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Bsenenne

B mpupone W SKOHOMHKE  OONBIIMHCTBO  SIBIEHMH M IPOIECCOB
XapaKTEPU3YIOTCS ~ KOJIMYECTBEHHBIMM  IIapaMeTpamMH, KOTOpPBIE  H3MEHSIOTCS
ClydalilHbIM 00pa3oM, MO3TOMY M3yYEHHUE CIy4yalHBIX BEJIMYUH MPEICTABIAET
00JIBIIION TEOPETUYECKUI U TPAKTUIECKUI MHTEPEC.

JlaHHOE MeToAMuYEecKoe Mocodue crnocoOCTBYET 0ojiee IIyOOKOMY H3YUYEHHIO
TeM «JluckperHas ciywyanHas BenuuuHa», «HemnpeppiBHas ciaydaiiHas BEJIMYMHAY,
«CurcTemsl CilydyallHbIX BEJIMYMHY, KOTOPBIE BXOJAT B Kypc «Teopust BEpOATHOCTEN U
MaTeMaTU4yecKasi CTaTUCTUKA» U COACPIKUT: TEOPUIO 110 JAHHOM TEME, KOHTPOJIbHbIE
BOIIPOCHl M 3aJaHus JUIsl MPAKTHYECKOM M CaMOCTOSITENbHOW pPabOThl CTYAEHTOB,
TECTOBBIE 3aJaHus, CIIUCOK JIMTEPATYPHI.

B otnuuue ot paHee m3gaHHBIX pabOT TEOPETHUECKUNA MaTepuasl MO KaXJ0H
TEMeE JAHHOTO  y4eOHO-METOAMYECKOr0 IMOCOOMS JIOMOJHEH JOCTAaTOYHBIM
KOJIMYECTBOM TPUMEPOB € MOJAPOOHO pa300paHHBIMU pEIICHUSMU U OaHKOM
TUIOBBIX 3aJaHUil AJI1 caMOCTOSATEIbHOM paboThl. Kpome Toro, paboTta coaepXur
TEOPETUYECKUN MAaTepUall U MPUMEPHI 110 BHIYMCIICHUIO HAYAJIBHBIX U LIEHTPAIbHBIX
MOMEHTOB CIIy4alHBbIX BEJIMYMH, PEIKO pPacCMATPUBAEMBIX B KIACCUYECKHUX
y4eOHHMKaxX IO TEOpUHM BEPOSATHOCTH. lIpuBeAeHHBIE NpUMEpPHl C MOAPOOHBIMU
pELICHUAMHU JAXOT BO3MOXHOCTH CTYZEHTaM IIPUMEHATH TEOPETUYECKUE 3HAHMS,
MOJIyYeHHbIE Ha JIEKIUAX, CAMOCTOATENIbHO (hOPMYIUPOBATh MOCTAHOBKY 3aJayH,
COCTaBJISITh AKOHOMHUKO-MaTEMAaTUYECKYI0 MOJI€Nb, BBIOMPATH AITOPUTM PEIICHUS
MOCTaBJICHHOW 3aJ1a4M U TPAMOTHO €€ 0(OPMIISTh.

B Texcre umeercsa 3KOHOMHYECKAS MHTEPIpPETALUs IOJYYEHHBIX PELICHUN,
YTO PpAa3BUBACT y CTYJCHTOB HABBIKM IPUMEHEHHUS MAaT€MaTU4YECKUX METOJIOB B
YKOHOMMYECKUX UCCIENOBAHUSX.

[IprBeneHHBIE KOHTPOJIBHBIE BOIPOCHI U TECTOBBIE 3aJaHUS IPEIHA3HAYCHBI
IUIsL  TIPOBEPKM KadyecTBa YCBOEHHUs JIGKUMOHHOro Marepuana. OTBeTbl Ha
KOHTPOJIbHBIE BOIIPOCHI U TECTOBBIE 3aJaHUSI TOTOBATCA CTYJEHTAMH CAMOCTOSITEIBHO

W IIPOBEPAIOTCA MPCIIOAAaBaATCIIEM HA IPAKTUYCCKUX 3aHATHUAX.
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Tema «/luckpeTHas cjayyaiHas BeJUYHHA)
1. ITonsiTHe TMCKPETHOH M HENPEPBLIBHOM CIAYYaHOI BeJTMYHHBI

Crnyuaiinbie COOBITHS - 00BEKThI, UMEIOIIHE JIBa COCTOSTHUS: COOBITUE MOXKET
7100 HACTYNUTh, INOO HE HACTYNUTh. bosiee C0KHBIM 00BEKTOM SIBIIAETCS
CIly4alHasi BEJIMYMHA, UMEIOIIAsl HECKOJIBKO COCTOSTHUU.

Omnpenenenue. Beanunna, KOTopasi B 3aBUCUMOCTH OT PE3YJIbTATOB
WCTBITAHUN NPUHUMAET TO WY WHOE YHCJICHHOE 3HAYCHUE, HA3bIBACTCS CIAYyYaHOM
BEJIUYMHOIA.

CrnyualiHble BEJIMYUHBI ACNATCS HA OUCKpemHble U HenpepuleHble.

Onpenenenue. {uckperHoii (MpepbIBHON) HA3bIBACTCS TaKasi ClIydaiHas
BEJIMYMHA, KOTOpasi IPUHUMAET KOHEYHOE MJIH OECKOHEUHOE (CUETHOE) MHOKECTBO
3HAYCHUM.

Cuemmnbim HA3bIBAETCSI MHOXKECTBO, DJIEMEHTHI KOTOPOTO MOKHO
MIPOHYMEPOBATh YUCJIAMU HaTypaiabHOTO psga: 1, 2,..., n.

Hanpumep, yncino 6pakoBaHHBIX JeTalei Cpeau 7 MPOBEPEHHBIX; YUCIIO
BBITIABIIIUX «T€POOB» TMPHU N—KPAaTHOM OPOCAHWU MOHETHI, YHUCIIO JEBOYEK.
POIMBILMXCS B TEYEHUH CYTOK B OIPENIECIICHHOM CTPAHE; YUCIIO YUAIIUXCH,
ONPOIIEHHBIX HA YPOKE; YUCIIO COJIHEUHBIX THEH B roay. T.e. caydaiiHas BeJIMYrHA
MOKET IPUHUMATh OTJECIIbHBIE U30JMPOBAHHBIC 3HAUEHHUS, KOTOPhIE MOYKHO 3apaHee
MIEPEYUCITUTD.

Hanpumep, X - yucio maxMaTHbIX MapTUH, OKOHYUBIIUXCS HUUEHHBIM
pe3yJabTaTOM, U3 TPEX ChITPaHHBIX. B 3TOM cirydae BenmunHa X MOXKET MPUHSTh
cnenyromue 3HaueHus: X1=0; X,=1; X3=2; X4=3.

PaccmoTpuM AMCKPETHYIO CIy4ailHyI0 BEIMYHHY X C BO3MOKHBIMU
3HAYCHHSIMH X1, Xp, X3, X4, ..., Xn. B pe3ysbrare omnbiTa ciiydyaHasi BEJIMYMHA
MIPUMET OJHO Y TOJIBKO OJTHO U3 3TUX 3HAYCHUU. [[pyrumu ciioBamu, MpOU30UIET
OJIHO U3 HECOBMECTHBIX COOBITUH, 00pa3yIOLIUX MOJIHYIO TPYIITy: X=X;, X=Xy,
X=X3,..., X=X,. Kaxmoe 3HaueHUEe TUCKPETHOM CIIydallHON BEJIMYMHBI UMEET
ONPEIETICHHYI0 BEPOATHOCTD MOsIBIICHUS. [1yCcTh BO3MOXKHOE 3HAaYEHHE X1 HACTYIIAET

C BEPOSITHOCTBIO D1, 3HAYCHHE X - C BEPOATHOCTHIO P2, M TAK HAJICC, 3HAUYCHUEC X -
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C BEPOSITHOCTBIO Py, Tak Kak ykazaHHbIE COOBITHS 00pa3yIOT MOJIHYIO TPYIITY, TO
CyMMa BEPOATHOCTEN MOSIBIICHUSI BO3MOKHBIX 3HAYCHHUMN CITy4YailHON BEJIMYUHBI

paBHa 1,T.¢.

n n
2 P(X=x)=2> p;=1.
1=l 1=l

Takum 0Opa3om, cymMapHasi BEpOSITHOCTb, paBHas 1, pacipenenieHa Mexay BCEMU
BO3MO>XHBIMH 3HAUCHUSIMU CITy4ailHON BETUYUHBI.

Omnpenenenue. HempepbIBHOI HA3bIBAIOT CIYYAHYIO BEIMUYUHY, KOTOpas
MOKET MPUHUMATD JI00bIE 3HAYEHHUSI U3 HEKOTOPOr0 KOHEYHOTO MM OECKOHEYHOTO
MHTEpBaja.

[IprumepaMu HENTPEPHIBHOW CIIy4aliHOM BEJIMUMHBI CIIY’KAT: BPEMS
0e3aBapuiiHOI pabOTHI CTAHKA; PACXO]l TOPIOYETr0 HA €ANHUILY PACCTOSIHUS;
KOJINYECTBO OCAJIKOB, BHIMABIINX B CYTKH.

PaccmoTpuM HenmpepbIBHYIO CJIY4aiiHYI0 BeJIUYHHY HA IPUMEPE JTAIBHOCTH
MOJIETa apTUILIEPUIICKOTO CHapsiAa.

[Ipenmnonoxum, 4To pacueTHas AanbHOCTh noseta cHapsga 7000 m. Ilycts npu
nepBoM BbIcTpelie cHapsa nposeren 7020 m, a mpu Bropom -7040 m. [Ipu
MOCJIEIYIOIIUX BBICTpeNiax cHapsaa MoxeT npoJietets 1 7030, u 6995 m. [pyrumu
CJIOBaMH, CHAPS MOKET MOMACTh B JIIOOYIO TOYKY HEKOTOPOTO IPOMEKYTKA U
HEBO3MOYKHO YKa3aTh Kakue-1100 JBa BO3MOXKHBIX 3HaYEHUS JaIbHOCTHU MOJIETA
CHaps/1a, MKy KOTOPHIMU HE HAWJETCS XOTs ObI OJHOTO BO3MOKHOT'O 3HAUYCHHUS

paccMaTpruBaeMOM CIIy4YalHOW BEIIMYUHBL.



2. 3akoH pacnpeaesieHUs JUCKPETHOM CJOyYallHON BeJIMYMHBI.

Onpenenenue. 3akoHom pacnpeoenieHus OUCKPEMHOU CIYYAUHOU 8eIUYUHDL

Ha3bIBACTCA COOTBCTCTBUC MCIKIY BO3MOKHBIMHU 3HAYCHHUAMUA CJIY‘-I&ﬁHOI?I BCJINYNHEBI

" BEPOATHOCTAMU HX ITOABJICHUS.

CymectByet ABe (popMbI 3aJaHHUA 3aKOHA pacnpelesieHUs OUCKPEemHOl

cayuainoi geauuunpl: TabnuyuHas u rpaduueckas. Tabnuuynas ¢popma, Ha3bIBaeMast

PSIOM pacripeieNiCHHs], IPEACTABISETCS B BUAE JBYX CTPOK (cTonO1oB). B nmepBoii

CTPOKC 3aIllMCBIBAIOTCA BCC BOSMOKHBIC 3HAYCHU S CHY‘—I&ﬁHOﬁ BCJINYUHEI Xj, B

IMOPAAKES BO3paCTaHUA, BO BTOpOfI - BCPOATHOCTH p; IIOABJICHUSA 3TUX 3HAYCHUM

(Tabmuma 1).

n
CyMma Bcex 3HaueHMH BEpOATHOCTEH paBHA eIMHULIE, TO ECTh » p; =1.

I'paduueckas hopma 3amaHus 3aKoHa pacrpeAeieHus - ’TO MOJUTOH (UTn

P

P1

P2

P

i=1

Tabmuma 1

MHOTOYT0JILHUK) pacripeiesieHns BeposiTHOCTe. OH MpeACcTaBiIsieT co00i JIOMaHyIO

JUHUIO, COSIMHSIOUTYIO TOUKH (Xj, Pi) IPSIMOYTOJIbHON CUCTEMBI KOOpAUHAT (pHC. 1)

|

L ]

[

v

Puc.1



Ipumep 1

B maptuu u3 BocbMu JieTasnei mAaTh CTaHAapTHRIX. Haymady B3STBI 9EThIpE AETaIH.
[TocTpouTh psij pacpeesieHus Yuciia CTaHJapTHBIX JAeTaleii cpear OTOOpaHHBIX.
Pemenwe. [1ycth cyuaitHas BenmnanHa X—4HCIIO CTAaHAAPTHBIX JETajeH cpean
geThIpeX 0ToOpaHHbIX. OHA MOKET MPUHATH CIACAYIOMINE YEThIPE 3HAUCHUS: X1=1,
X2=2, X3=3, X4=4. J1ns1 onipeiesieHusi BEpOSTHOCTH TOSBICHUS KOHKPETHOTO YHCTIa

CTaHJIAPTHBIX JeTalleil BOCTIONb3yeMcs (popmyron

C k C -k
P(X =k)=~m~n-m
Cn
re N —4ucIio aeTaneil B mapTu, | -4uciao oToOpaHHbIX JeTaleid, M -4rcio
CTaHIapPTHBIX ﬂeTaﬂeﬁ, k -HHUCJIO CTAHAAPTHBIX ,[[eTaﬂeﬁ cpeau 0T06paHHLIX.

Jlanee numeem

cics C2C2
px=n="52_-1 piy_g-5~_6
ct 14 ca 14
8 8
cicl 6 cich
PX=3)=—2=—, PX=4)=22 31
C! 14 ct 14

8
[TpoBepum BerunciaeHus. CKIIaapIBast MOJYYCHHBIC BEPOSTHOCTH, MTOTydacM
1/14+6/14+6/14+1/14=1. Vickomblii psz pactipeie/ieHUs] UMEET BU/T
X 1 2 3 4
P |1/14 6/14 6/14 1/14

Psn pacnipeneneHust MOXKHO 33J1aTh TpaUUecKu, €l M0 OCU a0CIUCC OTIOXKUTh
BO3MO>KHBIC 3HAYEHHUSI CIIy4YallHOM BEJIMYMHBI, @ IO OCH OPAUHAT — BEPOSITHOCTH ATUX
3HaueHui. CoeTMHUB TOUKH (X;;Yj) TOCIEIOBATEILHO OTPE3KAMU MPSIMOU JIMHUH,
MOJY4YUM JIOMAaHYI0, KOTOpPasi Ha3bIBAETCSI MHOTOYT0JIbHUKOM pacnpeae/eHus

BepossiTHOCTEel. [locTporM MHOTOYTrOJIbHUK pacupeAeieHus] Al HAlleH 3a1a4u

(puc.2).
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MHOroyrojlbHUK  pacupeieieHus, KaKk U psJ  paclpeiesieHus, IOJHOCTBIO
XapakTepu3yeT CIy4alHyl0 BEJIMYMHY U  SBJISETCS OJHUM M3  CIOCOOOB
(rpaduuecknm) 3a1aHKs 3aKOHA pacTpeIeTICHUS.

CyMMma opaviHaT MHOTOYTOJIbHUKA paBHA €AWHUIIE. ITO CBOWCTBO MHOIOYTOJIbHUKA
pacnpeneneHus SBISETCA OnpenessitommM. Eciu B IPSMOYTOJIbBHOM  CUCTEME
KOOpPJIMHAT JaHa HEKOTOpas JIoMaHasi, YJOBJIETBOPSIONIAs ONpeneeHNn0 QYHKIINN U
oOnagaroniasl yKa3aHHbBIM BbILIE CBOMCTBOM, TO Takas JIOMaHas, OYEBUIHO, 3a/Ja€T

3aKOH pacIpeacseHUs HEKOTOPOU CIIy4YallHOW BEJIMYHHBI.

3. OcHOBHBIE THIIBI 32/1a4 HA COCTABJICHHE 3aKOHA pacipeaeseHUst
AUCKPETHOM CJIy4YailHOM BeJUYUHbI
Haubonee yacTo BcTpeuaroTcs CIeIyIoIue THIIBI 32/1a4 HA COCTaBJIICHHUE
3aKOHa paclpeaeeHusl.
Tun |. Cuay4yaiiHas BeJMYMHA - YHMCJI0 HACTYIUICHHH COOBITHSI C IOCTOSHHOM
BEPOSITHOCTBIO p B KaXJAOM UCHbITaHUM. [Ipu cocTaBieHUU 3aKoHA pacrpeaesieHUs
BEPOSATHOCTH BBIYMUCIAIOTCA MO (popmysne bepHymnu winM 1o JOKalbHOM Teopeme

Jlannaca, u 3Ha4EeHUS CIIyYalHOW BEJIMYHMHBI HAUMHAKOTCS C HYJIA.
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Ipumep 2.

BepoATHOCTh BOBHMKHOBEHMS NOTPEIIHOCTU ITpu m3mepenun pasHa 0,3. IIpoBeneno
Tpu u3MepeHnsa. COCTaBUTh 3aKOH PACHpPEACIICHUs CIy4alHOW BEJIMYMHBI — YHCIIA
M3MEPEHMM, TPOU3BEICHHBIX 0€3 MOrPEIIHOCTH.

Pemenwe. Cirydaiinas BenwmumHa X — {4HCIO W3MEpPEHUH, MPOM3BEIACHHBIX 0€3
HOTPEIIHOCTH }.

p=1-g=0,7; g=0,3; n=3.HauMeHnbiee 3Hauenne X paBHO X;=0, T.€. cpeau Tpex
M3MEPEHHUI HET HU OJTHOTO € MOTPEIIHOCTBIO. 3aTeM ciyvyaiiHas BeaInyruHa X MpUMeT
3HaueHUs:X,=1; X3=2; X4=3. BeposTHOCTH Npu COCTABICHUH 3aKOHA PaCIpEeCIICHUs

BBIYUCIISIOTCS 110 hopmyiie bepHyu:

n! _
P —_ = gm gh-m
nm  mi(n—m)! P-q
b _0,0.3_ 3 -0 4a3_
pl_Pa,o_Csp q =03 0,77-0,3° =0,027
P, =Clplg? = .0,7%.032 =0189
p2_ 3’1_ 3pq _]-|2! ' ' — Y

_p —c2p%qt= .072.03! =
p3_P3,2_C3p q = o 0,7¢-0,3" =0,441

B _~3.3,0_ 3 53 1n0
P, =Py =C3p°q® =5 -07°-03° = 0,343

3aKoH pacrpeieieHus: CIy4aitHOW BeTMYMHBI X 3aMuIlieM B BUJIE TaOJHUIIbIL.

X 0 1 2 3

P 0,027 |0,189 |0,441 0,343

IIpoBepuM MpaBUIIBHOCTH PACUETOB

3
P; =0,027+0189+0,441+0,343=1
i=0
IMpumep 3.
BeposiTHOCTB TOTO, YTO TENeBU30p HE MOTPeOyeT peMOHTa B TEUCHHE TapaHTHITHOTO

cpoka, paBHa 0.6. CocTaBUTh 3aKOH paclpeeieHus CIIy4yallHON BEIMYMHBI — YUCIa



11

TEJIEBU30pOB, HE MOTPEOYIONIMX PEMOHTa B TEUECHHE TapaHTHUIHOTO CPOKa U3 TPeX
MIPOJIAaHHBIX TEJIEBU30POB.

Pemenne. CB X — {uuncio TeneBu30poB, HE MOTPEOYIONUX PEMOHTA }
p=0,6,9=0,4, n=3.

x=0 (Bce MoTpeOyIOT PEMOHTA)

P30=C3’ p’q’ = 1:0,6"-0,4° =0,064

x=1 (1 HE moTpedyeT peMOHTa)

P;1=Cs' p'g®=3-0,6"-0,4°=0,288

x=2 (2 He moTpeOyIOT PEMOHTA)

P;,=Cs’ p°q' =3-0,6%0,4'=0,432

x=3 (Bce HE MOTPEOYIOT PEMOHTA)

P;3=C3® p°q° =1:0,6%0,4°=0,216

3aKoH pacipcaciaCHuss UMCCT CJ'IGI[YIOHII/Iﬁ BUA:

X 0 1 2 3

P 0,064 | 0,288 |0,432 0,216

Mo

p, =0,064-+0,228+0,432+0,216 =1

i=0

Tun 1l. Cayyaiinas BeJJMYNHA - YUCJI0 UCTIBITAHUI, TPUYEM BEPOSITHOCTh
MOSIBJIEHUSI COOBITUSI B OTHOM OTJI€NIbHO B3SITOM MCIIBITAHUY TIOCTOSIHHA U PaBHA p.
BeposTHOCTH IpH COCTABIEHUH 3aKOHA PACIIPEAEIICHUS BBIUYNCIIAIOTCS 110 TEOpEME
YMHOKEHHS BEPOATHOCTEH JJIs1 HE3aBUCHUMBIX COOBITUI U TEOPEME CII0KEHHUS
BEPOSTHOCTEH JJIsl HECOBMECTHBIX COOBITUI. 3HAUCHHUS CITy4ailHON BEIMYMHBI B
3aKOHE pacIpeaeeHUs HAUNHAKOTCS C €IMHULBI.

Ipumep 4.

[IpuGop yKOMIUIEKTOBBIBAE€TCS TpeMsi OJHOTUIHBIMH Ojokamu. Kontponep
IPOBEPSIET IOCIENOBATENbHO KaXJbl 010K Ha paboTocnocoOHOCTh. Kak TOJBKO

BBISIBIIICTCS  HepaboTatomuii 050k, mnpubop Opakyercsa. CocCTaBUTh 3aKOH
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pacnpeneneHuss  CIydalHOW  BEJIMYMHBI-UMCIA TMPOBEPSIEMBIX  OJIOKOB, €CIH
BEPOSATHOCTH MOSIBJICHUS HEUCIIpaBHOTO Oj0Ka paBHa 0,2.

Pemienue. Cryuaitnas BeauunHa X —{ yuciio nposepsieMbix 0J10koB}. CoObITHE
A={nosiBiIeHns UCIIPaBHOTO O0J0Ka MpruOopa}. BeposTHOCTH MOSABICHUS HCIIPABHOTO
omoka npubopa pasua P(A)=p=1-0,2=0,8; Torma P(ﬂ) =q =0,2; uncio 6J0K0B
npubopa N=3. 3HaueHus caydaiiHoi Bennunnsl X=1;2;3. Cnyyaitnas BenuurHa X
MIPUMET 3HaYeHUE X;=1, €clIi MepBbIil )K€ MPOBEPSIEMBIN OJIOK OKa3bIBAETCA
HepabOTaKOIMM U IPUOOpP OpaKkyeTcs, Torna p, = P(ﬂ): q=0,2.

Crnyuaiinas BenurHa X MPUMET 3HaYEHUE X,=2, €CJIH MEePBbIN MPOBEPsIEMbIi OJIOK
paboTaroluii, a BTOPOil — HET, ToTrAa p,= P(Aﬂ): P( A). P(ﬂ): pg=0,16-
Cnyuaiinas BenuuMHa X TPUMET 3HAYEHUE X3=3, €CIM IepBble JBa OJIOKa

paboTtarompe, a TpeTuid — HepabOTOCMOCOOHBIM WM Bce Tpu OJoka —

paboTOCTIOCOOHEI, TOTa
p = P(AAK+AAA]: P(A)-P(A): P[/_Aj+ P(A)-P(A)-P(A)=pq+ p3=
=082.0,2+0,83=0128+0512=0,64

3anuieM 3aK0H pacrpeaeeHUs CydaiHON BETUIMHBI X B BUJIC TaOJIUIIBI

X 1 2 3
|P 0,2 0,16 0,64

3

pUY =0,2+016+0,64=1

i=1

IIpumep 5.

JlaroTcsi 4eThipe MOMBITKHA BKJIKOYUTH ABUTATEIb JO TEPBOM YCHEITHOM MOIMBITKH.
BEPOSITHOCTh TOrO, YTO JBHUraTtenab BkiatouuTcs, paBHa 0,8. CocTaBUTh 3aKOH
pacripeieneHus ciy4ailHoi BeTWYUHBI — YHCJIa MOIBITOK 3aBECTU JIBUTATEIb.
Pemenne. CB X — {4ucio monsITOK 3aBECTU ABUTATENb }

p=0,8,q9=0,2,n=4.

x=1 (aBUraTENIH 3aBEAECTCA CpPaA3y)
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p1=p=0,8

x=2 (3aBeJETCs CO BTOPOM MOTBITKH)

p2 = gp=0,2-0,8=0,16

x=3 (3aBeCTCs C TPEThEM MOIBITKH )

ps = qgp=0,2-0,2-0,8=0,032

x=4 (3aBeJIETCs C YETBEPTOH MOMBITKH WU HE 3aBEICTCS COBCEM)

ps =qqgp + gqqqq = 0,2:0,2-0,2-0,8 + 0,2-0,2-0,2-0,2 = 0,0064+0,0016=0,008

3aKoH pacrpeAeseHusl UMEET CACAYIOIIHNA BU:

X 1 2 3 4

P 0,8 0,16 |0,032| 0,008

4
> p =08+016+0,032+0,008=1

i=1

Tun I1l. Cayvaiinas BeJM4YNHA - YMCJI0 HACTYIUIEHUI COOBITHSI C Pa3IMYHOMN
BEPOSATHOCTBIO B KaKIOM HCIbITaHUM. [Ipu cocTaBieHUMH 3aKOHA pacrpeesCHUs
BEPOSATHOCTH  BBIYUCISIOTCS MO TEOPEME YMHOXEHHS BEPOATHOCTEM ISt
HE3aBUCUMBIX COOBITUNM M TEOpPEME CJIOKEHHSI BEPOATHOCTEH Il HECOBMECTHBIX
COOBITHI. A 3HAYECHMSI CITy4aliHOW BETMYMHBI HAYMHAIOTCS C HYJIS.

IIpumep 6.

B Oubnuoteke BBIIAIOT yueOHYIO JUTEpaTypy. BeposATHOCTH TOTO, YTO OTAEIBHBIMN
CTyICHT TOJYyYHT Y4eOHMK 1o Marematuke, paHa 0,8, cratucrtuke- 0,6,
MakposkoHoMUKe - 0,4. CocTaBUTh 3aKOH pacnpenesieHus: CIy4yalHON BeJIMYMHbBI X-

9yciia y4eOHUKOB, KOTOPBIC MOTYYUT CTY/ICHT.

PenieHue.

p,=0,8  ;=0,2
p,=0,6  ¢,=0/4
ps=0,4  03=0,6

[Tycte cnyuaitnas BeaumunHa X-{4rciio yueOHUKOB, KOTOPBIC TIOJIYYHT CTYICHT }.
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Haumenbuiee 3HAYCHHUE, KOTOPOC MOXCT IPUHHUMATDb cnyqaﬁHaﬂ BCJIMYHMHA X, PaBHO
X1=0, TO €CTh CTY/ICHT HE MOJYIUT HU OJJHOTO YUCOHUKA.
Beruncioum BCPOATHOCTH IIPHU COCTABJICHUU 3aKOHA PACIIPCOCIICHUA:
X:=0  p1 =010.05=0,2-0,4-0,6=0,048
X;=1 P2 =P10Cs + GuP2lls + G102Ps=
=0,8-0,4-0,6+0,2-0,6-0,6+0,2-0,4-0,4=0,296
Xs=2  Ps =P1PCs+ P13 + G1P2Ps=
=0,8-0,6-0,6+0,8-0,4-0,4+0,2-0,6-0,4=0,464
X;=3  Ps =Pp1p2ps=0,192

3anuiieM 3aKOH pacIpeeieHus CIydaitHON BeTUuYMHbI X

X 0 1 2 3

P 0,048 0,296 0,464 0,192
3
> p. =0,048+0,296 + 0,464 + 0,192 =1

i=0 '

IMpumep 7.

BepositHocTi cBoeBpemeHHOro mpuoObITHsS Takcu Nel pasna 0,8, Ttakcu Ne2 — 0,9,
takcu Ne3 — 0,95. CocTaBUTh 3aKOH pacIpeieeHusl ClIy4YallHOW BEJIMYUHbBI — YHCIIa
TaKCH, KOTOpbIE€ TPUOYIYT BOBPEMSI K MECTY BbI30BA.

Pemenne. CB X — {uncno mMamvH npuObIBIIMX BOBPEMS |
p1=08,0.=0,2,p,=0,9,0,=0,1, p3= 0,95, g3 = 0,05.

x=0 (Bce omo3/1ajn)

p 1= 010203 = 0,2-0,1-0,05 = 0,001

x=1 (ogHO Takcu MpuOyIEeT BOBpEMs)

P 2 = P1020s + 01p20s + Ga02ps = 0,8-0,1-0,05+ 0,2-0,9-0,05+0,2-0,1-0,95=0,032

x=2 ([Ba TakCH MpUOyIEeT BOBPEMS)

P 3= p1p20s + U1pzps + padz2ps = 0,8:0,9-0,05+ 0,2-0,9-0,95+0,8-0,1-0,95=0,283

x=3 (Bce npulyayT BOBpEMSI)
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p 4 = p1Pzps = 0,8:0,9-0,95 =0,684

3aKOH pacnpeieseHUs] HMEET CIEAYIOIINI BUA:

X 0 1 2 3

P 0,001 |0,032 |0,283 0,684

; p.= 0,001+0,032+0,283+0,684=1
=0

Tun 1V. Ciyyaiinasi BeJINUMHA-YMCII0 UCTIBITAHUI, IPUYEM BEPOSITHOCTH
MOSIBJICHUSI COOBITHUS B OJTHOM OTJIENIbHO B3SITOM UCIIBITAaHUU pa3iuyHbl. [Ipu
COCTaBJICHHH 3aKOHA PACHpe/IeICHUS BEPOITHOCTH BBIYUCIIAIOTCS JIMOO TI0
KJIACCUYECKOMY OIPEAEIICHUIO BEPOSTHOCTH JIMOO IO TEOpEMAaM CIIOKEHUS U
YMHOEHUS BEPOSITHOCTEN, @ 3HAUYCHHUSI CITy4YallHOM BEJIMUYMHBI HAUMHAIOTCS C
€IUHULIBI.

IMpumep 8.

JIBa GacketOonucTa moo4yepeHO OpocaroT M4 B KOP3UHY JO MEPBOrO YJAYHOTO
Opocka. OOmiee uyuciao OpocKOB He TpeBblmaeT 4YeTblpex. CoCTaBUTH 3aKOH
pacnpeneneHuss CIy4ailHOW BETWYMHBI-YMCIIa OPOCKOB, €CIIM MpPU KaKIOM OpocKe
BEPOATHOCTH MPOMACTh AJis niepBoro 6ackerdomnucta 0,7, nist BToporo-0,6.

Pewenue. Ilycth ciyudaitHas BennuuHa X — 4HclIo OpOCKOB. BeposiTHOCTh momacTthb
s miepBoro Oackerbonmcra P;=0,7; 0;=0,3. [dns BToporo — p,=0,6; 0,=0,4.
3HayeHus ciydaitHoi BennuuHbl X:1,2,3.

Ecin mepBbIii 6acKeTOOMHCT ¢ HepBOro ke 6pPOCKa MOMal B KOP3UHY, Toraa X;=1 p;’
=0,7.

Ecnu nepBblii 6ackeTOOJMCT HE MoMnal, BTOPOH JenaeT OpOCOK U MOMaaaeT, TO X;=2 U
P2 =0:p,=0,3-0,6=0,18.

Eciu v nepBbiii 1 BTOPOM HE TOMNAIM, TO CIEAYIONIas MOMNbITKA Yy MEPBOr0, €CJIU OH

MOMazeT B KOP3UHY, TO Xs=3 U P3 ==010,P:=0,3-0,4-0,7=0,084.
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Ecnu mepBbiii 6ackeTOOMMCT OMATH HE TOMajl, a BTOPOH JenaeT OpoCcoKk U Jn0o
MoTaaaeT, MO0 He TomaaaeT, To X4.~4 u
p4*=qlq2q1p2 + 01020102= 0,3-0,4-0,3-0,6+0,3-0,4-0,3-0,4=0,036.

3aKoH pacrpezielieHus cydyailHON BeTUYUHBI X UMEET BU/L:

X 1 2 3 4

P 0,7 0,18 0,084 | 0,036

>p. =0,7+018+0,084+0,036=1

i=1

IMpumep 9.

CrnopTcMmeH cTpessieT B MUILEHb J0 MEPBOr0 YAAa4HOIO MOMaJaHus, P ITOM €My
JaeTCA TPU TMOMBITKU. BeposTHOCTH MoMaaaHus Mpu MepBoM BeicTpelie paBHa 0,6,
ipu BTopoM - 0.8, ipu TpetbeM — 0.9. CocTaBUTh 3aKOH pacipeaesieHUs CIIy4ailHON
BEJIMYMHBI — YHCIIA BEICTPEIIOB B MUIIICHb.

Pemenne. CB X — {4ucio BBICTPENIOB B MUILIEHB }
p.=06,0.=04,p.=08,0.=0,2,p:=0,9,03:=0,1

x=1 (momajeT mocyue NepBoro BeICTpEa)

p1=p:=0,6

x=2 (MonajeT nocie BTOPOro BHICTPEINA)

p, =0ip,=0,4-0,8=0,32

x=3 (momaAeT MmocJie TPEThEero BhICTPENa WIH HE TIOMaJeT COBCEM)

P3 = Q1P2ps + Q10203 = 0,4-0,2-0,9+ 0,4-0,2:0,1 = 0,08

3aKOH pacrpeeieHus UMEET CIeAYIOIINI BU/I;

X 1 2 3

P 0,6 0,32 0,08

3
>p = 0,6+0,32+0,08=1

i=1
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4, @yHKIUA pacnpenejeHusi JMCKPEeTHOMH CJy4YaiiHOi BeJNYNHBI.

Onpenenenue. @ynkyueit pacnpeoenenusn cay4aiuHou eeaudunbl X
Ha3bIBAIOT PYHKIHUIO F(X), KOTOpas onpenensieT s KaKJ0ro 3Ha4YeHus: apryMeHTa x
BEPOSITHOCTh TOTO, UTO CiIy4aiiHasi BeTU4YrHa X MPUMET 3HAUCHHE MEHbIIIEE X

FOX)=P(X<x) (1)
Ecou x = a, To F(a) = P(X < a).

3ananue cirydailHOM BeMUYMHBI X € MOMOIIBbIO GYHKITUH pacnpenaenenus F(x)
YHUBEPCAIbHO, TAK KaK 3TUM CIIOCOOOM 33Jal0TCS JUCKPETHBIE U HETIPEPBIBHBIE
CJIy4aliHbIE€ BEJIMYHHBI.

OTtMeTuM 00JIBLIYI0 3HAYUMOCTh U IITyOOKHid cMbIc paBeHcTBa (1). B neBoi
YaCTH 3TOTO PAaBEHCTBA HAXOJIUTCA «OOBIKHOBEHHAs (DYHKIIHS TEMUCTBUTEIBHOTO
apryMeHTa, a B MpaBoi — MepeMEHHAasi BEPOATHOCTh. ITa (hopMyJia CBA3BIBACT OJUH
13 BaXXHBIX Pa3eiiOB MaTEMaTHUKH, U3Y4aroluil yHKIIUU JEHCTBUTEIHHOTO
apryMeHTa, C TEOpUEl BEPOSATHOCTH, [J€ U3YUYaAIOTCs, B YACTHOCTH, CITy4aiiHbIE
COOBITHUSI, KOTOPBIE MOTYT MTPOU30MTH, @ MOTYT U HE MPOU30UTHU B PE3yIbTaTE OIbITA.

JIns qiucKpeTHOU ciydaitHOM BeTMYrHbI X, MPUHUMAIOIICH 3HAUYCHHS X1, X, ... ,
X, PyHK1IMS pacnpenenenus F(x) umeer Bua

F(X) =3 P(X =x) (2)

X; <X

7€ CUMBOJI X< X MOJ] 3HAKOM CYMMbI O3HA4a€eT, YTO CyMMUPOBAHUE
pacnpoCTpaHsAETCS HA BCE T€ 3HAUYCHUS CIIyYalHOW BEJIMUYUHBI, KOTOPBIE IO CBOEH
BEJIMYMHE MEHBIIE YNCIIA X.

OyHkus F(x) IMCKpeTHOM c/iy4aiiHO# BeJu4nHbI X pa3pbiBHA U
BO3pAacTaeT CKauyKaMH MPHU MEPEXOE Yepe3 TOUKU BO3MOKHBIX €€ 3HAUCHU, TPUYEM

BCJIMYMHA CKa4Ka paBHA BEPOATHOCTH COOTBCTCTBYIOUICTO 3HAYCHU .

Ta0muma 2
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X Xy X .. Xi |.. Xn

P Ip: P2 |.. pi |- Pn

[TocTpouMm (pyHKIHIO pacpeeieHUs CIIyIaitHOW BETUYUHBI X, PSI pacTIpeeICHIS
KOTOPO# MpeJicTaBieH B Ta0I.2.

IMpu x<x F(X)=P(X<x)=0;

Ipu X, <X<X, F(X)=P(X<Xx,)=P(X=x)=p,;

IIpu X, <X<X; F(X)=P(X <x3)=P(X =x)+P(X=X,)=p,; +p,;

.................................................................................................

Xoa <X<X, F(X)=P(X<X;)=P(X=x)+P(X=X%,)+

P(X :x3)+...+ P(X =xn_1): P+ P, + Py -+t Py

[Tpu
X>X, F(X)=P(X=x)+P(X=x,)+
P(X =Xg)+ ..t P(X =Xg) = Py + Py + Py .ot Py =1

I'paduix mocTpoeHHOM PyHKIIMK N300paKEH Ha pUC. 3.

F(X)
I Sy -0
|
o
| |
Q_l |
|
RN
S [
P I
T
Q_: : : I |
! 1 1 | . . -
0 X1 X2 X3 Xn-1 Xn X

Puc.3
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JI1st AMCKpETHOM ClydaiiHOM BeTuYuHbI Tpaduk PyHKIIUK pacrpeaeaeHus
MIPEACTABIISIET COOOM pa3phIBHYIO CTYIIEHUYATYIO JIMHUIO. Korna nepemeHHas X
IPOXOJIUT Yepe3 KaKoe-HUOY Ib U3 BO3MOXKHBIX 3HAYCHUH CIIy4ailHOW BEJIMYMHBI,
3HauYeHUE (PYHKIIMH pacrpeesIeHUs] MEHSETCSl CKauKo0Opas3Ho, T.€. PYHKIUs UMEET
CKA4OK B T€X TOYKaX, B KOTOPBIX CIy4alHas BEIMYMHA TPUHUMAET KOHKPETHOE
3HAYEHUE COTJIACHO PANY paclpeiesieHUs], IPUYEM BEIUUMHA CKaUYKa paBHA
BEPOATHOCTH 3TOro 3HaueHus1. CymMMa BETMYMH BCEX CKAYKOB (PYHKIIMH
pacrpeneneHus paBHa eAuHuLEe. B nHTEpBanax MeXay 3HAUYCHUSAMU CIIy4alHOU
BeMuuHbl pyHKIusa F(X) moctosHHa.

Ipumep 10.

Hcnonb3ys pe3yabTaThl pelieHus npuMepa 1, mocTpouTh PyHKIMIO pacpeIeIeHUs

Ciy4aitHOM BeJIMUuHBI X U €€ rpaduk.

CiCJ 22
P(X:]_):5_3:i’ P(X :2):C5C4:3 :E’
414 C: 14
CC;_6 cic! 1
P(X=3)=—3=— P(X=4)="23-—
X9 =g "1 P ==

Hckowmpblii psia pactipeieIeHns] UMEET BUJL
X 1 2 3 4
P [1/14 6/14 6/14 1/14

IIpu x<1 F(x)=P(X <1)=0;

Ipn 1<x<2 F(x)=P(X <2)=P(X =1) =1/14;

Ilpn 2<x<3 F(x)=P(X <3)=P(X =1)+P(X =2)=1/14+6/14=1/2;

3<x<4 F(X)=P(X<4)=P(X=D)+P(X=2)+P(X=3)=

=1/14+6/14+6/14=13/14

Ipu x>4 F(X)=P(X=)+P(X=2)+P(X =3)+P(X :4)=;
=1/14+6/14+6/14+1/14=1

[TomyueHHble pe3ynbTaThl 00bETUHUM B TaOJIHILY:
[F(x) 0 [1/14] 172 13/14] 1
uTepsan|(—ool] |(1;2] (2;3] |(3;4] (4;+00]
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I'paduk pyukuuu F(X) nzodpaxen Ha puc.4

F(x)

1 0
1314 Fmm—m—mmm——— —
| |
| |
| |
| |
12 b = = = = — = _Q_l :

|
: | |
I | |
I | |
I | |
114 [ = = =0— : :

| | . >

Puc.4

5. MaTtemaTHyecKHe onepanum HaJl AUCKPETHBIMHU CJIy‘-IilﬁHLIMH BCJIMYNHaAMHU

HYCTI) JaHbI IBC cnyqaﬁHbIe BeNMYUHBI X U Y U U3BECTHHI UX 3aKOHBI

pacrpeeneHus

X ke I, .. Ik, Yo oproopz [ P
P

|P pr P | |ps Pr P2 P

CyMMoii (pa3HOCTBIO, TPOU3BEACHUEM) IBYX HE3aBUCUMBIX CIyYalHBIX BEJIMUUH X
u Y sBjsieTCs HOBas ciyvaiiHas BenuunHa Z = X + Y (Z= X - Y, Z= XY), BO3MOXXHbIE
3HAYEHUSI KOTOPOU COCTABJIEHBI U3 CYMMBbI (Pa3HOCTHU, TPOU3BEACHUS) KAXKIOTO
3HAYCHUS CIyYalHOW BETUYMHBI X C KaXKIbIM BO3MOXKHBIM 3HAUYEHUEM CITy4alHOU
BEJIMYMHEI Y.

Hanpumep, He3aBUCUMBIE CITy4allHbIE€ BEJIMUUHBI X - TPOU3BOJUTEILHOCTD
Tpyaa nepBoro padbouero, Y- MpOU3BOIUTEILHOCTh TPYAa BTOPOro pabovero, Toraa

HOBas ciydaiiHas BeanunHa Z = X + Y - 001ast Ipou3BOAUTEILHOCTD ABYX pabounX;
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Clly4ailHble BEJIMYUHBI: X - JOXO NPEANpUsiTHs, Y - pacXo NpearnpusiThs, Toraa
ciydaiiHas BenuunHa Z= X - Y - IpuObUTs NPEANpUATHS.

AJNTOPUTM COCTaBJICHUSI 3aKOHA paclpeeiIeHUs] KOMOMHAIIUHN CITy4ailHbIX BETUYHH
CIICIYFOLIIHM:

1. CocTaBnsitOTCSl 3HAUCHUS CTy4aitHOW BETUYUHBI Z, SIBISIONINECS KOMOUHAIUEH
3HAYCHUHN CIy4YalHBIX BEIMUYUH X U Y.

2. BeposaTHOCTH KaKI0r0 BO3MOXKHOI'O 3HAYEHUSI HE3aBUCUMOM CIIy4YalHOU
BEJIMYMHBI X IEPEMHOKAIOTCS C BEPOATHOCTAMHU KaKJIOTO BO3MOKHOTO 3HAUEHUS
Ciy4aitHOM BeqMuuHbl Y, Tak Kak Z MpeACTaBIsSIET COOOM COBMECTHOE HACTYIICHUE
CIy4alHbIX BeIUUrMH X U Y.

3. Ecnu BcTpeTarcst oJuHAKOBbIE 3HAYEHUS CIIy4alHOM BEIMYUHBI Z, TO UX
BEPOATHOCTH CKJIAJbIBAIOTCS (KaK BEPOSTHOCTU HECOBMECTHBIX COOBITUA).

4. 3nayeHus ciy4ailHOM BeIMYMHBI Z 3alIUCHIBAIOTCS B BO3PACTAIOIIEM HOPSIKE.

Ipumep 11. /lanbl 3ak0HBI pacnpeaesieHus Ko3(pPUIUEeHTOB UCIOIb30BaHU

00opyI0BaHUs IO BPEMEHH B JIBYX I1€XaX, paboTaromnX HE3aBUCHUMO JPYT OT Apyra
X 10,7 0,8 0,9
P 10,3 0,5 0,2

Y 09 1,0
P |07 0,3

CocTaBUTb 3aKOH pacrpeeeHus BenuunHbl Z=X+Y.,

Peuienue.
X 0,7 0,7 0,8 0,8 0,9 0,9
Y 0,9 1,0 0,9 1,0 0,9 1,0
Z=X+Y 1,6 1,7 1,7 1,8 1,8 19
P 0,21 0,09 0,35 0,15 0,14 0,06




22

T.K. eCTh OAUHAKOBEIE 3HAUCHUS BeauunHbl Z=X+Y: 2,=1,7n 23=1,7 ; 2,=1,8 u
Z5=1,8 , TO CKJIIaJpIBaéM COOTBETCTBYIOIINE BEPOSTHOCTH HECOBMECTHBIX COOBITHIA:
P(z, +23)=0,44; P(z4+25)=0,29

3anuiieM pe3ynbTaThl B TAOIHILY:

Z 1,6 1,7 1,8 1,9

P 0,21 0,44 0,29 0,06

6. Unc/ioBble XapaKTEePUCTHKH JUCKPETHOM CJIy4aiiHOH BeJIUYNHBI.

3aKOH paclpeiesICHUsI TaeT MOJHYI0 XapakTepucTuky JICB ¢ BeposSTHOCTHOM
Touku 3peHus. Ho yacTto ObIBarOT HEOOXOIMMBI KOJWYECTBEHHBbIE MokazaTenun CB,
KOTOpble MOTJIM OBl  BBIPA3UTh  CYIIECTBEHHBIE OCOOCHHOCTH  3aJaHHOTO

pacupeaciacHus. K takumm 1mokasaTesisiM OTHOCSTCS YUCI0BbLE Xapakmepucmuku CB

— MaTeMaTHU4ICCKOC OKNAAHUC, TUCIICPCHUA U CPCIHEC KBAAPATUICCKOC OTKIIOHCHHUC.

IIycTs 3a/1aH 3aKOH pacnpeneseHus CIIy4aiiHON BEJIMYUHBI

X X1 X2 e Xn

P Ip: P2 Pn

Onpenesnenue. Mamemamuueckum oxcuoanuem M(X) TUCKPETHON CTydaitHOM
BEJIMUUHBI X HA3BIBAETCSA CyMMa MPOU3BEICHUIN BCEX BO3ZMOXKHBIX 3HAUCHUI

CJIy4allHOM BEJIMYMHBI Xj, HA COOTBETCTBYIOIIUE 3HAYECHUS BEPOSITHOCTEN P
(i=1,...,n).
n
MX)=Xp,+x -p.+..+x -p = X -
() 1p1 2p2 npn _zipi
i=1

MaremMatndeckoe OKHaaHuE UHTEPIIPETUPYETCS KaK CPENHES 3HAUYECHHUE CITyYallHON
BEJIMYMHBI, BOKPYT KOTOPOT'O pacipeeieHbl BCE BO3MOYKHbBIE 3HAUYCHUS CIIyYalHOU
BEJIMYUHBI.

MareMaTnyeckoe 0KHUJJaHue UMEET Pa3MEPHOCTh CITy4aillHON BETUYUHBL X,
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CBoiicTBa MATEMATH4Y€CKOI'0 OKUAAHUSA.
1 . MaTremMaTtnyeckoe OKuJaHue NOCTOSHHON BenYrHbl C paBHO CaMOM MOCTOSIHHOM

M(C) = C, C = const.
2. TloCTOSIHHBIN MHOXHUTENIb MOKHO BBIHECTH 32 3HAK MaTEMaTHUECKOIO OKUJaHUs

M(CX)=C - M(X).
3. MaTtemaTnueckoe 0XH1aHue alreOpandeckor CyMMBbI IBYX HE3aBUCUMBIX
CIIy4ailHbIX BEJIMYMH PAaBHO alreOpanvyeckoil CyMMe MaTeMaTHUYEeCKUX OXKUIaHHMI
3TUX CIIyYalHbIX BemuauH M(XLY) = M(X) + M(Y),
AHaIOTNYHO IS # HE3aBUCHUMBIX CIIyYailiHbIX BEJIMYNH
M(Xy +X; +... +X,)=M(Xp)+M(Xp) +... +M(Xy)

4. MaremMaTH4ecKOe 0>KMIaHUE ITPOU3BEICHUS IBYX HE3aBUCHUMBIX CIIyYaiHBIX
BeaMYUH X U Y paBHO MPOU3BEACHUIO MATEMAaTHUYECKUX OKUIAHUM 3TUX CIydailHbIX
BEJINYHH

MX-Y) = M(X) -M(Y).
AHQJIOTUYHO IS 7 HE3ABUCHUMBIX CIyYalHBIX BEJINYUH

Onpenenenue. [ucnepcueii D(X) ouckpemmnoit ciyuaitnoii 6enuyuHbl Ha3bIBACTCS
MAaTEMATUYECKOE OKUAAHUE KBAJpaTa OTKIIOHEHUS 3HAYCHUH CIIy4YalHOW BEJIMYMHBI
OT €€ MAaTEMATUYECKOTO OKHUTAHUS

D(X)= M/X-M(X)]*.

Jucnepcust o603HaYaeTCs €mie u Tak: O “(X)  Kak BuaHO u3 OnpeIeNICHHUs],
JIMCTIEPCHUS BCETA MOJI0KUTEIbHA.

Jlucniepcust CiiydaifHON BETMYMHBI 03HAYAET Pa30opOC MM pacCessHUE 3HAUCHHM
CIIy4allHOW BEJIMYMHBI OKOJIO €€ CPEHETO 3HAUCHUS (MaTeMaTUYECKOrO OKUTaHHUS ).

3Hasl 3aKOH paclpeesICHUs, TUCTIEPCUI0 MOXKHO 3aIUCaTh:
n n 2
2
D(X) :in P~ in P
i=1 i=1

Yaiiie npuMeHsIOT Ipyryto, 6osee yaoOHyIo sl pacueToB GOpMYITy TUCIIEPCUH.

BBIBGI[CM €C, UCIIOJIb3YA CBOMCTBA MaTE€MaTUUYECKOTO OXXHAaHUuA
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D(X)= M[X- M(X)]* = M[X" - 2X - M(X) + +(M(X))’] = M(X") - 2M(X) - M(X) +
MO = MOP) - M) :
nm D(X)=0(X) =2 [x -M(X)] -p
Jlucnepcust UMEET pa3MEPHOCTD EllsanpaTa CIIy4ailHOM BEJIMYUHBI.
CpoiicTBa qucnepcum.
1. Tucnepcust mocrosiHHoM BenuunHbl C paBHa Hy 10 D(C)=0
2. IloctosiHabI MHOXUTENL C BBIHOCUTCS 3a 3HAK IUCTIEPCUM B KBaJpaTe
D(CX)=C*D(X)
3. ducnepcusi CyMMbl ABYX HE3aBUCUMBIX CITy4alHbIX BelIMuuH X U Y paBHA CyMMe
TUCIIEPCUN ITUX BEJINYUH
D(X+Y) =D(X)+D(Y)
4. lucriepcusi pa3HOCTH JIBYX HE3aBHUCHMBIX CIIy4ailHbIX BeTU4YUH X U Y paBHA CyMMe
TUCIIEPCUN ITUX BEJINYUH
D(X-Y)= D(X)+D(Y)
5. lucniepcust mpon3BeICHUS IBYX HE3aBUCHUMBIX CITy4ailHBIX BeMYUH X 1 Y paBHA
D(X-Y)=D(X) -D(Y)+D(X) - (M(Y))*+D(Y) - (M(X))".
Onpenenenne. Cpeonum keadpamuieckum (cmanoapmuuvim) omxionenuem o (X)
JUCKPETHOM CIydailHON BeTMYMHBI X HA3bIBAECTCS KBAPATHBIA KOPEHB U3 JUCIIEPCHU
Cpetiee KBagP¥IrdEe) OTKIIOHEHHE MMEET Pa3MEPHOCTb CITyYailHOI BeJTMUHHBL
Onpenenenue. Koagpgduyuenmom sapuayuu N cnydaitHo BeTUUMHBI X Ha3bIBACTCS

OTHOHICHHEC CPCAHCTIO KBAAPATUICCKOTO OTKIIOHCHUA K MAaTECMATHUICCKOMY

o(X)
OXKUJAHHIO V =
WJIaHUI0 M(X)
Nuorna 3nauenue V BeIpakaeTcs B IMpoIeHTax: V :MO(())<()) .100%

Koaddunment V (0e3pazmepHas BeIuynHa) yKa3bIBaeT HA pa30poC 3HAUCHUIM
CJIIy4allHOM BEJIMYMHBI OKOJIO €r0 CPEAHETO 3HAUECHUS.
Onpenenenne. HauaabHbIM MOMEHTOM K-ro Topsijika ClIy4aiiHOM BeTHYUHBI X

HA3bIBACTCSI MATEMATHUECKOE OKUIaHne K-OH CTEeNeHH ATON CIy4ailHON BETMYHUHBI

v, =M(X").



25

JI7 IMCKPETHOM ClTy4yaliHOM BEJIMYHMHBI
L

HadganpHbIMT MOMEHT IICPBOTO IOPAAKAa €CTh MATECMATHYCCKOC O KU IAHUC cnyqaﬁﬂoﬁ

BEJIMYUHBI X
v = M(X)
UYepes HavambpHbIE MOMEHTHI MOKHO 3aIHCATh TUCIIEPCHUIO
D(X)=v,-(1)* (3)
Onpenesienue. LleHTpaabHBIM MOMEHTOM S-TO MOPSKA CIIydaliHON BETUYHUHBI X

Ha3bIBAETCA MATEMATHUUYECKOE OKUIAHUE S—OU CTEIIEHU OTKJIOHEHUS 3HAYCHUI dTOU

cnyqaﬁHoﬁ BCJIIMYHUHEBI OT CBOCI'O MATEMATHUYCCKOI'O O KUAAHU A
_ S
p,=M(X ~M(X))

JIns1 TUCKPETHOU CITy4YaliHOM BEJIMYUHBI

u =3 (x -MOOfp,

Jist mo0o city4ailHOM BEJIMYMHBI LIEHTPAIbHBIM MOMEHT MEPBOTO MOPSIKA BCEraa

PaBEH HYJIIO
w1 =M(X -M(X)) =M(X)-M(X)=0
[leHTpanbHBIM MOMEHTOM 2-TO MOPSAKA CITyYalHOW BEIMUUHBI X SBISETCS

TUcIiepcus
pz =M(X=M(X))? =D(X) (4)
Ucnions3ys dopmyss (3) u (4) MOKHO 3amucaTh CBS3b HAYABHBIX U IIEHTPATBHBIX
MOMEHTOB:
2
Hy =v2—(1)

Uz =V3—=3vo V1 + 21/13

2 4
U, =v,—4v,-v, +6v, v =3y,

Ecmu M(X)=0, To Haya/ibHbIC U IEHTPAJIbHBIC MOMEHTBI COBIT IAIOT.
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MOMEHTBHI BbIIIE BTOpPOI'O mopsAaKa IpUMCHAIOT JJIA Oosee HO,IIpO6HOFO OIIMCaHUuA

pacrpeeneHusl.

IIpumep 12. Haiftu maremaTrueckoe 0KUAaHUE U TUCTIEPCUIO BETUYUHBI Z.

z 1,6 1,7 1,8 1,9

P 0,21 0,44 0,29 0,06

M(Z)=1,6-0,21+1,7-0,44+1,8-0,29+1,9-0,06=1,72
D(2)=M(Z°)-(M(2))*

Yt06b! Berancauts M(Z%) coctaBum Tabuiy mist Z2

72 2,56 2,89 3,24 3,61

P 0,21 0,44 0,29 0,06

M(Z?)=2,56-0,21+2,89-0,44+3,24-0,29+3,61-0,06=2,9654.
(M(2))*=2,9584
D(Z)=2,9654-2,9584=0,007.

IMpumep 13.

JlaH 3aKOH pacrpe/esieHus, HaiTH urciioBble XapakrepucTku M(X), D(X), 3(X).

X 1 2 3

p 0,6 0,32 0,08

M(X)= 1-0,6+2-0,32+ 3-0,08=1,48
D(X)=1-0,6+4-0,32+ 9-0,08 — 1,48%=0,4096
8(X)=0,64
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Teopembl 0 MaTeMaTH4Y€CKOM OKHIAHWU M TUCTIEPCUM YUCJIA TOSIBJICHU I
COOBITHSA B 1 HE3ABMCUMbIX HCIILITAHUSX
[Tycth A — HEeKoTOpOE citydaiiHoe coObITHE. HHOuKamopom coovimun A
Ha3bIBAaeTCA ClydaliHas BelMunHa X, paBHas 1, eciau coObITHE A MIPOUCXOANT, U
paBHas 0, eciiu coObITHE A HE MPOUCXOUT.

HYCTB 3aJ1aH 3aKOH PACIpPCACICHUA HHAUKATOpA coopITHSI A

X oIt
Pfa |p

Teopema 1. MatemaTuueckoe OXuAaHUE HHAUKATOPA COOBITUS A paBHO
BEPOSTHOCTH TMOSBJICHUS COOBITUS A

M(X) = p.
Teopema 2. /lucnepcus nnaukaTopa coObITUs A paBHA MPOU3BEACHUIO P(

D) = pa.
Teopema 3. Maremarndeckoe 0)KUIAHUE CITYYaWHOW BEJMYHMHBI, YUCIIA TTOSBICHUM
COOBITHS A B 1 HE3aBUCUMBIX UCIIBITAHUSAX PABHO MPOU3BEICHUIO 1P

M(X) = np.
Teopema 4. Jlucniepcus caydaifHOW BEIMYMHBI - YHCIIa TTOSBIICHUIN COOBITUS A B 1

HE3aBUCHUMBIX MCIIBITAHUAX, paBHA MIPOU3BCIACHUIO NPQ

D(X)=npq

Ipumep 14.

BcxoxkecTh ceMsiH HEKOTOPOTro copTa NIIEHUIIbI cocTaBisieT 93%. Onpeaenutsb
MaTeMaTUYECKOE OXKUJAHUE U JTUCIIEPCUIO YHMCIIa BCXOJI0B, €CJIU BbhICakeHO 7()
CEMSIH.

Pemenue. BepositHocTh TOTO, 4TO ceMena B3oiayT p=0,93, q=1-p=0,07, n=70.
M(X)=np=70-0,93=65,1.

D(X)=npg=70-0,93-0,07=4,557.
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Koumponwnwie 6onpocut
Uto Ha3bpIBaeTCA CIy4alHOW BEJIMYMHOW, TUCKPETHON U HENPEPHIBHOM CIyYalHOU
BEJIMYMHOM ?
Uto Ha3bIBAETCS 3aKOHOM PACIPEACIICHHS JUCKPETHON CITy4ailHON BETUYUHBI?
Kax coctaBmisieTcst 3aKOH pacnpeneseHus?
Kakue unciioBble XapakTE€pUCTUKN UMEET NUCKPETHAs CcllydaiiHas BEIUYrHa?
KakoBa unTepnpeTalus MaTeMaTUYECKOTO OKHUIAHUS?
Kakue BaM n3BeCTHBI CBOMCTBA MAaTEMATUYECKOTO OKUAAHUS?
UTto Ha3bIBAaETCS AUCHIEPCUEH, CPEAHUM KBaIpPaTUUECKUM OTKIOHEHUEeM? Kakue
Br1 3HaeTe cBoiicTBa aucrniepcun?
UTto Takoe UHAMKATOP COOBITHA?
KaxoBa hopmynupoBka TeopeM 0 MaTEMAaTUHYECKOM OKUJIAaHUU U JUCTIEPCUU

YHCJIa NOSBJICHUN COOBITHS B N HE3aBUCHUMBIX HCITBITAHUIX ?

. Kak cocraBnsercs 3akoH pacipcaciaCHus KOM6I/IHa]_II/II‘/JI CJ'IY“I&fIHI:IX BCJIUYMH?

10.Yto Takoe HavyaIbHBIC U IEHTPATIHHBIE MOMEHTHI?

7. 3anaHus 1J1s CAMOCTOSITEILHOM padoThl N0 Teme «/luckpeTHas ciaydaiiHas

BEeJINYHUHA»

Pemuts 3aga4y B COOTBCTCTBHUU CO CBOUM BApHAHTOM.

1.

Crpenok cTpensieT B TUpe B 1ieJb J0 IMEpPBOro mnomaaaHus (WiM MoKa He
M3pacxoayeT Bce MarpoHbl). B pyxbe crtpenka 3 matpoHa. COCTaBUTh 3aKOH
pacrpeneneHus Cly4ailHOM BETWYMHBI — YHWCIa W3PACXOJOBAHHBIX MATPOHOB,
€CJIM BEPOSITHOCTh MOMaJaHusl MpU KaxXJoM BbicTpene paBHa 0,4, MOCTPOUTH
Gyukuuio pacnpenenenus u ee rpaduk. Haittn M(X), D(X), o(X).

Ha nmognoce nexar tpu O6ynouku. BeposTHOCTh TOTO, 4TO B OyJIOUKE €CTh HU3IOM,
paBHa 0,2. CoCTaBUTh 3aKOH paCOpeAesiCHUs CIy4alHOM BEIWYMHBI — 4YHUCIa
OyJl0ueK ¢ M3IOMOM, TIOCTPOUTH (PYHKIMIO pacmpesencHus u ee rpaduk. Haittu
M(X), D(X), o(X).

Jlatorcs 4 TMONBITKA 3aBECTH MOTOLMKI A0 TEpPBOM YCHENIHON MOMBITKH.

BepositHocTh TOro, uro motouukia 3aBenercs, paBHa 0,5. CocTaBUTh 3aKOH
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pacripesiesieHus CIy4ailHOM BEJIWYMHBI — YKCIIa TIOMBITOK, B PE3yJIbTaTe KOTOPHIX
MOYKHO 3aBECTH MOTOIIMKJI, TOCTPOUTH (DYHKIIUIO pacIpeAcsiecHuss U ee Tpaduk.
Haiitu M(X), D(X), o(X).

BeposiTHOCTE BBIOpaThCS Ha MalllMHE U3 KOJIEU C MEPBOM MOMbITKH paBHa 0,5 , co
Bropoit — 0,8 , ¢ Tpetbeit — 0,6 , ¢ yerBepToit 0,4. Boautens nenaer He Oolee
YyeThIpeX MONbITOK. COCTaBUTh 3aKOH paclpeiefieHds CIy4ailHON BEIUYUMHBI —
YUCia TIONMBITOK BBIBECTH MAIIMHY W3 KOJEH, TOCTPOUTh (PYHKITHIO
pacnpenenenus u ee rpaduk. Haiitu M(X), D(X), o(X).

HoBoOpanity narorcs 4 MONBITKH BBICTPEIUTh U3 PYKbsS B MUILICHB JI0 MEPBOTO
YCIELIHOTro nonaAanus. BeposTHOCTh TOro, 4To HOBOOpaHel| nonaaet, pasHa 0,2.
CocTaBuTh 3aKOH paclpeieieHnus CIydYalHOW BEJIMYMHBl — YHCJA IIOMBITOK,
CIEeIaHHBIX HOBOOpPAHIIEM, MOCTPOUTH (DYHKIIHUIO pacIpeieicHus u ee rpaduk.
Hatitu M(X), D(X), o(X).

Ha nomoynHHUTENBHOM CeCCHM CTYICHTY JAOTCS 3 MOMBITKH TEpecaaTh dK3aMeH.
BeposiTHOCTB , 4TO CTYAEHT CIACT 3K3aMEH C MEPBOM MONBITKH, paBHa 0,4 , co
Bropoit 0,6 , ¢ Tperbelr — 0,8. CocTaBUTh 3aKOH pacHpeiesieHUusl CIy4alHON
BEJIMYMHBI — 4YHWCJa TMIONMBITOK CAaTh JK3aMEH, IIOCTPOHMTH  (PYHKITUIO
pacnpenenenus u ee rpapuk. Haiitn M(X), D(X), o(X).

BeposTHOCTE CBOEBpEMEHHOrO MPUOBITHA 3-X TMOXApPHBIX MAIIMH K odYary
BO3ropanusi coctaBisitoT coorBerctBeHHO 0,9, 0,8 m 0,85. CocraBuTh 3aKOH
pacnpeneneHus CIIy9aifHONW BEJIMYMHBI — YUCIIA TIOKAPHBIX MAIWH, MPUOBIBIIHX
BOBpEMSI K OUary BO3ropaHus, MOCTPOUTh (PYHKITUIO pacripeiesieHus U ee rpaduxk.
Haittu M(X), D(X), o(X).

BepostHOCTE TIpOM3BOICTBA HECTaHAAPTHOTO M3Aeiaus Ha (adpuke paBHa 0,05.
OTK u3 xaxaou maptuu OepeT OAHO 3a APYruM, HO He Oosee 3-x uznenumid. [Ipu
OOHapy)KCHHH CpEId HHUX IIEPBOTO HECTAHJIAPTHOTO W3JEIUS BCS TapTHS
3anepxuBaercsa. CoCTaBUTh 3aKOH pactpeeeHUs] CydyailHON BETMYUHBI — YHCIIa
HECTaHJAPTHBIX H3CIIHHA, MOCTPOUTh (DYHKIMIO pachlpeleicHus U e¢ Tpaduk.

Haritu M(X), D(X), o(X).
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9. B ogHOM u3 OTJIE]0B Mara3uHa NpojaroT oJexay. BeposaTHOCTh, YTO TOKyMaTelb
KynuT Opioku wuiu pyOamky win cButrep, paBHa 0,6. CocTaBUTh 3aKOH
pacrpeneneHus CIy4ailHOM BEIMYMHBI — YHCJIA KYIUIEHHBIX ITOKYIAaTelIeM
U3JICIINAN, TOCTPOUTh PYHKIIMIO pacnpeaeiacHus u ee rpaduk. Haiitn M(X), D(X),
o(X).

10. bab6a-fra 3agana MBany — mapeBuYy 3arajgky M TPH IOMBITKH OTrajaTrh e€.
BepositHOCTH OTrajgate 3arajky ¢ nepBoro pasa, pasHa 0,4 , co Broporo — 0,5, ¢
Tperbero pasza — 0,7. CocTaBUTh 3aKOH pACHPEACICHUS CIIyYalWHON BEJIWYMHBI —
YyCiia MOMBITOK OTrajaTh 3arajiky, MOCTPOUTH (PYHKIIUIO pacTpe/eieHUs] U ee
rpaduk. Haritu M(X), D(X), o(X).

11. Ctpenok cTpenseT B TUpE B 1Ieb 3 paza. BeposTHOCTH MomajaHus pH KaKI0M
BBICTPEJIE COOTBETCTBEHHO paBubel 0,4, 0,5 um 0,6. CocraBuTh 3aKOH
pacnpeaeneHrs CIy4alHOW BEJIMYMHBI — YHWCIA TONAJaHUN B IIEJb, ITOCTPOUTH
dyukuuto pacnpenenenus u ee rpaduk. Haittu M(X), D(X), o(X).

12.BepoaTHOCTh MPOUTPHIIIA 10 JIoTepeitHoMy Omety, paBHa 0,7. CocTaBUTh 3aKOH
pacnpenenieHus CIydyaiHOW BETWYHHBI — YKCIA BBIUTPHIINIHBIX OWJIETOB, U3
UMEIOIIUXCSL TPeX OWJIETOB, MOCTPOUTH (PYHKIIMIO paclpenescHus u ee rpaduxk.
Haiitu M(X), D(X), o(X).

13./latoTcss 3 TOMBITKKM 3aBECTH MOTOIMKI JI0 TIEPBOM YCHENIHON IOMBITKHU.
BepositTHOoCcTh TOrOo, 4Tto MOTOIMKN 3aBenercsa, paBHa 0,7. CoCTaBUTH 3aKOH
pacripesiesieHus CIy4ailHOM BETWYMHBI — YKCIIa TOMBITOK, B PE3ybTaTe KOTOPHIX
MOHO 3aBECTH MOTOIMKJI, TOCTPOUTH (YHKIIUIO pacrpeicsieHuss u ee rpaduk.
Haittu M(X), D(X), o(X).

14.B ogHOM W3 OTAEJIOB Mara3WHa MpOJAIOT OAEKAYy. BeposiTHOCTH TOro, 4To
MoKynaTeN b KynuT Oproku, paBHa 0,5, uro kynut pybamky — 0,8, 4To cBUTEp —
0,9. CocTaBUTH 3aKOH paclpeeseHns CIIy4YalHOW BEJIUYUHBI — YMCIIa KYTUIEHHBIX
MOKyNaTeJIeM W3ACIUN, MOCTPOUTh (YHKIMIO paclpeiesiecHuss U ee Tpaduk.
Haittu M(X), D(X), o(X).

15.BeposiTHOCTH BBIOpAThCSI Ha MAIIMHE U3 KOJIEW ¢ epBoi monbITku paBHa 0,4 , co

BTOopoit — 0,7 , ¢ Tperseit — 0,9. Boaurens nemaer He Oojiee TpeX MOIMBITOK.
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CocTaBuTh 3aKOH pacHpeieieHuss CIy4allHOM BEJIWYMHBI — 4YHCJA MOIBITOK
BBIBECTH MAIIMHY U3 KOJEH, MOCTPOUTHh (PYHKIIMIO paclpeneneHus U ee rpaduk.
Haiitu M(X), D(X), o(X).

16.B 300MaraszuHe MmpoaaroT TPEeX CUMMATUYHBIX KOTAT. BeposTHOCTH mpuobpectu
X035iMHa Ui Kaxnaoro koteHka paBHa 0,4. CocTaBUTh 3aKOH pacHpeleieHHs
CIy4ailHOM BEJNMYMHBI — 4YHUCJIA KYIJIEHHBIX KOTAT, TOCTPOUTHh (YHKIIMIO
pacupenenenus u ee rpaduk. Haiitn M(X), D(X), o(X).

17.ManpuMK UrpaeT B UTPOBbIE aBTOMATHI JI0 IEPBOTO BBIUTPHIILIA, IPU ITOM JICHET y
HEro XBaTUT TOJBKO HA TPU UTPhl. BEpOSTHOCTH TOTO, UTO MAIbYUKY YIBIOHETCS
doptyHa, paBHa 0,1. CocTaBuTh 3aKOH pacnpeefieHUs] CIydailHOW BEJIMYMHBI —
YHCJia BBIMTPBINIEH, MOCTPOUTHh (PYHKIIMIO pacrpeneiieHus u ee rpadux. Haiitu
M(X), D(X), o(X).

18.3meii ['opsinbia 3aman MBany — napeBudy 3arajiky U TPH MOIBITKH OTraaath €.
BeposTHOCTH OTragars 3arajiky ¢ rnepsoro pasa, pasHa 0,5 , co Broporo — 0,6, ¢
Tperbero paza — 0,9. CocraBuTh 3aKOH pacnpeAciICHUs] CIy4ailHON BEIMYHUHbBI —
Yyclia MONBITOK OTrajaTh 3arajky, MOCTPOUTh (PYHKIIMIO PACHpElesICHUs U ee
rpaduk. Haiitu M(X), D(X), 6(X).

19.JleTckuii HOBOTOJIHWU TMOJAPOK COCTOMT M3 KoH(peT. BeposTHocTs TOrO, 9TO B
NOJapOYHOM MakeTe momajeTcs KoHdera «Muiika Ha ceBepe», paBHa 0,8, 4TO
«Kontm» - 0,9, uro kondera «Crem» - 0,6. CocTaBuUTh 3aKOH pacmpeicieHus
CIIy4ailHOM BEIMYMHBI — YHCJIa KOH(ET, KOTOpble MOMaayT B HOBOTOJHUUI
MOTAPOYHBINA TAKET, TTOCTPOUTH (PYHKIHIO pacmpenencHus u ee rpaduk. Haiitu
M(X), D(X), o(X).

20.B paiioHHOW TOXXapHOW YacTW HAXOAATCS TPU MaIIMHBL. BeposaTHocTh
CBOEBPEMEHHOTO TPHUOBITHS Ha TOXap Id KaKI0M MamuHbl, paBHa 0,6.
CocTaBUTh 3aKOH pacOpeAesi€HUs] CIy4YallHOM BEJIMYMHBI — 4YHCla MallWH,
KOTOphle TpUOYAyT BOBpPEMsI K O4ary BO3TOpaHUs, MOCTPOUTH (YHKIHIO
pacnpenenenus u ee rpaduk. Haiitin: M(X), D(X), 6(X).

21.Ha BuTpuHe nexaT TpU TOpTa. BepodaTHOCTH TOro, 4ro B COCTaBE TOPTa €CTh

cryuieHHoe MoJioko, paBHa 0,8. CocTaBUTh 3aKOH pacHpeleNeHHs] CIy4ailHOM
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BEJIMYMHBI — YHUCIIA TOPTOB CO CTYIIEHKOW, MOCTPOUTh (DYHKIMIO PACTIPEEICHHUS
u ee rpaduk. Haittn: M(X), D(X), o(X).

22.Ha fOomoIHUTENbHON CEeCCUM CTYACHTY JArOTCs 3 TMOMBITKHU MepecaaTh dK3aMeH.
BeposiTHOCTh chaTh sk3amMeH ¢ Kaxaod nonbITku paBHa 0,8. CocTaBUTH 3aKOH
pacupeneneHuss CIy4ailHOM BEJIIMYMHBI — YHCIA IMONBITOK CIaTh 3K3aMEH,
nocTpouTh QYHKIUIO pacnpeaeincHus u ee rpaduk. Havitu: M(X), D(X), o(X).

23.B 300MarasmHe mpojaaloT TPeX CUMIIATUYHBIX KpOjbdaT. BeposaTHOCTH TOTO, YTO
KyIISIT TIEPBOTO KpOJibuoHKa, paBHa 0,5, yto BTOporo — 0,6, yto Tpethero — 0,3.
CocTaBUTh 3aKOH pacIpe/eieHHs] CIydalHOM BEJIMYMHBI — YHCIA KYIUIEHHBIX
KpOJb4yaT, MOCTPOUTh (QYHKIHUIO pacnpeaesneHuss u ee rpaduk. Haittu M(X),
D(X), o(X).

24.B ropone npoBOJATCS OOIIEPOCCUICKHE COPEBHOBAHUS 1O MPBIKKAM C LIECTOM.
Kaxnomy crnoprcmeHy paeTcss He Ooliee TpeX IOMBITOK. BeposSTHOCTH B3STh
HY’KHYIO BBICOTY C II€PBOM IONBITKM JUIsl JAHHOTO crioprcmeHa pasHa 0,6, co
Bropoil monbITkn — 0,8, ¢ Tperbeir — 0.9. CocTaBUTh 3aKOH pacHpenciICHUs
CJly4aiilHOM BEIMYMHBI — YHCIA MOMBITOK B3SITh HYXKHYIO BBICOTY, MOCTPOUTH
Gyukuuio pacnpenenenus u ee rpadpuk. Haiitu M(X), D(X), o(X).

25. Ha cranke wusroraBnuBaercsi 80% crangapTHeix OontoB. COCTaBUTH 3aKOH
pacnpesiesieHusl ClIydailHOM BENMYMHBI — 4YMCa CTaHIApTHBIX OONTOB M3 Tpex
MPOBEPEHHBIX, MOCTPOUTh PYHKIIMIO pacnpeaeneHus: u ee rpaduk. Haiitu M(X),
D(X), o(X).

26.BeposTHOCTh 0OHApYKEHUSI MPOCPOUESHHON MOJIOYHOM MPOIYKIIMKA Ha MPHUIaBKax
MarasuHa W3BeCTHOW po3Hu4HOW cetu paBHa 0,4. OTK w3 kaxnoi naptum
MOJIOYHOW TPOAYKIIMU OepeT Ha MPOBEPKY OJIHO 3a JAPYTUM, HO HE Oojee 4-x
u3nenuit. [Ipu oOHapykeHUM cpeiau HUX MEPBOTO MPOCPOUEHHOTO M3AETHUS BCS
napTsi MOJIOYHOM MpoayKuuu 3aaepxuBaercsa. CocTaBUTh 3aKOH paclpeeeHus
CJIy4aiiHOHM BEJIMUYMHBI — YHCIIa TPOBEPOK, MOCTPOUTH QYHKIUIO paclpeaesieHus U
ee rpaduk. Haiitu M(X), D(X), o(X).

27.B OGykMeKepcKoill KOHTOpE JeNIaloTCsl CTaBKW Ha JIOWIAJEH, Cper KOTOPhIX €CTh

Tpu ¢aBoputa. BeposaTHoCcTh, 4TO Jomaap Mo Kinuke «Jlackay mpugeT mepBowu,
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paBHa 0,9, uyro jomaas no kiuuke «Kazawp» - 0,8, uro nomanp Mo KiIWyKe
«Xasat» - 0,95. CocTaBUTh 3aKOH pacnpeeseHusl CIy4YalHON BEJIMYHMHBI — YHCIIa
nomaei-haBopuTOB, KOTOPBIE 3aiiMyT MPHU30BbIE MecCTa (paccTaHOBKA MECT HE
Ba)kHa), IOCTPOUTh (QYHKIIMIO pacnpeaencuus u ee rpadpuk. Haritu M(X), D(X),

o(X).

8. TecToBble 3a1aHus M0 TeMe «/[UCKpeTHAasI ciaydyaiiHas BeJINYMHA)
1. JIuckpeTHOI Ha3bIBAETCS TaKas Cly4yailHas BeJIMYMHA, KOTOpas IPUHUMAET
1) ToNBKO OTHO 3HAYECHUE
2) TOJBKO KOHEYHOE MHOKECTBO 3HAUCHUI
3) KoHEeUHOE U OECKOHEYHOE CUETHOE MHOKECTBO 3HAUCHU
4) 6eCKOHEYHOE HECUCTHOE MHOYKECTBO 3HAUCHUI
2. 'padmueckas popma 3aaHus 3aKOHA paCTIpeACTICHUS TUCKPETHON CITydaitHOM
BEJIMUMHBI NIPEACTABISAET COOOM
1) npsiMyto TUHUIO
2) NOJIUTOH
3) mapabomy
4) rpaduk HEKOTOPOW HEMPEPHIBHON (HYHKIIMH
3. CyMMa Bcex BEpOSITHOCTEH 3HAUCHUM TUCKPETHOM CIIy4aitHOW BETMYMHBI paBHA
1)0
2) 1
3)-1
4) +co
4. Tabnuanast popMa 3a/1aHusl 3aKOHA PACTIPEIETICHUS CIIyYaitHOW BETMYUHBI
Ha3bIBAETCS
1) cymmoii pacnipeneneHus
2) MHO>KECTBOM pacrpeeieHus
3) psazioM pacnipeaeneHus

4) nonem pacrpeaeseHus
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5. MaremaTuueckoe OXHNIAaHHC I[PICKpCTHOﬁ cnyqaﬁﬂoﬁ BCJIIMYMWHBI BBIYUCIIACTCA 110

bopmyie
n
1) in'pl
i=1
n
2) IX%i-p,
i=1
n
3) ¥ X.
i=1
n
4) T p;

6. MaTeMatnyeckoe okujjaHue oT KOHCTaHThl C paBHO

10

2)1

3) C

4) C?

7. MaTtematnyeckoe oxxuganue ciydaitHoit Benuuuabl M(CX+CY) paBHO
1) 0

2) 2C

3) CM(X) + CM(Y)

4) C*> M(X) + C* M(Y)

8. [lan 3aKkoH pacmpeneneHus JUCKPETHOM CITydailHOW BETUYMHBI.

Xj 1 2 3

pm |02 |02 |06

HavanbHbIll MOMEHT IIEPBOTO MOPSIKA PABEH
10

2) 2,4

3) 6,4

4) 0,64
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9. Maremaruueckoe oxuaanue ciydaitnoit Bennuunbl M(CX-AY+B), rne C, A, B —
HEKOTOpPBIE TOCTOSIHHBIE, PABHO

1) CM(X)-AM(Y)

2) CM(X)-AM(Y) +B

3) 0

4) C*M(X)-A?M(Y) + B

10. Marematuueckoe oxumanne oT M(M(M(X))) paBHO
1) 0

2) M(X)

3) 3M(X)

4) M(X)

11. Jlan 3aKoH pacrpeaesieHus TUCKPETHOMN CIly4ailHOM BEeTMYUHBI X.

Xj 1 2 3

m 103 |01 |06

Marematudeckoe oxunanue M(X) paBHO

1) 1

2) 2,3

3) 1,3

4) 6,1

12. IIpoBoasATCS N HE3aBUCUMBIX UCIIBITAHUI C BEPOSITHOCTHIO P TOSIBJICHUS COOBITHS
A B xaxxmoM wucnobITaHnnud. Martematudeckoe oxupganne CB - d4mciaa mosBiaeHHH
COOBITHSI A B N HE3aBUCHUMBIX HUCITBITAHUSIX PABHO

1) np

2)p

3) npq

4)q

13. Jlan 3aKkoH pacnpeeneHus TUCKPETHON CiiydyalHON BEJIMUUHBI X.

Xj 1 2 3

m |05 |03 |02

MaremaTtudeckoe oxunanue M(X) paBHO
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1) 1
2) 1,7
3) 2,7
4) 3,5
14. lucniepcusi AMCKPETHOM CIy4YailHON BEIHMUYMHBI BBIYHCIISAETCS MO (hopmMyIie
1) X P — Qi % p)?

2) :1:19‘51'?912 - ?:19‘51'?91‘)2

3) X p — Qin xip)”

4) Tiixi-p

15. Hucnepcus ot koHcTtanThl C paBHa
1) 0

2) C

3) C?

4) C*D(X)

16. Tucnepcus cnyqaitroi Benmuuntsl D(CX- AY+B), rae C, A, B — HekoTopbie
MOCTOSIHHBIE, paBHA

1) CD(X) - AD(Y) + D(B)

2) CD(X) + AD(Y)

3) C?D(X)-A?D(Y)

4) C*D(X) + A?D(Y)

17. KoaduiineHTt Bapuanuu caydyaitHON BEIMYMHBI X BBIYHUCIACTCS 10 (hopMyJIe:

) V=1
3) V=%

M{X
4)V=G:§X§

18. Mucnepcus cirydaiinoit Besmanabl D(CX+Y+B), rne C, B — HekoTopbie

ITOCTOSIHHBIC, paBHA
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1) CD(X) + D(Y) + D(B)

2) CD(X) + D(Y)

3) C?D(X) + D(Y) + D %B)

4) C*D(X) + D(Y)

19. D(X) =5, D(Y) =2, torna D(X+2Y) paBHO
1) 7

2) 9

3) 13

4) 1

20. D(X) =5, D(Y) =2, torna D(X - 2Y) paBHO
1) 3

2) 1

3) 9

4) 13

21. Jlan 3aK0OH pacnpeeieHnus JUCKPETHON CITydaifHOW BETUYHHBI X.

Xj 1 2 3

m 03 |01 |06

Hucnepcust D(X) paBHa

1) 0,81

2) 2,3

3) 1,3

4) 6,1

22. KBazipaT cpeTHEeKBaAPaTUYECKOTO OTKJIOHCHHSI CIIy9aifHOW BETMYMHBI X PaBEH

1) D(X)

2) (BT

3) M(X)

4) DYX)

23. TlpoBomsTcs 5 HE3aBUCUMBIX HCIBITAHUN C BEpPOSITHOCTBIO P=0,3 mosiBIeHUs
coObITHSI A B KaXIoM wucheITanud. Maremarnueckoe oxumanne CB - uyucna

TTOSIBJICHU COOBITHS A B N HE3aBUCHMBIX MCIIBITAHUAX paBHO
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1) 15
2) 5

3) 1,05
4) 0,3

24. ]JlaH 3aK0H pacnpe/eieHus JUCKPETHOMN CITydyaifHOM BETUYHHBI.

Xi 1 2 3

Pi 02 |02 (0,6

[{eHTpasIbHBIA MOMEHT IIEPBOTO MOPSAIKA PABEH

1)0

2) 2,4

3)6,4

4) 0,64

25. TlpoBomsTCS 5 HE3aBUCHUMBIX HCIBITAHUN C BEpOSITHOCTBIO P=0,3 mMosBICHUS
coObITUsI A B KaxkJ10M ucnbiTanuu. Jlucnepcus CB - uucna nosiBieHuit coobiTst A B
N HE3aBUCHUMBIX UCTILITAHUAX PABHA

1) 15

2) 5

3) 1,05

4) 0,3

26. HauanpHBIN MOMEHT JIJIs1 JUCKPETHOM CITyYaiiHON BETUYUHBI BEIYUCIISETCS 110

dhopmyie:

1) v = Zn: Xik Pi
i1

n
2
Vi = in Pi
=)

2)

V:nxizpik
3) 2

Vi = n X pf
5 2
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28. Cpennue kBagparudeckue otkiaoneHus o(X) = 2 u o(Y) = 3. Tornaa BeipakeHHE
D(4X-Y) paBHO

1) 73

2) 5

3) 55

4) 35
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Tema «HenpepbiBHAsI C/Iy4YalHAS BeJIMYUHA)
9. dyHkuuA pacnpeesieHusl HeMPePbIBHOM C1y4aiiHO# BeTHYNHBI
U ee CBOMCTBA

HenpepbiBHas ciayyaiiHasi BeJIMHYUHA UMEET OECKOHEYHO HECUETHOE
MHOKECTBO 3HAUEHMI1, [IO3TOMY 33/1aTh €€ B (popMe psiia pacipeiesieHus He
IPEACTABISAECTCS BO3MOKHBIM.

CymiecTBYIOT 1Be (POPMBI 33]IaHNS HENPEPbIBHOM CJIYy4YaAliHOW BeJINYHHBI:
(yHkuus pacnpeneaeHns U IVIOTHOCTDH pacnpeaeeHusi BEPOSITHOCTE.

Onpenenenue. @ynkuueil pacnpeoeneHus cayuaiHou eeaudunbl X
Ha3bIBalOT QyHKUHUIO F(Xx), KOTOpas onpenenseT A KaKI0ro 3HaYE€HUs apryMeHTa X
BEPOSITHOCTH TOTO, YTO CIIy4yaiiHas BeIMYrHa X MPUMET 3HAUYCHHUE MEHBIIIEEe X

F(X)=P(X <x)

Ecmu x = a, To F(a) = P(X < a).
3ananue cayyailHOM BeIMYMHBI X C MOMOIIBI0 QyHKIMK pactipeaenenus F(x)
YHUBEPCAIbHO, TAK KaK 3TUM CIIOCOOOM 33Jal0TCs JUCKPETHBIE U HETPEPBIBHBIC
CIIy4aliHbl€ BEJIMUUHBI.

®dynkius F(X) HaspiBaeTCs MHTErpaibHOM (PyHKIMEN pacnpe/ieiCHus.

['eomerpuuecku F(x) onpenensier BEpOSITHOCTh TOTO, YTO 3HAYEHUS CITy4aiHON
BEJIMYUHBI X B PE3YJIbTATE OMBITA OKAXKYTCS JIEBEE TOUKH X YUCI0BOM ocu Ox (puc. 5)
BeposiTHOCTB TOTO, YTO CiyyaiiHas BeIMurMHa X OKa)XeTcCs JIeBee TOUKU X, OyAeT

3aBUCETH OT MOJOXKEHUS TOUKH X, T.€. SIBIAThCSA (DYHKIMEH apryMeHTa X.

[ 4L —x

X

Puc.5
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J{ns1 HenpepbIBHOM ciay4daiinoii BeuuuHbl X GyHkiusa F(x) ssisercs
HEMpPEPBIBHOHN B 10001 Touke, nudpepeHimpyemMoii BCIo1y, KpomMe, ObITh MOXKET,
HEKOTOPBIX TOYEK, I7I€ UMEET MECTO U3JIOM.

CaoiicTBa QyHKIUM pacnpeaeieHus.
1.®ynkmus F(x) ectb HeoTpunaTenbHas QyHKIUS, 3aKITI0OYCHHAS] MEXKIY HYJIEM U
e IUHUIICH,
O<F(X)<1,
2. BeposATHOCTB TOTO, YTO ClIy4alHas BEJIUYMHA IPUMET 3HAYCHUE,
YIOBJIETBOPSIIOIIEE IBOMHOMY HepaBeHCTBY a < X < b, paBHa npupamienuto F(x) Ha
ATOM WHTEpBaJe
P@<X<b)=F®b)-F@ (5
3. @yHKUMS pacHpeesIeHUs CIIy4aiiHON BEIMYMHBI €CTh HEeYObIBatommas (pyHKIUs, TO
ectb F(x2) > F(x1) ecimmt x, > Xj.
OTO0 CBOMCTBO BBITEKAET U3 2-Tr0 cBoicTBa F(x). Tak kak

P(x, < X <X,)>0,mo F(x,) > F(x,)
CrnenctBue. [lepeitnem k mpeneny B paBeHCTBE (D) mpu X, — X;

limP(x £ X <x,) =P(X =x,),

Xo X

) = P(X =x)=0.

Ilem(F(Xz) -F(x))=0
Takum 00pa3om, BEpOSITHOCTh TOTO, YTO HETIPEPhIBHAS CilyyaliHasi BETUYMHA TPUMET
KOHKPETHOE 3HaueHHE, paBHa HYIO. [loaTOMy B paBeHcTBE (5) MOXKHO 3amucaTh
Pl@<X<b)=P@a<X<b)=Pla<X<bh)=Pa<X<b)
4. Ecnu cnydaitHas BenrurHa X 3aJiaHa Ha Bcelt uucioBoit ocu OX, TO

BBINNOJHAKTCA CJICAYIOIINE COOTHOIICHUA:

im F(x)=0 lim F(x)=1 (6)

X—>—00 X—>-+00

HeiictBurensro, lim F(X)=F(-0)=P(X <—00)=0  kak BeposaTHOCTb
X—>—00

HEBO3MOXKHOTO coObITHs, a  lim F(X) = F(+00) = P(X <+00) =1, Kak BEpOSATHOCTh
X—>—+o0

JIOCTOBEPHOTO COOBITHSI.
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10. IlnoTHOCTHL pacnpe/ieieHUs BEPOSITHOCTEN U ee CBOMCTBA
[TycTh nana HempepbIBHAS cilydaiiHas BeauunHa X, QyHKUIUA pacrpeaeneHust
kotopoit F(x), nenipepriBHas u nuddepenunpyemas. Haiiiem BeposTHOCTD
NoMalaHusl CIIy4aifHOM BETMYMHBI X HA AJIIEMEHTAPHBIN Y4acTOK
(X; x +AX).
Flx <X <x+Ax) =F(x+ Ax) — F(x)

Omnpenenenue. [Ipenen oTHOMIEHUS BEPOATHOCTH IIOIAJaHNS HEPEPBIBHOM
CITy4aifHOM BeMuuMHBI X Ha DIEMEHTapHbIH yuacTok (x + Ax) k mmmre sToro
yuactka Ax, korma Ax — 0, HassiBaeTcs niiomuocmulo pacnpedenenus
HETPEePBIBHOW CITy4aiiHOW BeM4nHBI X U 0003Hauaercs f(X)

. P(x< X <X+ AX)
m

li =f(x
AX—0 AX )
C npyroii CTOpOHBHI,
im F(x+Ax)—F(x) _ F'(x)
Ax—0 AX
CnenoBarensHo, f(X)=F'(X) (7)

['eomerprueckuii cMbich pyHKIuu f(x) caemyromuii: miomamb
KPUBOJHMHEWHOM Tpamelyy, IOCTPOSHHOM Ha oTpeske [X, X + Ax] paBHa
BEPOSITHOCTH IMOTAaHus Cy9IaiiHON BeaTuuuHbl X B mHTEpBan (X, X + Ax).
®dyukiuio f(x) Ha3pIBAIOT TaKkKe ouphepenyuanvron pynkuyuen v
ougppepeHyuanbHbIM 3aKOHOM pacnpeoeienus CIydaitHoN BeTUnIuHbI X.
Oyukuus f(X) cyrecTByeT TONBKO ISl HEMPEPbIBHBIX CITyYaiiHbIX BEJIHUYNH.

I'paduueckoe nzodpaskenue f(X) HaspIBACTCS KPUBOW pACIIPEICIICHUS.

CBoiicTBa IVIOTHOCTH pacnpeaeeHus .
1. ImoTHOCTH pacrpeieNieHns: HeoTpulaTeabHa, Tak Kak f(x) ectb mpousBoaHas ot
HeyObIBaromen pyHkiuu F(x).
2. BepoATHOCTB TOro, YTO HEMPEPBIBHAS CIIydaiiHasi BEIUYHHA X PUMET 3HAUYCHHUS

Ha uHTepBaie (a < X <b), paBHa
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Pla<X <b) =] f (x)dx

3TO CBOICTBO BBITEKACT U3 PABEHCTBA (9) ¢ ucnoyib3oBaHueM (/) u hopmyIbl

Herorona - JleiiOuuma:

F(b) - F(@=P(a<x<h),
F(b)-F(a) = j F'(x)dx = j f (x)dx

b
W Pla< X <b) = f(x)dx
a

['eomerpuueckas uaTepnperanus. P(a < X < b)-momans ¢purypsr Mexy KpuBoii
pacrnpeeneHus, mpsMbIMU X=a, X=b u ocbto OX.

3. @yukuus pacnpenenenus F(x) papaa

F(x) = | f(x)dx

B camom zexe, F(X) = P(X < X) = P(—o0< X <X) = j f (x)dx

—00

4. laTerpaj oT IJIOTHOCTH pacrpeieeHus B npeaenax (—o;+©) paseH 1:

T f(x)dx =1

—o0
[MoxcraBus B paBeHcTBO (8) a = —0© b= +© U UCIOJIb3Ys CBOKCTBO (6),

FIMEEN: P(~0 < X <o) = T f (x)dx = T F'(x)dx =

—00

I"'eomeTpuuecku 510 cBOHFES@)IHafAETo)E0 T@iEaiip, orpaHnYeHHas KPUBOM

pactpenenenus u ocbio Ox, paBHA €IMHUIIE.

IIpumep 15.

OyHKIMS pacpeesICHUs CIy4YallHOW BEIMUYHMHBI X 33/]aHa BHIPAXKEHUEM:
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0 npux<—%

F(X) = %sin(x—%)+% npu—7/, < xs3%

3
1 npux> %

Haittn nuddepennmanpayo QyHKIIUIO pacipeIe/ICHHS.

0 npux<—%

f(X)=F'(x)= %COS(X—%)npu—%gxg:g%
0 npux>3%

Ilpumep 16. HenpepwiBHasi ciyuaiiHas BenuuumHa X 3ajJaHa  MHTErpajbHOM

dbyHKIHEH pactpeaeneHus BepositHocTel F(X) .

0, X<2,
F(x)=4(x-2% 2<x<3,
1, X > 3.

Heo0Oxomumo onpeaenuth GyHKIMIO IIOTHOCTH pactpeaeinenus f(X).
PerieHue: moib3ysich ONMpeaeieHUeM, HaX0uM Hpou3BOHY0 OT (yHKImKu F(X) Ha

KaXXI0M U3 3a/JaHHBIX HHTCPBAJIOB.

0, X<2,
f(X)=F'(X)=42(x-2), 2<x<3,
0, X>3.

Ipumep 17. CnyyaitHas BenuunHa 3aAaHa quddepeHranbHon GyHKIren

pacrpeeneHus
0 npux<0
F(X)=1(x=3)2 /9 npu0<x<3
0 npux>3

Haiitu unTerpanpayto pyHknuto pacrpenenenus F(X).
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Bocnonb3yemcs Gpopmyrioii :

X
F(x)= [ f(t)dt.
—o0
Ecnu X < 0,710 f(X)=0, cmegoBaTenbHO,
X
F(x)= J0dt=0;
—00

Ecim 0 < X <3, to f(X)=(x-3)%/9, cnemoBarensbHo,

(t—33[

F(x)—det+j(X 3)° gt 7
0

Ecimu x > 3, 1o f(x)=0, ciienoBarenbHo,

27

3
F(X)= det+j(t =3° gt fodt= 3|
e 3 0

0 npux<0

F)=1(x=3)3/27 +1 npu0< x<3
1 npux>3

[Moctpoum rpaduk pyrkmuun F(X):

F(X) !

b
=
(]
A

_ (x93’ +1

27
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11. YucsoBble XapaKTePUCTUKU HeMPEePHIBHOM CIyYailHOH BeJIMUMHBI.
TeopeMbl 0 MATEMATHYECKOM OKUIAHUM U TUCIIEPCUH

HenpepbiBHas1 ciiydaliHasi BEJIMYMHA UMEET T€ KE YHCIOBBIE XapaKTEPUCTUKH,
YTO U JUCKPETHAs CilydaiiHas BeJIUYMHA.

[lycts 3amaHa HempepblBHAS CilydailHas BeauuuHa X, BO3MOXKHBIE 3HAUCHUS
KOTOpOU MPpUHAIIEKAT Beell ocu Ox, N3BECTHA TUIOTHOCTH pacnpeaeieHus f(x).

MartemaTu4yeckoe oxxuaanue M(X) HenpepbIBHON CIly4ailHOW BEJIMYUHBI X,
BO3MOXKHBIE 3HAYECHUS l£<0T0p0171 npuHaAIexKaT uHTEepBary (a; D), ompenensercs
BeIpakeHreM: M (X) :J.X- f (x)dx
Eciii BO3MOYHBIC 3HAYCHHS HENPEPHIBHOM CITydaiHON BETHUMHBI X NPHHAIUICHKAT
Bcell umucioBoil ocu Ox, TO MaremaTuueckoe oxxkuganue M(X) omnpenensiercs

CXOOAIIIMMCs HECOOCTBECHHBIM HHTETpaAJIOM BHJA.

I\/I(X):Tx-f(x)dx

Hucnepcueii D(X) HenpepbIBHOM ClTyyaitHON BEIUYMHBI X, 3aIaHHON Ha HHTEpPBaje
(a;b), sBisteTcs onpeeIeHHbIN HHTErpal BUA:
b
D(X) =j(x— M (X))?- f (x)dx
Yarie 115 pacyeTa IUCTIEPCUN TPUMEHSIOT OoJiee ya00HYI0 (hopMyTy
b
D(X) :sz- f (x)dx — (M (X))?
Ecnu Bo3MOXKHbBIE 3HAUCHUSPHETIPEPBHIBHOW CITy4alHON BEIMYUHBI X IPUHATIEKAT
Bceit uucioBoii ocu Ox, To aucnepcust D(x) onpenensiercss HECOOCTBEHHBIM

MHTCTPpaAJIOM BUA.

D(X) :T(X—M(X))Z- f (x)dx

CpeanuM KBaJpaTU4eCcKUM OTKJIOHEHHEM HEIPEPHIBHON CITy4alHOUN BEIMUMHBI X

(aHAJIOTUYHO AMCKPETHOW) HAa3bIBACTCSA KBAJIPATHBIA KOPEHb U3 AUCIIEPCUN:

o(x) =/D(X)
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CgoiictBa M(X) u D(X), paccMOTpeHHBIE IJISI TUCKPETHBIX CIIy4aiiHbIX
BEJIMYMH, UMEIOT MECTO U JJIsl HEMIPEPHIBHBIX CIyYalHbIX BETUYHH.
HavanbHblil MOMeHT K-ro mopsiaka HempepbIBHOM CIIydaliHON BETHYUHBI X

BBIYHUCIIsETCS 110 (popMyiie:
v, = [X"f(x)dx

LeHTpanbHBII MOMEHT S-TO MOPsJIKa HENPEPHIBHOM CIIy4aiiHON BETMYUHBI X

BBIYHCIACTCA KaK:

u, =[x =M OO £ ()

IIpumep 18. Haittu maremaThyueckoe OXHAAHUE, JUCIEPCHI0O W CpPEIIHEE
KBAJPaTUYECKOE OTKJIOHCHUE HENPEPHIBHOM CIIyYallHOW BEJIWYHWHBI, 3aJaHHOMU
UHTETpaIbHON QyHKIUEH

0 npu x < -2,

X

1
F(X)=<—+—= npu-2<x<2,
(x) 1275 P

1npu x > 2.

Pemenue. Halinem nuddepenuumansuyro pynkuuto  f(x) = F'(x):

2’ X<-2,
f(x)= 7 —2<Xx<2,
0 X> 2.

Haiinem maTemMaTnueckoe OXKUIaHUE
2 2 1
M (X) = L xf (X)dx = Lx-zdx =0

(ITogpiaTerpanbHast PyHKLIMS HEUETHAS, TPeeIbl HHTETPUPOBAHUS CUMMETPUYHBI
OTHOCUTEJILHO Hauyaja koopAauHat). Haliiem uckoMyto qucnepcuio, y4uThiBas, 4To

M(x)=0;
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D(x) = J‘_Zz[x ~M )] f(x)dx = J'_ZZ X2 -%dx =
= %joz X°dx = %

o(x) = «/D(x) = \/g

IIpumep 19. HenpepoiBHas ciydaitHas BenumduHa X 3amaHa aud@epeHImaibHon

dynkuumeit pactipenenenus sepostHocTeit f(x).

0, X <0,
f(x)={mx3, 0<x<1,
0, X>1.

Haittu:
1) xoapduuuent m:
2) HaWTH MHTErpaNbHYIO QYHKIINIO pacnpesencHust F(X), mocTpouTts ee rpaduk;
3) MaTeMaTHYECKOE OXKHUIaHNE U TUCTIEPCHIO dTOM CITy4aifHOW BEJTMYUHBI,
4) BepoOATHOCTh TOTO, 4YTO Cily4yaiiHas BeauunHa X TIPUMET 3HAYCHHUE,
npuHaiexkariee uatepsainy (0; 0,5).

Pemienue: 1) koadgduumeHT M HaiigeMm, UCTIOIb3Ysl PABEHCTBO

‘E:Df (x)dx=1

Torna uaTErpan Mo 6ECKOHEYHOMY TPOMEKYTKY MOKHO TIPE/ICTaBUTh B BUJIE

CyMMBI TPEX UHTETPAJIOB

+ oo 0 1 +oo
f flx)dx= f flx)dx+ f flx)dx + f fx)dx=1
— o — oo 0 1
[ToxcraBisst cooTBeTcTBYIONME 3HAaYeHHs pynkuun f(X), momyuaem

i) 1 4o
f 0dx + f mxdx+ f Ddx=1
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x* |

Orcrona M=4 u GyHKImIO f(x) MOXKHO MEPENUCATH B BUJIE:

0, X <0,
f(x)=14x3, 0<x<1,
0, Xx>1.

2) Haiitn unTerpanpHyro yHknuto pacmpeneneHus F(X).

Bocnonb3yemcs Gpopmyrioii :
X
F(x)= [ f()dt.
Ecmn X <0, To f(X)=0, cnemosarensHo,

F(x)= [0dt=0;

0

Ecin 0 < X <1, 1o f(x) = 4X%, cnemoBatensHo,

0 X 414 _
F(X)= det+j4t3dt=T =x4;
0 0

—00

Ecim x > 1, 1o f(X) = 0, cmenoBaresibHO,

0 1 X 4t41
F(x)= [0dt+[4t3dt+[0dt="— =1
4
—0 0 1 0
0, x<0,
F(x)={x% 0<x<1,
1 x>1.

[Toctpoum rpaduk yrxuu F(X):
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F(x)

Puc.7.

3) BeunciimM MaTEeMaTHYECKOS OXKHIAHUE

M(X) = f:x-f(x)dx= fﬂlx-alxgdx:

| e
o
u
=13
|

v e

= 0,8

Beruncium nucrniepcuro

D(X) = [, x* - f(x)dx — (Mr;)fj)2 = jﬂl x2 - 4x3dx — (0.8)% = §x6|ﬂl—o,64

~ 0,67—0,64 ~ 0,03

4) Haiinem BepOSTHOCTH TOr0, YTO CiydyaiiHas BeldMYMHAa X TpPUMET 3HAayYCHUE,
npuHaexaiiee uarepsaiy (0; 0,5)

Pla<X <b)= [ f()dx= [ 4x®dx = x*|3°=0,5% = 0,0625

Hpumep 20. Cnyyaitnas BenuurHa X 3a7aHa GyHKIUEH:

Onpux<-2,

f(x)= (—%)Xs npu —2<x<0
0 npu x>0

Haiitn HauanbHbIC U HCHTPAJIbHBIC MOMCHTEI 1O YCTBCPTOI'O IIOPAAKA.

HavanbHbIli MOMEHT OIpeaensercs Tax:
v, =M (X")
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J1714 HenmpepbIBHOM CIIy4YalHON BEJTMYUHBI
400 ‘
v, = [X"f(x)dx
Harinem HayanpHBIE MOMEHTBI

19 1:° o

4
=M(X)= X dx=—-— =-1,6;
Vl ( ) 4_.'.2 4 5 _2
0 6
_ 2y 1 5, 1x7jo _
vpom(x2)--t e 1X00 o pe
2
3\ 1Y% 1x’ o
v3=I\/I(X ):- [xPdx=-= ‘ =32/ ~ 45T,
4712 /
-2
0 8
\% —M(X4j: —jx7dx=———O =8
4 2 —2

[lenTpanbHBId MOMEHT ONPEACIISIETCS TaK:
S
#=M(X M (X))
JIns1 HenpepBHIBHOW CIIyYaHOW BEITMYHUHBI
p = flx =M OF £ (x)dx
Hcnonb3ys CBA3b HAYaIbHBIX U LIEHTPAIbHBIX MOMEHTOB:
_ 2
Hy =Vy— (Vl)
My =V =3V, vV, + 2v,°

2 4
M, =V, =4,V +6v,-v" =3y,

HaleM IICHTPAJIbHbIC MOMECHTBI
#,=D(X)=v, - V12 ~2,67—(16)* ~0,11;
py=v,—3v v, +2v°~-457+3-16-2,67-2-(16) ~0,054

=v —4vv 2
Hy=Vy =) 3+6V1V2

~3y,* ~8-4.16-(-457)+6-(16) - 2673 (16)' ~58,5984
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Koumponwvnwie éonpocot
1. Yto Takoe GyHKIMS pacnpeeieHus CaydailHoW BeTMUnHbI?
2. Kakumu coiicTBaMu 001aaeT GyHKIMS pacipeneaeHus ?
3. Uro Takoe IIOTHOCTh paclpeesieHUs] HENPEPbIBHOM CITy4yaliHOM BETMYUHBI?
4. Kakumu cBoiicTBamu obOnanaeT nuddepennranbaas GyHKIms?
5. Kakue uncioBble XapaKTEpUCTUKU UMEET HEIIPEPhIBHAS CllydaliHas BEJIUUMHA?
6. Kak onpenensercs MaTeMaTHUECKOE OKUAAHNE HEPEPHIBHON CIIy4aiiHOMN
BEITUINHBI?

7. Kaxk onpenensieTcst nucrepcus HEMPEPHIBHOMN CITy4ailHOM BEJIMYUHBI?

12. 3apanus 1Js1 caMoCTOATEIbHOI padoThl o Teme «HenpepbiBHast
CJIyYailHasi BeJTMYNHA
3aganme. HenpepriBHas ciydaitHas BenuuuHa X 3amana auddepeHImanbHon

dynkuumeii pacnpenenenus sepostHocTeil f(x). HaiiTu B COOTBETCTBHY C TaHHBIMH,

MPUBEICHHLIMU B BapUAHTE:

1) koshuueHt m;

2) HaWTH HWHTErpadbHYI0 (QYHKIMIO pacnpeneiacaus F(X), moctpouts ee

rpaduk;

3) MaTeMaTUueCcKoe OKHUJIaHUE U JUCTIEPCHUIO ITOW CITy4alHOUN BEJIMYUHBI;

4) BEpOSITHOCTh TOTO, 4YTO ClydailHass BeJWuyMHa X TMPUMET 3HAYCHHUE,
MpUHAJIeKAIEEC UHTEPBATY (c, d).

JIns BapuanTtoB ¢ 1 o 10 pemuts 3amauy 1;

1u1st BapuanToB ¢ 11 no 20 pemnts 3a1auy 2;

IJ1s BApMaHToB ¢ 21 mo 27 pemuTs 3a1a4y 3.

3agaua 1
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13. TecroBble 3aganusi mo TeMe «HenpepbiBHAA cayyaiiHAsl BeJTHYHHAY
1.HenpepbIBHOM Ha3bIBAETCA TaKas Cily4yailHasi BEIMYMHA, KOTOpask IPUHUMAET
1) xoHeyHOE UM OECKOHEYHOE CYETHOE MHOYKECTBO 3HAUCHHI
2) TOJIBKO OJIHO 3HAYCHHUE
3) OeCKOHEYHOE CYETHOE MHOKECTBO 3HAUYCHUI
4) OGecKOHEYHOE HECYETHOE MHOMXECTBO 3HAYCHU N
2. BeibepuTte n8e (hOpMBbI 33/1aHNS HENMPEPHIBHON CITy4aiiHON BEIMYUHBI
1) dyHkuus pacnpeneneHus v psjl pacrpeaeacHus
2) TIOJIMTOH U PsAJ pacTpeIeICHUs
3) dyHKuuMs pacnpeneneHus U MIOTHOCTb pacipeaeaeHus
4) MIOTHOCTD paclpeaesieHus U psijl pacupeeIeHus
3. 15t HenmpephIBHOM clTydyaiiHOM BETUYMHBI X U KOHKPETHOTO 3HAYCHUS a
BeposaTHOCTh P(X = a) paBHa
10
2) 1
3) +o
4) —oo
4. Ecnu HenpepbIBHAs Cly4yaiiHas BelMuuHa X 3ajaHa Ha Bcei yucinoBoi ocu OX, To

lim F(X) paBen
X—>—00

10

2) 1

3) -1

4) —o

5. ®yukuus pacnpeaenenus F(X) o0nagaer cieayromuM CBOHCTBOM
1) 0<FXx) <1

2) F(x)>0

3) Fx)<1

4) 0<F(x)<1

6. ®yukuus pacnpenenenus F(X) paBHa
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1) Fx)=J"_ f)dx

2)  F(x)= fm xf (x)dx

3) F() =/ f(x)dx

4) F(x)= j:: xf(x)dx

7. Ecnm f(X) - mmoTHOCTE pactipeenieHust HENPEPBIBHOW CITy4alfHOW BEJIMYMHEL, TO

OHa paBHa
1) [* F(x)dx
2) [TTF(x)dx
3) F(x)
4) F (x)

8. CiyuaitHas BenuuMHa 3a1aHa nuddepeHnmranbion GyHKIUEH pacpeneneHus

0 npux<0
f(X)=12x/9npu0<x<3
0 npux>3

Wuterpanbaas GyHkIms pacnpeaeicnus F(X) mpu X >3 paBHa
10
2x
2) =
) 9
3)1
2
X
4) =—
)3
9. Ecin f(X) - mI0THOCTH pacrpeeacHus HEMPEPhIBHON CIyYailHON BEIMYMHBI, TO

WHTETPaJ Ha BCEH YNCIIOBOM OCH _}:f f(x)dx paBen
1) 1

2) 0

3) +

4) — oo

10. ITnoTHOCTH pacmpenenenus f(X)
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1) HeoTpuLIaTEIbHA
2) oTpuLIaTeNbHA
3) HENOJIOKUTENbHAS
4) moJIoKUTEIbHA
11. Maremarnueckoe oxunanue M(X) HempepbIBHOM CIIy4ailHOW BETMYUHBI X,

3aJIaHHOM Ha BCEH YMCIOBOM OCH, OIpenensieTcs no popmyJe:
D MX) =[x f(x)dx
b
2) M(X)= [ x- f(x)dx
3) MX)=["" %% f(x)dx
+oa
4 MX)=[_, f(x)dx
12. HayanbHbII1 MOMEHT HETIPEPHIBHOW CITy4aifHOW BETTMYUHBI OIIPEIEISIeTCS 110
dbopmye

1) v = [ X F (ax

—0

2) v, =+f° x* ¥ (x)dx

—00

3) v, = xf (x)dx

4) ok
V.= [ x=f 7 (x)dx

13. qucnepcus D(X) HenmpepbIBHOW CITy4aifHON BEIMYUHBI X, 3aJaHHON Ha BCEH

YHCIOBOI OCH, OMpeeNseTcs 1o GopMyJie:
1) D(X) = [ x% - f(x)dx — (M(X))?
2) D(X) =f:’9r:2 - fl)dx — (M(X))?

3) D(X) = [ x? - f(x)dx — M(X)

4) D(X) = [ x? dx— (M(X))?
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14. HenpepwiBHasi ciyyaiiHas BeluuMHa X 3ajlaHa

UHTErpabHON (yHKIHEH

pactpenenenus BepostTHocTer F(X) . Beibepure Bepryro Gpynknuio F(X)

0, X <1,
F(X)=4(x-1), 1<x<2,
1 X> 2.
0, X <1,
F(X)=1(x-1), 1<x<2,
0, X> 2.
-1, X <1,
F(X)=1(x-1), 1<x<2,
1 X> 2.
0, x<1,
F(X)=4(x-1) , 1<x<2,
2, X>2.

15. Tucniepcus D(X) HenpepbIBHOM ClydaifHO# BETMYNHBI, 3a1aHHOW Ha HHTEPBAJIC

(a, b) BeIUKCIsICTCS KaK:

1) D(X) = [, 22 - fF()dx— (M(X))?
2) D(X) = [, x - F(x)dx — (M(X))?
3) D(X) = [, x* - f(x)dx — M(X)

4) D(X) = [77 2% - f)dx — (M(X))>

16. lana ¢pynkuus mwiotoctH f(X)

0, x<0,
f(x)=42x, 0<x<1,
0, x>1.

Maremaruyeckoe OXKHUJaHUC PaBHO
1) 1
2) 2
3)%
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4) 0,5
17. Ecnu HenpepbIBHAsA ciaydyaiiHas BeIMYMHA X 3aJlaHa Ha Bcel yncinoBor ocu OX,

to lim F(X) paBen
X—>+0

1) 0

2) 1

3) -1

4) + oo

18. llenTpanbHbIil MOMEHT BTOPOTO MOPSIKA HEMIPEPHIBHON CITy4alHOM BEIMUMUHBI X
paBeH

1) M(X)

2) D(X)

3) 6 (X)

8 J7T

19. HenpepoiBHas ciyuyailHas BenuuMHa X 3a/1aHa byHKIIMEH IUIOTHOCTU

pacnpenenenus BepostHocteit f(X) . Beioepure Bepryto ¢pynkimio f(X)

0, X <0,
)f(x)=405%, 0<x<2,
1 X>2.
0, X <0,
2)f(x)=405%x, 0<x<2,
0, X>2.
-1 x<0,
3)f(x)=10,5x, 0<x<2,
0, X>2.
0, X <0,
4)f(x)=405x, 1<x<2,
0, X> 2.

20. Jlana ¢pynkuus mwiotHoctr f(X)
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0, x<0,
f(x)=42x, 0<x<1,
0, x>1

BeposaTtHocTs TOTO0, 4TO Ciy4yaiHas BeJInurMHa X MPUMET 3HAYCHHUE U3 ITPOMEKYTKA
(0, 0,2) paBHa

1)0

2) 0,0053

3) 0,04

4) 1

21. f; x? - f(x)dx=7, a M(X) = 2,5. 3nmauenue D(X) pasHo

1) 45

2) 9,5

3) 0,75

4) 0,5

22. llenTpasibHBINE MOMEHT MOPSKA S [l HEMPEPHIBHOM CIIy4aitHOM BEIIMYUHBI

BBIYUCIIsIETCS 110 (popMyIie

Doy -7 [xi M (X)js  (X)dx

—0o0

2) u =] [ ~MX)RF(x)dx

— o0

3) u, :j‘” (x. = M (X))f (x)dx

4) = | [ ~MOOP £5(x)ax

23. [ x% - f(x)dx =4, D(X)=2,75.3nauenue M(X) pasHo
1) 15

2) 2,25

3) 6,75

4) -2,25

24. CnydaiiHas BenuurHa 3aaHa quddepeHimanbaoi pyHkumuen pacnpeaeneHus
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0 npux<0
f(X)=12x/9npu0 <x<3
0 npux>3

Wnrerpansbhas ¢pynxuus pacupenenenus F(xX) mpu X <0 paBua
1) 0
2) %~
3)1
2
4)—
25. M(X) =0,5, D(X)=0,75 . 3nauenue [, x> - f(x)dx pasHo
1)1
2) 1,25
3) 0.25
4) 0,5
26. CpenHee KBagpaTHIecKoe OTKIOHEHHUE G (X) HEMPEPHIBHOM cly4yaitHOM

BCIIMYMHBI PaBHO

1) D(X)
2) /D)
3) JVE)

4) D*(X)
27. CnyuaiiHas BennuuHa 3a1aHa quddepeHnnansHoi GyHKIMen pacupeaeacHus

0 npu x<0
f(X)=12x/9npu0 <x<3
0 npux>3

28.1nrerpanbHas ¢pyHknus pacnpenesnenus F(X) mpu 0<x<3 paBHa

1) 0

2x
2) N
3) 1

%2
4) 5
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Tema «CucremMsbl CIy4ailHbIX BeJTHYHH))
14. Cucrtembl ciiy4ailHbIX BeJIUYHUH.
3akoH pacnpeneseHUs1 ABYyMEPHOM CIIy4YAHHOU BeJIMYMHbI
PaccMmoTpuM crcteMy JBYX TUCKPETHBIX ClydaiHbIX BenuuH (X;Y).
[Tycts X mpuHUMAET N 3HAYEHUU: X1, X2 ...,Xn; Y-M 3HAUCHHUIA: Y1,Y>, ..., Ym. OO03HAUNM
4epes Pjj BEpOSATHOCTB TOTO, YTO CiIydaiiHas BeJM4nHa X IMPUMET 3HaYeHHUeE X, a Y -
3HAa4YEeHUE Y.
3aKOH pacrpeaeIeHUs] TAKOM CUCTEMBI CITyYalHbIX BEJIMYMH 331a€TCS MATPULICH

pacipCaciCHuA, HpeI[CTaBJ'IeHHOﬁ B Ta6JII/ILIe 3.

Ta0muna 3
X\Y Y1 Y2 . Yj e Ym
X1 P11 P12 P, Pim
X2 P21 P2,2 P2, P2m
Xi Pi1 Pi,2 Pi; Pim
Xn pn,l pn,2 pn,j pn,m

pi=P(X=x;Y=y)), i=1,2,..n;j=1,2,...m
> pij =1
i

Onpenenenue. [IpsimoyronpHas Tabaua yucea U3 N CTPOK U M CTOJIOIOB
Ha3bIBACTCS MATPULIEH.
Ecnu 3agana takas tabiuniia 3aKkoHa pacnpezesnenus cuctemsl AByx CB, To mo e

MO>KHO COCTaBUTh 3aKOH paclpeesieHus Kax 101 oTaenbHoi CB.

P(X =

Xi) = Z Pij ~CYMMHUPOBAaHHE IO i-TOM CTPOKE.
i

Harinem

P(Y =yj)= Z Pij - cymmuposanue no j-romy cronbigy.
J



62

Ipumep 21. meercs noptdenb akiuii, COCTOSAIINN U3 ABYX TUIIOB aKIIHM,
OTJIMYAIOIIUXCS IO 0KUJIaeMbIM HOpMaM NpuObLIU. COCTaBUTH 3aKOH
pacnpeneneHus ciaydyaHbIX BeuuuH X U Y. 3aKOH pacipeiesieHus CUCTEMbI

CJ'Iy‘IaI‘/JIHI)IX BCIINMYHH 3a1aCTCA ManI/IHeﬁ PacipcaciCHusd, HpCI[CTElBJICHHOﬁ B

Tadymue 4.
Taomuna 4
['ny6. Crian Poct MorH.
pocT
X\Y 0,4 0,2 0,3
[ny6.craz 0,3 | 0,2 0,15 0,05
Poct 0,1 | 0,1 0,11 0,14
MOLIH.pOCT 0,5 I 0,08 0,05 0,12
X [03 [01 [05 Y 04 102 103
P |04 |035 [025 P 038 [031 [0,31
P,1=0,2+0,15+0,05=0,4 P,,=0,2+0,1+0,08=0,38

Px.=0,1+0,11+0,14=0,35 Py»,=0,15+0,11+0,05=0,31
P«s=0,08+0,05+0,12=0,25 P,3=0,05+0,14+0,12=0,31

Y Cc10BHBIM 3aKOHOM pacipeiesieHUs] OJHOW U3 BEJIMUMH, BXOSIIUX B CUCTEMY
(X,Y), Ha3bIBaETCS 3aKOH pacipeaesieHus Y MpH YCIOBHH, 4TO X=X;, WK 3aKOH
pacrpenenenus X IpH yclIoBuH Y =Y.

B Hamewm cnyugae

P(Y =Y/ X =%)=P(X =Y =y;)/ P(X =%);

P(X =X /Y=yj)=P(X =Xi,Y=yj)/P(Y=yj)
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0,05

PY=y,/X=x)=P,/P, = 0’4 =0,125;
0,08 4
P(X:XSIY=yl)=P31/Py1=038=19

Omnpenesenue. CB X u Y, oOpa3sytonue CUCTEMY, Ha3bIBaIOTCS HE3aBUCHMBIMU,
€CJIM 3aKOH paclpeaesicHUs KaXI0i U3 HUX HE 3aBUCHUT OT TOT0, KaKOe 3HAYCHHE
MIpUHSIIA IpyTasl.

Heo0xoauMbIM U TOCTAaTOYHBIM YCJIOBHEM He3aBUCHUMOCTH TUCKpeTHBIX CB XY

SIBJISICTCSI PABEHCTBO
Pi=Pi-P; (=12..nj=12..m)
B npumepe 21 P4;,=0,2; P,,=0,4; P,,=0,38
P - Pyl =0,4-0,38=0152 # P, =0,2 =X 1 Y He SBISAIOTCS HE3aBUCUMBIMH.
Haiinem yciioBHBIE pacipe/Ie/ieHHs U YCIOBHBIE MAaTEMAaTUYECKUE OKUTAHUS

X=x,=0,3 (111 cocTaBlIeHUs TAOJIUIIBI YCIOBHOTO paclpe/eeHus 3HaYCHUs

BEPOSATHOCTEH OepeM u3 1-0i cTpoku TabmuIbIl U 1enuM Kaxaoe 3HaYeHHe Ha Py;)

Y 04 |02 |03

P 102 |015]005
0,4 04 (04

0,2 015

MY /X =) =04 +02- 2 +03- 352 0,05

04 04 =0,3125

X=x,=0,1 (3HaUeHUs BEPOATHOCTEHN OepeM 13 2-0¥l CTPOKHU TabiuIbll U neaum

KaXX70€ 3HaucHHE Ha Pyp)

Y 04 (02 |03

p 01 |011 014
0,35 | 0,35 | 0,35

01 40,2 011 +03. 914 014

MY/ X =x%5)=04-53¢ 035 """ 035

~ 0,297
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X=x3=0,5 (3HaUeHUs BEpOSATHOCTEH OepeM 13 3-0i CTPOKU TaOauIbIl U 1eaum

Ka)XJI0¢ 3HAUCHHUE Ha Py3)

Y 04 |02 |03

P 0,08 | 0,05 | 0,12
0,25 | 0,25 | 0,25

o\~ 008 0,05 012
MY /X =X3) =04- 552 +0,2- 52 +03: 125 = 0312

Y=y,=0 (3HaueHust BeposiTHOCTEH Oepem u3 1-oro crosdua Tabuuipll U 1eaum

Kak710€ 3HaueHue Ha Py;)

X 03 |01 |05

P 102 | 01 0,08
0,38 | 0,38 | 0,38

M(X /Y =yy) =01- 2% 40,2 +0,4- 2

0,2 0,2 0,2 =0.25

Y=y,=0,2 (3HaueHUs BEpOATHOCTEMN OepeM u3 2-oro cTosdia Tadauibil u genum

Kak10e 3HaueHue Ha Py,)

X 03 |01 |05

P 0,15 | 0,11 | 0,05
0,31 | 0,31 | 0,31

o y_na 015 011 0,05
M(XIY =y,) =032 +01 red +05: 22 = 0,266

Y=y5=0,3 (3HaueHus BeposATHOCTEH OepeM u3 3-To cTonbma Tabmuiell U genum

Ka)k710€ 3HaueHue Ha Py3)

X 03 (01 |05

P 0,05 | 0,14 | 0,12
0,31 | 0,31 | 0,31
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0,05 +01.014 014 +05. 912 012 _0.287

MX/Y =y3)=03-537+01- 537 +05537

15. YncsioBble XapaKTEPUCTUKU CHCTEMBI JIBYX CJIYYaiiHbIX BeJTHYHH.
HavanbHble 1 HeHTpPaJbHbIe MOMeHThI. KoBapuanus u ko3¢ Ppuument

KOppeJsiunu.
Haunbouee pacnpocTpaHeHHBIMH YMCIOBBIMH XapaKTEPUCTUKAMK chcTeMbl AByX CB
ABJISIIOTCS. HAYAJIbHBIE U [ICHTPAJIbHBIE MOMEHTHI PA3HBIX MOPSIKOB.

Omnpenenenne. HauaabHbIM MOMEHTOM TOpsi/iKa K+S Ha3bIBaeTCS MaTEMaTHIECKOE

oXmMIaHKe OT mpomsBenerns XY °

Vies = M(XKY®)

Onpenenenue. LleHTpajbHBLIM MOMEHTOM TOpsika K+S Ha3bIBaeTCS

MAaTCMaTHICCKOC OXKUJIaHHUC OT IIPOU3BCACHUA OTKJIOHCHH U
A o =M(X=MXD“Y =M (Y))®)

Wnu no-npyromy

Vk,s —le yjplj

thes =D (%5 =MX) (y; =M (Y))* - p,
By
HauGoinee pacnpocTpaHeHbl MOMEHTHI IIEPBOTO U BTOPOTO MOPSAKOB (TIOPSIOK-ITO
k+s)
Vig=M(XYY %) =M(X);
Vo1 =M(XYH)=M(Y);
t0 =M(X-M(X))=0;
tor =M —=M(Y))=0;
Hy o =M ((X =M (X))?) = D(X);

Hop =M((Y =M(Y))?) = D(Y);
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ty =M X =MX) -M(Y))
Ay 1 Ha3bIBACTCA KOBapHaHHeﬁ HJIM KOPPEIAIIHOHHBIM MOMECHTOM U o0o3HayaeTcs

cov(X,Y) nim

cov(X,Y) =D (x =M (X)(yj —M(Y))- pjj;
0y
D(X)=cov(X,X); D(Y)=cov(Y,Y)
OTtHo1IeHUE
cov(X,Y)
Xy =—"_ _
GX * O-y
Ha3bIBaeTCs KOG PUIMEHTOM KOPPeJIsSIIUH. -
o, =0, (X) =./D(X) -cpennexBagparnueckoe OTKIOHEHHE CIIYIaiiHOMN BEITNUHNHBI
X;

oy =0y (Y)=4/D(Y) - cpenHekBaspaTHIecKOe OTKIOHEHHE CITyqaiHON BETHIMHbI

Y.

DKOHOMHUYECKHIi CMBICJI YMCJIOBBIX XapaKkTepucTHk cuctemsl (X,Y) :

M(X) u M(Y) — 310 0’ku1aeMbie HOPMbI IPUOBLIH TI0 ABYM THIIAM aKIIHIA;

D(X) umu o(X) =+/D(X) noxassiBaer cTenens pa3opoca BEpOITHOCTHOTO

pacrnpeneneHus HOpM NMPUObLTH KOMITaHUU X, a 3HAYUT, CTENEHb PUCKa

WHBECTUIIMOHHOTO MpoeKTa X.
D(Y)u o(Y)=4/D(Y) ananorn4no nokasplBaroT CTENEHh PHCKA HHBECTHUIIMOHHOTO

npoekTta Y.
KoaddurmenT xoBapuarmm u3MepsieT ABE BETUIHHBIL:
1) BapuaIyio HOPMBbI MPUOBLIX IO JIBYM THIIaM aKIIU;
2) TEHJCHIIUIO JIBM)KCHUS ABYX THIIOB aKIIMK BBEPX U BHHU3.
Ecnu ko3¢ duiineHT KoBapuauu MoJ0KUTEIbHBIA U OOJBIION, TO 00€ TPYTIIIBI
aKIM{ U3MEHSIOTCS B OJTHOM HalpaBJIeHUH, 00€ BBEPX WUJIM 00€ BHU3. 3HAYUT €CTh

PHCK pa30pUTHCS IIPHU MTOKYIIKE ITUX BUIAOB AKIIUH OJHOBPEMEHHO.
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Ecnu ko3¢ ¢unmeHT koBapuauy OTpULIATEIbHBINA U OOJIBIION, TO OJTHU aKLIUU UAYT
BBEpX, a Apyrue - BHU3. [lokymka akiuii Takoro Trra o0ecneynBaeT OOIBIIYIO
CTaOUIIBHOCTb.

Ecnu koa¢¢dunmeHT koBapuauy NpUHUMAET OYEHb MAJICHbKUE 3HAYEHMSI, TO 3TH
THIBI AKIUN U3MEHSAIOTCS KaXIbli I0-CBOEMY HE3aBUCUMO APYT OT IPYyTa, CBA3b

MEXy HUMU O4E€Hb MaJla.
JUIst IBYX U3BECTHBIX 3aKOHOB PACIPEEICHUS CIIydailHbIX BeTUYrH X U Y U3
npuMepa 21 BBIUKCIUM UX MATEMATUYECKUE OKUJAHUSA U CPEIHUE KBAJPATHUECKUE

OTKJIOHCHUA

X 103 |01 |05

P 04 |035 0,25

P 0,38 |0,31 | 0,31

M(X) = 0,3-0,4+0,1-0,35+0,5-0,25 =0,28

M(Y) = 0,4-0,38+0,2-0,31+0,3-0,31=0,307

D(X) =0,09-0,4 +0,01-0,35+0,25-0,25 — (0,28)% =0,0236
D(Y) = 0,16-0,38+0,04-0,31+0,09-0,31 — (0,307)?= 0,006851

Oy = GX(X) =,/ D(X) =~ 01536
oy =oy(Y)=yD(Y)=0,0828
Torga KoBapHaust BEIYKCISAETCS KakK

Cov(X,Y) =2 (x =M (X))(y; ~M(Y))- p;

Nnu MoxHOo 1o 6osiee y1o0HOM A1t cueta Gpopmyrie:
cov(X,Y) = ZZ X;¥iPij — in Pi- ZJ’jpj

i i 1 i
cov(X,Y) =0,3-0,4-0,2+ 0,3-0,2-0,15+ 0,3-0,3-0,05+ 0,1:0,4-0,1+
+0,1-0,2:0,11+ 0,1-0,3-0,14+ 0,5-0,4-0,08+ 0,5-0,2-0,05 +
+0,5-0,3-0,12 - 0,28-0,307 = 0,00094
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Tak kak ko3 PUIIEeHT KOBapHallMi MPUHUMAET OYEHb MAJICHbKOE 3HaYEHUE, TO ITU
THUIIBI AKIIUK U3MEHSIOTCA KaXK]IbI MI0-CBOEMY.
Berunciinm ko3 ppuuueHT Koppeassuuu Mexay X u Y
cov(X,Y)
XY ="
O-X ¢ O-y

0,00094

"y ~01536.00828  07°

U cBs3mn MCKAY HUMH HCT.

KOHmPOJleble eonpocol

1. Yto Ha3pIBaeTCA MAaTPULIECH pACTIPEACICHUS ABYMEPHOU CIIydYaHOU
BEJIMYUHBI?

2. KakoB MaTeMaTH4eCKU CMBICT 3JIEMEHTOB MaTPHULbI PACIIPEACICHUS ?

3. Uto Ha3bIBa€TCS HAYAIBHBIM U IEHTPAJIbHBIM MOMEHTAMU MEPBOTO U BTOPOTO

MOPSAAKOB IBYMEPHOU TUCKPETHOM CIIy4YallHOW BEJIMYMHBI?

4, UTto Takoe yCIIOBHBIN 3aKOH pacnpeneneHus X Ajig IByMEpHOU ciydaiiHOU
Beanunnsl (X, Y)?

S. KaxoBo omnpenenenue koddduiimenta kopapuaum?

6. Yrto takoe korhPuimenT koppensun’?

16. 3aganus AJs1 caMOCTOATEILHOI padoThl M0 TeMe «CHCTEeMBbI CIy4YailHBIX
BEJTUYHH»

Pemmts 3a1auy B COOTBETCTBUU C BAPUAHTOM.
Cucrema IByX TUCKPETHBIX CIydyalHBIX BeMuuH X U Y 3a7aeTcsl B BUIE TaOIUIIbI
(cm. BapuaHT).
1. HaiiTi ycioBHbIe pactipeesieHns U YCIOBHBIE MATEMATUYECKUE OXKUIAHUS
2.Beruncants k03gduuuent koppeaauuu Mexxay BennunHamMu X u Y. Crenath
BBIBOJI O TECHOTE WX CBSI3H.
3. Boruncnuts ko3 puirent koBapuanuu mexay sennunHamu X u Y. Caenatsb

BBLIBO/I.



Bapuant 1

Y |1 3 4
X
2 0,15 0,1 0,25
3 0,15 0,2 0,15
BapuanT 2
Y |1 3 4

X
2 0,1 0,1 0,1
3 0,3 0,2 0,2
Bapuanr 3

Y 1 3 4
X
2 0,1 0,1 0,1
3 0,2 0,2 0,3
Bapuant 4

Y 2 3 5
X
1 0,2 0,1 0,2
4 0,2 0,15 0,15
Bapuant 5

Y 2 3 S)
X
1 0,2 0,15 0,15
4 0,2 0,1 0,2
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BapuanTt 6

Y 2 3 3)
X
1 0,1 0,2 0,15
4 0,3 0,1 0,15
Bapuant 7

Y 0 2 4
X
6 0,35 0,1 0,1
8 0,25 0,1 0,1
BapuanT 8

Y 0 2 4

X
6 0,15 0,2 0,2
8 0,25 0,1 0,1
BapwuanT 9

Y 0 2 4
X
6 0,25 0,2 0,1
8 0,25 0,1 0,1
Bapuant 10

Y 1 3 S)
X
2 0,15 0,2 0,25
4 0,15 0,1 0,15
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BapuanTt 11

Y 1 3 3)
X
2 0,25 0,2 0,15
4 0,15 0,1 0,15
BapuanT 12

Y 1 3 3)
X
2 0,15 0,2 0,15
4 0,15 0,2 0,15
Bapuant 13

Y 2 4 5

X
1 0,15 0,15 0,2
3 0,2 0,1 0,2
Bapwuant 14

Y 2 4 5
X
1 0,2 0,1 0,2
3 0,15 0,15 0,2
Bapuant 15

Y 2 4 5

X
1 0,05 0,25 0,2
3 0,2 0,1 0,2
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Bapuant 16

Y 3 4 S)
X
1 0,1 0,25 0,2
2 0,1 0,25 0,1
Bapuant 17
Y 3 4 3)
X
1 0,1 0,15 0,2
2 0,1 0,35 0,1
Bapuant 18
Y 3 4 S)
X
0 0,2 0,2 0,2
8 0,1 0,1 0,2
BapuanT 19
Y |1 2 3
X
4 025 10,15 0,1
3) 0,2 0,2 0,1
Bapuanr 20
Y 1 2 3
X
4 0,1 0,1 0,1
3) 0,3 0,25 0,15
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BapuanT 21

Y 1 2 3
X
1 0,35 0,2 0,1
4 0,15 0,1 0,1
BapuanTt 22

Y 1 2 3
X
1 0,15 0,1 0,1
4 0,35 0,2 0,1
Bapuant 23

Y 2 3 5
X
1 0,25 0,1 0,1
5 0,35 0,1 0,1
Bapuant 24

Y 2 3 5
X
1 0,15 0,1 0,2
5 0,15 0,1 0,3
Bapuant 25

Y 1 3 S)
X
5 0,2 0,2 0,2
7 0 0,2 0,2
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Bapuant 26

Y 2 4 6
X
3 0,25 0,15 0,1
5 0,15 0,15 0,2
Bapuant 27

Y 3 4 5

X
0 0,25 0,15 0,2
8 0,15 0,15 0,1

17. TecToBble 3a1aHus1 10 TeMe «CHUCTEMBbI CIyYalHBIX BeJIMYMH)»
1.KoadurmeHT koBapuaIiu i CHCTEMBI IBYX CIIYYalHBIX BETUINH BBIUHACIISETCS
o opmyiie:

1) GOV(X,Y) = 504 ~MOX))Y; ~M(V)- By
2) GOV(X,Y) = 2.0 ~M )Y} ~M(X)-py
3 COV(X,Y) =3 (4 ~M X))y, ~M () py
4 COV(X.Y) =3 (4 ~MX))*(y; “M())* by

2.Cuctema IByX AMCKPETHBIX CIIy4ailHBIX BenudnuH X u Y 3a7aeTcs B BUJE TaOIHUIIbI.

Y 3 4 5

X
0 0,25 0,15 0,2
8 0,15 0,1 0,1

1)  3axoH pacmpeeneHus IBYX CIy4ailHbIX BEJIHUYUH 3a/1aH BEPHO
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2)  3aKoH pacrpeaeacHus IBYX CAy4YailHbIX BEJIMYMH 3a/aH HEBEPHO, TaK KaK
in,- < Z Yij

] J
3)  3akoH pacmpeaeieHus ABYX CIyd4allHbIX BEIUYHH 3a7aH HEBEPHO, TAK KakK

pll + p12 + p13 # p21 + p22 + p23

4)  3akoH pacmpeeseHus ABYX CIy4allHbIX BEIUYHH 3a7aH HEBEPHO, TAK KaK
Z p; #1
i

3.Ecinu xoadduruent koBapuaruu COV(X,Y) OOJBIION U MOJOKUTESIBHBIN, TO
CIIPaBEIUBO:
1)  oOe rpymmsl akiuii K3MEHSIOTCS B OJTHOM HalpaBJICHUH, 00¢ BBEPX HJIH 00€
BHU3
2) OJIVH THI aKIIM UJET BBEPX, NIPYTOA — BHU3
3)  OJWH THI aKIU pacTeT, IPYrol 0CTaeTCs HEM3MCHHBIM
4)  OJVWH TUN aKIWU MaIaeT, APYrol 0CTACTCS HEU3MEHHBIM
4.HavanbHbIM MOMEHTOM mopsiika K+S HasbiBaeTcs:

1) MaTeMaTHYECKOE OKHIAHUEC OT MPOM3BEIACHMS Xkys

2) mucrepcusi OT MPOU3BEICHHUS X4y

3) cpenHee KBaIpaTUYECKOE OTKIIOHCHHE OT MPOU3BEICHUS Xk

4) ko3(ppuuueHT KoBapuauu OT MPOU3BEICHUS X4y

5.Ecnu koaddunment kopapuaruu COV(X,Y) 00IbII0I 1 OTpUIIATSIIBHBIH, TO
CIPaBEUINBO:
1)o6e rpymmbl akiuii U3MEHSFOTCSI B OJIHOM HAIPaBJICHUH, 00 BBEPX WA 00¢ BHH3
2)OJMH TUI aKIIUK UIET BBEPX, APYroi — BHH3
3) OJWH TUII AKLIUK PACTET, IPYrOM OCTACTCS HEU3MEHHBIM
4)  OJWH TUMN aKIUU MagacT, APYyro 0CTAeTCsS HEM3MEHHBIM
6.HavyanpHbIi MOMEHT NIEPBOTO MOPSIIKA Vv;, PaBEH
1) M(X)
2) D(X)
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3)0
4) M(Y)

/.HavganpHbI MOMEHT IIEPBOTO MOPSAJIKA V,, PaBEH

1) M(X)

2) D(X)

3) 0

4 M(Y)

8.1leHTpanbHbI MOMEHT EPBOTO MOPSIKA 1y, PaBEH
1M(X)
2)D(X)
3)0
HM(Y)

9.1leHTpanbHBI MOMEHT BTOPOT'O MOPSIIKA ,, PaBEH
1M(X)
2)D(X)
3)0
4)D(Y)

10.KoaddutineHT Koppensiuu jIsi CACTEMBI IBYX CITyYalHbIX BEJIMUNUH

BBIYUCIISICTCS IO popMyJIe:

1) _ cov(X,Y)
XY oy Oy
cov(X,Y
cov(X,Y

3) Iy = ((7 )

y
cov(X,Y)
4) Tyy o2y -2y

11.IlenTpanbHbIi MOMEHT BTOPOI'O MOPAIKA 4,, PaBEH
HM(X)
2)D(X)
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3)0

4)D(Y)
12.CucreMa qByX TUCKPETHBIX CIyYaHbIX BeIMUMH X U Y 33J1a€TCS B BUJIE
TaOIALIBL.

Y 3 4 5

X
1 0,25 0,15 0,2
7 0,15 0,15 0,1

1)  3akoH pacmpejesieHHs IBYX CIyYailHbIX BEJIMUYUH 3aJIaH BEPHO

2)  3aKoH pacmpeesieHus IByX CIlyJailHBIX BEJIMYWH 3a/1aH HEBEPHO, TaK KaKk
in,- < Z Yij

] j
3) 3aKOH pacnpeneﬂeHI/I;I I[BYX CﬂyqaﬁHBIX BCJIMYHH 3aaH HeBepHO, TaK KaK

Pi1+ Pio+ Pig # Por+ Py Pos

4)  3akoH pacnpeecHUs ABYX CIy4alHbIX BEIMYHMH 33]]aH HEBEPHO, TaK KaK

Pi1+ Poy # P+ Py

13.9kxonomuyecku M(X) o3Havaer:
1) OxumaeMyr HOpMY MPHUOBLTH OT aKIUK THITA X
2) OxuaaeMyro HOpMY YOBITKa OT akI|id TUma X
3) TeHmeHUHUIO ABMKCHHS BHH3 aKIHil THITa X
4) TeHaeHIUIO IBUKCHHS BBEPX aKIUil THIa X
14. Beruncnensl K03()PUIIMEHTH KOBapHAINH JIJIs1 ABYX TUTIOB akimii X u Y.
[Toxynka akiuii o0ecrieyuBaeT 0OJIbIIYIO CTAOMIBHOCTD B CIy4ae, Kornaa
1) cov (X,Y) =0,85
2) cov (X,Y)=-0,01
3) cov (X,Y) = 0,005
4) cov (X,Y) =-0,97

15.9xonomuyecku M(Y) o3HavaerT:
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1)OskugaeMyr0 HOpMY IPHOBLIN OT aKIuii THa Y
2)OxkuaeMyro HOpMy YOBITKa OT akIwid tumna Y
3)TeHaeHIMIO BM)KCHUS BHU3 aKIMid THIa Y

4) TeHaeHIUIO IBMKCHHS BBEPX aKiui Trma Y

16.9xonomuuecku D(X) umn o(X) =/ D(X) o3navaror

1) OxumaeMyro HOpMY IPUOBUTH OT akIuil Thma X
2) cTelleHb pHCKa HHBECTUIIMOHHOTO TTPoeKTa X
3) TeHaeHIMIO ABM)KEHUS BHU3 aKIMii Trma X
4) TenmeHIUIO ABMKEHUS BBEPX aKIHi THIa X

17. Koadhdumment koBapuaruu coV (X,X) — 3to

1) M(X)

2)D(X)

3) Iy

4)

18. Koadpunuent kosapuanuu cov (Y,Y) — 310

1) M(Y)

2)D(Y)

3 Iy

4)

19. Cucrema ABYX JTUCKPETHBIX CyYalHBIX BeMWIUH X U Y 3a7aeTCs B BUIE

TaOJIULIBI.

Y 3 4 S)
X

6 0,2 0,15 0,2

8 0,15 0,1 0,1

1)3akoH pacnpeneneHus IBYyX CIy4YallHbIX BEJIMUUH 33J]aH BEPHO

2)3aKoH pacupeaesiCHus ABYX CIy4ailHbIX BEJIMYMH 3a/1aH HEBEPHO, TaK Kak

inj > Z Yij
i j
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3)3akoH pacnpeneneHus ABYX CIy4YailHbIX BEJIUYHH 3aJaH HEBEPHO, TaK KaK

pll + p21 # p12 + p22

4)3aKoH pacnpe/esiCHHs IBYX CIyJailHbIX BEJIMUYUH 3aJI1aH HEBEPHO, TaK Kak
D Py %1

i, j
20. HavanpHbIi MOMEHT niopsiaka K+S Beraucisercs o gopmyiie:

_ K. s
1) vk,s—iz_xi yip

ij
Vk,s = Z Xik yj

2) "
Vks = Z Xik Y]? piljf+s
3) "

Vis = foyl,( P
4) "

21. IleHTpanbHBIl MOMEHT IIEPBOTO MOPSAJKA 1, PaBEH

HM(X)

2)D(X)

3)0

HM(Y)

22. CB X u'Y, o0pa3yromine CUCTEMY CITyJaiHBIX BETMYHH HA3BIBAIOTCSA

He3aBI/ICI/IMBIMI/I, cClin
1) inj * Z Yij
i j

2) 3aKOH pacIpeeIICHHs KaXI01W U3 HUX HE 3aBHCHUT OT TOT'0, KaKO€ 3HaYCHUE
MpUHSIA IpyTras ciydaiiHas BeIMYUHA.

3) 3aKoH pacripesieneHus Y COCTaBJIeH MPHU YCIOBHUH, UTO X=X;

4) 3akoH pacnpeseneHust X COCTaBIICH MIPU YCIOBHH, YTO Y =Y.

23. Ecmu P11= Px* Py, TO cydaiinble Benuunsbl X 1 Y

1) 3aBUCUMBIE

2) He3aBUCUMBIE
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3) HUMCHOT OAMHAKOBBIC MATCMATUYCCKHUEC OKHIaHUA

4) UMEIOT OJIMHAKOBBIE AUCTIEPCUU
24. Dxornomuyecku D(Y) wnu o(Y) =,/D(Y) 03Ha4ar0T

1) OxunaeMyro HOpMY PUOBLIN OT aKIui THa Y

2) TenaeHMIO NBUXKEHUSI BHU3 aKIUil Thmna Y

3) crerneHb pUCKa HHBECTUIIMOHHOTO POeKTa Y

4) TeHIeHIINIO JBM)KCHUS BBEPX aKIMi THma Y

25. Ecin koaunment koBapuanuu CoV(X,Y) npuHUMaeT 0O4eHb MaJICHbKHE
3HA4YEHUsI, TO

1) o6e rpymisl akiui X 1 Y U3MEHSIOTCS B OJTHOM HarpaBJIeHUHU, 00€ BBEPX WK 00¢
BHH3

2)  OJVH THII aKIMid UJIET 0053aTEILHO BBEPX, APYTOi — BHU3

3) OJIVH THII aKIIUM pacTeT, IPYyTrOr OCTACTCS HEU3MEHHBIM

4)  rpynnsl aknuid X 1Y U3MEHSIFOTCS KaX/IbIi II0-CBOEMY HE3aBUCHUMO JIPYT OT
JpyTa U CBSI3b MEXIy HUIMHU OY€Hb MaJa.

26. Brrumnciiensl kod¢GUIIMEHTHI KOBapHAIMH [T IBYX TUNOB akiuii X u Y.
[Toxynka akiuit o0ecrieynBaeT OOJBITYIO CTAOMIBHOCTD B Cly4yae, Koraa

1) cov (X,Y) = 0,001

2) cov (X,Y)=0,88

3) cov (X,Y) =-0.89

4) cov (X,Y) =-0.02

27. Koapdunment koBapuarmu COV(X,Y) BIUUCIIETCS IO GopMyIie

1)COV(X,Y)=Z§Xiy,- P —ZX P XY, P,
i i i
2)cov(X,Y):_z;xiyj P; -3 .zyj
1 i J
3)cov(X,Y)=_z;xiyj P;

4)cov(X,Y)=Z;xiyj XX -zyj
i i j
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