbIT POBHO B
k-vi nonbiTke?

V¥ Obo3Haumm Yepe3 A nHTepecytowlee Hac cobbiTue.

1 cnocob.

Bbibepem 3a aneMeHTapHbIll NCXOA YNOPSIAOYEHHOE PACMONOKEHNE BCEX KITHO-
yeii (BO3MOXHBIN NOPAAOK MX NpuMeHeHus ). Torga obuiee HUCNO 3TUX 3eMEH-
TapHbIX NCXOAOB PAaBHO HUC/Y MEpPeCcTaHOBOK 1. NPeAMEeTOB:

N =n!

BrnaronpusThbiii ucxoa nonyvaercs, ecim Ha k-OM MeCTe B HaBOpe OKaXKETCS HyX-
HbIA KNHOY:
1 2 ... k-1 k k+1 ... n

© o ... @ 2] %) . ©

3adhukcupyem Takyto cutyauuto (Koraa HyXKHbIA Kntod Ha k-m mecte). Toraa npu
nobbIX nepeMelteHnsax apyrux kntodeli ncxon byaeTt octasaThes GnaronpusTHbIM.
Bcero takux nepemewennii cywecreyer (n — 1), To ecTb

Ny = (n— 1)!

N. n—1"1 1
Py = = L
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3amedaHue. Bonpoc, KOTOpbI BO3HMKAET Npu TakoMm cnocobe pelueHuns, 3a-
K/KOHAETCS B TOM, YTO MO CMbIC/Y 334341 Mbl He cobupaemcs nepebupaTs ocTas-
LUNECs KJTKOYM NOocCse HaXOXAeHns Hy)KHOrO. OTBeT Ha HEro CoCTouT B Cne,qylo—
WeM: nocsie TOro, Kak nogobpaH Hy>KHbIN K04, HAaC ycTpansaeT Jiioboe pacnono-
MXKEHNE OCTaBLUUNXCA KﬂlOHeﬁ. TO €CTb KONMN4eCTBO 6}'Iar0|'|p|/|$|THb|X NCXOO40B MOXET
6bITh 3anucaHo cTeayowumm obpasom:

Na=(n—-1)(n—-2)...(n—(k—1))-1-(n—k)!

k—1
2 cnocob.
Beegem B paccmoTpetune Habop cobbituii {B;},_ ;. rae By = {HyXHblii Kntou
B CBSI3Ke Ha i-M mecTe}. Toraa MoxHO Bbipasute A = By - B+ -+ Bi_1 - By.

Mo dopmyne nonyyaem:

P(BiBa...By1Bi) = P(B1)P(B2|B1)... P(Bx|B1 ... Bro1)

Beinuwem BeposiTHOCTU COBLITUI:

P(B) = n—1
— nn—2
P(B2|By) = —"
— = — n—1
PB[BL.. Bi) = .=
_ (k-1
P(Br-1|B1...Bg—2) = _Ek_ )
— 1
P(Bg|Bi1...Bg-1) = Y p—
B utore nonyvaem:
- = = n—1 n-2 n—(k—1) 1 1
P(B1Bz ... B Br) = n  n—1 .““n—(k’—2) ’ n—(k—1)  n’ A

Mpumep 17. /[Jsoe nooqepenHo u3BnEKarOT KapTbl u3 KooAbl B 52 KapTsl,
BbIK1aAbIBas ux Ha cton. [lobexpaer TOT, NOCNE HYbero xo[a Ha CTONIE OKAXKYTCA
ABe KapTbl ogHoi mactu. Haitn BepoaTHocTs nobeasi BTOPOro urpoka.

¥ OueBugHO, 4TO BTOPOI MOXeT nobeanTb nocne nssnedeHus nmbo BTOPON
KapTbl (nepBbIM CBOMM X0AOM), Nnbo 4eTBépToii (BTOpBIM CBOUM X0AoMm). [o
U3BJIEYEHUN LIECTON KapThl Urpa He AOMAET, TaK KaK K 3TOMY MOMEHTY Ha cTone
YK€ 0Ka3anucb Bbl NATh KapT, @ CPEAM HMUX HAWAUCh Obl ABE OAHOW MacTu.
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O60o3HaunM nHTepecytoLme Hac cobbiTus:

A {Mobepna BTOpPOro urpoka},

Ay = {lMobena BTOPOro CBOMM NepBbIM XOAOM},

Az = {Mobepa BTOPOro CBOUM BTOPLIM XOAOM }.

Otmetum, 410 A = Ay + Az, npuyem cobuitus A1 n Az HecoBmecThbl. Haii-
[EM VX BEPOSITHOCTN. TaK KaK NoCne U3BMEYEHUS NEPBON KapThl MFPa 3aKOHYNTbLCS
HE MOXET, AN HAXOXAEHNA BEPOATHOCTU CO6bITVI9| A1 AOCTAaTO4YHO HaliTn BEPO-
ATHOCTb TOro, 4TO BTOpas kapTa byaeT Takoii »xe macTu, kak u nepeas. [locne
U3BNIEYEHMS NMEPBOI KapTbl B KOMIOAE OCTanoch 12 kapT Tol »e mactu, a obuwee
KOJIMYECTBO KapT B konoge cokpatunock Ao 51. Moatomy BeposiTHOCTL COBBITUS

Aj BbIqUCNsETCs cneayowmM obpasom:

12 4
P(A1) = 517
Ans BbluncneHns BeposITHOCTU nobeabl BTOPOro Urpoka MNOCfe M3BJEYEHUs
4eTBEPTOW KapTbl HEODXOANMO YHeCTb, HYTO Urpa AOSKHA AOWTW A0 3TOW CTaauu.
MoaTomy Hy>KHO HaliT BEPOSITHOCTbL TOrO, HTO CPeAyn NepPBbIX TPEX KapPT HET ABYX
OAHOW MacCTW, U YMHOXUTb Ha BEPOATHOCTb TOrO, HTO NPMW 3TOM YCNOBUM MaCTb
YETBEPTOI N3BNEYEHHONW KAapThl COBMAAET C MACTbiO TPEX N3BJIEHEHHBIX paHee.
BeposTHOCTL TOro, 4TO MepBble TPY KapTbl Pa3HOW MacTU, MOXHO HaXOA4WUTb
pa3sHbiMu cnocobamu. Hanpumep, HaliTu BEpPOSITHOCTb TOrO, 4TO BTOpPasi KapTa oT-

JINYAETCA MO MaCTU OT NepBOA, U YMHOXUTb HA BEPOSITHOCTbL TOFO, YTO NpK 3TOM
39 26
TpeTbsl KapTa OTNIMYAETCS MO MacTU OT MEPBbIX ABYX (ﬁ 50 ) Ecnu 370 npo-
n30wno, TO BEPOATHOCTb N3BNEHEHNA l-|eTBépTOﬁ KapThbl, cosnap,alou_q,eﬁ no Mactmn
C OfHOIi U3 NepBbIX TPEX, PaBHA OTHOLLUEHNIO KOJIMYECTBA KApT U3BNEYEHHBIX Ma-
cteir (12 - 3) k obwemy konuuectsy octaBwumxcst B konoge kapT (49). Moatomy
BEPOATHOCTb C06bIT|/|$| A2 BblHNCNAETCA TaK:
P(As) 39 26 36
) =22 . 22
51 50 49
Y4uTbiBasi HECOBMECTHOCTb COBLITUIT A1 M Az, BBIMUCIUM BEPOSITHOCTb CO-
6biTus A:
4 39 26 36
P(A)=P(A1 +A3) =P(A))+P(A)) = —+ — - — - —.
(4) = P( )=P(A)+PA) =+ =55 19
MNpumep 18. U3 konogbl B 52 kapTsl cayyaiiHeiM 0bpa3om n3BAEKAOTCS 4.
HaiiTn BeposSiTHOCTbL TOro, 4TO Cpeamn N3BNe4eHHbIX KapT byaeT xoTa bbl fBa Ko-
posiA n xots 6bl O4UH Ty3.
¥ MNyctb cobbitne A = {/I3Bneknu He MeHee ABYX KOPONEH U He MEHEE OHOrO

Ty3a}.



38 1 Cnyuaiiabie cobbITHS

PaccmoTpum, kakum 06pa3om cpesm U3BIEHEHHbIX KapT MOTYT OKa3aTbCs XOTst
661 ABa KOpONsi  xoTsi 6bl oanH Ty3. B cooTeeTcTBUM € 3TMM, pasobbem ncxopHoe
CobbITUE HA CYMMY HECKONIbKUX HECOBMECTHBIX CODLITUIA.

A1 = {Cpean n3eneyeHHbIX KapT ABA KOPOAS N OAWUH Ty3}.

Az = {Cpenn n3eneqeHHbIx KapT 4Ba KOPONs 1 ABa Ty3a}.

As = {Cpepn n3eneqeHHbix KapT Tpn KOPONS U OAUH Ty3}.

A=A+ Az + As.

Tenepb BbIYNCAIUM BEPOSITHOCTW CODLITUI B oTaenbHocTu. [ns atoro bygem
Nonb30BaTbCS Knaccudeckum onpegenennem seposTHocTn. Obwee konn4ecTso
NCXOMOB ANS KaXKAOrO U3 paccMaTpuBaeMbix CobbiTUii ogHo u To xe: N = Chy.
Haligem konn4ecteo 6n1aronpusaTHbLIX UCXOA0B AN KAXAOMO U3 3TUX COBbITHIA.

CobbiTue A; 3akntouaeTcs B TOM, YTO U3BAEKNN ABYX KOpoJsieli, 0gHOro Ty-
32 1 elwe OAHY KapTy, HE SBASIIOLLYIOCS HU KOpOSieM, Hu Ty30M. COOTBETCTBEHHO
ANA HaxXOXAEeHNsA KOJNIM4YeCTBa 6}'Ia|'0r|pV|9|THb|X ans A1 ncxonoe Haﬁ,qu no npa-
BUJTY YMHOXEHUS KOJMYECTBO CMOCOBOB n3Bnedb ABYyX Koponeli (BCero ux 4eTbl-
pe, NO3TOMY [IaHHOE KONMYeCTBO Cnocobor paBHO C7), YMHOXUM Ha KONMYECTBO
cnocobos useneds ogHoro Tysa (C1) M yMHOXUM Ha KOMM4ECTEBO CMocobos u3-
BJIEYb OAHY KaPTY, He SIBASIIOWYIOCS HU KOPOJIEM M HN Ty30M (TaKuUX KapT B KO-
noge 44, No3TOMy UCKOMOe KoiMu4ecTso crnocoboe pasHo Ciy). Takum obpasom,
Ny =C3-Cj - Ciy.

AHanornyHbiM 0bpa3oM HaxoAuMm 6AaronpusiTHbIE NCXOAbI ANS OCTaBLUNXCS
COBbITHIA:

N, =C%-Cj,
N3 =C3 - Cj.
Tenepb Nerko HaxoAATCS U BEPOSATHOCTU CODBLITUIA:
N, C}.-Cl-Ch c?.c? c3-cl
PlA) = — = ——5—, P(A2) = ——, P(As) = ———.
N (OF Css Css

B cuny HecoBmecTHOCTU cocTaBasitowmx A cobbiTuii:

P(A) = P(A1 + Ao + Ag) = P(A1) + P(Az) + P(Ag)
OTctoga v nonyyaem oTBeT:
_C]-Ci-Ciu+Ci-Ci+CP-Cj
- C3; '

Mpumep 19. Tpu cTpenka BbINONHNAN NO OJZHOMY BbICTPEY MO MULLEHU C Bé-
posiTHocTbto nonagavus 0,5, 0,7 n 0,8 coorseTcTBeHHO. OKAa3anock, 4TO MULLEHD
nopakeHa oguH pas. Haiitu BepossTHOCTb TOro, 4TO 3TO CA€nAaN NEPBbI CTPENOK.

P(A)

v NMycte A; = {lMonagatue i-ro ctpenka}, A = {Muwenb nopaxeHa oauH
pas}. Heobxoanmo HaliTu BEpPOSITHOCTb TOrO, H4TO NPU YCNOBUM OLHOKPATHOrO
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NOpa>keHWs MULLEHN TPEMSI CTpesIKaMu MepBblii cTpenok nonas. Vnave rosops,
HY>KHO BbIYMCINTL YCNOBHYHO BeposiTHoCTb P(A1|A). Mo onpefenenunto ycnoeHoii
BEPOSITHOCTN:
P(A1A)

P(A)
Haiigém BeposiTHOCTE OQHOKPATHOIO MOPAaXXEHUSI MULLIEHN. 3aMeTUM, HTO

P(Ai|A) =

A= Alzzz_g —+ ZlAQZf; + Z1Z2A3.

Mo ycnosuo P(A;) = 0,5, P(A2) = 0,7, P(As) = 0,8. OTtctona Haxoaum u
BEPOATHOCTU MPOTUBONONOXKHbIX cobbiTuii: P(A1) =1 — P(A1) = 0,5, P(A2) =
1 — P(A2) = 0,3, P(A3) = 1 — P(A3) = 0,2. Jlerko 3ameTuTs, 410 COBLITUS
A1 A5 As, A1 Ay As, A1 AsAs HeCOBMECTHBI (Tak Kak B KaXkabIX ABYX U3 HUX €CTb
HECOBMECTHbIE MHOXUTENM, B OfHOM — HekoTopoe A;, a B apyrom — A;). Moatomy
BEPOSITHOCTb CyMMbl COBbITUII paBHa CyMMe BEpOSITHOCTE:

P(A) = P(AleZ;g + Z1A223 + ZlZQAS) =
= P(AlZQZ‘;) —+ P(ZlAQZ‘;) —+ P(ZlZQA‘;)

Takxe y4TéM, 4TO HE3aBUCUMOCTb COBbITUA A1, A2 n A3 COXpaHUTCs 1 B TOM
Cny4yae, eC/M HEKOTOPbIE U3 HUX 3aMeHUTb OTpuuaHusiMu. [1oaTomMy BeposITHOCTb
nponseeAeHns Takmx cobbiTuii GyaeT pasHa NPOM3BEAEHUIO UX BEPOSITHOCTEIA:

P(A1AyA3) = P(A)P(A3)P(A3) = 0,5-0,3-0,2 = 0,03;
P(A; AyAs) = P(A; )P(A2)P(As) = 0,5-0,7-0,2 = 0,07;
P(A; AyAs) = P(A,)P(A3)P(As) = 0,5-0,3-0,8 = 0, 12.

[na HaxoxAeHUsi yCNOBHOW BEPOSITHOCTM OCTaNOCh HAWTM BEPOSITHOCTb CO-
6biTust A1 A. 370 COBbITUE 3aK/IOYAETCS B TOM, YTO MEPBbIAi CTPEIOK nonas, u
MULIEHb OKa3asiaCb NOPa>X€Ha TOJIbKO OAHUM BbICTPENOM U3 TpéX. 'D'J'Iﬂ 3TOro
HeobxonMmo, 4Tobbl BTOpPOlW M TpeTuii cTpenkn npomaxHynucs. OTcrona Moxem
chenath BbIROA, 4TO A1 A = A; A3 A3. YunTeIBas HE3aBUCUMOCTbL COOTBETCTRYIO-
WX COBBITUIA, BBIMNCINM BEPOATHOCTb:

P(A1A) = P(A)P(A3)P(A3) =0,5-0,3-0,2=0,03.
OcTanocb caenaTb TONBKO NOCAEAHWI Lwar:

P(A1A) 0,03 3
PANA) = ——F- = 1—- = —. A
(A:]4) P(A) 0,22 22
162. KakoBa BeposTHOCTH W3BJI€Yb U3 KOJOJLI B 52 KapThl burypy
J060H MacTh UM KapTy MUKOBOH MacTu (BUrypoil HA3BIBAETCS BaJIET,

JlaMa, KOpOJIb WK Ty3)?
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163. B ycioBusx 3KCIEpUMEHTa, OMUCAHHOTO B 3ajade 153, Haiitu
BEPOSTHOCTH TOTO, 9TO BBIMIEAINNNN 3HAET WKW AHMIHACKAN, uin (pan-
Iy3CKUI A3BIK.

164. OmnpenenuTh BEPOSITHOCTH TOTO, 9TO HAYIAYy BHIOpAHHOE TeJI0e
MOJIOXKUTEIHHOE YUCJIO JEUTCA: a) HA JBA U HA TpW; 6) HA JBA UM HA
TpH.

165. CrymenT MoOKeT yexaTh B WHCTHTYT WM aBTOOYCOM, KOTO-
phIit XOIuT Yepe3 Kazxkabie 20 MUH, UIH TPOJLIEH0yCOM, KOTOPBIH XOIUT
uepe3 kaxkabie 10 mun. [Ipenmonarasi, 9To aBTOOYC M TPOJLIEHOYC XO-
JST HE3ABUCHAMO APYT OT JIPyra, HAUTH BEPOATHOCTb TOTO, YTO CTYIEHT,
MOIOMIEIINHN K OCTAHOBKE, YEeIeT B TedeHue OJUMKANIIMX MATH MUHYT?

166 ©. VYwuennk 66 xnacca Kocra Cumopos u ero mpusaTenb, 3aHGB
BBIT'OJHYIO TIO3UIUIO BOM3N TKOJIBHBIX JBEpPeil, 00CTPEeTMBAIN CHEXKKA-
MW BCEX BBIXOJSIINX JEeBYOHOK. Korma aBeph B oUepeaHoit pa3 OTKPHI-
J1ach, IBA CHEXKKA OJHOBPEMEHHO TIOJIETENIM B TOJIOBY 3aCTBLIBIIETO HA
nopore 3aBy4a - Mapraputsl BukenTheBubl. KakoBa BeposiTHOCTH TOTO,
9TO TIETb OBLIa TMOPAXKEHA, €CJIN W3BECTHO, 9TO KOoCTs 0OBIYHO ITOIa aeT
8 paz u3 10, a ero mpuATETH TOJBKO 77

167. U3 kosomsr B 36 KapT M3BJIEKAIOTCS Hayaady ase Kaprol. Ha-
6uoaemble cobbitust: A — {cpeau BHIGPAHHBIX KAPT €CTh XOTs Obl OJIUH
Ty3}, B = {xora 6bl oqun Koposib}. Berauciaure P(A + B).

168. BeposTHOCTH MONAJAHKS B MUIIEHD [P OJHOM BBICTPEJe JIJTs
MEPBOrO CTPENKA PAaBHA P1, JJisi BTOPOTO CTpenka paBHa po. Crpenku
MPOM3BEJIN MO0 OJHOMY BBICTPEIY B MuileHb. CUNTasi TOMAJIAHUS B MU-
IEHD JJIs OTAEIHHBIX CTPEIKOB COOBITUSIMU HE3ABUCUMBIMU, HAUTH BEPO-
SITHOCTW CJIEIYIOIINX coObITHi: A = {HW OJJHOTO MOMAIAHNST B MUIITEHD },
B — {pOBHO OIHO MONAJAHKUE B MUILIEHD }.

169. BepodTHOCTH MONIAJAaHNUSA B MUIIEHD MPU OJTHOM BLICTPEJE /TS
IEPBOTO CTPEKA PaBHA p, a i Broporo — 0,7. I3BecTHO, 91O BeposT-
HOCTH POBHO OJIHOTO TIOTIAIAHWS TTPU OJHOM BBICTPEJIe 0OOUX CTPETKOB
pasua 0,38. Haiiaure p.

170. CrpesioK BBICTPEIII TPU Pa3a Mo yaasioreiics mein. Beposit-
HOCTbH TONAIAaHUS B Hee B HavYasie cTpesbObl pasHa 0,8, a mocre KaxKa0ro
BBICTpesia yMenbinaercs wa 0,1. Haitanre BeposgaTHOCTH TOTO, UTO OH TIO-
mageT poBHO 2 pasa.

171. ZKiopu cocrout u3 Tpex cyaeit. [lepBorit 1 BTOpOit Cyanpu MpuHM-
MalOT MTPABWJIHHOE PEITIeHNe He3aBNCUMO APYT OT APYTa ¢ BePOSATHOCTHIO
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P, a Tperwii Cyabs s OpuHATHS pemierus Gpocaer monery. Okonda-
TEbHOE PelleHre KIOpU TPUHUMAET M0 DOJBITHHCTBY roinocos. Kakosa
BEPOSITHOCTH TOTO, UTO YKIOPH MPUMET MPABUJIHHOE perteHne?

172*. HaiiTu BepOSTHOCTH TOTO, UTO TIPU UTPE B TIOKEP HE OYIET CO-
OpaHa HU OJHA M3 KOMOMHAIM, IEPEYUCIEHHBIX B 3a1aue 75 (curyanus
«HET WUIPbI» ).

173. Tlycts A mw B — nHekoTopblie cobbrTusi. 3pectro, uto P(A +
B)=0,7u P(A) = 0,5. Yka3arh Iuamna3oH BCEX BO3MOKHBIX 3HAUEHWH
JIJIST BEPOSTHOCTH TTPOTUBOMOJIOKHOTO K B coOhITHS.

174. UssectHo, yto A u B — mHabniogaeMble COOLITUS B 3KCIEPH-
vente, prdem P(B) = 0,4, P(A/B) = 0,3, P(A/B) = 0,2. Haiitn
P(AB), P(A), P(A+ B).

175. Omnwupasich Ha GHOPMYITY IJIT BEPOSATHOCTH CYMMBI JBYX COOBI-
THii, BoIBECTH (DOPMYIY JJisi BEPOATHOCTH CYyMMBI TPEX COOBITHIA.

176. U3 ypubl, comepaxkaineit 6 6ebix U 4 YepHBIX MIAPOB, HAYIATY
U MOCTIEOBATEIBHO U3BJIEKAIOT 10 OJHOMY APy J0 MOSIBICHUS YePHOrO
mapa. HaliTi BeposSITHOCTH TOTO, YTO TMPUIAETCS MTPOU3BOIUTH YETBEPTOE
U3BJICUEHUE, €CJIM BBHIOOPKA MTPOM3BOIMTCS: &) C BO3BpalleHueM; 0) 6e3
BO3BPAIIEHUSI.

177. B ropoge npoxusaer n + 2 denosek. OuH U3 HUX, y3HAB HO-
BOCTB, COODIIAET ee JPYroMy, TOT - TPETbEMY U T. [I., IPUYeM Tepeada
HOBOCTHM OCYTIIECTBJISETCS CIEIYIONTNM 00pPA30M: YeTOBEK, KOTOPOMY CO-
00IIIeHa HOBOCTD, CIIYYaWHBIM 00Pa30M BHIOMPAET OIHOTO W3 7, KUTEJeH
(uckirouasi cebst U YeIOBEKA, COOOIIUBINETO €My HOBOCTh) U COOBIIAET
HOBOCTH €My, TOT MOCTYAeT TOYHO Tak Ke u T. J. HaiiTu BepoaTHOCTD
TOTO, 94TO HOBOCTDH OyeT mepegana n + 1 pas:

a) 6e3 BO3BPAILEHUS K YEJIOBEKY, KOTOPBIH y3HA €€ TIePBbIM;

6) 6e3 TOBTOPHOTO COODIIEHNUS €e KOMY-JIH0O.

178. B ypHe n 6e7bIX U N YEPHBIX MAPOB. Bee maphbl U3 ypHBI M3-
BJIEKAIOTCS TAPAMU, TIPUYEM BBIHY THIE IIIAPBI 00PATHO HE BO3BPAIAIOTCA.
KaxkoBa BeposiTHOCTH TOTO, 9TO BCE TTAPHI OYAYT COCTOSITH W3 PA3HOIBET-
HBIX MTApOB7

179. CkoJbKO HYKHO B3STh CAYYafHBIX YUCEN, 9TOOBI C BEPOSAT-
HocThio He MeHee 0,9 GbITH YBEPEHHBIM, YTO CPEIUd HUX XOTs ObI OHO
YUCTIO 9eTHOe?

180. CxkOJIBKO pa3 HY»KHO OPOCUTEH UTPATIHHYIO KOCTh, YTOOBI C BEPO-
SITHOCTBIO, HE MeHbIei 0,5, MOXKHO ObLIO HAAEATHCS, YTO XOTs ObI OIUH
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pa3 nosisuTcst 6 OYKOB?

181. (3amaua me Mepe). Uto BeposTHee: npu GpPOCAHUM YETHIPEX
UTPATBHBIX KOCTEH XOTs Obl HA OMHON moTyunTh «6» wim npu 24 Gpoca-
HUSX JIBYX KOCTEH XOTs Obl pa3 MOJIYIUTh JIBE TMECTEPKU?

182. BeposrHOCTh TTOpaXKeHHs TIEIH TPH OJHOM BBICTPEsE PaBHA
p1- CKOJIBKO HAI0 TPOU3BECTH HE3ABUCUMBIX BHICTPEJIOB B HEM3MEHHBIX
YCJIOBUSX, UTOOBI C BEPOSITHOCTHIO, HE MEHBITEH P, TTOPA3UTH II€JIh XOTSI
651 ouH pa3? Hammcars ob61mee BhIpaskenne A1 HANMEHBITIEro YNCIIa, BhI-
cTpesnios n(p1, p2) U HallTH caepyomue yuciaosbie 3uadenus: n(0, 3;0,9),
n(0,3;0,95).

183. Usanu u IleTp moouepenno 6GpocaioT MOHETY. BBHIUTphIBaeT TOT,
y KOTO paHbIie noapuTcs repb. Ban 6pocaer mepsbiM. HaiiTu BeposTHO-
CTH D1 W P2 BBIUTPHIIIA I8 KAYKIOTO U3 UT'POKOB, CIUTAsI, UTO OpOCaHMe
MOHETHI MOYKET MPOIOJIKATHCA HEOTPAHUUEHHO JOJITO.

184. (mpomoikenue). YCTaHOBUTH, MOYKHO JI CAEIATH UTPY W3
MpeIbIAyInei 3a1a4un 0oJiee CIpaBeIInBOi, eciu mo3BoauTh IleTpy me-
JIaTh DOJIbIIIEE YHCJIO OPOCKOB, KOT/Ia HACTYTAET €ro ouepenb. Bouramc-
JINTH BEPOSATHOCTH BhMrphimia 1iist Bana, ecu Ilerpy paspermaercs ae-
JIaTh ABa GPOCKA MPU €r0 MOIXOIE.

185. IBa mrpoka mo odepenan OPOCAIOT WTPATHHYIO KOCTh. BbIur-
PBIBAET TOT, Y KOT'O PAHbBIINE BHINAJIET TPAHb C MEeCTbio oukamu. Haiitu
BEPOSITHOCTH TOTO, UTO BBHIUTPAET UT'POK, OPOCAIOIINI TIEPBHIM.

186. Urpa npoBOAUTCS [0 BBLIMTPBINIA OJHUM W3 IBYX HTPOKOB 2
napTuit moAps L (HUIbs UCKII0YAeTCs ). BepoaTHOCTh BHIMIPHIIIS, TAPTUY
KaXKJIbIM W3 UTPOKOB papHa 0,5 M HE 3aBUCHUT OT WCXOJOB MPEIBIIYIINX
napruii. Haiinure BepOSTHOCTH TOTO, 9TO UrPA OKOHUMTCH 10 6-if map-
THH.

187. [IBa yesnoBeka MOOYEPENHO U3BJIEKAIOT Iapbl (6e3 BO3Bpalle-
HUs B yPHY), coepzKaiieil m Gebix u n — m Y€PHBIX MAPOB 0 0sdBIe-
Hua Oeoro mapa. HaiiTu BeposiTHOCTD, UTO TEPBBIM OEJIbIH 1ap BBHIHET
JEJIOBEK, HAUABIINN M3BJIEUEHNS, €CITH:

a)yn=4,m=1;

6) n="7m=2.

188. U3 ypusbl, comepxkaireit 3 6ebix mapa, 5 4€pHbIX U 2 KPACHBIX,
JIBA UTPOKA MO0YEPETHO UIBIEKAIOT 110 OHOMY IIapy 6e3 BO3BPAIIEHUS.
BourpsiBaer TOT, KTO TIEPBBIM BBIHET Oejbiii map. Ecam mosiBiasercs
KPACHBIH T1ap, TO 00bABaAgeTCa HUYhsa. HaliTn BepoaTHOCTH COOBITHIA:
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a) BBIUTPAET UT'POK, HAYABIIUI UTDPY;

0) BBIUTPAET BTOPOI YUACTHUK;

B) MI'DA 3aKOHYUTCS BHUYDIO.

189. U3 ypmbl, comeprkalieii a 6eabIX MapoB u b 9EpHBIX, 1BA HTPOKA
MOOYEPETHO M3BIEKAIOT TIO OIHOMY T1apy. BEIUTPHIBAET TOT, KTO MEPBHIM
BhIHET Gesniii map. Halimu BepoaTHOCTh BHIUTPHINIA, UTPOKA, HAYABIIETO
UTPY, B CIyYasiX, KOTIa Maphbl N3BJIEKAIOTCS:

a) [0 CXeMe PaBHOBEPOATHOIO BLIOOPA ¢ BO3BPAIIEHUEM,

0) 10 cxeMe PABHOBEPOSITHOTO BLIOOPA 6€3 BO3BPAIICHHUS.

1.7 ®opmyJia MOJHON BEPOATHOCTU

Mycts Hi, Ha, ..., H, — BO3MOXHbIE CONYTCTBYIOWMUE COOLITUS AAHHOMY COBbI-

TUo A NS JaHHOIO 3KCNEPUMEHTA, NpuYemM cuctema MHoxecTe { H1, Ha, ..., Hy}

obpasyeT nonaHyto rpynny HECOBMECTHbIX CODbLITMIA:

a) H; - Hj = 0 pns nobbix i # j (cobblTus nonapHo HECOBMECTHbI, TO €CTb Hi-

Kakme ABa cobbiTMs He MOryT MPOM30lTN OfHOBPEMEHHO),

6) Hi + Ho + -+ - + Hy, = Q (x0Ts 661 0gHO COBBITUE JOMKHO NMPON30ITY).
NHaye roeopsi, B pe3ysbTaTe 3KCNEPUMEHTA MOXKET MPOU3ONTU OGHO U TONBKO

oaHO n3 cobuiTuii Hy, Ho, ..., Hy.

H1 H2
H,
H;

[nsa noboro Habntogaemoro B akcnepumeHTe cobbiTua A nmeetr mecto ¢hop-
Myna rnosHoON BEPOSITHOCTYN

P(A) =Y P(H:)P(A|H,).

i=1

CobbiTus H; NpuHATO Ha3biBaTbh runoTe3amuy nNo OTHOLIEHUIO K CobbiTuio A.
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Mpumep 20. V3 nonHoro Habopa (28 KOCTALIEK) BOMUHO M3B/IEKAOTCS ABE
KOCTSLLUKN. HaﬁTM BEPOSATHOCTb TOro, 47O UX MOXHO MO rnpasuaamMm rnpuioXXunTb
OA4HY K ApYyroii.

V¥ Ha pesynbraTe coBepLUEHHO HE JONXKHO CKa3blBATbCSl, MO OA4HOW Mbl N3BE-
KaeMm 3TN KOCTSILLKU WSN XXe n3Bsekaem cpasy obe. Moatomy ans onpegenéHHocTn
6y,qu CYNTATb, 4TO N3 NOJIHOTO HaGOpa CHa4ana n3Bne4v4eHa nepeasi KOCTsIWKa, a
NOTOM U3 OCTaBLUNXCS 27 KOCTSILLEK W3BEKAETCS BTOPasi.

npe,D'I'IO}'IO)KVIM, nepBas KOCTsALUKA U3BJI€YHEHA. KaKaﬂ TENEPb BEPOATHOCTb N3-
BI€Yb BTOPYH KOCTSILLKY TaK, 4TOObl €é MOXHO Oblso MpUCTaBUTb K MEPBOIi?
OTBeT Ha 3TOT BOMPOC 3aBUCMT OT BUAA NEPBOI KOCTsWwKM. B camom pene: ecnm
Mbl, K NPUMepy, AOCTanuM Nepeoii KOCTAWKY «5 : 5», To B Habope ocTanock 6
KOCTSILLEK, KOTOPbIE MOXHO MPUCTAaBUTb K nepBoﬁ (3TO OCTaBLUNECA KOCTSLLKN C
undpoli «5» — «5:0», «5:1», «5:2», «5:3», «5:4» n «5: 6>>). Ho ecnun
nepeoii 6bina 6bl M3BNEYEHA, JONYCTUM, KOCTSALWKA «5 : 4%, TO B OCTaBLUEMCS Ha-
6ope, nomumo 6 kocTsiek ¢ uudpoii «5», HallgyTcs ewé 6 KocTswek ¢ undgpoi
«4>», KOTOpbIE TaKXKe MOXHO MPUCTABUTbL K NEPBOMA KOCTSILLKE.

Tak kak BEPOSITHOCTb NMPUCTABUTH BTOPYHO KOCTSILLKY K W3BECTHOI MEPBOiA 3a-
BUCWT OT BUAA 3TON NEPBOMN KOCTSLWKM, TO byaet ynobHo Bocnonb3oBaThecs hop-
Mysioli nonHOW BeposiTHOCTU. BBegém HekoTopbie 0b603HaueHUs:

A = {BTopyto KOCTSILLKY MOXHO NPUCTaBUTb K NEPBOIi }.

[unoTessbl:
H, = {MNepeas kocTawka nmeet Bug «X:X» («aybnb»)},
Hy = {l_lepBa;l KOCTSILLKA UMeEEeT BUj, <<X:Y>>}.
BeposiTHocTu runotes:
P(H) = =% py=22_3
28 4 28 4
VC}'IOBHble BEPOATHOCTU HACTYNNEHNA CO6bITVI9| A npn HAaCTyNI€HUN rNNOTES!:
6 2 12 4
P(A|Hy) = 7 =9 P(A|H2) = > =79
Mo dopmyne nonHoli BeposTHOCTY:

1.2
49

3 4 14 7

P(A) = P(H1)P(A|H1) + P(H2)P(A|H2) = + 1 9°-3% 13

Mpumep 21. Kak u3MeHUTCS BEPOATHOCTL yragatb 5 HOMEPOB B J0Tepee
«Cnoptnoto 5 n3 36>, ecnn npm po3birpeiile WapoB O4uH U3 HUX 3abbLu nono-
Xutb B bapabar?

Vv MNycte A = {yragaubl Bce 5 HOMepoB}. Bbluncnnm BeposiTHOCTL yragaTtb
5 HoMepoB, ecnu Bce wapbl nonoxunu bapabax. MNog anemeHTapHbIM UCX0LOM
B AaHHOl 3apaqe OyAem NOHMMATb W3BAEYEHHbIV HeynopsigoHeHHbili Habop n3 5
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4yncen — HOMepOB n3eredeHHbix wapos. Obuiee koNNMYecTBO CNocobos n3eneyb 5
wapos n3 36 Bo3MOxHbIx (0bLLEe KONNYECTBO 3NEMEHTAPHBIX NCXOHOB):

36!

_ 5
N =0Cs = s

BnaronpusTHbii ucxos byaet Bcero 1 (ecnm u3snedeHbl MMEHHO Wapbl C 3arajaH-
HeimMu Homepamum): N(A) = 1. Toraa nckomasi BepoSiTHOCTb COBbLITUS HAXOAUTCS
no copmyne:

oy Na_ 1 _ s
N O3 36!

Tenepb pewum Ty xe 3agadvy B C/y4ae, €CAu HEKOTOPbIA wap 3abbinin no-
noxuTb B ypHy. Cpasy >ké OfHO3HAYHO OTBETUTb HAa BOMPOC, YBENUHUTCS WUu
YMEHbLINTCS BEPOSITHOCTL COBLITUS A B 3TOM CNy4ae, HeNb3s: AeACTBUTENBHO,
ecnn 3a6b|}'||/| NONOXWUTh Wap C OAHUM U3 3aragaHHbIX HaMU HOMEPOB, TO BEPO-
SATHOCTb YMEHBLINTCS (CTaHET HyNeBoii), a ecan 3abbin NONOXKUTL LWap C HOME-
POM, KOTOPbIli Mbl HE 3araAblBau, TO BEPOSITHOCTb AAHHOrO COBLITUS YBENNYNTCS
(KOJ'II/I‘-|eCTBO «BbIUTPbILWHBIX>» WAPOB OCTAaJIOCh NPEXHUM, a O6Ll_lee KONnN4eCcTBO
LIapOB YMEHbLUNOCH).

Mostomy paccmoTpum oba cnydas — u TOT, B KOTOPOM 3abbiin NONOXKMTH
((Bbll/ll'pbll.lJHbIﬁ» wap, n I'IpOTVIBOrIOJ'IO)KHbIﬁ — KaK OB€ BO3MOXHblI€ TMNOTE3bI:

Hy = {3abb1nu NoNOXUTb «BLINTPbILIHbIVY Wap}

Hy = {3abbinn nonoxmnTb «HEBLINIPbIWHbIAY» Wwap}.

YunteiBas 10, 4To cpeamn 36 wapos 5 «BbIMrpbIWHbIX> U 31 «HEBBIMIPbILL-
HbIA», BbIYMCIUM BEPOSITHOCTU MMOTES:

31

5

BeposTHoCTb HacTynneHusi cobbiTust A npu ycnoeum HacTynnenms cobbitus
H, paena nynio (P(A|H1) = 0), Tak kak BbinafieHne 5 «BbINMPbILIHBIXY WAPOB
Npu yCNOBUW, HTO OJUH «BbIUFPBIWHBIAY wWap 3abbinu nonoxuts B GapabaH,
HEBO3MOXHO.

[ns HaxoXAeHWUs BEPOSITHOCTN COBbITUS A npu ycnoBum HacTynneHus cobbi-
s Ho BOCNONb3YEMCSl TaKOW K& CXEMON PacCyXAeHUs, KakK U NepBOHaYanbHO
NpU HaxOXXAEHNN BEPOSITHOCTM 3TOrO COBLITUS B CNy4ae, KOraa BCe Lwapbl Ha Me-

cte. Ecnm 3abbinu nonoxunTe «HEBbIUMPBILWHBIGA Wap», To B 6apabaHe okazanock
35!

5130!
cnocobamu, HO B6NAroNpUSITHBIA WCXOA TONBKO OAWH, NO3TOMY MCKOMAasi BEPOSIT-

HOCTb paBHa

35 Wwapos, u3 KOTopbix 5 «BbIMrpbiHEIX». V3neds 5 wapos moxHo O35 =

1 530!

P(AlH2) = 7o = Z5r

5
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CornacHo dopmyse NosnHoOl BEPOSTHOCTYN, HAlAEM BEPOSITHOCTb CObbITUSI A:
P(A) = P(H1)P(A|H:) + P(Hz2)P(A|Hz) =
_5 0+ 31 5!30! _ 5130! - 31 _ 5131!
36 36 35! 35! - 36 36!

33MeTI/IM, 4TO noaydunca TaKol e pe3ynbTaT, 4HTO U B TOM Cny4ae, Korga
HWKaKOli Wwap He 3abbieanu. Takum 0bpa3om, BEpPOSITHOCTbL yragate 5 HOMEpOB,
KOrfia Npu po3birpbllle OAMH Wap 3abbiiu NonoXxuTb B bapabaH, He nameHmnace.

DT0oro pesynbTaTta MOXHO Obino oxugate. OnucaHHas cutyauus siBNsieTCst
dakTnyeckun bonee cnoxHol cxemoii CnyHaiiHoro Bbibopa 5 Wapos npu posbirpbi-
e — cHavana u3 nonHoro Habopa B 36 wapos cnyyaiiHbiM 06pa3om BbIbupatoTCs
35 u nomewarotcss B bapabaH, a nocne 3Toro U3 Hux Beibupaercs 5 wapoe. No-
3TOMY QHAJNIOrM4HOro cCcoBnageHns BepOﬂTHOCTeﬁ MOXXHO OXNAaTb U B Cly4dasX,
korga B 6apabaH 3abbinn nonoxute 2, 3, 4, ..., 30 nnu gaxe 31 wap. A

190. U3 nomnmoii konozabl Kapr (52 JIMCTA) BHIHUMAIOT CPa3y JBE
kapThl. OQHY U3 HUX CMOTPST - OHA OKA3aJIaCh:

a) ImaMoii;

6) Ty30M.

Tlocne 3TOTO [BE BBIHYTHIE KAPTHI MEPEMEINMBAIOT U OAHY U3 HUX
6epyTt Hayraz. Haittu BEpOSTHOCTH TOTO, 9TO OHA OKAYKETCS TY30M.

191. IIpubop, ycTaHOBIEHHBIH HA OOPTY camoJsera, MOXKeT pabo-
TaTh B JBYX PEXKUMAX: B YCJOBUAX HOPMAIHLHOTO KPEHCEPCKOTO TTOJIETa,
7 B YCJIOBUSAX TIEPETPY3KM TIPHU B3JIeTe U Tocaake. Kpeiicepckuit pesknm
nonera ocymectsasercs B 80% BCEr0 BpEeMEHW MOJeTa, yCIOBUSA Tepe-
rpysku — B 20%. BeposTHOCTH BBIXOmA MpHGOpa M3 CTPOS 34 BPEMS
mojeTa B HOPMAJIbHOM pexkuMe paBHa 0,1, B yCJAOBUAX TEPETPY3KU —
0,4. BoruncanTh HaIEKHOCTH TTPUOOPA, 38 BpEeM# TTOJIeTa.

192. B mpomaxKy MOCTymaioT TeJIeBU30PHI TPeX 3aBoI0B. IIpomykims
neproro 3aBoma comepkuT 20% TeIeBM30pPOB CO CKPHITHIM JedeKTOM,
Broporo — 10% u Tperbero — 5%. KakoBa BepoaTHOCTH MpuoGpectn
WCIIPABHBIA TENEBU30P, €Cu B Marasu noctynuino 30% TeneBu3opos ¢
nepsoro 3asona, 20% — co sroporo u 50% — ¢ Tperhero?

193. Uwmerorca ape maptuu u3genauit mo 12 u 10 mTyk, mpudem B
KaXKJION TapTwu OJHO u3esne OpakoBaHHoe. U3mesne, B3sTOE Hayma-
9y W3 MePBOi MapTHH, HEePeIokKeHo BO Bropyio. ITocie wero m3 BTOpOit
MapTUH HayAady BbiOMpaercs omgHo uzzaenue. OupenenuTs BepOATHOCTD
TOrO, 9TO OHO OPAKOBAHHOE.

194 ©. Jliobumoe 3amsaTHe IByXJeTHe# nepouxku KaTtm - cpe3aTsb
nyrosutbl ¢ omexanl. [loka mMama rorormia kamy, Kare ymamoch oT-
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CcTpudb BCe 5 GEJIbIX MYTOBHUIL C TATTMHON MUXKAMbBI ¥ 3 Y€PHBIE Ty TOBUIIbI
¢ MaMUHOrO BeuepHero miarbs. Oxmy myrosurly Kars mpormorwna, a
OCTaJIbHBIE 3aCYHYJIA B MIYOOKYIO IIEJTh MEXKIY MOJOM U IJIMHTYCOM. 33,
9TUM 3aHATHEM ee W 3acTaja Mama. C GOIBITUM TPYIOM MaMma, CyMeJa
BBIKOBBIPSATD U3 IIEJX 2 MyroBuibl. KakoBa BEPOSTHOCTH TOTO, UTO ILjIa-
The MOYKHO IIPUBECTH B MIOPHAJIOK, €CTIA O/IHA 3allaCHad IIyTOBUIA Y MaMbl
ecTh?

195. B nepBoit ypHe HaXOAUTCS OIUH OEJIBI U 9 YepPHBIX MAPOB, 4
BO BTOPOIi - 0iMH OEJIbIi U 5 YepHBIX MapoB. V3 Kaxk10# ypHBL yIaauin
CAyYafiHbIM 00PA30M IO OJHOMY IITapy, a OCTABIIMECS IMAPHI CCHIMATN B
Tperbio (cBOOOAHYIO) ypHY. Haliqure BepOsSTHOCTH TOrO, UTO Iap, BbI-
HYTBIH U3 TPEThell YPHBI, OKAYKETCST OEJIhIM.

196. Ilpu mepenmnBaHNU KPOBHU HAIO YINTHIBATH TPYIILY KPOBH JOHO-
pa u 6osibHOrO. YestoBeKy, MMEIOIeMy YeTBePTYIO IPYIITy KPOBH, MOXKHO
MEPETUTH KPOBB JII0OO0I IPYIIILI; YEJI0BEKY CO BTOPOI WJIH TPeTheil rpyT-
MO KPOBU MO2KHO LIEPEJIMTh KPOBb JiiOO0 TO 2Ke rpylliibl, MO0 TEepBOif;
4eJIOBEKY C IIEPBOI IPYHIIONR KPOBU MOKHO IIEPEJIUTDH TOJIBKO KPOBb IIEP-
Boit rpymmer. Cpemm Hacenernus 33,7% wmeror nepsyio, 37,5% — Bropyio,
20,9% — tperbio u 7,9% — 4ersepryio rpynnsl Kposu. Haiitn BeposiT-
HOCTb TOI'O, YTO CJIy4aiflHO B3ATOMY OOJIbHOMY MOX2KHO LIEPEIUTb KPOBb
CJy4aliHO B34TOrO JOHOPA.

197 ©. Crynenr dundaxa Ileras YepHLITEB CTABUT TPH ANTHKA
MKUBa MPOTUB ABYX, 9TO, BblyuuB 12 OmieroB mu3 30, OH cIacT 3adger 1o
Kpaiirneii Mepe co BTOporo paza. CTOWT JM ero MPUATEN0 3aKJII0YaTh
napu? (Vxasanue: HAATH OTHOIIEHUE BEPOATHOCTEH GJIATOMPUATHOTO U
uebsaronpuaraoro s [leru cobbiTuii. )

198. B uepsoit ypue comepxkurca 3 Oeiblx U 2 YepHbIX wmapa, BO
BTOPOit — 3 Gesbix u 4 yepubix wapa. VI3 nepBoil ypHbI BbIHY/IN HAYIAWLY
mwap u nepesiozkuiu B0 Bropyio. Ilocsie sroro u3 Bropoit ypHbl BblHyJIN
HayZady Iap u mepesoxusan B nepByi0. C Kakoil BEPOSTHOCTHIO COCTAB
IIapoOB B yPHAX HE M3MEHUJICs

199. Tpu crpenka, BEPOATHOCTHU MOMAJAHUS KOTOPBIX IPU OIHOM
BBICTPEJIE B MWIIEHb B HEM3MEHHBIX YCJIOBUSX MOCTOSHHBI W COOTBET-
cTBeHHO paBHbl p1 = 0,8, p2 = 0,7, p3 = 0,6, gea0T IO OJTHOMY BbI-
CTPEJy B OJHY W Ty YK€ MUIIEHb. BBIYUCIUTD BEPOATHOCTH COObITHS A
= {B MUITIEHN OKaKeTCsT POBHO JIBE TIPOOOWHBI }, TIPUHSIB B KAYECTRE I'Hi-
MOTE3 DJIEMEHTAPHBIE UCXOIBI TAHHOTO HKCIIEPUMEHTA.
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200. /IBa opymus mMpOU3BOIAT CTPEIbOy MO AByM mensm. Kazkmoe
opyIne BLIOMpAaeT cede Teab CIyIaiHbIM 00pa30M U HE3ABUCHMO OT JPY-
rux. e, 06CcTpeisiHHAS OHUM OPYINEM, MOPAYKAETCS C BEPOSTHOCTHIO
P, IBYMST OPYAUSIMI — € BEpOSITHOCTHIO p(2 — p). C Kakoii BeposATHOCTHIO
U3 IByX Ieseii Oyaer mopaykeHa poBHO OIHAT

201 ©. Ogun BIacTeIWH, KOTOPOMY HACKYYHJ €TO 3BE3I0UET CO
CBOWMU JIOKHBIMU TIPEIACKAZAHUSIMU, PEITII KA3HUTH ero. O 1Hako, OyIy-
97 A0OPHIM TIOBEIUTEEM, OH PEINnJI JATh 3Be3109eTy TOCIETHUN TIAHC.
Emy Bememno pacupemennTs mo 2 ypHam 4 mrapa: 2 9epHBIX B 2 OesbIX.
TTasmau BeIOEpET HAYTA] OJHY W3 YPH W W3 Hee BBITAINWT OAWH map. Kc-
Jm map OyIeT YepHbBIM, TO 3BE3I0YETa KA3HAT, B TPOTHBHOM CJIyYae €ro
XKu3Hb Oymer cracena. Kakum oOpa3oM 3BE3I0YET JOJIXKEH PA3MECTUTH
mapsl B ypHAX, 9TOOBI ODECIIEYNTh ceOEe MAKCHUMAJIBHYIO BEPOSTHOCTD
OBITH CLIACEHHBIM 7

202. U3 nosmO# KOMOABI B 52 KAPTHI HAYAATY IOCJIEI0OBATETHHO
n 6e3 BO3BpAIlleHNsT BHIOMPAIOT ABE KapThl. KakoBa BEPOATHOCTH TOTO,
9TO BTOPO# KAPTON MOXKHO TIOKPBITE 1epBy0? (D10 3HAUUT, YTO BTOpAas
KapTa JOJIKHA OblTh OOJIee CTapieil KapToii Toil 2Ke Macru.)

203. I3 20 Bompocos cTyneHT nogarorosmicda K 15. Ha sx3zamene
KazKJIblil OepeT BOIPOC U, OCTABUB €r0 y cebsd, naeT rotoBuThes. Hafitu
BEPOSATHOCTH TOTO, YTO CTYAEHT, LIPULIEIIIN

a) BTOPbIM,

6) TperbuM
OTBETHUT HA MPEJIOKEHHBIN eMy BOTPOoc. CpaBHUTH TIOJIYY€HHBIH Pe3yITb-
TaT C BEPOSTHOCTHIO MPABUJIBHOTO OTBETA HA TPEJJIOKEHHBINH BOMpOC,
ecau OBbI CTYIEHT 3aXOWJI TIEPBBIM.

204. (nmpomomxenue 3amaun 156). Ha maxmarnyo J0CKy Haymady
CTaBATCSA BA CJIOHA (CJIOH XOIUT MO auaronaun). Haiitu BeposTHOCTD
TOTO, YTO CJIOHBI TTOOBIOT APYT APYTA.

205. B mnepsoit ypHe HaxomsTcss 5 OebIX W 3 UEPHBIX IIapa, BO
BTODOIt — 8 GesbIX U 5 YepHbIX mapoB. VI3 mepBoit ypHb Haygady OepyT 1
Iap ¥ MePeKJIaIbIBAI0OT BO BTOPYIO YPHY, TOCJIE Y€r0 HAYAAYY W3 BTOPOI
YPHBI B MEPBYIO TAK)Ke MEPEKJIAAbIBAETCs oauH mmap. llocie storo us
TIepBO#l yPHBI M3BJEKAIOTCA ABa Iapa. Haiitm BEPOATHOCTH TOTrO, 9TO
00a U3BJIEYEHHBIX 11aPA OKAXKYTCH Y€PHBIMHU.

206. B uepsoii yphue mq OGeJbIX U Ny YEPHBIX IMAPOB, BO BTOPOH —
Mo OENBIX U Ny YEPHBIX MAPOB, B TpeTheil — mg OeIbIX U N3 YePHBIX

1.8 ®@opmyna Baiieca 49

mapos. U3 mepBoii ypHBI caydaitHbIM 00PA30M OJWH AP MEPETOKUIN
BO BTOPYIO, 3aTe€M W3 BTOPOU YPHBI OJWH IIap NEPETOKWIN B TPETHIO,
TTOCJIe Yero OJWH TMap W3 TPeThell YPHBI MepeIoKuan B mepByio. Haiitu
BEPOSTHOCTDH TOTO, UTO W3BJEUYEHHBII TOCIE STOTO AP W3 TMEPBO YPHBI
OKasKeTcs OenbIM. PemmTh 3a1ady a1 CIydaes:

a) m1:m2:m3:n1:n2:n3:2,

6)m1:m2:m3:1, n1:n2:n3:2,

B)mi =1 my=2 mg=3,n =3, ny =2 ng=1,

) Jyis TPOU3BOJIBHBIX HATYPAJILHBIX M1, Mo, M3, N1, N2, N3.

207. IlpouwsBoamTcs n HE3ABUCUMBIX BBICTPEJIOB 3aKUTATETHHBIMHU
CHapsIaMu TIO pe3epByapy ¢ ropiounM. Kaskablit cHaps 1 momaaaeT B pe-
3epByap € BEpPOSATHOCTHIO p. Ecim B pe3epByap momnas OaWH CHAPSI, TO
ropiovee BOCILIAMEHSETCS ¢ BEPOATHOCTBIO P1, €CJIW JABA CHAPSAIA — C
MOJTHON A0CTOBEpHOCTHI0. HaiiT BEPOSTHOCTH TOTO, 9TO TIPHU 1 BHICTPE-
JIaX TOpIoYee BOCILIAMEHUTCS.

208*. Yemy paBHA BEpOSTHOCTH TOTO, YTO IBA OPOCAHUS TPEX WI-
PaJILHBIX KOCTEH JaayT OJWH U TOT K€ PE3yJabTaT (HeylopsaI0dYeHHbIH
HabOp U3 Tpex mudp), CIu KOCTH BHEITHE HE PA3TUUUMBI?

1.8 ®opwmyna Baiteca

Mycts {H1,Ha,...,Hp} — BO3MOXHbIE CONYTCTBYOLME COBBITUS AaHHOMY CO-
GbITU0 A NS JaHHOrO 3KCNepumMeHTa, 0bpasyrolime nofHy rpynny cobbiTuii.
MycTb 3KCNEpUMEHT MPOBEAEH M CTano W3BECTHO, YTO cobbiTue A ocywecTeu-
nock. [ns BblunCneHns nocneonsiTHON (anoCcTeEPUOPHON) BEPOATHOCTI FMMOTESbI
Hy, npu ycnosum, 410 cobbiTue A npousoLwnio, crnefyet nosib30BaThCs hopMysoin
Baiieca

P(Hy)P(A|Hk)

55 PUH)P(AIH)

p(Hk|A) =

Dopmyna Balieca nossonsieT «nepeoueHNTb» BEPOSITHOCTb KaXKAOW U3 rMnoTes
nocfe NOCTYNNEHUst HOBOW «UHGOPMaUMnM» OTHOCUTENBHO OCYLIECTBNEHUS Tex
UM MHBIX HabnoaaemMbix CobbITHIA.

Mpumep 22. []Boe oxoTHuKOB 3ameTunu yTky. [lepBbiii BbICTpENUA ofuMH pa3 ¢
BEPOSITHOCTbIO nonagauus 0,8, a BTOPoii ycrnen caenatb [Ba BbICTPENA, HO C Be-
posiTHOCTbiO nonagarusi 0,4 Ha kaxgom u3 Hux. VTka ynana, npu4ém nonagaHue
B Heé bb1/10 TONLKO OfHO. KTO U3 OXOTHUKOB C BONLLUNMU OCHOBAHUSIMU MOXKET
nNpeTeH[0BaTh Ha [Jobbidy?

v Mycte A = {Y1ka nopaxena ogHum BbicTpenom}. Haligem BeposTHocTb
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TOro, 4TO MpW 3TOM YCJOBWUM BLICTPEN MEpBOro OXOTHMKa joctur uenu. Ecnm
HalljleHHast BEPOSITHOCTb OKAXETCst Gonblue 1/2, To GonbluMe OCHOBAHMS MPeTEH-
[0BaThk Ha [oBbivy ByAyT y nepeOro oxoTHMKA, ecnm Menblue 1/2, To y BToporo (a
B C/ly4ae paBeHCTBA 3TON BEPOSITHOCTU 1/2 OCHOBaHUS NpeTeHAOBaTb Ha JODbIYY
y 06oux OxO0THUKOB ByayT OAMHAKOBBLIMMI).

[ns pewenus 3agavn socnonbsyemcs copmynoii Batieca. Beigenum runote-
3bI:

H, = {MNepebili oxoTHuk nonan},

Hy = {Mepebili 0XOTHUK NPOMaxHyNCs }.

Vs ycnosusi nonyvaem: P(Hy) = 0,8; P(Hz) =1 — P(Hi) = 0,2. Haiigém
BEPOSITHOCTbL COBBITUS A Npu YCNOBUM HACTYNNEHUSI AAHHbBIX TUMNOTES.

Ecnn nactynuno cobbitne Hi, TO 3TO O3HA4aEeT, H4TO NEPBbI OXOTHMK Nonan.
Moatomy ans HactynneHus cobbiTusi A npu 3TOM ycnoBuu HeobxoamMmo, HTobbI
BTOpOI 0x0THMK 0bBa pa3a npomaxHyncs. Beegem obosHaueHus:

B: = {BTopoii 0XoTHWK nonan CBOWM NepBbIM BbICTPENOM},

By = {BTopoii 0X0THWUK nonan CBOWM BTOPbIM BbICTPENOM }.

Mo ycnoeuo P(B1) = P(Bz2) = 0,4, Torga P(B1) = P(Bz2) = 0,6. Cra-
10 6biTb, A|H; = By Bz. YunTeiBas TO, YTO BLICTPesbl BTOPOrO HE3aBUCUMBI,
MOXHO HaliT BEPOSITHOCTb AAHHOrO COBBITUSA:

P(A|H:) = P(B1 Bz2) = P(B1)P(B2) = 0,6 - 0,6 = 0, 36.

AHanoruyto Boluucnsiem u sepositHocte P(A|H2). Hactynnenue cobbitus A
nocne npomMaxa NEPBOro OXOTHMKA BO3MOXHO TONbKO TOraa, Korga BTOpOﬁ OXOT-
HUK NONageT poBHO oanH pa3. [1ns 3Toro oH gomker nnbo nonacTs CBOUM NepPBbIM
BbICTPEJIOM, @ BTOPbIM MPOMaxHyTbCst, MbO Ha0BOPOT — MPOMaxHYTLCS, @ NOTOM
nonacte. MNoaTtomy

P(A|H1) = P(31§2 —|—§1Bz) = P(Bl)P(Fz) + P(El)P(Bz) =
=0,4-0,6+0,6-0,4=0,48.
Onsa nopcueta P(A|H2) MOXHO 6bINO Takke BOCMONb30BaThCs hopMysiol

BbIYMCIIEHNS] BEPOSITHOCTM HACTYMIEHMSI OQHOrO CObLITUSI B CEpuM n3 ABYX He3a-
BUCMMbIX OAHOTUMHbLIX UCMbITaHU (cxema Bepwynnu):

P(A|Hy) =C5 -0,4"-0,6" =0,48.

Pasymeercs, n npu aTom cnocobe noacHéTa nosydeH TOT XKE pe3ynbTarT.
Tenepb MOXHO BOCMONIb30BaTLCS U popmynoii Baiieca:

B P(H,)P(A|H)) _
P(H,|A) = P(H)P(A|H,) + P(H2)P(A[H2)
0,8-0,36 _ 0,288

0,8-0,36+0,2-0,48 0,384

> w
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Tak kak P(H1|A) = z % TO € 6ONBLLINMYN OCHOBAHWSIMK NPETEHA0BATL HA
[06bI4Y MOXET NepBblii OXOTHUK. A

209. B mnepsoii rpymme 25 crymenTtos, Bo BTopoit 35. B mepsoii
TPyIIe CTUMEHINIO0 BCEM BBIJAIN B CJemyomeM Habope: 6 accuraauii
mo 50 pybueit u ommy 100 pyOseii. A Bo BTOpOIt - B Habope 4 o 50 p.
n 2 mo 100 p. Hekwit cTyneHT, TTOMOKUB CTUTIEHINIO B KapMaH, BBHIHYJI
3aTeM OJHY aCCUTHAIIMIO; OHa, OKa3aJach JocTomHcTBOM B 50 p. Kakosa
BEPOSITHOCTH TOTO, 9TO OH U3 MEPBOU TPYIIIIHI?

210. B xopobke HAXOAATCS ABE HEOTIMIUMBIE 110 BHEIITHEMY BUIY W
IO BECY UTPAJIbHBIE KOCTH: OJIHA, TPABUILHAS, C OTUHAKOBBIMU BEPOSITHO-
CTSIMU BBITIQIEHUS BCEX IMECTH IU(P MpU CIYUANHOM MOAOPACHIBAHWN;
Jpyras HempaBWIbHAsI, C HEPABHOMEPHBIM DPACIPEJIEICHHEM MACChI 10
obbemy. Ilpu caygaitnom moa0pachIBAHIN HEMTPABUAIBHON UTPAJIBHON KO-
CTH IIeCTEePKa TOSIBJISETCS C BEPOSTHOCTHIO 1/3, e/IMHATIA — C BEPOSTHO-
crbio 1/9, ocranbubie mudpH BRITAIAIOT C OINHAKOBON BEPOSITHOCTHIO.
Haynauy u3Bieuennas m3 KOpoOKU UIPajibHALA KOCTb ObLIA 10A0POIIEH],
n B pe3ynbrare BhIMasio 6 oukoB. HaiiTn BepodATHOCTH TOTO, 4TO ObLIA
OIOPOITIEHA TPABUIbHAS UTPAJIBHAS KOCTbD.

211. IIuchbMO HAXOAUTCA B MHUCHMEHHOM CTOJIE C BEPOSITHOCTHIO P,
MpUYEM C PABHON BEPOSTHOCTHIO OHO MOXKET OBITH B JTIOOOM U3 BOCHMHU
SAMIAKOB CTOJIA. MBI TPOCMOTPENIM CeMb SIUKOB W TUChMa, HE HAIILIN.
KakoBa mpu 3TOM BEPOSITHOCTh, UTO MUCHbMO B BOCHMOM SIIIIUKE?

212. B ypHe JeXuT map HEM3BECTHOTO IBETA C PABHOW BEpOST-
HOCTBIO Oenblit wian depHbIii. B ypHY omyckaercsa omumu OGesnblii map u
ITOCJIe TIATEIHLHOTO MMEPEMEITUBAHUS HAYIA9y U3BJIEKAETCS OJWH IIap.
On okazasics GeabiM. KakoBa BEPOSITHOCTH TOTO, YTO B yPHE OCTAJICS
Genbrii Trrap”?

213 ©. B noHemebHUK, TOCTE ABYX BBIXOJIHBIX, TOKaph I puropuit
BBITAYUBAET JIEBOBUHTOBBIE Iy PYTIHI BMECTO OOBIYHBIX TPABOBUHTOBBIX C
BepogTHOCTHIO 0,5. BO BTOPHUK 3TOT OKA3aTeb CHU2KAETCS /10 CPETHE-
mexoBoro - 0,2. B ocrasbuble 10U Hemenun [ puropuit yaapHo TPYIUTCS U
MPOIEHT GpakKa Cpean M3TOTABIMBAEMBIX WM TTypynoB cocrasiaser 10%.
IIpu npoBepke HemENbHON MAPTHUU MIyPYIOB, BHITOYEHHBIX ['puropumem,
Cay9IaiiHO BBIOPAHHBIN IIypyn okaldamcsa medexrabiM. KakoBa BeposaT-
HOCTH TOT'O, 9TO IIYyPYI U3TOTOBIEH B MOHEIETbHUK !

214. Ha mekoropoii ¢gabpuke mammua A mpomssomnt 40% Beeit
nponykunu, a mammaa B — 60%. B cpemmem 9 emmnwnn mw3 1000 eam-
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HUI[ TPOYKIINH, TPOU3BEIEHHBIX MAIIUHON A, OKa3biBaeTcsi OpakoM, a
y mamuabl B — 6pak 2 eguanisl u3 500. Hekoropast equnana mpoayk-
MU, BHIOPAHHAS CAyYaliHBIM OOPA30M W3 JHEBHOW MPOIYKIINU, OKA3a-
Jnack 6pakom. KakoBa BEpOSITHOCTH TOTO, UTO OHA MPOU3BEIEHA HA Ma-
mmHe B?

215. Uwmerorcs 2 ypubl. B niepBoit 3 6esbix u 4 4epHBIX I1apa, BO
BTODOIi - 2 6esbix u 3 YepHbIX. VI3 mepBoii ypHBI HayAady IePeKIaIbIBa-
0T BO BTOPYIO 2 I1apa, a 3aTeM U3 BTOPOH YPHBI U3BJIEKAIOT OJWH IIap.
Kakoii cocras mepesokeHHbIX MapoB Hanboiee BEPOSATEH, €CIIN Map, W3-
BJIEUEHHBIN U3 BTOPOI YPHBI, OKAYKETCsT OEJTbIM 7

216. UssecTHO, uT0 96% BHITyCKAEMBIX 3aBOIOM M3IEIWH OTBEYACT
CTaHIAPTy. YTPOIEHHAs cXeMa KOHTPOJS TPU3HAET MPUTOIHON CTaH-
JAPTHYIO TPOAYKIINIO ¢ BeposaTHOCTHIO (0,98 1 HeCTaHIApTHYIO C BEPOSAT-
nocrbio 0,05. Onpemenure BEpOSITHOCTh TOTO, 9TO W3/IETHE, TPOIIEIIee
VIIPOIIEHHBI KOHTPOJIb, OTBEYAET CTAHIAPTY.

217. Ywucno 6pakoBanubix Mukpocxem Ha 1000 anpuopu canraercs
paBuoBo3MOXkHBIM OT 0 110 3. Hayma4ay onpobosanst 100 Mukpocxem, oKa-
3aBIuecs: ucrpaBHbiMu. KakoBa BEpOSATHOCTH, 9TO BCE CXEMbI UCIPAB-
HBI?

218. B rpymme u3 25 4esa0BeK, TPUIIEAITNX CAABATH SK3AMEH TIO TE€O-
pun BeposATHOCTEI, mMeeTcs 10 OTITMIHUKOB, 7 TTOITOTOBJIEHHBIX XOPOIIIO,
5 — yIOBJIETBOPUTEIHLHO U 3 UEJIOBEKA, MJIOXO TOATOTOBIEHBI. OTINdHN-
KF 3HAIOT BCe 25 BOMIPOCOB MPOTPAMMBI, XOPOIITO MOATOTOBIeHHbIE — 20,
TO/ITOTOBIEHHBIE YIOBIETBOPUTETHHO — 15, U IJIOXO MOATOTOBJIEHHBIE
guaoT Juiib 10 BompocoB. Bei3BaHHBIN Haymady CTYAEHT OTBETHJ HA
JBa, 33 TaHHBIX BOTpoca. HaiiTn amocTepnopHble BEPOATHOCTH THITOTE3:

H, = {cTyaeHT MOATOTOBRIIEH OTINYHO WM XOPOIIIO },

Hy; = {cTyaeHT noAroToBJieH yI0BJIETBOPUTENBHO },

Hs — {cTyaeHT noJroToBJieH 1wioxo}.

219. U3 20 crymeHTOB, NPHUIIEANAX HA YK3AMEH, 8 MOATOTOBIEHBI
OTIUYHO, 6 — XOpOIMOo, 4 — TIOCPEJICTBEHHO U 2 — TI0X0. B 9K3amMeHannoH-
HBIX Ousietax umeercs: 40 Bompocos. CTyIeHT, MOATOTOBIEHHBIN OTJINYIHO,
3HAET BCE BOTIPOCHI, XOPOITO — 35, TTOCPEIACTBEHHO — 25 u 110X0 — 10 BO-
npocoB. HekoTopsrit cTyneHT oTBeTn Ha Bee 3 BOMpOca Ouiera. Haiianre
BEPOSTHOCTH TOTO, 9TO OH TOJATOTOBJICH

a) XOpoTIIo,

6) mI0XO.
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220. Hwmeercs 117 moner, npudeMm y OHOM u3 HuUX repd ¢ obemx
CTOPOH, a OCTAIbHBIE MOHETHI OObIUHbIe. Hayra s BHIOpAHHYIO MOHETY, He
PasTIsabIBast, OPOCAIOT 7 pas3, MPUYEM TPU BCEX OPOCAHUSAX OHA MAJAET
repbom kBepxy. Halianre BEpOSITHOCTH TOTO, UTO OBLIA BHIOpAHA MOHETA,
¢ 2 repbamu.

221. TIpeanosioxum, 9TO HAJAEIKHOCTH OMpPeIeIeHnsT TyOepKyIe3a
PV PEHTTEHOBCKOM TIPOCBEYMBAHWN TPYAHON KiaeTku coctapiasier 90%
(1. e. 10% mocuTenelt TyGepKyIe3a OCTAIOTCS HEOTO3HAHHBIME ). BeposT-
HOCTBb TOT'O, YTO y 3J0POBOTO YEIOBEKA OY/ET OMUOOYHO ONPEIeeH Ty-
6epkynes, cocrapnser 1%. [IpocseamBanmio 6GpL1a TOABEPrHY TA GOMBITAS
IpyNTa JIOel CO CpeIHNM TIPOIEeHTOM BOMBbHBIX, paBHbM 0,1%. Kakosa
BEPOSITHOCTH TOTO, UTO YEIOBEK, TPU3HAHHBIN OOJBHBIM, TeHCTBUTEIHHO
SIBJISIETCST HOCUTEIEM TybepKye3a”

222, IIpu HEKOTOPBLIX YCIOBHUAX CTPEILOLI CTPEIOK A mopakaer
MWUIIIEHB ¢ BEPOSITHOCTBIO p1 = 3/5, CTpesok B — ¢ BEPOSITHOCTHIO Py =
2/3, crpenok C' — ¢ BepoATHOCTHIO p3 = 2/5. CTpenkn Aamm 3amm Mo
MUIIEHH, U [ABE YU MONAJH B [eb. UT0 BeposTHee: monas C' B MUIIEHb
niy Her?

223. Tpoe OXOTHWKOB OJHOBPEMEHHO BBHICTPEINJIN B BOJIKA, KOTO-
pbIit 6611 youT ommO# myseit. OnpeaeanTh BEPOSITHOCTH TOTO, YTO BOJIK
ObLT yOUT ITEPBBIM, BTOPHIM WU TPETHUM OXOTHUKOM, €CJIU BEPOSITHOCTU
TOMAJAHNS JI/IT HUX paBHBI coorBeTcTBeHHO 0,25 0,45 0,6.

1.9 IloBTopenme ucnbiTauuii. Popmyna bBeprHyaan

OfHNM 13 KNacCNYecKnX SKCNEPUMEHTOB, N3YHaEMbIX TEOPUEH BEPOSITHOCTEIA, 5IB-
NAETCA NpoBEeAEHNE NOCNEA0BATENbHbIX HE3ABNCUMbIX NCNbITAHWUA 1 Ha6n|o,u,eH|/|e
pe3ynbTaTta COBMECTHONO OCYLLECTBNEHNA TEX NN UHbIX NCXOAO0B Ka>X40ro uncnbl-
TaHus.

MocnenoBaTenbHble UCMBITAHUS HA3bIBAOTCS HE3aBUCUMLIMU, €CNN BEPOSIT-
HOCTb OCYLLIECTBNEHUS N1t06Oro UCX0Aa B ¢-M MO CHETY UCMBITAHUN He 3aBUCUT OT
NCxo40B npeabiaymx NCNbITAHNA.

MpocTefilummM KNaccoM MOBTOPHBIX HE3ABUCUMbIX WCMbITAHUA SBASETCS n0-
CNef0BATENIBHOCTE HE3ABUCUMBIX NCNbITaHUI € AByMsi ncxogamu («ycnex» n
«HEYCrex») n C HEU3MEHHbIMU BEPOSITHOCTSIMU KYCMEXAa» P U KHEyCrexas q =
1 — p B kaxgom ucnsiTanny. KpaTkoe HasBaHue: cxema ucnbitanunii beprynnn.

BepositHocTe Pp (k) TOro, 4To B . HE3aBUCUMBbIX MCMBITAHUSIX, B KAXKAOM U3
KOTOpPbIX BEPOSITHOCTb MOSIBJIEHUS] KYCMExa» PaBHA p, CObBbITUE HACTYMUT POBHO
k pa3s (6e3paznuuHo, B Kakoli NOCNE[OBATENBHOCTY), BbIYUCASETCA NO dopmyne
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Bephynnu

roe g =1—p.

Mpumep 23. BeposTHOCTL nonasaHusi B MULLEHb MPU OAUHOYHOM BbICTPENE
paBHa 3/4. Haiitn BeposTHOCTb TOro, 4T0 NOCNe 5 BbICTPENIOB MULLEHD

a) He byneTt nopakeHa Hu pasy;

6) 6ynet nopaxena 2 pasa;

B) byger nopaxeHa He meHee 3 pas.

Vv B panHoii 3agave nog «ycnexom» Byfem noHMMaTh NONajaHue B MULLEHb.
Mo ycnosuto p = 3/4, n = 5. BepositHocTb «Heycnexa» g =1 — p = 1/4. a) Be-
POSITHOCTb TOFO, Y4TO MULIEHb He ByAeT nmopa)keHa HU pasy, paBHA BEPOSATHOCTM
HacTynneHus 0 ycnexoe B cepum n3 5 ucnbiTaHuii, 4to no copmyne Beprynnn
BbIYNCNSETCS Cnegytowmnm obpasom:

o (G) () - ()

6) AHanornyHbiM 0BpasoM HAXOANUM BEPOSITHOCTb 2 nonafaHuii («yCnexoe» ):

-t (2) () - (1)

B) CobbiTne, 3aknIOHaOWEEC B NOPAXKEHMN MULIEHN HE MeHee 3 pas, packna-
ObIBAETCA B CYMMY HECOBMECTHbIX CODBITUIA, 3aK/IOHAKOWNXCS B NONajaHum B
MuweHb 3, 4 n 5 pa3 cooTBeTCTBEHHO. [103TOMY MCKOMasi BEPOSITHOCTb paBHA

P5(2 3) = P5(3) + P5(4) + P5(5) =

() 6 - () () - () ()

n(2) ) e () )

Mpumep 24. BeposaTHOCTbL OTKa3a ABUraTesis CaMOJIETa BO BPEMS MONIETA PaB-
Ha p. CamoneT coxpaHseT cnoCobHOCTL NETATh, €C/N Y Hero paboTaroT He MEHbLLE
nonoBuHbl asurateneii. Ha kakom camonete 6e3onacHee neTaTs — ABYXMOTOPHOM
WM HeTbipexmMoTopHom? (MccnenoBatTh B 3aBUCUMOCTYN OT P)

v ﬂ)‘lﬂ KaX>Xa0ro n3 CaMoJIETOB BbIHNCIUM BEPOATHOCTb TOr0, 4TO OH NOTEPAET
CNocobHOCTb neTaTh (0603HaUYMM 3TN BEPOSITHOCTU Kak P m Py COOTBETCTBEH-
HO). [lnsi ABYXMOTOPHOro CamMosieTa Takasi CUTyaLusi MPOUCXOANT B C/Ty4ae 0TKa3a
060VIX ,D,BI/IFaTe}'Ieﬁ, NO3TOMY ANA HEro NCKOMasi BEPOATHOCTb pPaBHa

Pzzp.
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YeTblpexMoTOpHbI/i CaMOJIET TepsieT CMOCOBHOCTL JieTaTb B pe3ynbTaTe OAHOro
U3 ABYX HECOBMECTHbIX CJlyHaeB — OTKa3a POBHO TPEX MM OTKa3a POBHO HETbIPEX
aBuraTeneii. BeposiTHOCTb 0TKasa poBHO Tpex ABuraTeneid ns vetbipex no ¢op-
myne Bepuynnu seiuncnsiercs kak Ciplq = 4p’q (3peck ¢ = 1 —p). BeposiTHoCTb
OTKa3a BCex 4eTbipex AsuraTeneii coctasnsiet pt. MosTomy BeposiTHOCTH NoTepu
CnocobHOCTW neTaThb paBHa

Py = 4p3q + p4.

OCTaJ’IOCb CpaBHVITb Haﬁ,ﬂ,eHHble BepOﬂTHOCTI/I. BbIﬂCHI/IM, I'Ipl/l KAaKNX 3HA4YE€HNAX p
oT 0 go 1 BbINONHAETCS HEPaBeHCTBO P> > Py, 4TO paBHOCUJILHO ClefytoLLemy:

p° > 4p’q+p*.

Moka Bygem cumtath, uto p > 0 (cnyvaii p = 0 no3xe PacCMOTPUM OTHENBHO),
MO3TOMY Ha p° MOXHO COKPAaTUTh U MONYHUTH PAaBHOCUIILHOE HEPABEHCTRO!

1> 4pq+p2.

YunTbiBasi, 4To ¢ = 1 — p, 1 packpbiBasi CKOOKU, MPUXOAUM K CHeAYOLWEMY KBaJ-
paTHOMy HepaBeHCTBy:
3p> —4p+1>0.

Ons p ot 0 go 1 310 HepaBeHcTBO BhInoAHsieTcst npu p € (0,1/3), nostomy ans
3TUX 3HAYEHUN P BLINONHAETCS HepaBeHCTBO P > Py. B atom cnyyae 6esonacHee
NeTaTb Ha YE€TbIPEXMOTOPHOM CaMONETE. AHaJ'IOI'VI‘-IHbIM 06p330M MOXXHO NOKa-
3aTb, 4To npu p € (1/3,1) BoINONHSETCS HEepaBeHCTBO Po < Py, 1 B 3TOM cnyyae
Nlyylle NPeAnoYvecTb ABYXMOTOPHbINA camonet. lMorpavnynsiii cnysaii p = 1/3
COOTBETCTBYET OAMNHAKOBON HAAEXKHOCTU [BYXMOTOPHOrO U 4eTblPEXMOTOPHOro
camonerta. OfMHaKOBasi BEPOSITHOCTb COXpaHeHUsl CNOCOBHOCTM neTaThb Ans pac-
cMaTpuBaeMbix TUNOB camoneTos Byget Takxe npn p =0 un p = 1 (B nepsom un3
3Tux cnyvaes oba camonera byayT abCcoNtOTHO HaEXHbI, BO BTOPOM — abContoTHO
HEHAAEXHbI ).

Crout oTMeTuTb, 4TO Bonee NPUBAVXKEHHBIM K PeanbHOl CUTyauumn MOXHO
CHUTaTh Cny4aii Manbix HeHyneBbix 3HaveHuid p. MNpu aTom, Kak yxe oTmevanock
paHee, bosiee HafleXXHbIM BYET YETbIPEXMOTOPHbIA CaMONeT.

Ortsert: npu p € (0,1/3) 6esonacHee neTaTb Ha 4ETbIPEXMOTOPHOM CaMOJIETE;
npn p € (1/3,1) — Ha ayxmoTopHom; npu p =0, p =1/3 u p = 1 6e3onacHocTb
CaMOJIETOB OAWHaKOBas. A

224. Texawmueckuii KOHTPOJIb MPOBEPSET U3, KaXKI0€ U3 KO-
TOPBIX HE3ABUCUMO OT APYTUX UBJETUN MOXKET ¢ BEPOATHOCTHIO P OKa-
3aThes gedexkTabiM. KakoBa BEpOSITHOCTH TOTO, 9TO U3 10 MpOBEPEHHBIX
M3JIeINH TOIHKO OTHO OKasKeTCsT HeeKTHHIM?
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225. Cuwrast, 9T0 BEPOATHOCTU POXKJIEHUS MAJBIUKA U JEBOUKH
pasubl 0,5, HATH BEPOATHOCTH TOTO, 9TO CPeau 8 HAYAAYy BHIOPAHHBIX
HOBOPOYKJICHHBIX: &) OyIeT X0Ts Obl OIWH MaJIbuUK; 0) YUCI0 MAJTbUNKOB
U JICBOUEK OJMHAKOBO; B) MAJBLUUKOB OyIeT GOJIBIINE Y4eM JEBOYEK.

226. JIBa paBHOCWJIBHBIX TMAXMATHUCTA WUTPAIOT B MTaxXMaThl. UTO
BEpOSITHEE: BHIUTPATH POBHO JBE TAPTHUU W3 UETHIPEX WU POBHO TPH
napTUU U3 mecTd (HUYbd BO BHUMAHME He IPUHUMAIOTCH)?

227. (IIpomomxkenue) YUT0O BeposiTHEE: BHIUTPATL HE MEHEE IBYX
napTuii U3 YeThIpex WN He MEeHee TPEX MapTHii U3 maTu?

228 ©. Tom Coifep CTaBHUT CBOIO JOXIYIO KPHICY Ha BepeBOUKe IPO-
THB TMPUATETBCKOTO CJIOMAHHOTO OYAMIBHUKA, YTO TPHU MOAOPACHIBAHUN
6 moner BhimazeT 3 opaa. ToM cumTaer, YTO IMAHCHI MOJTYYUTh WU HE
TIOJIYIUTh 3araJanHbIil pe3yabTaT paBHbl. KaKOBBI €0 TTaHChl Ha, BHIUT-
poIn?

229. lng cTpenka, BBITOJTHSIIONIETO YIPAYKHEHNE B TUPE, BEPOST-
HOCTB P TIOMACTH B «SIOJIOUKO» MPU OJHOM BBICTPEJIE HE 3aBUCUT OT pe-
3yJIBTATOB TIPEIIECTBYIONINX BHICTPEJIOB U paBHa 1/4. CriopTemen cue-
san b seicTpesios. Haiditu BepogrrocTu caeayonmx cobbiruii: A — {pos-
HO oaHO nonananue}, B = {poBHO ABa nonaganus}.

230. (IIpoaomxenue) B ycinoBusx npeapiayineii 3ajaqu HaiiTu Be-
positrocTH coObiTril: C' = {xors 6bl ogHO nonaganue}, D = {He Menee
TpeX MOMaJaHumii}.

231. HaiiTu BepoSATHOCTH TOTO, 4TO TPU 6 OGPOCAHUAX UTPATHHOM
KOCTHU €JIMHUTIA, TIOSTBUTCS KAK MUHUMYM JTBAXKIHI.

232. Ilyrem muTeabHBIX HAOIOIEHWH YCTAHOBJIEHO, UYTO B JIAH-
HOI MECTHOCTH B CEHTSIOpe B cpemHeM ObiBaeT 12 moKAIuBBIX gHel. UTo
BepOosiTHEE: M3 TMIEeCTH HAYAAYy B3SATHIX JHEH CeHTsOpsi OymeT IBa JTOXKI-
JIUBBIX WU TPU JOKTUBBIX JTHS?

233. Jecarh JgaMmoveKk OJIs €KW BKJIOYEHBI B IIEMb TTOCIEI0Ba-
TeJIbHO (€CJIM TIE€Peropaer OJHa JIAMIIOYKA, TO IEPECTAI0T rOPETh U BCE
ocrasibubie). BeposTHOCTD 15t J11060# JIAMIIOUKY TI€PErOPETH B TEUEHUE
JIBYX JHel HempepbiBHON paboTshl pasHa 0,1. OmnpeneanTs BEPOSITHOCTH
BBIXO/IA U3 CTPOS TUPJISTHIBI B TEUEHNE IBYX JHEN HEMPEpPBIBHON PabOTHI.

234. VpasHoBerennas MoHeTa Opocaercs 6 pa3. Kakosa Beposit-
HOCTB, YTO BBIMAIET OOJIBINE TepOOB, YeM PEIeK?!

235. Ha astobase mmeercss 12 apromarmui. BeposaTHOCTH BBIXOIA,
Ha JIMHWIO KayKao0# m3 Hux pasHa 0,8. HaiimnTe BEpOATHOCTHL HOpMAJIh-
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HOIT paboTHI aBTO0A3BI B OMMAKANIINN TEHb, €CTN I 9TOr0 HEOOXOINMO
UMeTh Ha JIMHUU He MeHbIe 10 aBToMaIuH.

236. VY OmarsionucTa nMeeTcs 6 TATPOHOB JIJIsl TOPAYKEHUS 5 MUIIIe-
Heil (oauH aTpon — 3amacHoit). BeposTHOCTb MOpa3uTh MUIIEHB OJHUM
BeICTpesiom paBHa 0,8. KakoBa BEpOSTHOCTH TOTO, YTO OYAYT MOPaYKEHbBI
XOTS OBI 4 MuUIeHn?

237. UYro BeposiTHEe: TpU OPOCAHUH IECTU UTPATBHBIX KOCTEH XOTs
OBbI Ha OJHON MOJIYYUTh €IUHUILY WJIA TTIPW OPOCAHUN JIBEHAIIATH KOCTEH
HOJIyYUTh XOTA Obl aBe eauuuibl? (ToT Bompoc ObLT 3aman B 1693 T.
Ucaaxy Hpiorony Camroesem ITuricom.)

238. KonTposbHOE 33/1aHUE COCTOUT U3 D BOIPOCOB, HA KAXK/IbIA U3
KOTOPBIX /1aeTcs 4 BADUAHTA OTBETA, IPUYEM OJIWH U3 HUX MPABUIbHbIN, &
ocTasibHbIe HempaBuibHble. Haiinre BEpOSITHOCTD TOrO, 9TO yYaIuiics,
He 3HAIOIINI HI OHOr0 BOMPOCA, TACT He MeHee 3 MPaBUJIbHBIX OTBETOB
(mpeamonaraeTcs, YTo yUaluiicss BHIOMPAET OTBETHI HAYIAUY ).

239 ©., ®@acosmuna Kiasa pa3BeimnBaer MpaHAKA B TAKETHI - 10
1 kr B maker. ITakersr KnmaBa ckiaapiBaeT B KOpoOku - mo 20 MmMTyK B
kopoOKy. IIpuuem omwn u3 kaxkabrx 10 makeror KiaBa memoBemmBaer.
Konrponep OTK Usan Ky3bmuu momospeBaer KnaBy B HEYECTHOCTH.
N3 5 npou3BoabHBIX KOPOOOK OH GEPeT MO OHOMY MAKETy Ha MPOBEPKY.
Kakosa BepositHOCTH TOrOo, uro vy Bana Ky3pMuda B pykax OKarxKeTcs
2 HEJIOBENIeHHBIX MaKeTa !

240. Hexkuii rociogun 3amiesn B Ka3uHO u npuobpen 36 durrek mis
UTPHI B pyJIeTKY. B Kaskmoit urpe oH cTaBuT OmHy (uinky Ha HOMEp 1
(Bcero ma Gapabame 37 siueek). [lo mpaswiaM, B ciiydae, €C/IU ITAPUK
MOTAIaeT Ha HOMEp 1, BHIMIpLINT cocTapiser 35 dwumek (6e3 yuera mo-
crassiennoii). Haiitu BepositHoCTh TOro, 4TO mocsie 36 urp y Hero Ha
pykax Oyaer mo-mpexkuemy 36 durrex.

241. Murrers umeer (GpopMy KBaJpaTa, B KOTOPBIA BIHUCAH KPYT.
ITo murmenn Haymady npomsBoautcs 4 He3aBUCHMBIX BbicTpesa. [Ipemmo-
jlarast, 9TO MPY KayKJIOM BBICTPEJI€ MPOUCXOAUT IOMAJAHNE B KBAJIPAT,
BBISICHUTH, KAKOBA BEPOSITHOCTE MOJIYYEHUs] XOTsI ObI TPEX MOMAJAHUIN B
KpYT.

242. B kpyre pagmyca 2 cIyvaiHO W HE3aBHCHMO JIPYT OT APYTra
pasbpocano 4 Touku. Yemy paBHa BEPOSITHOCTH TOTO, UTO PACCTOSIHIE OT
LeHTpa Kpyra A0 Oimkaiimeil Touku Oyzner He mMeHee 17

243. Orpe3ok AB pasnenen Toukoii C' B oraommennn 2 : 1. Ha sror
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OTPE30K Hayjady OpolleHbl 4eThbIpe TOYKH. HalTh BepOSTHOCTH TOrO,
9TO [IBe U3 HUX OKaxKyTcs jeBee Touku C' u nBe — mpasee. [Ipemanonara-
€TCsl, YTO BEPOSATHOCTH TIOMAJAHNST TOYKU HA OTPE30K TPOMOPIIMOHATHHA
JJINHE OTPE3KA U He 3aBUCUT OT €ro PACMOJIOKEHUSI.

244. Ha orpe3ok AB nnuHbI @ HayAady OpOIIEHO IAThL Touek. Haii-
TH BEPOSITHOCTH TOTO, UTO JBE TOUYKW OYAYT HAXOAUTHCS OT TOUYKHA A Ha,
PACCTOSTHUY, MEHBINEM X, a TPU — HA PACCTOSHUHU, Oosibiiem x. [Ipes-
MOJIATAETCs, UTO BEPOSITHOCTD MOMAJAHNS TOYKYM HA OTPE30K TTPOTOPIIH-
OHAJIbHA JIJIMHE OTPE3KA U He 3aBUCUT OT €r0 PACIOJIOXKEHHUS.

245*. JIBoe 6pOCAIOT CHMMETPUYHYI0 MOHETY 1. Pa3 KaxKabrii. Haiitu
BEPOSITHOCTH TOTO, UTO y HUX BBHITIAIET OJUHAKOBOE YUCJIO TEPOOR.

1.10 IIpubaum>xkennbie popmyanl Ilyaccona
n Myaspa—Jlanmaca

Mpubnuxenuas dopmyna Myaccona. B tex cnyyasx, korga 4Mcno n ucnbiTaHuii
BepHynnn Bennko, a BEPOSITHOCTb ycnexa p B OAHOM MCMbITAHNM Mana, CNpaBes-

nuea dopmyna
k

P, (k) = %6”7 roe A = np.

JlokansHas npubnuxennas gopmyna Myaepa—/lannaca. BepostHocTs Toro,
4TO B 1 UCNbITaHUAX No cxeme Beprynnu (npm 0 < p < 1) cobbiTue HacTynuTt
poOBHO k pa3, npubnuxeHHO paBHa (TeM TouHee, Yem Honblue n)

1
P,(k) = T
(= (@)
rae
k—mnp 1 _ a2
r=— T) = e 2.
Vv npq Lp( ) V2

Tabnuua dyHkuMM @©(x) AN NONOKUTENBHBIX 3HAYEHNIE T NPUBEAEHA B NPUIOXKE-
HUn 1; Ans oTpruaTenbHbIX 3Ha4YEHNIE T NONb3YIOTCS 3Tol xe Tabnuueii (pyHkuns
o(x) HetHas, T.e. p(—z) = p(z)).

WuterpansHas npubnuxennas copmyna Myaspa—Slannaca. BepositHocTb
TOrO, YTO B 7 HE3aBUCUMMbIX UCMBLITAHUSIX, B KAXKAOM U3 KOTOPbIX BEPOSITHOCTb
nosineHnsi cobeiTus paera p (0 < p < 1), cobbiTne HaCTynuT He MeHee k1 pas u
He bonee ko pas, npubnmxeHHo pasHa

P(k1 < k < kg) = (I:'(SCQ) — (I:'(£C1)7
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roe
k1 — N kg — N
o= g, = 2P
vV 1pq vV 1Pq
SR
3pece ©(z) = 5= g e~ 2 dt — dyHkuymus Jlannaca.
Tabnuua 3HaveHnii dyHkuun Jlannaca gns x € [0; 5] npuBegeHa B npunoxe-
HUK 2; Ans 3Havenwii © > 5 nonaratot ®(z) = 1. [lns oTpunatensHeix 3Hadennii

T NCNONB3YKT 3Ty Xe Tabnuuy, yunTeiBasi, 4To dyHkuns Jlannaca HeveTHas:
O(—z) = —0(x).

3ameuanue. Mpnbnuxerusimu opmynamn Myaspa—/lannaca Ha npakTuke
nonb3yloTcs B cny4ae, ecnn npq > 10. Ecnun xe npg < 10, 10 atn chopmynsi
npuBOASAT K CYLWECTBEHHbIM MOrPELLHOCTAM.

246. BeposdTHOCTH TOMACTh B CAMOJIET OIWHOYHBIM BUHTOBOUYHBIM
BBICTPEJIOM BechbMa Masa u cocraniisier nmopsaka 0, 004. Ytobwr couts ca-
MOJIeT, He0GXOMMO [IONACTh B HETO He MeHee AByX pa3. Kakosa (npubiiu-
xéuno no Ilyaccony) BEepOSTHOCTH COUTH CAMOJIET MTPU OJHOBPEMEHHOM
HezapmciMoii crpensbe n3 250-ti purToROK? (ITpuHaTh e ! = 0, 3679.)

247. Kuwnra B 500 crpanut comep>xkut 500 omeuyatok. Haiitu Bepo-
ATHOCTH TOTO, UTO HA 33JAHHON CTPAHUIIE HE MEHEe TPEX OMEeYATOK.

248. II3BecTHO, 9TO JIEBIIN COCTABIAIOT B cpemHeM 1%. OueHuTsb
BEPOSITHOCTH TOrO, 94TO cpenn 80 Ye/IOBEK OKAYKEeTCs MO MEeHBIel Mepe
nsoe jaepieit. (Ipunars e~%% = 0,4493.)

249. Cpenu ceman nmenunst 0,6% cemsan copusikos. Kakosa sepo-
ATHOCTH mpu caydaitaom orbope 1000 ceMsit 0OHAPYKUTH POBHO 6 ceMsiH
COpHAKOB?

250. BeposTHOCTH MMETh HA OIHOI PyKe B IMOKEPE IECATKY, Baje-
Ta, JaMy, KOpOJst U Ty3a ofgHoi mactu pasHa 1/649740. Ckonb BeINKO
JIOJI?KHO OBITH 7, YTOOBI BEPOSITHOCTH TOTO, YTO HU Pa3y TPHU N CAadax
He OKayKeTCsl TAKOTo Habopa KapT, Oblia Obl Menbine 1/e? (Pemenve He
TpebyeT HUKAKUX BBIYUCJICHUII. )

251. B yuebnom Kopryce yHuBepcuTera ycranorgerno 1000 mamm
JIHEBHOT'O CBETA, PAOOTAIOIINX HE3ABUCUMO APYT OT Apyra. BeposTHOCTD
oTKaza s Jr000#t mamMmbl B Tedenme oxmoro masa pasua 0,002, Haii-
TH BEPOSITHOCTH TOTO, UYTO B TEUYEHUE JHSI OTKAYXKYT POBHO TPU JIAMIIBI.
(MpwwaaTs e=2 = 0,1353.)

252. Kwunorearp Bmerraer 730 3puteneit. Haiinute BepossiTHOCTH
TOTO, YTO:



60 1 Cnyuaiiabie cobbITHS

a) POBHO y TpeX 3puTeJieil IeHb MOCeleHlsl KWHOTeATPA COBIAIAET C
JIHEM DOXKICHUST;

6) e Gosee 3 3pUTesell POJUIUCH B 3TOT JCHb.

253. I3BecTHO, YTO TIPW TPOM3BOJCTBE CMUYEK B CpEeTHEM OIHA
CIIUYKA W3 COTHHW OKa3biBaeTcs OpakoBaHHOi. B kopobok kmamxytr 102
cnmuku. Haiitu BeposTHOCTH TOTO, 9TO O Kpaiineit mepe 100 u3 Hux
OKaYKyTCST XOPOIIUMH.

254. (nponomxenne) Kakoe HaMMeHbIIEE KOJTMYECTBO CIINYEK HY K-
HO KJIACTh B KOPOOOK, UTOOBI C BEPOSITHOCTHIO, He MeHbIneit 0,977, B Heit
onu10 He Meree 100 xoporrx?

255 ©. HspecrHo, uTo Ha 100 GyTOUEK ¢ M3FOMOM MOIATAETCS OJTHA,
B KOTOpPOIT m3i0Ma, HeT Boobie. Yuennk 66 kiacca Kocra Cumopos cra-
BUT OIHY KeBauKy Dirol mpoTuB OIHON MpUATENHCKOM, YTO W3 KYTIIEH-
HOIt B MIKOJTBHOM Oy eTre OyTOIKN OH BHIKOBBIPSIET XOTsI ObI 4 M3IOMUHKH.
VY koro Gosiblie 1MaHCOB Ha BHIUrPbIit? (Ykazanue: HAWTH BEPOATHOCTD
TOrO, 9TO B KYyIUIEHHOU Oynouke Oyaer mo Kpaiineii Mmepe 4 M3IOMUHKH,
CYUTAsT, YTO YUCJIO U3IOMUHOK B OyJIOUYKe moguuHsieTcss 3akouy Ilyacco-
Ha.)

256*. HaiiTu cpegree 9mnci0 U3IOMUHOK, KOTOPOE JTO2KHO OBITH B
OZHOI Oy10uKe, 9TOOBI 9nuCyI0 OyJI09eK 6€3 N3I0Ma COCTABIAI0 Meree 1%.

257. UWrpok 6pocaer no 3 urpasbabie KOCTH 3a 0auH pa3. B Tom ciy-
4Jae, ecjii OH BHIOPACBIBAET TPU <«IIECTEpKU», oH moaydaer 200 pybieit
BBIMTPHIIIA; €CIIN YK€ XOTs ObI Ha OIHOM M3 KOCTEIl HE BBIMAIET «IECTEP-
Ka», TO OH BBIHYKeH oTaaTh 1 pybsas. Haittu BeposTHOCTH TOTO, 9TO
mocsie 400 6pocanuii OH HE OKAXKETCsl B TPOUTPHIIIIE.

258. Haiitu naubosee BeposATHOE 9UCIIO Kk YCIIEXOB [ TIPUOIMAKE-
una Ilyaccona.

259. BepoaTHOCTH TOpaYKEHNsT MUTIIEHN TIPYW OJTHOM BBICTPEJIE PABHA
0,9. Haiitu BeposgTHOCTH TOrO, 9To Tipu 100 BhICTpesax Oymer PoOBHO 7
TPOMAXO0B.

260. BeposTHOCTH TOTO, 9TO TOKyMNaTeaio Tpebyercss o0ysh 41-T0
pa3mepa, papua 0,2. Haiinure BeposaTHOCTh TOTO, 91O cpeqau 100 moky-
mareneil 00yBb 41-r0 pasMepa HoTpedyIOT POBHO 25 YesIOBEK.

261. Monera 6pomena 2N pa3 (N senuko!). Haiitu BeposTHOCTD
TOro, 94TO «repb» BhimazeT poBHO N pas.

262. Pemmuts 3ama4ay 240 ¢ momornso opmyast Myaspa—Jlamiaca.
CpaBHHUTH OTBETHI.
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263. BepostHOCTh poxkaenus mansanka p = 0, 512. Haiitu BeposT-
HOCTH TOTO, UTO cpeau 100 HOBOPOKAEHHBIX OKAXKETCS:

a) poBHO 51 MaJIBUUK;

6) GoJbllle MaJIbYUKOB, YEM JIEBOYEK.

264. (upomosizkenue). B ycioBuax npenpiayiieil 3ajaqu Haiitu Be-
POSITHOCTH TOTO, UTO PA3HUIA MEXKIY KOJTUIECTBOM MAJILIUKOB U KOJIH-
qecTBOM JeBovek m3 100 HOBOPOKIEHHBIX He TpeBbicuT 10.

265. Bcxoxkects cemsia onenuBaercs BepoaTrHocTbio 0,85. Halinnre
BEPOSATHOCTDH TOTO, 9TO U3 500 BBICETHHBIX CEeMSH B30MIET:

a) me 6omee 425 cemsan;

6) me menee 400 cemsan;

B) or 425 10 450 cemsH.

266. Haiitu BepositHOCTH TOTO, uTO cpemau 10 000 caygaiinbix mudp
mudpa 7 mossutcs He 6osee 955 pas.

267. UssecTHO, 9TO B cpemaeM 5% CTYIEHTOB HOCAT oukn. Kakosa
BEPOSTHOCTH, 9YTO U3 84 CTYIEHTOB, CHASAIINX B ayAUTOPUN, OKAYKETCS HE
meree 10%, nocammx ouku?

268. Hexkuii rocnioguu 3armes B Ka3uHO U npuobpen 37 durrek 11
UTPHI B PYJIETKY. B KaykIoii mrpe OH CTaBUT OIHY (DUINIKY HA UEpPHOE
(Bcero na Gapabane 37 sueek, yepubix - 18). ITo npasBuiam, B ciyuae,
€CJTU MTAPYK MOMAIAET HA Y€PHOE, BHIUTPHIIT UI'POKA PABEH OIHOM CTABKE.
Haiitu BepositHOCTD TOrO, 9TO mOCTE 37 UT'D OH OKAXKETCH B BHIUTPBIIIIE.

269. B crpame nacunThiBaercs 10 MaH n3bupareseii, n3 KOTOPHIX 5,5
MJIH TOIEpP>KUBAIOT MapTuio A, n 4,5 mian nognep>kusaior napruio B.
Haznauarorcs xkpeduem 2 000 BeibopmmkoB. KakoBa BEpOsITHOCTH TOTO,
49TO DOJIBITHHCTBO BLIOOPIIIUKOB OKAYKETCST CTOPOHHUKAaMU napruu B?

270. Haiiru m, npu KOTOPOM € BeposITHOCTHIO 0, 9 UMCI0 BHITIaIeHUT
repba mipu 400 6GpocaHusIX MOHETHI OYIeT JexaTh MexkIy 185 u m.

271. BeposaTHOCTH MOSBIIEHUsT COOBITUS B KaXKIOM W3 HE3ABUCUMBIX
uctbiranuii papaa 0,8. CKOIBKO HY>KHO TPOU3BECTH UCIBITAHUN, ITOOBI
¢ BeposaTHOCTHIO 0,9773 MOXKHO OBLTO OXKUIAATH, YTO COOBITHE TIOSIBUTCS
He MeHee 72 pas?

272. Ha ynurme cTouT 4egoBeK M MpojaeT raserwl. [Ipeanonoxknm,
9TO KAXKBIH M3 TMPOXOAAIIAX MUMO JIIOJEH MOKYIaeT ra3eTy C BeposT-
HocTbio 1/3. CKOJIBKO JII0/I€il JIOJIZKHO MPOATH MUMO NPOJAABIA, YTOOBI
on ¢ BeposaTHOCTHIO 0,96 cmor mpogaTh He menee 100 raser.

273. B Xiopu, COCTOAIIEM U3 HEYETHOTO YUCTIA N = 2m + 1 U/IeHOB,
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KaKIbIIl HE3aBUCUMO OT JAPYTUX MPUHUMAET TPABUIHHOE PeIlleHne ¢ Be-
positHOCTHIO p = 0, 7. Kakum 10/2KHO OBITh MUHUMATBHOE YHUCJIO 4JI€HOB
JKIOPH, TIPW KOTOPOM PeIeHne, TPUHITOE OOJILINTMHCTBOM TOJIOCOB, OyIeT
CTIPABEIIUBBIM € BepOATHOCTHIO 0, 99.

274. BepositHOCTh aBapuu B Teuenue roga cocrasisier 0,006. Crpa-
xoBag Kommnanus 3akaounaa 10 000 cTpaxoBbIX KOHTPAKTOB C aBTOJIIO-
OUTENAMH, COTJIACHO KOTOPBIM B CIy9ae aBAPUH B Te€UYEHUE OJIMKANIIErO
roga emy soitagunBaercss 100 000 py6. CTouMOCTb OJHOTO KOHTPAKTA
pasua 1 200 py6. Haiitu BepOSITHOCTHU CJIEIYIOIINX COOBITHIA:

a) K KOHILy TOJIa CTPAXOBasi KOMIIAHUS OKAYKETCSA B yOBITKE;

6) moxox cTpaxosoit kommnanuu npessicut 4 000 000 py6.

275. B crpaxoroit kommanun 10 000 KIMEHTOB, B3HOC KaXKJI0TO U3
koTopbix coctapysier 1 000 py6. BeposiTHOCTh HACTYILIEHUST CTPAXOBOLIO
ciydas pasha (mo omeHkam dKrcreptos Kommanun) 0,005, a cTpaxobas
BBIILIATA TIPY HACTYIUIEHUU CTPAXOBOTO ciydas coctasasger 100 000 py6.
OmnpenenuThb, Ha KaKy0 TPUOBLTH MOYKET PACCIUTHIBATH CTPAXOBAS KOM-
nanusi ¢ BeposTHOCTHIO 0,99. OnpesesnTh MUHUMAIBHBIA pazMep CTpa-
XOBOIi TIPEMUY, TIPU KOTOPOM CTPAXOBAasl KOMIAHUS TOJYUYUT TPUOBLIb,
ue menbinyio 1 000 000 py6., ¢ BeposTHOCTHIO 0,999.

1.11 OTkJj0OHEeHUE OTHOCUTEJHLHON 94aCTOTHI
OT IIOCTOAHHONM BEPOATHOCTU B HE3aBUCUMBbIX
NCIIBITAHNAX

BepOﬂTHOCTb TOro, 4TO B N HE3ABUCUMbBIX UCNbITAHUAX, B KaXXAOM U3 KOTOPbIX
BEPOSTHOCTbL NosiBAeHust cobbiTusi pasHa p (0 < p < 1), abcontoTHas BenuqmHa
OTK/IOHEHUS1 OTHOCUTENLHOW YaCTOThbl MOSIBAEHUS COBLITUS OT BEPOSITHOCTW MO-
SABNEHNSA CO6bITI/I$| HE MPEBLICNT MNONOXUTENBHOrO 4nucna € > 0, onpenensieTcs
npubnumxkeHHo cneaytowei popMynoii:

P(’%—p’<5>:2®<5 1%)

276. BeposgTHOCTH TIOsSIBJIEHUST COOBITHS B KaXKI0M U3 625 HE3aBUCH-
MbIX ucnbiTanuit pasaa p = 0, 8. Haiitu BeposiTHOCTH TOTO, 9YTO OTHOCH-
TEJIbHAS YACTOTA TIOSIBJIEHUST COOBITHS OTKJIOHUTCST OT P TO aOCOIOTHOM
BemunrHe He 60see yem wa 0,04.
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277. BeposgTHOCTH TIOsiBJIeHUsT COOBITUS B Kaxka0M u3 900 HezaBucu-
MbIX ucnbiTanuit pasaa 0,5. Haiitu BepogTHOCTH TOTO, 9TO OTHOCUTEIb-
Has 9aCTOTA TIOSBJIEHUsI COOBITHSI OTKJIOHUTCS OT €r0 BEPOSITHOCTHU TIO
abcomoTHOH Bennunie He 6osee vem Ha 0,02.

278. ®@panmysckuii yuensiii Broddou (XVIII B.) Gpocusn Momery
4040 pas, npuuem «repO» mosiBuics 2048 pas. Haiitu BepoaTHOCTH TO-
ro, 9YTO TPH MOBTOPEeHHUH onbiTa BioddoHa oTHOCHTEIbHAS ACTOTA MO~
ABNeHUs «repbay OTKIOHUTCS OT BEPOATHOCTH IOsIBJICHWS «repbay o
abcooTHOM BenmunHe He 60see ueM B onbiTe BroddoHa.

279. Tlpm 10 000 6pocanusix mMoueThl Tepb mosiasycsa 5400 pas.
Ecth 7im OCHOBaHMST CANTATH, 9YTO MOHETa, HECUMMETPUIHA,?

280. Ias TpoBEpKU BIWSHWS HOBOTO JIEKAPCTBA HA KPOBSHOE JaB-
smerne y 100 marmueHTOB OBLIO W3MEPEHO JABJIEHHWE 0 U MOCJE IPHeMa
smekapcrBa. [Ipu 9ToM 0Ka3as10Ch, 9TO B 38 CiIydasx moc/ie mpueMa, JeKap-
CTBa, JABJIEHNUE MOBBICUIIOCH (COOTBETCTBEHHO B 62 CIIyvasx IMOHU3UIOCH).
KakoBa BEpOSITHOCTH TOTO, YTO YKUCTO CJIyUaiiHbIe KOJTEOAHUS TABJICHUS
BLI3OBYT He MeHbIee OTKaoHeHue or 50%7

281. [Ilocne aHaaM3a CTATUCTUYIECKUX JAHHBIX 1O JaTaM POYKICHUST
613 mMuaauapaepoB, ubu uMeHa (GurypupymT B crucke Forbes, obGma-
PY*RuUI0Ch, 9To 12% M3 HEUX pOaMIHMCHL B NMEpmoj MexXmay 23 aBrycra u
22 cenrsbps (saBagorcs desamu 10 3HaKy 301uaKa). BelscHUTB, CKOJb
BEJINKA BEPOSITHOCTh TAKOTO WJIM DOJIBINErO OTKJIOHeHWs oT 1/12 mpwm
DPABHOMEPHOM PACTPEICTICHUH JTHEH POKISHUS MO 3HAKAM 30IMaKa.

282. BeposTHOCTH MOSIBIEHUST COOBITHST B KayKIOM W3 HE3ABUCH-
MBIX ucnbITaumit papua 0,2. Ha#itn HanMeHbIlee IMUCIO MCTBITAHUN N,
P KOTOPOM € BEPOATHOCTBIO 0,7698 MOXKHO 0KUIATH, YTO OTHOCUTETh-
HAs 9aCTOTA TOSBJIEHUN COOBITHS OTKJIOHUTCS OT €r0 BEPOSITHOCTHU TI0
abcoroTHOI Besmunue He Oosee yem Ha (0,04.

283. [lns onpenesieHusi HOJU KyPSIIUX JIIOIEHl B HEKOTOPOM 001IIe-
CTBe TMPOM3BOAUTCS BBhIOOpKA. Onpements 00beM BBIOOPKHU, TIPU KOTO-
POM C BepOATHOCTHIO, He MeHbIeit 0,99, morpenHocTh COCTAaBUT MeHee
0, 005.

284. Bo Bpems kamwmkyn Ilerss paboram B npeaBBIOOPHOM IITabe
KaH/IWIATA B JIEMyTAThI, KOTOPBIN MPOBOAM BHIOOPOYHBINA OMPOC n30H-
pareneii. IIpuMepHOE pacupeneneHue roaocos ObLio m3pectno: no 40%
n3bmparTesneil «3a» W «IMPOTHB» KAHIUIATA, OCTAJIHHBIE BO3IEPIKAJINCH.
CKOJIbKO HYKHO OMPOCUTH JIFOMIEH, ITOOBI ¢ BEPOSTHOCTHIO, HE MEHBINEH
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0,9, rapanTHpPOBATH OTKJIOHEHUE MPOIEHTA TOJOCOB, OTIAHHBIX 33 KaH-
JIAIaTa PYU BHIOOPOYHOM OIPOCE, OT HCTUHHOTO MHEHUs n3buparesneit He
6osee, ueM Ha 2% OT BCero smekTopara’?

285. CKOJBKO pa3 HYKHO OPOCUTH WTPATBHYI0 KOCTh, YTOOBI Be-
POSTHOCTH HepaBeHcTBa |m/n — 1/6] < 0,01 6bL1a GOMIBIIE BEPOATHOCTH
MIPOTUBOIIOIOKHOTO HEPABEHCTBA, TJIE 11 — YHUCJIO TIOSBJIEHUN OHOTO OY-
Ka B n OPOCAHUSAX UIPATBHON KOCTH?

286. CKOJBKO pa3 HYYKHO MOMOPOCUTH MOHETY, YTOOBI C BEPOSATHO-
CThIO, He MeHbIneit 0,975, yTBep:KIaTh, 9TO YACTOTA BHIMAJAEHNS Tepda
nonazaer B uarepsas (0,4; 0,6)7

287. BepostHOCTH TIOsBIIEeHUsT cOObITHS B Kaxkaom m3 400 mesa-
BucuMbIXx ucnbrranwit pasua 0,8. Halitu Takoe monoKuTenbHOE YUCTIO
€, YTOOBI ¢ BePOATHOCTHIO (0,99 abCOMIOTHAST BEJINYNHA, OTKJIOHEHWS OT-
HOCHUTETFHOM YACTOTHI TOSIBJIEHUS] COOBITHST OT ero BepositHocTu 0,8 He
TIPEBBICUIIA E.

288. BepostHOCTH TIOsiB/IeHUsT cOObITHs B Kaxkaom m3 900 mesa-
BucuMbIX ucnbrranunit pasua 0,5. Halitu Takoe monokuTenbHOE YUCTIO
€, 9T00BI ¢ BepoATHOCTHIO 0,77 abCOMIOTHAS BEIUYNHA OTKJIOHEHUS OT-
HOCHUTEIFHOM YACTOTHI TOSIBJIEHUS] COOBITHST OT €ro BepositHocTu 0,5 He
TIPEBBICUIIA E.

289. Orgen TEXHUYECKOTO KOHTPOJs mpoBepser 475 w3menuit Ha
6pak. BepostaHocTs TOTO, uTO M3HMEeMe OpakoBanuoe, pasua 0,05. Haiitu
¢ BepoaTHOCTHIO 0,95 TpaHUIBI, B KOTOPHIX OyJIeT 3aKJII0YEHO UUCTIO 1M
OPaKOBAHHBIX M3IEIUN CPEIN TTPOBEPEHHBIX.

290. Urpanbuyoo KocTh 6pocator 80 pa3. Haittu ¢ BEpOSITHOCTHIO
0,99 rpaHUIBI, B KOTOPBIX OyIeT 3aKJIYEHO YWCJIO 17, BBIMAJEHUN TIie-
CTEPKH.

2 CuayyaiiHble BEJIMYUHBI

2.1 3axkoubl pacupeaejeHns BepOaTHOCTel ANCKpeT-
HBIX CJyYaNHBIX BEJIUUYUH

JMCcKpeTHOU Ha3bIBAlOT CAY4aiiHYlO BEIUYUHY, BO3MOXHbIE 3HAYEHUS KOTOPOIii
€CTb OTAE€/IbHbIE U30NUPOBAHHbIE YNC/A, KOTOPbIE 3Ta BEJANYUHA NPUHUMAET C
onpeaeneHHbLIMU BEPOSITHOCTAMU. HUCNO BO3SMOXHbBIX 3HAYEHUI cnyyaiiHol Benu-
UMHBI MOXET ObITb KOHEYHBIM W BecKOHeYHbIM (B NOCNEAHEM CyHae MHOXe-
CTBO BCEX 3HA4eHUii CHETHO).

3akoHOoM pacnpesneneHuss LUCKPETHOR CNyYaiiHOW BESMYMHbBI HA3bIBAKOT ne-
pe€YHeEHb €€ BO3MOXXHbIX 3HaYeHUi n COOTBETCTBYHOLWUNX UM BepOﬂTHOCTeﬁ. 3aKOH
pacnpegeneHuns AUCKpeTHON cnyyaliHoil BenuunHbl X MOXeT ObiTh 3aaH B BuAe
Tabnnubl, NepBasi CTPOKa KOTOPOW COAEPXKUT BO3MOXKHbIE 3HAYEHUSI T;, a BTOPas
— BEPOATHOCTN P;:

X|xz1|x2]| ... | 20
Plpi|p2|...|pnl

n
roe > pi = 1. Ecnn MHOXeCTBO BO3MOXHBIX 3HauveHuli X 6eckoHeuHo (cHeTHO),

i=1
TO psSiA p1 + P2 + ... CXOAUTCS U €ro CyMMa paBHA eAuHNLE.

3akoH pacnpegeneHunst AUCKPETHOI cyHaliHoi BenuumnHbl X MOXeT BbiTh Tak-
e 3afaH aHanuTuyeckn (popmynoii)

P(X =) = f(z:)

WM C MOMOLLbIO PYHKUNM pacnpeaeneHus.

BuHomunanbHbiM Ha3bIBAKOT 3aKOH PacnpefeneHunst AUCKPETHON CyHaliHOR Be-
nnyunbbl X — Yucna «ycnexoB» B m uCMbITaHusix no cxeme Bepuynnu. BeposiT-
HOCTb BO3MOXHOrO 3HauveHnss X = k BbIYNCASETCS B TaKOM Ciiydae no opmyne
Beprynnu:

P(X =k) = CkpFgn*.
roe ¢ = 1 — p — BEpPOSATHOCTb «Heycnexa» B eANHUYHOM UCMbITAaHUN.

Ecnun 4necno n ucnbiTaHuii BeNMKO, a BEPOSITHOCTB «YyCNexa» p Mana, To Uc-

NoNbL3yT NpubnnxerHyto dopmyny

. A2

P(X =k) =2,

rae A = np (cpegHee HNCNO <YCMEXOB» B M UCMBLITAHUAX), U FOBOPSAT, 4TO CNy-
YyaiiHas BenuduHa X pacnpepeneHa no 3akoHy [lyaccora.

TeomeTpnyeckum (C NapameTpoM p) HaA3bIBAlOT 3aKOH PaCMpeneneHuns Cny-
YaliHOI BENNYUHbBI X - KOJIN4eCTBa NPOBOANMbBIX 4O NEPBOro AOCTUXKEHNSA yCNeEXa
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BKJIOUMTENIBHO OAHOTUMHBIX UCMBITaHNIA (C BEPOSITHOCTBIO YCMexXa B KaXKAOM U3
Hux p). Ee BoamoxHbie 3HaueHns paBHbl 1, 2, ..., a COOTBETCTBYIOWME BEPOSAT-
HOCTN OnpeaenstoTcs popmynol

P(X =k)=pg“ "

Mpumep 25. Vimeetcs 4 natpoHa Ha nopaxerne muuenn. CTPENIOK BbINOAHAET
BBICTPENbI 4O NEPBOro nonaganus (nnbo [o TOro, Kak M3pacxo[yeT BCE NATPOHbI,
€C/IN MULLIEHb NMOPA3NTb TAK N HE y,qanoc:;). BepOﬂTHOCTb nonagannsa Ha O4NHO4Y-
HOM BbIcTpene pasHa 1/3. [ocTpouTb pss pacnpeneneHuns Cay4aiHoi BENNYnHbI
X — konm4ecTBa M3pacxomg0BaHHbIX MATPOHOB.

V¥ PaccmoTprm BCE BO3MOXKHbBIE BapUaHTbl Pa3BUTUS COObITUIA B JAHHOM 3KC-
nepuMeHTe. 3aMeTUM, HTO KOJMYECTBO U3PACXOAOBAHHBIX NAaTPOHOB MOXET BbiThb
paeHo 1, 2, 3 nnn 4.

1) Cnywaii X = 1 BO3MOXEH TOrga, KOrAa CTPENOK MEPBLIM XKe BbICTPEIOM

Mopasun MULLEHb; BEPOSITHOCTb AAHHOrO UcxoAa pasHa P(X =1) = 3

2) CobbiTre X = 2 NpoMcxoAnT TONLKO TOrAa, KOr4a CTPEsoK Nopasus Mu-
LWeHb CO BTOPOIA MOMbITKW, TO €CTb CHAaYasa NPOMAxHYNCS, @ BTOPbIM BbICTPENOM

nonasn. Tak kak BEPOSITHOCTb Npomaxa paBHa 1 — 3=

2 1 2

puBaemoro ncxoga P(X =2) = 3379
3) Cnywaii X = 3 BO3MOXeH TOrga, KOraa CTPENOK JONYCTMN CHA4Yana Aga
npomaxa, a TpeTbVIM BbICTpe}'IOM nopaamn MWLWWEHDb,; TaK XK€, KaK N B I'Ipe,D,bI,D.yIJJ‘eM

3 BEPOSITHOCTb paccMaT-

Cnyyae, BbIHUCSIEM BeposiTHOCTE: P(X =3) === . = =

4) Hakoneu, cnyyalinas sennunna X MOXET NPUHUMATbL 3HadYeHne 4 B aByx
cnyyasax: nmbo nNpu nOpakeHUM MuULeHM € YeTeepToli nonbiTku (Tpu mpomaxa,

nocne 4ero nonagaxue), 1mbo Npu YeTbipex NpoMaxax noapsia (U upacxofoBaHnm

BCeX OTBeAEHHbIX NaTpoHoB). Mostomy P(X =4) = gggl—l—gggg -8

CBoauM nonyveHHble 3Ha4eHns B Tabnuuy:

X[ 1 ] 2 3 4
P [ 1/3 | 2/9 | 4/27 | 8/27

Takum obpasom, psg pacnpepeneHus CiyHaiHol BenuHuHbl X NOCTPOEH —
nepedncneHbl BC€ BO3MOXXHbIE 3HAYEHUA U Haﬁ,qubl BEPOATHOCTU, C KOTOPbIMU
OHa NPUHUMAET 3TN 3HAYEHUA. A

291. OmubIT COCTOUT U3 TPEX HEZABUCUMBIX OPOCAHUN MOHETBI, TPH
KaXKJIOM W3 KOTOPBIX repd BHIMAIAET ¢ BEposaTHOCTHIO p = 0,5. s
CIydadHoTo uncia X mosiBaeHuil repba MmoCTPOUTE PSil PACTIPEIEICHNS.
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292. B 6Gonpmoii maptuu geraneii comepxurca 10% mecrammapr-
HpIx meraneii. Haymaay orobpanbl dersipe meranu. Hammcars OmHOME-
ATBLHBIN 3aKOH pacmpeeseHnst TUCKPETHONW CIAydaiiHoi BeTuInHbl X —
YNCIA HECTAHIAPTHBIX IeTajel CPeau 4eThIpexX OTOOPAHHBIX.

293. B nmaprum w3 10 meraneit umeercs 8 crammaprabix. Hayma-
qy otobpaubl aBe gertann. COCTaBUTH 3aKOH PACIPEIEIeHUs dncia X
CTAHJAPTHBIX JeTajieil Cpean OTOOPAHHBIX.

294. U3 ypmubl, comepxkameii 4 6enbix u 6 9ePHBIX IIAPOB, CITy-
JaifiHeIM 00pa3oM u 6e3 BO3BpalleHus n3Bjaekaercs 3 mapa. CiaydaitHas
BennunHa X - YNCI0 GeIbIX MapoB B BhiOOpke. OmmcaTh 3aKOH pacripe-
JIeTIEeHUS .

295. Ha nytu gBuskeHust aBTOMAIUHBI 1Ba cBerodopa. Kaxaprii
W3 HUX C BepoaATHOCTHIO 0,4 pa3permaeT aBTOMAITUHE JAJIbHEHTTee TBU-
xerne. [locTpouTs psim pacmpenesenns s YUCiIa CBeTo(OpOB, MpOii-
JIEHHBIX aBTOMAIITMHON 6€3 OCTAHOBKH.

296. C BepOATHOCTBHIO MTOMAIAHUS TPU OTHOM BhIcTpesie 0, 7 OXOTHUK
CTPEJISIET 0 IWYW JI0 TTEPBOTO TIONAJAHUs, HO YCIIEBAET ClIeaTh He Oosiee
4 BoicTpesnoB. /uckpernas ciaydaiinas Benmwawaa X - 9UCJIO MTPOMAXOB.
Haiiaure: a) 3akon pacnpeneienus X, 6) BepoaTHOCTH coObITHil: X < 2;
X <3 1< X <3

297. BeposTHOCTH TOTO, 9TO CTPEIOK MOMAJIET B MUIIEHb TMPHA O
HoMm BbicTpene, pasHa 0,8. CTpenky BbIIAIOTCA MATPOHBI 0 TEX TOP,
moKa OH He poMaxHeTcs. COCTABUTH 3aKOH PACTIPEIEIEHIST JUCKPETHON
caydaiiHoi BeandnHbl X — UnC/ia TATPOHOB, BBHIIAHHBIX CTPEJIKY.

298. Bpocaercs nrpanbHas KOCTD IO IEPBOTO TMOSBIEHNS IIIECTEPKHT.
Cnyuaitnas Benmunnaa X paBHA KOJUYECTBY Opocanwmii koctu. Haiigure
3aKOH PACIPEIEIEHNS CIyYaiiHON BETUNINHBI X U BEPOSTHOCTH COOBITHST
X <5

299. JIsa 6ackeTbOIMCTA TIOOUEPEIHO 3a0PACKIBAIOT MY B KOP3UHY
JO TeX TOp, MOKa OJWH M3 HUX He TOoTmaJIeT. BeposATHOCTHL momaIaHus
JJIsT TTepBOTO PaBHA, %, a IS BTOPOTO % IIycte X — umcimo GpPOCKOB,
CIETAHHBIX TTEPBBIM 0ACKEeTOOTUCTOM, & Y — BTOPBIM. IIOCTpOUTD Psiabl
pacnpenenenus gt X u Y.

2.2 Cayuaiinble BEKTODBI

Vnopsigouentyto napy (X,Y) cnyyaiinbix enudud X n Y Bygem HasbiBaTb 1y~
yavinbim BekTopom (Mnu gByMepHOU cayyaiinoi sennydunnoii). Huxe Bygem pac-
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CMaTpMBaTb TONBKO Te caydau, korga X u Y guckpeTHsl. Toraa pacnpepenexune
Bektopa (X,Y’) ynobHo npepcraBnsTe Tabnuueid, koTopasi HasbiBaeTcs Tabsm-
Leii COBMECTHOro pacnpegeneHusi cny4vaiibbix senundud X u Y. lNycte cnyvaiiHbie
Benndubbl X n Y 3aganbl Tabnuuamu pacnpepeneHus

X |z |22 ]| ... Y | y1 |y
Pip|p2|... Plaq| g

O6o3zHaunm yepes p;; = P(X =z;, Y =y;), 1 =1,2,..., 5 = 1,2,..., Be-
POSITHOCTb OAHOBPEMeHHOro nosienenust coboituii {X = x;} n {Y = y;}. Toraa
Tabnmua COBMECTHOro pacnpefeneHusi cnyqaiiibix Benumdud X u Y seirnagut
cnegyowmm obpasom:

X\Y |y | w2
T1 P11 | P12
T2 | p21 | P22
Ns onpepenenus uucen pi; cnepyer, 4to >, > . pi; = 1. Kpome Toro, ecnn

NPOCYMMUPOBATL BEPOSITHOCTU B i-ii CTPOKE, TO MONYHMM BEPOSITHOCTb COBbLITUS
{X =z}

Zp’ij:P(X:mi):pi7 i=1,2,...
j

Ecnm ke NnpocyMMMUpoBaTh BEPOSITHOCTY B j-M CTONBLE, TO NONAYYUM BEPOSITHOCTD
cobbitus {Y =y, }:

Cnyualinbie Benuyunnbl X u'Y Ha3bIBAOTCA HE3aBUCUMbBIMU, €CNN Ansi Ntobol
napbl MHOXeCTB felicTeuTenbHbix Hucen B C R u C' C R cobbitua {X € B} n
{Y € C} Hesasucumsi:

P(XEB,YeC)=P(XeB) - PY €C).

,D'ﬂﬂ ANCKPETHbIX CﬂyHaﬁHle BENNHUH 3TO onpeaeneHne 3KBUBANIEHTHO Bbl-
NONHEHNIO PAaBEHCTBA

P(X =z, Y =y;) = P(X = 2;) - P(Y = ;)

LIS BCEX BOBMOXKHbIX HABOPORB 3HaueHuit (x4, yj).
Pynkuus Z = f(X,Y) oT aByx CiyvaliHbix BEIMYNH TaKXKe SIBSIETCS CyHaii-
HOUi BesmumHoli. E€ Bo3mOXHbIE 3HaueHnst ecTb 4ncna Buaa f(zi,y;), rae i, Y;
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— BO3MOXHbIe 3HadeHust anss X u Y cooTeeTcTBeHHO. BepositHocte P(Z = zi)
onpeaensieTcs popmynoii

P(Z =2z) = > P(X =z, Y =y;).
{i,4] f(ziyj)=2k}

Mpumep 26. [Boe nrpokos bpocarot backetbonbHbili M4 B kop3uHy. [lep-
BbIfi UFPOK AENAET ABE NONbITKN C BEPOSITHOCTLIO nonaganus 0,4 Ha Kaxz[oil n3
HUX, BTOPOU — OAHY NONbITKY C BEPOATHOCThIO nonagavus 0,5. CnydaiiHas Be-
nnunHa X — KOJIMHECTBO nonafaHunii neporo nrpoka, Y — oblyee KomH4ecTBo
nonagaHuii.

a) HaliTy 3aKOH COBMECTHOrO pacrnpeneneHusl ABYMEPHON Cy4ariHoONi Beandu-
Hbl (X,Y),

6) BbISAICHUTb, SABJISKOTCA J1N BEJINHNHbI X n Y HE3aBUCUMbIMU,

B) HaliTV 3aKOH pacrnpeneneHns Cay4aiiHon seanunisl Z = XY .

V a) Tak kak Benuynua X MOXeT npuHuMaTe 3HadeHus 0, 1, 2, a Bennyunna Y
— 3Hadenus 0, 1, 2, 3, To gByMepHasa cny4valiHasi BeAnYnHa (X7 Y) NOTEHLMANbHO
MOXeT npuHUMaTb 12 BO3MOXHBIX 3HayeHwii Buga (m,n), rae m € {0,1,2},
n € {0, 1,2,3}. 3ametum npu atom, 4to Bennyuna (X,Y) npuHumaer 3HauveHus
(1,0), (2,0), (2,1), (0,2), (0,3), (1,3) ¢ Hynesoli BepoSTHOCTBIO (K NpMMEPY,
cobuitre {(X,Y) = (2,0)} cooTBeTcTBYeT CUTyaLuu, KOrAa nepebii caenan 2
nonagavus, a obuiee KONMYECTBO nonajaHuii pasHo 0, 4TO HEBO3MOXHO):

X\Y|]o]1[2]3
0 010
1 0 0
2 |00

[na ocTanbHbIX 3HaYeHWA ABYMEpHOI CNy4aiiHOW BENUYUHBbI HallAeM COOTBET-
creytowme sepositHocTn. Cobeitne {(X,Y) = (0,0)} coorsercTayet cutyauuu,
korga 6ackeTbonucTbl He caenanu HU ofgHOro nonaganus, nostomy P((X,Y) =
(0,0)) =0,6-0,6-0,5 = 0,18. B cnyyae {(X,Y) = (0,1)} nepebiii 0ba pasa npo-
MaxHyncs, a sTopoit nonan, nostomy P((X,Y) = (0,1)) =0,6-0,6-0,5 =0, 18.
Ecav {(X,Y) = (1,1)}, To nepBbiii nonan oauH pa3 B ABYX MNOMbITKAX, a BTOPOI
npomaxHyncs (pas obuiee kONMHECTBO NonaaaHuii Kak pas u pasHo 1), noatomy
P(X,Y)=(1,1) =2-0,4-0,6-0,5 = 0,24. AHanorn4Ho BbI4NCASIOTCA U
OCTasIbHbIE BEPOSITHOCTU:

X\Y [ 0 1 2 3
0 |0,18[0,18] 0 0
1 0 |0,24[0,24] 0
2 0 0 |0,08]0,08
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6) [ns pewenns pganbHeliwunx AByX noA3aAay HaMm NoTpebyeTcst HaliTh 3aKOHbI
pacnpegenernsi komnoneHT X u Y. Cnyvaiinas sennyinna X npuHUMaeT 3Haqe-
Husi 0, 1, 2; Haliiem BEPOATHOCTM, C KOTOPbIMW OHA MPUHUMAET 3TN 3HAYEHUS.
WNcxoas n3 Tabnuubl coBmectHoro pacnpegenenust (X,Y), nonyuum:

P(X=0)=P(X=0,Y=0)+P(X=0Y=1)+
+P(X=0Y=2)+P(X=0,Y=3)=
=0,1840,184+0+40=0,36

(dbakTuueckn, B Tabnuuye COBMECTHOrO pacnpeseneHns CyMMUPYIOTCS BEPOSTHO-
ctu B cTpoke, cooteercTeytoweli X = 0). Ananorndno, P(X = 1) = 0,48 n
P(X = 2) = 0,16. CnenyeT Takxe 3aMeTUTb, YTO 3aKOH PaCMpefeneHns Besun-
4ynHbl X MOXHO Bbi0 HaliT 1 Ge3 3aKOHa COBMECTHOrO pacnpeaeneHus — 3TO
npocTo buHommuansHoe pacnpegenerue ¢ napamerpamu n =2 un p = 0, 4.

To4HO TakMM e 06pPa30M HaxOAWM 3aKOH pacnpefesieHust CyHaiiHoNl Benu-
YuHbl Y (3,u,er ONS HaXOXXAEHUS COOTBETCTBYHOLMX BEPOATHOCTEN no Tabnu-
L€ COBMECTHOro pacnpepenenuns bynemM cyMmMupoBaTh BEpPOSITHOCTU B CTONBLAX).
HaligeHHble 3akoHbl pacnpefeneHuns npeacTasumM B Buge Tabnuuybi:

X 0 1 2 Y 0 1 2 3
P 0,36 | 0,48 | 0,16 P 10,18 0,42 ]0,32 | 0,08

[nsa toro 4tobbl BenuumHel X n'Y 6binun HesaBucumbiMu, Heobxogumo, 4Tobbl
Ans nobbix nap 3HauveHuii (m, n) BbINOJHANOCH YCIOBUE

P(X=m,Y=n)=P(X =m)-P(Y =n).

B Hawewm cnydae 370 He Boinonusiercst: Hanpumep, P(X =0,Y = 0) = 0,18, no
P(X=0)-P(Y=0)=0,18-0,36 # 0,18, noatomy X n Y 3aBucumsl.

MO)KHO 6bl}'|0 PacCcCy>XnaTb U WNHA4Y€: 3HAYEHUSA, NPUHUMAEMbIE O,D‘Hoﬁ cny-
YaiiHOU BENUYNHONA, AAIOT HEKOTOPYIO UHPOPMALINIO O 3HAYEHUSIX, MTPUHUMAEMbIX
Apyroii cnyyaiiHoli BenudnHoii. Jeiictentensho, ecnn Y = 0, ToO MOXHO cAenaTb
BbIBOA, 4TOo U X = 0, — oTctopa oveBuaHbIM 0bpasom creayeT 3aBuCUMOCTb X
nY.

B) Tak kak X npuHumaet 3navenus 0, 1, 2, a Y — 3navenus 0, 1, 2, 3, 10 ux
npouseegerHne Z = XY MOXET NpuHUMaTb TONbKO 3HayeHus 0, 1, 2, 3, 4, 6.

Z|0|1]|2]3|4]|6
P

CooTBeTCTBYIOWNE BEPOSITHOCTI HAaXOAUM N3 3aKkoHa pacnpegenevus (X, Y):
P(XY =1)=P((X,Y)=(1,1)) =0,24,

2.2 CnyuaiiHpie BEKTOPBI 71

P(XY =2) = P(X,Y) = (1,2)) + P(X,Y) = (2,1)) = 0,24 + 0 = 0, 24,
u Tak ganee. Pesynbratel 3aHocum B Tabnuuy pacnpegeneHusi:

Z 0 1 2 3 4 6
P 10,36 |0,24|0,240]|0,08]0,08

300. JIBa cTpeika HE3aBUCHMO JPYT OT JAPYyTa JAEJAIOT TO OJIHO-
My BBICTPEJy B OJHY MHUIIEeHb. BeposTHOCTH TMOMAJAaHWs [JIsi TEPBOTO
crpernka npu ogaoM BeicTpene — 0,5, ansa sroporo — 0, 4. Jluckpernas
ciaydaitnas BenudnHa X — YHUCIO0 TOMATAHWNA B MuIIeHb. Haiigure: a)
3aKOH pactpenenenns X, 6) BepOATHOCThL cOObiTusa X > 1.

301. (upomomxenue) Ilycrs ciayvaitnas Bequuuna Y paBHA Pa3HO-
CTH MEK/Iy YHCJIOM TOMAJAHUI B MHUIIEHDb MEPBBIM CTPETKOM W YHCJIOM
ToTaJanuii B MUIIIEHb BTOPBIM cTpenkoM. Hafianre 3akoH pacmpeserne-
Husg Y.

302. Mumens coctout u3 Kpyra Ne 1 m AByX KOHIIEHTPUIECKUX KO-
sert ¢ nomepamu 2 u 3. [Monamanme B kpyr Ne 1 maer 10 09KOB, B KOJIBIO
Ne 2 naer 5 oukos, B kombio Nt 3 maer (- 1) ouko. BeposTHocTn momana-
uus B Kpyr Ne 1 u kombiia Ne 2 u Ne 3 coorBercrBenno pasusbt 0,5; 0,3; 0,2.
[TocTpouTs psin pacupeneienus: st CIyIaHON CyMMbI BBIOUTBIX OYKOB
B pe3yabTaTe JABYX MOMATAHUM.

303. paxkanl GporieHa urpanbHas KOcTh. CaydaiiHas BeTHYIUHA
X paBHA PA3ZHOCTH MEXK/y YHCJIOM OYKOB MDY TEPBOM OPOCAHUHU U UUC-
JIOM OYKOB IIpH BTOpoM Opocamun. Haiimure 3akoH pacupeneneHus X u
BepOATHOCTE cobbTrs 2 < X < 4.

304. JIBa crpenka CTPENSOT 10 OJHOM MUIIEHH, Aeasd He3aBUCHMO
JPYT OT apyra mo 2 BbicTpena. BepoaTHOCTh TOna anust B MUIIEHb [T
epBoTro cTpenka pasHa 0,5, aaa Broporo - 0,6. Haiimure 3akon pacmpe-
JIeJIEHUsT CIIyJaiHON BeIuIuHbl X, PABHOM OOINEMY YHCJIy TOMaJaHuii B
MWUTIIEHb.

305. BeposTHOCTH MojiydeHust repha Mpu KasKI0M U3 IATH OPOCAHMH
MoueTwI paBHa 0,5. CocTaBUTh Psifl paCIpeIesIeHusT OTHOITEHUS YUCT, X
TOSIBJIEHU#H TepOa K Iucay Y MOSBIeHHH MudPHI.

306. Momnery 6pocator Tpu pasa. PaccMaTpuBaioTCs ABe CIydaiiHbie
BEeJIMUMHBL: X — YHUCJIO TOSBJIEHNUI rep0a, Y — YnCiI0 MosiBIeHui mudphl.
Hammcars 3ak0oH pacrnpeneneHus CIydIaiHol BeMuIuHbl Z = XY .

307. Jlana TabauIia COBMECTHOTO PACTIPEIESIEHNUsT CIIyYaWHBIX BEJTU-
g X m Y. Haiitu 3aKkoH pacmpesesenns Cayd. BeMUIuHb Z = XY .
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X\Y | -1 1 2
-1 0,210,221 0,1
1 0,110,310,
308. Tlo Tabauiie COBMECTHOTO PACIIPEIEIEHNUS] BHISICHUTE, SIBJISTFOTCS
JIM HE3aBUCUMBIMU CJIydaiinble BeMmIuHbl X n Y.
X\Y | -1 1
0 1/4 | 1/12
1 1/2 | 1/6
309. Ilyctb cnydaiinbie BeTUInHBI X ¥ Y HE3aBUCHUMBI U OJITHAKOBO
pacnpenesensl, npudeM P(X = 1) =p>0u P(X =0)=1—-p > 0.
Beenem noBy10 cygaitnyio Benmuanny Z: Z = 0 npu X +Y — dyeTrHOM U
Z =1mupnu X +Y — nedernom. IIpn kakoMm 3HaveHNN p BeININHLI X U
Z He3aBUCUMBI?

2.3 YwucaoBble XapaKTE€pPUCTUKH
JUCKPETHBIX CJIyYallHbIX BEJINYNH

Martematnyqeckoe oxxupganme M(X) BUCKPETHOI CnyYaiiHOl BennUmnHbl X BblYnC-
0T no dopmyne

M(X) = z1p1 + x2p2 + ... + Topn.

Ecnu c. B. X npnHumaeT CHETHOE MHOXECTBO 3HaYeHuil, TO

M(X) =Y @i,
i=1

npuHeM MATEMATUHECKOE OXXNAaaHUE CYyLWECTBYET TONbKO B TOM Clly4ae, KOrga psig
cxoanTea abcontoTHO.

MaTemaTu4eckoe OXNAAHME CAY>XXUT XapaKTEPUCTUKONA CPeAHEro 3Ha4yeHus
cny4YaiiHol Benn4uHbI.

Csorictso 1. Ecnu C = const, To M(C) = C.

Csorictso 2. M(CX) = CM(X), rae C = const.

Ceoiicto 3. M(X1+ Xo+ ...+ Xpn) = M(X1) + M(X2) + ... + M(X»)
(2ABVTMBHOCTL MaTEMATNHECKOTO OXUAAHUS).

CsoiictBo 4. Myctb X1, X2, ..., X5 — B3aWMHO He3aBUCUMBbIE CNy4aiiHble
BE€NINYNHBbI, TOraa

M(X1Xs...X,) = M(X1)M(Xs) ... M(X,).

Mycte cnyvaiinas eennunHa X pacnpepeneHa no BUHOMMANBHOMY 3aKOHY C
napamerpamu n u p, Torga M(X) = np.
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[na cnyyaiiHoli Benuyuubl X, pacnpeaenerHoli no 3akoHy [lyaccoHa ¢ napa-
MeTpoMm A, MaTemaTuyeckoe oxugarue M(X) = A.

MaTemaTuyeckoe oXXnAaHue Cny4qaiiHoOW BenuYuHbl X, pacnpefeneHHoOW no
reoMeTpUHeCKOMY 3aKOHY C MapameTpoM p, paBHo 1/p.

Aucnepcneii D(X) cnyyaiiHoii Bennumubl X HasbiBAlOT MaTeMaTUHeCKOe
OXXUAAHNE KBAAPaTa OTKJIOHEHUNS CNYYaliHON BENNYNHbI:

D(X) = M(X — M(X))>.
[uncnepcrio Takxe MOXHO BbIYUCASATE N0 hopmyne
D(X) =M (X?) — (M(X))".

CpegHum KBafpaTUHeCKUM OTKJOHEHWEM CJYHaliHOW BENUYMHBI HA3bIBAKOT
KBaApaTHbIA KOPEeHb U3 AUCNepCum:

[uncnepcus n cpefHee KBagpaTUHECKOE OTKJIOHEHWNE CYXKAT XapaKTepucTuKa-
MU PacCesHWUS 3HAYEHUIi CYHaHON BENNYNHBI BOKPYr MaTEMaTNYeCKOro oXKuaa-
HWs.

Csovictso 1. Ecnu C = const, o D(C) = 0.

Cgosicteo 2. D(CX) = C2D(X), rpe C = const.

Ceovicteo 3. Nycte X1, X3, ..., X, — HE33aBUCUMbIE CNYHaliHbIE BENNYUHBI,
torga D(X1+ Xo+...+ X,) = D(X1)+D(X2)+...+ D(X,) (apanTuBHoCcTb
ANCNEpCUN AN1s HE3aBUCUMBbIX CYHaliHbIX BESNYUH).

Mycte cnyyaiinas senuumna X pacnpepeneHa no BMHOMMNANBHOMY 3aKOHY C
napametpamu n u p, Torga D(X) = npq.

[na cnyqaiinoii Bennunuel X, pacnpegenextoii no 3akony [lyaccona ¢ napa-
METPOM A, Aucnepcusi paBHa matemaTnyeckomy oxuganuo D(X) = M(X) = A

[wncnepcnsa cnydaiivoii Benu4dnHbel X, pacnpefeneHHoOR No reoMeTpuyeckomy

3aKOHYy C MapameTpoM p, paBHA P
Mpuwmep 27. [na cnydaiiHoi Beanyuuel X u3 npumepa 25 BbIYUCANTL MaTe-
MaTU4ECKOE OXUAAHUE U [UCNEPCHUIO.
V [ns paHHOl CnyYaiiHOW BeNM4YMHbI 3aKOH pacnpeaenerus Obin HaligeH:
X 1 2 3 4
P | 1/3|2/9 | 4/27 | 8/27
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Torpa
1 2 4 8 65
M(X)=1.--+92.2 L2222
(X) 3+ 9+3 27+ 27 27’
1 2 4 8 197
M(X2)=12.24+922.2 2,2 4200 20
(x5 TR R TR T T

2 2 197 65 2
D) = M(x) - () = 5 - ()

310. HaiiTn MaTemaTwdeckoe OXKUJIAHWE IUCKPETHON CaydaitHoit
BeTMYMHBI X , 33/ JAHHON 3aKOHOM DPACTpPE/IeIeHNS:

X | 4 6 10 6 X | -2 5 6 10
2) P 103]021|05 ) P101]05|03]0,1

311. HaiiTn MaTemMaTuvIeckoe OXKUIAHNE CIYIANHON BETMINHBI 7,
€CJIN M3BECTHO:

a) Z=3X-2Y, M(X)=5, M(Y) = 6;

6) Z=X+2Y+1, M(X)=0, M(Y) = 2.

312. JluckperHas caydaiiHas BeaudnHa X TPUHUMAET TPHA BO3MOK-
HBIX 3HAYEHHS: £1 = 4 ¢ BepOATHOCTBIO p1 = 0, 5; T9 = 6 C BEPOATHOCTHIO
p2 = 0,3 n x3 ¢ BeposiTHOCTBIO p3. Haittu a3 n ps, 3mas, aro M (X) = 8.

313. Jlanm mepedeHb BO3MOXKHBIX 3HAYEHUN AUCKPETHOM CIIydaitHOM
pequaubbl X: 1 = —1, o = 0, x3 = 1, a TakKe W3BECTHHI MaTe-
MaTWYecKne OXKWIAHMS STOH BeaWdnHBI U ee kBazpara: M(X) = 0,1,
M(X 2) = 0,9. HaiiTn BepoATHOCTH P1, P2, P3, COOTBETCTBYIOIINE BO3-
MOKHBIM 3HAYEHUAM X1, L2, T3.

314. B xopobre mMeroTcs 7 KapaHmariei, n3 KOTOpbIX 4 KpacHbIe.
13 s1oit kopobku Haymady m3BaekaoTcs 3 kapaugama. Haiitu marema-
TUIECKOe OXKUJAHNE JUCKPETHON CIyJaifHOl BeInInHBI X — KOTUIeCTBa
KPACHBIX Kapaujarieil cpein M3BJIEUEeHHBIX.

315. CTpesiok BBITOTHSAET BBICTPEIIBI [0 YAAISIOMEHCs MUIIIEHU JI0
nepBoro monananus. OH ycrnepaer caeaarh He 60jee 4 BHICTPEJIOB, TIPH
3TOM BEPOSATHOCTH MOPAYKEHN S MUTIIEHN TIEPBBIM BRICTpesoM paBHa 0,8, a
Ha KayKJI0M mocjenyoomeM yosBaer Ha, 0,2. [locTponTts Tabuiry pacmpe-
JeJIeHUs U HAUTU MAaTEMATUIECKOe OXKHUIAHUE KOJTUIECTBA COBEPITEHHBIX
BBICTPEJIOB.

316. Haiitu nucmepcuio IUCKPETHON CaydaiHol BeIndnHbl X, 3a-
JAHHON 3aKOHOM pacCIpe/IeIeHus:

X | -5 2 3 4 6 X 2 4 6 10
P|04]03]02]0,1 ) P | 0,05 0,10 | 0,25 | 0,60

a)
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317. uckpernas ciydaitHas BenwdwHa X HMEET TOJHKO IBA BO3-
MOXKHBIX 3HAYEHWS T1 U To, IPUYEM DABHOBEPOATHBIX. JloKazarh, 4T0
JucTiepcusi BeMWYWHBI X paBHA KBAJAPATY TMOJYPA3HOCTH BO3MOMKHBIX
3HAYEHU.

318. Cayuaitnas Bemuunaa X MOXKET IPUHAMATH TOJBKO JBA 3HAYE-
uus: 0 wim 1. Haifitu manbosbiree 1 HanMeHbImee BO3MOXKHbBIE 3HAYCHU S
g DX.

319. U3 ypusI, comeprxkaieit 2 6eIbX U 3 YePHBIX Mapa, W3BJIEKA-
IOTCs TIaPhI /10 TeX MO, MOKa He mosButcs Oemnbrii map. Haiiaure mare-
MaTHYEeCKOe OYKHUJTaHUEe YUCIA BBIHYTHIX IIAPOB U €ro JUCIEPCHIO.

320. Haittu aucnepcuio AUCKPETHONW CAydaiiHON BeTWIWHBI X —
YUCIIA TOSIBJIEHUH cOObITHS A B IBYX HE3aBUCUMBIX WCIBITAHWSX, €CJIU
BEPOSTHOCTH IMOSIBJICHUS COOBITHS B ITUX UCIBITAHUSIX OJMHAKOBBI U U3-
BecrHo, uro M (X) =1,2.

321. IlpomsBoasaTCs HE3aBUCUMBbIE MCMBITAHWSA C OIWHAKOBOHN Be-
POSITHOCTBIO TIOSIBJIEHUST COOBITUS A B KaykKJaoM uchbiTaHuu. Haiitu Be-
POSITHOCTH TIOSIBJI€HUS COOBITUS A, eC/iu JUCTePCUs YUCTA TOSBICHWH
COOBITHS B TPEeX HE3aBUCHMBIX HCHbITaHUSX paBHa 0, 63.

322. TIlpom3BoauTcs psij BHICTPENOB TIO MUITIEHN C BEPOATHOCTHIO
nonmaganus 0,7 mpu KaxkgoMm BeicTpese. CTpennba BeIeTcss J0 TEePBOTO
MOTIAITAHNS B MUIIIEHb, HO He Ooutee 4 BeicTpenos. Haiitu maremarndeckoe
OXKUJAHUE U IUCTIEPCHIO Iucaa X MPOU3BEIEHHBIX BBICTPEIOB.

323. IuckperHas ciaydaiinas BemnawHa X WMeeT TOJHKO JBA BO3-
MOYKHBIX 3HAYEHUS: X1 W Tg , TPUYUEM X2 > X1. BEPOATHOCTH TOTO, UTO
X npumer 3nauenme xi, papua 0,6. Hafitu 3akon pacmpenenenus Be-
TuauHBl X, ecim MaTeMaTHYecKOoe OXKHUIAHWE W JTUCIEPCUsT W3BECTHBI:
M(X)=1,4; D(X) =0, 24.

324. IuckperHas ciayuaitnas BemnawHa X WMeeT TOJHKO JBA BO3-
MOYKHBIX 3HQUEHUS: L1 W X2, TPUYEM T1 < T3. BeposaTHoCcTh TOTO, uTO X
npuMer 3uadenne x1, pasua 0,2. Haiitu 3akon pacnpenenenus X, 3Has
maremarudeckoe oxupanue M(X) = 2,6 u cpenHee KBaJpaTU9IecKoe
orkoHenne o(X) =0, 8.

325. [IlpuBecTn mpumep CAyJalHONW BEIUUNHBI X, KOTOPAs MOXKET
MIPUHIMATH TOTBKO 3HadeHud -1, 0, 1, ecin U3BECTHO, UTO ee MaTeMaTH-
qeCKoe OXKUJIAHNE U IUCTEPCHs COBIAJIAIOT.

326. Cuyuaitanie Besimunabl X u Y He3aBucuMbl. Haiitn aucnepcuio
CITyJaifHON BETMUWHBI £, €CJIM W3BECTHO:
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a) Z=3X-2Y,D(X)=5, DY) = 6;

6) Z=X+2Y-1,D(X)=1,DY)=2.

327. Tlpoumsseneno n He3aBUCUMBIX Gpocanuii moueTst (n > 1). Ciy-
yaitrHast Beimunaa X — YUCJIO BHITAAEHUN repba mpu 3TUX 1 OPOCAHUSIX.
Haiitu maremaTuyeckoe oxkujanue u gucrepcuio st X .

328. Cayuaitnag Benumumaa X pacmpeesieHa mo OMHOMHATHEHOMY
3aKoHy ¢ mapamerpamu p = 1/3 u n = 9. Haiitu M X2,

329. JIBoe WrpokoB OpOCAIOT TIO OIHON WrpajibHON KOCTH, TIOKa
HA KOCTU BTOPOT'O WT'POKA HE BHIMAJIET 3HAUEHWE, DOIbITEe 3HAYCHUS HA,
KOCTH TIepBOro urpoka. CiydaiiHas BequdnHa X - O0IIee KOJIUYECTBO
Opocannii KOCTH TepBOro Urpoka. [locTpouTh TaOIHUIly pacripeaeTeHus
BEIMYMHBI X U HANTH ee MaTeMATHYECKOe OXKUIaHUeE.

330. Ilycrts X pacmpenesnena nmo OMHOMUAIHLHOMY 3aKOHY C Tapa-
Merpamu n = 4 u p = 0,5. Iloap3ysich cBOWCTBAMU MaTEMATHYECKOTO
OXKUIAHNS W TUCIIEPCUH, TIPUBECTH TIpuMep (uneiinoit) dynkunu f, naa
koropoit M f(X)=1u Df(X)=4.

331. UzBecten 3aKOH pacClpee/eHHs CIyIaiHON BenmnmdauHbI X :
X | -1 0 1 2
P|02|01(03]|04

Haiitn MmaTemaTndaeckoe OXKMIAHNE U JUCTIEPCHUIO CIYUIANHON BETNIN-
mel Y = 2%,

Mpumep 28. [Boe backetbonucros bpocaror msid B kop3uHy. [lepseiii npons-
BOANT 8 bpocaHmii ¢ BEPOSITHOCTLIO NONagaHus npu ognHo4Hom bpocanun 0,75,
BTOpOﬁ 6pocaeT MAY [0 MeEPBOro nonagaHusi C BEPOATHOCTbIO nonagaHuns npu
kaxgom bpocke 0,25. HaiiTnm MaTeMaTn4eckoe OXuaaHne u Aucnepcuto

a) obuwero KoAN4eCcTBa nonagaHuii,

6) obuyero konn4ecTea 6POCKOB.

¥ a) MMycTtb cnyyaiiHas sennunHa X — obliee KOMYECTBO NONajaHuii, KOTO-
po€e CKNajblBAaeTCs U3 KOJIMYECTBO NONajaHuii, COBEPLUEHHbIX nepBbiM backeTbo-
JINCTOM, U KOANYECTBa nonagaHuii etoporo: X = X; + Xo.

Tak Kak nepBeblii NPOU3BOANT PUKCUPOBAHHOE Konm4ecTBO (BOocemb) bpoca-
Huli (OQHOTUMHBIX MCMBITAHUA) C NOCTOSIHHON BeposTHOCTBIO «ycnexa» (0,75),
MOXEeM CEenaTb BbIBOJA, YTO C/yyaliHasi BenuyduHa X1 umeet OMHOMUANbHbIN 3a-
KOH pacnpegeneHusi ¢ napamerpamu n = 8 u p = 0,75. [Ana 6buHomnansHoro
pacnpeneneHnsa MaTeMaTuHeCKOe OXXKNAaHNE PaBHO

M(X)=np=28-0,75 =6,

a pucnepcusi

D(X)=npg=8-0,75-(1—0,75) =8-0,75-0,25 = 1,5.
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Cnyuaiinas BenuuuHa X, npuHumaet Bcerga 3Hauvenme 1 (Tak Kak BTOpoili Hac-
keTbonmcT npekpawaeT 6pocaTb MAY NOCNE NEPBOrO NONAAAHNS), NOITOMY Takoe
Ke 3Ha4YeHMe NPUMET N MAaTEMATUHECKOe OXXnAaHue sToii Benuymnibl: M(Xa) =1,
a aucnepcust (kak gucnepcus KoHcTauTol) paeHa 0: D(X) = 0. MatemaTunueckoe
oXuaaHve Benn4dnHbl X, PpaBHOW Cymme Cay4aiiHbix Benndud Xi n Xo:

M(X)=M(X1 +X2)=M(X1)+M(X2) =6+1=T1.

[ncnepcnsa cymMMbl He3aBUCUMBbIX CNyYaiiHbIX BEUYMH TaKXKE paBHa CyMMe AuC-
nepcui:

D(X) = D(X; + X2) = D(X1) 4+ D(X2) =1,5+0=1,5.

6) Myctb cnyvaiinas senuumna Y — obuwee konm4ecTeo BpoCKoOB, KOTOpPOE
Nno aHanoruu € NpeablAyWwuM CAyYaeM CKNaAblBaeTCsl U3 KOMU4YecTBa Bpockos,
COBEPLUEHHbIX NePBbIM, U BPOCKOB, coBepLleHHbIX BTOpbIM: Y = Y7 + Y5.

Mepebiii nponssoguT poBHO 8 BpocaHwmii, noaTomy Y7 BCErga NPUHMMAET 3Ha-
yenne 8. Torpa ee YMCNOBble XapaKTepuCTUKU (aHANOMMYHO XapaKTepUCTUKAM
BennumnHbl Xo) npunumatoT cnegyrowme 3nadenns: M (Y1) =8, D(Y1) = 0.

BTopoii BbinonHsieT 6pockn (UCnbITaHUs) [0 NepBoro nonaganus («ycnexa ),
NO3TOMY MO OTHOLLEHUIO K CiiyvaliHoi Benunynte Yz (konunyecTBy Bpockos, cosep-
LWEHHbIX BTOPbIM 63CK€T60}1VICTOM) Mbl MOXEM CAeNaTb BbIBOJ, YTO OHa MMeEET
reoMeTpuYecKnii 3aKoH pacnpegeneHus ¢ napamerpom p = 0,25. Torpa ee ma-
TEMATUYECKOE OXKUAAHWNE U JUCMEPCUSI COOTBETCTBEHHO MPUHUMAIOT CheaytoLine
3Ha4YeHuns:
1 1 l1-p 1-0,75 0,75

MYs)=-=—==4, D(X) =
(V) = = g5 =4 DX)

= = =12.
p? 0, 252 0, 0625

B cuny apaAnTMBHOCT MaTeMaTUYECKOrO OXUAAHUS, HAXOAUM
MY)=MY1+Ya) = M)+ M(Ya) =8 +4=12,
A Tak kak Benu4uHbl Y7 n Y5 HesaBucumebl, TO aucnepcust paBHa
D(Y)=D(Y1+Y2) =D(Y1) + D(Yz) =0+ 12 = 12.

3amedqanue. Tlpn pelleHnn JaHHOW 33Aa4M Mbl UCMONBL30OBAAN HE TONBKO aA-
AVTUBHOCTb MAaTEMATUYECKOrO OXXUAAHMSI, HO 1 CBOMCTBO aAANTUBHOCTY ANCHEpP-
CUU ANSt HE3ABUCUMBIX CNyHaliHbIX BeIMYMH. He3aBnCMMOCTb paccmaTpnBaemsbix B
KaXK/OM 13 NPEAJIOKEHHbIX 33JaHUNA CNAraemMbix C/IeAYyeT U3 NOCTAHOBKM 3KCMepu-
MEeHTa — KaXKAblii 13 backeTbonncToB nponseoauT ceputo bpocatuii (ucnbiTanmii),
Ha KOTOPYIO He OKa3blBAET BIUsiHUS cepusi bpocanuii (ncnbiTaHuii) naptHepa. B
JanbHeiillem, B Clly4ae pacCMOTPEHNSI 3aBUCUMbIX CTY4aliHbIX BEAUYUH, ANCHep-
CUSt UX CYMMbl MOXET OKa3aTbCsl HE PAaBHA CYMME JMCMEPCUii. A
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332. Crpesok cTpesser o MUIIEHH!, PU ITOM BEPOSITHOCTD BBIOUTH
10 ouroB mpu ogMHOYHOM BBICTpeTe cocTaBmser 0,1, 8 oukos — 0,2, 6 o4-
xoB — 0,3, 4 ouka — 0,1, 2 ouka — 0,2. HaiiTn MmaTemaTndeckoe OXKuIaHme
7 IMCIIEPCHUIO ODOIIMEero 9ucjaa OYKoB npu 10 BhICTpesax.

333. Pabounii obcay:xuBaer 4 HE3ABUCHMO PAOOTAIOIINX CTAHKA.
BeposiTHOCTE TOTO, YTO B T€UEHHE YaCa CTAHOK He MOTPedyeT BHUMAHUS
pabouero, paBHa Ijs nepBoro cranka 0,7, mis sToporo — 0,75, 1 Tpe-
thero — 0,8, aasa gerBeproro — 0,9. Haiiqure maremaruyeckoe oxuganue
¥ JUCIIEPCUIO CIYyYalHON BeTUIUHBI X , PABHON YUCTY CTAHKOB, KOTOPBIE
He OTpeOyIoT BHUMaHus paboyero.

334. JIBa cTpenka HE3aBHUCHUMO APYT OT JAPYra CAEIAH M0 OIHOMY
BBICTPENIY B OJIHY W Ty YK€ MWINEeHb. BepOATHOCTH TOTAIAHNS JIJIS TIep-
BOTO CTPEJIKA PaBHA p1, & JJist BTOPOro — po. Haidimure M (X) n D(X),
ecam X — obImmee YMCIIo TOMAIAHUH B MUTITEHD.

335. IBa cTpenKka CTPeNsiOT KayKIbIi MO CBOeil MUIeHU, Jesias
HE3aBUCUMO JIPYT OT JAPYyTa MO OJHOMY BhICTpery. BeposaTHocTs momnaia-
HUs B MUIIEHb 71 iepsoro crpeska 0,9, ansg sroporo 0,8. Paccmarpusa-
IOTCS JIBE CJIyYaliHble BETUUUHBL: X — YUCIIO TIOTIaHNN TIEPBOTO CTPEI-
Ka; Y — 4ucsio monajaHuii BTOpoOro CTpeska U uX pa3Hoctb Z = X — Y.
TlocTpouTsh psa pacpeenenns CAydaiiHoil BeIUINHBI Z W HAUTH ee Ma-
TEeMaTUYIeCKOe OKUIAHNE W JIUCIIEPCHIO.

336. Bpocarorca gse urpanabHble KocTh. [lycth X — 4Uncio 09YKoB,
BBITIABINIAX HA TIEPBO#i, a Y — Ha BTOpPOI kKocTu. Haiitu:

a) M(X/Y);6) M(X —Y);B) D(X -Y).

337. BeposaTHOCTH MOMAJAHUA B MUIIEHD MMPYU OJHOM BBICTPEJIE IS
JanHoTo cTpenka pasHa 0, 8. Haiitn MmaTemaTnyeckoe oXXuUIaHWe W IUC-
nepcuio i 9ucia nonaganuil B Muinedb B 100 He3aBUCHUMBIX BBICTPeE-
Jax.

338. BeposaTHOCTH ycmexa B KaykKJIOM W3 N UCObITannit Bepmyimm
paBua p. Benmuuna X — oTHOCHTENBHAS YACTOTA yCIl€Xa B CEPUU U3 N
ucnbitannii. Haiitu ynciosbie xapakrtepuctukn iist X .

339. Bpormensr m urpanbHLIX KocTeit. HaliTn MaTemMaTndeckoe OxKu-
JaHue W JUCIEPCHUIO CYyMMBI YUCJIA OYKOB, KOTOPBIE BBINAIYT HA BCEX
TPaHIX.

340. Coayuaitnas Benmumnaa X pacupeieseHa mo reoMeTPUIecKo-
My 3aKOHY. BBIOpaTh MEpBBIil YIeH P U 3HAMEHATENh TIPOTPECCUN ¢ TaK,
YTOOBI MATEMATHIECKOE OKUIAHNE BeJUIUHBI X OBbLI0 paBHO 10, U BBHI-
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YUCIUTD TIPU 3TOM ycjioBuu BepositHoctb P(X < 8).

341. Urpa 3ak/o4aercsa B TOM, 4TO UI'POK A 6pocaer MOHETY JI0 IIO-
spaenus repba. Eciu repb Beimas npu k-M OpOCaHWM MOHETBI, TO UTPOK
A monyuaer k py6meit or urpoka B. Ckoabko py6iet DoaKeH yIaTuTh
urpok A urpoky B mepen magasom WrphI Jjisi TOTO, 9TOOBI MATEMATH-
9eCKue OXKWIAHUS MPOUTPHINIA s KAXKJIOr0 WUIPOKA PABHSJINACH HYJITIO
(uro6bI urpa ObL1a «6e306uHON» )?

342. U3 cocyna, comepxKaimero m OeJbIX U 1 YePHBIX IIapPOB, W3-
BJIEKAIOTCSI MIAPHI 10 TEX TOp, TOKa He TOsSBUTCS Oenbrit map. Haiitu
MaTEMATHIECKOE OXKWJJIAHUE YNCJIa, BBIHYTHIX ITAPOB W €r0 JUCIEPCHUIO,
€CJTU KaXK Bl AP MOCJIe M3BICYEHIUS BO3BPAIIAIICS.

343. Cayuaiinbie Bemmauabl X u Y He3aBucuMmbl, npudem X pac-
mpeziesieHa o GMHOMUAIBHOMY 3aKOHY € mapamerpamu p = 1/4un =8,
a Y — mo reomerputueckoMy 3aKOHy ¢ mapamerpoMm p = 1/3. Haiitu
M(X?2-Y).

344. HNwmeercsa 5 Kao4eii, 13 KOTOPHIX TOJTBKO OIUH MOAXOIUT K 3aM-
Ky. HaiimuTe 4ucioBbie XapaKTEPUCTUKN CIYYAHHON BETHINHDI, PABHOI
quCay Ipod OpU OTKPLIBAHUU 3aMKa, €CJIM: &) UCHPOOOBAHHDIA KJI0Y B
LOCJIE/YTOIMX OLPODOBAHUAX HE ydacrByer; 6) UCIHPOOOBAHHBIN KIIOU
y9aCTBYET B TOCJIELYIOMIX OMPOOOBAHUSIX.

345. Tpoe cTpenkoB ¢ BepodaTHOCTAMHE monaganud 0,5, 0,7 u 0,75
IPY OJUHOYHOM BBICTPEJIE CTPEJSIOT MO MUIeHu. [[epBbIil BRITOTHIET
10 BBICTPEIOB, BTOPOIt CTPEISIET A0 TEPBOrO MPOMAXa, & TPETHi CHAYAIIA,
cTpensieT 4 pasa, TOCJe Yero CTpenseT A0 mepBoro nomamanus. Haiimn
MaTEMATHYECKOE OXKUIAHNE ODIINEro KOJWYECTBa MOMAJAHWA U ODIIEro
KOJTUIECTBA BBICTPEJIOB.

346. Jlast MI000T0 MOTOKHUTETHHOTO 9UCIa € < 1 IPUBECTH IpHUMep
city4aiinoit Benmuuabl X takoii, uro P(X < MX) < e.

347. JlokaxkuTe, UTO 14 CAYIANHON BeTMINHBI X U TPOU3BOJIHLHOTO
JEeHICTBUTEIHFHOTO YNCIA C BBITIONHSAETCS HEPABEHCTBO:

D(X —¢)* > D(X),

MpUYeM PABEHCTBO JOCTUTAETCsT TONBLKO B TOM ciydae, ecan ¢ = M (X).
348. Ilycrb X — mekoropas (HeTpUBHAJIbHASA) CIydaiiHas BeJIUIU-
ua. I[IpuBecTu mpumeps! crydailHbIX BeTUYIUH Y ¥ Z, YIOBIETBOPSIIOIINX
nepasercTsam M(X +Y)? > DX u M(X + Z)? < DX.
349. JlokaxkuTe, 9TO €Cau caydaiinas BeandnHa X mMeeT HauMeHb-
1ee ¥ HanOOJIbITIee BO3MOYKHBIE 3HAYEHN ST, DABHBIE ¢ M b COOTBETCTBEHHO,
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TO BBIINIOJTHAECTCA HEPABEHCTBO!

350. [loxaykmre, UTO JJIsT HE3ABUCUMBIX CIYIANHBIX BemanuH X u Y
BBITIOJIHAETCSA PABEHCTBO:

D(XY) = D(X)D(Y) + (M(X))* D(Y) + (M(Y))* D(X).

351. Tpu crpesnka BoIMOMHAOT 4, 5 1 6 BHICTPEIOB B MUIIIEHb COOT-
BETCTBEHHO ¢ BeposATHOCTsMI Tiontaaanns 0,25, 0,4 n 0,5 COOTBETCTBEHHO.
Haiitn MmaTemarimiaeckoe OKUIAHNE U TUCTIEPCHUIO OOIIETO KOJTMIECTBA TIO-
magauuii. [TocTponTsh TAOIHUILY pacrnpeaeeHus KOJUYECTBa TONa IaHUN
MIEPBOTO CTPEJIKA.

352*. Crpenok, uMest n MATPOHOB B 3amace, HAYUHAET CTPEILOY 10
IIEJTN, BEPOSITHOCTH TIOTIAJAHUST B KOTOPYIO MPHU KayKIOM BBICTPEJIE PABHA
p. CTpenbba TpeKpaIaeTcst mocse mePBOTOo MOTAIAHNS B TIeJIh WJIH TIOCTIe
M3PACXOIOBAHUS BCEX MATPOHOB. HaiiamTe YMCIOBBIE XapaKTEPUCTUKU
9UCIA U3PACXOIOBAHHBIX TTATPOHOB.

353*. U3 ypHbI, comep:Kaiieit m OeIbIX U N — M YePHBIX IapPOB,
0 cxeMme BBIOOpa 0e3 BO3BPAIEHNs M3BIEKAETCsS BBIOOPKA oObemoM k.
Iycre X — uncno Gensix mapos B Beibopke. Haitnnre M (X) nu D(X).

2.4 KoBapuanus, k03 PUINEHT KOPPEAAINN

Mycte X n'Y — HekoTopble cny4vaiinbie BenudnHbl. Boisegem cdopmyny ans anc-
nepcum cymmbl. Bocnonbsyemcst afanTUBHOCTLIO MAaTEMATUYECKOTO OXMAAHUS:

DIX+Y)=MX+Y -MX+Y))>=M(X -MX)+ (Y - MY))*> =
=M(X - MX)’+2M(X — MX)M(Y — MY)+ MY — MY)* =
= DX + DY +2M(X — MX)M(Y — MY).

Boipaxenne M(X — MX)M(Y — MY') Ha3biBaeTcs KOBapUaumen CnyHaiiHbix
BenndnH X n Y un obosnauaercs:

cov(X,Y)=M(X — MX)M(Y — MY) = M(XY)—- MXMY.
C HoBbIM 0bBO3HaueHueM copmMyna ans gucnepcum Cymmbl npuobpeTtaeT Bug
D(X+Y)=DX + DY +2cov(X,Y).

Koeapuauuns nmveet cnepyrowme CBONCTBA:
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X,Y) =cov(Y, X)
X,X) = DX.
X,

oV

ov Y) =0, ecnu X n Y He3aBuCMMBI.

ov(aX,Y) =acov(X,Y), rae a = const.

L. cov(
2. cov(
3. cov(
4. cov(X +a,Y) = cov(X,Y), rae a = const.
5. cov(
6. cov(

X+Y,Z)=cov(X,Z)+ cov(Y, Z).

Hanbonee 4acto ucnosnbayemoli xapakTepuCTUKOW 3aBUCUMOCTN CYHalHbIX
BenndnH X n Y siensietcs koagppuymnent koppensiyun p(X,Y'), onpepensiemoiii

dopmynoii

cov(X,Y)  M(XY)—MXMY
o(X)o(Y) VDXDY '

70T KO3hbpuumneHT obnagaeT cregyoOWMMI CBORCTBAMM:

p(X,Y) =

p(X,Y) = p(Y, X)
p(X,Y) =0, ecnu X nY HesaBuCUMSI.
Beerga [p(X,Y)| <1

> w0

|p(X,Y)] = 1 Torga n Tonbko Torpa, koraa X n Y NuHelHO 3aBUCUMBbI
Y=aX+buna#0.

5 p(aX +b,Y) = %p(X, Y), ansi a # 0.

Npumep 29. [ns npumepa 26 BoI4NCANTbL KOBAPUALMIO N KOIPHULNEHT KOP-
penauynn BeandnH X n'Y .

Vv [ns HaxoxgeHus koeapuauyum senndunH X u Y Hailgem maTtemaTu4deckoe
oxugaHue ux npomssegenus. [1ns aToro Bocnonb3yemcs HaligeHHol paHee Tab-
Nnuein pacnpeaenenus Bennyniel Z = XY.

XY | 0 1 2 3] 4 6
P [0,36]0,24]0,24]0]0,08]0,08

Haxogum maTemaTuyeckoe oxupatue:
M(XY)=0-0,36+1-0,24+2-0,24+3-0+4-0,0846-0,08=1,52.
AHaJ'IOrVI‘-IHO MaTeMaTU4YeCKne OXXnagaHums XnY HaxoaMM NO NOCTPOEHHbIM
paHee Tabnuuam pacnpegenerus: M X =0,8u MY =1,3.
Tenepb Haxopum kosapuauymno X n Y: cov(X,Y)=M(XY)—- MX - MY =
1,52 —0,8-1,3 =0,48.
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Onsa HaxoxaeHna koapduumenTa Koppensiyum notpebyroTcs cpegHue KBaja-
patudeckue oTknoHeHuss X n Y, KOTOpble TakxKe JIerko HaiiTu no tabnuuyam pac-
npeaeneHuns:

M(X*)=0%-0,36+1>-0,484+2%.0,16 = 1,12,
DX = M(X?) — (MX)*>=1,12 — (0,8)* = 0, 48,
ox = VDX = ,/0,48.

AHanornyHo oy = /0, 73.
Torpa koacbpuumreHT KOppensuUM paBeH:

T(XY)_COV(X,Y)_ 0,48 —4\/§~081
T T oxoy /0,480,713 73

Tak Kak Ko3hbNLMEHT KOppenauumn nonoXxuteneH n 6amsok Kk 1, To MOXKHO
FOBOPUTb, HTO MEXAY BEINHNHAMU X n Y CyweCTBYET CNNIbHASA NONOXUTENbHAsA

KOppensaynoHHasa 3aBUCNMOCTb.
lMpumeyanme 1. Tak kKak KoBapuauusi otany4Ha ot 0, TO MOXKHO Cpasy e
CAenaThb BbIBOA O TOM, YTO CAy4vaiiHble Benu4uHbl X 1 Y 3aBUCUMBI.
lMpumedarmne 2. Kosapuaumio X n Y MoxHo 661010 Bbi4ncnuts unade. MNycts
Z — KONMYeCTBO MONAaAaHuii BTOPOro cTpenka, toraa ¥ = X + 7, a BeAUYUHbI
X un Z nezasucumsbl. Npn 3TOM 13 CBONCTB KOBapuauum n Hesasucumoctn X u
Z nony4um:

cov(X,Y) =cov(X, X + Z) =cov(X,X) +cov(X,Z) =DX +0=0,48. A

Mpumep 30. V3BecTHO, 4TO CpeaHME KBAAPATUHECKNE OTKIOHEHUS HE3aBUCY-
MbIx cny4arinbix BenndnH X u'Y paBHbl ox = 2, oy = 3. Haiitn koBapnayuo n
KkoapbuymeHT koppensiyun cnyyavineix seandnt 2X +Y —3 n X —3Y

v Jucrepcuu X n'Y paeuel DX = 0% =4, DY = 0% = 9. Wicnone3ys ceoii-
CTBa KOBapuauum u Hesasucumocts X n Y, nonyunm: cov(2X +Y —3, X —-3Y) =
cov(2X +Y, X —3Y) =2cov(X,X —3Y) 4+ cov(Y, X —3Y) = 2(cov(X, X) —
3cov(X,Y)) 4+ (cov(Y,X) — 3cov(Y,Y)) = 2(DX —3-0) + (0 — 3DY) =
2-4—-3-9=-10.

MNonb3ysck ceoiicTBaMu gucnepcun u He3aBUCUMOCTBIO X U Y ycTaHaBnuBa-
€M, 4TO

02X +Y -3)=/D2X +Y -3)=/D2X +Y) =
=V4DX + DY =+/4-4+9 =5,
o(X —3Y)=/D(X —3Y)=vVDX +9DY =4+9-9 =/85.
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Torpa:

cov(2X +Y —3,X —3Y) 19
2X +Y —3,X —3Y) = _ v
PRX+Y =3 X =Y = Y —Bex —3Y) v

354. Cucrema cayuaiinerx Benuns (X,Y) 3agana tabmawmeii pac-
npenenenns. Haiinnre koaddrnment koppensunn X n Y.
X\Y | -2 0 1
-1 0,110,221 0,1
2 0,210,311 0,1
355. Cucrema ciyuaiinbix Benuunn (X,Y) 3agana tabauneii pac-
npenenenusi. Haiinure xoaddurment xoppemnsim p(X,Y):

X\Y | -1]0]1 X\Y ][O0 1]2
a)[ 1 [01[02]01]| 6 1 ]03]02]01
T [02]03]01 2 10,1]02]0,1

356. 3aman 3aK0H PACTPEIEIEHUS CIy9IalHON BemanHbl X :
X | -1 0 1 2
P 0201|0403
Haiinnre koaddbumment koppensumn p(X,Y), ecmn Y = | X|.
357. 3ajaH 3aKOH pacupeeseHus CIydaifHol BeuauHbl X :
;| 0 1 2
pi | 0,110,603
Haiiaure koadduuuent koppessyu p(X,Y), ecou:

a)Y=2+3X; 6)Y=2-3X;
B) Y = X% rY =|X[;
mnY =2X2+1; e) Y =3|X|;
®K)Y = |X|+2.

358. 3aman 3aK0H pACTpEIeIEHUs CIy9IalHON BemanHbl X :
ZT; -1 0 1
pi | 0,404 | 0,2
Haiimnre koadpdburment koppensimn p(X,Y), ecnn:

a) Y = X2 6)Y =X241;
B)Y =-2X% 1)Y=|X|

359. Cuayuaitabie Bemunabl X U Y WMEIOT MATEMATHYECKUE OXKU-
mauns M(X) = —1, M(Y) = 3. KoBapnanusi 3THX BeJWUYNH DaBHA
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cov(X,Y) = 6. Haiiure MareMaTHueckoe OXKHUIAHNE CIydaifHON Beln-
unabl Z = 3XY + 4.

360. Cayuaiinbie Beauduabl X U Y UMEIOT MATEMATHYIECKHE OXKU-
marnst M(X) =1, M(Y) = 2 n gqucnepcun D(X) =9, D(Y) = 4. Ko-
s dunmenT Koppessunn 3tnx BeandnH pased p(X,Y) = 0,5. Haitanre
MaTeMaTHIecKoe OXKUIAHNE CAyvainoit seamanasl Z = 2XY + 3.

361. Iwmeercs cayuaiiubiii Bekrop (X,Y). M3rectHo, uto M (X) =
0, M(Y) =2, D(X) =2, D(Y) = 1 n p(X,Y) = —¥2. Haiizure muc-
Mepcuio CIydaiiHoit Bemmauabl Z = 2X — 3Y.

362. Mseectno, uto MX = 1, MY =0, DX =1, DY =4 u
p(X,Y) =0,5. Haittu D(2X —Y).

363. HeszaBucumblie cayuaitabie BenIuHbl X 1 Y WMEOT MaTeMa-
traeckne oxuganus M(X) =2, M(Y) = —3 u aucnepcun D(X) = 1,
D(Y) = 2. Haiiaure MmareMaTuyecKoe OXKUJIAHUE CJydalHON BEJIUIUHBI
Z =3X?Y +2Y? + 1.

364. Ilycts X m Y — OIWHAKOBO PACTpE/IEIEHHBIE HE3aBUCUMBIE
cnyuaitnbie Beanunabl. Hafitn kosadbdunnent koppensmmn p(X, X —Y).

365. Bepuo s, yTo mjist TIOOBIX Cay9YalHbIX Bewund X, Y u Z
seimonastercst p(X +Y, Z) = p(X, Z) + p(Y, Z)? Ecaw na, 10 noKa3ark,
€C/IN HeT — TIPWBECTH KOHTPIPHUMED.

366. Cpeanme KBagpaTWYeCKWe OTKJIOHEHUS HE3aBUCHMBIX CJIY-
qafitabix BesmduH X u Y pPaBHBI 2 W 3 COOTBETCTBEHHO. BhramcanThb
cov(3X +2Y, X -Y).

367. Ilers BBUMCIUT KOBApHAIHIO pocTa X CIOPTCMEHOB M3 WH-
CTUTYTCKO# 6aCKeTOOJIbHON KOMAaHIbI, W3MEPEHHOTO B CM, W CKOPOCTHU
Gera Y (Tex ke CIOPTCMEHOB), u3MepeHHOH B M/c. Mama jjis Toil xe
COBOKYTTHOCTH 6ACKETOOINCTOR BHIUNC/INIIA KOBAPHUAIHIO pocTa X , M3Me-
PEHHOTO B M, W CKOpOCTH Gera Y, m3Mepenuoii B am/c. Onpeneants, B
KAKOM OTHOIIIEHUU HAXOAATCS ITU KOBAPUAIINU.

2.5 VcaoBHoe pacnpeaegenue. PopmyJsia MOJTHOTO
MaTeMaATHYECKOTO OXKUIAHUSI.

Mop ycnoBHbiM pacnpeseneHnem Gyfem MOHUMATb PacrpefeneHne HeKOTOPOi
CNyYaiiHoi BenuYmMHbl X npu ycnoeum HactynneHust cobeitus A. [Ins anckpert-
HOW cny4yaiiHoli Benn4mHbl X 3aKOH pacnpefeneHus Npu yCJOBUM HACTYMIEHNS
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cobbiTusi A MOXeT BbITb OnucaH ¢ NoMoLWbIO cneaytouleii Tabnuubi:

X|A x1 T2 Tn
P | P(X=x1]A) | P(X =a3|A) | ... | P(X = z,|A) |

roe ri,T2,...,Tn — BCE BO3MOXHble 3HaqeHus BenudmHbl X. B wactHocTm, B
KavecTBe A MOXHO paccMaTpuBaTh CODbITHE, 3aKNIOYAIOLWEECS B TOM, YTO Apyras
cny4vaiiHaa BefMYMHA Y NpUHSAIA HEKOTOPOE YUCSIOBOE 3HAYEHUE Y.

Npumep 31. Cayvasinas sennduHa X — KOAUHYECTBO «OPJIOB», BbINABLUUX
npu 6pocaHum Tpex moHet. Haiitu 3akon pacnpesenenus X npu ycnosum, 41O
x0T bbl OAMH «OpPEN> Bbinall.

v Mycts A={sbinan xots 6bl ogmH «open»}. HecnoxHo nokasatb, 41O

P(A) = 3 Mpu 33apaHHOM yCNnOBUM KOMMYECTBO BbIMABLUUX «OPJIOB» MOXET
6uiTe 1, 2 nnmn 3. Haligem BeposithocTn cobbituii {X = 1]A)}, {X = 2|A)} n

N P{X =1}A)
{X = 3|A)}. No dopmyne ycnosroii Bepositoctu P(X = 1]A4) = )

3ameTum, 4To cobbitne {X = 1}A 3akn04aeTCs B TOM, 4TO BbINan OANH <OPENn>»
W NpY 3TOM BbINaN X0Ts Bbl OANH «OPEN>», TO €CTb, haKTUYECKN, COBNAAAET NpPo-
CTO C BbINaAEHNEM OAHOTrO «Opna» npu BpocaHMn Tpex MOHET, a BEpPOSITHOCTb

3TOro CobbIThsi paBHa 3 Takum obpasom, P(X = 1|A) = % = % Anano-

rnyHo Haxopgum P(X = 2|A) = % = %—Z = % w P(X =3|4) =

M = 1/—8 _1 HaiifeHHblli 3aKOH YCNOBHOrO pacnpeneneHmnsi Mox-
B =7/5 = 7 Hea y pacnpes

HO ochopMUTh B Buge Tabnuubi:

X[A] 1] 2 | 3

P (37 3717 A

368. Bpormensb! aBe nrpaababie KocTr. HaiiTi 3aKoH pactpeaenenns
KOJIMYECTBA OYKOB HA BTOPOIt NTPAJILHOM KOCTH NP YCJIOBUM, UTO HA HElt
BBIMAJIO DOJIBITE OYKOB, YEM HA MEPBOM.

369. U3 komompr B 52 KapThl CAyYaflHBIM 00PA30M HM3BIEKAIOTCS
gerbipe. HaiiTu 3akoH pacupeienenns KOJTHIeCTBA Ty30B CPeIu H3BJIe-
YEHHBIX KAPT:
a) TP YCJIOBUH, UYTO BCE BBITAINEHHBIC KAPTHI MMEIOT JOCTOMHCTBO HE
HUXKe KOPOJIS;
6) 1IpU YCJIOBMU, YTO TY3 MUK HE ObLI U3BJIEYEH.

Myctb cobbitus (runoteswl) Hi, Ha, ..., H, TakoBbl, 4TO

a) H; - H; = 0 pnsa nobbix i # j (cobbiTns nonapHo HECOBMECTHbI),
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6) Hi + Ha+ -+ + Hp = Q (x0oTs1 66l 0AHO COBLITUE JOMKHO NPON30IATN);
(vmaqe roeopsi, 3 cobuituii Hy, Ha, ..., H, MOXeT npon3oiiTy 0gHO U TONBKO
OAHO).

Torpa maTeMaTMyYeCcKoe OXKUAAHUE CAyHaiHol BennynHbl X MOXKeT bbiTb Bbi-
4ucneHo cnegyrowum obpasom:

M(X) =" P(H:)M(X|H).

i=1

DTO COOTHOLLEHNE HOCUT HA3BaHUE POPMYJIbI NOHOrO MATEMATUYHECKOrO OXUAA-
HUSI N ABNSIETCA aHANOrOM PaCCMOTPEHHON paHee (hopMybl NOAHO BEPOSTHOCTH.

B wactHocTu, B Ka4vecTBe Habopa runotes Hy, Ho, ..., H, MOXHO ncnons3o-
BaTb Habop cobbitnii {Y =y1}, {Y = y2}, ..., {Y = yn} roe Y — HekoTOpas
cny4aiiHasi BENUYMHA, NPUHUMAIOWAS 71 PAa3fINHHbIX 3HAYEHNIA.

Paccmotpum vacTHbili cnyyali popMynbl NONHOrO MaTEMaTUHECKOrO OXUAa-
Hus. Mycte X = X1+ Xo+-- -+ Xy, rae Y — cnyyaiiHas Benu4unHa, npuHUMato-
Wwas HaTypanbHble 3HaveHns (T.e. PaCCMaTPUBAETCA CYMMA CAyHaiHbIX BENNYUH,
cocToswas u3 cnyvaiinoro konudectea (Y) cnaraemsix). Torga umerot mecTo gga
VHTEPECHBIX CNeACTBUSI (POPMYSibl MOJHOMO MAaTEMATUYECKOrO OXKUAAHUS:

n

Creacrame 1. MX =Y MX;P(Y > ).
i=1
Cnencteune 2. Ecnu Bce cnaraemble (cnyqaﬁHble BeJ1I/I‘-|I/IHbI) X, nmeroT ogu-
HaKoBble MaTemaTnyeckne oxuganus M X; = a (Hanpumep, B TOM cnydae, Koraa
BCE CnaraeMbleé UMerT OAUHAKOBLIN 3aKoH pacnpegenenus), 70 MX =a- MY

Npumep 32. V paccesHHoro cTpenka ecTs gse 0boiiMbl N0 5 NaTPOHOB B Ka-
Joii. BeposTHocTe nonaganma npu oguHo4HoMm BeicTpene coctasaset 0,5. [lpu
3TOM BEPOSITHOCTb NOTEPsITL 060iimMy paBHa 0,4 (ans kakgoii u3 0boiim). CTpenok
nogxo4NT K MULLIEHU N CTPENSET 10 Heﬁ, NCnob3yss BCE MMELNECA K AAHHOMY
MOMEHTY (HenoTepsiHHble) naTpoHbl. Haitn maTematudeckoe oxuganmne obuyero
KOJIMYECTBA nonafgaHunii.

¥ 1 cnocob. MNycts X — obuwee konuyecteo nonaganuii. Paccmotpum Habop
runotes: Hi={cTpenok He noTepsn Hu ofgHoli oboiimbl}, Ho={cTpenok notepsn
opHy oboiimy}, Hs={cTpenok notepsn obe oboiimbl}. HeTpyaHo HaiiTn BeposiT-
HocTn 3Tux runotes: P(H1) =0,6-0,6 = 0,36; P(H2) =2-0,4-0,6 = 0,48;
P(Hs) = 0,4-0,4 = 0,16. MNycte npousowno cobeite Hq, Torga y crpen-
Ka ecTb age oboiiMbl No 5 NaTpoHOE u, Takum obpasom, oH genaet 10 BbiCTpe-
JIOB C BEPOSITHOCTbIO MomnajaHust Ha kaxaom u3 Hux 0, 5. MNoatomy B 3TOM Cny-
yae cnydaiiHas senuduna {X|Hi} nmeetr GBUHOMMANbHBIA 3aKOH pacnpenenerus
c napametpamu n = 10 n p = 0,5, a ee MaTeMaTN4eCKOe OXMAAHUE PABHO
M(X|H1) =np =10-0,5 = 5. B cnyyae HacTynnenus cobeitust Hz y cTpenka
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ecTb oaHa oboiima ¢ 5 natpoHamu, nostomy eenuuuHa {X|Hz2} umeer 6GuHo-
MUaNbHbIA 3aKOH pacnpeneneHus yxe ¢ napamerpamum n = 5 n p = 0,5, a ee
matematuyeckoe oxugarnune M(X|Hz) = np = 5-0,5 = 2,5. Hakonew, ecnu
npousowno cobbitne Hs, TO NATPOHOB Y CTPENKA HET, a3 MAaTEMATUYECKOE OXKU-
faHne konuyectea nonaganuii M (X|Hs) = 0. Wcnonesys dopmyny nonHoro
MaTEMATNHECKOrOo OXXNAaHus, NONy4Hnm:

MX = P(H\)M(X|H,) + P(Hz)M(X|H,) + P(Hs)M(X|Hs) =
=0,36-5+0,48-0,25+0,16-0 = 3.

2 cnocob. MNycts Y — konnyectso oboiim, KOTOpbIE OCTanuch y cTpenka. To-
roa BeNU4unHy X MOXHO npeacTaBnTb B BUAE CyMMbI Y CJ'IyLIaﬁHbIX cfaraeémMbix,
PaBHbIX KOJTNYECTBY I'IOI'Ia,EI,aHI/Iﬁ npun BbICTPEsiaX C NCNOJIb30BAHNEM COOTBETCTBY-
toLLEeli HEMOTEPSIHHOM 060liMbI. 3aMeTUM, YTO KaXKAoe U3 3TUX ClaraeMbiX UMe-
eT BUHOMMaNbHbINi 3aKOH pacnpegeneHusi ¢ napametpamu n = 5un p = 0,5 (B
Ka>kgoii oboiime 5 NaTPOHOB), NO3TOMY MaTEMATUHECKOE OXKUAAHME KAXKAOMO U3
cnaraemblx paBHo a = np = 5-0,5 = 2,5. B 10 e Bpemsa cny4yaiiHas Bennyu-
Ha Y Takxke pacnpegeneHa no BUHOMUaNBHOMY 3aKOHY C napameTrpamu n = 2 un
p=0,6, noatomy MY =np =2-0,6 = 1,2. Torga, nonb3ysicb CneacTeuem 2,
nonyunm: MX =a- MY =1,2-2,5=3. A

370. Uwmeerca 10 KapTOYHBbIX KO0 4 KOJIOABI 10 52 KapThl (KapTh
13 mocrouncTs, 4 Macreii) u 6 Kooz 110 36 kapT (KapThl 9 JOCTOUHCTB, 4
macreit). CaydaiiubivM 06pa3oM U3BIEKAIOTCS JBE KOJIOBI, TOCJIE Yero U3
KayK 0% M3BJEKaOTCA 1o 2 KapThl. HaliTn maTemMaTudeckoe OXKUIAHUE
KOJUYIeCTBA TY30B CPEIN U3BJIE€IEHHBIX KapT.

371. B mepsoit ypae Haxomgarcs 1 O6enbiii m 4 UepHBIX IIapa, BO
BTOPOit — 2 Genbix u 3 4epHbIX mapa. 13 mepBoit ypHbI BO BTOPYIO CITy-
JaifHbBIM 00Pa30M TEePEKIATHIBAIOT:

a) OIWH map,

6) aBa mapa,

TOCJIe 9ero u3 BTOPOU yPHBI u3BiekaioT Tpu mapa. Halitu marema-
TUYECKOE OXKHUIAHNE KOJUIECTBA OEJIbIX IITAPOB CPEIN U3BICICHHBIX.

372, MUrpambHas KoCTb OpOCAercs OAuH pa3, MOCJEe Yero JAOIOJI-
HUTEJIBHO OPOCAeTCH CTOJIBKO Pa3, CKOJBKO OYKOB BbIIAJIO [IPU [IEPBOM
Oopocannu. Halitu maremarndeckoe OxKuIAHHE OOIEr0 KOJHIECTBA BbI-
MTABIINX OYKOB.

373. Illpm urpe Ha UTpPATBLHOM aBTOMaTe «MeTKuit cTpenoKs urpa-
IONHUil CTPesser 10 TeX MOop, MOKAa He mpoMaxHeTcd. BeposgTHocTh moma-
JAHWSA MpU OHOM BbIcTpese pasHa 0,9. HaiiTn maTemaTndeckoe 0XKuIa-
HUe YHCIIa BHICTPEJIOB, MPON3BEIEHHBIX 33, /IeHB, €CJN B 3aJ1 UTPATHHBIX
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aBTOMATOB e€xkKeJIHEBHO 3axoauT 300 4enoBeK, U KaxKIbli U3 HUX C BEPO-
1

ATHOCTBIO 3 MOXKET ChITPATh HA JAHHOM aBTOMATe.
374. Ha maremaTnveckoit oJIUMTHAIE YIACTHUKY BBIJAIOTCA 4 3a-
nmauan. Kaykayio n3 3a71a7 y9acTHIUK MOYKET PEITUTh ¢ BepOSITHOCTHIO (5.
Ecnu 1o Xomy onMMIuaabl OKA3bIBAETCSA, YTO OH PEININ He MEHee TPeX
33/1a49, TO €My MpeJJaraloTcs eie 3 JAONOJHUTeTbHbIe 3a1a4uu. Haiitu
MATEMATHIECKOE OXKUJAHUE KOJUIECTBA PEIIEHHBIX 3a/1a4.

375. Pabounii 06CIyKUBAET 1. OMHOTUTHBIX CTAHKOB, PACTIOIOXKEH-
HBIX Ha TMPSIMOI C MHTEPBAJIOM @ MEXKIY COCeaHuMU cTaHkamu. Cunrasi,
9TO pabounii 06CTYKNBAET CTAHKH, MOAXOS K HUM B TIOPSIIKE OU€PETHO-
CTH, HANTH MaTeMATHYECKOe OXKUJJIAHWE JJIMHBI TIEPEX0Ia MEXKLY JIBYMs
CTAHKAMMU.

376. Ha xiyeruaroii 6ymare HApUCOBAH MPAMOYTOJBHUK 3 X 4. B
OTHOW M3 MEHTPATHHBIX KJIETOK CHANT TayK, KOTOPHIH KaKIyI0 CEKyH-
[y PABHOBO3MOYKHO TIEPETOJI3aeT B JIIOOYI0 U3 COCENHUX (MO0 CTOPOHE)
kieTok. Haiitu mMaremMaTndeckoe OXKUIAHUE BPEMEHH, 3a KOTOPOE TMayK
MOKUHET TPSIMOYTOTbHUK.

377. B ommoit u3 BepmmH Kyba CHIUT TAyK, KOTOPBIH KaxKIyiO
CeKYHy PABHOBO3MOXKHO TIEPETTOI3AET B JIOOYIO W3 COCEHNX TTO pebpy
BepriH. Haiftn MaTemaTntdeckoe OXKWaaHe BpEMEHH, 32 KOTOPOe TTayK
J006epeTcs A0 MPOTUBOIOIOXKHON BepIuHbI Ky0a.

2.6 PyHKOUA U NJIOTHOCTH PACIIPEIeIEHUSA BEPOAT-
HOCTU CJIyYaiiHOI BEJIMYUHBI

@DyHKymeri pacnpegeneHus cnyHaiiHol sennyntbl X Ha3bliBatoT dyrkuuto F(x) =
Fx (), onpeaensiowyto anst KaXxgoro 3HaveHusi nepementoll z (—oo < & < 400)
BEPOATHOCTb TOro, 4To X NpUMeT 3Ha4YeHUue, MeHbLlee

Fx(z) = P(X < z).

DyHkuus pacnpeaenenuns obnagaeT creayOWMMN CEOACTBAMM:
1.0 < Fx(x) < 1.
2. Fx(—00) =0, Fx(+o00) = 1.
3. He yb6biBaet: Fix(x2) > F(x1) npu z2 > 1.
4. Fx(x) HenpepbiBHA CneBa, T. €. zllznol OFX (z) = Fx (zo)-

BeposiTHoCTb nonaganus cny4vaiinoll Bennyuubl X Ha uHTepBan [r1, r2) onpe-
pensietcst hopmynoi

P(ml <X < x’g) :Fx(xz) —Fx(l’l).
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3Has 3aKOH pacnpefeneHus AUCKPETHON Ciy4vaiiHOW BenuumHbl X, MOXHO
BBIYUCINTD €€ PYHKUNIO pacnpeaenerus:

Fx(x)= Y P(X =),

z; <z

rae CYMMUPOBaHWE PACcnpOCTPaHSIETCA Ha BCE 3HAYEHUS NHAEKCA G, ANS KOTOPbIX
ri < .

CnyvaiiHasi BennunHa X Ha3blBAETCS HEMPEPLIBHOM, €CNN CYLECTBYET TaKasi
HeoTpuuaTenbHas n uxterpupyemas dpyrukuus f(z) = fx(x), HasbiBaemas miot-
HOCTbIO pacnpefeneHnsi BEPOSITHOCTEN, YTO npu Bcex ¢ € R

Fx(l’): /fx(t)dt.

MnoTHOCTb pacnpeaeneHns BeposTHOCTeN obnafaeT cneayoWmMn CBORCTBAMU:
1. fx(z) 20, z€R.

—o00
3. Fy(a) = fx(x).
DyHKUMS pacnpeneneHns HeNpepbIBHOW cny4aiiHoil Bennyuubl X siBAsieT-
CSi HENpepbLIBHOW, MOHOTOHHO BO3pacTawoweii dyHkuueli, npudem ans nboro
zo € R Beinonusiercss P(X = x9) = 0 (T. e. BEPOSTHOCTb «MOMacCTb B TOHKY>»
[ONS HENPEPBLIBHONM CNyHaiHOl BennYunHbl pasHa Hynto). BeposTHocTs nonaganus
Takol ClyHaiiHOl BENWYUHBI B UHTEPBAs MOXET ObITb BblYUCIEHa No chopmyne

P(:El <X < :Ez) = /fx(t) dt.

1

PyHKLMS pacnpepeneHns cny4aitHoll BennynHbl X, paBHOMEPHO Pach peaeseHHOV
Ha oTpe3ke [a,b], paBHa

0 npu z < a,
Fx(z) = z:z npu a < = < b,
1 npu x > b.

MnoTHoCTb pacnpeaeneHns paBHOMEPHO pacnpeaeneHHoli Ha [a, b] cnyuaiiHoii se-
JNYNHBI PaBHA
1
fx(@)=1{ b-a
0 npu = ¢ [a, b].

npu a < x < b,
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Npumep 33. Cnyvaiinas senndnna X 3apaHa ¢hyHkymeli pacnpeseneHus

0 npu x < 0,
Fx(z) =< tg(z/4) nmpn0 <z <,
1 npu x > .

Haiitn
a) BEPOSITHOCTb TOro, HTO CAyHaiiHas Bean4nHa X npuMeT 3Ha4EHUe, 3aKNH0H€EH-
Hoe B nHTepsane (—2,4m/3);
6) nnotHocTb pacnpeseneqns X.

a) BeposiTHocTb Toro, 4To cnydaiiHas BennduHa X nonajet Ha 3aAaHHbiii
uHtepsan (—2,4m/3) BeidncnsieTcsi no dopmyne

P(—2 < X < 4rn/3) = Fx(4n/3) — Fx(=2) = tg(n/3) — 0 = V3.

6) MnoTHOCTL pacnpeneneHnst HaliieM Kak MpOU3BOAHYIO PYHKLUM pacnpese-
NeHust:

1
- - 0 <
fx(x) = Fx(x) ={ 4cos2(x/4) pnl S TS, A
0 nHaye.

Npumep 34. CnyyaiiHas BenmumHa X 3afaHa NAOTHOCTHIO PAaCnpeneEseHus
fx(z) = Cx? B untepsane (0, 1); sHe sToro untepsana fx(x) = 0. Hasitu
3Haqenne napamerpa C.

Vv [nsa nHaxoxaeHus napametpa C BOCMO/b3YeMCsl CBOWCTBOM MAOTHOCTU pac-
npegeneHus:

—+oo
fx(z)dz =1
— o0
VynTbiBasi, 4to BHe nuTepeana (0, 1) nnotHocTe pacnpegenerus fx(z) = 0,
nony4dyunm:
1
1_/fX /C’ = (13—03):%
0
otkyaa C' = 3, nostomy Ha unTepeane (0, 1) nnotHocts fx (z) = 322 (8He 3Toro
MHTEPBasa MIOTHOCTb MO yCNoBMIO paeHa 0). A

378. Cayuaitnas Bennuuna X 3agana QyHKIHEH PACIPEIeTeHUsT

0 mpn x < 2,
Fx(x)=<} z/2—-1 mpm2<zx <4,
1 mpu 4 < x.
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Haiitu BepoaTHOCTH TOTO, YTO B PE3y/abTaTe UCIHbITAHUS X TPUMET 3Ha-
qeHue:

a) menbiee 0,2;
0) MeHbIIlee Tpex;
B) He MeHbITee TISATH.

379. Cayuaiinas Benumuuna X 3agaHa Ha Bceit ocu Oz dyHKIMEH

tg(x/2 i
pacnpenenenns Fx (z) = 5 + %@/). HaiiTin BO3MOXKHOE 3HAYUEHTE T,
V/IOBJIETBOPATOIIEE YCIOBUIO: ¢ BEPOATHOCTDIO 1/4 ciydaiinas BemanHa

X B pe3ysibTaTe UCHBITAHUS TPUMET 3HAYEHUE, OOJIbINEE T.

380. JIuckperHas ciaydainas Beananaa X 3aJaHa 3aKOHOM pacrpe-
JIeJIeHU
a) X | 2 4 7 6) X | 3 4 7 10
P|05|02]|03F7 P|02|01]04]|03]

Haiitn dynkumio pacnpenenenns Fx(x) n HadepTnTh ee rpaduk.

381. C noMoIIbI0 XapaKTePUCTHIECKUX CBOWCTB BBISICHUTE, SIBJISIET-
cs s F(x) dyukuueit pacupenenenus ciydaitnoii seauaunbl. [locrpoiite
cxemaTudecku rpaduk TaHHOW QyHKIUH:

0 mpu z < 0,
. 0,3 mpm 0 < x <1,
a) F@)=9 o5 mpuil<z<2
1 opu x > 2.
0 mpu x < 0,
) 0,3 mpuO<az<l1,
6) F(x)= 0,2 mpml<azx<2,
1 opu x > 2.
T+ 2arctgx
B) F(x):T
0 npu r < —3,
r) F(z) =4 cosz mpmz € (—5;0],
1 npu z > 0.
0 npu z < 0,
X <
1) F(z) = 5 pm 0 <z <5,

0,4 mpub <z <6,
1 npu = > 6.
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0 mpn x < 1,
) 0,5 mpu 1 <z < 2,
) F@) =93 0952 npu2<w<3
1 npu r > 3.
382. Tlomwp3ysdch XapaKTepUCTUUYECKUMHU CBOUCTBAMU JJIsT JTAHHOM

dbyuxmmu F(x) pacrnpenenenusi BeposiTHOCTeH, HaliTh mapamerpsl A n
B:
a) F(a) = —5%_ 4+ A:6) F(z) = A+ Barctgas ») F(z) = —— + B
T)=—— ; x) = arctgz; B x) = .
1+ || & 1+e®
383. lana yHKIHUS pacrupeenenus HeIpepbIBHON CIydaiiHoil Be-
JAmIuHbBT X

3

0 mpu x < 0,
Fx(z) =4 sinz mpn0<z <73,
1 npu 3 < I.

Haiitu nuiornocts pacupenenenus fx ().

384. HenpepoiBHas caydaiinas BennamHa X 3aaHa ILIOTHOCTHIO
pacnpenenerus fx(xz) = (3/2)sin3xz B unrepsane (0,7/3); BHE 3TOTO
unrepBana fx(z) = 0. Haiitn BeposiTHOCTH TOrO, uT0 X TIpUMeT 3HaUe-
HWe, TpUHaIesKalee nareppany (w/6,m/4).

385. HempepnisHas cayuaitnast sennunaa X B uaTepBase (0, 00)
3a/1aHa TUIOTHOCTRIO pachpenenenns fx(x) = ae”** (a > 0); BHE 3TOTO
unrepsasia fx(x) = 0. Haiitu BepogrHocTs TOoro, yro X npumer 3nade-
Hue, npuHajexaiiee uarepsaiy (1, 2).

386. g mwiorHocru fx (x) pacupeiesieHus BEPOATHOTEN Crydaii-
HOlt Besimuubbl X Haittu dyHkimo pacupegenenus Fx (x):

a) fxl(x) = { cosx mpu 0 <z <3,

0 WHAYe.
—0,5 mpml<ax<2,
nHade.

6) fx(x) _{ :
B) fx(z) = { iz mpu > 1,
{

x
0 npu = < 1.
|z| mpm |z| < 1,
0 opm|z|>1.
2 mpn 0Lz <1,

) fx (@) = { 0  wHave.

387. Tlo 3amawnoit moTHOCTH fx (2) pacTnpe/esieHnsi BEpOSITHOCTEN
caydaiHoi Benwunabl X HAWTH OCTOSHHBIN apamerp C:
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Csin2x mpulO<z < I,
6) fX(x)_{ 0 I/IEBHQ. ’
Cl—2%) mpnm —1< 2 <1,
5) fX(x)_{ 0( : WHaJe.
Czxe ™ mpmax >0,
r) fX(:C):{ 0 npu x < 0.
g mpu z > 1
m) fx(z) =3 74 PTEZS
mpu = < 1.

x
0

| Ccosz mpu |z] < 7/2,

¢) fx(x) = { 0 opu |z| > 7/2.

2.7 YwucaoBble XapaKTEepPUCTUKUN HETTPEPHIBHBIX
CIAyYaMHBIX BEJIMYUH

MartemaTnyeckoe oxxugaHne HeNpepbIBHONM CNyYaiiHol BennYnHel X onpeaensieT-
Csi PaBEHCTBOM
—+ o0

M(X) = / zfx(z)dz,
—oo
Npu yCNoBUM, YTO MHTErpan CxOAUTCs abCONOTHO.

Bce cBolicTBa MaTEMaTUYECKOTrO OXUAAHUS, YKA3aHHbIE Bbille ANS LUCKPET-
HbIX CNyYaiiHbIX BEANYUH, COXPAHSIOTCS U ANS HENPEpbIBHbIX CAyYaliHbiX Benu-
YUNH.

Ecavn g(X) — dyHkuyus cnyuaiivoro aprymedta X, 1o

+oo
M(g(X)) = / o) fx () de.

MaTemaTuueckoe oxungarue cnydaiiHoii Benuumtbl X, pacnpeneneHHoin pas-
HOMEpPHO Ha oTpeske [a, b], paBHO

Jucnepcus HenpepblBHOW CNy4aiiHol BennyuHbl X onpefensercs paBeHCTBOM

+oo

D(X) = / (& — M(X))* fx (z) da,

— oo
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NAn paBHOCUNbHbIM PAaBEHCTBOM

+oo

D(X) = / 2’ fx () de — (M(X))2.

— oo

Bce croiicTBa gncnepcnm AUCKPETHBLIX CNy4aliHBIX BEANYUH, NEPEHNCIEHHBIE
paHee, OCTAOTCA CNPaBeANMBLIMU U A5 HEMPEPbIBHbIX CyHaliHbIX BEMYNH.
[Ancnepcns cnyyaiinoii Benuymnubl X, pacnpenenieHHol paBHOMEPHO Ha OTpPe3-
ke [a,b], pasHa
(b—a)?

bX) ==

Mpumep 35. Cryuaiinas sennunsa X 3a4aHa MIOTHOCTbIO PACNPERENEHNS
fx(x) = 3% B untepsane (0, 1); sre stToro untepsana fx(x) = 0. Haiitn

a) MaTeMaTNYECKOE OXUAAHNE CIYHANHON BENnYntbl X ;

6) auncnepcuno D(X).

v

Haxonum matemaTnyeckoe oxxupaHue ciny4aiiHoii BennyuHbl X:

+oo 1 1
M(X):/xfx(x)dx:/x~3:c2dx:3/x3d:c:z,
—oo 0 0
[Ons BbidMcnenus aucnepcun Ham nonapobutcs waiitu M (X7).
+oo 1 L
M (X?) = /xzfx(x)dx:/xz-3x2dx:3/x4dx:g,
—o0 0 0

MoactaBnsiem HalifeHHble 3HaYeHUst B GOPMYNyY OIS BbIYUCIEHUS 4MCNEPCUN:

D(X) =M (X?) - (M(X))* = g - (Z) = %.

388. Cayuaiinas enmunia X 3a/aHa MJIOTHOCTHIO PACTIPEIETEHUS
fx(x) = 22 B wareprasne (0, 1); BHe 3Tor0 WHTEpBana fx (z) = 0. Haiitn
MaTeMaTHIecKoe OXKWIaHne BeTnanHbl X .

389. Cayuaiinas Beanmunna X 3amana MIOTHOCTHIO fx () = %e_m
(pacupenenenue Jlannaca). Haiitn maremMmaruyeckoe 0KuJaHue BEJIUIM-
HBI X.

390. Cayuaiinas penmuunia X 3a/aHa MJIOTHOCTHIO PACTIPEIETEHUS
fx(x) = c(x?® + 2x) B unrepnane (0, 1); BHe 3T0r0 HMHTepBana p(zr) = 0.
Haiirn:
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a) mapamerp ¢;

6) MaTeMaTUYeCKOe OXKUJIAHUE BeJUIUHbI X .

391. Haiitn maTeMaTIecKoe OXKWIaHNE CIYIANHON BeanmInHbl X,
3aannoi GyHKIMEN pacrnpeseseHus

0 mpu z < 0,
Fx(x)=< z/4 upu0<z <4,
1 mpu 4 < x.

392. Crayuaiinas Benmwunnaa X, BO3MOXKHBIE 3HAUEHWS KOTOPON
HeOTPWIATEbHBI, 3a7aHa GyHKmeil pacnpenenenns Fx(z) =1 — e %"
(a > 0). Haiitn Maremarndeckoe OKHJaHUE BETHIUHBL X .

393. Cuyuaiinas sesmuuna X B unrepsase (0;7) 3aaHa NJIOTHO-
crpio pacnpenenenus fx(r) = (1/2)sinz; BHe 9TOro MHTEpBANA IIOT-
HOCTH fx(z) = 0. Haiitn nucnepcuio X.

394. Cayuaitnas peanunna X B mnaTepnase (0;5) 3amana mioTHO-
cThio pactipeenenns fx(x) = (2/25)x; BHe sToro unTeprana fx(x) = 0.
Haittu aucmepcnro X.

395. Haiitun gucnepcuio caydaiHoi Benmnauabl X , 3a1aHH0N PyHK-
nueit pacnpeneaeHns

0 mpu r < —2,
Fx(z) =< z/440,5 mpn —2<x < 2,
1 mpu 2 < x.
396. BorunmcanTh MaTeMATHYECKOE OXKUIAHWE W JIUCIIEPCHIO IS

HEMPEPBHIBHOM CIyYaiiHON BEIMYWHBI, 33, IaHHON TIOTHOCTHIO f X(:v):
e ® mpmax >0,

a) fx(z) = { 0

mpur z < 0.
o sxt={ 5% <<
= g1 e
o ={ 3 e
LR
e) fx(r) = { §x2 EE:%— 1<z <1,
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397. Cayuaitnaa Bennunaa X paBHOMEPHO paclpejeieHa Ha OT-
peske [a, b]. Haiitu Bepostaocts P(|X — M X| > o(X)).

398. [IlnorHocts f(x) BeposTHOCTH CayvaiHOW BeanunHbl X pap-
Ha %e‘m (pacnpenenenve Jlammaca). Beraucaure BEepOSTHOCTDH MOTA-
JlaHWs 3HAYEHWH JAHHOM CilydaiiHOi BeMYuHbI B IpoMexyTok [MX —
30(X),MX + 30(X)].

399. Cayuaiinas Besmunaa X PABHOMEDPHO pAaCIpeIesieHa HA OT-
peske [—2,1]. Haitanre M (X2 + X + 1).

400. Coayuaitnas Benuunna X PaBHOMEPHO PACIpPEIETeHa HA OT-
peske [—1,3]. Haiigure: a) M (2X + 3); 6) M (X2 +1).

401. Coayuaitnas Benuunaa X wMeeT MIOTHOCTD PACIPEIETCHIs

—_ >
fx(z) = 23/2° T 22,
0, T < 2.

Hajiitu 3nauenne mapamerpa ¢, GyHKINIO PACTPEIESICHNs CITy YaiHOM Be-
JanauHbl X | ee MaTeMaTndeckoe oxkmaanne, aucnepcnio. Haiitn BeposT-
HocTh cobbitus | X — MX| < 1.

402. Cayuaitnas Bennuuaa X ¥MeeT MIOTHOCTD PACIPEIETCHIs

| ez +1), -1 <2<3,
Jx (@) = { 0, HHAYe.

Hajiitu 3nauenne mapamerpa ¢, GyHKINIO PACTPEIESICHNs CITy YaiHOM Be-
JamauHbl X, ee MaTeMaTudeckoe OXujaanue, aucnepcuio. Ha#iTn BeposT-
HocTh cobbitus | X — MX| < 1.

Mpumep 36. Hoxku yupkyns, kaxagasi n3 KOTOpbix MMEET AanHy 1, pa3aBuHy-
Thl HA CJ1y4aliHblil yros , paBHOMEPHO pacnpeaeneHtsii Ha otpeske [0, w|. Haitu
MaTeMaTNHECKOE OXKUAAHNE PACCTOSTHUS MEXAY KOHLAMU HOXEK.

v 1 cnocob.

Haligem dyHkuuto pacnpepeneHus cnyvaiiHoii BenuumHel X — paccTosiHUs
Mexay KOHLamu Hoxek. [lo onpepenenunto, Fx(xz) = P(X < z). Jlerko Bugets,
H4TO Npu OTPUUATENbHbIX 3HAYEHUAX T HEPABEHCTBO X < I HE€ BbINONHSAETCA
(paccTosiine MexAy KOHLAMU HOXEK HE MOXKET ObiTb MEHbLUE OTPULATENBHOrO
uuncna). OTcrona fenaem BbIBOA, HTO BEPOSITHOCTb TOrO, HTO JAaHHOE HEPAaBEHCTBO
BbIMOJIHUTCS AN OTPULLATENbHBIX 3HaYeHunit © pasHa 0, nostomy Fx (z) = 0 npu
2 < 0. AHaNOrnYHO paccy>kaasi, MOXHO TaKXXe CAenaTb BbiBoA, 4To Fx(z) =1
npu x > 2 (paccTosiHne MeXAy KOHLAMU HOXEK LMPKY/s rapaHTUpOBaHHO Bygert
meHblue noboro 4ucna, bonbliero geyx).
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PaccmoTpum cnyvaii, korga 0 < x < 2. BbiscHum, B KakoM fnanasoHe pon-
XKEH NMPUHNMATb 3HAYEHWE yron ©, ‘-ITO6bI PaCCTOAHNE MEXAY HOXKamMu 6bl}10
menbLe x. Hecnoxueim obpasom (Hanpumep, n3 Teopembl KOCMHYCOB C NOCNEAY-
OLMMYN NPeobpasoBaHMAMN) HAXOLUTCS, HTO PACCTOSIHUE MEXAY KOHLIAMU HOXKEK
unpkynsi pasHo 2sin(y/2). Noatomy ans paccmMaTpmBaembix 3HaYeHUT T

P(X < z) = P(2sin(p/2) < z) = P(sin(p/2) < /2).

C y4eTom MOHOTOHHOCTM cuHyca Ha oTpeske [0; /2] (a ans BeibpanHoro ot 0 go
T yrna @ 3HadeHne /2 kak pas byger nexatb Ha oTpeske [0;7/2]) n ycnosust
0 < z < 2 MOXeM nepenncaTb AAaHHOE COOTHOLUEHNE B CNeAyHOWeM BUAE:

P(sin(p/2) < z/2) = P(0 < /2 < arcsin(z/2)) = P(0 < ¢ < 2arcsin(z/2)).
Cnyuaiinasi BenMYMHA ( PaBHOMEPHO pacrnpegeneHa Ha [0; 7], noatomy

npn x < 0,

Fy(z) = npn 0 < z <,

0
z
T
1  npnax>m.
MosToMy Asis pacCMaTpPUBAEMbIX 3HA4YEHUN T BEPOSITHOCTb
P(X <z)=P(0 < ¢ <2arcsin(x/2)) =
= F,(2arcsin(z/2)) — F,(0) = 2 arcsin(z/2).
™

Takum obpasom, nonyyaem:

npu x < 0,

Fx(z) = arcsin(xz/2) npn 0 < z < 2,

H:‘lwo

npu x > 2.

Mo n3BecTHOl PyHKLUMU pacnpefieneHnst HECTIOXKHO HAaXOAUTCS 1 NAOTHOCTb pac-
npeaeneHns cnyyaiiHoi Benu4mHbl X:

2

fx(z) = Fx(x) = { mv/4— 22
0 npu = ¢ (0,2).

npn 0 < x < 2,

MaTemaTuyeckoe oxxuaaHue cnyyaitHoli BEIMYUHBI C N3BECTHON NJIOTHOCTBIO pac-
NpeseneHnsi BbIYNCNSETCS NO U3BECTHOI hopmyne:

“+ oo 2 2
JESS)
M(X) = /xfx(x)dx:/de: A Tl B
] /4 — x2 m o T
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2 cnocab.

Bocnonbayemcs opmynoli BbIYUCAEHNA MAaTEMATUHECKOTO OXUAAHNSA PYHK-
umu cnyvaiiHoro aprymenta. Panee 6bin0 yctanosneno, uto X = 2sin(p/2). Tak
KaK BeJMYNHA ( paBHOMEpHO pacnpegeneHa Ha [0, ], ee NIOTHOCTL pacnpeaene-
HUS

npm 0 < z <,

Jo(z) = Py
(@) 0 npuzx¢l0mn]
MNoaTtomy
+oo
M(X) = M(2sin(¢/2)) = / 2sin(z/2) fo(x) dx =

T4

™
= /QSin(x/Q) = dz = — écos(:tc/2)
™ ™ 0

0

403. Ha orpeske a) [0, 7]; 6) [0,37/2] ocu OX caygaiiHbiM 00pazoMm
BeiOpana Touka A. [leprmenaukynspuo OX uepe3 Touky A MPOBOAUTCS
mpsMast, mepecekaromas rpaduk GyHknum y = sinx B Touke B. Haiitu
MaTeMaTHYIecKoe OXKWIaHWue TJINHBI oTpe3ka AB.

404. Ha mumamerpe AB eIMHHYHOrO Kpyra CaydaiiHbIM 00pasoMm
BbiOpana Touka C. Yepes Touky C mepnenaukynspuo Kk AB nposenena
xopaa. Hafitu MmaremaTnyeckoe OXXuanve JIJTHHBI JAHHOW XOP/IbI.

405. Uran u IleTp moroBopuanch O BCTpede B ONpeaeIeHHOM MecTe
MEXKIy OJWHHAANATHIO W JBEHAINATHI0 dacamu. KarKapiii MpuxXoauT B
CIIyYaWHBIH MOMEHT YKA3aHHOTO TTPOMEXKYTKA M JKIET TOSBIEHUS IPY-
roro jio ucredenus daca. Ciaydaiinas penuauHa X — BpeMs OXWIAHWS
(oT MOMeHTa IPUOBITHS HA MECTO BCTPEYH IIEPBOIO IPUILIENIErO 10 MPU-
xo71a BToporo). HaiiTu MaTemaTnueckoe OXKuJaHue BeJTUIUHbI X .

2.8 HopmanbHOoe pacrpeaeieHune

MnoTHOCTE BEPOSITHOCTU HOPMasibHO pacnpefeNeHHon cnydaiiHoi Benu4YmHbl X
NMeET BUp
() 1 _@-a?
fX )= ——¢ 202 |
oV 2w
roe a — MaTeMaTUYeCcKOe OXUAaHWe, o — CpefHee KBajpaTudeckoe (CTaHgapT-
HOE) OTK/IOHEHME.
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BeposTHOCTb TOrO, 4T0 X NpUMET 3HauEHUE, NPUHAANEXKALUEee OTPE3KY [T1, T3]
(wnn cooTseTcTBYIOWEMY MHTEPBaNY),

Plov < X =0 (227) -0 (272).

z 2
3pece @(z) = \/%j e T dt — dyHkuns Jlannaca. PyHkums pacnpegenerus
0

.. 1 r—a
cny4yaiiHoii Benu4mHbl X paBHa 5 + P .
o
BeposiTHOCTb TOro, 4TO abCONIOTHASH BENMYMHA OTKJIOHEHUSI HE MPEBOCXOANT

e (e >0),
P(|X —a| <€) =2P(¢/o).

Npumep 37. CnyvariHbie oLunbKY Npn N3MEPEHNN ANHBI CTEPXKHS UMEKOT HOP-
Maﬂbelﬁ 3aKOH pacnpe,qeneHl/m C MAaTEMATUHECKUM OXULAHNEM 0 n CTaHAapT—
HbIM OTKNOHEHUEM 1 cm. HaiiTn BEpOSTHOCTL TOro, YTO NMPU N3MEPEHNMN CTEPIKHS
ANuHOU 1 M pe3ynbTaT U3MEPEHUS OKa)KeTCsl B AnanasoHe ot 98 cm go 102 cm.

¥ [Mycts X — cnyvaiinas owmnbka namepeHns, NOgHUHAIOWASICS HOPMASbHOMY
3aKOHy pacnpe,u,eneHvlﬂ C MaTeMaTn4eCKnmMm oXXnagaHunem 0 n Cpe,EI,HVIM KBa,D‘paTI/I—
yeckum (CTaHaapTHbIM) oTknoHennem 1. W3 ycnoeusi cnesyet, 4to Heobxogumo
HallTV BEPOSITHOCTb TOrO, YTO abCONIOTHOE 3HAYeHUe BeNUYUHbl X He MpeB30oii-
€T 2. 3Ta BEPOSITHOCTb paBHa

P(IX| <2) = P(1X — 0] < 2) = 28(2/1) = 28(2) ~ 20,4773 ~ 0,95.A

406. HopwmambHo pacmpeaesennas ciaydaitnaa Beananaa X 3a7aHa

 (@=1)? "
TIJIOTHOCTBHIO fX (:C) = 5\}%6 50 . HaiiTu maTeMaTndeckoe OXKHIaHNe

n aucrnepcnio X .

407. MaremaTnueckoe OXKHWIAHNE W CpedHee KBAIPATHIECKOE OT-
KJIOHEHWE HOPMAJHLHO PACTIPEIETIEHHON CIyYaifHON BeTnInHbBI X DAaBHBI,
coorBercTtBenno, 10 u 2. Haiitu BepOATHOCTH TOTO, YTO B pe3yJbTaTe
ucnbitanusg X npumer 3HadeHue u3 uarepsasa (12, 14).

408. Cayuaiinas Benmuunaa X HOPMAaJIbHO PACIPEIEIEHa C Tapa-
Merpamu a = 1 u 0 = 2. Beipa3uTh ee PyHKIIUIO pacnpeIeeHus depes
dbyukuuo ().

409. IlIpomsBomuTcsa m3mMepeHne auamMeTpa Bajia 6e3 cucTeMaThude-
ckux omubok. Ciydaitibie omubku nudmepenus X MOSYUHEHBI HOPMATb-
HOMY 3aKOHY €O cTangapTHbIM oTkioHeHneM 0,1 mm. Haiitu BeposgTHOCTH
TOTO, 94TO W3MepeHue OyIeT MTPOU3BEIEHO C OIMOKOM, HE TTPEBOCXOISIIEH
mo abcorroTHOM Besmunae 0,15 MMm.
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410. ITapuk, ©3TOTOBIEHHDBIH ABTOMATOM, CINTAETCS TOIHBIM, €CJTH
OTKJIOHeHWe X AmaMeTpa IMapuKa OT MPOEKTHOTO pa3Mepa He MPEBBI-
maeT 0,1 MM. TouHOCTH M3TOTOBIEHNST XapPAKTEPU3YETCA CTAHIAPTHHIM
otkyaonennem o. Cumras, uTo Aad manHoi Texmomornu o = 0,05 MM
u X HOPMAJbHO paCIpe/iesieHa, BBISCHUTD, CKOJIBKO MPOIEHTOB TOTHBIX
JeTateil I3rOTOBJISIET aBTOMAT.

411. (upopmosizkenue). B ycioBusix npepiayIieii 3a/1a4u BbIICHUTD,
KaKO# JOJI’KHA, OBITH TOYHOCTh M3TOTOBJIEHUSI, UTOOBI TPOIEHT TOIHBIX
JeTaJiei oBhICUICSA 10 987

412. Cucremarndeckasi oNnMOKa yIEPKAHUS BBHICOTHI CAMOJIETOM
+20 M, a cayvaiinas omubOKa WMeeT CpeaHee KBAAPATUIECKOe OTKJIO-
merue 75 M. g monera camosera orBeeH KOPUAOP BbicoToit 100 M.
CamosieTy 3amaHa BHICOTA, COOTBETCTBYIONIAS CepennHe Kopumopa. Ka-
KOBA BEPOSATHOCTH, UTO CAMOJIET OyJeT JIeTeTh: a) HUXKe, 0) BHYTpU U
B) BBINe Kopuaopa?

413. Wamepsemas ciydaitnas sennanaa X pacipeaesiena HOpMab-
HO ¢ MaTeMaTw4decKuM oxkujganneM 10  CTaHZAPTHBIM OTKJIOHEHWEM 5.
Haiitu cuMmMeTpudHbBIii OTHOCUTETHHO MATEMATHIECKOTO OXKWIAHUS WH-
TepBaJ, B KOTOPHIH ¢ BeposaTHOCTHIO (0,9973 momaeT m3MepeHHoe 3Hate-
HUe.

414. XuMuYeCcKHil 3aBOJ U3TOTOBJISIET CEPHYIO KUCIOTY HOMUHAIb-
noit mnotroctu 1,84 v/cM3. B pesyibTaTe CTATHCTHYIECKUX WCIBITAHMI
obHapyzxkeno, 9To mpakTadeckn 99,9% Bcex BBIMyCKAEMbBIX PEAKTHBOB
UMEIOT TUIOTHOCTH B uHTepBase (1,82; 1,86). Haiitu BepogTHOCTH TO-
T0, 9TO KUCJIOTA YJIOBJETBOPSET CTAHAAPTY, €CJN JJIsT 3TOTO JOCTATOY-
HO, YTOOBI €€ TIJIOTHOCTH HE OTKJIOHSJIACh OT HOMHWHAJIA 0oJiee, YeM Ha,
0,01 r/cm3.

415. Kopobku ¢ IMoKOIag0M yIIaKOBBIBAIOTCS aBTOMAaTHIecKH. X
cpemnsia macca pasua 1,06 kr. MzBecTro, uT0 5% KOPOGOK MMEIOT MACCY,
Menbiryo 1 kr. KakoB mpomeHT KOpoOOK, MacCa KOTOPBIX TPEBBIMIAET
940 r?
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. 1,1 2179 | 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
Teopm{ BEPOATHOCTEN U MAaTEMATUYIECKAA CTATUCTUKA! yqe6. mocobue 1,2 1942 | 1019 | 1895 | 1872 | 1849 | 1826 | 1804 | 1781 | 1758 | 1736
9.A.B I .AB.E . — 2- 1,3 1714 | 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
JITA BTY30B / yKom‘a W Jp.; TIOJ PeJ dmmona ¢ 1,4 | 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 | 1315
n31., nepepab. u gon. — M.: Hayka. I'n. pen. ¢wus.-mar. qmr., 1990. 1,5 | 1205 | 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127
8| G i\ e\ o |0 |

B.E.P - ,

[5] Taypuear, YKOBOACTEO K PEIICTITO SARA™ MO TEOPHI BEPOTTHO 18| 0790 | 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 | 0669
cTeit 1 MATEeMAaTHYEeCKON cTaTucThKe: y4ueh. mocobue Mjisi CTYIEHTOB 19 | 0656 | 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 | 0551
By30s / B.E. [mypman. — sz 5-e, crep. — M.: Beicm. mx., 1999. 2,0 | 0,0540 | 0529 | 0519 | 0508 | 0498 | 0488 | 0478 | 0468 | 0459 | 0449

2,1 0440 | 0431 | 0422 | 0413 | 0404 | 0396 | 0387 | 0379 | 0371 | 0363

O Mo, & Ml et pormoc: R Ak et dbae il
HBIX 33784 C pemlemmAMm: mep. ¢ amrn. / @. Mocrennep. 24| 0224|0219 | 0213 | 0208 | 0203 | 0198 | 0194 | 0189 | 0184 | 0180
i Mo Howa, 1975 Onepomns papra: ) o nn o e |0 it 0| 0
http://ilib.mceme.ru/djvu/60zadach. htm) 27| 0104 | 0101 | 0099 | 0096 | 0093 | 0091 | 0088 | 0086 | 0084 | 0081

2,8 0079 | 0077 | 0075 | 0073 | 0071 | 0069 | 0067 | 0065 | 0063 | 0061

[7] Cemacthsanos, B.A. COopHWK 3a7ad TO TEOPUM BEPOSITHOCTEN 2,9 0060 | 0058 | 0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 | 0046
/ BA CeBaCTbHHOB, B.II. I’II/ICTEIKOB, AM 3y6KOB — M.: HayKa. 3!0 0’0044 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 | 0034
I'n. pen. ¢dus.-mar. aut., 1980. 3,1 0033 | 0032 | 0031 | 0030 | 0029 | 0028 | 0027 | 0026 | 0025 | 0025

3,2 0024 | 0023 | 0022 | 0022 | 0021 | 0020 | 0020 | 0019 | 0018 | 0018

]] C H.S. TI . 3,3 0017 | 0017 | 0016 | 0016 | 0015 | 0015 | 0014 | 0014 | 0013 | 0013

[ ] OTHHUKOBA, -z1. liepBoalnpenbCkun 3a1a9HUK 1O TEOPHH BEPO- 3,4 0012 | 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | 0010 | 0009 | 0009
araocreit nng crygsentos nemaremarukos [/ H.Z. CornukoBa. — 3,5 0009 | 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 | 0006

. . 3,6 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | 0004

www.astro.spbu. ru/staff/nsot/Teachlng/tver/zadachl .html 37 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 | 0003

3,8 0003 | 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002 | 0002

[9] ®esnep, B. Bpejenue B 1€0puio BEpOATHOCTEH U €€ LIPUIOKEHUS. 3,9 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | 0001

T. 1: uep. ¢ aurn. / B. @esiep. — M.: Mup, 1984.



ITPUIOYKEHUE 2 VYuebHoe u3ganue

Tabumna 3nauennii pyukmun O(x) =

0,00 | 0,01 | 0,02 | 0,03 0,04 | 0,05 | 0,06 0,07 | 0,08 0,00 Teopmnsa BeposTHOCTEIH

LoNoUrWLVRD oNoUrPwLWLRDO oNourwRO

ODOO0OOOOOOOO

[ T G U T (U QT G Y

NNNNNNNNNDN

N MaTeMaTnu4vYecKad CTaTUCTUKAa
0,0000 | 0040 | 0080 | 0120 | 0160 | 0199 | 0239 | 0279 | 0319 | 0359
0398 | 0438 | 0478 | 0517 | 0557 | 0596 | 0636 | 0675 | 0714 | 0753
0793 | 0832 | 0871 | 0910 | 0948 | 0987 | 1026 | 1064 | 1103 | 1141 Co6opHUK 3ama4
1179 | 1217 | 1255 | 1293 | 1331 | 1368 | 1406 | 1443 | 1480 | 1517
1554 | 1591 | 1628 | 1664 | 1700 | 1736 | 1772 | 1808 | 1844 | 1879
1915 | 1950 | 1985 | 2019 | 2054 | 2088 | 2123 | 2157 | 2190 | 2224 2-e¢ m3manme, mepepaboOTaHHOE M JOTIOJTHEHHOE
2257 | 2291 | 2324 | 2357 | 2389 | 2422 | 2454 | 2486 | 2517 | 2549
2580 | 2611 | 2642 | 2673 | 2703 | 2734 | 2764 | 2794 | 2823 | 2852
2881 | 2910 | 2939 | 2967 | 2995 | 3023 | 3051 | 3078 | 3106 | 3133
3159 | 3186 | 3212 | 3238 | 3264 | 3289 | 3315 | 3340 | 3365 | 3389 CocraBurenu: Boromosios HOpuit Bukroposuu

0,3413 | 3438 | 3461 | 3485 | 3508 | 3531 | 3554 | 3577 | 3599 | 3621 Maxcmmenxo Anexcanap Huxonaesi
3643 | 3665 | 3680 | 3708 | 3729 | 3749 | 3770 | 3790 | 3810 | 3830 Moposos Anarommii Hukonaesut

3849 | 3869 | 3883 | 3907 | 3925 | 3044 | 3062 | 3980 | 3997 | 4015
4032 | 4049 | 4066 | 4082 | 4099 | 4115 | 4131 | 4147 | 4162 | 4177
4192 | 4207 | 4222 | 4230 | 4251 | 4265 | 4279 | 4292 | 4305 | 4319
4332 | 4345 | 4357 | 4370 | 4382 | 4304 | 4406 | 4418 | 4429 | 4441
4452 | 4463 | 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | 4545 Pemakrop, koppekrop I.B. Bynakosa
4554 | 4564 | 4573 | 4582 | 4501 | 4500 | 4608 | 4616 | 4625 | 4633
4641 | 4649 | 4656 | 4664 | 4671 | 4678 | 4686 | 4693 | 4699 | 4706
4713 | 4710 | 4726 | 4732 | 4738 | 4744 | 4750 | 4756 | 4761 | 4767

Kowmnbiorepuas Bepcrka A H. Makcumenko

0,4773 | 4778 | 4783 | 4788 | 4793 | 4798 | 4803 | 4808 | 4812 | 4817 Hommucaro » mewars 23.04.2009. @opaar 60x84/16.

4821 | 4826 | 4830 | 4834 | 4838 | 4842 | 4846 | 4850 | 4854 | 4857 Bywmara tun. Yen. ned. . 6,51, Va.-uza. 1. 4,7.
4861 | 4865 | 4868 | 4871 | 4875 | 4878 | 4881 | 4884 | 4887 | 4890 Tupaz 200 9K3.

4893 | 48906 | 4898 | 4901 | 4904 | 4906 | 4909 | 4911 | 4913 | 4916

4918 | 4920 | 4922 | 4925 | 4927 | 4929 | 4931 | 4932 | 4934 | 4936
4938 | 4940 | 4041 | 4943 | 4945 | 4946 | 4948 | 4949 | 4951 | 4952
4953 | 4955 | 4056 | 4957 | 4959 | 4960 | 4961 | 4962 | 4963 | 4964
4965 | 4966 | 4967 | 4968 | 4969 | 4970 | 4971 | 4972 | 4973 | 4974
4974 | 4975 | 4976 | 4977 | 4977 | 4978 | 4979 | 4980 | 4980 | 4981
4981 | 4982 | 4083 | 4984 | 4984 | 4984 | 4985 | 4985 | 4986 | 4986

®(3,0) 49865; ®(3,2) 49931 ®(3,4) = 0, 49966; OpurnHaJI-MaKeT MOATOTOBIEH

3,0) =0, 3,2) =0,
©(3,6) = 0,499841;  B(3,8) = 0,499928;  B(4,0) = 0,499968; B PENAKIORHO-M3aTehcKoM oTesne fApI'y.
®(4,5) =0, 5,0) =0,

(4,5) 499997, @(5,0) 49999997 Ormeuarano Ha pusorpade.

fpocmaBckuit rocyTapCTBEHHBIN YHUBEPCATET
150000 Apocnasnsb, ya. Coperckas, 14.



