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BBenenue
PEKOMEHIALINU 1O PABOTE C METOJUYECKUM YKA3AHUEM

Lenr npenogaBanus AUCHUIUIMHBI « T€OpHUs BEPOATHOCTEN U MAaTEMAaTUYECKAsl CTATUCTUKA
B By3¢ — O3HAKOMHUTH CTYJCHTOB C OCHOBAMH MAaT€MAaTHYECKOTO armapara, HEOOXOJUMOTo s
peuIeHusl TEOPETUYECKUX M NMPAKTUYECKHX 3a7ad, NMPUBHUTH CTYJIEHTAM YMEHHE CaMOCTOSITEIIBHO
M3y4yaTh Y4eOHYIO JHTEpaTypy IO MaTeMaTHKe M €€ CIEIHabHBIM MPUIIOKEHUSM, Pa3BHUThH
JIOTHYECKOE MBIIUIEHHE U TIOBBICUTH OOLIMN YpPOBEHb MaTeMaTH4YECKOHl KyJbTYphl, BBIpabOTATh
HaBBIKM MaTEMaTUYECKOI0 UCCIEIOBaHUs MPUKIAIHBIX BOIIPOCOB U YMEHHUE MEPEBECTU 3a/auy Ha
MaTEeMAaTHUYECKUH S3bIK.

[IpemyiaraeMble METOAMYECKUE YKa3aHUS COAEPKAT KPATKYIO TEOPHUIO, 3aJaHUS U CIUCOK
JUTEPATYPHI 110 Kypcy «Teopust BEpOATHOCTEN U MaTEMAaTUYECKAsl CTATUCTUKAY.

Lenbro ocBOEHUs OUCUMIUIMHBI «Teopusi BEpOSATHOCTEM M MareMaTUYeCKash CTaTUCTHUKA»
sBisieTcs: opMHupoBaHre Habopa obmenpodecCHOHATBHBIX KOMIETEHITMN Oy ay1iero 6akaaaBpa mo
HanpasieHuto moarotoBku 09.03.02 «MHpopManMOHHBIE CHUCTEMBI M TEXHOJIOTUH» IyTEM
OCBOEHHS BO3MOXHOCTE:

- TPUMEHEHUs METOJIOB TEOPUH BEPOSITHOCTEM M MAaTeMaTHUYeCKOW CTaTUCTHKU IpHU
W3Y4YEHHUH OOIIEHAYUHBIX, OOIIEMHKEHEPHBIX, TEXHUYECKUX U CHEIHAbHBIX JUCIMILINH;

- HMCTOJb30BaHUsl METOJOB TEOPUH BEPOSTHOCTEW M MAaTEMAaTHUYECKOW CTATUCTUKH IpHU
peuieHuy 3a7a4, BOZHUKAIOIIUX B MPAKTUYECKOW AESATENIbHOCTH MHKEHEPA O CIIEHATIBHOCTH, T.€.
YMEHHUS MEePEBOJIUTH peabHbIC 33aUl Ha MAaTEMATHUECKH S3bIK, BBIOUPATh ONTUMATBHBIA METOJ
€€ pelIeHUs U UCCIEAOBAHUM C MHTEPIPETAUEH WIIM OLICHKOW MOJTYYEHHOTO pe3yJibTaTa;

- yMEHHus pelaTh 3aJaud TEOPUU BEPOATHOCTEH M MATEMAaTUYECKOM CTATUCTUKU C
JOBEJCHUEM PEIIEHUS JO0 MPAKTUYECKHM MPUEMIIEMOrO pe3ylbTara C MPUMEHEHUEM IIPU
HEO0OXOIMMOCTH, BEIUUCITUTEITLHOW TEXHUKH.

JI1s1 OCBOEHHUSI TUCLIUIUIMHBI IOCTABJICHBI CIENYIOIINE 3a/1a4UN:

- oOydeHHe CTyIEHTOB OCHOBHBIM MAaTEMaTHYECKUM METOJaM TEOPHH BEPOSTHOCTEH U
MaTeMaTUYeCKOW CTaTHUCTUKH, HEOOXOIUMBIM [UIsl TJIyOOKOro H3ydeHusi OOIICHAYYHbIX,
OOIICMHKEHEPHBIX, TEXHUYECKUX U CIICIUATBHBIX TUCITUILINH;

- pa3BUTHE JIOTHYECKOT0 U alTOPUTMHUYECKOTO MBIIIJICHHS], OOIIET0 YPOBHS MaTeMaTHUECKON
KYJIbTYPBL;

- BbIpaOOTKa HABBIKOB MaT€MAaTUYECKOTO MCCIEAOBAaHUS MPHUKIATHBIX  BOIPOCOB,
HEOOXOMUMBIX JJIsi aHallM3a U MOJCIMPOBAHUS yCTPOWMCTB, MPOIECCOB W SIBJICHUN TPU TIOUCKE
ONTUMAJIbHBIX PEIICHUN JJIs1 OCYLIECTBICHUS HAyYHO-TEXHUYECKOTO IIPOrpecca;

- o0yuyeHHe CTYJCHTOB MeETOoJaM oOOpadOTKM W aHalu3a pe3yJIbTaTOB YHUCICHHBIX U

HaTypalbHBIX SKCIIEPUMEHTOB;



- NPUBUTUE CTYAEHTAM YMEHHSI CAMOCTOATEIBHOIO H3Yy4YeHHs] y4eOHOH JuTepaTypbl IO
MaTEMaTHKE U €€ MIPUIOKEHHUSM.

Ilepen BbIMOMHEHNEM 3aaHUM CTYIECHT JOJIKEH U3YUNUTh COOTBETCTBYIOIINE pa3/ieibl Kypca
0 y4eOHBIM IOCOOMSIM, PEKOMEHAYeMbIM B JAHHBIX YyKa3aHUSAX. B HHUX XKe JaioTcsi TaKxke
HEKOTOPBIE HaYaJIbHbIE TEOPETUYECKUE CBECHUS U IIPUBOASATCS PEIICHUS TUIIOBBIX IIPUMEPOB.

B nmpomecce caMOCTOATENBHOIO M3YyYEHHs MaTepuana CTYIEHT MOXKET pELINTh
MIPEJIOKEHHBIH B METOAMYECKOM yKa3aHMM Habop 3aJaHuil. DTO MO3BOJMUT CTYACHTY CYIUTh O
CTETIEHU YCBOEHUS COOTBETCTBYIOLIETO pa3zesia Kypca, yKakeT Ha UMEIOIUeCs y Hero npooebl, Ha
KelaTebHOe HarpaBlieHHe paboThl, MOMOXKET CPOPMYIHPOBATH BOMPOCHI Ui TMOCTAHOBKH HX
nepe npenoaaBaTeieM.

Ecau cTyneHT UCHBITBIBAET 3aTPYIHEHHSI B OCBOCHHH TEOPETUYECKOTO MIIM IPAKTHYECKOTO

MaTepuaia, TO OH MOKCT INOJYUYUTh YCTHYIO UJIK ITMCBMCHHYIO KOHCYJIBTALIUIO Y TIPCTIOAABATCIIA.



HpaxTuyeckue 3austus no teme K TEOPUSA BEPOSATHOCTEW»

Leab 3aHATHI: OCBOUTh MaTeMaTHUECKYI0 CHUMBOJMKY M 0a3oBble 3HaHUS TeMbl Teopus
BCpOiITHOCTGfI, HU3YYUTb MCTOAWKY MPHUMCHCHUSA MCTOOAOB TCOPUU B€p0$[THOCTCI>i B O6IIICHay‘~IHLIX,
OOIIENH)XEHEPHBbIX, TEXHWYECKMX M CHEUMAIbHBIX JUCHUIUIMHAX, BbIPAOOTaTh HaBBIKU
HCIIOJIB30BaHUA MCETOJOB TCOPUU BepOHTHOCTGﬁ npu pemICHHUM 3a7a4, BO3HUKAIOIIHUX B
MIPAKTUYECKOM  JIEATENIbHOCTH MHXKEHepa [0 CIEUUAIbHOCTH, OBJIAJETh CIHOCOOHOCTBIO
HCIIOJIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH TEOPUM BEPOSTHOCTH, OCYIIECTBISATH IIOUCK,
KPUTHYECKUHM aHaM3 M CHUHTE3 MH(pOpMAIMM, NPUMEHATh CHUCTEMHBIH IMOAXOJ Ul pPELIeHUS
IOCTAaBJICHHBLIX 3aJa4d, I[IPUMCHATb MATCMAaTUYCCKUC MOACIM, MCTOALI W CpCACTBa JId

MIPOCKTUPOBAHU I/IH(I)OpMaI_II/IOHHBIX U aBTOMATHU3UPOBAHHLIX CUCTCM.

Tema.l Teopusi BeposiTHOCTE
IIpakTH4eckoe 3ansaTHE Nel. DjieMeHTbI KOMOMHATOPHKH.
ITycTts umMeeTcst MHOXKECTBO X = {X, X2, .., X;}, COCTOSILLIEE U3 /1 PA3IUYHBIX 2JIEMEHTOB. (71, 1)

- 6b10OPKOI HA3BIBACTCSI MHOKECTBO, COCTOSIIIEE U3 ¥ DJIEMEHTOB, B3SIThIX U3 MHOXKECTBA X.
Ynopaoouennoii HaszbiBaeTcs BbIOOpPKA, Ui KOTOPOW BaK€H TMOPSIOK CIIEAOBaHUSA
as1eMeHTOB. Eciiu Kax /bl 371IeMeHT MHOKeCTBa X MOXKET U3BJIEKAaThCsI HECKOJIBKO pa3, TO BEIOOpPKa
Ha3bIBAETCS 8bIOOPKOLL C NOBMOPEHUAMU.
Yucno Px Bcex nepecmanogok n3 k pa3indHbIX 3JIEMEHTOB PaBHO
B, =k!, 3)
Yucno ynopsaoyeHHbIX (n, ) - BHIOOPOK (pazmeuienuii) ¢ OBTOPEHUSIMHU zzl(n,r) u 6e3

HOBTOPEHUI A(n,r) paBHO
A =n" 4)
A =" Q)

. Ar
Uncno HeymopsiioYeHHBIX (71, 1) - BBIOOPOK (couemanuii) ¢ nosropenmwsmu C, u 6e3

o r
nosropennit C, paBHO

o :M, (6)
rl(n—1)!
Cc’ :n—', ) (7

" rl(n—-r)!



Uucno paznuyHbIX pa30MEeHHl MHOXECTBa M3 1 DJIEMEHTOB Ha k  HENEpeceKaroluXcs
IIOJIMHOXKECTB, IIPUYEM B |-M ITOZIMHOXKECTBE 7| JIIEMEHTOB, BO 2-M ) 3JIE€MEHTOB U T.4., an =11 +
rp +... + rj paBHO

/
Pn(r]’FZ""’rk):ﬁ' (8)
1 . 2 cese k .

Ilpumep 1.1. B maptum TpaH3UCTOPOB 7 CTAaHIAAPTHHIX W m OpakoBaHHBIX. [Ipu KoHTpoOIE
0Ka3aJioch, YTO MEPBbIE A TPAH3UCTOPOB CTaHAAPTHBL. HallTh BepOsATHOCTH p TOTO, YTO CIEAYIONIHHA
TpaH3UCTOpP OyJIeT CTaHAAPTHBIM.

Pewenue. Beero ocranoch ais NpoBepKU n+m-k TPaH3UCTOPOB, U3 KOTOPHIX CTAHIAPTHBIX /-
k. T1o ¢popmyie KIaccu4ecKoro onpeaesieHusl BEpOATHOCTH

. n—k
Cn+m—k

Ilpumep 1.2. Cpenu KaHIUJATOB B CTYACHUYECKUN COBET (paKyJibTe€Ta TPU NEPBOKYPCHHKA,
ISTh BTOPOKYPCHUKOB M CE€Mb CTYJIEHTOB TpeThero Kypca. M3 3Toro cocraBa Hayraj BbIOMPAIOT
IATh YesnoBeK. HailTu BEpoSITHOCTH TOTO, UTO BCE MEPBOKYPCHUKHU MOMATYT B COBET.

Pewenue. Uncno cnocoO60B BEIOpaTh MATH YenoBeK u3 3+5+7=15 paBHO yuCiIy coUeTaHUl U3

15 no 5 (HeynopsimoueHHast BbIOOpKa 0€3 NOBTOPEHUH):

/
cjsz—lf;-:soos.
50-10!

BriOpath Tpex NEpBOKYpPCHUKOB M3 TpPEX MOXHO OIHMM crmocoOoM. OcTaBIIMXCS ABYX

2
qIeHOB coBeTa MOXXHO BbIOpats (', criocobamu:

o 120
IS

Hckomas BeposiTHOCTh p=66/3003=2/91.

Ilpumep 1.3. BankoBckuil ceii) uMMeeT KOAOBBIA 3aMOK, COCTOSIIIMM W3 MIECTH IHUCKOB C
BOCBbMbIO OyKkBaMH Ha KaxaoM. Celi() oTKpbIBaeTcsl Mpu HaAOOpe eIMHCTBEHHOW KOMOMHAIIUKN OYKB.
37OyMBIIIUIEHHHK TIBITAETCS OTKPBITH Cei(), MPUUEM Ha MPOBEPKY OJHON KOIOBOW KOMOWHALINU Y
Hero yxoaut 10 cekyna. KakoBa BepOSATHOCTb TOTO, YTO 3JI0YMBIIIJICHHUK yCIIEET OTKPBITH ceil,
€CJIM B €ro pacrnopsbkenuu 1 gac?

Pewenue. O003HaUUM UCKOMYIO BeposiTHOCTH uepe3 P(A). Ilo popmyne (1) ona Oyner paBHa
m/n . 37gech n - o0IIee YHCIO HMCXOJOB, PaBHOE YHUCIY KOJOBBIX KOMOWHaIwmii 3amka. OHO
onpenensercs mo Gopmye (3) u pasHo 8°. m - YKCIIO GIArONPUATCTBYIOIIMX UCXO0B, B JAHHOM
cllydae paBHOE YHCITy KOMOMHAINK, KOTOPBIE yCIeeT NCIpoOoBaTh 3II0YMBINUICHHHUK 3a | dac, T.e.

360. Takum 0Opa3om, HCKOMasi BEPOATHOCTh OyIeT paBHA



P(A):%z1.4-10_3.

KoHTpoJsbHBIE BONIPOCHI:
1. Uto sBasercss mMpeaMeTOM IUCHHUIUIMHBI — Teopus BepoOATHOCTEM U MaTeMaTudeckas
CTaTUCTUKA?
Kakue npuoputeTHbie 3a/1a4u IOCTABJICHBI TIEPEa TUCIUTIITUHON?
KakoBo MECTO NMCIUIIMHBI CPEU APYTUX HAYK?
KakoBbI OCHOBHBIE ATanbl ICTOPUH Pa3BUTHS AUCIUILTUHBI KaK HAyKu?
OcHOBHBIE TIOHATHSI KOMOMHATOPUKH. BUIBI cOeTMHEHU.
Urto Ha3zwiBaeTcs, n-paxkropuanom?
[lepeuncnure OCHOBHBIE 3a/1a4l KOMOWHATOPUKH.
Yrto Ha3bIBaeTCA, IEPECTAHOBKAMU?
9. 3Bamummwure GopMyTy U YUCIIa IEPECTAHOBOK M3 M AJIEMEHTOB.
10. YUto Ha3bIBaeTCs, pa3MELICHUSIMU?
11. 3anummre Gopmyry yucia pasMenIeHHH U3 m 3JIEMEHTOB 10 N.
12. YUrto Ha3pIBaeTCs, COUCTAHUIMU?
13. 3anummure ¢popMyiy Ynuciaa COUCTAaHUN M3 M 3JIEMEHTOB 10 N.
14. OxapakTepu3yiTe MECTO pa3jiesia KOMOMHATOPUKA B TIOCTPOSCHUHU BEPOSITHOCTHBIX MOJIETICH

e Al

Tema.l Teopusi BeposiTHOCTE
IIpakTHyeckoe 3ansaTHe Ne2. BeposiTHOCTB.
Cobvtmuem HazpiBacTCs J1I000M (PakT, KOTOPBIM B pe3yJbTaTe OMNbITA MOXKET IPOU30NTH WIH

HE IPOU30UTH.

Jlocmoesepnbim Ha3biBaeTCs cOObITHE (2, KOTOPOE MPOUCXOIUT B KAXKJIOM OIIBITE.

Hego3modichbim HazpIBacTCs COObITHE &, KOTOPOE B PE3yJIbTaTe OINbITA MPOM3OUTH HE
MOJXKET.

Hecoemecmnupimu Ha3bIBAIOTCS COOBITHS, KOTOPbIE B OJIHOM OIBITE HE MOTYT MPOU3OHTH
OJTHOBPEMEHHO.

Cymmoii (oObeanHeHneM) ABYX coObiTuil 4 U B (o6o3Hauaetcs A+B, AUB) Ha3bIBaeTcs
TaKoe€ COOBITHE, KOTOPOE 3aKII0YaeTCsl B TOM, YTO MPOUCXOIUT XOTS Obl OHO M3 COOBITUH, T.e. A
unu B, unu 06a 0JHOBPEMEHHO.

Ilpoussedenuem (nepecedueHueM) nByX coObitmii A u B (o6o3nauaetcs  A-B, ANB)
Ha3bIBAETCSl TAaKOE COOBITHE, KOTOPOE 3aKII0YAeTCs B TOM, YTO MPOUCXOIAT o0a coObitust 4 u B

BMECTC.

Hpomueononoxcuvim x cobbITHIO A HAa3BIBACTCA TaKoe COObITHE A , KOTOPOE 3aKIIIOYAETCS B
TOM, 4TO COOBITHE A HE MPOUCXO/IUT.

Cobwitst A) (k=1, 2, ..., n) 00pa3yIoT noauyto spynny, €Civl OHU TIOIIAPHO HECOBMECTHHI U B
CyMMe 00pa3yIoT IOCTOBEPHOE COOBITHE.

[Ipu npeoOpazoBaHNM BBIPAKEHUN MOYKHO I10JIB30BATHCS CIAEAYIOUMMH  TOXKJIECTBAMHU:



A+ A=Q; A-A=T; A+Q=0Q; A4-Q=4; A- D=,

A+ = 4; A+B=A-B; A-B=A+B; A+A-B=A+B.
Knaccuueckoe onpeOeﬂeHue eéepoamHocmu:. BEPOATHOCTDH CO6BITI/I$I OonmpeaAcIsACTCA 110

bopmyne
P(4)=", (1)

rac n - 9YrUCJI0 BCEX DJIEMCHTAPHBIX PABHOBO3MOXKHBIX NCXOJ0B JAHHOT'O OIIbITA;

m - 9UCJI0 PaBHOBO3MOKHBIX UCXOI0B, 6J'IaFOHpI/I$ITCTBYIOH_[I/IX COOBITHIO A.

T'eomempuueckoe onpeodenenue gepoamuocmu. I1lyctb B HEKOTOPYIO
obnacTh ciy4ailHbIM 00pa3om OpocaeTcst Touka I, MpUYeM BcEe TOYKHU
obmactu () paBHONpaBHBI B OTHOIICHWH momnafgaHusi Touku 7. Torma 3a
BEPOSTHOCTH TOTAIaHusI TOYKU 1 B 001acTh A MPUHUMAETCS OTHOIIICHHE

S(4

rae S(4) u S(QQ) — reomerpuueckue Mepsl (IIMHA, TUIOMIANb, 00BeM U T.A.) obnacteir 4 u

COOTBCTCTBCHHO.

TEOPEMBI CJIOKEHUSA U YMHOXKEHUS BEPOSITHOCTEH

Ecnu A u B - HecoBMeCTHBIE COOBITHS, TO

P(4UB)=P(A)+P(B). 9)
Ecnu nmeeTcs cueTHOE MHOXKECTBO HECOBMECTHBIX COOBITHH A1, ... , A}, TO
n
P4, + 4, +...+ 4,)=> P(4;). (10)
i=1

BeposTHOCT CYyMMBI JIByX COBMECTHBIX COOBITHI paBHAa CyMME BEPOSITHOCTEH Ka)JOro W3
COOBITHI MUHYC BEPOSITHOCTh X COBMECTHOTO MOSIBJICHHUS:
P(AUB) = P(4)+P(B)-P(4-B), (11)
P(AUBUC) = P(A)+P(B)+P(C)-P(4-B)-P(B-C)-P(4-C)+P(4-B-C). (12)
CoObiTHe A Ha3bIBACTCS HE3AGUCUMBIM OT COOBITUS B, €clii BO3MOXKHOCTb HACTYIIJICHHS
COOBITHS A HE 3aBHCHT OT TOTO, TPOU30ILIO cOObITHE B min Her.
B npoTuBHOM citydae COOBITUS SBISIOTCS 3aBUCUMBIMU. Y C106HOI 6€pPOAMHOCMbI0 COOBITHS

B npu Hanmmuuun A Ha3bIBaeTCSA BEIUYMHA



P(B/A)=P(A4-B)/P(A4) (13)
(mpu 5ToM monaraetcs, uto P(A4) He paBHO 0).

Jlnst He3aBUCHMBIX cCOOBbITHIT P(B/A)=P(B).

BepostHOCT, mpou3BedeHusi (TiepecedyeHMs, COBMEIICHUS) JBYX COOBITUH paBHA
BEPOSITHOCTH OJHOTO M3 HUX, YMHOXXEHHOW Ha YCIIOBHYIO BEpPOSITHOCTH BTOPOrO MpPU HATUYHH
MIEPBOTO.

P(4-B) =P(A) - P(B/4) =P(B) - P(4/B). (14)

JIns1 He3aBHCUMBIX COOBITHIA

P(4-B) =P(A4) - P(B). (15)

BepositHocT P(A) u P( A ) CBsI3aHBI COOTHOLIEHUEM

P(A)=1-P(4). (16)
BeposTHOCTE cyMMBI N COOBITHIA y00HEE BHIYUCIATE O (hopmyIie
P4, + Ay + ..+ A,)=1-P(4,- 4, -...- 4,). (17)
BeposiTHOCTB pou3BeieH s N coObITHH 4, (i =12,.. .,n) paBHa
P(A,-Ay-...-A,)=P(4,)-P(4,|A4,)- P(4;| 4, - 4,)-...x
xP(A,|A; - Ay .- 4, ), (18)
rie P(Ak VAy - Ay 1) - BEPOSITHOCTh MOSBICHUS COOBITHSL Ak, IPH YCIOBHH, UTO

cobbrtust Ay, A,,..., A;_; B raHHOM OIbITE MPOU3OLLIN. B cirydae He3aBUCHUMBIX COOBITHI HaHHAS
(dbopMyIa ynporaercs:
P(4,-Ay-...-4,)=P(4,)- P(4,)-...- P(4,). (19)

Ilpumep 2.1. CooOieHre mepeaaeTcsi OJHOBPEMEHHO MO 7 KaHajlaM CBS3H, MpPUYEM IS
HAJIKHOCTH IO KaXKJIOMY KaHAIy OHO MOBTOpsieTcss k pa3. Ilpu omHOW mepemade cooOIeHHE
(HEe3aBHCHMO OT JIPYTHX) UCKAXAETCSl C BEPOSATHOCTHIO p . Kaxnplil kaHan cBS3M (HE3aBUCHMO OT
JPYTUX) «3a0MBaeTCs» MOMEXaMU C BEPOSTHOCTBIO ¢; «3a0WTHI» KaHAJ HE MOXET IepeaBarh
cooOmieHusi. HaliTu BeposITHOCTH TOTO, UTO aJpecaT MOJyduT cooOIeHrne 0e3 NCKaKeHH.

Pewenue. O603HaUNM COOBITHS:

A = {xoT1s Obl OJIUH pa3 cooOIeHre TIepeaaHo 0e3 UCKAKCHUH } ;

B; = {no i-my xaHaxy coo0OlLIeHHe XOTs Obl OJMH pa3 ObLIO IepeaHo 0e3 UCKaXKEeHUIl | .

Jsist BBITTOJTHEHHS COOBITUS i-U KaHall, BO-TIEPBBIX, HE JIOJKEH OBITh 3a0UT MMOMEXaMH U, BO-
BTOPBIX, XOTSI ObI OJTHO COOOIICHHE TI0 HEMY HE JIOJDKHO OBITh HCKaXKCHO.

BeposTHOCTB TOTO, UTO KaHal HE «3a0UT» MoMexamu paBHa 1-q.



BepositHOCTE TOTO, UTO XOTA OBl OJHO COOOIIEHHE NEepeJaHo Oe3 MoMeX paBHa l-pk P -
BEPOATHOCTH TOTO, YTO BCE COOOIICHHUS MEPEIaHbl C UCKAKEHUSIMU).

Torna P(B) = (1 - ¢) - (1 - pk).

BeposTHOCTE COOBITHSI 4, COCTOAIIETO0 B TOM, YTO XOTS Obl HAa OJTHOM KaHajie MPOHU30UJIET

coObITHE, paBHA

P(A)=P OBZ. =]-P(A)=1-P (n]E =]—]£[(]—P(Bi))=
i=1 i=1 i=1

=1-[1-(1-q)(1-p*)]".

2.2. KakoBa BEpOSITHOCTb YraJath B CHOPTIIOTO “S U3 36 HE MEHEe TPeX HOMEPOB?

Pewenue. CoObiTie A - yragaThb HE MEHee TpeX HOMEPOB B CIOPTJIOTO, pa3OuBaercs Ha
CyMMY TPEX HECOBMECTHBIX COOBITHIA:

A3 - yragaTh pOBHO TPH HOMEDA;

A4 - yramaTh pOBHO Y€ThIpE HOMEPA;

As - yragaTh pOBHO MATh HOMEPOB.

[Tpu aTom P(A)=P(A3)+P(A4)+P(As), Tak Kak COOBITHSI HECOBMECTHBI.

Haiinem BepositHocTh P(A3). st aToro Bocnonb3yemcs popmynoit (1). 3meck obiiee 4ucio

KoMOMHaIwi n o ¢popmysie (6) OyaeT paBHO YHUCTY BO3MOKHBIX 3aIIOJTHEHUN KapTOUCK:
/
5 36!
n=Css =————==376992.
51(36 - 3)!
Yuciio O1aronpusATCTBYIONMMX KOMOMHAIIMA M B 3TOM CJIy4ae OINPEICISIeTCs CIICAYHOIIUM
3
obpasom. BoiOpars Tpu HOMepa u3 mstu BeiurpaBumx MoxsHo C. =10 cmnocobamu. Onnako
KaXXJIbIil BEIOOP TpeX MPaBUIBHBIX HOMEPOB COYETACTCS C BLIOOPOM JIBYX HEMPABUIBHBIX HOMEPOB.

Uncno Takux BBIOOPOK PaBHO C321 =465 . Takum 06pa3oM, YHCIO OJIATOIPHUATCTBYIONINX

COOBITUI PaBHO MPOU3BEACHUIO HAWEHHBIX YUCEI:

m=C;-C3;,=10-465=4650.

Torna P(4; )= "2 = % ~0,123-107".
n

AHAJOTUYHO BBIYHMCIISIOTCS P(A4 ) =0,478-107, P(A4;)=0,265-10". Taxum o6pasom,

MCKOMasl BEPOSATHOCTH OyIeT paBHa

P(A4)=0,123-10"" +0,478-107 +0,265-107 =0,128 - 107"

KoHTpoabHbIE BONPOCHI:
1. OcHoBHBIE TOHATHUS TEOPUH BeposiTHOCTEH. COOBITHS U MX KIacCU(PUKAIIHSL.
2. AxcHMoOMaTHYEeCKO€ ONpeIeSICHUE BEPOSTHOCTH.
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KoHneuHnoe BeposATHOCTHOE MPOCTPAHCTBO.

Kaxue coOpITHSI HAa3bIBAIOTCS JOCTOBEpHBIMH? [IprBeanTe MpUMepHI.

Kakue coObITHSI Ha3bIBalOTCs HEBO3MOXKHBIMU? [IprBeuTe NpuMepsI.

Uto Ha3bIBAETCS, BEPOSTHOCTHIO COOBITHS?

Kakwne coObITHsI Ha3bIBarOTCs HecoBMecTHRIMU? [IprBeuTe MIpUMEpHI.

Uemy paBHa cyMMa HECOBMECTHBIX COOBITHI?

9. Kakue coObITHS Ha3bIBAIOTCA IPOTUBONONOXKHBIMU? [IpuBeuTe mpuMepsl.

10. Knaccuueckoe onpeneneHust BeposiTHOCTH. CBOMCTBAa BEPOSITHOCTH.

11. 'eomeTpuueckoe onpesesieHue BEpOSITHOCTH.

12. Cratuctrueckoe onpeaesieHne BepossTHOCTH. OTHOCUTETbHAS YaCTOTa COOBITHS.
13. Kak dopmynupyercst TeopeMa CI0KEHHUSI BEPOSTHOCTEH?

14. Yemy paBHa cymMMa BEpOSTHOCTEH MPOTUBOIIOIOKHBIX COOBITHI?

15. Kak hopmynupyeTcst TeopemMa yMHOKEHUS BEPOATHOCTEMN?

16. OxapakTepu3yiTe 3HAYEHHUE TOHATHM TEOPUU BEPOATHOCTH B  MAaTeMaTHYECKOM
MOJIETUPOBAHUH TP PeIIeHUH NpodhecCuoHaIbHbIX 334

NI n AW

Tema.l Teopusi BeposiTHOCTEH
IIpakTHyeckoe 3ansaTue Ne 3. Teopembr TB.

JlommycTuM, 4TO MPOBOJUTCS HEKOTOPBIM OMBIT, 00 YCIOBHUSIX KOTOPOTO MOKHO CHAENaTh n
UCKJIIOYAIOUIMX APYT Ipyra Opeanonoxenui (eunomes): { Hy, Hp, ...,H,}, H; N Hj=® MIpH i#].

CoObiTHE A MOXKET MOSBIATECA COBMECTHO ¢ OAHOW M3 rumore3 [; . CoObitne A MOKHO

npeaACTaBUTh Kak CyMMY n HECOBMCCTHBIX COOBITHH:

A= (AnH1)uANHy) U... U(ANHy,).
n
ITo npaBUITy CIOKEHUS BEPOSATHOCTEN P(A) = ZP(H N A).
i=1

Ilo mnpaBmty yMmHOXeHus BepoatHocTell P(H;NA)=P(H;)-P(4/H;). Torma mnoaHas

BEpPOSAITHOCTH COOBITHS 4 paBHA

P(4)=3P(H,)-P(A/H,). 0)
i=1

CrnencTBueM TpaBWiIa YMHOXXEHHS W (OPMYJIBI MOJHOW BEPOSITHOCTH SIBIISICTCS ghopmyna
bauieca.
BepostHOoCcTh HacTymieHust coObITUS A COBMECTHO C THUIOTE30M [ onpexpensercs ¢
HCIIOJIb30BAHHUEM TCOPEMbI YMHOKCHU A BGPOﬂTHOCTeﬁC
P(AnHy)=P(H})-P(A/Hy)=P(A4)-P(H}/A).
Takxum 0Opa3zom, MOXKHO 3aMUCaTh:
P(H}/A)=P(H})-P(A/Hy)/P(A).
C ucnonp3oBanreM (GOPMYJIbI TIOTHOM BEPOSATHOCTH
P(H,) P(A/H})

n

ZP(HZ-)-P(A/HZ-).

P((H,)/ 4) 1)
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Ilpumep 3.1. B npogaxy MOCTYNUIIN TEIEBU30pHI Tpex 3aBoA0B. [IpoyKius nepBoro 3aBoja
comepxut 10% TteneBu3opoB ¢ nedekroM, Broporo — 5% u tperbero 3%. KakoBa BeposTHOCTH
KyIUTh HEUCTIPAaBHBIA TENEBU30p, €CIM B MarazuH Moctymmio 25 % TeleBH30pOB C IIEPBOTO
3aBoja, 55% — co BToporo u 20% — ¢ TpeTsero?

Pewenue. C paccmaTpuBaeMbIM COOBITUEM A={NpUOOPETECHHBII TENEBU30p OKa3ajCi C
nedexToM } cBA3aHO TpH IMIIOTE3bl: /| ={TeJIeBN30p BHITYIIECH MEPBBIM 3aBOJOM }, [{)={BbIIyIleH
BTOPBIM 3aBOJIOM |, [H3={BBIylleH TPETbUM 3aBOAOM}. BeposTHOCTH 3TUX COOBITHH
onpenenaTes u3 ycnosus 3anaun: P(H1)=0,25; P(H3)=0,55; P(H3)=0,2. YciaoBHbIE BEPOSTHOCTH
COOBITHS A TarKe OompenensioTcs u3 ycnosus 3anaun: P(4/H1)=0,1; P(4/H»)=0,05; P(4/H3)=0,03.

Otcrona o ¢popmyJie MOoJTHON BEPOSTHOCTH CIIEIYET:
P(4)=0,25-0,1 + 0,55-0,05 + 0,2-0,03 = 0,0585.

llpumep 3.2. Ha BXOJ paJHONPUEMHOTO YCTPOMCTBA ¢ BEpOSATHOCTHIO 0,9 mocTymaer cmech
MOJIE3HOT0 CUTHAJIA C MIOMEXOM, a ¢ BeposATHOCThIO 0,1 Tonbko momexa. Eciau moctymaeT noiae3Hblid
CHUTHaJl C TIOMEXOH, TO MPUEMHHUK C BEPOSITHOCTHIO 0,8 perucTpupyer HaJIMuhe CHUTHaJIA, €CIIH
MOCTYIAET TOJBKO MOMEXa, TO PErUCTPUPYETCA HAIMUKUE CUTHANIA ¢ BepoATHOCThIO 0,3. M3BecTHO,
YTO IPUEMHUK IOKa3ajl Halu4he curHaga. KakoBa BEpOsSTHOCTh TOTO, YTO CUTHAN JCHCTBUTEIHHO
npuien?

Pewenue. C paccmarpuBaeMbIM COOBITHEM A={IIPUEMHUK 3apETHUCTPUPOBAT HAITUIHE
CUTHaJIa} CBA3aHO JABE FMIOTE3bl [ |={IpHulllen CUrHaI U oMexa}, [Hp={npuiuia ToJbKO Iomexa}.
BepostHoctn 3tux runores P(H1)=0,9, P(H»)=0,1. YcnoBHble BepOSTHOCTH cOObITHA A 1O
OTHOILIECHHMIO K runote3am H| u Hp HaxoauM u3 ycnosus 3agauu: P(4/H1)=0,8, P(4/H»)=0,3.

TpebyeTcst onpenenuTh YCIOBHYIO BEPOSTHOCTh TUIOTE3bl /1] TI0 OTHOIEHHIO K COOBITHIO A,

JUTSL 9eTo BocToab3yeMcs popmyroit batieca:

~ P(H,)-P(A/H,) 0908

P(H,/A) ,
3.3. lns pemreHus BONpOca WATH B KMHO WIM HA JIGKLIHUIO CTYACHT IOAOPACHIBACT MOHETY.
Ecnu cTyneHT moier Ha JIEKIUIO, OH pa3depercs B TeMe ¢ BeposTHOCThIO 0,9, a eciiu B KUHO - C
BeposTHOCTHIO 0,3. KakoBa BEpOATHOCTB TOTO, YTO CTYACHT pa3depercs B Teme?
Pewenue. ITpumenum Gpopmyny nomaHoit BeposiTHOCTH (20). [Tycts A - coObiTHE, COcTOsIIIEE B
TOM, YTO CTYAEHT pa3oOpaics B Teme, coObiTue (rumore3a) Hi - crynmeHt maer B kuHo, H» -
CTY/ICHT W/IET Ha JICKIHIO. VI3BECTHBI U3 yCIIOBUS 3a/1auy CICIYIOUINE BEPOSATHOCTH:
P(H1)=P(H2)=0,5; P(A/H1)=0,3; P(A/H2)=0,9.

Vckomasi BeposiITHOCTb coObITUSL A OyJIeT paBHa
P(A)=P(H1) - P(A/ Hi)+ P(H2) - P(A/ H2)=0,5 - 0,3+0,5 - 0,9=0,6.

3.4. Ilyctp ogna monera u3 10000000 mmeer repd ¢ 0O6eUX CTOPOH, OCTaJbHBIE MOHETHI
oObrunble. Hayran BeiOpaHHast MOHeTa Opocaercsi AecATh pa3, NMpPHUYEM BO BCeX OpOCaHMIX OHA

najsaetr repooM kBepxy. KakoBa BeposITHOCTH TOTO, UTO ObUIa BEIOpaHa MOHETa C IByMs repoamu?
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Pewenue. Tlpumenum popmyny baiieca (21). Ilycts coObiTHE A - MOHETA IECITH pa3 MOAPSIA
najaet repobom kBepxy. ['mmoressr: Hi - BeiOpana HopmanbHasi MoHeTa; H2 - BeIOpaHa MoHeTa ¢
nByms repoamu. [1o yciaoBHrO 3a1auu HEOOXOIUMO ONPEICIIUTh YCIOBHYIO BeposTHOCTE P(H2/A).

Hewussectrrie B hopmyie (21) BepOSITHOCTH paBHBI

P(H1)=0,9999999; P(H2)=107;
P(A/H1)=0,5'; P(A/H2)=1.
CnenoBaTeabHO,

P(H,)-P(A/H,)+ P(H,)- P(A/ H,)
B 1071
107 -1+ 0,9999999.0,5"

~1,02-10™".

KoHTpoJbHBIE BONIPOCHI:
1.YcnoBHas BEpOATHOCTH. He3aBUCHMOCTH COOBITHH.
2. ®opmyna nosiHoM BeposTHocTH. Dopmyina baiieca.
3. 3HaveHHE U IPUMEHEHHIE TEOPEM TEOPHH BEPOSTHOCTH B 00pa0OTKE IMITUPUUECKAX U
9KCIIEPUMEHTABHBIX TaHHBIX MPH PEIICHUH MPO(PEeCcCHOHATBHBIX 3a/1a9

Tema.l Teopusi BeposiTHOCTE

IIpakTHyeckoe 3ansaTHe Ne4-5. IloBTopHbie ucnbiTanus. Pacnpenenenne Ilyaccona.

HyCTB MMPOU3BOAUTCA 1 HE3aBUCHUMBIX OIIBITOB. B PE3YJIbTATC KaKAOI'0 OIIbITa coObITHE A
MOSIBJIICTCSI C BEPOSITHOCTBIO p M HE NOABISETCA ¢ BEPOSITHOCTBIO 1-p . BepostHocTh P(7,k) ToTO,
YTO B MOCJICZOBATEIILHOCTH U3 /1 ONIBITOB MHTEPECYIOIee HAC COOBITHE A MPOU30MIET POBHO k pa3

(popmyna bepuyiiu) paBHa

Plnk)=Cl - pt (1= p)yF = (1 p) (22)
k!{n—k)!
ITycTs mpou3sBOAMTCA CEpHs U3 7 HE3aBUCHUMBIX MCIBITAHHMH, B PE3yJIbTaTe KaKIAOTo W3
KOTOPBIX MOYET HOSBHUTLCS OJHO M3 COOBITMH A1, A), ..., Ay C BEPOATHOCTAMH P, P2, ..., Dy
COOTBETCTBEHHO.

BeposiTHOCTH TOrO, YTO B CEPUU U3 1 HCHBITAHUN COObITHE A| HACTYNUT POBHO k| pas,

cobsiTne A9 — kp pas, ..., cobsitue Ay — k;-pas (k1 + ... + k;- = n) paBHa

_ n! kp . ks ky
P(n,kj,...,kr)—k] k] p;l Py p (23)

Jokanvnaa meopema Jlannaca

13



BCpOfITHOCTL TOT'0, YTO B 7 HC3aBUCHMBIX HCIIBITAHUAX (H-IIOCTaTO‘-IHO OonbIIoe LIPICJ'IO), B

Ka)KJIOM U3 KOTOPBIX BEPOSITHOCTH MOSIBJICHUS COOBITHS paBHA p, COOBITUE HACTYIHUT POBHO k pas,
MpUOIMKEHHO paBHA

P, (k) ~ 22 (24)

\hpq ,

rac

o) =——exp[ X x=XP g1y
N2 2 ) Jnpg '

Humezpanonas meopema Jlannaca
BeposTHOCTH TOTO, 4TO B 7 HE3aBUCHUMBIX HCIBITAHUSIX, B KaXJIOM U3 KOTOPBIX HEKOTOPOE

COOBITHE MOSIBJIIETCS C BEPOSTHOCTBIO p , COOBITUE HACTYNUT HE MeHee k| U He Oonee k) pas,

MpUOIMKEHHO paBHA

Pu(k] <k <kp) = (D(x2) - P(x1)), (25)
rac

X 2
D(x) = \/;_77 .[ exp(—%jdz - bynkius Jlannaca,
0

:(k1_np) ¥ :(kz_np)_

Yo Jmpg T npg

Ilpumep 4.1. Tlo kaHamy cCBs3u TepefaeTcss n = 6 COOOIICHHWH, KaXI0€ U3 KOTOPBIX

HE3aBUCUMO OT JIPYTHUX, C BEPOSITHOCTHIO p = 0,2 OKa3bIBaeTCAd UCKaKeHHBbIM. HaliTu BeposTHOCTH
CJIEIYIOIINX COOBITHH:

A = {poBHO 11Ba cOOOIIEHUS U3 6 NCKAKCHBI},

B = {ne menee AByXx cooOmeHni n3 6 NCKaXKEHBI |,

C = {Bce coolbmieHus OyIyT Mepeianbl 0€3 UCKaKSHUH |,
D = {Bce cooOmieHus OyayT UCKaKCHBI } .

Pewenue. T1o popmyne bepuymnu (1.21)

|
P(4)=C>-p*-(1- p)* =%-0,22 0,8 =0,197,

P(B) = P(6,2) + P(6,3) + P(6,4) + P(6,5) + P(6,6) = 1- P(6,0) - P(6,1) =
=1-C"-p’-(1-p)°=C!-p'-(1- p)’ =1-0,8° —6-0,2'-0,8° = 0,345,
P(C)=(1-p)*=0,262, P(D)=p®=0,2°=0,000064.
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Ilpumep 4.2. BepoATHOCTb MNOsBICHUS cOObITUS A 3a Bpems wucnbiTaHuii paBHa 0,8.
Ompenenutb  BEpOATHOCTH TOro, uro B 100 wucneiTaHusx coObiThe A  TIOSIBUTCA:
a) 80 pa3; 0) e meHee 75 u He 6onee 90 pa3; B) He MeHee 75 pas.

Pewenue

1) Bocnionbszyemcest mokansHO#M TeopeMoit Myaspa-Jlamnaca:

P (80)= o(x) . 80-100-08 _

J/100-0,8-0,2° 4/100-0,8-0,2
¢(0) =0,3989, rorna P(100,80) = 0,0997.
2) CornacHo nHTerpanbHoi Teopeme Myaspa-Jlamiaca
P100(75<k< 90) = (D (LISOJ -0 (%fISOJ) =(D(2,5)-D(-1,25))=(D(2,5)+D(1,25)).
3nauenue ¢pyHkiuu Jlamiaca onpenensem o tabnuie Jlamraca d(2,5)=0,4938;

®(1,25) =0,3944. P1oo(75<k<90)=0,8882.

KoHTpoJbHbIE BONIPOCHI:
1. IlocnemoBaTenbHOCTh HE3aBUCUMBIX HcTbITaHUN. Dopmyna bepHymmu.
2. JlokanwpHas ¥ MHTErpaibHas TeopeMbl MyaBpa-Jlamnnaca.
3. 3HayeHue U NPUMEHEHUE MOJIEJIE TEOPUU BEPOITHOCTH B MPUMEHEHUH CUCTEMHOTO
MOJXO0/IA ITIsl pelieHus MPOPECCUOHANBHBIX 337124

Tema.l Teopusi BeposiTHOCTEI
IIpakTyeckoe 3ansaTue Ne6. CnydaiiHble BeJIMYMHBI.
IMon cryuaiinou éenuuunoi (CB) moHMMaeTcsi BeIUYMHA, KOTOpas B pe3yJbTaTe OIbITa CO

CIIy4ailHbIM MCXO0/I0M MPUHUMAET TO WJIM MHOE 3HAUYEHUE, IPUYEM, 3apaHEe 10 ONbITa HEU3BECTHO
Kakoe UMeHHO. O003HaueHus ciay4yaiiHol BenuuuHbl: X, Y; 3HauUeHUs Cay4yaiHOM BETMUUHBL: X, V.

CrydaiiHple BeNWYMHBI MOTYT OBITH OuUCKpemHblMU WIN HenpepuléHbiMU, a 00JIacTh
BO3MOXHBIX HCXOJIOB MOKET OBITh IpeJCTaBlieHa KOHEYHbIM MHO)KECTBOM, CUYETHBIM WU
OECKOHEUHBIM.

3akon pacnpedenenusa CiydaiiHOW BENIWYMHBI — J1000€ MPABUJIO, YCTaHABIMBAIOIIEE
COOTBETCTBUE MEKY 3HAUYCHUSAMU CIIy4alHON BEJIMYUHBI U BEPOSTHOCTAMH €€ HACTYIIJICHHUS.

Paoom pacnpeodenenusa nuckpetnoit CB X Ha3piBaeTcs Tabaula, B BEpXHEHW CTPOKE KOTOPOM
HEePEUnCIIeHbl Bce BO3MOXKHBIe 3HaueHus CB xq, x, ..., x5 (xj.1 <X;), @ B HUXKHEH — BEPOSITHOCTH

UX NOSIBICHUS P, P2, ... » Py » TAC p;=P{X=x;}.

x] x) Xy

P1 P2 Pn
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Tak kak coObitus {X=x1}, ... ,{X=x;} ... HSCCOBMECTHBI M 00pa3ylOT MOJHYIO IPyHIy, TO

CIPaBEIJIMBO KOHTPOJIHHOE COOTHOLICHHE
pltp2t..tp,=1 (26)

@Dynkyueil pacnpedenenusn Cryd4aiiHON BEIMUNHBI X Ha3bIBA€TCS BEPOSATHOCTH TOTO, YTO OHA
MIPUMET 3HAUYCHUE MEHbIIIee, YeM apryMeHT GyHKIuu x: F(x)=P {X<x}.

CoiicTBa (D)yHKIIMM pacIpeesICHUs:

1. F(-0)=0.

2. F(+0 )= 1.

3. F(x1) < F(xp), mpux|<x).

4.P(a £ X<b)=F(b) - F(a). (27)

Dynkyusa pacnpedenenus OUCKpEemHoIl Cay4aiuHoll 6eauduHbl

Hcxonnoit nadopmarmet 1yist moctTpoeHus: GyHKITUU pacpeie]IeHUs] JUCKPETHOHN CITydyaiHOM

BEJIMYMHBI X sIBIsIETCS psijl pacnpenesienus »toil CB.

X X1 X2 X3 X >X
Pi Pl P2 P3 Pn 0
F(x;) 0 r1 p1tp2 p1t--tPp-1 1

F(x;)=P{X<x;}=P{(X=x1))uX=xp)U ... UX=x;_1)}=p1T..-tDPj-1-

QOyHkuus pacnpeneneHus o0oi nuckperHoid CB ecTs pa3pbIBHas cTyneHYaTas (QyHKIUS,
CKa4YKM KOTOPOW IMPOUCXOIAT B TOYKAX, COOTBETCTBYIOIIMX BO3MOKHBIM 3HAYEHUSM CIIydallHOH
BEJIMYMHBI, U PaBHBI BEPOSTHOCTSIM 3THX 3HAUYEHUI.

Henpepuvienaa cayuaiitnaa éenuyuna (HCB). Ilnomnocms eepoamuocmu

BeposTHOCTh momagaHusi HENPEPHIBHOM CIyYalHOW BEIWYMHBI X HA Y4acTOK OT X 10 X+Ax
paBHa IpuUpalleHuto GyHKIIUU pacTpeeNieHUs] Ha 5TOM yJacTKe:
P{x<X <xt+Ax}=F(x+Ax) - F(x).
[110THOCTH BEPOSITHOCTH Ha 3TOM yYacTKe ONpEeieTcs OTHOIIEHUEM

7(x) = lim P{x<X <x+Ax} ~ im F(x+Ax)-F(x) :dF(x).

Av—>0 Ax Ax—0 Ax dx

(28)

[InotHOCTBIO pacmpeneneHnss (MU IJIOTHOCTBIO BEPOSTHOCTH) HENPEPHIBHOM CiyyailHON
BEJIMYUHBI X B TOYKE X HA3bIBACTCS NPOM3BOJHAS €€ (QYHKIMM PACIPECNICHUS B 3TOH TOUKE U
obo3Hauaercs f(x). I'paduk MIOTHOCTH pacrpeieNieHus] Ha3bIBaeTCsl KPUBOW pacIipeesieHus..

[lyctp MMeeTcs TOYKa X M NPWIETAIONUN K HEH oTpe3ok dx. BeposTHOCTh momanaHus
cllydaifHOW BeIMUYMHBI X Ha 3TOT MHTEPBaJ paBHA f(x)dx. DTa BeIUYMHA HA3bIBACTCS 3JI€MEHTOM

BEPOSITHOCTH.
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BeposTHOCTE nONaganus Cily4allHOM BEIMYHMHBI X Ha IIPOU3BOJIBHBIM Y4aCTOK

[a, b[ paBHA cyMMe 3JIeMEHTapHbBIX BEPOSITHOCTEN Ha ’TOM y4acTKe:

b
Pla< X <b}=|f(x)dx. (29)

DTO COOTHOIIICHHWE TIO3BOJISET BBIPA3UTh (PYHKIWIO pacnpeneneHus F(x) ciayyaiHoR

BEJIMYUHBI X yepe3 ee IUIOTHOCTD:

F(x)=P{X <x}=P{-0o< X <x}= _]ff(x)dx. (30)

—00
B reomerpuueckoil mnTepnpetanuu F(x) paBHa MIIOLIAAH, OTPAaHUYCHHON CBEpPXY KPHUBOU
TUTOTHOCTH pacIipeiesieHus f{x) u Jexalei JieBee TOUKH X.
OcHOBHBbIE CBOIICTBA IVIOTHOCTH pacrpe/ieeHus :

1. IlnoTHOCTH pacmpeneneHust HeoTpuuarenbHa: f{x) > 0.

2. YcinoBue HOPMHPOBKH: If(x)dx =1. (31)

—00

Ilpumep 5.1. Tlo ogHOM U TOM k€ CTapTOBOM MO3ULMH NPOTUBHUKA IIPOU3BOJIUTCS IIYCK U3
IIITU PaKeT, IPUYEM BEPOATHOCTD MOMNAJaHMs B LEdb IPU KaKJI0M IIyCKe OJIHOM pakeTsl paBHa 0,8.

[ToctpouTs psAn pacrnpeneneHus Yucia NonaJgaHuin.
Pewenue. CnyuaiiHas BenuunHa X (YMCIO TOMAJaHUM B 1€lb) MOXET MPUHUMATH

cinenytomue 3Hauenus: 0, 1, 2, 3, 4, 5. Haiinem BepOSTHOCTb NPHUHATUS BEIUYMHOM X ATUX

3Ha4eHUH, UCTIoNb3ys Gpopmyny beprymmm:

P{X =0}=(1-p)’ =0,2° =0,00032 ,

=C:-p’>-(1-p)’=10-0,8"-0,2° =0,0512 ,
=C.-p’-(1- p)*=10-0,8"-0,2° =0,2048 ,
X=4}=C{-p*-(1-p)=5-0,8"-0,2=0,4096 ,

P{X =5}=p° =08 =0,32768 .

Psin pactipenenenust umeeT BU:

X 0 1 2 3 4 5
i 0,00032 | 0,0064 | 0,0512 | 0,2048 | 04096 | 0,32768

Ilpumep 5.2. CnyqaiiHas BenuuuHa X paclpeneieHa IO 3aKOHY, OIPENesIIeMOMY
IIJIOTHOCTBIO BEPOATHOCTH BUJA
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C-COS X, —w/2<x<xm/2

f(x):{ 0, ‘x‘>7z/2.

Haiitu xoHCTaHTYy €, QyHKIUIO pacnpeneneHus F(x) u Beraucauth P {|x| < m/4}.
Pewenue. KOHCTaHTy ¢ BBIYMCIUM UCXOS U3 YCIOBUS HOPMUPOBKHU:

© /2 72'/2
xX)dx = c-cosxdx =c-sinx =c+c=2-c=1,
/2
—TT
—0 —-/2

otkyaa ¢ = 0,5.

Tak Kak IVIOTHOCTh BEPOSITHOCTH 3aJaHa pazIU4HbIMU (GOpMyJIaMH Ha pa3HbIX MHTEpBajax,
TO U (PYHKLHUIO pacipesiesieHns Oy 1eM UCKaTh 7S KaXI0T0 MHTepBaja B OTACIbHOCTH.

Josx<2 F(x)= [ f(0)dy=[0dy =0

s t Ccosy siny| X 1+ sin x
-n2<x<n/2 F(x)= | Ody+ dy = =—,
o w2esw2 FO) = [ Ody+ | = 5dy=—0) ) =
/2 /2 X
wnx>n2 F(x)= | 0dv+ [ ay+ [ody=1.
—00 -/2 /2
OKOHYATEIHLHO HMEEM
0, x<-m/2
F(x)=4 (+sinx)/2,  |x|<7/2
1, x>/2.
Beposrtaocts P{|x| < n/4}=F z -F - Q-l—l — —£+l =£.
4 4 4 2 4 2 2

YUCJOBBIE XAPAKTEPUCTUKH CIYYAWMHOM BEJTUYUHBI

OI[Ha N3 OCHOBHBIX XapaKTCPUCTUK CB - MmaTemaTnueckoe OKMJJaHHue:

> x,-P{X=x}0n2a JCB

m, =M[X]=41 = 32
4] Ix-f(x)dx ons HCB. -

MaremaTiueckoe OXHIAaHUE XapakTepu3yer cpeanee 3Hauenne CB u  obmamaer
CJIEAYIOIUMHU CBOMCTBAMH:

1. M[c]=c.

2. M[c-X] = cM[X].

3. M[X+c] = M[X]+c.
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4. M[X1+X2] = M[X1]+M[X2].

Mooou crnydaiiHOIl BeTMYMHBI Ha3bIBaeTCs €€ Haumbojee BEpOATHOE 3HAYCHHE, T.e. TO
3HaYEHHeE, U KOTOPOro BEpOATHOCTb p; (ans nuckpetHoit CB) umm f(x) (11 HenmpepbiBHBIX CB)
nocturaroT Mmakcumyma. O6o3nauenus: Mx, Mo.

Meouanoint cnydaiiHOW BenMYMHBI X Ha3bIBA€TCS TAKOE €€ 3HAauy€Hue, s  KOTOPOro
BhIMONHsETCS ycnoBue P{X<Me} = P{X>Me}. Menuana, Kkak mpaBWio, CyIIECTBYET TOJbKO IS
HETMPEPBIBHBIX CIIyYalHBIX BEJIMYUH.

Keanmunwro Ap ClIy4yaiiHOM Benu4MHBbl X SBISETCA TAaKOE €€ 3HauyeHue, AJii KOTOPOro
BBITIOJIHSETCS YCIOBHE P{X<xp} = Fi (Xp) =p.

Hauanvnoui momenm s-ro nopsaaka CB X ectb maTtemaTuyeckoe 0XHAAHHE S-H CTENEHU
3TOH citydaiiHO# BenuduHbL: o g = M[X5].

Llenmpuposannoin ciyyaiiHON BeTUYMHON Ha3bIBaeTCsl OTKIOHeHHe CB oT MaTeMaTtuueckoro

O JaHUA:
X=X-m,, M[X]=M[X-m,]=0.

MOMEHTBl  LEHTPUPOBAHHOM  CIIy4YalHOM  BEJIMYMHBI -  YEHmMpAlbHble  MOMEHMbl.
Henmpanvustit momenm tnopsinka s CB X ecTb mareMarndeckoe OXHUIAHHE S-U CTENEHU

LIEHTPUPOBAHHOM CIIy4YailHON BEJIMYMHBI:
oS s
U =M[X"|=M[(X —m,)].

Jst mro60¥ cmydaiiHON BETUYMHBI IEHTPAJIbHBI MOMEHT IEPBOTO MOpsiaKa paBeH (.
Jucnepcua  cnydyallHOM  BEJIMYMHBI €CTh ~ MaTeMaTHYecKOoe  OXKHWJaHWe  KBajapaTa

COOTBETCTBYIOIIEH LIECHTPUPOBAHHOW CITyYalHOW BEJIMYHHBI.

PacueTtnbie popmMyibt:

Z(xl.—mX)2-P{szi}Zinz-P{szl.}—(mX)z, ons JICB
D[X]=1 . . (33)
j (x—m,)* f(x)dx = j X2 f(x)dx—(m,)?, ons HCB

—»

BprauciuTs AMCHIEPCHIO MOKHO M Y€pe3 BTOPOM HaYaJIbHbIA MOMEHT:

D[X]=M[X*]-m .

Jucnepcusi ciayuyailHOW BENWYMHBI XapaKTepU3yeT CTeNeHb pacceuBaHusi (pasdpoca)
3HAYCHUH CIly4allHOW BEJWYMHBI OTHOCHTEIBHO €€ MAaTeMaTH4YeCKOTO OXHIAHUS MW oO0azaer
CJEAYIOIMMH CBOMCTBAMU:

1. D[c] =0.

2. D[X+c] = D[X].

3. D[c-X] = ¢2'D[X].

G[c-X] = c-o[X].
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Cpeonum keaopamuueckum omxnonenuem (CKO) CB X Ha3pIBaeTCs XapaKTepUCTUKA
o, =0[X]=yD[X]. (34)

CKO wu3mepsieTcst B Tex ke (pusnueckux eauHunax, yro u CB, u xapakTepu3yeT mUpUHY
nuamna3osa 3Hauenui CB.

Ilpasuno 3o. lIpaktnyecku Bce 3HaueHus1 CB HaxonsTcsa B MHTEpBAJIE:

[m-3c; m+3c;]. (35)

Ilpumep 6.1. V3 mnapTum YHCIEHHOCTBIO 25 W3AECNHH, Cpear KOTOPBbIX HUMEETCS IIECTh
HECTaHJapTHBIX, CIy4yaiiHbIM 00pa3oM BbIOpaHbl TpH u3nenus. HallTu MaremMaTuueckoe okujaHue
U CpeJHee KBaJpaTHYeCKOe OTKIOHEHNE HECTaHJaPTHBIX U3JIENHA, COJIepKalIiuXcs B BEHIOOPKE.

Pewenue. I1o ycnosuro 3anaun CB X npunumMaet cienyromue 3Hadenus: x1=0; xp=1; x3=2;

x4=3. BepositHocTh TOTO, 4TO B 3TOMU BBIOOpKE OKayKeTCst POBHO
i (i=0,1,2,3)HecTaHIapTHBIX U3ICTUH, BEIYUCIAETCS 110 hopMyJie
Cé ) C139_ i
p,=P{X=x}= —,
Cos
OTKy[ia p1=0,41; pr=0,43; p3=0,11; pg=0,05.

Jucnepcuto onpeaenum mo Gopmynam

D[X] = M[X?] - (M[X])?,
M[X]=0-041+1-0,43+2-0,11+3-0,05=0,8,
M[X2]=0-0,41+1-0,43+22.0,11+32.0,05=1,32,
D[X] = 1,32 - (0,8)2 = 0,68.

Torna o[ X]=+4D[X]=0,82.

IIpumep 6.2. Henpeprisaas CB pacnipenenena no 3akony Jlammaca: f(x)=b- e_‘x‘ .
Haiitu koad¢unument b, marematrudeckoe oxumanne M[X], nucnepcuto D[X], cpennee

KBaJpaTUuecKoe OTKIOHeHHE G[X].
Pewenue. JIns nHaxoxneHus xodpduimeHta b BOCHOIb3YyEeMCS CBOWCTBOM HOPMHUPOBKHU

IJIOTHOCTH PAcCIIpe/ieICHHUs J. f(x)dx = Z'bJ.efxdx =2-b=1, orxyna b = 1/2. Tak kak
—o0 0

b

- HedeTHas, TO M[X] =0,5- I x-ePldx = 0, nucnepcus D[X] u CKO O'[X]

—00

byHKIHA X €

COOTBCTCTBCHHO PAaBHBI:

D[X] =0,5- _[xz -e_‘x‘dx:2-0,5-J‘x2 e Mdx =2,

olx]=yD[E]=3.

KoHTpoJibHBIE BONIPOCHI:
1. IloHsATHe cily4aiiHON BEJIMYUHBI. 3aKOH PACIPEACICHUS CIIy4aliHON BEJIUYUHBI.
2. 3aKOoH paclpeaeacHus IUCKPETHON Ci1y4yaiiHOW BeIMYHUHbBl. MHOTOYTOJIBHUK paclpeesICHus.
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WHrerpanbHast pyHKUMS paclpeesieHns U €€ CBOMCTBA.
Huddepennmanbras GyHKINS pacripeesICHHUs 1 €€ CBOWCTBA.
MaremaTHueckoe OKUIaHUE U €r0 CBOMCTBA.

Jucnepcus u cpeHee KBaApaTUIECKOE OTKIIOHEHHE.

Mopa u meauana.

MOMEHTBI ClTy4alHbIX BEJIUYHH.

O XNk Ww

MOACIINPOBAHUUN I/IH(I)OpMaI_[I/IOHHBIX U aBTOMAaTU3UPOBAHHBIX CUCTCM

Tema.l Teopusi BeposiTHOCTEI

Mecto mnoOHATHH TCOpHUU HOUCKPCTHBIX H CJ'Iy‘I&fIHLIX BCJIMYMH B BCEPOATHOCTHOM

IIpakTyeckoe 3ansaTHe Ne7. 3aKkoHBI pacnpeaeaeHUs HeNPEePbIBHBIX CIy4YalHbIX BeJTHYHH.

IMoka3zaTenbHoOe (AKCMOHEHUMAJIBLHOE) pacnpe/ae/eHne

Crnyuaiinas BenuunHa T UIMEET nokazameibHoe PacIpesiesieHUe, eCiu ee
IUIOTHOCTH BEPOATHOCTHU:

e ™, t=20
f(@0)= :
0, t<0
(byHKIUS pacpeaeneHus:
l—-e™, t>0
Fiy=1 ¢ ,
0, t<0

YHCJIOBBIE XapaKTEPUCTUKHU:

M[T] = 1/A, D[T]=1/A%

PaBHOMepHOe pacnpeesieHne

CB X wumMmeer paBHOMEpPHOE paclpeielieHHe Ha ydyactke [a, b],
TUIOTHOCTH BEPOSTHOCTH:
1/(b—a), a<x<b
f(x)= 0

, x<a, x>b’
(GYyHKIMA pacrpeeeHus:
0, x<a
F(x)=: (x—a)/(b-a), a<x<bh,
1, x>b
YUCJIOBBIC XapPAKTCPUCTUKU:
_ 2
A4L¥]zfﬁié, <DLX]:£é_ﬁlﬂ
2 12

KoHTposbHBIE BONIPOCHI:
1. buHoMuanpHOE pacnpeaercHue.
2. IlyaccoHOBCKOE pacnpeaesieHue.
3. T'eomerpuueckoe pacrpeaencHue.
4. PaBHOMEepHOE pacnpeneseHue.

€Clin

(36)

(37)

(38)

€C

(39)

(40)

(41)
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5. 3HaueHHEe 3aKOHOB pacHpeleNIeHUs AUCKPETHBIX M CIy4YalHBIX BEJIMYMH B BEPOSTHOCTHOM
MOJIEJIMPOBAHHUHU IIPOLIECCOB B MH(OPMAIIMOHHBIX U aBTOMaTU3UPOBAHHBIX CUCTEMAX.

Tema.l Teopusi BeposiTHOCTEH
IIpakTnyeckoe 3ansaTue Ne§. 3aKoHbI pacnpe/e/ieHNs] HeMPEePbIBHBIX CJAYYAWHbIX BEeJIUYUH.
HopMaJIbHbIH 32aK0H pacnpeneleHus

CB X umeeT HOpMabHOE pacnpeeieHue, eclid ee
IJIOTHOCTh BEPOSITHOCTH::

1 (x —m)’
X) = ——expi————¢ , (42)
GbyHKIUS pacpeaeneHus:
Fx)=0,5-® 27| (43)
O

1

2z

3navenus ¢pyunkuuu Jlannaca npusenens! B [punoxenun. [Ipu ncnonas3oBanun Ta0iIMIbl 3HAYCHUN
¢yskmu Jlamnaca creayeT yauThIBaTh :

x 7
rae O(x) — pynkums Jlamraca: O(x) = J‘e 2dt .
0

O(-x)=-D(x), DO)=0, D(0)=1.
UucnoBble XapaKTEPUCTUKH:

M[X]|=m, D[X]=0c". (44)

KoHTposibHBIE BONIPOCHI:
1. Tloka3zaTenbHOE pacmpeeneHue.
2. HopmanbHoe pacnpeneneHue
3. 3HaveHHE 3aKOHOB paCHpPENENICHUs AMCKPETHBIX M CIy4YalHBIX BEJIMYMH B BEPOSTHOCTHOM
MOJICJIMPOBAHUH MIPOIIECCOB B MH()OPMAIIMOHHBIX U aBTOMAaTU3MPOBAHHBIX CUCTEMAX.
KomMneTeHTHOCTHO-OpPHEeHTHPOBAHHbIE 32JaHUS U 321a4H 110 pa3/ieny
Teopus BepossTHOCTEH
3amanmue 1.
B 3apgauax 1.1-1.5 nogOpaceiBatoTcst e UrpajibHbIE KOCTH.
1.1. OnpenenuTs BEPOSTHOCTH TOTO, YTO CYMMa BBINABIIMX YHUCET PaBHA BOCHMH.
1.2. OnpenenuTh BEPOSTHOCTh TOTO, YTO CyMMa BBINABIIMX YHCEN JIENUTCS 0e3 ocTaTka Ha
LIECTb.
1.3. OnpenenuTs BEPOATHOCTH TOTO, YTO CYMMa BBINIABIIMX YHcen npesbimaet 10.

1.4. OnpenenuTs BEPOSTHOCTH TOTO, YTO BBINAAYT OJAMHAKOBBIE YHCIIA.

1.5. OHpe,Z[eJ'II/ITL BCPOATHOCTDH TOI'O, YTO BBIIIAAYT PA3HBIC, HO YCTHBIC YHCJIA.
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1.6. B ypHe deTsipe OenbIX W NATh YEPHBIX IIapoB. M3 ypHBI Hayral BRIHUMAIOT JIBa IIapa.
HaiiTu BeposiTHOCTH TOTO, YTO OJIUH M3 3TUX IIAPOB - OETIBIN, a IPYTOH - YePHBIH.

1.7. B ypHe deTsipe OenbIX W MATh YEPHBIX IIapoB. M3 ypHBI Hayral BRIHUMAIOT JIBa IIapa.
Haiitu BeposTHOCTB TOr0, 4TO 002 1mapa Oy 1yT OJJUHAKOBOTO LIBETA.

1.8. Ha nmecartu kaproukax Hammcansl OykBel A, A, A, M, M, T, T, E, U, K. Tlocne
NePEeCTAaHOBKM BBIHUMAIOT HAayraJ OJHY KapTOUKY 3a IPyroi M packiaJbIBalOT UX B TOM MOpSJIKE, B
KaKkoM OHM ObUIM BbIHYThl. HaliTu BEpOSITHOCTH TOro, 4TO Ha KapTO4Kax OyJEeT HAIUCaHO CIIOBO
“maremMaruka’.

1.9. TenedhoHHBIII HOMEP COCTOMT W3 IIECTH HUDP, Kakgas M3 KOTOPHIX PaBHOBO3MOXKHO
npuHuMaet 3HadeHus ot 0 10 9. HaliTi BepoATHOCTB TOro, YTO BCe LU PHI OAMHAKOBBI.

1.10. YcnoBue 3agaun 1.9. BIunciuTh BEpOATHOCTH TOTO, YTO BCE UG PHI YETHBIE.

1.11. YcnoBue 3agaun 1.9. Beraucautb BepOATHOCTh TOTO, YTO HOMEP HE COAEPXKUT LU(PHI
IIATh.

1.12. Ycnosue 3agaun 1.9. BeluMcauTh BEpOATHOCTh TOTO, YTO BCEe LUGPHI Pa3IUYHbIE U
PacmoJIoKeHbl B MOPSAJIKE BO3pacTaHUs (CoceIHUE LUPPbI OTIMYaoTCs Ha 1).

B 3agauax 1.13-1.19 Hayngady B3sTHI JBa MOJIO)KUTEIBHBIX YACTIA X U Y, IpUUeM X < 5, y < 2.
Hatitu BeposiTHOCTB TOTO, 4TO y+ax-b<0 u y-cx <0.

1.13. a=1, b=5, c=1.

1.14. a=1, b=5, ¢=0.,5.

1.15. a=1, b=5, ¢=0,25.

1.16. a=1, b=5, c=2.

1.17. a=2, b=10, c=2.

1.18. a=2, b=10, c=1.

1.19. a=2, b=10, ¢=0,5.

B 3amawax 1.20-1.23 w3 komoxer B 36 xapt (6,7,8,9,10,B,/1, K, T) nayrang usBnexatorcs 3
KapTBhl.

1.20. OmpenenuTh BEpPOSITHOCTh TOTO, YTO OYAYT BBITAILIEHBI KAPThl OTHOW MAaCTH.

1.21. OnpenenuTs BEPOSITHOCTh TOTO, YTO OYIyT BHITAILICHBI TPU TYy3a.

1.22. OmnpenenuTh BEpPOSITHOCTh TOTO, YTO OYAYT BBITAILIEHB! KAPThl Pa3HbIX MacTEH.

1.23. OnpenenuTs BEPOSITHOCTD TOTO, YTO CPEIM U3BJICYCHHBIX KapT HE OyaeT 9.

1.24. Ha muIocKOCTH NpPOBENEHBI NMapaJlIeNIbHBIE MPSMBIE, HaXOALIMeCs Ipyr OT Apyra Ha
pacctosiHuu 8 cM. OnpeaenuTs BEPOSITHOCTh TOTO, YTO HayTaJ| OPOIIEHHBIN Ha 3Ty MIOCKOCTh KPYT

panuycoM 3 cM He Oy/IeT mepeceyeH HU OJHOM JTMHHUEH.
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1.25. B ypHe nsTh O€nbIX U BOCEMb YEpHBIX 11apoB. M3 ypHBI BHIHUMAIOT Hayraj OJuH I1ap U
OTKJIA/IBIBAIOT B CTOPOHY. DTOT Iap oka3ajucs OenbiM. [locne 3Toro u3 ypHsl 6epyT elie oJuH map.
Haiit BeposITHOCTB TOTO, YTO 3TOT IIAp TOXKE OyAET OCIIBIM.

B 3amauax 1.26-1.30 HOMEp aBTOMOOWIISI COINEPKUT YeThipe IUGPHI, KaKAas U3 KOTOPHIX
PaBHOBO3MOKHO TTpuHUMaeT 3HaueHus oT 0 1o 9 (Bozmoxen Homep 0000).

1.26. OmnpenenuTh BEpOSITHOCTh TOTO, YTO BTOpast LU pa HOMEpA paBHA YETHIPEM.

1.27. Onpenenuth BEPOITHOCTH TOTO, YTO HOMEP COJEPIKUT XOTs ObI oHy udpy 0.

1.28. OmnpenenuTh BEpOSITHOCTh TOTO, YTO MEPBbIE TPU LUl HOMEPA PABHBI MATH.

1.29. Onpenenutb BEPOSITHOCT TOTO, UTO HOMED Aenutcs Ha 20 .

1.30. OmnpenenuTh BEPOSITHOCTb TOTO, YTO HOMEP HE CONEPKUT LUu(pHI 2.

3aganue 2.

JuckpeTHas ciyvaiiHas BelMYMHA X MOXKET NPUHUMATh OJHO M3 ISATH (PUKCHPOBAHHBIX
3HaYEHUHN X1, X2, X3, X4, X5 C BEPOATHOCTSIMH PI1, P2, P3, P4, P5 COOTBETCTBEHHO (Tabiuua 1).
Bbuncnute MaTeMaTH4ecKoe OXKUIAHWE W JTUCIEpPCHIO BeMMYMHBI X. PaccunmTarh M HOCTPOHTH

rpaduk QyHKIIUU pacpeeIcHusI.

Tab6muna 1
Bapuant X1 X2 X3 X4 Xs p1 P2 p3 P4 Ps
5.1 1 2 3 4 5 0.2 0.2 0.2 0.2 0.2
52 1 2 3 4 5 0.1 0.2 0.3 0.2 0.2
53 1 2 3 4 5 0.4 0.1 0.1 0.3 0.1
54 1 2 3 4 5 0.3 0.3 0.1 0.1 0.2
55 -2 -1 1 3 7 0.2 0.2 0.2 0.2 0.2
5.6 -2 -1 1 3 7 0.1 0.3 0.2 0.2 0.2
5.7 -5 -2 0 1 2 0.5 0.1 0.1 0.2 0.1
5.8 -5 -2 0 1 2 0.1 0.2 0.1 0.3 0.3
59 0 1 2 3 4 0.2 0.2 0.2 0.2 0.2
5.10 0 1 2 3 4 0.3 0.2 0.1 0.2 0.2
5.11 0 1 2 3 4 0.1 0.2 0.3 0.4 0
5.12 -1 0 1 2 3 0.6 0.1 0.1 0.1 0.1
5.13 -1 0 1 2 3 0.3 0.2 0.1 0.1 0.3
5.14 3 4 5 6 7 0.1 0.2 0.3 0.4 0
5.15 3 4 5 6 7 0.5 0.1 0.1 0.1 0.2
5.16 -5 -4 -3 5 6 0.1 0.3 0.2 0.2 0.2
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5.17 -2 0 2 4 9 0.3 0.2 0.1 0.1 0.3
5.18 -2 0 2 4 9 0.3 0.1 0.1 0.2 0.3
5.19 -2 0 2 4 9 0.15 0.15 0.2 0.4 0.1
5.20 5 6 7 8 9 0.1 0.1 0.1 0.1 0.6
5.21 1 4 7 8 9 0.3 0.15 0.25 0.15 0.15
5.22 1 4 7 8 9 0.2 0.2 0.2 0.2 0.2
5.23 -10 -4 0 4 10 0.2 0.2 0.2 0.2 0.2
5.24 -10 -4 0 4 10 0.3 0.1 0.2 0.1 0.3
5.25 2 4 6 8 10 0.1 0.2 0.3 0.35 0.05
5.26 2 4 6 8 10 0.7 0.1 0.1 0.05 0.05
5.27 2 4 6 8 10 0.2 0.3 0.05 0.25 0.2
5.28 1 4 5 7 8 0.6 0.1 0.1 0.05 0.15
5.29 1 4 5 7 8 0.3 0.3 0.1 0.15 0.15
5.30 5 6 7 9 12 0.05 0.15 0.2 0.4 0.2
3amanue 3.

CHy‘IaI‘/'IHaH BennyuHa X 3a1aHa IIOTHOCTBIO BEPOATHOCTHU
0, x<a,x>b
f(x)= (Tabmuna 2).
o(x,c), a<x<bh

Onpenenutry koHcTaHTy C, MaTeMaTHMYeCKO€ OXXHMJAHUE, JUCHEpPCUI0, (QYHKIIUIO

pacipeaciicHus BEJININHBL X, a TaK’KC BEPOATHOCTD €€ IOMMaJaHNA B HHTCPBAJI (a, IB)

Tabmuna 2
Bapuant o(x,¢) a b a B
6.1 c-X 2 0.5 1.5
6.2 ex!! 0 1 0.5 1
6.3 ex’? -1 1 0 0.5
6.4 ex’ 0 2 1
6.5 ext 1 -2
6.6 c -2 2 -1 1
6.7 csin(x) 0 T 0 /2
6.8 csin(2x) 0 /2 /4 T
6.9 csin(3x) 0 /3 -1 1
6.10 c-cos(x) -1/2 /2 0 1
6.11 ¢+ cos(2x) 0 /4 0.5 1
6.12 ce* 0 4 1 2
6.13 ce 0 0 1 3
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)
—

6.14 4 e 0

e 0]

6.15 || 2 2 1.5 2
6.16 cet 0 1 0 0.5
6.17 cx’ 1 0.5 0.7
6.18 ¢ x0 2 1 2
6.19 cx’ 0 1 0 0.5
6.20 ¢ x5 1 1 0 2
6.21 cx° 0 1 0 0.25
6.22 cx!? 1 1 -0.5 0.5
6.23 c/x 1 4 2 3
6.24 ¢/ X 1 2 1 1.5
6.25 /% 1 2 1 1.5
6.26 c/x" 1 3 1 2
6.27 ¢/x° 1 2 1 1.5
6.28 ¢/x* 1 2 0 1.5
6.29 c/x’ 1 2 1 2
6.30 c/x* 1 2 1
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8397. — TekcT : 2neKTpOoHHBIH // DneKkTpoHHO-0nbmmoTeyHas cuctema [IPR BOOKS : [caiiT]. —
URL: http://www.iprbookshop.ru/61556.html

2. YuebHo-MeToaudecKoe mocodure mo Kypey Teopust BEpOATHOCTEN W MaTeMaTHdecKas

cratuctuka. Yacts II / cocraButenu A. B. Bnacos, M. C. Jloxsunxkuii, . C. CuneBa. — M. :
MOCKOBCKHUH TEXHUUECKUN YHUBEPCUTET CBsI3M U nHPopmatuku, 2016. — 32 ¢c. — ISBN 2227-
8397. — TekcT : 2neKTpOoHHBIH // DneKkTpoHHO-0nbmmoTeyHas cuctema [IPR BOOKS : [caiiT]. —
URL.: http://www.iprbookshop.ru/61557.html

3. I'mypman B. E. Teopust BeposTHOCTEH 1 MaTeMaTU4YECKasi CTATHCTHKA : Y4eb. mocodue
st GakanaBpoB. — M. : FOPAAT, 2013.

IIpakTnyeckue 3anaTua no reMe KMATEMATHYECKASA CTATUCTUKA»
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Heab 3aHsATHIi: OCBOMTH MaTEMAaTUYECKYyI0 CHUMBOJHMKY M 0a30Bble 3HAaHHUS TEMbI
MaremaTnueckass CTaTUCTHKA, W3Y4YUTb METOAMKY IPUMEHEHHS METONOB MAaTeMaTHYECKOU
CTaTUCTHKH B OOIIEHAYYHBIX, OOIIEMH)KEHEPHBIX, TEXHUYECKUX U CIEHUAIBHBIX TUCHUIUIMHAX,
BbIpA0OTaTh HaBBIKM HUCIOJIb30BAHUS METOAOB MaTEMaTHYECKOM CTATMCTUKU MU PELICHUU 3a/ad,
BO3HMKAIOIIMX B IPAKTUYECKOW [JEATEIBbHOCTH MHXKEHEpAa 110 CHELUUAIbHOCTH, OBIAICTh
CIOCOOHOCTBIO  MCIIOJIB30BaTh OCHOBHBIE 3aKOHOMEPHOCTH MareMaTHYecKOW CTaTUCTHKH,
OCYILECTBIIATh TOWUCK, KPUTUYECKMHA aHAJIW3 W CHHTE3 HH(POpMAIUU, TPUMEHSTb CUCTEMHBIN
MOAXOJ JIs PELIEHUs IOCTABJICHHBIX 3aJ1ay, IPUMEHATH MATEMaTUYECKUE MOJIEIH, METOIAbI U

cpeacTBa ajid NpOCKTUPOBAHUA I/IH(bOpMaLII/IOHHI:IX 1 aBTOMAaTU3UPOBAHHBIX CUCTCM.

Tema 2. MaTemaTH4eckasi CTATHCTHKA
I[IpakTnyeckoe 3ansaTue Nel(. Boioopounsblii meTos.

CTaTHCTHKA, OCHOBHbIE MOHSTHUS
I'enepanvhoii co8oKynHocmvio Ha3bIBA€TCSI MHOKECTBO OOBEKTOB, U3 KOTOPBIX MPOU3BOIUTCS
BbIOOpKa. Kaxaplii 13 00BEKTOB 3a/1aeT (PUKCUPOBAHHOE 3HAYCHHE CITyYaitHOW BEJIMUMHBI.
Bvibopxka - MHOXECTBO {x], X2, ..., X;} CIy4allHO OTOOpaHHBIX OOBEKTOB (3HAYEHWI) W3
reHepaJbHOU COBOKYITHOCTH.

Ob6vemom BBIOOPKH HA3BIBAETCS YMCIIO ( 72 ) BXOSIINX B HEe 0OBEKTOB.
Bapuayuonnvim psoom HasbiBaeTcs BbIOOpKA {X;,X;,...,X,}, HOJy4eHHas B pe3yJbTaTe

A

pacroJOKEHUs: 3HAUCHUH HCXOJHOW BBHIOOPKM B MOPsIAKE BO3pacTaHus. 3HaueHus X |

HAa3bIBAIOTCA BaApHaHTaAMMU.

IOMnupuyeckas GyHKIMsA pacnpeejeHus

DOMrmpudeckast QyHKIHsS pactpeieieHus onpenesercs GopMmynon
F*x)=m__/n, (1)
I1e X - apryMeHT (HecnyuaiiHas BenuuuHa, —00 < X < +00);
n - 00beM BBIOOPKH;

M_ - KOJIMYECTBO 3HAYEHUH B BEIOOPKE MJIM BAPHMALIMOHHOM DSy, CTPOTO MEHBLIMX X.

[Ipu N — o0 smnupuueckas GyHKIHA pacrpenesneHuss F*(x) mo BepoOSTHOCTH CXOIUTCS K
TEOPETUIECKON (PYHKIMHU pactpeneneHus F(x).

OcHoBHBIE cBOMCTBA pyHKINH F*( X).

[.OSF*(x) < 1.

2. F*(x) - HeyObIBaromasi cryneHyaras (yHKITHsL.

3. F*(x)=0,x <X, .

4. F*(x)=1,x> X, .

OMmnupuueckas  (GyHKIHUS — pacmpeiesieHus  sSBJSICTCS  HAWIy4IIeH  OIEHKOW  3aKoHa

pacripeneneHusi (HECMEIIEHHOM, cocTosATenbHol, addexTtuBHON). Hemoctatok dyHkmum F*(x)
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3aKJIIOYAeTCs B €€ HEBBICOKOW HArJISITHOCTH: BH3YaJbHO CIOXKHO MOJO0OpaTh TUIIOBOM 3aKOH
pacrpeneneHusl.

[Topsimok noctpoenus rpaduka GyHkuun F*(x) ciaenyromui.

1. IlocTpouTh BapualiMOHHBIN PSA.

2. Ha uncioBoif ocu X BBIIEIUTH MOIyUHTEpBaibl (A4;, B;], Ha KOTOpHIX QyHKIMA F*(x) He
M3MEHSET CBOETr0  3HAYeHHWA. [ 'paHMIBI  MOJYMHTEPBAJIOB  ONPEACISAIOTCS  COCETHUMHU
OTJIMYAIOIIMMUCS 3HAUYCHUSIMUA BapUALMOHHOTO Psizia.

3. Ha kaxxnom nonyunrepsaiie no ¢popmyse (1) Beraucisercs 3HaueHne GyHkuuu F*(x).

4. ITocTpouts rpadux.

I'mcrorpamma pacnpeneneHus cJaIy4aiHON BeJHYHHbI

l'ucmozpammori Ha3bIBaeTCsl OIEHKA IJIOTHOCTH paclpeaeneHus: BeposTHOCTH. Ha mpakTtuke
HanboJee 4acTo MCHOJB3YIOTCSA JIBa METOAA MOCTPOEHUS TMCTOIPaMMbl: PaBHOMHTEPBAJIBHBIA U
PaBHOBEPOSATHOCTHBIN. [TOpsAI0K MOCTPOEHMS THCTOTPAMMBI CJIETYFOIIUH.

1. TloctpouTh BapHAIlMOHHBIA P, T.€. PACHOJIOKHUTH BBHIOOPOUYHBIE 3HAYEHUS B TIOPSIKE
Bospactamns: X, <X, <. <X ..

2. Best 00macTb BO3MOXKHBIX 3HAYCHUH [xl,xn] pa3buBaeTcsi Ha M HemepeceKaroluxcs U

MIPUMBIKAIOIIMX APYT K APYry UHTEPBAJIOB.
W3 cratuctuueckux cooOpakeHUil mapameTp M pEeKOMEHIYeTCs BBIOMpaTh C TOMOIIBIO

CJIEAYIOIIHUX COOTHOLICHU:

Mzint(\/;), n <100, @)
M ~int((2-4)-1g(n)),  n>100, 3)

rae int(x) - menas yacTh yucia x . JXKenaTenbpHO, 94TOOBI 77 0€3 OcTaTKa ACIUIOCH Ha M.
BBenem 0003HaueHMs MapaMeTPOB:
Aj, Bj - COOTBETCTBEHHO JIEBas U IIpaBasi TPaHULIbI i-T0 uHTEpBana (4;4+1 = B));
h; = Bj - Aj - nn¥HAa i-rO UHTEpBAJIa;
V- KOJIMUECTBO YHCEII B BBIOOPKE, IONAAAIOUINX B i-blil HHTEPBAIL.
[Ipu Mcnoab30BaHUU PAGHOUHMEPBATILHO20 METOAA MOCTPOEHUS] TUCTOTPAMMBbI TapaMeTpsl A;,
Bj, hj BBIUUCIAIOTCA CIIEAYIOIUM 00pa3oM:
h=h=( -%)/M; A=%+@G-1)-h; B=A, i=12,.,M. @)
Ecnu npu noacuere 3HaU€HUM KaKOe-TO YHCIIO B BHIOOPKE TOUYHO COBIAACT C TPAHULICH MEXITy
WHTEpBaJIaMH, TO HEOOXOAMMO B CUETUYMK 000MX WHTEPBATIOB MPUOABUTH 110 0,5.
B cnyuae npuMeHEHUS pagHO6eposAmMHOCMHO20 METOJAA TpaHUllbl A;, B; BbIOUpAOTCS TakUM
00pa3oMm, 94TOOBI B KXK/bI MHTEPBAJ MOMAIANI0 OJUHAKOBOE KOJTHYECTBO BHIOOPOYHBIX 3HAUCHHIA:
vi=v=n/M. (%)
B sTom ciiyuae
A=x; B=(+x

v+l

)12 A=B; A=yt R/ i=23,.,M. ()

3. BeramcnsieTcst cpeaHsis INIOTHOCTh BEPOSTHOCTH TSI KAKIOT0 HHTEpBaJia 1o (hopmyIie
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4. Ha rpaduke nmpoBecTH ABE OCH: X H f*(x) .

5. Ha ocu x oTMeuaroTcs rpaHuULbl BCEX UHTEPBAJIOB.

*
6. Ha KaXXJIOM HHTCPBAJIC CTPOUTCA HNPAMOYIOJIBHUK C OCHOBAHHUEM hl U BBICOTOM fi .

[lonyyenHas mnpu STOM CTymneHYaTas JIMHUS Ha3bIBa€TCd TIMCTOIpaMMOM, TIpaduk KOTOpOM
MpUOIN3UTENBHO BRIMJISIINT TakK, Kak MMoKazaHo Ha PucyHoxk 1.

FX) AN
‘ ‘ £
|
" I N —
A1 B1 A3 Bs Ai Bi Awm Bwm
A2 B2 As
Pucynox 1
3ameuanus.

1. CymMapHas miomajb BceX MpsIMOyTOJIbHUKOB paBHA €MHHULIE.

2. B paBHOBEPOSITHOCTHOM THUCTOrpaMMe IUIONIAM BCEX MPSIMOYTOJIbHUKOB OJMHAKOBHI. [10
BUJIy TUCTOTPAMMBI MOYKHO CYJMTb O 3aKOHE pacHpeeeHNs Cl1y4yaitHOW BEJTUYHHBI.
*

3. Ilepen nocrpoeHHeM TIHUCTOrpaMMbl BBIUUCIEHHBIE 3HadeHus A; , B, h; v; , f

i
pexoMeHayeTcs 3aHecTH B Tab. 0.

Taomuua 0

o~

>
3
—h
*

Vi

oo 0|

I[OCTOI/IHCTBa HCIOJIb30BAHUA TUCTOrPpaMMBbI: IPOCTOTA HIPUMCHCHUS, HATJIAAHOCTD.

TOYEYHBIE OHEHKH TAPAMETPOB 1 YNCJIOBbIX XAPAKTEPUCTHUK

[loutn Bce pacmpezneneHus CiIy4alHOM BEIWYMHBI 3aBUCAT OT OJHOTO WM HECKOJIBKHX
napameTpoB. Hampumep, mI0THOCTh BEPOATHOCTH HKCIIOHEHIIMAIBHOTO 3aKOHA:

Ae ™, x>0
X)=
AL 0, x<0

3aBUCUT OT MapameTpa A.
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Cmamucmuueckoti oyenxoti () mnapamerpa Q pacnpeieleHns Ha3bIBAETC TPUOIMKEHHOE

3HAYEHUE MapaMeTpa, BEIYMCICHHOE TI0 Pe3yJIbTaTaM dKCIepuMeHTa (110 BBIOOPKE).

CrarucTruueckue OICHKU JIEISTCS Ha TOYCUHbIE W WHTEpBaJbHBIC. T0YeuHOlU Ha3bIBACTCS
OIICHKa, ompeaensemMas oaHUM uyuciaoM. JKemarenbHO, YTOOBI OIlCHKAa OblIa HECMEIIEHHOMH,
COCTOSITENBHOM U 3 (HEeKTUBHOM.

1. Ouenka () HaswiBaercs necmewennoti, ecna M[ Q] = Q. HecMeleHHOCTh ~-MUHUMAIBHOE
TpeOOBaHUE K OLIEHKAM.
2. Ouenka () Ha3bIBAaE€TCsA COCTOATENBLHOMN, €CIU TIPU YBEIMYEHUU YKMCIA N OHA CXOJUTCS 1O

BCPOATHOCTHU K 3HAYCHHUIO IMapaMETpa Q:
lim(P(0 - 0|<#) =1,
n—»0
raic & - 11000€ TMOJ0XKUTEILHOE YHUCIIO. HeCMeH.IeHHaH OIICHKA ABJISICTCA COCTOHTGHBHOﬁ, €Clin

1imD[Q] =0,

n—»0

3. Hecmemiennas oneHka Q ABJIACTCA Sq)(beKTHBHOﬁ, €CJIn €€ NUCIICPCHA MHUHHUMAJIbHA I10

OTHOIIICHHUIO K TUCTIEPCUU JTFOO0H APYTOil OLIEHKH.

To4yeyHbIe OIIEHKH YHCJI0BBIX XaAPaKTEPUCTUK

1. HecmemnieHHas cocTOSITeNbHAS OICHKA MAMeMAmuyeckKko2o 0X4CUOAaHUs, Ha3bIBaeMas
BBIOOPOYHBIM CPEIHUM, BBIUUCIISACTCS 110 (hopMyJie

n
X = le. /n. (8)
i=1
2. HecmerieHHas cocTosiTeNbHAs OLIEHKA OUchnep cuu paBHa
n
2 1 -\
Sg=——> (x;,=x). )
n—1 3
3. CMetmieHHas COCTOATENbHAs OLIEHKA ducnepcuu
n
21 -\
§*=—->(x, —x). (10)
n -

4, HeCMCH_IeHHaSI COCTOsATCJIbHAA OLICHKA JUCIICPCUN

1 n
2 2
St=—->(x,—m,). (11)
n -
5. CocrosTenbHas OLEHKA cpeOHeK8a0pamuyecko2o OmKIOHeHUs
S, =+/S¢. (12)
6. HeCMeH.[CHHaSI COCTOATCIIbHAA OILICHKA KOpPpENAYUOHHOCO MOMeHMmA
~ 1 d _ _
ny=ﬁ-2(xk—x)-(yk—y), (13)
- k=1

TI€ Xk, Vk - 3HAUECHUS, KOTOpPbIE IIPUHAIM CllyuyaiiHble BenIuuuHbl X, Y B k-M OmBbITE;
X, YV - CpeHHE 3HAYCHHUS CITyYalHbIX BeTHINH X U ¥ COOTBETCTBCHHO.

7. CocTosATenbHas OLEHKa K02 uyuenma Koppeniyuu
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n

) > (x, = %)-(v, - 7)
roo=——= . (14)

X,y n n

(x %) -2y, - »)

i=1 i=1

8. BeIOOpOUHBIi HauanbHblll MOMeHnm k-TO TIOPSIKA ONpeeNseTcs o Gopmyie

A 1 ! k
ak:_'Z(xi) : (15)
no =l
9. BeIOOpOUHBIN yenmpanvublli MOMeHm k-TO IOPSAKA paBeH
A 1 & —\k
Mk:_.Z(xi_x)' (16)
n -

10. B cnyuae wHepasHomouHbIX W3MEPEHHUN HECMEIEHHAs COCTOATEIbHAs OLICHKA
MaTeMaTHYECKOTO OXKUAHUS PaBHA

¥=>(x/Dlg ]/ /D] 7

riae D[] - nucniepcust cay4aifHON BETHMYHMHBI B i-M OIIBITE.
11. HecmemenHas cocrtostensHass © dS(QeKTUBHAS OICHKA BEpPOSITHOCTH B CXEME
HE3aBHCHUMBIX ONBITOB bepHyu:
p*=w=m/n, (18)
/1€ M - YUCJIO YCTIEUIHBIX OIBITOB.
KoHTpoJibHBIE BOIPOCHI:
1. OcHOBHbIE OHATHS MaTeMaTHYECKOM CTaTUCTUKH (BBIOOPKA, BAPUALIMOHHBIN psij,
TUCTOTpamMmMa).
2. CraTucTHYeCKHE OLICHKH MapaMeTPOB paclpeieTICHUs U UX CBOWCTBA.
ToueuHble OLIEHKH MaTEMATUUECKOIO 0’KUJAHUS U TUCIIEPCHH.
4. Metoapl HAXOXKICHUS TOYCUHBIX OIICHOK (METOJI MAKCHMAaJIBHOTO MPaBI0TIOI00MS, METON
HAaUMEHBIIINUX KBAJPATOB).
To4YHOCTB OLIEHKH, TOBEPUTENIbHASI BEPOSITHOCTh M JOBEPUTEIbHBIN HHTEPBAJ.
JloBepuTenbHbIE HHTEPBAIBI AJI IapaMETPOB HOPMAJILHOTO PaCIPEEIICHNUS.
7. 3HayeHHE TOYEYHBIX U HUHTEPBAJIBHBIX OLICHOK B MOJEIUPOBAHUU, TEOPETHUYECKOM U
9KCIIEPUMEHTAIILHOM HUCCIIEI0BAaHUU B MPOPECCHOHATBHON ASITENTbHOCTU

(98]

AN

Tema 2. MaTeMaTH4YecKasi CTATHCTHKA
IIpakTuyeckoe 3anaTue Nell. CtaTucTHYeCKHE METOIbI 00PA0OTKH IKCIEPUMEHTAIbHBIX
JaHHBIX.

MeToabl MOJyYeHHUs OLIEHOK NapaMeTPOB pacnpeaeeHust

Jiist BBIYMCIICHUS TPUOIMKEHHBIX 3HAYCHUI MTapaMeTPOB Yallle BCETO MPUMEHSIOTCS METO/IbI
MOMEHTOB U MaKCHUMaJIbHOI'O MPaBAOIOJ00MS.

CyTb Memooa momenmos 3akmodaercs B cienyromeM. [lycts umeercst BBIOOpKa {X1, ..., X}
HE3aBHCUMBIX 3HAYECHUI CllyyaliHOW BEJIMYMHBI C U3BECTHBIM 3aKOHOM pacrnpenenenus f(x, 0 , ...,
O;;)) M m HeusBecTHbIMH napamerpamu (1, .., Q. IlociaenoBarenbHOCTb BBIYUCICHUN
cleayroumast:

1. BeIuucnuTh 3Ha4YeHUS m HaYaJIbHBIX W/WIM HEHTPAJIBHBIX TEOPETHUECKUX MOMEHTOB

k k
a, =M[X*] p, =M|x-m)] (19)
2. OIpeSenTb M COOTBETCTBYIOLIMX BHIGOPOUHBIX HAYAIbHBIX Ol . W/MIIH LEHTPAIbHBIX [,

MOMEHTOB 1o Gopmynam (15),(16).
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3. CocTaBUTh U PEHIUTh CUCTEMY U3 7 YPABHEHMM, B KaXKJIOM U3 KOTOPBIX MPUPABHUBAIOTCS

TEOpeTHYEeCKHe M BBIOOpOYHBbIE MOMEHTHL. Kaxmoe ypaBHeHwe mmeer Bug O, = O WIn

k k
My = Hy -
3ameuanue. YacTh ypaBHEHHIT MOKET COJEPKATh HAYANLHBIE MOMEHTBI, & OCTABLIAACS YaCTh
- IEHTPAJILHBIE.

CorlacHO Memoody MAKCUMAIbHO20 NPa0onodobus ouetku O, ..., O, mnorydarorcs
U3 yCJIOBHA MakCHMMyMa Io mapamerpam 01, ..., Oy, MOI0XKUTEIbHON (QYHKIMH MPaBRONOI00US

L(x1, o0y X3, O15 «oes Op)-

Ecnu cnyvaiinas BennynHa X - HENIPEpbIBHA, 4 3HAYEHUS X; HE3aBUCHMBI, TO

L(x,.x,0,.,0 )= ]i[f(xi,Ql,...,Qm). 20)

Ecmu cnyqaﬁHaﬂ BenmauHa X - AUCKPCTHA M NPHUHUMACT HEC3aBHUCHMBIC 3HA4YCHUSA X; C
BCPOATHOCTAMU

P(X:xi):pi('xi’Ql""’Qm)’ (21

TO (GYHKIIUS MPABIONOI00MS paBHA

L(x,...x,,0,,....0, )= lll[pi (x,,0,,.-,0,). (22)
Cucrema ypaBHEHHI COTJIACHO TOMY METOY 11:10>1<6T 3aMUCHIBATHCS B IBYX BHAAX:
oL(x,,...,x,,0,,...,0,) _0, i=1.2,..m
2¢
é’ln(L(xl,...,xn,Ql,...,Qm))

WIN =0, i=1,2,...,m. (24)

20,

(23)

IIpumep 1. IlycTb x; - HE3aBUCUMBIE 3HAYCHUS CIy4YailHON BENIMYMHBI X, paclpeieIeHHON 110
JKCIIOHCHIIMAJILHOMY 3aKOHY, T.€.

e ™, x=0,
X)=
/) 0, x<0.

Heo0xoauMo mosmyuuTh OIIEHKY apameTpa A MEeToJJ0OM MaKCUMaJIbHOTO IPaBIONo100usl.
Pewenue. ®yHxuus npaB1onoa00us UMeeT BUT

L(xyy...,x,,\) = H?»e‘“f =N'-e =
i=1

Torna In(L(x,,...,x,, 1)) :n-ln(/l)—/l-in :
i=1
Jlanee 3anuceiBaeM ypaBHEHHE
oln(L
oIn(L) ) niA-— Zx =0.

oA
Ortcrona nmomy4yaem BbIpasKeHUE AJIsl OLICHKH MmapameTpa A

i:n/le. =1/x.

i=l1

Ilpumep 2. CnyyaiiHas BennunHa X pacupeesieHa o paBHOMEPHOMY 3aKOHY, T.€.
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Fix)= %b—a)’ a<x<b

0, x<avx=bh.

HeobxonuMo onpenenuTh OICHKH MapaMeTpoB a U b.

Pewenue. I1o ncxomnoi BEIOOPKE ONpeenseM BEIOOPOUHBIE MOMEHTBI (X, M 1O (opMyam

(I5) u (16) coorsercTBenHO. CoCTaBiIseM CUCTEMY U3 2-X ypaBHEHUH: O, = d1 My, = [,

3necn

a, =M[X]=iﬁdx=(a+b)/2,

pzzM[(X—mx)z]z(b—a)z/ll
d’l :Zn:xi/n’ }12 :Zn:(xi_dl)z/n

i=l1

IToncTaBuB naHHble BLIPAKEHHMS B CHCTEMY M pPEHIMB €€, momydum O = O, — 4/3},L2 ,

b=a, +./30, .

KoHTpoJibHBIE BOIPOCHI:
1. MeTox MOMEHTOB.
2. Metoa HanOOIBIIETO MPABAOTIOAO0HS.
3. 3HaueHue MeTOla MOMEHTOB U HAMOOJNBIIETO MPaBAONONO0Us CTAaTHCTUYECKOW 00paboTke
IKCIIEPUMEHTAIBHBIX TAHHBIX

Tema 2. MatemaTH4eckasi CTATUCTHKA
IIpakTHyeckoe 3ansaTue Nel2-14. Crarucruyeckume rumoresbl. Kpurepum oneHkmn
HYJIeBOH rUNOTe3bl.

Cmamucmuueckotl 2unome3otl Ha3bIBAETCS BCSIKOE HENPOTHBOPEYMBOE MHOMKECTBO
yIBepxkaenui {H(, H{, ..., Hj_1} OTHOCUTENBHO CBOMCTB paclpelesieHHs CIy4yalHOW BEITUYUHBI.
JIroboe u3 yTBepikAEHUM /; Ha3plBaeTCs albTepHATUBOM rumoresbl. llpocteiimell rumoresoil
ABIIIETCS AByXalbTepHaTuBHas {H(), H1}. B 3ToM cinyuae anbrepHaTuBy /() Ha3bIBAIOT HYJIEBOM
TUIOTE30H, a H| - KOHKYpUPYIOIIEH THIIOTE30M.

Kpumepuem Ha3piBaeTcs CilyvaiiHasi BEIMYMHA

K= go(xl,...,xn ),
KOTOpast MO3BOJISAET MIPUHATH WU OTKJIOHUTB HYJIEBYIO TMIIOTE3Y ).

[Ipu mpoBepke rUmoTe3 MOKHO JOMYCTHTh OIMTHOKH 2 POIOB.

Owubka nepeozo poda COCTOMT B TOM, YTO OyIeT OTKJIOHEHA rumnoresa H(), eciu oHa
BepHa ("mpomyck nenu"). BeposTHOCTh coBepmIMTh OMIMOKY HEPBOro poja 0OO3HAYaeTcss o U
Ha3bIBACTCS yposHeM 3Hadyumocmu. Hanbonee yacTo Ha MpaKkTUKEe MPUHUMAIOT, uTo o = 0,05
i o = 0,01.

Owubka eémopozo pooa 3aKIIOYAETCs B TOM, 4YTO TUIOTe3a /() MPUHUMAETCS, €CIIM OHa
HeBepHa ("'1okHOe cpabaTpiBanue"). BeposaTHOCTH ommOKH 3TOro poja obo3Havaercs 3.

Kpumepuem coecnacus Ha3bplBaeTCd KpUTEPUN NPOBEPKU TUIIOTE3Bl O IMPEANOIAraeéMoMm
3aKOHE pacrpeiesieHusl.
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Kpurepuii corsiacust ZZ

OT0 OAMH M3 HauboJjiee YacTO NMPUMEHSEMBIX KPUTEPHEB. AJTOPUTM HPOBEPKU THUIIOTE3bI
CIEAYIOLINMN.
1. [TocTpouTh rUCTOTpAMMy PABHOBEPOSITHOCTHBIM CIIOCOOOM.
2. Ilo Buy ruCTOrpaMMbl BBIIBUHYTh THIIOTE3Y
Ho: fix) = fox),
Hy o) # fol),
rae fo(x) - MIOTHOCTb BEPOATHOCTH T'MIOTETUYECKOrO 3aKOHA paclpelesICHHs: PaBHOMEPHOIO,
OKCIIOHCHIUAJILHOTI'O NJIX HOPMAJIBHOT'O.
3ameuanue. Tunoresy 00 SKCIOHEHITMAIEHOM 3aKOHE PACIPENCIICHUS MOXHO BBIIBUTATH B
TOM CJIy4ae, €ClId BCE UMCia B BHIOOPKE MOJIOKUTENIbHBIE.
3. Beraucnuts 3HaUeHHE KpUTepus mo Gopmyme

M A M, —up. V¥
22 =nY (Pi Di )2 _ Z(Vz np;) (25)
i-1  Pi =1 "P;

V. .y
rae D, = % - 4aCcTOTAa MOMaJAaHus B i-il UHTEPBAJI,

pj - TEOPETUYECKask BEPOATHOCTh IONAJAHUS CIly4YalHOW BEIMYMHBI B i-blii HHTEPBAJ IPH
YCIIOBMH, YTO ruIoresa f() BepHa.
@opmynel 11 pacyeTa p; B Clydae SKCIIOHEHIHMAIBHOIO, PABHOMEPHOTO M HOPMAJIbHOTIO
3aKOHOB COOTBETCTBEHHO PaBHBI.
OKCIIOHEHIUAIbHBIN 3aKOH

—4i —B
p;, = e’ —e7 . (26)
ITpu stom 4] = 0, By, = +oo.
PaBHOMEpHBIN 3aKOH
pi:(Bi_Ai)/()ACn_)ACl)' 27)
HopMmanbhblii 3aK0H
p =05 o B |_g| AT || (28)

0

[Tpu aTom 4| = -0, B = +0.
3ameuanusa. Ilocie BBIYUCIEHHS BCEX BEPOSATHOCTEH p; NMPOBEPUTH, BBINOIHACTCA JIH

KOHTPOJIbHOC COOTHOIIICHUC
M

1-> p,|<0,01. (29)

i=1
2 .
4. U3 tabmuuer "Xu-kBagpat" IIpunoxenus BEIOMPAeTCs 3HAYEHHE Y, , , TAE O - 3aJaHHBIA

ypoBeHb 3HaunMocTH (o0 = 0,05 mwu o = 0,01), a k - yucno creneHeit cBOOOIBI, ONMPEALIIEMOE IO
dbopmye
k=M-1-s.
30ech s - 4MCIO HapaMeTpoB, OT KOTOPBIX 3aBUCHUT BbIOpaHHBIM TuNoTe30d /() 3aKoH
pacnpeneneHnus. 3HaueHus s U1l paBHOMEPHOT'O 3aKOHA PAaBHO 2, 7Sl SKCIIOHEHIMAIBHOTO - 1, 1u1s
HOPMAaJbHOTIO - 2.

2 2 .
5. Ecmu ¥~ > y, ., 10 runore3a () oTkiaoHsercs. B mpoTHBHOM cilyyae HET OCHOBaHMU €€

OTKJIOHUTD.
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Kpurepnii cornacus Koimoroposa

ITocnenoBarenbHOCTE JEUCTBUN IIPU IIPOBEPKE TUIIOTE3BI CIEAYIOIIAs.

1. [TocTtpouTh BapuaIiMOHHBIN psiA.

2. IToctpouts rpaduk sMnupuueckoi PyHKIUU pacupenencHus F *(x).

3. BBIIBUHYTB TUIIOTE3Y:

Hy: F(x)=Fo(x).

Hy : F(x) # Fo) ,
rae Fp(x) - Teopernueckas (yHKIHMsS paclpelelieHus TUIIOBOIO 3aKOHA: PaBHOMEPHOIO,
9KCIIOHEHIHAJIbHOI0 WM HOpMaibHOro. Hike mpuBeneHs! popMyiisl Asst pacdera F()(X).

PaBHOMEpHBIN 3aKOH

0, X <X
Fyp(x)=4(x=x,)/(X,-%;), X;<x<X, (30)
1, xX>Xx,
OKCIOHEHIINANbHBINA 3aKOH
l—e™'", x>0
Fy(x) = . G31)
0, x<0
HopMmasbsblii 3aK0H
X=X
ﬁux)=05+05«b-2;— (32)

4. Paccunurats no ¢opmynam (30 - 32) 10-20 3HaueHuil 1 nocTpouTsh rpagux GyHKIHU F()(X)
B OJIHOM cHCcTeMe KOOPAWHAT C QyHKIUECH F >l<(x).

5. Ilo rpaduky ompenesnTh MakCUMaJbHOE 110 MOIYJIO OTKIOHEHHE MEXAy (QYHKIHUSIMU
F*(x) u Fo(x).

6. BeIuncnuTh 3HaYeHUE KpUTEpHUs

A =nIn-max|F’ (x) - F,(x)|. (33)

7. IlpuHUMaOT TOT WIM WHOW ypoBeHb 3Haummoctu (wame Bcero 0,05 mmum 0,01). Torma
JIOBEpUTEIIbHAS BEPOATHOCTL ¥ =1 — .

8. M3 Tabnuusl BepostHocTel KonMoroposa BeIOpaTh KpUTHYECKOE 3HAUEHHE A,

9. Ecmu A > A, TO HyzeBas runotesa () OTKIOHSETCS, B IPOTUBHOM CIIy4ae - IPUHUMAETCS,
XOTSI OHa MOXKET 61;1};5 HEBEpHA.

HoctounctBa kputepuss KoamoropoBa mo CpaBHEHHIO C KpUTEPUEM ;(2 . BO3MOXHOCTh
NMPUMECHECHHUST TIPH OYeHb MAJICHBKMX oO0beMax BeIOOpKH (n < 20), Oonee BbICOKas
"4yBCTBUTEJIBHOCTH", A, CIIEIOBATEIIBHO, MEHBIIAA TPYJAOEMKOCTh BEIYMCIICHUM.

HenocraTtok: kpuTepuii MOXKHO HCIIONIB30BAaTh B TOM cllydyae, eciau napamerpel 01, ..., Ok
pacmipeeneHus 3apanee U3BECTHBI, a SMIIUPHUECKas QYHKIUS pacrnpeaeneHus F*(x) 1omkHa ObITh
MOCTPOEHA M0 HECTPYIITUPOBAHHBIM BRIOOPOYHBIM JTaHHBIM.

KoHTpoJbHbIE BONIPOCHI:
1. Crarucruueckas runore3a. OmuOKu MepBOro U BTOPOTo poja.
2. CratucTrueckuil KpuTepuil MpoOBEpPKHU HyJeBoil runore3sl. Habmogaemoe 3HaueHue
KpUTepusi.
Kputnueckue 0651acTi ¥ UX OThICKaHHE.
4. CpaBHEHHUE JBYX JUCIEPCHI HOPMAIbHBIX T€HEPATbHBIX COBOKYITHOCTEH.

(98]
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5. lIpoBepka rumnoressl 0 HOpMaJIbHOM PaCHpENCIICHUH IeHEPAIbHOW COBOKYITHOCTH,

kputepuit [lupcona.

[Tonsatue o nucnepcuoHHOM aHanu3e. OJHO(AKTOPHBIN AUCIEPCUOHHBINA aHATIH3.

7. OO6ocHyWTe Ba)XHOCTh MOHATHS CTATUCTUYECKOM TUNOTE3bl M OIIMOOK B PEIICHUU
npo¢eCCHOHATBFHBIX 3a/1a4.

8. KakoBo 3HaueHHe KpUTEpUEB OLICHKHM HYJIEBOH T'MIIOTE3bl B PELIEHUU MPOQPECCHOHATBHBIX
3az1ad.

N

Tema 2. MatemaTH4ecKkasi CTATHCTHKA
IIpakTnyeckoe 3ansaTHe NelS-16 DiieMeHTHI TEOPUH KOPPEISLHHA.

Peepeccuen cnyuaiiHoM BenuuuMHbl Y Ha X Ha3bpIBaeTCs YCIOBHOE MAaTEMAaTHYECKOE
O’KMJIaHHUE CIIy4alHOW BEJIMYUHBI Y IIPU yCIOBUH, UTO X = X :

my(x)=M[Y/ X=x]. (34)
Perpeccuss ¥ Ha X ycTaHaBiAMBaeT 3aBUCUMOCTb CPEJHEr0 3HAYEHUs BEIUYMHBI Y OT
BenuuuHbl X. Eciiu X u Y He3aBHUCUMBI, TO
my(x) = my = const.
[IpocTeliuM BUIOM PErPECCUU SBIISIETCA JIMHEHAS:
my(x) = ag + ajx.
Omnpenenenne OLEHOK KO3(D(UIMEHTOB a(), @] OCYLIECTBISETCS C MOMOLIbIO MeETOAa
HaMMEHBIINX KBaJIpaToB.
ITycts mmeercs BBIOOpKA {(X1, V1), (X2, ¥2), ..., (X5, )}, comepkaliast n nap 3Ha4YCHHUN
ciay4daiHbIX BeauduuH X U Y. Toraa OLeHKH IapaMeTpoB &0 u &1 BBIYUCIIAIOTCA 110 CIELYOLIUM
bopmynam:

*

Q=52 (35)
So(x)

rae X, ) - OIEHKH MaTeMaTHYeCKOrO OXKUJIaHUS BeMUYnH X U Y

2
S, (x) - oueHka aucniepenn BeaMIHHbBL X;
K Xy - OLEHKH KOPPESLUOHHOrO MOMEHTA BENUYUH X U Y.
Jlns BU3yanbHOW NPOBEPKH TMPABMILHOCTH BbiuMcieHus Beandud (p,d; HeoOXomumo

NOCTPOUTh JAMAarpaMMy pacceMBaHHUsA M TpaQUK ypaBHEHHs pPErpeccuu )_/( x)=a0 +a;-x

(Pucynoxk 2).
Ecnu oueHkn mnapameTpoB a(), @] paccuuTaHbl 0e3 TIpyObIxX
OomMOOK, TO CyMMa KBaJpaToB OTKIOHEHHMH BCEX TOYEK (Xj, );) OT

npsiMoit V(X) =d, + a, - X JoIKHa ObITh MUHUMAJIEHO BO3MOXHOH.

Pucynox 2

KoHTpoJibHBIE BONIPOCHI:
1. (DYHKIII/IOHB,J'II)HEIH, CTaTUCTUYCCKAA 1 KOPPCIIIUOHHAA 3aBUCUMOCTH.
2. YcnoBHbIe cpeqHue. BEIOOpOUHbBIE ypaBHEHUS PETPECCHH.
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3. OTpICKaHUE MMapaMeTPOB BEIOOPOYHOTO YPABHEHUS MPSMOI JIMHUU PETPECCUU TI0
HECTPYNIIHUPOBAaHHBIM JAHHBIM.

A R A

KoppensauuonHnas tabnuna.
Bri6opounsiii k03 puiimeHT Koppensum.
Bb160pouHO€E KOPPEIAIMOHHOE OTHOLIEHUE U €r0 CBOMCTBA.

OO6mmas, ¢pakTopHas ¥ OCTaTOYHAS AUCTICPCHH.

CpaBHEHUE HECKOJIBKMX CPEJHUX METOJJOM AUCIIEPCUOHHOTO aHAJIN3A.
OTbICKaHKE apaMEeTPOB BHIOOPOUYHOTO YpaBHEHUS MPSIMOM JIMHUH PETPECCUH T10

CTpYHOIIMPOBAHHBIM JaHHBIM.

10. KpuBonuHeiiHasi Koppensuus.
11. MHOecTBEeHHas! KOPPEISALIHUSL.

12. OnumnTe 3a7a4y, TEOPUM KOPPEISALMU U €€ 3HAYeHHE AJI1 MPOTHO3UPOBAHUS Pa3BUTHS
IPOLIECCOB B 3a/1a4aX NMPO(eCCHOHATIBHON AEATEIbHOCTH.

3aganue 1.
Jano pacnpenenenue npusHaka X (ciayyaitHol BenuauHbI X) (Tabnuima 1), moiy4eHHo# mo n
HaOmoneHusM. Heobxoaumo: 1) mocTpouth ructorpaMmMy, KyMyJsSITY M SMIMPUUECKYIO (DYHKIIHIO

MareMaTH4ecKasi CTATHCTHKA

KOMHeTeHTHOCTHO-OpI/IeHTI/IpOBaHHI)Ie 3alaHUd U 3a/1a44 110 pasaery

pacnpeneneHus X; 2) HaUTH: a) CPEAHIO apUPMETHICCKYIO x; 6) mequany Me u mony Mo ; )

JUCIEpCUI0 S°, cpeflHee KBAaJApaTUYECKOe OTKIOHEHHE § U KOI(P(UIMEHT Bapualuu V; T)

~

Ha4yajbHble V

acCUMMETpUHU

X —cyMMapHoe 4Kcio HaObpaHHbIX 0amioB rnpu TectupoBanuu; n=100 (CTyaeHTOB).

U ILEHTpaJbHbIE ﬁk MOMEHTHI k-ro mopsnaka (k=1,2,3,4); ) xodddumnment

AS H 3KCHECC Ek .

Taomnuma 1
Bapuant | a6 | 68 |8-10 | 10 1214 14416 | 1O | 1820 [20-22 | 227 | 24-26
12 18 24
1 m | 1 | 3 [ 6 | 1t |15 [ 20 | 14 [ 12 [10 | 6 | 2
2 m | 2 | 3 |5 [ 1t |14 |20 [ 15 [ 129 | 6 |1
3 m | 1 | 2 |6 | 12 |15 [20 | 14 [ 1310 | 5 |2
4 m | 2 | 2 [ 6 | 11 | 14 [ 21 | 14 [ 12 |10 | 6 | 2
5 m | 1 | 3 |5 [ 12 115 [20 [ 16 |11 |9 [ 6 |2
6 m | 2 | 4 [ 7 [ 1t |14 |19 [ 13[12][10 |5 |3
7 m | 2 | 3 [ 7 [ 11 | 14 [20 [ 14 [ 12 |8 [ 6 |2
8 m | 2 | 4 [ 6 | 12 |15 [20 [ 13 [ 11 |10 | 5 | 2
9 m | U | 4 [ 7 [ 10 |15 [21 | 14 [ 11 |10 | 5 | 1
10 | m | 1 | 4 6 | 12|14 [2 [ 1412 10 [ 5 |2
| om | 1 | 4 |7 |12 [ 15 [2 [ 15 |1t [ 9 [ 6 | 1
12 | m | 2 |36 | 1216 [2 [ 1512 |8 [ 5 |1
13 | m | 2 |3 |7 | 1216 [2 | 14|11 [8 [ 6 | 1
14 | m | 1 |3 6 | 12|16 [ 2 [ 1411 |9 [ 4|2
15 | m | 2 |3 |6 | 12 [ 15 2 | 14|12 8 [ 5 |1
16 | m | 1 | 4 |8 | 11 |16 [ 21 | 14 | 11 | 8 | 5 |1
17 | m | U |5 |7 |11 [ 16 20 [ 1510 |8 [ 5 |2
18 | m | 1 | 5 |8 |11 |15 [ 20 [ 14 [ 11 | 9 [ 4 | 2
19 | m | 1 | 4 |8 | 12 [ 15 [ 21 | 14 | 11 [ 9 [ 4 | 1
20 | m | 1 [ 4 [ 7 [10 [ 16 [ 21 | 14 | 12 [ 9 [ 4 [ 1
20 | m | 1 | 3 |6 | 13| 14 21 |15 12 [10 | 3 |2

W
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22 n; 1 4 9 13 14 19 15 13 9 5 1
23 n; 2 5 6 11 15 22 16 12 7 3 1
24 n; 2 3 5 12 16 22 14 11 8 6 1
25 n; 1 3 6 10 17 23 14 11 9 4 2
26 n; 2 3 7 12 14 22 17 10 7 5 1
27 n; 1 4 8 15 16 21 12 10 7 5 1
28 n; 1 5 7 11 17 19 16 10 7 5 2
29 n; 1 5 8 11 14 21 14 11 9 4 2
30 n; 1 4 8 12 15 24 13 10 8 4 1
3aganmue 2.
Cnydaiinas BennunHa X 3a/1aHa QYHKIUEH pacipeieeH s
F(x)=1-e*  (x20).
[IpousBenena BeiOOpKa (Tabnua 2). Haiitu onenky napamerpa A METOIOM MOMEHTOB.
Tabmua 2
. |x |3 |5 |6 |8 |10 x, (1 |3 16 (8 |10
n, |2 |3 |5 [10 | 10 2 n, |2 14 (5 |9 |10
x, |2 |3 |5 10 x, |3 |4 (6 (8 |10
3 n, |1 |3 |6 11 4 n, |2 |4 (5 |8 |11
x, |4 |6 |7 10 x, |1 |5 (8 |9 |10
> n, |1 |4 (5 |10 | 10 6. n, |1 ]2 (4 |10 |13
x, |2 |5 |6 11 x, |3 |5 (6 |9 |11
7 n, |1 |3 |6 11 8. n, |1 14 (5 |9 |11
x, |4 |6 |8 |9 |10 x, |4 |5 |7 |10 |11
7 n, |2 |12 |4 |10 | 12 10. n, |2 (3 |6 |8 |11
x, |4 15 |6 |9 10 x, |4 16 |8 (9 |10
11. 12.
n, |4 |5 |5 |6 10 n, |1 |5 (6 |8 |10
x, |3 14 |6 (9 |10 x, |2 |3 |6 (7 |10
13. 14.
n, |1 |4 |5 19 |11 n, |2 |3 (3 |8 |14
x, |2 13 |5 (9 |11 x, |2 |4 |7 (9 |10
5. n, |5 |5 |6 |7 te. n, |4 |5 (5|7 |9
x, |2 |3 |4 |5 x, |3 |4 |5 |6
17. n, |4 |5 |6 |7 8. n, |4 |5 |6 |7
x, |1 |4 |7 (11 | 12 x, |1 |3 |5 (7 |9
19. n, |4 |5 |6 |7 8 20. n, |1 |4 (7 |8 |10
x, |5 |7 |13 17 | 20 x, |1 |5 |8 (1 |17
21 n, |1 |4 |7 |8 10 22. n, |3 |5 (6 |7 |9
x, |2 |4 |7 (10 | 15 x, |2 |5 |9 (13|17
23 n, |2 |4 |6 |8 10 24. n, |2 |4 (6 |8 |10
x, (315 |9 (14 | 17 x, |2 |6 |8 (13 |19
25 n, |4 |5 |6 |7 8 26. n, |2 |4 (6 |8 |10
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x, |3 |7 [0 |15 | 20

27 n, |4 |5 7 8

x, |5 |7 11 13

2. n, |4 |5 7 8
3ananue 3.

x |5 ]7 THEE
B g8 |10
x, |7 19 it 1315
N F a5 6 7 |8

Crnyuvaifnass BenmumHa X pacnpezeneHa 1Mo OMHOMHAJIbHOMY 3akoHy. CraTHcTHYecKoe
pacripeziesieHre BbIOOpPKU MpeacTaBieHo B Tabnuie 3. HallTu To4yeuHyro OIICHKY Mapamerpa p

YKa3aHHOTO 3aKOHA pACHpPENEICHUs CIy4YalHOW BEJIIMYUHBI (rle) METOJIOM HauOOJIBILEro

MpaBA0NO0100Us.
Tabmuma 3
. |x (0|1 |2 |3 |4 |5 |6 |7 6. | x, (O |1 |2 |3 |4 |5 |6 |7
n, |2 13110 |22 |26 |20 |12 |5 no |23 13 (21 |25 |19 |12 |5
2. | x (1|23 |4 |5 |6 |7 |8 17. | x, |1 |2]3 |4 |5 (6 |7 |8
no |2 1519 2226 |19 |12 |5 no |2 (318 |23 |24 |21 |12 |7
3. | x, (0|12 |3 |4 |5 |6 |7 18. | x, (O 1|2 |3 |4 |5 |6 |7
n, |2 13110 |24 |26 |20 |10 |5 no |2 (38 |23 |27 |20 |10 |7
4. | x (0|1 |2 |3 |4 |5 |6 |7 19. | x, |1 (2]3 |4 |5 (6 |7 |8
n |23 22 126 (21 [10 |7 no 21319 (22|27 |20 |12 |5
50 | x [1]2 4 |5 (6 |7 |8 20. | x, (O 1|2 |3 |4 |5 |6 |7
n, |2 14110 |21 |26 |22 |11 (4 no|2(3110 (25 126 |20 |11 |3
6. |x (0|1 ]2 |3 |4 |5 |6 |7 21, |x, |0 |1 |2 (3 |4 |5 |6 |7
n, |2 14110 |21 |24 |20 |12 |7 n, |2 1319 (23 |27 |20 |12 |4
7. |x, |1 |2]3 |4 |5 |6 |7 |8 22, |x, |12 1314 |5 |6 |7 |8 |9
no 21319 |22 )26 |21 |10 |7 n, |2 |5 |10 (21 (26 |19 |12 |5
8. |x |2(31]4 |5 |6 |7 |8 |9 23. |x, |12 1314 |5 |6 |7 |8 |9
n, |23 (1222 |24 |20 |11 |6 n, |2 |5 |10 (20 (26 |21 |11 |5
9. |x (0|12 |3 |4 |5 |6 |7 24, |x, |0 |1 |2 (3 |4 |5 |6 |7
no |2 1519 2226 |19 |12 |5 n, |2 1419 (22 (126 |20 |12 |5
10. | x, (1|23 |4 |5 |6 |7 |8 25. |x, |2 13 14 |5 |6 |7 |8 |9
no |2 1319 2327 (20 |12 |4 n, |2 |4 |10 |21 |26 (22 |11 |4
Il | x, (2|34 |5 |6 |7 |8 |9 26. |x, |0 |1 |2 (3 |4 |5 |6 |7
n, |2 14110 |21 |24 |20 |12 |7 n, |2 |4 |10 (21 |23 |22 |12 |6
12. | x, (0|1 |2 |3 |4 |5 |6 |7 27. |x, 0|1 |2 |3 |4 |5 |6 |7
n, |2 14110 |21 |26 |22 |11 (4 n, |2 |3 |12 |21 |25 |22 |11 |4
13. | x, (0|1 |2 |3 |4 |5 |6 |7 28. |x, |1 |2 |3 (4 |5 |6 |7 |8
n,o |23 (1222 |24 |20 |11 |6 n, |2 |3 |13 {22 |25 |20 |11 |4
4. | x, (123 |4 |5 |6 |7 |8 29. |x, 0|1 |2 (3 |4 |5 |6 |7
no |2 1319 |23 )27 |20 |12 |4 n, |2 |4 |10 {22 |26 |23 |10 |4
15. | x, (2|34 |5 |6 |7 |8 |9 30. |x, (O 1 (2 |3 |4 |5 |6 |7
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n |2 (4110 (22 |25 |18 |14 |5 n. (2 |3 |10 |24 (26 |20 |12 |3

1 1

3aganue 4.

Crnyuaiinas BenuunHa X pacnpezeneHa 1o 3akony [lyaccoHa ¢ HEM3BECTHBIM MapaMeTpoOM
A . Cratuctuueckoe pacmpeereHue BBIOOpKH mpejacTaBieHo B Tabmuie 3. Haiftm Toueunyto
OILICHKY MapameTrpa A MeTOAOM HauOOJBIIEro MPaBAONOI00Us.

3aganue 5.

Jano pacrmpenenenue npuszHaka X (ciydaiiHOW BenUYMHBI X), TOJTYYEHHOHW 1O BBIOOpKE
obbema n=100 (tabmuma 4). MeTogOoM MNPOU3BEACHUN HAWTU: BBHIOOPOYHYIO CPEIHIOLO,
BBIOOPOYHYIO TUCIIEPCHIO, ACUMMETPHIO U SKCIIECC.

Tabmuua 4
H]i’ap“a xi 6 8 | 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26
1 n; 1 3 6 | 11 | 15 | 20 | 14 | 12 | 10 | 6 2
2 n | 2 3 5 [ 11 | 14 | 20| 15 ] 12 ] 9 6 4
3 n; 1 2 6 | 12 | 15 | 20 | 14 | 13 | 10 | 5 2
4 n | 2 2 6 | 11 | 14 | 21 | 14 | 12 | 10 | 6 2
5 n; 1 3 5 [ 12 |15 | 20 | 16 | 11 | 9 6 2
6 n | 2 4 7 11 | 14 |19 13 ] 12 10| 5 3
7 n | 2 3 7 11 | 14 | 20 | 14 | 12 | 8 6 3
8 n | 2 4 6 | 12 | 15 | 20 | 13 | 11 | 10 | 5 2
9 n; 1 4 7 |11 | 15 | 21 | 14 | 11 | 10 | 5 1
10 n; 1 4 6 | 12 | 14 | 20 | 14 | 12 | 10 | 5 2
11 n; 1 4 7 12 | 15 | 20 | 15 | 11 | 9 5 1
12 n | 2 3 6 | 12 | 16 | 20 | 15 | 12 | 8 5 1
13 n | 2 3 7 [ 12 | 16 | 20 | 14 | 11 | 8 6 1
14 n; 1 3 6 | 12 | 16 | 22 | 14 | 11 | 9 4 2
15 n | 2 3 6 | 12 | 15 | 22 | 14 | 12 | 8 5 1
16 n; 1 4 8 | 11 | 16 | 21 | 14 | 11 | 8 5 1
17 n; 1 5 7 | 11 | 16 | 20 | 15 | 10 | 8 5 2
18 n; 1 5 8 | 11 | 15 | 20 | 14 | 11 | 9 4 2
19 n; 1 4 8 | 12 | 15 | 21 | 14 | 11 | 9 4 1
20 n; 1 4 7 10 | 16 | 21 | 14 | 12 | 9 4 3
21 n; 1 4 6 | 11 | 15 | 23 | 15 | 10 | 9 5 1
22 n | 2 3 7 |12 | 16 | 18 | 15 | 12 | 8 5 2
23 n | 2 3 5 [ 12 |16 | 24 | 12 | 11 | 8 6 1
24 n; 1 2 6 | 12 | 16 | 23 | 14 | 11 | 9 4 2
25 n; 1 3 6 | 12 | 15 | 21 | 17 | 12 | 7 5 1
26 n; 1 4 8 | 11 | 17 | 21 | 14 | 10 | 8 5 1
27 n; 1 5 7 11 | 14 | 22 | 15| 10 | 8 5 2
28 n; 1 5 8 | 11 | 13 | 23 | 14 | 11 | 9 4 1
29 n; 1 4 8 | 12 | 15 | 18 | 14 | 11 | 10 | 5 2
30 n; 1 4 7 10 | 14 | 23 | 14 | 12 | 9 4 3
3aganue 6.

Jnis mccnemoBaHusl JOXOJOB HAaCeNICHHsI ropoja, cocramisitomero 20 Thic. YeJIoBeK, IO
cXeMe COOCTBEHHO-CITyJaitHOM OeCTIOBTOPHOM BBIOOPKH ObLII0 0ToOpano 1000 xxuteneit. [Tomydyeno
CIeayIoIIee pacipeiesieHne )XKUTeNel Mo MecsiaHoMy foxoay (py0.) (tabnuua 5).
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HeobOxomumo: 1. a) HaiiTh BepOATHOCTH TOTO, YTO CPEIHUN MECSYHBIN JTOXOM JKUTEIS
ropoja OTIUYaeTCs OT CPETHEro I0X0/1a ero B BEIOOpKE He Ooee, uem Ha 45 py0. (1o abcomroTHOM
BeJIMUYMHE); O) OMpelNeluTh TPaHHIbl, B KOTOPHIX ¢ HajaexHocThio 0,99 3akimioueH cpeaHuit
MECSIYHBIN JOXOJ )KUTEJIEN TOPOa.

2. Kakum nomkeH OBITh 00BEM BBIOOPKH, YTOOBI T€ JK€ TPAHUIBI TapaHTUPOBATH C
HazexkHocThio 0,99737

Tabmuua 5
Bapuant . MeHee 500-1000 1000- 1500- 2000- CBBIILIE
' 500 1500 2000 2500 2500
1 n; 58 96 239 328 147 132
2 n; 52 102 230 320 140 156
3 n; 53 98 242 340 150 117
4 n; 46 94 246 334 148 132
5 n; 58 101 238 324 146 133
6 n; 52 90 237 328 142 151
7 n; 48 86 224 330 143 169
8 n; 60 95 226 340 148 131
9 n; 51 87 235 338 151 138
10 n; 47 97 228 349 153 126
11 n; 44 104 241 346 145 120
12 n; 40 86 240 332 157 145
13 n; 55 101 239 328 152 125
14 n; 61 100 230 336 143 130
15 n; 49 96 250 337 144 124
16 n; 53 94 248 329 148 128
17 n; 54 93 246 341 152 114
18 n; 46 92 249 342 151 120
19 n; 58 91 238 327 143 143
20 n; 49 101 240 331 150 129
21 n; 44 106 231 348 147 124
22 n; 40 85 245 331 156 143
23 n; 55 101 237 328 154 125
24 n; 61 99 233 335 142 130
25 n; 51 97 243 339 146 124
26 n; 53 94 247 329 149 128
27 n; 56 95 236 343 156 114
28 n; 47 93 244 342 151 123
29 n; 58 91 234 329 145 143
30 n; 49 104 232 334 152 129
3amanue 7.

Hano pacrmpenenenne mpuszHaka X (X — MeCAYHBIM MOXOJ JKUTENsl pPErHoHa B pyo.),
nonydeHHoit mo n HabmogeHusM (n=1000 >xuteneii) (tabmuma 5). Heobxomumo Ha ypoBHE
3Haynmoctu 0,05 mpoBepUTh THIOTE3y O HOPMAaJbHOM 3aKOHE paclpe/ieleHuss MpU3HaKa
(cywvaiiHoil BemuuHbI) X, HCIONB3Ys KpUTEpHii cormacust: a) x> -ITupcona; 6) KonMoroposa.

3aganue 8.
Haiitu BEIOOpOUHOE ypaBHEHHE JIMHEHHOHN perpeccuu Y Ha X Ha OCHOBaHWH KOPPEISAIIMOHHOM
Tabnuipe! (Tabiuia 6).
Tabmuua 6
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Bap Koppensmonnas tadmumna Bap Koppemnsiuonnas Tabauma
uaH WaHT
T
1 [y 10 [15 |20 |25 [30 |35 2 Y 10 |15 [20 |25 |30 |35 |40
15 | 6 4 100 | 2 4 8 4 10
25 6 8 110 | 3 5 2 |10
35 21 | 2 5 120 3 4 5 6
45 4 [12 | 6 130 | 2 4 6 5
55 1 5 140 4 7 1 5
3 X120 | 25|30 | 35|40 | 45 4 WK 5 |10 | 15] 20 |25 |30 | 35
10 4 8 4 15 | 10 4 8 4 2
20 | 2 4 2 25 10 | 2 5 3
30 10 | 8 35 6 5 4 3
40 4 10 | 4 45 5 6 4 2
55 5 1 7 4
5 v [ 5 ] 10]15]20|25] 30 6 | vX 10| 15|20 | 25|30 | 35
14 | 4 6 8 4 10 2 4 8 4 110
24 8 | 10 6 30 4 7 5 1
34 32 50 3 2 5 |10
44 4 112 ] 6 70 2 4 6 5
90 3 5 6 4
7 |y 15 {20 |25 |30 |35 [40 8 Y 10 (12 |14 [16 |18 |20 |22
100 | 2 1 7 20 2 6 5 4
120 | 4 2 3 40 4 5 1 7
140 5 10 |5 2 60 4 2 8 |10 4
160 3 1 2 3 80 3 10 | 2 5
100 | 3 4 6 5
9 Iy 20 |25 |30 [35 |40 |45 10 |y 5 |10 [15 |20 |25 |30
105 4 2 1 80 5 1 4 7
115 | 2 1 3 8 5 100 2 6 5 4
125 4 2 1 3 120 | 3 4 5 6
135 | 3 2 |10 3 2 140 10 2 3 5
145 | 1 3 8 2 160 |10 4 8 2 4
11 X110 15]20 |25 |30 |35 12 10 | 15| 20 | 25 | 30 | 35 | 40
X
151 6 4 10 1 5 7 4
25 6 8 20 2 4 6 5
35 20| 2 5 30 3 5 4 6
45 5 1121 6 40 | 10 2 3 5
55 1 5 50 2 4 4 8 110
13 15 10| 15]20|25] 30 14 X130 (40 | 50 | 60 | 70 | 80 | 90
30 6 4 2 20 6 4 2 5
40 | 4 5 7 1 30 4 5 7 1 6
50 4 3 5 40 4 3 5 |10
60 | 5 3 10 | 2 50 5 3 4 2 8
70 4 [10] 4 2 60 4 110 2
15 [y 12 17 22 27 32 37 16 v 24 28 32 36 40 |44 |48
105 4 3 10 6 4 2 5
115 |2 3 1 10 20 4 5 7 1
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125 |3 5 1 4 30 4 3 5 6
135 8 2 1 40 5 3 10 |2
145 |1 2 50 4 |10 |4 2 8
17 | v¥ 10 | 15|20 | 25|30 | 35 18 [y | 5 |10 | 15[ 20 |25 ]3035
14 4 2 1 5 10 3 5 1 4
24 | 2 1 3 8 5 15 4 |10 2 8
34 4 2 1 3 25 3 4 6 6
44 | 3 2 110 3 2 35 4 7 1 5
54 | 1 3 9 1 45 2 5 10
19 |y 10 [ 15 |1 20 | 25 | 30 | 35 20 |y~2 10 | 1520|2530 | 35|40
20 | 1 5 7 4 15 2 4 6 5
40 | 2 4 6 5 30 4 7 1 5
60 3 5 4 6 45 3 4 5 6
80 | 10 2 3 5 60 3 5 2 10
100 | 2 4 4 8 10 75 4 2 4 110 ] 8
21 (¥ [ 5 |10 | 15[ 20|25 ] 30 22 |y 20 | 22 | 24 | 26 | 28 | 30 | 32
15 6 4 2 2 30 6 4 2 5
25 | 4 2 8 1 5 40 4 5 7 1
35 10 | 7 1 50 4 3 5 6
45 | 5 3 8 6 7 60 5 3 10 | 2
5519 5 4 1 70 4 10 ] 4 2 8
23 Y 5 |10 IS5 20 25 30 |35 24 X 51 10 15] 20| 25| 30
15 10 3 5 1 4 100 6 4 2 2
25 4 10 2 8 110 4 2 8 1 5
35 |3 4 6 6 120 10 7 1
45 4 7 1 5 130 5 3 8 6 7
55 |2 5 10 140 9 5 4 1
25 |y [ 10 | 1520 [25 | 30 | 35| 40 |26 v~¥_120 | 25|30 | 35|40 |45
10 | 2 4 6 5 30 6 4 2
20 4 7 1 5 40 4 1 5 7
30 | 3 4 5 6 50 3 4 5 6
40 | 3 5 2 10 60 5 3 10 | 2
50 4 2 4 110 | 8 70 2 3 3 5
27 |y 5 [ 10 ] 15 120 | 25|30 | 35 |28 v~ 10 | 15|20 | 25 | 30 | 35
30 6 4 2 5 36 4 3
40 | 4 5 7 1 46 2 3 1 10
50 4 3 5 6 56 3 5 1 4
60 | 5 3 10 | 2 66 8 2 1
70 4 110 ] 4 2 8 76 1 2
29 |y X 101520 [ 25|30 ]35]40 |30 y X |42 |46 | 50 | 54 | 58 | 62
30 4 7 1 5 15 4 2 1
50 | 2 4 6 5 25 2 1 3 8 5
70 3 4 5 6 35 4 2 1 3
90 | 10 2 5 3 45 3 2 | 10 3 2
110 | 2 4 8 4 10 55 1 3 9 1
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IMPUJIO)KEHUE

Tabmuia 1
3nauenus QyHKuuu [ (x) = Le—xz/z'
2z

X 0 1 2 3 4 5 6 7 8 9
0,0 0,3989 3989 3989 3988 3986 3984 3982 3980 3977 3973
0,1 3970 3965 3961 3956 3951 3945 3939 3932 3925 3918
0,2 3910 3902 3894 3885 3876 3867 3857 3847 3836 3825
0,3 3814 3802 3790 3778 3765 3752 3739 3725 3712 3697
0,4 3683 3668 3653 3637 3621 3605 3589 3572 3555 3538
0,5 3521 3503 3485 3467 3448 3429 3410 3391 3372 3352
0,6 3332 3312 3292 3271 3251 3230 3209 3187 3166 3144
0,7 3123 3101 3079 3056 3034 3011 2989 2966 2943 2920
0,8 2897 2874 2850 2827 2803 2780 2756 2732 2709 2685
0,9 2661 2637 2613 2589 2565 2541 2516 2492 2468 2444
1,0 2420 2396 2371 2347 2323 2299 2275 2251 2227 2203
1,1 2179 2155 2131 2107 2083 2059 2036 2012 1989 1965
1,2 1942 1919 1895 1872 1849 1826 1804 1781 1758 1736
1,3 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518
1,4 1497 1476 1456 1435 1415 1394 1374 1354 1334 1315
1,5 1295 1276 1257 1238 1219 1200 1182 1163 1145 1127
1,6 1109 1093 1074 1057 1040 1023 1006 0989 0973 0957
1,7 0940 0925 0909 0893 0878 0863 0848 0833 0818 0804
1,8 0790 0775 0761 0748 0734 0721 0707 0694 0681 0669
1,9 0656 0644 0632 0620 0608 0596 0584 0573 0562 0551
2,0 0540 0529 0519 0508 0498 0488 0478 0468 0459 0449
2,1 0440 0431 0422 0413 0404 0396 0387 0379 0371 0363
2,2 0355 0347 0339 0332 0325 0317 0310 0303 0297 0290
2,3 0283 0277 0270 0264 0258 0252 0246 0241 0235 0229
2,4 0224 0219 0213 0208 0203 0198 0194 0189 0184 0180
2,5 0175 0171 0167 0163 0158 0154 0151 0147 0143 0139
2,6 0136 0132 0129 0126 0122 0119 O1l6 0113 0110 0107
2,7 0104 0101 0099 0096 0093 0091 0088 0086 0084 0081
2,8 0079 0077 0075 0073 0071 0069 0067 0065 0063 0061
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2,9 0060 0058 0056 0055 0053 0051 0050 0048 0047 0046
3,0 0044 0043 0042 0040 0039 0038 0037 0036 0035 0034
3,1 0033 0032 0031 0030 0029 0028 0027 0026 0025 0025
32 0024 0023 0022 0022 0021 0020 0020 0019 0018 0018
3,3 0017 0017 0016 0016 0015 0015 0014 0014 0013 0013
3,4 0012 0012 0012 0011 0011 0010 0010 0010 0009 0009
3,5 0009 0008 0008 0008 0008 0007 0007 0007 0007 0006
3,6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004
3,7 0004 0004 0004 0004 0004 0004 0003 0003 0003 0003
3,8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002
3,9 0002 0002 0002 0002 0002 0002 0002 0002 0001 0001

Tabmuna 2

3uauenus pyrkuun O (x)= 1 j‘e_zz/de .
Var g
X D (x) X D (x) X D (x) X D (x) X D (x)

0,00 0,0000 0,35 0,1368 0,70  0,2580 1,05 0,3531 1,40 0,4192
0,01  0,0040 0,36  0,1406 0,71 0,2611 1,06 0,3554 1,41  0,4207
0,02 0,0080 0,37 0,1443 0,72 0,2642 1,07 0,3577 1,42 0,4222
0,03 0,0120 0,38 0,1480 0,73  0,2673 1,08 0,3599 1,43 0,4236
0,04 0,0160 0,39 0,1517 0,74 0,2704 1,09 0,3621 1,44 0,4251
0,05 0,0199 0,40 0,1554 0,75 0,2734 1,L10 0,3643 1,45 0,4265
0,06 0,0239 0,41 0,1591 0,76 00,2764 1,11 0,3665 1,46 0,4279
0,07 0,0279 0,42 0,1628 0,77 0,2794 1,12  0,3686 1,47  0,4292
0,08 0,0319 0,43 0,1664 0,78 0,2823 1,13 0,3708 1,48 0,4306
0,09 0,0359 0,44 0,1700 0,79  0,2852 1,14 0,3729 1,49 0,4319
0,10 0,0398 0,45 0,1736 0,80 0,2881 1,15 0,3749 1,50 0,4332
0,11 0,0438 0,46 0,1772 0,81 0,2910 1,16  0,3770 1,51 0,4345
0,12 0,0478 0,47 0,1808 0,82 0,2939 1,17 0,3790 1,52 0,4357
0,13 0,0517 0,48 0,1844 0,83  0,2967 1,18 0,3810 1,53  0,4370
0,14  0,0557 0,49 0,1879 0,84 0,2995 1,19 0,3830 1,54 0,4382
0,15 0,0596 0,50 0,1915 0,85 10,3023 1,20 0,3849 1,55 0,4394
0,16 0,0636 0,51 0,1950 0,86 0,3051 1,21 0,3869 1,56  0,4406
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0,17 0,0675 0,52 0,1985 0,87 0,3078 1,22 0,3883 1,57 0,4418
0,18 0,0714 0,53 0,2019 0,88 0,3106 1,23 0,3907 1,58  0,4429
0,19 0,0753 0,54 0,2054 0,89 0,3133 1,24 0,3925 1,59 0,4441
0,20 0,0793 0,55 0,2088 0,90 0,3159 1,25 0,3944 1,60 0,4452
0,21 0,0832 0,56 0,2123 0,91 0,3186 1,26 0,3962 1,61 0,4463
0,22 0,0871 0,57 10,2157 0,92 0,3212 1,27 0,3980 1,62 0,4474
0,23 0,0910 0,58 0,2190 0,93 0,3238 1,28  0,3997 1,63 0,4484
0,24 0,0948 0,59 0,2224 0,94 0,3264 1,29  0,4015 1,64 0,4495
0,25 0,0987 0,60 0,2257 0,95 0,3289 1,30 0,4032 1,65 0,4505
0,26  0,1026 0,61 0,2291 0,96 0,3315 1,31 0,4049 1,66 0,4515
0,27 0,1064 0,62 0,2324 0,97 0,3340 1,32 0,4066 1,67 0,4525
0,28 0,1103 0,63 0,2357 0,98 0,3365 1,33 0,4082 1,68 0,4535
0,29 0,1141 0,64 0,2389 0,99 0,3389 1,34 0,4099 1,69 0,4545
0,30 0,1179 0,65 10,2422 1,00 10,3413 1,35 0,4115 1,70 0,4554
0,31 0,1217 0,66 0,2454 1,01 0,3438 1,36 0,4131 1,71 0,4564
0,32 0,1255 0,67 10,2486 | 1,02 0,3461 1,37 0,4147 1,72 0,4573
0,33 0,1293 0,68 02516 | 1,03 0,3485 1,38 0,4162 1,73 0,4582
0,34 0,1331 0,69  0,2549 1,04 0,3508 1,39  0,4177 1,74 0,4591
1,75 0,4599 1,93 0,4732 2,22 0,4868 2,58  0,4951 2,94 0,4984
1,76 0,4608 1,94 0,4738 2,24 0,4875 2,60 0,4953 2,96 0,4985
1,77 0,4616 1,95 0,4744 2,26 0,4881 2,62 0,4956 2,98 0,4986
1,78  0,4625 1,96 0,4750 2,28 0,4887 2,64 0,4959 3,00 0,49865
1,79 0,4633 1,97 0,4756 2,30 0,4893 2,66 0,4961 3,20 0,49931
1,80 0,4641 1,98 0,4761 2,32 0,4898 2,68 10,4963 3,40 0,49966
1,81 0,4649 1,99 0,4767 2,34 0,4904 2,70 0,4965 3,60 0,499841
1,82 0,4656 2,00 0,4772 2,36 0,4909 2,72 0,4967 3,80 0,499928
1,83 0,4664 2,02 04783 2,38 0,4913 2,74 0,4969 4,00 0,499968
1,84 0,4671 2,04 0,4793 2,40 04918 2,76 0,4971 4,50 0,499997
1,85 10,4678 2,06 0,4803 2,42 0,4922 2,78 0,4973 5,00 0,499997
1,86  0,4686 2,08 0,4812 2,44 0,4927 2,80 10,4974

1,87 0,4693 2,10 0,4821 2,46 0,4931 2,82 0,4976

1,88 0,4699 2,12 0,4830 2,48 0,4934 2,84 0,4977

1,89 0,4706 2,14 0,4838 2,50 0,4938 2,86  0,4979
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1,90 04713 2,16 0,4846 2,52 0,4941 2,88  0,4980
1,91 04719 2,18 0,4854 2,54  0,4945 2,90 0,4981
1,92 0,4726 2,20 0,4861 2,56  0,4948 2,92 0,4982
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