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BBEJAEHUE

Meronuueckue yka3aHHs COCTABJIEHbI HA OCHOBE NPAKTUUYECKUX 3aHATHM, KOTO-
pBIE aBTOPBI NMPOBOIWIIM HA MPOTSHKEHUM MHOTUX JIET IPENOJaBaHus AUCUUILIMH «Ma-
TEMaTUKa», «BpIcias MareMaTnka» U « Teoprst BEpOSITHOCTEN U MaTEMAaTUIECKasi CTATH-
cTUKa» B BUTeOCKOM rocyaapcTBEHHOM TEXHOJIOTMYECKOM yYHUBepcuTeTe. [IprBeaéHHbIIM
MaTepHai IPOBEPEH Ha HECKOJIBKHX MOKOJIECHUSX CTYJIEHTOB U COAEPKUT HEOOXOIUMBIE
cBeZCHUS sl OyaylIMX CIEIMAIMCTOB MEXaHUKO-MH(OPMAIIMOHHBIX U AKOHOMHKO-
MH(QOPMAIIMOHHBIX crienuanbHOCTe. Cpeay pacCMOTPEHHBIX B MPAKTHKYME THUIIOBBIX
IIPUMEPOB €CTh 33a4H, UMEIOIINE MPAKTUYECKYIO HAIPABICHHOCTb U CBA3aHHBIE C JHC-
LUIUTMHAMH, KOTOpPbIE OYAyT U3y4aTh CTYIEHTHI B CIIEAYIOIINX CEMECTPAX.

JlanHble yueOHO-METOANYECKHEe MaTepualibl MpeIHa3HAuYeHbl U CTYJICHTOB 4e-
TBIPEX CHeUUaIbHOCTEN (haKysIbTeTa MHOOPMALMOHHBIX TEXHOJIOTUH 1 POOOTOTEXHUKU U
JBYX clielMaIbHOCTEH (haKysIbTeTa SKOHOMUKU U OM3HEC yrpasieHus. B pabote npuse-
JI€HBI TEOPETUUECKUE BOIIPOCHI VI CAAYM DK3aMEHA WM 3a4€Ta, COEP/KaHUE U TEMATUKA
IIPAKTUYECKUX 3aHATUH 110 YKa3aHHBIM KypcaM. MeTroaudeckue yKa3aHWs HallucaHbl B
COOTBETCTBUHU C Y4eOHOM mporpammon auciuiuiiH «Marematukay», «Bbiciias marema-
TUKa» U «Teopust BEpOATHOCTEN U MaTeMaTU4ecKas CTaTUCTUKa» Il CTYIEHTOB MeEXa-
HUKO-TEXHOJIOTMYECKUX U SKOHOMUYECKHUX CIEMAIbBHOCTE BTOPOro rojia 00y4eHUsl.

B npaktrkyMe pacCMOTpEHBI TpH paszaena KypcoB «Martemarukay, «Beicias ma-
TEMaTHKa», « Teopust BEpOATHOCTEN M MATEMATUYECKAS CTATUCTUKA». JUCKPETHBIE OHO-
MEpPHBIE CIy4YalHBIE BEJIMYMHBI, HETIPEPBIBHBIE OJHOMEPHBIE CIyYalHBIE BEJIMYMHBI,
JMCKPETHBIE U HETIPEPBIBHBIE MHOIOMEPHBIE ClTydaiHble BeMUnHbL. Kaknas tema npak-
TUKyMa MPEJICTABISET COO0M METOAMYECKUI MaTepuall JUlsl IPOBEICHHUS PAKTHYECKOTIO
3aHATHA, COACPXKUT PELICHHUS] THUIIOBBIX MPUMEPOB U MOJOOPKY PEKOMEHYEMBIX K pelie-
HUIO 33/1a4 110 TEME 3aHATH, a TAKXKE 3a1aHUs JUIA BBIIIOJIHEHNS KOHTPOJIMPYEMOU CaMo-
CTOSITETIbHOM paloThl. B Hawane kaxmoro pasnena MpuBenEH KPaTKHl TEOPETHUECKHIMA
marepual, KOTOpblii HEOOXOAUMO 3HAThH CTYAEHTY IpU MOJTIOTOBKE K ayJUTOPHOM U ca-
MOCTOATENILHON padoTe 1o 3ajaHHoM Teme. [Ipexe yeM mpucTymnaTh K pelieHuo 3a1a4y
NPaKTUYECKOTO 3aHATHS WM BBINOJHEHUIO JOMAIITHEr0 3a/IaHusl, CTyJICHTY HEOOXOMMO
U3Y4YUTh TEOPETUUECKUI KypC JIEKIMOHHOTO Marepualia Uik OOpaTUTHCS K aKaJeMuye-
CKUM W3IaHUSIM ISl O0Jiee IETaIbHOTO U3YUYEHHsI pa3/IelioB Kypca, KOTOpbIE €ro HHTepe-
CyroT. HaumeHoBaHME TEM NpPaKTUKyMma, a TAKKE UX CTPYKTypa IOCTPOEHBI B COOTBET-
CTBUM C YY€OHBIMH MPOrpaMMaMH JUCHUIUIMH «Matematukay «Bbiciias MaTeMaTHKa» U
«Teopust BepOATHOCTEN M MaTEMAaTUYECKash CTATUCTUKA» U1 CTYIEHTOB CIEHUAIIBHO-
creit: 1-36 01 01, 1-43 01 07, 1-53 01 01-01, 1-28 01 01, 1-40 05 01-01, 1-40 05 01-10.
CryneHtsl 3a04HOM (OpMBI OOYYEHUS] MOTYT MPUMEHSTH U3JI0KEHHBIA B MPAKTUKyME
TEOPETUUECKUI U MPAKTUYECKUN MaTeprall Uil CaMOCTOATENILHOM paboThl MO MpEeAMETY
Y BBITIOJIHEHUIO KOHTPOJBbHBIX 3adanHuil. [IpeanoxkenHas meroquueckas pa3paboTka mo-
MOJKET CTYIEHTaM MOATOTOBUTBCS K IMPOXOKIACHUIO TECTA 10 OTACIbHBIM TEMAM U Pas-
JieJlaM Kypca, TaK Kak IPOBEICHUE 3a4€Ta WIM 3K3aMEHA MOIPA3yMEBAIOT HIICKTPOHHBIN
KOHTPOJIb 3HAHUM.
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IMNPAKTUKYM 110 PEHIEHUIO 3AJTAY
1 JUCKPETHBIE CJ1YYAWHBIE BEJIUYWHBI

Copeprxanue: nuckpeTHble ciiydaiinele BenuuuHsl (JJCB), 3akoH pacnpenene-
nus JICB, ¢ynkuus pacnpenenenus, yucioBbie xapaktepuctuku [ICB (marematuye-
CKO€ O’KHJaHUE, MOJIa, MEeIMaHa, AUCIIEPCHs], CPEIHEE KBAAPATUIECKOE OTKIOHEHHE,
HavaJbHbBIC U IICHTPAILHBIC MOMEHTHI K-ro mopsijika).

1.1 TeopeaneCKnﬁ MaTepHUuaJ 1o TEME MPAKTHYECCKOI'0 3aHATHUSA

y E (Q,F,P)
PaCCMOTpI/IM BCPOATHOCTHBIN SKCIICPUMCHT . HYCTI) — MaTcMaTHu-
YCCKasd MOACJIb JAHHOI'O 3KCIICPHUMCHTA. Yacro IIpHu PpCIICHUN SKOHOMHUYCCKUX U UH-

JKEHEPHBIX 3314 KaXIOMY dJIeMeHTapHOMy coObiTio @ €2 comocTansercs HeKo-
TOPOE JICUCTBUTEIBLHOE YHCIIO &(w) , KOTOpoe 3aBUCUT OT @. B 3TOM cllyyae pe3yib-

TaThl FKCIIEPUMEHTA OyAyT ONMUCHIBATHCA HEKOTOPOM YMCIOBOM (PYHKIIMEH &() , KO-
TOpasi onpejeieHa Ha IPOCTPAHCTBE dIEMEHTAPHBIX coObITHi {2, To ecTh QpyHKIUS

&(w) oToOpaskaeT MHOXkecTBO {2 Ha MHOMKECTBO JeHCTBUTENbHBIX uucen. Takue
(GYHKIMKA HA3BIBAIOTCS CIyYaWHBIMU BEJIMYMHAMU. Y CIOBUMCS CIy4YalHbIC BEJIUYU-
HbI 0003HAaYaTh IPEUECKUMHU OyKBAMH, a TPUHUMAEMbIE UMU 3HAYCHUSI — CTPOUYHBIMHU
JTATUHCKUMH OYKBaMH.

Omnpeneaenue 1.1.1 /Juckpemnoii cnyuatinou éeaudunou Ha3bIBACTCA TaKasi Be-

amHa © = &() , KOTOpasi B 3aBUCUMOCTH OT DJIEMEHTAPHBIX UCXO/I0B ¥ MPUHUMAET
KOHEUHOE WJIM CUETHOE MHOXECTBO Pa3IMYHbIX 3HAYCHHUN X,

Onpenenenue 1.1.2 Pacnpeoenenuem eepossmuocmeti Wi 3aKOHOM pacnpeode-
JleHUs1 BEPOSITHOCTEW THUCKPETHOM CIIy4YalHOM BEJIMYMHBI HA3BIBAETCA COOTBETCTBHUE
MEXIy BO3MOXXHBIMHM 3HAUYCHUSIMH CIyYalHON BEIIMYWHBI U WX BEPOSATHOCTSIMH, TIO

KOTOPOMY Ka)JIOMy BO3MOXXHOMY 3HAYEHUIO X, CIIy4ailHOW BEJIMYMHBI ¢ mocrasJie-
p=P(&=x) Zpi_l
HO B COOTBETCTBUE HEOTPUIATEIHLHOE YUCIIO ,TIe i :
JluckpetHas cilyyaliHasi BEJIMYMHA CUMTAETCS 3aJaHHOW, €CIU OIpeNesi€H €€
3aKOH pacHpeelIiCHUs] B pas3lIMYHBIX (opmax. 3aKOH paclpeieiacHUus TUCKPETHOM
CITy4ailHOM BEJIMYMHBI MOXKET OBITh 3aJIaH PSJAOM pacipeiesieHus, MHOTOYTOJIbHUKOM
pacnpeneneHus, aHaTUTHIeCKUM 00pa3oM U (yHKIIMEH pacipeneeHusl.
Onpenenenue 1.1.3 Padom pacnpeoenenuss TUCKPETHON CIydyallHON BEIMYH-

HBI é: Ha3bIBACTCA Ta6nnua, B KOTOpOﬁ NEPEUUCIICHbBI BO3MOYKHBIC 3HAYCHUS



X Kprees Koo cnyqaﬁﬂoﬁ BCINYHUHBI 5 N COOTBCTCTBYIOIIMEC MM BCPOATHOCTH

D= P(&=x)=1

Pur Pares Proeos [PUYEM | i :
Ecnu guckpeTHas ciydaliHas BeIW4YMHA S IIPUHUMAET KOHEUYHOE MHOXKECTBO

3HAYCHUH, HAIpUMEp, IMyCTh YUCIO 3HAYCHUH ClydailHO# BenuuuHbl paBHo N, To

PAI paclpenciIeHus] HMEET BUJL:

E=X R D R X

EEXS n

P(f = Xi) Py Py | e P,

Ecnm xe nuckpeTHas ciydaiiHas BEJIUYMHa 9 IIPUHUMAET CYETHOE MHOXKECTBO
3HA4YEHUH, TO PAJl PACIPEAECICHUS 3aIMChIBACTCS B BUJIE:
E=X X | Xy | e X

e n e

P (5 = Xi) P P, LR P, KRS

['padprueckoe n3oOpaxeHUe psiia pacrpeaesieHus Ha3bIBACTCA MHO20Y200bHU-
Kom pacnpedenenus. 11o ocu abCIUCC OTKIAABIBAIOTCSA 3HAYEHUS CIyYaliHOW BEJU-
YUHBI, 4 TI0 OCH OPJIMHAT — COOTBETCTBYIOIINE BEPOATHOCTH. [[0TydeHHBIE TOUKH CO-
€IUHSAIOTCS TUHUSIMU.

[Ipn ananuTMueckoM 3afgaHuM 3akoHa pactpenencHus JICB  yka3biBaeTcs
(dhopMyIia HaX0XKJICHUST BEPOSITHOCTEH JJIsl KQXA0T0 3HAYEHUS CIIy4YalHOU BEITUYUHBI.
Hampumep, uisi OMHOMUANIBHOTO pacipeiesieHus, 3Ha4YeHUs BEPOATHOCTEN Cllydaii-

HOM BeTMYUHBI onpeesieTcs hopmynon beprymu R(&=x)=Cy-p*-q™" :

Omnpenenenue 1.1.4 @yuxyueti pacnpedenenus CaydyalHON BeIUYUHBI &
HaspiBaeTcs QyHKIMs F(X) aefCTBUTENBHOTO MEPEMEHHOTO X, OMpeaesIsioliee Be-
POATHOCTH TOTO, UTO CIIy4aiiHas BeMWuuHa & B pe3yiabTaTe IKCIEPHUMEHTa MPUMET
3HAUYE€HHUE MEHbIIIE HEKOTOPOTO YUCHIA X, TO €CTh

F(X)=P(&<Xx). (1.1.1)

Ecnu cnydaliHylo BETMUMHY pacCMaTpUBaTh KaK CIy4alHYIO TOYKY HA YHCIIO-
BOM OCH, TO QYHKIMS pachpeeseHus] MpeACcTaBiIsieT cO00H BEpOSTHOCTh TOTO, YTO
Ciy4daiiHasl BEJIMUYMHA NONAAET B UHTEPBAJI PACIIONIOKEHHBIN JIEBEE HEKOTOPOTO YHC-
Ja X.

[TpuBeném ocHOBHBIE CBOMCTBA (DYHKIIMH PACIIPEICIICHHUS:

1) lim F(x)=F(—x»)=0;

2) lim F(Xx) =F(+x)=1;

3) byHKIMSA pacHpenesieHus sBIIeTCA HeyObIBaromiei (GyHKIUCH, TO eCTh
F(x) < F(X,),ecmn X, <X,;

4) pyHKIUS paclpeleNicHus HempepbhlBHA CcjleBa B TOYKEe X,, TO €CTh
IimOF(X) =F(X,);



5) byukums pacnpenenenuss F(X) ciyuaiiHol BenmuuumHbl £ OJHO3HAYHO

OIPENIECNISICT PACIIPEACIICHUE BEPOATHOCTEN 3TOU CIIy4YalHOM BEJIIMYMHBI, TO €CTh BE-
POATHOCTH MIPOU3BOJBHOTO COOBITHS MOXHO BBIPA3UTh uepe3 PyHKIHIO pacrpeaene-
HUS,

6) ecmn F(X) — dyHkmus pacnpeneneHus caydaifHON BETUYUHBI &, TO BEPO-

ATHOCTH TOMAJIaHUSl CIy4yallHOW BEIMUYMHBI & B MHTEPBAI [a;,b’ ), IIOJTYy3aMKHY ThIN
crpasa, onpezaensercs GopMyon

Pla<é<p)=F(B)-F(a), (1.1.2)

JUTS TF0OO0T0 3HAUEHUST X M3 3TOTO MHTEPBaJa,
7) nus m000ro 3HAYEHUS E=a CIIpaBeIJIMBa dbopmyna

P({=a)= lim F(x)-F(a).

Dynxyus pacnpeoenernus onsa JJCB Beraucisercs no Gopmye

FO)=D P(E=X), (1.1.3)

Xj <X

rac CyMMHMpPOBaHHUC BCI[éTCH 10 BCEM 3HAYEHHUSM | , JJIsL KOTOPBIX X; < X.

PaccMoTpuM 4KCIIOBBIE XapaKTEPUCTHKU JUCKPETHBIX CITyYalHbIX BEJIMYHH.
Omnpenenenue 1.1.5 Mamemamuueckum odxcudanuem OUCKPEMHOU CIYYAUHOU
genuyunbl & Ha3bIBACTCS €€ Cpe/lHee 3HaUCHUEe, KOTOPOE BhIUUCISAETCA 10 hopMyIie

M(£)=2 %P (114)

Maremaruueckoe 0)KuIaHKUE TaKxke 0003HaYaeTcss M, wim ES.

[IpuBenEéM OCHOBHEIE CBOMCTBA MATEMATUYECKOTO OKUIAHMS:

1) eciiu C — Hecnyyaitnas Benuunna, T0 M (C) =C;;

2) eciiu C — HOCTOSIHHBIM MHOYKHTEID, TO €r0 MOKHO BBIHOCHTH 32 3HaK MaTe-
MaTHIecKoro oxunanus, 1o ectb M (C-&)=C-M(&);

3) M(&+n)=M(&)£M () — mast moGBIX ClydaliHBIX BeaMuuH & U 77

4) M (Z é,j = Z M (f,) — JUTst IOOBIX CiTydaiHbIX BenmuuuH &, 1=1n;
iz1 i1

5) M(&-7)=M(&)-M(7)+M((&-m.)-(n-m,));
6) MaTeMaTHYeCKOe OXHJIaHWUE MPOU3BEACHUS HE3aBUCHUMBIX CIy4YailHBIX Be-
JINYHUH paBHO HpOI/ISBe)leHI/I}O NUX MAaTCMAaTNUUYCCKHUX OH(H}laHHﬁ;

7)ecmn a<E<B, 10 a <M (&)< B;
8) M(é)SM‘f‘;
9) M(£-m,)=0.



Omnpenenenue 1.1.6 [lenmpuposannoti cryyauHou 6eauyUHOU HA3BIBACTCS
PasHOCTh MEKIY CIIy4ailHOM BEIMYMHON & W €€ MaTEMaTHICCKUM OXKUIaHueM M.,

E=&-m,. (1.1.5)

Onpenenenue 1.1.7 Mooou Mo(E) ouckpemnoti cayuaunoi eeruyunvt &

Ha3bIBaeTCsl HAanOOJIee BEPOSTHOE 3HAUCHHUE CIIYYallHON BEITUYHMHEI, TO €CTh TaKOe €&
3HAYCHHE, TTPH KOTOPOM BEPOATHOCTH MAaKCHMAaJIbHA.
Omnpenenenue 1.1.8 Meouanoni Me(E) ouckpemnou cnyuaninon eenuuunsvt &

Ha3bIBACTCA TaKOC 3HAYCHHC cnyqaf/iHoﬁ BCJIMYMUHBI, OTHOCUTCIIbHO KOTOPOI'O PABHO-
BCPOATHBI IMOJIYUCHUC 3HAYCHUH cnyqaﬁHoﬁ BCJINYHHEI, TO CCTh

P(cf < Me(cf)) = P(é > Me(é)) :
3HaueHUE MEIMaHbl MOXKHO OINIPEJCIUTh U3 PABEHCTBA 2P(§ < Me(§)) =1.

Omnpenenenue 1.1.9 Jucnepcueti cnyyaiinoii enuyunsl & Ha3bIBa€TCS MaTeMa-

THYCCKOC OXKHWIAAHUC KBaJApaTa OTKIIOHCHUSA CHy‘—I&ﬁHOﬁ BCJIMYMHEI OT €€ MaTeMaTH-
YCCKOr'o OXKUIAaHU .

D(&) =M ((5 _ mg)z). (1.1.6)

Jlucrepcus TaKxke 0603HadaeTcs o, wim D ¢» i Var($).

CornacHO ONMpeneNeHUI0 MAaTEMAaTHUYECKOTO OKHAAHUS, TUCIIEPCUS AUCKPET-
HOW CTy4aitHOW BeIMUMHBI & BBIYHUCISAETCS MO hopMyIie

D(&)=3(x-m.) p. 1.17)

i=1

[IpeoOpazyem popmyny (1.1.7), ucnons3ys onpeaeneHre U CBOMCTBa MaTeMa-
TUYECKOTO OXKHJIaHUS:

D(&)=M(&)-m;. (1.1.8)

Ha ocnoBanuu dopmys (1.1.8) momyuaem Ghopmyy BEIYUCICHUS TUCTIEPCHU
JUTSl AUCKPETHBIX CITyYalHbIX BEJTUYUH:

D(§):Zn:xi2 p,—m;. (1.1.9)

[IpuBenéM OCHOBHBIE CBOMCTBA JUCIIEPCUU CITYYAUHBIX BEJIUYUH:
1) Eciu C — nmocrostanas Benmuuna, o D(C)=0;
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2) D(Cg“) = CzD(é‘) ;

3) D(¢+7)=D(&)+ D) £2M ((£-m, )(n—m,));

4) Ecnu coObITHS HE3aBHCHMBI, TO JHUCIIEPCHS CYMMBI paBHAa CyMME JIHCIIEp-
CHUM.

Omnpenenenune 1.1.10 ITonoxuTenbHOE 3HAYEHNUE KBAAPATHOIO KOPHA U3 JIUC-

NEPCUM HA3BIBACTCS CPEOHUM KBAOPAMUYUECKUM OMKIOHEHUeM Ul CMAaHOApmoMm
Cily4aitHoM BelnuuHbl £ U onpeaensercs popmynoi

5, =0(£)=D(@). (1.1.10)

Kpome nucnepcuu M CpeqHETr0 KBAaJpaTHYECKOTO OTKJIOHEHUS, PacCEUBaHUE
CllyyailHOM BETMUYMHBI & MOXKET XapaKTepU30BaThCs pazmaxom R=X . —X.. ., I1e
X, — HAMOOJbIIEE W3 BO3MOXHBIX 3HAUCHHUU CIydallHOW BEIMUYUHBI &; X —

HaMMEHbLIEE U3 BO3MOXKHBIX 3HAYCHUN CITydaifHOW BEJIUYHUHBI & .
YacTo Ha MpaKTHKE, OCOOEHHO B 3KOHOMHYECKUX pacuéTax, paCCEMBAHUE IIPH-
O
M ()

Hauanvuvim momenmom K-20 nopsoka cayuaiinou eéenuuunsl & Ha3bIBaeTCS

HSTO XapaKTepU30BaTh Kodpduyuenmom sapuayuu NV =

ooy k
MaTeMaTU4YeCKOE OKUIaHKE CIIy4aiiHOM Beln4uHsbl &, TO eCTh v, = M (§ k) .

CJIGI[OB&TGJIBHO, JJIA ,Z[HCKpGTHOﬁ cnyqaﬁﬂoﬁ BEJIMYMHBI HAYyaJabHBII MOMEHT
BBIPAKACTC:A CYMMOP'I:

Vi = ink P; - (1.1.11)
i-1

HavanbHblli MOMEHT IEPBOTO NOPSAJKA SIBIISIETCS MATEMAaTUYECKUM 0KUIAHUEM
v, =M (5), a BTOPOro IopsaKa paseH v, =M (52). CrnenosarenbHo, Ghopmyiy s
BBIYHCIICHUS IUCIISPCHH MOXKHO 3amucartsh B Buge: D(&)=v, -1y .

Lenmpanvuvim momenmom K -2o nopsioxa cayyaiinoi eenuuunvt & Ha3bpIBACTCS

k
MaTCMaTHn4YCCKOC OXHNAaHHC CIIy4anHOH BCINYNHBI (g —m 2 ) ) TO CCTh

k
Hy =M((§—m§) )
CnenoBaTenbHO, IJI1 AUCKPETHOM CIy4allHOW BEJTWYMHBI LIEHTPAJbHBIA MO-
MEHT BBIPAYKAaCTCSA CYMMOM:

n
k
te=2 (% -m.) p. (1.1.12)
i=1
[{enTpanpHbld MOMEHT MEPBOIO MOPSAJIKA BCEra paBeH HYJO. LleHTpanbHbIi
MOMEHT BTOPOTO TOpSAKA SIBISETCA AUCIEPCUEH CcoydailHOW BeIMYMHBI &
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2 o
U, =D(&)=v, —v,. lleHTpanbHbIi MOMEHT TPETHErO MOpPsAKA ONpeAesIeTcs IO

_ 3 ” _ 2 4
bopmyine p, =v, —3v,v, +2v,, a 4eTBEPTOrO - L, =V, —4v,v, +6v,v; —3v; .

1.2 IlpuMepnI penieHUs1 TUIIOBBIX 32124

1.2.1 Cnenuanuct KpeauTHOro OTAesa 0aHKa MMEET BBICIIYIO KAaTErOpHIO C
BeposTHOCTHIO 0,6. [TocTpouTh psia pacnpeeneHus ciydailHol Be1uuuHbl & - yucia

CHEIHAUCTOB, KOTOPHIE UMEIOT BBICIIYIO KAaTETOPUIO, CPEIU MSITH BHIOPAHHBIX CIie-

LHAAJIMCTOB. BBIYMCINTL BEPOATHOCTH TOTO, UTO CPEAU HUX OKAKETCS HE MEHEE JBYX,

HO He 0oJiee YeTHIPEX CHEIMAMCTOB, KOTOPhIE HMEIOT BHICIIYIO KaTETrOPHIO.
Pemenne. JluckpetHas ciydaiiHas BeMTUYMHA & MOKET NMPUHUMATH CIIETYIO-

mue 3Havenus: X, =0, X, =1, x,=2, X, =3, X, =4, X, =5, a, cienoBareinbHo, Be-
positioctn Py = P(&=%) Beumcmsorest mo dopmyne p,=P(E=x)=C)p q"™.
[To ycnoBuro: n=5, p=0,6, gq=1-p=0,4. B pe3ynabTaTe BHIYUCICHUIA MOIyIUM
CIEYIOIUHN Psil pacTipeieNICHUsI:

=X 0 1 2 3 4 3)

P(é=x) | 0,01024 0,0768 0,2304 0,3456 0,2592 0,07776

[Tposepka: 0,01024 + 0,0768 +0,2304 + 0,3456 +0,2592 +0,07776 =1.

Haiiném BeposITHOCTh 3aJaHHOTO COOBITHUS:
P(2<£<4)=P((£=2)+(£=3)+(£=4))=P(£=2)+P(£=3)+P(£=4)=0,8352.

1.2.2 JIBa cTpenka CTpenstoT MO0 OAHOW MUIICHH, Jeliasi, He3aBUCUMO JPYT OT
apyra, 1o JBa BbICTpesna. BepodaTHOCTh nonajanus B MUILIEHb JIJISl IEPBOTO CTPEJIKa
paBHa 0,6, nyst BToporo — 0,7. TlocTpouTs psi pactipenesieHns CIydailHOW BEJIUYUHBI
& - o1iero yucra rnomnajgaHui.

Pemenue. JluckperHas ciydaitHas BenM4YMHA & MOKET MPUHUMAThH CIEIYIO-
mue 3HadeHusa: X, =0, X, =1, x,=2, X, =3, X =4. BeposATHOCTb NOpaKEHUS MHU-
LIEHU MEPBBIM CTPEJIKOM IIPU OJHOM BhICTpene paBHa P, = 0,6, ciemnosarensHo, Be-
POATHOCTH €ro npomaxa pasHa 0, =0,4. JI1asg BTOPOro cTpesnka BEPOATHOCTD I1011a/1a-
HUsS B MUILIEHb paBHa P, =0,7, a mpomaxa - g, =0,3. Kaxablil U3 CTpENIKOB clelnan
no 1Ba BeicTpena. CoObITHE {5 = O} 03HAYaeT, YTO KaXK/IbIi U3 CTPEJIKOB MPOMAXHY-
JUCh B 00ouXx BbIcTpenax. OcTanbHble COOBITUSI OMUCHIBAIOTCS aHaioruuHo. Haiinem
epostHocTH P(&=X),ne i=1;5.

P(§ :0): 9,9,9,9,=0,4-0,4-0,3-0,3=0,0144.

P(&¢=1)=p,0,0,0, + 9, p,0,9, + 0,0, P,0, + 60,0, P, =0,1104.
P(&=2)=p,p0,0, + 0P, PG, + Pyl P0l, + Oy PG, P, + Py0,0, P, + 0,0, P, P, =0,3124.
P(&=3)=p,p,p,q, + P.P.0,P, + P,G; P, P, + 0, P, P, P, =0,3864.
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P(£=4)=p,p,p,p,=0,6-0,6-0,7-0,7=0,1764.
B pesynbrare nosyyaem CIeayrOIUN Pl paclpeieICHUs:

E=x 0 1 2 3 4
P(é=x) | 0,0144 0,1104 0,3124 0,3864 0,1764
[Tpoeepka: 0,0144+0,1104 + 0,3124 + 0,3864 + 0,1764 =1.

1.2.3 U3 komienbka, B KOTOPOM HaxOJsATCS TpU Kymtopsl HoMuHanoMm 10 pyO-
Jeil u ceMb Kymop HomuHajaoM 20 pyOneil, Hayraj u3BJiIeKaloT mATh Kymtop. [lycTs
& - 9HCIo BBIHYTHIX Kymiop HoMuHaIoM 20 py6neit. [loctpouTs psin pacnpeaeneHus
CIIy4ailHOM BEJIMYUHBI & .

Pemenue. Tak kak, B KOLIEIBKE UMEETCS TOIBKO TPU KYIIOPHI JOCTOMHCTBOM
10 py0G:eii, To cpeau BEIOpAHHBIX MATH KYMIOP JTOJDKHO OBITH HE MEHEE ABYX KYIIOp
HomuHanoM 20 pyO:eit. CreoBaTenbHO, AUCKPETHAS CIyvYaiiHas BeMUYUHA & MOXKET
INPUHUMATh CICAYIONIME 3HAYEHHA: X, =2, X, =3, X, =4, X, =5. /L1 BerunciacHus

BepositHocTell P (& =X ) BOCIOIB3yeMCs KIIACCHYECKUM OIPEICICHUEM BEpOSTHO-

cteil. Tak kak, BbIOOp 5 kymtop u3 10, KOTOpble UMEIOTCS B KOLIENIbKE, ONPEAeIsaeTCs
TOJIBKO COCTaBOM, 0€3 y4€Ta Mmopsiika, TO JAJi1 BBIYUCICHUS YHUCIA UCXOJI0B SKCIIEPU-
CZ. C3 1 c:.c; 5
MeHTa HemonmbsyeMm coderanms: P(E=2)=—L—=— P({=3)="L"=—,
Ch 1 Ch 12
P(§:4):%:E P(&= ):C?'Csf) _ 1
C, 12 C, 12

B pesynbprare nosiygaeM caeayronmn psaa pacupeaesIeHUs:
& =X 2 3 4 5
P(&=x) 5/12 5/12 1/12

Mposepra: 7+ /2 /2 + o=l

1.2.4 ABTOMOOWJIMCT MBITAETCHA «3aBECTU» aBTOMOOWJIb. ABTOMOOWIIb «3aBO-
JTUTCS» HE3aBUCHUMO OT JIPYTUX IMOMBITOK BOJMTENS MPUBECTH aBTOMOOHWJIb B JIBHIKE-
HUe, ¢ BeposaTHOCThIO P =0,7. Kaxkmas momsiTka aBTOMOOMIMCTAa «3aBECTH» aBTO-

MOOWIIb, 3aHUMaeT BpeMmsi 7. HaliTu pacrpezenenue oOiiero BpeMeHu [ , KOTOpOe
moTpedyeTcsi aBTOMOOMIIUCTY JIJIsS TOT'0, YTOOBI aBTOMOOUIIb OBLT TOTOB K JIBHYKCHUIO.

Pemenue. JluckperHas ciydaifHas BEIMYMHA | MOXKET MPUHUMAThH CIEIYIO-
wye 3Havenust: t, =7,t, =27,t,=3r,...,t, =nr,.... Cobbrrue {T =7} o3Hauaer, 4To B
TEUEHUE BPEMEHHU 7 aBTOMOOWIIb «3aBEAETCS» C BEPOSTHOCTHIO P(T = T) =0,7. Co-
ObITHE {T = 22'} O3HA4yaeT, UTO B TCUCHUE BPEMEHHU 7 aBTOMOOMJIb «HE 3aBEAETCSI» C
BeposATHOCThIO 0 =1— p=0,3, a B TeueHue MocaeAyIIIEro BpeMEH! 7 OH 3apaboTa-
et ¢ BepoaTtHocThio P =0,7. CiaemoBarensHO, BEPOSTHOCTh TOTO, YTO CIIy4aifHas Be-
Tu4rHa | TpUMET 3HaYeHue 27 paBHA P(T = 27) =0,3-0,7.
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CoObITHE {T = nT} O3HauaeT, 4To B TedeHune BpeMmeHu (N —1)7 aBTOMOOWIb HE
«3aBéncsa» B (N—1) momeiTkax ¢ BeposTHOcThI0 0,3" W 3aBéncsa ¢ mocimenHed To-
IBITKU ¢ BepoATHOCTBI0O P =0,7. To ecTh, BEpOATHOCTH TOTO, UTO CIIy4ailHasi BEIU-
yyHa T TpUMET 3HaueHue N7 paBHA P(T = nr) =0,3"".0,7. Takum o6paszom, Toy-

yaeM psJl pacrpeiesieHnst 00111ero BpeMeHu | , KOTopoe moTpedyeTcss aBTOMOOUIIU-
CTY JUIsl TOTO, YTOOBI aBTOMOOMJIb OB TOTOB K JAIBMYKEHUIO:

T =t T 27 3r nr
P(T =t,) 0,7 0,3-0,7 | 0,3%.0,7 0,3"t.0,7
IIpoBepka: 0,7+0,3-0,7+0,3*-0,7 +...+0, 3”1 0,7+..=0,7- (1+O 3+
+0,3* +..+0,3"" +..)=0,7- L-O? 1
1-0,3 0,7

1.2.5 Ctynenty miis jomycka K dk3aMeHy 1o «Teopuu BeposSTHOCTENH» HEOO-
XOJIUMO MPOUTH ABAa TECTUPOBAHMS MO PA3IMYHBIM TeMaM. TecThl MOKHO CAAaBaTh B
JT000M TOpAJIKE, HE3aBUCUMO JPYT OT JIpyra, HEOTPAaHUYEHHOE YMCIIO pas3, II1aBHOE
MpOTH 1Ba TecTa. KaKIblil TECT CUMTAETCS CAAHHBIM, €CJIM CTYIEHT OTBETUT Ha 12
BOIIPOCOB M3 16 MpeioKEeHHBIX TeCTOBbIX 3adad. CiydaiiHas BenuuuHa & mpen-

CTaBJIIET COOOM KOJMYECTBO TECTOB, BHIMOJHEHHBIX CTYJICHTOM JJISI JOMYCKa K DK3a-
Mmeny. [Toctpouts psi pacipesenenus CiIyqaifHON BETUYUHBI & .

Pemenne. JluckpeTHas ciydaifHas BeTUYMHA & MOXKET NPUHUMATH CIICTYIO-
MKMe 3HAYCHUA: X, =2,X, =3, X, =4,...,X =N,.... CTyIeHT cIaéT TeCT ¢ BEPOATHO-
cTei0 p =12/16 =3/4, 1, COOTBETCTBEHHO, HE CHAET TECT C BEPOATHOCTHIO (=1/4.

[Ipennosioxum, 4To CTYIECHT CIaBall TECThI POBHO N pa3. Bropou Ttect umMeeT HOMED
N, a IEPBBIA MOXKET UMETH JIFOOOU M3 ocTaBmuxcsi N—1 HoMepoB. B N—2 mombiTkax

-2
TECTHI HE CHAHbI C BEPOATHOCTHIO 1/ 4% aB JIBYX OCTaBIINUXCS ITONBITKaX TECTHI

2
craoTest ¢ BepostHocTbiO (3/4)” =9/16. CJIGILOBaTeJ'II)HO BEPOSATHOCTH COOBITHUS

{& =x,}ompenensiercst mo popmyne P(E=x,)=(n-1)- . Takum o6pazom,

4n 2
HOHyIIaeM p;[,[[ paCHpe,Z[eJIeHI/IH CHyHaﬁHOﬁ BCIIMYHMHA 5 - KOJIMYECTBO TECTOB, BBI-
ITOJIHCHHBIX CTy,HeHTOM JJIA I[OHYCKa K 3K3aMeHy:

& =X 2 3 4 N
9 2 9 3 9 9
P = X. J— [ [ L. n—
(§=x) 16 4 16 4% 16 (n=1): 4”2 16
[TpoBepka: 3+Z,ﬂ+_,_+___+(n_1), 1_2-3+... S (1+2+%+
16 4 16 4° 16 4" 16 16 4 4

.t

n-1, ):9 19
R )




1

(1-q)
Paccmorpum cxomsmmiicss psg 1+ 0+0°+Q°+..+q" " +... ¢ HempepbIBHO

osicaenwe. IokaxeM, uto 1+2-9+3-9° +...+(N=1)-q"* +...
, 1
auddepeHIUPyEMbIMI YJIeHAMH, TPUIEM \q\ <1. Ero cymma paBHa S 1 a Jan-

HBIA PsJT MOKHO MOWIEHHO Tud@epeHrpoBaTh, NpuuéM cymMMa IPOU3BOIHBIX UJie-
HOB psiJia paBHA IPOU3BOJIHON OT CYMMBI psiJia, TO €CTh

1
S'=1+2-9+3-¢°+..+(n-D-q"*+..=———.
(1-a)’
1.2.6 luckpeTrHas ciydaiiHas BenuunHa & 3aJaHa PsIoM pacipeieIeHHs
0,1 0,3 0,4 0,2
P(&=x)

Haiitn QyHKImio pacrpeneineHus CIy4alHOW BEIMYMHBI & W TOCTPOUTH €&
rpaduk.

Pemenwne. IToctpoum ¢ynkiuio pacupenenenus F(X) = P(§ < X) CIly4YaliHOH
BEJIMYUHBI & .

1) Ecmu x<2, to F(X)=0. JIelicTBUTECIBHO, 3HAYCHUI, MECHBIIIMX YHCiIa [Ba,
ciydaiiHas BenwuumHa ¢ He npuHUMaeT. CienoBaTeNbHO, MPH 3HAYEHUSX X <2
dyrkuus pactipenenenus pasaa F(x)=P(&<x)=0.

2) Ecmn 2<x<4, 10 3Hauenue QyHKImMH pacnpenencHus paBuo F(x)=0,1.
JleicTBUTENHHO, CTy4aiiHas BETMYMHA IPUHAMAET TOJIBKO OJTHO 3HA4YCHHE & =2, KO-

TOPOE MEHBIIIE JTI000T0 U3 YHCEN U3 YKa3aHHOTO ImpoMexyTka. CienoBaTeNIbHO, ITPH
3HAUYCHUSIX 2<x<4 byHKIMS pacrnpeneneHus paBHa F(x)=

—P(¢<x)=P(£=2)=01
3) Ecnmu 4<x<7, to 3HaueHue QyHKIMH pacrnpenencuus pasHo F(x)=0,4.
JlelicTBUTENbHO, CllyyaiiHas BeJIMYMHA MPUHUMAET TOJIBKO J1Ba 3HaYeHUd & =2 Wi

& =4, KoTopbie MEHBIIIE JIFOOOTO U3 YUCEN U3 BIOpAaHHOTO MpoMexyTka. CiydaitHast

BEJIMYMHA MPUHHUMAET 3HaueHue 2 ¢ BeposATHOCThIO 0,1 U 3HaueHue 4 C BEpOATHO-
cteto 0,3; crnenoBaTenbHO, OJHO U3 ATUX 3HAYCHMM, 0€3pa3IMyHO Kakoe, cilydaiHas
BeJMYMHA & MOJKET MPHUHATH (TI0 TEOpPEME CIIOKEHHSI BEPOSATHOCTEH NI HECOBMECT-

HeIX coObITHI) ¢ BeposTHOCTRIO 0,1+0,3=0,4. Takum o06pazom, MpH 3HAYECHUSIX
4<x<7 bynkms pacrpe/esenus paBHa F(x)=P(&<x)=
=P(¢£=2)+P(£=4)=0,1+0,3=0,4.

4) Ecnn 7<x<11, to 3HaueHue QyHKIMH pacrpenenenus pasuo F(x)=0,8.
JleificTBUTENBHO, ClTydaiiHasl BEIMYMHA MPUHUMAET TOJIBKO TPH 3HA4YCHUS & =2, WIH
=4, umm &£ =4, KoTopble MEHBIIIE JIFOOOTO W3 YMCENT U3 PacCMaTpUBaEMOTO MPO-
MexyTka. CirydaiiHas BeIMYMHA IPUHUMAET 3HadyeHue 2 ¢ BeposTHOCTHIO 0,1, 3Haue-
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Hue 4 ¢ BeposiTHOCTHIO 0,3, a 3HaueHue 7 ¢ BeposaTHOCThIO 0,4; crenoBaTenbHO, OJHO
U3 OTUX 3HAYCHUI, O€3pa3INyHO KaKoe, CIyJyaiHas BelnunHa & MOXKET IMPUHATH (110

TEOPEME CIIOKEHHSI BEPOSITHOCTECH JUISI HECOBMECTHBIX COOBITHII) C BEPOSITHOCTBIO
0,1+0,3+0,4=0,8. Takum obpazom, nipu 3HadeHMIX 7 <X <11 dyHKIUSA pacmpe-

nenenusi paHa F(X) =P (& <x)=P(£=2)+P(£=4)+P(£=7)=0,8.

5) Ecmu x>11, To 3HaucHue (QyHKIMH pacupenenenus pasuo F(X)=1. [eii-
CTBUTEIIbHO, CIyJailHasi BETMYMHA MIPUHUMAET TOJBKO YEThIpe 3HaueHus: & =2, win
E=4,nm £=4, win £ =11, xoTOpble MEHBIIIE JHOOOr0 U3 YUCENl U3 MPOMEKYTKA
(11;+00). Ciyuaiitas BenuYnMHA OPHHEMACT 3HAYEHHE 2 C BEPOSTHOCTHIO 0,1, 3Haue-

Hue 4 ¢ BeposTHOCTHIO 0,3, 3HaueHue 7 ¢ BeposTHOCTHIO 0,4, a 3Hauenue 11 ¢ Bepo-
aTHOCTRI0 0,2; CIeaoBaTeNbHO, OJHO W3 ATUX 3HAYCHHH, 0€3pa3InyHO KakKoe, CIy-
qaifHass BenMYMHAa & MOXKET NPUHATH (M0 TEOpPEME CIIOKEHHsI BEPOSITHOCTEH Jis

HECOBMECTHBIX coObITHIT) ¢ BeposaTHOCTRIO 0,1+0,3+0,4+0,2=1. Takum oOpa3zom,
npu  3HadeHWMsX X >11 Qyukuums pacmpeneneHuss paBHa F(X) = P(f < X) =
=P(£=2)+P(=4)+P(£=7)+P(£=11)=0,1+0,3+0,4+0,2=1.

CrnenoBatenbHO, (QYHKIUS paclpenefeHus] CIydalHOW BenuyuHBl & HMMEeT

BH/T

0, X<2,

0,1, 2<x<4,

F(x)=<0,4, 4<x<7,

0,8, 7<x<1],

1, x>11.

['padux dbyHKIIMM pacnipeneneHus MpUBEAEH Ha pUcyHKe 1.
Fle) [~ :
0,8~ IE—
| a
0,1 i i
o012 4 7 1 x

Pucynoxk 1 — I'paduk byHKLIMU pacrpeaeiIeHus

1.2.7 luckpeTtHas ciydaiiHas BennunHa &£ 3a7aHa PsIOM pacipeieICHHs:

gzxi

2

3

5

8

11

P(£=x)

0,3

0,1

0,3

0,1

0,2
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[TocTpouTh MHOTOYTOJBHUK paclpeAeieH s CIy4ailHOM BETUYHHBI & .

Pemenue. PaccMoTpuM MpsSMOYTOJIBHYIO J€KapTOBYIO CHCTEMY KOOPIWHAT,
npuyéM 1o ocu adcuucc OyaeM OTKIIAAbIBaTh BO3MOXKHBIE 3HAYEHUS X, CIydyalHOU

BEJIMYUHBI &, a TI0 OCH OpJIUHAT COOTBETCTBYIOIINE BEPOSITHOCTH ; .

IToctpoum Touxkum M, (2;0,3), M,(3;0,1), M,(50,3), M,@5;01) =u
M,(11;0,2). CoenuHUB 3TH TOYKH OTPE3KaMH, MOJYYUM HCKOMBIM MHOTOYTOJIBHHK
pacnpeneneHus ciayyaiiHoi Benuuunbl & (puc. 2)

Pi

0,3
0,2

0,1

0

Pucynox 2 — I'paduixk MHOTOYTOIBHUKA pacpeiesieHus

1.2.8 JluckpeTtHas ciydaiiHas BennunHa & 3aJaHa PsIOM paciipeieICHHs
E=X 2 4 6 8 10

P(é=x)| 015 0,05 0,35 0,25 0,20

Hatitn maTtematudeckoe oxunganue M (&), mogy Mo(E), nucnepcuto D(E) n

CPEIIHEKBA/IPATUYECKOE OTKIOHEHHE O, JUIs 3a[JaHHOW CIIy4alHOW BEIMYUHBI .

Bprauciauth TeOpeTUYECKHE U LIEHTPAJIbHBIE MOMEHTHI IIEPBOT0, BTOPOTO, TPETHETO U
YETBEPTOIO MOPSAKOB.

Pemenne. MaremaTtnueckoe OXHAAHUE PABHO CyMME€ NPOMU3BEICHHM BCEX
BO3MOXXHBIX 3HAYEHWH Cloy4dailHOW BennuuHBl & Ha WX BEpOSTHOCTH ((hopmyna

1.1.4):
5
M(£)=m, =Y xp,=2-0,15+4-0,05+6-0,35+8-0,25+10-0,20=6,6.

i=1
3nadyenne & =06 ciaydaiiHas BEMMYMHA NMPUHUMAET C HAUOOJBIICH BEPOSTHO-
cthio 0,35, a, ciemoBaTeNbHO, MOJIa ClTydaiiHOM BeauunHbl paBHa Mo(&) =6.
MO>KHO BBIYHMCIINTH AUCIEPCHUIO, UCXOMS U3 ONPEACIICHUS TUCIIEPCUH, OJHAKO
Jy4lie ucronb3oBath Gopmyisl 1.1.8 mwnmu 1.1.9, koTopble ympomaT BbIYUCICHHUS.
Hckomas nucnepcus paBHa

5
D(&)=> x?p, —m? =2%.0,15+4%.0,05+6%-0,35+8%-0,25+10%-0,2 - 6,6 = 6, 44.

i=1

Haiiném cpennee KBaapaTHYECKOE OTKIOHEHHE: O, = \/ D(¢) = \/ 6,44 ~ 2,54 .

Bobruncium HadaJlbHBIE MOMEHTHI:
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v, =M($)=6,6;
v,=M(&")=2"-0,15+4%-0,05+6"-0,35+8-0,25+10-0,20=50;
v;=M(&°)=2°-0,15+4°.0,05+6°-0,35+8°-0,25+10° - 0,20 = 408;

v,=M(&*)=2"-0,15+4"-0,05+6"-0,35+8"-0,25+10"-0,20 =3492,8.

HaXOI[I/IM HCHTPAJIbHBIC MOMCHTBI:

# =0
1, =D(&) =6,44;
i, =V, —3vy, +2v: =408 -3-6,6-50+2-6,6° = —7,008;
1, =V, — vy, +6v,v2 —3vt =3492,8—4-408-6,6+6-50-6,62 —3-6,6" =97,1792.

1.2.9 U3BecTHBI MaTeMaTUYECKUE OKUIAHUS HE3aBHUCHUMBIX CIyYalHBIX BEITH-

yuH £ W 77, a TaKkKe MaTeMaTHYeCcKHe OXHJIaHusi HX KBajapaTtoB: M (5) =5,

M(n7)=4, M (52) =28, M (772) =20. HaiiTu MaTeMaTM4ecKoe OXHMIAHUE M JIHUC-

nepcuio ciryyaitHoit Benuuunel Z =75 —37.
Pemienne. Haiiném nucnepcuu ciaydaiHeix BenuuuH 1o ¢dopmyne 1.1.8:
D(&)=M (52)— m:=28-5"=3,D(£)=M (nz)—ms =20-4°=4. Jlna omnpenene-

HUS MCKOMBIX BEJIMYMH BOCIIOJIb3yEeMCsI CBOMCTBAMU MAaTEMaTHYECKOTO OKUJIAHUS U
JTUCTIEPCHH.
M(Z)=M(7£-3n)=7-M(£)—-3-M()=7-5-3-4=23;
D(2)= D(7§—377) =7°D(&)-3°D(77) =49-3-9-4=111.
1.2.10 Jlan nepeyeHb BO3MOKHBIX 3HAYEHUN JUCKPETHOUW CIydailHOW BETUYH-
HBl £ X =2, X, =4, X, =6, a TaKkKe 3a1aHbl MATEMaTHYECKUE OXKUAAHUs DTOM BEIU-

unnel U eé kBagpara: M (£)=2,9, M (52) =8,9. Haitu BeposTHOCTH P, P,, Py, CO-
OTBETCTBYIOIINE BO3MOXKHBIM 3HAYEHUSIM X, X,, X, CIy4dailHOM BenuuuHbl &. 3amnu-
caTh s pactpeneNieHus Cay4yaiHol BeTUUUHbI & .

Pemenne. Ilonb3ysick TEM, YTO CyMMa BEPOATHOCTEW BO3MOYKHBIX 3HAUYECHUU
CllydaiilHON BenWYWHBI & paBHA €IWHUIE, a TaKKe MPHUHIB BO BHUMAaHHUE, YTO

M(£)=2,9, M (cf 2) =8,9, COCTaBIsgeM CHENYIOUIYI0 CHCTEMY TPEX JIMHEHHBIX
YPAaBHEHHUU OTHOCUTEIIBHO HEU3BECTHBIX BEPOSTHOCTEM:
p+ Pt py=l
2p, +3p,+ 4p,=2,9,
2°p,+3*p,+4°p, =8,9.
Pemrast monydeHHyr0 CUCTEMY JIMHEHMHBIX YPaBHEHUH, HAXOIUM HCKOMBIE Be-
postaoctu: P, =0,3, p, =0,5, p, =0,2. Pan pacnipenencuus uMeeT BUL:

E=X 2 3 4
P(&=x) 0,3 0,5 0,2
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1.2.11 uckpetHas ciny4aiiHas BenuuuHa £ MOJKET MPUHATH TOJIBKO JBa BO3-
MOJKHBIX 3HaU€HUs: X, U X,, IpUUEM X, > X,. BeposTHOCTH TOrO, YTO CciiyyaiiHas Be-
avuuuHa & MPUMET 3Ha4YeHue X,, paBHa P, =0,2. Haiitu 3aKoH pacnpeneneHus ciy-
YaifHOM BEIMYMHBI &, €CJIM U3BECTHBI MATEMATUUECKOE OKUAAHUE U TUCIIEPCUS CITy-
yaiiHol Benuunuel: M (£)=4,6,a D(&)=0,64.

Pemenue. Tak kak cyMMa BEPOSTHOCTEH BCEX BO3MOKHBIX 3HAYCHUHN TUCKPET-
HOMW CJIy9aiiHOM BeMWYHMHBI & paBHA AWHMIIC, TO BEPOSTHOCTh TOTO, UYTO CIIy4aifHas
BeJIM4MHa & MPHMET 3Ha4YeHue X, , paBHa p, =1-0,2=0,8.

3anuinem psaj pacrpenesaeH s CydyaifHOW BETUYHUHBI & |

¢=X X X
P(&=x) 0,2 0,8
Jlig HaxoXIeHust X, U X, HEOOXOAMMO COCTaBUTh [IBa YpPaBHEHHs, KOTOpBIE

CBA3BIBAIOT 3TH 4Mcia. C 3TOM LEIbI0 BBIPA3UM MAaTEMaTHYECKOE OKUIAHUE U JMC-
IIEPCUI0 Yepe3 3HAUYECHUS CIIyYalHOW BEIWYMHBI X, U X,. Halném marematmdeckoe

oxuganue M (&): M (&)=0,2x, +0,8x, . ITo ycnosuro M (&)= 4,6, cnegoBarensHo,
0,2x,+0,8x, =4,6. Bropoe ypaBHEHHE COCTaBIAEM, HCXOAd HU3  YCIOBHUA

D(£)=0,64 wu  Qopmymsl HaxoxaeHus —jucnepenu  D(&) = 2—1: X p,—m::

0,2%; +0,8x2 —4,6° =0,64 . B pe3ynbTate uMeeM CHCTEMY ypaBHEHHil
0,2x, +0,8x, =4,6,
0,2x7 +0,8x% = 21,8.
PemnB 5Ty cucTeMy, HaXo4uM J1Ba pelIeHus: X, =3; X, =51 X, =6,2; X, =4,2.
[lo ycnoButo X, > X;, MO3TOMY 3a/iaye yIOBIETBOPSET JMIIb IEPBOE pEUICHUE: X, = 3;
X, =5. B pesynbrare nojy4aem CIEAYIOIUN P paclpeieIeHus:
GZ =X 3 5
P(&=x) 0,2 0,8

1.3 3aganus 1Jis1 pelieHUus: HA MPAKTHYECKOM 3aHATHH

1.3.1 B kax 1011 3aaue ornpenenaeHa AMCKpeTHas ciydyaiiHas BenuunHa & . Jlns
CITy4JailHOW BeMUYUHBI & 3amucaTh PsJl pacipeieNieHUs] U MOCTPOUTh MHOTOYTOJIbHUK
pacrpe/ielieHus 3ToH ciyJaiiHoi BenmnuuHbl. Halitn dynknuto pacrnpeneneHus F (x)
CIy4JailHOW BenwuuHbl & U MOCTPOUTh €€ rpaduk. BhHUHUCINT, MaTeMaTHiecKoe
oxugaane M (&), mogy Mo(¢&), mucniepcuto D(&)m cpenHekBaapaTHIeckoe OTKIIO-
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HEHUE O, CIy4aiiHOW BenanuuHbl &. HallTW BEPOSATHOCTH TOrO, YTO B PE3YJbTATE

OTIbITa clyyaiiHas BelnunHa & MPUHUMAET 3HaYeHUE HE MEHee « , HO He Ooree f3.
1.3.1.1 Knuent 6anka npu pacdyérax MCIHOJIB3YEeT KPEAUTHYIO KapTOUKYy C BEPOSTHO-
cthio 0,4, a B OCTANIbHBIX CIIy4asX OCYIIECTBJISET OIUIATy HATMYHBIMH JCHEKHBIMU
cpenctBamu. KimeHT OaHka Mpou3BEN YeThIpe MOKYyNKHU. PaccmaTpuBaeTcst ciydaii-
Hasi BeNU4MHA & - YHUCIIO PACUETOB, MPU KOTOPHIX KIMEHT OaHKa BOCHOJIB30BAJICS
KpEAUTHOM KapTOukoi. 3HaueHne o =3,a f=4.
1.3.1.2 Y3 6aHKOBCKOM STYEUKH, KOTOpasi COEPKUT TPHU CIUTKA 30J10Ta U MATH CIIUT-
KOB TUIATUHBI, HayTaJ U3BIEKal0T TpHU cauTKa. [lycth & - 4nciao BBIHYTHIX CIMTKOB
wiatuHbl. [locTpouTh psan pacnpeneneHuss U QyHKIMIO paclpeneieHus CIyqdaiHon
BennuuHbl & . 3HaueHue ¢ =2,a f=3.
1.3.1.3 /IBa mpeAnpusiTUs MOCTABISIOT MPOAYKIUIO B OJUH U TOT ke peruoH. Ilpen-
IOPUSITHS HE3aBUCUMO APYT OT JPYyTa MO BO3MOKHOCTH JIENIAIOT JIBE TIOCTABKH B MECSAII
B JaHHBIA pernoH. [lepBoe mpeamnpusTHe MOXKET CAeNaTh KaXaylo MOCTaBKy B JaH-
HBIA PETUOH € BEpOATHOCTHIO 0,3, a BTOpoe - ¢ BeposATHOCThIO 0,4. CnydaitHas BeJu-
ypHa & - 00Iee YHCIO MOCTABOK MPEANPHUATHSIMHU 3a MECSI] B PETHOH. 3HAYCHHE
a=1,a f=3.
1.3.1.4 OXOTHUK, UMEIOIINHN IIeCTh MTATPOHOB, CTPEJISAET B IIEb 10 MEPBOTO TOIa1a-
HUS, WIHM TIOKa HE M3PAcXOAyeT BCe MaTpOHBI. BeposSITHOCTH momanaHus Mpu KaKaoM
BeicTpene paBHa 0,3. CiydvaifHast BennunHa & - 0OIIee YMCII0 U3PACXOIOBAaHHBIX Ta-
TPOHOB. 3HaUeHne @ =3,a [ =5.
1.3.1.5 B mapTuu U3 BOCbMHU U3JENUN UMEETCsl OHO OpakoBaHHOE. YTOOBI ero oOHa-
PYXUTh, BBIOWPAIOT HayrajJ OJHO M3/ENUE 3a IPYTUM U KaKJ0€ MPOBEPSIOT, MIOKA HE
BBIOEPYT OpakoBanHOe u3zenue. CnyuyaiiHas BenmuunHa & - 00IIee YUCIIO MPOBEPEH-
HBIX U37enui. 3Hadenne [ =2.

1.3.2 TuckpetHas ciay4aitHas BenuynHa & 3a/laHa psijioM pacipeiesICHusI:

§=X —4 1 2 5 7
P(&=x) 0,1 0,2 0,4 0.1 02

[TocTpouTs MHOTOYTOJIBHUK pacrpeiesieHus ciydaiiHod BenuuuHbl & . Haiitu
GYHKIUIO pactpeeNieHus CIy4aifHON BeIndnHbl £ ¥ OCTpouTh e€ rpaduk. Beramc-
auTh MateMmatudeckoe oxxunanue M (&), mony Mo(¢&), meauany Me(&), nucniepcuio
D(¢) u cpenHekBagpaTHYECKOEe OTKIOHECHUE 0. UL 3aJaHHO¥ CITy4alHOM BEINYH-
HBI & .

1.3.3 luckpeTrHas ciyuyaiiHash BeIMYMHA & MOXKET NPUHATH TOJBKO JIBA BO3-
MOXHBIX 3HAQUEHUS: X, U X,, IPUUEM X, < X,. BEeposATHOCTb TOTO, YTO CilydailHas Be-
anurHa £ TMpUMET 3HaueHue X, paBHa P, =0,9. Haiitu 3akoH pacnpenenenus ciy-
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YaifHON BeIM4YMHBI &, €CJIM M3BECTHBI MaTEeMAaTUYECKOE OXHJIAaHUE U CpeJHee KBa-
paTUyYecKoe OTKJIOHEHHUE CTy4yailHOW BeIMUuHbl: M (5 ) =3,8,a o= 0,6.

1.3.4 Jlan nepeueHb BO3MOXKHBIX 3HAUCHUN JTUCKPETHOMN CITy4aiiHON BEIHMUMHBI
& X% =1X,=3,%,=5, a Takke 3a7aHbl JUCICPCHUS DTON BEIMYUHBI U €€ MaTEMaTH-

geckoe oxunanne: D(&)=2,44, M (&)=3,6. Haiitu BepositHoCcTH P, P,, P5, COOT-
BETCTBYIOIINE BO3MOKHBIM 3HAYEHUAM X, X,, X, CIIyJaliHOW BENMYMHBI & . 3anmcarhb

PSI pacTpeiesIeHUs CITyIaifHON BEIMIUHBI & .
1.3.5 U3BecTHBI MaTeMaTUYECKUE OKUIAHUS HE3aBHUCHUMBIX CIyYalHBIX BEIH-
yuH £ U 77, TO ecTb M (5 ) =6u M (77) =5, a TakKe MaTEeMaTHICCKUE OKHUIAHUS UX

KBaJIpaToB, TO €cTb M (52) =40 u M (772) =30 . Haiitu MmaTeMaTnyeckoe OKHUJaHue

U IUCIIEPCHIO ciTyyaliHOW BenuuuHbl Z =4& +57.
1.3.6 JluckperHas ciyudaiiHas BennunHa & 3a7aHa PSIOM paciipeieiICHHS

E=X 3 4 5 6 7
P(&=x) 0,2 0,3 0,1 0,25 0,15

Breraucnourts TCOPCTHUUCCKNC U NCHTPAJIbHBIC MOMCHTEI IICPBOTO, BTOPOI'o, TPC-
ThCTO U I-IGTBépTOl“O IMOPAIKOB cnyqaﬁﬂoﬁ BCIINYHHBI 5 .

1.4 3agaHus 1JI KOHTPOJHPYEMOH CaMOCTOATEIbHOI PadoThI

1.4.1 B ka0 3aaue 3a1aHa IUCKpeTHas ciaydaitHas BenwunHa &. [{ns coy-
YailHOM BEMUYHMHBI & TOCTPOUTH Pl pacHpelieNICHUss U MHOTOYTOJIbHUK pacrpejie-
JICHUS 3TOW ciaydaitHoW BenwunHbl. Halitn @yHkmmro pacnpenenenus F(X) cmydaid-
HOW BENUYMHBI £ U TOCTPOUTH €€ rpaduK. BruncianTh MaTeMaTHUeCKOe OXKUIAHNE
M (&), momy Mo(S), mucnepcuto D($)u cpenHekBagpaTnieckoe OTKIOHEHUE O

ciydaiiHoi BenmuuHbl &. HallTu BEpOSITHOCTH TOTO, YTO B PE3yibTaTe OMBITA CIIY-
yaifHas BennunHa £ MpUHMMAaET 3HaueHUe He MeHee « , HO He Oonee f. Brrunciouthb
TEOPETHUUYECKHUE U LIEHTPAJIbHbIE MOMEHTHI IEPBOT0, BTOPOTO, TPETHETO U YETBEPTOIO
MOPSIKOB CIIy4aiiHON BETUIUHBI & .

1.4.1.1 BeposITHOCTh TOTO, YTO KJIHUEHT OaHKa MPUOOPETET OOJUraluio MSTHIIPO-
LEHTHOro 3aiima, paBHa 0,7. CiydaiiHas BenuuuHa &— 4uCIO OOJIUrauui NSATUIPO-
LEHTHOIO 3aiiMa, CpeJu Hayady MpUOOPEeTEHHBIX 6 obmuranuii. 3HaueHus napameT-
poB: =2, f=4.

1.4.1.2 V cemeiinoil mapel umerotcs akuuu npeanpustuss A u npeanpusarus B. Myx
BJIAJICET MATHIO AKIUAMU NPEANPUITUS A M CEMbIO aKIUsMU npeanpusTus B, sxena
— BOCEMbBIO U YETHIPbMsSI aKI[USIMU, COOTBETCTBEHHO. Ha ceMeliHOM cOoBeTe pelieHo
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IpoAaTh YeThIpe aKlKH, IO JIBE OT KaXI0ro wieHa cembu. Cryuaiinas BenuunHa & —
YKCJIO BEIOPAHHBIX HA MPOJAXY akUui npeanpuatus A. 3HaueHue napameTpa o =3.
1.4.1.3 XonoamnpHukK «Atiant XM 4007» M0xkHO IpHOOPECTH TOJIBKO B OJHOM M3
IIECTH UMEIOIIMUXCSl Mara3uHoB. [lokynaTenb mocineoBaTeIbHO 00BbE3KAET Marazu-
HBI, TIOKa HE HAaXOAMT XOJOAWIBHUK yKa3zaHHOW Mapku. CiydaitHas BenuuunHa & —
YHCII0O Mara3uHOB, KOTOPBIE MOCETHII TOKYTaTeb. 3HaUeHue napametpa [ =4.
1.4.1.4 BeposITHOCTb TOTO, YTO KyIIOpa UMeeT NoBpexaeHue, pasHa 0,2. Cioyyaiinas
BeIMYMHA &— YUCIIO KYMIOp MMEIOUIMX MOBPEXKIECHUE, Cpeld HayJady BbIOpaHHBIX
HIECTH KYMIOp. 3HAaYeHUs TapaMmeTpoB: o =3, f=5.

1.4.1.5 13 nexa, umeromiero B Hanuuue Tpu OetoHHble MThl Mapku OBC 9.4.6 u
neBsTh T mapku @bC 24.40.6, ciaydailHbIM 00pa30M Ha CKJIAJl OTTPY>KAIOT 1IECTh
wmt. CiiydaiiHas BenuyuHa & — unciao 0eToHHbIX muT Mapku OBC 24.40.6, otrpy-
’KEHHBIX U3 lI€Xa Ha CKJIaJ. 3HaueHHe nmapamerpa @ =4.

1.4.1.6 Tpaktop mapku «benapyc - 892» HaxoauTCs TOIBLKO Ha OAHOU M3 BOCBMU U3
MMEIOIINXCS CTOSTHOK Tpenrnpusitus. s paboTel moTpedoBayicsi TpaKToOp 3TOM Map-
ku. HKeHep npeanpusTvs CBS3bIBACTCA MO CENEKTOPY MOCIEI0BATEIBHO € KaXI0U
CTOSIHKOM, TIOKa HE HAXOJHUT TPaKTOp yka3zaHHOW Mmapku. CiyuaitHas BenmuuuHa & —
YHCIIO CTOSIHOK, C KOTOPBIMH CBSI3aJICSI MHKCHEP MPEANPHUATHS M0 CENIeKTOpy. 3Haue-
HUe mapameTpa [ =5.

1.4.1.7 BeposTHOCTb TOTO, YTO OaHKHOTa UMeEET moBpexacHue, papHa 0,4. Cioyuaii-
Has BeIMYMHA &— YHCIIO O0AaHKHOT, KOTOPhIE MMEIOT MOBPEKICHUS, CPEU Hayaady
BBIOpaHHBIX ceMH OaHKHOT. 3HaueHus mapameTpoB: o =4, f=06.

1.4.1.8 B Hammume UMEIOTCS ACBATH CTOJIOB, MATh U3 KOTOPHIX HMEIOT CBETIIBIH IBET.
Haynauy BeiOuparoT uetsipe crona. CinydaifHas BeIMurnHa & — YUCIO CTOJIOB, KOTO-
pbI€ HE UMEIOT CBETJIBIN 1[BET. 3HAUCHUE MapameTpa o =2.

1.4.1.9 B maptuu u3 10 uzgenuii Tpu u3nenus SABISAIOTCS OpakoBaHHBIMH. {751 KOH-
TPOJIS UX KauecTBa CIIy4ailHbIM 00pa3oM oTOUparoT maTh usnenuii. CiydaitHas Benu-
yuHa & — 4YKUCIIO OpaKOBAaHHBIX M3JIENUN Cpeu OTOOpAaHHBIX U3, 3HAaYeHHE Tia-
pameTtpa [ =2.

1.4.1.10 Kaxaplit TpeTHil JTOTEpPEHBIN OUIIET, KOTOPBIM YUYyBCTBYET B JIOTEpEe, SBIISI-
eTcsi BRIUTPHIMHBIM. CiydaifHas BelWYMHA & — YKCIO BBIMTPBINIHBIX JIOTEPEUHBIX
OWJIeTOB, cpeau HayJdady BBIOpAHHBIX MSTH JIOTEPEUHBIX OMIEeTOB. 3HAUCHUS Tapa-
MeTpoB: a =1, f=4.

1.4.1.11 B ceiide umeercst maTh CIUTKOB cepeOpa, YEThIpE CIUTKA 30J0Ta U TPHU
cnuTKa matuHbel. U3 ceiida Hayraa u3BJIeKaroT MECTh CIUTKOB. CiydaiiHas BeTU4u-
Ha £ — YMCTIO BBIHYTHIX U3 ceii(a CIMTKOB 30J10Ta. 3HAYCHHE MapamMeTpa o = 2.
1.4.1.12 TonpKO HA OHOM M3 IIATH CKJIAJ0B UMCIOTCS TEIICBU30PBI MapKu «I OpHU30HT
47 LCD 825 Infinitv FUlHD». [/Ins BhINOJHEHHs 3aKa3a Ha JOCTaBKY TEJICBH30pa
ATOW MapKu JUJiep KOMIIAHUM TIOCIIEOBATEIILHO MPOBEPSET MO KOMIBIOTEPY HAIH-
9yre TEIeBU30pOB Ha ckianax. CiydaiiHas BenuunHa & — YUCIO CKIIAJ0B, KOTOPHIC
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MPOBEPUT AWJIEp HAa HAIMYUE TEIEBU30POB HEOOXOAMMON MapkH. 3HAUE€HHE Mapa-
metpa [ =3.

1.4.1.13 Ha onumniuazae mo mMaTeMaTHKe CTyJACHTaM IPEIOKUIN PEIIUTh MATh 3a-
nad. Kaxxnas 3aada MOXKET ObITh MPABWIIBHO pEIIEHA CTYIAECHTOM C BEPOSITHOCTBHIO
paBHoii 0,4. CiyyaitHast BennuuHa &— YHUCIO MPABUIBHO PEUIEHHBIX CTYICHTOM 3a-
nad. 3HaueHus napameTpoB: a =1, f=4.

1.4.1.14 B nanuuue umerotcs 4 kpenutHeie u 6 nedetoBbie KapThl. CiiydailHbIM 00-
pazoM BbIOMpalOT nATh KapT. CiayuyaliHas BenmuyuHa & — YMCIO BHIOPAHHBIX KPEIUT-
HBIX KapT. 3HaueHue napamerpa o =1.

1.4.1.15 CnuTKY TUTATUHBI UIMEIOTCS TOJBKO B OJTHOM W3 IecTu 0aHKoB. KiueHT 00-
paiaercs mocyie0BaTeNIbHO B OaHKH J0 TEX IMOp, MOKa He HAXOJIUT OaHK, mpejara-
IOLUI Ha MPOJAXy CIWTKU maTuHbl. CiydaiiHas BennunHa & — 4nciao OaHKOB, B
KOTOPBIE MOKET OOpaTHThCS KJIMEHT. 3HaYeHHe napamerpa [ =3.

1.4.1.16 Ha »K3aMEHAIIMOHHOM CECCHH CTYJSHT TOJIy4aeT YIOBJICTBOPUTEILHYIO
OIICHKY 0 9K3aMeHy ¢ BeposiTHOCThIO (0,8. Cnyuaiinasi BenuunHa & — YMCIIO CIaHHBIX
HK3aMEHOB C YAOBIETBOPUTEIBHON OILIEHKOW, €CIIM BO BpEMsSI CECCHU HEOOXOAMMO
CaTh MATh IK3aMEHOB. 3HAYCHUS MapameTpoB: @ =3, [ =4.

1.4.1.17 B rapa)xHoM KOOIEpAaTHUBE, COCTOAIEM U3 12 rapakeil, HAXOIUTCS BOCEMb
aBToMoOmerr «Opel» u gyetbipe aBToMOOMIST «BMW). 3a cyTkH M3 rapaxxHoro Ko-
orepaTrBa BbleXalo IecTh aBToMobOmiel. CiydaiiHasi BellMunHa & — YHCIIO aBTOMO-
owelri «BMW)», BriexaBIIMX 3a CYyTKH M3 rapakHOro KoorneparuBa. 3HaU€HHUE Tapa-
MeTpa @ =2.

1.4.1.18 Kaxaprii 4eTBEPTHIM KOMIBIOTEP, KOTOPBIM yCTaHOBJIECH Ha (UpMe, TPOH3-
BojIcTBa (upMbl «Samsungy». KommbroTepsl pacrnosiaraiorcs B ceMu kabuHeTax (up-
Mbl. COTpyIHUK (UPMBI MOCIEAOBATEILHO OOXOAUT KAaOWHETHI, MOKa HE HAXOAUT
KOMIIBIOTEp yKa3aHHOW Mapku. CrydyaiiHast BennanHa & — 9UClIo KaOMHETOB, B KOTO-
phie 3aiiIET cOTpYAHUK (prpMbl. 3HaueHue napamerpa [ =5.

1.4.1.19 TloBpexaeHue ne0ETOBOM KapThl MPOUCXOIUT ¢ BeposTHocThiO 0,2. Ciy-
qaifHast BenmnunuHa & — 4uciio Je0eTOBBIX KapT, KOTOPBIE UMEIOT MOBPEKICHUE, CPEIH
BOCHMU HayZaudy e0CTOBBIX KapT. 3HAUCHUS MapaMeTpoB: @ =5, f=17.

1.4.1.20 U3 komonpl, conepxkaiieit 36 kapt, 0epyT Haymady 5 kapt. CiydaiiHas Be-
Tu4rHA & — YHUCIIO BBIHYTHIX TY30B CPEIM B3ATHIX KapT. 3HAUCHHE Mapamerpa o =2.
1.4.1.21 MoGunbHbiii TenedoH mapku «Samsung SGH 780» moxuO mpuobpectu
TOJILKO B OJHOW M3 MMEIOMIMXCS CEMH TOProBbIX Touek. llokymaTtenb mociemoBa-
TETbHO OOXOAWUT TOPTOBBIE TOYKH, MOKA HE HAXOAWT TeledOH yKa3aHHOW MapKH.
CnyyaitHas BenmmunHa & — YKCJIO TOPTOBBIX TOUYEK, KOTOPHIE MOCETUI MOKYIATelb.
3Hauenue nmapamerpa [ =5.

1.4.1.22 BepoATHOCTb TOTO, YTO BBITYCKHUK YKOHOMUYECKOTo (hakyyibTeTa OyaeT pa-
6otaTh Mo crenuanbHOcTH, paBHa 0,8. CiydaiiHas BenuunHa &— YMCIIO BBITYCKHH-
KOB, KOTOpbIe pa0OoTalT MO CIENUATbHOCTH, CPEeIX Haynady BBIOPAHHBIX BOCHMHU
BBINTYCKHUKOB. 3HAUYEHUS TapaMeTpoB: o =2, f=4.
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1.4.1.23 BepoATHOCT, TOTO, YTO W3JACINE TMPOU3BEIEHHOE TIEPBHIM CTAHKOM-
aBTOMATOM YJOBJIETBOPSIET CTaHAapTy, paBHa 0,9, 1is BTOpOro craHka-aBToMara —
0,8, nnst Tperbero — 0,7. C KaxI0r0 CTaHKa-aBTOMaTa Hayraj OepyT Mo OJHOMY H3-
nenuto. CnyuailiHag BeluuuHa & — YMCIO W3JENHM, YAOBJIETBOPSIOMIMX CTaHAApY.
3HaueHue napamerpa o =1.

1.4.1.24 ]IBa cTpenka CTPETSIOT MO0 MUIIICHH, JIeJias 10 Ba BeIcTpena. [lepBriii cTpe-
JIOK MOMAaaeT B MUIIEHB ¢ BEPOSITHOCTHIO 0,6, a BTOpoi — ¢ BeposiTHOCTHIO 0,7. Ciy-
yaifHas BenMnyrHA & — YKCIIO TMOMaJaHui B MUIICHb 0OOMMU CTpEIKaMu. 3HAUCHHE
napametrpa =2,

1.4.1.25 BepoaTHOCTh BBIMTpHIIIA B JIoTepee Ha oauH OuieT paBHa 0,2. CiydaitHas
BeIUYMHA &— YHUCIO OWIIETOB JIOTEPEH, MO KOTOPHIM MOKHO MOJYYUTH BBIMTPBHIII,
€CJIM BCETO MPUOOPETEHO MIeCTh OMIIETOB. 3HAUCHUS MapaMeTpoB: @ =2, f=4.
1.4.1.26 Kaxxaplii U3 IByX aBTOMATOB MPOMU3BEN MO JBE JAeTaau. BeposaTHOCTh Aomy-
CTUTh Opak s mepBoro aBTomara pasHa 0,2, nns Broporo — 0,3. CiyyaitHast Benu-
ypHa & — 9ucio OpaKOBaHHBIX JETaJNeH, U3 YEThIPEX MPOU3BEACHHBIX JeTaieil. 3Ha-
YeHHue mapaMmerpa @ = 2.

1.4.1.27 B 31eKTpUYECKON 1IETIM YCTAHOBJICHO MATh OJMHAKOBBIX TPHOAOB, OJUH H3
KOTOpBIX HeucmpaseH. [locrienoBarensHO MPOBOAAT TECTUPOBAHUE TPUOIOB, A0 00-
HapyXeHusl HeucrnpaBHoro. CrydaiiHas Benu4uHA & — YHCIO TMPOTECTHPOBAHHBIX
TpHoJ0B. 3HaUeHue mapamerpa [ =3.

1.4.1.28 BeposatHocThs caaTh 9k3aMeH Ha «10 0amioB» AJig MepBOTO CTY/JEHTa paBHA
0,4, a nist Broporo — 0,7. Kaxxapiit U3 CTyJIeHTOB ciai 1o ABa sk3aMmeHa. CiyyaiiHas
BeNMYMHA &— YHUCIIO 9K3aMEHOB, CIAHHBIX O0OMMH CTylneHTamu Ha «10 OaioBy.
3HayeHus napameTpoB: o =2, f=4.

1.4.1.29 BeposatHocTs npuéMa Kakaoro u3 natu curHajgoB paBHa 0,7. Ciyuaiinas
BeNMYMHA £ — YUCIIO MPUHATHIX CUTHAJIOB. 3HAUCHUE MapameTpa o = 3.

1.4.1.30 B maptuu u3 BochMHU (hoToanmapatoB ojauH (oToanmapar OpaKOBaHHBIM.
UtoOsl ero 0OHAPYKUTH, BHIOUPAIOT OAWH (PoToamnmapar 3a IpyruM, U KaKIIbIi Mpo-
BepstoT. CiydaiiHas BennunHa & — YHCIIO MMPOBEPEHHBIX (poToAammapaToB. 3HaYCHHE

napametpa [ =5.

2 HEIPEPBIBHBIE CJIYYAWHBIE BEJIUYWHBI

Conep:xanue: HempepbiBHbIE ciy4daiiHble BenuuuHbl (HCB), @yHkuus pac-
Npe/esieHus, TNIOTHOCTh paclpeesieHus] BEPOSITHOCTEN, YUCIOBbIE XapaKTEPUCTUKU
HCB (Marematuueckoe 0XHAaHHE, MOJa, MEANaHa, TUCIEePCusi, CpeHee KBapaTu-
YeCKOe OTKJIOHEHHE, HAUaIbHbIC U IICHTPATbHBIE MOMEHTHI K-TO TIOpsIIKa).
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2.1 TeopeTuyeckuii MaTepHaJl M0 TeMe NPAKTUYECKOT0 3aHATHS

Ecnu MHOXECTBO BO3MOXKHBIX 3HAUEHUM CIydyalHOM BENMMYMHBI & HECYETHO,
TO BO3MOJKHBIE 3HAUEHUS ITOM CIyYaMHOW BEJIMYMHBI LIEJIMKOM 3aMOJIHSIIOT HEKOTO-
pbIi uHTEpBaAIL. Takue cilydallHble BEIMYMHBI HA3bIBAIOTCS HENIPEPBHIBHBIMMU.

Onpenenenue 2.1.1 Oynkuus F(X), onpenenéHHas Ha MHOXKECTBE JCHCTBU-
TEJIbHBIX YHCEJI, Ha3bIBACTCA AOCONIOMHO HenpepuléHoll, €CIIM CYIIECTBYET Takas
byakuus f, 9To 171 MFOO0T0 IEHCTBUTEIILHOTO YKMCIA X BBITOTHACTCS PABEHCTBO

F(x) = j f (t)dt. (2.1.1)

Onpenenenune 2.1.2 Crnyuaiinas BennunHa £ Ha3bIBACTCA AOCONIOMHO Henpe-
pbisHOU, ecnu e€ (pyHKIS pactpeneneHus BeposiTHocTe F(X) sBisieTcst abCOMIOTHO
HEIpEPbIBHON (DYHKIIMEH.

®dyukuuro f(X) Ha3BIBAIOT NI0OMHOCMbBIO PACHPEOeNeHUsl 6ePOSIMHOCTEl, A €
rpaduk — KpUBOM pacnpeesieHusl.

Tak kak ¢QyHKUMA pacrpeneneHus sBIseTcs HeyObIBaloOUIe MU KyCOYHO-
HENPEPBHIBHOM, TO TUNIOTHOCTh pacIipeiesIeHus 00J1ajaeT CaeayOUMMHI CBOWCTBAMMU:

a) u3 Toro, uto F(X,)>F(X) VX, > X, cienyer f(x)=0;

0) byHKIMIO pacnpeneseHuss MOXHO IuddepeHInpoBaTh, 3a UCKIIOYECHUEM,

!
X

OBITh MOKET, KOHEYHOTO MJIM CYETHOrO yrciaa Touek: F'(X) = J. f(t)dt | = f(x).

C npyroi CTOpOHBI, €CIu JJIsi HEKOTOpoi GpyHKmu f (X) BBITOTHSIIOTCS yCiIo-
BUS:

1) f(x)>0;

2) f(X) - HenmpepbIBHA WM KYCOYHO-HETIPEPHIBHA;

3) T f(x)dx =1,

To (GyHKIUSA pacnpenenenus F(X) = I f (t)dt smBisiercs abCONFOTHO HENPEepPHIBHOU

—o0
dbyHKIMEH 1, cinenoBaTenbHo, GyHKIUA f (X) - TUIOTHOCTH pacipeneICHHMs.

[TepBoe ycoBUE O3HAYACT, YTO KPUBAsi PACIPEICIICHUS PACIIONAraeTCs BBIIIC
ocu Ox, Bropoe - f(X) MoxeT ObITh MO0 HEMPEPHIBHOM, JINOO COCTOATH U3 YACTEH

HETPEPHIBHBIX (PYHKIUN, TPEThEe — IUIOMIA b MO KPUBOUM paclpeeieHHs] YUCIEHHO
paBHa €IMHULIE.
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Omnpenenenue 2.1.3 IInomnocmoio pacnpedenenusi eposmHocneti HenpepbIB-
HOMW CJIyd9aiiHOM BEMWYHMHBI & B TIPOM3BOJIBHO (PUKCHPOBAHHOMN TOUKE X HA3bIBACTCS
Ipe/eT OTHOIICHHS BEPOSTHOCTH TIOTAaHusI 3TOM CITydaifHOW BETMIMHBI B MHTEPBAJ
[X;X+ AX) K BenuunHEe 3TOro MHTEPBala IPU CTPEMICHAN AX K HYIIO, U €CIH 9TOT

MIpeeIl CYIIECTBYET U KOHEYEH, TO €CTh

<
() =lim P(X‘T X+4%)
X— X

CMBICIT TUTIOTHOCTH pacmpenenenus BepostHocTei f(X) coctouT B TOM, 4TO

OHa YKa3bIBAa€T Ha TO, KaK 4acCTO I'PYNIUPYIOTCS BO3MOXKHBIE 3HAYEHHUs CIy4alHOU
BEJIMYUHBI & B HEKOTOPOU OKPECTHOCTH TOUKH X .

®dynkuwms pacnpenenenus F(X) BbpaxkaeTcs depes IIIOTHOCTh pacIpeeiIeHUs
BepositHocTer f (X) dopmymnoit

F(x)= _X[ f (x)dx. (2.1.2)

[TnoTHOCTH pacmpeneneHus BepostHocTei f(X) BbIpakaeTcs depe3 (HyHKIIHEO
pacupenenenus F(X), ecin ona quddepeHnupyema, hopMyIoi

f(x)=F'(x). (2.1.3)

JI71sl IJIOTHOCTH pacupesiesieHUs BEPOATHOCTEN CIPABEIJINBO VCI08UEe HOPMU-
POBKU:

T f(x)dx =1. (2.1.4)

—00

Tak kak, (yHKIUS pacrpenesieHus BEPOSTHOCTEH SIBISETCS HEMPEepPhIBHOM
dbyHKIMEH, TO npeaen GyHKIUA B TOUKE PaBEeH 3HAYCHHUIO (PYHKIIMU B ATOM TOUKE, a,
CJIEIOBATENLHO, COTJIACHO CBOMCTBaM (DYHKIIMH pacIpeiesieHus], BEPOSITHOCTh MpPH-
HATUS CIIyYalHOW BEJIMYMHONW KOHKPETHOIO 3HA4YE€HUS pPaBHA HYIIO, TO €CTh
P(§ = a) =0. CraepoBaTenbHO, CIIPaBEIIUBA POPMYIA HAXOHCOCHUS BEPOSIMHOCTIU

NONAOAHUS HENPEePbIBHOU CIYUAUHOU 8eIUUUHBL 8 3A0AHHbIL UHMEPBAIL.
Pla<é<p)=Plas<i<f)=Pla<i<p)=Pla<i<p)=

[ 1000 =F(p)~F (@) @19

Takum 00pa3om, 3Hasg PYHKIUIO paCTIpEEICHUs] HEMPEPhIBHOM CiIyyaiiHOU Be-
JIMYUHBI WM TUIOTHOCTH PACIPEAEICHUSI BEPOATHOCTEN MOXHO BBIYUCIUTH BEPOST-
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HOCTH TIPOM3BOJIBHBIX COOBITHI. YKa3anue GyHKIIUHA PACIPEACTICHUS WIIN TNIOTHOCTH
pacnpeneneHuss BEPOSITHOCTEH SIBIISIOTCS MAaTeMaTHUYECKUMHU MOJIETSIMU  DKCIIEpH-
MEHTa. JTU MOJIENIM HA3bIBAIOTCS 3aKOHAMHM PACIIpPE/IeNICHUS CTy4YalHbIX BEJIMYUH.
PaccMOTpuM 4HCIIOBBIE XapaKTEPUCTUKH HEMPEPBIBHBIX CIYyYaWHBIX BEJIUYUH.
OmnpeneneHus ¥ CBOMCTBA YUCIIOBBIX XapaKTEPUCTUK JJIsI TPOU3BOJIBHBIX CITyYalHBIX
BEJIMYMH npuBesieHbl B TeMe Ne 1 «/lucKkpeTHble ciydailHble BETUYUHBI.
Onpenenenue 2.1.4 Mamemamuueckum oxcudanuem Henpepvl8HOU CIY4atiHOU
geauyunvl &, s Kotopod ¢yHkmus f(X) sSBIsETCS TUIOTHOCTBIO paclpeieicHUs

BCpOHTHOCTCﬁ, Ha3bIBACTCS BEJINYMHA HECOOCTBEHHOTO HHTCI'pajiad

M(f):mngx f (x) dx, (2.1.6)

€CJIM OH CXOJIUTCSI.
Onpenenenue 2.1.5 Moooi Mo(E) uenpepwisnoti ciyuatinou eenuuunvt &

HA3bIBAETCS Takoe e€ 3HauYeHHue, MPH KOTOPOM IUIOTHOCTH PACHpEICIICHUs BEPOSTHO-
CTEN NUMEET MAKCUMYM.

Omnpenenenune 2.1.6 Meouanou Me(E) nenpepwisnou cayuatinoi geruyumnsl &
Ha3bIBAETCS TaKoe €€ 3HaU€HHUE, OTHOCUTEILHO KOTOPOI'0 PaBHOBEPOSTHO MOIyYECHHE
OOJNBIIIEr0  WJIM  MEHBIIEro  3HAaYeHUs  CIy4yallHOM  BEJIMYUHBI, TO  €CTh

P(&<Me(&))=P(&>Me(S)).

Me(&) 1
3HaueHHe MeJIMaHbl MOKHO OTPECIUTh U3 PAaBEHCTBA j f (x)dx = >
Onpenenenue 2.1.7 /Jucnepcueil nenpepviéroll ciyyaiinou geaudunst &, s

kotopoii ¢yHKuus f(X) SBISETCA IUIOTHOCTBIO PACIPEACICHHS BEPOSTHOCTEH,

Ha3bIBACTCS BEJIMYMHA HECOOCTBEHHOT'O HHTCTpaIa

D(&) = f(x— m.)" f(x)dx, 2.1.7)

€CJIM OH CXOJIUTCSI.
N3 pasenctsa (1.1.8) cienyet emé onHa GopMyna ais BEIUUCICHUS TUCIIECP-
CHUU:

D(§):Tx2f(x)dx—m§. (2.1.8)

Omnpenenenue 2.1.8 [TonoxurenbHoe 3HaYE€HHE KBAJIPATHOIO KOPHS M3 AMUC-
NIEPCUN HA3BIBAECTCA CPEOHUM K8AOPAMUUECKUM OMKIOHEHUeM U CMAHOApPmoM
ClIlydaiiHO# BennuuHbl & U onpenensieTcst popmyron

o, =0(£)=D(&). (2.1.9)
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Pasmax R u xo3dduirienT Bapuanuu Ui HEIPEPHIBHBIX CIyYailHBIX BEIHYUH
oIpeessaoTes o (popmysam, KOTOPbIE YKa3aHbl Ha MPAKTUYECKOM 3aHsATHH Ne 11.

JIJis HenpepbIBHOM Cay4YailHOW BEIMYUHBI HaudibHblil Momenm K-2o0 nopsioka
BbIpaXKaeTcsl HECOOCTBEHHBIM UHTEIPAIOM:

v, = j x“ f (x)dx, (2.1.10)

€CJIM OH CXOJUTCA.
Jl7is1 HeTIPEepBIBHOM CITy9allHOW BEIMYHHBI YeHMpaabHblll MOMeHm K-20 nopsio-
Ka HAXOaUTCs 10 popMyIie

+00

po= [ (x=m,)" () dx, (2.1.11)

—00

€CJIM OH CXOOUTCA.
]_IGHTpaJ'II)HBIﬁ MOMCHT IICPBOI'O IIOPAAKA BCCrAaa paBCH HYJIIO0, BTOPOI'O IMopAa-

Ka sBIAeTCs AUcHepcueii cydaitHolt Bemmunnbl £ u, = D(E) =v, —v/ . Kak npasu-

70, JAJI1 OMHMCAHUSI XapaKTEPHBIX OCOOCHHOCTEW BEPOSITHOCTHOM MOJENH HCIOJb3Y-
FOTCSI MOMEHTBI HE BBIIIE YETBEPTOro Mopsiaka. LleHTpaabHbIii MOMEHT TPETHETO MO-
psaaKa OnpeeIsaeTCs o bopmyie Ly =V, =3V, + 217, a
0 - f, =V, —dvy, +6vy — v,

[leHTpaNbHBIE MOMEHT TPETBETO IOPSANKA [, CIIYXKUT XapaKTEPUCTUKON
acUMMeETpHUH («CKOIIIEHHOCTH») pactpenenenus. Ecnu ciydaitHas BenuumHa & pac-

npejesieHa CUMMETPUYHO OTHOCHUTEIIBHO CBOET0 MaTeMaTHYECKOTO OXKUIAHUS, TO
3
TPETUH LICHTPAIBHBIM MOMEHT i, = M ((5 -m 6&) ) =0.

LleHTpabHBIE MOMEHT YETBEPTOrO NOPSAKA A, CIYKHUT XapaKTEPUCTHUKON

OCTPOBCPIIMHHOCTH HWJIH INNIOCKOBCPIIMHHOCTH PACIIPCACIICHUA. BBI/II[y TOI'O, 4YTO OTHU
OCHTPAJIbHBIC MOMCHTBI HMMCHOT PA3JIMYHBIC PAa3MCPHOCTH, yL[06Hee II0JIB30BAaTbHCA

0e3pasmMepHbIiMU KO3 PUIIMEHTaMU: A:,u_:; - Koagpuyuenm acummempuu;
o
g Ha
= K09 puyuenm niocKko8epuUHHOCMU.

Tak kak nmns HamOoJee pacnpoCTPaHEHHOTO HOPMAJIBLHOTO 3aKOHA pacrpese-
4
nenust p,/c’ =3, To B KauecTBE XapaKTEPUCTUKH OCTPOBEPIIMHHOCTH HCIONB3YIOT

a3

0e3pa3mMepHbIil Kod(hPUITMEHT, Ha3bIBAEMBIN oKcyeccom I = pr

KpOMe PACCMOTPCHHBIX HAYAJIbHBIX W HCHTPAJIIBHBIX MOMCHTOB, Ha IIPAKTHUKC
HHOrAa IPUMCHAIOTCSA TaK Ha3bIBACMEIC abconitomuble  HAYAIAbHbIE MOMEHMbl

k k
a, =M (|§| ) u abconrommuvie yeHmpaivhvle momenmol S, =M (‘6 — mé‘ )
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2.2 IlpuMepsl penieHUs] TUMOBBIX 32124

2.2.1 Cnyyaiinas BennuuHbl & WMMEET IUIOTHOCTh paCIpe/ielieHUus BEPOSATHO-
CTEU
T

acosX,ecimu 0<x< >

f(X)=

T
0, eCJzux<szux>E.

Ompenenuth k03ddurment a. Haiitn ynkimro pacnpenenenust F(X). Bbi-
YHCIUTh MaTematndeckoe oxunanue M (&), aucnepcuto D(E), cpennee kBampartu-

V4 T
yeckoe oTKIoHeHHe o (&) M BEepOSITHOCTh HEPABEHCTBA 5 <é< 5

Pemenue. Jlns onpeneneHus mapaMerpa & BOCIOJIb3YEeMCsl YCIOBHEM HOPMHU-
poBku (2.1.4).

0 72'/2 400
. V3 . T .
.[ 0dx+ j acosx dx + j 0dx=1; asin x\o/z =1, a(sm——smoj =1; a=1.
0 7/2 2
CJ'ICI[OBaTeJ'IBHO, INIOTHOCTDB paClpCACIICHUA 3aJaHa BhIPAKCHUCM
cosX,ecmu 0<x<rx/2;
f(x) ={ /

—00

0, ecru x <Qunu x > /2.
Haiiném ¢ynkumro pacnpenenenus no popmyne (2.1.2).

Ecim x<0, 10 F(X)=P(E<X) = j f(x) dx = Ide:O.
Ecmu 0<x<7/2, T0
X 0 X
F(x):P(e;<x)=j f () dx = dex+jcosxdx=sinx\;=sinx.
—0 —00 0

Ecimn x> 7/2, 10
X 0 /2 X )
F(X)=P(£<x)= I f(x)dx = dex+ I cos x dx + I 0dx=sinx|g/ =1,
0 —o0 0 /2
OyHKIYA pacupeneIeHUs CIIyYaiHOM BEJIMYUHBI ¢ UMEET BUJ

-

0,ecmu x<0;
T

F(X)=<sinX, eciu 0<x < 5

T
1,ecxzux>5.

Brruncnum matematuueckoe oxkujanue no gopmysie (2.1.6).
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+00 /2
) 2 T
M(&)=m, = I x f(x)dx= j X COS X dx=(xsmx+cosx)‘g :E_l'
—0 0
I[J'ISI BBIYHUCJICHUA HMHTCTpalia UCIIOJIb30BaJIaCh q)opMyJ]a HHTCIPUPOBAHUA 110

gacTsaM. Beraucium aucnepcuto mo popmyne (2.1.8).
/2

+o0 2
D(g):szf(x)dx—mgz J' xzcosxdx—(ﬂT_zj :(2xcosx+(x2—2)sinx)‘ 2
b :

0
2
_(”T_Zj —r_3.

JIist BBIYMCIICHUST MHTETpaja JBaXK/bl MCIOIh30BaJIach (opMysia HHTETPUPO-
BaHMsI TI0 YacTAM. BeamciuM cpemgHee KBaJpaTUIECKOE OTKJIOHEHHE 1o (opmylie

(2.1.9): 0. =0(£)=D(&) =Nz -3.

T T
JIns BEIYMCIIEHUST BEPOSITHOCTA HEPABEHCTBA 5 <é< ) BOCIIOJIb3yeMcsi Ghop-

Mmyoit (2.1.5).
/4 ) ¢ T V4 V4 T 1 1
P(—<§<—j: I cosx dx = F(—j— F(—):sin——sin—:l——:—.
6 2) e 2 6 2 6 2 2
2.2.2 OyHKIMs pacnpeaesieHus CydailHOW BeTUYUHbBl & UMEET BU/]T
0, ecru x <0;
F(X)=:x, eciu 0< x<1;
1, ecru x>1.
Haiitu tuioTHOCTH pacmpeneneHus BepositHocTer f(X), maTemarumdeckoe
oxunanue M (&), mucnepcuro D(E), cpeanee kBaapaTuueckoe oTkiaoHeHHe o(E) H

BEPOSITHOCTH MOMaaHus ciiydaiino Benuunnbl & B otpesok [0;0,5].

Pemenue. Haxoaum MIOTHOCTh paclpenesieHus] BEpOSTHOCTEN Mo ¢opmyse
(2.1.3).

0, ecu x<0;
f(X)=F'(X)={3x% ecuu 0< x<1;
0, eciu x >1.

Brrancnum maTemMatuueckoe oxujanue mo gopmysie (2.1.6).
1

+00 1 1
M($)=m, = I x f(x) dX:_[x-3x2 dx:_[Bxsgdx:%x4 _3
-0 0 0 0
Beruucnum nucnepcuio o popmyne (2.1.8).
3 " 9 3 9 3

+o0 1 2
3
D(§)::[Ox2f(x)dx—m§:£x2-3x2 dx—(z) :§X5

, 16 5 16 80
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Beruncnum cpemHee KBagpatudeckoe OTKIOHeHWE 1o dopmyne (2.1.9):

o.=0(5)=D(&) = \/%z 0,194.

JIs1st BBIYHCIICHUS] BEPOSTHOCTH TMOTAIaHUsI CIy4alHON BeUUMHBI £ B OTPE30K
[0;0,5] Bocmonb3yemest hpopmyioii (2.1.5).

0,5
P(0<£<0,5)= [ 3" dx=F(0,5)- F(0)=0,5"~0°=0,125.
0

2.2.3 CniyyaiiHass BEJIMYMHBI ¢ WMEET IUIOTHOCTh paclpeiesicHUsT BEpPOSITHO-
cTen
¢ 3c0s3x, ecnu 0< x < 7/6;
(X)_{ 0, ecru x <Qunu x > /6.
Haiitu moxy Mo(&) u menuany Me(&) crydyaitHOM BETMYHHBI & .
Pemenue. [[i1s1 onpeneneHnss MOAbI CIy4alHOM BEJIWYMHBI HAMAEM MAKCUMYM

T
INIOTHOCTH PACIIpCACICHUA Ha OTpGSKG‘:O;E:| . HaXOILI/IM IMPOU3BOAHYIO IINIOTHOCTH:

f’(x):(3c033x)':—9sin3x:0, x:%n,VneZ. Eciu n=0, to x:Oe[O;%}, a

3TO KOHel oTpe3ka. [Ipu Apyrux N, KpUTHYECKHE TOYKHU HE MPUHAIJICKUT 3aJIlaHHO-
My OTpe3Ky. 3HaueHHUs IUIOTHOCTH BEpPOSTHOCTH Ha KoHIax otpeska: f(0)=3,

f (z/6) =0. CnenoBarespHO, MOJa ClydaiiHO Bean4uHbl paBHa Mo(&) =3,
Haiiném menuany Me(&) =m,, ucxozs u3 onpeaeneHust MeIHaHbI:
P(é<m,)=P(&>m,),
Wi, 9To TO xKe camoe, 2P(&<m,)=1. YuuTbiBas, YTO [O YCIOBHIO BO3MOXHBIC
3HAYEHHUS CIIydailHON BEIIMYMHBI ITOJIOKUTEIILHBI, TIEPEIHIIIEM 3TO PABEHCTBO B BUJIC:
P(£<m,)=0,5,

HJIn

I3cosBx dx =sin3m, =0,5.
0

1
W3 nocnenHero paBeHCTBa, MeeM 3M, = arcsmE = —. CnenoBaTenbHO, UCKO-

oy

Masi Meinana pasHa m, = 7/18.
2.2.4 CnyyaiiHasi BEJIMYMHBI ¢ WMEET IUIOTHOCTh PACHpPEICIICHUS BEPOSTHO-
cTen
£ {—xz +8x 11, ecru 2 < x <6;
0,ecnu x<2umu x>6.
Haiitu moxy Mo(&), marematnueckoe oxumanve M (E) u menunany Me(E)
CIIy4YallHOW BEJIMYMHBI £ .
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Pemenne. [l onpeneneHus Moabl CIyd4alHOW BEIWYMHBI HAUAEM MAKCHUMYM
IUIOTHOCTH pactnpenenenus. [Ipeodpasyem BblpaskeHue ISl TUIOTHOCTH pacrpesese-
HUSI BEPOSITHOCTEM:

f(X)=—x*+8x-16+5 mwm f(x)=5-(x-4)°.

CnenoBarenbHo, f(X)<5 W MIOTHOCTH pacmpeseNeHus] BEPOITHOCTEH JOCTH-
raeT CBOEro MaKCHUMAJbHOTO 3HAYEHHUS, KOTOPOE PABHO S5, MPU 3HAYCHHH TIEPEMEH-
Ho X=4. Torma Mozaa ciay4aiiHoi BenuunHbl paBHa MO0O(E) =4. DT0 ke 3HauCHHE
MOJIbI MOXHO MOJTyYUTh, UCTIONB3YsI METOABI U PepeHInanbHOT0 UCUUCTCHHUS.

Tak kak KpuBasl pacnpeeieHus CHMMETPUYHA OTHOCHTEIBHO NpSMOl X =4,
TO MaTeMaTHueckoe oxkuaanue paBHo M (&) =4 m MenuaHa Tak e MPUHUMACT 3Ha-
yeaue Me(&) =4.

2.2.5 CnygaiiHasi BEJIMYMHBI ¢ WMEET IUIOTHOCTh PaCHpPEICIICHUS BEPOSTHO-
cTeH
X,ecmu 0<x<1;

f(x) =

Haiitn HauvanbHbBIE U HCHTPAJIBbHBIC MOMCHTEI IICPBOI'0, BTOPOI'o, TPCTHCTO H
I-ICTBépTOI’O IIOPAOKOB.

0,ecnu x<0wmu x>1.

+00
Pemenune. HaiinéM HauaibHblE MOMEHTHI IO (OpMYIIE V, = I x*f (x)dx. Yuu-

TBIBasl, YTO HA MHTEpBaIax (—oo;O] u [1; +00) 3HAUYCHHUS [UIOTHOCTH PACIPECIICHHsI

BEPOSITHOCTEH PAaBHBI HYJIO, TO (POpMyJia HAXOXKIEHUS HAdaJbHBIX MOMEHTOB IpH-
HHAMAET BU:

1
v, :kaf(x)dx.
0

1 1 3t

vl='x1-xdx:J'x2dx:X— _1
r ) 3, 3
1 1 4ft

v, = xz-xdx:jx3dx:x— _1
" 5 4 4
1 L 5!

Vv, = x3-xdx:jx4dx:x— -1
0 0 Sl O
1 1 6t

1/4:J‘x4 xdx:_[xsdx:x— 1
0 0 6O 6

Haitném nestpanbHble MOMEHTHI. LleHTpanbHBII MOMEHT MEPBOIO ITOPsAIKa
000 ciTydaiiHOW BEJIMYMHBI paBeH HYJIO0. J[Ji1 BEIYMCIEHHS LIEHTPAIbHBIX MOMEH-
TOB 00Jiee BBICOKOIO MOpPsIKa BOCMOJIb3yeMcs (OpMyJaMu, BhIPAXKAIOIMMU IEH-
TpaJbHbIE MOMEHTHI YEPE3 HaYaJIbHbIE MOMEHTHI CIIy4aliHOW BEIMYUHBI.
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1 11 1Y 1.1 2 13

V=3, + 2 ==-3. 2. 242 | 2| =2 -S4 —=
M=V m e TN =593y (3) 5 4 27 540
1 11 .11 1 14
—y, vy +6r R -3yt 4. 2.2 46. 2. it
Ha ZVa TRV TRV TN 53 49 81 135

2.3 3aganus AJ1s1 pelieHUsI HA MPAKTUYECKOM 3aHATHH

2.3.1 Cnyyaiinas BenuunHa & WMEET IUIOTHOCTh paclpeliesieHUusT BEPOSTHO-
cTen
a-sinx,eciuu0<x<r;
f(x)=
0 ,ecru x<Qumu x> r.
Omnpenenuth ko3 dunuent a. Hadtu ¢ynkmuio pacrnpenenenus F(x). ITo-

CTpPOHTH I'padUKH TUIOTHOCTH paclpelielieHus] BEpOSATHOCTEH M (PYHKIIMM pacrpene-
JICHUS CIIy4aliHOHM BeIMuuHbI. BhrumcinTs MaTeMaTHueckoe oxkumganue M (&), muc-

nepcuro D(&), cpennee xBagpaTrueckoe oTkIIOHeHHE () M BEPOSATHOCTh HEpaBEH-
V4
ctBa 0< < < e

2.3.2 Cnyuaiinasi BennunHa & HWMEET TUIOTHOCTh PACHpeeNICHUsT BEPOSTHO-
cTen

a-cos® X, ecu ‘x‘ <r/2;
f(x)=
0, ecmu ‘x‘ > 7/ 2.

Omnpenenmuth kodddunment a. Hadtu dynkmuio pacrnpenenenus F(x). Ilo-

CTpOUTH rpaduKH MIOTHOCTH pacHpeleseHus BEpOATHOCTEN M PyHKIUU pacrpese-
JICHUS CIYYallHOW BEMUYMHBL. Bbramcnuts mMaTemarudeckoe oxunanue M (E), muc-

nepcuto D(&E) m cpennee kBampatuueckoe oTkiaoHeHue o(E). Haiit BeposSTHOCTH
TOTO0, YTO B JIBYX HE3aBHUCHMBIX HCIIBITAHUSIX ClydaifHas BenuunHa & OyneT Ooublie
7/4.

2.3.3 [TnotHOCTH pacmpeneieHus BepositHocTer f(X) cirydaliHON BeTMYWHBI
& ompenensiercss hopmynoi (pacnpenenenue Jlammaca) f(x) —a-e™. Onpenenuthb
kodp¢uiment a. Haittm ¢yakmuio pacnpenencHus F(X). Iloctpouts rpadukm

IJIOTHOCTU paclpesiesieHns BEepOSITHOCTEH M (DYHKIMM pachpeleseHus: Cy4aiHou
BEJIMYMHBI. Bpraucinte Marematuueckoe oxumanue M (&), mucnepcuro D(E) wu

cpemHee KBajpaTuieckoe oTkIoHeHue o (<) .
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2.3.4 TTnotHOCTH pacmpeneiieHns BepositHocTer f(X) cirydaliHON BeTMYUHBI

a
¢ ompenensiercs Gopmyoit (pacnpenenenue Komm) f(X) = e Onpenenurtpb Ko-
+ X

s dunment a. Haiitu dynkmuto pacnpenenenus F(X). [loctpouts rpadguku miot-

HOCTH PacCTIpeeICHNUs BEPOSTHOCTEH M (YHKIIUUA PACIIPEACIICHUS CIIy9ailHOW BEITH-
yuHBl. Beraucnuts Matematudeckoe oxumanne M (&), mucnepeuto D(E), cpennee

KBajgparnueckoe oTkioneHue o (&), moagy Mo(&) u mequany Me(E) ciydaitHoi Be-

TUYuHb ¢ . HailTi BepOsITHOCTh HepaBeHCTBa & > J3.
2.3.5 Cnyyaiinas BenuuvHa & WMEET IUIOTHOCTh paclpeliesieHUus! BEPOSTHO-
cTen
a-x°, ecmu0<x<2;
f(x)=
Omnpenenute kodpdunment a. Haittu dyakmuio pacnpenenenus F(X). Ilo-

CTPOUTH I'padUKH IUIOTHOCTH paclpeiesieHus] BEPOATHOCTEH W (PYHKIHMH pacIipese-
JICHUS CIyYalHOH BEJIMYWHBI. BhramciuTh Maremarudeckoe oxunganue M (&), muc-

0, ecmux<Qumu x>2.

nepcuro D(E) m cpeanee kBamparnueckoe oTkioHeHHe o (&) . HaliT BeposSTHOCTB
TOTO, YTO B PE3YJIbTATE OIbITA CIy4yaiiHas BeMu4YnHA & OTKIOHHUTCS OT CBOETO Mare-
MaTHYECKOTO OKHMIaHMsI He OoJiee yeM Ha 3HadeHue paBHoe 0,5.

2.3.6 OyHKIMS pacnpeeleHns CayJailHoW BeTMUUHbl & UMEeT BUJ

(0, ecmu x<0:;

X2 — X

F(x)= yecau 0 < x <2,

1, eciu x> 2.

HaiiTi mmotHOCTH pacmpesenienus BepositHocterd f(X) ciaydaitHON BeTMUWHBI
& . Iloctpouth rpaduku TUIOTHOCTH pacipeneeHus] BEpOsSTHOCTEH M (YHKIIMH pac-
MpeieNieHns ClIy4allHOW BeNW4YuHBl &. BBUHMCIUTE MaTEeMaTHYECKOE OXHUIAHHE
M (&), mucniepcuro D(&), cpennee kBaapaTudeckoe oTkionenue o(&)mony Mo(é)
u menuany Me(&) cnydailinoit BenmuumHBI ¢. HalTh BEpOATHOCTH TMOMAJaHUs CITy-
vaiiHOUM BenmmuuHbl & Ha otpesok [0,5;1,5].
2.3.7 OyHKIMS pacrpeneseHus] CIydaiHOW BETWYMHBI & HMMeeT BHI (3aKOH
apKCHUHYCa)
0, eciu x < -1
F(x)=<a+b-arcsinx, eciu —1< x<1;
1, eciu x >1.

Omnpenenmuth kK03pdurmerTsl a U b. Haifth TUI0THOCTE paciipeneieHus Bepo-
atHocter f(X) cmywaitHol Bemmumbbl &. [locTpouTs rpaduku TUIOTHOCTH pacrpe-

JIeJIeHUsT BEPOSATHOCTEH M (QDYHKIMU pacHpeqeNieHns CIydaiiHON BenuduHbl & . BEI-
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JUCIUTh MaTeMatndeckoe oxumanne M (&), mucnepcuto D(E), cpeanee kBaapaTu-
yeckoe oTkioHeHue o(&), Hailtu BepOsITHOCTh TOTO, YTO Cly4aiHas BelndyuHa &

puMeT 3HaueHue He MeHsIe 0,5, Ho He 6onee 1.
2.3.8 CnyuaiiHas BeaMuMHA ¢ WMEET IUIOTHOCTh PACHpEeNICHUs BEPOSITHO-
cTen
2¢0s2X, ecmu 0< x < rr/4;

f(x) =

Haiitu mony Mo(&) u meanany Me(&) caygaitHoi BenmuunHbl & . Haiitu Bepo-

0, ecru x <Qunu x > /4.

. . 7w 3
ATHOCTb MOTA/IaHUs CIIy4aiiHON BEeUYUHBI & Ha OTPE30K [E,?} )

2.3.9 Cnyyaiinas BeMYrHa ¢ UMEET INTIOTHOCTD paclpe/ie/iCHUsT BEPOSITHOCTCH
—3x* +18x-15
f(x)= 32
0, ecnu x <lunu x >5.

cecaul<x<b;

Haiitu moxy Mo(&), marematnueckoe oxumanve M (E) m mennany Me(E)

CJIIy4allHOW BEJIUYUHBI & .
2.3.10 oxkazatb, 4yTO AJis OO0 HEMpPEepHIBHOM CIIy4ailHOW BEJIMYMHBI IICH-
TpaJbHBIA MOMEHT TIEPBOTO TIOPSIKA PABEH HYIIIO.
2.3.11 CiyqaifHast BeIMYMHA ¢ WMEET IUIOTHOCTH PACTIPECIICHHS] BEPOSTHO-
cTen
2X,ecmu 0< x<1;

F(x)=

HaiiTn HayanbpHBIC W IEHTPAIBHBIE MOMEHTHI IEPBOTO, BTOPOTO, TPETHETO U
YETBEPTOTrO MOPSAKOB.
2.3.12 CniyqaifHas BeIMYMHA ¢ WMEET TJIOTHOCTH PACTIPECICHHS BEPOSTHO-

0,ecmu x<0wum x>1.

cTeN

3x° _
F(x)= —,ecnmul<x<?2;

0,ecmu x<lum x>2.

Haiitn HavanbHBIE U LIEHTPAJbHBIE MOMEHTBI MEPBOrO, BTOPOTO, TPETHETO MU
YETBEPTOTrO MOPSAKOB.

2.4 3ananus 1)1l KOHTPOJMPYEMOH CaMOCTOATEIbHON padoThI

2.4.1 B xaxmol 3ajaye BapuaHTa 3aJaHa TUIOTHOCTh PACHpPEICIICHUS BEPOSIT-
Hocteit f(X) HempepbIBHOH ciydaiiHO# BeanuuHa &. OmpeaeuTh MOCTOSHHYIO Be-

avnuuHy a. Haittu ¢yskumio pacnpenenenust F(X) ciywaiinoit Benwmuunsl & . [lo-
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cTpouTh rpaduk GYHKIIUUA PACTIPEACIICHUS W TUIOTHOCTH PACTpPEEICHUS BEPOSTHO-
CTel cimyuaitHoii BenmuunHbl & . Berauciute MmaTemaTrueckoe oxugaane M (&), Moy

Mo(¢&), memnany Me(&), mucriepcuro D(E) m cpeaHEeKBagpaTHIECKOE OTKIOHCHUE
O, CllydyalHOW BenM4YMHbI. HaiiTi BEPOSITHOCT TOTO, YTO B pe3yabTare, MO KpanHen

Mepe, B OJJHOM M3 TpEX HE3aBUCHMMBIX WCIBITAHUN ClydaiiHas BeIWMYMHA & MPUMET
3HaUYE€HHUE HE MEHEee « , HO He Oosee [F.

24.1.1 a-cos’2x, |x|<xz/4; 2412 a-sin®2x, [x|<x/4;
F(x)= f(x)=
0, |x>n=/4; 0, |x|>=/4;
a=r/6,p=r/3. a=0,p=r/4.
24.1.3 - a-2~ |X|S2, 2414 a-cos’ 3x, |X|<7Z/6
X) =
0, [x>2; 0, |x|>x/6;
a=0,p=1 a=r/12, f=rx/4A.
2.4.1.5 a-sin’3x, [x|<z/6; 2416 a-3, |x<g
f(x)= f(x)=
0, x| > 7/6; 0, [x|>1
a=-r/12, f=r/12. a=-0,5, =0,5.
2.4.1.7 (o0 a-cos?(x/ 2), |X|S7Z; 2.4.1.8 () — a-sin’(x/2), |x|<;z
X) =
0, [X>m 0, [X>=;
a=rx/4, B=r/3. a=-r/6,=0.
2.4.1.9 a-4* [x|<2; 24.1.10 a-cos (x/4) X|<7;
f(x)= (x)=
O, |X|>2, X|>7z'
a=-1p3=1 a= 7r/4 ,B 3r/4.
2.4.1.11 a-sin’(x/4), |x|<4r, 24112 a-5%, X|
f(x)= f(x)=
0, |X>4x; x|>1
a=-r,f=2r. 0!_—3ﬂ 0.
2.4.1.13 £ a-cos’4x, |x|<x/8;  24.1.14 (20— a-sin’4x,|x| < z/8;
X) =
0, |X|> 7/8; X|> 7/8;
a=-r/16, B =r/16 a =0, ﬂ 7/16.
2.4.1.15 . 6% . 2.4.1.16
f(X)= 3.6,|X|S3, aCOS— |X| 3r;
0, |x>3; Fo)=
w2 p-1 X|>37r
a=72',ﬁ=272'.
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2.4.1.17

2.4.1.19

24.1.21

2.4.1.23

2.4.1.25

2.4.1.27

2.4.1.29

a-sinzz, x| <37;
6 0

f(x) =
0, |[x|>3x;
a=-r, p=3r.
f a-cos’5x, |x|</10;
X) =
0, |X|> 7/10;
a=-7/20, f=0.
a-8", [x/<1;
f(x) =
0, |x>1
a=0, =1
a-sinzi, x| < 4r;
f(x) = 8
0, [|X>4x;
oa=-3r, f=-2n.
a-cos’ 6x, |x| < 7/12;
f(x)=
0, |X>r/12;
a=-1/24, B =r/24.
a-10%, eciu ‘x‘ <2
f(x) =
0, eciu ‘x‘>2;
a=-14=3.
a~sin21, x| <57;
f(x) = 10
0, ‘X‘>57r;
a=r,f=4r.

2.4.1.18

2.4.1.20

2.4.1.22

2.4.1.24

2.4.1.26

2.4.1.28

2.4.1.30

a-sin’5x, |x|<7/10;
0, |x>/10;
=-x/10, f =-r/20.

(04
{a-coszx, |x| < 4r;
8

0, [|X>4r;

a-sin®6x, |x| < 7/12;
0, [|x>n/12;
a=-7/36, B =r/36.

f(x) =

a-cosZ%, x| <57;

f(x)=

0, |X|>57;
a=-2r,p=r.
a-12*, |x|<1;
f(x) =
0, [x>%
a=-1 =4

3 OCHOBHBIE BEPOATHOCTHBIE MOJAEJIN
PACITPEAEJEHUA IUCKPETHBIX CJIYYAUHBIX BEJIMUYUH

Conep:xaHue: 0JHOTOUEUHOE (BBIPOXKIACHHOE) paclpeiiesieHue, pacrupesese-
Hue bepHymmm (nByxTodedHoe), OMHOMHAIBLHOE paclpenesieHue, T€OMETPUIECKOEe
pacrpeneneHue, THnepreoMeTpuuecKoe pacupeneienne, pacnpeaenenue [lyaccona.



3.1 TeopeTuveckuii MaTepuaJI M0 TeMe NPAKTUYECKOT0 3aHATHS

3aKoH pacrpesiesieHus CaydyalHON BeJIMYMHBI MpPEeCTaBisieT coO0N MaTeMaTu-
YECKYI0 MOJIEIb BEPOATHOCTHOTO JKclepuMeHTa. PaccMoTpum Hambosee pacmpo-
CTpaHEHHbIE MOJICNIA JUCKPETHBIX pacipeieICHU.

3.1.1 OnHoTo4YeuyHOE (BHIPOKIEHHOE) pacipe/iesieHue

CayyvaitHas BennunHa & WMEET OJHOTOUEYHOE (BBIPOXKACHHOE) pacmpesierie-
HHE, €CIIM OHA MMPUHUMAET TOJIBKO OJTHO 3HAUYEHHUE X, ¢ BeposATHOCThIO P (& =x,) =1.

0, ecnm X < X5
Oynkuus pacnpenenenus F(x) =
1, eciu X > X,.

Marematrnueckoe oxxuganue M (&) =X, .
JHucnepcus D(&)=0.
Cpennee KBaspaTnyeckoe oTkionenue o, =0.

3.1.2 Pacnpenenenne bepHyin (IByXTOYe4HOE)

CrnyygaitHas BennurHa & MMEET ABYXTOUYEUHOE pacIpenesieHue, eclii OHa TpH-
HUMaeT TOJBKO JBa 3Ha4eHUs X, U X, € BepoaTHocTaMu: P(E=Xx)=p;;
P(E=X)=p,; p,+p,=1.

OOBIYHO B TEOPUHM BEPOSTHOCTEH paccMaTpHUBAIOT CIy4yalHYIO BEJIUYUHY &,
NPUHUMAOIIYIO 1Ba 3HaueHus & =1(«ycmex») n & =0(«Heymada») ¢ BEpOSITHOCTSI-
mu: P(E=1)=p; P(E=0)=q=1-p; p+Qq=1. Pacnpenenenue TaKoi ciydaiHOU
BEJIMUMHBI Ha3bIBaeTCs pacipeneneHuem bepryim.

Psin pacnipenesnenyst 3anuiieM B BUJE TaOIHIIbL:

E=X 0 1
P(&=x) 1-p p

0, ecmux<0;

®dynkius pacnpenencaus F(X) =<1—p,ecmu 0< x<1;
1 ecau X > 1.

Marematrueckoe oxuganue M (E)=p.

Hucnepcust D(&) = pq.

CpenHee KBaIpaTHYECKOE OTKIIOHEHHE O, = \/m :
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3.1.3 bunomua/ibHOe pacnpeneieHne

bunoMuansHOE pacnpeniesieHue SBISETCS MaTEMaTUYECKONM MOJIENIbIO0 HE3aBU-
CUMBIX SKCIIEPUMEHTOB, KOTOPbIE TTOBTOPSIOTCS MPU OJHUX U TEX K€ YCIOBUAIX:

a) YUCIIO SKCIEPUMEHTOB JTOJDKHO OBITh KOHEUYHBIM (OyJeM CUMTATh, YTO YHUC-
JI0 SKCTICPUMEHTOB PaBHO YHCIY N );

0) KaXKJbIil SKCIIEPUMEHT JOJKEH 3aKOHYMTHCS OJTHUM W3 B3aUMOUCKIIIOUYAIO-
IUX JAPYT IPpyTa UCXOJI0B, TO €CTh «YCIEX» WU «HEYyIauay;

B) 9KCIIEPUMEHTHI JOJIKHBI ObITh HE3aBUCHUMBI APYT OT JIPyra, TO €CTh HACTYII-
JICHUSI COOBITHSI B KXKJIOM OTJIENIbHO B3SITOM AKCIEPUMEHTE HE 3aBUCUT OT TOrO, Ka-
KHE pe3yJIbTaThl HACTYTISAT B IPYTUX AKCIEPUMEHTAX;

T') BEPOSATHOCTh [) HACTYIUICHUS COOBITUS, TO €CTh «yCIEX», U BEPOSITHOCTH
J=1-p nOpPOTHUBOIOJIOKHOTO COOBITUSA, TO €CTh «HEYy/auya», B KaXXIOM OTAEIbHO
B35 TOM UCTIBITAHUU TIOCTOSIHHA.

JlaHHBIE YCIIOBUS HA3bIBAIOTCS CXEMOU bepHyIu.

BeposiTHOCTB TOTO, YTO ciydyaiiHas BeJinunMHa & MPUMET KOHKPETHOE 3HAYCHUE
X, ompeaensercs no Gopmyiie

P(&=%)=Crp*@-p)"™. (3.1.3.1)

Oynkuust pacnpenenerunst F(x)=P(&<x;) ZCX piq™

X <X

Marematrueckoe oxuganue M () =np.

Hucnepcus D(E) =npq. Cpennee KBaapaTHIECKOE OTKIOHEHUE O, =.npq.

bunommanbHoe pacripeneneHue (3TOT TepMHUH ObUI BIEpPBbIE HCIOIb30BaH B
pabote Yule, 1911 r.) Bo3HUKAeT B TeX Ciy4asix, KOrJla CTaBUTCS BOIPOC: CKOJBKO
pa3 MpPOUCXOJUT HEKOTOPOE COOBITHE B CEpUU M3 OMPEACIICHHOIO YMCiia HE3aBUCHU-
MbIX HAOJOJIEHUN (OMBITOB), BBINOJHAEMbIX B OAMHAKOBBIX YCIOBHUSX. bUHOMUAIb-
HOE pacmlpeieliCHe BO3HUKIO W3 HAOJIOJACHUN 3a MPOCTEHIlel a3apTHOW UTrpoil:
OpocaHue MpaBWJIbHOW MOHETHl. BO MHOrMX cHUTyauusix 3Ta MOJEIb CIYKUT XOpO-
IIMM TEPBBIM MPUONMKEHHEM NJisi 00Jiee CIOXHBIX UIP U CIy4YalWHBIX MPOLIECCOB,
BO3HUKAIOIIUX MpU Urpe Ha Oupke. HeoOXoauMoO OTMETHUTH, YTO CYIECTBEHHBIC
YepThl MHOTHX CJIOKHBIX MPOILECCOB MOKHO IMOHSTH, UCXOAS U3 MPOCTOW OMHOMU-
aJbHOU MOJIEIIH.

3.1.4 'eomeTpuUecKkoe pacnpeaejieHue

[Tycth cnyuaiiHas Benmu4uHA & - YMCIIO SKCIIEPUMEHTOB MO cxeme bepHymm
(BEpOSITHOCTh HACTYIUICHUSI COOBITUS B OTACIBHO B3ITOM UCIIBITAHUU PaBHA P, a HE
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HACTYTUICHHE 3TOTO COOBITHS paBHA (=1— p) 10 HACTyIUIEeHUs TEepBOro ycmexa. B

YCIOBHUSX JJAHHOW CXEMBI TIEPBBIN YCIIEX HACTYITUT IPU BBITOJHEHUH YCIIOBHUIA:
a) mepBbie (K —1) SKCIIEpUMEHTHI 3aKOHYWIMCH HEyaadell ¢ BEPOSTHOCTHIO

k-1
(1-p)
0) Kk -oe ucrpITaHNE 3aKOHYHIIIOCH YCIIEXOM C BEPOSTHOCTHIO ) .

FCOMeTpI/I‘ICCKOG PacipCcaciICHuc, OIPCACIIAIOMICC BCPOATHOCTL TOI'O, YTO B
YCIIOBUAX CXCMBbI EepHy.]'IJ'II/I, cobOnITHE HAaCTYIIMT POBHO B K -oM HCIIBITaHHT pPaBHO

P(E=k)=pg<™. (3.1.4.1)

X —1
Pynkuus pacnpenenenns F(X)=P(E<x)=> pg"™.
Xi<X
Maremaruueckoe oxunanue M () =1/p.
1-p 1-p
>— - CpelHee KBaIpaTHYECKOE OTKIIOHEHHE O, =-"—"—".
p p

['eoMmeTprueCcKkuii 3aKOH PACHPEICIICHUS UMEECT MECTO B TAaKMX HAyKax Kak
MHKpPOOHOJIOTHS, TeHETHKA, (PM3UKa U 3KOHOMHMKA. Ha mpakThke SKCIIepUMEHT WU
OTIBIT OCYIIECTBIISIIOT 10 TIEPBOTO MOSBJICHUS YCTIEITHON COOBITHUS A. Yucno pOBE-
JICHHBIX TOMBITOK OYAET IEJIOUNCICHHON CITydaitHOM BeauuuHou 1,2,...

Hucnepcus D(&) =

3.1.5 'unepreomerpuyeckoe pacinpeaeieHue

['MnepreomeTpuyeckoe pacnpeieieHue UCIOJb3yeTCsl B TEOPUH CTATUCTUYE-
CKOTr0 KOHTpOJIsSI KauecTBa. Mcnomb3ys 3TO pacnpeneneHue, onpeaensercs A0 Ka-
YECTBEHHBIX JIeTaleil B BBIOOPKE U3 KOHTPOJIUPYEMOM NapTHH.

[Ipeanonoxum, 4To B KOHTPOJIMpYyeMO rmaptuu umeercss N 31eMeHTOB, cpeau
KoTopelx M He ynoBneTBoOpsitoT ctaHgapty © N —M yIoBIETBOPSIIOT CTaHAApTy.
W3 sToit mapTum BeiOupaemM N anemeHToB. [lycth & - 4MCIIO 271IeMEHTOB, HE yIOBIIE-
TBOPSIIOLIMX CTaHIAPTY, CPEAH N B3ATHIX AMEMEHTOB. BeposTHOCTH TOro, YTO B BbI-
O0opke 00bEMa N OyleT pOBHO X, AJIEMEHTOB, KOTOPHIE HE YIOBJIETBOPSAIOT CTaHIAP-

Ty, onpeaensieTcs mo Gopmyse

P(£=x)= "Ml (3.15.1)
CN
Oynkuust pacnpeneneuus F(X)=P(&<x)= ZCM((::% :
X <X N

Maremarunueckoe oxunanue M (E)=np, e p=M/N, g=1-p.
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Hucnepcus D(&) =npq -(1— N—ll)

CpenHee KBafpaTHIECKOE OTKIOHEHHE 0, = [NP( (N—_lj :

3.1.6 Pacnpenenenue Ilyaccona

Paccmotpum cxemy bepHysumm mpu OOJIBIIOM YHCJIE UCTIBITAHUN N M JIOCTa-
TOYHO MaJIOM BEPOSITHOCTH [ HACTYIUICHUS COOBITUSI B OTACIBHO B3STOM HCIIBITA-
HHUH, OPUYEM TMPOU3BEACHUE NP MPUHUMAET MOCTOSTHHOE 3HaueHue NP = . Toraa
BEPOSITHOCTh TOTO, YTO ClTydaiiHasl BeNu4YrHa & MPUHUMAET 3HaYeHue M, ompenes-
etcs popmyoit [lyaccona

m

P(E=m)= ‘r:ﬂe . (3.1.6.1)

3HaueHusl pacnpeneneHus llyaccoHa MOXHO ONpenenuTh MO CHEIUaTIbHBIM
ta0ymaM (mpuioxeHue, Taoir. A.l).

Oynkuust pacnpenenerunst F(x) =P (&< X Z A

X; <X

Matemaruueckoe oxumanne M (&) = u. I[chepcm[ D(&)=u.

CpenHee KBaJpaTHYECKOE OTKIIOHEHHE O = [ 4L .

[IyaccoHOBCKOE pacnpenesieHue MPUCYTCTBYET B TEOPHUM CIIYYaWHBIX ITPOLIEC-
coB. Hampumep, npu pacuére Harpy3ku JMHUN CBSI3U OOBIYHO MPEANOJIararoT, 4To
KOJIMYECTBA BBI30BOB, MOCTYMUBIIMX 32 HEMEPECEKAOIINECS WMHTEPBAJIbl BPEMEHH,
HE3aBUCHUMBIE CITy4YallHbIC BEIMYMHBI, MOJUYUHSAIONIMECS ITyaCCOHOBCKOMY paclpeie-
JIEHUIO C TMapamMeTpaMH, 3HAYEHUS KOTOPBIX MPOMOPUMOHAIBHBI JJIMHAM COOTBET-
CTBYIOIIMX UHTEPBAJIIOB BPEMEHHU.

3.2 Ilpumepsl penieHusi TUMOBBIX 32124

3.2.1 TlpousBoauTcs psifi MOMBITOK BKIFOUEHHUS yCTpoicTBa. Kaxkaas mombiTka
3aKaHYMBAETCS yCIEXOM (BKJIIOUEHHUEM YyCTPOMCTBA) HE3aBUCHUMO OT JPYIHMX C BEpO-
atHocThiO P =0,64. Haiitu pacnpenenenue cay4ailHOW BETUYUHBI & - YHCTIA TIOTBI-

TOK BKJIFOUEHHSI YCTPOUCTBA, €€ MATEMaTHUYECKOE OKUJIAHHE, TUCTIEPCHUIO U CpeaHee
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KBaJIpPATHYECKOE OTKJIOHEHUE. BBIUHCIUTHL BEPOATHOCTH TOTO, YTO YCTPOMCTBO
BKJIFOUHUTCS, 110 KpalHEW Mepe, C TPETHEN MOTBITKHU.
Pemenue. JluckperHas ciydaifHasi BenuuyuHa & MOKET MPUHUMATh CIEIYIO-

mpe 3HaveHms: X, =1 X, =2, X, =3, ..., X, =N,.... Cobbrrue {&=1} o3mauaer, uro
YCTPOUCTBO 3apaboTaeT ¢ MEPBOM MOMBITKA C BEPOSITHOCTHIO P(§ :l) =0,64. CoObI-
THE {é =2} o3HAdaeT, 4TO YCTPOICTBO HEe 3apaboTaeT C IEePBO MOBITKA C BEPOST-
HOCThIO (=1—-p=0,36, a co BTOpOI MOMBITKH BKIIIOYEHUSI CPAOOTAET C BEPOSITHO-
cteio P=0,64. CnenoBaTenbHO, BEPOATHOCTh TOTO, YTO ClydyaiiHas BelW4YWHA &
npuMer 3HaueHne 2 pasHa P(& = 2) =0,36-0,64.

CoGbItie {& =N} o3Hauaer, 4TO YCTPONCTBO He 3apaboraio B mepsbix (N —1)
MONBITKAX ¢ BepoATHOCTHI0 0,36"" 1 BKIIOUMIOCH ¢ MOCHENHEH HOMBITKU ¢ BEPOST-
HOoCcThI0O P=0,64. To ecTb, BEpOSTHOCTHh TOTO, UTO CIy4ailHas BeJMYMHA & TPUMET
3HAYEHHE N paBHA P(§ = n) =0,36""-0,64. Takum 006pa3oM, YUCIIO MPOU3BEAEHHBIX
MOMBITOK ¢ €CTh BEIWYHMHA, paclpesiesiéHHas MO0 TeOMETPUYECKOMY 3aKOHY:
P(§ = n) =pq"*=0,64-0,36"". IIpu TOM psia pacrpeneneHus 3aJaHHON CITydaii-
HOI BEJIMYUHBI UMEET BUJI:

& =X 1 2 3 n
P(é=x)| 064 |0,36-0,64|0,36-0,64 0,36"*-0,64
Haiiném maremarumyeckoe oxumanue M (E), mucmepcuro D(S) um cpennee
KBaJIpaTHUECKOE OTKJIOHCHHE o(&): M (&) = % = O—::M =1,5625,

D(&)=1"P 12054 48780, o(e)= =P _V1-064 o oare B unen
p 0,64 p 0,64
BEPOSITHOCTHh TOT'0, YTO YCTPOWCTBO BKIIFOUUTCS, 10 KpaWHEN Mepe, C TPEThEU IO-
OBITKH. /{7151 3TOT0 nmepexoauM K MPOTUBOMNOIOKHOMY COOBITHIO: YCTPOHCTBO 3apabo-
TAET IIPU €ro BKJIOUYECHUE B IEPBOM WIIA BO BTOPOM IMOIIBITKE.
P(£>3)=1-P((=1)-P(£=2)=1-0,64-0,36-064 =0,1296 .
3.2.2 meetcst 7 6aHKOBCKHX KapT, CPEeIU KOTOPBIX 3 SBISIOTCS HEHCIIPaBHBI-
MU ¥ Ha BUJ OHU HEOTIMYMMBI OT UCTIPAaBHBIX OaHKOBCKUX KapT. Hayran O6epyrcs 4
OaHKOBCKHE KapThl U MPOXOJAT NpoBepKy. HailTu pacnipenenenue ciayyaliHON Belu-
yiHbl & - YKcia UCIPaBHBIX 0AHKOBCKHUX KapT, €€ MaTeMaTH4ecKoe OKUAaHUe, TUC-
MIEPCHUIO U CPEIHEE KBAIPATUUECKOE OTKIIOHEHUE. BBIUUCINTD BEPOSTHOCTH TOTO, YTO
cpeau BhIOpaHHBIX OaHKOBCKUX KapT, MO KpaiiHel Mepe, 0JiHa HEMCIPaBHa.
Pemenue. JluckpetHas ciydaitHash BenU4YMHA & MOXKET MPUHUMAThH CIEIYIO-

mue 3HadeHus: X =1 X,=2,X,=3,X,=4. Tak xak umeercs 7 OaHKOBCKHX KapT,
Cpenu KOTOPHIX 4 KapThl UCIIPABHBIE, a 3aT€M Cpefu 7 KapT BBIOUPAIOTCS CITyYailiHbIM
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oOpa3om 4 KapTbl, TO CiIy4aiiHas BeIMuuHa & MMEET TUIIEPreOMETPUIECKOe pacipe-

p(r—yyCuCim _CiC
nenenne: P(E=x )= oo
Tpu 3TOM psiji pactpeIeNIeHus] 3aIaHHOM CITy9allHON BEIMYMHBI MMEET BUL;
=% 1 2 3 4
P(E=x)| 4/35 | 18/35 12/35 1/35

BeposTHOCTE TOTO, YTO OAHKOBCKas KapTa HCIpaBHa, paBHa P =4/7, a Bepo-
ATHOCTh TOTO, YTO OHa HewcrnpaBHa (=3/7. Haiiném MaTeMaTH4ecKoe OXHIaHHUE

M(&), nucnmepcuio D(L) wm  cpemnee kBaapaTuueckoe oTkiaonenue of(&):
4 16 n-1 4 3 4-1\ 24

M np=4.2-2+229  D@)=npq-|1-—=|=4.2.2. L
(&)=np= 7 7 (£)=npag- ( N 1] 77 ( 7 —1) 49

\/_ Breraucnum BCPOATHOCTD

N —n 4 3 (7-4 24 2
S e R At

TOTO, YTO CpPEeIM BHIOpAaHHBIX OAHKOBCKUX KapT, IO KpaiHeW Mepe, ABe OAHKOBCKHE
KapThl UCHpaBHBL. {151 3TOro mepexojuM K MPOTHUBOIOJIONKHOMY COOBITHIO: CpEIu

BI>I6paHHI>IX t-IGTI:»IpéX OaHKOBCKHUX KapT pOBHO OaHA HUCIIpaBHA.
4 31

P(2<¢(<4)=1-P(£(=1)=1-—=—~0,8857.
35 35

3.2.3 BeposTHOCTh TOTrO, YTO KOJIBIIO COACPKUT OpwinaHT, paBHa 0.4.
Haynauy BbIOpasin 4detbipe Kojbla. Haiitu pacnpeseneHue ciaydailHOM BETWYUHBI
& - 4ducna KoJiell, coepkKaliux OpuuIMaHT, (YHKIMIO paclpeiesieHus caydaHon
BEJINYMHBI, €€ MAaTEMATUYECKOE OKUJAHUE, NUCIEPCUIO U CPEIHEE KBAIPATUUECKOE
OTKJIOHEHUE. BBIUUCIUTH BEPOSTHOCTH TOTO, YTO CPEAM BHIOPAHHBIX KOJICI POBHO
OJIHO KOJBIIO COACPKUT OPUIIIHAHT.

Pemenwne. JluckpetHas ciydaiiHas BeMTUYMHA & MOKET NMPUHUMATH CIIETYIO-
=1 X,=2,X, =3, % =4. Tak xKax BEpPOATHOCTH TOIrO, YTO
KOJIBLIO OYyJIeT cofepKaTh OpMIUIMAHT OJIHA U Ta e, CPeH BbIOPAHHBIX YETHIPEX KO-
Jiell, TO ciy4yaiiHas BennunHa & MMeeT OMHOMHAIBHOE pacipe/eieHne

P(£=x)=C}0,4%(1-0,4)"% =C)-0,4%-0,6", i=15.
[Ipu sTOM psif pacnpeiesIeHns] 3aJaHHOW CITy4YaiiHOM BEJTMYMHBI UMEET BUJL:

mue 3Hadenus: X =0, X,

E=X 0 1 2 3 4
P(é=x)| 01296 | 0,3456 0,3456 0,1536 0,0256
Haxonum GbyHKITHIO pacrpeneacHus 110 dhopmyiie
F(X)=P(&<x)=) Cyipig*™

X <X
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0, X <0,
0,1296, 0O<x<l,
0,4752, 1<x<2,
0,8208, 2<x<3,
0,9744, 3<x<4,
1, X>4,

F(x)=

Haiiném maremarndeckoe oxwumanue M (&), mucnepcuro D(S) m cpennee
KBaIpaTUYECKOE OTKJIOHEHHE o(&): M(&)=np=4-0,4=16,
D(&)=npq=4-0,4-0,6=0,96, o(£)=+/npq=+/4-0,4-0,6 =./0,96 ~0,9798. Bri-

YUCJIMM BEpPOSITHOCTh TOTO, YTO CPEAM BBIOPAHHBIX KOJIEL POBHO OJHO KOJBIO CO-
JEPKUAT OpUILITUAHT.

P(£=1)=C}-0,4'-0,6° =0,3456.

3.2.4 YcrpoiictBo cocrout u3 1000 smemeHTOB, pabOTArOMIMX HE3aBHUCHMO
ApyT OT Ipyra. BeposTHOCT BbIX0/a U3 CTPOS JTFOOOTO AJIEMEHTa B TEUEHUE BPEMEHU
7 paBna p=0,003. Haiitu pacnpenencHue CIy4ailHONH BETWYMHBI & - YHCIO DJIe-

MEHTOB, BBILIEAIINX U3 CTPOs 32 BpeMs 7, €€ MaTeMaTUYECKOE OXKUJAHUE, JUCIIEP-
CUIO U CpEIHEE KBAAPATUUECKOE OTKIIOHEHUE. HalTh BEPOSITHOCTH TOrO, YTO 3a Bpe-
Msl T OTKQXXET POBHO 2 3JIIEMEHTA.

Pemenue. JluckperHas ciydaitHas BeTM4YMHA & MOKET MPUHUMAThH CIEIYIO-

e 3Hauenus: X, =0,X, =1 X =2,..., X,,, =1000. Tak kak Beposraocts P =0,003
BBIXOJIa M3 CTPOS OHOTO dJIEMEHTa Maa, a uucio 3jaeMeHToB N=1000 Bemuko, TO

X
’u—le_“ , TIe

ciydaiiHas BenuuuHa & moauuHseTcs 3akoHy Ilyaccona: Pn(§ = Xi):

L =np. Haiiném 3nauenne 1 =1000-0,003=3. Torga 3akoH pacmnpeaciieHus: UMeeT
BUL: Py (E=X)= 3—Ie_3. Haiiném marematndeckoe oxunanue M (&), nucnepcunio
X !
D(¢) u cpemnee kBaapatuueckoe otkiaoHeHHe o(&): M(E)=u=3, D(&)=u=3,
o(&)= \/; =/3~1,73. Boruncium BEPOSITHOCTh TOTO, YTO 3a BPEMS 7 OTKAaKET
POBHO X, =2 DJIEMEHTA.
3
Pow(£=2)= Ee =0,22404.

BepostHocTh By, (£ =2) npu 3Havennsx 4=3 1 M=X, =2 HaxoauM IO

tabsuie (mpunokenue, Tadm Al).
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3.3 3aganus 1S pellleHUs] HA MPAKTHYECKOM 3aHATHH

3.3.1 IlpousBonsarcsa mociaeaoBaTe/bHbIE UCIIBITAHUS ACCATH MPUOOPOB OJHOMA
napTUM Ha HaJEXKHOCTb, IPUUEM BEPOSATHOCTH TOTO, UTO MPUOOP B MApTUH HAJCHKEH,
paBHa 0,8. Kaxnplil ciepyromuii mpruOOp UCHBITHIBAETCS TOJBKO B TOM Clly4ae, €CIH
npeapl Iy npubop okazaics Haa&KHbIM. HalTu pacnpeneneHue ciydaiiHON Be-
AMYUHBl & - YKCITIO MPOBEPEHHBIX MPUOOPOB, €€ MaTeMaTHYeCKOe OXHJIaHue, JTHUC-
MIEPCUIO U CPEIHEE KBAPATUUECKOE OTKJIOHEHUE. BBIUHCINTD BEPOSTHOCTH TOTO, YTO
OyZIeT mpoBepeHo He MEHEE JIBYX, HO He OoJee MsITH MprubopoB.

3.3.2 U3 maptuu, comepxarieit 100 nznenuit, cpean kotopbix umeercs 10 Opa-
KOBAHHBIX, BBIOPAHBI CIIy4ailHBIM 00pa30M YeThIpe M3ZIENUsS JJIsl MPOBEPKU UX Kade-
ctBa. Haiitu pacripenenenue ciiydaifHOW BelMUYMHBI & - 4nciia OpaKOBaHHBIX H37e-
T, colep)Kaluxcs B BBIOOpPKE, €€ MaTeMaTU4YecKOe OKUIaHHUE, AUCIEPCUI0 U
CpellHEee KBAJIpaTUYECKOE OTKIOHEHHE. BhIUHCINTE BEPOATHOCTH TOTO, YTO B BHIOOD-
K€ COJIEpKaTCA HE MEHEee IBYX OpaKOBaHHBIX WU3/IEIUN.

3.3.3 BeposTHOCTH TOTO, YTO JI0M OyZET CllaH B SKCIUTyaTalllio B CPOK, paBHA
0,8. Opranu3anys 3aHUMAETCSI CTPOUTEIBLCTBOM IIATH JOMOB. Halitn pacnipenenenue
CIIy4aiilHON BeMMYWHBI & - YHCIO JOMOB, KOTOPBIE OpraHM3aIlus caaja B CpPOK,
GyHKIMIO paclpeesieHus] ClydalHOW BEJIMYMHBI, €€ MaTeMaTH4eCKoe OXKHIaHHE,
JUCIEPCHUIO U CPEHEE KBAAPATHUECKOE OTKIIOHEHUE. BBIYMCINTD BEPOSITHOCTD TOTO,
YTO CPEIU CTPOSIIMXCA IATH TOMOB HE MEHEE YETBIPEX JOMOB OpraHU3alys CAACT B
OTBEAEHHBIN CPOK.

3.3.4 Tlpenmpusitue moctaBmio Ha 6azy maptuto u3 2000 kypTok. BeposiTHOCTB
TOr0, 4TO KypTKa cojaepKuT Opak, paBHa 0,002. Haiftu pacrnipeneneHue ciydaiiHoN
BEJMYUHBI & - YUCIIO KYPTOK, KOTOpBIE coAepxaT Opak, e€ MaTeMaTu4ecKoe OKua-
HUE, TUCTIEPCHUIO U CpeJIHEe KBaJlpaTUUecKoe OTKIoHeHre. HailTh BeposiITHOCTh TOTrO,
YTO HE MEHE YETHIPEX KYPTOK B MAPTUU COJIepKaT Opax.

3.3.5 OnHoTUIHBIE PUOOPHI UCIBITHIBAIOTCS MPU MEPETPY30UHBIX PEKUMAX.
BepositHocTH 17151 Ka)K0r0 mpubopa MPOMTH UCTIBITAaHUSI paBHBI 0,6 M HE3aBUCUMBI.
WcnbiTanust 3akaHUMBAIOTCS TOCTIE BBIXOJIA U3 CTPOs MepBoro xe npuodopa. Haittu
pacnpeneneHre CIIy4ailHOM BEIMYUHBI & - YHCIIO MPOBEAEHHBIX UCIBITAHUM, €€ Ma-
TEMAaTUYECKOE OKUJAHUE, TUCIIEPCUIO U CpeAHEe KBAAPATHUECKOE OTKIOHEHUE. Bbl-
YUCJIUTh BEPOSATHOCTH TOTO, YTO Oy/ET MPOBEACHO HE OOJIEe ABYX UCIIBITAHHM.

3.3.6 BeposTHOCTH TOTO, UTO YEJIOBEK JO3BOHUTCS JI0 CBOETO JIpyra B TEUCHHUE
BpeMeHu 7, paBHa 0,9. IllecTp uenoBek OJHOBPEMEHHO MPOU3BEIU 3BOHKU. Hailtu
pacmpesiesieHre ClydailHOW BETUYHMHBI & - YKCJIO YEJIOBEK, KOTOPHIE TIO3BOHATCS 10
CBOMX JIpy3€H B TEUEHHE BpeMeHHU 7. HaliTu e€ MaTeMaTHuecKoe 0XKUIaHUE, JUCTIEP-
CUI0O U CpeJHEEe KBaJpPaTUYECKOE OTKJIOHEHHE. BBIUMCIUTH BEPOSITHOCTH TOTrO, YTO
CpeIH LIECTHU YEJOBEK, KOTOPBIE MPOU3BEIH 3BOHKH, POBHO YETBHIPE JIO3BOHSTCS 10
CBOETrO Jpyra.

3.3.7 Pagmoanmapatypa coaepxkut 1000 ogmHaKoBO HaA&KHBIX AJIEMEHTOB,
BEPOSITHOCTh OTKa3a JJIs Kaxkaoro u3 kortopeix paBHa 0,001. Haiitu pacnpenenenue
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cllyyailHOM BeMM4MHBl & - YMCIIO BO3MOXKHO OTKa3aBIIMX 3jeMeHToB. Haiitu e€ ma-

TEMaTUYECKOE OXKUIAHUE, TUCIIEPCUIO U CPEAHEE KBaapaTUYECKoe OTKIOHeHue. Ka-
KOBa BEPOATHOCTh OTKA3a PAJHOAININApATyphl, €CIM OH HACTYIIA€T IPU OTKAa3€ XOTS
OBl OJTHOTO U3 BJIEMEHTOB?

3.3.8 B maptuu u3 10 geraneit umeetcs 8 crangaptHeix. Haynauy oroGpansi 2
netanu. Haiftu pacnpenenenne ciiy4aifHON BeTMYUHBI & - YUCIIO CTAaHIAPTHBIX JIeTa-
Jel cpenu IBYX OTOOpaHHBIX neraned. Halitu e€ MaTeMaTtnyeckoe OXHUIaHHE, THC-
MEPCUI0 U CPEIHEE KBaJpaTUUYECKOE OTKIOHEHHE. KakoBa BEpOSTHOCTb TOTO, YTO
cpenu OTOOpaHHBIX JeTalield He MEeHee OJIHOM CTaHAapTHOM?

3.3.9 BeposTHOCTh TOTO, YTO CTPEJIOK MOMAAET B MUIIEHb IIPU OJTHOM BBICTpE-
ne, paBHa 0,7. CTpenKy mociaeqoBaTeNbHO BBIAAIOTCS MAaTPOHBI JO TEX IO, ITOKA OH
He mpoMaxHEéTrcs. Halitu pacnpenenenue ciy4yailHOM BelIMUUHbl & - YUCIa MaTPOHOB,
BBIIAHHBIX CTpesKy. Haltu €€ maremaTnueckoe OXUIAHHWE, TUCIEPCUI0, CPEAHEE
KBaJpaTUYECKOE OTKJIOHEHHE W HAWBEPOSTHEHIIEE YHCIIO MaTPOHOB, BbIIAHHBIX
CTpEJIKY.

3.3.10 BeposiTHOCTH TOTO, UTO Jt00OW a0OHEHT MO3BOHUT HA KOMMYTATOp B
teueHue yaca, paBHa 0,005. Tenedponnas cranuus oOcmyxuBaer 600 aOOHEHTOB.
Haiitu pacnpenenenue cmydyaiiHOW BennuuHBl & - 4nciao aOOHEHTOB, KOTOPHIE IO-
3BOHST HA KOMMYTATOp B TeUeHUe 4aca. HailTu e€ MareMaTU4ecKoe OKUJIaHHE, JUC-
IIEPCUI0 U CpelHEe KBAJAPATHUECKOE OTKIOHEHHE. KakoBa BEpOSTHOCTH TOrO, YTO B
TE€YEHHE Yaca MO3BOHSAT MSTh A00OHEHTOB?

3.3.11 lns paboThl BOCBMH CTAHKOB BpEMs OT BPEMEHHU HCIOJb3YeTCs AJICK-
Tpuueckas sHeprus. CHaOXeHHe pacCUMTaHO Ha MATh eIUHULl dHepruu. Kaxmomy
CTaHKY C OJIHOM U TOM K€ BEPOSITHOCTBIO P MOXKET MOTpeOOBaThCS €IWHHULIA SHEP-

run. OnpenenuTb BEpOSATHOCTD MEPETPY3KHU IJIEKTPOCETH, €CIIM U3BECTHO, UTO CTAHKHU
paboTalOT HE3aBUCUMO APYT OT JpYyra, M KaxAbld W3 HUX MOTPEOJSET IHEPTUIO B
cpeadeM 10 MUHYT B T€UEHHUE Yaca.

3.3.12 Cpenu 25 cTyn€HTOB TPyMIbl, B KOTOPOH JIECATh JACBYIIEK, Pa3bIrphIBa-
eTcst nATh OunetoB. Haiitu pacnpeneneHue ciydailHOW BeaWuuHbl & - 4McTa JCBY-
mek cpenu obnanareneit 6mnetoB. Haiitu e€ maTteMarndeckoe OKUJIaHHE, TUCTIEp-
CHIO U CpeJiHee KBaJpaTHUUeCKOe OTKIOHeHUEe. KakoBa BEpOSTHOCTh TOTO, UTO CPEIU
oOJiajaresneil OUIETOB HE MEHEE JIEBSTU JEBYIIEK?

3.3.13 B pagmoamnmaparype 3a 10000 gacoB HempepbIBHON pabOTHI MPOUCXO-
IUT 3aM€HAa JIECSITHU JIaMI. BBIYHCINTE BEPOSITHOCTh BBIXOJA U3 CTPOS paauoariapa-
TYpBI U3-3a BBIX0/1a U3 cTPpos jiamt 3a 100 yacoB HEMPEPHIBHOM paOOTHI.

3.3.14 CxonbKO WTpaIbHBIX KOCTEH HEOOXOIUMO OpPOCHUTH JISI TOTO, YTOOBI
MAaTeMaTUYECKOE OXUJAHUE YUCIa KOCTEW, Ha KOTOPBIX BBINAJIO TPU OYKa, pPaBHS-
JIOCh IIECTH?

3.3.15 U3 komienpKka Ha CTOJ BBICHITIATN 25 MOHET. KakoBa BEpOsITHOCTH TOTO,
YTO YKCJI0O MOHET, YIABIIUX TepOOM BHU3, 3aKIIFOUCHO MEXIy 8 U 15, BKITtoUas u 3TH
JIBa KpallHUX 3HAYEHUSI?
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3.4 3aganus 11 KOHTPOJMPYEMOii CaMOCTOSITeIbHON PadoThI

3.4.1 B xax/0l 3a7a4e onpejesieHa AUCKpeTHas ciydaiiHas BenuuuHa &. Jlns
CIlydaiiHOW BEeIMUYUHBI & OMPENCTUTh 3aKOH PacTpe/Ie]ICHUS B aHATUTHISCKOM BHJIE.
Berancnuts MaTemaTrueckoe oxunanue M (&), mucnepento D(&)wm cpenHekBaapa-
TUYECKOE OTKIOHEHUE O, CIIy4alHOW BennuuHbl & . HallTh BEpOATHOCTH TOTO, YTO B

pe3yJbTaTe OIbITa CilydyaiiHas BEIMYMHA & NMPUHUMAET 3HAUEHHE HE MEHEE ¢, HO HE
oonee f.

3.4.1.1 BeposATHOCTh TOTO, YTO W3MCTUE HE BBIACPKUT HcmbITaHusA, paBHa 0,0004.
PaccmatpuBaetcs ciydaiiHas BenuurMHa & - YHUCIO U3JENNNA, KOTOPbIE HE BBIACpKAT
UCHbITaHusl, cpeau nposepeHHbix 1000 uzgenuii. 3Hauenue [ =35.

3.4.1.2 Kaxx1iplil mATHIA CTYAEHT, KOTOPBIK CHAE€T dK3aMeH Mo mpeaMery «Boicmas
MaTeMaTuKay, He JOBOJIEH OIEHKOM, MOJTyYeHHOW IpH cAade k3aMmeHa. ['pymma u3
11 cryaeHTOB caaBaiM 3K3aMeH MO mpeaMmeTy «Bpicmias maremaruka». Paccmarpu-
BaeTCsl CilydaiiHasi BeMWYWHA & - YMCIO CTYACHTOB, KOTOPHIE HE JOBOJBHBI CBOCH
OLICHKOM Mo mpeaMeTy «Brpiciias matemaTikay. 3HaueHue o = 2.

3.4.1.3 BeposiTHOCTH 0AaHKPOTCTBA KAXKIOW U3 JAECBSITH TOPTOBBIX (DUPM B TEUECHHE TO-
na, paBHa 0,14. PaccmarpuBaercs cinydyaiiHas BeM4uMHa & - YHCIO TOPTOBBIX GUPM,
KOTOpbIE MOTYT O0aHKPOTHUTHCS B TEUCHHE roja. 3HaueHue o =2,a f=5.

3.4.1.4 Yyeonuk n3man tapaxxom 10000 sx3eMIisipoB. BeposiTHOCTE TOTO, 9TO Y4eo-
HUK cOpouItopoBaH HenpaBuibHO, paBHa 0,0002. PaccmarpuBaercs ciy4aiiHasi BeJIu-
ypHa & - YHCIO Y4eOHHMKOB, KOTOpBIE COpPOIIIOPOBAaHBI HEMPABWIBHO. 3HAYCHHE
f=5.

3.4.1.5 Kax b1t 4eTBEPTHIN MOCETUTENh OaHKa 0OpalaeTcss Ha PECcenIleH i KOH-
CyJbTallUM COTPYIHUKA OaHKa. 3a HEKOTOpoe (PUKCUPOBAHHOE BpeMsi OAHK MOCETHIIO
JeCcsTh KIMEHTOB. PaccMaTpuBaercs citydaiiHasi BenuuuHa & - YUCIO KJIMEHTOB OaH-
Ka, KOTOpbIe 0OpaTHIIUCh Ha peceniieH. 3HadeHne o =5,a f=7.

3.4.1.6 BeposiTHOCTH TIOCJIE pa3roBOpa OCTABUTh KapTy B Tele(OHHOM ammapare
paBHa 0,005. B Teuenue Henenu tenedoHOM Bocmolib3oBauch 60 aboHeHTOB. Pac-
CMaTpHUBAETCS ClydaiiHas BeJIMUMHA & - YMCI0 aDOHEHTOB, KOTOPBIE 3a0bIIN KapTy B
TeneoHHOM ammapate. 3HaueHue [ =2.

3.4.1.7 B mexoropom yHuBepcutere yuatcs 18300 cTyaeHTOB, KOTOpPBIE POAMINCEH B
OJTHOM U TOM K€ BHCOKOCHOM Tofay. Kaxknprii Oymymunii CTyAeHT MOXKET POAUTHCS C
pPaBHOM BEpOSITHOCTBIO B JII0OOM M3 JHEW roaa. PaccmaTpuBaercst cimydaiiHasi BeIu-
yyuHa & - YUCIO CTYJIEHTOB, KOTOphIE poArinch | ssHBaps. 3Hauenune o =1,a B =5.
3.4.1.8 BeposTHOCTh TIEPEBBIMOTHEHUS TJIaHA VISl OTHOTO pabouero Opuraapl, paBHa
0,8. B Opurane pabortarT aeBsiTh pabouux. PaccmarpuBaercs ciyuyaiiHas BEIHMYUHA
& - uncno pabovnx, KOTOPhIE MEPEBBINOIHIIIN TIJ1aH. 3HaYeHue @ =4 .
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3.4.1.9 BeposATHOCTh YCHENIHOM CHayu CTYJEHTOM Ka)KJIOTO M3 YETHIPEX HK3aMEHOB
ceccuu paBHa 0,7. PaccmarpuBaertcs ciydaitHas BenuunHa & - 4MCIIO AK3aMEHOB, KO-
TOPBIE CIIAT CTYIEHT BO BpeMs CECCHH. 3HaueHue [ =3.

3.4.1.10 BepositTHOCTh mpHOOpeTEeHUss OpwiuinaHTa B OaHKe, Al OJHOTO KIHEHTA,
paBHa 0,003. PaccmaTtpuBaercsa ciydaitHas BenuuMHa & - YUCIIO KIMEHTOB OaHKa,
KOTOpbIe TproOpenu OpuimuanT B 0anke, cpeau 3000 oOcayKEHHBIX KIUEHTOB. 3Ha-
yeHue o =3.

3.4.1.11 BeposSsTHOCTH TOr0, YTO y YaCTHOTO MPEANPUHUMATENS HAXOIATCS B HAJIHU-
yuu jprkemnepa upmel «DEVIRY, pasna 0,6. [Ipeanpuaumarens npoaan 8 pKeMiie-
poB. PaccmarpuBaercs ciywaiiHas BelqMYMHAa & - YHUCIO JDKEMIIEPOB  (PUPMBI
«DEVIRYy, koTopsble nmpoan npeAnpuHuMaTenb. 3Hauenue [ =7.

3.4.1.12 B xpanunuiie my3es Haxoautcs 2000 kaptun. Jlro0as kapTMHAa MOXET HE
MMETh Noanucu aBTopa ¢ BepostTHocThio 0,0004. PaccMatpuBaeTcst ciryyaliHasi BEJIU-
yyHa & - YUCIO KapTHH, KOTOPBIE HE UMEIOT MOAMNKNCH aBTOpa. 3HaUEHUEe o =3.
3.4.1.13 BeposTHOCTh TOTO, YTO YEJIOBEK, 3a0paB IJIATEKHYIO KapTy B OaHKomare,
3a0yner B3sATh AeHbrd, paBHa 0,004. B TeueHue HEKOTOPOro BpeMEHHU OaHKOMATOM
Bocmonbp30Baiuch 1250 yenoBek. PaccmarpuBaeTcs cinyyaitHas BenmuuuHa & - YUCIIO
YeNI0BeK, KOTOphIe 3a0bLTH 3a0paTh ACHbIU B OaHKoMaTe. 3HaueHne o =2,a [ =5.
3.4.1.14 BepositHOCTh TOTO, uTO Tenedon mapku «LGy» Oyner mpuoOpereH moxyma-
tenemM, paBHa 0,2. 3a HEKOTOPBIM (PUKCHPOBAHHBIN MEPUOJ BPEMEHHU MPHUOOPETEHO
nATHaaUATh TenedoHnoB. PaccMarpuBaercs ciydaitHas BenuurnHa & - yuciio tenedo-
HOB Mapku «LGy», koTopbie ObUTH MPUOOPETEHBI 3a 3TOT MEPHO BPEMEHH. 3HAUCHHE
a=12.

3.4.1.15 BeposTHOCTB TOTO, YTO YEJIOBEK MPUOOPETET OOIHUTAINIO MATUIIPOIIEHTHOTO
3aitma, paBHa 0,15. Axuuu npuoOpenu aecath yesnoBek. PaccMarpuBaeTcst cinydaitHas
BelMYrHA & - YHCIIO YEJIOBEK, KOTOPhIE MPHOOPETH aKIMU MATUIIPOIICHTHOTO 3aiiMa.
3Havuenne o =3,a f=06.

3.4.1.16 3aBonx otnpaBui Ha onToBytO 6a3zy 5000 uznenuii. BeposTHOCTH mOBpexie-
Hus usnenusa B nyta paBHa (0,00008. PaccmarpuBaercs ciydailHas BeIMYMHA
& - YHMCIO M3IENUN, KOTOPhIE MOTYT MOJYYUTh MOBPEKIACHHUS B MyTH. 3HAUYCHHE
f=5.

3.4.1.17 BeposTHOCTHh TOTO, YTO HOYTOYK (UPMBI «Samsung» B TeueHue pabouero
nHst OyAeT nmoAkiIto4YeH K cetu, paBHa 0,3. B opranuzanuu yCTaHOBJICHO JBEHAANAThH
HOYTOYKOB. PaccmaTrpuBaeTcsi ciiydaitHas BenuunHa & - 9UCIO HOYTOYKOB (DUPMBI
«Samsung», KOTOpble MOAKIIOYEHHI K ceTu. 3HaueHne o =10, a [ =11.

3.4.1.18 BeposTHOCTh TOTO, UYTO ONTUYECKHM TUCK HE COOTBETCTBYET CTaHIAPTY,
paBua 0, 006. Ha mpoBepky BbiOpano 1000 ontuuecknx mauckoB. PaccmaTtpuBaetcs
cillydaiiHas BelMMYuHA & - YMCJIO ONTHUYECKUX JHUCKOB, KOTOPHIE HE COOTBETCTBYIOT
CTaHIapTy. 3HadueHue [ =9.

3.4.1.19 Ha >xene3HOJOPOKHOM BOK3aie ycTaHoBiieHbl 600 aBTOMaToB, KOTOpPBIE
MIPOU3BOJIAT MPOJIAKY OUJIETOB. B TeueHUe CyTOK KaKJIbIi aBTOMAT MOKET BBIUTH U3
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cTpost ¢ BeposTHOCThIO 0,005. PaccmarpuBaeTcs ciiydaiiHas BenMyuHa & - YHCIIO aB-
TOMATOB, KOTOPbIE MOT'YT BBIUTH U3 CTPOsl. 3HAUCHHE @ =4 .

3.4.1.20 /IpaanaTh MPOIEHTOB CTYJCHTOB mociie okoH4YaHus BY3a He paboTaroT 1o
cnenuaibHocTU. PaccMarpuBaercs ciyuyailiHas BenuduHa & - YMCIIO BBIITYCKHUKOB,
paboTaMMUX IO CHEIUATBHOCTH, CPEAN BBIOPAHHBIX JECATH BBITYCKHUKOB BY3a.
3navyenue [ =6.

3.4.1.21 BeposSsTHOCTH TOTO, YTO KJIMEHT cliejlacT B OaHKE BAJIIOTHBIM BKJIaJ, paBHA
0,48. Bkiagpl B 6aHKe OCYIIECTBUIIO BOCEMb KIMEHTOB. PaccMaTpuBaeTcs ciayyaiiHas
Beau4MHa & - YKMCIIO KIIMEHTOB, KOTOPBIE CJENalv BKJIaj B BalllOTE. 3HaUeHUE o =3,
ap=1.

3.4.1.22 BeposTHOCTh TOTO, UTO Kymiopa siBisieTcst anpiiuBoi, pasHa 0,001. s
npoBepku BeIOpano 6000 kymrop. PaccmaTtpuBaercst cinyyaiiHas BeTu4uHa & - YHCIIO
KYITIOp, KOTOpPbIE OKa3anuch (aablIMBbIMU. 3HaueHue [ ="7.

3.4.1.23 BeposTHOCTh TIOJIYYCHHS 3asBKH ONTOBOW 0a30i HAa JaHHBINA JCHD JUTSI KaX-
JOTO M3 JeBATH Mara3uHoB, paBHa (,8. PaccmarpuBaercs ciyyaliHas BeIWYMHA
& - 4KCJIO0 Mara3vHOB, KOTOPBIE CIIENalid 3asBKy Ha ONTOBYIO . 3JHaUYe€HHWE o =2, a
f=5.

3.4.1.24 Knuenty O6aHKa JJis 3all0JTHEHUS MPEJIaraeTcsi KapTouka oOpaTHOM CBSI3U C
BeposiTHOCThIO 0,7. B GaHk oOpartuiioch TpuHaIIaTh KIMEHTOB. PaccmarpuBaercs
CilyJaiiHasi BeJIM4YMHa & - YUCIIO KIMEHTOB, KOTOPBHIM ObLIa MPE/IoKEHa JJIs 3aroJi-
HEHUS KapToyka 00paTHOM cBs3u. 3HadeHne [ =5.

3.4.1.25 3a HexoTophlii mepuon BpemeHu (abpuka BeimycTHia 2500 mxeMmepos.
JlomycTuTh Opak Mpu MOIIKMBE OJTHOTO JKEMIIEpa BO3MOXKHO ¢ BeposaTHocThIo 0,0016.
PaccmarpuBaercs cnyuaiiHasi BeuuHa & - YUCIO JHKEMIIEPOB, B KOTOPHIX OOHapy-

KeH Opak. 3HaueHue @ =2,a =4,

3.4.1.26 Ha BricTaBke Tpaktop «bemapyc-80.1» MokeT OBITH TpEICTaBIEH C BEPOSIT-
HocThIO 0,6. Ha BbICTaBKY OBLIIO IIPEICTABIECHO AECATh TPAKTOPOB. PaccMmarpuBaercs
ciydaiiHas BenuunHa & - 9nciio TpakTopoB «bemapyc-80.1», KoTopsie mpencTase-
HBI Ha BBICTABKE. 3HaUCHUE o = 3.

3.4.1.27 BeposTHOCTbh TOTO, YTO YEJIOBEK CHUMET B OaHKOMAaTe BCIO CYMMY CTOTHI-
CSYHBIMH Kymtopamu, paBHa 0,2. B 6aHkomaTe CHSIM JAEHBI'M JBEHAANATHh YEJIOBEK.
PaccmarpuBaercs ciydaitHas BenuuuHa & - YHCIIO YEJIOBEK, KOTOPHIM OAHKOMAT BbI-

JaJ1 BCIO CyMMY CTOTBICSIYHBIMH KyIIOpaMu. 3HadueHne o =2,a [ =95.

3.4.1.28 Ky3oB aBTomMoOmis «Audi» nmeeT nBet Oaknaxana ¢ BeposiTHOCTh0 0,0004.
Yepes MOCT B TeUCHHE HEKOTOPOro BpeMeHH mpoexaino 2000 aBTomoOmien «Audiy.
PaccmatpuBaercst cimyuaiinas BenuurHa £ - uncino apromodmiedt «Audi» 1Bera Oa-
KJIa)KaHa, KOTOpbIE Mpoexalii yepes noct. 3Hauenue o =1.

3.4.1.29 Bnonp noporu ycranoBieHsl 3000 ¢onapel, Kaxablii U3 KOTOPBIX MOMKET
IIEPEropeTh B TeueHue mecsana ¢ BepoaTHocTbio 0,001. PaccmaTtpuBaercs ciydaiiHas
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BenuurHa & - 4nucao (poHapeil, KOTOPBIX MEperopeir B TEUEHUE Mecsla. 3HAaUeHHe
p=4.

3.4.1.30 BeposTHOCTh MOTEpU KPEIUTHOM KapTOUKU B TedeHue mecsna pasHa 0,003.
bank Beimanm 300 xpenuTHbIX KapToueKk. PaccmarpuBaercs ciydaliHas BeIMYMHA
& - YUCIIO KPEOUTHBIX KApTOUYEK, KOTOPHIC MOTEPSIN KIMEHThl OaHka. 3HAueHUE

a=2,a f=6.

4 OCHOBHBIE BEPOATHOCTHBIE MOJEJIHN
PACHPEJAEJEHUS HEITPEPBIBHbBIX CJIYYAUHbBIX BEJIMYUH

ConepixkaHue: paBHOMEPHOE paclpeesieHue, IKCIMOHEHIHaIbHOe (MOoKa3a-
TEJIbHOE) pacripejieiieHue, raMMa-QpyHKIus U €€ CBOMCTBa, pacrpesencHue BelOy-
na, [f-pacmupeseneHue.

4.1 TeopeTnyeckuii MaTepuaJ Mo TeMe NPAKTHYECKOT0 3aHATHS
4.1.1 PaBHOMepHbBIii 3aKOH pacipe/eeHus

Ha npakTuke BCTpedaroTCsl CllydailHble BEIMYHMHBI, O KOTOPBIX 3apaHee H3-
BECTHO, YTO OHU MOTYT IIPUHSATH KaKoe-1100 3HAYEHHUE B CTPOIrO OMpPEAEIICHHBIX Ipa-
HULAX, IPUYEM B 3THX IPAHMIIAX BCE 3HAYEHUS CIy4yallHOM BEITMYMHBI UMEIOT OIU-
HAaKOBYIO BEpPOSATHOCTh (00JIaal0T OJAHOW W TOW K€ IJIOTHOCTbIO BEPOSITHOCTEN).
Hanpumep, npu moioMke 4acoB OCTaHOBUBIIAsICSI MUHYTHasi CTpesika Oyner ¢ oau-
HAKOBOI BEPOSTHOCTBIO ITOKA3bIBaTh BPEMS, IPOILIEAIIEE OT Hayalla JaHHOTO Yaca J0
MOJIOMKHU YaCOB. JTO BpEMS SBJISETCA CIIy4YallHOM BEJIMYMHOM, IPUHUMAIOIIEH C OJU-
HAaKOBOW IUIOTHOCTBIO BEPOSITHOCTH 3HAYEHHUS, KOTOPBIE HE BBIXOJAT 3a I'PAaHHULIBI,
oTpesiesIeHHbIE MPOJOJIKUTENBHOCTIO 0JTHOTO Yaca. K mojo0HbIM ciydyaiiHbIM BeJH-
YMHAM OTHOCHTCS TaKXe W MOIPEIIHOCTh OKpyIieHHs. 1Ipo Takue BenM4HMHBI TOBO-
PAT, UTO OHM pacupeiesIeHbl pPABHOMEPHO, T. €. IMEIOT PABHOMEPHOE paclpeleICHUE.

HenpepriBHast cyuaiinas BenmuuuHa £ UMEET paBHOMEPHOE paclpeielieHHe Ha

orpeske [a;b], ecim Ha aTOM OTpe3Ke IUIOTHOCTH PACHPEAENEHHs BEPOSTHOCTH IIPH-
HUMAET NOCTOSIHHOE 3HaY€HUE, TO €CTh

e <x<h;
f()=ip_a mMasX=H (4.1.1.1)

0, ecmuXx<awmX>Dh.
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0, ecmuXx<a;
X—a
®dyukuus pacapenenenus F(X) = PPy ecmma< x<b;
—a
| 1, eciu X > b.
a+b
Matemarnueckoe oxunanne M (&) = —
2
Hucnepcust D(&) = % :

b-a
CpenHee KBaJpaTUYECKOE OTKJIIOHEHUE O, ==

243

BepoATtHOCTh IONIaaHNsl pABHOMEPHO PACIpPEACIEHHON CIIyYaliHOW BEITUYMHBI
& Ha MHTepBal [a; S ), IPECTaBISIONINI cO00M YacTh OTpe3Ka [a;b] , BBIYUCIIACTCS

o ¢popmyiie

P(asg<ﬁ):/s::. (4.1.1.2)

4.1.2 Tloka3atesibHOe (IKCIIOHEHIINATBLHOE) pacnpeaeieHue

Paccrosaue T mexay AByMs COCETHHUMH COOBITHSIMU B CTallMOHAPHOM ITyac-
COHOBCKOM TIOTOKE C MHTEHCUBHOCTBIO A MpeACTaBisieT cOO0H HEMPEpPhIBHYIO CIY-
YailHy10 BEJIMYMHY, paclpeAesIEHHYIO MO MOKa3aTeIbHOMY 3aKOHY C TUIOTHOCTBIO Be-

POSTHOCTH
() 0, ecu t < 0; (4.1.2.1)
" lae . ecnmt >0, o

o F() 0, ecmu t<O0;

HKIIUS PACTIPEICIICHHS =

Y Pactip 1—e™, ecaut>0.
1

Matemarnueckoe oxunanne M (T) = rk

1

Hucnepcust D(T) = PER Cpennee KBaipaTH4ecKoe OTKJIOHEHHE O = 7

JIJis TOKa3aTeNIbHOTO pacIpeie/ICHHS BEPOSATHOCTh TOTO, UTO CITyJaiHas BEJTH-

unHa T TpUMeT 3HaUYEHHeE, KOTOPOE IPUHALIEKUT UHTEpBay [; ), onpexensercs
o opmyiie

P(a<T<p)=e""-e", (4.1.2.2)
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[IprMepoM HENPEPBIBHOM CIIy4YaliHOW BEIMYMHBI, PACIIPEIEICHHOM 10 TOKa3a-
TEJIbHOMY 3aKOHY, MOXET CIIy>)KMTh BPEMS MEXKY HOSIBJICHUSAMU ABYX IIOCIIEI0BA-
TEJIbHBIX COOBITHI MPOCTENIIETO MOTOKA.

4.1.3 I'amma-¢gyHKIUs 1 eé cBOMCTBA

[Mamma-(yHKIIMEH WM UHTErpajsoM Diepa BTOPOro poja Ha3biBaeTcs (PyHK-
LUs BUJA

()= j X“ e *dx. (4.1.3.1)
0

amMma-QyHKINSA SBISCTCS HHTErPAIOM, 3aBUCSIIAM OT mapamerpa «. OHa
YJIOBJICTBOPSICT CJICAYIOIIUM CBOWCTBAM:

1) r@)=1(2)=1;

2) T(0,5) =7 ;

) IMNa+)=a-T'(a);

4) Ecnmu @ xpatHo 0,5, T0 I'(@r) MOKeT OBITh JIETKO BBIYHMCICHO Ha OCHOBAHHH
TPEThEro CBOMCTRA:

I'(L,5)=1(0,5+1)=0,5-1'(0,5)=0,5-V7 ,
(2,5 =T(L5+1)=15-T'(L5)=15-0,5-/7,

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

r n+l -T n__1+1 :n_l.r n-1 :n_l.n_‘?’.___.§.§.l.\/;;
2 2 2 2 2
|

2 2 2 2

5) npu OONBIINX 3HAYCHUAX & TaMMa-(QYHKIUSA BRIYUCIACTCS M0 hopmyie
INa)=(x-1) - T'(a-)=(ax-1)-(¢-2) - T(ax—2)=...

4.1.4 Pacnpenenenne Beiioyana (a>0, b>0, -oo<c¢<+o0)

JlanHoe pacnpeneneHue UMeeT HapaOOTKa /10 OTKa3a HEKOTOPBIX HEBOCCTa-
HaBIUBaeMbIX u3aenuil. K HUM OTHOCATCSA, B YaCTHOCTH, HEKOTOPBIE U3ENUS Y KO-
TOPBIX OTKa3 HACTyHaeT BCJIEACTBUE YCTANOCTHOrO paspyuieHus. llpu oneHke
HAJE)KHOCTH MEXAaHWYECKUX Y3JI0B ATHUM 3aKOHOM OIHCHIBACTCS HAAEKHOCTH IO/I-
mUIHUKOB. Pacnipenenenne BeitOysuia HCOIb3YIOT JUIsl OMIMCAHMS 3aKOHOMEPHOCTEN
OTKa30B MOJ JEHCTBUEM M3HOCA U CTAPEHUs, OTKA30B IMOCJIEI0BATEILHO COEIUHEH-
HBIX M JyONMpPOBaHHBIX 3yeMEeHTOB. OcoOeHHO wyacTo pacnpeneneHue BeitOymia
MIPUMEHSIOT TOT/A, KOI/1a MOTOK OTKa30B HE CTALIMOHAPEH U MHTEHCUBHOCTH OTKA30B
MEHSETCS C TEUEHUEM BPEMEHU.
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HenpepriBHast ciiydaiinas BenmuuuHa £ UMEET pacipeneneHue Beitbymna, eciu
IUIOTHOCTB PacIpeeeHNs] BEpOSITHOCTU UMEET BUJ

b-1 x—cb
b(x-c —[Tj <>
f(x)=1gl 4 ) ° omx=G (4.1.4.1)

0, ecnuX<Cc,

rjie a - mapameTp macmTaba, b - mapamerp Gopmbl KpUBOH pacmpeaeieHus, C - ma-
paMeTp CIIBUra.

C momomipio mapamerpa b ymoO0HO moa0upaTh aHATMTHYECKOE ONMMCAHUE JIJIS
pa3IMYHBIX IKCIEPUMEHTANBHBIX 3aBHCHUMOCTel. [lpu 3Hauennn b =1 pacmpenene-
Hue BeliOyiia cTaHOBHUTCS 3KCIOHEHIMAIBHBIM. [Ipy 3HaueHusix mapamerpa b<1
MHTEHCUBHOCTh OTKa30B MOHOTOHHO yOBIBAa€T C TEUCHUEM BPEMEHH, a MPHU 3HAYCHU-
sax b>1 moHoTOHHO BO3pacTaer. [lomOupast 3HaueHus a, b U C, MOKHO JOOUTHCS
NpUOITMKEHUST aHATUTUYECKON (DYHKIMHM TUIOTHOCTH PACHpeleNieHUss K ONBITHBIM
JTAHHBIM.

Maremarnueckoe oxumanne M (X)=c+a- F(l—F %j .

Jucnepcus D(T)=a*- [F(l+ %j —I? (1+ %D :

CpenHee KBapaTHYECKOE OTKIIOHEHUE Oy =a- (F(l+ %j —TI? (1+ %D .

4.1.5 p-pacupenenenue(a>0, £>0)

Oynkuus [ -pacnupeneneHuss 00bIYHO UCTIONB3YETCs A U3YUCHHs Bapualliy B

MPOIIEHTAX KaKON-INOO0 BETUYMHBI MEXKIY BbIOOPKAMU - HApUMEp, YacTH JHS, KO-
TOPYIO CTYJI€HTBI IPOBOJSAT JIJI1 CAMOCTOATENBHOIO U3YYEHUS TUCLUILIVH.

HenpepriBHast ciyvaitHas BenuunHa & MMeeT [f-pacripesielieHue, eCiu TIoT-
HOCTb pacipeaeeHNs] BEPOITHOCTA UMEET BUL

X (1_ X)/H ecmm O<X < 1;
f(X)=y B(xp) ’ (4.1.5.1)

0, ecuX<0wumuXx=>1,

rae B(a; B)=|x“"(1- X)[H dx maseiBaercsa [ -QyHKIMEN.

O ey
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a

Maremarnueckoe oxumanne M (X) =
a+pf

HNCII nus = aIB .
Apenspons D(X) (a+B) -(a+p+1)

1 a-f

CpGILHeC KBaIpaTH4YCCKOC OTKIIOHCHHUC Oy = . .
a+pf \a+p+1

4.2 IlpuMepbl penieHUs1 TUMOBBIX 32424

4.2.1 llena geneHus mKaibl u3mMeputeabHoro mpubdopa pasHa 0,2. [Tokazanus
npuOopa OKPYIISAIOT 10 Onmkaiiiero neineHus. OnpenennuTb 3aK0H pacipeeIeHUs
U CIyYaiHOW BeMWYUHBI & - OMMOKa OKPYTJEHUS OTCYETA. 3amncaTh BBIPAXKECHUS

JUTSI TUIOTHOCTH paclpeieNIeHUs BEPOATHOCTEN U (PYHKIIMU paclpeiesieHus Cciiydai-
HOI BenmuuHbl &. HaliTu MaTemaTudeckoe 0KHIaHKe, AUCTIEPCUIO U CPEIHEE KBaI-
paTHuecKoe OTKJIOHEHHE clydaiiHOW BenuduHbl &. HallTh BeposSTHOCTH TOTO, YTO
npu oTcu€Te OyaeT caenana omuoka: a) Mensbinas 0,04, 6) 6onbiras 0,05.

Pemenue. OmmoOKy OKpyrieHUs OTCUETa MOYKHO paccMaTpuBaTh Kak Clydai-
HYI0 BeIMYuHy &, KOTOpas paclpesiesieHa paBHOMEPHO B MHTEPBAJC MEXAY JBYMs
cocenHUMH JNeneHusiMu. [lapameTpbl paBHOMEpHOTro pacmpenenieHus paBHbl: a=0,
b=0,2. Toraa, corinacuo dopmyse (4.1.1.1) MIOTHOCTH pacHpeeIieHUs] BEPOATHO-
CTEW UMEET BUJL;

,ecmn 0<x<0,2; 5ecmm 0<X<£0,2;

1
f(x)=40,2-0
0, ecimuX<0wumuX>0,2.

0, ecmmX<0umuXx>0,2,

wm T (X) :{

3anuiem BeIpaXeHUe A1 PYHKIUU pacTpeesICHUs CTydyaifHOW BEUYUHBI &,
KOTOpasi UMEET PAaBHOMEPHBIN 3aKOH PaCIIPEIEIICHHUs.
0, ecimuXx<O0;
x—0
0,2-0
1, ecim X > 0,2,

0, ecmuXx<O;
, ecmn 0<x<0,2; wm F(X)=:5%, ecmn 0<x<0,2;

1 ecomx>0,2.

F(x)=

Haiiném maremarndeckoe 0XuIaHue, TUCIIEPCHIO U CpeHEE KBAIAPATUUECKOE
OTKJIOHEHUE 3aJaHHOM CIIy4YallHOW BEJINYHHBI.

Marematrueckoe oxxuganue: M (&) = 2 Z b = 0 +20’ 2 =0,1.
(b—a)* (0,2-0)> 0,04 1
: D(&) = = = = ~0,0033.
Auenepens: D() =77 12 12 300
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_b-a 02-0_ 1
“ToB 2B 1043
Borurcium BeposTHOCTH coObITHsS A ={mpu orcuére OyaeT ciciiaHa OIIMOKa
menbInas 0,04}. JlanHoe coObITHE O3HAYAET, UTO ClAydyailHas BEIMYMHA MIPUMET 3Ha-
yenue MeHbIe 0,04 wim 6omnbine 0,16. [l BeIUKCIEHUsS] BEPOSITHOCTEN ITUX COOBI-
T Oynem wucronb3oBath (Gopmyny (4.1.1.2). Ilpu sToM ydTéM, YTO COOBITHS
{menbmie 0,04} u {Oonpme 0,16} He3aBUCHMEBI, TO €CTh BEPOSTHOCTH CYyMMBI PaBHA

_b-a

cymme BeposiTHocTell. P(a < &< )= A
—a

P(A)=P(0<¢£<0,04)+P(0,16<£<0,2) =

CpenHee KBaJIpaTU4eCKO€ OTKIOHEHUE: ~0,0577.

0,04-0 N 0,2-0,16
0,2-0 0,2-0
Beraucimum BepositHOCTh coObiTHs B ={mpu orcuére Oynet cnenana ommoOka

oomnpme 0,05}. lanHOE COOBITHE O3HAYACT, UTO CIIy4aliHasl BEJIMYMHA TIPUMET 3HAYE-
uue 6oxaemre 0,05, Ho menbmIe 0,15.

P(B) = P(0,05< & <0,15) =

=0,2+0,2=0,4.

0,15-0,05 0,1
0,2-0 02
4.2.2 Cnydaiinas BenmnuuHa & MMEET paBHOMEPHOE pacrpeziesieHue ¢ MaTeMa-
tideckuM oxkuganueM M (&) =8 u mucnepcueit D(S)=12. HaliTu mioTHOCTH pac-

0,5.

IpesieJIeHNUs BEPOATHOCTEW U (PYHKLMIO paclpeAesieHus ClydaliHOM BEIUUYUHBI & .
Omnpenenuts BEPOATHOCTH TOTO, YTO CIydaifHasi BEIMYUHA & OTKJIOHHUTCS OT CBOETO

MaTeMaTUYECKOTO OKUJIaHUs He OoJiee yeM Ha BeMunHy & =1.
Pemenue. Bocronb3dyemcst hopmyliaMd MaTeMaTHUE€CKOTO OXHUIAHUS U JTUC-
MIEPCUH ISl PABHOMEPHO PACIIPEACIEHHON CIIyYallHOM BEJIMYUHBI:

a+b (b-a)’
M(E)=——u D(&)=——.
(€)=——nDE)="—71
[TomyyaeM cuctemy ypaBHEHHI
asb_g
2
_ 2
b-a) _,,
12
Pemenne cucremsl: a=2, b=14.

CornacHo opmyse (4.1.1.1) mIOTHOCTH pacnpeaesieHUs] BEpOSITHOCTENH UMEET

BU:
1 1
,ecim 2 < x<L14; —,ecan 2<x<14;
f(x)=114-2 um f(x)=412
0, ecmuX<2wumuX>14, 0, ecimuX<2 wmuX>14.

3anuiem BeIpakeHUe A1 PYHKIMU pacTpeeICHUs CTydyaifHOW BETUYUHBI &,
KOTOpasi UMEET PAaBHOMEPHBIN 3aKOH PaCIIpeICTICHHUS.
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0, eCln X < 2; 0, ecmnX<2;

X=2 , ecmn 2<X<14; umu F(X) = _X_Z
14 -2

| 1, ecim X > 14, 1  ecimuXx>14.

F(x)= , ecmm 2<x<14;

Bbluncinum BeposITHOCTh TOTO, YTO ClydyailHas BeTU4MHA & OTKIOHUTCS OT
CBOEr0 MaTEMaTUYECKOTO 0XKUAaHUs HEe 0oJjiee UeM Ha BeIuuuHy & =1.

P(E-M(&)|<e)=P(|¢-8<1)=P(-1<&-8<1)= P(7<§<9):ﬂ:1.
14-2 6

4.2.3 JImuTeapHOCTh BpEMEHU 0€30TKAa3HOW PaOOThI KaKIOTO U3 YETHIPEX dJIe-
MEHTOB, BXOJAIIUX B TEXHHUECKOE YCTPOWCTBO, MMEET MOKAa3aTeIbHOE pacipeaese-
Hue. Cpennee BpeMst 6€30TKa3HON pabOThI sl Kaxka0ro 35ieMenTa paBHo 400 dacos.
TexHuyeckoe ycTpoHCTBO paboTaeT IMpU YCIOBUU O€30TKa3HOM pabOoThI BCEX UYEThI-
péx anemeHTOB. OnpeaenuTh BEpOsSTHOCTh 0€30TKa3HON paboThl yCTpOWicTBa B Teue-
Hue 700 yacoB, eciiu Bpemsi 6€30TKa3HON paOOThl KaXKJIOTO JIEMEHTa HE 3aBUCUT OT
BPEMEHU PadOTHI YETHIPEX APYTUX AJIEMEHTOB. 3alUCaTh BHIPAKEHUS JJI TUIOTHOCTH
pacnpeneneHus: BEposITHOCTEH U (DYHKIIUU PACTIPEEICHUS CIIy9ailHOW BETUYUHBI |
0e30TKa3HOW paboThl OHOTO deMeHTa. HaliTu MaTeMaTnyeckoe okujiaHue, Jucnep-
CHUIO U CpeJIHEE KBaJIpaTUUEeCKOe OTKJIOHEHHUE ClTydailHOM BennuuHbl | . HaliTu Bepo-
SATHOCTh TOT'O, YTO OTACIBHO B3SATHIA 37eMEHT OyJieT padorars He MeHee 500 yacos,
HO He Oonee 900 yacos.

Pemenne. Mickomast BEpOSATHOCTD paBHAa BEPOSTHOCTH TOTO, YTO B TEUCHHUE HE
Menee 700 gacoB OyneT 6€30TKa3HO padoTaTh BCE YETHIPE DJIEMEHTA.

[TycTth coObiTHe A 03Ha4aeT, 4To |-l JIEMEHT yCcTpoiicTBa mpopadboTaeTr Oe3-

oTka3Ho He MeHee 700 yacoB (i =1, 4). Toraa uckomasi BEpOATHOCTb pPaBHA

P=P(AAAA)=P(A)-P(A)-P(A) P(A)=P'(A).
Tak kak, coObITUS A HE3aBHCHMBI, TO BEPOSATHOCTHb INPOU3BEACHUS paBHA
npousBeeHuIo BepositHocTei, mpuuéM P(A)=P(A,)=P(A)=P(A,).
Haiiném BeposiTHOCTh coObITHs A . PaccMOTpUM CllydailHyl0 BEJIUYUHY
T - Bpems Ge30TKa3HOU paboOTHI 1 -ro 3mmemenTa. [1o yCcaoBHIO 3a1aun MaTeMaTHde-

1
ckoe oxkuaanue BenuuuHbl | paBHO 400 4dacoB, ciegoBaTenbHO, A :4—00. B sTtom

cllydae MJIOTHOCTh PACIPEIC/ICHUS] BEPOSITHOCTH UMEET BHUI:
0, ecmm t <0;
— 1
0= ie_mt, ecim t > 0.
400
0, ecimm t <O0;
®dynkius pacnpenencaus: F(t) = 1,
1-e %0 ecmut>0.
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Maremarnueckoe oxunanune: M (T) =T, = % =400.
Hucnepcus: D(T) = % =160000.

1
CpenHee KBalpaTH4eCKOE OTKIOHEHHE: O = I =400.

Torga BepoATHOCTh cOOBITUSL A paBHA
1 700

P(A)=P(T 2700)=1—P(T <700)=1—| 1—g @ |=¢ ©0 "™~ 0,174,

Takum 00pa3om, BEpOSITHOCTh UCXOTHOTO COOBITHSI paBHA
P=P* (Al) =(0,174)* = 0,917.

4.3 3aganusi AJ151 pelieHUsl HA MPAKTHYECKOM 3aHATHH

4.3.1 Crydaiinasi BeTUYMHA MMOAYMHEHA 3aKOHY PAaBHOMEPHOTO pactpeesieHus
Ha uHTepBase (1;3). 3amucarh BBIpaXCHHE VIS IJIOTHOCTU PACIIPEICIICHUS BEPOSIT-

HOCTH U (PYHKIUIO pacrpe/ernceHusi. BoIYUCIUTh YMCIOBBIE XapaKTEPUCTUKU CITydai-
HOU BenuuuHbl. OnpenenuTh BEpOSITHOCTh TOTO, YTO ClIydaiiHas BEJIMYMHA MPUMET
3Ha4YeHue He MeHee 1,5, Ho He Oonee 2,5.

4.3.2 Cnyuaiinasg BenuurMHa & HMMEET paBHOMEPHOE pachpe/ieieHue ¢ MaTeMa-
tideckuM oxupanneM M (E) =22 u mucnepcuert D(&)=1,08. HaiiTu MmioTHOCTB
pacrnpeneneHus BeposTHOCTEW U yHKIIHIO paclpeesICHUsI CIIyqailHOW BEIMYUHBI & .
[TocTpouTs rpaduku MWIOTHOCTA U PYHKIMU pacupenencHus. OnpenenuTs BeposiT-
HOCTh TOTO, YTO CllydaiiHas BeIWYMHA & OTKIOHHUTCA OT CBOEr0 MAaTeMaTHYECKOTO
OKHJIaHUS HE 0oJiee YeM Ha 3 eUHUIIBI.

4.3.3 [loezna MeTpomonnTeHa UAYT CTPOTO MO pacnucaHuio. MHTepBan 1BH-
KEHUS paBeH TPEM MHHYTaM. HallT BEpOSTHOCTH TOTO, YTO IMACCAXKHUP, MOIOIIC-
U K OCTaHOBKE, OyIET 0’KUJIaTh OYepeHOro moe3na MeHee 40 CeKyH/I.

4.3.4 Ciiyqaiinass BenmmuuHa & YIOBIIETBOPSET HEepaBeHCTBY —3< & <3. Us-
BECTHO, 4YTO KaXXJ10€ U3 3Ha4eHUI 3 u (-3) OHa MPUHUMAET C OJHON U TOM KE BEPOSIT-
HocThio P =1/6. Kpome Toro, B untepBane (—3;3) cinydaiiHas BeauunHa & MMeeET
paBHOMEpHOE pacrpezeieHne. HallTu TIIOTHOCTh pachpeicieHus] BEpOSITHOCTCH |
(GYHKIHIO pacTpeiesieHHs], U TIOCTPOUTh UX rpaduKH.

4.3.5 llena nenenus BonbTMeTpa 10 B. OTCUET mMpoU3BOAUTCS ¢ OKPYIIICHHEM
710 T[EJIoTo JeNeHus mKanbl. OnpeaenuTh CPeIHEKBAIPATHUHYIO OIMUOKY CPEIHEro
KBaJPaTUYECKOTO OTKJIOHEHHUSI ¢ TPHU CHATUU OTCUETa U BEPOSTHOCTH [ TOTO, UTO

omuOKa 3aKiroueHa B mpeaenax +1 B.
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4.3.6 [InoTHOCTH pacmpeneieHuss BEpPOSTHOCTU CIy4dailHOW BenuuuHbl & co-
XpaHsier Ha otpeske [2;10] mocTosHHOE 3HaUeHHE C, @ BHE STOIO OTPE3Ka PABHA Hy-

mro. OnpenenuTs 3aKOH paciipeneieHus Uil ciay4yaiiHol BennuuHbl & . Haiiti mapa-
MeTp C. 3amucaTh BBIPOKEHMs JIs TUIOTHOCTH pacIpelefieHUuss BEPOATHOCTEH U
GbyHKUMM pacmpenesieHus, NOCTPOUuTh ux rpaduku. Halitu Matrematnueckoe oxxuja-
HUE, AUCTIEPCUI0 U CpeHEe KBAJAPAaTUYECKOE OTKIOHEHHUE CIy4allHOW BEMWYUHBI & .
Omnpenenutb BEpOATHOCTH TOTO, YTO ClIydaiiHas BeIMUMHA & OTKIOHUTCS OT CBOETO
MaTeMaTUYECKOro 0KUIaHus He Oosiee yeM Ha 1,5 e uHUIIBL.

4.3.7 Ha mocce yCcTaHOBIIEH KOHTPOJBHBIA MYHKT JUIS TPOBEPKU TEXHUYECKO-
ro COCTOSIHMSI aBToMoOuiel. HaliTn MaTemaTndeckoe OKUJaHUE U JAWCIICPCUIO Bpe-
MEHU OKHMJIaHHUS aBTOMOOWJISI KOHTPOJEPOM, €CIM MOTOK MAIIWH MPOCTEUIIUNA U
BpeMs (B "acax) MEXIy MPOXOXKJIECHHEM aBTOMOOWJIEH depe3 KOHTPOJIbHBIA MYyHKT
pacmpeenieHo 1Mo MoKa3aTelIbHOMY 3aKOHY ¢ nmapameTpom A =12.

4.3.8 Onpenenuth BpeMs paboThl mprbopa ¢ HaaEKHOCTHIO 0,9 (BEpOSTHOCTH
0e30TKa3HoM paboThl Mpudopa), eciu cpeaHee Bpems ero padboTsl paBHO 800 yacos.

4.3.9 Bpemst T oOHapy>XKeHUS 1eJIM PAAUOIOKATOPOM PaACIIPEICIICHO 10 TOKa-
3aTeslbHOMY 3aKOHY. HaliTu BEpOsATHOCTB TOTO, YTO LEeb OyaeT oOHapyKeHa 3a Bpe-
M OT 6 10 9 CeKyH[ IOcie Havalla MOMCKa, €CIIM CpeIHEeEe BpeMsl OOHAPYKEHUS LEIH
PaBHO TPEM CEKYHIaM.

4.3.10 becmpoBoanas ontrueckast Mpitika 3a 10000 yacoB pabOThI BBIXOIUT U3
CTpOsl B cpeHEM OJuH pa3. OnpenenuTs BEPOATHOCTh BBIXO/A U3 CTPOsi OecpoBO-
HOM onTuyeckoi Mbimku 3a 2000 yacoB paboThl, IpeAnoiaras, 4To CpoK 0€30TKa3-
HOI paOOThI MBIILIM €CTh ClTydaiiHasl BEJIMYHMHA, paclpeAesi€HHAs M0 MOKa3aTeIbHOMY
3aKOHY.

4.3.11 Bpems T 0e3oTka3HON pPabOThI CHCTEMBI pacHpenesieHO MO IOoKa3a-
TEJILHOMY 3aKOHY. IHTEHCHMBHOCTh 0TKa30B cucTeMbl paBHO A =0,03. Haiitu cpen-
Hee BpeMs 0€30TKa3HOM pabOThl CUCTEMBI U BEPOATHOCTh 0€30TKa3HOU paboThI 3a 60
4acoB paboTHI.

4.3.12 Bpemss T 06e30Tka3HO# paOOTHI CTaHKa PACHpPEETICHO MO MOKa3aTeNb-
HOMY 3aKoHy. HHTEHCHBHOCTb OTKa30B B paboTe KOMIBIOTEPA COCTABISIET
A=0,0025. Haiitu cpennee Bpemsi 0€30TKa3HON pabOTHI U BEPOATHOCTH 0E30TKa3-
HOI1 paboThl KoMITbIOTEpa 32 400 THEN.

4.3.13 Bpems T 06e30Tka3HON pabOTHI Mpolieccopa pacrpeecHo Mo MoKas3a-
TeIbHOMY 3aKOHY. M3BeCTHO, UTO cpeaHee BpeMs HapabOTKU Mpolieccopa Ha OTKa3
coctaBysieT 360 mecsieB. Haittu BeposTHOCTh O€30TKa3HOW pabOTHI mpolieccopa 3a
90 mecsues.

4.3.14 Cpennee Bpemsi pabOThI KaXI0r0 U3 IBYX 0AHKOMATOB 0€3 TEXHUYECKO-
ro oOCIIy)KMBaHHS COOTBETCTBEHHO paBHO 168 m 216 yacoB. Onpenenutb BeposT-
HOCTb TOT'0, 4TO 00a OaHKomaTa OyayT paboTaTh 0€3 TEXHUYECKOT0 0OCITyKUBaHUS B
TeueHue 224 4acos.
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4.4 3ananus 1J151 KOHTPOJIMPYEMOil CAMOCTOATEIbHOM PadoThl

4.4.1 IInOTHOCTH pacupenereHus] BEpOSTHOCTH CIy4ailHOW BENIMYUHBI & CO-
XpaHsieT Ha oTpeske [a;b] mocrosHHOE 3HAaUeHME C, a BHE 9TOrO OTpe3Ka paBHA Hy-

mo. OnpenenuTb 3aK0H pacrpeAesieHust s ciydaitHoit Benuuunbl & . Haittu mapa-

MeTp C. 3amucaTh BBIp@XEHHs JUIsl TJIOTHOCTH paclpeleNieHusi BEPOATHOCTEH u
GyHKUIMM pacmpenesieHus, NOCTPOUuTh ux rpaduku. HaliTu Maremarnueckoe oxxuja-
HUE, IUCIEPCUI0 U CpeHEe KBAJAPAaTUYECKOE OTKIOHEHHUE CIydYallHOW BEWYUHBI & .

Omnpenenuts BEpOATHOCTH TOTO, YTO CIIydaiiHas BeIHMUMHA & OTKIOHUTCS OT CBOETO
MaTEMaTUYECKOTO OKUAAHNA He O0Jiee YEM HA BEJIMUMHY & .

4411 a=1b=4¢=01. 4.4.1.2 a=2,b=6,¢=0,2.
4.41.3 a=3b=7,¢=0,3. 4.4.1.4 a=6,b=8,¢=0,4.
4.4.15 a=7,b=11 ¢£=0,5. 4.4.1.6 a=1b=10,¢=0,6.
4.41.7 a=4,b=7,&=0,7. 4.4.1.8 a=3,b=5=0,8.
4.4.1.9 a=2,b=11 ¢£=0,9. 44110 a=1b=5=10.
4.4.1.11 a=5>b=10,¢=11. 44112 a=4,b=10¢=12.
4.4.1.13 a=3,b=10,¢=13. 44114 a=2,b=13 ¢=14.
4.4.1.15 a=1b=7¢=15. 44116 a=5b=15¢=16.
4.41.17 a=4,b=8¢=17. 44118 a=3,b=9 ¢=18.
4.4.1.19 a=2,b=10,¢=19. 44120 a=1b=9&=2,0.
4.4.1.21 a=5b=19,¢=21. 44122 a=4,b=16,6=2,2.
4.4.1.23 a=3,b=19,¢£=2,3. 44124 a=2,b=11¢=2,4.
4.4.1.25 a=1b=15¢=2,5. 44126 a=5Db=18¢=2,6.
4.4.1.27 a=4,b=13,&=2,7. 44128 a=3b=14¢=2,8.
4.4.1.29 a=2,b=14,¢=2,9. 44130 a=1b=11 &£=3,0.

4.4.2 Cpennee BpeMsi pabOThl KOKIOTO U3 TPEX DJIEMEHTOB, BXOSAIIUX B TEX-
HUYECKOE YCTPOWCTBO, paBHO T vacos. [lius Oe30TkasHON paboThl ycTponcTBa

HeoOXxoarMa 6e30Tka3Has padoTa XoTs Obl OJHOTO M3 ATUX TPEX AeMeHToB. Omnpe-
JEJINTh BEPOSTHOCTh TOrO, UTO YCTPOMCTBO OyAeT padoTarh oT t, 10 t, 4acos, eciu

BpeMs | paboThl KaXA0ro U3 TPEX 3IEMEHTOB HE3aBUCHUMO M PACIpeAeIeHO MO Mo-
Ka3aTeJIbHOMY 3aKOHY. 3allicaTh BBIPAXKEHUs I IJIOTHOCTH PACHPENEIICHHUS BEPO-
ATHOCTEH U PYHKIUU pacupenesieHus CydailHONW BeIUYUHbl | 0e30TKa3HOW padoThl
OJIHOTO DJIEMEHTA, MOCTPOUTh uX rpaduku. Haiitu maTemaTuyeckoe 0KUAaHKUE, AU C-
MIEPCUI0 U CPEJIHEE KBaJIpaTUYECKOe OTKJIOHECHHE CilydalHoW BenuuuHbl | . Halitu
BEPOSITHOCTh TOTO, YTO OTAEJIBHO B3STHIM 3JeMEHT OyaeT paboTaTh HE MeHee t, ya-

COB.
4421 T, =2251 =751,=150. 4422 T, =100,t,=50,t,=75.

4423 T, =250,t,=150,t,=200.  4.42.4 T =600,t,=400,t, =500.
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4425 T =154t =44,t,=88. 4426 T, =256t =192, =224.
4427 T, =378t =294,t,=336. 4428 T, =60t =20,t,=40.
4429 T =120,t =30,t, =60. 44210 T, =160,t, =40,t, =120.
44211 T, =250,t =50,t,=100.  4.4.212 T, =300t =60,t,=180.
44213 T, =350,t,=70,t,=280.  4.4.2.14 T =400t =160,t, = 240.
44215 T, =450,t, =180,t,=360.  4.4.2.16 T, =210t =35t,=70.
44217 T, =270,t,=451,=135. 44218 T =330t =551, =220.
44219 T, =390t =651,=325. 44220 T, =510t =170,t, =255
44221 T,=570,t=190,t,=380.  4.4.222 T, =90t =30,t,=75.
44223 T =144t =72,1,=96. 44224 T, =204t =102,1,=170.
44225 T =308t =44,t,=88. 44226 T, =378t =54t,=162.
44227 T, =448t =64,t,=256. 44228 T, =518t =74t =370.
44229 T, =588t =841t,=504. 44230 T, =658t =188,t, =282

5 HOPMAJIbHBIN 3AKOH PACIIPEJIEJIEHUS

CopnepikaHue: HOpMaJIbHOE paclpeiesieHHue, CTaHAapTHOEe HOPMAallbHOE pac-
npeeseHne, JorapuhMUIecKoe HOpMaIbHOE pacIlpeiesieHre, MPaBmiIo TPEX CUTM,

2
pactpenenenue y°, pacupenenenne CTbrofeHTa, pacpeaenenue Oumepa.

5.1 Teoperuueckuii MaTepuaJj Mo TeMe NPAKTUYECKOT0 3aHATHSA
5.1.1 HopmaabHbIi 3aK0H pacnpeiejeHus

HopmainbHoe pacripesesieHne uMeeT OOJIbIIOE 3HAYEHHE B TEOPUU BEPOATHO-
CT€ W MaTreMaTH4eCcKoW cratuctuke. PyHAAMEHTaJdbHAs POJb, KOTOPYIO HWIPaEcT
HOPMAaJIbHOE pacripesiefieHne, OOBSICHICTCS TEM, YTO MPU HEKOTOPHIX YCIOBUSIX CyM-

MBI CIIy4aillHbIX BEJIMYUH Z; C POCTOM YHCJIA CJaraéMbIX aCUMIOTOTUYECKH HOP-
i-1

MaJIbHbI, TO €CTh UMEIOT paclpeneieHne, OJU3Koe K HOpMaJIbHOMY PaclpeesICHUIO.
HopwmainbHoe pacnpeniesieHne 4acTo BCTpEeUaeTcs Ha MPAKTUKE B CaMbIX Pa3IMYHBIX
obOnactsx. [IpuHsATO CUMTATh, YTO OIMOKM U3MEPEHUMN, BEC U pa3Mep AeTallel, BEC U
pOCT JIOJEN UMEIT HOpMalbHOE pacnpezaesneHue. HopmanbHoe pacnpeneneHue uc-
MOJIb3YETCs MPU aHAIM3€ MPOU3BOJICTBEHHBIX MOTPEIIHOCTEN, KOHTPOJIE TEXHOJIOT U-
YECKUX IPOLIECCOB U PEXKUMOB, a TAKKE MPU aHAIU3€ U MMPOTHO3WPOBAHUU Pa3IUy-
HBIX SIBJICHUH B SKOHOMHKE, METUIIMHE U JPYTUX 001aCTAX 3HAHUI.
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Cayyaitnas BennunHa & MMEET HOpMalbHOE paclpeiesieHue, KOTOPOe TakkKe
Ha3bIBACTCs pacrpenesieHueM [aycca, eciyd IUIOTHOCTh PacCHpeAesI€HUs] BEPOSITHO-
CTEU UMEET BUI

_(x-a)®

20 (5.1.1.1)

1
fu)_gjz;e

rie a - MaTeMaTUYeCKoe OXKHUJaHUE CIy4yailHOW BednuuHbl &, a ¢ - cpelHee KBa-
paTUYECKOE OTKIIOHEHUE.

HopmaiibHOE pacnpeiesieHue 3aBUCUT OT JIBYX IapaMEeTPOB & U O, U MOATOMY
€r0 4acTO Ha3bIBAOT 08YXNAPAMEMPUYECKUM PACNPEOeeHUEM.

DyHKIMS HOPMAJILHOTO paclpe/IeICHUsI UMEET CIETYIOUUN BUT

x (x-a)

je S (5.1.1.2)

1

F(X) ol2n

['padux mIOTHOCTH pacmpeneraeHus BEpOATHOCTEH, 3adaBaeMoil (QopMylion
(5.1.1.1), nHa3biBaeTcs HopmanvHou Kpugou unu kpueou I aycca. HopmanbHasi KpuBas
MPEJCTABIAECT COOOM KOJIOKOJI00Opa3HYI0 KPUBYIO, CUMMETPUYHYIO OTHOCHUTEIHHO
npsiMoil X=a. Eciu X—*oo, To rpaduk HOpMalIbHOW KPUBOM ACUMITOTUYECKH
MpUOJIMKAETCS K OCH abCIucc.

IIpuBeném ocHOBHBIE CBOMCTBA KpuBOM ['aycca.

1) ®yHKIUS TIOTHOCTH pPACIpE/ICICHUs] BEPOSTHOCTEH OmNpeesicHa Ha MHO-

’KECTBE JICHCTBUTEIBHBIX YHCEIL.
2) HopmainbHasi KprBasi pacrojioxeHa Boiiie ocu aocmuce, f(X)>0.

3) BeTBu HOpMalbHON KPHBOW aCHMIITOTUYECKH MPHUOJIMKAKOTCS K OCH adc-
muce, lim f(x)=0.
X—>too

4) KpuBast ”MeeT MaKCUMYM B TOUKe X =a, paBHbli f(a) = . IIpu yBe-

1
o2
JTMYeHnU (YMEHBIIEHUN) MTapaMeTpa o MaKCUMallbHasl OpAUHATa yMEHbIIaeTcs (yBe-
nuuuBaeTcs). OYHKIUS TUIOTHOCTU PaCIpelesieHus] BEPOSTHOCTEH BO3pacTaeT Ha
npoMekyTKe (—o0;a] 1 yObIBaeT Ha IPOMEKYTKE [a;+0)

5) Kpugas [Naycca cummerpryHa OTHOCHTENIBHO mpsiMoli X = a. CrieoBaTelib-
HO, JIJI1 HOPMAJIbHO PACIPEIEIEHHON CIIyYaHOW BEJIMYMHBI MATEMATHYECKOE OXKHU-
JTaHWE COBIIAJIAET C MOJOM U MEIUAHOM.

1
6) HopmanbHast kpuBasi uMeeT JBe TOYKH mneperuba M,|a—o,——| u
o~ 2re

M,| a+o; ) Kpusast ['aycca Bbllykias Ha NpoMexyTke (a—o;a+o), a

1
o2xe
BOTHYyTasl Ha IPOMEXyTKax (—oo;a—o) u (a+o;+x).

7) Inomaap ¢urypsl, orpaHudeHHON KpuBOHM ['aycca u ochro adciuce, paBHa
1; mmomaas KPUBOJIMHEHHON Tpareiuu, orpaHu4eHHoN kpuBoi ['aycca, ochlo adc-
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LUCC U OpsIMBIMA X =a+ o, npubnusutenbHo paBHa 0,6428; miomanb KpUBOIMHEH-
HOM Tpameuuu, OTpaHMYCHHOW KpuBoM ['aycca, ochlo abciucc W MPSIMBIMU
X=at 20, npubnausurenabHo paBHa 0,9545; momaab KpUBOJIMHEHHOW Tpameiuu,
orpaHu4eHHou KpuBo ['aycca, ocbto abcuucc U nmpsMbIME X =a =+ 30, NpudIU3u-
tenbHO paBHa 0,9973. Tak kak miomane noa kpuBod [aycca Bcerna paBHa |

( J f (x)dx=1), To mpu yBenu4eHNn o KpuBas ['aycca cTaHOBUTCS TUIOCKOBEPIITHH-
o

HOI; MpU YMEHBIICHUH o - KpuBas ["aycca BEITATHBaeTCs BBepX. [loaTOMy mapameTp
O 9acTO Ha3BIBAIOT NAPAMEMPOM Macumada.

8) Eciii u3MeHATh MaTeMaTHYECKOE OXKHJIaHHUE a NMPH HEH3MCHHOM 3HAYCHHU
o, To KpuBas ['aycca Oyner cmemarbes BIoJb oc OX, TO €CTh mapaMeTp a Xapak-
TEePU3YET MOJIOKEHUE KPUBOU Tipu Hem3MeHHOU (Gopme. [TosTomy wacTo mapametp a
HA3bIBAIOT nApamempom cogued.

9) KoaddurmeHTsl aCHMMETPHH 1 DKCIEcca JII1 HOPMAIBHOTO PacpeIeiIcHUs

PaBHBI HYIIIO: A:’uz =0; 0= ,u4 -3=0.
o o’
BeposATHOCTL MONagaHus HOPMAJILHO PACIIPENENEHHOM CIydaiilHOW BEIMYUHBI
& BunTepBal (o; ) BBIMUCISETCS 110 CIEAYIOLIEeH Gopmye

P(a<§<,8)=cb(ﬁ;aj—cb(a—_a), (5.1.1.3)

o

rae O(x) = e 2dt - ynkums Jlammaca, 3HaueHHE KOTOPOH MOXKHO OIpesie-

e
JUTH 10 Tabnuie (mpuioxenue, Tadm. A3).

Ucnonb3ys onpenenenue 1.1.3 (ompenenenue (GyHKUMM paclpeneneHus) U
bopmyny (5.1.1.3), pyHkuio pacnpeneneHus HOpMaabHO pacnpeeaEHHON ciyJaii-
HOW BETMYMHBI £ MOYHO 3aIlMCaTh B BUC

F(x) = cp(x aj+o,5. (5.1.1.4)
(o

5.1.2 IIpaBuio Tpéx curm

B mpaktrueckux pacu€rax 4acTo TpeOyeTCsi HATH BEpOSTHOCTH OCYIIECTBIIC-
HHSI HEPABEHCTBA \5 - a\ <0 . Jlns BBIUUCIICHUS] BEPOSITHOCTU ITOTO COOBITUSI, TO €CTh
BEPOSTHOCTH TOTO, YTO HOPMAJIBHO pacmpeenénHas ciayJaiiHas BenmuanHa & OTKIIO-
HHUTCSI OT CBOEI0 MaTEMaTHYECKOTO OKMIAHUS MO a0COJIOTHOM BEIWYMHE Ha BEJHU-
YUHY, MEHBIIYIO O, Bocmonb3dyemcs: Gopmyinoit (5.1.1.3) u CBOICTBOM HEUETHOCTH
¢dbynkuuu Jlannaca:
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P(|§—a|<5)=2®(éj. (5.1.2.1)

o

[Ipeobpazyem dopmymy (5.1.2.1), monoxuB O =to. B pesynapTaTe mosydum
P(‘é — a\ < ta) =20 (t) . Ilomaras nocienoBarensHo t =1, 2, 3, umeeM:

P(|¢—a|<o)=2d(1)=0,6428; P(|¢-a|<20)=2d(2)=0,9545;
P(|&—a]<30)=2d(3)=0,9973.

W3 mociesHero paBeHCTBA CIeENyeT, YTO NPAaKTHYECKOE PacCeMBaHHE HOP-
MAJIbHO PacIpe/e/ISHHOI Clly4aifHOM BeIMUMHBI IeXHUT B npexenax (a—3o;a+30).

BeposiTHOCTH TOTO, 4TO CiydyailHasi BEIWYMHA, OKAXKETCS BHE ATOTO MPOMEXYTKA,
paBHa 0,0027, To ecTh coObITHE MOXKET Tpon3onTy juib B 0,27 % cmydaeB. B teo-
pUU BEPOATHOCTEH M MAaTeMAaTHYECKOW CTAaTUCTHUKE TaKUe COOBITHUS Ha3bIBAIOTCS
NPAKMUYECKU HEeBO3MONCHbIMU. B 3TOM M COCTOUT npaguino mpéx cuem: eClu Ciy-
yaliHasl BEJINYMHA UMEET HOPMAJIbHOE PaCIpeeTICHNUEe, TO OTKJIOHEHUE 3TOW BEJINYH-
Hbl OT MAaTeMaTHYeCKOro OXHUJAHUs MO aOCOJIIOTHON BETUYMHE HE MPEBOCXOJUT
YTPOEHHOTO CPEIHETO KBAAPATHYECKOTO OTKIIOHEHHS.

[TosTOMYy TpPEXCUTMOBBIE TPAHUIIBI TPUHUMAIOTCA 32 TPAHUIbBI MMPAKTUYECKU
MPEAEIbHBIX BO3MOKHBIX 3HAYEHUN HOPMAJIBHO PACHPENEIEHHONW CIIy4YalHOW BEJIHU-
yuHbl. Vcnosb3ys 3TO MpaBUiio, MOKHO OPHUEHTUPOBOYHO OIICHUTH CpPEeAHEE KBajpa-
TUYECKOE OTKJIOHEHHUE. JJIsi 7TOTO BBIUMCIAIOT pa3Max HaOJ01aeMoM ciydaifHOU Be-

. 1
auuuHbl R =X, — X.;, - TOr/1a Ha OCHOBaHUM ITpaBUJIa TPEX CUTM UMEEM: O = 5 R.
[Tpu pemeHnM NpakTHYECKUX 3a4ad HCIOJB3YHOTCS KBAaHTWIM HOPMaJbHOIO

pacnpenencuus. Keantumem U, ,, COOTBETCTBYIOLIMM YPOBHIO ~BEpPOSTHOCTH

P =1-¢, HaspBaeTCsl Takoe 3HAYCHHE HOPMHUPOBAHHOH MEPEMEHHON U =U,,, TIPH

Ug/2 (x-a)?

I e 2 dx=1-a. C

1
P(\U\<Ua/z)=m
—Ug/2

FCOMeTpH‘{eCKOI;'I TOYKH 3PCHHUSA, HAXOKIACHUC KBAHTHJLA UO[/2 3aKJII0YaCTCsd B TAKOM

KOTOPOM BBIIIOJIHACTCA PABCHCTBO!

BbIOOpE 3HaYeHUs U=U,,, TIPH KOTOPOM CyMMapHas IUIOMIaNb KPUBOJMHEHHBIX
Tpareuui, iexamux jgesee U, , u npasee U, , mox kpusou ['aycca, paBHa ynciy o .
KBaHTuIM HOPMANbHOTO pacipenesieHus, COOTBETCTBYIOUINE BEepOsTHOCTH 1— ¢, sIB-
nstoTest aprymerTamu ¢yHkiuu Jlammaca: P(‘u‘ < ua/z) =2®(u,,) =1-«. 3naucHns

HanOoJIee HMCIOJIb3yeMbIX KBAHTHIJICH HOPMAJILHOTO pPacHpeeiCHUsT TPHUBEACHBI B
Tabnuile:

P=1-« 0 0,95 0,99 |0,9973 | 0,9999
Uy 0 1,96 2,58 3,00 3,37

B ocTanbHBIX Cllydasix HCIOJb3yeTcs Tabiuia (mpuiokeHue, Taon. A3).
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5.1.3 CrangapTHoe HOpMAaJIbHOE pacinpeaeleHHe

HopmanbHoe pacnpeneneHue ¢ HYyJIEBbIM MAaTeMaTHUYEeCKUM OXXKHIaHUEM H
CAMHUYHOMN JUCTIEpCUEN Ha3bIBACTCS CTAaHAAPTHBIM HOPMAJIbHBIM PACIpPE/ICIICHUEM.
HenpeprbiBHast ciiydaifHas BenmuunHa & pacrpesiesieHa 1Mo CTaHAapTHOMY HOp-

MaJIbBHOMY 3aKOHY C INIOTHOCTBIO BCPOATHOCTHU
1 X
f(X)=——e ? (5.1.3.1)
J2x
@yHKIMS pacrpenenaeHus sl CTaHJapTHOTO HOPMAJIBHOTO PacCIpeieicHus
HMEET BUJI

N4
20t = d(x) +0,5. (5.1.3.2)

F(x):%je

Maremarnueckoe oxumanue M () =0.
Jucnepcus D(£) =1. Cpennee kBaapaTHecKoe OTKIOHEHHE T, =1.

BGPOHTHOCTB InonagaHnusAa CJIY“I&fIHOI?I BCJINYNHBI 5 , KOTOpasa UMCCT CTaHAapT-
HOC HOPMAJIbHOC PACIIPpCACICHUC, B MHTCPBAJI (a,ﬁ) BBIYHCJIACTCA 110 CHGHYIOIHGﬁ

dbopmyie
Pa<E<f)=0(f)-0(a). (5.1.3.3)

5.1.4 Jlorapudpmuueckoe HopMaJbLHOE pacnpeaeieHue

CrnyyaitHas BenuunHa & Has3bIBaeTCs JIOrapu(pMUUYECKH HOPMAJIbHO pacrpeie-
néunoi, ecau e€ ymorapudmIné moaUMHEH HOPMAJIBHOMY 3aKOHY paclpee/ICHHUS.
DTO 03HAYaeT, B YACTHOCTH, YTO 3HAYEHUS 3TON CIy4yallHON BEIMYMHBI (DOPMUPYIOT-
Csl MOJ BO3JECUCTBHEM OYEHb OOJBIIOTO YKCIIA B3aMMHO HE3aBHCUMBIX (PAKTOPOB,
NpU4EéM BO3ACHCTBUE KAXAOr0 OTAEIBHOIO (hakTopa «paBHOMEPHO HE3HAUYUTEIHHO
U PaBHOBEPOSITHO MO 3HaKy. [Ipu 3TOM B OoT/iMuYue OT cXeMbl (POPMHUPOBAHUS MeXa-
HHU3Ma HOPMAaJIbHOTO 3aKOHA MOCJIEAOBATEIIbHBIN XapaKTeP BO3ACHUCTBUS CIIyYalHbBIX
(haKTOpPOB TaKOB, YTO CIIYYAHHBIA MPUPOCT, BHI3BIBAEMBIN JIEUCTBHEM KaXKJOTO Ce-
ayrouero (akropa, MpornopLUUOHANIEH YK€ JOCTUTHYTOMY K TOMY MOMEHTY 3Haue-
HUIO WCCJEAYEMOM BEJIMYUHBI (B 3TOM CIIy4ae IOBOPAT O MYJbTHUILIMKATHBHOM Xa-
pakTepe Bo3AeicTBUs pakTopa). DTOMY pacHpeesIeHUI0 ¢ XOPOIIUM MPUOIHKEHU-
€M MOJUYUHSETCS, HalpUMEp, pa3Mep YacTUll Npu APOOJIEHUN KaKoro-i1udo Marepua-
na (KaMHS | T. 11.), COJAEp’KaHe€ MHOTUX MUHEPAJIOB B mopojax. /laHHbIi 3aKkoH, ya-
II€ BCEro, MCHOJb3yeTcs Uil ONMUCAHUs paclpeleleHUs] MOCTYIUICHUS JIEHEKHBIX
CpeAcTB (10X0J0B), OAHKOBCKMX BKJIAJ0B, U3HOCA OCHOBHBIX CpEACTB M T.A. Jlor-
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HOPMAJIbHOC PACHpCACICHUEC YaCTO HCIIOJBL3YIOT B MaTEeMaTHYECKOM CTAaTHUCTHUKE U
3KOHOMECTPHUKE.

.HOI‘apI/I(bMI/I‘ICCKOC HOPMAJIBbHOC pacClnpCaciiCHUC ABJIACTCA PaACHPCACICHUEM
MOJIOXKUTEIbHOMN CJ'IY‘I&I?IHO?I BCIINYUHEI, JIOI‘apI/I(i)M KOTOpOﬁ HMECT rayCcCoBO pac-
MMpCaACICHHUC. Cﬂy‘{aﬁHaH BCJINYMHA 5 pacopeaciiCcHa 110 JIOFapI/I(bMI/ILIeCKOMy HOp-
MaJIbHOMY 3aKOHY (JIOTHOPMaJIbHOMY 3aKOHY) C TJIOTHOCTBIO BEPOATHOCTH

1 (In x—;z)2

f(X):me 20 . (5141)

B AaHHOM 3aKOHC IIapaMeTp CABUTI'a K W IIapaMeTp Macimrtadba o SBISIOTCS

CPEIHUM 3HAYCHHUEM M CTAHIAPTHBIM OTKJIOHCHHEM HE CaMOM CITy4alHOW BEJNYHHBI
&, aee norapudma Iné.

@yHKIMS paCIPENEIICHNs 1Sl JIOTHOPMAJIBHOTO PACIPENEIICHUS UMEET BU]

(Int—u)? 1
20* dt:§-1+eﬁ

InX—u

oN2 J)

1 (1
F(x) ——G-mlge (5.1.4.2)

2 ¢
rae erft = —Ie_z dz - byHKIIHS OMIMOOK.
0

N

[InoTHOCTE pacnpeneneHusi, GyHKIMIO pacnpeeieHus] JaHHOTO 3aKOHA MOX-
HO OMNPEACNIUTh MO CHEIUaIbHBIM TaOJauIAM JIJIi HOPMHUPOBAHHOTO HOPMAJIBHOTO

Inx —
pacnpeneneHm{, BBIYUCIIAA KBAHTHUIIB I10 (bOpMYJIe = —'u .

2

Marematrueckoe oxunanne M (&) = e Hucnepcus D(&) = g2uto’ (e"2 _1) ,

2 2
CpenHee KBaIpaTHYECKOE OTKIIOHEHHE O, = \/ez‘”" (e“ —1) :

BeposiTHOCTh TOTafaHus CiiydailHOM BEIMUYMHBI &, KOTOpas UMeeT Jorapud-
MHUYECKOE HOPMAJIBHOE pacCIIpellelICeHue, B NHTEPBaJl (a; S ) BBIYUCIIAETCA I10 CIEY-

P(a<&<pB)=erf ('”ﬂT_“j—erf ('”“—_“j (5.1.4.3)

o)

ro1en popmyiie

5.1.5 Pacnpenesienue ;(2 (xu-kBajgpar)

Pacnipenenenne Xu-kBagpar UCMOIB3YIOT NMPU OLUEHUBAHUM AMCIEPCUU (C TO-
MOIIBIO IOBEPUTEIBHOIO MHTEPBAIIA), PU MPOBEPKE TMIIOTE3 COTIIACHSI, OJTHOPOIHO-
CTH, HE3aBUCUMOCTH, MPEXKJE BCEro ISl KaueCTBEHHBIX (KaTeropu30BaHHBIX) MEpe-
MEHHBIX, IPUHUMAIOIINX KOHEYHOE YMCJIO 3HAYEHHI, © BO MHOTHX JIPYTUX 3ajadyax
CTaTUCTUYECKOr0 aHAJIN3a JTAHHbIX.
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PaccmoTtpum ciydaiiHyio BenuuuHy &, pacnpefenéHHy0 0 HOPMaJbHOMY 3a-
KOHY C MaremMarniyeckuMm oxxunanueM M (E)=a cpemHuM KBaJpaTUYEeCKUM OTKJIIO-

HEHUEM O .
Cnyyaiinast BenmuuuHa y =& —a/o Ha3bIBACTCS CTAHIAPTH30BAHHOW CiTydaii-

HOW BEJIMYMHOM, pacmlpefe€éHHOW [0 HOPMalbHOMY 3aKOHY C MapaMeTpaMu
M(¥)=0 u o,=1. Ksagpar CTaHIapTU30BaHHOW CIy4allHOW BEIUYUHBI

2

2 —a o o . 2 o

7= (Cf—j HA3bIBAETCH CIIy9aiiHOM BEIMYHMHOM ¥ C OJHOM CTENEHBIO CBOOOIL.
O

PaccMoTpuM N HE3aBUCUMBIX BEIUYMH &, &y, ..., &, , pPACHPEIENEHHBIX IO HOP-
MaJbHOMY 3aKOHY C MaT€MAaTHYECKUMH OKUNAHUAMH 8, 8,, ...,8, 1 CPEIJHUMH KBaJ-

paTH4YCCKUMHN OTKIIOHCHUSIMU O, Oy, ...,0 . CYMMa KBaApPaTOB CTAaHAAPTU30BAHHBIX
2

n
. —a. .o -~ 2
IICPCMCHHBIX }(2 :Z L HAa3bIBACTCA caydaurou eeiudurou py € YUCIOM

i=1 O;

CTeINeHel cBoOoAbl vV =N.
T[I10THOCTE pacmpeeIeH s CTydaifHOi BEIMUHHBI ¥~ UMEET BUJ

2 e 2, ecnu y*>0;

t(2%)= z%r(%) ) (5.1.5.1)

0, eciu y° <0.

N 2
OyHKIMA pacupeneIeHUs CIIyYaiHOM BEJIMYUHBI )~ UMEET BUJL

2 2

;.ZO 2 %_1 _ZTd 2 250
F(£*)=P(x*<xi)= z%r(%) !(1) e 1d(x?) ecm 72 '(5.15.2)
0, eciu y° <0.

2 2
Ha mpakThke 4acTO HCIOJIB3YIOTCA KBAaHTWIM ) - PAcIpencieHus - ., .

2
KBantuiem Ko v » OTBCHAIOIINM 3aJaHHOMY YPOBHIO &, HAa3bIBACTCA TAKOC 3HAYCHUC
+00

2 2 2 2 2 2
X =X, > IpH KOTOPOM P(;( >Za,v): j f(;{ )d)( = . B npunoxenuu 4 npu-
T
BeJCHBI 3HAUCHUSI KBAaHTHJICH ;(5 , B 3aBHCUMOCTH OT YHUCJIa V CTeNeHel cBOOOIbI U

BEPOSAATHOCTEN X .
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5.1.6 Pacnpenenenne CTbioeHTA

B Hactosmee Bpems pacnpenenenne CThI0JICHTa — OJIHO U3 HanboJjiee U3BECT-
HBIX PACHPEACICHUN CPEeIM MCIOIB3YEMBIX MPHU aHAIU3E PEATbHBIX JaHHBIX. Ero
MPUMEHSIOT NPU OLICHUBAaHWU MAaTEMaTUUYECKOTO OKHMAaHHWS, MPOTHO3HOTO 3HAYCHUS
U JIPYTUX XapaKTEPUCTHK C IMOMOIIBIO JOBEPUTEIIBHBIX HMHTEPBAJIOB, MO IPOBEPKE
TUIOTE3 O 3HAYCHHSAX MAaTEMAaTHUYECKUX OXHUAAHUH, KO PHUITMESHTOB perpecCuOHHOM
3aBUCUMOCTH, TUTIOTE3 OJTHOPOTHOCTH BHIOOPOK H T.]I.

IIycte X, X, X,,..., X, - HE3aBHCUMBIE CIIy4alHbIC BEIMYHMHBI, UMEIOIIUE

n

HOpMalbHOE pacnpenenenue ¢ napamerpamu M(X)=M(X))=..=M(X,)=0 nu
oy =0y =..=0y =L
Crydaiinasi BeIMYMHA
t= X __X , (5.1.6.1)

1.

FR J
nizzl:Xi n”

SBJISIONIASICSA PYHKIMEH HOPMAIBHO pacipeAeEHHBIX CIy4allHbIX BEJIMYMH, Ha3bIBa-
eTcs bezpazmepHoti Opodovo Cmblodenma.
[1moTHOCTH pactpeneneHus: BEPOSITHOCTEN CIIy4aillHOM BEJIMYMHBI t UMEET BUJT

v+1 -
(7] ey
SR (5.1.6.2)

g U

f(t)=S(t,v)=

@yHKIMS pACTIPENEIICHUS BEPOSTHOCTEN CIy4aliHOW BEIUYUHBI t UMEET BUJ

v+ 1 v+l
rf 22 va
Fl)=—22 | 122 7 g (5.16.3)
TV . o
N7V F( A ) o v
Marematuueckoe oxunanue M (t) =0. ducnepcus D(t) = d 5 (v23).
CpelHee KBaJpaTHYECKOE OTKIOHEHHE O, = 5 (v=3).
V J—

Keantnimm paciipenenennst CrprozieHra t,,, B 3aBUCHMOCTH OT 4YHCIia V CTe-

neHer CBOOOJBI U 3aJIaHHOTO YPOBHS BEPOSITHOCTH ¢, HAWJIEHHOTO W3 PEIICHUS

ypaBHEHUs P(\t\ > ta/z;v) =2 I f(t) dt =« , onpenensiorcs no Tabnuue (MpUIOKe-
ta/Z;v

Hue, Taba. AS).
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5.1.7 Pacnpenenenune @uiepa

Pacnpenenenne ®@umepa ( F -pacnpenenenre) UCHoIb3yIOT NMPU TPOBEPKE T'H-
note3 00 aJeKBaTHOCTU MOJIETH B PETPECCMOHHOM aHAJIU3€, O PABEHCTBE JAUCIIEPCHIA
U B APYTHX 3a/layax MPUKIATHON CTATUCTUKHU.

[TycTh ciay4ailHble BEAUYUHBL Y, ¥oy s Xy YU 11105, -, 1], HE3ABUCUMBI U UMeE-

0T HOPMAJIBHOC paclpCaAcCIICHUC C ITapaMCcTpaMu
M(x)=M(7,)=0; D(x)=D(n;)=1(i=Lm; j=1n).

n iliz
i=1
n

m n;
j=1

mepa € IJIOTHOCTBIO PACIIPCACIICHUA BepOHTHOCTCI;'I

be3pa3smepnas cinyuaiiHas BenuuuHa F = uMeer pacnpeneneHue Ou-

r v, +V, " ™
’ (EJZ F’ eciu > 0;
2
0, eciu F <0,

rae v, =M - YHUCIO CTeNneHed CBOOOJbI YHUCIUTENS CIy4alHOM BeJIWYUHBI F ;
v, =N - 9UCIIO CTeNeHel cBOOO bl 3HAaMEeHAaTeNs CllydailHOi BennyuHbl F .
OyHKIMs pacupeneseHns Oumepa uMeeT BUJL

vV, +V
1—‘( 1 2) %F %_1
2 j[vlJ J. z - dZ, echu Z > 0;

REY=47( Y (Y2 |\2) % =N 5.1.7.2
F) (2j (2 1+ 7 6172
2

0, eciu Z < 0.
Maremaruueckoe oxunanme M (F)=—22 5 (v,23).

v, —

2

Hucnepcus D(F) = 2V, MitVy=2 (v,25).

vo=4 v (v,-2)

68



v2—2. v (v, —4)

B npunokennn 6 npuBeACHbI 3HaYCHUs KBaHTUIeH F - pacnpenenenus F,. ., B 3a-

a vy

1% 2-(v,+v, -2
CpeHee KBAIPaTHUECKOE OTKIIOHEHHE T = —2 \/ (1 +v,~2) ,(v,25).

BUCUMOCTH OT YHMCJIa CTENeHEeN cBOOOABI v, U V,. 3HAUECHUS KBAaHTWIEH HaWJeHbI U3

pellIeHUs] ypaBHEHUS P(F > Fa;vl;VZ): I f(F)dF =« .

Fa;vl;vz

5.2 IIpumepsbl penieHHs1 TUIOBBIX 32124

5.2.1 MaremaTrdeckoe OXXHIaHHE HOPMAIBHO PACTIPEACIEHHON CITydailHOM
BennuuHbl £ paBHO a=3, a aucrepeus paHa D(E) =16. 3anucars BhIpaXeHUS IS

IJIOTHOCTU pacIpesiesieHnus BEpPOSTHOCTEH M (DYHKIMHM paclpeleseHusl CIy4aiHOu
BEJIMYUHBI £ .
Pemrenne. Haxomum cpemnee KBaipaTHUecKoe OTKIOHeHHE: o =./D(&) =4.

Torna, cornacuo gopmysne (5.1.1.1), BeipaskeHue JJis TUIOTHOCTU PACpEICIICHUS Be-

POSITHOCTEN UMEET BHU]L
_(x-8)° _(x-8)°

1 s
f(X)=——=¢e 24 wm f(X)= g 3
() 4.2r1 () 421

OyHKIMIO pacnpeaesneHus onpeaensieM mo dopmynam (5.1.1.2) u (5.1.1.4).

X 7(x73)2 _
F(x)= L Je 82 dx wm F(X):CD(XT3)+O,5.

421 °,

5.2.2 Asromart mtamnyet aeranu. Konrponupyemas ninuHa aetanmu L pacmpe-
JieJieHa HOpMaJIbHO ¢ MpoeKTHOU aiuHoM 60 vy . dakTuueckas JjIMHA U3TOTOBJIICH-

HBIX Jeraneil He meHee 48 mm u He Oosiee 72 mm. HaliTu BEpOSITHOCTH TOTO, UTO
JUTMHA HayJady B3STOU JeTanu: a) 6onbie 65 vy, 6) MeHbIIe 53 mm .

Pemenne. Marematuueckoe OKHJaHHUE CIYyYaWHOW BEJIMYMHBI PABHO ITPOEKT-
HOM JyIMHE JeTanu, To ecTh a =60 mm . Haitném cpennee kBaapaTHIECKOE OTKIIOHE-

Hue u3 ycnosus P(48 < L <72)=1. Bocnonszyemcs Gopmyoii (5.1.1.3).

P(48<§<72)=@(72;6())—@(48_60)=®(Ej—®(—¥j: 2®(Ej=1.

o) o) (o} o)

ITo Tabnuie (mpunoxenue, Tadia. A3) Haxoaum 12/ =5 wm o =2,4.
BrruncinuM BEpOSITHOCTH 3aJIaHHBIX COOBITUIA:
72— 60j _®(652—460j _ 0 (5)- (2,08) =
=0,5-0,48124=0,01876;

a) P(65<§<72):<D(
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2,4 2,4
— —®(2,92)+d(5)=-0,49825+0,5=0,00175.

5.2.3 TlpousBouTcsa M3MEpEeHHE rhaMeTpa Baja 0e3 CHCTEeMaTUYECKHUX OIIU-
0ok. CiydaifHple OIIMOKM W3MEpPEHHUs CIy4yalHON BeJIUYMHBI & TMOAYUHEHBI HOP-

0) P(48<§<53):®(MJ_®(M

j:cp(-2,92)-cb(—5)=

MaJIbHOMY 3aKOHY CO CpPEJHUM KBaJIpaTUYECKUM OTKIOHEHHEM o =5 mm. Beiuuc-

JUTH BEPOSITHOCTH TOTO, YTO U3MEPECHHE OYACT IPOU3BEACHO C OIIMOKOM, HE IPEBOC-
XOOdIen 1Mo adcoroTHOM Bennunue £ =10 amm.

Pemenue. Tak kak, cucreMaTnyeckue OMMOKN U3MEPEHUS THaMeTpa Bajia OT-
CYTCTBYIOT, TO MaT€MaTH4YE€CKOe OXUIAHHE CIydailHOW BeMMYUHBI & pPaBHO HYIIO.
BeruncinuM BepoOSTHOCTH TOTO, YTO U3MEpPEHUE OyJIeT MPOU3BEICHO C OIIMOKOM, HE
MIPEBOCXOIAIICH 110 a0COTIOTHOM BeIudauHe 15 v .

10-0 -10-0
P(|¢—al<&)=P(|¢]<10)=P(-10< ¢ <1O)_db(?j—®(Tj—
=0(2)-P(-2)=D(2)+P(2)=2-D(2)=2-0,47725=0,9545.
5.2.4 Cnyyaiinpie OmHMOKH M3MEPEHUs MPUOOPOM IMOAYMHEHBI HOPMATLHOMY
3aKOHY PacHpeesIeHusl CO CPEAHUM KBaJIpaTHYECKUM OTKIOHEHHEM o =15 mm . Cu-

CTEMaTHYECKHE OIMOKH H3MEpPEHHUs MpUOOPOM OTCYTCTBYIOT. HaillTu BEpOATHOCTH
TOT'0, YTO M3 YETHIPEX HE3aBUCUMBIX U3MEPEHHUI OITMOKA XOTsI ObI OJTHOTO M3 HUX HE
PpeB30MAET 0 aOCOTIOTHOM BEIMYHHE 3 MM .

Pemenwne. [y BeIYMCIEHUSI BEPOATHOCTH COOBITHSI A - TOTO, YTO B YETHIPEX
HE3aBHCHUMBIX M3MEpEHUsIX ommnoka & XOTs Obl OMH pa3 HE MpeB30uaéT 3 mm, me-

peiaéM K COOBITHIO, KOTOPOE MPOTUBOMOJIOKHO COOBITHIO A, TO €CTh K TOMY, UTO B
pe3ynbTaTe MPOBEAEHHBIX YETHIPEX U3MEPEHUM CiTydaiiHasi BeMuyuHa & TPUMET 3Ha-

YeHHUE MPEBOCXOsIIIIEe MO a0COTOTHON BEIUUUHE 3 MM .

BeposaTHOCTB TOTO, UTO B pe3yJIbTaTe OJJTHOTO U3MEPEHUS CiIydailHas BEJIMYMHA
& MpUMeET 3HaYCHUE, TPEBOCXOASIIEE 110 AOCOMIOTHON BETUYNHE 3 MM paBHA

3-0 ~3-0
p=1-P(|¢<3)=1- P(—3<§<3)=1—£®(Fj—®(?nz
—1—(®(0,2) - d(-0,2)) =1—2-®(0,2) =1-2-0,07926 = 0,84148.

Hcnonb3ys TeopeMy YMHOKEHHUSI JIJIs1 HE3aBUCUMBIX COOBITUN, HAXOAUM BEPO-
ATHOCTb MPOTUBOIOJIOKHOTO COOBITUSA K COOBITHIO A, TO €CTh BEPOSITHOCTh COOBITHS

A: P(A) = p* =(0,84148)" ~0,7081. Torna BepOATHOCTb 3aJAHHOTO COOBITHS PABHA
P(A)=1-P(A)=1-0,7081=0,2919.

5.2.5 TlpenmpusiTue MOJYyYUIIO 3aKa3 Ha M3TOTOBJICHHE OWIIbSAPIAHBIX IIIAPOB.
bunbsiapaubiil map mpu MPOU3BOACTBE CUUTAETCA TOJHBIM, €ClId OTKJIOHeHue D
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auamMeTpa Imapa OT TPOEKTHOTO pa3Mmepa Mo aOCONIOTHOW BEJIMYMHE MEHBIIE
& =0,5mm. Cucremarnueckre OTKIOHEHHUS JUaMeTpa OT HOMHHAJa OTCYTCTBYIOT.
Cuuras, yTo ciayvaiiHas BenuunMHa D pacrnpeznesieHa HOpMaJIbHO CO CPEIHUM KBa/-
paTuyeckuM OTKJIOHEeHUeM o =0,2 mm, HallTH, CKOJIBKO OyAeT TOJHBIX OWJbsiap.-
HBIX [IAPOB CPEAM JIBYXCOT IIAPOB, U3TOTOBJICHHBIX HA 3aKa3 MPEINPUATHEM.

Pemenue. Tak Kak, cUCTEeMaTHYECKUE OTKJIOHEHUS JUaMeTpa OT HOMHHAJIA OT-
CYTCTBYIOT, TO MaTEMaTUYECKOE OKUJIaHUE CITy4yalHOU BenruruHbl D paBHO HyIIO.

Hailinem BeposITHOCTH TOTO, ciiydailHas BelIMYMHAa D OTKIOHHUTCS OT CBOETO
MaTEMaTUYECKOT0 0XKHUIaHUs Ha Belnuuny & = 0,5 mm.

o([D]<0.05) (0,5 <D <0,5)~0f 950 o[ 050
0,2 0,2

= ®(2,5)-®(-2,5)=2-d(2,5)=2-0,49379 = 0,98758 ~ 0,99 .

Takum 00pazoM, BEpPOATHOCTh OTKIOHEHUS IUaMeTpa Imapa, MeHsbirero 0,5,
paBHa 0,99. CnemoBatenbno, npumepHo 0,99-200=198 OunpspaHBIX MIApOB U3

JIBYXCOT IIIaPOB, U3TOTOBJICHHBIX MPEANPUITUEM OKAXKYTCSI, TOAHBIMHU.

5.2.6 CTaHOK M3TOTaBIMBACT ACTAIH, IPUIEM KOHTPOIHMPYETCS JJIMHA JETATH
L. Cuuras, uro L - HOpMabHO paclpenesi€HHas ciiydailHas BEJIMYMHA C MATEMaTHU-
yeckuM oxupanueM a=20mm ¥W CpPEeIHUM KBaJPATUUYECKUM OTKJIOHEHHEM
o =0,1 mm , HAWTH UHTEPBAJL, B KOTOPOM C BeposTHOCTHIO 0,99404 OynyT 3akirode-

HBbI AJIMHBI U3I'0TOBJICHHBIX I[@TEIJ'ICIZ.

Pemenne. Bocnonssyemcs dopmynoit (5.1.2.1): P(|§—a|<5):2d)(éj. B
o

YCIIOBUSX JaHHOH 3a/1auu P(|L - 20| < 5) =20 Oil =0,99404, © %_ =0,49702.

o
Torma, — =2,75 wm 6 =0,275. CienoBareinbHO, HHTEPBAJI, B KOTOPOM C BEPOSIT-

HocThiO 0,99404 OyayT 3aKJIFOYEHBI JJIMHBI U3TOTOBJICHHBIX JIeTaliel, MPeCTaBIISICT
co6oii npomesxytok: (20-0,275;20+0,275) mm (19,725;20,275).

5.2.7 Cnyuaiinas BenuunHa & pacrpeseneHa HOPMAJIbHO C MaTeMaTHYEeCKUM
oxuganneM a =13 u cpeAHUM KBaJpaTtudeckuMm oTkioHeHneMm o =0,5. Haiitu un-
TepBaJ, B KOTOPBIA ¢ BeposaTHOCTHIO 0,9973 momanér ciydaiiHas BenuunHa & B pe-
3yJIbTaTEe UCTIBITAHMUSI.

Pemenne. Bocnonb3yemes npasuiom tpéx curm: (a—3o;a+30) . B ycnoBusix
JAHHOM 3aJja4yu MHTEpBaJ, B KOTOPbIA C BEpOSATHOCTHIO 00,9973 momanér ciydaitHas
BennuuHa & B pe3ynbTare ucnbitanus, umeet Bua: (13—3-0,5;13+ 3-0,5) wiun
(11,5;14,5).
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5.3 3agaHus And pelieHUs] HA MPAKTHYECKOM 3aHATHHI

5.3.1 Cnyyaiinas BenuuuHa & MOJYMHEHA HOPMAIbHOMY 3aKOHY C MaTeMaTH-
yeckuM oxuganneM a= M (&) =4 u aucnepcueit D(&) =16. Haiftu BeIpakeHHS TSI
IJIOTHOCTH pachpenesieHns U GyHKIMNA pacupenencHus: BepostHocTei. [ToctponTs
rpaduku QYHKIIUN paclpeaesieHus U MJIOTHOCTH PacIipe/ie]ICHUsI BEPOSTHOCTEH CITy-
qaifHO! BenmmuuHbl & . OnpeaenuTh BEpOATHOCTh HepaBeHCTBa 2< & < 5.

5.3.2 IInoTHOCTH pacmpeiesieHus: BEPOSITHOCTEN CllydailHOW Benu4yuHbl & 3a-

(x-3)°
nana BeipaxkenneM f(X)=k-e ¥ . Haiitu xoaddunuent K u onpenenuts BeposT-

HOCTBb TOI'O, YTO B PC3YJbTATC OIIbITA cnyqaﬁHa;I BCJINYNHA é OTKJIOHHUTCIA OT CBOCTO

MaTeMaTU4YeCcKOro 0Kuaanus He Oosiee yeM Ha 1,5.
5.3.3 IlnmoTHOCTH pacmpeiesieHus: BEPOITHOCTEH CllydaiiHOW Benu4uHbl & 3a-

1,

nana Beipakenuem f(X)=k-e ¥ 1 Haiitn Hew3BecTHBI napameTp K u QyHK-
IO pacrpesiesieHns ciaydyaitHoi BennuuHbl &. OnpenennuTh MaTeMaTHYeCKOe OXKH-

JaHue, JTUCTIEPCUI0 M CpeHee KBaJpaThuueckoe OTKIoHeHue. I[loctpouth rpaduku
IJIOTHOCTH pachpenelieHns U GyHKIUH pacnpeneneHus. HailTu BeposSsTHOCTH TOTO,
qTO CiTydaiiHas BenuunHa & monaaét B untepsai (4,1;6,2) .

5.3.4 U3mepuTenbHbIi TpUOOp UMEET CUCTEMATHUECKYIO OIHOKY S5 u cpea-
Hee KBaJpaTUUECKOe OTKJIOHEHHe o =2 m. HaliTu BEpOsSTHOCTH TOTO, YTO OLIMOKa
n3Mepenust npe3oraét 10 v ?

5.3.5 ABToMaTHYEeCKUN CTAaHOK MPOU3BOAUT OIHOTUITHBIC H3JEHsI, HOMU-
HaJbHBIN pa3Mep KOTopbiX 4 cv . BenencTBre HETOUHOCTH U3TOTOBIICHUS pa3Mep U3-
JeNs SIBISIETCS CIIydailHOM BeIMUnMHON &, pacmpeaenéHHON M0 HOPMATbHOMY 3aKO-
HY CO CpEIHEKBaJApaTUYHbIM OTKJIOHeHHEeM o =0,05cm, a cuctemMaTH4ecKue OTKIIO-
HEHUS pa3Mepa OTCYTCTBYIOT. IIpu KOHTpose OTOpakOBBIBAIOT BCE U3/ENUA, Pa3Mep
KOTOPBIX OTJIMYAeTCSd OT HOMHHAJIBLHOrO pasmepa Oomsbiie, yueM Ha 0,1cm. Onpene-

JIUTh, KAaKOU MPOIICHT U3ACIIUNA B CPEAHEM OYIET OTOPAKOBBIBATHCS.
5.3.6 TIpousBoauTcs TpW HE3aBUCUMBIX M3MEPEHUS TPUOOPOM, UMEIONIUM CH-
CTEMAaTHUYECKYI0 OIMMOKY 3 MM U CPEIHEKBaJIpaTUYHOE OTKJIOHeHuEe 5 mm . Haittu

BEPOSATHOCTh TOTO, UTO M3MEPEHHBIC 3HAUYCHUS OYAYT OTKIOHSATHCS OT UCTUHHOTO HE
boJee, ueM Ha 7 mMm .

5.3.7 Kakol mpoIleHT u3aeauii u3 4ucia oToOpaHHBIX ¢ pa3zdopocom +15 %,
MOTUMHSIONINXCS HOPMAJILHOMY 3aKOHY pacmhpeneneHusi, OyJaeT UMeTh OTKJIOHCHHE
ot HomuHaa 0 10 +2 %, eclii MPEAO0JIOKUTh, YTO BECh JIMAa30H Pa30pOCOB HU3e-
JUi COOTBETCTBYET 30 ?

5.3.8 Ommbka u3MepeHus: MaTbHOCTH PATUOIOKATOPOM UMEET HOPMAaJIbHBIM
3aK0H pacnpeneneHus. CucreMaTnueckue OIMMOKM W3MEPEHUs TaTbHOCTH OTCYT-
CTBYIOT, @ CPEIHEKBAJPAaTUYHOE OTKJIOHEHHE paBHO S .M. CKOIBKO HEOOXOAMMO
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MIPOU3BECTU U3MEPEHUH, YTOOBI ¢ BepOsATHOCTHIO 0,9545 ommbka X0Tst Ob OHOTO U3
HUX HE MIPEBOCXO/IMJIA 10 a0COIFOTHON BeTMUUHE 3 M ?

5.3.9 Cuuraercs, 4yTo U3NEIUE — EPBOTO COPTA, €CJIM OTKIOHCHHUE €ro pa3Me-
pa OT HOMHHAJIa HE MPEBOCXOAUT O abcomoTHOW BenmuwnHe 2,4 mm. CimydaiiHbie
OTKJIOHCHHsSI pa3Mepa HM3JeNus OT HOMWHATA TOTYHHSIOTCS HOPMAaJbHOMY 3aKOHY
pacmpesieNieHus] CO CpPeIHEKBAAPATHUYHBIM OTKIIOHCHHEM 2 MM , TP 3TOM CHCTEMa-

THYECKUE OTKJIOHEHUS OTCYTCTBYIOT. HaliTu cpegHee 4ncio u3nennil mepBoro copra,
ecnu n3rotasimBaercs 200 uznenunil.

5.3.10 Cpennuii Bec B3pOCIOr0 YEIOBEKA SIBIISCTCS CIyYaWHOW BEITMYMWHOM,
pacrpenenéHHoN N0 HOPMaJIbHOMY 3aKOHY, C MAaTeMaTUYECKUM OXKUJaHueM 62 ke u
CpPEIHEKBaJpaTUUYHbIM OTKJIOHEHHEeM 8 xe. HallTu BepOATHOCTH TOro, YTO XOTS OBl
OJIMH W3 CITy9aifHO BEIOPAHHBIX JIECATH B3POCIBIX YEJIOBEK OyAeT MMETh BeC 0T 54 10
13 ke.

5.3.11 lnuameTp BTYJIOK, U3TOTOBJICHHBIX HA MPEANPHUATUN, TTOTIUHICTCS HOP-
MaJbHOMY 3aKOHY pacipe/efieHuss C MaTEMaTUYECKUM OXKUJAaHUEeM 3cM U CpeHe-
kBagpatndHbiM oTKiIoHeHHeM 0,02 cv. B kakux rpaHuiiax MOKHO TapaHTHPOBATh

BEJIMYMHY JIMAMETPOB BTYJIOK, €CIIM 32 BEPOATHOCTH MPAKTHUYECKOW JOCTOBEPHOCTU
npunumaercs 0,9973?

5.3.12 leranu, BbITyCKaeMble MPEANPUITHEM, CUUTAIOTCS MIEPBOTO COPTa, €C-
JM OTKJIOHEHHsSI MX pa3MepoB OT HOMHHAJIA HE MPEBOCXOAT MO abCONIOTHON BEJu-
gyuae 0,8 mm . CioyyaiiHble OTKIOHEHHUS pa3Mepa JeTalld OT HOMHHAJA MOAYUHSIIOTCS

HOPMAJIBHOMY 3aKOHY PacCIIPEENICHUsI CO CPEIHEKBAAPATUYHBIM OTKJIOHEHUEM, PaB-
HbIM 0,5 mm. CuctemaTudyeckrue OTKJIOHEHHUs OTCYTCTBYIOT. HailTu cpemgnee umcio

U3JIeNTUi IEPBOr0 COPTa CPeId BEIOPAHHBIX ciydyailHbIM 00pazoM 10 neraneid.

5.3.13 CtaHOK M3roTaBIMBACT JCTAIH, MPHUEM KOHTPOIHUPYETCS JUTMHA JETaln
L. Cuuras, uro L - HOpMmanbHO pacnpeaenéHHas ciiydaiiHas BeJIMUYMHA C MaTeMaTH-
yeckuM oxuaanueM a=10mm wu cpemHMM KBaIpaTUYECKUM OTKJIOHEHHEM

o =0,2 mm, HAalTH UHTEPBAI, B KOTOPOM C BepOSITHOCTHIO 0,9216 OynyT 3aKIF04eHBI
JUTHHBI U3TOTOBJICHHBIX JIETaJICH.

5.4 3anaHus 1 KOHTPOJIHUPYEMOIl CAMOCTOATEIbHOI PadoThI

5.4.1 HaiiTu BepOATHOCTH TOTO, YTO cOoObITHE A HACTYNMUT HE MeHee M, pas,
HO He Oomee M, pasa B N HE3aBUCHMBIX HCIIBITAHHAX. BEpOATHOCTH HACTYIUICHUS

coObITHS A B OTACIBHO B3SITOM UCHBITAHWHM pPaBHA BEPOATHOCTH TOTO, YTO HEMpe-
pBIBHAS CiTydaiiHas BennunHa & TMOManET B HHTEPBAI (a; p ) [ImoTHOCTE pacnpene-

ax?+bx+c

JICHUST BEpOSTHOCTEH ciydaiinon Benuunubl & umeer Bun f(X)=k-e . Haiitu

HEM3BECTHBIN mapamerp K u (QyHKIUIO pacmpenesieHus CilydailHOW BeIW4YuHBI & .
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OrnpenenuTs MaTeMaTUYECKOE OXKUJAHUE, TUCIIEPCUIO0 U CPEAHEKBAIPATUYECKOE OT-
KJIOHEHUE 3TOU ciydyailHOM BennuuHbl. [locTpouTh rpaduk MIOTHOCTH pacrpesesie-
HUs cioydaiiHOM BenmuuuHbl & . Hibke yka3zaHbl UCXOJHBIE TaHHbIE IS KaXJ0T0 Bapu-

aHTa.

54.11

5413

5.4.15

5.4.1.7

5419

54.111

5.4.1.13

5.4.1.15

m =2,m,=4,n=6,
a=0,75, f =125,
a=-2,b=4,c=5.
m=2m,=5n=7,

a=-14=3
1 2 11
a:__l :_1C:__'
18 9 9
m=3m,=5n=09,
a=3 B=8,
1 4 17
a:——’ = —

m=2m,=3n=5,

a=0,9, =14,
az—l,bzi,c:é.
8 4 8
m=2m,=4n=7,
a=3, =8,
:—i’b:l’C:E
98 49 2

m=3m,=5n=9,
a=2,75 =325,
a=-4,5Db=27c=-38.
m =3m,=4,n=5,
a=3,8, =395

a:—§,b:100,c:2.

m=1Lm,=2,n=7,
a =5,95, =61,

a=—4—29,b:294,c:8.

54.1.2

54.14

54.1.6

5418

5.4.1.10

54.1.12

5.4.1.14

5.4.1.16
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m =1m,=3,n=5,
a=38, =41,
a=-8,b=16,c=3.
m=4m,=7,n=8§,
a=25,p=4,

m=7,m,=9n=10,
a =185 =21,
a=-8,b=32,¢c=36.
m =2,m,=5n=6,
a=4,9, =51
a=-18,b=180,c=-4.

m =5m,=7,n=38,
a=-1,25, f=-0,85,
a=-2,b=-4,c=6.



5.4.1.17

5.4.1.19

54.1.21

5.4.1.23

5.4.1.25

5.4.1.27

5.4.1.29

m=4,m,=7,n=9,
a=-4,2, p=-3,9,
a=-8,b=-16,c=4.

m=3m,=4,n=5,
a=-2,5 p=-15,

a:—l,bz—g,c:5
8 4

m=4m,=6n=7,

a=-54, f=-4,

a:—i’ :—i’ :6
32 16

a:—i,b=—2,0=6
2
m =3, m,=5n=5,
a=-11, f=-4,
a:—i’b:—g’ :1
128 64

m=5m,=6,n=7,
a=-2,65, f=-1,85,
a=-8,b=-32c=15.

m,=5m,=6,n=9,
a=-52,3=-4,9,
a=-18,b=-180,c=3.

5.4.1.18

5.4.1.20

5.4.1.22

5.4.1.24

5.4.1.26

5.4.1.28

5.4.1.30

m, =6, m,=9,n=10,

a=-2,3, =03,
a:—i,bz—g,c=2.
18 9
m=2m,=4,n=6,
a=-4,5 p=-3,
a:—i,bz—i,c=l.
50 25
m=4m,=7,n=8§,
a=-12,4=0,8,
_ 11,23
8’ 4" 8
m =7,m,=9,n=10,
a=-1,5 f=-6,
ac-tpo T -l
08 49 4
m=2,m,=4,n=6,
a=-315, f=-2,

a=-45b=-27¢c=5.

m =2,m,=5n=8§,
a=-4,15, f=-3,

a:—%,b:—lOO,C:Z.

m, =6, m, =8, n =10,
a=-1,05 g =-6,

:—4—29,b:—294,c:3.

6 AUCKPETHBIE MHOI'OMEPHBIE
CJIYYAUHBIE BEJIMYUHbI

Coaep:xxaHue: pacnpelereHUe BEPOATHOCTE MHOTOMEPHBIX JIUCKPETHBIX
CIIy4ailHbIX BEJIWYMH, (DYHKIMS paclpeiesieHns] MHOTOMEPHOM CIy4ailHOW BeTnYu-
HBI, YCJIOBHBIE PACIIpEEIICHUs IBYMEPHBIX CIy4alHbIX BEJIUYUH, 3aBUCUMbIEC U HE3a-
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BHUCHMBIC CﬂyqaﬁHLIC BCIIMYMHBI, HUCJIOBBIC XaPAKTCPUCTUKHU AUCKPCTHBLIX JIBYMCP-
HBIX CﬂyqaﬁHBIX BCJIMYHH.

6.1 Teopernueckunii MaTepuas Mo TeMe NPAKTUYECKOT0 3aHSITUSA

Bo MHOTrMX 3KOHOMHYECKHX MPUIOKEHHUSIX JII0OOMY 3JIEMEHTApHOMY HCXOAY
@ € () CTaBUTCS B COOTBETCTBUE HE OJIHO, a HECKOJIbKO (B 0OIlleM ciydae N) Jei-
CTBUTEJbHBIX YHCeN. [Ip1 3TOM rOBOPAT, 4TO IKCHEPUMEHT ONMHUCHIBAETCS N-MEPHOU
CIIy4YallHOW BEJINYMHOU, WIM CUCTEMOM N CIIy4alHbIX BEJIMYHH, WU N-MEPHBIM BEK-
Topom (&(®); &,(@); ... &, ().

PaccMoTpum 1osipoOHO JABYMEpPHYIO CllydailHyro BeauuuHy. st N-mepHoM
CIIy4allHOW BEJIMYMHBI YKA3aHHBIC MIOHATHUS ONPEACIISIIOTCS AaHAIIOTUYHO.

[Tycts & 1 77 - IBe MUCKPETHBIE CITyYaiHbIE BEJIMUNHBI, KOTOPBIE OMPEAeICHBI
Ha OJIHOM U TOM K€ MPOCTPAHCTBE 3JEMEHTApHBIX COOBITHI (2. YIOpsnoYeHHYIO
napy (5; 77) JUCKPETHBIX CIy4yalHBIX BEIMUUH & U 7] Ha3bIBAIOT O8YMEPHOU CAyUall-
Hou eeauqunot. MHOXKECTBO BO3MOXHBIX 3HAUYCHUHN TaKOW CIIy4ailHON BEJIUYHHBI CO-

JIEp)KAT  KOHEYHOE  WIM  CYETHOEC  YHCIIO  TOYEK (Xi;yj), I, j=1,00:

O ={(%:Y1); (4 ¥2)5 s (X ¥0)i (%03 ¥ )i i (X3 Va)5 (X3 ¥ )i o}
Omnpenenenue 6.1.1 Pacnpeoenenuem TUCKPETHON BYMEPHOU CIIy4ailHOW Be-
muunssl (&;77) WM 3aKoHOM pacnpedenenus Ha3bIBAETCs COOTBETCTBHE, [0 KOTOPO-

My KaXJO0M mape TOYeK (Xi; Yi ) e gy COMOCTABIIACTCS IOJIOXKUTCIBHOE YHUCIO [y ,

XapaKTEPU3YIOIEE BEPOSITHOCTH TOTO, YTO COCTABJISAIONIas & MPHUMET 3HAUCHHE X, U
OJTHOBPEMEHHO € 3TUM COCTABJISIOLIAs 7] IPUMET 3HAYECHUE Y; TaKMM 00pa3oM, 4TO-

OBI DTO YKCIIO, KOTOPOE HAa3bIBAETCSH BEPOATHOCTBIO COOBITHS P((§ =X )- (77 =Y, )) =

=P ( A), yaoBieTBopsio akcuomam Konmoroposa (onpenenenue S.1.1.1).

Hucnosyro Qyukiuio P, = p;; Has3bBaOT ghynkyueu eeposimuocmeu. DyHK-

i
OO BepOHTHOCTeﬁ MOKHO 3a14aTb B BUAC Ta6J'H/II_[I)I.

DyHKIHIO BeposTHOCTEH P, = p,; AMCKpEeTHON CiydaiiHoi Benmuuns (&;7)

MOXKHO 3a1aTb B BUAC Ta6J'II/II_II>II

Pacnipene-
Q ¢ X, X, X, X, JICHHE CO-
CTaBJISIO-
Q .
n meu 7}
Y P11 P2 cee Pi Pn1 P(77 = yl)
Y, P1, P2 Pi2 Pn2 P(UZY2)
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Yi P Py ; Pi; Pnj P(U:yj)

ym plm p2m pim pnm P(n:ym)

Pacmipene-
P Kontpons
JIEHHE CO-

CTaBJISIO- P(gle) P(QZ:XZ) P(§:xi) P(gzxn) Zzpfl

et &

B kieTkax, CTOSIIMX Ha MEPECeUeHUM I-ro cTojlIa J-oi CTPOKH, yKa3aHa Be-
POSITHOCTB TOTO, YTO Cily4aiiHas BennduHa (&, 77) IPUMET 3Ha4YCHHE (Xi; Yi ) , TO €CTh

P = P((cf = Xi)-(n =Y, )) 3Has QyHKIMIO BepositHOCTEH P, = |, MOXHO BBIYHC-

ITUTE BEPOATHOCTH TIOSBIEHHS MPou3BonbHOT0 cobbrtus C: P(C)= D p;;.
(xi;yj)eC

3uas pacmpenenenne P, JHCKpeTHOH ciydaitHoil BemmuuHEI (£;77), MOXHO

HaWTHU pacnpeiesicHue Pi " P,7 cocTaBisironmx & u 177 .

Jlnst HaxoxkpeHust BepositHoctd P (& =X;) Hago MpocyMMUpOBaTh BEPOSTHO-

CTH cToJIOIA X; !
P(&=x)=P((&=x)-(n=y))+P((£=%)-(n=Y,))+
AP((E=x)(n=Y,))= Zp., p,.. (6.1.1)

AHAJIOTMYHO, CJIOKHB BEPOATHOCTH CTPOKHU | , TIOTy9aeM BEPOSTHOCTh
P(n=y,)=P((£=%)-(n=y;))+P((s=%)-(7=Y,))+
P((§=Xn)'(77= yj'))zz Pi; = P.;-

PacripezienieHust BEpOATHOCTEH, ONPE/ICIACMbIMA HAOOpaMu P, U P,; , Ha3bI-

(6.1.2)

BAIOTCSL MAPSUHANbHBIMU PACIPeOe/ieHUs MY COCTABIIAIONNX & W 1] JAUCKPETHOM
JBYMEPHOM CIIy4YallHOM BEJIMYMHBI (5; 77), cooTBeTCTBeHHO. Ha kpasx Tabmuibl yka-
3aHBl MAPTUHAJIBHBIE pacrpeieieHns («margo» (JaT.) — rpaHula, Kpaii).

[To ananoruu ¢ pacupeaeneHneM ABYMEPHOM CIIy4YalHOW BEJIMYUHBI OIIPEAE -
erca  pacmpenenenme P & = Pijn N-MEpPHOW  CIYyYalHOW  BEJINYWHBIL:

Bij.n = P((é = Xi)'(gz = Xj)' (én = Xn))'

Pacnipenenenne npou3BoiIbHOW N-MEPHON CIIy4ailHOM BEJIMYUHBI (JUCKPETHOMN
WM HEMPEPBIBHOM) OJTHO3HAYHO MOXKET OBITh BBIPAKEHO uepe3 PYHKIIMIO pacrpee-
JICHUSI TOU CIIy4aliHOW BEJIMYUHBI.

Omnpenenenue 6.1.2 @ynxyueii pacnpedeneruss N-MEPHON CIIy4yalHOW BEIUYU-
HBI (&, &0 &) HA3BIBACTCA  BEPOATHOCTh  TOSBICHUS  COOBITHS
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{(51 <X) (& <%) e (&, < Xn)} , KOTOpasi paccMaTpuBaeTcsi Kak (yHKIHMS Iepe-

MEHHBIX X, Xy, %, 1 F (%, %, %) =P((& <) (& <%,) - (&, <X,)).

Dyukyus pacnpeodeneHust 08YMePHOU CYYAUHOU BeTUYUHDbL (cf ; 77) MMEET BUJL

F(xy)=P((£<x)-(n<y)). (6.1.3)

IpuBenéM ocHOBHbIE cBOlcTBa (yHKIMK pacipexnenenus CB (&;7):

1) vx,yeQ, 0<F(x;y)<1;

2) dynknus F(X;y) sBiaseTcs HeyObIBAIOMICH 1O KaXJI0OMy M3 apryMEHTOB, TO
ectb VX, > X > F (X, Y)2F(x;y) u Vy, >y, > F(XY,)>2F(XY,);

3) Gynkums F(X; y) HenpepblBHA CleBa 110 KaXAOMY U3 apIyMEHTOB;

4) cripaBe MBI MTPEICTbHBIC COOTHOIICHUS:

a) im FOqy)=F(-0y)=0, 6) limF(xy)=F(x-»)=0,

B) Xlirrl F(X;y)=F(-00;—0) =0, 1) XILTO F(X;y) =F(+o0; + ) =1;

Yo Yoo
5) npu 3HaYeHUM Y —> +00 (YHKIUS paclpelesieHus ABYMEPHON CIy4ailHON

BEJINYHHBI (5; 77) CTAaHOBUTCS MAaprUHAIbHOM (YHKIUEH pacrpenesneHusi CoCTaBIIs-
romeit &1 F(X40w) = P((f < X)'(U < +OO)) = P(Zj < X) =F(X). ®ynxkmmo F(X)
Ha3bIBAIOT ePAHUYHOU WU paszoenénnou QyHKIUEH pacrnpenesneHusl COCTaBIISIOmen

6) npu 3HaYCHUH X —> 400 (QYHKIUS PACIPEISIICHUs] JBYMEPHOW CIyJaiiHOM
BEJINYHHBI (5; 77) CTAaHOBUTCS MaprUHAIbHOM (YHKIMEH pacrpeneneHusi COCTaBIIs-

omeit 7: F(+00,y) =P((£<+0)-(n<y))=P(n<y)=F,(y). Oyuxmmo F,(y)
HA3bIBAIOT 2PaHU4HOU WU paszoenénnou QyHKIUEH pacnpeneseHusi COCTaBIISIONIeH
n.

Bce cBolicTBa (yHKUMU pacnpefesneHus, NpUBEAEHHbIE ISl ABYMEPHOU CIIy-
YalHOM BEJIMYMHBI, PACTIPOCTPAHSIOTCS HA MHOTOMEPHBIE CITyYaiiHbIE BETUYUHBI.

1. ®ynkuusa pacupeneneHus N-MepHOU ciydyailHON BETUYUHBI HEOTPHIIATENIbHA
Y HE MOKET OBITh OOJIbILIE ETUHULIBI.

2. Ecmu xoTs OBl OHA W3 COCTaBISIOUIMX N-MEPHOW CIy4ailHOW BEIUYUHBI
MPUHUMAET 3HaYeHUe —o0 , TO (DYHKIMS paclpeaesieHrs paBHa HYIIIO.

3. Eciiu X, =X, =...= X, =+00, To pyHKUHUS pacnpeaeneHus papHa 1.

4. OyHKIMS pacnpeeieHus sIBIsSETCsl HeyObIBaromen GyHKIIUe.

5. OyHKIMS paclpeAesieHHs HEPEPhIBHA CJIEBA 110 KAKJIOMY U3 ApTyMEHTOB.

6. Ecmn xakume-mu6o K u3 cocrapmsronmx &, &, ..., &, N-MEpHOU CiydaitHON

BEJIMYUHBI NMPUHUMAIOT 3HAYEHUS © , TO (PYHKIMS pachpeacsieHUus: N-MEepHOM Ciy-
YaifHON BEJIIMYMHBI CTAHOBUTCS paBHOM (YHKIMHU pacnpenenenus (N-K)-mepHoi ciry-
YaliHOW BEJIMYUHBI.
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VYcnoBHBIE paclpeAesieHus] COCTABISIIOIIMX MHOTOMEPHBIX CIIyYalHBIX BEJIH-
YUH, 3aBUCUMBbIEC U HE3aBUCUMBbIC CIIyYallHbIE BEJIMYUHBI, a TAK K€ YHCIIOBBIE XapaK-
TEPUCTHUKA MHOTOMEPHBIX CIIy4allHBIX BEJIIMYHWH, PACCMOTPUM Ha MPUMEPE ABYMEp-
HOM city4aiiHoii Benmauust (&;77).

Onpenenenne 6.1.3 Venosuvim pacnpeoenenuem coctaBusitomeii & ITUCKpeT-
HOM CIIy4aliHOM BEJIMYUHBI (5;77) HA3bIBACTCA PACIPENCICHUE, BBIUUCIIIEMOE IPU
YCIIOBHH, YTO COCTABJISIOLIAs 7] IPHUHSIIA ONPEIEIEHHOE 3HAUCHHE.

W3 onpeneneHus ciaemyer, YTO YCIOBHBIE pACIPEAEICHUS XapaKTEPU3YIOT B3a-
MMOCBSI3H MEKIY COCTABISIOIMMA & ¥ 7] CiydaiiHoi Bemmauusl (&;77). YenoBHoe
pacrpeie/IeHie COCTABISIIONICH & IMCKPETHON CilydaiHol BennduHsl (&;77) MOXKeT

OBITH 337]aHO YCJIOBHOU (DYHKIIMEH BEpOSITHOCTEH, BhIpa)KaIoIeii BEPOSTHOCTH TOTO,
YTO COCTaBJISAIONIas & TMPUMET 3HAYCHHE X, TPH YCIOBHH, YTO COCTABISIONIAs 7

HpHH}IJIa 3HAUYCHUC y j i

P((éz = Xi)'(77 = yj))
P(n=y,) |

AHaJIOFI/I‘lHO, YCJIOBHEUI (bYHKHI/I&I BCpOfITHOCTGfI COCTEIBJIHIOHIGIZ 77 HNMCECT BU/

P((£=x%)(n=y)))
P(6=x)

Onpenenenue 6.1.4 ITycte F(X,y) - GyHKIUA pacnpeneiacHusl TUCKPETHON

P =P(&=x|n=y;)= (6.1.4)

p, =P(n=y|¢=x)= (6.1.5)

ciyqaiinoit Benmaunst (&;77), a F(X) u F,(Y) - maprunansueie GyHkumm pacipese-
JIEHHs COCTABISIONMX & W 77. [OBOPAT, YTO JBE CIydYaiHbIE BEJIMYMHBI, COCTABJIS-
fomye & | 77, He3aBUCHMBI, €CTTH 171 BeeX (X, Y) €2, CTpaBeiBO paBEeHCTBO

F(x, y)=R()-F(y). (6.1.6)
Teopema 6.1.1 Eciiu CB (5; 77) - IUCKPETHAsA, TO PABEHCTBO
Pij = Pi. - P.; (6.1.7)

SBJISICTCS HEOOXOIMMBIM H JIOCTATOYHBIM yciioBreM HeszaBucumoctu CB & u 7.
BepoATtHOCTh TOmafaHus CIIy4alHOM BEJIIMYHUHBI (f; 77) B IPSAMOYIOJIBHUK

11 = {(5;77)‘361 <ESx, AP << yz} HaxoUTCs 110 hopmyJie
P((Xl < 5 S Xz) ) (yl < n < yz)) = F(Xzi yz) - F(Xl’ yz) - F(Xz’ yl) + F(X1’ yl) (6-1-8)

PaCCMOTpI/IM YU CJIOBBIC XapaKTCPUCTHUKHU JIBYMCPHBIX CJ'Iy‘-IElfIHBIX BCJIMYHH.
OCHOBHBIMH XapaKTCPUCTUKAMH, OIMCBIBAIOIIMMU LOCHTP pPacClpCACICHHA

JUACKPETHOW CIIy4YalHOW BEJIWYWHBI (f; 77), SIBIISIFOTCA MaTEMATUYECKUE OXKUIAHUS

COCTAaBJIAIOIMIUX, OIIPCACIIACMBIC I10 (bOpMy.HElMI

m, = in Pi. = szi Pij (6.1.9)
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mn:Zyj P.; :ZZyj Pij - (6.1.10)
J i
MatemaTtudeckue OKHJaHUA mé n mn OIIPCACIIAIOT KOOPAWHATEI ICHTPA pacC-

npenenenus. KpoMe 3THX OCHOBHBIX XapaKTEPUCTHUK, LIEHTP PaCIpeeeHus Xapak-
TepHu3yeTcs MOJAMH U MeJMAHAMMU.
PaccenBaHie COCTaBISIIOIIMX AMCKPETHON CitydaiiHoil Bexmaunsl (&;77) ompe-

AETSETCS TUCTIEPCHSIMU, KOTOPBIE ONPENSISIFOTCS 1Mo (hopMyiam:
D) =02 =M (-m.) =M (&)-m?, (6.1.11)
D()=02=M(n-m,) =M (5?)—m?. (6.1.12)
Ncnonwsiys popmyisl (6.1.9) u (6.1.10), umeem:
D(é):ZZ,-“(Xi —mif)2 D, :fopio—mg?, (6.1.13)

DN =YD (y,~m,) Py =2yip,—m:.  (6.1.14)

[TonoxxurtenbHbIC KBaApPaTHbIC KOPHU H3 I[I/ICHepCHﬁ COCTaBJIATOIINX f u n
Ha3bIBAaIOTCsA cpeOHuMu KGCZ()pamMLl€CKMMM OMKINOHeHUAMU COCTABIIAIOIINX 5 un

WM CTaHJAPTaMHU: O, = JD(&), o, = JD(n) .

PaccenBaHMe COCTABISIONIMX & W 7] TAK)KE XapaKTepH3yeTcs: Ko HIneHTa-
MU Bapyally COCTABILIIOIIUX U UX pa3MaxaMu.

OCHOBHOI XapaKTEPUCTUKOM, KOTOpasi OMMUCHIBAET CBS3b MEKIY COCTaBIISIO-
wuMe & W 7] ciaydaiiHol BenuunHsl (&;77), SBISAETCS Kosapuayus, KOTOpask TAKKe

HAa3bIBACTCA KOpPEJIAUUOHHBIM MOMEHNOM NIIA MOMEHNIOM CEA3U Ks”n H OnpCAcCIIACT-

cs1 110 (hopmyJie (KOBapHaIys TAKKE 0003HAAETCA K, , )

K., :cov(g;n):M((g‘—mg)-(n—mn)). (6.1.15)
JInst AMCKpEeTHOM CcydyailHON BETMYUHBI PACUETHYIO (POPMYITY JUIsl KOBapUaluu
MOYXHO 3aIlCaTh B BUJIE

Kgn :ZZ(Xi _mg)'(yj _mn). P :ZZXiyj P —m.-m, . (6.1.16)

JI1st moy4yeHus: YMCIIOBOM XapaKTepUCTUKH, YIOOHOM JUIsl CPaBHEHHSI COCTaB-
JISTFIOTIMX, 9TH COCTABJISONNE & W 7] TPEIBAPUTEIHHO HOPMUPYIOT, TO €CTh TIEPEXO0-

AT K CHy‘IaI\/’IHIJM BCINYHMHaM g ﬁ , MAaTEMATUYCCKUC OXHNAAHHA KOTOPBIX pPaBHBI

HYJII0, @ UX Jucriepcusi — equuuue. Eciu nonoxuts & = cp= L, TO KO-
(o} ¢ (o}
n

Bapualys HOPMUPOBAHHBIX CIyYalHBIX BEJIMYUH HA3bIBACTCS KOIDpuyuenmom Kop-

pensayuu v onpenensercs no gopmyre
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A -m -m m, —m.m K
pry=M(&ei) =m0 | T | T B B 47)
Gég 0-77 05077 O"f()'T7

KoadduimenT xoppensiiinu He 3aBUCUT OT BbIOOpA €AMHUI] U3MEPEHUs CIIy-
YalHBIX BEJIMYHH, TO €CTh SBJSETCS Oe3pa3MepHOM ciaydaitHoW BenmuuHOW. Koad-
(uIHeHT KOppeIsiuK O, XapaKTepU3yeT TCCHOTY JIMHEHHON CBSI3M MEXIY COCTaB-
JSIOMUMHA & U 1] CIy9allHOW BEJIMYHMHBI (5; 77). [IpuBenémM OCHOBHBIE CBOWMCTBA KO-

s unreHTa KOpPEISIIH.
1) AGcomoTHast BenmuurHa K03 uimeHTa KOppesuuu He MPEBOCXOANUT €Iu-

HHIIBI, TO €CTh ‘,05,7‘ <1.

2) Ecu p,, =+1, T0 Mexy cly4aliHbIMM BEMYMHAMH & W 7] CYIIECTBYET

JUHCHHAs (PYHKIIMOHAIbHAS 3aBUCHMOCTh (‘ o2 n‘ =leon=k-&+ b).
3) Ecu p;,, # 0, To cirydaiiHble BETMYUHBL & U 7] 3aBUCHMBI.

3aBUCUMOCTb MEXKIY COCTABISIOUIMMA & W 7] CiydaiHOW Benuumubl (&;77)

MOXET UCCIEN0BAThCA C MOMOLIBIO YCIOBHBIX pacnpeneneHnid. Eciam okaxercs, 4To
YCJIOBHBIE paclpe/ielieHUs paBHbI 0€3yCIOBHBIM, TO TOBOPAT, UYTO CliydaiiHasi BEJH-
ypHa & HE 3aBHCHUT OT CAy4ailHON BEIMUYHUHBI 77 . IIpu 5TOM YCIOBHBIE paclpeere-
HHSI COCTABIIIIOMIMX & W 7] CIy4alHOW BEIIMYMHBI (5; 77) XapaKTEPU3YIOTCS yCIIOB-
HBIMH YMCJIOBBIMU XapPAKTEPUCTUKAMU, YCIOBHBIMA MAaTEMAaTUUYECKUMU OKUAAHUSIMU
Y IUCTIEPCUSIMU 3TUX COCTABIIAIOIIHUX.

Hampumep, ycrosnoe mamemamuueckoe odxcudanue COCTABISIONICH & mpH

YCJIOBUH, YTO TUCKPETHAS ClydaiiHas BEJIMYMHA 7] TIPUHSJIA ONPeIeIEHHOE 3HAaUCHUE
Yy , HaXOoAuTCs 110 (hopMyJIe

mgq:M(f‘U:)’):ZXi'pij - (6.1.18)

AHQJIOTUYHO ONPEACISICTCS VCI08HOE MamemMamuyeckoe 0dCudaHue COCTaB-
JISIFOLLEH 77 :

mﬂ‘ézM(n\gzx):Zyj-p”i. (6.1.19)

Venoenas oucnepcus cocmasnsirowei & TpH YCIOBHH, YTO JUCKPETHAS CIy-
yaifHasi BETUYHMHA 7] TPUHSIIA ONpeIeIEHHOE 3HAYCHUE Y , HAXOIUTCA 110 hopmyIie

2
GEU:D(§|n:y):Z(xi—m§n) Py (6.1.20)
AHAJIOTUYHO ONPENEIACTCS YCA068HASA OUCNepCUs cocmasisiiouelt 17 .
2
oj‘gy:D(n\g:x):Z(yj—mm) Py (6.1.21)

]
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6.2

6.2.1 ®ynkumus BeposATHOCTEH P, = p;; AWUCKPETHOW CIy4ailHON BENHYHMHBI

(&;77) 3anana B BUIE TAOIMUBL.

IIpumMepsl penieHUs1 TUMOBBIX 32124

Q, 1 2 3
QU
2 0,09 0,05 0,06
4 0,11 0,09 0.1
6 0,2 0,16 0,14

Tpebyercs:
1) HaliTH MapruHaIbHbBIE PACIPENEIEHUS COCTABIAIOMUX & M 7] TUCKPETHOM

CIIy4YalHOM BEJIMYHUHBI (5 ; 77) ;
2) YCTaHOBHTH, 3aBUCHMEI MJIH HET COCTABIISIONME & U 7]

3) HalTH yCIOBHBIE 3aKOHBI PACIIPEACIICHUS;
4) BBIYHCIIATH MATEMATUYECKHE OKHMIAHMS, TUCIIEPCHH M CPEIHEKBaapaTHYE-
CKU€ OTKJIOHEHHS COCTABIIAIOIHUX & U 7]

5) HaiiTn QYHKIIMIO pacripeieIeHUs] TUCKPETHOM CTy4aliHOM BEJTMYUHBI (5 ; 77) ;

6) BEIYHMCIIUTL BEPOSTHOCTH TOIMATAHUS CIyYaliHOW BEIUYHHBI (§ ; 77) B Mps-
MOYTOJIbHUK [/ = {(5;77)‘1,5 <EL4A3L5p<L 7} :

7) BBIYMCITUTD KOY(PPHUIMEHT KOPPEIIAIUH.

Pemrenne. 1) Haiiném MapruHanbHbIe pacrpeacIeHus] COCTaBIAIONuX & u 77
JMCKPEeTHOM  ciydaiiHolt Bemuunusl (&;7) mo dopmynam (6.1.1) u (6.1.2).
Hanpuwmep, P(ga :1) =p,+ Py+ Py =009+011+0,2=0,4, P(77 = 4) =P, +
+P,, + P, =0,11+0,09+0,1=0,3.

MaprunanbHble 3aKOHBI pACTIPEICIICHHS 3aMUIIIEM B BUJIE TaOJIHII.

& =X, 1 2 3 n=Yy, 2 | 4|6
P(£=x;) |04 03 |03 P(n=vy,) |0,2/0,3|05

2) Jliast ompeneeHus 3aBUCUMOCTH COCTABIIAIONIMX & ¥ 7] IPOBEPHM PaBEH-

ctBo P(&=x,n=Y;)=P(&=X)-P(n=Y,) mna Bcex 3nauennii cocrapnstomux. Ec-

)51

JM PABEHCTBO BBIMOJHAECTCS, TO COCTABISIOIIUE HE3aBUCUMEI. PacCUnMTBHIBAEM BEPO-
staoct: P(E=X,n=Y,)=0,09=P(£=x)-P(n=y,)=0,4-0,2=0,08. PaBencrso

HEBEPHO, CIIEJOBATE]bHO, COCTABISOIME & M 7] ciydaiiHol Bennuuusl (&;77)

3aBUCUMBI.
3) Haiiném ycrmoBHBIC 3aKOHBI pacnpe/encHus mo Gopmynaam (6.1.4) u (6.1.5).

82



P((aj:x3).(;7: yz))

Hanpnwmep, Py, = P(Cf = X[ = yZ) -

P(77 = yz)
CP((6=3)(n=4) o1 1 .o P(E=x)(n=Y))
- _ - — A ps\l_P(U—y3|§—X1)_ . -
P(n=4) 0,3 3 P(&=x)
_P((¢=1):(n=3)) _02_1
P(£=1) 04 2

Y Ci10BHBIE 3aKOHBI PaCIpCACICHUA 3allMIICM B BUJIC Ta6JII/ILI.

E=x 1 2 3 n=Y, 2 4 6
P(n=2) | 9/20 | 1/4 | 3/10 . P(=1) | 9/40 | 1/6 1/5
P(n=4) | 11/30 | 3/10 | 1/3 P(=2) | 11/40 | 3/10 | 1/3
P(n=6) | 2/5 | 825 | 7/25 P(E=3) | 12 | 8/15 | 7/15

4) BIYrCIMM MaTEMaTHUYECKHE OKHMIAHMS COCTABISIOMUX & M 7] CIydailHOMI
Besunnbl  (&;77). Just cocraBisiomeidl & MareMaTHYeCKOEe OKHAAHHE DPAaBHO
M(&)=1-0,4+2-0,3+3:-0,3=19,amma 7 - M(n7)=2-0,2+4-0,3+6-0,5=4,6.

HaxomuM JiMCIIepeHn COCTAaBIOIMX & M 77 ciydaiiHoi Benmuussl (&;77).
Jlns Benmmunasl & qucrepeust pasHa D(&) =1*.0,4+2%.0,3+3%-0,3-1,9°=0,69, a
Juts coctapisttomeitn) - D(n) =2°-0,2+4°-0,3+6°-0,5-4,6°=2,44.

Torma cpemHEKBaapaTHUYECKUE OTKJIOHCHHS IS COCTABIISIOIMIUX ClIydaiHOM
BEJIMYUHBI PABHBL: O, = \/D(é) = \/0,69 ~ 0,83, o, = \/D(n) = \/2,44 ~1,562.

5) Haitném ¢GyHKIMIO pacripeieiacHus TUCKPETHOW CAy4alHOW BEIUYMHBI

(&; ) no popmyae (6.1.3): F(x;y)= P((§< x)-(n< y)): Z Z P; -

X <Xy;j<y

Ecnu 3Hauenus cnydvaiineix BenmmunH £ <17 <k, rme K mpunumaer nrodoe
3Ha4YeHUe, To QyHKIUs pactpenenenus F(X;y) paBHa HyIto, Tak Kak He CyIIECTBYET

3HAYECHUM CIIyYaHOM BEJIMYMHBI, KOTOPBIE YAOBJIETBOPSIOT HEPABEHCTBAM
&<l n<k. Anamornuno, ecmu &<m,n <2, riae M TpPUHUMACT JIFOOOC 3HAYCHHE,

To QyHKIWM pacnpenencHus F(X;Y) Tak ke paBHa HYJIIO.

Ecrm &£<1,2<np<4, 1o F(Xy)=p,=009. Ecm &£<14<n<6, TO
F(Xy)=p,+p,,=009+0,11=0,2.

Pacecmotpum cobbitne &<1,n7>6, to F(X;y)=p,+ P,y + Py; =0,09+0,11+
+0,2=0,4 . IIpeamnonoxum, 9T0 COCTABJIAIOIINE CIIyYaHON BEJIMYUHBI YIOBJIETBO-
psitot yenoBuio £ <3, 77 <6. B nanHom citydae QyHKIUS pacipeeseHus papHa
F(OXY)=p,+ P,+ Py + P, =009+0,05+0,11+0,09=0,34.

Sammmem QyHKIUIO pactnpeaeneHus F(X;y) nBymepHOW cilydaliHOW BETUYH-
Hel (£,77) B BUjE TaOJIUIIBL.
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E<1|1<E<2 | 2<E<3 ]| £>3
n<2 | 0 0 0 0
2<n<4| 0 0,09 0,14 0,2
4<n<6| 0 0,2 0,34 0,5
7>6 | 0 0,4 0,7 1

6) BerarciiuM BepOSTHOCTD IMOTIAAaHHS CITyYaiHOW BEIIMIMHBI (zf ; 77) B IIPAMO-
yrojabHuk 11 = {(5;77)‘1,5 <ELL A3y 7} , UCIoIb3yst popmyiy (6.1.8).
P(L5<¢£<4)-B3<n<T7))=F(47)-F@157)-F(43)+F(L53) =
=1-0,4-0,2+0,09=0,049.
7) Berancnum koopdumment koppensimuu o, o dopmyie (6.1.17), nuis gero

BHavane Haiiném koBapuamio K., mo dopmyse (6.1.16).

3 3
K. =D.D %Yy;py —M(£)-M(7)=1-2-0,09+1-4-0,11+1-6-0,2+2-2-0,05+
i=l j=1
+2-4-0,09+2-6-0,16+3-2-0,06+3-4-0,1+3-6-0,14-1,9-4,6=0.
CrnepnoBatenbHO, KOA(P(OULMEHT KOPPEIALMH PAaBEH
K 0
___¢én

= = :O
e o0, 0,831,562

PaBeHCTBO HynI0 KOA(UMIHUEHTAa KOPPEJIALMH HUYErO HE TOBOPUT O 3aBUCHUMO-

CTH COCTaBJLAIOIIHX. Bo BTOPOM ITYHKTC MBI IOKa3ajan, YTO COCTABJIATOIINUC ABJIAIOTCA
3aBUCHUMBIMU.

6.3 3agaHus 1S pelleHUsl HA MPAKTUYECKOM 3aHSITHH

6.3.1 ®yHkuus BepOATHOCTEH P, = P;; AUCKPETHOW Ciy4allHOW BETUYMHBI

(&;77) 3anana B Bune TaGIALBI

Q, 3 5 7
Q’]
1 0,03 0,07 0,09
2 0,12 0,08 0,3
4 0,14 0,15 0,02

Haiiti MapruHaibHbIE PACIPEAEICHUS COCTABISIOMMX & W 7] JUCKPETHOM
CIIy4allHOW BEJIUYUHBI (f; 77). VY CTaHOBUTH 3aBUCUMOCTH COCTABIISIOIIUE & U 7] .
6.3.2 @yukumus BepoATHOCTEH P, = P;; AUCKPETHOW CIy4ailHOW BENHYHMHBI

(&;717) 3anana B Bune TabIALBI
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Q, 1 3 5 7
Q’]
2 0,13 0.17 0.19 0,02
6 0.2 0,12 0,13 0,04

Haittu ycnoBHbBIE 3aKOHBI pacIpeICIICHUS.

6.3.3 @yHKuMs BepOATHOCTEH P, = P;; AUCKPETHOW CIy4allHOW BENUYMHBI

(&;77) 3anana B Bune TabIALIBL

Q 3 5
2 0.1 0,05
4 0.2 0,29
6 0,14 0,13
8 0,03 0,06

Haittn maTeMaTnyeckue OXKUIaHUA, TUCIEPCUHA U CPEIHEKBAAPATUUECKUE OT-
KJIOHEHHS COCTABISIONIMNX & H 77.
6.3.4 ®yHkuus BeposATHOCTEH P, = p;; AWUCKPETHOW CIy4ailHON BENHYHMHBI

(5 ; 77) 3aJlaHa B BUJIE TaOJIUIIBI

3 5 7
Q’?
0,08 0,06 0,06
0,11 0,08 0,14
0,21 0,16 0,1

Haiitu ¢yHKUMIO pacnipefesieHdss TUCKPETHOM CIydailHOW BETUYHHbI (5 ; 77) .
BbIYuCIUTh BEPOATHOCTH MOINAJAHUSA CIyYallHON BEIUYHMHBI (5 ; 77) B IIPSIMOYTOJIb-
Huk 11 = {(5 ;7)|3,5<&£<8A15<n<3, 5} . Beraucnuts k03 GUIUEHT KOPPEAIIUH.

6.3.5 M3roraBnuBaembie Ha MPEANPUITHH BTYJIKH COPTUPYIOTCS MO OTKJIOHE-
HUIO UX BHYTPEHHEro AUaMeTpa OT HOMUHAIBHOIO pa3Mepa Ha YEThIPE TPYMIbI CO
sHauenusimMu 0,02; 0,04; 0,06 n 0,08 MM 1 O OBAJIBHOCTH HA YETHIPE TPYMIIBI CO 3HA-
yenusimu 0,01; 0,03; 0,05 u 0,07 mm. CoBMECTHOE pacnipeaeieHhe OTKIOHEHUI qua-
MeTpa (CiydaiiHas BelnunHa &) M OBaIBHOCTH (CiTydaifHas BEJIWYWHA 7] ) BTYJIOK

MIPUBEJICHO B Ta0JMIIEC

Qs”
0,02 0,04 0,06 0,08
Q’l
0,01 0,08 0,08 0,10 0,04
0,03 0,02 0,03 0,04 0,02
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0,05 0,04 0,04 0,02 0,01
0,07 0,06 0,15 0,24 0,03
HaiiTi MapruHaibHbIC PaCHpEC/ICHHUs COCTABISIONMX & U 7] JAUCKPETHOM

cnyqaﬁHoﬁ BCIINYHNHBI (Lf, 77) . YCTaHOBI/ITB, 3aBUCHUMBbI MJIN HCT COCTABJIAIOIINC 5 141

717 . OnpenenuTs yCIOBHBIE 3aKOHBI PACIPEACIICHNs COCTABIISAOMUX. Beraucinrs Ma-
TEMAaTHYECKHE OKHUJAHUA, NHUCIIEPCUU WM CPEIHEKBAaAPATHYECKUE OTKIOHEHMS CO-
crapisiomux & u 77. Halitu GpyHKIMIO pactpenesieHnst TUCKPETHOM CITydaiiHOM Be-

nuunHsl (&;77). BBIMUCIUT BEPOSATHOCTD NMOMAAHNS CilydaiiHol BenuunHsl (&;77) B
OpSIMOYTOJAbHHUK [] = {(f; 77)|0, 05<£<0,07A0,02<7n7 <0, 08} 1 KO3 UIHEHT KOp-

pETSLNH.
6.4 3agaHus 1J51 KOHTPOJIUPYEMOii CAMOCTOSITEIHLHOMH PadoThI

6.4.1 ®yHkuus BepOATHOCTEH P, = Pp;; JAUCKPETHOW CIy4allHON BEIUYMHBI

(§ ; 77) 3aJlaHa B BUJIE TaOJIUIIBI

Q,
Xl X2 X3
Q n
yl pll p12 pl3
y2 p21 p22 p23
Tpebyercs:

1) HaliTH MapruHaIbHbBIE PACIPENEIEHUs COCTABIAIOMUX & M 7] TUCKPETHOM
CIy4ailHOW BEIUYHHBI (§ ; 77) ;
2) YCTAaHOBHTH, 3aBUCHMEI MJIH HET COCTABIISIONME & U 7]

3) HaWTH YCIOBHBIC 3aKOHBI PACIIPEICIICHUS;
4) BBIYMCIIATH MATEMAaTHYCCKHE OKUIAHMS, TUCIIEPCHH M CPEIHEKBaIpaTHdeC-
CKHE OTKJIOHEHHSI COCTABIISIOMUX & U 77

5) HaliTH (QYHKIMIO pacupeaeaeHus JUCKPETHOMN CITydaiiHOM BETUIHHBI (5 ; 77) ;
6) BEIYMCIIUTL BEPOSTHOCTDH TOIMATaHUS CIy4alHOW BETUYHUHBI (éj : 77) B TIps-
MOYToJbHHK 1] = {(‘;:;77)|x1 +0,5<&<x,+0,5A),+0,5<n<y, +1} ;

7) BBIYUCIIUTH KO OUITUCHT KOPPEIISAIIUH.
WcxonHble naHHbIe AJ1 KaXI0r0 BapuaHTa MPUBEACHBI B TaOJHIIE.

6.4.1.1 Q,
1| 2| 3

Q’]
2 [0,13]0,15[ 0,10
6 [0,27]0,25[ 0,10

6.4.1.2
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6.4.1.3

6.4.1.5

6.4.1.7

6.4.1.9

6.4.1.11

6.4.1.13

6.4.1.15

Q§

o, 3 4|5
1 [023[0,12]0,02
3 1031[014]018
Q§

o 56 | 7
2 10,10]0,12] 0,06
3 [0,30]0,40] 0,02
Qéf

o, 708 |9
2 1030]0,12] 0,10
4 [0,20]0,06] 0,22
Q§

o 1|5 | 7
3 [011[012]0,04
7 1031]0,28[014
Q§

o, 3|5 | 7
1 [0,10[0,09] 0,13
7 1031]023] 0,14
Q§
NEARAR
3 [012[013[014
4 [0,21]0,18]0,22
Q§
NEAEIE
1 [021[0,13]0,5
3 1023[021]0,07

6.4.1.4

6.4.1.6

6.4.1.8

6.4.1.10

6.4.1.12

6.4.1.14

6.4.1.16
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o, 4 | 5| 6
1 ]032(012]020
2 1014|011 011
2 6 | 7 | 8
Q’?
1 1009(012]010
6 |021]028] 0,20
Qf
o, 11 3] 5
2 1012|016 018
8 [027/014]0,13
O
¢
o 1171 9
2 |013/017] 015
8 |021/018] 0,16
2 3171 9
QU
2 |041/025] 0,06
7 1003]012] 0,13
Qf
o 5 | 7| 9
2 |004(035]024
9 (005|016 0,16
Q§
o 2 | 4 | 8
1 1012(031]010
5 [011/025] 0,11




6.4.1.17

6.4.1.19

6.4.1.21

6.4.1.23

6.4.1.25

6.4.1.27

6.4.1.29

0,12

0,10

0,13

0,12

0,25

0,28

0,09

0,12

0,13

0,21

0,22

0,23

0,30

0,06

0,07

0,20

0,18

0,19

0,28

0,11

0,02

0,32

0,12

0,15

0,21

0,11

0,12

0,28

0,13

0,15

0,24

0,23

0,22

0,08

0,13

0,10

0,03

0,04

0,08

0,12

0,21

0,52

6.4.1.18

6.4.1.20

6.4.1.22

6.4.1.24

6.4.1.26

6.4.1.28

6.4.1.30
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0,10

0,09

0,09

0,17

0,19

0,36

0,16

0,17

0,18

0,15

0,16

0,18

0,10

0,13

0,14

0,20

0,22

0,21

0,06

0,04

0,14

0,25

0,23

0,28

0,12

0,13

0,14

0,18

0,23

0,20

0,14

0,13

0,15

0,17

0,19

0,22

0,06

0,08

0,11

0,21

0,23

0,31




7 HENPEPBIBHBIE MHOTOMEPHBIE CJTYUYAWHBIE
BEJIMYUHBLI. ITPEJAEJIBHBIE TEOPEMBI

ConepskaHue: pacrpeieieHue BEpPOSTHOCTE MHOTOMEPHBIX HENPEPBIBHBIX
CIIy4ailHBIX BEJIMYUH, QYHKIUS U IUIOTHOCTh paclpe/eleHus MHOTOMEPHOH cilydaii-
HOM BEJIMYMHBI, 3aBUCUMBIE U HE3aBHUCHMBIEC CIIy4ailHbIE BEJIUYMHBI, YHUCIIOBBIEC Xa-
PAKTEPUCTUKH HENPEPBIBHBIX MHOTOMEPHBIX CIy4YalHBIX BEJIMYMH, JBYMEPHOE HOP-
MaJIbHOE pacIpeesieHue, IPeIeIbHbIE TEOPEMbI TEOPUHU BEPOATHOCTEH.

7.1 Teopernuyeckuii MaTepuaJ 1Mo TeMe NPAKTHYECKOT0 3aHATHS
7.1.1 HenpepbiBHbIE MHOTOMEPHBbIE CJIyYaliHbIe BeTHYUHBI

QyHKIMA paclpenerieHus, paCCMOTPEHHAs: Ha MPEABIAYIIEM IPAKTUYECKOM
3aHATUH, CYLIECTBYET JIJIS JTFOOBIX MHOIOMEPHBIX CIIyYalHbIX BEJIMYMH, KaK JUJIs AHC-
KpPETHBIX, TaK U HemnpepbiBHbIX. OnpesiesnieHns U cBOMCTBa GYHKIUN paclpeesICHUs
JUCKPETHBIX CIYyYalHBIX BEJIMYUH OyIyT CHpaBEJIMBBI JJIsl HEMPEPBIBHBIX Cly4ai-
HbIX BennuMH. Ha mpakTuke 4aine BCero BCTPEYarOTCs MHOTOMEPHBIE HENPEPBIBHBIC
CIy4alHbIC BEJIIMYMHBL. J[amum ornpeneneHue AByMEPHOM HENPEPBIBHOW CIy4aliHOU
BEJIMYMHBI (5; 77).

Omnpexnenenne 7.1.1.1 Cnyuaiinas Bennuuna (&;7) HasbiBaeTcss aGCONIOTHO
HENPEePBIBHOM, eciu e€ gyukyus pacnpedenenus F(X,y) aOCONIOTHO HeENpepbIBHA,
TO €CTh CyIIecTBYeT HekoTopas ¢yHkmwms f(X,Y), Ha3pIBaeMas niomuocmvio pac-
npeoeneHus: 6eposimHocmell, Takasl, 9To

F(x,y)= jdxi f(x,y)dy, V(x,y)eR. (7.1.1.1)

Tak kak ynkuus pacnpenencaus F(X,Yy) sBusercs HeyObIBAIOMICH MO Kax-
JIOMY apryMEHTy W HEINPEPBIBHOW, TO IUIOTHOCTH PACIPECIICHUS BEPOSITHOCTEH 00-
JalaeT CACTYOIUMHI CBOHCTBAMU:

1) f(xy)=0;

2) BO Bcex Toukax (X;Yy), 3a MCKIIOUYCHHEM, ObITh MOXET, KOHEYHOI'O HJIH
CUYETHOTO MHOXECTBA TOYEK, CYIIIECTBYET

O°F [T 1
revievey :[de:[of(x,y) dy |= f(x,y). (7.1.1.2)

N3 dopmyn (7.1.1.1) u (7.1.1.2) cnemyer, 4TO TUIOTHOCTH BEPOSITHOCTH M
GyHKIMS pacmpenesieHrs OJHO3HAYHO BBIPAXKAIOTCS OJHA Yepe3 APYryr. ITO O3Ha-
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YaeT, YTo IUVIOTHOCTh pachpenenenus BepostHocterd f(X,Y) Tak ke, Kak U QyHKIHS
pacripenenenust F(X,Yy), MOTHOCTBIO ONpeAeNsieT HEMpPEephIBHYIO CIy4YailHyIO Belu-
gy (&, 7). C TeOMETPUUYECKON TOYKU 3PEHUSs], IUIOTHOCTh PACHPEACIICHHS BEPOSIT-

2
Hocreit f(X,y)= M MOYXHO paccMaTpuBaTh Kak IPEAESI OTHOLIECHUS BEPOST-
oxoy
HOCTH TIOIIaJIaHus CITydaiHOH BeMW4YuHBI (£, 77) B MPSAMOYTOJIBHUK CO CTOPOHAMHU AX
U AY K IUIOLIAJX 3TOTO MPSIMOYTOJIbHUKA, KOT/Ia 00€ CTOPOHBI 3TOTO MPSIMOYTOJIb-
HHKa CTPCMATCA K HYJIIO:

2 p AX)- A
foy) = OF i DA< E<x+ 80 (y <<y +Ay)). (7.1.1.3)
OXoy e AXAY

Chopmynupyem xapakTEpUCTHUECKHUE CBOMCTBA IJIOTHOCTU paCIHpeeIICHUs
HENPEPBIBHON JIBYMEPHOH CiTydaiiHO# Benm4auHbl (&, 77) !
1) f(x,y)=20;
+00 400
2) _[ I f(x,y) dxdy=1.
o
Jlanum orpenesieHue IIOTHOCTH BEPOSITHOCTH N-MEPHOW CIIyYauHOM BEJIUYU-
HBL.
Onpenenenue 7.1.1.2 [LIOTHOCTBIO pacnpeneieHrs] BEPOSITHOCTEN N-MEPHOM
CIIy4YalHOW BEJIMYUHBI (51,52, ...,én) HAa3bIBACTCSA NPENET OTHOLICHUS BEPOSTHOCTHU

MOMaJaHus ITOW CIy4yalHON BEJIMYMHBI B OECKOHEYHO Mallyl0 00JIacTh N-MEpPHOTO
MPOCTPAHCTBA K MEpPE ATOM 00JIaCTU MIPH CTSITUBAHUH B TOUKY

P04 %, 0 %,) = Im P(% <& <X +A%)- (X <& <X, +AX,))
A%—0 AxlAX

i=L;n

Ob6a xapakTepUCTHYECKUX CBOWCTBA IUJIOTHOCTH BEPOSITHOCTH, YKa3aHHBIX

BBILLIEC I IBYMEPHOW CIIyYaHOW BEJIMYMHBI, CIIPABEIJIMBBI U I N-MEPHOM CIIy-
YaWHOU BEJINYMHBI:

1) f(x,%,...,%,)=0;

. (7.1.1.4)

n

+00

2) I...Tf(xl,xz,...,xn)dxldxz...dxn:1.

[Tycte (&,77) - HempepbIBHAS ciydaifHas BEJIMYWHA, TO €CTh TaKas BEIWYHHA,
byHKIUS pacrpenenaeHus KOTOpor MpeacTaBuMa depe3 IUIOTHOCTh paclpeesieHus

x oy
BeposrHocreit: F(X,y) = Idxj f(x,y)dy. Eciu oquH U3 apryMeHTOB CTPEMHTCS K

—00 —00
3HAQYEHUIO +00, a APYrol ocTta€Tcsi MEepeMEeHHBIM, TO (DYHKIHUS pacupenesieHUs
F(X,y) cranoButcs (GyHKIIMEH pacnpeaeieHuss OJJHOMEPHOM CITy4aiiHON BEIIMYMHBI,

COOTBETCTBYIOILIEH IPYroMy apryMeHTY:
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F.(X) = F(X,+0) = yILer F(x,y)= JX. de f(x,y)dy. (7.1.1.5)

F,(y) =F(+o0,y) = lim F(x,y) = fdyT f(xy)dx.  (7.1.16)

Juddepentmpys GyHKIUH pacrpeae/icHHs COCTABIAIOMNX & U 1 CIydaitHO#
BeanunHbl (&£, 77) MO COOTBETCTBYIOIIMM IEPEMEHHBIM X M Y, COTJIACHO TPaBHITY

muddepeHpoBaHus ONpeeIEHHOTO HHTETpaia ¢ MIEPEMEHHBIM BEPXHUM MPEIEIOM
UHTErPUPOBaHUS, TIoJydaeM (POPMYIIbI I BBIYMCIICHHS TNIOTHOCTEN BEPOSATHOCTEH:

(0= F00 = [ F(xy)dy; (7.1.1.7)

f,(y)=F(y)= jw f(x,y)dx. (7.1.1.8)

Takum oOpa3oM, 4TOObI HAUTHU MJIOTHOCThH paclpe/ieNieHus] OJHOM M3 COCTaB-
JSOIIEH JABYMEPHOM CIydalHOW BEJIMYMHBI, HEOOXOAMMO MPOUHTETPUPOBATH MX
COBMECTHYIO IUIOTHOCTh pacnpezeneHus BepositHocteld f (X,Y) B OeCKOHEUYHBIX mpe-
JieNiax 1Mo apryMeHTY, COOTBETCTBYIOIIEMY JAPYTOil COCTAaBIISIFOIICH.

Iycte F(X,X,,...,X,) - QyHKIUS pacnpeneacHuss N-MEPHOM CIy9IaitHON BEITH-
YuHbI. BplienuM U3 N-MEpHOU ClydaliHOM BEJIMYMHBI (§1,§2, ...,fn) k-mepHytO city-
qaiinyto Bemmauty (&,,5,, ...,&, ). Torna QyHKUMs pacupeeeHns BEIICICHHON ClTy-
vaiiHoli BemmumHel (&,&,,...,&) ompenemsercs mo dopmyne F(X,%,,... X )=
=F (X, Xy,...s X, 490, ...,+0) . TIOTHOCTH pacmpeneieHust K-MepHyro ciaydaiiHON Be-
munnst (&,&,, ..., & ), BBLIETCHHON U3 N-MEPHOM CIly4aifHON BEIMYHHBI, TI0Ty4aeTcst
B PE3yJIbTaTe€ HWHTETPUPOBAHUS IUIOTHOCTM N-MEPHOM CIIyYaliHOM BEJIWYMHBI I10
ocraBmumcst (N —K) mepemMeHHBIM

400+

(X Xg, oo X ) = J (X, Xy, s X, ) AXy A%,y - DX

"
B vactHOCTH, QyHKIMS pacnpeaesieHUs] U TIIOTHOCTh PACTIPEACIICHUSI BEPOSIT-
HOCTEH COCTaBIAOMmICH & N-MEPHOW CIIy4alHON BEIMYUHBI (cfl,ﬁz, e & ...,cfn)
HaxoJATcs 1Mo hopMynam:
F (Xi ) =F (+oo,+oo, ey X ...,+oo) :
+00 400
0= o[ 0%, %,) X A X Ay X,
o o
VYcnoBHbIE pacnpeleNICeHUs] COCTABIIAIOIIMX MHOTOMEPHBIX CIIyYalHBIX BEJH-
Y1H, 3aBUCUMBIC U HE3aBUCUMBIC CITydyallHbIE BEJIMUMHBI, & TaK K€ YUCIIOBBIC XapaK-
TEPUCTUKA MHOTOMEPHBIX CIyYallHBIX BEJIMYWH, PACCMOTPUM Ha MPUMEPE JTBYMEp-
HOU CIIyYalHOW BEJINYMHBI (cf ; 77) .
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Onpenenenne 7.1.1.3 Vciosnvim pacnpedenenuem cocTaBisiomeii & Hempe-
PBIBHOM CIIy4YalHOW BEIMYHUHBI (f; 77) HAa3bIBACTCSA PACIPEACIICHUE, BBIYUCIAEMOE
IIPU YCJIOBUH, YTO COCTABIIAIONIAS 7) MPUHSIIA ONPEACIEHHOE 3HAYEHUE.

VYcnoBHbIE pacnpefenieHusl XapakTeprU3yT B3aUMOCBSI3H MEXAY COCTaBIISIO-
muMd & U 7] CIy4aiiHOW BETUYNHBI (f, 77).

VCII0BHBIE pacpEeie/iCHHs] COCTABISAIONNX & W 7] HEMPEPHIBHOHN CIIydaifHOM
BenuunHbl (&£;7) MOryT OBITh 3aJaHbl YCIOBHBIMH (QYHKLMAMU DAacrpeeIeHus
F(x\y) u F(y\x), VI YCIIOBHBIMH IUIOTHOCTAMHU | (x\y) u f (y\x).

X X

j f(x,y) dx j f(x,y) dx
F = == . 7.1.1.9
D [ fxy)dx D

—00

[ fuy)ydy [ f(xy)dy
F(y|x)== == . (7.1.1.10)

RO Ty ay

—0

Judbdepennupyst byHKIANA F(X‘y) u F(y\x) M0 TIEPEMEHHBIM X U Y, CO-

OTBETCTBEHHO TOJTydaeM (DOPMYIIBI JUIS BBIYUCIICHUS YCIOBHBIX INIOTHOCTEH pacmpe-
JIe/IeHUs] BEPOSITHOCTE! COCTABIIIOIMX & 1 7] CllydaiiHoN Beauunnbl (&;77):

OF(x]y) _ f(xy)

f(x|y)= o ) (7.1.1.11)
OF(y[x) _ f(xy)
f = = : 7.1.1.12
)= = 0 (rL112)
Ucnonsiyst popmynsl (7.1.1.11) u (7.1.1.12), MoKHO 3anucaTh, 4TO
f(xy)=f(x)- f(y]x)="1,(y) f(x]y). (7.1.1.13)

Omnpenenenne 7.1.1.4 Ilyctes F(X, Yy) - dyHKIUS pacnpeneneHuss HENpPEpbIB-
HOM CIy4aiiHON BEIMYMHEI («f; 1), a F(X) u F,(y) - maprusansusie GpyHkuun pac-

IpeaeneHus €€ COCTaBIAIOIMX. ['0BOpAT, YTO IBE CiydaiiHble BEJIMYHMHBI, COCTABIIS-
IONIME & U 7], HE3aBUCHUMBI, €CIH U BeeX (X, Y) € ), CTpaBeiuBO PaBEHCTBO

F(x, ¥)=F(x)-F,(y). (7.1.1.14)
Teopema 7.1.1.1 Eciiu CB (f; 77) - HENPEpbIBHAS, TO PABEHCTBO
f(x,y)=1.(x)- f,(y) (7.1.1.15)

ABJIACTCA HCO6XOI[I/IMBIM H JOCTATOYHBIM YCJIIOBHUCM HC3daBUCUMOCTHU CB 5 uin.
PaCCMOTpI/IM YHCJIOBBIC XapaKTCPUCTUKH IBYMCPHBIX CHy‘I&ﬁHBIX BCJINYHH.
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OCHOBHBIMHM XapaKTEPUCTUKAMH, ONUCHIBAIOLIIMMU LIEHTP paclpeaciieHus He-
IIPEPBIBHOM CIIy4YaliHOW BEJINYUHBI (5 ; 77) , SIBIISIIOTCSL MATEMATUYECKUE OXKUIAHUsA CO-

CTaBJISIOUINX, ONpeAesieMble 110 popMyIaM:

+00 +00

m _jxf(x)dx_ j jxf(x y)dxdy | (7.1.1.16)

—00 —00

+00 +00

m, = j y f,(y)dy = Hyf(x y) dxdy . (7.1.1.17)

—00 —00

MaremaTudeckue OXHUAaHUA m§ )41 m’7 OIIPCACIIAIOT KOOPAUHATEI ICHTPA pacC-

npenesieHus. KpoMe 3TuX OCHOBHBIX XapaKTEPUCTHK, LIEHTP PaCIpeIesICHUsT XapakK-
TEePU3YETCS MOJaMH U MeluaHaMH (rpakTuyeckoe 3anstre No 11).
PaccenBaHne COCTaBISIIOIIMX CIIyYallHOM BEJIUYUHBI (5; 77) OIpeeseTcs

TUCIIEPCUSIMU, KOTOpbIE onpeaesisitorest o popmynam (6.1.10) u (6.1.11).
Hcnonb3ys popmynst (7.1.1.16) u (7.1.1.17), umeem:

+00 +00

D(&) = H(x m,)? f (x,y) dxdy = jxf(x)dx m? (7.1.1.18)

—00 —00

400 +00

DG = [ [ (y=m,)* f(x.y)dxdy = j y'f(y)dy-m.  (7.1.119)

—00 —00
[TonoxkutenpHbBIC KBaApPaTHbIC KOPHU H3 ,Z[I/ICHepCHI/I COCTAaBJAOIIINX 5 un
HAa3bIBAKOTCA cpeOHuMu KGCZ()pamMLl€CKMMM OMKIOHEHUAMU COCTABIIAIOIIUX 5 un

WM cTanjaptamu: o, =+/D(S) , o, =4/D(n) .

OCHOBHOW XapaKTEpPUCTUKOW, KOTOpasi OMUCHIBAET CBA3b MEXKIAY COCTABJISAIO-
muMu ¢ U 7] CIIydaHOW BETHYMHBI (5; 77), ABJISIETCS Kosapuayusi, KOTopas TakxKe
Ha3bIBACTCS KOPPENYUOHHBIM MOMEHMOM UIN Momermom cessu K., 1 onpenenser-
cs o popmyite (6.1.4).

Jly1st HenpepBIBHOM CTydyailHON BETUYHMHBI pacuéTHyIo (hopmyiy ajisi KoBapua-
LIMA MOKHO 3aIIMCaTh B BUJE

+00 +00 +00 +00

= j J‘(x—mé)(y—mn)f(x,y)dxdy:_[J‘xyf(x,y)dxdy—mé-mn.(7.1.1.20)

—00 —00 —00 —00
Koaddunment koppensiuu onpenensercs no dpopmyre (6.1.16).
VCIoBHBIE paclpeielncHns COCTABISIONMX & W 7] CAy4alHOM BEJIMYMHBI

(f; 17) XapaKTepHU3yIOTCsS YCIOBHBIMU YMCIOBBIMH XapaKTEPUCTHKAMH, YCIOBHBIMH

MAaTeMaTUYECKUMU OKUJAAHUSMU U TUCTIEPCUSAMH 3TUX COCTABIIIOIIUX.
Venosnoe mamemamuueckoe odxcudanue COCTaBISIONIEH & MPU YCIOBHH, YTO

HETPEPBIBHAS ClTydaiiHas BEIIMYWHA 7) TPUHSJIA ONpEaeEHHOE 3HAYCHHE Y, HAaXO-
auTcs o popmyie
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m,, =M (&n=y)= j xf (x| y)dx. (7.1.1.21)

AHQJIOTUYHO ONPEACISIETCS VCI08HOE MamemMamuyeckoe 0XdCudaHue COCTaB-
JISIFOLLEH 77 :

mm:M(n\g:x)zJyf(y\x)dy. (7.1.1.22)

Venosnas oucnepcust cocmasnsiioweil & Tpu yCIOBUH, YTO HETPEPBIBHAS CITY-
yaifHasi BeTUYMHA 7] TPUHsIIA ONpeIesIEHHOE 3HAaUEHUE Y , HAX0IUTCA 10 hopmyrie

+00

0%, =D(&n=y)=[(x-m.,) f(x|y)dx.  (7.1.123)

—0

AHaJIOTUYHO ONPEACIIAETCS YCI06HA OUChepCUsl cocmasaiiouen 1)

+00

oﬁgzD(M§:x):j(x—nM§ff(bedy. (7.1.1.24)

et

V3 pacnipenencHuil AByMepHOW ciydaiitoil Bemmauusl (&;77) paccMOTpHM
HOpPMaJIbHOE pacrpejie]ieHue, KOTOpoe HauOoJIee Y4acTo MPUMEHSETCS Ha TPAKTHKE.
Cityuaiinas Benmunna (£;7) UMeeT HOPMAIBHOE PACIIPE/IENICHUE, €CI €8 IUTOTHOCTh
BEPOATHOCTH UMEET BH]

. 1 [(en) 2p<x—m§)-<y—mq)¢<v—n;n)2]
f(x,y) = zez(l‘p)L " T ") (7.1.1.25)
270.0,\1-p

rac mg, Mm_ - MaTCMAaTUYCCKUC OKHUIAAHUS COCTABJIAIOIINX 5 u 7, 09" O, - HX

n
CpeIHUE KBaJ[paTUYECKUE OTKIOHEHHS; O - KOI(DOUIMEHT KOPPEISAIUU MEXKIY CO-

CTaBJISIOIIUMM.
Ecnmu cnydaitHas BennyuHa (5;77) AMEET HOPMAIIbHOE PACIHPENCIICHUE, TO

n

pacrpezencHne € COCTABISIONMX & W 7] SBIIAIOTCS TOKE HOPMAaJIbHBIMU pacipee-

(xme)’ (y-m,)’

l - 20'2 1 262
aeausmu: f(X)=———e ¢ | f =————1¢ 7
1(X) T 2(Y)

o, 27

BeposTHOCTh mOnaganus CIyd4ailHOM TOYKH, PACOPEAECIEHHONW MO0 HOPMAJIBHO-
My 3aKOHy, B IpAMOYyronpHuk G = {(X, Y|a<E<BAS<H< 7/} C OCSAMH, Tapaj-

JENbHBIMU TJIaBHBIM OCSM PACCEUBAHMUS, BbIpaxkaeTcsi GopMysion

-m -m —-m o—m
P(EmcG)=| o LM |_o 22 | [l g Z2M | _p 22T

Gg O',7 077

(7.1.1.26)

O

BepoaTHOCTh momnagaHus CIy4alHOM TOYKH, PACHPENCIEHHON 10 HOPMAJIbHO-
My 3aKOHY, B 00J1acTh R, , OrpaHUYeHHYIO JUTUIICOM pACCEHBAHMUs, paBHA
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2
P((£7)cG)=1-¢"",
rAe N - pasMepbl NOJYOCEH DJIUIMIICAa B CPEIHEKBAJIPATHUYHBIX OTKIIOHCHUSX:
n= a/a§ =b/0',7 .

Ecin o, =0, =0, T0 paccerBaHue 110 HOPMAIBHOMY 3aKOHY Ha3bIBACTCS KPY-

roBeiM. [Ipy KpyroBoM HOpMaJIbHOM PACCEMBAHUM C LEHTPOM pPACCEUBAHMS, COBIA-
JAIOUIMM C Ha4aJIOM KOOPAMHAT, paccTosiHue R oT Hauama KoopauHAT 110 CirydaitHOM
ToukH (&,7) pacupeseseHo Mo 3aKoHy Pasiest ¢ INIOTHOCTBIO BEPOSTHOCTEH

r 12252 .
=12t =0 (7.1.1.27)
0 npur <0,
1 QYHKIUEH pacupeeleHus BEPOATHOCTEN
1-g /% npur >0,

F(r)=
npu r <0,

(7.1.1.28)

7.1.2 IlpenejsbHble TeOPpEeMbI TEOPUM BEPOATHOCTEM

Teopema 7.1.2.1 (0 HepaBeHcTBe UeOblmeBa). BeposTHOCTh TOTO, YTO OT-
KJIOHEHUE CITy4ailHOW BEJIMYMUHBI OT €€ MaTeMaTUYECKOIro OKuJaHus OyaeT 1o adco-
JIOTHOM BEJIMYMHE HE MEHbINE JF000TO MOJIOKUTEIBHOTO 4YHCla &, OrpaHUYeHa

< 2/.2.
CBCPXY BCIIMUYMHOU O /8 .

P(&-m|>e)<o?/s”. (1:1.21)

Tak kak {‘é - m‘ > 8} U {‘5 - m‘ < 8} =), T0 HepaBeHCTBO YeOhIeBa MOXKHO

3amucath B BUC P(‘(f - m\ < 8) >1-c?/&?.

Teopema 7.1.2.2 (Uebbimena). [Iycts & i=1,00 - MOCIENOBATENBHOCTD He-

I
3aBHUCUMBIX CIyYalHBIX BEJIMYMH, Y KOTOPBIX ITUCIEPCUU D(Zji ) <C, u Bce marema-
trueckue oxuganus M (&) koneunsl. Torga cpenHee apu()METHUECKOE ITUX CIIy-

YalHBIX BEJIMUMH CXOOUTCA 11O BEPOATHOCTH K CPCAHEMY apI/I(l)MeTI/I‘ICCKOMy Hux Ma-
TEMATHYCCKHUX O)KI/IJIaHI/II‘/’I, TO €CThb

P %i;_%im(;) <e|21-26) (7.12.2)

n-¢

Teopema 7.1.2.3 (MapkoBa). ITycTh cirydaiiHble BEJIUYHUHBI &, | =1, ya0-

n
BJICTBOPSIIOT ycioBuio —; D Zgﬁ — 0 npu 3#auennn N — +oo. Toraa npu 10OOM
n i1

MOJIO’KUTEJIBHOM 3HAUYE€HUM & BBIMOJHAETCS peeibHoe cooTHomeHue (7.1.2.2).
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CaencrBue. [lycth He3aBUCUMBIC Cy4aiiHble BeTUUUHBI &, N=1 00, umeror

OJIMHAKOBBLIE MaTeMaTHUeCcKue oxkumanusa M (gﬁ ) =m mus Beex 1=1,N, a qucnepeun

yaoeiersopsior yenosuio D(&)<C. Torma cpensee apudMeTHIECKOe CIydailHbIX
BEJIMYHMH CXOAMUTCS 1O BEPOSITHOCTU K YUCTY M TPHU YCIOBUU N —> 400

N—o0

limP lZ;—m <e|=1.
N

Bropoe BaxHoe cienctBue u3 TeopeMbl YeOblmeBa chopmyinupyem B BUIE
TeopeMbl bepHyIn, KOTOpOE Ha3bIBAETCS 3aKOHOM OOJIBIIMX 4ucesl B cxeme bep-
HYJUIH.

Teopema 7.1.2.4 (bepuyaun). Eciu B KakA0M M3 N HE3aBUCUMBIX UCIIBITA-
HUI BEPOATHOCTh HACTYIUIEHHS COObITHMS A paBHa P, TO OTHOCHUTEIbHAs 4acTOTa

CXOJUTC IO BEPOATHOCTH K YHCIIY P IIPpHU 3HAYCHHUH N — 400, TO €CTh

limP| |1~ pl<g |=1. (7.1.2.3)
N—o0 n
B pesynprate monydaeM CIEAYIOIIYIO OLIEHKY
m
PlIm - pl<e|>1-2 (7.1.2.4)
n ne

Teopema 7.1.2.5 (neHTpajJbHAsA NpeaeIbLHAs TeopeMa WK Teopema JIsimy-

HoBa). [Tycth &, 1=1 00 - mocie0BaTEIPHOCTD HE3AaBUCUMBIX CIIyYalHBIX BEIUYHH,

JUISL KaXK/I0M M3 KOTOPBIX CYLIECTBYET MaTeMaTndeckoe oxuganune M (& )=m;, uc-

2 o o o 3
nepcus D(é‘i)= O, W TPEeTHH IEHTpPaJbHBI aOCOMIOTHBIM MOMeHT M ‘éi - mi\ :
ITycts, KpOMeE 3TOrO0, BBIIIOJHEHO yciioBUE JIsmyHOBa

Zn:M‘SKi_mi‘a

lim-=
: 2
Zai
i=1

n—
Tornma nmpyu HEOTPaHWYEHHOM YBEJIIMUYECHHHM N PACIpPENEICHUE CIyYaliHOW BEJIMYUHBI
n

n, = Zcfi CXOJIUTCS TIO PACIPENEICHUI0 K HOPMAITbHOMY PacIpeACIICHHIO ¢ MaTeMa-
i=1

:O_

32

n n
THUeCKuM OkupannemM M (77,)= ZI\/I (&) w mucnepeneit G,fn = Zaf, TO €CThb AJIA
i=1 i=1

n

CIIy4allHOW BEJIMYMHBI 7], = Zfi IIPY 3HAYEHUHU N —> 00 BBIIOJHIETCA COOTHOIICHUE
i-1

2

1 y _(”nfM(jn))
R R e Fmody. (7125
77n —00
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7.2 IlpuMepsbl pelieHHs1 TUIIOBBIX 32124

7.2.1 HenpepsiBHas cilydaiiHas BeanduHa (&;77) 3aaHa IIOTHOCTBIO pacipe-

NEJEHUS BEPOATHOCTEN
¢ a-(2x+2y)npu0<x<2,0<y<2;
(xy)= {O npu 100bIX OpyeUX 3HAYEHUAX X U ).

Tpebyercs:

1) HaliTH HEM3BECTHBIN MTapameTp a;

2) HaliTH MaprUHAIBHBIC PACIPEACICHHS COCTABIIOMUX & W 7] HEMpPEphIB-
HOM clty4aiiHoi Benmauusl (&;77);

3) yCTaHOBHUTH, 3aBUCHMBI HJIH HET COCTABIIIOINE & H 77

4) HaliTH yCJIOBHBIC 3aKOHBI PACIIPE/ICIICHUS;

5) BBIYUCIIUTH MAaTEMaTHYCCKUE OXUIAHUSA, AUCIICPCUU U CPEIHCKBaJApaTHYe-
CKHE OTKJIOHEHHSI COCTABIISIIOINX & U 77

6) HaiiTh (QYHKIMIO paclpeaeicHUsT HEMPEePhIBHOW CIYyYalHOW BEIUYMHBI

(&m);

7) BBIYUCIIUTH BEPOSTHOCTh IOMAJTAHHS CITyYalHOW BEITMYMHBI (g" ; 77) B 00-
nact G ={(&n)0<E<1Al<y <2},

8) BEIYMCIINTH KOBAPUALMIO CIIyYAMHBIX BEIHUUH & U 77.
Pemienne. 1) Jlna ompenesneHus: HEU3BECTHOIO MapaMeTpa a BOCIOJIb3YEeMCS

~+00 +00

YCIIOBUEM HOPMHUPOBKH I _[ f(x,y)dxdy=1.

—+00 +00

ij(x y) dxdy = ”a(2x+2y) dxdy = ajdxj(2x+2y)dy aj 2xy + y? )‘ dx

—00 —00

al(4x+4)dx=a- (2x2 +4X)E =a-16=1.

O'—.l\)

1

OTkyna a= TS CrnenoBaTenbHO, IUIOTHOCTh paclpeiesieHus: BEpOSITHOCTEH
UMeeT BUJI
—-(2x+2y)npu0<x<2;0<y<2;
f(x,y)= 16 (ex+2y)np Y

0 npu n1066IX Opyeux 3Ha4eHusx x u y.

2) Haiiném MapruHajibHbIE PACTIPENCICHUS COCTABIISIONNX & M 7] HEMPEPHIB-

HOM CTy4aifHOM BEJTUYUHBI (é" 77) o ¢hopmynam (7.1.1.7) u (7.1.1.8).

+00 2 1 1
fl(x)=jf(x,y)dy=j—(2x+2y)dy——(2xy+y) =T
0

—00
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i(4X+4), ectu0<x<2;
to ecth f,(X) =116

0, ecru x < Qunu x > 2.
+00 2 2
1 1 1 1
f = | f(x,y)dx=|—2x+2y)dx=—(x*+2yx)| ==+=
()= [ FOoy) = [re@ar2y)ix= o0 +2y0) =747y,

0

1
—(4+4y), 0<y<2;
to ectb f,(y)= 16( Y), ecau Y

0, ecnu y <Quau y > 2.

3) YcraHoBuUM, 3aBUCHMBI WIIM HET cocTaBisitomue & u 77. I[lpoBepum paBeH-

creo f(X,y)=f,(X)- f,(y).

1
—-(2x+2 <x<2;0<y<2;
F(x.y) =116 (2x+2y)npu0<x<2;0<y<2;

0 npu n1066IX Opyeux 3Ha4eHusx x u y.

lX+—,eCJzuO£)c£2; l+£y,eczm0£y£2;
fl(x)' fz(y) =414 4 14 4 # f(X’Y)

0,ecru x <Quau x>2; |0,ecru y<Quau y>2;
Cie0BaTelIbHO, COCTABIIONINE & U 7] SBIISIOTCS 3aBUCUMBIMU BEIUYHMHAMM.

4) Jlns ompenesieHus] YCIOBHBIX paclpeieieHuil BOCIOIb3yeMcst (hopMyiaMu
(7.1.1.11) m (7.1.1.12).

X+Yy

f(X|y)=f(X’y): 2+2ynpu0£x£2;03y£2;
f
:(¥) 0 npu 11066IX Opyeux 3HaUeHUsx X u ).
X+
f(y|x):f(x’y): 2X+yznpu03xﬁ2;0Sy£2;
f(x) 0 npu n106wIX Opyeux 3HaveHusx x u y.

5) MaTeMaTHYECKOE OXKMIAHHE CIIyYaWHOM BEIMYMHBI & BBIYHMCIAM 10 (Bop-
myie (7.1.1.16).

+0 +00 400 2 2
m, = J X f,(X)dx = J I X T (X, y)dxdy :.|.xi(4x+4)dx:j(1x2 +£xjdx =
—o0 —00 —00 0 16 0 4 4
Al
(12 8 ]0 12 8 3 2 6
Jlucniepcuio cirydailHo#i BeMuuHbl & BhIUUCIUM 110 (opmyte (7.1.1.18).

b 2.1 1 31, 1 1
D& = | X2 (X)dXx—m?=|x>—(@x+Ddx—| = | =] =x3+=x® |dx—— =
O= [ o = [ e [6] j(4 o2 j :

8 4 2 1.1
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2
112159

(Lerdef L
16 12

, 36 3 36 36
CpenHeKBagpaTUYHOE OTKIOHCHHE CIY4YallHOM BENMYMHBI & PaBHO:

o.=D(& zg.

Ha ocHOBaHMM CMMMETpPUU TIJIOTHOCTH BEPOSTHOCTEH OTHOCHTEIBHO COCTaB-
Asromux & U 7] CIEIyET, 4To

1 59
m, =m, =5 D(n) = D(§):£, c,=0;=——.
6) Haiiném QyHKIMO pacnpeneneHus 3aJaHHON HENpPEepPbIBHOM ClIy4yaliHOU Be-

JTUYUHBI (5,77) o gopmyie (7.1.1.1): F(X,y) = I dxji f(x,y)dy.

Ecim Xx<0 wm y<0, 10 f(X,y)=0, a, cnemoBarensuo, F(x,y)=0
Ecmu 0<x<2u 0<y<2,T10

X y
F(x,y)=J‘de‘%-(2x+2y)dy=—6j(2xy+y)‘ :—J(ny+y)dx—
0 0 0
116 (xy yoX )X 116-(x2y+y2x).

Ecmu O0<x<2wu y>2, 10

X 2 X
F(x,y):jdxj%-(2x+2y)dy:%J(ny+y)‘ =—I(4x+4)dx—
0 0 0
1 x 1
:E-(2x2+4x)ozﬁ-(2x2+4x).
Ecimn X>2H0<y<2 TO
F(x,y)= J'dxj'— (2x+2y)dy——j(2xy+y)‘ :—j(2xy+y)dx_

1 2 1
:E.(x2y+ yzx)‘o :E.(4y+2y2).

Ecmu x>2 u y>2, 10

F(X,Y) =_2[dx_2[%-(2x+2y) dy=—6_[(2xy+ y )‘ :—J(4x+4)dx—

0
1 2 1
:E-(2x2+4x)‘0:E-(2-22+4~2)=1.

Takum 006pa3om, GyHKIIUS pacpeeICHUs] CUCTEMbl UMEET BU]T
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0 npu x <0uu y <0;

%(x2y+y2x) npuO<x<2ul<y<2;

F(x,y)= %(2X2+4X) npuO<x<2uy>2;

%(4y+2y2) npux>2u0<y<2;

1 npux>2uy2.

7) BpluncnuM BEpOATHOCTH IMOMNMANAHUS CIyYallHOW BEJIMYMHBI (5;77) B 00-
nacte G :{(5;77)‘0£§S1/\1£77§2};
1 2 1 1 1 , 2
P((0<&<1)-(1<n<2))=|dx| =(2x+2y)dy =—|(2xy + dx =
((0<£<D)-A<y ))!!16( y)y16£(yy)\l

11 1
=—(1+3-0)==.
,"161370)=3

1 2x~1)dx =L [(2x+3)dx= L (x4 3
_E-([(4X+4_ x—1) X_E_!( X+3) X—E(X + x)‘

8) BBIUHCIMM KOBAapHAIMIO CIIyYaWHBIX BEIMYMH & W 77 1m0 (dopmyiie
(7.1.1.20).

+00 400 22 X + 1 2 2 X2 + X 2 1
K:, ::[O_J;xy f (x,y)dxdy —-m.m, :ny 2 ydxdy—ﬁzidxg%dy—£:
2/ 2.2 3\ 2 3 2|2
zlj(ﬂ+&] - L -1 [2X2+8_dex_i:l£zi+4ij 1.5
8ol 2 3 ), 36 8y 3 36 8( 3 2 ), 36 36
7.2.2 Tlpou3BoauTCsl TpU HE3aBU- A
CUMBIX BbICTpEna 1o uenu ( Ha puc. 7.2.1 y T S
¢urypa MNSTQ ). IlpunenuBanue mpo- Rl
u3Bonutca mo touke O . PaccenBanue )
SABISICTCS KpyroBbIM. CpemHEKBaIpaTHy- ; 0 X
HO€ OTKJIOHEHHE paBHO 2 meTpa. Cucre- Q ‘\ i
MaTh4yeckas  OmuOKa  OTCYTCTBYET. \
Haiftu BeposTHOCTH XOTSI OBl OJHOTO S. o -1 M N
nomaganuAs npu r=2m u l=2,4 m. |
Pemenue. ITycts coObITHE
A - monajaHune B NPSAMOYTOJBHHK Pucynok 7.2.1 - Iens 11 BeICTpENa

MNST , a coOeitue B - momapganue B
nonykpyr MQT mnpu ogHom BeicTpene. Torna coObitue C = A+ B - monaganue B

1I€JIb TIPU OJJTHOM BBICTPEIIE.
PaccMaTpuBast cliydaiiHble BEJIMYHHBI & M 7] KaK KOOPAMHATHI TOYKH ITOIaa-

HUS U YUYUTBIBAsA, YTO PACCEUBAHUE TOUYKH (5,77) MOAYMHEHO HOPMAJIBHOMY 3aKOHY C
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napamerpamu M, =m, =0, o, =0, =2 ., Ha ocHoBaHuM (opmyisi (7.1.1.26) Haxo-

AWM BCPOATHOCTD ITOIIaAAaHUs B IMIPSAMOYT'OJIBHUK IIPW OAHOM BBICTPCIIC:

P(AP((¢,n) < MNST):(CD(Z’A'Z_OJ—CD(O—;ODX

2 2

Tak kak nmpu KpyroBOM HOPMaJIbHOM PacCEMBAaHUU, COBMAIAIOIINM C HAYAJIOM
KOOP/MHAT, PACCTOSHKUE OT Havasa KOOPAMHAT 10 CiydaiiHoi Touku (&,77) pacmpe-

X(q{ﬂj_@(ﬂn —2.0(L2)-d(1) = 2-0,38493-0,34134 ~ 0,26 .

JeNseTcs 1Mo 3aKoHy Panes, To /Ui onpeneneHusl BEpOATHOCTU MONAJaHUs B MOJY-
KpyT paguyca I =2 m (BEpOSTHOCTH TOsBICHUS coObITH B) mpumennm ¢yHKImi0

pactpenenenus Panes (popmyna 7.1.1.28):

P(B) :%P(R <2) =%-(1—e—22/2'22):%-(1—e—]/2)z0,20.

CrnenoBaTelbHO, BEPOSITHOCTD MOMAaHUs B 11€JIb IPU OJTHOM BBICTpEJIe, paBHA
P(C)=P(A+B)=P(A)+P(B)=0,26+0,20=0,46 .

Jlist omipenienieHus BEpOSITHOCTEH XOTS OBl OHOTO TIOMAIaHUs B IIETh TIPH TPEX
HE3aBUCHMBIX BHICTpENax IepeiiiéM K IpOTUBOIOI0KHOMY coObITHIO C 1 Haiiném
ero BepostHocTs P(C)=1-P(C)=1-0,46=0,54.

CrnenoBaTelibHO, UCKOMasi BEPOSITHOCTH (XOTA OBl OJHO TOMAJaHHE B IIEJIb)
paBHa

P=1-P%*C)=1-(0,54)° =0,842536.

7.2.3 YcrpoiicTBo cocTouT 3 20 HE3aBUCHMO pabOTArONINX 3JIEMEHTOB. Bepo-
SATHOCTh OTKa3a KaXI0ro 3jeMeHTa 3a Bpems | pasHa 0,025. ITonb3ysich HepaBeH-
cTtBOM UYeOkbImieBa, OIIEHUTh BEPOSITHOCTh TOTO, YTO a0COJIOTHAS BEJIMUYMHA PA3HOCTH
MEXKIy YHCIOM OTKa3aBIIMX 3JCMEHTOB M CPEIHHUM YHUCIOM OTKA30B 3a BpeMs |
OKaXETCs: a) MEHbIIEe TPEX, 0) HE MEHBIIIE TPEX.

Pemerne. a) O603HaunM depe3 & AMCKPETHYIO CAYYaliHYIO BETHYMHY — YUCIIO
OTKa3aBIIUX JJIEMEHTOB 3a Bpems | . Torna,

M(£)=np=20-0,025=0,5;
D(&)=npq=20-0,025-0,0975=0,04875.
Bocnonb3yemcst HepaBeHCTBOM UeObliieBa
D($)
.

P(|E-M(&)|<e)=1- .

[MoncraBum M (&) =0,5, D(&) =0,04875, & =3, nonyuum
0,4875

32

P(|¢-0,5/<3)>1- ~0,9458 .

0) Tak kak coObITUs ‘5 —0,5‘ <3 u ‘cf —0,5‘ >3 TPOTUBOMOJIOKHBI, TO CyMMa
BEPOSATHOCTEH 3TUX COOBITHM paBHa equHulle. Cle10BaTeIbHO,
P(|£-0,5/23)=1-P(|£-0,5/<3)<1-0,9458 =0,0542.
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7.2.4 lucniepcust kaxao u3 4000 He3aBUCUMBIX CIIy4alHBIX BEJIUYUH paBHA
10. OueHuTh BEPOSITHOCTh TOrO, YTO OTKJIIOHEHHE CpEeAHEE apU(PMETHUYECKOM ITUX
CJIy4allHbIX BEJIMYUH OT CpEJHEHd MaTeMaTH4eCKOW MX MaTeMaTU4YeCKUX OKUIAaHWUH
He npeBbicurt 0,3.

Pemrenrie. Bocmone3oBumchk HepaBeHcTBOM (7.1.2.2) npu 3nauenusx & =0,3,

D(&) =10 u n=4000, Haxoaum

1 4000 1 4000 10
Zéi = N\'M (é&i) <0,3|21-———~0,9997 .
4000 = 4000 = 4000-3

CrnenoBatesibHO, BEPOSATHOCTh HCKOMOTO cOOBITHS He MeHee 0,9997.

7.2.5 CKOJIBKO HEOOXOAMMO MPOBEPUTH MPOIITAMIIOBAHBIX OJIAHKOB, YTOOBI C
BEPOSITHOCTHIO, HE MeHbIleH 0,9, MOXKHO OBLIIO YyTBEPKAaTh, YTO a0COJIIOTHAS BEIU-
YUHA OTKJIOHEHUS YacTOThl MPOIITAMIOBAHBIX OJAHKOB OT BEPOSITHOCTH OJlaHKa
OBITH MpolITaMIIOBaHbIM, paBHoit 0,8, He mpeBbicuT 0,017

Pemenue. B cootBeTcTBUU ¢ HEpaBeHCTBOM (7.1.2.4) mpu U3BECTHBIX 3HAYEHU-

SX P, U & 9HCTO N BBHIOMpAaeTcs TAKUM, 4TO pasHocTh 1— pg/ne’ Gymer He

Pq

MEHBIIEH 3aanHol BeposTHocTH 0,9, To ecth 1— p( / ne?>0,9 wim N> L2’

IIpu p=0,8, g=0,2 u £ =0,01, monygaem
0 0,8-0,2 _ 0,16
~0,1-(0,01)> 0,00001
TO €CTh HaMMEHBIIIEE YUCIIO OJIAHKOB, KOTOPbIE CIEAYEeT NpoBepUTh, paHO 16000.

~16000,

7.3 3agaHus A0s pelieHUs] HA MPAKTHYECKOM 3aHATHHI

7.3.1 HenpepwiBHast IByMepHasi ciydaiiHasi BETUYHHA (5; 77) 3a/1aHa TUIOTHO-

CTBIO pacnpeecHNs BEPOSTHOCTEH
a-(2x+3y)mpu0<x<3,0<y <4,
f(x,y)=

0 npu n110661X Opyeux 3HaAUEHUAX X U V.
Haiitu Hew3BecTHBIM mapameTrp a .OmnpenenuTs MapruHajIbHBIE paclpenesie-
HHS COCTABIIOMIMX ¢ M 7] HENPEPBIBHON CAy4alHON BEIMYUHEI (§;n). YcraHno-

BUTH, 3aBUCMMOCTh COCTaBJISIOIIMX & W 77. 3amucarh YCJIOBHBIC 3aKOHBI pacrpejie-
JICHUS;
7.3.2 HenpepwiBHAsT IByMEpHas CiIydaiiHash BEJIMYUHA (5; 77) 3a/1aHa TUIOTHO-

CTBIO pacrpeieNieHUs] BEpOSITHOCTEH
24-X-ynpu0<x<10< y<],
f(xy)=

0 npu n106wIX Opyeux 3HaA4eHUsx X u ).
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Haiitu QyHKIMIO pacnpeaencHus HenpepbIBHOW CIy4YaifHOM BETMYHUHbI (5; 77).

Bpaucnnte BEPOSATHOCTH IOMANAHUS CIyYalHOM BEJIMYUHBI (f; 77) B 00JsacTh

G ={(&n)|0,56<£<1,75A0,25<7<0,75}. PaccunTaTh MaTeMaTHUeCKHE OXKH/a-

HUS, JUCIEPCHM M CPEIHCKBAJAPATHUCCKUEC OTKIOHEHHS COCTAaBIAONMX & H 77,
OmnpeneuTh 3HaYeHUE KOBapHAIlUU CIyIaliHbIX BEIUYHH & | 7] .

7.3.3 IlpousBoauTcs TpU HE3aBUCHUMBIX BBICTpENia MO IIEJIH, KOTOpas TMpe.i-
CTaBJIIET COOOH MPSMOYTOJIBHHUK CO cTopoHamMu a =2 km ¥ b=5xu . LlenTp paccen-

BaHM COBIIAJACT € HAYAJIOM KOOpAWHAT. PacceuBanue XApaKTCPU3YCTCA CpPCOAHC-
KBaApPpaTHYCCKUMHN OTKIOHCHUAMU (75 =4dxm u 0-77 =9 xm. CucreMaTHUeCKHE OT-

KJIOHEHUS OTCYTCTYIOT. OnpeieTuTh BEPOSITHOCTD JBYX MONAJaHUI B LENb.

7.3.4 N3nenue sBISETCS U3/AEIUEM IIEPBOTO COPTA, €CIU OTKIOHEHUS €ro pas-
MEpOB OT HOMHMHAJIA HE TIPEBOCXOAT MO a0COIIOTHOM BEIMYMHE COOTBETCTBEHHO 4,6
u 2,5 mm. CriydaiiHple OTKIIOHCHUST & W 7] pa3MepoB W3NS OT CTaHaapTa HEe3aBH-
CUMBI U TIOJYHHSIOTCS HOPMAJIbHOMY 3aKOHY CO CPEIHEKBAIPATUYHBIMHA OTKJIOHEHU-
amu 0, =3 mm u 0, =2 mum. CACTEMATHYECKUE OTKIOHEHHUs OTCYTCTBYIOT. HalTu

BEPOSITHOCTH TOTO, YTO CPEAM OTOOpPAHHBIX TPEX H3ICIHMA, XOTs Obl OJHO HU3JENHE
NEPBOTO COpTa.
7.3.5 CucreMa JIByX CIIy4ailHbIX BEJIMYUH (5,77) NOJAYMHEHA HOPMAJIbHOMY 3a-

KOHY pachpejereHusi, TpuuéM pacceuBaHHUe SIBIsIeTCS KpyroBbiM. Haittu pamumyc
Kpyra, [EHTP KOTOPOIro COBHAAAET C LIEHTPOM PAaCCEMBAaHUS M BEPOSITHOCTh MOMaza-
HUS B KOTOpbIK paBHa 0,5.

7.3.6 Llenpb, mo koTtopoi Ben€rcs cTpenbda MpeacTaBiser co0oit poM6 ¢ aua-
ro"HaisiMu 20 u 4 metpa.llo nenu nporu3BOAUTCS YETHIPE OAMHOYHBIX BBICTpENA, MPHU-
4y&M MpuIeIMBaHue BeAETCS M0 eHTPy poMOa. [ 1aBHBIE OCH pacCeMBaHUs COBMaIa-
10T ¢ JuaroHasiMu pomoa. Jlucnepcun otkioneHuit paBapl: D(E) =25 u D(£) =36.

CucreMaTtuueckue OMIMOKU OTCYTCTBYIOT. UTOOBI MOPA3UTh 11€J1b, IOCTATOYHO ABYX
nonaganuii. HaiiTu BeposSsTHOCTH TOTO, YTO IENTb OYeT IMopakeHa.

7.3.7 CucreMa 1OBYX HE3aBUCHMBIX CIIYYaWHBIX BEJIUYHH (5;77) NOoJYMHEHA
HOPMaJBLHOMY 3aKOHy paclpeleneHus ¢ mapamerpamu M, =8, m =5, D(£) =4,
D(n)=9. HanucaTth BeIpaXeHHE JJIs TUIOTHOCTH PACHpECIICHUS BEPOSITHOCTEH H

(GyHKUIMH pacnipeesieHusl.

7.3.8 OnpenenuTh BEpOSTHOCTH MOMAJaHUsI TPU OJIHOM BBICTpENE B MPSMO-
YTOJILHUK CO cTopoHaMu a =4 u u b =3 m, mapamnensHpIMU OCSM pacceMBaHHs, eC-
JIM TOYKA PAaCCEMBAHUs COBNANAET C LIEHTPOM MPSMOYTOJIbHUKA, a CPEIHEKBAAPATAY-
HbIC OTKIIOHCHUSI PaBHbI O, = 0,5m, o, = 1m.

7.3.9 CucreMa IByX Clly4allHBIX BEJIUYUH (5; 77) MOJYUHSETCS HOPMAJIbHOMY

3aKOHY pacHpeesiCHusl C IJIOTHOCTHIO PACIIPEEIICHUsI BEPOSTHOCTEN
(x-2)° (M)ZJ
+

50 32

f(x,y):a-e_[
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Haiitu mapamerp a. OmnpeneauTb BEPOSTHOCTh COBMECTHOTO BBIOJHEHHS
IBYX HepaBeHCTB: —2<&<2,1<n<3.

7.3.10 Cuctema AByX HE3aBHUCHUMBIX CIy9alHBIX BEITMYHH (5; 77) MOJAYMHEHA
HOPMAJBHOMY 3aKOHY pacrpenenenus ¢ mapamerpamu m. =4, m =9, D(£)=9,
D(77) = 25. Onpenenuts BEPOATHOCTS IHONAfaHus CiydaiiHoi Touku (&;77) B 1psi-

MOYTOJBHUK, IIEHTP KOTOPOrO0 COBMNAJAET C HA4ajJoM KOOPAHMHAT, a CTOPOHBI Mapali-
JIEbHBI KOOPIMHATHBIM OCSIM Y PaBHBI 3 U 7 B HAIIPABJIECHUU 3TUX OCEH.

7.3.11 1o xpyroBoil MHILIEHH MTPOU3BOJAUTCS YETHIPE HE3aBUCUMBIX BBICTpEIIA.
Pamnyc mumenn pasen 15 cm. [IpunenvuBanue Benércs no ueHtpy muieHu. Cucre-
MaTUYECKHE ONIMOKU OTCYTCTBYIOT. PaccemBaHue KpyroBoe C BEPOSTHOCTHBIM OT-
KJoHeHueM 3 cM. HailiTu BeposSTHOCTH TOTO, YTO B MUIIEHHU OyAeT He Ooyiee IBYX
poOOUH.

7.3.12 BeposATHOCTh HACTYIUICHHUS HEKOTOPOTro COOBITHS B KaxaoMm u3 2000
ucneiTanuii pasHa 0,3. Mcnonws3ys HepaBeHCTBO YUeObllieBa, OLEHUTh BEPOSITHOCTD
TOT0, YTO OTKJIOHEHHE YUCJIa HACTYIUICHUN JAHHOTO COOBITHSI OT MaTeMaTUYECKOTrO
oxxuaanus oyner 6ozee 80.

7.3.13 UzBectHO, uto 80 % BCeW MpOayKIMH, MPOU3BOAUMON TPEATPHUATHEM,
ABJISIETCA U3AEJIUEM BbICHIEro copTa. OnpenenuTb BEPOITHOCTh TOTO, YTO YUCIIO U3-
nenuii Beiero copra cpean 90000 U3roToOBNIEHHBIX OYJIET OTJIMYATHCA OT MaTeMaTH-
YeCKOro oxkujianus He 6oisee yem 900 mTyk.

7.3.14 BeposATHOCTh HACTYIUJICHUSI COOBITUSI B KaXKJOM OTJIEIBHO B3STOM HC-
neiTanuu paBHa 0,4. [Tonb3ysick HepaBeHCTBOM YeObllieBa, OLIEHUTh BEPOSITHOCTD
TOTO, YTO YKCIIO & TMOSIBICHUN COOBITHS OymeT 3aKiaroueHo B mpeaenax ot 30 go 70,
eciu Oynet npousBeaeHo 100 He3aBUCUMBIX UCIIBITAHUIA.

7.3.15 lucniepcus kaxaor n3 3000 HE3aBUCUMBIX CITy4ailHBIX BEJIMYMH paBHA
15. OueHuTh BEpOSITHOCTH TOTO, YTO OTKJIOHEHHE CpeaHEH apu(pMETUYECKON ITHX
CIIyYalHBIX BEJIMYMH OT CPEAHEU MATEMATUYECKOM MX MATEMATUYECKUX OXHUIAHUU
He npeBbicurt 0,2,

7.3.16 CxoybKO HEOOXOAMMO MTPOBEPUTD JETANICH, YTOOBI C BEPOSTHOCTHIO, HE
Menbied 0,95, MOXHO OBLIIO YTBEPKIaTh, YTO aOCOTIOTHAS BEJIMYMHA OTKJIOHEHUS
JacCTOThI TOJHBIX JETajeh OT BEPOSITHOCTH JeTanei ObITh roaHou, paBHou 0,9, He
npesbicut 0,027

7.3.17 IIpu KOHTPOJILHOHM MPOBEPKE M3TOTaBIMBAEMBIX MPUOOPOB OBLIO yCTa-
HOBJIEHO, 4TO B cpeaHeM 10 mtyk u3 100 oka3pIBalOTCS C TEMU WM UHBIMU Je(eK-
Tamu. OIIEHUTh BEPOSTHOCTH TOTO, YTO J0JIs MPpuOopoB ¢ Aedexktamu cpeau S00 usz-
TOTOBJICHHBIX OyJIeT MO aOCOJIOTHOW BEJIWYMHE OTJIMYATHCS OT MaTeMaTHYECKOTO
O’KHJaHHUs 3TOH NOJU He OoJtiee ueM, Ha 0,04.

7.3.18 Onpeaenuts HEOOXOAUMOE YUCIIO OMBITOB, KOTOPhIE HEOOXOIUMO TMPO-
BECTH, YTOOBI OTKJIOHEHHWE YaCTOThl TMOSIBICHHUS COOBITHS OT BEPOATHOCTH €ro
HACTYTUICHHSI B OT/ICTILHOM OTbITe, paBHOM 0,7, HE MPEeB30IILIO O a0COIIOTHON BEJIH-
yuHe 0,04 ¢ BepositHOCThIO 0,95.
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7.3.19 Ouenuts BeposATHOCTH TOTO, 4TO B maptuu u3 10000 uzgenuii OTKIOHE-
HUE YacTOThl OpaKOBaHHBIX M3aeNui OT BepossTHOCTU 0,03 ObITH OpakOBaHHBIM U3J1E-
nuem npesbicut 0,02.

7.3.20 Ctpennba Benérca noodyep€nHo u3 Tpéx opynuid. BepostHoctu nomnasna-
HUSl B 1IeJb IIPU OJTHOM BBICTpENIE M3 KaXKJIOr0 OpYIus paBHbI COOTBETCTBEHHO 0,2;
0,4 u 0,6. [Iponzseaeno 600 BeicTpenoB. OLEHUTh CHU3Y BEPOSATHOCTH TOTO, YTO MPHU
ATOM YacTOTa OTJIMYAETCA OT CPeAHE BEpPOATHOCTH MOMaaHus MO0 adCONIOTHOU Be-
InurHe He Ootiee, ueM Ha 0,04.

7.4 3anaHus 1Js1 KOHTPOJIUPYEMOil CAMOCTOATEIbHOM PadoThI

7.4.1 HenpeppiBHas ciiydaiiHasi BEJIMYMHA (f : 77) 3a/1aHa TUIOTHOCTBIO pacmpe-
NEJEHUS BEPOATHOCTEN

f(X,y)={

rae K - Homep BapuaHTa.
HaiitTu HewW3BeCTHBIN MapaMmeTp a, MapruHAJIbHBIE PACIPEIEIICHNAS] COCTABIIA-
IOIUX & W 7] HEMPEPBIBHOM CITyIailHOW BEITHYMHBI (é; 77) , 1 YCIIOBHBIE 3aKOHBI pac-

a-(k-x+(k=1)-y)mpu0<x<k;0<y<k;

0 npu n106wIX Opyeux 3HaueHusx xu y,

npenesieHus. Y CTAHOBUTh, 3aBUCHMBI WJIM HET COCTaBisomme ¢ U 7. BerauciuTh
MAaTeMaTUYECKUE OXKUIAHUSA, JUCIEPCUU U CPEIHEKBAIPATUYECKUE OTKIIOHEHHUS CO-
crapisiomux & u 1. Onpenenuts GYHKIMIO PaclpeIe/ieHNsT HEPEPhIBHOW CITydaii-

HOW BEJIMYUHBI (f; 77). Bpruucnute BEPOSITHOCTH MOMNAJAHUS CIyYalHOUW BEJIUYUHBI
(&;717) B oGnacts G = {(f;n)‘k —1<éE<kAk-1<py< k} u xkoBapuaimio CB & u 77.

7.4.2 BpuucnuTh BEpOSITHOCTh XOTsI ObI OJTHOTO TIOTA/IaHUs MPHU BHICTPENax B
NpSIMOYTOJIBHUK CO CTOpOHaMU a U b, mapannenbHbBIME OCSM pacceUBaHHUs, €CIU
TOYKA PACCEUBAHUS COBMAIACT C IICHTPOM MPSIMOYTOJIbHUKA, a CPeIHEKBAAPATUIHBIC
OTKJIOHEHHSI PaBHbl O, o, . CUCTEMAaTHYECKHE MPOMaxH OTCYTCTBYIOT. 3alucarh

IJIOTHOCTH PACIPEETIEHNS] BEPOATHOCTEN I CIy4YalHOU (é; 77) 1 €€ COCTaBJAIO-

J111%), @
7421  a=lb=2,0,=3,0,=5 7422  a=Lb=3,0,=4,0,=2

7423  a=lb=4,0,=7,0,=6. 7424  a=lb=50,=20,=3
7425  a=lb=6,0,=50,=4. 7426  a=lb=7,0,=4,0,=T.
7427  a=lb=8,0,=50,=3. 7428  a=lb=9,0,=l0c, =4
7429  a=2b=3,0,=2,0,=5 74210 a=2b=50,=6,0,=2
74211 a=2b=4,0.=6,0,=9. 74212 a=2b=6,0,=20,=5.
74213 a=2b=7,0,=10,=8. 74214 a=2b=9,0,=20,=2.
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7.4.2.15
7.4.2.17
7.4.2.19
7.4.2.21
7.4.2.23
7.4.2.25
71.4.2.27
7.4.2.29

7.4.3 B paccMaTpuBaeMOM TEXHOJOTHYECKOM Ipoiiecce B cpenneM K % uzje-
it umeer gonyck 5 %. Kakoe uucno mznenuii u3 mapTuv N WTYK, C BEPOSITHO-

a:3,b:4,0§:2,0',7:3.
a:3,b:6,0§=2,o;7:4.
a:3,b:8,0'§:2,a,7:4.
a:4,b=5,c7§=3,077:5.
a=4,b=8,0§=5,677=2.
a:5,b:6,0§=5,c7,7:4.
a:5,b:8,0§:3,0,7:9.
a:6,b:7,c7§:3,0',7:5.

7.4.2.16
7.4.2.18
7.4.2.20
71.4.2.22
7.4.2.24
7.4.2.26
7.4.2.28
7.4.2.30

cThi0 P MOXHO miaHupoBath ¢ jpomyckom +5 %.

74.3.1
7.4.3.3
7.4.3.5
7.4.3.7
7.4.3.9
7.4.3.11
7.4.3.13
7.4.3.15
7.4.3.17
7.4.3.19
7.4.3.21
7.4.3.23
7.4.3.25
7.4.3.27
7.4.3.29

k=75, P =0,99, n=200000.
k =76, P=0,97, n=100000.
k=71, P=0,95, n=234000.
k=72, P =0,93, n=231000.
k=77, P=0,90, n=190000.
k =85, P =0,99, n =140000.
k =91, P =0,83, n=246000.
k=67, P=0,94, n=324000.
k=79, P=0,75,n=247000.
k =86, P =0,91, n =120000.
k =60, P =0,82, n=400000.
k =84, P =0,84, n=284000.
k =56, P =0,67, n=110000.
k=77, P=0,88,n=222000.
k=79, P=0,89, n=300000.

71.43.2

7434

7.4.3.6

7.4.3.8

7.4.3.10
7.4.3.12
7.43.14
7.4.3.16
7.4.3.18
7.4.3.20
7.4.3.22
7.4.3.24
7.4.3.26
7.4.3.28
7.4.3.30
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a:3,b:5,0'§:7,0]7:8.
a=3,b=70,=50, =2
a:3,b:9,0§:2,077:1.
a:4,b:6,0'5:2,c7,7:7.
a=4,b=9,G§=3,677=8.
a:5,b=7,c7§:4,c7,7:1.
a:5,b:9,0§:2,0',7:9.
a:6,b=8,0§:3,0',7:4.

k =70, P =0,98, n=150000.
k=74, P =0,96, n=232000.
k =73, P =0,94, n =254000.
k=78, P=0,92, n=180000.
k =81, P =0,89,n=170000.
k =76, P =0,88, n=245000.
k =68, P =0,81,n=112000.
k=93, P=0,69, n=451000.
k =87, P =0,89, n=253000.
k=67, P=0,89, n=290000.
k =76, P=0,98, n=230000.
k =89, P =0,93, n=187000.
k =86, P =0,92, n=251000.
k =74, P =0,91, n=140000.
k =89, P =0,89, n=289000.
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[MPUJIOXKEHUE

Tabnuua A.1 — 3nauenus pyHkuuu pacnpeneneHus [lyaccona

P(X

7

m

:m):m.e’”

IIpn u, pasaom 0,1;0,2; ...; 1,0

kS

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0,90484

0,81873

0,74082

0,67032

0,60653|0,54881

0,49659

0,44933

0,40657

0,36788

0,09048

0,16375

0,22225

0,26813

0,30327/0,32929

0,34761

0,35946

0,36591

0,36788

0,00452

0,01637

0,03334

0,05363

0,07582/0,09879

0,12166

0,14379

0,16466

0,18394

0,00015

0,00109

0,00333

0,00715

0,01264/0,01976

0,02839

0,03834

0,04940

0,06131

0,00000

0,00005

0,00025

0,00072

0,00158/0,00296

0,00497

0,00767

0,01111

0,01533

0,00000

0,00002

0,00006

0,00016/0,00036

0,00070

0,00123

0,00200

0,00307

0,00000

0,00000

0,00001]0,00004

0,00008

0,00016

0,00030

0,00051

0,00000] 0,00000

0,00001

0,00002

0,00004

0,00007

0,00000

0,00000

0,00000

0,00001

O o|INoO ||~ W|IN ([ |O

0,00000

IIpu u, paBHOM 2; 3; 4; ...; 11

RS

5

6

7

8

10

11

0,13534

0,04979

0,01832

0,00674

0,00248/0,00091

0,00034

0,00012

0,00005

0,00002

0,27067

0,14936

0,07326

0,03369

0,01487/0,00638

0,00268

0,00111

0,00045

0,00018

0,27067

0,22404

0,14653

0,08422

0,04462/0,02234

0,01073

0,00500

0,00227

0,00101

0,18045

0,22404

0,19537

0,14037

0,08924/0,05213

0,02863

0,01499

0,00757

0,00370

0,09022

0,16803

0,19537

0,17547

0,13385/0,09123

0,05725

0,03374

0,01892

0,01019

0,03609

0,10082

0,15629

0,17547

0,16062/0,12772

0,09160

0,06073

0,03783

0,02242

0,01203

0,05041

0,10420

0,14622

0,16062|0,14900

0,12214

0,09109

0,06306

0,04109

0,00344

0,02160

0,05954

0,10444

0,137680,14900

0,13959

0,11712

0,09008

0,06458

0,00086

0,00810

0,02977

0,06528

0,10326/0,13038

0,13959

0,13176

0,11260

0,08879

OO0 |N|O |01~ |W N[O

0,00019

0,00270

0,01323

0,03627

0,06884/0,10140

0,12408

0,13176

0,12511

0,10853

[EEN
o

0,00004

0,00081

0,00529

0,01813

0,04130/0,07098

0,09926

0,11858

0,12511

0,11938

[EEY
[EEN

0,00001

0,00022

0,00192

0,00824

0,02253/0,04517

0,07219

0,09702

0,11374

0,11938

[EEN
N

0,00000

0,00006

0,00064

0,00343

0,01126|0,02635

0,04813

0,07277

0,09478

0,10943

[EEN
w

0,00001

0,00020

0,00132

0,005200,01419

0,02962

0,05038

0,07291

0,09259

[N
SN

0,00000

0,00006

0,00047

0,00223/0,00709

0,01692

0,03238

0,05208

0,07275

[EEN
a1

0,00002

0,00016

0,00089|0,00331

0,00903

0,01943

0,03472

0,05335

[EEN
(op}

0,00000

0,00005

0,00033|0,00145

0,00451

0,01093

0,02170

0,03668

[EN
\‘

0,00001

0,00012/0,00060

0,00212

0,00579

0,01276

0,02373
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2 2 3 4 5 6 7 8 9 10 11
18 0,00000(0,00004{0,00023|0,00094|0,00289| 0,00709 | 0,01450
19 0,00001/0,00009|0,00040(0,00137| 0,00373 | 0,00840
20 0,00000(0,00003|0,00016(0,00062| 0,00187 | 0,00462
21 0,00001 |0,00006|0,00026| 0,00089 | 0,00242
22 0,00000 |0,00002|0,00011| 0,00040 | 0,00121
23 0,00001|0,00004| 0,00018 | 0,00058
24 0,00000(0,00002| 0,00007 | 0,00027
25 0,00001| 0,00003 | 0,00012
26 0,00000| 0,00001 | 0,00005
27 0,00000 | 0,00002
Tabnuna A.2 — 3HaueHust GQyHKITUU
Lt
@(X) me

0 1 2 3 4 5 6 7 8 9
0,0 10,39894(0,39892|0,39886|0,39876|0,39862(0,39844|0,39822(0,39797|0,39767 0,39733
0,1 0,39695|0,39654(0,396080,395590,39505|0,39448 |0,39387|0,39322(0,39253|0,39181
0,2 10,39104(0,39024|0,389400,38853|0,38762|0,38667|0,38568 |0,38466|0,38361 (0,38251
0,3 10,38139(0,38023|0,37903|0,37780|0,37654(0,37524|0,37391{0,37255|0,37115(0,36973
0,4 0,36827|0,36678(0,365260,36371|0,36213|0,360530,35889|0,35723{0,355530,35381
0,5 10,35207(0,35029|0,348490,34667|0,34482(0,34294|0,34105{0,33912{0,33718(0,33521
0,6 1(0,33322(0,33121|0,32918/0,32713|0,32506(0,32297|0,32086{0,31874{0,31659(0,31443
0,7 10,31225|0,31006{0,307850,30563{0,30339{0,30114 |0,29887|0,29659 |0,29431|0,29200
0,8 10,289690,28737|0,28504 |0,28269|0,28034(0,27798|0,27562(0,27324|0,27086 |0,26848
0,9 10,266090,26369|0,261290,25888|0,25647|0,25406|0,25164 {0,24923|0,24681 |0,24439
1,0 10,24197|0,23955|0,23713|0,23471|0,23230|0,22988|0,22747 |0,22506 |0,22265|0,22025
1,1 10,21785|0,21546(0,21307|0,21069|0,20831|0,20594 0,20357|0,20121{0,19886|0,19652
1,2 10,19419|0,19186|0,18954|0,18724|0,184940,18265|0,18037|0,17810{0,17585|0,17360
1,3 10,17137|0,16915|0,16694|0,1647410,16256|0,16038|0,15822|0,15608 |0,15395|0,15183
1,4 10,14973|0,14764|0,14556|0,14350(0,14146|0,13943|0,13742|0,13542(0,13344|0,13147
1,5 10,12952|0,12758|0,12566|0,12376|0,12188|0,12001|0,118160,11632{0,11450|0,11270
1,6 10,11092|0,10915(0,10741|0,10567 |0,10396|0,10226 |0,10059|0,09893|0,09728|0,09566
1,7 10,09405|0,09246|0,09089|0,08933|0,08780(0,08628|0,08478|0,08329(0,08183|0,08038
1,8 10,07895|0,07754(0,07614|0,07477(0,07341|0,07206 |0,07074|0,06943|0,06814|0,06687
1,9 10,06562|0,06438(0,06316|0,06195|0,06077|0,05959|0,05844|0,05730{0,05618|0,05508
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0 1 2 3 4 5 6 7 8 9
2,0 10,05399|0,05292|0,05186|0,05082|0,049800,04879|0,04780|0,04682|0,04586 |0,04491
2,1 10,04398|0,04307|0,04217|0,04128|0,040410,03955|0,03871|0,03788|0,03706 |0,03626
2,2 10,03547]0,03470/0,033940,03319|0,03246|0,03174|0,03103]0,03034 |0,02965 | 0,02898
2,3 10,02833]0,02768|0,02705]0,02643]0,02582|0,02522 |0,02463 |0,02406 |0,02349 |0,02294
2,4 10,02239|0,02186|0,02134|0,02083|0,02033|0,01984|0,01936|0,01888|0,01842|0,01797
2,5 10,01753]0,01709|0,01667]0,01625]0,01585|0,01545|0,01506|0,01468 |0,01431|0,01394
2,6 10,01358|0,01323/0,01289|0,01256|0,01223|0,01191|0,01160|0,01130/0,01100|0,01071
2,7 10,01042|0,01014|0,00987|0,00961|0,00935|0,00909|0,00885|0,00861|0,00837|0,00814
2,8 10,00792|0,00770/0,00748|0,00727|0,00707|0,00687|0,00668 |0,00649|0,00631|0,00613
2,9 10,00595|0,00578|0,00562]0,00545|0,00530|0,00514 |0,00499|0,00485|0,00470|0,00457
3,0 10,00443|0,00430/0,00417|0,00405|0,00393|0,00381|0,00370|0,00358|0,00348|0,00337
3,1 10,00327|0,00317|0,00307|0,00298|0,00288|0,00279|0,00271]0,00262 |0,00254 |0,00246
3,2 10,00238|0,002310,0022410,00216|0,00210|0,00203|0,00196|0,00190|0,00184 |0,00178
3,3 10,00172|0,00167|0,00161|0,00156|0,001510,00146|0,00141|0,00136|0,00132|0,00127
3,4 10,00123|0,00119/0,00115]0,00111|0,00107|0,00104|0,00100|0,000970,00094 |0,00090
3,5 ]0,00087]0,00084|0,00081|0,00079|0,00076|0,00073|0,00071]0,00068 |0,00066 |0,00063
3,6 0,00061|0,00059|0,00057|0,00055|0,00053|0,00051|0,00049|0,000470,00046|0,00044
3,7 0,00042|0,00041|0,00039|0,00038|0,00037|0,00035|0,00034 0,00033|0,00031|0,00030
3,8 10,00029|0,00028|0,00027|0,00026|0,00025 |0,00024 |0,00023]0,00022 |0,00021 |0,00021
3,9 10,00020/0,00019/0,00018|0,00018|0,00017|0,00016|0,000160,00015|0,00014|0,00014
4,0 10,00013|0,00013/0,00012/0,00012|0,00011/0,000110,00011{0,00010/0,00010|0,00009
4,1 10,000090,00009|0,00008|0,00008|0,00008|0,00007|0,00007|0,00007 |0,00006|0,00006
4,2 10,000060,00006|0,00005|0,00005|0,00005|0,00005 |0,00005|0,00004 {0,00004 | 0,00004
4,3 ]0,00004|0,00004|0,00004 0,00003|0,00003|0,000030,00003|0,00003|0,00003|0,00003
4,4 10,000020,00002|0,00002|0,00002|0,00002|0,00002|0,00002 |0,00002|0,00002|0,00002
4,5 10,000020,00002|0,00001|0,00001/0,000010,00001|0,00001|0,00001|0,00001|0,00001
4,6 0,00001|0,00001{0,000010,00001{0,00001{0,000010,00001|0,00001|0,00001]0,00001
4,7 10,000010,00001{0,00001|0,000010,00001|0,00001{0,000000,00000 |0,00000|0,00000
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Tabnuma A.3 — 3nauenus Qynkuuu Jlamnaca

2

1} -L
qn(x):—je 2dt
T %

2z

X d(x) X d(x) X d(x) X d(x)

0,00 0,00000 0,37 0,14431 0,73 0,26730 1,10 0,36433

0,01 0,00399 0,38 0,14803 0,74 0,27035 111 0,36650

0,02 0,00798 0,39 0,15173 0,75 0,27337 1,12 0,36864

0,03 0,01197 0,40 0,15542 0,76 0,27637 1,13 0,37076

0,04 0,01595 0,41 0,15910 0,77 0,27935 1,14 0,37286

0,05 0,01994 0,42 0,16276 0,78 0,28230 1,15 0,37493

0,06 0,02392 0,43 0,16640 0,79 0,28524 1,16 0,37698

0,07 0,02790 0,44 0,17003 0,80 0,28814 1,17 0,37900

0,08 0,03188 0,45 0,17364 0,81 0,29103 1,18 0,38100

0,09 0,03586 0,46 0,17724 0,82 0,29389 1,19 0,38298

0,10 0,03983 0,47 0,18082 0,83 0,29673 1,20 0,38493

0,11 0,04380 0,48 0,18439 0,84 0,29955 1,21 0,38686

0,12 0,04776 0,49 0,18793 0,85 0,30234 1,22 0,38877

0,13 0,05172 0,50 0,19146 0,86 0,30511 1,23 0,39065

0,14 0,05567 0,51 0,19497 0,87 0,30785 1,24 0,39251

0,15 0,05962 0,52 0,19847 0,88 0,31057 1,25 0,39435

0,16 0,06356 0,53 0,20194 0,89 0,31327 1,26 0,39617

0,17 0,06749 0,54 0,20540 0,90 0,31594 1,27 0,39796

0,18 0,07142 0,55 0,20884 0,91 0,31859 1,28 0,39973

0,19 0,07535 0,56 0,21226 0,92 0,32121 1,29 0,40147

0,20 0,07926 0,57 0,21566 0,93 0,32381 1,30 0,40320

0,21 0,08317 0,58 0,21904 0,94 0,32639 1,31 0,40490

0,22 0,08706 0,59 0,22240 0,95 0,32894 1,32 0,40658

0,23 0,09095 0,60 0,22575 0,96 0,33147 1,33 0,40824

0,24 0,09483 0,61 0,22907 0,97 0,33398 1,34 0,40988

0,25 0,09871 0,62 0,23237 0,98 0,33646 1,35 0,41149

0,26 0,10257 0,63 0,23565 0,99 0,33891 1,36 0,41308

0,27 0,10642 0,64 0,23891 1,00 0,34134 1,37 0,41466

0,28 0,11026 0,65 0,24215 1,01 0,34375 1,38 0,41621

0,29 0,11409 0,66 0,24537 1,02 0,34614 1,39 0,41774

0,30 0,11791 0,67 0,24857 1,03 0,34849 1,40 0,41924

0,31 0,12172 0,675 0,25016 1,04 0,35083 1,41 0,42073

0,32 0,12552 0,68 0,25175 1,05 0,35314 1,42 0,42220

0,33 0,12930 0,69 0,25490 1,06 0,35543 1,43 0,42364

0,34 0,13307 0,70 0,25804 1,07 0,35769 1,44 0,42507

0,35 0,13683 0,71 0,26115 1,08 0,35993 1,45 0,42647

0,36 0,14058 0,72 0,26424 1,09 0,36214 1,46 0,42785
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X D(x) X d(x) X d(x) X d(x)
1,47 0,42922 1,87 0,46926 2,27 0,48840 2,67 0,49621
1,48 0,43056 1,88 0,46995 2,28 0,48870 2,68 0,49632
1,49 0,43189 1,89 0,47062 2,29 0,48899 2,69 0,49643
1,50 0,43319 1,90 0,47128 2,30 0,48928 2,70 0,49653
151 0,43448 1,91 0,47193 2,31 0,48956 2,71 0,49664
1,52 0,43574 1,92 0,47257 2,32 0,48983 2,12 0,49674
1,53 0,43699 1,93 0,47320 2,33 0,49010 2,73 0,49683
1,54 0,43822 1,94 0,47381 2,34 0,49036 2,74 0,49693
1,55 0,43943 1,95 0,47441 2,35 0,49061 2,75 0,49702
1,56 0,44062 1,96 0,47500 2,36 0,49086 2,76 0,49711
1,57 0,44179 1,97 0,47558 2,37 0,49111 2,77 0,49720
1,58 0,44295 1,98 0,47615 2,38 0,49134 2,78 0,49728
1,59 0,44408 1,99 0,47670 2,39 0,49158 2,79 0,49736
1,60 0,44520 2,00 0,47725 2,40 0,49180 2,80 0,49744
1,61 0,44630 2,01 0,47778 2,41 0,49202 2,81 0,49752
1,62 0,44738 2,02 0,47831 2,42 0,49224 2,82 0,49760
1,63 0,44845 2,03 0,47882 2,43 0,49245 2,83 0,49767
1,64 0,44950 2,04 0,47932 2,44 0,49266 2,84 0,49774
1,65 0,45053 2,05 0,47982 2,45 0,49286 2,85 0,49781
1,66 0,45154 2,06 0,48030 2,46 0,49305 2,86 0,49788
1,67 0,45254 2,07 0,48077 2,47 0,49324 2,87 0,49795
1,68 0,45352 2,08 0,48124 2,48 0,49343 2,88 0,49801
1,69 0,45449 2,09 0,48169 2,49 0,49361 2,89 0,49807
1,70 0,45543 2,10 0,48214 2,50 0,49379 2,90 0,49813
1,71 0,45637 2,11 0,48257 2,51 0,49396 2,91 0,49819
1,72 0,45728 2,12 0,48300 2,52 0,49413 2,92 0,49825
1,73 0,45818 2,13 0,48341 2,53 0,49430 2,93 0,49831
1,74 0,45907 2,14 0,48382 2,54 0,49446 2,94 0,49836
1,75 0,45994 2,15 0,48422 2,55 0,49461 2,95 0,49841
1,76 0,46080 2,16 0,48461 2,56 0,49477 2,96 0,49846
1,77 0,46164 2,17 0,48500 2,57 0,49492 2,97 0,49851
1,78 0,46246 2,18 0,48537 2,58 0,49506 2,98 0,49856
1,79 0,46327 2,19 0,48574 2,59 0,49520 2,99 0,49891
1,80 0,46407 2,20 0,48610 2,60 0,49534 3,00 0,49865
1,81 0,46485 2,21 0,48645 2,61 0,49547 3,01 0,49869
1,82 0,46562 2,22 0,48679 2,62 0,49560 3,02 0,49874
1,83 0,46638 2,23 0,48713 2,63 0,49573 3,03 0,49878
1,84 0,46712 2,24 0,48745 2,64 0,49585 3,04 0,49882
1,85 0,46784 2,25 0,48778 2,65 0,49598 3,05 0,49886
1,86 0,46856 2,26 0,48809 2,66 0,49609 3,06 0,49889
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X D(x) X d(x) X d(x) X d(x)
3,07 0,49893 3,13 0,49913 3,19 0,49929 3,70 0,49989
3,08 0,49896 3,14 0,49916 3,20 0,49931 3,80 0,49993
3,09 0,49900 3,15 0,49918 3,30 0,49952 3,90 0,49995
3,10 0,49903 3,16 0,49921 3,40 0,49966 4,00 0,499968
3,11 0,49906 3,17 0,49924 3,50 0,49977 4,50 0,499997
3,12 0,49910 3,18 0,49926 3,60 0,49984 5,00 0,499999

Ta6nuna A.4 — 3HadeHne y° pacrpeieIeHus

B Ta6J'II/IHC MNpCACTABJICHBI 3HAYCHUA }(iv B 3aBMCHUMOCTH OT YHMCJa CTCIICHEU

CBOOOJIBI V' U BEPOSITHOCTH

14 0,2 0,1 0,05 0,02 0,01 0,001
(24

1 1,642 2,706 3,841 5,412 6,635 10,827
2 3,219 4,605 5,991 7,824 9,210 13,815
3 4,642 6,251 7,815 9,837 11,345 16,266
4 5,989 7,779 9,488 11,668 13,277 18,467
5 7,289 9,236 11,070 13,388 15,086 20,515
6 8,558 10,645 12,592 15,033 16,812 22,457
7 9,803 12,017 14,067 16,622 18,475 24,322
8 11,030 13,362 15,507 18,168 20,090 26,125
9 12,242 14,684 16,919 19,669 21,666 21,877
10 13,442 15,987 18,307 21,161 23,209 29,588
11 14,631 17,275 19,675 22,618 24,725 31,264
12 15,812 18,549 21,026 24,054 26,217 32,909
13 16,985 19,812 22,362 25,472 27,688 34,528
14 18,151 21,064 23,685 26,783 29,141 36,123
15 19,311 22,307 24,996 28,259 30,578 37,697
16 20,465 23,542 26,296 29,633 32,000 39,252
17 21,615 24,769 27,587 30,995 33,409 40,790
18 22,760 25,989 28,869 32,346 34,805 42,312
19 23,900 27,204 30,144 33,687 36,191 43,820
20 25,038 28,412 31,410 35,020 37,556 45,315
21 26,171 29,615 32,671 36,343 38,932 46,797
22 27,301 30,813 33,924 37,659 40,289 48,268
23 28,429 32,007 35,172 38,968 41,638 49,728
24 29,553 33,196 36,415 40,270 42,980 51,179
25 30,675 34,382 37,652 41,556 44,314 52,620
26 31,795 35,563 38,885 42,856 45,642 54,052
27 32,912 36,741 40,113 44,140 46,963 55,476
28 34,027 37,916 41,337 45,419 48,278 56,893
29 35,139 38,087 42,557 46,693 49,588 58,302
30 36,250 40,256 43,773 47,962 50,892 59,703

115




3navenus t, , yIOBIETBOPSIOT yCa0BHIO P (t >t, V) = J S(t,v)dt=a.

Tabmuma A.5 — Pacnipenenenne CteroeHTa

t

o0

a,v

B Ta6J'II/II_IC MMpCACTABJICHBI 3HAUYCHUA KBaHTHIEH t ~ » B 3aBUCHUMOCTH OT YUCJIa

CTeneHel CBOOOBI V U BEPOSTHOCTH X .

(04 0,40 0,30 0,20 0,10 | 0,050 | 0,025 | 0,010 | 0,005 | 0,001 | 0,0005
| 4
1 0,325 | 0,727 | 1,376 | 3,078 | 6,314 | 12,71 | 31,82 | 63,66 | 3813 | 636,6
2 0,289 | 0,617 | 1,061 | 1,886 | 2,920 | 4,303 | 6,965 | 9,925 | 22,33 | 31,60
3 0,277 | 0584 | 0978 | 1638 | 2,353 | 3,182 | 4,541 | 5841 | 10,22 | 12,94
4 0,271 | 0,569 | 0,941 | 1,533 | 2,132 | 2,776 | 3,747 | 4604 | 7,173 | 8,610
5 0,267 | 0,559 | 0,920 | 1476 | 2,015 | 2,571 | 3,365 | 5032 | 5,893 | 6,859
6 0,265 | 0,553 | 0,906 | 1,440 | 1,943 | 2,447 | 3,143 | 3,707 | 5,208 | 5,959
7 0,263 | 0549 | 0,896 | 1415 | 1,895 | 2,365 | 2,998 | 3,499 | 4,765 | 5,405
8 0,262 | 0,546 | 0,889 | 1,397 | 1,860 | 2,306 | 2,896 | 3,355 | 4,501 | 6,041
9 0,261 | 0,543 | 0,883 | 1,383 | 1,833 | 2,262 | 2,821 | 3,250 | 4,297 | 4,781
10 | 0,260 | 0,542 | 0,879 | 1,372 | 1,812 | 2,228 | 2,764 | 3,169 | 4,144 | 4,587
11 | 0,260 | 0,540 | 0,876 | 1,363 | 1,796 | 2,201 | 2,718 | 3,106 | 4,025 | 4,437
12 | 0,259 | 0,539 | 0,873 | 1,356 | 1,782 | 2,179 | 2,681 | 3,055 | 3,930 | 4,318
13 | 0,259 | 0,538 | 0,870 | 1,350 | 1,771 | 2,160 | 2,650 | 3,012 | 3,852 | 4,221
14 | 0,258 | 0,537 | 0,868 | 1,345 | 1,761 | 2,145 | 2,624 | 3,977 | 3,787 | 4,140
15 | 0,258 | 0,536 | 0,866 | 1,341 | 1,753 | 2,131 | 2,602 | 2,947 | 3,733 | 4,073
16 | 0,258 | 0,535 | 0,865 | 1,337 | 1,746 | 2,120 | 2,583 | 2,921 | 3,686 | 4,015
17 | 0,257 | 0,534 | 0,863 | 1,333 | 1,740 | 2,110 | 2,567 | 2,898 | 3,646 | 3,965
18 | 0,257 | 0,534 | 0,862 | 1,330 | 1,734 | 2,101 | 2,552 | 2,878 | 3,611 | 3,922
19 | 0,257 | 0,533 | 0,861 | 1,328 | 1,729 | 2,093 | 2,539 | 2,861 | 3,579 | 3,883
20 | 0,257 | 0,533 | 0,860 | 1,325 | 1,725 | 2,086 | 2,528 | 2,845 | 3,562 | 3,850
21 | 0,257 | 0,532 | 0,859 | 1,323 | 1,721 | 2,080 | 2,518 | 2,831 | 3,527 | 3,819
22 | 0,256 | 0,532 | 0,858 | 1,321 | 1,717 | 2,074 | 2,508 | 2,819 | 3,505 | 3,792
23 | 0,256 | 0,532 | 0,858 | 1,319 | 1,714 | 2,069 | 2,500 | 2,807 | 3,485 | 3,767
24 | 0,256 | 0,531 | 0,857 | 1,318 | 1,711 | 2,064 | 2,492 | 2,797 | 3,467 | 3,745
25 | 0,256 | 0,531 | 0,856 | 1,316 | 1,708 | 2,060 | 2,485 | 2,787 | 3,450 | 3,725
26 | 0,256 | 0,531 | 0,856 | 1,315 | 1,706 | 2,056 | 2,479 | 2,779 | 3,435 | 3,707
27 | 0,256 | 0,531 | 0,855 | 1,314 | 1,703 | 2,052 | 2473 | 2,771 | 3,421 | 3,690
28 | 0,256 | 0,530 | 0,855 | 1,313 | 1,701 | 2,048 | 2,467 | 2,763 | 3,408 | 3,674
29 | 0,256 | 0,530 | 0,854 | 1,311 | 1699 | 2,045 | 2,462 | 2,756 | 3,396 | 3,659
30 | 0,256 | 0,530 | 0,854 | 1,310 | 1,697 | 2,042 | 2,457 | 2,750 | 3,385 | 3,646
40 | 0,255 | 0,529 | 0,851 | 1,303 | 1,684 | 2,021 | 2,423 | 2,704 | 3,307 | 3,551
50 | 0,255 | 0,528 | 0,849 | 1,298 | 1676 | 2,009 | 2403 | 2,678 | 3,262 | 3,495
60 | 0,254 | 0,527 | 0,848 | 1,293 | 1,671 | 2,000 | 2,390 | 2,660 | 3,232 | 3,460
80 | 0,254 | 0,527 | 0,846 | 1,292 | 1,664 | 1990 | 2,374 | 2,639 | 3,195 | 3,415
100 | 0,254 | 0,526 | 0,845 | 1,290 | 1,660 | 1984 | 2,365 | 2,626 | 3,174 | 3,389
200 | 0,254 | 0,525 | 0,843 | 1,286 | 1,653 | 1,972 | 2,345 | 2,601 | 3,131 | 3,339
500 | 0,253 | 0,525 | 0,842 | 1,283 | 1,648 | 1,965 | 2,334 | 2,586 | 3,106 | 3,310
o | 0,253 | 0524 | 0,842 | 1,282 | 1,645 | 1,960 | 2,326 | 2,576 | 3,090 | 3,291
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Tabmuma A.6 — Pacipenenenne dumepa
B Tabnuue npuBenenbl KpuTHYeCKue 3uavenus (kantum) F, B 3aBucu-

V2

MOCTH OT YHUCJIa CTENeHeN cBOOO B! v, U v, A 3HaueHus o =0,05:
P(F>F,, ,)=005.

v, | 1 2 3 4 5 6 8 12 | 24 | o

161,45 | 199,50 | 215,72 | 224,57 | 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 254,32

18,512 | 18,999 | 19,163 | 19,248 | 19,298 | 19,329 | 19,371 | 19,414 | 19,453 | 19,496

7,710 | 6945 | 6,591 | 6,388 | 6,257 | 6,164 | 6,041 | 5912 | 5774 | 5,628

2
1
2
3 10,129 | 9,552 | 9,276 | 9,118 | 9,014 | 8,941 | 8,844 | 8,774 | 8,638 | 8,527
4
5

6,607 | 5785 | 5410 | 5,192 | 5050 | 4,950 | 4,818 | 4,6/8 | 4,527 | 4,365

5,987 | 5143 | 4,756 | 4,534 | 4,388 | 4,284 | 4,147 | 4,000 | 3,841 | 3,669

5,591 | 4,737 | 4,347 | 4,121 | 3,972 | 3,866 | 3,725 | 3,574 | 3,410 | 3,230

6
7
8 5,317 | 4,459 | 4,067 | 3,838 | 3,688 | 3,580 | 3,438 | 3,284 | 3,116 | 2,928
9 5,117 | 4,256 | 3,863 | 3,633 | 3,482 | 3,374 | 3,230 | 3,073 | 2,900 | 2,707

10 | 4965 | 4,103 | 3,708 | 3,478 | 3,326 | 3,217 | 3,072 | 2,913 | 2,737 | 2,538

11 | 4,844 | 3982 | 3,587 | 3,357 | 3,204 | 3,094 | 2,948 | 2,788 | 2,609 | 2,405

12 | 4,747 | 3,885 | 3,490 | 3,259 | 3,106 | 2,999 | 2,848 | 2,686 | 2,505 | 2,296

13 | 4,667 | 3,805 | 3,410 | 3,179 | 3,025 | 2,915 | 2,767 | 2,604 | 2,420 | 2,207

14 | 4600 | 3,739 | 3,344 | 3,112 | 2,958 | 2,848 | 2,699 | 2,534 | 2,349 | 2,131

15 | 4543 | 3,683 | 3,287 | 3,056 | 2901 | 2,790 | 2,641 | 2,475 | 2,288 | 2,066

16 | 4,494 | 3,634 | 3,239 | 3,007 | 2,853 | 2,741 | 2591 | 2,424 | 2,235 | 2,010

17 | 4,451 | 3592 | 3,197 | 2,965 | 2,810 | 2,699 | 2,548 | 2,381 | 2,190 | 1,961

18 | 4,414 | 3555 | 3,160 | 2,928 | 2,773 | 2,661 | 2,510 | 2,342 | 2,150 | 1,917

19 | 4,381 | 3,522 | 3,127 | 2,895 | 2,740 | 2,629 | 2,477 | 2,308 | 2,114 | 1,878

20 | 4,351 | 3,493 | 3,098 | 2,866 | 2,711 | 2,599 | 2,447 | 2,278 | 2,083 | 1,843

21 | 4,325 | 3,467 | 3,072 | 2,840 | 2,685 | 2,573 | 2421 | 2,250 | 2,064 | 1,812

22 | 4301 | 3,443 | 3,049 | 2,817 | 2,661 | 2,549 | 2,397 | 2,226 | 2,028 | 1,783

23 | 4,279 | 3,422 | 3,028 | 2,795 | 2,640 | 2,528 | 2,375 | 2,203 | 2,005 | 1,757

24 | 4,260 | 3,403 | 3,009 | 2,777 | 2,621 | 2,508 | 2,355 | 2,183 | 1,984 | 1,733

25 | 4,242 | 3,385 | 2,991 | 2,759 | 2,603 | 2,490 | 2,337 | 2,165 | 1,965 | 1,711

26 | 4,225 | 3,369 | 2,975 | 2,743 | 2,587 | 2,474 | 2,321 | 2,148 | 1,947 | 1,691

27 | 4,210 | 3,354 | 2,961 | 2,728 | 2,572 | 2,459 | 2,305 | 2,132 | 1930 | 1,672

28 | 4,196 | 3,340 | 2947 | 2,714 | 2,558 | 2,445 | 2,992 | 2,118 | 1,915 | 1,654

29 | 4,183 | 3,328 | 2,934 | 2,702 | 2,545 | 2,432 | 2,278 | 2,104 | 1,901 | 1,638

30 | 4171 | 3,316 | 2,922 | 2,690 | 2534 | 2,421 | 2,266 | 2,092 | 1,887 | 1,622

40 | 4,085 | 3,232 | 2,839 | 2,605 | 2,449 | 2,336 | 2,180 | 2,004 | 1,793 | 1,509

60 | 4,001 | 3,151 | 2,758 | 2,525 | 2,368 | 2,254 | 2,097 | 1918 | 1,700 | 1,389

120 | 3,920 | 3,072 | 2,680 | 2,447 | 2,290 | 2,175 | 2,106 | 1,834 | 1,608 | 1,254

oo | 3,841 | 2996 | 2,605 | 2,372 | 2,214 | 2,098 | 1,938 | 1,752 | 1,517 | 1,000
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Tabnuna A.7 — JloBepuTenbHbIe HHTEPBAIIBI ISl O

P 0,99 0,98 0,95 0,90
4 71 72 71 72 71 7> 71 72

1 0,356 15,9 0,388 9,98 0,446 9,31 0,510 5,19
2 0,434 14,1 0,466 9,97 0,521 6,28 0,578 4,40
3 0,483 6,47 0,514 5,11 0,566 3,73 0,620 2,32
4 0,519 4,39 0,549 3,67 0,599 2,87 0,649 2,37
5 0,546 3,48 0,576 3,00 0,624 2,45 0,672 2,09
6 0,569 2,98 0,587 2,62 0,644 | 2,202 | 0,690 | 1,916
/ 0,588 2,66 0,616 | 2,377 | 0661 | 2,035 | 0,705 | 1,797
8 0,604 2,44 0,631 | 2,205 | 0,675 | 1916 | 0,718 | 1,711
9 0,618 | 2,277 | 0,644 | 2,076 | 0,688 | 1,826 | 0,729 | 1,645
10 0,630 | 2,154 | 0,656 | 1,977 | 0,699 | 1,755 | 0,739 | 1,593
11 0,641 | 2,056 | 0,667 | 1,898 | 0,708 | 1,698 | 0,748 | 1,550
12 0,651 | 1976 | 0,677 | 1833 | 0,717 | 1651 | 0,755 | 1,515
13 0,660 | 1,910 | 0,685 | 1,779 | 0,725 | 1,611 | 0,762 | 1,485
14 0,669 | 1,854 | 0,693 | 1,733 | 0,732 | 1,577 | 0,769 | 1,460
15 0,676 | 1,806 | 0,700 | 1,694 | 0,739 | 1,548 | 0,775 | 1,437
16 0,683 | 1,764 | 0,707 | 1,659 | 0,745 | 1522 | 0,780 | 1,418
17 0,690 | 1,727 | 0,713 | 1629 | 0,750 | 1,499 | 0,785 | 1,400
18 0,696 | 1,69 | 0,719 | 1,602 | 0,756 | 1,479 | 0,790 | 1,385
19 0,702 | 1666 | 0,725 | 1578 | 0,760 | 1,460 | 0,794 | 1,370
20 0,707 | 1,640 | 0,730 | 1556 | 0,765 | 1,444 | 0,798 | 1,358
21 0,712 | 1617 | 0,734 | 1536 | 0,769 | 1,429 | 0,802 | 1,346
22 0,717 | 159 | 0,739 | 1519 | 0,773 | 1,416 | 0,805 | 1,335
23 0,722 | 1,576 | 0,743 | 1,502 | 0,777 | 1,402 | 0,809 | 1,326
24 0,726 | 1,558 | 0,747 | 1,487 | 0,781 | 1,391 | 0,812 | 1,316
25 0,730 | 1,541 | 0,751 | 1473 | 0,784 | 1,380 | 0,815 | 1,308
26 0,734 | 1526 | 0,755 | 1,460 | 0,788 | 1,371 | 0,818 | 1,300
27 0,737 | 1512 | 0,758 | 1,448 | 0,791 | 1,361 | 0,820 | 1,293
28 0,741 | 1,499 | 0,762 | 1,436 | 0,794 | 1,352 | 0,823 | 1,286
29 0,744 | 1,487 | 0,765 | 1,426 | 0,796 | 1,344 | 0,825 | 1,279
30 0,748 | 1,475 | 0,768 | 1,417 | 0,799 | 1337 | 0,828 | 1,274
40 0,774 | 1,390 | 0,792 | 1,344 | 0,821 | 1,279 | 0,847 | 1,228
50 0,793 | 1,336 | 0,810 | 1,297 | 0,837 | 1,243 | 0,861 | 1,199
60 0,808 | 1,299 | 0,824 | 1,265 | 0,849 | 1,217 | 0,871 | 1,179
70 0820 | 1,272 | 0,835 | 1,241 | 0,858 | 1,198 | 0,879 | 1,163
80 0,829 | 1,250 | 0,844 | 1222 | 0,866 | 1,183 | 0,886 | 1,151
90 0,838 | 1,233 | 0,852 | 1,207 | 0,873 | 1,171 | 0,892 | 1,141
100 0,845 | 1,219 | 0,858 | 1,195 | 0,878 | 1,161 | 0,897 | 1,133
200 0,877 1,15 0,897 1,13 0,912 1,11 0,925 1,09
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Tabnuma A.8 — Tabauia mpon3BOIHBIX OCHOBHBIX AJIEMEHTApHBIX (PyHKINN

1) | C'=0,1ne C=Const; 2) | (x")Y=n-x"*
3) | (@)'=a“lna,rnea>0,a=l,; 4) | (") =e"
log, x)' = : 1
5) (1og. x) X-Ina 6) | (Inx)'==,rme x>0
X
rrea>0,a=1,x>0;
7) | (sinx)'=cosx; 8) | (cosx)' =-sinx;
1
tgx) = , ctgx) =— ,
9) (tgx) CoS” X 10) (ctgx) sin® x
rzlex;t%+7zk,kez; rae x= 7k, ke Z;
11) | (arcsinx)' = ! ,rae x| <1; 12) | (arccosx)’ = —;, rae x| <1;
V1-x2 V1-x*
1 1
13 arctgx)’ = ; 14) | (arcctgx)' =— ;
) | (@rctgx)’=-—; ) | (arectgx)’=-——;
15) | (shx)' =chx; 16) | (chx)' =shx;
1
17 thx)' = ; 18) | (cthx) =— , X #0.
) | Xy =—o ) | (Cthx)'=——7 rae
Tabnuma A.8 — Tabnuia OCHOBHBIX HEONPEIEIEHHBIX HHTETPAJIOB
. n+1 'dX
1) X"dx = +C, n=-1; 2) —=In|x|+C;
- n+1 "X
3) 'axdx:la +C,a>0, a#Lx>0; |4) |[e'dx=e"+C;
o na o
5) [sinxdx =—cosx+C : 6) 'cosxdx:sinx+C;
dx e dx
7 =tgx+C; 8 - =—ctgx+C;
) J COSZX g ) S|n2X 9
e dx X e dx X
9 ——=Injtg=|+C ; 10 ——=Injtg| =+ |+C;
) Jsinx g2 ) COS X ‘9(2 4)
dx 1 X ¢ dx . X
11 =—arctg—+Ca=0,; 12 ———=arcsin—+C, |x|<|a|;
)| ] oyl gorcigs ) | N 3 x| <lal
dx 1, |x+a ¢ dx [ 2
1 =—In——|+C; —=In‘x+ x“+a“|+C;
IV % "2 "xa RIS
15) [shxdx = chx+C; 16) [ chxdx =shx+C;
e dx e dx
17 =thx+C; 18 =—cthx + C,rme X # 0.
)| ch®x )| sh?x o
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