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I'maBa 1. OcHOBHBIE NOHATHS TeOpUHU BeposiTHOCTel. CiyyaiiHble

BCJINYHUHBI

1.1. Cary4aiinoe co0bITHE, €0 BEPOSITHOCTD

Onemenmur  kombunamopuxu. Ilpexne uem (opMyIupoBaTb OCHOBHBIE
OIIpe/IeNICHUS AIIEMEHTAPHON TEOPUHU BEPOSITHOCTEH, 1aTUM 3/1€Ch HECKOJIBKO MOHITUN
U3 KOMOMHATOPUKH — pa3liella MAaTeMaTHKH, HW3YYaroUulero IEepeCcTaHOBKU H
KOMOMHAIIUM TIPEIMETOB .

1. Ilyctp umeercs N mnpeameTroB. CKOJIBKO HMEETCS nepecmaHo80K 3STUX
npeamMeToB. To ecTb, CKOJIBKMUMH CHOCO0AMU MOKHO MEPEYNoOpsSAOYUTh 3TU
IpeIMEThl, HHAUE, CKOJIBKUMH CIIOCOOAaMU MOYKHO paclpeienuTh N MpeaAMETOB 1o N
MECTaM.

Yuciio nepecTaHOBOK PaBHO MPOU3BEAEHUIO HATYPABHBIX YMCET OT €UHULBI
110 JaHHOTO:

nl=1.2-3-...-n. (1.1)

Cama omepanus, oOo3HauaemMass B MaTeMaTHKE 3HAKOM «!», Ha3bIBaeTcs
dakTopuan.

Ilpumep. IlycTb 3a mepBBIMH TpeMsl CTOJaMH B ayIUTOPHH CHIAT IIECTb
CTYICHTOB (/IBa CTYyAE€HTa 3a KaXIbIM CTOJOM). CKOJBKMMH CHOCOOAMHU MOKHO

Pa3MECTUTh CTYJICHTOB IO IIECTH MecTaM?

Omeem: 6!=1.2-3-4-5-6=720.
HNmeet MecTo cieayroliee O4eBUIHOE paBEHCTBO (N+1)!=nl(n+1).
Cnenyer umeThb B Buay, uro 0!=1.
2. HNwmeetcs n npenmeToB. CKOJIBKHUMH CIOCO0OAMH U3 n MPEIMETOB MOYKHO

BBIOpATHh M npeamMeToB. MOXKHO MOKa3aTh, YTO YUCIO CIOCOOOB PABHO:

n!

G = i —m)1

(1.2)

* 3IICCB CJIOBO <<l'lpe)IMeT>> HOCHUT yCJ'IOBHBIﬁ xapaKTep, OHO TAaK>XXE€ MOXKCT O3HA4YaTh, Haan/IMep, JKUBOTHBIX UJIHN
JTFOJICH.
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JlaHHOE BBIp@XCHHE HA3BIBACTCS UYUCIOM couyemanuti uz N no M, a TaKKe
OUHOMUHATLHBIM KOIPPuyuenmom.
HIMErOT MECTO CIIeAYIONINE PABEHCTBA, KOTOPBIC CIACIYIOT U3 CAMOM IMOCTaHOBKH

3a7a41 O YHCJIC COUCTaHUU
Cﬁ =n,
copm=c.
3. HNmeercs n mpeameroB. CKOJBKUMU CHOCOOAMH M3 n IPEAMETOB MOXKHO
BBIOpaTh M IMPEAMETOB, HO C YYETOM IOpPsIKa, B KOTOPOM OTOMPAIOTCS MPEAMETHI.
Yucio cmocoboB  ompenenseTcss BBIPAXKEHUEM, KOTOPOE HA3BIBACTCS  YUC/O

pCBM@IMGHlHZ u3z N nom:

nt

A = (n—-m)l” (13)

Eme pa3 moguepkHeM OTJIMYME YHCIA COYETAHUM OT YHMCIIA Pa3sMELICHUN:
«COYETaHUe» — MOPSJIOK B KOTOPOM pacrojiaratorcs M oToOpaHHBIX HNPEIMETOB HE
BaXXEH, «Pa3MEILEHUE» — MOPSA0K 0TOOpa BayKEH.

Ilpumeprr.

1) Nmeetcs necsATh TOUEK, HUKAKHE TPU U3 KOTOPBIX HE JIEXKAT HA OJTHOU MPSMOH.
CKOJIBKO pa3IMYHBIX IPSIMBIX MOKHO IIPOBECTH YEPE3 ITH TOUKH.
Pewienue. Tak kak JIB€ TOYKU ONPEAEISAIOT MPAMYIO JIMHUIO €IMHCTBEHHBIM 00pa3oM,
YHUCIIO NPSMBIX PAaBHO YHUCIY pPa3jMYHBIX IMap TOYEK, TO €CTh YHUCIY CIOCOOOB,
CKOJIBKUMH M3 JIECATH TOYEK MOXKHO BbIOpaTh JBe. Takum 0oOpa3oM, YHCIIO MPSMBIX

paBHO

5 100 1.2.3...-8:9:10 9.10

C].O: = 45.
21(10-2)!  2.1.2-3-...-8 2

2) B rpynmne 15 crynenrtoB. /s ydacTus B CTyAeHYECKOHM KOH(EPEHIIUH
HE00X0AMMO 0TOOPATh TPEX CTYIEHTOB. CKOIBLKHUMH CIIOCOOAMH 3TO MOXKHO CHENaTh?

15! 13-14.15
312 2-3

Omesem: C¥ = =455,



3) lBe mocnennue mudpbl Tele(OHHOr0 HOMEpa, 3alMCaHHOrO Ha Oymare,
OKa3aJIMCh 3aTEPTHIMU, HO H3BECTHO, UTO IU(PHI HE coBmanaroT. Kakoe maxcumanvroe

KOJIMYECTBO HOMEPOB HEOOXOIMMO NepedpaTh, YTOOBI MOJIYUYUTh TPABUIIBHBIN HOMED?

o) L a2 10
meem. Ay = i 90. 31€ech, B OTVIMYKE OT NPEIBIAYIIUX IPUMEPOB BaKEH MOPSIOK,

B KOTOPOM OTOHPAIOTCS «IPEAMETh» — MU(PHI, TaK KaK MEpecTaHOBKa UG TaeT
npyroe uuciio. Pazymeercs, aHHYIO 3ajady MOXHO PELIUTh W Mo-Apyromy. Bcero
koMOuHanui nByx mmudp 100: 00, 01, ...,99. Ho crenyer UCKIIOYUTHL KOMOWHAIINH C
oJMHAKOBBIMM M pamu, a ux aecateb: 00, 11, 22, ..., 99. 100-10=90.

4) Pacnucanuie AHS COCTOMT M3 YCTHIpEX 3aHATHH. Bcero AMCHMILINH CEMb.
CKoBKUMU CITIOCOOAMU MOKHO COCTABUTh PacluUcaHue yueOHOTO JIHS.
Pewenue. Tak Kak pacnucaHue JHS 3aBUCUT HE TOJIBKO OT COCTaBa JIUCIUILIUH, HO U
MOpsKa, B KOTOPOM OHU CJIEAYIOT, YUCJIO CIIOCOOOB PaBHO

7!

A;lzm

=5-6-7=210.

Yacmommnoe u knaccuueckoe onpeoenenus gepoamuocmu. I1ycTb B HEKOTOPOM
OTBITE HAOJIOAETCS HEKOTOpOoe CcOObITHE (OMBIT HE OO0S3aTENbHO MOJKEH OBbITh
IIOCTABJICH YEJIOBEKOM, YEJIIOBEK MOET BBICTYNaTh B POJM IMACCUBHOIO
HaOmoaarens). Eciu pe3ynbTaTsl ONbITa BAPbUPYIOTCS MPU €TI0 IOBTOPEHUH, TOBOPSIT,
YTO OMBIT UMEET CITy4yaiHbIi ucxo. CiaydaliHbIM COOBITHEM (WIJIH TIPOCTO COOBITHEM)
Ha3bIBae€TCs BCAKUM (DAKT, KOTOPHIA B OMNBITE CO CIyYalHBIM HCXOJOM MOXET
ITPOU30MTH, HO MOXKET U HE ITPOU30UTH.

YHuciieHHOM WM KOJIMYECTBEHHOM XApaKTEPUCTUKOW TOr0, HACKOJIBKO
BO3MOYKHO (MJIA HEBO3MOKHO) CIIy4ailHOE€ COOBITHE SIBISIETCS BEPOSITHOCTH JTAHHOTO
COOBITHSI.

[TycTh Mpou3BOAMTCSA N OMBITOB (MHAYE, HEKOTOPBIM OIBIT TOBTOPEH N pas3).
ITycTh coObiTHE A HaOMI0aTI0CH B My onbiTax. HazoBem wacmomoii v coobiTst A B N
OMbITAaX OTHOIIICHHE

Ma
rap

(1.4)

VvV =

Ilpumepur.



1) Monera moxopomena 100 pa3, repd mosBuics 47 pas, Torga JacTtoTa
nosiBneHus repoa pasHa 0,47.

2) Urpanbuelii kyouk nmogoporien 20 pas. lllectepka mosiBHiIach 4eThipe pasa.
YacroTa nosiBneHus mectepku pasHa 0,2.

BepositHocTbio P(A) coObiTUs A Ha3bIBaeTCs MPEiel OTHOIICHHS YUCIIA ONBITOB

Ma, B KOTOPBIX A mMeJI0 MecTo K O6HICMy YHUCJIy ONBITOB N, KOTrJa 06HICC quCJIo

OIIBITOB HCOI'PAHUYCHHO BO3pPACTACT:

P(A) = lim A (1.5)

n—o N

JlanHoe ompenesieHue Ha3bIBAIOT YaCTOTHBIM OIpEJIEICHHEM BeposiTHOCTH. Ha
WHTYUTUBHOM YPOBHE YaCTOTHOE OIPEACIICHHE OTPaKaeT CBS3b BEPOSTHOCTH U
94acTOThI. (IMOJPOOHO O XapakTepe 3TOH cBsA3M OymeT ckazaHo B 1m.3.1). M3 sroro
oTnpeeeHus CleyeT (PyH/IaMeHTaIbHOE CBOMCTBO BEPOSATHOCTH

0<P(A)<1.

Opnnako, onpenenenue (1.5) He MO3BOJSET TOUHO BBIYUCIUTH BEPOSITHOCThH U
MO3TOMY SIBIIIETCSI HEYJOBJICTBOPUTENbHBIM. [Ipou3BeieM ciaeayromuii MbICICHHBIH
ombIT. [lycTh HaM HaJO OMNPEACIHTh BEPOSTHOCTH TMOSBICHUS Tepda mpu
noa0paceiBaHUU MOHETHI. byneMm moaOpachiBaTh MOHETY BCe OOJbIIEe YHCIO pas,
MOJICUMTHIBAST KOJTUYECTBO BBIMIAJICHUH TepOa U COOTBETCTBYIOIIYIO YACTOTY:

n Ma A%

10 4 0,40
100 47 0,47
500 255 0,51
1000 480 0,48

3aKOHOMEPHOCTH B ITOCJIEOBATEIBHOCTH BO3MOKHBIX 3HAYEHHUI YaCTOTHI V MBI
HE BUAUM. B Takux ciaydasx TOBOPAT, YTO V SABJSAETCS CIIyYalHOM BEJIMYMHOM.
Bperuuciute  mipenen  CiiydyalHOM — TIOCJIENOBATEIBHOCTA  HE  IPEICTABISACTCS

BO3MOZKHBIM.



C npyroit CTOpOHBI, MHTYUTUBHO Mbl IOHUMA€EM, YTO BEPOSITHOCTh MOSIBJICHUS
repOa mpu moaOpackIBaHUK MOHETHI paBHa 1/2. MBI HCXOIUM MPU 3TOM U3 TOTO, YTO
npu 1noAOpackiBAaHUM MOHETBl €CTh JIBa HMCXOJla «repO», «pemniKka» U 3TH HCXOIb
PABHOBO3MOXHBI (B TAKUX CITy4asiX TOBOPAT TaK¥Ke, UTO OMBIT 00JIaJ]laeT CUMMETPpHUEH
BO3MOXHBIX MCX0A0B). OTHOIIIEHHWE YHCIa MCXOJOB, B KOTOPBIX JAHHOE COOBITHE
UMEET MECTO K O0OIleMy YHCIy HCXOJIOB U JIaCT HUCKOMYIO BEPOSTHOCTh. Takum
00pa3oM, IPUXOAHUM K CIEIYIOLIEMY OIPEACIICHHUIO.

[TycTh Bce UCXO/IbI JAHHOTO OMBITa PAaBHOBO3MOKHBI. [1ycTh N — o01iee yucio
HCXOJIOB OTBITa, M — YHUCIO OJArONMPUSATHBIX HCXOJOB, T.€. MCXOJOB B KOTOPHIX
MHTEpecymolee Hac coObiThe A umeeT mecTo. Toraa BeposiTHOCTh P(A) onpeaensercs
KaK

P(A) = % . (1.6)

JlaHHOE ompeaeneHne Ha3bIBAOT KIACCUUYECKUM OIPENEICHUEM BEPOSITHOCTH.
OueBHIHO, 3TO ONPEIEIICHNE HOCUT OTPAHUYEHHBINA XapaKTep, TaK KaK CIPaBEMJIUBO
TOJBKO JIJII PaBHOBO3MOXKHBIX MCXOJI0B. Hampumep, eciiu Mbl BEpUM B TO, YTO BCE
MCXOJIbl TIPU OpOCAaHUU UTPATBHOTO KyOHWKa paBHOBO3MOXKHBI, TO B COOTBETCTBUHU C
(1.6) BeposaTHOCTH TIOsIBJICHUS «6» paBHa 1/6. Ho eciiu y Hac ecTh OCHOBaHUSI B 3TOM
COMHEBAThCs, IPUMEHUTH COOTHOIIEHUE (1.6) MBI HE MOXKEM.

PaccmoTpuM  mpumepsl  NPUMEHEHHS  KJIACCUYECKOTO  OMNpEIeNICHHS
BEPOSTHOCTH.

1) Bpocarorcs aBa WrpajibHbIX KyOmka. HaliTh BEpOSTHOCTH CIIECAYIOIIMX
COOBITHIA.

A — cyMMa BBITIaBIIMX OYKOB YETHASI, IPUYEM HA TPaHU XOTs Obl OJTHOTO KyOuKa
BBITAJIET LIECTh OYKOB;

B — cymma BBINIaBIIMX OYKOB HEUETHAs, MPUYEM Ha TPaHU XOTS Obl OJHOTO
KyOuKa BBITIAJICT CANHUIIA;

C — cyMMa BBITIaBIIMX OYKOB paBHA §;

D - ITPON3BCACHHUC BbIIIABIINX OYKOB paBHO 8,

E- CyMMa BBIIIABIINX OYKOB 0O0JIBIIIE YEM MX IIPOU3BCACHUC.
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[TonHOE KOAMYECTBO UCXOJIOB, T.€. 3HaMeHatelb B (1.6) , paBHO 6-6 =36.

bynem 3amuchiBaTh paccMaTpuBaeMbie COOBITHS KaK MHOKECTBA, DJIEMEHTHI
KOTOPBIX IPEICTABIIAIOT COOOM YIMOPSAAOUYCHHBIC Maphl YHCENI — KOJUYCCTBO OYKOB,
BBITIABIIMX Ha TIEPBOM M BTOpOM KyOmkax. [locime 3Toro umcio OiarompusTHBIX
UCXOM0B, T.e. uuciaureab B (opmyne (1.6), ompemenseTcss MPOCTHIM IMOACYCTOM

DJIICMCHTOB MHOXCCTBA
A={(26),(4,6).(6,6),(64),(6.2)}, P(A) = 3—% .

5
36

B :{(116)1 (1!4)1 (112)’ (211)’ (4’1)1 (611)}1 P(B) =

|

C ={(26), (35),(4.4), (53). (6.2)}, P(C) = 3—56

D={(24),(4,2)}, P(D)= %

Jnst Toro, yrtoObl CyMMa BBINABIIMX OYKOB ObUla OOJbIIE, YEM UX
MpOM3BEACHUE, 0 KpaliHel Mepe, Ha OJHOM KyOWKe JOJDKHA BBIMACTh CIUHUIIA.

Yucno cooTBeTCTBYONMMX UCX010B paBHO 1 1. Mckomas BepostHocTh P(E) =11/36.

2) V3 matu kapToveK pa3pe3Hoi a30yKH COCTABIICHO CJIOBO «KHHTa». PeOeHOK
HE YMEIOUIMN YUTATh PACCHINAJ KAPTOUYKH, 3aTEM CIIOKUJI UX B CIIyYaWHOM MOPSIIKE.
KakoBa BEpOSITHOCTD, UTO Yy HET'O CHOBA MOJIYYUTCS CIIOBO «KHUTA.

31ech mpeArnoiaraeTcsi, 4To BCE HMCXOJbI PaBHOBO3MOXHBI. OOIllee 4ucio
HMCXOJ0B PAaBHO YHUCIy IEPECTAHOBOK IIATH KapToyek, n=5!=120. bnaronpusTHsIi
ucxon onuH. Mickomas BepositHocTh P =1/120.

3) U3 koioael kapT B 36 JIMCTOB BBIHMMAIOT JBE KapThl. Kakoe coObITHE
ABIIsSIETCS OoJiee BEPOATHBIM: A — 00€ KapThl OJTHOTO 1BETa, B — KapThl pa3HbIX IIBETOB?

OO6m1ee YnciIo UCXOJ0B PABHO YUCITY CIIOCOOOB CKOJILKUMHU U3 36 KapT MOXKHO
BBIOpaTh IBe, T.e. CZ. Tak Kak YHMCIO KapT OJHOTO IIBETAa PAaBHO 18 HECI0KHO

MOJTY4YUTh

, 18 17.18
p(ay= Cls _“20161_ " 21718 17
C2 ~ 36 3536 3518 35’

36
21-34! 2




CigCly 18-18 18-18 18
c2 36 3536 35
2134 2

P(B) =

4) Umeercs 12 neraneid, U3 KOTOPBIX 5 sBISAIOTCS OpakoBaHHbIMH. Hayran
orOupaercss 4 nperamu. KakoBa BEpOSTHOCTh TOTO, YTO BCE YETHIPE OKAKYTCS
OpaxkoBaHHBIMH? TOJIBKO OJTHA U3 YETHIPEX OKAXKETCsI OpaKOBAHHOM ?

OOG1iiee YUCIO HMCXOJ0B paBHO C;,. UHCIO CIMOCOOOB CKOJBKAMH MOKHO
BBIOpaTh 4 OpaKOBaHHBIX U3 IATH paBHO C§ =5. IT09TOMY BEPOSTHOCTH, YTO BCE

YCTBIPC ACTAIIN OKAXKYTCA 6paKOBaHHBIMI/I, paBHa

_Cd 5 5 1

P= ci 12/(48) 9511 99°

O,Z[Hy 6paKOBaHHy1-0 ACTaJIb U3 IIATH 6paKOBaHHBIX MOKHO BbI6paTI> IIATBIO

criocobamu: Ci =5. OcTanbHble TPH JOJDKHBI OBITh HeOpakoBaHHBIMH. WX MOXKHO
BEIOpaTh C> croco6amu. ITONHOE YMCIIO MCXOMOB C OJHON OPAKOBAHHOH M TpeMs

HeOPaKOBAHHEIMH JIETATAMH PaBHO Mpom3BeneHnio CiC3. TakuM 06pa3oM, HcKkoMas

BCPOATHOCTH paBHA

5. 7
p_CC7_" a4 _557 35
ct, 12 9511 99°

4.8

Vraszanue. Tlone3no Haiitu pemienue 6osee obmeit 3amaun. [lycts umeercs N
MPEAMETOB M3 KOTOpPHIX M TpenMeToB 001alat0T HEKOTOPHIM  OMpeIeICHHBIM
kadectBoM. OTOupaercs N npenmeroB. KakoBa BEpoOsSTHOCTh, UTO CPeIM OTOOPAHHBIX

MPEAMETOB POBHO M MPEIMETOB 00JIa1a0T TaHHBIM KaueCTBOM?

O6mas popmyna
m n—m
p=SM Cnom .7
Cq

«l'eomempuueckasy eeposmnocms. Kinaccuueckoe orpeziesieHue BEpOITHOCTH
(1.6) mpenmoaraet, 4ToO KOJMYSCTBO UCXOJIOB OIMbITa KOHEUHO. PaccMoTpuM cirydai,
KOI'/Ia YUCJIO UCXOJ0B OECKOHEYHO, a CaMH MCXOJbI SIBJISIOTCS AJIEMEHTaMH, BOOOIIe
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TOBOPsI, HECYETHOTO MHOKECTBA.
HmenHo, TpeOyeTrcs HaWTH BEPOATHOCTH COOBITHS A B TOM cCilydae, KOT/a
pe3yNbTaT UCHBITAHUS ONPENESAETCs CIyYalHBbIM MOJOKEHUEM TOYEK B HEKOTOPOid
o0nacTu, TpUYeM JIFOObIE TIOJOKEHUS TOYEK B OTOM 0OJAaCTH  SBISIOTCS
PaBHOBO3MOXHBIMH.
B sToM citydae BepOATHOCTH COOBITHS OMpPEEsIeTCs Kak

On

PA)= 5™,

(1.8)

rae Q, — Mmepa (pa3mep) Bceld o0nactu, Q, — Mepa 00JacTH, MONaJaHUuE B KOTOPYIO

0JIaronpuATCTBYET COOBITHIO A.
3ameuanue. Enunuiibl n3MepeHust 00JacTeid MOTYT ObITh CAMBIMH PA3JIMYHBIMU,
B 3aBUCHMOCTH OT CMBICJIA 33J1a41 3TO MOTYT OBITh: JIMHA, IUIOIIadb, 00BEM, BPEMS. . .
Ipumepur
1) PaccTosinue mexay myHktamu A, B paBao 12 kM. M1y IyHKTaMH HATSHyTa
tenedonnas nuHUsA. HaliTu BEpOSATHOCTH TOTO, YTO, OOPHIB MPOU3OUJIET HE Jajiee, YeM
B OJTHOM KHJIOMETpE OT OJIHOTO U3 MyHKTOB. [Ipenmnonaraercs, 4To
- JIJIMHA TIPOBOJIOKH pPAaBHA PACCTOSTHUIO MEXY MYHKTAMHU,
- BEPOSITHOCTh OOpbIBA Ha HEKOTOPOM YYaCTKE HE 3aBUCUT OT PACIOJIOKCHHS
ATOr0 y4yacTKa.

Hckomas BCPOATHOCTDb paBHA OTHOIICHHUIO COOTBCTCTBYIOIINX IJIMH

_2_ 1
1276

P

2) B kpyr BOHMCaH pPaBHOCTOPOHHHH TpEyrojibHUK. HalTh BepOsATHOCTH

cineayromux coobituii. CoObiTe A — TOYKA, TOCTaBJIEHHAS] MPOU3BOJIBLHBIM 00pa3oM

BHYTPH KPyra, OKa)KETCS U BHYTPU TPEYTOJIbHHUKA, COObITHE B — Touka oKa)keTcsi BHE
TpPEyTOJbHUKA.

Hckomelie BCPOATHOCTHU pPaBHbBI OTHOIICHHUIO COOTBCTCTBYIOIIHMX HJ'IOH.I&,Z[GI\/'I.

O603HauuB 32 R pagnyc kpyra, Moxy4um

3V3 .,
PUD—AZ*R 33
 gR2  4n’

11



233 g2 3.3
P(B) = 4 12
nR2 47

OcHosHble npasuia meopuu 8eposimHoOCmell (aKcuomamuieckoe onpeoenenue
8EPOSIMHOCMUL).

Bce mnpuBeneHHbIC BBINIE ONPEACICHUS TMOHSATHUS HOCAT OrPAHUYCHHBIN
xapaktep. OHM HE MOTYT IIPETEHI0BATh HAa POJIb YHUBEPCAIBHOIO OMpeesieHus. DTO
HE ciyyaiiHO. «BeposSTHOCTEY» ClelyeT OTHECTH K YMCITY (PyHIaMEHTAIbHBIX, CAMbIX
o0IIuX, «MEepBOOCHOBHBIX» MOHATUH. Kiaccuueckoe ompeneneHnue KaKoro-imoo
MOHATHUS TOJpPa3yMeBaeT, MPEXKIEe BCEro, MOJBEICHHE €ro IMoj MOHATHE OoJjee
HIUPOKOE: «SI0JIOKO — 3TO (PYKT...», «CTYAEHT 3TO ydamuics...» u T.4. g
BEPOATHOCTH, HE OIpEeNessis caM 3TOT TEPMUH OOBIYHBIM 00pa3oM, (pOpMYyIUPYIOT
TOJIbKO TIpaBWJIa, KOTOPHIM OHA TMOAYMHSAETCS. OTH TpaBWIa HE BBIBOASATCS
JIOTUYECKUM IyTeM U3 Oojiee OOLIMX OMNPEIENICHUM, T.€. SBIAIOTCS aKCHOMaMH,
COOTBETCTBEHHO, HA0Op TAaKWX MPABUJI HA3bIBAIOT AKCHOMATHYECKIM OIPEICTICHUEM.

[Ipexxne dem mnepexoauTb K (OPMYITUPOBKE AaKCHOM, YTOYHUM TIOHATHE
«cobObiTue». CoOBITHE B TEOPUH BEPOSITHOCTEM paccMaTpUBAaEeTCs KaK MHOXKECTBO.
MHO0kecTBO BCeX BO3ZMOXKHBIX MCXO/0OB JIaHHOTO OTBITA HA3bIBAETCS MMPOCTPAHCTBOM
aJIeMEeHTapHbIX coObITHH. [lamee Oymem 0003Ha4aTh ATO MHOXKECTBO OYKBO#l (2.
Kaxx b1l 57IeMEHT ® € () Ha3bIBACTCS JIIEMEHTAPHBIM COOBITHEM.

[IpuBenem npumepui.

1) Bpocaercs urpanbHbiii kKyOuK. [IpocTpaHCTBO 3J€MEHTapHBIX COOBITHI —
MHO’KECTBO, JIEMEHTAMH KOTOPOTO SIBJISIFOTCSl TIEPBBIE IIECTh HATYPATbHBIX UYHCEIN

Q={1,2,345,6}. CobbiTHE A, KOTOPOE 3aKJIFOYAETCS B BBINAICHUU YETHOTO YHCJIa OYKOB
3T0 MHOXecTBO A={24,6}. CoObiTie B — BhImajgeHWe HEYETHOrO 4YHCIA OYKOB,
MHOXKecTBO B={135}. CoObiTie M — BBINTaJicHHE MaKCUMaJIbHO BO3MOXXHOTO YHCJIa
OYKOB, 3TO MHOXECTBO, COCTOSIIEE U3 OJHOTO AemeHTa: M ={6}.

2) bpocatorcs naBa urpalibHbIX KyOuka. MHOXecTBO () COCTOMT H3

YHOOPSIAOYEHHBIX Tap urcen ot 1 1o 6:
Q={1D,12),....(66)}.

12



CoOpiTHe A — CyMMa BBINTABIIMX OYKOB YETHAS, MPUYEM HAa TPAHU XOTS ObI
OJIHOTO KyOMKa BBINAJET IIECTh OYKOB 3TO MHOXKECTBO

A={(2,6),(4,6),(6,6),(6,4),(6,2)}.

3) U3 natu kapTovek pa3pe3Hol a30yKu CilydallHbIM 00pa3oM COCTaBIISIOTCS
cioBa. [IpocTpaHCTBO 3JIEMEHTAPHBIX COOBITHH — MHOXKECTBO U3 5'=1203J71€MEHTOB,
Ka>KJIbIi1 JIEMEHT KOTOPOTO MPEACTABIISIET COOO0M OINpeIeICHHYIO EPECTaHOBKY MSATU
MPEeIMETOB — KapTOUYeK ¢ OyKBaMH.

4) Ctpelok cTpesisieT o0 MUIIEHH, KOTOpasi IPEACTaBIIAeT cCOO0M Kpyr paanyca
R. MakcuMaJlbHOMY YHCITy OYKOB — <«JIECSATKE» COOTBETCTBYET BHYTPEHHUH KpyT
paauyca I.

BBeaem nexapToBy IpsIMOYTOJIBHYIO CUCTEMY KOOpAMHAT XOy C LEHTPOM,
COBIIQJIAIONIEM C IIEHTPOM MHIICHU. MHOXeCTBO ) — MHOXECTBO BceX TOYeK (X, Y)
IIJIOCKOCTH.

CoObITHE A — CTpENIOK HoMaj B MUILIEHb 3TO MHOXKECTBO TOUEK

A= {(x, y):x%+y? < RZ}

CoObITHe B — cTpenok nomnan B «J1eCATKY»:

B:{(x,y):x2 +y?< rz}.

Hamomuum, 4To 06medunenuem wiu cymmou MHOkeCcTB A u B HazbiBaeTcs
MHOECTBO, COCTOSIIIIEE U3 BCEX DJIEMEHTOB KaXK/IbIi U3 KOTOPBIX MPUHAIJICKUT XOTSI
OBl OTHOMY M3 JaHHBIX MHOXKeCTB. O003HaueHne AUB Wi A+ B, IPUYEM /1aJiee MbI
OyJieM MOJIb30BaThCsI UMEHHO BTOPHIM 0003HAYEHUEM.

CyMMy COOBITUII MOKHO TpPaKTOBaTh KaK OOBEIMHEHHE COOTBETCTBYIOLIMX
MHOkecTB. Ho MbI tagum Ooiee KOHKPETHOE OIpeieTICHHE.

Cymmoti coosituii A u B ( A+ B) Ha3bIBaeTCs COOBITHE, COCTOSIICE B TIOSIBIICHUN
XOTs1 OBl OJTHOTO U3 JIBYX JaHHBIX COOBITHIA.

Ilepeceuenuem v npouszgedenuem MHOKECTB A u B Ha3pIBaeTCs MHOMXECTBO
KQKJIbI AJIEMEHT KOTOPOro MpUHAIeKUT Kak A Tak u B. Obo3HaueHuss A~ B uiu

AB = A-B. Jlanee OyneT Moib30BaTHCA BTOPHIM 0003HAYCHHUEM.

13



[TpousBenenuto coObITHE COOTBETCTBYET IE€PECEUEHHE COOTBETCTBYIOIIMX
MHOECTB.

Bbonee koHKpeTHO: mpousBeaeHneM coobiThii A 1 B (AB) Ha3biBacTCsl COOBITHE
COCTOSIIICEe B COBMECTHOM TIOSIBIICHUH JIAHHBIX COOBITHH (Kak A Tak u B).

["oBOPAT, UTO COOBITUS A, Ay, ..., A,, KAK UCXOJIbI HEKOTOPOTO OIbITa, 00Pa3yroT

IOJIHYIO TPYIITY COOBITHI, €CJIM B PE3YJIbTAaTE ONbITa HEN30€KHO JTOJKHO MOSBUTHCS
XOTs1 OBl OJTHO U3 HUX.

Hanpumep, mpu OpocaHuM HrpagbHOrO0 KyOHWKa cOOBITHS A — BBINAJCHUE
YETHOIO 4Mcila OYKOB, B — BbINaJieHWEe HEYETHOTO 4Mcia O4koB, M — BelmajeHue
MaKCUMaJbHO BO3MOKHOI'O YHCJa OYKOB, OOpa3ylOT MOJHYK TPYINIy COOBITHI.
[Tonnyto rpynmy coObITHI 00pa3yroT u codbiTus A, B.

J11s OJIHOM rpynIbl COOBITHIM HMEET MECTO OUYEBUIHOE PABEHCTBO

A+PA+.. +A =Q.

Ecnu coOpitust A, B He MOTYT MOSIBUTBCSI BMecTe (TOBOPSIT, YTO OHU SIBIISTFOTCS
HECOBMECTHBIMH), TO, OUE€BHIHO, AB =,

Eciu A, B HecoBMecTHBI, TO UX CyMMOH SBIIS€TCS COOBITHE, COCTOSIIEE B
nosiBneHuu uau A uiu B.

Omnpenenenus CyMMbl W TPOU3BENEHHUS COOBITHH, OUYEBHUIHBIM 00pazoM
00001ar0Tcs Ha Oosiee yeM JBa COOBITHSI.

Jia mgaHHOro coObITUA A cobwimue, 0003HaYaeMoe Kak A, Ha3bIBaeTCH
NPOMUBONONIONCHLIM A, €CIIh OHO COCTOUT B HEMOABICHHUH A.

CoObitust A 1 A 00pasyroT TOJHYIO TPYIIY COOBITHI M HECOBMECTHBI, T.C.
MMEIOT MECTO CJIEAYIOIINE CBOMCTRA:

A+A=Q,

A-A=Q.

Tenepb, OCHOBBIBasiCh Ha MPHUBEACHHON TPAKTOBKE COOBITHS, MEPEXOIUM K
(OopMyYIUPOBKE OCHOBHBIX MPaBUII (AKCHOM) TEOPUHU BEPOSITHOCTEM.

1) BepositHOCTh citydaiiHOro  coObiTHst A 310 umciao P(A), KoTopoe

COIIOCTABJIACTCS TaHHOMY COOBITHIO.
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2) 0<P(A)<1, mpuuem P(Q)=1. CoObITHE, BEPOATHOCTh KOTOPOTO PaBHA HYIIIO
(HEBO3MOXKHOE COOBITHE) COOTBETCTBYET IMTyCTOMY MHOECTBY, TO €CTh P(J)=0.
3) Ilycte A, A,...,A, TIONapHO HECOBMECTHHIE COOBITHA (AA; =D, i+ j).

BeposiTHOCTh CyMMBI HECOBMECTHBIX COOBITUI paBHAa CyMME WX BEPOSTHOCTEH:

P(A+A+...+A)=P(A)+P(A)+...+P(A,) .
4) [TycTh uMeeTcst 6eCKOHEYHOE, HO cyenmHoe MHOKECTBO MOMapHO HECOBMECTHBIX

COOBITHI A, Ay, A;... TOra uMeeT MeCTO paclIupeHHasi akCHUOMa CIIOXKEHUS:

P(A+A+As+..)=P(A)+P(A)+P(Ag) +....
5) IIpaBWIO yMHOKEHHS BEPOSATHOCTEH .
P(AB)=P(A)P(B|A),
rae P(B|A) — ycioBHasi BEPOSITHOCTh: BEPOSITHOCTH coObITUSI B mpu ycrosuu, 4ro
cobpiTie A mpomzonuio. Tak Kak HHUKAKOrO XPOHOJIOTHYECKOTO YHOPSIOYMBAHUS
3J1€Ch HET, TO MPABUJIO YMHOKEHHNS MOKHO IIEPENNACATh U KaK

P(AB) =P(B)P(A|B).

B ToMm ciydae, korzia coObITHUSI HE3aBUCUMBI (TIOSIBIICHUE OJTHOTO M3 HUX HUKAK HE
BJIMSIET HA TOSBICHUE WM HEMOSBICHUE APYroro) MOHATHE YCIOBHOW BEPOATHOCTH
TEpSIET CMBICII U IPABUJIO YMHOKEHHUS MPpUoOpeTaeT Hanbosee NpoCcToi BUA

P(AB) =P(A)P(B).

Cneocmesus uz npasun
1) Tak kak HekoTOpoe COOBITHE A W MPOTHBOIOJIOKHOE COOBITHE A 00pasyroT
MIOJIHYIO TPYIIILY UMEEM
P(A+A)=P(Q)=1.
Tak kax, coObITHs A U A HECOBMECTHBI IPUMEHSS IPABUIIO 3) MOTydaeM
P(A)+P(A)=1. (1.9
HecMmoTpss Ha CBOIO NPOCTOTY, JaHHOE IPABUIIO LIMPOKO MCIOJIB3YETCS IPU

BBIYHCJICHHUHU BCPOATHOCTH. Yacro HCIIOCPCACTBCHHOC BBIYHMCIICHUC BCPOATHOCTH

“JlaHHOE TpPaBHJIO HE BKIIOYAETCS B YMCIO AKCHOM, HO SIBISAETCS CIEACTBHEM OIPEEEHUs YCIOBHOM
BeposTHOCTH. CM., Hanpumep, KommoropoB A.H. OcHOBHBIE TOHATHS TEOPUH BeposiTHOCTEH. 2 m3a. - M.: Hayka, 1974,
120 c.

15



HEKOTOPOTO COOBITHSI TIPEICTABIISIET BEChMa TPYAOEMKYIO 3amady. Ho BeIYMCiIeHHE
BEPOSTHOCTH MPOTHBOTIOJIOKHOTO COOBITHS BBITIOJIHATH MPU ATOM HECIIOKHO.

2) PaccmoTpum n1Ba coOwiTHs A, B He 00s3amenvro necoemecmuolx. Kak mobdoe
MHOKECTBO, COOBITHE MOYKHO YCJIIOBHO TMPEJICTABUTH B BUJIE MHOXKECTBA TOUEK — KpyTa
(KpyTH, UCTIONB3YEeMBIC JIJIs N300paKeHUsI MHOYKECTB, Ha3bIBAIOTCS Kpyramu Ditiiepa).

MmuoxectBa A, B nmokazansl Ha puc. 1.1.

Puc.1.1

N3 pucyHka BUIUM

A+B=AB+AB+AB.

Tak xak MHOXkecTBa AB, AB,AB He IEpeceKaroTCs, COOTBETCTBYIOLIUE
COOBITHSI HECOBMECTHBI, TIOATOMY

P(A+B)=P(AB)+P(AB)+P(AB). (1.10a)

MuoxectBo A MOXHO  TPEACTaBUTb, Kak  OOBEIUHEHHE  JBYX

HCIICPCCCKAOINXCA MHOXKCCTB

A= AB +AB.

CnenoBarenbHO

P(A) = P(AB) + P(AB). (1.106)
AHaJIOTUYHO

P(B)=P(AB)+P(AB). (1.108)
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N3 paBernctB (1.10a), (1.106), (1.10B) HECIOXHO MONTYYUTH BBIPAKECHHUE IS
BEPOSATHOCTH CYMMBI JIBYX IPOU3BOJIBHBIX COOBITHIA

P(A+B)=P(A)+P(B)-P(AB). (1.11)

Ilpumepuor.

1) Tpu crtpenka CTPENSIOT 1O MUIICHW, Jeias 1O OJHOMY BBICTPEY.
BepositTHoCTh ONaganus 11 nepBoro crpeika pasHa 0.6, 1 Broporo — 0.7, TpeTbero
— 0.85. Haiit BEepOSITHOCTH CJICTYIOIIUX COOBITHIA:

A — B MUIIIEHH POBHO OJIHA POOOUHA,

B — B MuiieHu Xots Obl 0J1Ha MPOOOUHA,

C — B MHUIIIEHU HET TPOOOUH.

[Tpenmonaraercs, 4TO CTPENKH MOMANalOT B MHUILIEHb HE3aBUCUMO JIPYr OT
apyra.

O0603Ha9UM KaK S; COOBITHE — MEPBBIM CTPENIOK MOMANl B MUIIIEHB, S — BTOPOI
CTPEJIOK MONal B MUILIEHb, S3 — TPETUHN CTpeoK nonan. Eciiv B MULIIEHH TOJIBKO O/IHA
poOOMHA, TO B MUILIEHb MOMNAaJ TOJIBKO OAUH cTpenok. [loaTomy coObiTue A MOXKHO
NPEJICTaBUTh, KaK

A=5;5,55 +5;5,55 +5,5,53..

HanomuuM, uyto uepra Hajx OykBOMl O3HauaeT COOBITHE MPOTHBOIIOJIONKHOE

naHHoMy. Bce craraembie MpecTaBisitoT CO00M HECOBMECTHBIE COOBITHS. [ToaTOMY

3) _ _ _ 5)
P(A)=P(5,5,53) + P(5;S,53) + P(5,5,S3) =

= P(S;)P(5,)P(S3) + P(51)P(S2)P(S3) + P(S1)P(S2)P(S3),
rJIc YUCJIO HajJ 3HAKOM pPaBEHCTBA 0003HAYAaeT HOMEpP IMpaBWja, KOTOPOE OBLIO
MCITIOJIb30BAHO.

JI1st BBIYUCIICHUST BEPOSATHOCTEH TPOTHUBOIOJIOKHBIX COOBITHI BOCITOJIB3yEeMCS
npasuiioMm (1.9). Toraa

P(A)=0,6-(1-0,7)-(1-0,85) +(1—0,6)-0,7- (1— 0,85) + (L— 0,6) - (1—0,7) - 0,85 =0,171.

[IpencraBuB coObITHs B Kak

;\K__J

00Ha npobouna 06e npobouHbvl mpu  npobouHsl
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€ro BEpOSATHOCTb MOXKHO OBLIO Obl HAWTH AHAJOTUYHO TOMY, KaK 3TO OBLIO
caenaHo A BepoatHoctu P(A). Ho 3to Obuto Obl HeparroHanbHO. [losToMy cHavyana
Haiem BeposiTHOCTh cOObITHs C. CobObiTue C siBNsieTcs NpOu3BeIeHHEM (COBMECTHBIM
BBITTOJTHEHUEM) TPEX HE3aBUCHMBIX COObITHI: S;, S,, S;. IToaTomy

P(C)=P(5;5,53) = P(5;)P(S,)P(S3) = (1-0,6)(1-0,7)(1—0,85) = 0,018 .

«B mumenn xots Obl o/Ha MPOOOWMHA» U B «B MHUILIEHU HET MPOOOUH» —
ABJISIFOTCS ~ MPOTUBOMNOJIOKHBIMUA  cOOBITUAMH.  [lo3TOMYy,  BOCHOJIB30BABIIKCH
cooTHoureHueM (1.9) momyqaum

P(B)=1-P(C)=0,982.

2) U3 xonoasl kapT B 36 JIUCTOB BBIHMMAIOT JiB€ KapThl. Kakoe coObiTHE
ABIIsSIETCS O0Jiee BEPOATHBIM: A — 00€ KapThl OJTHOTO 11BETa, B — KapThl pa3HbIX IIBETOB?

JlanHas 3aj1aya yxe peuangack ¢ npuMeHennem Gopmyisl (1.6). Teneps pemm
ee C TIOMOIIIbIO TIpaBmiia yMHOXKEHUS BeposaTHocTel. [Iycts C coObiTHE, cocTosImee B
TOM, YTO BBITAllEHA KapTa OINPEEIECHHOI0, HO HE BaXXHO KAaKOro nBera. O4eBUAHO,
P(C)=1. BeposATHOCTH TOTO, 4YTO BTOpas KapTa OyAEeT TaKOro K€ LIBETa MOKHO

17
3amucaTh KaK yCIOBHYIO BeposTHOCTh P(C|C). Orta BeposTHOCTh paBHa P(C|C) =35
TaK Kak MPU U3BJICYEHUU KapThl YMEHBIIUTHCS OOIIEe YUCIO KapT W YHUCIO KapT
naHHoro nsera. Toraa

17 17
P(A)=P(CC)=P(C)P(C|C) —1-£ =3
BepositHocTh P(B) HaliieM Kak BEpOATHOCTh COOBITHS TIPOTUBOIOJIOKHOTO A

p(B)=1- 18
35 35

3) Cucrema nopauv BOJAbI HAa MOCHEAHUMA 3TaXX BHICOTHOTO 3/aHUSI COCTOMUT U3

JIBYX HAcoCOB. BepOoATHOCTh OTKa3a 3a ONpENENICHHbIA MPOMEKYTOK BPEMEHHU IS

nepBoro Hacoca cocrasisier p;=0,05, mus Broporo p, =0,04. Haiitu HanmexHOCTH

CUCTEMBI (BEPOATHOCTh O€30TKa3HOM pabOThI 3a JAHHBIN MPOMEKYTOK BPEMEHH ), €CITH

HACOChI COETMHEHBI
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a) TIOCJIEeNOBATEILHO, B 3TOM CIIydae OTKa3 XOTs Obl OJHOTO HACOCA TPUBOIUT
K MPEKPAIIECHUIO MTOAa9H BOJIBI,
0) MapayIeabHO, M0/1adya BOJIbI IPEKPATUTCS B CIIydae 0TKa3a 000MX HACOCOB.
[Ipeamomnaraercsi, 4TO HACOCHI JIOMAIOTCS HE3aBUCHUMO JAPYT OT ApyTa.
Pewenue
O603HaunM Kak A coOBITHE, COCTOSIIEE B OTKa3e MEPBOTo Hacoca, B — BToporo.
Takum oOpazom A, B— coOBITHS, COCTOSIIME B OE€30TKA3HONM paboTe MEPBOro H
BTOPOT0 HACOCOB COOTBETCTBEHHO.
M ckomple BEPOSITHOCTH
a) P(AB)=P(A)P(B)=(-p)(1-p,)=0,95-096=0,912;

0) P(AB+AB+AB)=1-P(AB)=1-p;p, =1-0,05-0,04=0,998.

1.2. @®opmy.Jia MOJTHOM BEPOSITHOCTH

[IycTp pOU3BOAUTCS ONBIT CO CIYyYaWHBIM HMCXOJOM B PE3YJIbTAaTE KOTOPOTO
MO’KET MOABUTHCS HeKoTopoe coObiTue A. TpeOyercs Haiiti P(A). Ho ycimoBus omnbita
pealn3yroTcs CllydallHbIM 00pa3oMm, T.e. (PaKTUYECKU CaMU SIBJISIIOTCS CIy4yalHBIMU
COOBITUSIMU. ANIPUOPH 00 YCIOBUSX OIMbITA MOXKHO CAENATh N B3aMMOMCKITIOYAIOLIUX
runore3 Hi, Ha,..., Hy , KoTopble 00pa3zyloT MNOJHYIO TpPYIIy COOBITUNA (ONBIT
00513aTeIbHO MPOTEKAET B COOTBETCTBUH C OJHOM U3 TUIIOTE3):

HiH;=,i=j,

Hi+Hy +..+H, =Q.

Bepoaraoctn  P(H;), P(H,),..., P(H,)peanu3zauuu TUNOTE3 HN3BECTHBI.
N3BectHBl Takke ycioBHble BepostHocth P(A|H;), P(A|H,),..., P(A|H,). 3necp
P(A|H;) — BEpOSITHOCTb TOT0, YTO B PE3yJIbTATE€ OMNBITA MOSBUTCA COObITHE A mpu
YCIIOBHH, YTO ONBIT MPOTEKATI B COOTBETCTBUM C TUNIOTE301 H;.

BoiBog BeipakeHust mnsi P(A) wumoctpupyercst Ha puc. 1.2, roe cobsitue A

YCJIIOBHO I/1306pa)I(GHO B BUJIC 3allITPUXOBAHHOI'O KpyTa, a TUIIOTC3bI B BUIC CCKTOPOB,

HMCHOIIUX IICPECCCUCHUC C KPYT'OM.
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P(A)=P(H;A+HA+...+H,A) =P(H{A) +P(H,A) +...+ P(H,A).
[IpuMEeHMB K KaXXIOMy H3 CJIAraeMbIX IMPABWIO YMHOXKEHUS BEPOATHOCTEW,

oTy9uM (OPMYITy TTOTHOU BEPOSTHOCTH

P(A)=P(H)P(A|H)+P(H5)P(A|Hy) +...+ P(H,)P(AIH,) . (1.12)

Puc. 1.2

Ilpumep

Pemeno nmpuoOpectu HOBBIM cmapTdon dupmbl SmartX. U3sectHo, uro 60%
cMmaptdoHoB maHHOW ¢upMbl mpousBoaiaT B HOro-Boctounolt Asum (BKIROUas
KoHTHHEeHTansHbIN KuTait), 30% — B EBpone, a 10% — 310 KOHTpadakTHAS TPOTYKIIHS
HU3KOTO KaudecTBa. V3BECTHO TakXke, 4TO BEPOSATHOCTh Opaka sl cMapTdoHa,
npousBegeHHoro B FOBA coctasnser 0,05, nns cmaprdona npoussenenHoro B EBporne
0,04, nns koutpadakTHOM mnpoxykiuu — 0,5. Haiitu BeposSTHOCTH TOTO, HYTO
MpUOOpPETEHHBIN CMAPT(HOH OKaKeTCs1 OPaKOBAHHBIM.

O6o03HaunM, Kak A coOBITHE, COCTOSINEE B TOM, YTO KYIUICHHBINH cMapTQoH
OKazaJics OpaKOBaHHBIM.

ATprOpH  MOKHO CZeNaTh TPU TMPEANONOKCHHUs] WIM TUIOTE3bl O
pUOOpPETAEMOM H3JICITUHN:

H1 — cmaptdon uzrotosnen B IOBA,

H, — cmaptdon usrotosnen B EBporne,

Hs — 910 KOHTpadaKkTHAS TPOTYKITHS.
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BepostHoctn runore3 wu3BectHsl:  P(H;) =06, P(H,)=03, P(H3)=01.
N3BecTHBI Takxke ycioBHbIE BeposiTHOCTH P(A|H;). P(A|H;) — 3TO BEPOSTHOCTH
Opaka ImpH ycJioBHH, YTO uMena Mecto runore3a Hi: P(A|H;)=0,05, P(A|H,)=0,04,
P(A|H3)=0,5. [Ipumensisa popmymy (1.12), momyuanm

P(A)=0,6-0,05+0,3-0,04+0,1-0,5=0,092.

O4eBUIHO, YTO JJAHHBIA PE3YyIBTAT MOXKHO UHTEPIPETUPOBATH U MO-APYrOMY:

9,2% nponaromumxcs cMapTHOHOB TaHHOU (PUPMBI SIBISIOTCS OpaKOBaHHBIMHU.

1.3. ®opmyJa baiieca (popmysia runores)

Bce o00o3HaueHMs MNpeapIIylIero IyHKTa ocTtatorca B cuie. Ho Tenepb
MIPEANOAraeTcsi, YTO OIBIT BBHINOJTHEH W KaK CBEPINUBIIUNCA (aKT UMEIO0 MECTO

coobitne A. TpeOyeTcs Haiith P(H ;| A)— BEPOATHOCTL TOIO, YTO ONBIT MPOTEKAT B

COOTBETCTBUM C rumnore3od H; mpu ycnoBuu, 4to coOblTHe A TPOU3OILIO.
BepositHocT P(H j | A) Ha3bIBalOT allOCTEPUOPHBIMU BEPOSTHOCTAMH, BEPOSTHOCTH
P(H ;) — anipuopHbIMHU.

OTrBer 3amauu TMOJIy4aeTCsl HENOCPEACTBEHHO U3 IIPAaBHJIA YMHOXKEHHUS
BEPOSATHOCTEM:

P(AB)=P(B)P(A|B)=P(A)P(B|A).
ITpocTo 3amenum 31ech B Ha Hj:

P(H;)P(A[H;)=P(AP(H; | A).
Ortcroaa nojiyyaéM HCKOMYIO allOCTEPUOPHYIO BEPOSTHOCTD
P(Hj)P(A|Hj)= P(H;)P(AIH;)

P(A) S P(HP(A Hy)
k=1

(1.13)

P(H{ | A) =

Hannas popmyna HazbiBaeTcs popmyioit balieca (rumores).
Ilpumep
Bepnemcs k npumepy npeapiaymiero nynkra. CmMapT@oH KyIuieH, OH OKazajcs

He OpakoBaHHBIM. HaiiTu BEpOsSITHOCTH TOTO, YTO OH MpPOU3Be/EH B EBporie.
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HamomuuM, 4to kak A MbI O0O3HAQUYMIIM COOBITHE, COCTOSIIEE B TOM, 4YTO
cmapTdoH OpakoBaH. Takum 00pa3oM, B pe3ysIbTaTe OMbITA, KOTOPHIN 3aKITI0YACTCS B
SKCILIyaTaluu cMapTdoHa, UMeI0 MecTo coObITHE A . Tpebyercs HaliTH BEpOSITHOCTH
P(H, | A). [Tpumenus (1.13) momyuum

P(H,)P(A|H,) _03-(1-0,04)

v ~0,317.
P(A) 1-0,092

P(H, | A) =

1.4. ®opmyaa bepnysimn

Paccmorpum cnenyronryro 3agady. IlycTe mpousBomumTcs N Hezasucumwvlx
OMBITOB, B K&XKJIOM U3 KOTOPBIX HEKOTOPOE cOObITHE A MOSIBISETCS ¢ OHOU U TOH XKe
BEpOSATHOCTHIO P. KakoBa BEpOATHOCTB, YTO B N OMBITaX COOBITUE A TOSIBUTCS POBHO
m pa3?

O003HaYMM HCKOMYIO BEpOSTHOCTh Kak Pp. Ha pucynke 3 cxemMatuyHo
M300paxeHbl M KPY>KKOB — OINBITOB B KOTOPBIX COOBITHE MPOU3OILIO U OCTAJIbHBIC

(N—m) OIBITOB, B KOTOPHIX A HE MPOU3O0LUIO, T.€. MMEJIO MECTO COOBITHE A

MPOTUBOMOJIOKHOE A.

OIOROOIOOME

n-m

Puc. 1.3

O0603HauMM BEpOSITHOCTh HemosiBieHus A kak q=1-p. [Ipumenss mpaBuio

YMHOXCHUA BGpOHTHOCTeﬁ, C Yy4€TOM TOTIO, 4YTO BCC OIIbITbI HC3aBUCHMBLI, IJIA

BEPOSITHOCTH peaTN3allii CXEMBbI, N300pakeHHOU Ha puc.l.3, moayunm
p-p-...-p-q-q-...-g= pmqn_m i

m n—m
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Opnnako cxema puc.l.3 COOTBETCTBYET CHUTyaIlMH, Korja coobiTie A MpOU30IuIo B M
MEePBBIX OMBITaX, B TO BpPeMs KaK IO YCIOBUIO 3aJa4yd JTaHHOE COOBITHE MOXKET

IMOABJIATBECA B IIPOHU3BOJIBHBIX OIIBITAaX. Yucio CHOCO6OB, KOTOPBIMA MOJKHO

pa3sMeCTUTh M «KPYXKKOB» A 1Mo N MecTaM paBHO C|', KaKJIOMy TaKOMY COYETAHHIO

COOTBETCTBYET OJHA M Ta ke BepostHOocTh p™q" ™. [IpruMeHssT akCHOMY CIIOXKEHHUSI
BEPOSITHOCTEH, OKOHYATEIHHO MOTYIHM

P,=Chp"q" " ,m=0,12,...,n. (1.14)

[Tomryuennas popmyna HazbiBaeTcst popmyroit bepHysm uim OMHOMUHATBHBIM
pacnpenencaueM. CMBICIT TEPMUHA «paclpe/ielieHHe» OyAeT MPOSICHEH B CIICAYIOIICH
TJIaBe.

CymMma Bcex BeposSTHOCTEH P, JOKHA OBITh paBHA EIAMHUIE. OTO
JEUCTBUTENBHO TaK, YTO JIETKO MOKA3aTh, UCTIONB3Ys POPMYITY, U3BECTHYIO KaK OMHOM

Hrrorona:

Cpa" ™™ =(a+b)".
0

3 M=

Teneps nonyuynm
n n
2 Pn=2Cyp"a" " =(p+0)" =1.
m=0 m=0

Ilpumeprr.

1) Ha¥iTi BEepOSITHOCTB TOTO, YTO TP JIECSATH MOIOPACHIBAHUSIX MOHETHI TepO
MOSIBUTCA IIATh Pa3.

[Ipeanonaraercsi, 4To BEPOSITHOCTh MOSBICHHS Tepba MpU MOAOpachIBAHUU
MOHETBHI P =1/2, MOATOMY UCKOMasi BEPOSITHOCTh paBHA

11 6-7-8910 1 63
po=cs - 20990 > _ 09 0246,
T 05557 9.3.4.5 50 25

2) UrpanbHblii KyOUK MOa0packiBaeTCs MeCTh pa3. HalTu BEepOSITHOCTH TOTO,
YTO MIECTEPKA TOSIBUTCS

a) pOBHO JIBa pasa;

0) pOBHO OWH pa3;

B) XOTs ObI OJIUH pas3.
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[TonaraeM, YTO BEPOSTHOCTH TOSBJICHHS IIECTEPKU MPHU MOAOPACHIBAHUH
UrpasbHOrO KyOnka p=1/6.

4 5
1(5 1(5
a) P, =C2—|2| ==| 2| ~0,201.
) P GGZ[GJ 2(6]

0 A-cil(2] <(2) ~oaz,
B) CoObITHE, COCTOSIIIEE B TOM, UTO IIECTEPKA IMOSBHUTCS XOTA Obl OJUH pa3
( M21) npoTHBOMONOKHO COOBITHIO, UTO LIECTEPKA HE TIOIBUTCS HU pasy. [losTomy
Py =1-P,.
3ameTtum, uto dopmyna (1.14) cmpaBemmBa U B ciaydae, Korna m=0 (HallOMHUM

31ech, uTo 0'=1). Ho BeposiTHOCTE Py MOKET OBITh HAWJICHA U 1O MPABUITY YMHOKEHHSI

BCpOHTHOCTCﬁ KaK BCPOATHOCTb HICCTH HEIOSBJICHUH ICCTCPKU.

5 6
P>1:1—(gj ~0,665.

3) B maptum neraneit 20% OpakoBaHHBIX. {71 TIPOBEpKH OTOMpPAETCS TSThH
netaneil. HaliTu BepoSITHOCTh TOr0, YTO CPEAN OTOOPAHHBIX POBHO JBE OpaKOBAHHBIX.
PaccmotpeTs 1Ba cirydast:

- o0muiee yucno aeranei pasHo 20,

- UHCJIO ACTAJIEN OYeHb BEIUKO.

B nmepBoM cnyudae uucio OpakoBaHHBIX JieTajeil paBHO ueThipeM. Mckomyro
BEPOSITHOCTh MOYKHO HATH, TpuMeHUB popmyny (1.7)

23
P =C4_§:16=7_0z0'217_
Cy 323

Bo BTOpOM ciydae MOXHO TpuMEeHHTH hopmyity beprymmm, p=0,2=1/5:
14 128
P,=Cé—| = | ==--~0,205.
515 625
B nepBomMm cityuae ¢popmyna bepHyin He npuMeHUMa, TaK KaK YUCIIO JeTajiei
KOHEYHO U HEBEJIMKO. Y CIIOBHE, YTO B KaXKJIOM OTBITE COObITHE A (eTasib OpakoBaHa)
MOSABJISICTCS C OAHOM M TOM %€ BEPOSITHOCTBIO ), HE BBINOJIHAETCS. BepoATHOCTH TOTO,
YTO JIeTaJlb OpakoBaHa, paBHa 1/5 TOJBKO s IEPBOM JI€TalIU, B3ATOU JJIs MPOBEPKHU.
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Jl7is BTOpOM AeTanu 3Ta BeposITHOCTH OyneT paBHa 4/19 wiu 3/19 B 3aBucMMOCTH OT
TOro HEOpaKOBAaHHOM MJIM OpPAKOBAHHOW OKa3asiach MepBas JIeTalb.

Bo BTOpoMm ciyyae, Tak Kak 4YMCJIO J€Tajell O4YeHb BEJIMKO, BEPOSTHOCTH ]
MOKHO C XOpOIIEW TOYHOCTBIO CUMUTATh MOCTOSIHHOW. [lo3TOMY, XOTA M HE BHOJIHE

TOYHO, CXCMa BepHy.TIJ'II/I IMpUMCHHUMA.

1.5. 3akoHbI pacnpeneaeHnst

[Ipexne Bcero, gaauM ONpeeNICHUE CIIy4YalHOW BEJTUYHHBI.

Ciy4yaliHOM BEJIMYMHOM HA3bIBAETCS BEIMYNHA, KOTOPAs B OIBITE CO CIIy4ailHbIM
MCXOJ0M NPUHUMAET T€ UM UHBIE TOYHO HE MPEICKa3yeMbIe 3HAUCHUS.

MHOeCTBO BCeX BO3MOKHBIX 3HAUECHUM CIydailHON BEJWYMHBI Jaiee OyneM
o00o3Hauath OykBO¥i T.

Ilpumeprr.

1) Bpocaercst urpanbHas KocTh. CiydaiiHas BEJIMYMHA — YHUCIO BBIMABIINX
04ukoB. T ={1,2,3,4,5,6}.

2) Bpocarorcs Tpu MoHeThl. Cily4aliHasi BeJIMYUHA — YUCIIO BBIMABIINX IepOOB.
T={0,12,3}.

3) C koHBeiiepa CXOIAT HEKOTOPBIC U3/ICIHS M IIPOBEPSIFOTCS HA HATMYWE Opaka.
CiydaitHasg BeIMYMHA — KOJIMYECTBO NPOBEPEHHBIX M3JIEINNA 0 MOSBIEHUS IIEPBOTO
OpakoBaHHOT0. MHOKECTBO BO3MOXHBIX 3HAUEHUH — MHOKECTBO HEOTPULIATEIIbHBIX
nenbix yucen: T ={012,..}.

4) Mexny nynkramu A u b npotsHyTa TenerpadHas JTUHUS, JJIHMHA KOTOPOM
paBHa L. CiydaiiHas BeJIMYMHA — PAacCTOSIHME OT MyHKTa A J10 TOYKH BO3MOXKHOTO
oOpbIBa. T — MHOKECTBO JI€UCTBUTENBHBIX YMceN OT HyJs A0 L: T ={x:0<x<L}.

5) Hanpsoxenue U B cetn nepemMennoro toka: T ={u:0<u <o} .

*

31ech HEKOTOpPO€ HEJOYMEHHE MOXKET BbI3BaThb BEpXHAS TIpaHMIA MHOXKECTBA, HO B KOHTEKCTE
paccMaTpHBaeMBIX 374€Ch MPHUMEPOB 3TO HE NPUHIMITHAIEHO. MOXXHO CUMTATh, HAIIPUMED, YTO HATIPSIKEHHUE HE MOXKET
npesbicuts 1000 B.



W3 npuBeeHHBIX TPUMEPOB BUANM, UYTO CIy4yailHble BEIMYMHBI OBIBAIOT ABYX
MPUHIUIINAIBHO PAa3HbIX BUIOB.

Lluckpemmuvimu cayuatiHbiMy 6eauduHaMy Ha3blBalOT BEIUIMHBI MHOKECTBO
BO3MOYKHBIX 3HAYEHHI, KOTOPBIX KOHEYHO (IpuUMepHI 1, 2) niau 0ecKoHeuHo (mpumMep
3), HO cuemHo.

Henpepuvignvivu ciyuaunvivu eeiudurHamy Ha3bIBAIOT BEIIMYUHBI, MHOXKECTBO
BO3MOJKHBIX 3HAYEHHUH KOTOPBIX CIUIOIIb 3aHUMAET HEKOTOPBIA MPOMEXYTOK
YUCJIOBOM MPSIMOH U, CJIeI0OBATENbHO, HecuemHuo (pUMepHI 4, 5).

Janee ciaydallHBIMU BEJIMYMHBI OyZieM 0003Ha4YaTh MPONUCHBIMH OYKBAMH, UX
OnpeaeeHHbIE 3HAYEHUSI — CTPOYHBIMH.

3aKOHOM pacHpeleeHus CIIy4ailHOW BEIMYUHBI WU IIPOCTO PACIPEAECICHUEM
Ha3bIBaeTCs JiI0OO€ MPaBWIIO, MO KOTOPOMY KaXKJIOMY BO3MOXHOMY 3HAaY€HUIO
BEJIMYMHBI CONIOCTABIISIETCS] BEPOATHOCTD MOSIBJIEHUS ATOTO 3HAYCHUS.

Tenepp CTaHOBUTCS TOHSTHBIM CMBICA  Ha3BaHUS  «OMHOMMHAJIBHOE
pactpenenenue». B cxeme bepHyium paccMaTpuBaeTcs CiydaiHasi BETUIMHA — YUCIIO
NOSIBJICHUN HEKOTOPOro coObITUS A B He3aBUCUMBIX HUcIbITaHuAX. Popmyna (1.14)
COITOCTABJIAICT KaXXJIOMYy BO3MOXKHOMY 3HaueHuto m (m=0,1,2,...,n) aToii ciay4aitHOM
BEJIMUUHBI — BEPOATHOCTH Pryy MOSIBICHUS 3TOTO 3HAYEHUS.

JIst TUCKPETHBIX CIy4YalHbIX BEJIMYMH 3aKOH PACIPEIEIICHHS 4acTo 3a4ar0T B
BUJIE PAZIa PACIIPECTIEHNUS.

Psn pactipenenenus - 3To Tabiniia B IEPBOM CTPOKE KOTOPOU MEPEUNCIICHBI BCE
BO3MOKHBIE 3HAUYECHMS CIyYalHOM BEJIMYMHBI B MOPSAKE BO3PACTaHUsI, BO BTOPOU —
COOTBETCTBYIOIIUE BEPOSTHOCTHU.

Jlis npumepa 1 (4uciio BeIIABIIMX OYKOB MPU OPOCAHUU UTPAIbHOM KOCTH) Psizt
pacrpeneneHus UMEET BT

Tabanma 1.1
X 1 2 3 4 S) 6

P 1/6 1/6 1/6 1/6 1/6 1/6
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BepositHocTH B mpumepe 2 serko HaiTu mo gopmyie (1.14) mis n=3, p=1/2.
Taxum oOpa3zoM, psa pacrpeiesieHus B JaHHOM IIpuMepe OyJeT UMETh BH/T
Tabnuua 1.2
X 0 1 2 3

P 1/8 | 3/8 | 3/8 1/8

BaxxHO mMeTh B BUIY HEOTBEMIIEMOE CBOMCTBO pPsla PACIPEICICHHUS: BCE
BEPOSITHOCTH BO BTOPOM CTpOKE TaOJIWIBI JOJDKHBI B CyMME J1aBaTh €JIMHHUILY. DTO
OYEBMJIHO, TaK KAK B IIEPBOM CTPOKE IEPEUYUCIICHBI BCE BO3MOYKHBIC 3HAYCHHUS
CIIy4ailHOW BEJIUYUHBL.

JIJ1st HeNIpEePBIBHBIX CIIyYalHbBIX BEJIMYUH P PACIIPENEIICHUS HENb3s COCTABUTh
B IIpUHLIUIIE. B 3TOM cilydae ucnoiib3yroT QyHKLHIO pacipeesieHusl.

OyHkuuen pacnpeneneHus F(x) ciydailHOW BeJWYUMHBI X HAa3bIBaeTCs
BEPOATHOCTH TOTO, UTO X IPUMET 3HaYEHHE CTPOr0 MEHBIIIEE 3a/JaHHOrO 3HAUYEHUs X:

F(X)=P(X <X). (1.15)

3ameTuM, 4To (QYHKLHIO pACTIPEETICHHUSI MOKHO 3alUcaTh U IJs1 JUCKPETHOM
CJIy4ailHOM BEJIMYMHBI, HO OOBIYHO 3TOTO HE JIENAIOT, TaK KaK psij pacrpeiesieHus B
TaKoOM cllydae yjao0Hee.

N3 camoro omnpezaenenust PyHKIUU paclpeeieHs] BEITEKAIOT CIEAYIOINE ee
CBOMCTBA:

1) lim F(x)=0,

X—>—00

2) lim F(x)=1,

X—>+00
3) F(x) siBisieTcs HeyObIBaroIIeH QYHKIIUCH: eCITU Xy, > X, F(Xp) > F(X).
B kadecTBe WIITIOCTPAaTUBHOTO MPHUMEpPa COCTaBUM (YHKITUIO pacCpeeICHHUs

u1st mpumepa 1.
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[Tpu x <1 dhyHKIMIO pacnpeneneHus caeayeT MOJI0KUTh PAaBHON HYIIO, F(x)=0,
TaK KakK BBIMAJEHUE 4YKCJIa OYKOB MEHBINEC €IWHUIBI SBJISETCS, OYEBHIIHO,
HEBO3MOHBIM COOBITHEM.

Paccmotpum  mpomexytok (L 2]. Bo3pmMem mo6oe dYHCIO X U3 3TOTO
IPOMEXKYTKA. YCIOBUIO X <X YIOBIECTBOPSAET E€AMHCTBEHHOE COObITHE X =1,
BEPOATHOCTH MOSBICHUS KOTOpOTo paBHa 1/6. Takum obpaszom, npu X e (1, 2] F(x)=1/6.

[Iycte manee xe(2,3]. Tenmepp YCIOBHIO X <X YAOBJIETBOPSIOT JIBa

HecoemecmHblx COObITHS X =1, X =2. Takum 00pazom, B JaHHOM MPOMEXKYTKE

11 1
FX)==+>==.
X)=5"6"3

Paccyxnast nogqoOHbIM 00pa3oM, IOJTy4YUM

1 11 1
X 3’4 ’ F(x =—+—+—-—=—,
€(34], F(x) 76762
xe(a5], F=tii 1 2
6 6 6 6 3
x e (5, 6], F(x):1+1+£+1+1_§’
6 6 6 6 6 6

X € (6,+0), F(x)=1.

I'padux dynkiuu uzobpaxken Ha puc. 1.4. Bumum, 9To OCHOBHBIE CBOMCTBA
GyHKIMM  pacmpeneieHuss HMMET MecTto. HenpepblBHOCT, He  sIBIsETCS
HEOTHEMJIEMbIM CBOMCTBOM (pyHKIMM pacnpenenceHus. OHa MOXKET UMETh CUETHOE
MHOYKECTBO Pa3pbIBOB IIEPBOTO POJA.

JInst AMCKpEeTHOM cllydalHOW BENMYMHBI BEMYMHA cKauka (yHKuuH F(x) B
HEKOTOPOM TOYKE x=apaBHa BEPOSITHOCTH, YTO CIy4alHas BEJIMYMHA MPUMET

3HAa4YCHUC a.
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Puc. 14. I'padux ¢ynkumum F(X) Aas8 CiIydalHOW BEIMYMHBI — YHUCIIO

BBITNABIINX OYKOB MPU OPOCAHUH UTPATLHOTO KyOHKa.

JIy1st HenmpephIBHOM CiTy4aliHOW BETWYHMHBI (DYHKITUS paclpeneseHus SBISIeTCS
HEINpEPbIBHON (DYHKIIMEH.

Pemum Ttenepr cnenmytouryro 3amady. [lycte nnst ciydaiiHoi BenuduHbl X
n3BecTHa (PyHkuus pacnpeneneHus F(x). HyXHO HalWTU BEpOATHOCTH, COOBITHS
a< X <b, T.e. BenmuuuHy P(a< X <b). PaccmoTtpum cobsitue {X <b}, cocrosiiee B
TOM, 4TO X IPHMET 3HAYCHHE CTPOro MEHbIIee, YeM D, WHauye MHOXXECTBO TOYEK,
JISKAIINUX CJIeBa OT TOYKHU D Ha YMCI0BO# MPSIMOK. DTO COOBITHE (MHOXKECTBO) MOXKHO
MPEJCTaBUTh KaK CyMMY JIBYyX HECOBMECTHBIX COOBITHH (HEMEepeCeKaronxcs
MHOXKeCTB): {X <b}={X <a}+{a< X <b}. Mcnonb3ys akcCUOMY CJIOKEHUS, MOJIYyIUM

P(X <b)=P(X <a)+P(a< X <b),

P(@a<X <b)=P(X <b)-P(X <a).

Bocnons3oBaBmuch onpeneneHueM (1.15) npuxoauM K BeIpaKEHUIO

P@<X <b)=F(b)-F(a). (1.16)

Haiinem BeposTHOCTH TOTO, 4TO X MPUMET CTPOTO OMPEEICHHOE 3HAYCHUE:
X =a. JlaHHYI0 BEpOATHOCTb MOMBITAEMCS] HAUTH KaK TIpeIe

P(X=a)= lim P(@a<X <a+ax)= lim F(a+aAx)—F(a).
AX—0 Ax—0

JInsg QUCKpEeTHOM Ciay4alHOW BEJIWYMHBI 3TOT MPEAECH PaBEH CKadyKy, KOTOPBIU
¢byHkus F(X) UCHBITHIBAET B TOUKE &, TO €CTh, COOCTBEHHO BEpPOATHOCTH P(X =a).

PesynbraT TpUBHAIEH.
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Ho nana HenpepblBHOM ciy4yailHOW BeNMMYUHBI, (YHKIUS pacHpeeeHus
KOTOPOU HENPEPBIBHA, UMEEM

P(X :a):AIXiTOF(a+Ax)— F(a)=F(a)-F(a)=0.

[Tpuim k mapagokcaIlbHOMY Ha HEPBBII B3IJIA pe3ybTary. BepoaTHOCTh TOTO, 4TO
HEIPEPBIBHAS ClIy4aiiHas BEIWYMHA IPUMET CTPOIO ONpPEAEIEHHOE 3HAYEHUE paBHA
Hymo. Ha camom nene mapanokca 3zpech Her. IlycTb, Hampumep, Mbl H3MEpsEM
HanpsHKeHUE B OBITOBOM CETH MEPEMEHHOT0 ToKa. KakoBa BEpOATHOCTh, UTO 3HAUCHHE
HanpspkeHust poBHO 220 B? [lycTh ucnosib3yeMblii HAMU BOJIBTMETP C LIEHOW JEJICHUS
I B mnokazan 3HaueHwe poBHO 220 B. Ho 3HAYuT aM 3TO, YTO HAINpsHKEHUE
JNENCTBUTEIBHO PaBHO 3TOMY 3HaueHHI0? Pazymeercs, HeT. boyiee TOYHBIN BOIBTMETP
gact 3HaueHue, mgomyctum, 219,6 B. B3zsas eme Oonee TouHbBIN mpuOOp, MOIYIUM
HOBOE, 00JIe€ TOUHOE 3HAUYEHUE U T.[.

Takum 00pa3oM, MOITYYEHHBIH pe3yJabTaT MPOCTO OTPAXKAET camy MPUPOIY
HENPEPHIBHOM CIIyYallHOM BEJIMYHMHBI, MHOKECTBO BO3MOXHBIX 3HAUYEHUN KOTOPOU
HecueTHO. OOpa3HO roBopsi, MAKCUMAJIbHOE 3HAYEHHE BEPOSTHOCTU — €IMHULA MBI
pacupenenuin 0 HECYETHOMY MHOKECTBY TOYEK, MOJy4YHUB, TAKUM 00pa3oM, HOJIb B
KaXJ01 U3 HUX.

Ho c¢ papyroii cTOpoHbl Ha HMHTYUTHBHOM YpPOBHE Mbl IOHUMAaeM, YTO
BEPOSATHOCTh TMOJY4YUTh Hamnpsbkenune 220 B MHOro Bblllle, 4YeM, HalpuMep,
Hanpsibkenue 400 B, a Hamm paccyXJeHusi JaloT BEPOSTHOCTh HOJb ISl 000MX
3Ha4eHUM. /[eo B TOM, YTO JUIsl HEMPEPHIBHOW CIyYalHOW BEJIWYMHBI KOPPEKTHBIN
BOIPOC O 3HAYEHUM BEPOSITHOCTH JOJIKEH OBITh MOCTaBJIEH CIEAYIOLIUM 00pa3oM:
KaKOBa BEPOSITHOCTh, UTO HEMPEPBIBHAS CiIydailHas BEJIMYMHA MPUMET 3HAYEHUE U3
HEKOTOPOT0 MPOMEXYTKa? BeposiITHOCTh TOr0, YTO U3MEPSEMOE HANPSHKEHUE MPUMET
3Ha4YeHue B mpomexyTke oT 220 10 221 B MHOrO BbIllIE, Y4EM BEPOSTHOCTD MOMAIaHHUS
ero B npoMexxyTok ot 400 no 401 B.

B cBsi3u co cka3zaHHBIM CIEAYyET OTMETUTh Cllefyroliee 00cTosTenbeTBo. [pu
BBIYMCIICHUH BEPOATHOCTU TNOMAJAHUS HENpepvléHOol CIYyYalHONM BEIUYMHBI B

HEKOTOPBIA IMPOMEXKYTOK a0COJIOTHO HEBAKHO BKJIKOYAKOTCS JIM B PAaCCMOTPEHHE
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TPAHUIIBI TPOMEKYTKA, T.€. UCMIOJIB3YETCSI JIM 3HAKU «CTPOTO MEHBIIIE» WJIH «MEHBIIIE
WJIM PaBHOY», «CTPOTO OOJIBIIIE) WITH «OOJIBIIE UM PABHOY.

[Tyctb wMeeTcss HempepbiBHAs CiydaifHas BenuunmHa X ¢ QyHKIOHEH
pacupeneneHus F(x).

[T10THOCTRIO pactpeneneHus (BepOosITHOCTH) HAa3bIBACTCS (PYHKITUS

f(x)=F'(x). (1.17)

Takum obpazom, ucnosb3ys hopmyiy (1.16), MoxHO 3anucaTh

F(x) = lim F(x+Ax)—F(x): lim P(x£X<x+Ax).

AX—0 AX AX—0 AX

P(

X< X <X+ AX
) . OOBIUHAs IIJIOTHOCTH — OTO Macca, OTHECEHHAs
AX

Jlimst maneix ax f(x) =
K 00beMy, KOTOPBIN TEJIO JaHHOW Macchl 3aHUMAET. [[10THOCTH Tesla MOKET MEHAThCA
OT TOYKM K TOouke. UeM MeHblle BeIMYrMHa BBIOPAaHHOTO 00beMa, TeM C OOJbIIeH
TOYHOCTBIO MBI HaiJeM IUIOTHOCTh B JaHHOW Touke. ILIOTHOCTB pacnpeneneHus
BEPOSITHOCTH — 3TO BEPOSITHOCTHh IONAJAHUS CIyYallHOM BEJIMYMHA B 3aJaHHBIN
MHTEpBaJl, OTHECEHHAs] K BEJIMYMHE MHTEPBAJIA AX, YTO OOBSACHSAET MCIOJb30BaHUE
TEPMHUHA «IUIOTHOCTH» B JAHHOM cilydae. YeM MEHbIE AX, TEM TOYHEE Mbl HaUJEM
f(X) B JaHHON TOYKE.

PaccMoTpum wHTErpan mo mpoMexyTKy [a,b] OT MIOTHOCTH pachpeaeieHHUs.
Tak kak u3 camoro omnpeneneHus (1.17) cimenyer, yto QyHKUMSA pacnpeneseHus

SABJISIETCSI TIEPBOOOPA3HOM UIsI TUIOTHOCTH PACTIPEIEICHHsI, HCHOIb3Ya (OopMyITy

Hrtorona-Jleitonnna u (1.16), momyunm

?f(x)dx:F(b)—F(a):P(asX <b). (1.18)

Orcroma crnenyer, 4yTo IUomans mona rpadukom QyHkiuu f(X) Ha gaHHOM
MPOMEXKYTKE paBHA BEPOSTHOCTH TMOMNAJAHUs CIy4YalHON BEJIMYMHBI B OTOT
MPOMEKYTOK — cM. pHc. 1.5a.

PaccMmoTpum Teneph HeCOOCTBEHHBIN HHTETPa

ff(t)dt:F(x)— lim F(a),

—00
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TaKk Kak B CHJy cBoWcTBa (pyHKuMH F(X) mpenen B MpaBOM YacTU PaBEHCTBA pPaBEH

HYJII0, HMEEM
X
[ f(®)dt=F(x). (1.19)
HecnoxHo noyrydyuth CBOMCTBO

[ fo0dx=1, (1.20)

~o0
KOTOPOE aHAJIOTUYHO CBOMCTBY «CyMMa BCEX BEPOSTHOCTEH paBHA SAMHUIIC» IS Psiia
pacrpesiesieHusl.

N3 (1.20) caemyer, uTo miomaap Mo rpaduKoM IMJIOTHOCTU pacTpeeIeHUs

paBHa euHUIE — cM. puc. 1.50.

Sx)

Yo

\

Puc. 1.5

Llpumep.

Haiinem ¢yHkuuoo pacnpeneneHus ajis npuMmepa 4 w3 JTaHHOTO MyHKTa. B
MPEANOJIOKEHUH, YTO BEPOSITHOCTh OOpbIBa Ha HEKOTOPOM YYacTKe JJIUHBI AX He

3aBUCHUT OT PACIOJIOKEHHS ITOTO y4acTKa, QYHKIIUS pacipeiesieHus UMEET BH/T

0, X € (—0,0]
F(x) = E,XE(O, L]
1, X e (L, )

[InoTHOCTB pacnpeneneHus Jerko HaiTu AuddepeHuupoBaHUEM
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0, X € (—0,0]
1

—,xe(0,L
Soxe L]

0, X e (L, )

f(x)=

IInoTHOCTH pacupeaciiCHusT UMCCT BUA CTYIICHBKHW HIIN IIPAMOYTOJIbHUKA,

momaab KOTOPOI0 paBHA CAVMHUIIC.

1.6 UncsioBble XapaKTEePUCTUKHU CAYYAHHBIX BeJIMUYHH

[Iycts uMeeTcs IUCKpeTHas ciaydailHas BeJIM4YMHA X, 3aJaHHas pAoM

pacrpeeneHus

P P1 P2 Pi

MaTteMaTH4ecKUM  OKHMJIaHWEM JUCKPETHOM Ciay4yallHOM BelnyuHbl X
Ha3bIBAaeTCSl CyMMa MpPOM3BEIACHUM Bcex 3HaueHU X Ha COOTBETCTBYIOIIME

BEPOATHOCTH

MIXT=2%p;- (1.21)

Yucno cnaraeMbIX B CYMME MOKET ObITh, KaK KOHEYHBIM, TaK U OECKOHEUHBIM B
3aBUCUMOCTH OT TOTO KOHEUHBIM HJIM OCCKOHEYHBIM SIBIISICTCSI YHCIIO BO3MOXKHBIX
3HAYEHHUU JAHHOU CIIyYaHOW BEJINYUHBI.

Ecmm B dopmyne (1.21) 3aMeHHUTHh BEPOATHOCTH HA YACTOTHI TOSIBICHHS
3HAYEHHUM CIy4alHOW BEJIWYMHBI B N ONBITAX WJIM U3MEPEHUSIX, TO MATEMATUYECKOE
OXKHMJIaHUE CTAHET CPeHUM apU(PMETHUECKUM HAOJIOJICHHBIX 3HAUYCHUM CIydaitHOM
BEeNTMYUHBL. [[aHHBIN (paKT MO3BOJISLET MHTEPIIPETUPOBATH MATEMAaTUUECKOE OXKHUIAHHE
KaK cpedHee 3HayeHue CIydaiiHol BennuuHbl. Ho He cieayeT 0TOXIeCTBIISATh MOHITHS
cpeaHee 3HaueHue u cpesiee apudmerndeckoe. PakTUUECKHU, CPeIHEE 3HAUEHHUE - ATO
MMPOCTO CHHOHMM TEPMHHA MAaTEMaTUYECKOE OXHUIAAHHE, KOTOPOE OIpPEAeIsieTCs

dopmynon (1.21) u npuBeneHHoit Hwxe ¢opmynon (1.22) nns HenpepbIBHOM
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ciydaiiHoil BennuuHbl. Ho cpennee apudmernyeckoe 1 MaTEMaTHUECKOE OXKHUIAHNE
TECHO CBSI3aHbI JPYT C IPYTOM.

Jl71s1 HenpepbIBHOM CITy4aifHOW BEJIMYMHBI C TJIOTHOCTBIO pacnpeneneHus f(x)

MATEMATHYICCKOC O KNAAHHC OIIPCACILICTCA KaK

M[X]= ofxf (x)dx. (1.22)

—o0
B ¢dopmynax BMecTO AOBOJIBHO TPOMO3JAKOro oOo3HaueHuss M[X] ObiBaer

y100Hee MOoJb30BaThCs 0003HaUeHHEM My: m, = M[X].

BennunHoOW, TOKa3bIBAIOIICH, KAaK CHIBHO CiydalHas BEJIMYMHA MOXET
OTKJIOHSTBCS OT CBOETO0 MAaTeMaTHYECKOrO OXKHUJaHUsA (T.€. HACKOJIBKO CHIIBHO
paccesiHa ciaydaitHasi BOKPYT CBOCTO CPEIHETO 3HAUCHHS ), SIBJSCTCS TUCIICPCHS.

Jlucnepcruio MOXKHO ONpPEAEIUTh, KaK MATEMATHYECKOE OXKWJIAHUE KBaJpara

OTKJIOHEHUS CIIyYalHOW BEJIMYHUHBI OT CBOETO CPEIHETO 3HAUCHUSA:
D[X]=M[(x -m,)?]. (1.23)
OTtcrona g IUCKPETHOM CIIy4yallHOW BEJIMYUHBI
DIXT= X0 ~M)* py = X7 Py =22 M Py + 5 py = XX Py =20 X0 Py -+ MYy =

=ini2pi—2mf+m Zx P — [X ] M 2[Xx]
I/ Mbl YWIH, UYTO CyMMa BCEX BEPOSITHOCTEN paBHA €IUHHUIIE: Y. p; =1.
i
JIns HempepBhIBHOW CIIyYalHOUW BEJITMYHUHBI
D[X]= T(x— m,)? f (x)dx = sz f (x)dx —2m, sz f (x)dx +m2 Tf(x)dx =
= jx f (x)dx —m2 [Xz] M 2[X],

—00

e y4TeHO, 4To | f(x)dx=1.

—00

Takum 006pa3om, TUCTIEPCUST MOXKET OBITH OMpeIesieHa KaK
D[X]=M[(X —m)2]=M[x2]-M?[x]. (1.24)
Ob6a BbIpaXEeHHSA 3/€Ch COBEPIICHHO pPAaBHO3HAYHBI, HO TPU MPAKTUIECCKHUX

BBIYMCIICHUSIX, KaK MPaBWIO, y100HEe BTOPOE.
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AnbTEepHATUBHBIM 00O3HaYeHUEM i quctiepcuu D[ X] siBisiercst Dy.

Jlucnepcus Mmeer pa3MEPHOCTh KBaJpara PasMEPHOCTH CaMOM CIyYaHOU
BeIU4HUHBL. [109TOMY HCIONIB30BaTh €€ KaK XapaKTePUCTUKY OTKIOHEHUS CIIydaitHON
BEJIMYMHBI OT CPEJHEr0 3HAYeHUs HEe COoBceM ymoOHo. BmecTto aucmepcun yacto
MOJIB3YIOTCS CPETHUM KBaJIPaTUYECKUM OTKIIOHEHHEM, KOTOPOE OMPEAEISIETCS IPOCTO
KaK KBaJpaTHbIA KOpEeHb W3 Aucnepcuu. Jns ciydailHOW BeMMYMHBI X CpeHee
KBaJpaTUYECKOE OTKIOHEHHE 0003HAYAETCS KaK Oy:

o, =+ D[X]. (1.25)
3amMeTuM 371eCh, YTO AUCIEPCUS KaK MAaTEMATUYECKOE OKUAAHWE HEOTPHUIATEIbHOMN
BEJIMYMHBI HE MOKET ObITh OTPUIATEIIHHOM.

Jlerko mokasate ClIeIyIOIIee CBOMCTBO MATEMAaTUYECKOTO OKHUIAHUA U

TUCTIEPCUU

M[cX]=cM[X], D[cX]= czD[X], rae c=const.
Ilpumeprr.
1) ITo mHOrONeTHUM JaHHBIM B BY3e mosaydeHo ciemyroiiee pacipeaeacHue

OIIEHOK (MATHOAIITIbHASI CUCTEMA) IO AUCIUILIIMHE MaTeMaTUKa

Orenka X 2 3 4 5
Bepostaocts | 0,05 0,40 0,35 0,20
P

Haittn maremaTnueckoe OXHAaHUE, AUCIEPCHI0O M CPEIHEE KBAAPATUYECKOE
OTKJIOHEHHUE OLICHKU X.

MaTeMaTndeckoe OKHIaHue B COOTBETCTBUU C hopMyIol (2.7) paBHO

M[X]=2-0,05+3-0,40+4-0,35+5.0,20=37.

J11s1 BBIYUCIICHHSI TUCTIEPCHU UCTIOIb3yeM BTOPYIO u3 dopmyi (2.10)

D[X]=2°-0,05+3%-0,40 +4%-0,35+5%-0,20 3,72 = 0,71.

CpenHee KBaJIpaTHUECKOE OTKIOHECHHUE:
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5, =+/0,71~084.

2) C konBe#epa cxondr uznenus. PaccMarpuBaercs ciaydyaiiHas BenuyuHa X —
YUCJIO TPOBEPECHHBIX U3JCIUM JI0 TOSBICHMS TEpBOM OpakoBaHHOW. Haiitu
MaTeMaTH4YeCKOe OXHUJAAaHUE U AUCIEPCUI0 JTAHHOW CIIy4allHOM BEJIWYUWHBI.
BeposiTHOCTh Opaka u3BeCTHA U paBHa .

O603Haunm q=1- p. [Ipexe Bcero, cocTaBUM psifl pacrpeiesieHus CiIy4yanHoMl

BEJIMYUHEBI X:

P p pq | pg?|...| pq"

BeposiTHoCTH  BO  BTOpOM CTpoKe TaOMUIBl O0pa3yroT OECKOHEUHYIO
reOMETPUUYECKYIO MTPOTPECCUIO0 TIEPBHIN WIEH WM 3HAMEHATEIh KOTOPOW paBHBI P U (
COOTBETCTBEHHO, MPUYEM IO CMBICITY 3a/1a4H CIEAyeT CUuTaTh, 4To 0<q<1. [ToaTomy
IS CyMMBI BEPOATHOCTEH MOTy4YUM

Pl,

P+pq+pg’+...+pq"+...=——=
1-q

qTO ABJIACTCA HGO6XOI[I/IMI>IM YCJIOBHUCM KOPPCKTHOCTHU psAda paClIpCaACICHUA.

I[J'ISI MAaTEMATHYCCKOI'O OXKMAAaHUA UMECM

M[X]= ¥npg" = pg>ng"*=pa¥—q" =pq— > q" =pq———= pq =
n=0 n=1 n=1dq dq n=1 dq 1- q (1— Q)Z
_9_1-p
p

31ech HWCIONB30BadM TOT (PaKT, YTO PABHOMEPHO CXOIAIIMECS PSAIbl MOXKHO
muddepeHrpoBaTh MOYJICHHO.

Haxomnum mucnepcuro
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D[X]=Zn2pq“—(%] =Zn(n—1)pq”+2npq”—[3j =pq22d—2q”+%—(ﬂj -

n=0 n=1 n=1

n
d> 2 . g (qu d? g 2 g [
2 n 2 2
=PQ° 5 20+~ =PQ° 5 ——=pg° + -
dg?ni P \p p

2

2 2
P p p

3) Ha pucynke 1.6 mokasaHa mioTHOCTb pacIipeie/eHIs HEKOTOPOU CiIydaitHOW

BenuunHbl X. Haiftn ¢yHKUMIO pacnpeneneHus, MaTeMaTU4YecKoe O0KHUIaHHe,

AUCIICPCUIO U CPCAHCC KBAAPATUICCKOC OTKIIOHCHHUC.

A

Y=

Puc. 1.6.

Tak kak mIomaap Imona Fp&(l)I/IKOM IUIOTHOCTHU PaCHpCACICHHUA OOJDKHA OBITH

paBHa enunune, To f(0)=2. Tenepp Jierko 3anncaTh AHAUTUTUYECKOE BBIPAKEHUE IS

f(X):

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

B nmpomMexyTKe OT HyJIsl 10 €IMHULIBI PYHKIUIO pacTIpeeIeHs] B COOTBETCTBUU

¢ (1.19) nerko HalTH UHTETPUPOBAHUEM:
X
F(x)=[(2-2t)dt = 2x—x°.
0

Takum oOpazom
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0,x<0
F(x)= 2x—x%,0<x<l.
1, x>1

Tak Kak MJIOTHOCTH paclpelesieHHe paBHAa HYII0 BHE mpomexyTka [0,1]
HecOOCTBeHHBIM wuHTerpayn (1.22) CTaHOBUTCS HWHTErpaJioM IO KOHEUYHOMY

poMexyTKy. Torna

0 1
m, = jxf(x)dx:jx(2—2x)dx:(x2—gxgj :E,
Zw 0 3 o 3
% ! 1 (25 1.4 1 1
D, = szf(x)dx—mf:jx2(2—2x)dx——:£—x3——x4j ==
. . 9o \3" 2" ), 9 18
o=t
a2

CpenHee 3HaueHME W JAMCHEPCHS CIYyYalHOM BEJIMYMHBI HE SBISIOTCS
€UHCTBECHHBIMU YHUCJIOBBIMU XAPAKTEPUCTUKAMU CIy4alHOW BenW4MHBL. B Teopun
BEPOSTHOCTEH CYIIECTBYET MOHATHE «MOMEHT TopsiiKa K », KOTOPBIH [Tt CITydaifHOM

BEIUYHHEI X OIIpCACIICTCA KaK

m[X1=M[x]. (1.26)
B cootBerctBuu ¢ popmynamu (1.21), (1.22) mjast TUCKPETHOW CITydalHON BEIUYHHBI
m[X1= X py, (1.27a)

I

JUIS. HEIPEPBIBHOM

e [X]= Txkf(x)dx. (1.276)

—00

L[eHTpaJIbHI)IM MOMCHTOM IIOpsAdKa k HA3bIBACTCA BCIINYMHA
i X1=M[ox-m,)]. (1.28)

Takum O6p&30M, AUCIICPCHUA ABJIACTCA HCHTPAJIbHBIM MOMCHTOM BTOPOI'O ITOPsAIKaA.

1.7. HexoTopble 3aKOHBbI pacrpe/eieHus
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371ech Mbl paCCMOTPHUM 3aKOHBI pacrpeieNieHUs, KOTOPbIE YacTO BO3HUKAIOT B
3a7]a4ax TEOPUU BEPOSITHOCTEM.

1. BunomunanvHoe pacnpedeieHue. 3afada, B KOTOPOW BO3HUKAET JaHHOE
pacnpeneneHue, yxe paccMarpusaiach B 11.1.4. CaMo pacnpeneneHue onpeaesieTcs
dbopmyinoii (1.14). Haiinem maTteMaTHueckoe OXHJAHUE W JUCIEPCHUIO CIydailHOMN

BEJIMYMHBI X — YUCJIA TOSBJICHUS HCKOTOPOTro COOBITHS B N HE3aBUCHMBIX OITBITAX.

& Ak okan-k = knt ok n n! okgnk =
L D TS T N P P T o T
_ pz (n-1! ok -1g (D)

k=1(k =D!((n-1) - (k -1))!

O603HaunMm | =k —1. Mconb3ysa 6uHom HproTOHA, OJTyduM

M[X]= molzcn PP =np(p+ )"t
0

M[X]=np. (1.29)

n
k=0

D 2~k k.n-k _ < knl okq" K =
& P Zm -

¢ (k=Dn! 0%q n! ok lgnk _ S (k=Dn!  k n—k oo

= E -k P pkzl(k “Din—kt" =5 k- i S ThR

(n 2)' k-2 .n-k (n 2)' I n—2-I _

=n(n- 1)|0k22(k Nn-2-k_2nP & TMP= n(n-1)p? Zompq +np =
:n(n—l)p +np.
D[X]1=n(n-1)p®+np-n?p®=np-np® =np(l- p),
D[X]=npg. (1.30)

2. Pacnpeoenenue Ilyaccona. Ilpeanonoxum, 4To YUCIIO UCTIBITAHUM N B cXeMe
bepHyM HACTOJIBKO BEJIMKO, YTO MPAKTUYECKH €r0 MOXKHO CUYUTATh OECKOHEYHbIM, a
BEPOSITHOCTH P HACTOJBKO MaJla, YTO MPAKTUYECKU €€ MOKHO CUMTATh PaBHOM HYIIIO.
BrimonauM npenenbHbIi mepexoq n— oo, p— 0B Beipakeruu (1.14), Ho moTpeboBas,
YTOOBI MPOU3BEICHNUE NP OCTABAJIOCH TOCTOSIHHON BEJTMYMHOM:

np =a=const.

[ToncraBus B (1.14) p=a/n Haligzem
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lim Cg‘(ijm(l_ijn_m — lim n(n—l)...,-(n—m+1)£ @L-a/n)" _
n n n—o nm m! (1_a/n)m

g NI R Gy FLr=r S

IlepBblii 1 BTOPOY MpEEsbl B JAHHOM BBIPAKEHUH PABHBI €UHULIE, & TPETUN NIPEIET

nN—o0

Heclo)kHO Haiith. OH paBeH € 2. MTak, OKOHYATEIHHO IOJyYUM CIICAYIOUIYIO

CI)OpMy.Hy JUIA paCcupeaciICHUA HyaCCOHa
am
—a
Pm :We , m=0,1,2,... (131)
Tak kak Ui pacnpeseieHus bepHY/UIH MaTeMaTHYeCKOE OXKHMIaHHE PaBHO

IIPOU3BECACHUIO NP, I pacIpeaCICHU HyaCCOHa OHO paBHO MapaMeTpy a.

M[X]=a. (1.32)

Jns nucnepcun nmeem

D[X]= lim npg= lim ng(l—g):a lim (1—3):& (1.33)
n—»o0 n—so N n n—co n

Takum oOpazom, st pactpenenenus [lyaccona matemaTuyeckoe 0XKUIaHUE U
JTUCTIEPCHS PaBHBI.

Hcnonb3ys paznoskeHue B psiji TOKa3aTelbHON (PYHKITMU €* HECTIOKHO MOKa3aTh,
4yT0 cymMa Beex BepostHoctel (1.31) paBHa equnuIe.

Ipumep.

B kaxmom ombITe coObITHE A TOSBISICTCS C BEpOSATHOCTHIO P =1/10. Haiitn
BEPOSITHOCTH TOTO, YTO B JIECSATH HE3ABUCUMBIX OTBITaX COOBITHE A TIOSIBUTCS JIBa pasa.

To4HBINi OTBET J1a€T 371€Ch, KOHEUHO, OMHOMUHAIILHOE pacIipe/ieieHue:

1 (9 179
P :C2 - | — = —| — z0,194-
2710902 (10) 2 (10j

Teneps nmpumeHuM pacrnpezenenue [lyaccoHa, KOTOpoe BBINOIHSETCS 31ECh
TOJIbKO MPUOJIMKEHHO, TaK KaKk N HE O4YEeHb BEJIMKO, a P He oueHb Maio. [Tapamerp a

ciieayer B3ATh paBHBIM a=10-0,1=1.

2
P, = Vel Coes
2 2e
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Buaum, 4TO TOUYHOE M MPUMEPHOE 3HAYEHUS BEPOSTHOCTU XOTS M HE OYEHBb
OJIM3KH, HO paJUKaIbHON pa3HUIIBI MEXTy HUIMU HET.

Ilonsimue o nyacconHogckux (npocmetiuiux) nomoKax.

IlorokoM  Ha3bBIBaeTCSA  IIOCJICAOBATCILHOCTHL  OJWHAKOBBIX  COOBITHM,
POUCXOSIIUX B ClTydaliHbIE, BOOOIIE TOBOPS,, MOMEHTHI BPEMEHHU.

Baxkneiield xapakTepUCTUKOW MOTOKA SBIISETCS MHTEHCUBHOCTh A, KOTOpas
ONpENENsIeTCs KaK cpedHee 4YHUCIO COOBITHA 3a €IWHULY BpeMeHU. Enununein
M3MEPEHMS] MHTEHCUBHOCTH ABJISETCS «BPEMS 1,

[ToTok Ha3bIBaeTCs MyaCCOHOBCKUM HIIM MPOCTEHIINM, €CJIH BBIMOIHAIOTCA
CJIEIYIOLIUE YCIOBUS.

1) Opounapnocms. ITO CBONCTBO 3aKJIHOYACTCS B TOM, YTO BEPOSTHOCTH
MOTaJaHus Ha JOCTaTOYHO MaJiblii BpeMEHHOM UHTepBal Al IByX min 60jee cOObITHI
ABIIIETCS TPEHEOPEKUMO MaJjiOl BEJIWYMHOW 10 CPaBHEHHIO C BEPOSTHOCTHIO
NOMAJaHusl Ha JTAHHBIA MHTEpBaJl OJHOrO coObITHS. Takum 00pa3oM, OpAUHAPHOCTH
03HAYaeT, YTO COOBITHSI BO3HUKAIOT TIOOAMHOYKE, a HE TPYIIaMH 110 /IBa, TI0 TP H T.JI.

2) Omcymcmeue nociedeiicmeusi. Bo3pMeM J1Ba TPOM3BOJBHBIX, HO HE
MEPEKPHIBAIOIINXCSA BPEMEHHBIX WHTEpBaiia, HE 00S3aTeNbHO paBHBIX H HE

00s13aTeJIbHO CMEXKHBIX, 71U 7, (cM. puc. 1.7). OTcyTCcTBUE MOCIEACHCTBUS O3HAYACT,
YTO YUCJIO COOBITH, MPOU3OLIEAIINX 32 UHTEPBA 7;, HUKAK HE MOBJIMIET Ha YUCIIO

COOBITUH, TPOU30LIEIIINX 32 7, . DakTHUECKH, 3TO 03HAYAET, YTO COOBITHUS HE BIUSIOT

JIpYyT Ha Apyra.

X
Y

Puc. 1.7
3) Cmayuonapnocms. J|aHHOE€ CBOWCTBO 03HAYaeT, YTO BEPOSTHOCTHBHIC

XApPaKTCPHUCTHUKHU ITIOTOKA HC 3aBHUCAT OT BPCMCHU. HOI[‘-IepKHeM, 4TO p€Yb UACT MMCHHO
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0 BEpOSITHOCTHBIX XapakTepucTukax. Hampumep, yucio coObITUM, TOSIBISIFOIIUXCS 32
ONPENEIICHHBIA MTPOMEKYTOK BPEMEHH, HE SIBJSIETCS BEJIMYMHOM ITOCTOSTHHOM B CUILY
Clly4yailHOro xapakrepa noroka. Ho Takas xapakTepucTuka oToka Kak cpeoHee Yucio
COOBITUY 32 €IMHUYHBIN UHTEPBAJI BPEMEHHU T.€. HHTEHCUBHOCTb OCTAETCS BEIUYMHON
NOCTOSTHHOM ISl CTAlJMOHAPHBIX MOTOKOB.

CMBICT TEpMHHA «IIyaCCOHOBCKHMM IIOTOK» 3aKJIOYaeTCs B CIEIYIOLIEM.
Pa3o0beM HEKOTOpHINT BPEMEHHOW MPOMEXKYTOK t Ha OueHb OOMBIIOE, MPAKTHICCKH
OECKOHEYHOE, YMCIIO MaJlbIX MHTEpBAJIOB At=t/n. B cuiy cBoiictBa 1) Ha MaioMm
uHTEpBalie Al MOXET Mpou3oUTH HE Oojee, yeM OAHO coObiThe. CleoBaTeNnbHO,
KaK]IbIil MaJIblii BPEMEHHOW MHTEPBAI (DAKTUUECKHU MPEACTABISIET COO0M UCIIBITAHUE,
B pe3yJIbTaTe KOTOPOTo MOSBIIAETCS UM HE MOSBIIAETCS HEKOTOpoe cobbiThe. B cumy
CBOMCTBa 2) BCE HCHBITAHUA SBISAIOTCS HE3aBUCUMBIMH. [l03TOMY, yuuThIBas, 4TO
oOliee YUCIO0 HCHBITAHUN NMPAKTUYECKH OECKOHEYHO, BEPOSITHOCTh IMOSBICHMS Ha
JAHHOM BpPEMEHHOM IMPOMEXKYTKe 1t ompeneneHHOro uuciaa coObITUH Oyaer
onpenensaTecss pacnpenencHueMm IlyaccoHa, OTKyAaa COOCTBEHHO M IPOU3OILIO
Ha3BaHME NOTOKA. B cuiy cBoiicTBa 3) MHTEHCUBHOCTh A HE 3aBUCUT OT BPEMEHH.

Cpeonee uucino coObITUN 3a BpeMsi 1 paBHO At, ciefgoBaTellbHO, MapaMeTp a B
pactpenenenuu  Ilyaccona  ciieayer IMOJIOKUTh  paBHBIM — At(a  siBisseTcs

MaTeMaTUYeCKUM OXugaHueMm g pacnpenenenust Ilyaccona). Takum oGpazom,

BEPOSITHOCTH TOTO, YTO 32 BpeMs I Mpou30iIeT pOBHO M COOBITHI, paBHA

A" -
P =g, (134)

Crnenyer cka3arh, YTO MyaCCOHOBCKHM TMOTOK SIBJISIETCS WMJealn3alien, PeaKo
BBITIOJTHSFOITICHCS B YCTOM BHJIE JUTSI pealbHBIX TTOTOKOB.

Ilpumep.

Ha aBroMoOunbpHyto 3amnpaBounyto craHinuio (A3C) mocrymaer mOTOK
aBTOMOOMJIEH C MHTEHCUBHOCTBIO A=45 uac™. Ilomaras, 4To MOTOK aBTOMOOMIEH
SBJISIETCA TyaCCOHOBCKUM, HANTH BEPOSITHOCTh TOTO, YTO 3a JB€ MUHYTHI Ha A3C

a) He npuOyAeT HU OJTHOTO aBTOMOOMIIA,

0) mpuOyaeT nBa aBTOMOOWIIS,
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B) npuOyneT XOoTs Obl OAMH aBTOMOOUIIb.

[IponsBenenue AtpaBHO At=45- % -2=15.
[ToaToMy
p =15 15 _ 1 g0
a) 0— T - E ~ U, y
152

6) P,= 7e‘1'5 ~0,251,

B) P,=1-Py~0,777.

3. [lokazamenvHoe (IKCNOHEHYUATIbLHOE) pacnpedeieHue.

[TokazarenbHOE paclpenereHue TECHO CBsI3aHO ¢ pacnpeneneHuemM llyaccona.
PaccMoTpum HENpephIBHYIO CIYyYailHYIO BEJIMUUHY | — MPOMEKYTOK BPEMEHU MEXKTY
JIBYMS CIy4YallHBIMU COOBITHSIMH TIOTOKa. Halimem dyHkiuio pacnpeneneHust F(t)
JTaHHOM city4aitHo¥ BenuuuHbl. HamoMHuuM, uto F(t) MO ONpeneseHrIo MpeacTaBIIsieT
co0Oll BEPOATHOCTH TOTO, YTO | MPUMET 3HAYCHHE CTPOTO MEHbInee yeM 1
F(t) =P(T <t). 1yist TOrO, 4TOOBI BHIMOJIHSIOCH HEPABEHCTBO <t HEOOXOIUMO UTOOBI
XOTs1 Obl OJTHO COOBITHE MOTOKA MOMajIo Ha BpeMEHHOW mHTepBad t. DTa cuTyarus

CUMBOJIMYECKHU N300pakeHa Ha puc. 1.8

— -~ Bpewms

X
\

Puc. 1.8

CoObITHE, 3aKTI0YaloIIeecss B TOM, YTO Ha y4acTOK JUIMHBI 1 momaaeT XoTs Obl OJTHO
COOBITHE, MPOTHUBOIIOJIOKHO COOBITHIO, COCTOSIIIIEMY B TOM, YTO Ha JaHHBIA y4acCTOK
HE TToNaJIeT HU OJHOTO coObITHA. ClieI0BaTEIBLHO

P(T <t)=1-Py,
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rne Py BEpOATHOCTB TOTO, YTO Ha MPOMEXKYTKe t He IPOU30MIET HU OJJHOI'O COOBITHS.

[TycTh MOTOK COOBITHIA SIBIISIETCS ITyacCOHOBCKUM. Torna, B cooTBeTcTBHH ¢ (1.34):
At
PO = e .
ITonaras, uto nepemeHHas t, KOTopasi MO CMBICITY SIBJIIETCS IPOMEKYTKOM BPEMEHU
MEXAY ABYMSI COOBITHSIMH, SIBISICTCS BEIMYMHOM HEOTPUUATEIBHOM, MPUXOIUM K

pacinpcaciCcHuio, Ha3bIBACMOMY ITIOKA3aTCIIBHBIM WJIN S9KCIIOHCHIUAJIbHBIM

0, t<0
F(t)= : :
O-fy en tog (1.35
g mnotHocTn pacnpenenenus f(t)=F'(t) moaydyum BeIpakeHUE
0, t<0
£ :{ke_“’ e (1.36)

HecnoxxHO HallTH MaTeMaTH4YecKOe OXUIAHUE CIy4allHOW BEIWYMHBI |,
pacnpeesIeHHOM 110 TOKAa3aTeIbHOMY 3aKOHY, TO €CTh CPEIHEE 3HAYCHHUE IIPOMEKYTKA

BPEMCHHN MCKIAY ABYM: CJIy‘—IElfIHBIMH COOBITHSMH:

M[T]:Ojot f(t)dt:the‘“dt:% . (1.37)
0 0

[Tonyunnuy oKu1aeMbIi pe3yIbTaT: €CIU A CpeIHEE YUCIIO COOBITUIN 32 €UHUILY
BPEMEHH, TO CPSIHUN TTPOMEKYTOK BPEMEHH MEXTy COOBITUSMU paBeH 1/1 .

Jns nucnepcun nosryyum

D[T]= [t2 f(t)dt—izzxoftze‘“dt—izziz. (1.38)
5 2D 22N

4. Pasnomepnoe pacnpedenenue. PABHOMEPHBIM paclpeelIEHUEM Ha3bIBAECTCS
pacrpeneneHue 1 KOTOporo IIIOTHOCTh paBHA IIOCTOSIHHOW BEJIMYMHE HA HEKOTOPOM
IIPOMEXYTKE [a, b]1 HyJIFO BHE 3TOI'0 IIPOMEXKYTKA!

0, X € (—0,a)
F(x) = bfla,XE[a,b] . (1.39)
0, X € (b, )

3nauenne f(x)Ha [a,b] coOTBETCTBYeT TpeOOBAHMIO: IUIOMIAABL TMOJ TpadUKOM

INIOTHOCTH PaCIpPCACICHUA O0JIDKHA OBITH paBHa CANHUIIC.
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Oynkuio pacrpenenenust HaiieM B coorBerctBuu ¢ (1.19). Baytpwm

poMexyTKa [a, b] F(X)omnpenenserca Kkak

X —
F)= [t dx=X"2,
ab—a b-a
[TonHOoE BhIpakeHue A1 F(X) uMeeT BU
0, X € (—o0,a)

X—a
F(x)=«——, xe[a,b] . (1.40)
b-a
1, X € (b, )
HecnoxHo HaliTH MaTeMaTHYECKOE OKMAAHUE U AucCIiepcHio. B cumy Toro,
YTO IJIOTHOCTH PaCIpEEsICHUsl paBHA HYJIIO BHE IIPOMEXYTKa [a,b] uHTErpans mno
BCEH YMCIIOBOU NPAMON CTAHOBATCA MHTETPAJIAMU 110 KOHEUHOMY ITPOMEXKYTKY:

b1 a+b
M[X]=[x dx = : (1.41)
i b-a 2

D[X]= [x? - Lgx— (@+b) _(b-a)

b—a 4 12 (1.42)

Ipumep.

B konue mynkra 1.5 Obutn HaiijieHbl QyHKUUS paclpeneseHuss U MIOTHOCTh
pacnpeneneHus CiIy4ailHOM BeIMYMHBI X — PaCCTOSIHUE OT IMMyHKTa A 10 TOUKH 00pbIBa
Tene@oHHOM uHKuK. BunuM, 4To BennurHa X UMEET paBHOMEPHOE pacIpeiesiCHHUE C

napameTpamu a=0, b=L. B coorBerctBuu c (1.30) u (1.31):

L L2 L
M[X]==, D[X]=—, o, =——.
[X1=5, DIXl=15. ox =77

5. Hopmanvroe pacnpedenenue (3axon [aycca). HenpepbiBHas cityuaitHas
BeJIMUMHA X pacrnpezesieHa o HopMaabHOMY 3aKOHY (3akoHy ["aycca) ¢ mapameTrpamu
a, G eCJIM TUIOTHOCTh pacipe/iesieHrs UMEET BU/T

(x-a)?

f(x) = le_me 20° (1.43)

CrnydaliHyt0 BEIMYMHY C HOPMaJIbHBIM pacmpeneieHueM OyaeM Has3bIBaTh

HOPMAaJIbHOM CIy4YalHOW BEJIMYMHOM.
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YroObl HAWTH MaTEMaTUYECKOE OXKMJAHWE W JUCIIEPCHUI0 HaM TMOTpedyeTrcs

uHTErpan dDiinepa—Ilyaccona’:

ojoe_xzdx = ﬁ
0 2

B crity 4eTHOCTH TOJIBIHTETpaIbHOM (PYHKITUH
o0 2
[e™ dx= Jr.
—00

I/ICHOJ'II)By}I 9TOT PEC3YyJIbTAT HCCIIOKHO HAWUTHU

L @ (x-a)?

MIX]=——— [xe 20" dx=a, (1.44)
L w,

D[X]= o [x% 20" dx-a%=c2. (1.45)

Takum 00pa3oM, mapaMeTpsl @, G B INIOTHOCTH HOpMajibHOTO pactpenencaus (1.43)

ABJKOTCA MAaTCMATHYCCKHUM OXKHUAAHUCM U CPCAHUM KBAAPATHYICCKHUM OTKIIOHCHUCM.

_(x-a)?
1 e 20°

\N21o

A S ) =

=Y

Puc. 1.9

['padyiky TUIOTHOCTH HOPMANBHOIO pacHpeneseHusi, Ha3bIBaeMbI KPUBOM

["aycca wiu rayccouaoi, npeacTtaBieHsl Ha puc. 1.9 ansg AByx 3HaAYEHHWM CpeaHero

KBaAPATHUYICCKOI'O OTKIIOHCHHUAI.

* TIpocToe BBIYMCIEHHE 3TOrO MHTErpaja MOXKHO HaifTh, Hanpumep, B kHure ®uxrtenroisi .M. Kypc
nudepeHaIbHOTO U HHTerpanbHoro ucuucieHust. — B 3-x 1. T. 3. — 11-e u3x.Cankr-IlerepOypr: Jlans, 2020.
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B cootBerctBum ¢ (1.19) dyHkums pacnpeneneHus HOPMaJbHOW Cly4ailHOW
BEJIMYMHBl C MATEMAaTHYECKUM OXUAAHUEM My MU CPEIHUM KBaJAPAaTUYECKUM

OTKJIOHCHHUCM Ox MOKCT OBITH HaﬁHCHa KakK

(t-my)?
1 * 262
F(x)= e x dt.
() V2no, _J;O

I/IHTCFpaJI B JAHHOM BBIPAKCHHUHU HC BBIPAKACTCA YCPC3 JJICMCHTAPHBIC ®YHKHHH

Y 100HO BBECTH (PYHKITUIO
* 1 % -2)2

D (X)=—— dt, 1.46

- [e (1.46)

KOTOpasi MPEJICTABISET COO0N HOPMAIbHYIO (YHKIUIO PACTIPEEICHUS C HYJEBBIM

MaTeMaTUYECKUM 0KMIAHUEM U €IMHUYHOM nucnepcuei. Tenepp BbpazuM QyHKIUIO

pacnpenenenus F(x)uepes @ (x):

F(x)zd)*(x_mxj.

Gy

Henocpencrteenno u3 onpenenenus (1.46) cnemyer, uro ¢QyHkuus @ (x)
oOnagaeT BCEMHU CBOMCTBaMHM (PYyHKUMHU pacnpeneneHus. Kpome Toro, ucnonbiys
uHTerpan Ditnepa—IlyaccoHa, HECIOKHO MONTYUUTh @ (0) =1/2.

PaccmoTpum dyHKIIHIO

d)(x):%n}e‘tz/zdt, (1.47)
0

KOTOpas HasbiBaeTcs Qynkuueit Jlanmaca. @yHkimuu @ (x) ¥ O(X) CBA3aHBI IPOCTHIM

COOTHOIIICHHUECM

"=t Tetogio L [etlog, L Tetog L
D (X) m_j@e dt N [e dt+m£e dt 2+<I)(x). (1.48)

2n
Oynkuus Jlanmaca o61agaeT CBOMCTBOM HEUETHOCTH @D(—X)=-D(X), 4TO, KaK
MIpaBUIIO, AeiaeT ee Oojiee y100HOM MPU PEeIICHUH 3a/1ay.
I'paduku GyHkimit ®© (x), ®(x)usobpaxens Ha puc. 1.10.

Tabmuna pynkmun Jlanmaca ®(x) nmpuBeaeHa B TPHIIOKEHUH 1.
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B cootBercTBUM ¢ (2.2) BBIpa3sUM BEPOSTHOCTh MOMAIAHUS HOPMAIbHON

CJTy4aiiHON BeJMYMHEI B IPOMEXKYTOK [, b) depe3 GpyHkmuu @ (x), D(X):

P(a< X <b) :cb*(b_ij—cb*(a_ij:cp(b_mXJ—q{ﬂJ. (1.49)

Gy

Gy

HopmanbHOE pacrpeneiieHue Wrpaer MCKIOUUTENBHO BAXKHYIO pOJb B
BEPOSTHOCTHBIX M CTaTUCTUYECKMX 3adavax. [IpuumHa sTOoro Oyner oOBsiCHEHA B
CJICIYIOIIEH TJIaBeE.

Ilpumeprr.

1) [IpaBuiio «Tpex curm». HaliTu BeposSITHOCTB TOTO, UTO ClIydaiiHas BenuyuHa X,
pacnpenesieHHass HOPMAaJIbHBIM 00pa3oM, OTKJIOHHUTCS OT CPEAHEro 3HaueHus Ha
BEJIMYMHY HE MPEBBIIAIONIYIO 3Gy.

B cootBerctBuu ¢ (1.49)

P(I X —m, [<35,) = P(M, —30, < X <m +30,) = @[Wj-@(wj -

=O(3)-D(-3). X
Hcnonb3yss CBOMCTBO HEYETHOCTH (YHKIMM @(X) M ONpeAesuB MO TaluIle
npuioxeHus 1 3nauenue @(3), MOITyInM

P( X —m, |[<30,) =20(3) =0,9973.

COOTBETCTBEHHO, BEPOATHOCTH OTKJIOHEHHMS X OT CpPEJHEro Ha BEJINYUHY

oosbiryio 36y paHa 0,0027, T.e. BechmMa Maja.
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2) ABTOMAT W3rOTaBIMBAacT JeTand. Jleranb cYUTaeTCS TOJTHOW, €CIU
OTKJIOHEHUE €€ JUIMHBI X OT MPOEKTHOM MO abCOMOTHON BeauynHe MeHbiie 0,9 mm.
Cuuras, uro X pachpeielieHa [0 HOPMaJbHOMY 3aKOHY C MaTeMaTUYeCKUM

2 HaiiTH MPOLEHT TOJIHBIX

oxkunanueM pasHbIM 0,05 mm m gucnepcueir 0,49 mMm
JeTaNe cpeau U3rOTOBICHHBIX.
Haiinem BepOsATHOCTb TOrO, YTO BbIOpaHHas Ul IPOBEPKHU JIE€Tallb OKaXKETCs

TOJTHOM:

P(|X [<09)=P(-09<X <09)= @(0'9 —O,OSJ - (D(—o,g ~0,05

07 07 ) ~ ®(1,21) - D(~1,36)

= d(L,21) + D(L36) = 0,79994.
Taxum oOpa3om, MPOLEHT TOAHBIX AeTanel mpudmmkeHHo coctaBisieT 80%.

3) CnyqaﬁHa;I BenuunHa X pacipcacicaa HOPMAJIbHO € MAaTCMATHYCCKHUM

2. Haiitm WHTEpBaJ, CHMMMETPUYHBIH

oxumanueM 5,5 kr um gucnepcuert 1,21 xr
OTHOCHUTEJIFHO MaTEMaTUYECKOTO OKHMJIaHHUS B KOTOPBIM X IOIAJIET ¢ BEPOSITHOCTHIO
v=0,95.

NuTepBas, CUMMETPUYHBIA OTHOCHUTEIBHO MAaTEMAaTHUYECKOTO OXHUIAHUS

3anuiIeM Kak (m, —g, my +¢).

N3 (2.34) nonyunm

p(m, e <X <m, +5)= q{mj ) q{uj _ q)(iJ _CD(—_S] _ 2@(1}
Oy Gy Oy Oy Oy

Tak xak mo YCJIOBHIO 3aaa49M AaHHas BCPOATHOCTb M3BCCTHA, UMCCM YPABHCHUC JJIA

OIIPCACIICHUA &:

ZCD(ij =v,
Gy

cp(i] —0,475.
11

[lo Tabmuue npunoxkenus 1 g gaHHOTO 3HaveHus (GyHkuuu Jlamaca
orpeJeNsieM 3HaueHue aprymenra: €/11=196 u £<2,16.

st matepBasia umeeM (3,34; 7,66) .
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33[[3‘!1/1 JIA CAMOCTOATEC/ILHOIO PCIICHUA

1) W3 msatu kapTouek pa3pe3Hon a30yKH COCTABJICHO CIOBO «KapTay». PeGeHok,
HE YMEIOIIUHN YNTAaTh, PACCHINNAN KAPTOUKH, 3aTEM CIIOKHUI UX B CIIy4YalHOM MOPSJIKE.
Haiitu BEpOsSTHOCTB TOTO, YTO Y HETO CHOBA MOJIYYUTCS CIIOBO «KapTay.

2) Cpemu 100 notepeiHBIX OWJIETOB 5 BBIMTPHINIHBIX. HallTH BEpOATHOCTH
TOTO, YTO 2 HayAauy BBIOpAHHBIX OWJIETa OKaXXyTCS BBIUTPBHIINIHBIMU;, W3 MATH
KYIUICHHBIX OMJIETOB TOJIBKO OJIMH OKAXKETCSI BHIUTPHIIIHBIM.

3) BeposiTHOCTH XOTd OBl OAHOTO TOMAJaHUs B 1LI€Jb MPU TPEX BBICTpENax
pasHa 0,973. HaiiTu BEpOSTHOCTB ITONIaJJaHUs B L€ IIPU OJTHOM BBICTpEJIE.

4) YekaHIIMK KJIaAeT B KaXIblM SIIUK BMECTUMOCTHIO N MOHET OJIHY
danpmmByo. s nmpoBepku Oepercss mapTusi U3 N SHIMKOB U U3 KAKJIOTO SIIUKA
MPOBEPSIOT OAHY MOHeETy. lloyaras, 4To N OYEHb BEJIUKO HAUTH NPUOIUKEHHO
BEPOSITHOCTH TOTO, YTO YEKAHIIMK HE OyAeT pazoOiiaueH (Bce MPOBEPEHHBIE MOHETHI
OKaXyTcs HE (PaJIbITUBBIMU).

5) Ha mnoBepxHOCTb, pasrpadeHHyI0 Ha KBaapaThl, OpocaeTcsi MOHETa.
Cropona kBazparta 4 cMm, paguyc MoHeTbl 1,5 cMm. HaliTh BEpOSTHOCTH TOrO, YTO
MOHETA OKaXXETCS HOJHOCMbIO BHYTPU OJTHOTO U3 KBAJPATOB.

6) B mepBoii ypHe 6 Oenbix mapoB u 4 yepHbix. Bo BTOpoii ypHe 5 6enbix u 7
4yepHbIX. 13 nepBoil ypHBI BO BTOPYIO HEKTO MEPET0KUII OJIUH IIap HEU3BECTHO KAKOTO
1Beta. KakoBa BEpOSITHOCTb BBITAIIMTH MOCJIE 3TOr0 OENbIM 1ap U3 BTOPOU ypHBI. B
3a7a4yax MO TEOPUU BEPOSITHOCTEW IOJ YPHOM IOJAPa3yMEBACTCs YEPHBIM SIIUK,
COZIEPKUMOE KOTOPOT0, BO3MOKHO, U3BECTHO, HO HE HAOIIOAaEMO.

7) B rpynne w3 30 cTyAeHTOB, NPUIIEAIIAX HA D5K3aMEH, 8 CTYIEHTOB
MOJArOTOBJAECHBl OTiAMYHO, 10 — xopomo, 8 — yIOBIETBOpUTEIbHO, 4 —
HEyJ0BJIETBOpUTEILHO. OOIllee KOJUYECTBO JK3aMEHAIMOHHBIX BompocoB — 20.
OTAMYHO MOATOTOBIICHHBIA CTYAEHT 3HAeT OTBEThl Ha Bce 20 BOMPOCOB, XOPOLIO
MOATOTOBJICHHBI — Ha 16, yJOBJIETBOPUTENBHO MOATOTOBIEHHBIH — Ha 10,

HEYIOBJIETBOPUTEIBHO MOJATOTOBJIEHHBIN — HA 5. BBI3BaHHBIN CTYJIEHT OTBETUII HA BCE
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TPpHU BOIIPpOCA SK3aMCHAIIMOHHOI'O ounera. KakoBa BCPOATHOCTb, YTO OTOT CTYACHT
IMOATOTOBJICH OTJIMYHO, HCYAOBJICTBOPHUTCIILHO.
a. HpI/I Urpc¢ B IaXMaTbl C PABHOCHJIIBHBIM IIPOTUBHHUKOM BCPOATHOCTD

BBIMTPBINIA paBHA P; =1/4, BEpOSITHOCTh MPOUTPHIMA P, =1/4, BEpOSATHOCTh HUYBCH
p;=1/2. Bynet coirpano BoceMb mapTuii. HailTu BepOATHOCTH CHEIYIOMIMX COOBITUI

BBIMIPATh POBHO JIB€ MAPTUU; BBIMTPATh MMOJOBUHY MApTUI; OJOBUHA MapTUi OyaeT
ChIlpaHa BHUYBIO.

8) I[Ipon3BoauTcs cTpenb0a no JeTameid MueHu. BeposTHOCTh nonaganus npu
onHoM BbIcTpesnie paBHO 0,6. Ilpu ogHOM moONagaHUU BEPOSITHOCTH IMOPAKEHUS
munieHu pasHa 0,5, npu aAByx nonaganusx 0,9, mpu Gojee yeM IByX MONAJaHUAX —
eqununa. [IpousBoaurcs naTe BeICTpenoB. HaTu BEpOSATHOCTH TOTO, YTO MHILIEHb
OyJIeT mopaxeHa.

9) BeposATHOCTh MOsIBIEHHS COOBITUS A B HEKOTOPOM HMCHBITAaHUM paBHa 1/4.
[IpoBonuTca AecsaTh HE3aBUCHUMBIX HclbITaHuM. CiydailHas BenuunHa X — YHCIIO
nosiBineHuid A. Haiftu BeposiITHOCTB TOro, 4To X IPUMET 3HaYCHHE, HE MTPEBBILIAIOIICE
€€ MaTeMaTH4YECKOe 0KUJaHUE.

10) Ilorok 3asBOK, MOCTYMAIOIIMX Ha TeNe(HOHHYIO CTAHIIUIO, IPEICTABISAET
co0OM MyacCOHOBCKHMM (TIpOCTeHIMii) MOTOK. MaremMaTH4ecKoe OXKHJIaHHE 4YHCia
BBI30BOB 3a 4ac paBHO 30. HaiiTu BEpOATHOCTH TOTO, YTO 3a MUHYTY MOCTYHUT HE
MEHEE IBYX BBI3OBOB.

11) Ywucino arak HUCTpeOUTENE, KOTOPHIM MOXET MOJBEPrHYTHCA
OOMOapAMpOBUIMK HAJ TEPPUTOPUEH NPOTUBHUKA, €CTh Cily4yallHas BeJIMYMHA,
pacnpeneneHHas 1o 3akoHy [lyaccona ¢ matemaTudueckuM oxxuganueM a=3. Kaxnas
aTaka ¢ BepoATHOCThIO P=0,4 3akaHYMBaeTcad MOpaKeHHEM OOMOapAMPOBIIHUKA.
OnpenenuTh BEPOSTHOCTH MOPAKEHUsT OOMOapAUPOBIITHKA.

12)  CuyuaitHas BennumHa X pacnpeieseHa paBHOMEPHO C MaTeMAaTHYECKUM
O’KHJIaHUEM paBHBIM —1 U Aucnepcuei paBHoit 3. 3anucaTh GYHKUIUIO pacipeieneHus
Y IUIOTHOCTHh PAaCHpeiesiCHUs] TaHHOM CIlydyallHOM BennduHbl. HallTu BEpOSATHOCTH

MOMalaHus CIIydaiHOM Benmn4yrHbl Ha uHTepBa [0, 9).
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13) CuyvaiiHas BeaMYMHA [ pacopenesieHa MO IOKa3aTeJIbHOMY 3aKOHY.
Haiitn BEpOATHOCTH TOrO, YTO 3HAYEHUE CIy4YalHOM BEJIMYMHBI | TPEBBICUT €€

YABOCHHOC CPCAHCC 3HAYCHUC.

Omeempl.

1)1/60. 2) 1/495, 0,211. 3) 0,7. 4) /e ~0,368. 5) 1/16. 6) 28/65. 7) 0,59; 0,003. 8)0,311;

9
0,087; 0273. 9) 0,028. 10) 7@ ~0526. 2) 0,0002. 11) 1-e®~0609. 12)

0, x< -4, 0, x< -4,
f(x)=41/6, -4 <x<2,F(X)={(x+4)/6,-4<x<2,P(0< X <9)=13.13) e
0,x>2 1L, x>2
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I'maBa 2. OcHOBHBIE 32J2a4YH MATEMATHYECKOI CTATHCTUKH

2.1. DMnupuveckue psiibl pacnpenaejeHusi U X rpagpuyeckue

npeacraBjJacHUs

[TycTh uMeeTCsi COBOKYITHOCTb (MHAUE MHOYKECTBO) 8CEX BOZMOMCHLIX SHAUCHUIN
HEKOTOPOTO TIPU3HAKA, XapaKTEPHU3YIOUIEro Kakyko-To BenuuuHy. Hampumep,
BEJIMYMHA MECSTYHOTO J0X0a 0151 KAXHCO020 KUTENSI HEKOTOPOTO PETUOHA, BEC KOJIoca
JUISL 6cex TOOETOB TIIEHHUIIBI Ha OIBITHOM II0JI€, OTKJIOHEHHE OT CTaHJIapTHOTO
pasMepa UId OueHb KpYnHou TApPTUHA JeTaled u T.0. B CTaTucThke Takyro
COBOKYIIHOCTh HA3BIBAKOT 2E€HEPAIbHOU COBOKYynHocmulo. B cuimy TOro, d4ro
reHEpajbHasl COBOKYIHOCTh OYE€Hb BEJIMKA, IMPAKTUYECKH HEBO3MOYKHO IOJYYHUTh
3HAYECHHWE TNPU3HAKa ISl KAXKAOrO OHK3eMIUIsIpa COBOKyNmHOCTH.  [loatomy wu3
reHepaIbHON COBOKYITHOCTH BBIOMPAIOT CYIIECTBEHHO MEHBIIIEE YUCIIO SK3EMILISPOB,
MMEHHO TAaKO€, YTO MOJYyYUTh 3HAYCHUE TMPHU3HAKA JUIS KaXKIOTO OHK3EMILUIIpa
MPaKTUYECKUA BO3MOXKHO. B cTaTucTHKE 3TO Ha3bIBaeTCs 8biboproi. 3yuast BRIOOPKY,
MBITAOTCA CJEJIaTh BBIBOJIBI O CBOMCTBAaxX BCEW COBOKYIHOCTH. MHOKECTBO BCEX
BO3MOKHBIX 3HAQYEHUW TMPHU3HAKA TEHEPAIBbHOM COBOKYITHOCTH COOTBETCTBYET
MHOXXECTBY BCEX BO3MOXKHBIX 3HAUEHHUM CIIydallHOM BEJIWYMHBI B TEOPUHU
BEPOSATHOCTEU. [103TOMY MOHSITHE reHEPATTbHOW COBOKYITHOCTH aHAJIOTUYHO TTOHSATHIO
ciy4aitHoi BennuuHbl. UTO KacaeTcsi BBIOOPKHU, TO B TEPMUHAX TEOPUU BEPOSITHOCTEN

3TO MHOXECTBO 3HAUYEHUH X, X,,..., X, CIyd4yallHOH BeJWYMHBI X, NOJIYYEHHOE B

pe3yJibTaTe OrpaHUUYEHHOTO YHCJIa OTBITOB.
CraTuCTHYECKUM WM BapUAllMOHHBIM PSJOM HA3bIBAIOT TAOJUIly B IMEPBOM
CTPOKE KOTOPOW CTOSIT OINpeJeJCHHbIE 3HAYCHHUs M3y4aeMoro IMpHu3HaKa, (Kak
MPaBUJIO, PAH)XUPOBAHHBIC, T.C. YIOPSIOYCHHBIC IO BO3PACTaHHIO), BO BTOPOH —
YHUCJIO TIOBTOPEHUHN 3TOTO 3HAUYCHUS.
B cratuctuke 4HCiIO0 MOBTOPEHHUM JAHHOTO 3HAYECHWSI HA3bIBAIOT YaCTOTOM,
YUCJIO0 TIOBTOPCHHWH, JCICHHOE Ha OO0Iee YHCIO ONBITOB (M3MEpPeHUM) —

OTHOCUTENBHOM YaCTOTOM WJIM YaCTOCThIO. 3aMETHUM 3/1€Cb, 4YTO B TEOPHUH
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BEPOSITHOCTEH OOBIYHO OTHOCHUTETHHYIO YaCTOTy HA3bIBAIOT MPOCTO YaCTOTOH, a
TEPMHUH «OTHOCHUTEJIbHASA YACTOTa» B TAKOM CIIy4ae BOBCE HE UCIIOJb3YIOT.

Ilpumep. B HexkotopoM BVY3e mnoiydeHbl AaHHBIE 1O YCIIEBAEMOCTH 10
MaTeMaTUKe JJisi BEIOOPKM U3 CTa CTYJCHTOB. DTHU JaHHBIC MPEICTABICHBI B BUJIC
BapuainmoHHoro psaa (tabin. 4.1). YacroTa 31€Ch — 3TO YUCIIO CTYJEHTOB, UMEIOITNX
naHHyro oneHky. CyMMa Bcex 4acTOT paBHa oObeMy BbIOOpkH, T.e. 100 B maHHOM

npuMepe. Takol BapualMOHHBIN Psii HA3bIBAETCS JUCKPETHBIM UM TOYEHHBIM.

Tabmura 2.1
Ouenka 2 3 4 5
Xi («HEYIOBIETBOPUTEIBHOY») | («YAOBIETBOPUTENBHO») | («xOpo1Io») | («OTIUUHO»)
YacrorTa,
13 36 28 23
m;

Ecnim  d4ucimo  BO3MOXKHBIX  3HAQUEHWM TNPU3HAKA BEJIMKO, ITOCTPOCHUE
JUCKPETHOTO BapUALIMOHHOTO psifia B BUE TaOIUIBI 2.1 CTaHOBUTCS 3aTPYIHUTENBHO,
KpOME TOTO PsJ MOTEPSIET HAIVAAHOCTh. B 3TOM ciydyae Bech Quana3oH 3HAYCHUU
pa30uBaeTCsl Ha NMPOMEXKYTKH WK pa3psabl. Takoe pa3OMeHHEe HUMeEeT elie U TO
MPEUMYIIECTBO, YTO CIJIaKUBAET CTATUCTUYECKH HE3HAYalllue BIOPOCHl BO3MOYKHBIX
3HAUYECHUU TMpu3HaKa. YHUCI0 MPOMEXYTKOB JOHKHO OBITh TaKOBO, YTOOBI C OAHOU
CTOPOHBI, C BAPUALIMOHHBIM PsIIOM OBLIO YI0OHO paboTaTh, C IPYroil CTOPOHBI — OHO
HE JIOJDKHO OBITh CJHMIIKOM Majo, 4TOObl HE MOTEPATh CTATUCTUYECKU 3HAUMMbIE
BApHALIMM TpU3HaKa. Yacto g ONpenesieHHs 4Yuciaa pas3psioB HCIOIb3YIOT
nostyamnupudeckoe npasuiio Crepaxeca

21— n wmm k =log,n+1, (2.1)
rie K — gucio paspsaos, N — 00beM BEIOOPKHU. BennunHa nHTepBaiia AX onpenessieTcs
KaK AX = (Xmax ~ Xmin )/k :

Pa3Ouenue Ha pa3psabl HE HMEET CMBICHIA, €CIM Mbl HMEEM JIeJo C
HaOMIOACHHBIMU ~ 3HAUYEHUSIMU ~ OUCKPEMHOU  CIy4allHOM  BEJIWYUHBI, MPUYEM

MHOKE€CTBO BO3MOJKHBIX 3HAYeHUN HeBenuKko. Pa3zOueHue sBisercs, (HaKkTUUECKH,
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HEO0OXOMMOM TIPOIEYPOH, €CITN UMEETCS JOCTATOYHO OOJbIIasi BEIOOPKA 3HAYCHHMA
(o xpaiiHell Mepe, HECKOJIbKO JECATKOB) HEenpepblHOU CITy4YaiHOW BEJIMUHHBI.
[Ipumep CTATUCTUYECKOTO psija C TPYNIUPOBKOM MO pa3psgaM IMPUBEICH B
Tabnwure 2.2. B mepBoii CTpoKe TaOJIUIIBI COACPKUTCS YPOBEHb MECSYHOTO TOXOa TS
KUTEJIEH HEKOTOPOrO0 PETuOHa, MO BTOPOWM CTPOKE — YHCIO >KUTENed C JaHHBIM

YPOBHEM J10X04a JUIA BLI60pKH ¢ o0beMoM n=1000.

Tabnuma 2.2
Hoxox Xi | 0-5 5-10 | 10-15 | 1520 | 20-25 | 25-30 | 30-35
THIC.pYO.
Yucno 58 96 140 220 298 157 31
JKUTENEN
m;

[Ipu rpynnupoBke HaOMIOJACHHBIX 3HAUYCHUH MpU3HAKa IO pa3psaaM MOKET
BO3HUKHYTh BOMPOC: K KAKOMY pa3psiay OTHECTH 3HAYEHUE, HaXO/ISIIeeCcsi B TOUHOCTH
Ha HX TpaHuIe. 3JeCh MNOCTyHalT mo-pa3HoMy. Hampumep, JeByI0 TpaHUILY
BKJIIOYAIOT B JIAaHHBIM pas3psijl, a MpaByro HET. Mu CUMTAIOT, YTO JaHHOE 3HAYCHUE
MIPUHAJICKUT 000UM pazpsijaM U J0OABISIOT K 3HAYECHUIO COOTBETCTBYIOIIUX YaCTOT
qyucio 1/2.

['paduyeckoe m3oOpakeHHe AUCKPETHOTO BApHAIMOHHOTO psja Ha3bIBACTCS
MOJIUTOHOM. AOcCIMcca HEKOTOPOM TOUKHU TMOJUTOHA MPEACTABIACT COOOM 3HAUCHUE

MIPU3HAKA, OpJIMHATAa — COOTBETCTBYIOIIY) OTHOCUTEIIBHYIO YAaCTOTY Vi =m;/n. Touku

O0OBIYHO COCIHMHSIOT MPSAMBIMH JMHUAMHU. [oauroH, cooTBeTCTBYIONTMI Tadauie 2.1

n3o0paxkeH Ha puc. 2.1.
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A%
0,4 -
| [ )
03 | \
Q\
®
0,2
0,1 |
X
0,0 -
2 3 4 5

Puc. 2.1. IlonuroH, COOTBETCTBYIOMINKM BapHUAIIUOHHOMY Py, 3aJaHHOMY

Tadm. 2.1.
A V/5
0,06
0,04 |
0,02
X
0,00 >

Puc. 2.2. 'ucrorpamma, COOTBETCTBYIOIIAsI BApUALIMOHHOMY PSAY,

3alaHHOMY TabJ1. 2.2
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Jlnst  MHTEPBATILHOTO BapHAIMOHHOTO psifa rpadudeckoe u300paxeHue
Ha3bIBaeTCs THCTOrpamMmoin. Kakmomy paspsjy Ha THCTOIpaMME COOTBETCTBYET
HPSMOYTOJIBHUK JUIMHA OCHOBAaHHUS KOTOPOTO paBHA JUIMHE paspsijia, a BhICOTA —

COOTBETCTBYIOIIEH YacTOTe M, WIM OTHOCUTENbHOM wyactore V;. Ho 00b4HO

OTHOCUTEJIBbHYIO YaCTOTy paspsjaa JeNSIT Ha ero JiauHy. Torjaa moJiHas IUIOIIAb
rUCTOrpaMMbl  OyneT paBHa enunHuie. llpu Takol «HOpPMHpPOBKE» THCTOrpaMMa
ABJISIETCSI  CTATUCTUYECKUM  aHAJIOTOM  Tpaduka IUIOTHOCTH  paclpeiesieHUs
BEPOSATHOCTH.

Ha puc. 2.2 uzo0paxkeHa ructorpamma Jyisi CTATUCTUUECKOTO psAJia U3 TaOJIULIbI
2.2. Tlo ocu opauHAT OTIOKEHBI OTHOCHUTEIBHBIC YACTOTHI, JCICHHBIC HA JJIUHY
paspsiiia, paBHYIO MSTH.

HakormienHoil 4acToToil n; Ha3bIBaeTCAd BEJIMYMHA, MOKAa3bIBAIOIIAsl, CKOJIBKO

HMEETCS 3HA4YCHMU IIpu3HaKa HC IPCBOCXOMAINNHNX 3daTaAHHOI'O 3HAUCHHUA X.

COOTBGTCTBGHHO, OTHOCHUTEJIBbHOM HAKOIIJICHHON YaCTOTOU (H&KOHHGHHOﬁ I‘IElCTOCTI:oI-O)

HA3bIBAECTCA BEJIMYMHA W, =n;/n .

YacToThl, OTHOCUTEJIbHBIE YaCTOThI, HAKOIJIEHHBIE YaCTOTHI M YaCTOCTH A
BApHUAIIMOHHOTO psja, 3agaHHoro TaOm. 2.1 mokazansl B Tabmnume 2.3, s

BApHUAITMOHHOTO Psja 13 TaOauIlbl 2.2 — B TabnuIe 2.4.

Tabmuma 2.3
2 3 4 5
Xi
(«HEYIOBIETBOPUTEND | («YIOBIECTBOPUTEILH | («XOPOIIO») | (KOTIUYHOY)
HOY) 0»)

m; 13 36 28 23

Vi 0,13 0,36 0,28 0,23

i 13 49 77 100

Wi 0,13 0,49 0,77 1
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Tadmuma 2.4

Xi 0-5 5-10 10-15 15-20 | 20-25 25-30 | 30-35
m; 58 96 140 220 298 157 31

Vi 0,058 0,096 0,140 0,220 | 0,298 0,157 | 0,031
n, 58 154 294 514 812 969 1000
w; 0,058 0,154 0,294 0,514 | 0,812 0,969 1

I'paduk, nmo ocu abcryce KOTOPOro OTIOXKEHbI 3HAUEHUS NMPU3HAKA, a 110 OCH

OpAWHAT — HAKOIIJICHHBIC YAaCTOTHI N; WA HAKOIIJICHHBIC OTHOCHUTECJIBHBIC YaCTOTHI,

Ha3bIBACTCS] KyMYJISITUBHOW KPUBOW MJTU KyMYJISITOM.

AW
1,0 B ./.
0,8 ./
0,6 -

0,4- /
0,2- P

17# | L
0,0 e

0 2 W 15 20 25 30 35

Puc. 2.3. KymynartuBHasi kpuBasi (JJOMaHasi JIMHUSA) W, JJI1 CPaBHEHUS,

rUCTOTpaMMa JIJIsl CTaTUYECKOro psija u3 Tadi. 2.4

Ecnu kymynsTuBHas KpuBasi CTPOMTCS Ui MHTEPBAIBHOTO BapHUAIMOHHOTO
psiga, TO alcuucca TMepBOM TOYKM paBHA Hayaly TMEpBOTO MHTEpBAJa,

COOTBETCTBYIOIIAsi OpAMHATa paBHA HYJIO, a0CIMcca BTOPOW TOYKM paBHA Hadary
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BTOPOTO HWHTEpBaJia, a OpAMHATA paBHA MEPBOM HAKOIUIEHHOW (OTHOCUTEIHLHOMN)
4acTOTE U T.J.

KyMynsTuBHas KpuBasi, IOCTPOCHHAS MO JaHHBIM TaOJMIBI 2.3, MOKa3aHa Ha
puc. 2.3.

CratucTryecKkod WM SMIHUPUYECKON (YHKIMEH pachpenesieHus: Ha3bIBACTCS

byHKUMS, onpenensieMas CIeAyIoIuM 00pa3om

0, X<X
F(X)={W,, X <X<X.1,k=12..n-1. (2.2)
1 x=x,

31ech BO BTOPOMl CTPOKE MPABOM YaCTU CTOUT HAKOIUIEHHAs OTHOCUTEIIbHAS
gacTtoTa Wy :
k
we =2 v, k=12,...,n-1,
i=1
3Ha4yeHus X1, X2, ..., Xn COOTBETCTBYIOT 3HAUEHHUSM MPU3HAKA JJI1 JUCKPETHOTO
CTaTUCTUYECKOTO Ps/Ia U TPAHULIAM Pa3psIOB JJIsl UHTEPBAJIBLHOTO PAAA.
['paduk craructTueckor GyHKIIMU pacrpee/ICHUs BCET1a UMEET CTyeHYaThII
Buj. Ho ecnu ero «criaauTh», COCIUHUB MPSMBIMHU JUHUSMU KaKue-IUOO TOYKHU

K10 CTYNEHbKHU, TO MOJIYYHM I'paduk OIU3KHI IO BUAY U CMBICITY K KyMYJISITUBHOU

KPUBOM.

2.2. OueHKa napaMeTpoB reHepajibHOIl COBOKYITHOCTH 10 OTPAHUYEHHOMY

YUCJTY ONIbITOB

[TycTh €cTh HEKOTOpAs XapaKTEPUCTHUKA UM ITApaMETP a CIIyHYaliHON BEJTUYUHBI,
KOTOPYIO MbI OIICHUBAEM I10 BLIOOPKE U MOTy4aeM TaKuM 00pa3oM o1ieHKy a . Crenyer
UMETh B BHJY, YTO a cama SBJISETCSA CilydaiiHOW BeiawuuHOW. [IpeabsBuM K a
cieayroIme TpeooBaHusl.

1. Ilpu yBenmuueHwH Yuciaa ONBITOB N (n—c0) @ JODKHA CXOIMTHCS TIO

P
BEPOSATHOCTH K KMCTUHHOMY 3HaueHHMi0 a: a—a. Orenka, oOnagaromas TaKuM

CBOMCTBOM, HA3bIBACTCSI COCMOSMENbHOU.
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2. MaremaTH4ecKkoe OXHJIaHHE CIy4alHON BEMYHMHBI a JOJDKHO OBITH PaBHO a:

M[a]=a. Ouenka, o0amaromas TaKuM CBOMCTBOM, Ha3bIBACTCS HeCMeUjeHHO.
[Ipexne Bcero, HacC WHTEpPECYeT OILIEHKA MaTEeMaTHYECKOTO OXHIAHHUS M,

cnyyaiHo  BenuuuHbl X,  CocmosamenvHoil U  HECMEUW|€HHOU  OUEHKOU
MamemamuiecKko20 O0MCUOAHUA AGIAEMCA CPeoHee apumemuyeckoe, KOTOPOE

nanee Mbl OyzeM 0003Ha4aTh M, :
~ 12
My ==2% . (2.3)
Nz

I[CﬁCTBHTCHBHO, HCIIOCPCACTBCHHO M3 3daKOHA OOIBIINX YHUCEIT CJIeayeT, 4To

P
P N —> oo My —>m,.

Haiinem Teneps MaTeMaTH4ecKoe OXXKUAaHUE CPEAHEr0 apu(pMeTHIeCcKoro.
~ 120 10
MM =M =% x |== > M[x]=
n Ni=1

1 n
i=1 n

mezgn-mxzmx. (2.4)
i=1 n
31ech MBI BOCITOJIb30BATUCH JBYMsI CBOMCTBAMH MaTEMaTHYECKOTO OXKUIAHHUS:
MOCTOSHHBIA MHOKHUTEIL MOXKHO BBEIHOCHUTE 3a 3HAK MaTeMaTHYECKOI'O OXHNOJaHUA U
MaTEMaTHYECKOTO OKUaHHE CYMMBI PAaBHO CyMME MaTeMaTHICCKIX OKUTaHHUH.
OOpatumcs Temnepb K aucnepcud. Jlucrmepcuss — 3T0 TOXE CpeiHee 3HaueHUe

(MaTeMaTHYeCKOE OXKHJIaHKWE), HO, KOHEUHO, HE caMOi CiiydyallHOM BeIWYMHBI X, a
2. 2

BemuuuHbl (X -m,)°: D, =D[X]=M|(X —my)?|. TlosToMy  mpeacTaBiseTCs

€CTECTBEHHBIM 3a OIEHKY JIHUCIIEPCUU MPUHATH CPEIHEE apruPMETHICCKOE KBAPATOB

OTKJIOHEHUI BHIOOPOYHBIX 3HAYEHUH OT CPEHET0 apuPMETHIECKOTO:

n

~ 10 ~ 1 ~
Dx=ﬁg<xi—mx>2:—zx?—m§- (2.5)

i=1

Takum  oOpa3om, JaHHass  OIGHKa JHCIEPCHHM  paBHA  CpPeAHEMY
apu(METUYECKOMY KBaJPaTOB BBIOOPOUHBIX 3HAYEHUU MHUHYC KBaJpaT CpPEIHEro
apudmerndeckoro. M3 3akoHa OOJBIIUX YHCENI aBTOMATHYECKH CJIEAYeT, YTO TaKas
OIICHKA SBIISICTCS COCTOSTEIBHOM.

BrisicHuM, SBIISIETCS 1M TaKasl OlLICHKA HeCMelleHHOM. MOKHO MOoKa3aTh, YTO

~ n-1
M[DX] :TDX.
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[ToaTOMY 3a COCTOATENBHYIO U HECMELICHHYIO OLIEHKY JUCTIEPCUH TPUHUMAETCS

BCJIIMUHMHA
~ n 1n ~ \2
D,=——— X —M ,
=g T )
T.C
~ 1 n ~ \2 1 n 2 n 2
D, = X —M, )" = XS ———m 2.6
= R = e - (2:6)

[Tpu OGonpmmx OO0BEMax BBIOOPKH pa3HHUIlA Mexay oneHkamu (2.5), (2.6)
HEBEJIMKA U MPAKTHYECKHN HE BaYKHO KaKyl0 U3 HUX UCIOJIb30BaTh. Ho npu HeOOIbIINX
N clIeyeT MOJIb30BaThCs BhIpaykeHUEM (2.6).

B craructuke cpennee apudmernueckoe (2.3) u BwIpaxkenue (2.5), B
MIPEANOI0KEHUU, YTO OHU BBIYMCIICHBI I TeHEPATbHON COBOKYITHOCTH, HA3bIBAIOTCS
TEHEPAJIbHON CPEHEN W TeHepallbHOM nucnepcueil. M3 cka3aHHOrO BBILIE CIIEAYET,
YTO OHHU TOJHOCTBHIO AHAJOTUYHBI MATEMATHUYECKOMY OKHMJIAHUIO M JIUCIIEPCUU B
Teopuu BeposiTHOCTEeH. OIEHKH, CAeTaHHbIe 110 BEIOOPKE, HA3BIBAIOTCS BHIOOPOYHBIM
CpeIHUM M BEIOOpOUHOM qucnepcueil. Jlanee, 11l reHepallbHbIX CPEeIHEN U TUCTIEPCHH

coxpaHuM 0003HaueHus m,, D, , I BBIOOPOYHBIX BEJIHMYUH MbI OYJIEM HCIIOIb30BaATh
0003HaYeHNUs, CHAOKEHHBIE THIIBION: i, D, .

O1eHKH TTapaMeTpOB paclpe/eICHU, KOTOPBIC BBIPAKAIOTCS OJHHUM YHCIIOM,
HA3BIBAIOTCSA TOYCYHBIMHU OlleHKaMu. Takum oOpa3om, Beipaxenus (2.3), (2.5) wam
(2.6) ABASAIOTCS TOUCYHBIMH OIICHKAMU MaTeMaTHYECKOTO OKHUIAHHS U JTUCTICPCHUH.

OnmHa W3 OCHOBHBIX 3a/lad MAaTEeMAaTWYCCKOW CTATUCTUKH 3aKII0YaeTCs B
OTIPENICIICHUU TOTO, HACKOJBKO TOYCUHBIC OICHKH IapaMeTpOB paclpeaeicHui
OJIM3KHM K ICTHHHBIM, T10]T KOTOPBIMHU TOHUMAFOTCSI COOTBETCTBYIOIINE ITAPAMETPHI JJIs
re€HEpaIbHON COBOKYITHOCTH.

PaccmorpuMm gaHHYI0 mpoOjeMy JUIsI MaTeMaTHYeCKOTO OXXHIaHus. B
CTaTHCTUKE PEMIAIOTCS J[Ba BHUJA 3ajad, CBSI3aHHBIX C OICHKON MaTeMaTHYeCKOTrO
OYKUJIaHUS:

® KaKOBa BEPOSTHOCTH TOT'O, YTO MAaTEMaTHUYCCKOE OKHIAHUE OTKIOHHUTCS OT

cpenHero apuMeTHYECKOro Ha BEIMUMHY HE OoJiee, ueM 3aJjaHHasi BeJIMYMHA €,
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® KAaKOB MHTEpBal (M, —¢g M, +&) B KOTOPBIA MaTEMaTHYECKOE OXKHUAAHHUE

monagact C Ba,ZIaHHOﬁ BCPOATHOCTBIO, KOTOPYIO MBI 6y,Z[CM 0003HaYaTh Kak Y.

WurepBan (M, —¢, M, +€) HA3BIBACTCS JOBEPUTEIBHBIM HWHTEPBAJIOM UL

MAaTEMATUYECKOTO OXKHUJIAHUS, BEPOSITHOCTD Y — JIOBEPUTEIBHON BEPOSTHOCTHIO.
Pemrenne mnocraBieHHBIX 3amad ocHOBaHO Ha llenTpanbHOM IIpenensHon

Teopeme. [lelicTBUTEIBHO, cpeaHee apu(DMETHYECKOE BBIYMCIISIETCA KaK CymMMa H,

CJIEIOBATENBHO, B IPEATIOI0KEHUH, YTO U3MEPEHUS, B PE3YJIBTATE KOTOPBIX MOJYUYEHBI

BBIOOPOYHBIC 3HAUCHMS, SBIISAIOTCS HE3aBUCUMBIMHU, 3aKOH pacIpeieiCHUs CPETHErO

apu(PMETHIECKOTO OJIM30K K HOPMAJIBHOMY IPU JIOCTATOYHO OOJBIIIOM YHCIIC

ciaraeMbIx. Pacnipeenenue npu3Haka reHepajibHOM COBOKYITHOCTH 3/1€Ch HE BaXHO.
CocTaBuM ciy4aliHy10 BEJIMUUHY

1 D x.—m
Y =—yAd X
"I E o

rae o, =+/Dy — CpECOHEC KBAAPATUICCKOEC OTKIIOHCHMUC.

Cornacuo UIIT pacnpenenenne nansoit CB 65113K0 K HOpMalTbHOMY C HYJIEBBIM

MAaTEMATUYECKUM OKUJIAHUEM U €AUHUYHON aucriepcueit. [loaromy

P(-n<Y, <n)=2d(n).

1 0 x—-m 1 iz n nj- m,—m
Yn=—Z' X —_— i=l — il

i — X7
\/ﬁi:]_ (O \/ﬁ (O \/ﬁ (O GX/\/H

CraenoBaTteibHO,

P _n<M<n :2(D(n) rae CD(X):L].(e_tz/zdt
GX/\/H ’ \/2_7130

(e}
ITycts €=1- TX , TOTZ1a
n

P(—e<my—m, <g)= ZQ{GX/L\/HJ .

Kaxk paBujI0, HUCTHHHOC CPCAHCC KBAAPATHYCCKOC OTKIIOHCHHEC allpHuopu

HCHU3BCCTHO. HOBTOMY IMoCJICAHCC, YTO Haao CACHaTb, 3aMCHHUTb HWCTHUHHYIO
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AHCIEpCUIo D, = o2 (KOTOPYIO MBI HE 3HA€M) €€ OLEHKOM D, . OKOHYATEILHO HOIyYHM

dbopMyiy, KOTOpask peniaeT MOCTaBICHHBIE BBIIIE 33a91

P(—s<r'ﬁx—mx<s):2d)[ ISi/nJ wim  P(m,—m, |<s)=2d)[\/%/n]. (2.7)

Ecnu 3agana noBeputenbHas BEPOATHOCTS ¥, TO 10 Tabnune ¢pyHkuuii Jlamnaca

OIIPCACIIAIIOT COOTBCTCTBYOIICC 3HAYCHNC apryMCHTA ty .

o(t,)=v/2.

[Iocne vero IMOJIy4acM HCKOMOC 3HAYCHHC &:

D
—t . =X 2.
ot 2 (2.8)

Ilpumepuor.
1. Ilpu ob6paborke N=100 HE3aBUCHMBIX ONIBITOB MOJYYCHBI CIICIYIONIUC

OIIEHKH T'€HEPaIbHOM CpeTHEl U reHepallbHON Jucnepeun: M, = 4,52, D, =2,35.

Haittn

a) MHTEpBaJ, B KOTOPOH TE€HEpaJlbHOE CpeAHee IMONaJaeT C BEPOSTHOCTHIO
v=0,99;

0) BEpOSITHOCTb, YTO TIE€HEPAIbHOE CpPEAHEE OTKIOHUTCS OT BBIOOPOYHOTO

CpPEIHETO Ha BEIMUMHY He Oosee yem ¢ =0,3.

Pemtenue

a) Ucnonn3yem dopmyay (4.7):

() i

[To Tabmune ¢ynkuuu Jlammaca &(x)onpeaenseM 3HAYEHUE apryMeHTa,

COOTBETCTBYIOMIEE 3HadeHHI0 GpyHkiwu 0,475, DT0 3HAUeHNE IPUMEPHO paBHO 2,58:

& 258, £=258 /& ~0,396.
|/2.35/100 100

Jl71st moBepUTENHHOTO MHTEPBAJIA TosTydaeM (4,52 —0,396; 4,52 +0,396), (4.12;4,92).
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0) 3aech no Tabnuie GpyHkiuii Jlanmaca HaMm HaJ0 ONPEIEIUTD €€ 3HAUCHUE TPU

0,3

aprymMeHTe paBHOM —————=~196. ®(1,96)=0,475. /11 HMCKOMON BEPOSTHOCTHU
pry p 235,100 (L96) | p

nojyyumM: P(m,—m, |<e)=2-0,475=0,95.
2. Jlns uccnenoBanus J0XOA0B HaceaeHus ropoja oroopano 1000 yenoBek.

[TomydeHo cnemyroliee pacpeaeeHrue KUTEICH 10 MECTIHOMY J0X0ay (ThIC.pyO)

Tabmuma 2.5
Hoxom X; | Menee5 | 5-10 | 10-15 | 15-20 20-25 Csrlme 25
THIC.pYO. 2,5 7,5 12,5 17,5 22,5 27,5
Yucno 58 96 239 328 147 132
KUTEJEN
m;

a) Haittu BCPOATHOCTBL TOT'O, YTO Cpe,Z[HI/Iﬁ JO0X0d OTIINYACTCA OT BI)I6Op0LIHOFO

cpeaHero He Ooinee, ueM Ha 450 py6=0,45 TbIC.pYO.

6) OnpenenuTs rpaHmIlbl, B KOTOPBIX C BEPOSITHOCTHIO Y=0,99 3akimroueH cpeHuii

TIOXOI.

[Ipexxne Bcero, BUAUM, YTO B MEPBOM CTPOKE TAOJIMLIBI HAXOJATCA HE CAMH
3HA4YEHUs JO0XOJa, a HHTEPBaJIbl B KOTOPBIX OTH 3HA4YeHUs Haxoxasarcsa. [l
JaJIbHEHIINX BBIYUCICHUNA HEOOXOAMMO BBIOpaTh TaK HA3bIBAEMOIO «IIPEACTABUTEIIS»
Ka)XJIOTO MHTEpBaja. B kauecTBe TakOBOro 0OOBIYHO BEIOMPAIOT CEPENUHBI NHTEPBAJIOB.
CepenuHbl MHTEpBAJIOB 3allKMCaHbl BO BTOPOM cTpoke Tabmuubl. [[ns mocnenHero
IIPOMEXKYTKA OTCYTCTBYET IpaBas IPaHULA, HO TaK KaK 3HAYEHUS IPEACTABUTENEH
CJIEIYIOT C IIaroM 5, MPUIUChIBAEM MOCIEIHEMY MPEICTABUTEIIO 3HaUeHue 27,9.

Brraucnsem cpennee apudpmMeTnueckoe

- 1 1000 6
My=—— > X =—— > XM .
X 100051' 1000.21k K

Tak kak otHomenue My /1000 3TO OTHOCHTENBHAS YacTOTa Vi, HOPMYITY ISt
CpeaHero apu(MeTHYecKoro MoXxHa rnepenucarb B BUJIE
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Mo

ﬁix = Xg Vi -

k=1

[TpuxonuM K O0OmEMy BaXXHOMY BBIBOAY: (opMmyna i  OLEHKHU
MaTEMaTHYECKOTO OXHAaHUs (T.€. JJIA CPEIHEro apu(pMEeTHYECKOro) MOKET OBITh
MoJIy4eHa U3 (popMyJibl JJI1 MaTEMATHYECKOTO 0KUIAHMSI, HO C 3aMEHOM BEPOSITHOCTH
Ha OTHOCUTEJBbHYIO YacTOTY.

Boobie, MOXHO [0Ka3aTh (IONBITAWTECH CHENaTh 3TO CAMOCTOSITENIBHO)
CIIEIyIOIllee  BaXXHOE  YTBEPKICHUE:  OMHOCUMENbHAA  4YACMOmda  ecmp

COCMosamelbHaAAl U HECMEUICHHAA OUCHKA 6€POAMHOCMU.

B 03BpalacMcCs K BBIYUCIICHUAM.

-1

m (2,5-58+7,5-96+12,5-239+17,5-328+ 22,5-147 + 27,5-132) = 16,53.
X 1000

Jlucriepcuio OyeM BBIYHCIIATH CMEIIEHHYO0, T.€. UCIOIb3yeM Gopmyiy (2.5), Tak Kak

00bEeM BBIOOPKH 371€Ch JOCTATOYHO BEJIHK.

B, =~ (252.58+752-96+1252230 417,52 -328 + 22,5147 + 27,52 132)-
1000 a)
~16,53" ~ 44,56.

Hcnons3yem dpopmyay (2.7)
0,45

\/44,56/1000

0) Tenepp HaM HEU3BECTHA BEIMYHMHA €, HO H3BECTHA BeposiTHOCTH Y=0,99:

P(Im,—f, |< 0,45) = 2@( j =2.0,48341~ 0,967

I::’(lmx_r’ﬁx < 8) =Y

€ &
i 20— =099, ® ———° ___ |=0495
(\/44,56/1000] («/44,56/1000}

[To Ttabnume ¢ynknun Jlammaca ompeaenseM 3HAuYE€HUE apPTyMEHTa,
cooTBeTcTBYIOMIEE 3HaUeHnIO GhyHKInu 0,495:

€

v/44,56/1000

N nosyyaem uckomsiii uaTepBan (16,53-0,55;16,53+ 0,55) = (15,98;17,08).

~ 258, £€~0,55.

NHTYUTUBHO $CHO, YTO HOPMAJIbHOE pacmpejeieHue [ CPEIHEro
apu(pMETUIECKOI0 MOYKHO UCIIOIb30BaTh C XOPOIIIEH TOYHOCTHIO B TOM cllydae, KOraa
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00BEM BBIOOPKH JIOCTATOYHO BEIHK. Eciin 00beM BBEIOOPKH HEBENHK (yCII0BHO, N<50)
UCTIONB3YIOT pacnpeaeneHue CTbioeHTa. A UMEHHO, JJOKa3aHO, YTO €CIIHU CiIydaiiHas
BennurHa X (B CTATHCTUKE TOBOPSAT Takke MpHu3HaK X reHepaTbHOW COBOKYITHOCTH)

pacnpenenieHa 0 HOpMaJIbHOMY 3aKOHY, TO BEJINYMHA

T, =T (2.9)

JB,/n

noquuHsieTcs pacnpenenenuio CteroneHTa ¢ f =n—1 crenensmu cBobosl. B (2.9) D,

HECMEIIICHHAsT OIICHKA JIMCIIEPCUH, BbIUMCIsAeMas 1o ¢opmyne (2.6). ILioTHOCTH

pacripeneneHuss  CrerogeHTa  S; (X)sBuserca 4eTHoM  ¢QyHkumen. Ilostomy
BEPOSITHOCTH [} [OIIaiaHusl CIIy4ailHOW BEIMYMHBI Tn B MHTEPBAI (—t5, ) MOXKET OBITH

ornpejelicHa Kak
i
B=2]S; (x)dx.
0
OObryHO i pacrpeneneHuss CThIOJICHTa B JIUTEpaType II0 TEOPUHU
BEPOSTHOCTECH U MAaTEMAaTHYECKOW CTATUCTUKE MPUBOIAT TaOJIHUIy, B KOTOPOH JAtOTCS

3HaYCHUSI {3 B 3aBUCUMOCTH OT BepOsiTHOCTH [3. Ompenenys 10 Takoi tadmuue tg, 1

BCIIMYMUHBI € ITIOJIYYHUM

Tabnuua pacnpenenenusi CTblofeHTa NPUBEICHA B MPUIIOKEHUU 2.

Ilpumep.

[Ipu 00paboTke Nn=20 HE3aBHUCHMBIX ONBITOB MOJYYEHbI OLIEHKA F€HEPATIbHON
CpelHei U HeCMelIeHHas! OLICHKa TUCIIepCHH: M, =4,52, D, =2,35.

Haittu nHTEpBan, B KOTOPOW F€HEPAIIbHOE CPEIHEE MONALAET C BEPOATHOCTHIO
0.99, a) ucnonp3ys pacnpeaenenue Jlariaca, 0) pacnpeaenenue CTbroIeHTA.

Pewenue

a) Ilo rabmuue ¢yHkumid Jlanmaca HaxoAMM 3HA4YeHHE aprymeHra t,

cooTBeTcTBYIOMIEe 3HadeHuto Qpynkuuu 0,99/2=0,495: t, = 2,58. CnenoBaresbHO,
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g= 2,58-1/E ~0,884.
20

Hckomblit maTEpBa (3,64;5,40).
0) Ilo Tabmuie pacnpeneiacaus CteiogeHTa ¢ =19 cremensmu cBOOOIBI

Haxo/uM 3Ha4eHue tp: t; =2,8609. Teneps onpeensieM BEINUNHY &:

€= 2,8609-1{E ~0,981.
20

Hckomsrii uaTepBan (3,54;5,50).
[ToxBenem urtor. JloBepUTEIbHbIH HHTEPBAJ /I MATEMATHYCCKOTO OXKHIaHUS

IIpU3HaKa FeHepaJIBHOﬁ COBOKYITHOCTH OIIPCACIIACTCA BEJIMUMHOM €:

s=t\/%, (2.11)

re s JIOCTaTO4YHO OOJIbIIMX BBIOOPOK KO3QduimeHt t ompexaensercs c
noMoIpo Tabnuusl ¢yHkuuu Jlammaca, a g HEOONBIIMX — MO  TaOIMIe
pacnpenenenus CtprofeHTa ¢ f =n—1 cTeneHs MU CBOOOIBI.

PaccmoTpuM 3a7auy OIIEHKH 10 BBIOOPKE BEPOSITHOCTH [ MOSIBICHUS (MHAUe
OTHOCHTENFHOW  JIONIM)  OMPEACNIEHHOTO 3HAYEHHWs TMpHU3HAKa TeHepaIbHOU
COBOKYNMHOCTU. B KauecTBe BbIpaK€HHs HJIsi TEHEPaJbHOW JUCIEPCUU CIIETYEeT

WCIOJIb30BaTh JUCIEPCUIO s pacnpenenenus bepuymm: D, =p@-p).Tak kak

OTHOCHUTEJIbHAs 4YacTOTa SABJSETCS COCTOSTEIbHOW M HECMELICHHOM OLEHKHU
BEPOSATHOCTU, BLIOOPOUHAs TUCTIEPCHS OTIPEIETIICTCS KaK

5p =v(l-v). (2.12)

Ilpumep

[lo mpoBemeHUU COLMOJIOTUYECKOTO HcciaeaoBaHus Obuto omporneHo 1200
pecnionaeHToB. Onpoc Mmokaszan, 4To pPeUTUHr npe3upaeHTa coctaBun 70%. Halitu
IrpaHUIlbl, B KOTOPBIX C BeposATHOCThIO 0,95 3akitoueH IeUCTBUTENBHBIA PEHTHUHT
MPE3UJICHTA.

Pewenue
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[lon [EWCTBUTENBHBIM PEUTUHIOM  31€Ch IOAPA3YMEBAECTCA PEUTHHT,
MTOJIYYEHHBIN MO0 T€HEePaIbHOM COBOKYIHOCTH, T.€. IIPU OMPOCE BCEX MOTEHLIHUAIBHBIX
n3zbupareneil. ['paHUIbl ONpEeAensAtoTCd BEIMYMHOM €, KOTOPYIO OIpeAeisieM Io
dopmyite (2.11). Benmmauny t onpenensiem no tabiwuie ¢pyakiun Jlamiaca: t=1.96. [is

OLICHKH JIUCIICPCUH HCIIOJIb3yeM Bhipaxenue (2.12) ¢ v=0,7. Takum o6pazom

=196, /w ~0,026.
1200

['panuts! paBabl (67,4%; 72,6%).

2.3. IIpoBepka cTAaTUCTHYECKUX TUIOTE3

CraTtucTUyecKod THUMOTE30U Ha3bIBaeTCs JII00OE MPEANOJIOKEHUEe O BHUJC
HEU3BECTHOTO 3aKOHA PACHPEACICHUS WM 3HAYCHHSAX MApaMETPOB PaCIpEICIICHUS.
[IpoBepsiemyto rumnote3y Oyaem o6o3Hadyath Ho. Hapsimy ¢ Ho 0ObiuHO BBIIBHTAIOT
KOHKYPUPYIOIIYIO Tunote3y Hi.

Ilycte uMeeTcss BBIOOpPKA 3HAUYEHHH HEKOTOPOro IIPU3HAKA TEHEPATbHOU
COBOKYIMHOCTHU: X, Xp,...,X,. 110 BBIOOpKE OMpenensieM HEKOTOPBIM mnapameTp (!
q=0(X, Xp,...,X,) . B KauecTBe (| MOXKET BBHICTYyNaTh BLIOOPOYHOE Cpe/iHEEe, BLIOOpOUHAs
OUCIIEPCUs, OPYTHE MOMEHTHI CilydyallHOM BeqnuuHbl. [lapamerp ( Ha3biBaercs
cratuctukoi. [lpeanonaraercs, 4T0 U3BECTEH TOYHBIM WJIM MPUOJMKEHHBIM 3aKOH
pacnpeneneHus mapaMerpa g u, cieoBaTeNIbHO, Mbl MOKEM TOYHO WJTU TPUOIMIKEHHO
moOyo u3 BepoaTtHocTed P(q>q.),P(q<q.), P(qlkg,)rae (c — ompeaereHHOE
3HaYCHHUE (.

[Tycte Q mHOXecTBO 3HadeHWil mapamerpa (. qeQ. Ilpomecc mnpoBepku
3aKJIF0YAETCsl B TOM, UTO BCE MHOXKECTBO 3HAUEHU BEJIMYMHBI (] pa30MBaeTCs Ha JBa
HEIIEPECEKAIOIIMXCS MOAMHOXKECTBA: Q=QnuQ, QynQ; =J. Ecimn qeQq runoresa
Ho mpunumaercsi, ecnmu qeQ; Ho orBepraercs. MuoxectBo Qi Ha3bIBaeTCs
KpUTHYECKOM oOnacThio. Tak Kak (| — ciydailHas BEJIMYMHA, TO OTHECEHHE €€ K

OTIPE/ICJICHHOM 00J1aCTH 3HAYCHU HOCUT BEPOSITHOCTHBIN XapakTep.
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[Tyctb runote3a Ho BepHa, HO OTBEpraeTcs B CHITy TOTO, YTO HalJICHHOE 3HAUCHUE
q nomasno B obnacte Q1. qe Q. Takas ommOka Ha3bIBAaETCs OMMOKOM MEPBOro poja.
BeposiTHOCTB Takoii ommoKu 0yeM 0003Ha4aTh OYKBOM 0, BEPOSTHOCTH 0L HA3BIBACTCS
YPOBHEM 3HAUYMMOCTH. BenmuunHa 1—o SIBJISETCS TOBEPUTEIBLHON BEPOSITHOCTBIO (3TO
BEPOSTHOCTH TOTO, UTO MBI JIOBepsieM rumnorese Ho).

[Tycts rumore3a Hp HeBepHa, HO MPUHMMAETCS B CHJIY TOTO, YTO HaiJIeHHOE

3HaueHue ( momaio B obmacte Qo qeQ,. Takas ommOKa Ha3bIBaCTCS OIITHMOKOM

BTOPOTO POJIa, €€ BEPOATHOCTH OyjieM 0003HauaTh OyKBOi .

[loguepkHem, TJIaBHOW OPOOIEMOW MPU MPOBEPKE CTATUCTUYECKUX THUIOTE3
ABJIIETCS BBIOOP TOYHOT'O WIIM MPUOIMKEHHOTO 3aKOHA pacIpeIeIeHUs] CTATUCTUKH (.

Ilposepka zunomes 00 6epoAMHBIX 3HAUEHUAX NAPAMEMPOE PACHDPEOeEIeHUIL.

Mexny omnpeneneHueM HHTEpPBaJbHBIX OIIEHOK M MPOBEPKOW TUIIOTE3 00 HX
BEPOSITHBIX 3HAYEHUSAX CYLIECTBYET TecHass CBA3b. DaKTHYECKH, 3TO JIBa
aNbTEPHATUBHBIX MMOAXO0/A K PEIICHUIO OAHOM U TO e 3a1aun. PaccMoTpum 3aauy 00
ONPENEICHUM JTIOBEPUTEIBHOIO MHTEPBAJIA JUUIsl MaTEMaTU4YeCcKoro oxunanus. Ilycrs
MBI IIPEAINOIAraeM, 4To MaTEMaTUYECKOE 0KUIAHUE PABHO OIPEACIICHHOMY 3HAYEHUIO

m, (runore3a Ho). Ilycte mo BBIOOpPKE IMOJNYYEHO 3HAYEHHE M, KakK CpeaHee

apupmeTrueckoe (2.3). 3amaauMmcsi YpOBHEM 3HAYMMOCTH, Hampumep, o =0.05

(moBeputenbHas BeposTHOCTH 0.95). Obnacteio Qo AByIsIETCS MHTEPBAI (M, —¢g, M, +¢),
rae BenuuuHa € omnpenensercs u3 (2.8). Kpurnueckas obOmacte Qi sBiseTcs
IBYCTOPOHHEH: (—o0,my) U (my,+0). Obnactu Qo, Qi m cooTBeTcTBYyIOIINE
BEpPOSITHOCTH NOKa3aHbl Ha puc. 3.4. [Ilpumem nau Mbl runore3y Ho Miam oTBEprueM ee

3aBUCHUT OT TOI'O B KaKYIO 001acTh IIo1aacT 3Ha4CHUC rﬁx .
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m

1 (-, ) /26

V216,
l—o
m, —¢ m, +¢€
Ql Q0 Q1
Puc. 2.4.

Ilpumepur

1. Ha craHke B aBTOMAaTMYECKOM pPEXUME H3TOTABIMBAIOTCS IIAPUKU IS
noAmnIHAKOB. CpeaHuil AuamMeTp MapuKa JTOJDKEH COCTaBIATh 35MM. OgHako i
BbIOOPKY 13 80 moAMMIHUKOB OH cocTaBui 35,1MM. IIpu cpenneM kBagpaTuyeckom
otkioHeHud 0,15 mm u pu 5% ypoBHE 3HAUMMOCTH (JIOBEPUTENIbHAS BEPOSITHOCTD
paBHa 0,95) npoBepUTh TUIIOTE3Y O TOM, UTO CTAHOK HE TPeOyeT MOAHAIIAKY.

Jlaxxe npu paboTe Ha TIIATEIBHO HAJAXXEHHOM CTaHKe pa3Mep Iiapuka Oyaer
OTKJIOHATHCSI OT MPOEKTHOIO B pe3yibTaTe Cyry0o CilydyalHbIX (MM, KaK TOBOPAT,
cratuctuyeckux) (akropoB. Kpome Toro, cam mporecc H3MepeHus auamerpa
rOTOBOrO wu3zenus OyAeT AaBaTh HEKOTOPYIO MOTPemHOCTh. DaKTHUECKH, MBI
IIBITAEMCS BBISICHUTD, SIBISCTCS JIM OTKJIOHEHUE AMaMeTpa OT IPOEKTHOI'O TOJIBKO
CTaTUCTUYECKUM (PaKTOPOM HJIU K€ UMEET MECTO CHCTEMaTUYeCKas OLIMOKa.

I'unore3a Ho: my =35 mm. Koukypupyromas runoresa Hi: m, =35 MM,

KpuTHueckas ooOmacte Qp sBiaseTcs aByctopoHHeir. OOmacte Qo ompexaensercs

BEJIMUMHOM
0,15
e=1lpgs T80

Koaddurmment tj g5 Hatinem mo tabnuie Gynkmuii Jlamnaca: tygs =1,96. Takum

obpasom, £~0,033 MM. O6sacTh npuHATHS TUNoTe3bl Qo nuTepBai (34,967; 35,033).
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3uauenue 35,1 He mpuHamiexkut obmactu Qo. [Ipu naHHOM ypoBHE 3HAUMMOCTH
runote3a Ho otBepraercsa. CtaHok TpeOyeT NOIHAIAIKH.

2. Cpennuii mporieHT Opaka TOTOBOM MPOAYKIIMM, HAWACHHBIN ISl JCCATU
npennpusThii otpaciu, coctasisier 1,3%, a BRIOOpOUYHOE CpeHee KBagpaTUYecKoe
OTKJIOHEeHHUE (HecMelieHHoe) paBHO 1.1%. M0>XHO J1 cuuTaTh, YTO CPEAHUIN YPOBEHD
Opaka i BceX MPEANpUATUN OTpaciy He mpeBocXoauT 1%? YpoBeHb 3HAUMMOCTU

npumeM paBHbIM 0=0,05.

B=1-2a

B 0 B Q

Puc. 2.5. O6nacte Qo mpunsTHs Tuniote3sl Ho, 1 KpuTHUeckas 001acTh

Q1 U1 KOHKYpHpYIoIen runoTe3bl Hi: t > t. 17151 HopMaJlbHOTO

pacnpenenenus u pacnpeneneHust CTbIoeHTA.
['umore3a Ho: cpemnuit  ypoBenb Opaka My He mnpeBocxoauT 1%,
KOHKypupyromas runoteza Hi: my>1%, obnacts Q1 sBIsSETCS OTHOCTOPOHHEH.
Bribopka HeBenuka, MO3TOMY HCHONb3yeM pacnpeaeneHue CTbOACHTA.
HanomuanMm, uto mmoTHOCTh pacnpenenenus CThIOJIGHTa CHMMETPUYHA, a B TaOJHIIe

pacnpenenenus JHaeTcs BenMuuHa 3 , ompepesstiomas uHTepBan (—tg,tg) U

3agaHHoON BepostHocTH [. Tak kak oOmacte Qi OJHOCTOpPOHSS, BeIMYMHA [

ompenensercs kak B=1-2o (cM. puc 2.5).

Uucno creneneii cBo6oasl paBHo 9. [lo Tabmune pacnpenenenus CThIOIEHTA
g B=0,9 omnpenensem 13=1,8331. Tenepp omnpexnenseM TrpaHUIy KPUTUYECKOU

00J1aCcTH €.
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11
. =18331—= ~0,64% .
¢ V10

B Haiem ciryyae OTKIIOHEHHE OT TEHEPAIIBHOTO CPEAHETO paBHO 1,3% —1% = 0,3%
, YTO MEHBIIE HAWJIEHHOTO KpUTHYeCcKOoro 3HaueHus. CienoBarenbHO, runote3a Ho
[IPUHUMAETCH.

Ilposepka cunomesvl o0 pageHcmee MaAmMEMAMUYECKUX — OHCUOAHUIL
(2enepanbHbIX CPeOHUX).

[Iycts UMEIOTCS 1BE€ T€HEPAIBbHBIX COBOKYIIHOCTU OJHOW U TOW K€ MPUPOJBI.
Hanpumep, HaceneHust IByX KPYIHBIX PETrMOHOB, JIBa MOJIS 3aCESIHHBIX IIIEHULIEH,
JeTaau, W3TOTOBJICHHbIE JIByMs pa0OuYMMH Ha pa3HbIX cTaHkax W T.4. g
reHepaJIbHBIX COBOKYITHOCTEH MBI TIOJIy4aeM JBE BHIOOPKH HEKOTOPOTO MPHU3HAKA: X1,
X2,... 1 Y1, ¥2,.... OObeM niepBoi BEIOOpKH 0003HAYMM Kak N1, BTOpoi — Ny. BeiOopouHbie

cpenHre 0003HAYMM, COOTBETCTBEHHO, Kak M, u M. Bemmummer m,, m, OymyT

pa3nuyaThCs, UHTYUTUBHO SICHO, YTO BEPOSATHOCTH TOr'O, YTO OHHM COBIAAYT, KpauHE
Maza. Ho Torga Bo3HUKaeT BOIPOC: 00YCIOBIEHO JU pa3HOCTh BBIOOPOYHBIX CPEIHUX
Pa3HUIICH TeHEPAJbHBIX CPEIHUX WM OHA HOCUT CYry0O CTaTUCTUYECKHM XapakTep.
Hanpumep, Mbl Hanum cpeIHUN YPOBEHb NOXOAA I KUTEIEH JIBYX COCEIHHX
peruoHoOB. ['0BOPUT 1M pa3HHULIa B YPOBHSX 10X04a O AEMCTBUTEIIHO PA3HBIX YPOBHSX
KU3HU B ATUX PETHOHAX WJIU K€ YPOBEHb KWU3HU OJIMHAKOB, a Pa3HUIlA BHIOOPOYHBIX
CpeaHUX UMeeT cirydaiiHbii XapakTep. [1ycts Hp— rumoresa o paBeHCTBE reHepaibHbIX
cpeanux: m, =m,; Hi — KOHKypupyromas rumnoresa.
CocTtaBuM ciy4dailHy10 BETMYUHY
M, — i, — M|, -1, |
JDIM,—m,]

q:

Kak yxe oTmedasnoch BbIlIE, TPH YCIOBUM HE3aBUCUMOCTH H3MEPEHUH,
BBIOOPOYHOE CpeAHee UMEeT paclpeieleHue OJMM3Koe K HOPMaJIbHOMY MpH
JI0OCTaTOYHO OOJIBIIIOIN BHIOOPKE.

Ecnu cipaBennmuBa runoresa Ho, TO
=0.

M|, — M, |= M[fi,]- M|, |=m,-m,
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Tak kak gucriepcusi CyMMbl (Pa3HOCTH) HE3aBUCHUMBIX CIIYYalHbBIX BEIUYUH
paBHa CyMME COOTBETCTBYIOIIUX JUCIIEPCHI, TO TENEPh ISl BEIIMUYUHBI ( HECITOXKHO
IIOJIy4YUTh

m, —m

x ~ My
q=—_ (2.13)
Dy, Dy
1)

IIPUYEM paCIpelesiCHUe BEIWYUHBI (| OJM3KO K HOPMAIBHOMY C HYJIEBBIM

MaTeMaTHYECKUM OXHJIaHUEM W CAWHUYHOM jaucmepcued T.e. (QyHKumei

pacnpeneneHus ( ABaseTcs QYHKIISI
* 1 q —t2 /2 1
O (q)=—— [ e 4t ==+d(q).
(@) o _L 5 (@)

Kak npasuno, nucnepcun Dy, Dy HenmsBecTHbI, IOITOMY BMECTO HUX OepyT
BBIOOPOYHBIE 3HAYECHUSI.
3amanuMcs ONpENEeICeHHBIM YPOBHEM 3HAUYUMOCTU o. Eciu KOHKypupyromas

T'HIIOTC3a H1 OIIpCACIACTCA YCIIOBUEM M, # M TO KPUTHYCCKAsA o0yacTh 6y,£[eT

y>
JIBYCTOPOHHEH, OHa onpeaensiercs yciaoBueM | (g [> g, . 3HaueHue (. onpeaensercs us
ypaBHeHHS (cM. puc. 2.4):

20(q.) =1-a (2.14)

Ecnu HaiinenHnoe no ¢opmyse (2.13) 3HaueHHE YAOBJIECTBOPSET HEPABCHCTBY
| g |< q, — runote3a Ho mprHMMaeTcs, B IPOTUBHOM CIy4ae OTBEPraeTcsl.

Ipumepul

1. BeibopouHoe cpeHee 3HaYeHUE pe3yIbTUPYIONICH OICHKU MO JTUCIUTIIINHE
«vatemaTtuka» 1 BY3a pasao 3,90, a mist ero ¢unmana 3,82. O6beMbl BHIOOPOK
paBsbl 110 u 80, BEIOOpOUHbIE HecMeleHHbIe guctepcuu 1,05 u 1,06 COOTBETCTBEHHO.
st ypoBHsi 3HaunMmoctu 0=10% mnpoBepuTh TUMOTE3y 00 OJMHAKOBOW CpenHen
orieHKe o matematuke B BY3e u ¢punuarne.

Pewenue.

Konkypupytomas runoresa Hii m, #m,, KpuTndeckas o0IacTb SBIACTCS

JBYCTOPOHHEM.
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3nauenue cratuctuky (2.13) paBHO

g 390-382 oo

- /Los_FLoa
110 = 80

3HaueHue (. ONpeaeNseM U3 YCIOBUs 2d(q,) =0.9umn d(q.) =0,45: q.~1,64. Tak

KakK |q|< g, runore3za o0 0OIMHAKOBOM CpeHEN OLICHKE IPUHUMAETCSL.

IIycTe KOHKYpHpytomas runoresa Hii m, >m, . Toraa kpurtudeckas o6macts

OyZeT OAHOCTOPOHHEN. 3HaYCHHE (. B TOM CIIy4ae OMPEENSIECTCS U3 YCIOBUS

CD*(qC) =1-o unn ®(q,) :%—a.

2. BrpibopoyHoe cpenHee 3HAUCHHE PE3YJbTHUPYIOIIEH  OIEHKU IO
npodmmpyromemy npenmery s BY3a pasuo 3,94 , a mns ero ¢unmmanos 3,69.
O6BeMbl BBIOOpOK paBHBI 100 1 200, BEIOOpOUHBIE HECMeEIeHHbIE aucnepceun 1,05 u
1,00 coorBeTcTBEHHO. MOXHO JIM CUMTATh NMPU YPOBHE 3HAYMMOCTH 0=5%, 4YTO
yCIeBAaEMOCTh 110 MpoQrIMpyroIiemMy npeamety Boiie B BY3e, uem B ero guimanax?

Pewenue.

Konkypupyromras rumoresa Hy: m, >m, (cpenssis oreHka Bbiie B BY3e)

3navyenue cratuctuku (4.13) paBHO

g _394-369
105 1,00
100 200

Kputnyeckoe 3HaueHue (. onpeaenseM u3 ycinoBus d(q,)=0,45(05-005=045):

~ 2,01

g.=1,64. Tak kaK q>(Q, OPUHHMAETCS KOHKYpHUpYIOLIas TUIoTe3a, TO €CTh NpHU
JaHHOM YpOBHE 3HAYUMOCTU MOXKHO CUMTATh, YTO ycneBaeMocTh B BY3e Bhiie, uem
B €ro (unanax.

Jlis KOHKypupyromen runore3sl Hil m, <m, BCE IOCTPOCHUS COBEPIICHHO

AHAJIOTUYHBI.

Hpoeeplca CUNOME3bl 0 PACGEHCMBE 2EHEPATIbHbBIX OMHOCUME/IbHBIX Uacmom

(Oonei).
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[Iycth mMeeTcs NB€ TE€HEPAIBbHBIX COBOKYMHOCTH, IS KOTOPBIX ITOJTYYEHBI
BBIOOpKH. [IpoBepsiem rumnore3y Hp 0 paBeHCTBE OTHOCHUTEIHHBIX T€HEPATHHBIX YACTOT

(moxeit) HEeKOTOPOro MpU3HAKA JUIsl JAHHBIX COBOKYIMHOCTEN: P, = p, = p. Benuuuny p;

(p2) MOXHO paccMaTpHBaTh KaK BEPOSTHOCTh IOJNYYHTh B JaHHOM HW3MEPEHHU
ONPENEIICHHOE 3HAYEHUE ITPU3HAKA.

OTHOCUTENBHYIO YAaCTOTY IPU3HAKA, ONPEJEICHHYIO 10 BBIOOPKE ISl MEPBOil
COBOKYIHOCTH, 0003HAaYMM KaK Vi, [0 BTOPOM — Vy. ['eHepasibHast aucnepcus — 3To,
KOHEYHO, Aaucrnepcus pacrpenenenus bepnymu. [loatomy B kadectBe Kputepus (
OepeM BeITUYuHY

Vi —Vo

q= !
\/p(l— p)-(1+1j
n N,

rae Ng, N — 00BEMBI HGpBOﬁ )51 BTOpOI>'I BI:I60pOK CcOoOTBeTCTBeHHO. HO 3HaueHme

reHepalbHOM 10JIM P HeM3BECTHO. OOBIYHO, 1711 HETO MCIIONB3YIOT OLIEHKY

m +m,
m+ny

p=

rje My — 4acToTa MOSBJIEHUS MPU3HAKA B MEPBOM BBIOOPKE, M2 — BO BTOPOM.
Jlanee, Bce BBIYMCIIEHUS TOYHO CJEAYIOT OOIIEH cXxeme MPOBEPKH THIOTE3bl O
PABEHCTBE I'€HEPAJIbHBIX CPEIHHUX.

Ilposepka zunomeswl 0 pagencmee 2eHePaIbHbIX OUCnepcuil.

CpaBHeHue JHcHEpCUl  ABJISIETCA BaXXHOM 3aJayeil  MaTeMaTU4YeCKOM
CTaTUCTHKHU.

[TosicHuM 3TO Ha mpUMepax.

[Iycte mmeeTcs AaBe Ipymibl CTyAeHTOB. CpenHss OLEHKa M0 HEKOTOPOMY
MpEeAMETY, BBIUMCIIEHHAs JIJIs1 00eux rpynm, oguHakoBa. Ho mucnepcust oleHku auis
IIEpBOM TPYyNIIbI BhllIe. IHTYUTUBHO NOHATHO, YTO B NEPBOU TPYIIIE YUCIO IUIOXO
YCIIEBAIOIIUX CTYACHTOB BBILIE.

[IycTp mMeeTcs nBE Tpynmbl MPEANPUATHI HEKOTOpou orpaciu. CpenHss

JOXOJHOCTD IIO aKIIUAM o0enx I'pymil OAnHaKoBa. Ho AUCIICPCHUA JOXOJHOCTHU BBIIIC

IUIsl IEPBOM TPYIIIBL. DTO 3HAYMT, YTO BBIIIE U PUCK ISl KLU EPBOM TPYIIIIHI.
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N3 o0umx paccyxeHull, MPpUBEACHHBIX BBIIIE, CIEAYET, YTO IJI TOTO YTOOBI
CAeNIaTh 3aKIOYEHUE O PABEHCTBE (WM HepaBeHCTBE) aucnepcuid Dy, Dy aByx
reHepalbHbIX COBOKYITHOCTEW, HAM HY)KHO HallTH mapaMeTp, KOTOPbIN CBSA3bIBAJ Obl
3HAYEHHUS BBIOOPOYHBIX JHUCIIEPCUN M 3aKOH pacHpesesieHuss KOTOpOro ObuUT Obl

HN3BCCTCH.

ITycte umeer mecto rumoresa Ho: Dy =D,. Ilycts Dy, Dy — BBIOOpOYHBIE

HecMmeujeHHvle THACIIEPCUN 3HAYCHHM HEKOTOpPOro IIPU3HAaKa i1 IEPBOW M BTOPOM
COBOKYNMHOCTEW. B MpeAnosokeHnH, 4TO H3y4daeMblil NpHu3HAaK X TeHEpaIbHbIX

COBOKYHHOCTGﬁ PacipcacicH HOpMaJIbHO, BCIIMYUHA

F=

Uz‘xoz

(2.15)
y

MMeeT pacrpesieieHle, BUJI KOTOPOTO U3BECTEH. DTO paclpe/iesieHre Ha3biBaeTcs F-
pacnpeaenenuem uinu pacnpeneneaneM Oumepa—CHenekopa. OHO 3aBUCUT OT YMCIa
CTerneHel cBOOOABl [UIsl MepBOM M BTOpoi BhIOOpOK: fi=n-1, f,=n,-1. B
PYKOBOJICTBaX IO TEOPUU BEPOSITHOCTEH M MaTEeMATUYECKOW CTATHUCTHKE B TaOJIMIIAX
F-pactipenenenuss mnpuBomsaTcs apryMeHtbl ¢QyHkuumu  y(F,)=P(F>F,) naus
HECKOJIbKUX 3HAYEHUHN o 9TOM PyHKIMH (0L — YPOBEHBb 3HAUUMOCTH). YTOOBI TaOIUIIBI
HE 3aHMMAJIM CJIUIIKOM MHOTO MecTa (pachpeiejieHue 3aBUCUT OT JBYX NapamMeTpoB
f1, f2), YacTo MPUBOJATCS TOJBLKO HECKOJIBKO YpOBHEH 3HaunMocTH: (Hampumep, 0.05,
0.01). Baoicno: mabauyvl cocmasienvl. makum O00OpPA30M, YMO HPU GbIYUCIECHUU
snauenus F 6 wuciumene (4.15) cniedyem 6pamo 6016u1y1o u3 oucnepcuil.

B oTnnuue or HOpManbHOrO pacnpeneneHus u pacnpeneneHuss CrbrogeHTa
IJIOTHOCTh ~ pacTpeNeieHus BEJIMYMHBI F  HeCHMMETpHYHa  OTHOCHUTEIHHO
MareMaTuyeckoro oxugaHus. Ha puc. 2.6 mokazaHbl KpUTHYECKHE OOJACTH IS

Pa3INYHBIX KOHKYPHUPYIOIIHUX T'MIIOTE3 U COOTBETCTBYIOIIMWC 3HAUYCHHNA BCIIMYHNHBI F.
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6)

®(x) o(x)

1-a

01/2 o/2 (04 o
1-a/2 F /2 Fa Fl

[0

R

-

Puc. 2.6. Kputnueckue obnactu 1151 F-pacrnipenenenus (3aKpaiieHbl CepbIM
I[BETOM ), HA TOPU30HTAILHON OCH OTMEUYECHBI COOTBETCTBYIONINE 3HAUCHHSI BEITMIHHBI

F.

a) JBYCTOPOHHss 00J1aCTh, KOHKYpUpYIoias runoresa Hi: D, =D, ;
0) NpaBOCTOPOHHsAA 00J1ACTh, KOHKYpHpYIOIIas runore3a Hy: D, > Dy ;

B) JIEBOCTOPOHHSs 00J1acTh, KOHKypHpYyomias runore3a Hi: D, <D, .

Jlnst BeIUMCIIEHUS 3HAYEHUM aprymeHTa F-pacnpenenenust B 3aBUCHUMOCTH OT
YPOBHSI 3HAYUMOCTH 0, U YKCJIa CTereHe# cBo0o bl f1, f, pekoMeHIyeM MmoJIb30BaThCs
¢yukuueit FPACITIOBP(a; fi; f2) MS Excel.

Ilpumep

B BVY3e nonydensl naHHble 00 yCIEBA€MOCTH CTYACHTOB IO JUCHUILIAHE
«MaTeMaTHKa» JJisl IEPBOr0 U BTOPOro KypcoB. BeiOopouHas nucnepcust OLIEHKH MO
JTUCHUIUIMHE JUIsl CTYJEHTOB MEpPBOTO Kypca coctabmia 1,30 mpu BeJIMunHE BHIOOPKHU
N1=25, s CTYIEHTOB BTOPOTO Kypca BbIOOpouHas aucnepcus 1,52 mpu BbIOOpKE
n,=20. IIpu ypoBHE 3HAUMMOCTH 0.=5% MIPOBEPUTH TUNIOTE3Y O PABEHCTBE JUCIIEPCHUM.

Pemenue.

Kak xonkypupytomryto runore3y Hi Bo3bMeM TUIIOTE3y, YTO TUCTIEPCHUS OLICHKU
IUTsl BTOPOT'O Kypca BbllIE, ueM Jyisl mepBoro. Haxonum 3Hauenue cratuctuku F

F-192 117,
130

JIJ1sl 9UCIUTENIS YMCIIO CTeIeHel cBo0o bl paBHo f1=19, mig 3Hamenatens f,=24.
Kputnueckoe 3Hauenue F mis gaHHOTO YpOoBHS 3HaUUMOCTH paBHO F¢=2,04. Tak kak

F < F, runorte3a Ho 0 paBeHCTBE AUCHIEPCHIl HE OTBEPraeTcs.
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Bbruucienus npu  KOHKypupylowen rumorese Hii D, #D, (ABYyCTOPOHHSSA

KpUTHYCCKaA 06JI&CTI>) OCJIOKHAIOTCA TCM O6CT05IT€JIBCTBOM, 9TO, KaK O0TMCYAJIOCh
BbBIIIC, INNIOTHOCTH PaCHpCACIICHUA HCCHUMMCTPHUYHA. Ho MOXHO BOCIOJIL30BaThCs

CIICAYIOIIUM CBOMCTBOM F-pacmpesencHus:

1
Fioaj2(fa, f1) = m - (2.16)

Ilposepka 2unome3vt o0 pacnpedenrenuu npusHaka X 2eHEPAIbHOU
COBOKYNHOCHIU.
3nech paccMaTpuBaeTcs 3a/1a4a 00 OMPEIeNIEHUH U3 OIBITHBIX JTaHHBIX, T.€. IO

BBIOOPKE X;, X5,...,X,, 3HAUCHHUN HEKOTOPOro NpH3HaKa X, 3aKOHA pacHpeesICHUs

3TOrO MPU3HAKA.

bosnee KOHKPETHO, MpU 3aJaHHOM YPOBHE 3HAYMMOCTH HaM HY>KHO IMPOBEPUTH
runoresy Ho O TOM, YTO [JaHHBIM TPU3HAK MMEET ONpPENEJECHHBI 3aKOH
pacupeneneHusl.

[Tycts vi, i1=1,2,..., K, OTHOCUTENBHBIE YaCTOTHI HAOIIOACHHBIX 3HAYCHUH, Pj—
BEPOSITHOCTH 3TUX 3HAYECHMI, BBIYMCIICHHBIE B COOTBETCTBHM C IIPEAINOJIAraeMbIM
3aKOHOM pacIpeeICHUs.

CreneHb OTKJIOHEHMS] SMIMPUYECKUX YACTOT OT BEPOATHOCTEH MOMKHO
OXapaKTepU30BaTh OJHUM YUCIOM (], KOTOpOE, TaKUM 00pa3oM, SBISIETCS Mepou

PACXOXKICHUS YMITUPUUECKOTO U TEOPETUUECKOTO paclpe/IeICHUN:

k
2
q=2cvi—p), (2.17)
i=1
r€ BecoBble KOI(P(GUUMEHTHl C; — HEU3BECTHbIE IMOKAa YHWCIa, KOTOpble OyayT

ompeneneHsl HKe. Ecim Obl MBI 3HAJIM 3aKOH pacIlpeiesieHUs BEIMYUHBI (, 3a7a4a
ObL1a OBl pelieHa.

K.ITupcoH  mokasa, 4To €cju BbIOpath C; =N/P;, TO C YBEIMYEHUEM N 3aKOH

pacnopencicHuss BEJIMYMHBI ( BCE MCHBIIC M MCHBIIC 3aBUCUT OT PACIPCACICHUSA

* Kapn IMupcon (1857-1936) — aHrnmiickuii MaTeMaTHK, IIMPOKO MCIIONL30BAl METOABI MAaTeMaTUYECKOi
CTaTUCTHKU B OMOJIOTHYECKHX HCCIEeIOBaHUAX. PaccMaTpuBaeMblil 3/1eCh KPUTEPUI OJM30CTH pacnpeneieHuid 4acTo
Ha3bIBaIOT KputepueM Ilupcona.
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Mpu3HaKa X, MPUOIKAsACh KO BIOJHE OMPEICICHHOMY 3aKOHY, KOTOPBIN HA3bIBACTCS
pacnpenenenueM x> («xu KBagpaT»). Ilpu nanHOM BBIOOpE KO()(ULIUEHTOB Ci Mepa
PacXokKJICHUS TaKKe 0003HaYaeTCsl Kak >
Kk 2
V. p— -
Xzznzﬁ_ (2.182)
i=L P
Tak xak v; = m; /n, 1aHHOE BBIpa)KEHHE MOXKHO 3aIUCATh B BUJIC
k 2
XZZZ( i p|) ) (2186)
i=L NP
PacrpeneneEue x> 3aBUCHT OT 4HMCIAa CTEHEHeH CBOOOJBL, KOTOPOE

ompenensercs kak f =k—Db, roe b — ymcno cBszel (MOMOTHUTENBHBIX YCIOBHI),

HaKJIaAbIBACMbBIX Ha YaCTOTHI. CYIHGCTByeT, I10 KpaﬁHeﬁ MCpPC, OOAHO YCJIOBHC,

KOTOpOMy JOJI2KHBI YI[OBHeTBOPHTB YqacCTOTHI V.
Sy =1, (2.19)

IMO9TOMY MUHHUMAJILHOC 3HAYCHNC OJIA YKUCIia b— CAUHUIIA.

B Tabnmue pacnpeneneHus 7y’ OPUBOAATCS — apryMEHThl  (DYHKLIUM

w(xi)zp(x2>x§) JUIS Pa3NUYHBIX 3HAYEHHH YPOBHSA 3HAYMMOCTH o. Tabmuia

pacnpeaesneHus 1aHa B IPUIOKEHUH 3.

YeMm MeHBLIE HANJIEHHOE 3HAYECHHE Y2 — TEM JIy4lIE, O3TOMY aJbTEPHATHBHOM
TUIIOTE30M 37ech Beerga spisiercsa rumoresa Hi: y%>y2, rme y? — KpuTHdeckoe

3HAUYEHUE KpUTEPUSl, HAUACHHOE 10 TabauLe A1l JAHHOTO 0.

JIrobas pyHKIMSA pacnpeneneHns BCEra 3aBUCUT OT HEKOTOPBIX MapaMeTpoB.
Hamnpumep, a1t paBHOMEPHOTO pacIpe/IeiCHUs mapaMeTpaMHu sSIBJISIFOTCS ncia a, b —
IPaHULIBl  OTPE3Ka, KOTOPOMY MPUHAJICKHUT CiydyailHas  BeJIMYWHA, IS
pacnpenenenuss Ilyaccoma — mapameTp @, KOTOpBIM OJHOBPEMEHHO SIBIISETCS
MaTE€MaTUYECKUM OKUIAHUEM W AUCHEPCHEH, IS HOPMAJIBHOIO PACHPEACIEHUS —
napameTpbl My, Gx, KOTOPbIE SIBJISIOTCS MAaT€MATUYECKUM OXHUJAAHHUEM U CPEIHHUM

KBaAPATHICCKHUM OTKIIOHCHHUCM. OTHn mapamMcCTphl OIIPCACIIAIOTCA HCIIOCPCACTBCHHO 110
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HaOIIO/IEHHBIM 3HaueHUsAM npu3Haka X. Kaxaplii HaliIeHHbBINM mapaMeTp sBIseTCs
JIOMOJIHUTEIIEHOHN CBSI3BIO.

Ilpumepuor.

1. UmeroTcs crieqyroniye CTaTUCTHUECKHUE TaHHBIE 110 KOJMYECTBY oOpalieHui

B ITYHKTBI 06CJ'IY)KI/IB8,HI/IH N PCMOHTA B TCUCHUHU YacCa

Tabmuna 2.6

KommuectBo 0 1 2 3 4 5 6
oOpallieHui, X
KomnuectBo 15 |22 |30 |18 10 3 2

IyHKTOB, M;

Oo6mee komuyecTBO myHKTOB N=100. [ns ypoBHs 3HauumocTtu 0=0,05

MIPOBEPUM THIIOTE3Y O TOM, YTO BETMYMHA X — KOJIMYECTBO 0OpalleHuH, pacipeieseHa

1o 3akony Ilyaccona.

Haiinem BbIOOpOYHOE Cpe/iHEE U BBIOOPOUHYIO TUCTIEPCHIO.

.
My :leimi :ﬁ(0'15+1-22+2-30+3~18+4~10+5~3+6-2):2.03,
Ni=1

Dy :n_—liglxizm' —Tﬁﬁ =
1 100 2
=%(0-15+1~22+4-30+9-18+16-10+25-3+36~2)—E-2.03 ~2.01

Hns pacnpenenenust Ilyaccona maTemaTHueckoe OXHIAHUE W TUCHIEPCHUS
paBHbL: m, =D, =a. [loaTomy 115 mapameTpa a BeiOMpaeM 3Hauenue a=2,02.
3HaueHUs] BEPOSTHOCTEH Pj BRIUMCISIOTCS B COOTBETCTBUM C paclpe/ielICHUEM

Ilyaccona st 3HaYEHUM M = X;

am

pi =P(X =m)=ﬁe‘a. (2.20)

B Tom cly4dac, €ClIi IIpu OOJBIINX MJIM MaJIbIX 3HAYCHUAX IMIpU3HAaKa 3HAYCHUC

qaCTOT MaJlbl, O6T>€I[I/IH$IIOT pas3pAaabI. 9T0 ACJIACTCA C TCM, YTOOBI YMCHBUINTD BJIIMSAHHC
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CTAaTHUCTUYECKUX OIIMOOK Ha KaueCcTBO OMHCAHMS. 31eCh Mbl OOBEIUHSIEM JBa
MIOCEAHUX pa3psaa, NPUIUCHIBAS 3HAYEHUIO Xg= YACTOTY .

B tabnuie 2.7 npeacTaBieHbl 3HaYCHHUS BCEX HEOOXOAMMBIX ISl BEIYUCIICHUS

BEITUYMH.
Tabmura 2.7
Xi 0 1 2 3 4 5
gacToTa M; 15 22 30 18 10 5
BepostHOCTB 0,13 0,27 0,27 0,18 0,09 0,04
Pi
np; 13 27 27 18 9 4

ITo gpopmye (2.186) BeruucsieM 2

. 2 _ 2 _ 2 _ 2 _0)\2 LY
x2=(15 13 (22-27)° (30-27)* (18-18)> (10-9)° (5-47
13 27 27 18 9 4

93.

Tak kak no Ha6JIIOI[eHHI>IM JaHHBIM MbI OIIPCACIININ 00UH napamMeTp a, 4Mclio

cBsized paBHO b=2, a wugmcmo cremeHed cBoOoasl f=6-2=4. [lo Tabmnwmie
pactpeiesieHus x> ONpeesseM KPUTHIECKOE 3HAUEHHWE CTaTMCTHKH: x2 =9,49. Tak
KaK y? <y2, Py JaHHOM YPOBHE 3HAYMMOCTH THIIOTE3a O TOM, YTO PacIpeaeiicHUEM

HCCICAYCMOTI'O IIpU3HaKa ABJIACTCA paCIIPpCACIICHHUC, HyaCCOHa IMOATBCPIKAACTCA.

—+=— OTHOCHTEJIbHBIC YaCTOTbI
—®— BCPOSITHOCTH

A viop,

0,3 |- +

0,2 -

0,1 -

0,0

Puc. 2.7. Tlomuronsl SMOUPUIECKOTO U TEOPETUUECKOTO pacipeieICHU.
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2. Ilposeputs rumnote3y npu 0=0,1 o ToMm, 4TO MpHU3HAK, MPEICTABICHHBIN
BapUAIMOHHBIM PSAIOM U3 Ta0i1.4.8, pacpeeseH mo HOpMaIbHOMY 3aKOHY.

Ta0Omnuma 2.8

Jloxon Xi 0-5 5-10 | 10-15 | 15-20 | 20-25 | 25-30 | 30-35

TBIC.pYO.
Yucio 31 96 158 240 270 157 48

JKATEIIEN M

Bce nannble, He0OXOaUMBIE IS BBIUYMCICHUN TIpeCTaBlIeHbl B Tabiuie 2.8.

Ham noHanoOuTCsl «IpeaCcTaBUTENbY Ka)XXIOro MHTEpBaja X;, B Ka4e€CTBE KOTOPOIro

BbIOpEEM cepeluHy HHTepBasia. Mcmonb3ys [daHHble TaOMUIbl, BBIYHUCISAEM

2.
X "

BBIOOPOYHOE CpeiHee M, M BHIOOPOUHYIO JUCIIEPCUIO D, =&

7 ~
m, :ﬁizzliimi , Dy=——2 %'m—mj.

Tak kak o0beM BbIOOpKH Benuk, N=1000, HAXOUM CMEILIEHHYIO JUCIIEPCHUIO,
ATO HECKOJIbKO YIpPOIAeT BbhIUMCIeHUs. HalijieHHbie BBHIOOPOYHBIC 3HAUYCHUS
MCIIOJIb3yEeM KaK MaTeMaTHUYECKOE OKUJaHUE U CPEHEE KBaIPAaTHUECKOE OTKIOHEHHE

HOpMAJBHOTO pactpeaeneHus. B ueTBepToil cTpoke Tabmuiel 2.9 HaxomsTCs

TCOPCTUYICCKUC BCPOATHOCTH, KOTOPBIC BEIYUCIIICM KaK

pi = @[ﬂj—@(a:—mj , (2.21)

GOy Oy
rae ai, bi — eBas U npaBasi TPaHMIIBI COOTBETCTBYIOIIETO HHTEpBaia. B msaToi

CTpOKE TaOJIMI[bI 3alICaHbl TPOU3BEICHUS NP; .

Tabauma 2.9
Jloxon Xi 0-5 5-10 10-15 | 15-20 | 20-25 | 25-30 | 30-35
TBIC.pYO.
X; 2,5 7,5 12,5 17,5 225 27,5 325
Yucno
31 96 158 240 270 157 48
JKATENner M
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Pi 0,022 | 0,081 | 0,185 | 0,267 | 0,241 | 0,137 | 0,049
np; 22 81 185 267 241 137 49

Brruncnennpie BHIOOPOUYHBIE TTapaMeTphl paBHBL: M, ~189, o, ~7,19.

Beruncinennoe mo ¢opmyne (2.180) 3HaueHHe KPUTEpUS COIJIACHS PaBHO
v?~19,6. Tak kak 1O HAOIIOJECHHBIM JAHHBIM MBI ONPEAECISAIM O6d INapaMerpa

pacrpeeneHus, Yucio cBs3eid paBHo b=3, a uncio crenenei ceoboasl f =7-3=4.1lo
TabJIMLE HAXOAUM KPUTHYIECKOE 3HAUEHUE CTATUCTUKM, OHO PaBHO 32 =7,78. Tak Kak
x% >2 rumoresa 0 HOPMaJILHOM PacIpeeIeHUH TpU3HaKa oTBepraercs. Ha puc. 2.8

IMOKa3aHbl TUCTOIpaMMa CTATUCTHYCCKOI'O psaad 2.8 JJI1 OTHOCHUTCIIBHBIX YaCTOT H

~

INIOTHOCTb HOPMAJIBHOI'O PACHpCACICHUA IJI1 BbBIYHCICHHBIX 3HAYCHUH m,, 8 X *

BI/II[I/IM, YTO PpPaACXOKACHUC OMIIMPHYCCKOTO M TCOPCTUYICCKOI'O pacnpeneﬂeHHﬁ

HGﬁCTBHTGHBHO JOCTAaTOYHO BCJIIHNKO.

A Vis Pi
0,30 |

0,25 -

0,20 |-

0,15 |- /

ool 7
sl N \

0’00 1 1 1 1 1 1 1 1 )
0 5 10 15 20 25 30 35

Puc. 2.8. Tmcrorpamma cratuctudeckoro psaa (2.8) u TIUIOTHOCTH

HOPMAaJILHOTO pacipeeeHus (HenpepbIlBHAS. KPUBasT).

83



2.4. Koppeasinusi 4 perpeccus

Buvioopounwtii koagppuyuenm roppenayuu. Ilyctb nMeercs BpIOOpKa JIBYX

cllydaiHbIX BeJWYUH. OOO03HAYUM 3TH BEJIUYMHBI Kak Xj,i=12,.,n,Y o 1=12,...,n,.

Jlns ynoOcTBa 3anuiieM X B TabJIuIly

Tadmuna 2.10

Yi |1 Y2 Yi
Xi
X1 M1y M | .. my
X2 M21 M2z | ... My
Xk Mi1 Mi> My

rac mij — 49aCTOThI, COOTBCTCTBYIOIIUC ITapaM 3HAYCHUH (Xi, yj) .

Ham HeoOXoauMo TOJYYUTh OLEHKY KO3(h(UIMEHTa KOppeIsuuu 1o

BbIOOPOYHBIM 3HAUYEHUSIM Xj,Yj, TO €CThb BHIOOPOUHBIN KOA((ULIHUEHT KOPpEIsSLuy,

KOTOPbIA MBI 0003HAUUM Kak ny. O6o3HayM cymMMy BceX 4YacToT kak N. B

COOTBETCTBUH C OOLIMM NPUHIMIIOM 3aMeHuM B ¢opmyiax (1.536), (1.54B)

MAaTCMATHYCCKHUC OXHMAAHUA CPCAHUMHA apI/I(bMeTI/I‘-ICCKI/IMH. Torz[a B COOTBCTCTBHUHU C

(1.44) nonyuum
1Kk ~ ~ ~
HZ Z(Xi _mx)(yj _my)mij Z Z my
By =— _Mija , (2.22)

513y axay
A€ B 3HaMCHATCIIE CTOAT BI>I60p0‘-IHI)Ie CPCOAHCKBAAPATUYIHBIC OTKIIOHCHHA

(cmerieHHbIC):

J SRS my A | J S Y2y m -

i=1 =1 ER
Bennuuny B uucnutene (2.22) cieayeT paccMarTpuBaTh, KOHEYHO, Kak

BBIOOPOYHBIN KOPPEISIIMOHHBI MOMEHT

=_Z Z(X x)(yj y)mlj Z ZX Yim;; r'ﬁxrﬁﬁy . (223)

—1] =1 Ni=1 j=1
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Memoo naumenvuiux Keaopamoe.
[Iycth wWMerOTCS JBE BHIOOPKM 3HAYCHWA HEKOTOPHIX mpu3HaKkoB X, Y

reHepaIbHON COBOKYITHOCTH. JI1s1 y100CTBa 3amuiieM 3TU BIOOpKHU B Tabuiy 2.11.

Taomuma 2.11

X X1 X9 X3 Xn

Yi Y1 Y2 Y3 s Yn

[Iycth y Hac ecTh OCHOBaHHUS IIOJIaraTh, 4YTO 3HAYEHUA X;,Y; CBSI3aHbI
HEKOTOPHIM HEM3BECTHBIM HaM 00pa3oM, T.C. Y; SBISIOTCS 3HAYCHUSMH HEKOTOPOM
HEU3BECTHOW (DYHKIIMHU, BHIYMCICHHOW MpU 3HAYEHUSIX X; ee aprymenta. [Ipomecc
M3MEPEHUS BCET/Ia COMPOBOXKIAETCS CYTy00 CllydailHbIMU OIIUOKaMU, TO3TOMY TOUKH
(X, i) HUKOIJIa HE JIATYT Ha TIaJKyI0 KpUBYIO. 3ajaya 3aKJII04aeTcsi B TOM, YTOObI

noao0parh THAAKyI0 KpuBYKO ((QyHKIHMIO), KOTOpas HawIydliuMm oOpazoM
MoIeNIupoBaa Obl 3aBUCUMOCTB Y OT X. DaKTUUYECKU, MBI MIPEATIONIAraeM, 4To €CIu Obl
HE CiTy4aiiHble (M HEM30€XKHbIC) OIIUOKH U3MEPEHMS], SMITMPUUYECKUAE 3HAYCHUS (X;, Y;)
nernv Obl Ha TJIAJIKYI0 KPUBYIO, MPEACTABISIONIYIO rpaduk HEKOTOpoH (yHKIUU
y=f(x). Beioop pynknum f(x) He ABIIETCS 3a/auyeli MaTeMaTHYECKOM CTaTHUCTUKH,
OTHOCUTEJILHO 3TOTO BHIOOpA MOXKHO JaTh JIMIb 00mmMe pekoMmeHnanuu. Ho mobas
(YHKIUS CONIEPNKUT HEKOTOPOE KOJIMYECTBO TapaMeTpoB. Hampumep, nuHelHas
GyHKIMK COACPKUT JiBa mapamerpa @, b: f(x)=ax+b; ¢yHKMs, 3aBUcsImas OT X
KBaJpaTUYHBIM 00pa3oM, COJACPXKHMT B OOIIEeM ciydae Tpu mapamerpa a, b, C:
f(x)=ax?+bx+c; TOKa3aTembHas GyHKIIMST MOXET CcoJepXkaTh JBa Iapamerpa:
y =ae™ u 1.1. Utak, GyaeM momarats, 9To BHIOpaHHAsS HAMH (QYHKIHS 3aBUCHT OT M
mapameTpoB: y= f(x;a,a,,...,8y) -

3ajaya MaTeMaTHYeCKOW CTAaTUCTUKY 3aKIII0YAETCS B ONIPEICTICHUH [TapaMeTPOB

a1, az,...,am, TaK 4YTOOBI TEOpETHYECKas TJaaKas 3aBUCUMOCTh f(X;ay,a,,...,ay)
HaWJTy4IIIUM 00pa30M ONMKCHIBATIA SMITUPUIECKUE TOUKH (X;, Vi) . ClI0Ba «HAMITYUIIIUM

oOpa3oM» O3HAYarOT, YTO HaM HY)KHO TaK MOJM00paTh 3HAYECHHs TMapaMeTpoB ai,
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az,...,&m, YTOOBI MUHHMH3UPOBATH CyMMY KBAaJpPaTOB OTKJIOHEHUN 3MIUPUYECKHX

3HaYeHUH Y; OT 3HAYEHMI COOTBETCTBYIOIIECH TEOpEeTHUIECKONH (DYHKIINU
n 2 .
S(ay,8y,...,8y) = 2.(y; — f(X;8,89,...,a5))" — min . (2.24)
i=1

B ToM ciydae, Korja U3BECTHbI OLIMOKU Gi U3MEPEHHUI BEIUYHUHBI Y, PUYEM

OHH Pa3JIMIHbI, MUHUMH3UPYIOT BBIPAKCHUC

: 2
S(ag,ay,...,ay) = Zn;l(yi = f (Xi’a(lj’zaz""’am)) — min. (2.25)

Jleno B ToM, 9TO 4eM OoJbiie ommdka HEKOTOPOTO U3MEPEHHSI, TEM MEHBIITHIA
BKJIaJ] B CYMMY TOJDKHO JaTh COOTBETCTBYIOIIee ciaraemoe. Eciu Bce OmMOKHU Gj
OJIMHAKOBBI, HET HEOOXOMMOCTH HCIOJIb30BaTh (2.25) BMecTo (2.24).

OmnpeencHre HEM3BECTHBIX MAPAMETPOB U3 MHUHHUMU3AIIUH BhIpaxeHus (2.24)
(wmu (2.25)) cocTaBIIseT CYTh MEMOOd HAUMEHLUUX KEAOPAMO8.

Jlnst mpoCTOTBI PAacCMOTPEHHS Mbl IIOJIaraeM Jlajgee, 4YTo BCe OIIMOKHU
OJIMHAKOBBHI.

3nech MOAPOOHO PACCMOTPUM 3a7ady alMPOKCUMAIIN IMITUPHICCKUX TOUYCK

nuHenHo gpyHkiuen f(x)=ax+b:
S(a,b):i(yi —ax; —b)* > min . (2.26)
i=1

Takas 3aja4a HOCUT HA3BAHUE JIMHEMHOW PETPECCUM.
B Touke MHMHMMyMa 4YacTHbIE MPOU3BOAHBIC (PYHKIMH ABYX MEPEMEHHBIX

S(a,b) momxHbI OBITH paBHBI HYITIO

9 5(a,b) =0,
%a (2.27)
- 5@b)=0
Pacnmmem noapo6Hee ypaBHenus (2.27). [omyuum
n
2.(yi—ax —b)x;=0
=1 (2.28)

S (yi—ax ~b)=0
i=1
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N

n 2 n n
ay xj +b2 x =2 %y,
i=1 i=1 i=1 ) (2.283)

n n
ay x;+bn=>y;
i=1 i=1

Takum 00pazoM, UMEEM CHUCTEMY JIBYX JIMHEHWHBIX YPaBHEHHN OTHOCHUTEIHHO

JBYX HEM3BECTHBIX @, D. Permaercs cucrema snemMeHTapHO:

(L 10 n 10 - 10
SXXNYi XX XY X NYi—mmy ~ XXy —mmy
_ Mz Nisy Nizy  _Nig _ Oy Ni-
7§:X_2_ Eix 2 2 Gy GxOy
ng" N

B nocnegHem BbIpaK€HHH CTOUT BBIOOPOYHBINA KOI(PPUIMEHT KOPPETALUU IS

MAaHHBIX U3 TaOmume! 2.11:

13 ~ ~
*inyi —mymy
Ni—1

WETEE,
[TosTomy
a==17,. (2.29)
Oy

b =, - iy~ L, . (2.30)

KoHeuHo, paBeHCTBO HYJIIO YAaCTHBIX MPOU3BOJHBIX 3TO HEOOXOJIMMOE, HO HE
NOCTAaTOYHOE YCJIOBHE JOKCTpemMyMa. [Ins DIpOBEpKM OCTATOYHOIO  YCIIOBHS
AKCTpeMyMa i (PYHKIIMM ABYX NEpeMEHHBbIX S(a,b)cnenyeTr BBIUUCIUTh BETUUUHY

A =S558, — (Stp)*.

Ecimn A>0 B mpeamnosiaraeMoi TOYKE SKCTPEMYyMA, TO DKCTPEMYM JCHCTBUTEIIBHO
UMEET MECTO, NMPUYEM, €Clu S;, >0, TO JaHHAS TOYKA ABJISIETCS TOYKOM MUHUMYyMA.

Hp cajiaracm IIPOBCPUTH BBIITOJIHCHUC JOCTAaTO4YHOI'O YyCIIOBUA MHUHHMYMa

CaMOCTOATCIIBHO.
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Beinmuinem B OKOHYATEJIbHOM BHJE YPaBHEHHUE JIMHEMHOM PErpeccuu, T.e.
YpaBHEHUE MPSAMON JIMHMM HAWIyYIIUM OOpa3oM ONKCHIBAIOIIEE 3MIIUPHUYECKHUE

TOYKHU (X;,Y;)

WK Y — My :&ny(x—nﬁx) (2.31)
Gx

- X+ My — My, =Ty

qz| !
> <

MoXHO MOJIYyYUTh U 0OPATHYIO 3aBUCUMOCTbD, T.€. X OT Y. 3/1eCh BaXKHO CKa3aTh,
YTO B CUJTy CITy4allHOTO XapakTepa CBsI3u BeauduH X, Y, 00paTHYIO 3aBUCUMOCTh HU B
KOeM CiIydae He CIeayeT OINpeaeisaTh, MPOCTO BbIpaxkas X uepe3 Yy u3 (2.31).

Heobxomumo B ypaBHeHuH (2.31) HOMEHATH X HA Y, @Y Ha X U YYECTb, UTO Ty, =Ty

X=Xy -y + M =My Ty ot x— M, ==X, (y—,). (2.31a)

qz|><z
QI|X1

y y

Buvibopounwiti k03P dUieHT Koppesuy BenurHa ciiydyainas. [loatomy, ecnu
Jake ero adCoJII0THAs BeJIMYMHA OJIM3Ka K €IMHUIIE, TO 3TO €IIIe HE TOBOPUT O CUIILHOM
KOPPEIAIMOHHON 3aBUCHUMOCTH, HO MOXET OBITh MPOCTO BIUSHHUEM CYTy0o
city4ailHeIX (hakTopoB. MOKHO TIOKa3aTh, YTO B MPEIIOJIONKEHUU CIPABEIIMBOCTU

runotessl Hyp 06 omcymemeuu kakoti-1ubo KopperayuoHHol céa3u BeTuInHa

_ yvn-2

q (2.32)

noauuHsaercs pacnpeneneHuto CrerofeHTa ¢ N—2 creneHaMu cBoOonbl. s
J0CTaTOYHO OoJbIIMX BBIOOPOK (N>50) pacnpenenenrne CThIOJEHTAa MOKHO 3aMEHHUTD
HOpMaJIbHBIM pacnpeaencaueM. CtaTtuctuky (2.32) HCHOJB3YIOT M MPOBEPKH
TUIOTE3bl O HAJIMYUU CUJIBHOM KOppensiuuoHHOW cBsizu. MMeHHo, rumore3a Ho

OTBCPracTcs €Cilin

‘ny‘\/n ~2

1-Tg

|q|: >0,

r71e (|c KpUTHYECKOE 3HaUEHUE, OMPEALCISIEMOE VIS 3aJaHHOTO YPOBHS 3HAYUMOCTH TI0
tabnuie pacrpeneneHus CTeloeHTa WK no Tadauie Gynkiuu Jlamnaca.
MeTon HauMEHBIIUX KBaIpaTOB HCIOIB3YIOT TaKXKE JJIA MOCTPOSHUS JTUHUI

TpCH/IA. B cratuctuke noa TpEHAOM ITOHHMMACTCA 3aKOHOMCEPHOCTH B HM3MCHCHHU
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KaKOTO-TM00 CTAaTUCTHUYECKOTO TpHU3HAKA BO BpeMEeHH. B 3TOM ciydae B ponwm
BEITMYMHBI X OyACT BBICTYIATh HECIydaliHas BEJIUYMHA — BPEMsl, HO BCE YPaBHCHHUSI
ocTaHyTcs 0€3 U3MEHEHUH.

Ilpumeprr.

1. Umerotesa crnenytonue gaHHble 00 ypoBHe MexaHuzauuu padot X (%) u
POU3BOAUTENLHOCTH Tpyaa Y (m3menuit/cyTku) st 10 OMHOTUIHBIX TPEIIPUITHN
(Tabmn. 2.14). ITocTpouTs ypaBHEHUS JTHHEHHOM perpeccuu Y(X), X(Y).

Ta0omuma 2.12
Xi,% 32 36 | 41| 47| 54 | 55 | 56 60 67 69

Yi

l/cyTku

22 | 28 | 31| 33| 37| 40| 34 38 43 45

Brraucnsem Bce HCO6XOI[I/IMBIC BCJINYHHBI:

m L3 51,7, m L3 351
m,=-—>x =517, m,=—>y =351,
=1Lk =1LV

o, 11, .
G4 = — > %’ —M; =140,81, 5, ~11,87,
10ia

-9 1 10 ) -
Gy :Eiglyi —my =44,09, 5, ~6,64,

1% ~ ~

7ZXiYi —Mmymy
- 1045
My =

G40y
VYpaBHeHus nuHEHOM perpeccun: Yy =0,536x + 7,368, x =1,713x —8,429.

VcxomHbIe TaHHBIC U YPAaBHEHHE perpeccuu y =ax+b moka3ansr Ha puc. 2.9.
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1=0.536x+7.368
45 | .

40 |
35 1

30 |

25 |

® X
20 L PR I R NI NI R
30 35 40 45 50 55 60 65 70

Puc. 2.9. Ucxonnsie nannbie u3 Ta0d. 2.12 (TOUKH) U ypaBHEHHUE

JUHENHOM perpeccun (psiMast TUHUS).

Koadppunuent koppensiuuu OJU30K K €AUHULIE, YTO MOXKET CBUJIETEIbCTBOBATh
O HaJM4YMU CHJIBHON KOPPESLIMOHHOM CBS3U MEX Ay BelnuuHamu X, Y.
Hns ypoBHa 3Haunmmoctu 0=0,05 mpoBepuM 3HAYUMOCTH BBIOOPOYHOTO

K03 pHIIHEHTa KOPPEIIALINH, UCIIOIB3Ys CTaTHCTUKY (2.32):

g 0,959v/10 — 2
\1-0,9592

[To tabmuue pacnpeneneHusi CTbIOJAEHTA IJis 4YKCiIa CTENEHEW CBOOOABI 8

~9,571.

HaxXOJIMM KPUTHYECKOE 3HAUCHUE CTaTUCTHKH: (c=2,306. Tak kak q> g, runore3a Ho

00 OTCYTCTBUHU KOPPEJALIMU OTBEPraeTcs, NPy JaHHOM YPOBHE 3HAUMMOCTH BBIBOJI O
HaJIMYUHU CHIIBHOM KOPPEISIITUOHHOM CBSA3H MEK Iy BelnurHaMu X, Y TTOATBEPKIACTCS.

2. B Tabnune 2.13 nmpuBeneHbl JaHHBIE: CTaX pabOThl paboyero Ha JTaHHOM
npeanpusatun X (JI€T) ¥ KOJIM4ecTBO Opaka Y B MPOICHTAX, IOMYIIEHHOE pad0YnMH 3a

uctekmmii mepuoa. [Toctpouts ypaBHeHUs TUHEHHOM perpeccuu Y(X), X(Y).
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Tabmuma 2.13

Cepenun Jomnymennsiit Opax Y, %
Bl
untepBan | 0-2 2-4 4-6 6-8 8-10
OB
Crax
X, ner Yi Cyranaa
% 4acToT
1 3 3) 7 9 o
CTpOKa
M M
0-5 2,5 1 3 10 7 2 23 5,52
5-10 7,5 2 7 8 2 1 20 4,30
10-15 12,5 7 8 6 1 0 22 3,09
15-20 17,5 12 4 2 0 0 18 1,89
20— 25 22,5 12 4 0 1 0 17 1,82
Cymma 34 26 26 11 3
4acToT 0
CTOJIOIaM,
m;

Brraucnsem Bce H€06XOI[I/IMBIC BCJINYUHBI:

-~ 1.5 - 13
T = 100 &M =118, My =705 27jm; =346,
~2 1 5_2 ~2 =~
G :mgxi m; —my =49,01, Gy ~ 7,00,
~2 1 2 2 ~2 =~
52 :mélyjmj -my ~5,03, 6, ~224,
1 55 o ~ ~
_ looigljz_‘,lxiyjmu - mxmy
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i€ Mij— 9acTOThI, COOTBETCTBYIOLIME IIAPaM 3HAYEHHH (X, V).

W3 tabmuupl 2.14 BUgHO, YTO 0OIIasi TEHACHIMS TaKOBa, YTO C YBEITUYCHHUEM
CTaka pabOThl MPOIEHT Opaka YMEHBINAETCS, COOTBETCTBEHHO W KOA(P(UIIMECHT
KOPPEJISIIAN TTOTYYHIICS OTPHUIIATEITHHBIM.

Teneps o popmynam (2.31), (2.31a) monyuaem ypaBHEHHS PETPECCHH

y=-0,200x+ 5,81, x=-194y+185.

3. B Tabnune maHa oxumaeMas MpOIOJDKUTEIBHOCTD JKU3HH (MY)KUHHBI) TPU
poxnaenun B Poccun”

Tabmuma 2.14
[on 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019

I'ox, t 0 5 10 15 16 17 18 19
Oxunmaemas
MIPOJOJIKUT.
59 | 589 | 63,1 65,9 66,5 67,5 67,8 68,2
JKU3HH Vi,
JIET

[TocTpouTh NTMHENHYIO PYHKIUIO TPEHAA.

[Tpu mocTpoennu JIMHUK TpeHIa YI00HO NpuHATH HadanbHbid (2000-i) rox 3a
HyJieBOW. Bo BTOpOi1 cTpoke TabJMIIbI 3aMuIlleM KOJIWYECTBO JeT, HaunHasg ¢ 2000-ro
roja.

Brraucnsiem Bce HGO6XOI[I/IMBI€ BCIINYNHBIL:

-~ 18 ~ 18
my ==>1t=1250, my ==3"y; = 64,61,
8iz1 8ia1
~2 1 8 2 ~2 ~

i=1

6o ==Yy —M;~12,88, 5, ~359,

* Poccus B uudpax. 2020: Kpar.crar.c6./Poccrar— M., 2020 — 550 c.
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YpaBuenue nuHeHON QyHKIIMM TpeHaa: y =0,547t+57,78.

Koppenayuonnoe omnowenue. Kax  oTMedasochb  BbIIIE, MOXYJIb
koad¢uimenTa Iy Oyaer OMUM30K K enuHuIe, eciau BeanduHel X, Y He MpocTo
KOppEIUpPOBaHHBI, HO (PYHKIIMOHAJIbHASA CBS3b MEXKAY HUMU ONMU3Ka K JIMHEHHOM.
Bo3moxna cutyanus, koraa X, Y CUIbHO KOPPEIMPOBAHBI, HO CBSI3b CYLIECTBEHHO
HEJIMHEWHAas1, B 3TOM CITy4ae 'y MOKeT ObITh MaJl 10 BenyuHe. boiee yHuBepcaaTbHBIM
[IOKa3aTelIeM KOPPESIIUU SBIISIETCS KOPPESILUOHHOE OTHOLIEHUE Pyy WU Pxy (B
OTJINYHU OT [y KOPPEISIIHOHHOE OTHOIIICHNE HECUMMETPUYHO IO TIEPEMEHHBIM X, V).

Crpynmnupyem BbIOOpPOYHBIE 3HAUEHHS IPU3HAaKa X HEKOTOPbIM oOpazom. [ns
Ka)KIOW IpyNIbl HaliieM cpe/iHee 3HaYeHUe NMpU3HaKa Y, KoTopoe 0003HauuM Kak Jiy.

Haitnem Bennuuny
k
2 1 = 2
8y :HE(giy_my) m; , (233)
rne K — gucio rpynn Ha KOTOpble MBI pa30wiIi BBIOOPOYHEIC 3HAYCHHS X, M — cymMMa

4acTOT MO Kaxaou rpynne. BennuuHa 8?, HAa3bIBACTCSI MEXKTPYIIOBOM AUCIIEPCUEH.

KoppensimonubiM oTHOIIEHHEM Y 10 X Ha3bIBACTCS

o
px=L. (2.34)

Sy
AHaNOrHYHBIM 00Pa30M OIpPEIeNIIETCS KOPPEISIIIMOHHOE OTHOIICHUE Pyy (X 1m0 Y).

B TOoM cnyuae, Korma KoppensiiMs MeEXAy IEepEeMEHHBIMU OTCYTCTBYET,
BHYTPUIPYIIIOBOE Cpeanee Jiy Oyaer OamM3Ko K o0IemMy cpejHeMy M, , BEJTHYUHA 83
Oynet Onu3Ka K HYJIO U, CIIeIOBAaTEIbHO, OyJeT OJM3KO K HYII M KOPPEISIIMOHHOE
otHouieHue. C Ipyroil CTOPOHBI, HAaUOOJIbIIEEe 3HAUEHUE MEKIPYIIIOBON IUCIIEPCUU
HE MOXXET MPEeBbIIATh O0IIel BHIOOPOUYHON TUCIIEPCUH, MTOITOMY KOPPEISIIMOHHOE

OTHOIIICHHE HE MOXET MPEBOCXOJUTh €IUHUIIBL. Takum 00pa3zoM, KOPPEISIIMOHHOE

OTHOLICHHUC — HCOTPULATCIIbHAsA BCIINYMHA, HC IIPCBOCXO A1 asA CANHNIIBI.
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Haiinem BenuunHy pyx 111 aHHBIX Tabmuis! 4.13. B kpaiinem npaBom cTosdiie
3aIMIIEM CPEIHME 3HA4eHUS (iy IEPEMEHHOU Y B KaXJOW CTPOKE, T.€. I KAKIOU

IpyNIbI IEPEMEHHOM X:

Oy = 1OOZyJ ijp1=1...5.

MexrpynmnoBasi AUCTIEPCHS]

1,43
2(g|y y)zmi ~2,05, Oy ~1,43 U pyy =mz0,638_

y 100 =
BI/II[I/IM, qTo KOppeJISIHI/IOHHOC OTHOILICHUC 6JII/13KO K HaﬁILCHHOMy BBIIIIC
3HAQYEHUI0O MOAYJs KOd3(p(UIIMEHTa KOppesluud. DTO 3HAUUT, YTO 3aBUCHUMOCTD

BeUYUHBI Y OT X JIEUCTBUTEIHLHO OJIM3KA K JTUHEUHOM.

33[[21‘11/1 A CAMOCTOATECIBHOI'O PEIICHUA.

1. B HEKOTOPOM pETHOHE TOJYYEHBI JAHHBIE TIO KOJWYECTBY JCTEH B CEMbSIX
BO3pacT pPOAUTENIEN B KOTOPBIX HE MIpeBblaeT 35 jer. JlaHHbIE NpecTaBICHbI
BapUALIMOHHBIM PSIIOM.

TaOmura k 3agaue 1

Komunaectso | 0 1 2 3 4 5 6
JIeTeH, X
KommuecTso | 9 48 53 23 14 1 2
ceMerl M

JlJis JTaHHOTO BapUAIMOHHOTO Psifia MOCTPOUTH MOJUTOH, OMPEACIIUTh CPETHEE
KOJIMYECTBO JIETEHl B pacyeTe Ha OJJHY CEMBIO.

2. B pesynbrare onpoca 20 ciy4aitHO BbIOpaHHBIX cTyAeHTOB BY3a nomyuensl
cieayroIme 0aaibl Mo AUCHUIIIMHE hU3udecKast KyaeTypa: 2, 4, 3, 5,2, 4,4, 3,4, 5,
3,3,3,5,4, 3, 254,4. [ToctpouTh TUCKPETHBIN BaPUAITMOHHBIN ST paCTIPEACICHUS

CTYJICHTOB 10 6aiyiaM, n300pa3uTh ero rpaduuecKy, HAaWTU CpeTHUM Oasl.
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3. JI71s1 KOHTPOJIS 32 TOYHOCTHIO U3TOTOBIICHUS JIETAJICH, BHITTOJTHEHBI H3MEPEHUS
10 06pa3moB u Moy4deHsI caeAyomue 3HaueHns nuamerpa X, mm: 15,2;  14,8;

15,0; 15/4; 16,0; 14,8; 15,1; 14,7; 15,6; 15,0.

OnpenenuTs BBIOOPOUYHYIO CMEIICHHYIO W HECMEUIEHHYIO JUCIEPCUU s
IaMeTpa.

4. J1ns BapuanmoOHHOTO Psifia, 3aJIaHHOTO TaOauIei 2.2 HalTU JOBEPUTEIIbHbBIN
MHTEpBaJI, B KOTOPBIM MaTEMaTUYECKOE OXKHUIAHUS YPOBHS J10XOJ/la MOMadacT C
BeposTHOCTHIO 0,95. Onpenenuts, KaKUM JI0JKEH ObITh 00BEM BBIOOPKH, YTOOBI TE K€
IpaHUIbl 00ECEUNBAIUCH ¢ BEpOSATHOCTHIO 0,9973 (nucnepcuio MpU3HAKa CUUTATh
HEU3MEHHOM )

5. lns cta mpeAnpUsTUii HEKOTOPOU OTpaciu coOpaHbl JaHHBIE 1O TOJOBOMY
00beMy TPOAYKIIMU IO OTHOIICHHIO K mpenpiaymeMy roay B %. JlanHbie
MIPE/ICTABIICHBI B TAOIHIIE.

Jns MaHHOrO BAapUALIMOHHOTO PsJa MOCTPOUTh TUCTOrPaMMy U KyMYJIATY,

ONPENEIUTh UHTEPBAJ, B KOTOPBII 00beM NPOAYKIUH MOMATAET C BEPOATHOCTHIO 0.99.

TaOnuna x 3agaude 5

I'omoBou 86-90 |90- |94-98 |98-102 |102-106 |106-110 |110-
o0beM, X% 94 114
KonuuectBo 6 10 8 24 34 14 4
IPEIPUITHH,

m

6. B pe3ynbrare BEBIOOPOUHOTO OOCIEIOBAHUS MAIIBIX TOPTOBBIX MPEANPUITHIA

PCETHUOHA, ITOJYUYCHBI CIICAYIOIINC JAHHBIC:
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Tabmuia k 3agade 6

Homep | ToBapoo6opo | Homep Tosapoo6opo | Homep Toapoobopo
npearpu | T, npeanpu | T, npeanpu | T,
SATHS MJTH.pyO./MecC. | TS MJTH.pyO./MecC. | aTus MJTH.pyO./Mec.
1 4,3 13 4,5 25 5,1
2 6,9 14 5,9 26 6,1
3 6,0 15 5,9 27 5,3
4 5,0 16 6,8 28 7,5
5 5,2 17 5,8 29 4,7
6 9,5 18 4,0 30 4,7
7 2,8 19 6,6 31 5,4
8 6,1 20 5,8 32 4,2
9 4,9 21 6,6 33 7,0
10 5,3 22 4,5 34 5,9
11 4.4 23 5,3 35 3,5
12 5,5 24 4,6 36 4.4

a) IlocTpouTh MHTEPBAJIBHBIN BapUALIMOHHBIN PSJl, YUCIIO HHTEPBAIOB ONPEIETUTh
o npaBuity Crepaxeca;

0) MOCTPOUTH THCTOIPAMMY U KyMYJIATHBHYIO KPUBYIO;

B) ONpPENEIUTh UHTEPBAI, B KOTOPBIA CpeaHUI TOBApOOOOPOT MOMAAAET C

BEepOATHOCTHIO (.99.

7. B pe3ynbrare BHIOOPOUHOTO OOCIIEIOBAHUS MOJIYUYEHBI CIICIYIOMINE TaHHBIC

1 60 IpenpusATHA 001aCTH
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Tabauna x 3agaue 7

No nmpenn. | 'omoBas Ne I'onoBas No I'onoBas
npuObLUTb, | IPEAN. | IPUOBLIb, Npean. | NpudbLIb,
MJTH.pYO. MJTH.PYO. MJTH.pYO.

1 20,7 21 39,0 41 249

2 15,1 22 22,1 42 20,1

3 15,9 23 23,0 43 13,1

4 25,5 24 28,9 44 17,4

3) 19,0 25 23,5 45 29,3

6 27,1 26 35,5 46 36,0

7 31,1 27 28,6 47 22,0

8 16,1 28 28,8 48 28,9

9 19,8 29 34,9 49 34,3

10 34,3 30 21,0 50 23,6

11 33,2 31 24,1 51 37,1

12 16,4 32 29,0 52 24,0

13 10,2 33 32,5 53 33,0

14 18,0 34 36,8 54 24,1

15 32,3 35 28,8 55 20,2

16 14,0 36 39,5 56 14,5

17 24,5 37 35,4 56 26,4

18 30,7 38 25,3 58 23,0

19 41,0 39 45,0 59 18,0

20 27,8 40 28,3 60 17,2

a) IlocTpouTh MHTEPBANbHBIA BAPUALIMOHHBIN PAJl, YUCIO UHTEPBAJIOB B3STh
pPaBHBIM 7;

0) MOCTPOUTH TUCTOrPAMMY U KYMYJISITABHYIO KPUBYIO;

B) ONpENeNuTh UHTEPBAI, B KOTOPBIA 3HAUEHHE BApUALIMOHHOTO MPU3HAKA MOMAa1aeT

¢ BepositHOCThIO (0,99,
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8. HaiitTu noBepUTENbHBIA MHTEPBAJ JJII OLEHKH C BEPOSTHOCTHIO o =0,95

HEU3BECTHOIO MAaTEMaTUYECKOIO OXHJIAaHHUS My HOPMAJIBbHO pPacHpeIeIeHHOro
npu3Haka X TeHEepaJbHOM COBOKYMHOCTH, €CIIM BBIOOPOYHOE cpeaHee paBHO 14,
HECMEIIECHHAsl OIIEHKA CPEIHEro KBaJIpaTHUYEeCKOr0 OTKIOHEHUs paBHa 6, 00beM
BBIOOPKH paBeH 25.

a) BbimonHuTh pacder, WUCHONB3YS HOPMAJIbHOE paclpefeieHue IS
BBIOOPOYHOTO CPEIHETO;

0) wucnonp3oBaTh pacupeneiacHue CThIOICHTA.

9. JlecsaTh HE3aBUCHUMBIX M3MEpEHUM mpu3Haka X TeHepadbHOW COBOKYIMHOCTH
nanm ciaemyromue 3Hadenus: 1,61; 1,65; 1,53; 1,7; 1,9; 1,9; 1,75; 1,87; 1,39; 1,7.
HaiiTu uHTEpBa), B KOTOPBIM MaTeMaTHYECKOE OXUJAHWUE MPHU3HAKA MOMATaeT C
BeposTHOCTHIO (0,99,

10. Ompoc 60 xuTernel Topoaa Mmokas3ai, 9To 36 4eIoBeK OYIyT roJI0COBaTh 3a
JICUCTBYIOIIETO MApa Ha MPEACTOAINX BhIOOpax. HaliTu rpaHulibl, B KOTOPBIX C
BeposATHOCTHIO 0,9 3akitoueHa a0 rpaxaad B %, KOTopble OyIyT MOIIEPKUBAThH Ha
MPEJICTOSIIIUX BBIOOpaX AEHCTBYIOIIErO MIpa.

11. Pemmuts Ty ke 3amady, HO, a) Tenepsb onpocuiiu 300 yenosek, 180 OyayT
noaaepxkuBath Mapa. 6) Onpocusiu 3000 yenosek, 1800 OynyT nmoaaep>KUBaTh MIpa.

12. Ha cTtanke B aBTOMaTHYECKOM PEKUME U3TOTABIIMBAIOTCS METAJUIMYECKHE
BTYJKH. [IpoeKkTHas JJIMHA BTYJIKH JTOJKHA COCTABIATh 52 MM. OJIHAaKO JIJIsl BEIOOPKU
u3 150 Brynok qmmna coctaBui 52,2 mwm. [Ipu cpeanem kBaapaTHueCKOM OTKIIOHEHUH
1,2 MM 1 ipu ypoBHe 3HaunMocTu 0=0,01 mpoBeputs runotezy Ho Tom, 4TO CTaHOK HE
TpeOyeT MOAHAJIAKH.

13. lnst necsitv mpeanpusiTUi OTpaciy MOJydYeH CIeAYIOUi MPOIeHT Opaka
rotoBoi mpoaykmuu: 1,6; 1,4; 1,0; 1,8; 0,9; 2,5; 3,4; 0,8; 1,8; 2,8. Jlnsg ypoBHs
3HauuMocTu 10% mpoBeputh runoresy Hp 0 TOM, 4TO cpelHUN ypOBEHb Opaka He
IIPEBBIIIAET OJHOIO MPOLIEHTA.

14. Urpanphbiii kyOuk noaopomen 120 pa3. llecrepka Beinana 15 pa3. MoxHo
7Y Ha ypoBHE 3HaUMMOCTH 0=0,]1 mpuHATh runore3y Ho: BEpOATHOCTH P MOSIBICHUS

miecTepkud paBHa 1/6 (koHkypupyromas runoresa Hi: p#1/6)? Vkazanue: nns
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JUCHEPCHUM YACTOThl HMCIOJIb30BaTh BBIPAXKEHHE JIA JHUCIEPCUU PaCHpeNesICHUs
bepnymmu npu p=1/6.

15. Ilpeasiaymas 3axada, HO UTpajibHBIN KyOuK moaopoiieH 480 pas, mecrepka
BbInasa 60 pas.

16. Ha nByx cTaHkax B aBTOMAaTHYECKOM pPEXKUME H3rOTaBIMBAIOTCS
MeTainueckue BTyJkH. [lo BeiOOpke oObema N=120 15 mepBOTO CTaHKa CpeIHUi
auameTp BTyJKHU coctaBuil 25,1 mu. 1o BerOopke N=100 a1 BTOpOro cTaHKa CpeIHMIMA
nuametp coctaBui 19,8 Mm. BeibopouHble aucniepcun paBHbI COOTBETCTBEHHO 1,44
mm? u 1,40 mm?. TIpu yposHe 3Haunmocth 0=0,05 mposeputs runote3y Ho 0 paBeHCTBE

TCHEPAJIBHBIX CPEHUX ISl CTAHKOB NIPH KOHKYpHUpYomeH runorese Hi: my =m,

17. IlpoueHt Opaka sl MPOJYKUUU MEPBOTO LI€Xa, HAWJAEHHBIA 1O BBIOOpKE
n=320 coctaBui 2,5%, 111 BToporo 1exa oH coctaBui 1,6% nmpu n=250. ITpu ypoBHe
3Hauumoctu 0=0,05 mpoBeputh rumnore’y Ho 0 paBeHCTBE NpPOLEHTOB Opaka uis
MIEPBOTO M BTOPOrO Ii€Xa, MPU KOHKYPUPYIOLIEH THIOTE3€, YTO MPOLIEHTHI Opaka
Pa3INYHBI.

18. Jns mepBoil Opuragel mpu BbIOOpKe oO0bemMa N=700 KOJIMYECTBO
OpakoBaHHBIX M3AENHUM OKa3aloch paBHbIM 70, Jisi BTOpOM Opuraisl mpu BBIOOpKE
N=800 koanuyecTBO OpaKOBaHHBIX H3AeIUi paBHO 60. MOXXHO 1M NpPU YPOBHE
3HaunMocTu a=0,1 yTBep»)aaTh, YTO MPOLIEHT Opaka OAMHAKOB 1Jisi 00enux Opuraa npu
KOHKYPUPYIOILIEM YTBEPXKACHUHU, YTO OH BBIILIE JJIsl IEpBOM Opurajni?

19. Ha 1Byx cTaHKax U3rOTOBJISIOTCS BTYJKH. J{Jisl IEpBOTO CTaHKa MO BEIOOPKE
oovema N=10 BbIOOpOYHAs AWCIEPCUS OTKIOHEHHUS JIMHBI BTYJIKH OT TMPOEKTHOU
paBaa 0,9 MM?, UIi BTOPOrO CTaHKA IO BHIOOpKe N=12 BHIOOpOYHAs AMCIIEPCHUS
OTKJIOHEHMs paBHO 1,5 Mm2. Jlng ypoBHs 3HaunMocTH 0=0,01 IpOBEPUTH TUIOTE3Y
Ho 0 paBeHCTBEe TreHepanbHBIX AMCIEPCUN MNpHU KOHKypHUpyromeld rumoreze Hi:
JUCIEPCHS BBILLIE JUIsl BTOPOTO CTaHKA.

20. Jlns mSaTUAECITH CTAaHUMM CKOPOW MOMOIIM TOJy4Y€HA CIEAYHOIast

CTAaTUCTHKA YKCia X JIOKHBIX BBI30BOB B TCUCHUM CYTOK
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Taodmuma x 3agaue 20

Komuaectso |0 1 2 3 4 5 6 7
JIO’KHBIX

BBI3OBOB X;

Konuuectso |4 7 16 13 6 2 1 1
CTaHIIUU M

C ypoBaeMm 3Hauumoct 0=0,1 mpoBeputh runote3y Hpo, yTo a1 npuszHaka X
nMmeer mecto pacnpenenenue I[lyaccona. IIoCcTpouTh MOMMIOH SMIUPUYECKOTO U
TEOPETUUYECKOTO pacupeneseHuil. Yxazanue: B kKauecTBe mapameTpa a B3siTh CpeHEe
apu(pMETHIECKOE BBHIOOPOYHOTO CPEJHETO M AUCIEPCHHU, HPH BBIYMCICHHU > TPH
MOCJIEAHUX pa3pssia O0bEIUHUTD B OJIUH.

21. 3a ucTexmunii MecsL I COPOKa Mara3uHOB IIOJIyYEHBI CJICTYOIIUE TaHHbBIE
M0 KOJIMYECTBY X BBISBICHHBIX HAPYIICHUI MPaBUJI TOPTOBIH

Tabnuua k 3agaue 21

Konnuectso | 0 1 2 3 4

HapylLIeHUN
Xi

Komuuectso | 14 12 5 5 4

Mara3mHOB

mi

C ypoBHeM 3HaunmoctH 0=0,05 npoBeputh runore3y Ho, yto ang npusHaka X
uMeer Mmecto pacmnpeneneHue Ilyaccona. ITocTpouTe MONMMIOH SMIMPHUYECKOIO U
TEOPETHUUYECKOTO paclpeleieHuil. Ykasanue: B KauecTBe napameTpa a B3siTh CPEIHEE
apu(pMeTHIECKOE BHIOOPOYHOTO CPEAHETO U IUCTICPCHH.

22. B tabauie 115t BHIOOPKH M3 COpOKa M30MPATENbHBIX YUaCTKOB MPUBEICHBI
3HAUYEHUS MpHU3HaKa X — pa3HUIIbl KOJIMYECTBA M30MpaTesiei, mporojocoBaBIIMX 3a
KaHaujaara (B MPOLICHTHOM BBIPAKEHUU), U PEUTHHra, MOJYYEHHOI'O MO OIMpOCY
M30MpaTeIel 10 TOJIOCOBaHMUS.

a) [locTpouTh MHTEPBAIBHBINA CTATUCTHYSCKUI PSJI C YMCIIOM HHTEPBAJIOB K=6

(k BeIOpano B cooTBeTCTBUU C MpaBuiaoM CTepmkeca);
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0) 11 HHTEPBAIBHOIO Psiia IOCTPOUTH TUCTOTPaMMYy;

B) ¢ ypoBHeM 3HauumoctH 0o=0,1 mpoBeputrhb rumnorezy Ho: reHepanbHOE
cpenHee npu3Haka X paBHO HYJIIO;

r) ¢ ypoBHeM 3HauuMocTu 0=0,05 mpoBeputh runoresy Hp 0 HOopmalbHOM
pacnpeesieHnu npru3Haka X.

Ta0Onuna x 3agaue 22

Homep | 3nauenu | Homep | 3nauenu | Homep | 3nHaueHu

y4acTK | e ydacTka | € ydacTtka | €

a pU3HAK PU3HAK IPU3HAK

a X,% a X,% a X,%

1 0,8 15 9,8 29 -5,5
2 10,0 16 12,0 30 14,7
3 —4.2 17 2,2 31 12,4
4 0,2 18 -0,8 32 2,8
5 0,5 19 3,5 33 -3,5
6 -3,6 20 -3,6 34 13,5
7 10,2 21 0,6 35 2,0
8 1,7 22 2,7 36 0,3
9 1,8 23 —2,2 37 -2,0
10 4,0 24 —4.,5 38 0,0
11 0,2 25 4,0 39 9,5
12 5,0 26 5,0 40 10,0
13 —6,2 27 —6,2
14 6,7 28 -9,3

23. Jlns pgaHHBIX 3ajaud 7 TpoBepuTh TuUnoresy Hp o TOM, UTO
paccMaTpuBaeMblii Tpu3Hak X (romoBas TpUOBUTH TPEANPHUSATHS, MIH.PYO)
pacripesiesieH o HOpMaJIbHOMY 3aKOHY. Y POBEHb 3HAUMMOCTH 0L TPUHSATH paBHbIM 0, 1.

24. meroTcs crienyroliye TaHHble 00 3HEproBoopyxkeHHOoCcTH Tpyaa X (kBT) B

pacdeTe Ha OAHOTO PabOTAIOIIEro M MPOU3BOAUTEIILHOCTH Tpyna Y (ThIC. pyO/CyTKH)
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g 10 ogHoTUNHBIX mipennpustuil. Halitu koaduimeHT Koppeisaun, moCTPOUTh

ypaBHeHHs JinHeHHOW perpeccuu Y(X), X(Y), NMpPOBEpUTH THIOTE3y O CHIILHOM

KOPPETSLMOHHON CBSI3U MEXKy BelInunHaMu X, Y mpu ypoBHe 3HauumMocTH a=0,05.

TaOmuma x 3agaue 24.

3,2

3,7

4,0

4,8

6,0

5,4

5,2

5,4

6,0

9,0

Yi

8,4

8,8

91

9,8

10,6

10,7

111

11,8

12,1

12,4

25. B Tabmuue npuBeneHbl KOIPPUIIMEHTH poxaaeMocTH B Poccuiickoi

denepanun .
TaOnuna x 3agaue 25
T'on 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
Yucno 90 |97 10,2 | 104 | 10,2 | 104 |11,3 |114 | 11,8 | 12,0 | 12,0 | 12,8
POAMBHINXCA
Ha 1000 gemn.

a) Haiitu nuneitnyro ¢pynkuuto Tpenaa (2000-i rog npuMuTe 3a HyJIEBO);

0) Ha ocHoBe TpeHaa nate mporHo3 yucia poausmuxcs (mpomumie) B 2019 r. u

CpPaBHUTDL €T0 C UMCIOIMUMHUCA CTATUCTUUICCKUMU JJdHHBIMU.

26. B TabGmurie nis BRIOOPKHW U3 cTa cTyieHTOB BY3a npencraBieHsl JaHHBIC 10

nocemaeMoctd X (KOJMYECTBO MPOMYIICHHBIX 3aHATUH, %) u ycmeBaemoctu Y

(xonmnuectBO OayoB 3a ceMectp no 100-6anbHOM cucreme). Haiitu koaddunment

koppemsiuuu fy,. C ypoBHem 3nauumoctd 0,05 mpoBepuTh TUIIOTE3y O CHIIBHOM

KOPPEISIMOHHON CBsI3U Beu4uH Y, X.

* Crarucruxa. Iox. pen. U.M.Enuceepoii. M. IOpaiit.2015.— 446 ctp.
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Ta0mumna x 3agaue 26.

Cepenun KonuuectBo 0amnoB Y
BI
Tporyck | HHTEpBAT 0-20 | 2040 | 4060 | 60-80 | 80-100
nuX,% |98
Yj
10 30 50 70 90
Xi
0-15 7,5 0 0 1 11 15
15-30 22,5 0 1 2 12 8
30-45 37,5 5 4 4 1 0
45 - 60 52,5 8 3 1 2 0
60 - 75 67,5 8 2 1 0 0
75-100 87,5 10 1 0 0 0

27. B Tabmuie npuBENEHBI JAaHHBIC: CYyTOYHas BBIPAOOTKAa MPOIYKIUH Y
(TOHHBI) M BEJIMYMHA OCHOBHBIX MPOU3BOJACTBEHHBIX (HOHIOB X (MiIH. pyO.) s
COBOKYNHOCTH 50 OAHOTHUIIHBIX MPEATPUSITHIA.

Tabmuia k 3amaue 27.

Benmnunna | Cepen CyTouHas BeIpaOOTKa MPOAYKITUU, TOHHBI
OlII, VHBI 7-11 | 11-15 | 15-19 | 19-23 | 23-27
MJIH. py0. | MHTEpB
aJoB
9 13 17 21 25
Yi
Xi
20— 24 22 2 1 0 0 0
24 — 28 26 3 6 4 0 0
28 — 32 30 0 3 11 7 0
32 -36 34 0 1 2 6 2
36 — 40 38 0 0 0 1 1
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a) Haiitu BEIOOPOUYHBIN KOIPPUIIUEHT KOPPETAIIH;
0) mocTpouTh ypaBHEHHS JMHeHHOU perpeccun Y(X), X(Y);
B) HaWTH KOPPESILIMOHHOE OTHOIICHUE Pyx.

28. Ilo BeIOOpKE 0OBEeMa N=18 moTy4YeHbl YpaBHEHHS perpeccuu y=-131x+281,
x=-0,580y+18,7. Ompenenuth KOIQPUIUESHT KOPPEIAUA H TIPOBEPUTH €TI0

3HaYUMOCTb TIpH ypoBHE 3HaunmocTtu a=0,01.

Omeemui: 1) 1,97. 2) 3,6 3) CMemenHas oueHka aucnepcun ~0,148 MM2, HecMelIeHHAS
0,165 Mm%, 4) (18,03; 18,96); n=2343. 5) (99,6; 102,7). 6) B) (4,96; 5,84). 7) B) (23,4; 28,6) 8) a)
(11,65; 16,35) 6) (11,52; 16,48). 9) (1,51; 1,89) 10) (49,6%; 70,4%). 11) a) (55,3%; 64,7%) ©)
(58,5%; 61,5%). 12) O6nacts npunsaTHs runote3sl Ho (moBepurenbHbiii naTEepBan) (51,75; 52,25),
runote3a Ho mpunumaercs. 13) ['unoresa Ho oTBepraercs (kputuueckoe 3HaueHue ctatuctuku 0,7,
HaiigenHoe 3Hauenue 0,8). 14) npu 1aHHOM ypOoBHE 3HAUUMOCTH runote3a Ho npunumaercs. 15) mpu
JAHHOM YpOBHE 3HAYMMOCTH THnoTe3a Ho mommkHa ObITh oTBepruyra. 16) ['mmoreza npuHuMaercs
(kpuTHyeckoe 3HaueHue cTaTucTUku 1,96, HaiigenHoe 3Hauenue 1,86). 17) T'mmorteza Ho
npuHUMaeTcs (HalaeHHOe 3HaueHue kpurepus 0,74, KpuTHueckoe 3HaueHue ctatuctuku 1,96). 18)
IIpU JaHHOM YpPOBHE 3HAYMMOCTH MPUHUMAETCS] KOHKYPHUPYIOIIasi Tunore3a (HaiiIecHHOE 3HaYCHHe
kputepus 1,72, kputudeckoe 3HaueHue 1,28) 19) mpu gaHHOM ypoBHE 3HauMMOCTH TuroTe3a Ho
IpUHUMaeTcs (HaiileHHOe 3HaueHWe cTaTUCTHKU 1,67, kputuueckoe 3HaueHue 5,78). 20) mpu
JAHHOM YpOBHE 3HAYMMOCTHM rumotesa Ho mpuHmMMaeTcs (HaiijeHHoe 3HaueHme x°=3,57,
KpuTHYecKoe 3HadeHue 7,78). 21) mpu AaHHOM ypOBHE 3HAUMMOCTU Turore3a Ho 1omkHa ObITH
oTBeprHyTa (HaiieHHoe 3Hauenue y>=8,38, kpuTHueckoe 3HaueHne 7,82). 22) B) O61aCTh IPHHATHS
runote3bl Ho (moBeputensHbIi nuTEepBan) (—1,55; 1,55), runoreza Ho oTBepraercs; r) runoresa Ho
npuHAMaeTcs (HaiiieHHoe 3HadyeHme y°=3,40, KpUTHUECKOE 3HAUEHHE CTATHCTHKH 7,82). 23)
runoTesa Ho mpunnmMaeTcs (HaiinenHoe 3HadeHue y°=1,66, KpUTHYIECKOE 3HAUEHHE CTATHCTHKH 9,49).

24) ry =0854,y= 0,746x+6,549, x=0977y—4970, rumnore3a O CHIBHOW KOPPEISAIHUU

NoJTBEepXkaeTcs (HailieHHOe 3HaueHue Kpurepus 4,64 mpu KpuTuueckoM 3HaueHuu 2,31). 25)

y =0,303t +8,964, mporuosnpyemoe komuuecTBo poauBumxcst B 2019 r. 14,7%o. 26) 1, =—0,827 .

OtBepraercst runote3a Ho 00 OTCYTCTBUH KOPPEISALIMOHHOMN CBS3M, TEM CaMbIM IMOATBEPXKAAETCS
KOHKYPHUPYIOIIAsi THIIOTE3a: HAJMYWe CHIIbHOW KOPPENSIIMOHHOW CBSI3M (3HaueHWe kputepus 14,8

OpH  KPUTHYECKOM 3HAa4YeHHMH craThcTuku 1,96). 27) a) r1y=0,740 6)y=0,845x-817,
x=0,648y+18,78) pyx=0,750. 28) r,, ~-0,872, 3HAUNMOCTh NOATBEPKIAETCA (HalIEHHOE

3HaueHue kpurepus 7,11 npu kputueckoM 3HadeHUH 2,92).
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I'naBa 3. 3apanus Al KOHTPOJILHBIX padoT

3.1. IIpaBujia BbINOJIHEHUSA U 0()OPMJIEHUSI KOHTPOJIbHBIX padoT

[Ipy BBIMOJHEHMH KOHTPOJBHBIX pabOT HEO0OXOaUMO MPUIEPKUBATHCS
YKa3aHHBIX HWK€ TMpaBuil. PaOoThl, BBINOJHEHHbIE 0€3 HX COOJIIOICHUS, HE
3aCYUTBIBAIOTCS U BO3BPAIIAOTCS CTYAEHTY JUIsl IEPEPAOOTKHU.

1. Kaxnas xoHTposibHas paboTa AOJKHA OBITH BBITOJHEHA B OTIEIBHOU
TETpaau B KIETKy YEpHWJIAMHU JI00Oro IBera, KpoMme KpacHoro. Heobxomumo
OCTaBJIATH MOJIS IIUPUHOM 2-3 CM JUIS 3aMEYaHUN PELEH3EHTA.

2. B 3arosioBke paOOThl Ha OOJIOKKE TETPAAHW JOJKHBI OBITH SICHO YKa3aHbI
(bamMuus CTyJIeHTa, €ro MHULKANbI, y4eOHbIM HOMEp (HOMEp BapuaHTa, OIPEeIsieTcs
MIPENo/IaBaTesieM), Ha3BaHUE AUCIUIUIMHBI, HOMEpP KOHTPOJIBHOW pabOThI; 3[1€Ch KE
ClIleyeT yKa3aTh Ha3BaHUE Y4eOHOIO 3aBEJICHUS, JaTy OTIpaBKU pabOThl U aapec
CTYJICHTA.

3. B paboty N0omKHBI OBITH BKJIIOYEHBI BCE 3aJlayd, YKa3aHHbIC B 3aJlaHUH,
CTPOTO IO MOJIOXKEHHOMY BapuaHTy. KoHTposbHble paboThl, coaepkalliue HE Bce
3a/laHusl, a TAK)KE 3a/1a4d HE CBOETO BapuaHTa, HE 3aCUUTHIBAIOTCS.

4. Pemenus 3ajay HaJo0 pacroyiaraTh B MOPSJIKE BO3PACTAHMS MX HOMEPOB,
YKa3aHHBIX B 3a/IaHUSX, COXPaHss HOMEpPA 3a/1a4.

5. Ilepen pemeHneM Ka)xa0i 3a1ladyy HaJ0 MOJHOCTBIO BBIIIACATH €€ YCIIOBHE.

B ToM ciiydae, eciu HECKOJIBKO 3aJa4, U3 KOTOPbIX CTYAECHT BbIOMpAeT 3ajauu
CBOEro BapvaHTa, UMEIOT 001y (HOPMYIUPOBKY, CIEAYET, MEPENUChIBas yCIOBUE
3a/layd, 3aMEHUTh OOIIME JIaHHbIE KOHKPETHBIMH, B3SITBIMU W3 COOTBETCTBYIOIIETO
HOMEDA.

6. Pemenue 3amay cienyer u3naraTh NOAPOOHO M aKKypaTHO, OOBSICHSS U
MOTHBHPYsI BCE IEHCTBUS MO X0y PEIICHUs U JieJasi HEOOXOAUMBIE YEPTEKHU.

7. Ecnu mpoBepeHHas Be1yIlIUM Mperno/iapareieM padoTa BO3BpalieHa CTYICHTY
JUTSI UICTIPABJICHHS BCEX OTMEUEHHBIX PELEH3EHTOM OUIMOOK, CTYAEHT JOJKEH BHECTH
ucHpaBlieHUsl (WM JOMOJHEHUs)) U B KOPOTKHH CpOK claTh paboTy Al HOBOM
MIPOBEPKHU.
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B ciydae He3auéra paboThl M OTCYTCTBHS MIPSIMOTO YKa3aHUS PEIICH3EHTa O TOM,
YTO CTYJAEHT MOXET OIPAaHUYUTHCA IPEICTABICHUEM HCIPABICHHBIX PEIICHHMA
OTJIIETILHBIX 3aJ1a4, BCSl paboTa J0KHA ObITh BBIMOJHEHA 3aHOBO.

[Ipy BBICBUTAEMBIX HUCHpPABICHUSX JOJDKHA 00S3aTeIbHO HAXOAUTHCSA
npopeleH3upoBaHHas pabora u pereH3ust Ha Hee. [loaTomy pekoMeHayeTcs mpu
BBITIOJIHEHUH KOHTPOJIbHOM paOOThl OCTaBJIATh B KOHIIE TETPAJM HECKOJIBKO YMCTBIX
JUCTOB I BCEX JOMOJHEHUH M HUCHPABJICHUN B COOTBETCTBUU C YKa3aHHSIMHU
peneH3eHTa. BHOCUTH ucIipaBieHusi B caM TEKCT pabOThl MOCJE €€ PeleH3UPOBAHUS

3a1peracTcCs.

3.2. KonuTpouabHas padora 1 no teme «Teopusi BepositHoCTEH»

Bapuanr 1

U3 necstu 6unetos 4 BeIUTphIIHBIX. [IproOperaercs uetsipe 6unera. Kakosa
BEPOSITHOCTh TOTO, YTO: XOTsS Obl OJMH M3 HUX HEBBIUTPHIIIHBINA; HE MEHEE TPEX
BBIUTPBIIIHBIX; BCE BRIMTPHIIITHBIE?

2) Tpu craHka pabOTarOT HE3aBUCUMO APYT OT Apyra. BeposTHOCTh TOTO, UTO
He motpedyer Hamanku | cranok, paBua 0,9; II cramox — 0,6; III cranox — 0,7.
BbruncnuTh BEpOSITHOCTH TOTO, YTO TOJIBKO OJIMH CTAHOK MOTPEOYeT HalaAKH: XOTs Obl
OJINH CTaHOK MOTPeOyeT HaNlaIKH.

3) B nepBowm simquke u3 14 namn 3 HeucnpaBHbl, BO BTOpoM — U3 10 mamn ogHa
HeucripaBHad. KakoBa BepOSITHOCTh W3BJ€Yb W3 HAyraj BBIOPAaHHOTO SIIUKA
HCIIPAaBHYIO JamIty?

4) TexHuyeckas cUCTEMa COCTOUT U3 IIATH y3J10B. BeposATHOCTh HapylieHUs
pexuMa padboThl JIsl Kaxaoro y3na paBHa 0,2. HaliTu BeposITHOCTh BBIXOJA U3 CTPOS
IBYX Y3JIOB CHUCTEMBI; XOTA Obl OJAHOTO Yy3J1a; HAUBEPOSITHEWIIEE YUCIO Y3JI0B, HE
BBIIEIIINX U3 CTPOSI.

5) 3agaHa HempepbIBHAs CiydaiiHas BelMYMHA X (YHKIHMEH pacrpeesieHUs
F(x). Tpebyercs:

1) HaliTK IOTHOCTH pacnpeeneHus BepoaTHocTelt f(x) ;

106



2) cxematuyHO nocTpouts rpaduku Gynkumii f(x) u F(x);
3) HalTH MaTeMaTHYeCKOe OXKHUJIaHUE, AWCIICPCHIO U CPEIHEKBAIPATUICCKOE

OTKJIOHEHME CIIyYaliHOW BEJIMYMHBI X;

4) HallTH BEPOSATHOCTH TOTO, YTO X MPUMET 3HAYEHUE U3 UHTEpBaIa (0‘;B ).

0, X<2, a =1,
F(x)=+(x-2)", 2<x<3, B=3.
1, X>3
Bapuanr 2

1) U3 ypHBI, copepxaiieit 5 6enblX U 4 4epHBIX 11apa, Hayraj U3BJIEKalOT TPU.
OnpenenuTth BEPOATHOCTh TOTO, YTO CPEIU HUX: POBHO OJMH YEPHBII; XOT Obl OJMH
U3 HUX Y€pHBIN; Bce OeTbIe.

2) U3nenue noasepraeTcsi 4eThIpeM BUJIaM UCIIBITAHUA. BeposTHOCTB TOTO, 4TO
W3JIeTue BBIICPKUT TepBoe uchbiTanue, paBHa 0,9; BTopoe — 0,6; Tperbe — 0,8;
yerBeproe — 0,7. HaillTu BepOATHOCTH TOrO, UTO HM3JENIUE BBIAEPKUT OoJiee NBYX
UCIIBITaHU; XOTS ObI OTHO UCIIBITAHUE.

3) B nepBoii kop3une 7 56510k U 9 rpyil, BO BTOpoi — 2 s0i10ka U 4 rpy1l, B
TpeThel — 11 s0m0k u 4 rpymm. Y3 Hayraj BBIOpaHHON KOP3WHBI B3I OJAUH (QPYKT.
Haiitu BeposiTHOCTH TOTO, 4UTO 3TO rpyiia. KakoBa BEposiTHOCTh TOTO, YTO BEIOpAHHAS
TaKuM 00pa3oM Tpyiia Obliia B TPEThel KOp3uHe?

4) BepoATHOCTh TOTO, YTO JIamMIa OCTAHETCS MCIPABHOM B TEUEHHE MECSIa,
paBHa 0,9. B kopunope nocraBuiu 5 HOBbIX Jamil. KakoBa BEpOSITHOCTb TOTO, UTO U3
CTPOSI BBIWIYT TPU JIAMIIbl; OCTAHYTCSI UCIIPAaBHBIMU MeHee 4-X namn?

5) 3Bamanel cpeaHee  KBAJApPAaTHYECKOEC  OTKIOHCHHE G HOPMAJbHO

pacrpeneseHHoN clydailHOM BeJMYMHBl X, BBIOOpOYHAs CpEaHss X8 u oGbem
BbIOOpKH n. TpeOyercs: 1) HAWTH AOBEpUTENBHBIM MHTEpBaN ISl  OLEHKU

HEU3BCCTHOI'O MAaTEMATHYCCKOI'O OXHIAAHHUA a C )IOBCpHTeHBHOﬁ BCPOATHOCTBIO Y

~

=0,95; 2) npunumas ¢ , HAIIUCATh TE€OPETUYECKYIO IUIOTHOCTh pPacHpeacsICHUs
BEPOSITHOCTEN U CXEMATUYHO MOCTPOUTH €€ rpaduk; 3) cienys NpaBuiLy “Tpex Curm’,

OIIPCACIINTD HpI/I6J'II/DI(eHHO MaKCHUMaJIbHOC W MHUHHMAJIBHOC 3HA4YCHMHA CHy‘-I&IZHOfI
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BEJIMYUHBI X; 4) OLIEHUTH BEPOATHOCTh TOTO, YTO X MPUMET 3HAYEHUE, TPEBBIIIAIOIICE
p X, =15 n=16, o=2, [=19.
Bapuanr 3

1) 13 konozibl B 36 KapT HayAady U3BJIEKAIOT 5 KapThl. HaliTh BEpOATHOCTH TOTO,
4TO OYAYT BBIHYTHI TPH Ty3a; XOTS ObI OJJMH KOPOJIb; OOJIbINE ABYX TY30B.

2) Tpu craHka paboTalOT HE3aBUCUMO APYT OT JApyra. BeposTHOCTH TOTO, UTO
notpedyet Hanaaku I ctanok, pasHa 0,2; Il cranok — 0,3; III cranok — 0,1. Beruucinuth
BEPOSITHOCTH TOT'O, UTO POBHO OJIMH CTAHOK MOTPeOYyeT HaIA/IKH1; XOTsI Obl OJJUH CTAHOK
noTpedyeT HalaJKu, He MEHee ABYX MOTPeOyIOT HaIaIKH.

3) Jlutbe B OoiBaHKax IMOCTyHaeT M3 ABYX LIEXOB: U3 MEPBOrO0 B MATh pa3
OonbInie, yem U3 BToporo nexa. [Ipu aToM nepssiii 11ex gaet 5% Opaka, a BTopoit — 4%.
Haiitu BeposiTHOCTB TOTO, YTO B34Tas HayraJl 00JIBaHKa HE COECPKUT JedeKTa.

4) KakoBa BepOSITHOCTb IISITh pa3 MONACTh B LIEJIb, €CJIM BEPOSTHOCTD [TONa1aHUs
paBHa 0,8 1 MPoU3BOAUTCS 8 HE3ABUCUMBIX BBICTPENIOB? HallT BEpOSTHOCTH HE MEHEE
6 monajgaHuil; HAMBEPOATHEUIIIEE YUCIIO MMONaJaHUMN.

5) B nporiecce skcrutyaranuu 9BM Bo3HHKaIOT HeucnpaBHOCTH (coon). [ToTok
cooeB cuurtaeM mnpocreimmmM. CpenHee 4yucio cOOeB 3a CyTKM paBHO m. Haiitu
BEPOSATHOCTHU CJICIYIOIIMNX COOBITHI: A - 32 n CYyTOK HET HU OJIHOTO cOosi; B - 3a oHuU

cyTku Oyzaet xotst Obl oauH c6oif; C - 3a Heneno npousonaeT He meHee k cOoes.
m=15 n=2, k=3

108



3.3. KourpoabHas padora 2 no teme «MaTtemaTuyeckasi CTATUCTHKA»

Bapuanr 1

1. YTBepKIaeTcs, UTO pe3ynbTaT JSHCTBUS JIEKapCcTBa 3aBUCUT OT criocola

ero npumeHeHus. [Iposeputs 310 yTBepxkiaenue npu o = 0,05 mo crenyronmm

JTaHHBIM:
Pesynbrar Cnoco6 npuMeHeHus
A B C
He6naronpustablit 11 17 16
braronpusiTHbIf 20 23 19
2.  Cuuraercs, 4YTO HOBOE€ AaHTUKOPPO3UHHOE  TOKPHITHE  HMEET

adpdextuBHOCTE 99 %, ecnu cpenu 20 UCHIBITAHHBIX O00pa30B HET HU OJHOTO C
IpU3HAKaMU KOPPO3WUH; B NPOTUBHOM ciydae dSPPEKTUBHOCTb MOKPBITHS
npuHuMaercs paBHou 90 %. ITycTh p — BEpOSITHOCTD NOSIBJIEHUS IIPU3HAKOB KOPPO3HHU
y ogHoro oopasua. [Ipenmnonoxum, yTo 00pa3isl 00padaThHIBAIOTCA U UCIIBITHIBAIOTCS
HE3aBUCUMO OJUH OT apyroro. Paccmorpum HyneByro rumoresy Ho: p = 0,10.
OTBETUTH Ha CIEAYIOLINE BOIPOCHI:
a) Kakas crathcTuka KpuTepus HCIONb3yeTCs B 3ajJaye, KaKOBbI €€
pacnpezesnieHue 1 00J1acTh NPUMEHEHUs?
0) KakoBa kputnyeckas 00yactb Kpurepus?
B) B uem cocTosT ommOKu nepBoro U BTOPOro pojia U YeMY paBHBI UX
BEPOSATHOCTH?

3. JUisi mpuUBEACHHBIX TPYNIUPOBAHHBIX BBIOOPOK, TpHUHAB 10 %-HbIii
YPOBEHb 3HAYMMOCTH, NPOBEpUTH runoresy Ho 0 TOM, 4TO OHM NOJIy4EeHBI W3
HOPMAJIBHO paclpeiefIeHHON reHepaibHOM COBOKYITHOCTH. BennunHa KOHTPOJIBHOTO
pazmepa 68 netasneil, I3ArOTOBJIECHHBIX HA OJTHOM CTaHKE (MM):

I'panuna uarepBana | 2,9-3,9 | 3,9-4,9 | 49-59 | 5969 | 6,9-7,9
Yacrora ) 15 23 19 6
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Bapuant 2

1. OtHomeHue 3pI/IT€JIeI>'I K BKJIOYCHHIO OHHOﬁ U3 TCICICpcaad B

IIPOTPaMMy BBIPA3HIIOCH CIEAYIOIINMU JaHHBIMU:

[TonoxutenbHoe | be3paznuunoe | OTpuunareinbHoe
My>K4YrHBI 14 24 2
JKeHmuHe! 29 36 15

MOoXHO JHM CYMTaTh, YTO OTHOIIEHHWE K BKIIOYEHHUIO JaHHOW mepenadyu B
nporpaMMy He 3aBUCHT OT nosa 3putensa? [punsats o = 0,10.

2. IlpoBepka (hyHKIMOHUPOBAHMS YCTPOHCTBA OCYILIECTBIISETCS ClIEUaIbHbIM
TO

Ecnu GyHKIUOHUPYET

TECTOM. YCTPOMCTBO IPaBUIIBHO, BEPOSITHOCTD
poxXoXxaeHns Tecta paBHa 0,99; B IpOTHUBHOM Cilydae BEpPOSTHOCTH IMPOXOKIACHUS
tecta paBHa 0,40. YcTpoiicTBO momyckaercst K paboTe, eciii TeCT MPOXOAUT 5 pa3
noapsAn. B mpeAanonokeHuH, YTO YHUCIO MPOXOXKACHHM TecTa MOJYUHSIETCS
OMHOMMAJIBHOMY paclpeiesIeHHI0, OTBETUTh Ha CIEAYIOIIHNE BOIIPOCHIL:

a) KakoBa 001acTb U3MEHEHHUS U KpUTHUECKAs 00JIaCTh CTATUCTUKU KPUTEPUSI?
Kaxkoe pacrnpezienenne uMeeT CTaTUCTUKA KpUTepus?

6) Kak chopmynupoBaTh HyNEBYIO THUIOTE3y, €CIK OIMMOKa MEPBOrO poja
COCTOMT B OTKJIOHEHUH MPABUIHbHO (YHKLIMOHUPYIOIIETO yCTpoiicTBa?

B) KakoBa aibTepHaTUBHAs TMIIOTE3a U B YEM COCTOUT OLIMOKA BTOPOro poja?

r) Uemy paBHBI BEPOSATHOCTH OIMIMOOK MIEPBOTO M BTOPOTO poja?

3. Jlyig mpuBEACHHBIX TPYHIHUPOBAHHBIX BEIOOPOK, MpUHSB 10 %-HbIN ypOBEHB

SHAYNMOCTH, IIPOBCPUTH T'HUIIOTC3Y H() O TOM, 4YTO OHM IIOJYYCHBI M3 HOPMAJIBHO

pacnpeneieHHOM T'e€HEepaJIbHOM COBOKYMHOCTH. BxomHoe comnpotuBienue 130
ANEKTPOHHBIX Jami (Om):

I'panuna uarepBana | 3,0-3,6 | 3,6-4,2 | 4,2-4,8 | 4,8-5,4 | 5,4-6,0 | 6,0-6,6 | 6,6-7,2
Yacrora 2 3 35 43 22 15 5
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Bapmuanr 3
1.  H3MeHeHuwe TPOM3BOAUTEIBHOCTH TpyJa Ha MNOPEIIPUATHU IPU

npoBenennu Mmeponpustiii A, B u C Bbipaxkaercs cleAyomuMH TaHHBIMU:

[IpOon3BOIUTENBHOCTD Meponpusitue

A B C
VBeanunnach 14 47 16
He n3menuniach 22 37 7
VMeHpmmiIach 20 25 2

MOXHO JM CUMTaTh, YTO MPOBEACHUE 3THX MEPONPHUATHIA HE BIIMAET Ha
npousBoguTensHocTh Tpyaa? [punsate o = 0,10.

2. bonbiiass mapTus U3AEIHA  MOXKET COAEPkKAThb HEKOTOPYIO JOJIIO
nepexTHbIX. [locTaBmIMK YTBEp)KJIAeT, YTO 3Ta JOJs COCTaBIseT S5 %; MOKynaTesb
npeanoiaraet, uro aojis naeexktHsix uznaenuit pabHa 10 %. YcioBus moctaBku: u3
napTUM Ciyd4alHbIM o00pa3oM otrOupaercs M mposepsierca 10 wuzgenuil; napus
INPUHUMAETCS Ha YCIOBUAX MOCTABIIUKA, €CIU MIPHU MPOBEPKE OOHApYKEHO He Oolee
OJIHOTO Je(EKTHOrO0 HW3/ENMsA; B MNPOTUBHOM Cly4yae MapTUs NPUHUMAETCA Ha
ycnoBusx nokymnareis. CopMyaupoBaTh 3Ty 3a/1ady B TEPMUHAX TEOPUH MIPOBEPKU
CTATUCTUYECKUX TMIIOTE3 U OTBETUTH Ha CIEIYIOIINE BOMPOCHI:

a) KakoBa craTuctuka kpurepusi, 00J1acTh €€ 3Ha4eHH M, KpUTHUecKast 00J1acTh?

0) Kakoe pacnpenenenne UMeeT CTaTUCTUKA KPUTEPUSI?

B) B ueM coctout nmpoBepsiemasi U aJlbT€pHATUBHAS TUIIOTE3bI?

r) B uem coctosT ommOKu epBoro U BTOPOro poja U KaKOBbI UX BEPOSTHOCTH?

3. JInsi mpuBENEHHBIX TPYNIUPOBAHHBIX BBIOOPOK, NpHUHIB 10 %-HbIi
YPOBEHb 3HAYUMOCTH, NPOBEpUTH rumnoresy Ho 0 TOM, 4TO OHM NOJIy4EeHBl W3
HOPMAaJIbHO pacClpe/leIEeHHON TeHepanbHOMl coBOKynmHOCTH. Poct 1004 neBymek B

Bo3pacte 16 jet (cm):

['panuna uarepBana | 134- 137- 140- 143- 146- 149- 152-
137 140 143 146 149 152 155

YacroTa 1 4 16 53 121 197 229

I'panuna unrepBana | 155- 158- 161- 164- 167- 170-
158 161 164 167 170 173

Yacrtora 186 121 53 17 5 1
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Ipuioxenus

Hpunoscenue 1

1 (ae
Tabmuna ¢yaknuu Jlammaca @®(x) =TJ-€’t "2dt . Kpaiianii nesblit cronbern 3HaYeHHs
7T

apryMeHTa X ¢ TOYHOCTBIO 0 JCCATHIX, BEPXHAA CTPOKA — COThIC NOJIM apTyMEHTA.

X 0 1 2 3 4 5 6 7 8 9

0,0 | 0,00000 | 0,00399 | 0,00798 | 0,01197 | 0,01595 | 0,01994 | 0,02392 | 0,02790 | 0,03188 [ 0,03586
0,1 | 0,03983 | 0,04380 | 0,04776 | 0,05172 | 0,05567 | 0,05962 | 0,06356 | 0,06749 | 0,07142 [ 0,07535
0,2 | 0,07926 | 0,08317 | 0,08706 | 0,09095 | 0,09483 | 0,09871 | 0,10257 | 0,10642 | 0,11026 | 0,11409
0,3 | 0,11791 | 0,12172 | 0,12552 | 0,12930 | 0,13307 | 0,13683 | 0,14058 | 0,14431 | 0,14803 [ 0.15173
0,4 | 0,15542 | 0,15910 | 0,16276 | 0,16640 | 0,17003 | 0,17364 | 0,17724 | 0,18082 | 0,18439 [ 0,18793
0,5 | 0,19146 | 0,19497 | 0,19847 | 0,20194 | 0,20540 | 0,20884 | 0,21226 | 0,21566 | 0,21904 | 0,22240
0,6 | 0,22575 | 0,22907 | 0,23237 | 0,23565 | 0,23891 | 0,24215 | 0,24537 | 0,24857 | 0,25175 | 0,25490
0,7 | 0,25804 | 0,26115 | 0,26424 | 0,26730 | 0,27035 | 0,27337 | 0,27637 | 0,27935 | 0,28230 | 0,28524
0,8 | 0,28814 | 0,29103 | 0,29389 | 0,29673 | 0,29955 | 0,30234 | 0,30511 | 0,30785 | 0,31057 | 0,31327
0,9 | 0,31594 | 0,31859 | 0,32121 | 0,32381 | 0,32639 | 0,32894 | 0,33147 | 0,33398 | 0,33646 | 0,33891
1,0 | 0,34134 | 0,34375 | 0,34614 | 0,34849 [ 0,35083 | 0,35314 | 0,35543 | 0,35769 | 0,35993 | 0,36214
1,1 | 0,36433 | 0,36650 | 0,36864 | 0,37076 | 0,37286 | 0,37493 | 0,37698 | 0,37900 | 0,38100 | 0,38298
1,2 | 0,38493 | 0,38686 | 0,38877 | 0,39065 | 0,39251 | 0,39435 | 0,39617 | 0,39796 | 0,39973 | 0,40147
1,3 | 0,40320 | 0,40490 | 0,40658 | 0,40824 | 0,40988 | 0,41149 | 0,41308 | 0,41466 | 0,41621 | 0,41774
1,4 | 0,41924 | 0,42073 | 0,42220 | 0,42364 | 0,42507 | 0,42647 | 0,42785 | 0,42922 | 0,43056 | 0,43189
1,5 | 0,43319 | 0,43448 | 0,43574 | 0,43699 | 0,43822 | 0,43943 | 0,44062 | 0,44179 | 0,44295 | 0,44408
1,6 | 0,44520 | 0,44630 | 0,44738 | 0,44845 | 0,44950 | 0,45053 | 0,45154 | 0,45254 | 0,45352 | 0,45449
1,7 | 0,45543 | 0,45637 | 0,45728 | 0,45818 | 0,45907 | 0,45994 | 0,46080 | 0,46164 | 0,46246 | 0,46327
1,8 | 0,46407 | 0,46485 | 0,46562 | 0,46638 | 0,46712 | 0,46784 | 0,46856 | 0,46926 | 0,46995 | 0,47062
19 { 0,47128 | 0,47193 | 0,47257 | 0,47320 [ 0,47381 | 0,47441 | 0,47500 | 0,47558 | 0,47615 | 0,47670
2,0 | 047725 | 0,47778 | 0,47831 | 0,47882 | 0,47932 | 0,47982 | 0,48030 | 0,48077 | 0,48124 | 0,48169
2,1 | 0,48214 | 0,48257 | 0,48300 | 0,48341 | 0,48382 | 0,48422 | 0,48461 | 0,48500 | 0,48537 | 0,48574
2,2 | 0,48610 | 0,48645 | 0,48679 | 0,48713 | 0,48745 | 0,48778 | 0,48809 | 0,48840 | 0,48870 | 0,48899
2,3 | 0,48928 | 0,48956 | 0,48983 | 0,49010 | 0,49036 | 0,49061 | 0,49086 | 0,49111 | 0,49134 | 0,49158
2,4 ] 0,49180 | 0,49202 | 0,49224 | 0,49245 | 0,49266 | 0,49286 | 0,49305 | 0,49324 | 0,49343 | 0,49361
2,5 | 0,49379 | 0,49396 | 0,49413 | 0,49430 | 0,49446 | 0,49461 | 0,49477 | 0,49492 | 0,49506 | 0,49520
2,6 | 0,49534 | 0,49547 | 0,49560 | 0,49573 | 0,49585 | 0,49598 | 0,49609 | 0,49621 | 0,49632 | 0,49643
2,7 | 0,49653 | 0,49664 | 0,49674 | 0,49683 | 0,49693 | 0,49702 | 0,49711 | 0,49720 | 0,49728 | 0,49736
2,8 | 0,49744 | 0,49752 | 0,49760 | 0,49767 | 0,49774 | 0,49781 | 0,49788 | 0,49795 | 0,49801 | 0,49807
2,9 | 0,49813 | 0,49819 | 0,49825 | 0,49831 | 0,49836 | 0,49841 | 0,49846 | 0,49851 | 0,49856 | 0,49861
3,0 | 0,49865 | 0,49869 | 0,49874 | 0,49878 | 0,49882 | 0,49886 | 0,49889 [ 0,49893 | 0,49896 | 0,49900
3,1 | 0,49903 | 0,49906 | 0,49910 | 0,49913 | 0,49916 | 0,49918 | 0,49921 | 0,49924 | 0,49926 | 0,49929
3,2 | 0,49931 | 0,49934 | 0,49936 | 0,49938 | 0,49940 | 0,49942 | 0,49944 | 0,49946 | 0,49948 | 0,49950
3,3 | 0,49952 | 0,49953 | 0,49955 | 0,49957 | 0,49958 | 0,49960 | 0,49961 | 0,49962 | 0,49964 | 0,49965
3,4 | 0,49966 | 0,49968 | 0,49969 | 0,49970 | 0,49971 | 0,49972 | 0,49973 | 0,49974 | 0,49975 | 0,49976
3,5 | 0,49977 | 0,49978 | 0,49978 | 0,49979 | 0,49980 | 0,49981 | 0,49981 | 0,49982 | 0,49983 | 0,49983
3,6 | 0,49984 | 0,49985 | 0,49985 | 0,49986 | 0,49986 | 0,49987 | 0,49987 | 0,49988 | 0,49988 | 0,49989
3,7 | 0,49989 | 0,49990 | 0,49990 | 0,49990 | 0,49991 | 0,49991 | 0,49992 | 0,49992 | 0,49992 | 0,49992
3,8 | 0,49993 | 0,49993 | 0,49993 | 0,49994 | 0,49994 | 0,49994 | 0,49994 | 0,49995 | 0,49995 [ 0,49995
3,9 | 0,49995 | 0,49995 | 0,49996 | 0,49996 | 0,49996 | 0,49996 | 0,49996 | 0,49996 | 0,49997 [ 0,49997
4,0 | 0,49996

4,5 | 0,49997

50 [ 0,49999
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Ilpunoscenue 2

X
Pacnpenenenue Cterofenra: 2 jﬂSn 1(t)dt: B, f=n-1.
o n-

p 0.80 0.90 0.95 0.98 0.99 0.995 0.998 0.999

3.0770 |6.3130 |12.7060 | 31.820 | 63.656 | 127.656 | 318.306 | 636.619

1.8850 | 2.9200 |4.3020 | 6.964 9.924 14.089 | 22.327 | 31.599

1.6377 | 2.35340 | 3.182 4.540 5.840 7.458 10.214 | 12.924

1.5332 | 2.13180 | 2.776 3.746 4.604 5.597 7.173 8.610

1.4759 | 2.01500 | 2.570 3.649 4.0321 | 4.773 5.893 6.863

1.4390 |1.943 24460 |3.1420 |3.7070 |4.316 5.2070 |5.958

14149 |1.8946 |2.3646 | 2.998 3.4995 | 4.2293 | 4.785 5.4079

1.3968 | 1.8596 |2.3060 | 2.8965 |3.3554 | 3.832 4.5008 | 5.0413

1.3830 |1.8331 |2.2622 |2.8214 |3.2498 | 3.6897 |4.2968 | 4.780

1.3720 |1.8125 |2.2281 |2.7638 |3.1693 |3.5814 | 4.1437 | 4.5869

1.363 1.795 2.201 2.718 3.105 3.496 4.024 4.437

1.3562 | 1.7823 |2.1788 | 2.6810 |3.0845 |3.4284 | 3.929 4.178

1.3502 |1.7709 |2.1604 | 2.6503 |3.1123 |3.3725 | 3.852 4.220

1.3450 | 1.7613 | 2.1448 | 2.6245 | 2.976 3.3257 | 3.787 4.140

1.3406 |1.7530 |2.1314 | 2.6025 |2.9467 |3.2860 | 3.732 4.072

1.3360 |1.7450 |2.1190 | 2.5830 |2.9200 |3.2520 | 3.6860 | 4.0150

1.3334 | 1.7396 |2.1098 |2.5668 |2.8982 |3.2224 | 3.6458 | 3.965

1.3304 |1.7341 |2.1009 | 25514 |2.8784 |3.1966 |3.6105 | 3.9216

1.3277 |1.7291 |2.0930 |2.5395 |2.8609 |3.1737 |3.5794 |3.8834

1.3253 | 1.7247 | 2.08600 | 2.5280 | 2.8453 | 3.1534 | 3.5518 | 3.8495

1.3230 | 1.7200 |2.0790 |2.5170 |2.8310 |3.1350 |3.5270 | 3.8190

1.3212 | 1.7117 |2.0739 | 25083 |2.8188 |3.1188 | 3.5050 |3.7921

1.3195 |1.7139 |2.0687 |2.4999 |2.8073 |3.1040 |3.4850 |3.7676

1.3178 | 1.7109 |2.0639 |2.4922 |2.7969 |3.0905 |3.4668 | 3.7454

1.3163 |1.7081 |2.0595 |2.4851 |2.7874 |3.0782 |3.4502 |3.7251

1.315 1.705 2.059 2.478 2.778 3.0660 | 3.4360 | 3.7060

1.3137 |1.7033 | 2.0518 |2.4727 |2.7707 |3.0565 | 3.4210 | 3.6896

1.3125 |1.7011 |2.0484 |2.4671 |2.7633 |3.0469 |3.4082 | 3.6739

1.3114 11.6991 |2.0452 |2.4620 | 2.7564 |3.0360 | 3.3962 | 3.8494

1.3104 |1.6973 |2.0423 | 2.4573 |2.7500 |3.0298 | 3.3852 | 3.6460

1.3080 |1.6930 |2.0360 |2.4480 |2.7380 |3.0140 |3.3650 | 3.6210

1.3070 |1.6909 |2.0322 |2.4411 |2.7284 |3.9520 | 3.3479 | 3.6007

1.3050 |1.6883 |2.0281 |2.4345 |2.7195 |9.490 3.3326 | 3.5821

1.3042 |1.6860 |2.0244 |2.4286 |2.7116 |3.9808 | 3.3190 | 3.5657

1.303 1.6839 |2.0211 |2.4233 |2.7045 |3.9712 |3.3069 | 3.5510

1.320 1.682 2.018 2.418 2.6980 | 2.6930 |3.2960 | 3.5370

1.301 1.6802 | 2.0154 | 2.4141 |2.6923 | 3.9555 | 3.2861 | 3.5258

1.300 1.6767 |2.0129 |2.4102 |2.6870 |3.9488 |3.2771 |3.5150

1.299 1.6772 |2.0106 | 2.4056 |2.6822 |3.9426 | 3.2689 | 3.5051

gaaaanlwlwlwlwlw/ N N N R R e e e e e e e e
O || R NOIDSBRINO|O| DNt VN|R,|S|o|m|Nlo|luobs|lw|N|F|o|@ RN O KRW N - —

1.298 1.6759 |2.0086 |2.4033 |2.6778 |3.9370 |3.2614 | 3.4060
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Ilpunoscenue 3

a

0,9910,981095(0,90(0,80(0,70 (0,50 (0,30 (0,20 | 0,10 | 0,05 | 0,02 | 0,01 {0,001
f
1 {0,000(0,001]|0,004|0,016(0,064|0,148(0,455|1,074(1,642| 2,71 | 3,84 | 5,41 | 6,64 |10,83
2 10,020{0,040/0,103]0,211{0,446|0,713|1,386| 2,41 | 3,22 | 4,60 | 5,99 | 7,82 | 9,21 |13,82
3 10,115(0,185|0,352|0,584|1,005|1,424| 2,37 | 3,66 | 4,64 | 6,25 | 7,82 | 9,84 |11,34]|16,27
4 10,297]0,429(0,711|1,064]1,649( 2,20 | 3,36 [ 4,88 | 5,99 | 7,78 | 9,49 [11,67]13,28(18,46
5 [0,554]0,752]1,145]1,610| 2,34 | 3,00 | 4,35 | 6,06 | 7,29 | 9,24 |11,07{13,39|15,09| 20,5
6 [0,872]1,134]1,635]| 2,20 | 3,07 | 3,83 | 5,35 | 7,23 | 8,56 |10,64|12,59(15,03|16,81| 22,5
7 [1,239]1,564] 2,17 | 2,83 | 3,82 | 4,67 | 6,35 | 838 | 9,80 |12,02|14,07(16,62|18,48| 24,3
8 [1,646|2,03]2,73]3,49|459|553|7,34|9,52|11,03|13,36/15,51{18,17| 20,1 | 26,1
9 2,091253]3,32(4,17|5,38|6,39 | 8,34 |10,66(12,24|14,68(16,92]|19,68| 21,7 | 27,9
10 [2,56]3,06(3,94(4,86]|6,18(7,27]9,34 [11,78]13,44(15,99]18,31| 21,2 | 23,2 [ 29,6
11 |3,05]3,61[4,58(5,58]6,99|8,15]10,34(12,90]|14,63(17,28|19,68| 22,6 | 24,7 | 31,3
12 13,5714,18|5,23(6,307,81(9,03[11,34[14,01{15,81{18,55|21,0|24,126,2 (32,9
13 14,11]14,76|5,89 (7,04 | 8,63 0,93 [12,34[15,12({16,98(19,81| 22,4 | 25,5 | 27,7 | 34,6
14 14,66 |5,37|657 (7,799,447 (10,82(13,34(16,22({18,15| 21,1 | 23,7 [ 26,9 | 29,1 | 36,1
15 5,235,998 7,26 | 8,55 (10,31{11,72{14,34(17,32{19,31| 22,3 | 25,0 | 28,3 | 30,6 | 37,7
16 |581]6,61(7,96(9,31]11,15[(12,62|15,34(18,42] 20,5 | 23,5] 26,3 [ 29,6 | 32,0 [ 39,3
17 |6,41]7,26 | 8,67 (10,08|12,00{13,53|16 34[19,51]| 21,6 | 24,8 | 27,6 | 31,0 | 33,4 | 40,8
18 |7,02]791]9,39(10,86|12,86(14,44|17,34| 20,6 | 22,8 | 26,0 | 28,9 | 32,3 | 34,8 [ 42,3
19 |7,63]8,57(10,11{11,65|13,72(15,35|18,34| 21,7 | 23,9 | 27,2]1 30,1 | 33,7 | 36,2 | 43,8
20 |8,26 9,24 (10,85|12,44]14,58|16,27]|19,34| 22,8 | 25,0 | 28,4 | 31,4 | 35,0 | 37,6 | 45,3
21 ]18,90|9,92 (11,59|13,24]15,44|17,18] 20,3 | 23,9 | 26,2 | 29,6 | 32,7 | 36,3 | 38,9 | 46,8
22 19,54 10,60({12,34|14,04]16,31|18,10| 21,3 | 24,0 | 27,3 | 30,8 | 33,9 | 37,7 | 40,3 | 48,3
23 [10,20]11,29]13,09{14,85(17,19|19,02( 22,3 | 26,0 | 28,4 | 32,0 | 35,2 | 39,0 | 41,6 | 49,7
24 [10,86]11,99]13,85(15,66(18,06{19,94| 23,3 | 27,1 | 29,6 | 33,2 | 36,4 | 40,3 | 43,0 | 51,2
25 [11,52|12,70|14,61{16,47(18,94| 20,9 | 24,3 | 23,2 | 30,7 | 34,4 | 37,7 | 41,7 | 44,3 | 52,6
26 |[2,20]13,41]15,38({17,29(19,82| 21,8 | 25,3 129,2|31,8|35,638,9]|429|456]|54,1
27 [12,88|14,12]16,15(18,11| 20,7 | 22,7 | 26,3 | 30,3 | 32,9 | 36,7 | 40,1 | 44,1 | 47,0 | 55,5
28 13,56|14,85(16,93|18,94| 21,6 | 23,6 | 27,3 | 31,4 | 34,0 37,9 |41,3 | 45,4 | 48,3 | 56,9
29 |14,26|15,57(17,71{19,77| 22,5 | 24,6 | 28,3 | 32,5 35,1 | 39,1 | 42,6 | 46,7 | 49,6 | 58,3
30 |14,95(16,31]|18,19]| 20,6 [ 23,4 | 25,5| 29,3 | 33,5 [ 36,2 | 40,3 | 43,8 | 48,0 | 50,9 | 59,7
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Vyebnoe uzoanue
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TEOPUS BEPOSITHOCTEN U MATEMATHUYECKAS CTATUCTHKA

YyebHoe 1mocodue
JUIS CTYZICHTOB 3a04HOM (hOpMbI 00yUeHUS

Ileuamaemcs 6 aemopckou pedaxkyuu.

[Moamucano B meuats 24.08.2022. ®opmat 60x90 1/16.
['apautypa Times New Roman. Ileuats nudposas.
VYen. neu. 1. 7,25. Tupax 10 sk3. 3akaz Ne 1274.
PITMY, 192007, Cankrt-IleTtepOypr, Boponexckas yi., a. 79.



