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1. CIYUYAWHBIE COBBITUA. BEPOSITHOCTDH COBBITHUSA

Coobimuem HazbpiBaeTcsi M1000# (DaKT, KOTOPHIA B PE3yibTaTe OMbITA MOXKET
IIPOU30UTHU WJIA HE IPOUZOUTH.

Jlocmoeepnvim HazbiBaeTcsi coObITHE (), KOTOPOE MPOUCXOAUT B KaXIOM
OTIBITE.

Heeo3moicnbim Ha3biBaeTCsl coObiTHE I, KOTOpOE B PE3yJIbTaTe OIBITA
IIPOU30MTU HE MOXKET.

Hecoemecmubimu Ha3bIBAIOTCS COOBITUS, KOTOPHIE B OJHOM OIIBITE HE MOTYT
IIPOU30MTU OJHOBPEMEHHO.

Cymmou (oObenuHeHneM) nByX coObiTuii 4 u B (o6o3Hauaetcss A+B, AUB)
HA3bIBAETCA TAKOE COOBITHE, KOTOPOE 3aKIIOYAETCS B TOM, UTO MPOUCXOAUT XOTs ObI
OJTHO U3 COOBITHH, T.€. A K B, nin 00a 0THOBPEMEHHO.

Ilpou3zeedenuem (nepecedennem) nByx coobrtrii A u B (0603Havaetcs A-B, ANB)
HA3BIBAETCS TaKOE COOBITHE, KOTOPOE 3aKII0UYaeTCsl B TOM, 4TO 00a coObiTust 4 u B
IPOUCXOJISAT BMECTE.

Ipomugononoxcuvim cobbITHIO A HA3bIBACTCA TAKOe COOBITHE A, KOTOPOE
3aKJTFOYACTCS B TOM, YTO COOBITHE A HE TIPOUCXOIUT.

Cobwitus A, (k= 1, 2, ..., n) 00pa3yloT noIHyI0 2pynny, €CId OHH TOMApPHO
HECOBMECTHBI B CYMM€ 00pa3yIOT TOCTOBEPHOE COOBITHE.

[Ipu mpeoOpa3zoBaHWM BBIPAKCHUH MOXKHO IOJIB30BATHCA  CIEAYIOIIAMHU
TOXKJICCTBAMM:

A+ A=Q; A-A=; A+Q=Q; A-Q= A, A-D =,
A+B=4;,  A+B=A-B; A-B=A+B;, A+A-B=A+B.

Knaccuueckoe onpedenenue eepoammuocmu: BEpPOATHOCTh CIy4YailHOTO

coObITHS A onipeaensercs mo Gopmyrie

p(4)=", (1.1)
n
rae n — 4Yuciio paBHOBOBMO)KHI)IX HUCXOOJ0B JAHHOI'O OHLITa;
m — 4YucCJiio paBHOBO3MO)KHBIX I/ICXOI[OB, HpI/IBOI[HH_[I/IX K ITOABJICHUTIO CO6I)ITI/I$I.
I'eomempuueckoe onpeoenenue eepoamuocmu. I1ycth B HEKOTOPYIO 00JaCTh
clydailHeIM oOpa3oMm TomajgaeT Touyka 7, mpuyeM Bce TOYKH obsactu (2
paBHOHpaBHbI B OTHOIICHHUMU ITIOIIaAaHUA TOYKHU T Tor,ua 3a BepOHTHOCTb IHormagaHuAa
ToukH T B 0071aCTh A MPUHUMAETCSI OTHOIICHHE

S (4
p(A)=ﬁQ)), (12)

rae S(A) u S(€2) — reomeTpudeckre Mephbl (JUTMHA, TUIOIIAb, 00bEM U T.J.) 00acTeit
A u () COOTBETCTBEHHO.



OcHosnble KomOuUHamopHuvie hopmy.ivt

[Tycts umeercst MHOXkecTBO X = {X|, Xp, ..., X,;}, COCTOSIIIEE U3 N PATUUYHBIX

AJIEMEHTOB. (7, 7')-6b10OPKOIl HA3BIBAETCS MHOYKECTBO, COCTOSLIEE U3 7 3JIEMEHTOB,
B3ATBIX U3 MHOXXECTBA X.

Ynopsaoouennoii HaszpiBaeTcsi BBIOOpPKA, 11 KOTOPOM BaXXeH MOPSIOK
CIEA0BAHUs DJIEMEHTOB. ECIIM KaXIbI 3JIEMEHT MHOXKECTBA X MOXET M3BJIEKATHCS
HECKOJIBKO Pa3, TO BBIOOPKA HA3BIBACTCS 8bIOOPKOIL C NOGMOPEHUAMU.

Yucnno ynopsaodeHHbIX (71, 7)-BRIOOPOK (pazmewenuii) ¢ noropenusimu A7)
u 6e3 moBTopeHuit A(n, r) paBHO

A(n,ry=n", (1.3)

n!
(n—r)!
Ecimu r=n, TO pasmemnieHus 0e3 MOBTOPECHUI HA3BIBAIOTCS MEPECHAHOBKAMU,

T.C. 3TO — PACIOJIOKCHUEC JJICMCHTOB MHCXOAHOTO MHOKCCTBA B OIPCACICHHOM
IopsaKe. Yucno IEPECTAaHOBOK M3 1 3JICMCHTOB PaBHO

P, =n!=1-...-n. (1.5)

A(n,r)= (1.4)

[TycToe MHOXECTBO MOKHO YIOPSAOYUTH TOJIBKO OAHUM criocooom: Py = 0! = 1.
Yucino HeynopsAoueHHbIX (1, 7)-BBIOOPOK (CO¥emanuit) ¢ nosropenusimu C

) C r
u 6e3 nosTopenuid L, paBHO

Ar (n+r—1)!
R (1.6)
o (1.7)

ri(n—r)
Uucno pa3nuuHbIX pa30uMEHU MHOXKECTBA U3 71 JJIEMEHTOB Ha k
HEIEePEeCeKaroINXCcs MOJMHOXKECTB (MpUYeM B 1-M MOJAMHOKECTBE 7| 3JIIEMEHTOB, BO

2-M 75 BJIEMEHTOB | T.1I., A n = 1| + Iy +... + ;) PaBHO
!
Pn(rlﬂr29""rk):+ . (18)
nlnl.n!

Ilpumep 1.1. B maptuu TpaH3UCTOPOB /1 CTAHIAPTHHIX U m OpakoBaHHBIX. [Ipu
KOHTPOJIE OKa3aJI0Ch, YTO MEPBbIE kK TPaH3UCTOPOB cTaHAapTHBI. Hailtu BeposTHOCTD
p TOTO, 4TO CIEAYIOLIUN TPaH3UCTOp OYET CTaHJAPTHBIM.

Pewenue. Beero ocranoch Uit IpoBEpKU 1 + m — k TpaH3UCTOPOB, U3 KOTOPBIX
cTaHnapTHeIX 71 — k. [1o hopMyIie KiTacCHUecKOoro onpezeseHus: BEpOATHOCTH

n—k
n+m—k

Ilpumep 1.2. Cpenu KaHOIUOATOB B CTYJIEHYECKHH COBET (akysbTeTa TpU
NEPBOKYPCHHUKA, IISATh BTOPOKYPCHUKOB U CEMb CTYAEHTOB TPEThero Kypca. 13 storo



cocTaBa HayTraJl BBIOMpAIOT MATh 4YesloBeK. HalWTh BEpOATHOCTH TOTrO, 4YTO BCE
IEPBOKYPCHHUKH MOMAAYT B COBET.

Pewenue. Yucno cnocoboB BeIOpaTh MATh 4esoBek u3 3 + 5 + 7 = 15 paBHO

9yHuCily coueTanuid u3 15 nmo 5 (HeynopsmoueHHasi BLIOOpKa 6€3 MOBTOPEHUN):
C), = 150 3003,
5110!

BriOpaTte Tpex NEpBOKYPCHHKOB W3 TpPE€X MOXKHO OJHHUM CIIOCOOOM.

OcTaBIIMXCs ABYX YIEHOB COBETA MOKHO BBIOpath C[) Coco6amu:
, 120
2 2r10!

Hckomast BeposaTHocTh p = 66 /3003 =2/91.

Ilpumep 1.3. baHkoBckuil ceiid MMeeT KOJAOBBIM 3aMOK, COCTOSIIMN W3 MIECTH
JMCKOB C BOceMbl0 OykBamMu Ha KaxaoM. Ceild oTkpbiBaeTcss mpu Habope
€AMHCTBEHHON KOMOMHAIMU OYKB. 3JIOyMBIIUICHHUK TMBITAETCS OTKPBITH CEUd,
npyYeM Ha TPOBEPKY OJHOM KOJOBOW KOMOWHAIMHM y Hero yxomuT 10 cexyHn.
KakoBa BepOSITHOCTh TOTO, UTO 3JIOYMBIIIJICHHUK YCIEET OTKPBITh CEeil(, eciau B ero
pacnopsbkeHud 1 gac?

Pewenue. O603HaunM HCcKOMYyI0 BeposiTHOCTH uepe3 P(A). ITo dopmyne (1.1)
oHa OyAeT paBHa m/n . 371ech n — 0O0IEee YUCIO MCXOJI0B, PABHOE YHUCITY KOJOBBIX
KOMOHMHaLmii 3aMKa, OHO ompenensercs mo dopmyie (1.3) u pasro 8% m — umcio
ONMaronmpusITCTBYIOIIUX HMCXOJOB, B JaHHOM CJy4yae paBHOE YHCIy KOMOWHAIIHA,
KOTOpBIE YCIIeeT UCIPOOOBaTh 310YMBIIIJIEHHUK 3a 1 4dac, T.e. 360. Takum oOpazom,

MCKOMasl BEpPOSITHOCTh OyJeT paBHa P(A) = 38@ ~1,4-107.
3AJJAYN

1.1. Ilycts A, B, C — Tpu coObITus, HaOMOgaEMbIE B TAHHOM SKCIIEPUMEHTE.
Bripasuth cnenyronie codbitusi uepe3 coobitus A, B u C: D = {Hu ogHo U3 Tpex
coosiTuii A, B, C He mpousoiiner); E = {u3 tpex cobwituit A, B, C npousoiiaer
poBHO oxHo}; F = {u3 Tpex coOwiTuii mpoumsoiger poBHO nBa}; G = {u3 Tpex
cOOBITUM TIpON30HIET XOTs Obl 0J1HO|; H = {3 Tpex coObITHii TPOU30MACT HE MEHEE
TIBYX }.

Orger:
D=ABC,E=ABC+ ABC + ABC,F = ABC + ABC+ ABC,G= A+ B+C,H=AB+ AC+BC.

1.2. ITpubop cocTouT U3 ABYX OJIOKOB MEPBOIO THUIIA U TPeX OJIOKOB BTOPOTO
tuna. [Ipubop pabortaer, ecau ucnpaBeH XOTsA Obl OAMH OJIOK NEPBOrO THMNA U HE
MeHee JBYX 0J10Kk0oB BToporo tuna. Ilycts coObitus: A;, 1= 1, 2 — ucnpaseH i-il 6J10K
nepsoro tumna, B, j =1, 2, 3 — ucnpaseH j — 6110k BTOporo tuna. Beipasuts coObiTHE
C, o3nauaromee paboTy nmpudopa, gyepes coobIThs A, u B;.

OtBet: C = (A1 + Az)(Bl B2 +B1B3 + B2 B3)

1.3. Ky0, Bce TrpaHM KOTOPOTO OKpAIlICHbI, PACIUJICH Ha THICSYY KyOHKOB
onuHakoBoro pasmepa. llomydenHele KyOuku mepemenianbl.  OmnpeaenuTb



BEPOSITHOCTh TOT'O, YTO HAy/1auy U3BJICUEHHBIN KyOUK OyJeT UMETh JBE OKpAIlICHHBIC
rpaHu.
Ortser: 0,096.

1.4. I'pynma, cocrosimas U3 8 4EIOBEK, 3aHUMAET MECTA 3a KPYIJIbIM CTOJIOM B
ciaydailHoM mnopsake. KakoBa BEpOSITHOCTh TOTO, YTO JiBa OMNPEIEICHHBIX JHIA
OKa)XyTCsl CUJIAIIIUMU PSIAOM?

Otser: 2/7.

1.5. llecTp yenoBek BOLLIM B JU(MT HA MEPBOM 3TAaXKE CEMHUITAXKHOTO JOMA.
Cuurtas, 4To OO0 MACCAKUP MOMKET C PABHOM BEPOSATHOCTHIO BBIUTH Ha JIHOOOM
3TaXke, KpOME MEPBOro, HAUTU BEPOSITHOCTh TOTO, YTO HA KAXKJIOM 3Ta)K€ BBIMJIET MO
OJIHOMY MACCAXKHUPY.

Ortsert: 5/324.

1.6. U3 paspesnoii a30yku BoikiaapiBaeTcsi cioBo MATEMATUKA. 3atem Bce
OYKBBI ATOTO CJOBa MEPEMEIIMBAIOTCS U BBIKJIAJBIBAIOTCS B CIyYailHOM MOpPSJIKE.
KakoBa BeposITHOCTB TOTO, 4TO CHOBA noiyuutcst caioBo MATEMATHUKA

Otger: 6,6 - 10°°.

1.7. Camoner, uUMEONMNA pPAAUOJOKAIMOHHYIO CTAHIUIO C JaJbHOCTHIO
JNEUCTBUS d, OCYIIECTBIISIET TOMCK CO CKOPOCTHIO V B JIOCTATOYHO OOJIBIIIOM paiioHe
IOLIAAbI0 S, B 000N TOYKE KOTOPOTO MOKET HAaXOJIUThCS B TEUEHHE BPEMEHH t
MOJIBOAHAs JioAKAa. HaWTu BEpPOSATHOCTH p 06Hapy>KeHI/I;1 MOJBOJJHON JIOJKH, €CJIH
BpCM:A ! HEBCIUKO M JIOJKa 06Hapy}KI/IBaeTC}I IIpu IoMmagaHur B 30HY I[Gf/iCTBI/IH
paanojioKaTopa.

Otser: (nd” +2dv1)/S.

1.8. JIBa mapoxoja MOJKHBI MOJONTH K OJHOMY M TOMY XK€ mpuuany. Bpems
IpUXO0/Jla MApOX0JI0B HE3aBUCUMO U PAaBHOBO3MOKHO B T€U€HHE CYTOK. ONpenesnuThb
BEPOATHOCTh TOTO, YTO OJHOMY M3 MAapOXOJOB MPUIAETCSA OXKHUAATh MpUyaia, eCiid
BpEMsI CTOSIHKH IIEPBOr0 NTapoXoJa — OJIMH 4ac, a BTOPOro — JiBa 4Jaca.

Otset: 139/1152.



2. TEOPEMBI CJIOKEHUS 1 YMHOXKEHUS BEPOSITHOCTEH

BepositHOCTh cymmot necoemecmuvix codvimuit Ay, ..., A, paBHa cyMMme
BEPOSITHOCTEH ATUX COOBITHIA
n
p(A+4,+..+4,)=) p(4). (2.1)
i=1

BeposiTHOCT cymmpl 08yx coemecmubix codbimuii paBHa CyMME BEpOSITHOCTEMH
KaXKJI0T0 U3 COOBITUN MUHYC BEPOSATHOCTh UX COBMECTHOIO MOSIBJICHUS:

p(4 + B)=p(4) + p(B) —p(4 - B). (2.2)
BeposSTHOCTh cymmbl mpex co8MeCHHBLIX COObIMUI BBIYUCIACTCS 10
cienymoieit hopmyiie:

pA+B+C)=pld)+pB)+p(C)—p-B)-pB-C)—p(4-C)+pd-B-C).(2.3)
BepositHoCTh cymmut n cobvimuil A, ..., A, paBHa

P(Y 4) =3 p(4) -2 D p(4,4.)+ .

i=1 =1 iy=1
A (DYDY p(A A A )+ L+ (m D) p(A4,4,.4,).
=1 Q=1
C yuerom toro, uto p(A)=1- p(4), BEPOSITHOCTH CYMMEI 71 COOBITHI (eciu
n > 3) ynoOHee BEIYUCIIATH 110 (hopmyIie
pA+ A, +. . +A)=1-p(4-A,-...-4). (2.4)

BeposTHOCTh npouszsedenus 06yx cobvimuii paBHa BEPOSTHOCTU OJIHOTO W3
HUX, YMHOKEHHOHN Ha YCIIOBHYIO BEPOSITHOCTh BTOPOTO MPU HATUYUHU ITEPBOTO.

p(AB) = p(A)p(B/ A)= p(B)p(A/B). (2.5)

J171s He3aBUCHMBIX COOBITHI

p(AB) = p(A)p(B). (2.6)
BeposarHocts npouseedenun n coovimuii A;(i=1, 2, ..., n) paBHa
P Ay A)= p(A) (AT A) p(A A Ao p(A, A Ay 4,), (27
rne p(A4,/4 -...- A,_;) — BEpOSITHOCTb MOSIBIECHUS COOBITHSA Ay, IPU YCIOBHHU, UTO
cobeitus 4,, 4,, ..., A, | B JaHHOM OIBITE IPOUIOILLIH.

B cnydae He3aBUCHMBIX COOBITHI JaHHAs (opMyJia yIpoIaeTcs:

plAy- Ay ... - An) = p(4y) - p(4r) - ..o p(4y). (2.8)
Ilpumep 2.1. CooOiieHue mepenaeTcss OJHOBPEMEHHO IO 7 KaHallaM CBSI3H,
pyyYeM JIJIsl HAJEKHOCTU MO0 KKIOMY KaHaly OHO moBTopsieTcs k pas. Ilpu omHoi
nepenaye cooOieHrne (HEe3aBUCUMO OT JPYTUX) HCKaXAeTCS C BEPOSATHOCTHIO p.
Kaxnpiii kanam cBsizu (HE3aBUCMMO OT JPYTHX) «3a0WBaeTcs» IMOMEXaMu  C
BEPOSITHOCTBIO ¢; «3a0WTHIM» KaHAT HE MOXKET IepeaaBaTh cooOmeHus. Haitw
BEPOSITHOCTb TOTO, YTO aJpecaT MOJyYUT COOOIIEeHNE 0€3 UCKaKCHUIA.
Pewenue. O603Ha4UM COOBITHS:
A = {X0Ts OBbI OJIUH pa3 COOOIIECHNE TTepeIlaHO Oe3 UCKAKEHUM | ;



B;= {no i-my kaHamy cooOIiieHue XoTsa Obl OJuWH pa3 ObUIO mepenaHo Oe3

UCKKCHUM } .
Jlisl BBINOJIHEHUS COOBITUSA B, i-i KaHal, BO-IIEPBBIX, HE JOJKEH ObITh 3a0HUT

NOMEeXaMH U, BO-BTOPBIX, XOTs OBl OJIHO COOOIIEHHE IO HEMY HE JOJDKHO OBITh
UCKa)KEHO.

BepositHOCTB TOTO, YTO KaHAT HE «3a0UT» IMoMexamu, paBHa 1 —g.

BeposiTHOCTH TOTO, 9TO XOTS OBI OZJHO COOOICHHE MepeaaHo Oe3 ToMeX, paBHA
1 — pk (p — BEpOATHOCTDH TOTO, YTO BCE COOOIIEHUS NIEPEIAHbI C UCKAKCHUSIMH ).

Torna p(B) = (1 —q)-(1 — ph).

BepositHOCTh COOBITUSL A, COCTOAILIEIO B TOM, YTO XOTSI Obl Ha OJIHOM KaHaje
IPOU30UIET COOBITHE, paBHA

n n n
p(=p| UB |=1-pA)=1-p| | B |=1-[Ja-pB)=1-[1-1-g)1-p")]".
i=l i=1 =1

Ilpumep 2.2. KakoBa BEpOATHOCTh yrajaTh B CHOPTIOTO «5 u3 36» HE MeHee
TPEX HOMEPOB?

Pewenue. CoObiTne A — yramaTh HE MEHEe TPEX HOMEpPOB B CIIOPTIOTO —
pa30uBaeTCsS Ha CYMMY TPEX HECOBMECTHBIX COOBITHI:

A3 — yrajatb pOBHO TpU HOMEDA;

A,— yrajatb pOBHO Y€ThIpEe HOMEPA;

A5 — yraaatb poBHO MSTh HOMEPOB.

[Tpu atom p(A4) = p(A43) + p(44) + p(A4s), Tak Kak COOBITHS HECOBMECTHBI.

Haiinem BeposTHOCTh p(A3). Ans aToro Bocnonb3yemcs dhopmysoit (1.1). 3nech
oOmee yncino komObuHanmii n o dopmyne (1.7) Oyner paBHO YHCITYy BO3MOXKHBIX
3aII0JTHEHUM KapTOYEK:
=Cy = _ % 376992,

5136 -5)!
Yucno OnaronpusiTCTBYIOIIMX KOMOMHAIIMI m B 3TOM CIIy4yae OIpeAeseTcs

cleyromuM o6pa3oM. BeibpaTh Tpu HOMepa M3 MATH BhIMTpaBIIHX MoxkHO C; =10
cnocobamu. OAHAKO KaXKIbli BbIOOp TpeX NPaBUIbHBIX HOMEPOB COUETACTCS C
BBIGOPOM JIByX HEMPaBWJIBHBIX HOMepOB. UHcio Takux BeIGOpoK paBHO C;, =465.

Takum 00pa3oM, YHUCIO ONArOMPHUATCTBYIOIIMX COOBITUH PaBHO MPOU3BEICHUIO
HalICHHBIX YHCET:
m=C;-C;, =10-465=4650.
Torma P(4)="1=—400 _6123.10".
n 376992
Amnanoruuno Beraucastores p(A4,)=0,478-107, p(4,)=0,265-10". Taxum

00pa3om, HCKOMasi BEpOSITHOCTh OYJIeT paBHA
p(A4)=0,123-10""+0,478-107 +0,265-10° =0,128-10"" .

Ilpumep 2.3. B ypHe a OenbIx U b yepHbIX WapoB. 13 ypHBI BBIHUMAIOTCS Cpasy
nBa mapa. HaliTu BeposiTHOCTh TOTO, UTO 3TH IIAPhl OyAYT Pa3HbIX LBETOB.



Pewenue. Beenem cienyromue o0o3HaueHus: 4 — map Oemblil, B — map YepHbIH,
C — mapsl pa3Hbix 1BeTOB. CoObiTHEe C MOXKET MOSIBUTBHCS B JIBYX HECOBMECTHBIX
Bapuanrtax: (b, ) wnu (Y, b). [To npaBuiny yMHOKEHUSI BEpPOSITHOCTEM:

a b
p(AB)=p(A)-p(B/ A)= : ,
a+b a+b-1
b a

p(BA)=p(B)-p(A/B)=a+b°a+b_1.

[To mpaBuiTy CIIOKEHHS BEPOSTHOCTEH HECOBMECTHBIX COOBITHI

2ab
p(C) = p(4B)+ p(B4) = @i aib1)

3AJIAUM

2.1. BepostHOCTh 6€30TKa3HOM pabOThI OJ0Ka B TEUEHHUE 3aJJaHHOTO BPEMEHU
paBHa 0,8. JIis MOBBIIEHHUS HAIEKHOCTH YCTAHABIMBAETCA TAaKOW € pPE3ECpPBHBIN

650k. Halit BeposiTHOCTDh 0€30TKa3HOM pabOThl CUCTEMBI C PE3EPBHBIM OJIOKOM.
OtBert: 0,96.

2.2. JIBaanath ~ SK3aMEHAllMOHHBIX  OWJIETOB  colepXar IO JiBa
HEIMOBTOPSIOIINXCS BONPOCca. DK3aMEHYEMBbIN 3HAaeT OTBETHI Ha 35 BompocoB. Hailtu
BEPOSITHOCTh TOTO, YTO dK3aMEH OyJeT CllaH, €CJH JJI 3TOTO JOCTAaTOYHO OTBETUTH
HAa JBa BONpoca OJHOrO Owiera WM HAa OJUH BOMNpPOC Owiera W OJHH

JIOTIOJTHUTENIBHBIN BOMIPOC U3 IPYTUX OWIICTOB.
Otser: 0,837.

2.3. Ha miaxMaTHy1O JOCKY HayJady CTaBsT JBe Jajpu. Beraucnute P(B/A),

eciu A ={naiby MONaau Ha KJIETKU Pa3HOTO 1[BeTa}, B={ianbu MoObIOT APYT Apyra}.
Otser: 0,25.

2.4. XKrwopu coctouT u3 Tpex cynaeul. I[lepBbiii U BTOPO#l CyllbM NMPUHUMAIOT
IIPAaBUJIBHOE PELICHUE HE3aBUCUMO APYT OT Apyra C BEPOSATHOCTHIO p, & TPETUM CyAbs
JUIsl TIpUHATUAS perieHus Opocaer MoHeTy. OKOHYATEeNhbHOE pelICHUE SKIOPH
NPUHUMAET MO OOJBIIMHCTBY TrosiocoB. KakoBa BEpOSTHOCTh TOTO, YTO JKIOPH
OPUMET MPAaBUIIBHOE PELICHHE?

Otser: p.

2.5. Ilponomxkenue. Bece Tpoe 4neHOB )KIOPU NPUHUMAIOT HE3aBUCUMO JPYT OT
Jpyra NpaBUJIBHOE pPELIEHUE C BEPOSTHOCThIO p. KakuM MOIKHO OBITH p, YTOOBI
JaHHOE JKIOPH MPUHUMAJIO MPABUIBHOE pelIeHHe ¢ OONbIIeH BEPOSTHOCTHIO, YEM
KIOpHU U3 MpEeAbIAYILIEH 3a1aun?

OtBet: p>1/2.

2.6. Nmeetcs 10 kimrouen, U3 KOTOPBIX JIUIIL OJWH MOAXOJIUT K ABepu. Kiroun
npoOyroT moApsia. KakoBa BEpOSTHOCT, YTO TOJHBIM KIIIOY IOMAJACT HA YETBEPTOM
miare?

Ortser: 0,1.



3. POPMY.JIA TIOJJHOU BEPOSITHOCTU. ®POPMY.JIA BAUECA

JlommycTuM, 4TO MPOBOAMUTCS HEKOTOPBIN OMBIT, 00 YCIOBUSAX KOTOPOT'O MOXKHO
cAeNaTh N UCKIIOYAIOIIUX APYT Apyra MpeAnojoxenuit (eunomes): {H1, H, ...,
Hy}, Hi N Hj = npu i#.

CoObiTHe A MOXXET TMOSBIATHCS COBMECTHO ¢ ofHoW w3 rumote3 H;. Tornma
nonHan eeposmHocms CoOObITUSL A paBHA

p(A)=anp(Hi)-p(A/Hi). (3.1)

i=1
Ecnu onbIT mpou3BeneH U MPOU30ILIIO HEKOTOPOe COOBITHE A, TO ONMPEICTUTh
BEPOSITHOCTh TUIIOTE3bl [ ¢ y4E€TOM TOTO, YTO MPOU30ILIO COOBITHE A, MOKHO TIO
¢opmyne baiieca:

P(Hk)‘P(A/Hk)

P(H,)/ A)= (3.2)

n
ZP(Hi)'P(A/Hi)
i=1

Ilpumep 3.1. B mpomaxy MNOCTYNWIM TEJIEBU30pbI Tpex 3aBojoB. [Ipomykuus
nepBoro 3aBoja coaepkut 10% TeneBu3opoB ¢ nedekToM, BToporo — 5% u TpeThero —
3%. KakoBa BEpOSITHOCTb KyNUTh HEUCIIPaBHBINM TEIEBU30p, €CIM B MarasuH
noctynuwio 25% TeneBU30poB ¢ mepBoro 3aBoaa, 55% — co Broporo u 20% — c
TPETHETO?

Pewenue. C paccmaTpuBaeMbIiM coObITHEM A = {MPUOOPETECHHBIN TEIECBU30P

OKazaJics ¢ e(HEKTOM} CBSI3aHO TPH THMOTE3bI: H]| = {TeIeBU30p BHIMYIIEH MEPBHIM
3aBOJIOM }, ) = {BBbINyIIeH BTOPBIM 3aBOJIOM |, F{3 = {BBINYIIIEH TPETHUM 3aBOJIOM } .
BepostHOoCTH 3THX COOBITHI ompenenstorcss u3 yciaoBus 3amauu: p(Hp) = 0,25;
p(H2)= 0,55; p(H3) = 0,2. VYcinoBHble BEpOSTHOCTH COOBITUA A TaKke
omnpenensoTesa u3 ycnous 3anauu: p(A/Hjp) = 0,1; p(A/H) = 0,05; p(A/H3) = 0,03.
Otcrona no ¢popmysie IOTHONU BEPOSITHOCTH CIEAYET:

p(4)=10,25-0,1 +0,55-0,05 + 0,2-0,03 = 0,0585.

Ilpumep 3.2. Ha BXOI paaMONpPUEMHOTO YCTPOWCTBA C BeposiTHOCTHIO 0,9
MOCTYIAET CMECh IOJIE3HOTO CHUrHaja ¢ MoMeXoH, a ¢ BeposTHOCThiO 0,1 TOJBKO
nomexa. Ecnu mocTymaer mMOJE3HBIM CUTHA C TIOMEXOM, TO MPUEMHUK C
BeposSITHOCTHIO (0,8 perucTpupyer HaJu4re CUrHaja, €CJIM MOCTyHaeT TOJIbKO IoMexa,

TO PETUCTPUPYETCS HAIMUME CUTHAJIA C BEpOoATHOCTHIO 0,3. I3BeCTHO, 4YTO MPUEMHUK
MoKaszaja HaJn4yue curHaiga. KakoBa BEpOSITHOCTh TOrO, YTO CUTHAJI JIEMCTBUTEIBHO

npuien?

Pewenue. C paccmarpuBaeMbiM COOBITHEM A = {IPUEMHUK 3apErHCTPUPOBAIT
HaJM4YUe CHUTHalla} CBS3aHO JBE TUIOTE3bl: F| = {mpullen cCurHai u mnomexaj,
Hy = {pumna Ttonpko momexa}. BeposrHoct »stux runore3 p(Hi1) = 0,9,

p(H2)=0,1. YcnoBHble BEpOATHOCTU COOBITHS 4 MO OTHOUIEHUIO K Tunore3am H| u
Hy naxonum u3 yciosus 3anaun: p(A/H1) = 0,8, p(4/H) = 0,3.



TpeOyeTcst onpeneauTh YCIOBHYIO BEPOSTHOCTh TUIOTE3bI /1] 1O OTHOUIEHUIO K
COOBITHIO A, I Yero BocnoJibzyeMcs popmytioi baiteca:

D(H, | 4) = p(H,) - p(4/ H,) _ 0,9-0,8 _
p(H,) - p(A/H)+ p(H,)-(A/H,) 09-0,8+0,1-0,3

Ilpumep 3.3. [Ins peuieHus BONPOCA UATA B KMHO WIM HA JIEKIUIO, CTYICHT
noaOpaceiBaeT MOHETY. Eciu cTyeHT moiiieT Ha JIeKIHI0, OH pa3depeTcst B TeMe C
BeposATHOCTHIO 0,9, a ecnu B KMHO — ¢ BepoATHOCTHIO 0,3. KakoBa BEpOATHOCTH TOTO,
YTO CTYJAEHT pa3z0epercs B Teme?

Pewenue. Ilpumenum dopmyny nonHoi BepositHocTd (3.1). Ilycte 4 —
COOBITHE, COCTOSIIIEE B TOM, UTO CTYJEHT pa3oOpalics B TeMe, COObITHE (THUIIOTE3a)
H; — cryneHTt uner B KUHO, [, — CTyJEHT UJET Ha JICKIUIO. M3BECTHBI U3 yCIIOBUS
3aJlay¥ CJIEIYIONUE BEPOSITHOCTH:

P(H,)=P(H,)=0,5; P(A4/H)=0,3; P(A/H,)=0,9.

Hckomast BepOSTHOCTh COOBITHS A OyAeT paBHA

P(4A)=P(H,) - P(A/ H))+ P(Hy) - P(A/ H)=0,5-0,3+0,5-0,9=0,6.

Ilpumep 3.4. Ilyctb ogna moneta u3 10 000 000 umeer repd ¢ 06enx CTOPOH,
ocTaJibHbIe MOHETHI 0ObIuHBIE. Hayraa BeiOpaHHas MoHeTa Opocaercs NecaThb pas,
npuyYeM BO Bcex OpocaHMsX OHA mMajaaer repOom kBepxy. KakoBa BepoSATHOCTH TOTO,
4yTO OBLJIa BEIOpaHAa MOHETA C IBYMsI repoamu?

Pewenue. Tlpumenum ¢opmyny baiteca (3.2). Ilyctb coObiTie A — MOHeTa
JeCSATh pa3 MoApsAN magaeT repoom kBepxy. ['mmoressl: H; — BhIOpaHa OOBIYHAS
MoHeTa; [, — BeIOpana MoHeTa ¢ AByMsa repoamu. [lo yciaoBuio 3amaun He0OX0IUMO
OTIPENIENTh YCIOBHYIO BeposTHOCTh P(H,/ A). Heusectasie B Qopmyne (3.2)
BEPOSITHOCTH PaBHBI

9

P(H,) = 0,9999999; P(H,)=10";
P(A/H)=0,5", P4/ H,)=1.
CrnenoBaTenabHO,
P(H,)- P(A/ H)) 1071

P(H,/ A)= ~1,02-107".

P(H,)-P(AlH))+ P(H,)- P(A/H,) 107 -1+ 0,9999999-0,5"

3AIAUM

3.1. Umerotcs aBe ypHbl. B mepBoii ypHe Ba OelbIX M TpU YEPHBIX IIapa, BO
BTOPOW — TpU OENbIX U HATh YepHbIX. V3 mepBoi U BTOPOW ypH HE IisAs OepyT MHo
ONHOMY IIApy H KIAaAyT HUX B Tperbio ypHy. lllaper wu3 TpeTpenn ypHBI
nepeMEeIInBaOTCA U OepyT U3 Hee Hayraja oauH map. HallTu BEpOATHOCTH TOTO, YTO
ATOT 1mIap OyAeT OebIi.

Otser: 31/80.

3.2. Ilpubop, ycTaHOBIEHHBIA HAa OOpPTy camoJlieTa, MOXKET paboTaTh B JIBYX
peKHUMax: B YCIOBHSIX HOPMAJIBHOTO TIOJIETa M B YCIIOBHUSAX MIEPETPY3KH TIPH B3JIETE U
nocanke. Hopmanbnbiii pexum mnonera cocrasinsger 80%  BpeMeHU TMoOJeTa,
neperpy3ka — 20%. BeposTHOCTh BbIXOoAa MpuOOpa M3 CTPOs 3a Bpems MojeTa B



HOpMalibHOM pexume paBHa 0,1, B ycinoBusax neperpy3ku — 0,4. Byrauciauts

HaJICKHOCTH ITPUOOpa 3a BpeMs IoJIeTa.
Ortser: 0,84.

3.3. llectp mapoB, cpeau KOTOPBIX 3 OeNbIX M 3 YepHBIX, paclpeieseHbl 10
nByM ypHaMm. Haynauy BbelOMpaeTrcss ypHa, a u3 Hee oauH mmap. Kak HyXHO
pacrnpefeNnuTh mapbl MO0 ypHaMm, 4TOObI BEpPOATHOCTh BBIHYTH O€lNblil IIap Oblia
MaKCHUMaJIbHOM ?

OTBeT: B OAHOW ypHE OAMH O€NbIii ap, a B IPYroil — oCTalIbHbIE.

3.4. Cpenu noctynaromux Ha cknan neraneit 30% — u3 nexa Ne 1, 70% — u3

nexa Ne 2. BepositHocTh Opaka mns nexa Ne 1 pana 0,02; mnsa nexa Ne 2 — 0,03.

Haynauy B3sitast netans okaszanach qoOpokadecTBeHHOM. KakoBa BEpOSITHOCTH TOTO,
YTO OHA M3roToBJIeHa B 11exe Neo 1?

Otser: 0,302.

3.5. B naByx kopoOkax HMEIOTCS OJIHOTHUIIHBIE KOHJEHcATopbl. B mepBoi
KopoOke 20 KOHJEHCAaTOpOB, W3 HHUX 2 HEUCIHpPaBHBIX, BO BTopoil 10, u3 Hux 3
HeucrnpaBHbIX. Hayraa B3sIThI KOHIEHCATOP OKazalcs roaHbiM. M3 kakoil KopoOku
OH BEPOSTHEE BCEro B3ST?

OTBeT: 13 NepBO.

3.6. IlpubGop cocToUT U3 ABYX NOCJIEAOBATEIbHO BKIIOYEHHBIX Y3JIOB.
HanexHocTh (BepoSATHOCTh O€30TKa3HOM pabOThl B TE€UeHHE BpeMeHH 1) mepBoro
y3ma paBHa 0,9, Broporo 0,8. 3a BpeMs HCOBITAHUA B TEUYCHUE BpEeMEHU T
3apEerucTpUpOBaH OTKa3 mnpubopa. HailTu BepoOsSTHOCTH TOro, YTO OTKa3aj TOJIBKO

NIEPBBIN y3€Il.
OtBert: 0,85.

3.7. Tpu cTpenka mpou3BOIAT IO OJHOMY BBICTPEIY B OJHY U Ty K€ MUIIICHb.
BepostHocTH TIOmanaHus B MUIIEHb IPU OJHOM BBICTpENiEe JJIsg KaKIOTO CTpeJika
cooTBeTcTBeHHO paBubl: 0,7, 0,75, 0,8. KakoBa BepOATHOCTH TOr0, YTO BTOPOM

CTPEJIOK IIPOMAXHYJICS, €CJIH TTOCJIE BHICTPEIIOB B MUIIIEHHU OCTAJIOCh ABE MMPOOOUHBI?
Ortser: 0,33.

3.8. [lo xanamy cBs3u nepenaeTcs MUPPOBON TEKCT, COACPKALIUN TOJIBKO TPU
mugpel 1, 2, 3, KOTOpble MOTYT MOSBIATHCS B TEKCTE€ C PaBHOM BEPOATHOCTHIO.
Kaxnas nmepenaBaemasi nudpa B CHIIy HaJdW4uds IIyMOB IPUHHUMAETCS MPaBUIBHO C
BeposiTHOCTBIO 0,9 m ¢ BepositHOCTRIO 0,1 mpuHUMaeTcs 3a Kakyr-au0o JIPyTyro
mugpy. Ludpel nckaxaroTcs HE3aBUCUMO JIPYT OT Apyra. HallTu BeposTHOCTH TOTO,

yT0 OBLTO Nepenano 111, ecau npunsito 123.
Otset: 0,0025.



4. TIOBTOPEHUA HE3ABUCHUMBbIX OIIBITOB

[IycTp NpOM3BOAMUTCS 1 HE3aBHUCUMBIX OJMHAKOBBIX OIBITOB. B pesynbrare
Ka)XJIOTO OIbITa COOBITHE A TIOSABISICTCS C BEPOSITHOCTHIO p. BepostHocTs P(n, k)
TOTO, YTO B MOCJEJOBATEILHOCTU U3 1 OMBITOB COOBITHE A MPOU30MAET POBHO k pa3
(¢popmyna bepuynnu), paBHa

B=C". p.g"* = n! kLgmk o<k <
k(n—k)!
rjae g =1 — p — BEpOSITHOCTb TOTO, YTO COOBITHE A HE MPOU3OMIET B OJTHOM OTIBITE.
Brruucnenue BepostHocteit P(n, k) npu 00nbIIMX 3HAYEHUsIX n 10 Gopmylie
bepnynnmu npobiaemaruyno. [103TOMy BBIYUCIIEHHE COOTBETCTBYIOIINX BEPOATHOCTEH
MPOBOJUTCS C TIOMOIIIBIO CIAETYIOMUX MTPUOIMKEHHBIX POopMyII.
Ecnu xonmuuecTBO MCHBITAHUNA BEJIUKO 71 —> 00, a BEPOSTHOCTh COOBITHS MaJia
1
p—0, tak uto np > a, 0 < a <o u p << T, TO HUCIOJIb3YETCS hopmyna
n

Ilyaccona
k

a _, —
P(n, k)zﬁ-e ,k=0,n 4.2)

Ecau xonmuecTBO UCHBITAHUN 71 BCJIMKO, BCPOATHOCTH p U ¢ HC MAJIbl, TaK 4YTO
BBIITOJIHATOTCA CIICAYIOIUC YCIIOBHUA:

0<np—-3\npg, np+3npg <n,

TO IPUMEHSIOTCS MpUuOInKeHHbIe hopmynsl Myaepa—/lannaca:

— JIOKAIbHAA P(n, k) = 2 ) (4.3)
\Ipq

rae ¢(x) = ! ex _x_2

(D \/E p 2 >

e k—np ;

\Nnpq
— UHmMezpaIbHaA P(n, k <k <k)=D(x,)-D(x,), (4.4)
e x, = (k,—np) ¥, = (k; —np)
npq \IPq

2

1 7 X
O(x) = E _[ CXp L‘;j dx — ¢byuknus Jlammaca.
0

OyHkuu @(x) U O(x) TadyaupoBansl (cM. npunoxenue). [Ipu ucnonp3zoBaHuu
TaOJIUIl CIEyeT MOMHUTh, 4TO (O(X) sBisAeTcs deTHoH (p(—x) = ¢(X)), a byHKIUS
Jlarmaca — HeyeTHOU (D(—x) = —D(X)).



[TycTh NMpPOM3BOIUTCS CEepUs W3 7 HE3aBUCHUMBIX HCIIBITAHUH, B PE3yNbTaTe
KKJIOTO M3 KOTOPBIX MOXXET IOSBHUTHCS OIAHO M3 coObITUd A1, A), ..., Ay C

BEPOSITHOCTSIMH P, P2, ... , Py COOTBETCTBEHHO.
BeposiTHOCTB TOTO, YTO B CEpUU U3 71 UCTIBITAHUNA COOBITHE 4] HACTYIMUT POBHO

k1 pa3, cobsiTue A2 — kp pas, ..., coobitue A, — k- pasz (k1 + ... + k- = n), paBHa
n!

k! k!

”

Pk, ....k.) = plpl L ph (4.5)

Ilpumep 4.1. Tlo xaHamy cBsi3M mepenaercs n = 6 COOOIIECHUM, KaXI0€ H3
KOTOPBIX HE3aBUCMMO OT JPYTMX C BeposTHOCThIO p =0,2 oOKa3bpIBaeTcs
UCKa)KeHHBIM. HaliTi BEpOATHOCTH CIEIYIONUX COOBITHIA:

A = {pOBHO J1Ba COOOIIICHUS U3 IIECTH UCKAKEHBI |,

B = {He meHee ABYyX COOOIICHUH U3 IECTH UCKAXKEHBI |,

C = {Bce coobuieHust OyayT nepeaanbl 0€3 UCKAKEHUM |,

D = {Bce cooO1eHus Oy 1yT UCKAKECHBI | .

Pewenue. I1o popmyne bepuymnm (4.1)

P(A)=C-p*-(1-p)* :%0,22 -0.8*=0,197,
P(B)=P(6,2) + P(6,3) + P(6,4) + P(6,5) + P(6,6) = 1- P(6,0) — P(6,1) =
=1-Cp°1-p)°-C.p'(1-p) =1-0,8-6-0,2"'-0,8 =0,345,

P(C)=(1-p)°=0,262, P(D)=p°=0,2°=0,000064.

Ilpumep 4.2. BeposTHOCTb MOSABICHUS COOBITHS A 3a BpeMs HCHBITAHUNA paBHA
0,8. Omnpenenutb BEpOSITHOCTh TOro, uTO B 100 ucnbITaHUSIX COOBITHE A TOSBUTCS:
a) 80 pa3; 6) He menee 75 u He 6omee 90 pa3; B) HE MeHEe 75 pas.

Pewenue

1) Bocnonb3yeMmcs JokalibHOM TeopeMoit MyaBpa—Jlamnnaca:

P(100,80) =2 y= 0710008 _

J100-0,8-0,2° \/100-0,8-0,2
¢(0) = 0,3989, torna P(100,80) = 0,0997.
2) CornacHo UHTErpainbHOI Teopeme MyaBpa—Jlamaca
9080 75-80
P(100,75 <k<90)= B\ — — |=P| — —|=
=d(2,5) - D(—1,25) = D(2,5) + O©(1,25).
3nauenne ¢ynknuu Jlammaca ompenensem mo tabnune Jlammaca: @(2, 5) =
=0,4938; d(1, 25) = 0,3943. P(100, 75 < k£ <90) = 0,8881.

3AIAUM

4.1. VYcTpoHMCTBO COCTOMT M3 8 HE3aBUCHUMO padOTAIOIIMX 3JIEMEHTOB.
BeposiTHOCTH OTKAa30B Ka)XJAOro M3 3JIEMEHTOB 3a BpeMs 1 OJWHAKOBBI U PaBHBI



p =0,2. HailfTu BeposITHOCTh OTKa3a MpuUOOpa, €CIU JUIsl 3TOTO JOCTATOUHO, YTOOBI

OTKa3aJu XOTs OBl 3 3JIeMEeHTa U3 BOCbMHU.
Ortser: 0,203.

4.2. Ha koHTponb MOCTynuia naptus AeTtanedl u3 uexa. M3BectHo, uto 5%

BCEX JeTajed He YAOBJIETBOPSIOT cTaHAapTy. CKONBKO HYXHO HUCIBITaTh JETajeH,

9TOOBI C BEPOATHOCTHIO HE MeHee (0,95 oOHapyXUTh XOTS ObI OHY HECTAaHIAPTHYIO
NeTab?

Otser: n > 59.

4.3. BeposTHOCTb MOSIBIEHUs COOBITUS B OAHOM ombiTe paBHa (,78. Uemy
PaBHO HaWBEPOSITHEUIIIEE YHUCTIO HACTYTUICHUSI cOOBITHS B 150 ombITax?
Otser: 117.

4.4, BeposTHOCTh TOSIBJIEHUS COOBITMM B KaxaoM u3 100 He3aBHCHUMBIX
ucnbiTanuu paBHa p = 0,8. HailTu BeposATHOCTH TOTO, YTO COOBITHE TOSBIISICTCS HE
MeHee 75 pa3 u He 6oiiee 90 pa3z?

OrtseT: 0,8882.

4.5. Ilpu nepenade cooOIIeHUsT BEPOSTHOCTh UCKAKEHUS OJTHOTO 3HAKa paBHA

0,1. Haiftu BeposTHOCTH TOTO, 4TO cooOIeHre u3 10 3HaKoB: a) He OyAeT HCKaKEHO;
0) COAEPKUT TPHU UCKAKECHHUS; B) COJICPKUT HE 00JIee TPEX UCKAKCHHM.

Otgert: a) 0,3487; 6) 0,0574; B) 0,9872.

4.6. U3 omnoit OBM B apyryro HeoOxomumo Tmiepeciath (aitn oObemMoM
10 000 cumBoi0B. BeposiTHOCTB omnOKHU npu nepenade cumpodia coctasiisieT 0,001.

a) OMpeJIETUTh BEPOATHOCTH 0€30IIMO0UHON Nepenayn (aiina;

0) BBIUMCIUTH BEPOSITHOCTH TOrO, YTO B MepeaaHHoM (aiiie OyJeT POBHO
10 omm60K;

B) OIpEAeNIUTh, KaKoBa JOJKHA OBITh BEPOATHOCTh OLIMOKMU TPH Iepenade
OJIHOTO CMMBOJIa, YTOOBI BEPOSITHOCTD Mepeaadn Beero ¢aiia 06e3 omumboK cocTaBuiia
0,99.

OtBer: a) 8,54:10°%; 6)0,126; B) 1,005-10°°.

4.7. BeposTHOCTb MOSABIICHUS COOBITHS B KaXKJOM U3 HE3aBUCUMBIX HUCIBITAHUIA
paBHa 0,8. CkOJIBKO HY>XHO MPOBECTH HUCHBITAHHUMA, 4YTOOBI C BeposATHOCTHIO 0,9
MOHO OBLIIO 0XKHUJATh, YTO COOBITHE TTOSIBUTCS HE MEHee 75 pas.

Otset: 100.

4.8. BeposTHOCTDh ycriexa B KaKJIOM UCIIBITAHWU paBHA p. HaliTu BeposSTHOCTH

TOTO, YTO k-i MO TOPSAAKY yCHEX MPOUCXOIUT B #-M HUCHBITAaHUU. BBIUKMCIUTH ATy
BeposiTHOCTL y1st p = 0,7; k=5, n = 12.

Otset: 0,0011.



5. CIYUAMHAS BEJIMUMUHA. 3AKOH PACIIPEJIEJIEHUS

[Ton cayuainon eeauuunon (CB) mnoHuMaercs BeJIWYMHA, KOTOpas B
pe3yJibTaTe OIbITa CO CIYyYallHBIM HCXOJOM MNPUHUMAET TO WM HWHOE 3HAYEHUE,
MpUYeM, 3apaHee, /10 OIbITa, HEU3BECTHO, Kakoe MMeHHO. CiydailHble BEJIMYMHBI B
3aBUCUMOCTH OT BHJIa MHOXKECTBA 3HAUYEHUUW MOTYT OBITh OUCKPEmHbIMU WA
HEeNnpepblGHLIMU.

3axon pacnpedenienua CIy4yaliHOUW BEJIUUMHBI — 3TO Jt00ast PyHKIMS, TaOIUIa,
IpaBUJIO U T.M., YCTAaHABJIMBAIOIIAs COOTBETCTBUE MEXAY 3HAUCHUSIMU CITydailHOM
BEJIMYMHBI U BEPOSTHOCTAMU €€ HACTYIUJICHUS.

@Dyukyueil pacnpedeneHus CIy4ailHON BEIWYMHBI X HA3bIBAETCA BEPOATHOCTH
TOTO, UTO OHA MMPUMET 3HaYEHUE MEHbIIIEE, YeEM apTYMEHT (DYHKIUU X:

Fx)=p{X<x}. (5.1)
CBolicTBa PYHKIIUU pacTIpeICICHHUS:
1. F(—)=0.
2. F(+o0) = 1.
3. F(x1) £ F(x,), npu x; <X,.
4. p(a< X<b)=F(b)— F(a). (5.2)

Paoom pacnpedenenusn nuckpetHoir CB X HazpiBaeTcsi Tabiuila, B BepxXHEU
CTpPOKE KOTOpPOH MepednciieHbl Bce BO3MOXHbIe 3HadeHus CB xq, x,, ..., x,, (x;.1 <X;),

a B HIDKHEW — BEpPOATHOCTH UX MOSABJICHUS Py, Po, ... , P, » THE p; = p{X = Xx;}.

X; X1 X Xn
Pi P1 P2 Pn
Tak xak coobiTust {X = x1}, ..., {X = x,,} HECOBMECTHBI U 00pPA3yIOT MOIHYIO
IpyIIly, TO CIPABEIJIMBO KOHTPOJIBLHOE COOTHOIIICHUE
prtp,t+..+p, =1 (5.3)

OyHKIMs pacnpenenaeHus arooi nuckpetnoit CB ecTh pa3pbiBHas CTyleHYaTas
(GYHKIMS, CKaYKU KOTOPOM MPOUCXOJAT B TOYKAaX, COOTBETCTBYIOIIUX BO3MOXHBIM
3HAYEHUSM CIIyYalHOW BEJIMYHUHBI, U PABHBI BEPOSITHOCTAM ITUX 3HAYEHHUI:

F(x)=) p(X=x,) (5.4)
X;<x

IThomnocmuio pacnpedenenusn (IIIOTHOCTBIO BEPOSATHOCTH) f(X) HETIPEPHIBHOM

CIlyyailHOU BeJIMYMHBI X Ha3bIBA€TCs MPOU3BOIHAA €€ (DYHKIIMH paclpeaesIeHUs

< —
f(x):limP{x_X<x+Ax}:limF(x+Ax) F(x):dF(x):F,(x)- (5.5)
Ax—0 Ax—0 Ax dx
OCHOBHBIE CBOMCTBA IJIOTHOCTHU PACTIPE/ICTICHHUS:
1. IlnmoTHOCTB pacnpeneneHus HeoTpunarenbHa: f{x) > 0.
2. YcrnoBue HOPMUPOBKH: I f(x)dx =1. (5.6)

—00
3. BeposiTHOCTh ONIajaHus CIIy4allHOM BEIMYMHBI X Ha MPOU3BOJIBHBIA YYaCTOK
[a, b paBHa



pla< X <b)= jf(x)dx. (5.7)

4. ®ynkuus pacupenesneHus F(x) ciydaitHol BeTUUUHBI X BhIpakKaeTcs uyepes ee
IJIOTHOCT:

F(x)=p{X <x} = pl-o< X <x}= [ f(x)d (5.8)

Ilpumep 5.1. 1lo OmHOW W TOW K€ CTAPTOBOM IMO3ULMU MPOTUBHHUKA
IPOU3BOJUTCS MYCK M3 IMATH PAKET, MPUYEM BEPOATHOCTh MOMAJAHUS B LEIb IPH
KaKIOM IIycKe OJHOM pakeTsl paBHa 0,6. Uuciio nomamaHuii B 1esb — CiaydanHas
BenuunHa X. OmnpenenuTs psa  pacnpeaeneHuss U QYHKIUIO pacupeleseHus
BEJINYUHBI X.

Pewenue. Cnyuaitnas BenuunHa X MOXKET MIPUHUMATh Clieayromue 3HadeHus: 0,
1, 2, 3, 4, 5. Haiinem BEpOsSITHOCTb MNPUHATUS BEIMYMHOW X OSTUX 3HAYCHUH,
ucronb3ys Gopmyny beprymu:
P{X =0}=(1-p)’ =0,4"=0,01024 ,
P{X =1} =C;p(1- p)* =5-0,6-0,4* =0,0768,
(X =2} =C2p*(1- p)’ =10-0,67-0,4° = 0,2304,
P{X =3}=Cip’(1-p)’ =10-0,6"-0,4° = 0,3456,
(X =4}=Cip*(1-p)=5-0,6'-0,4=0,2592,
(X =5\ =p"=0,6"=0,07776.
Psin pacnipenenenust umeeT BU
X; 0 1 2 3 4 5
Di 0,01024 | 0,0768 | 0,2304 | 0,3456 | 0,2592 | 0,07776

OyHKLIHIO pacTpeesieHus onpeaenuM mo gopmyse (5.4) 1 nepeMeHHbIX:
x<0 F(x)=0,
0<x<1 F(x)=p, =0,01024,
1<x<2 F(x)=p,+ p, =0,08704,
2<x<3 F(x)=p,+p +p,=031744, 1T
3<x<4 F(x)=p,+p, +p,+p;, =0,66304,
4<x<5 F(x)=p,+p +p,+p,+p, =092224, 0.57
x>5 F(x)=py,+p +p,+ps+p,+ps=1.

F(x)

0
X =0 1017 | 162 | J2:3] | 13:4] | 14 5] >3
F(x) 0  [0,01024|0,08704 | 0,31744 | 0,66304 | 0,92224 1

Ilpumep 5.2. CnywailHas BenuuuHa X  pacmpeleneHa IO — 3aKOHY,
OTIpeEIIEMOMY TUIOTHOCTBIO BEPOSITHOCTH BU/IA



P CCOS X, —n/2<x<7x/2,
)= 0, ‘x‘>7z/2.

Haiitu koHCTaHTy ¢, QyHKIMIO pacupeneneHus F(x) u BraucnuTh p{|x| < mn/4}.
Pewenue. KoHCTaHTY ¢ BBIYUCINM UCXOS U3 YCIOBUSI HOPMUPOBKHU:
2
7! /2

o0
I f(x)dx= j ccosxdx =csinx =c+c=2c=1,
o /2 /2

otkyna ¢ =0,35.

Tak Kak MJIOTHOCTh BEPOSATHOCTU 3aJlaHa Pa3TUYHBIMU (HOPMYJIAaMU HA Pa3HBIX
WHTEpBaJIax, TO U (QYHKIMIO pacnpeneneHust OyJeM UCKaTh IS KaXJI0ro MHTepBaja
B OTJEJILHOCTH:

X X
s x < —/2 F(x)= [ fdy= [ 0dy=0,
st —7t/2 < x < /2 F(x)—_?zod + ]E €05V _siny) ¥ _ltsinx
- Y 2 YT a2 2 7
—00 -r/2
-r/2 /2 oS X
ISt X > 1/2 F(x)= J Ody + I Tydy+ J Ody =1.
—00 -r/2 /2
OKOHYaTeNbHO UMEEM
0, x<-r/2,
F(x)=4(+sinx)/2,  |[x<z/2,
1, x>r/2.
BepOﬂTHOCTBp{|x|<n/4}=F(zj—F(—£): £+l - —£+l :—2.
4 4 4 2 4 2 2
3AJJAYN

5.1. Ha mpomepky moctynaioT maptuu u3 4 mpubopoB. [IpoBepka mapTum
IpeKpaniaeTcs mnocie oOHapyKeHHUs TIEPBOr0 HEUCIPAaBHOTO Ipudopa. BeposTHOCTh
TOTO, YTO MPUOOP MPoieT MpoBepKy, paBHa 0,6. CrnyuaiiHas BeIMYWHA X — YHCIIO
POBEPEHHBIX MPUOOPOB B OAHOW maptuu. OmnpenenuTs psAl paclpeieseHus,
dbyHKHMIO pactpeaenenus F(x) ¥ moCTpouTh ee rpaduk.

Orser:
X 1 2 3 4
D 0,4 0,24 | 0,144 | 0,216

X <1 1152] | J2;3] | 13:4] | >4

Fx) 0 0,4 0,64 | 0,784 | 1




5.2. Cnyuvaiinass BemuunHa X npuHuMmaer 3Hadenums X = 1 (1 =1, 2, ..) ¢
BepOATHOCTRIO p{X =1} =2 . Haiitu ¢pyukuuro F(x) u Berauciauts p{3 < X < 6}.

Omser: F(X) = D 27 : p(3 <X < 6) = 0,2344.

i<x

5.3. I3 mecstu TpaH3UCTOPOB, CPEAN KOTOPHIX JBa OpakOBaHHBIC, CIIyYailHBIM
o0pa3oM BBIOpaHbI JIBa TPAH3UCTOPA ISl IPOBEPKH MX mapaMeTpoB. OnpenenuTs u

MOCTPOUT:

a) psaa  pacrpeneseHHUs

CIIy4YailiHOTO

quciia

X  OpakOBaHHBIX

TPaH3UCTOPOB B BbIOOpKE; 0) ¢yHKUMIO pacnpeneneHuss F(x) BeIUUUHBI X;
B) BeIUuCIUTh p{X > 0,5}, p{X < 1,5}.

OrtBer:
a) X; 0 1 2
Di 1/45 | 16/45 | 28/45
0) X <0 10; 1] 11; 2] >2
F(x) 0 1/45 17/45 1

B) p{X >0,5! =44 /45, pIX <15} =17/45.

5.4. Touky OpocarT Haygady BHYTph Kpyra paauycoMm R. BeposTHOcTh ee
nomnasanus B J00yI0 00JacTh, paClONIOKEHHYI0 BHYTPHU Kpyra, MpoNopIMOHAIbHA
wiom@aan d3to obnactu. Haiitu ¢yHKUMIO pacnpeneneHusi pacCTOSHUS — OT
CJIly4aliHOM TOYKH JI0 LIEHTPA KpyTra.

0,x<0,
Orser: F(x)=<x>,0<x <R,
I,x > R.
5.5. ns ciay4yailHOM BeNWYMHBI X IUIOTHOCTH BEPOSITHOCTH f(X) = ax mpH
€[0;2], Ax) = 0 mpu x < 0 m x > 2. Hailtu xosdpdumeHt a, QyHKIHUIO
pacnpenenenus F(x), BEeposSTHOCTH MOMNa aHus Ha OTpe3oK [1; 2].
0,x <0,
Otser: a=0,5; F (x) =90,25x°,0 < x <2, 5rxX e [1;2]} = 0,875.
I,x > 2.

5.6. ®yHKUMS paclpeiesiCHUs CIIy4YalHOW BETMYUHBI X UMEET BHU]T
F(x)=b+ carctg(x/ a), —0 < x< o0,
Yemy noyKHBI OBITH paBHBI @, b U ¢? HaillTu MIIOTHOCTH BEPOSTHOCTH.

a
OtBet: a>0,b=0,5,c=1l/n, f(X)=——
/& (X +a’)



6. UUCJOBBIE XAPAKTEPUCTHUKHU CJIYYAHHOM BEJIUYVHBI

Mamemamuueckoe oxcuoanue Xapakrtepusyer cpeaHee 3HaueHue CB u
ompenensieTcs mo Gpopmynam:

N
Y. x-p m JICB,
i=1

m,=M[X]=1 (6.1)

j x- f(x)dx s HCB.

CBoiicTBa MaTeMaTHYECKOTO OXUIaHUA:

1. M[c] =c.
2. M[X+c] = M[X]+c.
3. M[c-X] = c-M[X].

Hauanonstit momenm k-ro nopsajnka CB X ecTb MaTeMaTUueCcKoe OXXKHUAAHUE k-1
CTEIICHH 3TOU CIy4alHON BEJIUYUHBI:

N
D> xf-p, mmn  JICB,
i=1

a,(x)=M[X*]=1 (6.2)
Jxk - f(x)dx i1 HCB.

0

Lenmpuposannoii CIIy4yailiHOH BEJIMYMHOM X Ha3bIBacTCs CB,
MaTreMaTH4ecKoe OKHIaHHWE KOTOPOH HaXOJIWUTCS B Hadaje KOOPJAWHAT (B IICHTPE

o]
yuciaoBoit ocu) M[X]=0.
Onepanus 1EHTPUPOBAaHUS (TIEPEXO0JT OT HEIEHTPUPOBAHHOW BEIMYUHBI X K

o

IICHTPUPOBAHHON X ) UMeeT BUJ

X=X-m,

Henmpanvuotit momenm niopsinka k CB X ecte MaTeMaTHueCcKOe OXKHIaHUE k-

(8]
CTETICHU [IEHTPUPOBAHHOW CITy9alfHOW BEIMYMHBI X :

( N
D (x—my)-p, nms  JICB,
i=1

() =MIX* =1 (63)
j (x—m, )" f(x)dx s HCB.

Jlucnepcusa cnydaiiHOW BENWYMHBI XapaKTEPU3yeT CTENEeHb pPacCeUBaHUS
(pa3Opoca) 3HayeHUW CIy4alHOW BEIMYMHBI OTHOCUTENIBHO €€ MaTeMaTU4YeCKOro
OKUJIaHUSA U OTpeiessieTcs: o popMysiam



Z(xi —my)' p; = inzpi —my s JICB,
D,=DX]= (=) - =1, (6.4)
j (x—m, ) f(x)dx= j X2 f(x)dx—m’ nns HCB.

CBolicTBa qUCTIEPCUU:

1. D[c] =0.

2. D[X+c] = D[X].

3. D[c-X] = c2D[X].

Cpeonum keadpamuueckum omriaonenuem (CKO) CB X Ha3biBaeTcs
XapaKTepUCTHKA

oy =0[X]=+D[X]. (6.5)
CKO usmepsiercst B Tex ke pusnyeckux eaununax, 4yro u CB, u xapakrepusyer
MIMPUHY Auana3zoHa 3HadeHuii CB.
Ilpasuno 3o. Ilpaktuuecku Bce 3HaueHua CB HaxonsATcst B UHTEpBAJIE
[mX—30'X; my + 30){,] (66)
Mooou ciydaiiHOW BEeTMYMHBI Ha3bIBAaeTCs ee Hauboyiee BEPOSTHOE 3HAYCHHE,
T.€. TO 3HaUYEHHUE, JJI1 KOTOPOTO BEPOATHOCTH p; (s auckpetHoit CB) mmm flx) (s
HenpepbiBHBIX CB) nocturaer makcumyma. O6o3Hauenus: Mo.
Meouanoii ciiydailHOM BeIWYMHBI X HA3bIBAETCA TAaKOE €€ 3HA4YCHHE, A
KOTOpOTO BbINoJHsAETCA ycnoBue p{X < Me} = p{X > Me}. Menuana, Kak npaBuJo,
CYIIECTBYET TOJIBKO JJIsI HEIPEPBIBHBIX CITyYAHBIX BEJIMYHH.

Keanmunvio 7y, ciydaiHoil Benu4HMHbI X SIBISICTCS TaKOe € 3HAYCHHE, JUIS
KOTOPOTO BBITIOJHSIETCS yenoBue p{X <y} = F(y,) = p.

Ilpumep 6.1. I3 mapTuu YHUCIEHHOCTBIO 25 WU3AENHil, CPeAN KOTOPBIX UMEETCS
IIeCTh HECTAHJAPTHBIX, CIydyalHbIM o0Opa3oM BbIOpaHbl Tpu wu3Aenus. Haiitu
MaTeMaTH4YECKOE 0KUJAHNE U CPEIHEE KBAIPATUUECKOE OTKIOHEHUE HECTAaHIAPTHBIX
U3JIENIUN, COEPKAIINXCS B BEIOOPKE.

Pewenue. I1o ycnosuro 3anaun CB X npuHumaet cnegyromme 3HayeHus: x; = 0;
xX,=1; x3=2; x4= 3. BeposITHOCTb TOTO, YTO B 9TOMH BBIOOPKE OKAXKETCS POBHO i
(i=0, 1, 2, 3) HECTAaHIAPTHBIX U3JCIUN, BEIUUCISIETCA 110 PopMyJie
Ce- Gy’

Cis

b

V% :P{X:Xi}:

OTKYyJa
p1=041; p,=0,43; p;=0,11; p,=0,05.
Jlucniepcuro onpenenum mo Gopmysiam:
D[X] = ax2(x) — (M[X])2,
M[X]=0-041+1-0,43+2-0,11+3-0,05=0,8,
a)x)=0-041+1-043+22-0,11+32-0,05=1,32,
D[X]= 1,32 -(0,8)2=0,68.

Torma o[ X]=+D[X]=0,82.



Ilpumep 6.2. HenpepeiBHass CB pacnpenenena no 3akony Jlammaca:
f (x):b-ef‘x‘. Haiitu koaddunuent b, wmarematudeckoe oxumanne M[X],

nucnepcuto D[X], cpeanee kBagpaTuueckoe OTKIOHEHUE o[ X].
Pewenue. Jlns waxoxaenus koddduimmeHnta b BOCHIOIB3yeMCS CBOWCTBOM

o0 o0
HOPMHPOBKH INTOTHOCTH pacipeieeHus J f(x)dx = 2bj e “dx=2b=1, oTkyna

—0 0

o0
b = 1/2. Tak kak QyHKIHS xe_|x| — HEYeTHasA, TO M[X]zO,S- Jxe_|x|dx:O,
—00

mucniepcus D[X] u CKO G[X ] COOTBETCTBEHHO PABHBI

D[X]zO,S- I xze_|x|dx:2-0,5-Ixze_|x|dx=2,

)= JBF]= 3

3AIAUM

6.1. B ycnoBusix 3amauun 5.1 onpeaenuTt MaTeMaTUUYECKOE OKUJIaHHE, BTOPOU
HavyaJIbHBIA MOMEHT, nucrepcuto u CKO CB X.
Otser: m, =2,176;c,(x)=6,112;D, =1,377;0, =1,17.

6.2. 13 ypHbI, conepkaiieit 4 0eibix 1 6 YepHBIX MIapOB, CIyYalHBIM 00pa3oM,
6e3 moBTOpeHui m3BnekaroTcs 3 mapa. CB X — uucno Oenbix mapoB B BBIOOPKE.
OnpenenuTs 3aKOH paclpefeieHrus W HaWTH MaTeMaTU4YecKoe OXKUJIaHHEe U
mucniepcuro CB X.

Oteet: M[X] =1,2; D[X] = 0,56.

6.3. B maptum u3 n wuzgenuit k OpakoBaHHBIX. [[1s mpoBepku Haygady
BBIOMpaeTcs m u3naenui. HaliTu maremaTudeckoe OXKHUJIaHHE uuciia OpaKOBaHHBIX
U3JIeNIUN, COACpPKAIUXCS B BBIOOpPKE. BBIUMCINTE MaTeMaTUYECKOe OXHUAaHUE TPHU
n=20,k=3;m=>5.

Otser: 137 /228.

6.4. Cnyuaiinas Beauurna X 3a1aHa QyHKIUEHR pacpeieeHus:
0,x <1,

A(l-e""),x =1,

HaiiTu mocTtossHHYO A, MareMaTU4eCcKOe OXHUJIAHUE, MAaTEMATHYECKOE
oxxunanue kBaapara CB X u qucnepcuto CB X.
Omer: A =1,m, =2, M[X]|=5,D, =1.

F(x)=



6.5. Cnyvaitnas BenmnunHa X 3aJ1aHa QyHKIMEH pacipeaeIeHHs:
0,x< -2,
F(x)=<A4(1+cosbx),-2<x<2,
I, x> 2.

Haiitu: a) mnocrosHuyro A; 06) wmarematudyeckoe oxunanne CB X

B) MaremMaTuieckoe oxkuaanue kpaapara CB X; r) TpeTuidl HeHTpalbHbIII MOMEHT
CB X; n) nucniepcuto CB X.

OtseT: a) 0,5; 6)0; B) 0,758; 1)0; m) 0,758.

6.6. Cryuaiinas BennunHa X 3a7aHa QyHKUIUEH pacripeieeHH s :

0,x <0,

2
F(x)=<xl+—2x,0<xs3,

I,x > 3.

Haittu matemarudeckoe oxxkuaanue, nucnepcuto, CKO, moay u menuany CB X.
Otset: my, =1,875;D, =0,6094;0, =0,78;, Mo =3;Me = 2.



7. TUITIOBBIE 3AKOHBI PACITPEJAEJEHUSA

Huckpernass CB X wumeer czeomempuueckoe pacupeiesieHue, €clid OHa
npuHUMaet 3HaueHus 0, 1, ..., o0 ¢ BEpOSATHOCTSIMHA

p(X=D)=p,=qp, (7.1)
rae p — napametp pacupeaeneaus (0<p <1),g=1-p.
UucnoBble XapaKTEPUCTUKH T€OMETPUUECKOTO PaCIpeaCIICHUS:

2
my=q/p,Dy=q/p”.
HMuckpetrnas CB X umeetr ounomuanvhoe pacnpeoeiieHue, €Civ oHa IpuHUMaET
3HaueHud 0, 1, » co clleqyronMMu BEpOSITHOCTAMU:
n! i i
.. P4 2
il(n—i)! ’ (7.2)

rae n, p — napametpsl pacupeaenenus (0 <p <l1), g=1 —p.
UucroBble XapaKTepUCTUKH OMHOMUATILHOTO PACTIPEICIICHHUS:

my =np,D, =nqp .
Huckpetnas CB X umeer pacnpeodenenue Ilyaccona, eciu OHa TPUHHUMAET

3HaueHus 0, 1, ..., 00 CO CleAyrOIMMHU BEPOATHOCTAMMU:
i

. a _,
p(X=i)=p =—e (7.3)
i! ’

p(X:i):pi:

rie a — napametp pacupeaenenus (a > 0).
UucnoBele XapaKTEPUCTUKH MyacCOHOBCKoOW CB:
m, =a,D, =a.
HenpepriBaas CB X umMmeet pagnomeproe pacupeneiieHle, €Ciu €€ MIOTHOCTh
BEPOSITHOCTU B HEKOTOPOM MHTEpBaje [a, b] MOCTOSIHHA, T.€. €CJIM BCE 3HAUeHUsI X B
ATOM UHTEPBAJIC PABHOBEPOSTHBI:

KO,X<CI, O’x< a,
1 _
x) = ,a<x<bh, _ )27 <<
f(x) - F(x) ;4 sxs<bh, (7.4)
0,x > b. I,x > b.

UucnoBele XapaKTEPUCTUKH PaBHOMEPHO pactpeneneHHon CB:
a+b b-a)’
H . (b-a)

" 2 T 12
Hel'[pepLIBHaSI CB T, npuHUMaroniasd TOJBKO IIOJIOKHUTCIBHBIC 3HAYCHUAI,
HMCCT IKCnOHEeRUUua/ibHoe PACIIPCACICHUC, CCIN C€C IINIOTHOCTH BCPOATHOCTH H
byHKIIMS pacnpeiesieHrs PaBHbI
Ae ™, t>0, l—e™,t>0,
f(t) = F(t) = (7.5)
0, t<0, 0, <0,

rae A — napamertp pacupeneneHus (A > 0).



UucnoBble XapaKTEPUCTUKH SKCIIOHEHIIMaNbHON CB:
_ _ 2
m,=1/2,D, =1/1%.
Henpeprisaass CB X umeetr Hopmanwvroe pacupeielieHUe, €ClIi €€ MIOTHOCTh
BEPOSITHOCTU W (DYHKIIHSI pacIipeie/ICHUs PaBHBI

1 _(x—m)2 _ X —m
f(x)—o_\/%exp{ Eryca }’F(x) O.5+(D( . j, (7.6)

rje m, ¢ — napameTpsl pacnpenenenus ( o >0),
1 F -
O(x) = N :[e *dt — pynxrms Jlannaca.

3nauenus Qynkiuu Jlamnaca npuBeaeHsl B npuioxkeHuu. [Ipu ucnons3oBanuu
Tabnuibl 3HaueHud Gyukuuu Jlammaca crmemyer yuuTeiBath, 4To D(—x) = —D(x),
®(0) =0, D(0) =0,5.
UucnoBble XapakTepucTUKU HoOpManbHOU CB:
2

5

I[k/2] . k=2i i
ak(x)=k!z m" " (o/2)
= (k=20 >

0,k —HeueTHOE,

py(x) = k! o
(k/2)1 2

Ilpumep 7.1. Bpemsi 6e30TKa3HON pabOTHI aImaparyphl sIBISETCS CIydaiHON
BENIMYMHON X, pacHpeiesieHHON IO 3KCIIOHEHIHAIbHOMY 3akoHYy. CpelHee BpeMs
6e30TkazHoi pabotsl 100 4. HaliTu BeposSITHOCTH TOTO, YTO arapaTypa npopadoTaer
OOJIBIIIE CPETHETO BPEMEHHU.

Pewenue. Tak kak cpennee Bpemsi 0€30TKa3HOM pabOTHI, T.€. MAaTEMaTUYECKOE
oxuganue, paBHo 100 4, To mapameTrp A IKCHOHEHLMATHHOTO 3aKOHA OyaeT paBeH
A=1/m, =1/100 = 0,01. FMckomast BEepOSITHOCTh

p(X >m,)=p(100< X <0)=1-F(100)=¢"' ~0,368.

Ilpumep 7.2. JIns 3amepa HaNpsHKEHUST UCIIOIB3YIOTCS CIEHHATbHBIC JaTYMKHU.
OnpenenuTh CPEIHIO KBAJAPAaTHYECKYI0 OIIMOKY JaTyuhKa, €CJIU OH HE HMEET
CUCTEMATUYECKUX OIIMOOK, a CIydailHble paclpeesieHbl 0 HOPMaJIbHOMY 3aKOHY U
¢ BeposaTHOCTHIO 0,8 HEe BBIXOAAT 3a mipeaensl £0,2.

Pewenue. N3 ycnoBusa 3amauu cinenyer, uro p(-0,2<X<0,2) = 0,8. Tak kak

pacmpeneneHue OMMOOK HOpMajdbHOE, a MaTeMaThyeckoe oxumanue m paBHO 0
(cucTemMaTuuecKue OMMOKN OTCYTCTBYIOT), TO

P{-0,2<X<02} =D(-02/5)—D(0,2/6)=20(0,2/c)=0,8.

[To Tabmune pynkuuu Jlamnaca maxoaum aprymest 0,2/ ¢ =1,28, oTkyaa
c=0,2/1,28=1,0156.

m, =m,D, =0

5 k/2
j ,k —4yeTHOeE.



3AJIAUM

7.1. Ilo xaHay CBSI3M IepechUIacTCs MakeT HHPpopMamuu 10 TeX Mop, MoKa OH

He OyzaeT mepefan 6e3 ommbok. BeposTHOCTh MckakeHHs makera paBHa 0,1, HaiiTh
cpeaHee KOJIUYECTBO MOMBITOK MEepeaaTh MaKerT.

Ortser: 1,11.

7.2. Tlpu pabote mnpubopa B CiydyailHble MOMEHTHI BPEMEHU BO3HHUKAIOT
HEUCTPaBHOCTH. KOJIMYECTBO HEUCIPABHOCTEH, BO3HHMKAIONIUX 32 OMPEICICHHBIN
IPOMEKYTOK BpeMeHHW, momuuHseTcs 3akoHy Ilyaccoma. Cpemnee dYucio
HEUCIIPABHOCTEH 3a CYTKH paBHO IBYM. OmpenenuTh BEpOSTHOCTH TOTO, YTO: a) 3a
JIBOE CYTOK HE OyJeT HU OJTHON HEUCIIPABHOCTH; 0) B TCUCHHUE CYTOK BOSHUKHET XOTS
OBl OJTHA HEHUCIIPABHOCTH; B) 3a HEACIIO PabOTHl MPUOOpa BO3HUKHET HE 0oJiee Tpex
HEUCIPaBHOCTEH.

Otset: a) 0,018; 6) 0,865; B) 0,004.

7.3. Illlkana pblYaXHBIX BECOB HMMeeT lieHy aeneHus 1 r. Ilpu uzmepenun
MAacChl OTCUET JENIAeTCs C TOYHOCTHIO JO IIEJOT0 JEJICHHS C OKpPYIJICHHEM B
Ommkaiyro cropoHy. KakoBa BepoOsSTHOCT, TOro, 4YTO aOCONIOTHAs omubOKa
OTIPENICTICHUSI MAacChl: a) HE TMPEBBICUT BEIWYUHBI CPEIHETO KBAAPATUUECKOTO
OTKJIOHEHHSI BOBMOXKHBIX OIIMOOK OMpeAeNieHUsI Macchl; 0) OyeT 3aKiIoueHa MEeXIY

3HAYEHUAMH Oy U 20, .

1
OtBeT: a) %; 0) l—ﬁ.

7.4. Cpennee BpeMsi paOOTHI 3JIEKTPOHHOTO Moyt paBHO 700 4. OnpeaenuTsb
BpeMs 0e30TKa3HOM pabOoThl MOAYJIS ¢ HaJie:)KHOCTHIO (,8.
Otser: 140 u.

7.5.  CooOmieHne  mepenaercss  MOCIEIOBATEIbHOCTHIO  aMIUIUTYIHO-
MOJYJTMPOBAHHBIX UMITYJIbCOB C 3aJaHHBIM IIaroM KBaHTOBaHUS A (A — HauMeHbIIAs
pa3HOCTh aMIUIMTYA UMIyJdbcoB). Ha cooOlneHne HakIagbIBalOTCS IIYMBI,
pacnpeneneHHbie Mo HopMaiabHOMY 3akoHy N(0, o). Eciu MraHoBeHHoe 3HaueHHE
IIyMa NOpPEBBIIIAET MOJOBMHY IIara KBAaHTOBaHUS, TO MNpPU Nepenaye COOOIIECHUS
BO3HUKAaeT omubOka. Omnpenenutrb, OpU KAKOM MHHHUMAJIbHO JOMYCTUMOM LIare
KBAHTOBaHUS A BEpOSATHOCTb OIIMOKHU U3-3a NIyMOB He npesbicut 0,1.

OtBert: 3,4 .

7.6. CB X — ommbKa u3MepuTeIbHOr0 mprudopa — pacupeiereHa HOpMallbHO €
mucniepcueii 16 MB?. CucreMarrueckas ommbka mpruOopa OTCYTCTBYeT. BBIYHCIHTD
BEPOSITHOCTh TOTO, YTO B MSATH HE3aBUCUMBIX M3MEPEHUSX ONIMOKA: a) MPEBBICUT 11O
monynro 6 MB He Gonee Tpex pas; 0) XOoTs Obl OJMH pa3 OKaXETCS B MHTEpBAJC
(0,5; 3,5) mB.

OtgerT: a) 0,999; 06) 0,776.



8. ®YHKIIUU OJJHOI'O CJIYUYAMHOI'O APTYMEHTA

Paccmorpum pyHkmmio ogHoro ciydaiiHoro aprymenta Y = @(X). Ecom X —
HelpephIBHAS ClTydailHas BEJMYMHA, TO MJIOTHOCTh BEPOSITHOCTU g()) BEIUYHMHBI Y
omnpenensercs no popmyJie

, (8.1)

g =21 w; () ;(»)

rje f(x) — IIOTHOCTh BEPOSITHOCTU BEJIUYUHBI X
Vi(y) — GyHkum, odpaTHbie QYHKIUH P(X);
k — aucio oO6paTHBIX GYHKITUHN 11 JAaHHOTO ).

Bech nuamnaszon 3HadeHuit Y HeoOXoauMmo pa30uTh Ha MHTEPBAJIbI, B KOTOPBIX
quciao k oOpaTHBIX (PYHKIHMM MOCTOSHHO, U OmpeaeanTs Bua g(y) mo gopmyie (8.1)
JUTSL KQXKJI0TO UHTEpBaJa.

Ecnu X — auckpeTHas ciaydailHas BEJIMYMHA, MPUHUMAIOLIAS 3HAYEHHUS X;, TO

BeMMYMHA Y OyleT MpuHUMATh TUCKPETHBIC 3HAUEHUS ); = P(X;) C BEpOATHOCTAMU
p») =p(x;).
YuciaoBble XapakKTepuCcTUKU QyHKIHH Y = @(X) omHOTO ciay4yailHOro apryMmeHra
X onpenensitoTcs 1o Gopmyliam:
— Ha4aJIbHBIE MOMEHTBI
> ¢*(x)p, nnsJICB
i=1
a,(y)=M[Y ]=M[p"(0)]=1, : (8.2)
j 0" (x) f(x)dx nns HCB

— MaTeMaTU4YeCKOe 0XKUJaHUE
m,=M[Y]=M[p(x)]=a,(x); (8.3)

y
— OCHTPAJIbHBIC MOMCHTBI

3 (p(x)-m,) p, ann ACB

;uk(y):M[(Y_my)k]: - : (84)
I (p(x)—m,)" f(x)dx nns HCB

— AUCIICPCUA

D, = p,(y) =M(Y -m, ) 1=, (y)—m, . 8.5)

Ilpumep 8.1. Onpenenuts MIOTHOCTh BEPOATHOCTH BeuuuHbl ¥ = X2, ecniu X —
Clly4aiiHasi BeIMYMHA, PABHOMEPHO paclpeesieHHas Ha uarepsaie [—1, 2].

Pewenue. Tak xkak X paBHOMEpHO pacmpezerneHa B uHrepBane [—1, 2], To ee
MJIOTHOCTh BEPOSITHOCTH paBHa (7.4):

1/3, —1<x<2,
f(x)={

0, x<-1, x>2.



[Toctpoum rpadux Bemuuunbl Y = X2 nmns x B uHTepBaie [—1, 2] u B

3aBUCUMOCTH OT YHCJa k 00paTHBIX (ZYHKIIMIA BBIICITUM CIICTYIONTNE HHTEPBAIBI JJIS
Y (puc. 8.1):

[0, 0] k=0 2
[0,1] k= 2, AY=X
11,4] k=1, 4
14, o] k=0. 31
Tak kak Ha wuHTepBanax [—o, O u |4, +oo]
obpatHass (QyHKIHMS HE CYIIECTBYET, TO [JIS JTHX 27
uHTepBaoB g(y) = 0. 1
B unrepsane [0, 1] n1Be oOpaTHbIe QyHKINHA: X
Vi) =y 1) =y >

[To popmye (8.1) momyunm

g =1 +fx(l//z(y))-\v/z(y)\= 1 )

= [e9) =+ (D) X
f 2[ 3[ -1 2

B wuntepBane ]1, 4] oana oOpatHas (QyHKIUS
yi(y) = +\/; , CTIeIOBATEIbHO,
1 1
_ - — = Puc. 8.1
g =1 fe»)-3 N e

Takum 00pa3oM, MIOTHOCTh BEPOSITHOCTH BEJIMYMHBI Y paBHA

0, y <0,
1
—, 0<y<l,
3y
g(y)=
—L— I<y<4
6/y

0, y >4,
Ilpumep 8.2 Cnyualinas BenuuuHa X paBHOMEPHO pacmpenesieHa ot —1 mo +1.

OrnpenennTs MaTeMaTUYECKOE OKUJAHUE U TUCTIEPCUIO BETMUUHBI ¥ =
Pewenue. Ilnotnocts BepositHoctu CB X paBHa

)5, —1<x <1,
f(x)= {

0, x<-1Lx>1I.
Brruncinum Marematuueckoe oxxuaanue Y mo gpopmyse (8.3):

1
1
m,=M[X*]=|x*-0,5dx = —
[x°]= | S

y
-1

HAucnepcuto D), paccuuTaeM 1o (I)OpMyne (8.5):

D, =M[(X?)*] j(x)osczx m’



3AJIAYU

8.1. OmpenenuTh IUIOTHOCTh BEpPOSTHOCTH BenmmuuHbl Y = InX, ecom X —
Cily4aiiHasi BeTU4YMHa, PABHOMEPHO pacripesienienHas Ha uarepsaie (1, 3).

0,5¢”,0< y<1In3,

OtBer: g<y)_{0,y<0,y>ln3.

8.2. OmpenenuTh IUIOTHOCTh BEPOSTHOCTH BenuuuHbl Y = |X|, ecmm X —
CllyyailHasi  paBHOMEpPHO  pacopeleiieHHas  BEIMYMHA  CO  CIEAYIOIIUMH
XapaKTEepUCTUKaMHU My = 1, Dy = 1, ¥ BBIYUCIUTD BEPOSTHOCTH TOTO, UuTO p{l < ¥V <2}.

0,y<0,y>2,73,

1
Otget: g(¥) = ﬁ,OSy<O,73,

L o73<y<a73

23

p{l1<Y <2} =0445,

8.3. Cnyuaiinas BennuuHa X paBHOMEpHO pacnpeneneHa ot 0 o 1. Onpeaenutsb

MaTeMaTU4ECKOE OKUIAHUE U TUCIIEPCUIO BEIIMYUHEI ¥ = | X - 0,2].
Omeem: my=0,34; Dy=0,0574.

8.4. Touka U, m3oOpaxaromias OOBEKT Ha KPYTJOM SJKpaHE paaroJIOKaTOpa,
pacmpezeneHa pPaBHOMEPHO B IIpeleiliax Kpyra €IMHUYHOro paauyca. Haiitu
JIUCTIEPCUIO pacCTOsIHUSA Y o1 Touku U 10 LeHTpa dKpaHa.

Omeem: Dy = 1/18.



9. IBYXMEPHBIE CJITYYAWHBIE BEJIMUNHBI

@Dyukyuen pacnpedeiieHusa IBYXMEPHOM CIyYallHOM BEJIMYMHBI HA3bIBABACTCS
BEPOSITHOCTh COBMECTHOTO BBITIOJTHEHHUS JIBYX COOBITHH {X <x} m {¥Y <y}:

F(x,y)=p({X <x}-{Y <y}). (9.1)

CBolicTBa IByXMEpHOU (DYHKIIMH pacipeesICHUS

I.LOSF(x,y) < 1.

2. F(x, +0) = Fy(x); F(+o, y) = Fy(y); F(+o0,+00) = 1.

3. F(—o0, y) = F(x, —©0 ) = F(—©, —0 ) = 0.

4. F(x;, y) < F(x,, ), ecinu x; > xy;

F(x,y)) < F(x, y,), eciiu y, > y;.

OyHKIMS paclpeneseHnuss MOXKET 3a1aBaThCs UIsl HEIPEPBIBHBIX U TUCKPETHBIX
CIIyYalHBbIX BEJINYUH.

Jlnst HenmpephIBHOM JBYXMEpHOW ciydailHOM BenuuuHbl (X, Y) cyiecTByeT
NBYXMEpHAasl HJ10MHOCMb PACHPEOeeHUA:

PUXS X <x+ A} {y<Y<y+Ay} _ O°F(x,y)

S (x, )= lim 9.2

c! AxAy Ox0Oy (©-2)

CBolicTBa JBYXMEPHOU MJIOTHOCTH:

1. ix,y) = 0.

2. F(x,y) = Hf(x,y)dxdy- (9.3)

3. p{(X.,Y)e D}=[[ f(x,y)dxdy . (9.4)

(D)
4. YcinoBue HOpMUPOBKHU T T f(x,y)dxdy =1. (9.5)
5= [ FCdv; ()= | fCxypdx. 9.6)

JIns nucKpeTHBIX ciydailHbiX BenuuuH (X, Y) 3aKOH pacmpeieneHus: 3a/1aeTcs
mampuyeii  pacnpedenenus, COIACPKAIICH BEPOSTHOCTH pjj TOSBICHHS BCEX

BO3MOJKHBIX Iap 3HAYCHHI (X}, V)):

pij =pX=x;, Y=y;), 9.7)
y,Z[OBJ'IeTBop?HOHII/IX YCJ'IOBI/IIO

n

2 Zm: Py =1. 9.8)

i=1
OnHomepHBIE PsiAbl BEpPOSITHOCTEN cocTaBisomux X, Y onpenenstorcs mo
dopmynam

D :p(X:xl.):Zpij,izl, . (9.9)
j=1



p=p(Y=y)=Y pj=l..m. (9.10)

i=1
Ycnoenvim 3axkonom pacnpedenenus Ha3bIBa€TCA pacHpeleNeHUe OIHOU
CIIy4aifHON BEIMYMHBI, HAlICHHOE TIPH YCJIOBHH, YTO JApyTras cilydaifHas BETUYMHA
NPUHSTIA ONIPEIeJICHHOE 3HAUCHHE.
Ycnoenvie nnommocmu 1N HENPEPHIBHBIX — COCTaBIAOmMUX X U Y
OTIPEIENSIIOTCS 110 hopMyIIam:

Sl y)=fx, ¥) 1 f(v) ans fy () # 0 (9.11)

S 1 x)=flx, ) / fi,(x) ma fx (x)=0. (9.12)

Ycnoenwvie paovt pacnpedenenusa i NUCKPETHBIX COCTaBisiommx X U YV
omnpenensaoTces no Gopmynam:

pili=pX=x;/ Y=yp)=pjj/ p(Y=y)),i=1, .., N; (9.13)

pjli=p(Y=yj/ X=xj)=pjj/ pX=xp),j=1, .., M. (9.14)

Bemnunna X He3zasucuma OT BEIWYMHBI Y, €Clii €€ 3aKOH pACIpENECICHUS HE

3aBUCHUT OT TOT'O, KaKOC 3HAYCHUC IIPHUHAIa BCIIMYUHA Y. I[J'ISI HC3aBHMCHUMBLIX BCJIIMYNH
BBIITOJHAIOTCA CIICAYIOIUE COOTHOMICHU !

L F(x, y) = p(X <x, Y <y) = p(X <x)p(Y <y) = FYX)F(y) V x, y; (9.15)
2. mist HenpepwiBHBIX — fx, ¥) = fL(X)f, (V) V X, y; (9.16)
3. st AUCKPETHBIX — pjj = pj pj, WA V L, . (9.17)

Ilpumep 9.1. ]JIByxmepHas cnyuaiiHas BenuuuHa (X, Y) pacmpeneneHa 1o
3aKOHY, TPUBEJCHHOMY B TaOJIHIIE:

xl' yj

y1=0 »n=1
x]=-1 0,1 0,2
x=0 0,2 0,3
x3=1 0 0,2

OnpenenuTs OTHOMEPHBIE PSAJbl BEPOATHOCTEN BEIUYHMH X U Y, yCIOBHBIN Psif
BEpOSITHOCTEN BenMunHbl X mpu ycinoBud, uyto Y = 1. MccnenoBare 3aBUCHMOCTD
CIIy4YalHbIX BEJIMUYMH X U Y.

Pewenue. Onpenenum psiibl BepositHocTed X u Y o popmynam (9.9) u (9.10),
T.€. BBIIIOJIHUM CYMMHUPOBAHHE 110 CTOJOAM U IO CTPOKaM:

Yj 0 1 Xj -1 0 1
pj 0,3 0,7 Di 0,3 0,5 0,2
Ycnosusiii psg X npu Y = 1 nonyyaem no ¢popmyne (9.13):
Xj -1 0 1
Pi/Y=1 2/7 3/7 2/7

Benuuunbslr X u Y 3aBucumsl, Tak kak P(X = 0, ¥ = 0) # P(X = 0)P(Y = 0),
0,2+0,3-0,5.



Ilpumep 9.2. JIByxMepHas cilydaiiHasi BEJIMYMHA PaBHOMEPHO pacipejefieHa B
obmactu D, orpanmyeHHor mpsimeiMu X = 0, ¥ = 0 u X + Y = 4. UccnenoBarp

3aBUCUMOCTb CIIyYalHbIX BEJIMUYUH X U Y.
Pewenue. 3anumem B aHaTUTHYECKONM (QopMe COBMECTHYIO IIJIOTHOCTh

BEPOSITHOCTHU:

c npu 0<x<4, 0<y<4-—x,
Jxy)=
0 unHaue.
Onpenenum ¢, HCHOJb3Ys YCIOBHE HOPMUPOBKH (9.5):
44-x 4 )
J j cdxdy:cj(4—x)dx=c-8=1:>c:—.
00 0 8

OHpeILGJII/IM OJHOMCPHBIC IINIOTHOCTHU fl (.X), f‘z (y) BeJIMYuH X U Y 1o (bOpMyJIG
(9.6):
O,x <0 0, y < 0

fi(x) = Tld =0,5-2, 0<x<4 Tl Y

1 - 08)}_’ 87 SX= afz(y)z .!;gdx=0,5—§,03yﬁ4-
0,x>4 0,y>4

O4eBHIHO, YTO KpUTEPHH He3aBUCUMOCTH (9.16) BeJIMUMH HE BBIIOIHICTCS, T.€.

f (X, y) * fl(x)fz (y), CJICIOBATEIIHLHO, BeIUYUHBI X U Y 3aBHCHUMBI.
3AJTAYHAN

9.1. B mpoaykmuu 3aBoja Opak BcneacTBue aedexra A cocrabmser 10%, a
Bcaeacteue nedexkra B — 20%. lNomnas npoxykius cocrasisier 75%. Ilycte X —
uHaukatop gedexra A, a Y — wungukarop nepekra B. CocTtaBUTh MaTpUILy
BEPOSITHOCTEN JABYXMEPHOU ciaydaiiHOM BennuuHsbl (X, Y). HailTu ogHOMEpHBIE psibl
pacnpeneneHnii COCTaBIOMNUX X U ¥ ¥ nCClie0BaTh UX 3aBUCUMOCTD.

Ortser: XY y1=0 y =1
x1=0 0,75 0,15
x2=1 0,05 0,05

OnHOMEpHBIE Psiibl COCTABIISIFONIUX X U V-

xji | x1=0|xp=1 yi |y1=0|»m=1

Di 0,9 0,1 Dj 0,8 0,2

Benuuunbl X 1 Y 3aBUCHMBEL.
9.2. JIByxmepHas ciyuaiiHas BenuuuHa (X, Y) umeeT 3aKOoH pachpeneseHus ¢
TIOTHOCTBIO
a(x+y), (x,y) €D,
S, p)=
0, (x,y)&D.

Ob6nacte D — kBajsipaT, orpaHnueHHbIN npsiMbiMu X = 0; x = 3; y =0; y = 3.



TpeOyetcs onpeaenutb KO3QPUIMEHT a; BHIYUCIUTH BEPOSITHOCTH MOMAIaHUS
ciyyaitnoit Touku (X, Y) B kBagpat (), orpaHU4YEeHHBIA TpsiMbIiMU X = 1, x =2,y =1,
y=2.

OtBer:a=1,P=1/9.

9.3. JIByxmepHas cilydaiiHas BEIMYHHA pacipeiesieHa 0 3aKOHY

f(x,y)=al(l+x +" +x°)%), —0<x <00, —00< <00,
Haiitu koadpuimeHT a, ycTaHOBUTh 3aBUCUMOCTh CITy4alHbIX BeTuyuH X U Y.
OtBer: a = 1/1%, HE3aBHCHUMBL.

9.4. Tlonoxenue cmydaitHoit Touku (X, Y) paBHOBO3MOXXHOE B JIFOOOM MeCTe
Kpyra pagnycoMm R, IEHTp KOTOPOrO COBMAJAeT C HadYaJioM KoopauHaT. OnpeaeuThb
IJIOTHOCTh pacrpeieieHus U GyHKIUI0 pacipeaesieHUs] KaXKI0i cocTaBistomed X u
Y. BoIsicHUTB 3aBUCUMOCTb X U Y.

/7R, ¥ +y' <R
fxy)=

0, X+ >R

2 m 2 2
Otser: fi(x)= R R-x , L) = VR =", X1 Y He3aBUCHMBL.

T 7R’




10. YUCJIOBBIE XAPAKTEPUCTUKH
ABYXMEPHBIX CJIYYAUHBIX BEJIMUYUH

PaccMOTprM OCHOBHBIE UYHCIIOBBIE XAPAKTEPUCTUKHU JIByXMEPHOM CIIy4alHOMN
BeNnuuHHI (X, Y).

CMmewiannblil HAYAIbHBLL MOMEHm TIOpsiKa k+s paBeH MaTeMaTHYeCKOMY
OXKHIAHHIO IPor3BeneHust X' u Y*:
n m
>. > % yp, mJCB,
i=l j=1

a, (x,3)=MX'7°]= (10.1)

T Txkysf (x, y)dxdy s HCB.

Cmemannvlilt yeHmpanbHblil MOMEHm TIOPsIKA k+s paBeH MaTEMaTHYECKOMY

@) @)
k k
OXKHIaHUIO TIPOU3BEACHHS [IEHTPUPOBAaHHbIX BemunH X~ u ¥ " :

ZZ(xz _mx)k (yj _my)spi,j A I[CB,

i=l j=1

[ [ G=m)v—m,y f(x,y)dxdy s HCB,

\—00 —00

My (%, ) =M[(X =)' (Y =, )] = (10.2)

TJI€ p;j — SIIEMEHTHI MaTPHILIBI BEPOSATHOCTEN TUCKPETHOU Benn4uHsl (X, Y);
f(x, y) — coBMecTHas TUIOTHOCTh BEPOSITHOCTH HEMPEPHIBHON BeTU4HHbI (X, ¥).
PaccmoTpum  HamOolsiee 4YacTO HCHONB3yEMble HAYallbHbIE U IICHTPAJIbHBIC
MOMEHTHI:

m, = al,o(xay)a my, = aO,l(xa y); (10.3)

_ _ 2 _ _ 2
Dy _:uz,o(an’) = az,o(xay)_m)(a D, —,UOJ(X,)/) —ao,z(xa)’)_my. (10.4)
Koppenauuonnwtit momenm Kyy XapakTepu3yeT CTENEHb TECHOTHI JIMHEMHOU
3aBUCUMOCTH BeIWYUH X U Y U paccerBaHUE OTHOCUTEILHO TOUKU (M, My):

Ky =, (x,y) =0y, (x,y) —mym, | (10.5)
Koy¢ppuuuenm roppenayuu Ryy XapakTepu3yeT CTENEHb JIMHEHHOU
3aBHCUMOCTH BEJIUIUH

K K

Ry =—===—" (10.6)
D,D, ooy '

J71st TF0OBIX CITyYaHBIX BEJIMUMH | Ryy| < 1.

Ecnu Benmmuuasl X u Y He3aBUCUMEL, TO Ryy = 0.

Ilpumep 10.1. Onpenenutbs KodQPUIUEHT Koppensiuu BenudnH X u Y
(mpumep 9.1).

Pewenue. Onpenenum maremMaTUYeCKuWe OXuJaHus BeauuuH X u Y 1o

dopmyie (10.3):
3 5
mye =33 xp, =Y %p,=-103+0-0,5+1-0,2= 0,1,

i=1 j=1 i=1



ZZyp,] Zyp]—003+107 0.7.

i=1 j=1

Omnpenemam &, (X, ) mo popmye (10.1):

3 2
@, (6)=> > xyp,, =-11:02+1-1-0,2=0.

i=1l j=1
Haiinem 3nauenue Kyy mo gpopmyse (10.5)
Ky =a,(x,y)-mym, =0-(-0,1-0,7)=0,07 .
Omnpenenum aucnepcuu Benuuud X u Y no popmyse (10.4):
D, =a2,0(x,y)—m/2¥ = fopl. -m% =1-0,3+0-0,5+1-0,2-0,01= 0,49,

i=1
2
D, =a,,(x,y)—m; =Y ylp,-m; =0-0,3+1-0,7-0,49 =0,21.

3nadenne kodpdurmenta koppensiuu Ryy BbrauciauM mo ¢opmyse (10.6):
R K., _ 0,07
XY
JD.D, 0,21-0,49
Ilpumep 10.2. Onpenenuth kKod3pduuueHt koppensuuu BenuunH X u Y
(mpumep 9.2).
Pewenue. Haiinem mMaTemMaTu4yecKoe OXUJIAHUE U JUCIEPCUI0 BEIUYMHBI X 1O
dbopmynam (10.3) u (10.4) COOTBETCTBEHHO:

~0,22

44—x 1 14 4—x 4
my = a; o(x,y) = I J X— dxdy—ggxdxg dy_—J'x(4 x)dx_g
44 -X "
D, = (%)= J I (x—m,) —dxdy——j(x—_) (4- x)dx—§
00

Tak xak obOmacte D CUMMETpUYHA OTHOCHUTENBHO OCEHW KOOpAWUHAT, TO
BeIMUUHBI X ¥ ¥ OyAyT UMETh OJIMHAKOBBIE YHCIIOBBIE XapaKTEPUCTUKHU:
m,=m,=4/3; Dx=Dy=8/9.
Onpenenum KoppenﬂuHOHHHﬁ MOMeHT K, 1o popmysie (10.5):

44—x 4 2 1 4 , 4 o) 4
xy jjxy dxdy —m, -m :_Ide I ydy — (3j :E.(';X(‘I'—X) dx—(gj =—§.
Koapduument xoppensiiuu Beanund X u Y 0ynet pasen (10.6):
K, 1
24

Ty = =——.




3AJIAYU

10.1. Yucno X BeiOupaetcs ciayuaiiHbIM 00pazoM u3 MHOkecTBa (1, 2, 3). 3arem
U3 TOTO XK€ MHOXKECTBa BbIOMpaeTcs Haynady 4ucio Y, paBHOEe WU Oosibiiee X.

Haiitn ko uument koppemnsiiyu X u Y.
OtBeT: Ryy = 0,594.

10.2. [ImoTHOCTH BEPOSITHOCTH JIBYXMEPHOU CIydaiHOM BennuuHbl (X, Y) paBHa
{Hy,XE[O, 1,y €[0,1];

T 0, e g0,1] wmny (0.1

Haiitu koadpuiment xoppensiuuu X u Y.
Otset: Ryy=0,091.

10.3. [I10THOCTh BEPOSTHOCTH JIBYXMEPHOU Cay4alHON Benu4uHbI (X, Y) paBHa
4xy,x€[0,1],y €[0, I];

J(x,y)=

0,x¢[0,1] unu y ¢ [0, 1].

Haiitu kosdpuiment koppensiuuu X u Y.
Otget: Ryy = 0.



11. ®YHKIIUU CJOYUYAWHBIX BEJIUYVH

PaccMoTpuM (DyHKIHUIO ABYX ClydaiHbx aprymentos Y = @(X,, X,). ®ynkuus
pactpenenenus G()) BeMUUHbBI Y onpenensercs no Gpopmye
G(y) = [[ fCxpx,)dxdx, (11.1)
(D)
rae f(x], x2) — COBMECTHas IJIOTHOCTh BEPOSITHOCTH BEJIMYMH X U X).
B ¢opmyne (11.1) unterpupoBanue mpou3BOAUTCS mo obiactu D, KoTopas
onpenensiercsa u3 yenosus @( X, X,) < y.

B cnyuae, korma ¥ = X | + X, | dynkius pacnpenencHus

o Y—X 0 V=X

G =[ [ fx)dude, =[ [ f(x,x)dxdx,, (11.2)
a INIOTHOCTb BEPOSITHOCTU o o
gy)= Tf(xl,y —x;)dx; = Tf(y —X3,X,)dx, . (11.3)
Ecnu Benmuuunsl X| u X, :e3aBHCHMLI, TO b
gy)= Iofl(xl)ﬁ(y —xp)dx; = Ioﬁ(y = %3) fo(X2)dx; (11.4)

Yucnosele xapakrepuctuku ¢Qynkuuun Y = @(X|, X,) 1Byx cioydaiiHbIX

HEMPEPhIBHBIX BedW4YMH X| U X), MMEIONMX COBMECTHVIO ILIOTHOCTH [ (X,X,),
1 2 y 1>42

ONPENENSIOTCS 10 opMyIam:
— Ha4YaJIbHbIE MOMEHTHI

()= | [ ¢ () f (5,3, (11.5)
— OCHTPAJIbHBIC MOMCHTBI o
w0 = [ [ (@G, x)=m) f(x,x,)dxdx, . (11.6)

—00 —00
B cnydae, Korga 3akoH pacnpeneneHus aprymeHToB X; U X, HEM3BECTEH, a

W3BECTHBI TOJIBKO KX YHUCIOBBIE XAapaKTEPUCTUKU my, my, Dy, Dy, K12

MaTeMaTUYEeCKOe OXKUAaHue my U aucnepcust Dy Bennuunbl ¥ = X| + X, MoryT ObITh
ornpezeneHsl o Gpopmynam:

my =M[X, +X,]=m +m, ; (11.7)
D, =D[X,+X,]=D,+D, +2K,,. (11.8)
Ecmu Y = X1 X;, To MaTremaTtnueckoe oxkuaanue Y paBHO

m, =M[X X, ]=mm, + K,,. (11.9)

B cinyudae HezaBucumbix comHOXkuTenen X; u X, mucnepcust ¥ = XjX, moxer
OBITH OmpeieneHa 1o hopmye



D, =D[X,X,]=D,D, + m’D, + m;D, , (11.10)

n
Ecimn Y=a, +ZCI,-X,-, a, — He clIydaiiHele KOA(GOUIIMEHTHI, TO
i=1

MATECMATHYCCKOC O KNAAHNC U NTUCIICPCHUA YpaBHI)I

mY:M[aO+ZaiXi}=aO+Zaim[; (11.11)
i=1 i=1
n n 5 n n
D,=D|a,+Y aX |=> alD,+2Y > aa K, — (11.12)
i=1 i=1 i=l j=i+l
ITycTp Y = H X,, X; — He3aBUCHMBIE CIly4yaliHbIC BEJIMYMHbBI, 3HAYMUT,

i=1

MATEMATUYICCKOC OKUAAHNUC U OUCIICPCUA YpaBHBI

mY:M{HX,}=Hmi; (11.13)
i=1 i=1

D, =D HX,' :H(Di+mt2)_Hm,'2. (11.14)
i=1

i=1 i=1

Ilpumep 11.1. YCTpOWCTBO COCTOUT U3 ABYX OJIOKOB — OCHOBHOI'O M PE€3EPBHOTO.
IIpu oTKa3e OCHOBHOrO OJIOKA aBTOMATHUYECKH BKJIIOYAETCS PE3EpBHBIA OJIOK.
OnpenenuTh BEPOSITHOCTh O€30TKa3HOM paboOThl ycTpoicTBa B TeueHue 10 4, eciu
BpeMsi 6€30TKa3HOU pabOThl OJIOKOB CIyYallHO M pacHpeesieHo MO MoKa3aTeIbHOMY
3aKOHY, a CpellHee BpeMs HapaOoTkH Ha oTka3 — 10 u.

Pewenue. OnpenenviMm 3akoH pacOpelesieHUs] BEpPOSTHOCTEH BpeMeHu Y
0e30TKa3HOI pabOTHI YCTPOMCTBA:

Y=X,+X,,
rae X1, X, — BpeMs 0e30TKa3HOM padoThl OJI0KOB.

Benmuuunbet X1 u Xp He3aBUCHMMBI M HMMEIOT OJUMHAKOBYIO IUIOTHOCTb
BEPOSATHOCTEH:

Ae ™ x>0

fl(X)=fz(X)={0 <0,

BorupcnuM BenuuuHy A. s mokasatensHoro 3akona A= 1/m, =0,1. Onpenemum
IJIOTHOCTH BEpOSITHOCTH Y 110 hopmyite (11.4):

y
g(y)= j/le_/lxl -/Ie_/l(y_xl)a’x1 = lzye_’q“y, y>0.
0
BbIunciauM BeposSTHOCTE TOTO, uTo Y > 10:
p(Y >210) = jg(y)dy = /Izjye_”dy =~ 0,736.
10 10

Ilpumep 11.2. Benuunubl X1, X2, X3 HE3aBUCUMBI M HMMEIOT CIEAYIOLINE
YHUCJIOBBIE XaPAKTEPUCTUKHU:



m1=2; m2=—3; m3=0; D1=4; D2=13; D3=9.

Onpenenuts ko3pdunuent koppensimuu R y, Benmunn Y u Z:

Y=3X -X,
Z=X,-2X,.
Pewenue. Beraucnum Marematudeckue oxxunanus ¥ u Z mo dopmyne (11.11):
my=3-m — l-m2 =9, mz=m,-2m = —4.

Beraucnum aucnepcuu Dy u Dz o dopmyiie (11.12), yauTeiBas, 4To BETUIUHBI
X; HE3aBUCHUMBI U K,-]- =0:

Dy=(3)2:D1 +(-1)2-D3 =49, D,=D3+(-2)2D1 =25.
Paccuntaem koppensiuoHHbli MOMeHT Kyy 1o ¢opmyne (10.5). Jdns storo
onpexenuM &, ,(y,z) :
a,,(,2) = M[YZ] = M[(3X] - X2)(X3 — 2X1)] = M[3X1X3 - 6 X| -

— X2X3 + 2X0X1]=3mim3 — 6 M[X '] — mom3 + 2moym| =—-6 M[X ] — 12.
Tak kak D] = M[X]] — m} ,t0o M[X] =D+ m] =8.

Taxum obpaszom, «,,(y,z) =-60. Torna

Kyz=a,,(y,2) —mymz=—-60—9(—4) =-24.

Bennunny Ry, onpenemim o dpopmyie (10.6):

K, 24
Yz (DyDZ 35 .
3ATAYN

11.1. Onpenenuth 3aKOH  PaCNpPENCIICHUS  BEPOSTHOCTEN  BEIWYHHBI
Y=sign(X1 +X2), ecim X1 u Xp — ciyuyailHble BEJIMYUHBI, PaBHOMEPHO

pacnpeneneHsbie Ha natepBaniax (—1, 1) u (-1, 2) COOTBETCTBEHHO.
Oteer: p(Y=1)=2/3; p(Y=-1)=1/3.
11.2. Cnyuyaiinas Touka (X1, X2) paBHOMEpPHO pacmpejelieHa B KBaapare C
BepmmmHamMu B Toukax (0, 0), (0, 1), (1, 1) u (1, 0). Onpenenutp IMIOTHOCTD
BeposiTHOCTH Benmmunuel ¥ = X | X, |
OtBet: g(y) =-Iny, 0 <y < 1.
11.3. HeszaBucumble ciy4daiHble BenuuuHbl X W Y HMEOT HyJEBOE

MaTEMaTUYECKOE OKUJAHUE U €AMHMYHYI0 aucnepcuto. Haiitm koadduument

KOPPEJSIUU CIydaHbIX BeInunH U =2X+Yu V=2X-Y.
OTBeT: RYZ = 0,6

11.4. B tpeyroasnuk ¢ Bepumunamu (0, 0), (0, 4), (4, 0) Haygady cTaBUTCS TOUKA
(X, Y). Beraucnute M[XY] u D[.X + Y].
Otet: M[XY] = 12/9, D[X + Y] = 8/9.



12. OHEHKA 3AKOHA PACIIPEJAEJIEHUSA

TI'enepanvhoii co060KynHoCHbI0 Ha3bIBACTCS MHOXKECTBO OOBEKTOB, U3 KOTOPBIX
pou3BOAUTCS BbIOOpKA. Kakapiii u3 0OBEKTOB 3a/laeT (PUKCUPOBAHHOE 3HAUYCHHE
CIIy4allHOW BEJINYUHBL.

Bwibopka — mHOXECTBO {X]|, X2, ..., X5} CIy4alHO OTOOpPaHHBIX OOBEKTOB

(3HAYCHMI ) U3 TeHEePATbHOW COBOKYITHOCTH.

Oo6bemom BHIOOPKH 11 HA3BIBACTCS YUCIIO BXOJSAIINX B HEE 00OBEKTOB.

Bapuayuonnvim paoom HaszbiBaeTCsl BHIOOpKA {321,?%2,---,3%,, } , TIONly4YeHHas B
pe3yibTaTe PacHoIOKCHHS 3HAYCHHH HMCXOJHON BBIOOPKH B IMOPSAKE BO3pACTaHMS.
3HaueHus X, HA3bIBAIOTCS BAPMAHTAMHU.

Imnupuueckan ynkuua pacnpeoeienusn onpenensercs Gopmyon

F(x)=1—, £ <x<X.; (12.1)

OMnupuyeckass QyHKIuUs pacnpeneiaeHus: F*(x) sBaseTcs HauIydllell OLeHKOM
byHkIuu pacupeaeneHus F(x) (HECMEIEeHHON, COCTOSITENbHOM, 3 (HEKTUBHOMN ).
Ecimu ananmusupyemas CB X sBisieTcss AUCKPETHOW C U3BECTHBIM MHOYKECTBOM

3HAYEHUN {x 19X seees X, } , TO IO UCXOJIHOM BBIOOpPKE OOBEMOM 71 OTpEEseTCs

cmamucmuy4ecKkuil psao pacnpeoeieHus 6epoAnmHocmell:

X X1 X2 Xm
pj kl kz km

k.

*

— J .

rme p; = — YacCcToTa MOsABJIICHUA J-TO 3HAUYCHU S
J n s

kj — 9uCI0 3HAYEHMH X; B BBIOODKE.
Ecnu anamusupyemas CB X siBisieTcss HENpephIBHOM, TO TI0 UCXOHON BBIOOPKE
CTPOUTCS] UHMEPBAIbHBLIL CHIAMUCMUYECKUIL PAO 6EPOAMHOCHEN:

J 4; B; h v 12 f;
1 A, B, h Vi 23 1
é

M Ay By hy 2% pL ﬁ;

rJI€ j — HOMEp UHTEpBala;
M — yucno HenepeceKarIMMUXCs U MPUMBIKAIOIINX APYT K IPYTy UHTEPBAJIOB,

Ha KOTOpbIe pa30UBaeTCs AMaNa3oH 3HAYCHUI [X 15X ] :



int(\/;),nSIOO,

int((2-4)-1g(n)),n >100,

rae int(x) — menas gacth yucia x. JKenarenpHo, 4TOOBI 7 0€3 ocTaTKa ACIHIOCh Ha M,
Aj, B; — neBast u nipaBasi TpaHHLIbI j-ro HHTEpBaa (4;+] = Bj), IIpUYEM

Al = ')%1 b BM = )2'

hj = Bj — Aj — qnnHa j-ro HHTEpBaa;

M~ (12.2)

n o

Vj — KOJIMYCCTBO YHCCII B BI)I60pK€, Imoragarommnux Bj-ﬁ HHTCPBAJI,

* V.
_ j .o
P ; = —— —4acToTa IIonajaHus B j-U HHTCPBAJI,
n

£
« P,V ,
f‘j - h - nh — CTATUCTHUYCCKAA IIJIOTHOCTDH BCPOHTHOCTI/I B]-M I/IHTepBaJIe.
j j
[Ipy MOCTPOCHUH HWHTEPBAIBHOTO CTATHCTHUECKOTO psijfia BEPOSTHOCTEH
HCITOIB3YIOT CIIEAYIOIINE METOABI pa30OueH s AMana3oHa 3HaYeHU I Ha HHTEPBaJIbL:

1) Pagnounmepeanvhulil, T.€. BCE UHTEPBAJIBI OJUHAKOBOU JIMHBI:

X —X
h.=h="—"L1 VY, 12.3
Y, J (12.3)

A =2+ -Dhj=2,M. (12.4)

2) Pagnoseposamuocmmulil, T.€. TPAHUIIBI UHTEPBAIOB BHIOUPAIOT TaK, YTOOBI B
Ka)KJIOM UHTEpBajie ObUIO OJIMHAKOBOE YHCIIO BRIOOPOYHBIX 3HAYEHUHN (HEOOXO0IUMO,
9TOOBI 11 O3 OCTATKA ITIIOch Ha M):

.1
Vj=V=ML,pj=M—Vj, (12.5)
‘)’e'—v+‘£'—v+ ~N g
4, =" 2“ Dl j=2,M . (12.6)

['mcrorpaMma — CTATUCTUYECKUWA aHANOT Trpaduka IUIOTHOCTA BEPOSTHOCTH
f'(x) CB wu oHa CTpPOHUTCS 1O HHTEPBAILHOMY CTAaTHCTHYCCKOMY DSIIy.
TF'ucmocpamma  npencraBisger  coOOM  COBOKYHNHOCTh  NPSMOYTOJIBHUKOB,
MOCTPOCHHBIX, KaK HA OCHOBAHHSX, HA HMHTEPBANax /ij CTATHCTHYCCKOrO psga ¢

*
BBICOTOW, PABHOM CTATUCTUYECKOW MIIOTHOCTH BEPOSITHOCTH f ; B COOTBETCTBYIOILIEM

uHTepBasie. JlJisi paBHOMHTEPBAJIBLHOIO METOJIa BCE MPSAMOYTOJIbHUKH THCTOIPAMMBI
UMEIOT OJMHAKOBYIO IIMPUHY, a ISl PABHOBEPOSITHOCTHOTO METOJIa — OJIMHAKOBYIO
iomaib. CymMma Iomaae Bcex npsiMOyroIbHUKOB TUCTOTPaMMbI paBHa 1.

Ilpumep 12.1. 3anana BeIOOpKa ciiyyaiiHOM BenuuuHbl X: {4, 3, 3, 5, 2, 4, 3, 4,
4,5}. llocTpouTh BapHALMOHHBIA psAd W Tpa@UK >SMOUPUYECKOW (YHKIHUH
pacnpenenenus F*(x).

Pewenue. BapualinuoHHBIN psij CIydyallHOM BEIMYMHBI UMeeT BuA {2, 3, 3, 3, 4,
4,4,4,5,5}.



OmpenensieM 3HAYCHHS SMIOUPUYECKONM (YHKIMU pacnpeneneHus F*(x) mo

dbopmyme (12.1):
0,x <2;

0,1,2 < x < 3;
F'(x)=140,4,3 < x < 4;
0,8,4<x<5;
I,x > 5.

I'padux bynkuun F*(x) umeer Bun (puc. 12.1):

F*0)
1,0 l
0,8
0,6
0.4
0,2 l
1 X
~ 1 1 1
2 3 4 5
Puc. 12.1

3ameuanue. B kaxa01 TOYKE OCU X, COOTBETCTBYIOLIEH 3HAYECHUSIM X, (DYHKIIUSA

F*(x) umeer ckadok. B Touke paspeiBa F*(x) HempepblBHA CjieBa U NPUHUMAET
3HAQUEHHUE, BBIJICIICHHOE 3HAKOM L.

Ilpumep 12.2. BapualMOHHBIN psJ CIy4allHOM BEJIWYMHBI X HMEET BH]
—6,237 —6,229 -5,779 -5,139 4,950 —4,919 —4,636 —4,560 —4,530 —4,526 —4,523
—4,511 4,409 —4,336 —4,259 —4,055 —4,044 —4,006 —3,972 -3,944 —3,829 3,794
-3,716 —3,542 -3,541 -3,431 3,406 —3,384 -3,307 3,181 3,148 3,124 3,116
—2,892 2,785 2,734 2,711 -2,637 -2,633 —2,428 2,381 —2,339 2,276 2,222
-2,167 -2,111 -2,034 —1,958 —1,854 1,803 —1,774 —1,755 —1,745 —1,713 —1,709
—-1,566 —1,548 —1,480 —1,448 —1,353 1,266 —1,229 —-1,179 —1,130 —1,102 —1,060
—-1,046 -1,035 —0,969 —0,960 -0,903 —0,885 —0,866 —0,865 —0,774 —0,721 —0,688
—0,673 0,662 —0,626 —0,543 -0,445 0,241 -0,174 0,131 0,115 0,205 0,355

0,577 0,591 0,795 0,986 1,068 1,099 1,195 1,540 2,008 2,160 2,534
2,848.

[TocTpouTs THCTOrpaMMy paBHOMHTEPBAJIbHBIM UM PABHOBEPOSATHOCTHBIM
METOJIaMH.

Pewenue. O6bem BriOOpKU paBeH 100. KonnuecTBO MHTEpBAIIOB OmpenessieM

o dopmyse (12.2): M ~~/n =~/100 =10.
Hns PaBHOMHTEPBAIBLHOTO MEeTOJa OCTPOCHUS MHTEPBAJIIBHOTO
CTaTHCTUYECKOTO PsAJla BEPOSITHOCTEW BEIUYUHBI hj, Aj, Bj paccyuTaHbl 110

dbopmymnam (12.3), (12.4):



J A4j Bj hj vj P, J
1 —6,237 —5,3345 0,9085 3 0,03 0,033
2 -5,3345 —4,426 0,9085 9 0,09 0,099
3 —4,426 -3,5175 0,9085 13 0,13 0,143
4 -3,5175 —2,609 0,9085 14 0,14 0,154
5 -2,609 —1,7005 0,9085 16 0,16 0,176
6 1,7005 —0,792 0.9085 19 0,19 0,209
7 —0,792 0,1165 0,9085 12 0,12 0,132
8 0,1165 1,025 0,9085 6 0,06 0,066
9 1,025 1,9335 0,9085 4 0,04 0,044
10 1,9335 2,848 0,9085 4 0,04 0,044
PaBHOI/IHTepBaHBHaSI I‘I/ICTOFpaMMa HUMECT BUJ (pI/IC 122)
ANE(x)
—0,20
— —H0.15
—Ilo,10
—0,05
| | | | X
-6 -4 -2 0 2
Puc. 12.2
I[JI?I paBHOBepOﬂTHOCTHOFO METOoAa HOCTpOGHI/ISI I/IHTepBaJIBHOFO

sk
CTaTUCTUYECKOTO psAia BEPOATHOCTEN BEIMYUHBI Vi, P, Aj, Bj paccCUuTaHbl 0

dbopmynam (12.5), (12.6):

J 4j Bj hi i | P I

1 —6,2370 —4,5245 1,7125 10 0,1 0,0584
2 —4,5245 -3,8865 0,6380 10 0,1 0,1567
3 -3,8865 -3,1645 0,7220 10 0,1 0,1385
4 -3,1645 -2,4045 0,7600 10 0,1 0,1316
5 -2,4045 —1,7885 0,6160 10 0,1 0,1623
6 —1,7885 —-1,3095 0,4790 10 0,1 0,2086
7 —1,3085 -0,9319 0,3766 10 0,1 0,2655
8 -0,9319 —0,5843 0,3476 10 0,1 0,2877
9 —0,5843 0,6932 1,2775 10 0,1 0,0783
10 0,6932 2,8480 2,1548 10 0,1 0,0464



PaBHOBeposiTHOCTHAs TUCTOrpaMMa umeet Buj (puc. 12.3):

%)
M
02
ot
I I I I SN
7
6 4 2 0 2
Puc. 12.3
3AJAYU

12.1. TTocTpouTh SMIUPUYECKYIO (PYHKIMIO paCIpeAesIeHUs 10 BApUALIUOHHOMY
psaxy u3 npumepa 12.2.

12.2.  Tloctpouth
TUCTOTPAMMY PaBHOMHTEPBAIBHBIM W  PABHOBEPOATHOCTHBIM  METOJAMHU IS
BbIOOPKH, 3aJaHHONM BapUALIMOHHBIM PSIOM

2,60
4,06
5,22
6,23
8,63
10,02

8,60
8,96
4,49
10,53
5,69
3,64
9,94
9,66

2,62 2,774 2,76
4,07 4,09 4,15
5,45 5,51 5,57
6,55 6,70 7,30
8,80 8,84 8,97

3,17
4,23
5,59
7,62
9,01

10,07 10,16 10,24 10,27
11,01 11,01 11,11 11,23 11,35
12,24 12,53 12,57 12,96 12,98

12.3. IlocTpouTh pPaBHOMHTEPBAIBHBIM W PaBHOBEPOSTHOCTHBIM METOJAMH
VHTEPBAJIbHBIM CTATUCTUYECKUN DAL BEPOSITHOCTEH U TUCTOTPAMMY CIy4alHOU
BEJIMUMHBI 10 CIEAYIOLIEH BIOOpKE:
6,54 3,26 5,96 4,68 6,55 11,33 9,50 8,58 7,16 10,84 5,81
12,60 11,08 4,52 8,06 2,42 10,05 10,29 10,03 4,77 9,46 7,26
11,80 11,68 8,61 12,82 536 7,85 11,69 11,00 5,07 2,23 10,14
5,10 7,27 6,94 6,53 11,08
10,54 10,20 12,11 2,92 12,31
11,80 8,61 3,80 7,42 5,09
10,46 2,75 4,22 11,56 10,43
2,30 7,04 7,88 8,30 2,22

3,18
4,24
5,64
7,72
9,02

10,38 10,62 10,63
11,56 11,58 11,73
13,04 13,22 13,35

3,29
4,28
5,66
7,80
9,20

6,61
5,95
7,68
3,66
8,71

3,35 3,40
430 4,43
567 5,73
791 7,94
922 941

9,27 5,83

3,42
4,46
5,76
7,97
9,57

9,56 7,51

AMIIUPUYECKYI0 (YHKIUIO pachpeeneHus,

3,46
4,68
5,88
8,00
9,65

2,82 7,69 4,30 11,17
3,98 10,59 8,40 12,76
10,14 6,53 10,83 5,36

7,79 9,82.

a TakKXKe

3,54
4,77
6,11
8,10
9,92

10,73 10,96 10,98 10,99
11,77 11,99 12,10 12,13 12,18
13.45.

5,98
6,99
4,37
6,67

3,68
5,19
6,13
8,47
9,98
11,00

2,92
2,62
9,89
8,64
12,78
5,88
4,83



13. TOYEYHBIE OHEHKH YNCJOBBIX XAPAKTEPUCTHUK
N IMAPAMETPOB

Cmamucmuueckoit ouenxoui () mnapamerpa () pacupenesieHHs Ha3bIBaeTCs

NpUOIIKEHHOE 3HAUCHUE MapaMeTpa, BRIYUCICHHOE 10 pe3ysIbTaTaM dKCIIePUMEHTA
(o BBIOOPKE).
Toueunoii Ha3bIBACTCS OIICHKA, OTIpE/IesieMasi OJTHIUM YKCIIOM.

Ounenka () Ha3bIBACTCA COCHIOAMENbHOU, €CIU TPU YBEIMYEHUH OOBbeMa
BBIOOPKHU 77 OHA CXOJIUTCSA 110 BEPOSITHOCTU K 3HAUCHHIO TTapameTpa Q:
9 P : 9 _
QTQ:LE?O(P(‘Q—Q‘<8))—1,V5>O.
Onenka () Ha3bIBACTC HECMEU|eHHOI, €CIU €€ MAaTEMaTUYECKOE O0XXHUIAHHE
TOYHO paBHO MmapameTpy Q uis J1ito60ro 00beMa BIOOPKHU:
MI[OQ]=0,Vn.
Hecmemennass onenka @ sBasierca Ighghekmuenoii, ecinu ee aucrepcus

MHUHUMAaJIbHA IO OTHOIICHUIO K JUCTIEPCHUH JIF0O0M APYTroi OIIEHKU 3TOr0 MapaMeTpa.
CocrosiTennbHAasT HECMEUIEHHAss OLECHKA MAmMeMAmuiyecko20 O0NCUOAHUA,
Ha3bIBaeMas BLIOOPOUYHBIM CPEIHUM X , BBIYUCIISICTCS IO PpopMyJie

A
my=%X=—Y X,. (13.1)
n iz
YucIIoBbIe XapaKTEPUCTHKU X
_ . D
M[x]=m,, D[x]=—-
n
CocrosiTesbHast HECMEIICHHAsT OIICHKA OUCHEPCU PaBHA
* 1 d —\2 1 « n _
D,=8=—>(x-X)=— > x' ——X".
v =So n_lg( ) = 25T (13.2)

2
YuUCII0BbIE XapAKTEPUCTUKH S :

I’l—3 Df(.

MIS;1= D, DIS; = #4802

CocrosTenbHas HCCMCIICHHAA OLICHKAa cpeduezo KeaOpamuueCKozo

OMKJ/IOHEHUA:
S, =+/S2. (13.3)

CocrosiTenbHas OLIEHKA HAYaAbH020 Momenma k-20 nopadka onpenensercs 1o
dbopmyie

&, (x) =%-i(xi)k. (13.4)

CocrosTenbHas OLECHKA UeHMPAabHO20 MOMeHnma k-20 nopadka paBHa

n

,[tk(x):%-Z(xi—)?)k. (13.5)

i=1



HeCMeHleHHaH COCTOMATCIIBHAA nu a(b(l)eKTI/IBHaH OILICHKAa BCPOHTHOCTI/I
CIy4aifHOro coObITUS A B CXEME HE3aBUCUMBIX OIBITOB BepHyum:
pl(4)=", (13.6)
n
A€ m — 4YnCJIO OIIBITOB, B KOTOpBIX HpOI/I3OH_IHO CO6BITI/IC A,
n — 4Yuciio HpOBe,I[eHHLIX OIIBITOB.

UucnoBbie XapaKTEPUCTUKH p(A)=p :

M[p'1= p(4) = p, D[p*]=@.

Jlis  BBIYHCIICHUS OIICHOK IapaMeTpOB  pPACIpeiefieHUS dalle BCEro
MPUMEHSIOTCS METOIbl MOMEHTOB U MAaKCHUMAJIbHOT'O MPaBIOTIOI00MS.

Cytb Mmemooa momenmog 3axiouaercss B cienytouiem. Ilycte umeercs
BbIOOpKA {X], ..., X;;} HE3aBUCHUMBIX 3HAYEHUU CIIy4allHOW BEJIUYHMHBI C U3BECTHBIM

3aKOHOM pacnpenenenus fix, 01 , ..., Q) U m HEU3BECTHBIMU Nlapamerpamu 01, ...,
O;- locnenoBaTenbHOCTh BHIYMCICHUN CIEAYIOIIAs:

1. Beuncanuth 3HaYeHUS m HAYaJbHBIX W/WIU HCHTPAJIBHBIX TCOPCTUUCCKUX
MOMCHTOB

k
ak(x)zM[Xk], yk(x)zM[(X—mx) J
2. Onpenenurs m COOTBETCTBYIOMIUX BBHIOOPOYHBIX HAYANbHBIX & (X) u/vmm
IEHTPAIBHBIX £/, (X) MOMEHTOB 1o dopmyiam (13.4),( 13.5).

3. CocTaBuTh M PElINTh OTHOCUTEIBHO HEM3BECTHBIX mapamerpoB (1, ..., Om

CUCTEMY W3 M YpPaBHEHHWH, B KOTOPHIX MPUPABHUBAIOTCS TEOPETHUCCKUE W
BBIOOpOYHBIE MOMEHTHI. Kaxkmoe ypaBHeHHe uMeeT Bui — «,(x)=a,(x) wim

A

4, (x)= g1, (x). HalineHHble KOpPHHU SIBISIOTCA OLICHKaMHU Ql, ..., O, HEU3BECTHBIX

napameTpoB.
3ameuanue. YacTb ypaBHEHHUH MOXKET COJEpPKaTh HadalbHbIE MOMEHTHI, a
OCTAaBIIIASICSl YACTh — [IEHTPAJIbHBIE.

CorsmacHO METONY MaKCUMAnbHO20 npagoonodoodous oucsku Q,, ..., O
MOJIy4aloTCsl U3 yCJIOBHUSI MakcuMyMa 1o mapameTrpam (1, ..., Oy MOT0XKUTEIHHOMN
bynkuu npasaomnogoous L(x1, ..., Xz, O15 - Om)-

Ecnu ciyyalinas BenuuuHa X HENPEPHIBHA, a4 3HAYCHUS X; HE3aBUCUMBI, TO

n
L(xla-"axnana“'an) = Hf(xiana---an)'
i=1
Ecnu cnydaiinas BennyrHa X JUCKpPETHA U NMIPUHUMAET HE3aBUCUMbIE 3HAYEHUS
X;j ¢ BeposTHOCTIMU  p(X =Xx;) = p;(x;,0),...,0,,), TO (pyHKIUS mpaBaONOnoOUs

paBHa

L(xlﬂ'“’xn’er":Qm) :Hpi(bel’“me)'

i=l1



Cucrema ypaBHeHI/Iﬁ COIIaCHO 3TOMY MCTOLY MOIKCT 3aIIUMChIBATLCA B ABYX
Buaax:

é’L(Xl, e Xy Ql’ B Qm):O i=1, 2, ..
20;

500041

ﬁln(L(xl, s Xy O, e Qm))
20;

HalinenHnpie KOpHUM BBIOpAHHON CHCTEMBI YpaBHEHUH SBJISIOTCS OLEHKAMHU

=0, i=1, 2, .., m

Ql, ..., O, HEW3BECTHBIX NapameTpoB Q1, ..., Om.

Ilpumep 13.1. CnyuailHas BenuuuHa X pacrpeneneHa IO PaBHOMEPHOMY
3aKOHY, T.€.
1

f(x)=<b-a’

0, x<awvx>bh.

a<x<b,

Heo6xo1uMo onpeaenuTh OlICHKH MapaMeTpoB a U b.
Pewenue. JIia naHHOTO 3aKOHA pacmpeieNieHus] OMpeAesisieM TEOPETHUECKHE
BBIPKEHUS JIBYX (10 YHCITy HEM3BECTHBIX MApaMETPOB) MOMECHTOB:

b
o (x)=my =j(b’_“a)dx:(“;b);
N2
,Uz(x)=DX=(b1—;)-

o —- 2
ITo HCXOOAHOH BBI60pK€ OonpcACIKICM OLCHKH 3THUX KEC MOMCHTOB X u S() I10

dopmynam (13.1) u (13.2) coorBercTBeHHO. COCTaBlsIeM CHUCTEMY HX JABYX
YPaBHEHUM:

b—a
D, =——=8,.
X 2\/5 0

PemuB ee OTHOCHUTEIBHO HEU3BECTHHIX mapamMcTpoOB a U b, IMMOJIYYHUM OLICHKM:

a=x--3-S,, b=x++3-5,.

Ilpumep 13.2. IlycTh X; — HE3aBUCHUMBbIC 3HAUECHUS CIIyYalHOW BEJIMYMHBI X,
pacnpenesNieHHO! 110 SKCIIOHEHIUAJIBHOMY 3aKOHY, T.€.
de ™, x>0,
f(x)=
0, x<0.

HeoOxoauMo TONy4HuTh OIIEHKY TMapamerpa A METOJOM MaKCHUMaJIbHOTO
PaBIOMO00uSI.
Pewenue. ®yHxuus npaBaomno100us UIMEET BUT



n
In(L(Xpy wooy Xy, A))=n-In(A)—24-> x; .
i=l1
Jlanee 3anuceiBaeM ypaBHEHHE

n
aln(L):ﬁ_le_o_

o A =
i=1
PemmB ero, nmony4yaem BbIpa)KeHUE 7S OLIEHKH Mapamerpa A:
A n 1
/1 = = —_.
n X

3AJJAYN
13.1 Haiitu MeT0o10M MOMEHTOB OIIEHKY MapameTpa A CIy4yallHON BEJIMYWHBI,
pacrpeereHHON 0 SKCIIOHEHIIMAIbHOMY 3aKOHY (cM. ripumMep13.2)

OtBeT: A =

X

oL

13.2. OTo0OpaHo 5 TENEeBU30POB C IEIbI0 KOHTPOJIS HEKOTOPHIX MapaMEeTPOB.
Pe3ynbTaTel M13MEpEeHUs HANPSKEHUS MCTOYHMKA NIUTAaHMs B TeneBusopax: 12; 11,5;
12,2; 12,5; 12,3 B. MetomomM HauOOIBIIET0 TPABAONOAO0US HAWUTH OICHKY
napamMeTpa m, €CId HaIlpsHKEHHE — CiIydahHas BenudyuHa X, pacupenesieHHas 1o
HOPMaJIbHOMY 3aKOHY .

Oteer: m =12,1 B.

13.2. Onpenenuth METOIOM HaWOOJIBIIETO MPABIOMONA00MS OIICHKY MapameTpa
p OMHOMMAIILHOTO pacmpeieeHus

p(X:i):pi:

CCJIX B 711 HC3aBUCUMBIX OIIbITaX coObITHE A TIOSBUIIOCH m1 pa3 U B n) HEC3aBUCUMBIX

n! i i
-’ 1

OTIBITaxX — M) pas.
OtBeT: p = (m1 + mp)/(n1 + ny).



14. UHTEPBAJIBHBIE OLHIEHKHN YU CJIOBBIX XAPAKTEPUCTHUK

Jloeepumenvnvim HA3BIBACTCA UHTEPBAJ, B KOTOPBIN C 3aJaHHON BEPOSITHOCTHIO
(HaIe)KHOCTHIO) Y TOMANAlT 3HadeHUs mapameTrpa (J. BeposaTtHocTs ¢ BeIOMpaeTcs
ommskon x 1: 0,9; 0,95; 0,975; 0,99.

JloBEpUTENbHBIA  WHTEPBAT  HAJAEKHOCTBIO Y ULl  MAmMeMAmu4ecKkozo
0J1CU0aHUA CITyYaillHOW BEJIMYMHBI X ¢ HEM3BECTHBIM 3aKOHOM PACTPEICIICHHUS:

A8 So-2,
7n Nl (14.1)

rae z, = arg® (g) — 3HaYeHue aprymenra Qpynkunn Jlamaca O(zy) = %

X <my, <X+

(cM. IpUIIOKEHHUE).
JloBepUTENbHBIA MHTEPBAN HANECKHOCTBIO Y IJII MAaTEMaTHUYECKOrO OXKWJIaHUS
HOPMAaJIbHO PACIIPEIECIIEHHON CIyYalHON BETUYUHBI X :

Syt Sot,,
XL <m, <x¥4+—F2 (14.2)

9
Jn Jn
rae t}/’n—] — 3Ha4YeHue, B35ATOE U3 TabIuLbl pacnpeaenenus CThIOIeHTa

(cM. IpUIIOKEHUE).
JloBepUTENbHBIA WHTEPBAJ HAJEKHOCTBIO Y Il OucCnepcuu CIydaitHOU
BEJIMYMHBI X C HEU3BECTHBIM 3aKOHOM PacCIpeICIICHUS

2 2
Sg -z, ES& <DX <S§ +27 ESg’ (14.3)

roe z, = arg® (g) — 3HaueHune aprymenra (ynkuun Jlannaca @(zy) = %

(cM. mpuUIIOKEHUE).
JloBepUTENBHBIA HMHTEPBAI HAAECKHOCTBIO Y Uil JUCIEPCUA HOPMAJIbHO
pacnpeneNieHHON CIIy4YalHOW BEJTMYHUHBI X:

1y Q2
(n-1S, <

_(-Ds;
2
Xi-

2
Zﬂ,n_l
2

Dy ’ (14.4)

J,n—l
2
2 2 2
rae Xy > Ay | — 3HAYCHHS, B3STHIC U3 TAONMIIBI PACIPCACTICHNUS X
27 27
(CcM. IpUIIOKEHUE).

JloBepUTENbHBIN WHTEPBAI HAJICKHOCTBIO Y IS @eposmHocmu coobitus A B
CXEM€ HE3aBUCUMBIX ONBITOB bepHym

p(-p)
n

<p(A)<p +z,- (14.5)




* * m
rne p = p (A) =— —4acTtoTa mosBiIeHUs COOBITUS A B 71 OTBITAX;
n

M — YUCJIO ONBITOB, B KOTOPBIX MPOU30ILLUIO COOBITHE A;
1 — YHUCIIO TIPOBEJICHHBIX OMBITOB.
Ilpumep 14.1. TlpousBoauTcs cepusi HE3aBUCHUMBIX OIBITOB C  IEJbIO
onpeneneHus: BeposTHOCTH coObiThsa A. B 100 ombiTax coObiTe mpousomnnio 40 pas.

* m
Yactora coObiTUst P (A) = IIPUHHUMACTCA 3a HpI/I6HI/I)I<eHHOC 3HAQUYCHUC
n

BEPOSITHOCTU ATOr0 coObITHA. HaliTh BEPOATHOCTH TOTO, YTO AOIYLIECHHAs MPU 3TOM
ommnbOka Mense 0,1.

Pewenue. Heobxoaumo HalTH HaJEKHOCTh ) CIEAYIOIIETO JOBEPHUTEIHLHOTO
MHTEpBAJIA:

p(|p" (- p(4)|<0,1)= p(p" = 0,1< p(Ad) < p" +0,) =y,

* 1_ *
re. 2| 2822 01 (e, dopmyny (14.5)).
n

C 5= 04, =000 5o
Y4€TOM TOI'O, 4TO 100 5Ty £y, O,4 0,6 > , HICKOMas BCPOATHOCTD

y=2-®(2,041) =~ 0,958 .
Ilpumep 14.2. HaliThu MHUHUMAJIBHBIA O0BEM BBIOOPKHU, MPU KOTOPOM C
BEpOATHOCTHIO (0,95 TOYHOCTH OIIEHKM MATEMaTUYECKOTO OXUIAHUS CIy4YaiHOM

BEJIMYHMHBI 110 BEIOOpOYHOMY cpeaHeMy paBHa (0,2, ecnu Sy = 1,5.
Pewenue. 13 ycnoBus 3agaum u3BECTHO, 4TO

p(|jmy,—x|<0,2) = px—0,2<m, <x¥+0,2)=0,95
B coorBerctBUM ¢ (opmyrnoit (14.1) TOYHOCTH OILIGHKH MAaTeMaTHYECKOTO

S, S, 2
0 7 ' z < O 2 =>n> 0 4
9 .
OXHnJaaHuA — 2

0,95

U3 Tabnuiel Gpyukimu Jlaniaca BeioupaeM 3nauenne z, = arg O ( )=1,96.

CnenoBarensho, 71>(1,5-1,96/0, 2)2 >216,09=217.
Ilpumep 14.3. Tlo pe3ynpraram 10 wu3MepeHUN omnpeneraeHa HECMENICHHAs

2 2 v
oneHka gucnepcun S, =4M° . OmnpenenuTs J0BEPUTENbHBI MHTEpBAN I

JMCIIEPCUH C HaIe)KHOCTHIO 0,96.
Pewenue. Bocrionszyemcs hopmyioii (14.4), Tak Kak TOTPEUTHOCTH U3MEPEHUH,

2
KaK MPaBWIIO, pacipeiesieHbl 0 HOpMAIbHOMY 3aKoHy. M3 Tabnuubl 4  BeIOMpaeM
2 . oa,2
3HAUCHHUE X 020 = 19,68, ¥(o50 2,53
9-4 9-4

[TosTomy 19.68 <Dy <2—53 =1,829<D, <14,23.



3AJIAUM

14.1. BeiuucnuTh AOBEPUTENbHBIN HUHTEPBAN ISl MATEMATUYECKOTO OXKUIJAHUS
eMKocTH KoHjieHcaropa, eciu X = 20MK®D | = 16, nosepurenbHas BEPOSATHOCTD

v = 0,9, cpenHee KkBajpaTHUECKoe OTKIOHEHHE paBHO 4 MKD.
Otgert: (18,35 Mk®; 21,65 MKD).

14.2. TlpousBoguTcs cepus HE3aBHUCUMBIX OIBITOB C LEIbIO ONPEAEICHUs
BeposiTHOCTU coObITHst A. B pesynbrare 100 ombiToB coObiTHE Mpou3onuio 36 pas.
OTHOCHUTENbHAST 9acTOTa MPUHUMACTCS 3a MPUOIMKEHHOE 3HAYCHHE BEPOSTHOCTH.
KakxoBo MOMKHO OBITH YHCIIO OIBITOB, YTOOBI ¢ BepOsSTHOCTHIO 0,99 MOXHO OBLIO

YTBEPKJ1aTh, YTO AOMYLIEHHAs IPU 3TOM omnOKa He npesbimaet 0,057
Ortser: 139.

14.3. Ilo pe3ynbTaTam TSTH U3MEPEHUN  OMpejesieHa HeCMelleHHas
2 2
cocTosaTenbHAs omeHka aucrepcun S, =10M". Onenurts BeposTHOCTH TOTO, YTO

VCTUHHOE 3HAYCHUE JIMCIIEPCUHU MOMAIAET B UHTEPBAI (5M2; 20 Mz).
OrtBert: 0,64.

14.4. Yto npouCcXOaUT C JUIMHOM JOBEPUTEIBHOIO MHTEPBAJIA IIPH YBEJINYCHHH:

a) ooObema BbIOOPKU 7, 0) TOBEPUTENBHOM BEPOSATHOCTH Y7
OTBeT: a) yMeHbILIAETCS;
0) yBeJIMUHUBAETCHI.



15. TIPOBEPKA CTATUCTUYECKUX I'IITIOTE3
O 3AKOHE PACITPEJEJIEHUA

Kpumepuem coznacusa naspiBaeTcs cliydaiiHas BeIMYMHA
U=p(x.K ,x,),
TrAc X; — 3HAUCHUC BI)I60pKH, KOTOpaﬂ I1I0O3BOJISICT HpI/IHHTI) NJIN OTKIIOHHUTDb FI/IHOTeBy
0 IPE/IIOIAracMOM 3aKOHE PACIIPEICIICHIS.

AJTOPUTM NPOBEPKH TUIIOTE3bI MPU MTOMOIIU Kpumepus coanacus X

1. TlocTpouTe WHTEPBAIBHBIA CTATUCTUYECKUM pAX  BEPOATHOCTEW W
TUCTOIPaMMY.
2. Ilo Buy rucTorpaMMsbl BbIIBUHYTh TUIIOTE3Y

Ho: fix) =f0(x), Fx) = Fo(x),

H1: flx) # fo(x), Fx) # Fo(x),
rae fo(x), F(x) — mI0THOCTh U (PYHKITUS TUIOTETUYECKOTO 3aKOHA PaCIIpeIeIICHHUS.
3. Hcmomp3yss METOJ MOMEHTOB WJIM MaKCUMAJBHOTO MPaBIONOA00MS,

OIPCACINTb OOCHKHN HCU3BCCTHLIX IMAPaMCTPOB Ql’ ceey Qm TUIIOTECTHUYCCKOI'O 3aKOHAa
pacrpeieTeHus.
4. BLIYUCIUTE 3HAYEHUE KPUTEPHS 110 (hopMyIIe
M ( oy 2
pi=p) ¥ (v;-m))
j P
S SR B ol € eV (15.1)
i=1 Pj j=1 np ;

rae pj — TEOpeTHYeCKas BEPOATHOCT IONAJaHHs CIy4aiiHOW BEIHYMHBL B j- i
MHTEpPBAJI MIPU YCIOBUH, YTO TUNoTe3a H() BepHa:

Py = A, <X <B)= [ f@)dv=F,(B)~F(4). (152)
4
3ameuanus. llpu pacuere p; u P, B KadecTse KpalHUX TPaHUL] MEPBOTO U

MOCJIETHETO MHTEPBAIOB A;, B, CI€NyeT WUCIOJIb30BATh TEOPETHUUYECKUE TPAHUILIBI
TUIIOTETUYECKOTO 3aKOHa pacmnpenesieHus. Hampumep, st HOpMaJIbHOTO 3aKOHA
Al =-, Bpy=+co. Ilocie BBIUKUCICHHS BCEX BEPOATHOCTEW p; TPOBEPUTH,

BBIITOJIHACTCS JIX KOHTPOJIbBHOC COOTHOIICHHC

M
1->" pi|<0,01.
j=1
2 2
5. U3 tabauupl ' (CM. TIPUIIOKEHUE) BBIOUPAETCS 3HAYEHHE Y, ., THE O —

3aIaHHBIN YpoBeHb 3HaunMocTH (o = 0,05 wm 0,01), a k£ — urciio creneneit cBoOO kI,
ompenensieMoe 1mo hopmyie

k=M-1-s,



IJI€ § — YUCIIO IapAMETPOB IMIIOTETHYECKOI0 3aKOHA PACIIPECIICHMS, 3HAUCHUS
KOTOPBIX ObUIM OMPE/EIICHBI B II. 3.
2 2
6. Ecmu ¥ > ¥, , TO runote3a H, OTKIOHSETCS, B TPOTUBHOM CIly4ac HET

OCHOBAHUU €€ OTKJIOHUTb.

[TocienoBaTrenbHOCTh  JAEHUCTBUM  IIPU  IPOBEPKE THUIIOTE3bBl O  3aKOHE
pacupeneneHus Ipyu IOMOIIY Kpumepusa co2nacusa Koamozopoga cnenyromas.

1. IlocTpouTh BapUalMOHHBIN psSA W TpapUK SMIUPUYECKON (PYHKIMU

pacnpenenenus F >|<(x) (cm. (12.1)).
2. To Buxy rpaduxa F(x) BBLIBHHYTH THIIOTE3Y:
Ho: F(x) = Fo(x),

Hj: F(x) # Fo(x),
rae F(x) — GyHKIIHUS THIOTETHYECKOTO 3aKOHA PACTIPEICICHUS.

3. Hcnonb3yss MeTOJ, MOMEHTOB WJIM MaKCUMaJIbHOTO MPaBIONOI00MUs,
ONPEJEIUTh OIIEHKU HEU3BECTHBIX MapaMeTpOB Ql, vy Qm TUIOTETUYECKOr0 3aKOHA
pacrpeseneHus.

4. Paccuurarh 10—20 3nHaueHnit GpyHkuu F ,(X) ¥ TIOCTPOHTB ee rpaduK B OJTHOM
cHCTeMe KOOPIMHAT ¢ byHKIueH F (x).

5. Tlo rpaduky ompenenuTh MaKCUMAaIbHOE MO MOJIYJIO OTKJIOHEHHE MEXIY
dynxumsivu F (x) u F (%)

Z =max (15.3)

6. Boruucnuts 3nauenue kpurepust Konmoropona

A=In-Z. (15.4)

7. U3 tabmuuel pacnpenenenus KommoropoBa (cM. MpUIIOKEHHE) BBIOPATH
KPUTHYECKOE 3Ha4eHHE Ay y =1-«. 31eCh @ — 3aJaHHBI YPOBEHb 3HAYMMOCTH
(a=0,05 wmm 0,01).

8. Ecn A > Ay, TO HyneBas runotesa F() OTKIOHSCTCS, B MPOTUBHOM Clydae
HET OCHOBAHHM €€ OTKJIOHUTD.

Ilpumep 15.1. BpIABHHYTh THUIOTE3Y O 3aKOHE PACHPEACIICHUA CIyYalHOU
BeTMUMHBI X W TIPOBEPHTH €€ C MOMOLUIBIO KPUTEpHs Y2. BapuauuoHHbII psi,
VMHTEPBAJIbHBIE CTATUCTUYECKHUE PSAbI BEPOSITHOCTEN M TUCTOTPAMMBI PACIPEIEIICHUS
CIIy4allHOW BeIWYUHBI X NpuBeAcHBI B ipuMmepe 12.2. YpoBeHb 3HAUUMOCTH ¢¢ paBEH
0,05.

Pewenue. 11lo Buxy rucrorpamm, NpUBEAEHHBIX B mpumepe 12.2, BplIBUTaeM
THUIIOTE3Y O TOM, 4YTO CiydaiiHas BeJMYMHA X paclpelnesieHa 10 HOPMajJbHOMY

3aKOHY:
| (x—a)’ xX—m
- fi(x)=——exps—->—¢ F,(x)=0,5+ D | —— |-
H(). f()( ) O'\/E p 202 5 0( ) o 5

Hi: fix) # N(m, o).



Hcnonb3yst METOJT MOMEHTOB, OIPEAEIUM OIIEHKH HEU3BECTHBIX MApaMETPOB M
U 0 TUIIOTETUYECKOTO (HOPMaJIbHOTO) 3aKOHA PACIIPEACIICHUS:

m=x=-1,7 6=8,=198

3HaueHue Kputepus BerarcisgeM mno dpopmye (15.1):

_1ooz(p’ P

J
[Ipu mpoBepke rUNOTE3bl UCIOIb3YEM PABHOBEPOATHOCTHYIO THMCTOrpamMmy. B

3TOM CIy4ae
* _V. _10 _
p;= %‘ Noo=0.1-

Teopernyeckue BEpOSITHOCTH p; paccuuThiBaeM 1o ¢opmyie (15.2)

B-%X  A-X
Py =Fy(B)) = Fy(d)) = B(——) = ®(——):

=®d((-4,5245+1,7) / 1,98) — ®((—0 + 1,7) / 1,98) = ®(-1,427) — D(—0) = 0,078.
= d((-3,8865+ 1,7)/ 1,98) — ®((-4,5245 + 1,7) / 1,98) = d(-1,104) + 0,845 = 0,058.
p3=0,094; pg=0,135; p5=0,118; pg=0,097; p7=0,073; pg=0,059;
p9=0,174; p1o=D((+0+1,7)/1,98) — ®((0,6932 + 1,7)/ 1,98) = 0,114.
[Tocne aToro mpoBepsieM BBIMOJHEHHUE KOHTPOJIBLHOT'O COOTHOIIICHUS

10

- Z P
j=1
_ 2 _ 2 _ 2

) OO.((O,O78 0" (0.064-0° . (0.114-0,]) ):

~1
Torna % 0,078 0,064 0,114

=100 - (0,0062 + 0,0304 + 0,0004 + 0,0091 + 0,0028 + 0,0001 + 0,0100 +
+0,0285 + 0,0315 +0,0017 ) =100 - 0,1207 = 12,07.
ITocie 9TOro u3 TaGNUIE! PacHpeieeHus (2 BEIOHPaeM KPUTHUECKOE 3HAUCHHE

=0<0,01I.

Zi;k =Z§,05;7 =14,07. Tax xax x <14,07, 1o rumnoresa H( mupuHuMaercs

(HET OCHOBaHUS €€ OTKIIOHUTB ).

Ilpumep 15.2. 1lo xpurepuro KosmoropoBa npoBepuTh THUIIOTE3Y O
paBHOMEpHOM 3akoHe pacnpeaenenus R(0,5; 5,25) chaydailHOW BEIWYUHBI MO
BEIOOpKE 00Bema 10: 2,68 1,83 2,90 1,03 0,90 4,07 5,05 0,94 0,71 1,16, ypoBeHb
3HaunMocTu o = 0,05.

Pewenue. BapualiuoHHbBIN psiJi JaHHON BEIOOPKU UMEET BUI:

0,71 0,90 0,94 1,03 1,16 1,83 2,68 2,90 4,07 5,05.

[Tocne sToro crpoum rpaduk SMIUPUYECKON (DYHKIHMH pacrpenesneHus F*(x)
(puc. 15.1).



F(x)

Puc. 15.1

Teopernueckas GyHKIUsS pacnpeneneHus F((x) paBHOMEPHOIO 3aKOHA
R(0,5;5,25) paBHa
0,x<0,5
Fy(x)=1(x=0,5)/(5,25-0,5),0,5<x<5,25
I,x>5,25
MakcumainbHasi pa3HOCTb 110 MOAYJII0 MeX Ay rpadukamu F*(x) u F((x)
7 =036 npu x = 1,16.

BrrunciuM 3Hauenne kpurepus Konmoroposa A = \/; -Z=+10-0,36=1,14.
N3 tabmumbet  KommoropoBa  BeIOMpaeM  KPUTHYECKOE  3HAUYCHHE

A, =Ai o =Aogs =136, Tak xak A < 1,36, rumore3a 0 PaBHOMEPHOM 3aKOHE

pacnpcaciCHusd INIPpUHUMACTCA.
3AIAUM

15.1. C nomompto kputepuss KoimoropoBa mpoBEpUTH TUIOTE3Y O 3aKOHE
pacrpeeneHus ciiy4yaiiHON BeTMYMHBI IO BEIOOPKE, MPUBEJAECHHOM B 3agaue 12.2.

15.2. Tlo xputepuio Y2 NpOBEPUTH THIOTE3y O 3aKOHE PacHpeseeHHs IO
BBIOOpKE, TPUBEJCHHOM B 3a1aue 12.3.

15.3. IIpoBeputrh rumoTe3y O PABHOMEPHOM M 3KCIOHEHUIHAIBHOM 3aKOHAX
pacrpeneneHus 1o JaHHbIM 3aaauu 14.2.



16. OHIEHKA KODY®PUILMEHTA KOPPEJISILIUA
U JUHEMHOM PETPECCHUU

[TycTh TIPOBOAWTCS 7 HE3aBUCHUMBIX OIBITOB, B KAXJIOM W3 KOTOPBIX
nByxmepHas CB (X, V) npunumaer onpeneneHHble 3HAYEHUS U PE3yJIbTaThl OIBITOB
NPEACTaBISAIOT cOOOM JBYXMEpHYIO BBIOOPKY Buaa {(xi, y1), (X2, V2), (Xu Vn)}.
[lepBuuynass o00pabOTKa OMBITHBIX JAHHBIX BKJIIOYaeT B cebs 00paboTKy
cocTaBmsiromMx X W ¥V Kak OJHOMEpPHBIX BeJIMYMH (CcM. pasnensl 12-15) u
BBIYHCIICHUE OIICHOK, MPHUCYIIUX TOJIHKO ABYXMEPHBIM (MHOTOMEPHBIM) CITy4ailHBIM
BEJTMYMHAM.

CocrosiTenbHass HECMEIICHHAS OIICHKA KOPPEAAUUOHHO20 MOMEHMA PAaBHA

Kiy == 35, - P, - 7) (16.1)

T/€ Xj, Vj — 3HAYEHUsA, KOTOPBIE IPUHSJIN CIIy4aliHbIe BENUYHUHBI X, ¥ B i-M OIBITE;

X,Y —cpelHue 3HAYECHHUS CITydalHbIX BETMYUH X M Y COOTBETCTBEHHO.

CocrosTenbHas OlleHKa KoIghduyuenma Koppenayuu
*

Ry =— X7

So (¥)So(»)
JloBepUTENbHBII MHTEPBaAN C HAZAEKHOCTBIO P I KO3PPULKUEHTAa KOPPEISILIUU

(16.2)

*
R yy u cinyuas 1ByXMEPHOr0 HOPMAJILHOTO PACIIPENEIICHNS

eZ”—1<R <eZb—1 163
62a+1 XY eZb_l_l) ( . )
1+ R z 1+ R z
rae a=0,5-In e L _:b=0,5In XY |y r_ .
[I_RXY Vn_3 - N yy \/n_3

z, =arg® (%) — 3Ha4eHHUe aprymenta ¢yHkuun Jlamaca ®(zy) = %

(cM. mpUIIOKEHUE).

AJTOPUTM  TIPOBEPKH  2UNOME3bl 00 OMCYMCMEUU  KOPPEIAAUUOHHOU
3aeucumocmu clenyronuil (IpeamnonaraeTcs, YTo IByXMEpHas ciiydyaiiHasi BeIMYMHA
(X, Y) pacripenenena 1o HopMajabHOMY 3aKOHY ).

1. ®opmynupyercs runoresa:

HOI RXY = O 5
Hi: Ryy #0.
3neck R yy — Teoperryeckuii Kodp(OUIUEHT KOPPEIAIUH.

*
2. Beruncnsercs onenka kodgduimenta koppensaiuua R yy mo popmyse (16.2).
3. Onpenensercst 3HaUCHUE KPUTEPUS

Ry, Nn—2

1-(Ry, )

t =

: (16.4)



KOTOPBIN pacmpenerneH mo 3akoHy CThiofieHTa ¢ (7 — 2) CTETEeHSIMH CBOOOIBI, €CIH
runoresa H() BepHa.

4. Ilo 3amaHHOMY YPOBHIO 3HAaUMMOCTH « BBIYUCISETCSA JIOBEPUTEIbHAS
BEepOSITHOCTE ¥ = | — a u u3 Tabmuubl CThIOJIEHTa BBHIOMpPAETCS KPUTHUECKOE

3HaueHue f, , ;.

5. Eenn [t]> |t

BenuuMHbI X, Y KoppenupoBanbl. B mpoTuBHOM ciiydae runoresa H() mpuHUMAaeTcs.

, TO rumore3a H() OTKIOHSAETCS, a CIEJOBATEIbHO,

Pezpeccuenr crmywaiiHOW BenuuuHbl Y Ha X HA3bIBaeTCAd  YCIOBHOE
MaTEeMaTH4YECKOE OKUAAHNE CIyYaliHOW BEJIUYUHBI ¥ TIPU YCIOBHUH, 4TO X = X:

m,, = M[Y/X=x].
Perpeccust Y Ha X ycTaHaBIMBaeT 3aBUCUMOCTb CPEIHErO 3HAYEHUS BEIUYUHBI
Y ot Benmuuunel X. Eciiu X u Y He3aBUCHUMBI, TO
my,. = Ny =COHnSI.
Ecnu Bemuunnbl XY pacnpenenieHsl 10 HOPMAJIbHOMY 3aKOHY, TO PErpecCUs
SIBJISIETCS] IMHEVHOM:
my,. = a, + axXx.
OlLIeHKY MapaMeTpoB d, U d; TI0 METOly HAMMEHBIIINX KBAIPATOB BBIUYUCIISIOTCS
0 CIEAYIOMIM (popMyIaMm:

i = Kzi (16.5)
So (x)
4,=y—a,"X. (16.6)

I€ X, Y — OLEHKU MAaTEMaTU4ECKOTO 0OXKUJAHUs BEJIMYUH X U Y
S 02 (X) — olleHKa AUCIIEPCUH BEIIMYUHBI X;
K, — OLIEHKU KOPPEISAIMOHHOTO MOMEHTA BeJTHYUH X U Y.
JIns BU3yanbHOM TPOBEPKHM NPABMIBHOCTH BBIYHMCICHUS BEIMYUH 4, 4,

HEOOXOAMMO TIOCTPOWUTH JHarpaMMy pacceuBaHusi H Tpapuk y(x)=da,+ a,x
(puc. 16.1).
N

y(X)

Puc. 16.1

Ecnu onenku mapaMeTpoB a(), @] paccuuTaHbl 0e3 TpyObIX OMKMOOK, TO CyMMa
KBa/IpaTOB OTKJIOHEHHUH BCeX TOUEK (Xj, ;) OT MpsAMOH y(X) =d, + a,Xx NOIHKHA OBITH
MHWHHAMAJIBHO BO3MOKHOM.



Ilpumep 16.1. BpioopouHbIi KOA(PHUIIMEHT KOPPESALHUH, BBIYMCICHHBIM IO
* v ~ ~
BeIOOpKE 00BeMa 10, R, = —0,64 . Haiitu 90%-HbIii TOBEPHUTEIbHBI HHTEPBAI

st Kodddunenta koppemsnun R vy .
Pewenue. V3 tabmuns Jlamaca Beioupaercst 3HadeHue Z,, = 1,645 . Torma
1 1-0,64 1,645
a=—In -
2 \1+0,64) 7

I[OBepI/ITeJIbHLII/I I/IHTepBaJ] BBIUYUCIIAEM 110 @OpMyJIe (163)
—2.( - <Lty <—2.( - —0,881 < R -0,135
a R , T.C. < < .
2139 4 1 2(-0136) 17 ) XY )

=-1,380, 5 =-0,136.

Ilpumep 16.2. TlpoBeputp rHUMoOTe3y 00 OTCYTCTBUU KOPPEISAIHMOHHOM
3aBUCHMOCTH IpPU CICAYROIUX faHHBIX: Ry =0,2, n = 20; a = 0,05.

[Ipeanonaraercs Takxe, 4TO IBYXMEPHBINA 3aKOH paclpeeIeHHs] — HOPMaJIbHBIN.
Pewenue. Buauane BeunciInM 3HaueHue Kpurepus ¢ mo gopmyie (16.4)

i 0,2-/18

=0,866.
J1-0,22
"3 TaOIHIIBI CrbrozieHTa BBIOMpaeM KPUTHYECKOE 3HA4YCHUE

{ =l g2 = loosus = 2,10. Tak xak |f| < 2,10, 10 rHMOTE3a Ho

IMPUHUMACTC:A, IIOTOMY 4YTO HCT OCHOBaHHUM €€ OTKJIOHMTb.

yin=2

3ATAYN

16.1. TlocTpouTh AOBEPUTENbHBIN HMHTEpBaN A KOd(DPHUIMEHTa KOPPETSIUU
JIBYXMEPHON HOPMAJIBHO PACHPENEIEHHON COBOKYIHOCTH IO CIEAYIOLIUM JTAHHBIM:

R, =0,14, n =300, y=0,95.
Orget: (—0,03; 0,25).

B 3amauax 16.2—16.3 npoBepuTh rUnoTe3y 0 HEKOPPEIUPOBAHHOCTH CIIyYaWHBIX
BEJIMYMH X U Y, peanosiaras, 4To AByXMEPHBIN 3aKOH pacIpeaeIeHUs] HOPMAJIbHBIM.

16.2. R, =0,5;n=20;a=0,05.

16.3. R, =0,1;n=5,a=0,01.

B 3amauax 16.4-16.5 maiitu ypaBHeHume mnpsmoii perpeccun YV (X) s
CJIEYIOIINX SKCIEPUMEHTANIBHBIX JaHHbIX:

16.4.

X | 1 | 4 | 9 | 16 | 25

Y |01 | 3 |81 | 149 | 239
Otser: y(x)=0,922x-0,9009.

16.5.

X | v | 2 | 3 | 4 | 5 | 6

Y | 2 | 49 | 719 | 11,1 | 141 | 17

Oter: y(x)=3,023x-1,08.
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HPUJIOKEHHUE



2
3Havenuss pyHkuum ¢(x) = 1 exp(—x—
NpY 2
X 0 1 2 3 4 5 6 7 8 9
0,0 10,3989 3989 | 3989 | 3988 3986 | 3984 | 3982 | 3980 | 3987 | 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 2089 | 2066 | 2943 2920
0,8 | 2897 2874 | 2950 | 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 | 2131 | 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 1 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 10,0540 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
24 ] 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 | 6119 | 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 | 0038 | 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 1 0017 0017 | 0016 | 0016 | 0015 | 0015 | 0014 | 0014 | 0013 | 0013
341 0012 0012 | 0012 | 0011 0011 0010 | 0010 | 0010 | 0009 | 0009
3,5 0009 0008 | 0008 | 0008 0007 | 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 1 0003 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002 | 0002
3,9 | 0002 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | 0001




3navenus pynkuun Jamiaca O(x) =

T

2
X

%

x| 0 1 2 3 4 5 6 7 8 9
0,0 [0,0000 | 0004 | 0080 | 0120 | 0159 | 0199 | 0239 | 0279 | 0319 | 0359
0,1 | 0398 | 0438 | 0478 | 0517 | 0556 | 0596 | 0636 | 0675 | 0714 | 0753
0,2 | 0792 | 0832 | 0871 | 0909 | 0948 | 0987 | 1025 | 1064 | 1103 | 1141
0,3 | 1179 | 1217 | 1255 | 1293 | 1331 | 1368 | 1406 | 1443 | 1480 | 1517
0,4 | 1554 | 1591 | 1628 | 1664 | 1700 | 1736 | 1772 | 1808 | 1844 | 1879
0,5 | 1915 | 1949 | 1985 | 2019 | 2054 | 2088 | 2126 | 2156 | 2190 | 2224
0,6 | 2257 | 2291 | 2324 | 2356 | 2389 | 2421 | 2453 | 2485 | 2517 | 2549
0,7 | 2580 | 2611 | 2642 | 2673 | 2704 | 2734 | 2764 | 2793 | 2823 | 2852
0,8 | 2881 | 2910 | 2939 | 2967 | 2995 | 3023 | 3051 | 3078 | 3105 | 3123
0,9 | 3159 | 3186 | 3212 | 3238 | 3264 | 3289 | 3315 | 3340 | 3364 | 3389
1,0 [0,3413 | 3437 | 3461 | 3485 | 3508 | 3531 | 3554 | 3577 | 3599 | 3621
1,1 | 3643 | 3665 | 3686 | 3707 | 3729 | 3749 | 3770 | 3790 | 3810 | 3830
1,2 | 3849 | 3869 | 3888 | 3906 | 3925 | 3943 | 3961 | 3980 | 3997 | 4015
1,3 | 4032 | 4049 | 4066 | 4082 | 4099 | 4115 | 4131 | 4147 | 4162 | 4177
1,4 | 4192 | 4207 | 4222 | 4236 | 4250 | 4265 | 4278 | 4292 | 4306 | 4319
1,5 | 4332 | 4345 | 4357 | 4370 | 4382 | 4394 | 4406 | 4418 | 4430 | 4441
1,6 | 4452 | 4463 | 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | 4544
1,7 | 4554 | 4563 | 4573 | 4582 | 4591 | 4599 | 4608 | 4616 | 4625 | 4633
1,8 | 4641 | 4648 | 4656 | 4664 | 4671 | 4678 | 4685 | 4693 | 4699 | 4706
1,0 | 4713 | 4719 | 4726 | 4732 | 4738 | 4744 | 4750 | 4755 | 4761 | 4767
2,0 [0,4772 | 4778 | 4783 | 4788 | 4793 | 4798 | 4803 | 4808 | 4812 | 4817
2,1 | 4821 | 4825 | 4830 | 4834 | 4838 | 4842 | 4846 | 4850 | 4854 | 4857
2,2 | 4861 | 4864 | 4868 | 4871 | 4874 | 4878 | 4881 | 4884 | 4887 | 4890
2,3 | 4893 | 4896 | 4898 | 4901 | 4904 | 4906 | 4909 | 4911 | 4913 | 4916
24 | 4918 | 4920 | 4922 | 4924 | 4927 | 4929 | 4930 | 4932 | 4934 | 4936
2,5 | 4938 | 4940 | 4941 | 4943 | 4945 | 4946 | 4948 | 4949 | 4951 | 4952
2,6 | 4953 | 4954 | 4956 | 4957 | 4958 | 4959 | 4961 | 4962 | 4963 | 4964
2,7 | 4965 | 4966 | 4967 | 4968 | 4969 | 4970 | 4971 | 4972 | 4973 | 4974
2,8 | 4974 | 4975 | 4976 | 4977 | 4977 | 4978 | 4979 | 4979 | 4980 | 4981
2,0 | 4981 | 4982 | 4982 | 4983 | 4984 | 4984 | 4985 | 4985 | 4986 | 4986
3,0(0,49865 3,1/0,49903 | 3,2 10,49931|3,31 0,49952 |3.4| 0,49966 |3,5 0,49977
3,6(0,49984 3,7|0,49989 | 3,8 (0,49993|3,9| 0,49995 |4,0 0,499968| 5,0/ 0,49999997




t}/,k

Tab6auua pacnpenenennsi CTbloieHTa ¥ = j f; (x)dx

oy
k /4

0,90 0,95 0,98 0,99

1 6,31 12,71 31,8 63,7
2 2,92 4,30 6,96 9,92
3 2,35 3,18 4,54 5,84
4 2,13 2,77 3,75 4,60
5 2,02 2,57 3,36 4,03
6 1,943 2,45 3,14 4,71
7 1,895 2,36 3,00 3,50
8 1,860 2,31 2,90 3,36
9 1,833 2,26 2,82 3,25
10 1,812 2,23 2,76 3,17
12 1,782 2,18 2,68 3,06
14 1,761 2,14 2,62 2,98
16 1,746 2,12 2,58 2,92
18 1,734 2,10 2,55 2,88
20 1,725 2,09 2,53 2,84
22 1,717 2,07 2,51 2,82
24 1,711 2,06 2,49 2,80
30 1,697 2,04 2,46 2,75
40 1,684 2,02 2,42 2,70
60 1,671 2,00 2,39 2,66
120 1,658 1,980 2,36 2,62
0 1,645 1,960 2,33 2,58




2
Tabauuna pacnpenenenust Y

fk )

pO(Z >Zozz,k):a
Xzoc,k
k
0,01 0,02 0,05 0,95 0,98 0,99
1 6,64 5,41 3,84 0,004 0,001 0,000
2 9,21 7,82 5,99 0,103 0,040 0,020
3 11,34 9,84 7,82 0,352 0,185 0,115
4 13,28 11,67 9,49 0,711 0,429 0,297
5 15,09 13,39 11,07 1,145 0,752 0,554
6 16,81 15,03 12,59 1,635 1,134 0,872
7 18,48 16,62 14,07 2,17 1,564 1,239
8 20,10 18,17 15,51 2,73 2,03 1,646
9 21,07 19,68 16,92 3,32 2,53 2,09
10 23,20 21,2 18,31 3,94 3,06 2,56
12 26,2 24,1 21,0 5,23 4,18 3,57
14 29,1 26,9 23,7 6,57 5,37 4,66
16 32,0 29,6 26,3 7,96 6,61 5,81
18 34,8 32,3 28,9 9,39 7,91 7,02
20 37,6 35,0 31,4 10,85 9,24 8,26
22 40,3 37,7 339 12,34 10,60 9,54
24 43,0 40,3 36,4 13,85 11,99 10,86
26 45,6 42,9 38,9 15,38 13,41 12,20
28 48,3 45,4 41,3 16,93 14,85 13,56
30 50,9 48,0 43,8 18,49 16,31 14,95




Taoauna pacnpenenenust Koamoroposa

pO<A<A)=y

)

/1}, ¥
0,50 0,0361
0,54 0,0675
0,58 0,1104
0,62 0,1632
0,66 0,2236
0,70 0,2888
0,74 0,3560
0,78 0,4230
0,82 0,4880
0,86 0,5497
0,90 0,6073
0,94 0,6601
0,98 0,7079
1,02 0,7500
1,06 0,7889
1,10 0,8223
1,14 0,8514
1,18 0,8765
1,22 0,8981
1,26 0,9164
1,30 0,9319
1,34 0,9449
1,38 0,9557
1,42 0,9646
1,46 0,9718
1,50 0,9778
1,54 0,9826
1,58 0,9864
1,62 0,9895
1,66 0,9918
1,70 0,9938
1,74 0,9953
1,78 0,9965
1,82 0,9973
1,86 0,9980
1,90 0,9985
1,94 0,9989
1,98 0,9992




BAPUAHTBI KOHTPOJIBHOM PABOTBHI

Bapmnanr 1
1.1. TenerpadgHoe CcOOOIICHHE COCTOUT U3 CHUMBOJIOB «TOYKa» M «THUpe». CTaTUCTUYECKHE
CBOMCTBa MOMEX TAKOBBI, YTO MCKaXKaeTcs B cpeaHeMm 2/5 cooOmieHuit Touka u 1/3 cooOmeHunii
tupe. M3BecTHO, YTO Cpelr MepeaBaeMbIX CHUTHAIOB TOYKA U THPE BCTPEUYAIOTCS B COOTHOIICHHUH
5:3. Onpenenuts BEPOSATHOCTh TOTO, UTO MPUHAT NEPEeAaBaeMblii CUTHAJ, €CJIM MPUHSTO TUPE.
1.2. Imeetcs ciydaiiHas BenuunmHa X, NpUHMMAamOmas 3HadeHus x, =1,x, =2,x, =3.

HssectHo, yro m, =1,6;D, = 0,44 . Haiitu psax pacrpeneiacHus BEPOATHOCTEH CIlydalHOU
BEJIMYUHEI X,

1.3. B HOpManbHO pacnpeieIeHHON Cy4yaiHOM COBOKYMHOCTH 15% 3Hauennii X menbine 12
u 40% 3Hauenuit Oonbiue 16,2. HaliTi cpenHee 3HaUYeHUE U CpelHEE KBAAPATUIECKOE OTKIOHEHHE
JAHHOTO pacmpe/eICHusI.

Bapuanr 2

2.1. Ilpubop comepx’uT aBa OJI0OKA, MCIPABHOCTb KAXKIOIO W3 KOTOPBIX HeoOXoauma Jiist
¢byHKmoHupoBaHus mpudopa. BepostHocTr 6€30TKa3HON pabOTHI B TeUEHHUE BpeMeHU T ISl ATHX
610K0B cooTBeTcTBeHHO paBHEI 0,4 1 0,5. [IpnbOop McHbITEIBaNICS B TeUeHHE BpeMEHU 1 U BBIIIEN U3
cTposi. OnpeaenuTh BEPOSATHOCTh TOTO, YTO OTKA3aJl MEPBBIN OJIOK.

2.2. imeeTcsa ciy4aiiHas Benv4YuHa X, NpUHMMAaromias 3HadeHus x, =0,x, =1,x;, =2.
HsBectHo, uro m, =1,3;a,(x)=2,1. Haiitm psan pacnpencieHus BEPOATHOCTEH CIIydalHOU
BEJIMYMHBI X.

2.3. BeposTHOCTH TOr0, YTO ClydailHas BEJIWYMHA C HOPMAJbHBIM PACHPEACICHUEM MPUMET
3HaueHue He Oonbmiee 1 coctarmsier 0,5. Kpome TOro, BeposSTHOCTH MPEBBIMICHUS €10 YPOBHA 5,0
coctasmseT 0,0228. OnpenenuTs I 3TON CIIy4alHON BEJIMYMHBI: a) MAaTEMaTHYECKOE OXKHJIAaHUE,
0) Aucnepcuio; B) BEPOSATHOCTh TOTO, YTO OHA MPUMET 3HaUeHue Mensblee 3,0.

Bapuanr 3
3.1. [Ipubop comepkut nBa OIOKA, MCIPABHOCTh KAXKIOTO W3 KOTOPHIX HEOOXOauMa IS
(dbyukroHnpoBaHus puodopa. BeposTHocTH 0e30TKa3HON pabOTHI B TEUCHHE BpeMEHH 1 JJIS ATHUX
0110K0B co0TBeTCTBeHHO paBHbI 0,4 1 0,5. [IpuGop uCHBITHIBAJICS B TeUCHHE BpeMEHU 1 U BBIIIEI U3
cTpost. OnpeaenuTh BEPOATHOCTh TOTO, YTO OTKa3aiu 06a OGioka.
3.2. Umeercs cimyvaiiHas BeaW4YMHA X, NpUHMMAroIas 3HadeHus x, =-—1,x, =0,x, =1.

Hssectno, yro m, =0,1;D, =0,89. Halitu pan pacnpenencHus BEPOATHOCTEH CIy4alHOW
BEJIUYMHBI X.

3.3. CB X pacnpenenena HopMmaibHO ¢ my= 12,5. BepositHocTh nonaganus CB X B untepBan
110, 15[ paBna 0,2. Yemy paBHa BEpOSATHOCTb NONa aHus B uHTEpBai |35, 40[?

Bapmuanr 4
4.1.1lo nuHUM CBSA3M TepenaeTcs KOIUPOBaHHbIM c momompio OykB A, B, C TekcT.
BepositHocTn  mepenaum  oTACNbHBIX  OykB  TakoBbl:  p(A4A)=0,5;p(B)=0,3;p(C)=0,2.
BeposiTHOCTH MCKa)keHUs IPU Nepegade OTIeNbHBIX OyKB paBHbI coorBeTcTBeHHO 0,01; 0,03; 0,02.
VY CcTaHOBIIEHO, YTO TEKCT U3 JBYX OyKB IIPUHAT 0€3 UCKaKeHUH. UeMy paBHA BEpOATHOCTHTOIO, UTO
nepenasaics curian AB?

4.2. Umeetca ciayvaiiHas BeqnyuHa X, NPUHUAMAOMAs 3Ha4eHus X, =—2,X, =—1,x; =0.
H3BectHO, 9TO0 m, =-1,4;,(x) = 2,4 . Hatu psax pacupelencHus BEPOATHOCTEH CIIy4alHOU
BEJINYUHBI X.

4.3. Umeercss  caydailHas BenauyuHa X, TOJAYMHEHHAs HOPMaJIbHOMY 3aKOHYy C
MaTEMaTU4YCCKUM OXHNJaHuem m U CPCAHUM KBAAPATHYCCKUM OTKIIOHCHUCM 0. Tpe6yeTc;1
MpUOIU3UTENBHO 3aMEHUTh HOPMAJIbHBIM 3aKOH pPaBHOMEPHBIM TaK, YTOObI COXpPAaHWINUCH
HCU3MCHHBIMU OCHOBHBIC XapPaKTCPUCTUKU CHy‘I&fIHOﬁ BCIIMYHNHBI: MAaTEMAaTUYCCKOC OXUIAAaHUEC U
JUCTIepCHsl.
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