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IIpakTnyeckoe 3anstue 1

JJIeMEeHTbI TEOPUH MHOKECTB

Y4eOHbIe BONPOCHI 3aHATHUS:

1. OcHoOBHBIE onepaIy HaJ MHOKECTBAMH U COOBITUSIMU
2. AKCcHOMAaTHKa TEOPUHU BEPOSITHOCTEN
COIEPKAHME 3AHATHUA
BerynurenbHas yacth
Ha ceronnsiimiHemM npakTU4YeCcKOM 3aHsATUM Bam mpemyiaraercsi BBIIIOTHUTH
MPaKTUYECKUE 3aJ]aHUsl, CBA3AHHBIC C BBIMOJHEHUEM OCHOBHBIX OIEpanuid Haj
MHO’KECTBAMH U COOBITHSIMU.

IIpoBepka rOTOBHOCTHY CTYACHTOB K 3aHATHUIO

1. 3anucaTh OCHOBHBIE (POPMYJITBI KOMOMHATOPHUKH.
2. Jlath K1accUYeCcKoe OnpeieieHue BEpOSTHOCTH.
3. OCHOBHBIE CBOMCTBA BEPOATHOCTH.

4. CyMma, Mpou3BeIcHNE, PA3HOCTh COOBITHIA.

1. OcHOBHBIE OTIEPANUM HA/l MHOKECTBAMM U COOLITHUSIMH

1. N3o6pa3uth rpaduyecku MHOXKECTBO AB.
2. N306pa3uth rpaduueckd MHOXKeCTBO A(A+B).

3. CyiHO UMEET OJHO PYJIEBOE YCTPOMCTBO, YETHIPE KOTIA U JIBE TypOUHBI.
CoOpiTHe A 03Ha4YaeT UCHPABHOCTH PYJIEBOrO ycTpoiictBa, Bj (j = 1, 2, 3, 4) —
UCIIPaBHOCTH j-TO KoTia, a Ck (k= 1, 2) — ucipaBHOCTH k-0t TypOuHBL. CoObITHE F
— CYJIHO YIpaBJsieMO€ — UMEET MECTO B TOM Cily4ae, KOrja HCIpPaBHbI PYJEBOE
YCTPOMCTBO, XOTs Obl OJJMH KOTEN U XOTsA Obl 0JjHA TypOuHa. Beipa3zute cobbiTus F;
yepes A, Biu Cr.

4. YKaXuTe pUCYHOK Ha KOTOPOM 3aITpuxoBaHo coObiTre D+E:
E E [ & E
1] ) 1] D ) D >
I _ :
a). 0). B). T):

5. Tlycts A, B, C — Tpu npou3BOJIbHO BBIOpaHHBIX cOObITHsA. Haiitu
BBIPKEHHUSI JIJIs1 COOBITHI, COCTOSIIIMX B TOM, uTO U3 A, B, C:

a) IPOU3OIILIO TOJBKO COOBITHE A;

0) npousouuio A u B, Ho C He npou3o1wio;

B) BCE€ TPU COOBITHS MTPOU3OILLIH;

T') MPOU3OIILIO XOTS ObI OJTHO U3 3TUX COOBITHH;

) IPOU3OIILIO XOTs ObI IBa COOBITHS,




€) MPOM3O0IILIO OJTHO M TOJHKO OJTHO M3 ITHX COOBITHI;
K) TIPOU3OIILIN JIBA M TOJIBKO JIBA COOBITHS;

3) HE MIPOU3OIILJI0 HA OJHO U3 3TUX COOBITHIA;

1) IPOU30IIIO HE 00Jiee TBYX COOBITHIA.

2. AKCMOMATHKA TEOPHH BEPOATHOCTEN
1. B ropozae n cBerodopoB. Kaxkaplii MOKET HAXOJIUTHCS B OJHOM H3 TPEX
COCTOSIHUWA: TOpPETh KpPACHBIM, JKEJITBIM WM 3€J€HbIM CBETOM. CKOJIBKUMU
crioco0amMu MOXKHO 3axedb Bce CBETOGOPHI?

2. B kiacce uzyyatot necsthb npeAMeToB. Bo BTOpHUK MSITh YPOKOB, IPUYEM
ypokHu pa3Hbie. CKOIbKUMH CIOCOOaMU MO>KHO COCTAaBUTh PACIIMCAaHUE HA BTOPHUK?

3. B pacnopsbkeHuHM CHUTHAJIbIIMKA €CTh YeThIpe pazivuHbIX (uiara. Ha
¢drnarmrToke MOJHUMAETCS CUTHAN, COCTOSIIIMI HE MEHee ueM U3 JABYX (¢aros.
CKOJIbKO PAa3IMYHBIX CUTHAJIIOB MOKHO TMOJHSATh Ha (DIATrIITOKE, €CIU MOPSI0K
¢aroB B cUTHaJIE YYUTHIBACTCS?

4. CtyneHty He0oOXOAMMO claTh TpU (Pa3lHYHBIX) SK3aMEHA B TCUCHHE
mecTH JHer. B ieHs pa3peraercs ciaBath He 0osiee 0JTHOr0 3K3aMeHa. CKOJIbKUMU
crioco0amMu MOKHO OpTaHU30BaTh CA9y IK3aMEHOB?

5. AGoHEHT 3a0bL1 OCIEHIOW UG PY TeaehOHHOTO HOMEpa U BBIHYKIEH
HabupaTh e€ Haynauy. HaliTu BepOATHOCTH TOTO, YTO €My HPUIETCS 3BOHUTH HE
Oonee yeM no TpéM HoMmepaM. Kakum 00pa3oM HM3MEHUTCS BEPOSTHOCTh, €CIU
aOOHEHT NOMHMUT, MOCHeAHss udppa HOMepa — YETHasA?

6. B ypue naxoasarces 10 6enbix, 15 gepHbix, 20 kpacHbIX mapoB. 3 ypHbI
Hayaady Oepyrtcs 9 mapon. Halitu:

a) CKOJIbKUMU Pa3JIMYHbIMU CIIOCOOAMU MOKHO BBIHYTH 9 11apoB?

0) CKOJIBKUMH Pa3IUMYHBIMHU CIIOCOOAMH MOXHO B35Th 9 mapoB, cpeau
KOTOPBIX 6 O€NbIX U 3 YepHBIX?

B) CKOJIbKUMH Pa3Iu4YHbBIMU CIIOCOOaMH MOKHO B35Th 9 mapoB, cpeau
KOTOPBIX 2 0enbIX, 3 YepHbIX U 4 KpacHbIX mapa?

OTYeTHOCTD 32 3aHATHE

Pe3ynbTaThl pabOThl MOMKHBI OBITH OTpaK€Hbl B padoueil TeTpaau U
3AlMIIEHBl YCTHO KaXJbIM CTyAeHTOM. I[IpyM MOATrOTOBKE K 3allUTE€ OCHOBHOE
BHUMAHUE YJEIUTh MOHUMAHUIO (PU3MUECKOTO CMbICIIA KaXXI0T0 MyHKTa 3aJaHus U
000CHOBAHUIO MOTYUYECHHBIX PE3YIHTATOB.

3aki0oueHue

[TpoBoauTcsi codbeceoBaHue MO PE3yIbTaTaM PadOThI C KaXKJIbIM CTYJI€HTOM.
CryneHTaMm, YCHENIHO 3aBEPUIMBIIMM pacueT BCEX MPAKTUYECKUX 3aJaHui
BBICTaBJISIETCS OIIEHKA.



IIpakTH4yeckoe 3ansiTue 2
BeposiTHOCTHBIEC MPOCTPAHCTBA

Y4eOHble BONPOCHI 3aHATHSA:

1. BeposiTHOCTHOE IPOCTPAHCTBO C FTEOMETPUYECKUM TUIIOM BEPOSITHOCTH
2. YcnoBHast BEpOATHOCTD

COIAEPKAHUE 3AHATUA

BerynureabHas yactb
Ha cerommsmueM npakThdeckoMm 3aHATMM BaMm mpemiaraercs BbIIIOJIHUTH
IIPAKTUYECKNAE 3aJaHusA, CBS3aHHBIE C BBIIOJHEHUEM OCHOBHBIX OINEpalui B
BEPOSITHOCTHBIX IIPOCTPAHCTBAX C TEOMETPUYECKUM TUIIOM BEPOSITHOCTH.

IIpoBepka roTOBHOCTH CTY/€HTOB K 3aHSTHIO
Jlatb onpeieneHne anredpbl COOBITHI.
JaTh onpenenenue c-anreopsl.
Jlatb onpenienenue 60peeBCKOM aareOphl.
JlaTb ompe/ieieHrue BEpOATHOCTH Ha U3MEPUMOM TIPOCTPAHCTRBE.
JlaTb ompesiesieHue BepOsTHOCTHOTO MPOCTPAHCTBA.
CBoiicTBa BEpOSTHOCTH.

A

1. BeposiTHOCTHOE MPOCTPAHCTBO € F€OMETPUYECKHM THIIOM
BEPOSITHOCTH

1. 3agaH paiioH MOUCKa MaPaIIOTUCTA, PEICTABISIIONUNA COO0N KBapaT co
CTOPOHOM 5 KM. B paiioHe nmoncka HaxoauTCs 03€p0, TOBEPXHOCTh KOTOPOI'O MOKHO
NpUOIMXKEHHO CUMTATh COBIAJIAIONICH C MOBEPXHOCTHIO Kpyra paauyca R
= 1 kM. [lpeanonaras, 4To MAapauIlOTUCT MO MPU3EMIIUTHCA B JHO0ON TOUKe
paccMaTpUBaEeMOro KBajpaTa, HAWTH BEPOSATHOCTb TOrO, YTO MAPAIIIOTHUCT
MPUBOJHUIICA HA TIOBEPXHOCTH 03€pa.

2. Ha TeneponHOl JMHUH, cOequHSAIOMIEW HYHKTBI A u B, paccrtosHue
Mexay kotopeiMu 100 kM, mpou3zomien o0pbiB npoBoAa. OnpeneanuTs BEpOSTHOCTD
TOT0, 4TO TO4YKa oOpbiBa C HAXOOUTCS OT MyHKTa A Ha paccTosiHuu, He MeHee 20
KM, Mpeamnonaras, 4To nojioxkeHue oOppiBa C Ha TenedOHHOW JHHHUU
PaBHOBO3MOYKHO JH000€.

3. B mo0Oble MOMEHTHI HWHTEpBaja BpeMeHU 1 PaBHOBO3MOXKHBI
MOCTYIUIEHUSI B IPUEMHHUK JIBYX HE3aBHUCUMBIX CUTHAJIOB. CHUTHAJbl UCKaXaroTcs,
€CIM PAa3HOCTh MEXKJYy MOMEHTaMH HX MOCTYIUIEHUs MeHble T. Onpenenurtb
BEPOSITHOCTH TOTO, YTO CUTHAJIBI OY Ty T MCKAKEHBI.

4. CtepxeHb JJIMHOM [ JIOMalOT Ha TPU YacTH, IPUYEM TOYKH pasjioMa



BBIOMPAIOT Hayaaudy. HaliiuTe BEpOSATHOCTh TOTO, YTO M3 MOJYUMBIIMXCS YacTeu
MOYHO COCTaBUThb TPEYTOJIbHUK.

5. JIBa nmpuATest yCIOBUIMCH BCTPETUTHCS B ONPENECICHHOM MECTE MEXKIY
IBYMsI U Tpemsi yacamu AHs. [Ipumienmmid nepBbIM KAET Apyroro B teueHue 10
MUHYT, TIOCJIE Yero yXoauT. YeMy paBHA BEPOATHOCTb BCTPEUYU IPUATEIEH, €CIH
IOPUXO0JT KaXI0r0 U3 HUX B TEUEHUE YKAa3aHHOI'O Yaca MOXKET NMPOU30UTHU B JII000E
BpeMsi?

2. Yci10BHAs1 BEPOSAITHOCTH

1. Ha 3aHsaTHM pUCYTCTBYET ABE IpymHIbl CTYAEHTOB. B oxgHoM rpynme 20
CTYJIEHTOB, IIpUYEM, 5 CPEAU HUX — OTIIMYHUKH; BO BTOPOU rpymnmne — 25 CTyI€HTOB,
npudemM, 6 U3 HUX — OTAMYHUKU. 711 pemenus npumepa ObL1 BbI3BaH KJOCKE OJIMH
OTIMYHUK. HalTu BEpOATHOCTH TOrO, 4YTO K JOCKE BBI3BaH CTYACHT U3 IIEPBOU
IPYIIIIBL.

2. Ilyctb cobbiTue B — BhITIazieHue 4 Wik 6 OYKOB HAa UTPAJIbHON KOCTH, CO-
ObITHE A, — BBIIaJCHUE YETHOI'O YUCJIa OYKOB, COOBITHE A, — BEITIajicHuE 3, 4 nin 5
OUYKOB, COOBITHE A; — BBHINAJCHUE HEUYETHOrO YHWCia OYKOB. HailTw ycloBHBIE
BEPOSITHOCTHU COOBITHI 4,, A,u A3 ipu ycaoBUM coOBITUS B.

3. Ha cemum Kkaproukax HamuMcaHbl OYKBbI, O0Opa3yrolile CJIOBO
«COJIOBEW». Kaprouky nepeMemdBaOT ¥ M3 HUX HAyraj MOCICHIOBATEIHHO
U3BJICKAIOT W BBIKJIAABIBAIOT CJIEBa HAMPaBO TPHU KapTouku. HallTu BeposiTHOCTH
TOTO, 4TO TosryuuTcst ciioBo «BOJD» (cobwiTre A).

4. Kaxnas OykBa cimoBa «MATEMATUKA» nHamucana Ha OTIEIbHOU
kapTouke. KapTouku TiIaTenbHO mnepemenianbl. I[locienoBaTenbHO H3BICKAIOT

yeThIpe KapTouku. Hailtu geposimuocms cobvimusi A — NONYYUTH CIOBO
«TEMA»?

OT4eTHOCTH 32 3aHATHE
PesynbpTaThl pa®OThl JOMKHBI OBITH OTpPa)KEHbBl B pabodeil TeTpaau u
3alIUIIECHBl YCTHO KaXXJbIM CTyACHTOM. IIpM MOATrOTOBKE K 3alIMTE OCHOBHOE
BHHMAaHHUE YICIUTh TOHUMAHUIO (PU3HUECKOTO CMBICIIAa KaXKI0T0 IyHKTA 3aaHus |
000CHOBAHMIO TTOTYUYCHHBIX PE3YIbTATOB.

3akioueHnue
[TpoBoauTcsi cobecegoBaHuE MO PE3yIbTaTaM PadOThI C KaXKIbIM CTYI€HTOM.
CryneHtaMm, YyCHENIHO 3aBEPUIMBIIMM pacueT BCEX MPAKTUYECKUX 3aJaHui
BBICTABJISIETCS OI[CHKA.



IIpakTuueckoe 3ansaTHe 3
DopmyJibl OJHON BeposaTHOCTH, baiieca, bepHyiuiu

Y4eOHble BONPOCHI 3aHATHSA:

1. ®opwmyia nosHou BepositTHocTU. Dopmyita baiieca
2. ®opmyna bepHynu

COAEPKAHUE 3AHATHUA

BerynuresbHas 4yacThb
Ha cerognsiimiHeM mnpakThueckoM 3aHsATHUM Bam mpennaraercsi BBINIOJIHUTH
MpaKTUYECKUE 3aJaHusi, CBS3aHHbIE C HCIOJb30BAaHUEM (QOPMYJ MOJTHOM
BeposiTHOCTH, baiteca u hopmynsl beprysu.

IIpoBepKa rOTOBHOCTH CTYJAEHTOB K 3aHITUIO

1. Kakum o0pa3oM BEIYUCTSETCS BEPOSTHOCTh CYMMBI M TIPOU3BEICHUS
COOBITHIA.

2. Tlosicautb GopMyITy IOTHON BEPOSITHOCTH.

. Iosicauts popmyiy baiieca.

4. Tlosicauts hopmyrty bepHyuu.

w

1. dopmy.ia moaHou BepossTHocTH. Dopmy.ia baiieca

1. B tupe umeercs narb BUHTOBOK (Nel, No2, Ne3, No4, No5), BeposiTHOCTH
MOMAIAHUS U3 KOTOPBIX JUIsl JAHHOTO CTPENIKa paBHBI cooTBeTCTBEHHO 0,5; 0,6; 0,7;
0,8;0,9.

a) OnpenenuTh BEPOSTHOCTH IMOMAJaHUS B MUILEHb IIPU OJHOM BBICTpEIIE,
€CJIM CTPEJIOK OepeT OJIHY U3 BUHTOBOK HayJ1auy.

0) Ctpenok O6epet 0JiHy U3 BUHTOBOK HayJ1auy, IPOU3BOIUT BBICTPET U
MonajaeT B MUIlIeHb. HaliTH BEpOATHOCTH TOTO, YTO CTPEJIOK CTPEIISIT U3 BUHTOBKHU
Ne3,

2. Ise u3 tpex (Nel, Ne2, Ne3) nezaBucuMO paboTaromux jammn npudopa
otkazanu. HailTu BeposTHOCTh TOTO, YTO OTKa3ajna jamma Nel, eciin BEpOATHOCTH
otka3za jamn Nel, Ne2, No3 cooTBeTcTBEHHO paBHbI: p1=0,1; p,=0,2; p3=0,3.

3. Bpau nocie ocMoTpa 00JIBHOTO CYMTAET, YTO BO3MOXKHO OJHO M3 JIBYX
3a0o0yieBaHUM, KOTOpBIE 3amudpoBaHbl HOMEpaMu | U 2, IpuYeM CTENEHb CBOECH
YBEPEHHOCTH B OTHOIIEHUH MPABUILHOCTH AMarHo3a oH oueHuBaet kak 0,4 u 0,6
COOTBETCTBEHHO. JlJIs yTOUYHEHMsI IHarHo3a OOJIbHOIO HAIpaBJsSIOT HA aHaJuU3,
HCXO0JI KOTOPOro JAeT MOJOKUTEIbHYIO peakiuio npu 3aboneBanuu 1 — B 90%
ciy4yaeB W mpu 3adoneBaHuu 2 — B 20% ciaydaeB. AHaiIU3 Aajl MOJOKHUTEIbHYIO
peakuuto. Kak nu3mMeHuTCss MHEHHE Bpaya Mocjie MPOBEAECHHOT0 aHaIn3a?



4. DIexkTpoyiaMIbl M3rOTaBIMBAIOTCS Ha TpEX 3aBojax. [lepBwlid 3aBoj
npousBoauT 30% 00IIero KoJIu4YecTBa 3JIeKTpoiami, BTopoit - 25%, a tpetuit -
ocTajbHyl0 4acTh. [Ipomykmus mepBoro 3aBoja conaepxut 1% OpakoBaHHBIX
aneKTposiami, BToporo - 1,5%, tpetbero - 2%. B marazun nocrymnaetr npoayKuus
Bcex Tpéx 3aBojoB. KymieHnas B MarazuHe jammna okasajnach OpakoBanHoil. Kakosa
BEPOSITHOCTH TOT'0, YTO OHA MIPOU3BEIECHA IEPBBIM 3aBOJIOM ?

5. JIBa u3 TpéX HE3aBUCHUMO PaOOTAIONIUX AJIEMEHTOB BBIYUCIUTEIHHOTO
YCTpOMCTBA OTKa3av. HaliTh BEpOSATHOCTH TOTO, YTO OTKA3aJy MEPBBIA U BTOPOU
AJIEMEHTBI, €CIIH BEPOSITHOCTH OTKAa3a IEPBOr0, BTOPOTO M TPETHErO 3JIEMEHTOB
COOTBETCTBEHHO paBHbl p, = 0,2; p, = 0,4; p,=0,3.

6. Ha tpex mouepeir - IOmo, Mapuny u JleHy - B ceMbe BO3JIOKEHA
00s13aHHOCTH MBITh ocyay. [lockonbky FOms cTapiias, el mpuxoauTcs BbIIOJHATD
40 % Bceit padoThl. OctanbHbie 60 % paboThl NPUXOAATCS NOPOBHY HA MapuHy U
Jleny. BeposgrHoctu pa3ouTh 4yTO-HMOYAb U3 MOCYAbl (B TEUEHUE OJHOTO MBIThS)
1151 FOnu, Mapunsl u JIensl paBubl cootBeTcTBeHHO: 0,02; 0,03; 0,04. Ponurenu He
3HAIOT, KTO JIEXKYPHJI BEUEPOM, HO OHM CJIBIILIAJIN 3BOH pa3douToi nocyasl. Kakosa
BEPOATHOCTH TOTO, UTO Nocyxy Mbuia: a) tOumns; 6)Mapuna; B) Jlena?

2. ®opmyaa bepuysm

1. B cpennem 20% makeToB akIMil Ha ayKIIMOHAX MMPOJIAOTCS 110
MIEPBOHAYAIBHO 3as1BJIEHHOM 11eHe. HaliTh BEpOATHOCTH TOTO UTO U3 9 MakeToB aKIuii B
pe3ynbTare TOProB IO MEPBOHAYAIBHO 3asBJICHHOM 1ICHE:

1. He OynyT npogaHsl 5 makeToB.

2. byner npogaHo:

a) MEHee 2 MaKeTOB;

0) He OoJree 2 MaKeToB;

B) XOTs ObI 2 TaKeTa;

') HAMBEPOSTHEHIIIEE YUCIIO TTAKETOB.

2. Ilo uenu nmpou3BoAAT 6 HE3aBUCUMBIX BBICTPEIOB. BeposTHOCTD nonaanus
NIpU Kaka0M BeicTpesie paBHa 0,75. Haiitu:

a) BEPOSITHOCTh POBHO 5 TIOTAIaHUI;

0) BEpOSITHOCTh HE MEHEE 5 TIOTaIaHHI;

B) BEPOSITHOCTh MEHEE 3 MOonaaHui.

3. B kopoOke snexut 200 KOHAEHCATOPOB, IPUYEM 2 U3 HUX HY>KHON €MKOCTH.
CiyuaifHpIM 00pa30M 13 KOPOOKH BBIHUMAIOT 1 KOHIEHCATOP U MOCTIE ONpeAeICHuUs
€ro €eMKOCTH BO3BPAIIIAIOT 00PaTHO B KOPOOKY. BBISICHUTE CKOJIBKO pa3 HyKHO
OCYILECTBUTh YKa3aHHYIO ONEPALMIO, YTOObI BEPOSITHOCTh BCTPETUTH XOTS Obl OJIMH
KOHJIEHCATOp HYKHOM eMKocTH Oblia He MeHble 0,95.



4. Y CTpOHCTBO COCTOUT M3 3 HE3aBUCUMO PaOOTAIOIIMX OCHOBHBIX JIEMEHTOB.
VY CTpONCTBO OTKA3bIBAET €CIIM OTKAXKET XOTS ObI OIUH 3J1EMEHT. BeposiTHOCTh 0TKa3a
Ka)XJ10r0 35ieMeHTa 3a BpeMs t paBHa 0,1. Haiitu BepodaTHOCTh 0€30TKa3HOM pabOThI
YCTpPOWCTBA 3a Bpems t, €CIu:

a) pabOTatOT TOJIBKO OCHOBHBIE AJIEMEHTHI;

0) BKJTFOUEH OJIMH PE3EPBHBIN AJIEMEHT;

B) BKJIFOUEHBI 2 PE3EPBHBIX AIEMEHTA.

[Ipeamnonaraercs, 4To pe3epBHBIC AIEMEHTHI pa0OTAIOT B TOM XKE PEXKUME, UYTO U
OCHOBHBIE, BEPOATHOCTB OTKAa3a KaKIO0r0 Pe3epBHOrO 3nemMenTa pasHa 0,1 u
YCTPOMCTBO OTKa3bIBAET MEHEE 3 AIIEMEHTOB.

5. BepoSITHOCTh U3rOTOBJICHUS HA ABTOMATUYECKOM CTaHKE CTaHJApPTHOM
netanu paBHa 0,8. HaliTi BeposITHOCTH BO3MOXKHOT'O YHMCIIA MOSIBJICHHSI OpaKOBAaHHBIX
neTanei cpenu 5 oToOpaHHBIX.

OT4eTHOCTH 32 3aHATHE
Pe3ynbraThl paboThl AOKHBI OBITH OTpakeHbl B paboyeil TeTpagu u
3alMIIEHbl YCTHO KaXKIbIM CTyJIeHTOM. [Ipu moArotoBke K 3amuTe OCHOBHOE
BHUMAaHHE YJEIUTh MOHUMAHHIO (PU3UYECKOTO CMBICIIA KAXKIOTO MyHKTA 3aJIaHus U
00OCHOBAHUIO MOJTyUYEHHBIX PE3YJIbTaTOB.

3akiaoueHune
[TpoBoauTcst cobecegoBanre MO Pe3yabTaTaM pabOThl C KaXK/IbIM CTYICHTOM.
CryneHTaM, YCHEIIHO 3aBEPIIMBIIMM PacyeT BCEX MPAKTUUECKUX 3aJaHUM
BBICTABJIICTCS OIICHKA.



IIpakTHuyeckoe 3ansitue 4
JAMcKpeTHbIe cay4yaiiHble BeJIMYUHbI

Y4eOHbIe BONIPOCHI 3aHATHS:
1. 3akoH pacnpeneneHus IUCKPETHOMN cllydyallHON BETUYUHBI
2. @OyHKUHUS pacupeacaeHus] JUCKPETHON CIIy4alHON BEJIMYMHBI

COIAEPKAHUE 3AHATUA

BerynurenbHast yacThb
Ha cerognsimiHeM NmpakTUYECKOM 3aHATHUU Bam mpemsiaraercst BHIIOJHUTD
IIPAKTUYECKUE 3aJJaHUs, CBSI3aHHBIE C JUCKPETHBIMU CIIyYalHBIMUA BEJTUYUHAMMU.

IIpoBepKa rOTOBHOCTHU CTYJAEHTOB K 3aHATHUIO

1. JlaTh onpeneneHue CiydyailHoN BEJIMYUHBI.

2. Kakas cioyyaiiHasi BeIMUMHA HA3bIBACTCS JUCKPETHOM?

3. Kakas ciydaitHas BEJIMUYMHA Ha3bIBAETCSI HEMTPEPHIBHOM ?

4. Yto Takoe 3aKOH pacrpeeieHne ciiydaiHon BeanuuHbl? CrocoOsl
3a1aHUS.

5. Yto nornumaercs nmoj GyHKIMEH pacrpeeseHus crydaiiHol BeTnYuHbI?
CriocoObl 3a1aHuA.

1. 3akoH pacnpenesieHusi JUCKPETHOM CJIy4aiiHON BeJNYNHBI

1. TuckpertHas ciyyaiiHas BeJIMYMHA X 3a/1aHa 3aKOHOM pacIpeeieHus

a)
X|1]3] 6| 8
p |02[01] 04|03
0)
X|2]4] 5|6
p [03]01] 02|04
B)

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

HOCTpOI/ITL MHOTI'OYT'OJIbHUK PACIIPCACIICHHA.

2. YCTpOHCTBO COCTOMT M3 TPEX HE3aBUCUMO padOTAIOMIMX 3JIEMEHTOB.
BeposiTHOCTh OTKa3a KaxkJI0oro ayeMeHTa B ogHoM ombiTe paBHa 0,1. CocTaBUTH
3aKOH pacrpeiesieHusl Yuciaa OTKa3aBUIMX 3JIEMEHTOB B OJTHOM OIIBITE.

3. B nmaptuu 10 % nHectanmapTHbeix netaneir. Haygady oroOpanbl yeTbipe
nerany. Hamucate OMHOMHANBHBIN 3aKOH paclpeIeSIeHUs] TUCKPETHOW ClIydaitHOM



BEIUYMHBI X — YKCIA HECTAHJAPTHBIX ACTAed Cpeau YETBIPEX OTOOPAHHBIX U
IIOCTPOUTH MHOTOYT'OJIBHUK PACIIpEECIICHUS.

4. Hanmucath OMHOMUAJIBHBIN 3aKOH pacIpeeeHus: TUCKPETHON clTydaitHOM
BEJIMYMHBI X — YKCJIa TOSBICHUS «rep0ay» Mpu JBYX OPOCAHUSX MOHETHI.

5. Ilocne oTBera CTyAeHTA Ha BOIPOCH AK3aMEHAIMOHHOTO OmiieTa
HK3aMEHATOp 3aJa€T CTYAEHTY JONOJHUTENbHbIE Bompochl. IIpenonaBarens
NpeKpailaeT 3aJaBaTh JIOMOJHUTEIbHBIE BOINPOCHI, KaK TOJIBKO CTYAECHT
oOHapy>XMBaeT 3HaHWE 3aJaHHOTO BOMpoca. BeposTHOCTH TOTO, YTO CTYACHT
OTBETUT Ha 000N JIOMOJHUTENBHBIN 3aaHHbIN Bompoc, paBHa 0,9. TpeOyercs
COCTaBUTH 3aKOH paCIIpElEICHUs ITUCKPETHOM CIIyYalHOW BEJIIMYHMHBI X — YMCIA
JIOTIOJIHUTENILHBIX BOMPOCOB, KOTOPBIE MpenojaBaTelb 3aAacT CTYACHTY, HalTh
HaWBEPOSITHEHIIIEE YUCIIO 3aJaHHBIX CTYJIEHTY JOMOTHUTEIBHBIX BOIIPOCOB.

6. I3 nByx opyauii moouep€aHo BeAETCS CTpenabda Mo Ieiu J0 IEepBOro
NONaJaHus OJHUM M3 OpyJuid. BeposTHOCTh nonananus B LEIb MEPBBIM OPYAHEM
cocrasiiger 0,3, BropeiM — 0,7. HaunmnaeTr crpensOy nepBoe opyaue. CocTaBUTh
3aKOH pacIpeieneHuss IUCKPETHOM CilydyalhHOW BenuuuHbl X W Y — 4Yucia
U3pACXO0JI0BAaHHBIX CHAPSAJ0B COOTBETCTBEHHO NEPBBIM U BTOPBIM OPYAUEM.

7. Yuebnuk uznan tupaxom 100000 sk3emiisipoB. BeposatHocTh TOTO, 4TO
y4eOHUK cOpoIOpoBaH HenpaBuibHO, paBHa 0,0001. HaliTu BeposITHOCTH TOTO,
YTO THUPAX COAECPKUT POBHO MATh OPAKOBAHHBIX KHMT.

8. Marazun momyumn 1000 OyThUTOK MHUHEpaTbHOW BOJBI. BeposTHOCTH
TOro, 4TO MpHU NEPEeBO3KE OYThUIKA OKaxkeTcs pa3doutoil paBHa 0,003. Haiitu
BEPOATHOCTh TOTO, YTO MAara3uWH MOJYYUT pa3OUTHIX OYTHUIOK: a) POBHO 1Be; 0)
MEHee JIBYX; B) 0oJiee IBYX; I') XOTs1 ObI OJIHY.

2. @yHKUMS pacnpeeeHust JUCKPETHOH CJIy4YailHO! BeJTMIUHbI

1. J{ns Bcex 3amanuii 1.1 mocTpouTs QyHKIMIO pacipeiesieHus CIydaiHOu

BEJIMYUHBI X.
OT4eTHOCTH 32 3aHATHE

Pe3ynbraThl paboThl AOMKHBI OBITH OTpakeHbl B paboyell TeTpagu u
3AIIMIIEHBl YCTHO KaXIbIM CTyAeHTOM. [Ipr mOAroToBKE K 3alIMTE OCHOBHOE
BHUMAaHUE YJEIUTh TOHUMAHUIO (PU3HUECKOTO CMbICIIA KaXK0T0 MyHKTA 3aJaHus U
00OCHOBAHUIO MOJYYEHHBIX PE3yJIbTATOB.

3akirouenue

[IpoBonuTcs cobecemoBaHme MO Pe3ysibTaTaM paboThl ¢ KaXKIbIM CTYJICHTOM.
CryneHtaMm, YyCHENIHO 3aBEpIIMBIIMM pacueT BCEX MPAKTUYECKUX 3aJaHui
BBICTABJISIETCS OLICHKA.



IIpakTn4yeckoe 3ansaTue 5
YucoBbie XapaKTEePUCTUKH JUCKPETHBIX CJIyYAHWHBIX BeJINYUH

Y4eOHble BONPOCHI 3aHATHS:
1. MareMaTtuueckoe OKUJJaHHE TUCKPETHOM CIIy4allHON BETUYUHBI
2. Jlucnepcusi AUCKPETHOU CITy4ailHON BETUYUHBI

COAEPXAHUE 3AHATUA

BerynurenbHast 4acThb
Ha ceroansimiHem npakTUdecKoM 3aHATHUM BaMm npemiaraercs BBIIIOJIHUTH
MIPAKTUYECKNE 3a/1aHUs, CBA3AHHBIE C HAXOXKJICHUEM YMCIIOBBIX XapaKTEPUCTHUK

JAUCKPCTHBIX CJ'Iy‘-IElfIHBIX BCJINYHH.

HpOBCpKa I'OTOBHOCTH CTYJICHTOB K 3aHATHUIO

1. lath onpeneneHre cayd4aitHOM BETUYHHBI.

2. Kakas ciyyaiiHas BeJIMYMHA HA3bIBACTCS JUCKPETHON?

3. YUrto Ha3pIBaeTCAI MaTeMaTHYSCKUM OkujpanueM? CBOMCTBa.

4. Jlath onpeeeHUe TUCIIEPCUM JUCKPETHON CITy4allHOW BEJIUYUHbI?

CBoiicTBa.
5. JlaTb onpenieieHue CpeaHEro KBaApaTUueCKOro OTKJIOHEHHUS ?

1. MaremaTruyeckoe 0:KUAAHNE JUCKPETHOM CJIyYaiiHOM
BeJMYNHBI

1. JduckpeTHas ciaydaitHas BelnurHa X 3aJjaHa 3aKOHOM pacIipeieeHus

A)
X |1 [3 [6 [8
p |02]01]04 (03
b)
X [2 [4 5 TJe6
p |03]0,1]02 |04
B)

X [10 [ 15 |20
p |0,1]0,7]0,2

Breraucnute MaTeMaTH4YECKOE OXHNAaHHC.

2. HailTu MareMaTH4ecKoe OKUJIAHUE JUCKPETHOU CIIy4yailHON BEJIMYMUHBI
Z, ecnau W3BECTHbl MaTeMarudeckue oxuganus X u Y: a) Z=X+2Y, M(X)=5,

M(Y)=3; 6) Z=3X+4Y, M(X)=2, M(Y)=6.



3. JluckperHass ciydaiiHas BeJWYMHA X NPUHUMAET TPU BO3MOXKHBIX
3HAYEHHUS X, =4 C BEPOSITHOCTBIO p, =(.5; X , =6 C BEPOATHOCTBIO p , = (.3; x , C
BEPOSITHOCTHIO p,. Hailtu x,u p,, 3Had, yto M(X)=38.

4. KoHtposbHas paboTa COCTOUT U3 TPEX BOMpocoB. Ha kax el Bompoc
npuBegeHo 1o 4 oreera. CocTaBUTh U H300pa3uTh TIpapUUECKd 3aKOH
pacnpeneneHrs 4uciia NpaBUJIbHBIX OTBETOB IPHU IPOCTOM yrajblBaHuu. Haiitu
MaTeMaTU4YECKOE OXKUIAHUE ITOU CIIyYalHOU BEJINYHUHBI.

5. B 6unere 3 3agaun. BeposaTHOCTh paBUIILHOTO pELIEHUS IEPBOM 3a1a4n
paBna 0,9, BTopoii — 0,8, Tpethbeii — 0,7. CocTaBUTh U M300pa3uTh rpa)MuecKy 3aKOH
pacrpeniesieHdss 4Yucia MPaBUIBHOIO pEIICHUs 3aJady B OWJIETE U BBIYUCIIUTH
MaTEMaTHYE€CKOE OKHUJIaHUE ITOW CIIy4YalHOW BEJTUYUHBI.

6. Crnenano gBa BBICOKOPHCKOBBIX BKJana: 10 Teic. pyOrieil B KOMIIaHUIO
A u 15 toIC. pyOneit B komnanuio B. Komnanus A o6emaer 50% rogoBbix, HO MOXKET
J0nHyTh ¢ BepoATHOCTHIO 0,2. Komnanusa B — 40% rogoBbIx, HO MOKET JIONHYTH C
BeposiTHOCThIO 0,15. CocTaBUTh 3aKOH paclpelereHusl CIy4yaliHOM BEJIMYMHBI —
oOuieil cymmbl NpUOBLIN (YOBITKA), MOTYYEHHON OT JBYX KOMIAHWI 4epe3 Trojl.
Haiitn e€ MmaTeMaTnueckoe 0KHUJaHueE.

7. Haiitu MatemMaTuyeckoe OKHUJIaHUE JOTEPEHHBIX OMIIETOB, HA KOTOPBIX
BBINAIYT BBIMTPBIIIM, €ClIM IpuodpereHo 20 OuieTroB, NPUUYEM BEPOSTHOCTH
BBIMIPBILIA 110 OJHOMY OuieTy cocrasiser 0,3.

8. Haiitu Maremarnueckoe 0XKHJIaHUE JUCKPETHOW CIyYaWHOW BEIWYUHBI
X, pacupeaenénHou o 3akony Ilyaccona:

9.
X 0 I 2 k
y| = + +
P PO iy | ()| | _exn(d)
1! 2! k!

/1

YYUTBIBATE, 4TO i ® cxp(+)

T

m.Om!

2. Iucniepcusi AUCKPETHOM CJIy4aAHHON BeJTMYUHbI

1. [ua3aganuii Nel, 3,4, 5 . | BBIUMCIUTE AUCTIEPCUIO PACTIPEIETIECHNUS
CIIy4allHOM BEJIMYUHBI X.

2. Cnyuyaiinas pennurHa X 3aJjaHa 3aKOHOM PacIpeIeICHUS
X 2 3 10




L p [ 01 | 04 | 05 |
Haiitu cpennee kBaapatnyHoe oTKIoHeHHE ? (X).

3. Haiitu aucnepcuio TUCKPETHOM CIIydailHON BEJIMYMHBI X — YuClia
MOSIBJICHUS! COOBITUSI A B TISITH HE3aBUCUMBIX UCIIBITAHUSX, €CITU BEPOSITHOCTD
TOSIBJICHHS COOBITHM A B Ka)KJIOM UCIIbITaHUM paBHa 0,2.

4. DbpomeHsl n urpanpHbIX KOCTel. HaliTh ntrucnepcuio CyMMbl yucia
OYKOB, KOTOPBIE MOT'YT IOSABUTHCS HA BCEX BBINTABIINX FPAHSX.

OT4eTHOCTH 32 3aHATHE
PesynbraThl paboThl JOMKHBI OBITH OTpPaXEHBI B pabouelt TeTpaau u
3aIUIIEHBl YCTHO KaXKIBIM CTyIEeHTOM. [Ipu mOAroTOBKE K 3amIuTe OCHOBHOE
BHUMAaHHE YIEIUTh MTOHUMAHHUIO (PU3MYECKOTO CMBICIIA KKIOTO TTyHKTA 33/IaHUs U
000CHOBAHUIO TTOJTYYCHHBIX PE3YJIHTATOB.

3akJIloueHue
[IpoBoauTcst cobecegoBanue MO pe3yabTaTaM padOThl C KaXKIbIM CTYIC€HTOM.
CryneHtaMm, yCHENIHO 3aBEPIIMBIIMM pacueT BCEX NPAKTUUYECKUX 3aJaHui
BBICTABIISIETCS OIICHKA.



IIpakTHuyeckoe 3aHsATHE 6
Yncsi0Bble XapaKTEPUCTHKH HENPEPBLIBHBIX CJIYYalHbIX BeJINYUH

Y4eOHbIC BONIPOCHI 3AHATHS:
1. MaremaTuueckoe 0K1JaHUE HEMPEPHIBHOM CIIy4YailHON BEJIMYMHBI
2. Jlucniepcust HEenpepbIBHOM CIIy4aiiHOW BETUYHHBI

COILEPKAHUE 3AHATUA

BCTyHI/ITe.]'leaH 4acTb
Ha CCroAHAINIHCM ITPAKTHUYICCKOM 3aHATHH Bam npeajIaracrCsa BbIIIOJIHHUTD
IMPAaKTHYCCKHUC 3aJlaHHA, CBA3AHHBIC C HAXOXJICHHWCM YHCIIOBBIX XaPAKTCPUCTUK
HCTIPCPBIBHBIX CJ'Iy‘IElfIHBIX BCJINYHH.

IIpoBepKa rOTOBHOCTHU CTYIEHTOB K 3aHATUIO

1. Kakas cimydaiiHasi BeJIMYMHA HA3bIBAE€TCS HEMPEPHIBHOM ?

2. Yro Ha3bIBAETCS IUIOTHOCTHIO PACTIPENEIICHHS BEPOSITHOCTEN ?

3. Uro Ha3piBaeTCd  MaTEMAaTHYECKMM  OKHJIAHMEM  HENPEPBIBHOU
CIIy4ailHOM BEJIMYMHBI?

4. JlaTtp onpenieieHUEe TUCIIEPCUH HEMPEPHIBHOW CIyYailHOM BEJIMYHHBI?

5. Jlatb onpezenieHue HAYaIbHOIO TEOPETHUECKOTO MOMEHTA nopsiika k?

6. Jlatb omnpezeneHue EHTPAIIbHOTO TEOPETUYECKOTO MOMEHTa nopsiika k?

1. Maremaruyeckoe 0:KUIaHUE HENPEPHIBHOM CJOyYaNHOMN
BEJIUYHMHBI

1. Cnyuaitnas BennunHa X 3a/laHa IJIOTHOCTBIO pacrnpenaenenus f(x)=x/2 B
untepBaiie (0, 2); BHe aToro unTepBaia f(x)=0. Haiitu MaremaTnyeckoe OKu1aHue
BEJIMYUHBI X.

2. CnoyvaitHas BenuuuHa X 3a7aHa  IUIOTHOCTBIO  pacCIpeleTCHUs
f(x) ® x 0.5 B wunrepaie (0;1); BHe »sToro wunrepBana f(x)=0. Haiitu
MaTeMaTHYecKkoe OXuaaHue (QyHKuuu Y ® X (He HaxoAs MNpeaBapUTEIbHO
IJIOTHOCTH pactpeeneHus Y). ’

3. Haiitu maremaTrueckoe OXKHAAHUE CIYyYalHOW BEIWYHUHBI X, 3aJIaHHOMN
byHKUMEN pacnpeneneHus:
=0 ,x[x10
c 2

~

Fx)e, —,0m x4

il\l,XAA4



4. CnyvaiiHas  BenmumHa X 33JaHa  IUIOTHOCTBIO  BEPOATHOCTH
f(x)=C(x2 2x) B unrepBaie (0;1). Bue saroro unarepnana f(x)=0. Haittu nmapamerp
C.

5. Cnyuvaitnas BenuuumHa X Ha wuHTepBajie (2, 4) 3agaHa TUIOTHOCTHIO
pacnpenencHus f(x)= -(3/4)x > +(9/2)x-6, BHe 3TOTO MHTEpBaa f(x)=0. Haiitumony,
MaTeMaTHYECKOe OXKUAHNE U MEIMaHy BEJIMUYUHBI X.

6. OyHkuuA 3aJlaHa B BUJIE:
~(x) =0, x X1
—-(x) & B
N/
A , X AA 1
Havitu: g
x4

a) 3HAaYEHHUE MOCTOSIHHOM A, pu KOTOPOoH QYyHKIHS OyJET MIOTHOCTHIO
BEPOSTHOCTHA HEKOTOPOM CIy4allHOW BEJIUYUHBI X;

0) BeIpakeHue GyHkuu pacnpenenenus F(x);

B) BBIYMCIIUTH BEPOSITHOCTh TOTO, UTO ClIy4aliHasl BEJIMYMHA X MPUMET
3HaYeHUE Ha oTpe3ke [2;3];

I) HAWTU MAaTEMAaTHYECKOE OKHUIAHUE W AUCIEPCUI0 CIYyYalHOW BEIUYUHBI
X.

2. /Iucnepcus HenmpepbIBHOM CIy4ailHON BeJIMYMHbI
1. Cnyudaiinas BenuurHa X 3a7aHa TJIOTHOCTRIO pacnpenenenus f(x)=1/(=

)& urtrepBane (-c; ¢); BHe 3Toro wHTepBana f(x)=0. Haiitu nucnepcuro
BEJIMYUHBI X.

2. Cnyuaitnas BenmnunHa X Ha uHTepBasie (0, = ); 3ajaHa IUIOTHOCTHIO
pacnpenenenus f(x)=(1/2)sin x; BHe 3Toro mHTEpBaNa f(x)=0. Haittu aucnepcuro
BEJIMYUHBI X.

3. Cayuaiinag BennurHa X 3a7iaHa TUIOTHOCTBIO pacnpenenenus f(x)=0.5x B
untepBaiie (0, 2); BHe aTOro uHTEepBana f(x)=0. Haiitu HayanbHbIC U [ICHTPAIbHBIC
MOMEHTHI TIEPBOTO, BTOPOTO, TPETHETO U YETBEPTOTO MOPSIIKOB.

OT4yeTHOCTH 32 3aHATHE

PesynbTaThl paOOThl JOMKHBI OBITH OTpPa)K€HbI B padodeil TeTpaau M
3alIUMIIEHBl YCTHO KaXIbIM CTYAEHTOM. [Ipu MOArOTOBKE K 3aIlllUTE OCHOBHOE
BHHMAaHHUE YIEIUTh TOHUMAHUIO (PU3HMYECKOTO CMBICIIAa KaXKA0T0 MyHKTA 3aaHUs U
000CHOBAHMIO MTOJTYUYCHHBIX PE3YJIbTATOB.

3akaoueHune

[TpoBoauTcs cobecenoBaHue 1O pe3ybTaTaM padOThl C KaXIbIM CTYJACHTOM.

CryneHTaM, YCIHEIIHO 3aBEPIIMBIIMM pacyeT BCEX MPAKTUYECKUX 3aJaHUM



BBICTABJIICTCA OLICHKA.



IpakTnyeckoe 3ansaTue 7
IlepBuyHas craTu4yeckass 00padoTKa CJIy4alHOH BHIOOPKH

Y4eOHble BONPOCHI 3aHATHS:

1. PacyeT OCHOBHBIX XapaKTEPUCTUK BbIOOPOK. BapualMoHHBIN U CTaTUCTUYECKHI
PSIBI

2.

OHGHI/IBaHI/Ie I'CHCPAJIbHBIX  YHCJIIOBBIX  XapaKTCPUCTHK C ITIOMOIIIBIO

TPYHIIUPOBAHHOIO CTATUCTUYECKOTO Psilia

COJAEPKAHUE 3AHATHUA

BerynureabHas yacThb
Ha ceronnsmnem npakTuyeckoM 3aHATUM BaM npemiaraercs BbIIOJIHUTD

MPAKTHYCCKUC 3aJaHUsA, CBA3AHHBIC C OIIPCACIICHUCM XAPAKTCPHUCTHUK BLI60pOK.

AR

* N

IIpoBepKa rOTOBHOCTHU CTYJAEHTOB K 3aAHATHUIO
Yro Takoe reHepanbHasi COBOKYIHOCTb, BEIOOPKa, BEIOODP?
CdopmynupyiiTe onpeneneHrne NpocToro cliy4aitHoro Bpioopa.
Kaxue BubpI peanbHbIX BEIOOPOB BBl 3HAETE?
Kaxast BbIOOpKa Ha3bIBaeTCA PENpe3eHTaTUBHOM, OAHOPOIHOM ?
Uro Takoe BapuallMOHHBIN, CTATUCTUYECKUN PsAL?
JlaliTe onpenesieHue KpaliHUX 3JEMEHTOB BapUAlMOHHOTO PsAJa, pa3Maxa,
MeJIMaHbl, KBapTUJIEH.
YTo Takoe MOJUroH 4acToT?
Haiite onpenenenue BEIOOPOYHON (PYHKIIMM pacipeiesieHus.
UYTo Takoe OLEeHKa reHEPaIbHON YNCIOBOU XapAKTEPUCTUKU?

1. PacueT 0CHOBHBIX XapaKTEPUCTHUK BbIOOPOK. BapuanuonHslii u
CTATHUCTUYECKUI PAABI

1. B pesynbpTaTe sKCriepuMeHTa MOJyuyeHa BIOOpKa oObema n @ 79 :
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[TocTpouTh BapHAallMOHHBIA M CTATUCTUYECKUU psifl, U300pa3UTh IOJIUIOH

b

YacTOT, OMPENENUTh KpaWHUE SJIEMEHTHI, pa3Max BBIOOPKH, MEIUaHy BBIOOPKH,
HIDKHUM W BEpPXHUU KBapTUJIM, HAWUTH M TOCTPOUTH BBIOOPOUHYIO (DYHKIHIO
pacrnpeseneHys. BeIYUCIUTE OCHOBHBIE BHIOOPOYHBIE OIIEHKH: BHIOOPOUYHOE CpeHee,
BBIOOPOUYHBIN HAuYaJbHBIM W LEHTPAJIbHBIH MOMEHTHl 2-TO TOpAJIKa, BBHIOOPOUYHYIO
JUCIIEPCHIO, a TAKKE BHIOOPOYHOE CPETHEKBAIPATUUECKOE OTKIOHEHHE.



2. OueHUBaHUe reHePATbHBIX YHCJI0BBIX XapPaKTEPUCTUK C TOMOIIbIO
rPYNIMPOBAHHOIO0 CTATHCTHYECKOI0 PSAA

1. U3mepena makcuManbHast EMKOCTh 20 MOICTPOECYHBIX KOHJEHCATOPOB, U
pe3yNbTaThl U3MepeHuii (B mukodapagax) mpuBeeHbI B TAOIHIIE:

Homep xonnencaropa |1 2 3 4 5 6 7 8 9 10
Emkocth, nk® 4,40 (4,31 [4,40 |4,40 (4,65 [4,56 |4,71 |4,54 14,36 |4,56
Homep xongencaropa |11 |12 |13 |14 |15 |16 (17 (18 |19 |20
Emkocth, nk® 4,31 (4,42 14,60 |4,35 (4,50 [4,40 (4,43 (4,48 |4,42 |4,45

[TocTpouTs rpyNnmupOBAaHHBIN CTATUCTUUYECKUN PSAT U M300pa3UTh €r0 B BUJE
ructorpaMmbl. OLIEHUTh TE€HEpaJbHBIE YKCIIOBBIE XapPaKTEPUCTHKUA C MOMOUIBIO
IPYNIUPOBAHHOTO CTATUCTHYECKOTO PAAA.

OT4eTHOCTH 32 3aHATHE
PesynbraThl paboThl JOKHBI OBITH OTPAYKEHBI B pab0YEil TETpaau U 3aIUIICHbBI
YCTHO KaXKJbIM CTyZieHTOM. [Ipu MOAroTOBKE K 3aIIUTe OCHOBHOEC BHUMAHHE YACIUTH
MOHUMAHUI0 (U3UYECKOTO CMBICTA KaXJOro IyHKTAa 3aJaHus W OOOCHOBAHUIO
MIOJTYYCHHBIX PE3yJIbTATOB.

3akJ/II0oueHue
[IpoBoauTcsi cobecegoBanue MO pe3yabTaTaM pabOThl C KaXKIbIM CTYI€HTOM.
CryneHtaMm, yCIHENIHO 3aBEPUIMBIIMM pacueT BCEX MPAKTUYECKUX 3aJaHui
BBICTABJISIETCS OLICHKA.




l.
2.

IIpakTHueckoe 3ansATHE §
To4yeuHoe OLlEHMBAHUE YHUCJIOBBIX XaPAKTEPUCTHK U NApaAMeTPOB
pacnpeeieHUs TeHEePAJIbHOI COBOKYITHOCTH

Y4eOHbIC BONIPOCHI 3AHATHS:
Pacuer ToueUHBIX OIIEHOK F€HEPaIbHON CPEIHEN
PacyeT ToYeYHBIX OLICHOK r€HEPaIbHOM TUCTIEPCUU T'eHEPATbHOM

COBOKYITHOCTH

COJAEPKAHUE 3AHATUA

BerynuresibHast 4acTb
Ha ceropnsininem nmpakTuyeckoM 3aHATHU BaM npensiaraeTcsi BIMOJIHUTD

MPAKTUYCCKUC 3aJaHUsA, CBA3AHHBIC C OIMPCACIICHUCM TOYCYHBIX OLICHOK YHUCJIOBBIX
XapaKTCPUCTHK I‘GHGp&J’IBHOﬁ COBOKYITHOCTH.

I Dl

oo N

IIpoBepka rOTOBHOCTY CTYAEHTOB K 3aHATHUIO:
Yrto Takoe reHepangbHasi COBOKYITHOCTh, BEIOOPKA, BHIOOD?
Chopmynupyiite onpeneaeHue NpocToro cy4aifHoro BpIOOpa.
Kakue BubI peanbHbIX BEIOOPOB BBl 3HAETE?
Kakas BeIOOpKa Ha3bIBaeTCA PENpe3eHTATUBHOM, OHOPOTHON?
YTto Takoe BapuallMOHHBIN, CTATUCTUYECKUH Psif?
JlaiiTe onpeneneHne KpauHUX 3JIEMEHTOB BAPUALIMOHHOTO PSJa, pa3mMaxa,
MEIMaHbl, KBAPTUJIEH.
UYTo Takoe MOJIUTOH YacTOT?
JlaiiTe onpenenenre BIOOPOUHOM PYHKIIUU paclipeiesIeHHUs.
UTo Takoe OLIEHKA F€HEPAIbHOM YUCIIOBOM XapaKTEPUCTUKH ?

1. PacueT TOYeUHBIX OIIEHOK reHePaJIbLHO cpeaHei
1. U3 renepanbHOM COBOKYIMTHOCTH M3BJIeU€HA BIOOpPKA 00bemMa n=>50:
3JIEMEHTHI X, 2 5 7 10
4acTOTa n, 16 12 8 14

Halitn HecMeleHHY 0 OLIEHKY TEHEPAILHOW CpeHEr. ABIsieTcs 1M MeraHa
HECMENIEHHOM onieHKou? [Touemy?

2. U3 rerepanbHON COBOKYITHOCTH M3BJI€U€HAa BhIOOpKa 06beMa n=60:
AJIEMEHTHI X, 1 3 6 26

1

qacToTa n 8 40 10 2

1

Haittn HecMeleHHy 10 OLIEHKY I'eHEpalbHOM CpeiHen. SBnsercs au
MOJIyCyMMa UHTEPKBAPTHIIBHOW IIMPOTHI HECMEILIEHHON OLIEHKOM?

3. HaiiTu BEIOOpOYHOE CpeiHEE 110 JTAaHHOMY PACIIPEAEICHUIO BEIOOPKU

o0beMa HZIO, BOCITOJIB30BABIINCH ITCPCXOOOM K YCIIOBHBIM BApUAHTAM:

bmementsr | x| 1250 | 1270 | 1280 |




| 4acToTa n, 2 5 3

4. Haiitu BBIOOpOYHOE CpeIHEE 110 JAHHOMY PaclpeIeICHUIO BHIOOPKH
oobeMa n=20, BOCIIOJIb30BABIINCH MEPEXO0IOM K YCIOBHBIM BapUAHTaM:
AJIIEMEHTBI X, 2560 | 2600 | 2620 | 2650 | 2700

1

JacToTa n. 2 3 10 4 1

I

5. Umeetcsa cnyyaitnas BeiOOpKa (X, ,... Xs) oObeMa 0=5 U3 reHepaibHON
COBOKYITHOCTH X, pacIpe/IeeHHas M0 MOKa3aTeIbHOMY 3aKOHY:
=4t T x @ 0;

L
p(x) N0, x

0.

B xauecTBe TOUCUHOM OLICHKHN MaTEMaTHYCCKOI'O OKHUAaHHUA

B35ITO CpeaHee apuhMETUIECKOE KpallHUX YJIEHOB BapHAIMOHHOTO psija. SBisieTcs
JIA OIIEHKA CMEIIEHHOU?

2. PacyeT TOYEYHBIX OLCHOK I'eHEPAJbHOM AUCIHEPCUH
reHepaibHON COBOKYITHOCTH
1. Tlo BeIOOpke oOBbemMa n=41 HaiieHa CMEIICHHas OlICHKAa paBHas 3
reHepainbHoil nucnepcur. HaliTu HECMEILIEHHYI0 OLIEHKY JUCIIEPCUU Te€HEPaIbHOU
COBOKYIHOCTH.

2. B urore mnsATH W3MEPEHHWM JIMHBI CTEPKHS OJHUM mpubdopom (6e3
CUCTEMATHUYECKUX OIIMOOK) MOJIyYEHBI CIEAYIOIINE pe3ysibTaThl (B MM): 92; 94;
103; 105; 106. Haiitu: a) BBIOOPOYHYIO JIMHY CTEPKHS, 0) BBIOOPOYHYIO W
UCIIPaBIICHHYIO AUCIIEPCUU OMKUOOK mpudopa.

3. Haiitu BBIOOpOYHYIO IUCTIEPCHUIO 1O JAHHOMY PaclpeleIeHUI0 BHIOOPKH
oobsema n=10:

DJIIEMEHTHI X, 186 192 194
qacToTa n. 2 5 3

4. HaliT BBIOOPOYHYIO IUCTIEPCHIO TI0 JAHHOMY PacTpeIeICHHIO BRIOOPKHU
obbema n=10, BOCIIOIb30BaBIINCH MTEPEXOJAOM K YCIIOBHBIM BapHaAHTaAM:
DJIEMEHTBHI X, 0,01 0,04 0,08

i

JacToTa n. 5 3 2

1l

5. Haiitu BBIOOpOYHYIO TUCIIEPCHUIO 110 JAHHOMY PAacHpeeIeHUI0 BBIOOPKH
o0beMa n=50, BOCII0JIb30BaBUIMCh IEPEXOJAOM K YCIOBHBIM BapUAHTaM:
3JIEMEHTBI X, 18,4 18,9 19,3 19,6

I

JacToTa n, 5 10 20 15

i

6. Haiitu ucrnipaBieHHy10 BEIOOPOUYHYIO AUCTIEPCUIO TIO JAHHOMY
pacnpeneneHuto BbIOOpku o0bema n=10, BOCTIOIB30BaBIIMCH EPEXOIOM K
YCIIOBHBIM BapUAHTaM:



3JICMCHTHI

23,5

26,1

28,2

30,4

qacToTa

2

3

4

OT4yeTHOCTH 32 3aHATHE

Pesynbrartel pabGoThl AOMKHBI OBITH OTPAXKEHBI B pabodeil TeTpagu u
3aIUIIEHBl YCTHO KaXIBIM CTyJIEeHTOM. [Ipu moAroToBKE K 3amuTe OCHOBHOE
BHUMAHHE YIEIUTh MTOHUMAHHUIO (PU3UYECKOTO CMBICIIA KaKOTO MYHKTA 3aJaHus 1
000CHOBAHUIO TTOJTYYCHHBIX PE3YJIHTATOB.

3akioueHue

[TpoBoauTcs cobeceoBaHmeE MO Pe3yIbTaTaM pabOThI C KaKIbIM CTYICHTOM.
CryneHTaMm, YCHEIIHO 3aBEpIIMBIIUM pacdeT BCEX TPAKTHUUYSCKUX 3a/IaHuM,
BBICTABIISICTCS OIICHKA.



IIpakTHueckoe 3ansaTHE 9
ITosryyeHHe OLIEHOK MAPAMETPOB I'eHEePAJIbHOI0 pacnpeaeJeHus
METOJaAMU MOMEHTOB M MAKCUMAJIBLHOT0 MPaBI0NOx00U s

YueOHbIe BONPOCHI 3aHATHS:
1. I[TomrydeHune OLIEHOK TapaMeTPOB FeHEPATBHOTO PacTIpeAeICHUS METOOM
MOMEHTOB
2. [lomy4eHune O1eHOK TapaMeTpPOB FeHEPaTHHOTO paclpeaesICHUs] METOIOM
MaKCHMAaJIbHOTO MPaBI0NOI00US

COIAEPXKXAHUE 3AHATUA

BerynurenbHast 4acThb
Ha ceroansiminem npakThdecKkoM 3aHATHUM Bam mpemiaraeTcs BBIIIOJIHUTH
MMPAKTUYECKUE 3a/1aHU, CBSI3AHHBIE C ONPEAECICHHUEM TOUYECUHBIX OLIEHOK YMCIIOBBIX
XapaKTEPUCTUK T'€HEPAITBHOM COBOKYITHOCTH.

IIpoBepKa rOTOBHOCTH CTYIEHTOB K 3aHATHUIO:
Yro Takoe reHepaibHas COBOKYITHOCTh, BRLIOOPKA, BRIOODP?
Cdopmynupyiite onpeneaeHue NpocToro ciry4aiiHoro BpIOOpa.
Kakue Bupl peaibHbIX BBIOOPOB Bbl 3HAETE?
Kaxkast BbIOOpKa Ha3bIBa€TCS perpe3eHTaTUBHOM, OTHOPOIHOM?
Yro Takoe BapualMOHHBIN, CTATUCTUYECKUN pAa?
JlaliTe ompeneneHne KpamHUX 3JIEMEHTOB BAPHALMOHHOIO psla, pa3Mmaxa,
MEIUaHbl, KBAPTHUIIECH.
UTo Takoe MOJIUroH 4acToT?
JlaiiTe onpenenenre BEIOOPOUHON PYHKITUU pacTipeieIICHHS.
. UTo Takoe OlIeHKa FreHEePaTbHON YUCIIOBOM XapaKTEPUCTUKH ?
O Kakast oneHka Ha3bIBA€TCSl COCTOSITENbHOM, HECMEIICHHOM, pOOAaCTHOH,
b PeKTUBHOM.

A

S 0 %0

1. [MoaryyeHnue o1leHOK MapaMeTPOB reHepPaJbHOI0 pacnpeaeaeHus
MEeTO/I0OM MOMEHTOB

1. Cnyuaitnas BennunHa X umeet pacnpenenenue [lyaccona.

HXOHOj;+kOMW
k!

I1€ + — HEU3BECTHBIM mapaMmerp. B pe3ynbrare He3aBUCHMBIX HAOIIOJEHUN

MOJIydeHa. CltyyaiiHas BBIOOpPKA, X;,...X,. HalTh MeTo0oM MOMEHTOB TOYCUHYIO
OLICHKY napaMeTpa - + M "yOeauThCS, YTO 3Ta OICHKA SBJISCTCA

O (X,)

HECMEIIEHHON U COCTOSATEIILHOM.



2. Ilycte nana caydaiiHas BBIOOpKA , X,,..X, o0ObemMa n W3 Te€HEPAIbHOM

COBOKYIIHOCTH X , MMEIOIIEH PABHOMEDHRIN 3aKOH PacIpeAeIeHUs
: ,x T (a,b)
p(x) ® b a
20,x @ (a,b)
C HEM3BECTHBIMM IIapaMeTpaMu a U b . HaiTh METOIOM MOMEHTOB TOUYEUHBIE
OLICHKH THX ITapaMETPOB.

2. [Tony4yeHne O1leHOK MAPAMETPOB I'eHEePAJBLHOI0 pacnpeieaeHus
METO00M MaKCHMAJIbHOT0 MPaBI0MO100HusI

1. Ilyctep pana ciyyaiiHas BBIOOpKa . X,,..X,00peMa n U3 TEHEPaJIbHOU

COBOKYITHOCTU X , pacrpeielieHHON 0 OMHOMHAIbHOMY 3aKOHY
P()®@CiQI1O), jeo0*
k k

C HEU3BECTHBIM MapaMeTpoM () (BEPOSTHOCTHIO TOSBICHUSI COOBITHUS B OJHOM
UCTIBITAaHUH ). MEeTO0M MaKCUMAJIbHOTO MPABAONOA00MS HAUTH TOYEUHYIO OLIEHKY
nmapamerpa () .

2. MeToioM MakCMMAajabHOrO MPaBAONOA00US MO CIy4YalHOW BBIOOPKE Xi,..X,
HalTHU OLICHKY IapaMeTpa v B pactpezaenenus [lapero () s 0,v s Q:
vl

px;Q)) @ T _x x & 0;

OT4yeTHOCTH 32 3aHATHE
Pesynbrartel paboThl AOMKHBI OBITH OTPAKEHBI B padodeil TeTpagu Hu
3alMIIEHbl YCTHO KaXIbIM CTYJIEHTOM. [Ipu moAroroBke K 3aliuTe OCHOBHOE
BHUMAHHE YJEIUTh MOHUMAHHIO (PU3UYECKOT0 CMbICIIA KaKIO0T0 MyHKTA 3aJJaHus U
00OCHOBAHUIO NIOJyUYEHHBIX PE3YJIbTaTOB.

3akaoueHne
[IpoBoauTcsi cobecemoBaHWe MO pe3ysbTaTaM pPadOThl C KaXIbIM CTYACHTOM.
CryneHTaM, YCIEIIHO 3aBEPIIMBIIMM pPacyeT BCEX MPAKTHUUYECKUX 3aJaHUI
BBICTABJIICTCS OIICHKA.

I/IHTepBaHBHOC OLCHUBAHUEC YUCJTOBBIX XapPAKTCPUCTUK

Y4eOHbIe BONPOCHI 3aHATHSL:
1. [TocTpoeHue AOBEPUTEIHHOTO HWHTEpBaja MJIs BBIOOPOYHOM CpemaHen
HOPMAaJTLHOU TeHEePaTbHOW COBOKYITHOCTH
2. OneHKa TOBEPUTEIIBHOTO MHTEPBAa JIJIl MAaTEMAaTUIECKOTO OKUTAHUS

COIEPKAHUE 3AHATUA



BCTyHI/ITeJH)HaH qacTb

Ha ceroansimnem mpakTUdyeckoMm 3aHsITHH Bam mpesjaraercs BBINOJHUTH
MPAKTUYECKUE 3aJaHusl, CBI3aHHBIE C OMPEICICHUEM TOUEUHBIX OLIEHOK YHUCIOBBIX
XapaKTEPUCTHUK F€HEPATbHON COBOKYITHOCTH.

IIpoBepKa rOTOBHOCTU CTYACHTOB K 3aHATHUIO:

1. [laiiTe onpeneneHre TOBEPUTEILHOIO MHTEpBaa.

2. UTo Takoe TOYHOCTh U HAJIEKHOCTh OLEHKU?

3. Kak omnpenensercss TOYHOCTP M HANEKHOCTh OLIEHKH BEPOATHOCTH
COOBITHS 10 OTHOCUTEIBHOMN YacToTe?

4.TlocTporTe HOBEPUTEIBbHBIA MHTEPBAJ I MATEMAaTUYECKOrO OXKUJIAHUS
m HOPMAJIbHOM T€HEPaJIbHOW COBOKYITHOCTHU

5.ITocTpoiiTe TOBEpUTENbHBIN HHTEPBAI JIJI1 MATEMATUYECKOTO OKHUIAHUS M

10001 TeHEpaTbHON COBOKYITHOCTH TIPH OOJIBIIIOM 00bEME BEIOOPKH.

6.Hatinure kBanTmm pacnpeneneauss CteroaeHta (mo tabdnune II1) mopsaka
0.9 1 0.99 c 10 creneHsiMu CBOOOIBI.

1. IocTpoeHue 10BepPUTEIHHOI0 HHTEPBAJIA AJIA BHIOOPOYHOM
CpeAHell HOPMAJIbHOM reHepPaJIbHON COBOKYITHOCTH

1. IIpy mnomolmM BOJBTMETPA, TOYHOCTH KOTOPOTO XapaKTEPU3YETCS
CpeIHUM KBaapaTuuHbiM oTkiIoHeHueM 0,2B, mnpoeneno 10 wu3MepeHuii
HarpsHKeHUs: 00pToBoi OaTtapen. HailTu noBepuTENbHBIN UHTEPBAI JJISI HKCTUHHOTO
sHayeHus Oatapen ¢ kodpdunmentom [l =0,95, ecnmu cpennee apudmernueckoe
pesynbTaToB HaOmogeHudt x~ =50,2B. KouTpomupyemblii mnpu3HaK HMEET
HOPMAaJIbHOE paclpe/iesiCHHE.

2. U3 0omnbIIoN mapTUu 3JeKTpoJaMIl ObIJI0 0TOOpaHO ClydaltHbIM 00pa3oM
400 wT. oIS onmpeneneHus cpeaHer MpoAOHKUTEIbHOCTH ropeHus. Beibopounas
CpeaHsisi MPOJOJIKUTEIILHOCTh TOPEHUS  JIaMIl OKa3ajach paBHoO#l 1220 yac. Haiitu
¢ xkodpdunmentom nosepus [l =0,997 noBepurenbHBI WHTEpBAN I CpPEeIHEH
POAODKUTEIFHOCTH TOPEHUSI SJICKTPOJAMITBI 10 BCEW MapTUH, €CIH CpeaHee
KBaJIpAaTHYHOE OTKJIOHEHHUE MPOIOJKUTEIILHOCTH TOPEHHS paBHO 35 4.

2. OneHka J0BEepPUTEJbHOI0 HMHTEPBAJa A
MaTEMATHYECKOI'0 OKHIAHUSA

1. B pesynbrate myckoB 10 pakeT moiyyeHsl (B yCIOBHBIX €IMHUIIAX )
3HA4YCHUSI OOKOBBIX OTKJIOHEHUH TOUEK MONaJaHus OT TOUEK MPULIETUBaHUs (CM.
Ta0J1.)

Howmep
paKeThbl

Ortknonenme | 1,0 | 2,0 [ 1,0 | 0,1 |-0,5| 5,0 [ -1,0] 3,0 | 0,5 | 1,0




[Tomarasi, yto cnydaiiHas BenuuuHa X (ciydailHoe OOKOBOE OTKJIOHEHHE TOYEK
NOMaJaHusl OT TOYEK TMPULEIUBAHUSA) HUMEET HOPMaJbHOE pacIpeesieHue.
[TocTpouTh AOBEPUTENBHBIN UHTEPBA ISl €€ MATEMATHUYECKOTO OXKUIAHUSA C

koo dumentom nosepus | @ 0,99.

OT4eTHOCTH 32 3aHATHE
PesynbpTaThl paboThl MOKHBI OBITH OTpPaXKeHBI B pabouedd TeTpaau u
3alIUIIECHBl YCTHO Ka)XJIbIM CTyACHTOM. [Ipum MOAroToBKE K 3alllUTE OCHOBHOE
BHHMAaHHUE YICIUTh TOHUMAHUIO (PU3MUECKOTO CMBICIA KaKI0T0 MYHKTA 3a1aHus U
000CHOBAHMIO MTOJYUYCHHBIX PE3YIbTATOB.

3akioyenue
[IpoBoautcsa cobeceoBaHUE MO pe3yabTaTaM padOThl C KaKbIM CTYACHTOM.
CryaeHTtaMm, YyCHENIHO 3aBEPIIMBIIMM pPACUET BCEX NPAKTUYECKUX 3aJaHUM,
BBICTaBJISIETCS OIICHKA.
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Ta6iauna 1. Keantiumm u, HopMaibHoro pacupeneaenust N(0,1)

Hpuiaoxenus. Tadauubl KBaHTHIIEH

p

0,90

0,95

0,975

0,99

0,995

0,999

0,9995

Ug

1,282

1,645

1,960

2,326

2,576

3,090

3,291

Ta6auna 2. Ksantuau ¢, (k) pacnpenenaenus Croronenra 7'(k), k- uncio

cTeneHer cBOOOIbI pacipeiesieHus; p MOPSAI0K KBAaHTHIICH.

ok ld ek NG E
) @ mpa” S v —(gpF e -
®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 22,3
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 2,093 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 2,518 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
0,674 1,282 1,645 1,960 2,326 2,576 3,090




