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1.TEOPUA BEPOATHOCTEM

1.1. CIYVYAMHBIE COBBITUS. BEPOATHOCTH COBBITHS

CoObimuem naspiBactcst 060N (aKT, KOTOPHIA B PE3YJIbTATE OINbITA MOYKET
IIPOU30UTHU WUJIA HE TPOUZOUTH.

Jocmosepuvim wassiBactcst cobbitie ), KOTOPOE MPOUCXOAUT B KaKIOM
OTIBITE.

Hego3moorchbim wasbiBactcss coObitHe J, KOTOpOE B pe3yjbTare OIbBITa
IIPOU30UTH HE MOXKET.

Hecoemecmnubimu nas3piBarorcst COOBITHSI, KOTOPBIE B OJHOM OITBITE HE MOTYT
IIPOU30UTU OAHOBPEMEHHO.

Cymmoit (o6benunenrem) aByx coObituii 4 u B (o6o3nauaercs A+B, AUB)
HA3bIBAETCS TAKOE COOBITHE, KOTOPOE 3aKIIOYAETCS B TOM, UTO MPOUCXOIUT XOTS ObI
OJIHO U3 COOBITUH, T.€. A Wiu B, win 06a 0JJHOBPEMEHHO.

Ilpou3eeoenuem (nepeceuenvem) nByx cobwituit A u B (o6o3navyaercst A-B,
ANMB) Ha3bIBaeTCs TaKOe COOBITHE, KOTOPOE 3aKIIIOYAETCS B TOM, UTO 00a coObITus A
U B Ipoucxoasar BMeCTe.

IIpomueononoscubim x codbITHIO A Ha3BIBAETCA TAKOE COOBITHE A, KOTOPOE
3aKJTFOYAETCSI B TOM, YTO COOBITHE A HE MPOUCXOTUT.

Cobbrtust A4, (k=1, 2, ..., n) 00pa3yoT HOJIHYI0 2PYRARY, €CIh OHHU MOMAapHO
HECOBMECTHBI U B CyMMe 00pa3yloT JOCTOBEPHOE COOBITHE.

[Ipu npeoOpa3zoBaHWK BBIPAKEHUH MOXXHO IOJB30BATHCA  CIEAYIOIMIMMHU
TOXKJICCTBAMHM:

A+ A=0; A-A=; A+Q=0; A-Q=4; A- D=,
A+ = A4, A+B:Z-§; ﬂ=2+§; A+A-B=A+B.

Knaccuueckoe onpeoenenue 6epoAmMHOCMU: BEPOSTHOCTL COOBITHUS

omnpenensercs no popmyJie
m

P(4)= . (1.1)

rac n - 49uciio 3JICMCHTAPHBIX PABHOBO3MOKHBIX HCXOJ0B JAaHHOI'O OIIbITA,

m - 9UCJIO0 PaABHOBO3MOKHBIX UCXOJ0B, IIPHBOJAINNX K ITOABJICHUIO COOBITHS.



I'eomempuueckoe onpedenenue eeposasmuocmu. Iycts B HEKOTOPYIO
obJyacTh ciydyallHbIM oOpa3oM Opocaercst Touka 7, IpudeM BCe
TOYKU O6J'IB,CTI/I Q PaBHOIIPABHbLI B OTHOIICHUHU ITOTIalaHNA TOYKHU

T. Torma 3a BEpOATHOCTHb TomajgaHus TO4YkW 71 B oOnacth A4

IMPUHUMACTCA OTHOICHUC

A
p(a)= 2D (12)
S(Q)
rae S(4) u S(QQ) — reomerpuueckue Mepbl (JUIMHA, MJIOMIA/b, OOBEM M T..1.)

obnacreit A u (2 COOTBETCTBEHHO.

OcHosnvie KOmoOunamopHwie Gopmyol

[lycte umeercss MHOXecTBO X = {X|, X3, .., X}, COCTOSIIIIEE U3 7 Pa3IUYHBIX
2JIEMEHTOB. (7, ¥)-6b10OPKOI HA3BIBACTCA MHOXKECTBO, COCTOSIIEE U3 7 IJIEMEHTOB,
B3STBHIX U3 MHOXKECTBA X.

Ynopsaoouennoii HazwpiBaeTcsi BBIOOpPKA, U1 KOTOPOW BaXEH TOPSIOK
CIENOBAHUS AJIEMEHTOB. ECIM KaKIbId 3JIEMEHT MHOXECTBA X MOXKET U3BJIEKATHCA
HECKOJIBKO pa3, TO BEIOOPKA HA3BIBACTCS 8b100PKOU C NOBMOPEHUAMU.

Yucno ynopsiiodeHHbIX (1, r)-BBIOOPOK (HEpecman060K) ¢ TNOBTOPEHUSMU
PtNn,r) u 6e3 nosropenuii P(n,r) paBHO

Is(n,r):nr, (1.3)

(n —-r)! '

Yucino HeynopsiIoueHHbIX (71, 7)-BBIOOPOK (COYemanuil) ¢ nosroperusmu G5

P(n,r)= (1.4)

u 0e3 nosropenuii C/ paBHO

Ar (n+r—l)!
" (1.6)

r!(n — r)!

Uncrno pa3nuuHbIX pa30MEHUN MHOXKECTBA U3 71 DJIEMEHTOB Ha k
HETIEPECEKAIOMUXCS TTOJIMHOKECTB, IPUUEM B 1-M MOIMHOXKECTBE 7| DJIEMEHTOB, BO

2-M rp 3JIEMEHTOB U T.1., a n =r] + 1y +... + 7}, paBHO



!
Pn(rl,rz,...,rk):+ . (1.7)
nlnl.n!

IIpumep 1.1. B nmapTun TpaH3UCTOPOB 1 CTAHJAPTHBIX U m OpakoBaHHbIX. [Ipu
KOHTpOJIE 0Ka3aJloCh, YTO IEPBBIE k TPAaH3UCTOPOB cTaHAapTHBI. HaliTH BEpOATHOCTD
P TOTO, YTO CIIEAYIOLIUMI TPaH3UCTOP OyneT CTaHJAPTHBIM.

Pewienue. Beero ocranoce Ajs MPOBEPKU n+m-k TPaH3UCTOPOB, U3 KOTOPBIX

CTaHJapTHBIX n-k. [1o popmysie KIIacCHYEeCKOTO ONpeAeICHUsI BEPOSTHOCTU
n—k
n+m—k

Ilpumep 1.2. Cpenu KaHIMJATOB B CTYJIEHYECKHA COBET (pakylbTeTa TpU
NEPBOKYPCHUKA, MSATh BTOPOKYPCHUKOB U CEMb CTYAEHTOB TPEThero Kypca. M3 storo
cocTaBa HayrajJ BbIOMpAlOT MATh uejoBeK. Hailtu BeposTHOCTH TOro, 4ro BCE
NEPBOKYPCHUKH MOMATYT B COBET.

Pewenue. Ynucno cnoco00B BeIOpaTh MATH YenoBek U3 3+5+7=15 paBHo uuciy

codetanuit u3 15 no 5 (HeynopsiioueHHasi BbIOOpka 06€3 MOBTOPEHUM):

|
s - 190 3003,
510!

Bb10path Tpex nepBOKYPCHUKOB U3 TPEX MOKHO OJTHUM criocoboM. OcTaBumxcs

2
JBYX 4JICHOB COBETa MOXHO BbIOpaTh (), criocodamu:
, 121

2791100

Hckomas BeposiTHOCTh p=66/3003=2/91.

Ilpumep 1.3. bankoBcku# cei) MMeeT KOJOBBIN 3aMOK, COCTOSIIIIUNA U3 IIECTH
JUCKOB C BOCbMBIO OykBamu Ha KaxaoMm. Ceiid oTkpbiBaeTcsi mnpu Hadbope
€MHCTBEHHON KOoMOMHAIMKU OYyKB. 3JIOYMBIIUICHHUK MBITACTCS OTKPBHITH CEUd,
OpUYeM Ha TPOBEPKY OJHOM KOAOBOW KOMOHMHAIMHU y Hero yxoaut 10 cexyHn.
KakoBa BepOSITHOCTH TOTO, YTO 3JOYMBIIUICHHUK YCIIEET OTKPBITH cei(, eciu B ero

pacriopsbxeHnn 1 gac?

Pewenue. O603nauuM nckomyro BepositTHOCTb uepe3 P(A). [To dopmyne (1.1)
oHa Oyzner paBHa m/n . 37ech n - o0IlEe YKUCIO MCXOJIOB, PABHOE YHCIY KOJOBBIX
KoMOHHaLKiT 3amMKka. OHO ompeensercs mo dopmyie (1.3) u pasro 8°.  m - uncio
0JIaronpuATCTBYIOIIUX HMCXOJ0B, B JIaHHOM Clly4a€ paBHOE YHCIy KOMOHMHALMIA,
KOTOpBIE yCIIeeT UCIPOOOBaTh 3J0yMBIIIEHHUK 3a 1 dac, T.e. 360. Takum oOpazom,
HCKOMasi BEpOSITHOCTh Oy/IeT paBHA P(A4)= 36%6 ~1,4-107,



1.2. TEOPEMBI CJIOKEHUA U YMHOXKEHUS BEPOATHOCTEM

Eciu A n B - HecoBMeCTHbBIE COOBITHS, TO

P(AUB)=P(A)+P(B). (1.8)
Ecnu nmeeTcs cueTHOE MHOKECTBO HECOBMECTHBIX COOBITHH Ay, ..., A,, TO
P(A+A4,+..+4,)=) P(4). (1.9)
i=l1

BeposTHOCTh CyMMBI JIBYX COBMECTHBIX COOBITHI paBHa CyMME€ BEPOSITHOCTEM
Ka)KJI0TO U3 COOBITHI MUHYC BEPOSTHOCTh MX COBMECTHOTO MOSIBJICHUSI:

P(AUB) = P(4)+P(B)-P(4-B), (1.10)
P(AUBUC) = P(4)+P(B)+P(C)-P(4-B)-P(B-C)-P(4-C)+P(A4-B-C). (1.11)

CoObiTe A Ha3bIBaCTCS He3agucumvlm OT COObITUSI B, €clii BO3MOXKHOCTb
HACTYIUJICHUS COOBITUSI A HE 3aBUCHUT OT TOT'0, IPOU30LLIO cOObITHE B 1y Her.

B npotuBHOM cnyudae coObITHS  SIBJISIOTCA  3aBUCUMBIMU.  Yc108HOI
6epoAmMHOCmbI0 COOBITHS B 1pu HaNM4UMK A Ha3bIBaeTCA BEJIMYMHA

P(B/A)=P(A-B)/P(A) (1.12)
(mpu 3TOM nionaraercsi, uto P(4) ne pasuo 0).

J{ns He3aBUCUMBIX coObITHM P(B/4)=P(B).

BepostHocTh mpou3BeaeHusi (IepeceueHusi, COBMEIICHUS) JBYX COOBITHI
paBHa BEPOATHOCTH OJHOTO M3 HHUX, YMHOKEHHOW Ha YCJIOBHYI BEpPOSITHOCTb
BTOPOTrO IIPU HAJTUYHUH IIEPBOTO.

P(4-B) =P(4) - P(B/A) = P(B) - P(4/B). (1.13)

JI71s1 He3aBUCHUMBIX COOBITHUM

P(4-B) =P(4) - P(B). (1.14)

BepositHoct P(A) 1 P(A) cBsI3aHbl COOTHOIIICHHEM

P(A)=1-P(A4). (1.15)
BeposTHOCTh CyMMBI N COOBITHI YA00HEE BEIYUCIATH 10 hopMyIie
P(A+ A +..+A)=1-P(A-A,-....4). (1.16)

BepositHocTs npousBenenus n coosituit 4,(i =1, 2, ..., n) paBHa



P(4-4,-...-4,)=P(4)-P(4, | 4) -P(4 [ 4 - 4)-...x (1.17)
xP(A,|4-4,-...- 4, ), '

rne P(A,\4 -...-4,_,)) - BEpOSATHOCTb MOSBIECHUS COOBITUSA Ay, IIPU YCIOBUH, UTO
coositust 4,, A4,, ..., A,_, B JaHHOM OIIbITE IIPOU3OLLIN.

B cnydae He3aBuCUMBIX COOBITUI AaHHAs (OpMyJia YIPOIIAETCs:
P(A4,-A4,-...-A)=P(A4) P(4,)-...- P(4,). (1.18)
Ilpumep 1.4. CooOlieHue nepeAaeTcss OJHOBPEMEHHO IO 7 KaHajiaM CBS3H,
puYeM I HaJSKHOCTH M0 KaKIOMY KaHaly OHO ToBTopsercs k pas. Ilpu omgHoit
nepegade cooOlieHue (HE3aBUCUMO OT JIPYTMX) MCKAXaeTCsi C BEPOSTHOCTHIO p .
Kaxnplii kaHanm cBsi3u (HE3aBUCUMO OT JApPYruX) «3a0uMBaeTcs» MOMEXaMu C
BEPOSITHOCTBIO ¢; «3a0WTHI» KaHall HE MOXET IepefaBaTh cooOmieHus. Haittu
BEPOSITHOCTh TOTO, UTO a/IpecaT MOJIYYUT cooOIeHne 6e3 UCKAKEHU.
Pewenue. O603Ha4UM COOBITHSA:
A = {xoTs OBl OAWH pa3 cOOOIICHNE NMEPEIaHO 0e3 NCKAKECHUM | ;
B; = {mo i-My kaHamy cooOIlieHue XOTs Obl OJUH pa3 ObUIO TepeaaHo 0Oe3
WCKa)KCHUM } .

Jlnid BBIOSIHEHUS COOBITUSA B, 1-  KaHaj, BO-IIEPBBIX, HE JOJUKEH OBITH 3a0UT

noMexaMu W, BO-BTOPBIX, XOTsI Obl OJHO COOOIEHHE MO HEMY HE JOJDKHO OBITh
HCKaXXEHO.

BeposTHOCTh TOT0, UTO KaHAl HE «3a0UT)» IMoMexaMu, paBHa 1-g.

BeposaTHOCTh TOT0, 4TO XOTS1 OBbI OJIHO COOOIIEHUE MepeaaHo 0e3 moMex, paBHa
1-pk (p - BEpOSITHOCTB TOTO, UTO BCE COOOMICHUS MEPEIaHbl C UCKAKCHHSIMH).

Torma P(B) = (1 - g)-(1 - pk).

BepositHOCTh COOBITHSI A, COCTOAIIETO B TOM, YTO XOTSI Obl Ha OJIHOM KaHaje

IPOU30MIET COOBITHE, paBHA

P(4)=P [nJBl- =1-P(4)=1-P In B; :l—ﬁ(l—P(Bl-)):
i=1 i=l i=1

=1-[1-(1-¢)1-p")I".



Ilpumep 1.5. KakoBa BepOSTHOCTb yrajuarb B CHOPTIOTO “5 m3 36” He meHee
TPEX HOMEPOB?

Pewenue. CoObiTe A - yrajatb He MEHEE TpeX HOMEpPOB B CIOPTIIOTO,
pa30uBaeTcs Ha CyMMY TPeX HECOBMECTHBIX COOBITHIA:

Aj - yragaTb pOBHO TpU HOMEDA;

A4 - yragaTb pOBHO YETBIpE HOMEPA;

As - yrajatb poBHO ISITh HOMEPOB.

[Tpu stom P(A)=P(A;)+P(A4)+P(As), Tak Kak COOBITHS HECOBMECTHBI.

Haiinem BepostHocth P(Aj). st aToro Bocnons3yemcst hopmynoit (1.1). 3aecs
obiiee uucio koMOuHanuii n 1o Qgopmyne (1.6) OyaeT paBHO YUCITY BO3MOKHBIX

3an0JHCHUM KapTOYCK:

|
—cs =% 376992
5136 5)!

Yucno OnaronpuATCTBYIOIMX KOMOMHAIMM M B 3TOM CiIydae OIpenelseTcs
cleyomuM o6pa3oM. BeibpaTh Tpu HOMepa M3 TATH BHIMTpaBmIUX MoxkHO C; =10
cnocobamu. OmHAKO KaXIbl BBIOOP TpeX MNPaBWIBHBIX HOMEpPOB COUETAETCS C
BbIOOPOM JIBYX HEIPABUIILHBIX HOMEPOB.

Yucno Takux BIGOpok paBHo  C; =465. Takum 06pa3oMm, UHCIO

0JIaronpUATCTBYIOIIMUX COOBITUI PAaBHO MPOU3BEICHUIO HANIEHHBIX YHCE:
m=C;-C;=10-465=4650.

Torma P(4)="1=—400 0 123.10".
n 376992

Anajnoruuno Beuuciasiores P(A4,)=0,478-107, P(A4,)=0,265-10". Takum

o0pa3oM, UCKOMasi BEpOSITHOCTh OyIeT paBHA

P(A)=0,123-10""+0,478-107 +0,265-10° =0,128-107".
1.3. ®°OPMVY.JIA IOJTHON BEPOSITHOCTHU. ®OPMY.JIA BAMECA

JlomycTuM, 4TO MPOBOAMUTCS HEKOTOPBIMA OMBIT, 00 YCIOBUSAX KOTOPOI'O MOYKHO
ceNaTh N UCKIIOYAKOIIUX APYT Apyra mnpeanojoxenuit (eunomes): { Hy, H,, 1, H,},
H;~ H=J npu i#j.

CobObiTHe A MOXET  TOSIBJISATHCS COBMECTHO C OAHOW W3 rumore3 H, .
Co0bITHE A MOKHO IPEICTaBUTh KAK CYMMY /I HECOBMECTHBIX COOBITHIA:

A= (AnH)u(4nH,) U... U(4"H,).



[1o mpaBuily CII0KEHUS BEPOSATHOCTEU P(A) = iP(H 1 4).

i=1

[Io mnpaBunmy ymHOxkeHus BepostHocted P(H,NA)=P(H;)P(4/H;). Torna

TMOJTHAsI BEPOATHOCTD coObITUS A paBHA
P(A):iP(HI.)-P(A/HZ.). (1.19)
i=1

CrnencTBueM mpaBuiia YMHOXKEHUS U (POPMYJIbI TIOJTHOW BEPOSITHOCTHU SIBIISIETCS
¢opmyna baiieca.

BepositHocTh  HacTyrieHuss coObITUsi A COBMECTHO C TuUnotre3on H,
OINPEIENSIETCS C UCIOJIb30BAHUEM TEOPEMbI YMHOKEHHUSI BEPOSTHOCTEM:

P(ANH,)=P(H,)-P(4/H,)=P(4)-P(H,/A).
Taxum 00pa3oM, MOYKHO 3aMKCaTh:
P(H,/A)=P(H,)-P(4/H,)/P(A).

C ucnonb3zoBanueM (HopMyJibl OJTHON BEPOSATHOCTH

PGty Ay =LY PATH)

(1.20)

n

ZP(Hi)'P(A/Hi)

Ilpumep 1.6. B mpopaxxy HOCTYNHWJIA TEJIEBU30pPbI TpeX 3aBojAoB. IIpomykius
nepBoro 3apoja cojepxkuT 10% TtenmeBu3opoB ¢ ngedexkrom, BTOporo — 5% wm
Tpethero — 3%. KakoBa BepOSTHOCTh KYNHUTh HEHUCIPABHBIA TEIEBU30D, €CIU B
MarasuH noctynuio 25% TeeBu30poB ¢ MepBoro 3aBoaa, 55% — co Broporo u 20%
— C TpeTbero?

Pewenue. C paccmarpuBaemMbiM COOBITHEM A={NPUOOPETEHHBIN TEIECBU30P
oKazalcs ¢ neexToM } CBSI3aHO TPU THUNOTE3bl: H;={TeNeBU30p BBIMNYIICH NEPBHIM
3aBoJiIoM }, H,={BBINIyIIIECH BTOPHIM 3aBOJIOM }, H;={BBINyIIEH TPETHbUM 3aBOJIOM}.
BepositHocTi 3THX COOBITHI ompenenstorcs u3 ycioBus 3amauu: P(H;)=0,25;
P(H,)=0,55; P(H5)=0,2. YcnoBHbIE BEPOSITHOCTA COOBITHS A TaKKe OMpPENesIoTCs
u3 ycnosus 3anaun: P(4A/H,)=0,1; P(4/H,)=0,05; P(4A/H5)=0,03. Otcroga o ¢popmyie
MIOJIHOW BEPOSITHOCTH CJIEYET:

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

Ilpumep 1.7. Ha BXOI pagMOnNpUEMHOTO YCTPOWCTBA ¢ BEpOSITHOCTHIO (0,9
IIOCTYNAEeT CMECh IOJIE3HOTO CUTHAlIa C IOMEXOM, a ¢ BepoATHOCTBHIO 0,1 TOJBKO
noMexa. Eciau mocrymaer II0JE€3HBIM CUI'Hal C [OMEXOH, TO IPUEMHUK C



BepOSITHOCTHIO 0,8 perucTpupyer HaJu4ue CUrHaja, €Clid MOCTyHaeT TOJbKO IoMexa,
TO PETUCTPUPYETCS HAJTMYKME CUTHaja ¢ BeposTHOCThIO 0,3. M3BecTHO, YTO NMPUEMHUK
nokasan Haiuuue curHaina. KakoBa BepoOsITHOCTH TOrO, YTO CUTHAN JEHCTBUTEIBHO
npuiesn?

Pewenue. C paccmaTpuBaeMbIM COOBITHEM A={NPUEMHUK 3apPETUCTPUPOBAII
HaJW4yue CUTHAja} CBA3aHO JBE TUIOTE3bl: H|={mpuilen CUTHAI U ToMexa},
H,={npunuia tonprko nmomexa}. BepositHoctu stux runore3 P(H,)=0,9, P(H,)=0,1.
VYcnoBHBIE BEPOATHOCTH COOBITUSA A TIO OTHOLIEHUIO K runore3am H; u H, Haxoaum
u3 ycnoBus 3agaun: P(4/H,)=0,8, P(4/H,)=0,3.

TpeOyeTcst onpenenuTh YCIOBHYIO BEPOSITHOCTh TUIIOTE3bI /1| IO OTHOIIEHUIO K
coOBITUIO A, 17151 Yero Bocnodibdyemcs (hopmysioit baiieca:

P(H,)-P(A/H)) B 0,9-0,8
P(H,)-P(A/H,)+P(H,)-P(4/H,) 0,9-0,8+0,1-0,3

P(H,/ A)= =0,96.

Ilpumep 1.8. Jlns peuieHuss BONPOCA WATH B KUHO WM Ha JICKIHIO CTYIEHT
non0pacsiBaeT MOHETY. Eciii cTyJieHT noiiieT Ha JIeKIHI0, OH pa30epercs B TEME C
BeposATHOCTHIO 0,9, a eciiu B KMHO - ¢ BeposATHOCTHIO 0,3. KakoBa BEpOSATHOCTB TOTO,
YTO CTYAEHT pa3z0epeTcs B Teme?

Pewenue. llpumenum ¢opmyny nonHoit BepositHocTH (1.19). Ilyctp A -
cOoOBITHE, COCTOSIIIIEE B TOM, UTO CTYJEHT pa3oOpalics B TeMe, COObITHE (TUIIOTE3a)
H, - crynent uaer B xuHo, H, - cryneHT uaer Ha yekuuto. MI3BECTHBI U3 yCIOBUS
3a/layy CJIEyIOUIUE BEPOSITHOCTH:

P(H,)=P(H,)=0.5; P(A/H,)=0,3; P(A/H,)=0.,9.

Hckomast BEpOsSTHOCTb COOBITHSI A Oy/eT paBHa

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

Ilpumep 1.9. Ilycts onna monera u3z 10000000 mmeer rep0d ¢ 0Geux CTOPOH,
ocTajibHble MOHETBl OObIuHbIe. Hayraj BblOpaHHas MoHeTa Opocaercs IecaThb pas,
npuyYeM BO Bcex OpocaHMsIX OHa Majaer repOom kBepxy. KakoBa BEepOATHOCTH TOTO,
4yTO ObLJIa BEIOpaHa MOHETA C IByMs repbamu?

Pewenue. Ilpumenum ¢opmyny baiteca (3.2). Ilycth coObiTue A - MOHeTa
JeCcATh pa3 noApsa nagaer repObom kBepxy. I'mmoressl: H; - BeiOpaHa HOpMalibHas
moHeta; H, - BeiOpana MoHera ¢ n1Bymsa repbamu. Ilo ycnoBuio 3agaun He0OXOAUMO
onpenenuTh ycioBHylo BepodaTHocTh P(H,/A). Heussectuoie B ¢opmyne (1.20)

BepOHTHOCTI/I paBHBI
P(H,)=0,9999999; P(H,)=10";

P(A/H,)=0,5"; P(A/H,)=1.

CnenoBaTenbHO,



P(H,)-P(A/H,)+ P(H,)-P(A/ H,)
B 107 -1
107 -1+0,9999999.0,5"

~1,02-107".

1.4. HIOBTOPEHHUE HE3ABUCHUMBbIX OIIBITOB

[TycTh MPOM3BOIUTCS 7 HE3aBUCHUMBIX OIBITOB. B pe3ynbTare KaKIoTo OIbITa
coObITUE A TOSBIISIETCS C BEPOSTHOCTHIO P U HE TMOSBIISIETCS C BEPOSTHOCTHIO 1-p .
BepostHocts P(n,k) Toro, 4Tto B mociaegoBaTEILHOCTH U3 7 OMBITOB MHTEPECYIOIIEE
Hac coObITHE A Mpou30iaAeT poBHO k pa3 (¢popmyna bepuyim), paBHa

n!

_k ok 1_ n—k: k 1_ n—k
P(n,k)=C, -p"-(1-p) n—in” (1-p)"". (1.21)

[lycTe TpOW3BOIUTCS CEepUsi U3 # HE3ABUCUMBIX HCIBITAHWM, B pe3yJbTare
KXKJIOTO M3 KOTOPBIX MOXET MOSIBUTHCS OAHO M3 COObITUH Ay, Ay, ... , A, C
BEPOSITHOCTSAMH Py, Py, ... , P COOTBETCTBEHHO.

BeposaTHOCTh TOTO, UTO B CEpPUM W3 1 UCTIBITAHUIN COOBITHE 4| HACTYIIUT POBHO
ky pa3, coowiTie A, — k, pas, ..., coosiTue 4, — k, pa3z (k; + ... + k. = n) paBHa

n!

kL k!

r

P(n,ky,...k, )= plph L ph (1.22)

Jlokanvnasa meopema Jlannaca
BepositTHOCTH TOr0, YTO B 7 HE3aBUCUMBIX MCHBITAHUSAX (N — JAOCTATOYHO
0O0JIBIIIOE YKCIIO), B KAXKJAOM U3 KOTOPBIX BEPOSITHOCTH MOSIBICHUSI COOBITUSI paBHA p,

cOOBITHE HACTYIIUT POBHO k pa3, NpUOIMKEHHO paBHA

P(n k)~ 2 (1.23)
\hpq
rae
1 - k—np
xX)= exp| —— |, xX= , g=l-p.
@(x) \/ﬂ p[ 2) M q p

Humezpwlbmm meopema Jlannaca



BeposiTHOCTH TOTO, UTO B 77 HE3aBUCHUMBIX UCIBITAHUAX, B KAXKIOM U3 KOTOPHIX
HEKOTOPOE COOBITHE MOSIBIISECTCS C BEPOATHOCTHIO p , COOBITUE HACTYNUT HE MEHEE k|
u He 6oee k, pa3, NpUOJIMKEHHO paBHA

P(n, k) <k <ky) = (D(xy) - D(x7))/2, (1.24)

rmue

X 2
D(x) = \/j_ﬂ I exp(—%}dx - ¢pynkuus Jlamaca,
0

:(kl—np) ¥ :(kz_np).

N BN Y

Ilpumep 1.10. Tlo kanamy cBsizu mepenaerca n = 6 cOOOIIEHUHN, Kaxa0e W3
KOTOPBIX HE3aBUCUMO OT JPyTrux, C BeposATHOCThI0O p = 0,2 oKa3bIBaeTcs
UCKa)KeHHBIM. HailTh BEpOATHOCTH CJIETYIONTUX COOBITHIA:

A = {pOBHO J1Ba COOOIICHUS U3 IIECTH UCKAKECHBI |,

B = {He meHee IByX COOOIICHHI U3 IECTU UCKAKEHBI |,

C = {Bce coobmenus OyayT nepeaanbl 6€3 NCKaKCHUH |,

D = {Bce cooOmieHust Oy 1yT UCKaKCHBI } .

Pewenue. T1o popmyne bepuymmm (1.21)

6!

P(A)=C>-p*-(1- p)* :Mo,zz .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 1.11. BeposTHOCTH MOsIBIIEHUSI COOBITUSL A 32 BpeMs UCIIBITAHUN paBHA
0,8. OnpenenuTh BEpOSITHOCTH TOTO, 4TO B 100 ucHbITaHUSIX COOBITHE A TIOSBUTCS: Q)

80 pa3; 6) He meHee 75 u He 6omee 90 pas; B) He MeHee 75 pa3.
Pewenue

1) Bocnosibdyemcs nokanbHOU TeopeMoit MyaBpa-Jlamnaca:

P(100.80) = — 2 y= 20-100-08

\100-0,8-0,2° 4/100-0,8-0,2

@(0) = 0,3989, Torma P(100,80) = 0,0997.

2) CornmacHo uWHTerpaibHOU Teopeme Myappa-Jlamnaca



P(100,75<k< 90) :(q{@) N @(754;80)) /2 =

(D(2,5)-D(-1,25))2=(D(2,5)+D(1,25))/2.
3nauenue pyuknun Jlamnaca onpexnensem no Tabnune Jlamnaca: ©(2,5)=0,9876;

d(1,25) =0,7888. P(100, 75<k<90)=0,8882.

1.5. CIYYAMHAS BEJIMYUHA. 3AKOH PACIIPEJIEJIEHUSA

[lox cnyuaunou eenuuunou (CB) moHUMaeTcs: BEIMYMHA, KOTOpPasi B pe3yJibTare
OTIBITA CO CIYYaHBIM UCXOJI0OM IPUHUMAET TO UJIM MHOE 3HAUYCHUE, IPUYEM, 3apaHee,
JI0 OTBITa, HEU3BECTHO, Kakoe MMeHHO. O003HaUCHUs CIlydaliHON BelMWUYuHBL: X, Y;
3HAYEHHUS CIIyYalHON BEJIMUUHBL: X, ).

CnyualiHble BETUYHHBI MOTYT OBITh OUCKpemHbIMU WA HenpepblGHbIMU, a
00J1aCTh BO3MOHBIX HCXOJIOB MOXET OBITh MPEACTABICHA KOHEYHBIM MHOKECTBOM,
CUYETHBIM MJIM OECKOHEUHBIM.

3akon pacnpedeneHusn ciydaiiHOW BEIMYUMHBI — JH000E  MPABMIIO,
YCTaHABIIMBAIOILIEE COOTBETCTBUE MEXKAY 3HAYCHUSIMU CIy4ailHOM BEJIWYUHBI U
BEPOSITHOCTSIMH €€ HACTYTICHHUS.

Paoom pacnpeoenenusa nuckpernoii CB X HaspiBaercst Tabiuiia, B BepxHen
CTPOKE KOTOPOM MEepeUncieHbl BCe BO3MOXHbIE 3HaueHus CB xi, x,, ..., x,, (x;.; <X;),
a B HJKHEW — BEPOSATHOCTU UX MOSIBICHUS P, Py, ... » P » TAE p=P{X=X;}.

X1 X9 X
P1 P2 Pn
Tak kak coOwbITust {X=x{}, ... , {X=x,} ... HECOBMECTHBI MU OOPa3yIOT MOJHYIO
IpyIIly, TO CIPAaBEIIIMBO KOHTPOJIbHOE COOTHOIIICHUE
prtp,t..tp,=1. (1.25)

@Dynkuyueil pacnpeoeienus CIy4aiiHOW BETUYHHBI X Ha3bIBacTCS BEPOSTHOCTH
TOTO, YTO OHA MPUMET 3HAYEHHE MEHbIIICE, UeM aprymMeHT GyHKIuu x: F(x)=P {X<x}.
CBoiicTBa (QYHKIIMH pacTpeeIICHUs:

1. F(-0)=0.

2. F(+0 ) =1.

3. F(x)) £ F(x,), 1pux;<ux,.

4. P(a< X <b)=F(b) - F(a). (1.26)

Dynkuusa pacnpeoeneHuss OUCKPEemHOUl C1YUaiiHOl 6eUYUHDBL



HUcxonnoit uHdopmanmenn s nocTpoeHus (GYHKUUHM — paclpeiesieHUs
JUCKPETHOM CITy4allHOM BEIMYUHBI X sBIsETCA pAl pacupeneneHus ston CB.

X; X1 Xy X3 X, =X,
Pi P P2 P3 Pn 0
F(x;) 0 P1 pitp P1tTPp 1

F(x;)=P {X<x;} =P {(X=x ) V(X=x)U ... U(X=x; 1)} = pr+..4piy.
DyHKLUA pacnpeeneHns 1100 auckpeTHoit CB ecTh paspbiBHAs CTyNeHuYaTas
(QyHKIHMS, CKAuK¥ KOTOPOIl IPOMCXOAAT B TOUYKAX, COOTBETCTBYIOMIUX BO3MOKHBIM

3HAa4YCHUAM cnyqaﬁﬁoﬁ BCJIMYMUHBI, U PaBHBI BCPOATHOCTAM I3TUX 3HAYCHUM.

Henpepuvignan cayuainasa ¢eauuuna (HCB).

ITnomuocme eeposimuocmu

BeposarHocTs IMOnagaHus HEMPEPBIBHOM CIIy4alHOW BEIMYMHBI X HA y4aCTOK OT
X 10 x+Ax paBHa MpUpaLICHUIO (PYHKIIMH pacpeIeNIeHUs] Ha 3TOM Y4acTKe:
P{x<X <x+Ax}=F(x+Ax) - F(x).
[1710THOCTE BEPOATHOCTH HA 3TOM yYACTKE ONPEAEIIAETCS OTHOIEHUEM

f)= lim ZEEXSXHAG _ p FOH AP dF O
Ax—0 Ax—0 Ax dx

(1.27)

[TnoTtHOCTRIO pacnpeneneHusi (WM IUIOTHOCTBbIO BEPOATHOCTH) HEMPEPBIBHOM
ciyyailHO BenMuuMHbl X B TOYKE X Ha3bIBACTCS MPOU3BOJHASA €€ (YHKIHH
pacnpeneneHuss B 3TOM Touke, oOo3Hayaemas flx). I'padux mIOTHOCTH
pacrpenencHus Ha3bIBaeTCs KPUBOU pacIIpeeIeHuUs.

[TycTh mMeeTcs TOYKa X W HpUIIEraroluid K Hell orpe3ok dx. BepositHOCTb
NonaaHusl CIy4alHOW BeJIMYMHBI X HAa 3TOT MHTEpBaJ paBHa f(x)dx. DTa BEeIMYMHA
HAa3bIBACTCS JJIEMEHTOM BEePOATHOCTH.

BeposTHOCTh nonaganus Cily4alHOW BEIWYMHBI X Ha IPOU3BOJIBHBIA YYaCTOK
[a, b[ paBHa cyMMeE 3JI€MEHTApHBIX BEPOSITHOCTEN HA TOM yYacCTKe:



b
Pla< X <b}=|f(x)dx. (1.28)

DTO COOTHOILIECHHE TMO3BOJISIET BBIPA3UTh (YHKIUIO pacnpeneneHus F(x)

CIIy4allHOW BEJIMYMHBI X 4epe3 €€ MIIOTHOCTD:

F(x)=P{X <x}=P{-o< X <x}= ]Ef(x)dx.

—00

(1.29)

B reomerpuueckoit uHTepmperanuu F(x) paBHa IUIOWIAU, OrPAHUYEHHOMN
CBEpXY KpUBOM IJIOTHOCTH paclpeesieHus f(x) 1 JeKalel JieBee TOUKH X.
OcHOBHBIE CBOICTBA IVIOTHOCTH pacipe/ieseHus :

1. [ImoTHOCTH pacnpeaesieHuss HeoTpulaTenabHa: f{x) > 0.

2. YcaoBue HOPMUPOBKH: jf(x)dx =Jl (1.30)

—00

Ilpumep 1.12. Tlo opHOM W TOM K€ CTApPTOBOM MO3ULMM MPOTUBHUKA
IPOU3BOJUTCS MYCK U3 IMATH PAKET, MPUYEM BEPOATHOCTHh NOMNAaJaHUs B LENb IPHU
KOKJIOM mycke ogHoM paketel paBHa 0,8. IlocTpouTh psiag pacnpenesieHUs 4yucia
MMOMaIaHuM.

Pewenue. Crnyuaiinas BenuuuHa X (YUCIO TMOMaAaHUM B 1I€JIb) MOXKET
NpuHUMAaTh cienytomue 3Hadenus: 0, 1, 2, 3, 4, 5. HaiineM BepOsSITHOCTH NPUHSTHUSA
BEJIMYMHON X 3TUX 3HAYEHUM, UCTIONB3Ys hopmyy bepHyrm:

P{X =0}=(1- p)’ =0,2° =0,00032 ,

P{X =1}=Cip(1- p)* =5-08-0,2" =0,0064 ,
P{X =2}=C2p*(1-p)’ =10-0,8%-0,2° =0,0512 ,
P{X =3}=Clp’(1- p)* =10-0,8’-02° =0,2048 ,
P{X =4}=C{p*(1-p)=5-0,8"-0,2=0,4096 ,
P{X =5}=p’ =08 =0,32768 .
Psan pacnpeneneHus uMeeT BU:

X; 0 1 2 3 4 5

pi 0,00032 | 0,0064 | 0,0512 | 0,2048 | 0,4096 | 0,32768
Ilpumep 1.13. CiyyaniHas BenuuumHa X  pacnpelnesieHa 10 3aKOHY,

OonpcACILICMOMY IINIOTHOCTBIO BEPOATHOCTH BHU/IA



CCOS X, —nm/2<x<r7x/2,
T@=1 x> /2.

Haiitu koHcTanTy c, Gynkuuro pacnpenenenns F(x) u Berancauth P{|x| < m/4}.

Pewenue. KOHCTaHTy C BbIYUCJIUM UCXOIA U3 YCIIOBUA HOPMUPOBKHU:

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

oTkyna c = 0,5.
Tak KaKk IJIOTHOCTh BEPOSATHOCTH 3aJlaHa Pa3IUIHBIMH (DOPMYyJIaMU Ha Pa3HbIX

WHTEpBAIAX, TO U QYHKIIMIO pacmpeneseHuss OyeM UCKaTh IS KaKJI0r0 WHTEpBaia

B OTACIIBHOCTH.

Husx <-m/2  F(x)= If(y)dy: IOdyzO,

—00 —00
2 cosy siny| X  l+sinx
tst -1/2<x<n/2 F(x) = J Ody + I dy = = ,
2 |-m/2 2
—o0 —/2
-r/2 /2
msix>mn/2 F(x)= J Ody + I —ydy+ J Ody=1.
2
—o0 -r/2 /2
OKOHYAaTENbHO UMEEM
0, x<-m/2,
F(x)={(l+sinx)/2, |x|<7/2,
1, x>r/2.

BepositHocTs P {|x| < n/4}=F(£j —F(—zj = (Q +1j —(—£+1j = V2 :
4 4 4 2



1.6. YMCJIOBBIE XAPAKTEPUCTHUKH CJIYYAWMHOM BEJTAMYUHBI

OpnHa u3 OCHOBHBIX XapakTepucTuk CB - MaTeMaTH4YeCKoe OKHJaHue:
le. ‘P{X=x} ona JCB,
i

m,=M[X]=1{ . (1.31)
jx- f(x)dx omn HCB.

—o0
MaremaTudeckoe OxXUAaHUE XapakTepusyeT cpennee 3HaueHue CB u obmamgaet

CJIECIYIOIIUMHU CBOWCTBAMH:
1. M[c] =c.

2. M[c-X] = cM[X].
3. M[X+c] = M[X]+c.
4. M[X+X,] = MIX, #M[X; .

Mooon cnydaitHOW BeTMYMHBI Ha3bIBACTCS €€ Hanbojee BEpOSTHOE 3HAUCHHE,
T.€. TO 3HaUYEHHUE, AJI1 KOTOPOTO BEPOATHOCTH p; (g auckpetHoit CB) mnm f(x) (s
HenpepsiBHBIX CB) nocturaer makcumyma. O6o3nauenus: Mx, Mo.

Meouanoii cinydaitHON BenWYMHBI X Ha3bIBAETCS TAKOE €€ 3HAYCHHUE, A
KOTOpOoro BbIMONHSETC yciaoBue P{X<Me} = P{X>Me}. Menuana, kax mpaBuio,
CYHIECTBYET TOJIBKO ISl HEIPEPHIBHBIX CIIYYAHBIX BEJIUYHH.

Keanmunwio 7y, ciy4yaiiHOil BelMYMHBI X SIBISCTCSA TaKOe €¢ 3HAYCHHE, IS
KOTOPOTO BBINOJIHsETCS yenoue P{X<y,} = F(y,) = p.

Hauanvnoiit momenm s-ro nopsinka CB X ecTb MaTremMaTUueCKOE OKUAAHUE S-U
CTEIEHU 3TOM CIy4YaliHOW BEIUMYMHBL: o, = M[.X5].

Ienmpupoeannoii ciydailHOW BEIWYMHOW Ha3biBaeTcsi OTkiIoHeHue CB ot
MaTeMaTUYE€CKOIr0 OKUAaHUS:

X=X-m,, M[X]=M[X-m,]=0.

MoOMEHTBI LIEHTPUPOBAHHOM CIIyYallHOW BEIUYMHBI - YEHMPALbHbIE MOMEHMbl.
Henmpanvuoiiit momenm nopsanka s CB X ecTp mMareMarudeckoe OXKUAAHUE S-U
CTEIICHH LICHTPUPOBAHHOM CIIy4YalHOM BEJINYWHBI:

s = MLXS]= M[(X —my)°].

Jlnst mo6o# ciydailHOM BETMYHMHBI HEHTPAIbHBIA MOMEHT TEPBOTO MOPSIKa
pageH 0.

Jucnepcua ciiydyallHOW BEJIMYMHBI €CTh MAaTEMaTUYECKOE OXKWJAHUE KBaJpara
COOTBETCTBYIOLIEH LIEHTPUPOBAHHOMN CIIy4YalHON BEJIMYUHBI.



PacuetHbie hopmMyIibl:
Z(x[ - mX)2 P{X =x}= lez PiX=x}- (m)()z ona J{CB,

D[ X]={ - . (1.32)
j (x—m, ) f(x)dx = j X2 f(x)dx—(m,)’ ons HCB.

Brrancnuts 1ucnepcuio MOKHO M 4epe3 BTOPOU HAYAJIbHBIA MOMEHT:
2 2
DIX|=M[X"]-m, .
Jucnepcust  ClIy4yallHOM BEIWYMHBI XapaKTEpU3yeT CTENEHb PaCCEUBAHUS
(pazbpoca) 3HaYeHWM Ciy4ailHON BEJIWYMHBI OTHOCUTEIIBHO €€ MaTeMaTH4eCKOIo
OKuJaHUs U 00J1a/1aeT CIEAYIOIUMU CBOMCTBAMM:

1. D[c] = 0.

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

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

Cpeonum keaopamuueckum omkiaonenuem (CKO) CB X Ha3biBaeTcA

XapaKTepUCTUKa

o, =o[X]=D[X]. (1.33)

CKO u3mepsiercs B Tex ke Qpuanyeckux eauuunax, 4yro u CB, u xapakrepusyer
UPUHY Auana3zoHa 3HaueHui CB.

Ilpasuno 3o. Ilpaktudecku Bce 3HaueHus CB HaxoAsaTCs B UHTEpBaJie

[m-3c; m+30;]. (1.34)

Ilpumep 1.14. VI3 napTum 4UCIEHHOCTBIO 25 WU3ACIHM, CPEIU KOTOPHIX UMEETCS
IECTh HECTAHJAPTHBIX, CIy4ailHbIM OOpa3oM BBIOpaHbl Tpu wuznenus. Haittu
MaTEeMaTUYECKOE 0KUAAHUE U CPEJIHEE KBAIPATUUECKOE OTKIOHEHUE HECTAHIAPTHBIX
U3JIeIIN, COJIEPKaIUXCs B BEIOOPKE.

Pewenue. 1lo ycnoButo 3amaun CB X npuHumaeTt cienyroiue 3HadeHus: x;=0;
x,=1; x3=2; x,=3. BeposATHOCTH TOro, 9TO B 3TOH BBIOOPKE OKAXKETCS POBHO I
(i=0, 1, 2, 3) HECTAaHIAPTHBIX WU3JIETUH, BRIYUCISAETCS TI0 Popmyiie
Ce- Gy’

Cis

b

D :P{X:xl‘}:

OTKyJZa
p1=0,41; p,=0,43; p;=0,11; p,=0,05.
Jucniepcuto onpenenum mno Gopmynam

D[X] = M[X?] - (M[X])2,



M[X]=0-0,41+1-0,43+2-0,11+3-0,05=0,8,
M[X2]=0-0,41+1-0,43+22-0,11+32-0,05=1,32,
D[X]=1,32-(0,8)2 =0,68.
Torza o[X]=+/D[X]=0,82.
IIpumep 1.15. HenpepoiBHas CB pacnpeneneHna no 3akony Jlamnaca:
f(x)=b-e™

Haittn xosddunment b, maremarnueckoe oxkmmanue M[X], mmcmepcuio DI[X],
cpeZiHee KBaApaTHIECKOe OTKIIOHEHHUE G| X ].
Pewenue. Jlng waxoxnaeHus koddduimeHta b BOCIOIB3YyeMCS CBONCTBOM

(e 0] o0
HOPMHUPOBKM TUIOTHOCTU paclpe/ieTIeHUs I f(x)dx=2b J e *dx=2b=1, orkyna
—© 0

o0
b = 1/2. Tak kak (QyHKIMS xe_|x| - HeyeTHas, TO M[X]:O,S- j xe_|x|dx:0,

—00

nucnepeust D[X] u CKO O'[X ] COOTBETCTBEHHO PAaBHBI:

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

—00

O'[X]z\/ﬁ[)_(]=\/§.

1.7. TUTIOBBIE 3AKOHBI PACIIPEJIEJIEHUA

1.7.1. Iloka3areqbHoe (3IKCIOHEHIMAJILHOE) pacnpeaeieHune

CnyuaiiHas Benu4uuHa 1 UMEET noKazameabHoe pPaciipe/iesieHUe, €Cu e

IINIOTHOCTBb BCPOATHOCTHU!

ﬂeﬂu, t>0,
f(0)= (1.35)
0, t<0,

byHKIMS pacnpeneaeHus:

At >
Fey=17¢""> £20, (1.36)
0, t<0,



YUCIIOBBIC XapaKTepI/ICTI/IKI/II
M[T]= 1/A, D[T]=1/A% (1.37)

1.7.2. PaBHOMepHOe pacnipeaesieHue

CB X wumeer paBHOMEpHOE paclpeielieHHue Ha ydacTtke [a, b], eciam ee

IINIOTHOCTBb BCPOATHOCTHU!

1/(b—a), a<x<bh,
S(x)= (1.38)
0, x<a, x>b,
byHKIIMS pactpenencHus:
0, x<a,
F(x)=1 (x—a)/(b-a), a<x<bh, (1.39)
1, x>b,
YKCIIOBBIC XapaKTEPUCTUKH:
_ 2
Mix1=2 ;b . o2l 12") . (1.40)

1.7.3. HopManbHbBIi 3aK0H pacnpeaeeHus

CB X numeer HOpMalIbHOE pacTpeeIeHUE MPU CIEAYIOLIUX YCIOBUAX:

IIJIOTHOCTB BEPOATHOCTHU:

1 (x—m)’
X)=———expi——— 2, 1.41
f()a\/ﬂ p{ 202} (1.41)
(yHKUMA pacnpeneaeHus:
F(x)=0,5+ o,5c1>(x - ’") : (1.42)
o
2 7 -
rae O(x) — dyuxuua Jlamnaca: O(x) = e 2dt.
(x) — dy ()= {

3nauenus Qynkiuu Jlamnaca npuBefeHsl B npuiioxkeHud. [Ipu ucnonap3oBanuu
Tabyuibl 3HaYeHui GyHkuuu Jlamnaca cieayer yuuToiBaTh :
O(-x)=-D(x), DPO)=0, O(0)=1.

YucnoBele XapaKTEPUCTUKH:



M[X]=m, D[X]=0c". (1.43)
1.8. 3AKOH PACHPEJEJEHUS ®YHKIIUA CTYYAMHOM BEJTMYHUHDBI
PaccmoTtpum yHKIMIO OomHOrO ciydaiiHoro aprymentra Y = ¢(X). Ecoum X -

HEIpephIBHAS ClTydailHas BEJIMYMHA, TO IJIOTHOCTh BEPOSTHOCTU g()y) BEIUYUHBI Y

omnpenensercs no popmyJie

g =21,y )], (1.44)

rae  f(-) - WIOTHOCTb BEPOSITHOCTH BEIMYUHBI X;
V() - oOparHbie pyHKIMU GYHKIUH P(X);
k - yncao oOpaTHBIX (PYHKIUHI I JAHHOTO ).

Bech nuamna3on 3HaueHuid Y HEOOXOAMMO pa30UTh Ha MHTEPBAJBI, B KOTOPBIX
yucio k oOpaTHbIX (YHKIMN MOCTOSIHHO, U onpeaeiauTs Bua g(y) no gopmyne (1.44)
JUTSL KaXK/10I0 UHTEpBaJa.

Ecmm X - guckperHas ciydaiiHas BEIMYMHA, NPUHUMAIOIIAs 3HAYEHUS X;, TO
BeJIMYMHA Y OyJeT NMpuHUMAaTh TUCKPETHBIE 3HAUYEHUS ); = P(X;) C BEpPOATHOCTAMU
P = px)).

Ilpumep 1.16. OnpenenuTh MIOTHOCTb BEPOATHOCTH BEIMYUHBI ¥ = X2, ecu X -
ClIy4daiiHas BEJIMYMHA, PABHOMEPHO paclpeaesieHHas Ha uarepnanie [-1, 2] .

Pewenue. Tak xak X paBHOMEpPHO paclpejeseHa B uHTepBaie [-1, 2], To ee
IUIOTHOCTh BEPOSITHOCTHU paBHa (cMm. . 1.7.2 ):

D, 1/3, a<x<b,
f(x)_{O, x<a, x>b.
[Toctpoum rpaduk Bemuuunsl Y = X2 nmng x B uHTepBaje [-1, 2] u B

3aBUCUMOCTH OT YHMCJIA k 0OpaTHBIX (DYHKLMI BBIACIUM CIEIYIOIIUE HHTEPBAIIBI IS

Y (puc. 1.1):



(-0, 0) k=0,

JHY=X2
0,1) k=2, 4
(1,4) k=1, 31
(4, +0) k= 0. 21
Tak kak Ha mHTEepBanax (-0, 0) u (4, +oo) obpaTHas 1 o
10 g(»)=0. 5 >
(GYHKIIMS HE CYIIEeCTBYET, TO g()) 1 0 1 2
B unTeprane (0,1) nBe oOpaTHbIX GYyHKIIUU: A (x)
1/3
Vi) =+ my() ==y X

ITo popmyite (10.1) momyunm -1 2
g = £y (»)- Puc. 1.1

i+ fe 2 (D)) - [wa ()| =

1 1 1
= [ (P =+ oA =
gy 2y 3y
B unTeprane (1,4) onna o6patHas QyHkuus y(y) = +\/; , CIIeJIOBATEIILHO,

g)=fiwnr(»)-

o L1
vi)|= fe(J») A

Takum 00pa3oM, MIOTHOCTh BEPOSITHOCTH BEJIMYUHBI Y paBHA

0, y <0,

L 0<y<l

3\/;) 2
g=1

—, 1<y<4,

6y

0, y24.

1.9. IBYXMEPHBIE CJ1YUYAWHBIE BEJIUYUHBI

OyHKIMEH pachpeacsieHus JIBYXMEpHOW ciydaiiHoi Benmuuunbl (X, V)
HA3bIBAETCS BEPOSITHOCTb COBMECTHOTO BBIMOJMHEHHUs ABYX coObiTuit {X < x}
{Y<y}:

F(x,y)=P({X <x}T {¥ <y}). (1.45)



CBolicTBa IByXMEPHOU (DYHKLIMH paclpeiesICHuUs:

1.OL F(x,y) < 1.

2. Fx, +o0) = Fy(x); F(+00, y) = Fy(v); F(+o0 /+o0) = 1.

3. F(-©,y)=F(x, -0 )= F(-0, -0 )=0.

4. F(x1,y) £ F(xy,y), ecnux, > Xxy;

F(x, y1) S F(x,yp), ecany; >y

OyHKIUSA paclpenesIeHAs] MOXKET 3a/1aBaThCsl I HENPEPBIBHBIX U JIUCKPETHBIX
CIIy4alHBIX BEJIUYMH.

JUisi  HEnpepbhIBHBIX  CIyYalHBIX  BEJIWMYMH  CYIIECTBYET  IUIOTHOCTh
pacnpezeneHus, win AudQpepeHnanbHbIi 3aK0H pacipeleieHUs:

P({x<X <X +Ax}1 {y£Y<y+Ay}_82F(x,y)

,y)=1li 1.46
f(x,y)=lim ey o0y (1.46)

Ay—0
CBoMCTBa JBYXMEPHOM INIOTHOCTH:
1. fix,y) = 0.

Xy
2. F(x,y)= j j F(x,y)dxdy . (1.47)
3. P{(X,Y)e D)= j j F(x,y)dxdy . (1.48)
(D)

4. YcioBue HOPMUPOBKU: j J f(x,y)dxdy =1. (1.49)
5. 40 = [ fendys )= [ fxy)dx. (1.50)

Jlns nuckpeTHbIX ciiydailHbIX BeqnuuH (X, Y) 3aKOH pacrpenerneHus 3a1aeTcs
MaTPHULCH BEPOSTHOCTEH, COICPIKALICH BEPOSITHOCTH p);; TIOSIBIICHUSI BCEX BO3MOKHBIX
Tap 3Ha4YCHUH (X;, 1)):

p;=PX=x; " Y=y), (1.51)

YAOBJICTBOPAIOIIUX YCIIOBHIO



II
s

>

i=l j

Dy = (1.52)

OnHOMEpHBIE PsAZIbl BEPOSTHOCTEH COCTaBIAOMIUX X, Y ONpeAcistoTcs IO

dbopmynam

M
=P(X=x)=).p;, i=1, .., N; (1.53)

N
p*j=P(Y=yl.)=lepl.j, j=1 .., M. (1.54)

Ycnoenvim  3axonom  pacnpedenenuss Ha3bIBA€TCSA PACHPENEICHHE OJHOMN
CIIy4allHOW BEJINYMHBI, HAMJACHHOE NPHU YCIOBUH, YTO Jpyras CilydaiiHas BEJIUYUHA
IIPUHSJIA ONPENEIICHHOE 3HAYCHUE.

Ycnosnvie nnomnocmu 111 HENPEPBIBHBIX COCTABILAIOIMX X U Y OIpenenstoTcs
no opmynam

Jly) =fxe, nihm),  £)#0; (1.55)
JOix) =fx, Mifix),  fi(x)#0. (1.56)

Ycnosnvie psovl eeposmuocmeii Afis AUCKPETHBIX COCTaBIsOmMX X U YV
oTpeAensoTces no Gpopmynam
pyi=PX=x/Y=y)=p;/P(Y=y), i=1,.,N, (1.57)
pi=P(Y=y/X=x)=p;/PX=x), j=1,..,M (1.58)

Teopema ymHOMCEHUS 3aKOHO8 PACTIPEETICHUI:

AJIs1 HCIPEPBIBHBIX BEJIMYWH -

Jx, y) =/H(x) - fv/x) = L(0)-H(x]y) (1.59)

1 TUCKPETHBIX BCJIMYUH -

Py =P Pjii=Pej Py (1.60)

Yenosus nezagucumocmu CirydyaiiHbIX BEJIMYUH:

TSl HETIPEPBIBHBIX — fx, v) =f10)H(0), (1.61)



JUISL TUCKPETHBIX - pi=pip; M Vij. (1.62)
Ilpumep 1.17. JIByxmepHas cnydaiiHas BenuuuHa (X, Y) pacmpenaeieHa Mo

3daKOHY, IPUBCACHHOMY B Ta6HI/IH€2

Vi Xj
x;=0 X, =1
y=-1 0,1 0,2
y, =0 0,2 0,3
y3 =1 0 0,2

OnpenenuTs OJHOMEPHBIEC PSAJbI BEPOATHOCTEN BeIUUYMH X U Y, YCIOBHBIN psif
BeposiTHOCcTeH BenuuuHbl X npu ycioBuu, uro Y = 0. MccnegoBarh 3aBUCUMOCTD
CIIlyYalHBIX BEJIMYUH X U Y.

Pewenue. Onpenenum psiasl BepositHocTeld X u Y o dopmynam (1.53) u (1.54),

T.C. BBIIIOJIHUM CYMMHPOBAHHUC I10 CTOJ'I6HaM H 110 CTPpOKaM:

X; 0 1 Y -1 0 1
pi* 0,3 O,7 p*j 0,3 035 092

VYenoBubiit psag X npu Y = 0 nonydaem o dpopmyiie (1.57):

X; 0 1

Piry=0 074 096

Bennunnel X n Y 3aBUCHUMBI, TaKk Kak

P(X=0, Y=0)%PX=0)P(Y=0),
0,2%0,3 - 0,5.

1.10. YUCJIOBBIE XAPAKTEPUCTHUKU IBYXMEPHbBIX BEJIUYUH

PaccMOTprM OCHOBHBIE YHCIIOBBIE XaPAKTEPUCTUKH JBYXMEPHOM CIIy4yalHOMN

BeNnnuuHHI (X, ¥).

Hauanouenii momenm mopsnka k+s paBeH MaTeMaTHUYECKOMY OXHUIAHHUIO

npousBeneHus Xk u Ys:



o (x,y) =M[X*7* | (1.63)
Lenmpanvuviti momenm TOpsAKa k+s paBeH MaTEMaTHYECKOMY OKHIAHHIO

IMPOU3BCACHUS HCHTPUPOBAHHBIX BCJIMYWH )k-'! n %Z

Ok Os
iy () =MV | (1.64)
rze R=x- m,,
P=v-m e
PacueTHbie popMyib:
n m K
2.2 % Vb ona JICB,
_ i=1j=I1 1.65
ak,s(xay)_ o o ( . )
j I xkys f(x,y)dxdy ona  HCB;
—00 —00
n m K
DD (xi—my) (yj—my) pi onn JICB,
i=1 j=1
Hie,s(51)=y (1.66)
I J- (x—mx)k(y—my)sf(x,y)dxdy onn  HCB,
—00 —00
TA€ p; - ODJEMEHTBI MATPHIILI BEPOATHOCTEN AUCKPETHON BENMYMHbI (X, V);

f(x, ¥) - coBMecTHas IJIOTHOCTh BEPOSATHOCTU HEMPEPHIBHON BeMunHbI (X, Y).

PaCCMOTpI/IM HauOoJIee YacTo HCIIOJIB3YCMBIC HAYaJIbHBIC MW NICHTPAJIbHBIC

MOMEHTHI:
g 0(x, ¥) = Hoo(x, ¥) = 1 o o(x, y) = my; a1 (x, y) = my;
“l,O(Xa y)= Mo,l(X, »)=0; Olz,o(xs ¥) = op(x); ao,z(X, ¥) = ou(y);

Mz,o(xa y)=Dy; Mo,z(xa y)= Dy; “l,l(x: y)= ny-
Koppenayuonnwviit momenm K., XapakrepusyeT CTENEHb TMHEWHON 3aBUCUMOCTH
BENMYUH X M ¥ ¥ paccenBaHNUE OTHOCHTEIIBHO TOUYKH (7, 11,).

Breraucnuts ny MOHO 1 49€PEC3 HA4YaJIbHbBIC MOMCHTBI:

ny 7 O('1,1()69 y) - My-m,,. (167)



Koo dunreHt Koppessiu r,,, XapakTepusyeT CTEINEHb IMHEHHOM 3aBUCUMOCTH

BCJINYHH:

k k
r, = nyD G’g (1.68)

JList JIFOOBIX CITy4alHbIX BEHYHH [Fy,| <
Ecin Bemmanubl X 1 ¥ HE3aBUCUMBI, TO 7y, = 0.
Ilpumep 1.18. Omnpenenuts kod¢pduuueHt xoppensiund BenuuyuH X u Y
(cm. mpumep 1.17).
Pewenue. Onpenenum MaTemMaTHUECKHUE OXKHUAaHUS BelMndnH X U Y o popmyre
(1.65):
2 3
m,= o (X, y)= Zinpij = 0-0,1 +0-0,2+0-0+1-0,2+
i=1 j=1

+1.0,3+1.0,2=0,7,

2 3
my = g (x,»)= D> y;p; = -1:0,1-1:0,2 +0-0,2 + 0-0,3 +

i=1 j=1
+1-.0+1-0,2=-0,1.

Haiinem snavenue K., no gpopmye (1.67):

2 3
K= 2%y~ mmy = 0-(-1)0,1 £ 0:0-02 +0-1:0 +
i=1 j=1

+1:(-1)-0,2 + 1-0-0,3 + 1-1:0,2 - 0,7-(-0,1) = 0,07.

Omnpenenum aucnepcun Benuyud X u Y mo hopmyie (1.66):

2

D, =1 0(x.y) ZZ(x— m,)? pij = (—0,7)% 0,1+ (=0,7)%-0,2 + (=0,7)% - 0 +
i=1j=1

+(0,3)2-0,2 + (0, 3)2 -0 ,3+(0,3)%-0,2=0,21 ,

D, =ty (x,9) ZZ(y] m,)” pyj =(~0,9)>-0,1+(<0,9)>-0,2+(0,1) - 0,2 +
i=1j=I

+(0,1)%0,3+ (1,1)% -0+ (1,1)%-0,2 = 0,49.

3HadeHue Kod(hUIMEeHTa KOPPENISIHH 7

y BBIUHCIIUM 110 (hopmysie (1.68):



K, 0,07
\/ D, ~J0,21-0,49

~0,22.

b

Ilpumep 1.19 JIByxMepHas ciydaiiHas BeJIMYMHA PaBHOMEPHO pacrpejerieHa B
obnmactu D, orpanudeHHor npsmbiMu X = 0, ¥ = 0 u X + Y = 4. Onpeaenuthb
K03 PUIIEHT Koppesiiuy BearuuuH X u Y.

Pewenue. 3anumiem B aHaJUTHYECKOM (OpME COBMECTHYIO IUIOTHOCTh

BEPOSITHOCTH:
c, 0<x<4, 0<y<4-—x,
f(x,y)=
0, wunHaye.
Onpenenum ¢, UICIOJIB3Ys ycioBue HOpMupoBkH (1.49):
44-x 4 i
I I cdxdy:cj(4—x)dx:c-8=1:>c:—.
00 0 8

Haiinem maTemaTudeckoe OXUAaHUE W TUCIIEPCUIO0 BEIUYUHBI X 110 opMysiam

(1.65) u (1.66) cOOTBETCTBEHHO:

44—x 4 —x
= 1,0 () = I J xldxdy‘§£x‘le dy——Ix<4 W=7
44—x 4 9
Dy = (X,y)= I I (x—m,) —dxdy_—.([(x——) (4- x)dx_§

Tak kak 001acTh D cUMMETpPUYHA OTHOCUTEIFHO OCEH KOOPJIUHAT, TO BEIIMYUHBI
Xu Y OyayT uMeTh OJIMHAKOBBIE YHNCIIOBBIC XapaKTEPUCTHUKHU:
m,=m,=4/3, D,=D,=38/9.

Omnpenenim KOppesuoHHbIA MOMEHT K, 110 popmyite (1.67):

44-x (a1t o (4 4

Ky, I I xy xdy —m,. -m,, ‘[x X I ydy — (3) 16J-x( x)"dx (3) S
00 0 0

Koaddumment xoppensiuu Bennuna X u ¥ 0ynet paseH (1.68):

ny_l

Py :—,?Dy —E.



1.11. KOHTPOJIBHBIE 3AJIAYHN

B 3agagax 1.1-1.5 mogOpachiBaroTCs 1B€ UTPaIbHbBIE KOCTH.

1.1. Onpenenutrb BEPOATHOCTb TOrO, YTO CyMMa BBINABIIMX YKCEI pPaBHA
BOCBMH.

1.2. OnpenenuTh BEPOATHOCTH TOTO, YTO CyMMa BBIMABIINX YUCEN JEIUTCS 0e3
OCTaTKa Ha IIECTbh.

1.3. Onpenenuths BEPOSITHOCTh TOT'O, YTO CyMMa BBINABIIMX YKCEI MPEBBIIIAET
10.

1.4. OnpenenuTh BEpOSATHOCTh TOTO, YTO BHINAAYT OJUHAKOBBIE YHCIIA.

1.5. Onpenenuts BEpOATHOCTh TOTO, YTO BBINAAYT Pa3HbIE, HO YETHBIE YHUCIIA.

1.6. B ypHe ueThipe OenbIxX U MATh YEPHBIX MIApoB. M3 ypHBI Hayraj BHIHUMAIOT
nBa 1mapa. HaliTu BepoOSTHOCTH TOTO, YTO OJMH M3 ITHX IIApOB - OEIbIii, a APYyrou -
YEPHBIH.

1.7. B ypHe ueThipe OenbIX U MATh YEPHBIX MIApoB. M3 ypHBI HayraJ BHIHUMAIOT
nBa mapa. Haiitu BeposiTHOCTh TOTO, 4TO 00a 1apa O0y1yT OJJMHAKOBOTO IIBETA.

1.8. Ha nmecarm kaproukax Hamucanel OykBel A, A, A, M, M, T, T, E, U, K.
[Tocne nmepecTaHOBKM BBIHUMAIOT HAyTaJl OJHY KapTOUYKY 3a APYTroi U pacKIIa/IbIBAIOT
X B TOM TMOPSIKE, B KAKOM OHHM OBbUTM BBIHYTHI. HaliTu BEpOSITHOCTH TOTO, YTO HA
KapToukax Oy/eT HalMCaHO CJIOBO ‘‘MaTeMaTHKa”.

1.9. TenedoHHBII HOMEP COCTOMT M3 IMecTH IUEpP, Kaxaas U3 KOTOPHIX
PAaBHOBO3MOXHO NpuHUMaeT 3HaueHust ot 0 1o 9. Hailtu BepoATHOCTh TOTO, 4TO BCE
1U(GPBI OAMHAKOBBI.

1.10. YcnoBue 3amaum 1.9. Bpr4mcauTh BEpOSTHOCTH TOTO, UYTO BCE IUDPHI
YETHBIE.

1.11. VYcnoue 3amaun 1.9. Bplunciuth BEpPOSTHOCTH TOTrO, YTO HOMEpP HE
COJIEPKUT UG PHI TATh.

1.12. YcnoBue 3amaun 1.9. Bbr4uCIuTh BEPOSTHOCTH TOTO, UTO BCE IUDPHI
pa3IUYHBIC U PACIIOIOKEHBI B MOPSAKE BO3pacTaHus (coceaHue Mudphl OTINIAIOTCS
Ha 1).

B 3amauax 1.13-1.19 nayaady B3sIThI ABa MOJIOKUTEIBHBIX YUCHA X U Y, IPUYEM
x <5, y < 2. Haiftu BeposiTHOCTB TOr0, 4T0 y+ax-b<0 um y-cx <0.

1.13. a=1, b=5, c=1.

1.14. a=1, b=5, ¢=0.5.

1.15. a=1, b=5, ¢=0,25.

1.16. a=1, b=5, c=2.

1.17. a=2, b=10, c=2.

1.18. a=2, b=10, c=1.

1.19. a=2, b=10, c=0,5.



B 3amauax 1.20-1.23 u3 xonoasl B 36 kapt (6, 7, 8, 9, 10, B, /I, K, T) nayran
U3BJIEKAIOTCS TPU KapTHhl.

1.20. OnpenenuTh BEPOATHOCTh TOrO, 4YTO OYAYT BBITAILIEHbI KapTbl OJHOU
MAacTH.

1.21. Onpenenutb BEpOSTHOCTb TOTO, YTO OYIyT BHITALLIEHBI TPU TY3a.

1.22. Onpenenutb BEPOSATHOCTh TOrO, YTO OYyAyT BBITAILIEHbl KapThl Pa3HbIX
MAacCTeH.

1.23. Onpenenutb BEpOSATHOCTh TOTO, YTO CPEAM U3BJICUEHHBIX KapT He OyaeT 9.

1.24. Ha niockoCTH NpOBENECHBI NAapAJUIEIbHbIE NPSAMbBIE, HAXOIAIIHUECS IPYT OT
Ipyra Ha paccTosiHud 8 cM. OnpeneanuTh BEPOSITHOCTh TOTO, YTO Hayraj OpolIeHHbIN
Ha 3TY IJIOCKOCTh KPYT paguycoM 3 cM He Oy/IeT NepecevyeH HU OAHOU JTMHUEH.

1.25. B ypHe nsiTh OenblX ¥ BOCEMb YE€pPHBIX 1IapoB. I3 ypHBI BHIHUMAIOT Hayraja
OJIMH 1Iap U OTKJIAIbIBAIOT B CTOPOHY. DTOT map okaszaics OenbviM. [locie 3toro u3
ypHbI OepyT enie oauH map. HallTu BEepOATHOCTH TOTrO, YTO 3TOT LIap TOXe OyAeT
OEJIBIM.

B 3amauyax 1.26-1.30 HoMep aBTOMOOWIISI COAEPKUT YEThIpe LUPPBI, Kaxaas U3
KOTOPBIX PAaBHOBO3MOXHO NMpuHUMAET 3HaueHus oT 0 10 9 (Bo3moxkeH Homep 0000).

1.26. Omnpenenutb BEPOATHOCTH TOTO, 4YTO BTOpas uudpa HOMEpa paBHA
YETBIPEM.

1.27. Onpenenutb BEPOATHOCTb TOTO, YTO HOMEP COJEPXKHUT XOTS Obl OAHY
mudpy 0.

1.28. OnpenenuTs BEPOATHOCTh TOTO, YTO MEPBbIE TPU LU(PHI HOMEPA PaBHBI
ISITH.

1.29. Onpenenuts BEPOSITHOCTh TOTO, YTO HOMEP Aeautcs Ha 20 .

1.30. Onpenenutb BEpOSTHOCTb TOI'O, YTO HOMEP HE COACPKUT LHUPPHI 2.

B 3agauax 2.1-2.30 mpuBeneHbl CXEMbI COCIMHEHUSI AJIEMEHTOB, 00pa3yroIuX
LEMb C OJJHUM BXOJOM M OJIHUM BbIxoAoM. [Ipeanonaraercs, 4To OTKa3bl JIEMEHTOB
SIBJISIIOTCSI  HE3aBUCHMMBIMU B COBOKYMHOCTH COObITHsIMU. OTkaz Jr000ro u3s
3JIEMEHTOB MPUBOJUT K MPEPHIBAHUIO CUTHAJIA B TOW BETBU IEIHU, IJI€ HAXOAUTCA
JaHHBIN 35ieMeHT. BepositTHocTn OTkasza 3ynemeHToB 1, 2, 3, 4, 5 COOTBETCTBEHHO
paBubl pl=0,1; p2=0,2; p3=0,3; p4=0,4; p5=0,5. HailTu BEPOSATHOCTH TOIrO, YTO
CUTHAJI POKJIET CO BXOJ1a HA BBIXOJ.
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3.1. Ha Tpex aBTOMaTHYECKHX CTAHKaX MU3rOTaBJIMBAIOTCS OJIMHAKOBBIE JECTAH.
N3BectHO, yTo 30% NpOAYKIMU TPOUZBOJUTCS MEPBBIM CTAaHKOM, 25% - BTOPBIM U
45% - TperbuM. BeposATHOCTh M3rOTOBJIEHUS €T, OTBEYAIOUIEH CTaHIApTy, Ha
nepBoMm cranke paBHa 0,99 , na BTopom - 0,988 u Ha TpetbeM - 0,98. 3roToBiaeHHbBIC
B TEUCHHE JIHA HA TPEX CTAHKaX HEPAaCCOPTUPOBAHHBIC IE€TAIA HAXOJATCS HA CKIIAJE.
OnpenenuTs BEPOSITHOCTH TOrO, YTO B3fATas HAyraj Jerajb HE COOTBETCTBYET
CTaHJApPTYy.

3.2. BepodTtHOoCTH nTONagaHus MpH KaKJIOM BBICTpPEIIE ISl TPEX CTPEIKOB PaBHBI
cootBeTcTBeHHO 0,2; 0,4; 0,6. [Ipn 0JHOBPEMEHHOM BBICTPEJIE BCEX TPEX CTPEIKOB
OKa3aJioch OJHO mnomnagaHue. OnpenenuTb BEPOATHOCTh TOrO, YTO MOMNAJ NEPBBIM
CTPEJIOK.

3.3. OguH U3 Tpex CTPEJKOB BBI3bIBACTCS HA JIMHUIO OTHA W IPOU3BOJUT JBA
BbICTpesia. BepodaTHOCTh Momnajanusi B MUIIEHb MPU OJHOM BBICTpPEJIE IJISI IEPBOTO
crpenka pasHa 0,3 , g Broporo - 0,5 , st tperbero - 0,8. MuiieHp He nmopaxeHa.
Haiitu BeposITHOCTB TOTO, YTO BBICTPEIIBI MPOU3BEICHBI TIEPBBIM CTPEIKOM.

3.4. JlBa aBTOMara MNPOU3BOJAT JETAIU, KOTOPbIE MOCTYIMAIOT Ha OOIIMA
KOHBelep. BeposTHOCTh MoJlydyeHHs HECTaHAAPTHOM JETald Ha NEPBOM aBTOMATE
paBHa 0,075 , a Ha BTOpOoM - 0,09. IIpoM3BOAMTENHHOCT BTOPOTO aBTOMAaTa BIIBOE
Oonbuie, yeM neporo. HallTu BeposITHOCTH TOTO, YTO Hayraj B3siTas C KOHBeilepa
JieTalb HECTaHIapTHA.

3.5. Ha pacnpenenurensHOoil  0a3e HAXOIATCS DJICKTPHUUYECCKHC JIAMITIOYKH,
U3rOTOBJIEHHBIE Ha ABYX 3aBoAax. Cpenu Hux 60% H3roTOBIEHO HA MEPBOM 3aBOJC U
40% - na Bropom. M3BecTHO, uTO M3 Kaxabix 100 namMroyek, M3roTOBJIEHHBIX Ha
nepBoM 3aBoze, 90 COOTBETCTBYIOT cTaHAapTy, a u3 100 naMroyex, n3roToBIEHHBIX
Ha BTOPOM 3aBOJI€, COOTBETCTBYIOT cTanaapty 80. OmnpenenuTs BEPOSITHOCTh TOTO,
YTO B3sTasA HAyraj JaMmoyka ¢ 06a3pl OyJeT COOTBETCTBOBATh CTAHIAPTY.

3.6. Tpu cTpenka NTPOU3BOIAT MO OJHOMY BBICTPENLY IO OAHOM M TOM XK€
MUIIEeHUA. BeposTHOCTh monagaHus sl epBOro crpeinika pasHa 0,6 , 11 BTOporo -
0,5 , nnsa tperbero - 0,4 . B pe3ynapTare NpPOU3BENCHHBIX BBICTPEIOB B MUIIEHU
OKa3aJioch J1B€ NpoOouHbl. HallTh BEpOATHOCTH TOTO, UTO B MULIEHB MOIAJIN BTOPOM
U TPETUU CTPEIIKH.

3.7. OguH U3 Tpex CTPEJIKOB BBI3BIBAECTCS HA JIMHUIO OTHS W IPOU3BOJUT
BbIcTpen. Llens nopaxkena. BepossTHOCTh nonaiaHusi B MULIEHb MPU OJJHOM BBICTpETIE
sl iepBoro crpenka pasHa 0,3 , ais Broporo - 0,5 , mua tpersero - 0,8. Halitu
BEPOSITHOCTh TOTO, UTO BBICTPEJ MPOU3BEAECH BTOPHIM CTPEIKOM.

3.8. Ha naGmtoaTenbHbINA MyHKT CTAHLIMKA YCTAHOBJICHBI YETHIPE PAIHOIOKATOPA
Pa3TUYHBIX KOHCTPYKIMH. BeposTHOCTh OOHApy)KEHHWs LU C MOMOIIBIO TEPBOTO
nokaropa paBHa 0,86 , Broporo - 0,90 , tperpero - 0,92 , uwerBeproro - 0,95.



HaGmrogatens Hayram BKJIIOYaeT OAWMH €3 JIOKaTOpoB. KakoBa BepOSITHOCTH
oOHapyKeHHUs 1ean?

3.9. Cpenu 1IECTH BUHTOBOK NPHUCTPEICHHBIMM OKAa3bIBAIOTCS TOJIBKO JIBE.
BeposrHocTh mOnagaHus W3 NOPUCTPENIEHHOW BUHTOBKM paBHa 0,9, a  wu3
HernpuctpeneHHo - 0,2. BpicTpesnoM W3 OJHOW Hayraj B3SITOM BUHTOBKHU ILEIb
nopaxkeHa. OnpeaeuTb BEPOSITHOCTh TOTO, YTO B3ATa MPUCTPETIECHHAs] BUHTOBKA.

3.10. IIpuGopsl OJHOTO HAMMEHOBAHUS W3TOTABIMBAIOTCS HA TPEX 3aBOJaX.
IlepBbiii 3aBoxa moctaBisieT 45% BcexX M3MENUiA, MOCTYMAKOUIUMX HAa IPOU3BOJICTBO,
BToport - 30% wu Tpetmit - 25%. BepostHOCTh 0e30TKa3HOW paboThl mpubOpa,
M3TOTOBJIEHHOT'O Ha MEPBOM 3aBoje, paBHa 0,8 , Ha BTopoM - 0,85 1 Ha TpeTbem - 0,9.
OnpenenuTs BEPOSITHOCTH TOrO, 4TO MNPUOOp, MOCTYNUBIIUM Ha TMPOU3BOACTBO,
UCIIPABEH.

3.11. I'pynna CcTyA€HTOB COCTOMT W3 MATH OTJIWYHUKOB, JECSITH XOPOIIO
YCIEBAIOUIMX U CEMH 3aHUMAIOIIMXCs ¢1a00. OTIUYHUKY HA NPEICTOAILIEM dK3aMEHe
MOTYT MOJIYYUTb TOJIbKO OTJIUYHBIE OIEHKHU. XOPOIIO yCIEBAIOIIUE CTYIEHTHl MOTYT
NOJIYYUTh C PABHOM BEpPOSTHOCTHIO XOPOILIME M OTIMYHBIE oOleHkH. Crnabo
3aHUMAOIIMECT MOTYT IMOJYyYUTh C  PaBHOM  BEPOSITHOCTBIO  XOPOILIHUE,
YAOBJIIETBOPUTENIbHBIE W HEYJIOBIECTBOPUTEIbHBIE OIEHKHU. [l cpaum skx3ameHa
BBI3BIBACTCSl HAyTaJl OAUH CTYyJIeHT. HailT BEpOSTHOCTH TOr0, YTO CTYJEHT MOJIYYUT
XOpOUIYIO UJIM OTJIMYHYIO OLICHKY.

3.12. meroTcst TpU OJMHAKOBBIX MO BUIY sAmuka. B mepBom smuke 20 OGenbix
mapoB, BO BTOpoM - 10 Genbix u 10 yepHBIX 1IapOB, B TPETheM - 20 YEpHBIX LIAPOB.
N3 BeIOpaHHOrO Hayraj SIIUKA BBIHYJIM O€JbIi 1ap. BeUUCIUTE BEPOSATHOCTH TOTO,
YTO IIap BBIHYT U3 IIEPBOTrO SUIUKA.

3.13. B nepBoii ypHe nsth 0enbix U 10 4epHbIX MapoB, BO BTOPOU - TpU OENBIX U
CEMb YepHBIX I1apoB. 13 BTOpo ypHBI B IEPBYIO MEPETOXKUINA OJIUH I1ap, a 3aTEM U3
NEepBOM ypHBI BBIHYJM Hayraa ofuH map. OnpenenuTb BEPOATHOCTh TOrO, YTO
BBIHYTBIN 11ap - OCJIBIH.

3.14. B Tupe umeercsa TpU PYyXbs, BEPOSTHOCTH IMOMNAJaHUS U3 KOTOPBIX
coorBeTcTBeHHO pasHbI 0,5; 0,7; 0,9. OnpenenuTs BEPOSITHOCTH IMONALAHUS IIPU
OJIHOM BBICTpEJIC, €CIIU PY>Kbe BRIOpAHO HAyTal.

3.15. Ilpubop cocroutr wu3 Tpex Oy0koB. HMcmpaBHOCTH Kaxkaoro OJioka
HeoOxonuma st (QYHKIIMOHUPOBAHUS ycTporcTBa. OTKa3bl OJOKOB HE3aBUCHUMBI.
BepostHoctu 0e30TKa3HOl paboThl OJ0KOB cooTBeTcTBeHHO paBHbI 0,6; 0,7; 0,8.
OrnpenenuTs BEpOSTHOCTh TOT'0, YTO OTKAXKET JBa OJIOKa.

3.16. Ycnosue 3agaum 3.15. OnpeaenuTts BEpOATHOCTh TOTO, UYTO OTKAXKET OJIUH
OJI0K.



3.17. Ycnoue 3amaun 3.15. B pe3ynbrare ucnbITaHui TPUOOP BBIMIET U3 CTPOSL.
OnpenenuTs BEPOSITHOCTh TOTO, YTO OTKAa3aJl OJIUH OJIOK.

3.18. Ycnoue 3amaun 3.15. B pe3ynbrare ucnbITaHUR TPUOOP BBILIET U3 CTPOSL.
OnpenenuTh BEPOSITHOCTh TOTO, UTO OTKA3aJu JiBa OJI0Ka.

3.19. YcnoBue 3amaun 3.15. B pe3ynbrare ucnbITaHu TPUOOP BBIMIET U3 CTPOSL.
OnpenenuTs BEPOSITHOCTh TOTO, YTO OTKA3aJu TPU OJI0Ka.

3.20. YcnoBue 3amauu 3.15. B pesynbprare ucnbiTaHuil JABa 0J0Ka BBILILIU U3
ctposi. OnpenenuTh BEpOSITHOCTh TOTO, YTO OTKA3aJu BTOPOH U TPETUN OJIOKH.

3.21. YcnoBue 3amaun 3.15. B pesynpraTe ucnbeiTanuii nBa OJ0Ka BBHINUIA U3
cTpost. OnpenenuTh BEpOSITHOCTh TOr0, YTO OTKA3aJIM NEPBBIM U BTOPOM OJI0KH.

3.22. Ycnosue 3amauu 3.15. B pesynbpTare ucnbiTaHuil ABa 0J0Ka BBILLIU U3
ctpost. OnpenenuTh BEpOSITHOCTh TOTO, YTO OTKA3aJIu NIEPBBINA U TPETHH OJIOKH.

3.23. Ycnosue 3amgaun 3.15. B pe3ynbrare UCHBITAaHUN OJWH OJIOK BBIIIEN U3
cTpos. OnpenenuTs BEpOSITHOCTh TOT0, YTO OTKAa3aJl TPETUH OJIOK.

3.24. Vcnoue 3amaun 3.15. B pe3ynbrare ucObITaHUN OAWH OJIOK BBIIIET U3
ctpost. OnpenenuTh BEpOSITHOCTh TOTO, YTO OTKa3ajl MEepBbINA OJIOK.

3.25. Ycnosue 3amgaun 3.15. B pe3ynbrare UCHBITAaHUN OJWH OJIOK BBIIIEN U3
cTposi. OnpeaenuTh BEpOSTHOCTh TOTO, YTO OTKa3all BTOPOil OJI0K.

3.26. meroTcst TpU OJMHAKOBBIX 1O BUAY AllMKa. B mepBom simuke 20 Oenbix
mapoB, Bo BTOpoM - 10 6enbix v 10 yepHBIX 1IapoB, B TpeTheM - 20 YepHBIX MIapOB.
W3 BeIOpaHHOTO Hayraj sIMKa BBIHYJIW MAp. BBUHUCIUTH BEPOSTHOCTH TOTO, UTO
map Oenblid.

3.27. MeroTcst TpU OJMHAKOBBIX MO BUAY AllMKa. B mepBom siuke 20 Genbix
mapoB, BO BTOpoM - 10 6enbix v 10 yepHBIX IapoB, B TpeTheM - 20 YepHBIX IIapOB.
N3 kaxaoro sumka BbIHYJIM WIAp. 3aT€M M3 3TUX TPEX LIAPOB HAyraJ B3sUIM OJUH
map. Ber4McIuTh BEpOSITHOCTD TOTO, UTO IIap OEJIbIN.

3.28. Ilpubopsl OJHOTO HAMMEHOBAHUS HW3TrOTABIMBAIOTCS Ha TPEX 3aBOJaX.
ITepBbiii 3aBox moctaBisieT 45% BcexX M3ENUA, MOCTYMAKOUMX HAa IPOU3BOJICTBO,
BToport - 30% wu Tpetmit - 25%. BepostHOCTh 0e30TKa3HOUW paboThl mpubOpa,
M3TOTOBJIEHHOT'O Ha MEPBOM 3aBojie, paBHa 0,8 , Ha BTopoM - 0,85 1 Ha TpeTbem - 0,9.
[Ipubop, mocTynuBIIMKA Ha NPOU3BOJACTBO, OKa3ajicid HCHpPaBHbIM. ONpenenuThb
BEPOSATHOCTH TOT'0, YTO OH U3TOTOBJIEH HA BTOPOM 3aBOJIE.

3.29. Tpu cTpenika TPOU3BOIAT MO OJHOMY BBICTPENYy IO OAHOM M TOM XKe
MHUIIEHU. BeposATHOCTH momnaganus i nepBoro crpenka pasHa 0,6 , mjist BTOporo -
0,5 , nnsa tperbero - 0,4. B pe3ynbTrare NpOU3BEICHHBIX BBICTPEIIOB B MUIIECHU
0Ka3aJioch ABe MpoOouHBI. HailT BEpOSITHOCTH TOTO, YTO B MUIIEHb MOMaJl BTOPOM
CTpEJIOK.



3.30. Tpu cTpenka TPOU3BOIAT MO OJHOMY BBICTPENY IO OAHOM M TOM XKe
MHUILIEHU. BeposTHOCTh monajganus sl EpBOTO cTpeska paBHa 0,6 , 1jist BTOPOTO -
0,5 u s tpersero - 0,4. B pe3ynbrare NpOU3BEICHHBIX BBICTPEIOB B MUIICHU
oKazajachk oJiHa mpoOounHa. HallTu BEpOATHOCTH TOrO, YTO B MUILEHD MOMAJ MEPBBIM
CTpEJIOK.

4.1. BeposTHOCTh M3rOTOBJICHUSI CTaHAAapTHOro um3aenus paBHa 0,95. Kakoa
BEPOSITHOCTh TOTO, UTO CPEJIU JECATH U3EIHNI He 00Jiee OAHOTO0 HECTAHIaPTHOTO?

4.2. BeposATHOCTb MONAJaHUs B MHUILEHb MPU OJHOM BbicTpene paBHa 0,6. Ilo
MUILIEHN MPOU3BOAUTCS YEThIPE HE3aBUCUMBIX BbICTpena. HalTu BEpOATHOCTH TOTO,
4TO OyJIeT XOTs Obl OJHO MONAaJaHUE B MUIIECHbD.

4.3. TexHuyeckass CUCTEMA COCTOUT M3 MATU Yy3J0B. BeposATHOCTh HapylICHUs
pexxuma paboThl B TeUYeHHME BpeMeHHW t aia Kaxzaoro yi3ia paBHa 0,2. Cucrema
BBIXOJUT U3 CTPOSI, €CJIM HapYILIECHUs pexuma paboThl MPOU30MIYT HE MEHEE YEM B
Tpex y3nax. HaliTu BEpOATHOCTH BBIXOJA U3 CTPOS DTOW CHUCTEMBI 3a BpeMs t, eciin
HapylIeHUE pekuMa padoThl JUIsl KAXKIO0T0 y3ja HE 3aBUCUT OT COCTOSIHUS PaOOThI B
IPYruX y3Jax.

4.4. UrpanbHyto KocTh noaOpachiBaloT 12 pa3. UeMy paBHO HaMBEpOsSTHEWIIEE
YUCJIO BhINAJACHUM 67

4.5. BeposiITHOCTb M3rOTOBJIEHUS W3JENUs OTIWYHOro KaudectBa paBHa 0,9.
Naroroeneno 50 wuznenuil. Yemy paBHbI HaMBEPOSITHEWILEE YHUCIO U3JETUN
OTJINYHOT'O KAYECTBA U BEPOATHOCTh TAKOI'O YMCJIA U3JIEIINA OTINYHOTO KadecTsa?

4.6. IIo naHHBIM TEXHUYECKOTO KOHTPOJIS B cpeaHeM 2% H3rOTABIMBAEMbIX Ha
3aBOJIE aBTOMAaTUYECKUX CTAHKOB HY>KJAETCS B IOMOJTHUTEIBHON pEryanpoBKe. YeMy
paBHa BEPOSITHOCTD TOTO, YTO U3 LIECTU U3TOTOBJIECHHBIX CTAHKOB YETHIPE HYKIAHOTCS
B JIOTIOJIHUTEJIBHOW PETyJINPOBKE?

4.7. Pabouuii 0OCiIyuBaeT AECITh OAHOTUIIHBIX CTAaHKOB. BeposTHOCTH TOTO,
YTO CTAaHOK MOTpedyeT BHHMMaHus paboyero B TeueHue 4vaca, pasHa 0,05. Haittu
BEPOSATHOCTH TOT0, YTO B TEUEHUE Yaca ITUX TpeOOBaHMI OyJeT OT Tpex JI0 MATH.

4.8. B Macrepckol mmeercs AecsaTh MOTOpoB. IIpm cymecTtByromeM pexume
paboThl BEPOATHOCTH TOTO, YTO MOTOpP B JaHHBII MOMEHT paboTaeT ¢ MOJIHON
Harpy3koi, paBHa 0,8. HailTu BEpOATHOCTb TOTO, UTO B JIaHHBIA MOMEHT HE MEHEE
BOCBMHU MOTOPOB pabOTAET C MOJTHOM HArPy3KOH.

4.9. BeposTHOCTh MOSBICHUS COOBITHST A B KaXIOM M3 15 HE3aBUCHMBIX
onbITOB paBHa 0,3. OnpenenuTs BEpOSTHOCTh MOSABICHUSI COOBITHS A 1O KpailHeu
Mepe JBa pasza.



4.10. BeposATHOCTh TOSIBJICHUS COOBITHS A B KaXJIOM M3 15 HE3aBUCHMBIX
onbiToB paBHa 0,3. OmnpenenuTb BEPOSTHOCTh MOSBJICHUS COOBITUS A CeMb WU
BOCEMb Pa3.

4.11. Monery noa0pachiBalOT BOoceMb pa3. Uemy paBHO HaMBEpOsSTHEUIIEE
YHUCJIO BhINAieHUI repba?

4.12. BepoATHOCTb TOr0, YTO JaHHBIA OACKETOOJUCT 3a0pOCUT MAY B KOP3UHY,
paBHa 0,3. IlpousBeneno 12 OpockoB. Haiitu BeposiTHOCTH TOro, uto Oyaer 10
MMOTaTIaHuM.

4.13. Onpenenutb BEPOSTHOCTH TOrO, YTO B CEMbE, UMEIOIICH MATh JCTEH,
OyzleT Tpu JEBOYKU U JIBa MaJlbuMKa. BeposTHOCTH pOXACHUS MalbuuKa U JIEBOUKHU
IPEeANnoaaraloTcsi OJJUHAKOBBIMHU.

4.14. Monety mnoadpachlBaloT BoceMb pa3. KakoBa BEpOSITHOCTH TOTO, YTO
IIECTh Pa3 OHA yMajeT repooM BBepx?

4.15. B pe3ynbTaTe MHOTOJIETHUX HAOIIOAEHUI YCTaHOBJIEHO, YTO BEPOSTHOCTh
BbINaJCHUs J0kAs 1 okTaA0ps B pJaHHOM ropoae paBHa 1/7. Omnpenenutsb
HauBEPOSITHEHIIIEe YUCIIO JOKUIMBBIX AHEH 1 oKkTAO0ps B JaHHOM ropoje 3a 40 Jer.

4.16. Nmeercss 20 SIMKOB OJAHOPOAHBIX AeTaineil. BeposTHOCTH TOro, 4to B
OJIHOM B35ITOM HayJady SIIIUKE ACTaJIM OKaXyTCs CTAaHAAPTHBIMHU, paBHa 0,75. Haittu
HaUBEPOSITHEHILIEE YUCIIO SUMKOB, B KOTOPBIX BCE JI€TaJIU CTaHAAPTHBIE.

4.17. BepoATHOCTH MOMajaHus B MUIIEHb MpU 0JAHOM BbicTpelsie paBHa 0,4. Ilo
MUILIEHU MMPOU3BOAUTCS IECTh HE3aBUCHUMBIX BBICTPENIOB. HaliTh BEpOSITHOCTH TOTO,
YTO B MUILIEHU OYJIET OJTHO WM JIBA NTONaJaHUsl.

4.18. BepoATHOCTh MONaAaHusl B MUIIEHb TP OAHOM BhICTpesie paBHa 0,4. I1o
MUILIEHU MPOU3BOAUTCS MIECTh HE3aBUCUMBIX BBICTPENIOB. HaliT BEPOSTHOCTH TOTO,
YTO B MUILIEHU OYJIET TpU MONagaHusl.

4.19. Mosetry nonOpacsiBatoT BoceMb pa3. KakoBa BEpOSITHOCTh TOTO, YTO OHA
HU pa3y He ynajaet repoom BBepx?

4.20. Ilpm ycraHoBuBLIEMCS TexXHOJoruueckom mnpouecce 80%  Bceit
IIPOM3BEICHHON MPOAYKIIMM OKa3bIBACTCs NPOAYKLUMEN BbICIIero coprta. Haitu
HaWBEPOSTHENIIEE YMCIIO U3AEIUHN BBICIIETO COPTa B NapTuu u3 250 unenui.

4.21. Mosetry noaOpacsiBatoT BoceMb pa3. KakoBa BepoSITHOCTh TOTO, YTO OHA
YeThIpe pasa yrnajaeTr repoom BBepx?

4.22. BepoATHOCTh TOTO, YTO JaHHBIA OACKETOOIUCT 3a0pPOCUT MAY B KOP3UHY,
paBna 0,9. [Ipousseneno 12 6pockoB. Halitu BeposiTHOCTH TOro, uto Oynaer 11 unu
12 nmonaganui.

4.23. BepoATHOCTH MOMajaHus B MUIIEHb MpU 0JAHOM BbicTpesie paBHa 0,4. o
MUILIEHU MMPOU3BOAUTCS IECTh HE3aBUCUMBIX BBICTpENIOB. HaliTh BEpOSITHOCTH TOTO,
4yTO OyJEeT XOTsI Obl OJIHO MOMAa/JaH1E B MUIIEHb.



4.24. BepoATHOCTh MONaJaHusl B MUIIEHb IIpU 0AHOM BbIcTpelie paBHa 0,4. I1o
MULIEHU TPOU3BOJUTCS IIECTh HE3aBUCUMBIX BBICTpENIOB. HaliTu BEpOSTHOCTH TOTO,
4TO OyJIeT XOTs OBl MSITh MONAJaHUN B MULLIEHb.

4.25. Mounety non0pachiBatoT BoceMb pa3. KakoBa BEpoSITHOCTh TOTO, YTO OHA
HU pa3y He ynajaet repoom BBepx?

4.26. Monery nonopacsiBator 100 pa3. KakoBa BEposITHOCTh TOTO, YTO OHA HU
pasy He ymnajer repooM BBepX?

4.27. BepoATHOCTh TOTO, YTO JaHHBIA OACKETOOIUCT 3a0pPOCUT MAY B KOP3UHY,
paBHa 0,95. IlpousBeaeHo aecsath OpockoB. HaliTu BEpOSTHOCTH TOTO, YTO OyneT
JEBATh MONAJaHUM.

4.28. BepoATHOCTb TOT0, YTO JaHHBIA OACKETOOJUCT 3a0pOCUT MAY B KOP3UHY,
paBHa 0,9. IIpousseneno 12 6pockoB. HaiiTu BepoATHOCTH TOTO, YTO OyAET HE MEHEe
11 nonananuii.

4.29. Paboumii 00CiIyKMBaeT AECATh OJHOTUIIHBIX CTAaHKOB. BeposTHOCTH TOTO,
YTO CTAaHOK MOTpeOyeT BHUMaHUs pabouero B TeueHwe yaca, paBHa 0,05. Haiitu
BEPOSITHOCTh TOTO, UTO B TEUEHHE yaca OyJeT XOTsl Obl 0IHO TpeOOBaHUE.

4.30. BepoarHocTh nonajaHusi B MUIIEHb IIpU 0AHOM BbIcTpelie paBHa 0,4. I1o
MUIIEHU MPOU3BOJUTCS LIECTh HE3aBHUCUMBIX BbICTpENoB. HailT BEpOATHOCTH TOTO,
4yTO OyJIeT IIEeCTh MONaJaHui B MULIEHb.



B 3apmauax 5.1-5.30 nuckperHas cimydaiiHas BeJWYMHA X MOXKET NPUHHAMATh
OJIHO U3 MATU (puKcUpoBaHHBIX 3HaueHuu x1, x2, x3, x4, x5 ¢ BeposTHOCTSIMU pl,
p2, p3, p4, pS COOTBETCTBEHHO (KOHKPETHBIC 3HAUYECHUSI MpuUBEAeHbI B Tabn. 1.1).
Briuncnuth MareMaTH4ecKoe OXKUJaHWE W aucnepcuio BennuuHbl X. Paccuurtars u

NOCTPOUTH TpaUK PYHKIMHU pacipeeaeHUs.

Ta6muma 1.1
Bapuanr | x1 x2 x3 x4 x5 pl p2 p3 p4 pS
5.1 1 2 3 4 5 0,2 0,2 0,2 0,2 0,2
5.2 | 2 3 4 5 0,1 0,2 0,3 0,2 0,2
5.3 | 2 3 4 5 0,4 0,1 0,1 0,3 0,1
5.4 1 2 3 4 5 0,3 0,3 0,1 0,1 0,2
5.5 -2 -1 1 3 7 0,2 0,2 0,2 0,2 0,2
5.6 -2 -1 1 3 7 0,1 0,3 0,2 0,2 0,2
5.7 -5 -2 0 1 2 0,5 0,1 0,1 0,2 0,1
5.8 -5 -2 0 1 2 0,1 0,2 0,1 0,3 0,3
5.9 0 1 2 3 4 0,2 0,2 0,2 0,2 0,2
5.10 0 1 2 3 4 0,3 0,2 0,1 0,2 0,2
5.11 0 1 2 3 4 0,1 0,2 0,3 0,4 0
5.12 -1 0 1 2 3 0,6 0,1 0,1 0,1 0,1
5.13 -1 0 1 2 3 0,3 0,2 0,1 0,1 0,3
5.14 3 4 S 6 7 0,1 0,2 0,3 0,4 0
5.15 3 4 S 6 7 0,5 0,1 0,1 0,1 0,2
5.16 -5 -4 -3 5 6 0,1 0,3 0,2 0,2 0,2
5.17 -2 0 2 4 9 0,3 0,2 0,1 0,1 0,3
5.18 -2 0 2 4 9 0,3 0,1 0,1 0,2 0,3
5.19 -2 0 2 4 9 0,15 | 0,15 | 0,2 0,4 0,1
5.20 5 6 7 8 9 0,1 0,1 0,1 0,1 0,6
5.21 1 4 7 8 9 0,3 | 0,15 ] 0,25 | 0,15 | 0,15
5.22 | 4 7 8 9 0,2 0,2 0,2 0,2 0,2
5.23 -10 -4 0 4 10 0,2 0,2 0,2 0,2 0,2
5.24 -10 -4 0 4 10 0,3 0,1 0,2 0,1 0,3
5.25 2 4 6 8 10 0,1 0,2 0,3 | 0,35 | 0,05
5.26 2 4 6 8 10 0,7 0,1 0,1 10,051 0,05
5.27 2 4 6 8 10 0,2 0,3 1005|025 ] 0,2
5.28 | 4 5 7 8 0,6 0,1 0,1 | 0,05 | 0,15
5.29 1 4 S 7 8 0,3 0,3 0,1 | 0,15 | 0,15
5.30 5 6 d 9 12 10,05 ] 0,15 | 0,2 0,4 0,2




B 3agauax 6.1-6.30 (mapametrpsl 3aaHuiil npuBeneHsl B Ta0n. 1.2) ciayuaiinas
BeNrnurHa X 3a7jaHa MJI0OTHOCThIO BEPOATHOCTH

0, x<a, x>b,
f(x)={

Omnpenenuts KOHCTaHTYy C, MaTeMaTUYECKOE OKUJAHUE, JUCTIEPCUIO, (PYHKIIHIO
pacnpeie/ieHUsl BEUIUHBI X, @ TAKAKE BEPOATHOCTb €€ T0NaaHus B MHTepBan|a, /] .

o(x,c), a<x<bh.

Tabmuua 1.2
Bapuanrt p(X,¢) a b o B
6.1 cox 1 2 0,5 1,5
6.2 ox!! 0 1 0,5 1
6.3 o -1 1 0 0,5
6.4 o 0 2 1 2
6.5 oxt 0 1 2 2
6.6 c 2 ) -1 1
6.7 csin(x) 0 T 0 /2
6.8 csin(2x) 0 /2 /4 T
6.9 csin(3x) 0 /3 -1 1
6.10 c-cos(x) -1t/2 /2 0 1
6.11 ¢+ cos(2x) 0 /4 0,5 1
6.12 ce” 0 4 1 2
6.13 ce™ 0 o 1 3
6.14 4 0 o0 0 1
6.15 c|x| 2 2 1,5 2
6.16 cé" 0 1 0 0,5
6.17 cx 0 1 0,5 0,7
6.18 cx’ 0 2 1 2
6.19 cx’ 0 1 0 0,5
6.20 cx’ -1 1 0 2
6.21 cx’ 0 1 0 0,25
6.22 cx'’ -1 1 0,5 0,5
6.23 c/x 1 4 2 3
6.24 ¢/’ 1 2 1 1,5
6.25 ¢/’ 1 2 1 1,5
6.26 c/x* 1 3 1 2
6.27 ¢/x° 1 2 1 1,5
6.28 ¢/ x° 1 2 0 1,5
6.29 c/x’ 1 2 1 2
6.30 c/x* 1 2 1 3




B 3apmauax 7.1-7.30 (ycnoBus npuBeseHbl B Ta0n. 1.3) cinydaitHas BennunHa X
pacripesiesieHa paBHOMEpHO Ha uHTepBaiie [a,b]. Iloctpouts rpaduk ciyyaiiHOU
BeJIMUMHBI Y=((X) U OpeAeanuTh IIIOTHOCTh BEPOSITHOCTU g(Y).

Tabmanma 1.3
Bapuant o(x) a b Yo
7.1 N -1 4 2
7.2 x—2| 0 10 1
7.3 x| +1 -3 2 3
7.4 x+1]+2 2 0 2,5
7.5 52 -4 1 10
7.6 3 -1 2 5
7.7 3] -1 2 0,5
7.8 x? %) 1 0,5
7.9 X -2 2 4
7.10 x| -2 1 0,5
7.11 2x -4 6 10
7.12 2x| -3 7 3
7.13 1/x 1 5 0,3
7.14 1/(x+5) -4 6 0,2
7.15 sin(x) 0 0,757 0,5
7.16 sin(2x) 0 /2 0,4
7.17 sin(3x) /6 /3 0,5
7.18 [sin(xx)| -t/4 /2 0,3
7.19 e 0 1 1
7.20 o -1 2 2
7.21 1/x° 1 2 0,75
7.22 x' B 8 1
7.23 x| -8 1 0
7.24 cos(x) ) /3 0
7.25 cos(2x) -1t/6 /2 0,5
7.26 |cos(x)| 0 1,57 0,5
7.27 Jx 0 4 1
7.28 x| -1 4 0,5
7.29 In(x) 1 2 0,2
7.30 x| -1 16 0,5




B 3amawax 8.1-8.30 (kOHKpeTHbIE mapamMeTpbl NpHUBEACHBI B Tabdm. 1.4)
JNBYXMEpHBIN ciyuyaiiHblii  BekTOop (X, VY) paBHOMEpPHO pachnpeliesieH BHYTpHU
BBIJICJICHHON XUPHBIMU NPAMBIMU JIMHUAMH Ha puc. 1.2 obnactu B. /I[ByxmepHas
IUIOTHOCTh BEPOATHOCTH f(X,y) oarHakoBa A1 J1000i TOUKK 3TOM obnactu B:

fG) :{C’ () e

Boruucnutb K03 PuUUUEHT Koppensiuun Mexay BeanuuHaMu X 1 Y.

0, wuHaue.

ylk
y2
B
yl
¥ \ > X
0 x1 x2 x3 x4 x5 x6

Puc. 1.2



Tabnuua 1.4

X6

x5

x4

x3

x2

x1

BapmuauT

.1
.2
.3

8

.5

6
.7

9
.10
.11
.12
.13
.14
.15
.16
.17
.18
.19

.20

.21

.22
.23

.24

.25
.26

.27

.28

.29

8.30




2.MATEMATHYECKASA CTATUCTUKA

2.1. OIEHKA 3AKOHA PACHIPEJAEJEHUSA

l'enepanbHoti coO80KynHOCMbIO HA3bIBAETCS MHOXKECTBO OOBEKTOB, M3 KOTOPBIX
npou3BoAUTCS BbIOOpKa. Kakaplii M3 0O0BEKTOB 3amaeT (PMKCUPOBAHHOE 3HAUCHHE
CIIly4YallHOM BEJIWYHHBI.

Buibopxa - MHOXECTBO {Xj, X5, .., X,} CIy4alHO OTOOpPaHHBIX OOBEKTOB
(3HAYEeHMI1) U3 reHepabHOW COBOKYITHOCTH.

Ob6vemom BEIOOPKHU HA3BIBACTCS YUCIO ( 72 ) BXOJAIIUX B HEE OOBEKTOB.

Bapuayuonnvim psoom HaszbiBaeTcsi BbIOOpKa {X,, X,, ..., X, }, NOJy4YECHHas B

pe3yNbTaTe PaclojOKEHUs 3HAUEHUN HMCXOJHOW BBHIOOPKH B MOPSAIKE BO3PACTAHUSI.
3HAYCHHU X HA3bIBAIOTCS BAPUAHTAMM.

2.1.1. ImMnupuveckass QyHKIMS pacnpeaeeHust

OMmnupuueckas QyHKUUS pacrpeaenacHus onpenensercs Gopmynon
F*(x)=m__/n, (2.1)
1€ X - apryMeHT (HeciaydyailHasi BeIMYMHA, —00 < X < +00 );
n - o0BbeM BBIOOPKH;
m__ - KOJIMYECTBO 3HAUEHUI B BBIOOPKE MJIM BAPUALMOHHOM PSY, CTPOTrO
MEHBIINX X.

[Ipyu N — o sMmnupuyeckas GyHKUUS pacnpeneiaeHuss F*(x) mo BepoOATHOCTH
CXOJUTCS K TEOpEeTUUECKON (DyHKIMU pacripeaesnenus F(x).

OcHoBHBIE cBOMCTBA PyHKIUU F*( X):

1.O<F*(x) < 1.

2. F*(x) - neyObIBarowas ctyneHyaras QyHKIusl.

3. F%(x) =0, x <X .

4. F*(x)=1,x>x,, .

OMnupuueckas QYHKIMS paclpeaeseHus sSBISETCS HAWIydlled OIEHKOW 3aKoHa
pacnpezeneHuss (HECMELIEHHOHM, cocrosATenbHOM, 3¢dexktuBHOi). HenocraTok
GyHkuu F*(x) 3akimoyaeTcs B €€ HEBBICOKOM HAIVIAJIHOCTU: BU3YaJbHO CIIOXKHO
no00paTh TUIIOBOM 3aKOH pacrpeeeHusl.

[Topsimok mocTpoeHus rpaduka GyHKIUU F*(x) claeayronui:

1. ITocTpouTh BapuallMOHHBIN PS/I.

2. Ha uncnoBoil ocH x BBIIEIUTH MOJYUHTEPBAJbI (A;, B;], HA KOTOPHIX (QYHKIUSA
F*(x) He n3MeHseT cBOEro 3HaueHus. ['paHMIIbI MOJYMHTEPBAJIOB OIPENEISAIOTCS
COCETHUMH OTJINYAIOLIMMHUCS 3HAUEHUSIMU BapUALIMOHHOTO PSAA.



3. Ha xaxnom mnonyuntepBaie no ¢opmyse (2.1) BblUUCHseTCS 3HAYCHUE
dyHkunn F*(x).
4. Iloctpouts rpaduk.

2.1.2. 'mcrorpamma pacnpeejeHus CJ1y4anHON BeJTHYUHbI

l'ucmozpammor Ha3bIBAETCs OLICHKA IUIOTHOCTHU pacrpezesieHus BeposTHocTd. Ha
IPaKTUKE HauOoJiee 4acTO MCHOJB3YIOTCA [1Ba METOAA IOCTPOCHUS T'MCTOTPAMMBL:
PaBHOMHTEPBAJIBHBI U PAaBHOBEPOATHOCTHBIN. I1OpAIOK MOCTPOEHUS TMCTOIPAMMBI
CIIEIYFOLLIHAM.

1. ITocTpouTh BapHalMOHHBIA Psl, T.€. PACIIONIOKUTH BBIOOPOYHBIE 3HAYCHUS B
MOPSIKE BO3pAaCTaHus: X; <X, <...< X .

2. Bcro o0nacte  BO3MOXKHBIX — 3HAYCHUH [)%1, )%n] pasoute Ha M

HENEPECEeKAIOIUXCS U MPUMBIKAIOMINX JPYT K APYTY HHTEPBAJIOB.
W3 craructuueckux cooOpakeHUl mnapamerp M peKoMeHIyeTcs BhIOUpaTh C
MOMOIIBIO CIEAYIOIIMX COOTHOIICHU:

M ~int(Vn),  n<100, (2.2)

M ~int((2-4)-1g(n)),  n>100, (2.3)
rje int(x) - menas 9acth yucna x . JXKemarensHo, 4TOOBI 72 0€3 OocTaTKa AenmiIoch Ha M.

BBenem o0o3HaueHUs TapaMeTPOB:

A;, B; - COOTBETCTBEHHO JIeBas 1 MIpaBasi TPaHUIIBI i-TO UHTEpBana (4, = B));

h; = B; - A; - nuHAa i-rO UHTEpBAA;

V; - KOTMYECTBO YKCEN B BEIOOPKE, MOMAAAIOIINX B i-i HHTEPBAJ.

[Ipy MCTONB30BAaHUH PABHOUHMEPBAILHO20 METOJA TMOCTPOCHUS THUCTOTPAMMBI
napaMeTpsl A;, B;, h; BBIMUCISIOTCS CIETYIOMNUM 00pa3oMm:

h=h=(x—x)/M, A=x+0G-1)h B =4,,; i=1 2, .. M. (2.4)

Ecnmu npu mopcyere 3HaYeHUN KakOE-TO YUCIO B BBIOOPKE TOYHO COBIIAJACT C
TpaHUIIE MEXKIy HWHTEpBajlaMH, TO HEOOXOIMMO B CUETYMK OOOMX HHTEPBAJIOB
npubaBuTh 1o 0,5.

B cnyuae mnpumeHeHus pagHoseposmHOCmMHO20 MeTona TpaHuubl A; B;
BBIOMPAIOTCS TaKUM 00pa3oM, 4TOOBI B KaXKIbIM WHTEPBAI MOMAAal0 OJMHAKOBOE
KOJIMYECTBO BHIOOPOYHBIX 3HAYCHUI:

v,=v=n/M. (2.5)
B sTom ciyuae
A4 =x; B=QX+x,)/2 4,=B; A=, +X, )2 i=2,3, ., M.(2.6)

3. Boruncnsiercst cpeaHsisi MIOTHOCTH BEPOSITHOCTH AJIsi KaKJIOTO MHTEpBAJA IO

dbopmyie
£ =vil(n-h). 2.7)



4. Ha rpaduke npoBecTH BE OCH: X U fl-* (x).

5. Ha ocu x oTMe4aroTCs rpaHuUIlbl BCEX UHTEPBAJIOB.
6. Ha xaxxJ1oM nHTepBaJie CTPOUTCS NPSIMOYTOJIbHUK C OCHOBAHUEM /1; W BBICOTOM
fi . [lonydennas mpu 3TOM CTyINeHYaTas JIMHUS HA3bIBAETCS TUCTOTPAMMOM, rpaduk

KOTOPOM NPHUOIU3ZUTEIBHO BBIMJISAUT TAK, KaK MOKa3aHO Ha puc. 2.1.

f*(x)

f*

Puc.2.1

3ameyanusi.

1. CymmapHas mioniagb Bcex NpsMOYTOJbHUKOB PaBHA €IMHULIE.

2. B paBHOBEpPOSATHOCTHOM THUCTOrpaMMe€ IUIOHIAAM BCEX MPSAMOYTOJIbHUKOB
onMHAaKoBbl. Ilo BUAY TruUCTOrpaMMbl MOYHO CYAWTh O 3aKOHE pacHpeiesICHHs
CIIly4YallHOM BEJIUYUHBI.

3. Ilepen mocTpoeHNWEM THCTOTPAaMMBbI BHIUUCICHHBIC 3HaueHus A; , By, h;, v; ,

*

pEKOMEHIyeTCsl 3aHeCTH B Taou. 2.1.

Tadmuma 2.1
1
é
M
JIOCTOMHCTBA  HCIIOJIB30BaHUS TUCTOTPAMMBI: MpOCTOTa  IPUMEHCHHS,

Harji1aJHOCTbh.



2.2. TOYEYHBIE OIEHKH ITAPAMETPOB U YNCJIOBbBIX
XAPAKTEPUCTHUK

[Toutn Bce pacinpcaciicHuA cnyqaﬁHoﬁ BCJINMYMWHBI 3aBHCAT OT OAHOI'O HIIA
HCCKOJIBKHUX IIapaMCTpPOB. HaHpHMep, IJIOTHOCTDb BCPOATHOCTU IKCIIOHCHIUAJIBHOI'O

3aKOHa
Ae ™, x>0,
X)=
AL 0, x<0

3aBUCHUT OT MapameTpa A.

Cmamucmuueckou oyenxkou () mnapamerpa () pacnpelnesieHUs Ha3bIBaeTCs

npuOIMKEHHOE 3HAYCHHUE MapaMeTpa, BRIUMCICHHOE 1O Pe3yJIbTaTaM dKCIEPUMEHTA
(o BeIOOPKE).

CratucTuyeckrue OIEHKM JENSITCS Ha TOYEYHBbICE W WHTEpBaIbHBIC. ToueuHoll
HA3bIBAETCS OIIEHKA, OmpesensemMas OJMHUM 4ucioMm. JKenmaTenbHO, YTOOBI OIEHKA
OblJ1a HECMEIICHHON, COCTOSATEIHbHON 1 9(PPEKTUBHOM.

1. Ouenka Q HAa3bIBACTCS HecMeweHHoU, eClv M[Q] = (. HecmenieHHOCTD -
MHUHUMAaJIbHOE TPeOOBaHUE K OI[CHKAM.

2. Ouenka Q HA3bIBAETCS COCTOSITENILHOM, €CII MPU YBEJIMYEHUU YHUCIIa N OHA
CXOJIUTCSI TIO BEPOSITHOCTH K 3HAYEHUIO mapameTpa Q:

lim(P(0-0| <) =1,
n—>o0
IlIe & - JIF000E MOJIOKUTEIHHOE YHCIIO.

HecMmemennas oneHKa SBISIETCSI COCTOSTSIHLHOM, €CIIH limD[Q] =0.

n—>0

3. Hecmemennas ouenka @ sBisiercss 3(G()EKTUBHOM, eciu ee AucCHepcus
MUHHMMaJIbHA IO OTHOLIEHUIO K TUCIIEPCUH JIFOOOU IPYTror OIEHKH.

2.2.1. ToueyHble OLIEHKH YHUCTOBBIX XaPAKTEPUCTUK

1. HecmeleHHass cOCTOSATEIbHAS OLCHKA MAmMeMadmuyecko2o O0XCUOAHUS,
HasbIBacMasi BLIOOPOUHBIM CPEJTHUM, BBIUUCIISICTCS 11O (popMyIie

X=) x/n (2.8)
i=l1
2. HCCMeIHeHHaH COCTOATCIIbHAsA OLICHKA oucn epcuu paBHa
1 n
§2=——(x, -x). (2.9)
n—1 3

3. CMGHIGHHBJI COCTOATCIIbHAA OILICHKA ducnepcuu

S? :%-i(x,. ~x). (2.10)

i=1



4. HecMmemeHHas COCTOATENbHAS OLIEHKA TUCIIEPCUN

S? =l-i(xi—mx)2. (2.11)
n

i=1
5. CocrosiTenbHas OLIEHKA CpeOHeK8a0pamuyecko20 OmKIOHEeHUs.

Sy =1/S3. (2.12)

6. HGCMCHICHH&H COCTOATCIIbHAA OLICHKA KOppeaAyuUOHHO20 MomMerma

. n
Ray = 3= 04 7) 2.13)
TA€ X, Vi - 3HAUEHUS, KOTOPbIC MPUHSUIIN CilyyaliHble BelUuuuHbl X, ¥ B k-M OmbITE;
X, ¥ - CpEIHHE 3HAUECHUs CIIyYalHBIX BEIUYMH X U ¥ COOTBETCTBEHHO.
7. CocTosTeNbHas OlleHKa K02 ) huyuenma Koppeaiyuu
n
> (6 —%)- (v, - 7)
Foy = nizl - : (2.14)
>0 =%) 2 =)
i=1 i=1
8. BwiOopouHBIl Hauanvubiti Momenm k-TO TIOpSAKa OIPEACIACTCS TIO0
bopmyne

G =13 (%) (2.15)

n g
9. BeiOGopouHblii yenmpanvHbvlii MomMerm k-ro TIOpsIKa paBEeH

S R _\k

fi == (%, = %)". (2.16)
no=

10. B cnydae mepagnomouHbiXx WU3MEPEHUN HECMEUIEHHAS COCTOSITEIbHAS
OIICHKA MaTEMaTUYECKOTO OKHUIaHUS paBHA

¥=3(x /D[] /> /D[]). (2.17)

rae D[&] - aucnepcus ciy4aitHOW BEJTUYUHBI B i-M OTIBITE.
11. Hecmemiennas cocrositenbHasi U 3¢(HEeKTUBHAS OLIEHKA BEPOSTHOCTH B CXEME
HE3aBHUCHUMBIX ONIBITOB bepHyuu:
p*=w=m/n, (2.18)
TJI€ M - YACJIO YCIICIIHBIX OMBITOB.

2.2.2. MeToabl MOJy4YeHUS OLCHOK NMapaMeTPOB pacnpenaeJeHust

Jlnst  BeIUMCIIEHUS TPUONDKCHHBIX 3HAYEHWW IMapaMeTpPOB Yalle BCETo
NPUMEHSIIOTCS METOJIbl MOMEHTOB U MaKCUMAJIbHOTO ITPaBI0NoA00uS.

CyTb Memooa momenmog 3aKitodaercs B cienytomniem. [lycth mmeeTcst BEIOOpKa
{x{, ..., X,} HE3aBUCUMBIX 3HAYCHUU CIIy4yalHON BEJIMUYMUHBI C U3BECTHBIM 3aKOHOM
pactpenenenus fix, Q; , ..., 0,) U m HeusBecTHbIMU mnapamerpamu Qi, ..., QO,.
[TocnenoBaTenbHOCTh BBIYMCICHUHN CIEIYIONIAS:



1. BeruucianTh 3HAYEHHUS 7 HAYAIbHBIX W/WIIHA HCHTPAJIBbHBIX TCOPCTUYCCKUX
MOMCHTOB

o, =M[Xx"], ykzM[(X—mx)"] (2.19)

2. Omnpenenuts m COOTBETCTBYIOIIMX BBIOOPOUHBIX HauyajdbHBIX Gy W/HMIU
ICHTPAIBHBIX [/, MOMEHTOB 110 popmyram (2.15, 2.16).

3. CocTaBUTh M PEIIUTh CUCTEMY W3 /711 ypaBHEHHH, B KaXIOM U3 KOTOPBIX
IPUPABHUBAIOTCSI TEOPETUYECKHE M BBIOOPOYHBIE MOMEHTHL. Kaxaoe ypaBHEHHE
UMEeT BUJ &, =, WIH U, = [l .

3ameuanue. YacTh ypaBHEHHI MOXET COAEp)KaTh HadaJdbHBIE MOMEHTHI, a
OCTaBIIIAsICS YacTh - IICHTPaJIbHbIE.

A

CornacHo mMemooy MaxkcumanibHo2o npagoonoooobus oueHku Q,, ..., O,
MOJIy4alOTCsl U3 YCIOBHUSI MakcuMyma 1o mapamerpam (q, ..., O, TOJIOXKUTEIbLHOU

dbyukuu npasaononodus L(xy, ..., x,, O1, ..., O,,).
Ecnu ciydaiinas BenwunHa X HEMpephIBHA, & 3HAYCHUS X; HE3aBUCHUMBI, TO

n
Lt ses s O O = | [ S (51 01 O (2.20)
i=1
Ecnu cnyuaiiHas BennurHa X TUCKPETHA U MPUHUMAET HE3aBHCUMBIC 3HAUCHHUS
X; C BEPOSITHOCTSIMU

P(X =) = pi(5,0psees O, (2.21)
TO QYHKIIUS TIPaBIoONoa00us paBHa
n
L(xla-")anQl)"')Qm) — Hpi(xiana-“:Qm)' (222)

i=l1
Cucrema ypaBHEHHH COIJIaCHO 3TOMY METOJY MOXKET 3allMChIBAaThCA B JIBYX
BHJIAX:

OL(X1, s Xpy Qts o0 Q) _ i=1,2, ., m (223)
o0,
JInl( L oo ) 5 ey
- n( (xl, X O Qm)):()’ i=1, 2, ..., m. (2.24)
20;

Ilpumep 2.1. IlycTh X; - HE3aBUCHMbIC 3HAUEHUS CIyYalHOW BEJIUYUHBI X,
pacnpenesieHHOM 0 SKCIIOHEHIIMAIIBHOMY 3aKOHY, T.€.

de M, x>0,
S(x)=
0, x<0.

Heo0XxoauMoO TMOJMY4YUTh OIICGHKY MapameTpa A METOJOM MaKCHMAalbHOTO
npaBAoNoa00uUs.

Pewenue. ®yHxuus npaBaomno100us UMEET BUT
n

L(X{, woey X, A) =Hﬂe_’1xi =A".e =l
i=1



n
Torna In(L(xy, .., X, A))=n-In()=2-D x; .

i=1
I[anee 3aIlIUCbIBACM YPABHCHUC

0 1n(L)
n/d-3 x =0.
oA Zx

OTcrofa mosrydaeM BhIpaKeHHUE JIJIsl OIICHKHU TapameTpa A:

n
A=n/Y x;=1/X.
i=l1
Ilpumep 2.2. Cnyyalinas BenuurnHa X pacnpeeseHa 1o paBHOMEPHOMY 3aKOHY,

0= %b—a)’ a<x<b,
0

x<avx=>b.

T.C.

Heob6xoammo onpenenuTs OIIEHKU MapaMeTpoB a u b.
Pewenue. 1o ucxoqHoi BBIOOpKE ONpenensieM BBIOOPOYHBIE MOMEHTHI ¢, H

no dopmynam (2.15) u (2.16) coorBercTBeHHO. COCTaBIsieM CHUCTEMY HX JBYX
YpaBHEHUI: @, =&, , [, = [, .

3n1ech

b
o =M[X]=| bx dx=(a+b)/2,

(b-a)

10 :M[(X—mx)z} —(b-a)’ /12,

n n
. ~ A N2
alzzxi/na /UZZZ(xi_al) /n.
i=1

i=l1

HOI[CTaBI/IB JaHHBIC BbIpaXXCHUA B CUCTCMY MW pPCHIMB €€, IOJIyUYUM

G=d —\B,, b=a,+3,.



2.3. TIPOBEPKA CTATUCTHYECKHUX I'MITIOTE3

Cmamucmuueckou 2unome30u HA3BIBAETCA BCAKOE HENPOTUBOPEUYUBOE
MHOKECTBO yTBepxaeHuil {H, Hy, ..., H,.;} OTHOCUTEIbHO CBOWCTB paclpeesICHUs
ciay4yailHo BenuuuHbl. Jlr0oO0oe u3 yTBepkaeHUM H; Ha3bIBaeTcs ajJbTEPHATHBOM
runote3bl. [IpocTelieit runoTe3oi siBsieTcs AByxainbrepHatuBHas {H,, H,}. B atom
ClIy4yae anbTEepHATUBY [, HA3bIBAIOT HYJIEBOW TMIIOTE30M, a [1] - KOHKYPUPYIOLIEH
TUIIOTE30M.

Kpumepuem HaspiBaeTcs cilydanHas BEJIMYUHA

K = ¢(x1’1< X, )’
KOTOpas MO3BOJISIET IPUHATH WIH OTKJIOHUTH HYJIEBYIO runoresy H,,.

[Tpu npoBepke runoTe3 MOKHO AOMYCTUThH OIIKUOKH JIBYX POIOB.

Owubkra nepeozo poda COCTOUT B TOM, YTO OyJeT OTKJIOHEHa rumnore3a H,
eciu oHa BepHa ("mpormyck menu"). BeposSTHOCTh COBEPIIUTH OMMOKY MEPBOTO poja
o003HayaeTcss o W Ha3bIBaeTcs yposHem 3Hadyumocmu. Hambonee yacTto Ha
MpakTUKe NpuHUMaroT, 4yTo o = 0,05 wim o = 0,01.

Owubka émopoco pooa 3aKIIOUaeTCs B TOM, 4TO runoresza H, npuHumaercs,
ecnn oHa HeBepHa ("mokHOe cpabaTeiBaHue"). BeposTHOCTH OmMOKH 3TOTO poja
ob6o3HavaeTcs .

Kpumepuem coenacus Ha3blBaeTCd KPUTEPUM IIPOBEPKH THIIOTE3BI O
IIPEAIIOIAraéMOM 3aKOHE pacIpeieICHusI.

2.3.1. Kpurepuii coraacust 2

DTO OauH U3 HanboJjee YacTO MPUMEHSIEMBIX KPUTEPUEB. AJITOPUTM MPOBEPKU
TUIIOTE3BI CIETYIOLINN.
1. [TocTpouTh TUCTOTPAMMY PABHOBEPOSITHOCTHBIM CITIOCOOOM.
2. Ilo BUAYy rUCTOrpaMMbl BBIIBUHYTh THIIOTE3Y
Hy @ fix) = fo(x),
Hy @ fix) # fo(x),
T7€ fo(X) - MIOTHOCTh BEPOSTHOCTH FUIIOTETUYECKOTO 3aKOHA pACTIPEICIICHHUS:
PaBHOMEPHOI'0, SKCIIOHEHIIMATIBHOTO UJIM HOPMAJIbHOTO.
3ameuanue. T'unore3zy 00 HKCIOHEHIIMATHLHOM 3aKOHE PACHPEACIICHUS] MOXKHO
BBIJIBUTaTh B TOM CJIy4ae, €CJIM BCE YKCJIa B BLIOOPKE MOJIOKUTEIbHBIE.
3. Beiuncnuth 3Hau€HUE KpUTEPUS IO hopmyJie

2
M . — *) M 2

,_ ulp-r (vi =np;)

Y =n = , (2.25)
gf Di Z‘ "p;

*

V. , ¥
rac D = % - 4aCTOTa IIoIIagaHus B -1 HHTCPBAJI;

pi - TEOPETUYECKAS] BEPOSITHOCTD MTONAJAHUS CIIy4YalHOM BEJIMYMHBI B
i- 1 MTHTEpBAJ IPHU YCIOBUH, YTO TUNOTE3a /1) BEpHA.



@opmynbl JIs pacyeTa p; B CIy4ae SKCIOHEHUHUAIBHOTO, PABHOMEPHOIO H
HOPMAaJIbHOTO 3aKOHOB COOTBETCTBEHHO PABHHBI.
OKCIIOHEHIINAJILHBIA 3aKOH

4 B
pi=e® —e?* (2.26)
IIpu stom 4, =0, B,, = +oo.
PaBHOMEpPHBIN 3aKOH
pi=(Bi = A4) (X, —x1). (2.27)
HopmaibHeIi 3aK0H
B —Xx A —Xx
p, =05 @ g -0 5 || (2.28)

0 0

[Ipu aTOM A | = -00, By = +00.
3ameuanus. Ilocne BblUMCIEHUST BCEX BEPOSTHOCTEW p; NPOBEPUTH,
BBITIOJIHAETCA JIM KOHTPOJIBHOE COOTHOLIEHUE

M
1-> p;|<0,01. (2.29)
i=l1
4. N3 tabmuibl "Xu-kBagpaT" MPUIOKECHHUS BBIOUpAETCs 3HAUCHHUE ;(i,k , Te o -

3alaHHBIN ypoBeHb 3HaunMocT (o0 = 0,05 wim o = 0,01), a k - yucno crenenei
cB000 1B, OTIpeIeisieMoe o Gopmyrie
k=M-1-s.
311ech § - YMCIIO NMapaMeTPOB, OT KOTOPBIX 3aBUCUT BHIOPAHHBIN rUNOTE30M H() 3aKOH
pacnpeneneHusi. 3HayeHUs S I PAaBHOMEPHOIO 3aKOHA paBHO 2, IS
AKCIOHEHIMAIBHOTO - 1, 1711 HOpMaNIbHOTO - 2.

5. Ecnmu y* >y’ ., To tumote3a H, oTkjioHseTcs. B MPOTHUBHOM CTyuae HeET

OCHOBAHHM €€ OTKJIOHHTb.
2.3.2. Kpurepuii corsiacus Kosmoroposa

ITocnenoBaTenbHOCTD NEMCTBUM IIPU MPOBEPKE TMIIOTE3HI CIEAYIOIIAS.
1. ITocTponTh BapUALIMOHHBIN PAI.
2. [Toctpouts rpaduk SMIUpPUUECKON GYHKITMH pactpeaeneHus F(x).
3. BBIABUHYTH TUIIOTE3Y:
Hy @ F(x) = Fo(x) ,
Hy o Fx) # Fo(x) ,
rae  Fy(x) - Teoperudeckas (DyHKUUS pacnpeiesieHUuss TUIOBOIO 3aKOHA!
PaBHOMEPHOT0, 3KCIOHEHIIMAJIBHOTO MJIM HOPMAJIBHOTO.
Huxe npuBenensl popmyiibl aiist pacuera Fy(x).
PaBHOMEpPHBII 3aKOH



0, X <X,
Fy(x)=3(x—x)/(x,— %), X<x<X (2.30)
1? x> X,

DKCIOHEHIIUAIBbHBIN 3aKOH

-x/x
— >
Fm=4"¢""> x20 2.31)
0, x<0
HopwmanbHblli 3aK0H
Fy(x)=0,5+0,5-®| == 232
0

So
4. Paccuutath 110 dopmyisam (2.30-2.32) 10-20 3HaYeHUN U TTOCTPOUTH rpaduK
dyHKIIH F(j(X) B OHOMN crcTeMe KOOPAMHAT ¢ QYHKITHEH F™(X).
5. Tlo rpaduky ompenenuTh MakCUMajdbHOE IO MOJIYJIIO OTKJIOHEHHE MEXKIY
byHKIIsIMEI F*(x) 1 Fo(x).
6. Boruncnuth 3HaueHHE KpUTEpUs
A =+n-max|F"(x) - Fy(x)|- (2.33)

7. [IpuHUMAIOT TOT WM UHOM ypoBeHb 3HaUMMOCTH (4aiie Bcero 0,05 wmum 0,01).
Torga noBeputenbHas BEPOIATHOCT ¥ =1—« .

8. M3 Tabmuubl BepositHocTedl Komamoroposa (cMm. mnpuiiokeHUE) BbIOpaTh
KPUTHYECKOE 3HAYCHHUE A.,.

9. Ecu A > A, , TO HyseBas runoresa Hy OTKIOHSETCs, B IPOTUBHOM CIly4Yae -
PUHUMAETCS, XOTSI OHa MOKET ObITh HEBEPHA.

JlocrouncTBa Kputepus KoJIMOroposa IO CpPaBHEHHIO C KPUTEPHEM y2:
BO3MOKHOCTh IPUMEHEHHUsSI TPU OUYCHb MaJIeHbKUX 00beMax BeIOOpKHU (1 < 20), 6osee
BbICOKasi '"4yBCTBUTENBHOCTB', @ CIEJOBATEIbHO, MEHbIIAsA TPYAOEMKOCTb
BBIYMCIICHUMU.

Henocrarok: kpurepuii MOXHO HCIOJIb30BaTh B TOM CiIy4ae, €CH MapameTpbl
0y, .., O pacmpeneneHuss 3apaHee W3BECTHbI, a SMIUpPUYECKas QYHKIHUS
pacnpeneneHuss F*(x) gomxkHa OBITH MOCTPOEHA IO HECTPYNIHUPOBAHHBIM
BBIOOPOUYHBIM JIAHHBIM.

2.4. OHEHKA KOD®PUIIUEHTOB JINHEMHOMN PETPECCUHA

Peepeccuen cnmyuaitHoM BenmnunHbI Y Ha X Ha3bIBaeTCAd  YCIOBHOE
MaTE€MAaTUYECKOE OKUIAHUE CIIyYalHOW BEJIMYMUHBI Y IPU TOM, 4TO X = X :

my,(x) = M[Y / X =x]. (2.34)
Perpeccus Y Ha X ycranaBiuBaeT 3aBUCMMOCTb CPETHETO 3HAYEHHS BEIIMYUHBI Y
ot BesmunHBL X. Eciim X 1 Y HE3aBUCHUMEI, TO
n,,(x) = my, = const.
[IpocTeimmM BUAOM PETPECCUH SIBIIACTCS JTUHENHAS



my(x) = ag + ax.
Omnpenenenre OLEHOK KO3(PPHUIMEHTOB @, d OCYIIECTBISETCS C IOMOIIBIO
METOJa HAUMEHBUINX KBaJIpaToB.
[Iycte umeercs BoiOOpKa {(x1, V1), (X2, V2), ..., (X,, V,)}, COAEPIKAILIASL 1 TIAP
3HAUEHWH ciaydaiHelx BenmuumH X u Y. Torma oueHkW mnapaMmeTpoB d, U 4,

BBIYHUCIISIOTCS TI0 CIICIYIOMNUM (hOpMYyJIaM:

a =K2—XY, (2.35)
So (x)
G, =V —a,-x. (2.36)

rae X, ) - OLEHKU MaTeMaTUYE€CKOI0 OKHAAHUs BEIUYUH X U Y

S;(x) - OllEHKA JUCTIEPCUH BETMYUHBI X;

A

K

JIns BH3yallbHOM TPOBEPKH NPABWIBHOCTH BBIYUCICHUS BEIUYUH d,, 4,

+w - OLICHKH KOPPEIALUOHHOIO MOMEHTA BEJIMYUH X U Y.

HEO0OX0IMMO MOCTPOUTH JHUAarpaMMy paccerBaHus U rpaduk ypaBHEHHUS pErpeccHH
y(x)=a,+a,-x (puc. 2.2).

Ecmmn OLICHKU
napameTpoB ao, a,
paccuuTanbl 0e3 rpyObIX
OIIHOOK, TO cymMma
KBAaJ[PaToB OTKJIOHEHUH
BCEX TO4YeK (x;, ;) OT
npsMot  y(x)=a,+a, - x

¥(X)

JOJKHA OBITh MUHHUMAJb-
HO BO3MOYKHOM.




2.5. KOHTPOJIBHBIE 3AJTIAYHN

1. I1o BbIOOpKE OTHOMEPHOM CITy4yallHON BEIUYMHBI:

- MIOJTYYUTh BapUALlMOHHBIN Ps;

- MOCTPOUTh HAa MacHITadHO-KOOpAMHATHOM Oymare ¢dopmata A4 rpaduk
OMITMPUIECKON (GYHKIHH pacipenencus F (x);

- IOCTPOUTH TUCTOTPaMMy PaBHOMHTEPBAIBHBIM CIIOCOOOM;

- IOCTPOUTH TUCTOTPAMMYy PAaBHOBEPOSTHOCTHBIM CITIOCOOOM;

- BBIYUCJIUTh OLIEHKH MaTeMaTH4YeCKOr0 OXKUIAHUS U IUCIIEPCUN;

- BBIIBUHYTh THUIIOTE3y O 3aKOHE pacupeliesieHus Ciy4ailHOW BEIMYMHBI U
NPOBEPUTH €€ MPU IOMOLIM KPUTEPHs cornacus y~ um Kputepus Kosimoroposa
(a=0,05).

2. ITo BBIOOPKE ABYXMEPHOU CIIy4aitHOW BETUYUHBI:

- BBIYUCIIUTH OIEHKY KOd(DPHUITMEeHTa KOPPETSINY;

- BBIYUCIIUTH [TAPAMETPBI JUHUU PETPECCUH )y U d;

- IOCTPOUTH JUArpaMMy PacCEUBAHUS U JIMHUIO PETPECCUMU.



HPUJIOKEHHUE

1. Tabmuna ¢yukmun Jlammaca
2
27

z
O(z) = fe 2at=y
0

z D(2) z (z) z
0,00 0,0000 0,66 0,4907 1,32 0,8132 1,98 0,9523
0,02 0,0160 0,68 0,5035 1,34 0,8198 2,00 0,9545
0,04 0,0319 0,70 0,5161 1,36 0,8262 2,05 0,9596
0,06 0,0478 0,72 0,5285 1,38 0,8324 2,10 0,9643
0,08 0,0638 0,74 0,5407 1,40 0,8385 2,15 0,9684
0,10 0,0797 0,76 0,5527 1,42 0,8444 2,20 0,9722
0,12 0,0955 0,78 0,5646 1,44 0,8501 2,25 0,9756
0,14 0,1113 0,80 0,5763 1,46 0,8557 2,30 0,9786
0,16 0,1271 0,82 0,5878 1,48 0,8611 2,35 0,9812
0,18 0,1428 0,84 0,5991 1,50 0,8664 2,40 0,9836
0,20 0,1585 0,86 0,6102 1,52 0,8715 2,45 0,9857
0,22 0,1741 0,88 0,6211 1,54 0,8764 2,50 0,9876
0,24 0,1897 0,90 0,6319 1,56 0,8812 2,55 0,9892
0,26 0,2051 0,92 0,6424 1,58 0,8859 2,60 0,9907
0,28 0,2205 0,94 0,6528 1,60 0,8904 2,66 0,9920
0,30 0,2358 0,96 0,6629 1,62 0,8948 2,70 0,9931
0,32 0,2510 0,98 0,6729 1,64 0,8990 2,75 0,9940
0,34 0,2661 1,00 0,6827 1,66 0,9031 2,80 0,9949
0,36 0,2812 1,02 0,6923 1,68 0,9070 2,85 0,9956
0,38 0,2961 1,04 0,7017 1,70 0,9109 2,90 0,9963
0,40 0,3108 1,06 0,7109 1,72 0,9146 2,95 0,9968
0,42 0,3255 1,08 0,7199 1,74 0,9181 3,00 0,9973
0,44 0,3401 1,10 0,7287 1,76 0,9216 3,10 0,9981
0,46 0,3545 1,12 0,7373 1,78 0,9249 3,20 0,9986
0,48 0,3688 1,14 0,7457 1,80 0,9281 3,30 0,9990
0,50 0,3859 1,16 0,7540 1,82 0,9312 3,40 0,9993
0,52 0,3969 1,18 0,7620 1,84 0,9342 3,50 0,9995
0,54 0,4108 1,20 0,7699 1,86 0,9371 3,60 0,9997
0,56 0,4245 1,22 0,7775 1,88 0,9399 3,70 0,9998
0,58 0,4381 1,24 0,7850 1,90 0,9426 3,80 0,9999
0,60 0,4515 1,26 0,7923 1,92 0,9451 3,90 0,9999
0,62 0,4647 1,28 0,7995 1,94 0,9476 4,00 0,9999
0,64 0,4778 1,30 0,8064 1,96 0,9500




2. Tabnuna pyskuuu CtbrofeHTa

Y
k 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




3. Tabnuua pynkuuu "Xu-kBaapat"

fX »(X)
2 2
P(Z > Za,k) =a a
2
% o, k
o

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 34,8 323 28,9 9,39 7,91 7,02

20 37,6 35,0 314 10,85 9,24 8,26

22 40,3 37,7 33,9 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

4. Tabnuua ¢ynkuun Konmoropora fx( ,
PO<A<Z)=y //
A
it
Ay Y Ay Y Ay Y

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