H. II. AjtekceeBa

BBE/IEHUE B CTATUCTUYECKNE METO/IbI
OBPABOTKU JTAHHDBIX

AEKYUY A cmydenmos 2 Kypca 80cmowH020 Parysvmema

Marematudeckast CTATHCTHKA — 3TO €CTECTBEHHO HAYYHAsS JTUCIUILTHHA, OCHOBHON 3a-
Jlavgeit KOTOPOit siBJIsieTCsi pa3paboTKa METO/I0B TOJLy YeHHsT Hay YHO-000CHOBAHHBIX BHIBOJIOB
O MaCCOBBIX dBJICHUAX W IIPOHECCaX Ha OCHOBE JaHHBIX Ha6.}’[}0,[[eHI/II7'I n IKCIIEPpUMEHTOB.
B mociieanee Bpems B 001aCTH NPUIOZKEHHH MATeMAaTHIECKOH CTATHCTHKH HAMETUJICS
60.1bIII0iT TpOrpece, 00yCJIOBIEHHBIN paCPOCTPAHEHUEM HCIIOIH30BAHUS BEITHCIATETLHOM
TEXHUKW U MOBBIIEHNEM eCTeCTBEHHO-HAYIHOTO YPOBHS ee MOJIb30BaTeeil.

[Ipu noBcemMecTHOM HCIOJIB30BAHUHU PE3Y/JIbTATOB CTATHCTHYIECKOTO AHAJIN3A BAaKHO
YMETH OI€EHUBATH CTEII€Hb UX HETOYHOCTHU, a TaK2Ke MMETH IIpeacTaBJIieHue O TOM, KaKUM
00pa3oM OHU OBLJIN MOy YEHBI.

1  OcHoBHBIE CBeJI€HUS N3 TEOPUN BEPOATHOCTEI

1.1 CBoiicrBa coObITU

OObekTaMu HCCIeI0BAHUS TEOPUH BEPOATHOCTEH sBIAIOTCS coObiTHust. Ecam mpu ompe-
JIeJIEHHOM KOMILJIEKCe YCJIOBHil cOObITHE 00s3aTeIbHO ITPOMCXOIUT, TO OHO HA3bIBAETCS
pocrosepHbIM. OOBIYHO ero obo3HadaoT depes ). Hanpumep, npu moadopachiBAHUH WUI-
paIbHOrO KyOHMKa, IeCcTh T'paHeil KOTOPOro MpOHYMepoBaHBI OT 1 10 6, JTOCTOBEPHBIM
SIBJISIETCS COOBITHE, YTO BBINAJJAET YUCJIO OYKOB, OOJibIle HYyJsi. Ecium mpu ormpejeieHHOM
KOMILJIEKCE YCJIOBHIT COOBITHE HE MOYKET MPOU30WTH, TO OHO HA3hIBAETCSI HEBO3MOXKHBIM.
O6bruHO ero 0603HA4YAIOT Yepe3 3HaK IIyCTOro MHOxKecTBa <. Hampumep, HeBO3MOXKHO
IPpU OJIHOKPATHOM MOJOpPAChIBAHUU KYOHMKA IMOJYYUTH 7 OYKOB. Ecam coObITHE MOZKET
MPOU30UTH WX He MPOU30WTU, TO OHO HA3BIBaeTCs cJydaifHbIiM. CiydaitHbie COOBITHS
HpUHATO 0003HaYaTh Oo/bmuMuy JaruackuMu OykBamu A, B, C, . ... Haupumep, cobbiTue,
KOTOPOE 3aKJ/JII0YAETCS B TOM, 9TO IIPU OJHOKPATHOM MOAOpAChIBAHUN KyOWKa UHCJIO BbI-
MaBITAX OYKOB OYIAET YETHO, SIBJISETCS CJIyUYaiibiM.

CobuiTust A 1 B Ha3BIBAIOTCSI HECOBMECTHBIMM, €CJIH IOSBJIEHHE OJTHOIO COOBITHUS
HCKJII0OYaeT MogBaeHne apyroro. Hanpumep, BbiageHne 9eTHOTO 1 HEYETHOTO YHUCJIa OUKOB
SIBJISTIOTCSI HECOBMECTHBIMHU, & COOBITHS ~ CErOIHS MOMAeT J0KAb~ 1~ CeroaHs moiger caer”
HECOBMECTHBIMHU He SIBJISAIOTCS, TaK KaK WHOTIA OBIBAET JI0KIb CO CHETOM.

Cobbitne C' = A + B Ha3biBaeTcst CyMMOM cobbitnit A u B, ecam npoucxogaut jaubo
A, tubo B, 160 06a 0JHOBPEMEHHO, €CJIM OHH He aBJSIOTCI HecoBMecTHhIME. Hampumep,
cobpiTusg A n B 3akI09a0Tcd B TOM, UTO IPH MOA0PACHIBAHIN KYOHMKAa BBINAIO TPH U
necTh 04K0B coorBercTBeHHO. Cobbitne C' = A+ B o3Hadaer, 4T0 BbIIAJIET YUCJI0 OYKOB,
KPaTHOE TPEM.

CoGriTne A Ha3biBaeTCst COOBITHEM, TIPOTHBOMOJIOXKHBIM K A, ecin cobbrmnst A
A HECOBMeCTHBI, a UX CyMMa €CTb J0CTOBepHOe cobbiTue. To ecTh Kakoe-1o m3 A u A
obst3aTeIbHO mponcxonnt: au6o A, mbo A. Hampumep, eciu cobbitie A cooTBeTCTBYyeT
BBINAICHIIO0 TeTHOTO KOJTMIECTBA OUKOB, TO COOLITHE A HeUeTHOro.



Cobbitne D = AB Ha3biBaeTcss mMpoM3BeIeHUEM JBYX coObiTnii A u B, ecin OHO
IPOMCXO/IUT, KOT/Ja OJHOBPEMEHHO IPOUCXOAAT 06a 3TuX coObiTust. Hampumep, cobbitue A
COOTBETCTBYET BBHINAIEHUIO Y€THOIO KOJUIECTBA OUYKOB, COOBITHE B 03HAYAET, ITO IHCTIO
OYKOB KPaTHO TpeM, Toria AB 03HAYaeT, YTO YHCJI0 OYKOB PABHO MIECTH (U 9YeTHOE, U
JeJIUTCS HA TPH).

1.2 Kuaaccudeckass BEPOITHOCTHAS CXEMa

BeposgTHOCTH HEKOTOPOTO cOOBITHSA A Ompeiesercs Kak OTHOLIEHHE YICIa SJIeMeHTap-
HBIX HCXOJIOB, OJIATOIPUATCTBYIOMKX cOOBITHIO A, K 0bmmemy uncay ncxomoB. Hampumep,
Bcero n = 20 3K3aMeHAIIMOHHBIX BOIPOCOB, U3 KOTOPBIX CTY/IEHT He 3HAeT MATh. Bepodr-
HOCTH TOI'O, YTO JOCTAHETCs HE3HAKOMBIM BOIIPOC, PaBHA 25—0 = 0.25.

[Tycrh nmeercs koneunoe MHOkeCTBO ) = {wi, ..., w,} 1eMenTapHbIX (HEJEJNMBIX)
1Cxo/10B. BepostHOCTD 1106010 coctaBHOrO cobbiTust A = {w;,, Wiy, . . ., Wim }, COCTOSIIETO
U3 M 3JeMeHTAPHBIX HCXOJO0B wj;, € (), ompejendercd KaK OTHOIIEHHE YUCJIA HCXOJOB,
OIArOIpUATCTBYIOIINX COOBITHIO A, K 00IIeMy YHCIy 371eMeHTAPHBIX HCXOI0B

pay="" (1)

Nmenno 1o 31oit (popMysie OblIa BEIUUCIEHA BEPOATHOCTD ~11oxoro” omaera. CoobiTue
Q ={wi,...,w,}, obpazoBanHOe BCEH COBOKYMHOCTHIO 9JIEMEHTAPHBIX COOBITHUIL, SIBJISETCSI
nocrosepubiM. Corstacuo (1), BEpoSTHOCTH JOCTOBEPHOTO COObITHs paBHa 1,

Teopema (cioxenne BeposTHOCTE). 17151 TIOGBIX HECOBMECTHBIX COCTABHBIX COOBITHIA
A ={wi, Wiy, .., Wim} 1 B ={wj,,wj,,...,wj;} cupaBesInBo

P(A+ B) = P(A) + P(B). (2)
st nokasaresbcrBa 00beuHuM codbiTud A u B B 0JHO cOCTaBHOE COObITHE
C=A+B={wi,Wiy, - Wim, Wiy, Wjg, -, Wik } -
[To dopmyse (1) Beraucanm Beposirnocts P(C),

:Tif:@+5:mm+Pw)l
n n n

P(A+ B) = P(C)

W3 sroii TEOpPEMDBI IIOJIY49aeM [JdBa BazKHBIX CJIEJCTBHA, KaCalOIIuecCd BEPOATHOCTHU He-
BO3MOZKHOI'O U IIPOTUBOIIOJIO2KHOI'O COOBITHSI. BepOHTHOCTb IIPOTHUBOIIOJIOZKHOI'O CcOObITHS

peranciaserca xkak P(A) = 1 — P(A), tak kak 1 = P(Q) = P(A + A) = P(A) +
P(A). BeposTHOCTH HEBO3MOXKHOTO COOBITHSI DABHA HYJIIO, TAK KAK HEBO3MOXKHOE COOBITHE
MPOTUBOIOJIOZKHO TOJTHOMY COOBITHIO ).

Teopema (dopmysia CI0KEHUsT BEPOSTHOCTEH It COOBITUI, KOTOPbIE HE SBJISTIOTCSI

necopmectubiMu). P(A+ B) = P(A) + P(B) — P(AB).



JokaszareanctBo. [IpeacraBum cymmy A+ B B BuJie CyMMBI IBYX HECOBMECTHBIX COOBITHI
A u B\ A u uctiosibzyem (opmyty (2) BBIYUCIEHUS BEPOSITHOCTH CYMMBI JIBYX HECOBMECTHBIX
coOblTHil

P(A+ B)=P(A)+ P(B\ A).

Pasnocts B\ A o3Hauaer coObITHE, PU KOTOPOM COOBITHE B IPOUCXOJIUT, KOTJA He
npoucxoaut A. C apyroii cropoust, P(B) = P(AB) + P(B \ A), orciona

P(A+ B)=P(A)+ P(B\A) = P(A)+ (P(B)— P(AB)).R
B cny4gae Tpex cobbiTnit ¢hopMyaa BepOITHOCTH CYMMBI COOBITHIT UMeeT BU/I:

P(A+ B+ C) = P(A) + P(B) + P(C) — P(AB) — P(BC)) — P(AC) + P(ABC))  (3)

1.3 Ilpumeps! penieHnda 3a0a9U

3amaua 1. [lodkudwvieaem odrnospemerto dea uzparvrozo kybura. Hatimu sepoammocmu
caedyrowus coovimuii:

o A yucao ouros 00unakoso Ha 060UT KYOUKAL;

o B yucao oukoe na o0nom boavuwie, wem Ha Ipy20m;
o (' cymma 0uKo8 uemma;

o D cymma 0ukos boavwe 06YL;

o K CYMMQA 0HYKO06 HE MEHDWE NAITNU,

F xomasa 6w ma odnom wecmsv oukos;

G npoussedenue O4YK06 Pa6HO WECTU.

[Tpexk e BCero BRIYUC/ISIETCST 00IIee TUCII0 3JIEMEHTaPHBIX HCXOA0B. [[0CKOIBKY KaxK 10My
U3 IMIeCTH 3JIEMEHTAPHBIX UCXO/0B, UMEIOIUX MECTO MPHU MOJI0PACBIBAHUH OTHOTO KyOUKa,
COOTBETCTBYET IIeCTh SJIeMEHTAPHBIX UCXOI0B, IMEIONNX MECTO MPHU MOI0PACKIBAHUT BTOPOTO
KyOuKa, To 00lIee YuCJI0 3JeMeHTapHbIX HCXOA0B pasHo 62 = 36.
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N306pa3um 3j1emeHTapHble MCXOJAbI B BHUJE TAOJHILI 6X6 OTMETHM Ha Hell MCXOJIbI,
61arOPUSATCTBYOIIIE COOTBETCTBYOIIEMY coObITHIO. Vcmomb3yst hopmyay (1), momydaem:

P(A)=§ =L PB)=1-PA) =3 PC)=8=1

Bagada 2. B aydumopuu 100 wenosex. 50 us nux swatom anzavtickut aswk (E), 40
dparuyscrut (F), 35 nemeurud (D), 20 aneautickud u dpanuyyscrud (EF ), 8 aneautickud
u nemeykutd (ED), 10 ¢parnuyscruis u nemeuyruts (FD), 5 nemeurud, aneautickut u gpan-
yyscwuti (EFD). Ckoavko wesoser e snaem 1u 00nozo asvka (E D F)?

Cobeitne £ D F nporusonosioxno cobsrrnio F + F + D, koropoe o3HAdYaer, 9To
9eJI0BEeK 3HAET XOTsl Obl OJIMH WHOCTPAHHBIH s13bIK. Bocnosb3yemcest popmyiioii (3).

P(E+ F+ D)= P(E) + P(F)+ P(D) — P(EF) — P(ED) — P(FD) + P(EFD) =
0.5+ 0.4+0.35 — 0.2 — 0.08 — 0.1 + 0.05 = 0.92.

Orciona P(E D F) =1~ P(EFD) =1 - 0.92 = 0.08. CeoBaTeabno, 8 UeloBeK He
3HAIOT HH OJHONO HHOCTPAHHOI'O SI3bIKA.

1.4 IlepecTraHoBKU, pa3MeIleHnsi, COUETAHUS

MHOKeCTBO, COCTOsIIIEee W3 N JIEMEHTOB, OyjeM Ha3biBaTh n-MHOXKecTBoM. Coue-
TaHueM Oy/ileM Ha3bIBaTh M-IIOJAMHOYKECTBO U3 N-MHOzKecTBa. KosmdaecTBo coderanuit
Oyznem oboznavarh depe3 C)'. st Toro 9robbl nojayduTh (HGOPMYJIY JJIs BbIYHCICHUS



YUCJIa COUeTanuiil, Tpedyercs OnpeeuTh eIle 0/HO noHsTne. PazmerieHne — 31o ymopsi-
JIOYEHHOE M-TIOJMHOKECTBO U3 N-MHOKecTBa. KommdaectBo pasmentiennit A" BBIYHCISIETCS
o opmyJie

m _ . —_ . . J— e —
A =n-(n—1) N (n m+1)1_(n—m)!
™m COMHOXZKUTeJei

(4)

Hampumep, 5 cnopTcMeHOB GOPIOTCS 3a MepBble TPU MPU30BBIX MecTa. CKOTBKO Ba-
PUAHTOB MCXOJI0B COPEBHOBaHUsA MOzKeT ObITh? [lepBoe MecTo MoxKer 3aHATH JIIOOOH u3
IATH CIIOPTCMEHOB, BTOPOE MECTO — JII0OO0H M3 OCTABIINXCS YeThIPeX, TPeThe — JI000H u3
octapmuxcs Tpex. Taxum obpazom A =5.4-3 = g—: = % = 60.

Paszmunble BADUAHTBI YIOPSI0OUNBAHUS N-MHOXKECTBA HA3bIBAIOTCS EPECTAHOBKAMMU.
O4eBH/IHO, YTO YHUCTIO MEPECTAHOBOK MOYKHO BBIYHCIUTH MPH TMOMOIIU YACTHOTO CJIydast

dbopmyner (4)
Ar=n-(n—1)-...-2-1=nl!

[Tepecranosku 3-muozxecrBa umeror sug (123), (132), (213), (231), (312), (321).
C apyroit cTOPOHBI, YNCIO0 PAa3MEIIeHUil MOYKHO BBIPA3UTh 4Yepe3 YHCJI0 COYeTAHUit
A = C™ - m!, orcrioga u u3 (4) nmoaydaem GbOPMYITY JIJIs BBITHCTICHUST TUCIA COTCTAHUIA:

m
:An B n!

m!  (n—m)!m!

Cn'

(5)

Hanpumep, Ko1m4ecTBO NCXO/I0B pe3y/ibTaTa COPEBHOBAHUI, B KOTOPOM HAC HHTEPECYeT

TOJILKO TpOiiKa Npu3epos, paBHo CF = 63—? = 10. 9Tu BapHaHTBI MOKHO IEPEUUCTIUTD:

{1,2,3}, {1,2,4}, {1,2,5}, {1,3,4}, {1,3,5}, {1,4,5}, {2,3,4}.{2, 3,5}, {2,4,5}, {3,4,5}.
Kazk10My TaKOMY COMeTaHUIO COOTBETCTBYeET coueranue ayrcaiiaepos: {4,5}, {3,5}, {3, 4},
{2,5}, {2,4}, {2,3}, {1,5},{1,4}, {1, 3}, {1,2}. Dror dakT ecTth nposiBIeHEE CUMMETPHU-
geckoro umcsa couderanuit C)' = C]'"™. Kpome 3roro, K cBoiicTBaM dYucja cOYeTaHUN
OTHOCATCA cymecTBennbie qactubie caydan Cp) = C" = 1 u peKyppeHTHOe COOTHOIICHHUE
Cm = C™, + C™!, mospongromue cBecTH KoiudecTBa codeTanmii C™ B TPeyrOJIbHEK
[Tackams:

1.5 Koneuynas cxema ¢ HEPABHOBO3MOXKHBIMU MCXOJAMU

PaccmorpuM 3aj1avy BBIYUC/IEHEST BEPOSITHOCTH, B KOTOPOil KJIaCCUYECKO BEPOATHOC-
THOI CXeMBI C PABHOBO3MOXKHBIMHU HCXONAMHA OKa3bIBACTCA HEJOCTATOYHO.

DTO 3ajia9a BBIUUCJIEHUS] BEPOSITHOCTH BBIUIPHINIA B UTPE B KOCTH. A3apTHBIE UIPHI
CYIIIECTBOBAN B JIPEBHOCTH TOBceMecTHO. OO 9TOM CBUAETETHCTBYIOT MHOTOYHCICHHBIE



apxeoJIornvYecKre Haxo K. rpajbHBIMI KOCTSIME CJIYZKHJIA KOCTH YKUBOTHBIX — aCTpa-
raJibl, KOTOpble Ipu OPOCAHUM MOTJIU MAJaTh HA YeThIPE CTOPOHBI. DTH CTOPOHBI KaK-TO
HYyMEpPOBAJINCh, HO eJMHOI cHcTeMbl He ObL10. B oHOit 13 urp B apesHeii ['perun 6pocain
OJTHOBPEMEHHO YeThIpe acTparaja. BBIUTPBHIIIHBIM OPOCKOM CUHTAJICS TOT, IPH KOTOPOM
BBINIA/IA/IM Pa3Hbie CTOPOHbBI; Takoit Opocok naswiBajics "Benepoit" . B apxeosorudecknx
packonkax, HauWHas ¢ V ThicsdesieTns: 10 H.9. (BO3MOXKHO, paHee) Cpean HallJeHHbBIX
KOCTeHl acTparajibl BCTPEYAIOTCsT B HECKOJIPKO JECATKOB pa3 dalle, YeM JIpyrue KOCTH.
[Tocste MHOTOKPATHBIX HCCIEOBAHNN PA3THIHBIX ACTPAraI0B OBLIH IOy Y€HbI CJIeLY FOIIHe
YACTOTHI BBIMAIEHUS PA3JUUHBIX CTOPOH. YacToTa BBIMAAEHHS IMHPOKOH CTOPOHLI A ¢
yriryOJienueM npumeprao pasaa 0.39, ciaepyromeit o Besmaude B — 0.37; 4acToThl Bblla-
nenus aByx octapiuxcst croporn C'u D — o 0.12.

O6mee umcao uexonos paBHo 4* = 256, HO BEPOATHOCTH WX TIOSBJICHUS DPa3HEBIE.
Hampumep, BeposTHOCTH TOTO, 9TO Ha YeThIpeX acTparajax ojHa U Ta zKe cropoHa A, mo
dbopmye (8) pasua P(AAAA) = 0.39' = 0.0231, a BepoATHOCTb HOJYYUTH KOMOUHAIIMIO
cropod ABC'D pasua npoussenennto P(ABCD) = 0.39-0.37-0.12-0.12 = 0.002.

Bcero 6pocky "Benepa" coorBercrByror 24 = 4 -3 -2 -1 BapuaHTa ImepecTaHOBOK
HA3BAHHBIX CTOPOH HA YETHIPEX acTparaJax:

ABCD ABDC ACBD ACDB ADBC ADCB
BACD BADC BCAD BCDA BDAC BDCA
CABD CADB CBAD CBDA CDAB CDBA
DABC DACB DBAC DBCA DCAB DCBA

CyMMupysi COOTBETCTBYIOIIUE BEPOSITHOCTHU, MOJIydaeM BeposTHOCTH Opocka "Bemnepa',
pasnyio 24 - 0.002 = 0.05.
B obmiem Bue sTa 3aaa9a perraeTcss TaKuM 00pa3oM: HMeeTcst KOHEIHOe YNCJIO0 HepaB-
HOBO3MOZKHBIX 3JIeMeHTapHbIX HcxonoB 2 = {wy,...,w,} ¢ U3BECTHBIMH BEPOSATHOCTSIMU
n
pi=P(w;),i=1,...,n, > p; = 1. BeposgtHOCTb cocTaBHOrO cobbiTUst A = {Ww;), ..., Wi, }
i=1

m
BBIYHCIISIETCS CyMMEPOBAHIEM COOTBETCTBYIOMUX BepositHocTeit P(A) = > p;.
j=1

1.6 CuerHasg cxemMa C HEPABHOBO3MOXKHBIMHU MCXOJAMU

B ciydae cU4eTHOro0 KOJIMYECTBa dJeMEHTapHbIX ucxogoB ) = {wi,...,wn,...} ¢ u3-
o0

BECTHBIME BepogTHOCTsIMU p; = P(w;), 1 = 1,...,00, > p; = 1, BEPOATHOCTb COCTABHOIO
i=1

CO6bITI/I5{ A == {C()il, [ ,C()im, . } TaK2Ke€ BbIYUC/IACTCA CYMMHUPOBaHUEM COOTBETCTBYIOIIUX

BeposTHOCTel P(A) = 3 p;).
j=1

Banauga 3. Ueparom dseoe, no ovuepedu 6uHUMGA HAY200 UPAALHYIO KAPMY U3 NOAHOT
koa0dv. Tom, Kmo nepeviti 8uimawum Kpachyo Kapmy, uuzpai, 6 NPOMUEHOM CAYYAE
Kapma 6036PAULAEMCA 6 Koaody, u npaco xoda nepedaemcs opyzomy uzpoky. Hyorcro
HATMU BEPOATMHOCTNG BHLUPHLULL ULPOKG, KOMOPbt HavuHaem nepsovim. Q603Havum vepes
P 8EPOAMHOCTNG COOLIMUA, KOMOPOE MONHCHO HAZBAMD YCNETOM — 6 QGHHOM CAYYUGE MO



kapma kpachoti macmu. Ecau xonoda noawas, mo p = 0.5. Bepoammnocmv cobvimuas,
NPOMUBONONONACHOZO Ycnery, 0bo3navum wepes ¢ =1 — p.

Nrpa moxKeT 3aKOHYNTLCSI Ha IMEPBOM, BTOPOM, TpeTbeM W T.J. Imare. Korma ona
3aKOHUUTCS, HeM3BeCTHO. Takoe MHOXKeCTBO ncxoioB 2 = {wi, ..., Wy, ...} U HA3BIBAETCS
CYeTHbIM. BbIYnC/IMM BEPOsiTHOCTH JIEMEHTAPHBIX HCXOJI0B.

p1 = P(wi) =p,
p2 = P(ws) = qp,
ps = P(ws) = ¢°p,

Pn = P<wn> = qn71p7

[IpoBepuM paBeHCTBO €ANHUIE CYMMBI BEPOATHOCTEH 3JIeMEHTAPHBIX MCXOJIOB, HCIOTb3Y s
BbIpaxkKeHue Jijisi CyMMbl 3JIEMEHTOB I'€OMETPUYECKOI 1IPOIPeCcCUm.

2 2
p+ap+ap+...=pl+qg+q¢+...) 14 =1

TaBH BITH = {w, w3, ..., Wokit,-- - HAY BBINTPBIII UTPOKA, Ha-

CocrtaBHoe €00 e A W1, W3, .y Wokt1, , O3HAYAIoIIee OKa, Ha
YUHAOIIEr0 MEePBBIM, COCTOUT U3 HEUETHBIX JIEMEHTAPHBIX HCXOIO0B:

PA)=p+¢p+p+...=p(l+¢+q¢"+..) =
p 1—gq 1 1

I- (1-q(l+tq 1+qg 2-p

[Ipu pasencrtBe BeposgTHOCTH ycnexa p = (.5 BEPOSITHOCTH BBIMI'PBIIIA UTPOKA, HAYU-
Haromero nepebiM, pasia 2/3. [Ipu yBeuueHun BEPOSTHOCTH YCIEXa P yBEJIUIUBACTCS
BEPOSTHOCTH BBIMIPBIIIA [IEPBOrO UIPOKA, IPH yMEHbIIEHUH — yMenblaercs. Hanpuwmep,
npu p = 1/6 u p = 1/9 umeem coorsercreenno P(A) = 6/11 u P(A) = 9/17. Takum
06pa30M, MPU YMEHBIIEHHH BEPOSITHOCTH YCIEeXa IMAHCHI BBIATPHINIA MEPBOrO U BTOPOTO
HUI'POKOB BbIPDABHUBAIOTCHA.

1.7 Teomerpuyeckasi BEPOATHOCThH

MucTpyMeHTOM OTHOM W3 a3apTHBLIX UI'P ABJdeTCd pyJaeTKa — KPYT, MOJeJTeHHbI Ha
CeKTOpa, M0 KOTOPOMY OJarogapsi BpaliaTeJbHOMY MeXaHH3MY JIBHKeTcs cTpenka. s
BBIUMCJIEHUS] BEPOATHOCTU COOBITUI, CBA3AHHBIX C OCTAHOBKOM CTPEJIKU B HEKOTOPOM 3a-
JIAHHOM CEKTOPe, OKa3bIBAIOTCsl HEJIOCTATOUYHBIMHU ITePEYUC/IeHHbIE PaHee cxeMbl. B Takom
cJIydae UCIOJIb3YeTCsl cXeMa IeOMeTPUYecKOil BePOSITHOCTH, B KOTOPOH MHOYKECTBO 3Jie-
MEHTapHBIX HCXO/0B () mpejcraBisger cob0il MHOXKECTBO TOYEK Ha ILTOCKOCTH, MMEOIee
WIoMa b (JJisi PYJeTKH — MHOYKECTBO TOYEK Ha OKDYYKHOCTH, JITHHA KOTOPOH MOMKeT
ObiTh u3Mepena). Ha MHOXKecTBe BCeX MOJAMHOXKeCTB S MHOKeCTBa {2, TAKKe MMEIOIIX
IJIOIIA/b, OLUPEeIe/IsieM BePOATHOCTH MONaJaHusd B A Kak 4uCJI0BYIO (DYHKIMIO, PABHYIO

orHonternto myomazneit P(A) Zzzgéi, A € S, co 3nauenussmu Ha unrepsane [0;1],
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P(2) = 1, ais KOTOpOi BEpOSITHOCTH TIOTAJIaHUs B MHOXKECTBO CymMMbl A + B aByX
Helepecekawouxcsa Muoxkecrs pasia P(A 4+ B) = P(A) + P(B).
Samaua 4. Yemy pasna 6epoamHocms mo20, 4mMo NPy CAYYAGTEHOM NPOKPYUUSAHUL
YACOBO20 METAHUSMA MUHYMHAA CTNPEAKAE 0CMAH0SUMCA Mencdy 1 u 2 uau & u 77
Jmmaa okpyzkHOCTH Bbhraucisgercs o gopmyne 2rR, rne R — paauyc nudepbdiara.
Jlnuna cekrtopa Mexy 1 u 2 paBna %‘3 = §, MexJay 5 u 7 paBHa %%. Takum obpazom

u7rR/6_+_7rR/3_i 1_1
HNCKOMagd BEPOATHOCTL paBHa CyMMe OTHOIICHHUHN 7R onR 12 6= 1-

Bamaua 5. /[soe dozo6opusuct 0 6cmpene 8 Ycao8AEHHOM MECME CACOYOULUM 0OPA3OM.
Kaotcdoti npuzodum 6 cayuatinwd momenm epemenu ¢ 11 do 12 wacos, naxodumcs mam

20 munym u yrodum. Yemy pasha 6eposmMHOCML MO20, YMO CMPEUA COCTNOUMCH?

BpemAa npuxona A

12.00

11.40

11.20

11.00 11.20 11.40 12.00
BpeMs Npuxona B

Puc. 1: Teomerpuueckoe peiienue 3aja4u d.

Ha puc.1 Toukam ¢ KoopauHaTamMu (,Yy) COOTBETCTBYIOT MOMEHTHI BDEMEHU MPUXO/IA
KazKJ0r0 U3 yYaCTHUKOB BCTpeUYU. 3aTeMHEHHasd 00JIaCTh COOTBETCTBYET COOBITHIO, 3a-
KTIOYAIOMEMYCS B TOM, UTO BCTPeda COCTOSIACh. BepoaTHOCTH BCTpeun paBHa 1 — 4=

9
g, TaK KaK ILIOMA/b €JMHUIHOIO KBa/[paTa paBHA €JIMHUIE, & ILJIOMA/Ab HE 3aTEeHEHHBIX
TPEeyroJbHUKOB PaBHA 2 - @32 _ 4

pey p 2 9

1.8 VYcuaoBHast BEPOITHOCTh U HE3ABUCUMOCTHh COOBITHI

VcaoBHOM BepositHOCTBIO P(A|B) HasbiBaeTCst BEPOSITHOCTH COOBITHS A IpU yCJio-
BUH, 9TO COOBITHE B yKe IPOU30ILIO U YMEHBIINIO KOJIXIECTBO 3JeMEHTAPHBIX HCXOI0B
c¢n 10 m < n. YCIOBHYIO BEPOATHOCTb MOYKHO BBIYHC/IHTHL MO KJIACCHYECKON (bopMmyie



BepositHocTr (1), [Inst 9TOr0 Hy»KHO 3HATH M — KOJHYECTBO 3JE€MEHTAPHBIX HMCXOJI0B,
YIOBJIETBOPSIIONINX YCJIOBHOMY COOBITHIO B, W 7 — KOJIHYIECTBO 3JIEMEHTapPHBIX HCXO/IOB,
YIOBJIETBOPSIIOMINX COOBITHIO AB:

o r/n  P(AB)

P(A1B) m  m/n  P(B) ©)

Orcroma mosrydaem (hopMyJty J1Jisi BEIYUCEHHUS BEPOATHOCTH MPOU3BEICHUS
P(AB) = P(A|B)P(B). (7)

Hanpuwmep, cobbitue A 03HaUaer 4eTHOE YUCJIO OYKOB, B 4ucjio 04koB, GoJibiinee 2,
By qucyio o4koB, 0oJibIiee 3. YCJIOBHBIE BEPOATHOCTU PABHBI

2 2
P(A|By) = 1= 0.5, P(A|B;) = 3= 0.667.
CpaBHUM 3TH BEPOSITHOCTH ¢ Ge3yc/oBHOI BeposTHOCTHIO P(A) = % = 0.5. B oxnom
cJydae mMeeM COBIQJICHUE YCJOBHON 1 0e3yCJIOBHON BEPOSITHOCTEI, B JIDYTOM HET.
Ecn ycioBHast BeposTHOCTHL coBnajaer ¢ OesycsiosHoii, r.e. P(A|B) = P(A), 1o

cobbitust A u B na3eiBaioTcsi He3aBUCHMBbIME. 113 (6) mosydaeM, 9T0 [Jist HE3aBHCHMBIX
COOBITHII BEPOATHOCTD IPOU3Be/IeHNs He3aBUCUMBIX COOBITUII paBHa IPOU3BE/ICHUIO BePOATHOCTeH
STHX COOBITHIA:

P(AB)

P(A) = PAIB) = 5. = P(AB) = PP(EB). 8)

Bagaua 2.(npoaoszkenue) Aeas0mes Au HE3ABUCUMBLMY napb, cobvmul E-F u E-
D?

st npoBepku HezaBucuMocTH coObiTHil E (3Hanne aHrymiickoro s3bika), F' (3nanue
dbpaniysckoro si3pika) cpaBauM BepositaocTh P(EF) = 0.2 ¢ mpou3BeieHieM BepOSTHOCTEI
P(E)P(F) =0.5-0.4 = 0.2, BeposITHOCTH COBIAJIH, CJeJ0BATEILHO 3HAHUE aHTJINIICKOrO
SI3bIKA He 3aBHCHT OT 3HAHUS (DPAHILY3CKOIO.

JI71 IpOBEpKY HE3aBUCUMOCTH COObITHH F (3HAHME aHIJIHHACKOTO si3bika), D (3HaHme
HEMEIKOro s3biKa) cpasuuM BepogrHocts P(ED) = 0.08 ¢ npoussejennem BeposiTHOCTE]
P(E)P(D) =0.5-0.35 = 0.175 = 0.08, BepOSITHOCTH He COBIIAJIM, CJIEJI0BATENHLHO 3HAHUE
HEMEIKOTO sI3bIKa 3aBUCHT OT 3HAHWS AHTJIHHCKOTO.

F\E | E FE |cymuva D\E | E E |cymma
F 20 20| 40 D 8 27| 35
F |30 30| 60 D |42 23| 65

cymma | 50 50 | 100 cymma | 50 50 | 100

Brrancnga yenosnsie sepoatHoctn P(D|E) = 8/50 = 0.16 < 0.35 u P(D|E) =
27/50 = 0.54 > 0.35, mosyuaem, 4To GOJiee BBICOKYIO BEPOSTHOCTH 3HAHUS HEMEIKOIO
SI3bIKA CPeJIN CTYJAEHTOB, KOTOpPbIe He 3HAIOT aHTIHHCKHUIT A3BIK.



1.9 dPopmysa nosHON BepoaTHOCTU M popmyaa baiieca

Cobpitus Ay, ..., A, 00pa3yioT HOJHYIO TPYIILY, €CJIU TOSBJICHAE OTHOTO COOBITHSI
HCKTI04YaeT nossienue apyroro (A;A; = 0, ¢ # j), u Kakoe-TO W3 HHX 00f3aTeTBHO
upousoiiger (A; + ... + A, = Q). Haupumep, cobbitue A; 3aK/I0Ya€TCA B TOM, 4TO

CJIy4aitHO BHIOPAHHBIN Y€/I0OBEK HMEET HEPBYIO IPYIITY KpoBH, Ay — BTOpyio, A3z — TpeThio,
Ay — uersepryio. ssecrno, uro 33.7% umogeil uMeeT mepBy0 Ipymniy KpOBH, MOITOMY
BepoATHOCTH cobbiTust A; paBua P(A;) = 0.337. AHATIOTHYHO MMeeM OCTaIbHbIe anpu-
opubie BeposaTHOcTH: P(As) = 0.375, P(A3) = 0.209, P(A4) = 0.079.

Puc. 2: Ay, ..., Ay — noanas rpyuna coobiruii. B = BA; + BAy; + BA3 + BA,.

O6o3naunM 4depe3 B coObITHE — HEKOTOPOMY YeJIOBEKY HEHM3BECTHO € KAaKOil IpYIITOit
KPOBH MEPETUIN HEN3BECTHYIO KPOBb, U OH OCTAJICS YKUB. /|15 BEIYHCIEHUST BEPOSITHOCTH
P(B) 3amerum, uro cobbiTue B cknajbiBaercs (puc.2) usz ceoux nepeceuennii BA;, BAs,
BAs, BAy ¢ cobbirusim Ay, ..., Ay, KOTOpBIE 00pa3yOT HOJHYIO IPYIIY:

B =BA, +...+ BA,.
BeposgTHOCTH 3T0# CyMMbBI OIIPE/IE/IsAeTCs KaK CyMMa BEPOATHOCTEI:

P(B) = P(BA1) + ...+ P(BA,) =
= P(B|A)P(A)) + ... + P(B|A,)P(A,).

Jis1 BeIUUCIeHUsT BepogTHOCTel nponssenennii P(BAy) Mbl BOCIOIB30BATHCH (DOPMYIIOH
BEPOATHOCTH yMHOKeHust coObiruii (7) Buga P(BAg) = P(B|Ak)P(Ag).

[TockoabKy GOJIBHOMY € HMEpBOii TPYNIOIl MOKHO II€peJuBATh TOJIBKO IEPBYIO TPYIILY
kposu, 10 P(B|A;) = 0.337. BobHOMY €O BTOPOI#i TPYIIOH MOXKHO MEPEIMBATH MEPBYIO
u Bropyto, 10 P(B|A2) = 0.337 4+ 0.375 = 0.712. BoabHOMY ¢ Tperbeil TpyIIIOl KpoBU
MOXKHO [epeJnBaTh nepByio u Tperbio, 1o P(B|A3) = 0.337 + 0.209 = 0.546. BosbHOMY
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C YeTBepTOli I'PYIIOH KPOBH MOXKHO MEpeIUBaTh JH00YI0 KpoBb, nosromy P(B|A4) = 1.
CureioBaTeIbHO, IPU CAYYARHOM II€PeTUBAHUN KPOBH
P(B) = P(B|A)P(A)) + ...+ P(B|Ay)P(Ay) =
=0.337-0.337 4 0.712 - 0.375 + 0.546 - 0.209 + 1 - 0.079 =
=0.1136 + 0.2671 + 0.1141 4 0.0790 = 0.5737.

B obmem Buje mig s1000i MOTHON rpynnsl cobbituii Aq, ..., A, dopmyiia moaHoii
BEPOATHOCTHU HMEET BU/L

P(B) = ZP<B|Ai)P(Ai)- (9)

Anocrepuopabie (0yKBasbHO, OCIe onbiTa) Beposithoct P(A;|B) n3 bopMmysbl yeao0BHO
BepogrHocTu (6) umeror Buj P(A;|B) = PP((Aéf. Orcro/ia morydaeM 10U IIpeIcTaBaTe el

K&)K,ZLOIZ I'pyIIbl KPOBHU CPpE€N BBIZKHBIINUX IIOCJIE CJIy‘I&fIHOFO nepeaunBaHud KpOBHU:

P(A,B)  0.1136

P(4A,|B) = BB~ 0573 0.1980,
P(Ay|B) = P 1(31?129? ) _ 8;2; = (.4654,
P(As|B) = P ](f(l;? ) _ 8;;1; = 0.1999,
P(A4|B) = PAB) _ 00190 _ (507

P(B)  0.5737

B obmem Buie 11 BBIYUCTEHNS ATOCTEPUOPHBIX BEPOITHOCTEN HCIOIb3yeTcsa pop-
myJsaa Baiieca:
P(BIAYP(Ay)  P(AB)

s r@apa) T

P(Ag|B) =

Bamaua 6. Hadeorcrnocmv swviasienus mybepryseda npu Garopohomomempul, pacHa
90%. Bepoammuocmo owubounozo duaznosa pasha 1%. Pacnpocmpanennocmos mybepkyiesa
pasra 0.1%. Qemy pacna seposmmnocms moz2o. wmo ueaosexr ¢ naoxot’ daropodomomems-
pueti Ha camom deae boaer? BoLaeauM MOJHYIO TPYIILY cOObIThil: A1 — desioBeK 3710poB, Ay
— vesioBek GoJieH. Anpuopusie BepostHoctn: P(A;) = 0.999, P(As) = 0.001. Cobbitue B —
"mnoxas” dgaopodoromerpust. Eciin genoBek 370poB, TO BEPOSTHOCTE omtuoku (7 mioxoit”
dbuaropodoromerpun) pasua 1%, 1o ects P(B| A1) = 0.01. Eciiu uesioBek 6oJ1eH, TO BEpOsT-
HOCTh NPaBUIbHON nauarHocruku pasua P(B|As) = 0.9. CHadana BRIYHCIIM BEPOSITHOCTH

x99

"mnoxoit” daopodoromerpun o dbopmyste noHoit BepogTHOCTH (9):
P(B) =10.999 - 0.01 + 0.001 - 0.9 = 0.00999 + 0.0009 = 0.01089.

Orciofa moJiydaeM BepOsTHOCTH TOTO. UTO 4eJ0BeK ¢ I10xoi” dtopodoTomerpueil Ha
camom gere Gosen, P(Ay|B) = 23388 = 0.0826. Tax 4o TOMbKO 8% JIMIL OKA3BIBAIOTCS
OOJBHBIMI Ha CAaMOM IeJie.
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1.10 3amaua ge Mepe

Cy1ecTByeT HCTOPUIECKUIT AHEK/T0T, CBA3AHHBI ¢ TIOCTUKEHNEM TEOPHH BEPOSITHOCTEH
meBasbe ae Mepe, KOTOpBIil TTpeiarai 3aK/JII09ATh Tapid Ha TO, UTO 3a 4 moa0pachiBaHUs
UrpasibHOil Kocru (0ObIYHBI MIeCTHIPAHHBIT KYOUK) XOTsi Obl OJMH Pa3 KyOMK BbIIAJET
CTOPOHOI ¢ 1ecTbio 0uKamu (cobbitue B).

O603na9nM Yyepe3 A; cobbITHe, KOTOPOE 3aKII0YAETCS B TOM, UTO II€CTh OYKOB BHIIAIET
tpa3, t=0,1,2,3,4. Cobpitue 2 = Ay + A1 + Ay + A3 + Ay aBagercsd J0CTOBEPHBIM, OHO
00s13aTeTbHO TPOW30ii/IeT, TaK KyOUK JIMOO HU pa3y He yHaJeT MIeCTHOYKOBOW CTOPOHOIT,
6o 910 upousoiiger oaun, asa, rpu uin 4 pasa. P(Q) = 1. Cobbirue B (xors 6bl pas
6 04YKOB) MOXKHO BbIpasuTh Kak cymmy B = Ay + Ay + Az + Ay, Beposrnocrs P(B)
MOZKHO COCUUTATH JBYMsl criocobamu: jiubo Halitu BepostHoctu P(A;) npu t = 1,2,3,4
U UX CJIOKHUTh, JTUOO KAaK BEPOATHOCTD IIPOTHBONOJIOKHOIO cobbitusa P(B) =1 — P(Ay).
CobpiTne Ay o3HAYAET, YTO 3a YeTHIpEe MOMBITKH CTOPOHA C IIECTHI0O OYKAME TaK W HE
MOSIBUTCS. BeposITHOCTH TOTO, 9TO MPU OJHOM MCHOBITAHUU KYyOWK yHageT Ha JIIOOYIO U3
ISTH CTOPOH KPOMe IIeCTHOUKOBOM, paua 2, Torga P(Ag) = 2 -2 -2 -2 = 0.48. Cueno-
BaresibHO, P(B) =1 — 0.48 = 0.52. DTa BeposTHOCTL HE HAMHOIO, HO GOJIbIIE OJIOBUHBI.

Kak mracur amexjior, jge Mepe pelrui, 9T0 HaIlleJ OyTh K OOOTaleHHio, HO ¢ HUM
JIOBOJIBHO CKOPO HUKTO HE CTaJ WrpaTh. 1orjga OH mpuayMmas JApyroe mapu u s JBYX
KYOMKOB YBEJTUYHJ YHCI0 HCHBITAaHUN 10 24. OmmbGOIHO OH BBIYUCTWI, 9TO Nph 24-X
110/10paChIBAHUSX JIBYX KYOMKOB C BEPOSTHOCTHIO % XOTst ObI Pa3 BBIMIAYT JIBE ~ MIECTEPKU
OJ/THAKO HKCIEPUMEHTATHLHO YCTAHOBUI BEPOSITHOCTD, OTM3KYI0 K mojoBuHe. OO 3TOM He-
COBITaIEHNN OH cooOInI ipu BcTpede Biesy [Tackasiro, KoTopwiit B CBOIO 0Uepeb 00Cy XK 1A
9Ty 3a7a4y B epenucke ¢ [Ibepom e Pepma. O6a 3T yueHble HOATBEPIIH TPABUILHOCTD
9KCIEPUMEHTATHHOTO pe3yabTara meBasbe e Mepe. [IocKoabKy BEpOSITHOCTH HEBBITIAIE-

35

Hug JAyx "mecrepok" OJHOBPEMEHHO paBHa 2, TO BEPOATHOCTH TOrO, 4TO 3a 24 pasa
35

24
"1iBe mecrepku" TaK W HE BBIIALYT HU Pa3y, PaBHA (%) ~ 0.51, ciejoBare/ibHO, XOTS
Obl OJIMH pa3 OHU BBLIIALYT C BepodTHOCTHIO (0.49.

1.11 DbunHoMuaJibHbIA 3aKOH pacIiipejiejieHus

Ob6oznaunM depes & ciaydaifHOe YHCJIO BBITAJIEHUS MIECTH OYKOB UIPATHHOTO KyOHWKA
B n = 4 HesasucnMbX ucnbitanusax, pp = P{& = k}, k = 0,1,2,3,4 uepes p =
BEPOSITHOCTh BBINIAJIEHNsI MeCTH O4YKOB (ycrex), depes ¢ = 1 — % = % BEPOSITHOCTH

HeBbINA/IeHUs IIeCTH 04KOoB (Heynaua), yepes C¥ oboznaueno uuc/io coueranuit no k us n
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9JIEMEHTOB, KOTOPOE BRIYHCIsIeTCst 110 (5).

YUCJIO BapUaHTHI BEPOATHOCTH
yCIIEeX0OB k KOMOUHANuU Dk
0 0000 C’ffpoq4 = (%)4
1 @000 oeoco ooeo oooe| Clplgd=14 %(%)3
€000 €060 e0O0e Oeeo

: oo e cowe | Cl¢ =6 (1) ()
3 eee0 o006 o000 Ooee C’i’p3q1*4~(%)3 (%)1
4 XX C’ip‘lqo = (%)4

- 54455 46-524+4-5+1 (54 1)
Zpkz 6 " =1

k=1

Eciin u3BeCTHBI BCEBO3MOXKHbBIE UCXOMAbI X1, T2, ..., TN CIAyHalHOIO sKcuepumenta &, a
TakzKe BepositHocTu p; = P(€ = x;), i = 1,..., N, T0 roBopsT, 4T0 33/]aH 32aKOH pacupe-
JeJIEHUA CJIy4ailHOrO 9KCIEePUMEHTa

TN

PN

¥

Cayuqaitnasg BendanHa &, paBHAsS CTyIalHOMY YUCTY YCIEXOB, IMeeT OMHOMHUATbHBIN 3aKOH
pacnpejieIeHnsd:

x
b1

X2

2 (10)

(11)

Ha pucynke 3 onun rpadukos (cTosOGuKm) mpeacTaBiser cODOH 3aBHCHMOCTH MEKILY
qucsioM ycrexoB k u Bepostaoctamu P{§ = k} B ciyuae n = 100 u p = 0.4.

P{g: kj} = Cspk<]‘ _p)n_k7 k = 07]‘7"’7n‘
1.12

HopmanbHbIilt 3aKOH paciipeeieHnus

[Ipu yBesmm4ueHnN YUC/Ia UCIBITAHUI N ¢ BEPOITHOCTHIO yclieXa p OMHOMHUAIbHIT 3aKOH
pacmpejeseHnus MOXKeT ObITh BbIpaKeH aHAJTUTUYECKH B BUJE (DYHKIHI

flx) = e 20?7 (12)

2ro

rae @ = np, 0 = y/np(l —p). D10 03HAUAET, YTO €CJIU YUCIO UCIBITAHUNA BETUKO, TO
JUTS CTy9alHOTO YHCIa YCIexoB W3 N He3aBHCHMBIX UCHBITAHUNA BEpPOSTHOCTH P{{ =
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0,1 -

0,05 1

0,06 -

0,04

0,02 4

L o o o o et B e
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Puc. 3: BunomuaJsibnoe pacipejesenue ¢ napamerpamu n = 100 u p = 0.2 u HopmaJibHOe
pacrpenenenne ¢ napamerpavu i = 20, 02 = 16.

k} moxer ObiTh BblYmMCJeHA jBYyMs crnocobamu: 6o npu nomoniu (opmysbt (11) 6u-
HOMHUAJIBHOIO 3aKOHA pactpesesenus, aubo npu nomomu (bopmyrs (12) HOpMaabHOrO
3aKOHA pacrpejesienns, e © = k. D9ToT (HaKT B TEOPUU BEPOSITHOCTEH HAZBIBAETCS
teopemoii Myaspa-Jlannaca (puc.3). Hanpumep, p = 0.2 — BepoaTHOCTH TOrO, 4TO
MOJIOZION YestoBeK K 20 rojaM He Kypur, £ — caydaiinoe yncao nekypamux u3 100 cayuaitno
BBIOPAHHBIX JIBA/IIATUIETHUX. BBIYUCIUM BEPOSITHOCTH TOIO, 9TO U3 HUX 15 OKaXKeTcs
uekypsiumu. [lo dopmyse (11) sra BepositaocTs pasha 0.048, mo dopmysie (12) paBha
0.046.

['pacduku dbyuxmun (12), Koropasi Ha3bBAETCs MJIOTHOCTHIO HOPMAJBHOIO PACIpe-
JleJIeHHSI, TIPH Pa3JUYHbIX 3HAUEHUSX [MapaMeTpoB [ U 0 H300paKeHbl Ha pPHUCYHKe 4.
MaxkcumaibHOE 3HAUYEHUEe IJIOTHOCTH TOCTUTAETCS B TOUKE (i, & B TOUKH [t — 0 U [ +
0 ABJILAIOTCA TOYKaMu meperuba. Uem menbine o, TeM MeHee Bapuabe/bHee CJIydailHbie
HAOJIIOEHNST U TeM TJIOTHEe OHW KOHIEHTPUPYIOTCST OKOJIO .

g mo6oii cayqaiinoit Bemuunbl § dyukmus F(x) = P{{ < z} naspiBaercst pyHK-
nueii pacupenejgeHud. Ecin ona u3BecTHa, TO MOXKHO BBIYUCIUTH BEPOSITHOCTH IIOIA-
JIaHUs CAyJIaiHON BeJIMIUHBI B JTIOOONH MHTEPBa,

Pla<¢<b}=F(b) — F(a). (13)

Tabsmna 3uavenuit pyaknun (r) cTaHZAPTHOTO HOPMAJILHOTO PAaCIpeaeseHusd,
KoTopoe umeeT Mecto npu (4 = 0 u 0 = 1, npejcrabiena B Tabauie 7. B 3/1eKTpOHHBIX
rabaunax Excel sta ¢dynknus soizpiBaerca depes HOPMPACII.

Yamie Bcero tabsmieir 7 1MOJIB3YIOTCS JIJIsl BbIYUC/ICHUs] KBAHTHUJ/IEH pPaciipe/ie/IeHusl.
P-xBaHTUJIB — 3TO YHUCJI0, BEPOATHOCTH HE MPEBBICHTH KOTOPOE CJIyYaiiHO#l BejanduHe
Z pasua P (puc. 5). P{Z < Zp} = P paBHO IO/, OIPAHUYEHHOI MIOTHOCTHIO
pacmpejeeHus ¥ BepTUKAJIbLHOM IIPAMOIi, Ipoxo/idiieit yepe3 Touky Zp. Hampumep, 0.975-
KBAHTHJIBIO CTAHIAPTHOI'O HOPMAJIBLHOTO pacipeaeaenns apiasgercs ducao 1.96. B tabuie
7 9TO YHCI0 HAXOAUTCA Ha mepecedeHunn crpoku 1.9 m cronbma 0.06. /Ias BeIYMC/IeHUS
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Puc. 4: Kpusble mioTHOCTeH HOPMAJIBLHOIO 3aKOHA, PACIIpe/iesienus ¢ napamerpamu p = 40,
0% = 25; u =60, 0? = 25; = 50, o = 49.

0,09

008 |

007 f
006 f

0,05 -
004 /
003 /
002 -

ip
001 - /
0,00

Zp
0,
0 26

32 35

44 a0 a6

Puc. 5: Nnmoctpanusa P-KBaHTIIN paclpeIeaeHns.

P-xBantuam npu P < 0.5 MOXKHO BOCIOJIB30BAThCS TE€M, YTO MJIOTHOCTH CTAaHIAPTHOTO
HOPMAJIBHOI'O PacIpejiesieHus sBjgeTca (pyHKIHeil, CHMMeTPUIHONW OTHOCUTEJIbHO HYJIS,

U TeM, 9TO BCS ILJIOMAJb, OTPAHUYEHHAs IJIOTHOCTHIO paclpejiesieHusl paBHa 1, TO ecThb

O(—z) =1 —&(x). B wacrnocrn, ¢(—1.96) =1 — &(1.96) = 1 —0.975 = 0.025. Coryiacuo
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(13), muast cTaHZAPTHO HOPMAJILHO PACIIPEIEICHHOI CITy9ailHO BEJIMYINHBI Z ClpaBe/[JInBO
P{-1.96 < Z << 1.96} = ®(1.96) — ®(—1.96) = 0.975 — 0.025 = 0.95.

D10 03HaYaeT, UYTO ¢ BePOoITHOCTHIO (.95 3HAUEHUsI C/IyUIalHON BeJTMYINHA COCPEIOTOIEHBI
Ha wHTepBaJe oT -1.96 10 1.96.

Jlns BeIYHCIeHusT BeposTHOCTel (hyHKInu pacnpeaenenust F(x|u, o) ¢ mapamerpamu
i1 # 0 u o # 1 MOXKHO BOCIOIB30BATHCA (hOPMY.TOii

Plelpo) = Ple < ap =0 (121). (14

g

B YaCTHOCTHU, Ha IMTPaKTHUKE NHOT'Ja BaKHEe 6bIBaeT onpeaesjinTb He BEepOATHOCTb TOr'o, 4YTO
YUCJIO HEKYPSIIUX TOYHO PABHO 15, & BEPOSATHOCTH TOTO, HEKYPAIUX OyjieT He 0OJIbIIe
15. Dra BEpOATHOCTH paBHA ILIOMAIM, orpaHudeHHoil dyuknueit (12) npu p = np =
100-0.2 =20, 0 = v/np(1 — p) = V16 = 4 cesa 10 3navenns x = 15. OGo3HAINM Yepes

X ciydaiiHOe YUCJI0 KYPSIIUX CTYJIE€HTOB.
15 —20
V16

Hnga seranciaenns ®(1.25) mbl Bocnosib3oBanuch Tabsuneii 7, snadenne 0.8944 jexur
Ha nepecedennu cTpokn 1.2 u cronbma 0.05. B snexkrponnsix tabaumax Excel moxkHO

Bocrosb3oBarbes dyuknneit P{X < 15}=HOPMPACII(15;20;4;1). Yucsno 15 sBasgercs
0.1056-KBaHTUJIBIO HOPMAJLHOIO 3aKOHA ¢ mapamerpamu i = 20, o2 = 16.

ngguﬁ:¢< >:@@42@:1—¢a2®:1—08%4:0m%.

JIj1s1 TOro 4TOOLI CPABHUTE, HACKOJIBLKO BEJINKO PACXOKICHUE MK 1y OMHOMHAJILHBIM K
HOPMAJILHBIM PACIpeIeAeHAeM IPH THCIe HCILITaHuii, paBHOM 1. = 100, Hy2KHO BBIYUCJINTD
Bepograoctu P{{ = k} mna k = 0,1,...,15 npu nomomu dbopmynsr (11) u 3arem ux
CJIOKUTD. Be3 Henoab30Banns BLIYUCIUTEILHOM TeXHUKY BEIUACICHIS OKA3BIBAIOTCS OYCHD
TpynoeMkumMu, orser (.128.

Bamaua 7. B nekomopom Kypopmmom 20podke ¢ 08Ymsa 00UHAKOGHLMU PECTNOPAHAMU
6 pasaap cesona nposcusarom n = 1000 mypucmos. Uemy pasna eeposmmocmsb mozo,
wmo npu nasuwuu 500 mecm mypucma ne cmozym obcayscums? Croabko Mecm HYHCHO
umems 6 pecmopane, wmobo. ¢ eepoammnocmvio 0.99 cayuatino sawedwut mypucm cmoz
noobedamo ?

O6oznaunm vepes & ciaydaitHoe umcsio mocerureseit, gepe3z M wucio mectr. p = 0.5,
np = 500, np(1 — p) = 1000 - 0.5 - 0.5 = 250, /250 =~ 16. [Tycrs M = 500.

500 — 500
T ) (0) =0.5

Il oTBeTa Ha BTOPOIl BOIPOC UCIOJIb3yeM Bbipazkenue (14).

PK>5%}=1—P&§5%}:1_¢(

ngMy4w9¢>¢<;%lﬂL>—Q%.
np(1 - p)

[To Tabaune 7 HaxomuMm, uto BeposgTHOcTH 0.9901 cooTBeTCTBYeT KBaHTHIb, paBHAs 2.33,
M—

CJ1e/I0BATEJIBHO, \/Tnfp) = 2.33, orkyna M = np + 2.33y/np(1 — p) = 500 4+ 2.33 - 16 =

537.28. TakuM 0Opa30M JIOMOJHUTENbHBIE 37 CTYJIbEB MOTIYT CYIIECTBEHHO YJIYVUIIUTL B

ropojie 00CTyKHUBaHIE TYPUCTOB.

16



1.13 Pacnpenesienusi, CBA3aHHbIE C HOPMAJbHBIM

N3 nociaenoBarenbuoctu &1, o, - . . , &, HE3ABUCUMBIX CTAHIAPTHO pACIPEIeIeHHbIX CJIy-
JAWHBIX BEJINYNH OBLTH IIOCTPOEHBI HOBBIE CIydYaiiHble BeJMIuHb 7,  u 1,

Pacnpenenenust | xu-xBajpar | CThiogenTa Qumepa
Crenenu ¢BobOIbI n n num
= 2 £ %k 1613
— — 0 — =
n=>¢& |(=s—=p—|V="%—
=1 1 £2 pees M
k=1 " k=1

pacrpe/ieseHns KOTOPBIX ObLTH BBIYHCJIEHBI 1 HA3BAHBI COOTBETCTBEHHO PACIIPE/IeIeHUIMA
xu-kBajapat, Croionenta u QPumepa. Crenenn cBOOOABI ABILIOTCI TTapaMeTPaMH THX
pacupeneaeHnii.

CoBpemMeHnHOe pPOrpaMMHOe 00ecredeHne MO3BOJIsieT HAWTH BEPOSTHOCTH MOTIAIQHUS
CJIy4aitHol BeJIMYUHbI 7) B 11000 nnrepsas. Hanpumep, mis Jjiroboro xg > 0

P(n > zg) = XU2PACII(z¢;n),
P(¢ > xy) = CTBIOAPACII(zp; n; 1),
P(¥ > x9) = FPACII(xg;n;m).
[Ipn yBeamdeHun ducia cremeneil cBoOoAbl pacupesesnenne CThIEHTA CTAHOBUTCS BCE

OoJiee TIOXOKMM Ha CTAaHIAPTHOE HOPMAJbHOE pAacIpe/ie/ieHne, KpuBas KOTOPOTO Ha pH-
cyHke 6 m300parkeHa TOHKOI JUHUEH.

041 xu-readpam ¢ 2en.ce. 0,45 Crpiodenme ¢ 4 cm.ce.
0,35 4 0,47
034 0,35
Ao 0,3
0,25 -
02
; 0,2
0,15 0,15
0.1 0,14
0,05 4 0,05 -
0 - 0+
L N R SR T - R S LY
o ot P R b b R Pt w7 o° of wP Y pf pf e e W f

Puc. 6: IlmorHocTn pacupenenenns xu-kBajapar u CTbOJIeHTa COOTBETCTBEHHO C 2-Ms U
4-MU cTeneHaMU CBOOOIIHI.

JIng BBIYHCICHAS KBAHTUICH 9THX paCIpeJeeHuil HCIOMb3YIOTCa Apyrue (DyHKINH.
[To ompenenennio, P-KBAaHTIIH Y5 (N) pacipeaeennst XU-KBAIPAT C 7 CTeNeHSIME CBOOOIBI
) P
yaosaersopser coornomrenuio P{x? < x%(n)} = P, ciaeposareibro,

X% (n) = Xu20BP(1 — P;n), X1120BP(0.05; 1) = 3.84 = x2 5(1),
np(n) = CTBIOJAPACIIOBP(2(1 — P);n), CTBIOAPACHOBP(0.1;10) = 1.81 = 19.95(10),
Up(n,m) = FPACIIOBP(1 — P;n;m), FPACIIOBP(0, 05; 10; 10) = 2.98 = 1J.95(10, 10).
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2 CrarucTmieckKkme MeTOIbl

2.1 TIlocTpoenme rucTorpaMMbI

MatemaTniecKass CTATUCTHKA TO3BOJIET MMOJIyYaTh 0OOCHOBAHHBIE BBHIBOJBI O CBOMCT-
Bax CJYYalHBIX BEJIUUNH 10 KOHEYHON COBOKYITHOCTH HAOTIOeHN HAaJl HUMH — BHIOOPKeE.
3akoH pacupejiesienust HAbJIIOAeMON CJIyJaitHON BeJIMIMHBI HA3bIBAETCS T€HEPATIBHBIM.

Bribopka npejcrasiisier co0oii ocjie10BaTeIbHOCTD YUCeI X1, . . . , Ly, HOJYIEHHBIX Ha,
MPpaKTUKe MTPU N-PaTHOM HNOBTOPEHUH IKCIIEPUMEHTAa B HEU3SMEHHBIX YCJIOBUI. HaHpI/IMep,
B pe3yJibTaTe U3MepeHUil Jelpeccuu o MIKajie 3YHIa y CTY/JIeHTOB JTHEBHBIX OT/Ie/ICHHIT
YHUBepCcHTeTa ObLIa MoJydeHa BhIOOpKa obbema n = 83.

[epeitaem K yrnopsio9eHHON BHIOOPKE, KOTOPYIO HA3bIBAIOT BAPUAIMOHHBIM PSIOM.
Oxka3biBaeTcsi, 9TO OJMH CTYJIEHT WMeeT OIEeHKY jemnpeccun 24, nsoe 27, eme jaBoe 28,
eme aBoe 29, oaun 29,5, Tpoe 30 n T.4. Ecim koamdecTBO rpaganuii HeBEJIWKO, TO 3TY
HPOIEYPY MOXKHO HPOJOJIZKHTD U IPEJICTABIATH JAaHHbIE B BHJE BapUAIMOHHOTO psJIa.
OHaKo B JJAaHHOM CJIydae uMeeTcs 34 rpaJalyu, MO3TOMY €CTh CMBIC] X CTPYIIIHPOBATD
110 HEKOTOPbLIM HHTEPBaJlaM, Jiy4dlle OJMHAKOBbIM.

Henpeccua no Weane 2yHra

[
=)
5

\\\\\E;
| RN

KON-Bo HabnwaeHKA

24 28 3z 38 40 44 48 52 56 80 64
MHTEpBankl HabMoAeHKiA

Puc. 7: Tucrorpamma npusHaka JEHPEcCUd MO NIKaJje JyHra.

Jlmvia mHETEpBaJia TPYIIIMPOBKU  ABJISETCH YIPABIMIONIM IIaPAMETPOM, TOITOMY
BBIOOD MOIXO/ISAINIEl JJIMHBI i KOJTNYIeCTBA HHTEPBAJIOB ONPEIE/IAeTCs YaIle BCErO 3IpaBbiM
CMBICJIOM HJIM OIIBITOM PabOTHI ¢ JaHHBIME. Ecjin MaTepuas He 3HAKOMBIH, TO BHIYHCILIOT
pa3max BbeIOOpKU R, paBHBIN PACCTOSHUIO MEXKIY MAKCHMAJILHOW M MHHHMAIBLHOI Ipa-
JAlUsSMU, W JJIMHY MHTePBaJa IPYHIUPOBKU II0Jy4al0T KaK OTHOIIEHUE Pa3Maxa K KO-
JINYECTBY MHTEPBAJIOB IOPSAKA JIECATH W BBIIIE B 3aBUCHUMOCTH OT 00beMa BBIOOPKHU.
JlmuHy mHTepBasa Jist yA06CTBa MOXKHO OKDYIJIATH, a Kpaiinue uHTepBasibl ("XBoCThI”)
00bLEUHUTD, €CJIM KOJUYECTBO HAO/IIOJEHNIT B HUX He [PEeBLIIAeT, HAIPUMED, IIATH.
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PaccmorpuMm nnrepsasibl jijinHoM 4, HAYWHAS ¢ MUHAMAJILHOTO 3HAYEHU s, paBHOTO 24, 1
coCYnTaeM KOJIMIeCTBO HAOJIOIEHUI, TIOMATAMOUX B KazK/IbIil 13 HHTEPBAJIOB, U IIOCTPONM
TUCTOTPAMMGBI: UCXO/IHYIO U C YI€HHBIM ~XBOCTOM ' , OITCBHIBAIOIINE 3aKOH PACIIPe/Ie/IeHHS
HCCIeyeMoil XapaKTepucTUKH. ['paduK rucTorpaMMbl IpeIcTaBaeH Ha pUCYHKe 7.

UHTEPBaJIbI KOJI-BO NHTEPBaJIbI KOJI-BO
HaOIOIeHTI Habomennit
< 28 5 < 28 5
(28; 32 17 (28; 32] 17
(32; 36] 13 (32; 36] 13
(36; 40] 20 (36; 40] 20
(40; 44] 14 (40; 44] 14
(44; 48] 11 (44; 48] 11
(48; 52 3 > 48 5
(52; 56] 0 BCEro 83
(56; 60] 2
BCEro 83
rog 2004, MHTEHCMEHOCTE 0.9, 3KCTEHCWEHOCTE 35
rof 2005, MHTEHCMBHOCTE 1.4, 3KCTEHCMBHOCTE 29
15
16
14 7
Ehoy 12
% 10 R
% & N
3 7 7
s e \
4
.
. B rop, 2004

e
20 25 a0 3 40 45 &0 55 60 ps A Z00S

AENPECCHA N0 WESNE 3y¥HMa

Puc. 8: T'ucrorpaMvbl mpu3Haka JeMPeCCHr 110 MIKaJIe 3YHra, COOTBETCTBYONIEr0 PA3HBIM
roJ/IaM.

[Tocrpoum jBe rucrorpaMmbl (puc.8), COOTBETCTBYIONIME OJHOMY W TOMY 7Ke PU3-
HAKYy JIEPECCUU 10 TKajae 3yHra, HO B paszubie roaer: 2004 u 2005. Obparmmaer wa cebdst
¢dakKT, 9TO OJ[HA TUCTOI'PAMMa CJIBUHYTA IIpaBee, H ee pa3Max OOJIbIIe. DTO COOTBETCTBYET
TOMY, UYTO B CpeJiHEM OIleHKa Jenpeccun Bbime B 2005 rojy, m cpeju 3TUX CTYAEHTOB
HabM0aaeTcsa Oobinee pasHooOpaszne. UYHCAEHHO 3TH PA3IUUUS MOKHO H3MEPHTHL IIPH
IIOMOIIU XapPpaKTEePpUCTUK CpeaHero u JucCiiepCuu.
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2.2 Cpenanee, nqucnepcus

OCHOBHOII XapaKTepHUCTUKONH NMEHTPA MOJOKEHU CJAydaiiHOW BeJHMYUHBI &, pacipeje-

JIEHHOH 1O 3aKOHY
f . r1T X2 ... IN
N Y
pr P2 ... PN
ABJIIeTCd CpeJHee 3HaYeHue [, KOTOPOe BBIUNCIAeTCA IPU IMTOMOIIN BhIPpaKeHUd

=T1p1 + ...+ TNPN. (15)

[TosicuuM 3TO BBIpaKeHHe Ha IpHMepe. BceM XOpoIro 3HAKOMA CHTYaIllMs, KOrIa B
IIKOJIE B KOHIIE YETBEPTH JEJIAI0TCS HPOTHO3bI OTHOCUTEJIHLHO TOIO, KaKasi OIeHKa Oyaer
BBIBEJIEHA 110 TOMY WU WHOMY Tipeamery. [lycrh ciyuaitabie onenku mo jguteparype & u
dusuke & MOIINHEHBI 3aKOHAM

g (2 3 405 (2 3 405
L\ 01 02 03 04 204 03 02 01 )°

KOTOPBIM MOTYT COOTBETCTBOBATH HAOOPHI OMEeHOK 2,3, 3,4,4,4,5,5,5,5n 2,2,2,2,3,3,3,
4,4.5 co cpejguuvu apudpmerndeckumu 4 u 3. HerocpeicTBEHHBIMU BbIYUC/IEHUSAME Y O€ K-
JIaeMCsl, 9TO CpeJIHMe 3HA4YeHUs CJIYyYailHbIX BEJIUYUH JIEHCTBUTE/IHHO PDABHbBI

1=2-01+3-0244-03+5-04=02+0.6+1.2+2=4,
s =2-04+3-034+4-02+5-01=08+0.9+0.8+0.5=3.

Ecan numeercs Beibopka HabI0OAeHUNR T1,. .. ,T,, TO BBIOOPOYHOE cpeaHee 0D03Ha-
4aeTCs Yepe3 T WM [i U BBIYUC/ISIETCS KaK cpejHee apuMeTuaeckoe:

XapakTepncTnka BapnabeJbHOCTH JAHHBIX — JUCIEPCHd 02 — onpeeseTcs Kak

Cpe,ZLHI/Iﬁ KBa/JIpaT OTKJIOHEeHHd OT CpeJHEro 3Ha4eHHu A

o2 = (x1 = p)’pr + ... + (an — p)’pw- (17)
B kauecTBe ONEHKH JUCIIEPCHHU 110 BBIOOPKE X1, . .., T, OOBIYHO HUCIIOJIbL3YIOT BBIPAZKCHUE
52 = ! zn:(m—x)Qz ! zn::vz—nxQ (18)
n—14 ’ n—1\<=" '

Hapsiay ¢ aucnepcueit 02 HCHOML3YIOT TaKyKe XapaKTePHCTHKY CTaHJAPTHOTO OT-

KJIOHEHHUS 0, KOTOpOe PaBHO KBaIPATHOMY KOPHIO U3 auctepcun. OMeHKoi CTaHapTHOTO
OTKJIOHEHHUS 110 BBIOOPKE X1, . . ., T, SABIIETCT S.
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Jl1s BBIMHUC/IEHUST TUCTIEPCUH CJIYYAHBIX OIEHOK 110 JjuTeparype u usuke & u &
PaccMOTPHUM KBaJpaThl OTKI0HeHus oT cpeauero (& — pu1)? u (& — pa)?

2P (-1 0 1 N E U
(51—H1)2-< 0.1 0.2 0.3 0_4) (62_“2)2'< 04 03 0.2 0.1)

1 BBIYUCJIUM HUX CpeIHHNE 3HaUYeHUd, KOTOPbIE ABJIAI0OTCA JUCIIEPCUAMU O'% n O'% CJIy‘I&ﬁHbIX

Besimann &1 u &yt

01=4-01+1-024+0-034+1-04=04+02+0+04=1,
05=1-04+0-03+1-024+4-01=04+0+02+04=1.

Urak, onenku mo (pusnke m JUTEpPAType OTIUYAIOTCS MO CPEJTHUM 3HAYEHUIM W UMEIOT
ojiuHakoBbIe jiuciiepcun. [Ipusejiem npumep paciipejiesienus ¢ Menbliieit juctepcueii. [Ipej-
MOJIOYKUM, 9ITO CAydaiiHas OmeHKa 1no pus3KyabType {3 nMeer pacrupe/ie/ileHue

- 2 3 4 5
35V 0 01 08 0.1 )

Cpeanee 3nadyenne pao i3 = 2:04-3-0.1+4-0.84-5-0.1 = 0+0.34-3.240.5 = 4, nucnepcus
paBHa 02 = (2—4)2-0+(3—4)2-0.1+(4—4)*-0.84+(5—4)%-0.1 = 0+0.1+0+0.1 = 0.2. To
ecTb BapuabeJibHOCTh BO3MOXKHbBIX OIEHOK 110 usky/abrype d5,4,4,4,4,4.4 4 4.3 B usdarh
pa3 MeHblle BapuabdeIbHOCTH OIEHOK 110 (pU3KKe U JuTeparype.

2.3 JloBepuTenbHbII MHTEPBAJ W OIMNOKAa CpPEIHETO

Bribopounoe cpejgnee T 110 HAOJIOJAEHUSM X1, . .., Ty CO CPEJHUM 3HAYCHUEM (L U JIUC-
mepcueit 02, Kax HETPY/THO 3aMeTHUTh, CAMO ABJISETCS CAydailHOl BenInHoil. Pacemorpum
JIUHAMUKY U3MEHEHH IOoKa3aTeseil ypoBHs JIEPECCHH IO IIKaJe 3YHTra CTYIeHTOB BOC-
TOYHOTO (haKyIbTeTa.

2004 | 2005 | 2006 | 2007
T 35.9 | 40.9 | 38.1 | 41.0
S? 149.8 | 59.5 | 36.0 | 85.2
n 15 38 31 14

S/yn| 1.8 | 1.3 | 1.1 | 2.5

B MaremMaTHuecKoil CTATHCTHKE M3BECTHO, UTO CpeIHee 3HAYeHHe CIyYalHOTO BbI-
OOPOYHOIO CPeJIHer0 T PABHSIETCS T€HEPAJHLHOMY CPEIHUMY [, & €r0 JUCIEPCUs paBHA
%2. [To naHHBIM JUHAMUKU YPOBHS JEIPECCUU XOPOIIO 3aMETHO 3HAYUTETHHOE CHUYKEHUE
Bapuabe/IbHOCTH BEIOOPOYHOIO CPeIHero [0 CPABHEHHUIO ¢ Bapuabe IbHOCTHIO BCeil BHIOOPKH.

CranjgapTHOe OTKJIOHEHHE CJIYyYafiHOTO BBIOOPOYHOIO CPEHEro T, paBHOE \/iﬁ Ha3LIBAIOT
5

ommbOKo# cpemHero. B kavecTBe ero omeHKHW HMCHOJIB3YIOT OTHOIIEHWE T B craruc-
THYECKUX OTYeTaX MPUHSITO MIPEJICTABIITh CpeJIHIe 3HAYCHUs B COIPOBOZKJICHUHU OIINOKH
cpenHero: T + \%, HalpuMep, cpeHuil ypoBeHb aenpeccun B 2004 romy pasen 35.9 + 1.8,
B 2005 roxy 40.9 + 1.3.
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52
. @
45

46

44

42

AEMNPECCHA N0 W KANE 3yHra

40

o CpegHe:s

[ owep.
T 95%p08 MHT.

36

38 2
1
GoneHER FM0P0ERIE

Puc. 9: YposHuu senpeccun B pa3HbiX MO COCTOSHUIO 370POBbs TPYIITIaX.

[TocKOIBbKY TpH IOMOIIK BEIOOPOYHOTO CPEIHETO T MBI TOJBKO MPUMEPHO YKA3BIBAEM,
Iyl MOZKeT HAXOJUTCH NeHepPaJIbHOEe CPeJlHee (i, U IIPU U3MEeHEeHHN 00'beMa BbIOOPKU ITOT
IMOoKa3aTeJIb MO2KeT USMEHUTBHCA, TO €CTh CMbICJI YKa3aTh I'PaHUIbI, 3a IIPpeae/Ibl KOTOPbIX
C OIpeJeIeHHOIl BEPOSTHOCTBIO HE MOKeT IIOIACTh I'eHepasbHOe cpeiHee [. VHTepBas,
HAKPBIBAIOIUI UCTHHHOE 3HAUEHHE IIapaMeTpa pacCIpeIeeHns C 3aJaHHOi BepOSTHOC-
o0 P maswBaerca P - 100%-moBepuTeibHBIM NHTEPBAJIOM.

st mocrpoenuss 95%-10BepuTesIbHOrO MHTEPBAJIA, /IS TE€HEPAIHHOIO CPEJHEro IpH
JIOCTATOYHO OOJIBIIOM 00'beMe BEIOOPKY U M3BECTHOMN JTUCIIEPCUN HCIIOIb3YeTCsT CJIE/YIOTIast

dopmya:

S
T—196-—= < pu<Z+1.96- (19)
n

S
Vn NS
Ecim aucnepens o2 Hem3BecTHa, TO /18 HOPMAJTIBHO PACIIpe/ e eHHOi BHIOOPKH HCIOTb3YeTCs
BBIpaXKeHHe:

F ol e << T . (20)
vn vn

1€ 1)) 75 0003Ha"eHa 0.975-kBaHTHIb pacnpenenerns CThIOAEHTA C 1M CTeIeHSIMI CBOOOIBI.

[TousTHe KBAHTUIN TOAPOOHO paccMaTpuBaeTcs B pasaene 1.12. Bepxunii mHaeKkc 03HaYIaET

YHCJI0 cTeneneir cBoOobl. BhrunciieHne KBaHTHIN OIMMCAHO B pasjese 1.13.

Ha puc. 9, 106 rpadudecku mnpejacrapieHbl CpejHne 3HAYEHUs JIEMPECCUH, OITUOKN
cpeaaero u 95%-moBepurenbuble MHTEpBaabl Mg cpeapero. Cpa3y BHAHO, 4TO Oosee
BBIPAXKEHO Pa3JIHIHe MKy 3/J0POBBLIMH U OOJbHBIMHU JIIOJABMH, YeM Pa3Iuune MerKIy
MpeICTABUTEIIME OTHOM BO3PACTHON M CONMUATBHON I'PYIIbI, HO B pa3HbIe TOIHI.
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nenpeccua no 3yHry
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32

a0

2004 2005 2006 2007

roasl

Puc. 10: ¥Ypouu aemnpeccun mo 3yHTY y CTYIEHTOB.

2.4 TIpoBepka rumores

[IpuHIKI MATOBEPOITHBIX COOBITHIT COCTOUT B TOM, YTO COOBITHE, BEPOSTHOCTH KOTOPO-
ro MaJia, CYuTaercs HeBo3MOKHbIM. Crenenb '"MajioBepogTHOCTH " ONIpeIesIsieTcs: 3apaHee
3a/1aBaeMbIM YPOBHEM 3HaUUMOCTH <. OObraHO paccmarpuBaior o = (.05 — BEpOSITHOCTD
opocka Benepbl B urpe B KOCTH.

OcHoBHAag 331219 B IOCTPOCHNN KPUTEPUS WM IPABUIA, CONIACHO KOTOPOMY IIPHHU-
MaeTCd WX OTBEPraeTcs THIOTEe3a, 3aKII0UAeTCI B HAX0XK JeHUH [TOIX0IdIIeil cTaTucTu-
KN — (GYHKIUT OT BLIDOPOUHBIX HAGTIOIEHU, KOTOpas TP CIIPAaBeITNBOCTH IPOBEPSIEMOil
(HyJIeBOIT) runoTessl UMeeT HEKOTOPOe U3BECTHOE PACIIpe/iesIeHue.

Bysiem paccmarpuBaTh cirydaii IpoCToii TUTIOTE3BI O PABEHCTBE HEKOTOPOTO MapamMeTpa
pacupenenenus Hy : 0 = 0y. AnbrepHaTuBHas runoresa obo3nadaercd depes H. Craruc-
THKA, HA OCHOBE KOTOPOH IPUHUMAETCS IJIH OTBEPraeTcs THIIOTe3a, HA3bIBAETCA CTATHC-
THKOI1 Kpurepusda. /I1g Hee cTpouTcss KpuUTHUecKas 00J1acThb, BEPOATHOCTH IOMAJTAHUS B
KOTOPYIO paBHA 3a/IAHHOMY YPOBHIO 3HAYMMOCTH. Hanpumep, ecjiu craTucTuka Kpurepus
nMeeT CTaH/IapTHOe HOpMaJibHOe pactpe/esienue, 1o s o = 0.05 kpurndeckas 06,1acTh
mveer B (—oo; —1.96] U [1.96; +00), Tak kak 0.025-KBaHTHIH CTAHIAPTHO HOPMAJBHO
pacmpejeseHHOil cydailHONl BeJIMYUHBI Z paBHA Ly = —1.96, TO ecThb clipaBejTUBO
P{Z < —1.96} = 0.025, u 0.975-kBanTuib paBHa Zyg75 = 1.96, 10 ectb P{Z > 1.96} =
0.025, crenoBarensuo, P{|Z] > 1.96} = 0.05. Eciin nabnarogaemoe 3Ha4€HUE CTATUCTUKN
Z, monajiaeT B KPUTHUECKYIO 00J1aCTh, TO eCTh | Z,| > 1.96, To Hy oTBEpraercs ¢ ypoBHEM
3aagnMocTu « = (.05, B MPOTHBHOM CJIydae HeT OCHOBAHWl OTBEPTHYTH I'MIIOTESY.

Yarte BMECTO MOCTPOEHUST KPUTHIECKON 00JIacTH BhIYHCIsieTcss P-3Havenue (J10BepH-
TeJIbHBIA YPOBEHb BEPOSITHOCTH) WU 3HAYUMOCTH (v, ¢ KOTOPOH cpaBHUBaercs . Jjist
JI00OiT crarucTuku Z 1upu ajbrepHaruBHOl runorese Hy @ 6 # 6y 3HaunMocrb paBHa
a, = P{|Z| > Z.}, upu H, : 0 > 0y pasna o, = P{Z > Z.}, npu H, : 0 < 0, pasna
a, = P{Z < Z.}. Hynesast runoresa orBepraercst cjyvae, KOrjaa o, < (.
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2.5 Kpurepun Pumepa u CrbioeHTa

Bri6opku cuuTaroTCsa OSHOPOAHBIMU, €CJU OHHM OJMHAKOBO pacupenesnennl. Ciec-
TBHEM OJHOPOJHOCTH ABIAIOTCS OJAMHAKOBLIE XAPAKTEPHCTUKHU CPEIHEr0 U JUCIEPCHU.
CucrorpaMmbl Ha, PUCYHKE 8 II0Ka3bIBAIOT, YTO JAHHbIC YPOBHEIl JENpeccuu 110 IIKaJe
3yHra, OTHOCAIIMECH K Pa3HBIM TrojaM HaOJIOJeHHs, PacupelejeHbl HeoqMHAKoBo. To,
HACKOJILKO TO Pa3JIM9He 3HAYMMO, MOXKHO BBISICHUTE TIPU TTOMOIIH CTATUCTHICCKUX KPH-
repueB Qurepa (paBenctso aucnepcuit) u Crbrogenta (paBeHCTBO cpennux). O6a STHX
KPHUTepHUs IPEIIOIAraloT, 9T0 JaHHbIE paclpeie/]eHbl 0 HOPMAJILHOMY 3akoHy. ['mcro-
IpaMMbl Ha PUCYHKE 8 CBHIETENLCTBYIOT 00 YHUMOJAJIBHOCTH PACIIPE/IE/ICHUs, MaJIO Bbl-
PazKeHHOH aCMMMETPHH, II03TOMY TIPEJINOJI0KEHNEe 0 HOPMAJbHOCTH BBIOOPOK JOIYCTHMO.

[To (16) u (17) B rpynmax 2004 u 2005 1008 BhIYHCIsieM BHIOOPOUHBIE cpeaane T = 36
u § = 41, onenuBaem aucnepcun S; = 5.8% = 33.6 u S2 = 7.82 = 60. O6bembl BLIGOPOK
paBHBL N1 = 46 u ny = 37.

CHauaJjia IpoBepgeTcd TUIIOTe3a 0 paBeHCTBe aucuepcuit Hy : 0'2 — O'2 = (0. B cayuae
0 1 2
2

o S
paBeHcTBa Aucmepcuii craructuka @umiepa F = S MMeeT pacmpezesieHne DPu-
2
miepa ¢ n; — 1 u ny — 1 cremergamMu cBOOOabI. Brruuciisiem 3Hadenue cratuctuku F'.

S2 336
2L 222 0.5556 = F.
527608

[Ipu anbrepnarupnoil runorese Hy : 03 — 02 # 0 Berunciasem P-3Hadenne, KOTOPOe MpH
F. > 1pasno 2- P{F > F,}, aupu F, < 1 pasno 2- P{F > 1/F.},

2. P(F > 1/F.) = 2- FPACII(1.8;36;45) = 0.06.

Tak kak P-3nadenue 6osbiie 0.05, TO rumoresa 0 paBeHCTBE JUCIHEPCUN HE OTBEpraeTcs.
910 o3Hadaet, 9To ganuble 2004 u 2005 roja Mo BapuabeTbHOCTH OTINYAIOTCI HE3HATIMO.
[Ipu ycjioBuu 0IMHAKOBOCTHU JIUCIIEPCUI JIJIsI IIPOBEPKU I'MIIOTE3bI O PABEHCTBE CPEJIHUX
Hy : iy — po = 0 ucnoswsdyercst craructuka CThIOJEHTA BHIA,
-y e % = (n — 1)SF + (np — 1)53
g /L1 ny + ng — 2

ni ng

T —

(21)

SIBJISIETCSI OTIEHKOTT 00 beIMHEHHOM qucnepcuun. [Ipu ciipaseyinBocTu Hy/1eBOM IMIIOTE3bI
Hy : p1 — pe = 0 craructuka 1" umeer pacupejesenne CThIOJEHTA C N + Mg — 2 CTENEHIME
cBobob. [luist mpuvepa, BeraucssieM 1o (21) 3nadenne craructukn CThIOJEHTA, OHO PABHO
T, = —3.3. Yucno creneneit cBoboypl paBuo 46 + 37 — 2 = 81. [Ipu asbprepHaTUBHOI
runorese Hy : p; — o # 0 BRIMHCIIEM 3HAYAMOCTD

a, = P(|T| > |T.|) = CTBIOJPACII(| — 3.3]; 81;2) = 0.0014.

Tak kak a, < 0.05, To B jioBepuTe/IbHOM BepodTHOCTHIO (.95 yTBepzKiaeM, 4TO YPOBHU
JIETIPECCHE CPEeJIU CTYJAEHTOB YHUBEPCUTETA B PA3HbIE I'0JIbI OTJINYAIOTCS 3HATUMO.

B curyamuu, korja rumoresa 0 paBEHCTBE JIUCIEPCHIT OTBEPTaeTcsi, PEKOMEHIyeTCs
UCIIOJIb30BaTh BUIOU3MEHEHHBIH KpuTepuit CThIOIEHTa /I PAa3HBIX Juciepcuii. Bu ero
oosee caoxkubiii. B Excel ero moxuo ussineub B Mento ~Ceppuc’ - 7 Anann3 gaHHBIX -
” JIByXBBIOOpOUHBIHT T-TecT ¢ pa3sHbIMH JUCIEPCHAMEA .
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2.6 Kpurepuit Manua-Yutan

Kpurepunit Manna-YUTHI UCIIOJIB3YETCS I IPOBEPKHU FUIIOTE3bI OJTHOPOTHOCTH He3a-
BHCHMBIX BBIOOPOK JTHOO HEDOJIBIIONO 0ObeMa, 00 B Caydae BRIOOPOUYHOIO pacipe/ieie-
HUs, HE COIJIACOBAHHOI'O € HOpMaJibHbIM. HesaBucumbie OT BBIOOPOYIHOrO pacipejeie-
HUsl KPUTEPUU HA3bIBAIOTCS HeIlapaMeTpudecKuMu. PaccMoTpum janubie U3 TabJIMIbI
1 o mporeHTe JUI[ a3WaTCKOTO TPOMCXOXKICHAST OTAEIBHO 10 KaykKJIOMy IITary. depes
T1yeveyTpy, THE N = 12, T Y1, ..., Yny, TJAE Ny = 8, 0003HAUYNM 3HAYEHHS MPU3HAKA B
12-tu ropomax mrara Kammdopuug n BocbMu ropojax mrata Texac.

ropof, mrar | % JIU a3.mponcx. | TeMIeparypa | paHTH

X Y XY
LOS ANGE CA 9.8 469.3 12 | 8
SAN DIEG CA 11.8 324.0 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 50.0 15| 7
SACRAMEN | CA 15.0 96.3 171 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|15
ANAHEIM CA 9.4 44.3 10| 5
RIVERSID CA 5.2 T 9|11
STOCKTON | CA 22.8 52.6 19 | 10
HOUSTON TX 4.1 539.9 7114
DALLAS TX 2.2 342.4 5|20
SAN ANTO TX 1.1 333.0 2|17
EL PASO TX 1.2 245.4 3113
AUSTIN TX 3.0 217.8 6 | 16
FORT WOR TX 2.0 281.1 4|18
ARLINGTO X 3.9 93.0 8 |18
CORPUS C TX 0.9 135.0 11|15

Tabsiuna 1: Janubie o ropojax mraros Kajaundopuus u Texac.

2.6.1 IlepBuuyHasd CTaTHUCTHUKA

[TepBuunasi craTuCTUKA BKJIIOYAET B CeOsi BHIYUC/IEHHE CPETHETr0, IUCIIePCHH, JIOBEPUTETHHBIX
HHTEPBAJIOB U MOCTPOEHHUE THCTOrpaMM. /LI morydenns caMoro o0IIero mpe/icTaBIeHHs
0 TOM, B KAKOM W3 IITATOB STOT MPOIEHT BbIlIe, 10 (16) oleHNM cpe/HUe 3HAUCHUS:

1 . S+ ... .
" xi:98+118+ —1—228:14.4’
nlizl 12
1 & 414+22+...409
j=—) x; = toLt.. =2.3.
Ng 4 8
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Kanugopnusz Texae

A
k|
é 10
8 Lo
5 i0 15 28 25 30 35 4 5 10 15 2025 30 35
Puc. 11: Kareropmajbuble T'UCTOrpaMMbl HpPU3HAKA — MPONEHT JIMI a3UaTCKOrO

npoucxoxaenusa B mrarax Kamudopaua n Texac ¢ aaunoii uaTepsaia rpynnaposku 5%.

OneHku JIMCIIEPCUN JINI, 3UATCKOI0 Mpoucxoxkienus B mrarax Kasmmdopuus u Texac
Beramc/IsieM 110 dbopmyste (17):

" 1 =
Si = P Z($i—5})2 = — (Zx?—mﬁ) =
=1

i=1
987+ 11.87+ .. +228 —12-14.47
B 12-1

A4,

1 &

=43

1 -
) = 2 2
n2_12(yz 9) n2_1<2yl n1y>

1=1 =1
41742224 ...409°-8-23*
= - =

52 =

1.6.

B Kanudopuun Goablie cpeaHuii IpOmeHT JIKUI a3MaTCKOTO HPOUCXOXKJIEHUS U €ro
nucnepcus. [loctpoum rucrorpamMmy — rpaduk, MOKA3BIBAIOIMINNA KaK pacHpeie/eHbl
ropojia o paccmarpusaemomy npusHaky (puc.11). Ha ropusonraibHOil ocu OTKIa/1biBa-
I0TCd MHTEPBaAJIbl C ITaromMm 5% — 3Ha4YeHUud MPOIEHTOB JIUI[ a3UaTCKOI'O IMPOUCXO2KIACHUA:
0%, 5%, 10% Tak manee. ITo BepTUKAILHONR OCH OTKIAABIBACTCS KOJIMICCTBO HAOIIOMCHMI
(roposIoB), B KOTOPBIX MPOIEHT JIMI| A3HATCKOTO MPOUCXOXKIEHIST HAXOIUTCS B MpeJiesax
yKa3aHHBIX HHTepBaaoB. Hanpumep, B mrare Kanudopuus 4 ropoga MMEOT IPOIEHT JINIL
a3MaTCKOrO0 MPOMCXOXKIeHus B npeesaax or 5 10 10%, 5 ropoxos — or 10 mxo 15%, oxun
ropoj — ot 15 10 20%, eme ogun — ot 20 g0 25% u nocaeuuii or 25 10 30%.

B mrare Texac Bce 8 ropooB HMEOT MPOIEHT JIUI A3HATCKOIrO IPOUCXOXKICHUS He
6osee 5%. Ilpu ymenbmennu nauHbl HETEpBaIoB 10 0.5% moaydaem ciemyromee pacipe-
Jesienne ropojos (puc.12):

Yo azap. | < 1% | (1;1.5] | (1.5;2] | (2;2.5] | (2.5;3] | (3;3.5] | (3.5;4] | (4;4.5]
KOJI-BO TOP/IOB 1 2 1 1 1 0 1 1
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Kon-80 HAGAIOO U

i

Puc. 12: T'ucrorpamma npusHaka — HPOUEHT JIMI, a3UQTCKOI'O IIPOMCXOXK/IEHUS B IIITATE
Texac ¢ aiunoii uarepsasa rpynmuposkn 0.5%.

loBepure/ibHble UHTEPBAJIbI IIPEJCTAB/ICHbI HA pucyHKe 13.

I/IT&K, NMEIOTCAd ABE HaCTOJbKO MaJIbI€ BbI60pKI/I, YTO YCTAHOBHUTH UX COTJIaCHU€ C HOP-
MaJIbHBIM 3aKOHOM pacIlpejie/IeHUs He IPeJCTaB/IdeTcsd BO3MOXKHBIM. KpuTepun onopo/I-
noctu Pumrepa n CThIOJEHTa B JJAHHOM cJjydae HeymecTHBI. IIpoBepsiemast rumoresa B
Kpurepun MaHHa-YUTHH 3aKTI09aeTCI B TOM, YTO BBIOOPKN HAOTIOAEHUN X1, . . ., Tp,
U Y1,...,Yn, OOBEMOB 1] U N, HAUIPUMEDP, HPOIEHTA JIUI[ a3MATCKOTO ITPOUCXOZK/IEHUS
ropojia mraroB Kanaundopuus n Texac, pacupejesieHbl OJUHAKOBO, a HAOJI0JaeMoe pas-
Jnaue o0bsACHAETCS CJIydailHbIM XapaKTepoM HaOJio0iennii. B ocnoBe kpurepus Manna-
YuTHE 1eKuT KpuTepuii BuikokcoHa.

5

18
g
E 16
g 14
&
£ 12
3
E 10
= g
&
El

[
8
g

4
g
F 2 - Cpednee
B
3

0

T o555
Kanugopnus Texac 95%-11 5
dosepIme B b

HHMEPEAT

Puc. 13: Cpeanue nponeHThl JIUI, A3UATCKOTO IIPOUCXOZKaeHnd u 95%-e 1oBepHuTeIbHbIC
HHTepBaJIbl B ropojgax mrarop Kamudopuusa u Texac.
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2.6.2 Kpurepnit Buinkokcona

Ecnan kakoii-nmubo 3emeHT u3 BBIOOpKH X BCTpedYaeTCs IOCJe KAKOIO-TO JIeMeHTa,
u3 BBIOOPKH Y, TO TOBOpSAT, UTO MMeeT MeCTO OjHa mHBepcusd. Hampumep, mosydena
BO3PACTAIOIIAS TOCJIEI0BATEIbHOCTD, B KOTOPOIi 3/1eMeHThl BEIOOPOK X u Y depeyiorcs
B cieayionieM nopsiake: XYY XY XYY X X. Ilepsnbiit ssement u3z X MeHbIle Bcex
9JIEMEHTOB BBIOOPKHU Y, TIO9TOMY ero BKJIaJ B o0Iee uncjao waBepcuit U paBeH HYJIIO.
JI71s1 BTOPOTO 110 MOPSIAKY d/eMeHTa 13 X HMEIOTCs JIBA MEHBIINX [0 3HAYEHHUIO dJIeMEeHTa
u3 Y, ciemoBaTebHO, €ro BKJIaJ B o0Imee umciao maBepcuit U paBeH 2, m Tak gaee,
nosiyaaem U = 0+2+3+54+5 = 15. OueBuHo, 9T0 1pu MAKCUMAJIHHOM YUC/I€ HHBEPCUI
U = 25, coorsercrByomniem mnocjejoBarejbioctu Y Y Y Y'Y X X X X X, Boibopku ne
OJTHOPO/IHBI, W, B I1€JIOM, 3HAUYEHUs TPU3HAKa B BbIOOPKe X 60JibIlie 3HAYeHUiT TpU3HAKa, Y .
Anajlorn4Ho, MUHEMAaIbHOE KomdecTBO nHBepcuii U = (0 B cirydae mocjiemoBaTeIbHOCTI
XXXXXYYYYY cBumerebCTByeT 0 TOM, YTO BEIOOPKHU HE OJHOPOIHBI, U 3HAUCHHS
npHu3HaKa B BbIOOpKe X Menbine 3Hauenunit Y. Kpurepnit Bunkokcona mo3BoJiger ycTaHo-
BUTDH CTeleHb cjaydaiinoctu B nociejoaresbnocty XYY XY XYY X X.

B xpurepnn Buiakokcona miig mpoBepku rumnoresnl Hy : py, = pyy O PaBeHCTBe Be-
poaruocreil p,,, = P{X < Y} u py, = P{X > Y} upu ansrepuarusuoit Hy : p,
Dy BBIOHpaeTCcs KpUTHUeCKoe ducao nuasepcuil U, Takoe, 9T0 ecam HaOIOJaeMOe TUCTIO
uHBepcuii 6ospme Kpurudeckoro U > U,, To Hy orBepraercsa B mosib3y H; ¢ ypoBHeM
3HaguMOocTu . OJIHAKO aJrOPUTM BBIYHC/ICHUS] KPUTUIECKOTO dncia uapepcuit U, siBiisi-
eTCcs HeNpoCToil 3a1a4eil, moaromy TpedyroTcst Jinbo creruaabHble TabIUIIbI, JTUO0 KOMITh-
10TepHbie TTporpaMMbl. Ha nmpakTuke 0OBIMHO UCTIOIB3YIOT 00Jiee MPOCTOe ero 00OdIIeHe
B Bujie Kputepud Manna-YuTHH.

2.6.3 BrIipakeHue 4nucJjia MHBEPCHUil Yepe3 paHTHU

Jng Berunciennst 9ucao uaBepcuii U depe3 paHrd BBIOOPKU T1,...,Tp, U Yiy- - Yny
OObEUHAIOTCA B OJHY M KayKJIOMy HaOJIOJEHUI0 CTABUTCA B COOTBETCTBHE PAHI — €I0
MeCTO B BAPUAIMOHHOM (yIIOPSJOYEHHOM) PsiLy.

U=(rm—1+ 2=+ .4y —n) =Y ri—(1+2+...+n)=

1 1
—ZTZ n1n1+)’ TaK Kak 1+2+...+n=w.

2 2
Cwmecn 68 | 70 | 75 81192
BBIOOPOK | 66 | 67 78179180

paurm | 1 | 2 [ 3|4 |5|6|7|8|9/|10
BRIOODKH | ¥ |y |z |z |2 |y |y |y | x|

Yucno nusepcunit paao U = 2+ 2+ 2 + 5+ 5 = 16. Breipazum 910 4mc/io yepe3 panru.
DjieMeHTHI BRIOOpKH X MMEIOT PaHTH:

r =3, =4,13=95,1r4 = 9,75 = 10,
U=B-1)+4-2)+(5-3)+(9—-4)+(10-5) =
=3+4+5+9+10-(14+2+3+4+5)=16.
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JI1si TpOBEPKHU BBIYKUCIEHUI UCTIOJIB3YIO TOXKIECTBO

n(n+1)

R+ Ry = — rae n = nj+ ne, (22)

TaK KaK BCEro uMmeeTrcsd 71 paHroB OT 1 A0 T, a CyMMa 9JIEMEHTOB HATYPaJIbHOI'O PA/la PaBHAQ

1+2+...+n="00

Ecyiu s 3Havennii B BApUAIMOHHOM PsITy COBIAAIOT, TO UX PAHTH T, . . . , T's 3AMEHSIOTCS
S

S Z Tk.
k=1
ITpu cupasemymBocTn HysneBoii runoresnl Hy : pyy = py, U 1pn ni,ny > 8 ciydaiinoe

qncao wHBepcuit U mMeeT HOpMasbHOE paclpejiesieHue CO CPeJIHUM YNCJIOM WHBEPCHit

EU = *2. JTucnepcua U pasna

|—=

Ha OJMHAKOBBIE 3HAUEHUSA, PaBHBIE CpeJHEMY apudMeTnIecKomy i =

nin
DU = 122("1 +ny+1).

JLj1st TOro 4T0Obl UCIIOJIB30BATH KBAHTH/IU CTAH/IAPTHOIO HOPMAJIBHOI'O PACIIPE/Ie/IeHI S
KavecTBe KPUTUYECKUX 3Ha4deHwuii, mpeoopasyem craructuky U B crarucruky Manna-
Vurnu

na(n2+1 nin
\/D_U ni—?(n1+n2+1)7

Z

KOTOPpas IIpU ClipaBeAJINBOCTHU HyJ'IeBOﬁ I'uIloTe3bl OAHOPOJHOCTHU BbI60pOK umeer CrTat/iap-
THOEe HOpMaJibHOE paciipejerienne. Uepe3 Ry obo3HaveHa cymMma paHroB BHIOOPKH 00beMa
ng < ny. llpm Hammunm Kommbiorepa B Fxcel BbhIUmMCIsieTCsT TOBEPUTEIbHBI YPOBEHD
BEPOATHOCTH P KaK

p=P{|Z| > |Z.|} = 2(1 — HOPMCTPACII(abs(Z.))), (24)

npu p < o = 0.05 mysesas runoresa orsepraercs. [Ipu orcyrecTBun KoMboTepa HAOIIO-
JaeMoe 3HaYeHHne CTATHCTUKU Z, CpaBHHBaercsa ¢ KpuruieckuMm Z = 1.96. Eciu |Z,| >
1.96, To rumoTe3a OAHOPOTHOCTH OTBepraeTcs ¢ ypoBHeM 3HadunmocTn o = (.05.

2.6.4 IIpumep mcnoab3oBaHuga Kpurepus MaHHa-YUTHHI

O6beauHsIeM BBIOOPKHU HPOIEHTOB JIMI a3MATCKOTO IPOMCXOXK/IEHHUA JIBYX INTATOB B
onny u craBuM panru (tabsumna 2). B Can-OpaHIUCKO caMblii BBICOKHUIT MPOIEHT JIHIL
a3MaTCKOI'O POUCXOXKIEHNUs, IIOITOMY €My cooTBercTByeT Haubobiuii panr 20, a B Kop-
nyc-Kpucru camprii auskuit nponent 0.9%, emy coorBercTByer camblii Huskuii panr 1.
JI1s KOMIIAKTHOCTH B TAOJIUIE 2 HEKOTOPbIE 3HAYEHUS OKPYIJICHBI.

Haiinem cymmy u3 ny; = 12 panros, orHocsmuxcs K mrary Kamudopuuga: Ry = 174.
CymMma u3 ng = 8 paHroB, OTHOCAIIUXCS K mTaTy Texac paBua Ry = 36. /[ms nmpoBepku
[PABUJIBHOCTH BbIYHCJICHUIT HCnosb3yeM cBoiicTtBo (22). IIposepsiem:

20-21

Ry + Ry =174+ 36 = 210 = 5
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Yucsio nasepcuit U nojiydaeM u3 CyMMbl PAHT'OB

ma(ma 1) _ g0 89

U=h=— 2

ning(ni+na+1) — 168

nucuepcus DU = 3

U—mm2 (-g8.12/2
VDU V168

Habmomaemoe 3madenne CTaTHCTUKHA Z, = —3.7 Oojblle m0 abCOJIOTHONH BeJHUMIHE
0.975-KBaHTUIN CTAaHIAPTHOTO HOPMAJIBHOTO pacupeaenennd 1.96, mosToMy rumnoresa ojI-
HOPOJHOCTH BEIOOPOK OTBEPraeTcsd ¢ ypoBHeM 3HAUNMOCTH ¢ = (.05 1 MOXKHO yTBEPXKIATh,
YTO IMPOHEHT JIMIL a3UaTCKOI'O ITPOUCXOXKJICHHUA 3HAYUMMO MEHbIIE B HITaTeE Texac, YEeM B
mrare Kanndopuusi.

Kanudopuua (X) Texac (Y)

% 10122030 | 14|15 |13 1597|945 |23 |4]22 11|12 |3]|2]|39]1

pamr | 12 | 13 | 18 |20 |15 |17 |14 |16 | 11 | 10 |9 |19 |7 | b 2 3 |6[4] 8 |1

Tabsuna 2: [Tpusnak — TPOIEHT JIUIL a3UATCKOTO MPOUCXOKIAEHNUS — U €TI0 PaHTH.

Ec/u J171s1 BBIYHCIEHEsI JIOBEPUTEILHOTO YPOBHS BEPOSITHOCTH P BOCIIOJIb30BATHCsI Ta0-
nunedt 7 3HaveHuit byHKIMA CTAHIAPTHOIO HOPMATBHOrO pacupeenenns O (x) u Bbipazke-
auem P(—x) = 1—P(z), 10 151 MAKCUMATIBHO IIPEJCTABJIEHHOTO B 9TOi Tab/inIe 3Ha4eHns
®(3.4) = 0.9998 umeem P(—3.4) = 1 —0.9998 = 0.0002, cjie10BATENBHO JTOBEPUTENbHBII
ypoBenb BepogTHOCTH p < 0.0002 Menbiie o = 0.05 w rumoTe3a OJHOPOTHOCTH TTATOB TIO
IPOIEHTY JIUI A3UATCKOrO MPOUCXOXK/IEHIsI OTBEPraeTcs, TO eCTh B Texace 3TOT HPOIEHT
3HAYUMO MEHbIIIE.

2.7 Kpurepuii Kpackemna-Yosaanca.

OTOT HemapaMeTpPUYeCKWil KpUTepUil MpegHa3HauYeH JJId IMPOBEPKH TUIOTE3bl O/THO-
POJTHOCTH Cpa3y JJIs HECKOJbKUX HE3aBHCHMBIX BBHIOOPOK.

Jl1g mpuMepa paccMOTPUM JaHHBIE B TAOIUIE 3 0 KOJUYECTBE OMMUOOK, TOMYIEeHHBIMI
cTyjeHTamu, o0y4aeMbiX 10 OJHON u3 Tpex MeTojuk. HyKHO BBISICHUTD, SIBJISIOTCS JIH
3HAYMMBIMU PA3JIUYU B METOUKAX.

[l oTBeTa Ha BONpoc 00beJUHSIEM BCe TPU I'PYIIBI B OJHY U YIOPAA0UNBaeM JaHHBIE.
YuuTbiBasg OJMHAKOBLIE 3HAUYEHHS MPU3HAKA YHCJIA OMMOOK, BBIYUCISIEM DAHTH. 3aTeM
cymmupyem panru R;, ¢ = 1,...,r, r1e 9epe3 7 0603HAYEHO KOJUYECTBO TPy, 7 = 3.
N1,...,Ny — ITO KOJUUECTBO HAOJIOJEHUN B KaxKJIOW rpyuie, ny = 7, ng = H, ng = 3,
ny + ...+ n, =n. lonyuaem Ry = 37.5, Ry = 43, R3 = 39.5. Ecyiu Mexk1y rpynmnaMu Her

CHCTEMATUYECKUX PA3JIWYnil, TO CPEJTHAEC PAHTH %Ri BHYTPH KazKJIOW IpyNNbl HE JTOJIZKHBI
]
OYeHb CUJIBHO OTINYATHCS OT CPETHETO PAHTa "TH, PaCCYUTAHHOTO IO BCell COBOKYITHOCTH.
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B kadecTBe Mepbl OTCTYILJIEHUS] OT YUCTON CJIyYalHOCTH PacCMaTPUBAIOT CTATHCTUKY
Kpackena-Yommmca

r 1 n+1\2 12 " R?
H = (=R, — == N3 1),
e (nri- "5 ST )

IOJIYYEHHYIO IIPpU IIOAXOJAIILIEeM BbI60pe BeCOB ¢;, TaK 4YTO H acuMmurorudeckn CXOAUTCAd K

X% pacupeesenuio ¢ r — 1 CTeHeHbIo CBOOOIBI. —ar (37%52 + % + 39:;)52) —3-16 = 6.84.

15-16
Ne | kon-BO omubOK | METOIUKA | PaHT
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

Tabsuma 3: /lanubie 0 KoJn4decTBe OMIMOOK, JTONYIIEHHBIX CTY/IeHTaM#, 00y YaBIITUMHUCS 10
Pa3HBIM METOIMKAM.

KOILUECHa0 QHINOoK

2
1 e - Cpednee

0 . T 95%-ii
L 1 2 dogepi Ny HBLE
Zpyrns HRTEPEAT

Puc. 14: 3aBucuMocTh KOJINYIECTBA OMKUOOK OT METOIAMKH ITPEIoIaBaAHNsI.

B caywagx r = 2,3,4 uCHOIB3YIOTCS COOTBETCTBEHHO KPUTHYECKHE 3HAaUYeHHA 3.84,
5.99, 7.81. B namewm ciaydae r = 3, umeem 6.84>5.99, ciiejoBaTeibHO, THIIOTE3a 00 OTCYT-
CTBUHU CHCTEMATHYECKUX PA3IUUUii MeXKy rpynmnaMu orsepraercs (puc.14).
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2.8 IIpoBepka runore3 OJHOPOIHOCTU
B CJIyYae 3aBHCUMBIX BBIOOPOK (KpuTepuii 3HAKOB )

PaccMoTpuM npuMep CTaTHCTHYeCKUX JaHHBIX (Tabua.4). B kavecTBe mpm3HaKoB, Xa-
PAKTEepPHU3YIOMKX sABJICHUE MPECTYITHOCTH, PACCMATPUBAECTCS KOJUIECTBO YOUUCTB, COBEp-
IIEHHBIX OIpe/IeIeHHBIM 00pa3oM. DTO JaHHBbIE THUIA IMPOIECCOB, TaK KaK B KadecTBe
MOBTOPHOCTEH BBICTYHAIOT ToAbl HaOM0meHni. OHU MOTYT OKa3aThCs 3aBHCHUMBIMHU, T..
€CJIM KOJIMYECTBO YOUNCTB 1pU IIOMOIIU PYKbs U nucroJiera B 1826 roy Ob110 0oJibIle,
YeM KOJIMYeCTBO YOWIICTB NpHU MOMOIIK 3a/IyIIEHUs, TO CKOPEe BCEro 3Ta TEHJIEHIHS CO-
XpanuTcd U B 1827 romy. B MHCTPpYKIUAX MO CTAaTUCTUYECKOMY aHAJIU3y TaKue JTaHHbIe
HA3bIBAIOTCS 3aBUCUMbIMUI BbIOOPKAMMU.

@opwmbr yomitcTa | 1826 | 1827 | 1828 | 1829 | 1830 | 1831

Pyxpe, 56 64 60 61 57 88
HUCTOJIET

Cabuist, mrmara 15 7 8 7 12 30
KUHZKAJI, CTUJIET

Hox 39 40 34 46 44 34
Tasika, TpocTh 93 | 28 | 31 | 24 | 12 | 21
Kamenn 20 20 21 21 11 9

Tymnbre, octpeie m | 35 40 42 45 46 49
KOJIIOIIUE OPY/IusT

3aymenne 2 D 2 2 2 4
CopacwiBanue, 6 16 6 1 4 3
YTOILTeHHE

Vnap HOTH, 28 12 21 23 17 26
KyJTaKa

HewussecTHoe 17 1 2 0 2 2
Bcero 241 | 233 | 227 | 230 | 207 | 266

Tabsmna 4: Jaunsre yroaosuoii noumun Ppanrun (Kerie)

Bamaua 1. Obpamum enumarue Ha mo, ¥mo 6 nepuod 1826—1830z22. nabarodarocs
6 UEAOM 0DULEE CHUNCEHUE NPECTNYNHOCTNU, 304 UCKAIOYEHUEM HEOOADULOZ20 NOBBIUUEHUA 6
1828-182922, a 6 1831 ee snanumenvuviti pocm (puc.15). BolAcHuM, HEAB3A AU CHUMAMD,
YMO, 6 OCHOGHOM, NPECMYNHOCTND CHUNCAAACD, 6 €€ PEOKOE NOBVIUEHUE 00BACHACTNCA CAY-
Yadrocmoo.

Bocnosibayemcest 7151 3T0ro Kpurepuii 3uakoB. B kadecTse nucnbitanuii 6y1eM paccMaTpPUBaThH
n = 5 map Jer: 1826-1827, 1827-1828, 1828-1829, 1829-1830, 1830-1831. "Vcuexom"
YCJIOBHMCSI CUUTATh COOBITHUSI, KOTOPBIE MOABJSIOTCA PeKe, B JAHHOM CJIydae 3TO MOBbI-
[IeHre YUCaa OpecTyiennii. Takum obpasoM mosyuaem aBa "yemexa' k = 2 B 1828-
1829rr. m B 1830-1831rr. u Tpu Heymauu. Ecim Obl BO BceX NATH Ciydasx HAOJIIOLAJICS
poct [wmcia youiicTB mim, Ha00OPOT, BCe TSTHh HAOJIIOEHUI COOTBETCTBOBAIN CHUZKEHUIO
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270

260

230

240

230+

220

20t

200
1326 1327 1328 1328 1330 1831

Puc. 15: /Iunamuka 4ucjia yrojoBubix rnpectryienuii Bo @panrun B 1826-1831rT.

YHCIa TPEeCTYILIeHHii, TO Bce OBLIO OBl MOHATHO. A BOT HACKOJBKO 3HAYMMO CKA3BIBAETCS
Ha O0OIIEeM CHUYKEHWH TH TOBBIIIEHHS, CJIeIyeT OOpaTUThCSI K KPUTEPHIO 3HAKOB.

Kpurepuii 3HaKOB HCIIOJIB3YeTCs JIjIs TPOBEPKH T'MIOTE3bI OJIHOPOJHOCTH JIBYX 3aBH-
CUMBIX BBIGOPOK (Z1,Y1), ..., (s, yn). Haupumep, x; = 64, y; = 60 — auciao ybuiicts upu
IIOMOIIM PYzKbs U mucToseTa B 1827 u 1828 rogax, xo = 40, yo = 34 — qucyio youiicTB mnpu
IIOMOTIIM HOKa B Tex ke 1827-1828 rogax, u Tak jgaJee, Bcero n = 10 cnoco6oB ybuiicTsa
— 3TO YHCJI0 HEe3aBUCUMBIX HCIOBbITaHU. Ecan x; = y;, TO COOTBETCTBYOIIHE HAOTIOICHUS
HNCKJ/IIOYa€TCd KaK MaJIO I/IH(l)OpMaTI/IBHOG, U YUCJIO UCHBITAQHUI YMeHbIIaeTCd Ha € JUHUILY.

Paccmorpum 3naku pasznocreit x; — y;, ¢ = 1,...,n. [Ipu ognopoanbix BuIGOpKax
YaCTOTHI 3HAKOB ILTIOC U MUHYC JOJI2KHBI OBITH OJUHAKOBBI. IlycTh 3HAKOB 1/TI0C OOJIBIIIE
3HAKOB MHUHYC, IIO9TOMY YCJIOBHMCSI CUMTATh IOsBJIEHHE 3HaKa ILToC “ycrexom’. IIpose-
psieMast THIIOTe3a COCTOUT B TOM, YTO BEpOATHOCTH “ycrmexa’ pabHa p = 0.5. B mpumepe
9Ta IUIOTE3a O3HAYAET, YTO U3MEHEHUE KOJIMYECTBA YOUNCTB B CTOPOHY YMEHbIIEHUS WJIH
yBeJIMY€eHUA ABJIAIOTCA CﬂyqaﬁHbIMI/I.

n (5678910111213 (14|15 |16 |17 18| 19| 20
Kjojojofrj1j1 2233 |3[4,4|5|5>5]|5

Tabaumna 5: CooTHOIIEHNE MEZK/1y 9UC/IOM UCHBITAHUNH ¥ KPUTHIECKUM THCJIOM “yCIIEeXOB’ .
J1g KarKI0ro 4ucsa UCIOBITAHW Ha OCHOBE MPWHITNIIA MAaJOBEPOATHBIX COOBITU BbI-

IHCIAETCS KPUTHIeCKoe duciao “yemexos” (rabiuma 5). OHO BBIYHCISETCS KaK MaKCH-
MasibHoe uncao yenexoB K, takoe uro P{X < K} < 0.05, rme X — cayuaiinoe qncio
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ycuexoB. Paccmorpum Ha npumepe n = 10 crocod BBIYHUCAEHWST KPUTHIECKOTO 3HAYEHUSI.
IIpu BepoSTHOCTH yCIIeXa p = = CIIpaBe/IHBbI BBIPAKEHUS
2

CO
P{X <0} = =2 ~0.001 < 0.05,

9210
Ch+Cly 1410
P{IX<1}=P{X=0}+P{X=1}= 10;;0 L ;524 = 0.01 < 0.05,

P{X <2} =P{X=0}+P{X =1} +P{X =2} =
O+ CL+CE  1+10+45
N 210 N 1024

= 0.055 > 0.05,

Takum obpazom, npu n = 10 MakcuMaIbHOE YHCJIO yCrexoB K, mpu KOTOPOM CrydaitHoe
qucsio yermexoB X He mpesbimaer K = 1. B ciydae GoJiblliero 4ucja HCIbITAHW JTydIie
HCIIOJIb30BaTh CIIeNHaJIbHbIe KOMIIBIOTEPHBIE ITPOrPAMMBI.

Kpurepnii 3HAKOB COCTOUT B CJIEIYIONEM: €CTH HADII0IaeMOoe YUCI0 “yCIeXoB~ MeHbIIe
kpurudeckoro K, To nposepsemyio runoresy Hy : p = 0.5 ciepyer oTBepruyTb, uHave
HET OCHOBAHUI ee OTBEePrHYyTh.

Bagaua 1 (npogoszkenne). [Ipu wccae1oBaHun JUHAMUKH OBIIETO YUCTA TPECTYIIeHUH
JIBaZKIbI HAOJIOMAJICA POCT YHC/Ia MPECTYILIeHUuH, U3 n = 5 YUCJI0 “ycrexoB’ paBHO 2,
oHo Oousbie Kpurndeckoro K = (0, ciaemoBaTenbHO, HET OCHOBAHUN JIJI TOTO, YTOOBI
OTBEPrHYTH I'MIOTE3Y O CJIydailHOM XapakTepe JUHAMUKHU YHCJa yOUCTB.

Banaua 2. Ilo ghopmam youticmea HysHcHo NPosEPUMb 2UNOME3Y 0 MOM, 4MO HEM HU
npozpeccuposarus Koauvecmaa youticms ¢ 1826 no 1827 2e., Hu ux YMEHLULEHUS.

C 1826 mo 1827 rr. yMeHBIIUIOCH YHCI0 youiicTB o Tpem dopmam (cabust, mmara,
CTUJIET; yJap HOIH, KYJIaKa; HEM3BECTHOE ), YBEJUIHIOCH YUCJI0 YOUNRCTB 110 1iecTu (hopMam,
4KUCJI0 YOUMCTB 1PU MOMOIIKM KaMHs OCTaJIOCh Ha TOM ke ypoBHe. Takum obpaszom, u3 9
ucnbiTanuii umeem Tpu ycrexa. CorsracHo Tabsure 5, 3T0 YUC/I0 He MEHbIIe KPUTHIECKOTO,
COOTBETCTBYIOIIETO JEBITH UCHBITAHUSIM, CJIEI0BATEIHHO HET OCHOBAHWIT OTBEPIrHYTH I'i-
OTe3y O CJAYYaWHOCTH MOBBIIICHUS WJIM MOHUZKEHUS YUC/1a YOUNRCTB B 9TH I'OJIBI.

3amaua 3. [Ipednonoostcum, wmo us decamu nayueHmos 60CHMEPILM NEKAPCMBO NOMOZAO,
a dsoum wem. Mootcro au 2060pumsv 06 sddexmusrocmu sexapemaea?

B rabjiuiie 5 syt n = 10 Kpurnydeckoe 4uc/i0 paBHO 1, OHO MeHbIIe 2, CJIeJI0BATEeIbHO,
HET OCHOBAHWIT OTBEPTHYTH IMIOTE3y CiydaitHoMm 3dderTe mpemnapara.

3amaua 4. [lycmov 6 epynne uz 18 wenosek 4 masvuura. Hackorvko snavumo npeob-
aadanue desouer?

[Io Tabnume 5 KpuTHdeckoe 3HAUCHUE 111 N = 18 paBHO 5, 0HO OOJIBIIE HADIIOTAEMOTO
3Ha4YeHus 4, CJIe10BaTe/IbHO, THIIOTE3a O PABHOBEPOSITHOM KOJIMYECTBE MAJIbYUKOB U J€BOYEK
OTBEPraeTcsl, ¥ MAJTHLINKOB 3HAYUMO MEHbIIE /IeBOYEK.

2.9 IlpoBepka He3aBUCUMOCTHU KaTeropuaJibHbIX ITPU3HAKOB
Ha OCHOBE KPUTEpUd Xn-KBaJpaT

2.9.1 Tabiuipl CONPA>KEHHOCTHU

[IpenmosioKuM, 9TO y HAC UMeeTcsT 1 HAOTI0IeH T, XapaKTepU3YIOIMHUXCs 3HATCHUSIMI
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JIByX Ka4eCTBEHHBIX MPU3HAKOB X U Y C rPajlaliusiMu X1, ...,T, U Y1, ..., Ys. Hanpumep,
X — 910 caydaiiHbIl oTBeT Ha Bompoc "Y MeHsi OBIBAIOT IEPHOJBI ILIada U OJU30CTH K
cae3am", TOMycCKaroONuil YeThipe rpajJanun 1 — ""coBepIIeHHo He coryacen”, ro — ""ckopee
me cormacen", x3 — "ckopee cormacen", x4 — "copepmrenno coracen". Ilpusnak Y ykassiBaer
Ha 1OJI: Y1 — YKEHCKUi, Yo — Mykckoil. VI3 n = 36 cryjeHToB, y4acTBYIOIIMX B aHKETHU-
posanuu, 14 crymentoB "coBepiieHHO He coryiacHbI'c npemioxkenuem "V MeHst ObIBAIOT
Mepruoanl MIada W Oau30cTH K cae3am', w3 Hux 6 AeBymiek u 8 roHOIIEl, "ckopee He
cornacubl"isiTepo (4 neBymku u 1 1oHOIIA), ceMb 4esoBek "ckopee corsacubl" (1 ooHOMIIA
u 6 nesymmek) u 10 "coepmienno cornacub" (0nnH OHOMIA 1 9 JIEBYIIEK).

[IpeacraBum 311 JaHHBIE B BHjie TAOJUIBI COMIPA>KEHHOCTH, /1€ CTPOKH OIPE/Ie/Is-
I0TCSI TPAIANMSIMA TPU3HAKA X , CTOJIOIBI — I'PAJAIUsIMK IPU3HAKA Y , & 3J1eMEeHThI TaOJIUIbI
PaBHBI KOJIMYECTBY 7;; HAOIIONEHNI ¢ COOTBETCTBYIONMMHA Tpajannamu: X = z;, Y = y;,
v =1,2,...,r, 7 = 1,2,...,s. Hepes n;, u n,; 0603Ha4eHBI COOTBETCTBYIOMINE CYMMBI:

'

S T S
Niw = D, Nij, Nxj = an > Nij =M.
7j=1 =1

i=1j=1

X\Y | wm v ... ys| cymma X\Y |y1 y2 | cymma

T Ny Nig ... Nig N4 Ty 6 8 14

To No1 Moo ... MNogg Noy i) 4 1 5

ZI3 6 1 7

z, Npp Ny ... Npg Ny Ty 9 1 10

CYMMA | Myl M2 .. Tys n cymma | 25 11 36
Ecin npusnaku X um Y HezaBucummbl, TOrjma /s J0OObIX ¢ = 1,2,...,r u j =

1,2,...,s cupaBeqmuBo

Pij = PixDPxj, (25)

rae p;; = P(X = xi,Y = yj), Dix = P(X = £L',L'>, Dxj = P(Y = yj>

[Ipu BBIOOPOYHOM HAOJIIOJIEHUM HAJI IPU3HAKAMU, KOIJIA BEPOSTHOCTH OIEHMBAIOTCS
KaK OTHOIIIEHUS YaCTOT, TO PABEHCTBO MOKET ObITh HAPYIIEHO U3-3a TOI'0, YTO KOJIUIECTBO
Haboennit orpanndeno. [Ipn koHedHoM KostmvuecTBe HAOJIIOAeHITT OIIEHKaM¥ BEPOATHOCTE
SBJISIIOTCS OTHOIIEHUST

~ nij ~ T ~ n*]
(1] nij . ng TL*j ~ _ 6
1 KpauHe PeIKO yaaeTCd IOJYYUTh PaBEeHCTBa BHOa o 721* b HaIIpuUMep P11 — 36 7£

14 .25 _ ~ =
36 36 — P1xDx1-

ILJIH TOTO LITO6I)I OpeJe/INTh, HE ABJIACTCHA JIX 9TO HapyHIeHue CﬂyqaﬁHbIM, BbIYUCJIAIOT
CTATUCTUKY — (DYHKIIUIO OT BHIOOPOYHBIX HAOJIIOJEHU — B BUJIE B3BEIIEHHOW CyMMBI KBa/I-
PATOB OTKJIOHEHHUIT HAOIIONAEMBIX YaCTOT Pjj = % OT TOTO0, YTO OBbI MOy YUIOCH, €CJIH OB
IPU3HAKA OBLIN HE3ABHCHMBL, TO €CTh HPOU3BEIEHHUS Dy * Py

T S

n.. n. n . 2
2 i 1% *j
=% ()
- n n n




KosddunmenTsi ¢;; BoiOnpaioTca TakuM 00pa3oM, 9TOObI cyMMa KBaJPaTOB MOy YUIaCh

€ Ype3BbIYAHO MPOCTBIMU cBoiicTBaMu. OKa3bIBaeTCsd, €CIU B3ATh B KadecTBe KO3bdu-
3

IMEHTOB C;j = ——, TOrJa CTATHCTUKA, x? mveeT BU;

X’ =n Zzn:—;i*]—l : (27)

Tt mpusnakos X u Y ToaydaeM 3HaUeHHe CTATHCTHKEN Y2 = 7.79. Bo3HWKaeT BOMPOC:
HACKOJIBKO BEJTMKO PACXOXKIEHIe MeyKy HAOTI0JaeMbIMHA YaCTOTAMI U YaCTOTAMU, KOTOPBIe
MOJIYYHUJIACH OBl B CTydae He3aBUCUMBIX MPU3HAKOB.

B maremarngeckoit craructuke Ha ocHoBe TeopeMmbl Ilmpcona nokaszano, 9To npu
yc/10BUM He3aBucuMocTd npusHakos X u Y crarucruka y? u3 (27) uMeer pacrupeje/eHue
XHU-KBaJIPAT C YUCIOM CTeneneii ¢cBo0obl, paBubiM n = (r — 1)(s — 1). Dra crarucruka
UCIIOJIB3YETCS B KAUeCTBe CTATUCTUKH KPUTEPUs /I TPOBEPKH TUIIOTE3bI O HE3aBUCHMOCTH
KavYeCTBEHHBIX IMPU3HAKOB X u Y.

[Ipumem yposenb 3naunmoctu « = 0.06. Ilpu momomu dyukmun XM20BP naiizem
snauenus (puc.16), onpeae/sionue KpUTuIeckyo o0aacTb [To; +00):

ik Tlx j

xo = XNM20BP(«;n) = XIN20BP(0.06;3) = 7.41.

[Ipu uucijie creneneit cBoOO/ b, paBHOM 3, To = 7.41. HabJ/to/1aemoe 3HaueHne CTaTucTuKy
X2 = 7.79 > 7.41 nonajaer B KpuTHIecKylo obaacth [7.41;400), M03TOMY TUIIOTE3Y O
He3aBUCUMOCTH MPU3HAKOB CJIedyeT OTBEPTHYTH ¢ ypoBHeM 3HaunMocTtu o = 0.06. Eciam
B3aTh o = 0.05, To mosmydaem zy = 7.81, m mabomaeMoe 3HaYeHHe CTATHCTHKH Y- =
7.79 He momAsAET B KPUTHUYECKYIO 001acTh [7.81;+00), XOTsl U 04YeHb GJIU3KO OKOJIO Hee
naxoyured. [lo ycraHoBjieHHOMY HPaBUJIY Mbl HE MOYXKEM OTBEPIHYTH I'HIIOTE3Y € YPOBHEM
znaunmoctu o = 0.05. To ectb npu yposue 3naunmoctu o = (.06 MbI runoTe3y orsepraem,

Praobabilty Density Function
w=chi2(x;3)

018

014

IR b

010

0,08

0,08

0,04

P=0.0505

o0z

0,00

Puc. 16: [L1orHOCTD pacupeseeHuss Xu-KBaJIpaT ¢ 3 CTEIeHSIMU CBOOOJIBI.
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npu o = 0.05 yxke Her. HToObI Npu HEKOTOPOM HAOJIIOIAEMOM 3HAYEHUU CTATUCTUKH
X2 cpasy BHJETh Bce YPOBHH 3HAYHMOCTH, IPH KOTOPBIX THIIOTe3a OTBepraercs WId He
OTBepraeTcs, Hy’KHO BBIYHCIUTH P-3Havenue nin

P = P(x? > x?) = XI2PACII(x?;n) = P(x* > 7.79) = X12PACII(7.79; 3) = 0.0505.(28)

B ciydae, Korja 3HadeHne CTATHCTHKE X HONaaeT B KpUTHUECKYIO 06,1aCTh, P-3Hauenue
MeHbIIIe 3apaHee BHIOPAHHOTO YPOBHS 3HAYUMOCTH. [loaTomy das aroboz0 yposns snavu-
MOCTUY o, boavwezo P-3navenus, HYyae6as 2unomesda 0meep2aemcs.

Buisom: st siroboro yposus 3nadumoctu « > 0.0505 rumoreza 0 HE3aBHCHMOCTHU
Npu3HaKOB oTBepraercs. Kak mbr u nmogyuniu, npu o = (.05 runoresa He oTBepraercs, a
npu o = 0.06 orBepraercs. MoxKHO cKa3aTh, 9YTO pa3JIndue B OTBETAX IO IMOJTY OKA3bIBAETCS
3HAYUMBIM U HE MOKET OBITh OO0bICHEHO CAYYafiHOCTbIO HAOTIOICHUI.

2.10 Perpeccuonnblii aHAJIN3

2.10.1 IIposepka 3HaunMmocTu Ko3ddduimueHra
KOppeJdaiun

[Tycrs umeercs n wabmogennii napuoit BoIoopku (1, y1), .- ., (Tn, Yn) ABYX MeTpHUEC-
KUX Tpu3HakoB X u Y.

y = 158 BE23+0 5515
700

B0

w = wn
= =1 =
=1 [=] [=]

KO- B0 METROE MPM BRINMCKE (Y]

(%]
=
=]

100

1] 100 200 300 400 500 B00 oo

KON-B0 MPOHAEHHEE METROE MRk NOCTYANEHWK B CTALMOHS (3)

Puc. 17: Jluauga perpeccun, omnpeaendroniasg 3aBECUMOCTb MeXKIY TeCTaMH Harpy309HOI
poObI (C MEeCTUMIUHYTHON X0/600i1) TIPH MOCTYIIEHUH B CTAIMOHAD ¥ IIPU BBIHCKE.

Ha puc. 17 npeacrasiena AByMepHad JuarpamMMma IIPU3HAKOB X — pe3y/bTaT TecTa
IMECTUMUHYTHON XOIBOBI OOJTBHBIX € CepPIeYHON HEeIOCTATOYHOCTHIO MPHU MOCTYILIEHUH B
craruonap, Y — pe3yJ/ibTar TOro K€ TecTa HpU BblHCKe. Kak BUJIHO U3 JUarpaMMbl,
MPOCJIEYKUBACTC TEHJICHIUs: YeM 00Jibllie OOJIbHOI TpOoIie/;l MEeTPOB MPU MOCTYILJICHHUH,
TeM OOJIbIIe OH IPOIIe/ UX IPU BBIITUCKE.
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kKoppenauqa 0,36
a0

gl

7o

B0

a0

40|

LENRECcCHA Mo WEKaNe 3yHmE

30

S non: X
o non: M

20
20 30 40 al g0 7o g0 a0 100 110

ANEKCHTHMMMA

Puc. 18: NcciietoBanne 3aBUCUMOCTH MEZKJIy JIETIPECCUel N aJIeKCUTUMUCH.

Ha puc.18 upejcras/iena jByMepHas juarpaMma JBYX JpPYIUX HPU3HAKOB: X — TO-
POHTCKasI AJIEKCATUMHUYECKas TMKajga W Y — YPOBEHb JIENpPeccuu 1o TKajge 3yHTra B TOi
JKe TPYIIbI OOJTBHBIX C CepAeTHON HeJOCTATOYHOCTHIO. Pa3Hble SIIUICH COOTBETCTBYIOT
OTJETbHO KEHITUHAM U MYzKYmHaM. Bu3yaabHO OleHWBaeM, UTO CTeleHb 3aBUCHMOCTH
MeXKJIy 9TUMM IIPU3HAKAMU MEHbIIe, YeM B CJIy4ae TeCTOB HEeCTUMUHYTHOU XOJbObl 1pH
IIOCTYIIJIEHUU U 1IPU BBIIKCKE.

Yuc/ieHHO YPOBEHb JIMHEITHOW 3aBUCUMOCTH MEYK/y NMPU3HAKAMU OIEHUBAETCS MPH TO-
MOIIH K03PULUEHMA KOPPEAALUL, KOTOPBII MOYKHO BBIYUCIUTH 1O (DOPMYIIe:

>y — nxy
i=1

\/El‘?—nﬁ > P — ny?
=1

i=1

R= (29)

nan npu nomornu Berpoenuoit ¢yukmun KOPPEJI B snexTponnsix Tabaunax Excel.
B kadecTBe apryMeHTOB 3TOil (YHKIMH HYKHO YKa3aTb MAaCCHUBBI A9eeK, B KOTOPBIX
HaXO/IATCS 3HaUYeHus npu3HakoB X u Y. Hampuwmep, 3HadueHuns mpusHaka X HaXOJATCS B
stueiikax ot A2 10 A101, nupusnaka Y B siueiikax or B2 10 B101. @yHKuusi, BBIYUC/ISIIOIIAS
ko durent koppessinun, uveer su: KOPPEJI(A2 @ A101; B2 : B101). 3amerum, 410
KOJIMYECTBO ST9€eK B 3TUX MACCHBAX JOJIZKHO COBMAATh, HHAYE (DYHKIUS BHIIAET OMIHOKY.

Eciu Mexkty npusHakamMu CYIIEeCTBYeT JIMHeiiHAas 3aBUCUMOCTD, T.e. OJIMH IPHU3HAK
JIMHEITHBIM 00pa30M BbIpazkaeTcs depe3 apyroit: Y = kX + b, Torna KoagdunueHT Kop-
penguu pased R = 1 npu nonoxkurensaom k u R = —1 npu orpunarensuom k (puc.19).
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Ecyiu npusnaku sB/ISIOTCS HE3aBUCUMBIME, TO KO3hduimenT koppessiuu pasen R = 0.
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Puc. 19: OrpunarenbHast 3aBUCHMOCTH MEXKIAY BO3PACTOM U PE3YJIbTaTOM TECTa
MmecTuMUHYTHOM x016061 R = —0.29, p < 0.01.

B npumepe mccie1oBaHns 3aBUCHMOCTH MEXKIY TECTAMU MIeCTUMHUHYTHOM XOIb0bI IpH
MOCTYILIEHHH B CTAIMOHAD W IIPH BBIMHCKe KOodhdumment koppensnun pased 0.76, B
IpUMepe HCCAeIOBAHUS B3aUMOCBSI3H MEXKIY AJEKCHTHMHUYECKON IMKAJIONH M JAempeccueit
o 3yury Kodddunuent koppessnun pasen R = 0.36.

Hackobko 3na9nM0 OTKI0HEHNE KOI(DMUITUEHTOB KOPPEISIIIUN OT HYJIsT MOYKHO BBISIC-
HUTD IPH [TOMOIIM KpUTepHs 3HaYuMOcTh Koppesdiuun CrtbiogenTa. Ilpu nezaBucumoctu
npu3HakoB X u Y CTaTUCTUKA KPUTepHUs BUIA:

R
Vi-R

umMmeer pacupegenenne CTbIOIEHTA ¢ N — 2 CTeIeHsIMH CBOOOIHI.

T =T(R,n) = Vn—2 (30)

T(0.74;255) = 17.5, P = CTbIOJPACII(17.5;253;2) = 2 - 10~
T(0.36;255) = 6.16, P = CTbIOIPACII(17.5;253;2) = 3-10°.

B oboux caydasx P-smadenme menbme 107°, oTcioma ¢ BeposSTHOCTBLIO, OAW3KOM K 1,

MOZKHO I'OBOPpHUTBH O TOM, YTO MeEKAY YKa3aHHbIMH IIapaMH IIPDH3HAKOB HMEETCd KaKad-
TO B3aUMOCBA3b.
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2.10.2 Yactubie K03 PUIMNEHTHI perpeccun

CraTucTudyecKuii aHaju3 IMO3BOJISIET HCCJIeI0BATh BJIHAHHE HAa HEKOTOPBI NMpHU3HAK
(ero ma3pIBalOT ”3aBUCHMOi” MepeMeHHOit) psijia ApyruX MPU3HAKOB (MX HA3BIBAIOT ~He-
3aBucuMble” nepeMentbie). Eciii 910 BiusiHne CyIecTBeHHO, TO MOSIBIISIETCS BO3MOKHOCTh
CIPOTHO3WPOBATDH TIOBE/IEHNE ~3aBUCUMOI TePEMEHHOIl P M3BECTHBIX 3HAYEHUSX ~ He-
3aBUCHMBIX ' TIeDEMEHHBIX.

MaremarndecKkas [IOCTAHOBKA 33249l 3aKJIIOTAETCS B CJIEAYIONMEM: IIyCTh UMETCA S
”He3aBUCUMBIX  TepeMeHHBIX X1, ..., X, n ”3apucuMas' nepemennas ¥ = X,. Marpumna
nab/osenuit umeer Bug {z;;}, i =0,...,s, j =1,...,n, rje ;; — 3HAYEHHE -0 IPU3HAKA
J-TO MHJUBHIA, N — KOJUIECTBO WHIMBUIOB.

[TPIMEP 1. B kauecrre ”3apncumoii” mepeMennoii Y Gymem paccMaTpuBaTh CPEIHION TPO-
JOIKUTETLHOCTD *KU3HHM, & B KA4eCTBE HE3ABUCHMBIX MEPEMEHHBIX — HAIIMOHAJBHOE OOTaTCTBO
X1 n 06bem X9 mpoiaBaeMoil BOJKY 3a TO1, IPUXOANHHC HA, OJJHOTO YeIoBeKa (B OyThLIKAX),
TakuM obpasoM s = 2. B kagecTBe muamBumoB n = 7 OyaeMm paccMaTpuBaTh roabl: 1970, 1975,
1980, 1985, 1990, 1995 u 1998.

J | Tomer | Tlpomomk-T6 | Harm.6orarcso Boaxka
xkmsun Y | (mapa.on.) Xy | (6yT.s rog) Xo

1| 1970 68.9 2372* 25.3
2| 1975 68.1 2372%* 28

3| 1980 67.6 2489 30

41 1985 69.2 3379 23.5
5| 1990 69.2 4130 18

6 | 1995 64.6 1171 38.4
71 1998 67 689 29.6

Hampuwmep, x15 = 4130 — 310 obbem HammoHajbHOro Gorarcrsa B 1990 romy. 3Be3mouxamu

OTMeYEHBI apTedaKThI WK HEToTHBIe Hab rroaennst. [locKo/IbKY JaHHbBIE O HAITMOHAJIEHOM DOraTcTBe
B 1970 u 1975 rogax oTCyTCTBYIOT, BMECTO ITPOYEPKOB YKA3AHBI CPEIHNE 3HAYEHUS HAITMOHAIBHOTO
borarcraa.

Perpeccueit HazpiBaioT OyHKINIO, SIBIASIIONLYIOCS YCAOBHBIM MaTeMATHIECKUM OXKUIaHTeM

E(Y|X1,..., X,)

IepeMeHHO’ Y B 3aBUCHMOCTHU OT 3HAUYEHHI IepeMeHHbIX X1, . . ., X . Moaeab MHOXKeCTBEeHHOIT
pPerpeccun IpeIcTaBigeT coOoi ypaBHEHHE

Y = E(Y|X1,...,X,) +e,

e € — caydJaiiHasg He CHCTeMaTHIecKas ONnOKa ¢ HyJI€BbIM MaTeMaTHIECKUM OZKHTaHIEeM
u gucnepcueit o2, JIas mpaKTHIecKuX meseit yI0OHOU OKa3bIBAETCs JIMHEHHAS allpOKCH-
Manud MHOZKECTBEHHOM perpeccun B BUIe

Y=0+06X1+...+ 06X +e.
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Koadpdunmentor [y, 1, ..., s HA3bIBAIOTCS YACTHBIMU KO3 pUIIMEHTAMU perpec-
cun. DT KOIPOUIMUEHTH BRIYUCIAIOTCS IPA TOMOIIH TPOrPAMMBI PEIPDECCHOHHOTO aHa~
JIN3a U3 YCJIOBUS MOCTPOEHUS HAUIYUIIEro JUHEHHOrO Ipe/IcKa3a s

}A/<X17"‘7Xs):ﬁo—'_/@le—i_”'—i_ﬁsX

B CMBICJIE MUHUMYMa PaCCTOAHUA MEKIY Ha6.HIO,ZLeHI/IHMI/I n MMPpOTrHO30M, TO €CTh YaCTHbIE
n

K03 OUIMEHTDI PerpecCuu UILYTCs U3 YCJIOBHS MEHIMATBHOCTH BhIpazkenus » | (y;— B —
7j=1

Brixy;—...— ﬁsxsj)2 [Ipu s = 1 ypaBHEHUE OJHOMEPHOil TUHEHHONW perpecCu nMeeT BUL:

Y = ﬁlX —|— 0Bo, e X = Xj. Koscb(i)mmeHTbI BbI‘H/ICJIHIOTCH 1/13 O6bI‘IHI>IX BBIOOPOYHBIX

XapaKTePHCTHK: CPeJHIX T = 21 Tju Y= Z Yj, & TAK¥Ke Z Ty; I Z 3
- =

> Ty — NIy
Pr="

>

(31)

o
Il
Y|
|
=
T
Kl

i=1

n Y
> xF —ni?
Jj=1

NiHEFHS A PEMECCKHA SAEMCHMMOCTM NPOSOMAEMTENEHOCTI KHIHK
OT HaWoHaneHom BoraTcTea

63,2
63,1
67,0

1993
o

AROLOMNFMTENEHDCTE #IM3HI

E&9 117 2372 3379 4130

00 bEM HALWMOHANEHOM BoraTCTES

Puc. 20: Biaugnume HanmumoHaJLHOTO OOraTcTBa Ha IIPOJOJKUTETHBHOCTH YKU3HU.
Kosddumnuent xkoppensamun R = 0.78, 3uaunmocts p = 0.04.

[TPUMEP 1 (mpomosxkenne). [Toctponm Hantydimee npeicKka3zanue CpeIHei MpoT0IKATE b
HOCTH XKu3HU Y 10 06bemy HanuoHaspHoro 6orarcrea Xi. U3 (31) nmoayquaem 51 = 0.00108, 5y =
65.25. 3HAUNMOCTb ONHOMEPHON JUHENHHOW perpeccun cOBIagaeT co 3HaunMmocTbio p = (.04
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ko3 durmenta xkoppeasaiun R = (.78, 910 cBUAETEILCTBYET 0 HAJIUYUN JUHEHHON 3aBUCUMOCTHI
MEXKJy ITUMU IPU3HAKAMI.

Hannygmee mpeackazanme cpenneil mMpogoKUTENBHOCTA KU3HA TI0 ABYM IIpH3HAKaM X1
(HanmoHasnbHOe GoraTcTBo) U Xo (IpojIaska BOJKM) UMeeT B

Y = 75.05 — 0.00009.X; — 0.2557.X5.

BamMernmM, UTO MO YKA3AHHOMY YPABHEHUI0 PETPECCUU BAWAHWE HAIMOHAJIBHOIO GOTAaTCTBA, HA
CPEJTHIOIO TTPOJIONIPKNTETHHOCTD YKU3HW OTPHUIATETHHO, XOTS KOTAA MBI PACCMaTPUBAJIN OTAETHHYTIO
JINHUIO PEI'PECCUU, TO BJIAsiHUE ObLIO MOJI0KUTETbHBIM. HaM mpeicTonT 06baCHUTD 9TOT TapaioKC.

NMHERHAA PE MECCA 586 WCHMOCTM NPOJOMHKATENEHOCTI H43HA
OT MPOLEHM BOgKM

63,2
65,1
7.0

CREnHAA NROLOMAMTENEHOC TR H43HM

18,0 235 28,0 38 4

O EEMEl MPOREE BOLKM HA BY LY HACENEHKA (BY TEINKK)

Puc. 21: Biumsgnue nupojaku BOJKH Ha ITPOJOJIKUTEIbHOCTD Ku3HU. Koadduiment
koppessin R = —0.93. 3naunmocts JuHeiiHoi perpeccun p < 1074,

2.10.3 Yactublit k03(dduiineHT KOppeaaiun

Paznocth Mexk1y NpU3HAKOM U €ro JIMHEHHBIM Ipe/cKa3anneMm Y — Y HasbiBaercs
ocmamxom. BazKHBIM CBOICTBOM OCTATKA SIBJISIETCSI €70 He KOPPEINPOBAHHOCTH HU C OTHO
U3 IepeMEeHHBIX X1, . .., X, BXOAAIINX B IPEITUKTOD Y(Xl, ..., Xs). Wnnrocrpanueit 5Toro
ABJISIETCS] IByMEpHAs HarpaMMa OCTATKA U OJIHON U3 BBIYUTAEMbIX KOMIIOHEHTHI (puc.22).

DTO CBOUCTBO OKA3BIBACTCs YPE3BbIYAHO BaxKHBIM. OHO MO3BOJISIET HA OLPE/IEICHHOM
JTare yCTpaHsTh BJUSHUE TOW WJIM UHOHN nepeMennoit. PaccMoTpuM HauIydiime JInHeiHbie
npeacKa3aHus Y(Xg, X)) m X, (Xo,...,Xs) nepemenunix Y u X; 110 nepeMeHHBIM
Xo,...,X,. Ocrarkn Y — ?(Xg, X)Xy — Xl(XQ, ..., Xs) HE KOppeJupoBaHbl HU C
OJTHOI U3 mepeMeHHBIX Xo, ..., X;. DTO HOBBIE IepeMeHHbIe, HO IO CYTH JeJa 3TO Te JKe
nmepeMeHHble Y U X7, TOMbKO U3 HUX YCTPAHEHO BJIUSHUE TMepeMeHHBIX Xo, . .., X,.
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HexkoppenMpoEaHHOCTE OCTaTES OT BEIMMTaEMONR I'IE-'FIEME-'HHCII;I
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HaUMoHaNEHOE BOraTCTED

Puc. 22: HekoppemrmupoBanuocTs octatka Y — (75.05 — 0.00009X; — 0.2557X,) ot
nepemMenHon Xj.

Koaddumuent koppensnun py,, Mexiay Y — SA/'(XQ, Xy ) w Xy — Xl(XQ, ooy X)
HA3LIBACTCA YACTHBIM KO3(p(PUIMEHTOM KOPPEIAIN.

SHAYMMOCTH 9aCTHOTO KO DUITHEHTA KOPPEISIIH TPOBEPSETCs TAKKe KaK U B CJIydae
00bI9HOTO KO3 puIIeHTa KOPPEIIInn Tpu momoinn cratucTukn CThIogeHTa BIIa:

L CTS/——— (32)

\/ 11— p%/:rl

KOTOpasd B CJydae paBeHCTBa HYJII0 IeHepaJbHoro KoddduuueHnTa Koppejdlud HUMeeT
pacnpeaenenne CThIOJEHTA € YUCJIOM CTeneHeil cBOOObI, paBHbIM N — s — 1. Jljist BbI-
YUCJIEHUd pP-3HaQYCeHUd TPU MOJIYyYEeHHOM Ha6JIIO,ZLaBMOM 3HAYEHUUN CTAaTUCTUKHAU CTbIO,D;eHTa
T, MOYKHO HCIIOJB30BaTh (DYHKIUIO B 9JIeKTPOHHBIX Tabaunax Fxcel suga: P = P(|T| >

T,) = CTBIOPACIH(|T,|;n — s — 1;2).

[TPUMEP 1 (upomonxenue). Boraucanm gactabiii KoabOUIMEHT KOPPETAIUN Py 5, MEKILY
CPeAHEH TPOJOIKUTENLHOCTIO KI3HE 1 HAIIMOHAIBHBIM OOTaTCTBOM IPH YCJIOBUH YCTPAHEHU
BIMAHUA [TPOJAXKU BOJKU Ha 00a 9TUX IPU3HAKA.

Pacemorpuy mpeaukropsr Y (X)) u X1 (X2) mepementex Y u X mo mepementoit Xo, T.e.
JIMHEHbIE TPe/ICKa3aus IPOJOIKUTeIbHOCTH KU3HN U HAIMOHAILHOIO 60raTcTBa B 3aBUCUMOCTH
OT MPOJAKU BOJKHU. 3aMETHM, 9TO Ha 06a 3TUX NpHU3HaKa MPOIazka BOJKH JEHACTBYeT OJUHAKOBO
OTPHUIATETBHO:

Y (Xo) = 74.46 — 0.242 X5,
X1(X3) = 6429 — 151.159.X5.
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CocraBum TabsuIly, B KOTOPOil Oy/eT OTparXeHa JIWHAMHUKA TTPOIOJKUTEILHOCTH KW3HU U Ha-
[IMOHAJILHOIO GOraTCTBa MPU YCIOBUH, €CJid Obl MPOJIAYKU BOJKHM He ObLIM CBA3aHBI C 00beMaMu
HATTMOHATHLHOTO GOTATCTBA.

Tona | Vem.mpomomk-Th Kusnau | Yea.Ham.60ratcBo (M. 1001 )
Y — Y(X3) + 74.46 X1 — X1(Xo) + 6429
1970 75 6196,3*
1975 74,9 6604,5*
1980 74,9 7023,8
1985 74,9 6931,2
1990 73.6 6850,9
1995 73,9 6975.5
1998 74,2 5163,3

Kospdurment koppemsnun Mexay Y — Y (Xs) + 74.46 u X1 — X1(Xa) 4 151.159 pasen
—0.11 (ax = 0.4072). Bnauumocts 0.4072 ykaspiBaeT HAa OTCYTCTBHE JIMHEHHOM 3aBUCMMOCTH
MEXK Y TPOJOIKATENHHOCTHIO KUIHU W HATTMOHAIBHBIM O0TaTCTBOM TTPH YCIOBUN HE3ABUCHMOCTH
OPOJIazkK BOJKYM OT YPOBHS HAIMOHAJBLHOTO OOTaTCTBA.

OKa3BIBAETCA, 9TO MEKY TTPOJOTKUTENHHOCTHIO XKUIHU W HATMOHATHHEBIM GOTATCTBOM CBI3W
uwer. Ho npw yMeHBIIEHUN HAIMOHAJIBHOTO GOTATCTBA YBETMUMBAETCS MPOJIAXKa BOJKM, UTO, B
CBOTO 0YMEPETh, TPUBOIUT K YMEHBITIEHHIO TTPOMOIKUTETFHOCTH KU3HN. TaK obbacHseTcs HabIo-
JlaeMas B IeHICTBUTEIBLHOCTH TOJIOXKUTENbHAST KOPPEJAINN MeXK/1y TTPOJIOJIKATETLHOCTLIO XKI3HI
1 HAIMOHATBHBIM OOTATCTBOM.

2.10.4 3HaAYMMOCTH MPOTHO3A

OCHOBHBIM HCTOYHWKOM BapHAIMH [TEPEMEHHON Y SIBISETCS CyMMa KBaJIPaTOB OTKJIO-
HEeHUil OT Cpe/THEero 3HaYeHus § BUJA!

n

SSr=> (v —9)"

j=1

B Maremarnueckoii ¢TaTHCTHKE II0Ka3aHO, 9TO S'S7 PACKIaAbIBACTCS HA IBE CyMMbI KBaJI-
paroB: SSp = SSr + SSE, e

n

SSr = (9 —9)°

j=1

SIBJISIETCS UCTOYHUKOM BapHAaIliu, OOYCJIOBIEHHBIM perpeccueit, a

SSp =Y (y; — ;)
=1

ABJIETCS UCTOTHUKOM BapHaIluu, 0OyCJIOBJIEHHBIM OImuOKoil. Yepes

Ui = Bo + Bixij + ...+ Bsxs;
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0603HAYEeHBl 3HAYEHUST HAMJIYdIIero npejackasanus Y (X, ..., X).
Kosddunuenrom merepmMuHaANIM HA3BIBACTCS 075 TUCIEPCHE, 00bsICHIeMasI pe-
rpeccueii, paBHasg OTHOIIEHUIO

5SSk
R = ——.

SSt
Yewm Osinzke KoddUIUEHT JleTepMUHALMKY K €JIMHUIE, TeM OJinzKe TOYKU HAOJIIO/JIeHu K
HaWJIydliemMy JIMHEITHOMY IpeJ/ICKa3aHuio, TeM 3HaduMee poruo3. Kopeub u3 koadduiu-
€HTa JIETEPMUHAIINN HA3BIBACTCS MHOXKECTBEHHBIM KO03(p(PUIINMEHTOM KOPPEJIAINN.
On paBen K03 UIUEHTY KOpPEISaIuu MeXK Iy IMepeMeHHoi Y U ee HAMIYYIINM IIpecKa-
3aHIeM ?(Xl, .., Xg). Ilpu s = 1 MHOXKecTBeHHBIH KODMUIMEHT KOPPESAIUNT DABEH
O0OBITHOMY KO3 MDUIHEHTY KOPPETIInH.

B kadecrBe HECMEIIEHHOI ONEHKH JIUCIIEPCUM 0° MEePEeMEeHHONH Y HCHOJIb3YIOT BbIpa-
xemne 62 = —22E_ 3paunmocts K03DPUIHEHTA JeTePMUHALNHN, T.€. THIIOTe3a PABEHCTBA

n—s—1°
HYJIIO R2 IIpoBepdeTcd IIpHu IIOMOIIN CTaTUCTUKHU @Hmepa BHUIa:

2

B SSR/S
- SSg/(n—s—1)

F

KoTOpas 1pH crupaseamusocta Hy : R? = 0 mmeet pacupegenenne Oumepac sun—s— 1
crenenbio cBo6obl. JloBepuresibublii yposenb Beposithoctu p = P{F > F,} yka3biBaer
Ha TO, HACKOJBKO MOYKHO JOBepATh Mporuo3y. Ecam p < 0.05, To rumore3a 0 paBeHCTBE
aymio R? oTBepraeTcs , m IPOrHO3Y MOYKHO JOBEPATH ¢ BEPOATHOCTDHIO, Gombireii 0.95.

[TPUMEP 1 (npogoszkenue). TIposepuM 3Ha4MMOCTH MOJIE/IH, T.€. IPOBEPUM THIIOTE3Y O
pasemcTBe Hys0 Koadbdunuenta gerepmunanun. SSt = 16.14, SSp = 14.11, SSg = 2.03, R? =
14.11/16.14 = 0.874. Buauenne crarucrukn Puimepa pasHO

14.11/2

F=sim—2 =1

= 13.88.

B ciyuae cnpaBeamBOCTH IHIOTE3Bl 0 pasencrse R2 = 0 crarmcruxa F mMeeT pacipeseseHne
@umrepa ¢ 2 u 7 — 2 — 1 = 4 crenensiMu cBobosbl. 3HaUMMOCTh paBHa p = P{F > 13.88} =
0.0159. D10 o3HATAET, UTO C BEPOATHOCTHIO, Dostbieit 0.9841 MOXKHO JOBEPSITH TPOTHO3Y CpeHe
OPOIOJIKATENBHOCTH KI3HN 10 00beMy HAIlMOHAJIBLHOTO OOTaTCTBa U 00beMY IIPOAarkK BOIKH Ha,
AYITY HACEJEHUS.

2.11 Panrosag koppeagamua CoupmMmeHa

JToBOJIbHO YacTO, 0COOEHHO €CJ/in JIJAHHbIE HEOHOPO/HbI, OObIUHbIH KO3h dhuiuent Kop-
pesaIny He BIOJIHE YeTKO OTPAYKAET CTPYKTYPY B3aMMOCBA3U MEKTy TTPU3HAKAMM.

[TPUMEP 2. Uccnenyem 3aBRCMMOCTH MEXKJIYy CMEPTHOCTHIO OT HECYACTHBIX CIAYYAEB W
JIPYTUX BHEIHUX BO3JEHCTBHU 1 00beMOM BasIoBOTO BHyTpeHHero mpoaykra (BBII) B 1997 roxy
B 21 crpaHe 1O JIAaHHBIM, TPEJCTABJICHHBIM B Tabsuie 6. DTH CTPaHBl B CHJIY ONPEIEJEHHBIX
HUCTOPUYECKUX COOBITUI B KOHIIE JIBAJIATONO BEKa Jedarcs Ha jae rpyunnb: Poccust, Bosrapus,
Benrpusg, [Mogpimna, Pymbiaua o6pasyroT ofHy rpyImny, OCTaAbHbIE CTPAHBL IPYTYIO.
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Bo Bropoit rpyre nabJrrogaercst orpuiiaTe/ibHast Koppesiinust mexk iy oobemom BBIT n
CMEPTHOCTBIO OT HEeCYAaCTHBIX caydaeB. Koaddunuent koppessiuu papen R = —0.46, p =
0.07. J/IBymepHag amarpamma, W300pazKeHHas Ha PHCYHKe 23, CBHJIETEIbCTBYeT O He-
OJTHOPOJTHOCTH JTAHHBIX. B TakoM ciydae TpeOyeTcss HpoayOIupoBaTh CTATUCTHIECKHE
BBIYUC/ICHUSI HelapaMeTpuiaeckumu Merogamu. HanboJiee 10CTYIHBIM B II/1aHE HOHUMAHUS
SBJISIETCS PAHTOBBIN K03 unuent Koppesnganuu Conupmena, OyKBaJbHO 03HAYAIO-
it K03 GUIMEHT KOPPEISIuN Me¥K/1y PaHTaMu.

| BBMHECY.CN. Fo= 02117, r=-04602 p=00729; =54 1585339 - 0 453361331
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Puc. 23: Habmiomaemass oTpunare/ibHas 3aBUCAMOCTb MeXKJIy O00OBEMOM BaJIOBOTO
BHYTpPEHHEro MPOJAyKTa U CMEPTHOCTHIO OT HECYACTHBIX CJyYaeB BO BTOPOIl I'PYIIe CTPaH,

R=—0.46, P =0.07.

HamoMHMM, 9TO paHIroOM Ha3bIBAETCS LOPIKOBBIA HOMED 3JIeMEHTa B YIOPSJI0YeH-
Hoit BeiGOpke. [lycts o, ..., 2/ u yy,...,y, — panru uHAUBUIOB 1O npusHakam X u Y,
Tix = k; — l;, Te k; — KOIM4ecTBO MHANBUIOB, KOTOPHIX MPEBOCXOIUT T;, l;,— KOJIMIECTBO
HH/IMBU/IOB, KOTOPBIE IPEBOCXOIAT X;. AHAJIOIHYHO HOCTPOUM ¥;x. POPMATILHO 3TH XapaK-
TePUCTUKH BBOJIATCS KaK

Tiw = 2 x'-—n+1
% 7 2 )

n+1
Y Y; 5

Eciim nmpusznaku B3amMOCBs3aHbl — O0JIbIIEMY 3HaYeHUI0 X COOTBETCTBYeT OOJIbIee
3HaYeHHe Y , MEHbIIEMY MEHbIIIee U TaK JaJiee, — TO Ty U Y;x COBIAIAIOT, U XapPaKTEePUCTHKA,

n
Qxy = E LixYix
i=1
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n n
upunuMaer HauGosibliee 3Hadenue, pasHoe Q = Qup = Qy = Y. x7 = Y. y2. Eciu

B3aMMOCBSI3b MPU3HAKOB OOpaTHAsi — MEHBINEMY 3HAYeHHIO X COOTBETCTBYET OOJIbIllee
3Ha4YeHNe NpHU3HAKa Y U TaK Jajlee, — TO Ty = —Vix, U gy = —. Takum obpazom
MOKHO BBECTHU XapaKTEPUCTUKY

Rg = —= (33)

KOTOpas HasbiBaeTcst Koy dunuentom koppessiun Crmpmena. Ecin mex 1y npusnakamn
CYIIIeCTBYET NIpsiMasl 3aBUCUMOCTb!

X 1 2 ... n—1 n
Y 12 ... n—1n)’
To Koapduent Cnmpmena papen exunuie Rg = —1, ecim obparHas:
X 1 2 ... n—1 n
Y n n—1 ... 2 1

[TockosibKy "TH IpeICTaBIsseT coboil cpeaHee apudMeTHIECKOe IOCIeI0BATeILHOCTH

1,2,...,n, To Koapbunuent Koppensiun CuupMeHa ecTb He 9TO HHOe, KaK Koddhument
KOPPEJISIIUU MEKIy PAHTAMHU.

Buaunmocth K03 dunuenta CriupMena, Kak u 00bITHOT0 KO huimenTa Koppersdinum,
MPOBEPSIETCSI TPY TTOMOIIA CTATHCTHKH

T — RS\/n—Z
V1-R%’

KOTOpas IpH HeKoppeaupopanHocTu panros X' u Y’ mMmeer pacupenenenne CTbiogeHTa C
n — 2 CTemeHIMH CBOOOJIBI.

[TPUMEP 2. (npomomxkenne) Paurossrit koaddunment koppensainu Crimpmena Mexry 00b-
emoM BBII B 1997 rony m cMepTHOCTBIO OT HECYACTHBIX CAYYAEB BO BTOPOI TPYIIE CTPAH PaBEH
Rg = 0.03, P = 0.91. TlockoibKy KOppessing He 3HAYNMAa, TO HADIIIaeMOe yMEHLITICHUE
CMEpPTHOCTH TIpHu yBesqmdeHnn obbema BBII aBiserca He cumcreMarwmdecKmMm, a CIydailHBIM 33,

(34)

cuer oHoit crpanbl (Mekcukn).
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cTpaHa rpymnma | cM-Th OT Hecd.ca. | BBII97 | ect.mp.97
Poccuga 1 187,4 24,2 -5,2
ABcrpan 2 39,4 76,4 6,7
ABcrpus 2 54,3 79,5 0,5
Benvrus 2 56,3 79,8 1,2
Bonrapuga 1 66,8 17,9 -7
Anrnng 2 28.5 70,2 1,6
Benrpus 1 102,4 33,5 -3,8
lepmanus 2 41,2 76,6 -0,8
Jlanws 2 55,9 83,2 1,5
Uranusa 2 40,8 72,8 -0,4
Kanana 2 43,6 81,7 49
Mexkcuka 2 81,8 25,8 23,4
Huep-/ip1 2 29,8 75,6 3,5
Hopserus 2 42,4 91,6 3,5
[Tonpma 1 77 24,7 0,9
Pymbriansa 1 80,8 23,7 -1,9
CIIIA 0 55,9 100 2,7
QuH-us 2 79,1 68,5 1,8
Opanrust 2 64,5 73,3 3,3
[MIBemmst 2 40,3 71,6 -0,4
Anonusa 2 43,3 86,2 2,1

Tabuma 6: DKoHOMEUKO-IeMOoTpadudeckne ganabe 1997r.
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x 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0 | 0.5000 | 0.5040 | 0.5080 | 0.5120 | 0.5160 | 0.5199 | 0.5239 | 0.5279 | 0.5319 | 0.5359
0.1 | 0.5398 | 0.5438 | 0.5478 | 0.5517 | 0.5557 | 0.5596 | 0.5636 | 0.5675 | 0.5714 | 0.5753
0.2 ] 0.5793 | 0.5832 | 0.5871 | 0.5910 | 0.5948 | 0.5987 | 0.6026 | 0.6064 | 0.6103 | 0.6141
0.3 | 0.6179 | 0.6217 | 0.6255 | 0.6293 | 0.6331 | 0.6368 | 0.6406 | 0.6443 | 0.6480 | 0.6517
0.4 | 0.6554 | 0.6591 | 0.6628 | 0.6664 | 0.6700 | 0.6736 | 0.6772 | 0.6808 | 0.6844 | 0.6879
0.5 | 0.6915 | 0.6950 | 0.6985 | 0.7019 | 0.7054 | 0.7088 | 0.7123 | 0.7157 | 0.7190 | 0.7224
0.6 | 0.7257 | 0.7291 | 0.7324 | 0.7357 | 0.7389 | 0.7422 | 0.7454 | 0.7486 | 0.7517 | 0.7549
0.7 | 0.7580 | 0.7611 | 0.7642 | 0.7673 | 0.7704 | 0.7734 | 0.7764 | 0.7794 | 0.7823 | 0.7852
0.8 | 0.7881 | 0.7910 | 0.7939 | 0.7967 | 0.7995 | 0.8023 | 0.8051 | 0.8078 | 0.8106 | 0.8133
0.9 | 0.8159 | 0.8186 | 0.8212 | 0.8238 | 0.8264 | 0.8289 | 0.8315 | 0.8340 | 0.8365 | 0.8389
1 | 0.8413 | 0.8438 | 0.8461 | 0.8485 | 0.8508 | 0.8531 | 0.8554 | 0.8577 | 0.8599 | 0.8621
1.1 | 0.8643 | 0.8665 | 0.8686 | 0.8708 | 0.8729 | 0.8749 | 0.8770 | 0.8790 | 0.8810 | 0.8830
1.2 | 0.8849 | 0.8869 | 0.8888 | 0.8907 | 0.8925 | 0.8944 | 0.8962 | 0.8980 | 0.8997 | 0.9015
1.3 | 0.9032 | 0.9049 | 0.9066 | 0.9082 | 0.9099 | 0.9115 | 0.9131 | 0.9147 | 0.9162 | 0.9177
1.4 | 09192 | 0.9207 | 0.9222 | 0.9236 | 0.9251 | 0.9265 | 0.9279 | 0.9292 | 0.9306 | 0.9319
1.5 | 0.9332 | 0.9345 | 0.9357 | 0.9370 | 0.9382 | 0.9394 | 0.9406 | 0.9418 | 0.9429 | 0.9441
1.6 | 0.9452 | 0.9463 | 0.9474 | 0.9484 | 0.9495 | 0.9505 | 0.9515 | 0.9525 | 0.9535 | 0.9545
1.7 | 0.9554 | 0.9564 | 0.9573 | 0.9582 | 0.9591 | 0.9599 | 0.9608 | 0.9616 | 0.9625 | 0.9633
1.8 | 0.9641 | 0.9649 | 0.9656 | 0.9664 | 0.9671 | 0.9678 | 0.9686 | 0.9693 | 0.9699 | 0.9706
1.9 | 09713 | 0.9719 | 0.9726 | 0.9732 | 0.9738 | 0.9744 | 0.9750 | 0.9756 | 0.9761 | 0.9767
2 | 09772 | 0.9778 | 0.9783 | 0.9788 | 0.9793 | 0.9798 | 0.9803 | 0.9808 | 0.9812 | 0.9817
2.1 | 0.9821 | 0.9826 | 0.9830 | 0.9834 | 0.9838 | 0.9842 | 0.9846 | 0.9850 | 0.9854 | 0.9857
2.2 | 0.9861 | 0.9864 | 0.9868 | 0.9871 | 0.9875 | 0.9878 | 0.9881 | 0.9884 | 0.9887 | 0.9890
2.3 | 0.9893 | 0.9896 | 0.9898 | 0.9901 | 0.9904 | 0.9906 | 0.9909 | 0.9911 | 0.9913 | 0.9916
2.4 | 0.9918 | 0.9920 | 0.9922 | 0.9925 | 0.9927 | 0.9929 | 0.9931 | 0.9932 | 0.9934 | 0.9936
2.5 | 0.9938 | 0.9940 | 0.9941 | 0.9943 | 0.9945 | 0.9946 | 0.9948 | 0.9949 | 0.9951 | 0.9952
2.6 | 0.9953 | 0.9955 | 0.9956 | 0.9957 | 0.9959 | 0.9960 | 0.9961 | 0.9962 | 0.9963 | 0.9964
2.7 | 0.9965 | 0.9966 | 0.9967 | 0.9968 | 0.9969 | 0.9970 | 0.9971 | 0.9972 | 0.9973 | 0.9974
2.8 1 0.9974 | 0.9975 | 0.9976 | 0.9977 | 0.9977 | 0.9978 | 0.9979 | 0.9979 | 0.9980 | 0.9981
2.9 | 0.9981 | 0.9982 | 0.9982 | 0.9983 | 0.9984 | 0.9984 | 0.9985 | 0.9985 | 0.9986 | 0.9986
3 ] 0.9987 | 0.9987 | 0.9987 | 0.9988 | 0.9988 | 0.9989 | 0.9989 | 0.9989 | 0.9990 | 0.9990
3.1 1 0.9990 | 0.9991 | 0.9991 | 0.9991 | 0.9992 | 0.9992 | 0.9992 | 0.9992 | 0.9993 | 0.9993
3.2 1 0.9993 | 0.9993 | 0.9994 | 0.9994 | 0.9994 | 0.9994 | 0.9994 | 0.9995 | 0.9995 | 0.9995
3.3 1 0.9995 | 0.9995 | 0.9995 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9997
3.4 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9998

Tabmnma 7: @yukuus crasgapTHOro HopMasbHoro pacupejenenns @ (z). ¢(—z) =1 — ®(z).
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