MpakTukn 5 n 6. CpaBHeHne MO ABYX HOPMa/ibHbIX C/Iy4adHbIX BEINYUH
[ocToBepHOCTb NOKa3aHWUA 3alYyMIEHHbIX U3MEepPEeHUA

MpaKTUKa ABNAETCA NPOAOIKEHNEM NPAKTUKKN O 3aLUYMIEHHbIX U3MEPEHUAX.
Yactu 2, 5 cumTatotcs oTaenbHoM npaktukon (N26). MIx MOXKHO BbINONHATL OTAE/NbHO M MO3XKe, nocse
N3N0XKEHUSA t-CTAaTUCTUKKN HA NEeKUUAX.

Yactb 1. DyHKL MU NPOBEPKM rMNOTE3 B ClyYae U3BECTHbIX gucnepcuii

1.

PeannsoBaTtb GYHKLMIO pacyeTa CTaTUCTUKK e U Z No ABYM Bblbopkam P1, P2:
function e = e_statistic(P1, P2)
function z = z_statistic(P1, P2, D1, D2)

Pe3synbTatom 06enx GpyHKLMI ABNAIOTCA CKAAAPHbLIE BEINYMHDI €, Z, yYUTbIBaIOLLUE ycpeaHeHne No

Bbl6opKe. Popmysbl pacyeTa 06enx CTaTUCTUK JO0MXKHbI B Koge ¢purypuposatb pOBHO O4UH pa3 B

aTnX PyHKLUMUAX. TNobanbHble NnepemeHHble B faHHbIX GYHKLMAX 3anpeLyeHbl. B ganbHeliwem npu

pacuete CTaTUCTUK e, z o6A3aTenbHO BbI3blBaTb 3TM ¢yHKUMKU. Kop ¢ HapyweHuem 3TOro

TpeboBaHUA He NPUHMMAETCA.

Oco3HaTb, noyemy Ha Bxoge OYHKLMU pacyeTa e-CTaTUCTUKM He HYXHbl AUCNEePCUN CAyYaMHbIX

COCTaBAAOLWMX NOTPELHOCTUN, @ Z-CTAaTUCTUKM Hy)KHbl. OCO3HaTb, NoYeMy He nepenaetca ob6bem

BbIOOPKM N.

PeannsoBaTtb GyHKLMIO NpoBEPKU rMNoTe3bl 0 paBeHcTBe MO aByx CB Ha OCHOBe CTaTUCTUK e U Z.
function [h, border_low, border_high] = test_equal_means_e(e, D1, D2, n, alpha)
function [h, border_low, border_high] = test_equal_means_z (z, alpha)

h — pe3ynbTat NpoBepKM rMNoTesbl

border_low, border_high — rpaHuubl 061acTM NPUHATUA OCHOBHOM r’MNOTE3bl NO € UK Z CTAaTUCTUKAM.

[anee Be3ge B Koae pAnA NMPOBEPKM TUNOTE3 UCMNONb30BaTb TONbKO 3T ¢yHKuuu. Kop ¢

HapyLleHuem 3Toro TpeboBaHMA He NPUHUMAETCA.

Oco3HaTb, noyemy B OYHKUMM pacyeTa e-CTaTUCTMKM He HyXHbl AUCNepCcun  CAyHamHbIX

COCTaBAOLMX NOTPELIHOCTH, @ ANA Z-CTATUCTUKUN HYXKHbI.

Yactb 2. ¢YHKLI,MM npoBepKn rmnoTes B C/iy4yae Hen3BeCTHbIX Aucnepcuﬁ Ha OCHOBe t-CTaTUCTUKU

1.

B gononHeHue K dyHKUMAM e_statistic, z_statistic peann3oBaTb GyHKLMIO pacyeTa t-CTaTUCTUKN e U Z
no asym Bblbopkam P1, P2:

function t = t_statistic(P1, P2)
Pe3ynbTaTtom PYHKLMMU ABNAETCA CKANAPHaA BeMUYMHA t, yuuTbiBaloWanA ycpeaHeHue no Bbibopke.
dopmynbl pacyeta obemx CTaTUCTUK AOMKHbI B Koge $purypuposatb POBHO OAMH pa3 B 3TUX
$yHKumMax. TnobanbHble nepemeHHble B AaHHbIX GYHKUUAX 3anpelleHbl. B ganbHelwem npu
pacuete CTaTUCTUK e, z 06A3aTenbHO BbI3biBATb 3TM ¢YHKUMKU. Kop ¢ HapylweHuem 3Toro
TpeboBaHUA He NPUHMMAETCA.
Oco3HaTb, noyemy Ha Bxoge YHKLMU pacyeTa e-CTaTUCTUKM He HYXHbl AUCNEPCUMN CAyYaMHbIX
COCTABAAIOLWMX MOTrPEWHOCTN, @ Z-CTAaTUCTUKM HYXKHbl. OCO3HaTb, MoYeMy He nepenaeTcs obbem
BbIOOPKM N.
B pononHeHne K ¢yHKumam test_equal_means_e, test_equal_means_z peanunsoBaTb ¢yHKUMIO
npoBepKu rmnotesbl o paseHcTee MO aByx CB Ha OCHOBe CTAaTUCTUKW t.

function [h, border_low, border_high] = test_equal_means_t (t, n, alpha)
n — ob6bem BbIBOPKK, MO KOTOPOMY NOCHUTAHA CTaTUCTMKA t,
h — pe3ynbTat NpoBepKM rMNoTesbI,
border_low, border_high — rpaHuubl 061acTM NPUHATMA OCHOBHOM rMNOTE3bl NO t-CTaTUCTUKE.
Danee Be3sge B Koge ANA NPOBEPKU rUNoTe3 MUCNOb30BaTb TONbKO 3Ty ¢yHKuuio. Kop ¢
HapyLleHuem 3Toro TpeboBaHMA He NPUHUMAETCA.

4. 0Oco3HaTb, 4eM OTAnYaeTCcA t-CTaTUCTUKA OT Z-CTaTUCTUKMW.



Yactb 3. PacnpegeneHuna ctatuctuk B ycnosuax HO n H1

1.
2.

3afaTbCcs 06beMoM U3MepUTebHOM BbIBOPKN 5 < n < 20.
[na cTaTUCTUKM e Ha oaHOM rpadurKe NOCTPOUTD:

a. TeopeTMYecKylo MNOTHOCTb pacnpefeneHua CTaTUCTUKKM Kputepus B YCNOBMAX OCHOBHOW
rmnoTesbl (NOKasaHMA AATYMKOB «B CpeAHEM» PaBHbl, OT/IMUMA OBYCNOBAEHbI C/y4alHOM
COCTAB/IAIOLLEN MOrPELHOCTU M HOCAT YUCTO C/IyYalHbIN XapaKTep);

b. TeopeTuuyeckas NAOTHOCTb  pacnpedeneHus  CTaTUCTMKM  KpuTepua B yCNOBMAX
a/IbTEPHATMBHOM rMNoTesbl;

C. B TeX e yCnoBMAX METOAOM CTaTUCTU4Yeckoro mogenvposaHuns MoHTte-Kapno (N = 1000)
NOCTPOUTb NOJIMFOH OTHOCUTE/NbHBIX YacTOT CTaTUCTUKK Kputepus (hist_density);

d. meTogom ctatucTudeckoro moaennposaHua (N = 1000) NocTpoUTb NOANTOH OTHOCUTENbHbIX
4acToT CTaTUCTUKM KpuTepma npu ycnoBUKM anbTepHATUBHOWN rMNOTE3bI;

€. O0CO3HaTb, Yem oT/iMyaeTca n ot N.

MocTpounTb TO e camoe ANA CTAaTUCTUKM Z.

MocTpouTb TO e camoe oA CTaTUCTUKM t.

Ha noctpoeHHble B 3TOM YacTu 3aaaHuA rpaduKkn (MX 4OMKHO BbITb TPWU) HAHECTU HUMKHEE U BEpPXHee
MOpPOroBble 3HAYEHWUs AA MPUHATUA WAN OTKNOHEHWA OCHOBHOM runotesbl. Moporn 6paTb U3
dyHKUMM test_equal_means_e, test_equal_means_z, test_equal_means_t.

MopobpaTb N, Ha KOTOPOM BU3YaNIbHO BMAHA PA3HULA MeXAY t-CTaTUCTUKOW U Z-CTaTUCTUKON. B uem
OHa 3aktoyaeTca?

YacTtb 4. UccnepaoBaHue CTaTUCTUHECKUX CBOICTB Kputepues e, z

1.
2.

3afaTbcs 06beMOM U3MepUTeNbHOM BbIBOPKN 5 < n < 20.

MeTtogom MoHTe-Kapno oueHUTb OWMOKY NepBoro poaa npu NPUHATMM rMnoTesbl 0 paseHcTee MO
HopMasbHbIx CB Ha OCHOBE e-CTaTUCTUKMU.

[Ons atoro creHepuposatb N = 1000 peanusaumii e-CTaTUCTUKK B YCIOBUSIX OCHOBHOWM rMMoTe3bl U
nocuymTaTb SO0 C/IY4aEB, B KOTOPbIX GyHKLMA test_equal_means_e NnpMHUMaET anbTepHATUBHYIO
rmnoTesy.

AHanornyHbim 06pasom OLEHUTb OLWMOKY BTOPOro posa nNpu NPUHATUKM rMnoTesbl 0 paBeHcTBe MO
HopManbHbIX CB Ha OCHOBe e-CTaTUCTUKMU

MocunTaTtb OWIMOKM NEPBOro M BTOPOro poaa ANA Z-CTaTUCTUKM.

YBennuntb ob6bem namepuTenbHon BblIGOPKKM N B ABa pasa. NpoBepuTb oWMBKN NepBoro n BToporo
poaa. O60cHOBATL X U3MEHEHWE AN, HAOBOPOT, HEU3MEHHOCTb.

Yactb 5. UccnepgoBaHue ownMb0K NnepBoro M BTOPOro poga 418 CTaTUCTUK t n z

1.

MeTofOM CTAaTUCTUYECKOTO MOAENMPOBaHUA UcCnefoBaTb OWWOKM MepBOro M BTOPOro poja B
33aBMCMMOCTHM OT 06bema BbIBOPKM AN Z-CTAaTUCTUKM U t-CTaTUCTUKM.
[na aToro nocTpouTb rpadmKkm ownbok 1-ro, 2-ro poga B 3aBUCMMOCTM OT 06bema BbIBOPKK N a1n
Z-CTAaTUCTUKM U t-CTaTUCTUKM. Bce 4 rpadmka NOCTPpOUTb HA OAHOM, 06BACHUTL, YEM BbI3BAHO WX
oT/Inyme.
MeToAoM CTAaTUCTMYECKOTO MOZAEMPOBAHUA WUCCNenoBaTb OLWMOKY MepBOro M BTOPOro poga B
33aBUCMMOCTM OT 6AU30CTM CUCTEMATUYECKMX NOTPELIHOCTEN AaTYMKOB.
Ona 3toro noctpouTb rpadukm owunbok 1-ro, 2-ro poga B 3aBMCMMOCTM OT pPasHMULbI
CUCTEMATUYECKUX NOFpeLlHOCTEN ANA Z-CTAaTUCTUKM U t-CTaTUCTUMKN. Bee 4 rpadmKa nocTpounTb Ha
OZHOM, 06BACHUTb, YEM BbI3BAHO MX OTINUME.
3apatbca TpebyembiMM OWMBKaMM NepBoro M BTOPOro poga (He 0b6sA3aTenbHO O4MHAKOBbIMM),
onpeaennTb NO NOCTPOEHHbIM rpadukam
a. o06bembl BbIBOPKK, MPU KOTOPOM 3TW OLWIMOKM ByayT obecneyeHsl.
b. pasHMLYy cMCTEMATUYECKUX NOTPELUHOCTEN, KOTOPYHO MOXHO BbISABUTb C TaKUMM OLLIMOKaMM

Bonpocbl K 3awure



1. BepoAaTHOCTHaA MoAenb U3MepeHUa ABYMA AaTYMKAaMM O4HOrO GU3MYECKOro napameTpa.

a.

3anucaTb BEPOSTHOCTHYIO MOAE/Ib FTEHePaTopa CUrHaNa AaTYMKa «40 U3SMEPEHUI» C yYEeTOM
WMCTMHHOrO 3HaYeHMA NapameTpa, aHaanuTuyeckm soisectn ero MO, aucnepcuto. Beisectn MO,
Aucnepcuio gnsa pasHULbl NOKasaHUN AATYMKOB.

3cKu3 rpadurKa MaToXMAAHUA NOKA3aHUIN AaTYMKa OT BPEMEHM.

OnpegeneHne cny4yamHoro npouecca. [loyemy curHanbl OAATYMKOB SABAAKOTCA CAy4YalHbIM
npoueccammn? OnpeaeneHne CTaUMOHAPHOro CAyyallHOro npouecca. ABASIOTCA /I OHM
CcTaunoHapHbIMK? Te e BONpoch! A1a pasHULbl NOKa3aHU AaTYUKOB.

YT1o TaKoe cyyaliHasa U cMCcTeMaTUYeCcKas NorpewiHocT? Kak COOTHECTU TEPMUHbI Cay4YaliHas
N CMCTEMATUYECKas MOrPEeLHOCTM C NapameTpaMmn pacnpesesieHnsa NnoKasaHui cy4yanHom
BE/INYMHDI?

2. PacnpegeneHus CTaTUCTUK KpUTepUs

a.

C.

dopmyna pacyeta ycpeHEHHON CTaTUCTUKKU €, MO ABYM BPEMEHHbIM pAJamM NOKasaHWM
OaTYMKOB

BbiBECTM pacnpeseneHna CTaTUCTUKN €, B YCIOBUAX OCHOBHOM M anbTePHATUBHOM rMNoTesbl.
Kak cBasaHa ancnepcua cpeaHeBblbopoyHoro ¢ gucnepcmeit ncxogHon CB?

BbiBECTM pacnpeseneHnsa CTaTUCTUKN Z,, B YC/IOBUAX OCHOBHOW M a/ibTEPHATUBHOM rMNoTesbl.

3. [posepka runores

a.
b.
C.

g.
h.

Y10 TaKoe CTaTUCTUKA KpuTepua? Kakme CTaTUCTUKM UCMO/b30BaIUCh B AaHHOM paboTe?

Y70 TaKoe KpuTnyeckas ob6aactb M 061acTb NPUHATUA TMNOTE3bI?

Moyemy B GpYHKLMM pacyeTa e-CTaTUCTUKM He HYXKHbl AUCNepCcUn CNyYalHbIX COCTaBAAOLLMX
MOrPeLHOCTH, a ANA Z-CTAaTUCTUKU HYXKHbI?

Y70 TaKoe olwmnbKa nepBoro 1 BToporo poaa? Kak nocumTaTb oWMbBKY NEPBOro 1 BTOPOro poaa
ONA € N Z-CTaTUCTUK?

Yto Takoe npoctas M CcAoXHaA runotesa? Kakaa mM3 AByx runotes paccMaTpuBaemblx
KpUTepuem ABNAETCA NPOCTON, @ KaKasa COXKHOMN?

Kak cBfizaHbl MJIOTHOCTb pacnpeaeneHns BepoATHOCTM U yHKUMA pacnpemeneHms
BEPOATHOCTU. YTO TaKoe mHBepcHaa OYHKUMA pacnpeneneHusa sepoaTHocTein? Kak c ee
MOMOLLLbIO MOCYMTATb NOPOTrK ANA e?

Kak BnvMaeT o6bem BbIGOPKM Ha OWMBKY nepBoro poga’?

Kak BaunsieT 06bem BbIGOPKM Ha OLIMOKY BTOpOro poaa?

4. Bonpocsbl no t-ctatucTnKe

a.

b.

®opmyna pacyeta t-cTaTUCTMKM

MNoyemy pacyeT t-CTaTUCTUKM KOPPEKTEH, HECMOTPA Ha HeCcTauMOHAPHOCTb U3MepPUTENbHbIX
BpemeHHbIX pagos P1, P2?

CoopmynmpoBaTb OCHOBHYIO W anbTePHATUBHYHO TUMNOTE3bl, KOTOPble MNPOBEPAAUCH C
NoOMOLLbIO t-CTaTUCTUKN.

YTto Byaet, ecnv noporu ana t-CTaTUCTUKKM CYUTATb TaK, Kak byaTo, 3To z-CTaTUCTMKA?

Kakoe pacnpegeneHue y t-CTaTUCTUKM B YCNOBUAX OCHOBHOM M afibTePHATUBHOM rMnoTesbl?
Kakve pacnpepeneHna y z-CTaTUCTUKM B 3TUX Ke ycnoBuAX. HapucoBaTb 3CKu3,
OEMOHCTPUPYIOLWMIA OTANUNA MEXKAY STUMMU CTAaTUCTUKAMN?

Kakne ¢aKTopbl BAUAIOT Ha OWKNOKM NepBoro U BTOporo poaa? Ytobbl NoarotosUTb OTBET,
HaA0 BCMOMHUTb 3KCNEePUMEHTI C e, z, t-cTaTuctukamm ns asyx 3.

MOXHO /M BOCMO/Ib30BaTbCA t-CTAaTUCTUKOM, €CNM M3BECTHbl AUCMEPCUMU  CAyYalHbIX
COCTaBAALLMX NOTPeLHOCTN?

Y70 Nyylue: z-CTaTUCTMKA UK t-CTaTUCTUKA?

Kak BblbpaTb 06bem BbIOOPKM, YUUTbIBAA, YTO C TEXHUYECKOM TOYKN 3PEHUA Nydlle ee B3ATb
MeHbLUe, YTOObl YMeHbLIUTb BpeMa cbopa NoKkasaHUi JaTYMKOB 414 aHaAn3a.

B KaKux cnyyaax Henb3a UCNONb30BaTb Z-CTAaTUCTMKY, HO MOXKHO t-CTaTUCTUKY?



k. B KaKux CNly4aAax Henb3Aa UCNOoJ1b30BaTb Z-CTaTUCTUKY U t-CTaTMCTKy?



