KomOunaropubie ¢popmyJibl

Ilycte  nMeeTcst MHOXECTBO, cocrosiiee M3 n dneMeHToB. O6o3Haumm ero U
IlepecTaHOBKOI 13 72 DJIEMCHTOB Ha3bIBACTCSI 33/IaHHBIH MTOPSIOK BO MHOXeCTBE U .

[Tpumepsl nepecTaHOBOK:

1 )pactipenenenue n pa3IMUHBIX JOJDKHOCTEW CPENIU /1 UEIIOBEK;
2)pacrojoKeHue 71 pa3InYHbIX MPEIMETOB B OJTHOM PSAIY.

CKOJIbKO ~ pa3siIMYHBIX [EPECTAHOBOK MOXHO oOpa3oBarh BO MHOXecte U ? Yucio
epecTaHoBOK 0003Havyaercst P (auraercst P u3 n).

UroObl BbIBeCTH (OpPMYNly UHCIIa [EPECTAHOBOK, TpPEACTaBUM cebe 7 sSYeeK,
MIPOHYMEPOBaHHBIX uuciaamMu  1,2,..n. Bce mepectaHoBkm Oyaem 00pa3oBBIBaTh, pacrojaras
snemeHThl U B 9THX sA4eiikax. B mepByio sueiiky MOXKHO 3aHECTH JIHOOOI U3 71 SJIEMEHTOB (MHAYE!
MEPBYIO AYEHKY MOXKHO 3aMOJHUTH # PA3INYHBIMU crlocoOamu). 3aroIHUB MEPBYIO SUEHKY, MOKHO
n-1 cnocoOOM 3amoJIHUTH BTOPYIO AYEHKY (MHAYe: MPU KAKIOM CIOCOOE 3aloJHEHUs MepBOU
STYCUKHU HAXOUTCA 1-1 cocoOOB 3aIroTHEHUsT BTOPO sueiikn). Takum oOpa3om cymectByeT n(n-1)
Croco0O0B 3arMoTHEHMS ABYX MEePBbIX siueek. [Ipu 3armoHeHnH MePBhIX IBYX SYEEK MOKHO HAWUTH 7-
2 croco0oB 3aMoJTHEHUS TPEThEH SUCHKH, OTKY/AA MOJIy49aeTCs, YTO TPU SYECHKH MOXKHO 3aIlOJTHUTH
n(n-1)(n-2) cnocobamu. I[Ipomomkas 3TOT mpoIiecc, MOJIyduM, YTO YUCIO CIIOCOOOB 3aMOTHEHHUS 7
sgeek paBHO N(N—1)(N—2)..3-2-1. Orcrona

P,=n(n - 1)(n-2)..-32:1

Yucno n(n - 1)(n - 2)...-3-2-1, TO ecTh NPOU3BEICHUE BCEX HATYPAJbHBIX uuces OoT 1 1o n,
HasbiBaeTcs "n-pakropuan" u odbo3znavaercs n!. Orcrona P, =n!

IIpumep. 5! =5-4-3-2=120.

ITo onpenenenuto cunrtaerca: 1/=1; 0/=1.

Pa3memieHusiMiu U3 7 DJIEMEHTOB MO k DJIEMEHTOB OyleM Ha3bIBaTh YIOPSIOYCHHBIC
O/IMHOXKECTBA, COCTOSIIKE W3 Kk BJIEMEHTOB, MHOXectBa U - (MHOXECTBA, COCTOSLICTO U3 7
31eMeHTOoB). UKCII0 pa3sMeleHnii U3 72 3IeMEHTOB MO A 571eMeHTOB 06o3HavaeTcs  AY (umtaercs "4
u3 n 1o k").

[Tpumeps! 3a1a4, MPUBOAAIINX K HEOOXOAMMOCTH TIOJICUETA
1) CkonbkuMu crioco0aMy MOKHO BbIOpaTh W3 15 denmoBek 5 KaHAMAATOB W HAa3HAYWUTH WX HA 5
Pa3IMYHbIX JOJLKHOCTEN?

2) CkoIbKHMH crioco0amMu MOKHO 13 20 KHUT 0TOOpaTh 12 ¥ paccTaBUTh UX B PsAJT HA TTOJIKE?

B 3amagax o pa3memieHusx momnaraercs k<n. B ciyudae, ecnu k=n, TO JIETKO TOJIYYHTH
A‘=P =nl

Jlns moncuera AY  HCTIONB3yeM TOT K€ METO, 4TO HCIONb30BACS JUIs TOJCYETa P
,TOJIBKO 3/1€Ch BO3bMEM JIHUIIb A stueek. [lepByro siueliky MOKHO 3alOJIHUTh /1 CIIOCO0aMu, BTOPYIO,
IpY 3aM0JHEHHOM TEepBOM, MOKHO 3aMOJIHUTH n-1 criocoGamu. MOKHO MPOAOIKATh ATOT MpoOLece
JI0 3aIlOJTHEHUS TIOCNIEIHEH k- sUeWKU. DTy SYEHKy MpU 3aloJIHCHHBIX TEPBBIX k-1 sueiikax
MOJKHO 3amoJIHUTh n-(k-1) crmocobamu (unmu n-k+1). Takum oOpa3oM Bce k siueeK 3amONHSIOTCS
YHUCJIOM CITOCOO0B, PaBHBIM

_nl!
n(n-B(n-2)...(n-k+ -k +D = Ty

I
Ortcroaa noinyyaem: A'f = (ﬁ_lk)ﬁ



[Tpumep. CKOJIBKO CYIIECTBYET Pa3IMYHBIX BapUAHTOB BBHIOOpA 4-X KaHAMAATYp U3 9-TH
CHEUAINCTOB JJIsl IOE3/1KH B 4 pa3IMYHBIX CTPaHbI?

CoyeTaHUsIMH U3 71 DIIEMEHTOB IO Kk 3J€MEHTOB HAa3bIBAIOTCS MOJMHOKECTBA, COCTOSIINE
U3 k 51IeMEHTOB MHOKeCTBA U (MHOXKECTBA, COCTOSIIIETO U3 71 JIEMEHTOB).

OpnHo coyeTaHue OT APYroro OTIMYAETCS TOJIBKO COCTaBOM BBHIOPAHHBIX JIEMEHTOB (HO HE
MOPSITKOM MX PACTIOJIOKEHUS, KaK y Pa3MEIIeHUN ).

Yucno coueTaHuit U3 1 3MeMEHTOB Mo k aneMeHToB 0603Havaerca C* (uuraercs "C u3 n mo
k").

[Ipumeps! 3a1a4, NPUBOAAIIUX K HEOOXOAMMOCTH MOJICUETa YHCIIa COUETaHUM:

1) CxonbkuMu criocobamMu MOXKHO M3 15 denmoBek BbIOpaTh 6 KaHIUAATOB IS HA3HAYCHUS Ha
paboTy B OJIMHAKOBBIX JOJKHOCTSX?
2) Ckonbkumu crioco0amu MOkHO U3 20 KHUT 0TOOpaTh 12 KHUT?

Beisenem Qopmyiy juis mozpcuera uucna coderanuid. Ilycrs mmeercst mHoxectBo U u
HY)KHO 00pa3oBaTh YHOPAJOYECHHOE MOJAMHOXKECTBO MHOXKeCTBa U , coepkaliee k s1eMeHTOB (TO
ecTb 00pazoBaTh pa3merieHue). [lemaem 3o Tak:

1) BbBLIEIMM Kakue-TMOO k SJIEMEHTOB M3 7 DJIEMCHTOB MHOXECTBA Un ITO, COTJIaCHO
CKa3aHHOMY BBIIIIE, MOYKHO C/IEJIaTh C,'f crocodamu;

2) ymopsiIoYMM BBIICICHHBIC Kk 3JEMEHTOB, 4To MOXHO cmenatb P, = k! cmoco6amu. Beero
MOKHO TomyuuTh CX-P,  BapuaHTOB (YHOpSIOYEHHBIX MOAMHOKECTB), OTKyAa CJEIYeT:
A =C! P ,10ecTh

Ck Afl](: n!
" B (n-K)!k!

[Tpumep: 6 yenoBek U3 15 MOKHO BBIOpATh YUCIIOM CITIOCOOOB, PaBHBIM

co - 15! _15-14-13-12-11-10_5005
59161 6-5-4-3-2 B

Banatm Ha [OOoACHET 4Yucjia IIOAMHOXKECTB KOHECYHOT'O MHOXECTBA  HA3bIBAIOTCA
KOMOMHATOpHBIMU. PaccMOTpUM HEKOTOpble KOMOMHATOPHBIE 3a/a4H.

1.3 cemu 3aBOZOB OpraHu3aiysl JOJKHA BBIOpATh TP UL pa3MEIICHHs] TPEX Pa3TUYHbIX
3aKa30B. CKOJIBKHMH CIIOCOOAMHU MOXKHO Pa3MECTHUTh 3aKa3bl?

Tak kak Bce 3aBOJBI Pa3NUYHBL, U U3 YCJIOBHUS SICHO, YTO KaXKABIH 3aBOJ] MOXET JHOO
MOJIyYUTh OJIUH 3aKa3, TUO0 HE MOJIYYUTh HU OJTHOTO, 3/1€Ch HY>KHO CUUTATh YUCIIO pa3MeleHUu

T
A =4! =7-6-5=210

2.Ecnmu u3 Ttekcra 3amaun 1 yOpaTh YCIIOBHE pa3iMyusi TpeX 3aKa3oB, COXPAHHUB BCE
OCTaJIbHBIE YCIIOBHSI, MMOJIYYHUM JIPYTYIO 3a7a4dy. Tenepb crnocol pa3MelleHus 3aKa30B ONpeesisaeTcs
TOJIKO BRIOOPOM TPOMKH 3aBOJOB, TaK KaK BCE 3TU 3aBOAbBI MOJIYYaT OJMHAKOBBIE 3aKa3bl, U YHCIIO
BapHaHTOB OINpPEAEIAETCS KaK YUCIIO COYETaHUM.
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3.Mmerorcsa 7 3aBosioB. CKOJBKUMHU CITOCOOAMM OpPTaHHW3allds MOXKET Pa3MECTUTh Ha HHUX

TPU pa3IMYHBIX MPOU3BOJCTBEHHBIX 3aka3a? (3aka3 Helb3sl JPOOUTH, TO €CTh PACHPEACIATh €ro Ha
HECKOJIbKO 3aBOJIOB).

B oTyinume ot ycnoBus MepBOU 3a1auu, 371eCh OPraHU3alHs MOXKET OTAATh BCE TPH 3aKasza
NIEPBOMY 3aBOJy WJIM, HAlIpUMep, OTAATh JIBa 3aKa3a BTOPOMY 3aBOJ1Y, & OJIUH - CEAbMOMY.

3amaga pemraercs Tak. IlepBblif 3aka3 MOMKET OBITH pPa3MEIIEH CEMbIO Pa3THYHBIMH
crmocobamMu (Ha TEpBOM 3aBOJIe, HA BTOPOM U T.A.). Pa3MecTHB TeEpBBIA 3aKa3, UMEEM CEMb
BapUAHTOB pa3MEIICHHI BTOPOTO (MHAYe, KaXABIH CIIOCOO pa3MEIIeHUs MEePBOTO 3aKa3a MOXKET
COTNPOBOXKAATHCS CEMBIO CITOCOOAMU pa3MeIlIeHusl BToporo). Takum oOpaszoM, cymecTByeT 7-7=49
Croco00OB pa3MelleHus MePBhIX JABYX 3aKa30B. Pa3MecTuB nx KakuM-In0o o0Opa3oM, MOKEM HAWTH
7 BapUaHTOB pa3MEIICHUs TPEThero (MHaue, KaKIbld croco0 pa3MelIeHUs MEepPBhIX ABYX 3aKa30B
MOJKET COIPOBOXAATHCS CEMBIO PAa3IMYHBIMH CIIOCOOAMU pACIpPECTICHUs] TPEThEro 3aKas3a).
CreioBaTeNnbHO, CyIecTBY0T 49-7=7° crocobGoB pasMelneHns Tpex 3akasoB. (Ecim Gbl 3aKka30B
OBLIO 71, TO MOYYHUIIOCH ObI 7" CIIOCOOOB Pa3MEILCHUS).

4 Kak pematp 3amady 3, €ClIu B €€ TEKCTE BMECTO CJIOB "pa3IMYHBIX MPOU3BOIACTBEHHBIX
3aKa3a" MOCTaBUTh "OJMHAKOBBIX IPOU3BOICTBEHHBIX 3aKa3a?

5.1o6aBum Kk ycioBuIo 3aaun 1 omHy ¢pa3y: opraHu3amus TakkKe JODKHA PacTpeeInTh
TPU pa3IMYHBIX 3aKa3a Ha W3rOTOBJIEHHME JAECPEBSHHBIX NEPEKPHITHN cpenn 4-X JECOMUIOK.
CxonbKUMH crioco0amMu MOTYT ObITh pacipe/IesieHbl BCE 3aKa3bl?

Kasibiil u3 A crioco60B pacripesie/icHUs 3aKa30B Ha 3aBOJaX MOXKET COMPOBOXKAATHCS A
crmoco0aMM  pa3MeIIeHHs] 3aka3oB Ha Jecommwikax. OOmee 4YHclIo BO3MOXHBIX CIIOCOOOB
pa3MeIieHns BCceX 3aKa3oB Oy/IeT paBHO

A
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Cay4yaliHbIi IKCIIEPUMEHT, 3JIeMEeHTAPHbIE UCXO/Ibl, COOBITHS.

CaydaiiHpIM ~ (CTOXaCTUYECKMM)  OSKCIIEPUMEHTOM WM  WCIBITAHUEM  Ha3bIBAETCS
OCYIIECTBIICHUE KAaKOTO-TM00 KOMIUIEKCA YCIOBHMA, KOTOPHI MOYKHO MPAaKTUYECKU MIIA MBICIIEHHO
BOCIIPOU3BECTHU CKOJIb YTOJHO OOJIBIIOE YHCIIO Pas3.

[Tpumeps! cirydaitHOrO 3KCIIEpUMEHTA: MOI0pachIBaHME MOHETHI, U3BJICUCHUE OJHOM KapThl
U3 N1€PEeTacCOBAHHON KOJIO/bI, TOJICUET YKCIa aBTOMOOMIIEH B odepein Ha O€H30KOJIOHKE B JAHHBIN
MOMEHT.

SBneHMs, NPOUCXOIAIIME IPH PEATU3ALHMHA ITOrO0 KOMIUIEKCA YCIOBHMM, TO €CTh B
pe3yapTaTe CIy4allHOrO IKCHEPUMEHTA, Ha3bIBAIOTCS 3JIEMEHTAPHBIMHM Hcxoaamu. Cuuraercs,
YTO IpPHU IPOBEACHUU CIIy4alHOTO OJKCIIEPUMEHTA PEaJMn3yeTcsl TOJIBKO OJUH M3 BO3MOXKHBIX
AJIEMEHTAPHBIX UCXO0B.

Ecin MoHery mondpocuth OOUH pa3, TO 3JIEMEHTapHbIMH HCXOJAaMH MOXXHO CYMTaTh
Beimaznenue repoa (I') wim uudps (11).

Ecnu cimy4allHBIM SKCHEPUMEHTOM CUYMTATh TPOEKpAaTHOE MOAOpachlBAHUE MOHETHI, TO
AJIEMEHTapPHBIMUA UCXOAAMHU MOKHO CUMTATh CIICAYIOLINE:

I'TT, I'TL, U, II'T, I, L I, L



MHOXeCTBO BCEX JJIEMEHTAPHBIX HCXOJOB CIIy4allHOTO HSKCIEPHMEHTa Ha3bIBACTCS
NMPOCTPAHCTBOM 3JIEMEHTAPHBIX HCX0A0B . byaem 0003HauaTh TPOCTPAHCTBO 3JIEMEHTAPHBIX
ncxonoB OykBod (2 (omera OojbIas) i-i dJIEMEHTApHBIA MCXOJ OyneM 0003HavaTh®; (@w-oMmera
Majasi).

Ecnu mpocTpaHCTBO 351eMEHTApHBIX UCXOJ0B COACPKHUT 71 DIIEMEHTAPHBIX UCXOJ0B, TO

Q=(wy, ..., @, ).

Jln1st TpOEKpaTHOTO MOAOPAChIBAHUSI MOHETHI,

Q=(TTT, TTLL.. IILI).

Ecnm ciydaliHpli SKCTIEpUMEHT - To0packIBaHUE UTPaIbHOM KOCTH, To 2=(1,2,3,4,5,6).

Ecnin () KOHEYHO WM CYETHO, TO CJAYyYailHbIM COOBITHEM WM IIPOCTO COOBITHEM
Ha3bIBaeTCs JI000€ MOJAMHOXKECTBO 2.

MHOKeCTBO Ha3bIBACTCS CUCTHBIM, €CITH MEKIYy HUM H MHOXKECTBOM N HaTypaJbHBIX YHCET
MO’KHO YCTaHOBUTbH B3aMHO-OJIHO3HAYHOE COOTBETCTBHE.

[Ipumep cuUeTHOrO MHOXKECTBA: MHOXKECTBO BO3MOXKHBIX 3HAUYEHUH BpEMEHHU TpUiIeTa
WMHOIUIAaHETSH Ha 3eMJII0, €CIM BpeMs OTCUUTHIBATH C HACTOSIIETO MOMEHTa W HCUUCIATH C
TOYHOCTBIO 10 CEKYH/IBI.

[Ipumepbl HECYETHBIX MHOXKECTB: MHOXXECTBO TOYEK Ha 33JlaHHOM OTpe3Ke, MHO>KECTBO
YHCEN X, YOBJIETBOPSIIOIINX HEPABEHCTBY 1< x <2.

B cnyuyae HecueTHOro MHokecTBa {2 OylneM Ha3bIBaTh COOBITUSAMHU TOJIBKO MOAMHOXECTBA,
YIIOBJIETBOPSIONINE HEKOTOPOMY YCIOBHUIO (00 ATOM OYET CKa3aHO MO3XKe).

[IpuBenem mnpumepsr coObiTHid. IlycTh OpocaeTcss urpajibHass KOCTh, W 3JEMEHTapPHBIM
HCXO0JIOM CYMTAeTCs BhIMaBIiee ynuciao oukoB: Q=(1,2,3,4,5,6). A — coObITHE, 3aKII0YaIOIIeecs B
TOM, YTO BBINAJIO YETHOE YMCIO OYKOB: A=(2,4,6); B — coOBITHE, 3aKIIOYaIONmeecs B TOM, YTO
BBINTAJIO YUCJIO OYKOB, HE MeHbIee 3-x: B=(3,4,5,6).

['oBOpST, UTO TE UCXOIBI, U3 KOTOPBIX COCTOUT COOBITHE A, OIarONMPHUATCTBYIOT COOBITHIO A.

CoObiTus ynobHO mM300pakaTh B BHJIE PHUCYHKA, KOTOPBIi

Ha3biBaeTcs auarpammoii Benna. Ha pucynke | mpoctpaHcTBO Q
AIIEMEHTAPHBIX UCX0A0B () M300pakeHO B BUAE NMPSIMOYTOJIbHUKA, / \
a MHOXECTBO D3JIEMEHTApHBIX HCXOJOB, OJarompHsTCTBYIOIINX \ A
COOBITHIO A, 3aKTI04eHO B djumirc. CaMu MCXOMBI Ha AWArpaMMe \ /
BeHHa He M300pakaroTcs, a MHPOPMALU O COOTHOIIEHUH MEXKIY o

UX MHOXECTBAMHU COJIEPKUTCS B  PACIOJOXEHUU TPaHUI]
COOTBETCTBYIOIIMX 00JIACTEH.
CymmMmoii (00bennHeHueM) ABYX coObITHii A W B (o6o3nauaercs AUB ) Ha3biBaeTcs

Puc.1

coObITHE, COCTOSIIEE W3  BCEX  JJIEMEHTAapHBIX  HCXOJOB,
NPUHAAISKAIIMX TI0 KpaiiHed Mepe oJHOMY U3 coObITUH A unu B.
CobOriTie AUB  mpOMCXOIUT, €CIIA TPOUCXOJINUT IO KpaliHEeH Mepe
OJIHO U3 COOBITHI A 1 B.

[IpuBenem mnpumep oObenuHeHus coObiTHil. IlycTh 1Ba

CTpeTKa CTPETSIOT B MUIIICHh OJTHOBPEMEHHO, U COOBITHE A COCTOUT
B TOM, YTO B MHIIIEHb TIOTIaaeT 1-i CTpernok, a coobiTue B - B TOM,
4TO B MUIIIeHb monaaaetr 2-il. Coowitne AUB 03Ha4aer, 4To MUIICHb MMOPaKeHa, WK, HHAYe, YTO B
MUIIIEHB TTOTAT XOTS OBl OJIMH M3 CTPEJIKOB.

Puc.2



IIpousBenennem (nepecedenuem) ANB coObiTuii A u B
Ha3bIBACTCSI COOBITHE, COCTOSIIEE M3 BCEX TEX 3JIEMEHTapHBIX
HCXOJ0B, KoTopble mnpuHamiexatr u A u B. Ha pucynke 3
nepecedeHne coObITUH A u B u300paxkeHO B BUC
3alITPUXOBaHHOW oO0jacTu. B ycloOBHAX NpPUBENEHHOTO BBIIIE
npumMepa coObsitTue ANB 3aKioyaeTcs B TOM, YTO B MHUIIEHb
nonaiu oba CTpeska.

Paznocterio A\B umu A-B Puc.3
coOBITHI A M B Ha3pIBaeTCSd COOBITHE, COCTOSIIEE M3 BCEX HMCXOJOB
coObITUS A, He ONarompuATCTBYIOUIMX coObITHIO B. Jlnarpamma
Benna pazHoctu coObiTHil 4 U B n300pakeHa Ha pUCYHKE 4.

B ycnoBusx paccMOTpeHHOTO Bhllle mpumepa coOwbitue A\B
3aKJII0YAETCsl B TOM, YTO MEPBBINA CTPENIOK MOMall B MULIEHb, a BTOPOU
MIPOMaXHYJICS.

Puc.4 CoObiTHe () Ha3bIBaeTCA JAOCTOBEPHBIM (OHO 00s3aTEITHLHO
MIPOUCXOIUT B PE3YJIbTATE CIIy4aHHOTO SKCIIEPUMEHTA). _

[Iyctoe MHOXecTBO & Ha3bIBaeTCsl HEBO3MOKHBIM coObiTeM. CoObite A=0Q\4
HA3bIBACTCSI MPOTHBOMOJIOKHBIM COOBITUIO A WU 10MOJIHEHHEM COOBITHUS A.

CoOniTia A 1 B Ha3bIBalOTCSI HECOBMECTHBLIMH, €CIIM HET

UCXOJI0B, puHaAnexamux u A u B, To ectb ANB = J. Ha pucynke 0 o o

5 n3006paxkeHbl HeCOBMECTHBIE COOBITHS A U B. SN N
HemocpeacTBEHHO M3 BBEIEHHBIX ONPENETICHHH CIeIyloT A B )

pasencta: AUA=Q; ANA=C; AUB HANB; ANB=AUB. Jlsa N NS

NOCJIeTHUX PABEHCTBA HasbIBatoTcs hopmynamu Jle'Moprana.

BepositHocTHOE mpocTpaHcTBO Cirydyaill KOHEYHOIO
WJIH CYETHOI0 YHMCJIA UCXOI0B.

Jlnst mocTpoeHust MOJIHOM M 3aKOHYEHHOW TEOPUM CIIYYaWHOTr'O SKCIEPUMEHTA WM TEOPHUH
BEPOATHOCTEM, IOMHUMO BBEICHHBIX MCXOJHBIX TOHATHH  CIy4allHOTO  DKCIEPUMEHTA,
AJIEMEHTApPHOT'0 MCX0/1a, TPOCTPAHCTBA JIEMEHTAPHBIX MCXO0B, COOBITHS, BBEIEM aKCHOMY (TTOKa
JUIS CJTydast KOHEUHOT'O UM CYETHOTO MPOCTPAHCTBA JIEMEHTAPHBIX UCXOOB).

Kaxngomy »sieMeHTapHOMY UCXOAY @; THPOCTpaHCTBA €2 COOTBETCTBYET HEKOTOpast
HEOTpHUIIaTeNIbHAsT YMCIIOBasg XapaKTepucThka FP; MIAHCOB €ro TMOSBJICHMS, Ha3bIBaeMast
BEPOATHOCTBIO UCX0/IA @;, TPUUYEM

P+P+.4P +.= D,P =1
i:a)i e

(3mech CyMMHPOBAHUE BEJIETCA 110 BCEM i, JJIsI KOTOPBIX BBITIOJIHSIETCS YCIOBHE: @ ;€LD).

Orcrona cinenyert, uto 0 < P; < 11714 Beex i.

BepositHocTh 1100010 CcOOBITHS A oOINpenensieTcss Kak cymMma BEpPOSITHOCTEH BCeX
AJIEMEHTApHBIX UCXOI0B, OJAroNMpUATCTBYIOMUX cOObITHIO 4. O003HaunM ee P(A).

PA= X Pw)= X P (¥

I:a)ieA i:a)ieAI

Orcrona cienyer, 4To
1)0<PA) LI,
2) P(Q)=1;



3) P(2)=0.
byneM rosoputh, 4TO 3a/1aHO BEPOATHOCTHOE NPOCTPAHCTBO, €CJIM 33JJaHO IPOCTPAHCTBO
9JIEMEHTAPHBIX UCXO/10B {2 ¥ ONPEJIENICHO COOTBETCTBHE

w; = P(wy) =P:.

Bo3nukaer BOmpoc: Kak OIPENEIUTb M3 KOHKPETHBIX YCIOBUM pelIaeMoN 3axadu
BEPOSATHOCTb P(@); ) OTAENBHBIX 3JIEMEHTaPHBIX HCXO0B?

Kaaccuueckoe OIpeacjaceHue BEPOATHOCTH,

Bbruncnsate BepoATHOCTH P(@; ) MOXHO, HCHOJB3YyS ANpPHOPHBIA IOAXOJH, KOTOPHBIM
3aKJII0YAETCs B aHAIU3€e CHelU(PUUECKUX YCIOBUM JAHHOTO 3KCIIEPUMEHTA (10 MPOBEJEHUS CaMOro
HKCIEPUMEHTA).

Bo3moxkHa cuTyanusi, KOraa IPOCTPAHCTBO JJIEMEHTAPHBIX HCXOJ0B COCTOMT M3
KOHe4YHOro 4nciaa N 3jieMeHTapHBIX MCX010B, IPHYeM CJIYy4YaiiHbIi IKCIEPUMEHT TAKOB, YTO
BEPOSITHOCTH OCYLIECTBJICHUSI KAa:KA0T0 U3 3THX N 3JIeMEHTAPHBIX MCX0J0B NPEACTABISIOTCSH
paBHbIMH. [IpuMepbl Takux CiIydailHBIX SKCIEPUMEHTOB: IOA0pAaChIBAHUE CUMMETPHUUYHON
MOHETHI, OpocaHue MPaBWJIBHOW UTPAIbHON KOCTH, CIy4YailHOE€ W3BJICUCHHE WUTPATbHON KapThl U3

NepeTacoBaHHON KOJOAbl. B cuily BBEIEHHOW aKCHOMBI BEPOATHOCTH KaXKIOTO AJIEMEHTApPHOIO

1
MCXO0/la B 3TOM Cllydyae paBHBI N N3 storo cnemyer, 4uto ecnu coObitue A comepx uT Ny

AJIEMEHTApHBIX UCXOJI0B, TO B COOTBETCTBUHU C omnpeneneHueM (*)

N

P(A) = WA

B nanHOM Kjacce cUTyaluii BepOSITHOCTH COOBITHSI ONpeaessieTcsi KaK OTHOLIEHUe
yHciaa 01aronpusTHBIX HCX0/0B K 0011eMY YHCJIY BCeX BO3MOKHBIX HCXO/I0B.

[pumep. 13 Habopa, comepsxkamiero 10 oquHAKOBBIX Ha BUJI AJICKTPOIAMII, CPEIA KOTOPHIX 4
OpakoBaHHBIX, CIIydalHbIM OOpa3oM BwIOuMpaeTcs S5 mamn. KakoBa BepoOsSTHOCTh, YTO Cpeau
BBIOpPAHHBIX JIaMI OyAyT 2 OpakoBaHHbBIE?

[Ipexxne Bcero OTMETHM, 4YTO BBIOOp JIOOOHM MATEPKHU JaMIl HUMEeT OIHY M Ty XKe
BepOATHOCTB. Beero cymectsyer C)) cnoco6oB COCTaBUTH TaKylo MATEPKY, TO €CTh CIydaiHbIi
SKCIIEPUMEHT B IAHHOM ciiydae umeeT C.) PaBHOBEPOSATHBIX HCXOJIOB.

CKOJIBKO U3 3THX MCXOJIOB YIOBJIETBOPSIOT YCIOBHIO "B ISTEPKE BE OpaKOBaHHbIE JIaMITbI'",
TO €CTh CKOJIbKO MCXOJI0B MPUHAJUIEKAT HHTEPECYIOLIEMY Hac COOBITHIO?

Kaxnyro uHTEpecyIonlylo Hac MATEpPKy MOXKHO COCTaBHTH TakK: BbIOpaTh JBe OpakOBaHHBIC
JNaMIIBI, YTO MOKHO CJEJaTh YMCIOM croco6oB, paBHbM C;. Kaxmas mapa GpakOBaHHBIX JaMil
MOJET BCTPETUTHCS CTOJBKO pa3, CKOJBKHUMH CIIOCOOAMH €€ MOXKHO JIOTOJIHUTh TpeMs He
OpakoBaHHBIMU Jamramu, To ecTb N. pas. ITomydaeTcs, 4TO YMCIO MATEPOK, COMAEPIKAIIUX JIBE
GpaxoBaHHbIe TamIibl, pasHo Cj-Ng.

Otcrona, 0603HAYMB UCKOMYIO BEPOSITHOCTD uepe3 P, momydyaem:

p_CiCs 10
S cn, A



CrartucTuueckoe omnpeaeaeHne BePOSTHOCTH.

PaccmoTpuM cimydaitHbIM SKCIEPUMEHT, 3aKIFOYAIOITUICS B TOM, YTO TOJI0PACchIBACTCS
urpajabHas KOCTb, CJI€JIaHHas M3 HEOJHOPOAHOro Marepuana. Ee HeHTp TsKecTH He
HaxOJIUTCSI B T€OMETPUYECKOM LEHTpe. B 3TOM ciiydae MbI HE MOXEM CUUTATh HCXOJbI
(BbIIaJiIeHNE €IMHULIBI, TBOWKH U T.X.) PAaBHOBEPOSTHBIMH. V3 (PU3MKHM M3BECTHO, YTO KOCTh
Oonee yacTo OyneT magarh Ha Ty IpaHb, KOTOpas OJMKe K LHEeHTpY TskecTH. Kak onpenenuth
BEPOATHOCTH BBINAJICHUS, HAIIPUMED, TpeX OuKOB? EAMHCTBEHHOE, YTO MOXHO CAENATh, 3TO
moAOpPOCUTE ATy KOCTh n pa3 (T/ie n-A0CTAaTOYHO Ooublnoe 4ucio, ckaxkeM n=1000 wam
n=5000), moacuYuTaTh YMCIO BBINAJAEHUM TPEX OYKOB /3 M CUMTATh BEPOSTHOCTH MCXOAA,
3aKJIIOYAIOLIErOCs B BBIMAJEHUU TPEX OYKOB, PABHOM #3/m - OTHOCHUTEIBHOW YacTOTe
BBIMAZICHUSA TpPEX OYKOB. AHAJOTHYHBIM O0pa3oM MOKHO OINPEAEIUTh BEPOSTHOCTU
OCTQJIBHBIX 3JIEMEHTAPHBIX HMCXOJI0B — E€AUHUIIBI, JBOWKH, YETBEPKH U T.[. Te€opeTHUeCcKH
Tako o0pa3 AEWCTBUIl MOXXHO OIpaBlIaTh, €CIM BBECTH CTATHCTHYECKOE OIpeiesieHne
BEPOSTHOCTH.

BepositHocTh P(@;) ompenensieTcss Kak MpeaeN OTHOCHUTEIbHON YacTOTHI TOSIBICHUS
MCX0/1a @; B IPOLIECCE HEOTPAHWYEHHOIO YBEIMYEHHMS YUCIa CIIy4alHbIX SKCIEPUMEHTOB 71,
TO €CTh

P =P(w,) = lim @
n—o

rae m,(@) — YUCIO CIOy4alWHBIX SKCIEPUMEHTOB (M3 OOIIEro 4Ymclia 7 MPOU3BEIACHHBIX
CIIydallHbIX SKCIIEPUMEHTOB), B KOTOPBIX 3apErMCTPUPOBAHO IOSBIECHUE 3JIEMEHTapHOIO
UCcXo0/a ;.

Tak kak 37ech HE MPUBOAWTCS HUKAKUX JOKA3aTeNbCTB, MBI MOXEM TOJBKO
HAJIEATBCS, 4YTO TpeAeNl B ToOcCieqHer (opMmyne CyIecTByeT, OOOCHOBBIBAas HaICKIy
KHU3HCHHBIM OIIBITOM U PIHTyPII.[HCfI.

I'eomeTpuyecKkasi BEPOATHOCTH

B onHOM cneuuanbHOM Cilydae AaauM OIpeAesieHHEe BEpPOSITHOCTH COOBITHS IJIf
CIIy4aifHOTO 3KCIIEPUMEHTA C HECYETHBIM MHOXKECTBOM HMCXOIOB.

Ecnu mexny MHOXkeCTBOM (2 3JIEMEHTAPHBIX MCXOJIOB CIyYalHOTO 3KCIIEPUMEHTA U
MHOXECTBOM TOUYEK HEKOTOpPOH IMIOCKOH (urypsl ¥ (curma 0ojbllasi) MOXKHO YCTaHOBHTH
B3aMMHO-OJTHO3HAYHOE COOTBETCTBUE, a TAK)KE€ MOXKO YCTAaHOBHUTH B3aHMMHO-OJIHO3HAYHOE
COOTBETCTBUE MEXIY MHOXECTBOM JJIEMEHTAPHBIX HCXOJOB, OJaronpusTCTBYIOIIUX
COOBITHIO 4, U MHOKECTBOM TOYEK IJIOCKON (UTYphI G (CUTMa Maiasi), SIBJISIOLIEICS YacThio
buryps X, TO

P(A) =

3

nln

rae s — miomanas GUrypsl 6, S — miIomanb Guryps .

[Tpumep. /IBa yenmoBeka 00enalOT B CTOJNOBOM, KOoTopas OTKphITa ¢ 12 10 13 wacos.
Kaxnprii 13 HUX NPUXOAUT B TPOW3BOJIBHBIM MOMEHT BpeMEHH M obOemaer B TeueHue 10
MuHYT. KakoBa BEpOATHOCTb UX BCTPEUU?

ITycth x — BpeMs Mpuxoja MEepPBOTO B CTOJIOBYIO, @ y — BpeMs MPUX0JIa BTOPOTO
(lZS X<13 12< ygl's).



MoxHO YCTaAaHOBUTH B3aHMMHO-OJJHO3HAYHOC

COOTBETCTBUE MEXAy BCEMHM IapamMu uyucen (x;y) (wam Yy 4
MHOKECTBOM HCXOJIOB) M MHOXECTBOM TOYEK KBajapaTa cO 13 .
CTOPOHOM, paBHOU 1, Ha KOOPAMHATHOW IMJIOCKOCTH, TIJI€ HA4aJo A

KOOPIMHAT COOTBETCTBYET 4yuciay 12 mo ocu X u mo ocu Y, kak
n300paxeHo Ha pHUCYHKe 6. 31ech, Hampumep, Todka A
COOTBETCTBYET MCXOAY, 3aKJIIOYAIOIIeMycsl B TOM, 4YTO MEPBBIN
npumen B 12.30, a BTopoii - B 13.00. B sTom cityuae, oueBuaHO, 12 13 ;
BCTpEUa He COCTOSIACh. Puc.6
Ecnu nepBblii mpumien He Mo3Xe BTOpoOro (y = x), To
BcTpeda nmpousonaeT npu yeinouu 0 <y - x < 1/6 (10 muH.- 310 1/6 Haca).
y 4 s Ecan BTopo#l mpuien He mo3xe mepBoro (x = y), TO
R BCTpeda nmpousonaeT mpu ycinouu 0 <x -y < 1/6..
© / Mexy MHOXECTBOM HCXOJOB, OJarompuUsTCTBYIOIINX
<> ~ BCTpede, U MHOXKECTBOM TOYEK O0NacCTH G, N300pakeHHOM Ha
o pUCYHKE 7 B 3alITPUXOBAHHOM BHJIE, MOXHO YCTaHOBUTHh
Pt B3aMMHO-0JTHO3HAYHOE COOTBETCTBHE.
> Hckomasi BEpOSTHOCTH p paBHA OTHOIICHHUIO TUIOMIAIN
12 13 X  obmactu o k muomagu Bcero kpajapata.. Ilmomans KBagpaTa
Puc. 7 paBHA €IUHUIIE, a IUIOIIAh 00JIACTH G MOXKHO OIMPENEIUTh KaK
pa3HOCTb  €IWHUIBI M  CyMMapHOM  IUJIOmAagud  JABYX
TPEYroJbHUKOB, N300paKeHHBIX Ha pUCyHKe 7. OTCIOa CIeayeT:
25 11

:1——:—
P 36 36

13

HenpepbiBHOE BEepPOSITHOCTHOE MPOCTPAHCTBO.

Kak y»e roBopuiioch paHee, MHOKECTBO 3JIEMEHTapHBIX UCXOJ0B MOXET OBITh OoJee,
9YeM CUYETHBIM (TO €CTh HECUETHBIM). B 3TOM cilyuae HeNb3sl CUUTATh JHO00E MOJIMHOKECTBO
MHO>KeCTBa {2 COOBITHEM.

UToOBI BBECTH OMPEJICIICHNE CITyYailHOTO COOBITHS, PACCMOTPUM CHCTEMY (KOHEUHYIO
WIN CUETHYIO) MOAMHOXKeCTB A, A, ... A, IPOCTPaHCTBA IIEMEHTAPHBIX UCXO0B ().

B ciryyae BBIINIOJIHEHUS TpEX YCIOBHIA:

1) Q nmpuHAAIEKUT ITOU CUCTEME;

2) U3 NPUHAAIEKHOCTH 4 ITON CUCTEME CIEAYET IPUHAIIEKHOCTD A 5T0i CUCTEME;

3) U3 NpUHAICKHOCTHA U Aj 3TOH cHUCTeMe clexyeT NMpuHaane:kHocTb A; U A; sToi

cUCTEME
TakKas CUCTEMa MOJMHOKECTB Ha3bIBAETCA AJIredpoi.
[Tycth 2 — HEKOTOpPOE MPOCTPAHCTBO IJIEMEHTAPHBIX MUCXONIOB. YOEAUTECh B TOM,

YTO JIB€ CUCTEMBbI IOJJMHOXKECTB!
1)Q, J;2)Q, A, A, D (3nech A— MOIMHOXKECTBO Q) ABISAIOTCS alredpamu.

[Tycth A 1 A; npuHaATIEeKaT HEKOTOpOoH anredpe. Jokaxure, uro A; \ 4, u AN A3
NPUHAIEKAT 3TOH anredpe.

IHoaMHOKeCTBO A HECYETHOr0 MHOKECTBA 3JIEMEHTAPHBIX MCXO0A0B () SIBJIACTCH
co0bITHEM, eC/IM OHO NPHUHAJIEKUT HEKOTOPO# anredpe.

Chopmynmupyem akcuomy, HazpiBaemyto akcromoir A.H. Koiamoropoga.

Kaxnomy coObITHIO COOTBETCTBYeT HeEOTpPHIATelIbHOEe M He INpeBoCXoasiiee
eIUHUIBI YUCca0 P(A), Ha3pIBaeMoe BepPOSITHOCTHIO coObITUSL A, npuyeM GyHkuusa P(A)
00J1a7aeT CJIeIYHIUMHU CBOMCTBAMU:



1) P(Q)=1
2) ecaiu coObITUSA A1, A2yeeey A, HECOBMECTHBI, TO
P(A4,UA4,U..UA,))=P (A + P (4,) +...+ P(A,)

Ecnu 3amaHO mpOCTpaHCTBO D3JEMEHTAapHBIX HCXO0Z0B ), anredbpa coOBITHH U
omnpeneneHHas Ha Hel QyHKIUS P, yIOBIETBOPSIONIAs YCIOBHAM MPUBEICHHOW aKCHOMBI, TO
TOBOPAT, YTO 33/1aHO BEPOSITHOCTHOE NMPOCTPAHCTBO.

DTO ompenesieHHe BEPOSTHOCTHOTO IPOCTPAHCTBA MOXKHO TIIEPEHECTH Ha CIIydau
KOHEYHOTO IMPOCTPAHCTBA 3JEMEHTApHBIX MCcXono0B ). Torma B kadecTBe anreOpbl MOXKHO
B35ITh CHCTEMY BCEX IMOIMHOYKECTB MHOKeCTBa (2.

DopMyJIbI CJI0KEHUSI BEPOSTHOCTEIA.

W3 nyHkTa 2 npuUBENEHHOW aKCHOMBI CIIENYeT, YTO e€ciu A; U A, HECOBMECTHBIE
CcOOBITHS, TO

P(A4,UA,) = P(4) + P(42)

Ecmu 4; u A, — coBMecTtHBIe cOOBITHS, TO A1 UA; =(A;\ A2)UA,, ipudeM OYEBHIIHO,
uto A1\, 1 A, — HecoBMeCTHBIC COOBITHA. OTCIO/IA CIIEAYET:

P(A4,UA4;) = P(A1\42) + P(A>) (*)

Hanee oueBunno: A; = (A\ 42)U(4:NA4,), mpuaem A\ A; u A;NA; - HECOBMECTHBIE
cobbITusA, oTkynma cienyer: P(4)) = P(A)\ 4;) + P(A1NA4;) Haitnem wu3 3Toii ¢dopMyIbl
BelpakeHue s P(A)\ 4,) U MojacTaBUM €ro B MpaBylo 4acTh (opmynsl (*). B pesynbrare
NOJTy9rM (POPMYITY CIIOKEHUST BEPOSITHOCTEH:

P(4,UA4y) = P(4,) + P(42) — P(41NA4>)

N3 mnocnenned ¢GopMynbl JIETKO MOMYYUTh (OPMYIY CIIOKEHHUS BEpPOATHOCTEH Ui
HECOBMECTHBIX COOBITHI, MOJIOKUB A1NA> = .

IIpumep. HalTu BEpOSATHOCTH BBITAIUTH Ty3a MM YEPBOBYIO MAaCTh IIPU CIy4ailHOM
0TOOpE OJTHOM KapThl U3 KOOI B 32 JIHCTA.

P(TVY3)=4/32=1/8; P(UEPBOBAS MACTb ) = 8/32 = 1/4;
P(TY3 YEPBEN ) = 1/32;

P((TY3) U (YEPBOBASI MACTD )) = 1/8 + 1/4 - 1/32 =11/32

Toro xe pe3yiibTaTta MOKHO OBLIO A0CTHUYDb C MOMOIIBIO KIIACCUYCCKOTO ONPCACIICHUA
BCPOATHOCTHU, IEPECUMUTAB YHUCJIO 6J'Ial"OHpI/I$ITHBIX HCXO0a0B.

YcioBHbIE BEPOATHOCTH.

Paccmotpum 3amady. CTyneHT mepea sk3aMeHOM Bblydi u3 30 OuieToB OWMIIETHI C
Homepamu ¢ 1 mo 5 u ¢ 26 mo 30. M3BecTHO, 4TO CTYyIEHT Ha AK3aMEHE BBITAIIWI OWJIET C
HOoMepoM, He mnpesbimaronmM 20. KakoBa BEpOATHOCTb, YTO CTYACHT BBITAIIUI BbIyYEHHBIN
omet?



OnpenenuM MPOCTPAHCTBO 3JIEMEHTApHBIX HcxomoB: Q=(1,2,3,...,28,29,30). Ilycts
coObiTHe A 3aKimo4yaercs B TOM, 4YTO CTYICHT BBITAIWI BBIYUYCHHBIH OWIET:
A=(1,...,5,25,...,30,), a coObiTHe B — B TOM, YTO CTYACHT BBHITAIIWJ OWJIET W3 TEPBBIX
nBaamnatu: B =(1,2,3,...,20)

CobwitHe ANB cocrouT U3 msaTu ucxonos: (1,2,3,4,5), u ero BeposTHOCTH paBHa 5/30.
DTO YMCIIO MOXKHO MPEACTaBUTh Kak mpoussenaenue apoodeit 5/20 u 20/30. Yucno 20/30 - sTo
BEpPOSTHOCTH coObITUS B. Uncno 5/20 MOXXHO paccMaTpuBaTh Kak BEPOSTHOCTH COOBITHUS A
IpU YCIIOBUH, YTO cOOBITHE B npousonuio (00o3Hauum e€ P(A/B)). Takum oOpa3oM perieHue
3a1auu onpenenseTcs Gopmynon

P(ANB) = P(4/B) P(B)

Ora dopMyna Ha3piBaeTcs (HOPMYIION YMHOMKEHUS BEPOSTHOCTEH , a BEPOSTHOCTH
P(A4/B) — ycnoBHOM BEpPOATHOCTHIO COOBITHS A.

[Tpumep..13 ypHBI, comepkamneld 7 OenbIX W 3 YEpHBIX IIAPOB, HAyAady OAMH 32
JIpyruM Hu3BJIEKaroT (0e3 BO3BpalleHHs) ABa mapa. KakoBa BEpOsSTHOCTh TOTO, UYTO MEPBBIN
map Oyzaer 6enbiM, a BTOpOi YepHBIM?

IIyctb X — coObITHE, cocTosIIee B W3BJICYCHHHM IEpPBBHIM Oejoro mapa, a ¥ —
COOBITHE, COCTOAIIEe B M3BJICUCHHMM BTOPHIM uYepHOro mapa. Torma XMNY -  coObiTue,
3aKJTIOYAIONIEecss B TOM, YTO TIEPBBIN map Oynmer OenbiM, a BTopoid — depHbIM. P(Y/X) =3/9
=1/3 — ycnoBHasi BEPOSTHOCTh W3BICYCHHS] BTOPBHIM YEPHOTO Iapa, €CIH IMEPBBIM OBLI
u3BiedeH Oenbiif. YuutbiBasg, uto P(X) = 7/10, mo ¢opmMmyrne yMHOXEHHS BEpPOSTHOCTEH
nonyuaem: P(XNY) = 7/30

CoObiTHe A Ha3bIBaeTCsl HE3ABUCUMBIM OT coObITHSI B (MHa4ye: coObiTust A U B
HA3BIBAIOTCH HE3aBUCHMBbIMH), eciu P(A/B)=P(A). 3a onpenenenne He3aBUCUMBIX COOBITUI
MO>KHO MPUHSATH CIEICTBUE MocaenHel GopMyIbl U HOpMYIIbI YMHOKEHHS

P(ANB) = P(4) P(B)

JloKakMTE CaMOCTOSITEILHO, YTO eclii A U B — He3aBUCHMBIE COObITHSA, TO A u B
TO’KE SIBJIAIOTCS HE3aBUCUMBIMU COOBITHS.

IIpumep.PaccMoTpum  3amady, AaH@JIOTMYHYI0 OPEABLAYLIEH, HO C  OJHHUM
JIOTIOJIHUTENbHBIM YCIIOBUEM: BBITAILMB MEPBBII IIap, 3aIOMMHAEM €ro LBET U BO3BpaIllaeM
iap B ypHY, IIOCJI€ YEro BCE LIapbl NepeMelnBacM. B naHHOM ciydae pe3yiabTaT BTOPOTO
U3BJICUEHHS] HUKAK HE 3aBUCUT OT TOTO, KaKOW Iap - YEpHbIM MM Oenblil MosBWICA HpHU
NIEpPBOM M3BJICYCHUU. BeposTHOCTh MOSABICHHS MEpPBBIM Oenoro mapa (coObiTue A) paBHa
7/10. BeposaTtHocTh coObITHSI B - TOSIBJICHUSI BTOPBIM YepHOTO Imapa - paBHa 3/10. Tenepb
dopmyna ymHOKeHHUs BeposiTHOCTEH naet: P(ANB) = 21/100.

N3Bnedenne mapoB cnoco0oM, OMTMCAaHHBIM B ATOM MIPUMEpPE, HA3bIBACTCSI BHIOOPKOI
¢ BO3BpalllecHHeM UM BO3BPATHOH BHIOOPKOIA.

Craenmyer OTMETUTh, YTO €CIIM B JIBYX HOCJIEIHUX MPHUMEpax IMOJOXKHUTh W3HAYAIbHBIC
KOJIN4YeCTBa OEJIBIX M YEPHBIX 1IapoB paBHbIMU cooTBeTcTBeHHO 7000 1 3000, TO pe3ynabTaThl
pacyeToB TeX K€ BEPOSTHOCTEH OyAyT OTIMYATHCS MPEHEOPENKMMO Maslo JUIsl BO3BPATHOH U
0€3B03BpaTHOM BHIOOPOK.
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Jleximua 3

DopmyJia MOJTHOH BEPOSATHOCTH.

[Iycts wmmeercs rpynma cobwitui H,, H,,..., H, , oOmanmaroomas CclaeayomuMA
CBOMCTBaMH:
1) Bee coObitust momapHo HecoBMeCTHbL: H; (1 H;=; i,j=1,2,...,n; izj
2) x o0benuHeHne 00pa3yeT IpOCTPAHCTBO AIEMEHTAPHBIX UCXOA0B ():

Q=H,U H,U ... U H,.

B stom cnyuae 6ynem rosoputs, uro H,, H,,....H,
o0pa3zyloT mOJIHYW Trpynmy coobiTuii. Takue
COOBITHUSI MHOTJ]A Ha3bIBAIOT TMMOTE3aMHU.

I[Iyctb 4 - wHekoTopoe coOwbitHe: 4 < Q
(mmarpamma BenHa mipeicTaBieHa Ha PUCYHKE 8).
Torma  umMeer  Mecto  (opmMyJia  MOJHOMI
BEpPOSITHOCTH:

P(A) = P(A/ H))P(H,) + P(A/ H,)P(H,) + ...+ P(4/ H,)P(H,) == z P(A/ H;)P(H,)
i=1

HoxkazarensctBo. OueBunno: 4 = (ANH,) U (ANH,) U..U (4NH,), npuyem Bce
coobrtust ANH; (i = 1,2,...,n) monmapHo HecoBMecTHBL. OTCIOJla TIO TEOpEeME CIOKEHUS
BEPOATHOCTEH MOTydaeM

P(4) = P(ANH,) + P(ANH,) +..+P(ANH,)

Ecnu ydects, uto no teopeme ymHoxenust P(ANH,) = P(A/H;) P(H,) (i = 1,2,...,n), TO
U3 nociegHe (GopMysbl JIETKO MOJY4YUTh IPHUBEACHHYIO BbIIe  (OpPMYNy IOJHOH
BEPOATHOCTH.

IIpumep. B MmarasuHe NOpoONAIOTCA 3IIEKTPOJIAMIIBI INIPOM3BOACTBA TPEX 3aBOJOB,
npuyeM 1o nepsoro 3asoaa - 30%, sroporo - 50%, tperbero - 20%. bpak B ux npoaykuuu
COCTaBIISIET COOTBETCTBEHHO 5%, 3% u 2%. KakoBa BEpOSITHOCTH TOr0, YTO CIy4alHO
BbIOpaHHAs B Mara3smHe JaMIia OKas3ajach OpakoOBaHHOM.

ITycts coObITHE H| COCTOMT B TOM, YTO BbIOpaHHas JlamIla MPOU3BEJIEHA Ha IEPBOM
3aBoje, [, Ha BTopoM, /1; - Ha TpeTbeM 3aBojie. OUEBUAHO:

P(H))=3/10, P(H,)=>5/10, P(H,)=2/10.

[Tycth coObITHE A COCTOMT B TOM, YTO BBIOpaHHAs Jiamma OKa3ajgach OpakOBaHHOM,
A/H; o3Ha4aer coObITHE, COCTOsIEe B TOM, YTO BhIOpaHHa OpakoBaHHAs JIaMIla U3 JIAMII,
MPOU3BEICHHBIX Ha i-OM 3aBojie. M3 ycloBHs 3aauu CIIe/IyeT:

P (4/H,) = 5/10; P(A/H,) = 3/10; P(A/H;) = 2/10
[To ¢opmyre moHOM BEPOSATHOCTH MOTydaeM

3. 5,5 3,22 1
10 100 10 100 10 100 500
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Jleximna 3

dopmyaa baiieca

Ilycts H\,H,,...,H, - onHas rpynma coosrtuii 1 ACC) - HeKoTopoe cobpiThe. Toraa mo
dbopMyne s YCIOBHOUW BEPOSTHOCTH

P(HKNA)

P(HK/ A) -—5(x (*)

3neck P(Hj /A) - yclioBHasi BEpOSTHOCTh COOBITUS (THUTIOTE3bI) Hy WU BEPOSTHOCTH
TOTO, 4TO H) peanu3yeTcs IpH yCIOBUH, YTO COOBITHE A MPOU3OIILIO.

ITo Teopeme yMHOKEHUS BEPOSITHOCTEH YUCIUTENb (POPMYIBI (*) MOXKHO MPEICTaBUTh
B BUJIE

P(H.NA) = P(ANH,) = P(A /H,) P(Hy)

Jns mpexacraBieHus 3HameHatens (opMmynbl (*) MOXHO HCIONB30BaTh (OPMYIY
MOJTHON BEPOATHOCTH

n
P()= 2 P(A] H)P(H;)
i=1
Teneps u3 (*) MOXHO MONTy4UTH (hopMyiy, HazbiBaeMyto opmy.ioii baiieca:

P(A/ H,)P(Hy)

n

P(Hy 1 A) =

|=1P(A/ H;i)P(H;)

ITo dopmyne baiteca ucuucnsieTcs BEpPOSTHOCTb peaiu3allid TUIOTE3bl Hj TpH
ycioBUHM, 4TO coObiTHe A mnpomsounuto. Popmyny baiieca eme HasbiBaloT (opmy.ioii
BEPOSITHOCTH I'MIIOTE3.

[Tpumep.PaccMoTpuM mpuBEAEHHYIO BBIIE 3amady 00 »IeKTposiaMmnax, TOJIbBKO
W3MEHHMM BONpoc 3anauu. [IycTe mokynarens Kynmui 3J€KTpOJIaMIly B 3TOM MarasvHe, U OHa
okaszasiach OpakoBaHHOW. HaiiTu BEpOSTHOCTH TOTO, YTO 3Ta JIaMIla U3TOTOBJIEHA Ha BTOPOM
3aBOJeE.

Beimmumem ¢popmyny Baiteca nist aToro ciyuast

P(A/ Hy)P(H,)
P(A)

P(H, / A) =

U3 sroit hopmynsr nonydaem: P(H,/ A) = 15/34

[Ipennaraem unTaTento peuIMTh CAMOCTOTENBHO ABE 3a1aUH.
.Nel.B niepBoit ypHe 7 OenbIX ¥ 3 4epHBIX 111apa, BO BTOPOi - 8 6enbix u 2 yepHbIX. U3 mepBoii
YPHBI CIydaiiHBIM 00pa3oM H3BIIEKAeTCs Iap M MepeKyabIBaeTcsi BO BTOpyio ypHy. Ilocie
MepeMeIIBaHMs APOB BO BTOPOM ypHE M3 HEe U3BJIEKaeTCsa oauH map. HailTu BeposiTHOCTh
TOT0, YTO W3BJICUEHHBIN U3 BTOPOM YPHBI IIap — OEJIbIN.
No2.B ycnoBue 3amaun Nel BHecem um3meHenue. llycTh mocnie mepeksaablBaHusl Iiapa M3
NepBOil YpHBI BO BTOPYIO M3 BTOPOIl ypHBI U3BJeueH Oeunblii map. HaliTu BeposTHOCTH TOTO,
YTO U3 TIEPBOM YPHBI BO BTOPYIO OBLI MEPEJIOKEH YEPHBIH TI1ap.
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Jleximna 3

IToBTOpHBIE HE3aBUCUMBIE UCTILITaAHUA. DopmyJiia BepHyJin.

PaccMoTpuM ciydaif MHOTOKPaTHOTO MOBTOPEHHUS OJJHOTO U TOTO )K€ UCIBITAHUS WU
CIIy4aifHOTO JKCrepuMeHTa. Pe3ynbTar KaKJIoro UCIBITAHUS OyJeM CUUTATh HE 3aBHCSIIUM
OT TOTO, Kakoi pe3yJbTaT HACTYNUJ B MPEAbLAYIINX UCHBITAaHUSAX. B kauecTBe pe3ynbraTtoB
WIH 3JIEMEHTAPHBIX MCXOJI0B KaXIOTO OTIEIHHOIO UCIBITAHUS OyIeM pa3iuyaTh JIUIIL JBE
BO3MO>KHOCTH:

1) nosiBJIeHHE HEKOTOPOTO COOBITHUS A;
2) nosiBieHne coobITUs A, (COOBITHS, SBIISIOIIETOCS JOTOTHEHUEM A )
[Tycts BeposTHOCTH P(A) mosiBaeHusi coObiTusi A mocrosiHHa W paBHa p (0<.p<l1).

Bepostaocts P(A) cobbitus A 0603Haunm gepes g: P(A) = 1- p=q.
IIpumMepaMu TakMX UCTIBITAHUN MOTYT OBITh:
1) monOpackiBaHNEe MOHETHI: A - BbIMaieHue Tepda; A - BeiageHue nudpsol.

P(4)=P(A)=0.5.

2) OpocaHue WTpajJbHON KOCTH: A - BBINMAJICHUE KOJUYECTBA OYKOB, PABHOTO MATH, A
BBITIaICHUEC JHOGOI‘O KOJIMYCCTBA OYKOB KPpOMC ITSTH.

P(4) =1/6, P(A) =5/6.

3) u3BiIeUEeHUE HayJaudy U3 ypHBI, coeprkameil 7 Genblx U 3 4epHbIX I1apa, OJHOro mapa (c
BO3BpalCHUEM): 4 - U3BIIeUeHUE Oesoro mapa, A - U3BJICUEHUE YEPHOTO Iapa

P(4)=0,7; P(A)=0,3

[lycte mpou3BeneHO n UCHBITAaHUM, KOTOpble MBI OyleM paccMaTpuBaTh Kak OJUH
CJIOKHBIA CydaliHbli 3KcriepuMeHT. CocTaBuM TaOJHIly M3 7 KJIETOK, PacHOJO0XKEHHBIX B
P, TPOHYMEPYEM KIIETKH, M pPe3yNbTaT KaKJ0ro UCTIbITaHUS OyJeM oTMeyaTh Tak: €l B i-
M UCIBITAHUU COOBITHE A TPOU3OIILIO, TO B i-I0 KJIETKY cTaBUM 1upy 1, eciu codbiTue A He
npou3ouLIo (mpou3ouuio codsitue A), B i-10 KIeTKy cTaBum 0.

Ecnu, nHanpumep, mMpoBEICHO 5 UCIIBITAHUA, U COOBITHE A MPOU3OILIO JUIIb BO 2 -M U
5-M HCHOBITAHUSAX, TO PE3YJbTAT MOXHO 3alUCaTh TAaKOW IOCJIEI0BATEIbHOCTBIO HYJIEH H
emuumir: 0; 1; 0; 0; 1.

Kaxxnomy BO3MOXHOMY pe3yiabTaTy 7  HUCHBITaHUH OyIeT COOTBETCTBOBATH
nocienoBarenbHOCTh n 1Mp 1 wim 0, yepeayomuxcs B TOM MOPSAKE, B KOTOPOM
HOSIBJISIOTCSL COOBITUSE A 1 A B 11 HCTIBITAHMSAX, HATIPUMED:

1;1;0;1;0;1;0;0; ...0;1; 1; 0

n uugp
Bcero Takux mociieqoBaTenbHOCTEH MOXHO COCTaBUTH 2" (3TO 4YHTATENh MOXKET
JIOKa3aTh CaMm).
Tak Kak HCTBITAHUS HE3aBUCUMBI, TO BEPOSITHOCTh P KaXXJ0ro Takoro pe3ylbTara
ONpENIENAETCA MYTEM MEPEMHOMKEHHS BEPOATHOCTEN COOBITHH A M A B COOTBETCTBYIOIIUX
ucneITanuax. Tak, Hanpumep, UIsl HAITMCAaHHOTO BBILIE pe3ysbTaTa HalieM

P=ppqpqprqq-..9ppq
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Jleximna 3

Ecnu B HamucaHHOW HaMH IOCIIEOBATEIbHOCTU €IMHHUIIA BCTpedaercs X pa3 (3To
3HAYUT, YTO HYJIb BCTPCHACTCA n-x pa3), TO BCPOATHOCTH COOTBCTCTBYIOLICTO pPE3YyJIbTAaTa
Oyznet p"q"™ HE3aBUCHMO OT TOTO, B KAKOM MOPSIIKE YEPEAYIOTCS 3TH X €AWHHUIL U 71-X HYJICH.

Bce cobOpITHs, 3aKII0YatonIuecs B TOM, YTO B 72 UCTIBITAHUSX COOBITHE A MPOU3OIILIO0 X
pa3s, a coObiTie A NpPOU30ILIO n-X pas, ABIAIOTCS HECOBMECTHBIMH. IlodTOMY JUIst
BBIYUCIICHUS BEPOSTHOCTH OOBEMHEHUS STUX COOBITUN (MJIM CYMMBI 3TUX COOBITHIT), HY>KHO
CITOXHTH BEPOSITHOCTH BCEX ITHX COOBITHH, KaXkIast U3 KOTOPBIX paBHa p'q"~ . Bcero takmx
COOBITHII MOXXHO HACUUTaTh CTOJIBKO, CKOJIBKO MOXKHO 00pa3oBaTh Pa3IMYHBIX
MOCJIEIOBATEILHOCTEH JIMHBI n, coiepkanmx x mudp "1" m n-x mupp "0". Takux
MOCIIEA0BATEIHHOCTEH MONyYaeTCsl CTOIBKO, CKOJBKHUMH CIOCOOaMU MOXHO Pa3MECTUTh X
mudp "1" (wm n-x mudp "0") Ha n MecTax, TO €CTh YHCJIO 3TUX IMOCIEI0BATEILHOCTEH PaBHO

r)}( -C rl]l—x

Orcrona nonyvaetrcsa ¢gopmyJiia bepuyiim:

P,(x)=Cyp*q" "
[To popmyne bepHymiM paccuuTBHIBAeTCS BEPOSATHOCTH MOsIBIECHUS coObiTusi A4 "x"pasz B n
HOBTOPHBIX HE3aBHCUMBIX WCHBITAHUSX, A€ p - BEPOATHOCTh MOSIBIEHHUS cOObITUS A B
OJITHOM HUCTIBITAHUH, ¢ - BEPOSATHOCTH MOSBJICHUS COOBITHS A B OJTHOM UCTIBITAHUU.

CdopmynupoBaHHbIE YCIOBUS MPOBEICHUS UCTIBITAHUN MHOT/IA HA3BIBAIOTCS ''cXeMO
NMOBTOPHBIX He3aBUCHUMBbIX HCNIbITAHMI" 1in "cxemoii bepnysin”

Uucno x moOsBIEHUS COOBITUS A B 71 TOBTOPHBIX HE3aBUCHUMBIX HCIBITAHUSIX
Ha3bIBACTCS YACTOTOM.

[Tpumep. U3 ypHBI, comepkaiieii 2 6enbiXx U 6 4epHBIX IIapOB Hayady BHIOUPAETCS C
BO3BpalleHUEM 5 pa3 noapsn oauH map. Iloxcuurars BeposTHOCTH TOro, 4ro 4 pasa
MOSIBUTCS O€JIBIN mIap.

B npuBenenHwsix Bblie oOo03HaueHusx n=8; p=1/4; ¢g=3/4; x=5. UWckomyio
BEPOATHOCTH BbIUMCIIsieM 10 hopmyie bepHymu:

e =cil3)3)- o

[To dhopmyne bepHymin MOXXHO MOJCYUTATH BEPOSTHOCTH BCEX BO3MOXKHBIX YACTOT:
x=0,1,2,3,4,5.

3amMeTuM, 4TO €CIIM B 3TOM 3a7a4e CUUTATh, 4TO Oebix mapoB 0su10 20000, a yepHbIX
60000, TO OYEBUIHO p U ¢ OCTAHYTCA HEU3MEHHBIMH. OJIHAKO B 3TOW CUTYallMH MOXHO
peHeOpeys BO3BPAIIEHUEM M3BJICUEHHOTO IIIapa MOcie KaXa0W BEIOOPKH (ITPH HE CIUIIKOM
OONBIIUX 3HAYCHHUSIX X) M CUYUTATh BEPOSATHOCTH Bcex yacTtor: x=0,1,2,... mo dopmyne
bepnymim.

@opmyna bepHymnTu mnpu 3aaHHBIX YHCIAaX p W 71 TO3BOJSIET PACCUUTHIBATH
BEpOSTHOCTH JIF000H 9acToThl X (0 < x < ). Bo3HMKaeT ecTeCTBEHHBIN BOMPOC: KAKOW 4acTOTE
OyZeT COOTBETCTBOBATH HAMOOIBIIIAsI BEPOSITHOCTH?

[Ipenmnonoxum, 4To Takas 4acToTa CYIIECTBYET, U TOIBITAEMCSA €€ ONpPENeIUTh U3
YCIIOBHS, YTO BEPOSITHOCTh 3TOM YaCTOTHl HE MEHBIIE BEPOSITHOCTH 'mpenslayme" u
"mocneayronien” 4acTor:

Pn(X)ZPn (X-l); Pn(X)ZPn (X+1) (1)

[TepBoe HepaBeHCTBO (*) MpencTaBiIseTCs B BUAE:
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Jleximna 3

Cﬁ(pan_x > Cr>]<—1px—1qn—x+1’

4TO0 DKBUBAJIEHTHO P < Ll uinu gx < pn— px + p. O1croaa ciaeayer:
X N-=X+

X<np+p

Pemas Bropoe HepaBeHcTBO (1), momyanm
x2np—q

Taxkum 00pa3om, yacTOTa, UMEIOIIAs HAUOOJBITYI0 BEPOSITHOCTh (UeM BEPOSTHEHIIAS
4acToTa), ONPEEIIsIeTCs] IBOMHBIM HEPABEHCTBOM

np—q<x<np+p

Ecnu np + p — uenoe uucno (Toraa u np — g — 1ejI0€ YUCI0), TO ABE YaCTOThI: X=np —

. 1
g 1 x=np + p obnagaroT HaWOOJBINEH BEpOATHOCTHIO. Hampumep, mpu N =7, p=§,

HaWBEPOSITHEMIIINE YACTOTHL: X = 3; x = 4.

CayuaiiHasi BeJIMYMHA, pacnpeaeJeHHas no 3akony bepnyJiim.

[Ipu aBYX 3a/laHHBIX YKCTIAX:
1) n - KoMMYeCTBE MOBTOPHBIX HE3aBUCUMBIX MCIIBITAHUH,
2) p - BEpOSTHOCTHU COOBITHSI A B OJTHOM UCIIBITAHUH
MOHO 10 opMyne bepHyr moacunuTaTh 3HAYEHUE BEPOSITHOCTH KaXKAOTO IEJIOT0 YHCIa X
(U <X< n), IJ€ X — YHCIO TOSBJICHUH COOBITHSI A B 7 UCHBITAHUSAX (YacTOTa MOSBICHUS
coObITHs A4).

Takum o0Opa3oM, KaxJAOMy HCXOJY CIy4alHOTO 3KCIIEpUMEHTA, 3aKII0YAOIIErocs B
CepUM W3 n UCHBITaHUN MO cxeMe bepHyiin, COOTBETCTBYET OIPEICICHHOE YHUCIO X,
paccMaTpuBaeMO€ Kak CiydailHasi BeJW4YMHa, NpuHUMarom@as 3HadeHus 0, 1, 2,.n.
CoOoTBEeTCTBHE MEXKAY 3HAYCHHUSMH X U UX BEPOSATHOCTAMH (pacCUUTaHHBIMU MO (opMylie
bepunynnu) HaspBaeTcs 3akoHOM pacmpeaeneHus beprymiu. Crtporoe ompeneneHue
CJIy4aifHOI BETMYMHBI U 3aKOHA pacipeeNieHus OyAeT JaHO MO3KeE.
A MosxHO MOCTPOUTH rpadguk 3aKOHa
P(x) p=0,5 pacnipenenenus bepHymm (3aBucumoctd (X)) st
0.4 n=6 KOHKPETHBIX 3HAuYeHUH n M p. Tak Kak aprymeHTt X
NpUHUMAET  JIMIIb  [eNble  3HA4eHHs, Trpaduk
0.2 IPEICTABIACTCSA B BUIE TOUCK HA INIOCKOCTH (X, Fy(X)).
x Jns  HarmsSgHOCTM TOYKM COEAUHAKOTCS  JIOMAaHOU
» JIMHHMEH, ¥ TakoH rpaduK Ha3bIBACTCS MOJIUTOHOM

1 2 3 4 5 6 pacupeneneHus.
Puc. 9
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Jleximna 3

P(x) =02
IIpu p=0,5, kak mokazaHO Ha pucCyHke 9, ()4 n=6
IIOJIMTOH CUMMETPUYEH OTHOCHUTENIBHO MNPSAMON Xx=np
(ecmu p Ommsko x 0,5, TO MOMMrOH ONHM30K K ()9
CUMMETPUYHOMY) X
I[Ipy Mampix p TOJUTOH  CYIIECTBEHHO —
aCUMMETPUYEH, W HAWBEPOSTHEUILIMMHU  SBISIOTCS 1 2 3 4 5 6
4acToThl, Ou3kue K Hymo. Ha pucynke 10 uzobpaxken Puc.10
NOJIUIOH  pacupeneneHus ana p=0,2 npu yucie
WCTIBITAHUH 1,paBHOM O-TH.
A
P(x)
0.4 p=0.8
n=6 [Ipu Oompmmx p, Onau3kux Kk 1, Hawmbosee
02 BEpPOATHb MaKcUMajbHble 3HadeHMs. Ha pucynke 11
MOKa3aH MOJIUTOH pactpenenenus, nig p=0,8 u n=6.
* O  jgpyrux  cBoiicTBax  OEpHYJUIMEBCKOTO
1 2 3 4 5 6 pacnpezeneHust OyaeT TOBOPUTHCS MO3XKE.
Puc. 11
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Jlexmus 4

Acumnrorudeckue ¢popmybl 1jd popmyaabl bepuysuium.

B mpakTrueckux 3agadax 4acTo MPUXOAUTCA BBIYUCIATH BEPOSATHOCTH
pa3INYHbIX COOBITHH, CBSI3aHHBIX C YHUCIOM YCIEXOB B # HCIBITAHUSX IPHU
OOJBIINX 3HAYEHUAX 7. B 3TUX cilydasx BbluMclieHus 1o Gopmysie no gpopmyse
bepHym CTaHOBATCS 3aTpyAHUTENbHBIMH. TpPYOHOCTH BO3pacTarOT, KOraa
MPUXOJUTCS CYMMHUPOBATh BEPOSATHOCTH Pn(x). K cymMMupoBaHuio cBOIHUTCS

BBIYHCIICHHE BEPOSTHOCTEN COOBITHH BUAa k < x< [, KaKk, HampuMep, B TaKOu
3ajade:

[IpoBoautcs 70 wucnpiTaHU MO cXeMmMe bepHymIM ¢ BEPOSTHOCTHIO
HOSIBJICHUS COOBITUSL A B OJIHOM HcHbITaHuU, paBHOH 0,4. HaiitTu BeposITHOCTH
TOro, 4tro cobbiThe A mpomsoiger ot 25 1m0 35 pa3, TO €CTh HaWTH
P.,(25<x <393).

B otnmenpHBIX ciydasx mpu OONBIIMX N yAaeTCs 3aMEHUTH (OPMYITY
bepuymnu  npubnuxenubiMu  popmynamu. Takue Qopmylbl, KOTOpbIE
MOJIY9ArOTCS TIPU YCIOBUU N —> 00 HA3BIBAIOTCS ACUMITOTUYECKUMU.

Ecnu n noctaTouHO BENMKO, a p - BEJIMUUHA OUYE€Hb Majas, sl (OpMyJIbl
bepuynnu umeer mecto npubauxeHHas (acHMITOTHYECKas ) (hopmyia

X
B=cipigr e

3neck L =np (A - rpedeckas OykBa "msm0ma"). Ota hopmyia Ha3bIBACTCS
dopmynoii Ilyaccona. Ilo popmyne IlyaccoHa BBIUHCIAIOTCA BEPOSTHOCTH
YHCJIa MOSBJIICHUM OYEHBb PEIAKUX COOBITHI B MACCOBBIX UCTIHITAHUSIX.

3anauva. Tenedonnas cranmus oocnyxuBaer 1000 aboHeHToB. B Teuenue
gaca 000 aOOHEHT HE3aBHUCHUMO OT OCTAJIBHBIX MOXKET CIENaTh BBI30B C
BeposiTHOCTBIO 0,05. TpeOyetcst HallTH BEPOSITHOCTh TOrO, YTO B TEUEHHUE Yaca

ObLII0 HE 0oJiee 7 BHI3OBOB.
3neck A = np = 5. [1ycTh x - yncino BeI30BOB. Hac MHTEpECyIOT 3HAYCHHMS

x, paBubie0, 1,...,7.

0 7
<H®=%f4f®=iéﬁwﬂﬂzseq

52 5% 5% 5 56 57
+—+ + +
6 24 120 720 5040

~ 0,867
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Jlexmus 4

Ecnu n pocratroyHo BeNWKO, p HE CHIBbHO otiauyaercs ot 0,5, nMeer
Mecto ¢opmymna Myaspa-Jlamnaca, wHOrga Ha3blBaeMas — JIOKAJIbHOM
(¢popmynoi_Jlaniaca.

B(x)=cip'q™ = L e e t=" 2

<[ 27tnpq \[npq

N3 ¢dopmysnsl BUAHO, YTO OJWHAKOBBIE OTKJIOHEHHUS OT BEJIIMYUHBI KD
BIIPABO U BJIEBO 3/IeCh UMEIOT OJIMHAKOBBIC BEPOSATHOCTU. B popmyne bepaymmm
ATO UMEET MECTO JHIIb npu p=0.5.

UtoOBI onpeenuTh BEPOSTHOCTh TOTO, YTO B 50 HCHBITAHHUSIX IO CXEME
bepnymnu npu p=0.45 cobeitue A Hactynuio 30 pa3, Hy>KHO BOCIIOJIb30BATHCS

Tabnuuei 3HaveHnit ynkuun Yy = €. YacTo BcTpeyaroTcs TaOaMIlbl 3HAUEHHIA
TakK Ha3bIBaeMou "nmokansHoi" Qynkiuu Jlammaca.

Ecnu n nmocratrouHo Benuko, a p HE CUIbHO oTiauvaercs oT 0,5, uMmeet

MecTo uHTerpaigbHas popmyna Jlamnaca:

m,
P(m<x<m)= Y cip'q" =D(p)-D(a)
x=m,
X, — pn 1! o)
3 Lz, = - du  —
necr  f Jupa M ( ) NG ({e u GyHKIHS

Jlanaca, 3HaYeHUS] KOTOPOW OMPENEISAIOTCS U3 TAOJIHMII.
J1y1st BBIYMCTICHUH UCTIONB3YIOTCS cBOoMcTBA (pyHKIMU Jlamiaca
1) QD(O) =0
2) @(oo) =05
3) &(-t) = -d(t).
IIpu £=3,5 cD(t) = 0,499767, u Tak Kak cD(t) -  MOHOTOHHO

BO3pacTamoias (QyHKIHS, B MpaKTHYeCKuX pacderax npu t > 35 MoxkHO
MPUHUMATh CD('[) =0,5.

3anava. UrpansHyto kocth OpocaroT 800 pa3. KakoBa BeposSTHOCTH TOTO,

YTO YHCIIO OYKOB, KpaTHOE 3, BhInagaeT He MeHee 280 u He 6omnee 294 paz?
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Jlexmus 4

3necs n=800;p =

I
4=

W | —

294—800-; 280—800-;

Py, (280 < x<294)=D

1 2 -® 1 2
1800 - .2 800 .- -~
33 33

D(2,05) - D(1)=0,479818 - 0,341343 ~ 0,14



JAMcKkpeTHbIE CIyYalHbIE BeJIMYUHBI.

Yacto pe3ynbTaToM CIy4yalHOTO 3KCIEpUMEHTa sBisieTcs: uucio. Hanpumep,
MOXHO TOJOPOCUTH WTPAIBHYIO KOCTh M TOJYYUTh OAHO u3 uwmcer: 1,2,3,4,5,6.
MoxHo moabexarb K OEH30KOJOHKE M OOHApyX UTh OMNPENEIEHHOE YHCIIO
aBTOMAIINH B o4yepean. MOXHO BBICTPEIUTh U3 MYIMIKH U U3MEPUTh PACCTOSTHUE OT
MecTa BhICTpesa 0 MecTa MajieHus cHapsija. B Takux ciydasx OyaemM roBOpUTh, U4TO
MMEEM JEJI0 CO CIy4YalHOU BEITUYNHOM.

Kaxnomy wucxony cinydailHOro SKCHEPUMEHTa IOCTaBUM B COOTBETCTBHUE
€AMHCTBEHHOE YHUCJIO X; — 3HAUYE€HHE CIy4yalHON BeJUYMHBI. TOrla ecTecTBEHHO
paccMaTpuBaTh CIy4YaiiHYI0 BeJIMYNHY KaK QyHKIHIO, 32JaHHYI0O HA MHOKeCTBe
HCXO0/I0B CJIYYaiiHOT0 IKCIEPUMEHTA.

CnyualiHas BENWYWHA, KOTOpas MOXXET MPUHUMATH JIUIIh KOHEYHOE WIIH
CYETHOE YMCIIO 3HAYEHUM, HA3bIBAECTCS AUCKPETHOM.

CrnyualiHple BEIMYMHBI OyaeM 0003HavaTh OyKBaMH TpedyecKoro ajdaBura: &
(kcu), n (9Ta), ... 3HAYCHUS CIIYYaHOW BEIWYWHBI OyJeM 3amuChiBaTh B BHJC
KOHEUYHOU WM 0€CKOHEYHOMN MOCIIEIOBATETLHOCTH X1, X2,. .., Xp,. . -

Ecmu romoputcs, 4To 3amaHa ciiydaiiHas BeIWYMHA £, 9TO 3HAYUT, YTO
KOKJIOMY HCXOIy @; CIy4alHOTO OJKCIIEPUMEHTAa TIOCTaBJICHO B COOTBETCTBHUE
€IMHCTBEHHOE YHCIIO X;, YTO 3alUCHIBACTCS B BUJE PABEHCTBA X) = &(y).

HekoTtopsie n3 3Hau€HUN X; MOTYT COBMAAaTh, TO €CTh PA3JIMYHBIM HCXOJaM
MOKET COOTBETCTBOBATh OJHO U TO e yuciao x. Eciu Bce 3HaueHus ciayyailHOU
BEJIMYMHBI COBITA/IAIOT, TO OYJIEM TOBOPHUTH, UTO CIydaliHas BEIMYMHA TOCTOSIHHA.

[Tycth Ay — MHOMXECTBO BCEX DJIEMEHTAPHBIX UCXOJIOB, KAXKIOMY U3 KOTOPHIX
COOTBETCTBYeT 3HaueHue Xx; (k=1,2,...,n) ciayuyaiiHOi Benu4yuHBl &. ODTOT (HaKT
MO>KHO 3aIucaTh B BUJie (HOPMYJIbI

Ay = U(Di
i:&(0; )=x

Takum oOpazom, A; — 3T0 coObITHE (CTPOro rOBOPs, ITO BEPHO JHIIb B CIyyae
KOHEYHOT'O WJIM CUETHOTO 4ucjia MUCX0A0B). s Kakaoro coObITUA Aj; OIpeneianm
qucio py = 0, paBHOE BEPOSITHOCTH 3TOTO COOBITHS: py = P(A). OueBHIHO, YTO

n n
_lp‘k = QaAiﬂAjZQ (lz] - 1323'-'31/1’ i¢j)’ z Pk = 1.

k i=1

Tenepp KaXAOMy 3HAUEHHUIO X; CIy4yallHOM BEIWYMHBI & MOYKHO IIOCTaBUTh B
COOTBETCTBUE BEPOSTHOCTh p; = P(A;) coOwitusi A;. Ecnm Takoe cCOOTBETCTBHE
orpezeNnieH0 TO OyneM TOBOPUTh, UYTO 3a/laH 3aKOH paclpedeeHHMs HCKPETHOM
ciydaiiHoi Benu4yuHbl §. OOBIYHO 3aKOH paclpeaesieHus: AUCKPETHON CiydaiHOM
BEJIMUMHBI IPEJICTABIIAETCA B BUJIE TAOIULIBI
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& X1 X2 X3 X (1)
P Ip; P> P3 D
B nanbHeimeM Ui KpaTkocTh OyJaeM Ha3bIBaTh BEJIMYHUHY p; BEPOSTHOCTHIO
3HAYEHHUS X; CIIy4ailHOW BenMYMHbI. OTMETHM, YTO 3aKOH PAaCIpPEACIICHHUs CONEPKUT
BCIO MH(OPMALIMIO O CIIy4allHON BENIMYMHE, U 33[aTh CIy4alHYI0 BEJIMYUHY MOXKHO,
IIPOCTO IIPEACTABUB €€ 3aKOH PACIPEICICHUS.
IlycTp nBE city4aniHblE BEINYNHbI

&= {X1, X2, Xn}s M= W1 Ve eV} 2)
OIpe/IeJICHbl Ha OJHOM W TOM JK€ IPOCTPAHCTBE AJIEMEHTAPHBIX MCXOJ0B. Ecmu A;
(i =1,2,...,n) — coObITHE, OOBEAUHSIONIEE BCE MCXOJIbI, TPUBOIAIINE K 3HAYEHUIO X;
CIIy4aliHOW BeNW4MHEI &, a B; (j = 1,2,...,m) — coObITHE, 00BENNHAIOIIEE BCE HCXOBI,
NPUBOAAIINE K 3HAYEHUIO ); CIAyYaHOH BEJIMYMHBI 1), TO MOXHO OIPEICTUTh
cyJaiiHyro BenuuuHy C =& + 1, KOTOpas NPUHUMAET BCE BO3MOXHBIC 3HAUCHUS

z] =x;+y;. Kaxnomy TakoMy 3HaueHHIO z] Ciyd4aiiHOW BenM4uHBI { CTaBHTCS B

COOTBETCTBHE BEPOSTHOCTH p; , paBHasi BEPOSITHOCTH TIePECeUeHus cOOBITHIT 4; U B;:
J =
p{ =P(4,NB)).

Takum oOpa3oM ormpenensieTcss 3aKOH paclpeiesieHUs] CyMMbl ABYX CIIy4alHBIX
Benu4YMH. Takke MOXKHO ONpeNeTuTh 3aKOHBI paclpeiesieHus pasHocTh & — 1,

g

NPOU3BENICHUS £ M YACTHOTO — CJIy4YalHBIX BEJMYUH (MOCIEAHUH JIMIIb B CIyyae,
€CJIM M HE MPUHUMAET HYJIEBOTO 3HAYCHUSA).
JIBe citydailHbl€ BEJIMYUHBI
i = {X1,X2,...,xn}; n= {yl: y23°'°3ym}9

OHpeI[eJ'IéHHLIC Ha OJHOM M TOM JKC IPOCTPAHCTBC OJBJICMCHTAPHBIX MHCXOOO0B,
HMCIOIIME 3aKOHBI paClIpCaACICHUA

E X1 X; n Y1 Vi
Poipl 1o ph ] Popl | pS

HA3bIBAIOTCS HE3aBMCUMBIMHU, €CJIU MIPH JIFOOBIX i U j BHIIOJHSIETCS PAaBEHCTBO
_ _ _ 1 2
P((E=x) N(M=y))= p; P}

[Ipumepl. Bpoiiensl aBe HrpanbHbIX KOCTH. UMCIO OYKOB, BBINABIIEE Ha
NEePBON KOCTH, — CllydaiiHasi BelnyuHa &. YUCIO 0YKOB, BhINABIIEe HA BTOPOM KOCTH
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— ciyyaiiHas BenuuuHa 1. CuutaeM, uto Bce ucxoasnl ((§ = i)ﬂ(n =j) (i=1,2,...,6;
j=1,2,...,6) paBHOBEPOATHBI, BCEro UX 36, TO3ITOMY

PE=DN( =)=

Tak kak P(§=i)=é u P(m=j))= -, 04eBUJHO, YTO IO OMpPEACICHUIO & U M —

A\ | =

HC3aBHCHMBIC cnyqaﬁHHe BCJIMYMHBEI.

[Tpumep 2. /laHbl ABE HE3aBUCUMBIE CIyYalHbIE BETUYUHBI & U 1| C 3aJJaHHBIMU
3aKOHAMU pacupeesieHus

£ 0 [ 1 N 1] 2
p |1 ]2 p |1 ]3
3 |3 4 | 4

OnpenenuM ciy4aitHble BEIMYHHBI 0L U [3 ciemyronmuM odpaszom: o = + 1,
B = En. BesicHUM, SIBISIFOTCS JIM HE3aBHCUMBIMU CITyYaliHbIC BEIMIUHBI OL U [3.
CoctaBuM 3aKOH pacmpeneneHusi o.. HanMeHbliee 3HaueHHne o paBHseTcs 1.

BepositHOCTh coOBITHS 00 = 1 paBHA BepOSATHOCTH cOOBITUS (& = O)H(n = 1), koTopas

I 1T 1
B CWJIy HE3aBUCUMOCTH & WM T paBHa 34 = o CobbiTHe O =2 CcOBMAgaeT ¢
coosrreM (& = 0)N(n =2)U((& = 1)N(n = 1)). Ero BeposTHOCTH paBHa
13 21 5
oy s =
34 34 12

1
MakcuMalibHOE 3HAY€HHE O, PABHOE 3, UMEET BEPOSITHOCTH 5 Takum oOpa3zom,

3aKOH pacrpeeeHus CIIy4aiHON BETMYMHBI 0L MOKHO MPEJCTABUTH TaOIUIEH

o 1 2 3

p | L3236

12 | 12 | 12

3aKoH pacnupeneneHus 3 mpeAaCcTaBIseTCs TaOIHIIeH
B 0 1 2

p | L] 1

3 12 2

Paccmotpum cobeitus oo = 3 u 3 = 0. OueBuaHO, 4TO

111

Pa=3)PB=0)= - =
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C npyroii cTOpoHBI, cOObITHE (O = 3)ﬂ([3 = O) — HEBO3MOXKHOE, TaK Kak o =3
tosbko ipu & = 1, a B = 0 s ipu § = 0. OTcroaa ciemyer, 94To

P((a=3)N(P=10)=0,

U TEeNepb SICHO, 4YTO, MO KpalHEeW Mepe, B OJHOM CIIydae YCIOBHE OIpPEICICHUS
HE3aBHCUMOCTH JIJISl CIyYalHBIX BEIMUYMH O U 3 He BhIMOdHsIETCs. OTCI0a ClEeayeT,
YTO 3TU CIy4ailHble BEJIMYHUHBI 3aBUCHUMBI.

MaremaTn4yeckoe 0:xKMJAaHUe CJAYYailHOW BeJIMYUHBI.
[TycTh 3a7aH 3aKOH paclpeesICHNs CIIYIaitHOM BEJIMUMHEI .
E) X1 X7 X3 ves Xn
P |p; D2 D3 Dn

Marematuueckoe oxuganue ME (mmu M(E)) ciaydailHOW BETUYMHBI & OMpenesieTcs
dhopmynoit

n
Mg = inpi
i=1

Paccmotpum mpumep. [lycTh B HEKOTOpOM MarasumHe, TOPTYIOIIEM 3JIEKTPOOBITOBOM
TEXHUKOMU, MOJYyYEHbI CTATUCTUYECKUE JAHHBIE O YUCIE MPOJAHHBIX XOJOIUIbHUKOB
B KaXJIBIH Je€HB Mecsia (YCIOBHO CUMTAEM, YTO MecsI] cOCTOUT n3 30 pabodmnx mHEH).
DOT1u 1aHHbIe cCOOpaHbl B TAOIUILY

KonunuectBo npogaHHbIX 0 1 P 3 4 5
XOJIOTWJILHUKOB

Yucno aHei, B KOTOphIE OBLIO0 3 17 18 |9 |2 1
MPOJAHO CTOJIBKO XOJIOAUIBHUKOB

[To »TOif TabmuIle JErKO MOJACUYUTATH YHUCIO XOJIOIUILHUKOB, IPOJIAHHBIX B Mara3suHe
3a mecsr: 0*1+1%*7+2*8+3*9+4*2+5%] = 63. UrtoObl MOACYMTATH CpPEHEE YMCIIO
XOJIOJIUJILHUKOB, MPOJIaBaBIINXCSA B OAUH JIEHb MECALa, HY’)KHO 3Ty CYMMY Pa3/Ie/IUTh
Ha 30, B pe3ynbrare noiayuum 2,1. Ecnu B mpuBeneHHON TabiuIle KaXJI0€ YHUCIIO
BTOPOU CTPOKHU MOAENUTh Ha 30, TO MOJYyYUTCS MMOCIEA0BATENIBHOCTD Apo0ei

1 7 4 3 1 1

10°30715°10715°30°
KaX7asi U3 KOTOPBIX MPEACTaBIseT COOOW TaK HA3bIBAEMYI0 OTHOCHUTEIbHYHO
4acToTy, C KOTOPOM B JAHHBIA MECAL] MOSABIISUICS NPUBEICHHBIM B BEPXHEHU CTPOKE
00bEM mpoaaxx. O4EBUAHO, YTO €CIM MPOCYMMMPOBATh BCE NMPOU3BEACHMS YUCET,
CTOAIIUX B TIEPBOU CTPOKE TAOJIUIIbI, HA UX OTHOCUTEIbHBIC YaCTOTHI, TO MOTYIUTCS
TO JK€ CpEJHEE YHCIIO IPOJABABIIMXCS B OJIMH JE€Hb XOJOAWIBHUKOB:
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O-i+1-l+2-i+3-i+4-i+5-i=2,1
30 15 10 15 30

Ecmu 6b1 B mocnenneit opmyiie OTHOCUTENBHBIC YaCTOTHI PACCUUTHIBAIUCH HE JIJIS
OJIHOTO MECAIIa, a JIJIsl CYIIECTBEHHO OOJBIIEr0 CpoKa, TO MPU HEKOTOPHIX YCIOBUSIX
(HammpuMep, TpU OTCYTCTBUU KPU3UCHBIX SIBJICHUH, CYIIECTBEHHO BIIUSIOIIMX Ha
CIIPOC HACENEHUs Ha JOPOTrOCTOSIIME TOBAPHI) ITH OTHOCUTEIbHBIE YACTOTHl MOYKHO
Obl7I0O OBl CUHMTATh JOBOJIBHO OJU3KUMU K BEPOSITHOCTSIM COOTBETCTBYIOIIUX
3HaUYeHU 00bEéMa mponax. Takum o0pa3oM, MPUXOAUM K BBIBOAY, UTO
MAaTEMATUYECKOE OXKUJIAHUE CIIyYaWHOM BEIIMYUHBI — 3TO B HEKOTOPOM CMBICIIE €€
cpennee 3HaueHue. Crneayer OTMETUTh, YTO CiIy4yaiiHas BEJIMYMHA MOXKET BOOOLIE HE
IIPUHUMATh 3HAYCHUS, PABHOIO €€ MAaTeMaTUYECKOMY OXKHAAHWUIO. Tak, HAIpUMeED,
ClIy4yaiiHas BEJIMYMHA, NPUHUMAIOIIAs TOJBKO 3HadeHusa 1 m —1, kaxpoe — ¢
BEPOATHOCTHIO 0,5, UMEET MaTeMaTUYECKOE OKUJIAaHUE, PABHOE HYJIIO.

ITpumep. Halitn mareMaTudeCcKOe OKUIAHUE CIIYYaHOW BEJIMYMHBI, 3aJaHHON
3aKOHOM PacCIpeIeIICHUs

£ 1 0
P p q

3necep +q=1.
ME=1p+0q=p
CBoiicTBa MaTEMaTHYECKOTO OXKHIaHUS.

1. Ecnu cnyuaiinas BenndyuHa & MpUHUMAET OJHO M TO K€ 3HAUYCHHUE MPHU BCEX
UCXOJIaX CIIY9allHOTO SKCIEPUMEHTa, TO ecTh &§ = C, TO e€ MaTeMaTHIeCcKoe
oxxuaanue paBHo C.

2. Ecnu ME=a, u k —xoHcranta, 1O M(KE)=kME (MaTemaTHdeckoe
OKHMJIAaHWE CIIyYalHOW BEJIMYHMHBI, YMHOXXCHHOM Ha 4YHCJIO, pPaBHO
MaTEMaTHICCKOMY OXKUIAHHUIO CIyYalHOW BEIWYMHBI, YMHOXCHHOMY Ha
ATO YUCJIIO).

3. Eciu M =a, u k —xoucranra, To M(k + &)=k + M (MaremaTuueckoe
OKHJIAHWE CYMMBI CIIy4ailHOW BEIWYWHBI W YHCIA PAaBHO CyMME D3TOTO
YHClia 1 MATEMAaTUYECKOTO OKUIAHUS CITydailHON BETMIMHBI).

Brienem dopMyity aisi MaTEMaTHUECKOTO OKHIAHUS CYMMBI JIBYX CITy4alHBIX
BEJIMYUH & U 1), ONpenenEHHbIX HAa OJHOM M TOM K€ MPOCTPAHCTBE AJIEMEHTAPHBIX
UCXOJ0B U 3aIaHHBIX 3aKOHAMU pacIpeIelICHNs

& X v | X n Vi e |k
Podp [ | Pop | | pk
ME+M) = @ TyDP(E=x) N (M=y))+ @t y)P(E=x) N (M=) +...

i IPE=x) N (M=p) + ... + @+ 2IPE=x) N (=)
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6

Od4eBuHO, YTO CyMMa B TIPaBOM dYacTu mocieaHed (QopMynbl COOEPKHUT nk
cinaraeMbix. [Ipeobpazyem 3Ty cyMMy clieIyrouumM o0pa3om:

M(E +m) = x; P(E=x)N(n=y1)) + x1 P(E=x)N(n=12)) +...+x; P((E=x)N(n=pp)) +
+ :P(E=x) (=) + 2P(E=x)N (=) +... + RP(E=x)N(=p) + ...
+ %, P(E=x,) (M=) + X, P(E=x) N (M=) +... + xP((E=x)N(n=p) +

+ y1P((E=x) (M=) + i P(E=x) (M=) +.... + 3 P(E=x,)N(n=p) +

+ yP ((ile)ﬂ(n:h)) + P ((izxz)ﬂ(n:h)) +...t 0P ((§=xn)ﬂ(n=yz)) ...
+ yiP((E=x) (M=) + 1iP(E=x) V(=) +... + 3iP(E=x) N (=) =

= x1(P((E=)N(n=)) + P((E=x)N(n=p)) +... + P(E=x)N(n=p0)) +

+ 2(P(E=x)N (=) + P(E=x) (M=) +... + P(E=x)N(n=p) +... +
+ %,(P((E=x) (=) + P((E=x)N(n=1)) +.... + P(E=x,) (M=) +

+ i(P(E=x)N (=) + P(E=x)N(n=y1) +... + P(E=x,) (=) +

+ y2(P(E=x)N(M=2) + P(E=)N(n=12)) +... + P(E=x,)N(n=p2))) + ...

FP(E)N(M=p) + P(E=)N (=) +.... + P(E=x)N(n=p0) =

= x1P(§=x1) + x,P(E=x,) +...+ x, P(E=x,) +

+11P(n=y1) + .P(n=y2) +..+ »P(n=y1) = ME + Mn

[Ipu BbIBO#E 3TON (OPMYINIBI HKCIIOJNB30BAH OYEBHUAHBIN (PaKT, 4YTO, HAIPUMED,
coObITHe E=X|; MOXHO TPEJCTABUTHh B BHUJEC OOBCIMHEHUS HECOBMECTHBIX COOBITHIA

E=xDNM=1), E=x)NM=02), -, E=x)N(M=p).

Ipumep.
3ajaHbl 7 OAMHAKOBO PACHpPEACNEHHBIX CIyYalHbIX BEIUYHH &, &), ..., &, C 3aKOHOM
pacrpeieNieHus

& 1 0

p p q

Haittn maTemMaTnueckoe 0KUIaHUE CYMMBI 3TUX CIYYalHbBIX BEJIMYHH.
Pemienmne.

M(i&z )= iMal = np
i=1 i=1

Teopema.

Ecnu cinyualinble BETMYUHBI § U 1) HE3aBUCUMBI, TO
M(En) = ME-Mn

JlokazaTenbCTBO.

ECJII/I 3a1aHbI 3aKOHBbI paCHpCI[CJ'ICHI/IH ,Z[BYX HC3aBUCHUMBIX CﬂyqaﬁHBIX BCIIMUUH
Eun
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g X1

Xi

Xn

Pl p

i

Pn

n

V1

Vi

Yk

P

i

2
Pj

Pi

TO MaTeMaTUYECKOE OXHUIAHWE MPOU3BEICHUS ATUX CIy4YallHBIX BEIUYUH MOKHO
MIPEJCTABUTH CIEAYIOIUM 00pa3oM:

n

M(En) = >,

k

1.2
inJ’jPi p;
i=1j=1

k k k k
1 2 1 2 1 2 1 2
=x1py XY TPy Yy Tt xipy Yy A xap, X yp =
j=1

j=1

j=1

j=1

n
=x1p11Mn +x2péMn + ...+x,~p}Mn...+x,,p,11Mn =Mn Y x;p; = ME-Mn

Hucnepcusa DE cnyyaiiHo Benu4uHbI & onpeenserca Gopmymon

OTKJIOHCHUA CHy‘-IElﬁHOﬁ BCJIIMYHHBI OT €€ MAaTEMAaTU4YECKOT O OXHAaHUA.

PaccMoTpuM ciydaiiHyIo BEJIHMUUHY & C 3aKOHOM paclpeIeICHUs

Bpruuciaum €€ MaTeMaTH4eCKOe OKHUIAHHE.

Jducnepcus ciaydyaiiHOH BeJIMYUHBI.

Dg = M(§ — M)’

I[I/ICHCpCI/ISI cnyqaﬁﬂoﬁ BCIMYMHBI — 9TO MATCMATHUYCCKOC OXHIAHUC KBaapara

£ 1 [2 3
P 1 1 1
6 12 |3

Me=11+2.1 43

6

2

1_13

3

6

i=1

CocTaBUM 3aKOH pacnpeiesICHUs CIy4aiHOW BeTUIUHBI § — ME

P 2
a 3aTeM 3aKOH pachpeeeHus CIydaiiHol BeInuuHbl (§ — ME)

&mg | 7 | _1 | 5
6 6| 6

P 11 71
6 2 3

€ Mg | 1 |25 |49
36|36 |36

P |1 1
2 3 6

Teneps MOKHO paccuuTaTh BeMUuuny DE :
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[E—

7

6

RS

DE= .
a36

N | —
A\ | =
w

Hcnonb3ysa omnpeneneHue AUCHEPCUU, ISl JUCKPETHOW CIIyYaliHOW BEJIUYUHBI
dbopMyTy BEIYUCICHUS AUCTIEPCUH MOKHO TIPEJICTABUTH B TAKOM BHJIC:

Mo>kHO BbIBECTH €1IE OAHY (HOPMYITY JIJIsl BEBIYMCIICHUSI IUCTIEPCUM:

n

DS = i(x,- - MEY p; = Z(xl-2 —2x;ME + Mzg)pl. =
i=1

i=1
= 2 Py~ 2MEY xip + MPEY p; = ME? —2ME - ME+ M =
i=1 i=1 -

= ME’ - M*¢

Takum o0Opa3oM, aucnepcus CilIy4allHOW BENWYMHBI paBHA pPa3HOCTU Mare-
MaTHYECKOr0 OKMJAHUs KBaJapaTa CIlydalHOW BEJIMYMHBI M KBajapara €€ MaTeMaTu-
YECKOr0 0KUIAHUS.

IIpumep.
Havitu pucniepcuro ciaydyaHOM BEJIMYMHBI, 3aJJaHHON 3aKOHOM PaCIPEICTIEHUS
E | 0
P p q

2

Brime 6pu10 MIOKa3aHo, uto ME = p. Jlerko Bumeth, uto ME" = p. Takum oGpazom,
2

noyryqaercs, uto DE =p — p” = pq.

Jlucnepcusi  XapakTepu3yeT CTEIEHb pPACcCessHUs 3HAYCHUM CIIy4auHOU
BEJINYMHBI OTHOCUTEIBHO €€ MaTeMaTH4YeCKOoro oxujaanus. Ecinu Bce 3Ha4YeHUs
CIIy4YallHOW BEJMYMHBI TECHO CKOHIICHTPUPOBAHBI OKOJO €€ MaTreMaTU4eCKOro
OKHJIaHUSI U OOJIbIIME OTKJIOHEHHS] OT MAaTEMAaTUYECKOro OKUAaHUSI MaJIOBEPOSTHBI,
TO TaKas ClydalHas BEJIMYMHA UMEET MAIYIO TUCIEPCUI0. Ecin 3HaueHus CiydalHOU
BEJIMYMHBI paccesHbl W BEJIMKa BEPOSTHOCTb OOJBIIMX OTKJIOHEHUH  OT
MaTEMaTHYECKOr0 OKMJAHUS, TO Takas CiydailHas BEIUYMHA HMEET OOJIBIIYIO
JUCTIEPCUIO.

CroiicTBa qUCHIEpCHH.

1. Ecnu k — uucino, To D(kE) = k* DE.

JlokazaTenbCTBO.
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D(KE) = M(kE — M(kE))* = M(kE — k MEY" = M(K* (& — ME)") = K"MI(E — ME)’ =

2
=k” D¢
2. Jlns momapHO HE3aBUCHUMBIX CIIyYalHBIX BETUYHH &1, &»,..., &, CIpaBeIJIMBO
PaBEHCTBO

OTO CBOMCTBO OCTaBUM 0€3 JI0Ka3aTeabCcTBAa. PEKOMEHyeM YUTATEN0 PACCMOTPETh
CHENYIOLINN TPUMED.

[Tycth § M M — He3aBUCHUMBIC CIIyYailHbIC BEJIMYHMHBI C 3aJaHHBIMH 3aKOHAMU
pacrnpeneeHus:
& 0 | n 1 2
P 0,25 0,75 P 0,7 0,7

[Tokazats, uto D(E + 1) = DE + Dn.
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buHOMUAILHBIA 3aKOH pacnpeaeJeHus.

[Tycth 3amansl uucna n € N u p (0< p < 1). Torga kaxaoMy LeJIOMy YHUCIY U3
npomexyTka [0; 7] MOXXKHO TOCTaBUTh B COOTBETCTBUE BEPOATHOCTh, PACCUMUTAHHYIO
no ¢dopmyne bepuymiu. [lomydum 3akoH pacmpeieieHus CIy4ailHOM BeJTWYHHBI

(HazoBEM €€ [3)

B 0 | ... k .. | m
P | ... | ...| Cpra-prt

Bynem roBoputh, 4TO CilydaiiHas BeIM4YMHA [3 pacmpejaenieHa Mo 3akoHy bepHyiiu.

Takoil ciydyallHOW BEIMYMHOM SIBJISICTCS YacTOTa IMIOSABJICHUS COObITUS A B n
MOBTOPHBIX HE3aBUCUMBIX HCIIBITAHUSAX, €CIHM B KaXKJIOM HCIBITAHUU COOBITHE A
MIPOUCXOJIUT C BEPOATHOCTBIO P.

Paccmotpum  oTaenpHOe i-€ wWcnbITaHWE. [IpOCTpaHCTBO 3IEMEHTApPHBIX

HCXOO0B OJA HETO UMECT BU/

Q={4,4}
Omnpenenum Ha 3TOM IPOCTPAHCTBE CIYYANHYIO BETHMUUHY &; CIEAYIOIUM 00pPa3oM:
&;= 1, ecu MpOUCXOIUT COOBITHE A;

£;= 0, ecli IPOUCXOJUT coObITHE A

3aKoH pacnpenereHuss CiaydyalHON BENWYMHBI &; paccMaTpUBAJiCS B MPEIbIAyIIEM

naparpade.
g, 1 0
P p g=1p
ME = -p; D& = pq
Hns i = 1,2,...,n mojlydaeM CHUCTEMY M3 7 HE3aBHUCHUMBIX CIy4YallHBIX BEJIUYUH &,

HMCHOIIUX OJIMHAKOBBLIC 3aKOHBLI PACIIPCACICHUA. Ecan TCIICPb CPABHUTH 3aKOHBbI

n
pacrpeeNeHus ABYX CIydaiHbIX BenuduH B U Y Ei, TO MOXXHO CIENaTh OYCBHIHBIM
i=1

n
BBEIBOJI: 3 = Z&i. Otcroma ciemyer, 4To Jyisl CIIy4ailHOW BEIMYUHBI [3, UMEIOIICH
i=1



3aKOH pachpeneneHuss bepHynu, wMaremMaTHdeckoe OXHAAHWE W AUCHEPCHs
onpenenstorcs Gopmynamu

MB ZMféi = iMEA = iP: np;

i=1 i=1 i=1

DB :Diii - iDii - ipq= npq

Haiiném olleHKy BeIMUYMHBI p — BEPOSTHOCTH ycClieXa B OJHOM HCIBITAHUU
HEKOTOPOro OMHOMHAIBLHOTO dKcrepuMenTa. [l 3Toro npopenéM 1 MCHBITAHUH U
MOJCYHTAEM X — YHCIO ycrexoB. OIEHKY p HEH3BECTHOH BETHUMHBL p ONPEIETHM

X
dopmymoii p = =
n’

[Tpumep.

N3 20 oroOpaHHBIX JUIsi KOHTPOJISI O0pa3ioB NPOAYKIMKU 4 OKa3aduch
HecTaHAapTHRIMU. OTICHUM BEPOSITHOCTH TOTO, YTO cnyqaﬁﬂo BBIOpAHHBIN YK3EMILISP

NPO/yKLIMH HE OTBEYAET CTAH/APTY OTHOLICHHEM p =4/20=0,2.

TaK KaK x Ciy4aifHasi BEIMYHHA, p — TOXKE CIydaiiHas BEIMYHHA. SHAUYCHHS p
MOTYT MEHSTBCSI OT OJIHOTO SKCIEPUMEHTa K JIPyromy (B paccMaTpUBAEMOM CIIy4yae
HKCIIEPUMEHTOM SBJISIETCSl CIAy4alWHbI OTOOpP W KOHTpoJib 20-TH SK3EMILISIPOB
npoaykiuu). KakoBo MaTtemaTuueckoe OKHJIaHHE p*‘? [TockonbKy X €CTh CiydanHas
BeJIMYKHA, 0003HAYAIOIAs YUCIIO YCIIEX0B B 72 UCHBITaHUAX 1O cxeme bepuymmu, Mx
= np. [Ins MareMaTn4eckoro OXHUAaHUs CIy4yallHOW BETUYMHBI p* MO OMpeNeIeHHIO

X . .
nonydaeM: Mp* = M (j, HO 1 3J1€Chb SIBIIIETCA KOHCTAHTOU, IIOOTOMY IO CBOMCTBY
n
MaTE€MaTUYECKOrO 0KUIAHMS

Mp* = lMx=lnp=p
n n
Takum oOpa3zoM, “B cpelHeM’’ IMOJydaeTcsi MCTUHHOE 3HAYeHUE p, Yero u
CJIEIOBAJI0O OKUJATh. DTO CBOMCTBO OIICHKM p* BEIWYMHBI p WMEET Ha3BaHHE: p*
ABJISIETCS. HeCMEMéHHOM ouneHkod qns1  p. OTCYTCTBUE CHUCTEMATHYECKOTO
OTKJIOHEHUST OT BEJIHWYMHBI  OIIEHMBAEMOIO IMapaMeTrpa p  MOATBEPKAACT
1[€JIeCO00Pa3HOCTh HUCIOJIb30BAaHUSI BEIIMYMHBI p* B KauecTBe OlLeHKU. Bompoc o

TOYHOCTH OLICHKH IIOKAa OCTABJISICM OTKPBITBIM.



HenpepbiBHbBIE Ciy4YallHbIE BeJIUYUHBI.

CrnydaliHass  BeIMYMHA, 3HAYEHUS  KOTOPOM  3allONHAIOT  HEKOTOPBIH
IIPOMEKYTOK, HA3bIBAE€TCS HEMPEPHIBHOM.

B yacTHBIX ciaydasXx 3TO MOXET ObIThb HE OJIMH NPOMEKYTOK, a O0BEINHEHUE
HECKOJIbKUX MPOMEXYTKOB. IIpoMexyTku MOTyT OBITh KOHEYHBIMH, IOJIY-
OCCKOHEUHBIMU WJIM 0€CKOHEUYHBIMH, Hanpumep: (a; b], (—o<; a), [b;x), (—oc; ).

BooOuie HempepbiBHas ciydaiiHas BenuuMHa — 3To aOctpakius. CHapsa,
BBIIIYLIEHHBIN U3 MYIIKH, MOXKET MPOJIETETH JIIOO0E PaCCTOSTHUE, CKaXeM, OT 5 10 5,3
KWJIOMETPOB, HO HUKOMY HE INPHUJAET B TOJOBY U3MEPSTH 3Ty BEJIMYHUHY C TOYHOCTHIO
10 0,0000001 xkumomerpa (TO €CTh A0 MUJIJTUMETPA), HE TOBOPS yke 00 aOCOMIOTHOM
TOYHOCTH. B mpakTHke Takoe paccTosiHie OyAeT TUCKPETHON CIy4yailHOW BEMYHHOM,
y KOTOpPOM OJJHO 3HA4YEHHE OT APYIroro OTIMYAeTCs 110 KpalHel mepe Ha 1 meTp.

IIpy onmcaHnM HENPEPBHIBHOW CIIy4YalHOM BEJIMYMHBI IPUHLIMIIMAIBHO
HEBO3MOJKHO BBIIIMCAaTh U 3aHYMEpPOBaThb BCE €€ 3HAYCHMS, NMPUHAICKAIIUE Jaxe
JIOCTaTOYHO Y3KOMY HMHTEpBally. OTH 3HAu€HHsA OOpa3ylT HECUETHOE MHOXKECTBO,
Ha3bIBAEMOE «KOHTUHYYM).

Ecim & — wHenpeppiBHas ciyyaiiHash BeJIWYMHA, TO PAaBEHCTBO & =X
MPEACTABIIACT COOOM, KaK U B CiIydae JUCKPETHOM CIIy4yaHOW BEJMYUHBI, HEKOTOPOE
cllydaiiHOe COOBITHE, HO JJisi HENPEPbIBHOW CIIy4allHOM BEIMYMHBI 3TO COOBITHE
MOXHO CBf3aTh JIMIIb C BEPOSATHOCTBIO, PABHOM HYJIO, YTO OJHAKO HE BIJICUYET 3a
co00if HEBO3MOXHOCTU cOObITH. Tak Hampumep, MOXKHO TOBOPHUTH, UYTO TOJBKO C
BEPOSITHOCTBIO «HYJIb» CHapsaa mpojetut 5245,7183 meTpa, WM YTO OTKIOHECHHE
JNEHUCTBUTEILHOTO pa3Mepa JeTaad oT HoMmHuHaibHOro coctaBut 0,001059
MUJUIMMETpA. B 3TuX cilydasx NMpakTHUYECKH HEBO3MOKHO YCTAHOBUTH, IPOM3O0IILIO
COOBITHE WM HET, TaK KaK HM3MEpPEeHHs BEJIMYMH MPOBOASTCS C OTPaHUYECHHOM
TOYHOCTBIO, U B KaU€CTBE PE3yJIbTaTa U3MEPEHUSI MOKHO (PAKTUUYECKH YKa3aTh JIUIIb
rpaHuipl Oojee WM MEHee Y3KOro HHTepBajia, BHYTPH KOTOPOTO HAXOIUTCS
U3MEPEHHOE 3HAYCHUE.

3HaUYCHHUSIM HENPEPBIBHOW CIIy4ailHOM BEIWYMHBI NPHUCYLIa HEKOTOpas
HEONpENEIeHHOCTh. Hampumep, HET NPaKTUYECKOTO CMBICIA pas3jiddaTh JBa
OTKJIOHEHHS OT HOMHMHaJIbHOro pasmepa, pasuble 0,5 mm u 0,5000025 wmwm.

BepOHTHOCTB, OTIIM4YHAasA OT HYJIA, MOXCT OBITH CBSI3aHA TOJBKO C nomnagaHuemM
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BEJIMYMHBI B 33JIaHHBIN, XOTs Obl U BECbMa Y3KUH, HHTEPBAJ. 3/1€Ch MOKHO IIPUBECTH
CpPaBHEHHE C pacIpelelIeHHEM Maccel BIOJb CcTepxkHA. OTCyTCTByeT Macca,
COCPENOTOYEHHAs, CKAKEM, B CCYCHMM, PACIIOJNIOKEHHOM Ha paccTosHuM 20 c¢M OT
JIEBOT'O KOHLIA CTEPKHSI, UMEET CMBICII TOBOPUTB JIUIIb O MAacCe, 3aKJIIOUEHHOU MEXKITY
CEUYCHMAMHU, IIPOXOJALIMMU Yepe3 KOHIIbI HEKOTOPOIO MMPOMEXKYTKA.

[Tycts & — HenmpepblBHAsA ciydyaiiHasi BeIUYMHA. PaccMOTpUM JUisi HEKOTOPOTO

Yucia X BEpOSTHOCTh HEpaBeHCTBA X < § <Xx + Ax
P(x <& <x+ Ax).

31ech Ax — BEJIMUKMHA MaJloro HHTEpBaa.
OueBugHo, uto ecmu Ax — 0, To P(x <& <x+ Ax) > 0. O6Go3nauum p(x)
npefen oTHomeHuss P(x<E<x+Ax) k mnpu Ax—> 0, ecau Takod mnpenaen

CYILLECTBYET:

lim P(x<a<x+Ax)=p(X) ()

AX—0 A

@OyHKIUs p(x) HA3bIBAE€TCA IJIOTHOCTBIO paclpeesieHus cllydailHoW BenudyuHbl. U3
dopmynsl (1) cnexyeT paBeHCTBO, CIPaBEAJIMBOE I MalbIX BEIMYUH Ax, KOTOpOe

TaKXe MOKHO CUMTATh onpeiesieHneM QyHKIUHU p(X):
P(x<E<x+Ax) = p()Ax 2)

OueBuaHO, U4TO p(Xx) — HeoTpuuarenbHas GyHKuud. s onpeneneHus: BEpOSTHOCTH
TOTO, YTO CIIy4alHas BEIMYMHA { MPUMET 3HAUYCHUE U3 MPOMEXKYTKA [a, b] KOHEUHOM
JUIMHBI, HYKHO BBIOpaTh Ha MPOMEXKYTKE IPOU3BOJIBHBIE YHUCHA Xi, X2,..., X,
YAOBJICTBOPSIOIINEC YCJIIOBUIO a=xo<x;<x,<...<x,<b=x,:;. OTH 4YHCIa pa306LIOT
MPOMEXYTOK [a, b] Ha n+1 4dacTell, mpPeACTaBIAIONIMX COOOM MPOMEXKYTKH [Xo, X1),

[x1, X2), ...,[x,, b]. BBeném obo3HaueHuUS:

Axo= X1 — X0, AX|= X2 — X1, ..., Ax,= b — X,

n
M cocTaBuM cymmy Y, p(x;)Ax; . PaccMotpuM mporiecc, mMpr KOTOPOM 9YHCIO TOYEK
i=1
pa30MeHHs HEOTPAaHMYEHHO BO3pacTaeT TakUM oOOpa3oM, YTO MaKCHMalbHas
BeIMurMHa Ax; cTpeMHUTCS K HymO. bynem cuntaTh QyHKIMIO p(x) HEMpEepbIBHOW Ha
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n

npomexxytke (a; b), Torma mpemenom cymmbl Y. p(x;)Ax; Oymer onpenenEHHbII
i=1

HWHTETpaj o MPOMEXYTKY [a; b] oT dyHKIMU p(X), paBHBIA HCKOMOM BEPOSTHOCTH:

b
Pla<&<b)= [p(x)dx 3)

DTO paBEHCTBO MOKHO TaKKe pacCMaTpUBATh Kak onpeseneHne GyHkuun p(x).
Otcroma ciemyeT, 94TO BEPOSTHOCTh MOMAJaHUs CIyYalHOW BEIWYUHBI B JHOOOM
UHTEpBa (X, X;) paBHa TIUIOMIAAUA (UTYPHI,

P(x) oOpa3oBaHHOW OTpe3KOM [x;, X;] oOcH X,
rpadukoM GyHKIMU p(xX) U BEPTUKAUIBHBIMHU

OpSIMBIMH X = X|, X = X;, KaK HM300pakeHO Ha

Xy Xs X pucyske 1.
Ecim  Bce  BO3MOXHBIE  3HAYEHMS
Puc. 1 CJIy4aiiHOH BEJMYMHBI IPUHAJICKAT HHTEPBAILY

(a; b), TO st p(x) — €€ MIOTHOCTH pACHPEICIICHHS CIIPABEJIMBO PABEHCTBO
b
I p(x)dx =1
a

Jlis yno6cTBa MHOTAA CUUTAIOT (HYHKIUIO p(X) ONpene’aEHHON A BCeX 3HAYCHHH X,
noyiarasi €€ paBHOM HYJII0 B T€X TOYKAaX X, KOTOPBIE HE SBJISIFOTCA BO3MOYKHBIMHU
3HAQYEHUSMHU 3TOU CIIy4aHON BEJIUYUHBI.

[In0THOCTBIO paclpencieHus MOXKET CIYXXHUTb J00as HHTErpupyemas

byHKIUSA p(X), yIOBICTBOPSIOLIAS ABYM YCIOBHSIM:
1) p(x) 2 0;

2) o(j.p(x)abc =1

Mo>kHO 3a/1aBaTh ClIy4allHYIO BETUYHHY, 3a/1aBasi QYHKIHIO p(X), YAOBIECTBOPSIOLLYIO
TUM YCIIOBUSM.

B kadecTBe mpuMmepa pacCMOTPUM CIyYailHYIO BEIWYMHY &, paBHOMEPHO
pacrpenenéHuyo Ha NpoMexyTke [a; b]. B aTtom ciydae p(x) moCTOSSHHAa BHYTPH

9TOro IMPOMCEIKYTKaA:

33



¢c a<x<b

X)=
() 0 x<ayx>b

[To cBoiicTByY 2) pyHKIMU p(X)

0 b
[p(x)dx = [cdx=c(b—a)=1

Otcrona c=bl. I'padux  dysaxmmIn A p(x)

p(x) mpeacTaBieH Ha pUCYHKE 2.
Bo MHOTHX [IPAKTUYECKUX

3aJgadax BCTPCYAIOTCA CHY‘I&fIHBIC o

v

BEJINYMHBI, Y KOTOPBIX BO3MOKHBIE
Puc. 2
3HAYEHUs HE OIPaHUYEHBl CBEPXYy U
cHH3y. B aTOM citydae KpuBas pacupenesieHusl pacliojaraeTcs HajJ OChIO X U IIPH
X —> 00 M X —> — 00 aCHMITOTHUYECKU NMPUOIMKAETCA K ITOW OCH, KaK M300pakeHO Ha
pucynke 1. BeposTHOCTh TOro, 4TO cCilydaiiHas BeJIMYMHA & MPUMET 3HAYCHUE,
MEHBIIIEE HEKOTOPOro 4YHCla @, paBHA IUIomanud (Urypsl, 3aKIOYEHHOH MEXITY
KPHUBOM pacIpeneseHuss U TOPU3OHTAIBHOU KOOPAMHATHOM OCBIO CII€BA OT TOYKH d.
byznem cumrarh, 4TO Takas IUIOLIaAb CYLIECTBYET.

[Iycte & — HempepbiBHas ciydaiiHas BenuuuHa. Dynkums F(x), koTopas

ONnpecaACIACTCA paBCHCTBOM
F(x)=P(E<x),

HA3bIBACTCA HMHTErpajbHON (yHKUMEl pacnpeaejeHusi WIK MPOCTO (PyHKIMEH
pacnpeneaeHus ciydaiiHoi BenuuuHbl &. HemocpeAacTBeHHO H3 ompeneiaeHus

X
cieayer paBeHCTBO F(x)= _[ p(t)dt. dopmyna npOU3BOJHON OMNPeaeTIEHHOTO
-0
WHTErpajia M0 BEPXHEMY TMpeneny B JAaHHOM Clydae MPUBOAUT K COOTHOIICHHIO
F'(x)= p(x). IlnotHocth pacmpeneicHus p(x) Ha3pBalOT AupdepeHInaIbHON

¢dynkumeit pacnpenejeHus.
OyHkuusa pacnpeaesneHuss F(x) ciaydallHOW BEJIMYMHBI & UMEET CIICIYIOIINE
CBONCTBA.

1. F(x) — "HenpepbiBHAs Bo3pacTaromas GyHKIIHS.
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2. lim F(x)=0; lim F(x)=1

X—>—© X—>®©

CpoiicTBa 1 1 2 BBITEKAIOT HEMOCPECTBEHHO U3 onpeneneHus Gyakmun F(x).

3. Ilpupamenue F(x) Ha TPOMEXKYTKE (X;; X;) PaBHO BEPOSTHOCTH TOIO, YTO

CiIyJaitHasi BeTu4rHa & TPUHUMAET 3HaYE€HUE U3 dTOTO POMEKYTKA!
F(xp) — F(x) = P(x; <& <x)
JlokazaTenbCTRBO.
FO)=PE<x)=PELx)+P1<E<x)=F(x)) + P(x; <& <xp)
Orcrona
P(x1 <& <xp) = F(xy) — F(xy)

3amMeTuM, 4YTO [JIs HENPEPHIBHOW CIy4yailHOW BEIMYMHBI & CIpPaBEIMBbI

paBeHCTBa
P(x; <€ <x) =P <E<x)=Px; <E<x)=Plx1<E<x)

J{ns paBHOMEpHOTO pacrnpeaeneHuss GyHKius F(x) UMeeT BUI:

A

0 npu x<a 11 Fix)

X —_—
F(x)= _[ dt x4 npua<x<b :

sb—a b-a |

1 npu  x2b :

a b "

I'paduk pynkunu F(x) mpeacTaBieH Ha pUCYHKE 3. Puc. 3

3aKOH paclpeelieHus HENpPEepbIBHOW  CIydalHON

BEJIMUYMHBI MOXKHO ONPENICTUTD 3aaHueM 00 GyHKIuU p(x), 1160 pyHKuuu F(x).
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IIpaBuio 3-x ¢ (Tpex “curm”).

[Iycte umeeTcss HOpMalbHO pacmpefenéHHas clydaiiHas BeJIUYUMHA & C
MATEMaTHUECKMM OXXHIAHHEM, PaBHBIM a M jucrepcueil o”. ONpenennuM Bepo-
ATHOCTH TonagaHus & B uHTEpBal (@ — 30; @ + 30), TO €CTh BEPOSITHOCTh TOTO, YTO &
IPUHUMAET 3HAYEHUs, OTJIMYAIOIIMECs OT MATEMaTHYECKOro OXKUAAaHWUs He Oolee,
4YeM Ha TPU CPEIHEKBAIPATUUECKUX OTKIOHEHMS.

P(a—30<§<a+30)=0(3) - O(-3)=2D(3)

[To Tabnure naxomum @(3)=0,49865, oTkyaa ciaemyet, uto 2@(3) NpaKTUUECKH
paBHsieTcsl enuHuLEe. TakuM 00pa3oM, MOXKHO CJlIeNaTh BayKHbIA BBIBOJI: HOpMasbHasl
cillydyailHas  BEJIMYMHA  IPUHUMAET  3HAYCHWs, OTKIOHSIOUIMECS  OT €€
MaTEMaTHYECKOI0 OKUAAHUs He Oojiee yeM Ha 3G.

(BbiOop umcna 3 37ech YCIOBEH M HUKAK HE OOOCHOBBIBACTCS: MOXKHO OBLIO
BbIOpaTh 2,8, 2,9 uinu 3,2 u noydyuTh TOT K€ BEPOSITHOCTHBIN pe3yNbTaT. Y UnThIBas,
uyto P(2)=0,477, MOXKHO OBLIIO OBl TOBOPUTH U O TIpaBHIIE 2—X “‘CUTM’.)

CoBMecTHOe pacnpeaesieHUue IBYX CJIY4alHbIX BeJIUYHH.

[TycTh mpPOCTPAHCTBO 3JIEMEHTAPHBIX HCXOAOB () CIIy4ailHOTO 3KCIEpHMEHTa
TAKOBO, YTO KAXJOMY HCXOLY O CTABHTHCS B COOTBETCTBHE 3HAUYCHHE CIydaiHOI
BEJTHMYHHBI £, PABHOE X; U 3HAYCHHE CIy4aiiHOM BEIMUYMHEI 1), pABHOE ).

[Tpumepsr:

1. [IpenctaBum ceOe OOJIBITIYI0 COBOKYITHOCTh JCTaJIC, WMEIOMINX BU]
crepkHsa. CiayyalHBIM SKCIIEPUMEHT 3aKJI04YaeTcsi B CIIydailHOM BbIOOpE
OJIHOTO CTEpPXKHS. DTOT CTEPKEHb UMEET JJIMHY, KOTOPYI0 OyJeM 0003HayaTh
& 1 ToNUHYy—"] (MOXKHO YKa3aTh JIpyrue napaMmeTpbl—oObeM, BEC, YUCTOTA
00paboTKH, BRIpAKEHHAs! B CTAHAAPTHBIX €IMHUIIAX ).

2.Ecnu  pe3ynbTar  AKCIEPUMEHTa—CIy4YailHbli  BBIOOp  Kakoro—imbo
NpeAnpuaATds B JaHHOM o0nacTv, TO 3a & MOXHO NpPUHUMATh O0BbEM
MPOU3BOJICTBA OTHECEHHBI K KOJHMYECTBY COTPYIHUKOB, a 3a N—00beM
MPOIYKIUHU, UAYIIEH HA HKCIIOPT, TOKE OTHECEHHOM K YHCIIy COTPYIHUKOB.

B aTom cityyae Mbl MOKEM FOBOPUTH O COBMECTHOM PACIIPEACIICHUN CITyYaiHbIX

BEJIMYMH & U 1 WIH O “JBYMEpPHON™ CITy4ailHON BEeJTUYHHE.

Ecmm & m m auckpeTHbl W NPUHUMAIOT KOHEYHOE YHCIIO 3HadeHud (§ — n
3HAUEHUH, a 1 — k 3HAUYEHMI1), TO 3aKOH COBMECTHOTO paCIpelesieHUs CIy4alHbIX
BEJIMUMH & U 1| MOXHO 3a/1aTh, €CIIM KaXJIOH Iape umcel x;, )/ (Ie X; IPHHAIICHKHT
MHOKECTBY 3HAUYEHHil £, a ) /—MHOXKECTBY 3HAUEHHIA 1)) TIOCTABUTH B COOTBETCTBHIE
BEPOATHOCTb p;, paBHYIO BEPOSTHOCTU COOBITHS, OOBEINHSIIONETr0 BCE HCXOABI 0 (U
COCTOSIIIErO JIUIIb U3 3TUX UCXOJIOB), KOTOPBIE MPUBOAAT K 3HAUCHUSIM

E=xpn=y.
Takoit 3aK0H pacrpeaesieHuss MOXHO 3a7aTh B BUJIE TaOIUIIbI:
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n| V| Y % W
S T ) 7 3
X1 P1 P1 . Pi .. P1 P,
Xi Pil Pi2 .. pij . pik P; (*)
X, Pn | Pn pi pn | P
P! P’ P P

n k .
OueBHIHO _21 _Zl pl =1
i=1j=

Eciii IpocyMMHpPOBATh BCE p/ B i—if CTPOKE, TO IOy qHM
k.
>pl =R
j=1
BEPOSATHOCThL TOTO, YTO CilyYaiiHas BEIUYMHA § NPUMET 3HAYEHUE X;. AHAJOTHYHO,
eCIIi MPOCYMMHUPOBATh BCE p; B j—M CTOJIOIE, TO MOITy4UM

n . .

3 pll = P!

i=1
BEPOATHOCTh TOTO, YTO 1) IPUHUMAET 3HAUCHHE ).

CootBerctBUE Xx; —> P; (i=1,2,...,n) onpenenseT 3aKOH pacnpeneieHus &,
TaKKe Kak cooTBercTBHe )y — P/ (j=1,2,...,k) onpenenser 3aKOH pacipeeleH s
CIIy4YalHOM BEJIMYMHBI T).

n k . .
Ouesnano Mg = izlxiR’ M, = jzlyJPJ .
Panblile MbI TOBOPUIIN, YTO CIy4YalHbIE BEJIMUMHBI U 1| HE3aBUCUMBI, €CIIH
pl=P:P’ (i=12,...,n;j=1,2,...k).
Ecnu 3170 He BRIMOTHSAETCS, TO & U 1] 3aBUCHMBI.
B dem mposBisieTCst 3aBUCUMOCTH CITyYalHBIX BEIUMYHH & U 1| U KaK €€ BBISIBHUTH

U3 Ta0IUIBI?

1
PaCCMOTpI/IM CTOJ'I6€II y. Ka>1<;10My YHUCITY X; HIOCTAaBUM B COOTBETCTBHEC YHCIIO
1

p.
pm;‘l (1)

. 1
KOTOpoe OyZeM Ha3blBaTh YCIOBHOH BEpOSATHOCTBIO &= Xx; mpu M=)y . OOpature
BHUMaHHUE Ha TO, YTO 3TO HE BEPOATHOCTH P; coObITHs &= X;, 1 cpaBHUTE hopmyiy (1)

P(ANB
C y’Ke U3BECTHOU (hOPMYIJIOH YCIOBHOM BEPOSTHOCTU P(A/B) = ﬁ

CooTBeTCTBHE
xi—pin, (=1,2,...,n)
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oo 1
OyZeM Ha3bIBaTh YCJIOBHBIM paclpeleieHUEM CIy4alHOW BEIMYMHBI & MpU M=) .
n
Ouesnguo 2. P =1,
i=1
AHaNOTUYHBIE YCJIOBHBIC 3aKOHBI PACTPEACIICHHUS CIy4yalHOW BENIMYMHBI &
2, 3
MOYKHO MTOCTPOMTH MPH BCEX OCTAJbHBIX 3HAYCHUSX 1|, PaBHBIX )'; V ,..., }' ,CTaBs B
I n
[
COOTBETCTBHE YHCITY X; YCIOBHYIO BEPOATHOCTD Pjjj = (2 By =1,
1=l
B tabnuiie npuBen€H yCIOBHBIN 3aKOH pacipeaesICHUs CydaiiHOM BEJIWYHHBI &
mpu =y’

€ X X2 ... X; ... Xn
Pij P P . p s Pn
P, P, P P

MO>KHO BBECTH MOHATHE YCIOBHOI'O MaTEMAaTHYECKOTO OXuaanus & mpu n =)/

n j 1 n
ME/m=y)=Yx d= 7 Y xn

3ameTum, 4TO & U M paBHOI_[eHHBI. M0>1<H0 BBECTH YCJIOBHOE PACIIPEICIICHUE N
pu E=X; COOTBETCTBUEM
_ j
y oo ok
= G=12,....k)
|
Takke MOXHO BBECTHM IIOHATHE YCJIOBHOIO MAaTEMATHYECKOTO OXWUIAHUS
CIIy4aiiHOM BEJIMYUHBI 1| IPU E=X;

M(n/&—X)—Zy FF); =P Zy p!
i i j=1

W3 ompenenenus ciaemyeT, 4TO €clid & U 1 HE3aBUCUMBI, TO BCE YCIOBHBIE
3aKOHBI paclpeiesieHus] OAMHAKOBBI M COBMANAIOT C 3aKOHOM pachpenesieHus &
(HarmOMHUHAeM, 4TO 3aKOH pacrpejereHus & onpenenseTcs B Tabnuie (*) mepBbIM U
nocieAHUM cTojbuom). Ilpu 3TOoM OuYeBHIHO, COBMAJAIOT BCE YCIOBHBIC
MaTeMaTHdeckue oxunanus M(E/m =) mpu j = 1,2,...,k, KoTOpBIe paBHEI ME.

Ecnu ycrnoBHble 3aKOHBI pacnpenefieHuss & NpHU Pa3iUYHbIX 3HAUYCHHUSIX T
pa3INYHBI, TO TOBOPST, YTO MEXAY & U 1] UMEET MECTO CTaTUCTUYECKasi 3aBUCUMOCTb.

I[Tpumep I. IlycThb 3aKOH COBMECTHOIO pPaCHPEICIICHUs] ABYX CIyYalHbIX
BEJIMYMH & U 1M 33aH cieayrollei Tabmunei. 31ech, Kak TOBOPUIIOCHh PaHee, EPBBIit
U TIOCJIETHUHM CTOJIOIBI OTPEACIISAIOT 3aKOH PACIpPENeNCHUs Cy4yaifHOW BEJIMYUHBI &,
a TIepBas U MOCIEIHAS CTPOKHU — 3aKOH PacIlpeeIICHUs CIIy4YallHON BEJIMYUHBI 1.
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n 1 2 3

S

10 1/36 0 0 1/36
20 2/36 | 1/36 0 3/36
30 2/36 | 3/36 | 2/36 | 7/36
40 1/36 | 8/36 | 16/36 | 25/36

6/36 | 12/36 | 18/36

[TonuroHsl yCIOBHBIX pacHpelesieHUid MOXKHO H300pa3uTh HAa TPEXMEPHOM

rpacuke (puc. 1).

3nech ABHO mpocmaTtpu- 4
BAeTCsl 3aBUCHUMOCTH YCJIOB-
HOTO 3aKOHA PACIpPEEIICHUsS

& OT BETTUYMHBI 1.

[Tpumep II. (Yxe BcTpe- £ / p
YaBIIUNCS). 40 /—' n ,/ o
ITycte nmambl nBe He3a- 30 ,’l/’ 7 ] L
BUCHMBIE CITydaitHble BeJTH- 20 7 | B 7
YUHBI a H 1N C 3aKOHAMH N r” W:” L
pacnpezesnenust >
1 2 3
Puc. 1
£ 0 1 n 1 2
P 1/3 2/3 P 3/4 1/4

Haiinem 3axoHbI pacripeieIeHU cydyalHbIX BEIUYUH 0=E+M U B=E*n

o 1

2

3

P 3/12

7/12

2/12

B

0

1

2

P

4/12

6/12

2/12

[TocTponm TabmuIly 3aKOHA COBMECTHOTO paclpeeNeHus oL U 3.

Bl 0 1 2

04

1 312 | 0 0 | 3/12

2 /12 [ 612 | 0 | 712

3 0 0 | 2/12 | 212
412 | 6/12 | 2/12

Yrobsl momyunts o=2 u B=0, Hy)HO uyTOOBI & mpuHsia 3HaueHue 0, a m

npuHsIa 3HaueHue 2. Tak Kak & U 1| He3aBHUCHMBI, TO
P(a=2; B=0)= P(£§=0; n=2)=P(£=0)*P(n=2)=1/12.
OueBunno Taxxe P(o=3; f=0)=0.
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1P [ToctpouM  TOJHWTOHBI  YCIOBHBIX
pacnpeneneHuii. 31ech 3aBUCUMOCTb O OT
33 B moBombHO OnM3Ka K (PYHKIIMOHAILHOMN:
3HaueHu0 [=1 COOTBETCTBYET EIWHCT-
2 BEHHOE /=2, 3HaYCHHIO [=2 COOT-
1 BETCTBYET €IWHCTBEHHOE O=3, HO TIpH
! 2 :B =0 MBI MOXEM TOBOPHUTH JIUIIIb, YTO O C
Puc. 2 3
BEPOATHOCTBIO , NPUHUMACT 3HAUEHHE 1
U C BEPOSITHOCTBIO i — 3HAYCHHE 2.
[Tpumep I1I.
PaccMoTpuM 3aKOH COBMECTHOTO paclpenesieHus & U 1), 3aJJaHHbIN TabauIei
n O 1 2
g
1 1/30 | 3/30 | 2/30 1/5
2 3/30 | 9/30 | 6/30 3/5
3 1/30 | 3/30 | 2/30 1/5
1/6 3/6 2/6

B o5toM cioydyae BemondHAeTcss ycioBue P(E=x; n=V)=P(t=x,)*P(n=)),
i=1,2,3...;j=1,2,3,...
[TocTpouM 3aKOHBI YCIOBHBIX paclpeeIeHuA

& 1 2 3
P,-1(8) = P,2(S) =
= P,3(8) = P,4(S)
3aKOHBI YCIOBHBIX PacClpeieICHu HEe OTJIMYaloTCs APYr OT Apyra npu n=1,2,3

¥ COBIAJAIOT C 3aKOHOM pacHpeesIeHUs CIIy4aiiHON BEJIMYUHBI &.

B nanHom ciydae & u 1 HE3aBUCHMBL.

XapakTepUCTUKON 3aBUCUMOCTH MEXKIY CIyYalHBIMU BEJIMYHMHAMH & U 1
CIIY’KUT MaTE€MaTHYECKOE OXHUJAHUE IPOU3BEIACHUS OTKIOHEHMH & U M OT HX
LEHTPOB pACIpPEACICHU (TaK HWHOTJa Ha3bIBAIOT MAaTEMATHYECKOE OXHUIAHUE
CIIy4aiilHOI BEJIMYHMHBI), KOTOPOE Ha3bIBaeTCs KOIPPHUIIMEHTOM KOBapHUaLUU WU
IIPOCTO KOBApPHALIUEH.

1/5 3/5 1/5

cov(&; ) = M((E-ME)(n—Mm))
Ilyctb & = {X1, X2, X352, Xu}, N = {V1, V2, V3se.-5Vn ). LOTHQ

covE: “)Z-il _il(xi ~ ME)(Y, — MP((E = %) N(n = ;) )
I=1)=
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9Ty GopMyily MOKHO UHTEPIPETUPOBATh TaK. Eciu mpu O0ONbIINX 3HAYEHUSIX &
0osiee BEpOATHBI OOJIBIIIME 3HAYEHUS 1), @ IPU MAJbIX 3HAUCHUSAX & OoJiee BEpOSTHBI
MaJible 3Hau€HUs 1M, TO B IpaBod yacTh (HOpMyJibl (2) MOJOKUTENIBHBIE ClaracMble
JOMHUHHUPYIOT, U KOBapHALUs IPUHUMAET MOJIOKUTEIbHBIC 3HAYCHHUSL.

Ecnn sxe Oonee BeposTHBI npousBeneHus (x; —ME)(y;—Mmn), cocrosmue u3
COMHOXXMTEJIEHl pa3HOro 3HaKa, TO €CTb MCXOJbl CIy4yallHOTO JKCIIEPUMEHTA,
IPUBOJAIIME K OOJIBLIINM 3HAYEHUSAM & B OCHOBHOM IIPUBOJAT K MajbIM 3HAYEHUSIM 1)
U HaoOOpOT, TO KOBapHalus MPUHUMAET OOJbIIKME MO MOIYJII OTPHUIATEIbHBIC
3HAYCHHUS.

B nepBom ciyuae mpHHATO TOBOPUTH O MPSMOM CBS3H: C POCTOM & ciydaiiHas
BEJIMYMHA 1] UMEET TEHJICHLIMIO K BO3PACTaHUIO.

Bo BTrOpoM ciydae roBopsT 00 oOpaTHOW CBsI3M: C POCTOM & clydaifHas
BEJIMYMHA 1| UMEET TEHJICHIIMIO K YMEHBILIECHUIO WM MaJICHUIO.

Ecnin mpuMepHO OIMHAKOBBIM BKJIAaJ B CyMMY JalOT M IOJIOXKHUTEIbHBIE U
OTpHUIIaTeNbHbIE Npou3BeneHusa (x; — ME)(y; — Mn)p{, TO MOXHO CcKa3aTh, 4TO B
CyMMe OHM OynyT “racuTh’ ApYr Apyra U KoBapuauus OyaeT Oiau3ka K Hyiwo. B aTom
cllydae He IPOCMaTpUBAETCsl 3aBUCUMOCTb OJHOMN CIIy4ailiHOM BEJIMYMHBI OT JPYTOM.

Jlerko noka3zath, 4TO €CJIH

P(E=x)NM =) = PE=x)P(M =) (= 1.2,....n,] = 1.2,....%),

01 cov(&; n)=0.
I[eﬁCTBHTeHLHo I/IS (2) cnenyer

£ 5 (x - M)y, -

i=1j=1 )
= ¥ (x - ME)P(E = %) él(yj - MnP(n =y;) =

=1
= M(§ - ME)M(n—Mn)=0-0=0
37€Ch UCHOJB30BAaHO OYEHb BAXKHOE CBOWCTBO MAaTEMATHYECKOIO OXKUIAHUS:
MaTeMaTU4CCKOC OKHUJJaHUC OTKJIOHCHHA cnyqaﬁﬂoﬁ BCJIIMYUHDBI oT cC
MAaTeMaTUYCCKOI'O OKHUJaHUS PABHO HYJIIO.
I[OKaSaTeJILCTBO (I[JI}I AUCKPCTHBIX CﬂyqaﬁHBIX BCJIMYMH C KOHCYHBIM YHCJIIOM
3HAYEHMUI).

M(E = ME) = (x — ME)P(x;) = _%xiP(xi)— M&_%P(xi) - ME-ME=0
KoBapuanuto y,u06H0 IIPEACTABIIATH B BUJIE
cov(&; n)=M(En-EMN-—NMEFMEMM)=M(En)-M(EMM)-M(MME)+M(MEMM)=
=M(En)-MnME-MEMn+MEMN=M(En)-MEMn

KoBapuanus nByX Cily4yalHBIX BEJIMYMH PAaBHA MATEMAaTHYECKOMY OKHAAHUIO
UX IPOU3BEIECHUSA MUHYC ITPOU3BEACHNE MATEMATUYECKUX OKUTaHHUM.

X)P(n=y;) =
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Jlerko OKa3bIBaeTCs CIEAYIONIEe CBOMCTBO MAaTEMATHUECKOTO OXHIAHUS: €CITU
& M M—He3aBUCHUMBbIE CllydaliHble BeMYMHBI, TO M(EN)=MEMn. (lokazats camum,

ucnonb3ys popmyny M(En) = anl .rznllxi Yi P(i =X )P(n =Y ))
i=1j=

TakuMm 00pa3om, I HE3aBUCUMBIX CIIy4alHbIX BeauduH & U 1 cov(E;n)=0.
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Ko3¢ppuument koppeasiuuu.

Benmuunna cov(E;n) 3aBUCUT OT €AUHUI] U3MEPEHHS, B KOTOPHIX BBIPAKAKOTCSA &
u n. (Hanpumep, nycts & u m—iuHeiiHbIe pa3Mepbl HEKOTOpou netanu. Ecnu 3a
SAUHUILY U3MEPEHUS NPUHATH 1 cM, TO cov(&§;n) MPUMET OJHO 3HAUEHHUE, & €CIIH 3a
eIMHHULLY U3MEpEeHHsI MPUHATH 1 MM, TO cov(&;n) MPUMET JIpyroe, OoJbliee 3HaUCHHE
(mpu ycnoBuu cov(E;n)=0)). IToatomy cov(&;1) HEeyA00HO MPUHUMATH 3a IMOKa3aTellb
CBSI3U.

YroObl MMETh €70 ¢ Oe3pa3MepHbIM IOKa3aTesieM, PAaCCMOTPHUM ClydailHble
BEITUYMHBI

o c-M& _c-Mg ¥ = n-Mn _n-Mn
b e 7 D o,
Takue crmydaliHble BEJTMYMHBI HA3hIBAIOTCSI HOPMHUPOBAHHBIMU OTKJIOHEHUSIMH
CIIyJailHBIX BETTUYHH & U M.
Kaxmas U3 cinydailHeIX BenuwuyuH &* M Mm™* uMeer 1EeHTpoM (MaTeMaTUYecKoe
OKUJaHKUE) HYJIb W JUCIEPCHIO, paBHYIO eauHwuie. [IpuBeném noka3areabCcTBO is
CIIy4aiiHOM BeNMYUHBI &*.

mer=m| Moo g - m(ue)= L (g - me)=0
O¢ O¢ O¢
pgr=p| T =Ly —wy)= 2T <1
¢ ot ot

KoBapunauus £* u n* HazpiBaercs kK03¢pPUUHEHTOM KOPPeISIMU CIydailHbIX
BeJIMYMH & U 1 (0003HAYAETCA Pey).

cov(E,n) = py, — M| E=ME =M | M((&=ME)n = M)

O-§ 0-77 05077
; M -M
=c<2/(i77)= (5776)6 CfM??; 5 = DE; 5, = Dn.
con con

Jnst He3aBUCUMBIX & M 1 Pz,=0, Tak Kak B 3ToM cirydae cov(&;n)=0

OOpatHoro 3akiro4YeHust caenatb Henb3s. CiydailHble BEMYMHBI MOTYT OBIThH
CBsA3aHbl Jlaxke€ (YHKIIMOHAIBHON 3aBUCUMOCTBIO (KaKIOMY 3HAYEHHUIO OJHOU
CJIy4YalHOM BEJIMYMHBI COOTBETCTBYET €IMHCTBEHHOE 3HAYCHUE APYTrOW CIy4YalHOMU
BEJIMYMHBI), HO KOO PUITMEHT UX KOPPEJSIIIUU OyIeT paBeH HYJIIO.

[Tpumepsr:

1. Ilycth cinydaiHas BedMYMHA & CUMMETPUYHO pachpeeseHa OKOJIO HYJIS.
Torma ME=0. Iycts n=&’. Torma M(E m)=M(&’)=0, Tak & TOXe cUMMETPHYHO
pacnpenenena okoio Hyns. C apyroit ctoponsl MEMN=0, Tak kak ME=0. Takum
M(&n)- MMy _

0:0, '

obpazom Pg =
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2. ITycTh 3aKOH COBMECTHOTO pacIpeAC/ICHHUs CIIyYalHbIX BEIMYUH & U 1| 3a1aH
TaOJIULIEN

n 1 2
&
1 1/5 0 1/5
2 0 3/5 3/5
3 1/5 0 1/5
2/5 3/5
[IpoBenéM BbIUKMCIEHUS:
M§=1-l+2-§+3-1=2- M77=1-g+2-§=§-
5 5 5 ’ 5 5 5

M§n=1-1-1+2-2-§+3-1-l=&- Mén—-MEMn=0
5 5 5 57 '
Orcroga caenyer, 4To pz,=0. IIpu 3TOM 04EBUIHO, YTO UMEET MECTO (PYHKIHO-
HaJIbHAsl 3aBUCUMOCTD CITy4ailHOM BEJTUYUHBI 1 OT CIy4ailHOM BEJTUYUHBI .
Koa¢ppunuent xoppensuuu pg, HE MEHIET CBOCH BEIMYMHBI, €CIM BMECTO

CIy4yallHOW BEJTMYUHBI & paccMaTpUBaTh CIyYalHY BeMUUUnY & =E+a unu &,=kE (a
u

k—rnocTrosiHHbIe yncaa, k> 0), Tak Kak pu NEpeMEHE Hadajla KOOPAWHAT WUJIU
IpU U3MEHEHUH MacliTada BEIMYMHBI & HOPMUPOBAHHOE OTKJIOHEHUE HE MEHSETCS.
CkazaHHOE B paBHOI Mepe OTHOCHUTCS U K M.
Bcragka! [Tone3no 3anoMHuTh Popmyty
D(Exn)=DE<+Dn+2cov(E;n)
Ortcrozia ciemyer CBOMCTBO IUCTIEPCUU JJIsl HE3aBUCUMBIX & U N:
D(&An)=Dc+Dn
CaoiicTBa K03QdUIIMEHTa KOPPEISALIUU.
—1<p <1
Ecmu pg=1, To Nn=kE+D, The k u b—xoHcTanThl, £>0.
Ecmm ps=—1, To n= kE+D, e £<0.
. Ecmu n=kE+b, (k20) uma E=km+b;, TO
ps=1 mpu k>0
pe=— 1 mpm £<0.
KoaddunuenT xoppenanun pg, JOCTUraeT CBOUX MPEENIbHbIX 3HaYeHui —1 1 1
B TOM M TOJBKO B TOM Ciydae, €CIM COBMECTHOE paclpeleieHue & u 1 Bce

KOHLIEHTPUPYETCS Ha HEKOTOPOM MPSAMON B IJIOCKOCTH &; M, TO €CThb MEXAY & U M
MMEETCs Takasi JIMHEHHas 3aBUCUMOCTb.

Ec | pgn| <I, TO TakoM JMHEWHOW 3aBMCUMOCTH HET. Bce ke mo mepe
NPpUOJIMKEHUS | pgn| K €JMHUIIE COBMECTHOE pacmpeiesieHue &; N UMeeT TEHACHIUIO
KOHIIGHTPUPOBATHCS BOIHM3U HEKOTOPOW MPSMON JTUHUU U BEITUIUHY | Pén' MOKHO
CYMTATh MEPOH OJIM30CTH K MOJHON JTUHEHHON 3aBUCUMOCTH MEXIY & U 1.

N
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ITpumep. Paccuntaem KO>QOHUUMEHT KOPPEIALUU pPg UL CIydaHHBIX

45

BCJIMYMH ITPH 3aJaHHOM 3aKOHC COBMCCTHOT'O pACIIPCACICHUA

n 1 2 3
g
10 1/36 0 0 1/36
20 2/36 1/36 0 3/36
30 2136 | 2/36 | 2/36 | 6/36
40 1136 | 9/36 | 16/36 | 26/36
6/36 | 12/36 | 18/36
ME=10-L4+20. 3 +30. % 440.20 23583
36 36 36 36
M77=1-£+2-2+3-§;2,3
36 36 36
1 > 3 2> 6
DE=(10-3583)-—+(20-35,83)" - — +(30-3583) - — +
§=(10-3583] - +(20-3583 - >+ (03583
+(40-35,83) 202 5764
36
c:=7,6
6 ) 12 ) 18
Dnp=01-23)7 " +(2-23)7 -~ +(3-23)--"=0556
p=(-23F - 2 42237 24 (3-23) -
G, = 0,746
M(ED)=10-1- L 4201 2 4202 1 +30.1- 2 430.2- 2 +
36 36 36 36 36
2 1 9 16

+30-3-=+40-1-— +40-2-— +40-3-— = 86,94
36 36 36 36

o, = 86,94 —2,3-35,83 =08
= 7,6-0,746 ’

BBeneM noHsTHE KOPPEISILMOHHON 3aBUCUMOCTH MEXY & U 1.

[TycTh 3a1aH 3aKOH COBMECTHOTO paclpeAesieHus ABYX CIyYalHbIX BEIUYUH & U
N (xak B BBIIICTIPUBEACHHOM IIPUMEPE), U YCIOBHOE MATEMATUUYECKOE OKUIAHHE &
MEHSIETCSI B 3aBUCMMOCTH OT 3HaueHus 1. Torma NpPUHATO TOBOPUTH O
KOPPEJSILIMOHHON 3aBUCUMOCTH & OT M. Ecnu ycioBHOE MaTeMaTHUECKOE OXKUAAHUE
§ ecThb nuWHEWHas QYHKIUS OT 1, TO MEXKAy & M 1 WMEeTcs JWHEHHas
KOPPEJSILIMOHHAS CBSI3b UJIM 3aBUCUMOCTb.

Kak mnpaBuno, roBopst O KOPpPEISUUOHHON 3aBUCHMOCTH, HMMEIOT B BHUAY
JMHEWHYIO KOPPEJSIUMOHHYIO 3aBUCUMOCTh. Eciym nmeercs B BHAY HEJIMHEMHAas
KOPPEJSIHOHHAs 3aBUCUMOCTbB, TO 3T0 0C000 OrOBapUBAaIOT.

MoxHO naTh OmpesesieHne KOPPEISLMOHHONW 3aBUCUMOCTU JBYX CIy4YailHBIX
BEJIMUMH & U 1) KaK CBSI3M MEXIy TeHACHUUsAMHU pocTa & u 1. Hampumep, mexnay & u
N CYILIECTBYET MpsiMasi KOPPEJSLUOHHASA 3aBUCUMOCTh, €CIIM C POCTOM & cilydaiiHas
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BEJIMYMHA T MMEET TEHJEHIHUIO BO3pacTarh. (DTO O3HAYaeT, YTO NpHU OOJIbLIUX
3HAUCHUSAX & C OOJIBIIEH BEPOSTHOCTHIO BCTpeUaroTcs Oosbinve 3HaueHus 1m). Ecnm
OonpImIMM 3HaUeHHsIM & i OOJbIIEH BEPOSTHOCTHIO COOTBETCTBYIOT MEHBIIINE
3HAYEHHUSI 1), TO €CTh C POCTOM & CllydaiiHasi BEJIMUMHA 1) UMEET TeHCHIINIO yObIBaTh,
TOBOPSIT, YTO MEXY & U 1 CYLIECTBYET 0OOpaTHAasi KOPPEISUOHHAS 3aBUCUMOCTb.

['myOuna (Mo TECHOTA) KOPPEISIHOHHOM 3aBUCHUMOCTH (WJIM  CBSI3M)
XapakTepusyercs Kod(QQULHUEHTOM pPg,. UYem Ommxe | Pen | k emummne, TeM TecHee
rIIyOrHa KOPPEISIMOHHON 3aBUCUMOCTH.

Yem Onmxe 3aBUCUMOCTbh MEXK]Iy YCJIOBHBIM MaTE€MaTHUYECKUM OXXHJIAHUEM & U
CIIy4aiilHON BEIMYMHOM T K JIMHEHHOU, U YeM TecHee 3Ha4yeHHs & TpYIIUpYIOTCs
OKOJIO  YCJOBHBIX  MAaTE€MaTHYECKUX  OXUJAHUU, TeM Tray0xke  (TecHee)
KOPPEJSLIUOHHAS CBSI3b.

MOXXHO TOBOPUTH O COBMECTHOM paclpelleIeHUU JBYX HEMPEPbIBHBIX
CIIy4ailHbIX BeJTMYMH. B GOJBIIMHCTBE CIy4yaeB BO3MOXKEH MEPEX0]T OT HEMPEPHIBHBIX
CJIy4ailHbIX BEJIMYMH K COBMECTHOMY PaCIpEACIICHUIO JBYX NUCKPETHBIX CIyYalHBIX
BEJIMYUH CJIETYIOITUM 00pa3oM.

HyxHo pa3outh oTpe3ok [a; b] uaMeHeHus cly4ailHOW BEIMYMHBI £ HA paBHBIC
oTpe3ku [co=a; c1]; [c1; c2l; [c2; 3l,. .. [Cn1; €, =D]. 3a 3HaUEHUE CydyallHON BETUYHHBI
& MPUHSATH CEPEANHY KaXKJI0TO OTPE3Ka.

Taxxe HagO MOCTYNUTh CO CIy4ailHOM BENIWYMHOW T, pa30uB ee 00JacTh
3Ha4yeHUul [e; f] Ha paBHBIE OTpe3KU [go =e; g1]; [21; &el.--[gr1; g=f], u npunsB 3a
BO3MOXXKHBIE 3HA4YCHHsI 1] CEpeluHbl OTPe3KOB [g;i; g]. Takum oOpazom MbI
MOJIYYWIIA TUCKPETHBIE CyYalHbIe BETUYUHBI E*={X|; X2; ...X,,} U N*={y1; Vo, ... i},
npUyYeM KaxkJ0i mape (X;; ;) CTaBUTCA B COOTBETCTBHE BEPOSTHOCTD

P/ =P((Eelcii; c)Nmelgii; &)

Takum 00pa3oM MBI IPUAEM K YKE H3yYEHHOMY MaTepuaty.
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Pacnpenenenne 7y .

[Iycth WMeeTcss n HE3aBUCHUMBIX CIyYalHBIX BEIHYUH &, &), ..., &p,
pacIpeneNeHHbIX 110 HOPMaJIbHOMY 3aKOHY C MAaTEMaTUYECKUM OXXUIAHUEM,
PaBHBIM HYJIO, M JTUCIEPCUEH, PABHOM equHHuIE. Toraa cilydanHas BeJIMYHMHA

n
2 .
y? = > & pacrpezneneHa IO 3aKOHY, KOTOPBIM Ha3bIBaeTCs ‘‘pacrlpelesieHue
i=1

2
v~ win “pacnpenenenue Ilupcona”. OueBUAHO, YTO OHA MOYKET NMPUHUMATH

JIMIIb HCOTPUHATCIIbHBIC 3HAYCHMHA. Yuciio n HaA3bIBACTCS YHMCJIOM CTeleHeu

cB00OABI.

[Tpu n > 1 rpaduk MIOTHOCTU pacmpeiesieHus A ()
CIy4YalHOM BEJIMYHUHBI X2 MpeACTaBIsSIET CcO0O0M
KpPHUBYIO, N300paXEHHYIO HA PUCYHKE 1.

I[J'ISI TOrO, YTOOBI OonpcaAcCINTb BCPOATHOCTD

Gy 2 o Puc. 1 X
TMONafaHus CIy4aifHON BEIMYMHBI Y~ B KaKOH-IHO0 - L

IMPOMCIKYTOK H3 MHOXCCTBA ITOJIOKUTCIBbHBIX YHCCII, ITOJIB3YIOTCSA Ta6JII/IH€I>’I

pacrpeieNieHus v’ OO6bIuHO TaKas Tabnuia MO3BOJISIET
gl 0,99 0,975 095 | .. | 0,1 | 0,05 | 001
n
1 0,0°15 | 0,0°98 | 0,039 | ... | 2,71 | 3,84 | 6,63
10 2,56 3,25 394 | .. | 16,0 | 18,3 | 232
Tabauua 1.

Mo BCPOATHOCTH ¢ U II0 HYHUCITY cTerneHeu CBO6OI[BI n  OHIpeACiiTb TakK

o 2 2
Ha3bIBACMbI KBAHTUJIb Xq , €CCJIN q u Xq CBA3aHBI COOTHOIIICHUEM
2 2N
P >xs)=q.

. 2
Ota ¢opMmyna oO3Ha4YaeT: BEPOSATHOCTh TOTO, UTO ClydaiiHas BeJIMYMHA Y
2
IpUMET 3Ha4eHUe, OoJIblIee YeM ONpPEIEICHHOE 3HAUEHHUE ¥, , PaBHA ¢.
. 2
Tabnuna 1 mpencraBisieT coboi ¢GparMeHT TaONULIBI pacHpeaeaeHus y .

o 2
N3 Hero BHUJIHO, YTO CiIydanHas BCJIWMYMHA Y C 10-r0 creneHsaMU CBO6OIH>I C

47
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BEpOATHOCTHIO ¢ = 0,95 npuHuMaeT 3HaueHue, oonbinee 3,94, a Ta ke BeJIMUMHA
C OJTHOM CTENEHBI0 CBOOOIBI ¢ BeposiTHOCTRIO ¢ = 0,975 mpesbimaet 0,00098.

3adaua. Haiitu untepsan (x>, x2°), B

A
p(x) o . 2
KOTOpBbIM cilydaiiHass BennuuHa )~ ¢ 10-ro
CTEIECHIMU CBOOO/IBI MOIa aeT c
BEPOSITHOCTBIO, paBHOM 0,9.
3 > > Pewenue. I'paduk IJIOTHOCTH
X1 X2 X

2
Puc. 2 pactpenenenust ¥~ ¢ 10-t0 creneHamu

CBOOOJBI  CXEMaTUYHO M300paXeH  Ha

pucyske 2. bynem cumtarh, 4TO TUTOMIAAN 3aIITPUXOBAHHBIX obsacTel (mpaBas

o0JlacTh HE OTpaHUYCHA CIIpaBa) paBHBI MEX1y coOoil. [IpumeM ycioBus:
P(y” < y12) =P > 120 = (1 - 0,9)/2 = 0,05, (1)

torma P(yx,” < x> <y.>) =0,9.

PagerctBa (1) cpasy IMO3BOISIOT IO TaOIIHIIE OMPEAEITHTS: o~ = 18,3. s
ONpENENECHUsl JIEBOW TIpPaHULBl HMHTEPECYIOLIEr0 HACc HMHTEpBaJa MPHUIETCS
BOCIIOJIb30BATHCSL OYEBHIHBIM paBeHcTBOM P(x> > y;%) = 0,95. U3 tabmup! 1.
onpenenseM: ;> = 3,94 , u Tereph MOXHO C(OPMYJIHPOBATH OTBET 3aJAUM:
3HAYCHHE CIYYalHOW BENMYMHBI %° C BEPOSTHOCTBIO 0,9 MPHHALICKHT

unrepany (3,94; 18,3).
Pacnpenenenune CTbloneHra.

MHorue 3ana4u CTaTUCTUKYU IIPUBOJAT K CIIy4alHOW BEIMYMHE BUA

£k
-

rae § U M — HE3aBUCUMBIE CIydyalHbIe BEJIMYMHBI, IPUYEM & — HOPMAJBHO

[ =

pacnpeneneHHas ciydaiiHas BenuunHa ¢ napametpamu ME = 0 u DE =1, a
2
pacripeziesieHa 1o 3aKoHy ¥~ ¢ k CTeNeHsIMU CBOOO/IbI.
3aKkOH pacrpeneneHusl Cly4ailHOM BEIWYUHBI [ HA3bIBAETCA 3aKOHOM

pacnpeneaennsi CTbroieHTa C k CTENIEHSIMU CBOOO/IHI.
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['paduk mIOTHOCTH pacnpeAeneHus s

+ p(x)
3akoHa CTBIOJICHTAa CXEMATUYECKU M300pakeH Ha
pucynke 3. KpuBas mIoTHOCTH pacnpeieseHHs
CX0’Ka C aHAJIOTUYHOM KPUBOM IS HOPMAJIbHOTO
acpeneICHUs. X
pactpea Puc. 3.

Tabmuuper  pacnpenenenuss  CTploaeHTa
NO3BOJIAIOT IIPU JAaHHOM 4YHUCJIE CTENEHEW CBOOOJABI k IO BEPOSITHOCTU ¢
OIIPEACIINTh 3HAYCHUE {;, JJIsI KOTOPOTO BBINIOJIHACTCSI COOTHOIIECHUE P(jt| > ly) =

q. parMeHT Tako TabaUIIBI TPEACTABIISIET COOOM Tabuia 2.

q 0,1 0,05 0,01 0,005
k
1 6,314 12,71 63,57 318
12 1,782 2,179 3,055 3,428
Tabmura 2

3aoaua. HaWThu CUMMETpUYHBIA MHTEpPBaJ, B KOTOPBIM clydaiiHas
BEJIMUMHA, pacmpeneneHHas 1o 3akoHy CreioieHTa ¢ 12-10 CTeneHsIMU
CBO0O/IbI, MOMaaeT BEpOsATHOCTHIO 0,9.

Pewenue. OueBUIHBI COOTHOIICHUS:
Px<t<x)=P(t|] <x)=1-P(|t| 2x) =0,9.
W3 nocienHero paBeHCTBa CICIYET:
P(f|zx)=0,1, (n =12).

Omnpenensiem u3 tadnunbsl: x = 1,782. Hectporoe HepaBeHCTBO B CKOOKax B
JEBOM 4acTH mocieAHed (QopMyibl HaC HE JOJDKHO CMYIIATh, TaK KaK Mbl
MMEEM JIEJIO C HENPEPBIBHON CIy4YalHOM BEJIMYMHOM, U BEPOSATHOCTH TOI'O, YTO

OHa MMPHUMCT KOHKPCTHOC 3HAUYCHHUC, PaBHA HYJIIO.
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3aoaua. Haitu 3Hauenue x u3 ycinoBus P(t > x) = 0,995 , rme t —

clly4yailHash BeJIMYMHA, pacnpeneseHHas 1o 3akoHy CrerogeHta ¢ 12-10

CTCIICHAMMU CBO6OI[I>I.

X

A

p(x) Pewenue. Ha pucynke 4 wu3o0paxeH
rpaduk mIoTHoCcTH pacnpeneneHus: CTbroJeHTa ¢
12-10 crenenssmu cB0OOIBI. BeposTtHocTh TOTO,

» YTO cnyqaﬁHaﬂ BCIMYMHA IPHUMCT 3HAYCHHUC U3

1
Puc. 4. obmacTtu cmpaBa OT TOYkH x; paBHa 0,995

CJICAO0BATCIIbHO B 00/1aCTh JI€BEE PTOM TOYKHU cnyqaﬁHaﬂ BCJIIMYMHA IIOIIagacT C

BeposaTHOcThi0 0,005. YToObl HailTH X;, pacCMOTPUM JBE CHUMMETPUYHbBIE

obimactv, UW300pak€HHbIE Ha  PUCYHKE 5. A p(x)

JlomycTM, 9TO B KaXJOW U3 ITHX oOO0JacTei

3HA4YCHHC cnyqaﬁHoﬁ BCIMYMHBI OKa3bIBACTCA C

»
'

BeposTHOCThIO 0,005. Torma momydaem: x;= — X,

X
X, = X, MPUYEM X OIpEIeNAeTCS U3 YCIOBUSA ' Puc. 5.

Ay

X

P(Jt| > x) = 0,01. U3 Tabmumpt 2 HaxoguMm: x = 3,055. Teneps MOXKHO BBITIUCATH

OTBCT 3aJJa4Mu:

P(t>-3,055) = 0,995.

Pacnpenenenue @uiepa.

Baxxnrnie MMPUIIOKCHUA NMECT B CTATHUCTUKC CJ'Iy‘-IElfIH&H BCJINYHWHA

<
n kn
k,

. 2
rae & — ciydaiiHas BEJIMUMHA, paclpesieiieHHast 1Mo 3aKOHY ¥~ ¢ k| CTENeHAMH

. 2
CBOOOJIbI, a M — cllydailHas BeJIMYMHA, pacIpeiesieHHas MO 3aKOoHy %~ ¢ k

CTEIEeHsIMU CBOOOIBI.

CnyuaiiHas BenuuuHa [ pachnpeneneHa MO 3aKOHY,

Ha3bIBACMOMY

3aKOHOM pacmpenencHuss dumepa ¢ k; u k, creneHsmu cBoOonbl. [lpu
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3aIaHHBIX 4YMCIIaX k; U k, M TO BEPOATHOCTH ¢ MO TaOIMIE OIpeeseTcs
3HayeHue F, Takoe, 4To

P(F>F,)=q.

OObIYHO TAONMUIBI COCTABJSIOTCS A 3HaueHUU ¢, paBHbIX 0,05 win

0,01, a wHOrma Mg OOOMX O3TUX 3Ha4eHWH. DparMeHT Takoi TaOIHIIbI
npecTaBiseT coboit Tabnuma 3.

ki 1 10 20
ks
1 161,4 241,9 248
647,8 6056 6209
10 4,96 2,97 2,77
10,04 4,85 4,41
Tabauua 3.

B sT0# Tabnuie B BepXHEW 4acTU KaKAOH KJIETKU JaeTcsl 3Ha4eHue I
npu g = 0,05, a B HIxHel yactu — npu g = 0,01.
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MaremaTu4yeckasi CTATUCTHKA.

OcHOBHOM 3amauell MaTeMaTU4YEeCKON CTAaTUCTUKH SIBJISIETCS pa3paboTKa
METOJIOB MOJIY4YECHHsI HAyYHO 0OOCHOBAHHBIX BBHIBOJIOB O MACCOBBIX SIBICHUSX U
npoieccax M3 JIaHHBIX HAOMIOACHUM U DKCIEPUMEHTOB. OTH BBIBOABI H
3aKJIIOYEHUSI OTHOCATCS HE K OTACIBHBIM HCIBITAHUSAM, W3 TIOBTOPEHHUS
KOTOPBIX CKJIaJbIBACTCS JIaHHOE MAacCOBOE SIBJICHUE, a IMPEJCTaBISAIOT COOOi
yTBEpXACHHS 00 OOIIMX BEPOSTHOCTHBIX XapaKTEpPUCTUKAX JaHHOTO Mpoliecca,
TO €CTb O BEPOSTHOCTAX, 3aKOHAX pACHpPEACIICHUS, MaTEMaTHYECKUX
OKUJAHUSX, TUCHEpCcUsiX U T. A. Takoe ucmnonb3oBaHue (HAKTUUECKUX TAHHBIX
KaK pa3 U SIBJISETCS OTIUYUTEIIbHON YEPTOM CTAaTUCTUYECKOTO METOAA.

[Iyctb MBI pacrmosnaraeM — CBEACHMSIMH  (OOBIYHO  JTOBOJIBHO
OTrpaHUYEHHBIMU), HAIIPUMED, O YUCIIE ACPEKTHBIX U3/IeTUI B U3TOTOBIICHHOM B
ONPEJEICHHBIX YCIOBHSX MNPOAYKUMHM WM O pe3yjbTaTaXx MCIbITAHHUM
MarepuaioB Ha paspyumieHue v T. 1. CoOpaHHble HaMu JaHHBIE MOTYT
IPEJICTaBIIATh HEMOCPECTBEHHBIN MHTEPEC B CMBICIE HH(OpPMAIIHN O KauyecTBe
TOW UM UHOW MapTUH NPOAYKIUHU. CTaTUCTUYECKUE K€ MPOOJIEMbl BOSHUKAIOT
TOTJa, KOrjla Mbl HA OCHOBE TOM k€ MH(pOpMallMd HAauYWHAEM JIeJaTh BBIBOJbI
OTHOCUTENLHO 00Jiee HIMPOKOro Kpyra siBjeHud. Tak Hampumep Hac MOXET
MHTEpPECOBAaTh KaYECTBO TEXHOJIOTUYECKOIO IIPOLECCA, JJI YEr0 Mbl OLIEHUBAEM
BEPOSITHOCTh MOJYYEHUS] B HEM JAEPEKTHOrO0 W3ACNUs WIA CPEAHIO0
JOJITOBEYHOCTh M37enusa. B »ToM ciydyae MBI paccMaTpuBaeM COOpaHHBIN
Marepuanl He pagud €ro caMoro, a JIMilb KaK HEKyI MPOOHYI0 TPYIIy WIH
BBIOOPKY, TPEACTABIAIONIYI0 TOJIBKO CEPUU U3 BO3MOXKHBIX PE3yIbTaTOB,
KOTOpPbIE Mbl MOTJIM Obl BCTPETUTH MPHU MPOJOJKEHUN HAOIIOACHUN MaccOBOTO
mpolecca B JaHHOW oOcTaHoBKe. BBIBOOBI M OIEHKHM, OCHOBAHHBIE Ha
Marepuajie HaOJIOJICHUHN, OTPa)KaloT CIy4alWHBIA COCTaB MPOOHOM TPyHIbl U
MO3TOMY  CUMTAIOTCA  NPUOJIU3UTENbHBIMU  OLEHKAMH  BEPOSITHOCTHOTO
xapakTepa. Bo MHOruX ciyyasix TeopHsi yKa3blBaeT, KaK HAWIY4YlIUM CIIOCOOOM
UCIIOJIb30BaTh MMEIONIYIOCS MH(OPMALMIO IS MOJYYEHHUS MO BO3MOKHOCTHU
0oJiee TOYHBIX W HAJAEKHBIX XapaKTEPUCTUK, YKa3blBask MPHU ITOM CTENEHb

HaJIe’)KHOCTH BBIBOJOB, OOBSCHSIIONIYIOCS OTPAHUYEHHOCTBIO 3aMaca CBeICHUM.
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B MaremMartnueckod CTaTUCTUKE pAaCCMATpUBAIOTCS JIBE OCHOBHBIE
KAaTeropuu 3aJad: OLUECHHWBAaHUE M CTAaTHCTHYECKas IpoBepka rumores. [lepas
3a/1a4a pasleNseTcsl Ha TOYEYHOE OLECHHMBAHME W WHTEPBAIBHOE OLCHHBAHUE
napaMmeTpoB pacnpenenenus. Hampumep MoXeT BO3HUKHYTh HEOOXOAMMOCTH
10 HaOJIIOJICHUSIM TOJIYYUTh TOUYeUYHbIE OolleHKH mapameTrpoB ME u D& Ecnum
MBl XOTHM IIOJyYUTb HEKOTOPBIM MHTEPBAN, C TOW WM HHOU CTEIEHBIO
JIOCTOBEPHOCTH COJIEpIKAILUM MCTUHHOE 3HAYEHHUE IapaMeTpa, TO 3TO 3ajaya
WHTEPBAJIbHOIO OLICHUBAHUS.

Bropas 3agmaua — mpoBepka TUIIOTE3 — 3aKIIOYAeTCd B TOM, YTO MBI
JIeJIaéM  TPEIINOJIOKEHUE O PACIPEACICHUM BEPOATHOCTEW  CIy4anlHOU
BEJIMYMHBI (HampUMeEp, O 3HAYEHUHM OJIHOTO WJIM HECKOJbKUX MapamMeTpoB
GYHKIUU pacmpesiesieHus]) U PelIaeM, COTJIACyIOTCsS M B HEKOTOPOM CMBICTE

9TH 3HAYCHUS MMapaMETPOB C MOJTYYECHHBIMH pe3yJibTaTaMu HaOJI0ICHUH.
Bb10opouHBbIil MeTO.

IIyctb HaM HYXKHO 00cC/I€OBaTh KOJWYECTBEHHBIM IMPU3HAK B MAPTUU
AK3EMIUISIPOB HEKOTOPOro ToBapa. IIpoBepky mapTuu MOXHO IPOBOJIUTH JABYMSI
croco0aMu:

1) mpoBecTH CIJIOIHON KOHTPOJIb BCEW MApTUH;

2) NpOBECTU KOHTPOJIb TOJIBKO YACTH MAPTHUH.

[lepBrIii cmoco0® HE Bceraa OCYIIECTBHM, HampuMep, M3—3a OOJBIIOTOo
yycia SK3EMIULIPOB B NApTHUH, HU3—3a JOPOTOBU3HBI IPOBENEHHUS OIEpaluu
KOHTpPOJII, M3—3a TOTO, YTO KOHTPOJb CBSI3aH C Pa3pyLICHUEM OHK3EMIUIIpa
(mpoBepKa 3JIEKTPOJIaMIIbl Ha JOJITOBEYHOCTD €€ paboThl).

[Ipu BTOpOM cmoOcoOE€ MHOMKECTBO CIy4yailHBIM 0Opa3oM OTOOpaHHBIX
00OBEKTOB Ha3bIBACTCS BHIOOPOYHON COBOKYNMHOCTBLIO WM BbIOOpKOM. Bce
MHOKECTBO OOBEKTOB, M3 KOTOPOTO IPOU3BOJIUTCS BHIOOPKA, HA3BIBACTCS
reHepajJbHOH COBOKYNHOCTBbIO. YuCio OOBEKTOB B BBIOOPKE Ha3bIBAECTCS
o0bemMoM BbIOOpKH. OObIUHO OyaeM cyuTaTh, 4TO OOBEM TEHEPATBHOM
COBOKYITHOCTH OECKOHEYEH.

Boibopku  pazgensiorcs Ha NOBTOPHBbIe (C  BO3BpalleHHEM) U

OecnoBTOpHBIE (0€3 BO3BpAIICHHUS ).
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OOGBIYHO OCYIIECTBIISIIOTCST OECIIOBTOPHBIE BBIOOPKH, HO Ojaroaaps
OonpiioMy (OECKOHEUHOMY) 00bEMY T€HEepajJbHOW COBOKYMHOCTH BEIYTCS
pacyeThl U JeNat0TCs BBIBOIbI, CIIPABEIIIUBBIE JIUIIb ISl TOBTOPHBIX BHIOOPOK.

Bribopka momKHA JOCTaTOYHO TIOJHO OTpPakaTb OCOOCHHOCTH BCEX
00BEKTOB I'€HEpPaJIbHON COBOKYIHOCTH, MHA4Y€ TOBOPS, BEIOOpKA JOJKHA OBITH
penpe3eHTaTUBHOM (IIPEICTABUTENBHOM).

Bri6opku pazaugarorcs mo cnocody otToopa.

1. IIpocroii cimyuaiiHblii 0TOOP.

Bce anemMeHThl reHepaibHOi COBOKYIMHOCTH HYMEPYIOTCS U U3 TaOIMIIbI
CIIy4allHBIX dYwuceNl OepyT, Hampumep, MOCIeAOBATEIHHOCTh JIOOBIX 30-TH
UIAYIIUX TMOAPSAJ YHUCEN. ODJEMEHThl C BBINABIIUMU HOMEPAMHU WU BXOJAT B
BBEIOOPKY.

2. Tunuyeckuit oTOOP.

Takoit oTOOp MPOW3BBOAUTCS B TOM Clydae, €CIId TEHEPaIbHYIO
COBOKYMHOCTb MOXXHO TIPEACTaBUTh B BHJI€ OOBEIUHEHHUS MOJMHOMKECTB,
OOBEKTHl KOTOPHIX OJHOPOJHBI TIO KaKOMy—TO TMpHU3HAKY, XOTSA BCS
COBOKYMHOCTb TAaKOW OJHOPOJHOCTH HE HMMEET (MapTusi TOBapa COCTOUT U3
HECKOJIKMX TPYII, MPOU3BEACHHBIX HAa pa3HbIX Opeanpustusx). Torma mo
Ka)XJIOMY TOJIMHOKECTBY MPOBOST MPOCTON CIIydalHBI OTOOp, U B BBIOOPKY
OOBEUHSIOTCS BCE TTOJTYICHHBIE OOBEKTHI.

3. Mexanuueckuii otoop.

OTOuparoT KaxXIbIi JBAAIATHIA (COTHIN) HK3EMILIAP.

4. CepuiiHblii 0TOOD.

B BbIOOpKY mOAOHMpAIOTCS 3K3EMIUIAPHI, MPOU3BEACHHBIE HA KaKOM—TO
ITPOU3BOJICTBE B OINPEIECIICHHBIN POMEKYTOK BPEMEHH.

B nanabHeiimieM mox TreHepabHOW COBOKYNHOCTHIO MbI OyaeM
noApa3symMeBaTb He CaMO MHOKECTBO 00BEKTOB, 4 MHOKeCTBO 3HAYECHHMH
CJIy4YaHOW BEJUYHUHbI, IPUMHUMAKOLICH YUCJI0BOE 3HAYCHHE HA KAKIOM M3
00beKTOB. B JEHCTBUTENBLHOCTH I'€HEPATIBLHOW COBOKYITHOCTH KaK MHOYKECTBA
00BEKTOB MOXKET W HE CyIIecTBOBaTh. HampuMep MMeEeT CMBICT TOBOPUTH O
MHOXKECTBE JETaj€d, KOTOPhIE MOKHO IPOU3BECTH, WCIOJIb3YS JTaHHBIN
TEXHOJIOTUYECKHM  mpouecc. VMcmnomp3yss  KakMe—TO  U3BECTHBIE  HaM

XapaKTCPUCTUKNU AAHHOI'O IIPOLeCCa, Mbl MOXKCM OLCHHMBATH IIapaMCTPLI 3TOTO
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HECYIIECTBYIOIIET0 MHOXKECTBA Jeraneil. Pasmep neranm — 31O ciydaiiHas
BEJIMYMHA, 3HAYEHUE KOTOPOM ONpenessieTcs BO3JCHCTBUEM MHOMKECTBA
(akTOpOB, COCTABJISAIOUIMX TEXHOJIOTMUECKUH npouecc. Hac, Hanmpumep, MoxkeT
MHTEPECOBATh BEPOSITHOCTb, C KOTOPOM 3Ta CiydaiiHas BEIMYHMHA MPUHUMAET
3HAYCHHE, NTPUHAUICKAIEE HEKOTOPOMY MHTepBaidy. Ha 3TOT BOnmpoc MOXKHO
OTBETUTD, 3HAs 3aKOH PACHPEACIICHUS dTOU CIy4alHOM BEJIMYMHBI, a4 TAKKE €€
napaMmeTpsbl, Takue kak ME u DE.

WNrak, oOTBiIEKaschb OT TMOHATUSA T'€HEPAJIbHOW COBOKYIHOCTH KakK
MHOJKECTBA OOBEKTOB, OO0JAJAIOIIMX HEKOTOPhIM IPHU3HAKOM, Oyaem
paccMaTpuBaTh T€HEPAJbHYI) COBOKYIIHOCTh KakK CIy4YalHYH BEJIMYHHY C,
3aKOH pACHPENEIEHUs M MapaMeTpbl KOTOPOW OINPENENSIIOTCA C IOMOIIBIO
BBIOOPOYHOI0 METO/IA.

PaccMoTpuM  BBIOOpKY 00beMa N, MPEACTABISIIOLIYIO  JIaHHYIO
reHEepalbHYI0 COBOKYNMHOCTh. IlepBoe BbIOOpOUHOE 3HaueHHEe X; Oyaem
paccMaTpuBaTh Kak pealu3alyio, Kak OJHO W3 BO3MOXHBIX 3HAYCHUH
CIIy4aiiHOM BEIMYUHBI §;, UMEIOIIEH TOT K€ 3aKOH PacIpeieNieHUs] C TEMHU XKe
napaMeTpamu, 4To U ciydyaiiHas BenuunHa &. Bropoe BIOOpOUHOE 3HaUYEHUE X
— OJTHO M3 BO3MOXKHBIX 3HAUCHMH CITy4yallHOM BETMYHMHBI &) C TEM K€ 3aKOHOM
pacopenieneHts], 4To U ciydaiiHa BeiauunHa &. To jke caMoe MOYKHO CKa3aTb O
3HAYCHHUSX X3, Xdy.evs Xn -

Takum o0pa3om Ha BBIOOPKY OyJaeM CMOTPeTh KaK HA COBOKYIHOCTh
He3aBHCHMBIX CJYYaWHBIX BeJMYHH &1, &, ..., n, PacnpeesieHHbIX TAK ke,
KaK M ciaydailHas BeJqM4uHa ¢, TNPEACTABJIAIONIAA TeHEePAIbHYIO
COBOKYNHOCTb. BbIOOpOYHBIC 3HAYEHHMSA X, X3, ..., Xn — 3TO 3HAYeHMH,
KOTOPpbI€ NPUHAIH ITH CJIy4YaliHble BeJIUYUHBI B pe3yabrare 1-ro, 2-ro, ...,

N-ro 3KCepuMeHTa.

BapuauuoHHbIil psia.
ITycTh i1t 00BEKTOB reHepaIbHONW COBOKYITHOCTHU OIPEICNIeH HEKOTOPBIT
MPU3HAK WA YUCIOBasl XapaKTEPUCTUKA, KOTOPYIO MOKHO 3aMepUTh (pa3mep
ACTalIn, YACIIbHOC KOJUMYCCTBO HUTPATOB B AbIHC, IIYM pa6OTI>I ,Z[BI/IFaTCJ'ISI).

Ota XapakTepHCTHKa — Ciy4aiiHas BEIUYMHA &, MPUHUMAIOIIAs HAa KaXIIOM
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00BeKTe OIIpEACIICHHOC YHCIIOBOC 3HAUCHHC. N3 BI>I60pKI/I o0Bema N nojrydacm

3HAYEHMS 3TOU CIIy4YalHOM BEJIIMYUHBI B BUJIE PsAla U3 N YHUCEN:
X1, X2,00e5 Xn- (*)

DT 9uCa Ha3bIBAIOTCS 3HAYCHUSMHU MTPU3HAKA.

Cpenu uucen psga (*) Moryt ObITh OJIMHAKOBBIC 4yucia. Eciau 3HaueHuUs
MPU3HAKA YHIOPSIOYUTh, TO €CTh PACIOJIOXKUTH B TMOPSIKE BO3PACTAHUS WIIH
yObIBaHUSI, HAMMCAB KaXXJI0€ 3HAUCHHWE JIUIIb OJWH pa3, a 3aTeM MO KaXIbIM
3HAUYCHHEM X, TMPU3HAKA HAMUCaTh YHUCJIO M, TOKAa3bIBAIOIIEE CKOJBKO pa3

JTAHHOE 3HAYeHUE BCcTpedaeTcs B psay (*):

Xi | X | X5 | oo | X
my | my | my | ... | m
TO IOJIYUHUTCH Ta6n1/1ua, Ha3bIBaACMas I[I/ICerTHLIM Bapl/IaIII/IOHHbIM pﬂIlOM.

Yuco My Ha3bIBaeTCs YacTOTOM I-r0 3HAYCHHMSI TPU3HAKA.
OueBugHO, 9TO X; B psiay (*) MOXKET HE COBIAIAThH C X; B BAPUAIMOHHOM

pAaAny. O‘IGBI/I,Z[Ha TAaKKC CIPAaBCIJIMBOCTb PAaBCHCTBA

Zmzn.

i=l1

Ecnu mpoMexyTok MeXay HauMEHBIIMM W HAauOOJBIINM 3HAYCHUSMU
IpU3HaKa B BHIOOPKE Pa30MTh HAa HECKOJBKO MHTEPBAJIOB OJMHAKOBOU JJIMHBI,
KQKJIOMY UHTEPBAIY MMOCTABUTHh B COOTBETCTBUE YMCIIO BHIOOPOUHBIX 3HAUYCHHIMA
NpU3HaKa, TMOMABIIMX B O3TOT MHTEPBa], TO TMOJYYUM HHTEPBAJIbHBIH
BaAPUALMOHHBIN paa. Eciy npu3Hak MOXET MPUHUMATH JTIFOOBIC 3HAYCHUS U3
HEKOTOPOr0 TMPOMEXYTKAa, TO €CTh SBIAETCS HENPEPHIBHOW CilydailHOM
BEITUIMHOM, MPUXOJAUTCS BEIOOPKY IIPEICTABISTH HMEHHO TaKUM psoM. Eciu B
BapUALlUOHHOM HWHTEPBAJIBLHOM POy KaXAbld HMHTEpPBaN [Ol; Oli+1) 3aMEHHTD
JSKAIUM B €r0 CepeArHe YHCIOM (Oi+Qls+1)/2, TO TOJYYHUM JTUCKPETHBIN
BapualMOHHBIN psan. Takas 3amMeHa BHOJHE €CTECTBEHHA, TaK KakK, HalpuMep,
IIpU U3MEPEHUU pa3Mepa AETalu C TOYHOCTHIO JO OJTHOO MUJUIMMETpPa BCEM
pa3mepaMm u3 nmpomexytka [49,5; 50,5), OyAaeT COOTBETCTBOBATh OJHO YMCIIO,

paBHoe 50.
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TouyeyHble OLIEHKHU MMAPAMETPOB I'eHePAJIbHON COBOKYITHOCTH.

Bo MHorux ciaydasx Mbl pacrnojaraeM HH(opmanueil o BUAE 3aKOHA
pacrnpeneneHuss Ciay4dailHOW BeJIMYMHBI (HOPMAaJbHBIM, OCpHYIITUEBCKUA,
PaBHOMEPHBIN U T. I1.), HO HE 3HAEM IIapaMETPOB ITOTO PACIPEIEIICHUS, TAKUX
kak ME, DE. [lng ompezeneHus 3TUX MapaMEeTPOB NMPUMEHSETCS BHIOOPOUHBIN
METO/.

[Tycte BbIOOpKA OOBEMa N MpeAcTaBlieHa B BHUJAE BapHAIIMOHHOTO psija.

Ha3zoBeM BbIOOPOYHOM CpeHell BEINYNHY

x = XM F 6T, F... %+ X [Tk =x1ﬂ+x2ﬁ+...+ﬁ

n n n n

m

Bennuuna @;=— Ha3bIBACTC: OTHOCHUTEJIbHON YaCTOTOM 3HAYCHUS ITPpU3HAKA
n

X;. Ecnu 3HaueHus nmpu3Haka, Mojy4yeHHbIE U3 BEIOOPKHU HE IPYNIIMPOBATh U HE
MPEICTABISITH B BUJIC BAPUAIIMOHHOTO PSJia, TO JJIS BBIYMUCIICHUS BHIOOPOYHOM
CpeIHEH HyHO MOJIb30BaATHCS (HOPMYIIOH

2%

1
X=—
N5

EcTecTBEHHO cuMTaTh BEIMYMHY X BBIOOPOYHOM OLIEHKOM mHapamerpa
ME. BeibopouHasi oIeHKa MapameTpa, MpelacTaBisionas co0ol dYucio,
HAa3bIBACTCSA TOYECYHOM OLIEHKOM.

Bri6opounyto nucnepcuto

n

7 =3 5 =Xy =13 (<)

i i=1

MOXHO CUMTaTh TOYEYHOW oOIeHKoW jucnepcun DE  reHepasibHOM
COBOKYITHOCTH.

[IpuBenem ermie oUH NMpUMeEp TOYEUHOU OleHKH. [IyCcTh Kaxaplii 0OBEKT
FEHEPAIIBHOM COBOKYIIHOCTH XapaKTEPU3YETCA JABYMs KOJHMYECTBEHHBIMHU
npusHakamu X u Y. Hanmpumep geranb MOXKET MMETh JIBa pa3Mepa — JJIMHY U
WUpUHY. MOXHO B pa3jIMUYHBIX PAlOHAX W3MEPSTh KOHIIEHTPALMIO BPEIHBIX
BEIIECTB B BO3AyXe U (PUKCUPOBATh KOJUYECTBO JIETOYHBIX 3a00JICBAHUM

HacejleHuss B Mecsl. MOXKHO 4epe3 paBHbIE MPOMEKYTKH BpPEMEHHU

57



Jlexkmusa 11.

COMOCTAaBIIATh JOXOAHOCTh aKIUK JaHHOW KOPIHOpAalMUd C KaKUM-JTu00
MHJIEKCOM, XapaKTEPU3YIOIIUM CPEIHIOI JOXOJHOCTh BCEro phIHKA akiuii. B
TOM cllyyae TeHepajibHasg COBOKYIHOCTh MPEJCTaBIAECT COOOW JIBYMEPHYIO
CIIy4JailHyIO BEIMUHHY &, 1. JTa Cily4yaiiHas BeIMYMHA IPUHUMACT 3HAYCHUS X, Y
HAa MHOXECTBE OOBEKTOB T€HEpaIbHOW COBOKynmHOCTH. He 3Has 3akoHa
COBMECTHOTO paCHpeNeNieHNUs CIyYalHBIX BEIMYUH & W 1), MBI HE MOXEM
rOBOPUTh O HAIMYUM WM TIIyOMHE KOPPENSLMOHHOW CBSI3U MEXIY HHUMH,
OJTHAKO HEKOTOPHIE BHIBOJIBI MOKHO CJIEaTh, HCTIONIB3YSI BHIOOPOYHBIA METO/I.
Bri0opky o0beMa N B 3TOM cCily4yae IpEACTaBUM B BHUZAE TaOJHUIIbI, TIe

I-TBIit oTOOpaHHBI 00BeKT (1= 1,2,...N) MpeaCcTaBIIeH Napoi Yuces X;, Y; :

Yi ‘ Y2 ‘ ‘ Yn
Br16opounblil K03 PHUIIMEHT KOPPETALUN PACCUUTHIBACTCA MO (hopMyIie
Xy
oy =
04Oy
3nech
e ;1Y i
Xyznzxiyi » Ox =10y = nZ(XI _X) ’
i=1 i

1 n
O-yz Gyzz nZ_I:(yi_Y)

Bri6opounblii k03¢ (PUIMEHT KOppeNsiiui MOXKHO paccMaTpuUBaTh Kak
TOYEYHYIO OLEHKY KO3(GdHULMEHTa KOPPEISLUU g, XaAPAKTEPU3YIOLIETO
I'€HEpaAJIbHYO0 COBOKYITHOCTb.

Bpi6opouHbie apamMeTpsl X, Sy, Iy, WM JIHOObIE APyrue 3aBUCST OT TOrO,
KaKhe 00bEeKThl TeHEpaIbHONW COBOKYITHOCTH MOMAIN B BBIOOPKY U pa3InyaroTcs
OT BbIOOpPKM K BbIOOpKEe. Ilo3TOMYy OHM camMu SBISIOTCS CIIydallHBIMHU

BCIMYMHAMM.
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[Tyctb BBIOOpPOUHBIN TMapaMeTp O paccMaTpuBaeTcs Kak BbIOOpOYHas
OIICHKa mapaMeTrpa A TeHepaJibHOW COBOKYMHOCTH W MPU 3TOM BBIOIHSIETCS

PaBEHCTBO
Mo =A.

Taxast BBIOOpOYHAs OLIEHKa Ha3bIBAECTCSA HECMeLeHHOIA.

Jlis  mokas3aTenbCcTBa HECMEHMIEHHOCTH HEKOTOPBIX TOUYEYHBIX OIICHOK
OyneM paccMmaTtpuBaTh BBIOOPKY 00beMa N Kak CUCTEMy N HE3aBUCUMBIX
CIIy9allHbIX BENUYHH &j, &p,... &n , KAXKAAA U3 KOTOPHIX MMEET TOT K€ 3aKOH
pacmpeneneHuss ¢ TEMHU JK€ MapaMeTpaMu, YTO M ciay4yaiiHas BenuuuHa &,
NPEJCTaBIAIONIas TEeHEpPaJIbHYI0 COBOKYMHOCTh. [lpm Takom momxone
CTaHOBSITCS OYEBHIHBIMH paBeHCTBA: Mx; = M&; =ME;
Dx = D¢&; =D& nmns Bcex k=1,2,...n.

Tenmepp MOXHO TmMOKa3aTh, YTO BBIOOpOUYHAs cCpeaHssi X  €cTb
HECMEIICHHAs OIICHKA CPeAHEH T'eHepajbHOW COBOKYITHOCTH WJIHM , YTO TO XK€

caMoO€, MaTeMaTUYECKOTO 0KUIaHNS NHTEPECYIOIIEN HAC CIIy4YalHOM BEJIMYMHBI

1

X + X, + ot X, =1(M§1 +ME +...+ ME ) =—nNME = ME.
n n

n

Mx =M

BriBenem dopmyiy 11t iucriepcui BBIOOPOUHON CpeTHEH:

X+ X ..t X,
Dx=D" "2 12(D§1+D§2+ +D¢, )= inD§=%.
n n n n

Haiinem tenepp, ueMy paBHO MAaTeMaTHUYECKOE OXUAAHHE BBIOOPOUHOM

mucrepenn 6 2. CHavalta IpeobpasyeM G ° ClIeIyIoIIM 06pa3oM:

Zn:x, x)’ :]zf:x,—M5+M§—X)2=

L3 (- M 205 - MY~ M)+ (x- M-
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=13 - M) - (x- Mef

i=l

3,Z[CCI> HCIIOJIB30BaHO HpCO6p330BaHI/Ie:

3 2(x - MENx— M&)=2(x - ME)Y. (x - M£)=

=2(x - Mg)(im - Zn:MéJ =2(x = M&Ynx — nME) = 2n(x - M&)’

i=1

2
Tenepb, HCIIOJIb3Ys IIOJIYUCHHOC BBLIIIC BBIPAKCHUC JIA BCIIMYWUHBI O ,

HaWAEM €€ MaTeMaTHYECKOE OKHUIAHHE.

Mo = M[;i(& ME) — (- M)

i=1

:]ZH:M x —M&) (x—M§)2:;nD§—Dx:
i=1

-pg-2s-"lpe,

Tak kak Mo’ # D&, BbIGOpOYHAsE JHMCHEPCHsi He SIBJsIeTCS

HECMEIICHHOM OLCHKOU TUCIIEPCUU IeHEPATIbHON COBOKYITHOCTH.
UtoObl MOMYYUTh HECMEHIEHHYIO0 OIEHKY JAUCIEPCUH TIeHepaIbHOU

n
COBOKYITHOCTH, HYKHO YMHOXHTh BBIOOPOUHYIO AucHepcuto Ha ——. Toraa

n . .
MOJIYUYHTCA BCIMINHA 32 = 102 , Ha3bIBa€Masi HCHIPABJICHHOHU BLIﬁOpO‘IHOI/I
n-—

AMCIepCHe.
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IIycTs MMeeTcCsl psil HECMEIICHHBIX TOYEYHBIX OLIEHOK OJHOTO U TOTO K€
[IapaMeTpa IeHEPAIIbHOW COBOKYITHOCTH. Ta OLIEHKA, KOTOpasi UMEET HAaUMEHb-
LIYO0 JUCTIEPCUIO Ha3bIBaeTCS 3(P(PEKTUBHOM.

[Tommyuennas u3 BbIOOpKH oOBeMa N ToueyHas OLEHKa Op mapamerpa A
IeHEPAJIBHOM COBOKYITHOCTH HAa3bIBACTCS COCTOATEIBHOM, €CIIM OHA CXOIUTCS
10 BEPOSITHOCTU K A. DTO 03HAYAET, YTO JJIS JTFOOBIX MOJOKUTEIBHBIX YUCEN & U
Yy HaUAETCs TaKoe 4Yucio N, , 4TO JJId BCEX YHUCEN N, YAOBIETBOPSAIOIIUX
HEPABEHCTBY N > N, BEIIOIHSACTCS YCIOBHE PQ&n - A\ < 3) >1-y.

X U S’ ABIAIOTCA HECMENIEHHBIMH, COCTOSATENEHBIMU H 3)()EKTHBHEIMH

ouieHkamu BennyuH M&u D&
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NHTepBajibHbIC OLIEHKH.

Toueunbie OIIEHKH MapaMeTPOB T€HEPATbHON COBOKYMHOCTH MOTYT OBIThH
INPUHATBL B KA4E€CTBE OPUEHTHPOBOYHBIX, II€PBOHAYAIBHBIX PE3YyJbTATOB
00paboOTKK BBIOOPOUYHBIX MaHHBIX. VX HETOCTATOK 3aKIIOYAETCS B TOM, YTO
HEU3BECTHO, C KAKOW TOYHOCTBIO OlleHUBaeTcs napamerp. Eciu s BBIOOpOK
00bIIOT0 00BEMa TOYHOCTH OOBIYHO OBIBAET JOCTATOYHON (MpPU YCIOBHUH
HECMEIIEHHOCTH, 3(PQPEKTUBHOCTH M COCTOSITEJBHOCTH OIEHOK), TO IS
BBIOOPOK HEOOJBIIOr0 00BbEMa BOIMPOC TOYHOCTU OLIEHOK CTAHOBUTCA OYEHBb
BAJKHBIM.

BeeneM noHATHME WHTEPBAIBHOM OLEHKH HEU3BECTHOTO IapaMeTpa
reHepaIbHONW COBOKYITHOCTH (MJIM CIy4dalHOW BEJMYMHBI &, OMpEAeICHHON Ha
MHOKECTBE OOBEKTOB 3TOl TIe€HEPaTbHOM COBOKYMHOCTH). O003HAUYUM 3TOT
napametp yepe3 A. Ilo caenanHoi BeIOOpKE MO ONpPEAEICHHBIM MpPaBUIIAM

HaieM yncia A, u A, Tak 9TOOBI BBITIOIHSIOCH YCIIOBHE:
P(A< A< 4) =P (4e(4y; 4)) =y

Yucna A, u A, Ha3bIBAIOTCS JOBEPUTEIBLHBIMM I'PAHULIAMM, UHTEPBAN (4;, A)
— J0BEpHUTEJbHBIM HHTEPBAJOM Uil napamerpa A. Yucino y Ha3bIBaeTcs
J0BEPUTEJIbHOI BEPOSITHOCTHIO UJIU HA/IEXKHOCTHIO CJCITAaHHOM OLIEHKH.

Caauana 3amaercs HaaekHOCTh. OObIYHO ee BwIOMparoT paBHOU (.95,
0.99 unu 0.999. Torma BEpOSITHOCTh TOTO, YTO MHTEPECYIOIIMI HAC MapaMeTp
nonan B uHTEpBa (A4, A;) nocrarodHo Beicoka. Yucino (4, + 4,) / 2 — cepenunra
JIOBEPUTENBHOTO MHTEpBaJia — OyJeT JaBaTh 3HAuYeHHE Mapamerpa A ¢
TOYHOCTBIO (A, — A;) / 2, KOTOpask MPENCTaBISIET COOOW TMOJOBUHY JIJTUHBI
JIOBEPUTEIILHOIO UHTEPBAJIA.

['panunsr 4; u A, onpenenstoTcss U3 BHIOOPOUHBIX AAHHBIX U SIBISIOTCS
GYyHKUMSIMU OT CIy4aWHBIX BEIWYUH Xi, Xp,..., X, , & CJIEIOBATEIbHO — CaAMH
cily4ailHple BenMMuMHbL. OTCIOa — JOBEpUTENbHBIA UHTEpBan (4;, A,) Toxe
ciydaeH. OH MOXKET MOKpPbIBaTh napameTp A uiu HeT. IMEHHO B TaKOM CMBICIIE
HY’)KHO TIOHUMaTh CllydailHOe COOBITHE, 3aKIIOYalolieecs B TOM, YTO

I[OBCpI/ITeJILHHﬁ HHTCPBAJ IIOKPBIBACT YHCJIO A
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JloBepUuTeIbHBbIN HHTEPBAJ AJI MATEMATHYECKOI0 OKUIAHU S
HOPMAJILHOTI'0 pacnpeaeJeHUus MPU U3BECTHOM TMCIIePCHH.

[Tycte caywaitHas BemuuuHa ¢ (MOXKHO TOBOPHUTH O TEHEpaJIbHON
COBOKYMHOCTH) pacmlpenesieHa 10 HOPMaJIbHOMY 3aKOHY, HJisi KOTOPOTO
m3BecTHa gucrepenst DE = o * (o > 0). U3 reHepaabHOH COBOKYIHOCTH (Ha
MHOXECTBE OOBEKTOB KOTOPOW OMpenesieHa ClydaiHas BEJIIMYWHA) EIaeTCs
BbIOOpKa 00beMa n. Beibopka xi, X,,..., X, paccMaTpHUBaeTCs KaK COBOKYITHOCTh
1 HE3aBUCUMBIX CIIyYalWHBIX BEJIUMYHH, PACTIPEICICHHBIX TaK ke Kak & (MOaXO0,
KOTOPOMY JaHO 0OBSICHEHHUE BBIIIE TIO0 TEKCTY).

Panee Taxxke 06CY)KI[2U'II/ICB M JIOKa3aHbI CJICAYIOINME PaBCHCTBA:

Mx,= Mx, = ...= Mx, = M¢&,
Dx;=Dx,=...=Dx,= D¢
Mx =M¢,

Dx=D¢& /n;

JIOCTaTo4HO MPOCTO JAOKa3aTh (MbI JOKa3aTeIbCTBO OIYCKAaeM), 4YTO
cllydyailHas BeJIMYMHA X B JaHHOM cCllydyae TakKe paclpejesieHa II0
HOPMAaJIbHOMY 3aKOHY.

O603HauMM HEW3BECTHYIO BenuuuHy ME uepe3 a u mogdepeM 1o

3aJIJaHHOM HaJIC)KHOCTH Yy 4ucClio d>0 Tak, YTOOBI BEITIOJIHSIIOCH YCIIOBHUC!
P(x—al<d)=y (1)

Tak kak ciy4aiiHas BeMMYMHA X paclpeesieHa Mo HOPMAILHOMY 3aKOHY
C MaTeMaTU4ecKuM oxujanueM Mx = ME= a n nucnepcueit Dx = DE/n= o

2
/n, TIOJTy4aeMm:

P(|x—a|<d)=Pla-d< x <a+d)=

_ o a+;l_—a @ a—d—a oD d-/n

3]
In In

o)
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Ocranoch momoOpatb d TakuM, 4YTOOBI BBIMOJHSIIOCH PABEHCTBO

d-In =y i O d-ln =7

o o 2

20

st moboro y €[0;1] MOXKHO TIO TabnHIle HAWTH TAKOE YHCIO f, YTO
A t)= y/2. 3TO YUCJO ¢ NHOT/1a HA3bIBAIOT KBAHTUJIEM.

Tenepp U3 paBeHCTBA

ot
2.

OkoHYATENbHBIN Pe3yabTaT MOIYYHM, IIpeacTaBuB Gpopmyny (1) B Buze:

ompeaesuM 3HaueHue d: d =

P(x—m<a<x+m)—7/
In n)

CwMmbicn mocieanei ¢GopMylbl COCTOUT B CJIEAYIOIIEM: C HAJIEeXKHOCTBIO )

JIOBEPUTENIbHBIA MHTEPBAI

ot _ ot
(x —ﬁ,x +ﬁj
MOKPBHIBAET HEU3BECTHBIM mapamerp a = ME TeHepalbHOM COBOKYITHOCTH.
MoxHO cka3aTh MHA4€e: TOUEUHAsl OLEHKA X OIpejeiseT 3HaUeHUEe mapamerpa
ME ¢ TOUHOCTBIO d=0 /~/n ¥ HaJIEKHOCTBIO Y.
3adaua. Ilycth uMeeTcsi TeHEpaldbHas COBOKYIMHOCTb C HEKOTOPOH
XapaKTEPUCTUKOM, paclpe/ieIEeHHON MO0 HOPMalbHOMY 3aKOHY C JUCHEpCHUEH,
paBHoil 6,25. IlpousBenena BbeIOOpKa oO0bemMa n = 27 W TOIXY4YEHO
CpeIHEBBIOOPOYHOE 3HAUCHUE XapaKkTepucTuku x= 12. HailiTu noBepuTeabHbIM
WHTEpBaJl, TOKPHIBAIONIMNA  HEU3BECTHOE  MAaTeMaTUYECKOE  OXKHUJAHUE
UCCJIEYEMON XapaKTEPUCTUKHU T€HEpPaIbHOM COBOKYMHOCTU C HAJIEKHOCTBHIO
7=0,99.
Pewenue. Cuavana no tabmnuie qis ynkuuu Jlamnaca Haifiem 3HaUEHUE
t u3 paseictBa @ () = y / 2 = 0,495. Ilo momy4eHHOMY 3HAYECHUIO

¢t = 2,58 onpenenum TOYHOCTh OLIEHKU (WJIM MOJIOBUHY JIMHBI JOBEPUTEIIBHOTO
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uHtepBana) d. d = 2,5x2,58/ J27~ 1,24. Orcrona MOJIy4Ya€M HCKOMBI

noBepuTenbHbld nHTEpBAI: (10,765 13,24).

JloBepUuTeIbHBbIN HHTEPBAJ AJI MATEMATHYECKOI0 OKUIAHUS
HOPMAJILHOTI'0 pacnpeae/JeHUs MPH HEU3BECTHOM M CIIePCHH.

[Tycte & — caywaiiHas BenWYHMHA, paclpeiesieHHas MO0 HOPMalbHOMY
3aKOHY C HEM3BECTHBIM MaTEMaTUYECKUM OxuaanueM ME koTopoe 0003HaAYNM
oykBori a . IlpousBenem BBIOOpKY oObema n. OnpeaenanuM CpPeIHIO
BBIOOPOYHYIO X M MCIPABICHHYIO BEIOOPOUYHYIO AHCIEPCHIO S° 10 H3BECTHBIM
dbopmynam.

Ciyvaiinas BeM4rHa

N

pacmpenenena mo 3akony CTprofieHTa ¢ 7 — 1 cTeneHsIMu CBOOO/IbI.
3amavya 3aK/04aeTcss B TOM, YTOObI 10 3aJaHHOM HAJEKHOCTH ¥ H 110
4Yhceay cremeHed cBoOoanl n — 1 HaiiTH Takoe 4uceao t, , YTOOBI

BBINOJIHSIJIOCH PABEHCTBO
<t, |=7y (2)

HJIN DKBUBAJICHTHOC PABCHCTBO

S B S
P(X—t},\/g<a<x+t7\/gj=7/. (3)

3mech B CKOOKax HAmNKMCAaHO YCIOBHE TOTO, YTO 3HAYECHUE HEM3BECTHOTO
napamMeTpa a TPUHAJIC)KUT HEKOTOPOMY MPOMEKYTKY, KOTOPBIA W SIBIISECTCS
JIOBEpUTEIHHBIM HMHTEPBAJIOM. ET0o TpaHUIBl 3aBUCAT OT HAACKHOCTH ¥ , a
TaK)Xe OT TapaMeTPOB BHIOOPKHU X H S.

YroObl oONpenenuTh 3HAY€HWE ¢, IO BEIMYMHE J, PABEHCTBO (2)

npeoOpaszyeM K BUIY:
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e=ahiny 1o,
g Y
Teneps mo Tabnuile AN CIyYailHOW BETUYHMHBI f, PACTIPEICICHHON MO0 3aKOHY
CrprofieHTa, 0 BEPOSITHOCTH | — ¥ U 4MCIly cTeneHe cBo0o bl n — 1 Haxoaum
t,. @opmyina (3) 1aeT OTBET MOCTABICHHOM 3a1a4H.
3aoaua. Ha KOHTpOJNBHBIX HCHOBITAHUSAX 20-TH 3JIEKTPOJIaMIl CpEeIHss
MIPOJIOJDKUTEIILHOCTh WX pabOThl OKazanach paBHou 2000 yacoB mpu CpemHEM
KBaJPaTUYE€CKOM OTKJIOHEHUM (pAaCCUUTAHHOM KaK KOpPEHb KBaJpAaTHBIA U3
UCIIPABIIEHHOM BRIOOPOYHOM nucrnepcun), paBHoM 11-tu yacam. M3BecTHO, 4TO
MPOJIOJKUTENILHOCTh PAa0OThl JIAMITbI SIBJISIETCSI HOPMAJIBHO pacrpeeeHHOM
ciyyaHOW BenuuuHOW. Omnpenenuts ¢ HaAeKHOCTHIO 0,95 nOBEepUTENbHBIM
MHTEPBAJ JIJI1 MATEMATUYECKOTO 0KUIJAHUS 3TOU CIIy4allHON BEJINYMHBI.
Pewenue. Bennuuna 1 — y B nanHom ciyvae paBHa 0,05. [lo tabnuie
pactipenenenuss CTblofieHTa, NpPH YHCIE CTENeHel CcBOOOIbI, paBHOM 19,
HaxonuM: ¢, = 2,093. Beruucium tenepp TOUHOCTb OomeHKH: 2,093x121/ J20 =

56,6. Otcrofa nojay4yaeM UCKOMBINA TOBEPUTEIbHBIA UHTEPBAJL:

(1943,4; 2056,6).

JloBepUTEeJIbHBIH HHTEPBAJ sl JUCIIEPCHH HOPMAJIBHOTO
pacnpeeeHusl.

[Tyctp cnmydvaiinas BennumHa & pacnpesesieHa 1Mo HOPMaJbHOMY 3aKOHY,

st kotoporo nucnepcust D& nenssectna. Jlenaercst Beioopka oobema n . U3
2 )

Hee OIpeaeNsieTcss WUCIpaBlIeHHAs BbIOOpOYHas aucnepcus s°. CiydaitHas

BCINMYHWHA

2 _(n—l)s2
X _7D§

2 .

pacmpeneneHa mo 3akoHy y° ¢ n —l crenensamu cBoOonbl. Ilo 3amanHoOM
. 2 2

HAJICKHOCTH ¥ MOKHO HAaWTH CKOJBKO YIOJHO TPaHUIl ;" U ),  HHTEPBAJIOB,

TaKuX, 4TO
( 2 2 2)_ "
Py <x <x,)=vr (*)
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Haninem ;(12 51 ;(22 U3 CICAYIOIINX YCIOBUM:

P(A<p’)=(1-y)2 (**)

P(Y2 ) =(1-y)2 (**%)

O‘-IeBI/II[HO, 4TO IIPW BBIIOJIHCHUN ABYX IOCJICAHUX YCJIOBI/Iﬁ CIIpaBCJINBO

paBeHCTBO (*).

B Tabmumax nmms ciiyqaitHOM BETUYWHBI Zz OOBIYHO MAETCsl PEIICHUE
ypaBHenus P(y” > ;(qz) = ¢ . U3 Takoil TaOauIIbl O 3a/laHHOM BEIMYMHE ¢ U TI0
YUCITy CTENeHEH CBOOONBI 7 — | MOXHO OIpEJCIUTh 3HAYCHUE ;(qz. Takum
06pa3oM, cpasy HaXOIUTCS 3HAUCHUE 7, B popmyie (¥**).

Jl1st onpenesenust y,” mpeobpasyem (**):

P(rzp)=1-(1-y)2=(1+y)2

2
[TomyueHHOE paBEHCTBO MO3BOJIIET OMPEAEIIUTD 110 TAOJINIIE 3HAUEHUE ;.
. 2 2
Tenepsb, Korja HalIEHbI 3HAYEHUS ¥ U }, , IPEACTaBUM paBEeHCTBO (*) B

BUJIE
—1)S2 2
P 2<(’17< —y.
(Zl Dé Zz) Y

ITocnennee paBeHCTBO IiepenuineM B Takoil ¢Gopme, 4TOOBl OBLIH
OTpENIeJICHbl TPAHUIIBl JIOBEPUTEIHLHOTO HWHTEpBaJa JUIsl HEU3BECTHOM

BeJIMuuHbI DE:

Otcroga Jerko moixy4uTh (popmyily, O KOTOPOW HAXOAUTCS JTOBEPUTEIbHBIMN

HHTCPBAJI IJIAA CTAHAAPTHOI'O OTKJIIOHCHU S

PW<@<W =y (HHHkY
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3aoaua. byaem cunurtath, 4TO IIyM B KAOMHAX BEPTOJETOB OJHOTO U TOTO
K€ THIA NMPU pabOTAIOIINX B ONMPECICHHOM PEXUME ABUTATEISIX — ClydaiiHas
BEJIMYMHA, DPACIpe/esIeHHas 10 HOPMaJbHOMY 3aKOHY. bBbUIO Cily4ailHbIM
oOpa3om BbiOpaHo 20 BEpTOJIETOB, U MPOU3BEJCHBI 3aMEpbl YPOBHS IIyma (B
nenubenax) B KaxAoOM U3 Hux. McnpaBieHHas BbIOOpOYHas AHUCIIEPCUS
U3MEPEHUI OKa3anach paBHOM 22,5. HallTu JOBEpHUTENBbHBIA HHTEpBAJ,
HAKpBIBAIOIIMI HEU3BECTHOE CTAHJAPTHOE OTKJIOHEHUE BEIMYMHBI IllymMa B
KaOMHaX BEPTOJIETOB IaHHOTO THUIA C HAJEKHOCTHIO 98%.

Pewenue. Tlo uncny creneneit cBo601bl, paBHOMY 19, U 110 BEpOSTHOCTHU
(1 — 0,98)/2 = 0,01 HaxomuM W3 TAGIMIEl PACIPENCNCHHS 7°  BEIMUHHY
7" =136,2. AnanormuyneiM ofGpasoM mpu BepositHoctr (1 +0,98)/2 = 0,99
nonydaeM y;> =7,63. Hcromb3ys dopmymy (¥***), momydaeM HCKOMBIIt

JIOBEpUTEINIbHBIN uHTEpBaI: (3,44; 7,49).

68



Jlexkmusa 13.

3ana4uM CTATUCTHYECKOW NTPOBEPKHU I'MIIOTE3.

Craructuueckass 1OpoOBEpKa THUIOTE3  SBISETCA  BTOPBIM  MOCTE
CTaTUCTHUYECKOIO0 OLICHUBAHUS IMAPAMETPOB PACHPEAEIEHUS U B TO KE BpeMs
BAKHEUIIINM Pa3geIoM MATEMATUYECKON CTATUCTHKH.

Meroapl  MaTEMaTHYECKOM  CTATUCTUKM  MO3BOJSIIOT — MPOBEPUTH
MPEINOJIOKEHUA O 3aKOHE PACIHPEICIICHUS HEKOTOPOM CIIyYallHOM BEJIMYMHBI
(reHepaJbHOM COBOKYMHOCTH), O 3HAYEHUAX [apaMETpOB JTOr0 3aKOHA
(manmpumep M¢E, DE ), o Hanuuum KOPPENSLMOHHOW 3aBUCUMOCTH MEXIY
CIIy4ailHBIMHM BEJIMYMHAMHU, OTPE/ICTICHHBIMU HAa MHOXKECTBE OOBEKTOB OJTHON U
TOM € I€HEPaIbHON COBOKYITHOCTH.

IIycTp 1O HEKOTOPBIM JaHHBIM MMEKOTCS OCHOBAHHUS BBIIIBUHYTh
IPEAIIONOKEHUSI O 3aKOHE pAaCIpelesieHus WM O IIapaMeTpe 3aKoHa
pacrpeesneHus: clydailHOW BeIWYUHBI (WM Te€HEpPaJbHOW COBOKYIHOCTH, Ha
MHO>KECTBE OOBEKTOB KOTOPOM OMNpENEeHa 3Ta CllydyaiiHas BeIU4MHA). 3ajgada
3aKJII0YaeTcsi B TOM, UTOOBl TMOATBEPAUTh WM  ONPOBEPTHYTH  3TO
MPEIOJI0KEHHE, UCTIOJIb3YSl BBIOOPOUYHBIE (IKCIIEPUMEHTAIILHBIC) JaHHbIC.

['mnmore3sl O 3HAYEHUSAX MAPAMETPOB pacrpenenieHuss Wid O
CPaBHUTEJIIbHOM BEJIMYMHE IIAPAMETPOB JBYX pACHPENCIICHUN Ha3bIBAKOTCS
napaMeTpu4ecKMMHU I'MIOTE3aMM.

I'mnore3sl 0 BuIe pacrpeneneHus] Ha3bIBalOTCS HelapaMeTpPpU4YeCKUMM
TUINIOTE3aAMHU.

IIpoBepuTh CTATUCTUYECKYIO THUIIOTE3y — 3TO 3HAYUT [POBEPUTSH,
COrJIacCylOTCSl JIM JaHHbIE, MOJIy4YeHHbIE U3 BBIOOPKM C 3TOM T'HIOTE30M.
IIpoBepka OCyIIECTBISAETCA C IIOMOLIBIO CTATHCTHYECKOI0 KpHUTEepHUs.
CraTucTuyeckuii KpUTEPpMH — 3TO0 Ciay4yailHash BeJMYMHA, 3aKOH
pacnpeae/ieHis KOTOPoil (BMecTe CO 3HAYCHUSIMU MAPaMeTPOB) U3BECTEH B
cjIy4ae, eCJiM NMPUHATAS TMIIOTE3a CIPaBeAJIMBa. DTOT KPUTEPUN HA3BIBAIOT
€lle KpUuTepueM corJjiacus (MMeeTcs B BHUJly COTJIaCHE MPUHSTOW THIOTE3BI C

pe3yJibTaTamu, OJIy4YeHHBIMUA U3 BHIOOPKH).

['unoTe3y, BBIABUHYTYIO JJIsI TIPOBEPKH €€ COTJIacHs C BBIOOPOYHBIMHU
JTAaHHBIMM, Ha3bIBAIOT HYJI€BOM rumotre3oii u o6Oo3HavaroT H,. Bwmecte ¢

69



Jlexkmusa 13.

runore3oii H, BbABUTAeTCS AaJbTePHATHBHAA WM KOHKYPHPYIOIIAsS
TUIoTe3a, KotTopas obo3nauaercs H;. Hampumep:

1) Ho: M= 0 2) Ho: Mé= 0 3) Hy: M= 0

Hi: M&=0 Hi: M& 0 Hi: M&= 2

[lycth ciyvaitHas BenmuumHa K — CTaTUCTHUYECKUI KPUTEPUH MPOBEPKU
HekoTopoil runore3sl Hy. Ilpu cmpaBeminBocTu rumote3sl Hp 3akoH
pacupenesieHus] ciaydalHOW BenuuuHbl K XapakTtepusyercss HEKOTOpPOH
U3BECTHOM HaM INIOTHOCTBIO pacnpenesieHus Pr(X).

BriGepeM HEKOTOPYIO Mallyi0 BEpOSTHOCTH «, paBHyto 0,05 , 0,01 wim
eme MeHbpuryro. OmpeneimM KpUTHYeCKOe 3Ha4deHue Kpurepus K, Kak
pEelIeHHEe OJHOIO0 M3 TPEX YPABHEHUH, B 3aBUCHMOCTH OT BHJA HYJEBOU M

KOHKYPHUPYIOIIEH TUIoTe3:

P(K> Kyp) = a (1)
P(K< Kyp) = a (2)
P((K< KKpl)m(K> KKp2)) - a (3)

Bo03MOHBI U Ipyrue ypaBHEHUS, HO OHU BCTPEYAIOTCS 3HAUUTEIILHO PEXKE, YEM
NPUBE/ICHHBIE.

Pemenue ypaBuenusi (1) (to ke camoe miusa ypaBHeHuit (2) u (3))
3aKJTIOYACTCSl B CJICAYIONMIEM: II0 BEPOSATHOCTH «, 3Has (QyHKuoo Py(X),
3aJIaHHYIO KaK IPAaBUIIO TAOJIULIEH, HY)KHO ONpenenuTh K.

Urto o3navaet ycnosue (1)?

Ecnu runoresa Hy cnpaBenBa, TO BEpOSTHOCTh TOTO, 4TO KpuTepuit K
npeB3oiieT Hekotopoe 3HaueHue Ky, ouenp mama — 0,05 , 0,01 wmm eme
MEHbIIIE, B 3aBUCUMOCTHU OT Hamlero Beioopa. Eciu K; — 3nauenue kpurepus K,
PacCYMTaHHOE IO BHIOOPOYHBIM JIAHHBIM, MNPEB30OLLIO 3HaYeHue Ky, 5TO
O3HAYaeT, YTO BHIOOPOYHBIC JaHHbIE HE JAIOT OCHOBAHUS MJI TNPUHATUS
HyJieBor runore3sl Hy ( Hampumep, ecimu @=0,01 , To MOXHO CKa3aTh, 4YTO
MPOU30IILIO COOBITHE, KOTOPOE MPH CIPaBEUIMBOCTH TUNOTE3bl Hy BcTpedaercs

B CpPEIHEM HE yallle, YeM B OJHOW M3 cTa BBIOOPOK). B 3TOM ciyuae roBopsrT,
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4yro rumore3a H, He corsacyercsi ¢ BbIOOPOYHBIMH JAHHBIMH M JOJIAKHA
ObiTh oTBepruyra. Ecmm K, ne mnpesocxomut Ky, TO TOBOpAT, 4YTO
BbIOOPOYHBbIC JaHHbIC He NMPOTHBOpeYaTr rumorese H,, U HET OCHOBaHMIA
OTBEPraTh 3Ty TUIOTE3Y.

Jus  ypaBuenus (1) obmacte K> Ky, Ha3biBaeTcs KpPHTHYECKOI
obnacteio. Ecam 3Havenue K; momagaer B KPHUTHYECKYI0 00J1acThb, TO
runore3a H, orBepraercs.

Hns ypasuenus (1) obnacts K < Ky, HA3bIBACTCS 00/1aCTbI0 NPHHATHS
runore3bl. Eciiu 3Hauenne K; monagaer B 00,1acTh NPUHATHS THIIOTE3bI, TO
runore3a Hy, npuHumaercs.

Pucynok 1. wumirocTpupyer penieHue

Py (x)
ypaBHenust (1). 3mech pPy(X) — u3BecTHas
y UIOTHOCTH  paclpejielieHust  CIy4alHO#H
77z -
oGMACT AT KKp KprTI, BeMnurMHbl K Mpu ycrnoBuUM CIpaBeNIMBOCTH
TUIIOTE3bI o6macts THIIOTE3BI H.
Puc. 1.

[Iycte BbIOpaHO HEKOTOpOE Majoe
3HaYE€HHE BEPOATHOCTU @, IO HeMy omnpeiaeneHo 3Hauenue K, u 10
BBIOOPOYHBIM JaHHBIM ONpeneseHo 3HadeHue K, KoTopoe Tmomajio B
KpUTHYECKYyt0 oOnacth. B sTrom ciydae rumore3a H, oTBepraercs, HO OHa
MOJKET OKa3aThCsl CIPABEAJUBOI, MPOCTO CIy4ailHO MPOU3OILLIO COOBITHE,
KOTOPOE HMMEET OYEHb MAJyl0 BEPOSITHOCTh «. B 3TOM CMBICIE ¢ €CTh
BEPOSITHOCTh OTBEPKEHHUSI IPABUIIBHOW runote3bl H.

OTBepkeHUE TPABUIBHOM THUIOTE3bl HA3BIBACTCS OLIMOKON NEpBOro
poaa. BeposiTHOCTh « Ha3bIBAETCS YPOBHEM 3HAYUMOCTU. Takum oOpazom

YPOBeHb 3HAYUMOCTH — 3TO BEPOSITHOCTH COBEPLIEHUS] OIIUOKU MEepPBOro

pona.

Py (x) Kputudeckas 001acTb, I10JIy4eHHAs
s ypaBHenus (1) u mpuBencHHas Ha

pucyHKe 1., Ha3pIBaeTCs MPaBOCTOPOHHEI.

, >
kpuria. K obmacts npumstas X YpaBHeHue (2) onpeaeIsieT
obsacTb TUIIOTE3BI

Puc. 2 JICBOCTOPOHIOI0 KPUTHYECKYH) 00J1aCTh.
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Ee n3zo0pakeHue npuBOUTCA Ha PUCYHKE 2.

OtmeTnM, YTO KaXkaas M3 3alITPUXOBAaHHBIX (UTYp HAa pUCYHKax 1. u 2.

HMMEET IJIONIA/Ib, PABHYIO . D (X)
YpaBHeHnue 3) onpeneIsieT
JABYCTOPOHIOK0  KPHUTHYECKYI0  00J1aCTh. X
\Y 777z »,
I »
Takass oOmacte u300pakeHa Ha pPHUCYHKE 3. K., obnacts K
IIPUHATHSA

3,Z[CCB KpUTHYCCKas 00/1aCTh COCTOHUT M3 ABYX
TUIIOTE3bI

qacTeu. B ciyyae JIBYCTOPOHHEN
y yerop Puc. 3.

KPUTUYECKOW OOJaCTH TpaHHULIBI €€ 4YacTei

Kip1 1 Kypo OTIpenenstorest Takum 00pasoM, 4TOOBI BBIIOIHAIOCH YCIOBHE:
P(K<Kyp) =P(K=Ky,) = a/2.

Ha pucynke 3. momasas KaxI0i U3 3alITPUXOBAaHHBIX (pUryp paBHa o/ 2.

Bua xputnyeckoi 001acTH 3aBUCUT OT TOTO, Kakasi TUIIOTE3a BbIIBUHYTA
B Ka4€CTBE KOHKYPUPYIOLIECH.

Yem MeHbIIe YPOBEHb 3HAYMMOCTH, T€M MeHbIlEe BePOATHOCTH
OTBEPrHyTh IMpoBepsieMyl0 rumnoresy H,), Korga oHa BepHa, TO eCTh
coBepuIMTh OmMUOKY mnepBoro poaa. Ho ¢ ymeHblIeHHeM YpPOBHA
3HAYMMOCTH pacliupsieTcss 00J1acTh MNPUHATHS TuUnore3sl Hy n
YBeJMYHMBAETCS BEPOSITHOCTH NPHUHATHS NMPOBEepseMO TUIOTe3bl, KOIaa
OHA HeBEepPHAa, TO €eCTh KOI/Aa MNpeANoyYTeHHe 0JKHO ObITh OTIAAHO
KOHKYPHUPYIOILEeH runorese.

[TycTh nipu cripaBeJIMBOCTH TUNOTE3bl Hy cTaTucTrueckuii kputepuii K
UMeeT IUIOTHOCTh  pacmpeaesieHus Po(X), a mnpu  CIOpaBeIMBOCTH
KOHKypupymomei runore3sl H; — minotHocTs pacnpenenenus pi(X). ['paduxu
TUX GYHKUUNA TpuBeAeHbI Ha pUCYHKE 4. [Ipy HEKOTOPOM YypOBHE 3HAUMMOCTH
HaXOAUTCA KPUTHYECKOE 3HadeHue Ky, M IPaBOCTOPOHSAA KPUTHYECKas
obnacte. Ecnu 3nauenune K;, omnpeneneHHoe 1O BBIOOPOYHBIM JaHHBIM,
OKa3bpIBaeTCs MeHbIle, 4eM Ky, To runoresa Hy npuanmaercs. Ipeanonoxum,
YTO CIpaBeJJIMBa Ha caMOM Jeie KOHKypupytomas runore3a H;. Torma
BEPOSTHOCTh TOMAaHUsI KPUTEPHUs B OOJACTh MPHUHATHSA TUMOTE3bl H) ecTh
HEKOTOpOe 4YHucio [, paBHOe IUomaaud (urypsl, oOpa3oBaHHOW Tpadukom

byHkuu Pi(X) U MoamyOeCKOHEUHOM 4YacThi0 TOPU3OHTATBHONW KOOPIMHATHOM
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Py (%) ocH, Jexamed ciueBa or TOYKH Ky,

Px (X)

OueBHIHO, YTO [ — 3TO BEPOATHOCTD

S X TOro, 4yro OyneT NpHUHATa HEBEpHas
I »
001aCTh NIPUHATHSA KKp KpUTHYECKas runoresa H.
TUIIOTE3bI o0sacTb .
Puc. 4 IIpunsaTue HEBEPHOM

TUNOTe3bl Ha3bIBaETCHA OLIMOKOM
BTOPOro pojaa. B paccMoTpeHHOM citydae 4yucio [ — 3T0 BEPOSITHOCTh OIMIMOKH
BTOpOTO poaa. Uuesio 1 — [, paBHOe BepOATHOCTH TOT0, YTO He COBEpPIIAETCS
omudKa BTOPOro pojaa, Ha3bIBaeTCs MOIIHOCTHIO KpuTepus. Ha pucynke 4
MOIIHOCTh KPHUTEpHUs paBHA IUIOHIaAu (QUrypel, oOpa3oBaHHOW TIpaduKOM
byHKIuu Pi(X).1 1M0ITyOeCKOHEYHON YacThi0 TOPU30HTAIBHONW KOOPIWHATHOM
OCH, JISKAIIEN crpaBa oT TOYKH Ky,
Bp1OOp CcTaTUCTUYECKOTO KpHUTEpPUS W BHAA KPUTHYECKOW 00JacTh
OCYILIECTBISIETCS TakKUM 00pa3oM, 4YTOOBI MOIIHOCTh KpHUTEpusi Oblia

MAaKCUMAaJILHOM.
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IIpoBepka cTaTUCTHYECKON TMIIOTE3bl 0 MATEMATHYECKOM
0KU/IaHUH HOPMAJILHOTO pacnpeae/ieHUus MPyu U3BECTHOM
JTUCIIEPCHH.

[lyctp uMeeTcss HOpMaNbHO paclpesielieHHas ciay4aiiHas BenuduHa &,,
onpefieJieHHass Ha  MHOXECTBE  OOBEKTOB  HEKOTOPOM  reHepaabHOM
coBoKymHOCTH. M3BectHo, uto D& = o°. Maremarudeckoe oxumanue ME
HEU3BECTHO. JlomycTHM, 4TO UMEIOTCSl OCHOBaHUS MpeArnoaraThk, uro M¢ = a,
I7le @ — HEKOTOpOe YMCIO (TaKUMH OCHOBAHUSIMH MOTYT OBITh OTPaHUYCHHbBIC
CBelleHUd 00 O0BbEKTax TEeHEepabHOM COBOKYMHOCTH, OIBIT HCCIIEIOBAHUS
0I00HBIX COBOKYITHOCTEH U T. 1.). ByZem cuutarh Takke, 4TO UMEETCs Ipyras
uH(dopmanus, ykassiBarouiasi Ha To, yto ME = ay, rae a; > a.

[. BergBuraem HyneByto runotesy Hy: ME = a;

NPy KOHKypUpYyromiei runorese H,: ME = a,.

Jlemaem BBIOOpKY oOBEMA 71: X1, X3,..., X, . B OCHOBE MPOBEPKHU JICKUT TOT
dakT, 4To ciydaiiHas BenuuuHA X (BBIOOpOYHAsI CpEaHssl) paclpejiesieHa Mo
HOPMAJIbHOMY 3aKOHY C JWCHepCHeill G /i ¥ MaTeMaTHUeCKHM OXKHIAHHEM,
pPaBHBIM a B CJIy4dae CHpPaBEUIMBOCTH [y, W PpaBHbIM a; B Ciy4ae
CIIPaBENINBOCTH H.

OueBHIHO, YTO €CJIM BEJIMYMHA X OKA3bIBAETCS JTOCTATOYHO MAJIOW, TO
9TO aeT OCHOBAHMWE IpeanovecTs runoresy Hy runorese H,. Ilpu nocrarouno
O0JBIIOM 3HAUEHUH X 0OoJiee BEposiTHA CHpPABEAJIMBOCTh TUNOTE3bl H. 3aiauy
MOKHO OBLIO OBl MOCTaBUTh TakK: TpeOyeTcs HaWTH HEKOTOPOE KPUTHUYECKOE
YHUCIIO, KOTOpOEe pa3OuBano Obl BCE BO3MOXKHbBIE 3HAYEHUS BBIOOPOYHOM
cpeaHel ( B yCIOBUSIX JaHHOM 3aJlauyd 3TO BCE JICMCTBUTENIbHBIC YUCIIA ) HA JIBA
MOJIyOECKOHEUHBIX MpoMexyTka. [lpu momamanuu X B JIEBBIM MPOMEKYTOK
cieoBasio Obl MPUHUMATh TUMNOTE3y H), a mpu momajgaHud X B MPaBbIi
MPOMEXKYTOK MpPEANnoYTEeHUE clieloBajgo Obl okazaTh rumnoreze H,. OnpHako Ha
CaMOM JIeJIe TOCTYIAa0T HECKOJIBKO UHAYE.

B kadecTBE CTaTUCTHYECKOIO KpUTEpUsS BbIOMpaeTcs ciyyaiiHas

BCINMYHWHA

o
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pacmnpenieneHHasi Mo HOpMallbHOMY 3aKkoHy , mpudeM Mz = 0 u Dz = 1 ( 310
CIIEAYET W3 CBOWCTB MAaTEMaTHYECKOTO OXHIAHUS M AWCIIEPCHH ) B CIIydae
cupaBenuBocTH rumnotre3sl H,. Ecmu cmpaBemnmuBa rumotesa H;, TO
MZ:(I*:((II—(I)\/;/G,DZ: 1.

A Ha pucynke 1. nuzobpaxensl rpapuku
Po(2) p(2) po(z) 1 pi(z) — pyHKUIMIA MTIOTHOCTH pacipe-

JeJIeHUsl CIy4yalHOM BEWYUHBI Z MPHU CIpa-

» BCIJIMBOCTH TUIIOTE3 H, u H,,
K a* z

Kp

COOTBETCTBEHHO.
Puc.1.

Ecnu BenuumHa X, mojiyueHHas u3
BBIOOPOUYHBIX JTAHHBIX, OTHOCUTEJIBHO BEJIWKa, TO W BEJIMYMHA Z BEJIUKA, YTO
ABJISIETCA CBHUJIETENILCTBOM B TOJIb3Yy Trunore3bl H;. OTHOCUTENIBHO Malbie
3HAQYCHUS X MPUBOAAT K MaJbIM 3HAUCHUSM Z, YTO CBUJCTEILCTBYET B IOJIB3Y
runore3sl Hy. OTcroma ciieyer, 9To IOKHA OBITh BHIOpAaHA MPaBOCTOPOHHSS
KputHdeckas obsactp. [lo npuHATOMY YpOBHIO 3HAUYMMOCTU « (Hampumep o =
0,05), wucnonb3dyss TO, YTO cClly4allHas BeJIMYMHA Zz pachpenelieHa Mo

HOPMaJIbHOMY 3aKOHY, OIIPEIEIMM 3HaUeHUE Ky, U3 GOpMyIIbI
o = P(Kyp <z <o) = D(0) — D(Kp) = 0,5 — D(Kip).

-2« .
Otcrona CI)(KKp)zT, U OCTaJIOCh BOCMOJIb30BaThCS TaOIUIeH (yHKIIMU

Jlamaca fyist HaXOKICHUsT Yncia Ky,

Ecnu BenuumHa z, momydeHHasi TPy BBIOOPOYHOM 3HAYCHHUH X , TIOTIA/IaeT
B 001aCTh NPUHATHA THOOTE3bl (z < K,p), TO runore3a H, NpUHUMAETCS
(memaeTcsi BBIBOJ, YTO BBHIOOPOYHBIC NAaHHBIC HE MPOTHUBOpEYAT rumotese H).
Ecnu BenumumHa z mnomagaeT B KPUTUUECKYHO o00JacTh, TO rumore3a H
OTBEpraeTcsl.

B HaHHOﬁ 3aaa4€ MOXKCT OBIThH rnoacyMTaHa MOIHOCTL KPHUTCPUA:

1- = d(o0) - (K, —(“la_")ﬁ)

MomHoCTh KpuTepus TeM 0oJibliie, YeM OO0JIbIlle pa3HOCTh di— d.
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II. Eciu B ipeapIayien 3a1a4ue MoCTaBUTh APYTro€ YCIOBHUE:
Hy: ME = a;
HI:M§=a1,a1<a,

A TO COXPaHUB CMBICII BCEX PACCYKJICHUM, 3/IECh
p(2) Po(2)

IpUACTCA pacCMaTpuBaTh JICBOCTOPOHHIOIO

KPUTHYECKYIO 00JIacTh, KaKk H300pakK€HO Ha

- E pucyHke 2. 31ech, KaKk U B MPEAbIIyLIEM
a
PHCsz ciyuae, a* = (a; —a )~/n/o, a BenmuunHa Ky

onpenensiercs u3 GopmyIbl

0= P <2 < Kip) = B Kig) ~ D) = D(Kig) +

Ucnonbsys popmyny —D( Kyp) = P(—Kyp), momydaem:

1-2a
O(—Kyp) = T,

OTmeTHM, 9TO TI0 CMBICITY 3a/1a4H 3/1€Ch Ky, — OTPUIIATEIBHOE YHCIIO.

3HaYeHHS Z, BBHIYHCICHHBIC IO BBHIOOPOYHBIM JAHHBIM, MPEBHIIAIONTNE
Ky, cormacyrorcst ¢ runore3on Hy. Ecin BennunHa z monagaetT B KPUTHIECKYIO
obmacte (z<Ky,), TO TrTHmOTE3y [y cCnexyeT OTBEPrHYTb, CUUTAas
MPEANOYTUTEIIBHON TUTIOTE3Y 1.

III. PaccmoTpuM Tenepp Takyro 3a1ady:

H(): ME_, =da,

Hy: ME # a.

B nanHOM ciywyae OOJbIIME OTKJIOHEHUS 2y(2) y
BEJIMYUHBI z OT HYJS B IIOJOXHUTEIBHYIO WIIA
OTPULIATEIBHYIO CTOPOHY JOJKHBI IMTPUBOJIUTH K

BN\
3aKJIIIOUYCHHUIO O JTOXKXHOCTH TMIIOTC3bI H(), TO €CTb K K

Kp Kp
3/IeCh CJEeAyeT pacCMaTpuBaTh JIBYCTOPOHHIOO Puc. 3.

KPUTHUYECKYIO 00J1aCTh, KaK M300pakeHO HA PUCYHKE 3.

KpI/ITI/I‘ICCKOG 3HA4YCHHC KKp onpeacIACTCA € IOMOIIbIO COOTHOIICHUSA

P(-Kyp <2< Kyp) = 1 — a0 = D Kyp) — D(— Kygp) = 2D( Kip) -
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M3 3TOro coOoTHOIICHUS CICaycCT:

|
DO(Kp) = N

IIpoBepka runore3bl 0 paBeHCTBE TUCIIEPCHIA.

I'unorespl 0 QUCHEPCUM UIPAKOT OYEHb BAXXHYIO POJb B 3KOHOMHUKO—
MaTeMaTUYeCKOM  MOJCIMPOBAHMU, TaK KaKk  BEIMYMHA  PACCESHUs
HKCIIEPUMEHTAIBHBIX BBIOOPOUYHBIX JIaHHBIX OTHOCHUTEJIBHO PAaCCUUTAHHBIX
TEOPETUYECKUX 3HAYECHUU COOTBETCTBYIOIIUX I1apaMeTpPOB,
XapaKTEPU3YOLIAasACs NUCIEPCUEH, AACT BO3MOKHOCTb CYIUTh O IPUTOJHOCTH
(aI€eKBaTHOCTHM) TEOPUU WJIM MOJIENHU, HA OCHOBAHUHM KOTOPOM CTPOUTCS TEOPHUSL.

ITycTh HOpMaNIBHO paclpesesieHHas CilydaiiHas BelIMYMHA & OlpejaesieHa
Ha HEKOTOPOM MHOXECTBE, OOpPa3yIOIEM TIE€HEPAIBbHYI0 COBOKYIIHOCTb, a
HOPMAJIBHO PacIpe/elIeHHas CllydaiiHas BeJIW4uHa 1| ONpEeleeHa Ha JPYrom
MHOECTBE, KOTOPOE TOKE COCTABJIAET F€HEPAIbHYIO COBOKYIHOCTh. M3 00enx
COBOKYITHOCTEW J€JIaloTCs BBIOOPKU: M3 NEpPBOM — 00beMa n;, a U3 BTOPOU —
o0bema n, (OTMETHM, YTO O0BEM BBIOOPKM HE BCErja MOXXHO OIMpPENETIUThH
3apaHee, Kak HallpUMep B CiIydae, €CIM OH PaBEH KOJIWYECTBY PbIO, OMABIINX B
cetb). [lo kaxmoit BBIOOpPKE pPAaCCUMTHIBACTCA HCIIPABICHHAS] BBIOOPOUHAS
JCTIepCHst: §,° 1S BBIOOPKH M3 MEPBOil COBOKYITHOCTH H s,° [UIsl BHIGOPKH M3
BTOPOM COBOKYITHOCTH.

ITocraBum 3ajgady: ¢ IOMOIIBIO BBIOOPOYHBIX JAaHHBIX IPOBEPUTH
cTaTuCcTUYeCcKyto Tumnotresy Hy: DE = Dn. B kadecTBe KOHKYpHpYIOIIEiH
TMIOTe3bl OyAeM paccMaTpuBaTh UJCH0, 3aKIIOYAIOUIYIOCS B TOM, YTO
JTUCHepcus TOM COBOKYITHOCTH, [JIsi KOTOPOM HCIpaBiIeHHas BbIOOpOYHAs
JUCIIEpCHs OKa3ajlach HauOoIbIIEH, O0bIIE AUCTIEPCUU APYTOil COBOKYITHOCTH.

KpuTtepuii 6epercs B cienyromnem BU/Ie:

* %
F=S .
S *

2 2
3nech S**— Hanbomblas U3 ABYX OLICHOK §;” U S, , a S*— HauMEHbIas U3 TeX

e JABYX OLIEHOK.
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Kputepuit F' pacnpenenen no 3akony dwumiepa ¢ ky U k, creneHIMu

cB00OOBI. 371€Ch
k1 = I’ll—l, k2 = nz—l, eciu S**= S12;
kl = 1’12—1, k2 = nl—l, eciu S**= S22.

B oT0M 3amaue eCTECTBEHHO pacCMaTpuBaTh IPABOCTOPOHHIOIO
KPUTHUYECKYIO 00JIacTh, TaK KaK JOCTATOYHO OOJbIINE BHIOOPOUYHBIC 3HAYCHUS
Kputepus F' CBUIAETENBCTBYIOT B I10JIb3y KOHKYPHUPYIOLIECH THIIOTE3BI.

[Tpu 3aganHOM ypoBHE 3HauuMoctH ¢ (00bruHO g =0,05 mmu g =0,01)
KPUTHYECKOE 3HaueHue [y, ompenensercd W3 TaONHMIBl pacHpencIcHus
Oumepa. B ciyuae F' > F, runore3a H, orBepraercs, a B ciydae F < F, —
IIPUHUMAECTCA.

[lyctb fgBa  MHOXKECTBA  HEKOTOPBIX  OOBEKTOB,  0O0JaJarOIIUX
KOJIMYECTBEHHBIM  IMPU3HAKOM, IOJBEPTHYTHl BBIOOPOYHOMY  KOHTPOJIIO.
3Ha4YeHUs KOJIMYECTBEHHOTO NPU3HAKA €CTh PACIPEAEIECHHBIE IO HOPMAILHOMY
3aKOHY CllydyailHble BEJIMYMHBI, KOTOpble Mbl O00O3HauuM §&; U &y,
COOTBETCTBEHHO, Il IEPBOrO M JUJIi BTOPOro MHOXecTB. M3 mepBoro
MHOJKECTBa CcJielaHa BbIOOpKa o0bema 7;=21 M NojcuMTaHa HCHpPaBICHHAs
BbIOOpOYHAs Aucrepcusi, okaszapmasicsa paBHoil 0,75. M3 BToporo MHOXecCTBa
crenaHa BelOOpka odbema n,=11. Ota BbIOOpKa Jajia 3HaUEHUE UCIPABICHHOM
BbIOOpOUHOI mucnepcun, paBHoe 0,25. BwigBuraem rumotesy Hy: DE=DE,.
Konkypupytromias runotesza H, 3akimodaercs B ToM, 4to DE>DE,. B naHHOM
cilydae BbIOOpouHOe 3HaueHue Fy kputepus Purniepa pasHo 3. [Ipu BeiOpanHOM
ypoBHe 3HauumoctH ¢ = 0,05 mo uymcnam cteneHe cBoboabl k=20, k=10
HaxoauM Mo Tabnuie pacupenenenus Oumepa Fi,=2,77. Tak xak Fy > Fyp,

T'UI10TE3a O paBCHCTBC ,Z[I/ICHepCI/Iﬁ JOJDKHA OBIThH OTBCPIrHYTA.

IIpoBepka cTAaTUCTHYECKOM 3HAYMMOCTH BHIOOPOYHOTIO
KO3 puUeHTa KOPpeasIHH.

IIpoBepkoii cTaTHCTHYeCKON 3HAYMMOCTH BBIOOPOYHON OIEHKH O
napamerpa A TreHepaJbHOW COBOKYIIHOCTH HAa3bIBACTCH IPOBEPKA
CTATHCTHYeCKO rumore3bl Hy: A = 0, NpM KOHKYpHpYIOIIell THIIOTe3e
Hy: A # 0. Ecim runore3a H, oTBepraercsi, T0 OleHKa O CUHTAaeTCsl

CTATUCTHYECKH 3HAYNMOM.
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Jleknus 14.

ITycTh MMEIOTCS J1BE€ CilydaliHble BEJIUYMHBI & U 1), ONpEACJICHHbIE Ha
MHOKECTBE OOBEKTOB OJHOM M TOW K€ I€HEepaJbHOW COBOKYIHOCTH, IPUYEM
o0e KMMEIT HOpPMaJIbHOE paclpelesieHue. 3ajada 3aKiIdacTcs B IPOBEPKE
CTaTUCTUYECKON TUMoTe3bl 00 OTCYTCTBUU KOPPEISIIMOHHON 3aBUCHMOCTH
MEX/y CIIydyalHbIMM BETMUMHAMM & U 1.

Hy: peq = 0;

H;: Pen # 0.

31eck Pz — KOdQOUIMEHT THHEHHON KOPPEIALMH.

IIpousBonutcss BbIOOpKAa OO0BEMA 7 U BBIUUCIAETCS BBIOOPOYHBIN
KOA(}(ULHUEHT KOppensiuuu ». 3a CTaTUCTUYECKUN KPUTEPUM NPUHUMAETCS

cnyqaﬁHaﬂ BCJIIMYMHA

r~n—2

A1=r? ’

KOTOpas pacrnpezesieHa no 3akoHy CThIOJIEHTa C 71 — 2 CTETIEHAMH CBOOO/IBI.

1=

OTmeTM CcHayasia, 4YTO BCE BO3MOJKHbIE 3HAUY€HHS BBIOOPOYHOIO
ko3 uLMeHTa KOoppelsauuud » Jexar B npomexyTtke [—1;1]. OueBumgHO, 4TO
OTHOCHUTEJIbHO OOJIBIIME OTKJIOHEHMS B JHOOYIO CTOPOHY 3HAYEHUH { OT HYJ
MOJIy4alOTCs MPU OTHOCUTENIBHO OOJBIIHX, TO €CTh OMU3KUX K 1, 3HAUEHUAX
Moayns r. biauskue k 1 3Ha4YeHMs MOIyJsl » NPOTUBOpedaTr rumnorese fH,,
IIO3TOMY 3JI€Ch €CTECTBEHHO pacCMaTpUBaTh JABYCTOPOHHIOIO KPHUTHYCCKYIO
o0nacTb JUist KpUTEpUs 7.

[1o ypoBHIO 3HAUUMOCTH (@ U IO YUCITY CTENEHEH CBOOOIbI 7 — 2 HAXO UM
u3 Tabiamubl pacnpenenenus CTbIOJEHTa 3HAYCHUE I, Ecam  Momyns
BBHIOOPOYHOTO 3HAYEHHMs KPHUTEPUS [y TIPEBOCXOIMT Iy, TO Tumoresa H
OTBEpraercs M  BbIOOPOYHBIM  KOI(PPUIMEHT KOPPEISLUU  CUUTAETCS
CTaTUCTUYECKU 3HAYMMBIM. B TPOTHBHOM ciydae, TO €CTb €ClH |ty < Ixp U
OpUHUMaeTcd Tunore3a fH,, BbIOOPOUHBIA KOIPPUIMEHT KOppeasiuuu

CUUTACTCA CTATUCTUYCCKHN HC3HAYUMBIM.
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