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Bonpocbl yye6HOM nporpamMmbl
Nno TeOpun BEePOATHOCTEM U MaTEMATUYECKOWN CTaTUCTUKE

Teopusi seposimHocmeu
OreMeHTbl KOMOMHATOPUKN: NEPECTAHOBKN, COMETAHUS N pa3MeLLeHNS.
CobbIiTus 1 ux Buabl. Anredbpa codbITUM.
BeposiTHOCTb cobbiTna. CBoncTBa BEPOSATHOCTU. CnocoObl BbIYUCIIEHUS
BEPOATHOCTU CIy4YamHOro cobbiTus (KfacCU4eCKUin, reoMeTpudeckmn n
CTaTUCTUYECKUN).
TeopeMbl CIIOXKEHUS N YMHOXEHUS] BEPOSATHOCTEN.
dopmynbl NOSTHON BEpoATHOCTU U baneca.
Cxema noBTOPHbLIX ucnbiTaHn. dopmyna bepHynnu.
[MpenenbHble criydam B cxeme bepHynnu: nokanbHas u MHTerpanbHas
Teopembl MyaBpa-Jlannaca, gpopmyna [NlyaccoHa.
OTKNOHEeHNe OTHOCUTESIbHOM Y4acTOTbl OT MOCTOSIHHOW BEPOATHOCTU B
cxeme bepHynnu.
Cny4anHble BeNUYUHbLI. 3aKOH pacnpegernieHns OUCKPETHOW CryyYyanHOW
BESINYMHDI.
PyHKUMA pacnpegeneHns ogHOMEPHOW CyYanHOW BESIMYMHbBI, CBOMUCTBA
dyHKUMKM pacnpeneneHus.
[MNOoTHOCTL pacnpeneneHns BEePOATHOCTEN HernpepbiBHOW CrlyHYanHOW
BESIMYMHbI, CBOMCTBA NNOTHOCTM.
UncnoBble XapakTepUCTUKN OUCKPETHOW Cry4YyamHOW BENUMYMHBI N Henpe-
PbIBHOW CIlydanHOM BENUYMHBI: MaTeMaTUYeCcKoe OXuaaHue, agucnepcus
N cpefHee KBagpaTUyYecKoe OTKIOHEHME.
Knaccudeckne 3akoHbl pacnpeneneHns ANCKPETHOM CIlyYanHOW Bennym-
Hbl: reomeTpunyeckoe, buHommnansHoe u NyaccoHa.
Knaccudeckne 3akoHbl pacrnpeneneHus HenpepbiBHOW CryYyanHOW Benu-
YMHbI: paBHOMEPHOEe, HOpMarsibHOe, NnokasaTesibHOe N (PYHKUNA HaLex-
HOCTW.
3aBUCMMbIE U He3aBUCUMble CcrlyyYanHble BenuudnHbl. Koppenuvposah-
HOCTb N 3aBMCUMOCTb CIlydanHOW BESTUYMHBI.
KoppensaumMoHHbI MOMEHT 1 KO3dduuMeHT koppensuun. Koppenupo-
BaAHHOCTb W 3aBMCUMOCTb CryYanHbIX BENMUYNH.

Mamemamu4eckass cmamucmuka
CtaTtuctmnyeckasa COBOKYMHOCTb. [eHepanbHas u BbIGOpOYHas COBOKYM-
HOCTW.
CtaTtnctnyeckoe pacnpegeneHne Bblbopku. eomeTpuyeckoe un3obpa-
XEHWe CTaTUCTUYECKMX PAOOB.
IMnupuyeckas pyHKuMa pacnpeneneHus.
OCHOBHbI€ YMCIOBbIE XapaKTePUCTUKM BbIOOPKM.
[MOHATME CTATUCTUYECKON OLLEHKM HEM3BECTHbIX NapameTpoB pacnpene-
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24.
25.

26.

27.
28.

neHna. ToyeyHble OLEHKMN U UX Knaccudukauusi.

MHTepBanbHble OUEHKN napameTpoB pacnpeaenenus. [oBeputenbHbIN
MHTepBarn.

[loBepuTenbHble MHTEpPBanbl ONS OUEHKM napamMeTpoB HOPManbHOro
pacnpeaeneHus.

PacnpeneneHus ;(2 (“xn” - kBagpaT) n CTblogeHTa.

CtaTtuctnyeckasa nposepka rmnotes. Hynesas n anbTepHaTuBHas rmno-
Te3bl. OWwKnbKN NepBoro n BTOporo poda Npu npoBepke rmnotes. YpoBEHb
3HA4YUMOCTU, Kputmndeckaa obnactb. CTaTUCTUYECKUN KPUTEPUA U €ero
MOLLIHOCTb.

Kputepuu cornacumgd ;(2 n Konmoroposa.

OCHOBHbIE NOHATUSA KOPPENALMOHHOIO PErPECCUOHHOIO aHanuaa.
JInHenHas koppensunoHHas 3aBUCUMOCTb U MpsAMble cpedHekBagpaTu-
YECKUX perpeccun.



Knaccu4eckas 8epossmHoCcmb

AnemeHmMbI KOMGUHaMOPUKU.

KombuHamopuka — pasgen matemaTuku, B KOTOPOM M3y4aroTCsa BOMPOCHI O
TOM, CKOSMbKO pasfinyHbiX KOMOUHaAUMW, NOAYNHEHHBLIX TEM UAN UHBIM YCHO-
BUAM, MOXXHO COCTaBUTb U3 3a4aHHbIX 35IEMEHTOB (OH6BHEKTOB).

BonbwKHCTBO 3a4a4y KOMOUHATOPUKN pellaeTcsa C NMOMOLLbK ABYX 0OLMX
npaBun: NPaBuUo CyMMbl 1 NPaBUio NPOU3BEOEHUS.

[MpaBuno cymmbl: ecnn o0bekT A MOXHO BblbpaTb m cnocobamu, a 06b-
ekt B — n cnocobamu (He Takummn, kak ans A), To o6bekT “‘unn A, unn B”
MO>XHO BblOpaTb m+ n cnocobamu.

[MpaBnno npousBeneHns: ecnm o6bEKT A MOXHO BblbpaTb m cnocobamum,
a nocne Kaxpgoro Bblbopa apyron o6bekt B MOXHO BbibpaTb n cnocobamu,
TO 00bekT “A n B” MOXHO BblbpaTe m-n cnocobamu.

[lepecmaHo8kaMu U3 n 3NEMEHTOB Ha3blBalOT pasfiMyHble KOMOWHaLUmu,
COCTaBNeHHbIE U3 N OaHHbIX ANIEMEHTOB, KOTOPbIE OTNIMYATCA APYr OT Apy-
ra NOpsiaKkoM crieqoBaHNS 3N1IEMEHTOB.

KonnyectBo pasnunyHbIX NEPeCcTaHOBOK U3 N OaHHbIX 3NIEMEHTOB MOXHO
HanUTKU No popmyrne:

P, =n!

lMpumep 1. CKONbKAMMK pasfNYHbIMK CriocobamMm MOXHO pPacrnonoXmtb 5
KHUI Ha nonke?

PeweHue. ickomoe 4mucno crnocoboB paBHO 4MUCIy NepecTaHOBOK M3 5
anemMeHToB (kHur), T.e. P, =51=120.

Omeem. 120.

PasveweHusmu n3 n anemeHToB no k (0 <k <n) HasbIBalOT pasfiMyHble
KOMOWHaLMN, COCTaBMEHHbIE N3 N AAHHbIX ANIEMEHTOB MO K B KaXOoWn, KOTO-
pble oTnn4alTca Apyr oT gpyra nMbo camMmmm anemMeHTamm, NMbdo NopsLKOM
NX creoBaHuS.

KonnyecTtBo pasfnuyHbiX pasMelleHn M3 N JaHHbIX 3NeMEHTOB Mo K
MO>XHO HanTu No oopmyne:

A=n-(n-1)-(n-2)....(n—k+1)=—"_
(n—k)!

lMpumep 2. B TypHupe npuHMmaloT yyactne 8 komaHg. CKONbKO pasnuny-
HbIX Npeacka3aHnin OTHOCUTENbHO pacnpeaeneHnsa Tpex nepBbiX MECT MOX-
HO caenaTb?

PeweHue. T.K. Npn pacnpeneneHnm Tpex nepBbiXx MECT BaXXHO HE TOSbKO
Kakme MMEHHO KOMaHAbl nonagyT B TPOWKY NMOEpOoB, HO U B KaKOM NOpsiaKe
OHM OyayT pacnornoXeHbl, TO MCKOMOE YUCMOo MNpeackasaHUi paBHO YUCHY
pasmeLleHnin n3 8 aneMeHToB (KomaHg) no 3, T.e.

A :L:ﬂ:6-7-8:336.
(8-3)! 5!
Omeem. 336.
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CouemaHusmu n3 n anemMmeHToB Mo k (0 <k <n) HasbiBalOT pasfnuU4yHble
KOMOMHaLUMKN, COCTaBMNEHHbIE U3 N OaHHbIX 9NIEMEHTOB MO K B KaXOOW, KOTO-
pble OTNUYarTCa ApYyr OT Apyra TOMIbKO cCaMUMU 3reMeHTaMu.

KonnyectBO pasnuyHbIX codeTaHun U3 N OaHHbIX 3NIEMEHTOB MO K MOXHO
HauTu nNo popmyne:

Ck:n-(n—1)-(n—2)-...-(n—k+1): n__
! k! k!(n-k)!

lMpumep 3. N3 rpynnbl CTyAeHTOB, cocToswen n3 10 yenosek, Ang yyacTus
B KOHKypce BblbupatoT 4 yenoseka. OnpeaennTb YMCNO BCEX BO3MOXHbIX pe-
3ynbTaTtoB Bblbopa.

PeweHue. Yncno Bcex BO3MOXHbIX pe3ynbTaToB Bblbopa paBHO 4ncCry Co-
yeTaHu n3 10 anemeHTOB (CTyAEHTOB) No 4, T.€e.

4 10! 10! 7-8-9-10

=210.

7 4110-4) 416!  2.3.4

Omesem. 210.

Knaccuueckoe onpedeneHue eepossmHocmu.

CnyyatiHeiM cobbimuem (cobbimuem) Byaem HasbiBaTb 060K UCXO Onbl-
Ta (BbINOMHEHNA onNpeaeneHHOro KoMnsiekca ycrnoBui), KOTOPbIN MOXET Nosi-
BUTbCS UMW HE MOSABUTLCS.

CoObITna obo3Ha4valoT 60nbIMMK NaTUHCKUMK BykBamu: A, B, C, ...

CoObITne HasblBatoT 0ocmogepHbIM (), ecrin B yCNOBUSAX AAHHOMO onbiTa
OHO 065A3aTeNbHO NPOM30MAET.

CobbITe Ha3bIBalOT HEBO3MOXHbIM (), €Cnn B YCIOBUAX OAHHOMO OnbiTa
OHO HMKOrga He nNpou3onaer.

Kaxxgoe cobbiTve, KOTOpoe MOXET HacTynuTb B pe3ynbTaTte onbiTa (UChbl-
TaHusl), Ha3biBaeTCA 3NIEMEHTAPHbIM MCXOOOM OfnbiTa, €crnv 3To cobbiTune
Henb3sa pasnoXxuTb Ha 6onee npoctble cobbiTus. MNonyyaem Tak HasbiBaemoe
NPOCTPAHCTBO 3NeMeHTapHbIX UCX0AoB Q ={w,@,,...,w,}. Wcxodpl @;, npu

KOTOpbIX cObbITMEe A HacTynaeT, HasblBalOTCA br1azonpusmemeyowumu Co-
BbiTUIO A.

BepossmHocmbto cobbimusi A Ha3blBaeTCA YUCIO, paBHOE OTHOLUEHWUIO
yucna m anemMeHTapHbIX UCXOA0B, 6aronpUATCTBYOLWNX COObITUIO A, K 06-
LLIeMY YUCHy N BCEX PaBHOBO3MOXHbIX MCXOAOB OnbITa.

pay="
n
BepoatHocTb ntoboro cobbitvs yaosnetsopsieT HepaBeHCTBY 0 < P(A)<1.

[Ana pgoctoBepHoro cobbitua P(Q)=1, AnNa HEBO3MOXHOro CobbITUs
P(2)=0.
lMpumep 4. B ypHe HaxoauTcsa 5 YepHbix 1 3 Benbix wapa. KakoBa BeposT-

HOCTb TOrO, YTO Hayaady B3ATbIA U3 YPHbI LLAP OKaxeTcs 6enbim?
PeweHue. OnvwieM NpocTpaHCTBO arieMeHTapHbIX UcxodoB. byaem obo-



3Ha4atb «Y,» nosiBneHve /-oro vepHoro wapa, i =195, n <<5j» nosiBNeHune

j-oro 6enoro wapa, j=1,3.
Q= {LI1, H,, Y5, 4,, Y5, By, By, 53}

Bcex ucxogos 8, T.e. n=8.
CobbITe A cocTouT B TOM, YTO Haygady B3ATbIA U3 YPHbI AP OKaXeTcs
6enbim. EMy 6naronpuatcrteyeT 3 ucxoga, m=3.

P(A) = % =0,375.

Omeem. 0,375.

lMpumep 5. B awmke 9 getanen, cpeam KOTOpbIX 6 OKpalleHHbIX. CoopLmk
Haygady ussnekaet 3 getanu. Hantu BeposATHOCTb TOro, YTO cpeaun uasre-
YeHHbIX JeTaren poBHO ABe ByayT OKpalleHbI.

PeweHue. [lycTb coObITUE A COCTOUT B TOM, YTO Cpean U3BMNEYEHHbIX [e-
Tanewn poBHO ABe OyayT OKpaLleHb!.

Ob6uwee 4ncno BO3MOXHbIX pe3ynbTaToB BblibOpa Tpex aetanen U3 AeBAaTu

NMEKLLINXCH paBHO Yncny coyetaHum u3 9 no 3, 1.e. n = cg. Ymcno ncxonos,

BnaronpmnAaTcTBYOWNX COBLITUIO A, onpenensdeTcs Kak npon3seneHne vmicna
BO3MOXHbIX pe3ynbTaToB Bblbopa ABYX OKpalLEHHbIX AeTanen M3 LeCcTn U
Yynucrna BO3MOXHbIX pe3ynbTaToB BbiOOpa OOQHOM HEOKpalLeHHOW getanu u3
Tpex, T.e. m = CZ -C]. Takum obpasom:

m_cg-c;_ 6! 3! 3le! 15

P(A)=— = =2 = ) . =—~0,536.
n Cs 21.41 11.21 9l 28

Omeem. 0,536.

lpumep 6. B marasmHe umetotca 30 Tenesnsopos, npudem 20 U3 HUX UM-
NOpTHbIE. HanTn BeposATHOCTb TOro, YTO cpean 5 NpoAaHHbIX B TEYEHUE OHS
TENEeBM30POB OKaXeTCd HE MeHee 3-X MMMNOPTHbIX TENEBM30POB; npeanona-
rasi, yToO BEPOATHOCTU MOKYMKN TENEBU3OPOB pPa3sHbIX MapoOK OANHAKOBHI.
PeweHue. CobbiTe A COCTOMT B TOM, YTO B TE€YEHME OHA U3 S5 NPpOoaaHHbIX
TENeBN30POB MMMOPTHbLIX OKa3anocb He MeHee 3-X, T.e. unu 3, unun 4, nnn 5.
O6wee yncno Bbibopa 5 Tenesn3opoB 13 30 MMEKOLLINXCA POBHO YMCIY COYe-
TaHun n3 30 no 5, T.e.
n_C5 _ 30! 30-29-28-27-26-25!
307 51251 1.2.3-4.5.25
Uncno ucxopgos, GnaronpuATCTBYHOLWMX COOBITUIO A, OnNpeaenutcs Kak
cymma npousseneHur suga
m=C3;-C3y + Chs - Cfy + COs - Coy = 41502.
m 41502

P(A)=""=—"22x0,29.
n 142506

=142506.

Omesem. 0,29.
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lMpumep 7. Cpean 20 petanen nmeeTtcs 6 GpakoBaHHbIX. [1ns NpoBeEpPKU
KayecTBa Hayaady Bblbupatot 4 getann. Hantn BeposiTHOCTb TOro, 4TO cpeam
oTobpaHHbIX ByayT: a) poBHO 3 cTaHgapTHble Aetanu; 0) oT 2-x Ao 4-X cTaH-
AapTHbIX AgeTanen; B) xota 6bl ogHa 6pakoBaHHas.

PeweHue. Obuwee 4vncno Bbibopa 4 getanen n3s 20 mMmerownxcs paBHO
yncny coyetaHun ns 20 no 4, T.e.

n_Ch _ 20!  20-19-18-17-16!
20741161 1.2.3-4-16!

a) MNMycTb cobbiTe A cOCTOUT B TOM, YTO cpeaun 4 B3ATbIX geTanen 3 ctaH-
AapTHbIX 13 14 n ogHa 6bpakoBaHHas M3 6. NpuMeHnB NpaBuo nNpousBee-
HUS1, HANOEM YUCNO TaKNX NCXOO0B
1 14! 6! 14.13-12-11! 6-5!

=4845.

m,=C,-Cq = : = : —2184.
3L11 15! 1.2.3.111  1.5!
p(a)="T1_218% 445,

n 4845

6) lNycTb cobbiTe B COCTOUT B TOM, YTO cpeaun 4-x B3ATbIX AeTanen: unm
2 ctaHgapTHble n3 14 n 2 6pakoBaHHble U3 6; UnNn 3 ctaHgapTHble U3 14 un
ogHa 6pakoBaHHas 13 6; unn 4 ctaHgapTHble 13 14 U HM ogHOM BpakoBaHHOM
n3 6. NprMmeHnB NpaBuna CyMmbl 1 NPOU3BEAEHNS, HANOEM YMCIO TaKUX UC-
X040B
m, =CZ, -C5 +C3, -Cg + Cf, - CJ =1365+ 2184 +1001= 4550
_m, 4550

P(B)=—2 ~0,94.
n 4845

B) MycTb cobbiTne C cOCTOUT B TOM, YTO cpean 4-x B3ATbLIX AeTaneun XoTs
Obl ogHa OpakoBaHHas, T.e. unn 1, unu 2, unun 3, nnn 4 GpakoBaHHbIX. [pu-
MEHWB NpaBuna CyMMbl 1 NPOU3BEOEHNS, HAWOEM YNCIO TakMX UCXOO0B

my =Cq-C3 +C2.C% +C3-Cl, +Cq -CY, =2184 + 1365+ 280 + 15 = 3844 .
P(C):&:3844
n 4845

~0,79.
Omeem. a) 0,45; 6) 0,94; B) 0,79.

3apaHua onAa ayauTopHOM paboThl

1. OavH pa3 nogbpackiBaeTcs urpanbHas KocTb. HanTn BeposiTHOCTb TOrO,
YTO BbINAAET a) YETHOE YMCIO OYKOB; 6) YNCMNO OYKOB MEeHbLUEee MATU; B) YMC-
IO OYKOB HE MeHee ABYX?

2. [NpaBunbHas MoHeTa noabpackiBaeTca 2 pasa. KakoBa BEpOATHOCTb TO-
ro, yto: a) rep6 BbinageTt 2 pasa; 6) repd BbinageT 1 pas; B) repb BhinageT
X0TH 6bl 04uH pa3s?

3. B ypHe 5 wapos: 3 6enbix n 2 yepHbix. Hayaady nssnedveH 1 wap. Kako-
Ba BEPOATHOCTb TOrO, YTO OH: a) 6enbiin; 6) YepHbIn; B) CUHUIA?



4. VirpanbHast KocTb nogbpackiBaetca 2 pa3a. KakoBa BEpOSITHOCTb TOrO,
4TO: @) CyMMa OpOLLEHHbIX OYKOB paBHa 6, a npousseaeHue 8; 6) cymma Bbl-
naBLUMX OYKOB He Bornee Tpex?

Omeem. a) 0,06; 6) 0,08.

5. MmetoTca 4 petann, cpean KOTopbiX 3 CTaHOapTHble U OfHA HecTaH-
napTtHada. Haypady B3anu 2 getanu. KakoBa BEPOATHOCTb TOro, YTO cpeam
N3BNEYEeHHbIX fgetanen a) 2 craHgapTtHble; ©) 1 ctaHgaptHas M 1 HecTaH-
AapTHas; B) XoTsa Obl 0OgHa cTaHAapTHaA?

Omeem. a) 0,5; 6) 0,5; B) 1.

6. N3 konogbl 36 KapT Haygady BblHAMAKOT 3 KapTbl. HanTn BeposTHOCTb
TOro, YTO cCpeamn HUX 2 Tysa.
Omeem. 0,03.

7. B uexe paboTaloT 6 My>X4YMH N 4 XeHLWMHbI. 1o TabenbHbIM HOMEpam
Haygady otobpaHbl 7 4enosek. HanTu BepOATHOCTb TOro, YTo cpeau OTo-
OpaHHbIX NULL OKaXXeTCS POBHO 3 XEHLLMWHbI.

Omeem. 0,5.

8. B ypHe 12 6Genbix U 8 4yepHbIX WapoB. HanTu BEPOATHOCTb TOro, 4YTO
cpeaun Hayrag BblHYTbIX NSATU WapoB 6yaeT: a) poBHO 3 YepHbIX; 6) xoTs Obl
O[WH YEepHbIN.

Omeem. a) 0,24; 6) 0,95.

3apaHua ana nHaMBuAayanbHoOM paboTbl

9. B rpynne 20 cTtyaeHTOB, cpean KOTopbIX 8 OTAUYHUKOB. 10 CNUCKY Hay-
Aady otobpaHbl 9 cTyaeHToB. Hantn BeposATHOCTb TOro, YTO: a) cpeanm oTo-
BpaHHbIX 5 OTNIMYHKKOB; 6) XOTS 6bl OOVH OTIANYHUK.

Omeem. a) 0,15; 6) 0,999.

10. B koHBepTe cpean 100 dpoTorpacpun HaxoauTcsa ogHa pasbiCKMBaemas.
N3 koHBepTa Haygady m3enedeHbl 10 kapToyek. Hamtu BEpOATHOCTb TOro,
YTO Cpean HUX OKaXKeTCS HY>XHas.

Omeem. 0,1

11. B rpynne cnopTcMeHOB 7 FfbPKHUKOB U 5 KOHbKObEexXueB. M3 Hux cny-
YarHbIM 06pa3omM BbIOUPAOT TPU cNopTCMeHa. HanTu BepOATHOCTb TOro, YTO
cpeaun HUX: a) BCe NbPKHUKK; B) OOMH NbDKHUK M ABa KOHbKOGexXLua; B) XOTH
Obl 0OAMH KOHbKODEXeLl.

Omeem. a) 0,16; 6) 0,32; B) 0,84.

12. 20 6uneToB cogep)xaT Mo TpM BOMpOca, KOTOpble He MOBTOPAIOTCA.
CtygeHT Bblydnn 50 BonpocoB. KakoBa BEPOATHOCTb TOrO, YTO BbITSHYTLIN
BuneT cooepXuT: a) TONbKO NOArOTOBMEHHbIE BONPOCHLI; ©) TONLKO OANH He-
NO4rOTOBMEHHbLIN BONPOC; B) XOTHA 6bl OANH HEMNOATOTOBNEHHbIN.

Omeem. a) 0,57; 6) 0,36; B) 0,43.
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TeopeMbI crioXeHUs1 U
YMHO)XeHUs1 aeposimHocmeul ciydYalHbIx cobbimul

CobbiTne A HasoBeM rpomueoronoxXHbiM cobbiTuio A, ecnn cobbitne A
npoucxoauT Toraa v ToNbKo Toraa, Korga He npoucxoaut cobbiTne A.

Cymmou wvnu obbeduHeHuem cobblTin A n B HasoBem cobbiTne A+B
(AU B), KoTopoe NponucxoauT Toraa u TONbKO TorAda, Korga npoucxoauT unm
cobbiTne A, nnm cobbitue B, unm oba cobbiTuS.

[MpouszsedeHuem wnn nepecedyeHuem cobbiTuin A n B HazoBemMm cobbiTne
A-B (AN B), xoTopoe nponcxoauTt Toraa v ToSbKo Torga, korga nponcxoanT
n cobbiTne A n cobbitne B.

CobObiTe A Ha3biBaeTca He3asucuMbIM OT cobbiTMa B, ecnu nosaBneHue
cobbITNA B He U3MeHSAET BEPOATHOCTb NOSABMEHUsI cobbiTus A. B npoTMBHOM
cny4yae cobbiTe A HasblBalOT 3aBMCUMbIM OT cObbITUSA B.

Ecnu nosiBneHne ogHoro cobbiTMs UCKNOYaeT NoABneHne gpyroro, To Co-
ObITUA Ha3bIBaAOTCA HECOBMECTHbIMW. ['pynna cobbitun A A,,...,A, Ha3biBa-

€TCA rpynnon HECOBMECTHbIX COObITUIA, eCnn COBMECTHOE NosABNeHne nodon
napbl 3TUX COBLITUN HEBO3MOXHO. Ecnn xoTs Obl 04HO COObITUE M3 rPyNMbI
AL A,,...,A, NPONCXOAUT, TO 3TN COBLITUA 0OPa3yloT NOMHYO rpynny cobbl-

TMn. [IBa cobbiTnda, obpasylolime MomHy rpynny HECOBMECTHbIX COObITUN,
Ha3bIBaKOTCSA MPOTUBOMOSIOXKHbLIMM.

Teopema. BepoATHOCTb COBMECTHOrO HACTYMNMEHUS OBYX He3aBUCUMBbIX
cobbiTn A 1 B paBHa:

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

lMpumep 8. Tpwn cTpernka NpPousBOAAT MO O4HOMY BbICTpeny no uenu. Be-
POATHOCTU NMonagaHna B Lenb paBHbl: And nepsoro ctpenka — 0,3, ans BTo-
poro — 0,9, ana Tpetbero — 0,6. Hantnm BepOATHOCTb TOro, YTO BCE TpU
cTperka nonagyT B LEeSb.

PeweHue. CobbiTe A COCTOUT B TOM, YTO BCE TpW CTpenka nonagyT B
uenb. [lpy aTOM BO3MOXHbI criegylowime rmnoTesbl: H, — nepBblin CTPENoK
nonaget B uenb; H, — BTOpon CTpernok nonageT B uenb; H, — Tpetnn cTpe-
NoK nonagerT B uenb. M3 ycnosusa 3agayu:

P(H,)=0,3, P(H,)=0,9, P(H,)=0,6.
T.k. BeposiTHOCTb ntoboro n3 cobbeitun H,, k=1,2,3 He MeHseTcs Npu Ha-
CTynrneHun gpyroro, To cobbitna H, Hesasucumebl. Toraa:
P(A)=P(H,-H,-H;)=P(H,)-P(H,)-P(H;)=0,3-0,9-0,6 =0,162.
Omeem. 0,162.

BeposaTHOCTb coObITUS A, BblYUCAEHHAA C y4eTOM TOro, YTto cobbiTne B
NPOMU30LWSO, Ha3blBaeTCA yC/I08HOU 8eposimHocmblo U 0603HavaeTcs
P(A/B).

Teopema. BepossTHOCTb COBMECTHOIO HacTynneHmsa cobbitu A n B paBHa:

P(AB)=P(A)-P(B/A):P(B)-P(A/B).
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CobbiTna A 1 B HaszoBeM Heco8MeCcmHbIMU, €CNU MOsIBIEHWE OOHOro u3
HUX UCKNIOYaeT nosasneHne gpyroro: AB=J.

Teopema. Ecnu cobbiTns A 1 B HECOBMECTHBbI, TO BEPOATHOCTb CyMMbI CO-
ObITUM paBHa:

P(A+B) :P(A)+P(B).

lMpumep 9. Hantn BEPOATHOCTb TOrO, YTO NPU OAHOM NoadpackiBaHUN Ur-
panbHOM KOCTW BbiNageT NATb UIN LLECTb OYKOB.

PeweHue. CobbiTe A COCTOUT B TOM, YTO Npu o4HOM nogbpacbiBaHUM Ur-
panbHOW KOCTWU BbiNafeT MATb UMK WeCTb OYKOB. [1py 3TOM BO3MOXHbI Crie-
Aylomne rmnotesbl: H, — Bbinano nAtb 04KOB; H, — BbINano WecTb OYKOB.

P(HY) =<, P(Hy) = <.

CobbiTns H, n H, HecoBMecCTHbI, Toraa:

P(A) = P(H, + Hy) = P(H,) + P(Hy) = <+ =

—+— ~ 0,33.
6 6

Omeem. 0,33.

Teopema. BeposTHOCTb CyMMbl JBYX COBMECTHbIX COBbLITU A 1 B paBHa:
P(A +B) = P(A)+P(B)—P(AB).
[ns BEpOATHOCTM CyMMbl TPEX COBMECTHbIX cobbiTuin A, B n C, cnpaseg-
nnea goopmyna:
P(A +B +C) = P(A) +P(B)+ P(C)—P(AB)—P(BC) —P(AC)+ P(ABC).
BeposaTHOCTb CyMMbl Tpex u 6onee coBMeCTHbIX cObbITU yAOBHO BblYMC-
nATb NO popmynam:

W)=

P(A+B+C)=1-P(A-B-C);
P(A+A+..+A)=1-P(A-A,-..-A).
lMpumep 10. B Gnok BxogaT Tpu paguonamnbl. BeposaTHOCTM Bbixoga M3
CTPOS B TEYEHME rapaHTUMHOIO CpoKa And HUX COOTBETCTBEHHO paBHbl 0,3;
0,2 n 0,4. KakoBa BEpPOATHOCTb TOrO, YTO B TEYEHME rapaHTUNHOIO CpoKa XO-

Ts1 6bl 0AHa pagnonamMna BbInAQeT n3 cTpos?
PeweHue. O6o3Haunm 4vepesd A, cobbiTue, cocTosiLiee B TOM, YTO /-as

pagvonamna BeliAgeT u3 cTpos (i =1,2,3). U3BecTHo, 4TO
P(A1) =0,3, P(Az) =0,2, P(A3) =0,4.
CobbiTve B = A, + A, + A; 03Ha4vaeT, 4To X014 Obl 0OgHa paguonamna B Te-
YeHue rapaHTUNHOro cpoka sblnaet n3 ctpos. Cobbitns A,, A,, A; CoOBMeCT-

Hbl. BBE4EeM NpOTMBOMONOXHOE CoBbITUE B — HU ofHa M3 Tpex paguvonamn
He BbIXOOWUT u3 cTpos: B =A;- A, - A;. CobbiTna A n A, He3aBUCUMbI Opyr OT
Aapyra, noaTomy

P(B)=P(A)-P(Ay)-P(As)=(1-P(A))(1-P(A))(1-P(4A3)) =
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= (1—0,3)(1—0,2)(1—0,4) =0,7-0,8-0,6 =0,336.
P(B)+P(B)=1.
P(B)=P(A+Ay+A;)=1-P(B)=1-P(A)P(A;)P(A;)=1-0,336 = 0,664.
Omeem. 0,664.
lMpumep 11. Ckonbko pa3 Hago NoABPOCUTb MOHETY, YTOObI BEPOSATHOCTb

x0T Obl 0g4HOKpaTHOro nosiBneHna repdba 6uina 6onblie 0,8757?
PeweHue. O6o3Haunm vepes A, cobbiTue, cocTosiLee B NosBreHnn repba

npw i -om Bpocke (i :ﬁ) OueBuaHoO, 4To P(A)) :%, (i :ﬁ)

Mycte B=A,+ A, +...+ A, . 310 CObbITME 03HaYaeT, YTo Npu n BpocaHUsax
MOHeTbI repb noasuTcs xots Obl oauH pas. o ycrnosuto P(B) >0,875. Boc-

nonb3yemcs oopmyrion P(B) =1 —P(E).

CobbiTvie B 03HauaeT, YTo HM pa3y npu n GpocaHusix repb He NosIBUTCS
_ _ _ _ 1Y’
P(B)=P(A)-P(A)-...-P(A,) =(§J .
Pelwwaem HepaBeHCTBO
n
1—(1J > 0,875;
2
(0,5)" <0,125;

(0,5)" <(0,5)°.

OTcropa:
n>3.
Omeem. n > 3.

3apaHua ona ayauTopHOM paboThbl

13. YKa3aTb coObITMSA, NPOTMBOMNOSIOXHbIE AAHHbIM:
1) cobbiTe A COCTOUT B TOM, YTO U3 Tpex obnmrauum HM ogHa He BbIUT-
paerT;
2) cobbiTMe B cOCTOUT B TOM, YTO Cpean YeTblpex KapT BCe KapTbl pas-
HOMN MacCTU;
3) cobbiTe C cOCTOUT B TOM, UYTO TPU OHS NOAPSAA WeN A0XAb.
14. MNyctb A, B, C — Tpn Npoun3BOSbHLIX COBLITUA. Hanante BblpaxeHnd
ANs COObITUIN, COCTOALLMX B TOM, YTO U3 cobbitn A, B, C:
1) NPOM30LLSIO TOMBKO A;
2) nponsowsin A u B, a C He npon3oLuno;
3) NnpounsoLnu Bce Tpn cobblTus;
4) nponsoLsio XoTa 6bl 0O4HO U3 3TUX CODbLITUN;
5) npom30LWNo 0gHO N TOMBKO OHO U3 3TUX COBLITUW;
6) npon3oLwno He 6onee ABYyX COBLITUMN.
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15. BepoATHOCTb NOpaXXeHUs Lenn nepBbliM CTPESIKOM Npu O4HOM BbICTpe-
ne pasHa 0,8, a BTopbIM cTpenikom — 0,6. Hantn BeposTHOCTb TOro, YTto Uernb
OyaeTt nopaxeHa a) AByMsi CTpernikamu; 6) ToONbKO OOHUM CTPESIKOM; B) HU Of-
HUM CTPESIKOM; ') XOTS Obl OAHUM CTPESTKOM.

Omeem. a) 0,48; 6) 0,44; B) 0,08; r) 0,92.

16. BepoATHOCTbL TOro, YTO CTYAEHT caacT nepsBbi dk3ameH, pasBHa 0,8,
BTopon — 0,7, Tpetun — 0,6. Hantn BepOATHOCTb TOro, YTO CTYAEHT caacT
a) BCe 3K3aMeHbl; 6) TONbKO ABa 3K3aMeHa; B) XO0TS Obl OANH 3K3aMeH; I) XOTA
Obl ABa 3K3amMeHa.

Omeem. a) 0,336; 6) 0,452; B) 0,976; r) 0,788.

17. KakoBa BepOsiITHOCTb TOro, YTO ABa KapaHngalla, B3sTble Haygady u3
KOpobKK, cogepxallen 6 KpacHbIX U 3 CUHMX KapaHaala, 6yayT OAHOro uBe-
Ta, eCnun: a) B3ATbI KapaHgall Bo3BpaLlatoT B KOPOOKy; 6) B3AThLINM kapaHaall
He BO3BpaLLaloT B KOPOOKY.

Omeem. a) 0,56; 6) 0,5.

18. Hantn BepoATHOCTb TOro, YTO Hayga4vy B3ATOe ABY3HA4YHOE YMCIO OKa-
XKEeTCS KpaTHbIM UNU 2, UnNun 5, unu Tomy 1 gpyromy.
Omeem. 0,6.

19. BepoATHOCTb TOro, YTO NpU OOHOM BbICTpene CTpenok nonaget B Ae-
cAaTky, paBHa 0,6. CkonbKo BbICTPENOB AOSMKEH caenaTb CTPEerioK, YTobbl C
BEPOSATHOCTLIO He MeHee 0,8 oH nonan B AecsaTky XoTsa Obl 0auH pas?

Omeem. He meHee OByX.

3apaHua ana nHaMBuAyanbHOM paboTbl

20.Nyctb A, B, C — Tpn Npon3BOSbHbIX COBLITUSA. Hanante BblpaKeHuUs
ANl COObITUIN, COCTOALLMX B TOM, YTO 13 cobbiTunn A, B, C:
1) Npoun3oLlsio No KpamHen mepe Asa cobbITUA N3 Tpex;
2) NpoMn3oLLSIO TONbKO ABa COBbITUS;
3) He NPOWU30LUNO HWM OAHOMO M3 AAHHbIX COBbLITUN;
4) npowusowsio He 6onee 0gHOro U3 Tpex AaHHbIX COBbITUN.

21. Tpn opyana BeayT OroHb Mo LESNn, BEPOSATHOCTb NonagaHus B KOTOPYH
npu ogHom BbicTpene u3 nepsoro opyaunsa 0,5, ns stoporo — 0,6 n 13 Tpetbe-
ro — 0,7. 3Has, 4TO Kaxgoe opyaue cTpensieT O4AuH pas, HanTu BEPOSTHOCTb
nopaXkeHus Lenu, ecnu ans 3Toro 4oCTaToMHO ABYX nonagaHun.

Omeem. 0,65.

22. B Tenectyanmn Tpu TENEBU3NOHHLIE KaMepbl. BeposaTHOCTM nX BKIOYe-
HUS1 B AA@HHbIN MOMEHT COOTBETCTBEHHO paBHbl 0,9; 0,8 n 0,6. Hantn BeposT-
HOCTb TOrO, YTO B Aa@HHbIN MOMEHT BKIOYEHbLI: @) TOMbKO ABE Kamepsbl; 6) He
Bbonee ogHOM Kamepsbl; B) XOTA Obl O4HA Kamepa.

Omeem. a) 0,428; 6) 0,124; B) 0,992.

23. B gByx duwmkax Haxogatca getanu: B nepsom — 10, n3 HMx 3 cTaH-
AapTHblEe, BO BTOPOM — 15, U3 HMX 6 cTaHOapTHbIX. M3 Kaxgoro silmka Hay-
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Aadvy BbIHUMAOT No ogHon aeTanu. Hantn BeposaTHOCTb TOro, 4To: a) obe ae-

Tanu okaxyTcsi cTaHOapTHbIMK; 6) xoTa Obl ogHa AeTanb OKaXeTcsl HeCTaH-
AapTHOMN.

Omeem. a) 0,12; 6) 0,88.

24. ABOHeHT 3abbin nocnegHwow LMdpy Homepa TenedoHa 1 NoO3TOMYy Ha-

bupaeT ee Hayrag. Hantn BeposATHOCTb TOro, YTO eMy NPUOETCHA 3BOHUTb HE

bonee yem B YeTbIpe MecTa.
Omeem. 0,4.

®dopmyna nonHou seposimHocmu. Popmyna balieca
BepoAaTHOCTb coBbITMA A, KOTOPOE MOXET HAaCTyNUTb NULLb NPU NOSABIIEHUN
O[HOrO W3 HEecoBMEeCTHbIX cobbiTuh (runotes) H,, H,, ..., H,, obpa3syoLwmx
NONHYO rpynny cobbITU, BblMMCNSETCHA N0 ¢hopMmyrie rnosHoU 8epoOsSIMHOCMU:
P(A) = P(H1)P(A/H1)+P(H2)P(A/H2)+...+P(Hn)P(A/Hn),
rae P(H,)+P(H,)+..+P(H,)=1.
Ecnu cobbiTne A yxxe NpomsoLuno, To BEPOATHOCTM rmnotes H, MoryT BbITb
nepeovleHeHbl No gpopmyrne batieca:
P(H P(A/H —
P(Hk/A): ( ") ( "),k=1,n.
P(A)
lMpumep 12. C nepBoro aBTomarta Ha cbopky noctynaeT 40%, co BTOpOro —
35% u c TpeTbero — 25% petanen. Cpeau getaneun nepsoro astomata 0,2%
OpakoBaHHbIX, BToporo — 0,3% u TpeTtbero — 0,5%. Hantu BeposaTHOCTb TOro,
YTO: @) NocTynuBLasa Ha cOopKy geTanb GpakoBaHHas;, 6) 6GpakoBaHHasa Ae-
Tanb, NOCTynMBLIAs Ha cbopKy, N3roTOBNEHa BTOPLIM aBTOMAaTOM.
PeweHue. [lycTb cobbiTe A COCTOUT B TOM, YTO NOCTYNMBLLASA Ha COOPKY

getanb 6paKOBaHHaFI.
BO3MOXHbI rMnoTesbl: H1 — AeTtarnb rnocTtyrinna ¢ nepBoro aBTomMara, H2 -

AeTtarnb nocTynuna co BTOPOro asTomara; H, — getans nocrynuna c Tpetbe-
ro aBTomaTta. M13BeCTHbl BEPOSATHOCTMU:
P(H1) =0,4; P(Hz) =0,35; P(H3) =0,25;
P(A/H1) =0,002; P(A/Hz) =0,003; P(A/H,)=0,005.
a) NonHasa BeposATHOCTb COObITUA A paBHa:
P(A) = P(H1)P(A/H1)+P(H2)P(A/H2)+P(H3)P(A/H3) =
=0,4-0,002+0,35-0,003 +0,25-0,005 =0,0031.
6) Nepecyntaem BEpPOATHOCTb rMNoTesbl H, ¢ y4eToM TOro, 4To cobbiTe A

yXXe npousoLlno, T.e. AeTanb, NOCTynuBLUAA Ha COOpPKY, Okasanacb 6pako-
BaHHOW.

P(H,)P(A/H,) _0,35-0,003 _0,00105 . .,
P(A) 0,0031 0,0031
Omeem. a) 0,0031; 6) 0,34.

P(H,/A)=
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3apaHua ona ayauToOpHOM paboThbl

25. Ha Tpex aBTOMaTUYECKNX CTaHKax WU3rotaBnmMBalOTCA OAVHAKOBbLIE Oe-
Tann. M3BectHo, 410 30% nNpoayKuMnm nNpOM3BOAMUTCA NEPBbIM CTAHKOM,
25% — BTOpPbIM CTaHKOM U 45% — TpeTbUM. BEpoATHOCTbL U3roToBEHNA ae-
Tanu, oTBevaroLlen ctaHgapTy, Ha nepBoM cTtaHke pasHa 0,99, Ha BTopom —
0,988, Ha TpeTbeMm — 0,98. N3roToBNEHHbIE B TEYEHUE OHA HA TPEX CTaHKax
HepaccopTUPOBaHHbIE AeTanu Haxogatcs Ha cknage. Onpenenutb BEpPOST-
HOCTb TOro, YTO Hayraj B3siTasi AeTarnb COOTBETCTBYET CTaHAApPTY.

Omeem. 0,99.

26. Npn paspbiBe cHapsga obpasyloTcs KpynHble, cpeaHne U Menkue oc-
KONKn B oTHoweHun 1:3:6. MNMpn nonagaHum B TaHK KPYMHbIA OCKOSIOK Npobu-
BaeT 6poHto ¢ BeposaTHocTbio 0,9, cpegHmn — 0,3 n menknn — 0,1. Hantn Be-
POATHOCTb TOrO, YTO NonNaBLNIN B BPOHIO OCKOSOK NPOobLET ee.

Omeem. 0,24.

27. Coopmk nonyyun 3 KOpobkn aetanen, N3rotTosreHHbIX 3aBogomMm Net,
n 2 KOPoOKM aeTanen, n3rotoBneHHbIx 3aBogomMm Ne2. BeposaTHOCTb TOro, 4To
petanb 3aBoga Ne1 ctaHgapTtHa, paBHa 0,8, a 3aBoga Ne2 — 0,9.C6opLumk
Haygady M3Bnek getanb M3 Haygdady B3ATON KOpPoOKK. a) HanTu BeposTHOCTb
TOro, YTO M3BfnevyeHa crtaHgapTHas getanb. 0) Okaszanocb, YTO M3BrieYeHa
cTaHAapTHas geTtanb. Hantm BeposATHOCTb TOro, YTO AeTanb MU3roToBneHa
3aBogom Ne2.
Omeem. a) 0,84; 6) 0,43.

28. B nupamnge 5 BUHTOBOK, 3 U3 KOTOPbLIX C ONTUYECKMM npuuenom. Be-
POATHOCTb TOrO, YTO CTPESIOK NOPasnT MULLEHb NPWU BbICTPENe U3 BUHTOBKN C
onTnyeckum npuuenom 0,95, ona BMHTOBKKM 6e3 onTuyeckoro npuuena — 0,7.
N3 Haygady B3ATOW BMHTOBKM NPou3BeAeH OAWMH BbICTpesn. a) Hantn BeposT-
HOCTb TOrO, YTO MULLEHb NopaxeHa. 6) MuweHb Bbina nopaxeHa. Hantu Be-
POATHOCTb TOrO, YTO BbICTPEN MNPOU3BOAMMAN U3 BUHTOBKM 6€3 onTU4eckoro
npuuena.

Omeem. a) 0,85; 6) 0,33.

3apaHua ana nHaMBuAyanbHoOM paboTbl

29. [Iea aBTOMaTa NPOM3BOAAT AeTanu, KOTOpble MOCTynakwT Ha obLun
KOHBenep. BepoATHOCTbL nonyyeHna HecTaHO4apTHOW deTann Ha NepBoOM aB-
TomaTte paBHa 0,075, a Ha BTopom — 0,09. Npon3BogmTeNbHOCTb BTOPOro aB-
TomaTa BABoe bonblue, Yem nepBoro. Hantn BeposTHOCTb TOro, YTO Hayrag
B3ATas C KOHBeWepa fgeTarib HecTaHaapTHa.

Omeem. a) 0,085.

30. OanH 13 Tpex CTPEenkoB BbI3blBAETCS Ha SIMHUIO OrHA U NPOU3BOAUT
BbICTpen. Llenb nopaxeHa. BepoATHOCTbL nNonagaHus npyu OAHOM BbICTpene
Ansa nepsoro ctpenka pasHa 0,3, anga stoporo — 0,5, ana Ttpetbero — 0,8.
HanTn BEpOATHOCTb TOro, YTO BbICTPEN NPOM3BEAEH BTOPbLIM CTPESIKOM.

Omeem. a) 0,3125.
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31. Ha npegnpusatnmn paboTtatoT gse Opuragbl pabounx: nepsas npon3Bo-
AVT B cpeaHeMm % npoaykumm ¢ npoueHTom 6paka 4%, BTopas — % NpPoAyK-

uun ¢ npoueHTom b6paka 6%. Hantn BepoATHOCTbL TOro, YTO B3SITOE Hayrapg,
nsgenuve: a) okaxerca 6pakoBaHHbIM; 6) N3roTOBNEHO BTOPOW Gpuragom npu
YCNoBUK, YTO N3genue okasanocb bpakoBaHHbIM.

Omeem. a) 0,045; 6) 0,33.

32. CtpaxoBasa KOMMaHWA pasgernseTt 3acTpaxOBaHHbIX MO Knaccam pucka:
NnepBbIn Knacc — Marnbli PUCK, BTOPOM KNacC — CPEeaHUn PUCK U TpeTun
Knacc — 6onbwon puck. Cpean knmeHtoB H6aHka 50% KNMEHTOB NEpPBOro
knacca, 30% - sToporo n 20% - TpeTbero. BepoatHoCTb HE06X0AMMOCTU BbI-
nfaymeBaTtb CTPaxXOBOE BO3HarpaXgeHue LA nepBoro Kracca pucka pasBHa
0,01; ansa stoporo — 0,03 n ansa Tpetbero — 0,08. a) KakoBa BEpOATHOCTb TO-
ro, YTO 3acCTpaxoBaHHbIA MOSMYYUT AEHEXHOe BOo3HarpaxaeHue 3a nepuop
cTpaxoBaHuA? 6) 3acTpaxoBaHHbIM NOMYyYUn Bo3HarpaxgeHue. Kakomy knac-
CY pucKa BEPOATHEE BCEro OH NPUHAANEXUT?

Omeem. a) 0,03; 0) TpeTbeMmy.

I'IoemopeHue He3asucCUMbIX UcrnbimaHuu

Ecnn npu nposBegeHnn ncnbiTaHUin BEPOSATHOCTb COBLITUA A He 3aBUCUT OT
MCXOO40B APYrNX UCMbITAHUW, TO TakMe UCMNbITaHWUSA Ha3blBalTCHA He3asucu-
MbIMU.

Ecnu npoBoguTtca cepus U3 N HE3aBUCUMbIX UCMbITAHWUNA, B KaXXOAOM U3 KO-
TOpPbIX BEPOATHOCTb NOSABNEHUS COObLITUA A paBHa p, a BEPOSATHOCTb HEMOSIB-
neHnsa paBHa q =1-p, TO BEPOATHOCTb TOro, 4To CobbLITME A npousonget
POBHO M pas onpeaenaeTca gpopmyriou bepHyrnnu:

m ,..m_ . n-m m n|
P,(m)=C;p"q" ", e0e C, “mn—m)’ qg=1-p.
[Mpn BonbLUMX N U ManbIX p BblYUCEHU NO dpopmyne BepHynnu 3aTpya-
HeHbl. B aTnx cnyyasx obbl4HO ucnonb3yetca gpopmyna lNyaccoHa:

;tm
P(m)="—.e",20e A=n-p.
m!
lNMpumep 13. NrpanbHasa kocTb nogbpackiBaeTca NsATb pa3. Hantn Bepoar-
HOCTb TOro, 4YTO a) TPU OYKa BbiNageT YeTblpe pasa; 6) Tpy oyka BbiNageT Xo-
Ts1 661 OOMH pas.
PeweHue. BepoATHOCTb MOSABMEHUSI TPEX OYKOB NMpu ogHOM noadpachkliBa-

y 1
HUN UrpasibHOM KOCTU paBHaA p ZE, TOorga BepoATHOCTb HE NOABJIEHUA TpeX

1 5
OYyKoB paBHa q =1-—=—.
6 6
a) BepoATHOCTb TOro, YTO TPU OYKa MNOSABATCA YeTblpe pasa npu nNatn noa-
BpacbiBaHNSAX UrpanbHOM KOCTU HaxoguTca no popmyrne bepHynnu:
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(1) (5) 51 5
p5(4)_cs.(€j 15 _m-§~0,0032.

6) CobbiTnio «lMpn NATKM nogdbpackiBaHUAX UrparibHOW KOCTU TPU OYKa Bbl-
nageT xoTs 66l OANH pasy» NPOTUBOMONOXHO cobbiTne «[pn natn noabpackl-
BaHUAX UrpanbHOW KOCTU TPW OYKa He BbiNadeT Hu pady». Toraa:

0 5
P5(m21):1—P5(m=0)=1—C§ (%) (gj =1-——-—=0,93.
OrtBeT: a) 0,0032; 6) 0,93.
lMpumep 14. B HoBOM MuKpoparnoHe noctasneHo 10000 kogoBbIX 3aMKOB
Ha BXOOHbIX OBEpPsIX JOMOB. BeposaTHOCTb BbIXO4a M3 CTPOS OQHOro 3aMKa B
TedyeHne mecsua pasHa 0,0002. Hantu BepoATHOCTL TOro, YTo 3a MecsiL OT-
KaXyT [Ba 3aMKa.

PeweHue. Bocnonb3yemca dopmyrnon [lyaccoHa. B Hawem crniyvae

n=10000, m=2, p=0,0002, A =10000-0,0002=2. Torga:

P 2)= —22 2~0,27
10000(2) = o1 e =U 2/
OTBerT: 0,27.

JlokanbHasi meopema Jlannaca. Ecnn BeposAITHOCTb MOABEHUSI COBLITUSA
A B KaXxgomM M3 1 He3aBUCUMbIX MUCMbITAHUA paBHa OOHOM U TOWM XXe NOCTO-

SSHHOW P (O <p< 1), TO BEPOATHOCTb P,(m) TOoro, 4To BO BCEX 3TUX UCMbITa-
HUAX cOBbITME A NOSBUTCA POBHO m pas, NpubnumxeHHO BblpaxaeTca doop-
MYJION:

P.(m)=

o(x), ede x =

1 m—np
Jnpq Jnpq

(p(x)zée_2 HasblBaeTCca dyHKumen [aycca. ¢(x) aBnsieTca 4YeTHOM

dyHKumnen, T.e. o(—x) = @(x). 3HayeHna pyHKUMU @(X) npuBeaeHbl B Tabnu-

ue npunoxenus 1.
MHmeeparnbHas meopema Jflannaca. Ecnu BeposTHOCTb NOsIBNEHNSA COBbI-
TN A B KaXXgoM U3 N HE3aBUCUMBbIX UCMbITAHMA paBHa OO4HOM U TOW Xe Mo-

cTostHHoOM p (0 < p <1), To BeposiTHOCTb P,(m, <m<m,) Toro, YTo BO BCEX

3TUX MCNbITaHMAX COObITME A MOABMTCA HEe MeHee m, pa3 u He Gonee m,

pa3, NpMGNMKEHHO BbipaXkaeTcs opMyro:
m, —np m, —np

Jnpq Jnpq

Ie_fdt Ha3blBaeTca dyHKuMen Jlannaca. @(x) SBNAeTcA HeyeT-
0

P.(m <m<m,)=®(x,)-d(x,), 20e x, = X, =

1 %0
O(X) = —

(x) o
HOW doyHKUuMen, T.e. d(—x)=-d(x). 3HayeHns pyHKumMmM @(x) npuBeneHbl B
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Tabnuue NpuUNoxeHns 2.

3apaHuva onAa ayauTopHOU paboThbl

33. MoHeTy 6pocatoT 5 pa3. Hantu BepossTHOCTb TOro, YTo «repdb» Bbina-
AeT: a) 2 pasa; 6) MmeHee OBYyX pas; B) HE MeHee Tpex pas.
Omeem. a) 0,31; 6) 0,19; B) 0,5.

34. CtaHok mnsrotasnmeaeT 3a cmeHy 10000 geTtanen. BepossiTHOCTb U3ro-
ToBneHusi bpakosaHHon getanu p = 0,0001. Hantn BeposaTHOCTb TOro, 4To 3a

CMeHy ByaeT M3roToBrieHo 6pakoBaHHbIX geTanen: a) Tpu; 6) oT YeTblpex o
LecTun; B) XoTs 6bl ogHa.
Omeem. a) 0,06; 6) 0,02; B) 0,63.

35. 3aBoa-nsrotosmtens otnpasun Ha 6asy 12000 gobGpokavyecCTBEHHbIX
nsgenui. Yucno nsgenuim, NnoBpexaeHHbIX Npu TPaHCNOPTUPOBKE, COCTaBSA-
eT B cpegHem 0,05%. Hantn BeposTHOCTb TOro, YTo Ha 6a3y nNocTynuT: a) He
Bbonee Tpex noBpexaeHHbIX n3gennn; 6) xotsa 6ol ABa NOBPEXAEHHbIX.

Omeem. a) 0,15; 6) 0,98.

36. BepossiTHOCTb OTKasa Kaxgoro npubopa npu ucnbitaHun pasHa 0,2.
[Mpnbopbl UCMbITEIBAOTCA HE3aBUCUMO ApYr OT gpyra. Hantu BepoATHOCTb
oTkasa 10 npmnbopos npu ucnesitaHum 80.

Omeem. 0,027.

37. BeposaTHocTb nosiBneHnst cobbitus A B kaxkgom 13 100 He3aBUCUMbIX
NCnbITaHMM NOCTOsIHHA U paBHa p = 0,8. Hantn BepoATHOCTb TOro, YTO CObbI-
TMe A nossutcs: a) poBHo 80 pas; 6) He meHee 75 n He 6onee 90 pas; B) Xo-
TS Obl OAWH pas.

Omeem. a) 0,10 6) 0,89.

38. KakoBa BepoATHOCTb TOro, 4to n3 2450 namn, ocBellaroLnX ynuuy, K
KOHUY roga 6yget ropetb ot 1500 go 1600 namn? CuyutaTtb, YTO Kaxaas
namna byneT ropeTb B Te4eHMe roga ¢ BEpoATHOCTLHO 0,64.

Omeem. 0,91.

3apaHua ana nHaMBuAyanbHoOM paboTbl

39. UrpanbHyto kocTb nogdpaceiBatoT 10 pas3. Hantn BeposiTHOCTb TOro,
YTO «LecTepkay BbiNageT: a) ABa pa3a; 6) He 6onee BocbMU pas; B) XOTs bbl
OOVH pas.

Omeem. a) 0,291; 6) 0,9999992; B) 0,838.

40. NogbpacbiBaeTcss 5 CUMMETPUYHbLIX MOHET. HanTn BEPOSATHOCTb TOrO,
4YTO: a) BbINano poBHO 2 repba; 6) Bbinano 6onee ogHoro repba.
Omeem. a) 0,3125; 6) 0,8125.

41. BeposaTHOCTb M3roToBNeHNs HectaHgapTtHou pfgetanum pasHa 0,004.
Hantn BepodaTHOCTb TOro, 4to cpean 1000 getanen okaxerca 5 HecTaH-
AapTHbIX.

Omeem. 0,1563
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42. MNocesnun 1000 cemsH. BeposTHOCTb HE NpopacTu OSS KaXOoro CEMeHU
paBHa 0,002. Hantn BepoATHOCTb TOro, 4to: a) He npopacteT 10 cemsH;
6) BCe cemeHa npopacTyT.

Omeem. a) 3,8-107°; 6) 0,135.

43. BepoatHocTb nosaBneHmsa cobbitnsa B kaxgoMm ud 100 ucnbitaHum no-
CTOsIHHa u paBHa p=0,8. HanTn BEpOATHOCTb TOro, YTO COObLITUE MOABUTCS:
a) He MmeHee 75 pa3 n He 6onee 90 pas; 6) He meHee 75 pa3s; B) He bonee 74
pas.

Omeem. a) 0,8882; 6) 0,8944; B) 0,1056.

44. BeposTHOCTb poXXaeHusa aeBodku pasHa 0,485. Hantu BepoOATHOCTb TO-
ro, yto n3 600 pogueLumxca geten aesoyek: a) byaet 300; 6) Oyaet GonbLue,
yem Marb4YMKOB.

Omeem. a) 0,025; 6) 0,206.

CnyuyaliHasi eennuduHa. 3aKOH pacnpeoesieHusl.
UumeepanbHas u dugghepeHyuanbHasi pyHKUUU pacripedesieHusl.
Hucnoeble xapakmepucmuku criy4YaUuHbIX eesIU4UH

Cny4yauHou senu4uHou (CB) Ha3sbiBaeTcs BennumMHa, KoTopasa B pesyribTa-
Te onblTa MOXET NPUHATbL TO U NHOE BO3MOXXHOE 3HaYeHue, 3apaHee Hens-
BECTHOE M 3aBucsilee OT criydad. PasnnyaioT OUCKpeTHbIE U HErnpepbiBHbIE
crnyyaunHble BEMNYMHDI.

CnyyainHasa BenuyuHa HasbiBaetca duckpemdou (OCB), ecnv oHa npuHu-
MaeT oTAesibHble, U30NMPOBaHHbLIE APYr OT Apyra, 3Ha4YeHUs, KOTOpble MOX-
HO 3apaHee NepeyYncnuTb.

Cny4anHas BenununHa HasbliBaeTcsa HernpepbigHolu (HCB), ecnn ee 3Have-
HUA HENPepbIBHO 3aMNOJSTHAOT HEKOTOPbLIN NPOMEXYTOK.

3akoHom pacripedernieHuss eeposimHocmel (psdom pacripedeneHusi) 0CB
Ha3blBaeTCA MOCrefoBaTeSlbHOCTb BO3MOXHbLIX 3HAYEHWW CrlydanHOW Besv-
YMHbI N COOTBETCTBYHOLLMX UM BEPOATHOCTEMN:

X X, X, X,
p P; P, Pn

n
[Mpryem OOMKHO BbIMOMHATLCS YCNOBUE HOPMUPOBKMU: Zpk =1.
k=1
@yHKkyuelu pacnpedeneHuss CB HasbiBaeTCca OYHKUNA AENCTBUTENBHON Mne-
pPeEMEHHON X, KOTopas KaxaomMy OeACTBUTESIbHOMY YMUCRy X CTaBUT B COOT-
BETCTBME BEPOATHOCTb cobbITna X < x, T.e. F(x)=P(X <x), xeR.

Mamemamuyeckum oxudaHuem [JCB HasblBaeTCa CymMMa Npov3BeOEHUNN
BCEX BO3MOXHbIX 3HAY€HUN CITy4anHON BESTMYMHbBI HA BEPOSATHOCTU 3TUX 3Ha-
YEeHUNn:

M(X)=2 X Py
P
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Lucnepcueti CB Ha3blBaeTCs MaTemMaTuyeckoe OXuaaHue KBagparta OT-
KNOHEHUs Cny4YyanHOM BENUYNHBI OT ee MaTeMaTUYECKOro OXMAAHUS:

D(X)=M(X - M(X)).
Ha npaktuke, ona HaxoXaeHus gucrnepcuu, Yaile nosib3yrTcsa popmysion:
D(X)=M(X?)-M?*(X). (1)

Ons OCB dopmyna (1) umeet BuA;:
D(X)=Yx¢-p, -~ M*(X).
i=1

CpedHum Keadpamu4HbiM omkrioHeHUemM CB Ha3biBaeTCA KOpPEHb KBaa-

paTHbLIN U3 ee gucnepcun:
o(X)=D(X).

lNMpumep 15. MoHeTa nogbpackiBaeTcs 5 pas. [NocTponTtb OYHKUUIO pac-
npegenexuna CB X — yncna BbinageHun repba. Hantn matematnyeckoe OXxu-
AaHne n cpeaHee KkBagpaTuyHoe oTkroHeHne CB X.

PeweHue. CocTaBMM 3aKkoH pacnpefeneHus cnyvyamHon BennymHbl X —
yucrna BblinageHun repba.

CB X moxeT npuHmmath 3Havenust: 0, 1, 2, 3, 4, 5. [1na HaxoxaeHnsa Bepo-
ATHOCTEW NOSIBNEHUSA 3TUX 3HAYEeHUW BOcCMNonb3yemcs oopmynon bepHynnu

_ 1
P" =C’p"q""". BepoaTHOCTb BbinageHus repba B 04HOM UCMbITAHUN p = ox

Toraa q—1—1—1
2 2

1N (1) 1
P(X:O):P5(O)=C§-(§j (—j :5:0,03125;

1N (1) 5
/3()(:1):/95(1):0;-(E (—) :5:0,15625;

P(X =2)=P.,(2)=C?. 1 2- 1 5—9—03125-
° > |2 2 32 ’
1\ (1Y 10
P(X=3)=P.(3)=C3:-|=| -|=| =—=0,3125;
x-9-re-c{1] (1] -1
1 _5

2
P(X =4)=P,(4)=C} (1J (—) = > —0,15625;
2) \2) 32

P(X =5)=P.(5)=C_- 1J5~ 1JO —i—003125
° *2) \2) 32 ~ '
3aKoH pacnpeferneHuns cryvYyamHon BeNuyYuHbl UMeeT BUg

X 0 1 2 3 4 5
p 0,03125 | 0,15625 | 0,3125 0,3125 | 0,15625 | 0,03125

KoHTponsb: 0,03125+0,15625+0,3125+0,3125+0,15625+0,03125=1.
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dyHKUMIO pacnpegeneHuns sBepodatHocten CB X nonyunm cnegyrowmm ob-
pa3oMm:

0, x <0,

0,03125, 0<x<1,

0,03125+0,15625, 1<x<2
F(x)=+0,03125+0,15625 + 0,3125, 2<x<3,
0,03125+0,15625 +0,3125 +0,3125, 3 < x <4,
0,03125+0,15625 +0,3125 +0,3125 + 0,15625, 4 < x <5,
0,03125+0,15625 +0,3125 +0,3125 + 0,15625 + 0,03125, x > 5,

T.e. F(x) umeeT Bua:

0, X <0,

0,03125, 0 < x <1,
0,1875, 1<x<2
F(x)=10,5, 2<x<3,
0,8125, 3<x<4,
0,96875, 4 < x <5,

1, X > 5.
Ctpoum rpacpuk dyHKUmMM F(x).
4 F00)
1 <
0,96875 <
0,8125 <
05 «
0,1875 <
0,03125 |«
0 1 2 3 4 5 X

Hangem maTtemartmndeckoe oxugaHuve, AUCNEPCUd N cpedHee KBagpaTud-
Hoe oTKknoHeHue CB X:
M(X)=0-0,03125+1-0,15625 + 2-0,31257 +3-0,3125+ 4 -0,15625 +

+5-0,03125=2,5;
D(X)=07?-0,03125 + 1.0,15625 + 22 .0,31257 + 3% .0,3125 + 42 - 0,15625 +
+5%.0,03125 - (2,5)" =1,25;
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o(X)=4125~=0,12.
OtBeT: M(X)=2,5, o(X)~0,12.

Ons HCB BBoAUTCA NOHATUE (OYHKUMM MAOTHOCTU pacnpegerieHns Bepo-
SATHOCTM (NAIOTHOCTN BEPOATHOCTH).

[MpounsBogHasa OyHKUMN pacnpeneneHns BeposaTHOCTU HasblBaeTca rniom-
HOCMbH 8€POSIMHOCMU:

f(x)=F'(x).

[MNOTHOCTbL BEPOATHOCTU MOXET 0603Ha4aTbCs Kak p(x).

Mpynyem, yHKUMS NAOTHOCTU BEPOSATHOCTEN OOSHKHA YOOBETBOPATL YCNO-

+o0
BUIO HOPMUPOBKN: I f(x)dx =1, f(x)>0.
®dyHKUMA pacnpeneneHus BEPOSTHOCTU BbipaXaeTcs Yyepes NNoTHOCTbL Be-
POSAITHOCTW B BUAE UHTerpana:

—00

BeposTtHocTb nonaganust CB B nHTepsan (a;b) paBHa npupalleHunto oyHkK-
UMK pacnpeneneHns BEpoSATHOCTEN Ha 9TOM MHTepBane:

Pl(a< X <b)=F(b)-F(a) wnm P(a< X <b) = Tf(x)dx.

Uncnosble xapaktepuctnkn HCB BblumcnawoTca no criegyowum gopmy-
nam:

M(X) = Tx-f(x)dx;

D(X):T(X—M(X))z-f(x)dx unm D(X):sz-f(x)dx—Mz(X),

—00

roe f(x) — NNOTHOCTb BEPOSATHOCTM.

lMpumep 16. CB X 3adaHa byHKUMEN pacnpeaerieHns

0, x<0;
F(x)={x* 0<x<1
1, x>1.

HawnTtn uncnosble xapaktepuctukn CB X.
PeweHue. Hangem nnoTHoCcTb pacnpeaenenust CB X:

(0)', x <0;
0, x<0;
f(x)=F(x)={(x*), O<x<t={2x, O<x<f%
: 0 1.
(1), x>1. ’ x>
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Bbluncnsiem uncnossle XapaKTepPUCTUKA:

+00 1 1
_ _ _ 20y — 2 43| _
M(X)_Jx-f(x)dx_!x-Zxdx_le dx_gx O

D(X)=]:x2-f(x)dx—MZ(M:ixz-zxdx_@ R

Pl S P

41, 9 2 9 18’

G(X):«/D(X):,/%z0,24.
OTBer: M(X):%; D(X)=%; o(X)=~0,24.

3apaHua onAa ayauTopHOM paboThl
45. [1aH 3aKoH pacnpegenenuns cnyvyamHon sennyuHel CB X':

X -5 2 3 4
P 04 | 03] 01 | 02

[MocTponTb GoyHKUMIO pacnpegeneHns CB X . Hantn matematnyeckoe OXxu-
AaHue, gucnepcuro, cpegHekBagpaTmyeckoe otTknoHeHne CB X,
Omeem. M(X) =-0,3; D(X) =15,21, o-(X) =3,9.

46. B naptum u3 6 mnsgenun 4 ctaHgaptHolx. Haygady otbupatot 3 mnsge-
nusa. CoctaBnTb 3aKoH pacnpegenenHna CB X — ynicna ctaHgapTHbIX uage-
nun cpegun BblbpaHHbIX. Hantn maTtematnyeckoe oxugaHve u aucnepcuto
CB X.

Omeem. M(X)=2;D(X)=0,4; 0(X)=0,63.

47. CTpenok gBa pasa CTpenseTr no MuweHn. BeposaTHOCTb nonagaHus
npu ogHom BbicTpene pasHa 0,7. Cny4yanHas BenuymHa X — 4nucno nonaga-
HUM B MuweHb. CocTaBnTb 3aKoH pacnpegeneHus CB X. Hantu ee uncnosble
XapaKkTepUCTUKN.

Omeem. M(X) =14; D(X) =0,42; a(X) =0,65.

48. CB X 3apgaHa chyHKUuMEN pacnpeaeneHnst BEpOATHOCTEN:
0, x<0;

F(x)= %,O<xs4;

1, x>4.

HanTtu: a) nnoTHOCTb pacnpeaeneHus BeposiTHocten f(x); ©) matemaTuye-
CKOe oXxumaaHue, OUCMepcuto, cpegHekBagpatuvyeckoe OTknoHeHne CB X
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B) NOCTpouTb rpadomkn pyHKumMn F(x) n f(x); r) HanTN BEpPOATHOCTb nonaga-
Hua CB X B nHTepBan (3;5).
Omeem. 0) M(X) =2, D(X) =1,33; a(X) =115;T) P(3 < X< 5) =0,25.
49. 3agaHa NNOTHOCTb pacnpegeneHuns sepoatHocten CB X :
0, X <0,

f(x) = 29X 0<x<3,

0, x> 3.
Haiitu M(X), D(X), o(X), BepositTHocT P(X <15), P(0< X <2).
Omeem. M(X)=2;D(X)=0,50(X)=0,71;
P(X < 1,5) =0,25; P(2 < X< 4) =0,56.
3apaHusa Ana uHaMBuayanbHOW paboTbl

50. [1CB 3apgaHa 3akoHOM pacnpeaenieHust:

X -3 —1 0 2 4
p 0,1 0,2 0,3 0,3 0,1

Hawntn: a) pyHkumo pacnpegenenuns F(x) n noctpouTb ee rpaduk; 6) maTe-

MaTun4eckoe oxuaaHme, AOucnepcuto, cpeaHekBagpatTndeckoe OTKITOHEeHUe
CB X.

Omeem. M(X) =0,5; D(X) = 3,65; a(X) =1,91.

51. Tpwu cTpernka, Begywme OroHb rno uenu, caenanu no ogHoMy BbICTpeny.

BepoaTHOCTM mnX nonagaHus B Lenb COOTBETCTBEHHO paBHbl 0,5; 0,6; 0,8.

[MocTponTb pag pacnpeneneHna n yHkumo pacnpegeneHna CB X — yucna
nonagaHumn B LEenb.

52. B ypHe 4 6enbix n 3 YepHbIX Wwapa. I3 Hee Haygady n3Bneknu Tpu Lwa-
pa. [NocTponTb pag U MHOroyronbHuk pacnpegenenunsa OCB X — uucna ums-
BneYyeHHbIx 6enbix WapoB. Hantn matematnyeckoe oxugaHve, ANCnepcuto,
cpenHekBagpatudeckoe oTkroHeHne CB X.

Omeem. M(X) =171 D(X) =0,48; a(X) =0,69.

53. backetbonuct genaet Tpu wTpadHbIX Opocka. BeposaTHOCTL nonaga-
HUA Npyn Kaxaom 6pocke pasHa 0,7. MNocTponTb pag u pyHKUMO pacnpene-
nenus CB X — yucna nonagaHus B KOp3nHy. Hantn matemaTunyeckoe oxuvaa-
HWe, aucnepcuto, cpegHeksagpaTndeckoe oTkrnoHeHne CB X.

Omeem. M(X)=2,1,D(X)=0,63;0(X)=0,79.

54. [noTHOCTL BeposaTHocTn CB X 3agaHa coopmyrion:

10 - 2x .
fo_l—g X128

0, x ¢[2; 5].
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Hantn yucnosble XapaKTepUuCTnkn CB X: matemaTtun4yeckoe oxuagaHue, ouc-
nepcuro, cpegHeksagpatnyeckoe OTKIOHEHNE N BEPOATHOCTb nonagaHns CB

X B uHTepBan (0;3).
Omeem. M(X)=3; D(X)=0,5;¢(X)=0,71; P(0< X <3)=0,56.

55. CB X 3apgaHa dyHKUKnen pacnpeneneHmsi BEpOSTHOCTEMN:

0, X<2
F(x)=9x-2, 2<x<3;
1 X > 3.

HainTtu: a) nnoTHOCTb pacnpeneneHvs BepoatHocTen f(x); 6) matemaTude-
CKOe OXwuaaHue, OUCNepcuto, cpegHekBagpaTtuyeckoe OTknoHeHue CB X;
B) nOCTpouTb rpadmkn pyHkumn F(x) n f(x); r) HanTM BEpOATHOCTb Nonaga-
Hna CB X B uHtepsan (2,5; 4).

Omeem. M(X)=2,5;D(X)=0,08,0(X)=0,29; P(25<X <4)=0,5.

Knaccu4eckue pacnpedesnieHusi Henpepbi8HbIX CJyYaliHbIX 8e/IUNUH

HenpepbiBHas crny4yainHas BENUYMHA Ha3blBAeTCS pasHOMEPHO pacrpede-
neHHoli Ha oTpeske [a;b], ecnn ee NNOTHOCTL BEPOSITHOCTA UMEET BUL,

f(X): E, XE[a, b],

0, x¢gla, b].
MaTemaTnyeckoe oxugaHue v OAUCNepcua paBHOMEPHO pacrnpeneneHom
Cny4YyanHOW BENNYUHbLI ONPeaensatoTCs BblpaXKeHUSIMU:

2
(b-a)

12
PacnpeneneHve HenpepbiBHOW Cry4anHOW BENWYMHbI Ha3blBAETCA 10Ka-

3amersibHbIM (9KCMOHEHUManbHbiM), €Crnn NNOTHOCTb BEPOATHOCTU 3TON Be-
NNYNHBI ONUCbIBAETCA PYHKUMEN:

0, X<0;

f(x)= e 20e 1 > 0.
Ae ™, x>0,

MaTtemaTtnyeckoe oxuaaHue, OMcnepcus U cpedHee KBagpaTudeckoe OT-

KMOHEeHWe onpeaensTcs opMynamu:
1 1 1
M(X)=—, D(X)=—5, o(X)=—.
(X) 2 (X) 7 o(X) p
BeposTHocTb nonagaHns CB X B uHTepBan («; ) HaxoguTcsa no dopmy-

ne:

M(X)=a;b; D(X) =

Pla<X<p)=e"**-e **,
CJ‘Iy‘-Ial7IHaFI BEIIMYMNHaA pacnpeneneHa rno HopmMmasibHoOMy 3aKOHY, €Clin ee
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(byHKLI,I/IFI NIIOTHOCTU pacnpeneneHnd BepOHTHOCTeVI nveet B
1 (x-a)’
- xeap
f(X)=——e 27 |

o\2r
roe M(X)=a;, D(X)=0? o(X)=0.
BeposATHOCTL NonagaHusa HopMmarnbHo pacnpenenedHon CB X B uHtepsan
(a; B) HaxoguTcs no hopmyne:

P(a<X<,B):CD(’B_aj—®(a_aj,

o) (o}

t2

roe @d(x)= 29t — dyHKuma Jlannaca, 3HayeHuss pyHKkumn d(x) on-

1 7 -
— j e
N2rm
penenarTcd no Ta6n|/|u,e NPUNOoXeHn4 2.

3apaHua onsa ayauTopHOM paboTbl
56. NnoTHocTb BeposiTHocT HCB X numeet Bua

0,25a, ecnu x <[0;4];
f(x)= .
0, ecnu x¢[0;4];

HanTu: a) 3HavyeHune napameTtpa a; 6) M(X), D(X), o(X); B) P{X €[0; 1,1]}.
Omeem. a) a=1; 6) M(X)=2; D(X)=4/3; a(X)=2\/§/3;
B) P{X [0; 1,1]} =0,275.

57. Hekto oxmpaet TenedoHHbIn 3BOHOK mexay 19.00 n 20.00. Bpewms
oXxmngaHuna 3BoHKa ectb HCB X, nmetowwaa paBHOMepHOe pacnpeneneHne Ha
otpeske [19; 20]. Hantn BEpOATHOCTb TOro, YTO 3BOHOK MOCTYNUT B NMpoMe-
XyTke oT 19 yacoB 22 MyHyT A0 19 yacoB 46 MUHYT.

Omeem. 0,4.

58. Bpemsa T Bbixoga 13 cTposi paanocTaHuum nogvYnHeHa rnokasatesibHOMy
0,2 %, ecnu t>0;
0, ecnu t<Q;

a) cbyHKumio pacnpegenerHna F(t); 6) matematnyeckoe oxungaHve u gucnep-

cnto CB T; B) BEPOATHOCTb TOr0, YTO pagmocTaHumMsa COXpaHuT paboTocno-
cobHocTb OT 1 40 5 vac. paboThbl.
Omeem. M(X)=5; D(X)=25; P(1<X<5)=0,451

59. Pagmnoannapatypa 3a 1000 yacoB paboTbl BbIXOAUT N3 CTPOSI B cpesn-
HeM oauH pa3. OnpenenuTb BEPOSATHOCTL BbiXO4a U3 CTPOS paguoannapaTy-
pbl 3a 200 yacoB paboTbl, ecnu cpok 6e3oTkasHom paboTbl — CriydanHas Be-
N4KMHa, pacnpenerieHHada no nokasaTtesibHOMY 3aKOHY.

3aKOHYy pacnpefeneHus ¢ nioTHocTbio f(t) :{ . Hantu:

Omseem. 0,1813.
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60. MimeeTca cnydanHaa BenuuuHa, pacnpegernieHHas no HopmasibHOMY
3aKOHY, MaTeMaTuyeckoe oXxuaaHue koTtopon paBHO 20, cpegHee kBagpa-
TUYHOE OTKINOHEeHWe paBHO 3. HanTu cMMMeTpPUYHbIN OTHOCUTESIbHO MaTeMa-
TUYECKOro OXnaaHUa UHTepBar, B KOTOpbIM ¢ BepodaATHoCcTbo 0,9972 nonapa-
eT crnyyvyamHasi BefindnHa.

Omeem. (11; 29)

61. MaTemaTnyeckoe oxugaHue HopMmanbHoO pacnpeneneHHon CB X pas-
HO a =3 n cpeaHekBagpaTUdeckoe OTKNOHEHUE o = 2. 3anucaTb NAOTHOCTb
BeposaATHocTM CB X wun noctpoutb ee rpadumk. Hantu unHtepsan Haubonee
BEPOATHbIX 3Ha4YeHnn. Hantn BeposTHOCTb Toro, Yyto CB X npumeT 3Hauve-

HUe 13 nHTepBana (-2;4).
Omeem. 6) (-3; 9); B) 0,6853.

62. CnyyanHble OWNBKN N3MepeHust getanu nogymHeHbl HopMasribHOMY 3a-
KOHY Cc napameTpom o =20 MM. Hantn BeposTHOCTb TOro, YTO U3MepeHune
AeTtanu npomnsBeneHo ¢ OLINBKOM, He NPEBOCXOASLLEN NO MOAY0 25 MM.

Omeem. 0,79.

63. Cpok 6e3oTkasHoM paboTbl Tenesm3opa npeactaBnseTr cobon Hop-
ManbHO pacnpegeneHHyto CB X ¢ napametpamu a=12, o =3. Hantu Bepo-
SATHOCTb TOrO, YTO Tenesmnsop npopaboTaeT a) He meHee 15 neT; 6) oT 6 Ao 9
net; B) oT 9 oo 15 ner.

Omeem. a) 0,41; 6) 0,46; B) 0,59.

3apaHua ana nHaMBuAyanbHoOM paboTbl
64. CB X paBHOMepHO pacrnpefeneHa Ha otpeske [4; 7]. Hantn f(x);
M(X); a(X); P{X € (6; 6,81)}.
Omeem. M(X)=5,5; o(X)=0,866; P(6<X<6,87)=0,27.
65. CB X, pacnpegeneHHasi paBHOMEPHO, UMEET creaylLlmne Yncnosble
xapaktepuctmkm M(X)=2, D(X)=3. Hantn F(x).

66. CB X, koTopas paBHa ANUTENbLHOCTU paboThbl anemMeHTa, UMeeT NNoT-

0,03 ecnu t>0; .
. Haiitn cpegHee Bpe-
0, ecnu t<O;

Msi paboTbl 3NeMeHTa; BEPOATHOCTb TOro, YTO 3NIEMEHT npopaboTaeT He Me-
Hee 400 yacos.

HOCTb pacnpegenenus f(t) :{

Omeem. 333% : 0,30.

67. Onpegenntb BpeMda paboTbl pagnonamnbl ¢ BeposiTHocTbio 0,8 (Bepo-
ATHOCTb 6e30Tkas3HOW paboTbl paguonammbl), ecnv cpegHee Bpemsi ee pabo-
Tbl paBHo 700 yacos.

Omeem. 156 4yacos.
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68. Poct B3pocnbix MyxunH saBnsetca CB X, pacnpegoeneHHom no Hop-
ManbHOMY 3aKOHY C MaTeMaTU4eCKUM oxuaaHuem a =175 n cpegHekBagpa-
TUYECKUM OTKNoHeHneM o =10. Hantu nnoTtHocTb BepossTHOCTU aton CB;
BEPOATHOCTb TOrO, YTO HM OOMH N3 TpexX Hayaady BblIOpaHHbIX MY>XYNH HE By-
AeT nmeTb pocT meHee 180 cm.

Omeem. 0,029.

69. MatemaTnyeckoe oxugaHme HopmanbHO pacnpeneneHHon CB X pas-
HO M(X)=5 u gucnepcus D(X)=9. a) 3anucaTb NAOTHOCTb BEPOATHOCTU

CB X n noctpoutb ee rpadmk. 6) Hantu BepositTHocTb TOro, 4to CB X npumet
3HayeHue 13 nHtepsana (—4; 8).
Omeem. 6) 0,83995

Mamemamuyeckass cmamucmuka

COBOKYMHOCTb BCEX BO3MOXHbIX 0OBHEKTOB JaHHOro Buaa, Hag KOTOpbIMU
NpoBOAATCA HabnaeHNA, UM COBOKYMHOCTb BCEX BO3MOXHbIX Habnwoge-
HUW, NPOBOAUMbLIX B OAWHAKOBbLIX YCIOBUAX Hag HEKOTOPOW CIyvYamHOW Be-
NMMYNHOW, Ha3bIBAETCS 2eHepasibHolU COBOKYMHOCMbIO.

OT1obpaHHble U3 reHepanbHON COBOKYNHOCTU OObEKTbI Ha3blBalOTCS 8b160-
POYHOU COBOKYNHOCMbK U 8bibopkol. Yncno N anemMeHToB reHepanbHOW
COBOKYMHOCTM M YMCMO N 3NEMEHTOB BbIOOPKN Ha3biBalOT obbemMamMu 2eHe-
parnbHoU n 8bI60pOo4YHOU co8OKyrnHocmu (N >>n).

PacnonoxeHne BbIGOPOYHbIX HAOMOAEHUI 3HAYEHWUIA CyYaNHOW BEMUYNHBI B
nopsigke HeybbiBaHWS Ha3bIBAeTCA paHxuposaHueM. 3Ha4YeHne CriydyanHon Be-
NIMYMHBI, COOTBETCTBYIOLLIEE OTAENbHONM Ipynne CrpynnMpoBaHHOro psiga Habnto-
AaeMbIX JaHHbIX, Ha3blBaeTCa gapuaHmMou.

YncneHHOCTb OTAENbHOW rpynMbl CrpynnMpoOBaHHOro psiga HabnogaemMblx
AaHHbIX Ha3bIBaeTCs Yyacmomou eapuaHmel.

LuckpemHbiM 8apualyUoHHbIM pSSOOM pacnpeaeneHns HasblBaeTCs paHXupo-
BaHHas COBOKYMHOCTb BapyaHT X; C COOTBETCTBYIOLLMMW UM YacToTamu Unu oT-

HOCUTENBbHLIMM YacTOTaMM.
MHmepearibHbIM 8apualylUOHHbIM psO0OM Ha3blBaeTCs YNOpsAOYeHHasi nocne-
A0BaTENbHOCTb MHTEPBArIOB BapbMPOBaHUA Cry4YanHOW BENUYUHBI C COOTBETCT-
BYIOLLMMM YacTOTaMU UM OTHOCUTESbHLIMKM YacToTaMu MonagaHuni B Kaxabin
N3 HUX 3HAYEHU CINyYanHOW BESTUYNHDI.
BbibopoyHoU (amnupudeckol) byHkyueld pacripedesieHUs HasblBaeTCs

pyHKUMSA F*(x), 3ajaowas ans Kaxaoro 3HadeHust X OTHOCUTENbHY Yac-

TOTy cobbiTnsa X < x. CnegoBaTtenibHO, N0 onpeaesnieHunto

* nX
F (X):F,

roe n — obbem BbIGOPKM, N, — YUCNO BbIBOPOYHBLIX 3HAYEHUIN BenuynHbl X,
MEHbLUUX X .
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lMpumep 17. B cynepmapkeTe npoBogunucb HabnwogeHna Hag dncnom X
nokynartenen, obpaTmMBLUMXCA B Kaccy 3a oavH yac. HabnogeHna npoBogm-
nuncek B TeveHne 30 vacos (15 gHen B nepuog c 9 oo 10 m ¢ 10 go 11 yacoB) u
Aanu cnegyrowmne pesynbraThl:

70, 75, 100, 120, 75, 60, 100, 120, 70, 60, 65, 100, 65, 100, 70, 75, 60, 100,
100, 120, 70, 75, 70, 120, 65, 70, 75, 70, 100, 100.

Yucno X saBndeTca AUCKPETHOW Cry4yanHOW BEenUYMHOW, a MONy4YeHHble
AaHHble npeacTaBnalT cobon Boibopky n3 n =30 HabniogeHun. Tpebyetcs
COCTaBuUTb Psg pacnpegerieHns 4actoT U HauTU 3MMNUPUYECKYD (PYHKLNIO
pacnpeneneHus.

PeweHue. CocTaBUM paHXMPOBaHHbLIN PsA:

60, 60, 60, 65, 65, 65, 70, 70, 70, 70, 70, 70, 70, 75, 75, 75, 75, 75, 100, 100,
100, 100, 100, 100, 100, 100, 120, 120, 120, 120.

[Mony4eHo 6 rpynn, TO eCTb LWECTb PasfnYHbIX 3HAYEHUI CITydanHOW Benu-
YMHbI (LWecTb BapuaHT). [1ns Kaxxgown rpynnbl NogcyMTaem 4acTtoTy 3HaYeHun
BapuaHTbl U COOTBETCTBYIOLLYIO OTHOCUTENbHYI0 4YacToTy. PesynbraThbl CBe-
Aem B Tabnuuy, kotopas n ygeTt npeactaBnaTb BapMaLMOHHbIN pAA.

Homep rpynnbil k 1 2 3 4 5 6
Yncno obpaweHunin

nokynarenemn B Kaccy Xi 60 65 70 75 100 120
YacrtoTa n, 3 3 7 5 8 4
OtHocuTensHas vac- w, = un 3/30 | 3/30 | 7/30 | 5/30 | 8/30 | 4/30
TOTa n

"[eomeTpuyeckoe nsobpaxkeHne CTaTMCTUYECKOro pacrnpeaeneHnsa Bblbop-
KN [aeTcs C NOMOLLbIO MOSIMroHa UM ructorpaMmmei.

Ecnun BapraunoHHbIn psg OUCKPETHOW CrlydanHOW BeNUYUHbI NpeacTaBnuTb
B BMAE JTOMaHOM NIMHUK, COEaMHSIOLLEN HA NITOCKOCTU TOYKM C KoopauvHaTamu
(X,;N, ), TO Takon rpacpvk Ha3bIBaKOT 1OSIUSOHOM NN MHO20Y20/1IbHUKOM pac-

rnpeoersieHus.

NHTepBanbHbI BapMauMOHHbIN psg rpadunveckn n3obpaxaroT ¢ MOMOLLbIO
aucmoepamMmbl. ucTtorpaMmon 4acToT (OTHOCUTENbHbIX 4acTOT) Ha3biBaOT
CTyneH4aTyto ourypy, COCTOSILLY U3 NPAMOYrOfIbHUKOB, OCHOBAHUAMM KOTO-
pbiIX CcnyXaT 4YacCTUYHble WHTepBanbl AOSIMHOW h, a BbICOTbl pPaBHbI
ne/h (n,/nh) — NNOTHOCTb YacTOTbI (OTHOCWUTENBHOW YacToThbl). ONTUManb-

Hasa AnvHa MHTepBaroB pacnpeneneHus Bolbopkn onpenensieTca opmynon
Crepaoxeca:
X . —X

h — max min ]

1+3,322-Ign
CoctaBum amnupuyeckyto oyHKumo pacnpegerneHna. Ob6bem BbIOOPKM MO
ycnosuio npumepa n =30. HanmeHbluasa BapnaHTa paBHa 60, 3Ha4uT, npu
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x<60 n,=0. Torna F*(x):%:o npu x <60. Ecrm 60 < x <65, TO He-
paBeHCTBO X < X BbIMNOMNHAETCA ANdA BapuaHTbl X, = 60, KoTopas BCTpevaeTcd
3 pasa, nostomy n, =3 u F*(x):%. Ecnm 65 < x <70, TO HepaBeHCTBO
X < X BbINOMHAETCA AN BapuaHT X, =60 1 X, = 65, KoTopble BCTpeyaroTcs rno
3 pa3a, noaToMy n, =3+3 =6 K F (x) = % n 1.0. B pesynbtate amnupunye-

CKad (byHKLI,MFI pacnpeneneHns 6y,EI,eT nMMeTb BUA:

0, x <60,

3/30, 60 < x < 65;
3+3:6/30, 65 < x<70;
30

34347 _ 4330, 70 < x <75;

F'(x)=
(x) 3434745 _18/30,  75<x<100,

30
3+3+370+5+8 - 26/30, 100 < x <120;
3+3+7;05+8+4:1, X >120.

\

OueHkn napameTpoB reHeparbHOW COBOKYMHOCTU, MOSTyYEHHbIE HA OCHO-
BaHUM BbLIDOPKW, Ha3bIBAKOTCA Ccmamucmu4yeckumu. Ecnn cTatuctmyeckas
OLeHKa XapaKkTepu3yeTCs OOHMM 4YUCNOM, TO ee HasblBalT moyeyHou. K
YUCY TakUX OLEHOK OTHOCATCS BblOOpOYHas cpedHss U BblIboOpoyHas Auc-
nepcusi.

BbibopoyHas cpedHsiss onpefenseTcs Kak cpegHee apudmeTmyeckoe no-
NyYeHHbIX MO BbIOOPKE 3HAYEHWIA:

_ _ m
Xg=X=— MX,,
ni=

rae X, —BapuaHTta BblOOpKM, N, —4acToTa BapuaHTbl, N — 06beM BbIGOPKW.
BbibopoyHas ducriepcus npeacrtasnset cobon cpegHee apudmeTnyeckoe
KBa[paTOB OTKIOHEHWIN BapuaHT OT UX BbIODOPOYHON CpeaHeN:

Dy =15 (xe=x)" =23 = (x) =2~ (x)].
k=1 k=1

BenuunHy s° HasbiBalOT HeCMeweHHOU VMU «ucrpasieHHol» ebibopoy-
HouU ducriepcueli U BbIMUCTIAT No doopmMmyne:
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n
s? = —D,.
n-1
lMpumep 18. Hantn HeECMELLEHHYIO OLIEHKY OUCNepcun cryvyamHou Benu-
4YmHbl X HA OCHOBAHWUM JaHHOro pacrnpeneneHunst BbIbopku:
X 2 7 9 10

n, 8 14 10 18

PeweHue. Haxoanm BbIBOPOYHYHO CPEOHIOLO:
— 8.2+14-7+10-9+18-10
8+14+10+18

[anee Haxoanm BbIBOPOYHYIO UCNEPCUIO:
8.22+14.72+10-9% +18-102

D.(X)= —(7.68) =7,58.
o(X) 8+14+10+18 ( )
HaXOD,VIM HecmemeHHym OLl,eHKy aOncnepcun.
2= px)=2.758-773.
49

n-1
Omeem: s*> =7,73.

llpoeepka cmamucmu4eckux 2unnome3s. Kpumepuu coanacus lMupcoHa

Mpn pelueHnn npakTU4ecKnx 3agav Moaenb 3akoHa pacnpegeneHus B ob-
LeM criyyae 3apaHee Heu3BecTHa, No3TOMY BO3HUKAET HEOOXOAMMOCTb Bbl-
6opa mogdenu 3akoHa pacrnpefeneHus, cornacyloLencs ¢ pesynstatamu Bbl-
BGOpOoYHbIX HabNOEHNNA.

Myctb Xy, X,, ..., X, — BblOOpKa HabnogeHun CB X ¢ Hem3BecTHOW Henpe-

pbIBHOW (pyHKUMen pacnpepeneHus F(x). lNposepsietca rmnotesa H,, yT-

Bepxgawwasa, 4to CB X pacnpegeneHa no 3akoHy, umerowemy yHKLUI
pacnpegenenua F(x), paBHylo dyHKUMN Fy(X), TO eCTb NpoBepsieTca Hyre-

Bas (ocHoBHas) rmnotesa H,: F(x)=Fy(x).

Kputepuun, ¢ NOMOLLBIO KOTOPbIX MPOBEPHAETCA HyrneBasi rmnoTesa O HeEus-
BECTHOM pacrnpeferneHnn, HasblBalTCHa Kpumepusmu coanacusi. PaccmoTt-
puM KpuTepun cornacus NupcoHa.

Cxema nposepku Hyrnesoul auriomesbl: Hy : F(x) = F(x).

1. o BbIBOpKE X, X,,...,X, CTPOAT BapWaLVNOHHbLIA Psd; OH MOXeT ObiTb

KaK OUCKPETHbIM, Tak U UHTEpPBaribHbIM.

2. lNlo gaHHbIM npegbiayWwmnx nccrnegoBaHUM Unn nNo npeaBapuTesibHbIM
AaHHbIM OenaroT npeanornioxeHne (BblABUratoT rmnoTesdy) O MoOAeNu 3akoHa
pacnpegeneHna CB X.

3. o BbIGOPOYHBbIM AaHHBbIM NPOBOAST OLEHKY NapameTpoB BblOpaHHOM
MoJenn 3akoHa pacnpegeneHus. [ycTb 3akoH pacnpeneneHna uveet r na-
pamMeTpoB (4ns HopManbHOro pacnpeneneHna r=2; onsa nokasaTenbHOro pac-
npeaenexHna r=1).
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4. TNoacTtaBnsas BbIOOPOYHbIE OLEHKN NapaMeTpoB pacnpeneneHunsi, Haxo-
AOAT TeopeTuyeckne 3HadeHnsa sepoaTHocTen P =P(X = x, ), k = 1m:
— AN HOpMarnbHOro pacnpeneneHus:
P.=P(a,_ <x<a,)= cl)(ak _Xj—cl)(—a“ _Xj;
S S
— ANsi noKasaTenbHOro pacnpeeneHus:

P.=P(a,_ <x<a)=e "% _e "% 1=

1
=
5. PaccuuTbiBaloT TeopeTudeckmne (BblpaBHMBaOLLME) 4acToTbl

, 2
e
2 _
6. CoctaBngawT BbI60pO‘-IHyI-O CTaTUCTUKY Xuabn = Z
k=1 n
k

7. To Tabnuue «Kputnyeckne To4kn pacnpeneneHna «xm-ksagpat» (npu-
noxeHne 4) Haxoaum Z,fpum(a;m—r—ﬂ, roe o - ypoBeHb 3HAYMMOCTU, M —

!
n, =P, -n, roe n—obbem BbIOOPKW.

!

4YMCIIO Nap 3HaueHUit B Tabnuue pacnpeaeneHnst 4actot. Ecnn ylus, < 2oum.
TO HET OCHOBaHMI OTBepraThb runotesy H,, aMNUPUYEcKe N TeopeTUYecKme
4acTOTbl pasnuUyaloTCsi HesHauumo. Ecnn y7q, > 7o, TO mnotesa H, or-

KNOHAETCS W NpUHUMaETCa anbTepHaTUBHAA(KOHKYpupylowasl) runotesa o
TOM, 4YTO BblbpaHHas MoAesib 3akoHa pacnpefeneHns He noaTeepXxgaeTcd
BbIOOPOYHBIMU AHHLIMW, MPU 3TOM JOMycKaeTcsa owwunbka, BEPOATHOCTb KO-
TOPOW paBHa .

3apaHua ona ayauTopHOU paboThbl

70. Mo gaHHbIM HabnoaeHu nony4veHa Bolbopka: 1; 2; 3; 5; 5; 4; 2; 1; 1; 2;
3; 5; 5; 6; 6; 2; 3; 2; 5; 1. a) Hantn ctatnctmyeckoe pacnpeneneHune solbop-
kn. ©) MocTponTb NOMUIOH OTHOCUTENBHLIX YacToT. B) CoCTaBUTb aMnMpuye-
CKYH0 PYHKLMIO pacnpenesieHna u NocTpouTb ee rpadouk. r) Hamtm yncnosble
XapaKkTepucTuKun Bblbopku: X,, D, o, .

Omeem. X, =32, D,=299; o,=172.
71. B pesynbTate nNpoBepku NpeanpuaTvii obnactu no BenvynHe Bbipa-

6OTKM Ha ogHoro paboyero NoOnyyvyeHoO MHTepBarnbHOE pacnpederieHne Bbl-
Bopku:

Buipaborka Ha OAHOMO | g5 9 | 90100 | 100-110 | 110-120 | 120-130
paboyero B %

Yncno npeanpuaTum 2 6 15 46 29

[MocTponTb ructorpaMmmy Yactot. Hanutu Xx,, D,, oy, 32, S.
Omeem. X, =113,8; D, =184,56; o, =13,58; s*=186,42; s=13,65.
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72. 13 reHepanbHOM COBOKYMHOCTWN U3BeYeHa BbIDOpka obbema n = 25.

Xk | 4|16 |7 ]8]9 /(10|11
nt116|3|3|7)|3]|2

Haintn HecmelleHHble OUEHKM reHepanbHOW CpedHen U reHepansHoOn auc-
nepcun.

Omeem. x, =8; s? = 3,33.

73. lMpn namepeHun 100 obpaboTaHHbIX AeTanen nu3y4anocb OTKNOHEHUE

OT 3agaHHoro pasmepa. locne npeaBapuTenbHon 06paboTKn pe3ynbTaToB
Obina nonyyeHa Tabnuua:

ne. 112114122 (40,20 |16 | 10

ne| 9 1328|3418 |22 |12

[Mpn yposHe 3HaymmocTn 0,01 ycTaHOBUTL, CrlydanHO UMM 3HAYNMMO Pacxo-
XOeHne Mexay aMNUPUYecKUMmM YyactotTamu n; U TeopeTU4eckMMu 4YacrtoTa-

MW N}, KOTOpPbIE BbIYMCIIEHbI UCXOASA M3 TMNOTe3bl O HOPMarbHOM pacnpeae-
NeHnn reHepanbHON CoBOKYNHocTM X .

Omeem. PacxoxaeHue criydanHo.

3apaHua ana nHaMBuAyanbHoOW paboTbl
74. Hantn aMmnupuyeckyto yHKUUIO pacnpeneneHnsa BapuaunuoHHOro psi-
na:

x, |1 |3 [7 J9 [12
n. |2 |10 |4 |24 |10

Bbluncnnte X, D,, o,. Hantn HecmelleHHble OLEeHKN reHeparibHoOW Auc-
nepcum n reHeparnbHOro cpeaHekBagpaTUYeCKoro OTKNOHEHUS.

75. B ropoge A ansa onpegenieHuUs CPOKOB rapaHTUMHOIO OBCHy>KMBaHUS
NpoBedeHo UccnegoBaHne BenvyuHbl cpegHero npobera aBTomobunen, Ha-
XOOALWMXCA B IKCNyaTaumMm B TedeHne OBYyX NeT ¢ MOMEHTa NpoAaxu aBTo-
Mobunsa marasnHom. NMonyyeH cnegyowmm pesynbTaT (TbIC. KM):

3,0; 25,0; 18,6; 12,1; 10,6; 18,0; 17,3; 29,1; 20,0; 18,3; 21,5; 26,7; 12,2; 14,4,
7,3;9,1; 2,9; 5,4; 40,1; 16,8; 11,2; 9,9; 25,3; 4,2; 29,6.

CocTaBuTb MHTEpBarbHbIA BapyauuoHHbIN psa. [1ocTpouTb rmctorpammy

OTHOCUTETbHbIX YacToT. Hantu X, D,, 0.

76. Vicnonbsysa kputepun NupcoHa, npu yposHe 3HaymmocTtn 0,05 yctaHo-
BUTb, CITy4anHO UMM 3HAYNUMO PaCXOXOEHME MeXAY SMMUPUYECKMMU 4acTo-

!
Tamun n, N TeopeTn4eCckKMMn 4actotamu n, , KOTOpbl€ BbIYUCIIEHbI NCXOOA U3
rmnoTtea3bl O HOpMaJribHOM pacripegeneHnm reHepaanon COBOKYIMHOCTUN X:

n, 5 10 20 8 7
n, 6 14 18 7 5
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77. Vicnonbsysa kputepuin MNupcoHa, npu yposHe 3HaymmocTtn 0,05 npose-
PUTL TMNOTE3Y O BUAE pacnpeeneHuns reHepanbHON COBOKYMHOCTU, BblOBM-
HYB ee And 3afaHHOro pacnpegeneHunst 4acToT:

NHTepBanbl 0-4 4-8 8-12 12-16 16-20
YacTtoThbl 5 10 20 18 7

78. B pesynbtate ucnbitaHms 200 aneMeHTOB Ha ASIUTENbHOCTL paboThl
NoslydeHo aMnupuyeckoe pacrnpeneneHuve, npusegeHHoe B Tabnuvue (B nep-
BOM cTONn6LE yKasaHbl MHTEpBaribl BPEMEHU B Yacax, BO BTOPOM cTonbue —
4acToTbl, TO €CTb KOJIMYECTBO 3N1EMEHTOB, NpopaboTaBLInX BpeMa B npeae-
nax COOTBETCTBYIOLLErO MHTEpBana).

(X Xen) |(0;5) (5;10) | (10;15) |(15;20) |(20;25) |(25;30)

n, 133 45 15 4 2 1

TpebyeTcs, npu ypoBHe 3HaymmocTn 0,05, npoBepUTb rMNoTesy o TOM, 4YTO
BpeMs paboTbl 3NeMEHTOB pacnpeneneHo rno nokasaTerlbHOMY 3aKOHY.

JluHeliHasi KoppensiyuuoHHas 3aeucumocms. [psiMbIe pezpeccuu

PaccmoTtpum gBe CB X u Y. Ecnn kaxgomy 3HayeHunto X COOTBETCTBYET
ornpenerieHHoe 3HayeHune Y, 1o X 1 Y cBsa3aHbl (byHKUUOHasIbHOU 3a8ucuUMo-
CcMbIo.

Cmamucmu4eckol Ha3blBalOT 3aBUCUMOCTb, NMPU KOTOPOWN U3MEHEHNE OA-
HOM N3 BENUYMH BrieYeT NU3MEHEHNE 3aKoHa pacnpeneneHns apyrou.

CraTtuctmyeckaa 3aBUCMMOCTbL Mexay X M Y HasbiBaeTca KoppesissyuoH-
HOU, eCriu C U3MEeHEeHNEM OLHOWN N3 HUX N3MEHAETCH cpefHee 3HavyeHne apy-
row.

YcnosHou cpedHel y, HasbiBalOT cpefHee apudmeTnyeckoe 3HaveHve Y,

COOTBETCTBYHOLLEE 3HAYEHUIO X=X.
Ecnn kaxaomy 3Ha4YeHU X COOTBETCTBYET OOHO 3HAYeHWE YCIOBHOM

cpegHen y,, TO YCNOBHAsA CpefHsAs eCcTb (YHKUMS OT MepemMeHHOM X:

y, =f(x). 310 ypaBHEHMe Ha3bIBalOT ypaBHEHUEM perpeccumn Y Ha X.
AHanorMyHo onpenensieTcsl yCroBHasl CpeaHas X, W ypaBHEHWE perpec-

cum X Ha Y: X, =p(y).

KoppensumoHHble 3aBUCUMOCTU MOTYT BbITb YCTaHOBEHbI TOMBKO Nnpu 06-
paboTke 6onbLUOro KonuyecTsa HabnwgeHnn. [JokasaHo, 4yto ana CB X un Y,
pacnpeneneHHblXx No HopManbHOMY 3aKOHY, KOppensaunoHHas 3aBUCUMOCTb
MeXay HUMMU SBNSETCS JIMHEMHOW. YpaBHeHWe npsimon perpeccumn Y Ha X

nveeTt BuUA: y,=ax+b, a ypaBHeHne npamon perpeccun X Ha Y -—
Xy=cy+d.

Mpn GonbLIOM 4Yucne HabnwaeHUrM O4HO U TO Xe 3HayYeHue X MOXeT
BCTPETUTBLCA M, pas, 3Ha4yeHve y — m, pas, O4Ha v Ta xe napa (X; y) MoxeT
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Habnogateca m,, pas. MNoaTomy AaHHble HabnoaeHwid rpynnnpytoTes, noa-
CUMTBIBAIOTCS 4acToTbl m,, m, m, W 3anuCbiBalOTCA B Tak Ha3blBaEMYHO

KOppenALMOHHYI0 Tabnuuy.
Uuncnosble xapaktepuctukm CB X n Y onpegenatotca no goopmyram:

2
X = 25 Dx=¥—72' o =D

’ X

n
DN LD W S
Yo By Y o =D,

y

Bb160p0oYHbIM KO3GhhuyUeHmMoM Koppesisiyuu HasblBaeTCsl YNCNO r,, KOTO-

poe nusamepseT cuny (TecHoTy) nMHenHon ceasn mexay CB X n Y n onpege-
NnaeTcs paBeHCTBOM:

- > xym,, —n>_()7’

xZy
roe X, y — BapuaHTbl Npu3HakoB X v Y, m,, — 4acTota napbl BapuaHT (X, y);

n — obbem BbIOOPKK; o,, o, — BbIDOPOYHbIE CpedHeKBaApaTUYECcKue OTKIIO-

HEeHUs; X, ¥ — BbIBOPOYHbIE CpeaHue.

Ecnn BennuunHbl X n Y HesaBuUCUMbI, TO KO3dUUMEHT Koppensuun r=0;
ecnn r =+1, 10 X 1 Y cBs3aHbl NMHENHOWN DYHKLMOHASTbHOW 3aBUCUMOCTbIO.
BbIBOpOYHbLIN KOSDIDULMEHT KOppensaummn r, siBNAETCA OLEeHKOW Koaddu-

LUMEHTa Koppenauumn r reHepanbHON COBOKYMHOCTU U MO3TOMY TaKXKe CRyXWUT
ANg N3MepeHus NUHENHOM CBA3N Mexay BenuduHamun X un Y. [lonyctnm, 4to
BbIOOPOYHbIN KOS UUMEHT KOppENsUnn, HanaeHHbIN No BbIGOpKe, oKkasancs
OTNNYHBLIM OT Hyn4d. Tak Kak Bbibopka oTobpaHa cryyanHo, TO oTcloga Helb-
35 3aKNOYUTb, YTO KOIPPUUMEHT KOppenauun reHepanbHON COBOKYMHOCTU
Takke OTNMYEH OT Hynda. Bo3HMKaeT HeobXxoaANMMOCTb MPOBEPUTb MMNOTE3Y O
3HAaYMMOCTU (CYLLECTBEHHOCTN) BbIOOPOYHOro KoadhbuumeHTa koppensauuu,
WUNN, 4TO TO Xe, O PaBEHCTBE HYNK KoadhpuumeHTa Koppensaunmn reHepanb-
HOW COBOKYMHOCTM). ECnn rMnote3a o paBeHCTBE HyMo reHeparbHOro Koad-
duumeHTa koppenauun byaet oTBeprHyTa, TO BbIOOPOYHbBIA KOI(PPULMEHT
KOppensuum 3Haymm, a BenununHbl X U Y KoppenupoBaHHbI; ecnv runotesa
NpUHATa, TO BbIOGOPOUHLIA KOIMDMPULMEHT KOPPENALUNN HE3HAUYMM, a BENNYM-
Hbl X N Y HekoppenMpoBaHHbI.

[ns Toro, 4tobbl NpM 3ajaHHOM YPOBHE 3HAYUMMOCTU « MPOBEPUTL Hyrle-
Byto rmnote3dy H,: r =0 0 paBeHCTBe Hymn reHepanbHoro KoadduumeHta

Koppendauun npun KOHKprpyPOU.leVI rmnortese H1I r #0, HaOoO BbIMUCIINTL Ha-

6rnogaemoe 3HadYeHne KpuTepus

|7, |
tHa6/7 = > ’
r

rae cpeaHekBagpaTuyeckas olmbka koadbduumeHTa Koppensaumm BblYUCTISA-
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1-r;
eTcsa no opmyne: o, = )
n-2
Mo Tabnuue KpuTUYeckux Todek pacnpegeneHna CTblogeHTa, npu 3agaH-
HOM YpPOBHE 3HAYMMOCTM U YUCny cTeneHen ceoboabl k=n—2 HaNTU KpUTHU4e-

CKyto TOuKy . (a, k).
Ecnun {6, <t,., — HET OCHOBaHWUI OTBEpraTb HyrneBylo rMnoTesy, T.e. Bbl-
BOPOUHbLIN KOIPDMUMEHT KOppEeNALMN HE3HAUYMM, a BenndnHbl X 1 Y Hekop-
pennMpoBaHHbI.
Ecrm t . >t — HyneBYl rMnoTesy OTBeprarT, a 3Ha4nT, BblIOGOPOUHbIN

Habn Kpum

KO3 (PULMEHT Koppenaumm 3Hauum, BenndmnHesl X n Y KoppenmpoBaHHbI.
Ecnu BennunHbl X 1 Y KoppenvpoBaHHbl, TO MOXHO HaMTuU ypaBHEHUS

NPAMbIX perpeccum.

YpaBHeHue npsimon perpeccumn Y Ha X nmeet Bua: ¥, — ¥ = r;—2(x — x).

X

o - - o -
YpaBHeHue npsimon perpeccun X Ha Y UMeeT BUA: Xy — X = rBa—X(y -y).
y
Mpsmblie perpeccnn Y Ha X 1 X Ha Y pasnnyHbl, HO OHX NPOXOAAT Yepes3 Tou-

Ky (};) Uem MeHblle yron mexagy HUMW, TeM TeCcHee NUHenHas 3aBuCu-
MOCTb Mexay X n Y.

Mpumep 19. B pe3ynbTaTte rpynnmMpoBKN AaHHbIX CTATUCTUYECKOro Habmo-
AeHUs Hag npu3Hakamu X 1 Y nony4eHa KoppensumMoHHasa Tabnuua.

yi 10 15 20 25 30
2 3 4
5 10 9 3
8 6 40 S)
11 4 8 3
14 2 3

C uenbko M3y4yeHnsa NIMHENHOW CBA3WM MexXay 3TUMKM NpusHakamu TpebyeT-
cs:
1) HanWTW ux Yncnosble nokasaTtenu x, y, o,, o,

2) HanTu BbIGOPOYHBIA KOIPDUUNEHT KOPPENALMU F, U OLEHWUTb Er0 Ha-

AEXHOCTb C YpoBHEM 3HaymumocTtn a = 0,01;
3) HanTu ypaBHeHMUs NpaMbIX perpeccunt Y Ha X n X Ha Y;
4) n306pasuTb B cMCTEME KOoOpAMHAT rpacvkn y, 1 X, .

PeweHue. [NpenBaputenbHble BbIYUCIEHUS BHOCUM B “"pacLUMpeHHYo"
Tabnuuy:
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x>~y 10 15 20 25 30 m, xm, | x*m,
2 3 4 7 14 28
) 10 9 3 22 110 | 550
8 6 40 S 51 408 | 3264
11 4 8 3 15 165 | 1815
14 2 3 3} 70 980
m, 3 20 53 18 6 n=100| 767 | 6637
ym, 30 300 | 1060 | 450 180 | 2020
yzmy 300 | 4500 | 21200 | 11250 | 5400 |42650

CHavana noacumnTbIiBalOTCA YacTOTbl COCTaBNSKOLLNX npusHakoe m, U m,

CyMMunpoBaHnemMm COBMECTHbIX 4acCTOT NO CTPOKaM Wu ctonbuam COOTBETCT-
BEHHO.

2 o < <
Uncna B ctonbuax m,, xm,, X°m,, CTOsME NOA ABOVHON YepTOn, U
2 o o
cTpokax m,, ym,, y’m,, cTosiluue cnpaBa OT [BOVHOW YepTbl, MOMy4eHbl
CyMMWpOBaHWEM U paBHbl N, ».xm,, > x’m, W COOTBETCTBEHHO N,

Zymy, Zyzmy . Haxogmm 4ymncnoBble XxapakTepUCTMKN COCTaBMSOLMX NPU-
3HakoB X un Y:

2 D> xm, 767

=L _767:
n 100
2
D, - 2XMx o 8637 00 54 o (754 ~275
n 100
;- > ym, _ 2020 _ 20,2
n 100
2
m
D, = Z}; 2= 4?330 -20,2° ~16,46, o, =+/16,46 ~ 4,06.
[anee,

nymxy :2(10-3+15-4)+5(15-10+20-9+25-3)+
+8(15-6+20-40+25-5)+11(20-4+25-8+30-3)+
+14(25-2+30-3):16355.
Haxoaum BbIBOPOYHbIN KO PULMEHT Koppensaumm no oopmyne:
. _2.Xymy —n-X-y 16355-100.7,67-20,2
° 100-2,75-4,06

=0,772.

no,.o,
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bnunsocTtb r, K eanHumue roeopuTt o 4o0CTaTO4HO TECHOWN CBSA3U NnpM3HaKoB X
n Y. lna oueHkun CyweCTBeHHOCTHU 9TOW CBSA3U Ha YpPOBHE 3HAYMMOCTUN «,

Habn. —

r
paBHoM 0,01 BblMMCIIMM CTaTUCTUKY | —‘ ° ‘ roe cpefHeksagpatude-
O-r

ckasi oLLIMOKa KoadpuUMeEHTa KoppensaumMm paBHa

2 2
Gr:\/1—r :\/1—0,772 0,064,
n-2 \ 100-2

0,772
Habn. — 0,064
a =0,01, npu ynucne creneHen ceoboabl v =n—-2=100-2=98 no Tabnuue

Otciopa t =12,06. [anee, npuvHUMasi ypoBEHb 3HAYUMOCTU

pacnpenenexHna CTbtogeHTa (NpunoxeHune 5) Haxoanm teoum, = 2,626 .
y Tak «kak . > toums» TO C

30 1 99%-01 yBEPEHHOCTBD MOXHO rO-
BOPUTb O CYLLLECTBEHHOCTN TE€CHOM
CBA3U Mexay npusHakamm Y un X.
Tenepb HaxoguMm ypaBHEHUS
NpAMbIX perpeccum no popmynam:

— o

25

20

—vV=r  —Y(x=Xx)
Y-y =1, GX(X X);
15 - i
)_(y_)_‘:re'o_—x(y—Y),
10 1 y
| 7, -202=0772- 2%y _767),
2,75
02 5 8 11 14 X % 767-0772.275( 200
X, ~7.67=0772. 7705 (y~202)

[Nocne npeobpasoBaHui nonyumm y, =1,14x +11,46, )_(y =0,52y -10,56.

[MocTpoum rpadukn NonyyYeHHbIX NPSMbIX HA OOHOM YepTexe. Yem bGnuxe
K HY/t0 OCTPbIM Yron Mexay HAMK (OTMeYeH ayron), TeM TeCHee CBA3b MexXay
npuaHakamu. Ecnu xe aToT yron 6nmsok k 90°, To 9T0 roBopuT 0 cnabomn ces-
31 nnu 06 oTCyTCTBUM TakoBOW BoOOLLE.

3apaHuva onAa ayauTopHOU paboThbl

79. [Ina gaHHbIX Tabnuubl 3HadYeHun asyx CB X u Y, Hantn 4yncnosble
xapaktepuctnkn CB X n Y X, y, o,, 0,; BbIGOPOUHbIN KOIhPULMEHT KOP-

penauun r, N OLUEHUTb ero HafeXHoCTb C ypoBHeM 3Hadnmmoctn « =0,01;

HanTK ypaBHEHUSA NpsMbIX perpeccun Y Ha X n X Ha Y u n3obpasntb B cUC-
Teme KoopamHaT ux rpadouku.
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Y

X S) 9 13 17 21 25
3 3
8 6 7 2
13 4 10 25
18 8 7 4
23 5 2
28 3 1 1 2

80. o BLIGOpPKe 06beMa N=100, n3Bre4eHHON N3 ABYMEPHON HOpPMaIibHON
reHeparnbHON COBOKYNHOCTU (X, Y), HangeH BblI6OPOUHbIN KOIDMULIMEHT KOP-
penauun r, =0,2. TpebyeTtca npu ypoBHe 3HayumocTn 0,05 nposBepuTb rmno-

Te3y O paBEHCTBE HYINIO reHepasibHoro KoaduumeHTa Koppenauum npu KoH-
Kypupytowen runotese H,: r #0.

3apaHusa ana uHaMBuayanbHOW paboTbl

81. [Ina gaHHbIX Tabnuubl 3HaveHnn apyx CB X un Y, Hantm 4Ymcnosble
xapaktepuctmkmn CB X n'Y X, y, o,, o,; BbIDOPOYHbIA KOIPPULMEHT KOp-
penauun r, N OLUEHUTb ero HafeXHOCTb C ypoBHeM 3Hadnmoctn « =0,01;

HaNTW ypaBHEHUS NpsMbIX perpeccuin Y Ha X n X Ha Y n nsobpasntb B CUC-
Teme KoopauHaT ux rpadouku.

Y
X 6 8 10 12 14 16
10 S) 7 2
15 2 8 6
20 8 21 10
25 5 2 6
30 3 S

82. lNo BLIGOPKE 06beMa nN=120, N3BrIeYEHHON N3 ABYMEPHON HOPMaIibHOM
reHepanbHon coBokynHocTu (X, Y), HangeH BbIOOPOYHbIN KO3IGMULMEHT KOpP-
penauun r, =0,4. TpebyeTtca npu ypoBHe 3HaumumocTn 0,05 nposBepuTb rmno-
Te3y O paBEHCTBE HYJIO reHepasibHoro KoaduumeHTa Koppenauum npu KoH-
Kypupytowen runotese H,: r #0.
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MpunoxeHue 1. Tabnuua 3Ha4YeHNn PYHKLNN (p(X) =

CtaTtuctuyeckue Tabnuubl

1

C o T bl € O O n u

X 0 1 2 3 4 5 6 7 9

0,0 0,3989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 3973
0,1 3970 | 3965 | 3961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 3918
0,2 3910 | 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 3825
0,3 3814 | 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3726 | 3712 3697
0,4 3683 | 3668 | 3653 | 3637 | 3621 | 3605 | 3589 | 3572 | 3555 3538
0,5 3521 | 3503 | 3485 | 3467 | 3448 | 3429 | 3410 | 3391 | 3372 3352
0,6 3332 | 3312 | 3292 | 3271 | 3251 | 3230 | 3209 | 3187 | 3166 3144
0,7 3123 | 3101 | 3079 | 3056 | 3034 | 3011 | 2989 | 2966 | 2943 2920
0,8 2897 | 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 | 2709 2685
0,9 2661 | 2637 | 2613 | 2589 | 2565 | 2541 | 2516 | 2492 | 2468 2444
1,0 0,2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 2203
1,1 2179 | 2155 | 2331 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 1965
1,2 1942 | 1919 | 1895 | 1872 | 1849 | 1826 | 1804 | 1781 | 1758 1736
1,3 1714 | 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 1518
1,4 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 1315
1,5 1295 | 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 1127
1,6 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 | 0973 0957
1,7 0940 | 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 0804
1,8 0790 | 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 0669
1,9 0656 | 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 0551
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
2,2 0355 | 0347 | 0339 | 0332 | 0325 | 0317 | 0310 | 0303 | 0297 0290
2,3 0283 | 0277 | 0270 | 0264 | 0258 | 0252 | 0246 | 0241 | 0235 0229
2,4 0224 | 0219 | 0213 | 0208 | 0203 | 0198 | 0194 | 0189 | 0184 0180
2,5 0175 | 0171 | 0167 | 0163 | 0158 | 0154 | 0151 | 0147 | 0143 0139
2,6 0136 | 0132 | 0129 | 0126 | 0122 | 0119 | 0116 | 0113 | 0110 0107
2,7 0104 | 0101 | 0099 | 0096 | 0093 | 0091 | 0088 | 0086 | 0084 0081
2,8 0079 | 0077 | 0075 | 0073 | 0071 | 0069 | 0067 | 0065 | 0063 0061
2,9 0060 | 0058 | 0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 0046
3,0 0,0044 | 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 0034
3,1 0033 | 0032 | 0031 | 0030 | 0029 | 0028 | 0027 | 0026 | 0025 0025
3,2 0024 | 0023 | 0022 | 0022 | 0021 | 0020 | 0020 | 0019 | 0018 0018
3,3 0017 | 0017 | 0016 | 0016 | 0015 | 0015 | 0014 | 0014 | 0013 0013
3,4 0012 | 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | 0010 | 0009 0009
3,5 0009 | 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 0006
3,6 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 0004
3,7 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 0003
3,8 0003 | 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002 0002
3,9 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | 0001 0001
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MpunoxeHue 2. Tabnuua 3HayeHnn pyHKUKUKM Jlannaca

1 % .42
CD(x)= Ie dt.
«/21T0

x | o(x) | x [o(x) | x | o(x)]| x [ o(x)| x | o(x) | x | ®(x)
0,00 | 0,0000 | 045 |0,1736 | 0,90 | 03159 | 135 | 04115 | 1.80 | 0,4641 | 2,50 | 0,4938
0,01 | 0,0040 | 0,46 |0,1772 10,91 |0,3186 | 1,36 | 0,4131 | 1,81 | 04649 | 2,52 | 0,4941
0,02 | 0,0080 | 0,47 |0,1808 | 0,92 |0,3212 | 1,37 | 0,4147 | 1,82 | 0,4656 | 2,54 | 0,4945
0,03 |0,0120 | 0,48 |0,1844 | 0,93 |0,3238 | 1,38 | 0,4162 | 1,83 | 0,4664 | 2,56 | 0,4948
0,04 |0,0160 | 0,49 |0,1879 | 0,94 |0,3264 | 1,39 | 0,4177 | 1,84 |0,4671 | 2,58 | 0,4951
0,05 | 0,0199 | 0,50 |0,1915 | 0,95 |0,3289 | 1,40 |0,4192 | 1,85 | 04678 | 2,60 | 0,4953
0,06 |0,0239 | 0,51 |0,1950 | 0,96 |0,3315 | 1,41 | 0,4207 | 1,86 | 0,4686 | 2,62 | 0,4956
0,07 10,0279 | 0,52 |0,1985 | 0,97 | 0,3340 | 1,42 | 0,4222 | 1,87 | 0,4693 | 2,64 | 0,4959
0,08 |0,0319 | 0,53 | 0,2019 | 0,98 |0,3365 | 1,43 | 0,4236 | 1,88 | 0,4699 | 2,66 | 0,4961
0,09 |0,0359 | 0,54 | 0,2054 | 0,99 |0,3389 | 1,44 |0,4251 | 1,89 | 0,4706 | 2,68 | 0,4963
0,10 |0,0398 | 0,55 |0,2088 | 1,00 | 0,3413 | 1,45 | 0,4265 | 1,90 |0,4713 | 2,70 | 0,4965
0,11 |0,0438 | 0,56 |0,2123 | 1,01 | 0,3438 | 1,46 |0,4279 | 1,91 |0,4719 | 2,72 | 0,4967
0,12 |0,0478 | 0,57 | 0,2157 | 1,02 | 0,3461 | 1,47 | 0,4292 | 1,92 | 0,4726 | 2,74 | 0,4969
0,13 10,0517 | 0,58 |0,2190 | 1,03 |0,3485 | 1,48 | 0,4306 | 1,93 |0,4732 | 2,76 | 0,4971
0,14 |0,0557 | 0,59 |0,2224 | 1,04 |0,3508 | 1,49 | 0,4319 | 1,94 |0,4738 | 2,78 | 0,4973
0,15 | 0,0596 | 0,60 |0,2257 | 1,05 |0,3531 | 1,50 |0,4332 | 1,95 | 0,4744 | 2,80 | 0,4974
0,16 | 0,0636 | 0,61 |0,2291 | 1,06 |0,3554 | 1,51 |0,4345 | 1,96 | 0,4750 | 2,82 | 0,4976
0,17 10,0675 | 0,62 |0,2324 | 1,07 | 03577 | 1,52 | 04357 | 1,97 |0,4756 | 2,84 | 0,4977
0,18 |0,0714 | 0,63 |0,2357 | 1,08 |0,3599 | 1,53 | 0,4370 | 1,98 | 0,4761 | 2,86 | 0,4979
0,19 |0,0753 | 0,64 |0,2389 | 1,09 |0,3621 | 1,54 |0,4382 | 1,99 | 04767 | 2,88 | 0,4980
0,20 |0,0793 | 065 |0,2422 | 1,10 |0,3643 | 1,55 | 0,4394 | 2,00 |0,4772 | 2,90 | 0,4981
0,21 |0,0832 | 066 |0,2454 | 1,11 |0,3665 | 1,56 | 0,4406 | 2,02 | 0,4783 | 2,92 | 0,4982
0,22 |0,0871 | 0,67 |0,2486 | 1,12 |0,3686 | 1,57 | 0,4418 | 2,04 | 04793 | 2,94 | 0,4984
0,23 10,0910 | 0,68 |0,2517 | 1,13 | 0,3708 | 1,58 | 0,4429 | 2,06 | 0,4803 | 2,96 | 0,4985
0,24 |0,0948 | 0,69 |0,2549 | 1,14 |0,3729 | 1,59 | 0,4441 | 2,08 |0,4812 | 2,98 | 0,4986
0,25 |0,0087 | 0,70 |0,2580 | 1,15 |0,3749 | 1,60 |0,4452 | 2,10 | 0,4821 | 3,00 | 0,4987
0,26 |0,1026 | 0,71 | 0,2611 | 1,16 |0,3770 | 1,61 | 0,4463 | 2,12 | 0,4830 | 3,20 | 0,4993
0,27 |0,1064 | 0,72 |0,2642 | 1,17 | 073790 | 1,62 | 0,4474 | 2,14 |0,4838 | 3,40 | 0,4997
0,28 |0,1103 | 0,73 | 0,2673 | 1,18 |0,3810 | 1,63 | 0,4484 | 2,16 | 0,4846 | 3,60 | 0,4998
0,29 | 01141 | 0,74 |0,2703 | 1,19 |0,3830 | 1,64 | 0,4495 | 2,18 | 0,4854 | 3,80 | 0,4999
0,30 |0,1179 10,75 |0,2734 | 1,20 | 0,3849 | 1,65 | 0,4515 | 2,20 | 0,4861 | 4,00 | 0,4999
0,31 |0,1217 | 0,76 |0,2764 | 121 | 0,3869 | 1,66 | 0,4505 | 2,22 | 0,4868 | 4,50 | 0,5000
0,32 |0,1255 | 0,77 | 02794 | 122 |0,3883 | 1,67 |0,4525 | 2,24 | 0.4875 | 5,00 | 0,5000
0,33 |0,1293 | 0,78 | 0,2823 | 1,23 |0,3907 | 1,68 | 0,4535 | 2,26 | 0,4881

0,34 10,1331 0,79 |0,2852 | 1,24 |0,3925 | 1,69 | 0,4545 | 2,28 | 0,4887 || ¢
0,35 |0,1368 [ 0,80 |0,2881 | 1,25 |0,3944 | 1,70 |0,4554 | 2,30 |0,4893 |+ |05
0,36 | 0,1406 | 0,81 |0,2910 | 1,26 |0,3962 | 1,71 | 0,4564 | 2,32 | 0,4898

0,37 |0,1443 | 0,82 |0,2939 | 1,27 |0,3980 | 1,72 | 0,4573 | 2,34 | 0,4904

0,38 |0,1480 | 0,83 |0,2967 | 1,28 | 0,3997 | 1,73 | 0,4582 | 2,36 | 0,4909

0,39 |0,1517 | 0,84 | 0,2995 | 1,29 |0,4015 | 1,74 |0,4591 | 2,38 | 0,4913

0,40 |0,1554 | 0,85 |0,3023 | 1,30 |0,4032 | 1,75 | 0,4599 | 2.40 |0,4918

0,41 10,1591 | 0,86 |0,3051 | 1,31 | 0,4049 | 1,76 | 0,4608 | 2,42 | 0,4922

0,42 | 01628 | 0,87 | 0,3078 | 1,32 | 0,4066 | 1,77 | 0,4616 | 2,44 | 0,4927

0,43 | 0,1654 | 0,88 | 0,3106 | 1,33 | 0,4082 | 1,78 | 0,4625 | 2,46 | 0,4931

0,44 |0,1700 | 0,89 |0,3133 | 1,34 | 0,4099 | 1,79 | 0,4633 | 2.48 | 0,4934
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Mpunoxenue 3. Tabnuua sHaueHuit t, = t(y.n).

0,95 0,99 0,999 y| 0,95 0,99 0,999
n n
5 2,78 4,60 8,61 |20 2,093 2,861 3,883
6 2,57 4,03 6,86 |25 2,064 2,797 3,745
7 2,45 3,71 596 |30 2,045 2,756 3,659
8 2,37 3,50 5,41 35 2,032 2,720 3,600
9 2,31 3,36 5,04 |40 2,023 2,708 3,558
10 2,26 3,25 4,78 |45 2,016 2,692 3,527
11 2,23 3,17 459 150 2,009 2,679 3,502
12 2,20 3,11 444 160 2,001 2,662 3,464
13 2,18 3,06 432 |70 1,996 2,649 3,439
14 2,16 3,01 4,22 180 1,991 2,640 3,418
15 2,15 2,98 414 190 1,987 2,633 3,403
16 2,13 2,95 4,07 100 1,984 2,627 3,392
17 2,12 2,92 4,02 1120 1,980 2,617 3,374
18 2,11 2,90 3,97 | 1,960 2,576 3,291
19 2,10 2,88 3,92

MpunoxeHue 4. Tabnuua sHadeHuii q, =q(y.n).

0,95 0,99 0,999 y| 0,95 0,99 0,999
n n
5 1,37 2,67 5,64 120 0,37 0,58 0,88
6 1,09 2,01 3,88 |25 0,32 0,49 0,73
7 0,92 1,62 2,98 |30 0,28 0,43 0,63
8 0,80 1,38 2,42 |35 0,26 0,38 0,56
9 0,71 1,20 2,06 |40 0,24 0,35 0,50
10 0,65 1,08 1,80 |45 0,22 0,32 0,46
11 0,59 0,98 1,60 |50 0,21 0,30 0,43
12 0,55 0,90 1,45 |60 0,188 0,269 0,38
13 0,52 0,83 1,33 |70 0,174 0,245 0,34
14 0,48 0,78 1,23 |80 0,161 0,226 0,31
15 0,46 0,73 1,15 190 0,151 0,211 0,29
16 0,44 0,70 1,07 | 100 0,143 0,198 0,27
17 0,42 0,66 1,01 1500 0,115 0,160 0,211
18 0,40 0,63 0,96 |200 0,099 0,136 0,185
19 0,39 0,60 0,92 |250 0,089 0,120 0,162
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MpunoxeHue 5. Kputnyeckne To4kn pacnpeneneHus ;(2.
V - qucino cmenenel 6'60600bl, a - YPOBEHb 3HAYUMOCNIU.

0,20 0,10 0,05 0,02 0,01 0,001

Vv

1 1,642 2,706 3,841 5,412 6,635 10,827
2 3,219 4,605 5,991 7,824 9,210 137,815
3 4,642 6,251 7,815 9,837 11,345 16,266
4 5,989 7,779 9,488 11,668 13,237 18,467
S) 7,289 9,236 11,070 13,388 15,086 20,515
6 8,558 10,645 12,592 15,033 16,812 22,457
7 9,803 12,017 14,067 16,622 18,475 24,322
8 11,030 13,362 15,507 18,168 20,090 26,125
9 12,242 14,684 16,919 19,679 21,666 27,877
10 13,442 15,987 18,307 21,161 23,209 29,588
11 14,631 17,275 19,675 22,618 24,795 31,264
12 15,812 18,549 21,026 24,054 24,217 32,909
13 16,985 19,812 22,362 25472 27,688 34,528
14 18,151 21,064 23,685 26,783 29,141 36,123
15 19,311 22,307 24,996 28,259 30,578 37,697
16 20,465 23,542 26,296 29,633 32,000 39,252
17 21,615 24,769 27,587 30,995 32,409 40,790
18 22,760 25,989 28,869 32,346 34,805 42,312
19 23,900 27,204 30,144 33,678 36,191 43,820
20 25,038 28,412 31,410 35,020 37,566 45,315
21 26,171 29,615 32,671 36,343 38,932 46,797
22 27,301 30,813 33,924 37,659 40,289 48,268
23 28,429 32,007 35,172 38,968 41,638 49,728
24 29,553 33,196 36,415 40,270 42,980 51,179
25 30,675 34,382 37,652 41,566 42,314 52,620
26 31,795 35,563 38,885 42,856 45,642 54,052
27 32,912 36,741 40,113 44,140 46,963 55,476
28 34,027 37,916 41,337 45,419 48,278 56,893
29 35,139 39,087 42,557 46,693 49,588 58,302
30 36,250 40,256 43,773 47,962 50,892 59,703
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k

MNpunoxeHue 6. 3HadyeHunsa P, = %e'a (PacnpegeneHue Nyaccona).

a 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

K

0 0,9048 | 0,8187 | 0,7408 | 0,6703 | 0,6065 | 0,5488 | 0,4966 | 0,4493 | 0,4066

1 0,0905 | 0,1638 | 0,2222 | 0,2681 | 0,3033 | 0,3293 | 0,3476 | 0,3595 | 0,3659

2 0,0045 | 0,0164 | 0,0333 | 0,0536 | 0,0758 | 0,0988 | 0,1217 | 0,1438 | 0,1647

3 0,0002 | 0,0019 | 0,0033 | 0,0072 | 0,0126 | 0,0198 | 0,0284 | 0,0383 | 0,0494

4 0,0001 | 0,0002 | 0,0007 | 0,0016 | 0,0030 | 0,0050 | 0,0077 | 0,0111

5 0,0001 | 0,0002 | 0,0004 | 0,0007 | 0,0012 | 0,0020

6 0,0001 | 0,0002 | 0,0003

a 1 2 3 4 5 6 7 8 9 10

K

0 0,3679 | 0,1353 | 0,0498 | 0,0183 | 0,0067 | 0,0025 | 0,0009 | 0,0003 | 0,0001 | 0,0000
1 0,3679 | 0,2707 | 0,1494 | 0,0733 | 0,0337 | 0,0149 | 0,0064 | 0,0027 | 0,0011 | 0,0005
2 0,1839 | 0,2707 | 0,2240 | 0,1465 | 0,0842 | 0,0446 | 0,0223 | 0,0107 | 0,0050 | 0,0023
3 0,0613 | 0,1804 | 0,2240 | 0,1954 | 0,1404 | 0,0892 | 0,0521 | 0,0286 | 0,0150 | 0,0076
4 0,0153 | 0,0902 | 0,1680 | 0,1954 | 0,1755 | 0,1339 | 0,0912 | 0,0572 | 0,0337 | 0,0189
5 0,0031 | 0,0361 | 0,1008 | 0,1563 | 0,1755 | 0,1606 | 0,1277 | 0,0916 | 0,0607 | 0,0378
6 0,0005 | 0,0120 | 0,0504 | 0,1042 | 0,1462 | 0,1606 | 0,1490 | 0,1221 | 0,0911 | 0,0631
7 0,0001 | 0,0037 | 0,0216 | 0,0595 | 0,1044 | 0,1377 | 0,1490 | 0,1396 | 0,1171 | 0,0901
8 0,0009 | 0,0081 | 0,0298 | 0,0653 | 0,1033 | 0,1304 | 0,1396 | 0,1318 | 0,1126
9 0,0002 | 0,0027 | 0,0132 | 0,0363 | 0,0688 | 0,1014 | 0,1241 | 0,1318 | 0,1251
10 0,0008 | 0,0053 | 0,0181 | 0,0413 | 0,0710 | 0,0993 | 0,1186 | 0,1251
11 0,0002 | 0,0019 | 0,0082 | 0,0225 | 0,0452 | 0,0722 | 0,0970 | 0,1137
12 0,0001 | 0,0006 | 0,0034 | 0,0126 | 0,0263 | 0,0481 | 0,0728 | 0,0948
13 0,0002 | 0,0013 | 0,0052 | 0,0142 | 0,0296 | 0,0504 | 0,0729
14 0,0001 | 0,0005 | 0,0022 | 0,0071 | 0,0169 | 0,0324 | 0,0521
15 0,0002 | 0,0009 | 0,0033 | 0,0090 | 0,0194 | 0,0347
16 0,0003 | 0,0014 | 0,0045 | 0,0109 | 0,0217
17 0,0001 | 0,0006 | 0,0021 | 0,0058 | 0,0128
18 0,0002 | 0,0009 | 0,0029 | 0,0071
19 0,0001 | 0,0004 | 0,0014 | 0,0037
20 0,0002 | 0,0006 | 0,0019
21 0,0001 | 0,0003 | 0,0009
22 0,0001 | 0,0004
23 0,0002
24 0,0001
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