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IpakTuueckoe 3anstue 1

JIeMEeHThI TEOPUU MHOKECTB

Y4yeOHbIe BONPOCHI 3aHATHS:

1. OcHOBHBIC OTIEpalK HAJ] MHOYKECTBAMH U COOBITUSIMH
2. AKcroMaTHKa TEOPUH BEPOSITHOCTEMN
COAEPXAHUE 3AHATHUA
BerynureabHas yacThb
Ha ceropHsiHeM NpakTUYECKOM 3aHSATUM Bam mpepyiaraercsi BBIIOJIHUTH
PaKTUYECKUE 3aJaHMsl, CBS3aHHBIC C BBIMOJIHEHUEM OCHOBHBIX ONEpaluii Hal
MHO>KECTBAMHU U COOBITHSIMHU.

[IpoBepka roTOBHOCTHU CTYJICHTOB K 3aHATHUIO

1. 3anucatb 0OcCHOBHBIE (HOPMYJITBI KOMOMHATOPUKH.
2. JlaTh KJIaCCHUECKOE OMpe/IeTICHUE BEPOSTHOCTH.
3. OcHOBHBIE CBOWCTBA BEPOSITHOCTH.

4. Cymma, Ipou3BeJIeHUE, PA3HOCTh COOBITHIA.

1. OcHoBHBIE onepanum HaJaA MHOKECTBaAMHU A COOBLITHSIMHU

1. 1300pa3uth rpaduyecku MHOKECTBO AB.
2. 1300pa3uth rpaduuecku MHOKECTBO A(A+B).

3. CynHO MMeeT OJIHO PyJIeBO€ YCTPOMCTBO, YEThIpPE KOTJIa U JABE TYPOUHBI.
CoObiTHe A 0O3HAYaeT MCIPABHOCTH PyJeBOro ycrpoiictea, Bj (j = 1, 2, 3, 4) —
UCTIPaBHOCTS J-T0 KoTia, a Ck (K = 1, 2) — ucripaBHOCTh K-0i1 TypOuHBI. CoObITHE F
— CYAHO YIIpaBIsIeMO€ — UMEET MECTO B TOM Cyyae, KOT/a HCIpPaBHBI PyJIEBOE
YCTPOMCTBO, XOTSA Obl OJIMH KOTEN U XOTsA Obl 0JHA TypOuHa. Beipazutk coObiTus Fi
yepes A, Bju Ck.

4. YKaXuTe pUCYHOK Ha KOTOPOM 3aIITPUXoBaHO coObiTHe D+E:
E 3 T 3

1] D D D)

-

a). 6). B). I);

5. Ilycte A, B, C — Tpu mpou3BOJBLHO BBHIOpAHHBIX COOBITHS. Haiitu
BBIPAYKEHUSI JIJI1 COOBITHI, COCTOSIINX B TOM, uTo U3 A, B, C:

a) MPOM3OIILIO TOJBKO COOBITHE A;

0) nmpousonwio A u B, Ho C He npou3onuio;

B) BCE TPHU COOBITHSI POU3OILIN;

I') MPOU3OILIO XOTS OBl OJTHO U3 ATUX COOBITHUIA;

J1) IPOU30IIIO XOTs ObI 1Ba COOBITHS;



€) MPOM3OIILIO OAHO U TOJIBKO OJTHO U3 3TUX COOBITHIA,
K) TIPOU3OIIUIH JIBA U TOJIBKO JIBa COOBITHS;

3) HE MMPOU30IILIO HH OJTHO M3 ATUX COOBITHI;

1) TIPOU30IILIO HE 00Jiee IBYX COOBITHIA.

2. AKCHOMAaTHKA TeOPUH BePOSITHOCTEl
1. B ropoae n cBetodopoB. Kaxaplii MOXKET HAXOAUTHCSA B OAHOM U3 TpeX
COCTOSIHUI: TOpPETh KpPACHBIM, JKEITBIM WM 3€J€HbIM CBETOM. (CKOJBKUMU
croco0amMu MOKHO 3aKe€4b BCE CBETO(POPHI?

2. B kmacce u3ywarorT JecaTb NpeIMeToB. Bo BTOpPHHK MSTh YpPOKOB,
npudeM ypoku pasHble. CKOIBKUMH CIOCOOaMU MOXHO COCTaBUTh paclucaHue Ha
BTOPHHUK?

3. B pacnopspkeHUM CUTHaJBIIMKA €CTh 4YeThipe pasznuyHbix (ara. Ha
(narmroke MOJHUMAETCsS CUTHAJ, COCTOSIIMA HE MEHee 4YeM U3 ABYX (pyaros.
CKOJIBKO DPa3jIMYHbIX CUTHAJIOB MOXKHO MOJHSATH Ha (PJIarmroke, €ciu MOpsIOK
(1aroB B CUrHaE YYUTHIBACTCS?

4. CtyneHTy HEoOXOAMMO claTh TpU (pa3jMYHBIX) SK3aME€HAa B TEUCHHE
mectd AHel. B neHp paspemaercs cpaBaTh He 0ojiee OJHOTO 3K3aMEHa.
CxonbKkrUMU crIOcOOaMU MOKHO OpraHU30BaTh Cady dK3aMEHOB?

5. AGOHEHT 3a0bL1 OCIEAHIO UPY TeaehOHHOTO HOMEpA U BBIHYKIEH
HaOupaTh e€ Hayaauy. HaliTh BepOATHOCTH TOTO, UTO eMy IPUIETCS 3BOHUTH HE
Oosiee yeM no TpéMm Homepam. KakuMm o0pa3zoM HM3MEHUTCS BEPOSTHOCTH, €CIU
a0OHEHT MMOMHUT, NocaeAHss uudpa Homepa — y€THas?

6. B ypne naxoasrcs 10 6enbix, 15 uepHsix, 20 kpacHbIX mapoB. M3 ypHBI
Haynauy Oepytcs 9 mapos. Haiitu:

a) CKOJBKUMH Pa3IMYHBIMH CITIOCOOaMHU MOKHO BBIHYTH 9 m1apoB?

0) CKOJIbKMMHU pPa3IM4YHBIMUA CIIOCOOAMH MOKHO B35Th 9 mIapoB, cpeau
KOTOPBIX 6 O€bIX U 3 YepHBIX?

B) CKOJBKHMH Da3JIMYHBIMU CIIOCOOaMH MOKHO B35iTh 9 mIapoB, cpeau
KOTOPBIX 2 OeIbIX, 3 4epHbIX U 4 KPacHBIX mmapa’?

OTYeTHOCTD 32 3aHATHE

Pe3ynbrarel paboThl AOMKHBI OBITH OTpakeHbl B paboued TeTpaau u
3aIMIIEHbl YCTHO KaXJbIM CTyJAEeHTOM. [Ipu MOAroTOoBKE K 3alllUTE OCHOBHOE
BHUMAHHE YJEIUTh MOHUMAHUIO (PU3UUECKOr0 CMBICIIA KAKIOTO MyHKTA 3a/IaHus U
00OCHOBAHUIO MOJIYYEHHBIX PE3YyJIbTAaTOB.

3aki0ueHnue

[IpoBoauTtcst cobecenoBaHue 1O pe3yjbTaTaM pabOThl € KaKIbIM
ctyneHroM. CryaeHTaMm, YCIEIIHO 3aBEPUIMBLIMM pPAacyeT BCEX MPAKTHYECKHX
3a/IaHUN BBICTABIISIETCS OLIEHKA.



IIpakTn4yeckoe 3ansiTue 2
BeposiTHOCTHBIE MPOCTPAHCTBA

Y4eOHble BONPOCHI 3aHATHS:

1. BeposiTHOCTHOE MPOCTPAHCTBO C TEOMETPUUECKUM TUTIOM BEPOSITHOCTH
2. YciioBHas BEPOATHOCTD

COIAEPKAHUE 3AHATUSA
BerynurenbHas 4acTh
Ha ceromHsmmHeM NpakTUYECKOM 3aHATHM Bam mnpennaraeTcss BBIIOJIHHUTH
MPAKTUYECKUE 3a/IaHUsA, CBS3AHHBIC C BBINIOJHEHUEM OCHOBHBIX OIEpalMil B
BEPOSITHOCTHBIX IPOCTPAHCTBAX C TEOMETPUYECKUM THITOM BEPOSTHOCTH.

IIpoBepka roTOBHOCTH CTY/IEHTOB K 3aHATHIO
Jate onpenenenue anreOpbl COOBITHIA.
JlaTth onpenenieHre G-anreopsl.
Jats onpenenenre 00peneBCKOM anreopsl.
JlaTb onpe/iesieHue BEpOSITHOCTH Ha H3MEPUMOM MPOCTPAHCTBE.
Jlatb ompeienieHue BEpoITHOCTHOTO IPOCTPAHCTBA.
CBoiicTBa BEpOSITHOCTH.

ok

1. BeposiITHOCTHOE MPOCTPAHCTBO C T€OMETPUYECKUM THIIOM
BEPOSITHOCTH

1. 3agan palioH MoucKa nmapaunrroTiCcTa, TPeACTaBISIONINI cO00M KBaapaT co
CTOPOHOM 5 KM. B paiiloHe moMCKa HaXOIWUTCS 03€p0, MMOBEPXHOCTbH KOTOPOIO
MO’KHO NMPUOJIMKEHHO CUNTATh COBIAJAIONIEH ¢ MOBEPXHOCTHIO Kpyra paauyca R
= 1 km. Ilpeamnonarasi, 4To MapamIfOTUCT MOT MPHU3EMJIMTHCA B JIIOOOH TOUKe
paccMaTpuBaEMOro KBaJapara, HAWUTH BEPOSATHOCTH TOrO, YTO MAPAIIFOTHUCT
IPUBOJIHUJIICSA HA TOBEPXHOCTH 03€pa.

2. Ha TenedonHoi nuHuuM, coeauHstomed nmyHKTel A u B, paccrosiHue
Mexy KotopeiMu 100 kM, mpou3soiiest 00psIB TpoBoaa. OnpeaenuTh BEPOITHOCTD
TOTO, 4TO To4YKa oOpsiBa C HAXOAUTCS OT MyHKTa A Ha paccTosiHuu, He meHee 20
KM, T[peanonarasi, 4ro mnojoxkeHue oOpsiBa C Ha TenehoOHHOW JMHHUH
PaBHOBO3MOXHO JIt000€.

3. B mo0bie MOMEHThl MHTEpBaja BpeMeHU 1 PaBHOBO3MOXKHBI
NOCTYIUJIEHUSI B MPUEMHHK JBYX HE3aBUCUMbIX CUTHAJIOB. CHTHAJIbl MCKAXAIOTCA,
€CJIM Pa3HOCTh MEXAY MOMEHTaMU HUX MOCTYIUIEHHWS MeHblle T. OnpenenuThb
BEPOSITHOCTh TOTO, YTO CUTHAJIBI Oy Ty T UCKAKEHBI.

4. CrepxeHb JIUHON | JOMarOT Ha TPW YACTH, MPHYEM TOYKH pasjoma



BbIOMpalOT Hayaauyy. HaiimuTe BEpOSTHOCTh TOTO, YTO M3 MONYUYHBIIHUXCS YacTen
MOYXHO COCTaBUTH TPEYTOJIbHUK.

5. JlBa mpusTeNns yCIOBUIUCH BCTPETUTHCSA B ONPEJECIEHHOM MECTE MEXKTY
IBYMs M Tpems yacaMu JIHs. IIpumienmmuil nmepBbIM xaeT apyroro B tedeHue 10
MHUHYT, TI0CJI€ Yero yXoauT. YeMy paBHa BEPOATHOCTb BCTPEUYM IPHUATEIEH, €Cin
IPUXOJ KAXKI0T0 U3 HUX B TEUCHHE YKA3aHHOTO 4aca MOXKET MPOU30MTH B JH000€
BpeMsi?

2.  YcJOBHasl BePOSITHOCTD

1. Ha 3aHSTHM ONpUCYTCTBYET JABE IPyNIbl CTyAEHTOB. B ogHoil rpynme 20
CTYICHTOB, MpUYEM, S5 CpeAu HUX — OTIUYHHMKH; BO BTOpOM rpymme — 25
CTYJIEHTOB, IpU4eM, 6 U3 HUX — OTIMYHUKH. J[J1 perieHus npuMmepa OblT BbI3BaH K
JIOCKE OJIMH OTJIMYHMK. HalT BEPOSTHOCTH TOTO, YTO K JIOCKE BBI3BAH CTYJICHT U3
IIEPBOU I'PYIIIIHL.

2. Ilyctb coObiTHEe B — BhimagcHue 4 uin 6 0YKOB Ha UTPaIbHON KOCTH, CO-
ObITHE A, — BBIMAJCHUE YETHOTO YHCJIa OYKOB, COOBITHE A2 — BhITIafieHue 3, 4 wim 5
OYKOB, COOBITHE A3 — BBINAJCHUE HEYETHOTO uHMclia OYKOB. HailTu ycioBHBIC
BEPOSITHOCTH COOBITHI 4, , A2 1 A3 IpU yCIOBUU COOBITUS B.

3. Ha cemMu kaproukax HamucaHbl OYKBBI, OOpa3ylolIle  CIOBO
«COJIOBEW». KapTouky IepeMemnBaloT M M3 HUX HAyraj [OCIEI0BATENbHO
M3BJICKAIOT W BBIKJIAABIBAIOT CJIEBA HAMPABO TPHU KapTouku. HaliTu BeposITHOCTH
TOTO, 4TO moiyunuTcs ciaoBo «BOJD» (coobitue A4).

4, Kaxnas OykBa cimoBa «MATEMATUKA» nHamucana Ha OTIEIbHOU
kaprouke. Kaproukm TiatenpHo mnepemerianbl. IlocaegoBaTeIbHO HM3BIICKAIOT

yeTelpe KapTouku. Hailtu eeposmunocmv cobvimus A — TOIYy4YUTHh CIIOBO
«TEMA»?

OT4eTHOCTH 32 3aHATHE
Pesynbrartel paboThl JOMKHBI OBITH OTPAXKEHBI B pabodeil TeTpagu
3aIIUINEHbl YCTHO KaXIbIM CTyJIEeHTOM. [Ipu TOAroToBKEe K 3alUTe OCHOBHOE
BHUMAHHE YJEIUTh MOHUMAHHIO (PU3UYECKOTO CMBICIIA KAXKIOTO MYHKTA 3a/IaHUs U
000CHOBAHUIO MOTYUYEHHBIX PE3YIHTATOB.

3akjIoYeHue
[IpoBoguTcs coOecenoBaHue IO pe3yJbTaraM padOThl C  KaXIbIM
ctyaeHToM. CTyJaeHTaM, YCIEIIHO 3aBEpIIMBIIMM pPacyeT BCEX MPAKTUYECKHUX
3aJJaHUH BBICTABIIICTCS OIICHKA.



IIpakTn4yeckoe 3ansitue 3
Dopmy.ibl IOJHON BepOATHOCTH, baiieca, bepny/uiu

Y4eOHble BONPOCHI 3aHATHS:

1. ®opmyna nonHoi BepositHocTH. Dopmyiia baiieca
2. ®opmyna bepuyiu

COIAEPKAHUE 3AHATUSA
BerynureabHas 4acTh
Ha ceromHsmHeM NpakTUYECKOM 3aHATUU BaM mpemyiaraercs BBIITOJIHUTH
paKTUYECKUE 3aJaHusi, CBS3aHHBIE C MCIHOJIb30BaHUEM (OpPMyYIN TOJTHOU
BeposiTHOCTH, baiteca u popmyinel bepaysm.

[IpoBepKa rOTOBHOCTH CTYJCHTOB K 3aHSITHUIO

1. Kakum 00pa3oM BEIUHCIISIETCS] BEPOSTHOCTh CYMMBI U IPOU3BEICHUS
COOBITHI.

[osicauts (hopMyITy IOITHON BEPOSTHOCTH.

[osichuts popmyiny baiieca.

[osichuts Gopmyiry bepHysum.

~own

1. dopmy.ia noaHoM BepossTHOCTH. Popmyiia baiieca

1. B tupe umeercs nsatb BUHTOBOK (Nel, No2, Ne3, No4, No5), BeposiTHOCTH
MOMNaJIaHusl M3 KOTOPBIX ISl JAHHOTO CTpejika paBHbI cooTBeTcTBeHHO 0,5; 0,6;
0,7;0,8; 0,9.

a) OnpeaenuTh BEpOSTHOCTD MTONAaHUs B MUIIIEHb IPU OJHOM BBICTpEIIE,
€CJIM CTPEJIOK OepeT OJHy U3 BUHTOBOK Hayady.

0) Ctpenok OGeper 0oJHy U3 BUHTOBOK Hayjady, MPOU3BOJIUT BBICTPENT U
nonajaeT B MUIlIeHb. HaliTH BEpOSATHOCTD TOTO, YTO CTPEJIOK CTPENISAI U3 BUHTOBKH

Ne3.

2. lIee u3 tpex (Nel, Ne2, Ne3) meszaBucMMO pabOTarOMIMX JaMmm mpudopa
oTkazanu. HailTu BeposiTHOCTh TOTO, YTO OTKa3aja jamna Nel, ecnu BeposSTHOCTH
otkaza jami Nel, No2, Ne3 cooTBeTrcTBeHHO paBHbI: p1=0,1; p»=0,2; p3=0,3.

3. Bpau mocie ocmoTpa GOJIBHOTO CUMUTAET, YTO BO3MOXKHO OJIHO M3 JBYX
3a00JieBaHUM, KOTOphIe 3amu(poBaHbl HOMepaMu 1 U 2, MpuUyYeM CTENEeHb CBOEH
YBEPEHHOCTH B OTHOLIEHWH MPABWIBHOCTH JHAarHo3a oH oueHusaet kak 0,4 u 0,6
COOTBETCTBEHHO. JIyisi yTOUYHEHMs] AMarHo3a OOJIbHOTO HAIpaBJSIOT Ha aHalu3,
UCXO0JI KOTOPOTrO JAaeT MOJIOKUTEIbHYIO peakiuio npu 3adoneBanuu 1 — B 90%
ciydaeB W mpu 3a0oneBanuu 2 — B 20% ciiyyaeB. AHAJIU3 Jall TIOJIOKUTEIbHYIO
peakuuto. Kak n3MeHUTCS MHEHUE Bpaya NOCJe NPOBEICHHOTO aHaIu3a?



4. DnexTpoJiaMIlbl W3TOTaBIMBAIOTCS Ha TpEX 3aBogax. l[lepBbiii 3aBoA
npou3BoauT 30% o00111ero KoJu4yecTBa 3JIEKTpoiami, BTopoi - 25%, a tpetuit -
ocTalibHYI0 YacTh. [Ipomykius mepBoro 3aBoga cofepXuT 1% OpakoBaHHBIX
ANIeKTpoaamIl, BToporo - 1,5%, tperbero - 2%. B Mara3uH noctymnaer mpotyKuus
BceX TpEX 3aBoj10B. KyIyieHHasi B MarasuHe jaMiia okaszainach OpakoBanHo. KakoBa
BEPOSITHOCTh TOTO, UTO OHA IPOU3BEAEHA EPBBIM 3aBOIOM?

5. JIBa U3 TpEX HE3aBUCHMO Pa0OTAIOUIMX AIEMEHTOB BBIYMCIHTEIBHOIO
YCTpPOMCTBA OTKa3anu. HaliTu BEpOATHOCTH TOr0, YTO OTKA3aJIA MEPBBIA U BTOPOM
AJIEMEHTBI, €CIIM BEPOSATHOCTH OTKa3a MEPBOr0, BTOPOrO M TPETHETO 3JIEMEHTOB
COOTBETCTBEHHO paBHbl p, = 0,2; p» =0,4; p, =0,3.

6. Ha tpex mouepeit - KOmo, Mapuny u JleHy - B ceMbe BO3JI0KCHA
0o0g3aHHOCT MBITh mocyny. llockonbky HOns crapmas, e npuxonurcs
BBITTONTHATE 40 % Bcelr paboThl. OcTtanbHbie 60 % pabOThI TPUXOIAATCS TMOPOBHY
Ha Mapuny u Jleny. BepositHocTu pa3Outh 4To-HHOYAL M3 MOCY.IbI (B TEUCHUE
onHOro MbIThs) g FOmu, Mapunsl u Jlensl paBHbl cooTrBeTcTBeHHO: 0,02; 0,03;
0,04. Pomurenu He 3HAIOT, KTO JEXKYpPWJI BE€UEPOM, HO OHHU CIHBIIIAIU 3BOH
pazouToil mocyapl. KakoBa BepOsSITHOCTH TOTO, 4TO Mocydy Mbuia: a) FOms; 0)
Mapuna; B) Jlena?

2. ®opmyJa bepryin

1. B cpennem 20% nakeToB akiiuii Ha ayKITMOHAX MPOIAFOTCS T10
NepBOHAYAIILHO 3asBICHHOM 11eHe. HaliT BeposSTHOCTB TOTO 4TO M3 9 aKeTOB aKIuii B
pe3yJbTaTe TOProB MO MEPBOHAYATIBLHO 3asBJICHHOM LIEHE:

1. He OyayT npozaHbl 5 MaKETOB.

2. byner npoaaHo:

a) McHee 2 MaKeTOB,;

0) He OoJiee 2 MakeToB.;

B) XOTs ObI 2 TIaKeTa;

T') HAUBEPOATHEUIIIEE UNCIIO TTAKETOB.

2. Tlo tienmm mpon3BOIAT 6 HE3aBUCUMBIX BBICTPEIIOB. BEposSTHOCTH Momajanus
pu KaxxoM BeicTpene paBHa 0,75. Haiitu:

a) BEPOATHOCTH POBHO O TOMAIaHUH;

0) BEpOSTHOCTH HE MEHEE D MOTaJaHNi;

B) BEPOSATHOCTH MEHEE 3 TTOTIaTaHHH.

3. B xopoOke nexxut 200 koHaeHCATOPOB, TPUYEM 2 U3 HUX HY>KHOW €MKOCTH.
CrnyyaliHbIM 00pa3oM U3 KOPOOKH BRIHUMAKOT 1 KOHJIEHCATOP U TIOCIIE OIIPEACTICHUS
€ro EMKOCTH BO3BpAIalOT 00paTHO B KOPOOKY. BBISICHUTE CKOJIBKO pa3 HY>KHO
OCYIIIECTBUTH YKA3aHHYIO OTIEPAITHIO, YTOOBI BEPOSTHOCTh BCTPETUTH XOTSI OBl OJTUH
KOHJIEHCATOP HYKHOUW eMKOoCcTH Obl1a He MeHbItre 0,95.



4. YCTpoicTBO COCTOUT U3 3 HE3aBUCUMO pabOTarOIIMX OCHOBHBIX 3JIEMEHTOB.
Y CTpoiiCTBO OTKA3bIBAET €CIIM OTKAXKET XOTs ObI OJIHH JIeMEHT. BeposaTHOCTh 0TKa3a
Ka)kJ10ro srieMenTa 3a Bpems t pasra 0,1. Haiitu BepossTHOCTb 0€30TKa3HOI paboThI
yCTpOMCTBa 3a Bpems t, eciu:

a) paboTaroT TOIBKO OCHOBHBIE 3JIEMEHTBI;

0) BKJIFOYEH OJIH PE3ePBHBIH AJIEMEHT;

B) BKJIFOUCHBI 2 Pe3ePBHBIX AJIEMEHTA.

[penamnonaraercs, 4To pe3epBHBIE HIEMEHTHI PA0OTAIOT B TOM K€ PEXKHUME, UTO U
OCHOBHBIE, BEpPOSITHOCTh OTKa3a KaXJ10ro pe3epBHOro iemenra pasHa 0,1 u
YCTPONCTBO OTKA3bIBAET MEHEE 3 3JIEMEHTOB.

5. BepoaTHOCTh U3TOTOBIICHUS HA aBTOMAaTHYECKOM CTaHKE CTaHIapTHON
nerany pasHa 0,8. Haiitu BepoATHOCTH BO3MOKHOT'O YKCIIA MOSIBIICHHSI OpaKOBaHHbBIX
JieTajel cpean 5 OTOOpaHHbIX.

OT4eTHOCTH 32 3aHsATHE
Pe3ynbrartel paboThl AOKHBI OBITH OTpakeHbl B paboyeil Terpagu M
3AIIMIIEHBl YCTHO KaXJbIM CTyJIEHTOM. IIpM IOArOTOBKE K 3alMTE€ OCHOBHOE
BHUMAaHUE YJEIUTh MNOHUMAHUIO PU3NUYECKOTO CMBICIIAa KaXKAO0r0 MTyHKTA 3aaHusl U
00OCHOBAHUIO MOJIYYEHHBIX PE3YJIbTAaTOB.

3aki0oueHue
[IpoBoguTcss cobecemoBaHue 10 pe3ysbTaTaM pabOThIl C  KakKIbIM
ctyaeHtoM. CTyneHTaM, YCHENIHO 3aBEPIIMBIIAM PACUET BCEX MNPAKTHYECKHUX
3aJIaHNI BEICTABJISIETCS OIIEHKA.



IIpakTuueckoe 3ansitue 4
JIMcKpeTHBbIE Cy4YallHbIE BeJIUYHHbI

Y4eOHble BONPOCHI 3aHATHA:
1. 3akoH pacnpeeneHus TUCKPETHON CIly4aiiHON BETMYUHBI
2. OyHKIM pacTpeaesieHUs] TUCKPETHON CITy4aitHOM BETUYHHbI

COIAEPXKXAHUE 3AHATHUA
BerynurenbHas yacThb
Ha cerognsiminem npakTUyecKOM 3aHATUU Bam npemsiaraercs BhINOJHUTD
NPaKTUYECKUE 3aaHusl, CBSI3aHHBIE C TUCKPETHBIMU CIyYaiiHbIMU BETUYUHAMH.

IIpoBepka rOTOBHOCTU CTYJACHTOB K 3aHATUIO

1. Jlath onpeneneHue cry4aifHoOW BEJIUYHHBI.

2. Kakas cnyuaiiHas BeTMYHHA HA3BIBAETCS TUCKPETHON?

3. Kaxkas cinyuaiinas BenmuyrHa Ha3bIBACTCSl HETIPEPHIBHOM ?

4. Yto Takoe 3aKOH pacrnpeseneHue caydainon Beuununbl? CriocoObl
3a/1aHUSL.

5. Urto nonumaeTtcs nojJ GyHKIMEH pacpeeIeHHs CITy4aifHONW BETUYHHbBI?
Crioco0nl 3a1aHusl.

1. 3akoH pacnpeaeneHus JMCKPETHOM CIy4ailHOH BeJMYHHBI

1. JluckpetHas ciiyyaiiHas BenrunHa X 3a7aHa 3aKOHOM pacIipeiesICHUsI

a)

X113 6 8
p|02/01| 04 | 03

0)

X1 2]4] 5 6
p|03(01| 02 | 04

X | 10] 15 20
p |0,1]07] 02

HOCTpOI/ITB MHOTOYT'OJIbHUK PACIIPCACIICHUA.

2. YCTpOWCTBO COCTOMT M3 TPEX HE3aBUCHUMO paOOTAIONIMX JIIEMEHTOB.
BeposiTHOCTh OTKa3a KaxkJoro sjneMeHTa B ogHoMm ombiTe paBHa 0,1. CocTaBUTH
3aKOH pacIpeesICHUs YMciia OTKa3aBIINX 3JIEMEHTOB B OJTHOM OTIBITE.

3. B maptun 10 % necrangaptHbix neraneid. Haygauy oToOpaHbl 4eTbipe
netanu. Hanucats OMHOMUAIBHBINA 3aKOH pAaCIPEeICHNs TUCKPETHON CIy4YaiHOi



BEJIMYMHBI X — YUCJIa HECTAaHJAPTHBIX JAETalel Cpeau YeThIpEX OTOOpPAHHBIX U
ITIOCTPOUTH MHOTOYTOJIBHUK PACIIPEACICHUSI.

4, HancaTh OMHOMMAJIBHBIA 3aKOH pacIpeieieHus JUCKPETHON ClydaiHON
BEJTMYMHBI X — YHCIIa TIOSBICHUS «TepOay pH IBYX OPOCAHUSIX MOHETHI.

5. Ilocne otTBera cTyaeHTa Ha BOMPOCH HK3aMEHAIIMOHHOTO OuseTa
DK3aMEHATOp 3aHa€T CTyAEHTY JOIOJHUTENbHbIE Bompocsl. Ilpenonasareins
IIPEKpAIIaeT 3a4aBaTb JOIOJHUTEIBHBIE BOINPOCHl, KAaK TOJIBKO CTYAECHT
OOHapyKMBAaeT 3HAaHUE 3aJJaHHOIO BOIPOca. BeposATHOCTH TOro, 4TO CTYAEHT
OTBETUT Ha JI000H JOMOTHUTEIBHBINA 3adaHHBIA Bompoc, paBHa 0,9. Tpebyercs
COCTaBUTh 3aKOH PACIIPEIEIICHUs TUCKPETHOM CIYyYalHOW BEJMYMHBI X — YHUCIa
JOTIOJTHUTENBHBIX BOIPOCOB, KOTOpBIE IMpENoAaBaTeNb 3a4acT CTYIEHTY, HAWTH
HAWBEPOSITHEMIIIEE YNCIIO 3aJaHHBIX CTYJAEHTY JOMOJHUTEIbHBIX BOIIPOCOB.

6. V3 nByx opyawii moouepémHO BEeAETCS CTpelbda 1Mo IMeau 0 TEPBOTO
MONaJaHus OJHUM M3 OpYyJuid. BeposTHOCTh MomnanaHus B 1€JIb IEPBBIM OPYIUEM
cocrasisier 0,3, BropsiM — 0,7. Hauunaer ctpensOy nepBoe opynue. CocTaBUTh
3aKOH pAacCIpEeNeNeHusl IHUCKPETHOM CIydyalHOW BenuuMHbl X M Y — 4Yucila
U3pACXOJOBAHHBIX CHAPSAJOB COOTBETCTBEHHO IIEPBBIM M BTOPBIM OPYIHEM.

7. Yuebnuk uznan tupaxkom 100000 sx3emruisipoB. BeposaTHocTs TOTO, 4TO
y4eOHUK cOpoIopoBaH HernpaBuibHO, paBHa 0,0001. Haiitu BeposTHOCTH TOTO,
YTO TUPAX COAEP>KUT POBHO MATH OPAKOBAHHBIX KHHT.

8. Marazun mnonyumn 1000 OyThUIOK MUHEpaJIbHOW BOIBI. BeposTHOCTH
TOTO, YTO MpHU TepeBo3ke OyThUIKa OKaxeTrcs pasoutoir paBHa 0,003. Haiitu
BEPOSITHOCTh TOTO, YTO MAara3MH MOJYYUT pa3OUTHIX OYTHUIOK: a) POBHO JBE; O)
MeHee JBYX; B) 0oJiee ABYX; I') XOTS Obl OJIHY.

2. DyHKIMSA pacnpenesieHusi UCKPETHOH CJIy4aiiHOil BeJTMYMHbI

1. Jlns Bcex 3amanwuii m.1 mOCTpoUTh PYHKITUIO pactpenesieHus ciaydaiHon

BEJIMYMHBI X.
OTYeTHOCTH 32 3aHATHE

Pesynbrartel paboThl AOMKHBI OBITH OTpPaKEHBI B pabodeil TeTpagu u
3alMIIECHBl YCTHO KaXIbIM CTYAEHTOM. [Ipum MmOAroToBke K 3alIUTE OCHOBHOE
BHUMAHHE YEIUTh MOHUMAHHUIO (PU3MYECKOTO CMBICITIA KKIOTO MTyHKTA 3aJIaHUs U
000CHOBAHUIO MOTYUYEHHBIX PE3YIHTATOB.

3akiiloueHue

[IpoBomuTcs cobecenoBaHWe TIO pe3yiabTaTaM pabOThl C  KaXKIbIM
cryaeHtoM. CTylneHTaM, YCHENIHO 3aBEPIIMBIINM pPacCUeT BCEX MPAKTHYECKUX
3aJIaHUM BBICTABJISICTCS OLICHKA.



IIpakTH4yeckoe 3aHsITHE 5
YucioBble XapAKTEPUCTUKHU JUCKPETHBIX CIYYAHWHBIX BeJIMUYNH

Y4eOHbIE BONPOCHI 3aHATHS:
1. MaremaTuyeckoe 0XXHJAaHue TUCKPETHOMN CIIy4yallHON BETUYHHBI
2. Jlucmiepcust TUCKPETHOM CITy4aitHOM BEJIMUMHBI

COIEPKAHUE 3AHATHUA
BerynurenbHas 4acTh
Ha cerogusmnem npaktuueckoMm 3aHsATHA BaM mpennaraercs BBINOJIHUTH
MPAKTUYECKUE 3a/IaHUSA, CBA3aHHBIE C HAXOXKJICHUEM YMCIOBBIX XapaKTEPUCTHUK
JTACKPETHBIX CITyYalHbBIX BEJIIMYMH.

IIpoBepka rOTOBHOCTH CTYAEHTOB K 3aHITHUIO
1. laTh onpesesieHre Cly4ailHOM BETUYHHBI.
2. Kakas cimydaiiHasi BelTMYruHA HA3bIBAETCS TUCKPETHOM?
3. UTo Ha3pIBaeTCS MaTeMaTHIeCKUM OkuaanremM? CBONCTRA.
4. Jlath omnpeiesieHUue TUCIIEPCUU TUCKPETHON CIy4ailHOM BETUYMHBI?

CBolicTBa.
5. JlaTh onpeienieHue CpeTHErO KBAAPATHIECKOTO OTKIOHCHUS ?

1. MaremaTnuyeckoe O:KHaaHue TUCKPETHOM ciydaiiHoii
BEJIMYMHBI

1. JluckpeTHas ciiydaiiHas BeJMuMHA X 3a7aHa 3aKOHOM pacIpeaesieHUs

A)
X1 [3 |6 |8
p 102(01]04 [03
b)
X 12 [4 [5 |6
p 103[01]02 [04
B)

X [10 [ 15 [20
p |01]07[02

Breruncnute MaTeMaTHYECKOE OXHJaHUC.

2. Haiitu MaremMaTuyeckoe OKHUJaHUE AUCKPETHOU CIydyailHON BEIMYHUHBI
7, ecnu M3BECTHBI MaTeMartuueckue oxuganusa X u Y: a) Z=X+2Y, M(X)=5,
M(Y)=3; 6) Z=3X+4Y, M(X)=2, M(Y)=6.



3. JluckperHas ciydaiiHas BelWYMHA X MPUHUMAET TPU BO3MOXKHBIX
3Ha4yeHus X, =4 ¢ BepoaTHocThio P, =0.5; X , =6 ¢ BeposTHOCTHIO P, = 0.3; X, C

BEPOSTHOCTHIO P ,. Halit X, u p,, 3Has1, uro M(X)=8.

4. KontponbHas paboTa cOCTOMT U3 TpEX BompocoB. Ha kaxaplit Bompoc
npuBeneHo 1o 4 orBera. CocTaBUTh W U300pa3uTh rpadUvecKd 3aKOH
pacrpeneneHus 4nciia NPaBUIIbHBIX OTBETOB NPHU IPOCTOM yrajaeiBaHuu. Hauntwn
MAaTEMaTUYECKOE 0KUIAHNE dTON CIy4YalHOW BEITUYUHBI.

5. B Ounere 3 3amaun. BeposTHOCTH MNPAaBWIBHOTO PpELIECHUS MEPBOM
3agaun paBHa 0,9, Bropoir — 0,8, Tperbeir — 0,7. CocTtaBUTh U H300pA3UTH
rpadUyuecKu 3aKOH pacHpe/IesICHHs YKciia MPaBUILHOTO pEIIeHus 3a7a4 B OWiieTe
Y BBIYMCIIUTHh MATEMATUYECKOE 0KUIAHUE 3TOU CIIyYailHON BEJIMYUHBI.

6. CnenaHo aBa BHICOKOPHCKOBBIX BKJIaaa: 10 Teic. pyOnelt B KOMIIaHUIO
A u 15 TteIC. pyOneit B komnanuto B. Komnanus A oGemaer 50% rogoBbIxX, HO
MOJKET JIONHYTh ¢ BepOoATHOCTHIO 0,2. Komnanus B — 40% romoBbIXx, HO MOXET
JOnHYTh C BepoATHOCTBIO 0,15. CocraBuTh 3aKOH paclnpeneneHus CIy4anHOu
BEJIMYUHBI — 001IEN cyMMBbl NpUObUIN (YOBITKA), TOJYYEHHOW OT JABYX KOMITAHHUA
yepes roa. Haiitu e€ maTemaTnyeckoe 0KuJaHue.

/. HaiiTu MateMaTU4yecKoe OKUJAHUE JIOTEPEHHBIX OUJIETOB, HA KOTOPBIX
BBINAAYT BBIMIPHILHM, eciu mnpuodOpereHo 20 OWIeTOB, NpUYEM BEPOSITHOCTH
BBIUTPHIIIIA 110 OJTHOMY OuieTy coctasisiet 0,3.

8. Haiitn maremaTtndeckoe OKuAaHUE AUCKPETHOM CIy4ailHOW BEIMYUHBI
X, pacripenenénnont no 3akony Ilyaccona:

9.
X 0 1 2 k
Aexp(=1) | AZexp(=)) A* exp(—A)
P exp(-4) 11 2l k!

Y4uTHIBATH, YTO z A exp(A)
m-o M!

2. lucnepcusi TMCKPETHOM CITy4ailHOH BeJIMYUHBI

1. Jlnsa 3aganuii Nel, 3, 4, 5 n1. 1 BBIUUCIUTH TUCTIEPCUIO PACTIPEICIICHUS
CIIlyYaliHOM BEJIMYMHBI X.

2. Cnyuaiinas BenuurHa X 3aJlaHa 3aKOHOM PACTIpeIeTICHUs
X 2 3 10




| p [ 01 | 04 | 05 |
Hatitu cpennee kBagpatndHoe oTkiIoHeHHE o (X).

3. Haiitu nucniepcuio TUCKPETHOM CIy4YaifHOM BEIMUYMHBI X — YHCIIA
MOSIBJICHUST COOBITUSI A B TIATH HE3aBUCUMBIX UCITBITAHUSIX, €CITH BEPOSITHOCTh
MOSIBJICHUS COOBITUH A B Ka)KJ0M HCTIbITaHUU paBHa (,2.

4. bpoireHsl N urpalibHBIX KocTe. HaiiTu mucnepcuio cyMMBI Unciia
OYKOB, KOTOPBIE MOTYT MOSIBUTHCSI HA BCEX BBIMABIINX I'PAHSX.

OT4YeTHOCTH 32 3aHATHE
PesynbpTarel paboThl JOMKHBI OBITH OTpaKEHBI B paboueld TeTpagu u
3aIUMIIECHBl YCTHO KaXXIbIM CTYyAEHTOM. IIpyM MOArOoTOBKE K 3alUTe€ OCHOBHOE
BHUMAaHUE YJEIUTh MOHUMAHUIO PU3NYECKOTO CMBICIIAa KaXKA0ro MyHKTa 3aJaHusl U
00OCHOBAHUIO MOJIyYEHHBIX PE3YJIbTAaTOB.

3aki0oueHue
IIpoBoguTcs cobecemoBaHue IO pe3yJbTaraM padOThl C  KaXJIbIM
cryaeHtoM. CTyleHTaM, YCHENIHO 3aBEPIIMBIINM pacueT BCEX MPAKTHYECKUX
3aJJaHUH BBICTABIIICTCS OIICHKA.



IIpakTn4yeckoe 3ansiTHe 6
YucnoBble XapaKTEPUCTUKH HENMPEPHIBHBIX CAYYANHBIX BeJINYNH

Y4eOHble BONPOCHI 3aHATHA:
1. MaremaTuyeckoe OXuJaaHue HEMPEPHIBHOM CIIy4aiiHON BEJIMUUHBI
2. Jlucriepcusi HETIPEPhIBHOM CIIy4aiiHOM BETHUNHBI

COJAEPXKXAHUE 3AHATUA
BerynuresabHas yactb
Ha cerogusmuem npaktndeckom 3aHATHA BaMm npennaraercs BBINOJIHUTH
[IPAKTUYECKUE 3aJaHUA, CBA3AHHBIC C HAXOXXICHUEM YHCIJIOBBIX XAPAKTEPUCTUK
HEIPEPBIBHBIX CIIyYalHbIX BEIUYMH.

IIpoBepka rOTOBHOCTH CTYACHTOB K 3aHITHUIO

1. Kakas ciyyalinas BeJMUMHA Ha3bIBAECTCS HEPEPHIBHOM?

2. Uto Ha3bIBACTCS TUIOTHOCTHIO PACTIPECIICHUS BEPOSITHOCTEH ?

3. Uro Ha3bIBaeTCs  MaTeMaTMYECKUM  OXHUJIAaHUEM  HENpephIBHOU
CIIy4aillHOW BEJIMYHMHBI?

4. ]laTb onpejeneHue JUCIIEPCUH HETTPEPHIBHOM CIIyYailHOW BEJTMUMHBI?

5. JlaTh onpesiesicHHe HAYaJIbHOTO TEOPETUIECKOr0 MOMEHTA mopsiaka K?

6. JlaTh omnpejesieHUe EHTPATLHOTO TEOPETUISCKOTO0 MOMEHTA Mmopsiika K?

1. MaremaTnuyeckoe 0OK1jaHue HeMPEePbIBHOM CJIy4aiiHOi
BeJINYHUHbI

1. Cnyudaiinas BennurMHa X 3ajJlaHa TUIOTHOCTBIO pacnpenenenus f(x)=x/2 B
unrepsaiie (0, 2); BHe sToro untepsaia f(x)=0. Haiitu MaTemMaTnyeckoe oxumaHue
BEJIMYMHBI X.

2. CnyyvaitHas BenuuMHa X  33JlaHa  IUIOTHOCTBIO  pacIpeieNieHUs
f(x)=x+05 B wuntepBasie (0;1); BHe o1oro wuHrepBama f(X)=0. Haiitu
MareMaThdeckoe OkuaaHue GYHKOMU Y =X3 (He HaxoAsd MpeABAPUTEIBHO
IJIOTHOCTH pactnpeneneHus Y).

3. Haiitn maremMaTtnyeckoe 0>kUJaHUE CITydYallHOM BEJIMYUHBI X, 3aJaHHON
byHKIIMEH pactpeneIeHus:
0 ,x<0
X2
F(x)= 7 O<x<4

\Ll  X>4



4. CnyvaitHass  BennuuMHa X 33JaHa  IUIOTHOCTBIO — BEPOSITHOCTHU
f(X)=C(x* +2x) B muaTepsaiue (0;1). Bue atoro uarepsana f(x)=0. Haiitn mapamerp
C.

5. CnyuaitHass BenuumHa X Ha uHTepBaie (2, 4) 3agaHa TUIOTHOCTHIO
pacmpenenenus f(X)= -(3/4)x ? +(9/2)x-6; Bue sroro murepsanza f(x)=0. Haiitu

MOAYy, MaTCMATHYCCKOC OKUAaHUC U MCINAHY BCIIMYMNHBI X.

6. OyHKIMA @(X) 3aJaHa B BUJE:

(p(x):[o x<1
I A
|b<_4  X>1

Haiitu:

a) 3HAUYECHUE TOCTOSIHHOM A, IpH KOTOPOH (PYHKIUS OYyJET MJIOTHOCTBHIO
BEPOSATHOCTH HEKOTOPOM CIy4YalHOW BEIUYHMHBI X;

0) BeIpaxeHHe PyHKIUU pacnpenencaus F(X);

B) BBIYMCIIMTH BEPOATHOCTH TOTO, YTO CIy4ailHas BEIMYMHA X IPUMET
3HAYEHHE Ha OTpe3ke [2;3];

I') HATH MaTEMaTUYECKOE OKHMJIAHWE U JTUCIIEPCUIO CIYYAHOW BEIMYMHBI
X.

2. Jucnepcust HenmpepbIBHOM CJIy4YaiiHON BeJINYMHBI
1. CnydaitHas BenuuMHa X  33JlaHa  [UIOTHOCTBIO — paclpeleieHUs
f(X)=1/(x +/c2 —x2 ) B mHTepBane (-c; c); BHe storo uHTepBasa f(X)=0. Haiitu
JUCIIEPCUIO BEJIMYMHBI X.

2. CnyuvaitHas BennumHa X Ha uHTepBajie (0, m ); 3agaHa TJIOTHOCTHIO
pacnpenenenus f(x)=(1/2)sin x; BHe 3Toro uuatepBana f(x)=0. Haiitu aucnepcuro
BEJIMYUHBI X.

3. CnyuyaitHas BenmnuuHa X 3a/JaHa MUIOTHOCTHIO pacupeneneHus f(x)=0.5x B
untepsaie (0, 2); Bae storo untepsaia f(X)=0. Halitu HauanbpHbIC U HIEHTPAIbHbIC
MOMEHTBI TIEPBOT0, BTOPOTO, TPETHETO M YETBEPTOTO TOPSIKOB.

OT4eTHOCTH 32 3aHATHE

Pe3ynbrarhl paboThl AOMKHBI OBITH OTpaKeHbI B pabodeil TeTpagu u
3aIMIIEHbl YCTHO KaXJbIM CTyJAEeHTOM. [IpuM moAroToBke K 3aliuTe OCHOBHOE
BHUMAHHE YJEIUTh MOHUMAHUIO (PU3MYECKOT0 CMBICIIA KAKIOTO MYHKTA 3aJIaHus U
000CHOBAHUIO MOTYYEHHBIX PE3YJIbTATOB.

3akirouenue

[IpoBoauTtcst cobecenoBaHue 1O pe3yjbTaTaM pabOThl €  KaKIbIM
ctyneHroM. CryaeHTaMm, YCIEIIHO 3aBEpLIMBIIMM pPacyeT BCEX IMPAKTHYECKHX
3a/IaHUN BBICTABIISIETCS OLIEHKA.



IIpakTn4yeckoe 3ansitue /
IepBuuHasi ctaTu4eckasi 00pad0TKA CaAy4ailHOM BLIOOPKH

Y4eOHble BONPOCHI 3aHATHA:
1. PacdeT OCHOBHBIX XapaKTEpUCTUK BHIOOPOK. BapualimoHHbIN U CTAaTUCTUYECKUIN
pAABI
2. OricHMBaHWE TEHEPATBHBIX YHCJIOBBIX  XApPaKTEPUCTUK C  TMTOMOIIBIO
IPYNIUPOBAHHOTO CTATUCTUYECKOTO Psija

COJAEPKAHUE 3AHATHUA

BerynurenbHast 4acTb
Ha ceromnsmneM npaktniyeckoMm 3aHsaTun BaMm nipeamaraercst BBITOIHUTD
PAKTUYECKUE 3a/IaHUs, CBSI3aHHBIE C OIPE/ICICHUEM XapaKTEPUCTHK BHIOOPOK.

[IpoBepka rOTOBHOCTHU CTYJACHTOB K 3aHITHIO
Yro Takoe reHepaibHasi COBOKYITHOCTb, BRIOOPKa, BHIOOP?
CdopmynupyitTe onpenesneHrue npocToro cay4yaiHoro BeIOopa.
Kaxue Bubl peasibHbIX BBIOOPOB BbI 3HAETE?
Kaxas BbIOOpKa Ha3bIBaeTCA PENPE3EHTATUBHOM, OHOPOIHOM?
Uto Takoe BapuallMOHHBIN, CTATUCTUYECKUU P’
JaiiTe onpeneneHne KpaiHUX 3JEMEHTOB BapUALIMOHHOTO psijia, pa3Maxa,
MEIUaHbl, KBAPTUJIEH.
UTO Takoe MOJUrOH YacTOT?
HaiiTe onpeneneHue BbIOOPOUHOM (DYHKIIMH PaCIpe/ICIICHNUS.
9. Uro Takoe oleHKa TeHEepaTbHON YNCIOBOM XapaKTEPUCTUKN?

ok whE

0 N

1. PacyeT OCHOBHBIX XapaKTePUCTUK BLIOOPOK. BapuaunoHHblii u
CTATUCTUYECKUH PAIbI

1. B pesynbrare sKcriepuMeHTa MoJiydeHa BhIOOpKa o0bema n=79:

2:4:2:4;3,3;3;2,0;6;1; 2; 3; 2; 2;
4;3;3;5;1;0;2; 4,3, 2,2, 3;3; 1, 3;
3:3:1;1;2;3;1;4,3;1,7; 4; 3; 4; 2;
3;2:3:3;1;4:3;1,4,5; 3,4, 2, 4, 5;
3;6:4;1;3;2:4;1;3;1,0;0; 4; 6; 4;
7. 4;1; 3.

[TocTpouTh BapHAIMOHHBIA M CTATUCTUYECKUM DS, WU300pa3UTh MOJIUTOH
4acTOT, OMPEAEIUTh KpallHUE DJJIEMEHTHI, pa3Max BBIOOPKH, MEIHAHYy BBIOOPKH,
HIOKHUW W BEPXHUW KBAPTWIIM, HAWTH U TOCTPOUTH BBIOOPOUYHYIO (PYHKITUIO
pacrnpenenieHus. BEIYHCIUTG OCHOBHBIC BHIOOPOYHBIC OIICHKHU: BEIOOPOUHOE CpejHee,
BBIOOPOYHBIN HAauyaJdbHBIM W IIEHTPATBHBI MOMEHTHI 2-TO TIOPSAJIKA, BBHIOOPOYHYIO
JUCIIEPCHIO, a TAK)KE BEIOOPOYHOE CPETHEKBAIPATUYECKOE OTKIOHEHHE.



2. OueHUBaHNeE FreHEePAJTbHBIX YN CJIOBbIX XaPAKTEPUCTHK C IOMOIIbI0
TPYNIUPOBAHHOIO CTATUCTUYECKOTO Psijia

1. V3mepena makcuManbHas EMKOCTh 20 MOJCTPOCUHBIX KOHIIEHCATOPOB, M
pe3yJIbTaThl U3MEpeHui (B mukodapaiax) npuBeeHbl B Ta0IuUIIE:

Howmep xonnencaropa |1 2 3 4 5 6 7 8 9 10
Emxocth, mk® 4,40 (4,31 |4,40 |4,40 |4,65 |4,56 |4,71 |4,54 |4,36 |4,56
Homep xonnencaropa (11 (12 (13 (14 (15 (16 (17 (18 |19 |20
Emxocth, mk® 431 (4,42 |4,60 |4,35 |450 |4,40 (4,43 (4,48 (4,42 |4,45

[TocTpouTh rpynnmupOBaHHBIN CTATUCTUUYECKUUN P U U300pa3uTh €r0 B BUJIC
ructorpaMmbl. OLIEHUTh T'€HEPAJIbHBIE YKCIIOBBIE XApPAKTEPUCTUKU C IOMOUIBIO
IPYNIUPOBAHHOTO CTATUCTHYECKOTO PIA.

OT4yeTHOCTH 32 3aHsATHE
Pe3ynbrarel paOOThl MOMKHBI OBITH OTpaXKeHbl B paboyeill TeTpaau H
3AIIMIIEHBl YCTHO KaXIbIM CTyAeHTOM. [IpM MOATOTOBKE K 3allMTe OCHOBHOE
BHUMAHHUE YJCJIUTh MOHMUMAHUIO (PU3NYECKOTO CMBIC/Ia KAXKJOTO IyHKTa 3aJaHUs U
00OCHOBAHUIO MOJIYYEHHBIX PE3YJIbTAaTOB.

3akiarouenue
[IpoBonutca cobecegoBaHWe MO pe3yjbTaTaM padOThl C  KaXKIbIM
ctynedroM. CrTyaeHTaMm, YCHEIIHO 3aBEPUIMBIIMM pPACUET BCEX MPAKTUUYECKUX
3aJIaHNI BEICTABJISIETCS OIIEHKA.



IIpakTn4yeckoe 3ansitue 8
To4euHoe OLleHUBAHNME YN CJIOBBIX XaPAKTEPUCTHK U MAPAMETPOB
pacnpe/esieHUsI TeHePAJIbHOM COBOKYITHOCTH

YuebOHbIE BOIIPOCHI 3aHATHUS:

1. PacuyeT TOUEUYHBIX OIIEHOK I'€HEepaTbHOMN CpeHen
2. Pacuer TOUEUHBIX OIIEHOK I'eHepaJbHON AUCTIEPCUHU TeHEPATbHOM
COBOKYITHOCTH

COAEPKAHUE 3AHATHUA
BerynuresnbHas yacTb
Ha ceropnsiminem nmpaktuueckoM 3aHATHM BaM npemiaraeTcst BbIIOJIHUTD

IMPAKTUYICCKUC 3alaHUs, CBA3AHHBIC C OIIPCACIICHUCM TOUCUYHBIX OLIICHOK YHCJIOBBIX
XapaKTCPHUCTHUK FeHepaﬂbHOﬁ COBOKYIIHOCTH.

SuhswnhE

o N

[IpoBepka roOTOBHOCTHU CTYJIECHTOB K 3aHSATHIO:
Yro Takoe reHepaibHasi COBOKYITHOCTh, BBIOOpPKaA, BBIOOP?
Cdopmynupyiite onpeneneHre NpocToro CIy4aiHoro BeIOopa.
Kakue Buapl peasbHbIX BBIOOPOB BbI 3HAeTE?
Kakas BbIOOpKa Ha3bIBa€TCS pENpe3eHTaTUBHOM, OTHOPOAHON?
UYto Takoe BapHallMOHHBIN, CTATUCTUYECKUHN Psif?
JlaiiTe onpeenieHne KpaHUX 3JIEMEHTOB BapHALlMOHHOIO Psiia, pa3Maxa,
MEJIaHbl, KBAPTUIIEH.
UTo Takoe MOJMIroH 4acToT?
JaiiTe onpenenenue BEIOOPOYHOUN (DYHKIIMH pacipe/IeIeHHUS.
UTo Takoe OllEHKAa T'€HEPAIbHON YHMCIIOBOM XapaKTEPUCTUKU?

1. PacuyeTr TOUEYHBIX OLICHOK I'eHEePAJILHOM CpeIHeil
1. VI3 renepanbHOM COBOKYITHOCTH M3BJI€YeHA BhIOOpKa 00bema N=50:
AJIEMEHTHI X, 2 5 7 10
4acToTa n, 16 12 8 14

Haiitn HecMeleHHy0 OIIEHKY T€HEpaIbHOM CpeHEH. ABIeTCs I MeInaHa
HecMelleHHOH onieHkon? [Touemy?

2. V3 reHepasibHOM COBOKYITHOCTH M3BJIeUeHa BbIOOpKa oObema N=60:
AJIEMEHTHI X, 1 3 6 26
4acToTa n, 8 40 10 2
Haiit HecMeleHHY0 OLIEHKY I'eHEpaIbHOM CpeHen. SBisieTcs nu
MOJTyCyMMa MHTEPKBAPTHUIIBHOM IIMPOTHI HECMELEHHON OLIEHKOM?

3. Haiitu BEIOOpOUHOE cpeiHee MO JAHHOMY PacIpeeICHUIO BRIOOPKHU

o6weMa n=10, BOCIIOJIb30BaBITUCH NIEPEXOJOM K YCITOBHBIM BapUaHTaM:

[o7eMeHTBI | x| 1250 | 1270 | 1280 |




qaCToTa n

4. HaiiTu BBIOOPOYHOE CpeTHEE 110 TAHHOMY Pacpe/IeICHUIO BHIOOPKU
o6bema n=20, BOCMOJIH30BaBIINCH NEPEXOJOM K YCIOBHBIM BapUaHTAM:
AIIEMEHTHI X; 2560 | 2600 | 2620 | 2650 | 2700
4acToTa n, 2 3 10 4 1

5. Nmeetcs cimydaiinas Beioopka (X, ,... Xs) 00beMa =5 U3 reHepaibHOM

COBOKyrrI}-I\(OCl;(I/I X %acnpez[eneHHaﬂ I10 ITOKAa3aTCJIbHOMY 3aKOHY:
e, x>

p(x) = 10 B xagecTBe TOUEUHOM OIIEHKH MAaTEMaTHUYSCKOT'O O>KUAAHUS
X<

B3STO cpeaHee apupMeTHIECKOE KpalHUX YWICHOB BapUAILIMOHHOTO psija. SBisieTcs
JIA OIIEHKA CMEMIEHHON?

2. PacyeT TOYeUYHBIX OLIEHOK reHepPaJIbHOM JUCTIepCHH
reHepajaibHOH COBOKYITHOCTH
1. Tlo BeIOOpKe oOBeMa n=41 HaiieHa CMeEIIeHHas OICHKa paBHas 3
TEHEPAJIbHON aucriepcu. HalTh HECMEIIEHHY0 OLIEHKY JUCIIEPCUU T€HEPAIbHOU
COBOKYIIHOCTH.

2. B wurore mATH W3MEpPEHUN IJUHBI CTEP>KHA OJHUM Mpudopom (06e3
CHUCTEMATHYECKUX OIIMOOK) TOJIYYCHBI CICAYIOIIME pe3yabTaThl (B MM): 92; 94;
103; 105; 106. Haiitu: a) BBIOOPOYHYIO JJIMHY CTEPKHS; O) BBIOOPOUYHYIO U
HCTIPABJICHHYIO JUCIIEPCUHU OITMOOK TTprdopa.

3. HaiiTi BBIOOPOYHYIO TUCIICPCHIO TTO JAHHOMY pacrpe/IeIICHUIO0 BEHIOOPKU
oobema n=10:

186 192 194
2 5 3

QJICMCHTEI X
qaCToTa n;

4. Haiiti BBIOOpOYHYIO JUCTIEPCHIO TIO JAHHOMY PacIpe/IeICHUIO BEIOOPKU
o0beMa n=10, BOCII0JIb30BaBIIUCH NEPEXOJAOM K YCIOBHBIM BapUaHTaAM:
DJIEMEHTEHI X, 0,01 0,04 0,08

yacToTa n; 5 3 2

5. Haiitu BEIOOpOUHYIO JUCTIEPCHIO IO JAHHOMY PACTIPECTICHUIO BEIOOPKH
o6veMa n=50, BOCIIOJIb30BABIIUCH NIEPEXOJOM K YCITOBHBIM BapUaHTaAM:

AJIEMEHTHI X: 18,4 18,9 19,3 19,6

4acToTa n; 5 10 20 15

6. Halitu ncripaBieHHy10 BEIOOPOUYHYIO AUCHIEPCHUIO TIO JTAHHOMY
pacripeneneHno BeIoopku oo0bema N=10, BOCIOIb30BaBIINCH TEPEXOI0M K
YCJIOBHBIM BapUaHTaM:



DJIEMEHTEHI Xi 23,5 26,1 28,2 30,4
JacToTa n, 2 3 4 1

OT4eTHOCTH 32 3aHSATHE

PesynbraThl paboOTHl MOKHBI OBITH OTPaXXEHBI B paboueld TeTpamu u
3alIUIICHBl YCTHO KaXIbIM CTyJIeHTOM. [Ipy MOAroTOBKE K 3alIUTE OCHOBHOE
BHUMAaHUE YICIUTh TOHUMAHUIO (PU3UUECKOTO CMbICTIa KaKI0T0 ITYHKTA 3aaHus U
000CHOBAHUIO MOJYYCHHBIX PE3YJIbTATOB.

3akirouenue

[IpoBoauTcs coOecenoBaHWe II0 pe3yjbTaraM pPabOThl € KaXKIbIM
cryaeHToM. CTyleHTaM, YCHENIHO 3aBEPIIMBIIAM paCUeT BCEX MNPAKTHYECKUX
3aJJaHUM, BBICTABJISICTCS OLICHKA.



IIpakTnyeckoe 3ansitue 9
ITosryyeHne OLIEHOK IAPAMETPOB IeHePAJIbLHOI0 pacnpeae/jeHus
MeTOJaMU MOMEHTOB M1 MAKCMMAJILHOI'0 NMPaBA0NOA00us

YuebOHbIE BOIIPOCHI 3aHATHUS
1. HOJIY‘IE?HI/IG OOCHOK IMapaMCTpPOB I'CHCPAJIbHOT'O PACIIPCACICHUA MCTOIOM
MOMCHTOB
2. HOJIY‘IE?HI/IG OOCHOK IMapaMCTPOB I'CHCPAJIbHOT'O pACIIPCACICHUA MCTOA0M
MaKCHUMAJIbHOT'O HpaB,ZIOHOI[O6I/IH

COJAEPKAHUE 3AHATHUA

BerynuresbHas 4acTb
Ha cerognsmuem npakTudeckoM 3aHATAA BaMm mpenyaraercs BBITOJIHUTH
MIPAKTUYECKUE 3aJIaHMS, CBSI3AHHBIE C ONIPEACICHUEM TOUYEYHBIX OLICHOK YHCIIOBBIX
XapaKTEPUCTHK N€HEPATbHON COBOKYITHOCTH.

[IpoBepka rOTOBHOCTHU CTYJICHTOB K 3aHSATHIO:
Yro Takoe reHepanbHasi COBOKYITHOCTh, BEIOOpPKa, BHIOOP?
CdopmynupyiiTe onpeeaeHue npocToro CIy4yanHOro BeIOOpa.
Kakue Buapl peasbHbIX BBIOOPOB BbI 3HAETE?
Kakast BbIOOpKa Ha3bIBae€TCA PENpe3eHTATUBHOM, OHOPOIHOM?
Urto Takoe BapHallMOHHBIN, CTATUCTUYECKUM PS?
JlaiiTe onpeneneHue KpailHUX AJIEMEHTOB BapUMALlMOHHOIO psija, pa3Maxa,
MEJIaHbl, KBAPTUIIEH.
7. UTO Takoe MOJMIOH YacTOT?
8. Haiite ompeneneHue BEIOOPOYHON (PYHKITH paclpeieieHusI.
9. Yro Takoe OIleHKa reHePaTbHON YHCIOBOM XapaKTePUCTHKH?
10.Kakast oleHka Ha3bIBa€TCS COCTOSITENILHOM, HECMEIIEHHOW, pOoOacTHOM,
3¢ (HEeKTUBHOM.

ok wdE

1. ITony4yeHHe OLIEHOK MAPAMETPOB IreHEPATbHOT0 pacnpeaeeHust
MEeTO010M MOMEHTOB

1. Cnyuaitnas BennunHa X umeeT pacnpenenenue [lyaccona.

A
P{X=k}:ﬁe k=0,1..

rie A — HEU3BECTHBIM mMapameTp. B pesynpTaTe HE3aBUCUMBIX HAOIIOJECHUMN
Honzqua ‘cTyyaiiHas BbI0OO Ka &Xl, Haiitu MeTo1oM MOMEHTOB TOYEYHYIO
OLICHK rapame "yOeMUThCS, YTO 9STa OILCHKA SBJISICTCS

0(X,)
HECMEIIEHHON U COCTOSITEIILHOM.



2. Tlycte naHa ciydaiiHas BbeIOOpKa (Xi,..X,) 00beMa n U3 TeHEepaIbHOU

COBOKYIHOCTH X , UMEIOIIEH paBHOqur&BII?I 3aKOH pACIIPEICICHUS
,Xe(a,b

p(x) = Jm
[10,x ¢ (ab)
C HEU3BECTHBIMH MapameTrpamMu a W b. HailTu MeTo0M MOMEHTOB TOYEUYHBIE
OLICHKH 3TUX MapaMeTpOB.

2. IlosryyeHne OLIEHOK MAPAMETPOB reHePaIbHOr0 pacipenaeaeHus
METO00M MAKCHMAJIbHOT0 MPaBI0M0100usI

1. Tlycrs pmama ciydvaiinas BbiOOpka (Xi,..X,)o00beMa N W3 TIeHEPaILHOM

COBOKYITHOCTU X , paclpe/ieIEHHON 110 OMHOMUATLHOMY 3aKOHY
P(j))=ClBl(1-0)<), j=9k
k k

C HEU3BECTHBIM MapamMeTpoM 6O (BEPOSATHOCTHIO TOSIBJICHHUS COOBITHUS B OJTHOM
UCTIBITAaHUH ). METOI0M MaKCUMAaJILHOTO TIPABAONOA00MS HAUTH TOYEUHYIO OIIEHKY
rmapameTpa o .

2. MeTogoM MaKCHMMaJIbHOTO IPaBIONOA00HS IO CIIy4yalHOW BBIOOpPKE (X1,...Xn)
HaWlTH OLICHKY ITapaMeTpa O. B PacIpeeiICHUs HlapeTo (6 >0,0>0):
0(6) |g|ﬂﬂ
’ = v L
17U7)

[o,x<0;

X>0;

OT4eTHOCTH 32 3aHATHE
PesynbraThl paboThl MOKHBI OBITH OTPa)KEHBI B pabouel TeTpaau u
3aIUINEHbl YCTHO KaXKIbIM CTyJIEeHTOM. [Ipu mOAroToBKEe K 3allMTe OCHOBHOE
BHUMAHHE YJEIUTh MIOHUMAHUIO (PU3UUECKOTO CMBICIIA KaXKIOTO MTyHKTA 3aJIaHus U
000CHOBAHUIO MOTYUYEHHBIX PE3YJIHTATOB.

3akjIo4YeHue
[IpoBoguTcs cobecemoBaHre MO pe3yibTaTaM pPabOThl ¢ KaXIbIM CTYACHTOM.
CryneHtaMm, YCICIIHO 3aBEpIIUBIIMM pacuyeT BCEX MPAKTHUUYECKUX 3aJlaHUM
BBLICTABJIIETCS OLIEHKA.

I/IHTepBaJ'II)HOB OICHUBAHUC YUC/JI0OBBIX XapPaKTCPUCTUK

Y4eOHbIe BONIPOCHI 3AaHATHSA:

1. IloctpoeHue JOBEpPUTEILHOIO WHTEpBaja JJisi BBIOOPOYHON CpeHel
HOPMAaJIbHOM T'€HEPAIbHOU COBOKYITHOCTH

2. OueHKa TOBEPUTEIBHOIO MHTEPBAIA AJIsI MATEMAaTHYECKOTO OKUIAHUS
COJAEPKAHUE 3AHATHUA




BerynuresbHas yacTb
Ha ceronHsmHeM NpakTUYECKOM 3aHATHMM BaM mpejuaraercs BBIIOJIHUTH
IIPaKTUYECKUE 3aJaHUs, CBA3aHHBIE C ONPEAEICHUEM TOYEUHBIX OLEHOK YMCIOBBIX
XapaKTEPUCTHUK I'€HEPAIbHOU COBOKYITHOCTH.

IIpoBepka rOTOBHOCTH CTYJICHTOB K 3aHATHIO:

1. JlaitTe onpeneneHue JOBEPUTEIHHOTO MHTEPBAIA.

2. UYrt0 Takoe TOYHOCTh U HAJEKHOCTh OLICHKH?

3. Kak omnpenensercs TOYHOCTh W HAJEKHOCTb OLEHKHM BEPOSTHOCTU
COOBITHSA [0 OTHOCUTEIBHON YacToTe?

4.TlocTpoiiTe NOBEPUTEIBHBIM MHTEPBAN JUIsl MATEMATHYECKOIO OKHJIaHUS
m HOPMaJIbHOM T€HEPAITBHOW COBOKYITHOCTH

5.IlocTpoiiTe AOBEPUTEIBHBIN HHTEPBAI 111 MATEMATUYECKOTO OKUJAHUA M

1100011 reHepanbHON COBOKYITHOCTH IPHU OOJIBIIOM 00bEME BBIOOPKHU.

6. Haitnnre xBanTiim pacnpeneneHus Cteronenta (mmo tadmmue |1) mopsiaka
0.9 1 0.99 ¢ 10 crenneusiMu CBOOOIBL.

1. IHocTpoeHne 10BePUTEIHLHOTO HHTEPBAJIA 1JISI BBIOOPOYHOM
cpeaHeill HOPMAJIbHOM reHepajIbHOH COBOKYITHOCTH

1. Ilpy mnoMOIIM BOJBTMETPA, TOYHOCTH KOTOPOTO XapaKTEPHU3YETCs
cpeaHuM KBaapathuuHbIM OTKIOHeHWeM 0,2B, mpoeneno 10 wu3MepeHnii
HarpspkeHus: 0opToBoil Oarapen. HaliTu JoBepUTENbHBIN MHTEPBAI JJIs1 HICTUHHOTO
3HaueHus Oatapeu ¢ kodpduuuentom y =0,95, ecnu cpennee apudmerrnueckoe
pesyabTaTtoB HaOmogeHud x- =50,2B. KoHTponupyeMblii MNpu3HAK HMEET
HOPMAJIBHOE PACIIPEICIICHUE.

2. VI3 607b110¥ MapTUU 3JEKTPOJIaMIl ObUIO 0TOOpaHO CiTydailHbIM 00pa3om
400 wT. o715 ompeneneHuss CpeHer MPOAOHKUTENIbHOCTH ropeHus. Beioopounas
CpEeIHss NPOJOJIKUTEIIBHOCTh TOPEHUS JIaMIl OKa3zanach paBHoi 1220 yac. Haiitu
¢ koapdummentom noBepus y =0,997 noBepuTenbHBIA HHTEPBAT ISl CpeIHEU
IIPOJIOJKATEIBHOCTH TOPEHUsSl JJIEKTPOJIAMIIBI 1O BCEW NApTUH, €CIH CpPEIHEe
KBaJPaTUYHOE OTKJIIOHEHUE NPOJOJIKUTEIBHOCTH TOPEHUS paBHO 35 u.

2.  OueHka 10BepUTEIbHOI0 HHTEPBAJIA A
MaTeMAaTH4eCKOIr0 0OKHIAHUS

1. B pesynbrare myckoB 10 pakeT mosy4yeHsl (B yCIOBHBIX €IMHUIIAX )
3HAUYCHUS OOKOBBIX OTKJIOHCHUM TOYEK MOMAaHuUs OT TOUCK MPUIISTUBAHUS (CM.
TaldI.)

Homep
paKeTbl

Orkaonenne | 10| 20 | 10 -01|-05|50|-10| 30|05 |10




[Tonaras, uyro cimydaiiHas BenuuuHa X (ciiydailHoe OOKOBO€ OTKJIOHEHHE TOYEK
nomajianusi OT TOYEK MPUIEIUBAHUSA) HMMEET HOpPMaJbHOE paclpesielieHue.
[TocTpouTh NOBEPUTENBHBIA WHTEpBAN Uil €€ MaTEMaTHYECKOTO OXUAAHUS C

koa¢punmentom gosepus y =0,99.

OT4yeTHOCTH 3a 3aHATHE
Pe3ynbpTaThl paboOThl TOKHBI OBITH OTpaKeHBI B paboueld TeTpagu u
3aIMIICHBl YCTHO KaXJIbIM CTyZeHTOM. IIpyM MOATrOTOBKE K 3allluTe OCHOBHOE
BHUMAHUE YJCTUTh MOHUMAaHUIO (PU3UYECKOTO CMBICIIA KAX0T0 MyHKTA 3aJJaHUsl U
000CHOBAHUIO MOJYYEHHBIX PE3YJIbTATOB.

3akiroueHue
[IpoBoauTcs coOecemoBaHre IO pe3yiabTaTaM padOThl C  KaXbIM
ctyaeHToM. CTyaeHTaM, YCIEIIHO 3aBEPIIMBIIMM PACUYET BCEX MPAKTHUYECKUX
3a/1aHUH, BBICTABIIIETCS OLICHKA.
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IIpunoxenus. Taduuubl KBaHTHJIEH
Tabmuua 1. Ksantuim U, HopmanbHoro pacnpenenenus N(0,1)

Y 0,90 0,95 0,975 0,99 0,995 0,999 0,9995

u 1,282 1,645 1,960 2,326 2,576 3,090

v

3,291

Taomuuna 2. Kpanruin t (k) pacnpenenennss Creiogenta T (K) , k- uncio

cTeneHel cBOOOIbI pacipeesieHus; P — HOpSII[OK KBaHTHJICH.

fo(x)=T (k“ L W(nk) 1’2f1+x WMIZ

2 2) k )
P 0,750 0,900 0,950 0,975 0,990 0,995 0,999
n
1 1,000 3,078 6,314 12,706 31,821 63,657 318
2 0,816 1,886 2,920 4,303 6,965 9,925 223
3 0,765 1,638 2,353 3,182 4,541 5,841 10,2
4 0,741 1,533 2,132 2,776 3,747 4,604 7,173
5 0,727 1,476 2,015 2,571 3,365 4,032 5,893
6 0,718 1,440 1,943 2,447 3,143 3,707 5,208
7 0,711 1,415 1,895 2,365 2,998 3,499 4,785
8 0,706 1,397 1,860 2,306 2,896 3,355 4,501
9 0,703 1,383 1,833 2,262 2,821 3,250 4,297
10 0,700 1,372 1,812 2,228 2,764 3,169 4,144
11 0,697 1,363 1,796 2,201 2,718 3,106 4,025
12 0,695 1,356 1,782 2,179 2,681 3,055 3,930
13 0,694 1,350 1,771 2,160 2,650 3,012 3,852
14 0,692 1,345 1,761 2,145 2,624 2,977 3,787
15 0,691 1,341 1,753 2,131 2,602 2,947 3,733
16 0,690 1,337 1,746 2,120 2,583 2,921 3,686
17 0,689 1,333 1,740 2,110 2,567 2,898 3,646
18 0,688 1,330 1,734 2,101 2,552 2,878 3,610
19 0,688 1,328 1,729 2,003 2,539 2,861 3,579
20 0,687 1,325 1,725 2,086 2,528 2,845 3,552
21 0,686 1,323 1,721 2,080 2518 2,831 3,527
22 0,686 1,321 1,717 2,074 2,508 2,819 3,505
23 0,685 1,319 1,714 2,069 2,500 2,807 3,485
24 0,685 1,318 1,711 2,064 2,492 2,797 3,467
25 0,684 1,316 1,708 2,060 2,485 2,787 3,450
26 0,684 1,315 1,706 2,056 2,479 2,779 3,435
27 0,684 1,314 1,703 2,052 2,473 2,771 3,421
28 0,683 1,313 1,701 2,048 2,467 2,763 3,408
29 0,683 1,311 1,699 2,045 2,462 2,756 3,396
30 0,683 1,310 1,697 2,042 2,457 2,750 3,385
40 0,681 1,303 1,684 2,021 2,423 2,704 3,307
60 0,679 1,296 1,671 2,000 2,390 2,660 3,232
120 0,677 1,289 1,658 1,980 2,358 2,617 3,160
0 0,674 1,282 1,645 1,960 2,326 2,576 3,090




