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1. Cayuaiinbie coObITHA. BepoATHOCTH COOBITHS

Cobvimuem Ha3zbiBaeTcs 000N (haKT, KOTOPBIA B pe3yjIbTaTe OMbITA MOXKET
MIPOU30UTH WJIIA HE TIPOUOUTH.

Jlocmosepnbim Ha3bIBaeTCsl COOBITHE (2, KOTOPOE MPOUCXOIUT B KAXKJIOM OIIBITE.

Hego3mooichvim Ha3bIBaeTcsl coObITHE J, KOTOPOE B pe3yibTaTe OMbITa MPO-
V30UTU HE MOXKET.

Hecoemecmuvimu Ha3bIBalOTCA COOBITHS, KOTOPbIE B OJJHOM OIBITE HE MOTYT
POU30UTH OJHOBPEMEHHO.

Cymmotu (obbenunenueM) nByX coObituii A u B (o0o3nauaercs A+B, AUB)
HA3BIBACTCS TAKOE COOBITHE, KOTOPOE 3aKIIOYAETCS B TOM, UYTO MPOUCXOTUT XOTS OBI
OJIHO U3 COOBITHH, T. €. A mnu B, nim 06a 0THOBpEeMEHHO.

IIpoussedenuem (niepeceueHrem) AByx coObituii A u B (o6Go3nauaercs A-B,
A M B) Ha3bIBaeTcs Takoe COOBITHE, KOTOPOE 3aKII0YAETCs] B TOM, UTO 00a COOBITHS
A u B npoucxoasat BMecre.

Ipomusononoscuvim coObITHIO A Ha3bIBaeTCA Takoe coObITHE A, KOTOpoe 3a-
KIIFOYAETCA B TOM, UTO COOBITHE A HE IPOUCXOAUT.

CoObitus A, (K = 1, 2, ..., N) 00pa3yloT nojHywo epynny, e€Ciii OHH TOIMAPHO
HECOBMECTHBI U B CYMM€ 00pa3yIoT IOCTOBEPHOE COOBITHUE.

CoiicTBa orepanuii Haj COOBITUSIMU:

1) A+D=A; 6) A-D=;
2) A+A=Q; 7) A+B=A-B;
3) A+Q=Q; 8) A-B=A+B
4) A-Q=A;

5) A-A=;

Ilpumep 1.1. JIBa maxmaTicTa urparoT noapsj ase naptuu. [log ncxomom onbl-
Ta OyJeM TOHUMATh BBIMTPBINI OHOTO W3 HUX B | -i APTUH WK HUYBIO. [TocTponTh
IPOCTPAHCTBO {2 3lEMEHTapHBIX UCXOOB.

Pewenue. O603HauuM coObITHsI A — B | -l MapTUH BBIUTpa MEPBbIA UTPOK, B, —

BTOpOH, C; — HMYbs. Toraa BO3MOKHBIE UCXO/IbI UTPBIL:
1. O6e napTun BeIMrpan NepBbIid UTPOK A - A, .
O0e napTuu BbIMIpai BTopoil urpok B, - B,.
O0e mapTuu 3akoHuMIKMCch BHUYBIO C, -C,.
B nepBoii mapTUX BEIMTPaJI EPBBIN UTPOK, BO BTOPOi — BTopoit A - B, .
B nepBoii BeIUTpall epBblid UTPOK, BO BTOPOil — HUYbs A - C,.
B nepBoii naptun nobena BTOpOro Urpoka, Bo BTopoil — nepsoro B, - A, .
B nepBoii — nobena BTOporo Urpoka, Bo BTopoi — Huubs B, -C,.
B nepBoii — HUubs, BO BTOpO# — nobena nepBoro urpoka C; - A, .
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B nepBoil — HUYBs, BO BTOpO# — nobena BToporo urpoka C; - B,.



Orser: Q={A-Ay, B-B,, C;-Cy, A-By, A-Cy B Ay, B-Cy, G- Ay,
C,-B,}.

Ilpumep 1.2. Ilycte A, B, C — Tpu npou3BoibHBIX cOObITHS. HaiiTh BbIpa-
KESHHUSI JIJIs1 COOBITHH, cocTosmuX B ToM, uTo u3 A, B, C:
[Tpown3zomuio Tonpko A.

[Tpomszonn A u B, Ho C He mpownsomnwuio.

Bce Tpu coObITHS IPOU30IIUIH.

[Tpowu3oino, Mo kpatHet Mepe, 0JTHO U3 COOBITHH.
[Ipousomnwuy, no KpalHel Mepe, 1Ba COOBITHS.
[Ipon301110 OJHO U TOJBKO OJTHO COOBITHE.
[Tpou3sonm ABa U TOJIBKO ABA COOBITHS.

Hu ogHO coObITHE HE TPOU3OLLIO.

[Ipousonwuio He Oosiee ABYX COOBITUN.

Pewenue.

1. O6o3naunm B u C, uro cobbituss B u C He mpOM30ILIHN, TOrIa COOBITHE

CoNoOaRrWDE

«IIPOM3OILIO TOILKO A» MOKHO 3amucath B Buje A-B-C.

2. A-B-C.

3. A-B-C.

4. CoObITHE MPOU3ONLIO, MO KpallHEW Mepe, OJHO M3 COOBITUIA MOXKHO TpE/I-
CTaBUTb Kak cymMmMmy 3Tux coObitnii: A+ B +C.

5. Ilpousonnu, mo kpaitHel Mepe, ABa COOBITHUSI. ITO MOXKHO MPEICTaBUTh
kak cymmy A-B+B-C+C-A.

6. [Ipon3o011710 OJTHO ¥ TOJIBKO OHO COOBITHE. ITO MOXKHO MPEJICTABUThH KaK
cymmy cobsituii A-B-C+A-B-C+A-B-C.

7. llpouzonuin ABa U TOJBKO JBa COOBITHS. JTO MOXHO 3amucaTth B BUJE
A-B-C+A. B C+A-B-C.
8. A-B-C.
9. A+B+C=A-B-C, . e. Tpu COOBITHSI OTHOBPEMEHHO He MPOM3OIILIH.

3agaum

1.1. PaGouwnii obciayxuBaeT Tpu aBToMarndecknx cranka. Coositue A — mep-
BBII CTAaHOK MoTpeOyeT BHUMaHus pabouero B TeueHue 4aca, B — BTopoii cTaHOK 110-
TpeOyeT BHUMaHUs pabodero B TeueHue yaca, C — TpeTtwii cTaHOK MoTpedyeT BHU-
MaHus pabodero B TeueHue yaca. UYto oznavaror coowitus: a) A-B-C; 6) A+B+C;

B) AB-C+A-B-C+A-B-C;r) AAB-C+A-B-C+A-B-C;n) A-B-C?

1.2. Tpu cTyneHTa HE3aBUCUMO JPYT OT JApyra pelarT OJHY U Ty K€ 3ajady.
ITycte coObiTe A = {mepBblii CTyIeHT pewmui 3aaady}, A, = {BTOpPOM CTyIEHT pe-

I 3a7auy}, Ay = {TpeTuii CTYIeHT perui 3aaad4y}. Beipasuts uepes A (i=1, 2, 3)



cnenyromue cobbitusi: B= {3amauy pemmn xots 0wl oguH cryaeHt); C= {3amauy
PEIIWIT TOJIBKO MepBbI cTyneHT}; D = {3agauy pemmi ToabKo OJMH CTYICHT }.

1.3. ITycts D (i :1,_3) — COOBITHSI, COCTOSIIUE B TOM, UTO I-il JAeMmyTaT BBICTY-

mun ¢ peusto. HasoBure cobsrrus: a) D, + D, + Ds; 6) (62+51) Ds; B) 52 Ds;
r) D+D,+D;; n) Dy-D,-D;+D;-D,-D3+D;-D,-Ds; ) Dy-D,-Dy;

1.4. Ilycts T, (i :1,3) — COOBITHUS, COCTOSIIIIME B TOM, i-€ TAKCH CTOUT Ha CTO-

sHke. CocTaBbTE COOBITHS: @) MOKHO yeXaTh Ha TakcH; 0) TOJBKO OJHA MAUIMHA CTO-
UT Ha CTOSIHKE; B) JIByX TaKCH HET HA CTOSIHKE; I') TOJIbKO J[Ba TAKCU CTOSIT HA CTOSH-
K€; /1) TOJIbKO BTOPOTO TaKCH HET Ha CTOSIHKE; €) KaKOTO-TO TaKCU HET Ha CTOSHKE,
) CTOSIHKA TyCTa.

1.5. Ilycts S; (i :1,_3)— COOBITHS, COCTOSIIIAE B TOM, YTO I-ii MarasuH 3aKpbIT
Ha o0ex. HazoBute cobbiths: a) S;-S,-S;; 0) 8_15_2+S_18_3+S_28_3, B) 81-8_2-83;

r) S,-S,-S5;m) S, e) S;+S,+S,; %) S;-S, < Sy



2. Knaccnueckoe onpejejieHue BepOATHOCTH. JjIeMeHThl KOMOUHATOPUKH

Knaccuueckoe onpedenenue eeposmuocmu: BEPOATHOCTD CITy4aifHOTO COOBITHS
A onpenenseTcs o hopmyie

rjae N — YKCII0 paBHOBO3MOXKHBIX HCXOJO0B JIAHHOTO OTIBITA;
M — YHCII0 PAaBHOBO3MOXKHBIX UCXO0B, MPUBOIAIINX K IMOSBICHUIO COOBITHSI.
TI'eomempuueckoe onpeoenenue seposimuocmu. IlyCTh B HEKOTOPYIO 00J1aCTh
CJIy9aiiHBIM 00pa3oM TOMagaeT Touka T, mpuueM BCe TOYKH oOnactu (2 paBHOIPAB-
HbI B OTHOIIIEHUY TOmaganus Touku 1. Torga 3a BeposSTHOCTH MOMAAaHMs TOYKU | B
00Js1acTh A MPUHUMAETCS OTHOIIECHUE
_s(A)

p(A)—S(Q) ,

rae S(A) u S(€2) — reomerprueckue Mephl (JITMHA, TUIOINAb, 00BEM | T. 1.) o0iacTeit
A 1 () COOTBETCTBEHHO.

[Tycts umeercs MHOKECTBO X = {X1, X2, ...; Xp}s COCTOSIIEE U3 N PA3THUHBIX
a)IeMeHTOB. (N, I)-6b100pKOLl HA3BIBACTCA MHOXKECTBO, COCTOSIICE M3 I AJIEMCHTOB,
B3STHIX U3 MHOXKECTBA X.

Ynopsoouennoii Ha3zpIBaeTCSl BHIOOPKA, JUISI KOTOPOH Ba)KEH MOPSJIOK CJIEI0OBA-
HUs 3JIeMeHTOB. Eciu KakpIit 5JIeMEeHT MHOXKECTBa X MOXKET U3BJICKATHCS HECKOJb-
KO pa3, TO BEIOOPKA HA3BIBACTCS 8b100PKOL € NOBMOPEHUIMU.

Uncmo ymopsaodeHHbIX (N, )-BBIOOPOK (pazmewjenuil) ¢ TMOBTOPCHHUSIMH

(2.2)

A(n, r) u 6e3 moBTopenuii A(N, r) paBHO

A(n,r)=n", (2.3) Anr)=—"

(n=r)!

Ecnu r = n, 10 pasmemnienusi 6€3 MOBTOPEHUN HA3BIBAIOTCS Nepecmano8KaMU,

T. €. O9TO — PACIIOJIOKCHUC JJICMCHTOB HCXOJHOI'O MHOKCCTBA B OIIPCACIICHHOM IIO-
pPAOKE. Yucio IIEePECTAHOBOK M3 N DJICMCHTOB PaBHO

(2.4)

P,=nl=1-...-n. (2.5)
[TycTo€ MHOXECTBO MOKHO YIOPSAOYUTH TOJIBKO OJHUM CIIOCOOOM:
Po=0!=1.

. ~ T
Yucno veynopsaoueHHBIX (N, I')-BBIOOPOK (couemanuil) ¢ moBTOopeHusMu C,

1 r
0e3 noBTopenuii C,, paBHO

&r _(n+r—1)!

e (2.6) Ch =— (2.7)



Yucno pa3nmuyHbIX pa3OMeHuil MHOXKeCTBA U3 N 3IIeMEeHTOB Ha K Hemepeceka-
IOLMXCS IOJMHOKECTB (IIpPHUYEM B MEPBOM MOJIMHOXKECTBE I DIIEMEHTOB, BO BTOPOM

I, 9IEMEHTOB M T. 1., a N = I'; + I, +... + ' ) paBHO

n!

Pn(r]_erJ-"lrk):m ' (2'8)

Ilpumep 2.1. bpocarT 2 urpajibHble KOCTH. HaliTM BEpOSTHOCTH CIIEIYIOIIUX
coObITHI: A — cymMMa uKciia 0YKOB HE MPEBOCXOUT 5; B — nmpousBenenue uncna oy-
KOB He npeBocxoauT 4; C — nmpou3BeieHNE YKCIIa OUKOB JCJIUTCA Ha 8.

Pewenue. Onpenenum ob11ee YMCIO UCXOAOB: MOCKOJBKY B cllydae moadpa-
ChIBAHUS OJTHOM KOCTU MMeeM 6 MCXO/0B, TO B Cllydae MmoaOpachiBaHUs ABYX KOCTEH
uMeeM N=6-6=36 ucxonoB. HalizeM yuciao OnaronpusiTHIX UCXOOB.

MHO0XeCTBO HCXO/I0B, OJIArONPUITHBIX COOBITHIO A, cOCTOUT M3 10 ncxom0B:

11, 1).(1,2),(1,3),(1,4).(21),(22),(23).3 1,62, D}

COOTBETCTBEHHO, BEPOSATHOCTh TOrO, YTO CyMMa YHCIa OYKOB HE MPEBOCXO-
m 10 5
n 36 18
MHO0k€ecTBO UCX0JI0B, 01aronpusTHEIX COOBITHIO B, coctout n3 8 ncxonos:

{1,1),(1,2),(1,3),(1,4),(21),(22),8 1), 4 1)}
COOTBETCTBEHHO, BEPOSTHOCTh TOTO, YTO MPOU3BEACHUE YUCIA OUKOB HE Ipe-

m 8 2
Bocxoaut 4 paga p(B)=—=—=—.
n 36 9
MHO0XECTBO UCXO0/I0B, OJIATONPUSITHBIX COOBITHIO C, COCTOUT U3 5 NCXOJIOB:

1(2,4), (4, 2), (4, 4), (4, 6), (6, 4)}.

COOTBETCTBEHHO, BEPOATHOCTE TOT0, YTO IIPOU3BENECHHE YKCIIA OYKOB JAEITUTCS
m 5

Ha 8 pasua p(C)=—=—.
n 36

mut 5 pasaa pP(A) =

3agaum

2.1. B sumuke 5 anenbcuHoB U 4 si6110ka. Haynauy Beioupatores 3 ¢ppyxra. Ka-

KOBa BEPOSITHOCTh, YTO BCE TpU (PPyKTa — arnieIbCHHBI?
Ortser: 0,12.
2.2, @OKYCHUK TIpeJiaraeT TPOUM 3pUTENAM 3aayMaTh JIto0oe uucio ot 1 1o
10. Cuntas, 4To BHIOOp KaXKIbIM M3 3pUTEJIEH JIFOOOr0 4Yucia U3 3aJaHHBIX PaBHO-
BO3MOY€EH, HAUTHU BEPOSITHOCTh TOTO, YTO Y KOTO-TO U3 HUX 3alyMaHHbIE YHCJIa COB-

najyT.

Otger: 0,028.
2.3. Ha kaproukax Hanucansl uncia 201, 202, ..., 220. Haygauy u3BiekaroT 2

u3 HuX. OnpenenauTb BEpOSITHOCTh, YTO 3TO OyayT KapTouku ¢ unciaamu 207 u 213.
Ortger: 1/380.



2.4. YCTpONCTBO COCTOMT W 5 3JI€MEHTOB, 2 U3 KOTOPBIX H3HOUIEHBI. [Ipum
BKJIFOUEHHUH YCTPOUCTBA CIIy4ailHBIM 00pa30M BKJItOUaroTCs 2 aneMeHTa. OnpeaenuThb
BEPOSITHOCTb, YTO BKIIOYEHHBIMH OKAKYTCSl HEU3HOUICHHBIE SJIEMEHTHI.

Ortser: 0,3.

2.5. Ilycte B ypHe umeercs N mapoB, uz Hux M 6enbix u N — M gepnbix. U3
YpHBI U3BJIEKaeTcss N 1mapoB. HallTu BepoOsITHOCTH TOTrO, YTO CPEAM HUX OKaKETCA
POBHO M OEJIBIX IIAPOB.

m ~nN—m
CmCn-m
.
Cn

2.6. Touky Haynauy 6pocwin Ha otpe3ok [0; 2]. KakoBa BeposiTHOCTH €€ mora-
naHus B otpesok [0,5; 1,4]?

OTtBeT:

Otser: 0,45.

2.7. B ypue Haxoautcs 15 6enbix, 5 kpacubix u 10 yepHbix mrapos. Hayran us-

BJeKaeTcs | map, HAMTH BEPOATHOCTH TOTO, UTO OH OyzeT: a) OenbiM; 0) KpacHbBIM;

B) UEPHBIM.

Otser: a) 1/2; 6) 1/6; B) 1/3.

2.8. Habupas sHOMep TenedoHa, aOOHEHT 3a0bUT [BE IMOCICAHUE MUQPHI, HO

MMOMHUT, 9YTO OJIHA U3 HUX — HOJIb, & JIpyras — He4YeTHasl. HailT BEpOATHOCTH TOTO,
9TO OH HabepeT MPaBUIHHBIA HOMED.

Otser: 0,1.
2.9. Ha ceMUMeCTHYIO0 CKaMEHUKy CIIy9aifHBIM 00pa3oM pacCcakuBaeTcs 7 4elo-
Bek. KakoBa BepOsSITHOCTH TOTO, YTO J[BA OMPEIEICHHBIX YeJIOBEKA OKAKYTCS PsaoM?

Otser: 2/7.

2.10. CtyneHT 3HaeT OTBETHI HA 25 9K3aMEHAIIMOHHBIX BompocoB u3 60-tu. Ka-

KOBa BEPOSITHOCTh CJIaTh K3aMEH, €CJIH JIJIsi ITOT0 HEOOXOJUMO OTBETUTHh HE MEHEE
4yeM Ha 2 U3 3-X BONPOCOB?

Otsert: 640/1711.
2.11. Yetsipe mrapuka pazopaceiBatot 1o 4 myakam. [llapuk nomanaer B Ty win
MHYIO TYHKY C OMHAKOBOW BEPOSITHOCTHIO, HE3aBUCHUMO JIPYT OT Jipyra. OnpenenuThb
BEPOSATHOCTb, YTO B KaXJI0H JIYHKE OKaXXETCS MO0 OAHOMY IAPHKY.
Otger: 3/32.
2.12. KakoBa BEpOSITHOCTb, UTO B3ATO€ HAy/1ady YEThIPEX3HAYHOE YUCIIO KPATHO 57
Ortsert: 0,2.
2.13. B npsiMoyronsHuK 5%4 cM® BrmcaH kpyr paguycom 1,5 cm. KakoBa Bepo-
ATHOCTb TOTO, YTO TOUYKA, CAyJaiiHbIM 00pa30oM MOCTaBJICHHAS B IPSIMOYTOJIbHUK,
OKa)XETCsl BHYTPH Kpyra?
Ortger: 97/80.
2.14. Hayrag B3sTHl JBa MOJOKUTEIBHBIX YMCIA, KAXI0€ M3 KOTOPBHIX HE
6obie 3. KakoBa BEpOsSTHOCTh TOTO, YTO UX CyMMa He MPEB30MICT 3, a Mpou3Bee-

Hue Oyzet He 6onbie 14/9?
Ortsert: 0,4387.



2.15. B ypue umeercs 20 6enbix mapoB U 5 yepHbiX. Haynady mocnenoBarenb-
HO, 0€3 BO3BpAILlEHUS W3BJICKAIOT MO OJHOMY IIapy N0 mosBieHust Oeioro. Haiitu
BEPOSITHOCTb, YTO MPUAETCS MPOU3BOJIUTH TPETHE U3BIICUCHHE.
Ortger: 1/30.
2.16. Haynauy BeiOupaercs 4-3HauHoe unciio. KakoBa BEpOSITHOCTh CIIEIYIO-
IIMX COOBITHI: a) YHMCIIO YUTAETCS OAMHAKOBO KaK ClieBa HAmpaBoO, TaK U CIpaBa
HajeBo (Hampumep 1551); 6) uncimo KpaTHO MSTH; B) YKCIO COCTOMT M3 HEUETHBIX
1udp; ) YUCIO COCTOUT U3 YETHBIX LUPP.
Otser: a) p=0,01;0) p=0,2;
B) p=0,069; 1) p=0,05.
2.17. Konona kapt (36 kapthl) Aenutcs momnojaM. Hailtm BeposiTHOCTH TOTO,
YTO KOJMYECTBO YEPHBIX M KPACHBIX KapT B 00€UX MavyKax OyJeT OTHHAKOBBIM.
OtBer: p=0,26.
2.18. Yucna 1, 2, 3, 4, 5 HanicaHsl Ha AT KapToukax. Hayram mocnemoBa-
TEJIBHO BBIOMPAIOTCSA TPU KAPTOUYKU, U BHITSHYTHIE TaKUM 00pa3oM HU(PHI CTaBATCA
cieBa HampaBo. HailiTu BepOsITHOCTb TOTO, YTO MOJYYEHHOE MPHU 3TOM TPEX3HAYHOE
YHCJIO OYJIET YETHBIM.
OtBet: p=0,4.
2.19. JlecATh CTYIEHTOB YCIIOBHJIMCH €XaTh OMPEACIICHHBIM AJICKTPOIIOE3IOM,
HO HE JIOTOBOPWJIMCH O BaroHe. KakoBa BepOSITHOCTh TOTO, YTO HH OJUH W3 HUX HE
BCTPETUTCS C APYTUM, €CJIM B cocTaBe iekTpornoesna 10 Baronos. [Ipeanonaraercs,
YTO BCE BO3MOXKHBIE PACTIPE/ICTICHUS CTYICHTOB TI0O BArOHAM PaBHOBEPOSTHBI.
Otset: p=0,00036.

2.20. JIBa mpyra IOTOBOPWIIHMCH O BeTpeue Mexay 16 u 17 wacamu qus. [lpu-
IEIINA TIEPBBIM KIET BTOPOro B TeueHue 20 MuH, a nociie yxoaut. OnpenenuThb
BEPOSTHOCTb, UTO JAPY3bsi BCTPETATCS.

Otset: p=0,31.



3. TeopeMbl cJ10:KeHUs] H YMHOKEHUS

BepostHocTh cymmol Hecoemecmuvix cobvimuii Ay, ... , Ap paBHa CyMME BEpPO-
STHOCTEH 3THX COOBITHI

p(AL+A2+...+A1):ép(Ai). (3.1)

BeposatHoCTh cymmbl 08yx coemecmHblx coOblmull paBHA CyMME BEPOSITHOCTEMN
KaXXa101ro u3 CO6BITI/II71 MI/IHyC BepOHTHOCTB X COBMCCTHOTI'O ITOABJIICHUA.
P(A+B) = p(A)+p(B) — p(A-B). (3.2)
BeposatHoCTh cymmbr mpex coemecmuvix coOblmuti BHIYACIACTCS 10 CIETYIO-
et popmye:
P(A+B+C) = p(A) + p(B) + p(C) —p(A-B) —p(B-C) - p(A-C) + p(A-B-C). (3.3)

BepositHOCTh cymmbr N codvimuii Ay, ..., A, paBHa

JONSEDS P(A,) - >y P(AA,)+--

i=1 =1 i =1ip=1
ot (—1)k+1i1...i1 DA A, A ) Fut (D™ P(AA.A).
h=1l ix=

C yuerom Toro, uto pP(A)=1— p(A), BEpoATHOCTH CyMMBbI N coObITHI (ec-
1 N > 3) ynoOHee BBIYUCIATE TI0 popMmyiie
PAL+ A+ +A)=1=p(A-Ay-.. - A, (34)
BepostHoCTh npoussedenusi 08yx cobvimuti paBHa BEPOATHOCTH OJHOTO U3
HUX, YMHOKEHHOM Ha YCIIOBHYIO BEPOSTHOCTH BTOPOTO MPU HAIUYUHU TIEPBOTO:

P(AB)=p(A)p(B/A)=p(B)p(A/B). (3.5)
JI1s1 He3aBUCUMBIX COOBITHIMA
P(AB)=p(A)p(B). (3.6)
Beposartaocts npoussedenus n cooomuu A (i=1, 2, ..., n) paBHa

PAA-Ay-s A)=P(A) P(A I A) - P(A T A A) o P(AVT A Ay Ay y), (37)
rae P(A / A-...- Ac 1)) — BEpOATHOCTh MOSIBICHUS COOBITHA Ay, TIPH YCIOBHUH, YTO
cobbitust A, Ay, ..., A, B JaHHOM OIIbITE IPOU3OLLIN.

B cnydae He3aBuCHMBIX COOBITHI JaHHAs (hOpPMYJIa YIIPOIIAETCS:

P(A - Ag - Ay) = P(A) - P(Ag) .- P(A,) - (3.8)

Ipumep 3.1. B smuke Haxoautcst 10 meraneit, u3 KOTOPBIX TOJBKO 4 OKpartie-
Hbel. Haynauy usBnekator 3 geramu. OnpeneanTh BEpOSTHOCTh, YTO XOTS ObI OJHA U3
B3AThIX JETAJICN OKpalleHa.

Pewenue. Ilycth coObITHE A COCTOUT B TOM, YTO U3bATA XOTs ObI OJJHA OKpa-
menHas feranb. Torma A — HU O/lHA M3 U3HATHIX JeTalel He OKpallleHa.
Bocnonbssyemes yrepkaeaueM p(A) =1— p(A).
— m
[To knaccuueckomMy ONpeeEHUI0 BEPOSATHOCTH onpeaenuMm p(A): p(A) = 'y
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PaccuntaeM KOJIMYECTBO OJATOMPHUSTHBIX MCXOAOB (M3BSITO 3 NIeTamu U3 He-
3 6! _6-5-4_20
67 3131 B
313 3.2-1
Janee ompenenanuM KOJMYECTBO BCEBO3MOXHBIX MCXOOB (00IIee KOJIMYECTBO
BAPUAHTOB I U3bATUS 3 feTaneit u3 10 BO3MOXKHBIX):

10! 10-9-8

OKpallleHHBIX JeTalIei): M= Cf’o_4 =

3 3
O 73 3.2
-~ m 20 1
0] ) A=—=—==,
Tcroga noiydaem, uto P(A) =06

A moacrasnaa B p(A) =1— p(A), nomyuaem, uto p(A)=1-

ol
oo

3agaun

3.1. JIBa pamucTa MBITAIOTCS MPHUHITH CUTHAN Tepenardynka. [lepBpiii u3 HUX
CMOXET 3TO cienaTh ¢ BepoATHOCThIO 60 %, a BTopoii — ¢ BeposaTHocThIO 80 %, He3a-
BUCUMO JIpyT OT apyra. HaliTu BeposATHOCTb, YTO XOTS OBl OHOMY W3 HHMX yJIACTCS
MPUHATH CUTHAI.

Ortser: 0,92.

3.2. JIBa cTpenka HE3aBUCUMO JPYT OT APyra CTPENAOT 10 OJHON MUILIEHH, Aeias
10 OJIHOMY BBICTpey. BeposiTHOCTh nomnafaaHusi B MHILEHb Ui niepBoro crpeika 70 %,
a uia BToporo 50 %. Haiiti BeposTHOCTh, 4TO 00a CTpesiKa MonaayT B MUIIICHb.

OtBer: 0,35.

3.3. B maptum mammouek B cpegHem 4 % Opaka. HaliTu BEpOSTHOCTB, UTO Cpe-
I HayTraJ BBIOpAHHBIX JBYX JAMITOUEK OKaXEeTCsl XOTsS Obl OJIHa HEUCTIPABHAS.

Otger: 0,0784.

3.4. Tlpubop comepxkuT reHepaTop u ocimiuiorpad. 3a Bpemsi paboThl TeHEpa-
TOpP MOKET BBIUTU M3 CTPOs ¢ BeposTHOCThIO 30 %, a ocumiuiorpad — ¢ BEpOSITHO-
cthio 20 %. OTkassl ocuuuiorpada u reHeparopa He CBs3aHbl ApYT ¢ ApyroM. Haiitu
BEPOSITHOCTh, YTO MPUOOP OyIeT paboTaTh HCTIPABHO.

OtBer: 0,56.

3.5. Paguct npiTaeTcss MpUHATH CUTHAJIBI OT TpEX nepenarynukoB. CUrHan nep-
BOTO MepeAaTuhKa OH MOXKET MPHUHSATH C BeposiTHOCTHIO 50 %, BTOporo — 40 % u tpe-
Thero — 30 %. HaliTu BepoSITHOCTB, UTO €My yIacTCsl MPUHATH CUTHAJIBI OTO BCEX IIe-
pPEIATUNKOB.

Otsert: 0,06.

3.6. B ypue umeercs 3 Oenbix W 4 4depHbIX wmapa. M3 ypHbBI BBITATHBAIOTCS
3 mapa. HaiiTii BEepOSITHOCTh, UTO XOTs Obl OJMH U3 HUX OKAKETCSl OCIIBIM.

Otger: 31/35.

3.7. UrpanbHbiii Kyouk OpocaeTcss 6 pa3. HailTu BepoOsSTHOCTb, YTO BBIMAACT

XOTsI OBbI OHA IIECTEpKa.
OtseT: 0,6651.
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3.8. 3a mpsIMOYTOJIBHBIN CTOJI, y KOTOPOTO CTOMT 10 4 CTyna ciieBa U CIpaBa, B
ciy4yailHOM mopsizike caasTcs 4 manbuuka U 4 neBouku. KakoBa BeposiTHOCTH TOTO,
YTO BCE MAJIbYUKH OKAXKYTCS C OJTHON CTOPOHBI?

Ortsert: 1/35 = 0,0286.

3.9. 3a KpyTbIil CTOJ B CIIy4aitHOM MOpsiAKe cajsaTcs 4 Maiburka v 4 JeBOYKH.
KakoBa BeposITHOCTh TOTO, YTO BCE MAJLYUKU OYIyT CUIETh PSAOM JIPYT C APyromM?

Ortser: 4/35 = 0,1143.

3.10. JIns curnanuzauy 006 aBapuu YCTAaHOBIICHBI 1Ba HE3aBUCUMO paboTaro-
IIMX CUTHAJIU3aTopa. BeposTHOCTH TOro, YTO MpU aBapuu CUTHAIM3ATOP CpabOTaeT,
paBHa 0,95 s mepBoro curnanuzaropa u 0,9 nns Broporo. Hailtu BepoATHOCTH TO-
0, 4TO MPHU aBapuu cpabOTAET TOJIBKO OJUH CUTHAIU3ATOP.

Otser: 0,14.

3.11. HoBoMmy paOOTHHKY MPEAOCTABIAIOTCS TPU TOMBITKM IPOSBUTH CBOU
CHOCOOHOCTH. BeposATHOCTH TOrO, UTO €My yAacTcsl 3TO C MEPBOM HOMBITKH, paBHA
0,2, co Bropoit — 0,3, ¢ Tperbeit — 0,4. MIcX0bI TIONBITOK TPEACTABISIOT HE3aBUCH-
Mble coObITUS. HaliT BEpOSATHOCTH TOTO, YTO paOOTHUK ONpPABIAET OKa3aHHOE €My
JOBEPHE.

OrtBert: 0,664.

3.12. CkoabKO pa3 HY>KHO OPOCHUTH Mapy UTPajbHBIX KOCTEH, 4YTOOBI C BEPOSIT-
HOCTBIO, HE MeHbIIeH 0,5, X0oTst ObI OJTMH pa3 MOSIBUJIACh CyMMa OYKOB, paBHas 127

OtBeT: N> 25.

3.13. Ilpu nepenade Texcta 10 % OykB WCKakaeTCs U MPUHUMAETCS] HEBEPHO.
KakoBa BeposITHOCTH TOro, 4To Bce S5 OYKB AAHHOTO COOOIICHHS OYIyT HPHUHSTHI
MIPAaBUJIBHO?

Otger: 0,59.

3.14. ITaptus u3 100 gerameir moaBepraeTcs BHIOOPOYHOMY KOHTPOIIO. Y CIIO-
BHEM HEMPUTOAHOCTU BCEH MApTHUU SBISETCS HAIMYUE XOTS Obl OJIHOW OpakOBaHHOU
JIETaIM CPENIU TATH MPOBEPEHHBIX. KakoBa BEpOSTHOCTH JUIsl JaHHOW MapTHH OBITh
IPUHSTOM, €CITU OHA COACPKUT 5 % HEMCIPABHBIX JCTAJICH.

Ortser: 0,23.
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4. ®opmyJia nmotHOM BeposiTHOCTH. @opmyna Baiieca

JIomycTHM, 4TO HMPOBOIUTCS HEKOTOPBIN OIMBIT, 00 YCIOBHIX KOTOPOIO MOYKHO
caenaTh N UCKIIOYAIOIINX APYT Ipyra npeanoioxenudt (eunomes). {Hqy, Hy, ..., H},

H| mHJ %) Inpu i ?’—'J
Co0bITHE A MOXKET MOSBIATHCA COBMECTHO ¢ OHOM U3 runore3 Hj. Torna no-
HA:l 6€POAMHOCNTb CO6BITI/IH A paBHa

n
P(A) =2 p(H;)- p(A/H)). (4.1)
i=1
Ecnu ombIT mpou3BeneH U MpOM30ILI0 HEKOTOPOE COOBITHE A, TO ONMPENeInuTh
BEPOSITHOCTh THMOTE3bI Hy ¢ yd4eToM TOTO, YTO MPOU30IIIO COOBITHE 4, MOXHO IO
¢opmyne baiieca:
P(H)-P(A/ Hk)

ZP(Hi) -P(A/ Hi)
i=1
IIpumep 4.1. B nepBoii ypHe HaxoauTCA 7 YEpHBIX U 3 OenbIX mapa, a BO BTO-
poii ypHe — 4 uepHbIX U 6 Oenbix mapoB. M3 Haynady B3sITOW ypHBI JOCTAIU OJIUH
m1ap, KOTOpbIil okazaicsa O6enbiM. KakoBa BEpOATHOCTH TOr0, YTO ATOT Iap ObLI BbI-
HYT U3 TIEPBOU YPHBI?
Pewenue. TlpenBaputenbHO BBIYUCIUM BEPOSTHOCTH COOBITHS A (BBIHYTHIM
Haymauyy — map  —  Oemelif) 1o dbopMyne  TOJHOM  BEPOSITHOCTH:
P(A)= P(B)P(A/ B)) + P(B,)P(A/ By).

3necs P(B;) — BeposTHOCTH TOTO, YTO MIAp H3BJIECYECH W3 IEPBOH YPHBI;

(4.2)

P(H) /T A)=—

P(B,) — BeposTHOCTB TOTO, UTO HIap M3BJICUEH U3 BTOpoil ypHel; P(A/ B;) — ycnos-

Hasi BEPOSATHOCTh TOTO, YTO BBIHYTHIN IIap OCIbIiA, €CIM OH M3BJICYCH U3 MEPBOU Y-
v; P(A/B,) — ycioBHas BEpOSTHOCTH TOTO, YTO BBIHYTBHIA HIap OeJbIi, €cM OH

W3BJICUEH U3 BTOPOU YPHBL.

Torz[aP(A)—E% %% 290 0,45.

Tenepp BBIYMCINM YCIIOBHYIO BEPOSITHOCTh TOTO, UTO ATOT LIap ObLI U3BJIEUEH
U3 MepBOH ypHBI, o popmye baiieca:

_P(BYP(A/B) 1/2:3/10 1
R R TE )

3agauu

4.1. B nByx KOopoOKax HaxoAsATCs OAHOTUIIHBIE TMoAbl. B mepBoit — 20 mir., u3
HUX 2 HEUCHPaBHBIX; BO BTOpoi — 10 mT., u3 Hux 4 HeucnpaBHbIX. Hayran Obina BbI-
OpaHa kopoOka, a 3aTeM U3 Hee Hayraja Obul BeIOpaH nuoa. OH oka3aics HEeUCIpaB-
HbIM. HaifTi BEpOSTHOCTH TOTO, YTO OH OBLT B3AT U3 BTOPOH KOPOOKH.

Ortser: 0,8.
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4.2. ]IBa pagucTa NbITAINCh NPUHATH CUTHAN nepenatdyuka. [lepBblii U3 HUX
MOJKET 3TO clieNlaTh ¢ BeposTHOCThIO 60 %, a BTOpoit — ¢ BepositHOCThIO 80 %, He3a-
BUCHUMO JIpYT OT Jpyra. M3BEeCTHO, 4TO KaAK MUHUMYM OJHOMY W3 PaJUCTOB YAAIOCH
OPUHATH CUTHAN. HaliTu BEpOSTHOCTD, YTO ATO YAAIOCH 00OUM PAJIUCTaM.

Ortser: 12/23 = 0,5217.

4.3. B n1Byx KOpoOKax HaxOASTCsl OHOTUITHBIE KOHIeHcaTophl. B nepBoit — 20 .,
U3 HUX 3 HEHUCNpaBHbBIX; BO BTOpo — 40 miT., u3 HUX 2 HeucnpaBHbiX. Hayran Obuia
BBIOpaHa KOpOOKa, a 3aTeM W3 Hee Hayraj Obul BeIOpaH KoHAeHcaTop. OH okazaics
HeucnpaBHbIM. HailTu BEpOATHOCTH TOTO, YTO OH OBLI B3SIT U3 MEPBOM KOPOOKH.

OtBet: 0,75.

4.4. ]lBa cTpenka HE3aBUCHMO APYT OT JIpyra CTPEJSIOT MO OJHOW MHILIEHHU,
7enasi Mo OJHOMY BBICTpeNy. BeposATHOCTh momnajgaHus B MHILEHb JJI IEPBOTO
ctpenka coctapisier 70 %, a s Broporo — 60 %. ITocne cTpens6bl B MAMICHN 00HA-
pyxeHa ojHa npoOonHa. HaliTi BEposSTHOCTB, UTO MONaJ NEPBbIH CTPEIIOK.

OtseT: 14/23 = 0,6087.

4.5. Ha 6a3e HaxoaaTCs JJaMIIbl, M3rOTOBJICHHBIC Ha JIBYX 3aBojax. M3 Hux 70 %
M3rOTOBJICHO Ha MepBOM 3aBojie, a 30 % — Ha BropoM. M3BectHO, uto 90 % namr, usro-
TOBJICHHBIX Ha IIEPBOM 3aBOJI€, COOTBETCTBYIOT CTaHIAPTY, & CPEIM JIaMIl, H3TOTOBJICH-
HBIX Ha BTOPOM 3aBO/JIE, COOTBETCTBYIOT cTaHAapTy Jiuiib 80 %. Haiitn BeposTHOCTB,
4TO B3sTasi HayraJl Jlammna ¢ 6a3bl Oy/1eT COOTBETCTBOBAThH CTAHAAPTY.

Ortger: 0,87.

4.6. PagnocooOIieHre MOKeT OBITh IepeaaHo AHeM (C BeposTHOCThIO 3/4),
1100 HOYBIO (C BepOSITHOCTBIO 1/ 4). V3-3a MOMeX BEPOSTHOCTH €T0 YCIICIIHOTO MPH-
ema coctaBisgeT gHeM 60 %, a Houpto — 80 %. Haiitu BepoATHOCTH, UTO COOOIICHHE
OyJeT IpUHSITO.

Otger: 0,65.

4.7. B smuke 4 Oenblx ¥ 5 4depHBIX mapoB. Hayraj BeiHUMarotcs 3 miapa.
Haittu BEpOsITHOCTB, UTO OHU OKAXYTCs OJIMHAKOBOTO LIBETA.

Otser: 1/6.

4.8. Ha maxmaTHyI0 JOCKY Hayraj CTaBSTCS JBa KOPOJIs — YEPHBIA U OEIbIii, B
pasHble KJeTKH. KakoBa BEpOSTHOCTb, YTO MPU 3TOM MOJYYUTCS JOMYCTUMAs MO3HU-
uua? HepomyCTUMOM cUMTAETCs MO3HULMS, KOIZIa KOPOJIU CTOST B COCEIHUX (B TOM
YHUCJIE U 0 JUAaroHaIN) KJIETKax.

OtBert: 3612/4032 ~ 0,8958.

4.9. DrneMeHTHl COeIMHEHBI B I[ENb C OJAHUM BXOJIOM U OJHHUM BBIXOJOM TIO
CIIEYIOLIEH CXeMe:
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OTKa3bl DJIIEMEHTOB SIBISIOTCS HE3aBHCHUMBIMHU COOBITHSIMHU. OTKa3 11000ro u3
AJIEMEHTOB MPUBOJMUT K MPEPHIBAHUIO CUTHAJIa B TOW BETBU LIEMH, TJI€ HAXOJIUTCS
JIAaHHBIN 3JIeMeHT. BeposTHocTH oTKa3a 3jaeMeHToB 1, 2, 3, 4, 5 COOTBETCTBEHHO paB-
el ;= 0,1; 9, =0,2; 3= 0,3; 9, = 0,4; g5 = 0,5. HaliTi BepOsSTHOCTH TOTO, YTO CHUT-
HaJI IPOMJIET CO BXO/a Ha BBIXO/I.

Ortser: 0,846.

4.10. DneMeHTHl COeIMHEHBI B ILIENb C OJHUM BXOJIOM H OJHHM BBIXOJOM IIO
CIIEYIOLIEH CXEME:

3

OTKa3bl 2JIEMEHTOB SBJISIOTCS HE3aBUCUMBIMU COOBITUSMU. OTKa3 J000TO U3
AJIEMEHTOB MPUBOJMUT K MPEPHIBAHUIO CHTHAJIA B TOM BETBU LIEHH, TI€ HAXOIUTCS
JTAHHBIN 37eMEHT. M3HadabHble BEPOATHOCTU OTKa3a 3JIeMEHTOB 1, 2, 3 cooTBET-
ctBeHHO paBHbI (; = 0,2; 4, =0,4; g3 = 0,6.

[TocmanHbIi cUTHAN HE MPOIIEI CO BXOAa Ha BbIXo. HallTh BEpOATHOCTH TOTO,
4yTO: a) AeMeHT | oTkazain; 0) TOJIbKO 3JeMEHT | OTKazaly;, B) AJIEMEHT 2 OTKa3al;
') TOJILKO JIEMEHT 2 OTKa3aJl.

Otsert: a) 200/392 = 0,5102; 6) 48/392 = 0,1224; B) 272/392 = 0,6939; 1) 0.

4.11. HaliTu BeposITHOCTh OTTaJiaTh MUH-KOJ TejaedoHa C MEPBOro pasza eciivi B
HEM HUCIOJIb3YIOTCS 4 CTPOTO BO3pacTaromue Hudpsl.

Ortger: 0,5.

4.12. Kaxxnpiit ©3 Tpex KOTOB CIIUT B OJHOM U3 Tpex KopoOok. Haiitu BeposiT-
HOCTh TOTO, YTO BCE€ KOTHI OYJIyT CHATh B OJIHON KOPOOKE, €CITM OHU BHIOUPAIOT KaX-
Y10 KOPOOKY PaBHOBEPOSATHO M HE3aBUCHMO JPYT OT JpyTa.

Otser: 0,012.

4.13. Tpu ruMHacTa CTOAT APYT Ha apyre. BeposTHOCTh MajieHus] HUKHETO CO-
crasisiet 0,08, BToporo — 0,5, Tperbero — 0,31. HaiiTu BEpOSTHOCTH TOTO, UTO TPIOK
HE yJacTCsl.

Ortser: 0,683.

4.14. ]IBo€ CONEpHUKOB YY4aCTBYET B OJUMITHA/ie. BEpOSATHOCTH TOTO, YTO TIEp-
BBII pEIIUT BCe 3a/1auu BepHO paBHa (0,89. Jlyist BToporo 3Ta BeposiTHOCTh paBHa 0,92.
Haittu BEpOSITHOCTH TOT0, YTO TOJIBKO OJWH 3aMMET IIEPBOE MECTO.

OrtBer: 0,1724.

4.15. B ropoa noctynuiio 3000 i1 mosioka ¢ nepsoro 3aBozaa u 3500 — co BTO-
poro. M3BecTHO, UTO CpeaHUN MPOLEHT HEMPUTOJHOIO MOJIOKA CPEAH MPOIYKIIMH
nepBoro 3aBonaa pased 1,5 %, Broporo — 1 %. HaliTu BEpOATHOCTH TOTO, YTO KYTI-
JIEHHBIN JIUTP MOJIOKA B 3TOM FOPOJI€ OKAXKETCSI HEMTPUTOTHBIM.

Otser: 0,012.

4.16. Ilna kaxxaoro U3 Tpex Apy3ed BEPOSITHOCTH MpOBaJla HK3aMEHA PaBHbI
cootBeTcTBeHHO 0,01; 0,03; 0,1. HailTu BepOATHOCTH TOTO, YTO TOJILKO JIBOE€ U3 HUX

CIaayT dK3aMeEH.
Otser: 0,131.
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4.17. ]IBa naTuvkKa MOCHUIAIOT CUTHAI B OOIIWI KaHAJ CBSI3H, IPUYEM TEPBBIM
U3 HUX MOCBUIAET BJIBOE OOJIBIIIE CUTHAJIOB, YEM BTOPOMl. BEposTHOCTH MOMy4YuTh HC-
Ka)KEHHBIM CUTHAJ OT nepBoro aarurka paBHa 0,06, ot BToporo — 0,03. KakoBa Bepo-
ATHOCTb MOJIyYUTh HEMCKAKEHHBI CUTHAJI B OOIIEM KaHaJIe CBSI3U?
Ortsert: 0,95.
4.18. Ha cknane umeetcst 12 TeneBU30pOB, U3 KOTOPBIX 8§ UMIIOPTHOTO MPOU3-
BojcTBa. HailTu BEpOSITHOCTH TOTO, UTO CPENM IATH B3ATHIX HAyraj TEJIEBU30pPOB:
a) okaxxeTcs OoJiee ABYX UMIOPTHBIX; 0) BCce OyAyT OTEUECTBEHHOTO IPOU3BOICTBA.
OtBerT: a) 0,986; 0) 0.
4.19. BepoATHOCTH NPABWIBHOIO ONpPENEIECHUS XUMHUYECKOIO COCTaBa Ipo-
AyKTa JJi1 KaXA0ro U3 3 KOHTposiepoB paBHbI 4/5, 3/4, 2/3. Ilpu ogHOBpEMEHHOM
KOHTpoJie 3 mpoO TpeMsi KOHTpOJIEpaMu XMMHYECKUI COCTaB OKa3ajcsl MPaBUIBHO
onpeaeneHHbIM i 2 mpo0 (YTO MOATBEPAUIIOCHh HA OKOHYATEIBHOW MPOBEPKE B Jia-
o6oparopun). HailTu BEpOSITHOCTB TOTO, UTO OIIMOCS TPETUN KOHTPOJIEP.
Ortser: 0,46.



5. lloBTOpEHNE HE3aBUCUMBIX ONBITOB. @opmysa bepHyin

[TycTh mpoM3BOIMTCS N HE3aBUCHMBIX OJMHAKOBBIX OMBITOB. B pesyibrare
Ka)JIOTO OIbITa COOBITHE A MOSBIIIETCS ¢ BEPOSITHOCTBIO p. BepostHocTh P(N,K) TO-
r0, YTO B TOCJICJIOBATEIILHOCTUA M3 N OMBITOB COOBITHE A TpoM30HAeT poBHO K pa3
(popmyna bepuynnu), paBHa

P(K)=CE-pH " =T pkg™ o<k <n, (5.1)
k! (n—k)!
rae = 1 — p — BeposSTHOCTB TOTO, YTO COOBITHE A HE IPOU3OUIET B OJTHOM OIIBITE.
Beruncnenue BepositHoctedt P(n,K) npm Gonpimx 3HaueHUAX N 1o Gopmyie

bepnymnu npobnematuyHo. [1oATOMY BBIYUCIIEHHE COOTBETCTBYIOIINX BEPOSTHOCTEH
MIPOBOJIUTCS C TTIOMOIIBIO CIEAYIOMMX MPUOJIMKEHHBIX HOpMYII:
1) ecu KOJMYECTBO UCIIBITAHUN BEJIMKO N —> 00, a BEPOSATHOCTh COOBITHS Majia

1
p—0,takyro Nnp —>a,0<a<owou p< T, TO Ucob3yeTest popmyna Ilyaccoua:
n

K .
P(n,k)z%-e‘a,kzo,n; (5.2)

2) €CJIM KOJWYECTBO MCIBITAHUM N BCJIMKO, BEPOSATHOCTH P U ( HEC MaJlbl, TaK
4TO BBIIOJIHAIOTCA CICAYIOIIHUC YCIIOBUA!

0<np—3«/npq,np+3«/npq <n,

TO MPUMEHSIFOTCS TPUOIMKEHHBIE PopMyiibl Myaspa — Jlannaca:

— JIOKANbHAS P(n k)~ () : (5.3)

\Npq

2 —_—
exp X : x—k np.

1
rae @(X) =——= — :
#x) 27 2 Jnpg

— unmeepamvnaa P(N,k <k <k,) = ® (ky —np) | (kl np)
vhpq \JNpq

X 2
rae O(Xx) = % _[ exp —X? dx — dpynkus Jlamnaca.
0

(5.4)

Oynkmun p(X)u @(X) Tadymuposansl (pwi. 1, 2). [Tpu ucnonas3oBanuu Tad-
JMI] CJICAYET TOMHHTH, 4T0 @(X)sBisgercs 4deTHOH (@(—X)=¢(X)), a ¢dyHKIms
Jlamnaca — HeuetHow (D (—Xx)=—D(X)).

[Tyctes mpom3BoauTCS cepusi M3 N HE3aBUCHMBIX HCIBITAHUH, B PE3YJIbTaTe
KaXJIOT0 U3 KOTOPBIX MOXKET MOSIBUTHCS OAHO U3 COOBITUHN Aq, A, ... , A; C BEpOSITHO-
CTSIMU P1, Py, ... , Py COOTBETCTBEHHO.

BeposiTHOCTB TOTO, YTO B CEpUU U3 N UCTIBITAHUN COOBITHE A; HACTYITUT POBHO
K pa3, coOsitue A, — Kk, pas, ..., coositie A, — Kk, pa3 (k; + ... + k, = n) paBna
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Pk, k) =— o plt . ple L ke (5.5)
ki!..k, !

HauBeposiTHeliee 4nciio HACTYIUICHUS COOBITHSI A — M — BBIYUCISACTCA T10
dopmynie n-p—g<m<n-p+p.

Ilpumep 5.1. B cpennem 70 % cTyneHTOB TpYMIIBI CAAIOT 3a4€T C IEPBOTO pa-
3a. OnpeaennuTb BEpOSTHOCTh TOTO, YTO U3 5 YEJIOBEK, CIABaBIIMX 3a4€T, C MIEPBOIO
pasa cIaayT pOBHO 3 CTyAECHTA.

Pewenue. Bocnonb3yemcst popmynoi beprymmu:

|
P(n,k)=P(5,3)=C3. p®.¢°* =%-o,73 .0,32 =0,3087.

Ilpumep 5.2. baHk BbIAN MIECTh KPEAUTOB. BEpOSTHOCTH TOTO, UTO KPEAUT HE
Oynet moraiieH B cpok, paBHa 0,2. OnpeneauTs BEPOSITHOCTh TOr0, YTO B CPOK HE
OyIyT MoramieHbl YeTbIpe KPEAUTA.

Pewenue. Bocnionszyemcs dhopmynoi bepayiu:

4 4 6-4 0! 4 A o2

P(n,k)=P(6,4)=C5-p"-q =ﬂ-0,2 -0,8°=0,01536.

3agaun

5.1. Kybuk Opocaetrcsi 5 pa3. HaiiTu BEpOATHOCTb, YTO IIECTEpKa BBIMAACT
2 paza.
Otser: 1250/7776 = 0,1608.
5.2. bpocaerca 10 moner. HaiiTu BepOsITHOCTb, YTO YUCJIO BBINABIIUX T'epOOB
OyJleT paBHO LIECTH.
Otget: 210/1024 =~ 0,2051.
5.3. Bpocaercsa 12 monet. HailiTu BEpOSATHOCTB, UTO T€pOOB BBINAET OOJIBIIIE,
YeM pellieK.
Otget: 1586/4096 = 0,3872.
5.4. Monera Opocaetcst 100 pa3. HaiiT BEpOSTHOCTb, YTO KOJUYECTBO BHI-
MaBIIUX TepOOB OyAeT JexaTh B mHTEpBae: a) oT 40 no 60; 6) ot 30 g0 70.
Otger: a) = 0,96 (o mpubnmkenHon hopmyne Myaspa — Jlartaca: 0,9545;
o TouHoi popmyne bepuymu: 0,9648); 6) = 0,9999.
5.5. BeposaTHOCTh TOMasaHusi B MUIIICHh UTPOKOM 3a Ka)IbIii OpOCOK paBHa
0,6. Becero Obuio coBeprieHo 5 OpockoB. Omnpenenutbh BEpOSTHOCTh MONAJaHUsS B
MUIIICHb: @) 3 pa3a; 0) He MEeHee MOJIOBUHBI OPOCKOB; B) He OoJiee 2 pas.
Ortser: a) 0,3456; 6) 0,6825; B) 0,31744.
5.6. Ha aBToBok3aine ectb 10 aBT0OYyCOB. JIJisi KakJA0r0 U3 HUX BEPOSTHOCTH
MOJIOMKHU 3a JieHb cocTaBiisgier 30 %. Onpenenuts BEPOSTHOCTh TOTO, YTO 3a JICHB:
a) BBIMJIET U3 CTPOsi 7 aBTOOYCOB; 0) OcTaHETCS pabOYuM XOTS ObI OMH U3 HUX.
Ortser: a) 0,009; 6) 0,999994.
5.7. Bpau cTaBuT BEepHbII AMAarHO3 C BEpOATHOCTHIO 85 %. Haiitu BeposTHOCTD
TOT0, YTO U3 6 TUArHO30B BEPHBIN OyA€T MOoCTaBlIeH OObIIEH YacTH MAI[eHTOB.

Ortsert: 0,9526.
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5.8. 13 mkosl ¢ BeposiTHOCTHIO 40 % BhIMTycKatoTcst ABoeyHUKU. Ha oy u Ty
e CIEIHAIBHOCTh MBITAIOTCS TMOCTYNUTh 7 BBIMTYCKHUKOB 3TOW mikosbl. Haiitu
HAMBEPOSITHEHIIIEE YHCIIO IBOCYHUKOB CPEU HUX U OMPEAEIUTh BEPOSTHOCTH TOTO,
YTO UMEHHO CTOJIbKO JJBOCYHHKOB OYJIET MOCTYNAaTh Ha 3TY CHEIUATBLHOCTD.
Otser: 3; 0,29.
5.9. Haiitu BeposATHOCTh 4 TOUHBIX U3 7 HE3aBUCUMBIX U3MEPEHUM, €CITU BEPO-
SATHOCTh TOYHOTO U3MepeHus pasHa 0,3.
Ortser: 0,097.
5.10. Mumo mynkTa HabmoaeHus poberaioT exu. Habmrogarens oOHapyXu-
BaeT mpooOeraromiero exa ¢ BeposaTHOCThIO 0,1. CKOIbKO €Xel JTODKHO Ipo0ekKaTh,
9TOOBI C BeposATHOCTHIO 0,99 Habmomarens 3agukcupoBan Obl HE MEHEE S5 eXKeil?
Otser: 113.
5.11. [IBa cTpenka CTpessItoT 0 O4epeid A0 NEePBOro NMomnagaHusi no MUILICHH.
Jlnst iBaHa BepOSITHOCTH TOMalaHus pu oHOM BeIcTpene paBHa 0,2, mis Iletpa —
0,3. Haiitu BeposiTHOCTh TOr0, uro MBaH caemaer Oosblie BbICTpEsnoB, ueM lletp
(TIepBbIN BBICTPEIT PA3bITPHIBACTCS 110 KPEOUIO).
Ortser: 0,45.
5.12. Ckonpko pa3 Hag0 MOAOPOCUTH UIPABHYIO KOCTb, YTOOBI HAaWBEPOST-
HEeHIIIee YHUCI0 BBINMAICHUN MATEPKHU ObLIO paBHO 557
OtBet:329<Nn<335.
5.13. Tlapa urpaneHbIX KOCTEH Opocaercs 7 pa3. KakoBa BeposSTHOCTH COOBI-
TUii: A = (CyMMa OYKOB, paBHas 7, BeINAAET ABaXabl); B = (CymMMa OUYKOB, paBHas 7,
BBITIAJIET TI0 KpaitHe# Mepe ofuH pas)?
Ortger: a) 0,23; 6) 0,72.
5.14. CTyAeHT BBINOJIHIET TECTOBYIO pabOTy, COCTOSIIYIO U3 Tpex 3aaad. s
MOJTYYEHHUSI TOJOKUTEILHON OTMETKHU JOCTAaTOYHO PelnTh ABe. sl kaxaoi 3agauu
NpeiaraeTcsi 5 BapuaHTOB OTBETA, U3 KOTOPBIX TOJIBKO OJIMH NMpaBUIbHbIA. CTyIeHT
IJI0XO0 3HAET MaTepHasl U MOITOMY BBHIOMpPAET OTBETHI IS KAXKIOW 3a/1aud Hayaady.

KakoBa BEpOSITHOCTb, YTO OH IMOJYYUT MOJ0KUTEIBHYIO OIICHKY ?
Ortser: 0,104.
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6. CayyaiiHasi BeJim4uHA. 3aKOH pacnpeaeieHust
U YUCJI0BbI€ XapaKTEePUCTUKHU

[lox cryuaiinoii eenuuunoii (CB) moHnMaeTcs BeIMYMHA, KOTOpasi B pe3yibTaTe
OMbITa CO CIy4alHBIM KCXOJIOM NMPUHUMAET TO WM WHOE 3HAYCHHE, MpPUYEM, 3apa-
Hee, J0 OMbITa, HEM3BECTHO, Kakoe uMeHHO. CiyyaiiHble BEJIMYUHBI B 3aBUCUMOCTHU
OT BUJIa MHOKECTBA 3HAUYECHUU MOTYT OBITh Ouckpemuvimu (JACB) unu nenpepuignul-
mu (HCB).

3axon pacnpedenenus CIy9aiHOW BETMYUHBI — 3TO JIt00ast GyHKIHS, TaOIHIIa,
MPaBWIO U T. M., YCTAHABJIMBAIOIIAS COOTBETCTBUE MEXKIY 3HAUCHUSAMH CIydailHOMN
BEJIMYMHBI U BEPOSTHOCTSIMH €€ HACTYILJICHUSI.

DyHuxyueli pacnpeoenienus CIy4alHOW BEUYUHBI X HA3bIBAE€TCA BEPOSTHOCTH
TOTO, YTO OHA MTPUMET 3HaUYECHHUE MEHBIIEEe, YeM apryMEHT (PYHKIUH X:

F(x) = p{X <x}. (6.1)
CaolicTBa QYHKIIUU paCTIPEICICHHUS:
1. F(—) = 0. 3. F(xq) < F(xp), mpu X < X,.
2. F(to) = 1. 4.pa<X<b)=F()-F@). (6.2)

Psoom pacnpeoenenuss nuckpernoit CB X HaszbiBaeTCs TabiMila, B BepXHEU
CTPOKE KOTOPOW MepPEeUrCIIEHbI Bce BO3MOXHBIE 3HaUeHUst CB Xq, Xo, ..., X, (X1 < X;),

a B HKHEW — BEPOSATHOCTH HX MOSBICHUS Py, P, ... , Pn > TAC Pij = P{X = X}
Xi Xq X5 X,
Pi P1 P2 Pn
Tak kak coObITHS {X = X1} ... , {X = X,,} HECOBMeCTHBI U 00Opa3yIOT MOJHYIO

IPYIILY, TO CIPaBEIJIMBO KOHTPOJIbHOE COOTHOUIEHUE
pitpo+..+py=1 (6.3)
OyHKIUs pacnpeneaeHus ooon auckpetrHoit CB ecTh pa3pbiBHAs CTyIeHYa-
Tass QYHKIMA, CKAYKA KOTOPOW MPOUCXOMAT B TOYKAX, COOTBETCTBYIOIIMX BO3MOXK-
HBbIM 3HAUYECHUSIM CITYYaTHON BEJIMYMHBI, U PaBHbI BEPOSITHOCTSIM STUX 3HAUCHMUIA:
F()= 3 p(X =Xx;). (6.4)
Xj <X
ITnomnocmoio pacnpedenenus (MIOTHOCTHIO BeposTHOCTH) f(X) HenpepbiBHON
CITy4aiiHOW BEJIMUMHBI X HA3bIBACTCS IPOU3BOIHAS €€ (PYHKITUU pACTIPECTICHHUS:
P{x<X <x+Ax} F(x+Ax)—F(x) _dF(x)

f(x)= lim = lim =F'(x). (6.5
(9 AX—0 AX AX—0 AX (). (6.5)

OCHOBHBIE CBOMCTBA IUNIOTHOCTH PACIIPEACICHUS:

1. IlmoTHOCTH pactpeneienus Heorpurarenpha: f(x) > 0.

2. YcnoBre HOPMUPOBKH: I f(x)dx =1. (6.6)

—00
3. BeposTHOCTh TomajaHus CIy4yalHOW BEJIWYMHBI X Ha IPOU3BOJIBHBIN yua-
CTOK [a, b[ paBHa
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pla<X < b}:? f (x)dx. (6.7)

4. Oynkius pacnpenencHus F(X) ciydaitHol BenmuunHbl X BBIpaXKaeTcs 4epe3
€€ INIOTHOCTD:

FOX)=p{X <x}=p{~o< X <x}= T f (x)dx. (6.8)

Mamemamuueckoe odxcuoanue XapaktepusyeT cpeaHee 3HaueHue CB u ompe-
nensiercs o popmyie:
(

ixi-pi mig - JICB,
my=M[X]={ = (6.9)

J. X- f(x)dx mist - HCB.

CBolicTBa MaTEeMaTHUECKOI'O OKHIaHHUS

1. M[c] =c.

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

3. M[c - X] =c - M[X].

Hauanvnouii momenm k-ro nopsiaka CB X ectb MaTeMatndeckoe oxupaanue K-i
CTEIEHU 3TOU CIIy4allHOM BEJINYUHBI:

ixik'pi s JICB,
() =M[x¥]={ "7 (6.10)

[ x“-fe)dx ama  HCB.

—00

Llenmpuposannoii ciydaitHodt BenuunHoi X HasbiBaeTcsi CB, MaremaTudeckoe
OKHJIaHWE KOTOPOM HAxXONUTCA B Haudaje KOOpPAMHAT (B IIEHTPE YHCIOBOM OCH)

M[X]=0.

Omneparusi 1IeHTpUpOBaHUs (TEepexoj; OT HEIEHTPUPOBAHHON BENIUYUHBI X K
LHeHTpupoBaHHON X ) umeer Buag X = X —My .

Lenmpanvnviti momenm nopsiaka K CB X ects MaTeMaTnueckoe oxupanue K-it

CTEIECHH HEHTPUPOBAHHOM CITy4yalHOW BEJIMUUHBI X

. %(Xi -my)-p; ana JICB,
#O) =M= (6.11)
[ (x=my)“-f(x)dx  ans HCB.

—00
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Jlucnepcus citydaiiHOW BEJIMYMHBI XapaKTepU3yeT CTENEHb pacceuBaHus (pas-
Opoca) 3Hau€HUM cay4yallHOW BEJIMYMHBI OTHOCUTENBHO €€ MATEMAaTUYECKOTO OXKHUAa-
HUS U onpeJensiercs no popmyse:

Dy = D[X]:,Uz(x)=a2(x)—m§( =

N N
2 2 2
_ = S'x2p — B

[ (x=my)? f(x)dx= [ x*f(x)dx—m§ mwx HCB.

CaolicTBa UcCIIepCUU:

1. D[c] = 0.

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

3. D[c-X] = ¢c2D[X].

Cpeonum xeaopamuueckum omxaonenuem (CKO) CB X Ha3bIBaeTCsl XapakTe-
pUCTHUKA

oy =o[X]=D[X]. (6.13)
CKO usmepsieTcs B TeX e pu3nueckux ennHuIax, yrto u CB, u xapakrepusy-
€T IIMPUHY Inuana3oHa 3HaueHun CB.
IIpasuno 3o. llpaktnuecku Bce 3HaueHuss CB HaxoAsTCs B MHTEpBAIe
[mx—?)O'x; my + 30')(] (614)
Moooii (M0) ciydaiiHOW BeIMYMHBL Ha3bIBaeTCs e¢ Hamboyiee BEpOSITHOE 3HA-
YeHue, T. €. TO 3HAUCHHE, JIJIT KOTOPOTO BEPOATHOCTH Pj (st auckpernoit CB) unu

f(X) (a1 HenpepwiBHBIX CB) mocTHracT MakcCuMyMa.

Meouanou (Me) ciydaiiHON BeTMYMHBI X Ha3bIBacTCS TaKOC ¢ 3HAUYCHHE, JIJISA
koToporo BeimoHsAeTcs ycnoBue P{X < Me} = p{X > Me}. Menuana, kak mpaBuiIo,
CYILIECTBYET TOJILKO JJIsl HEMPEPBIBHBIX CITyYalHbIX BETUYNH.

Ilpumep 6.1. B xopobxe 7 mapoB, U3 KOTOphIX 4 KpacHbie. 13 3T0i KOpOOKH
HayJady U3BJIECKaIOT 3 mapa. HailTu 3akoH pacnpenesneHus ciiy4yailHON BEIUYUHBI X,
PaBHOM YKCITY KpaCHBIX IIApOB B BEIOOPKE.

Pewenue. B BbIOOpKE U3 Tpex MIApOB MOXKET HE OKA3aThCsl HU OJTHOTO KPacHO-
ro Imapa, MOXET TIOSIBUTHCS OJIMH, JIBa WJIM TPU KpacHBIX mmapa. CiemoBaTeibHO,
cirydaiiHas BeimuuHa X MOXET NPUHAMATH TOJIBKO YeThIpe 3HadeHus: x1 = 0, x, = 1,
X3 = 2, X4 = 3.

Halinem BeposTHOCTH 3THUX 3HAYCHUU.

[TepBsrIit ciocoo.

e 1 i 1 cic 18 ci 4
ci 35 " ¢t 3B P ct 3B ¢t o35
BTtopoii crioco6.

O06o03HaunM coObiTHE A — TOSIBIEHWE KPAaCHOTO IIapa, CJIEJOBaTEIbHO A —
TIOSIBJICHUE HE KPACHOTO.

Po

22



m = — = :—’

e
pl(AAA+AAA+AAA)—_.§.3+§£.E+§.E£:E;
765 765 765 35
0,(AMA + BAA+ ARA)—2.3.3,8343 433 18,
765 765 765 35

432 4

AAA) = .22 _4

e

CnenoBaTenbHO, JaHHAs choydaiiHas BenmudymHA X WMEET CICAYIOUINH 3aKOH
pacrpeiecHuUs:

x| O 1 2 3

p|1/35|12/35]| 18/35 | 4/35
12 18 4
[IpoBepka: — +—+—
35 35 35 35
Ilpumep 6.2. BeposSTHOCTh TOTO, YTO B MarazuHe OyIeT B HATMYUK HEOOXOIH-
Masl CTyJeHTy KHura, paBHa 0,3. COCTaBUTh 3aKOH PaCIpenciICHUs YKCIIa TOCEIICH-
HBIX Mara3uHoOB, KOTOPBIE MOCIEA0BATEIBHO MOCETUT CTYACHT, YTOOBI KYyIIUTh KHUTY,
€CJM B ropojie 3 MarasuHa. HaliTy YucinoBbIe XapakKTEPUCTUKHU CIIy4allHOM BEJIMYNHBI.
Pewenue. B xauecTBe ciaydaifHONH BeTWYHHBI X BBICTYNAeT KOJIMYECTBO Mara-
3MHOB, KOTOPBIE MIOCETUT CTYAEHT, YTOObI KylUTh KHUTY. BO3MOXKHbBIE 3HaUEHUS, KO-
TOpbIEC IPUMET cay4aiiHas BennunHa X: 1, 2, 3.

O0603HauMM uepe3 codbITre A; — B IIEPBOM Mara3uHe €cTh KHUra, A, — KHUra €cTh
BO BTOpoM, Az — B TpetheM. Torma P(A)=p(A,) = p(A;) =0,3. BepostHocTs poTH-
BOTIOJIOKHOTO cOObITHUS, 4TO KHra 3austa P(A) = p(A,) = p(A)=1-0,3=0,7.

JIns cocTaBiieHUs 3aKOHA PACIIPEICIICHUSI PACCUUTAEM COOTBETCTBYIOLIHNE BeE-
POSITHOCTH:

p(A)=0,3;
p.(AA)=0,7-0,3=0,21;
p,(AAA+AAA)=0,7-0,7-0,3+0,7-0,7-0,7 =0,49.
ITposepka: 0,3+ 0,21+ 0,49 =1.
3anuiieM 3aKOH pacripe/ieJICHUs B BUJE TaOJIHIIbI.
X 1 2 3
P 0,3 0,21 0,49

BpruncinuMm maremMaTuyeckoe O0XKUJIAHHWE CIYyYalHOW BEJIWMYWHBI U €€ IUCIIep-
CHIO:;

n
M(X)=m, =Y xp; =1-0,3+2-0,21+3-0,49=2,19;
i=1

n
D(X) =3 x2p; —mZ =12.0,3+22.0,21+3%-0,49—2,19? =0,7539.
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Ilpumep 6.3. CnyuaiiHas BeauurMHa X pachpejielieHa MO 3aKOHY, Omperense-
MOMY IIJIOTHOCTBIO BEPOSITHOCTH BUAA

cx+1, —-3<x<3,
f(x)=
0, |x|>3.
Omnpenenuth KOHCTaHTY ¢, (GyHKIUIO pacnpenencaus F(X), maremarndeckoe

OXHMAaHUC, I[I/ICHCpCI/IIO BCIINYUHBI AX', da TaKKCE BCpOﬂTHOCTB €C IoIIagaHus B I/IHTep-
pan [-0,5;15).
Pewenue. Buauajie BBIYMCINM 3HAUYEHUE KOHCTAHTEI ¢ U3 YCJIIOBHUA HOPMHUPOB-

ku. JIJist 3TOTO OonpenenuM 3HaYeHUe UHTerpaia B JIEBOM YacTH YCIOBHSI HOPMUPOB-
k. Tak kak ‘x +1‘ B Touke «—1» oOparmmaercs B Hysib, TO Ha WHTEepBaie [—3;—1)

(GYHKIIMS PACKPBIBAETCS CO 3HAKOM «—», a Ha [—1;3] — co 3HaKOM «+».

- 3 ] 3 ]
[ F09dx = [ c|x+ldx=—c [ (x+Ddx+c [ (x+1)dx =—c [ (x+1)d(x+1) +
oo 3 33 ] 3
2 —c(x+1)° N c(x +1)° =
+cj(x+Dd(x+D:>——??——- = =2c+8c=10c=1.
-1 -3 -1

1
W3 yciaoBus HOpMHUPOBKH ciieayet, uro 10c=1=C= 0

[110THOCTBE BEPOSATHOCTH MPUMET BUL

0, X < —3,

f(x):<i|x+1|, -3<x<3,
10

0, X > 3.

Omnpenenum ¢yHkImO pacipenenenus F(X). Tak kak MIOTHOCTh BEPOATHOCTH
3a/laHa pa3IMYHbIMU (POPMyIIaMH Ha Pa3HBIX MHTEpBajaX, TO U €€ MepBOOOPA3HYIO —
GYHKIIMIO pacripefesieHus — AJI KaXXI0ro MHTEpBaja ONpeAeIiuM B OTJEIHHOCTH.

X X
1. x<=8: F(x)= | f(t)dt= [ 0dt=0.
- -3 _001 X l X
2. 3<x<-1: F(x)= [ 0dt—— [(t+1)dt=0—— [ (t+1)d(t+1) =
x<-1: F(x) L 1O_Is(+) 10_13(+) (t+1)

At x _a-(x+1)°

10 2 |3 20

-3 -1 X (L 2
3. -1<x<3:F(x)= jOdt—ij(t+1)dt+ij(t+l)dt:0+—4 (-1+1) +
T 10, 10, 20
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21X 2
4 +(t+1) A+ (x+1)

20 20 |, 20

1 X
+E_jl(t+1)d(t+1):

-3 -1 3 X
4. x>3: F(X)=F(x)= IOdt—ij(t+1)dt+if(t+1)dt+j0dt=
—o0 10—3 10—1 3

4-(-1+1)° (3+1)

=0+ +0=0+1+0=1.
20 20
OKOHYATEIBHO UMEEM
0, X <=3,
2
w, -3<x<-1,
F(x) = 20 ,
M, —-1<x<3
20
1 X>3.
I'padux dbyHkMM pactpeneneHus MeeT BUl, TpUBEACHHBIN Ha puc. 6.1.

F(x)

1,2 4 -

08

06

04

0.2

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Puc. 6.1. I'paduk pyHkunu pacrpenencHus

Berancnum BepositHoeth P(—0,5< X <1,5):
4+(L5+1)° 4+(-05+1)* 3

20 20 10
BpruncinM mareMaTtuyeckoe OKUIaHUE CIIyYaiHOW BEJIMYUHBI:

p{-0,5< X <15}=F(L5)— F(0,5) =

0 1 3 1 -1 1 3
my =_{Ox- f(X)dx=E_j3x-|x+1|dX=—E_f3X'(X +1)dX+E_IlX'(X+1)dX=



14413
30315

Beruucnum oucnepcuro cnyqaﬁHoﬁ BEJIMYUHBIL:
13)°
15

D, = j x? £ (x)dx—m% :—sz X +1dx - (

—00

+—jx - (x+1)dx — (13j 61 (Ej =0,8667.
15) 15 |15

17,
=—— [ x*- (x+1)dx +
10,

3agaun

6.1. Bpocaercs urpanpHblii kKyouk. O6o3HaunM depe3 N 4mcIo BHIMABIINX OY-
koB. PaccmarpuBas N kak ciy4ailHyro BEJIMUYHHY, IOCTPOUTH €€ P paclpeaesieHUs
u (pyHKuMo pacnpenenenus. Hailtu BepostHocTs TOro, yto N.< 5.

Otset: P(N<5) = 2/3.

6.2. Kaprcon pemun mpoJoKUTh 3HAKOMCTBO ¢ Mansimom, HO 3a0bL1, B Ka-
KO€ M3 MSATH PACKPBITBIX OKOH OH BJIETall HAaKaHYHE. X — UYHCIO HCCIEIOBAHHBIX
Kaprnconom koMHaT. BelnucaTh 3aK0H pacrnpesesieHus: AUCKPETHOW ciydailHON Be-
mvuunbl X; Hatitu M[X], D[X]. [Toctpouts rpaduk ¢pyHkiuu pacupeneacaus F(X).

Oteet: M[X] = 3; D[x] = 2.

6.3. Bpocatorcs aBe MoneThl. CitydaiiHas BeTUYMHA X — YHCIIO BBIMABIINX Iep-
0oB. Haiitn maremaTnueckoe oxumanue M[X] u cpenHekBaapaTHUHOE OTKIOHCHHE
o[x].

Oteet: M[X] = 1; 0[x] = 0,7071.

6.4. B xouBepte 18 Mapok, Cpeau KOTOPBIX 7 YMCTHIX, OCTAIBbHBIE TPOIITEM-
neneBannble. Haynauy nocraror 3 mapku. Haiitu 3akoH pacnpeneneHusi, MaTemMaTu-
YecKoe OXUAaHUE U AUCIEPCHUI0 YMCiIa YUCThIX MapoK cpean otoOpaHHbIX. [locTpo-
UTh QYHKUHUIO pacnpenenaeHus. OnpeneiauTb BEpOSTHOCTb TOTO, YTO CPear O0TOOpaH-
HBIX UMEETCs XOTs Obl OJIHA YMCTasi MapKa.

Otser:m, =7/6,D, =385/ 612, p(X >1)=217/272.

6.5. B kapmane umeercs 4 MoHETHI 1O 5 Komeek, 2 MOHEeThl Mo 50 Komeexk.
[Taccaxxup M3BIEKaeT M3 KapMaHa MO OJHOM MOHETE 10 MOsBIEHUS 5 Komeek 0e3
BO3BpalieHus. [locTpouth psij pactpeaeiacHus ciiydaidHol BeqnuuHbl X (YuCiIo mmo-
nbpITOK). HaliTh MaremaTHueckoe okuaanue u aucrepcuro. Haiitn Gynkuuio pacrpe-
JEJICHUL.

Otser: m, =1,4;,D, =1,037;
X 1 2 3
P 2/3 4/15 1/15

X X<1|1<x<2|2<X<3|x>3
F(x)| O 2/3 14/15 1
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6.6. Cryuaiinas BennunHa X 3a/1aHa PsIOM pacipeIeeHUs:
X/ -1/ 01| 2

P101/02|03|04

Haiitu maremaTtnueckoe oxumanue M[X] u cpenHee KBaapaTHUECKOE OTKIIO-
HeHue ofX].

Otset: M[X] = 1; o[x] = 1.
6.7. HaliTu pacnpeneieHre CIy9aiiHON BEIMYHMHBI X, €CIIM OHA MOXKET IPHHH-

MaTh TOJBKO OJHO M3 JIBYX 3HA4YCHHU X; UM X, (X; < Xp). M3BectHo, uTo p; = 0,1;
m,=1,9; D,=0,09.

OtBer:
X111 |2
P10,1/0,9

6.8. Cnyuaiinas BenuuuHa Y 3aJlaHa psiIOM pacipeieNiCHus:
Y| 1|3 |47

P{04({02|0,1(0,3

[ToctpouTts rpaduk pynkuu pacnpenenenus F(y). Halitu BeposTHOCTB TOTO,
yro 2 <Y <6.

OtBer: P(2<Y <6)=0,3.
6.9. Cnyuaitnas BenmuuynHa X 3a71aHa TNIOTHOCTHIO BEPOSITHOCTH:

0,ecnu Xx<0,
f(x)=

e_X, eciu X > 0.

Haiitn matemaTtuyeckoe oxumanue M[X] u cpenHee KBajapaTudeckoe OTKIO-
Henue ofX].
Otset: M[X] = 1; o[x] = 1.
6.10. Cayyaitnas Bennyraa X 3agaHa QyHKIMEH pacrpeaeneHus:
0,ecmm X <0,

F(X)=1C-X,ecmu 0 < x <20,
1, ecm X > 20.
Haiita koadpdurment C u iotHocTh BepostHoctu T (X) . [Toctpouts rpaduku
F(X)u f(x).
0, ecu X <0,
Otset: C =0,05; f(x)=<0,05, ecn 0 < X <20,
0, ectm X > 20.

6.11. CnyuaitHas BearunHa X 3a/1aHa MJIOTHOCTHIO BEPOSTHOCTH:
0, ecmn X <0, X >3,
f(x)=

C-(3x—x?), ecn 0< X < 3.
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Haiitu xosp¢unment C u ¢pynkumio pacnpenenenus F(x). Onpenenuts ma-
TeMaTUYEeCKHE OKUAAHUE U JUCTIEPCHUIO CIy4aliHOM BETHMYUHBI X.
Otset: C=2/9; m, =15;D, =9/ 20.
6.12. CnyuaiiHas BenuuMHa X PpaBHOMEPHO paclipelesicHa B HWHTEpBajie
[1,5;2,5].
Haiitn marematndeckoe oxunanne M[X] u cpemHee KBaapaTuieckoe OTKIIO-
Henue o[X].

Otser: M[X] = 2; o[x] = V/3 /6~ 0,2887.
6.13. CnyuaiiHas BenuurHa X paBHOMEPHO paclpeneiieHa B HHTEpBaJe
—1 <X <0,5. Haiitn ee mnotHOCTh BepositHOCTH f(X) m QyHKIMIO pactpeneincHus

F(x). [Toctpouts rpaduku f(x)u F(X).
0, ecmm X <=1,
Oter: f(x)=42/3,ecmn—1<x<0,5,
0, ecitm X >0, 5.
0, ecmu X < —1,
F(X)=<2/3x+2/3,ecmu—1<x<0,5,
1, ecnmu x>0,5.

6.14. Cnyyaitnas BenumurHa X 3a7aHa MIOTHOCTHIO BEPOSITHOCTH:
0, ecmu X <0,

f(x)= %,eCHHO<X<3,

0, ecii X > 3.

Haiitn MatemaTudeckoe oxumanne M[X] u cpemHee KBaapaTHYECKOE OTKIIO-
Henue o[X].

Otser: M[X] = 1,5; o[X] = /3/2 = 0,866.

6.15. Cny4aiiaast BenmuuuHa X MPUHUMAET JIBa BO3MOXKHBIX 3Ha4YeHUs: 2 U 5,2,

obOpasyronue noHy (QyHkuuio. M3BecTHO mMaTeMaThdeckoe 3ajaHue, paBHoe 3,7.

Havitu BepOsSTHOCTH P; ¥ P2 ¥ IUCIIEPCUIO CITYYaWUHON BEJTUYUHBI.
Ortset: p; =15/32, p, =17/32,D, =2,55.
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/. THNOBBIE 3aKOHBI pacnpeaeIeHus

Huckpetnas CB X umeer eeomempuueckoe pacnpeniejieHue, eciii OHa MPUHU-
MaeT 3HaueHus 0, 1, ... , 00 ¢ BEpOATHOCTAMU

p(X =i)=p;=q'p wm p(X =i)=p=q"p, (7.1)
rae p — mapametp pacnpeaenenus (0 <p <1),qg=1-p.
YucnoBbie XapaKTePUCTUKH T€OMETPUIECKOTO pacTpeIeIICHUS:
my =(q/ pwm 1/ p),Dy =q/ p°.

Huckpetnast CB X uMeet ouromuanvuoe pacnpeoeieHue, €Ciii OHA TIPUHUMACT

3Hauenus 0, 1, ..., N co clienyromuMMHU BEPOATHOCTSMMU:
. n! i nei
p(X =i)=pj=——=p'q"", (7.2)
I(n—i)!

rae N, p—napametpsl pacnpenenenus (0 < p <1), g=1-p.
YuciioBble XapaKTepUCTUKN OMHOMUATILHOTO PaCTIpEISIICHHUS:
my =np,Dy =ngp.
Huckpetnast CB X umeet pacnpeoenenue [lyaccona, €civi OHa TPUHUMAET

3HaueHus 0, 1, ... , 00 CO cIeayOmMUMU BEPOSITHOCTIMHU:
i

MX=n=m=$ﬁ*, (7.3)

rIe a — napameTp pacmpeneneHus (a = nxp, a >0).
YucnoBble XapaKTEPUCTUKH ITyacCOHOBCKON CB: my =a, Dy =a.
Henpepeisaas CB X numeer pasHomepHoe pacupeneneHue, CH €€ MIIOTHOCTh
BEPOSITHOCTH B HEKOTOPOM MHTEpBalie [a ; D] mocTosiHHa, T. €. eciii Bce 3HaUYeHUs X B
3TOM MHTEPBAJIE PABHOBEPOSTHHI:

0,x<a, 0,x<a,
F(x) =it a<x<h, F(x)=1X=2 a<x<b, (7.4)
b—-a b-a
0,x>Dh. 1,x>b.
HucnoBbie XapaKTEpUCTUKU PaBHOMEPHO pactpeaeneHHoi CB:
a+b (b—a)?

Mx ==~ Px =775

Henpeprisaas CB T, npuHuMaroiasi TOJIbKO MOJOKUATEIbHbIE 3HAUCHUS, UMe-
eT 9KCNOHEeHYUalbHoe PaclpesiesieHUe, eCii €€ TUIOTHOCTh BEPOATHOCTH U (DYHKIUS
pacnpeneneHus paBHbL:

—At 4 PEVI NG
() = Ae 120, Faﬁzl e ,t=>0, (7.5)
0,t <0,
rae A — napamerp pacapeneiacaus (4> 0).
YucnoBbie XapaKTepUCTUKH dKcoHeHMansHoi CB: my =1/ 4,D; =1/ A2,
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HenpepsiBaass CB X umeer nopmanbroe pacnpeneseHue, eclid €€ MIOTHOCTh
BEPOSITHOCTU U (DYHKIIMS paclipeiesieHUs paBHBbI:

1 (x—a)? (x—m)
f(X)=——exps———;, F(X)=0,5+® : 7.6
(%) gy oy P12 (x) - (7.6)
1 7 -
rae m, o — mapameTpbl pacnpeaeneHus (o >0), d(X)=—— j e 2dt— ¢yukuus
“\f27z' 0

Jlarutaca.

3navyenus pynkiun Jlamraca npuseneHsl B npui. 2. [Ipu ucnonp3oBanuu tad-
auIpl 3HaYeHWd QyHkmwm Jlammaca ciemyer yduTeiBath, 4o D(=X) = —D(X),
®(0) =0, d(x0) =0,5.

Yucnosele XapaKTEPUCTUKH HOpMalIbHOU CB:

I[k/2] k2 i
my =m,Dy =02, e () =kt ¥ M__(9/2)

o (k=2i)h!
0,k —ueuernoe,
k/
e (X) = k! o’ ’
_— — .k —yuerHoe.
(k/2)1 2
3agaum

7.1. JIBe urpanbHble KOCTH OJHOBPEMEHHO OpocaroT Ba pa3a. HanucaTe 3akoH
pacripeniesieHns JUCKPETHOU cliydaliHOW BeMUMHBI X — YUCJA BBIMAJACHUN YETHOTO
YuCiaa OYKOB HA JBYX WIPaJIbHBIX KOCTAX, @ TAKXKE OINPEIEIUTh MAaTeMaTH4YECKOE
0’)KMJIAHUE U AUCIIEPCUIO CIIyYallHON BEJINYWHBI.

OrtBer: X 1| 0 1 2
p |9/16 |6/16 | 1/16
m, =0,5;D, =0,875.
7.2. Tlocime oTBETA CTyJEHTa Ha BOIIPOCHI YK3aMEHAITMOHHOTO OMiieTa dK3ame-
HATOp 3a/1a€T CTYACHTY JOIOJHHUTEIBbHbBIE BONPOCkl. [IpenoraBarens nmpekpamniaeT 3a-
JaBaTh JIOMOJNHUTEIBHBIC BOMPOCHI, KaK TOJBKO CTYACHT OOHApY)KMBAcT HE3HAHHE
3a2JTaHHOTO BOIIpoca. BEeposSATHOCTh TOTO, YTO CTYJICHT OTBETUT Ha JIFOOOW 3aTaHHBINA
JOTIOTHUTEBHBINA Bompoc, paBHa 0,9. TpeOyeTcs onpenenuTh 3aKOH pacrpeacICHHs
CITy4aiiHOM JUCKPETHOM BETUYHMHBI X — YUCJIA JOMOJTHUTEIIBHBIX BOIIPOCOB, KOTOPHIC
3a7acT MpenojaBareb CTYACHTY, a Tak)Ke HAlTH HauBeposTHeliee uncio (M) 3a-
JAHHBIX CTYJICHTY JOMOJHUTEIBHBIX BOIIPOCOB.

Oteer: m = 1.
7.3. YcrpotictBo coctout u3 1000 amemeHTOB, paboTaroMX HE3aBUCUMO OJIUH
oT apyroro. BeposTHOCTh OTKasa Jr000TO 3JEMEHTa B TEUCHHE BPEMEHU | paBHA

0,002. HaiiTi BEpOSITHOCTb TOTO, YTO 32 BpeEMs | OTKaKyT POBHO 3 3JIEMEHTA.
OtBet: P =0,18.
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7.4. llena geneHusi mKainsl u3MeputensHoro mpudopa pasna 0,2. Ilokazanus
npubdopa OKpyIJAOT A0 Onrpkaiiiiero neneHus. OnpenenuTs BEpOsITHOCTb, YTO MpU
oTcyeTe OyneT caenana ommuobka: a) Menbimnas 0,04; 6) 6onbias 0,05.

Otser: a) P(0 <X <0,04) + P(0<X<0,04) =0,4;
0) P(0,05 <X <0,15) =0,5.

7.5. MuHyTHasi CTpejKa 4acoB JBUTAETCS CKAYKOOOpPa3HO B KOHIIE KaXKIOM
MUHYTBI. HaiiT BEpOATHOCTBH, YTO B JaHHOE MTHOBEHME YacChl MOKaXyT BpeMs, OT-
JAYarolieecss oT UICTHHHOTO He 0oee, ueM Ha 20 c.

OteT: P(0 < X< 20) + P(40 < X< 60) =2/3.

7.6. ABroMar mrammyer AceTaid. KoHTponupyercs MMHA AeTanu X, KoTopas
pacrpeiesieHa HOpMaIbHO C MaTeEMAaTHYeCKUM OkuaaHueM 50 mm. DakTHYECKH JjIMHA
M3TOTOBJICHHBIX JIETAJICH COCTaBisieT HEe MeHee 32 MM U He Oosee 68 mm. Haiitu Bepo-
ATHOCTb, YTO JIJIMHA HayJauy B3sTOM JieTanu: a) Oonbie 55 mm; 0) menbiie 40 mm.

Ortser: a) P (55 < X< 68) = 0,0823;
0) P (32 < X <40) =0,0027.

7.7. ABTromart usrortaBinuBaeT mapuku. lllapuk cumTaercs roaHbIM, €Clid OT-
KJIOHeHHe X TuaMeTrpa Iapuka OT MPOEKTHOTO pa3Mepa M0 aOCOJIIOTHOW BEIMYUHE
menbie 0,7 mm. Cuuras, 4To CiiydaiiHas BEJIMYMHA pacHpelielicHa HOpMaIbHO C Ma-
pamerpom o = 0,4 MM, OIIPEIEIUTh CKOJILKO B CpeIHEM OyAET TOJHBIX IApPUKOB Cpe-
1 100 U3roToBIEHHBIX.

Otset: P =0,92.

7.8. Cpennee BpeMsi pabOTHI KaXKJ0TO M3 3 HE3aBUCHUMBIX 3JIEMEHTOB, BXOIS-
X B TEXHUYECKOE ycTpoicTBO paBHO 750 4. JInst 6e30TKa3HOM paboThl yCTpOMUCTBA
HeoOxouMa 0e30Tka3Has paboTa XOoTsl Obl OJHOTO M3 TPEX 3TUX dJeMeHTOB. Omnpe-
JEJTUTh BEPOSITHOCTh TOTO, YTO YCTPOUCTBO OyneT pabotath oT 450 no 600 4, ecnu
BpeMsl pabOThI KaXKI0TO U3 TPEX AIEMEHTOB HE3aBHCHMO M PACIPE/IEICHO 0 MoKa3a-
TEJIHLHOMY 3aKOHY.

Otset: P =0,279.

7.9. Bpems T oOHapy»KeHHUs 1IeJIM PaJHOIOKaTOPOM PACIIPENIeCHO IO MOoKa3a-
TEJIbHOMY 3aKkoHy. HaiiTu BeposTHOCTh TOTO, YTO 11eJb OyieT 0OHapy>KeHa 3a BpeMsi OT
5 no 15 ¢ moce Havana MmoucKa, €CiM cpeiHee Bpemsi 0OHapy)eHwsl 1ienmu paBao 10 c.

Otser: P =0,383.

31



8. MYHKUHSA OTHOTO CIy4aifHOr0 apryMeHTa

Ecnu X — HenpephIBHAs cilydaiiHas BEJIMYMHA, TO TUIOTHOCTH BeposiTHOCTH ((Y)
BEJUYMHBI Y ompeiensieTcs no popmyiie

k
9(y) =2 f W) () (8.1)
&

rie f(x) — mI0THOCTh BEpOSATHOCTH BEIMUUHBI X;
(Y) — dynkuun, oopatHble GyHKIMA (X);
K — grciio oOpaTHBIX PYHKIIUH ISl TAaHHOTO Y.
UucnoBble XapakTepucTHKH QyHKIHH Y = @(X) 0OIHOTO CIIy4aiiHOTO apryMeHTa
X onpenensaoTes Mo CAeAyoIuM GopMysam:
— HavaJbHBIC MOMCHTHI:

_ancok(xi) pi, st ICB,
o (¥) =MLY 1= M[g* (01 =1 (82)

[ @* (%) (x)dx, iz HCB ;

—00

— MAaTEeMATUYECCKOC OXKUAAHUC.

my, =M[Y]=M[p(X)] = (X); (8.3)
— OCHTpaJIbHbIC MOMCHTHI.
[(n
D (p0%)—m,)* p;, s ICB,
a1 (¥) =MLY =my) ]={ (8.4)
[ (@(x)—m,)* f (x)dx, w12 HCB;

— IUCTEPCHUS:

Dy = 5(y) = M[(Y =My )" 1=, (y) -y . (8.5)

Ilpumep 8.1. Cayuaitnas BenmuunHa X 3a7aHa TIIOTHOCTHIO PACTIPEICICHHUS:

f00 0,x<-1x>2,
X)=
X%,—1<x£2.

OnpeaenuTs IOTHOCTh paclpeeeHus: ClIydYalHoW BeIMUruHbl Y = X 2, mare-
MAaTUYECKOE OKUJIaHUE U TUCTIEPCHUIO CITyYailHON BETUYUHBI Y.

Pewenue. )

OnpenenuM IJIOTHOCTh  paclpeieeHts, BOCIONb30-
BaBIIUCH (opmyitoii (8.1).

Jlnst atoro moctpoum tpaduk Y = X ’Ha VMHTEpBAJIE
(—1; 2) 1 ompeaenuM KOJIHYECTBO OOpaTHBIX (YHKIUH Ha WH-
TepBaiax.

N3 rpaduka BugHO, uto Ha uHTepBajue (0; 1) y Y cymie-
CTByeT JaBe oOpaTHble (pyHkumu, Ha ydactke (1; 4) — omHa.

“
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Ha ocraBmuxcs npoMexxyTkax oOpaTHBIX (PYHKIHIA HE CYLIECTBYET.
y € (—0;0] Uy € (4;) g(y)=0;

Y
y €(0:1] ya(y) =—\/§, o (Y) =\N, ‘Wl,z(Y)‘ :Lj a(y) = A \/y) - :
2y 3 2y

2
ye 4] w3(y)=—\/9,|w3(y)l=%:>g(y)=(\/g) %

MBI onpeAeNnian IIOTHOCTh PaclpeAesIeHUs CITyYailHOM BETUYHHBI Y

0,y<0uy>4,
1 3
a(y) = §y4,0<y£1,

3
%W4J<ys4

Jlanee ompenenuMm MaTeMAaTUYECKOE OKHUIAHWE, HAYAIbHBII MOMEHT BTOPOIO
MOpsAKA U I[I/ICHepCI/IIO cnyqaﬁHoﬁ BEJIMYUHBI Y

m—jy g(y)dy= Iy yydy+jy yydy— jy/dy+ Jy 2dy =

3@ /jo e(éy%l

o, (Y)= Jy -g(y)dy= Iy —yydy+Jy ydy— Jy/dy+ Iy/dy—

3

=3(1—0) —(32 1)—E

4
7 7
3\7” ), 677 21 7
228
Dy =a,(y) - '“ S 175

3agaum

8.1. Cayuaiinas BenmuurHa X paBHOMEPHO pacnpesencHa Ha untepsaie (0; 2).
o 2 v o
Cnyuaiinas Benuuuna Y = X°. OnpenenuTs QyHKIINIO pacipeneneHus ciydaiiHON Be-

JIAYUHBI Y.

0,y <0,

0,4y,0<y<4,

Otser: F(y) =
Jy+2
- 4<y<9,
5 y

1,y>0.
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8.2. Cnyualinas BenuuuHa X 3ajjaHa TUIOTHOCTBIO pacipeeieHus

O,st,x>£,
f(x)=

T
—,0<x<—.
T 2

OmnpenenuTh INIOTHOCTBIO pactpeieeHus cirydaiiHor Benmdaunbl Y = Sin(X).
0,y<0,y>1,

Otset: f(y)= 0<x<”

V4 l—y2

8.3. Cﬂy‘laﬁHaﬁl BCJIMYHMHA X3a1[aHa INIOTHOCTBIO PACIIPCACICHUS:

stQx>£,
f(x) =

T
a5x0<x35.

v 2
OnpenenuTe MaTeEMaTUYECKOE OKUJIAHNE CITYYalHOM BennuuHbl Y = X°,

2
OtBer: M = u
2
8.4. PebOpo kyba m3mepeHo npubiusnurenbHo, npudem 0<x<0,2. Paccmarpu-

Basi pedpo Kyba Kak cilydyailHyl0 BEJIMYUHY, PABHOMEPHO paclpeesIeHHYI0 B HHTEP-
Base (0; 0,2) onpenenuth MaTeMaTHYECKOE OXKHUIaHHE 00bemMa Kyoa.
OrTBer: m, = 0,002.
8.5. CnyuaitHas BenuuMHa X paBHOMEPHO paclipesiesieHa ¢ YUCIOBbIMU XapaK-
Tepuctukamu: M, =1,0 = 3\3. OnpenenuTth 3aKOH pacrpeesieHus, MaTeMaTHYeCKOe
OXKUJIaHUE U AUCIICPCHUIO CITydaiiHOW BemmurHbl Y =SignX .

OTBeT:
y -1 1
p 4/9 5/9

m, =1/9,D, =80/8L.

8.6. 3akoH pacmpejesieHus] OITMOOK MPU U3MEPEHUH pajuyca I' Kpyra — HOp-
MaJIbHbI C MaTeMaThudecKkuM oxkuaanueM M = 50 u qucnepcueit D = 0,25. Onpene-
JIUTH 3aKOH pacrpeiesieHrs OMMOOK MPH BEIYUCICHNH TIJIOMIAIN KpyTa.

0,y <0,

Oteer: f(Y)=1 1 = (Jy-50V7)?

2y

8.7. Cnyuaiinas BenuurHa X pacmpenesieHa 10 HOpMaJbHOMY 3aKOHY pacripe-
JeNeHUs M = 2 ¥ CpeIHUM KBaJpaTUYECKUM OTKJIOHEHHEM ¢ = 1. OnpenenuTs 3aKoH
pacrpe/ieNieHns ciy4aitHo# BenmmuuHbl Y =|X]|.
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0,y <0,
Omser: f(Y)=] 1 _pWy-50Vm)®

2y

8.8. CiyuaitHas BenmnunHa X paBHOMEpHa pacnpezencHa B uHTepBasie (0; 1).
. 3
OnpenenuTs 3aKOH pacipeesieHus ciiydaiiHoM BennuuHbl Y = 4X°, MaTeMaTuueckoe
0’KHJIaHWE U JUCIEPCHIO CIIyYailHOM BEJIMYUHBI Y.

0,y<Oumuy >4,

Otser: f(Y)=7 1 0<y<a,
334y?
9
my :1, Dy == 7
8.9. Cnyuaiinas BenuuuHa X 3a7aHa GyHKIUEH pacipeiesieHus
0,x<0,
F(x)=<0,25x%,0< X <2,

1 x> 2.

OHpCI[GJII/ITB MATCMATHYCCKOC OKUIAAHHUC U OUCIICPCHUIO Cﬂy‘{aﬁHOﬁ BCJIMYMHBI

Y=2X+5.
23 8

Orser: m, =—,D, =—.
TBet: My ===, Dy =3

8.10. Cayyaitnas BemuurHa X MMeEET TUIOTHOCTH pacnpenencuus f(X), 3aman-

HYI0 Tpaduxom
fix)

>

1 0 f
Crnyuaiinast BenuurHa Y cBs3aHa ¢ X 3aBUCHUMOCThIO Y =1— X2, Onpenenuthb

MJIOTHOCTh PACHPE/ICICHUS CITydyalHON BEJIMYUHBI Y.
1

1
1+
Orser: f(y)=14 1-Y

0,y «[0:1].

),0<y <],
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9. BekTopHbIe ciIy4aiiHble BeJJMYHHbI

Dyuxyueti pacnpedenenus NByXMEPHOU CITydyallHOW BEJTWYMHBI HAa3bIBACTCS Be-
POSTHOCTH COBMECTHOTO BBITIOJTHEHHUS ABYX coObITH {X <x} m {Y <y}
F(xy)=p{X <x}{Y <vy}). (9.1)
CaoiicTBa IByXMEpHOU (PYHKIIMH paclipeesiCHUs
1.0<F(x,y) < 1.
2. F(x, +o0) = Fx(x); F(+o0, y) = Fy(y); F(+o0 ,+00) = 1.
3. F(—o0, y) = F(X, —0 ) = F(—0 , —0 ) = 0.
4. F(Xq, Y) < F(Xp, Y), eciu Xp > Xq;
F(X, y1) < F(X, y2), ecin Yo > y1.
OyHKIMSA pacHpeeICHUs] MOXKET 3a7aBaThCsl JJIsI HEMPEPHIBHBIX U JIUCKPET-
HBIX CJIy4alHbIX BEJIUYHH.
JInst HenmpepbhIBHOM ABYXMEpHOU ciydaitHoi BenwuuHbl (X, Y) cylecTByer
JIBYXMEpHAs NI0MHOCMb PACNPEOeeHUs..
PEX< X <x+AFN{Yy <Y <y+Ay} F°F(x,Y)

f(x,y)= lim 9.2
(x.y) AXx—0 AXAY OXoy 6-2)
Ay—0
CBoiicTBa IBYXMEPHOU MIIOTHOCTH:
1. f(x,y) >0.
Xy
2. F(x,y)= | [ f(xy)dxdy. (9.3)
3. p{(X,Y)eD}= H f(x,y)dxdy. (9.4)
(D)
4. YcnoBre HOPMUPOBKH _[ J. f(x,y)dxdy =1. (9.5)
5. f(x)= [ f(xy)dy; fo(y)= [ f(x y)dx. (9.6)

JInst nUuCKpeTHbIX ciydaHbiX BennuuH (X, Y) 3aKOH pacnpenesnieHus 3a1aeTcs
mampuyei pacnpeoenenus, COAEPKAIEH BEPOITHOCTH Pjj MOSABIECHHUS BCEX BO3MOK-

HbIX TIap 3HaYeHuH (Xj, Yj):

Pij = P(X =xi, Y =), (9.7)
yI[OBJ'ICTBOprOH_II/IX yCJ‘IOBI/IIO
n m
22 p; =1. (9.8)
i=1j=1

OnHOoMEpHBIE PSAZbI BEPOSITHOCTEH, COCTaBIsIIOIUX X, Y, ONPENeNstoTCs II0
cieayrmuM hopmyiam:

pi=p(X:Xi):§:pij’i:1’---’”’ (9.9)
j=1
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n
pj=pY =y)=2p; i=L...m. (9.10)
i=1

Vcnosnvim 3axkonom pacnpedenenus Ha3bIBACTCS paCIpeNesIeHUe OJHOU CIy-
YaHOW BEJIMYMHBI, HAWJICHHOE IIPYU YCJIOBUH, YTO Apyras Cily4daiHas BEJIWYUHA MpPHU-
HsJIa OIIPEACIICHHOE 3HAYCHHUE.

Vcnosnvie nnomnocmu 151 HENPEPBIBHBIX COCTABISIIOMMX X U Y ONpPEaestoT-
Csl IO CleyIoIUM (popmynam:

f(xly) = f(x, ), (y), s v (y) =0, (9.11)
fy/x) = f(x, y)/, (X), nos fx (x) =0. (9.12)

Vcnosnvie psaowvl pacnpeodenenus s TUCKPETHBIX cocTaBisrommX X u-Y onpe-
JEJSI0TCA M0 CIeyoumUM (hopMyam:

Pifj = PX = Xi/Y =yj) = pij/p(Y =yj). i=1, ..., N, (9.13)
pj/i = P(Y = Yj/X =xj) = pij/p(X = Xj), ] = 1, ..., M. (9.14)

Benuuuna X nezagucuma ot Benu4HMHBI Y, €CIM €€ 3aKOH pacIpe/esiecHus He
3aBHCHUT OT TOT0, KaKO€ 3HaUCHHE MpUHsIa BearunHa Y. J1is He3aBUCHMBIX BEJIMYUH
BBIIIOJIHAIOTCS CJIEYIOLIUE COOTHOIICHHUS:

1) Fxy) =p(X <x Y <y) =p(X <x)p(Y <y) = Fx()Fv(y), VX, Y, (9.15)
2) nns menpepwieubIX — f(X, y) = f, (X)f,(Y), VX, y; (9.16)
3) st IMCKPETHBIX — Pjj = Pj Pj, A Vi, J. (9.17)

Cmewannolil HauanibHulil MoMenm TOpsiaka K + S paBeH MaTeMaTH4ecKOMY
oxunanuio npomsseaerms XK u YS:

(n m
2.2 X Y]c" p; ; mwst ACB,
i-1 j=1
[ [ X“y*f(x,y)dxdy ans HCB.

Cmewannolil Yyenmpaibhvlll MOMeHm Topsiaka K + S paBeH MaTeMaTHu4ecKoMy

o5 (X, y) =M[X*Y®]= (9.18)

OXKHJIAaHHIO TIPOM3BEACHHUS [IEHTPUPOBAHHBIX BEIMYMH XK p Yk
K
s (% Y) =M[(X —=my )" (Y —my )°’]1=

k S
EE(Xi -m,)"(yj—my)° p; j s JACB, (9.19)

[ [ (x=m)*(y-m,)*f(x,y)dxdy mnz HCB,

TAe  Pjj — 2IEMEHTBI MATPHIIBI BEPOSATHOCTEH AUCKPETHOMN BenuduuHbI (X, Y);

f(X, ) — coBMecTHas TNIOTHOCTH BEPOSTHOCTH HENPEPBIBHOM BemrmuuHbI (X, Y).
PaccmoTpum Hanbonee 4acTo MCHOIb3yeMble HauajdbHbIE U IIEHTPAIbHBIE MO-
MEHTHI:

My =0q0(X,Y), My =ag1(XY), (9.20)
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Dy = 10X Y) =y 0(X Y) - my, Dy = Ho 2 (X, Y) =0 5(X, Y) — m;. (9.21)
Koppenayuonnviii momenm Kyy XapaKTEpU3yeT CTEIECHb TECHOTHI JIMHEWHOU
3aBHCHMOCTH BeJIMIUH X U Y ¥ pacCeMBaHUE OTHOCHUTEIBHO TOUKH (My, My):
Ky =m1(%y) =g (X y) —mymy . (9.22)
Koagpguyuenm xoppensyuu Ryy XapakTepusyeT CTEleHb JMHEWHOMN 3aBUCH-
MOCTH BEJINYUH:

oy = Ky  _ Kxy _
\fDxDY Ox Oy

Jiis mr00BIX clydaiHbIX BenuuH | Ryy | < 1.

(9.23)

Ecnu Benmuuunsl X u Y HezaBucumsl, To Ryy = 0.

Ilpumep 9.1. IIIOTHOCTH BEPOATHOCTH JIBYXMEPHOU CIyHalHOW BEIUYUHBI
(X, Y) paBHa:

T T
0,x<0,x>—,y<0,y>—,
2 y y 2

fxy)= sin(x +
—y),0<x££,0< yéz.
2 2 2
Onpenenuth QyHKIMIO pacnpeneneHus caydainon Benuuussl (X, Y) u kodg-
(GUIMEHT KOPPEeTAIUU CTyYalHbIX BEeTUIUH X U Y.
Pewenue. Onpenenum QyHKUIUIO pacrpeiesieHus IBYXMEPHOU Ciy4yailHOU Be-
anausbl (X, Y) mo gopmysie (9.3):

y y
1) x<0, y<0, F(x,y)=]S | f(x,y)dxdyzf [ Odxdy =0;

T T =, Xy N
2)O<XSE’O<ySE FOGy)= | | f(xy)dxdy=

Xy S|n(x+y) _sinx+siny— sm(x+y)
= J;O_'[OOdXd .”‘ dx d - 2

3)x>%,y>%F(x,y): j j f(x, y)dxdy =

00 22 y
— | [ odxdy +fjwdxdy+jj0dxdy:1.

55
I[anee OMpCACIINM MATECMATUYCCKUC OXKHUIAHUSA COCTABJIANOIIMX BCKTOpPA CIIY-

YaifHBIX BeJIM4YHH 10 Gopmyre (9.18):
T

T 1x f(x,y)dxdy:zzx.wdxdy:
0] s

1 X - (Sin X + cos x)dx S
2 4
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T
MartemaTudeckoe OXHNAaHHUC Y BBIUHCIISETCS AHAJIOTN4HO, T. €. mx = my = Z

OmnpenenuM IUCIEPCUH COCTABIISAIONIMX BEKTOpa CIyYalHBIX BEJIWYMH 10
dbopmyie (9.19):

ap0(Xy)= T T x%- £ (x, y)dxdy =

—00 —00

X2 . wdxdy =

O'—;N‘é}
O'—;I’\)‘é}

T

V4
2 z
:%j X2 - (sin x + cos x)dx =%((2cosx+2xsin X — X° cosx)|2 +
0
Zont o
+(X2CcoSX—COSX— XSinX)[2)=—+=—2.
0 8 2
_ 2_1% 7 _
Takum obpazom, D, =a,(X)—m; = % + 57 2=D,.
Jlanee orpeeuM CMeIIeHHbIH HayanbHbIii MOMEHT (1, 1) mopsiaka o (9.18):
T
T T 22 sin(x+ y)
(X, y) = I I x-y- f(x,y)dxdy = I IX' Y'TdXdy=
—00 —00 00
12 .
:EJ X-y-(sinX+cosx)dx = 7 — 2.
0
[To popmyme (9.22) moryunm KOBapHAIIHIO:
-2 7°
Kxy = t1(X,y) = g1 (X, y) —mymy = > 16
Otcrona no dopmyne (9.23) nomyuum K0IPGUIMEHT KOPPESAIUU ABYX CIIy-
K
vaitapIx Bemmuna X 1 Y. Ry = —=21—=-0,245,
J/Dx Dy
3anaun

9.1. Ilepenatorcst ABa COOOIICHUSI, KAKI0E U3 KOTOPHIX MOXKET OBITH JTUOO HC-
KaKEHO, MO0 HE MCKAKEHO. BepoITHOCTh HCKaXXeHUs TPU TIepeiaue mepBoro cooo-
mieHust cocrapisier 0,1, BEposSTHOCTh MCKaKeHHS npu nepenadye Broporo — 0,3. Ciy-
yaiiHas BeMMunHa X TPUHUMAET 3Ha4ueHue 1, ecnu mepBoe cooOIenne nckaxeno, u ()
B 00paTHOM ciydae; ciiydaiiHas BennmduHa Y TPUHAMAET 3HaueHue 1, eciu BTOpoe
cooO1ieHre uckaxxeno, u 0 B oOpaTHoM ciiydae (MHAUKATOPHI cOObITHI). COCTaBUTH
OJIHOMEpHBIE PAJIbI pacpeeieHHs], 3aKOH paclpeeeHus CIy4yalHbIX BeIUuuH X, Y
U HUCCIIEA0BaTh UX 3aBUCUMOCTD; OMKCATh 3aKOH PACTIPECIICHHs CTy4YalHON BeJInYu-
uel (X, Y).
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OtBet: OgHOMEPHBIE PS/IBI PACTPEACIICHUS:
i y1=0 | y,=1
Pi 0,7 0,3
Xi x1=0 x=1
Pi 0,9 0,1
Cnyyaiinbie BenuuuHbl X, Y HE3aBUCHMBI.
y1=0 y2=1
;=0 1| 0,63 0,27
Xo=11| 0,07 0,03

9.2. JIBa cTpenKka HE3aBUCUMO JIPYT OT Apyra MPOU3BOAAT IO OJTHOMY BBICTpE-
Ty, K&KIbIM 0 cBoer mumeHu. CinydaiiHas BeIu4rHa X — 4MCIIO NONaJAaHuM IepBo-
ro CTpeNkKa, ciydailHas BenuuyuHa Y — BTOPOTO CTpesika. BeposATHOCTh momnamaHus
1T TiepBoTO cTpenka cocrasisieT 60 %, a ansa Broporo — 85 %. IloctpouTts psin pac-
npenescHus ciaydaitHon Beauauusl (X, Y).

Otser:
y1=0 | y,=1
X1=0| 0,06 0,34
X,=11] 0,09 0,51
9.3. JIByxmepHasi TUCKpETHAs CllydaiiHasi BETMYHMHA 33/JaHa 3aKOHOM pacmpe-
JeTIeHUSL:
y1=5 | ¥,=6
X1=1 0,1 0,4
Xp =2 0,2 0,3

Onpenenutp, IBISIOTCS JIA CAydaiiHble BeTUUUHbI X, Y HE3aBUCUMBIMHU.
OtBet: Ciyuaiiabie BenuuuHbl X U Y SBISIOTCS 3aBUCUMBIMHU.
9.4. JIre urpanpHbIe KOCTH OpocaroT 1mo ogHoMy pa3y. O6o3HaunM depes X Ko-
JMYECTBO OYKOB, BHINIABIIEE Ha MEPBOM KOCTH, a yepe3 Y — Ha BTopoil. OnpenenuTs,
ABJISIFOTCS JIU CIIy4aifHbI€ BETMUMHBI X, Y 3aBUCUMBIMHU.
OtBer: CiydaitHbie BeTMYUHBL X U Y SBJISIOTCS HE3aBUCUMBIMH.
9.5. Tlo uenu mpou3BOAUTCS 2 HE3aBUCHUMBIX BhICTpesia. BeposTHOCTh momnaja-
HUS B LIeTb MpU nepBoM BeicTpene paBHa 0,4, npu Bropom — 0,7. X — yuciio nonaja-
HUW HOpu MEpPBOM BbIcTpene, Y — npu BTopoM. [locTpouThs Tabmnuily pacrpeaesieHus
cuctemsl (X,Y); HaliTH QYHKIUIO paclpe/e/iCHUs] CUCTEMbI; HAWTH YHCIIOBBIC Xapak-
TEPUCTUKUA CUCTEMBI.
Otser: m, =0,4;D, =0,24;m,=0,7;D, =0,21.

x=0|x=1
y=0/0,18 |0,12
y=1|0,42 (0,28

9.6. Tlonmoxxenue ciyvaiiHoi Touku (X, Y) paBHOBO3MOXKHO B JIOOOW TOYKE
Kpyra paguycoMm 2, IEHTP KOTOPOTO COBMAAAET ¢ HadaioM KoopauHat. OmnpeaennuTsb
TUIOTHOCTh paclpe/iesieHus U QYyHKIIUIO paciipeeleHus KXo cocTaBisitonieid X u
Y. Onpenenutb 3aBUCUMOCTh COCTAaBJISIFOIIHX.
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0,x% +y% >4,
Orser: f(X,¥)=1 1

L2 234,
47Z"X "y
1 1
f(x)=5J4—x2,f(y):za/4_y2.

9.7. EcTh nBe HE3aBHCHMBIC CITydalHbIE BEJIUYHHBI. X pacmpeneieHa mo HOp-
MAaJbHOMY 3aKOHY pacrpeneneHus ¢ mapamerpamu M, = 0, oy = 1/v/2. Cayuaiinas
BennurHa Y pacrnpesneneHa paBHoMepHo Ha uHTepBaie (0; 1). Onucarh MIOTHOCTh
pacupenenenus f(X, Y) u pynkuuro pacnpenenenus F(X, Y) mus cucremsr (X, Y).

ie_x
Orser: F(X,Y)=1x
0, mpu'y z (0,1),
0, mpu y <0,

F(X,Y) =R (X) =F,(y) =1 y@(x/2), npn 0< y <1,

CD(x\/E), npu y > 1.
9.8. JIeyxMepHas ciydaiiHas BeIMUWHA 3aaHa QYHKIMEH pacipeIeICHHs

2
,apu 'y € (0,1),

. . T T
sinXx-siny,0<x<—,0<y<—,
F(X,Y)= y 2 y 2

0, Xx<0ummy<0.

OnpenenuTs BEPOSITHOCTD MOMAauust ciaydaitHo Touku (X, Y) B IPSIMOYTOJIb-
T T V4
HUK, OTPAHUYCHHBI IIPSIMBIMHU X = 0, xX=—, y=—7,¥Yy=—.
4 6 3
Otsert: p = 0,26.
9.9. [110THOCTH BEPOSITHOCTH IBYXMEpHOM cirydaitHoi BennuuHsl (X, Y) paBHa

C,x>0,y>0,x+y<2,
f(X,Y)={

Hatitu konctanty C u koaddunment koppensun X u Y.
Otser: C =0,5; Ryy =-0,5.
9.10. B mepBom kBagpaHTe 3amaHa (YHKIHS PACIPEACIICHUS] CHCTEMBbI JBYX
CIIy4aWHBbIX BEJINYVH:

0, nnaue.

F(X,Y)=1+27%-27Y 4277,
Onpenenuth: a) IBYXMEPHYIO IJIOTHOCTh CUCTEMBI; 0) BEpPOATHOCThH MOMaja-
HUs crnydaitHoi Touku (X, Y) B Tpeyrompuuk ¢ BepuuHamu 4 (1, 3), B (3, 3) u
C(2,8).
Orser: a) f(X,Y)= {In2 2-27*7Y BnepBoMKBajpaHTe,
0, BHE KBaJpaHTa;
6) p = 5/13-2".
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9.11. 3amana TUIOTHOCTH COBMECTHOTO DPACIIpENETCHHS JABYXMEPHOM CiIydaii-
HoM BeauuuHI (X, Y)

~(C+y?)
FX,Y)= 2Xxye , X>0,y>0
0, x<0,y<0.
OHpC,ZIeJII/ITB INIOTHOCTH PACIIPCACICHUSA COCTABJIANOIINX X, Y, MaTeéMaTnudc-

CKHE OXHuJaHus 1 aucnepcuu X, Y, a TakKe onpeaeuTh Ko3PGUIHEHT KOPPesuu
MEXy CIIydalHbIMU BeTMIuHaAMU X U Y.

_x2 _yz
Orser: f(x)=1%¢  x20, fy)=4Y€ Y20,
0, x<0, 0, y<0,

x/; 8—7m

mX:my:T,DX:Dyzﬁ,nyzo.

9.12. 3anmaHbl IJIOTHOCTU PACIpPEICICHHUs] HE3aBUCUMBIX COCTABIISIONINX HeE-
MPEPHIBHON ABYXMEPHOM CITydaiiHO# BemauHbl (X, Y):

f00 0,x<0, fy) 0,y<0
X) = y =
56> x >0, 562Y,y>0.
OnpenenuTs MIOTHOCTh COBMECTHOIO paclpesiesieHns U (QyHKIHUIO pacrpese-
JICHUS] CUCTEMBI.
0,x<0,y<0,
10e X2 x50,y >0,
0,x<0,y<0,
F (X’ y) - —5x -2y
Q1-e>)@Q-e"),x>0,y>0.
9.13. /IBe HE3aBUCUMBIC CIIyJailHble BETMUMHBI X U Y pacmpeienieHbl M0 paB-
HOMepHOMY 3akoHy (1 <X < 3;2<Y <6). Haiitu BeposiTHOCTB, uTO X > Y.

Ortset: 1/16 = 0,0625.
9.14. Cnyuaiinas BenmunHa X 3aaHa QYHKIMEH pacmpeeieHus

0,x<0,

F(x)=40,25x%,0< X <2,
1 x> 2.

Orer: T (X,Y) :{

Onpenenuth KO3QPUIMEHT KOPPEISAIUHU CIIydailHbIX BeTuuuH X u Y =2X +5.
OtBer: R,, =1.
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10. Ouenka 3akoHa pacnpeaeneHus. ToueuHble M HHTePBAJIbHbIE OLIEHKHU
YHCJIEHHBIX XaPaKTePUCTHK

['enepanvhoill co80KyNHOCMbI0 Ha3bIBACTCS MHOXKECTBO OOBEKTOB, U3 KOTOPBIX
pou3BOAUTCS BbIOOpKa. Kaxaplii n3 0OBEKTOB 3amaeT (PUKCHPOBAHHOE 3HAUYCHHE
CIIy4YaliHOM BEJIMYMHBI.

Buvibopra — MHOXECTBO {X1, Xp, ..., X,} ClIydaliHO OTOOpaHHBIX OOBEKTOB (3HA-
YCHUI) U3 TeHEPAIbHON COBOKYITHOCTH.

O6vemom BRIOOPKH N HA3BIBAECTCS YUCIIO BXOJISIINX B HEe 0OBEKTOB.

Bapuayuonnvim psoom Ha3piBaeTcst BIOOpKA { X, Xy, ..., X, }, IOIy4eHHas B pe-
3yJbTaTe PACMOJOKEHUSI 3HAYEHUN HCXOJHOM BBIOOPKM B MOPSIKE BO3PACTAHMS.
3HaueHus X; Ha3bIBAIOTCS BapHaHTaMH.

Imnupudeckas ynkyus pacnpedenerus onpenensercs Gopmyiion
0, x<X,

F' =11, % <x<%
n
1, x>X,.

(10.1)

+11

DMrmpudeckas pyHKIus pacupeneienus F*(X) sBiseTcs Hanaydield OleHKO
dbysKIMM pacnpenenenus F(X) (HecMeIeHHoi, COCTOATEIBHOM, () (PEKTUBHOM).

Ecnu ananuszupyemas CB X sBisieTcss IUCKPETHON C U3BECTHBIM MHOXKECTBOM
3HAYECHUI {xl,xz,...,xm}, TO TI0 MCXOJIHOM BBIOOPKE 0O0BEMOM N OIpenenseTcs cma-

mucmuyeckull pso pacnpeoenerus 6eposimHoCmel.

X X1 X9 Xm

*

P ki ka K

k.
* - *
rac pj — YaCTOTAa MOABJICHHUSA |-TO 3HAUYCHUS pj = ;

n

K; — uncno 3HaueHui X; B BBIOOPKE.
Ecnu anamuzupyemas CB X siBiisieTcs HENPEPBHIBHOM, TO 1O UCXOHOUN BBIOOpKE
CTPOMTCS. UHMEPBANbHBIU CMAMUCTUYECKULL PSIO 8ePOSIMHOCEN.

j A Bj h; Y p| £
1 A1 B 1 hl 1% pI fl*
M AM B M h M 1%V p;:/l fl\’;l

IJie j — HOMep MHTEpBaa;
M — 4HCIo HelepeceKaIMNKCsl ¥ MPUMBIKAIOIINX APYT K APYry HHTEPBAJOB, Ha
KOTOpBIE Pa30UBaeTCs IMana3oH 3HaueHuii [ %, X, |:
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int(ﬁ),nsloo,

int((2+4)-1g(n)),n >100,
e int(X) — renast yacTh yncia X (3keaaresbHO, 4TOOBI N 0e3 ocTaTka aenuiochk Ha M);
A, Bj — neBas u mpaBasi TpaHUIIBI |-TO UHTEpBaia (Aj+1 = Bj), mpuuem A =%,

M ~ (10.2)

hj = Bj — Aj — amna j-ro nnrepsana;
Vj — KOJIMYECTBO YHCEN B BEIOOPKE, MONAIAI0MIKX B |-i HHTEPBAT,

V .
* Y
p] = FJ — YacToTa nonajgaHus B J-M UHTCPBAJIL,

*
* -
fj = —J = —J — CTaTUuCTHU4YCcCKas 1JIOTHOCTDH BepOSITHOCTI/I B j-M I/IHTepBaHe.
h: nh;
j j
[Ipr mOCTPOEHMM HMHTEPBAIBHOTO CTATUCTHYECKOTO PsAa BEPOSTHOCTEM HC-
HOJ'IB3YIOT cnez[yfoume METOAbI pa36I/I€HI/IH JHuarra3doHa 3Ha‘{eHI/II71 Ha I/IHTepBaJIBIZ

1) pasnounmepsanvhuiii, T. €. BCe MHTEPBAIBL OIMHAKOBOM JIJTHHHBI:

A

X, — X .
h; :h:nTl, Vi, (10.3)
Aj =%+ (j-Dh j=2 M. (104)

2) pasnoeeposimHoCmublll, T. €. TPAHUIIBI HHTEPBAJIOB BEIOMPAIOT TakK, YTOOBI B
Ka)XJIOM MHTEpBajie ObUIO OJMHAKOBOE YUCIO BHIOOPOUYHBIX 3HAYEHUN (HE0OXO0IUMO,
4TOOBI N 6€3 ocTaTKa Jaenuioch Ha M):

vj:v:%,pjzﬁvj', (10.5)
Rei v, + X —
Ay =2 2(1‘1)V+1,j:2,|v|. (10.6)

['mcTorpaMma — €TaTUCTUYECKHM aHaor rpaduka IUIOTHOCTH BEPOATHOCTH

*
f (X) CB u oHa €TPOUTCS 10 UHTEPBAILHOMY CTATUCTUYECKOMY psiay. [ mcTtorpamma
npecTaBiIsieT co00M COBOKYITHOCTh MPSIMOYTOJIBHUKOB, IOCTPOEHHBIX, KAK Ha OCHO-
BaHMX, HA MHTEPBaJax hj CTaTUCTUYECKOTO PsAia C BBICOTOW, PABHOM CTAaTUCTUYE-

*
CKOH IINTOTHOCTH BCPOATHOCTH fj B COOTBCTCTBYHOHICM HUHTCPBAJIC. I[J'IH PaBHOHH-

TEPBaTBHOTO METOJIa BCE MPSIMOYTOJbHUKH THCTOTPAMMBbI UMEIOT OJIMHAKOBYIO IITH-
pUHY, a JJI1 paBHOBEPOSTHOCTHOTO METOa — OAMHAKOBYIO Iuiomaas. CyMma riomnia-
JIeH BCeX MPSMOYTOJIBHUKOB TUCTOTPAaMMBbI paBHA €IMHHIIC.

Cmamucmuueckotl oueron napametpa Q pacmpeneneHus Ha3bIBA€TCS MPH-

OJIM>KeHHOE 3HAYCHHE MapaMeTpa, BBIYUCICHHOE TI0 PE3yJIbTaTaM dKCIepuMeHTa (1o
BBIOOPKE).
Toueynou Ha3BIBACTCS OLIEHKA, ONPEAETsAeMas OJHUM YUCIIOM.
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Onenka Q Ha3BIBACTCS COCMOsAMENbHOU, €CITU TIPU YBEIIMYCHUH 00BheMa BbI-
OOpKHU N OHA CXOJIUTCSA M0 BEPOSITHOCTH K 3HAUCHHIO apameTpa Q:

Q—=2—Q= lim(P(Q-Q|<&) =1z >0.

Onenka Q Ha3BIBACTCS HecMewjeHHOU, eCIH €€ MAaTeMAaTUYeCKOe OXKUIaHUE
TOYHO paBHO mapameTpy Q st mo60ro 00bemMa BRIOOPKH:

M[Q]=Q, Vn.

Hecmemennas onenka Q sBisiercst aghgpexmusHoii, €Ciii ee TUCTICPCHs] MIHH-

MaJjbHa 10 OTHOIICHUIO K JUCTIEPCHH JIF000H IPYroi OIEHKH 3TOTO MapaMeTpa.
CocrosiTenbHasi HECMEIICHHAS] OLEHKA MameMamuiecko2o 0XCUOdHUs, Ha3bl-
BaeMasi BBIOOPOYHBIM CPEHUM X , BBIYUCISETCS 110 popmyiie

*

my =X = _Zx (10.7)

D
Ynciosle XapakTepuctuku X . M[X]=my, D[X]==%.

CocrosTenbHas HCCMCIIICHHAs OIICHKA 0ucnepcuu paBHa

n n
D} =52 = nll (xi—x)zz L vl D g2 (10.8)
i=1

X n-3
YucnoBble XapaKTePUCTUKH SO M [So] Dy, D[S 1= A D>2( :
n n(n-1)
CocrosiTenibHast HECMEIIICHHAS OLICHKA CPeOHe20 K8AOPAMU1ecKo20 OMKIOHEHUS

So =+/S2. (10.9)

CocrosiTenbHast OLIEHKA HAYANbHO20 MOMeHmMA k-20 nopsaoka OTpenensieTcs mo
dbopmye

R 12 k
i=1
CocrosTenbHas OLEHKA YeHmpaibHo20 Momenma k-eo nopsioka paBHa
. 1 N
,uk(x):H-Z(xi -X)". (10.11)

i=1
HecMmemennas cocrosrenbHas U 3(pQexkTrBHas OLEHKA BEPOSTHOCTH CIy4ai-
HOTO COOBITHS A B CXeM€ HEe3aBUCHUMBIX ONbITOB bepHysuiu:

D" (A) =%. (10.12)

7€ M — YKCIIO OTBITOB, B KOTOPBIX MPOU30IILIO COOBITHE A;
N — YKCJIO NTPOBEIECHHBIX OIBITOB.

YucioBbIE XapaKTEPUCTUKH p*(A) = p*: M [p*] = p(A) = p, D[p*] _ pa- p).
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Hosepumenvnvim Ha3bIBACTCS HHTEPBAII, B KOTOPBIN C 3aJaHHON BEPOSTHOCTHIO
(HaIeKHOCTBIO) ¥ MONaAaroT 3HaueHus mapamerpa Q. BeposTHocTh y BeIOMpaeTcs
ommskon k equanne: 0,9; 0,95; 0,975; 0,99.

JIOBEpUTEIIbHBIN MHTEPBAJI HAJACIKHOCTBIO ¥ JUIS MAMEMAMuUYecko2o 0XCUod-

HUuA cnyqaﬁHoﬁ BEJIMYMHBI X ¢ HEU3BECTHBIM 3aKOHOM pacinpcaciICHuA:

Sp-2 Sp-2
~ 2 T emy <X+ 2 (10.13)
Jn

X :
Jn
rje z, — 3HaucHue aprymenra ¢pynkuun Jlammaca O(z 7) = r z, =arg Q)(%j

/4

JloBepUTENbHBIA MHTEPBAT HAJICKHOCTHIO ¥ 11 MAaTEMAaTUYECKOTO OXKUTaHUS
HOPMAaJIbHO pacIpe/ieICHHON CITydaifHOW BETUIUHBI X:

St Sy -t
Xx——2 2" emy <X+ 220 (10.14)

T Jn

rae t — 3HaYEHUE, B3sTOE U3 TaOIuUIsl pacnpeneneHus CthroeHTa (mpui. 3).

y,n-=1
I[OBCpI/ITeJ'IBHHﬁ HHTCPBAJI HAACKHOCTBIO ¥ IJIA ducnepcuu CHy‘l&fIHOfI BEJIN-
YUHBI X ¢ HEU3BECTHBIM 3aKOHOM pacnupeaciiCHus;:

2 2

2 2

6 -2, /ESO <Dy <S§+2, /Esg, (10.15)
rie z, — 3HaucHue aprymenra ¢pynkuun Jlamnaca O(z 7/) = % (zy =arg CD(%D

JloBepUTENbHBI MHTEPBAJ HANEKHOCTHIO ¥ JUIsl NUCIEPCUU HOPMAJIBHO pac-
MpeeIeHHON CITydyalHOW BEJIMYUHBL X:

n=1)S2 n—1)S2
(-0 _p  (-0SE (10.16)
X1- X1+
—y,n—l —y,n—l
2 2
rie ;(12_}, N ;(12 AN 3HAUYCHUS, B3SAThIE U3 TaOJIUIIBI pacpeaciCHUs ;(2 (mput. 4).

2
JloBepHUTEIbHBIN HHTEPBAJ HAJACKHOCTBIO ¥ I 8eposmHocmuy COObITHS A B
CXeMe HE3aBHCHUMBIX OTBITOB bepHyu:
o'(A)=" (10.17)
n
* * * m
rjae P — 9acToTa MOSBJICHUS COOBITHS A B N OmbITax ( p=p (A= Fj :
M — YUCJIO OMBITOB, B KOTOPBIX MPOU3OILIO COOBITHE A;
N — YKCIIO MPOBEACHHBIX OIBITOB.
Ilpumep 10.1. C nomoipio U3MEPUTEILHOTO0 TPUOOpa, MPAKTUYECKU HE MMeE-
OIIETO CUCTEMATHYECKUN OIMMOKH, OBLIO CACIIAHO BOCEMb HE3aBUCHMBIX N3MEPECHHMA
HEKOTOpOH BeMW4InHbBI. Pe3ynbTaThl 3amepoB npuBeneHs! B Tabd. 10.1.
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Tab6muma 10.1
PesynpTarsl 3amepoB a1 mpumMepa 10.1

Howmep 1 2 3 4 5 6 7 | 8
I/ISMGPCHI/IH
X 2504 | 2486 | 2525 | 2495 | 2515 | 2528 | 2492 | 2494

OrnpenenuTh HECMENICHHBIE OLICHKH MAaTeMaTUYECKOTO OXHIAHUS U JUCIIEp-
CHHM CJIyYailiHOM BEJIMYMHBI X.

Pewenue. JIns onpenenenns HECMEIEHHON OLIEHKH MATEMAaTUYECKOTO OKH/1a-
HUS Bocob3yeMcs popmysnoi (10.7):

n 8
DX :EZ X; :% (2504 + 2486 + 2525 + 2495 + 2515 + 2528 + 2492 +

N i=1 i=1
+2494) = 2504,875.

*
mX:

JUist pacyeTa HECMEIIEHHOW OIIEHKH JUCIEPCHUH BOCHOJb3yeMcCsl (opMysion
(10.8):
* 1 2 —\2 1 & 2 n
Dy =S2=—""-Y(x-X) =—Yx* -
X0 n—1i§( i =%) n—1i§ ' n-1
Ilpumep 10.2. B otnene OTK Obutn u3mepensl auametpsl 300 1mapukoB, U3ro-

TOBJICHHBIX CTaHKOM-aBTOMaTOM. OTKJIIOHEHUS M3MEPECHHBIX THAMETPOB OT HOMHUHA-
Ja mpuBeaeHs! B Ta0. 10.2,

8
x2 -t 3 x? ~ 8 x2_25441
8-15"' 8-1

Tabmuma 10.2
Pe3ynbraTel 3aMepoB s mpuMepa 10.2

['panunbl Cepenuna Huciio ['panuwb Cepenuna Hucio
OTKJIOHCHUM | MHTEpBaja | IIAPUKOB | OTKJIOHCHUM | MHTEpBAJA | MIAPUKOB
—30...-25 —21,5 3 0...5 2,5 55
-25...-20 —22.,5 8 5...10 7,5 30
—20...-15 -17,5 15 10 ... 15 12,5 25
—-15...-10 -12,5 35 15...20 17,5 14
—10... -5 —/,5 40 20 ... 25 22,5 8

-5...0 —2,5 60 25...30 27,5 /

OnpenenuTs HECMEILEHHBIE OLEHKU U JOBEPUTENIbHbIE MHTEPBAJIbl HAJACKHO-
cThio 96 % nus MareMaTH4ecKOro OKMAAHWS U TUCHEPCUU CIy4yalHOW BEIMYMHBL.
[TocTpouts TUCTOTpaMMY.

Pewenue. Ha ocHOBaHMM MOTy4eHHON MHPOPMAIIUU TTOCTPOUM WHTEPBATBHBIN
CTaTUCTHYECKUH psi BeposTHOcTel (Tadmn. 10.3).

Taomuma 10.3
PaBHOMHTEpBANBHBIN psAl 11 npumepa 10.2
A B | Xepomnes hi " p; /;
1 -30 —25 —27,5 5 3 0,0100 0,0008
2 —25 —20 -22,5 3) 8 0,02667 0,0533
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Oxkonuanue Tadi. 10.3

*

] Aj Bj Xepemiee hi Vi pj- /i

3 -20 -15 -17,5 5 15 0,0500 0,0042
4 -15 -10 -12,5 5 35 0,1167 0,0097
5 | _10 | -5 75 5 40 | 01333 | 00111
6 -5 0 -2,5 5 60 0,2000 0,0167
7 0 5 2,5 5 55 0,1833 0,0153
8 5 10 7,5 5 30 0,1000 0,0083
9 10 15 12,5 3) 25 0,0833 0,0069
10 15 20 17,5 5 14 0,0467 0,0039
11 20 25 22,5 5 8 0,0267 0,0022
12 25 30 275 5 7 0,0233 0,0019

Ha ocHOBaHMM MOCTPOCHHOTO HMHTEPBAIBHOTO pslia MOCTPOMM CTaTUCTHUYE-
CKMI1 aHajor Tpaduka MIIOTHOCTU paclpeesieHus CiiydallHOW BelnuuHbl X, oToOpa-

*
3uM 3HaueHus f j=

*

h;

Pi_vi

Vi

=30

Ha puc. 10.1.

10

II
25 20
20

ri]

Puc. 10.1. PaBHouHTEpBaIbHAS THCTOTPAMMA

Hanee mo ¢popmynam (10.7) u (10.8) onpenenum HECMEIICHHBIE OIIEHKH MaTe-

MATHYCCKOI'O OKNAAHWA U JUCIICPCHUM:
: %
m =X= X; p -0,4
lcp M| 1Ty
3003

o, 0 32 128,423,
300 1_l 3001

Hanee no ¢opmyne (10.13) onpenenum noBepUTEIbHBIN UHTEPBAT HAJICKHO-
CTBIO 96 % NIt MaTeMaTUYECKOTO OXKHJIaHUS

<%
II
Il

2
0
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Onpenenum z, =argd| = , KoTopoe Beruncisiercst kak d(zy) = z.
p y =arg 5 p

y= O96:>— 0,48= d(z,) =0,48=z,=2,06, Sy =Dy =113,

04— /128 423206 m <—0,4+ f128 423

~1,7478 <m, < 0,9478.

Amnanoruuno, o ¢popmysne (10.15) onpenenum qOBEpUTENbHBIN UHTEPBAN AJIS
JTUCTIEPCUU:

128,423| 1-2,06 2 < Dy <128,423| 1-2, 06,’ 2
300-1 300-1

106, 7867 < Dy <150,6.

3agaun

10.1. OgauM u TEM ke TpUOOPOM CO CPEIHUM KBAJPATUUECKUM OTKIOHEHHEM
0 =40 M npou3BeICHO MATh PABHOTOUHBIX MU3MEPEHUN PACCTOSIHUS OT OpYyAUs IO
nenu. Onpenenutb JOBEPUTENbHBIN MHTEpBaN JJil OLIECHKHM MCTUHHOTO PAacCTOSHUS
710 LeNH ¢ HajexkHOCThIO y = 0,95, 3Has cpenHee apuMeTHyecKoe pe3ynbTaToB U3-
Mepenust X = 2000 m.

Ortser: 1964,938<m_ <2035,06.

10.2. Tlo naHHBIM ceMH W3MEPEHHI HEKOTOPOH BEIMYUHBI HAWIECHBI CPETHSS
pe3ysbTaToB M3MepeHui, paBHas 30, u BeIOOpoUHas aucnepcusi, paBHas 36. Haiitu
TPaHUILIbl, B KOTOPBIX C HAIEKHOCTBIO 0,99 3aKIIF04EHO UCTUHHOE 3HAYECHUE U3MEpSi-
€MOU BEJIMYMHBI.

Otser: 24,172<m_ <35,828.

10.3. C uenpto onpeaeieHus: CpeaHEero TPYA0BOTO CTaKa Ha MPEINPUSTUN Me-
TOJIOM CJIy4aifHOW TIOBTOPHOM BBHIOOPKH MPOBEICHO 00CIIEIOBAaHNE TPYIOBOTO CTaXKa
pabouux. M3 Bcero KoJuIeKTMBa pabOuMXx 3aBojJia CIy4aHBIM 00pa3oM BBIOpPAHO
400 paGounx, JaHHBIE O TPYJOBOM CTa)K€ KOTOPBIX U COCTABWIIM BBIOOpKY. CpemHuid
CTaXX MO BbIOOpPKe Oka3zajics paBHbIM 9,4 r. CuuTas, 4To TPYIAOBOM CTax pabodmx
UMeeT HOPMAaJTbHBIN 3aKOH pacIipeieeHHs], OMPEACIUTh C BepOosSTHOCTRI0 97 % rpa-
HUIIBI, B KOTOPBIX OKAKETCS CPeIHUN TPYIAOBOW CTaX JJIsi BCETO KOJIJICKTUBA, €CIIU
WU3BECTHO, 4TO 0 = 1,7 T.

OTtBet: 9,21555 <X <9,58445.
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11. IlpoBepKa CTATHCTHYECKHUX FHIIOTE3 0 3aKOHE pacnpeaeIeHust

Kpumepuem coenacus HaspiBaeTcs coydaitnas pemuanna U = @(Xy,...,X, ), Tae

Xj — 3HAUCHUC BBI60pKI/I, KOTOpasd IMO3BOJIACT IIPHUHATL HJIN OTKJIIOHUTBL THUIIOTC3Y O
ImpcarojiaracMomM 3aKOHC paCIIpCACIICHU .

AJITOPUTM TIPOBEPKH IUIOTE3bI IPU TIOMOII KPUMEPUsL CO2NACUS ¥ .

1. IlocTpouTh MHTEPBAIBbHBIA CTATUCTUUYECKUN PsJi BEPOSITHOCTEW W TUCTO-
rpaMmy.

2. I1o Bugy rucTOrpaMMBbl BBIIBUHYTh THIIOTE3Y:

H, : f(x) = f,(X), F(x) = F,(x), H, 1 f(x) = f,(x), F(X) # F,(x),
e f,(X), Fy(X) — mIoTHOCTE M QyHKIMS THMOTETHYECKOTO 3aKOHA PACHPEIEICHHS.

I'paduk smmupudeckoit GyHKkIuu pacrupenencaus F*(X) nmomkeH ObITh TOX0XK
Ha rpavK THIMOTETHYECKOTO 3aKOHA, & TUCTOTPaMMbl — Ha TpaduK MWIOTHOCTH THIIO-
Tetuaeckoro 3akona f(x). Ha puc. 11.1-11.3 npusenensl rpadukn GyHKIuMid pacipe-

JIEJICHUS U TJIOTHOCTEN pachpeiesieHUs pABHOMEPHOT0, SKCIIOHEHIIMAILHOTO U HOP-
MaJIbHOTO 3aKOHOB pacipe/ieNCHus.

fix) Fix)

I i i
Li 1 i I

Z + .
Puc. 11.1. I'paduku nmaoTHOCTH pacipeaeneHus U GyHKIIUN pacipeeIeHUs
JUTsl pAaBHOMEPHOTO 3aKOHA pacrpenesieHus

i Fix

| i
2 4 V] 2 4

Puc. 11.2. I'paduku nmaoTHOCTH pacpeaeneHus U GyHKIIUN pacpeIeICHIsS
JUIS1 KCTIOHEHITMATIBLHOTO 3aKOHA PacIpeeieHUs
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; i
2 ] 2 =2 ] 2

Puc. 11.3. I'paduku mI0THOCTH pacnpeeiacHus U GyHKIUHI pacipeieIeHUsI
JUTSI HOPMAJILHOTO 3aKOHA PacTpe/IeIICHUs

3. I/ICHOHBBYH MCTOJ MOMCHTOB HJIM MAaKCHMAaJbHOI'O HpaBIIOHOI[O6I/I}I, OIIpcC-

A

ACIINTh OHCHKHW HCHU3BCCTHBIX IIapaMCTPOB Ql' ey Qm THITIOTECTHYCCKOI'O 3aKOHAa
PacCipCaACICHUA.
4. BeryuciauTh 3HaYCHUE KpUTEpHs 1Mo hopMmyie
( p p* 2 2
M i — P M (v:—np;
2 J ] ) ( J J )
7=y, - , (111)
it P =t P

rae Pj — TEOPETUIECKask BEPOSTHOCTD IONA/aHNs CIly4aiiHON BEIMYMHBI B j-H MHTED-

BaJl HpI/I YCJ'IOBI/II/I, YTO I'MI10oTe3a H0 BepHa:
B
pj = P(A; <X <Bj) = [ fo)dx=Fo(B;) - Fo(A;). (11.2)
Aj
3ameuanus. Ilpu pacyere Py M P, B KaYeCTBE KPaHUX TPAHMI] IEPBOTO U IO~
CJIeIHEr0 MHTEPBAIOB A;, By cileiyeT HCIonbh30BaTh TCOPETUUCCKHUE IPAHUIIBI THITO-
TETUYECKOTO 3aKOHa pacrpezenenus. Hampumep, s HopMaabHOTO 3aKoHa Aq = —oo,
By = +oo. Ilociie BbIYMCIIEHHSI BCEX BEPOSITHOCTEH [P MPOBEPUTH, BBINOJIHAETCS JIU

M
KOHTPOJIbHOE coOTHOMIeHHE [1— Y p;[<0,01.

j=1

5. U3 taGmuiel 2 (cM. mpui. 4) BbIOMpaeTcst 3HAUCHHUE Zé,k , THe a—
3aJlaHHbIA ypoBeHb 3HaunMocTh (a = 0,05 wm 0,01), a K — guciio creneneit cBo6o-
TIbI, OTIpeniesisieMoe 1o hopmyre
k =M-1-s,

IJIe S — YHCIIO MapaMeTPOB TUITOTETHYSCKOTO 3aKOHA PaCIpeIeICHHsI, 3HAUCHUS KO-
TOPBIX ObUTH OTIPENICIICHBI B 1. 3.

6. Ecin ;(2 > Zé,ka TO runore3a Hj OTKIOHAETCS, B IPOTHBHOM Cily4ae HET

OCHOBAaHUU €€ OTKIIOHUTb.
[TociienoBaTeIbHOCTh JEUCTBUM NIPU MTPOBEPKE TMIIOTE3Bl O 3aKOHE pacupese-
JIEHUs IPU TIOMOIM Kpumepus co2nacus Koamozoposa cnengyromasi:
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1. [TocTpouTh BapraMOHHBIN PsiA U TpaduK SMIMPUUECKON (DYHKIIMU pacmpe-
nenenns F(X) (cm. popmymy (12.1)).

2. To Buxy rpaduxa F™(X) BBLIBHHYTH THIIOTE3Y:

H,: F(X) = F,(x) Hy: F(X) = Fy(X)
e F(X) — pyHKIHS THIOTETHYECKOTO 3aKOHA PaCIPEICTICHHUS.

3. Mcnonb3yst METOJT MOMEHTOB WJIM MaKCHMaJIbHOTO MPaBAOMOA00Ms, OIpe-

A

ACINTh OHCHKH HCHU3BCCTHBIX IIApaMCTPOB Ql’ ceny Qm THIIOTCTUYCCKOI'O 3aKOHa

pacrpe/eeHusI.
4. Paccuntare 10-20 3nauenuit Gpynkuun F (X) 1 mocTpouTs ee rpaduk B o1

9 o *
HOM cucTeMe KoopauHaT ¢ pyHkimer F~ (X).
5. To rpaduky ompenenuTh MaKCUMAIbHOE MO MOJYJIO OTKIOHEHHE MEKIY

dyuxmmsamu F(X) u F,(X).
2 =max|F" (%) - Fols)| (113)

6. Beruucnuts 3naueHue kputepusi Konmoropona
A=+n-Z. (11.4)

7. VI3 tabmuipl pacnpenenenus Konmmoroposa (Tipuii. 5) BEIOpaTh KPUTHUECKOE
3HaquI/Ie/17,, y=1-—a. 3necb o — 3agaHHbIl ypoBeHb 3HauuMmoctd (« = 0,05 wuim
0,01).

8. Ecin 4 > Ay, To Hynesas runotesa Hy OTKIOHSCTCS, B IPOTHBHOM ClIydac
HET OCHOBAHMM €€ OTKJIOHUTb.

Ilpumep 11.1. B Hekotopoit MmecTHOCTH B TeueHue 300 cyT peructpupoBajiach
CpeIHeCyTOUHasl TeMIiepaTypa Bo3ayxa. B urTore ObUIO MOJYyYEHO AMITUPUYECKOE

pacripeieneHue, mpuBeaeHHoe B Taom. 11.1.
Tabmnma 11.1
DMIUpPUIECKOe pacipeieicHue CPETHECYTOUHON TEMITePATYPhI

Xi-1 — Xi Vi Xi-1 — Xi Vi
—40...-30 25 0...10 40
-30...-20 40 10...20 46
-20...-10 30 20...30 48

-10...0 45 30...40 26

Heobxoaumo ompenenuth HECMENIEHHYIO OIEHKY MaTeMaTHYEeCKOTO OXKHaa-
HUS U JUCIIEPCUIO CPEAHECYTOYHOW TEMIIEpaTyphl, a TaKKe Ha YPOBHE 3HAYMMOCTHU
0,05 mpoBepuTh TUIIOTE3Y O TOM, YTO CPEJHECYTOUYHAsI TeMIlepaTypa pacipeaeiieHa
10 PAaBHOMEPHOMY 3aKOHY.

Pewenue. Ha ocHOBaHWY MTONTyYECHHOW MH(POPMAIIMH TTOCTPOUM WHTEPBATLHBIH
CTaTHCTUYCCKUH psiJi BeposTHocTel (Tab. 11.2).
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Ta0muma 11.2
PaBHOMHTEPBAILHBIN PsiT BEPOSITHOCTEH [yt mpumepa 11.1

*

j Aj B; X cpenee hi % p; J;

1 —40 -30 10 -35 25 | 0,083333 | 0,010417
2 ~30 -20 10 -25 40 | 0,133333 | 0,016667
3 —20 -10 10 -15 30 0,1 0,0125
4 ~10 0 10 -5 45 0,15 0,01875
5 0 10 10 5 40 | 0,133333 | 0,016667
6 10 20 10 15 46 | 0,153333 | 0,019167
7 20 30 10 25 48 0,16 0,02

8 30 40 10 35 26 | 0,086667 | 0,010833

Ha ocHOBaHMM TOCTPOEHHOTO WHTEPBAIBHOTO psiia MOCTPOUM CTATHUCTHUYE-
CKMI aHaJor rpaduka MIOTHOCTH pachpenesieHus Cly4yaiHoN BeJMuuHbI X, 0ToOpa-
*

* p] Vj
3uM 3HadeHus f; =-—=—= napuc. 11.4.
h; nh;

0,025

0,02

0,015
0,0
0,005 I I
0
1 2 3 4 5 [ 7 B

Puc. 11.4. PaBHOMHTEpBaJIbHASI TUCTOTPAMMa

Lr

=1

OHpeI[GJ'II/IM HeCMeIlIeHHYIO OILICHKY MAaTCMAaTUYCCKOI'O OKUJIAHH:

™ =X 300 le"’P Pi =

Jlaniee paccurTaeM HECMENIEHHYIO OIEHKY JTUCIIEPCHUN:
n

Dy =S2 __ L D X2 _ 800 o2 — 453 4167 .

300-1/5 " 'P 300-1
Ha ocnoBanuu Buna puc. 11.4 (paBHOMHTEPBAIBHOM TMCTOIPAMMBI) BBIIBUHEM
CJIETyIOIINE TUIOTE3bI:
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— Hp: cnyuaiinas BenmuuHa pacrpesielieHa 10 paBHOMEPHOMY 3aKOHY pacipe-
0,x<a,

X—a

nenenns F(X)=¢——,a<x<Db,

b—a

1Lx>Db;

— Hy! cnyuaiinas BelMuMHA pacmpeniefieHa He M0 PaBHOMEPHOMY 3aKOHY pac-

peeeHusl.

Hcnonb3yst METOJI MOMEHTOB, ONpPEIETUM OLICHKY HEM3BECTHBIX MapaMeTpOB
a u b THIOTeTHYeCKOro (PaBHOMEPHOIO) 3aKOHA PACIPENEIICHHUs, PEUIHB CHCTEMY
ypaBHEHUSI:

b"+a”_
*2 . — a"=-35,3816, h" = 38,3816 .
(b —a )2 2
RSl SO
12
3HaYCHUE KPUTEPUS HI/IpCOHa BbIUKCIsIeM 110 hopmyire (11.1):

3002('01 IO|0)
J

TeopeTI/IquKHe BEPOSITHOCTH Pj paccuuThiBaeM 1o gpopmysie (11.2):

B, +35,3816 A +35,3816
p; =Fo(Bj)—F(A)) = - ;

(38,31816+35,3816)  (38,31816 + 35,3816)
P = Fy(10) — Fy(—o0) = =30+35,3816 0=0,072958,

(38,31816 + 35,3816)
D, = 0,135569, p; =0, 135569, p, = 0, 135569, ps = 0, 135569, pg = 0, 135569,
p, = 0,135569, pg= 0, 135569, pg = 0, 135569,
30+ 35,3816

= F (00) < F(30) == 1— =0,113628.
P1o = Fo(*) =Fo( (38,31816 + 35,3816)

10

1_ij

j=1

=0<0,01.

HpOBepI/IM BBIIIOJTHCHHUC KOHTPOJIbBHOTO COOTHOIICHMA

Toraa nony4daem, 4To Zz =7,6636.
Hasiee ompenenseM TabIu4HOE 3HaueHWe Kpurepus [Ilupcona (cm. mpui. 4)

npu k=10-1-2=7: y{ s, =14,07.

2 2 .
Tak xak ¥~ > y,, (> TO HET OCHOBAHUM HE IPUHATH THIIOTE3Y ).
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11.1. Cnyuaiinas BenuuuHa X 3ajaHa TaOJIMIICH 3HAUYCHMIA

3agauu

Ne i/t Xi Ne i/t Xi Ne i/t Xi Ne i/t Xi
1 2,13 10 3,84 19 4,77 28 5,42
2 2,15 11 3,88 20 5,15 29 5,53
3 2,28 12 4,11 21 5,17 30 5,59
4 2,45 13 4,31 22 5,23 31 5,73
5 2,95 14 4,34 23 5,26 32 5,85
6 3,25 15 4,41 24 5,28 33 6,02
7 3,28 16 4,42 25 5,38 34 6,22
8 3,41 17 4,65 26 54 35 6,53
9 3,73 18 4,69 27 5,42 36 7,2

Onpenennts MaTeMaTUYECKUE OKHUJIAHHUE, JUCHEPCHIO CIYHAilHOW BEJIMYUHBI
X. OnpenenuTs HECMEIIEHHBIE OLICHKU U TOBEPUTEIIbHBIE UHTEPBAJIBI HAJIE)KHOCTHIO
96 % ans MaTeMaTU4eCKOro OKUAAHUS M AUCIIEPCUH CITyH9aiitHON BenmuuuHbI. [IpoBe-
PUTH TUIIOTE3Y O HOPMAJIBHOM pPACIpPENCICHUN CIy4aliHOW BEIMYMHBI HA YPOBHE
sHauumoctd o = 0,05.

Otser: 7> =45, X =4,595,52 =1,614,
4,159 <m, <5,031,
0,819< D, < 2,400.

11.2. IIpoBepUTh TUNIOTE3Y O PABHOMEPHOM 3aKOHE pacHpeIeICHUs CIIydailHOM
BEJTMYMHBI, TIpeIcTaBIeHHON B 3amade 11.1, Ha ypoBHe 3HaunmocTtu o = 0,05.

Ortger: ;(2 =12,88.
11.3. BapuannoHHBIN psJl CIyH4aiiHON BETUYMHBI X IMEET CIeAYIONIHIA BHUI:

-558 | 388 | -19 | 0,14 | 124
—432 | -365|-121 | 0,19 | 135
4,23 | 3,32 | -1,09 | 0,38 | 1,47
4,19 | 33 | 082 | 0,66 | 2,27
4,1 | -221|-015| 0,95 | 431

OrpenenuTs MaTeMaTUYECKUE OXKUJIAHHUE, TUCTIEPCHIO CIYyYallHOW BEIMYHHBI

X. OnpeaenuTs HECMEIICHHbIE OIIEHKU U JIOBEPUTEIIbHbIE NHTEPBAJIbl HAJEKHOCTHIO

95 % ny1s MATEeMaTUYECKOTO OKHUJIAHUS M JUCTIEPCUH CIy4daiHO# BennuuHsbl. [IpoBe-

PUTH TUINOTE3Y O HOPMAJIBbHOM PACHPEACICHUM CIYyYalHOM BEJIMYUHBI HA YPOBHE
3Haunmoctu o = 0,05.

OtBer: M, =-1,24, ImX = [—2,24;—0,24],

D, =6,52,1p =[-2,91,10,14],
7% =115.
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11.4. BapualmoHHBIN psiJ CIIy4ailHOM BEJIMYMHBI X UIMEET BUJIL:
0,02 | 0,24 | 0,68 | 143 | 2,16
0,06 | 0,37 | 094 | 147 | 2,22
0,17 | 051 | 0,97 | 165 | 3,26
0,17 | 057 | 1,08 | 1,72 | 6,25
0,22 | 058 | 1,18 | 1,74 6,7

Omnpenenuth MaTeMaTHYECKHUE OKUIAHHUE, AUCIIEPCUIO CIIyYallHON BETWYMHBI
X. OnpenenuTb HECMEIICHHBIE OLIEHKU U JJOBEPUTENbHBIE UHTEPBAJIbl HAJIEAKHOCTHIO
95 % U1 MaTeMaTU4eCcKOro OXKUAAHUS U JUCIIEPCUN CIy4YailHON BeTUYUHbI. BriBu-
HYTb TMIIOTE3Y O PACIpPEAEICHUH CIy4yallHOW BEJIMYMHBI U NIPOBEPUTH €€ HA YPOBHE
sgaunMoctu o = 0,05.

Otser: M, =1,45, Imx = [0,78; 2,12],
Dy =2,93, IDX = [1,31;4,55],
72 =101.



12. Ouenka ko3 (ppuuueHTa KOppeIsINU U JUMHEHHOI perpeccun

ITycTh POBOAUTCS N HE3aBUCHUMBIX OIBITOB, B KAKIOM U3 KOTOPBIX JBYXMEp-
Hast CB (X)Y) npuHHUMaeT onpe/ie/icHHbIE 3HAYCHUS U PE3yJIbTaThl OMBITOB MPEICTAB-
JSIFOT cO0OM IBYXMEPHYIO BBIOOPKY BUAA {(X1, V1), (2, 2), (xn, vn)}. CocrosiTenbHast
HECMEIIEHHAS OLIEHKA KOPPENAYUOHHO20 MOMEHMA PABHA:

K =ﬁé(xi SR - ), (12.1)

rae  Xj, Yj — 3Ha4eHHs, KOTOPbIC MPUHSIIN ClTydaliHble BeauunHbl X, Y B I-M OIIBITE;
X,y — cpenHue 3HAYCHHS CITy9ailfHBIX BETMYUH X U Y COOTBETCTBEHHO.
CocrosTenbHas olieHKa K03 guyuenma Koppeniyuu.
Ky
T 8()So(Y)
JloBepHUTENBHBIN WHTEPBAJ C HAJICKHOCTHIO Y I KOAPGUIINEHTA KOPPETAIUU

(12.2)

*
Ryy ¥ ciIydast IByXMEpHOIO HOPMAJILHOT'O paclpe/ieIeHHs

2a 2b
e* -1 e -1
— <Ry <———, 12.3
e22 41 XV T g (12.3)
N z
roe a=0,5-1In 1+R1<Y -
1—Ryy n-3
N ya
b=0,5-In 1+R3§Y =L
1-Ry, ) «n-3

z,— 3Ha4eHUe aprymenra Qpynkiuu Jlamnaca O(z 7) = % (27 =arg CD(%D

ANTOpUTM TIPOBEPKU 2unome3vl 06 OMCYMCMBUU KOPPETAYUOHHOU 3a8UCUMO-
cmu CAenyromui (mpenmnoiaraercsi, 4To AByXMepHas ciydaiiHas BenuuuHa (X, Y)
pacrnpeziesieHa o0 HOpMaJIbHOMY 3aKOHY):

1. ®opmynupyercs runoresa:

3nechk Ryy — Teopernueckuii koapPUIMeHT KOpPEIISAIHH.

2. Beraucnsercs onenka koddduirenTa Koppensiuu R;Y no hopmyie (12.2).
3. Onpenensaercs 3HaYCHUE KPUTEPUS

Ryy</N—2
t= XY—2 : (12.4)
1-(Ry )
KOTOpBIN pacnpenesneH mo 3akoHy CTeiofeHTa ¢ (N — 2) CTeneHs MU CBOOObI, €CIH
runote3a Hy BepHa.
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4. Tlo 3aJaHHOMY YPOBHIO 3HAYUMOCTH & BBIYUCIIAACTCA JOBCPUTCIIbHAA BCPO-
ATHOCTb )y = l-auwus Ta6J'II/IHI>I CTBIOI[GHTEI BI)I6I/IpaeTC}I KPUTHYCCKOC 3HAUYCHHUC

t%n—2'

5. Ecin |t| > ‘t
X, Y xoppenupoBaHsl. B npoTuBHOM ciaydae runoresa Hy nmpuHUMaeTcs.
Pecpeccueii caydaiinoil BennauHBl Y Ha X Ha3bIBACTCS YCIOBHOE MareMaTHye-
CKO€ OXKMJAHUE CIy4aliHOM BEJIUYUHBI Y IIPH YCIOBUH, 4TO X = X:
my,, = MY/ X =x] .
Perpeccust Y Ha X ycTaHaBIMBaeT 3aBUCUMOCTb CPEIHET0 3HAUCHHUS BETUYHHBI
Y ot Bennunnbl X. Eciu X 1 Y He3aBucuMSBI, TO My, = My =const.

, TO TUIIOTE3a HO OTKJIOHACTCsA, a CII€A0BATCIIbHO, BCJIMYNHBI

y,n—2

Ecnu Bemuunbl X, Y pacnpesiefieHsl 110 HOPMaJIbHOMY 3aKOHY, TO PErpeccHs
ABJISIETCS TMHEUHOU: My, = @5 + X

OueHkH napamMeTpoB 8, U &; IO METOJy HaUMEHBIIUX KBaJpPATOB BBIUMCIIS-
I0TCA T10 CleyonmM Gopmysam:

8y = XL (12.5)
So (X)
a=Y—-8-X. (12.6)

rae X, Y — OLEHKH MaTeMaTU4eCKOro OXKUIaHus BeTuIuH X U Y;
Sg (X) — oLleHKa AMCIIEPCUU BETUYHMHBI X;
*
K yy — OLIEHKH KOPPEISLMOHHOr0 MOMEHTa BeuuuH X u Y.

JIns BH3yanmbHOM MPOBEpKH IPABUIBHOCTU BBIUMCICHHUS BEIUYUH 85, &
HEe00XOIMMO MOCTPOUTH AUarpamMmy pacceuBanus u rpaduk Y(X) =48, + a x.

y(x)

Ecnn onieHKHM mapameTpoB @, 8; paccuuTaHbl 0e3 rpyobIX OMMOOK, TO cyMMa
KBaJIPATOB OTKJIOHEHUII Bcex Touek (Xj, Yj) oT mpsiMoit Y(X) =8, + & X I0KHA OBITH

MHUHUMAIBHO BO3MOXKHOM.
Ilpumep 12.1. BpiOopouHBId KO3(PPUUIUEHT KOPPESALUNU, BBIYMCICHHBIH IO

BeIOOpKE 0O0bema 10, Ryy =—0,64. Haiitu 90%-Hb1i1 1OBepUTEIbHBIA HHTEPBAI IS
k03¢ dunmenta koppemsiuuu Ryy .
Pewenue. 13 Tabnunp! Jlannaca BeiOMpaeTcs 3HaueHue Z, ¢ =1,645. Torna
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a=lin[12064) 1045 _ ) a0 b=—0136.
2 \1+0,64) 7
JloBepHTENbHBII HHTEPBAI BEIAUCIsieM 1o ¢popmysie (12.3).
e2(-138) _q p2(-0.136) _q
<Ryy < T. . —0,881 <Ry <-0,135.

02(-138) ¢ 02(-0136) | 1’
Ilpumepl2.2. TlpoBeputh runore3y 00 OTCYTCTBHM KOPPENIALMOHHON 3aBUCH-
MOCTH IIpH CIEAYIOIIUX JAHHBIX: R;Y =0,2,n = 20; a = 0,05. Ilpeanonaraercst Tak-

&Ke, YTO JIByXMEPHBIN 3aKOH pacIpeieeHusI — HOpMaJTbHBIH.
Pewenue. Buauane Beranciaum 3HaueHue kputepus t mo dopmyse (12.4):

_ 0,218

t =0,866.
J1-0,2
M3  tabmuner  CrelomeHTa  BHIOMpaeM ~ KPMTHYECKOE  3HAYEHHE
tn 2 =Y 4n o =tyos1s = 2,10. Tak Kax [t| < 2,10, To rumoresa H, npuruMaeTcs, 1o-

TOMY YTO HET OCHOBAHHH €€ OTKJIOHUTb.
3agaun

12.1. Nmeetcs cBs3anHas BBIOOpKA W3 26 map 3HAYCHUH (X, Yk):

Ne i/ X Yi Ne i/m Xi Yi Nemm/m | X Yi Nemm/m| X Yi

1 25,2 | 30,8 8 25,7305 15 |26,6|29,6| 22 |26,3|30,1
2 26,4 | 29,4 9 26,1299 16 |262,304, 23 |26,1|30,6
3 26 [30,2] 10 |258{304 | 17 26 | 30,7 24 26 | 30,5
4 258|305 11 259|303}, 18 22,1316 25 |26,4|30,7
5 2491314, 12 12621305 19 [259|305]| 26 |258]308
6 2571303, 13 |256|30,6] 20 |258]|30,6

7 2571304 14 254 | 31 21 | 25,930,7

Boraucnuts k03 PUIIMEHT KOoppemsiui;, MPOBEPUTh THUIIOTE3Y 3aBUCHUMOCTH
ciy4yaitHbeIX BenmuuH X u Y, pu ypoBHe 3HaunMoctu a = 0,05;.
OrTBerT: ny =—0,720279; Xu Yy 3aBUCUMBI .

12.2. Ha ocHOBanuu maHHBIX U3 3amauu 12.1 ompeaenuts 95%-HbIi nOBEpH-
TeJIBHBIM UHTEPBAJ 111 KOd(PPUImeHTa Koppemsiuu.
OrtseT: -0,86601< R, <-0,46175.

12.3. Ha ocHOBaHMM JaHHBIX 3amaud 12.1, onpenenuts KOd()PHUITMEHTHI ypaB-
HEHUsI TUHEHHON perpeccru; MOCTPOUTh AUArpaMMy PacCesiHUs U TpauK JIUHUU pe-
I'PECCHUHU.

OtBet: Y =40,81-0,4X.

12.4. 3anana BeIOOpKA, CoAEpIKaIas 3HAYCHUST IBYXMEPHOTO CIIY9aitHOTO BEK-
TOpA:

X; |-0,439|-0,679 | -0,473 | -0,951 | 1,686 | 0,044 | 0,121 | 0,556 | 2,192 | 0,809
yi | -3,58 | -2,573 | -2,566 | -0,035 | -2,667 | 3,385 | 4,4 | 4,825 |-7,506 | 3,189
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Omnpenenutb 95%-HbIi1 TOBEpUTETBHBIA UHTEPBAT A KOAPPUIIMEHTa KOppe-
JISIITHM.

OtBeT: -0,6738 < ny <0,581.



3Havenust pyHkuu @(X) =

exp[

X
2

IIpunoxenue 1

2z
X 0 1 2 3 4 5 6 Il 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 10,2420 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
1,1 | 2179 | 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
12 | 1942 | 1919 | 1895 | 1872 | 1849 | 1826 | 1804 | 1781 | 1758 | 1736
13 | 1714 | 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
1,4 | 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 | 1315
15 | 1295 | 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127
16 | 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 | 0973 | 0957
1,7 10940 | 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804
1,8 | 0790 | 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 | 0669
19 ] 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
2,4 | 0224 | 0219 | 0213 | 0208 | 0203 | 0198 | 0194 | 0189 | 0184 | 0180
25 | 0175 | 0171 | 0167 | 0163 | 0158 | 0154 | 0151 | 0147 | 0143 | 0139
26 | 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 ]10,0044| 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
34 | 0012 | 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | 0010 | 00O9 | 0009
3,5 | 0009 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 | 0007 | 0006
3,6 | 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | OOO4
3,7 | 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 | 0003
3,8 | 0003 | 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002 | 0002
3,9 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | OOO1
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IIpunoxenue 2

1 X G
3Havenus pynkmun Jlanmaaca O(X) =— I exp| —— [dx
N2rm 2

X 0 1 2 3 4 5 6 / 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
1,9] 4713 | 4719 | 4726 | 4732 | 4738 | 4744 | 4750 | 4755 | 4761 | 4767

2,010,4772| 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
2,4| 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
2,9 4981 | 4982 | 4982 | 4983 | 4984 | 4984 | 4985 | 4985 | 4986 | 4986

3,0/0,498653,1|0,49903|3,2/0,49931 |3,3/0,49952|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
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IIpunoxenue 3

t, k
V= _[ fi (x)dx
Tadoauna pacnpenesenust CTbloeHTA bk
/4
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
60 1,671 2,00 2,39 2,66
120 1,658 1,980 2,36 2,62
00 1,645 1,960 2,33 2,58
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Tabauna pacnpenesienust ;(2

IIpunoxenue 4

2

X(X,k

P> 2ok =a

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 26,2 241 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 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




Ta6auua pacnpeaenenuss Koamoroposa
pO0<i<i)=y

f, 0

Ipuiaoxkenue S

/17 ¥

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

A

Y

65



Cnucok HCnoJIb30BaHHBIX HCTOYHUKOB

1. Bentuens, E. C. Teopust BeposiTHOCTEH M €€ MH)KEHEPHBIC MPWIOKEHUS /
E. C. Bentuens, JI. A. OBuapoB. — 2-o¢ u3a., ctep. — M. : Boicmr. mk., 2000. — 481 c.

2. Bentuens, E. C. Teopust BeposAITHOCTE M MaTeMaTH4eCKasl CTATUCTHKA :
yueOnuk / E. C. Bentnens. — 5-¢ uzn., crep. — M. : Knopyc, 2010. — 576 c.

3. 'epacumoBuy, A. . Marematuueckas cratuctuka / B. . ['epacumoBud. —
Mumsck : Bemm. mk., 1983. — 279 c.

4. I'mypman, B. E. Teopus BeposTHOCTE M MaTeMaTHUYECKas CTATUCTUKA /
B. E. I'mypman. — M. : Beicu. mik., 2003. — 479 c.

5. Kesnsik, P. M. Teopusi BEeposSTHOCTEH W MaTe€MaTHYE€CKasi CTaTUCTHKA :
yue0. mocobue / P. M. JKeBnsik, A. A. Kapnyk, B. T. YaykoBuu. — MuHck : XapBecT,
2000. — 384 c.

6. Meroanueckne yKa3aHWs W KOHTPOJIbHBIC 3aaHus 10 Kypcy «Teopus Be-
POSITHOCTEN M MaTeMaTU4YecKasi CTaTUCTUKa» JiJIs CTYJEHTOB BCEX CIIEIMATIbHOCTEN
BI'VUP 3aounoit popmbl o0yuenust / A. B. Axcenuuk [u ap.]. — Munck : BI'YUP,
2002. - 60 c.

66



Conep:xkanue

1. CnyyaitHbie COOBITUS. BEPOSITHOCTD COOBITHS ....c.vvenvieniieiiesiienire sttt 3
2. Kimaccuueckoe onpeiesieHue BEPOSITHOCTU. DJIEMEHTHI KOMOMHATOPHKM ................ 6
3. TeOPEMBI CIOKEHUS M YMHOKECHHIS ..veveuvreieisnriesisrriesssnenesssnesessnesssnnesssnesssssnesesnnns 10
4. ®opmyna noJHON BEPOSITHOCTU. DPOpMyIIa Baleca ........cccvvevvviiiiiiceieciecse 13
5. IloBTOpEeHnE HE3ABUCUMBIX ONBITOB. DOopMyria BEPHYIIIA ........c.c.evvvvvveeeeeiiiiiiee 17
6. CinyualiHas BeTMYuHa. 3aKOH pacrpeiecHus

U YUCTIOBBIC XAPAKTEPHICTIKH ..vvvvesvvreesssresessssesssssseesssssessssssesssssesssssssssssssesssnssssssnsseenns 20
7. TUTIOBBIC 3aKOHBI PACTIPEHCIICHHUST «...vvervveesreessreeaseeassreessneessseessesassseessseesineesnsieenes 29
8. OYHKIUS OJTHOTO CIYUAMHOTO APTYMEHTA ..nvvreureeanreeaereesireessneesnsessneessbaesibeesenes 32
9. BEKTOPHBIE CITYUANHBIE BEITHUMHBL.......uveeueeessteeaseeessreessreessseesseeesssessuesinssesaineesnes 36
10. Ouenka 3akoHa pacnpenaeneHus. ToYeUHbIe 1 UHTEPBAJIbHBIE OIIEHKHU

YUCTCHHBIX XAPAKTEPHCTHIK ...vvvesreeasseeesreessneesssessssesassessssesesssessssessitsesssssbaneeessessnsens 43
11. IIpoBepka CTATUCTUYECKUX TUTIOTE3 O 3aKOHE PACTIPEACTEHMSA tvvvrerrnrrerennneennns 50
12. Ouenka ko3P UieHTa KOPPEISAIUN U TUHEHHOU PETPECCUU. ..oivvveernrrrrernrneanne 57

1 x*
[Mpunosxenue 1. 3HaucHUS GYHKIHH @(X) = ——=€XP| ——=| iirrvrrieeireieeiee e, 61
J2r 2
1 % x?
[Mpunoxenue 2. 3naueHus ¢pyukiuu Jlammaca ®(X) = — I expl —— [dX oo 62
27 2

[Tpunoxxenue 3. Tabmuia pacripeeaCHUST CTBIOMEHTA. ... .uveeivreeiireeesrireresnsreeesssneeans 63
[Ipunoxenue 4. Tabnuua pacnpeneacHus ;(2 ........................................................... 64
[Tpunoxenue 5. Tabnuua pacupeaeaeHuss KOTIMOTOPOBA. .......ccvvviveerreerireesneenneene 65
CHIUCOK UCTIOTB30BAHHBIX MCTOUHMKOB whu..uvvveesrrressuteeesssseessasseeessseeesnsseesssneessneeesnnns 66

67



Cs. mnan 2016, no3. 32
Yyebnoe uszoanue

KpuBonocoBa TatbssHa MuxaitioBHa
Pak TaresHa AsiekcanapoBHa
IlaTuioBa Onbra OsieroBHa U JIp.

CBOPHHUK 3AJJAY 1O TEOPUU BEPOSITHOCTEM
U MATEMATUYECKOUW CTATUCTHUKE

I[TOCOBHME

Penakrop E. C. Yauixosckas
KomnreroTepnas npaBka, opuruHain-MakeT A. A. Jlywuxosa

[Moanucarno B meuatsh 11.05.2017. ®opmar 60x84 1/16. bymara odpdceernas. ['apaurypa «Timesy.
Otneuarano Ha pusorpade. Yeiu. nmed. i1. 4,07. Yu.-uzz. 1. 4,0. Tupax 350 sk3. 3aka3 411.

Wznarens u nonurpaduyeckoe UCIOTHEHHUE: YUpexIeHue 00pa3oBaHUs
«benopycckuii rocy1apcTBEHHbIN YHUBEPCUTET UH(GOPMATUKU U PATUOITIEKTPOHUKIY.
CBHzIEeTENBCTBO O FOCYIaPCTBEHHON PETUCTPALUU U3aTeNsl, U3TOTOBUTEI,
pacrpocTpaHuTens nedatHsix uzganui Nel/238 ot 24.03.2014,

Ne2/113 ot 07.04.2014, Ne3/615 ot 07.04.2014.

JIIT Ne02330/264 ot 14.04.2014.

220013, MuHck, 1. BpoBku, 6



	1. Случайные события. Вероятность события
	Задачи
	2. Классическое определение вероятности. Элементы комбинаторики
	Задачи
	3. Теоремы сложения и умножения
	Задачи
	4. Формула полной вероятности. Формула Байеса
	Задачи
	5. Повторение независимых опытов. Формула Бернулли
	Задачи
	6. Случайная величина. Закон распределенияи числовые характеристики
	Задачи
	7. Типовые законы распределения
	Задачи
	8. Функция одного случайного аргумента
	Задачи
	9. Векторные случайные величины
	Задачи
	10. Оценка закона распределения. Точечные и интервальные оценкичисленных характеристик
	Задачи
	11. Проверка статистических гипотез о законе распределения
	Задачи
	12. Оценка коэффициента корреляции и линейной регрессии
	Задачи
	Приложение 1
	Приложение 2 Значения функции Лапласа
	Приложение 3 Таблица распределения Стьюдента
	Приложение 4
	Приложение 5
	Список использованных источников
	Содержание



