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BBEJAEHUE

Meroauueckue yka3aHusi COCTABJIEHBI HA OCHOBE MPAKTUYECKUX 3aHATUM, KOTO-
pbIE€ aBTOPBI MPOBOAMIIM Ha MPOTSHKEHUM MHOTHX JIET MPENOJaBaHus JUCIUIUIMH «Ma-
TeMaTHKa», «Bbiciiasg mareMaTrka» U «Teoprs BEpOITHOCTEN M MAaTEMATUYECKAS CTaTH-
CTHKa» B BUTEOCKOM rocy1apcTBEHHOM TEXHOJIOTMYECKOM yHUBepcuteTe. [ IpruBeéHHbIM
MaTepuall MPOBEPEH Ha HECKOJIBKUX MOKOJIEHUSIX CTYAECHTOB U COJCPXKUT HEOOXOAUMBbIE
CBEICHUS sl OyayIIMX CIEIMAIMCTOB MEXaHUKO-MH(OPMAIIMOHHBIX U 3KOHOMHKO-
MHPOPMAIIMOHHBIX crienuanbHocTe. Cpeu pacCMOTPEHHBIX B MPAKTHUKYME THIIOBBIX
IIPUMEPOB €CTh 337a4, UMEIOLIME NPAKTUYECKYIO HAIPABICHHOCTb U CBA3AHHBIE C TUC-
LUUIUTMHAMHA, KOTOpBIE OyIyT U3y4aTh CTYAEHTHI B CJICTYIOIIUX CEMECTPAX.

JlanHble yuyeOHO-METOANYECKHE MaTepualibl MpeIHa3HaueHbl Uil CTYJICHTOB 4e-
TBHIPEX CIEUATIBHOCTEN (paKyIbTeTa MHPOPMALMOHHBIX TEXHOJIOTHIM U pOOOTOTEXHUKU U
JIBYX CIIEIUAILHOCTEHN (paKyabTeTa S5KOHOMUKH W OW3Hec-ympaiieHus. B pabote npuse-
JIEHBI TEOPETUUECKME BOIIPOCHI IS CAAYM dK3aMEHA WM 3a4€Ta, COIEPKaHUE U TEMATUKA
MIPAKTUYECKUX 3AHATUH 110 YKAa3aHHBIM KypcaMm. MeToauuecKue yKa3aHHs HallMCaHbl B
COOTBETCTBUU C y4eOHOM MporpaMMoi TuciuruimH «MaremaTtukay, «Beicias MaTema-
THKa» U «Teoprst BEpOSITHOCTEM M MaTeMaTU4eCKasi CTAaTUCTUKA» JIJIsl CTYIEHTOB MeEXa-
HUKO-TEXHOJIOTUYECKUX U SKOHOMHYECKHX CIEIMaTIbHOCTEN BTOPOrO rojia 00y4eHHs.

B nmpaktukyme paccMOTpeHsI Tpu paszzaeiia KypcoB «Maremaruka», «Beicias ma-
TEMAaTUKa», « Teopust BEpOATHOCTEN U MATEMAaTUYECKasl CTATUCTHUKA»: JUCKPETHBIE OIHO-
MEpPHBIE CIyYailHbIE BEJIMYMHBI, HEMPEPHIBHBIC OJHOMEPHBIE CIYYalHbBIC BEIMYMHBI,
JMICKPETHBIE Y HETIPEPBIBHBIE MHOTOMEPHBIE CITydailHble BeMnYnHbL. Kaxkaas Tema mpak-
THUKyMa NPE/ICTaBIgeT OO0 METOIMUECKUN MaTepyall JUlsl MPOBEICHHS IPAKTUYECKOTO
3QHSITUS, COACPIKUT PELLICHUS] TUIIOBBIX MPUMEPOB M MOJIOOPKY PEKOMEHIYEMBIX K perie-
HUIO 33]1a4 10 TEME 3aHATHS, a TAKKE 3aJAHNS IS BBIIOJHEHNUS KOHTPOJIUPYEMOU CaMo-
CTOSITENTFHOM paboThl. B Hawane kaxxmoro pasaena MpUBENEH KPATKUM TEOPETUUECKHIA
Marepua, KOTOpbIii HEOOXOAMMO 3HAThH CTYACHTY IPU MOATOTOBKE K ayAUTOPHOU U ca-
MOCTOSITENTLHOM paboTe 1o 3aAaHHou Teme. [Ipexie yeM npuctynarh K perieHuro 3aaad
MPAaKTUYECKOTO 3aHSATHS WM BBIMOJHEHUIO JOMAIITHETO 3a/IaHus, CTYACHTY HEO0OXO0IMO
U3y4YUTh TEOPETUYECKUN KypC JIEKIMOHHOIO MaTepuajia WM OOpaTHTLCS K aKkajgeMude-
CKHM W3aHUSIM ISl O0Jiee IETaNbHOrO U3YUEHHS Pa3IesioB Kypca, KOTOpPBIE ero HHTepe-
cyroT. HaumeHoBaHME TEM MpPaKTUKyMa, a TAKKE UX CTPYKTypa MOCTPOEHBI B COOTBET-
CTBUM C YYEOHBIMH MPOrpaMMaMH JUCHUILTNH «Marematukay «Bbiciias MaTeMaTHKay U
«Teopust BeposATHOCTEN M MaTeMaTU4eCKas CTATUCTUKA» JJII CTYJIEHTOB CIEUAbHO-
crei: 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 W3JI0KEHHBIA B MPAKTUKYME
TEOPETUUECKUM U MPAKTUYECKUI MaTepHai Uil CaMOCTOSATENTbHON padoThl IO MPEIMETY
Y BBITIOJIHEHUIO KOHTPOJBHBIX 3aqanuil. [Ipeanoxxennas meroquueckas pa3paboTka mo-
MOJKET CTYJIEHTaM IOATOTOBUTHCA K IPOXOXKACHUIO TECTA II0 OTAEIBHBIM TEMaM U pa3-
JieJIaM Kypca, TaK Kak IMPOBEICHUE 3a4€Ta WIN JK3aMeHa MOAPa3yMeBatoOT JIEKTPOHHBIN
KOHTPOJIb 3HAHUH.
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23. OgHOTOUYEYHOE U JBYXTOUECUHOE pacipe/iesiCHUE.

24. I'eOMETpUYECKOE U TUIIEPTEOMETPUUECKOE PaCTIPEICIICHUE.

25. buHOMHaNBHBIN 3aKOH paclpeaeICHHUS.
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pacnpeieseHuss MHOTOMEPHBIX CIIyYalHbIX BEJIMYUH.

31. Pacnipenenenue BepOSTHOCTEN MHOTOMEPHBIX JUCKPETHBIX CIyYalHBIX Be-
JUYMH.
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IMMPAKTUKYM 110 PEHIEHUIO 3AJTAY
1 JUCKPETHBIE CJ1YYAWHBIE BEJIUYHWHBI

Conepskanue: qUCKpeTHbIe ciiyualinble BennuuHbl (JICB), 3akoH pacnpenere-
nus JICB, ynkuus pacnpenenenus, yucioBble Xapakrepuctuku JICB (matematuye-
CKO€ OXKUJAaHUE, MOJia, MEIMaHa, IUCIIEPCUsl, CPEHEE KBAIPATUUECKOE OTKIOHEHHE,
HaYyaJIbHbIE U EHTPAIbHbIE MOMEHTHI K-I'0 IOPSIKA).

1.1 TeopeTnyecknii MaTepuaJ Mo TeMe MPAKTUYECKOT0 3aHATHSA

PaccMoTpuM BeposTHOCTHEIH 3kcnepument E. Ilycts (Q,F,P) — MaTemaru-

YyecKasi MOJIeNIb JAHHOTO 3KCIepuMeHTa. YacTo Mpu perieHnl SJKOHOMUYECKUX U HH-
YKEHEPHBIX 337124 KaXJIOMY DJIEMEHTAPHOMY COOBITHIO @ € ) COMOCTAaBJISETCS HEKO-
TOpOE JICHCTBUTEIILHOE YUCIIO- &(®), KOTOPOE 3aBUCHUT OT @. B 3TOM ciiydae pe3yib-

TaThl IKCIIEPUMEHTA OyIyT OMUCHIBATHCSI HEKOTOPOU YrciioBo (yHKImen &(w), Ko-

TOpasi Onmpeje/ieHa Ha MPOCTPAHCTBE DIIEMEHTAPHBIX COOBITHI (2, TO eCTh (DYHKIHS
&(w) orobpakaeT MHOXecTBO () Ha MHOXECTBO JCHCTBUTEIBHBIX 4YHcel. Takue

(YHKIIMM HA3BIBAIOTCS CIyYailHBIMUA BEJIMYUMHAMH. Y CIOBUMCS CIyJailHbIe BEINYH-
HBbI 0003HAYaTh IPEUYSCKUMHU OyKBaMH, a MPUHHUMAEMbIC UMHU 3HAYEHUS — CTPOYHBIMHU
JATUHCKUMH OyKBaMH.

Omnpenenenue 1.1.1 Juckpemnou cuyuatinoil 8e1uyunoll Ha3bIBACTCS TaKas Be-
mnunHa & = &(w), KoTopast B 3aBUCUMOCTH OT 3JICMEHTAPHBIX UCXOI0B @ MPHUHUMAET

KOHEUYHOE MJIM CYETHOE MHOKECTBO PA3JIMYHBIX 3HAYECHUN X .

Onpenenenue 1.1.2 Pacnpeoenenuem eeposimuocmeti Wil 3aKOHOM pacnpede-
JleHUsl BEPOSITHOCTEN JTUCKPETHOU CIIYYaMHOW BEJIIMYWHBI HA3BIBAETCS COOTBETCTBHUE
MEK]ly BO3MOYKHBIMU 3HAYECHUSMH CIYyYalHOW BEJIIMYMHBI U MX BEPOSTHOCTSAMH, I10
KOTOPOMY KaXXII0OMy BO3MOKHOMY 3HAQYEHHIO X, CIlydalHOM BEIUYHUHBI & IOCTaBJe-

HO B COOTBETCTBHE HEOTPHLATENbHOE uncio p, = P(E=x,),rae Y p, =1.
i

JluckpeTHas ciydaiHas BEIMYMHA CYMTACTCA 3aJaHHOMW, €CIIM OIpenenéH eé
3aKOH pAacCIpeielicHUs] B Pa3IuYHbIX (opMax. 3aKOH pacHpeesIeHUs JTUCKPETHOM
CJIy9aifHOHM BEJTMUUHBI MOKET OBITH 3aJIaH PSIOM PACIPEICICHIS, MHOTOYTOJIbHUKOM
pacrpeseNieHrs, aHATMTHIECKIM 00pa3oM U (GYHKITUCH pacTpe/ieIICHHS.

Onpenenenue 1.1.3 Paodom pacnpeoenenuss TUCKPETHON CIydyalHON BEIUYU-
Hbl & Ha3bpIBaeTCA TaOJHIa, B KOTOPOH IIEPEYUCIICHBI BO3MOJXKHBIC 3HAYCHHSI



X3Xyy.e0s X, ,... CIIydaHOM BEJMYMHBI ¢ M COOTBETCTBYIOLIUME MM BEPOATHOCTU
Dis Dyseves Pysenrs IPAYEM Zpi = ZP@ =x,)=1.
i i

Ecnu guckperHas ciiyyaliHas BeMuWHA & MPUHUMAET KOHEYHOE MHOXKECTBO
3HAYEHUM, HAlpUMEp, MYCTh YHCIIO 3HAYEHUM CIy4ailHOW BEJIWYWHBI PAaBHO 7, TO
PAI pacrpeneieHuss UMEET BUL:

E=ux X | X, | . | X

—_— n

P(¢=x,) P | Py | e | D,
ECJII/I KE I[I/ICKpCTHa}I CquaﬁHaﬂ BCIIMYMHA 5 HpI/IHI/IMaCT C‘IéTHOC MHOKECTBO

3HAYCHUM, TO sl paclpe/ieJIeHUs 3alMChIBACTCS B BUJIE:
E=x, X | X, e X

- n -

P(¢=x,) P | Py | e | Py| o

['padrueckoe n3zoOpaxkeHue psija pacrnperesieHus] Ha3bIBA€TC MHO20Y200bHU-
Kkom pacnpedenenus. I1lo ocu abcuucc OTKIAABIBAIOTCSA 3HAUEHUS CIIy4allHOM BeJH-
YUHBI, a [10 OCH OPAUHAT — COOTBETCTBYIOINE BEPOSTHOCTH. [IomydyeHHbIE TOUKH CO-
EUHSIOTCS JIUHUSIMH.

[Ipn aHamuTMyeckoM 3afaHuM 3akoHa pacnpeneneHus JICB yka3biBaeTcs
dbopmysa HaXOXKIEHUS BEPOSITHOCTEN JIJISl KXKIOTO 3HAYCHUS CITydYallHOW BEJIMYUHBI.
Hampumep, m1si OMHOMUATIBLHOTO PACIpEICNICHUs], 3HAYEHUS BEPOSITHOCTEH CiIydai-

HOU BEIMYMHBI onpeerstores popmynnod bepuymm P (E=x)=C) - p* -q" .

Omnpenenenue 1.1.4 Dyuxyuen pacnpedenenusi Cayd4aHOW BEIUYUHBI &
HasbIBaeTcs QyHKIUSA F(X) MEeHCTBUTEIBHOTO NEPEMEHHOTO X, OIPEICSIIIonias Be-
POSTHOCTH TOTO, YTO CIIy4ailHas BelwunHa & B pe3yabTaTe dKCIEPUMEHTa MPUMET
3HAYCHHE MEHBIIIE HEKOTOPOTO YHCIIA X , TO €CTh

F(x)=P(E<x). (1.1.1)

Ecnu ciayyalinyto BeJIMUYMHY paccMaTpUBaTh Kak CIy4ailHyr0 TOUKY Ha YUCIO-
BOM OCH, TO (DYHKIMS pacmpenesieHus: MpeCcTaBIsieT co00i BEPOATHOCTh TOTO, UTO
CiTyJaiiHasi BeJIMUMHA MOMAAET B MHTEPBAJI, PACIIONIOKEHHBIN JIeBee HEKOTOPOTO YHC-
Ja x.
[TpuBeném ocHOBHBIC CBOMCTBA (DYHKIIMH PACIIPEACIICHUS
1) lim F(x)=F(-0)=0;
X—>—0
2) lim F(x)=F(+x0)=1;
X—>+0
3) dyHkuMs pacnpeneneHus sBIsSIETCs HeyObIBaromeld ¢QyHKIMEH, TO €CTh
F(x)<F(x,),ecmm x, <x,;
4) pyHKUUS paclIpeneneHus HeNpepblBHA CleBa B TOYKE X,, TO €CTh
limOF(x) =F(x,);

X—>Xp—



5) byukums pacnpenenenuss F(x) ciydaiiHOW BeNMWYMHBI & OAHO3HAYHO

OIPENIENISICT PACIIPEACIICHUE BEPOATHOCTEN 3TOM CIIYYaMHOW BEJIMYHHBI, TO €CTh BE-
POSTHOCTH MTPOU3BOJIBLHOTO COOBITHUS MOKHO BBIPA3UTh Uyepe3 (PYHKIIMIO pacrpeserie-
HUS;

6) ecnmu F(x) — QyHKIUsS pacrnpeienieHus cay4aiiHoNH BelUUuHbl &£, TO BEpO-
ATHOCTh MONAJAHUA CIYyYalHOW BEJMYMHBI & B HMHTEpPBAI [a; ,B), IIOJTYy3aMKHY ThIN

crpaBa, onpezaenseTcs GopMyIon
Pla<s<p)=F(p)-F(a), (1.1.2)

JUIA TF000r0 3HAYEHUS] X U3 3TOTO HHTEPBAa;
7) nast 00010 3HA4YCHUS E=a CIIpaBelJInBa dbopmymna

P((f = a) = xl_i)gzoF(x) - F(a).

Dynxyus pacnpeoenenus onsa JJCB Beraucisiercs no Gopmysie

F(x)=) P(£=x), (1.1.3)

x;<x

rac CyMMHUpPOBaHUC BCI[éTC?I 110 BCEM 3HAUCHUSIM [ » U1 KOTOPBIX X, <X.

PaccmoTpuM 4KCliOBbIE XapaKTEPUCTUKH TUCKPETHBIX CIyYalHbIX BEJIMYHMH.
Onpenenenue 1.1.5 Mamemamuueckum odxrcuoanuem OUCKPEMHOU CILYUAUHOU
genuuunbl & Ha3bIBAETCs €€ cpe/lHee 3HaUYeHUe, KOTOPOE BhIUUCIAETCS 10 GopMyIie

M(f)zixipi. (1.1.4)

;nm ES.

[TpuBeaéM OCHOBHBIE CBOMCTBA MATEMATHUCCKOTO OXKUIAHHUS:
1) eciiu C — Hecnyuaitnas BennuuHa, o M (C)=C,;

MaremaTtudeckoe OXXHNIaHHUEC TaKXKEC 0003HaYaeTcs m

2) eciiu C — TIOCTOSHHBIA MHOKHUTENb, TO €0 MOKHO BBIHOCHTH 3 3HAK Mare-
MAaTH4ECKOro oxuaanus, To ectb M (C-&)=C-M(&);

3) M(E+n)=M (&)= M (n) — ans moObIX Clly4ailHbIX BeTHUHHE & U 1] ;

4) M Zfi = ZM (fi) — JUTst TFOOBIX CITy9aifHbIX BenuuuH &, i =1;n;
i=1 i=1

5) M(&-n)=M(&)-M(n)+M((&-m,)-(n-m,));

6) MaTeMaTHYECKOE OXKHMJIaHHUE IMPOM3BEACHUS HE3aBUCHUMBIX CIyYalHBIX BE-
JIMYUH PpaBHO IIPOU3BCACHUIO UX MATEMATHUICCKUX OX(H,H&HHﬁ;

Tyecmn a<E< B, 10 a<M(E)<B;

8) M(&)<MIE
9) M(&-m,)=0.

b



Omnpenenenue 1.1.6 [Jenmpuposannoti cnyyauHou GenuyUHOU HA3BIBACTCS

PasHOCTb MEK/Y CITy4allHOM BEIMYMHON & U €€ MATEMaTHYCCKUM OXKUAHUEM 11, .

E=¢-m,. (1.1.5)

Omnpenenenne 1.1.7 Moooi Mo(E) ouckpemmnoii cayuaiinou eenuuunvt &

Ha3bIBACTCsI HanOoJiee BEPOSITHOE 3HAYCHUE CITyYallHOW BEJIMYUHBI, TO €CTh TaKOe €€
3HAYCHHE, TTPH KOTOPOM BEPOATHOCTH MAaKCHUMaJIbHA.
Onpenenenne 1.1.8 Meouanoii Me(&E) ouckpemnoii cnyuatinou eenuuunvt &£

Ha3bIBACTCA TAKOC 3HAYCHUC CquafIHOﬁ BCIIMYMUHBI, OTHOCUTCIIbHO KOTOPOI'0 PABHO-
BCPOSATHBI IMOJIY4YCHHUC 3HAYCHUH CquaﬁHOﬁ BCJIIMYMHEBI, TO €CTh

P(& < Me(&))=P(&> Me(&)).
3HaueHHUE MeINaHbl MOXHO ONPE/ICINTh U3 paBeHCTBA 2P (& < Me(&£))=1.

Omnpenenenue 1.1.9 Jucnepcueii cryuaiinou eenuyunvl & Ha3bIBACTCS MaTeMa-

THYCCKOC OXHWIAHMEC KBaJApaTa OTKIOHCHMHSA CquaﬁHOﬁ BEJIMYHUHBI OT €€ MaTeMaTu-
YCCKOT'O OKHOaHUA:

D(§)=M((§—m§)2). (1.1.6)

2
Jucnepeus Taxoke 0603HauaeTcs oz, um D,, uma Var().

CornacHo ONpeAcNeHUuI0 MaTeMaTHYECKOrO0 OXHUAAHUS, NUCHEPCHUS TUCKPET-
HOM CIIy9aifHOM BEIMYUHBI & BBIYUCISAETCS TI0 hopmyIie

D(ﬁ):Z(xl.—mg)zpi. (1.1.7)

i=1

[Ipeobpazyem dopmyny (1.1.7), ucrnonws3ys onpeaeracHue U CBONCTBa MaTeMa-
TAYECKOTO OKHTaHHS:

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

Ha ocnoBanuu dopmyss (1.1.8) momydaem Gpopmyiy BBIUUCICHHUS TUCTIEPCUU
JUTSL TUCKPETHBIX CITYYaiHBIX BETUYHH:

D(f):ixl?pi—mg. (1.1.9)

[IpuBenémM OCHOBHBIE CBOMCTBA IUCIIEPCUM CIIyYaWHbBIX BEJINYUH:
1) eciu C — nocrostHHas Benuuuna, 1o D(C)=0;
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2) D(CE)=C’D(&);

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

4) ecnu cOOBITUS HE3aBUCHUMBI, TO JUCIEPCUS CyMMbl paBHa CyMMe€ AUCIIEp-
CUH.

Omnpenenenue 1.1.10 ITonoxxurenpHoe 3HaYEHUE KBAJAPATHOTO KOPHS U3 JUC-

NIEPCUU HA3bIBACTCS CPEOHUM KEAOpaAmu4eckum OMKIOHEHUeM Ul CmaHoapmom
ciiydaiiHo# BennuuHbl £ U onpenenserca GopMmynon

o, =0(&)=D(&). (1.1.10)

Kpowme aucriepcun U CpeIHEro KBaApaTHYECKOTO OTKIOHEHMs, PAacCEUBaHUE
CIly4allHOM BEJIUYMHBEI & MOXET XapaKTepu30BaThes pasmaxom R=x . —X_. , TO€
X, — HanOOJNIbILIEE U3 BO3MOXKHBIX 3HAYEHHMH CIy4aWHOW BEIMYMHBI &; X, —

HaVMEHbIIEE U3 BO3MOKHBIX 3HAYCHUU CIIy4YallHOM BEJINYMHBI & .
YacTo Ha MPAKTHKE, OCOOCHHO B SKOHOMHUYECKUX pacuéTax, pacCeMBaHHE MPH-
O
M(S)

Hauanvnoim momenmom k-eo nopsioka cnyuaiinou eenuyunvl £ Ha3bIBACTCS

HSTO XapaKTepU30BaTh K0IPduyuenmom sapuayuu V =

o v k
MaTeMaTUYECKOE OXKUAHUE CIIydaiiHOI Benu4uHbl &, TO eCThb v, = M (5" )

CnenoBatenbHO, U1l TUCKPETHOM CIIydyallHON BEJIMYMHBI HAYaIbHBIA MOMEHT
BBIPA)KAETCA CYMMOM:

v,=).x'p,. (1.1.11)
i=1

HauaibHbIii MOMEHT MEPBOTO MOPSIIKA ABISETCS MATEMATUYECKUM OKHIAHUEM
v, =M (&), a BTOporo mopsiaka paBeH v, =M (52). CnenosarenbHo, GopMyy it
BBIYHCIICHHS IUCTIEPCHH MOYKHO 3ammucaTh B Buje: D(&)=v, —v;).

Llenmpanvrvim momenmom k -2o nopsaoka cayuaninou eeauyunsvl’ & Ha3bIBAECTCS

k
MAaTCMaTHYCCKOC OXHMAAHHC CIIY4arnHOH BCJINYHNHBI (5 —m £ ) ) TO €CTh

k
M, :M((gg—még) )
CrnenoBaTenbHO, JUIsl TUCKPETHOW CIIy4allHOM BEJIWYMHBI LEHTPAJIbHBIA MO-
MEHT BBIPAKAETCS CyMMOM:

,uk=i(xi—m§)kpi. (1.1.12)

i=1
[{eHTpanbHBIE MOMEHT NIEPBOrO MOPsiIKA BCErJa paBeH HyJto. LleHTpanbHbIi
MOMEHT BTOPOTO TOpsIKa SBJISIETCA JUCHEpPCHE CllydallHOW BeJNWYuHBl &
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1, =D(E)=v, —v]. LleHTpanbHblii MOMEHT TPETHETO MOPSIKA OMPEAENAETCS TI0

— 3 z _ 2 4
dopmyne u, =v, —3v,v, +2v;, a 4eTBEPTOTrO — L, =V, —4v,v, + 6v,v] =3V, .

1.2 Ilpumepsl pelieHUs1 THMOBBIX 32124

1.2.1 Cnenmanuct KpeauTHOTO OTAeNa O0aHKa MMEET BBICIIYIO KAaTeTOPHIO C
BepoATHOCTHIO 0,6. [TocTpouTh psiz pacnpeneieHus CaydyaiHol BeTMYUHbL & — Yucia

CHEIMAINCTOB, KOTOPbIE UMEIOT BBICUIYIO KaTErOPHUIO, CPEIU MATH BHIOPAHHBIX CIIe-

IUATMCTOB. BBIUMCINTL BEPOSATHOCTD TOTO, UTO CPEAU HUX OKAXKETCS HE MEHEE JIBYX,

HO He 00JIee YETHIPEX CIECLMAIUCTOB, KOTOPHIE UMEIOT BBICIIYIO KATETOPHIO.
Pewenne. JluckpeTHas ciryyaiiHas Beau4yuMHa & MOKET NMPUHHUMATh CIEAYIO-

e sHavenus: x, =0, x, =1, x;=2, x, =3, x,=4, x, =5, a, cieJOBaTeJIbLHO, Be-
posTHocTH p, = P(&=x,) Bhluncisorcs no dopmyne p,=P(&=x)=Cripig"™.
[To ycimoButo: n=5, p=0,6, g=1-p=0,4. B pe3ynbrare BHIYUCICHUN MOIYINM
CIICYIOIIUH PSII pacpeieIeHus

& =x 0 1 2 3 4 5

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

[Iposepka: 0,01024 +0,0768 +0,2304 + 0,3456 +0,2592 4+ 0,07776 =1.

Haiiném BeposSTHOCTB 3aIaHHOTO COOBITHS:
P(2<E<4)=P((£=2)+(E=3)+(£=4))=P(£=2)+ P(£=3)+P(£=4)=0,8352.

1.2.2 JIBa cTpeiika CTPEJSIOT M0 OJHOM MUIIEHH, J1eJasi, HE3aBUCUMO JPYT OT
apyra, 1o ABa BbICTpesa. BeposTHOCTh monagaHust B, MULIEHb I [IEPBOTO CTpEJIKa

paBHa 0,6, st Broporo — 0,7. IlocTpouTs psin pactipeiesieHust Clly4ailHOM BETMUYUHbI
& — o01uero yucna nonajgaHui.

Pemienune. JluckperHas ciyyaiiHas BeIWYMHA & MOJKET NPUHUMATH CIIEIYIO-
mue 3Havenus: x, =0, x, =1, x; =2, x, =3, x; =4. BeposaTHOCTL NOpa)KEHU MU-
IIIEHHA NIEPBBIM CTPEIKOM IIPU OJHOM BBICTpese paBHa p, =0,6, CIEN0BaTENbHO, BE-
POSITHOCTB €10 IIpoMaxa paBHa ¢, = 0,4 . Iyt BTOPOTO CTpesKa BEpOSITHOCTD I0Iaa-
HUS B MUILEHb paBHa p, =0,7, a npomaxa — ¢, =0,3. Kax1blii U3 CTpEIKOB caemall
no aBa BeicTpesa. CoObiTHE {5 = O} 03HAYAET, YTO KAXK/BIA U3 CTPEIKOB IPOMAaXHY-
JUCh B 000uXx BeIcTpenax. OcTanbHble COOBITHS ONMUCHIBAIOTCS aHajdoruyHo. Haliaem
BeposiTHOCTH P (& =x,), T8 i = ;5.

P(./,Z = 0) =9,9,9,.9, =0,4-0,4-0,3-0,3=0,0144.

P(é = 1) = D999, + 4.79.9, + 4.9,P>,9, + 4,99, P> = 0,1104.
P(§ = 2) = PP99, + 4.PP29, + D4 P9 + 409D, + P99, P, + 419, P,P, = 0,3124.
P(f = 3) = DP9, T P9 P> t P9 PaPy, T4 PP Py = 0,3864.
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P(¢(=4)=p,p,p,p,=0,6-0,6-0,7-0,7=0,1764.
B pesynbprare nonydaem ciie1yronmn pa pacupeaeaeHust:

S =ux 0 1 2 3 4
P(é=x) | 00144 0,1104 0,3124 0,3864 0,1764
IIposepka: 0,0144 +0,1104 +0,3124 40,3864 +0,1764 =1.

1.2.3 U3 komienbka, B KOTOPOM HaxOJATCS TPU KyIopbl HOMUHaioM 10 pyo-
Jeit u ceMb Kymiop HoMuHanoM 20 py6iieit, Hayral u3BlIeKatoT maTh Kymtop. [lycts &£

—~ YMCJIO BBIHYTHIX KyItop HoMHHaioM 20 pyOneil. [loctpouts psn pacrpeneneHus
CIIy4YalHOW BEIUYUHBI & .

Pemenne. Tak kak B KOILIEIbKE UMEETCS TOJIBKO TPU KYIIOPHI TOCTOMHCTBOM
10 pyOneit, To cpeau BEIOpAHHBIX MATH KYMIOP JAOKHO OBITH HE MEHEE JBYX KYIIOp

HomuHanoM 20 pyOneit. CrieoBaTenbHO, JUCKPETHAA CydaiiHas BelnuyuHa & MOXKET
[IPUHUAMATh CIEAYIOIINE 3HAYCHUS: X, =4, x, =5. Jlua BbIYUCICHUS

=2, x,=3, x,

BEpOSITHOCTEH P(&=x,) BOCIHONB3yeMCsl KIACCHYECKUM OIpE/IeICHHEM BEpOSITHO-

cteil. Tak kak BbIOOp 5 Kymop u3 10, KOTOpble UMEIOTCS B KOILLIEIbKE, OMPEAEIISIeTCS
TOJILKO COCTaBOM, 0€3 y4&Ta Mopsiika, TO JJis BEIYMCICHUS YUCIa UCXOA0B IKCIIEPH-

2 3 3 2
MEHTa HCIONb3yeM coderaHns: P(&=2)= C7—5C3 _L , P(&=3)= G 5C 5
Ch 12 Ch
c;-Cy 5 C-C 1
-GS pegCC
Ch 12 C,, 12
B pesyIbTare 10J1y4aeM CIeAyIOMHii psil pACTIPEIEICHHUSL:
g=x, 2 3 4 5
P(é=x)| 112 5/12 5/12 1/12

e 3+ 5y 5o o1

1.2.4 ABTOMOOWJIMCT MOBITAECTCA «3aBECTU» aBTOMOOWIIb. ABTOMOOHIIb «3aBO-
JUTCS» HE3aBUCHUMO OT JIPYTHX MOMBITOK BOAUTENS MPUBECTH aBTOMOOUJIb B JIBUIKE-
HUe ¢ BeposTHOCThIO p =(,7. Kaxkaas MmonbITKa aBTOMOOMIIMCTA «3aBECTH» aBTOMO-

Owb 3aHMMaeT Bpems 7. Hailitu pacnpenenenue oOmiero BpeMeHu I, KOTOpoe Io-
TpeOyeTcs aBTOMOOWIIUCTY /TSI TOTO, YTOOBI aBTOMOOWITH OBLI TOTOB K JIBHXKCHHUIO.

Pemenne. [luckperHasi ciydaiiHas BenUYMHA | MOXKET MPUHUMATH CIIEAYIO-
IIMe 3HaYeHus: ¢, =7,t, =27,t, =37,...,t, =nt,.... CoObITHE {T = r} O3Ha4aer, YTo B
TEYEHUE BPEMEHU 7 ABTOMOOMIb «3aBEAETCS» C BEPOSITHOCTHIO P(T = r) =0,7.Co-
ObITHE {T = 27} 03HAYaEeT, YTO B TEUCHHUE BPEMEHU 7 aBTOMOOWIIb «HE 3aBEAETCY C
BEpOATHOCTBIO ¢ =1— p=0,3, a B TeUeHHe NOCISAYIONIEro BPEMEHU T OH 3apaboTaet
¢ BeposiTHOCTRIO p =0,7. CiaemoBaTenbHO, BEPOSITHOCTh TOTO, YTO CIIy4aifHast BEJH-
yuHa I TIpUMeET 3HaueHue 27 paBHa P(T = 21) =0,3-0,7.
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CoGbitne {7 =nr} O3HAYAET, YTO B TeueHHe BpeMeHH (1 —1)7 aBTOMOOMIb He
«3aBéncsa» B (n—1) mombITkax ¢ BeposTHOocThi0 0,3" M 3aBENCA C HOCIENHEH T10-
IBITKH ¢ BeposATHOCTEI0 p =0,7. To ecTh BEPOATHOCTH TOTO, YTO CIIydaiiHas BeJH-
upHa T npumer 3Hadenue nr, paBHa P(T =nr)=0,3""-0,7. Takum oGpasom, mo-

JTydaeM psiIl pacrpenesieHus oomero BpeMern 1, KoTopoe noTpedyercss aBTOMOOH-
JUCTY JJIsl TOTO, YTOOBI aBTOMOOMIIb OBLJI TOTOB K JIBUKECHHIO:

T=t, T 27 37 nt
P(T =t)) 0,7 0,3-0,7 | 0,3*-0,7 0,3""-0,7 :
I[IpoBepka: 0,7+0,3-0,7+0,3*-0,7 +.. +O3”1 0,7+...=0,7- (1+O3+
+0,3* +...+0,3"" 1 :0,7-L:1.
1-0,3 0,7

1.2.5 Crynenty mig gomycka K sk3ameHy 1o «Teopun BeposITHOCTEN» HEOO-
XOJIMMO MPOMTH JIBa TECTUPOBAHUS 110 PA3JIMYHBIM TeMaM. TecTbl MOYKHO C/1aBaTh B
T000M TOpAJIKE, HE3ABUCUMO JPYT OT JIpyra, HEOTPAaHUYEHHOE YMCIIO pa3, rJIaBHOE
IpOUTH /1Ba TecTa. KaK/blil TECT CUMTAETCS COAHHBIM, €CIM CTYJIECHT OTBETUT Ha 12
BOIIPOCOB U3 16 IpemIOKEHHBIX TeCTOBbIX 3amad. CiydaiiHas BenwunHa & Tpe.-
CTaBJISIET COOOM KOJIMYECTBO TECTOB, BHIMIOJIHEHHBIX CTYJECHTOM JUJIS OMYCKa K JK3a-
MeHy. [locTpouTs psan pacupeaeneHus C1y4aHON BEIUYUHBI & .

Pemenune. Jluckpernas ciyvaiiHas BeIWYMHA & MOYKET NPUHUMATH CIIEIYIO-

IKMe 3HaYeHus: x, =2,x,=3,x,=4,..,x, =n,.... CTyIeHT cIaéT TeCT ¢ BEPOATHO-

n
cteio p=12/16=3/4, 1, COOTBETCTBEHHO, He CIAET TECT C BEPOSTHOCTHIO ¢ =1/4.
[IpeonokKnM, 4To CTYIECHT CAABal TECThl POBHO 1 pa3. Bropoii TecT umeeT HOMep
7,  IEPBbII MOXET UMETH JIF000 U3 OCTaBLIMXCS 71 — | HOMepoB. B 1 —2 mombITkax

TCCThI HC CIAaHbI C BEPOATHOCTLIO 1/ 4'1_2 , 4@ B JIBYX OCTAaBIIMUXCs IIOIBITKAX TCCTHI

2
CHAIOTCS C BEPOSTHOCTHIO (3/4) =9/16. CJ'ICI[OB&TCJIBHO BEPOSITHOCTb COOBITHS

—+—. Takum oOpasom,
4" 16

HOJIy4aeM Psiji pacrpeieliCHUs CIyYallHOW BEIUYMHBI & — KOJMYECTBO TECTOB, BbI-
MOJHEHHBIX CTYJICHTOM JIJIS IOMYCKa K 9K3aMEHY:

{&=x,}onpenensiercst mo dopmyne P(&E=x,)=(n—-1)-

§:xi 2 3 4 n
9 2 9 3 9 1 9
Pl(&E=x - .- = .2
(6=x) 16 4 16 4% 16 ( 4"2 16
ITpoBepka: 2+g-i-|—i-i+ +(n-1)- 1 .i+ —i£ _+i+
POBEPRA: 16 4 16 T 42 16 4" 16 16 4 4
+n—1 )_9 19 1 9 1 .
.o n_z _—— 2—_' 2:— 9—:
4 16 (1_%) 16 (%) 16 %6




1
(1 q)°

Paccmotpum  cxomsmmiics pan 1+q+q° +q° +..+¢"" +... C HENpPepbIBHO

[Tosicuenue. ITokaxxem, uto 1+2-g +3- q2 +..+(n-1)- q”_2 +

, 1
auddepeHIUPYyEeMbIMU WICHAMHU, TPUYEM |q| <1. Ero cymma paBHa S :1—. Jan-
—q
HBIA pAJ MOXKHO TMOWICHHO TU(epeHIupoBaTh, NPUIEM CyMMa MPOU3BOIHBIX Yile-
HOB psi/ia paBHA IPOU3BOIHON OT CYMMBI psizia, TO €CTh

1
(1 (1-¢)*

1.2.6 /luckpetHas ciiydyaiiHasg BeluurHa & 3a/1aHa pAIOM PaclpeeIeHuUs:
&=x, 2 4 7 11

S'=14+2-g+3-¢°+..+(n-1)-¢"

P(&=x) 0,1 0,3 0,4 0,2

Haiitu QyHkuro. pacrpezeseHust ciy4ailHOW BeIMYMHbI & M TOCTPOUTH €€

rpaduk.
Pemenue. Iloctpoum dynkuuio pacnpeneneHus F(x) = P(f < x) CIIy4alHOU

BEJIMYMHBI & .

1. Ecmu x<2, 710 F(x)=0.JleficTBUTEIHHO, 3HAUCHUH, MCHBIIINX YHCJIA JIBA,
cinyvyaiiHas BenuuumHa ¢ He npuHuMaer. ClenoBaTenbHO, MPU 3HAYEHUAX X <2
dyHkims pacnpenenenus papHa F(x) = P(& <x)=0.

2. Ecmu 2<x<4, to 3HaucHue QpyHKIMH pacupenenenus pasao F(x)=0,1.
JIeliCTBUTENBHO, CIIy4aiiHasl BEJIMYMHA TPUHUMAET TOJIBKO OJHO 3HaueHHe & =2, KO-

TOpPOE MEHbIIE JH00ro U3 YMced U3 YKa3aHHOTO NpoMexyTka. CienoBaTenabHoO, NpU
3HAYECHHSIX 2<x<4 byHKIISA pacnpeenaeHus paBHa F(x)=

=P(&<x)=P(&=2)=

3. Ecmm 4<x<7, 10 3HaueHue QyHKIMK pacnpeneneHus papao F(x)=0,4.
JIeliCTBUTENBHO, CIIy4YaliHas BEJIMYMHA MPUHUMAET TOJBKO JIBA 3HAUYECHUS & =2 WU
& =4, KOTOpbIe MEHBIIIE JIFOOOTO M3 YUCEN U3 BRIOpaHHOTO MTpoMexyTka. CiydaitHas

BEJIMYMHA TIPUHUMAET 3HaueHue 2 ¢ BeposTHOCThIO 0,1 u 3HayeHue 4 ¢ BEPOSTHO-
cteio 0,3; crmemoBaTenbHO, OJHO M3 ATUX 3HAYCHHH, O€3pa3InuyHO Kakoe, cClydaiHas
BeIMYMHA & MOKET MPUHATH (II0 TEOpEME CIIOKEHUSI BEPOATHOCTEHN I HECOBMECT-

HBIX CcOObITHI) ¢ BepoaTHOcThiO 0,1+0,3=0,4. Takum 00pa3om, Mpu 3HAYEHUSX
4<x<7 GyHKIUA pacnpezenenus paBHa F(x)=P(&<x)=
=P(£=2)+P(£=4)=0,1+0,3=0,4.

4. Ecmu 7<x<11, To 3HaueHue QyHKIMH pacnpeaeicHus pasHo F(x)=0,8.
JIeiCTBUTENBHO, Clly4aliHas BEJIMYMHA MPUHUMAET TOJIBKO TPY 3HAYEHUSA & =2, WU
=4, =4, KOTOpble MEHbILIE JI000r0 U3 YMCENT U3 paccMaTpUBAaEMOTro Ipo-
MexyTka. CiydaiiHasi BEIMYMHA IPUHUMAET 3HaUeHue 2 ¢ BeposTHOCThIO 0,1, 3Haye-
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Hue 4 ¢ BeposiTHOCTHIO 0,3, a 3HaueHue 7 ¢ BeposTHOCTHIO (,4; cienoBaTenbHO, OJTHO
U3 9TUX 3HAYCHM, O€3pa3IUYHO KaKoe, ciaydaiiHas BeaudrnHa & MOXKET MPUHSATH (110

TEOpEME CJIOKEHHUS BEPOSTHOCTEH NJii HECOBMECTHBIX COOBITHI) C BEPOSITHOCTBHIO
0,1+0,3+0,4=0,8. Takum oOpa3zoM, nipu 3HaueHusIX 7 <x <11 dyHkusa pacnpe-

nenenns pasHa F(x)=P(&<x)=P(E=2)+P(E=4)+P(E=7)=0,8.

5. Ecam x>11, To 3HaueHue GyHKIMU pacnpeaeinenus paBuo F(x)=1. Jleii-
CTBUTEJIBHO, CIy4YaliHas BEJIMYMHA NPUHUMAET TOJBKO YEThIPE 3HAUEHUS & =2, WIH
E=4,um =4, umu £ =11, KOTOpbIe MEHbIIIE JIIOOOr0 M3 YKCENl U3 TPOMEKYTKA
(11;+00). Cryuaiinas BelMYMHA IPUHMMACT 3HAUYCHHE 2 C BEPOATHOCTHIO 0,1, 3Haue-

Hue 4 ¢ BeposiTHOCTBIO 0,3, 3HaueHue 7 ¢ BeposTHOCThIO 0,4, a 3HaueHue 11 ¢ Bepo-
ATHOCTBIO 0,2; ClleIoBaTeNIbHO, OAHO M3 3THX 3HAYEHUM, O€3pa3IM4HO Kakoe, CIy-
yaiiHas BeIM4MHA & MOXKET MPUHATH (MO0 TEOopeMe CIOXKEHHUS BEpPOSITHOCTEH ISt

HECOBMECTHBIX COOBITHI) C BepoATHOCTRIO 0,1+ 0,3+ 0,4 +0,2=1. Takum oOpazom,

npu  3HadeHusx - x>11 ¢yHkua pacnpeneyneHuss paBHa F(x)= P(f < x) =

:P(§:2)+P(§:4)+P(§:7)+P(g‘:11)=0,1+O,3+0,4+0,2:1.
CnenoBatenbHO, (QYHKLMS pacnpeeieHuss CiaydyalHOW BenuuuHbl & HMeEeT

BH]T
0, x<2,
0,1, 2<x<4,
F(x)=<0,4, 4<x<7,
0,8, ~7<x<l11,
1, x>11.
['paduk GpyHKIMM pacnpeneeHus] NpUBEIEH Ha pUCYHKeE 1.
Fexy [y A
0,8 ----========m=-oo- ——
0.4 {—-=------- — i
s R R
o124 7 11 x

Pucynok 1 — I'padpuk dyHKIIMH pacrpeneacHus

1.2.7 duckpeTtHas ciayyaiiHas BenuunHa & 3a7iaHa psaJioM paclpeeeHHUs:

‘f:xi

2

3

5

8

11

P(g’::x[.)

0,3

0,1

0,3

0,1

0,2
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[TocTpouTh MHOTOYT'OJIBHUK PACIPEAEIEHUS CIIy4aHON BEJINYUHEI & .
Pemenne. PaccMOTpUM DIpsIMOYTOJIBHYHO JE€KapTOBYIO CUCTEMY KOOPAMHAT,
npu4éM 1o ocu abcuucc OyneM OTKIIAAbIBATh BO3MOXKHBIC 3HAUEHUS X, CIIy4allHOU

BEJIMYUHBI &, @ I10 OCH OPIAUHAT — COOTBETCTBYIOIINE BEPOSTHOCTH p), .

[Toctpoum Touku M,(2;0,3), M,(3;0,1), M,(5;0,3), M,(8;0,1) u M,(11;0,2)
. CoeHUB 3TH TOYKU OTPE3KaMHU, MOJTYYUM HUCKOMBIA MHOTOYTOJIBHUK pacIpeselie-
HUA CIy4aliHOM BeauuuHbl & (puc. 2).

P

0,3
0,2

0,1

0

Pucynox 2 — I'paduix MHOTOYTONBHUKA pacipeneseHus

1.2.8 TuckperHas ciayyaiiHas BenuuuHa & 3a7aHa psJioM paclpeeIeHUs:
E=x 2 4 6 8 10

P(é=x)| 0,15 0,05 0,35 0,25 0,20

Haiitn matematndeckoe oxumanne M (E), mony Mo(E), nucnepeuto D(E) u

CpPEeIHEKBapaTUUYECKOE OTKIOHEHUE o, IS 3aJaHHON Cily4yailHOW BenuuuHbl & .

¢
BrIuncinTh TEOpETUUECKHUE U LEHTPAIIbHBIE MOMEHTHI IIEPBOr0, BTOPOTO, TPETHETO U
YETBEPTOTO MOPSIKOB.

Pemenne. Marematuueckoe OXHUIAHUE PABHO CyMME NPOU3BEIECHHUM BCEX
BO3MOYKHBIX 3HAUEHUW CIy4yalHON BenuuuMHbl & Ha WX BEpPOATHOCTH ((popMyina

1.1.4):
5
M(&)=m, :le.pl. =2-0,15+4-0,05+6-0,35+8-0,25+10:0,20=6,6.

i=1
3nayeHue & =6 ciydaiiHas BeJIMYMHA MPUHUMACT C HAUOOJBIICH BEPOSTHO-
cteio 0,35, a, ciaemoBaTeabHO, MOJA CITydaiiHOM BeTnuuHbI paBHa Mo(&) =6.

MO’KHO BBIYHCIUTE IUCIIEPCHIO, UCXOS U3 ONMpPEEICHHS TUCTIEPCUH, OHAKO
aydiie ucnoiab3oBaTh Gopmynsl (1.1.8) wmu (1.1.9), koTOphle yIpoIIarOT BBIYHUCIIE-
Husl. Vickomast mucniepens paBHa

5
D)= x2p,—m?=2%-0,15+47-0,05+6-0,35+8-0,25+10>-0,2 - 6,6> = 6,44.
i=1

Haiiném cpennee KBagpaTHiecKoe OTKIOHCHHE: O, = \/D(§) = \/ 6,44 = 2,54 .

Bpruvciaum HavyajabHbIC MOMEHTHI:
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Vi =M($)=6,6;
v,=M(E)=2"-0,15+47-0,05+6-0,35+8-0,25+107-0,20=50
v,=M(&)=2°-0,15+4"-0,05+6-0,35+8-0,25+10°-0,20 = 408;

v, =M(§4) =2%.0,15+4%-0,05+6*-0,35+8%-0,25+10*-0,20 = 3492,8.
HaXO,Z[I/IM LHCHTPAJIbHBIC MOMCHTLI:
=0
M, =D(5)=6,44;
=V, =3V, +2v; =408-3-6,6-50+2-6,6° =—7,008;
W, =v,~dvy, +6v,yl —3v =3492,8 -4.408-6,6+6-50-6,6> —=3-6,6" =97,1792.
1.2.9 M3BecTHBI MaTeMaTUYECKUE OKUJAHUS HE3aBUCHUMBIX CIyYalHBIX BEJIH-
yuH £ W 7], a TaKkKe MaTreMaTHYEeCKHEe OXHUIaHUA UX KBaapaToB: M (§ ) =5,
M(n) =4, M(fz) =28, M(nz) =20. HalitTu MaremaTu4ecKkoe OXHUAAHUE U JUC-

IIEPCHUIO CIIyYalHOU BeJinunHbl Z =75 —377.

Pemenne. Haiiném gucnepcun ciydaitapix BenwmumH 1o Gopmyne (1.1.8):
D(f)zM(éz)—mg =28-5 =3,D(§)=M(n2)—m§ =20-4°=4. Jlna onpenene-
HUSI UICKOMBIX BEJIMYMH BOCIOJIB3YEMCSI CBOMCTBAMHU MaTEMaTHUYECKOIO OKUIAHUS U
JTUCIIEPCHUM.

M(Z)=M(7&-3n)=T-M(&)-3-M(n)=7-5-3-4=23;
D(Z)=D(7&-3n)=7"D(&) =3 D(17) =49-3-9-4=111.

1.2.10 /{an nepeyeHb BO3MOXKHBIX 3HAYEHUN JUCKPETHOW CIydyaliHOM BEIUYH-

Hel & x;,=2,x,=4,x, =6, a TaKXKe 3a7aHbl MATEMATHYECKUE OXXUIAHUS DTOU BEIIU-

anHel 1 e€ kBagpara: M (£)=2,9, M (52) =8,9. Haiitu BeposiTHOCTH p,, P,, D5, CO-
OTBETCTBYIOUIME BO3MOXKHBIM 3HAUEHUAM X, X,, X, CIYy4alMHOW BEJIWYMHBI &. 3amu-
caTh psi pacCHpeaeICHUS CTy4alHOW BEIUYUHBI & .

Pemenue. HOJII)BYHCB TEM, YTO CyMMa BCpOHTHOCTCﬁ BO3MOJXHBIX 3HAYCHMUU
cnyqaﬁﬂoﬁ BCJIIMYHUHBI g paBHa C€IUWHHUILC, a4 TAKXKXC IIPpUHAB BO BHHMAHHUEC, 4YTO

M (5):2,9, M (52 ):8,9, COCTaBJISIEM CIEAYIOLIYIO CUCTEMY TPEX JIMHEUHBIX
YPaBHEHUH OTHOCHUTEIIBHO HEM3BECTHBIX BEPOATHOCTEM:
P+ Pt py=l
2p, +3p,+ 4p, =29,
2°p, +3°p,+4° p, =8.,9.
Pemas nosmydyeHHyr0 cHCTEMY JMHEWHBIX YPAaBHEHUW, HAXOIHUM HCKOMBIE Be-
poarHoctu: p, =0,3, p, =0,5, p, =0,2. Pan pacnpenenenus uMeeT BUL:

E=x, 2 3 4
P(&=x,) 0,3 0,5 0,2
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1.2.11 JIuckpeTHas ciny4aiiHas BeqMyuHa & MOXKET NMPUHATH TOJBKO JBa BO3-
MOJKHBIX 3HAYEHHUS: X, U X,, IPUYEM X, > Xx,. BEpOATHOCTE TOro, YTO Cily4yanHas Be-
auuMHa & NPUMET 3HAYeHue X, paBHa p, =0,2. Halitu 3akoH pacnpeneneHus ciy-
YalHOW BEJIMYMHBI &, €CIIM U3BECTHBI MATEMATUYECKOE OKUJIAHUE U TUCIIEPCHUs CIIy-
uaiinoit Benuunnel: M (£)=4,6,a D(&)=0,64.

Pemenne. Tak kak cymMma BEPOSITHOCTEH BCEX BO3MOKHBIX 3HAUYECHUN TUCKPET-
HOM CIIy4allHOM BEJIWYMHBI & PaBHA €IMHMIIEC, TO BEPOSATHOCTH TOTO, YTO CIIydaiHast
BeJIW4YnHa & NPUMET 3HAYEHHUE X,, paBHa p, =1-0,2=0,8.

3anuiiem psia pacupeaesieHus CIly4ailHOW BEJIMYUHBI & :

c=ux X X
P(&=x,) 0,2 0,8
I[J'I}I HaxoXxJacHusi x, U x, HCO6XO,Z[I/IMO COCTaBUTL JBa YpaBHCHU, KOTOPLIC

CBA3BIBAIOT 3TU 4ucia. C 3TON LEIbI0 BBIPA3MM MAaTEMATUYECKOE OKHUJAHUE U JUC-
IEPCHUIO Yepe3 3HAYEHMs CIly4alHOM BEIWYMHBI X, U Xx,. Hainém maremarnyeckoe

oxunanne M (&): M (&)=0,2x, +0,8x,. ITo ycrosuro M (£)=4,6, cieoBaTeibHo,
0,2x,+0,8x,=4,6. DBropoe  ypaBHEHUE COCTABIIIEM, HCXOAd H3 YCIOBUSA

D(f) =0,64 wu (¢opMmyasl ~HaxoxkmeHuss gucnepcun  D(E) = le-z D — mé :
i=1

0,2x7 +0,8x; —4,6” = 0,64 . B pe3ynbTare UMeeM CHCTEMY YPaBHEHHUI
0,2x, +0,8x, =4,6,
0,2x. +0,8x;=21,8.
Pemms 3Ty cucTemy, HaXOQUM JiBa peleHus: x, =3;x, =5 u x, =6,2; x, =4,2.
Ilo ycnoBuio x, > x,, IO3TOMY 3aJ1a4€ YAOBIETBOPACT JMIIb IIEPBOE PELIEHUE: X, = 3;
x, =5. B pesynbrare noay4yaem CIeAyIOLUN Pl paclpeieIcHus:

¢ =X 3 5
P(¢=x,) 0,2 0,8

1.3 3agaHus QUi pelieHusl HA MPAKTHYECKOM 3aHATHH

1.3.1 B xaxnoi#l 3agaue onpeaeneHa JUCKpeTHas cilydaliHas BenudnHa &. Jlis
CIIy4YallHOW BEJIWYMHBI & 3alKcaTh S PaACHpeNeieHUs U MOCTPOUTh MHOTOYTOJIbHUK
pacrpeneieHus 3Tor ciaydaiHoi Benmnunnbl. Haittn Gynkiuio pacnpenenenus F(x)
cilyyailHOW BeauuMHbl & U MOCTpOUTh €€ rpaduk. Bbryuciuth mMaTeMaTH4YeCcKOe
oxkuganne M (&), mony Mo(&), nucniepcuro D(E) u cpeqHEKBaIpaTHYSCKOE OTKIIO-
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HEHUE O, CIy4YalHOW Benu4uHbl &. HalTu BEpOSTHOCTb TOrO, 4YTO B pE3ysbTare

OIbITa CIy4yaiiHas Beau4uuHa & NMPUHUMAET 3HAY€HHE HE MEHEE « , HO He Oosee [.

1.3.1.1 Knuent Oanka npu pacdy€Tax HCIOJIb3YeT KPEIUTHYIO KapTOUYKY C Be-
poaTHOCTBIO 0,4, @ B OCTAJIbHBIX CIy4yasX OCYILECTBISAET OMJIATy HaJUYHBIMU JCHEXK-
HeIMU cpenacTBamu. KimeHT OaHka Ipou3BEN 4yeTblpe MOKYINKH. PaccmaTtpuBaercs
cilydaiiHas BelIMYnMHA & — YMCIIO PacyeToB, IPU KOTOPBIX KJIMEHT OaHKa BOCHOJIb30-
BAJICSI KPEAUTHOM KapTOUKO#. 3HaueHue o =3,a f=4.

1.3.1.2 VI3 6aHKOBCKOM SUEHMKH, KOTOpask COAEPKUT TPU CIUTKA 30J10Ta U TATh
CIIMTKOB IUIATHHBI, HAyrajJ W3BJIEKAlOT TpHU ciauTka. Ilycth & — 4YMCIIO BBIHYTBIX
CJIIUTKOB IUIaTUHBL. [locTpouTh psan pacnpeneneHus U (pyHKLINIO pacpeneaeHus Clly-
YalHOW BEJIMYUHBEI & . 3HaYeHue o =2,a f=3.

1.3.1.3 /IBa npennpusTus MOCTaBISAIOT MPOAYKIUIO B OJUH U TOT K€ PETHOH.
[IpeanpusiTsi HE3aBUCUMO JIPYT OT APYTa MO BO3MOYKHOCTH JIENAIOT JIBE IMOCTABKH B
Mecsll B TaHHbIN peruoH. [lepoe npeanpusTue MOXKET CAENAaTh KaXAyI0 ITOCTaBKY B
JAHHBIA peruoH ¢ BeposTHOCThIO 0,3, a BTopoe — ¢ BeposiTHOCTRIO 0,4. CrydaitHas
BenuunHa £ — oOlee YMeiI0 MOCTaBOK MPEANPUATHIMH 3a MECSI] B PErHOH. 3Haye-
Hue a=1,a f=3.

1.3.1.4 OXOTHUK, UMEIOLIMI IIECTh MaTPOHOB, CTPEJSAET B LIE€JIb O MEPBOIrO
MONaJaHMs, WIHA MOKa HE U3PACXOyeT BCE MaTpoHbl. BeposATHOCTh monajaHus mpu
KaxJoM BbicTpeisie paBHa 0,3. CnyvaliHad BenuunHa & — OOLIEEe YMCIIO U3PacXojlo-
BAaHHBIX MAaTPOHOB. 3HaueHue o =3,a fF=35.

1.3.1.5 B maptuu u3 BOCbMH U3JACIIHK UMEETCS OHO OpakoBaHHOE. UTOOBI ero
O0OHapyXUTb, BBIOUPAIOT HAYTAJl OJHO U3JIEJIHE 3a APYTUM U KaKJ0€ MPOBEPAIOT, 10-
Ka He BbIOEpyT OpakoBaHHOe u3zaenue. CinyyaiiHasg BenuunHa & — oOlee 4ucio npo-
BEPEHHBIX W3/eNuii. 3HaueHue [ =2.

1.3.2 JIuckpeTHas ciiydaiiHasd BeuurHa & 3a/1aHa PsIOM PaclpeleTICHUs:

E=x, —4 -1 2 S 7
P(é=x,) 0,1 0,2 0,4 0,1 0,2

[TocTpouTh MHOTOYTOJIBHUK PACIPEACICHUS CIydailHOW BennduHbl &. Haiitu
GYHKIUIO pacripeiesieHus CiaydailHol BenuuuHbl £ ¥ IOCTpouTh e€ rpaduk. Brruuc-
JuTh MaTeMatuueckoe oxuganue M (&), mony Mo(&), meauany Me(&), mucnepcuro
D(&) u cpenHexBapaTHUECKOE OTKIIOHCHUE O, JUIsl 3alaHHOH CITy4aiHOW BCINHHU-
HBI & .

1.3.3 /luckpeTHas ciiydaiiHasg BEIMYMHA & MOKET MPUHATH TOJIBKO JBa BO3-
MOJKHBIX 3HAQUYEHHUA: X, U X,, IpUYEM X, < X,. BeposarHocTh TOrO, 4TO Cily4aiiHas Be-
auurHa ¢ NPUMET 3HadeHue X, paBHa p, =0,9. HaliTu 3akoH pacnpeneneHus ciy-
YaWHOW BEIIMYMHBI &, €CIIM U3BECTHBI MAaTEMAaTUYECKOE OKUJIAHUE U CPEJHEE KBal-
paTUYECKOe OTKIOHEHUE CIIyYalHOW BEJIMYMHBL: M (§ ) =3,8,a 0.=0,6.
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1.3.4 Jlan nepedyeHb BO3MOKHBIX 3HAUEHUI TUCKPETHOM CITy4YaiiHOW BEJIMYUHBI
& x,=1,x,=3,x, =5, a TakKe 3a7aHbl JUCIIEPCHS DTOW BEIUYMHBI U €€ MaTEMaTH-

geckoe oxunanue: D(&)=2,44, M (&£)=3,6. Haiitu BeposTHOCTH p,, p,, p;, COOT-
BETCTBYIOIIME BO3MOYKHBIM 3HAYEHUAM X,, X,, X, CIy4aliHO# BeanuuHbl &. 3amucarh

PAL pacupencneHus Cay4auHon BEITUYuHbI & .
1.3.5 3BecTHBI MaTeMaTUYECKUE OKUJAHUS HE3aBUCHUMBIX CIyYaWHBIX BEJH-
e & M 77, T0 ecTh M (&)=6 u M (17)=5, a Takke MaTeMaTHYECKUE OKMIAHUS MX

KBAaJparoB, TO €CTb M (§2) =40 u M (772) =30. Haiitu MmateMaTudeckoe OKHJaHHE

Y TUCHIEPCHIO CIIyYalHOU BeNU4MHBI Z =4¢ +577.
1.3.6 /luckpeTrHas ciiydyaiiHasg Belu4rHa & 3a/1aHa pAIOM PaclpeeIeHuUs:

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

Brrancints TEOPETUYECKUE U LIEHTPAIBHBIE MOMEHTBI IIEPBOTO, BTOPOTO, TPe-
THETO U YETBEPTOTO MOPAAKOB CIIy4YaHON BEJIMYMHBI & .

1.4 3aganus 1J1si KOHTPOJMPYEMOIl CAMOCTOATEILHOH Pad0ThI

1.4.1 B xaxxno#l 3agaue 3a1aHa TUCKpeTHAs Ciy4yarHas BennunHa &. [ comy-
YalHOM BEIWYMHBI & TOCTPOUTH Psifi PACHpPENEIeHUs U MHOTOYTOJIBHUK paclpene-
JICHUs1 3TOW ciy4aiiHOW BenmuuuHbl. Haiitn dyHkimio pactpenenenus F(x) cuydaid-
HOW BEIMYMHBI & W MOCTPOUTH €€ rpaduk. Beruncnurs MaTeMaTHUECKOE OXKUAAHUE
M (&), mony Mo(&), macnepcuto D(S) M CpelHEKBAIPATUIECKOE OTKIOHEHHE O,

CIy4yaliHOW BennuuHbl &. HallTu BEpOATHOCTH TOTO, YTO B PE3YJIbTATE OIBITA CIIy-
yaifHas BenmnunHa & MPUHUMAET 3HAYCHHE HE MEHEee « , HO He Oosiee (. Berumciuth
TEOPETUYECKHUE U LIEHTPAIbHBIE MOMEHTHI IIEPBOTO, BTOPOTO, TPETHEr0 U YETBEPTOTO
NOPSIAKOB CIy4ailHON BETUYUHBI & .

1.4.1.1 BeposiTHOCTh TOTO, YTO KJIMEHT OaHKa MPUOOPETET OOIUTALNIO TIATH-
NPOLIEHTHOTO 3aiima, paBHa (,7. CiydaiiHas BenuurHa &— YMCIO OOJMTalyid ISITH-
MPOLIEHTHOTO 3aiiMa, Cpeu Hayady NPUOOPETEHHBIX 6 oOmuranuil. 3HaueHus napa-
METpOB: a =2, f=4.

1.4.1.2 Y cemeifHOH Mmapbl UMEIOTCSA aKIUU MPEANPUATHS A U NPEANpPUATHS
B . Myx Biajieet matbio akUsIMU NPEANPUITAsS A ¥ CEMbBIO aKIMSIMH PEATPHUSITUS
B, )xeHa — BOCEMBIO U YETHIPbMsI aKIUSIMH, COOTBETCTBEHHO. Ha cemeliHoM coBeTe
PELIEHO MPOAATh YETHIPE aKIMH, IO JBE OT KAXKIOT0 ujeHa cembu. CiiyyaliHas BEJIU-
yrHa £ — YUCJIO BBIOPAHHBIX Ha MPOJAXY aKiui npeanpustus 4. 3HaueHue mapa-
MeTpa a =3.
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1.4.1.3 Xomogmnbauk «ATmant XM 4007» MOXHO MpUOOPECTH TOIHKO B O-
HOM M3 IIECTH UMEIOIUXCSl MarazuHoB. [lokymnarens mocieqoBaTeibHO 00bE3KaAET
Maras3uHsl, IOKa HE HAXOJUT XOJOJWIBHUK YKa3aHHON Mapku. CiydaiiHas BEJIMYMHA
& — YUCI0 Mara3uHoOB, KOTOPBIE TOCETUI OKyNaTeNb. 3HaUeHUE napamerpa [ =4.

1.4.1.4 BeposTHOCTh TOr0, YTO KyIIOpa UMEET noBpexacHue, pasHa 0,2. Ciy-
yaiiHas BeJIMYMHA &— YUCIO KYMIOP, UMEIOIUX MOBPEXKIECHNUE, CPEAU Hayaady Bbl-
OpaHHBIX IIECTU KyMIop. 3HAUEHUs MapaMeTpoB: @ =3, f=5.

1.4.1.5 3 nexa, uMerONMIero B HaJWYUU TpU OeTOHHBIE TIUTHI Mapku ObC
9.4.6 u neBsath T Mapku OBC 24.40.6, cinyyaliHbIM 00pa3oM Ha CKJIaJl OTIPYKAIOT
mecth 1T, CiydaiiHas BenuunHa & — yncio 6eToHHbIx wiuT Mapku OBC 24.40.6,
OTTPY’KEHHBIX W3 11€Xa Ha CKJIaJ. 3HaYyeHue napameTpa @ =4.

1.4.1.6 Tpaktop Mapku «benapyc-892» HaxoaUTCS TOJBKO Ha OJHON U3 BOChH-
MU U3 UMEIOIIMXCS CTOSIHOK mpeAnpusatus. s paboTel moTpeOoBaics TPAKTOp 3TOM
Mapku. MH)XeHep MpeAnpUATHs CBA3BIBAETCS IO CEJIEKTOPY MOCIEA0BATENBHO C KaX-
JIOM CTOSIHKOM, MOKa HE HAaXOJIUT TPAKTOp yKa3zaHHON Mapku. CiydaiiHas BeIWYMHA
& — YHCIIO CTOSTHOK, € KOTOPBIMU CBSI3AJICSI MHXKEHEDP MPEANPUATHS 10 CEJIEKTOPY.
3HaueHue napamerpa [ =>5.

1.4.1.7 BeposiTHOCTh TOTO, 4TO OaHKHOTa WMeEET MOBpexaeHune, paBHa 0,4.
Cnyyaitnas BennunHa &— 4HCIO OAHKHOT, KOTOPBIE MMEIOT MOBPEXKACHHUA, CPEIu
HayJa4dy BbIOpaHHBIX ceMU OaHKHOT. 3HaUEHUS mapaMeTpoB: @ =4, f=6.

1.4.1.8 B Hanuuum uMeroTCs IEBATH CTOJOB, MATh U3 KOTOPBIX UMEIOT CBETJIBIN
nBer. Haynauy BeiOupator yetsipe croja. CiydaiiHas BenuyuHa & — YHCIIO CTOJIOB,
KOTOPBIE HE UMEIOT CBETJIbIN [BET. 3HAUEHUE MMapaMeTpa o = 2.

1.4.1.9 B naptuu u3 10 uznenuit Tpu u3aenus sBISOTCS OpakoBaHHBIMU. J[7st
KOHTPOJISI X KauecTBa ClydyalHbIM 0o0pa3oMm oTOHparoT msath uzfaenuid. CiaydaiiHas
BenuunHa & — 4uciIo OpaKOBaHHBIX M3JIEHM cpean OTOOpPaHHBIX U3/AeNuil. 3HaUeHHE
napamerpa ff=2.

1.4.1.10 Kaxxaplii TpeTuii JIoTeperHHbIN OUJIET, KOTOPBIM YU4yBCTBYET B JIOTEpEE,
ABJISIETCS. BBIMTPBIIIHBIM. CilydaiiHas BeJIMYMHA &— YUCIO BBIMIPBILIHBIX JOTEpEN-
HBIX OWJIETOB, CpeIu HayJady BBIOPAHHBIX MSATH JIOTEPEHHBIX OHIIETOB. 3HAYCHHUS
nmapameTpoB: a =1, f=4.

1.4.1.11 B ceiide umeeTcs maTh CIMTKOB cepedpa, YeThIpe CIUTKA 30JI0Ta U
TpU clIMTKa maTuHbl. U3 celida Hayraa u3BieKkaroT mecTh ciUTKoB. CiydaiiHas Be-
au4yrHa & — YKCIIO BBIHYTHIX M3 ceiida CIUTKOB 30J10Ta. 3HaUYeHUe napameTpa o = 2.

1.4.1.12 Tonbko Ha OJHOM M3 IATH CKJIAJ0B HMEIOTCS TEIEBU30Pbl MApPKH
«T"opuzont 47 LCD 825 Infinitv FulHD». /Ins BeimosHeHUs 3aKa3a Ha JOCTABKY Te-
JIEBU30pa 3TOM MapKy JUJIEp KOMIIAHUH MOCIEA0BATEIBHO MMPOBEPSIET M0 KOMITbIOTE-
py HaJIMYue TeNEeBU30pOB Ha ckiaaax. CiydailHas BeaIM4nHAa & — YUCIO CKIIAJ0B, KO-
TOpbIE MPOBEPUT AWJIEP HA HAJTUYHE TEJIEBU30POB HEOOXOJIMMON MapKu. 3HaYEHUE
napamerpa [ =3.

1.4.1.13 Ha onummnmaze mo MaTeMaTUKE CTYJEHTaM MPEIIOKUIN PEIIUTh MATh
3agay. Kaxknas 3amaga MOXKeT ObITh IPAaBUIIBHO PEIIeHA CTYAEHTOM C BEPOSTHOCTHIO,
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paBHo#l 0,4. CnyvaiiHag BenMunMHa &— YKCIO MPABHIIBHO PEIIEHHBIX CTYAEHTOM 3a-
nad. 3Ha4YeHHs napameTpoB: @ =1, f=4.

1.4.1.14 B nanuuuu umerotcs 4 kpeauTHsle U 6 aeberoBbie KapThl. Ciyuaid-
HBIM 00pa3oM BbIOMpaAlOT MATh KapT. CiydaitHas BenuuuHa & — YHUCIO BBIOPAHHBIX
KPEIUTHBIX KapT. 3HaUeHue napamerpa o =1.

1.4.1.15 CanuTky miaTUHBI UMEIOTCS TOJIBKO B OJITHOM M3 IIecTH 0OaHkOB. Kiu-
€HT oOpamraercsi MocyieoBaTeIbHO B OaHKH J0 TeX IOp, MOKa HE HAXOJIUT OaHK,
Ape/laraloluil Ha NpoAaxy CIUTKHU IuiaThHbl. Ciy4yaiiHas BenMuMHa & — YHCIIO
0aHKOB, B KOTOPbIE MOKET 00paTUThCA KIMEHT. 3HaUeHHe napamerpa [ =3.

1.4.1.16 Ha sk3aMEHallMOHHON CECCUM CTYIEHT MOJIy4aeT YAOBIETBOPUTENb-
HYIO OLIEHKY IO 3K3aMmeHy ¢ BeposTHocThio 0,8. CiyyaiiHas BenuuuHa &— 4YHCIIO
CHAHHBIX 3K3aMEHOB C YJOBJIETBOPUTEIHHOMN OLEHKOM, €CJIM BO BPEMSI CECCHH HE0O0-
XOJIMMO CAATh TISITh 9K3aMEHOB. 3HAYEHUS TapaMeTpoB: @ =3, [f=4.

1.4.1.17 B TtapaxxHoMm KooIllepaTUBe, COCTOsAIEM U3 12 rapaxeil, HaXOAUTCS
BoceMb aBToMooOmIel «Opel» u yetsipe aBToMoOumst «BMW». 3a cyTku u3 rapaxkHo-
ro KOOIepaTHuBa BbIEXaJO MIeCTh aBToMOOmIel. CryyaiiHast BenuunHa & — 4HMCIo aB-
tomobmielr «BMW», BpIeXaBIIMX 32 CYTKHM U3 Tapa)XHOTO KOOINepaTuBa. 3HaYCHHUE
napameTrpa @ =2.

1.4.1.18 Kaxxplii 4eTBEPTHI KOMITBIOTEP, KOTOPHIM YCTAHOBJIEH Ha (upMe,
pou3BoACTBa pupMbI «Samsungy. KoMIbIOTEpHI pacnoiaralorcs B CeMH KaOuHeTax
¢bupmbl. CoTpyaHUK (GUPMBI TTOCIEAOBATENHHO 00XOAUT KaOMHETHI, TOKa HE HAXOAUT
KOMITbIOTEP YKa3aHHOU Mapku. CiayyaliHasg BelMYMHA & — YUCIO KAOMHETOB, B KOTO-
pbie 3alAET COTPYAHUK PUPMBI. 3HAUCHUE TapameTpa [ =35.

1.4.1.19 IloBpexnenue neOGETOBOM KapThl MPOUCXOIUT C BepoATHOCTHIO 0,2.
Cnyuaiinas BenuuuHa &— 4MCIO 1€0€TOBBIX KapT, KOTOPhIE MUMEIOT MOBPEXKACHUE,
Cpely BOCbMHM HayzAauy 1e0eTOBbIX KapT. 3HAUeHUsI MapaMeTpoB: @ =5, f=7.

1.4.1.20 U3 xomnoxasl, cogepxkaieit 36 kapt, OepyT Hayngady 5 kapt. Cioydaiinas
BeMYMHA & — YHCIO BBIHYTBIX TY30B CPEIM B3ATHIX KapT. 3HAYEHUE Iapamerpa
a=2.

1.4.1.21 Moo6unsHbIi Tenedor mapku «Samsung SGH 780» moxxHO mprobpe-
CTH TOJIBKO B OJIHOM M3 UMEIOLIUXCSI CEMU TOProBhIX Touek. [Tokynarens mocnegosa-
TEJIbHO OOXOAMT TOPrOBbIE TOYKH, MOKAa HE HAXOAUT TeledOH yKa3aHHOW MapKHu.
CnyuaiiHas BenmuyuHa & — YKCIIO TOPrOBBIX TOYEK, KOTOPHIE MOCETUI MOKYHaTeNb.
3HayeHue napamerpa f=5.

1.4.1.22 BeposATHOCTB TOTO, YTO BBIMTYCKHUK YKOHOMHYECKOTO (haKyabTeTa Oy-
AeT padotarh Mo crneuunanbHocTH, paBHa 0,8. CiydaiiHas BennuuHa &— YHCIO BbI-
YCKHUKOB, KOTOpbIE€ pabOTAalOT MO CHEHUAJIbHOCTH, CPEIu Hayaady BbIOpaHHBIX
BOCHMM BBIITYCKHUKOB. 3HAYEHU MAPAMETPOB: @ =2, f=4.

1.4.1.23 BeposATHOCTh TOrO, YTO HM3ENHE, TPOU3BEAEHHOE MEPBBIM CTAHKOM-
aBTOMAaTOM, YJOBJIETBOpSET CTaHIApTy, paBHa 0,9, I BTOPOro CTaHKa-aBTOMaTa —
0,8, mist Tperbero — 0,7. C Kaxa0ro craHka-aBTomMaTa Hayraja OepyT 1Mo ogHOMY H3-
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nenuto. CriyvaiiHas BeIMUMHA & — YKCIO W3MIENWN, YOBJIETBOPSIOIIMX CTAHAAPY.
3HaueHue napamerpa « =1.

1.4.1.24 JIBa cTpenka CTpeisitoT 110 MUIICHHM, Jejas Mo ABa BbicTpesa. [lepBbiii
CTPEJIOK TMOIMaJaeT B MUIIEHb ¢ BEpOATHOCTHIO 0,6, a BTOpOil — ¢ BEposTHOCTHIO 0,7.
CrnyyaitHas BenuunHa £ — YMCIIO MOMAJaHUi B MUIIEHb 0OOMMU CTpelIKaMH. 3Hade-
HHE napameTpa [ =2.

1.4.1.25 BeposATHOCTh BBIMTpHINIA B JIoTepee Ha oauH OuieT paBHa 0,2. Cuy-
YaiiHasi BeIMunMHa &— YKMCIIO OMIIETOB JIOTEPEH, [0 KOTOPHIM MOXHO MOJTYYUTh BBIUT-
pHIILL, €ClIM BCEro MPHOOPETeHO IIeCTh OWIEeTOB. 3HAUEHHUS NapamMeTpoB: o =2,
p=4.

1.4.1.26 Kaxnp1ii u3 1ByX aBTOMAaTOB MPOMU3BEIN IO JABE AeTaIU. BeposTHOCTH
JOIYyCTUTH Opak [iyisl mepBoro aBTomara pasHa 0,2, mis Broporo — 0,3. CiyvaitHas
BeIM4MHA & — YUCI0 OpaKkOBaHHBIX JETasel, U3 YETHIPEX MPOU3BENEHHBIX JeTaleH.
3HaueHHe napaMeTpa @ =2.

1.4.1.27 B 3JeKTpUYECKON LIENU YCTAaHOBJICHO IMSTh OJMHAKOBBIX TPUOJIOB,
OJIMH U3 KOTOPBIX HencnpaseH. [locienoBaTebHO POBOAAT TECTUPOBAHUE TPHUOOB,
10 oOHapykeHusi HeuctpaBHoro. Cinyuaiinas BenmuunHa £ — YUCIIO MPOTECTUPOBAH-
HBIX TPUOJIOB. 3HaUEHUE napamerpa [ =3.

1.4.1.28 BeposaTtHocTh ciaTh dk3aMeH Ha «10 OammoB» AJisi IEPBOTO CTYJEHTA
paBHa 0,4, a nnsa Broporo — 0,7. Kaxapiii U3 CTyJ€HTOB cai 1o JiBa 3k3aMmeHa. Ciy-
yaifHasi BeIMunHa &£— YUCIO 3K3aMEHOB, CAAHHBIX 000MMU cTyAeHTaMu Ha «10 Oan-
JIOB». 3HAYEHMS apaMeTpoB: @ =2, f=4.

1.4.1.29 BeposTHOCTB IpuéMa KakJ10T0-U3 NATH curHaioB pasHa 0,7. Ciy4aii-
Has BeJIMYMHA £ — YUCIIO IPUHATHIX CUTHAJIOB. 3HAUYEHUE NTapameTpa o =3.

1.4.1.30 B naptuu u3 BocbMHU (oToanmapaToB oAuH (oTroarnmapar OpakoBaH-
HbIA. UTOOBI €ro 0OHapyKUTh, BHIOUPAIOT OJUH (poToannapar 3a APYruM, U Kaxablid
npoBepsaroT. CiydaifHas BelMunMHa & — YKCIIO MPOBEPEHHBIX QoToanmnapaToB. 3Ha-
yeHue rnapamerpa f=35.

2 HEITPEPBIBHBIE CJ1YYAWHBIE BEJTUYUHBI

Conepskanue: HenpepbiBHbIC ciaydaiiHbie BennuuHbl (HCB), ¢yHkuus pac-
MIpEICIICHUs, TUIOTHOCTh PACIIPEICIICHHUS BEPOSTHOCTEH, YNCIIOBBIC XapaKTCPUCTUKH
HCB (Matematuueckoe OXHIaHHE, MOJa, MeJUaHa, TUCIIEPCUs, CpeaHee KBaapaTu-
YECKOE OTKJIOHEHUE, HAaYaJIbHBIE U IIEHTPATLHBIE MOMEHTBI k-TO TIOPSJIKA).

2.1 Teopernueckuii MaTepuaJ Mo TeMe MPAKTHYECKOT0 3aHATHS
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Eciam MHOXKECTBO BO3MOXKHBIX 3HAYEHUM CIIy4YalHOM BEIWYUHBI & HECUYETHO,

TO BO3MOXXHBIE 3HAUEHMsSI ITOW CIIydalHOW BEJIMYMHBI LIEJIMKOM 3arOJIHSIIOT HEKOTO-
phIit mHTEpBall. Takue cirydaliHble BEJIMUUHBI Ha3bIBAOTCS HEMIPEPHIBHBIMU.
Onpenenenune 2.1.1 Oyukuus F(x), onpenenéHHas Ha MHOXECTBE JCHCTBH-

TCJIBbHBIX YHCCJI, HA3bIBACTCA abconomuo Hel’lpeprBHOIZ, CCJIM CYHICCTBYCT TakKasd
(bYHKHI/IH f , UTO AJIA JI000T0 I[eﬁCTBHTeHBHOFO Yuciia X BBIIIOJIHACTCA paBCHCTBO

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

Onpenenenue 2.1.2 Crnyyaiinas BenuunHa & Ha3bIBACTCS aOCOIIOMHO Henpe-
pblsHOIL, ecin e€ (HYHKIUS pacTpeiesieHus BEpOsITHOCTEH F(Xx) sBIseTCst abCOMOTHO
HENpPEepHIBHON (QYHKIHEH.

Oyuknuo f(x) Ha3BIBAIOT NIOMHOCHbIO PACIPEOeNeHUsl 6ePOSIMHOCel, & e
rpaduK — KpUBOU pacipeesieHus!.

Tak kak QyHKUIUS pacnpeneneHus SBISETCS HEyObIBalOIIed M KyCOYHO-
HETPEPHIBHOM, TO MJIOTHOCTH pacipesiesieH s 00J1a1aeT CIeayOIIUMU CBOUCTBAMH:

a) 3 Toro, uto F(x,)> F(x,) Vx, >x,, cnexyer f(x)=0;

0) pyHKIIMIO pacmpeneneHus MOXHO muddepeHIMpoBaTh, 32 UCKIIOYCHUEM,

4

X
OBITH MOKET, KOHEYHOT'O MJIM CYETHOrO ynciaa Touek: F'(x) = I f(ydt | = f(x).
—o0

C apyroi CTOpOHBI, €CJIH JJI1 HEKOTOPOi GyHKIMK f(X) BBITOJHSIOTCS YCJI0-
BUA.
1) f(x)=20;

2) f(x) — HenpepbIBHA WM KYCOYHO-HENPEPHIBHA;

3) J S =1,

To (yHKUUMs pacmpeneneHus F(x)= I f(t)dt saBnsercs aOCONIOTHO HEMPEPHIBHOU

byHKIMEH U, Ce0BaTebHO, QYHKIMS [ (X) — IJIOTHOCTh pactpe/iecHHs.

[IepBoe ycnoBHE O3HAYAET, YTO KPUBASI PACHPEICIICHUS PACIONATAETCs BbIIIE
ocu Ox, BTopoe — f(X) — MOXeET ObITh JTHOO HEMPEPHIBHOM, JTHOO COCTOSTH U3 Ya-
CTel HenmpepbIBHBIX (PYHKIMH, TpeThe — IUIONIa/b MOl KPUBOM pachpeeseHus: quc-
JIEHHO PaBHA €IMHUILIE.

Onpenenenue 2.1.3 Ilnomnocmoio pacnpedenenus eeposmHocmeti HepepbIB-
HOI ciydaiiHOM Beau4MHbl £ B MPOU3BOJIBHO (PUKCHPOBAHHOM TOUKE X HA3bIBACTCS
MPEJIeNI OTHOLICHUSI BEPOSITHOCTH MOTAIaHUS 3TOW CIIyYalHON BEJIIMYMHBI B HHTEPBAJI
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[X;x+ Ax) K BenMuUMHE 9TOrO MHTEPBAIA NP CTPEMICHUN AX K HYIO, M €CIIH 3TOT

MpeJen CyIeCTBYeT U KOHEUEH, TO €CTh

Y P(xSc§<x+Ax)
J(x)=lim ~ :

CMBICHT TJIOTHOCTH PACIPEEICHUs] BEpOSITHOCTEH [ (X) COCTOMT B TOM, 4YTO

OHA YKa3bIBAE€T HA TO, KaK YaCTO IPYNIUPYIOTCS BO3MOKHBIE 3HAYECHMS CIIy4anHOMN
BEIUYMHBI & B HEKOTOPOW OKPECTHOCTH TOYKH X .

DOyukiws pacnpeaeneHus F(x) BbipaxkaeTcs 4epes MIOTHOCTh PACIPEIeIICHUs
BepositHocTeit f(x) dopmymnoit

F(x)= _)f f(x)dx. (2.1.2)

[1oTHOCTB pacmpenesieHus: BepositHocTell f(X) BbIpakaeTcs depe3 QyHKIU0
pacnpenenenus F(x), ecnu ona quddeperuupyema, Gopmynoi

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

JIns TUIOTHOCTH paclpelesICHUs] BEPOATHOCTEN CIPABEIINBO YCA0BUE HOPMU-
DOBKU:

Tf(x)dle. (2.1.4)

Tak kak (yHKOHS pacupeneicHusT BEPOSTHOCTEH SBISICTCS HEMPEPHIBHON
bynkueit, To npeaen GyHKIUU B TOYKE paBeH 3HAYEHUIO (PyHKIUU B ATON TOUKE, a,
CJIEIOBATENIbHO, COTJIACHO CBOMCTBAM (PYHKIMH pacHpe/eNieHus, BEPOATHOCTD MPH-
HATUS CIIy4YallHOW BEJIMYMHOW KOHKPETHOIO 3HA4Y€HUS pPABHA HYJIIO, TO €CThb
P(¢= a) =0. CienoBaTesbHO, CIIPaBEAIUBA POPMYAA HAXOHCOCHUS BEPOSMHOCTIU

NONAOAaHUsl HENPEPbIGHOU CIYUAUHOU 8eIUYUHBL 8 3A0AHHbIL UHMEPEAT.
Pla<c<p)=Pla<c<pf)=Pla<i<p)=Plas<c<f)=

2 (2.1.5)
- j f(x)dx=F(B)-F(a).

Taxum oOpazom, 3Hast QYHKIUIO pacHpeIesIeHUs] HEIIPEPbIBHOW ClTyyaiiHO! Be-
JIMYUHBI WIK IJIOTHOCTh PACHPENEIICHUS] BEPOATHOCTEW, MOYKHO BBIYMCIUTD BEPOSIT-
HOCTHU MPOU3BOJIbHBIX COOBITHH. YKa3zaHue QyHKIUU paclpeaeseHIs] WIN MIIOTHOCTH
pacrpeneneHnss BEPOATHOCTEN SBISAIOTCA MAaTeMaTUYECKUMHU MOJAEISIMU DKCIEPHU-
MEHTa. DTH MOJEIIA Ha3bIBAKOTCS 3aKOHAMM PACIIPEACIICHUS CITyYailHbIX BEJIMYH.
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PaccMoTpuM 4uCIOBBIE XapaKTEPUCTUKU HEMPEPBHIBHBIX CIIYYaWHBIX BEJIUYHH.
OmnpeneneHus U CBONCTBA YMCIOBBIX XapaKTEPUCTHUK JIJISi TPOU3BOJIBHBIX CITy4alHbIX
BeJIMYMH npuBesieHbl B Teme Ne 1 «JluckpeTHble cirydailHble BEJIUYUHBD.

Onpenenenue 2.1.4 Mamemamuyeckum odxrcudanuem Henpepvl8HOU CyYaHOl
genuyunvbl £, U1 KOTOpoH (GyHKus f(x) sBISETCS IUIOTHOCTBIO paclpeieICHUs

BepOHTHOCTeﬁ, Ha3bIBAETCs BEJINYMHA HECOOCTBEHHOIO HHTCTpajia

~+00

M(&)=m, = jxf(x) dx, (2.1.6)

€CITH OH CXOJIUTCH.
Omnpenenenne 2.1.5 Moooi Mo(E) nenpepwvisnoil ciyuaunou eruuunvl &

Ha3bIBACTCS TaKoe e€ 3HAUCHHUE, MPH KOTOPOM IIOTHOCTh PACIpeAeIeHHUs BEPOSTHO-
CTEU NUMEET MAKCUMYM.

Onpenenenne 2.1.6 Meouanou Me(&E) nenpepuwinotl ciyyaiinou eenuyunsvt &
Ha3bIBACTCS TaKoe €€ 3HaYCHHE, OTHOCUTEIILHO KOTOPOTO PABHOBEPOSTHO MOJTyUYCHHE
OOJIBIIIET0  WJIM  MEHBIIECrO 3HAYCHUS  CIIydyallHOW  BEJIMYUHBI, TO  €CTh

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

1
3HayeHUEe MEIMaHbl MOYKHO ONPEIEIINTh U3 PABEHCTBA j f(x)dx= bR
—0

Omnpenenenue 2.1.7 /Jucnepcueii nenpepuvignou cayuaunou eeaudunsvt &, s
KoTopoii (yHkms f(x) SBIAETCS IUIOTHOCTHIO pPacIpeaeieHns] BEpPOSTHOCTEH,
Ha3bIBACTCSI BEJIMUMHA HECOOCTBEHHOTO MHTETpaIa

D(&)= [ (x—m,) f(x)dx, 2.1.7)

€CJIM OH CXOJIUTCH.
N3 pasenctsa (1.1.8) cnenyer emé oana dhopmysa isi BHIYUCICHUS AUCTIEP-
CHUU:

D(&E) = j X f(x)dx —m. (2.1.8)

Omnpenenenue 2.1.8 IlonoxurenpsHoe 3HaUEHUE KBAaJIpPaTHOIO KOPHS M3 JUC-
IIEPCUN HA3BIBACTCS CPEOHUM KBAOPAMUYECKUM OMKIOHEHUeM Ul CMaHoapmom
cily4aitHoi BennuuHbl £ U onpeaensercs popmyon

o, =0(&)=D(). (2.1.9)

Pasmax R u k03 UIMEHT BapHaliy I HENPEPBIBHBIX CIIyYalHbIX BEIIMIHH
onpenenstores 1mo ¢GopMyrnam, KOTOPbIE YKa3aHbl HA MPAKTHUEeCKOM 3aHsATHU Ne 11,
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JInsi HenpepbIBHOW CIIy4ailHOM BEJMYUHBI HAYAAbHbIU MOMEeHm k-20 nopsaoka
BBbIpaXKaeTcss HECOOCTBEHHBIM UHTEIPAJIOM:

v, =Txk f(x)dx, (2.1.10)

€CJIM OH CXOJUTCH.
JI1s1 HenpepbIBHOW CITyYalHOM BEJIMYUHBI YeHmpanbHblli MOMeHm k-20 nopso-
Ka HaXOUTCs 110 popMyIie

~+00

po=[(x-m.) f(x)dx. 2.1.11)

€CJIM OH CXOJUTCH.
[{eHTpanbHbIA MOMEHT MIEPBOTO MOPSJIKA BCETAa PaBEH HYIIO, BTOPOTO MOPSII-

Ka ABJISETCS JUCHIEPCUEiT CllydaiiHoN BemmuuHbl &: 4, = D(E)=v, — v . Kak npasu-

70, 7Sl ONMUCAHMS XapaKTePHBIX OCOOCHHOCTEH BEPOSITHOCTHOM MOJIEIH HCIOJB3Y-
FOTCS. MOMEHTBI HE BBIIIE HETBEPTOTO MOpsIKa. L{eHTpalbHbIE MOMEHT TPETHETO TO-
pska ompexensercs no - gopmyne i, =v,—3v,v,+2v), a 4YeTBEPTOrO —
w, =v, =4y, +6v,y. —v'.

[lenTpanbHbli MOMEHT TPETBErO IOPSANKA L, CIYKUT XapaKTePUCTHKOU
acCUMMETpPUH («CKOIIEHHOCTU») pacupenpesienus. Ecnu cinydaitnas BenuuuHa &£ pac-

IpeaeacHa CUMMETPUYHO OTHOCUTEIBHO CBOETO MAaTEMATHYECKOIO OXKUIAHUSA, TO
o o 3
TPETUHN LEHTPAILHBIA MOMEHT L, = M (cf —-m ég) =0.

IlenTpanbHblli MOMEHT 4YETBEPTOrO MOPAAKA- £, CIYXUT XapaKTEPUCTHKOU

OCTPOBECPHIMHHOCTH MJIM ITJIOCKOBCPIIMHHOCTHU pACIIPEACIICHUS. BBI/I,IIy TOI'0O, 4YTO OTH
LHCHTPAJBbHBIC MOMCHTBI HMMCIOT PA3JIMYHBIC PasMCPHOCTH, y,Z[06HCC IIOJIB30BAaTLCA

Hy

o =M . nB_
6e3pazmepHbIMEU Kodhpurmentamu: A = g K03 puyuenm acummempuu;, B = e

— KO3hhuyuenm niocKo8epuUHHOCMU.
Tak kak ans HamOoJiee pacnpOCTPaHEHHOIO HOPMAJILHOTO 3aKOHA pacipejie-

JCHUS [, / o' =3, TO B Ka4eCTBEe XapaKTEPUCTUKH OCTPOBEPHUIMHHOCTH UCIIOIb3YIOT

0e3pa3zmepHbIil KodhPUIMEHT, Ha3bIBaeMbIN 9Kcyeccom I = ’u—j -3.
o

KpOMe pPaCCMOTPCHHBIX HAYAJIbHBIX W HCHTPAJIbHBIX MOMCHTOB, Ha IIPAKTUKC
HHOrAa HPUMCHAKOTCSA TaK HA3bIBACMBbIC abconomuvle HAYANbHLIE MOMEHMbL

k
a, = M(|§|k) U abCcontomuble YeHmpanbHble MOMeHmyl [, = M(‘f - mé‘ )

2.2 IlpuMepsl pelieHUs] TUNOBBIX 33/1a4
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2.2.1 CnyyaiiHass BelWYMHbl & MMEET IUIOTHOCTh PACIPENEIICHHUS] BEPOSTHO-
cTen

T
acosx,eciu 0<x<—;

f(x)= 2

T
0, eczzux<0ufzux>5.

Omnpenenuth ko3pduiuent a. Haittn ¢ynkuuio pacrnpeneneuus F(x). Boi-
YHCIUTh MaTeMaTnueckoe oxumanue M (&), nucnepcuro D(E), cpeaHee KBaapaTH-

T T
yeckoe oTkiIoHeHue 0(&) U BEpOsATHOCTh HEPABEHCTBA " <E<—.

2
Pemenue. Jlns onpenenenus napaMmeTpa @ BOCHOJIBb3YyeMCS YCIOBUEM HOPMU-
pOBKI/I (2.1.4).

72
dex+ I acosx dx+ I Odx=1; asinx| 7, a(sin%—sinO):l; a=1.
#/2
CJ’ICILOB&TCJ’ILHO, TJIOTHOCTb paclpe/ieIeHus 3a/1aHa BIPaKEHUEM
cosx,ecu 0< x<7/2;
f(x)= {

Haiiném gynkumio pacnpenenenns mo gopmyse (2.1.2).

0, ecau x <0unu x> /2.

Ecmm x<0, 10 F(x)=P(E£<x)= J.f(x)dx: dex=0.
Ecmm 0<x<7/2, 10

F(x)=P(E<x)= jf(x)dx joczx+jcosxdx_smx| =sinx.

Eciu x> /2, 10
72
F(x)=P(<x)= jf(x) dx = dex+ I cosx dx + J. de—s1nx| /2
7/2
OyHKIUS pacnpeeseHus CIIy4ailHOM BEIMYUHBI ¢ UMEET BUJT

0,ecmux<0;

. T
F(x)=<sinx,eciu 0< x SE;

T
1,eczzux>3.

BbruncnuM mMatematuueckoe oxxuganue no gpopmyie (2.1.6).
+00 72'/2
M(S)=m, = J x f(x)dx= I xcosx dx = (xsinx + cosx)|z/2 =%—1 :
e 7
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JIsi BBIYMCIIEHUST WHTETPaJia MCIOIh30Bajgach (opmysia WHTETPUPOBAHUS TI0
yacTsaM. Berancium aucnepcuto no popmyse (2.1.8).

+00 7/2 _ 2 .
D(&) = J x> f(x)dx —m; = j x* cosx dx — (”sz = (2xcosx +(x* =2)sin )c)‘o/2 —~

0
2
_(”__2j —7—3.
2

JIist BBIYMCIICHUST MHTETpaja BaXKIbl MCIOIL30BaNIach (hopMya MHTETPUPO-
BaHMsI TI0 YacTSAM. BeUmMCIUM cpefHee KBaApaTUYECKOe OTKIOHEHHWE 1o (dopmyrie

(2.1.9): 0. =0(&)=D(E) =~ -3.

T T
JI1st BBIYUCIIEHUST BEPOSITHOCTH HEPAaBEHCTBA " <&< 3 BOCTIOJIB3yeMcsi hop-
mysoi (2.1.5).
T A V4 T V4 T I 1
Pl —<&<=—|= J cosxdx=F|—|-F|— |=sin——sin—=1—-—=—.
6 2 ) 2 6 2 6 2 2
2.2.2 OyHKIMSA pacHpeneicHus CIyYaiiHOM BEIUYUHbBI & UMEET BHU]L
0, ecru x<0;
F(x)=<x",ectu0<x<l;
L, ecmu x >1.
HaiiTi TUIOTHOCTH pachpeseeHus - BeposATHOCTeH f(X), MaTeMaTH4ecKoe
oxumanue M (&), nucnepcuto D(E), cpennee kBaaparnyeckoe oTkiaoHeHue o(&) u

BEPOSATHOCTH IOMAIaHNS CIIy4YalHOW BeNMUHUHbI & B 0Tpe3ok [0;0,5].

Pemenne. Haxomum miIOTHOCTH pacmpenefieHusi BeposTHOCTed mo dopmyne
(2.1.3).

0, ecru x<0;
f(x)=F'(x)=43x%, ecru 0< x<1;
0, eciu x>1.

Brruuciaum matematuueckoe oxuganue no gopmyne (2.1.6).
1

+00 1 1
M(é‘)=m§:J.Xf(X)dxzijxzdx=j3x3dx=%x4 =§.
—o0 0 0 0
Breruncnum nucnepcuio o dpopmyne (2.1.8).
"9 3 9 3

+00 1 2
3 3
D(E) = | x> f(x)dx—m* = x2-3x2dx—(—j =X =2 ==
(é)Lf() f! 4) 57|, 16 5 16 80

Beruucaum cpemHee KkBampaTHdeckoe OTKiIOHeHHWe 1o  dopmyne (2.1.9):

o =0(5)=4D() =\/g ~0,194.
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JIns BBIYMCIIEHNS] BEPOSITHOCTH TOINAJaHNsl CIIy4YalHOW BEIUYUHBI £ B OTPE30K
[0;0,5] Bocnosib3yemcest popmyoii (2.1.5).

0,5
P(0<£<0,5)= [ 3x" dx=F(0,5)- F(0)=0,5'=0"=0,125.
0
2.2.3 CnyyaliHas BeJIMUMHA ¢ MUMEET IJIOTHOCTh PaclpeieICHUsI BEPOSITHOCTEN

fx)=

Haititu Moy Mo(&) u mennany Me(&) caydaitHOM BETHUUHBL &.

3cos3x, eciu 0< x < 7/6;

0, ecnu x <0unu x> /6.

Pemenue. Jlns onpeneneHnst MOABI CIy4aiHOM BEJIMYMHBI HAWJIEM MAKCUMyM

V4
IIJIOTHOCTHU PACIIPCACICHUA Ha OTPCBKC‘:O;E} . HaXO,Z[I/IM IMPOU3BOAHYIO IINIOTHOCTH:

f'(x):(300s3x)':—9sin3x=0, x:%,VneZ. Eciu n=0, T0 x=0€{0;%}, a

3TO KOHel oTpe3ka. [Ipu apyrux n, KpUTHUECKHE TOUYKM HE MPUHAJICKUT 33JIaHHO-
My OTpe3Ky. 3Ha4CHHS TUIOTHOCTH BEPOSTHOCTH Ha KoHIax otpeska: f(0)=3,

f(7/6)=0. CnenoBatensHo, Moaa ciy4aitHoii BeanunHbl paBHa Mo(&) =3.
Haiiném menuany Me(&) =m,, UCXOAs U3 ONPENETICHUS MEIUAHBI:
P(§ < me) :P(§ > me),
WM, YTO TO K& caMoe, 2P(§ < me) =1. YuurbeiBas, 4TO MO YCIOBUIO BO3MOKHBIE

3Ha4YCHMUA CJ'Iy‘-I&fIHOfI BCJIMYMHBI ITOJIOKUTCIIBHBI, IICPCITUIICM 3TO PABECHCTBO B BUJIC!

P(§<me):O,5,

50) 050

I3cos3x dx =sin3m,=0,5.
0

. T
N3 mocneanero PaBCHCTBA KMCEM 3me = arcsmz Zg. CJIC,Z[OB&TCJILHO, HCKO-

Masi MenaHa paBHa m, = 77/18.
2.2.4 CnyyaliHasi BEJIMUUHBI ¢ MMEET IUIOTHOCTh PACHpPEACICHUS BEPOSTHO-
cTen
—x* +8x—11,eciu2<x<6;

fx)=

Haittu mony Mo(&), marematuueckoe oxumanue M (E) u meauany Me(&)

0,ecmu x<2umux=>6.

CIIly4YalHOM BEJIMYUHBI & .

Pemenue. Jlns onpeneneHust MOABI CIIy4aiHOM BEJIWYMHBI HAWJIEM MAaKCUMyM
IJIOTHOCTU pacnpereneHus. [Ilpeobpazyem BbipaxeHHe sl TUIOTHOCTH pacipeaene-
HUsI BEPOSITHOCTEN:

31



f(x)=—x"+8x—16+5 mwm f(x)=5-(x—4)".
CnenoBatenbHo, f(x)<5 ¥ IIOTHOCTH pacmpeecHUs] BEPOITHOCTEH TOCTH-

raeT CBOEr0 MAaKCHUMaJbHOTO 3HAYEHUs, KOTOPOE PABHO 5, MPU 3HAYEHUU NEPEMEH-
Hoii x=4. Torma mona ciaydaiHoi BeauunHbl paBHa Mo(&)=4. D10 Ke 3HAUYCHHE

MO/l MOKHO TIOJTYYHUTh, UCTIONB3YS METOABI MU (HEepeHIINATBHOTO UCYHCIICHHUS.

Tak Kak KpuBas paclpelenceHus CUMMETPUYHA OTHOCUTENIBHO NPSAMOU X =4,
TO MaTeMaTHYecKoe okuaanue paBHo M (&) =4, u MeanaHa Tak e MPUHUMAET 3Ha-
geune Me(&)=4.

2.2.5 CnyyaliHas BeJIMYMHA ¢ MUMEET IJIOTHOCTh PaclpeieICHUsI BEPOSITHOCTEN
x,ecau 0< x<1;
f(x)=

Haiitn HayanbHblE W LEHTpaIbHBIE MOMEHTHI IIEPBOr0, BTOPOrO, TPETHETO U
YeTBEPTOTO MOPSIAKOB.

0,ectu x<0wum x>1.

+0
Pemenne. Haliiém HavanbHble MOMEHTBI IO (OPMYIIE V, = I x* f(x)dx . Yun-

ThIBAsI, 4TO Ha MHTepBanax (—o0;0| u [1;+00) 3HAYEHHS IUIIOTHOCTH PACHpPECICHHS

BCpOHTHOCTCﬁ paBHbI HYIIO, TO q)OpMYJIa HaXOXIACHUA HAYAJIbHBIX MOMCHTOB IIpHU-
HHUMACT BUA:

v, = j-xkf(x)dx.

1. 1. x3 1
vi=|x'xdc=|x*de=" ==.
) J 3 3

0 0 0

¢ ¢ x41 1
v.=|x*xdx=|x"dx=" ==.
2. J 4 4

0 0 0

1 1 5

X X X 1
vi=|x xdy=|x"dx="H =—.

R o 5 5

0 0 0

1 1 6!

. X 1
v, = x4-xdx=.[x5dx=— =—

’ 6 6

0 0 0

Hanném nenrpanbHbie MOMEHTHI. LleHTpanbHBII MOMEHT IMEPBOrO MNOPSJIKA
000 CITydailHOW BETMYMHBI paBeH HYJ0. JlJIs1 BBIYMCIIEHUS LIEHTPAJIbHBIX MOMEH-
TOB 0oJiee BBICOKOTO MOpsIKa BOCHOJB3yeMCs (pOpMyJaMH, BBIPAKAIOIIUMHU IIEH-
TpaJbHbIE MOMEHTHI YEPE3 HaYaJIbHbIE MOMEHTHI CIIy4alHOW BEITMYUHBI.

_, _Vz_l_(ljz_l_l_i
My 2 1 4 9 36'



1 11 1Y 11 2 13

=V, =3V, +2V =——-3. - 42| = | = =——.
=V oM TN =923y (3 5 4 27 540
] 11 11 1 14

=v,—dvy, +6v . - =—4d. - 46— — -3 —=—
I e e B A N Y kT

2.3 3aganus 1Jis pelieHHs] HA MPAKTHYeCKOM 3aHATHH

2.3.1 CnyyvaiiHag BenuuuHa & UMEET IUIOTHOCTbh PACHpeNesieHUsT BEPOSITHO-
cTen
a-sinx, eciu 0< x < r;

fx)=

Omnpenenuth Koapduiment «. Haiitu dynkuuio pacnpenenenus F(x). Io-

0 ,ecmux<0umux>r.

CTpOUTh rpaduKu MIOTHOCTU paclpeiesieHus BEPOATHOCTEN U (PYHKIUHU pacrpese-
JICHUS CIY4YallHOW BeNUYMHBL. Bbramciuts MaTemaruueckoe oxunanue M (&), nuc-

nepcuto D(&), cpennee kBaapaTnieckoe OTKIoOHeHHe o (&) M BEpOSITHOCTh HEPaBEH-
/4
ctBa 0< & < 1

2.3.2 CnyyaiiHass Benu4uHa & MMEET IUIOTHOCTh PACIHpPENEICHUsS BEPOSTHO-
cTen

2
a-cos’ x, ecau |x| <7r/2;

fx)=

0, ecul|x|>r/2.
Omnpenenuth ko3 duiment a. Haiitu ¢yukmuio pacrnpenencuus F(x). Ilo-

CTpOUTh rpadvKH TJIOTHOCTH pacHpenesieHus BEPOATHOCTEH U (PYHKIIUU pacripese-
JICHHS CAy4YalHOM BeaUYMHBL. Bbrancints mMaTematuueckoe oxumanue M (&), auc-

nepcuto D(E) u cpenHee KBaapatudeckoe oTkioHeHue o(&). Haitu BeposATHOCTH
TOT0, YTO B JABYX HE3aBUCHMBIX MCIIBITAHUSAX ClydaiHas BeauunHa & OyaeT Ooublie
n/4.

2.3.3 I111OTHOCTD pachpeneieHns BEpOSTHOCTEH f(X) ciydaiiHOW BEIMUYHHBI &
onpenensiercs popmynoi (pacnpenenenue Jlamnaca) f(x)=a- e . OnpenenuTs Ko-
apdunuent a. Haiitn Qpynkiuro pacnpenenenus F(x). [Moctpouts rpaduku mior-

HOCTH pacrpe/e/ieHns] BEPOSITHOCTEH M (QYHKIUH pacIpeaeiicHUs] CIIy4aiiHON Beu-
yrHbI. Berauciuts MaTemMatuueckoe oxumanne M (&), nucnepcuto D(E) u cpennee

KBaJpaTtuieckoe oTkioHeHue o(&).
2.3.4 [1n10THOCTH pacHpe/eyieHus BEpOITHOCTSH f(X) cllydaliHOM BEIUYMHBI &

onpenensercs Gopmynoi (pacnpenencaue Komm) f(x)= Onpenenurs KO-

1+x>°
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apdunuent a. Haiitn Qpynkiuro pacnpenenenus F(x). [Moctpouts rpaduku miot-

HOCTH pacupeelcHuss BEPOSITHOCTEH U (YHKIMH paclpeaeeHns CIy4aiiHOW Belu-
yrHbI. Beraucoute mMarematudeckoe oxumanue M (&), mucnepcuio D(E), cpemuee

KkBagpatuueckoe otkionenue o (&), mony Mo(&) u menunany Me(&) caydaiiHoit Be-

nuuuHbl ¢. Hailtu BEposiTHOCTh HEpaBeHCTBA & > J3.
2.3.5 CnyyaiiHass BenuuuHa & HMMEET IUIOTHOCTh PACIHpPENEICHUsS BEPOSTHO-
cTen
a-x*,ecmu0<x<2;

fx)=

Omnpenenuth ko3dduiment «. Haiitu dynkuuio pacnpenenenus F(x). Io-

0, ecrux<Oumux>2.

CTPOUTH I'paMKU MJIOTHOCTH PACIPEICIICHUS BEPOSTHOCTSH M (PYHKIIMU pacipese-
JICHUS CIy4YaiiHOHW BEeIMYMHBL. Bbramciuts MaTematuueckoe oxunanue M (&), nuc-
nepcuto D(&) u 'cpeanee kBaapaTuueckoe otkiaoHeHue o(&). Haittu BeposITHOCTH
TOT0, YTO B PE3YJIbTATC OMbITA ClyyailHas BEJIMYMHA & OTKJIOHHUTCS OT CBOETO Mare-
MaTHYECKOT0 OKUIaHUs He 0oJiee YeM Ha 3HaueHue, paBHoe 0,5.

2.3.6 OyHKIUs pacnpeaeeHus: CIydaiHON BeIUYUHbI & UMEET BU]L

0, eciu x<0;

2_
F(x)= %,GCJZMOSXSZ

1, ecau x> 2.

HaiiTi maoTHOCTh pacrpeesieHus BeposTHocTer f(X) ciy4aifHON BEIMYUHBI
& . Iloctpouth rpaduku IIIOTHOCTU PACIPENETCHUS BEPOATHOCTEH U (DYHKIIMHU pac-
npeneneHus ciay4ailHo BenuuyuHbl &. BBIUKMCIUTH MaTeMaTHYECKOE OXKHUIaHHE
M (&), nucniepcuto D(&), cpennee kBaaparndeckoe otkiaonenue o (&), moay Mo(¢&)
u meauany Me(&) cnydaitHoil BenwuuHbl ¢. HaliTu BEpOSTHOCTH MOMAgaHMs CITy-
yaliHOM BennunHbl & Ha oTpe3ok [0,5;1,5].
2.3.7 OyHKIUs pacnpeesieHus] CIydailHOMl BeNMUYuHbl & MMEET BUJ (3aKOH
apKCHUHYCA)
0, ecau x <—1;
F(x)=<a+b-arcsinx, eciu —1<x <1;
1, eciu x > 1.

Onpenenuts kKodhdunmrentsl a u b. HaliTu III0THOCTH pacrpeaesieHus Bepo-
satHocTelt f(x) ciyuaiiHod BeawuuHbl £. [TocTpouTh rpaduku MIOTHOCTH pacmpe-

JIeJIeHUs] BEPOSATHOCTEH M (DYHKUMHU pachpeneieHus CiIy4aiiHoW BenuduHbl &. BbI-
YHCIUTh MaTeMatndeckoe oxumanue M (&), mucnepcuro D(E), cpeaHee KBaapaTu-
yeckoe oTkIoHeHue o(&). HailTh BeposSITHOCTH TOTO, YTO CiydaiiHas BenuyuHa &
npuMeT 3HaueHue He meHbIe 0,5, Ho He 6oee 1.
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2.3.8 CnyyaiiHasg BelMYMHA ¢ HMMEET IUIOTHOCTH PACIpPENENIEHUS BEPOSITHO-
cTen
2¢082x, ecmu 0< x < /4,

fx)=

Haititu mony Mo(&) u mennany Me(&) cnydaiinoit Benuuunbl &. Haiitu Bepo-

0, ecnu x <0unu x> /4.

. . 7 37m
ATHOCTb MOTAaHMsl CIIyYaliHOW BeIMYUHBI & HA OTPE30K [g,?} )

2.3.9 CnyyaiiHas BeJIMYMHA ¢ MUMEET IJIOTHOCTh PaclpeiesICHUsI BEPOSITHOCTEN
—3x* +18x—15
J(x)= 32

0,ecnu x <lumu x>5.

,ecaul< x<5;

Haittu moxy Mo(&), marematnueckoe oxumanue M (E) u meauany Me(&)
CIIly4YalHOM BEJIMYUHBL & .
2.3.10 Jloka3aTh, 4TO AJIA JIFOOOM HENMPEPBHIBHOM CIy4YalHOW BEIWYUHBI IE€H-
TpaJbHBIA MOMEHT NIEPBOr0 MOPSIKA PABEH HYJIIO.
2.3.11 CnoyyaiiHas BeJIMYMHA ¢ MMEET IUIOTHOCTh PAaCIpEeesICHUsI BEPOSITHO-
cTen
2x,eciu 0 < x<1;

fx)=

HaiiTn HauyanbHbIE M LIEHTPAJbHBIE MOMEHTHI IIEPBOIO, BTOPOr0, TPETHETO U
4eTBEPTOrO MOPSIIKOB.
2.3.12 CnyyaiiHast BenM4YMHA ¢ MMEET IJIOTHOCTh PACHPEIEICHUS] BEPOSITHO-

0,ecru x<0um x>1.

cTen
2
Fx) = %,emul<x<2;

0,ecmu x<lumu x=>2.

HaliTn HayanbHbIE W LEHTPAIbHBIE MOMEHTHI MEPBOTO, BTOPOro, TPETHETO U
YeTBEPTOrO MOPSAKOB.

2.4 3axanus 1151 KOHTPOJIMPYEMOM CAMOCTOATEIbHOM PadoThl

2.4.1 B kax0il 3aauye BapuaHTa 3a/laHa MJIOTHOCTh PaclpeeseHUs BEpOsT-
HOCTel f(X) HenpepbIBHOW ciydaiiHOW BeauuyuHbl &. OnpeaeauTh MOCTOSHHYIO Be-

nvuuHy a. Haiitu ¢yHkumio pacnpenenenus F(x) cnydarinoi Benuuusbl &. Ilo-

cTpouTh rpaduk GYHKIUHA pACTIPEACIICHHs] U TJIOTHOCTH PacHpeesieHUs BEPOSTHO-
cTel ciydaiiHol BennuuHbl & . Berancnuts MmareMatuueckoe oxxkuaanne M (&), moay

Mo(&), menuany Me(&), nucnepcuto D(E) U cpeqHEKBAIPATUYCCKOE OTKIIOHCHHE
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O, CilydalHOU BenM4uHbL. HaliTh BEPOSTHOCTH TOTrO, YTO B PE3YJIbTATE, 10 KpaHHEeH

Mepe, B OAHOM M3 TPEX HE3aBUCHMBIX HCIBITAHUM CllydailiHas BEIUM4YMHA & TPUMET
3HaYeHHUE HE MEHee « , HO He Oouee .

24.1.1

24.1.3

24.1.5

2.4.1.7

24.1.9

24.1.11

2.4.1.13

2.4.1.15

2.4.1.17

a-cos’2x, |x|<x/4;
S(x)=
0, |x|>7r/4;
a=rl6,p=r/3.
)= a-2°, x|£2;
= 0, |x|>2;
a=0,p=1.
a-sin’3x, |x|<7/6;
f(x)=
0, |x|>7z/6;

a=—r/12, f=r/12.

a-cos’(x/2), |x|<x;
S(x)=
0, |x|>7z;
a=r/4, B=7n/3.
)= a-4", x|£2;
= 0, |x|>2;
a=-1,8=1.
)= a-sin’(x/4), x|£47z
Tl 0 san
a=-r,B=2r.
a-cos’4ux, x|£7z/8;
S(x)=
0, |x|>7r/8;

b

a=-r/16, f=r/16.

) a-6", x|£3;
X)=
0, |x[>3;
a=-2,0=1.
a-sin2£, x|£37r;
f(x)= 6 0
0, |x|>377;
a=-r,[=3r.
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2.4.1.2 P a-sin’2x, |x|<7/4;
- 0, x| > 7/4;
a:O,ﬂ:ﬂ/‘L
2.4.1.4 a-cos’3x, |x|<7/6;
fx)=
0, x| > 7/6;
05:7[/12,ﬂ=7r/4
2.4.1.6 £ a-3", x|_1;
¥) =
0, |x|>l;
a= O,S,ﬂ:OQS
24.1.8 a-sin’(x/2), |x|[<;
fx)=
0, |x|>7z;
a=-7/6,5=0.
2.4.1.10 a-cos’(x/4), |x|<;
fx)=
0, |x|>7r;
a=rx/4, =37/4.
2.4.1.12 a-5", x|£1;
f(x)=
0, x|>l;
a=-3,=0.
2.4.1.14 a-sin® 4x, |x| < 7/8;
fx)=
0, |x|>7/8;
a:Oa/B:ﬂ-/16
2.4.1.16
a-cos’Z, x| <37;
fx)=
0, |x|>3m;
a=r,p=2x
2.4.1.18 a7, |x|<2;
fx)=
0, |x|>2,
a:_laﬂzz



24.1.19

24.1.21

2.4.1.23

2.4.1.25

2.4.1.27

24.1.29

a-cos’ 5x,
f(x)= {

0, |x|>7r/10;
a=-7/20, 3 =0.
)= a-8, x|£1;
SR ST
a=0,p5=1.
-S1 <A4r;
J(x)=
0, |x|>47r
a=-3r,p=
()= a+<cos’ 6x, 7r/12
0, |x>=z/12;
a=-n/24,p=r/24.
a-10* eCJzu|x|<2
S(x)=
0, eciu |x|>2;
a=-1,=3.
a-sin®--, x| <57
f()= 10
0, |x|>57;
a=rx,[=4r.

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,
f(x)=
{ 0, |x|>7r/10
a= —7[/10 L= —7r/20.
<4r;
f(x)=

0, |x|>47z
a=2r, =37

£ = a-9" x|£2,
Y x]>2
a=-1,£=0

()= a-sin’ 6x,

0, |x|>7z/12,
=—7r/36 S =r/36.
a-cos’ —, x|<57r

f(x)=

0, |x|>57z
0(——27zﬁ .

)= a-12%,
¥ 0, |x|>1
-1, =4

3 OCHOBHBIE BEPOATHOCTHBIE MO/IEJIN
PACHPEJAEJEHUA AUCKPETHBIX CJIYYAUHBIX BEJIMYUH

Coaep:xaHue: OJHOTOYEYHOE (BBIPOXKIACHHOE) pacHpeleseHue, pacupeese-
Hue bepHymn (AByXTOuedyHOE), OMHOMMAIBLHOE pacHpeiesieHue, TeOMETPUUIECKOE
pacnpenesieHre, THIIepreoOMeTpUYECKOe pacnpeaenenue, pacupenenenue [lyaccona.
3.1 Teopernueckmnii MaTepuaJI Mo TeMe NPAKTUYECKOT0 3AHATHUS



3aKoH pacrpeaesieHus CIydaiiHONW BETUYHHBI IPEICTABISIET COOOM MaTeMaTh-
YECKYI0 MOJIEb BEPOATHOCTHOTO SKclepuMeHTa. PaccMoTpum Haumbojee pacmipo-
CTpaHEHHbBIE MOJEIN JUCKPETHBIX PACIIPEACIICHUI.

3.1.1 OxHoTo4YeuHOE (BBIPOKIEHHOE) pacnpeaeieHue

Cny4aitHag BenuunHa £ MMEET OJHOTOUEUYHOE (BBIPOXKIIEHHOE) pacrpesee-

HUE, €CJIM OHA IIPUHUMAET TOJIBKO OJHO 3HAYEHHE X, C BEPOATHOCThIO P(& =Xx,)=1.
0, ecnu x < x,;

OyHKkUMs pacnpenesneHus F(x) =
1, ecnu x > x,,.

Marematrueckoe oxunanue M (&) =x,.
Hucnepcus D(E)=0.
CpenHee KBafipaTHiecKoe OTKIOHEHHE T, = 0.

3.1.2 Pacnpenesnenue bepHy/uin (IByXTOUEYHOE)

CnyuyaiiHas BenuurHa & MMEET ABYXTOYEUHOE paclpeiesieHue, eCiu OHa Mpu-
HUMAaeT TOJBKO JBa 3HA4YeHHd X, M (X, C BepoaTHocTAMH: P(&=x)=p,;
P(E=x,)=p,; p+p,=1.

OOBIYHO B TEOPUHU BEPOSITHOCTEM pacCMATPUBAIOT CIYYANHYIO BEIUYHMHY &,
OPUHUMAIOILYI0 JBa 3HaueHus & =1(«ycnex») nu &=0(«Heyqauya») ¢ BEpOSITHOCTSI-
mu: P(E=1)=p; P((=0)=g=1-p; p+q=1. Pacnpeaenenue Takoi ciaydaiHOU
BEJIMYMHBI HAa3bIBAETCS paclpeaeeHnemM bepHyuim.

Psan pacripeneneHus 3anuiieM B BUJIE TaOJHUIIBL:

&=x, 0 1
P(&=x,) I-p p
0, ecmux<0;

Oynkums pacnpenenenus F(x)=q1— p,ecnm 0<x<1;
I, ecmux>l1.

Matematrueckoe oxuganne M (&)= p.

Hucnepcus D(E) = pq .

CpenHee KBaIpaTHYECKOE OTKIIOHEHHUE O, = \/E :

3.1.3 buHoMHaJIbHOE pacnpeaeieHne
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bunomuansHOe pacnpenesieHHe SBISIETCS MAaTEMAaTUUYECKON MOJIEIbIO HE3aBU-
CUMBIX SKCIIEPUMEHTOB, KOTOPbIE TTOBTOPSIOTCS MPU OJHUX U TEX K€ YCIOBUSIX:

a) YUCIIO SKCIEPUMEHTOB JIOJKHO ObITh KOHEUHBIM (OyJ€M CUHTaTh, YTO YHUC-
JI0 SKCIIEPUMEHTOB PABHO YHUCILY 71 );

0) KaXIbli SKCIEPUMEHT JOJKEH 3aKOHUYMUTHCS OJHUM U3 B3aMMOUCKIIIOYAO-
IIUX JPYT APYyTa UCXOJI0B, TO €CTh «YCIEX» WU «HEy/lauay;

B) SKCHEPUMEHTHI JIOJKHBI ObITh HE3aBUCUMBI IPYT OT JIpyra, TO €CTh HACTYII-
JICHUE COOBITHS B KXKJIOM OTACIHHO B3ITOM SKCIEPUMEHTE HE 3aBUCUT OT TOTO, Ka-
KH1e pe3yJIbTaThl HACTYTIST B JPYTUX SKCIEPUMEHTAX;

T') BEPOSITHOCTh p HACTYIUICHUS COOBITHS, TO €CTh «yCIeX», U BEPOSITHOCTH

q:l—p ITPOTUBOIIOJIOKHOI'O CO6BITI/I}I, TO €CTh «HCydada», B KaXXIOM OTACIbHO
B34ATOM HUCIIBITAHUH ITOCTOSHHA.

JlaHHBIE yCIIOBUS Ha3bIBAIOTCS CXeMOM bepHyiuin.
BepositHOCTB TOTO, 4TO Cily4aiiHas BeIM4YrHa & NMPUMET KOHKPETHOE 3HAYEHUE

X, , onpenensercs no popmyie

P(&=x,)=Crp (1-p)™. (3.13.1)

Oynkuus pacnpenenesus F(x)=P(& < x,) ZC" piq"

X;<x

Martemartrueckoe oxumanne M(E)=np .

Hucnepcust D(&) = npq . Cpenee KBaIPaTHYECKOE OTKIOHEHUE O, =+/71pq .

bunomuansHoe pacrnpesneneHrue (3TOT TEPMHUH ObUI BIEPBBIE HMCIOJBb30BaH B
pabote Yule, 1911 r.) Bo3HUKaeT B TeX CiIy4asix, KOT/Ia CTABUTCS BOIPOC: CKOJIBKO
pa3 MPOUCXOIUT HEKOTOPOE COOBITHE B CEPUU M3 OIPEACICHHOTO YMCiia HEe3aBUCH-
MBIX HaOJIO/IEHUN (OTBITOB), BHITIOJIHSIEMBIX B OJWHAKOBBIX YCIOBUSX. buHOMUAIL-
HOE pacmHpeelIcHHe BO3HHUKJIO W3 HAONIOACHUN 3a MPOCTCHUINCH a3apTHOW HIPOi:
OpocaHue MpaBWIBHOW MOHETHl. BO MHOTHX CHTYyaIusx 3Ta MOJETh CIYKHT XOpO-
IITUM TIEPBBIM MPUONKEHUEM JJisi 00Jiee CIOXKHBIX WUTP W CIyYalHBIX MPOIIECCOB,
BO3HHUKAIOUIUX TpH Urpe Ha Oupxke. HeoOXoauMo OTMETHTBH, UTO CYIIECTBEHHBIE
YepThl MHOTHX CJIOKHBIX IMPOIIECCOB MOXHO IMOHSTh, UCXOJS M3 HPOCTON OMHOMH-
aJIbHON MOJEIHN.

3.1.4 I'eomeTpuyecKoe pacnpeaejieHue

[lycTe ciydyaniHas BenuuyuHa & — YHCIIO DKCIEPUMEHTOB 1O cxeme bepHyim
(BEepOSITHOCTh HACTYIICHUSI COOBITUSL B OT/IEIBHO B3ATOM HCIBITAHWU paBHA p, a HE

HACTYIUICHHE TOTO COOBITHS paBHO ¢ =1— p) A0 HACTymIeHUs NepBoro ycmexa. B
YCIIOBHSIX JAHHOM CXEMBI IEPBBINA yCIEX HACTYNUT IPH BBITOIHEHUH YCIOBHI:
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a) mepebie (k—1) SKCHEpUMEHTHI 3aKOHUMINCH HEyJaueldl C BEPOSTHOCTHIO

k-1
(I-p)
0) k -oe ucnbITaHHE 3aKOHYHIIOCH YCIIEXOM C BEPOSTHOCTHIO P .

['eoMeTpuyeckoe pacrpejesieHrue, ONPEIesIolee BEPOATHOCTh TOr0, YTO B
yCIIOBUSX cXxeMbl bepHyiu coObITHE HACTYUT POBHO B K -M HCIBITAHUU, PABHO

P(§:k):qu_l. (3.1.4.1)

Qynkius pacnpenenenus F(x)=P(E<x)=> pg"™.

xl»<x
Maremarudeckoe oxumanne M (E)=1/p.
l-p 1-p
-—. CpeztHee KBaipaTHIECKOE OTKIOHEHHE O, = ~———.
P
[eOMETPUYUECKUI 3aKOH paclpeeeHnus MMEET MECTO B TAaKMX HayKax, Kak
MMKPOOHOJIOTHsI, TeHETHKA, (PU3UKA M DKOHOMHKA. Ha IpakThKe JKCIIEPUMEHT WM

OTIBIT OCYIIECTBJISIOT JI0 TIEPBOTO MOABICHUS yCremHoro coobitus 4. Yucno npose-
JICHHBIX TIOTIBITOK Oy/IEeT 1EJI0YNCICHHON CITydYaiiHON BeTUInHOu /,2,...

Hucnepcus D(&) =

3.1.5 I'unepreomeTpuyecKoe pacnpeaejieHue

['unepreomeTpuyecKoe pacIpereseHue UCIIONb3yeTCsl B TEOPUM CTaTUCTHYE-
CKOro KOHTpOJISI KauecTBa. Vcnomnb3ys 3TO pacnpeneicHue, onpenensercs A0 Ka-
YECTBEHHBIX JIeTaneil B BBIOOPKE U3 KOHTPOJIUPYEMOU HapTHH.

[Ipeanonoxum, 4To0 B KOHTPOIMPYEMOU apTun uMeercss N 3JIEMEHTOB, Cpeau
KOTOpbIX M He ymoBIETBOPSIOT cTaHAapTy U N — M yIOBIETBOPSIOT CTAaHAAPTY.
U3 stoit naptun BeiOUpaeM n sneMeHToB. [lycTs & — 4MCIO 31€MEHTOB, HE yIOBJIe-
TBOPAIOLIUX CTAaHAAPTY, CPEAU 71 B3STHIX DJIEMEHTOB. BEpOSTHOCTH TOTO, YTO B BBI-
0opke 00bEMa n OyJIeT POBHO X, JIEMEHTOB, KOTOPBIE HE YIOBIETBOPAIOT CTaHAAP-

Ty, onpezensercs no popmyie

P( =x,.)=—:M. (3:1.5.1)

Dynkuust pacnpeneneuust F(x)=P(E<x,)= ZM

xX;<x C]’:/
Maremarudeckoe oxunanue M (E)=np,tne p=M/N, q=1-p.
-1
Hucnepcus D(&) =npq -(1 _ j
N -1
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N-—-n
Cpennee KBaipaTHIECKOE OTKIIOHEHUE o;=,|npq ( N 1] )

3.1.6 Pacnpenenenue Ilyaccona

PaccmoTpuMm cxemy bepHyium npu O0dbIIOM YHCIIE€ HCTBITAHUM 7 U J0OCTa-
TOYHO MaJol BEPOSTHOCTU p HACTYIJICHUS COOBITHS B OTIEIBHO B3STOM HCIBITa-

HUM, TIPUUEM MPOU3BEACHUE 7p TMPUHUMAET MOCTOSHHOE 3HAa4YeHwWe np = . Torma
BEPOSTHOCTh TOTO, YTO CITydaifHasi Benu4nHa £ MPUHUMACT 3HAYCHHUE M1, OTIPEIeTIs-
etrcst popmyroii [Tyaccona

m

P(ézm)z%e‘”. (3.1.6.1)

3nauenust pacrpeneneHus [lyaccoHa MOXXHO OMNPENEIUTh MO CIEIHATLHBIM
Tabauiam (mpusioxxeHue, Taoi. A.l).

OyHkums pacupenenenus F(x) = P 5 < x Z

X;<x i'

Maremaruueckoe oxunanne M (&)= u . ducnepcus D(E) = u.
CpenHee KBaIpaTHYECKOE OTKIOHEHUE T = \/; :

[TyaccoHOBCKO€ pacrpesieieHle MPUCYTCTBYET B TEOPHUM CIIyYalHBIX MpPOLiec-
coB. Hanpumep, npu pacuére Harpy3Ku JIMHUHA CBSI3U OOBIYHO MPEAINOoiararoT, YTo
KOJMYECTBO BBI30BOB, MOCTYIHUBIIHUX 32 HEMEPECEKAIMIMECS] MHTEPBaIbl BPEMEHH,
HE3aBUCUMBIE CIIy4YailHbIe BEJIMYUHBI, MOJUUHSIONIMECS TyaCCOHOBCKOMY pacIipeje-
JIEHUIO C MapamMeTpamMu, 3HAYECHHS KOTOPBIX MPOMOPIUOHATILHBI JJIMHAM COOTBET-
CTBYIOIIIMX UHTEPBAJIOB BPEMEHH.

3.2 IlpuMepbl pelieHUs1 TUNOBBIX 32124

3.2.1 IIpousBoauTcs psija MOMBITOK BKJIKOUECHUS yCTpoiicTBa. Kaxkaas mombITKa
3aKaHUYMBAETCS YCIEXOM (BKIIFOUEHUEM YCTPOMCTBA) HE3aBUCUMO OT JAPYTUX C BEPO-
atHocThio p = 0,64 . HaiiTu pactipeneneHue cydailHOW BETMYUHBI & — YHCIIA MOTIBI-

TOK BKJIFOYEHMS YCTPOMUCTBA, €€ MaTEMAaTUYECKOE OKMIAHUE, AUCIIEPCUIO U CPEIHEE
KBaJPaTUYECKOE OTKJIOHEHUE. BBMUHMCINTL BEPOATHOCTH TOIO, YTO YCTPOMCTBO
BKJIIOYUTCS, 110 KpAHEN Mepe, C TPETHEHN ITOIBITKH.
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Pemenne. Jluckpernas ciyyalHas BEeIWYMHA & MOYKET NPUHUMATH CIIEIYIO-
mpe 3HaweHmws: x, =1,x,=2,x,=3,..,x, =n,... Cobbitne {& =1} o3Hagaer, 4TO
YCTPOMCTBO 3apabOTAET C MEPBOM MOMBITKU C BEPOSTHOCTHIO P (5 = 1) =0,64 . CoObI-
THEe {£ =2} O03Hayaer, YTO YCTPONCTBO HE 3apabOTaeT C MEPBOl HOMBITKH C BEPOSIT-
HOCTBIO ¢ =1— p=0,36, a cO BTOpOI MOMBITKK BKJIFOYCHHS CpabOTACT C BEPOSTHO-
crei0 p =0,64. CnemoBaTenbHO, BEPOSTHOCTH TOTO, YTO CIIydaiiHas BeNWYMHA &
npuMeT 3HadeHne 2, paHa P(£=2)=0,36-0,64.

CoGbITHe {& =n} O3HayaeT, 4TO YCTPOWCTBO HE 3apaboTaso B mepBbix (71— 1)
TOTIBITKAX C BEPOATHOCTHIO 0,36 M BKITFOUMIIOCH C MOCIEIHEH MOMBITKA C BEPOST-
HocThi0 p=0,64. To ecTh BEPOATHOCTh TOTO, YTO CIIy4aliHas BeMWYMHA & MPUMET
3HaueHue 7, paBHa P(&=n)=0,36""-0,64. Takum oOpa3oM, YUCIO NPOU3BEAEH-
HBIX TIONBITOK & ©CTh BEJIMYMHA, pachpeesi€éHHasl M0 FeOMETPUYECKOMY 3aKOHY:
P(&=n)=pq"" =0,64-0,36"". IIpn 5TOM psiI pacrpeneseHus 3aJaHHOH ClTydaii-
HOMW BEJIMYMHBI UMEET BU/T;

&= X; 1 2 3 ... n
P(é=x)| 0,64 |0,36-0,64 | 0,36-0,64 | ... |0,36""-0,64| ..
Haiiném matematuueckoe osumanue M (S), mucnepcuio D({) u cpemnee

l=L:1,5625,

p 0,64

D(f):1_2p=1_0’624z0,8789, o($)= l—p: “1_0’64=0,9375. Beruuciaum
p

b 9

KBa/IPaTHYECKOE OTKJIOHEHHE o($): M) =

BEPOSATHOCTHh TOT'O, YTO YCTPOMCTBO BKJIFOUMTCS, IO KpalHEW Mepe, C TPEThEU II0-
MBITKA. JIJ1S 3TOTO MepeXxouM K MPOTHUBOIOJIOKHOMY COOBITHIO: YCTPOMCTBO 3apabo-
TaeT IPU €r0 BKJIKOYEHUH B IIEPBOU WJIA BO BTOPOU ITOIIBITKE.
P(£23)=1-P((=1)-P(£=2)=1-0,64-0,36:064=0,1296.
3.2.2 meetcsa 7 OaHKOBCKUX KapT, CPEId KOTOPBIX 3 SBISAIOTCS HEUCIIPABHBI-
MU ¥ Ha BHJI OHM HEOTJIMYHMMBI OT UCTIPAaBHBIX OAHKOBCKUX KapT. Hayran 6epyrcs 4
0aHKOBCKHE KapThl U MPOXOJAT MpoBepKy. Haiitu pacnpenenenue cayqyaitHOW Beu-
yiHbl & — YKCa UCTIPABHBIX 0AHKOBCKHX KapT, €€ MaTeMaTUYeCcKoe OKUAaHUE, JTUC-
IIEPCUIO U CPEAHEE KBAAPATHIECKOE OTKIIOHEHHE. BBIYMCINTE BEPOATHOCTD TOr'0, YTO
cpeau BhIOpaHHBIX 0AHKOBCKUX KapT, O KpailHEe! Mepe, 0JJHa HEeUCIIpaBHa.
Pewenne. JluckperHas ciiydaiiHas BeauyuMHa & MOKET NMPUHHUMATh CIEAYIO-
Iue 3HadeHus: x, =1,x,=2,x,=3,x,=4. Tak xak umeercs 7 OaHKOBCKHX KapT,

Cpeau KOTOPBIX 4 KapThl UCIIPaBHBIE, a 3aT€M Cpellr 7 KapT BHIOMPAIOTCS CIy4YailHbIM
oOpa3om 4 kapTbl, TO CilydaiiHas BeauurHa & MMEET TUIIEPTeOMETPUIECKOE pacipe-

X; YN—X; X; 4=x;
CuCrin _ GG
n 4 :
Cy o
[Ipm aTOM psin pacupeneseHus 3a1aHHON CIIy4alHOM BEJIMYMHBI UMEET BUJL:
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S =X, 1 2 3 4
P(fle.) 4/35 18/35 12/35 1/35

BeposiTHOCTH TOTO, 4TO GaHKOBCKas KapTa MCIpaBHa, paBHa p =4/7, a Bepo-

SITHOCTh TOT'0, YTO OHA HEHUCIIPaBHA q:3/ 7. Haiiném maTremMaTHueckoe OKHUIaHHUE
mucriepcuto  D(()

M(s), o(&):
4 16

24
M =n :4.—:—2‘;2,29,
(&) =mp=4-2==
‘7‘ i (77_411): 24_2 -A/6 . Borancmnm BEPOSITHOCTh

U CpPCAHCC KBaAPATUYICCKOC OTKIIOHCHHUC

n—1 4 3
D(é)—npq-(l—N_J—4-7-7-(1—

ﬂj__
7-1)
0(§)=\/npq-(]]\\f,:ﬂ=\/4 ==

2
49
TOTO, YTO CPEAM BHIOPAHHBIX OAHKOBCKUX KapT, IO KpailHel mepe, ABe OAHKOBCKHE
KapThl UCIpaBHBL. JlJI1 3TOr0 MepexoAuM K MPOTHBOIOJIOXKHOMY COOBITHIO: CPEAH
BbIOpAHHBIX YETHIPEX OAHKOBCKUX KapT POBHO OJIHA MCIIPaBHAsI.

4 31
PR<E<4)=1-P(E=1)=1-—="—~0,8857.
(2=¢g<4) (e=D=1-22=73

3.2.3 BeposSTHOCTh - TOTO, YTO KOJBIIO COAEPKHUT Opwuimant, paBHa 0,4.
Haynauy BbeiOpanu yeThipe Kosblla. HaliTu pacnpenenenue ciydyailHON BEIMYUHBI &
— YHclia KOJIEl, COAEpKaIUX OpUIUIMaHT, QYHKIUIO paclpeesieHus cydailHON Be-
JIMYUHBI, €€ MAaTEMAaTUYECKOE OKUAAHUE, TUCIIEPCUIO U CPEAHEE KBAIPATUUECKOE OT-
KJIOHEHHE. BBIYMCIUTL BEPOATHOCTH TOTO, UTO CPEAN BRIOPAHHBIX KOJIEI] POBHO OJTHO
KOJIBIIO COJICPKUT OPUILITHAHT.

Pemenne. JluckperHas ciyyaliHas BEIWYMHA & MOYKET NPUHUMATH CIIEIYIO-

mue 3Havenus: x, =0,x,=1,x;=2,x, =3,x, =4. Tak Kak BEpOATHOCTb TOIO, 4YTO

KOJIBIIO OYJET coAepKaTh OPUIUIMAHT OJIHA U Ta e, CPeIU BbIOPAHHBIX YETHIPEX KO-
Jen, To ciayyaiiHas BenuuuHa & uMeeT OMHOMUAIBLHOE pacipeiesieHne

P(E=x)=Cy0,4"(1-0,4)"% =CJ-0,4%-0,6", i=1;5.
ITpu 5TOM psif pacnpeneseHus 3aJaHHON CIIy4aluHON BEJIMYUHBI UMEECT BU/I:

E=x 0 1 2 3 4
P(é=x)| 01296 | 0,3456 0,3456 0,1536 0,0256
Haxonum GyHKIUIO pacrpeaeaeHus 1o dbopmyie
F(x)=P(é<x,) Zc;; gt

0, x<0,

0,1296, 0<x<l,

0,4752, 1<x<2,

F(x)=

0,8208, 2<x<3,

0,9744, 3<x<4,

1, x>4.
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Haiiném matematnueckoe oxwumanue M (S), mucnepcuio D({) u cpemnee
KBaJIpaTHUECKOE OTKJIOHCHHE o(&): M(E)=np=4-0,4=1,6,
D(&)=npg=4-0,4-0,6=0,96, o(&)=+lnpg =/4-0,4-0,6 =1/0,96 ~0,9798. BeI-

YUCJIMM BEpPOSITHOCTh TOTO, YTO CPEAM BBIOPAHHBIX KOJIEL POBHO OJHO KOJIBIO CO-
JEP>KUT OpUILITUAHT.

P(E=1)=C;-0,4'-0,6’=0,3456.

3.2.4 YcrporictBo coctout u3 1000 sneMeHTOB, pabOTarOUIUX HE3aBUCHUMO
ApYT OT Apyra. BeposSTHOCTh BBIX0O/a U3 CTPOS JIFOOOTO JIeMEHTa B TEUYCHUE BPEMEHU
7 paBHa p=0,003. Haiitn pacnpeneneHue ciydailHOW BETUYMHBI & — YHCIIO dJe-

MEHTOB, BBIIMIEAIINX U3 CTPOS 3a BpeMs 7, €€ MAaTeMaTUYECKOE OXKUJAHUE, TUCTIEP-
CUIO U CpEeIHEE KBaIPaTUUECKOE OTKIIOHEHHE. HaliTh BEpOATHOCTH TOTO, UTO 3a Bpe-
Ms T OTKa)KE€T POBHO 2 3JIEMEHTA.

Pemenne. J[MCKpeTHas ciryyaiiHas Beau4yuMHa & MOXKET NMPUHHUMATh CIEAYIO-

mue 3HadeHus: x, =0,x,=1,x,=2,...,x,,, =1000. Tak kak BeposatHocTs p = 0,003
BBIXO/IA U3 CTPOS OAHOTO JJIEMEHTA Maya, a 4ucio 31eMeHToB 7 =1000 Bemuko, TO

Xi
CllydaiiHas BeIMYMHA ¢ TOQYMHSETCS 3aKoHy Ilyaccoma: P, (& :xl.):'u—'e_"
x.!

i

, TIe

i

L =np. Haitpém 3nauenue 1 =1000-0,003 =3. Torga 3akoH pacnpenesieHuss UMEET
:—'e‘3 . Haiiném matemaruueckoe oxumanue M (&), nucnepcuio
x!

BUA: By (5 = 'xi)

D(() u cpennee kBagpatuueckoe otkionenue o(&): M(E)=u=3, D(E)=pu=3,

o(&)=+u =3 ~1,73. Beruucinm BEPOSATHOCTHL TOr0, YTO 3a BPEMS 7T OTKAKET
POBHO X, =2 DJIEMEHTA.

3
By (£=2)= 2—!e =0,22404.
BeposTHocTh By (£ =2) Npu 3HAYeHMAX =3 U m=X, =2 HAXOAUM IIO
tabnuie (mpuaoxeHue, Tad. A.1).

3.3 3aganus NJi9 pelIeHUs] HA MPAKTUYEeCKOM 3aHATHH

3.3.1 [IpousBondaTcs mocieaoBaTeIbHble UCIIBITAHUS JECATH MPUOOPOB OJHOU
NapTUU HA HAIEKHOCTh, IPUUEM BEPOSITHOCTH TOTO, YTO MPUOOP B MapTHH HAJIEKEH,
paBHa 0,8. Kaxxnprii cneayromuii mpruOOp UCIBITHIBACTCS TOJHKO B TOM CIIy4ae, eCiiu
MpeAbIYIUNA TpuOop oKazayics HaASKHBIM. HaliTu pacnpeneneHue ciiydailHOW Be-
JUYUHBL £ — YKCIIO MPOBEPEHHBIX MPUOOPOB, €€ MAaTeMaTHYeCKOe OKUJAHUE, JTUC-
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MIEPCUIO U CPEAHEE KBAPATUUECKOE OTKIIOHEHUE. BBIYMCIUTD BEPOSATHOCTh TOTO, YTO
OyJIeT MpoBEpEHO HE MEHEE JIBYX, HO HE OoJjiee MsATH NprudopoB.

3.3.2 U3 maptum, coaepxkamei 100 uzgenuii, cpeau kotopeix umeercs 10 Opa-
KOBAHHBIX, BHIOpaHbI CIIy4ailHBIM 00pa3oM YEeThIpe U3JIETUs I MPOBEPKH UX Kaye-
ctBa. HaliTu pacnpenenenue ciayyaiiHON BeaM4MHbI & — 4YKclia OpaKOBaHHBIX HU37e-
T, colep)KalIuxcs B BBIOOpKE, €€ MaTeMaTHYecKOe OXKHUIAaHUE, AUCIEPCUI0 U
CpeaHee KBaIpaTHUeCKOe OTKIOHEHUE. BEIYMCINTh BEpOATHOCTH TOTO, YTO B BHIOOD-
K€ COZIep)KaTcs HE MEHEe IByX OpaKOBAaHHBIX U3/ICIIHA.

3.3.3 BeposiTHOCTB TOTO, UTO JOM OYAET CAaH B SKCIUIyaTallMIO B CPOK, paBHA
0,8.-Opranu3zanys 3aHUMAeTCs] CTPOUTENILCTBOM MATH JoMOB. Halitn pacnpenenenue
CIIy4auHOW BEIWYMHBI & — YHUCIO JOMOB, KOTOPBIE OpraHu3anus claja B CpOK,
(GyHKUMIO pacrpeiesieHns] CIydailHOM BEIUYHMHBI, €€ MaTeMaTH4ecKoe OXHUIaHHe,
TUCIIEPCUIO U CPEIHEE KBAIPATUYECKOE OTKIOHEHUE. BBIUMCINTG BEPOATHOCTH TOTO,
YTO CPEAU CTPOSIIMXCS NATH JOMOB HE MEHEE YETBIPEX IOMOB OpPraHHU3alUs CIACT B
OTBEIEHHBIN CPOK.

3.3.4 Ilpeanpustue nocraBuio Ha 6a3y naprtuto u3 2000 kyprox. BeposatHocTb
TOTO, YTO KypTKa cojep:kut Opak, paBHa 0,002. Haiitu pacnpenencHue ciaydailHON
BEJIMYUHBI £ — YUCIIO KYPTOK, KOTOpbIE COolepKaT Opak, e€ MaTeMaTHuecKoe OKua-
HUE, TUCIEPCUIO U CPEHEE KBAAPATHUECKOE OTKIOHEHHE. HallTh BEpOATHOCTH TOTO,
YTO HE MEHEe YETBHIPEX KYPTOK B TIAPTHH COJIEpKaT Opax.

3.3.5 Ognotunuble TPUOOPHI MCIBITHIBAIOTCS MPHU MEPErPY30YHBIX PEKUMAX.
BeposiTHOCTH 117151 Ka)KI0ro npubopa HPOMTH UCTIBITaHUS paBHBI 0,6 U HE3aBUCUMBI.
HcnpiTanus 3akaHYMBAIOTCS TOCJE BBIXOAA M3 CTpOs IepBoro xe mpudopa. Haiitu
pacrpeaeneHre CiIy4aiHoW BeIMYUHbl & — YMCIIO MPOBEAEHHBIX UCTIBITAHUM, €€ Ma-

TEMAaTUYECKOE OKUJAHUE, TUCIIEPCUIO0 U CPEIHEE KBAaIpaTUUYECKOE OTKIOHEHHE. BhI-
YHUCIUThH BEPOSATHOCTH TOTO, YTO OYJET MPOBEACHO HE 0OJiee IBYX UCIIBITAHUM.

3.3.6 BeposTHOCTH TOr0, YTO YEJIOBEK JIO3BOHUTCS 0 CBOErO Apyra B TEUEHUE
BpeMeHu 7, paBHa (,9. IllecTp yenoBeKk OJHOBPEMEHHO HPOU3BENN 3BOHKU. Haiitu
pacrpeaeneHre Cay4aiHoW BeIMYUHbI & — YUCIO YENOBEK, KOTOPBIE JO3BOHATCS A0
CBOMX JIPYy3€H B TEUEHHUE BpEMEHU 7. HaillTu €€ MaTeMaTu4eCcKoe OKUIAHUE, TUCIIEP-
CUI0 U CpeJHEee KBaJpaTUUYECKOE OTKJIOHEHHUE. BBIUMCIUTH BEPOSTHOCTH TOTO, YTO
CPEAM LIECTU YEJIOBEK, KOTOPBIE MPOU3BEIN 3BOHKH, POBHO YETHIPE JAO3BOHATCS 0
CBOETO Apyra.

3.3.7 Pagunoanmnapatypa coaepxkut 1000 oAMHAKOBO HAIEXKHBIX 3JIEMEHTOB,
BEpPOSITHOCTh OTKa3a Il Kaxaoro u3 koropeix pasHa 0,001. Haiitu pacnpenenenue
CIIy4YallHOW BEJIMYMHBI £ — YMCIIO BO3MOKHO OTKA3aBIIMX 3JIEeMEHTOB. Hantu e€ ma-
TEMAaTUYECKOE OXKUIAHUE, TUCIIEPCUIO U CPEHEE KBaJIpaTUyecKoe OTKIOHeHue. Ka-
KOBa BEPOATHOCTh OTKA3a pajvoanmnapaTrypbl, €ClId OH HACTYIAET MPU OTKA3€ XOTs
OBl OJIHOTO U3 DJIEMEHTOB?

3.3.8 B maptum u3 10 geraneit umeercs 8 cranaaptHeix. Haynauy oTobpansl 2
neranu. Halitu pacnpeneneHue ciiydallHOM BENIMYHMHBI & — YUCIIO CTAaHAAPTHBIX Je-

Tajgell cpeny ABYyX OTOOpaHHBIX AeTaynel. Halitm e€ maTemaTwdeckoe OXKWIaHUE,
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JUCIEPCHIO U CpeJIHEE KBaIpaTHUECKOE OTKJIOHEHHE. KakoBa BEpOSTHOCTh TOrO, UTO
cpeau 0TOOpaHHbIX JIeTajlel HE MEHEE OIHOM CTaHJapTHOM?

3.3.9 BeposATHOCTB TOr0, 4TO CTPENOK NONAAET B MUILIEHB IIPU OJHOM BBICTpE-
ne, pasHa 0,7. CTpenky IOCIen0BaTeIbHO BBIJAIOTCS MMATPOHBI A0 TEX IOP, ITOKA OH
He npomaxHEéTcsa. Haltu pacripeneneHue ciaydyalHOW BEJIMYMHBI & — 4uca MaTpo-
HOB, BBIJJAHHBIX CTpenKy. HalTth €€ maTeMaTndeckoe 0KUAAHUE, JUCIEPCUIO, CPElI-
HEe KBaJpaTUYECKOE OTKIOHEHHE W HaWBEPOSTHENIIEE YHCIO NaTPOHOB, BBIIAHHBIX
CTpEJIKY.

3.3.10 BepositTHOCTH TOTO, 4TO 000N AOOHEHT MO3BOHUT HA KOMMYTaTOp B
teuenue daca, paBHa 0,005. Tenedonnas cranmus oOciayxuBaer 600 aGOHEHTOB.
Haiitu pacnipenenenue ciaydailHOW BenTUYMHBI & — YUCIIO aOOHEHTOB, KOTOPbHIE IO-
3BOHSAT Ha KOMMYTATOp B Te4eHHUE yaca. Halitn e€ MareMaTnueckoe OKuJaHue, Juc-
NEPCUI0 U CpeJHee KBaApPaTHUYECKOe OTKIOHEHHE. KakoBa BEpOSTHOCTH TOrO, YTO B
TEUYEHHE Yaca MO3BOHAT ISITh A0OHEHTOB?

3.3.11 i paGoThl BOCBMHU CTAHKOB BPEMsI OT BPEMEHH HCIOJb3YETCs AJIEK-
Tpuueckas sHeprus. CHaOXeHuE pacCUMTAaHO Ha MATh €AUHHI] SHepruu. Kaxmomy
CTaHKYy C OJHOW U TOW K€ BEPOSATHOCTBIO p MOKET MOTPeOOBATHCSA €IUHHIIA SHEP-

rumn. OnpenennTb BEPOITHOCTh MEPErPy3KH SJIEKTPOCETH, €CITU U3BECTHO, YTO CTAHKU
paboTalOT HE3aBUCUMO APYT OT Ipyra, M KaxAbld U3 HUX MOTPEOJSET SHEPruIo B
cpeanem 10 MUHYT B T€UEHHE Yaca.

3.3.12 Cpenu 25 CcTyJIeHTOB I'PYHIIbI, B KOTOPOM JE€CATH JEBYIICK, Pa3bIrPhIBa-
eTcs nATh OunetoB. Haiitu pacrnipesnenieHue ciydyailHON BETUYHMHBI & — 4YMclia JEBY-
ek cpeau obnanareneit owmneroB. HaiiTi e€ marematnyeckoe OXKUIaHHE, AUCIIEP-
CHUIO U CpEJHEE KBaJIpaTUUYECKOE OTKIOHEHHE. KakoBa BEPOSITHOCTh TOTO, YTO CPEAH
oOjanareneil OMJIETOB HE MEHEe JACBITH JIEBYIICK?

3.3.13 B panuoanmapatype 3a 10000 dacoB HempepbIBHOM pabOTHl MPOUCXO-
IUT 3aME€Ha JIeCATH Jamil. BeIUUCINTE BEPOSATHOCTH BBIXO/IA U3 CTPOS paauoariapa-
TYpBI U3-3a BBIXO/a U3 cTpos jJamil 3a 100 yacoB HeNpepbIBHOM pabOTHI.

3.3.14 CxoabKO UTPAIBHBIX KOCTEH HEOOXOIUMO OpPOCUTH ISl TOrO, YTOOBI
MaTeMaTUYeCKOe OKMJIaHWE YHMCJIa KOCTEW, HAa KOTOPBIX BHINAJIO TPU OYKa, PABHS-
JIOCh 1miecTu?

3.3.15 U3 komenbKka Ha CTON BhICHIAIN 25 MOHET. KakoBa BEpOATHOCTH TOTO,
YTO YHUCJIO MOHET, YNAaBIIUX TepOOM BHU3, 3aKII0YCHO MEXAy 8 U 15, BKIIOYas u 3TH
JIBa KpaHUX 3HAYCHUS?

3.4 3anaHus NI KOHTPOJHUPYEMOil CAMOCTOATEIbHO PadoThI

3.4.1 B xaxnoi1 3a1ade onpenesieHa JUCKpEeTHAs cilydaiHas BenndnHa &. [l
Cily4ailHOM Benu4uHbI & ONPEIEIUTh 3aKOH PACTIPECIICHHS B aHAIUTUYECKOM BUJIE.
Borancnuts Matematnueckoe oxunanune M (&), nucnepeuio D(E) u cpemnexBapa-
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THYECKOE OTKJIOHECHUE O, CIy4alHOW BeNU4UHBI & . HallTu BEPOSTHOCTH TOTO, YTO B

pe3ynbTaTe OIbITa ClydyaliHas BelWMYrHa & MPUHUMAET 3HAYEHUE HE MEHEE ¢ , HO He
oonee f.

3.4.1.1 BepodTHOCTh TOr0, YTO H3AECIME HE BBIACPKUT HCHBITAHWS, pPaBHA
0,0004. PaccmarpuBaeTcsl ciiydailHas BEIMYMHA & — YUCIO HU3JEIUN, KOTOPBIE HE
BBIJIEPKAT UCIIBITaHMs, cpeau npoBepeHHbIX 1000 uznenuii. 3nauenue f=5.

3.4.1.2 Kaxaplii OATBIA CTYIEHT, KOTOPBIA CHAET SK3aMEH MO NPEAMETY
«Bpiciiasi MmaTemMaTHKa», HE JOBOJIEH OLIEHKOM, MOJYYEHHOM MpU cladye 3K3aMeHa.
I'pynna u3 11 cTyneHTOB ciaBaiu dK3aMeH Mo npeaMmeTy «Bbiciias mMaTeMaTHKay.
PaccmarpuBaercs cnyuaiiHasi BeIMuuHa & — YUCIO CTYJIEHTOB, KOTOPBIE HE JAOBOJIb-
HbI CBOEH OLEHKOM 10 npeaMery «Bricinas Marematukay. 3HaueHue o =2 .

3.4.1.3 BepoaTHOCTh OAHKPOTCTBA KAXKIOW U3 JEBATH TOPTOBBIX (UPM B Teye-
Hue roja pasHa 0,14. PaccmaTtpuBaeTcs citydaiiHass BeaMuMHA & — YHCIIO TOPTOBBIX
(bupM, KOTOpbIE MOTYT 00OAHKPOTUTHCS B TEUEHHE rojia. 3HaueHne o =2,a [ =35.

3.4.1.4 YueOnuk uznad tupaxom 10000 sx3eMruiaspoB. BeposTHOCTH TOTO, 4TO
y4eOHUK cOpolIropoBad HenpaBuiibHO, paBHa 0,0002. PaccmatpuBaercs ciydaiiHas
BeIMYMHA & — YKCIO YYEOHUKOB, KOTOPbIE COPOLITIOPOBAHBI HEMPABUIBHO. 3HAUCHHE
p=5.

3.4.1.5 Kaxpiii 4eTBEPTHI MOCETUTETh OaHKa 0OpaIaeTcss Ha pecenineH s
KOHCYJIbTAlIUM COTPYAHMKA OaHKa. 3a HEKOTOpoe (PUKCHPOBaHHOE BpeMsi OaHK Ioce-
TUJIO JIECATh KIMEHTOB. PaccmaTpuBaeTcs ciyyaiiHas BeJiMuMHa & — YKUCIIO KIIMEHTOB
0aHKa, KOTOpbIE OOpaTHIIUCh HA peceniied, 3HaueHne o =5,a f=7.

3.4.1.6 BeposaTHOCTh 1OCIe pa3roBOpa OCTaBUThH KapTy B TeaehOHHOM armapa-
te paBHa 0,005. B teuenue Hemenu TenedOHOM BOCHOJB30BAIUCH 60 aOOHEHTOB.
PaccmarpuBaercst cimyuaiiHas BenmuunmHa & — 4UCIO, AOOHEHTOB, KOTOPBIE 3a0BLIH
KapTy B TenedoHHOM anmnapare. 3HaueHue [ =2.

3.4.1.7 B HexotopoM ynuBepcurere ydarcs 18300 cTyaeHTOB, KOTOpbIE POJIU-
JUCh B OHOM M TOM K€ BUCOKOCHOM roay. Kaxeiii Oyayiuil CTyI€HT MOXET PO-
IUTHCSI C PAaBHOM BEPOSITHOCTHIO B JII0OOW M3 qHEH roaa. PaccmarpuBaercs ciydaii-
Has BEJIMYMHA & — YHCIIO CTYIEHTOB, KOTOpbIE poAwinch | ssHBaps. 3HaueHue o =1,
a p=5.

3.4.1.8 BeposaTHOCTh TIEPEBBITIOHEHUS TUIaHA JJI1 OJTHOTO pabodero Opuraabl
paBHa 0,8. B Opurage padotator neBaTh pabouux. PaccMarpuBaercs ciydaiiHasi Be-
anunHa £ — 4ucno pabovnx, KOTOPbIE MEePEBbINOIHIIIN TUTaH. 3HaueHne o = 4.

3.4.1.9 BepogTHOCTh YCHEIIHOW C/Iayu CTYyJACHTOM Ka)KJIOTO M3 YETBIPEX IK3a-
MeHOB ceccur paBHa 0,7. PaccmaTpuBaeTcsi ciaydaiiHas BeaMuMHA £ — YHMCIO JK3a-
MEHOB, KOTOPBIE CAAJ CTYAEHT BO BpEMsl ceCCUU. 3HaueHue [ =3.

3.4.1.10 BeposiTHOCTb prOOpeTeHUs] OpriIManTa B OaHKE JJIs OJTHOTO KJIUEH-
ta paBHa 0,003. PaccmatpuBaercs ciryqaitHasi BemnuuHa & — YUCIO KIMEHTOB OaHKa,
KOTOpBIe puoOpenu OpusuinanT B 6anke, cpeau 3000 oOcmyKeHHBIX KIUEHTOB. 3Ha-
yeHue o =3.
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3.4.1.11 BeposATHOCTh TOTO, YTO Y YACTHOI'O NpPEANPUHUMATENS HAXOAATCS B
Hamuuuu xemiepa Gupmel «DEVIR», paBna 0,6. Ilpeanpunumarens mpojan 8
mKkemnepoB. PaccMarpuBaercs citydaiiHas BemMunHa £ — YUCIO JHPKEMIEPOB (PUPMBI
«DEVIR», koTOpBIE pOaan npeAnpuHUMATENb. 3HaueHue [ =7.

3.4.1.12 B xpanunumie my3ses Haxogutcst 2000 kaptun. Jlro0as kapTHHA MOXKET
HE UMETh noanucu apropa ¢ BeposTHocThio 0,0004. PaccMatpuBaercs cirydaiiHas Be-
Ju4YrHa & — YMCIIO KapTUH, KOTOPbIE HE UMEIOT MOJIUCH aBTOpA. 3HAUEHHE o =3 .

3.4.1.13 BeposTHOCTb TOTO, YTO YEJIOBEK, 3a0paB IIATEKHYIO KapTy B OaHKO-
MmaTte, 3a0yner B34Th JeHbru, paBHa 0,004. B TeueHrne HeKOTOpPOro BpeMeHH OAHKO-
MaTOM BocmoJib3oBauch 1250 uenoBek. PaccmaTpuBaeTcst cinyyaiinas BeauuuHa & —
YHCJIO YeJIOBEK, KOTOPhIC 3a0bITN 3a0paTh JACHBIM B OaHKOMaTe. 3HAUeHUE @ =2, a
p=5.

3.4.1.14 BepositHOCTBb TOTO, uTO TenedhoH Mapku «LGy» Oyner nmpuoOpeTeH mo-
Kynatenem, paBHa 0,2. 3a HEKOTOPHI (PUKCHUPOBAHHBIN MEPUOJ BPEMEHU MpHoOpe-
TEHO MATHaAUATh TeleoHoB. PaccMaTpuBaercs ciiydaitHas BenuuuHa £ — YKCIIO Te-
nedoHoB Mapku «LGy, KOTOpbie ObLIM MPUOOPETEHBI 32 3TOT MEPUOJ BPEMEHU. 3Ha-
yeHne o =12.

3.4.1.15 BeposiTHOCTH TOTO, YTO YEJIOBEK MPUOOPETET OOJIUTAIMIO HSATHIPO-
LeHTHOro 3aiiMa, paBHa 0,15. Axnuu npuoOpenu necatb yenoBek. PaccMarpuBaeTcs
ciydaiiHas BenuyuHa &£ — YHCIO YEJIOBEK, KOTOpbIe MPUOOPENN aKIHUHU MSATHIIPO-
LEHTHOIO 3aiiMa. 3HaueHne o =3,a f=6.

3.4.1.16 3aBox otnpaBua Ha onToByio 0a3y 5000 uznenuit. BeposTHOCTH MMO-
BpexeHusa uzaenus B nytu paBHa 0,00008. PaccmaTpuBaercs ciiyyaliHasi BEJIMYMHA
& — 4YHCIIO U3JIETUM, KOTOPbIE MOTYT IOJYYUTh MOBPEXACHUS B MYTH. 3JHAYEHUE
p=5.

3.4.1.17 BeposiTHOCTb TOTO, YTO HOYTOYK (pUPMBI «Samsung» B TeueHHe pado-
4yero JIHA OyJeT MOAKIIOUYEH K ceTd, paBHa 0,3. B opranuzanuu ycTaHOBJIEHO JIBEHA-
auath HOyTOyKOB. PaccmaTpuBaeTcsi ciyuyaiiHas BelIMYMHA ¢ — YUCIO HOYTOYKOB
bupmbl «Samsungy», KOTOpPbIE MOAKIIOYEHBI K ceT. 3HaueHue a¢=10,a f=11.

3.4.1.18 BeposATHOCTB TOr0, 4TO ONTHUYECKUI JUCK HE COOTBETCTBYET CTaHAAP-
Ty, paBHa 0, 006. Ha nmpoBepky BeiOpano 1000 ontuueckux auckoB. PaccmarpuBaert-
Csl Cily4ailHasi BeMMYMHa & — YKMCIIO ONITHYECKHUX JUCKOB, KOTOPBIE HE COOTBETCTBYIOT

CTaHJapTy. 3HaueHue [ =35.

3.4.1.19 Ha xene3H0oA0p0OKHOM BOK3alie ycTaHOBiIeHb 600 aBTOMAaTOB, KOTO-
pbIe MPOU3BOJAT MPOJAXKy OMIEeTOB. B TeueHue CyTOK KaXk[blii aBTOMAT MOXKET BBIH-
™A U3 cTpos ¢ BepositHOcThio 0,005. PaccmarpuBaercst cinydaitHasi BenuunHa & —
YHUCJI0 ABTOMATOB, KOTOPBIE MOTYT BBIMTH U3 CTPOs. 3HaUCHUE o =4 .

3.4.1.20 JIBaaaTh NpOILIEHTOB CTYJICHTOB IOCJIE€ OKOHYAHHUS By3a HE pabOTaroT
IO crenuaibHOCTU. PaccMarpuBaeTcs ciiydaiiHas BeJIMUMHA £ — YHCIIO BBITYCKHU-
KOB, paOOTalOIIUX MO CHENUATILHOCTH, CPEAN BHIOPAHHBIX JECSITH BBIMTYCKHUKOB BY-
3a. 3HaueHue f=06.
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3.4.1.21 BeposATHOCTh TOTO, YTO KJIMEHT CJENaeT B OaHKE BAIFOTHBIA BKIAI,
paBHa 0,48. Bxiaasl B 0aHKe OCYIECTBWJIO BOCEMb KIMEHTOB. PaccmarpuBaertcs
CilyyaiiHasi BeJIMUMHa & — YKCIIO KJIMEHTOB, KOTOPBIE C/eNIajy BKJIaJ B BaJIIOTE. 3HA-
yeHue o =3,a f=7.

3.4.1.22 BeposiTHOCTH TOTO, UTO Kymiopa sBisgercs (ampmmBoid, pasHa 0,001.
s nmposepku BeiOpano 6000 kymrop. PaccmarpuBaercs ciydvaitnas BenuuuHa & —
YHCJIO KYIIOp, KOTOPbIE OKa3anuch (aablIMBbIMU. 3HaueHue [ =7.

3.4.1.23 BeposATHOCTb MOJyYEHHUS 3aABKH ONTOBOM 0a30M HA JaHHBIN JACHB TS
KaKJ0ro 13 eBsATH Mara3uHoB paBHa 0,8. PaccmaTpuBaeTcs cinyuaiinas BenvunHa &
— YHCI0 Mara3uHOB, KOTOPBIE CAENIANN 3as8BKY Ha ONTOBYIO 0a3y. 3HaueHHe o =2, a
p=5.

3.4.1.24 Knuenty OaHka JyIsl 3alOJIHEHHS TIpejjlaraeTcsi kKaprouka oOpaTHOU
CBsI3U C BeposATHOCTHIO 0,7. B Gank oOpatuiochk TpuHAIUATh KIMEHTOB. PaccmaTpu-
BaeTcs CilyvaiiHas BelnurHa £ — YUCIO KIMEHTOB, KOTOPHIM ObLTa MPEeasioKeHa JJist
3aMOJIHeHUS KapTOouka oOpaTHOM CBsi3U. 3HaueHue [ =35.

3.4.1.25 3a HekoTOpHIN mepuos BpemeHu (padpuka BeimycTria 2500 mxemrme-
poB. Jlonyctuth Opak mpu MOUIMBE OAHOTO JKEMIIEpa BO3MOXKHO C BEPOSTHOCTHIO
0,0016. PaccmatpuBaeTcsi cirydaiiHasi BEIMUYMHA £ — YKCIO JHKEMIIEPOB, B KOTOPBIX
oOHapy»xeH Opak. 3HaueHue @ =2,a ff=4.

3.4.1.26 Ha BrictaBke TpakTtop «bemapyc-80.1» MoxeT ObITH MpencTaBieH C
BepoaTHocThiO 0,6. Ha BeicTaBKy OBLIO TIPEICTABICHO AECITh TPAaKTOpoB. Paccmart-
puBaercsd ciay4yaiHas BenuuuHa & — 4duciao TpaktopoB «bemapyc-80.1», koTopbie
Ipe/ICTaBlICHbI HA BHICTaBKE. 3HAUCHUE & = 3.

3.4.1.27 BeposATHOCTb TOTO, YTO YEJOBEK CHUMET B OaHKOMAaTe BCIO CyMMY
CTOTBICSIYHBIMM Kymtopamu, paBHa 0,2. B GankomaTe CHSUIM JI€HbIM JBEHAIUAThH Ye-
noBek. PaccmatpuBaeTcsi cinydailiHas BeauMuMHa £ — YHCIIO YEJIOBEK, KOTOPhIM OaH-
KOMAT BbIJJAJI BCKO CYMMY CTOTBICSYHBIMU KyIIOpaMu. 3HaYeHne @ =2,a f=5.

3.4.1.28 Ky3oB aBToMoOMIIs «Audi» nuMmeeT nBeT OakjaxaHa C BEPOSTHOCTHIO
0,0004. Yepe3 noct B TeueHHE HEKOTOpOro BpemeHu mpoexano 2000 aBromoOuien
«Audi». PaccmaTtpuBaeTcsi ciy4aiiHasi BenmuuuHa & — 4KCIIO aBTomMoOuien «Audi»
1BeTa OakiiakaHa, KOTOpbIE MPOEXau Yepe3 MocT. 3HaueHue o =1.

3.4.1.29 Bnons poporu ycraHoBieHbl 3000 (onapeit, Kaxaplii M3 KOTOPBIX
MOJKET IIEPEropeTh B TeueHue mecdia ¢ BeposaTHocThio 0,001. PaccmaTpuBaercs ciy-
yaifHas BennynHa & — 4MCIO (poHApe, KOTOPBIX MEPEeropeir B TEUEHUE MecsIa.
3HaueHue f=4.

3.4.1.30 BepoATHOCTh MOTEPU KPEAUTHOM KAPTOUKH B TEYEHHUE MeECsIa paBHA
0,003. bank Beigan 300 kpeauTHBIX KapTOodeKk. PaccMarpuBaeTcs ciryyaiiHas BeJIYU-
Ha & — YKCIIO KPEAUTHBIX KapTOUYEK, KOTOPhIE MOTEPSIN KIMEHThl OaHKa. 3HAUCHHE
a=2,a f=6.
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4 OCHOBHBIE BEPOATHOCTHBIE MO/JEJIN
PACHHPEAEJEHUSA HEITPEPBIBHbBIX CJIYYAUHbBIX BEJIMYUH

Conep:xaHue: paBHOMEpPHOE paclpelesieHue, SKCIOHEHIMabHOE (MOoKa3a-
TEJIbHOE) pacripesieiicHue, raMMa-QyHKIMs U €€ CBOMCTBa, pactpeseicHue BelOyi-
Ja, [ -pacrpenencHue.

4.1 TeopeTnuyecKkuii MaTepuaJ 1o TeMe MPAKTHYECKOIro 3aHATHS
4.1.1 PaBHOMepHbBIii 3aKOH pacipe/e/ieHus

Ha mnpakthke BCTpe4aroTCs CIy4alHbIE BEJIMYUHBI, O KOTOPBIX 3apaHee W3-
BECTHO, UTO OHU MOTYT MPUHATH KaKOe-JIMO0 3HAUYEHHUE B CTPOTO OIpeJIeTICHHBIX Tpa-
HUIIAX, IPUYEM B 3TUX I'pPaHUIAX BCE 3HAYEHUS CIyYaWHOW BEJIMYMHBI UMEIOT OJIU-
HaKOBYIO BEpPOSATHOCTH (00J1aat0T OJHOM M TOM K€ TUIOTHOCTBIO BEPOSTHOCTEH).
Hampumep, npu mosioMKe 4acoB OCTAaHOBUBIIIASACS MUHYTHAs CTpesika OyJeT ¢ OJu-
HAKOBOM BEPOSTHOCTHIO MTOKA3bIBATh BPEMsI, MPOIIE/IICE OT Hayaja JaHHOTO Jaca J10
MOJIOMKHU YacOB. JTO BpeMS SBJISIETCA CIIy4YalHOM BEJIMYMHON, IPUHUMAIOIIEH C OJI1-
HAKOBOM IIOTHOCTBIO BEPOSITHOCTH 3HAYEHMS, KOTOPbIE HE BBIXOJAT 3a TPAHUIIBI,
OTIpEJICJICHHBIC TIPOIOJDKUTEIFHOCTHIO OJIHOTO Yaca. K mogoOHbIM CiTydaliHBIM BEJIH-
YWHAM OTHOCHUTCSI TAK)KE€ U IOTPEIIHOCTh OKpyrieHus. [Ipo Takue BeIWYHUHBI TOBO-
PAT, UTO OHU PACIPEAEIEHBI PABHOMEPHO, T. €. MUMEIOT PABHOMEPHOE pACIIPEACTICHHUE.

HenpepriBHas cinyualiHas BenmmunHa & UMEET paBHOMEPHOE paclpeiesIiCHUE Ha

otpeske [a;b], ecim Ha 9TOM OTpE3Ke IMIOTHOCTH PACTIPECTICHHS BEPOSTHOCTH HPH-
HUMAET IIOCTOSIHHOE 3Ha4Y€HUE, TO ECTh

,ecim a < x<b;

1
f(xX)=b-a
Oa

®dynkuums pacnpenenenus F(x) =

Matremarnueckoe oxuaanne M (&)=

(b-a)’

Hucnepcus D(&) = >

CpenHee KBapaTHIeCKOE OTKIOHCHHUE O, =

(4.1.1.1)
€CIIA X < a WIN x > b.

0, ecmmx<a;
xX—a

, ecmna<x<b;
b—a
1, ecim x > b.
a+b

S

b—a

243
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BepositTHOCT ITONIaiaHnsi pABHOMEPHO PaCHpeenEéHHON CIIyYaliHOW BEITMYUHBI
& Ha mHTEpBan [« ), MPEACTABISIONINIT CO60i YacTh OTpesKa [a;b|, Beraucmsercs

o Gopmyre

P(a£§<ﬂ):§:j. (4.1.1.2)

4.1.2 Iloka3aresbHoe (AIKCIOHEHUMAJIbHOE) pacnpeae/ieHue

Paccrossaue 7 Mexay IBYMs COCEIHHUMHU COOBITUSMHU B CTAIIHOHAPHOM ITyac-
COHOBCKOM TIOTOKE C MHTCHCHUBHOCTBIO A TPEACTaBIACT COO0H HEMPEPHIBHYIO CITy-
YaliHYI0 BEJIMYUHY, pacIpeACIEHHYIO TI0 TT0Ka3aTelIbHOMY 3aKOHY C TUIOTHOCTBIO Be-
POSITHOCTH

0, eciu t < 0;

f@)= (4.1.2.1)

Ae ™, ecmu t > 0.

0, ecm ¢ < 0;
®yHkuus pacupeneneHus F(r) = "
l—e”, ecmut>0.

1
MaremaTtnueckoe oxunanue M (T)=—.

A

1 1
Hucnepcus D(T) = FER Cpennee kBapaTUYECKOE OTKIIOHEHUE O, = 1

JI1sl moKa3aTesbHOrO paclpeiesieHrsl BEPOATHOCTh TOTO, YTO CllydaiiHasi BeJn-
yuHa I TpUMeT 3HaueHue, KOTOPOE MPUHAJICKUT UHTEPBATY [a; B), onpenemnsercs

o gopmyre
P(a <T< ﬂ) —e ™ eV, (4.1.2.2)

[TpuMepom HENMPEPHIBHOW CIIYYAMHOW BEJIWYMHBI, PACIIPEICIEHHON 110 MMOKa3a-
TEIIbHOMY 3aKOHY, MOXET CIY’)KUTh BpPEMsI MEXAY MOSBICHUSMH JBYX IIOCJIE/IOBaA-
TEJbHBIX COOBITUH MPOCTENIIErO MOTOKA.

4.1.3 I'amma-pyHKuMA U eé cBolicTBa

[MamMa-pyHKIIMEeW WM UHTErpajioM Dijiepa BTOPOTO poja HaszbIBaeTCsl (PyHK-
Hs BUJA
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()= j x“ e dx. (4.1.3.1)
0

[Mamma-pyHKIMS SBASETCS MHTETpajoM, 3aBUCSIIUM OT mapameTrpa « . OnHa
yIIOBJIETBOPSIET CIEIYIOIINM CBOMCTBAM:

D IM)=Ir2)=1
2) 1(0,5) =7 ;
) TMa+)=a-T'(a);
4) ecmu @ xpatro 0,5, To ['(¢) MOKeT OBITh JIETKO BBIYHMCICHO HAa OCHOBAaHUHU
TPETHETO CBOMCTBA:
I'(1,5)=T(0,5+1)=0,5-T(0,5) =0,5 -7,
2,5 =r15+1)=15-I(1,5)=15-0,5r,

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

of 2 _pfnsd o=t (el :n—l.n—3.m.§'§.l.\/;;
2 22 2

2 2 2 2 2

5) npu 60IBIINX 3HAYCHUSIX @ raMMa-(YHKIUS BEIYUCIISAETCS 110 GopMyIie
INa)=(a-1)-T'la-)=(a-1)-(a-2)-T'(a-2)=...

4.1.4 Pacnpenenenue Beiidoyama (a>0, b> 0, -oo<c<+o0)

JlanHOE pacnpeneneHue UMeeT HapaOOoTKa JI0 OTKa3a HEKOTOPBIX HEBOCCTA-
HAaBJIMBAEMbIX M3Jenui. K HUM OTHOCATCS, B YaCTHOCTH, HEKOTOPBIEC U3JAENHN, Y KO-
TOPBIX OTKAa3 HACTYIIAET BCIEIACTBUE YCTAJIOCTHOIO -paspyuieHus. [Ipm onenke
HAJIe)KHOCTH MEXAHWYECKUX Y3JI0B OTUM 3aKOHOM OIIMCBHIBAECTCS HAJIEKHOCTH IOJ-
IUNHUKOB. Pacnipenenenne BeilOyina HCIONb3yOT ISl ONUCAHUS 3aKOHOMEPHOCTEN
OTKa30B IIOJ{ JIEHCTBUEM H3HOCA U CTAPEHHUs], OTKA30B IIOCJIECAOBATEIBHO COCAVHCH-
HbIX W JOyOiaMpoBaHHBIX 371eMeHTOB. OcoOeHHO 4YacTo pacnpeaencHue BeliOyiuia
IPUMEHSIIOT TOTJa, KOrJa MOTOK OTKAa30B HE CTAllMOHAPEH U MHTEHCUBHOCTH OTKA30B
MEHSIETCS C TEYEHUEM BPEMEHU.

HenpepoiBHas ciyvaiiHas BenuunHa & UMeeT pacnpeneneHue BeitOyiuia, ecnu

IIOTHOCTD paclpCaAcCIICHUS BEPOATHOCTU UMCCT BHU

b-1 x=cY
b(x—-c ‘(7)
| e , €CIIN X > C;

=14\ a (4.1.4.1)

0, ecmmx<c,
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rae a — mapameTp macmraba, b — mapamerp (GOpMbI KpUBOHM pacmpeieneHus, ¢ —
rapameTp CJIIBUTa.

C nomorkio mapamerpa b ynobHO moaOUpaTh aHATUTHYECKOE OMHMCAHUE IS
pa3IMYHBIX IKCIEPUMEHTANBHBIX 3aBucuMOcTeil. [Ipu 3Hauenum b =1 pacmnpenene-
Hue BeiiOymna cTaHOBHUTCS SKCHOHEHIMANbHBIM. [Ipn 3HaueHuMsx mapametpa b <1
MHTCHCUBHOCTh OTKAa30B MOHOTOHHO yOBIBAa€T C TEUCHUEM BPEMEHH, a MPH 3HAUCHU-
ax b>1 MoHOTOHHO Bo3pacrtaer. [logOupas 3HaueHust a, b U ¢, MOXXHO TOOUTHCS
IpUOIIKEHNST aHATUTHYECKON (YHKIMU TUIOTHOCTU PACHPEIENICHUS K OMBITHBIM
JQHHBIM.

Marematuueckoe oxunanue M(X)=c+a- F[l + %j :

Hucnepcus D(T)=a’ - F(l + %) -I? [1 + %j

CpenHee KBagpaTnyeckoe OTKIOHEHUE O, =4 - (F(l + %) -I? (1 + %D :

4.1.5 pf-pacnpenenenue (a>0, f>0)

OyHKIUs L -pacnpeneneHus 00bIYHO UCTIONb3YETCs AJIA U3yUeHUs BapUalliy B

MPOLIEHTaX KaKOW-1H00 BEJIMYUHBI MEXAY BBIOOpKaMH — HampuMep, YacTH JHS, KO-
TOPYIO CTYAEHTBI POBOJAT JJIS1 CAMOCTOATENIEHOIO U3YUYEHNS TUCIUIUINH.
HenpepriBHas cnydaiinas BenuunHa £ MMEET [ -paclpelesieHue, €CIIA IUIOT-

HOCTB pacrpeCacCiICHUA BEPOATHOCTU UMCCT BU]]

a-1 _ p-1
a (1 ) ecim 0<x <1;

f)=1 Ba;p) (4.1.5.1)

0, ecmmx<0wmmmx2>1,

1
rje B a ] :Ix“ 1 ~ dx nasbiBaeTCH [ -byHKIHeH.
0

a

Marematuueckoe oxuganue M (X) =
a+f

_ a-p
Jucnepcus D(X)_(a+,6’)2 -(a+,6’+1)'
1 | ap
a+pf \a+pB+1

CpCI[HCC KBaJApaTUICCKOC OTKIIOHCHUEC O, =
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4.2 Ilpumepsl peleHusi THIIOBBIX 32124

4.2.1 llena aeneHus MIKaJIbl U3MEPUTENBHOTO TIpuOopa paHa 0,2. [TokazaHus
npudopa OKPYIJIAIOT 10 Onrkaiiero aeneHus. OnpenenuTb 3aKOH paclpeeIeHUs
JUISL CITy4ailHOM BeNMUYMHBI & — OMIMOKa OKpPYTJIEHUs OTCU€Ta. 3anucath BhIPAKEHUS
U TUIOTHOCTH PAcTIpeieNieHUs] BEPOSITHOCTEN M (YHKIIUU paclpeiesieHus: ciaydaii-
HOW BenuuuHbl &. HallTu MaremaTtndeckoe OXKUJaHUE, TUCIIEPCHUIO U CPEIHEE KBal-
paTUYeCcKoe OTKJIOHEHWE CIly4allHOM BennuMHbl & . HalTh BEpOSATHOCTH TOTO, 4TO
npu otcuére OyAeT caenana ommobka: a) menbias 0,04, 6) 6osbmast 0,05.

Perrenne. OmmbOKy OKpyriaeHus: OTCUETa MOXKHO paccMaTpHUBaTh KakK Clydai-
HYIO BEIWYUHY &, KOTOpas paclpe/ielieHa paBHOMEPHO B MHTEPBAJIE MEXKAY JIBYMs
COCeHUMHM JiefeHusiMu. [lapameTpsl paBHOMEPHOro pacrnpejaesieHus paBHbl: a =0,
b=0,2. Torma, cormacuo dopmyne (4.1.1.1), IIOTHOCTH pacnpeneeHus BEPOSTHO-
CTEN UMEET BUJL:

—,ecmm 0<x<0,2; 5,ecmn 0<x<0,2;
f(x)=:0,2-0 i f(x)=
0, ectmx<0wummx>0,2.
0, ecmux<0wmimx>0,2,
3anuinem BbIpakeHUe A1 PYHKLHUU pactpeieleHUs CIlydailHOW BEIMYUHBL &,

KOTOpasd UMCCT paBHOMCpHBIﬁ 3aKOH paclpCaAcICHUsA.

0 0;
’0 e x <% 0, ecimmux<0;
F(x)= Ox2—_0’ ecmn 0<x<0,2; i F(x)=<5x, ecmu 0<x<0,2;
’ I, ecmux>0,2.
1, ecma x> 0,2,

Haiiném marematnueckoe OxuaaHue, TUCIEPCHUI0 M CPEAHEE KBaApaTUUECKOE
OTKJIOHEHUE 3aJJaHHOM CIIy4YalHOW BEJIMYMHBI.

Marematnueckoe oxxkunanue: M (&) = a er b = 0 +20’2 =0,1.
(b—a)> (0,2-0)> 0,04 1
uctepcus: D(E) = = = = ~(0,0033.
Alucriep (=", 12 12 300

b—a 0,2-0 1
O. = = =

T3 23 1043

Boerarciium BeposITHOCTH coObITHS A = {ipn oTcuére OymeT clenaHa onmmoka

menbias 0,04}. Jlannoe coObITHE O3HAYaeT, YTO CllydyailHas BEJIMYMHA MPUMET 3Ha-

yerre Menblie 0,04 unu 6onbuie 0,16. [ BeIUUCICHHUS BEPOATHOCTEH 3TUX COOBI-

Tuil Oynem wucnoib3oBath Gopmyny (4.1.1.2). Ilpu stom yuTéM, 9TO COOBITUS

{menbmie 0,04} u {6onpmre 0,16} HE3aBUCUMBI, TO €CTh BEPOSATHOCTH CYMMbI pPaBHa
p—a
b—a
54

CpenHee KBaJIpaTH4€CKOE OTKJIOHEHHUE:! ~0,0577.

cymme BeposiTHocTell. P(a < &< f8) =



P(A)=P(0< &<0,04)+ P(0,16<£<0,2) = 0,04-0,0.2-0.16 =0,2+0,2=0,4.
0,2-0 0,2-0
BoerarciiuM BeposITHOCTH cOOBITHS B = {nipu oTcuére OyneT caenaHa ommoOKa
6ombie 0,05}. lanHoe coObITHE O3HAYAET, YTO Cay4ailHas BEJIMYMHA IPUMET 3Hade-

uue oounbire 0,05, Ho mensbire 0,15.

P(B) = P(0,05< £ <0,15) = 0,15-0,05 _ 0,1 _0.5.
0,2-0 0,2
4.2.2 CnyyvaiiHag BenuurMHa & MMEET PAaBHOMEPHOE paclpesiesieHue ¢ MaTeMa-

trdeckuM oxkuganueM M (&) =8 u mucnepcuert D(E)=12. HaliTu mioTHOCTH pac-

MpeeJICHUs] BEPOSITHOCTEN U QYHKIUIO pactpeeleHus CIydaiHONW BEeMUYUHbI & .
Onpenenuts BEPOSITHOCTh TOTO, YTO CIydailHasl BEIMYMHA & OTKIIOHUTCS OT CBOETO

MaTEMaTUYECKOTO 0’KUJIaHUs He 0oJiee YeM Ha BEIUYUHY & = 1.
Pemenue. Bocnonb3dyemcsi popmysiaMu MaTeMaTHYECKOTO OKUJAHUSA U JIUC-
TEPCUHU IS PABHOMEPHO PaCHPENCIEHHON CIIyYalHOU BEJIMYMHBI:

a+b b—a
M(&) =222y =L 2)
[Tonyuaem cucremy ypaBHCHI/IH
a+b _g,
2
(b— a)2 12
12

Pemenue cucremsl: a =2, b=14.

Cornacuo gopmyie (4.1.1.1) mIOTHOCTH pacripeieieHus BEpPOITHOCTEH UMEET
BU/I:

! ,econ 2 < x<14; Lecm/12<)c<14

f(x)=414-2 ’ um f(x) =

0, ecmmx<2wumux>14, O, ecm x < 2 unu x > 14.

3anuinem BbIpakeHUe I PYHKIUU pacHpeeleHUs ClydailHOW BEIMYUHBL &,
KOTOpasi UMEET PaBHOMEPHBIN 3aKOH PaCIpEACIICHHUS.

0, ecli x < 2; 0, ecmmx<2;
F(x)= x—2, ecmn 2 < x <14; nmu F(x)= x—2’ ecmu 2 < x <14;
14-2 12
1, ecau x > 14, I, ecmux>14.

BpruncnuM BEpOSITHOCTH TOrO, YTO CllydaHasi BEJIMYMHA & OTKJIOHUTCS OT

CBOCT'O MAaTCMAaTHYCCKOI'O OKMJAaHU HC OoJice ueM Ha BCIIMYUHY & = 1.

P(|§—M(e§)|<g)=P(|§—8|<1)=P(—1<§—8<1):P(7<§<9)=194;_72:%.
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4.2.3 JInuTenbHOCTh BPEMEHU 0€30TKa3HOW pabOThl KaXKI0TO U3 YETHIPEX dJe-
MEHTOB, BXOJSIIUX B TEXHUUECKOE YCTPOMCTBO, UMEET MOKA3aTelIbHOE pachpe/ere-
Hue. CpegHee BpeMs 0€30TKa3HON paOOThI ISl Kaxaoro sjaeMenTa paBHo 400 yacos.
TexHuueckoe yCTpOMCTBO pabOTaeT MpU YCIOBUU OE30TKAa3HOW pabOThl BCEX YETHI-
péx aneMeHToB. OnpeneuTh BEPOATHOCTh 0€30TKAa3HOM pabOThl yCTPOMCTBA B TeUe-
Hue 700 yacoB, eciii BpeMsi 0€30TKa3HONU pabOThl KaXKIOTO 3JIEMEHTA HE 3aBUCHUT OT
BPEMEHU pabOThI YETHIPEX APYTUX JIEMEHTOB. 3anucaTh BBIPAXKEHUS JJI TUIOTHOCTH
pacripeieseHus: BepOSITHOCTEH M (DYHKIIMH PaCHpeIeNICHs CIIyYaiiHOW BETHYUHBI
0€30TKa3HOI pabOThI OAHOTO 31eMeHTa. HailTn Mmarematudyeckoe oxuaaHue, AUcrep-
CHIO U CpeIHee KBaIpaTUIeCKOe OTKIIOHEHHUE CiTydaitHoi BenmuuHbl 1 . Haiiti Bepo-
SATHOCTbH TOTO, YTO OTIEIBHO B3STHIN d7eMeHT Oynet pabortats HEe MeHee 500 yacos,
HO He 6osee 900 yacos.

Pemenne. Mickomasi BEpOSTHOCTh paBHA BEPOSATHOCTU TOrO, YTO B TEUEHHE HE
MeHee 700 gacoB OyayT 6€30TKa3HO pabOTaTh BCE YETHIPE PJIEMEHTA.

ITycth coObITHE A O3HAYaeT, 4To I -# 3JIEMEHT yCTpolcTBa nmpopadoTaer 0e3-

oTka3HO He MeHee 700 dacoB (i =1, 4). Torga uckomasi BEpOSITHOCTh paBHA

P=P(A4A4,4,4,)=P(4)-P(4,) P(4) P(4,)=P"(4).
Tak kak coOBITHS A4, HE3aBUCUMBI, TO BEPOSTHOCTb IIPOU3BEICHHS PaBHA IIPO-
W3BEJICHUIO BepOsITHOCTEH, mpuuéM P( 4, )= P(4,)=P(4,)=P(4,).
Haiiném BeposTHOCTH COOBITHSL 4, . PaccmoTpum ciyuaiinyro Beauuuny 1 —
BpeMsi 0e30TKa3HOM paboThl I -ro 3nemMeHTa. [lo ycnoBHIO 3a7aun MaTeMaTUuyecKoe

|
oxxujianve BenuunHbl [ paBHO 400 YacoB, clegoBaTeNNbHO, A =4—00. B sTom ciydae

IJIOTHOCTh PacTpe/IeTICHUsI BEPOSITHOCTA UMEET BUJT;
0, ecnu t < 0;
fO=11 -L

——e Y0 ecant>0.

400
0, eci ¢ < 0;
Oynkums pacnpenenenus: F(¢) = e

l—e 4% ecimmt>0.

Maremaruueckoe oxunanue: M(T)=T,, = % =400.

Hucnepcus: D(T) = % =160000.

~=
1
CpenHee KBaIpaTHUECKOE OTKIOHEHUE: O, = 7 =400.

Torna BeposTHOCTB COOBITUSL A4, paBHA
1 00 700

P(4)=P(T2700)=1-P(T <700)=1—| 1—¢ " |=¢ 0 =7 0,174,
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Takum 00pa3om, BEpOSATHOCTh UCXOTHOTO COOBITHS paBHA
P=P*(4)=(0,174)* ~0,917.

4.3 3axanus AJ1s1 pelieHUs HA NPAKTHYECKOM 3aHATHH

4.3.1 CnyyaliHasi BEJIMUMHA MTOJYMHEHA 3aKOHY PABHOMEPHOI'O PacIpeIesICHUs
Ha uHTepBaie (1;3). 3amucarh BhIpaXKEHHE ISl TUNIOTHOCTH PACIIPEIIEIICHUSI BEPOST-

HOCTU U (DYHKIUIO pactpeeeHus. BoIYUCIUTD YNCIOBBIE XapaKTEPUCTHKH CIydaii-
HOW BenwunHbl. ONpenenuTh BEpPOSTHOCTh TOTO, YTO ClIydyaliHas BEJIMYUHA MPUMET
3HaueHue He MeHee 1,5, HO He OoJtee 2,5.

4.3.2 CnyvaiiHag BenuurHa & HMMEET PAaBHOMEPHOE paclpeiesieHue ¢ MaTeMa-
tudeckuMm oxuganueM M (E)=22 u mucnepcuert D(&)=1,08. Haiitu mioTHOCTB
pacmpeneneHus BEPOSATHOCTEN M (YHKIIUIO pacTIpeeIeHHs CIydailHOW BeTUIUHbI & .
[Toctpouts rpaduku mIOTHOCTH U QYHKUUU pacnpeaeneHus. OnpenenuTb BEpOsT-
HOCTbh TOT'O, YTO Cly4yaiHas BeJu4YrHa & OTKIOHUTCSA OT CBOEr0 MAaTeMaTHYE€CKOIro
OKUJaHMsI He 0oJiee yeM Ha 3 eAUHULIBI.

4.3.3 [loezna mMeTponoiauTeHa UAYT CTPOro MO pacnucaHuto. VHTepBan aBu-
KEHMsI paBeH TpEM MuUHyTaM. HaliTh BEpOSTHOCTH TOTO, YTO MACCAXKUP, MOJIOIIEH-
IIMI K OCTaHOBKE, Oy/IeT OKUAaTh OUEPEAHOrO noe3na MeHee 40 CeKyH/I.

4.3.4 CnyvaiiHasg BenuuuHa & YIOBIETBOPSIET HEpaBeHCTBY —3<&<3. Uz-
BECTHO, YTO KaX/10€ U3 3Ha4eHui 3 U (-3) OHA IPUHUMAET C OJHOM U TOU K€ BEpOsT-
HocThi0 p =1/6. Kpome Toro, B unrepBane (=3;3) cayuaiiHas BenmuuuHa & MMeEeT

paBHOMepHOe pacrpeaeneHre. HaillTu miuoTHOCTE pacripeneneHus BeposSTHOCTEH U
(byHKIMIO pacripesieNieHus], U TOCTPOUTh UX IpadUKH.

4.3.5 llena nenenus BonbT™MeTpa 10 B. OTCUET NPOU3BOAUTCS C OKPYIJIEHHUEM
70 1IeJIOTO JeNeHus IKanbl. OnpeneiauTb CpeIHEKBAIPaTUYHYIO OMIMOKY CPEIHETO
KBa/IpaTUUECKOTO OTKJIIOHEHHS] ¢ TPU CHATHH OTCUYETA U BEPOATHOCTU p TOTO, YTO

omurOKa 3akiitoyeHa B peenax 1 B.
4.3.6 [1ImoTHOCTE pacnpeneneHnusl BEPOATHOCTA CIIyYalHOW BEAUYUHBI & CO-
XpaHseT Ha OTPE3KE [2;10] IIOCTOSIHHOE 3HAYE€HUE ¢, @ BHE 3TOTO OTPE3Ka paBHA HY-

mo. OnpenennuTs 3aKOH paclpeiesieHus i cllydailHoM BennuuHbl &. Haltu napa-
METp c. 3amnucaTh BBIPAKEHUS JIA IUIOTHOCTH PACHpPENEICHUS BEPOSTHOCTEN M
GyHKIMH pacrpeneneHus, MOCTpouTh ux rpaduku. Haiitn matemaTudeckoe oxuaa-
HHE, JUCIIEPCUIO U CPEIHEE KBAAPATUUYECKOE OTKJIOHECHHUE CIy4YalHOW BEJIWYUHBI & .
OrnpenenuTh BEpOSATHOCTb TOTO, YTO ClydailHas BeIMUMHA & OTKIIOHUTCS OT CBOETO
MaTEMaTUYECKOTo 0XKHIaHus He OoJiee yeM Ha 1,5 e IMHUIIBI.

4.3.7 Ha mocce ycTaHOBJIEH KOHTPOJIbHBIM MYHKT JJISI IPOBEPKU TEXHUYECKO-
ro COCTOsIHUSI aBToMoOusel. HaliTu MaTeMaTuyeckoe OKHJlaHue U JUCIEPCHUIO Bpe-
MEHHM OXKHMJIaHHUS aBTOMOOWJII KOHTPOJIEPOM, €CIU IMOTOK MAIllMH MPOCTEHINUN U
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BpeMs (B yacax) MEXIy MPOXOXKICHHEM aBTOMOOWJEH 4Yepe3 KOHTPOJIbHBIA MYHKT
pacnpeesieHo Mo MoKa3aTeIbHOMY 3aKOHY C mapameTpom A =12.

4.3.8 Onpenenuth BpeMs paboThl nmpubdopa ¢ HaEéKHOCThIO 0,9 (BEpOSITHOCTH
0e30TKa3HOM paboTHI MPUOOpa), eciiu cpeHee BpeMs ero padotsl paBHO 800 yacos.

4.3.9 Bpems T oOHapykeHUS IeNU PagroIOKaTOPOM pacipeieseHo o ToKa-
3aTesIbHOMY 3aKOoHYy. HaliTu BEepOsATHOCTB TOTO, UTO LieJb OyAeT oOHapy>KeHa 3a Bpe-
M OT 6 10 9 CeKyH/ Iocie Hayalla MOMCKa, €ClIU CpeiHee BpeMsi OOHAPYKEHUS LEH
PaBHO TPEM CEKYHIaM.

4.3.10 becripoBoanast ontuueckas mbiiika 3a 10000 gvacoB paOOTHI BEIXOAUT U3
CTpOSI ‘B CpelHEM OAMH pa3. OmpenenuTb BEpOATHOCTh BBIX0/1a U3 CTPOs OECIPOBO/I-
HOU omrTrueckoi MpIKK 3a 2000 gacoB paboThI, IpeaAnoaras, 4To Cpok 0e30Tka3-
HOU pabOThI MBIIIN €CTh CIIy4aiHasi BEIMYMHA, pacTpeeE¢HHas M0 MOKa3aTeIbHOMY
3aKOHY.

4.3.11 Bpems T Oe3oTka3HOH pabOThI CHUCTEMBI PaCIpEACIICHO IO IMOoKa3a-
TEJIbHOMY 3aKOHY. MIHTEeHCUBHOCTh 0TKa30B cuctembl paBHO A =0,03. Haittu cpen-
Hee BpeMs 0€30TKa3HOW paboThl CUCTEMBI M BEPOSTHOCTh O€30TKa3HOM paboThl 3a 60
4acoB paboTHI.

4.3.12 Bpemst T 06e€30TKa3HOU paOOTHl CTaHKA PACIPENEIeHO M0 MMOKa3aTellb-
HOMY 3aKoHy. IIHTEHCHMBHOCTP OTKa30B B pabOTe KOMIBIOTEPA COCTaBIISIET
A =0,0025. Haiftu cpennee Bpemsi 0€30TKa3HON pabOTHI U BEPOSATHOCTH 0€30TKa3-
HOM paboThl KoMmbroTepa 3a 400 gHEH.

4.3.13 Bpems T Ge30TKa3HOW padOTHI MpoOIIeccopa pacipeaesieHo o MoKa3a-
TEJIbHOMY 3aKOHYy. M3BeCTHO, UTO cpenHee Bpemsi HapaOOTKH Ipolieccopa Ha OTKa3
coctaBisier 360 mecsieB. HaliTu BepoATHOCTh 0€30TKa3HOM pabOThI Mpolieccopa 3a
90 mecHueB.

4.3.14 Cpennee BpeMs: pabOThI KaXKJ0TO U3 IBYX 0AHKOMATOB 0€3 TEXHUYECKO-
ro oOCIy’)KMBaHUS COOTBETCTBEHHO paBHO 168 u 216 wacoB. OnpenenuTs BEposT-
HOCTb TOTO, 4TO 00a OaHkomarta OynyT paboTaTh 6€3 TEXHUUECKOro 00CTyKUBAHUS B
TeueHue 224 4acos.

4.4 3apanus 151 KOHTPOJIHUPYEMOH CaMOCTOATEIbHON padoThI

4.4.1 [ImoTHOCTE pacnpeneneHns] BEPOATHOCTA CIyYalHOW BEIUYMHBI & CO-
XpaHseT Ha OTPe3ke [a;b] mocTosHHOE 3HAYCHHE C, @ BHE ITOrO OTPE3Ka PaBHA Hy-

mo. OnpenennuTs 3aKOH paclpeiesieHus i cllydailHoM BennuuHbl &. Haiitu mapa-

METp c. 3amnucaTh BBIPAKEHUS U1 IUIOTHOCTH PACHpPENEIECHUS BEPOSTHOCTEH M
GyHKUMM pacripenesieHus, MOCTpouTh ux rpaduku. Hailtu matemaTudeckoe oxuaa-
HHE, JUCIIEPCUIO U CPEHEE KBAAPATUUYECKOE OTKIOHECHHUE CIy4alHOW BEJIWYUHBI & .

Onpenenuts BEPOSITHOCTh TOTO, YTO CIIydailHasl BEJIMYMHA & OTKIIOHUTCS OT CBOETO
MaTEMaTUYECKOT0 OKUAAHUS HE O0JIee YEM Ha BEJIMUHHY & .
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4411 a=1,b=4,£=0,1. 4.4.1.2 a=2,b=6,=0,2.

4.4.1.3 a=3,b=7,6=0,3. 4414 a=6b=8¢=0,4.
4.4.1.5 a=7,b=11,¢=0,5. 4.4.1.6 a=1,b=10,£=0,6.
4417 a=4,b=7,6=07. 4418 a=3,b=5¢=0,8.
4419 a=2b=11=09. 44110 a=1b=5¢=10.

44111 a=50b=10,e=11. 44112 a=4b=10,c=1,2.
44113 a=3,b=10,&e=13. 44114 a=2,b=13,e=14.
44.1.15 a=1b=7¢6=15. 4.4.1.16 a=50b=15¢c=16.
44117 a=4b=8,¢=17. 44118 a=3,b=9,c=18.

44119  a=2,b=10,=19. 44120 a=1,b=9,6=2,0.

44121 a=5b=19,e=2,1. 4.41.22 a=4,b=16,6=2,2.
44123 a=3,b=19,6=273. 44124 a=2,b=11,6=24.
44125 a=1b=15e¢=25. 4.4.126 a=50b=18¢6=26.
44127 a=4,b=13,6=27T. 44128 a=3,b=14,¢=238.
44129 a=2,b=14¢=1209. 44130 a=Lb=11¢=3,0.

4.4.2 Cpennee BpeMsi pabOThI KOKIOTO U3 TPEX JIEMEHTOB, BXOANIUX B TEX-
HUYECKOe YCTPOHCTBO, paBHO 7. - 4acos. Jlys 0e30TKa3HOM pabOThl yCTpOMCTBa

HeoOxoanma 6e30TKazHasi paboTa XOTS ObI OJHOTO M3 ATUX TPEX 3neMeHToB. Ormpe-
JETUTh BEPOSATHOCTH TOTO, YTO YCTPOMCTBO OyneT padoTaTh OT #, A0 ¢, 4acoB, €CIH

BpeMs 1’ paboThl KaXI0T0 U3 TPEX AJIEMEHTOB HE3aBHCUMO U PacHpeiesieHO IO0 Io-
Ka3aTEJIbHOMY 3aKOHY. 3aIlMCaTh BBIPAXKEHUS JUIsl IUIOTHOCTH PACIPEEICHUS BEPO-
SATHOCTEH ¥ (YHKIIMU paclpeesIeHus CIlydaliHOW BeTMurHbl 1 0€30TKa3HOW paboThI
OJIHOTO AJIEMEHTA, MOCTPOUTDH UX rpaduku. HallTu MatemaTrueckoe 0xuaaHue, Juc-
MEPCHIO U CpeIHEee KBaJApaTUYECKOE OTKIOHCHHE CITy4ailHOW BenmuduHbl 1 . Haiith
BEPOSATHOCTh TOTO, YTO OTJEJIBHO B3STHIM 3J€MEHT OyAeT padoTaTh HE MEHee f, ya-

COB.

4421 T, =2251=751=150. 4422 T, =100,4=50,1,=75.
4423  T,=250,4,=150,1,=200. 4424 T, =600, =400, =500.
4425 T, =154,1,=44,1,=88. 4426 T, =256,1,=192,1, =224.
4427  T,=378,1,=294,1,=336. 4428 T, =60, =20,, =40.
4429 T, =120,1,=30,1 = 60. 44210 T, =160, = 40,1, =120;
44211 T, =250,1 =50,z =100. 44212 T, =300, =60,1,=180.

44213 T,=350,4,=70,1,=280.  4.4.2.14 T, =400, =160, =240.
4.42.15 T, =450,4,=180,1,=360.  4.4.2.16 T, =210,1=35,1,=70.
44217 T, =270,1,=451,=135. 44218 T, =330, =55,1,=220.
4.42.19 T, =390, =65,1,=325. 44220 T, =510,4=170,1,=255.
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44221 T,=570,1,=190,1,=380.  4.4222 T,6=90,4,=30,1,=75.

44223 T, =144,1,=72,1,=96. 44224 T, =204,1,=102,1,=170.
44225 T, =308,1 =44,1,=88. 44226 T, =378,4,=54,1,=162.
44227 T, =448,1,=64,1,=256. 44228 T =518,1,=74,1,=370.
44229 T, =588,4,=84,1, =504 44230 T, =658,4=188,1,=282.

5 HOPMAJIbHBIA 3AKOH PACHPEJEJEHUS

CoaeprxaHue: HOpMaJIbHOE paclpeesieHHue, CTaHAapTHOE HOPMaJIbHOE pac-
npeneseHue, JorapupMuIeckoe HOpMaJbHOE paclpeesieHue, MpaBuiIo TPEX CUTM,

pacmipesienienne >, pacnpenenerne CThIOEHTa, pactpenenenne Oumepa.

5.1 Teoperuyeckuit MaTepuaj 0 TeMe NPAKTHYECKOT0 3aHATHS
5.1.1 HopMajabHBIH 32aK0H pacnpeiejaeHust

HopmanbHoe pacnpesnenenne umeer OObIIOe 3HAYCHUE B TEOPUU BEPOSITHO-
CT€M M MAaTEMATHYECKOW CTAaTUCTUKE. DyHIaMEHTAIbHAS POJIb, KOTOPYIO HIPAET
HOpMaJbHOE pacnpeiesieHne, 00bSICHICTCS TEM, YTO MPU HEKOTOPBIX YCIOBUSIX CYM-

n
MBI CIIyYalHBIX BEJIUYUH Zcfl. C POCTOM 4YHCJa CIAaracMbIX aCUMOTOTHYECKH HOP-
i=1

MaJIbHBI, TO €CTh UMEIOT pacIpeesieHue, OJM3Koe K HOPMAJIbHOMY pacipeeseHHIO.
HopmanbHOe pacnipeeneHne 4acTo BCTPEYAETCA Ha MPAKTUKE B CAMBIX PA3IMYHBIX
obnactax. [IpuHATO cunTaTh, 4TO OMMOKK U3MEPEHUN, BEC M pa3Mep JAeTajeil, Bec u
pOCT JIIOAECH UMEIOT HOpMaIbHOE pacnpenenenue. HopMmanbHoe pacnpenencHue uc-
IIOJIb3YETCs MPU AHAIN3E ITPOU3BOJICTBEHHBIX MOTPENIHOCTEN, KOHTPOJIE TEXHOJIOTH-
YECKUX IIPOLIECCOB M PEKUMOB, a TAKKE IPU aHAJIU3€ U NPOTHO3MPOBAHUM pa3JIny-
HBIX SBJICHUI B 9KOHOMUKE, MEIUIIMHE U JPYTUX 00IACTIX 3HAHUM.

CrnyudaliHas BeaM4MHA £ MMEET HOPMAJIBHOE PACHpEACIICHHE, KOTOPOE TaKkKe

HA3bIBAETCA pacnpeneiieHueM ['aycca, €Ciii MIIOTHOCTh PAaCIHpEIeSICHUsI BEPOSTHO-
CcTe! UMEET BUJ

1 _ (x—a)z

2067

f(x)=—pc : (5.1.1.1)
o\2n
i€ a — MaTeMaTUu4YCCKOC OKUIAHUC cnyqaﬁﬁoﬁ BCJINYHNHBI 5, a O — CpCaAHCC KBaa-
paTHYICCKOC OTKIIOHCHHUC.
HopmanbHOE pacnpeneneHue 3aBUCUT OT ABYX IIAPAMETPOB a U O, U IOITOMY
€ro 4acTO Ha3bIBAIOT 08YXNAPAMEMPUYECKUM PACNPEOeSIeHUEM.
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O yHKIMSA HOPMAJIBHOTO PACIPEACICHUS UMEET CIAEAYIOIINN BU

1 X _(x—az)2
[e > ax. (5.1.1.2)

o~N2r =,

F(x)=

['paduk MIOTHOCTH pacHpenesiecHus BEPOSITHOCTEH, 3amaBaeMoil (Gopmysoi
(5.1.1.1), HaspiBaeTCs HOpMmanvHoU Kpusou unu kpusou I aycca. HopmanbHasi KpuBas
MPEACTABISIET COOOM KOJOKOJOOOPa3HYI0 KPUBYIO, CUMMETPUUYHYIO OTHOCHUTEIBHO
npsimoid x=a. Ecnmu x — 100, To rpaduk HOpMaIbHONW KPUBOW aCHMMITOTHYECKH
npHUOIKAaeTCsl K OCH a0CIuCC.

[IpuBeném ocHOBHBIE CBOMCTBA KpuBOU ['aycca.

1. @yHKIUS MIOTHOCTH PACIPENEIICHHS] BEPOSITHOCTEN OIpEeieHa Ha MHO-
JKECTBE IEVCTBUTEIIBHBIX YU CE.

2. HopmanbHas kpuBas pacrojiokeHa Buiiie ocu adcuuce, f(x)>0.

3. BeTBM HOpMaJIbHOM KPUBOM aCMMIITOTHYECKH MPUOIMKAIOTCS K OCU adc-
muce, lim f(x)=0.
x—>to0

4. KpuBas mMeeT MAKCMUMYM B TOYKE X =da, PaBHbIA f (a)zL. IIpu
o2r

YBEIMYEHUHU (YMEHBIIEHUHN) NapaMeTpa O MAaKCHUMajlbHas OpJMHATa yMEHbIIAETCS
(yBemmuuBaercs). @yHKUMA ILIOTHOCTU Pacpeie]ICHUsI BEPOSITHOCTEM BO3pACTAET HA
MpOMeEKyTKe (—o0;a] 1 yObIBaeT Ha MPOMEXKYTKE [a;+o0).

5. KpuBaga l'aycca cummeTpuyHa OTHOCHUTENIBHO MpsMord x =a. CrnenoBa-
TEJIbHO, JUI1 HOPMAJIbHO PAaCHpPENEIEHHOM - CIlydalHOM BEIMYMHBI MAaTEMaTUYECKOE
0’KMJIaHUE COBITAJAET C MOJOM U MEIUAHOM.

6. HopmanbHas KpuBas MMeeT JBE€ TOUKM meperuda M,| a—o; 51

1
o 2rwe

M,| a+o; . KpuBas I'aycca BbIllykJIass Ha MPOMEKYTKE (a—o;a+c7), a

1
o2me
BOTHYTasl HA IPOMEKYTKaX (—o0;a— o) U (a+o;+0).

7. Ilmomans Gurypsl, orpaHM4eHHON KpuBO# ['aycca u ochbro adcuucc, paBHA
1; momaas KPpUBOJIMHEHHON Tpameluu, orpaHudeHHoN KpuBoi ['aycca, ockro abc-
IIMCC U NMPAMBIMU X = a * ¢, npubnau3uTenbHo paBHa 0,6428; momanbs KPUBOJIUMHEH-
HOM Tpamemnuy, OTrpaHWYeHHOW KpuBOW ['aycca, ochi0 abcuucc © TPSIMBIMH
x=a*20, npubmusutenpHo paBHa 0,9545; mmomanbk KpUBOJIMHEHHOW TPAIMCHNH,
orpaHM4eHHOU KpuBou ['aycca, ochio abcmuicc U MpSMBIMU X = a 30, IPUOIHA3H-
tenbHO paBHa 0,9973. Tak kak momanes noj kpuBod ['aycca Bcerna pasHa 1

~+00
( I f(x)dx=1), To npu yBenuueHun ¢ Kpuas ['aycca CTaHOBUTCS MIOCKOBEPIINH-

HOW; Mpu yMeHbIIEHUH o — KpuBas ['aycca BbiTsArmBaercs BBepx. [losromy mapa-
METP O 4YacTO HA3bIBAIOT napamempom macuimaoa.
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8. Ecau u3MeHATh MaTeMaTUYEeCKOE OKUIAHUE @ MPU HEU3MEHHOM 3HAYEHUU
o, To KpuBas ["aycca OyaeT cmemaThest BAOJAb ocu Ox, TO €CTh MapaMeTp a Xapak-
TEpPU3YET MOJIOKEHUE KpUBOM Ipu Hem3MeHHOU gopme. [losTomy yacto napamerp a
HA3BIBAIOT NApaAMempom co8uza.

9. KoadduumeHnTsl acuMMETpUHN U 3KcCLEcca Il HOPMAIbHOTO pacipejese-

HUS PaBHBI HYJIIO: A:i;:o; 92’“—‘2—320.
loj o
BeposTHOCTh MoOMNaganvss HOpMAIIBHO PACTIPEICIEHHON CIIyYallHOW BEJIMYMHBI

& unTepBan (o; ) BHIYUCIACTCS 1O creytomeii hopmye

P(a<§<ﬂ)=q>(ﬁ;“j—®(“_“j, (5.1.1.3)

o

X [2

rae O(x)= j e 2dt — dynkums Jlariaca, 3HaYeHHE KOTOPOH MOXKHO OIpee-
0

1
J2r
JUTH TI0 TabuIle (MpUIokeHue, Taom. A.3).

Ucnonw3ys ompenenenue 1.1.3 (ompenenenue (GyHKOUHM pacupeneicHus) U
bopmyny (5.1.1.3), byHKIUIO pacripeeaeHus] HOPMAJIbHO paclpeAeEHHON ciydaii-
HOUW BEJIMYUHBI & MOXHO 3alMCaTh B BUAE

F(x):d)(x_a)+0,5. (5.1.1.4)
(o2

5.1.2 IIpaBuio TPEX curm

B npakTnueckux pacuérax yacTto TpeOyeTcsl HAWTH BEPOSITHOCTh OCYILECTBIIE-
HUs HEPABEHCTBA |§ — a| < 0. Jlns BbIUMCICHHS BEPOSATHOCTH 3TOTO COOBITUS, TO €CTh

BEPOSATHOCTH TOTO, YTO HOPMAJIBHO pacCIpeesIEHHAs cilydanHasg BenunHa £ OTKIIO-

HUTCSI OT CBOET0 MAaTEMaTHYECKOTO OXXUIAHUS 1O a0COMIOTHOW BEIMYMHE HA BEJH-
YUHY, MEHBIIYIO O, Bocmosb3dyemcsi Gpopmyinoit (5.1.1.3) u cBONCTBOM HEUETHOCTH
¢dbyukiuu Jlannaca:

P(|§—a|<5):2cb(é). (5.1.2.1)
o

[Tpeobpazyem dopmyny (5.1.2.1), monoxkuB O =to. B pe3ynbrare momydum
P(|§ —al< tO') =2®(¢). Homaras nocnegosarensto ¢ =1,2,3, umeem:

P(|¢ —d|< o) =2d(1)=0,6428; P(|£—a|<20)=2d(2)=0,9545;
P(|¢ —d|<30)=2D(3)=0,9973.
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U3 MOCIENHETO PABEHCTBA CIEMYET, YTO TPAKTHYECKOE PACCEMBAHME HOP-
MaJbHO PACTIPE/ICNIEHHON CITyqaiHOM BeTMUMHBI JIKHUT B npeaenax (a —3o;a+30).

BeposaTHOCTE TOrO, 4TO CiydaiiHas BEJIMYMHA OKAXETCS BHE 3TOTO IPOMEXKYTKA,
paBHa 0,0027, To ecTh coObITHE MOXKET nponsoitu auiib B 0,27 % cioyyaes. B teo-
pUH BEPOSITHOCTEM M MaTeMaTUYeCKOW CTAaTHCTUKE TaKue COOBITUS HAa3bIBAIOTCS
NPAKmMu4ecKu HeB03MONCHbIMU. B 3TOM M COCTOUT npasuno mpéx cuem: eCiau Cly-
YaliHas BEJIMYMHA UMEET HOPMaJIbHOE pacIlpelelIeHUe, TO OTKIOHEHUE 3TOU BEJINYHU-
Hbl OT MaTEMAaTUYECKOTO OXHUAAHUSA 10 aOCONIOTHOM BEIMYMHE HE MPEBOCXOAUT
YTPOCHHOTO CPEAHEr0 KBaIpaTUYECKOI0 OTKIOHECHUS.

[TosToMy Tpé€xcHrMoBBIE TPaHMIIBI MPUHUMAIOTCS 3a TPAHULBI MPAKTUYECKH
IIpEEJIbHBIX BO3MOXXHBIX 3HAUYCHUN HOPMAJIbHO PACHpPEACIEHHON CIIy4YallHOW BEJIU-
yuHbl. VIC0J1b3ys 3TO MPaBUIIO, MOKHO OPUEHTUPOBOYHO OLIEHUTH CPEAHEE KBAApa-
TUYECKOE OTKIIOHEHHE. J[JI 3TOTO BRIUUCISIOT pa3Max HAOI0MaeMOl CIIyqdaitHOW Be-

AAYMHBI R =x__ =X . . Torna Ha OCHOBaHMM IIPAaBUJIA TPEX CUIM UMEEM: O = ER .

[Ipu permieHnH OPAKTUYECKUX 3a]a4 HCHOJb3YIOTCS KBAaHTWJIM HOPMAJIbHOTO
pacmpenenenust. KBanTwiaeM u,,, COOTBEICTBYIOIIMM YPOBHIO BEPOSITHOCTH

P=1-qa, Ha3pIBAacTCs TaKOE 3HAYCHHC HOPMHUPOBAHHON ICPEMEHHOH u =u,,, TIPH
Ug/2 (x—a)2
| By
KOTOPOM BBIIOJHAETCS PaBEHCTBO: P(|u| < ua/z) = j e * dx=1l-a. C
oN2rx ,

TeOMETPUYCCKON TOYKU 3PEHUs, HAXOXKACHUE KBAHTUIA u,, 3AKIOYACTCS B TAKOM
BbIOOpE 3HAYCHUS u =1u,,, IPH KOTOPOM ~CyMMapHas IUIOLIAb KPHBOJIMHCHHbIX
TpaIneLui, JIexallux JieBee —u, , U Ipasee u,, MoJ KpuBoi ['aycca, paBHa uuCIy « .
KBanTuiny HOpMaJIbHOrO pacHpeneeHus, COOTBETCTBYIOIME BEPOATHOCTH 1 —a, sB-
nA10TCA aprymenTaMu GyHknuu Jlamaca: P(|u| <u, /2) =2®(u,,)=1-c. 3HayeHus

HanOoJiee WCIOJIb3yeMbIX KBAHTHJIEH HOPMAJIBHOTO paCIpeAesieHUs MPUBEICHBI B
TabnuIe:

P=1-«a 0 0,95 0,99 10,9973 | 0,9999
u 0 1,96 2,58 3,00 3,37

al2

B ocTanpHbIX citydasix ucnosp3yeTcs Tadnuuna (mpuioxkenue, Taom. A.3).
5.1.3 CrangapTHoe HOpMaJILHOE pacipeaejieHne

HopmanbHOoe pacnpenieieHue ¢ HYJEBbIM MaTeMaTHYECKUM OXUAAHUEM U
eIMHUYHOMN JAUCIIepCUel Ha3bIBACTCs CTaHAAPTHBIM HOPMAJIBHBIM paclpe/IeIEHUEM.
HenpepobiBHas ciiydaiiHas BenuurHa & pacrpesiesieHa Mo CTaHJapTHOMY HOp-

MaJIbHOMY 3dKOHY C INIOTHOCTBIO BEPOATHOCTHU
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2

L7 (5.1.3.1)

f(x)=
N2
OyHKIMSA pacnpeneneHus Uisi CTaHIapTHOTO HOPMAaJIbHOTO paclpe/esICHHs
UMEET BU

[2

F(x)= e 2dt=d(x)+0,5. (5.1.3.2)

=l
2r =,

Matematrueckoe oxumanne M (E)=0.

Hucnepeust D(&) =1. Cpennee KBafpaTuieckoe OTKIOHEHHE O, = 1.

BeposATHOCTH TIONaaHusl CIy4ailHON BEJIUYMHBI &, KOTOpas UMEET CTaHaapT-
HOE HOpMalBbHOE pacmpesielicHue, B MHTepBan (; ) BBIYMCIACTCA IO CIEIyIOLIeH

bopmyiie
Pla<é<B)=0(B)-(a). (5.1.3.3)

5.1.4 Jlorapudpmuyeckoe HopMaJIbHOE pacnpeaeieHue

CnyuaiiHas BenmuuuHa & Has3bIBaeTCs JIOTapu(MHUUECKH HOPMAJIbHO pacrpese-
néuHoi, ecnu e€ norapudm Iné MoAUMHEH HOPMAILHOMY 3aKOHY pacmlpeeseHusl.
DTO0 03HAYaeT, B YaCTHOCTHU, YTO 3HAUCHHUS 3TOM CIIy4aiiHON BETUYHHBI (DOPMHUPYIOT-
Csl MO/ BO3/JCWCTBUEM OYEHb OOJBIIOTO YHCJA B3aUMHO HE3aBUCHUMBIX (DAKTOPOB,
npuuéM BO3ACUCTBHE KaXIOTO OTIAEIBHOTO (PaKTOpa «PaBHOMEPHO HE3HAYUTEIIHHO
U PaBHOBEPOSATHO MO 3HAKY. [Ipu 3TOM B oTimymMe OT cxeMbl (hOPMUPOBAHUS MeXa-
HU3Ma HOPMAaJbHOTO 3aKOHA IMOCIEA0BATEIbHbBIA XapaKTep BO3ACHCTBUS CIIyYalHbBIX
(aKTOpPOB TaKOB, YTO CIyYalHBIA MPUPOCT, BHI3BIBAEMbIN JIEUCTBHEM KaXKJIOTO CIe-
aytomiero ¢akTopa, IpOMOPIHOHATIEH YK€ TOCTUTHYTOMY K 3TOMY MOMEHTY 3Haue-
HUIO UCCJIEAYEMOM BEJIMYUHBI (B 3TOM CiIy4ae FOBOPAT O MYJIBTUILUIMKATUBHOM Xa-
pakTepe Bo3aeHCcTBUS (hakTOopa). DTOMY pacHpeCNICHUIO C XOPOUIMM NpUOIMKEHH-
€M MOJUYUHSETCS, HallpUMEp, pa3Mep YacTUll Mpu APOOJIEHUH KaKOro-jnbo Matepua-
na (KamMH$ 4 T.I1.), COAEp>KaHUE MHOTUX MUHEPAJIOB B mopojax. J(aHHbIH 3aKOH, Yallle
BCET0, WCIOJb3YeTCs JUIsl OMUCAHUSI PACHPENCNICHHUS] MOCTYIUICHUS - AEHEKHBIX
cpeacTB (10X0A0B), OAHKOBCKUX BKJIaJ0B, M3HOCA OCHOBHBIX CPeACTB U T.XI. Jlor-
HOPMAaJIbHOE PaCIpEIeICHUE YacTO HCHOJb3YIOT B MAaT€MaTUYECKOW CTAaTUCTUKE U
SKOHOMETPHKE.

Jlorapudmuueckoe HOpMaJIbHOE pacHpeleIeHUE SBISIETCS paclpeieleHHEM
MOJIOKUTEJIPHOW CIIy4yalHOM BEJIMYWHBI, JJOTapu(dM KOTOPOH HMMEET rayccoBO pac-
npeaenenue. CrydaiiHas BenuunHa & paclpezesieHa Mo JorapupMuyeckoMy HOp-
MaJbHOMY 3aKOHY (JIOTHOPMAJIbHOMY 3aKOHY) C IJIOTHOCTBIO BEPOATHOCTH
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(lnx—y)2

207 (5.1.4.1)

fo)=—!

X)=———c¢
o-x-\27m

B nanHOM 3akoHe mapaMmeTp CABUTA A W HapaMmeTp MmacmTadba o SBISIOTCS

CpeIHUM 3HaUY€HHEM M CTaHJAPTHBIM OTKJIOHEHHEM HE CaMOM CIlydyailHOW BETUYMHBI
&, aee norapudma Iné.

OyHKIYA pacnpeneIeHus 11l JOTHOPMAIbHOTO PACIPENCICHHS UMEET BUJL

F(x)—;jile_(ln;z) dt = 14 erf[ M4 (5.1.4.2)
o N2yt 2 o2 ) o

2
rae erft= e~ dz — QyHKIUsS OmuOOK.

2 j
N
[TnoTHOCTH pacnpenencHus, GyHKIMIO pacnpeneeHus JaHHOTO 3aKOHA MOXK-
HO OIPEICIUTh TO CHEIUaIbHBIM TaOIuIaM ISl HOPMUPOBAHHOTO HOPMAJIBHOTO
Inx—u
o

pacrnpeenieHus, BBIYUCISs KBAaHTUIb IO opMyIie ¢ =
2

+—
Marematuueckoe oxuganue M (&) = PN Hucniepcust D(&E) = o2+’ (e"2 — 1) )

2 2
CpenHee KBafipaTHIeCKOE OTKIOHCHHE O, = \/ e*te (e" — 1) :

BepositTHOCTh mOmaganust Ciy4aHON BeTUYUHBI &, KOTOpas UMEET Jorapud-
MHYECKOe HOPMAJbHOE pacmpesielieHne, B uHTepBa (o) BBIUUCIACTCS 1O CleTy-
fore hopmye

o)

Pla<é< ,B):erf(lnﬂ—_‘uj—erf(lna—_ﬂj. (5.1.4.3)
(o2

5.1.5 Pacnpenenenue y° (XH-KBagpaT)

Pacripenenenue Xu-kBaapar MCIOJB3YIOT MPU OLIECHUBAHUM JUCIIEpCHU (C ITO-
MOILBIO IOBEPUTEIBLHOTO UHTEPBAJa), PU MIPOBEPKE TMIIOTE3 COIIACHS, OJHOPOIHO-
CTH, HE3aBUCUMOCTH, MPEXK/E BCEro NIl KaUECTBEHHBIX (KaTErOpU30BaHHBIX) Iepe-
MEHHBIX, IPUHUMAIOIINX KOHEYHOE YMCJIO 3HAYCHUM, M BO MHOTMX JIPYTHUX 3aJadax
CTaTUCTUYECKOTO aHAIN3a JaHHBIX.

PaccmoTpum ciydaiiHyro BenuuuHy &, pacpenenéHHyo 10 HOPMAIBHOMY 3a-
KOHY C MaTeMaTH4ecKuM okumanueM M (&) =a, cpeaHUM KBaapaTUYeCKHM OTKIIO-

HEHUEM O .
CnyuaiiHas BenmuunHa y =& —a/o Ha3bIBAaeTCsl CTAHAAPTHU30BAHHON CiTydaid-

HOW BEJIMYWHOM, PACHPENCIEHHOM IO HOPMAaJbHOMY 3aKOHY C IlapaMeTpaMu
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M(y)=0 mn o,=1. Ksampar CTaHIapTH30BAHHOW CIy4allHOH BENMYMHBI

2

—da o o o 2 o

)(2 = (g—j Ha3bIBACTCA CIIy4YaWMHOM BECIUMYHNMHOU ¥ C OJHOU CTCIICHBIO CB06OI[BI.
o

PaccmoTpuM n He3aBUCUMBIX BeIMYUH &, &, ...,& , paCIPEeNEHHbIX 10 HOP-
MaJIbHOMY 3aKOHY C MATEMaTHYECKUMU OKUNAHUAMM 4,, d,,...,d, U CPCIHUMH KBaJ-

paTH4eCKUMH OTKIIOHCHUsSIMU O, O,,...,0, . CYMMa KBaApaTOB CTAHAAPTHU30BAHHBIX
2

n
. —A. o o o 2
IePEMEHHBIX y~ = E intl HA3bIBACTCS CAYYAUHOU BEIUYUHOU Y~ C YUCIOM
. O.
i=1

1

cTerneHer CBOOOIbI V =11.
o o 2
[T10THOCTH pacpeneneHus CIIy4ailHOW BEIMYUHBI y~ MUMEET BU]I

1 v, 2 )
2 .
2 e ?,ecmu y 20;

£x)= 2%(%) ) (5.15.1)

0, ecnu y° <0.

o v 2
CDYHKHI/IH pacnpeaciCcHusd CJIydanHOU BCIIMYHUHBI ) HMCCT BUI

2
\4 1 X

1 0 v
— ) e 2d(x ) ecnu 7 20;
F(2)=P(r<2)= 2@(%) g( Jre 2dlz?). em (5.1.5.2)

0, eciu y* <O0.

2 2
Ha I[IPAaKTUKE YaCTO HCIIOJBb3YIOTCA KBAHTWIIM jJF ~pacIIpCACIiCHusdA — Y .

KBaHTuIeM , ,, OTBEYAIOIMM 33aHHOMY YPOBHIO ¢/ , HA3BIBAETCS TAKOE 3HAUCHHE
+00

1 :)(iyv, npu KOTOPOM P(;(2 > ;(jv) = J. f(;(z)dgz =x. B Tabnuue A.4 mpuse-
Zaw

JICHBI 3HAYCHUSI KBAHTUIICH ;(j’v B 3aBUCHMOCTH OT YHCJIa V CTENeHel CBOOOIbI U

BEPOSATHOCTEN « .

5.1.6 Pacnpenenenue CTblogeHTa

B nactosee Bpems pacnpenenenne CTbioJIeHTa — OAHO U3 HauboJiee U3BEeCT-
HBIX paCIpeleNICHUd CPEAN MCIOJIb3YEMBIX IPU AHAJIW3E peajbHbIX NaHHBIX. Ero
MIPUMEHSIOT NPU OLIEHUBAHUHA MATEMATUYECKOTO OKUAAHUS, ITPOTHO3HOTO 3HAYECHUS
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U JPYTUX XAPAKTEPUCTUK C MOMOUIBIO JTOBEPUTEIBHBIX HHTEPBAIOB, MO MPOBEPKE
TUIIOTE3 O 3HAYCHUAX MATEMAaTHUYECKUX OXKUJAHUM, KOI(PDUIIMEHTOB perpecCHOHHOMN
3aBUCUMOCTH, TUIIOTE3 OJTHOPOJHOCTH BHIOOPOK U T.]I.

ITycts X, X, X,,..., X, — HE3aBUCHMBbIE CIly4alHbl€ BEIUYUHBI, MUMEIOLIUE
HOpMajbHOE pacnpenenenue ¢ napamerpamu M (X)=M(X,)=..=M(X,)=0 u
Oy =0y =..=0, =1.

Crny4daitHas BeIM4YMHA

t X X (5.1.6.1)

= ” 1
IZXi2 \/ZZ
nog n

ABISIOMIAsACA (PyHKIIMEH HOPMAIbHO pacnpeeEHHbIX CTyYalHbIX BEJTMYMH, Ha3bIBa-
eTcst bespazmeprou 0poobwvio Cmurodenma.
[InoTHOCTE pacupenesieHuss BEPOATHOCTEN CIIy4aiHOM BEJIMYUHBI ! UMEET BUJL

F(Vzﬂj £ T
J1+e=] . (5.1.6.2)

Fap

DyHKIMS paCIPENEIICHUs] BEPOSATHOCTEN CIIy4aliHOW BEJIMYUHBI ! UMEET BUJ

fO=S8@tv)=

I+—

i) W

Marematuueckoe oxxuganue M (¢) =0. Jucnepcus D(t) =

F(‘/Hj _v+l
F(1)= 22142 " (5.1.6.3)

14

(v>3).

CpenHee KBapaTUYECKOE OTKIIOHEHUE O, = (v > 3) .

v—-2
Ksantumm pacnpenenenns CThIOICHTA t,/,., B 3aBUCHMOCTH OT YHCIIa V CTe-

neHeil cBOOOJBI M 33JaHHOTO YPOBHSI BEPOSITHOCTH ¢, HAWJACHHOTO M3 PEIICHUS

+00
ypaBHeHus P (|t| >, /2;V) =2 J. f(t)dt =a, onpenensitorcs no Tabnuie (MpPUIoXKe-

ta/Z;v

Hue, Taba. A.5).
5.1.7 Pacnpenenenue @umepa

Pacnpenenenne @umepa (/7 -pacnpenencHre) UCIOIB3YIOT MPH MPOBEPKE TH-
note3 00 aJleKBaTHOCTU MOJIEIM B PETPECCUOHHOM aHAJIM3€, O PABEHCTBE JUCIEPCUM
U B JPYTIUX 33/1a4ax NPUKIAJTHON CTATUCTHKU.
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[IycTh CIy9aiiHble BEJUYHMHBL },, ¥y .er X, M 15755 -.r7], HE3ABHCUMBI U UME-
IOT HOPpMAJIbHOC pacClpEaAcICHUC C ITapaMeTpaMu
M(Zi):M(nj):O; D(Z,-):D(Uj)zl (i:l; s J = ;n)-

m
2

nZZi

Be3pa3mepHas citydaiiHas BenmunHa F =—="—— nmeer pacnpenenenune du-

mepa C INIOTHOCTBIO paCIIPCACIICHUSA BepOﬂTHOCTeﬁ

vV, +V ', y
F( 12 2) )2 F;—l
—L s ecau F>0;
1OF) = r(‘;]r(vzzj A (5.1.7.1)
VZ
0, ecau F <0,

TI€ V, =m — YUCIIO CTEeNeHel ¢BOOOIbl YUCIUTEIS CIIy4ailHON BEINYUHBI F; V,=n

— YUCJIO CTeNeHel cBOOO bl 3HAMEHATENS CIIy4aiiHOM BeTUUnHBL F .
Oynkums pacnpenesneHus Ouiepa uMeeT BU

Vi+V,

vV, +Vv y "
(157) Bt
j—l I dZ,eciu Z > 0;
0

RF)=7|Y | Y2 |\ N (5.1.7.2)
) ( 2 j ( 2 1+ 7
V2
0, eciu Z < 0.
Maremaruueckoe oxuganre M (F) = Y2 (v,23)
v, —
2 J—
Hucnepcust D(F) = 2v, Witv, =2 (v,25).

v,=4 v, (v, —2)2

v, [2:(ntv,-2)
v,—2 VI(V2—4)

B tabnume A.6 npuBeneHs! 3HaUCHUS KBaHTUIIEH F -pacmpenencHus F, B 3aBU-

sVis Vo

CpenHee KBaipaTHIECKOE OTKIOHEHUE O, =

CHMOCTH OT YMCJIa CTEIeHel CBOOOABI V, M V,. 3HAYEHUs KBAaHTWIEH HalIeHbl U3

pelIeHus ypaBHEHUS P(F >F,., .. ) = T f(FdF =«.

asvysva

68



5.2 Ilpumepbl penmieHUs1 TUNOBBIX 33124

5.2.1 MaTemaTuyeckoe OXHUJAHHE HOPMAJIbHO pACHPEACIEHHON CIIy4alHOMN
BeMuuHbl £ paBHO a =3, a aucnepeus paBaa D(E) =16. 3anucars BhIpaXkeHUs IS

MJIOTHOCTU PACIpPEEICHHUs] BEPOATHOCTEW M (DYHKIMU PACHPECNICHUs CIIydyalHOM
BEJIUYMHBI & .
Pemenne. Haxomum cpemHee KBaJpaTHYECKOE OTKIOHEHHE: O =+/D(&) =4.

Torna, cormacuo dopmyne (5.1.1.1), BeipaskeHne I TUIOTHOCTH Pacpe/IeTICHUS Be-
POSATHOCTEN UMEET BUJ

1 (-3 _(x-3)?

f(x)=4.\/ge 24 Han(x)=4\/Ee 2

OyHk1MIO pacnpeneneHus onpeaensieM o hopmynam (5.1.1.2) u (5.1.1.4).

X (x-3) _
F(x)= ¢ je 32 dxnnnF(x)zCI)(x43j+O,5.

427 =,

5.2.2 ABromat mtamnyet jAetanu. KoHTponupyemas jumHa Aetanud L pacripe-
JieJIeHa HOPMAJIBHO C TpoeKTHOW JytmHON 60 M. dakTHueckas JJIMHA W3TOTOBJICH-

HBIX Jaetajieli He MeHee 48 mm u He 6omee 72 mm. HaiiTh BEepOSATHOCTH TOTO, YTO
JUTMHA HayJady B3SATOW JeTaiau: a) Oonbire 65 vm, 0) meHbie 53 mm .

Pemenne. MaremaTtuyeckoe OXKHIAHHUE CIyYalHOW BEJIIMYMHBI PABHO IIPOEKT-
HOW JUTMHE JeTanu, To ecTh a =60 mm . Haliném cpenHee KBapaTHIECKOES OTKIIOHE-

Hue u3 yciaosus P(48 < L <72)=1. Bocnonbsyemcs popmyioii (5.1.1.3).
P(48<é< 72):@(72_6())—@(48_6()):@(Ej—q{—gj :2@(2}1.
o o o o o
[To Tabmnure (npusioxenue, Tadi. A.3) Haxoaum 12/c =5 wm o =2,4.

BoruriciuM BepOSATHOCTH 3aJaHHBIX COOBITU:
2,4 2,4
=0,5-0,48124=0,01876;
53-60 _® 48 - 60
2,4
=-D(2,92)+ (I)(S) =-0,49825+0,5=0,00175.

5.2.3 TlpousBonuTcs U3MEpeHHE NUaMeTpa Baja 0e3 CHCTEMATUYECKUX OIIU-
6ok. CaydJaifHple OMMOKM W3MEpEHUs CIy4dailHOW BeMWUYWHBI & TMOMAYMHEHBI HOP-

a) P(65<§<72):CD(

6) P(48<«§<53):CD( ):@(—2,92)—@(—5):

b

MaJIbHOMY 3aKOHY CO CpCAHHM KBaAPATUYCCKHM OTKIIOHCHUCM o =5 mm. Bpruuc-
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JUTH BEPOATHOCTH TOTO, YTO U3MEPEHUE OyAET MPOU3BEAEHO C OIMIMOKOM, HE TTPEBOC-
XOIAIIEN 110 adcomroTHON Bemunne & =10 mm .

Pemenne. Tak kak cuctemMaTHuecKue OMMOKK M3MEpPEHUs AMaMeTpa Bajia OT-
CYTCTBYIOT, TO MAaTEMAaTHUYECKOE OKMIAHUE CIyYalHOW BEJIMYMHBI & PAaBHO HYJIIO.

BbrarciiuM BepOSITHOCTh TOTO, YTO U3MEpPEHHUE OYIET NMPOU3BEICHO C OIMMOKOM, HE
MIPEBOCXO/IAIICH 110 a0COIIOTHOM BemauHe 15 mm .

10-0 -10-0
P(|&—al<e)=P(|&]<10)=P(-10< £ <10) = @(Tj - @(Tj =
=0(2)-0(-2)=P(2)+P(2)=2-0(2)=2-0,47725=0,9545.
5.2:4 Cnyyaiinple OmMOKM M3MEPEHUs MPUOOPOM IMOAYMHEHBI HOPMAJIbHOMY
3aKOHY paclpeesieHusi CO CPEJHUM KBaIPATHYECKUM OTKIIOHeHUueM o =15 mm. Cu-

CTEMAaTHYECKHE OIMOKN WU3MEpPEHUs MpHOOpPOM OTCYTCTBYIOT. HalTh BEpOsITHOCTH
TOT'0, YTO U3 YETBHIPEX HE3aBUCUMBIX M3MEPEHUN OmMOKa XOTS Obl OJJHOTO U3 HUX HE
MIPEB30UIET TI0 A0COMIOTHOM BEIMUUHE 3 MM .

Pemrenvie. [{yist BbIMKMCICHUST BEPOSATHOCTH COOBITHS A — TOTO, YTO B YETHIPEX
HE3aBUCUMBIX U3MEPEHUsAX omunoKa & XOTs Obl OJUH pa3 He MpeB30UAET 3 MM, Te-

peiéM K COOBITHIO, KOTOPOE TIPOTHBOIOJIOKHO COOBITHIO A, TO €CTh K TOMY, YTO B
pe3yabTare NPOBEAEHHBIX YETHIPEX U3MEPEHNN CiIyyaliHasl BeIMUnHA £ MPUMET 3HA-

YCHHE, IPEBOCXO/IAIICE 110 a0COIOTHON BEIMYUHE 3 MM .

BeposiTHOCTB TOTO, UTO B pe3y/ibTaTe OJHOI0 U3MEPEHUS ClydaliHas BEIMYUHA
£ TIpUMeT 3HaueHUE, MPEBOCXOIAIIEE 10 aDCONMIOTHON BeIMUnHE 3 MM , paBHA

3-0 -3-0
p=1-P(|§|<3)=1-P(-3<&£<3)=1~ (D(?j—q)(Tj -

=1—-(®(0,2) — ®(<0,2)) =1-2-D(0,2) =1 - 2<0,07926 = 0,84148.

Hcnonp3yst TeopeMy YMHOKEHHUS JJIs1 HE3aBUCUMBIX COOBITUH, HAXOJUM BEpO-
STHOCTH IPOTHBOIOJIOKHOTO COOBITUSI K COOBITHIO A, TO €CTh BEPOSITHOCTH COOBITHS

A: P(Z ) = p* =(0,84148)* ~0,7081. Toraa BepoATHOCTB 33JaHHOTO COOBITHS PABHA

P(A)=1-P(4)=1-0,7081=0,2919.
5.2.5 [lpeanpusitue MOJIYYMIIO 3aKa3 Ha U3TOTOBJICHWE OWIIBSPIHBIX -LIAPOB.

bunesipaHbIi 11ap MpU MPOU3BOJCTBE CUUTACTCS TOAHBIM, €CJIM OTKJIOHeHHe [ aua-
MeETpa mapa OT MPOEKTHOTO pa3Mepa Mo a0COMOTHOMN BenmnuuHe MeHbIne & = 0,5 am .
CucreMaTtuueckue OTKJIOHEHHUSI AMaMETpa OT HOMHUHAJa OTCYTCTBYIOT. CuMTasi, 4To
cilydaiiHas BeJimuuHa [) pacrpejesicHa HOPMAIbHO CO CPEIHUM KBaJIpaTHUSCKUM
otrkioHeHneM o =0,2 mm, HalTH, CKOJIBKO OYAET TOJHBIX OWUJIBIPIHBIX IIAPOB Cpe-
JIU IBYXCOT I1apOB, U3TrOTOBJIEHHBIX HA 3aKa3 MPEANPUITHEM.

Pemienne. Tak kak cucTeMaTuyecKkre OTKIOHEHHUS JUaMeTpa OT HOMHUHAjIa OT-
CYTCTBYIOT, TO MATEMAaTHYECKOE OKHIaHUE CITyIaliHON BEIMYMHBI [) paBHO HYIIIO.
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Haiinem BeposSTHOCTH TOTO, Cily4yaiiHas BenWuuHa [) OTKJIOHHUTCS OT CBOETO
MaTeMaTHYeCKOro OXKuJaHus Ha Benuuuny & = 0,5 wm .,

P(|D|<0,05)= P(<0,5< D <0,5) :@(095—0}@(@):
0,2

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

M

Takum oOpa3oM, BEpOSITHOCTh OTKJIOHEHHs AuameTpa Imapa, menslero 0,5,
paBHa 0,99. CnenoBarenbHo, npumepHo 0,99-200=198 OWIbSIpAHBIX ILIAPOB U3

JBYXCOT HIAPOB, H3rOTOBJICHHBIX HPEIIPUITHEM, OKaKYTCS TOJTHBIMH.

5.2.6 CtaHOK M3rOoTaBIMBACT JCTAIH, MPUIEM KOHTPOIUPYETCS JUTHHA JIeTaIu
L. Cauras, uro L — HOpMajbHO paclpeae/iéHHas ciayJaiiHas BeJIMUMHA ¢ MaTeMaTH-
JecKuM  oxkupaHueM a=20mMM W CpeAHMM KBaJApaTHUYECKHM OTKIIOHCHHEM
o =0,1 mm , HaliTH WHTEpBAJ, B KOTOPOM ¢ BeposITHOCTHIO 0,99404 OymyT 3aKiroue-

HbI TJIMHBI U3I'OTOBJICHHBIX ,HeTaJIeﬁ.

Pemenne. Bocnonszyemcs dopmynoit (5.1.2.1): P(|§—a|<5):2®(é). B
o

YCJIOBUSAX TAHHOW 3aJayu P(|L - 20| < 5) =20 [%) =0,99404, @(ij =0,49702.

> 5

o
Torpa —=2,75 wmm 6 =0,275. CnenoBaTenbHO, HHTEPBAJ, B KOTOPOM C BEPOSIT-

,
HOCTBIO 0,99404 OyayT 3aKJIFOUYEHBI JJIMHBI U3TOTOBJICHHBIX JI€TaJIeH, MPEICTABISIET
co6oit mpomesxyTok: (20— 0,275;20+0,275) mmn (19,725;20,275).

5.2.7 Cnyuaiinas BenuunHa & pacrpeiesieHa HOpMalbHO ¢ MaTeMaTHYECKUM
OXUJlaHueM a =13 u cpeHUM KBaJpaTUYECKUM OTKIIOHEHueM o =0,5. Haiitu un-
TepBaj, B KOTOPbI ¢ BeposTHOCThIO 0,9973 momanér cinyvaiiHas BennuuHa & B pe-
3yJbTaTe UCTIBITAHUS.

Pemrennie. Bocnonb3yemcst mpaBusiom Tpéx curm: (a —30;a+30) . B ycnoBusix

JAHHOW 3a7]ayu MHTEpBaj, B KOTOPbIA C BEPOSATHOCTHIO 0,9973 momanér ciydaitHas
BeyimuMHa & B pesynbrate ucnbiTanus, mmeer Bua: (13-3-0,5;1343.0,5) wm

(11,5;14,5).

5.3 3agaHus 10 pelieHUs HA MPAKTHYECKOM 3aHATHH

5.3.1 CnyyaiiHas BenuuuHa & MOAYMHEHA HOPMAJIbHOMY 3aKOHY C MaTeMaTH-
yeckuM oxkuganreM a = M (&) =4 u aucnepcueit D(&)=16. Haittu BoipaskeHust IS
IUIOTHOCTU paclpeieneHuss U pyHKUMM pacnpezaeneHus BepostHocTed. [loctpouts
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rpaduky GyHKIIMN paCTIPEACIICHHs] U INIOTHOCTU PACTIPEACIICHHS] BEPOSITHOCTEH CITy-
yaliHOM BennunHbl & . OnpenenuTh BEpOATHOCTh HEPABEHCTBA 2 < & < 5.
5.3.2 [I10THOCTh pacnpeneneHns] BEPOSITHOCTEN CIIydallHOM BEIWYMHBI & 3a-
(x-3)
naHa BelpakeHueM f(x)=k-e '8 . Hailitu koopdunueHT k£ u onpenenuTh BeposiT-

HOCTBb TOI'O, 4TO B PE3YyJbTATC OIIbITA cnyqaﬁHaﬂ BCIMYMHA g OTKJIIOHHUTCA OT CBOCTO

MaTEMaTUYECKOIo O’KMIaHus He Ooiiee, yem Ha 1,5.
5.3.3 [110THOCTh pacnpeneneHnus] BEPOSITHOCTEN CIIydyallHOM BEIWYMHBI & 3a-

1 >

——X
naHa BelpaxkeHueM f(x)=k-e 3> ¢ . HaliTu Heu3BeCTHBIN mapamMerp k U QPyHK-
[IUIO0 paclpe/eNieHns caydaifHo BenmnuuHbl &. OnpenenuTh MaTeMaTHIeCcKoe OXKH-

JaHue, AUCHEPCUI0 W CpeIHee KBaapaThdeckoe OoTKiIoHeHue. [loctpouTh rpaduku
TUIOTHOCTH PactpeesieHuss U GYHKIUU pacrpenencHus. HallTu BepoOSTHOCTH TOTO,
4TO ciyd4aiHas BeimmunHa & monanét B uatepsai (4,1;6,2).

5.3.4 VI3amepuTenbHblA NpUOOp UMEET CUCTEMATUYECKYIO OLIMOKY 5 M U Cpel-
Hee KBaJpaTHYeCKOoe OTKIOHeHHWe o =2 M. HaliTu BEpOSTHOCTH TOTO, YTO OIIMOKA
n3Mepenus rpes3onaér 10?2

5.3.5 ABTOMaTHYECKHIl  CTAHOK MPOU3BOJUT OJHOTHUIHBIC W3JEIUSI, HOMHU-
HAJBHBIN pa3Mep KOTopbiX 4 cv . BenencTBue HETOYHOCTH M3TOTOBIICHUS pa3Mep H3-
NENus SIBIISICTCS CIyYallHOM BENMMUMHOU &, pacnpeleIEHHON 0 HOPMaJIbHOMY 3aKO0-
HYy CO CpeaHeKBaapaTHdHbIM oTKiIOHeHUeM o = 0,05 cvm, a cuctemaTHdeckue OTKIIO-
HEHHUS pa3Mepa OTCYTCTBYIOT. [Ipu KOHTpoJie OTOPAaKOBBIBAIOT BCE U3NEIHS, pa3Mep
KOTOPBIX OTIMYAETCS OT HOMHHAIBLHOTO pa3mepa Oosbiie, uem Ha 0,1 cm. Ompene-

JIUTh, KAKOM MPOLIEHT U3ENIUi B CpeHEM OyaeT 0TOPaKOBBIBATHCA.
5.3.6 [Ipou3BoauTCS TpU HE3ABUCUMBIX U3MEPEHUS MTPUOOPOM, UMEIOIIUM CH-
CTEeMaTUYECKYI0 OMIMOKY 3 MM W CpPEIHEKBaIpaTU4YHOE OTKIOHeHWe S5 wmm. Haiitn

BEPOSATHOCTH TOTO, YTO U3MEPCHHBIC 3HAUCHUS OyIyT OTKIOHATHCS OT UCTUHHOIO HE
Oosee, ueM Ha 7 MM .

5.3.7 Kako¥i mporeHT u3Aenuii U3 Yuciia OTOOpaHHBIX C pasopocom +15 %,
MOIYMHSIONINXCS HOPMAJIbHOMY 3aKOHY pachlpesesieHus, OyleT UMETh OTKIOHEHHE
ot HomuHana 0 1o +2 %, eciu MpenoNIoKUTh, YTO BECh JUAIAa30H Pa3dpPOCOB H37e-
JUW COOTBETCTBYET 30 ?

5.3.8 Ommbka u3MepeHus: NaabHOCTU PATUOIOKATOPOM HMEET HOPMAaJbHBIN
3aKoH pacnpeneneHus. CucreMaTH4ecKue OMIMOKH M3MEpPEeHHs NajbHOCTH OTCYT-
CTBYIOT, a CpPEIHEKBaJIpaTHYHOE OTKIOHEHHE paBHO S M. CKOJIBKO HEOOXOTUMO

MIPOU3BECTH U3MEPEHUM, YTOOBI ¢ BeposATHOCTHIO 0,9545 ommbka X0Ts 661 OAHOTO U3
HUX HE MMPEBOCXOAMIIA 110 a0COIIOTHOM BemuanHe 3 M ?

5.3.9 Cuuraercs, 4yTo U3JEIUE — MEPBOrO COPTA, €CJIU OTKIOHEHHUE €ro pa3Mme-
pa OT HOMHUHAJIa HE MPEBOCXOIUT MO abcomoTHON BenuuuHe 2,4 mm . CiydaiiHbIe

OTKJIOHEHHUS pa3Mmepa U3JeiIusi OT HOMUHAJIA MOJUUHSIOTCS HOPMaJIbHOMY 3aKOHY
pacrpe/ielieHns] O CPEIHEKBAJAPATHYHBIM OTKJIOHEHUEM 2 MM , TIPH 3TOM CHCTEMa-
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TUYECKHE OTKJIIOHEHUS OTCYTCTBYIOT. HaliTu cpenHee uncio u3aenuii nepBoro copra,
eciii u3rorasiuBaeTca 200 n3aenuni.

5.3.10 Cpegnuii BeCc B3pOCIOTrO YEJIOBEKA SIBJISETCA CIYyYalWHOW BEJIMYMHOM,
pacrpeeéHHON 0 HOPMaIbHOMY 3aKOHY, C MAaTEeMaTHIECKUM OXuaaHuem 602 ke u
CPeIHEKBAIPATUYHBIM OTKJIOHEHHEM § k2. HallTh BEpOSATHOCTH TOTO, YTO XOTS OBI
OJIMH U3 CIIy4aiiHO BBIOpaHHBIX JECSATH B3POCIBIX YEJIOBEK OYAET UMETh BeC OT 54 10
T3 ke.

5.3.11 /IuameTp BTYJIOK, U3rOTOBJIEHHBIX HA NPEANPUATAN, TOJUUHSAETCS HOP-
MAJIGHOMY 3aKOHY Paclpe/IeieHUs ¢ MaTeMAaTUISCKUM OXHIAHHEM 3 CM W CpelHe-
kBagparuuHbiM OTKIOHEeHUuEM 0,02 cv. B kakux rpaHuiax MOXKHO TapaHTHPOBAThH
BEJIMYMHY JMAMETPOB BTYJIOK, €CIIA 332 BEPOATHOCTh MPAKTUYECKON JOCTOBEPHOCTH
npuHumaercs 0,99737

5.3.12 Jleranu, BbIITyCKaeMble MPEANPUITHEM, CUATAIOTCS NEPBOrO COPTA, €C-
JM OTKJIOHEHHsI MX pa3MepoB OT HOMHUHAJIA HE MPEBOCXOJAT MO aOCOIIOTHOW BeJu-
yrrae 0,8 mm . CioydaiiHble OTKJIOHEHHS pa3Mepa AeTald OT HOMHHAIA TOAYUHSIOTCS
HOPMaJIbHOMY 3aKOHY PaCIIpENEICHUs CO CPEAHEKBAAPATUYHBIM OTKJIOHEHUEM, PaB-
HeiM 0,5 mm. Cucremarnyeckue OTKIOHEHUS OTCYTCTBYIOT. HailTu cpemnee 4ucio
U3JIEHI IEPBOTO COpTa Cper BRIOPAHHBIX CiydailHbIM oOpa3om 10 netaneit.

5.3.13 CTaHOK M3roTaBIMBAET JI€TAIM, IPUUEM KOHTPOJIUPYETCS JJIMHA JIETAIH
L. Caurtas, uro L — HOpMaJIbHO pacipeeiéHHas ciayJaiiHas BeIMUYUHA C MaTeMaTH-
geckuM oxumanueM a=10mm © CcpemHUM KBaJIpPaTHUYECKUM OTKJIOHECHHEM
o =0,2 mm, HAWTH UHTEPBAI, B KOTOPOM C BEpOSTHOCTHIO 0,9216 OymyT 3aKIIFOuEHBI
JUTMHBI HU3TOTOBJIEHHBIX JE€TaJICH.

5.4 3apaHus 151 KOHTPOJHMPYEMOii CAMOCTOATEILHON PadoThI

5.4.1 Haiiti BepOATHOCTb TOTO, 4TO COOBITHE A HACTYIHT HE MEHee m, pas,
HO He Ooyiee m, pa3a B 1 HE3aBUCUMBIX HMCIIBITAHUAX. BEpOsSTHOCT HACTyNIICHUSA
coObITHSI A B OTHIENBHO B3STOM HCIBITAHHH PaBHA BEPOSTHOCTH TOTO, YTO HETpe-
pBIBHAs cilydaiiHas BeauuuHa & MomaaéTr B MHTEpPBAI (a; o) ) [IimoTHOCTE pacnpene-

ax> +bx+c

JICHUS] BEpOSITHOCTEH ciydailHOM BennuuHbl £ uMeeT Bua f(x)=k-e . Haiitn
HEU3BECTHBIM mapaMeTp k W (QYHKIHMIO paclpeieseHusl CiaydailHOW BeTU4HUHBL ¢ .

Onpenenuts MaTeMaTUYECKOE OXKHUJIaHUE, JUCIIEPCUIO U CPEIHEKBAAPATUUECKOE OT-
KJIOHEHUE ATOW ciydailHOM BennuyuHbl. [locTpouTh rpaduk MIOTHOCTH pacrpesese-
HUs caydaiiHoM BenmuuHbl & . Hibke ykazaHbl MCXOAHBIE TAaHHBIE AJI KaXJI0ro BapH-
aHTa.
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54.1.1

5.4.1.3

5.4.1.5

5.4.1.7

5.4.1.9

5.4.1.11

5.4.1.13

5.4.1.15

5.4.1.17

m=2,m,=4,n=6,
a=0,75, f=1,25,
a=-2,b=4,c=5.

a=-1,5=3,

1 2 11
a=——,0=—,C=——.

18 9 9
m =3,m,=5n=9,
a=3,0=8,

SIS )

50 25 25
m, =2,m,=3,n=35,
a=0,9, =14,
az—l,bzl,c:é.

8 4 8
m=2,m,=4,n=17,
a=3, =28,
az—L,b:l,c—l

98 49 2

a=2,75,p=3,25,
a=-4,5b=27,c=-38.
m =3,m,=4,n=5,

a =38, =3,95,

az—?,bleO,c:Z

m=lm,=2,n=7,
a =595, p=6,1,

a=—%,b=294,c:8.

m=4,m,=7,n=9,
a=-4,2,5=-39,
a=-8,b=-16,c=4.

5.4.1.2

54.14

5.4.1.6

5.4.1.8

5.4.1.10

54.1.12

5.4.1.14

5.4.1.16

5.4.1.18
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m, =1,m,=3,n=>3,
a=3,8, =4,

a=-8,b=16,c=3.
m =4,m,=7,n=8§,

a=2,5, =4,
az—l,bzz,c=—1—7.
8 4 8
m, =6,m,=8,n=10,
a=4,0=17,

1 5 7

——,b=—,c=—.
32 16 32
m =1, m,=5,n=6,

a=15 =22,

az—l,b=2,c=4.
2

m =4,m,=6,n=38,
a="7,p=11,

m,=7,m,=9,n=10,
a=185 =21,
a=-8,b=32,c=36.
m,=2,m,=5,n=06,
a=4,9,6=5,1,
a=-18,b=180,c=-4.

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

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

a=-2,3,4=0,3,
az—i,bz—g,c=2.
18 9



5.4.1.19

5.4.1.21

5.4.1.23

5.4.1.25

5.4.1.27

5.4.1.29

Conepskanue: pacrpeeieHue BEpOATHOCTEH MHOTOMEPHBIX JAUCKPETHBIX
CIIy4allHBIX BETWYHH, (QYHKIUS pacrpeesieHns] MHOTOMEPHON CIIy4ailHOW BeTWYH-
HBI, YCIIOBHBIE PACIIPEICIICHUS IBYMEPHBIX CIIyYalHBIX BEJIMYWH, 3ABUCUMBIC U HE3a-
BUCHMBIE CIIyYalHbIE BEJIWYUHbBI, YUCIIOBBIE XapAKTEPUCTUKU JTUCKPETHBIX JBYMED-

az—l,b——é,c=5
8 4

m=4,m,=6,n=7,

a=-5,4, f=-4,

a:—i, :—i,c:6
32 16

a:—l,b——2,c:6
2
m, =3,m,=5,n=35,
a=-11, f=-4,
a:—L,b——ﬂ,c—l
128 64

a=-2,65,=-1,85,
a=-8,b=-32,c=15.

m =5 m,=6,n=09,
a=-52,=-4,9,
a=-18,b=-180,c=3.

5.4.1.20

5.4.1.22

5.4.1.24

5.4.1.26

5.4.1.28

5.4.1.30

a=-4,5,=-3,
1 4
a=——,b=——,c=1
50 25
m,=4,m,=7,n=_4,
a=-12,=0,8,
a:—l,b:—l,c:é

8 4 8
m,=7,m,=9,n=10,
a=-17,5, =-6,

1 7 1
a=——,0=—""7,C=—

98 49 4
m =2,m,=4,n=06,
a=-315,=-2,

a=-4,5b=-27,c=5.

m =2,m,=5n=8,
a=-4,15, f=-3,

az—?,b:—lOO,c:Z

m, =6,m,=8,n=10,
a=-7,05, f=-6,

a:—%,b=—294,c=3.

6 AUCKPETHBIE MHOI'OMEPHBIE
CJIYYAUHBIE BEJIMYNHBI

HBIX CﬂyqaﬁHBIX BCINYHH.

6.1

Teopernuecknii MaTepuaJl Mo TemMe MPAKTUYECKOT0 3aAHATHUS
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Bo MHOTHX 3KOHOMHYECKHX MPHIOKEHUSAX JTIOOOMY 3JIE€MEHTAPHOMY HCXOAY
® € () CcTaBUTCS B COOTBETCTBHE HE OJHO, a HECKOJBKO (B OOIIEM ciy4yae n) Jei-
CTBUTEJIbHBIX yucell. [Ipn 3TOM roBOpST, UTO SKCIEPUMEHT OIUCBIBAETCS 1-MEPHOMN
CIIly4YalHOM BEJIMYHUHOM, UJIA CUCTEMOM 7 CIIyYalHBbIX BEJIMYWH, WU 1-MEPHBIM BEK-

TOpOM (681(60)a & (); .56, (0))) :

PaccmoTtpum moapoOGHO JABYMEpHYIO CilydaiHyr0 BeluuuHy. [{ns n-mepHoi
CIIy4allHOW BEJIMYMHBI YKa3aHHBIEC MIOHITHUS ONIPEAEIISIIOTCS aHATOTUYHO.

[Iycte & U 17 — IBE JUCKPETHBIE CIIy4allHbIE BEJIMYMHBI, KOTOPBIE ONPEIEIEHbI
Ha OJIHOM M TOM JK€ MPOCTPAHCTBE 3JEMEHTAPHBIX COObITHI (). YHOpsSI04YeHHYIO
napy (5; 77) JUCKPETHBIX CITyYalHbIX BEJIMYUH & U 1) HA3BIBAIOT 08YMEPHOU CyUali-

Hou eeauquHot. MHOXKECTBO BO3MOXHBIX 3HAUYCHUN TaKOW CIy4ailHOW BEJIMYUHBI CO-
(x:3,),
Q. :{(xl;yl); (x50 )53 (%53 )5 (x50, )5 s (23500 )5 (365505 )5}
Onpenenenue 6.1.1 Pacnpeoenenuem TUCKPETHON TBYMEPHOM CIIy4aiiHOM Be-
JINYUHBI (5; 77) WM 3aKOHOM._pacnpeoesienusi Ha3bIBaeTCsl COOTBETCTBUE, MO0 KOTOPO-

JNEP)KUT  KOHEYHOE MM  CYETHOE  YHUCIO  TOYEK i, j=10:

My KaXXJIOM Mape TOYeK (xl.; y J.) €., CONOCTABIAETCS MOJOKUTEIBHOE YUCIO P,

XapaKTCPU3YIOICC BEPOATHOCTh TOT'O, UYTO COCTaBJIAIOIIAsA f INPpUMCT 3HAYCHHUC X; U
OJHOBPEMECHHO C 3THM COCTABJIAIOIIAA 7] IPUMCT 3HAYCHHUC yj TaKHMM O6p330M, qTo-

OBI 9TO YHUCIIO0, KOTOPOE HA3BIBAETCS BEPOSTHOCTBHIO COOBITUS P((cf =x,)- (77 = yj)) =

= P(A), ynosnersopsuto akcuomam Konmoroposa (onpenenetue 5.1.1.1).
Hucnosyto ¢yHkumio P, = p,; Ha3bIBAIOT (hyrkyueu eeposimuocmei. PyHK-

[IUIO0 BEPOSITHOCTEN MOKHO 3a7]aTh B BUJIE TaOJIUIIBI.
OyHKUHIO BEPOSITHOCTEH P, = p,, JAUCKPETHOW Cly4ailHON BEIMYMHbI (5; 77)

MOJXXHO 3a4aTb B BUAC Ta6J'II/II_IBI:

Pacnpene-
Q JICHUEC CO-
£ X, X, X, X,
0 CTaBJIAIO-
n meu 77
B2 P P Pi P P(77=y1)
V2 P2 P Pin Pua P(U:yz)
Y P P Pij P P(77=yj)
Ym Pim P2 Pin Pum P(n:ym)
P _
Hi:g:?g_ P(é=x) | P({=x,) P(&=x,) P(§=x,) | Kourpoms




CTaBJISIO- ZZ pi; =1
i

mieit &

B kneTkax, cTOSIIMX HAa MEPECEUSHUH i-T0 CTOJIOLA j-ii CTPOKH, yKa3aHa Bepo-
ATHOCTb TOTO, YTO CJIy4yalHas BEJIUYUHA (5, 77) IIPUMET 3HAYCHUE (xl.; yj) , TO €CTh
pi; = P((§ = xl.)-(n =y 1)) 3Hast GYHKUHIO BEPOSTHOCTEH P, = p,;, MOXKHO BBIYHC-
JIMTH BEPOSITHOCTD MOSABIICHUS IPOU3BOJIBHOTO coObITHs C: P (C ) = Z Dij-

(x3¥;)eC

3Hast pacnipepencHue P, IUCKPETHOM CIy4aillHOW BEIMYHMHBI (5;77), MOKHO
HalTH pacnpesneneHue F, u F, COCTaBIIIOLINX Sun.

Jns HaxoXKIeHUsT BEPOSTHOCTU P(f :xl.) HaJ0 MPOCYMMHPOBATH BEPOSITHO-

CTH CTOJIONA X, :

AHaJ'IOFI/I‘-IHO, CJIOKHB BCPOATHOCTL CTPOKH ] , IIOJIY4a€M BCPOATHOCTDH

P(”:y.f):P((SE:xl)'(”:yf))+P((§:x2)'(77:y.f))+"'
...+P((ﬁzxn)-(n=yj))=zilpij =P

(6.1.2)

Pacripenesnenust BEpOSTHOCTEH, ONPEeIsieMbIMU Ha0OpaMu p,, U p,; , Hasbl-

BAIOTCS MAPSUHAILHLIMU PACIPEOesieHUsMY COCTABIIIOIUX & W 7] JTUCKPETHOMN
JIBYMEPHOM CIIy4YallHOM BEJIMYMHBI (5; 77) , COOTBETCTBEHHO. Ha Kpasx Tabnuibl yka-
3aHbl MapTUHAJIBHBIC pacnpeeseHus («margoy (J1aT.) — TpaHuIla, Kpam).

ITo ananorum ¢ pacnpeneseHueM JBYMEPHOU CIIy4YaliHOW BEJIMYUHbBI OIPECIIS-
ercsa  pacnpezenenue P £yt = Pijon n-MEPHOW  CIIy4YalHOW < BEJINYMHBI:

Pijn= P((gl = xi)' (gz = xj)' et (‘fn =X, )) .

Pacnpenenenrie npor3BOIbHON #-MEPHOU CITy4YailHOW BEIWYMHBI (IUCKPETHOMN
WJIA HETPEPHIBHOI) OJTHO3HAYHO MOXKET ObITh BBIPAXKEHO 4epe3 (PYHKIIMIO pacipese-
JICHUS 3TOU CIIy4YalHOW BEJIMYUHBI.

Onpenenenue 6.1.2 @ynxyueil pacnpedeneruss n-MepHON CIIydallHON BEIUYH-
HbI (&6, 5) Ha3bIBACTCs BEPOSATHOCTD HOSIBJICHUS COOBITHS
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{(cfl <x): (952 <Xy) e (fn < xn)} , KOTopasi paccMaTpHBaeTCs Kak (YHKIMS Iepe-

MEHHBIX X,X,,...X, F(xl,xz, xn) :P((f1 <x)-(& < xz)-...-(cfn < xn)) :

Dyukyus pacnpeoenerust 08YMePHOU CIYYAUHOU BETUYUHDbL (5; 77) MMEET BUJL

F(x;y)=P((é<x)-(n<y)). (6.1.3)

[IpuBeném ocHOBHBIE CBOMCTBA hyHKIIMU pacnpeacneHus CB (5 ; 77):

1) Vx,yeQ, 0<F(x;y)<I;

2) pynkuus F(x;y) sBIseTcs HEyOBIBAIOIIEH MO KaXXIOMY U3 apTyMEHTOB, TO
ecTb V X, >X, = F(x,; y) 2 F(x39) 1 ¥V y, >y, > F(x0,) 2 F(x0,);

3) pyukumsa F (x; y) HEIpPEpBIBHA CIIEBA MO KaXJAOMY U3 apTyMEHTOB;

4) cipaBeJIMBbI IPEIEIbHBIE COOTHOIICHHUS:

a) lim F(qy)=£(-0;y)=0, 6) lim F(x;y)=F(x;-0)=0,

B) xl_i)ngoF(x;y)zF(—oo;—oo)zo, r) xlirEOF(x;y):F(Jroo;Jroo):l;

y—>—o0 Y—>+00
5) npu 3HaUY€HUU Y —> +0 PYHKIMS pacrupenereHus: AByMEpHON CiaydyailHON

BenuunHbl (&;177) CTAHOBUTCS MaprUHAIBHONH (DYHKIMEH PaclpeieneHus coCTaBIs-
omeit &1 F(x;+0)=P((£<x)-(n<+0))=P(£<x)=F(x). Oynxmmo F(x)
Ha3bIBAIOT 2PAHUYHOU WU pa3oenénnou QYHKIMEH pacrpeneneHusi COCTaBISIoIen
S;

6) Mpu 3HAYCHUH X —> +00 (PYHKIUS PACTIPEACIICHUS] TBYMEPHON CIydailHOMN
BenuunHbl (&;177) CTAHOBUTCS MaprUHAIBHOH (yHKLUEH PacCIpeieneHus COCTaBIIs-

omeit 17: F(+0;y) = P((& <+0)(7<y))=P(n<y)=F(y). Oymaumo F(»)
Ha3bIBAIOT 2PAHUYHOU WU pa3oenénnou (QYHKIUEH pacnpeieseHuss COCTaBISIoen
n.

Bce cBolicTBa (GyHKUMU pacnpeneneHus, MPUBEAEHHbIE ISl JBYMEPHOU CITy-
YalHOM BEJINYMHBI, PACTIPOCTPAHSIOTCS HA MHOTOMEPHBIE CITyYaiiHbIE BEJTUYUHBI.

1. ®yHKIHS pacupeneseHus n-MEPHOU CIIy4YallHOM BEJIMYMHBI HEOTPULIATEIIbHA
Y HE MOXET OBITh OOJIbIIE SANHUIIBI.

2. Ecnmu xoTsi OBl OJIHA W3 COCTaBJISIIOLIUMX 7-MEPHON CIIydalHOW BEITWYUHBI
NPUHUMAET 3HAYEHHE —0 , TO PYHKIIUS paclpeeeHNs paBHA HYIIO.

3. Ecmu x, =x, =...=Xx, =+00, TO QyHKIUA pacupeneneHus paBHa 1.

4. OyHKUUA pacpeiesieHUs SBISIETCs HeyObIBaOLIEH (PyHKIIMEH.

5. ®yHKIHS pacupenesieHNs] HENPEPBIBHA CIIEBA 10 KAXKIOMY U3 ApTyMEHTOB.

6. Ecmu kakue-mmbo k w3 cocraBmsonwx &, &, ..., & n-MEpHOU CIydaiHOM

BEIIMYMHBI MPUHUMAIOT 3HAYEHUS o0, TO (PYHKIUS pacmupeneieHus] n-MEepHOM Ciy-
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YaifHON BEJIMYMHBI CTAHOBUTCS paBHOUM (DyHKUMU pacmpenenenus (n-k)-MepHOU Ciry-
YaWHOW BEJINYHHBI.

YCcnoBHBIE paclpenesIeHus] COCTABIIIIOIIMX MHOTOMEPHBIX CIIy4alHBIX BEJIH-
YUH, 3aBUCUMbIC U HE3aBUCHMBIC CIIy4YalHbIC BEJIUYMHBI, & TAK)KE YUCIIOBBIC Xapak-
TEPUCTUKA MHOIOMEPHBIX CIIy4alHBIX BEJIMYMH PACCMOTPUM Ha IIPUMEPE IBYMEPHOU
clydaiiHoii Bemmauusl (&£;77).

Onpenenenne 6.1.3 Venosuvim pacnpedenenuem coctaBisiomeit & TUCKpeT-
HOM CIIly4allHOM BEJIMYMHBI (5;77) HAa3bIBACTCA PACIpEEICHUE, BBIUUCIAEMOE IIpU

YCJIOBUH, YTO COCTABJISIONIAS 7] MPUHSUIA ONPEAEIEHHOE 3HAUCHUE.

U3 onpenenenus cnenyer, 4To yCIOBHBIE PACIIPEIEICHUs XapaAKTEPU3YIOT B3a-
MUMOCBSI3U MEX/Y COCTABJIIOIMMHU & W 7] CIIy4alHOM BEIMYHHBI (5;77). YcnoBHOE
pacrpeziesieHre COCTaBISIONIEH & MUCKPETHON CIIydailHOW BENTUYUHBI (5; 77) MOKET

OBITh 33/1aHO YCAOBHOM (YHKIIMENH BEPOSTHOCTEH, BHIpAXKAIOIIEH BEPOSATHOCThH TOTO,
YTO COCTABJIAONIAS & MPUMET 3HAUCHHME X, IPU YCIOBHMH, YTO COCTABJISIOIIAS 7]

IIpUHATIA 3HAYCHUC y]. \

P((gzxi)-(nzyj)).

P(n=y,)

P, =P(E=x|n=y,)= (6.1.4)

AHanoruyHo, yciaoBHas GyHKIHS BEPOSTHOCTEN COCTABIISAIONICH 77 UMEET BU/T

P((gzxi)-(nzyj))
P(f:xl.) .

py=P(n=y|¢=x)= (6.1.5)

Onpenenenue 6.1.4 [lycts F(x, y) — QyHKIUS pacrpenenieHus TUCKPETHOM
ciydaiiHoii Bemmuunbl (£;77), a F(x) u Fy(y) — MaprusanbHbie GyHKIHH pacipe-
JeneHns cocTapsomux & u 77. ToBOPAT, 4TO [BE CIydailHbI€ BEIMYUHBI, COCTAB-
nsoutue & ¥ 77, He3ABUCHUMBI, €CIH 11 BeeX (X, y) €Y, CIPaBEIMBO PABEHCTBO

F(x, )= F(x)- F(). (6.1.6)

Teopema 6.1.1 Eciu CB (&;77) — QuckpeTHasi, TO paBeHCTBO

Pij = D" P, (6.1.7)
ABJISIETCS. HEOOXOMUMBIM M JIOCTATOYHBIM yciioBreM HezaBucumocTi CB & u 7.
BeposiTHOCTh IONajaHust CilydailHoi BennuuHbl (&;77) B IPSAMOYIOJBHHK

1= {(5;77)|x1 SESx, Ap < yz} HaxXOJUTCA 10 hopMyIie

P((‘xl S¢<x)-(n=n< yz)) =F(x,,,) = F(x,5,) = F(x,, )+ F(x,,») (6.1.8)
PaccMOTPUM YHCIIOBBIE XapaKTEPUCTUKH JIBYMEPHBIX CIyJalHBIX BEJTUYHH.
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OCHOBHBIMM  XapaKTEPUCTUKAMH, OIMMCHIBAIOIIMMU LIEHTP pacOpeiesICHHs
JUACKPETHOW CIIyYalHOW BEJIWYWHBI (§;n), SIBJIIIOTCA MATEMAaTUYECKUE OKUIAHUS

COCTaBJIAIOLINX, OIIpeaeIsieMble 0 (hopMyIam:

£ =2 NP = Zpr,,, (6.1.9)
ZyPOJ Zzy,p,,- (6.1.10)

MaremaTudeckue OXHAaHUuAg m. U 7’1177 OIIPCACIIIOT KOOPAWNHATBI HCHTPA pac-

¢
npenencHus. Kpome 3TUX OCHOBHBIX XapaKTEPUCTHK, LIEHTP PACIPENEIICHUs Xapak-
TepU3yeTcss MOJaMU U MeIMaHaAMU.

PaccenBanue cOCTaBISAOIINUX JUCKPETHON CIy4alHOW BEJIMYUHBI (5; 77) orpe-

JEJSIeTCs] AUCTIEPCUAMHU, KOTOPbIE OMPEEISIOTCA 10 hopMyIam:

D(&)=02=M(&-m.) =M(&)-mZ, (6.1.11)
D(n)=0o" :M(n—mn) =M(n*)-m, . (6.1.12)

Ucnonb3ys popmysl (6.1.9) 1 (6.1.10), umeem:

DE) =Y (x =m.) p,, = p,—m, (6.1.13)
D=3 (v;=m ) P, =2 vip,=m.  (61.14)

[To0KUTENBHBIC KBAaAPAaTHBIC KOPHU W3 TUCIIEPCHM  COCTABISAIONMX & W 77
Ha3BIBAIOTCS CPEOHUMU KEAOPAMUYECKUMU OMKIOHeHUSMU COCTABJISAIONHNX & U 7]

WM CTanjapramu: o, =+/D(S), o, =+/D(1) .

PaccenBaHMe COCTaBISIONIMX ¢ W 7] TaKKe Xapakrepusyercs Koddduiinenra-

MU Bapualliy COCTABJISIIONINX U UX pa3Maxamu.
OCHOBHOM XapaKTEPUCTUKOW, KOTOpas OMUCHIBAET CBA3b MEXK]Y COCTABIISAIO-

muMu ¢ U 7] CIIydalHOW BETMYMHBI (5;77), SIBIISIETCST KOBaApuayusi, KOTOpast TakxKe
HA3bIBACTCS KOPPENAYUOHHBIM MOMEHMOM U MOMeHmMOM cea3u K., 1 ONpesessier-

csi 1o popmyrie (KOBapHaLys TaKKe 0003HAYaCTCs AL, ):

K, =cov(&m=M((&-m,)-(n-m,)). (6.1.15)

JIist TUCKPETHOU CIydaiHON BETUYHHBI PACUETHYIO (OPMYITY JUTsl KOBapHaIluu
MOYKHO 3aIliCaTh B BUJIE
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Ké:ﬂ :ZZ(xi_mf).(yj _mn).pij :sziyjpg/ _mg 'm,]. (6116)
L ! J

JI1st moy4YeHusl YMCIIOBOM XapaKTEPUCTUKH, YIOOHOU JJIsl CPAaBHEHMS COCTaB-
JISTFOIIMX, 3TH COCTABJISIONIME & U 7] TPENBAapUTEIbHO HOPMUPYIOT, TO €CTh IEPEXO0-

AT K CIy4alHbIM BenuuunHaMm & 7], MAaTEMAaTHUYECKHE OXKHUJIAHHS KOTOPBIX PAaBHBI
c_s—m; n—n,
HYJII0, a UX nucnepcus — equnuie. Eciu nonoxuts & = ; = , TO KO-
(o} £ (0}
n
BapHalysi HOPMUPOBAHHBIX CIyYalHBIX BEMYMH HA3bIBACTCS KOIPPuyueHmom Kop-
pensyuy  OupenesaeTcs mo Gopmyiie

A -m —-m m. —m.m K
pry=M(E:5)=M oM | [ B || Me T Ren 6y g
05 677 O'(;O'T7 0'50'77

Koadduiment xoppensiiiun He 3aBUCUT OT BbIOOpA €AMHUI] U3MEPEHUs CIIy-
YalHBIX BEJIMYHUH, TO €CTh SIBIsETCS Oe3pa3MepHON ciydaitHoW BeamuumHOM. Koad-
(PHLMEHT KOPPEILILNN O, XaPAKTEPU3YeT TECHOTY JIMHEHHOM CBSI3M MEX/Y COCTaB-
JSIOMMMHA & U 7] CIIydaHOW BEJNYUHEI (é‘; 77). [IpuBenémM OCHOBHBIE CBOWMCTBA KO-

s dureHTa KOppesIum.
1. AOcomoTHas BenuynHa KOd(DPUITUEHTA KOPPEIAIUHA HE TPEBOCXOIUT €T~

HHIIBI, TO €CTh ‘pgn‘ <1.
2. Ecmm Psy =41, TO MEXKIy CIy4alHBIMU BEIHUYUHAMU & W 7] CYIIECTBYET

NUHeWHas QyHKUNOHAIbHAS 3aBUCUMOCTh (‘ P: ,7‘ =lon=k-&+ b).
3. Ecmu p,, #0, TO Cly4allHbIC BEINYHHBI & M 1] 3aBUCUMBL.

3aBUCHMOCTh MEXKIY COCTABISAIONMMU ¢ M 7] CIly4alHOM BEJIUYHHEI (5;77)

MOJKET MCCJIE0BAThCS C MOMOIIBIO YCIIOBHBIX pacnpeaesieHuid. ECim okaxeTcs, 4To
YCIIOBHBIE pacIpenesieHns paBHbl 0€3yCIOBHBIM, TO TOBOPST, YTO CiydaiiHasl BEJu-
yyHa & HE 3aBHCUT OT CAy4aiHOM BeawuuHsl 77 . [IpH 5TOM YCIOBHBIE pacIpeaciie-
HMSI COCTABIISIIOIIUX ¢ U 7] CAy4alHON BEIUYUHB (5;77) XapaKTEPU3YKTCS yCIIOB-
HBIMHU YMCJIOBBIMU XapPaAKTEPUCTUKAMH, YCIOBHBIMA MaTEMAaTUYECKUMU OKUIAHUAMU
Y IUCIIEPCUAMU 3TUX COCTABIISIFOIIUX.

Hanpumep, ycrnosnoe mamemamuueckoe odicudaniue COCTaBISOMENd & mpu

YCIIOBUH, YTO TUCKPETHAS CydaliHas BEJIMYWHA 7) TIPUHSIIA OTIPEIeIEHHOE 3HAUCHHEC
V, HaXOJIUTCA 1o (popmyie

msn=M(5|’7=y)=Zilxi-pi,. (6.1.18)
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AHQJIOTUYHO OMPEAEISIETCA YCI08HOE MAMmemMamuyeckoe 0XcudaHue COCTaB-
JISIFOIIEH 77 :

m#‘é=M(77|§=x)=Zyj-pj‘i. (6.1.19)

Venosnas oucnepcusi cocmasnsiioweil & Tpu yCIOBHH, YTO TUCKPETHAS CITy-
yaiiHasi BeTUYMHA 7] TPUHSIIA ONPeAeIEHHOE 3HAaYEHUE V' , HAXOIUTCA 110 hopmyIie

0'5277:D(§|77=y):Z(xi—m§n)2-pij. (6.1.20)

1

AHaNOrUYHO OINPEACIIAETCS YCI08HAS OUChEPCUsl cOCmasaiiouel 1] .

0%, =D(njé=x)=X(y,~m,.) .. 6.1.21)

J
6.2 IlpuMepsl pelieHUs] THIOBBIX 32124

6.2.1 ®yHKuMs BepOSTHOCTSH P, = p,; AWUCKPETHOW CIIy4ailHON BEIMYHHBI

(&;7m) 3amana B Buae TaGuIBL.

Q, ] 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 MaprHHAIBHBIC PACHPEICIICHHsT COCTABISIONINX & W 7] JUCKPETHOM

ciydaitHol Benuuussl (&£;77);
2) YCTaHOBHTD, 3aBHCUMBI HJIM HET COCTABJISIONINE & W 7] ;

3) HaiiTH YCIOBHbBIE 3aKOHBI PACTIPEICICHHUS;
4) BBIYUCIUTH MaTeMaTHUYECKUE OXKHUIAHMS, AUCIEPCUM U CPEAHEKBaJIpaTHUe-
CKM€ OTKJIOHEHHS COCTaBIISIOIINX & U 77 ;

5) HalTH PYHKIHIO pacnpeeeHHs TUCKPETHON CIIy4aiiHON BEIUYUHBI (5; 77);
6) BBIYMCIIUTh BEPOSITHOCTh IOMAJaHUS CIy4allHOM BEJIMYMHBI (5;77) B IIps-
L5<E<4n3<n<T);

7) BBIYUCIUTH KOADPUIIUESHT KOPPETSAIIUH.

MOYTOJBHUK 1] = {(5;77)
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Pemenne. 1. Haiiném mMapruHanbHbie pacrpeaeieH s COCTaBSIONMX & u 7]
IMCKPEeTHOH ciydaiinoit Bemmuuuel (&;77) mo dopmynam (6.1.1) u (6.1.2).
Hanpumep, P(E=1)=p,, + p, + p;, =0,00+0,11+0,2=0,4, P(n=4)=p, +
+Py + Py =0,11+0,09+0,1=0,3 .

MapruHnanbHbIe 3aKOHBI paclpeiesieHus 3alluIIeM B BUIe TaOJIUII.

P(&=x;)| 04|03 |03 1 P(n=y) 1020305
2. Jlnst onpezeneHnss 3aBUCMMOCTH COCTABISIOMUX & M 7] NPOBEPHM PaBeH-
crBo P(E=x,,n=y,)=P(E=x,)-P(n=y,;) st Bcex 3Ha4eHUil cocraistomux. Ec-

JIM PaBEHCTBO BBIMOIHSIETCS, TO COCTABJISIONINE HE3aBUCHUMBI. PaccunThiBaeM Bepo-
staoctn: P(&=x,n1=y,)=0,09=P( =x,)-P(n=y,)=0,4-0,2=0,08. PaBeHCTBO

HEBEPHO, CJIEAOBATEILHO, COCTABIAIOIIKME & M 7] CIy4allHOM BEIMYMHBI (5;77)

3aBUCUMBI.
3. Haiiném ycmoBHBIE 3aKOHBI pacnpeneneaus no Gopmynam (6.1.4) u (6.1.5).

P((§:x3)-(77:y2))

Hampumep, Py = P(§ = x3|77 = yz) =

P(n=y,)
:P((SKP 3)_(77 4)):0,1 :l, p31=P(77=y3|§=x1)=P((§ xl)_(’7 ys)):
(n=4) 03 3 P(é=x,)
_P((e=1)-(n=3)) 02 1
- P(E=1) 04 2

Y ca0BHBIC 3aKOHBI pacipe/ie/ICHUs 3auIieM B BUC TaOJIuIL.

E=x, 1 2 3 n=y, | 2 4 6
P(1=2) | 920 | U4 | 3/10 | [ PE=D [ 940 | 1/6 | 155
P(n=4) | 1130 | 3/10 | 1/3 P(E=2) | 1140 | 3/10 | 173
P(n=6) | 2/5 | 825 | 7/25 P(E=3) | 12| 815 | /15

4. BBIYHMCIIMM MaTEMaTHYECKUE OXKHMIAHMS COCTABJISIONMX & W 7] CIydaiHOM
BEJIMYHMHBI (5;77). Jlnsg  cocraBisiomeii & MareMaTH4ecKoe OXHIAHHWE DPaBHO
M(E)=1-0,4+2-0,3+3-0,3=19,apman — M(n)=2-0,2+4-0,3+6-0,5=4,6.

HaxomuMm Qucrepcuy COCTaBISIONMX & M 7] CIy4allHON BEIHYHHEI ((5;77).
Jlnst Bemuuuael ¢ gucnepeust paBHa D(E) = 1-0,4+2°-0,3+3-0,3-1,9°=0,69,a
U1 cocTapistomeiin — D(n7)=27-0,2+4-0,3+6"-0,5-4,6>=2,44.

Torma cpenHeKBaaApaTUUECKHUE OTKJIOHEHHS JJIi COCTaBJISIIONIMX CIydaiHOM
BEJIMYMHbI PABHBL O, = \/D(f) = \/O, 69 ~0,83, o, = \/D(n) = \/2,44 ~1,562.
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5. Haiiném ¢QyHKIUIO pacnpeneneHuss TUCKPETHON CIydalHOW BETMYMHBI
(5; 77) o ¢popmyie (6.1.3): F(x; y) = P((é‘ < x)-(77 < y)) = z Z Dj-
X;<x y;<y
Ecnu 3nadenust cinydaiineix BenmuunH & <1;7<k, rome k mnpuHUMaeT Jr000€
3Ha4eHue, To GyHKIUS pactpeaeneaus F(x;y) paBHa HYINIO, TaK KaK HE CYIIECCTBYET

3HQYEHUM CIIy4allHOM BEJIIMYMHBI, KOTOPBIE  YAOBJIETBOPSIOT HEPABEHCTBAM
E<Il;n<k. Ananornuno, eciu &<m,n<2, rjae m TPUHUMAET JI00O0E 3HAUCHHUE,

To (pyHKIIUA pacnpeneneHus F(x;y) Takxke paBHaA HYIIO.

Ecom &£<1;2<n<4, 10 F(x;¥)=p,,=0,09. Ecom &<1;4<np<6, 10
F(x;y)=p,+p,,=0,09+0,11=0,2 .

Paccmotpum coObitie E<L1;7>6, T0 F(X;¥)=p,, + P,y + P3; =0,09+ 0,11+
+0,2=0,4 . IIpeanoaoum, 4TO COCTABISAIONINE CITyYaliHONW BEJIMYMHBI YIOBJIECTBO-
psitoT yenoButo & <3,77 < 6. B nanHOM citydae QyHKIUS paclpeieseHys paBHa
F(x;y)=p,, + Py + Pyt Py, =0,09+0,05+0,11+0,09=0,34.

3anuiem (yHKIUIO pacnpeneneHus F(x;y) AByMEpHOU ciydyailHOW BETUYH-
Hbl (£,77) B BUE TaOIUIIBI.

ELZT | 1<EL2 | 2<EL3 | £>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
n>6 0 0,4 0,7 1

6. BerurciuM BEpOSATHOCTD MONAAaHUs CAyYalHON BETMYUHBI (5; 77) B IIPsIMO-
yroyibHuk 11 = {(5;77) L5<£E<L<4A3<p< 7} , ucroJib3ysi hopmyiy (6.1.8).
P((L55£<4)-B3<n<T))=F#&T)-F(,57) = F(43)+ F(1,5;3) =
=1-0,4-0,2+0,09=0,049 .
7. Beraucaum K03 UUMEHT Koppersiunn p,, 1o popmyse (6.1.17), nist gero

BHavase Haiiném koBapuaumio K. 1o gopmyse (6.1.16).

3 3
K., =YY xy,p,~M(E)-M(n)=1-2-0,09+1-4-0,11+1-6-0,2+2:2-0,05+

i=l j=l1
+2-:1-0,09+2-6-0,16+3-2-0,06+3-4-0,1+3-6-0,14—1,9-4,6=0.
CnenoBatellbHO, KOG (OHUIIMEHT KOPPEISIINN PaBeH
Kff?? — 0 =0
o.0, 0,831,562
PaBeHcTBO HYII0 KOd(DHUIMEHTa KOPPEISIIIUN HUYETO HE TOBOPUT O 3aBHCHMO-

CTH COCTAaBJIAIOIIHUX. Bo BTOPOM ITYHKTC MbI JOKa3aJIk, 4TO COCTABJIAOIINC SABJIAKOTCA
3aBUCUMBIMU.

pcfn:
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6.3 3agaHus 1id pelleHUs HA MPAKTHYECKOM 3aHATHH

6.3.1 Oynkuus BeposTHOCTEH F,, = p,, ITUCKPETHOW CIy4aWHOH BEIMYHHBI

(&;7m) 3anana B Bune TaGIULBL

Q, 3 5 7
QU
0,03 0,07 0,09
0,12 0,08 0.3
0,14 0,15 0,02

Haiiti MapruHaibHble PaCHpeeieHUs] COCTABISIOMUX & M 7] JUCKPETHOM
CIIy4ailHOM BEJIMYMHbI (9‘; 77). VCTaHOBHTH 3aBUCMOCTE COCTABJISIONIME & U 77 .
6.3.2 DyHKUMS BEPOATHOCTCH F,, = p,, AUCKPETHOW CIy4ailHON BEIHYHMHBI

(&f; 77) 3aJ1aHa B BHUJIC TaOJIHIIBI

Q, ] 3 5 7
Qﬂ
2 0.13 0,17 0.19 0,02
6 0.2 0.12 0.13 0,04

Haiitn ycnoBHBIE 3aKOHBI pacIpeIeICHUS.
6.3.3 OyHKuMs BeposTHOCTEH F,, = p,, NHCKPETHOW CIy4YaWHOH BEIMYHHBI

(&f; 77) 3aJlaHa B BUJIC TaOJIMITEI

Haiitn mMaTeMaTndeckue OXUJaHUsl, TUCTIEPCUU U CPEAHEKBAAPATUICCKHUE OT-
KJIOHEHUS COCTABIIAIONUX & U 7] .

Q, 3 5
QU
2 0,1 0,05
4 0,2 0,29
6 0,14 0,13
8 0,03 0,06

6.3.4 ®yHKUMs BeposTHOCTEeH F,, = p;, 3ajaHa B BUJE TaOIHLbI

Q

n

3

5

7

0,08

0,06

0,06
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2 0,11 0,08 0,14
4 0,21 0,16 0,1
Haiitu Qynkumio pacnpeneneHus AUCKPETHOW CIy4dailHOW BEIMYUHBI (5;77).

BbluuciuTh BEpOSTHOCTh MOMAJAaHUS CIy4YalHON BEIHMYHUHBI (5;77) B IPSIMOYTOJIb-

wac 17={(&577)

6.3.5 3roraBiuBaemble Ha MPEANPUITHH BTYJIKH COPTUPYIOTCS MO OTKJIOHE-
HUIO UX BHYTPEHHETO JUaMeTpa OT HOMHUHAJIBHOIO pa3Mepa Ha YeThIpe IPYMIbI CO
snayeHusimu 0,02; 0,04; 0,06 u 0,08 MM U O OBaJILHOCTH HAa YETHIPE TPYIIIHBI CO 3HA-
yenusmu 0,01; 0,03; 0,05 u 0,07 mm. CoBMeCTHOE pacnpeiesieHHe OTKJIIOHEHUM Jaua-
MeTpa (CiiydaiiHasi BeIUYnMHAa &) M OBAIBLHOCTH (CIy4aiiHas BEJIMYHHA 7] ) BTYIIOK

IPUBEJICHO B TaOJHUIIe

3,556<8AL5S<y<L 3,5} . Beraucants K03 GUIUEHT KOPPEIISAIHH.

Q,
o 0,02 0,04 0,06 0,08
n
0,01 0,08 0,08 0,10 0,04
0,03 0,02 0,03 0,04 0,02
0,05 0,04 0,04 0,02 0,01
0,07 0,06 0,15 0,24 0,03

Haiitu MapruHanbHble pacHpeae/icHus COCTAaBISIOMMUX & U 7] CllydaiHoOM Be-
muaussl (&;77). YCTaHOBHTD, 3aBHCHMBI HIIM HET cocTaBisitomue & u 7. Onpene-

JINTb YCJIOBHBIC 3aKOHBI PACIIPCACICHHA COCTABJIAIONINX. Breraucnuts MaTemaTude-
CKUC OXMWIAaHW:A, AUCIICPCUU U CPCAHCKBAJAPATHUYICCKUC OTKIIOHCHUA COCTABJIAIOOINX

& u 1. Haiiti QyHKIMIO pacripeiesieHus JUCKPETHON CITy4aiiHON BeIMYHHbI (f; 77).
BbIunciIuTh BEPOSATHOCTH MOMNAJAHUS CIyYalHON BEIVYHUHBI (5; 77) B IIPSIMOYTOJIb-
Huk I = {(95;77) 0,05<£<0,07A0,02<< 0,08} U KO3 PUITUCHT KOPPEIISAIIHH.

6.4 3anaHus 1151 KOHTPOJMPYEMOIi CAMOCTOATEILHOM PadoThI

6.4.1 dyHkuus BeposTHOCTCH F, = p,, AUCKPETHOW CIy4aillHOM BEIMYHMHBIL

(&;77) 3anaHa B Bune TabIHILBL

Qé‘
X X5 X3
Qn
i Pu P> Pi3
V2 P P P
Tpebyercs:
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1) HaliTH MaprHHAIBHBIC PACHPEICICHHsT COCTABISIONNX & W 7] JUCKPETHOM
clydaiiHoii Bemmauusl (£;77);
2) YCTaHOBHTD, 3aBHCUMBI HJIH HET COCTABIISAIONINE & W 77 ;

3) HaliTU YCIOBHbBIE 3aKOHBI PACTIPEICICHHUS;
4) BBIYUCIUTH MaTeMaTUUYECKUE OXKHUIAHUS, AUCIEPCUM U CPEAHEKBaIpaTHyie-
CKH€ OTKJIOHEHHS COCTaBIIIOIINX & U 77 ;

5) HaliTH QYHKITHIO pacTpeiesIeHUs] TUCKPETHON CITy4YaiHOW BETUYMHBI (5; 77);
6) BBIYUCIUTH BEPOSITHOCTH MOMAJaHUS CIyYalHOW BEIMYUHBI (5; 77) B Mpsi-
MOYTOJBHUK I1 = {(cf;n)|x1 +0,5<&8<x,+0,5A ), +0,5<p<y, + 1} ;

7) BBIYMCIUTH KO3(PPHUIIMEHT KOPPEISAIIH.
Hcxoanble JaHHbIE IS KQXKI0TO BapUaHTa MPUBEICHBI B TA0IHUIIE.

6.4.1.1 Q, 6.4.1.2 Q,
o, 1| 2| 3 o, 2 | 3| 4
2 [0,13]0,15] 0,10 3 [011[0,17] 0,12
6 10.27]025[0.10 5 l0.18[0.15] 027

6.4.1.3 Q, 6.4.1.4 Q,
3] 4|5 41516

QU QU

I [023]0,12]0,02 I [032]0,12]0.20
0.31[0,14] 0,18 2 l014]0.11] 0,11

6.4.1.5 Q, 6.4.1.6 Q,
516 | 7 6 | 7| 8

Q’? Q’?

2 [0,10]0,12 0,06 [ [009]0.12]0.10
3 1030[0.40] 0,02 6 10.21[028]020

6.4.1.7 Q, 6.4.1.8 Q.
o, 7089 o, 1|73 | 5
2 10.30]0.12]0.10 2 ]0,12]0.16] 0,18
4 10.20]0,06]0.22 8§ [027]0.14] 013

6.4.1.9 Q, 6.4.1.10 Q,
o, 1|5 | 7 o, 1| 7] 9
3 10,11[0,12] 0,04 2 [0,13[0,17] 0,15
7 1031]028]0,14 8§ 10.21]0,18]0.16

87



6.4.1.11

6.4.1.13

6.4.1.15

6.4.1.17

6.4.1.19

6.4.1.21

6.4.1.23

Qf
o, 3 5 | 7
1 ]0.,10]0,09] 0,13
7 1031(023] 0,14
2 3015 9
QU
3 10.12(0,13] 0,14
4 [021]0,18] 0,22
Q§
o 2 | 4 | 6
1 o21]0,13] 0,15
3 1023(021] 0,07
fo
o 2 | 6| 8
3 0.12]0,10] 013
7 10.12]0.25] 028
0
4
o 1 | 2] 5
5 1009012 0,13
7 1021]0.22] 023
0
&
o 1| 2] 9
6 |030]0,06]| 0,07
8 1020018 0,19
Qf
o 306 | 9
5 1028(0.11] 0,02
7 1032(0,12] 0,15

6.4.1.12

6.4.1.14

6.4.1.16

6.4.1.18

6.4.1.20

6.4.1.22

6.4.1.24

88

Qé
0 3 7 9
2 0,41 10,25 | 0,06
7 0,030,121 0,13
Q§
o) 5 7 9
2 0,04 0,35 | 0,24
9 0,05/0,16 | 0,16
Q<§
o) 2 4 8
1 0,12 /0,31 0,10
5 0,11]0,25] 0,11
Q
S
) 1 2 4
4 0,10 10,09 0,09
5 0,1710,19] 0,36
Q
4
o) 1 2 7
5 0,16 0,17 | 0,18
9 0,15/0,16 | 0,18
Q
S
o) 1 3 4
7 0,1010,13| 0,14
8 0,20 0,22 | 0,21
Q§
o) 2 5 8
5 0,06 | 0,04 | 0,14
9 0,2510,23 | 0,28




6.4.1.25 Q, 6.4.1.26 Q,
308 ]9 405 | 6

QU QU
1 [o21]011]0,12 2 [012[0,13]0,14
0,28 [0,13 | 0,15 3 10,18]0,23]0,20

6.4.1.27 Q, 6.4.1.28 Q,
416 | 8 1|59

er Qn
5 1024]023]022 6 10.14]0,13] 0,15
7 10,08[0,13] 0,10 8§ [0.17[0,19]0,22

6.4.1.29 Q, 6.4.1.30 Q.
1| 3|5 6 | 7| 8

QU QU
2 [0,03]0,04] 0,08 5 10,06/0,08] 0,11
410121021052 9 10.21]0.23]031

7 HENIPEPBIBHBIE MHOT'OMEPHBIE CJTYUYAWHBIE
BEJIMYUHLI. MTPEJEJIBHBIE TEOPEMbI

Coaep:xaHue: pacrnpeieneHre BEpOSTHOCTEN MHOIOMEPHBIX HENPEPBIBHBIX
CJIy4aliHbIX BEJIMYWH, QYHKUIHUS U MJIOTHOCTH paclpeneseH!s MHOTOMEPHOH ciyyaii-
HOM BEJIMYMHBI, 3aBUCUMBIE U HE3aBUCHMBIEC CIIyYaWHbIE BEJIWYWHBI, YHCIIOBBIC Xa-
PAKTEPUCTUKHU HEMPEPBIBHBIX MHOTOMEPHBIX CIyYalHBIX BEJIUYHH, ABYMEPHOE HOP-
MaJIbHOE pacIpenesieHue, IPEAEIbHbBIE TEOPEMBI TEOPUH BEPOSTHOCTEN.

7.1 Teoperndyeckuii MaTEepUAJI MO TeMe MPAKTHYECKOT0 3aHATHS
7.1.1 HenpepbIBHbIe MHOTOMEPHbIE CJIyYaiiHbIe BeJUYUHbBI

OyHKIMA paclpeneseHus, pacCMOTPEHHAsA Ha IPEAbIAyLIEM MPAKTHYECKOM
3aHATUH, CYILIECTBYET JJIs TFOOBIX MHOTOMEPHBIX CIIyYalHbIX BEJIUYUH, KaK JJIs JUC-
KPETHBIX, TaK U HeNpepbIBHBIX. OnpezeneHus U cBOMCTBA (GYHKIMU paclpeesIeHUs
JUCKPETHBIX CIydyalHBbIX BEJIMYMH OYyAYT CIIpaBEAJIUBBI JJi1 HENPEPHIBHBIX ClIy4ail-
HbIX Benn4rH. Ha mpakTuke yarne BCero BCTPEYarOTCs MHOTOMEPHBIE HENPEPBIBHBIE
CIy4YalHbIE BEJIIMYMHBL. J[anum orpenenceHrne AByMEPHOM HENPEPBIBHOW CIIy4anlHON
Benuunssl (&;77).
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Omnpeneaenune 7.1.1.1 CnyuyaiiHas BeauyuMHA (§;n) Ha3bIBaeTC aOCOJIFOTHO
HEMpepbIBHOM, ecnu e€ @yukyus pacnpeodenenus F(x,y) abCOIOTHO HENpEpHIBHA,
TO €CTh CYyIIECTBYeT HekoTopas GyHKIus f(x,)), Ha3bIBaeMasi nIOMHOCMbIO pac-
npeoenenus 6eposimHocmel, Takas, 4To

F(x,y)= jdxjf(x,y) dy, V(x,y)eR’. (7.1.1.1)

—00 —00

Tak kax Qynkuusa pacnpenenenust F(x,y) sBIsSeTCsS HEyObIBAIOLICH MO Kax-

JIOMY apryMEHTY U HEIpPEepPbIBHOM, TO IJIOTHOCTh paclpe/iesieHus BEpOsITHOCTEN 00-
JafaeT CIeAYIOINMMHI CBOMCTBAMU:

1) f(x,)20;
2) BO BceX Toukax (x;y), 3a HCKIIOYEHHEM, OBITh MOXET, KOHEYHOIO WU
CUYETHOTO MHOXECTBA TOUEK, CYIIECTBYET
3)
O’F o
8x8y OxOy

( j dx j f(x,y) dyj £(x,y). (7.1.1.2)

N3 dopmyn (7.1.1.1) u (7.1.1.2) cneayer, 4To IUIOTHOCTh BEPOSTHOCTU M
(GyHKUHMS pacnpeneseHuss OJHO3HAYHO BBIPAXKAIOTCS OJIHA Yepe3 JIpYyryro. ITO O3Ha-
YaeT, YTO MIIOTHOCTh pachpeiesieHus: BepoaTHocTeN f(x,)) Tak ke, Kak U QyHKIUS

pacnpenenenus F(x,y), TOJIHOCTbIO OMNPENEIIeT HENPEPHIBHYIO CIyYallHYIO BEJU-
yuHy (&, 7). C reoMeTpuyecKol TOYKHU 3pEHUs, IHNIOTHOCTh PACIPEACICHUS BEPOST-
O°F(x,y)
oxoy
HOCTH TIOTIaIaHusl CiTydaitHo# BeauuuHbl (£, 77) B MPSAMOYTOJIBHUK CO CTOPOHAMH L X

Hocreir f(x,y)= MOJKHO paccMaTpuBaTh KaK MPeaesl OTHOIICHUS BEPOST-

u Uy K IUIOIaJgn 9TOTO MPsAMOYTOJIbHUKA, KOT'da 00e CTOPOHBL 3TOT'O MPAMOYTOJIb-
HHKa CTPEMATCA K HYJIIO!

5 P Ax)- A
== OF _ppy PAr<e<er &) < <yv )05
ox0y ﬁ;:g AxAy

Chopmynupyem xapakTEpUCTHUYECKHME CBOMCTBA IUIOTHOCTH pacmpeeieHus
HEIMPEPHIBHON ABYMEPHOU ClIy4yailHOW BelUuuHbl (&, 17) :

D f(x,y)20;

+00 +00

2) J jf(x,y)dxdyzl.

—00 —00
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JlanguMm omnpeneneHne IOTHOCTA BEPOSITHOCTH 71-MEPHOM CITy4allHOM BEJINYH-
HBI.

Onpeneaenune 7.1.1.2 [IOTHOCTBIO pacnpenesieHUs] BEPOSITHOCTEN n-MEPHOM
CIIy4YalHOW BEJMYUHBI (51,52,...,5,1) Ha3bIBAETCA MpE/esl OTHOLIECHUSI BEPOSTHOCTHU

MOTaIaHNs ITOW CIyYalHOW BETUYMHBI B OECKOHEUHO MaIyl0 00JacTh 7-MEPHOTO
MPOCTPAHCTBA K MEPE ATOM 00JIACTH MPU CTATHBAHUHU B TOUKY

P((x, <& <x +Ax)-...o(x, <& <x, +Ax,))
Ax;—0 A.Xl : Axn

i=l;n

f(x,x,,....,x,)=lim . (7.1.1.4)

O6a  xapaKkTepUCTUYECKUX CBOMCTBA IUIOTHOCTU BEPOSITHOCTH, YKA3aHHBIX
BBILIE JJI1 IBYMEPHOM CIIyYallHOW BEJIMYMHBI, CIIPABEIJIMBBI U ISl N-MEPHOU CIIy-
YaliHOW BEJIMYMHBI:

1) f(x,x,,.05%,)20;

2) J...If(xl,xz,...,xn)dxl dx,..dx =1.

-0 —©
ITycte (&,717) — HenpepbiBHAs cllydaiiHas BEJIMYMHA, TO €CTh TakKas BEJIUYMHA,
GyHKUMS pacrpeiesieHns] KOTOPOH Mpe/icTaBUMa 4epe3 IUIOTHOCTh paclpeesieHUs

X y
BeposTHOCTeH: F(x,)) = j dxj f(x,y)dy. Ecaun onuH 13 apryMEeHTOB CTPEMHUTCS K

—o0 —o0
3HAUYCHUIO +00, a JPYroll OCTaércs TMepeMEHHBIM, TO (YHKIMS pacrpeaciiCHUs
F(x,y) cranoButcst GyHKIIMEH paclpeeieHIsT OJJHOMEPHON CIIy9ailHOW BETUINHBI,

COOTBETCTBYIOIIEH IPYroMy apryMeHTY:

F(x)=F(x,+0) = ylirg)F(x,y) = ]C- def(x,y) dy . (7.1.1.5)
F(y)=F(+0.y)=lm F(ry)= [dy [ fxy)de.  (7.1.16)

Huddepentmpys GyHKIUH pacrpeae/ieHus COCTABIAIOMNX & W 77 -CITydaitHO#M
BenuuuHbl (£, 77) TIO COOTBETCTBYIOIIMM IEPEMEHHBIM X W ), COTJIACHO TPaBHITY

auddepeHIUpPOBaHMsI ONPEIEIEHHOIO HHTETpala ¢ IEPEMEHHBIM BEPXHUM MPEACIOM
UHTETPUPOBAHUS, MTOTydaeM (POPMYJIbI I BHIYMCICHUS INIOTHOCTEH BEpOSTHOCTEH:

S0 =F) = [ f(x,y) dy; (7.1.1.7)
L =F= [ f(xy)dr. (7.1.1.8)
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Takum 00pazoM, 4TOOBI HAMTH TJIIOTHOCTH pACIpeAesieHUus] OJTHOM M3 COCTaB-
JSOIIEH JABYMEPHOM CIy4alHOW BEJIMYMHBI, HEOOXOJUMO MPOUHTETPUPOBATH HX
COBMECTHYIO IIJIOTHOCTh paclipe/iesieHus BepoaTHOCTEN f(x,)y) B OECKOHEUHBIX Ipe-

JIeJIax M0 apryMEHTY, COOTBETCTBYIOIIEMY JIPYTOM COCTABIISIOMICH.

[lycts F(x,,X,,...,X,) — OYHKIHS pacpeieTeHus n-MEPHOU CITyJaiiHOMN BeJH-
YUHbl. BbIIEIUM U3 n-MEPHOU CIIy4allHOM BEJIVYUHBI (51,52, ..&,) k-MepHyIO ciry-
JalHYI0 BEIIMUYUHY (51,52, ...,fk). Tornma dyHKIUS pacnpeiesIeHUs] BbIICICHHOU CITy-
YallHOM BEJIMYUHBI (51,52, ...,(;‘k) ompenensiercss mo  popmyne  F(x,x,,...,X,) =
= F(x;%5,...,X;,+%0, ...,4+0) . [InoTHOCTH pacnpeneneHus: k-MepHyIO CIIydailHOH Be-
JIMYUHBI (51,52, ...,fk) , BBIJICJICHHOW U3 71-MEPHOM CIIyYalHOMW BEJIMYMHBI, ITOJTyYaCTCs

B pe3yibTaTe MHTErPUPOBAHUS IJIOTHOCTU 7-MEPHOW CIy4alHOW BEJIIMYUHBI TIO
ocTtaBIMMCS (n — k) MepeMeHHbIM

—+00

+00
f (x5, 00%,) = jj f(x,%,,.0x,) dx,, dx,,, ...dx, .

—00 —0

B wactHOCTH, QYHKIIUS pacHpenecHUs U TUIOTHOCTh PaCIpEACIICHHUs BEPOST-
HOCTEH cocTaBisitoield & n-MEpHOH « CITydailHOW BETHMYHHBI (§1,§2, s C ...,§n)

HaxoJATCs 1Mo hopmysam:

F (xi) = F(+oo,+oo, X, ...,+oo) ;

1

£ =[] £y, ) d dx, Lt d,, .., .

—00 —00

VYcnoBHbIE pacnpe/ieNICHUs] COCTABIAIONIMX MHOTOMEPHBIX CIIy4alHBIX BeEJU-
YUH, 3aBUCHUMbIC U HE3aBUCHMbBIC CIIyYalHbIC BEJIMUMHBI, a TAKKE UYMCIOBBIEC Xapak-
TEPUCTUKYA MHOTOMEPHBIX CIIyYallHbIX BEJIMYUH PACCMOTPUM Ha MIPUMEPE IBYMEPHOU
ciydaiiHoii Benmaunsl (£;77).

Onpenenenne 7.1.1.3 Vciosnvim pacnpedenenuem COCTaBISIONICH & Hepe-
PBIBHOM ClydyallHOM BETUYHHBI (Zj;?]) HA3bIBAETCA pacHpe/ielieHue, BhIUUCIsIEeMOe
IIPU YCJIOBHUH, YTO COCTABIISAIONIAS 7] MPUHSIA ONpEIesIEHHOE 3HaYEHUE.

VYcnoBHBIE pacnpeneneHuss XapaKTEPU3yIOT B3aUMOCBI3A MEXIY COCTaBJISIO-
muMu & U 7] CAy4aiiHON BEIMYUHEI (5; 77).

VCoBHBIE pactpeieieHus COCTABISIONMX & M 7] HEMPEPBIBHOM CiIydaifHOM
BEITNYUHBI (5; 77) MOTYT OBITh 3aJaHbl YCIOBHBIMH (DYHKIIMSIMU paCTpEIeICHUS

F(x |y) u F(y |x) , WIHM YCIIOBHBIMH IJIOTHOCTSIMH f(x |y) u f(y |x)
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[ Feeyde [ £eoy)ds

F == = . 7.1.1.9

(X|y) f‘z(y) Tf(x’y) dx ( )
[reemdy [ 1y dy

F == === ) 7.1.1.10

- 19 +ff(x,y) dy ( )

—00

Nuddepenmpys dynkuuu F (x| y) u F ( y|x) 10 MEPEMEHHBIM X U ), CO-

OTBETCTBEHHO TIOiy4YaeM (HOpPMYJIbI JIJIsi BEIYMCICHHUS YCIOBHBIX TIJIOTHOCTEH pacrpe-
JI€JIEHNs] BEPOSATHOCTEN COCTABIAIONMX & U 7] CIIyYalHON BETMYHMHB (f; 77):

OF (x|y)  f(x,)

= = . 7.1.1.11
Sxly)=— o) ( )
_OF(y]x) ey
f(v|x)= T (7.1.1.12)
Ucnonsiyst popmynsl (7.1.1.11) u (7.1.1.12), MmoxHO 3anucarh, 4TO
f(x,y)=f1(x)-f(y|x)=f2(y)-f(x|y). (7.1.1.13)

Onpenenenune 7.1.1.4 Ilycte F(x, y) — GyHKIUSA pacnpeaencHusi HEMpepbIB-
HOW CITy9aifHON BEJTMIHHBI (5; 77), a F(x) u F,(y) — mapruHaibHbie QyHKIIUH pac-

npeaeneHus €€ COCTaBIAIOMMX. ['0BOpAT, YTO IBE CilydaiiHble BEJIMYHMHBI, COCTABIISA-
fomue & U 77, HE3aBUCHUMBI, €CITH TS BeeX (x, ) € Q ¢y CHPABEIINBO PAaBEHCTBO

F(x,y)=F(x)-F(). (7.1.1.14)
Teopema 7.1.1.1 Eciu CB (cf; 77) — HENPEPHIBHAS, TO PAaBEHCTBO
fx,y)=fi(x)- £,(») (7.1.1.15)

ABJACTCS HCO6XOI[I/IMI>IM 1 10CTAaTOYHBLIM YCJIOBHEM HEC3aBUCHUMOCTH CB (,Z urn.

PaccmoTpuM 4KCIIOBBIE XapAKTEPUCTUKHA IBYMEPHBIX CIIyYalHbBIX BEJIMYMH.
OCHOBHBIMHM XapaKTEPUCTHKAMU, ONMCHIBAIOIIMMHU LIEHTP paclpeiesieHus He-

IPEPHIBHOM CITy4allHOUN BEIMYHUHbI (Zj; 77) , SIBJISIFOTCSI MaTEMATUYECKUE OKUIAHUSI CO-
CTaBJISIIOILUX, ONpeAeieMble M0 GopMyIam:
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~+00 +00

jxf(x)dx_ j jxf(x y)dxdy (7.1.1.16)

—00 —00

+00 +00

m, = jyfz(y)dy Hyf(x y)dxdy . (7.1.1.17)

—00 —00

Maremarrdeckne OXUIaHUS m, U M, ONPEACISIOT KOOPIWHATHI LICHTPA pac-

g
MMpCACICHMA. KpOMe 9TUX OCHOBHBIX XapPAaKTCPUCTUK, LHCHTP PACIIPCACIICHUA XapaK-
TEPUIYCTCA MOJaMU U MCIHaHaAMMU.

PaccenBanue COCTaBISAIOMIMX CIIy4ailHOM BEJIMYUHBI (5;77) onpenensercs

JUCTIEPCUSIMU, KOTOpPBIE onpeestorcs mo ¢opmyinam (6.1.10) u (6.1.11).
Ucnonesys popmynsl (7.1.1.16) u (7.1.1.17), umeem:

+00 +00

DE)= [ [ (x=m,) f(x,y)dxdy = jxf(x)dx m’ (7.1.1.18)

—00 —00

+00 100

D)= | [r=m,) f(x,y)dxdy = Jyﬁ(y)dy m. (7.1.1.19)

—00 —00

[TostokuTENbHBIC KBaJpPAaTHBIE KOPHH W3 JUCIEPCHI COCTABISAIOIMNX & U 7]
Ha3bIBAIOTCS CPEOHUMU KEAOPAMUUECKUMU OMKIOHEHUSMU COCTaBISIIONMX & © 7]

WM CTaHAapTamMu: o, =+/D(&) , o, =D(1) .

OCHOBHOI XapaKTEPUCTUKOM, KOTOpas ONMCBHIBAET CBA3b MEXKIY COCTaBIIAIO-
UMK & B 7] CIydaiiHO# BemmauHbl (&;177), SBISCICS Kosapuayus, KOTOPask TAKKe
HA3bIBACTCS KOPPENAYUOHHBIM MOMEHMOM U MOMeHnom cesasu K., 1 onpenenser-
cst o popmyute (6.1.4).

JlJis HenmpephIBHOW CIIy4aiiHON BEJIMYUHBI Pacu€THYIO0 (popMyry AJjis KOoBapHua-
LMY MO>KHO 3alKcaTh B BUIE

K, = j J‘(x—mg)(y—mn)f(x,y)dxdyz j Ixyf(x,y)dxdy—mé-mn.(7.1.1.20)

Koaddunment koppensiuu onpeaensercs mo dhopmyie (6.1.16).
VCIIoBHBIE paclpeneicHus COCTABISIOMMX & W 7] CIy4allHOW BEIMYHHBL

(5 ; 77) XapaKTCPU3YIOTCA YCIOBHBIMHU YHCJIOBBIMHU XapaKTCPUCTHKAMH, YCIOBHBIMU

MAaTEMATUYECKUMHU OKUIAHUAMU U JUCTIEPCUSIMU dTUX COCTABIISIOLIUX.
Venosnoe mamemamuueckoe odxcudanue COCTaBIsONCH & MPH YCIOBUH, YTO

HEIIPEpBIBHAs ClydaiHas BEIMYMHA 7] NPHUHsSIA ONPEACIEHHOE 3HAYEHUE ), HAXO-
JIUTCS 110 opMyJie
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~+00

m., =M (&n=y)= jxf(x|y)dx. (7.1.1.21)

—00

AHQJIOTUYHO OIPECISETCA YCI08HOE MAmMeMamuyeckoe 0XCudaHue COCTaB-
JISIIOIIEH 7] :

m, =M (n|é=x)=[yf(y|x)dy. (7.1.1.22)

Venosnas oucnepcust cocmaensiioweil & TIpy yCIOBUH, YTO HEMPEPBIBHAS CITY-
yaiiHasi BENUYMHA 7] TPUHsIIA ONpeesIEHHOE 3HaUYEHUE V' , HAXOIUTCA 10 hopmyIie

+00

o2, =D(en=y)=[(x-m,) f(x|y)dr.  (7.1.123)

—00

AHAaOTUYHO ONPEACHACTCS YCI06HAs OUChepCuUsi cocmasaaouen 1

+00

6%, =D(nj¢=x)=[(x=m,.) f(y|x)dy.  (7.1.124)

—0

N3 pacnpenenennii IByMEPHOW CIIyYalHOW BEJIMYUHBI (5;77) paccCMOTpUM

HOpMaJIbHOE pacrpe/esieHrne, KOTOpoe HanboJee 9acTo MPUMEHSETCS Ha MPaKTHKE.
Ciydaiinas Benmauna (&;7) NMeeT HOPMAIbHOE PACTIPEICIICHUE, ECITH e€ TIOTHOCTh

BCPOATHOCTH UMCCT BU]L

L[ (edem) (o)

+

() R

1 2
f(x,y)= e :
270 0,41~ P’

s> M, — MAaTEMaTU4ECKHE OKHIAHHS COCTABIAONIMX & U 71 C,, O, — HX
CpeIHHUE KBaJIpaTUYECKUE OTKIOHEHUS; L — KO3((OULIUEHT KOPPENISIUU MEXIY CO-
CTaBJIAIOILIHMU.

Ecnu cnyuaiinas BenmumHa (&;77) MMeeT HOPMAIbHOE PACIpPEACICHHUE, TO

(7.1.1.25)

rae m

pacrpeneseHne e€ COCTaBISIONMX & U 7] SBISIOTCS TOXE HOPMAIbHBIME pacipesie-

()’ (y-m,)’

1 2¢7§ 202
——©¢ R _—
oN27 1) o, N2

JeHUAMU: f (x) = e 7
n
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BepositTHOCTE mOnaganus Ciayd4aliHOW TOYKH, PACIpPEAEIEHHON IO HOPMAJIbHO-
My 3aKOHY, B MPAMOYroibHUK G = {(x, y)|a <ELSPAOLSHL 7/} C ocsMHU, Tapal-

JICJIbHBIMU T'JIaBHBIM OCSAM PpAaCCCHUBAHUA, BBIPAKACTCA (I)OpMYHOP'I

p—m, a—m;

_® DAt I it

O -0
o

g n O-n

P((¢é,7)cG)=| @ (7.1.1.26)

o

¢ o

BeposTHOCTE ONIaIaHus CIIy4YalHOW TOYKH, PACIpPEICIEHHON IO HOPMaJbHO-
MY 3aKOHY, B 00;1acTh R, , OTpaHMYEHHYIO 3JUIAIICOM PAacCEeHBaHUs, paBHA
P((&n)cG)=1-¢"",
A€ n — pa3Mepbl NOIYOCEH JIUIMIICA B CPEAHEKBAAPATUYHBIX OTKJIOHEHUAX:
n=alo.=b/o,.
Ecin o, =0, =0, T0 paccenBaHHe [0 HOPMATIBHOMY 3aKOHY Ha3bIBACTCS KPY-

roBeiM. [Ipu KpyroBom HOpMajabHOM PACCEMBAHUU C LIEHTPOM pacCEUBaHUs, COBIIA-
JAIOIIMM C Ha4aJloM KOOPAMHAT, pacCTosiHMEe R OT Hayaia KOOpJAUHAT 10 CITydaiHOM
TOYKH (5 ,77) pacnpeiesieHo Mo 3aKoHY Pasest ¢ MI0THOCThIO BEPOSTHOCTEN

r ~r2/20'2
—e npu r > 0;
f(r)=40’ v (7.1.1.27)
0 npur <0,
1 (QYHKIIMEH pacrpeielieHns] BEPOATHOCTEH
_ —r2/202 > 0-
Fry=41"¢ npur 20; (7.1.1.28)
0 npur <0,

7.1.2 IlpenesibHbIE TEOPEMbI TEOPHH BEPOATHOCTEH

Teopema 7.1.2.1 (0o HepaBeHcTBe UeObimeBa). BeposTHOCTH TOTO, YTO OT-
KJIOHCHHE CITy4ailHOM BEJIMYMHBI OT €€ MaTeMaTUYECKOr0 OXKHUaHUs OyleT 1o abco-
JIOTHOM BEIMYMHE HE MEHBINE JII0O0TO MOJOKUTEIHLHOTO YHCIA &, OTPAaHUYCHA

1 2 2
CBCPXY BCIMYHUHOU O /8 .

P(¢-m|ze)<o’/e. (7.1.2.1)
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Tak kak {|§ - m| > 8} U {|§ - m| < 6‘} =(), To HepaBeHCTBO YeObIIeBa MOKHO

3amucaTh B BUJIE P(|§ - m| < 5) >1-c’/e? .

Teopema 7.1.2.2 (Uedbimena). [Iycts &,i=1,00 — nmocnemnoBareqbHOCTh He-
3aBUCUMBIX CIy4YaWHBIX BEJIMYUH, Y KOTOPHIX TUCIIEPCUU D(é) <C, ¥ Bce mMaTeMa-

tuueckue oxunanus M (&) koneunsl. Torma cpemHee apuMETHUECKOE ITHX CITy-

YalHBIX BEJIMYMH CXOAUTCA 11O BEPOATHOCTH K CPCAHEMY apI/I(I)MeTI/I‘ICCKOMy ux Ma-
TCMATHYCCKUX O)KHHaHHﬁ, TO €CTb

P li;—liM(;)q z1—D(52. (7.12.2)
n i n-io

n-&

Teopema 7.1.2.3 (Mapkoga). [lycth ciyvaiiHble BETHYHHBI <, I =1, ya0-

1 n
BJIETBOPSAIOT yCJIOBUIO —5 D ZCZ — 0 npu 3Havyenun n —> +oo. Torma npu ar0O0M
n

i=1
MOJIOKUTEIIBHOM 3HAYEHUHU £  BBINIOJHAETCS MpeesibHoe cooTHoIeHue (7.1.2.2).

CaencrBue. Ilycte He3aBUCUMBIE CIy4YalHbIE BEJIUYUHBI n=1,0 umeror

no
OJIMHAKOBBLIE MaTeEMaTHYECKUE OKuaanusa M (fi) =m s Bcex I =1,n, a qpucnepcun
YAOBJIETBOPSIOT YCIOBUIO D(g‘i) <(C. Torna cpennee apupMEeTHUIECKOE CIydaHBIX
BEJIMYMH CXOJUTCS 10 BEPOSTHOCTH K YUCIY 71 TIPU YCIOBUHU 1 —> 400

lim P lZfi—m <ef=l.
n-io

n—>0

Bropoe BaxkHoe cienctBue u3 teopembl YeOwimieBa chopmyaupyemM B BHJE
TeopeMbl bepHyIn, KoTopoe Ha3bIBae€TCs 3aKOHOM OosblIuX uucenl B cxeme bep-
HYJUIH.

Teopema 7.1.2.4 (bepuy/uin). Eciiu B KaXJI0M U3 n HE3aBUCUMBIX HCIIBITA-
HUIl BEPOSTHOCTh HACTYIUICHUSI cOObITUS A paBHA p, TO OTHOCHTENbHAs 4acTOTa

CXOOMUTCA IO BEPOATHOCTH K YUCIIY p IPH 3HAYCHHHU 71T —> 400, TO €CThb

imP| |- pl<e|=1. (7.12.3)

n—0 n

B pe3ynbTaTe nosydyaem CiIeayronyro OLEHKY

Pl 2-pl<e|21-LL (7.1.2.4)

n ne
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Teopema 7.1.2.5 (neHTpajibHasA NpeAebHasi TeopeMa WiIN Teopema Jlsamy-

HoBa). [Tycth &,1=1,00 — mociieqoBaTeIbHOCTh HE3ABUCUMBIX CIIYYaiHBIX BEJINYHH,

JJIA K&)K,Z[Oﬁ M3 KOTOPBIX CYIICCTBYCT MATCMATHYCCKOC OXXHJaHNC M(é) =m,;, 11UC-

nepcus D(af.)za.z U TPEeTUM IEHTpaJIbHbIA a0CONIOTHBIA MOMEHT M |§i—ml.|3.

14 1

[IycTh, KpOME ITOTO, BHINOJHEHO ycioBue JIsmyHoBa
n 3
2 M| —m|

lim-=L
n
2
Z O;
i=1

hm 7 =0.

Torna npu HEOTPAaHMUYEHHOM YBEIUYEHUHU 71 PACIPEACIICHUE CITy4YaillHOW BEJIMYUHBI

n
n, = Zﬁi CXOJUTCS 110 pacipeieNIeHnI0 K HOPMaJIbHOMY pacIpeielIeHHu0 ¢ MaTeMa-
i=1

n n
TueckuM oxumanuem M (n,)=> M (&) u mucnepeueit o, =Y o}, TO ecTb I
i=1 i=1

n
cnyqaﬁﬂoﬁ BCJIMYUHEI 77, = Zé IIpH 3HAYCHHUH 71 —> 00 BBINOJJHACTCA COOTHOLICHHNC
i=1

(n,-M(n,))’
20’2

y
P(n,<y)—L— L. je ™ dy. (7.1.2.5)

M, —©

7.2 IlpuMepsbl pelieHUs] THNOBBIX 32124

7.2.1 HenpepbiBHAs ciiydaiiHas BeJIMUMHA (5; 77) 3aJlaHa IUTOTHOCTBIO pacmpe-

JIEJIEHUS] BEPOATHOCTEN
fxy)=

TpeOyercsi:
1) HaliTh HEU3BECTHBIN MapaMETp d ;
2) HAWTH MapruHAJbHBIE PaCIpeIe/ICHUs COCTABISIOMUX & M 7] HEPEPHIB-

a-2x+2y)npu0<x<2;0<y<2;

0 npu 11066IX OpyeUX 3HAUEHUAX X U ).

HOU CIIyYalHOW BEJINYHHBI (5; 77);
3) yCTaHOBHTH, 3aBHCUMBI HJIM HET COCTABISIOIIUE & U 77 ;
4) HaliTH YCIOBHBIE 3aKOHBI PACIIPEICIICHNUS;
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5) BBIUMCIUTh MATEMATUUYECKUE OXKUJAHUS, JUCIIEPCUU U CPEIHEKBaJIpaTuye-
CKH€ OTKJIOHEHHSI COCTaBIIIOIINX & U 77 ;

6) HAallTH (YHKIMIO pacTHpe/ieSICHUs] HENPEPhIBHONW CIIy4yalHOW BEIWYUHBI
(&n);

7) BBIYUCIUTH BEPOSTHOCThH MOMAJAHUS CIyYalHON BEIUYMHBI (5;77) B 00-
JaCTh Gz{(§;77)|0£§£1/\1£77£2};

8) BBIYHCIIUTH KOBAPHAIIUAIO CIIyYAWHBIX BEIHMUUH & U 7] .
Pemenune. 1. [Insa onpeneneHuss HEM3BECTHOIO MAapaMeTpa a BOCHOJIb3YEMCS

+00 +00

YCJIIOBHEM HOPMHUPOBKHU j J f(x,y)dxdy=1.

—00 —00

TTf(x y)dxdy = Ija(2x+2y) dxdy = aJ.de.(2x+2y)dy aj-(ny+y )‘ dx =

a:[ 4x+4 dcx=a- (2x2+4x)‘0:a-16:1.

1 y
OTKy,Zla CIZB. CJ'ICI[OB&TCHLHO, IUNIOTHOCTDb PacCIpCACIICHUA BCPOATHOCTCH

NMeEET BUI

— (2x+2y)npu0<x<2;0<y<2;
f@00—16

0 npu 11066IX Opy2UX 3HAUEHUAX X U ).

2. Haiiném MapruHaibHbIe pacrpeaelcHAs COCTABISIONMX & U 7] HEMPEPHIB-

HOM CITy4yaiHOM BEJTMYMHBI (5; 77) o ¢hopmynam (7.1.1.7) u (7.1.1.8).
2

400 2
1 1 1

= D dy=|—Qx+2y)dy=—Qxp4+ )| =—x+—
£(x) _wa(xy)y {16” Py == (2% y)o yRRire
) (x+1)/4, 0<x<2;

TO €CTh X)=

! 0, x<0,x>2.

e 21 1 11

= V) de=|—Q2x+2y)dx=—(x>+2 = 44
() _wa(xy)x !16” p)dv=—(x yx)o yRars

A+y)/4, 0<y<2;
TO €CTb f,(x) =
0, y<0,y>2.

3. YCcTaHOBHMM, 3aBUCHMBI WJIM HET cocTaBisiontie & u 77. I[lpoBepuM paBeH-

ctBo f(x,¥) = f,(x)- £,(»).

— 2x+2y)npu0<x<2;0< y<2;
f@}0—16

0 npu 11066IX Opyeux 3HaAYeHUsAX X U ).
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+1 eCJlu0<x<2 l+ly,ecvzu0<y<2'

() f,(n)= 4 4 T T2 f(xy)

0,eczzux<0wzux>2; 0,ecru y <Quau y > 2;

Cre1oBaTeNbHO, COCTABISIONNE & U 7] SBIISIOTCS 3aBUCUMBIMU BEIUYHMHAMMU.

4. I1ns ompenesieHUsl YCIOBHBIX pachlpeneneHuil Bocnoiabzyemcs GhopMmyaaMu
(7.1.1.11) u (7.1.1.12).

+y . .
f(x| )_f(x,y)_ ) npu0<x<2;0<y<2;
AT N
? 0 npu 11066IX Opyeux 3HA4eHUsx X u ).
X+
(y| ) f(xy) 2x+yznpu03xs2;03yé2;
/(%) 0 npu 11066IX OpyeUx 3HAUeHUAX X U ).

5. MareMaTU4ecKoe OKUIaHHE CIAy4ailHON BEIMYMHBI ¢ BBIYUCIUM I10 (POp-
myine (7.1.1.16).

fo(x)dx TTxf(x V)dxdy = Ix%(4x+4)dx=j(%xz +%xjdx:

—00 —00 0

x3 x2 ’
=| — 4+ — _— —_——
[12 8)

012832:6

Jlucnepcuio cirydaiiHoN BEIMYUHEI & BhUUCIUM 110 (opmye (7.1.1.18).

¢ t o 1 31, 1 1
D)= | X’ fi(x)dx—m: = xz—(4x+4)dx—(—) = (—x3+—x2]dx——=
_[o 1 : ! 16 6 !4 4 36

8 4 2 1 1

2
(Leelof- Lo 27 e

16 12 )|, 36 3 3636
CpenHeKkBafpaTUYHOE OTKIOHCHHE CIIy4alHOW BEJMYMHBI &  PaBHO:

Ha ocHOBaHMM CUMMETpPUM IJIOTHOCTH BEPOSTHOCTEH OTHOCUTEIBHO COCTaB-
asromux & M 1 CIEMyeT, uTo
V59

m,=m.=—, D(n) = D(cf)—— :o'(g:T.
6. Haitném ¢ynkmuo paCHpeIleJIGHI/ISI 3aJJaHHOM HENIPEPBIBHOM CIIyYaliHOW BE-

mraussl (£,7) mo dopmyne (7.1.1.1): F(x,y)= jg dxj. f(x,y)dy.

—00 —o0

Ecmu x<0 wm y<0,T10 f(x,y)=0, a, cnenoBarenbHo, F(x,y)=0
Ecmu 0<x<2u0<y<2,T10
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X y X X
F(x,y)= _([dx_([% -2x+2y)dy = %_{[(ny +y° )‘Z dx = %_([(ny +y%)dx =

1

X

(wye i) = ().

16
Ecmm 0<x<2wu y>2,10
X 2 X
F(x,y)= J‘dx_([% (2x+2y) dy—%! 2xy + y° ‘ z—j(4x+4)dx—
(2x +4x)‘0 (2x +4x)

Ecnu x>2 n 0<y<2 TO

F(x,y)= J.dxj-l— (2x+2y)dy——J 2xy + y° )

0

:—I(ny+y )dx =

2%-(x2y+y2x)‘2 2%-(4y+2y2).

Ecmm x>2 u y2>2,10
2

F(x,y)= jdx!% 2x+2y)dy = EI(2xy y )‘ = —I(4x +4)dx =

0 0
2
:i.(zx2 +4x)‘ :i.(z-z2 +4-2)=1.
16 0" 16
Takum oOpa3om, QYHKIIKS paclpeaeIeHUs] CHCTEMbI HIMEET BH/T

0, x<0,y<0;
(¥y+1’x)/16, 0<x<20<y<2;
fx)=1(2x" +4x) /16, 0<x<2,y22;
(4y+2y )16, x22,0<y<2;
x22,y>2.

7. BplUHACIMM BEPOSATHOCTH IONAJAHUS CIY4aMHOM BEIMYUHBI (5;77) B 00-

JaCTh G={(§'77)|0<§<1/\1<7]<2}‘

1 2 1
P((0<&<D)-(1<n<2)) jdx!% 2x+2y)dy:%j(2xy+yz)j

0

dx =

1 ] 1
:E£(4x+4—2x—l)dx:E£(2x+3)dx:g(x2+3x)‘ = (1+3-0)=—.

0

8. BblYMCIMM KOBapHalMIO CIyYalHBIX BEIMYUH & W 7] 1O (opmylie
(7.1.1.20).
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400400 2 2
+y B X’y +xy° _L_
_L_.[Oxyf(x y)dxdy —m.m —”xy 3 dxdy———.([ .([ 36
2 2.2 3 3 2
_Lp( ¥y, w0 dx__:_j(zz 8Xde_L:l o 4 159
8ol 2 3 ), 36 3 36 8 3 2 ), 36 36

7.2.2 CKOIBKO HEOOXOAMMO MPOBEPUTH MPOIITAMIIOBAHBIX OJIAHKOB, YTOOBI C
BEPOSTHOCTHIO, HE MeHbIIeH 0,9, MOXKHO ObLIO YTBEpKIaTh, UTO aOCOIIOTHAS BEIU-
YUHA OTKJIOHCHHUS YacTOTHI TPOIITAMIIOBAaHBIX OJJAHKOB OT BEPOSITHOCTH OJIaHKa
OBITH MPOIITAMITIOBaHbIM, paBHOM 0,8, He mpeBbicuT 0,017

Pemenue. B coorBeTcTBUM ¢ HEpaBeHCTBOM (7.1.2.4) npu U3BECTHBIX 3HAYEHU-

IX p, ¢ W & 4YUCIO n BBIOMpAETCS TAaKUM, YTO Pa3HOCTh |— pq/ ne’ Oymer He

. . Pq
MEHbIIEN 3a1aHH0M BepositHOcTH 0,9, TO ecTh 1 - pg / ne’ 20,9 wm n>——,

0,l¢
Ilpu p=0,8, ¢=0,2 u ¢=0,01, monyuaem
2 0,8-0,22: 0,16 ~16000.
0,1-(0,01)" 0,00001

TO €CTh HAUMEHBIIEE YUCIIO OJAHKOB, KOTOPBIE CIEAYET NpoBepuTh, paBHO 16000.

7.3 3anaHus QUi pellleHUs] HA MPAKTUYeCKOM 3aHATHH

7.3.1 HenpepbiBHAst [ByMepHas cllydaiiHasl BeJIMUYUHA (§;n) 3aJlaHa TJIOTHO-
CTBIO pacnpeesieHrs BEPOSATHOCTEN

a-2x+3y)nmpu0<x<3;0<y<4;
f(x,y)=

0 npu 11066IX OpyeUX 3HAUEHUSAX X U ).
Haiitn Heu3BecTHbIN mapameTp a . OnpenenuTs MapruHajibHbBIE pacrnpeelie-
HHSI COCTABIIIOIINX & M 7] HENPEPHIBHOM CITydalHOW BETMYHHBI (§;n). YcraHo-

BUTb, 3aBUCHMOCTh COCTABJSIFONIMX & ¥ 77 . 3amucarh YCIOBHBIC 3aKOHBI pacrpejie-
JICHUSL.
7.3.2 HenipepbiBHasi AByMEpHas cilydyaiiHas BeJIWYMHA (5;77) 3a7laHa TJI0THO-

CTBIO pacIpeieTICHIs BEpOSTHOCTEH
24-x-ynpu0<x<1;0< y<1;
fx,y)= {

0 npu 106wIX Opyeux 3HaA4eHUsX X U .
Haiitn ¢pyHKuuio pacnpenenenns HepepbIBHOM CilydaiiHON BETHMUHHBI (5; 77).
BpruncinTe BEPOSTHOCTH TOMAJAHUS CIYYAaWHOU BEJIMYHMHBI (f ; 77) B 00JacTh

-

}. Paccuutath MaTemMaTHYCCKHE OXuaa-
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HUSI, JMCIEPCHM W CPEIHEKBAJApATHYECKUE OTKIOHEHHS COCTABISIOIUX & W 77.
OmnpenenTh 3HaYeHHE KOBApHAIIUU CIYYalHBIX BEJIMYHH & | 7] .

7.3.3 [Ipon3BoauTCS TPU HE3aBUCHUMBIX BBICTpENa MO IEIU, KOTOpas Mpea-
CTaBJISIET COOOM MPSIMOYTONBHUK CO CTOpOHaMH a =2 km U b =15 km . Llentp paccen-
BaHHWs COBIMAJaeT C HAYyaJlloM KoopauHaT. PaccenBaHme XapakTepu3yeTcs CpeaHe-
KBa/[PATUYECKUMH OTKJIOHEHUAMH O, =4xm u o, =9 km. CuCTEeMaTHIECKHE OT-

KJIOHEHUS OTCYTCTYIOT. OnpeennTh BEPOSITHOCTD IBYX MOIAJaHUI B LETb.

7.3.4 U3znenvie sBIsETCS U3/IEIUEM NIEPBOTO COPTA, €CIU OTKIOHEHUS €ro pas-
MEpPOB OT HOMHMHAJIA HE IPEBOCXOAT IO a0COJIFOTHON BEJIMUYNHE COOTBETCTBEHHO 4,6
u 2,5 Mm. City4aiiHble OTKJIIOHEHUSI & M 7] pa3MepoB HM3/EJUs OT CTaHapTa He3aBH-
CUMBI ¥ IOAYMHSAIOTCS HOPMAJIbHOMY 3aKOHY CO CPEIHEKBAAPATUYHBIMU OTKJIOHEHU-
sIMH O, =3mm U 0, =2 um . CHCTeMAaTHYECKUE OTKIOHCHUS OTCYTCTBYIOT. HaiTu

BEPOSITHOCTh TOTO, YTO CPEAM OTOOPAHHBIX TPEX U3ACNIUNA XOTSI Obl OJTHO M3JENHe
MEepPBOTO COpTa.
7.3.5 Cucrema JIByX CIIy4allHBIX BEJIMYUH (5,77) MOJYMHEHa HOPMAJIbHOMY 3a-

KOHY paclpelesieHus, TIpU4E€M paccerBaHue sBisSeTca KpyroBbiM. Halitm panmyc
Kpyra, LEHTP KOTOPOro COBHAAAET C LIEHTPOM PACCEMBAHMS U BEPOSATHOCTH IOIA1a-
HUS B KOTOpBIN paBHa 0,5.

7.3.6 Llenb, mo KOTOpOM BEACTCS CTpenbda, mpeacTaBiseT coboil poMO ¢ aua-
roHassimu 20 u 4 metpa. [lo nenu mpou3BOAMUTCS YEThIPE OJAMHOYHBIX BBICTPEIA,
npuyéM MpUlleIMBaHuEe BEAETCS MO IIEHTPY poMOa. ['1aBHbIE OCH pacCEMBaHUS COB-
najaloT C JAuaroHanssMu pomba. Jlucnepcun OTKIOHEHUH paBHbL: D(&)=25 u

D(&)=36. Cucremaruyeckue OMMOKHA OTCYTCTBYIOT. UTOOBI MOPA3UTh 1€, TOCTA-
TOYHO JIBYX Tonajganuii. HaliTu BeposSTHOCTh TOT0, UTO IeJIh OyeT MopakeHa.

7.3.7 CucteMa IBYyX HE3aBHUCUMBIX CIyYalHbBIX BEIUYUH (5; 77) MOJTYMHEHA
HOPMAJIbHOMY 3aKOHY paclpelelieHus ¢ mapamerpamu m, =8, m, =5, D(&)=4,
D(n)=9. HanucaTth BbIpakeHHE ISl TJIOTHOCTH PaCHpEAeiICHUs BEPOSITHOCTEN U

GyHKUIMH pacipeiesieHus.
7.3.8 Onpenenuts BEPOSITHOCTh IOMNAJaHUA MPU OJHOM BBICTpENE B MPSIMO-
YTOJIBHHUK CO CTOPOHaMU a =4 m U b =3 m, mapaJuIEIbHBIMA OCSIM PaCcCEeUBaHus, €C-

JIM TOYKA PAaCCEMBAHUs COBMA/IAET C LIEHTPOM MPSAMOYTOJIbHUKA, a CPETHEKBAAPATHY-
HBIC OTKJIOHEHUs paBHbl 0, =0,5m, 0, =1 M.
7.3.9 Cucrema AByX CIIy4alHBIX BEJIIMYHH (f; 77) MOAYMHSETCS HOPMaJIbHOMY

3aKOHY paclpeAesieHUsl C IJIOTHOCTHIO PACIIPEIEIIEHUs BEPOSTHOCTEN
(xz>2+<x4)2]

50 32

f(x,y)=a-e [
Hatitn mapamerp «. Omnpenenuth BEPOSTHOCTh COBMECTHOTO BBITOJTHCHUS
JIBYX HepaBeHCTB: —2< & <2, 1<n<3,
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7.3.10 Cuctema JIByX HE3aBHUCUMBIX CIIyYalHBIX BEJIWYUH (§;n) MOJYMHEHA
HOPMaJIBHOMY 3aKOHY pacmpefeleHus ¢ mapamerpamu m,. =4, m, =9, D(5)=9,
D(n7)=25. Onpenenuts BEPOATHOCTH MONAJaHMs CIydaHON Touku (¢&; 77) B Ips-

MOYTOJIBHUK, IEHTP KOTOPOr0 COBMAJAET C HayaJlOM KOOPAHMHAT, & CTOPOHBI Hapall-
JIeJbHBI KOOPJAMHATHBIM OCSIM U PaBHbI 3 ¥ 7 B HAIIPaBJIEHUHU 3TUX OCEH.

7.3.11 1o xpyroBoil MHUILIEHH TPOU3BOAMUTCS YETHIPE HE3ABUCUMBIX BBICTpEIIA.
Paanyc muimienu paBen 15 cm. IlpunenuBanue Ben€rcs 1no ueHTpy muiieHu. Cucre-
MAaTHUYECKHE OIIMOKU OTCYTCTBYIOT. PaccemBaHue KpyroBoe C BEpOSITHOCTHBIM OT-
kJoHeHueM 3 cM. HailTu BeposSITHOCTH TOTO, 4TO B MHIIEHH Oyner He Oosee IBYX
poOOUH.

7.3.12 BeposAITHOCTb HACTYIUUICHUS HEKOTOPOTO COOBITHA B KaxjaoM u3 2000
ucneiTannil paBHa 0,3. Mcnonb3ys HepaBeHCTBO YeObllieBa, OLIEHUTh BEPOSITHOCTD
TOTO, YTO OTKJIOHEHHE YMCJIa HACTYIUICHUI JAHHOTO COOBITHS OT MaTeMaTUYeCKOTO
oxxuganus Oynet 6osee 80.

7.3.13 UzBectHO, uTto 80 % BCEil MpOAYKIMHU, TPOU3BOJUMON MPEAPUATUEM,
SABJISIETCA U3AEJNEM BbIcHIero copra. Onpenenutb BEPOSITHOCTh TOTO, YTO YHUCIIO U3-
nenuit Beimiero copra cpeAan 90000 U3roToBICHHBIX OyIE€T OTINYATHCS OT MaTEMaTH-
YeCcKOro oxkujianus He 6osee gyem 900 mryxk.

7.3.14 BeposATHOCTh HACTYILJICHUS COOBITHS B KaXKIIOM OTJIEIHHO B3ATOM HC-
neiTanuud paBHa 0,4. [lonb3ysack HepaBeHCTBOM YeObIleBa, OLIEHUTh BEPOSITHOCTh
TOIO, YTO YMCIIO & MOSIBICHHUN COOBITHS OyAeT 3aKaroueHo B mpeaenax ot 30 go 70,
eciu Oynet npoussesieHo 100 He3aBUCUMBIX UCTIBITAHUM.

7.3.15 Iucnepcus kaxnon u3 3000 HE3aBUCUMBIX CIIyYalHBIX BEJIMYMH PAaBHA
15. OneHuTh BEpOSITHOCTh TOTO, YTO OTKJIOHCHHE CpeHEed apru(pMETHYECKON ITHX
CIIyYalHBIX BEJIIMYMH OT CPEIHEH MATeMaTUYECKON MX MATEMATUUYECKUX OKUIAHUU
He npeBbicurt 0,2.

7.3.16 CxobKO HEOOXOAMMO MPOBEPUTDH JETaNICH, HTOOBI C BEPOSTHOCTHIO, HE
Mmenbied 0,95, MOXHO OBLIIO yTBEPKJaTh, YTO aOCOJMIOTHAS BEJIMYMHA OTKIOHECHMUS
YacCTOTHI TOAHBIX JIETaliedl OT BEPOSTHOCTH JeTajedl ObITh ToAHOHM, paBHOM 0,9, He
npesbicut 0,027

7.3.17 Ilpu KOHTPOJILHON MPOBEPKE M3TOTABIMBAEMbIX NPHUOOPOB OBLIO yCTa-
HOBJIEHO, 4TO B cpeaHeM 10 mTyk u3 100 oka3pIBaroTCs ¢ TEMU WIW HHBIMU Jedek-
taMu. OTIEHUTh BEPOATHOCTH TOTO, YTO A0Js MpubOopoB ¢ nedexramu cpeau 500 u3-
TOTOBJICHHBIX Oy/eT 1Mo aOCOJMIOTHOW BENMYHMHE OTIMYATHCS OT MATEMAaTHYECKOTO
O’KHJIaHUs dTOU 10JM He OoJiee, yeM Ha 0,04.

7.3.18 Onpenenuth HEOOXOAUMOE YHCIIO OMBITOB, KOTOPhIE HEOOXOIUMO MPO-
BECTU, YTOOBI OTKJIOHEHHWE YAaCTOThI TMOSBJIEHUS COOBITHS OT BEPOSTHOCTH €ro
HACTYIUJICHUS B OT/IETILHOM OTbITe, paBHOi 0,7, HE TPEB30ILIO MO0 aOCOIIOTHOMN BEH-
yune 0,04 ¢ BepoarHocThio 0,95.

7.3.19 OneHuTh BEPOSATHOCTH TOTO, uTO B maptuu u3 10000 uznenuit OTKIoHE-
HUE YaCTOThl OpakoBaHHBIX U3zeuid oT BeposiTHOCTH 0,03 ObITh OpakOBaHHBIM U3/E-
auem npesbicut 0,02.
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7.3.20 Ctpennba Benércs moodepénuo u3z Tpéx opyauii. BepositHocTn momana-
HUS B 1[€Jb IIPU OJIHOM BBICTpEJE U3 KaXJAO0ro OpyAusl paBHbI COOTBETCTBEHHO 0,2;
0,4 u 0,6. [Ipousseneno 600 BeicTpenoB. OUEHUTh CHU3Y BEPOATHOCTh TOT'O, YTO MPHU
ATOM YacTOTa OTJIMYAETCA OT CpEIHEH BEPOSTHOCTU MOMaJaHUsl MO aOCOIIOTHOMN Be-
JM4YMHE He 0oJtee, yeM Ha 0,04.

7.4 3anaHus i KOHTPOJHPYEMOii CaMOCTOSATEILHO padoThI

7.4.1 HenpepeiHas ciyyaiitasi Benmauna (&;77) 3a1aHa INIOTHOCTBIO pacIipe-
JIEJICHUS BEPOSITHOCTEN

f(xay):{

rae k — HOMEp BapuaHTta.
Haiitu Heu3BECTHBIN MapaMeTp a , MapruHAJIbHBIE PACIPEAEIICHUS COCTABIIA-
10muX ¢ W 7] HEMPEpbIBHON CITyYaiiHON BETHYMHBI (5; 77) , 1 YCIIOBHBIE 3aKOHBI pac-

a-(k-x+k-1)-y)npu0<x<k;0<y<k;

0 npu 1106bIX Opyeux 3HaA4eHUAX X U y,

npezieaeHus. Y CTaHOBHUTD, 3aBUCHMbI MM HET COCTaBIsIOmMe ¢ u 77 . BerumciauTs

MaTeMaTUYeCKHe OKHUJIaHUS, AUCHEPCUU U CPEIHEKBAIPATUUYECKUE OTKIOHEHUS CO-
crapstionux ¢ u 77 . Onpeaenuts QYHKIMIO pacipee/icHNus] HeMPEPhIBHOW CiTydaii-

HOU BEJIMYUHBI (5; 77). BpuuciauTh BEPOATHOCTH IONANAHUS CIyYalHOW BEJIMYUHBI
(5; 77) B 00macte G = {(5;77)|k—1£ E<k ANk-1<n< k} u koBapuanuio CB & u 77.

7.4.2 BpuucnuTh BEpOSITHOCTh XOTs Obl OHOTO MOMAaJaHusl MPU BHICTpENiax B
IIPSIMOYT'OJIBHUK CO CTOPOHAMH @ W b, MapajUlelIbHBIMH OCSIM PACCEUBAHUs, €CIU
TOYKA PACCEMBAHUS COBHAAAET C LIEHTPOM IPSAMOYTOJIBHUKA, a CPENHEKBAAPATHYHBIC
OTKJIOHCHUSI PaBHbl O, o,. CHCTEeMaTH4YECKHE MPOMAXH OTCYTCTBYIOT. 3alHCcaTh

IJIOTHOCTH PACHPEAEIEHUS] BEPOATHOCTEN ISl CIy4YaHON (5; 77) 1 €€ COCTaBIIAIO-

IHX.
7.4.2.1 a=1,b=2, o,=3,0,=5. 7.4.2.2 a=1,b=3, o,=4,0,=2.

7.4.2.3 a=1,b=4, o.=7,0,=6. 74.24 a=1,b=5, o;=2,0,=3.
7.4.2.5 a=1,b=6, o,=5,0,=4. 7.4.2.6 a=1,b=17, o,=40,=7.
7.4.2.7 a=1,b=8, o,=50,=3. 74.28 a=1,b=9, o.=l0,=4,
7.4.2.9 a=2,b=3, o,=2,0,=5. 7.4.2.10 a=2,b=5, o,=6,0,=2.
7.4.2.11 a=2,b=4, o.=6,0,=9. 74.2.12 a=2,b=06, o.=2,0,=5.
7.4.2.13 a=2,b=1, o.=1,0,=8. 7.4.2.14 a=2,b=9, o,=2,0,=2.
7.4.2.15 a=3,b=4, o,=2,0,=3. 7.4.2.16 a=3,b=5, o.=7,0,=8.
7.4.2.17 a=3,b=6, o,=2,0,=4. 7.4.2.18 a=3,b=17, o,=5,0,=2.
7.4.2.19 a=3,b=8,0.=2,0,=4. 7.4.2.20 a=3,b=9,0,=2,0,=1.
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7.4.2.21 a=4,b=35, o,=3,0,=5. 7.4.2.22 a=4,b=6, o.=2,0,=T7.
7.4.2.23 a=4,b=8,0,=5,0,=2. 7.4.2.24 a=4,b=9,0.=3,0, =8.
7.4.2.25 a=5,b=06, o,=5,0,=4. 7.4.2.26 a=5b=17, o,=4,0, =1
7.4.2.27 a=5,b=8,0,=3,0,=9. 7.4.2.28 a=5,b=9,0,=2,0,=9.
7.4.2.29 a=6,b="17, o.=3,0,=5. 7.4.2.30 a=6,b=28, o.=3,0,=4.

7.4.3 B paccMatpuBaeMOM TEXHOJOTHYECKOM Mpoliecce B cpeaHeM k % uzpe-
i uMeet gomyck =5 %. Kakoe yucio m3nenuit u3 mapTuvd n MITYK, C BEPOATHO-

CTbIO P MO>XHO TUTaHUPOBATH C A0MyckoM *5 %?
7.4.3.1 k=175,P=0,99,n=200000. 7.4.3.2 k=170, P =0,98, n=150000.

7433 k=76,P=0,97,n=100000. 7.43.4 k=74, P=0,96,n=232000.
7435  k=71,P=0,95n=234000. 7.4.3.6 k=73, P=0,94,n=254000.
7437 k=72,P=093n1n=231000. 7.4.3.8 k=78, P=0,92,n=180000.
7439  k=77,P=0,90,7=190000. 7.43.10 k=81, P=0,89, n=170000.
74311 k=85 P=0,99,n=140000. 7.43.12 k=76, P=0,88,n=245000.
74313 k=91,P=0,83,n=246000. 7.4.3.14 k=68 P=0,81,n=112000.
74315 k=67,P=0,94,n=324000. 7.43.16 k=93, P=0,69,n=451000.
74317 k=79,P=0,75,n=247000. 7.4.3.18 k=87, P=0,89,n=253000.
74319 k=86,P=0,91,n=120000. 7.43.20 k=67, P=0,89,n=290000.
74321 k=60, P=0,82,n=400000. 7.43.22 k=76,P=0,98,n=230000.
74323 k=84, P=0,84,n=284000. 7.4.3.24 k=89, P=0,93,n=187000.
74325 k=56,P=0,67,n=110000. 7.43.26 k=86, P=0,92,n=251000.
74327 k=77,P=0,88,n=222000. 7.4.3.28 k=74, P=0,91,n=140000.
74329 k=79,P=0,89,n=300000. 7.4.3.30 k=89, P=0,89,n=289000.
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HPUJIOKEHHUE A

Ta6nuna A.1 — 3nauenust pyHkuuu pacupenenenus [lyaccona

MU
P(X=m)= -

m

_.e_'u

IIpu u, pasuom 0,1;0,2; ...; 1,0

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

0,001580,00296

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

0,0000010,00000

0,00001

0,00002

0,00004

0,00007

0,00000

0,00000

0,00000

0,00001

\ooo\loxm.nwwv—os\t

0,00000

[Ipu u,paBuom 2; 3;4; ...; 11

=

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

0,13768]0,14900

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

0,00019

0,00270

0,01323

0,03627

0,06884/0,10140

0,12408

0,13176

0,12511

0,10853

0,00004

0,00081

0,00529

0,01813

0,04130,0,07098

0,09926

0,11858

0,12511

0,11938

ol = N-R N B R -\ [V R N [N TR P RN

0,00001

0,00022

0,00192

0,00824

0,022530,04517

0,07219

0,09702

0,11374

0,11938

—
[\

0,00000

0,00006

0,00064

0,00343

0,01126/0,02635

0,04813

0,07277

0,09478

0,10943

—_
(O8]

0,00001

0,00020

0,00132

0,00520/0,01419

0,02962

0,05038

0,07291

0,09259

—_
~

0,00000

0,00006

0,00047

0,002230,00709

0,01692

0,03238

0,05208

0,07275

—_
W

0,00002

0,00016

0,000890,00331

0,00903

0,01943

0,03472

0,05335

—
(o)

0,00000

0,00005

0,00033/0,00145

0,00451

0,01093

0,02170

0,03668

—_
2

0,00001

0,00012/0,00060

0,00212

0,00579

0,01276

0,02373
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H 2 3 4 5 6 7 8 9 10 11
m
18 0,00000(0,000040,000230,00094(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 0,0000110,00006{0,00026| 0,00089 | 0,00242
22 0,0000010,00002{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 GyHKIIUU
(=
IO
0 1 2 3 4 5 6 7 8 9
0,0 10,39894(0,3989210,39886(0,39876|0,398620,3984410,3982210,397970,39767|0,39733
0,1 10,39695(0,39654|0,39608(0,39559{0,39505(0,3944810,39387|0,39322(0,39253|0,39181
0,2 10,39104(0,3902410,38940(0,38853|0,3876210,38667|0,38568|0,38466(0,38361|0,38251
0,3 10,38139(0,3802310,37903(0,37780|0,376540,3752410,37391|0,37255|0,37115(0,36973
0,4 10,36827(0,36678|0,36526(0,36371(0,362130,36053]0,3588910,35723(0,35553|0,35381
0,5 10,35207(0,3502910,348490,34667|0,34482|0,342940,34105|0,33912(0,33718|0,33521
0,6 10,3332210,33121]0,32918(0,32713(0,325060,32297{0,32086|0,31874/0,31659(0,31443
0,7 10,31225(0,31006|0,30785(0,30563{0,30339(0,30114{0,298870,29659(0,29431{0,29200
0,8 10,28969(0,28737|0,28504(0,28269(0,28034|0,2779810,2756210,27324(0,27086|0,26848
0,9 10,26609(0,26369|0,26129(0,25888(0,25647(0,25406(0,251640,24923(0,24681{0,24439
1,0 (0,24197(0,2395510,23713{0,23471{0,232300,2298810,2274710,22506|0,2226510,22025
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|0,18494(0,18265|0,18037|0,17810(0,17585(0,17360
1,3 (0,17137(0,16915]0,16694{0,16474|0,16256|0,16038(0,1582210,15608|0,15395]0,15183
1,4 10,14973|0,1476410,14556(0,14350(0,14146(0,13943|0,13742|0,13542(0,13344|0,13147
1,5 10,1295210,12758|0,12566(0,12376(0,12188(0,12001{0,11816|0,11632{0,11450{0,11270
1,6 10,11092(0,10915|0,10741{0,10567{0,10396(0,10226|0,10059|0,09893(0,097280,09566
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(0,0775410,07614(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|0,0584410,05730(0,05618|0,05508

111




0 1 2 3 4 5 6 7 8 9
2,0 10,05399)0,05292(0,05186|0,050820,04980{0,04879{0,047800,04682(0,04586|0,04491
2,1 10,04398/0,04307(0,04217|0,041280,04041 |0,03955[0,03871|0,037880,03706|0,03626
2,2 10,03547(0,03470(0,0339410,03319]0,03246|0,03174[0,03103]0,03034|0,02965|0,02898
2,3 10,028330,02768(0,02705]0,02643]0,02582{0,02522]0,0246310,024060,02349|0,02294
2,4 10,02239/0,02186(0,02134|0,020830,02033]0,01984[0,01936|0,018880,01842|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{0,009610,00935]0,00909|0,00885|0,00861 |0,00837|0,00814
2,8.10,007920,00770{0,00748{0,00727|0,00707 |0,00687]0,00668 |0,00649 |0,00631|0,00613
2,9 10,0059510,0057810,0056210,00545]0,00530{0,00514]0,0049910,00485]0,004700,00457
3,0 10,00443]0,00430/0,00417]0,00405{0,003930,00381 |0,00370|0,003580,003480,00337
3,1 10,00327/0,00317/0,00307|0,00298|0,002880,0027910,00271[0,00262|0,00254|0,00246
3,2 10,002380,002310,002240,00216|0,00210{0,00203 10,001960,00190]0,00184 0,00178
3,3 10,00172]0,001670,00161]0,00156{0,00151|0,00146{0,00141]0,00136/0,001320,00127
34 10,00123]0,0011910,00115]0,00111{0,00107/0,00104|0,00100{0,000970,00094 |0,00090
3,5 10,00087/0,00084|0,00081 |0,00079{0,00076|0,00073|0,00071{0,00068|0,00066|0,00063
3,6 10,00061]0,000590,00057}0,00055{0,00053|0,00051 [0,00049|0,000470,00046 |0,00044
3,7 10,00042|0,000410,000390,00038{0,00037|0,00035|0,00034|0,000330,00031 |0,00030
3,8 10,000290,000280,000270,00026 |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]0,00016{0,00015]0,00014{0,00014
4,0 10,00013/0,00013/0,00012{0,00012/0,00011{0,00011{0,000110,00010]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|0,000050,00005|0,00005[0,00005 |0,00004 |0,00004 |0,00004
4,3 10,000040,00004 {0,00004{0,000030,00003|0,0000310,00003 |0,00003 |0,00003|0,00003
4,4 10,00002|0,00002{0,00002]0,00002|0,00002{0,00002[0,00002]0,00002]0,00002 |0,00002
4,5 10,00002{0,00002{0,00001|0,00001|0,00001|0,00001 |{0,00001 |0,00001]0,000010,00001
4,6 10,000010,00001{0,00001|0,000010,00001 {0,00001 |{0,00001}0,00001 {0,00001 |0,00001
4,7 10,00001{0,00001{0,00001 |0,00001 |0,00001 |{0,00001 |0,00000|0,00000|0,00000|0,00000
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Tabmuna A.3 — 3nauenus ¢pynkiuu Jlammaca

D(x) =

on

17[ Ieidt

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 1,11 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
1,51 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 2,72 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~ pacrpeneaeHus

B Ta6J'II/IHe MMpCaACTABJICHBI 3HAUCHUSA }(02“/ B 3aBUCMMOCTH OT YHMCJa CTCICHEH

CBO6OI[BI V U BCPOATHOCTH X

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 27,877
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
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3HaueHus ¢, , yAOBIETBOPSIOT yCIOBUIO P (t > ta’v) = I S(t,v)di=a.

Tabmuma A.5 — Pacnipenenenne CteroieHTa

3

0

a,v

B Tabnuie npeacTaBiaeHsl 3HaYCHUS KBAHTWIIEH ¢, = B 3aBUCUMOCTH OT YMCIIA

CTeTeHel CBOOObI V U BEPOSITHOCTH « .

o 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 | 381,3 | 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 | 0,584 | 0,978 | 1,638 | 2,353 | 3,182 | 4,541 | 5,841 | 10,22 | 12,94
4 0,271 0,569 | 0,941 | 1,533 | 2,132 | 2,776 | 3,747 | 4,604 | 7,173 | 8,610
5 0,267 | 0,559 | 0,920 | 1,476 | 2,015 | 2,571 | 3,365 | 5,032 | 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 | 0,549 | 0,896 | 1,415 | 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 | 2,473 | 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 | 1,699 | 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 | 1,676 | 2,009 | 2,403 | 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 | 1,990 | 2,374 | 2,639 | 3,195 | 3415
100 | 0,254 | 0,526 | 0,845 | 1,290 | 1,660 | 1,984 | 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
oo | 0,253 | 0,524 | 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 Talnuue npuBeieHbl KpUTHYCCKHUE 3HAYCHUS (KBAHTHIM) F, |, B 3aBHCH-
MOCTH OT YHCJIa CTENeHed cBOOOABI v, U v, [uid 3HaueHus o =0,05:
P(F=F,, ,)=0,05.
v, 1 2 3 4 5 6 8 12 24 o0
V2
1. ]161,45 ] 199,50 | 215,72 | 224,57 | 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 254,32
2 118,512 | 18,999 | 19,163 | 19,248 | 19,298 | 19,329 | 19,371 | 19,414 | 19,453 | 19,496
3 110,29 | 9,552 | 9,276 | 9,118 | 9,014 | 8,941 | 8,844 | 8,774 | 8,638 | 8,527
4 7,710 | 6,945 | 6,591 | 6,388 | 6,257 | 6,164 | 6,041 | 5912 | 5,774 | 5,628
5 6,607 | 5,785 | 5,410 | 5,192 | 5,050 | 4,950 | 4,818 | 4,678 | 4,527 | 4,365
6 5,987 | 5,143 | 4,756 | 4,534 | 4,388 | 4,284 | 4,147 | 4,000 | 3,841 | 3,669
7 5,591 | 4,737 | 4,347 | 4,121 | 3,972 | 3,866 | 3,725 | 3,574 | 3,410 | 3,230
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 | 4,965 | 4,103 | 3,708 | 3,478 | 3,326 | 3,217 | 3,072 | 2,913 | 2,737 | 2,538
11 | 4,844 | 3,982 | 3,587 | 3,357 | 3,204 | 3,094 | 2948 | 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 13,025 | 2915 | 2,767 | 2,604 | 2,420 | 2,207
14 | 4,600 | 3,739 | 3,344 | 3,112 | 2,958 | 2,848 | 2,699 | 2,534 | 2,349 | 2,131
15 | 4,543 | 3,683 | 3,287 | 3,056 | 2,901 | 2,790 | 2,641 | 2,475 | 2,288 | 2,066
16 | 4,494 | 3,634 | 3,239 | 3,007 | 2,853 | 2,741 | 2,591 | 2,424 | 2,235 | 2,010
17 | 4,451 | 3,592 | 3,197 | 2,965 | 2,810 | 2,699 | 2,548 | 2,381 | 2,190 | 1,961
18 | 4,414 | 3,555 | 3,160 | 2,928 | 2,773 | 2,661 | 2,510 | 2,342 | 2,150 | 1,917
19 | 4381 | 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 | 2,421 | 2,250 | 2,064 | 1,812
22 | 4,301 | 3,443 | 3,049 | 2,817 | 2,661 | 2,549 | 2,397 | 2,226 | 2,028 | 1,783
23 | 4279 | 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 | 4242 | 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 | 4210 | 3,354 | 2,961 | 2,728 | 2,572 | 2,459 | 2,305 | 2,132 | 1,930 | 1,672
28 | 4,196 | 3,340 | 2,947 | 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 | 4,171 | 3,316 | 2,922 | 2,690 | 2,534 | 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 | 1,918 | 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 | 2,996 | 2,605 | 2,372 | 2,214 | 2,098 | 1,938 | 1,752 | 1,517 | 1,000
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Tabnuna A.7 — JloBepuTeNbHbIE UHTEPBABI TSl O

P 0,99 0,98 0,95 0,90
Vi e Vi V> Vi V> 71 e

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
7 0,588 2,66 0,616 2,377 0,661 2,035 0,705 1,797
8 0,604 2,44 0,631 2,205 0,675 1,916 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 1,976 0,677 1,833 0,717 1,651 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 1,522 0,780 1,418
17 0,690 1,727 0,713 1,629 0,750 1,499 0,785 1,400
18 0,696 1,695 0,719 1,602 0,756 1,479 0,790 1,385
19 0,702 1,666 0,725 1,578 0,760 1,460 0,794 1,370
20 0,707 1,640 0,730 1,556 0,765 1,444 0,798 1,358
21 0,712 1,617 0,734 1,536 0,769 1,429 0,802 1,346
22 0,717 1,595 0,739 1,519 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 1,473 0,784 1,380 0,815 1,308
26 0,734 1,526 0,755 1,460 0,788 1,371 0,818 1,300
27 0,737 1,512 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 1,337 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 0,820 1,272 0,835 1,241 0,858 1,198 0,879 1,163
80 0,829 1,250 0,844 1,222 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 — TaGauia npon3BOAHBIX OCHOBHBIX AJIEMEHTAPHBIX (PYHKIIMH

1) | C'=0,rae C = Const; 2) | (x")=n-x"
3) | (@) =a"-Ina,tnea>0,a#l; 4) | (") =¢"
log x) = , 1
5) (log, x) x-lna 6) | (Inx)' =—,rmex>0;
rnea>0,a#1,x>0; *
7) | (sinx)’ =cosx; 8) | (cosx) =—sinx;
(tg'x) :COSZX’ (Ctgx)':_sinz ’
%) 10) =k, k ;
FI[G)C-‘#%-I—?Z’]C,]{EZ; THC X 7 72k, £ € £,
11) | (arcsinx) = ! 2,FI[€|X|<1; 12) | (arccosx) = - ! ,rne|x|<1;
v1—x V1-x*
1 1
13) | (arctgx) = 72 14) | (arcctgx) =— =
1+ x +x
15) | (shx) =chux; 16) | (chx) =shx;
1 1
17 thx) = ; 18 cthx) =——— e x #0.
) | (th) ch?x )| ( ) sh?x
Ta6nuna A.9 — Tabauiia OCHOBHBIX HEONPEACIEHHBIX HHTETPATIOB
. n+l ‘d
D | [ddx=2—+C, nz-1; 2) | [Z=mnfx+C;
n+1 _—
3) | [adx=24C,a>0, axl,x>0; |4) | [ed=e"+C;
J Ina '
5) [sinxdx =—cosx+C ; 6) [ cosxdx = sinx + C;
7) d); =tgx+C; 8) . ,d)zc =—ctgx+C;
cos” x sin” x
e dx X ¢ dx X 'z
9 =In|tg—|+C; 10 =Injtg| —+— |+ C;
) sin x g2 ) COS X g(Z 4)
dx 1 X e dx . X
11 =—arctg—+C a#0; 12 ————==arcsin—+C, |x|<|a;
) Yat+xt a ga ) “Na'l—-x° a | |
¢ d
13) 2dx 5 :Llnera +C; 14) —len‘x+\/x2ia2 +C;
‘a —-x" 2a |x—a "Vx'td?
15)| [shxdx = chx+C; 16) | [chxdx=shx+C;
17) 'df =thx+C; 18) 'df = —cthx + C,rzte x # 0.
Y chx Y shx
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