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BBEJAEHUE

AKTYyaJabHOCTh Y4eOHOU AucHUIUTUHBI «TeopHst BepoATHOCTEH M MaTeMaThdeckas CTa-
TUCTHUKa» 00YyCJIOBIEHAa HEOOXOJUMOCThIO (POPMHUPOBAHNUS Y OyAYIIUX CHELUAINCTOB OOIIEpo-
(eccnoHaNIbHBIX KOMIIETEHLUH, MPAaKTUUYECKUX YMEHMH Ha KOTOpBIX Oaszupyercs npogeccuo-
HaJIbHAS JIESITEIbHOCTh B (pr3nke. B COBpEMEHHBIX YCIOBHSX BAXKHEUIIHM 3JIEMEHTOM IOJTrO-
TOBKM OakasaBpoB B 00JacT (U3UKHU SIBIIETCS (POPMUPOBAHHE Y HUX CAMOCTOSATEIBHOCTU H
KYJIbTYpbl HAyYHOTI'O MBIIUIEHUS, CIOCOOHOCTH BECTU HAYyYHYIO U NMPO(ECCHOHANBHYIO JEATelNb-
HOCTb, HaBBIKOB [TOCTAHOBKH LIeJIeH, 3a/1a4 [IPU PELIEHUN NPOOIEMHBIX CUTYaIUi.

Lesab10 NpakTHYECKUX 3aHATHI sBIsieTCsT (OpMUPOBaHHE MPO(PECCHOHATBHBIX KOMIIE-
TeHUMI OakanaBpa o HanpasieHuto 03.03.02 dusnka, cBA3aHHBIX C OCBOEHUEM HEOOXOIUMOT0
MaTeMaTHYECKOro armnapara, ¢ IOMOIIbI0 KOTOPOro pa3padaThIBAIOTCS M UCCIEIYIOTCS TEOPETH-
YeCKHE U SKCIIEPUMEHTAJIbHbIC MOJIEIH

OcHoBHbIE 321a4¥ JMCIHUIIJIHHBI

Pa3BuTHe HaBBIKOB MAaTEMATUYECKOTO MBIIJIEHUS CTYIEHTOB.

— OByaieHue METOI0B UCCIICI0BAHUS U PELICHUS UCCIIEI0BATEIbCKUX 3a/1ay.

— BpIpaOoTka y CTy/I€HTOB YMEHHS CaMOCTOSATENIBHO PACIIUpPSTh CBOM MaTeMaTUYECKHE
3HaHMUSL.

— Pa3BuTHE HaBBIKOB MCIOJB30BAHUS MATEMaTHYECKHMX METOJOB M OCHOB MaTeMmaTHhye-
CKOT'O MOJEIIMPOBAHMSI B IPAKTUYECKOU JEATEIBHOCTH.

B pe3ynbraTte u3ydeHus TUCHMIUIMHBI y 00ydaromuxcs GOpMUPYIOTCS CIEAYIOLINE KOM-
MeTeHIUU (B COOTBETCTBUU C 00pPa30BaTEIbHBIM CTAaHAAPTOM):

N-20nk-1

UCIOJIb3YET MaTEeMaTHMYECKHUH ammapar M METOAbl MaTeMaTU4eCKOr0 W YHCIEHHOTO
MOJICJIMPOBAaHUS Il ONMCAHMs, aHalIu3a, TEOPETHUECKOTO H JKCIIEPUMEHTAIILHOTO
UCCIIeIOBaHMsI (PU3NYECKUX CHCTEM, SIBIIEHMH M TMPOIIECCOB B CBOEH MNpodeccruoHaNIbHON
JeSITEIbHOCTH.

[lenp 1aHHOrO NMpakTUKyMa — OMMCAHME MOCIEA0BATEILHOCTH, OCHOBHOTO COZAEpKaHMS,
METOJMKH BBITMOJIHEHHS MPAKTUYECKUX 3aHATUH 10 y4eOHOMY Kypcy U (MJIM) CaMOCTOSITEIbHOM

MOJTOTOBKU K HUM. 3aHATHUS IPOBOASTCS B (pOpMe MPaKTUIECKUX.



PA3JIEJI 1. JIEMEHTbBI KOMBUHATOPUKMN.

Tema 1. DiieMeHTbl KOMOMHATOPHUKH.

Kombunamopuxa — 061acth MaTeMaTHKH, U3y4aromas KOJIWYECTBO KOMOMHALINHN, TOA-
YUHEHHBIX OIPE/CICHHBIM yCIOBHUSIM, KOTOPbIE MOKHO COCTaBHUTh U3 JIIEMEHTOB 3aJJaHHOTO KO-
HEYHOT'O MHOKECTBA.

[TpeamMeTsl, U3 KOTOPBIX COCTOST COCANHEHHUS, HA3bIBAIOTCS 2J1EMEHMAMU.

MHnoscecmeom Ha3bIBAETCS COBOKYITHOCTD 3JIEMEHTOB, 00BETMHEHHBIX 110 KaKOMY-THO0
npu3HaKy. Hanpumep, MHOXECTBO CTYAEHTOB, MHOXKECTBO TOYEK M3 OKPYKHOCTH WJIM MHOXKE-
CTBO I[eﬁCTBHTeJIBHBIX qucei 1 1p.

I'pynmsbl, cocTaBieHHbIE U3 KAKUX-THOO 3JEMEHTOB M OTIMYAIOLIMECS OJIHA OT APYron
1100 CaMUMH SJIEMEHTAaMH, TUOO0 TMOPSAIKOM UX CIIEJOBAHUS HA3BIBAIOTCS COCOUHEHUAMU.

B xoMOuHaTOpuKe paccMaTpUBAIOTCA TPH THIIA COCAMHEHHUN: YUCA0 pa3ZmMeuienuil, wuc-
J10 NepPecmMano80K N YUCI0 COYeMaHU.

I. Yucio pa3mereHuni

Pazmewenuem 13 n pa3IUuHBIX IEMEHTOB MOM B KaXKIOM Ha3bIBAIOTCS TaKHe COE/IU-
HEHUS1, KOTOPBIE OTJIMYAIOTCS JAPYT OT Apyra 00 caMUMH 3JIeMEHTaMH (XOTs Obl OTHUM), THOO

HOPSAIKOM HX cliefoBanus. Yuco pasmenieHuii obo3Havaercs: AN
I

am—_ " 1) =2 (i—m+1)
(n—m)!

@axmopuan — >T0O NPOU3BEICHNE HATYpaAIBHBIX uncel oT 1 10 n. @akropuan obo3Haya-
€TCsl CUMBOJIOM «!».

Pa3memenue ¢ MoBTOPEHHEM M37M JJIIEMEHTOB IO DJIEMEHTOB MOXHO COCTABUTH HE
TOJIBKO M3 Pa3IMYHbIX JIEMEHTOB, HO U M3M KaKUX YrOJHO M, KaK YrOJIHO, IMOBTOPSIOLIUXCS
areMeHTOB. UNCIIo pa3MeleHnii ¢ TOBTOPSIFOITUMUCS DJIEMEHTaMH, HaXOATCS TI0 opMyIie:

Al = nm

Il. Yucsio nepectaHoBOK

IlepecTanoBKaMu 13 N Pa3IMYHBIX 3JIEMEHTOB HA3bIBAIOT TAKUE COEAMHEHUS, KOTOPHIE
COCTOAT U3 OJHMX M TE€X K€ M Pa3IUYHbIX 3JIEMEHTOB M OTJIMYAIOTCS TOJIBKO MOPSIKOM MX pac-
noJjoxeHus. Yucno BceX BO3MOXKHBIX MEPECTAHOBOK 0003HAYAIOTCS:

P,=n!'=1-2-3,..;)n

B koMOuHaTOpHKe, NPUHATO CUUTATh, yTO: 0! = 1.

IlepecTanoBka ¢ MOBTOPAIOIIUMUCH dJIeMeHTaMu. [IycTb, cpeau n BO3MOXKHBIX Jie-
MEHTOB UMEETCS N4 3JIEMEHTOB IEPBOTO THUIA, N, HIEMEHTOB BTOPOTO TUMA U My, SJIEMEHTOB k -
ro tumna. Toraa, YMcao nNepecTaHOBOK € TIOBTOPEHUEM OY/IET paBHO:

(ny +ny + -+ ny)!

Pnl,nz,...,nk -

nyiny! - ong!
1. Yncno coueranuii
CouyeraHueM U3 N JIEMEHTOB 0 M B KaXJIOM Ha3bIBAIOTCS TaKUE COSIMHEHUSI, KOTO-
pbIe OTJIMYAIOTCS APYT OT Jpyra Mo KpailHed Mepe OJAHUM dJieMeHTOM. Yucio coderanuit ompe-
nensieTcst mo popMmyiie:
m n!
' = m! (n —m)!
CoueTaHue ¢ MOBTOPEHHEM H3N3JIEMEHTOB 10 M, MOXET COACPXKaTh JIFOOOH 3JICMEHT
CKOJIb YTOJTHO Pa3 OT | 70 m BKIIOYMTENHHO, WU HE COAEPKATh €ro cCoBceM. UnCIo coueTaHui
C TIOBTOPEHHUEM MOKHO HaWTH 10 hopmyIie:
Fm _ cm _(n+m—1)!
moIEmEl T ol (n = 1)!



OnHoit 3 Hanbosee pacnpoCTpaHEHHBIX KOMOMHATOPHBIX (hopMyn sBIseTcs (opmyia
qucina codeTaHuid. J{ist ynpomeHus moAcYETOB 1 s T0Ka3aTenbCTBA HEKOTOPBIX YTBEPIKICHUH
y100HO MCIIOIB30BATh CIEAYIOIINE CBOWCTBA COUCTAHHIA:

1) ' = CF™ (CBOMCTBO CHMMETpPHH);

2) cmti=cm 4 ¢t (cpoiictBo ITackans);
NCI+Ch+CE+CR+ -+ CR=2m,

4 cd=cd=1;

5) Cl =n.

Jns perieHnss KOMOMHATOPHBIX 3a/1a4, KPOME OCHOBHBIX (pOpMYIT KOMOMHATOPUKH, MTOJTh-
3YIOTCS IByMsI BXKHBIMH [TPABUJIAMHE: MTPABUIIO CYMMBI M IIPABUJIA IPOU3BEICHHS.

IpaBuiio cymmbl. Eciii HeKOTOpBI 00beKT A MOKHO BBIOpaTh N crioco0amu, a 0OBEKT
B MOXHO BBIOpaTh m Croco0amu, MpU4YeM HEepBbIe U BTOPBIE CHOCOOBI HE MEPeceKaroTcsi, TO
11000i1 U3 yKa3zaHHBIX 00BeKTOB (A Wi B) MOXxHO BeIOpath (n + m) crocobamu.

IIpaBuio npousBenennsi. Eciy U3 HEKOTOPOro KOHEYHOTO MHOXKECTBA IEPBBIH 0OBEKT
A MOHO BBIOPaThNCIIOCOOaMH M TIOCIIE KaXKJOTO TAKOT'O BEIOOpA BTOPOH 00BEKT B MOYKHO BBI-
Opatb m crocobamu, To 06a 00bekTa (A ¥ B) B yKa3aHHOM IOPSJIKE MOKHO BBIOparh (n -m)
CIoco0aMH.

Tunoswie 3a0anus.
IIpumep 1. B maxmaTHOM TypHUpE OIPUHUMAIN ydacTHe 15 maxmaTucroB, IpUUeM KaxIblid u3
HUX ChIrPajl TOJBKO OJHY HApTHUIO C KaXKIbIM U3 OCTaJIbHBIX. CKOJIBKO BCEro mapTuil ObUIO ChIT-
paHo B 3TOM TypHUpe?
Pemenne: B o1HOH urpe y4acTByrOT 2 4e€lIOBEKa, CIEA0BATENbHO, HY’)KHO BBIYMCIUTD, CKOJIBKH-
MU CIIOCOOaMM MOXKHO OTOOpaTh 2-X 4enoBeK U3 15, mpu ueM MopsI0K B TaKHUX Hapax HE Ba)KEH.
Bocnonb3yemcst ¢opmynol A HaXOXKICHMsS 4YMUCIAa COYETaHUH (BBIOOPOK, OTIMYAIOIIUXCS
TOJIBKO COCTaBOM) U3 NPa3IMYHBIX AJIEMEHTOB 110 M 3JIEMEHTOB

m n!

n -_——
mk(n—m)!
ITo ycnoBuro: N=15, m=2. CnenoBareiabHO YUCIO coyeTaHuil U3 15 snemeHToB mno 2 6e3
MOBTOPEHMSI PAaBHO:

2 _ 15! _
 21(15-2)!
Ortser. 105 napruii.

IIpumep 2. B mnaccaxupckom mnoe3ne 9 BaroHoB. CKOJIBKHMH CHOCOOAMH MOKHO
paccaiuTe B Toe3ne 4 4YeloBeKa, IIpU YCIOBUHM, 4YTO BCE OHU [JOJDKHBI €XaTb B
pa3JIMYHBIX BaroHax?
Pemienne: T.k. Bce maccakupbl JODKHBI €xaTb B pPa3HbIX BaroHax, TpeOyercs
oTo0path 4 BaroHa u3 9 ¢ yderom nopsiaka (BaroHsl oTandaroTcst Ne), 3T BEIOOPKH — pa3Meltie-
HUS U3 N Pa3IMUHBIX 3JIEMEHTOB IO M 3JeMeHTOoB, rae N=9, M=4. Yucno Takux pa3zMmerieHui
HaxoJuM 1o GhopmyIie:

I I
AT — n! Al = 9!
(n—m)! (9-4)!

Otsert: 3024 cioco6amMu MOXHO paccaauTh B 1oe3ze 4 4eaoBeka.

=3024

IIpumep 3. B opranmzanuu uMeeTcs BE BaKaHCHH Ha JTOJKHOCTh COTPYAHHKA, OJTHA BaKAHCHS
Ha JIOJDKHOCTh ITOMOIIHUKA COTPYJHHMKA W JIB€ BAKAHCUU Ha JIOJDKHOCThH cekperaps. CKOIbKO
CYILIECTBYET BAPUAHTOB paclpeieNICHUs JOJKHOCTEH, €Clid UMEETCs 5 KaHIU1aTOB?

Pemenue: Tak KaKk BCEro MMEETCS 5 BakaHCHI M KaHIUIATOB TOXKE 5, TO COCTaB HE Ba)KeH, a CO-
eMHEHUs OyIyT OTJIMYATHCSA TOJBKO IO MOPSAKY PacIoyioKeHHs 3JeMeHToB. ClieZoBaTeNbHO,



JUTSL pEIIeHUs 3aja9d HEOOXO0JMMO HANTH YUCIIO MEPECTAHOBOK U3 5 DJIIEMEHTOB C MTOBTOPCHHSI-
MU

n!
P.(n,n,,.n )=
ntnb..nt
ITo ycnoButo 3anayu: n1 = 2, n2 :1, n3 = 2; n= 5, TOoraa
]
P{212)=P, (2:1:2) = — 2 =30
2,111 21

PA3JIEJI 2. TEOPUSI BEPOSITHOCTEM.

Tema 2. OcHOBHBIC IOHATHS TEOPUHU BEPOATHOCTEH

Teopusi BepoATHOCTH — 3TO MaTeMaTH4YeCKas HAayKa, M3ydarolllas 3aKOHOMEPHOCTH B
CIly4alHbIX sBJIEHUSAX. OCHOBHBIMU IOHSTHSIMHU TEOPUM BEPOSITHOCTH SIBIISIFOTCS MCHBITAaHUS
(OTIBIT), COOBITHS U BEPOSTHOCTH COOBITHIA.

HcnbiTanue (ONbIT) — 3TO OCYHIECTBIEHUE ONPEACICHHOIO KOMIUIEKCA YCIOBUN, IIPU
KOTOPBIX IPOU3BOUTCS HAOIIOACHHUE.

CoObITHEe — KaueCTBEHHBIN Pe3yJbTaT UCHBITAHUS, KOTOPbIH MOKET IIPOU3OMTH WIN HE
MPOU30UTH.

OObI4HO, COOBITHSI B TEOPUU BEPOSTHOCTH 0003HAYAIOTCS MPOMMCHBIMU OyKBaMH JIaTHH-
ckoro andasura: 4, B, C, ....

[TpuBenem mpuMeps! COOBITHIA:

A- nomajgaHue B 1enb; B- nossneHue rep6a, mpu OpocaHuu MOHETHI; C- MOSIBICHHE
OLIMOKH U3MEPEHUsI.

YT0oOB! KOJIMYECTBEHHO CPABHUTH MEX]y COOOI COOBITUS MO CTETIEHU UX BO3MOXKHOCTH,
OUYEBHJIHO, HY)KHO C Ka)JIbIM COOBITHMEM CBA3aTh OINpPEJEIEHHOE YHMCIIO0, KOTOpOoe TeM Ooiblie,
yeM 0oJiee BO3MOKHO COOBITHE, TAKOE YHCIIO HAa3bIBAETCSI BEPOSATHOCTBHIO COOBITHS.

CoObITHS, KOTOPBIE MOTYT IIPOM30MTH B pe3ylbTaTe UCHbBITAHUSA, IPUHITO KJIacCUPUIIU-
poBaTh Ha TPU BHJIA: JOCTOBEPHBIE, HEBO3MOKHBIE, CITyJaiHbIE.

JlocToBepHOE cOOBbITHE — 3TO COOBITHE, KOTOPOE B Pe3yJIbTaTe UCIBITAHUNA HETPEMEHHO
JIOJIKHO TIPOU30UTH.

ITpOTHBOMOIOKHOCTh IOCTOBEPHOMY COOBITHUS SIBIISIETCSI HEBO3MOKHOE COOBITHE.

HeBo3mo:xHOe coObITHE — 3TO COOBITHE, KOTOPOE MPH UCIIBITAHUU HE MOXKET MPOU30UTH.

CoObITHe Ha3bIBAETCS CJAYYaMHbIM, €CITU MIPU UCIBITAHUM OHO MOXKET JHO0O0 MPOU30MTH,
00 HE TPOU3OUTH.

IIpumep. Brinagenue He 6oee 6 04KOB MPU OpOCaHUU OJHOM MrpajbHOM KocTH. Eciu
MPUIHCATh JOCTOBEPHOMY COOBITHIO BEPOSITHOCTh PAaBHYIO €IMHHUIIE, TO BCE JPYrHe COOBITHS
BO3MOXHBIE, HO HE JOCTOBEPHbIE OyIyT XapaKTepu30BaThCcs BEPOSTHOCTHIO MEHBIIE €AMHHULIBI,
COCTaBJISIOLIYIO Kakyto — To 1oi0. [losiBiaenue 12 oukoB, MpHu BeIOpAachIBAHUU OJJHOW UTpaIbHON
KOCTH - HEBO3MOXKHOE COOBITHE. BEpOsATHOCTH Takoro coOBITHS paBHA HyNO. Beimagenue 5 ou-
KOB - clIy4yaiiHoe coObITHE.

CoObITusIA 1 BHA3bIBAlOTCS HECOBMECTHBIMHU, €CJIM IIPU OJHOM HCIIBITAHUU TMOSIBICHHE
OJIHOTO U3 HUX HCKIIFOYAET MOSBICHHUE JIPYroro.

CoObiTust A 1 B Ha3bIBalOTCSI COBMECTHBIMM, €CJIH NPU HCIIBITAHUM MOSBICHUE OJHOTO
13 HUX HE UCKJII0YAET MOSIBICHUE APYTOro.

CoOwiTHsIA 1 BHaA3bIBalOTCS PABHOBO3MOYKHBIMM, €CJIM HET OCHOBAaHWW CUYUTATh, YTO B
JAHHOM HUCIBITAaHUM OJIHO U3 HUX 00Jiee BO3MOXKHO, YEM APYTOE.



T'oBOPAT, YTO HECKOIBKO COObITHH (A4, Ay, As, ..., A;) OOBEAMHSIOT TOJIHYIO TPYIIIY CO-
OBITHIA, eClTi B Pe3yJIbTATE OIbITA, COOBITUS SIBJISIFOTCS TTOTIAPHO HECOBMECTHBIMH U, HEIIPEMEH-
HO, JIOJDKHO TIOSIBUTHCSI XOTS ObI OJTHO U3 HUX.

JlBa HECOBMECTHBIX COOBITHSA, OOpa3yloIIKe MOJHYI TPYINIy COOBITHH, Ha3BIBAIOTCS
NMPOTHBOMOJIOKHBIMH.

Ecnu kakoif-mub0o ombIT 00JIaJaeT CHMMETPHUEH BO3MOMXHBIX UCXOJI0B, TIO CITyJail (IaHc),
npeCcTaBisieT cO00M HCUEPITBIBAIOIIYIO0 CUCTEMY PABHOBO3MOXKHBIX U UCKITFOYAIONINX APYT APY-
ra UCXO/I0B X0/1.

Cryvaii Ha3bIBaeTCsl 0JIaroMpPUSITHBIM HEKOTOPOTO COOBITHS, €CIIU TOSBJICHUE CIydast
BJIEYET 332 COOO MOSBICHHE JAHHOTO COOBITHSI.

BeposiTHOCTBIO COOBITHA A HA3bIBACTCS OTHOIICHUE YHCIA CIIydaeB, OJIaronpUsTCTBY-
IOIINX eMy, K 00IIeMy YUCITy CIIy4aes, T.e.

Kiaccuueckoe onpezeneHne BeposATHOCTEH P(A) = m

n

['eomerprdeckne BEpOSTHOCTH P(A) = lL v P(A) = i, P(A) = V_g
S Ve

G

m
CraTucTHYECKas BEPOSTHOCTb, OTHOCHTENbHAs YacToTa W (4)=—
n
m n-m
VYpHoBas cxema P(A)= CuCyu

C\

OcHOBHBIE CBOIiCTBA BEPOSITHOCTH
a) BeposttHocTs r060ro coobitus 0 < P(4) < 1.
6) BepositHOCTh J0CcTOBEpHOTO cOOBITHS P(A) = 1.
B) BepositHOCTh HEBO3MOKHOTO cOOBITHSI P(A) = 0.

Tunoewvie 3a0anus.
IIpumep 1. B smuke Haxogutcs 14 kyOukoB: 8 kenThix U 6 KpacHbIX. Haymauy BbIHUMAIOT
oJiuH KyOouk. KakoBa BEpOSITHOCTb TOTO, UTO BBIHYTBIN KyOHK Oy/eT >KelToro 1nsera?
Pemienne: B nanHoM ciyyae 4yucio O1aronpusATHBIX UCX0J0B m = 8, a oOliee 4uciIo UCXOJ0B

n = 14. Toraa uckomasi BEposTHOCTb OyJeT paBHa:
8

m
P(A) = ; = ﬁ = 0,57 =~ 0,6
IIpumep 2. Ha otpezox AB mmuabsl L=40 cMm nmomemien manenbkuii otpe3ok CD mnwno# | =10
cM. Haiitu BeposTHOCTH TOTO, YTO TOYKA, CIy4ailHO OpolleHHas Ha oTpe3ok AB, momaner Tak-
xe 1 Ha orpe3ok CD. Ilpeamonaraercsi, 4To BEpOSATHOCTh MOMAAAHUS TOYKHU Ha OTPE30K IpPO-
MOPUUOHANIbHA JJIMHE OTPE3Ka U HE 3aBUCHUT OT €T0 PAcloIOKEHHUS Ha YUCIOBOM OCH.
Pemenne: CoObiTHEe A — TOUKa, Cly4aifHO OpoleHHas Ha oTpe3ok AB, momazer Takxe v Ha OT-
pesok CD.
| 10 1
P(A)=—="—==
(A) L 40 4
ITpumep 3. Ha 110CKOCTH HAYEPUEHBI JIBE KOHLIEHTPUUECKUE OKPYIKHOCTH, PAJNYChl KOTOPHIX 5 U 10 cM
COOTBETCTBEHHO. HaiiTh BEpOATHOCTH TOTO, YTO TOUYKA, OpOlIeHHAas Hay/Jauy B OONBINON KPYyT, TOMAJIET B
KOJIbIIO, 06pa3OBaHHO€ MOCTPOCHHBIMH OKPYXHOCTAMMU. Hpez[nonaraeTcsl, YTO BCPOATHOCTH IOIIaJaHUs
TOYKH B IUIOCKYIO (PUTypy MPOMOPLHOHANIbHA TUIOIIAAM STOW (GUTYPhI U HE 3aBUCUT OT €€ PACIIOIOKECHHUS
OTHOCHUTEIHHO OOJIBIITOTO KpyTa.
Pemenue: A - Touka, OporieHHas Hayaady B OOJIBIION KPYT, MOMAAET B KOJIbII0, 00pa30BaHHOE
IIOCTPOEHHBIMH OKPYKHOCTSIMH.
[Tnomane komeia (hurypsr g)



S, =7(R*-r*)=7(10° -5°) =757
[Tnomane 6osbmioro kpyra (buryps G)
S, =7R*=710° =1007
Hckomast BEpOATHOCTH

S
P(A) =2 =T _q 75,
S, 1007z

Tema 3. TeopeMbl CJIOKEHUS U YMHOKCHUHA BepOHTHOCTeﬁ.

TeopeMbl c/10:KeHUST BEPOSTHOCTEH

Cymmoiui coovtmuii A v BHazpiBaeTcsi cOObITHE, COCTOAIIEE B MOSBICHUH XOTS OBl OHO-
ro u3 coObITHii A 1 B 1 0603Hauaercs A + B.

meopema 1. BepoATHOCTb CyMMBI JBYX HECOBMECTHUMBIX COOBITHI paBHAa CyMME BEPOST-
HOCTH 3THUX COOBLITHH, T.€.

P(A+ B) = P(A) + P(B).

meopema 2. BeposTHOCTb CyMMBI JIBYX COBMECTHBIX COOBITHI paBHa CyMME BEpPOSTHO-

CTeil 3TUX cOOBITHIT 0€3 BEPOSITHOCTH UX COBMECTHOTO MOSBIICHUS ITUX COOBITUH, T.€.
P(A+B)=P(A)+P(B)—P(A-B).

Cneocmeue 1. Eciu coObitus A4, 4,, Az, ..., A, 00pa3yroT NOJHYIO TPYIIY HECOBMECT-

HBIX COOBITHH, TO CyMMa UX BEPOSTHOCTEH paBHA €IWHUIIE, T.C.
=1 P(4) = 1.
Cneocmeue 2. Cymma BepOSITHOCTEH MPOTUBOIOJIOKHBIX COOBITUN paBHA €TUHUIIE, T.€.
P(4) + P(4) = 1.

TeopeMbl yMHOKeHHsI BepPOSITHOCTEN

Ilpou3seeoenuem coovimuii A v B Ha3bpiBaeTCsi COOBITHE, COCTOSIIEE B MOSBICHUHA 000MX
cobbiTuil A u B. O603Ha4aercs A - B.

meopema 1. BeposTHOCTb COBMECTHOT'O TOSIBJIEHUS JBYX HE3aBHUCHUMBIX COOBITUI paBHA
IIPOU3BENICHUIO UX BEPOSITHOCTEM:

P(A-B) = P(A) - P(B).

meopema 2. BeposTHOCTb COBMECTHOI'O IOSIBJIECHUS JIBYX 3aBUCHUMBIX COOBITHI paBHa
IIPOU3BEICHUIO BEPOSITHOCTH OJIHOTO U3 HUX Ha YCIOBHYIO BEPOSITHOCTh JPYroro, HailIeHHOTO B
IPENOI0XKEHNH, YTO MIEPBOE COOBITHE MPOU3OIILIO:

B
P(A-B)=P(A)-P(5)
rae P(B/A) — ycnoBHas BEpOSTHOCTH COOBITHSI B, TIpu yciioBuu TOTO, 9TO COOBITHE B TIPOU30-
IL10.

Tunoewie 3a0anus.
IIpumep 1. B ypHe HaxoasTcs mapel: 7 CHHUX, 5 3eleHbIX U 60enbiX. M3 ypHbI Hayady BbIHU-
MaeTcsi OJuH map. HailiTu BeposSTHOCTb TOT0, 4TO 3TOT Iap OyAET 3eJeHbIH WK OembIid.

Pemenne. [Tycts coObiTHe A — U3BSTHE 3€JCHOTO IlApa, BEPOSITHOCTh ITOTO COOBITUS PaBHA:

5 6
P(A) = o5 CoObITHe B — u3bsTHE Gernoro iapa, BEpOATHOCTb COObITHS B paBHa: P(B) = S
CoObiTust Aut BSIBISIFOTCSI HECOBMECTHBIMH, TTOITOMY IO TEOPEME CIIOKEHHS [UIsi HECOBMECTHBIX
COOBITHIA OTIpe/IeNIieM HCKOMYIO BEPOSITHOCTD:

P(A+B)=P(A)+P(B) = —+—=—==~06

IIpumep 2. MeauuuHcKas cecTpa 0OCIyKUBAeT B MajaTe 4eThlpex O0JIbHBIX. BeposTHOCTH TO-
ro, 4YTO B T€UYEHHUE Yaca NepBblii 00IpHON MOoTpeOyeT BHUMaHUs cecTpbl paBHa 0,2; BEpOSTHOCTD
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BTOpOro 6osmbHOTO paBHa 0,3; BeposITHOCTH TpeThero O0ompHOTO 0,25; BEpOATHOCTH YETBEPTOTO
6onbHOTO paBHa 0,1. HaiiguTe BEpOSITHOCTh TOTO, YTO B TEYCHHE Yaca Bce OOJbHBIC TOTPEOYIOT
K ceOe BHUMaHWUsI CECTPHI.
Pemenue: Cuntast Tpe6OBaHUS OONBHBIX HE3aBUCUMBIMH JIPYT OT JIPYTa, IO TEOpEeMe YMHOXKe-
HUS HaXOJHMM, YTO UCKOMAasi BEPOSITHOCTh
P(A-B-C-D)=P(A)-P(B)-P(C)-P(D)
WIu

P(A-B-C-D)=0,2-0,3-0,25-0,1 =0,0015.

Tema 4. @opmyJia NOJHOI BEPOSITHOCTH.

dopmysia MOJHOM BEPOATHOCTU SIBIISETCS CIEACTBUEM TEOPEM YMHOKEHHUS M TEOPEM CJIO-
JKEHUsI BEPOSITHOCTEH.

[Tycte coObiTHE A MOXKET NPOM3OWUTH TOJIBKO COBMECTHO C OJHUM U3 COOBITHIL
Hi,H,,...,H,, o0pa3yloumx IMOJHYI TpyNIy HECOBMECTHbIX coObITH. Torma coObIThs
H,, H,, ..., H,, Ha3bpIBAIOTCA IMIIOTE3aMH.

Teopema. BepostHOCTb coObITHS A, HACTyMaKIIEr0 COBMECTHO C THIIOTE3aMHU
H,, Hy, ..., H,, paBHa:

P(A) = ) P(HY - P(A/H)
i=1

rne P(H;)- BepostHOCTh i- # rumote3sl; P(A/H;)- BeposTHOCTh cOOBITHS AIpPU YCIOBHH
peaM3aly 3TOM IMIoTe3bl. JlaHHOe BhIpaKEHHE HOCHT Ha3BaHue (GOPMYJIbI MOJTHOW BeposT-
HOCTH.

Tunoewvie 3a0anus.

IIpumep 1. Umerotes 3 oguHakoBble ¢ BUAY YpHBL. B mepBoit 4 GenbIX U 2 4epHBIX I1apoB, BO
BTOpoi 3 Oenblx u 1 uyepHbI map, B Tpetbed 1 Oenbix u 1 yepHblid map. Hekto moaxomur
HayraJ K OJHOW U3 YpH ¥ BBIHUMAaeT OJuH map. HaliTu BeposSsTHOCTH TOTO, YTO 3TOT 1Iap OeJbIil.

Pemenne. [1yctb coObiTHE A COCTOUT B TOM, 4TO MOsBUTCA Oenblii map. PaccmoTpuM Tpu ru-
noTe3sl: H; — BbIOOp mapa u3 nepBoil ypHsl, H, — BbIOOp 11apa U3 BTOpoil ypHbI, Hz — BBIOOp
niapa U3 TPEeTbEe ypHBI.

VYuurtsiBas, 4To ypHa BbIOMpanach Hayraj, HAX0UM COOTBETCTBYIOIIUE BEPOSATHOCTHU:

P(Hy) = P(Hp) = P(Hy) = ;.

HaxomuMm ycioBHbBIE BEPOSITHOCTH M3BSITUS Oenoro mapa st kaxaon ypusl: P(A/H,) =
2, P(A/H,) = 2; P(A/H3) =+,

OmnpenensieM BEpOSATHOCTh COOBITHS A, TTONB3YACH (POPMYIION MOTHON BEPOSTHOCTH:

P(A) = X, P(H;) - P(A/H;) = P(H,) - P(A/H,) + P(H,) - P(A/H,) + P(H3) -
p(A/H3) =l.i+l.§+l.l=3+l+l= 0’5_
36 34 32 9 6 6

IIpumep 2. Ha Tpex aBTOMaTHYECKMX CTaHKaX M3TOTOBJISFOTCS OJWHAKOBHIE aeTand. M3BecTHO,
gyt0o 30 % MpOoayKIMK MPOU3BOANUTCS MEPBBIM cTaHKOM, 25% — BTOpbIM 45% — TpetbuM. Bepo-
SATHOCTbh U3TOTOBJICHUS JIETalld, OTBEYAIOIIEH CTaHAAPTy, Ha IepBOM cTaHke paBHa 0.99, Ha BTO-
poM - 0.988 u Ha TpetbeM - 0.98. M3roroBieHHbIE B T€UEHHE JHS HA TPEX CTaHKAaX HE paccop-
TUPOBAHHBIE JIETAIN HaXOAATCs Ha ckiafe. OnpenennTs BEpOSITHOCTh TOTO, YTO Hayjady B3sTas
JIeTallb HE COOTBETCTBYET CTaHIApPTY.
Pemenue. [Iycte coObiTHe A — «Haymady BeIOpaHHAs AeTayby. PaccmMoTpuM Tpu rumnotesbl: Hy—
BbIOpaHHas JeTanb M3TOTOBJICHA HA MEPBOM CcTaHke, H, — BbIOpaHHas JeTajb M3rOTOBJICHA Ha

BTOPOM CTaHKe, H;— BhIOpaHHas JIeTalb H3TOTOBJICHA HA TPEThEM CTaHKE:
P(Hy) = === 0,3; P(H,) = 50 = 0,25:P(H,) = 50 = 0,45

2 4
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Haxonum BepOATHOCTH HECTAaHAAPTHOU JETAJIM JUIS KaXKJOTO CTaHKA:
P(A/H;)=1- 0,99 =0,01;P(A/H;) =1— 0,988 =0,012;
P(A/H3) =1- 0,98 = 0,02.
ITo ¢opmyre monHOM BEpOATHOCTH HAXOAUM BEPOSTHOCTH TOTO, UTO HAyAady B3sTas Jie-
TaJb HE COOTBETCTBYET CTAaHAAPTY:
P(A) = Xi-1 P(H,) - P(A/H;) = P(H,) - P(A/H,) + P(H,) - P(A/H,) + P(H3) *
P(A/H;) =0,3-0,01 +0,25-0,012 + 0,45+ 0,02 = 0,015.

Tema 5. Teopema runore3 u ¢gopmy.ia bepuyiimn

Kak crnenctBue (hopMyIibl IOTHOW BEPOSTHOCTU U TEOPEMbI YMHOXKEHUS SIBIISIETCS TEOpEeMa
TUIIOTE3.

[Iyctb coObiTe A MOET HACTYNHUTh JUIIb MPH YCIOBUU TOSBICHUS OJHOTO U3 HECOB-
MeCTHBIX coObITuH (runote3) Hy, H,, ..., H,, 00pa3yromux mnosiHyto rpymmy coosituii. Ecnu co-
ObiTHE A YK€ MPOHU30ILIO0, TO BEPOSITHOCTh THUIIOTE3 MOXKET OBITh MEpeoleHeHa Mo (opmy.ie

Baiieca:
P(H;)-P(A/H;)

Y, P(H)-P(A/H;)

P(H;/A) =

rnei =1,2,3,...,n.

Ecin npou3BonTCS HECKOJIBKO UCIIBITAHUM, IPUYEM BEPOSTHOCTh COOBITUS B KaXKJIOM HC-
IBITAHUU HE 3aBUCHUT OT MCXOJA APYIMX MCHBITAHUH, TO TaKUE UCIBITAHUS UM OIBITHI Ha3bIBa-
IOTCSl He3aBUCUMBIMM OTHOCHUTEJIBHO COOBITHS A.

Ha npakTuke 4acTo MPUXOIUTCS CTAJIKUBATBHCS C BOINPOCAMHU IOBTOPEHUS HUCIBITAaHHM,
HanpuMep, IpOBEpKa METOAMKH JIEUEHUs, UCIBITaHUS HAa HaJEXKHOCTh U JAp. B Takux 3amadax
HE00XO0JUMO HAalTH BEPOSTHOCTh TOTO, YTO COOBITHE A HACTYIUT N Pa3 B M UCHBITAHUSAX.

[TycTh npou3BeeHO HECKOIbKO HE3aBUCUMBIX UCIBITAHUH, IPUYEM BEPOSTHOCTD IOSIB-
JeHus cCOOBITHSA A B Ka)KJJOM M3 ATHX UCIIBITAHUN OJIMHAKOBA U paBHa p. Toraa BeposSTHOCTh TO-
ro, 4To coObITHE A HE MPOU30UIET, OyIeT paBHa (:
q=1-p.

Ecnu npous3BoanTCS NHE3aBUCUMBIX OMBITOB, B KAYKIOM M3 KOTOPBIX coObITHE A MOSBIIA-
€TCs ¢ BEPOSITHOCTBIO P, TO BEPOSITHOCTb TOTO, YTO COObITHE A MOSBUTCS M Pa3, OLICHUBACTCA
¢popmynoii bepuysiu:

P(A) =G -p™ g™,
rae C)' BeIpakaeT oOIee YUCIIO CIOKHBIX COOBITHH, B KOTOPBIX COOBITHE A HACTYITUIIO M pa3.

Tunoewie 3a0anus.

IIpumep 1. Ilycts nmeetcs nBa Habopa aerasneil. B mepBom Habope 12 neraneii, us Hux 9 cran-
JapTHBIX, BO BTopoM 10 neranei, u3 Hux § crangapTHbIX. HekTo BeIOMpaeT HaOop Hayraa u u3-
BJIEKAeT OJIHY CTaHJApTHYIO JieTanb. HaliTu BepOsSTHOCTh TOTO, UTO OHA B35Ta U3 MEPBOro Habo-
pa.

Pemenne. Ilycts coObiTHE A COCTOMT B TOM, UYTO BBIHYTa CTaHAapTHas jnetanb. CoOwitue Hq
COCTOMT B TOM, YTO HEKTO BbIOpaJl nepBhlif Ha0Op, a coOwriTHe, Hy— BTOpO HAObOp. DTH COOBITUS
PaBHOBEPOSTHBI, IO3TOMY

1 .
P(H,) = P(H,) = > VY ciioBHBIE BEPOATHOCTH U3BSTUS CTAHAAPTHOM JETAIIM U3 IIEPBOrO U BTO-

poro HabopoB cOOTBETCTBEHHO paBHbl: P(A/H;) = 112 = %; P(A/H,) = 1% = S. Omnpenenum uc-

KOMYIO BEpPOSTHOCTB 110 (hopmyie Baifeca:
13
P(H;)-P(A/H;) P(H1)-P(A/H;) 2z 48
3 1

PUH/A) = S by — PURIPa /P PGATID) — TaiE = 100~
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IIpumep 2. BepositHocTh poxaeHuss manbunka paBHa 0,815. Onpenenuth BEpOSATHOCTH TOTO,
yTo 13 20 HayraJ BEHIOPAaHHBIX HOBOPOXKICHHBIX OyneT 13 MaJbYMKOB.

Pemenne: BepostHocTh pokaenus manpunkoB p = 0,815, Torga

q=1-0,815 = 0,185. YuuteBas, uro n = 20, a m = 13, ucnons3ys, hopmyny bepuymmu,
MOJTYYUM:

P(A) = Gt -p™ - g™ = €33 - 0,815 0,1852°713 = - 0,815%3 - 0,1857 = 0,04.

Tema 6. IIpenenbHbie TeOpeMbl

JlokanbHas Teopema MyaBpa:
Ecnu seposmnocms nacmynnenus nexomopozo codovimusi 8 N HE3ABUCUMBIX UCTBIMAHUAX NOCMOSHHA U
pasna p (0 < p > 1), mo eepossimuocms P, (M) mozo, umo @ smux ucnvimanusix coovimue A nacmynum

1 L2
posHo M pas, yoosremeopsem npu M — © coomHoutenuio /npqP,(m): N 2*" - 1 pasnomepro

m-—-n
071 6cex M OJis KOMOPBIX X = Xy = \/n_mz HAX00UMcsl 8 KaAKOM-1Ub0 KOHeUHOM UHmepsaJe.
JlokanbHasi TeopeMa:
o ) S )
Ecnu seposmuocmu pq, P, ..., Pk NOAGIEHUS COOMBEMCMBEHHO COOLIMULL Ag ), Ag), ~--’A§c) 8 S-om
ucnoimanuu He 3asucam om Homepa u omauunbl om 0 u om (0 <p;>1) i=1,2,...,k, mo
S) -
sepoamuocmv Pp,(mq, my, ....,my) moeo, umo npu N HE3ABUCUMBIX UCNBIMAHUSAX COOBINUSL Ag )i =
1,2, ...,k noasameca m; paz (mq + my + -+ + my, = N) y0061emMEOPAIOUUX COOMHOUEHUIO
%Zi 19%7
- ezi=14i%
Vnk-1p, (m{,m,, ....,my): = -1
(2m) Z /p1p2,--Pk
n — oo
. m; —mp;
Pasnomepro ons ecex m; (i =1,2,....,k) ors xomopwix x; = ;‘T‘fl HAX00AMCsL 8 NPOU3BOJILHBIX
ii

KOHeuHblX unmepsanax a; <K x; < b;

HNuTterpanbHas Teopema Myagpa-Jlamiiaca:

Ecnu p ecmv uucno nacmnynenuu cooblms 6 He3A8UCUMBIX UCHBIMAHUAX 6 KANCOOM U3 KOMOPbIX
seposimHocmy  9moeo  cobvimus pasua P, npuvem 0 <p>1, mo pasHomepHo oOmHOCUMENLHO
aub (- Ka<Kb<K+m©)npu n— o umeem mecmo coomuouieHue

b 2
u—np 1 _z
P{a<<—<b -——| e 2dz
Jnpq V21 Jg
Teopema Ilyaccona:
— A7 —a —
Ecmupy, - 0 npun - o, mo P(u, = m) — et 0 20e a,, = np,
Tunoevie 3a0anus.
Hpumep 1. [Ipous3BoguTCsI N HE3aBUCHMBIX HCIIBITAHUH, TPH KaXKIOM K3 KOTOPBIX BEPOSTHOCTH
HACTyIUIeHUs coObITHs A paBHa P. UeMy paBHa BEpOSTHOCTh TOTO, YTO YACTOTA HACTYIUICHHUS COOBITHSA A
OTKJIOHUTCS OT BEPOATHOCTH P He Ooiiee yeM Ha a?

Pemenue:
a ,n a ,n
rq

{” Sdx = 2 Td
Pi—<«<a —a—<< j er——f e 2dx
rq Pq \/ Jﬁ V21 ]
—-a
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IIpumep 2. BeposSTHOCTH MOMAmaHUs B IEJb IpH KaKaoM BeicTpene paBHa 0,001. Haiiti BeposTHOCTD,
TTOTIATAHMS B TICNTb ABYMS B O0JIee ITyJISIMH, €CITH YHCII0 BRICTpesioB pasHo 5000.
Pemenne: Cunrtas KaXIblii BBICTPEI 32 UCIIBITAHUE U MOMNAaHUE B IIENIb — 32 COOBITHE, MBI MOXEM IS
BBIUMCIIeHHs BepositHoct P{u, > 2} =Y _,P,(m) =1—P,(0) — P,,(1)
Io Teopeme ITyaccona P,(0) ~ e, P,,(1) = 5e~>. Ilostomy P{u,, » 2} =1 —6e~5 ~ 0.9596
MakcuMaabHOEe 3HAYEHUE BEPOSTHOCTh NMPUHUMAET NMpH M = 41U m = 5. DT BepOATHOCTH PaBHBI C
TOYHOCTBIO JIO YETBEPTOTO 3HAKA MOCIE 3aMsITON

P(4) =P(5)=0.1751
Berancienust mo To4HOM (hopMyIie Jar0T TOYHOCTH JI0 Y€TBEPTHOTO 3HaKa, ciepoBarensio P{u, > 2} =
0,9575

PA3JIEJI 3. CTYUAVMHBIE BEJTUUMUHBI

Tema 7. JluckperHasi cjiydyaiiHas BeJIMYMHA

Hapsiny ¢ monstrem ciydyailHOTo COOBITHSI B TEOPUHM BEPOSTHOCTH UCIIOIB3YETCSl HAabO-
Jee yA00HOe OHSITHE CIYYAUHOU GeNUYUHDL.

Cayuaitnas Beaumuuna (CB) — BenuunHa, KoTOpas B pe3yjbTaTe HCIBITAHUS MOXKET
MIPUHUMATh, TO UJIM MHOE YHCIIOBOE 3HAUEHUE, Ha Mepe]] HE U3BECTHOE 3a paHee.

Cayvaiinpie BeMYHHBI OyJeM 0003HAYaTh 3arjaBHBIME OyKBaMH JIATUHCKOTO ayihaBuTa
X,Y,Z.., a wux BO3MOXHBIC 3HA4YCHUI - COOTBETCTBYIOIIMMH ~ MaJIbLIMH ~ OyKBaMu
X1, X2, Xi5 Y1, Y2, Yis 21, 22, Z;-

CrnyyaiiHble BeJIMUMHBI ObIBAIOT IUCKPETHBIC U HETIPEPHIBHBIE.

JAuckpernas cayuaiinaa Beanunna (JJCB) — sTo BenuumHa, KoTopasi MPUHUMAET OT-
JIETIbHBIC, W30JIMPOBAHHBIE BO3MOXKHBIE 3HAUECHUS C ONPEICIICHHBIMU BEPOSTHOCTAMHU. Hucio
BO3MOKHBIX 3HaUeHUH JJCB MOXeT ObITh KOHEYHO U O€CKOHEYHO, HO CYETHO.

Ilpumep. Yucno poauBmmxcs AeBoYeK (Uau Manb4ukoB) U3 100 HOBOPOXKIECHHBIX, TEM-
reparypa Bo3/1yxa Ha CIEAYIOIUNA IeHb U T.1.

3akonom pacnpeneseHusi CB Ha3piBaeTCcsd COOTHOILIEHHE, YCTAHABIMBAIOLIEE CBS3b
MEK]1y BO3MOXHBIMU 3HAYEHUSAMU CITy4YallHON BEJTMYUHBI U UX BEPOSTHOCTIMU.

3aKkoH pacrpejelieHHs CIIyYailHOM BEIMYMHBI MOKHO 33/1aTh B BHJE TaOIHIBI, (OPMYINBI WIH
rpaduuecku. [lpu TabnryHOM 3a/1aHUM 3aKOHA pacCTpe/ieNICHNs B IEPBON CTPOKE TAOJIHIIBI MEPEUNCISHBI
BCC€ 3HAUYCHUA CHy‘-IafIHOfI BCJIMYHMHEBI B IIOPAAKE BO3pacTaHusd, a B HIDKHEH — COOTBCTCTBYIOIINE UM BEPO-
SITHOCTH.

X; X1 Xy X3 Xn

p; p1 D2 D3 Pn

Takyto Tabnuiy OyZeM Ha3bIBaTh pAadom pacnpedenenus ciydaiiHon Bennuusbl X. Ilockonbky
BCE BO3MOXKHbIE 3HAUEHUs] MOXKHO pacCMaTpUBATh KaK MOJHYIO TPYIIy HECOBMECTHBIX COOBITHH, TO
CyMMa COOTBETCTBYIOIIMX BEPOSITHOCTEH 00s3aTeNIbHO J0JDKHA OBITH paBHA elUHUIE (YCIIOBUE HOP-
MHPOBKH):

n
A p1+pz+p3+---+pn=2pi=1
n=1

J1 HarmsIIHOCTH P paclpeeNICHUs CITy4aiiHOM BEJH-
YUHBI MOYKHO H300pa3uTh rpaduuecku. s 3toro B mpsimo-

) YTOIBHOM CHCTEME KOOPAWHAT 10 ocl OX OTKJIAIBIBAIOT 3HAUC-

B

HUA CJ'Iy‘IafIHOfI BCJINYMHBI, @ IO OCU OpAUHAT Oy— COOTBCT-
CTBYIOIIIMEC UM BCPOATHOCTHU. HOJ’Iy‘lCHHBIe TOYKH COCOHUHAIOTCA

1
i
[
1

R
~—
=

|

I

1

1

|

|

1

'

|

1

1

:
o' x, x, x
Prc. 1 M EOrOYT b HHE HIH ODOIHTOH pACOpenele HEA
EEpOATHOCTEH



oTpe3kamu IpsAMbIX. [TocTpoeHHas: TakuM 00pa3oM GUrypa Ha3bIBACTCS MHO20Y20AbHUKOM WU NOJIUZO0-
HOM pacnpeodesieHusA BEPOSITHOCTEM.

A Fe MHOrOyroiapHUK —paclpefeiCHus, TakKKe
KaK U pSA pacIpelieNieHns, MOTHOCTHI0 XapaKTepU3yeT
ciayyaiiHyro BenuuuHy. OH SBISE€TCA OIHUM U3

pirtptps T T b

1.

(bopM 3aKOHA pacTpeeTICHUs.
3amaTh 3aKOH pacHpeeiCHUs] TUCKPETHON

prtp: . .
CJIy4auHOU BCJIMYUHBI MOXHO B BHU/C (pyHKIII/II/I

b i

pacmpeneneHUsT  BEpPOSATHOCTEH  (MHTErpaybHON

Y x. x % = x ¢byukiun  pacnpepenenus) F(x), rme F(x) =

P(X < %) = Sy PX = ).
Puc.2 Tpad me byHEUHE pacupeleleHEA JHCKPETHOR
caydafinof BeIHYMHE Fpa(bI/IK q)YHKHI/H/I pacnpencieHusd OJUCKPET-

HOW CITy9aifHOM BETMYMHBI UMEET CTyIeHYaThIi BU (puc.2):

Ymnci0Bble XapaKTEPUCTUKHU HENPEePBIBHBIX U IUCKPETHBIX CIYYaHHbIX BeJINYMH
3akoH pacnpenencHus (GyHKUIUS pacrpeAesieHus] U psll paclpeeleHus] Uil TUIOTHOCTh
pacrpeziefieHus) MOJHOCTHIO OIMMCHIBAIOT MOBEACHHUE CiydaiiHO# BenuuuHbl. Ho B psime 3amau
JIOCTAaTOYHO 3HATh HEKOTOPBIC YMCIIOBBIC XaPAKTEPUCTUKU MCCIICyEeMOM BETMYUHBI (HAIIpUMeED,
ee cpe/iHee 3HAYeHHE U BO3MOXKHOE OTKJIIOHEHHE OT Hero). PaccMoTpuM OCHOBHBIE UHCIOBBHIE
XapaKTEPUCTUKU CITyYalHbIX BEJIMYHH.
XapaKTepuCTUKH MOJIOKEHUS
Cpenu 4uCIOBBIX XapaKTEPUCTUK CIIYYAMHBIX BEIMYMH HYKHO IPEXK]IE BCETO OTMETUTH T€,
KOTOPbIE€ XapaKTEPU3YIOT MOJIOKEHUE CIIyYailHOM BEJIMUMHBI HA YKCIOBOM OCH, T.€. YKa3bIBAOT
HEKOTOPOE CPEIHEE, OKOJIO KOTOPOIro IPYIIHUPYIOTCS BCE BO3MOKHbBIC 3HAUEHUS CIy4allHOW Be-
auuynHbl. K TakuM XapakTepucTUKaM OTHOCSTCS MaTeMaTUYECKOe 0KMIaHUE, MOJa U MeINaHa.
W3 XapakTepUCTHK TOJIOKEHHS B TEOPUN BEPOSTHOCTEN BAXKHEUIIYIO POJIb UTPAET MaTeMaTHyYe-
CKOe OKMAAHUe CIIYJYalHOM BEJIWYMHBI, KOTOPOE MHOTIA HA3bIBAIOT IPOCTO CPEAHUM 3Ha4e-
HHMEM CIy4YailHON BEJTMYUHBI.
PaccMoTpuM JIMUCKpETHYIO Clly4allHyl0O BEIWYMHY X, HMEIOIIYI0 BO3MOXHbBIE 3HAYEHUS
X1,X2, vy Xy C BEPOATHOCTAMHU D1, P2, -+ ) Pn-
MaremaTuvyeckum oxkuganueM M (X) TUCKPeTHOH CJIy4yaidHO# BeJTHYHHBI HA3bIBACT-

Cs CyMMa HpOH3B€)1€HPII>i BCEX BO3MOJKHBIX 3HAUCHUI CJ'Iy‘IElfIHOfI BCJIMYMHBI Ha UX BEPOATHOCTHU:
n

M(x) =X p1+ X2 Do+ +Xn " Pn =in'Pi
i=1
CaoiicTBa MaTEeMaTHYeCKOT0 OKHIAHMA

1. MaremaTiHuecKoe OXHIaHnue TIOCTOSHHOW BEJIMYMHBI PaBHO caMmoii mocrostaHoi: M(C) =
C.

2. KoHcTaHTy (OCTOSIHHYIO BEIMYUHY) MOKHO BBIHECTH 32 3HAK MAaTEMaTHYECKOTO OXKH/Ia-
aus: M(k-x) = k-M(x) .

3. MareMatnueckoe 0XHJIaHHE areOpandecko CyMMbl KOHEYHOTO YHCIia CIydalHbBIX Be-

JIMYMH PaBHO CYMME UX MAaTEMATUYECKHX OXKHAHUIA:
M(X +Y) = M(X) + M(Y).
4, MareMaTudeckoe OXKUJIaHUe MTPOU3BEAECHHS KOHEUHOIO YUC/Ia CAyYalHbIX BEJIUYUH PaB-
HO IIPOM3BENEHHIO UX MATEMATHUECKUX OXKHIaHM:
M(X-Y) = M(X) - M(Y).
5. MareMaTuueckoe OKUIAHNE OTKIOHEHHS CIIy9aiiHOM BEJIMUUHEI OT €6 MATEMATHYECKOTO
OKMJIaHHs BCErJIa paBHO HYI0, T.€. M[x — M(x)] = 0.
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6. MaremaTudeckoe OJKUJIaHHE yucia MOSIBJICHHU I cooeiTis X B n
HE3aBUCUMBIX  HCIBITAHUSX PABHO MPOM3BEICHUIO YHCIIA UCTIBITAHUN HA BEPOSITHOCTH TOSIB-
JIEHUS COOBITHS B KKIOM McbiTanuu, T.€. M(X) = n - P.

Kpome BaxHeilen U3 XapakTEpUCTUK IMOJIOKEHUS - MAaTEMAaTHYECKOTO OXHUIAHUs, Ha
MPaKTUKE MPUMEHSIOTCA U APYTHE XapPaKTEPUCTHUKU TOJIOKEHUS CIIydYalHON BEJIUYHMHBI, B 4acT-

HOCTHM MOJIa U MEJIMaHa.

MO)IOﬁ Mona3pIBalOT 3HAYCHHUE cnyqaﬁHoﬁ BCJIMYMHBI, UMCIOLICC Y ILHCerTHOfI BCJIMYHHbI
HaI/I6OJ'IBHIy10 BCPOATHOCTD, a Y HerepBIBHOfI — HaI/I6OJ'II)HIy10 MJIOTHOCTBH BEPOATHOCTH.

Ecau xpuBas pacnpeneieHuss UMEeT OJUH MakCUMyM, TO MOJa paBHA 3HAYCHUIO CIy4alHOU Be-
JIMYMHBI, COOTBETCTBYIOLIEW 3TOMY MakcUMyMy. Takas KpuBas Ha3bIBACTCS YHUMOOANbHOU (00HOMO-
0aJ'le0l2). Ecnu KpHBas pacrnpeaciCHrud UMECT JIBa UJIW HECKOJIBKO OAMHAKOBBIX MAKCUMYMOB, TO OHa
COOTBETCTBEHHO HA3BIBACTCS 08YXMOOYIbHOU, UIU MHOZOMOOATLHOU.

Meananoii ciry4aiiHoil BeJIMYMHBI Ha3bIBAIOT Takoe ee 3HaueHue Me, g KOTOporo (pyHKUIUsS
pacmpeneneHus paBHa 0,5. DTo o3Ha4aeT, YTO BEPOSITHOCTH CITy4ailHON BEIMYHMHBI TPUHSTH 3HAYCHUE
MCEHBIIC ME€IHaHbl B TOYHOCTU paBHA BEPOATHOCTHU 9TOH BEJIMUHUHBI IIPUHATH 3HAYCHUEC, OoublIIEE Meaua-
HBI.

XapakrepucTuku pasdpoca

XapakTepucTUKaMu pacCcesiHUs BO3MOXKHBIX 3HAYCHHUU CIIy4allHOW BEJIMYHMHBI BOKPYT Ma-
TEMAaTUYECKOr0 OXKUIAAHUS CIIYXKaT AUCIEPCHS U CPEHEE KBaIPATUYHOE OTKJIOHEHHE.

Jucnepcus, ecTb Mepa pacceMBaHMsI UM Mepa pa3dpoca CiiydaiiHON BEIMYUHBL.

JAucnepcueil JTUCKPETHOM CJAYYAHHON BeJMYMHBI HA3bIBACTCS MAaTEMATHYECKOE OKH-
JlaHUE KBaJpaTa OTKJIOHEHMS CIIy4aiiHOM BEJIMYMHBI OT €€ MaTEMAaTUYECKOr0 OKUIAHU.

D(x) = M(x — M(x))’ nmD (x) = M(x?) — [M(x)]?

D@ = ) (1= M) -y

PaccMOTpUM OCHOBHBIE CBOMCTBA JMCIIEPCUH.
1. Jlucniepcurst IOCTOSIHHOM BETUYHUHBI paBHA HYIIIO:

D(C) =0.
2. ITocTOSTHHBII MHOYKUTEb MOKHO BBIHOCUTH 32 3HAK TUCIIEPCHH, MPEIBAPUTEILHO BO3BES €0 B KBA/I-
part:
D(k-x)=k? D(x)
3. ucnepcust anredbpandeckoil CyMMbI HE3aBUCUMBIX CITy4aiHBIX BEIMYHH PaBHA CyMMeE JHUCIIEPCHA clia-
raeMblX:
D(xqy £x, -+ x,) =D(xq) +D(x3) + -+ D(xy,)
4. lucnepcusi cmydailHOW BENMYMHBI paBHA PAa3sHOCTH MEXAY MaTeMaTHYECKHMM OXKHIAHHEM KBajapara
CIy4allHOM BEJINUMHBI U KBaIpaTa €€ MaTeMaTHUECKOIO 0KUIaHUS:
D(X) = M(X?) — M?(X)
Hapsiny ¢ nucnepcueil B Ka4ecTBE Mepbl paCCEMBaHUS IIMPOKO MCIOJB3YETCSl CpEJHEE KBaJpa-
THYHOE OTKJIOHEHUE CIIy4allHOI BEJIMYUHBI X.
Cpeonum Keaopamuueckum OmKaoOHeHueM CIyIaiHON BEIMUMHBI XHA3bIBAIOT KBAaJPATHBIA KO-
PEHB U3 JUCIIEPCHUMU:
o =+ D(x).
Hucnepcusi MeeT pa3MEepHOCTb, PABHYIO KBAJIpaTy pPa3MEpPHOCTU CIYyYalHON BEJTMYHUHBI.
[ToaTomMy B Tex ciydasX, KOT/Ia >KelIaTeIbHO, YTOOBI OIEHKA pacCessHHsl MMella Pa3MEepHOCTh
CIIy4ailHOM BEJIMYMHBI, BBIYUCISIOT CPEHEE KBAJIpPaTUUECKOE OTKJIOHEHHE, a HE JIUCIEPCHIO.

Hampumep, eciin X BeIpaxkaercst B MeTpax, To o (X) Oyner BeIpaXkaThcs TOKE B MeTpax, a D (x) —
B KBaJIPaTHBIX METPax.

MomMeHTbI. XapakTepucTUKU (GOpMBbI
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B teopun BepOATHOCTEN AJIsI ONKMCAHUSA OCHOBHBIX CBOMCTB, IIPUMEHSIOT MOMEHTHI JIBYX
BHJIOB: HaYaJIbHbIE U LIEHTPAJIbHBIE.

Momenmot cyuatinblx éeauyun CIy>Kat Ui ONUCAHHS CBOWCTB IUIOTHOCTH PACHPEICIICHUS CITy-
4yaifHO! BeInmunHBL. MOMEHTHI COAepKaT MEHbIIIe HH(POPMALINN O CITy4aifHOW BETMYHHE MO0 CPABHEHUIO C
TUIOTHOCTBIO PACTIpe/ICIICHHs, HO YacTo 0oJiee yI0OHBI MPH PEHICHUN MPUKIATHBIX 3a/1a4.

Hauanvnoim momenmom nopaoka k ciyqaitHoi BeaMurHBI X Ha3bIBAIOT MaTeMaTH4e-
CKOE OKMIaHue BeanunHbl XX, T.e.

v, = M(X%).

B uactHoctu, v; = M(X),v, = M(X?). CnenoBatensHo, D(X) = v, — vZ.

HauanbHble MOMEHTBI BBICIIUX MOPSAAKOB, HCIOJIB3YIOTCS JJISI BBIYMCIEHUS LIEHTPATIbHBIX
MOMEHTOB.

IleHTpHpPOBAHHOM CIIyYaWHON BEeJMYMHOM HA3bIBACTCS OTKJIOHEHUE CIy4allHOM BEIU-
YUHBI X OT €€ MaTeMaTH4YECKOTO OKUAaHUS:

X=x—M(x)
Ienmpanvnvim momenmom nopsaoka k cnyyaiinoit BenuunHbl X Ha3bIBalOT MaTeMaTu-

K
YECKOE OKHJAHUE BETUNYNHBI (X - MX )) :

k
My = M[X — M(X)]*umuM, = X7, (x; — M(x)) " - p;
B wactaoctu, M; = 0, M, = D(X). Cnenosarenbuo, M, = v, — 1/12_

Acummempueii Ha3bIBAIOT OTHOUIEHUE LIEHTPAJIbHOIO MOMEHTA TPETHETO MOpsiiKa K Ky-
Oy cpeHero KBaJpaTuyeckoro OTKJIOHEHUS:
M3(X)
A0 = goop
AcuUMMETpHsT  MOJIOKUTENIbHA,  €CIH
“IJMHHAs 4acTh  KPHUBOM pacrpeneneHus pac-
MOJIOXKEHA ClipaBa OT MaTeMaTHYECKOTO OXKH-
JaHWS;, aCHMMETpUsl OTpULATeNIbHA, €CIU
“IJIMHHAs 4acTh’ KPUBOM pacIOJIOKEHa ClIeBa
OT MaTeMaTHYECKOTO OKUIAHUSI.
[IpakTHyecku ONMpenesstoT 3HaK acHM-
Puc. 3. Xavnakreouctuku honmbr METPHUH IO PACIIOIOKEHHUIO KPHBOW pacrpejiese-
HUSL OTHOCUTENFHO MOJIBI (puc.3).
UeTBepThIil EHTPATbHBII MOMEHT XapaKTEPU3YeT «KPYTOCThY» WM IJIOCKOBEPIIMHHOCTH (OCT-
pO) U XapakTepusyercs K03 (HUIIMEHTOM JKCIecca.
OKcyeccom HA3BIBAIOT XapaKTEPUCTUKY, KOTOPAsl ONPEENSIETCS PAaBEHCTBOM:

M4(X)
Ec(X) = oo~

Jnss HOpMalbHOTO pachpeieneHus 3KC-
LIECC PaBEH HYIIIO.

CrnenoBaTenbHO, €CJIM IKCIIECC HEKOTOPO-
ro pacnpeneneHus OTJIIMYEH OT HYJs, TO KpUBas
3TOT0 PACTPENECICHUS OTINYACTCS OT HOPMallb-
HOW KPHUBOM: €CIIH 3KCLECC MOJIOKUTEIbHBIN, TO

£, <0 KpuBas UMeeT 0oJiee BBHICOKYIO U “OCTpyr0” Bep-
> IIMHY, YeM HOpMajbHasi KpHUBas; €CIU DKCIIECC
OTPHUIIATENbHBIN, TO CpaBHUBaeMasi KpUBasi UMEET
Oosiee HU3KYIO U “TIIOCKYIO” BEPILUHY, Y€M HOP-

MajbHas KpuBas (puc.4).

e

Ls=0

A ¥

Puc. 4. Dkcuecc a1 HOpMaIBHO-
ro paclpeesIeHus ClIydai-

Tunoegvle 3a0anus.
IIpumep 1. /IuckpeTHas cirydaifHas BEIMYMHA 33/IaHA 3aKOHOM PaCTIPEICIICHIS:
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X; 1 2 3 7 9 10 12

p; 0,04 0,26 0,31 0,09 0,18 0,11 0,01

Haiitn Marematnueckoe 0XUAAHUE, TUCIIEPCUIO, CPEIHEE KBAAPATHUECKOE OTKIOHEHUE,
MOJYy U MEJIMAHY CIy4ailHON BEJIMYHHBI.
Pemenne. Haiinem cHadana MaTeMaTH4eCcKO€ OXHJaHUE, BOCIOJIb30BABIIUCH (OpMY-
JIOM:
n
M(x) =in-pi =1-004+2-026+3-031+7-009+9-0,18+10-0,11+12-0,01
i=1
= 4,96
3areM, HAaXOAUM JUCIEPCHUIO IO GopMmyIie:
D(x) = M(x?) — [M(x)]*
= (12 — 4,96%) + (2% — 4,96%) + (32 — 4,96%) + (7% — 4,96%) + (9% — 4,96?)
+ (102 — 4,96%) + (122 — 4,96%) = 215,789
Haxonum cpennee kBagpaTudeckoe OTKIOHEHHUE:
o =+/D(x) = /215,789 = 14,69
B sToM psany pacnpenenenus moja paBHa Mo = 3, T.K. A IUCKPETHOM Cily4aiiHOH Be-
JMYMHBI, MOJIa paBHA HAUOOJIBLIIEMY 3HAYEHHUIO BEPOSTHOCTU BEIUUMHBI.
Menuana paBaa Me = 7.

IMpumep 2. Onpenenuts XapakTePUCTUKU MOJOKEHUS, XapaKTEPUCTHKH pazdpoca, aCHMMETPHIO U JKC-
ecC AUCKPETHOM CIy4ailHOM BEIMYMHBL, TPEICTABICHHON 3aKOHOM pacIpeaeIeHus:

Xi 0 1 2 3
pl OF1 013 0:4 012

Pemenue:

HalineM xapakTepUCTUKHU MTOJIOKEHUS.
MaremaTtnueckoe 0)KMIaHUE TUCKPETHON CIIy4alHON BEJIUYMHBI:
n

M(x)zzxi'pi =0-01+1-03+2:04+3-02=1,7
i=1
Mona ciny4uaiinoi Beauauabl Mo = X;(Pmax) = 2.

o o . 142
Menunana qUCKPETHOM CIIy4yalHOW BEIMYUHBL: Me = - = 1,5.

Haiinem xapakrepuctuku pazopoca.
Jucnepcust AUCKPETHOM CITy4YalHOW BEJIMYHMHBI:
D(x) =Y (x; — M(x))2 p;=(0-17)2%-01+(1-1,7)2-0,3+ (2—-1,7)%"
0,4+ (3—-1,7)?-0,2=0,81.
CpenHee KBalpaTHUECKOE OTKIIOHEHHE:
o(x) =+/D(x) =,/0,81 =109

Onpexnennm K03QUIHEHT ACUMMETPUH:

M;(X)
[o(O)]?

AS(X) =

HailineM cHavana TpeTuil HEHTPaIbHBIA MOMEHT:
n

3
My (0 = ) (5= M) - p
i=1
=0-17)201+(1-17)%-03+2-17)3%-04+(3-17)%-02
= —-0,4913 - 0,1029 + 0,0108 + 0,4394 = —0,144
Toraa koadunmenT acummerpuu OyeT paBeH:
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Ms(X)  —0,144
[c(O? 0,93

Ag(X) = =-0,198

Haxoanm skcrecc:

My (X)
Ex(X) = [GELX)]‘L B

Haiinem cHayana 4eTBepThIi LIEHTPAIbHBIN MOMEHT:
n
4
M0 = > (5= M) -y
i=1

=0-1,7*01+(1-1,7*-03+2-1,7)*-04+ B3 -17)*-0,2
= 0,8352 + 0,0720 + 0,0324 + 0,5712 = 1,4817
OxoHUaTEeNHHO BEJIWYHMHA dKCIiecca Oy1eT paBHa:

_ M4_(X)_ 14817 _ _ _ —
Ep(X) = o =3 =57 — 3 =2,2583 — 3 = —0,7417.

Tema 8. HenpepbiBHas ciiyyaiiHasi BeJIMYMHA

HenpepobiBaas cayuaiinas Beanunna (HCB) — sTo BenmuumHa, KOTOpasi MOXKET MPUHU-
MaTh BCE 3HAYEHHUS U3 HEKOTOPOTO KOHEYHOTO UM OECKOHEYHOTO IPOMEXKYTKA.

IIpumep. PaccTosiHue, KOTOPOE MOXKET MPOJIETETH CTPETIA.

Jlnia 3aganust caydaifHON BETWYHHBI HEOOXOAUMO 3HATh HE TOJIBKO, KaKWe 3HAUYEHUS MO-
JKET TIPUHUMATh dTa BEIUYMHA, HO M C KaKOW BEPOSTHOCTHIO OHA MPUHUMAET ATH 3HAUCHUS.
UtoObl 3a1aBaTh BEPOATHOCTH 3HAUYCHUN CIYYalHBIX BEJIWYUH, pa3HOOOPA3HBIX MO CBOEH MpH-
pozie, a TakKe 3a/1aBaTh UX OJHUM M TEM K€ CllocoO0M, BBOAST MOHATHE (PYHKIIUU pacipeernne-
HUS BEPOSTHOCTEH CIy4ailHOW BEMYMHBI WU MPOCTO (DYHKIIUU pacHpeesieHus clydyaifHOi Be-
JTUYUHBI.

dyukuuei pacnpeneaenus F(x)cinydaiiHoi Benmuuunbl X HasbBaoT Gy F(X),
ONPENIETAIONIYI0 BEPOSTHOCTh TOTO, YTO CIIy4aiiHasi BEJIMYMHA IPUMET 3HAY€HHUE, MEHbIIIEEX

F(x) =P(X <x).

PaccmoTpuM cBolicTBa (PYHKIMHU pacnpeae/ieHUus:
1. ®yukuus pacupeaenenus npuaumaet 3HaueHns: 0 < F(x) < 1, T.K. QyHKIUS MOKET IPHHHU-
MaTh TOJIBKO T€ 3HAYCHUS, KOTOPbIE MPUHUMAET BEPOSTHOCTb.
2. dyHKIOUs pacrpeaeaeHus sBIsieTcs HeyosiBaroleit, T.e.F (x,) = F(xq), mpu X, > X4.
3. lim F(x) =0, xl—i>IPooF (x) = 1. B 4acTHOCTH, €CIIH BCE€ BO3MOXHEBIE 3HaYeHHsS X JI€KaT B

X—>—00
unrepsaie [a,b], 7o F(x) = 0npux < a u F(x) = 1 npu x = b. JleiictButensHo, X < a- co-
ObITHE HEBO3MOXKHOE, 2 X < b- 10CTOBEpHOE.
4. BeposATHOCTH IMOMaJaHus CIy4aiiHON BEJMYMHBI B MHTEPBAI [X1,X,| paBHa NPHPAIICHUIO
GYHKIIY pacnpeesieHrs Ha 3TOM HHTepBale, T.€:

P(x; <X <x3) = F(xp) — F(xq)

Omnpenenenre U CBONCTBA (YHKIIUHU PACIIPENCTICHHS COXPAHSIOTCS W 71l HEMPEPBHIBHON
CIIy4aifHOM BEJMYMHBI, U1 KOTOPOIl (PYHKIIMIO pacIpeeIeHus MOKHO CUUTATh OJTHUM U3 BUJIOB
3aJlaHUs 3aKOHA PACTIPEICIICHUS.

Eme ogauM crioco6om 3agaHus 3aKOHA pacTlpeiesieHUsT HEMPEPhIBHON CIIyYaifHOW BEJH-
YHHBI SBJSETCS TaK Ha3blBaeMas IMJIOTHOCTh paclpesesieHus (IUIOTHOCTh BepOATHOCTH, nudde-
peHInanbHas QyHKIus).

IInoTHOCTH pacnpeneseHus CJOY4YailHOW BeJHYMHBI, €CThb MPOU3BOAHAS OT ()YHKIIMU
pacnpenenenust F(x):
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fG) =F'(x)
PaccMmoTpuM cBO#CTBA IVIOTHOCTH pacnpeae/IeHus:
1. TInOTHOCTH BEPOSTHOCTH — HeoTpuIaTeabHas GpyHkiws, T. e: f (x) = 0.
2. BeposITHOCTH TIOMAaHKs HEMPEPhIBHON CIIydailHOW BeMWYMHBI B WHTepBan [a,b] paBHa

OTpeieIEcHHOMY MHTETpally OT €€ IUIOTHOCTU BEPOSITHOCTH, ONpeensercs no Gopmyne:

b
P(anSb)=ff(x)-dx

3. HecoOcTBenHbI uHTErpan B OECKOHEYHBIX IpeAeax OT IJIOTHOCTH paclpenesieH s Cirydai-
HOW BEJIMYMHBI paBeH 1, T.e.

ij(x)-dxz 1

CoiicTBo No3 Ha3bIBACTCS YC108UEM HOPMUPOSKU HENPEPLIGHOI CIYUATHOU 6ETUYUHDL.
JInst TOro, 94T00bI BRIYUCIIUTH MATEMATUIECKOE OXKHMIAHUE HEMPEPHIBHOW CIy4aiiHON Be-
JUYHUHBI HCTIOJIB3YIOT (hOPMYITY:

(0]

M(x) = fx-f(x)-dx

— 00

XapaKTepUCTUKHU IOJIOKEHHS.
15 HenpepbIBHOM C/Iy4ailHOM BeJMYMHBI MeIMAHA ONPEIEIIACTCS U3 COOTHOIICHUS

Me %)
[0 £ - dx = Mfe fGo) - da

I'eomeTpuueckn MeauaHa MpEACTaBIAeT COOON aOCIHCcCy TOYKH, KOTOpas JENIHT ILIO-
a7, OTPAHUYECHHYIO KPUBOM pacipeaeeHus MOMmoJaM.

Ecnu xpuBas pacripeneneHuss UMeeT OAUH MaKCUMYyM, TO MOJIa paBHa 3HAYEHUIO CIIydail-
HOW BEJIMYMHBI, COOTBETCTBYIOIIEH ATOMY MakKCUMyMy. Takasi KpuBasi Ha3bIBA€TCA YHUMOIAJIb-
HOM (ogHOMOAanbHOM). Ecnu kpuBas pacmnpeneneHuss UMeeT Ba WU HECKOJIBKO CIIydaifHOU Be-
JIMYMHBI OJUHAKOBBIX MAKCUMYMOB, TO OHAa COOTBETCTBEHHO Ha3bIBAECTCS JBYXMOYJIBHOM, WU
MHOTOMOJAJIbHOM.

XapakTepuCTHKH pa3dpoca.
Jlucrnepcuio HempepbIBHOM CJIYy4aiiHOH BeJIMYHMHBI MOXXHO ONPENENUTh, BOCIIOJIb30BABIINCH
BBIpRKEHHEM:

D(x) = [" x?- f(x)-dx — [M(x)]?.
Cpednum xeaopamuuecKkum OmKa0OHeHUeM CITydaliHON BEIMYWHBI XHA3BIBAIOT KBAJAPATHEBIN KO-
pEeHb U3 TUCTICPCHH:
o =+/D(x).
XapakTepucTHKH (pOPMBI.
JIJiss HepPepBbIBHBIX CITyYalHBIX BEJUYHMH IIEHTPAJIbHBIA MOMEHT K - TO MOpsAIKA ONPEICIAeTCs
BBIPAKEHUEM:

My = [ (x = M) F(x) - dx.

Tunoevie 3a0anus.
IIpumep 1. [Tn0oTHOCTE pactpenencHus CIyd4ailHON BETMYUHBI UMEET CIICAYIOINN BHUI:
s
a - cosx, OSxSE
fx) =

0, x<0,x>§
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HaiiTn mocTosiHHBIN MTapaMeTp a.
Pemenue: I110THOCTE pacupeneneHus JOJDKHA YAOBIETBOPATE YCIOBUIO HOPMUPOBKH:

+o0
[ f(x)-dx=1.
—o0
[TosToMy moTpeOyeM, 4ToObI BHIMOIHSIOCH PABEHCTBO

T
Jia-cosx-dx =1.

1 o . n .
Orcrona a = -—. Haiiném onpenenénnblii MHTErpa:
JZ cosx-dx
T b4

= . ) T .
fOZ cosx  dx = sinx|j = sin— — sin0=1-0=1.
Takum oOpa3om, uCKOMBIN napamerp: a = 1.
CnenoBatenbHO, QYHKIUS IUIOTHOCTH BEPOSITHOCTH IIPUMET BUJL:

T
COSX, OSxSE

f&x) = s
0, x<0, x>§

IIpumep 2. Haiitu MaTemaTrueckoe 0XKHJIaHUE, JUCIIEPCUIO U CpeIHEEe KBAIPAaTHUECKOE OTKIIO-
HEHUE HETIPEPHIBHOW CIy4yallHON BEJTUYMHBI, 3aIaHHON (DYHKIIMEH pacrpeaesieHus
0, x<1,
2
x“—x
F(x) = —— 1=x<2,
1, x = 2.
Pemenne. Haiinem nuddepennmanbayto GyHKIUIO pacipeaeaeHus:
0, x<1,
2x —1
fO=F@)=1—— 1<x<2,
0, X = 2.
OrmpezernsieM MaTeMaTHYECKOE OXKUTaHUE
2 (2x-1 22:x2 2x 312 w22 81 4 1\ _ 7
00 = [ (352) = e [ an =2 5] - (=9 - (=) -1

2 2 3 3 4 4
319

4 12
Jucnepcus HepepbIBHOW BEJIMYUHBI ONPEIEIIAETCS BEIPAXKEHUEM:

D(x) = [ x%- f(x)-dx — [M()]2.
[ToacTaBnss YMCICHHBIE 3HAYEHHUS, TTOTyIaEM:
2 2x—1 1912 2 1 .2 1912 x*
D(x) =f1 xz-(—)-dx—[a] =f1 x3-dx—5f1 xz-dx—[a] =
8

2
1

2

x3)? [19]2 _ (16 1) ( 1) 381 15 7 361 _ 372-361 _ 11
6l; lizl —\a 4 6 6/ 144 4 6 144 144 144
11
Cpennee KBaapaTHIECKOE OTKJIIOHEHHE PaBHO: 0 = /D (x) = |— = 0,276.
pert Jp p VD( >0

Tema 9. OcHOBHBIE 32aKOHBI Paclpe/ieIeHUs CIYYAHHBIX BEJIMYNH

HauGonee mosHO ciyyaiiHas BeTUYHHA MOXET OBITh OXapaKTEepU30BaHA 3aKOHOM paclpeaelIcHIUs
CITy4aifHOM BETMYHHBI B BUJIE PYHKIIMU PACIIPEIEICHUS W TUIOTHOCTH PaclpeeTICHHSL.

B 3aBucuMocTH OT Xapakrepa caMuX OOBEKTOB MMEIOT MECTO cleyrolre Hauboliee pacrpo-
CTpaHEHHBIC 3aKOHBI PACIIPEICIICHUS CITy9allHbIX BEIIMYMH:

1) GHHOMMATIBHBIN 3aKOH PaCIpeeIeHIS;

2) pacnpenenenune [Tyaccona;

3) reoMeTpUUecKOe pacpeaeieHue;
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4) HoOpMaNbHBII 3aKOH pacupeaeaeHus (3akoH ['aycca);
5) mnoka3aTenbpHOE pacrpeieieHue;

6) pacmpeneneHue «XH-KBAIPaT;

7) pacupenenenne CThIONEHTA;

8) pacnpenenenue Oumepa-CHenexopa.

bunoMuagbHoe pacnpeaeeHue

B HekoTOpBIX Cily4asx BEpOSTHOCTH 3HAYCHHH JUCKPETHBIX CIYYalHBIX BEIHMYUH MOMIUHSIIOTCS
oTIpeieTIeHHBIM 3aKOHAMH U MOT'YT OBITh 3a1aHbl aHaiumuiecku (B Buae Gopmyn).

Cpenu 3aKOHOB paclpeneCHUs Ui TUCKPETHBIX CIIyYalHBIX BEIUYMH HauOoJiee pacipocTpa-
HEHHBIM SIBIISCTCS OUHOMUATbHOE pacnpedeieHue.

PaccmoTpuM mocne10BaTeIbHOCTh N MICHTUYHBIX MOBTOPHBIX UCIBITAHUH, YIOBICTBOPSIFOIIUX
CJICTYFOIIUM YCJIOBHSM, KOTOPBIC HOCST Ha3BaHHUE CXeMbl bepHyuim:

1). Bce N ucmbiTaHus — HE3aBUCHMBI. JTO 3HAYUT, YTO BEPOSTHOCTh HACTYIUICHHS COOBITHS B
JT000M U3 N IOBTOPHBIX UCTIBITAHUI HE 3aBHCUT OT PE3yJIbTATOB JPYTUX UCIBITAHHIA.

2). B KaxJ10M UCTIBITAHHHA MOXET HACTYIUTh WJIM HE HACTYIIUTh HEKOTOPOE COOBITHE A, BEpOsT-
HOCTh HACTYIUICHHS KOTOPOTO P OCTACTCS HEM3MEHHOM.

3). IlporuBononoxHOE COOBITHE A mmeer BepositHocTs (| =1— P, kotopas Toxke ocTaercs

HEU3MEHHOM OT UCIIBITAHUS K UCIBITAHHUIO.

4). Ot coGbiTss A 1 A - B3aMMHO HECOBMECTHBIC M IIPOTHBOMONOKHBIE, HA3HIBAEMBIC YCIIEX 1
HEyCIHeX.
Toraa st BBIYMCIEHUS BEPOSTHOCTH TOTO, YTO B N HE3aBUCUMBIX MTOBTOPHBIX HCIIBITAHUAX, YAO-

BIIETBOPSIONINX YCIOBHsM 1-4, cobBITHe A HacTymuT poBHo M pa3, mpu X =M=012,...,n (8 moGoit

MTOCJIETOBATEIIFHOCTH ), BEIYUCIISACTCS TI0 q)opMyne bepuymnu:
m ,.man-m
I:)n,m - Cn p q )
i€ P — BEPOSITHOCTH yCIl€Xa B KaXJOM HCIILITAHUH, q =1- p - BEPOATHOCTDL HEYCIIEXa B KaX-
oM ucneitanuu;, C :‘ - YUCJIO COUETAHUI U3 N o M.
Tak xak mpaBasi 4acThb (bopMyJH)I bepnynnu npeacrapnser OOIIM YjleH OMHOMHAIILHOIO pazino-

xenns (Q+ P)", To 3TOT 3aKOH pacrpeIeNeH s HAa3bIBAIOT GUHOMUATLHBIM.

Hcnonb3ys dpopmyny bepHyin, MOXKHO IIOCTPOUTH P paclpesiesieH sl TUCKPETHOHN ciiydaiiHoN
BEJIMYMHBI, TIOAYMHSIONIECHCS ONHOMUHAIBHOMY 3aKOHY paclpeesIeHHuIO, T.€., YAOBJIECTBOPSIONIEH ycio-
BUsIM 1-4. BeposiTHOCTB TOT0, UTO CilydaitHas BenuurHa X MpUHUMAET 3HaYeHHe, paBHoe K, onpenensercs
no ¢popmyie

P(X =k)=Cgp“q"".

buHOMMANBHBINA 3aKOH 3a1aeTcs PsSAOM pacIpeneieHus, KOTOPbIA HUMEET BUJ, aHAJOTWYHBINA

NpUBEAECHHOMY B TaOnuIe:

Yucno ycne-
XOB 0 1 2 m n
X=m
BeposarHocTs
p P Cr? qun = Pn,O Cri plqn—l = Pn,l Cr? qun—Z = Pn,2 Cr:n pmqn—m = Pn,m C:] pan = Pn,m

Pacnpenenenue Ilyaccona
JIMCKPETHYIO CIIy4aiiHyl0 BEJIMYMHY Ha3bIBAIOT [[yaccoHoeckot, eciiu €€ 3aKOH paclpe-
JICJICHUS UMEET CIEAYIOIUN BU:
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IMpunaBas K 1iensie HEOTpHIATEbHBIC 3HAYCHUS k= 0,1, 2,...,n, MOXHO 3amucaTh psij pac-

MpeaACICHUA BepOHTHOCTefI, KOTOpBIﬁ Ha3bIBACTCA 3AKOHOM pacnpedeﬂeﬂwz HyaCCOHCZ.

,tne k=0,00 u A =const (IOCTOSIHHOE 3HAYCHUE).

m 0 1 2 m n
5 B 267 e e Ae™
¢ 21 m! n!

Ipumepuwl Ilyaccono8ckux cuyuanHvlx 6eIUdUn.:

Yucno BHI30BOB Ha aBTOMATHYECKYIO CTAHIUIO 32 TPOMEKYTOK BPEMEHH .

Uwucno yactuil pacriajga HEKOTOPOTro PaAMOAKTUBHOTO BEIIIECTBA 32 MPOMEXKYTOK BPEMEHHU
T.

Uucno TeneBu30poB, KOTOPHIE MOCTYIAIOT B MACTEPCKYIO 3a MPOMEXKYTOK BpeMEHU | B
0OJIBIIIOM TOPOJIE.

Uwrcio aBTOMOOMIICH, KOTOPBIC TTOCTYIIAT K CTON-JIMHAN TIEPEKPECTKA B OOJIBIIIOM TOPOJIC.

3ameuanue: B cepusx HE3aBUCHUMBIX MCIBITAaHUM (KOTJa N BEIMKO, P Majo) AJis BbIUUC-
JICHUST BEPOSATHOCTH HACTYIUICHHUS COOBITHS poBHO K pa3 ucmosip3ytor (opmyny Ilyaccona:

2

P, (k) = P(X = k) =—=@ " rge A=NP, To ecTh cpeaHEe YUCIIO MOSABIEHUI COOBITHI OCTaeTcs

k!

IIOCTOAHHBIM.

I'eomeTpHyeckoe pacnpenesieHne
HYCTI) IMPOU3BOAATCA HE3AaBUCUMBIC MCIIBITAHUS, B Ka’)KIOM U3 KOTOPBIX BEPOATHOCTDH I10-

SIBJICHUS COOBITUS A paBHa p (O < p < 1) ", CJICAO0BATCIIbHO, BEPOATHOCTD €I'0 «HCIIOABIICHUS

(=1- p. VcnbiTanus 3akaHYNBAIOTCS, KAK TOJIBKO MOSABUTCA coObITue A. Takum 06pasoMm, ec-
71 COOBITHE A TOABUIOCH B K-M HUCIIBITAHUH, TO B MPEIIISCTBYIOMMX k —1 HCIBITAHUAX OHO HE
HOSIBJISIIOCH.

O603HauuM uepe3 X TUCKPETHYIO CIy4alHYIO BEIMYMHY — YHCIIO MCTBITAHHHA, KOTOpBIE
HY>KHO MPOBECTH JO MEPBOTO MOsIBIIEHUs COObITUSA A. OUeBUIHO, BOBMOXKHBIMH 3HAYCHUSIMUA X
SIBIISIFOTCSL HATYpalbHbIe uncia X, =1, X, = 2,... IlycTs B mepBbiX k —1 HCIBITAaHUSIX COOBITHE A
HE HACTYIWJIO, @ B K-M HCIBITAHHH TOSBUIOCH. BEPOATHOCTH 3TOTO “‘CJIOXKHOTO COOBITHS, 1O
TeOpeMe YMHOXKEHUSI BEPOSITHOCTE HE3aBUCUMBIX COOBITHH, P(X = k) =q“'p.

JluckpeTHas ciiydaiiHasi BEJIMYMHA UMEET 2eomempuieckoe pacnpeoeieHue, el €€ 3aKOH
pacnpeneneHus UMeeT CAeAYIOMHI BUI:

P(X =k)=q“'p,rme k=100.

3ameuanue 1: Tonaras K = 1, 2,..., IOXy4UM T€OMETPHUYECKYIO IPOTPECCUIO C MEPBHIM
uieHoM P u 3HameHareneM ( (0< q <1). Ilo aToif mpuyrHE pacrpeneieHne Ha3bIBalOT TeOMeT-
PHUYECKUM.

kL N
3ameuanue 2: Pan Zq P cxomuTca u cymMma ero paBHa eawHuue. JledcTBUTEIBLHO
k=1
P _P_,y
CyMMa psiJia paBHa ﬁ =—=1

P

HopmaJubHbIii 3aK0H pacnpeneaeHust
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HopmanbHBIi 3aKOH pacripefelicHus IBISETCS CaMBIM PacIpOCTPaHEHHBIM M3 3aKOHOB pacrpe-
JeNIeHNsI, HanboJlee 4acTO BCTPEUAIOIIUMCS B CIyYaWHBIX SBICHUAX HPUPOAbL. OOBICHIETCA 3TO TEM,
4TO, KaK IpaBuiio, CnyqaﬁHaﬂ BCJIMYMHA ITPUHUMACT TC UJIU MHBIC 3HAUCHHUA 110/ BO3HCﬁCTBHeM 6OJ'H)HIO-
TO0 YUCJjia B3aUMHO HE3aBUCUMBIX MAJIbIX NIPUYHH, APYTUMU CIIOBAMU, A6IACMCA CyMMOﬁ oyenvb 6oabUWO020
quciaa 63auMHO He3a8UcCUMblx CﬂyllalZHblx eeiuvuH, MaJIbIX IO CpaBHECHUTIO CO BCceH CyMMOﬁ.

HopmanbHblit 3ak0H pacnipeaeneHus 3aaaercs uddepeHnansHoi yHKIHe:

1 (x-a)’
f(X)=——e %

o2

2
Mapamerper & =M (X) u o2 = D(X) sBISIOTCH COOTBETCTBEHHO MATEMATHIECKHM OIKH-

JaHuEeM U CpE€AHUM KBAaAPATUYCCKUM OTKIIOHCHUCM cnyqaﬁﬂoﬁ BCIIMYHMHBI X, paCHpeILCJ’IGHHOﬁ o HOp-
MaJIbHOMY 3aKOHY.

2
B 3TOM ciydae roBopsrt, 4To X UMeeT HOpMalbHOE pacHpesie/ieHue ¢ mapameTpamMu d u O .

TakuMm 00pazom, eciii U3BECTHbl MATEMAaTUUYECKOE OXKHUIAHNUE U IUCIIEPCUs CITydyaliHOH Be-
JIMYMHBI U U3BECTHO, YTO OHA MOAYMHAETCS HOPMAIBHOMY 3aKOHY, TO U3BECTEH IOJIHOCTBIO 3a-
KOH pacIipe/ielieHUs] 3TOW BeNWYMHBI — auddepeHnnanbaas GyHkuus pacnpeaenenus. Hop-
MaJIbHBIA 3aKOH pacIpelesieHUs] UHOIIa Ha3bIBaloT 3aKOHOM [aycca. I'paduk miuotHocTH HOp-

MaJIbHOI'O PpAaCIpe/eieHHs] Ha3bIBAIOT HOPMANbHOU
\ - Kpuegoti Wu kpusot 1 aycca.
MakcuMyM (yHKIUU IIJIOTHOCTH BEPOSTHOCTEN

T
|
I
) | !

{ 1 LR .

/o : 1
| “ |
[
|

HOPMAJILHOTO paclpeneneHus paBeH — — . Orcro-
ON<LTT

fix)

Jla ClelyeT, 4TO C BO3pacTaHUEM O MAKCUMAaJbHAas
N OpAMHAaTa HOPMaJIbHON KpUBOHM yOBIBaeT, a cama KpH-
S Basi CTAHOBHTCSI O0JIee TIOJIOTOM, TO €CTh CKUMAETCS K
0 a A ocu OX; mpu yObIBaHMM O HOpPMalIbHasi KpUBas CTa-
HOBUTCS OoJiee “OCTPOBEPUIMHHON U pacTATMBAETCS
Puc. 1 I'paduk HOPMATBLHOrO 3aKOHA pac- B MOJOXUTENbHOM HarnpaBieHuu ocu Oy:
NIpELEICHUS

IMpakTHYecKku JOCTOBEPHO, YTO BEIMYMHA, pac-
HpesiesieHns] I0 HOPMaJIbHOMY 3aKOHY, OTKJIOHSETCSI OT MaTeMaTHYeCKOro OKUIaHWs He Ooyiee yeM Ha
YTPOGHHOE Cpe/iHee KBaAPATHYECKOe OTKIIOHEHHE, T.€.

P{x-al<3c}~1.

Takum 00pa3om, UMeET MECTO, TaK Ha3bIBAEMOE, NPABUI0 «MPeX CUeM»: €CIH CllydaiHasi BeJu-
YHHA paclpeliesieHa HOpMaJIbHO, TO a0COJIIOTHASL BEJIMYMHA €€ OTKJIOHEHUSI OT MaTEMaTHYECKOro OXKula-
HUS HE IPEBOCXOUT YTPOCHHOTO CPEIHET0 KBaAPATHIECKOTO OTKIIOHEHHS.

Cepe,[[I/IHHBIM, HJIKn BEPOATHBIM, OTKJIIOHCHUCM CJ'Iy‘IafIHOI\/'I BCJIMYMHBI HA3bIBAIOT TAKOEC YUCJIO ao
, UTO BEPOATHOCTU HCPABCHCTB

X=M(X)| <2, u [x—M(x)|>a,

OJIMHAKOBHI (T. €. paBHBI O Y2 KaXKaas).

BeposiTHOCTH NONagaHusA B 32JaHHBIH HHTEPBAJ HOPMAJILHON CJIy4YalHOW BeJIUYH-
HbI
ITycth cnyuaiinHas BenuunHa X pacrpeielieHa 0 HOpMaJbHOMY 3akoHY. Torja Beposr-

HOCTb TOT0, yTO X MPUMET 3HAYCHHE, TPUHAJIEKAIIIEEe HHTEPBATY (a : ﬂ), paBHa:
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Pla<X < f)=T1 __ 1 Feteerfeotlgy.
(@< X <p) j (x)dx G\/ﬂje X

BBenem HOBYIO NEpEMEHHYIO Z = (X - a)/ o. Orcrona, X=0Z+a, dx = odz. Haitnem
HOBbIE TIpejesibl WHTerpupoBanus. Eciu xX=¢a, TO Z= (a —a)/ o; ectu X=/3, 10

z=(p-a)lo.

Taxum oOpa3oMm, nmMeemM

(p-a)o 0 p-a)lc
2 1 2 1 2
Pla < X < e (odz e Pdz+— [e*dz=
(a<x <) ara[ ) o A
(p-a)/o /2 (a—a)lo ”
e’ fdz—-— |e " '"dz
S| = |
[Tonp3ysce byHKIHMEH Jlamnaca

Jix)

@( )—TJ‘ 24z , TIOJTY4IUM
0

Pla<X<p)-a| P2 |- 2=28]
(o2 o

[TokazarenpHOE pacnpeneneHne
> > IlokazamenvHbiM — (3KCNOHEHYUANbHBIM)
0 » Ha3bIBAIOT paclpe/ieliecHne BEPOSTHOCTEH Herpe-
) PBIBHOM CITy4aifHOH BEJTMYMHBI X, KOTOPOE OIH-
CBIBAETCSI IJIOTHOCTBIO:
Puc. 2 I'paduk ¢pyHkumu nokasa- 0, x <0

TEIBHOTO paclpeieIeHus f (X) = 16 x>0

rie A — [OCTOSTHHAS MOJIOKUTEIbHAsI BEIMYUHA.

Hanpumep, Bpems 0e30Tka3zHON pabOThl KOMIBIOTEPHON CUCTEMBI €CTh CIydaiiHasi BEJH-
YIHA, UMEIOINas TOKa3aTeIbHOE pacpeesieHne ¢ mapaMeTpoM A, GU3HUYECKH CMBICT KOTOPOTO
— CpelHee YHMCIIO OTKA30B B €MHUILY BpeMeHH. VIHTepBan Mexay nociae10BaTeIbHbBIMU OCTYII-
JICHUSIMU BBI30BOB Ha aBTOMATHYECKYIO TeNE(POHHYIO CTAHIUIO, HHTEPBAJ MEKIY MOCEIICHUSIMH
Bpaya-neauarpa — 3TO NpUMEPhI MOKa3aTeNbHbIX CIYy4alHbIX BETUYHH.

WuTerpanpHas GyHKIHS pacrpeaesieH s MOKa3aTeIbHOTO 3aKOHA UMEET BUJI:

0, x <0,
F (X) - —X
1-e77,x=0.
Pacnpenenenne «Xu-kBaapar»
ITycte X, X5, X5,..., X, — HOPMAJIBHO pACIPEJCIICHHBIE HE3aBUCUMBIE CIy4aliHble BEIWYHUHEI,

MIPUYEM MaTEMAaTHUYECKOE OKUAAHHNE KaKJIOW U3 HUX paBHO HYIIO, a JUCIIEPCUS paBHA €AMHMIIE, T.€. 3a-
KOH pacnpeecHus, IMEET BUJI:

>

f(x):%e_z _

BosbMem CYMMY KBaJIpaTOB 3TUX CHy‘laﬁHBIX BCIINMYMH!

ZZ _ anxiz
i=1

IIpuHATO cUMTaTh, UYTO CyMa KBAJAPaTOB THX BEIUYHH pACIpeaesieHa 0 3aKOHY «XH-KBaapar» C
k = n creneHsaMu cBOOOIEI.
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2
ILnoTHOCTH pactpeneneHus X~ ¢ k =n crenensamu cBOOOIBI UMEET BUI:
0, x<0

X k
f(x)= ;-e7~x71, x>0

k
22 r(k)
2
rae I (X) = Itx_le_tdt — ramMa-(pyHKIHSL.

2 o
Pacnipenenenne y © ompenenseTcs OJHUM MapaMeTPOM — YKMCIIOM crerneneit cBo6oan Kk . C po-

o 2
CTOM 4YucCiia CTCIICHCH CB060,Z[I>I, pacopenciaceHue ¥  O0CTaTO4YHO MCIJICHHO HpI/I6J'II/I)KaeTC$I K HOpMaAJIb-

HOMY PacIpeIeeHHUIO.
Pacnpenenenune Ctbrogenra

Pacnipenenenne I'aycca xopomio omuchIBaeT OTKIOHEHHE H3MEpsieMOW BETUYMHBI B IKCIEPH-
MEHTE IpU OONBLIOM KOJWYECTBE IMOBTOPHBIX HM3MepeHuil. Ha mpakTuke Hepeako o0XomsATcs ABYMS-
Tpemsl U3MepeHHAMH. Pe3ynbpTaTel 00pa3yloT OueHb Malylo BBIOOpKY. B 3TOM ciyuae pacmpeneneHue
CrpI0/IeHTa rOpa3 1o Jy4lle ONUCHIBAET NOIy4acMble PE3YIbTaTHI.

Pacnpenenenue CTbrofieHTa — 3TO HENPEPLIBHOE OJHOMEPHOE pacIpeiesIeHUe ¢ OJHUM I1apaMeT-
poM — KoJIM4ecTBOM cremneHeil cBoOonsl. @opma pacmpenenenus CTbIOAEHTa MMOX0Xka Ha (HOpMy HOp-
MaJBHOTO pacrpeneneHus (deM OOoJbIe YHCIO0 CTENeHed CBOOOIBI, TeM OJNKe pacrupenelieHhe K HOp-
MaibHOMY). OTIHYMEeM SBISIETCS TO, YTO XBOCTHI pacrpezeneHusi CThIoJeHTa MeIJIeHHEee CTpeMsTcsa K
HYJIIO, Y€M XBOCTBI HOPMAJIBHOT'O paclpeAcICHHsL.

Ilycte Z — HOpManbHO paclpesiesieHHas ClydaiHas BEJIMYMHA ¢ MATEMaTHYECKUM OXKHIAHUEM
PaBHBIM HYJIIO U AUcHepcueld paBHOH eaunule. Ilycte V' — He3aBucHMasl CilydaiiHasi BEJIMYMHA, KOTOpast

z

2 -
pacnperneneHa 1o 3akoHy ¥ - ¢ k cremeHsMu cBoOozbl. Torna BennvnHa t= v UMeeT pacrpee-

K

JeHue, Ha3piBaeMoe t — pacmpenenenuem uim pacnpenenenueM CTbiofeHTa ¢ K CTeneHsIMU CBOOOIBI.
IInotHOCTE pacnpenenenuss CThIOJEHTa UMEET BU/I:

k+1
'3) [ ey
fF(x)=—2 2[4 -

oy

C pocrom umcina cTerneHnel cBo0o bl pactpeaeneHre CThIOIEHTA TOCTATOYHO OBICTPO TIPUOIIHKA-
€TCS K HOPMAJIbHOMY pacrpeesicHHO.
Tabmuie! pacnpenencaus CThIOJIEHTA MO3BOJISIIOT MPH JaHHOM YHCIIE CTereHed cBoOombl k

10 BEPOATHOCTH g omnpeneanuTb 3HAYCHHEC tq , A KOTOPOIro BBIIIOJHACTCA COOTHOIICHUEC!

P(t>t,)=q.

Pacnpenenenue @umepa-CHenexkopa

24



. 2
Ilyctb U U V — He3aBHCHMBIE CITy4yailHbIE BEJIHMYWHBI, paclpeieNeHHbIe 0 3aKOHy ¥~ CO cTe-
U/k
V/k,

pactpenencuaueM Qumrepa-CHeaeKkopa co CTEIICHIMU CBOOOIBI k1 u kz.

NCHAMHA CBO60IH>I kl u k2. Tornga BennunHA F = HMECT pacHpeCaCICHUEC, KOTOPOC HA3bIBACTCA

[TmotHOCTE pacupenencans Oumepa-CHexexopa co CTSIICHIMH CBOOOIBI k1 u |(2 VIMEET BUII:

0, x<0
k1"'k2 % % k,—2
F(0= F( 2 j‘kl kKT o
k k ’ ky+ky
| n N k, +k.x) 2
(S)ry] e

Tunoesvie 3a0anus.

Ipumep 1. Cnyuaitnas BeamdrHa X pacmpezerneHa mo HopMaabHOMY 3akoHy ¢ M (X)z 30 u

G(X)le. Haiitu BeposiTHOCTH TOTrO, UTO ciyyaiiHas BeJIWYUMHA X MPUMET 3HaYEHUE, IPUHAI-
JIeXKaIee HHTEPBATY (10,50).
Pemenne: P(10< X <50)= @(501‘()3()] —@(lol‘osoj = 20(2)

ITo Tabnure 3nauennii GpyHKuy Jlammaca Haxomaum @(2): 0,4772. Orcrona uckomas
BEPOSATHOCTD:

P(10< X <50)=2-0,4772=0,9544.

I[Ipumep 2. Haiftu cuMMETPUYHBIN HHTEPBAJ, B KOTOPBINA CIy4aifHas BeTUYMHA, pacpeeieHHas
1o 3akoHy CTbIOICHTa C 12-10 CTEeNEeHsAMHU CBOOOIbI, TOMaaaeT BeposaTHOCThIO 0,9,
Pemenne: O4eBUIHBI COOTHOIICHHS:

P(-x<t<x)=P(f <x)=1-P(t|>x)=09
43 MMOCJICAHCTO PABCHCTBA CICAYCT:

P(f>x)=01 (n=12).

OnpenenseM u3 Tadauie! 1V B npuioxennn: X = 1782.

PA3EJ 4. CTATUCTHYECKWI AHAJIN3 PE3YJIBTATOB
NUCCJEJOBAHUN

Tema 10. OcHOBHBIC MTOHATHA MATEMATHYCCKOH CTATUCTUKH

MaremaTuyeckasi CTATUCTHKA — 9TO HayKa, M3y4Yaromias 3aKOHOMEPHOCTH, KOTOPBIM
MOIYUHSIOTCS CITydaifHbIe MacCOBBIC SIBICHUS HA OCHOBE PEe3yJIbTAaTOB HAOIIOCHUN.
Pesynbrarel HaOMOAEHNH (M3MEPEHMIT) HA3bIBAIOT CTATHCTHYECKUMHU TaAHHBIMM.
OcHOBHBIE 33J]a41 MATEMaTUYECKON CTATUCTUKMU:
1) 3agada onpeneneHus pacnpeaeeHus 3aKOHa CIydYailHON BETUYMHBI UJTH CUCTEMBI CITy4alHbIX
BEJIMYMH MO0 CTATUCTHYECKUM JaHHBIM.
2) 3agada MpOBEPKHU MPaBIOMOI00MS TUIIOTES.
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3) 3agaya HaXOXAECHUS HEU3BECTHBIX IAPAMETPOB PACIPEIEIICHUS.

Wtak, ocHOBHas 3a/1aya MaTEMAaTUYECKOM CTAaTUCTUKU COCTOUT B CO3JaHUU METO/IOB COO-
pa 1 00pabOTKN CTATUCTUYECKHUX JAHHBIX JUIS MOMYyYCHHUS HAYYHBIX U MPAKTHUYECKUX BBIBOJIOB.

PaccMoTpuM OCHOBHBIE NTOHSATHSA MATEMATUYECKOW CTaTUCTUKH.

I'eHepa/ibHOl COBOKYNMHOCTBI) Ha3bIBACTCS COBOKYITHOCTH BCEX HCCIEAYEMbBIX OOBEK-
TOB.

Ha mpaktuke, obcnenoBanue Bcex OOBEKTOB I'€HEPaIbHON COBOKYIHOCTH HE MPOU3BO-
JUTCSI, TAK KaK 3TOT MPOIecC U3NMHIIHE TpyaoeMKuid. OOBIYHO U3 BCEil COBOKYITHOCTH OTOUPAIOT
OTPaHUYEHHOE YHCIIO 00BEKTOB, KOTOPBIE MOABEPTAIOT U3YUCHHIO.

Bp100po4yHOii COBOKYNMHOCTHIO WM BBIOOPKOI HAa3bIBACTCS COBOKYIMTHOCTH OOBEKTOB,
O0TOOpaHHBIX CIy4ailHBIM 00pa30M U3 TeHEPaTbHON COBOKYITHOCTH.

O0beM renepajibHON COBOKYNMHOCTHN M 00beM BBIOOPKH 71- 4HCIO OOBEKTOB B pac-
CMaTpUBaEMON COBOKYITHOCTH.

Hanpumep. Ecin u3 2000 mroneit, Ooneromux KakuM-To 3a00JieBaHUEeM, 0TOOpaHO s
obcienoBanus 150 yenoBek, To 00beM reHepanbHoi coBokynHoctd N = 2000, a 00beM BbI-
6opku n = 150.

Jl51s Toro, 4yTOOBI MO JAaHHBIM BBIOOPKH MOKHO OBLIO YBEPEHHO CYAMTH 00 MHTEPECYIO-
IIMX IpPU3HAKaX T€HEpaIbHON COBOKYIHOCTH, BHIOOPKA JI0JKHA MPABUIIBHO IPEACTABIATH IIPO-
MOPLUHU FeHepalbHOU COBOKYMHOCTH. JlanHOe TpeboBaHue GopMupyercs Tak: BHIOOpKaA JOKHA
OBITH MPECTABUTEIHLHON HIIU PENPE3EHTATUBHOM.

Cnocobwi cocmasnenus 8b100pKiL:

- NOBMOPHBIU,

- 6ecno8mMopHblll.

IToBTOpPHOII Ha3bIBaeTCsS BHIOOPKA, IPU KOTOPOH, OTOOpAHHBII OOBEKT BO3BpAIIAETCS B
reHepaIbHYIO0 COBOKYITHOCTH Mepe] OTOOPOM CIIETYIOIIETO.

BecnoBTopHO#i Ha3pIBaeTCsl BHIOOPKA, MPU KOTOPOW OOBEKT HE BO3BpAIACTCS B IeHe-
paJIbHYI0 COBOKYITHOCTb.

Jononnumenvhvie cnocobvt ombopa 6vi60pKuU

1) npocmoit cayuaitnvtit oméop — oTOOpP, PH KOTOPOM OOBEKTHI M3BICKAIOTCS 10 OJHOMY H3
BCEl TeHepallbHON COBOKYITHOCTH.
2) munu4yHoCcmy, MURUYECKUN OMOOP — 3TO 0OTOOP, IPH KOTOPOM OOBEKTHI U3BJIEKAIOTCS HE U3
BCEU T€HEPAIIbHON COBOKYITHOCTH, a U3 KaXKJI0W €€ «TUITMYECKON YaCTH.
3) mexanuueckuii omoop — reHepalbHas COBOKYITHOCTh MEXaHHYECKH JCNATCS HA CTOJBKO
IpyNI, CKOJbKO OOBEKTOB JIOJKHO BOWTH B BBIOOPKY, a U3 KaKJ10M TpYIIbl BIOMpPAETCs OJIMH
OOBEKT.
4) cepuiinotit omoop — oTOOpP, IPU KOTOPOM OOBEKTHI M3 Te€HEPATbHON COBOKYITHOCTH BHIOMpA-
IOT HE 10 OJTHOMY, a CEpUSIMH, KOTOPbIE [10/IBEPratoTCsl CTaTHCTUYECKOMY OTOODY.

ITycth uMeeTcs oOImas reHepaibHash COBOKYNHOCTh N, M3BIeueHa BBIOOPKA X1, Xy, ..., Xk
o0BeMoMnN.

X1 Xy X;
nq n, n;
Ha6ﬂIOHaeMLIe 3HAYCHUAX; Ha3bIBAIOT BaApUAHTAMHM, a IIOCJICA0OBATCILHOCTh BapUAHT 3a-
IMMCAaHHBIX B BO3pACTAIOIIEM IOPAAKE HA3BIBAIOT BAPHUAIMOHHBIM PHAI0OM.
Ywucno Ha6HIOI[eHI/H71 BapUaHTBIN; Ha3bIBAIOT 4acToTou BCTPEYaAEeMOCTH. OTHolIeHHne 4a-

o o n;
CTOTBI BCTPEYACMOCTH K O6’beMy BBI60pKI/I Ha3bIBAIOT OTHOCUTECJIBbHOHN YACTOTOU: W — #

CraTucTu4ecKuM pacnpeaejaeHuemM BblﬁOpKl/I HAa3bIBACTCA MEPCUCHL BAPUAHTOB U COOT-
BCTCTBYIOIIHUX UM YaCTOT UJIM OTHOCUTCIIbHBIX YaCTOT.

IIpumep 1. Boibopka 3agaHa B BUJIe pacipeieleHHsl YacToT:
X 4 7 8 12
n; 5 2 3 10

Haiitu pacnpeneneHus OTHOCUTENIbHBIX YaCTOT.
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Pemenune. Haiinem o6bem BoiOOpKku: n =5+ 2 + 3 + 10 = 20. Hailinem oTHOCHTENbHBIE
YaCTOTHhI, AJId 9TOI'0 paSI[eJII/IM Y4aCTOThEI HA OGT:CM BBIGOpKI/IZ

n, 5 n, 2 ny 3
w1 =7=%=0,25;w2 =7=%=0,1;w3 =7=E=0'15;
== g5
3anuieM pacrnpeieieHHe OTHOCUTEIBHBIX YacTOT:
X; 4 7 8 12

W; 0,25 0,1 0,15 0,5
Kontpons: 0,25+ 0,1+ 0,15+ 0,5 = 1.

JIJIs HarJISTHOTO TPEJCTABJICHUS CTAaTUCTHYECKOIO PacIpeeiicHUs MOJb3YIOTCs Tpadu-
yeckuMH n3o00pakeHusMA. OHU MOMOTAIOT JTy4Ille TIPEICTABUTh XapaKTep paclpeaeiieHus die-
MEHTOB BBHIOOPKH, a MHOT/IA CJIeJaTh MPeABApUTEIbHBIC MPEANOIOKCHHUS O 3aKOHE pacipeee-
HUS TeHEPATbHOU COBOKYIMHOCTH. Takumu rpadukamul SBISIOTCS MOJIUTOH YaCTOT U THCTOTPaM-
Ma.

ITosiMroH 4acToT — JOMaHasi JTUHHS, OTPE3KU KOTOPOH COEAMHSIOT TOYKU C KOOPIUHA-
tamu (xq,nq), (x5, M3), ..., (x5, 1;).
JU1s IOCTPOEHHUS OJMIOHA YacTOT Ha OCH aOCLUCC OTKIIAJBIBAIOTCS BapUAHTHI X;, a IO
OCH OpAMHAT — COOTBETCTBYIOIIME WM YacTOTHI 7M;. IlOCTpOCHHBIE TOYKH C KOOpAWHATAMH
(xj,n;) COEOUHSIOT OTPE3KAMH.
Jlj1 HenpephIBHOTO ITpU3HAKa IpauuecKoi MILTIOCTpAlMe CIIyKUT TUCTOrpaMMa.
I'ucTorpaMMoii 0OTHOCHTEIBHBIX YACTOT HAa3bIBAIOT CTYNEHUYATYIO (PUTYDPY, COCTOSIIYIO
U3 CMEXHBIX MPSIMOYTOJIBHUKOB, OCHOBAHUS KOTOPHIX OJAMHAKOBBI M PAaBHBI IIMPHUHE Kjacca, a
BBICOTA PaBHA YAaCTOTE IMONAJAHUS B UHTEPBAI N; WJIM OTHOCUTEILHON YaCTOTE ).
[[Iupuny MHTEpBaIa MOXKHO ONpeeInuTh o popmyne Crepaxeca:
— Xmax—Xmin
1+3,32:ign’
I1€ Xmax — MAKCUMAJIBHOE, A Xp,; — MUHUMAJIbHOE 3HAYE€HUE BapHaHT,N— 00BEM CTaTUCTHYE-
CKOH COBOKYITHOCTH.
BbI0opHBbIe XapaKTepUCTHKH. XapPaAKTePUCTUKH MOJI0KEHH .
Moooui (Mo) Ha3biBaeTcsi HanboJIee BEPOSTHOE 3HAYCHUE CITyJAHOM BETMYUHBI WIIH TO
3HAYCHHE ITOH BEJTMYUHBI, YACTOTa KOTOPOTO HaWOOIIbIIIAs.
Hanpumep, pacnpenenenue JIEHKOIMTOB 110 YUCIY MOTJIOMIEHHBIX MU OaKTepuil UMeeT

BU.

YHCJI0 TOTIL. 0 1 2 3 4 5 6 7 8 9 10
0axT.

KOTBOICH™ 12 1 10 | 12 | 35 | 40 | 91 | 108 | 135 | 240 | 180 | 99
KOILIUTOB

Haubonpmras yactora 240 oTBevaeT npu3HaKky, paBHOMY 8, cienoBareibHo, Mo = 8.
Jlnst onpeiesieHust MO/Ibl MHTEPBAJIbHBIX PSJIOB CIYXKUT (opMmya:

Mo = Xy + 1" (ﬂ),

2n,—nq—ns

THC Xy — HYDKHSISI TPaHHIA MOJIATTBHOTO Kilacca, T.€. Kjacca ¢ HanOoJbIel 4acTOTOM BCTpeda-
€MOCTH N,; N,— YaCTOTa MOJAJIBHOTO KJIaCcCa;N;— YacTOTa KJiacca, MPeAlIeCTBYIOMIET0 MOJallb-
HOMY; N3— 4acTOTa KJlacca, CJIeAYIOUIEro 3a MOJAIbHbBIM; [— HIMPHUHA KJIACCOBOIO MHTEpBaJa.

Meouana Me — >TO Takoe cpelHee 3HAYEHUE, KOTOPOE JEIUT COBOKYMHOCTbh BEJIIMYMH
X;Ha JIB€ paBHbIE M0 KOJIMYECTBY YICHOB YacCTH, IPUYEM B OJJHOM M3 HUX BCE 3HAYEHUAX; MEHb-
1€ MeJMaHbl, a B Ipyroi — OobIIIe.

Buvioopounan cpeonssn — >1o cpeaHee apumeTniueckoe 3HaUYCHUE BapUAHT CTATUCTHYE-

e 15k
CKOTO psifa: Xg = ;Zi=1xi ‘1.
XapaKTepuCTHKH PACCeSTHUSI BAPHAHT BOKPYT CBOEI0 CPeIHEro

Buibopounas oucnepcusa — cpennee apuMeTHIECKOE KBAaIPATOB OTKIOHEHHSI MTOTY4CH-
HBIX 3HAYCHHI NIPU3HAKA OT UX CPEAHETO 3HAYCHUSI.
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k

1
2 — v )2 .
Sg = § (x; — Xp)* -y
n
i=1
Cpeonee keaopamuueckoe omkionenue (cmanoapmmuoe omKioHeHue) — 3TO KBapart-
HBI KOPEHb U3 BEIOOPOUHON AUCTIEPCUU:
— [¢2
SB - SB'

Kosgppuyuenm eapuayuu CV— 3T0 OTHOIIECHUE CPETHErO KBAAPATUUYECKOTO OTKIJIOHE-
HU K CpEJIHEN BEJIMYUHE IIPU3HAKA, BBIPA)KECHHOE B IIPOLIEHTAX

cV =3£.100%.
B

X
Koagpduyuenm eapuayuu — 310 Mepa OTHOCUTEIHHOW W3MEHYUBOCTH CIy4yailHOW Belu-
YUHBI, HAPUMEP, 4acTOTy cepaeuHbix cokpamenuit (HCC, yn/mMuH), aprepraibHOe TaBJIeHUE
(AI, mm. pt. c1.) 1 Temneparypy (t °C) B €AMHBIX ¢AUHUIAX — IPOIIEHTAX.
Bapuayuonnwviii pazmax A= X5, — Xpmin— OTO Pa3HOCTh MEXIYy HAUOONBIIUM U
HAaUMEHBIIUM 3HAYEHUSIMH MPU3HAKA.

Tunoevie 3a0anus
IIpumep 1. B pe3ynbrate nsmepenus Gpu3NUECKON BEIMYMHBI OJHUM Npudopom (6e3 cucrema-
TUYECKUX OIMUOOK) MONMYYHIN clieayronue pe3yastaTel: 9, 11, 13, 15,17. Haiitu BEIOOpOUHYIO
JUCIIEPCHUIO OIIMOOK Mpudopa.

Pemenne. Haiinem BBIOOPOUHYIO CPEIHIONO:
9-1+11-1+13-1+15-1+17-1_65

Xp = — =13
5 5 5
Haiinem BBIOOPOYHYIO THUCIIEPCHIO:
5 (9-13)2+(11-13)%+(13-13)2+(15-13)%+(17-13)2 _ 40

Ipumep 2. CpaBauTe 2 BapbUpyOMMXCs Mpu3Haka. OMUH XapakTepusyercs cpeanen X; = 46,8
U CpPEeIHUM KBaJpaTUYECKUM OTKIIOHeHHeM S; = 4,85, npyroit — BenuunHamu X, = 84,6 u S, =
5,7 . Kakoii mpu3HaK BapbUpyeTCs CHIIbHEe?

. S
Pemenne. Haiinem xo3duiyienTs Bapuanuu Ais JIByX HpU3HAKOB mo ¢opmyne: CV = X—B-
B

100%.

4,85 5,7
CVy =5+ 100% = 10,36% , CV; = =

Tak xak CV; > CV,, To nepBblii IPU3HAK BAPbUPYETCS CUIIBHEE.

+100% = 6,74%

Tema 11. Onenka napamMeTpoB reHepPaJIbHOH COBOKYIHOCTH IO ee BbIOOpPKe

CMBICIT CTaTUCTUYECKUX METOOB 3aKJII0YAaeTCs B TOM, UTOOBI 110 BEIOOPKE OTPaHUYEHHO-
ro odbema n, T.e. IO HEKOTOPOW YacTH T'eHEepalbHON COBOKYITHOCTH, BBICKAa3aTh 0OOCHOBaHHOE
CYXKIEHHE O €€ CBOMCTBAaX B LIEJIOM.

UYucnoBble 3HaYCHUSI, XapaKTEPU3YIOIINE TeHEPaIbHYI0 COBOKYITHOCTh, Ha3bIBAIOTCA M-
pamempamu. OHa U3 337a4 MAaTEMaTHYECKON CTaTUCTUKH — OMNpeAETIeHUE MapaMeTpoB OOJIb-
IIOI0 MacCHBa MO UCCIIEIOBAaHUIO €r0 YacTH.

Cmamucmuyeckoe oyenusanue Moxicenm GblNOIHAMbCA 08YMsL CHOCOOAMU.

1) ToueuHas olieHKa — OLIEHKA, KOTOpas JaeTcs /Uil HEKOTOPOIl OIpe/Ie]IEeHHON TOUKH.
2) NnTepBasibHas OLIEHKA — IO JJAHHBIM BBIOOPKH OLIEHUBAETCS MHTEPBAJI, B KOTOPOM JIEKHUT HC-
TUHHOE 3HaU€HUE C 3a/IaHHOI BEPOSITHOCTHIO.

TouyeyHast OLleHKA MAPAMETPOB I'eHEPAILHOI COBOKYITHOCTH

Cmamucmuyeckoii oyenxot 0O nHeuzsecmnozo napamempa © TEOPETHUECKOTO pacipe-
nenenus  HaseBaroT  QyHkuupo [ (Xq,X,, ..., X,)0or HaOmIOJAaEMbIX CIIYYaWHBIX BEIWYHMH
X1, X5, 0, Xy
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Toueuynoui Ha3bIBAIOT CTATHCTUYECKYIO OLEHKY, KOTOPAsl OMpPEENsieTCS OJHUM YHCIOM
0" = f(xq, X3, o) Xp), TOE Xq,Xp, ..., Xp— PE3YIbTATHl N HAOMIOACHUN HAJ KOJUYECTBEHHBIM
npu3zHakoMm X (BeIOOpKa).

KauecTBO OLIEHKM yCTaHaBIMBAETCS MO TPEM CBOHCTBAM: OBITH COCMOSMENbHOU, G-
(hexmusHoll N HecMeweHHOI.

TouedHast olleHKa HA3BIBACTCS COCHIOAMEIbHOI, €CITU TIPU YBEIHUYECHUU 00beMa BBIOOP-
KU BBIOOpPOYHAs XapaKTePUCTUKA CTPEMUTCS K COOTBETCTBYIOIIEH XapaKTepUCTHKE FreHepaIbHON
COBOKYITHOCTH.

Toueunasi oneHka Ha3bIBaeTCs Ihhexkmusnoil, ecnu oHa UMEET HAUMEHBIIYIO JTUCIIEep-
CHUIO BEIOOPOYHOTO pacIpeieNICHHs 10 CPABHEHUIO C APYTUMHU aHAIOTUYHBIMU OIICHKAMH.

ToueuHyro OLIEHKY Ha3bIBAIOT HeCMEeU|eHHOM, eCIi ee MaTeMaTUYeCKOe OXHIaHUuEe PaB-
HO OI[CHMBAEMOMY IapaMeTpy MpH JFOOOM 00BeMe BBIOOPKH.

Hecmeuiennoii oyenkoii 2enepanbHoil cpeoneil (MaTeMaTHUYECKOTO OKUJAHUS) CIYKUT

BBIOOpOYHAS CPEIHSIS Xp:
K

Xgp = — X; " Nn;
n 4 i i
=1
X;- BapuaHTa BLI60pKI/I; N;—4acToTa BCTPEYACMOCTH BapHUaHThI xi; Nn— 00beM BBI60pKI/I.
BLI60pO‘IHa$I CpCaHsas ABJIACTCA HeCMeﬂleHHOﬁ OI_IeHKOI‘/'I reHepaJleoﬁ cpez[Heﬁ, T.K.
M (fB) = JE1"61-1-
BLI60pO‘IHa$I AUCIICPCHUA Sé HEC o6naz1aeT CBOMCTBOM HECMCIICHHOCTH. 9T10 CMCIICHHAas
OILICHKAa reHepaanoﬁ JUCIICPpCUN O'rzeH.

n-1
M(S3) = — 02, # 02, — 5TO ¥ 03HAYAET, YTO BBHIOOPOYHAS JMCIEPCUS S5 SBISETCS

CMEILIEHHOI1 OLIeHKOI 02,,.

Ha mpakTuKe HCIONb3YIOT UCIPABJIECHHYIO BBIOOPOUYHYIO AMCIEpCHIO S2, KOoTopas SBIs-
€TCsl HECMELIEHHON OLICHKOW JUCIIEPCUU I€HEPATILHOU COBOKYITHOCTH:

g2 =nT_1'S§(X) :%.w;
§2 = ¥k, (x; — %p)? - ;.

Kpome Toro, B pacderax MCHOJB3YIOT S — HMCIPABICHHOE CPEIHEE KBaJpaTHUYECKOE OT-
KJ‘IOHCHI/IG(S = \/ﬁ), Ha3bIBAEMOE CTAaHJAPTHBIM OTKJIOHEHHEM, W OIIMUOKY BHIOOPOUHOW Cpell-
Hel (CTaHIapTHYIO OUIMOKY CPEJIHEro) My:

HNHuTepBaiibHas OLIEHKA MAPaAMeTPOB IreHePaIbHOI COBOKYIMHOCTH

B psine ciiydaeB TpeOyeTcs He TOJIBKO HANTH JIJIS UCCIIEyEeMOTO TTapaMeTpa MOoaXosIIee
YHCIIEHHOE 3HAaYeHHEe, HO U OLIEHUTh €r0 HaJeKHOCTh U TOUYHOCTh. Tpedyercs 3HaTh — K KaKuM
omunOKaM MOXET IMPHUBECTH 3aMEHa MapaMeTpa €ro TOYEHYHOH OIEHKOM, U ¢ KaKkoil yBepeHHO-
CTBIO MOXHO OKHJIaTh, YTO OIIMOKH HE BBIMIYT 32 U3BECTHBIE Mpeeibl. UTOOBI JaTh MpeICTaB-
JICHWE O TOYHOCTH M HAJIS)KHOCTH OICHKH MapaMeTPOB, B MaTEMaTHYECKOW CTAaTHCTHUKE MPHUOe-
raroT K UHTEPBATbHBIM OIICHKAM.

Humepesanvnas oyenka — 3TO YUCIIOBOW WHTEPBAJ, KOTOPBIH ONpeaeseTcs AByMs YHUC-
JaMH — TpaHUIIAaMH UHTepBaja, COACPKAIINi HEM3BECTHBIN MapaMeTp reHepaTbHOW COBOKYITHO-
CTH.

JlosepumenvHulii uHmepsan — STO UHTEPBAIl 3HAYECHUI MPU3HAKA, KOTOPBIM C U3BECTHOM
BEPOSATHOCTHIO COJIEPIKUT OLIEHUBAEMBIH MMapamMeTp TeHepabHON COBOKYITHOCTH.

Josepumenvnasn 6eposmHocms P — 3TO BEPOATHOCTh TOTO, JOBEPUTEIBHBIN WHTEPBAI
COJICPXKUT 3HAYEHHE OIICHMBAEMOTO Tapamerpa. JoBepUTEeIbHYI0 BEpPOSITHOCTh MPUHATO yCTa-
HaBnuBaTh Ha ypoBHIX 90%, 95% u 99%. DT BEpOATHOCTH MPU3HAHBI TOCTATOYHBIMH JIJIsI
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YBEPEHHOTO CYXKJEHHS O TeHEPaNIbHBIX MapaMeTpax Ha OCHOBAHUH M3BECTHBIX BEIOOPOYHBIX TTO-
Kazarenei.

Kpome noBeputenbHOM BEpOSITHOCTH YaCTO UCTIOIB3YIOT «IPOTUBOMOJIONKHOEY 3HAUCHUE
— ypoeens 3nauumocmu’. & = 1 — p, KOTOPBII BBIpa)KaeT BEPOSTHOCTh HEMOMAJaHUs TeHepalb-
HOM CpeJiHE! B TOBEPUTEIIbHBIN HHTEPBAL.

JlJiss HOpMAJIBHOTO 3aKOHA paclpeieNieHus], 3Has BEIMYMHY BBHIOOPOYHOW CpeaHEH U ee
OIIMOKY, MOKHO OINpPEAENIUTh TPAaHUIlbl, B KOTOPBIX C TOW WJIM MHOM BEPOSTHOCTHIO HAXOJUTCS
napameTp TeHepaJIbHONH COBOKYITHOCTH — MaTeMAaTHUYE€CKOE OKUJIaHKWE. DTU TPAHUIIBI HA3bIBAIOT-
Csl IOBEPUTENBHBIMU U OTIPEACIISAIOTCA 10 popmyIie:

S _ S
= tor <H<Tp+ = tay

rac ta,f — BCIIMYMHA HOPMHUPOBAHHOT'O OTKJIOHCHU:, OIIpEAcIdeMas 1o Ta6J'II/II_IaM pacmpeaciec-

fB_

nus Crerofenta. Bennuuna ty ; ONpENenseTcs BEPOATHOCTBIO MONAIaHKsA TEHEPAIBHOTO napa-
METpa B YKa3aHHBIA HHTEPBAI U YHCIIOM CTENeHHEeH cBoOoabl f = n — 1, rne n — 06beM BBIOOD-
KH.

Tax,npun =30, f =30—1 =29 map = 0,95, ty,05.290 = 2,05;
s p = 0,99,t001.20 = 2,76, mia p = 0,999, t5,001,29 = 3,66.

W3 npuBeIeHHBIX JTAHHBIX BUHO, YTO C YBEJIUYCHUEM JIOBEPUTEIHLHON BEPOSTHOCTH Ipa-
HUIBI HHTEPBAJIA Pa3/IBUTAIOTCS, T.C. YBEIUIHBACTCS HAJIEKHOCTD IMOMATAHMS TTapaMeTpa B yKa-
3aHHBIA UHTEPBAJI, HO YMEHBIIAETCS TOYHOCTh €ro onpeaeicHus. [103ToMy Juisi COXpaHSHHUS BbI-
COKOM TOYHOCTH JOBEPUTEIHLHON BEPOSATHOCTH U MOBBIIICHUS TOUHOCTH JIOBEPUTEITHHON OIICHKU
HEOOXOIUMO YBEIUYUTH 00HEM BBIOOPKHU.

Tunogvie 3a0anus.
IIpumep 1. HailTu HECMEIIEHHYIO OLEHKY T€HEPAJIbHON CpEIHEH, NTUCIIEPCUN TE€HEPAIBbHON CO-
BOKYITHOCTH U CTaHJapTHOE OTKJIOHEHHE 10 BhIOOpKE 00bema 10, OMMCHIBAIOILYIO BEC JIEBOYEK:
27,24, 23; 27; 25; 28; 26; 23; 24, 25.
Pemenne: HecMenieHHOM OLIEHKOM TeHEpalIbHOM cpelHel CIIy’)KMT BHIOOpOYHAs CPEAHSIS:

Fp =~ Ndx mg = (27°2+24-2+23-2+25-2+28-1+26-1) = 252.
HecmemeHHas oLeHKa AMCIIEPCUN IE€HEPalIbHON COBOKYIIHOCTH paBHA HCIIPABICHHOM IUCIEp-
CHUU:

§2==-[(27—-1252)%2-2+ (24 —-252)2-2+ (23 -25,2)2-2+(25—-25,2)?-2 +

(28 — 25,2)% + (26 — 25,2)%] = 3,08.
OrmpeenM cTangapTHOE OTKIOHeHH e 1o hopmyie S = VS2, t.e. S = /3,08 = 1,75.

Nol N

IIpumep 2. Y 20 cTyneHTOB, CAaBABIINX 3K3aMEH, CepAlie OMIIOCh B CPEAHEM CO CKOPOCThIO 96
ynapoB B MUHyTy. CTaHJapTHOE OTKJIOHEHHE BBIOOPKHU ObUIO paBHO 5 yaapam B MUHYTY. Haiitu
JIOBEPHUTEIBHBII HHTEPBA JUIs TeHEpaIbHOTO cpenHero nmpu p = 0,95.

Pemenne: Ilo ycnoButo 3amaun Xg = 96; n = 20; S = 5. JloBeputensHbIil HHTEPBAT ONpEe-

asieM 1o Gopmyine: Xg — \/% toy <p<Xp+ \/%

Creionenra (cM. mpuiioxkenue, tadbauna IV) npu yposse 3Hauumoctd a < 0,05 u uucne crene-
Helt cBoOonbl f =n — 1;
f=20-1=19, t(a <0,05f =19) = 2,093. Toraa

5 5
96 — —-2,093 < u<96 +—-2,093
NET) K V20

93,66 < u <98,34.

" tq,r- HalineMm t, ; 13 TaONUIBI pacTIpeeIEH s

OKOHYATENBHO MOTYYaeM:
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Tema 12. CraTucTHYecKasi IpOBepKa rMnoTe3

PaccmoTpuM Temeps BTOpPOE HAmpaBlIEHHE MaTEeMaTHYECKON CTaTUCTUKU — MPOBEPKY
cTaTucTUYecKuX runores. H u oHo uccnenoBanue He 00XxoauTcs 0e3 cpaBHEHHIA.

Cmamucmuueckaa zunomesa — 370 J1000€ MPEANOIOKEHHE O BUIE HEU3BECTHOTO pac-
MpEeJIeIICHNs UM O TTapaMeTpax U3BECTHBIX PaCIpeIeICHHI.

l'unore3p! npuHATO 0003HauaTh OykBOMl H c muaekcamu. byaem mpenmonarath, 4to y
Hac uMmeercs 2 Hemepecekaromuecs runore3sl Hy u Hy, rae Hy— Hyneeasa zunomesa (vim oc-
HoeHas), H| — anomepnamuenasn i KOHKypupylowas zunomesa.

3aaya MpOBEPKH CTATUCTHUYECKUX TUIIOTE3 COCTOUT B TOM, YTOOBI Ha OCHOBE BBHIOOD-
KHXq, X2, X3, ..., X, TPUHATH (T.€. CUNTATh CHPABEJINBON) JMOO HYNEeBYIO rumore’y H,, aubo
KOHKYPUPYIOILYIO TUnoTe3y Hy.

[Ipu npoBepke CTATUCTUYECKUX TMIOTE3 MOXKET OBITh MPUHATO HEMPAaBUILHOE PEIICHUE,
T.€. MOTYT OBITh JOMYIIEHBI OIMIMOKH BYX POJ0B. Quiudka nepeozo pooa COCTOUT B TOM, YTO
Oyner oTBepruHyTa npaBujibHas runore3a. Quiudka eémopozo pooa COCTOUT B TOM, 4TO OyneT
MIPUHSITA HEMPABWIIbHAS THITOTE3A.

Jl7is IpOBEpKU MPUHATON THIIOTE3bl UCHONB3YIOT CHAMUCMUYECKUIl KpUumepuii — 310
IIPaBUJIO, MO3BOJIAIOIIEE, OCHOBBIBASICH TOJIBKO HA BBIOOPKE, MPUHATH JUOO OTBEPrHYTH HYyJe-
BYIO runoresy Hj.

Bce xputepun paznuuuii ycJI0BHO MOJpa3feiieHbl Ha JBE TPYIIIbI TapaMETPUUYECKUE U
HenapaMeTpUuecKue KPUTEPUH.

Kpurtepun pasznnuus Ha3bIBAIOT napamempuyecKum €Cid OH OCHOBaH Ha KOHKPETHOM
TUIIE pacrpeieNieHus] TeHEePaTbHON COBOKYITHOCTH (KaK MPaBUIO HOPMAJILHOM) HIIA HCIIONb3YeT
HapaMeTpbl ITON COBOKYITHOCTHU (CpeHee, JUCIIEPCUU U T.1.).

Kputepuii pa3nuyus Ha3bIBAIOT HeMapaMeTPUYeCKHUM €CIIM OH He Oa3upyeTcs Ha mpe-
MOJIO)KEHUU O THUIE PACIpeeeHHUs] TeHEPAIbHON COBOKYITHOCTH M HE UCHOJb3YET MapaMeTpbl
JTOU COBOKYITHOCTH.

OO0mas nocTaHOBKA 3224 NPOBEPKHU TUIIOTe3

[IpuHATHE CTATUCTHYECKOTO pelIeHHs pa3OuBaeTcss Ha JTambl UiaU mard. PaccMoTpum
3TOT AJITOPUTM:

1) Tlo BEIOOPOYHBIM JaHHBIM (HOPMYIUPYIOT OCHOBHYIO THIIOTE3y H( U aJbTePHATHBHYIO THITO-

Te3y Hi.

2) Omnpenensitor 00beM BbIOOpKH N.

3) 3amaroT HYXHBI YPOBCHb 3HAUUMOCTH(®. YPOBEHb 3HAUUMOCTH® — ITO BEPOSITHOCTH OIIHO-
KW OTBEPTHYTh HYJIEBYIO TUmote3y Hy, eciim Ha caMoM Jiefie 9Ta TUnoTe3a BepHa. Tak, mpu
a < 0,05 ommubka Bo3mMoxHa B5% ciydaes, npu @ < 0,01 ommbka Bo3mMokHa B 1% ciyua-
€B U T.JI.

4) B 3aBUCHMOCTH OT THITOTe3bI H{ ONPECSIOT CTATUCTUYCCKUI KPUTEPUi, UMCIOIINA W3-
BECTHOE paclpeieIeHue.

Kpumepuii— 510 cnydaiinas BenuunHa K, koTopas cirykuT Juist mpoBepku rurnoressl Hy. Kpure-
pHii 3aBUCHUT OT JIBYX MapaMeTpOB: OT YHUCIA CTENeHEeHl CBOOOJBI U OT YPOBHS 3HAYMMOCTH «.
DaKTHYECKYIO BETMYMHY KPUTEPUS MOTYJatOT MO JaHHBIM HAOMIOACHUS K6,

5) Tlo Tabnuiam ONMpeAessIFOT KPUTHYECKOE 3HAUCHHE, TIPEBBIIICHHE KOTOPOTO MPH CIIPABEIIIH-

BOCTHU THIIOTE3bI MaNOBEPOATHO Ky (@, f).
6) CpaBHHBAIOT Kya6, M Kipur (@, f).
JIna napamempuueckux kpumepueg: ecinv K .6, > KKpm(a, f), TO OTBeprarT THIOTE-
3y Hy v npunnmarot runoresy Hy, eciu Kyasn < Kipur (a, f), To npuHUMarOT runoresy H.
Ana nenapamempuueckux kpumepues: ecivi K6, < Kipur(@, f), TO NpUHAMAIOT TH-
noresy Hy.
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7) ®opMyIMpyIOT OONIMIA BHIBOJ MCXOJS M3 MOCTABICHHOM 3a/1auM: pasindue CTaTHCTUIECKHU
3HAYMMO MIIM HE3HAYHMO.
Bce KpuTepHy pasiinduii yCIOBHO MOJpa3elieHbl Ha JIBE TPYIIbl TapaMeTpUIeCKUe
¥ HelapaMeTPHUECKUe KPUTEPUH.
TIpoBepKa runoTes 0THOCHTEILHO CPeIHUX
CpaBHEHHE CpEJHHX COBOKYIHOCTEH HMMeeT BaKHOEe MpaKTHYeCcKoe 3HaueHue. YacTo
BCTPEYAIOTCS CIIyYau, KOTJa CPEHMH pe3ysbTaT OJHOM CEpHH SKCHEPUMEHTOB OTIMYACTCS OT
CPEIHEro pe3ylbTaTa JPYroil CepHU SKCIEPMMEHTOB. IIpy 5TOM BO3HHKAET BOIPOC, MOKHO JIH
00BACHUTL OOHAPYKCHHOE PACXOKICHUE CPEIHUX HEU30EKHBIMH CITyJaiiHBIMH OITMOKAMH JKC-
TIEPUMEHTA MJIH OHO BBI3BAHO HEKOTOPHIMHU 3aKOHOMEPHOCTSIMH.
IIycTh MMEIOTCS JIBE COBOKYIHOCTH, XapaKTepH3yeMble TeHEepalbHbIMH CPEIHUMHU Xo H
Yo ¥ M3BECTHBIMU JHCIEPCUAMU 07 U 0. Heobxoaumo nposeputs rumnotesy Hy o paBeHCTBe
reHepabHbIX CPEHUX, T.€. Hy: Xy = V. J1g npoBepku runotesbl Hy U3 5THX COBOKYIHOCTEH
B34ThI JJBE HE3aBUCUMbIE BHIOOPKH 0OBEMOB 1, H My, IO KOTOPBIM Hali[IeHbl cpefiHue apudme-
THYeCKHe X Wy U BEIGOPOUHBIC auciepenu Sy u Sy
B ciyyae cripaBeIMBOCTH TUNOTe3bl Hypa3sHOCTh X — y MMeeT HOpMalbHbI 3aKOH pac-
TpeJeleHUs ¢ MATEMATHYECKUM OKHIAHHEM:
§ ME—-y)=M@x)—MF) =% —yo=0
¥ IMCIIepCHUeii:
2 2
=0f+0f = A
n nz
(mucriepcust Pa3HOCTH HE3aBUCHMBIX CIIYYaiHBIX BEIMYMH PaBHA CyMMe HX JHMCIEPCHil, a juc-
nepcus cpeiHeil NHe3aBUCUMBIX CIIAraeMbIX B 1Pa3 MEHbIIE JUCIIEPCHH KaXKIO0ro).
[To>TOMY IIpH BHIIOJIHEHUHM IUNOTE3bl Hy CTaTHCTHKA
‘= (x—-y)-ME—-Y) __*-y

0'93_37

2
O-f—)_/

o2, %
n; N
HAMEET CTaHIAPTHOE HOPMAJIBHOE PaCIIPENEIICHHUE.

B cnyuae xoHkypupyromei runoressl Hy: Xy > Yo (Wi X, < V) BBIOMpPAIOT OJHOCTO-
POHHIOIO UJTU IBYCTOPOHHIOI KPUTHYECKYIO 00JIaCTh M HAXOJAT KPUTHYECKOE 3HAUCHHUE CTATU-
CTHUKH: dD(th) = ®(t;_5,) =1 —2a- wm
P(tp) = P(t1g) =1—a.

Ecnu daktuyecku HaOmonaeMoe 3HaYeHHE CTATHCTUKH tOOJbIIe KPUTUYECKOTO, OTpe-
JIEJIEHHOTO Ha ypOBHE 3HAUMMOCTHA (M0 abCOMOTHOH Benuuume), T.€.|t| > t,, , To TunoTesa Hy
otBepraercst. Ecmm |t] < typ, TO NETACTCsl BBIBOJ, YTO HYyJIEBas IMIOTE3a HE MPOTHBOPEYHUT
MMEIOIIMMCS HAOJIOICHHSIM.

IIpoBepka rumores AJisi AMCIEPCHH

[IycTh reHepasbHble COBOKYNMHOCTH Xq U X, paclpeaesieHbl HOPMalIbHO U MUMEKOT JIUC-
nepcun o7 u oZ. HeoOGxomuMo MpOBEpHTh HYJEBYIO TMIOTE3y O PABEHCTBE AMCIEPCHid, T.e.
Hy: 02 = 07 0THOCHTENBHO KOHKYpHpYyIolei Hy: 0 # o2.

[To He3aBHCHMBIM BBIOOpKaM O00BEMOB 74U My, U3BJICUEHHBIM M3 3THUX COBOKYIHOCTEH,
Hai{JIeHH! NCTIPaBJICHHEIE BHIOOPOUHEIE UCTIEpCHH S2 1 S2. 3a1ada IPOBEPKH IUIIOTE3bI CBOIHT-
sl K cpaBHeHHIo jaucriepcuii SZ u S2. TIpy 3aJaHHOM YpPOBHE 3HAYNMOCTH (, HAJO MPOBEPHTH
HYJIEBYIO THIIOTE3Y O PABEHCTBE IT'€HEPAIbHBIX JUCIEPCUN HOPMAJIBHBIX COBOKYITHOCTE.

B kauectBe KpUTEpHs NPOBEPKU HYJIIEBOU TMIIOTE3bI O PABEHCTBE I'€HEPAIIBHBIX IUCIIEP-
CH HCIIONIb3YEeM CIYYallHYIO BEIMUUHY F, paBHYIO OTHOIICHHUIO 0OJIbILEH HCIIpaBIEeHHON BBIOO-
POYHOU AUCIIEPCUU K MEHBIIIEH, T.€.
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&2
F Haba — ;_62'
M

Benuuuna F, npu ycloBUM CHPaBEIMBOCTU HYJIEBOM T'MIIOTE3bl UMEET paclpeesieHne
Oumepa-CHerekopa co CTeIeHsIMH CBOOOBI f;1 =Ny — 11
f2 = n, — 1, rne ny— 006beM BBIOOPKH, IO KOTOPOH BBIYKMCIICHA OOJIbIAs BRIOOPOYHAS TUCTIEP-
cHsl.

U3 Tabmun maxomum F,u.(a, fi,f;)  nmanmee cpaBHuBaeTCAFpur M Fyaen: ecmu Fag, <
Fepur (@, f1, f2) = H, (npuHUMaeTCs Hy/eBas THIOTE3a), TeHEPAIbHbIE JUCIIEPCUH PA3IHYa0TCs
HE3HAYNMO.

IIpoBepka runore3s 0 3aKOHAX pacnpeaejeHus

Beimie paccMaTpuBalivch TUIIOTE3bI, OTHOCSIIMECS K OTAEIbHBIM ITapaMeTpaM pacipee-
JICHUS CITyYalHbIX BEJTWYMH, TIPUYEM MOJICIN 3aKOHOB PACTIPEICICHUS ITUX BEIUYMH MPEIIIoia-
rajiuch u3BecTHbIMU. OJIHAKO BO MHOTHX MPAKTHUECKUX 3aJjauax MOJIENb 3aKOHA pacrpe/iesieHus
3apaHee HEe M3BECTHA M BO3HHMKAET 3ajlaya BhIOOpa MOJIETH, COTIACYIOIICHCS C pe3yjbTaTaMu
HaAOIOIeHUH cITy4yaiiHOM BETMYHHBI.

ITycTh BBICKa3aHO MPEANOJIOXKEHHE, YTO Heu3BecTHas GyHKuus pacnpenencuus Fy,(x)
uccleyeMoit ciryyaiinoil Beiudunbl X MMeeT BHOJIHE ONPEIENCHHYI0 MOJENb Feop(X), T.€. BHI-
ckazana runoresa:Hy: Fyyy (x) = Freop(x).B KadecTBe TeopeTHueckolt MOJETN MOKET ObITh pac-
CMOTpPE€HAa HOpMaJlbHasi, MOKa3aTejbHas, PaBHOMEpPHAs WJIM Kakas-Iu0o Apyras MOENb. JTO
OTIpEIeIIAETCS CYIIHOCTHI0 U3Y4aeMOTO SIBIICHHUA, a TAKXKE pe3yibTaTaMu IPEIBAPUTEIHHON 00-
pabOTKH TMOJYUYEHHBIX SKCIEPUMEHTAJBHBIX JAHHBIX (BUIOM THCTOTPaMMBI, MOJIUTOHA YacCTOT,
COOTHOILIEHUEM OCHOBHBIX YHCJIOBBIX XapaKTEPUCTHK).

BrigBuraercsi anpTepHaTHBHAsA TUIOTE3a, YTO JaHHAs TeHEpajdbHas COBOKYITHOCTh HE
pacnpejienieHa 10 3aK0HY Freop (%), T.€. Hy: Foyp(X) # Freop ().

3amaercs ypoBeHb 3HAaUMMOCTH, Hanpumep, (a < 0,05).

Ecam xoTum mpoBepUTh, COMNIACYIOTCS SMIIMPUYECKHUE JAHHBIE C HAIIUM THIOTETHYE-
CKHM TIPEJIJIO)KEHUEM OTHOCHUTEIHLHO TEOPETUUECKOU (PYHKITUU pacTIpeIeICHUs] WIH HET, TO UC-
MOJIb3YEM KPUTEPHIL corIacusl.

Kpumepuem cocnacus Ha3bpIBalOT KPUTEPUA, KOTOPBIH MO3BOJISET YCTAHOBUTD, SIBJISIETCS
JU PACXO0XKJIECHHE SMIIMPUYECKOTO U TEOPETUUYECKOr0 pacHpeieseHuid Ciay4yalHbIM WIH 3HA4M-
MBIM, T. €. COTJIACYIOTCS JIU JIaHHbIC HAOJIOJCHUM C BBIJIBUHYTOW CTATUCTHUYECKON THUITOTE30M
WM HE coryiacyrorces. Pacnpenenenue reHepanbHOM COBOKYITHOCTH, KOTOPOE OHA UMEET B CHILY
BBIIBUHYTOW THIIOTE3bI, HA3BIBAIOT meopemuyeckum. OOBIMHO IMIUPUIECKUE U TEOPETHUECKUE
YaCTOTHI PA3INYAIOTCS B CUITY TOTO, YTO:

1. pacxoxneHue ciaydyailHO U CBSI3aHO C OTPAaHUYEHHBIM KOJIMUECTBOM HAOIIOCHU;
2. pacxoxkJIeHHE HECIydalHO W OOBACHSAETCS TeM, YTO CTATHCTUYECKasi TMIIOTE3a O TEOpeTHYe-
CKOM 3aKOHE pachpe/elIeHHs — OITUO0YHA.

Takum 00pa3oM, KPpUTEPHUH COTJIACHUS TO3BOJISIOT OTBEPTHYTH WJIM TOATBEPIUTH IIpa-
BWJIBHOCTb BBIIBUHYTOW THIIOTE3bI O MOJAEIIN paclpele]ICHUsI SKCIIEPUMEHTANIbHBIX JIaHHBIX.

PaccMOTpHM OZIMH U3 HUX, UCIIONB3YIOIMI Y2 pachpeieieHye U MOJTy4HBIINii Ha3BaHHE
kpumepuii conacus Ilupcona.

B naubonee 4acTo MCHOIb3yeMOM Ha ITPaKTHKe Kputepun x> — [IupcoHa B KauecTBe Me-
pBl pacxoxenus U GepeTcsl BeMMUMHA y2, paBHas CyMMe KBaJpaToB OTKIOHEHHMH 4acToT (cTa-
TUCTUYECKHUX BEPOATHOCTEN) W; OT TUIOTETUYECKUX P;, PACCUMTAHHBIX IO MPEAJIaraeMoOMy pac-

MMpEaACIICHUIO, B3ATBIX C HCKOTOPBIMU BECAMU C;.
m

U= x? =Zci'(wi_pi)2
i=1
Beca ¢; BBOIATCS TaKMM 00pa3oM, 4TOOBI PH OJHUX M TeX ke OTKIOHEHHAX (W; — p;)?
OOJIBIIMI BEC MMEJU OTKJIOHEHUS, TIPU KOTOPBIXP;Majla, ¥ MEHBLINM BEC — IIPU KOTOPHIX P; Be-
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nuka. O4eBHIHO, 3TOTO YJAETCs JOCTHYb, €CIIH B3ATh C; 0OPaTHO MPOMOPLUOHATEHBIMUA BEPOSIT-
n
HOCTSM p;. B35B B KauecTBe BECOB ¢; = o> MOXKHO JI0Ka3aTh, 4TO IPU 7 — 00 CTATHCTHKA
i

)2
U=x* =3l wi—p)’ i U=X2=Z?il%

HUMECT XZ— pacrpeaciicHuc ¢ k=m-—-—r—1 creneuamu CBO6OI[BI, Tac m— 4ucCJIO HHTEPBAJIOB
AMIUPUUYECKOTO pacIipeie]ieHus (BapUallMOHHOTO Psia); T'— YHUCIIO MapaMETPOB TEOPETUIESCKOTO
pacnpeaciCHus, BBIYMCICHHBIX 10 OKCIICPUMCHTAJIBHBIM JaHHBIM.

Yucia n; =n-w; 4 n-p; HABBIBAIOTCA COOTBCTCTBCHHO IMRrupudyecKumu U meopemu-
YyecKkumu uacmomamu.

CxemMa npUMeHeHHsI KpUTepHs ¥ > CBOAMTCS K CJIeAYIOIIEMY:

1. Omnpenenserca Mepa pacxoxkICHU SMIMPHIECKUX M TEOPETUUECKUX 4acTOT ) 2.

2. Jlna BBEIOPAaHHOTO YPOBHS 3HAYMMOCTH (¢ 10 TabIHMIE y’— pacrpenelcHus HaXOUsAT
KPUTHYECKOE 3HAYCHHE X ; IIPU YHUCIIe CTeneHei ceobomsl k =m —r — 1.

3. Ecinu ¢aktuyecku Habm0OJaeMoe 3HadeHuey? Oomblie KPUTHYECKOro, T.e. y2 >
X& x» TO runoresa H, orsepraercs, ecin x? < yZ,, runoresa Hy He IPOTUBOPEYMT OIBITHBIM
JTAHHBIM.

3amMeyaHHe: CTaTHCTHKA
m

22 _Z(”i—n'Pi)z
= P

MMeeT x%— pacrpeeneHue JUNIb TIPH N — 00, TI03TOMY HEOOXOMMO, YTOOBI B KaXKI0M MHTEp-
Basie OBUIO JOCTATOYHOE KOJMYECTBO HAOIIOACHUH, IO KpaitHe Mepe 5 Habmonenuii. Eciu B ka-
KOM-HHOY/b MHTEpBaJIC YUCIIO HAOMIOACHUH N; < 5, UMEET CMBICT OOBEIMHHUTH COCEIHUE HH-
TepBaJibl, YTOOBI B 00BEAMHEHHBIX UHTEPBANIaX 7; OBLJIO HE MEHbIIE 5.

Kpurepnii Koamoroposa. Ha npakTuke KpoMe KpUTepHs Y2 4acTo MCHOIb3YETCS KPH-
tepuit KosMoroposa, B KOTOPOM B Kau€CTBE MEPHI PACXOXKJICHHUS MEXKAY TEOPETUUECKUMHU U M-
NUPUIECKUMHU pacpee]ICHUSIMIA PacCMaTPUBAIOT MaKCUMAJIbHOE 3HAUYEHHE a0COIIOTHOM BEJH-
YUHBI PA3HOCTH MEXIy SMIUPUYECKOi (yHKImen pactpenenenus F,(x) U COOTBETCTBYOIIEH
TeopeTndeckoit ¢ynkimeit pacnpenenenus: D = max|F,(x) — F(x)|, Ha3piBaeMoe cmamu-
cmuxoit kpumepusa Konmozopoea.

Jloka3aHo, 4yTo KakoBa Obl HU ObUTa (YHKIUS pacnpenencHus: F(x) HempepbIBHOU Ciy-
YaifHOW BeMMYHMHBI X, IPU HEOrPAHUUCHHOM YBEIMYCHHH Yucia HaOmoaeHuid (n — o) Bepo-
SATHOCTh HEpaBeHCTBAP (D\/H > /1) CTPEMHMCS K TIpEAeTy:

+ 00
2,92
P(H=1- Z (—1D)k - g2k™2
k——o0
3amaBas ypoBEHb 3HAUYUMOCTH (&, U3 cooTHomeHus1 P(A,) = & MOXHO HaWTH COOTBET-
CTBYIOIIEE KPUTHYECKOE 3HaUeHUE A,. B Tabnuiie mpuBoaSTCS KpUTHUECKUE 3HAUCHUS A, KpH-

YpoBeHs 3Ha-
YUMOCTH 0,40 | 0,30 | 0,20 | 0,10 | 0,05 | 0,025 | 0,01 | 0,005 | 0,001 | 0,0005
a

Kputnueckoe

089 | 097 | 107 | 122 | 136 | 1,48 | 1,63 | 1,73 | 1,95 | 2,03
3HaueHue A,

TCpUA KOHMOTOpOBa JJIA HEKOTOPBIX (.

Cxema npumenenusi kpurepusi Kosmoroposa
1. Crposrcs smmnupuyeckas GyHKIms pacnpenenenus F,(x) u npexnonaraemas Teope-

THuecKas QyHKuus pacrpenenaenus F(x).
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2. Ormpenensercss Mepa PacXOoXACHUS MEXKIY TCOPETHYCCKUM M IMIIUPHUYECKHUM pac-
npeneneHrueM D U BRIYUCISICTCS BeIMYnHa A = D\/ﬁ.

3. Ecnu BeUMCIeHHOE 3HaYeHUE A OKaXKeTCs OOJIbIIE KPUTHIECKOTO A, OPEAcIeHHO-
r'0 Ha YPOBHE 3HAYUMOCTH (@, TO HyJIeBas TUIOoTe3a Hy 0 TOM, 4TOo ciiy4aiiHas BelndrHa X UMeeT
3aJaHHBII 3aKOH pacrpenenenus, orsepraercs. Ecnmu A < A,, To cuuTarot, uro runotesa H, He
NPOTHBOPEYHT OIBITHBIM JJAHHBIM.

Henapamerpuueckue Kkpurepun

Kputepuii paznuuus Ha3bIBAIOT HenapamempuiecKum, eciivi oH He 6a3upyercs Ha Mpe-
MOJIOKEHUU O TUIIE PACTIPEICIICHUS] TeHEPATIbHOW COBOKYITHOCTH U HE HCIIOJIB3YET MapameTpbl
3TON COBOKYHHOCTH. [loaToMy mjii HemapameTpUuecKHX KPUTEPUEB IpPENIaraercs TakKe HC-
MOJIb30BaTh TAKOW TEPMHUH KaK «KPUTEPH, CBOOOMHBIN OT pacmpenesieHus». 1o GpyHkuuu, 3a-
BUCSIIIME HEMOCPEICTBEHHO OT BAPUAHT JAHHOW COBOKYMHOCTU € MX 4dactoTamu. Ciyxar ajs
MPOBEPKU paboOvMX TUIOTE3 HE3aBUCHUMO OT (DOPMBI pacIpe/ie]iCHUs] COBOKYITHOCTEH, U3 KOTO-
PBIX B3SITHI CpaBHHUBaeMbIe BIOOpKH. Hemapamerpuueckie KpUTepUH paccCMaTpUBAIOT HE TOJIBKO
KOJIMYECTBEHHBIE, HO U KAaUE€CTBEHHbIE MPU3HAKH, MHOTUE M3 KOTOPBIX BBIPAXKAKOTCA MOPSAIKO-
BBIMU HOMEPAMH, paHTaMU, HHACKCAMHU U TIp.

Hanpuwmep, kxpumepuii 3naxos, kpumepuii Yunkoxkcona-Manna-Yumnu.

Paccmotpum noapobHee kpumepuit 3nakos.

TpeboBanust kpurepus:

1) 3akoHbI pacupezaencHus X U Y IpeanonaratoTcs HCM3BECTHBIMHU, HO OJMHAKOBBIMHU;
2) 00beM BbIOOpOK cocTaBisieT 100 31eMeHTOB U GOJIbIIIE H OAMHAKOB.

Kpurepuii 3HaKoB NpUMEHSIOT AJI1 IPOBEPKU HYJIEBOM runores3sl Hy: COBOKYIHOCTH, U3
KOTOPBIX B3SIThl CPaBHUBAEMbI€ BHIOOPKU, UMEIOT OJIHY U TY K€ WJIM OJIMHAKOBBIE (PYHKIIMH pac-
IpeJIeICHHUS.

BBoautcs BenmuuuHa z; = y; — X;. 3HAUEHUSI STOW PA3HOCTU MEHSIOTCS OT OMBITA K OTIbI-
Ty 1O BeJIMYMHE U 3HaKy. Ecnu BnusHue QakTopa HE3HAYUMO, TO BEPOSTHO MOSIBICHHUE KaK TO-

JNOKHUTENBHBIX T, TAK ¥ OTPUIATENBHBIX N_. VI3 5TUX BEJIMUHH BBHIOMPAIOT HAMMEHbIIee Nhi07,
Bermmunna nif% (min)— 970 HaHMEHbIIIEe YHCIIO0 U3 OAHO3HAYHBIX PA3HOCTEH.

KpUT
3HaueHue an HaxoAsT 1o ¢opmyiie unu u3 tadbnuu. Eciu ero onpenenars no gopmy-

JIe, TO JTO LieJIas 4acTh 4,
A="2_ k. yN+1,
rae N — o6bem Boioopku. K = 0,98 npu a < 0,05.

CpasauBaem: ecmu o' > nl" = Hy, 1o npurnmaetcs Hynesas rumotesa. Pazmiune
HesocToBepHo. JleficTBre (hakTopa HE3HAYMMO.

Kpurepnii U Yuiakokcona-MaHHa-YUTHH

HecBsizanHble WM HE3aBUCHMBbIE BBHIOOPKH OOpa3yroTCs, KOTAa B LESAX AKCHEPUMEHTa
JUTsL CPAaBHEHMSI TPUBIIEKAIOTCS JaHHBIE JIBYX WJIM OoJjee BHIOOPOK, MPUYEM 3TH BHIOOPKH MOTYT
OBITH B3ATHl U3 OJHOW WM W3 Pa3IMYHBIX I'€HEPAJIbHBIX COBOKYHMHOCTEeH. Takum obpazom, s
HECBSI3aHHBIX BHIOOPOK XapaKTEPHO, YTO B HUX 00S3aTENIbHO BXOAST pa3HbIe UCIIBITYEMbIE.

JUist OLIEHKH JOCTOBEPHOCTH PA3IMUUil MEXIy HECBSA3HBIMH BBIOOPKAMHU HCIOJIB3YETCS
psia HenmapameTpuuyeckux KputepueB. OTHUM U3 Haubosee paclpOCTPAHEHHBIX SBJISETCS KpUTe-
puii U. DTOT KpuTEpHUil IPUMEHSIOT IS OLICHKU PA3JIMYHANA IO YPOBHIO BBIPAKEHHOCTH KaKOIO-
a0 Mpu3HaKa Ui ABYX HE3aBUCHUMBIX (HECBS3aHHBIX) BBIOOpOK. IIpu 3TOM BBIOOpPKHM MOTYT
pa3InYaThes MO YUCIY BXOJAAIIMX B HUX MCIBITYEMbIX. DTOT KpUTEpU 0COOEHHO y100€H B TOM
cilydae, KOI/la YMCIIO UCTIBITYEMbIX HEBEJIMKO U B 00erX BhIOOpKax He MpeBbIIaeT Beauununy 20,
XOTSl TaOJHIIBI KPUTUYECKUX 3HAUYEHUH JJIS BEJIWYMH BBIOOPOK HE MpPEBbIMAOMMX 60 deroBek
UCIBITYEMBIX.

AJITOpUTM NIpUMeHeHus KpuTepust ManHa — YUTHH:
1. 3apaercs ypoBEeHb 3HAUMMOCTUQ.
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2. DMOMpUYEcKHe JAHHbIE PAHKUPYIOTCS (3alUCBHIBAIOTCS B MOPSIKE BO3PACTAHMsA) MO JABYM
JINMHUAM (OHHHaKOBBIe 3HAYCHUA 3aIlIMCHIBAOTCA OJHO ITOJ l[pyl“I/IM), KOTOPBIC COOTBETCTBY-
10T HMCCIEAYEMBIM TIPyNIaM. PamKuUpOBaHUE IPOM3BOJMTCA OJHOBPEMEHHO IS OOEHMX
IpyIIL.

3. TlomydeHHblE PAHTHM CyMMHPYIOTCS 110 Ka)I0M JIMHUM OTAEIBHO, M HAOJII0aeMOE 3HAUYCHHE
KPUTEPHs HAXOUTCS 1o hopMyJIe:

U i = R i— @:
4. Tlo Tabnuue IS 3aJaHHON HAJEKHOCTH U COOTBETCTBYIOIIMX 0OBEMOB BBIOOPOK HAXOMUTCS

U; (mln) = Uyaen

KPUTHYECKOE 3HaUYCHUE Kputepus MaHHa- YUTHU.

5. Ecnm pacuerHoe 3HaueHue kputepusi Uy,s, MEHBIIE WIM PaBHO KPUTHYECKOMY 3HAYCHMIO
Uxpurs TO PA3IMYME MEXKIY BHIOOPKAMH €CTh CTATUYECKU 3HAYUMBIM. B mpoTHBHOM Ciydae
pasyinyue cTaTUCTUYECKU HEJOCTOBEPHO U BBIOOPOUHBIEC 3HAYEHUSI MOXKHO CUUTATh OJJMHAKO-
BBIMH.

Tunogvie 3a0anus.
IIpumep 1. B tabnuie npencraBieHbl K3MEHEHHUS BHIPAOOTKH HA OJTHOTO OCHOBHOTO pabodero.
[TpoBepuTh rumoTesy, YyTo BBIPAOOTKA pabOYMX LieXxa pacupeiesieHa M0 HOPMaJIbHOMY 3aKOHY
mpu a = 0,05.

BI’IP%ZOTKa’ 94-100 | 100-106 |106-112 | 112-118 | 118-124 |124-130 | 130-136 | 136-142
Yucino pa- 3 7 11 20 28 19 10 2
6ounx

Pemienue. IIpennonoxuM HOpPMAJIBHBIA 3aKOH paclpefesieHus INpusHaka. [lapamerper HOp-
MaJbHOTO 3aKOHA & U 02, SABJSIONINECS COOTBETCTBEHHO MATEMATHYECKMM OKHIAHHUEM M JIHC-
NEepCUEN CIy4allHOM BEJMYMHBI X, HEM3BECTHBI, I0ITOMY 3aMEHSAEM UX «HAWIYYIIHMH)» OLEH-
KaMH{ 10 BBIOOpKE — HECMEUICHHBIMU M COCTOSITEJIbHBIMU OLIEHKaMU COOTBETCTBEHHO BBIOOPOU-
HOM cpefiHell X M «WCTIPaBIeHHOI BRIOOPOUHOM aucnepcneii S?. Tak Kak 4ucio HaGIIONeHHit
n = 100 10CTaTOUHO BETHKO, TO BMECTO «HCIIPABIEHHON» S? MOKHO B3ATh «OOBIMHYIO» BEIGO-
POUHYIO THCTIEpCHIO S 2.

B nanHOM ciydae BeiOOpouHast cpensisi pasHa: X = 119,2(%), BeIOOpOUHAas TUCTIEPCHS
$? = 87,48 n BBEIGOPOUYHOE CpeJHEE KBAAPATHUECKOE OTKIOHEHNE
S =9,35(%).

Jlist pacyeta BEpOSTHOCTEH p;MONaaHus CIy4ailHON BENTUYMHBIXB MHTEPBAT [X;, Xj 1]
ucrnonb3dyem pynkiuto Jlamiaca (cMm. mpunoxenue, Tadauna /1) B COOTBETCTBUU CO CBOMCTBOM
HOPMAJIBHOT'O PaclpeieIeHuUs:

pi(xi <X < x41) = %[cp (%) o (xi;a)] N %[(D (xi+;—31519,2) % (xl-;13159,2)].
Hanpuwmep, ' '

p;(94 < X < 100) =§[cb(

~(—0,9596 + 0,9928) = 0,0166;

nu COOTBCTCTByIOH_Iaﬂ HepBOMy I/IHTepBaJ'Iy TCOpeTI/IquKaﬂ qacToTa
n-p, =100-0,0166 ~ 1,7.

pi(100 < X <106) = 3| @ (522) — o (2222
®(—2,05)] = %(—0,8415 +0,9596) = 0,059;

U COOTBETCTBYIOIIAsl BTOPOMY MHTEPBATy TEOPETHYECKAsl 4aCTOTa

n-p, =100-0,059 = 59 u T.1.
Jlns onpeiesIeHust CTAaTUCTUKK ¥ 2 yl0OHO COCTaBUTh TAaOIMILY:

100—119,2) (94—119,2
9,35 9,35

)] ~ - [@(-2,05) — ©(—2,69)] =

)] ~ %[cp(—1,42) -
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. nrepsan OMnupuye- Bepostt- Teopernue- (n,—n (n; —n-p;)?
i CKHE 4aCTOTbI CKHE YacTOThI T

[x, %i41] n HOCTH P; n-p: ‘pi)? n-p;

Ll pl
1 94-100 3 0,017 1,7 5,76 0,758
2 100-106 7 0,059 5,9
3 106-112 11 0,141 14,1 9,61 0,682
4 112-118 20 0,228 22,8 7,84 0,344
S) 118-124 28 0,247 24,7 10,89 0,441
6 124-130 19 0,182 18,2 0,64 0,035
7 130-136 10 0,087 8,7 0,16 0,014
8 136-142 2 0,029 2,9
y 100 0,990 99,0 - X% =227

YyuThiBas, 4TO paccMaTpPUBAEMOM SMIIUPUUYECKOM PACIPEACIICHUH YacTOTHI MEPBOTO U
nocnenaHero uHTeppanos (n; = 3,ng = 2) MeHbIIE 5, OPU MCIONL30BAHMU KPUTEpUS Y2 —
[Tupcona nenecoobpazHo 0OBEAMHUTH yKa3aHHBIE MHTEPBAJIbI ¢ coceqHUMU. UTak, pakTHudecKku
HabJII0JaeMOoe 3HaYeHHe CTaTUCTUKU Y2 = 2,27.

Tak xak HOBOE YHMCIIO MHTEPBAIOB (C Y4eTOM OObEIMHEHUE KpaHUX) m = 6, a HOp-
MaJIbHBIN 3aKOH pacrpeesieHus: ONpeeNiaeTcss ¥ = 2 mapaMeTpaMu, TO YUCIIO CTENeHel cB0Oo-
ek =m—1r—1=6-—2—1 = 3. CooTBeTCTBYIOIIEE KPUTUUECKOE 3HAUCHNE CTATUCTUKH x?
no Tabnuue V npunnoxeHui )(5,05;3 = 7,82. Tak kak y? < )(5,05;3, TO TUIOTE3a O BHIOPAaHHOM
TEOPETHYECKOM HOPMaJIbHOM 3aKoHe ¢ mapamerpamu N(119,2;87,48) coriacyercs ¢ ONBITHBI-
MU JaHHBIMH.

IIpumep 2. [IBa muioBua X u Y B paBHBIX ycinoBusax 10 pa3 nporuiblig 25-MeTpOBYIO AUCTAHIIHIO.
[IpoaHanM3MpOBaB BPEMsS MPOXOXKIEHHUS AUCTaHIMM TepBbIM x;(M-c)™! u BrOopeIM Y;(M -
¢) " mnoBnamu, onpeenuTh J0CTOBEPHOCTD pa3IMdys NOay4eHHBIX naHHbIX. [Ipu a = 0,05.

X; 12,4 12,5 12,3 12,8 12,5 12,0 12,2 12,4 12,3 12,7

Y 12,8 12,9 12,5 12,4 12,7 12,5 12,8 12,3 12,5 12,2

Pemenue. PaH)KI/IpyIOTCH JAaHHBIC U ITPUCBANBAKOTCA UM paHTU:

Ry, 1 2,5 5 5 8 8 12 12 - 155 | 18 - -
x; 12011221123 |123 |124|124 | 125 | 12,5 - 12,7 | 12,8 - -
Ry, - 2,5 5 - 8 - 12 12 12 | 155 | 18 18 20
Vi - 12,2 | 12,3 - 12,4 - 125|125 |125 | 12,7 | 12,8 | 12,8 | 12,9

CyMMUpPYIOTCSI paHTH OTACIBHO Ry M Ry, .
Ry, =1+25+5+5+8+8+12+ 12+ 15,5+ 18 = 87,0,
Ry =25+5+8+12+12+ 155+ 18 + 18 + 20 = 123,0.
Habmonaemoe 3HaueHue KpuTepusi HaXoAuTes 1o Gpopmyse:

n-(n;+1
Uile_ - (Zl )
Ul=in_T=87'O_T=87'O_55=32'0
U; =Ry, —T= 87,0 — > = 123,0 — 55 = 32,0 = 68,0
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[To Tabnuue KpUTHUECKUX 3HaYeHHH Kputepus ManHa-YutHu (cM. [Ipunoxenue tabd

VIII) npu 3amanHoMm ypoBHe 3HauumocTH 0,05 M KomudecTBe SMIHMPUYHBIX H3MepeHuid 10
HaXOJIMM KpUTHYECKOE 3HaUeHUsE KpUTEPUst Uyp,r = 27.

Tak kakUya6, > Ugpur, PA3IMUMe MEXKTY BEIOOPKAMH CTATUCTHYECKH HENOCTOBEPHO. [lo-

Ka3aTenu 000MX IIJIOBIIOB HAa 25 — METPOBOM JUCTAHIIMH CYIIECTBEHHO HE OTINYAIOTCS, TIJIOBIIBI
— CIIOPTCMEHBI OJTHOW KBAJTU(DUKAITHH
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e-x2/2

1
3naveHna GyHKIMM f(x)= o
i

Cotpie goam x

o | + [ 21 31 41 5 ] 6 | 7] 8 | 9

b prhiv—o oo uwuaupbuwiv=o\o

PR R P RO B R e i bt et et e b e e D

-

0,3989 0,3989 0,3989 00,3988 0,3986 0,3984 0,3982 0,3980 0,3977 0,3973
3970 3965 3961 3956 3951 3945 3939 3932 3925 3918
3910 3902 3894 3885 3876 3867 3857 3847 3836 3825
3814 3802 3790 3778 3765 3752 3739 3726 3712 3697
3683 3668 3653 3637 3621 3605 3589 3572 3555 3538
3521 3503 3485 3467 3448 3429 3410 3391 3372 3352
3332 3312 3292 3271 3251 3230 3209 3187 3166 3144
3123 3101 3079 3056 3034 3011 2989 2966 2943 2920
2897 2874 2850 2827 2803 2780 2756 2732 2709 2685
2661 2637 2613 2589 2565 2541 2516 2492 2468 2444

0,2420 0,2396 0,2371 0,2347 0,2323 0,2299 0,2275 0,2251 0,2227 0,2203
2179 2155 2131 2107 2083 2059 2036 2012 1989 1965
1942 1919 1895 1872 1849 1826 1804 1781 1758 1736
1714 1691 1669 1647 1626 1604 1582 1561 1539 1518
1497 1476 1456 1435 1415 1394 1374 1354 1334 1315
1295 1276 1257 1238 1219 1200 1182 1163 1145 1127
1109 1092 1074 1057 1040 1023 1006 0989 0973 0957
0940 0925 0909 0893 0878 0863 0848 0833 0818 0804
0790 0775 0761 0748 0734 0721 0707 0694 0681 0669
0656 0644 0632 0620 0608 0596 0584 0573 0562 0551

0,0540 0,0529 0,0519 0,0508 0,0498 0,0488 0,0478 0,0468 0,0459 0,0449
0440 0431 0422 0413 0404 0396 0387 0379 0371 0363
0355 0347 0339 0332 0325 0317 0310 0303 0297 0290
0283 0277 0270 0264 0258 0252 0246 0241 0235 0229
0224 0219 0213 0208 (0203 0198 0194 0189 0184 0180
0175 0171 0167 0163 0158 0154 (0151 0147 0143 0139
0136 0132 0129 0126 0122 0119 0t16 0113 0110 0107
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Oxonuanue maon. |

=

[ o | 1+ | 2 [ 3 | 4 | 5 | 6 [ 7 | 8 |9

2,7 0104 0101 0099 009 0093 0091 008 008 0084 0081
2,8 0079 0077 0075 0073 0071 0069 0067 0065 0063 0061
2,9 0060 0058 0056 0055 0053 0051 0050 0048 0047 0046
3,0 0,0044 0,0043 0,0042 0,0041 0,0039 0,0038 0,0037 0,0036 0,0035 0,0034
3,1 0033 0032 0031 0030 0029 0028 0027 0026 0025 0025
3,2 (024 0023 0022 0022 0021 Q020 0020 Q019 0C18 0018
3,3 0017 0017 0016 0016 0015 0015 0014 0014 0013 0013
3,4 0012 0012 0012 0011 0011 0010 0010 0010 0009 0009
3,5 0009 0008 0008 0008 0008 0007 0007 Q007 Q007 0006
3,6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004
3,7 0004 0004 0004 0004 0004 (004 0003 0003 0003 0003
3,8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002
3,9 0002 0002 0002 0002 0002 0002 Q002 0002 0001 0001
4,0  0,0001 0,0001 0,000t 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,000

4,1 0,0001338
4,5 0,0000160
3,0 0,0000015
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Tabmma 11

3navenus dynkuun Jlannaca G{x):—%jge_ 2124, |
2r

O(x)
—- 0 x
Hemnie CoTnle J0/H X
H .
Hecs-
ThIE 0 1 2 3 4 5 6 7 8 9
JOHN X

0,0 0,0000 0,0080 0,0160 0,0239 0,0319 0,0399 0,0478 0,0558 0,0638 0,0717
0,1 0,0797 0,0876 0,0955 10,1034 0,1113 6,1192 0,1271 0,1350 0,1428 0,1507
0,2 0,1585 0,1663 0,1741 00,1819 0,1897 0,1974 0,2051 0,2128 0,2205 0,2282
0,3 0,2358 0,2434 0,2510 0,2586 0,2661 0,2737 0,2812 0,2886 0,2960 0,3035
0,4 0,3108 10,3182 10,3255 10,3328 10,3401 10,3473 0,3545 0,3616 0,3688 0,3759
0,5 0,3829 00,3899 0,3969 0,4039 0,4108 04177 0,4245 04313 00,4381 0,4448

0,6 0,4515 0,4581 0,4647 0,4713 0,4778 (,4843 0,4907 04971 0,5035 0,5098
0,7 0,5161 _ 0,5223 0,5285 10,5346 0,5407 0,5467 0,5527 0,5587 0,5646 0,5705
0,8 0,5763 0,5821 0,5878 10,5935 10,5991 10,6047 10,6102 0,6157 0,6211 0,6265
0,9 0,6319 0,6372 0,6424 0,6476 0,6528 10,6579 0,6629 10,6679 0,6729 0,6778
1,0 0,6827 0,6875 10,6923 0,6970 0,7017 10,7063 0,7109 0,7154 0,7199 0,7243

L1 0,7287 0,7330 0,7373 0,7415 0,7457 0,7499 00,7540 0,7580 0,7620 0,7660
1,2 0,769 0,7737 0,7775 0,7813  0,7850  0,7887 0,7923 0,7959 0,7984  0,8029
1,3 0,8064 0,8098 10,8132 0,8165 40,8198 10,8230 10,8262 10,8293 0,8324 10,8355
1,4 0,8385 0,8415 0,8444 10,8473 0,8501 0,8529 0,8557 10,8584 0,8611 0,8638
1,5 0,8664 0,8690 08715 0,8740 0,8764 0,8789 0,8812 0,8836 0,8859 0,8882

1,6 0,8904 0,8926 0,8948 0,8969 0,8990 0,9011 0,9031 0,9051 0,9070 0,9090
1,7 0,9109 0,9127 009146 09164 09181 09199 09216 09233 09249 09265
1,8 0,9281 0,9297 09312 09327 09342 09357 09371 009385 09392 0,9412
1,9 0,9426 0,9439 09451 09464 09476 09483 0,9500 0,9512 0,9523 0,9533
2,0 0,9545 0,9556 0,9566 0,9576 0,958 09596 0,9606 0,9616 0,9625 0,9634
2,1 09643 09651 09660 09668 09676 09684 09692 09700 09707 09715
2,2 09722 0,9729 0,9736 09743 009749 009756 - 0,9762 09768 0,9774 ©0,9780
2,3 0,9786 09791 09797 10,9802 10,9807 0,9812 09817 10,9822 10,9827 0,9832
2,4 0,9836 0,9841 09845 0,9849 0,9853 0,9857 09861 0,9865 09869 09872
2,5 0,9876 0,9879 09883 10,9886 0,9889 10,9892 09895 10,9898 0,9901 0,9904
2,6 0,9907 09910 0,9912 0,9915 0,9917 0,9920 0,9922 0,9924 0,9926 0,9928
2,7 0,9331 0,9933 0,9935 0,9937 10,9939 10,9940 09942 0,9944 0,9946 0,9947
2,8 0,9949 0,9951 0,9952 10,9953 0,9955 10,9956 0,9958 0,9959 0,9960 0,9961
2,9 09963 10,9964 0,9965 09966 09967 09968 0,9969 09970 0,9971 09972
3,0 0,9973 0,9974 09975 009976 009976 009977 0,9978 09979 0,9979 0,9980
3,1 0,9981 0,9981 0,9982 10,9983 09983 09984 0,9984 0,9985 0,9985 0,9986
3,2 0,9986 0,9987 0,9987 09988 009988 09989 09989 0,9989 0,9990 0,9990
3,3 0,9990 0,9991 0,9991 0,9991 0,9992 10,9992 10,9992 0,9992 0,9993  0,9993
3,4 0,9993 0,9994 0,9994 0,9994 0,9994 09994 0,9995 0,9995 0,9995 0,9995
3,5 0,9995 0,999 0,9996 09996 0,9996 0,9996 0,996 0,9996 0,9997 0,9997

3,6 0,9997 10,9997 0,9997 09997 0,9997 0,9997 0,9997 0,9998 0,9998 0,9998
3,7 0,9998 0,9998 0,9998 0,9998 0,9998 0,999 00,9998 0,9998 0,9998 0,9998
3,8 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9995 0,9999 0,9999
3,9 0,9999 0,9999 10,9999 0,9999 0,9999 0,9999 0,9999 10,9999 0,999% 0,9999
4,0 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999 0,9999
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Tabmma III

m

A -
3navenns Gynxkuun Ilyaccona P,(A) = —e A
m!

- Moo, 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0 00048 0,8187 0,7408 0,6703 0,6065 0,588 0,4966 0,4493 0,066 0,3679
1 0,0905 0,1637 02223 0,2681 10,3033 0,3293 10,3476 0,3595 0,3659 ' 0,3679
2 0,0045 0,0164 0,0333 0,053 0,758 00988 10,1216 0,1438 0,1647 0,1839
3 0,0002 0,0011 0,0033 0,0072 0,0126 0,0198 00284 0,0383 0,0494 0,0613
4 0,0000 0,0001 0,0003 0,0007 0,0016 0,0030 0,0050 0,0077 0,0111 0,0153
5 0,0000 0,0000 0,0000 0,0001 0,0002 0,0003 0,0007 0,002 0,0020 0,0031
6 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001 0,0002 0,0003 0,0005
7 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001
- Ao20 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
0 0,1353 0,0498 0,0183 0,0067 = 0,0025 0,0009 0,0003 0,0001 0,0001
1 0,2707 0,1494  0,0733  0,0337 0,0149 0,0064 0,0027 0,0011  0,0005
2 0,2707  0,2240  0,1465 0,0842 0,0446 0,0223 0,0107 0,0050 0,0023
3 0,1805° 02240 0,1954 0,1404 0,0892 0,0521 00286 0,0150 0,007
4 0,0902 0,1681 0,1954 0,1755 0,1339 0,0912  0,0572 0,0337 0,0189
5 0,0361 0,1008 0,1563 0,17S5 0,1606 0,1277  0,0916 0,0607 0,0378
6 0,0120 0,0504 0,1042 0,1462 0,1606 0,1490 0,1221  0,0911  0,0631
7 0,0034 0,0216 0,0595 0,1045 0,377 0,490 0,1396 0,1171  0,0901
8 0,0009 0,0081 0,0298 0,0653 0,1033 0,1304 0,1396 0,1318  0,1126
9 0,0002 0,0027 0,0132 0,0363 0,0689 0,014 0,1241 0,1318  0,1251
10  0,0000 0,0008 0,0053 00181 0,0413 0,0710 0,093 0,118  0,1251
11 0,0000 00002 0,019 0.0082 0,0225 00452 0,0722 0,0970 0,1137
12 0,0000 0,0001 ©0,0006 00034 00113 0,0264 0,0481 0,0728  0,0948
13 0,0000 0,000 0,002 00013 00052 00142 0,0296 0,0504 0,0729
14 0,0000 0,0000 0,0000 0,0005 0,002 0,0071 0,069 0,0324 0,0521
15  0,0000 0,0000 0,0000 0,0002 00009 0,0033 0,0090 0,0194 00,0347
16  0,0000 0,0000 00000 0,0000 0,0003 0,015 0,0045 0,0109 - 0,0217
17 06,0000 0,0000 0,0000 0,0000 0,0001 0,0006 0,0021 0,0058 0,0128
18  0,0000 0,0000 0,0000 0,0000 0,0000 0,0002 0,0009 00029 0,0071
19 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001 0,0004 0,0014 0,0037
20 0,0000 0,0000° 0,0000 0,0000 0,0000 00000 0,0002 0,0006 0,0019
21  0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001 0,0003 0,0009
22 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001 0,0004
23 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0002
24 0,0000 0,0000 0,0000 0,0000 0,0000 00000 0,0000 0,0000 0,0001
25  0,0000 0,0000 0,0000 0,0000 0,000 00000 0,0000 0,0000 0,0000
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Taoauuma VIl

Kputnueckne 3nauenns xpurepua U Manna-Yutuu ara yposneii

cratuctudeckor 3HaunmoctH p<0,05 u p<0,01 (no I'y6repy E.B.,
[enxuny A.A., 1973)

Pasauuna mexay aByma Bbibopkamu MoumHO cuuTaTb 3HauumbiMu (p<0,05), ecan
Usmn uuake uan pasen U g5, 1 Tem 6oaee aoctosepubimu (p<0,01), ecan U, nuxe
uan pased Ug o1
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Y4eOHo-MeTOoAMYECKOE U HH(POPMALIMOHHOE 00ecTedeHue JUCIUIIMHBI
1. IlepeyeHb OCHOBHOW W JOTOJHUTEIBHOU JUTEPATYPHl, HEOOXOAMMOM ISl OCBOCHUS

JUCIUITIINHBI

1.

2.

1.1. [lepeueHb OCHOBHOM JTUTEPATYPHI:
I'mypman B.E. Teopus BeposiTHOCTel 1 MaTemaTuueckas craructuka. FOpaiit. 2020. 480
C.

I'menenko b.B. Kypc Teopun BepositHocteit. Emutopuan YPCC. 2019. 456 ¢ 8.1.2.

[lepeueHb HOMOTHUTENBHOM TNTEPATYPHI:
Bentuens E.C., OBuapoB JI.LA. Teopusi BEpOsITHOCTEH M €€ UHXKEHEPHBIC MPUIIOKECHUS.

dusnko-maTemMaTuieckas oudimoreka nrxenepa. 1988. 480 c.

Jxadapos, K.A. Teopus BeposITHOCTEH U MaTeMaTuyecKasi CTATUCTHKA ydeOHoe mocodue
/ K.A. Ixadapos; MunucrepctBo odpa3oBanus u Hayku Poccuiickoiit @enepammu, Hoo-
CUOMPCKUI rocy1apCTBEHHBIN TeXHUYECKUH yHuBepcuteT. - HoBocubupek: HI'TVY, 2015. -
167 c.: cxem. - bubmuorp. B kH. - ISBN 978-5-7782-2720-0; TO )¢ [DICKTpOHHBINA pe-
cypc]. - URL: http://biblioclub.ru/index.php?page=book&id=438304

Maraneiukuii, M.A. Teopusi BeposiTHOCTEH M MaTeMaTH4yecKas CTaTUCTUKA: Y4eOHUK /
M.A. Maransiixuii, I''A. Xankesud. - Munck: Beimiimasg mxkomaa, 2017. - 592 c. - bu6-
auorp. B kH. - ISBN 978-985-06-2855-8

[lepeueHp yueOHO-METOIUYECKOTO 00ECIIEUEHNSI CAMOCTOATEIbHOW paboThl 00yUaroUmMXcs 10

JUCHHUITIINHE

1.

2.

MeTtoauueckre peKOMEHIAIMH K IPaKTUYECKUM 3aHATUSAM 10 aucturuinHe «Teopust Be-
POSITHOCTEH M MaTeMaTHU4eCKasi CTATUCTUKA.
MeTtoauueckre peKOMEHAAINN K CAMOCTOSTENbHOM paboTe no auciuruimne «Teopus Be-
POSITHOCTEH M MaTeMaTH4eCKasi CTATUCTUKA.
3. Ilepeuens pecypcoB HHGOPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOW ceTu «HTepHETY,

H606XOI[I/IMI)IX JJI1 OCBOCHUSA JUCHUITIIMHBI

1.

http://biblioclub.ru/index.php?page=book&id=477424.
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CaMOCTOAATE/IbHON PadOThI
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HanpasnenHocTs (mpo¢uiib)
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COILEPKAHHUE

BBEJIEHUE

IIJIAH-TPA®UK BBIIIOJIHEHUSA CAMOCTOSTEJILHON PABOThI

METOIUYECKHNE PEKOMEHIALIMUN 110 U3YUYEHUIO TEOPETUYECKOI'O MATEPU-
AJIA, TIOAI'OTOBKE K ITPAKTUYECKUM 3AHATUAM
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BBEJAEHUE

CamocrodrenbHas pabota — IutaHupyemas ydyeOHasl, yueOHO-Hcciae10BaTelbCKas, Hayd-
HO-HUCClIeloBaTeIbckass paboTa CTYJEHTOB, BBINOJHSEMas BO BHEAYIUTOPHOE (ayIUTOPHOE)
BpeMs 10 3aJlaHUIO M MPH METOJUYECKOM PYKOBOJCTBE MpENojaBareis, HoO 0e3 ero Hermnocpea-
CTBEHHOTO y4yacTus (IIPH YaCTHYHOM HEMOCPEJCTBEHHOM YYaCTHH MPENoJaBaTessi, OCTaBIISIO-
I1EM BEAYILYIO POJib 3a pabOTOH CTyIeHTa).

CamocrodrenbHas paboTa CTYAEHTA SIBJIAETCS BaXKHBIM BHJIOM y4yeOHOW M HayyHOU nes-
TEJIBHOCTU CTyAeHTa. DenepaabHbIM TOCYAapCTBEHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM IPEIy-
CMaTpHUBAETCSl 3HAUYUTEIbHBI 00bEM BpeMEHHU U3 O0IIeH TPYAOEMKOCTH JUCIHUILIMHBI HAa CaMo-
CTOATENIbHYIO paboTy. B cBs3M ¢ 3TuM, 00ydyeHue BKIItOYaeT B ce0s JBe, IPAKTUYECKU OJMHAKO-
Bble TI0 00bEMY M B3aUMOBJIMSIHHUIO YaCTH — Ipolecca o0ydyeHHsl U MpoLecca caMooOydeHHUs.
[TosTOMy camocTosiTenbHast paboTa JODKHA CTaTh d((EKTUBHON U LeIeHANpaBIeHHONW paboToi
CTY/CHTA.

Konnenuueil MoiepHu3aluu poccuiickoro o0Opa3oBaHus ONpeEeIeHbl OCHOBHbIE 3a/laun
npo¢eCCHOHATIBHOIO 00pa3oBaHUsl — IMOJArOTOBKA KBaIM(DPULIMPOBAHHOIO pabOTHUKA COOTBET-
CTBYIOIIETO YPOBHS M MPOQUIISi, KOHKYPEHTOCTIOCOOHOTO HA PBIHKE TPYy/a, KOMIIETEHTHOTO, OT-
BETCTBEHHOT0, CBOOOJIHO BIIAJICIONIETO CBOEH mpodeccueid u OpueHTHPOBAHHOTO B CMEKHBIX
o0acTsIx JesTeNIbHOCTH, CIOCOOHOr0 K 3(Q(EeKTUBHOI paboTe MO CHEeUHUaIbHOCTH Ha YpPOBHE
MHUPOBBIX CTaHAApPTOB, TOTOBOIO K MOCTOSIHHOMY HPO(ECCHOHATBHOMY POCTY, COLMAIbHONH U
npodeccuoHanTbHOM MOOUITEHOCTH.

Pemrenue 3TuX 33124 HEBO3MOXKHO 0€3 MOBBIIICHHUS PO CAMOCTOSTEITBHON PadOTHI CTY-
JICHTOB HaJl Y4eOHBIM MaTepHAJIOM, YCHJICHHsI OTBETCTBEHHOCTH IPETO/aBaTelNeii 3a pa3BUTHE
HaBBIKOB CAMOCTOSITENIbHON paboThl, 32 CTUMYJIMPOBAHUE NMPO(ECCHOHAIBHOTO POCTa CTY/CH-
TOB, BOCIIUTaHHE TBOPUYECKOM aKTUBHOCTH M MHUIIMATHUBBI.

CamocrosTenbHass paboTa CTYICHTa NpEANOiaraeT, NpexkIe BCero, €ro HaydHo-
HCCIIEIOBATEIIBCKYI0 U TIPAKTUYECKYIO JIEATENbHOCTh, MTOCKOJIBKY UMEHHO 3T BUBI Y4eOHOMH
paboThl B MEPBYIO OYepe/lb T'OTOBIT K CaMOCTOSITEIbHOMY BBIMOJIHEHUIO MPO(PECCHOHATBHBIX
3aga4. KoHeuHO# 1enbio caMOCTOSATENIbHOM paboThl SABISETCS OpPraHU3aIlisl CaMOCTOATENbHOM
MIO3HABATENBHOW NEeSITeHbHOCTH, (POPMHUPOBAHNE YMEHHS CAMOCTOSTEIEHO aHAIM3UPOBATH HMH-
(dbopmanuto, BEIIEISATH TITABHOE U BTOPOCTETIEHHOE.

OCHOBHBIMH (bOpMaMH CaMOCTOSTEIILHOU pa6OTI>I CTYACHTOB IO JUCIUIIJIIMHE «HpaKTI/ILIeCKa}I (1)1/1—
3UKa» ABJIAOTCA:

— IIOATOTOBKA K IPAKTUYCCKUM 3AHATHUAM,

— CaMOCTOSATCIBbHOC U3YUYCHUC JINTCPATYPHI,
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— IIOATOTOBKA K OK3aMCHY.

[IpakTHueckue 3aHATUS TPOBOATCA C IEJIbI0 3aKPEIUICHHS YCBOSHHOW HH(OpPMAIIHH,
npuoOpeTeHUs HABBIKOB €€ MPUMEHEHHUS MPU PELICHUU MPAKTHUYECKUX 3a7a4 B COOTBETCTBYIO-
e mpeIMeTHON 00J1acTH.

B pesynbrarte n3ydeHus: TMCHMIUIMHBI Y 00ydaromuxcs GOpMHUPYIOTCS CIEIYIONINE KOM-

MEeTeHIINH (B COOTBETCTBUH C 00pa30BaTEIbHBIM CTAHAPTOM):
N-20nk-1

06na;[aeT HaBBIKAaMHU paGOTLI C MaT€MaTU4YCCKUM alapaTroM; BJIaACCT METOAAMH MaTEMAaTUYCCKOIo0 U
YUCJIICHHOI'O MOJCIHUPOBAHUA [JIs1 OIMKMCaHWdA, aHain3a, TCOPCTUYCCKOIo U OKCIICPUMCHTAJIBLHOT'O
HCCICJO0BaHUA (1)I/I3I/I‘IGCKI/IX CHUCTEM, SIBIICHUM U IMpouecCoB B cBOCH HpO(bCCCI/IOHaJ'ILHOI\/'I JACATCIIBHOCTH.

54



IIJIAH-TPA®UK BBITTIOJTHEHUSI CAMOCTOSTEJBHOM PABOThHI

Bup nessreJibHOCTH CTY-
J€HTOB

HUToroBblii NpOAyKT

CaMOCTOSTEJILHOM
padoThI

CpeacTBa v TEXHO-
JIOTHH OL[eHKH

Bpems cnaumn

TloaroroBka Kk 3aHIATHIO Ha

Pemenue TunoBbIX [IpakTrueckoe
TeMY: N TunoBsie 3aaHUs
3aJaHui Nel
DJ1eMeHThl KOMOWHATOPHUKH
IloaroroBka K 3aHATHUIO Ha
TEMY: Pemenue TunoBeix
o Tumnosele 3amanus
OCHOBHBIE IOHSTHS TCOPUH 3aJJaHU I
BEPOATHOCTEH [IpakTHueckoe
IToAroToBKa K 3aHATHIO HA No2
TEMY: Pemenue TunoBeix
o Tumnosele 3amanus
TeopeMbl CIIOXKEHHS U1 YMHO- 3aaHUuN
JKEHUS BEPOSITHOCTEH.
[ToaroToBka K 3aHSATUIO Ha
TeMy: Pemenne tunoBsIx [IpakTueckoe
. . Tunosslie 3a1aHUA
®dopmyia MoHOM BEPOSTHO- 3a1aHnil Ne3
CTH.
[ToaroToBKa K 3aHSATUIO Ha
TeMy: Pemenne tTunoBsIx [IpakTueckoe
N Tunosslie 3a1aHUA
Teopema rumnotes u popmyia 3aJaHui’ No4
Bepuymnnu
[ToaroToBka K 3aHSATHIO Ha
A Pemenune TunoBbIx IIpaxTirdeckoe
TEeMY: o Tunosblie 3a1aHus No5
3aJaHui
IIpenenbHbIE TEOPEMBI
IToaroToBKa K 3aHATHIO HA
A Pemenune THIoOBBIX IIpaxTirdeckoe
TeMy: . Tunosble 3a1aHUA Nob6
3aJaHui
3aKOHBI OOJIBIITUX YHCETT
IToaroToBKa K 3aHATHIO HA
TeMY: Pemrenne TunoBsIx [IpakTueckoe
N o TunoBwle 3agaHNs
JuckpeTHad ciyvaiiHas Be- 3aJIaHUN Ne7
JIM4nHa
IToaroToBKa K 3aHATHIO HA
TeMY: Pemrenne TunoBsIx [IpakTueckoe
. o TunoBwle 3agaHNs
HenpepbiBHas ciydaiinas Be- 3aJJaHuN Ne9
JTMYUHA
IMoaroToBKa K 3aHATHIO HA
TeMy: Pemrenne TunoBsIx [IpaxTHueckoe
. Tunosbie 3a1aHUA
OCHOBHBIE 3aKOHBI pacmpe- 3aMaHni Nel2
JICTICHUS CITyYaiHbIX BEJTHUUH
TMoaroToBKa K 3aHITHIO HA
TeMy: Pemrenne TunoBbIx [IpakTHueckoe
. Tunosbie 3a1aHUA
OCHOBHEIE ITOHATHS MaTeMa- 3aJIaHui Nel3
THYECKOW CTATUCTHUKH
TMoaroToBKa K 3aHITHIO HA
TeMy:
Pemenue TumoBeix [IpakTrueckoe
OrieHKa mapamMeTpoB reHe- . TunoBble 3a1aHUs
. 3aJaHuN Nel5
paJbHOW COBOKYITHOCTH IO €€
BBIOOpKE
IToaroroBka Kk 3aHITHIO Ha
TEMY: Pewrenne TUoBbIx IIpaxTueckoe
o TunoBwle 3agaHns
Craructuueckas mpoBepka 3aaHuNi Nel8

TUIIOTEC3
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METOJUYECKHUE PEKOMEHIALIMHA 11O U3YYEHUIO
TEOPETUUYECKOI'O MATEPHUAJIA, IOATI'OTOBKE K IPAKTHYE-
CKUM 3AHATUAM

HpI/I IIOATOTOBKE K IPAKTUYCCKUM 3aHATUAM HGO6XOZ[I/IMO§

MOBTOPHUTH MaTepHall COOTBETCTBYIOIIHX JICKITHI;

BHUMATEIbHO U3YYHUTh ONMACAHUE MPAKTUIECKOTO 3aHATHS, 3JI0KEHHOE B IPAKTUKYME;
PaccMoTpeTh npuBeIeHHBIEC TPUMEPHI PEIIEHUH THIIOBBIX 3aJaHUM

PemmnTs THTIOBBIE 331aHNS, PEATTOKEHHBIE /IJISI CAMOCTOSTEIEHOTO PEIICHUS

B pe3ynbraTte BINONIHEHUS 3a/IJaHUI TOCTUTAIOTCS CIEAYIOIINE Pe3yabTaThl 00yUeHUSI:

® DPa3BUTHUE MBIIIUICHHUS U TBOPUYECKUX CIIOCOOHOCTEH CTY/IEHTA,

e [puoOpeTEeHNE U 3aKPEIUIEHNE HAaBBIKOB CAMOCTOSATEIbHON padoTHhl,

® [pUOOpPETEHHE M 3aKpPEIUIEHHE HABHIKOB O(GOPMIICHHS M COCTaBJICHUS MUCHMEHHBIX
3aJaHUH.

IIpuMepsI TUIIOBBIX 3a]aHUH
1. B typuctuueckoil rpynne 14 >xeHumH u 9 myxunH. Cpelu HUX pa3bIrpbIBAIOTCS 6

6uneToB Ha OecrulaTHOE nocelieHue Tearpa. KakoBa BEpOsSTHOCTb TOT0, YTO Cpeau obsagarenen
OMJIETOB OKAXKYTCS TPH JKEHILMHBI U TPOE MY>KUUH?

2. KonoBblit 3aMOK colepKUT S5 1udp, KOTOPHIMU MOTYT ObITh uncia ot 0 10 9. 3amok
OTKPBIBAETCS PH HAOOPE TOJIBKO OJHON €TUHCTBEHHOW KOMOWHAIMU U3 ISTH Pa3IUnYHbIX TUD.
KakoBa BeposITHOCTh OTKPBITH 3TOT 3aMOK, HAOpaB ci1y4yailHbIM 00pa3oM sATh nudp?

3. B amTexy moctymuim JiekapcTBeHHBIE cpeacTBa oT 3 ¢upm mpomssoaurenei. Ilep-
BbIil ipousBoauTens nocrasui 200 ammysn, Bropoit — 200, a Tpetuii — 400. M3BectHO, uTO Mpo-
IIEHT OpaKOBaHHOM MPOMYKIIUM COCTaBWI: y miepBoro — 2%, y Broporo — 3%, y tpetsero — 1%.
Jlis KOHTpOJIs B3siTa 0/1HA aMmmysa. HaliTu BeposiTHOCTB TOTo, YTO OHA OKa3ajach OpaKOBaHHOM.

4. Jleranu, U3roTOBIIsIEMbIE IIEXOM 3aBOA, MOMAAIOT Ul MIPOBEPKH UX HA CTaHIApT-
HOCTb K OJTHOMY M3 JIByX KOHTPOJEPOB. BEpOATHOCTH TOrO, YTO AETaNb MOMAAET K NEPBOMY —
0,65, ko BTOpomy — 0,35. BeposITHOCTb TOr0, YTO TOAHAsA IETaIb IpU MpOBepKe Oy/eT NMpU3HaHa
CTaHJApTHOW MEpPBBIM KOHTposepoM, paBHa 0,94, a BTopem — 0,98. ['ogHas nerans npu nposep-
ke OblUIa MpU3HaHa cTaHAapTHOW. HaliTu BEpOsSTHOCTH TOTO, YTO J€Tallb MPOBEPUI MEPBBIA KOH-

TpoJIEp.
5. CunydaiiHas BelMuYMHA 3aJ[aHa MJIOTHOCTBIO pacIipe/ieIeHHs
0, x <0,
sinx
f(x) = T, O0<x<m,
0,x>m.

Haiitu: a) ¢pynkuuio pacnpeneneHusi; 6) BEpOATHOCTb TOTO, YTO B Pe3yjbTaTe HUCIBITAHUS CITY-
o V[
yaifHasi BeIMYMHA IPUMET 3HaUY€HUE, 3aKII0YEHHOE B HHTEpBae (0, Z)'

6. HeszaBucumeble crnydaiiHbie BeTMUUHBI X1 Y3a1aHbl CIEAYIOIMMH 3aKOHAMHU
pacrpeiesieHus
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X, 7 2 L

PL 0)6 0’1 0,4

7 L 4 : '
Pi 0,1 0,4 0,3 0,5

Haittu M(X +Y) u M(X -

Y)
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BOl'lpOCbI JJIA MOATOTOBKH K 9K3aMEHY

©ooNe

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

33.

IIpeameT 1 OCHOBHBIE OIIPEIEIICHUS] TEOPUU BEPOSTHOCTEM.

KomOuHnaTtopuka: pa3melieHus, coueTaHus, epecTaHOBKH. Pa3Melienus, coueTanus u mnepe-
CTAHOBKM C IIOBTOpPeHUAMU. [Ipumepsl.

Knaccuueckoe onpezenenne BepoaTHOCTH. CBOMCTBA BEPOATHOCTH, BBITEKAIOIUE U3 KJIACCHU-
4eCcKoro onpenenenus. [Ipumepst.

CraTucTuyeckoe OnpeseseHHe BEPOSTHOCTH, €ro OCOOEHHOCTH U CBfA3b C KJIACCHUYECKUM
OIIPEIECTICHUEM.

[TonHast rpynmna HECOBMECTHBIX COOBITHI, MPOTUBOIIOIOKHBIE COOBITUS, CBOMCTBA MX BEPO-
ATHOCTEH.

3aBUCUMBIE U HE3aBUCUMBIE COOBITHA. Y CJIOBHBIE U 0€3YCIIOBHbBIE BEPOSATHOCTH.

TeopeMbl yMHOKEHHUS BEPOSITHOCTEM.

Teopemsl Cl10KEHHs BEPOSITHOCTEN.

®opmyna noaHou BepoaTHocTH. Popmyna barieca.

.CnyqaﬁHHe BCINYHNHBI U cnyqaﬁHble COOBITHS. I[I/ICerTHLIC H HCIIPCPBIBHBIC CHy‘I&ﬁHHG

BEJIMUYMHBI. 3aKOH paclpeesieHus CIIy4aiiHON BEJIMYUHBI U CIIOCOOBI €ro 3a/1aHusl.

YucnoBble XapakTEPUCTUKM CIy4YalHbIX BeIW4MH. HadanbHble M LIEHTpPAJbHBIE MOMEHTHI.
AcuMMeTpHUst U IKCLIECC.

Maremarnueckoe OXKuAaHHWe CilydaiiHOW BenuuuHbl. Ero cMeici u npumepsl. CBolicTBa Ma-
TEMAaTHYECKOT'0 OXKUIAHUS.

Jucnepcuss U cpegHee KBaJpaTMYECKOE OTKIOHEHUWE Ciay4yallHOW BenuuuHbl. WX cmblcn u
puMepsl BbruuciaeHus. @opMyiibl 1S BeIYUCIIEHUs qucnepcuu. CBoiicTBa qucnepcuu.
MaremaTtnueckoe OKHIaHUE, UCIIEPCUS U CPEIHEE KBAaIPaTUUECKOE OTKIOHEHUE YacTOThl U
4aCTOCTH.

®opmyna bepnynmnu. bunomuansHoe pacnpenenenue. HaueposTHeliee Yucio NOSBICHUN
COOBITHSL.

®opmyna I[lyaccona. 3akoH pacnpeseneHust BEpOATHOCTEH pelKUX cOOBITHH.
I'unepreomeTpryecKoe pacpeesIeHue.

PaBHOMEpHOE paclipenenecHue.

HenpepoiBable cnyuaiinble BenuuuHbl. Jnddepennuanbias U uHTErpanbHas (QyHKIUH KX
pacnpeneseHus, UX CMBICI U CBSI3b MEXy HUMH.

BeposTHOCTE momnajgaHus CIly4aiiHOW BEIWYMHBI B 33JaHHBIA MHTEpBaJI. BEeposSTHOCTH TOrO,
YTO HEINpepbIBHAS Clly4ailHas BEIUYMHA IIPUMET TOYHO 3aJaHHOE 3HAUYCHHUE.

HopmanbHoe pacnpenenenue. IIMOTHOCT HOPMA@JIBHOTO pAaCHpEiCIICHUsT M €€ CBOWCTBA.
DyHKIHUA pacpeaesIeHAs HOPMAIbHO PaCIPENeICEHHON CIIy4aiiHOW BEJIMYUHBI.
HopmupoBanHoe (CTaHIapTHOE) HOPMAJIBHOE PACIIPECIICHHE.

Oynkuus Jlamaca: rpaduk, cBoiicTBa, TaOIUIIBI.

BeposTHOCTE mOnagaHusi HOPMAJIBHO PACHpPEACIICHHON CIydallHOM BEJIMYWHBI B 3aJaHHBIN
UHTEpBAaJ.

BeposTHOCTh 3a1aHHOTO OTKJIOHEHHSI HOPMAJIBHOM CIIy4allHOM BEJIMYMHBI OT CBOErO MaTrema-
THYECKOro oxuaanus. [IpaBuiio tpex curm.

JloxanbHas Teopema Jlammnaca.

WurerpansHas Teopema Jlamiaca.

3axoH Oonpmmx yucen. [Toustue o Teopeme UebbimieBa (00uuii cirydait). 3HaueHHE TEOPEMBbI
YeOblena.

3akoH 6oapIux yucen. Teopema bepaysmmm.

IlonsiTHE O LIEHTPAIBHON NpeaeabHON Teopeme JIsamyHoBa.

IIpeameT 1 OCHOBHBIE 3aJJa4l MATEMATHYECKON CTATUCTUKHU.

Bapuanuonsslie paael. Bunsl Bapuanuu. I'paHuibl MHTEPBAIOB B BapUALIMOHHBIX psAllaX, Be-
JM4YHAHA uHTepBana. HakoIaeHHbIE 4acTOTHI.

['paduueckoe n300pakeHNE BapUATUOHHBIX PS/I0B.
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35.
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39.
40.
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42.
43.

44,

45.

46.

47.

48.

49.
50.

YucnoBble XapaKTEPUCTHKU BapuaioHHoro psiaa. CpenHss apudmMeTrueckas U ee CBOMCTBa,
MOJIa U MEJINaHa.

[TokazaTenu koyieOaHUM: BapUALlMOHHBIN pa3max, TUCIEPCHsi, CTAaHJAAPTHOE OTKIOHEHHUE, KO-
3 urmeHT Bapuaium.

36.0OcHOBHBIE TIOJIOKEHUS TEOPUU BHIOOPOYHOTO MeTOAa. | eHepanbHasi COBOKYITHOCTh U BbI-
Oopka.

3aKOHBI paclpeeleHUs], IPUMEHSIEMbIE B MATEMAaTHUECKON CTaTUCTUKE: paclpenesieHus 2 y ,
CreroaenTa, [Tupcona.

CrarucTryecKkue OICHKU MapaMeTpoOB paclpeesieHus (CYyIIHOCTh TEOPUU OLEHUBAHUs): He-
CMEIIEHHOCTb, COCTOSITEILHOCTD, 3(PPEKTUBHOCTH OI[CHOK.

TodeuyHble OLEHKHU: BBIOOPOYHAsI CPEAHSS, IUCTIEPCHs, CPETHEE KBAIPATUIECKOE OTKIIOHCHHE.
TodeuHast orleHKa reHEPAIIBHON CPEAHEH M0 BHIOOPOYHON CPEIHEH.

ToueuHas oueHka reHepainpHol nucnepcuu. “VcnpaBieHHble” BbIOOpOYHAs IUCHEpPCUS U
cpeHee KBapaTHueCKOe OTKIOHEHHE.

NurtepBanbHble OLIeHKU. TOYHOCTH OLIEHKH. JloBepUTEIbHAS BEPOATHOCTD.

JoBepuTtenbHble UHTEPBAIbI JUIsl OLEHKM HEM3BECTHOI'O 3HAUYEHMS T'€HEpaIbHOU cpeaHed U
TE€HEPAIBHON JIOJIH.

Craructuueckas npoBepka rumnote3. CratucTuueckasl TMIoTe3a: rnapaMmerpudeckas U Hema-
pamerpudeckas; HyjaeBas u anbTepHaTuBHas. Ommbku [ u Il poxa. YpoBeHb 3HaUMMOCTH U
MOIIIHOCTb KPUTEPHUS.

CTaTUCTUYECKHUI KPUTEPUN TMPOBEPKU HYJIEBON rumore3sl. Habmromaemoe 3HadueHUE KpHTE-
pusi. Kputnueckas o6nacts. O6nacth npuHsTUS TUNIOTEe3bl. Kputnueckue Touku. OThICKaHUE
OJIHOCTOPOHHEW U JBYCTOPOHHEH KPUTHUECKUX 00JIaCTE.

OCHOBHBIE 3Tarnbl IPOBEPKU CTATUCTUUECKUX TUIIOTES.

[IpoBepka rumore3bl 0 paBeHCTBE BBHIOOPOYHOW CpelHEN M T'MIOTETHYECKOW IeHepalbHOU
CpPEIHEW HOPMAJIbHOM COBOKYITHOCTH IIPU M3BECTHOM M HEU3BECTHOW I'€HEPAIBHOM JUCIIEp-
CHU.

[TpoBepka rumoTe3sl 0 paBEHCTBE HA0JI0JaeMON OTHOCUTENIBHOW YacTOTHI M THIIOTETHYECKON
BEPOSATHOCTH IOSIBJICHUS COOBITHS.

ITpoBepka runoTe3bl 0 paBeHCTBE A0JIEH IPU3HAKA B IBYX COBOKYITHOCTSIX.

IIpoBepka rUmoTe3sl O 3aKOHE PACHpPENETIeHUs CIy4alHOM BenuunHbl. Kputepwuii coryacus
ITupcona.
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