H. II. Asexceesa
JIex1uy mo cTaTucTuIecKuM MeToJaM ¥ MOAEIUPOBAHUIO JIJIs

CTYJEHTOB 5 Kypca BOCTOIHOIO (paKy/IbTeTa

BBenenune. O posim MmaTeMaTnveCKUX MeTOOOB B TYMAaHUTAPHBIX HayKax. Ma-
TeMaThu4eCKad CTaTUCTUKa — 9TO €CTEeCTBEHHO HayYHad AUCHUIIINHA, OCHOBHOI1 Saﬂaqef/l
KOTOPOH sIBJISIeTCsT pa3paboTKa MEeTOI0B TOJyUeHWsT HaydIHO-OO00CHOBAHHBIX BBHIBOJOB O
MacCCOBBIX SBJIEHHUIX U MPOIeccaX Ha OCHOBe JAHHBIX HAOIOJeHUIl U IKCIepuMeHTOB. B
00JaCTH TPUJIOKEHU N MaTeMaTHIeCcKO! CTATUCTHKY B TIOCIeTHUE TO/THl HAMETHJICS OOTBITOH
1porpecc, o0yCc/Ja0BJIeHHbI PacHPOCTPAHEHUEM HCIIOJIb30BAHKUS BbIUYNCJIUTEJbHOW TEXHUKHI
U TOBBINIIEHUEM €CTECTBEHHO-HAYYHOTO YPOBHS €€ MOAb30BaTeIei.

@uJI0710TH CTAJTKUBAIOTCS € TPOOIEMOi aHAIN3a, JIAHHBIX, HAIPUMED, B JIEKCUKOTpaduu,
HaIpuMep, KOTJa HeoOX0INMO BBISICHUTD, KaKoi (hbaKTOp BHOCHT OoJiee 3HAYUMBIH BKJIAT B
dbopMupoBane akIeHTa Y NIKOJIBHIKOB — CeMbsl, IIKOJIA WK ¢pejia 0OGuTaHus (MECTHOCTS ).

DTHOTpadbI, CTPAHOBEIBI, UCTOPUKHA — JIJIT OTCEBA He 3HAUYUMON WH(MPOPMAIMYE W BbI-
ABJICHUU BEIYIIINUX CbaKTOpOB. HaHpHMep, HaCKOJIBKO 3Ha4YuM JJid IIPOJOJIZKUTEJIbHOCTH
Ku3Hu (HPaKTOP, CBA3AHHBIA ¢ 0OObeMaMu TPOJIaXK AJKOTOJJIBHON MPOMBINLIEHHOCTH, W
KaK CKa3bIBaeTcsd Ha chenudurKe MUTaHud B KaMepyHe TO, 9TO celbCcKOe XO3dUCTBO OpH-
eHTUPOBAHO Ha IKCIOPT Kode.

[[Iupokwuii KPyr COEMUAATUCTOB HHTEPECYIOT OCOOEHHOCTH MOBEIEHUS JIOJeH WIH YKU-
BOTHBIX. HaHpI/IMep, MOZKHO BbIACHHUTHb, HACKOJIbBKO 3HAYUMO OTJIMYa€TCd IaCTOTa U JdJIU-
TeJILHOCTD TOIHATHS OpOBeil y HAPKOMAaHOB, AJKOIOJIMKOB 1 HOPMAJIbHBIX Jiofeil. OTBeTh
Ha MOJ00HBIE BOIMPOCH B COCTOSTHUU 3HAYUTEJHHO OOOTATUTH HAIMU MO3HAHUSA B TOH WU
WHOM 00JIaCTH HAYKW, HJIH JTayke OOHAPYZKUTH HEKOTOPBIE CKPBITHIE OT HETIOCPEICTBEHHOTO
HabII01eHus (paKTHI.

3aja4a 1aHHOrO Kypca — MO3HAKOMUTH CJIymaTe el ¢ HEKOTOPhIMU 0A30BbIMHU TOHATHU-
AMHA TEOPHUU BepOHTHOCTefI, MaTeMaTUu4eCKON CTaTUCTUKHI U MOAEJINPOBaHUA Ha IIPUMEpPaX
pemeHnd MPpaKTUIeCKUX 3a/Ja4:

e ormnpejeneHne oobeMa BRIOOPKH, HEOOXOIUMOI0 JJIsi TOTO, YTOObI HADII0JaeMble 4ac-
TOTBHI TPOABJICHUA HEKOTOPOT'O 3HaYEeHUA MpPpU3HaKa OT/JINYaJacCh OT WCTUHHON 4Yac-
ToTHI He Gosee geM Ha 1%;

e IIPOBEpKA IIPU MOMOIIK HellapaMeTPUIeCKOro KpuTepus OJHOPOoHOCTH MaHHa- YHUT-
HU TOTO, HACKOJIBKO 3HAUYNMO OTJIn4ne Topo1oB mraToB Texac n Kamudopaus mo He-
KOTOPOMY IPU3HAKY (TO0BOE KOJUIECTBO OCATKOB, YPOBEHb 00PA30BAHHOCTH HACE-
JIGHU ST, IPECTYITHOCTH, IPOLEHT appoaMepPUKAHIIEB U/ JIO/IeH, /IJis KOTOPBIX POJIHOMN
A3BIK He aHIJINHCKUil, TeTCKas CMePTHOCTD | T.11.);

® U3MepeHNe 3HAYUMOCTH KOPPeIAlnu MerKJIly TEeMH Ke MOKA3aTeJdMN IPU ITOMOIIH
panroBoro kpurepus CIupMeHa;

® CTATUCTHYECKOE IMOATBEpK AeHne PaKTa O CTADNIBHOCTH ITOKa3aTe el MPecTyTHOCTH
o AaHHBIM yroJoBHOH mosuiun Opanmun 1826-1831rr.

® pellleHNe 33141 ILJIAHUPOBAHUSA SKCIIEPUMEHTa IPHU OrPAHUIEHHOCTH 00O'beKTOB Ha-
6110/1eHusT (THCIEPCHOHHBIN aHAIN3 Ha JATHHCKAX KBAJPaTax).



1. IToBTOpEHNE OCHOBHBIX CBEIEHUII N3 TEOPHHN BEPOATHOCTEI

1.1. Knaccugeckoe onpenesienne BepoaTHOCTU. OOHEKTOM UCCIeI0BAHUS TEOPUT
BEPOATHOCTEH gBJiseTcsa coObITHE. e nmpu onpe/ie/IeHHOM KOMILJIEKCe YCJIOBHIT cOObITHE
00s13aTeIbHO TTPOUCXOINT, TO OHO HA3BIBAETCS M0CTOBEpHBIM. OOBIYHO €ro 0003HAYAIOT
yepe3 (). Ecjim mpu onpeieleHHOM KOMILIEKCEe YCJIOBHiT COOBITHE HEe MOYXKET IPOU30UTH,
TO OHO HA3BIBAETCS HEBO3MOKHBIM. Ero 0603HAUAIOT depe3 3HAK MYyCTOIO MHOYKECTBA .
Ecan coObiTue MOYXKeT TPOU30WTH WU He MPOU30WTH, TO OHO HA3BIBAETCS CJIYYAHBIM.
Coyqaitubie coObiTust Mbl 0003HadaeMm depe3 A, B, C, . ... Mepa ocytecTBieHust HEKOTOPOTO
CJIy4afHOro COOBITUS €CTh BEPOSITHOCTD.

BeposTiocTh HeKOTOpOTo coObITHA A ompe/iesigercs Kak OTHONIEHIE YHCJIa dJIeMeHTap-
HBIX HCXOJIOB, OJIArONPUSTCTBYIOMUX cOOBITHIO A, K 0bImeMy ducay ucxoaoB. Hampumep,
BBI IPUCYTCTBYeTe HAa CeMUHApe, e KpoMe Bac, ele 19 JenoBek, T.e. BCero mpucyTCTByeT

= 20 cryaenTos. BeposdTHOCTH TOro, 4TO HPENOJAABATE b BOCHOJIb3YETCHd O€3/1yIIHbIM
JATIUKOM CJAYYaflHBIX W ITOMPOCUT BAC OTBETUTH Ha HEKOTOPHI BOTIPOC, paBHA % = 0.05.
Eciu B rpynme 4 desoBeka He 3HAIOT OTBeTa Ha BOMpPOC W 16 3HAIOT, TO NMPH TeX Ke
VCJIOBUAX JKCIIEPUMEHTA BEPOATHOCTD TOTO, UTO JATUYHUK CJIYUYANHBIX YHCET BBIOEpeT TOTO,
KTO OTBET 3HaeT, pasHa P(A) = 2 =2 =08.

1.2. IIpou3Benenue cobObITUIl, YCJIOBHAsA BEPOATHOCTh, HE3aBUCUMOCTH COOBI-
tuit. [lycts B rpynmne 10 onoreit u 10 aeBymek. B — cobbiTue, KOTOPOE 3aKJII0YACTCA B
TOM, 9TO JATYNK CJIy9allHbIX Ynces BeIOepeT neBymky, P(B) = % = 0.5. I3 Tex yeThIpex,
KTO OTBeTa Ha BOIPOC He 3HaeT, JIBOe IOHOIIed W JBe JeBYMKU. BepoaTHOCTH TOTO, UTO
JTATYNK CAyYaffHBIX Yuces BhIOEpeT IeBYINKY, KOTOpas 3HaeT OTBeTa Ha BOMPOC, PaBHA
P(AB) = 2% = 0.4. Cobbirie AB Ha3biBaercs npoudsederuem cOObITUI, OHO LPOUCXOJUT
Torjaa, Koraa cobeitust A u B mpoucxoisT oHOBPEMEHHO.

[Ipu u3MeHeHNN yCIOBUiT SKCIIEPUMEHTa M3MEHUTCA U KOJUIECTBO 3JIEMEHTAPHBIX UC-
XOJI0B. Yea06not seposmmuocmoio P(A|B) HaspiBaeTCst BEPOATHOCTH COOBITUS A IpU yCII10-
BHH, UTO cOOBITHE B y2Ke MPOU30ILI0. ITY BEPOATHOCTD YI0OHO BBIUYUCIATH KAK OTHOIIEHTE
KOJIMYECTBA JIEBYIIEK, KOTOPLIE 3HAIOT OTBET Ha BOMPOC, K O0IMIEMY KOJTUYECTBY JI€BYIIEK:

P(A|B) = % = 0.8. 3ameTum, 9TO 3Ty BEPOATHOCTH Mbl MOTJIM Obl BBIYHCJIHTH KaK

8 8/20 P(AB)
PAIB) =15 = 10/20  P(B) 0:8.

Ecnu ycmoBmas BepoaTHOCTBH coBmagaer ¢ Oesyciosmoii, t.e. P(A|B) = P(A), To
coOBITUSI A 1 B Ha3BIBAIOTCSA HE3ABUCUMBLMY. B HATIIEM CIydae 9TO 03HAYAET, YTO 3HAHUE
WJTM He3HAHHe OTBETa Ha BONPOC He 3aBUCHUT OT I0JIA, CPEJIU IOHOIIeH U JeBYIIEK OJiMHA-
KOBBIi TIPOIEHT 3HATOKOB.

HerpyHo noKa3arh, 4T0 BEPOATHOCTH HPOU3BEICHHS HE3ABUCUMbIX COOLITHI paBHA
IPOU3BEIEHNIO BepOSITHOCTEH 31X cobbiThii, T.e. P(AB) = P(A)P(B). Hanpuwmep,

0.4 = P(AB) = P(A)P(B) = 0.8 - 0.5.

1.3. CymmMma cobwituii. CobObitue A + B, KOTOpOe MPOUCXOINT, KOT/IA MTPOUCXOIUT
Jmbo cobuitre A, 160 cobbiTre B, b0 0b6a BMecTe, Ha3bIBaeTCst cymmoti cobvmud. Ha-
upumMep, A — cTymenT 3HaeT orBeT, B — ciydaitHo BeIOpaHa JeByIIKa. BO3MOXKHBI YeThIpe
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Baarompusarcrsyiomue cymmMe A+ B cobuitua — AB, AB, AB. Bepoatnocts P(A+ B)
8882 — B8 — 0.9. Inaue 5Ty BepoSTHOCTH MOKHO cocumtarh Kak P(A + B) = P(A) +
P(B) — P(AB) =0.840.5—0.4 = 0.9.

JIBa coOBITHSA, CyMMa KOTOPBIX €CTh JOCTOBEPHOE COOBITHE, T.€. KAKOe-TO U3 HUX 00s13a-
TeJIbHO MPOMCXOINT, HO IOSIBJIEHHE OJHOI'O HCK/I0YaeT IHOSBICHHEe APYTrOro, HA3BbIBAIOTCS
nPOMUBONOA0HCHUMY. HallpuMep, ec/id BBl BHIXOAWTE U3 ayIUTOPUH, IJIe CIAI0T SK3aMeH,
TO coObITHY "3K3aMen ¢aan" u "sK3aMeH He caH" SBASIOTCS TPOTHBOMOIOKHBIMEI. Bepo-

ATHOCTDb IMPOTHUBOIIOJIOZKHOT'O COOBITHS BBIYUCILICTCA U3 BEPOATHOCTHU OCHOBHOT'O CcOObITH S

kak P(A) =1— P(A).

1.4. IToBTOpHBIE HE3aBUCUMbIE MUCHBITAHUS. BCIOMHUM W3BECTHLIH HCTOpHYEC-
knit anekaoT. llleBanabe me Mepe mpenmara) 3ak/I0YUTh Oapd Ha TO, 9TO 3a 4 moabpa-
ChIBaHUsI UIPAIBHON KOCTH (OOBIYHBIN IeCTUIPAHHBI KyOHUK) X0Tst Obl OJMH Pa3 KyOuk
BBIIAJET CTOPOHOIT ¢ mecThio oukaMu (cobuitue B).

Ob6o3naunm yepes A; cOOBITHE, KOTOPOE 3aKII0YAETCSA B TOM, UTO MTECTH OYKOB BHIMAIET
t pas, t = 0,1,2,3,4. Cobnitue 2 = Ay + Ay + Ay + As + Ay gBIsgeTCS JTOCTOBEPHBIM,
OHO 00sI3aTeJTHHO MPOU3OUIET, TAK KAK KAKOE-TO KOJHIECTBO OYKOB BCE DABHO BBHINAJIET,
P(Q2) = 1. CobbiTne B MOXKHO Bbipa3uTh Kak cymmy B = A+ Ay + A3+ Ay. BepositHocTb
P(B) mMoxHO cocanTaTh AByMs criocobamu: jnbo Haiitn BepoaraocT P(A;), t =1,2,3,4
I UX CJIOKUTH, JTNO0 KaK BEPOSTHOCTL IIPOTHBOMOIOKHOrO cobbitust P(B) = 1 — P(A).
CobpbiTne Ay o3HAYAET, YTO 3a YeTHIPE MOMBITKH CTOPOHA € IIECTHI0O OYKAMH TaK H HE
HOSIBUTCSI. BeposiTHOCTH TOTrO, 9TO MPH OJHOM HMCHBITAHUU KyOHWK yIaJIeT Ha JIIOOYIO0 U3
LATH CTOPOH KPOME IIECTHOUKOBOM, pasua 2, Torga P(Ag) = 2 -2+ 2.3 = 0.48. Cueno-
BaresbHO, P(B) = 1 — 0.48 = 0.52. DTa BeposaTHOCTH He HAMHOIO, HO OOJIbIIE MOJOBUHBI.

1.5. BunomuanbHbII 3aKOH pacnpenenenus. Ob6o3raunmm depes & ciydaiiHoe
9YUCJIO BBIAJIEHUs IECTH OYKOB B n = 4 wcnbitanusx, p, = P{{ =k}, £k = 0,1,2,3,4
qepe3 p = % BEPOSTHOCTH BBIMAJICHUS 1IECTH OYKOB (ycmex), depes ¢ = 1 — % = %
BePOATHOCTD HEBHIAICHUs MEeCTH 0uKoB (Heynada). Yepes CF o6braHO 0603HAUAIOT YHCIO

coueranunii k n3 N 3JIEMEHTOB.
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B obmem Buie OMHOMEAJBHBIN 3aKOH pacipeaeeHus BbIPaXKaeTcs B BUJIE BEPOATHOCTEl
OJIydeHHus k yCIeXOB B 71 HE3ABHUCHMBIX HCIBITAHUSIX IPU BEPOATHOCTHU yCIleXa P B €Iu-
HUYHOM HUCIBITAHWUU:

PLE =k} = CipF(1—p)" ™%, k=0,1,...,n.

(1)
CorytacHO TIPOIOJIZKEHUIO aHEK10Ta, jie Mepe pertui, 910 Halles IIyTh K 000ralieHuIo,
HO C HHM JAJ0BOJIBHO CKOPO HHKTO HE€ CTaJl UI'DATb. Bpﬂﬂ JN 3TOTO 4YeJ0BEKa MOZKHO
O6BI/IHI/ITB B aJIYHOCTHU, TOCKOJIBKY JJIAd ITPOBEPKHU CO6CTB€HHOFO BbhIYHUCJIeHU A BEPOATHOCTH
TOro, 9T0 3a 24 pasa UpHW MOAOPACHIBAHUM JBYX KYOMKOB XOTsI ObI pa3 BBIMAJIYT JIBE
"mectepkn" (y Hero mosy€mIoOCh 2

3), OH SKCIMEePUMEHTATBHBIM 00Pa30M YCTAHOBUI BEPO-
SITHOCTh, OJIN3KYI0 K TTo1oBuHe. O3aaUeHHbBIi MOJTYIeHHBIM HeCOBIAIeHTEM, 9TOT "0CHO-
BOIOJIOZKHUK METO/Ia CTATHCTHIECKOTO MOJEIUPOBAHUs' CTUMYINPOBAJ OXKUBJICHUE TIe-

penucku Mexk iy Pepma u [TackaseM, KOTOpble aHAJIATHIECKIM 00pa30M 00a, IIOATBEeP NI
€ro YKCIIePUMEHTAIBHBI pe3yIbTar.
[Tocko/IbKY BEPOSITHOCTH HEBBIAAEHHUS IBYX 'IecTepoK' OIHOBpEMEHHO paBHA

35
s TO
BEPOATHOCTH TOTO, UTO 3a 24 pas3a "aBe mrectepku" Tax m He BBHINAIAYT HU pasy, PaBHA
24
(%) ~ 0.51, ciaenoBaTe/IbHO, XOTH OBl OJIMH pa3 OHHU BBHITAAYT C BepoATHOCTHIO (0.49.
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Puc. 1: BepogTHocTn OMHOMHAJIBLHOTO 3aKOHA PACHpPEIEICHUs TPU YUCJIE HCITBITAHUIT

n = 100 u BepoaTHOCTH ycuexa p = (.4, KpuBble HOPMAJbHOTO 3aKOHA paclpejie/eHus
c mapamerpamu 4 =40, 0 =5; =60, 0 =5; u =50, 0 = 7.



1.6. HopmanbHublit 3aKOH pacupeeneHnd. llpu yBeswdeHnn unc/ia NCHBITAHUAMN
OMHOMHAJIHHI 3aKOH pacipeeeHnst MOKeT ObITh BhIPpasKeH aHATUTHIECKH B BIIe (DYHKITUN

2
flo) = e T ®)
V210

DTO0 03HAYAET, YTO €CJIM YUCJI0 UCIBITAHUN BEJIUKO, TO JIJIsl CJIyIallHOTO YUC/Ia YCIIEXOB
£ U3 M HE3ABHCHMBIX HCIBITAHUA BepOSTHOCTE P{{ = k} MoxkKeT OBITH BHIYHCICHA JTBYMSI
criocobamu: m6o mpu nomoru Gopmysbl (1) GHHOMHATBPHOIO 3aKOHA DACIPe/IeJeHHs,
Ju60 1pu oMoty hbopMyJibl (2) HOPMATBLHOTO 3aKOHA pachpeiefieHus, riae r = k.

Hampumep, p = 0.2 — BepodTHOCTH TOTO, YTO MOJ0/I0N dejoBeK K 20 rojgam He KYpHT, &
— caydaitnoe 9ucsio Hekypsmux w3 100 ciyvuaiino BEIOpAHHBIX ABAINATUICTHUX. BhIUnucmm
BEPOSTHOCTH TOTO, 9TO U3 HUX 15 oKazkercst HeKy psiiumu. [1o hopmyte (1) sTa BeposTHOCTH
pasra 0.048, o dhopmyste (2) pasua 0.046.
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Puc. 2: Pacnpenenenue qucia HEKyPSIUX CTYAeHTOB 110 60 By3aM.

B peanpHBIX 3a/a9aX WHOIIA BakKHee OBIBAET ONPEIEUTh HE BEPOSITHOCTH TOTO, UTO
YUCJI0 HEKYPSANIUX TOYHO PABHO 15, a BEPOATHOCTH TOTO, HEKYPSAIIUX OyaeT He OOJIbIIe
15. Ipu momormu dbopmyssr (1) HyKHO BbIUncauTh Bee Bepostaoctn P{& = k} na k =
0,1,...,15 u 3arem ux cjgoxurhb. Jlomkuo nmogyunrbesa 0.128. B caydae HopMaabHOrO



3aKOHA DPACHpeJIeJIeHIsT 9Ta BePOSITHOCTh PABHA IJIONIAJIN, OTPAHUIEHHON (byHKImed (2)
mpu p = np, 0 = \/np(1 — p) caesa g0 3uauenus r = k.

B Excel moxkuo BocnonbzoBathest dbyukuueii HOPMPACTI(k;np;y/np(1 — p);1), npn
HoMOIIH KOTopoit nostydaercst 3nadenne 0.106. I'padbukn dynkunun (2) npu pasiamaabix
3HAYEHUSIX [TAPAMETPOB (L U 0 W300parkeHbl HA puc. 1.

1.7. Cpegnee, qucniepcud. [lapameTrp j HOPMAJTBLHOTO PACIpeieIeHUsS] UMEET CMBICT
cpeJiHero 3HadeHUs, XapaKTepU3YIOIero NeHTp MOJIOXKeHUs, HapaMeTp o2 — JUCIepCHH
(cpenHuii KBaJpaT OTKJIOHEHHsI OT CpPeJIHero) . B mpumepe cpejiHee YHCIO HEKYPSIIHX

paBuo 20, mucuepcus pasHa 16.

Brrpazkenue, paBHOe KBaJIpaTHOMY KOPHIO W3 JUCHEPCHY, HA3BIBAETCS CTaHIAPTHBIM
OTKJIOHeHueM o. B mnpuMepe ¢ HeKypAIIIMH CTaHIApPTHOEe OTKJIOHEHWe paBHO o = 4.
3BecTHo, 4To ¢ BepogrHocTbio 0.999 ciay4aiinble HAOIOEHU, PACIpe e IeHHbIe 110 HOP-
MaJIbHOMY 3aKOHY, COCPEJIOTOYEHbI B HMHTEpBaje OT (L — 30 JO [ + 30, T.e. BpsJ JiH
HabroaemMoe uncyio Hekypsmux u3 100 6yger Menbine 8 nium Gosbine 32 (puc.2). MoxHO
nokasaTh, uro 95% mabmomenuii cocpegoToueHo B HATEpBaIe oT 12 1o 28.

Tabmn.1. Janunwve o 2opodax wmamos Kaaugpoprua u Texac.

ropox | wrar | % s a3.mpoucx. | Temmeparypa | paHru

X Y| XY

LOS ANGE CA 9.8 469.3 | 12 8
SAN DIEG CA 11.8 324 | 13 4
SAN JOSE CA 19.5 171.3 | 18 3
SAN FRAN CA 29.1 46.7 | 20 1
LONG BEA CA 13.6 50 | 15 7
SACRAMEN CA 15 96.3 | 17| 9
FRESNO CA 12.5 99.1 | 14 | 12
OAKLAND CA 14.8 56.1 | 16 2
SANTA AN CA 9.7 27.1 | 11 5
ANAHEIM CA 94 44.3 | 10 )
RIVERSID CA 5.2 7.7 9| 11
STOCKTON CA 22.8 52.6 | 19 | 10
HOUSTON TX 4.1 539.9 7|14
DALLAS TX 2.2 342.4 5 | 20
SAN ANTO TX 1.1 333 2|17
EL PASO TX 1.2 245.4 3|13
AUSTIN TX 3 217.8 6 | 16
FORT WOR TX 2 281.1 4|18
ARLINGTO TX 3.9 93 8| 18
CORPUS C X 0.9 135 1115

Kak mnoka3bIBaeT OIBIT, MOHATHUS CPEJHEr0 W JIUCIEPCUHU JIYYINe yCBAHMBAIOTCA IIPU
PACCMOTPEHUHN CTATUCTHIECKUX 3a7a4. B Tabii.1 mpeacTaBienbl CTATCTHYECKHE JaHHbIE O
ropoaax mraroB Texac u Kamudopuus. crnoab3ys cpeanee apudmMeTnieckoe, MoaydaeM,
410 B ropojax KajaundopHuu cpejiHuil MIPOUEHT JIUI] a3UaTCKOIO MPOUCXOXKICHUS PaBeH
14,4, a B Texace 2,3, cpegHentoibckast remneparypa B Kagudopuaun 72,3, a B Texace 84,5.

OrneHKkn IUCTEPCUN TTOKA3BIBAKOT, HACKOJBKO CHJILHO BBIPAZKeH pas30dpoCc JaHHBIX, Ha-
IpUMep, OleHKa JIHcIepcuu TeMiepaTypbl B Kanudopuuu pasna 42, a B Texace 1.4. T.e.
st Texaca cpeJIHeHIONbCKAsT TeMIlepaTypa He sBjsgeTcs HH(MOPMATUBHOM, MMOCKOJIBKY 10
TOMY LOKA3aTe/I0 I'Opo/ia HPAKTUYECKH HE OTJINYaIoTCs.



1.8. KBautuab. Hopwmasbhoe pacupemesenne (2) npu p = 0 u 0 = 1 Ha3bBaeTcs
CTaHJAPTHBIM HOPMAJBHBIM pachupenejeHneM. B TedeHUHM JAIUTETHLHOTO BPEMEHH, MOKa
ObL/Ia HEJOCTYITHOW BBIYUCANUTE/IbHAS TeXHUKA, /s CTATUCTUYECKUX BBIYUCICHUN TTPUXO-
JIAJIOCH T0JIB30BaThCs TabaunaMu. /ljas KparkocTu TabaWIbl OBLINM COCTaBJIEHBI TOJBKO
JUTS CTAaHJAPTHOTO pachpenenenud. [[pn HeobxomuMocT BBIYACTEHUN BEPOATHOCTEHN [1UTs
pacmpesiefieHUit ¢ JPYTUMH MTapaMeTpaMu [t U 0 MPOU3BOJIUJINCH MAHUIYJIAINMH, COOTBET-
CTBYIOIINE TTPEOOPA3OBAHUSIM CUCTEMBI KOODJIMHAT.

[To 910ii ke npuurHe MHOTHE CTATHCTUKN (DYHKIUHE OT BHIOOPOYHBIX 3HAUEHUIT) TIpe-
00pa3yoTcd K BUJY CAYYARHBIX BEJIUYUH, PACHPEICTCHHBIX 110 CTAHIAPTHOMY HOPMAJIh-
HOMY 3aKOHY. /lJIsI HUX XapaKTepHO, IIpezK/ie BCero To, 4To ¢ BepoATHOCTb (.95 3HadeHms
ITUX CJAYYadHBIX BEJUIUH COCPEIOTOYEeHB Ha WHTepBaJse oT -1.96 mo 1.96. Yucao 1.96
JUIST CTAHJAPTHOTO HOPMAJBHOTO 3aKOHA paclpejesierns Ha3biBaeTcs (.975-KBaHTUIIBIO.
Yucsio 0.975 paBHO BEpPOSTHOCTH TOrO, YTO CJydaiiHas BeJUYUHA, PACIpeJe/IeHHas 10
CTaH/IAPTHOMY HOPMaJIbHOMY 3aKOHY, MeHbITe uncaa 1.96.

2. IIpoBepka runore3 OAHOPOJAHOCTHU 3aBUCUMBIX BBHIOOPOK U JOBEPUTEJIb-
HbI€ NHTEPBAJIBI.

2.1. Ilpumep 3aBUCUMBIX BBIOOPOK. PaccMoTpuMm mepBbBIil peasbHBIN MpHUMED
CTATHCTHYECKUX JaHHbIX (Tabs1.2). B kadecTBe mpu3HakoB, XapaKTePU3YIONMX SIBJICHUE
[PECTYITHOCTH, PACCMATPUBAETCS KOJUYECTBO yOUIICTB, COBEPIIEHHBIX ONPEIETeHHBIM 00~
pasoM. DTO JAaHHBIE TUIA MPOIECCOB, TaK KaK B KAYECTBE MOBTOPHOCTEH BHICTYMAIOT
roapl HabaoeHn#. OHU MOTYT OKa3aTbCs 3aBHCHMBIMH, T.e. €CJIM KOJHYeCTBO yOuiicTB
IpPU MOMOINU PYKbs U MucToNeTa B 1826 roay ObLIO OOJbINe, YeM KOJTUYeCTBO yOuiicTB
3aIyIIEHUEM, TO CKOPee BCero ra TeHjieHnus coxpauurcd u B 1827 rouy. B uncrpykiumsx
[0 CTATHCTUYECKOMY aHAJU3Y TaKue JAHHbIE HA3LIBAIOTCH 3A6UCUMBLMU GblOOPKAMU.

Tab.2. JTannvie yzoroenots nosuyuyu Ppanyuy (Kemae)
Qopwmbl youiictra | 1826 | 1827 | 1828 | 1829 | 1830 | 1831

Py:xnbe, 56 64 60 61 57 88
[HUCTOJIET

Cabus, mmara 15 7 8 7 12 30
KHHZKAJI, CTHJIET

Hoxk 39 40 34 46 44 34
[Tanka, TpocTh 23 28 31 24 12 21
Kamenn 20 20 21 21 11 9

Tymnwie, octpoie u | 35 40 42 45 46 49
KOJIIOTITHE OPYIns

Sajymenne 2 D 2 2 2 4
CopacoiBanme, 6 16 6 1 4 3
YTOILTEeHHE

YViap HOTH, 28 12 21 23 17 26
KyJ1aKa

HewussecTHoe 17 1 2 0 2 2
Bcero 241 | 233 | 227 | 230 | 207 | 266
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Pwuc. 3: /IlnumamMmuwka 4dmcIa YyrOJOBHBIX mpecTymaeHnit Bo @pannuu B 1826-1831rT.

3adawa 1. OO6paruM BHHMaHHe Ha TO, 9TO B mnepuoi 1826—1830rr. HaOII0OIAIOCH B
11eJIOM 0011Iee CHUKEeHNe TPEeCTYMHOCTH, 38 UCKJIIOUeHHEeM HeOOJIBITTOrO MOBhITeHns B 1828
1829rr, a B 1831 ee 3HauuTebHBbIH pocT (puc.3). BbIsSCHUM, HeIb3sl JIH CIUTATH, 9YTO,
B OCHOBHOM, IPECTYIHOCTH CHUXKAJIACh, a €e PeJIKOoe HMOBBIIEHUuE O0bSICHSICTCS CJIyYail-
HOCTBIO. Bocmob3yeMmcs 11 3TOro KpuTepuii 3HakoB. B KadecTBe mcHbITaHuit Oymem
paccmarpuBath n = b map Jrer: 1826-1827, 1827-1828, 1828-1829, 1829-1830, 1830
1831. "Vemexom" ycaoBUMCH CUUTATH COOBITHSI, KOTODPBIE MOSIBIASIOTCA PeKe, B JTAHHOM
caydae 3TO IOBBIIMIEHHe YHC/Ia IpecTyiiennii. Takum obpasom mosydaem jBa ycmexa'
k = 2 B 1828-1829rr u B 1830-1831rr. Ecaim 6b1 BO Bcex maTH ciaydadx HabOI0IaICS
pocT uncsia youiicTB miim, HaoOOPOT, BCe MSTh HAOJIIOACHUNR COOTBETCTBOBAIN CHUYKEHUIO
YUC/Ia TPECTYILICHNH, TO BCe ObLIO Obl MOHATHO. A BOT HACKOJIBKO 3HAYMMO CKA3BIBAETCS
Ha OOITNEeM CHUKEHUW STU MOBBINIEHNS, CIeIyeT 0OPATUTHCA K CTATHCTUYIECKON TTPOBEPKE
TUTIOTES.

2.2. IlpuHIMOD MaIO0BEepPOATHBIX COOBITHi. lIpoBepka cTarUCTHYECKHX THIIOTE3
OCHOBAaHa HAa TPUHIHMIIE MAJOBEPOATHLIX COOBITHH, KOTOPBIH 3aKJI0YAETCS B TOM, 4TO
cOOBITHE, BEPOSTHOCTH KOTOPOI0 MaJjia, CYMTACTCS HEBO3MOZXKHBIM. MaJioBEPOSITHBIM CO-
OBITHEM B CTATHCTUKE CUUTACTCA COOBITHE, BEPOATHOCTH KOTOpOoro Menblie (.05.

2.3. Kpurepuii 3HaKOB. ITOT KPUTEPHil UCIOJB3YETCS JIJI TPOBEPKHU TUITOTE3HI
OJTHOPOJTHOCTH 3aBUCHMBIX BBIGOPOK (Z1,Y1), ..., (Tn, Yn). Hanpumep, x1 = 64, y; = 60 —
YuCJI0 YOUMCTB P MOMOIIU py»Kbs U muctosera B 1827 u 1828 romax, xo = 40,y = 34
— YHcaA0 YOMHCTB IPH MOMOIMU HOXKa B Tex Ke 1827-1828 romax, m Tax majee, BCETO
n = 10 cnocoboB yOmiicTBa — 3TO YUCJA0 HE3ABUCUMBbIX uchblTanuii. Keam x; = y;, TO



COOTBETCTBYIOINTHE HAOIIOACHUS UCKIIOYALTCA KaK MaJI0 HHMOOPMATHBHOE, U IUCIO0 HCIIbI-
TaHWil YMEHBITACTCS Ha €TUHUILY.

Paccmorpum 3maku pazmocreit x; — y;, ¢ = 1,...,n. [Ipu ogHopogaubix BbIOOpKax
JaCTOThI 3HAKOB IIJIIOC 1 MUHYC JOJI2KHBI 6bITb OJMHAKOBBI. HyCTb 3HAKOB IIJIIOC 60ﬂbﬂle
3HAKOB MHUHYC, IIO9TOMY YCJIOBHMCSI CUHTATH IOsSBJEHHE 3HaKa ILTioc ‘ycuexom . IIpose-
pseMasi THIIOTe3a COCTOUT B TOM, 9TO BEpodTHOCTH “yerexa” pabHa p = 0.5. B npumepe
9Ta TUIOTE3a O3HAYAET, YTO W3MEHEHHe KOJUIeCTBa YOHICTB B CTOPOHY YMEHDBITEeHUST WK
YBeJIMYCHUA ABJIAIOTCA CﬂyanU/IHbIMI/I.

,ZLJIH KazKJ0T0 9HCJIa HCOBITQHUN Ha OCHOBE IpuHOUIIa MaJIOBEPOATHBIX CO6bITI/II71 BbI-
IUCJIACTCA KPUTHIECKOE 9ucao “yernexoB” (1abu1.3). OHO BBIYHCAIETCS KAK MAKCHMATLHOE
qucsio yenexop K takoe uro P{X < K} < 0.05, tie X — ciydaifHOe 9HCIO YCIIEXOB.

Tabn.3. Coomnowerue mexcdy “UCAOM UCHOIMAHUT

U KPUMUNECKUM YUCAOM “Ycnexos”
n|5|6[7[8]9]10]11|12|13|14|15]|16|17|18 |19 |20
Kilojojo{ry1rj1,2 2333|445 |>5]5

Pacemorpum ma nmpumepe n = 10 cmocob BBIYUCIEHUI KPUTHIECKOTO 3HadeHus. [Ipn
BEPOATHOCTHU yCIexa p = % CIIPaBE/JIMBHI BHIPAYKEHHU S

CO
P{X <0} = 27100 ~ 0.001 < 0.05,
Co%+Cly, 1+10
P{IX<1}=P{X=0}+P{X=1}= 10;; 0 _ ;(;24 = 0.01 < 0.05,

P{X<2}=P{X=0}+P{X =1} +P{X =2} =
_CH+CH+Ch  1+10+45
- 210 N 1024

[IpaB®I0 COCTOUT B CJEAYIOMIEM: eCIu HAOII0JaeMoe JUCTI0 “yelmexXoB’ MeHbITe KpH-
TUYECKOTO, TO TPOBEPAEMYIO THNOTE3y CJaeJyeT OTBEPrHyTh, WHA4Ye HET OCHOBAHWI ee
oTBepruyTh. llpu uccienoBannu auHamuku youiicrs B 1827-1838rr. n = 10, &k = 5 >
K = 1, cnegoBare/ibHO, HET OCHOBAHHH OTBEPIHYTH THIIOTE3Y O CJAYYaWHOM HU3MEHEHHH
qucia youicTs.

3adaua 1 (npogoszkenue). B n = 5 ucnblTaHusiX 9ucIo0 “yerexos” paBHO 2, OHO GOJIbIITe
kpurnueckoro K = (0, ciemoBare/sibHO, HET OCHOBAHUM JijIsI TOTO, YTOOBI OTBEPrHYTh
TUIIOTE3Y O CAYyYailHOM XapakKTepe JUHAMHKH 9HuCia yOUicTB.

3adaua 2. 1lo popmam youiicTBa HyKHO IIPOBEPHUTH I'UIIOTE3Y O TOM, YTO HET HH IIPO-
IpeccupoBaHus KoaumdecTBa youiicTs ¢ 1826 mo 1827 rr., HU UX YMEHbIICHUS.

C 1826 mo 1827 rr. YMEHBIIUIOCH YUCI0 youiicTs mo Tpem dbopmam (cabist, mrmara,
CTHJIET; yJap HOIH, KyJlaKa; HEH3BECTHOE ), YBEJIMIHIIOCH YUCJI0 yOricTB 110 mectu hopmam,
qrCa0 YOUMCTB MPU MOMOIKM KaMHsI OCTaJ0Ch HA TOM Ke ypoBHe. Takum obpasom, u3 9
ucnbITaHui mMeeMm Tpu ycrnexa. CormacHo Tab/1.3, 9TO YUCI0 HE MEHBITe KPUTHIECKOTO,
COOTBETCTBYIOIIErO JIEBATH HCIIBITAHUSM, CJAEI0BATEILHO HET OCHOBAHUI OTBEPIrHYTH I'd-

OTe3y O CJAYYAWHOCTH IOBBIIICHUST WJIM ITOHUYKEHUA YUCIa YOUNRCTB B 9TH TOJIBI.
3adaua 3. [lokazarh, 9TO NPUPOCT YUCJIEHHOCTU HaceJeHus ropojos ¢ 1982 mo 1992rr.
N3MEHNJICA HE 3HAYNUMO.

= 0.055 > 0.05,



TOpOJT 1982 1992 TPAPOCT
CHICAGO 2768483 3005072 +
BOSTON 551675 562994 +
VIRGINIA 417061 262199 -

ALBUQUER 398492 332920 -
OAKLAND 373219 339337 -
WICHITA 311746 279838 -
NEWARK 267849 329248 +
ST PETE 235306 238647 +
BATON RO 224704 220394 -

B dernipex ropoja w3 geBsaTH HAOIIOJAJICA IOJOKHTEJBHBI HPUPOCT YHCJIEHHOCTH
Hacesenus. [To Tabi.3 Kpurudeckoe 3HadeHne s 9 UCIBLITAaHN paBHO 1, CJIe0BaTEILHO,
HET OCHOBAHWIl OTBEPTHYTH THIOTE3Y O CJOYUYailHOM XapaKTepe TMPUPOCTa HACETEHHS.

3adava 4. llpenmmonoKum, 94T0 U3 JeCATH ITAIHEHTOB BOCBMEPBIM JIEKAPCTBO IIOMOLJIO,
a aBouM HeT. MoxKHO Jin TOBOPUTDH 00 3bdekTuBHOCTH JeKapeTBa! B Tadba. 3 giga n = 10
KPUTHYIECKOE YUCJI0 PABHO 1, OHO MEHbIIE 2, CJAeA0BATEAbHO, HET OCHOBAHUI OTBEPIHYThH
runore3y ciaydaitnom sadderre mpenapara.

3adawa 5. Tlycrs B rpymnme u3 18 wenoBexk 4 manbumka. [lo Tabu.3. KpuTnyueckoe
3HaYeHHe JIId N = 18 paBHO 5, oHO GOJIbIIe HAOJIIOAAEMOro 3HadeHus 4, cJIeI0BATE/IbHO,
TCUIIOTE3a O PABHOBEPOSITHOM KOJIMYECTBE MAJBLIUKOB H JIEBOYEK OTBEPraeTcs, © MaJILIUKOB
3HAYMMO MEHbIIE IeBOYEK.

B cayuae Gosbnrero umc/ia HCOBITAHUN JIydIle UCIOJIb30BATh CIEUAIbHBIE KOMITBIO-
TepHBIE MPOrPAMMBI.

3. IIpoBepka OHOPOAHOCTH HE3ABUCHUMbBIX BbIOOPOK.

3.1. Ouenku cpenuux, aucuepcuii, rucrorpammei. [[PIIMEP 3.1. Paccmor-
pUM JaHHBIE U3 TaO1.1. 0 TpOIEeHTe JINIL a3UATCKOr0 Mpoucxoxkaennd. O003HAUNM depes
r1 = 9.8 — aror nponent B Jloc-Amxkenece, ro = 11.8 — B Can-/luero, u Tak majee 10
CToKTOHA — MOCJIEIHErO MPEICTABIEHHOr0 Topoaa n3 mrata Kaandopuus — rip = 22.8,
ny = 12 — 310 06BbeM BBIOOPKH TOPOJOB ITOTO ITaTa. depe3 yi,...,Yn,, IIe ng = 8,
0003HAYNM 3HAYEHUSA PACCMATPUBAEMOI0O IIPU3HAKA B BochbMU ropojax mrara Texac. [las
OJTy YeHHUs CAMOTO OOIIEro MpeACTaBIeHUs O TOM, B KAKOM U3 IIITATOB ITOT IIPOIEHT BHIIIIE,
BBIYHCIUM CPEJHAE 3HAUYCHUS:

1 . S+ ... .
L xi:98+118+ +228:14.47
nlizl 12
1 & 414224...409
j= — ;= =2.3.
g=—> @ -

OneHKYN QUCIIEPCHH, ITOKA3bIBAIOIIIE, HACKOJIBKO BEJINK Pasdpoc HADIIOAEHHI OT CPeTHEro
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3HAYEHHMSI, BEITYUCISIOTCA 110 (DOPMYyJIaM:

1 — 1 [
2 _ - R 2 =2 _
e TR o nlg;)_

=1 =1
9.8° +11.8° + ... +228 —12-14.4>
12—1 B

1 & 1 [&
SQ = — i — i7)2 = — 3 —n 772 =
iy > (- ) n2 Zly 19

i=1
4124222+ ... 4+0.92 - 8-2.3?
B 8—1

B Excel cpejnee n juciepcuio MOKHO OIEHUTDH 110 BLIGOPKE MPU TOMOIIU BCTPOECHHBIX
dyukruit CPBHAY() u JIVCTI() (cm. ITPUJIOZKEHUE 1).

[Toyaaem, aro B mrrate KanndopHus MpOIEHT JIUI] A3MaTCKOTO TTPONCXOZK,IEHUST BBITITE,
geM B mrarTe Texac, m OoJibllle CpemHHil KBaJApaT OTK/JIOHEHHS OT CPeIHEero 3HAYEHUs
(mucmepcust). st 3TOTO MOCTPOMM THCTOIPAMMY — TpadUK, MOKA3BIBAIOIINNA KaK Pac-
[peJiesIeHbl TOPOJIa 110 paceMarpuBaeMomy npusnaky (puc.4). Ha ropusonranbhoil ocu
OTKJIAJIBIBAIOTCA MHTEPBAJIBI ¢ IIaromM 5% — 3HaYeHus IPONEHTOB JIMI, A3HATCKOrO MPOUC-
xoxtenus: 0%, 5%, 10% rax ganee. [To BepTHKAIBLHON OCH OTKJIAJBIBACTCA KOJMYECTBO
HaOIIOIeHIH W KOJUIECTBO TOPOIOB, B KOTOPBIX MPOIEHT JIUIl a3HATCKOIO IIPOUCXOZK-
JTeHUsI HAXOIUTCS B IIpeiesiaX YKa3aHHBIX HHTepBaJsioB. Hampumep, B mrare KanudopHaus
4 TOPOJA UMEIOT HPOLEHT JIMIL a3MaTCKOrO MPOMCXOXKIeHUd B upegeaax or 5 g0 10%, 5
ropogos — or 10 mo 15%, omun ropox — or 15 mo 20%, eme omun — or 20 mo 25% mu
nocseaanii or 25 10 30%. Bee 910 oTpazkeno B rucrorpamme.

B mrare Texac Bce 8 ropojoB EMEIOT IIPONEHT JIUI a3HATCKOTO ITPOMCXOXKJICHUA He
6osee 5%. Ilpu ymenbieHun JyimHbl mHTEPBaioB 10 0.5% nosaydaeM ciepymoliee pacipe-
JeseHne TopoJoB (puc.7):

Yo az.ap. | < 1% | (1;1.5] | (1.5;2] | (2;2.5] | (2.5;3] | (3;3.5] | (3.5;4] | (4;4.5]
KOJI-BO TOPJIOB 1 2 1 1 1 0 1 1

43.4

= 1.6.

3.2. Kpurepuii MaHHa-YUTHH. IDTOT KPUTEPHUH HUCTONB3YETCS /s ITPOBEPKH
TUIOTE3bl OJHOPOIHOCTH HE3ABHCUMBIX BHIOOPOK. OH HE 3aBUCHUT OT BHIA BBHIOOPOUHOTO
pacupejiesieHus, TO3TOMY OTHOCUTCH K HENapaMeTPUUECKUM KPUTEPUSIM.

Ilycte mMeroTca 1Be He3aBHCHUMBIE BBIOODKH T1,...,Tp, B Y1,...,Yn, OOBEMOB M1 U
Ng COOTBETCTBeHHO. Halpumep, NpOIEHT JHUI[ a3HATCKOIO MPOUCXOKICHUS B TOPOJIAX
mraToB Kanudopuus u Texac. IIpoBepsiemast rumoresa 3aKI1049a€TCI B TOM, 9TO IO 3TOMY
[PU3HAKY TITATHI PACIPeeaeHbl OJIMHAKOBO, a HAD/II0/IaeMOoe pa3/inine 00bACHACTCH CIIy-
JaifiHbIM XapaKTepoM HaOJII0eHUA.

s Toro 4Todbl MOCTPOUTH CTATUCTUKY KPUTEPHUs, OObeJIMHUM STH BHIOOPKHU H IIO-
CTABUM KasKJIOMY HAOJIIOJIEHUIO B COOTBETCTBHE PAHT — €0 MECTO B BAPUAIMOHHOM (YIIO-
psitouentoM) paay (rabia.4). Hanpumep, B Can-©paHIUCKO CaMblii BHICOKMH TPOIEHT
JIMIL, a3UATCKOI'O MIPOUCXOXKIICHUS, TOITOMY €My COOTBeTCTBYeT Haubojibinuit paur 20, a B
Kopnyce-Kpucrn campiii nusknit nponent 0.9%, eMy cooTBeTcTByeT caMblii HU3KHH paHT
1. st komnakTHOCTH B TabJiuie 4 HEKOTOpbIe 3HAYEHUsT OKPYT/ICHHI.
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Kamudgopris Texac
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Puc. 4: KareropuaiabHble THCTOrpaMMBI IPHU3HAKA — MPOIEHT JIHUII a3UaTCKOIo
npoucxoxkaenus B mrarax Kamudopuusa u Texac. dnwHa uHTepBaJia rpyINInPOBKU paBHA

5%.

b

KOI=g0 B mrod el
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Puc. 5: I'mcTtorpamMma mpusHaka — MPOIEHT JIMI a3WATCKOTO ITPOMCXOXK/IEHWS B INTATE
Texac. Jyuua uarepsasa rpynuuposku pasua 0.5%.
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Kanugoprus Terccie

‘ﬁ
3 3
g e
B
L
] |
%

i

o
u} 10 20 30 40 S50 &0 FOO 20
PI/IC. 6: FI/ICTOFpaMMbI IIpU3HaKa — HPOLEeHT HCIIaHOA3BIYHOI'O HaCe/JICHUd B IITaTaX

Kamndopuus u Texac. /Imuna narepsasia rpynnupoBku paua 5%.

Tabmn.4. IIpusnar — npoyenm AUY A3UAMCKO20 NPOUCTONHCOEHUA — U €20 PAHU.
Kamudopuus (X) Texac (Y)

% 101220 |30 | 14|15 |13 |15 (97|94 |5 (234221112 |3]|2|39]1

pamr | 12 | 13 | 18 | 20 |15 |17 |14 |16 | 11 | 10 |9 |19 | 7| 5 2 3 |1614] 8 |1

Ecim kaxoit-mu6o ssieMeHT u3 BLIOOPKH X BCTpedaeTcsd IOcje KaKOTO-TO JIEMEHTa U3
BbIOOPKH Y, TO TrOBOPAT, 4YTO UMEET MECTO OJHA UHBEPCUA.

Hanpumep, nosrydena Bo3pacTaiolias moc/1e/I0BaTe/1bHOCTb, B KOTOPOI 3/IeMEeHTHI BHIODOPOK
X u Y 4epenyorcs B caemayionieMm nopsiyike: X Y'Y XY XYY X X. Ilepswriit asiement u3
X MeHbIlle BCeX 3JIEMEHTOB BBIOOPKH Y, IMOTOMY €ro BKJaJi B 00Ilee YHUCJIO UHBEPCHIl
U pasen nymo. n1g BTOPOro mo mopdaaky jeMeHTa w3 X HMETCS /1Ba MEeHBIIHX IO
3HAYEHHIO dJIeMeHTa 13 Y, ceIoBaTe/IbHO, ero BKIaJ B 00IIee dncao nupepcuit U paBeH 2,
u Tak jgajee, nogaydaem U = 04+2+3+5+5 = 15. OueBuiHO, 9TO IpU MAKCUMATLHOM YHCJTE
nnpepcuit U = 25, coorBercrByomieM nocienoparesbioct ¥ Y Y Y'Y X X X X X| Boi-
OOpKM He OJIHOPOJIHBI, U, B IEJIOM, 3HaYeHUs NpHU3HAKa B BbIOOpKe X OoJblle 3HAYCHHIT
npu3Haka Y. AHAJIOIMYHO, MUHEMAJIbHOE KOIndecTBO mHBepcuit U = 0 B ciIydae mocIe10-
BarebHOCTE X X X X XYY Y Y'Y cBumereabcTByeT o ToM, YTO BHIOOPKHU HE OJTHOPOTHEI,
U 3Ha4YeHUs NpU3HAKa B BbIOOpKe X Menblie 3nayeHuit Y.

s nposepku runoressl Hy 0 paBencrse BeposTHOCTEH Dy = P{X < Y} u p,, =
P{X > Y} upu ajprepHATUBHOIl THIOTE3€ Py, > Dy, BBIOHPAETCA KPUTHIECKOE HHCJIO
unpepcuit U, Takoe, 9T0 ecjau HADIIOJaeMOe YUCI0 HHBepcHil 6oJibine Kpurtndeckoro U >
U,, To Hy orBepraercs B mob3y H; ¢ ypoBHEM 3HAYUMOCTH (v. DTOT KPUTEPHI HOCUT
HasBanue kpurepusi Buakokcona. OaHAKO OH HE OY€HDb YIA00€H Uil WCIIOIB30BAHUS, M0~
CKOJIbKY TpebyeT 1nh0 OOJBIITOro KOJHIeCTBa CIenaIbHbIX Tab I, 1100 KOMIbIOTEPHbBIX
Bhruncaenunit. Paccmorpum Moaudukanuio yroro kpurepus Manna-Yurnu.
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CHadaJja 3aMeTHM, 4TO 00IIee YHUC/I0 HHBEPCH MOYXKHO BBIPA3UTh Yepe3 PaHIH.
U= (= 1)+ (ry = 2) + .+ (o, — 1) =

—Z n1n1+1)

Cwmech 68 | 70 | 75 81|92
BLIOOPOK | 66 | 67 78179 |80
paHIH 11213456 7]8]9/10
BRIOODKY | ¥y |y |z | x|z |y |y |y | x|

Yucsio unsepcuit pasuo U = 2+ 24+ 2+ 5+ 5 = 16. Boeipazum 310 4UC/I0 Yepe3 PaHrd.
DeMeHTHl BHIOOpKH X MMEIOT PaHTH:

7’1:3,7”2:4,7’3:5,7’4:9,7’5:10,
U=B-1)+4-2)+(5-3)+9—-4)+(10-5) =
=34+4+5+9+10—-(1+24+3+4+5)=16.

Ecmm s 3nadennii B BapmaImoHHOM Py COBIIAIAIOT, TO UX PAHTH T, ..., T 3AMEHSIOTCSI
S
% k=

Ecyiu BBIOOpKYM OJIHOPOJIHBI, TO MPH N, Ne > 8 clydaiiHoe YUCJI0 UHB p uit U umeer

0 =

Ha OJIMHAKOBBIC 3HAYCHUA, PABHBIE CPEHEMY apU(pPMETHICCKOMY I =

HOPMaJIbHOE pacIpeleenne co cpeHuM duciaoM mapepcnit BEU = =92, Tucnepcua U
paBHa
nin
DU = 122(711 —+ ng + 1).

J11s1 TOTO 9TOOBI MCITOAB30BATH KBAHTIIN CTAHIAPTHOTO HOPMAIHHOTO PACIIPEIEIeHIS
KadecTBe KPHUTUYECKHUX 3HAUYeHHi, mpeobpasyem craructuky U B cratucruky Manna-
Yurau

_ n2(netl)  ming
7 U—-EU _ Ry 5 5 )
VDU 22 (ny +ng + 1)

KOTOpas IPHU CIPABEITUBOCTH HYJIEBOI TUIIOTE3bI OJHOPOIHOCTH BHIOOPOK HMeeT CTaHIap-
THOE HOpMaJibHOE paciipejeienue. Hepes Ry obo3navyeHna cymma paHros BbIOOpKH 00beMa
no. llpu HaIUYUKM KOMIbIOTEpA BBIYHCISETCS JIOBEPUTE/IHHBINH YPOBEHb BEPOSATHOCTH P
kak p = P{|Z| > |Z.|}, a 6e3 nero nabimonaemoe 3HaUCHIE CTATHCTHKE Z, CPABHUBACTCS
¢ kpurndeckum Z = 1.96. Eciu |Z,| > 1.96, To rumore3a 0JHOPOJHOCTH OTBEPraeTes ¢
ypoBHeM 3HauuMoctu o = 0.05.

[TPUMEP 3.1. (mpomoskenue) Haiimem cymmy u3 ny = 12 paHro, OTHOCAIIUXCS K
mrary Kamudopaus: Ry = 174. Cymma u3 ne = 8 paHroB, OTHOCAIIAXCs K mTaTy Texac
paBHa Ry = 36. Iyt mpoBepKu NMpaBUABHOCTH BHIYNCJIEHUI MCIIOJIH3yeM CBOWCTBO

n(n+1)
2 )

R+ Ry = rae n=nj+ no.
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MPAUEHN NN EIHAMICKOLe npaucxaﬂﬂ:ﬂe}xm.
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L 95%-i
SoGEPIMETbHbLE
HHMEPELT

Kanugropris Texac

Puc. 7: Cpennue NIpOIEHTHI JIUI, a3MATCKOrO TPOUCXOKIeHnd U 95%-e IoBepHTeIbHBIC
uHTEpBaJbl B ropojax mraroB Kaandopuusa u Texac.

9TO paBEeHCTBO CIIPABEIUBO, TaK KaK BCErO MMeeTcs N PaHroB oT 1 0 n, U U3BECTHO,
9TO

1
1+2+...+n=@.

_ _ 2021 o
174 + 36 = 210 = =5=. Yucsi0 unsepcuit U nojydaeM u3 CyMMbl PAHIOB

na(ng + 1) :36_ﬁ:07

U=k, - 9 9

muctepeus DU = %;”ﬁl) = 168,

U—mm 0-8.12/2
VDU V168

Ecyiim paccmarpuBarh obparnbie naBepcuu U, coorBercrByiomue X < Y, TO 3a OCHOBY
HYKHO B34Th CYMMY PaHros R

Z = —3.7

9 )

U—232 _96-12-8/2 .
VDU V168

U:Rl—

15



HabmomaeMmble 3Ha4YeHnd CTATUCTUKA £, = —3.7 U 4, = 3.7 Sojblie 1m0 abCOJIOTHOR
BeuunHe (.975-KBaHTUIN CTAHIAPTHOTO HOPMAJbHOTO pactpenenennusd 1.96, mostomy ru-
1IoTe3a OJIHOPOIHOCTH BHIOOPOK OTBepraercs: ¢ ypoBHeMm 3Haunmmoctn o = (.05 m MOKHO
yTBEPXKJAaTh, YTO IPONEHT JIUI a3UaTCKOTO MPOUCXOXKAECHUA 3HAYUMO MCHBIIIE B HITATE
Texac, yem B mrare Kamudopuusg. To ke camoe mojiydaeM 10 JIOBEpHTEILHOMY YPOBHIO
BeposgTHOCcTH p = 0.00022, 1151 BRIYUCICHAA KOTOporo B Excel MOXKHO BOCIOJIB30BATHCS
dbyHKIHE

fr =2% (1 — HOPMCTPACII(ABS(-3,7))).

tak kak p = 0.00022 < 0.05, To runoresa OJHOPOJIHOCTH JBYX HE3aBUCHMBIX BHIOODOK
OTBEpraeTcs, U pasjniue MeXKIy I'OpojJaMH JBYX IITATOB IO IPONEHTY JIUIl a3UaTCKOrO
HIPOUCXOXKJICHUS HeJIb3sl O0bACHUTD CJYIafiHOCTDIO.

[TPUMEP 3.2. [IpoBepuM 3HAUUMOCTH PA3IUIHSA CPeTHAX TPOMEHTOB UCTAHOAIBISTHOTO
nacesienuss roposos mraros Kamudopuus n Texac. B Kamudopuun B cpegnem 27.7%
UCIAHOA3BIYHOIO Hacenenus, B Texace 34.4%. Jlucnepcun pasHbl COOTBETCTBEHHO 196 M
450 (puc.8).

55 T T T T T

45 1

40 1

a0 1

25 1

HPORCHN BCHAHOAIBUHOL0 HACETICHRIA

= Cpedues
20 1

e L 95%-i
Kanugapnus Texac dosepPumMIbHbIH
HHMEpET

Puc. 8: Cpeaume HpPOLEHTH MCHAHOA3LIYHOTO Haceaenus u 95%-e 10BepUTE/IbHBbIC
UHTEPBaJIbl B ropojgax mraroB Kaandopuuga n Texac.

O6beuHIM BRIOOPKH IPOIEHTOB HCIIAHOA3BIYHOI'O HACEJIeHUsI OOOUX IITATOB U BHIUHC-
UM parru (1abs.5). B ciyuae coBnajieHust 3HAYCHWI TPU3HAKA PAHTH 2 U 3 3aMEHSIOTCS
Ha 2.5 u 2.5, u pauru 6 u 7 Ha 6.5 u 6.5. Cymma panroB menbieil BIOOPKU paBHa Ry =
88.5, umciao wuBepcnii pappo U = 88.5 — 8 - 9/2 = 52.5, 3HaueHne crarucTuku Z W3
dbopmystst (3) paBro Z = % = 0.35 = Z,, 0HO 110 abCOIIOTHOI BeJIMIHHE He HOJIbIIe
0.975-KBaHTUIN CTAHJIAPTHOTO HOPMAJBHOTO pachpefenenus 1.96, ciaemoBareabHO, HET
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OCHOBAaHUI1 OTBEPIruyThb I'MIIOTE3Y OJHOPOAHOCTHU IIPOHEHTOB MCIAHOA3SBIYHOI'O HaCEJICHUA

IIITaTOB. TO ZKe CaMO€ IoOATBep2KJaceM IIPU IMIOMOIIU JOBEPUTEJILHOT'O YPOBHA BEPOATHOCTH
p=2% (1 — HOPMCTPACII(ABS(0,35))) = 0,73 > 0.05.

Tabn.5. IIpusnarx — npoueHm UCNAHOA3BUHO20 HACEAEHUA — U €20 PAH2U.

Kamndopuns (X) Texac (Y)
% |40 21 |27 | 14 |24 |16 |30 | 14 | 65 |31 |26 |25 |28 | 21 | 56|69 | 23|20 |9 |50
paur | 16 | 6.5 | 12 | 25 | 9 4 (14 (25|19 15|11 10|13 | 65|18 |20 | 8 5 | 117

a8

i}

g e

]
R,
E &2
B
§ g0

8
:
g 76 T
8
§ T4
B
2 i ! 1
& o Cpednee
T !l

63 —— g

L 95%-u
66 DogapimeTyHbIi
Kanmugroprusn Texac HEHMIED ST

Puc. 9: Cpeanentonbekas remueparypa u 95%-e goBepuresbuble MHTEPBAIBI B TOPOAAX
mraroB Kamudopuusa u Texac.

[TPUMEP 3.3. IIpoBepuM, HacKOIBKO 3HAUUMO pA3JIAINE CPETHENIONBCKAX TEMIIEPATY P
B 3Tux mrarax. MoxKHo i cuurarh mrar Texac Temiee mrarta Kamudopaus?

Tabn.5. Ilpusnak — cpeoHEUOALCKAA MEMNEPAMYDA — U €20 PAH2U.

Kanudopuus (X) Texac (Y)

t° 74171 |70 |60 | 73|76 |82 62|73 |73 |78|79|83 |86 |8 |83 |84 |8 |8 |83

paar | 8 | 4 | 3 1169|122 |6 |6 1011 |14 |20| 18|14 |16 |18 | 18| 14

Cymwma panros B mrare Texac Ry = 3-14+ 16+ 3-18+20 = 132, U = 132 — 8 -
9/2 =132 —-36 = 96, Z = 96?/%82/2 = B2 — 3,69 > 1.96, cire10BaTeIbHO, pas/IHyne
TemIepaTyp gapiagerca 3HaduMbIM ¢ o = 0.05. To ke caMoe moATBepzKIaeM HPH HOMOIIHT

JoBepuTeabHOr0 ypoBas Bepostaoct p = 2 % (1 — HOPMCTPACII(ABS(3,69))) =
0.0002 < 0.05.

3.3. Kpurepnii Kpackesna-Yoaauca. 9Tor HenmapaMeTpuIecKnii KpuTepuii mpe-
Ha3HAYeH JJjIsI HPOBEPKH T'UIOTE3Bl OJHOPOIHOCTH CPa3y I HECKOJBKUX HE3aBHCHMBIX
BBIOOPOK.
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[IPUMEP 3.4. PaccmoTpuM JaHHBIE O KOJTHYECTBE OIMHOO0K, JTOMYIIEHHBIME CTYICHTAMHU,
00y4aeMBbIX 10 OHOM U3 TpexX MeToanK. [1o 3ToMy KoJm4ecTBY OIMHOOK HY?KHO BBHISICHUTD,

ABJIAIOTCA JIN 3HAYUMBIMU DA3JIMYNA B METOAUKAX.

Jl1s1 oTBeTa Ha BOMPOC OO IMHAEM BCE TPU I'PYIIBI B OJHY U YIOPSI0UYNBAEM JaHHbIE.
YVUuThIBasi OJMHAKOBBIE 3HAUEHUA MPU3HAKA YHCJIA OMIMOOK, BBITHCISIEM pPAaHTH. 3aTeM
cymmupyeM pauru R;, ¢ = 1,...,r, rje depe3 r o003Ha4eHO KOJHUYECTBO TPYIIL, 1 = 3.
Ni,...,N, — TO KOJUYECTBO HAOJIOJEHWN B KaykKJIOW rpyrme, ny = 7, Ny = 5, ng = 3,
ny + ...+ n, =n. llonygaem Ry = 37.5, Ry = 43, Ry = 39.5. Ecn Mexay rpynmnaMu Her
CHCTEMATHUICCKUX PA3JIUYNil, TO CPEeJHAEC PAHTA n%_R,- BHYTPH KazKJI0M Ipynnbl HE JOJZKHBI

O4YeHb CUJBbHO OTJIUYATLCA OT CpeJHEero palnra HTH, pacCHYuTaHHOI'O 110 BCeit COBOKYIIHOCTH.

B kadecTBe Mepbl OTCTYILIEHUS OT YUCTOH CAYy4YailHOCTU PAcCMaTPUBAIOT BEJUYUHY

Ne | kos-Bo ommbOK | MeToamKa | paHr
1 0 0 1

2 1 0 3.5
3 1 0 3.5
4 1 0 3.5
8 1 1 3.5
5 2 0 7.5
6 2 0 7.5
9 2 1 7.5
10 2 1 7.5
7 3 0 11
11 3 1 11
13 3 2 11
12 4 1 13.5
14 4 2 13.5
15 5 2 15

d 1 n+1\°

=1

[Ipu BeIOOpPE BecoB ¢; ObLIA mOIydeHa cTaTHCcTHKa Kpackena-Yosuinca
12 (R?
H= —" _ — —3(n+1),
n(n+1) Zzl n; ( )

KOTOpad aCUMIITOTUYIECKU CXOAUTCA K XQ paciipeaesJieHuIo ¢ 7 — 1 cremennio CBO60,JBI.

7+5+3

12 37.5%  43%  39.5?
15-16

)—3-16:6.84.

B caydagax r = 2, 3,4 ucnoab3yoTcsd COOTBETCTBEHHO KpUTHYeCKHe 3HadeHus 3.84, 5.99,
7.81. B mamem caydae r = 3, umeeM 6.84>5.99, ciiejoBaTeIbHO, THIIOTE3a 00 OTCYTCTBHH
CHCTEMATHYECKUX DPA3InIuil Mexkjy rpynmaMu orsepraercs (puc.10). loBepuresbHbIH
YPOBEHBb BEPOATHOCTH B JAaHHOM caydae paBeH p = 0.03 < 0.05, ero MOXKHO BBIYUCIUTH B
Excel upu nomomu dyuxinuu f, = XN2CTPACTI(6.84;2)). Bropoii napamerp o3nadaer
qUCJI0 cTeneHeil cBoOOIbl pacipeseieHus CTATUCTUKU H, KOTOpoe Ha €IUHUILY MEHbIIe
KOJIMYECTBA T'PYIII.
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Puc. 10: 3aBucuMocTb KoJHYeCTBA OMIHOOK OT METOIMKHU IPEIOIaBAHNSI.

3.4. JlucuepCuoHHBIl aHAJIN3 HA JIATUHCKUX KBaapartax. norna mpu majom
KOJIMYECTBEe HADIIOJIEHNI YIaeTCsl CIJIAHUPOBATH IKCIEPUMEHT TAKUM 00Pa3oM, ITOOBI
y4eCcTh BJIUAHHE CPa3y HECKOJBKUX (PaKTOPOB.

[IPUMEP 3.5. Uccrenyercsa rpynma w3 16 CTYIeHTOB ¢ PAa3JIHYHON yUeOHON MOAro-
TOBKOii: 110 4 BBIIYCKHUKA TUMHA3UHU, JUIEs, CIEINATN3APOBAHHBIX 1 OOBIYHBIX ITKOJI. B
Ka}K,ZLOIU/I rpynie oauH JOIIOJTHUTEJIbHO HE 3aHUMaAJICA — 6yﬂ€M 0603Ha‘laTb TaKUX CTYACHTOB
qepe3 A, apyroit B 3aHmMAJICS caMOCTOATENbHO, TpeTnit C' — CHCTeMATHYeCKN ¢ PerneTh-
TOPOM, YeTBepThiil [ — ¢ perneTuTopoM OT cjaydad K caydaro. Takum oOpa3oM, HMEeTCs
JIB& MPHU3HAKA C OJIMHAKOBBLIM KOJMYECTBOM Ipajaliuil, paBubiM r = 4. 9to X; — pakTop
obpazoBanusd, Xo — ¢dakTOp NONOJHUTETBHOTO obpaszoBanud. OOO3HAUUM Uepe3 T;; KO-
JITIECTBO ONMIMOOK y cTy/eHTa ¢ (PaKTOPOM OCHOBHOI'O 0Opa30BaHMSI ¢, JOIOJHUTEIHHOIO
obpa3oBaHUs | W MpPeACTaBUM JIAHHBIE B BUJE€ KBaJIPATHONW MaTPHUIIHI:

Xi\X2|A B C D
1 3 8 4 4

2 30 13 6 2
3 2 14 5 25
4 11 2 16 6

Takoii nj1aH HA3BIBAIOT HETIOBTOPsIEMBIM /IBY(hakTOpHBIM. Ha ero ocHOBe MOYKHO BBISICHUTD,
HACKOJILKO 3HAYUMO BjHsgHUE (PAaKTOPOB OCHOBHOI'O M JIONOJHUTEIHLHOTO 00pa30BaHud Ha,
KOJIMYECTBO JIOMYIIEeHHBIX omuOoK. OJHAKO 3Ty 3a/ady MBI PACCMOTPUM B CTPYKTYpe
OoJiee o0IIeH 3a /184K, CBI3aHHON ¢ 0CODEHHOCTIME TEeCTUPOBAHHSI.

[IpeamonoKum, 9T0 MPOBEPKaA OCYIIECTBISETCS TI0 YeTHIPEM TeCTaM, OPUEHTHPOBAH-
HBIM HA, UCCJIE0BAHNE PECYPCOB HAMATH (v, JOTHIECKOTO MBITILIEHUS (3, JIIOOO3HATETBHOCTH
~v u ObICTPOTHI peakiuu 0. Boobie, a1 31010 kcmepumenta tpedyercsa 4 -4 -4 = 64
HaOmonernsa. B peabHOCTH 3TO OKa3bIBaeTCd MPAKTUIECKH HEBO3MOYKHO.

[Ipm BBemeHUU pasHOIl CTPYKTYPHI TECTOB 33jJa4a COCTOUT B WCCIETOBAHUU BIIMSTHIS
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Ha KOJTMYECTBO JIONYIIEHHBIX OMMUO0K He TOJHKO (DAKTOPOB OCHOBHOTO U JIOTIOJTHHTETHHOTO
0o0pa30BaHusl, HO U TUMA TECTUPOBAHUSI.

Obozuaunm depe3 X3 — haxTop Crenuajn3anini TPOBePOIHON PabOTHI, U CILIAHUPYEM
9KCIEPUMEHT TaKUM 00pa30oM, 4ToObI 4TOOBI Y YeThIpeX MPeJCTaBUTEICH KayK IO MKOIbI
OBLIN MCIIOJIB30BAHBI BCe 4 BapHAHTAa TECTa, U Y YeThIPeX MpeJCcTaBuTe/ el ¢ OUHAKOBOM
CHCTEMOH JTONOJTHUTEIFHON MOJMOTOBKH TaKKe ObLIM HCIOJIH30BaHBl 4 BADHAHTA TECTA,
HAIpUMeED, TaK:

A B C D
az fBg oy 04
B0 13 O V2
dy Y4 as  Pos
Y1 02 Bis

=~ W N =

Taxkoe pasmentenue r 06’bEKTOB 10 I CTPOKAM U 7 CTOJI0IAaM, IPU KOTOPOM KazKIbIil 00bEeKT
BCTpeYaeTcss OJUH pa3 B KaxKJOW CTPOKe M OJUH pa3 B KaxKJIOM CTOJIOIE, HA3BIBACTCS
AGMUHCKUM KEAOPATMOM.

Hanpumep, crynent, okonguBimmii jaureir (X; = 2), 3aHUMAIOMMACS CaMOCTOSTEb-
HO cBoeii moarotoBkoit (X = B), B TecTe «, OPHEHTHPOBAHHOM Ha MPOBEPKY PECYPCOB
HaMATH, JOIYCTUI Taa(q) = 13 OMHUOOK.

Cpeauuii IpoIeHT OMUOOK Y BBIIIYCKHIUKOB F'UMHA3Ui paBeH T1, = 4.75, y BHIIYCKHHKOB
JIMIEEB Toy, = 12.75, y BBIIIYCKHUKOB CIEIINKO T3, = 11.5 U y BBIIYCKHUKOB OOBIYHbBIX
KO T4y = 8.75. Tomyaaem cpeannit mponent ommbox T, = 11.5 y cryaerros A, me
UCIIOJIb30BABIINX BO3MOYKHOCTHU JOTOJHUTEILHOTO 00Pa30BaHusd, T = 9.25 y CTYJIEHTOB
B, KoTopble 3aHUMAJIUCH CAMOCTOATENbHO, T3 = 7.75 y crynenToB C, 3aHUMAIONIHUXCS
CHCTEMATUYIECKH C PENEeTUTOPaMH, T,y = 9.25 y cTyAeHTOB D), KOTOpbIe 3aHUMAJIHCH
JOTOTHATEIBHO OT cilydas K ciydato. CpeJHue IPOIEeHTH OIMIOOK B TCTAX PABHBI Tyy(q) =
6.75, Tyxp = 19.75, Tyu(y) = 2.5, Tyu(s) = 8.75. Obmmee cpeauee paBHO Ty, = 9.4375.

Ham Hy>KHO BBISICHUTH, HaCKOJIbKO 3HAYUMO OT OOIIEr0 CPEHEro T, = 9.4375 or-
JIMYIAIOTCA pa3JIMdHble BHYTPUTPYIIOBBIE cpefnue. llpegcTtaBum, 9To Hamm caydaiiHble
HabJIIOIEHUST KOJTHYIECTBa OIMHOOK CKJIAJIBIBAIOTCS U3 HECKOJBKUX CJIAraeMbIX:

Tij(k) :/L+ai+bj+ck+€ij(k), ,j=1,...,r, k€ {a,ﬁ,y,&},

rJe /i TeHepasbHOe CpelHee 4HC/Ia OMMUOOK; €k — Clydaiinag ommOKa; cp, a;, bj
nuddepennuanbabie 3hdeKTh (paKTOPOB TECTUPOBAHHSI, OCHOBHOIO H JOIOJIHUTEIHHOIO
O6pa3OBaHI/I5{. I/IX OLCHKaMH ABJIAIOTCA BCJIMYINHDI

CrarucTuxu Jy14 nposepku runores Hy : a; = 0, Hy : b; = 0, Hp : ¢, = 0 0 He3HAIUMOCTH
CbaKTOpOB CTPOATCA U3 COIIOCTABJICHUA PA3JIMYHbIX MCTOYHHUKOB Bapuallid, KOTOPbIE MbI

obozraunm depes ), 1, Qa, Q3 Q4:

¢ Q = Y > (zijw —T)* = > > x?j(k) — r272, = 1055.938 — obmmii HCTOYHUK
i=1j=1 i=1j=1
BaPUAINI, ’
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e Q=1 ;(i‘l* —ZTw)i=r (; T2, —rx?, | =150.6871 — ucrounuk Bapuauu, ooyc-

JIOBJICHHBI{T pa3/indreM 10 BHY OCHOBHOTO OOPa30BaHUS;

T T
_ - - N2 —2 —2 _
© (o =7 (Tuj — Tw)® =71 Ty, —rri, | = 28.6875 — MCTOYHWK Bapualuu,
=1 j=1

00yCJIOBJICHHBII BJIMSHUEM PA3JIHIHON CHCTEMOM JIOMOJTHUTEILHON OrOTOBKH;

© Qs =1 > (T —Taw)? =T > fi*(k) —rz2, | = 648.6875 — ncrounuk
k:a,ﬁ,'y,& k:azﬂv’%é

Bapualuu, o0yCJIOBJIEHHBIN pasindaueM (hopM TeCTUPOBAHUSI;

e 0y =0Q — Q1 — Qy— Q3 = 227.875 Ha3BIBALTCS OIMIHOKOIA.

[Tockobky Q3 > (o, TO, CKOpEe BCEro pa3audus Mekay (hopMaMu TeCTHPOBAHUA 0OJIee
BBIPAZKEHbI, YeM PA3INUrsT MEZKIy THIIAMH JIOTIOJTHUTE/IHHOTO 0bpa3oBanus. 10, HACKOJIHKO

39

30

! i

£
S
S
3
2 20 =
5
¥ 15
3
% L

10

& = -— Cpeduee
5
e
J— é L 95%-i
0 = DQGEPUMSThH b
B ¥ 8 HHMEPEHLT

GIHOBL INECINPOGAHIA

Puc. 11: 3aBucuMocTb KOJIUUIeCTBA OMIMOOK OT BUIA TECTUPOBAHULI.

9TO HEPABEHCTBO 3HAYMUMO, MOZKHO BBIACHHUTDL IIPDU IIOMOIIN CTaTUCTUK

Ql/Vl QQ/VQ Qg/l/:s
F=2Y" 30 gy = 2212 o5 gy = 3 569,
' Qa/1s ’ Qa/va ’ Qu/vs
v =1y =v3 = (r—1) =3, vy = (r—1)(r —2) = 6. 3Ha4eHns ITUX CTATHCTUK

CPABHUBAIOTCsl ¢ KPUTUYCCKUM 3HadenueM Fxp, Koropoe npu 1 = 4 pasno Fxp = 4.76.
Ecau nabardaemoe snauenue cmamucmuku 604buLe KPUMUMECK020, O 2UNnomeaa 0o om-
CYMCMBUU BAUAHUL COOMBEMCMBYOWE20 Paxmopa omeepzaemcsa. 1losydaem, 910 3HaA-
9UMBIM (haKTOPOM OKasbiBaeTcsa (pakTop POPMBI TECTHPOBAHUS.
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4. Kputepunu ajid IpOBEPKU HE3ABUCHUMOCTH

4.1. PauroBag koppenanua Crnupmena. Kosxddunument Koppeadanun — 3T0 9uC-
JIEHHAS XaPaKTePUCTHKA, OTPAZKAIOIIAs MePy JIMHEHHOT 3aBUCUMOCTH MKy TPU3HAKAMHU.
Hanomuum, dro npusnaku X wu Y 3aBucumbl juneiino, ecu ¥ = kX + b, riue k u
b — Hekoropnie uncaa. Kosdduimenr Koppeasiun IpuHEMaeT 3HadeHus oT -1 10 1 u
BBIYHCJISIETCS 110 BBIOOPOYHBIM HAOJIIOJEHHUAM, JydIle IIPU MOMOIIH KOoMIbioTepa. Eciu
k03 durmenT xkoppeasdnun pasen 1, To Y = kX + b, k > 0; eciu on pasen -1, To k < 0;
ecii OH paBeH (0, TO NPU3HAKK CIUTAIOTCA HEKOPPEIUPOBAHHBIMH.

[TPUMEP 4.1. PaccmorpuM JaHHbIe 0 CMEPTHOCTH OT HECYACTHBIX CJAYYaeB U JIPYTHUX
BHEITHUX BO3eficTBril, 06 00beMe BaJIoBOro BHYTpeHHero npojaykra (BBII) u ecrecrBen-
HOM TIpupocTe Hacestenus B 1997 roxy B 21 crpane.

CcTpaHa rpymmna | ¢cM-Th OT Hecd.ca. | BBII97 | ect.mp.97
Poccusa 1 187.4 24.2 -5.2
Ascrpan 2 394 76.4 6.7
Ascrpus 2 54.3 79.5 0.5
Benbrus 2 56.3 79.8 1.2
Bousrapus 1 66.8 17.9 -7.0
Anrmusa 2 28.5 70.2 1.6
Benrpusa 1 102.4 33.5 -3.8
Tepmanns 2 41.2 76.6 -0.8
Hanuns 2 55.9 83.2 1.5
Uramusa 2 40.8 72.8 -0.4
Kanana 2 43.6 81.7 4.9
Mexkcuka 2 81.8 25.8 23.4
Hunep-npr 2 29.8 75.6 3.5
Hopserus 2 424 91.6 3.5
Ionbmra 1 " 24.7 0.9
Pymbiaus 1 80.8 23.7 -1.9
CIITA 0 55.5 100 5.7
OuH-us 2 79.1 68.5 1.8
Opanmus 2 64.5 73.3 3.3
Iserus 2 40.3 71.6 -0.4
Anonns 2 43.3 86.2 2.1

Ha puc.12 npeacrapiena IByMepHas IuarpamMMa, WILTIOCTPUPYIONAs OTPUIATEILHYIO
3aBUCUMOCTH MEYKJIy CMEPTHOCTBIO OT HecYacTHbIX ciay4daeB u BBII, na puc.13 — nsymepnas
JinarpamMMa, WLTIOCTPUPYIONAs MOJOKUTETbHYIO 3aBUCUMOCTH MEYKJYy €CTECTBEHHBIM ITPH-
poctoMm Hacenenus u BBII, HO mpu ycioBuM nCKIIOUEHNS U3 PACCMOTPEHUS BBITTAA0TIEH
u3 obmieit KapTuHbl MeKcuKy.

U3 sTtux aumarpamMm BHJIHO, YTO JaHHBIE HEOTHOPOIHBI. OHU MOIpA3IeadioTcd Ha TPH
IPYHIIbI: K OJIHONW MOXKHO OTHECTH Takue crpanbl Kak Poccus, [Tobira, Benrpust, Pymbinus,
BoJsrapus, K ipyroit — octajabHble CTPaHbl, 33 UCKII0YeHneM MeKkcuku, u K TpeTheit — camy
Mekcuky.

HeomHOpoaHOCTh TAHHBIX 3aCTABAAET OCTOPOXKHEEe OTHOCHUTHCA K 3HAYUMOCTH ITOTO
pe3yabTaTa U UCIOIb30BATD JIOTOJHATEIHHO eIle KaKyIo-HUOYIh METOMUKY I aHaIn3a
TAKOTO Poja Janubix. OHIM U3 PACHIPOCTPAHEHHBIX KPUTEPUEB, 0COOEHHO, €CTU KOJTUIEC-
TBO HAOJIIOAEHUHN OrPAHUYCHO, AB/AAETCH TPOBEPKA 3HAYMMOCTU PAHTOBOIO KO3 duiumenrta
koppessiuun Crnupmvena.
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O beM BESN0OEOND EHYTPEHHEM NPOAYETS

Puc. 12: Habmiomaemass oTpunare/ibHas 3aBUCUMOCTH MeXKIy OOBEMOM BaJIOBOIO
BHYTPEHHEro MpoyKTa U CMEePTHOCTBIO OT HECYACTHBIX CJyYaeB BO BTOPOI TpyIIle CTPaH,

R = —0.46.
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SALRAGHET] GHY MPERHLT] npodyim

Puc. 13: Habuojaemasi 10JI0KUTEIbHAA 3aBUCUMOCTH MeXK/Jy 00bEeMOM BaJIOBOI'O
BHYTPEHHEr0 MPOJIYKTa U €CTECTBEHHBIM MPUPOCTOM Hace/eHusd B 00€UX Ipymiiax CTpaH,
nckJiovas Mekcuky.
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HamoMmauM, 9T0 paHTOM Ha3bIBaeTCd MOPSIKOBBIM HOMEDP dJeMeHTa B YHOPSI0IeHHON

BeiOopke. Ilyers 2, ... 2, m vy, ...,y — paurn UHIUBKHIOB MO mpu3HakaMm X u Y.
3HAUYEHUA paHTH!
CTPaHbI Z; Yi Lijx Yix TixYix z y; I;y; (I;)Q (y;)2
€CT.IIPUP. | BBII

Poccua -5.2 242 | -2 0 0 2 3 6 4 9
Boarapus -7 179 | 4 -4 16 1 1 1 1 1
Benrpus -3.8 335 | 0 4 0 3 5 15 9 25
[Tonbima 0.9 24.7 | 4 2 8 5 4 20 25 16
Pywvbmna -1.9 23.7 | 2 -2 -4 4 2 8 16 4
CymMmma 20 15 | 15 50 55 55

Ob6o3nauuMm 4epe3 ;. = k; — [;, Tjie k; KOIUIeCTBO UHIMBUJIOB, KOTOPBIX IIPEBOCXOIAT
Zi, l;— KOJIMIeCTBO MHIUBHIOB, KOTOPBIE NpeBocxoiadrT x;. Hampumep, 1 = —5.2 ecrec-
TBEHHBINH TpupocT Haceaenusa B Poccunm B 1997 romy. k1 = 1 — TOJBKO ¥ OIHON CTpaHBI
(Bosrapun) ecrectBenHbiil npupocT Huzke, yem y Poccun. [ = 3 — y Tpex c¢TpaH nmpupoct
Boimie, yem y Poccun. CregoBarenbuo, T1, = 1 — 3 = —2. AHAJOTHYHO TOCTPOUM ¥, =
k; — ;. JIng Poccun 310 3Ha4enne papuo y; = 2—2 = 0. QopMaJIbHO 3TU XapaKTePUCTHKH

BBOOATCA KaK
n+1 n+1
w210 ) w2 (i)

[Ipu n = 5 geiicrBurenbHO nostydaem, Ty, = 2(2 —3) = =2, y1. =2(3 —3) =0.
EcJsin npusHaky B3aUMOCBA3aHbI, TO €CTh 00JIbIIeMYy 3Ha4eHn0 X COOTBETCTBYeT 0OJIb-
IIee 3Ha4eHue Y, MEHBIOIEMY MEHBIIee U TaK JAJIee, TO Tj, = Vi, U XapaKTePUCTUKA

n
Qxy = E LiseYix
=1

n n
IpUHUMaeT HauboJbllee 3HadeHHe, papHoe Q@ = > 22, = Y y2. B paccMmarpubaemMom
i=1 i=1
npumepe Q = 02 +2-22 + 242 = 40. Ecau B3auMocBa3b IPU3HAKOB obpaTHasd, TO eCTh
MEeHbIIEMY 3HAUeHUIO X COOTBETCTBYET DOJIbIlee 3HAUEHME NIPHU3HAKA Y U TaK Jajee, TO

Tix = —Yin, B Qgy = — Q). Takmm 00pa3oM MOKHO BBECTH XapaKTePUCTHKY
Qaz
RS = y7 (4)
Q
KOTOpas HasbiBaeTcss koddduinuentom koppensiun Crupmena. Rg = % = 0.5. Ecamn
MeKy TPU3HAKAMU CYIIECTBYET MpsAMas 3aBUCAMOCTb:
X 12 ... n—1n
Y 12 ... n—=1 n )’
To Ko3pduent Cmpmena papen egunuie Rg = —1, ecotu odparHasd:
X 1 2 ... n—1 n
Y n n—1 ... 2 1)
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[lockoabKy RTH npeJicTaBIsgeT coboi cpejinee apudPMETHIECKOe TOCTIeI0BATEILHOCTH
1,2, ..., n, To K03pdunuent koppeasun CnupMeHa ecTb He UTO NHOe, KaK KO3 unuenT
KOppeJdinun Mexky panramu. Popmyiia /st BeIYMC/IeHus [Rg nMeeT B

e R, — #= B 50 — 1515 50 — 45 5
S = = — .

VR — B[R, — B \[55— 1518, [55_ 1315 T V554555 45 10

n

BuaunMocThb KodddunuenTta R, MpoBepseTcs TP TOMOIIHA CTATHCTUKA

| ReviT2
I=" = ©)

koropast ipu Hy : o5 = 0 (HekoppeuposarnocT panros X' u Y') umeer pacnpeesenue
CrhroieaTa ¢ n — 2 crenersMu ¢BOOOABI. [Ipu OTCYTCTBUHM BBIYHUCIUTENHHOW TEXHUKH
MOZKHO BOCIOJIb30BAThCA TAaOIUIEH KPUTUICCKUX 3HAYCHUN 171 cTaTucTUKH CThIOJeHTa.
Ecin nadmogaeMoe 3HaUeHHE CTATUCTUKK 1’ 110 abCOMIOTHOHN BeJIMYHHE MPEBBINIAeT KPH-
THYECKOe 3HavYeHue, 1o runoresa o Hy @ pg = 0 orBepraercs.

Tabauya 068YCMOPOHHUT KPUMULECKUT 3HAYEHUT
emamucmuru Cmurodenma (o = 0.05)

obbem
BBIOOPKH 7 5 6 7 8 9 10 11 12 13 14
Tkp 3.18 | 2.78 | 2.57 | 2.45 | 2.36 | 2.31 | 2.26 | 2.23 | 2.20 | 2.18
[IpoBepuM 3HAYUMOCTDH MOJTOKUTETBHON KOPPEJIAINT MeYKy PAHTAMU eCTeCTBEHHOTO
upupocra u BBIL. T = \/10_'5W\/5— = 1 < 3.18, ciaemoBaresibHO, HET OCHOBaHMIt

OTBEPTHYTDH FUIIOTE3Y 0 HEKOppeanposannocTu npu3nakos BBII u ecrecTrBennoro npupocra,
T.e. KOppeJsiius He 3HaunMa. J[J1s1 BHIYUCIeHns JOBEPUTETHHOTO YPOBHS BEPOATHOCTH P =
P{|T| > |Ti|} = 0.20 > 0.05, corsacHo KOTOPOMY TIOJY9IAETCs TAKOM K€ BBIBOJ, MOXKHO
Bocniosib3oBarhbest dyuknueir f, = CTBHOAPACII(1;5 — 2;2), mapamerpamMu KOTOpPOii
ABJISIOTCH 3HavyeHue craructuku T, = 1, umucjo creneneir cBoboubl n —2 = 5 — 2 u
ocJIe/THee 9UCJ0 2 03HAYaeT, YTO PACCMATPHUBAJICH JIBYCTOPOHHUIT KPUTEpPHil ¢ HYJIeBOit

runiore3oit Hy : ps = 0 u aaprepHaTuBHO runore3oit Hy : og # 0.

[TPUMEP 4.2. Tlokaxkem, uto B mrare Texac orpunare/ibHasg KOPPEJIANUT MEZKLy
HPOLEHTOM JIUIL a3UATCKOIO HPOUCXOK/JEHUS U [POLUEHTOM HMCIAHOA3BIYHOI'O HACeJ eHUs
He 3HAYNMA.

% Jsan, az.up. | % uci.

i ropos i yi x|y | wyr | (@) | (yh)?
1 | HOUSTON 4.1 27.6 8 5 40 64 25
2 DALLAS 2.2 20.9 5 3 15 25 9
3 | SAN ANTO 1.1 55.6 2 7 14 4 49
4 EL PASO 1.2 69 3 8 24 9 64
5 AUSTIN 3 23 6 4 24 36 16
6 | FORT WOR 2 19.5 4 2 8 16 4
7 | ARLINGTO 3.9 8,9 7 1 7 49 1
8 | CORPUS C 0.9 50.4 1 6 6 1 36

Cymma 36 | 36 | 138 204 204

Ro | Ry | Ruy | Ruw | Ry,
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138 — 3636 4

Rs = == =057, n=8,
36-36 36-36
/204 — 3838, [o04 — 3636

—0.57y/8 =2
1—0.57?

CreioBaTeibHO, THUIIOTE33a O PAaBEHCTBE HYJIO Koppessiun CrnupMeHa HE OTBEPraercs,
OTKJIOHEHUEe OT HyJd Koppeadiuu -0.57 1ad BIOOPKN 0O0beMa 8 MOKHO O0ObIACHUTH CJIy-
JaitHOCTBIO. JI/1a BRIUnCACHHS JOBEpUTEIBHOTO ypoBHd Bepoarnoctu p = P{|T| > |T,|} =
0.14 > 0.05, cortacHO KOTOPOMY TIOJIY9aeTcs TaKOH Ke BBIBOJ, MOYKHO BOCIOJIB30BATHCS
dynkumeit f, = CTBKOAPACII(abs(—1,7);8 — 2;2), mapamMeTpaMu KOTOPOH SIBISIOTCS
3HadeHue craructuku 1, = —1.7, uucyo cremneneii cBoboabl N — 2 = 8 — 2 u 1nocJegHee
9HUCJ0 2 03HAYAEeT, 9YTO PacCMaTpPUBAJICH MBYCTOPOHHWIT KPUTEPHUil ¢ HYJIeBOIl THIOTe30it
Hy : 05 = 0 n anprepraTusHOil TunioTe30it Hy : pg # 0.

T, = ‘ = 1.7 < 2.45.

[TPUJIO2KEHUE 1. 3aganne mo Moae/ MmpoOBaHUIO.

1. IIpomozenuposars B Excel npu momormum garuuka ciaydaitubix aucen "ciuuc()"N = 50 pas ciy-
YafHBI BBIMTPBINT B Urpe: U3 36 MrpaNbHBIX KAPT HAyraJ ], BHIHUMAETCS OJHA KapTa. Eciu 310 Ty3 miam
mecrepka (p=2/9), To Bbmrpbin ¢ = 35 py6., unade npourpein b = 10 py6. Haiitu no dopmymnam
cpeanuii coy4vaiinpiii cymmapubiii 8 50 naprusx semrpbuu M = (ap + (—=b)(1 — p))N u aucuepcuio
D = (a’p+ (=b)*(1 — p) — M?)N.

2. Iosroputs 30 pa3 sxcrnepuMeHT (Kak OyJATO UTpaeM IEJblil Mecsdll KaxKabli nenb). OUeHuTsh no
Boibopke n=30 cpenuuii Bomrpbin (byuxius "cp3nau") u gucnepcuto (Gynkuus "mucn"). CpaBHuTh
Pe3yIbTAT C TEOPpETUIeCKNMH XapakTepuctukamMu M u D.

3. IIpu nomouu ¢yukuuu "Hopmpacu"HaiiTu BEpOATHOCTH TOrO, 4TO a) 1pourpsiin Gosbiie 200, 6)
BeMrpoI Gosbire 200, 8) or-100 mo 100.

4. Haiitu orHOCHTE/IBHYIO YacTOTY Bhiurpbiiia bosee 200 pybiieii.

CuavaJia BBIYUCIUM Pa3Mep CPETHEr0 0XKUIaeMOr0 CyMMapPHOTO BBRIUTPHITIA, KOTOPBIi
BBIUHCJISIETCS 110 YKa3aHHON dopmye:

2 -2—10-
M:(35.__10.z>50:(35T07)50:0,

9 9
U JUCHEPCUIO CJIy4ailHOrO CYMMAapPHOI'O BBIUTPLIIIA
2 7 1225 -2+ 100 - 7) 50
D:<352-§+(—10)2-§—02>N:( g ) = 17500.

Cranmapraoe oTk/IoHenne pasao S = v/ D = 132. Tak Kak /I HOPMAJIbHO pacIpe-
JesleHHOH corydaiinoit Beamunnnl Z umeer mecto P{M — /D < Z < M + v/D} = 0.68,
TO CJAYyYaWHBIH CYMMApPHBIH BBLIMIPHIIT OVIET HAXOAMTLCA B Ipejentax or -132 mo 132 B
68% cayuaes. rtak, o60o3HaunM depe3 X CIydaiHBIA CyMMAapHBI BBIATPBIII, KOTOPBI,
Oy/JeM cuMTaTh, MMEET HOpMaJibHOe pacipejiesienue co cpeauum M = 0 u cranjapTHbiM
orkaonennem S = D = 132. JIns BBIYHC/IEHUSA BEPOSATHOCTH TOT'O, YTO HPOUTPBIIIT
Goabie 200, uro o3navaer, uro P{X < —200}, Bocroab3yemcst dbyHKIHER
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f:=HOPMPACTI(-200;0;132;1)=0.065.

s BBIYHCIEHUS] BEPOSATHOCTH TOTO, YTO BHIUTIPHINT Oosbiie 200, 4TO O3HAYAET, YTO

P{X > 200} =1— P{X < 200}, Bocnosbzyemcs yHKIHElH

£,=1-HOPMPACTI(200;0;132;1)=0.065.

1 BEIIMCIeHNsT BEPOSITHOCTH TOT'O, UTO BHIMTPBITIT HAXOAUTCs B mpejenax ot -100 mo 100,
uro oznadaetr, 4to P{—100 < X < 100} = P{X < 100} — P{X < —100}, Bocmosb3yemcs

dyuxIuei

fx=HOPMPACII(100;0;132;1)-HOPMPACTI(-100;0;132;1)=0.776-0.224=0.551.

1 MoaenupoBaHus CayIaifHOTO OJTHOKPATHOTO BBIUTPBIIIA BOCIOJIB3yeMCs BCTPOEH-
HBIMH (DYHKITASAME:

fo=ECJIN(CITINC()<2/9;35;-10) (1)

[Ipu naxarun "Enter"cayaaitasiv obpazom Oymer mogBasaThest aubo qaucio 35, aubo -10.
YacroTa UX NOSBICHHS CBA3aHa ¢ yKa3aHHBIME napaMerpamu: B 22.2% ciaygaes Oyuer
nosaBaAThCst 35, B 77.8% cayuaes Gyner nostsiarbed -10. CkonupyeM g4eiiky ¢ hopmy.ioit
(1) 50 pa3 mo ropusontanu u 30 pa3 Mo BepTHKaIU. [Loydnm TabJIHUILy, COCTOAILYIO U3
50 crosibnos u 30 crpoyek co ciydailHbIMU BbiUrpbimiamu. [IpocyMMupyeM BbIMIDBIIIbI
B Kaxk10ff u3 30 CTPOK M MOJYyYUM BBIOOPKY CJAYyYaiHLIX CYyMMAapHBIX BbIMTPbIIeid 3 30
HabJroIeHni, KoTopas pacmosaraercsa B sdeiikax AY'1 : AY 30, ecsim HaunHATh C TYEHKH
Al. Hampumep, /st BBIOOPKH

8 40 —-50 =95 220 40
-50 -5 175 —185 40 40
130 -5 =5 —-18 —-95 220
—-140 8 -5 355 85 —140
130 40 40 265 85 40

naiinem onenku cpejguero M u aucrnepcuu D mpu momornu QyHKIui

fo=CP3HAY(AY1:AY30)=385= M u f,—IACII(AY1:AY30)=16687=D.

OneHKa CTaHIAPTHOIO OTKJIOHEeHHS mMeeT By S = /16687 = 129.2. lis BbIUKCIEHHS
abCOJIIOTHBIX YaCTOT BOCIIOJIb3yeMcs (DYHKITUSIMU

£,—CUITECJIM(AY 1:AY30;">2007) =4,
fo=CUYITECJIM(AY1:AY30;"<-200")=0,
fo=CUYITECJIM(AY1:AY30;"<1007)=23,
f,=CUYITECJIM(AY1:AY30;"<-100")=4,
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OTKYJa TOJy9IaeM, 9YTO OTHOCUTETbHAS YacTOTa CYMMPHOTO BHIUTPHIITa H601ee 200 pybJteit
paBHA 3% = (.13, mpourpsiira 6osee 200 pyoseit paBua 0, & OTHOCHUTEIbHAS YACTOTA TOTO,

910 BRIUTPHIT HaxoauTcd ot -100 mo 100 pasna % = 0.63. Pesysibrarbl BbIYUCICHUIH
cobepem B UTOTOBOiT TabJHIE.
XapaKTepUCTUKA | TeopeTrudecKas OIleHKA,
cpennee M=0| M=2385
JmcTepens D = 17500 | D = 16687
CTaH/IAPTHOE OTKJIOHEHHE S=132] S =129.2
P{X < =200} 0.065 0.13
P{X > 200} 0.065 0
P{-100 < X < 100} 0.551 0.63
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[TPNJIO2KEHUE 2. ITpoBepka OJHOPOAHOCTH IO PAHTOBOMY Kpurepuio Bui-

KOKCOHA JIJid 3aBUCHMBIX BHIOOPOK.
[To mrarabIM yroaoBHOM ounu PpaHIIH O KOJTIECTBE JIeCATH BU/IOB TPECTYILIeHN I
B 1829 u 1845 rr. coctapiseM TabJIAILY I BBIYUCICHUS CTATUCTHKU Buykokcona.

Pacuem emamucmuru Buaxoxcona

(1) 2 | ) (4) (5) (6) (7)
Bug npect. | 1829 | 1845 | pa3HOCTH | MOYJIb PA3HOCTH | PAHTH | PAHIH C YIE€TOM

i x; Ui Yi — X4 lyi — x| panru OJIVIH.3HAaH.
1 2 2 0 0 - -

2 45 46 1 1 1 1

3 46 44 -2 2 2 2.5

4 0 2 2 2 3 2.5

5 1 4 3 3 4 4

6 61 57 -4 4 5 5

7 7 12 ) ) 6 6

8 23 17 -6 6 7 7

9 21 11 -10 10 8 8

10 24 12 -12 12 9 9

3aMeTuM, YTO HPH BBICTABJACHUM PAHIOB HE PACCMATPUBAIOTCS HeHMH(OpPMaTHBHLIE
cayuan, Korjga r; = ;. CymmupyeMm panru (7), OTHOCSIIHECS K OTPHIATETbHBIM U TO-
JIOKUTEJILHBIM PA3HOCTSIM.

S_.=25+54+7+8+9=315, S =1+4+25+44+6=13.5.

B kauectse cratucrukm S BhIOMpaeM MeHbIee n3 Hux, T.e. S, = min{S_,S,} = 13.5.
MaTreMaTn4decKoe OXKUJAHUE U JUCICPCAA CTATHCTUKA S PABHBI

n(n+1)  9-10

ES = =225
4 4
nn+1)2n+1) 9-10-19
24 24
3arem BbIUHCISETCS CTATHCTHKA
S—ES

KOTOpas B CJydae OJHOPOIHOCTH JIIsI 3aBUCUMBIX BHIOOPOK UMeEET CTAHIAPTHOE HOPMAJIh-
HOe pacupe/jiejienue. Ee 3nadyenune paBHO

135225
i V71.25

JI1s IpOBEPKY TUIIOTE3bI OJIHOPOIHOCTH BBIYUCIAETCS JIOBEPUTEIBHBIN YPOBEHD BEPOST-
woctu P = P{|Z| > |Z,|} = HOPMCTPACII(—1.06623) = 0.14316, koTopblii cpas-
HUBaeTcd ¢ ypoBHeM 3HaummocTn o = 0.05. P = 0.14316 > 0.05, ciegoBaTeTbHO, HET
OCHOBAaHUII OTBEPIHYTh I'AIIOTE3Y OJHOPOJIHOCTHU, U JJMHAMUKA YNCJIa TPECTYIJIEHUIT MOZKHO
00bACHUTD CIYYalHOCTHIO.

= —1.06623.

Ecou P < 0.05, To runore3a OJHOPOJAHOCTH I 3aBHCUMBIX BHIOOPOK OTBEpPraeTcs,
1 M3MEHEHHs B JMHAMHKE YHCIa HPEecTYILIeHHH OKa3bIBAIOTCS 3HAYMMBIMH B CTOPOHY
VBEJIUYIeHUs HJIM YMEHbITEeHHUS.
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