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Cratuctuka 00BEKTOB HEUUCIIOBON MPUPOIBI
(cTaTHCTHKA HEYHMCITOBBIX JAHHBIX, HEUUCIOBAS
CTATHUCTHKA) SBJISETCS 00JIACTHI0 MATEMATHIECKOM
CTaTUCTHKH, IOCBAIICHHONW METO/IaM aHaIH3a
HEUYNCIIOBBIX JaHHBIX. OCHOBOI MPUMEHEHHS
Pe3yIbTaTOB MATEMAaTHIECKON CTATUCTHKH SBIISIOTCS
BEPOSATHOCTHO-CTATHCTUYCCKUEC MOJICIH PEalbHBIX
SIBIICHUIl ¥ IPOLIECCOB, BaXKHEHIeH (a 4acTo u
€/IMHCTBEHHOM) COCTABHOM YaCThIO KOTOPHIX
SIBIISTFOTCSI MOJICITH TIOPOXKICHUSI TAHHBIX.
IpocTeimmM mpuMepoM MOACTH TOPOKIACHUS
JAHHBIX SBIIIETCS MOJIEIb BEIOOPKH KakK
COBOKYITHOCTH HE3aBHCHMBIX OJHHAKOBO
pacrpeeIeHHbIX CIIy4alHbIX BeIMUMH. B HacTosmen
CTaThe PaCCMOTPEHBI OCHOBHEIE BEPOSTHOCTHEIC
MOJIENTN TIOPOXKICHHS HEINCIIOBBIX JAHHBIX. A
UMEHHO, MOJICNI TUXOTOMUYECKUX JaHHBIX,
Pe3yJIBTaTOB MAPHBIX CPABHCHUIA, OMHAPHBIX
OTHOIIICHHUH, PAHTOB, 00BEKTOB OOIIEH MPUPOIBI.
OO0cCy)XIarTCs pa3IUIHbIC BAPHAHTHI BEPOSITHOCTHBIX
MOJIeJICH M UX MPAKTUIECKOE UCIOIb30BaHUE.
Hanpumep, 0a30Bast BepOSATHOCTHASI MOJICIb
JMXOTOMHYCCKUX JaHHBIX - OCPHYIUITUECBCKUN BEKTOP
(mrocua), T.€. KOHEYHas MOCIEI0BATEIBHOCTh
HE3aBUCHMBIX MCIIBITaHUI BepHyIuTH, U1 KOTOPBIX
BEPOSATHOCTH yCIIeXa MOTYT OBITh Pa3IMIHBI.
MaremaTtnueckuii anmnapat peieHus pa3IndHbIX
CTaTUCTHYECKHX 3a/1a4, CBA3aHHBIX C
OCpHYJUTUCBCKUMH BEKTOPAMH, TIOJIC3CH JJIsl aHAJIH3a
CIIy4alHBIX TOJCPAHTHOCTEH; CITyYaifHbIX MHOXKECTBA
C HE3aBHCHUMBIMU 3JICMEHTAMH; IIPU 00paboTKe
Pe3yJIbTaTOB HE3aBHCUMBIX MAPHBIX CPABHCHUH; B
CTaTUCTHYCCKUX METOJIaX aHAJIN3a TOYHOCTH U
CTaOMIILHOCTH TEXHOJIOTUYCCKHUX MPOLECCOB; TIPU
aHaNM3e W CHHTE3€ TUIAHOB CTATHCTHYECKOTO
TPHEMOYHOTO KOHTPOIIS (IT0 TMXOTOMHYESCKUM
NpU3HAKaM); IpU 00pabOTKE MAPKETHHIOBBIX U
COIMOJIOTHYECKUX aHKET (C 3aKPBITHIMU BOTIPOCAMH
THIIA «Ia» - <HET»); IPU 00pabOTKe COLHAIbHO-
TICHXOJIOTMYECKUX ¥ MEIUINHCKUX JaHHBIX, B
9YaCTHOCTH, OTBETOB HA IICUXOJIOTUYCCKHUEC TECThI THIIA
MMPI (ucmonb3yembix, B YaCTHOCTH, B 3a/1a4ax
YIPaBJICHUSI IEPCOHATIOM), TIPH aHAJIH3e
Tornorpaguyeckux Kapt (IPUMEHSEMBIX JUIs aHAJIN3a U
MPOTHO3a 30H MOPAXCHUS IPU TEXHOJIOTUICCKUX
aBapusAX, PaCIPOCTPAHEHUH KOPPO3UH,
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The statistics of objects of non-numerical nature
(statistics of non-numerical objects, non-numerical
data statistics, non-numeric statistics) is the aife
mathematical statistics, devoted to the analysis
methods of non-numeric data. Basis of applying the
results of mathematical statistics are probalihisti
statistical models of real phenomena and proceses,
most important (and often only) which are models fo
obtaining data. The simplest example of a model for
obtaining data is the model of the sample as afset
independent identically distributed random variable
In this article we have considered the basic
probabilistic models for obtaining non-numeric data
Namely, the models of dichotomous data, results of
paired comparisons, binary relations, ranks, theat®
of general nature. We have discussed the various
options of probabilistic models and their practigsé.
For example, the basic probabilistic model of
dichotomous data - Bernoulli vector (Lucian) iieaf
sequence of independent Bernoulli trials, for wtod
probabilities of success may be different. The
mathematical tools of solutions of various statati
problems associated with the Bernoulli vectors are
useful for the analysis of random tolerances; ramdo
sets with independent elements; in processing the
results of independent pairwise comparisons; $izls
methods for analyzing the accuracy and stability of
technological processes; in the analysis and sgighe
of statistical quality control plans (for dichotoo®
characteristics); the processing of marketing and
sociological questionnaires (with closed questides
"yes" - "no"); the processing of socio-psychologjica
and medical data, in particular, the responses to
psychological tests such as MMPI (used in particula
in the problems of human resource management), and
analysis of topographic maps (used for the analysis
and prediction of the affected areas for technahalgi
disasters, distributing corrosion, propagation
environmentally harmful pollutants, various disease
(including myocardial infarction), in other situatis),
etc.
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pacnpoCTpaHEHUH SKOJOTUYECKU BPEIHBIX
3arpsi3HEHUM, pasIMYHBIX 3a00JI€BaHUsX (B YaCTHOCTH,
py HH(APKTE MUOKAp/Ia), B IPYTUX CUTYAIHAXK), U
T.1.

Kmouesbie copa; MATEMATUYECKA ST Keywords: MATHEMATICAL STATISTICS,
CTATUCTUKA, OFBEKTHI HEUMCJIOBO NONNUMERICAL OBJECTS, PROBABILISTIC-
[IPUPO/IbI, BEPOSITHOCTHO- STATISTICAL MODELS, DICHOTOMOUS DATA,
CTATUCTUYECKUE MOJIEJIH, BINARY RELATIONS, RANKS, OBJECTS OF
JIMXOTOMMWYECKUE JIAHHBIE, BUHAPHBIE GENERAL NATURE
OTHOLIEHMS, PAHI'U, OB bEKTBI OBILEN
[IPUPO/IbI

1. BBeaenue

CratucTiika 0OOBEKTOB HEUYHMCIIOBOM MPUPOIbI (CTATHCTHKA HEYHMCIOBBIX
JAHHBIX, HEYUCJIOBAas CTATUCTUKA) SBJISCTCA OOJIACTBIO MaTEeMaTHYCCKOMH
CTaTHUCTHKH, ITOCBAIIEHHOM METOJaM aHajau3a HEYHMCJIOBBIX JaHHBIX. Pa3Butne
9TOH 00JaCTH CTAaTUCTHKH paccMOTpeHo B crathe [1]. MHorooOpasue
HEYHCIIOBBIX JaHHBIX IMpeacTaBiieHo B padore [2]. OcHOBOW mpuUMEHEHUs
pe3yJbTaTOB  MaTeMAaTHYEeCKOM  CTaTUCTUKU  SIBJISIFOTCS  BEPOATHOCTHO-
CTAaTHCTUYCCKUE MOJICIIH PEAIbHBIX SBJICHUH U MPOLIECCOB, BakHElIIeH (a yacTo
¥ CIMHCTBEHHOW) COCTaBHOM YaCThIO KOTOPBIX SBJISIFOTCS MOJICIIHA TOPOXKICHUS
naHHbIX. [IpocTediiiM MpUMEpOM MOJACIH TOPOXKICHHUS JaHHBIX SBISCTCS
MOJENIb  BBIOOPDKM  KaK  COBOKYMHOCTH  HE3aBHUCHUMBIX  OJMHAKOBO
pacIpeleNeHHbIX CIy4alHbIX BEJIWYMH. B HacTosmen craTtbe paccMOTPUM
OCHOBHBIE BEPOSTHOCTHBIC MOJICIM TOPOXKIACHUS HEYUCIOBBIX JaHHBIX. A
UMEHHO, MOJICJI JUXOTOMHYECKUX JTaHHBIX, PE3YyIbTAaTOB MapHBIX CPABHEHUH,
OMHApHBIX OTHOIIEHWH, PpaHroB, OOBEKTOB oOmEeld mpupoabl. OOCyaUM
pa3nuYHbIC BapUAHTHI BEPOSITHOCTHBIX MOJENIEH, B TOM YHUCJEe pa3paOOTaHHbBIE
aBTOPOM ¥ BIIEPBBIC TMPEACTABICHHBIE B HAYYHOW NEPHOIUKE, U UX

MIPaKTUYECKOE UCIIOJIb30BaHUE.
2. InxoroMmuyecKkue JaHHbIE

PaCCMOTpI/IM 6330By10 BEPOATHOCTHYIO MOJCJIb JTUXOTOMHNYCCKHUX OAAHHBIX

- bepnynuesckutl gexkmop (B TSPMUHOJIOTHH SHIMKIONeann [3] - mrocuan), T.e.
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KOHEUYHYIO MOCJIEI0BATEIbHOCTh X = (X, X,,...,X,) HE3aBUCUMBIX HCIBITAHUN
bepuymnu X, , mis kotopeix P(X, =1)=p u P(X, =0)=p, i=12,...k, mpuuem
BEPOSITHOCTHU |3 MOT'YT OBITh Pa3IUYHBI.

bepHymneBckre BEKTOpa 4YacTO NPUMEHSIOTCS MPH MPAKTHYECKOM
HUCHOJIb30BAHUMU CTAaTUCTUYECKUX METOJ0B. Tak, OHM HCHOJIb30BAaHbI B
MoHorpadun [4] mas omMcaHus PaBHOMEPHO PACHPEICICHHBIX CIydYalHBIX
ToJepanTHOCTEN. Kak n3BECTHO, TOJIEPAHTHOCTh HA MHOKECTBE U3 M 3JIEMEHTOB
MOKHO 33JaTb CUMMETPUYHOM OTHOCHUTEJIBHO TJIABHOM JWAroHadyd MaTpULEH

||3; || mopsaka m u3 O u 1, Ha rnaBHoM nuaroHanu kotopoi croar 1. Torma

cllyyaiiHasi ~ TOJIGPAHTHOCTh  ONHCHIBAeTCA  pachpenernenuem  MmM(m-1)/2

JAUXOTOMHMYECKUX CIIy4alHBIX BEIMYMH J;, 1<i<j<m, a Ansd paBHOMEPHO
pacrpesielieHHOl (Ha MHOXECTBE BCEX TOJICPAHTHOCTEH) TOJIEPAHTHOCTH STH
Clly4aillHble BEJIMYMHBI, KaK MOKHO JI0Ka3aTh, OKAa3bIBAIOTCS HE3aBUCHUMBIMHU U
npuHuMaroT 3HaueHus O u 1 ¢ paBHbIMH BeposTHOCTsIMH 1/2.3amucaB 37eMEHTBI

o,

; 3aJalolle TaKyl TOJIEPAHTHOCTh MATPULLI B CTPOKY, HOJIy4MM
oepuyumeBckuit Bektop ¢ K = m(m-1)/2u p, = 1/2,i =12,... k.

B cBs3u Cc oOlleHMBaHWEM IO CTAaTHCTHYECKUM JIaHHBIM (YHKIIAN
MPUHAJJICKHOCTH HeueTKor TosiepanTHOocTH B 1970€ TOABI HamMu ObLia
IIOCTPOEHA TEOPHsl CIIy4alHbIX TOJEPAHTHOCTEN C TAaKMMH HE3aBUCHMBIMH J,
4TO BEpOATHOCTH P(J; =1) = p; npousBoibHbl [4]. CioydaliHble MHOXKECTBA C
HE3aBUCUMBIMH 3JIEMEHTaMH HCIIOJIb30BAJIMCh KaK OOIIMM S3bIK JJI ONHUCAHUS
NapHBIX CPAaBHEHUI U CITy4yalHBIX TOJEPAHTHOCTEH. B HEKOTOPBIX MyOIMKausix
TEPMUH «TIOCUAH» MPUMEHSJICS KaK COKpAIlleHUE ISl BBIPAKEHUS «CIydalHbIe
MHOKECTBA C HE3aBUCUMBIMU 3JIEMEHTAMU.

bout BbISIBIEH psn oOmacTed, B KOTOPBIX TMOJIE3€H MaTeMaTUYECKUM
anmapar pelIieHHs Pa3MYHBIX CTAaTHCTHYECKUX 3a/lad, CBS3aHHBIX C

OepHYy/UIMEBCKUMHU BekTopamu. llepeuncnum »>TH oOnacTd, BKIIOYas paHee

Ha3BaHHBLIC.
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- QaHAJTU3 CITyYalHBIX TOJEPAHTHOCTEH;

- ClTy4aiiHbIe MHOXKECTBA C HE3aBUCHMBIMU 3JICMEHTAMH,

- 00paboTKa Pe3yIbTaTOB HE3aBUCUMBIX MAPHBIX CPABHCHUIA;

- CTATUCTUYECKME METOJAbl aHaliW3a TOYHOCTH M CTaOWMJIBHOCTH
TEXHOJOTMYECKUX MPOIIECCOB;

- aHaJIM3 U CHUHTE3 IUIAHOB CTATHCTUYECKOTO MPHUEMOYHOT0 KOHTPOJIs (IO
abTEPHATUBHBIM, T.€. TUXOTOMHYCCKHUM, PU3HAKAM);

- 00paboTKa MapKETHMHIOBBIX M COLIMOJIOTHYECKUX AHKET (C 3aKpBITHIMU
BOIPOCAMH THIIA «Ia» - CHET»);

- 00paboTKa COIHUATBLHO-IICUXOJIOTHUECKIX U MEIUIIMHCKUX JIaHHBIX, B
YaCTHOCTH, OTBETOB Ha rcuxosorudeckue tectbl Tna MMPI (icmonb3yembix, B
YaCTHOCTH, B 33/[a4aX yIPABICHUS MIEPCOHATIOM),

- aHasm3 Tonorpaduueckux Kapt (MPUMEHSIEMBbIX JIJIS aHAIK3a U POTHO3a
30H MOPaXEHUS MPU TEXHOJIOTMYCCKUX aBapHsiX, PaCpPOCTPAHCHUU KOPPO3UH,
pacnpoCTpaHEHHH  SKOJIOTHUSCKH  BPEAHBIX  3arpsi3HCHUM,  Pa3IM4YHBIX
3a0osieBaHusx (B 4YacTHOCTH, Ipu HH(papkre Muokapaa [5]), B apyrux
CUTYAIUsAX), U T.[.

Teoputo GepHYTHEBCKIX BEKTOPOB MOKHO BBIPA3UTh B TEPMHUHAX JIFO0OI
U3 OTHX TEOPETHUYECKUX M NPUKIAAHBIX obOmacteil. OIHAKO TEPMHUHOJIOTHS
OMHOM W3 OTHX 00JacTel «PeXeT CIyxX» U MOXKET NPUBOJUTH K
HEIOpa3syMeHHUsSIM B Jpyroil m3 Hux. [loaTomy menecooOpa3HO HCHOJIb30BATh
TEPMHH <«OEPHYJUIMEBCKUN BEKTOP» B YKa3aHHOM BBIIIC 3HAYEHHH, HE
CBSI3aHHOM HU C KaKOH U3 MepeuncICHHBIX 00JacTel MPUIOKEHHS ITOH TEOpUHU
(B psime myOIMKAIIil B TOM K€ 3HAYCHUH UCTIOIb30BAJICS TEPMHH TIOCHAH).

Pacnipenenenre OepHYIIIMEBCKOTO BEKTOpa X MOJHOCTHIO OMHCHIBACTCS

BEKTOPHBIM MapamMerpoM P =(p,, P,,...,P ), T.€. HEUYETKUM IIOAMHOKECTBOM

mHoxkectBa {1, 2, ..., B. JleficTBUTENBHO, ISl JTIOOOTO JETEPMUHUPOBAHHOTO

BEKTOpPA X = (X, X%,,...,%,) U3 0u 1 umeem

http://ej.kubagro.ru/2015/01/pdf/003.pdf
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P(X =x) = E|J:|kh(x,- VD)

rae h(X, p=p npu x = 1 u h(x, p)=1 - p npu x=0.

Temepp MOXHO YTOYHUTH CHOCOOBI HCIIOJIB30BAaHHS JIIOCHAHOB B
IIPHUKJIATHON CTAaTUCTHKE. BepHYIIIMEBCKUMHU BEKTOPAMH MOYKHO MOJICITHPOBATH:

- pesynbTaThl cratuctudeckoro koutposs (O - romHoe wusmenue, 1 -
nedeKTHoE);

- pe3yiabTaThl MapKETUHTOBBIX W cormojorudeckux ompocoB (0 -
OTIpaIluBaeMbIi BHIOpA MEPBYIO U3 IBYX MOJICKA30K, 1 - BTOPYIO);

- pacrpejeiicHHEe IOCTOPOHHHMX BKIOYeHWH B Marepuaine (0 - Her
BKJIIOYCHUS B OIPEICIICHHOM 00beMe MaTepuaia, 1 - ecTh);

- pe3yabTaThl UCbITaHUN W aHaM30B (0 - HEeT HapymieHUH TpeOOoBaHMIA
HOPMAaTHUBHO-TEXHHUYECKOH JTOKYMEHTAIMH, 1 - CTh TaKue HAPYIICHHS);

- IPOIIECChI pacpoCTpaHeHus, Harpumep, noxkapos (O - Het 3aropanus, 1
- €CTh; oJIpoOHee cM. [4, ¢.215-223));

- coctosiHue TexHosormdeckoro mporecca (O - mporecc HaxXOIUTCS B
TpaHMIIaX JOMyCKa, 1 - BBIIIEN U3 HUX);

- OTBETHI KCIEPTOB (OIpaIIMBaeMbIX) O CXOACTBE O0BEKTOB (IPOCKTOB,
00pasIioB), 1 T.1I.

MareMaTHKO-CTaTUCTHYECKasl TEOPHs JTFOCHaHOB pa3BUTa B cTaThe [6].

3. [lapHble cpaBHeHUsI
OOmuryro MO/IeNb MAPHBIX CPABHEHUHN OMUIIIEM COTJIACHO MOoHorpaduu [

Ieeuna [7, c.9]. Ilpeamonoxum, uro t oObekToB A, A,,...,A CPaBHUBAIOTCS

IOMapHO KaXIbIM H3 N DKCIICPTOB. Bcero B03MOXKHBIX nap ajsd CpaBHCHHA

UMeeTcs S =t(t—1)/2. DKCIEPT ¢ HOMEPOM y JIENAET I, MOBTOPHBIX CPABHEHUIA
UIS  Kaxaod u3 S Bo3MmoxkHocted. Ilyers X (,j,p,0), 1,j=1,2,..%, i#j,

y=1,2,..n; 6=1,2,...,r,, - cnydaliHas BeJIWYMHA, IPUHUMAIOMAas 3Ha4YeHne 1

y’

nm O B 3aBUCUMOCTH OT TOro, MpeANnOYMUTaCT JIU SKCIICPT C HOMCPOM ) 00BEKT

http://ej.kubagro.ru/2015/01/pdf/003.pdf
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A nnu 00bekT A B J-M CpaBHEHHH JIByX 00bekTOB. IIpennomnaraercs, 4ro Bce
CPaBHEHHSI MPOBOJATCS HE3aBUCUMO JpPyr OT Jpyra, TaK 4YTO CIIy4ailHbIE
BEJIMYUHBI X (,],y,0) HE3aBUCUMBI B COBOKYIIHOCTH, €CJIM HE CYUTATH TOr'O, YTO
XG,j,y,0)+ X(j,i,y,0) =1 Ilonoxum
P(X(.j.y.0)=1) =n(.].y.9).

SIcHO, 4TO omMCaHHAas MOJENb MapHBIX CPABHEHUU MPECTABIAECT COOOU
YaCTHBIM cllydail OepHYJUJIMEBCKOrO BekTopa. B »3Toll Mojenum 4ucio
HAOJFOICHUI PaBHO YMCITY HEM3BECTHBIX MAPaMETPOB, TIOATOMY IS TIOTYUICHHS
CTATUCTUYECKUX BBIBOJOB HEOOXOJMMO HAJIOKHUTh ANMpPHOPHBIE YCIOBUS Ha
BEpOSATHOCTH 71(, j,y,0), Harpumep [7, C.9]:

nQ,j,y,0)=n(,j,y) (HeT apdekra OT MOBTOPCHHUIA);

nQ,j,y,0)=n(,j) (HeT a3ddekra OT MOBTOPEHUI U OT IKCIIEPTOB).

Teoputo HE3aBUCUMBIX TTAPHBIX CPABHEHUI IE7I€CO00pa3HO Pa3AeuTh Ha
JIBE YAaCTHU - HENAPaMETPUUYECKYIO, B KOTOPOW CTATUCTUYECKUE 3a1a4U CTABATCS
HEMOCPEACTBEHHO B TE€pMHHax 7(,j,y,0), U MAPAMETPUUYECKYIO, B KOTOPOH
BEPOSITHOCTH 7i(, |,y,0) BBIPAXKAIOTCS YEPE3 MEHBIIIEE YNUCIIO UHBIX ITapaMeETPOB.
Psan  pesynmpraroB  HemapaMETpUYECKOM  TEOPUM  NApPHBIX  CPaBHEHUH
HEIMOCPEJICTBEHHO BBITEKAET U3 TEOPUHU OEPHYIITUEBCKUX BEKTOPOB.

B mapamerpuueckoil Teopuu HapHBIX CpaBHEHUI Hambojee MommyJspHa
TaK Ha3bIBaeMas JIMHEHHas Monenb [/, C.11],B KOTOpOii mpeanoaaracTcs , 4To
KOKJIOMY 00bEeKTYy A MOKHO COTMIOCTABUTH HEKOTOPYIO «IIEHHOCTH» V; Tak, 4TO
BEPOSITHOCTh TpeArnoureHus 7n(,j) (r.e. mpeamonaraercs MOMOJHUTEIBHO, YTO

3 PEKT OT TOBTOPEHHUI M OT IKCIIEPTOB OTCYTCTBYET) BHIPAXKACTCS CIICAYIOIIMM

obpazom:
i, j) =H(, -V)), (1)

rae H(X) - dyHKIus pactipeneieHus, CHAMMETpHYHast oTHocuTeabHO O, T.e.
H(-x) =1-H(X) (2)

pH BCex X.

http://ej.kubagro.ru/2015/01/pdf/003.pdf
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[IIupoko mpumensarorcs Mouenu TepcroyHa - Mocremnepa u bpamm -
Teppu, B xotopeix H(x) - COOTBETCTBEHHO (QYHKIIMM HOPMAJILHOTO U
JorucTudeckoro pacnpenenenuit. [lockonbky ¢yHknus @(x) cTaHIapTHOTO
HOPMAJILHOTO pachpeeeHusi ¢ MareMaThuueckum oxxkuaanueM O u gucnepcueit
1 u byHKIIHS

Y(x)=e*1+e)™
CTaHIApPTHOTO  JIOTUCTHYECKOTO  pACIpedeiieHus  yIOBJIETBOPSIOT  (CM.,
Hanpumep, [8]) cooTHOMICHHIO

sup|®(x) -W¥(L7x) < 001
R

TO JyIs 0OOCHOBAHHOTO BHIOOPA TIO CTATUCTUYCCKUM JTAHHBIM MEXITY MOJEISIMU
Tepcroyna - Mocrennepa u bpaanu - Teppu HEoOX0AMMO HE MEHEE THICSUM
HaOmoeHui [9).

CootHomienne (1) BBITEKaeT W3 CICAYIOUICH MOJCIU TOBEICHHUS

JKCIIEPTa: OH U3MepsIET «UE€HHOCTb» V; U V; 00bekToB A 1 Aj, HO C OIINOKaMU &,
U £, COOTBETCTBEHHO, & 3aT€M CPaBHUBAET CBOM OLIEHKH LEHHOCTU OOBLEKTOB
Yy, =V, +& u y, =V, +¢,. Ecim y, >y, TO OH mpeamnoYnTact Ai, B IPOTUBHOM
ciyyae - A. Torna
”(i!j)ZP(gi_gj <V, _Vj):H(Vi _Vj)' (3)
OOBIMHO MPEANONIArarT, YTO CyObEKTHBHBIE OMIMOKHM DKCIIEPTA & U &

HE3aBHCUMBl M UMCIOT OJHO M TO JK€ HENpEephIBHOE pacmpezaeneHue. Torma
¢ynkuus pacnpenenenus H(x) wu3 coortHomenus (3) HenpepblBHA U
yIOBIETBOPsIET (QYHKIIMOHATBHOMY YpaBHEHHIO (2).

CymiecTByeT MHOTO pa3HOBHUIHOCTEH MoJeNieil MapHBIX CpaBHEHUH,
NOCTOSIHHO ~ TpeIJIaraloTcss HOBbIe. B KkadecTBe mpuMepa  ONUIIEM
pa3paboTaHHYI0 HaMH MOJETIbh MApHBIX CPaBHEHHWH, OCHOBAaHHYK HE Ha
npoIeype YHOPSIOYCHHUsS, a Ha OIpPEIeIeHUH CXOACTBA 00BekToB. IlycTh

KaXI0My OOBEKTy A COOTBETCTBYET TOYKa & B [-MEPHOM EBKIUIOBOM

http://ej.kubagro.ru/2015/01/pdf/003.pdf
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npoctpancTBe R. Dkcmepr «isMepser» & U & C OMHMOKaMH & H &
COOTBETCTBEHHO U B CIIy4yae, €CJIM €BKJIHUJOBO PACCTOSHUE MEXAY & +é& WU
a, +&£, MeHbIIE 1, 3a9BIIA€T 0 CXOACTBE 00BEKTOB A U Aj, B IIPOTUBHOM CIIyd4ae
— 00 nx pasnuuuu. [Ipeanonaraercs, 4To OLIMOKY & M &, HE3ABUCUMBI M UMEIOT

OJHO M TO K€ pacopeieineHue, HanpuMep, KpyroBoe€ HOPMaJIbHOE
pacmpenesieHre C HYJIEBBIM MaTeMaTHYeCKUM OXHIAHHEM M JUCIepCUei
KoopauHat o’ . Llenpio cratucTuveckoir 00pabOTKU SIBISICTCS OIMPECICHUE 110
pe3yJibTaTaM TapHbIX CPaBHEHHI OIICHOK MMapaMeTpoB @, &,...,&, U 0°, a
TaKXe MPOBEPKa COTIIACHs OMBITHBIX JAHHBIX C MOJIENbIO.

PaccMoTpenHble MOENM MAapHBIX CPABHEHWH MOTYT OBITh OOOOIIECHHI B
pa3IMYHBIX HamNpaBiIeHUAX. Tak, MOKHO BBECTH MOHATHE «HUYbS» — CUTYallUH,
KOTJIa 3KCHEpPT OLEHUBAET OOBEKTHl OJAMHAKOBO. MOAENU C yUYETOM «HHUYBUX»
IPEJIOoJIaratoT, YTO SKCIEPT MOKET OTKA3aThCs OT BHIOOpA OJTHOTO M3 0OBEKTOB
U 3asdBUTh 00 MX OKBUBAJICHTHOCTH, T. €. YHUCIO BO3MOXXHBIX OTBETOB
yBenuuuBaeTcs ¢ 2 10 3. B mMomensix MHOXXECTBEHHBIX CPAaBHEHUH SKCIEPTY
NpEeCTaBIsAETCS HE 1Ba 00BEKTA, @ TP UM OOJIbILIEe YUCIIO

Mogenu, y4YUTBIBAIOIIUE HUYLM», CTPOATCA OOBIYHO C IIOMOILBIO

MCHOJIL3YEMBIX B ICUXO(U3UKE «IOPOrOB YyBCTBUTEILHOCTU». €CIIH |y, =y, [< T

(rme r - mOpor 4yBCTBHTENBHOCTH), TO 00BEKTHI A U A 3KcIepT OOBSBISLET
HepaznuuuMmbiMu. [lpuBenem mnpumep pa3pabOTaHHOW HaMU MOJEIH  C
«HUYbUMM», OCHOBAaHHOM Ha Japyrom npunuumne. IlycTs kaxaomy oObekTy A
COOTBETCTBYET TOYKA & B I-MEPHOM JIMHEHHOM IpocTtpaHcTBe. Kak u npexne,

SKCIEPT «U3MEPAET OOBEKTHBIC TOUKM» & M & C OIMOKaMM & U €,
COOTBETCTBEHHO, T.€. IPUHUMAET PELICHUE HA OCHOBE Y; = & +& M Yj = @, +&,.

Ecau Bce xoopauHaThl Y; OOJbIlI€ COOTBETCTBYIOIIUX KOOpPAUHAT Yj , TO A
npeanountaerca A;. COOTBETCTBEHHO, €CIM KaX1as KOOPAMHATA Y; MEHBIIE
KOOPJHUHATHI Yj C TEM K€ HOMEPOM, TO HKCIEPT CUUTAET HAWITYUIIUM OOBEKT A.

Bo Bcex ocTanbHBIX ciydasx 3KCIEpPT OOBABISIET O HUYEHHON cUTyaluu. JTa
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MozeNb nmpu I = 1 mepexoquT B ONMCAHHYIO BbILIE JUHEHHYIO Mojenb. OHa
cBs3aHa C mpuHIUMIoM [lapero B Teopuum TpymmoBOro BbIOOpa W
npeaycMarpuBaer BbpIOOp onTuMmanbHOoro mno Ilapero oObekTa, eciu OH
CyliecTByeT (pOJib COTJIaCYyeMBIX KPUTCPUECB HMIPAIOT MPOIEAYyphl CPaBHEHHUS
3HAYCHUH OTACIbHBIX KOOPJIWHAT), U OTKa3 OT BBHIOOpA, €CIIM TAaKOro OOBEeKTa
HET.

MOXHO CTpOUTH MOJIENH, YYUTHIBAIOIMIAE TIOPSAIOK TPEIbSIBICHUS
00BEKTOB IIPU CPABHEHUH, 3aBUCUMOCTh PE3YJIbTaTa CPABHEHUS OT PE3YJIbTATOB
NPEAIIECTBYIOIMX CcpaBHEHUU. OmnwuiieM OJHy U3 TMOJ0OHBIX MoOJIeNeH,
pa3pabOTaHHBIX HAMH.

Ilycth skcmepT cpaBHuUBaeT Tpu obbekta — A, B, C,mpuyem cHauana
cpasuuBaroTcs A u B, motom — B u C u, Hakonen, A u C. [l onpeneneHHOCTH
nyctb A > B Oyzaer o3nauats, uto A 6osee npeanoutureneH, ueM B. [lycts npu
NPEAbIBICHUH JIBYX OOBEKTOB

P(A>B) =1,5,P(B>C) =7y, P(A>C) = 77
Teneppr mycts mapa B, C npenwsapnsercs mocie mapsl A, B EctectBenHO
MIPEANOJIOXKNTh, YTO BBICOKas OIeHKa B B mepBoM CpaBHEHWW TMOBBIIIACT
BEPOSTHOCTh TpeamouyTeHuss B m Bo BTOpOM, M, HA0OOPOT, OTPHUIIATEITHLHOE
MHeHUe o0 B B mepBoM cpaBHEHHM COXpaHSAETCS M MPU MPOBEIECHUU BTOPOTO
CpaBHEHHA. DTO TPEIOIOKEHUE MPOIIE BCETO YUECTh B MOJETHU CIEAYIOIINM

obpazom:
PB>C|B>A)=m,.+9, P(B>C|A>B)=rm,. -0,

rme o - HCKOTOPOC IOJOKHUTCIIbHOC YHCJIO, ITOKA3bIBAIOIICC CTCIICHD BJIMSHUA
IEpBOro CpaBHCHHA Ha BTOPOC. IIo aHanoru4yHeIM INpU4rHaM BCPOATHOCTH
Hcexoga TpPETbCrOo CPABHCHUA B 3aBHCUMOCTH OT PE3YJIbTATOB IICPBBLIX JIBYX

MO’KHO OIIMCaTh TaK.

P(A>C|A>B,B>C)=m,. +20, P(A>C|A>B,B<C)=m,,
P(A>C|A<B,B>C)=m,., P(A>C|A<B,B<C)=m, -20.
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Craructryeckas 3ajjaya COCTOUT B OINPEACIICHUU MAPAMETPOB 7Ty, Mo, My U

J0 TO pe3yJbTaTaM CpaBHEHH, MPOBEJACHHBIX N JKCIIEPTaMH, U B MPOBEPKE
aJICKBaTHOCTH MOJICTIH.

SIcHO, YTO MOXXHO paccMaTpuBaTh W JPYTHE€ MOJEIH, B YaCTHOCTH,
YUUTBHIBAIOIINE TATY DKCIEPTOB K TPAH3UTHUBHOCTH OTBETOB. OUEBHUIHO, YTO
npoOJeMbl TIOCTPOCHHS MOJENICH TMapHBIX CpPaBHEHUH OTHOCATCS HE K
CTaTHCTUKE OOBEKTOB HEUMCIIOBOW MPHUPOJBI, @ K TEM MPHUKIAIHBIM 00IaCTsIM,
JUISL PeIIeHUs 3aJad KOTOPBIX PAa3BUBAIOTCS METOABI MapHBIX CPaBHEHUH,
HanpuMep, K OpraHU3aIii MalIHHOCTPOUTEIIEHOTO MPOU3BOJICTBA, YKOHOMUKE
PEITPHUSITHS, CTpaTErHuecKoOMy MEHEKMEHTY, IPOM3BOICTBEHHOU
TICUXOJIOTUH, U3YUCHUIO TTOBEICHUS MTOTPEOUTENEH, SKCIIEPTHBIM OTICHKAM U T.J.

Merton napubix cpaBHeHui ObuT BBeneH B 1860r. I'. T. dexnepom s
pemenus 3ana4 ncuxogusnuku. Pacckaxkem 00 3TOM HECKOIBKO moapooHee. Kak
W3BECTHO, OCHOBaTeleM NCUXO(PU3MKM MO0 TpaBy cuutaercs ['ycraB Teomop
®dexuep (1801 - 1887),a rox Bbixoaa B CBET ero (yHIaMEHTAIbHONH paOOTHI
«QmemenThl Ticuxopusuku» (1860)— naToili poxkaeHus HOBOW Hayku. B 3rToii
paboTe MmupoKo ImpuMeHsuics mpeaioxeHHbld [.'T. dexHepoM MeToa MmapHBIX
cpaBHeHUI (00CyXIeHHEe COOBITUH TEX JIET C COBPEMEHHBIX MO3UIUI JaHO B
MoHorpadwuu [7, €.14-16]).

C ToukM 3peHHs MaTeMAaTHYECKOH CTaTUCTUKUA TPHUBEJCHHBIC BBIIIC
MOJENM HE TMPEACTABISAIOT OOJBIIOT0 TEOPETHYECKOTO0 HWHTEpeca: OIECHKH
napaMeTpoB HAXOAATCA OOBIYHO METOJOM MaKCHUMAJIbHOTO MIPABIONOI00US HITH
ACHUMIITOTUYECKH SKBHUBAJCHTHBIM €MY METOJOM OJHOIIArOBBIX OIICHOK (CM.
[9]), a mpoBepka coracus TPOBOJUTCS IO KPUTEPUIO OTHOIICHUS
IPaBIONO 00 UM AaCUMITOTUYECKH YKBUBAJICHTHBIMU €My KPUTEPUSIMHU TUTIA
xu-kBaapar [7]. [Ipu 3TOM BBIYUCIHATEIBHBIC MPOLEAYPHI OOBIYHO JOCTATOYHO
CJIOKHBI ¥ TJTIOXO UCCIIEIOBAHEI.

OTMETHM HEKOTOphIE CIOKHOCTH TPHU OOOCHOBAaHHHM BO3MOXKHOCTH

UCIIOJIb30BaHUU JIMHEWHBIX Mojened tuma (1) - (3). BepostHOCTHO-
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CTAaTHCTUYECKAs TEOpHs JOCTATOYHO IIPOCTa, KOIJA IPEANOaracTcsi, 4ro
KaXIOMy OTICIbHOMY CpPABHEHHIO JBYX OOBEKTOB COOTBETCTBYIOT CBOHU
COOCTBEHHBIC OIIMOKH OSKCIIEPTOB, MPUYEM BCE OMIMOKH HE3aBHCHMBI B
coBOKymHOCTH. OJHAKO 3TO MPEAMNOJOKCHHE OTHIOAb HE OYEBHIHO C
coJiepKaTeaIbHON TOYKH 3peHus. B kauecTBe mpumepa pacCMOTPHUM TpU 00BEKTa
A, Bu C, xotopsie cpaBauBaroT nonapHo: Au B, Bu C, Au C. B cooTBeTcTBUI
CO CKa3aHHBIM, B PACCMOTPEHHE BBOJIAT 6 OIMMOOK OJTHOTO M TOTO YK€ 3KCIepTa:
£, U & B IICPBOM CPaBHEHUHU, £, U £. — BO BTOPOM, £, M £. — B TPEThEM,
prYeM BCe 3TU 6 CaydailHBIX BEJIMYMH HE3aBUCHUMBI B COBOKYITHOCTH. Mex Iy
TEM €CTECTBCHHO JAYMaTh, YTO MHCHHS 3KCIepTa 00 OJHOM U TOM e 00BEKTE
CBsI3aHBI MEXy co00i. T. €. £, U £, 3aBUCHUMBI, PaBHO KaK &, H &, a TAKKE &
U &.. bomee TOro, ecnM MPHHATH, YTO TOYKA 3PEHUS DKCIEPTA IMOJHOCTHIO
ompeesieHa JIsl HEro caMoro, TO CJICAYeT MOJIOKHUTh £,=&, U COOTBETCTBEHHO
Eg=&; U E.=&.. [lpu 3TOM, HAIOMHHUM, CIIydaliHble BEIMUYUHBIE,, £ U IP.
UHTEPIPETUPYETCSA KaK OTKIOHEHUS MHEHHUH OTEIBHBIX SKCIEPTOB OT UCTHHBI.
Buaumo, ommOKy sKcmepTa IejaecooOpa3HO CYUTATh COCTOSIIEH U3 JABYX
cllaraeMbIX, a MMEHHO. OTKJIOHEHHsS OT HCTHHBI, BBI3BAHHOIO BHYTPEHHHMH
O0COOCHHOCTSIMH 3Kcrepra (CHcTeMaTHdecKas IOIPEIIHOCTh) M KojieOaHus
MHEHHSI JKCIIepTa B CBSI3U C OYEPEIHBIM IApHBIM CpaBHCHHEM (clydaiiHas
MOTPEIIHOCTh). MTHOpUPOBAaHHE CHCTEMATHYECKOW IMOTPEHIHOCTH O0Jieryaet
pa3BUTHE MAaTEMAaTHKO-CTATUCTUYECKOW TEOpHH, a €€ ydeT IMPHBOIUT K
HEOOXOIMMOCTH M3YUYCHHS 3aBHCUMBIX ITAPHBIX CPABHEHUH.

[Ipu 00paboTKe pe3yabTaTOB IApPHBIX CpPAaBHEHWU IIEPBBIA JTam -
IpOBEpPKa  COMIACOBAaHHOCTU. [IOHATHE  COIVIACOBAHHOCTH  YTOYHSETCS
Pa3IMYHBIMHU CITOCOOAMHU, HO BCE OHH MMEIOT OJMH M TOT K€ CMBICI MPOBEPKH
OJIHOPOJHOCTH 00pabaThIBA€MOI'0 MaTepuaia, T.€. TOTO, YTO IEeIecCO00pa3Ho
arperupoBaTh MHEHHUS OTAEIbHBIX OKCIEPTOB, OOBEAMHUTH JaHHBIE U

COBMECTHO HX oOpabateiBaTh. [Ipy OTCYTCTBMM OJHOPOIHOCTH JaHHbBIE
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pa3duBaIOTCA Ha TPyl (KIACChl, KIACTEPHI, TAKCOHBI) C b0 00eCIeueHHs
OJHOPOJAHOCTH BHYTPU OTAENBHBIX Ipynn. ECTECTBEHHO, COrJIaCOBAaHHOCTH
1eJ1ecO00Pa3HO MPOBEPATh, BBOJS BO3MOXHO MEHBIIE TMIIOTE3 O CTPYKTYpE
nanHblx.  CrenoBaTenpHO,  LE€IecOo00pa3HO  MOJb30BAaTbCS A ATOIO
HEMApaMETPUUECKON TEOpUEH MNapHbIX CPAaBHEHUW, OCHOBAaHHOM HA TEOPHUH
OEpHYJUIMEBCKUX BEKTOPOB.

XOpomo H3BECTHO, YTO MOJEIM IIApHBIX CPAaBHEHHM C YCIEXOM
IPUMEHSIOTCSI B OKCHEPTHBIX M OJKCIEPUMEHTAIBHBIX  NPOLEAYpax
ynopsiiounBaHus u BbIOOpa. B wyacTHOCTM, A/ aHanu3a TrOJIOCOBAHMH,
TYpHUPOB, BbIOOpa Hamiydirero oobekra (mpoekra, o0pasia, KaHIuaaTyphl); B
IUITAHUPOBAHMHM M AHAIM3€ CPABHUTEIBHBIX JKCIEPUMEHTOB WM WCIBITAHUM; B
OPraHOJIENTHYECKOW JKcmepTu3e (B YaCTHOCTH, JAETYCTAIMH), TPU H3yYCHHH
NIOBEJICHHSI MMOTPEOUTENEH; BU3YAIbHOW KOJOPUTMUM ([IPUHATUN pENICHU Ha
OCHOBE I[BETa), ONIPEeIICHUN NHINBHyalbHBIX PEHTHHTOB U BOOOIIEC N3yYCHUN

NpEANOYTEeHU PpH BEIOOpE U T. 1. (moapoOHee cM. [4, 7]).

4. buHapHble OTHOILLIEHUSA

Teopuro panroBoi koppersinun [10] MOXKHO paccMaTpuUBaTh KaK TEOPHIO
CTAaTHCTUYECKOTO  aHajW3a  CIYYallHBIX  PAHXKHUPOBOK,  PaBHOMEPHO
pacmpeneNneHHbIX Ha MHOXXECTBE BCEX paHXUPOBOK. Tak, mpu 00paboTKe
JTaHHBIX KJIACCUYECKOTO TMCUXO(PU3NIECKOTO IKCIEPUMEHTA MO0 YIOPSI0UYECHUIO
KyOMKOB COOTBETCTBEHHO HX BecCy, MOApPOOHO omucaHHoro B padorte [11],
OKa3aJiach aJeKBaTHOU CIEAYIOMast T.H. T-MO/IeNb PAaH)KHUPOBAHUS.

Ilycte umeetcst t 00beKTOB A, A,,...,A, NPUUYEM KaXJIOMY OOBEKTYy A

COOTBETCTBYET YHUCJIO &, OIUCHIBAIOIIEE €r0 MOJIOKEHUE HA IIKAJIE U3Y4aeMOro
npusHaka. VcnbITyeMblil ynopsaouuBaeT 0ObEeKThl TaK, KaKk €ciid Obl OLIEHHUBAJ

COOTBETCTBYIOIIIME UM 3HAYCHHS C OIMMMOKAMH, T.€. HAXOAWI Yy, =& +&,1 = 1, 2,

..., N, TOe & - ommMOKa MpHU PACCMOTPEHHH I-TO 00BEKTA, a 3aTe€M pacrojarai Obl
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00BEKTHl B TOM MOPSJKE, B KAKOM pACIONAralTcs Y;,Y,,...Y,.- B 3TOM ciiydae
BEPOSITHOCTH IIOSIBJICHUS YIOpsAAOYeHUs A, A,,..A, €CTb P(y, <Y, <..<Vy,), a
paHru R,R,,...,R OOBEKTOB SBISIOTCS pAHTaAMU CIyYalHBIX BEIUYUH VY, Y,,...,Y,,

IMOJYYCHHBIMHA IIPU KX YIHOPAJOUCHHMHU B IMOPAAKE BO3pPACTaAHUA. KpOMC TOrO,
AJI1 IIPOCTOTHI paCYCTOB B MOJCJIN NIPCAIIOIaracTcsa, 41o OIINOKU HCIBITYEMOI'O

£,  HE3aBUCUMBI W  HUMEIOT HOPMaJIbHOE  paclpeiereHue ¢

MaTeMaTHUeCKUM oxkuganuem O u nucnepcueit o’ .

Kak yxe ormedanoch, OWMHapHOE OTHOIIEHHWE Ha MHOXecTBe wu3 t
AJIEMEHTOB MOJHOCTHIO onmuchiBaeTcst Matpuiieid u3 O u 1 mopsigka txt. [loatomy
3a/71aTh pacHpeICNICHHE CIIy4allHOro OMHAPHOTO OTHOIICHHS - 3TO TO K€ caMoe,

4TO 3aJaTb pPacCrIpecaciiCHUC BepOHTHOCTeﬁ Ha MHOXCCTBC BCCX MaATPHUIL

OTIMCAHHOTO BU/A, cocTosmeM n3 207 3memenToB. IIpocTpaHCTBa PaHKUPOBOK,
pa3OueHuii, TOJEPAHTHOCTEN 3a4acTyl0 yAOOHO CUHUTATh MOANPOCTPAHCTBAMU
MPOCTPAHCTBA  BCEX OWHAPHBIX  OTHOIICHWM, TOTJAA  PACIPECICHUS
BEPOSITHOCTEM HA HHUX - YaCTHBIE CIydyad OIMUCAHHOIO BBIIIE pACTpEeTIeHHUs,
BBIJICJICHHBIE TE€M, YTO BEPOSTHOCTH MPUHAJIC)KHOCTH CIy4alHOTO OMHApPHOTO

OTHOICHWA COOTBCTCTBYIOIIUMM ITOAIIPOCTPAHCTBAM PABHBI 1.P aCIIpCACIICHHUC

TIPOHM3BOJILHOTO GMHAPHOTO OTHOINEHHs omuchiBaeTcs 2 — 1 mapamerpamu,
pactipenernenue cirydaifHoi pamxupoBku (0e3 cBszeit) — (t! — 1) mapamerpamu, a
OIMCaHHas BhIIIE T-MO/eIb pamxupoBanus 3aaaercs (t + 1) mapamerpamu. [Tpu
t = 4 5Tu yKncna paBHBI COOTBETCTBEHHO 65535, 23u 5. [lepBoe u3 3TUX yucen
MOKa3bIBACT MPAKTUYECKYI0 HEBO3MOXKHOCTH HCMOJIb30BAaHUS IPOU3BOJIBHBIX
OMHAapHBIX  OTHONIICHWH B  MPEAHA3HAYCHHBIX Uil  MPAKTHYECKOTO
UCIIOJIb30BAaHUSl  BEPOSITHOCTHO-CTATUCTHUECKUX MOJENAX, TOCKOJBKY IIO
UMEIOUIMMCST  JaHHBIM HEBO3MOXKHO OILIGHUTh CTOJb  OOJBIIOE  YHUCIIO
napaMeTpoB. [IpUXoauTcsi OrpaHWYMBATBECA TEMH WM HHBIMH CEMEHCTBAMU
OMHapHBIX OTHOIICHUW - PAHXUPOBKAMHU, Pa3OMEHHUSIMH, TOJEPAHTHOCTAMU H

np. Monenb NMpou3BOJIBHON CiydyalHOW paHKUPOBKU Tpu t = 5 omuckiBaeTcs
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119 napamerpamu, npu t = 6 - yxxe 719 mapamerpamu, npu t = 7 uucio
napametpoM gocturaet 5049, 9yTo yKe SBHO 3a TpeneIaMd BO3MOXKXHOCTH
orieHUBaHUs. B TO ke Bpems T-Moenb paHXUpOBaHUS Mpu { = 7 omHChIBaeTCs
Bcero §8-0 mapamMeTpamMu, a TOTOMY MOXET OBbITh KaHAMIATOM  JIJIs
NPaKTUYECKOTO MCIIOJIb30BAHUS.

UYTo ecTecTBEHHO TMPEIIOJIOKUTh OTHOCHUTEIBHO  paclpeiesieHus
CIIy4allHOTO D3JIEMEHTa CO 3HAYCHHSMH B TOM WJIM HMHOM MPOCTPAHCTBE
OMHapHBIX  OTHONICHMH?  3adacTyr0  Ielecoo0pa3HO  CUMTaTh,  HTO
pacmpeneneHne HWMeeT HEKHH IIeHTp, IOoNajaHue B KOTOpHIM Hamboee
BEpPOATHO, a MO Mepe YJaleHHs OT IEHTpa BEPOSTHOCTU YOBIBAIOT. ITO
COOTBETCTBYET €CTECTBEHHOU MOJIeTN U3MEPEHHs ¢ OMMOKOH. B kimaccrmueckom
OJIHOMEPHOM Cllydae pe3yjbTaT MOJA0OHOr0 M3MEpPEHHs] OOBIYHO OMHCHIBAETCS
YHUMOJAJIbHOM CUMMETPUYHOM IJIOTHOCTBK), MOHOTOHHO BO3pAacCTAIOLIEH CIIEBa
OT MOJQJILHOTO 3HAa4YeHUs, B KOTOPOM IUIOTHOCTh MaKCHMaJlbHa, ©# MOHOTOHHO
yObIBaromieii crmpaBa OT Hero. YToObl BBECTH TMOHATHE MOHOTOHHOTO
pacripeneneHrs B MPOCTPAHCTBE OMHAPHBIX OTHOIICHWH, OyleM HMCXOIUTh U3
METPUKH B 3TOM TPOCTPAHCTBE. Bocmonb3oBaBmIMCH TeM, 4YTO OWHApHBIE

otHomeHuss C u D opHO3HAYHO OMNMUCHIBAIOTCS MaTpPHUIIAMHU llc; I = [ld; ||

HopsiJIKa txt, pacCMOTPUM paccTosiHue (B HECKOJBKO APYrodl TEPMUHOJOTHU -

METPHUKY) B IPOCTPAHCTBE OMHAPHBIX OTHOIICHHIA

d(C,D) = Zlcij _dij | (4)

1<i j<t

Metpuka (4) B pasauYHBIX MPOCTPAHCTBAX OWHAPHBIX OTHOIICHUN -
PaHKUPOBOK, Pa30MEHUI, TOJICPAHTHOCTEH - MOXET OBITh BBEJICHA C MTOMOIIBIO
COOTBETCTBYIOIIUX cUCTeM akcuoMm [12]. B Hacrosimee Bpemss metpuky (4)
OOBIYHO  HA3BIBAIOT paccTosHMeM KeMeHM B 4YeCcTh aMEpPHKaHCKOIO
uccnenoBatens J[xona Kemenu, BrepBble MOJYYUBIIETO 3Ty METPUKY UCXOJS
U3 TPEUIOKCHHOH WM  CHCTEMbl aKCHOM JUIA  PACCTOSIHHS — MEXIy

yIOPSAA0YCHHUSIMH (PaH)KUPOBKAMHU).
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B cratrcTHKe HEUMCIIOBBIX JAHHBIX HCIOJB3YKOTCS U WHBIC METPHUKH,
oTnuyaromuecs or paccrosHus Kemenu. Bonee Toro, uisi MCHOIB30BaHUS
TIOHSATUS. MOHOTOHHOTO PAacIpeleieHus, 0 KOTOPOM ceHvac HACT pedb, HET
HEOOXOIMMOCTH TpeOOBaTh BBIMOJHECHUS HEPABEHCTBA TPEYTOJIbHUKA, a
nocratouno, 4rodel d(C,D) moxHO OBUIO paccMaTpuBaTh Kak I10Ka3aTellb
paszmuuus. [lon mokaszarenem paziauuus moHuMaeM Takyw (ynkiuo d(C,D)
nByx omHapHbIx oTHomeHu C u D, yro d(C,D) = Onmpu C = D u yBenudenue
d(C,D) unrepnperupyercst Kak Bo3pactanue pasauuns mexay Cu D.

Onpeoenenue 1. PacnpeneneHue OUMHApPHOrO OTHOIIEHUS X HA3bIBACTCS
MOHOTOHHBIM ¢ IeHTpoM B Cp OTHOCHTEIBHO paccTossHus (IToKas3aTens
pasauuus) d, ecimm u3 d(C,G) < d(D,Co) cnenyer, uro P(X=C) > P(X=D).

DTo ompejelieHue BrepBbie BBexeHo B MoHorpaduu [4, €.196]. Ono
MOJKET WCIOJb30BaThCS B JIFOOBIX IMPOCTPAHCTBAX OWHAPHBIX OTHOIICHHWH H,
OoJsiee TOro, B JHOOBIX MPOCTPAHCTBAX W3 KOHEYHOTO YHCIIA AJIEMEHTOB, JIHMIIb
Ob1 B HUX Obuta BBeAeHa GyHKIMsA d(C,D) - moka3artenpb pa3nmmaus neMeHToB C
u D storo mpoctpancTBa. MOHOTOHHOE paclpeleieHue YHUMOJAJIbHO, MOJa
Haxonutcsa B Cy.

Onpeoenenue 2. Pacnpenenenne OWHAPHOTO OTHOMICHHS X Ha3bIBaCTCS
CUMMETPHYHBIM OTHOCUTENIBHO paccTosiHus d ¢ ieHTpoM B Co, €ciiu CyIiecTByeT
takast pyHkuus f : R} - [01], 4yTO

P(X =C)=f(d(C,C,)). (5)

Ecim pacnpenenenue X MoHOTOHHO ¥ TakoBo, uto u3 d(C,G) = d(D,Cy)
cienyer P(X = C) = P(X = D), to ono cummerpuudo. Ecimu ¢yukius f B
dopmyne (5) MOHOTOHHO CTpOro yOBIBaeT, TO COOTBETCTBYIOIICE
pacrpeelieHie MOHOTOHHO B CMBICIIE onpeesieHus 1.

[TockobKy TOJIEPaHTHOCTH HA MHOXKeCTBE U3 t aeMenToB 3amaetcs 0,5(t
- 1) snementamu Matpuibl U3 O m 1 mopsijaka txt, JIe)KalIMMH BBIIIE TJIABHOM
OWaroHajaM, TO BCEro TOJNEPaHTHOCTeW wumeercs 2°%P  a  moTomy

pacnpeacicHue Ha MHOXXCCTBC TOHCpaHTHOCTCﬁ 3a4acTCA B O6HICM Cly4dac
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203D -1 mapameTtpamu. ECTECTBEHHO BBIICIUTH CEMEWCTBO paclpeieseHuid,
COOTBETCTBYIOIIIEE HE3aBHCUMBIM JJIeMeHTaM Matpuibl. OHO 3amaercs
Oepuy/ueBckuM BekTopoM (mrocmanoMm) ¢ 0,%(t - 1) mapamerpamu (Bbllie
OCpHYJUIMEBCKHUE BEKTOpa pPacCMOTPEHbl MOJpoOHee). MaremaThueckas
TEXHUKa, HEoOXomumasi I W3yYeHHUs TOJEPAaHTHOCTEH C HE3aBUCHUMBIMU
3JIEMEHTAaMH, CYIIECTBCHHO IPOIIE, YeM B ClIy4ae PaH)XUPOBOK M Pa3OUCHUIA.
31ech JITKO OTKa3aThbCs OT YCIOBHS PAaBHOMEPHOCTH PACIpENENeHUs. DTOMY
YCIIOBUIO COOTBETCTBYET Pj = 1/2, B TO BpeMs Kak CTAaTUCTHYECKHE METOIbI
aHaM3a JIIOCMAHOB, pPa3BUTHIC B CTATUCTHUKE HEYHMCIOBBIX JaHHBIX (CM.,
Hanpumep, pabotsl [4, 6, 13, 14])He HamararOT HUKAKHX CYIIECTBEHHBIX
OrpaHHYEHUN Ha [y .

Kak yxe otrmeudanoch, mpu oOpabOTKE MHEHHMH 3KCIEPTOB CHadaja
NPOBEPSAIOT  COTJIACOBAHHOCTh. B YacTHOCTH, €CIM MHEHHUS JKCIEpPTOB
OIKCBHIBAIOTCS MOHOTOHHBIMH PACHPEICIICHUSIMHU, TO JJIS COTJIACOBAaHHOCTH
HEOOXOIMMO COBIAJICHHE IIGHTPOB J3TUX pacmpenenenuii. K coxanenwuro,
paccMOTPEHHBIE BBIIIC KJIACCUYCCKHE METOIbI TIPOBEPKU COTJIACOBAHHOCTH JIJISI
PAH)KUPOBOK, OCHOBaHHbIE Ha KOI(PQPHUIIMEHTAX PAHTOBOM KOPpENSLIUU |
KOHKOP/IaIlnH, MIO3BOJISIOT JIHIITH OTBEPTHYTh THIIOTE3Y 0
paBHOpactpeneneHHocTd. Ho He ycTaHOBHTB, MOXHO JIM CUHTATh, YTO IICHTPHI
COOTBETCTBYIOIIIUX JKCIIEPTaM PACIIPENICIICHUI COBIIAJAIOT WM K€, HAaIlpUMeED,
CYIIECTBYET JBE TPYMIbI JKCIEPTOB, KaXIas CO CBOMM IICHTpOM. Teopus
CJIyd4alHBIX TOJICPAHTHOCTEH JIMIIIEHA 3TOro Hexoctatka. OTCIOAAa BBITEKAIOT
CJICIYIONIHE MTPAKTHYECKUE PEKOMEHIAIINN.

[Tycte 11€71b 00pPaOOTKHM SKCHEPTHBIX JAHHBIX COCTOMT B IOJIyYCHUH
PAHXXKUPOBKH, OTpaxkamomieil rpymmoBoe MHeHue. (OIHAKO  COTJIACHO
PEKOMEHAYeMON TpoIeaype OKCIHEPTHOTO ONpoca IyCTh JKCHEPThI HE
YIOPSIIOYUBAIOT OOBEKTHI, & MPOBOIST MApHbIC CPABHCHHMS, CPABHUBAS KaXKIbIi
U3 paccMaTPUBAEMbIX OOBEKTOB CO BCEMH OCTAIBHBIMHU, IIPHYEM POBHO OIHMH

pa3. Torma oTBer »Kcmepra - TOJEPAaHTHOCTb, HO, BOOOINE TOBOPS, HE
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pPaHXXHpPOBKA, IIOCKOJIBKY B  OTBETax JKCIEpTa MOMKET  HapylaThCs
TPAH3UTUBHOCTb.

Bo3moskHbl 1Ba nyTH 00pabOTKu AaHHBIX. [lepBbIld - MpeBpaTUTh OTBET
JKCIIepPTa B PAH)KUPOBKY (TEM HIIM MHBIM CIIOCOOOM <«CHPOEKTHPOBAB» €ro Ha
IPOCTPAHCTBO PAHXUPOBOK), a 3aT€M IPOBEPSATH COTNIACOBAHHOCTh PAHKHPOBOK
C MOMOUIBIO M3BECTHBIX KpuTepueB. [IpH 3TOM OT TONEPAHTHOCTH NEPENUTU K
pPaHmKUPOBKE MOKHO, HAaIlpUMeEp, Tak. bygem BeIOMpaTh Omkanmnyio (B cMbIcie
NPUMEHSIEMOTO PACCTOSIHUS) MATPHIy K MaTpPHIIC OTBETOB JKCIEpTa U3 BCEX,
COOTBETCTBYIOIIMX PaHXUPOBKaM 0e3 CBA3EH.

Bropoit  myTh - IPOBEPUTh  COTVIACOBAHHOCTb  CIYYaMHBIX
TOJIEPAHTHOCTEMN, @ TPYNIIOBOE MHEHUE UCKAaTh C MOMOUIbI0 MeauaHbl KemeHnu
HEIOCPEACTBEHHO 10 UCXOAHBIM JAaHHBIM, T.€. IO TOJIEPAHTHOCTAM. [ pynmoBoe
MHEHHUE TIPU ITOM MOXKET ObITh HAlJEHO B IPOCTPAHCTBE PAHKUPOBOK. BTopoit
0yTh Mbl cuuTaeM OoJiee MPEeANOYTUTENbHBIM, IOCKOJIbKY IIPU 3TOM
oOecrnieunBaeTcs Oosiee aiekBaTHas MPOBEPKa COTIACOBAHHOCTU U MCKIIIOUAETCS
npoueaypa yKIaAblBaHUA MHEHMS DOKCIEpTa B  «IIPOKPYCTOBO  JIOXKE»
pamKupoBKH (3Ta MpoIeaypa MOXKET MPUBOJIUTH KaK K IMOTepe MH(POpMAIUH,
TaK U K MPUHUUNHAIBHO HEBEPHBIM BbIBOJIAM, BbI3BAHHBIM HCKAXKEHUSIMU
MHEHHI 3KCIIEPTOB).

Jnis  OMHApHOTO  OTHOLIEHHS C  MOHOTOHHBIM  CHMMETPUYHBIM
pacmpenielicHueM TeopeTHYeckoe cpenHee (MareMaTHYecKoe OXKHUJIaHUE)
COBIMAJAET C LICHTPOM paclpeieiieHus], a TOTOMY B CHIIY 3aKOHA OOJIBIINX YUCEN
menuana Kemenu mpu pocte o0beMa BBIOOPKH (YMCIIa 3KCIIEPTOB) CTPEMUTCS K
HEHTPY pacupeaenenus [15].

Obnactu IIPUMEHEHUS CTaTUCTHUKHU OMHapHBIX OTHOILICHU I
MHOTOOOpAa3HbI: PAHrOBasl KOPPEJSAIHS - OLEHKAa BEIMYMHBI CBA3H MEXIY
MIEPEMEHHBIMH, U3MEPEHHBIMU B MOPSAKOBOM IIKAJE; aHAIU3 SKCIEPTHBIX WIH
OKCMEPUMEHTAJbHBIX  YMOPAJOUYEHUH;  aHanmu3  pa3OMEHUN  TEXHHUKO-

HPKOHOMHUYECKUX TMOKa3aTejel Ha TPYMNIbl CXOIHBIX MEXIy co0oil; oO0paboTka
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JaHHBIX O CXOACTBEC (BBaI/IMOSaMCHHCMOCTI/I) , CTaTUCTUYECKUM  aHaJIu3

KJIacCU(pUKalMii; MaTeMaTUYECKUE BOMPOCH TEOPHH MEHEKMEHTA U JIp.

5. CayuaiiHble MHOKECTBA

bynmem paccmarpuBaTh  CiaydalHblE — IIOJMHOXECTBA  HEKOTOPOTO
MHO)ecTBa Q. Eciin Q cOCTOUT M3 KOHEUHOro 4ucia 3JIEMEHTOB, TO CUMTAEM,
YTO CIy4ailHOe MOJAMHOXKECTBO S - 3TO CIy4alHBIM 3JIEMEHT CO 3HAYEHHUSIMHU B
29 - MHOXeCTBEe BCEX MOJIMHOXECTB MHOXKecTBa Q, cocrosmem muz 279
3JIEMEHTOB. YTOOBI yJIOBJIETBOPUTH TPEOOBAHUSAM MATEMAaTUYECKOW CTPOTOCTH,
prUMeM, YTO BCE MOAMHOXecTBa Q mM3MepuMsbl (Opyrumu ciioBam, G-aireOpa
U3MEPHUMBIX MHOXECTB COBIAJACT C COBOKYIHOCTBIKO BCEX IIOJMHOKECTB

paccMaTpuBaeMOro KOHEUHOTO MHOXKECTBA). Torma pacupesesieHue CIIy9aitHOTo
ITOAMHOXKeCTBa S = S(a) MHOXKecTBa Q —3TO
P.(A) =P(S=A) =P{w:S(w) = A}), ALQ. (6)

B d¢opmyne (6) mpeamomaraercs, uro S:Q - 2°, rme (Q,F,P) -
BEPOATHOCTHOE TPOCTPAHCTBO, HA KOTOPOM ONPEICICH CIyYailHBIA 3JIEMEHT
S(w). (3mech Q - HMPOCTPAHCTBO 3JEMEHTAPHBIX CcOOBITHH, F - o -anreOpa
CIIy9aiiHBIX cOOBITHI, P - BeposTHOcTHas Mmepa Ha F.) Uepes pacnpenenenue
Ps(A) BbIpakaroTCsi BEPOSITHOCTH DPA3JIMYHBIX COOBITHH, CBs3aHHBIX ¢ S Tak,
9TOOBI HATH BEPOSITHOCTHh HAKPHITUS (PUKCUPOBAHHOTO AJIEMEHTA (] CITy4yalHbIM

MHOXCECTBOM S, JOCTAaTOYHO BbIYUCIIUTH

P(US)=P{w:q0S(@)}) = D P(S=A),

AdJA A2
rIc CyMMHpOBaHHE HJICT II0 BCeM IOJAMHOXKecTBaM A MHOkecTBa Q,
conepxarum 0. [Tycte Q={qy, 4, ... , G} . PaccMoTpum ciyyaitHbie BEIMYHHBI,
ompeesieMbIe 1O CTy4aiHOMY MHOXKECTBY S CIEAYIOIMHUM 00pa3om

1,9, US(w),

Xi(@) = {O, q 0 S(w).
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Onpeoenenue 3. CnaydailHOE MHOXECTBO S Ha3bIBACTCSA CIIydalHBIM
MHOXECTBOM C HE3aBUCHMBIMU DJIEMEHTAMHU, €CIIH CIyYailHble BEIIMYUHBI

X (w),i =12,...,k, He3aBUCHUMBI (B COBOKYITHOCTH).
[TocnenoBaTeNbHOCTD CAYUYaMHBIX BEITUYUH X, X, Xy ~~OCPHYIUIUEBCKUI
BEKTOp ¢ X, =), U p, =P(q US(w)),i =12,....k. 3 cka3aHHOTrO BBIILIE CIEAYET,

4qTO pacrnpeaciCcHuc cnyqaﬁﬂoro MHOXKECCTBa C HE3aBUCHUMBIMH JJICMCHTAMU

3amaercs Gpopmyon

P(S=A) = (!;Lpi qL;lA(l— P,

T.e. TakWe pacmpejieJeHds o0pasyloT —HapaMeTpHYECKoe  CeMEHCTBO
pasmeprHoctu K = card(Q), Bxozsmiee B CEMEHCTBO BCEX pacHpeesIeHUit
CIly4aifHbIX OAMHOXKECTB MHOXecTBa Q pasmepHoctn (2°29@_ 1),

[Ipy  HCCIENOBAHMM  CIOy4alHBIX  HOAMHOMKECTB  HPOH3BOILHOIO
MHO)kecTBa Q OylaeM paccMaTpuBaTh HX KakK CIIydailHble BEJIHYUHBI CO
3HAUEHMSMH B HEKOTOPOM MPOCTPAHCTBE MOJMHOMKECTB MHOXKeCTBa Q,
HATIPHUMep, B MPOCTPAHCTBE 3aMKHYTHIX MOAMHOXKeCTB 22 MHOKecTBa Q.

[IpeCTaBIsAIONIMMU  MHTEPEC JHIIb [ MAaTeMaTHKOB CIocoOaMu
BBEJICHHS H3MEPUMOii CTPYKTYpHI B 2° HHTepecoBaThes He Gyaem. OTCYTCTBHE
CHENMATBLHOTO MHTEpeca K IpoOJeMe U3MEPUMOCTH CBA3aHO C TEM, 4TO HpH
BEPOSTHOCTHO-CTATUCTMYECKOM MOJICIMPOBAHMU U 00paboTke Ha DBM Bce
CilydaliHble IOJMHOKXECTBA HEOOXOIMMO PaccMaTpHBaTh Kak KOHEYHbIE (T.e.
TOJIMHOKECTBA KOHEYHOTO MHOYKECTBA).

CrnyuyaiiHble MHOKECTBA HAXOAAT pasHOOOpasHble IIPUMEHEHHS B
MHOT000Opa3HbIX IIPOOIeMax SKOHOMETPHKH ¥ MATEMAaTHUECKO SKOHOMMKH. B
TOM YHMCJIe B 33[ja4ax yHpaBlIeHUH 3alacaMu U pecypcamu (cM. 06 3ToM TiaBy 5
B MoHorpaduu [4), B 3a1a4ax MEHEIKMEHTA M, B YaCTHOCTH, MApKETUHTa, B
SKCIIEPTHBIX OLIEHKAX, HAIpUMep, IpU aHAIM3€ MHEHUH TOJOCYIOIMX WM
ONpALIUBAEMbIX, KaXKIblil U3 KOTOPBIX OTMEYAET HECKOILKO MyHKTOB M3 CITMCKA

u T.0. Kpome TOro, ciaydaiiHple MHOXKECTBA NPUMEHSIOTCSA B IPaHYJIOMETPHH,
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Opyd M3YYEHUU TOPUCTBIX Cpel U OOBEKTOB CJIO0KHOM MHPUPOABI B TaKUX
oOnactsix, Kak Mertamiorpadus, nerporpadus, OHONOTHS, B YACTHOCTH,
maTtematudeckas Mopdonorus. OHU UCMONB3YIOTCA MPU U3YYEHUU CTPYKTYPHI
BEIIECTB U MAaTEepPHAaJIOB, B UCCIEIOBAHUN MPOIIECCOB PACIPOCTPAHEHHUS, B TOM
Yyclie  NPOCAuYMBAaHMS,  PACIPOCTPAHEHHs]  MOXKAPOB,  SKOJOTHYECKHX
3arpsA3HEHUH, TpH pallOHUpOBaHMM, B U3yYEHHH oOOJacTeil MOpakeHwHs,
HampuMep, TMOPaKEHHUS MeTaula KOpPpPO3MeW M CEepACYHON MBIl TMPU
uHpapkTe MHOKapaa, ¥ T.JA., U T.I. MOXHO BCIOMHUTH O KOMIBIOTEPHOU
TOMOTpa(uu, O HATJSAHOM MPEACTABICHUN CIOXHOW MH(pOpMAIMKU HA SKpaHe
KOMIBIOTEpPa, 00 H3YYEHHHM pACIPOCTPAHEHMsI PEKJIaMHON HWH(pOpMaLUU, O
kaprax KoxoHeHa (mOMyJSIpHBIA METOJA TpeACTaBleHHs HHGOPMALUU TpPU

NpPUMEHEHUN HeHpoceTeil) U T.1.

6. Panrosnie MeTOabI

Panee B HacTosimel cTaThe YCTAHOBJICHO, YTO JIIOOOW ajeKBaTHBIN
QITOPUTM B TIOPSAJIKOBOM IIKAJIE ABJISETCS (PYyHKIMEH OT HEKOTOpoi MaTpuilsl C.
[TycTh HHKaKKE 1BA U3 PE3yIbTATOB HAOMIOJEHUN X1, X,...,% HE COBIAJAIOT, a
1, r...,Ih - ux panru. Torma snemeHTs! MaTpuilbl C U paHTH PE3yJIBTATOB

H&6J’IIO,Z[CHPII>1 CBs3aHbI B3AMMHO OAHO3HAYHBIM COOTBETCTBUECM.

=1+ > (1-¢;),

1<j<n
a Cj 4yepe3 paHru BbIpaXkaroTcs Tak: Cj = 1, ecim I < Iy, u CGj = O B npoTUBHOM
CcllydJae.

CkazaHHO€ 03HA4YaeT, 4T0 Npu OOpabOTKE MaHHBIX, M3MEPEHHBIX B
HOPSAAKOBOM INKaJle, MOTYT NPHMEHATHCA TOJIBKO PAHIOBBIE CTATHCTHYECKHUE
MeTozbl (T.e. BCE MCHONb3yeMble CTATHUCTUKU 3aBHUCAT TOJNBKO OT PAHIOB
pe3y/nbTaToOB U3MEPEHUi, a He OT MX 4YUCIEHHBIX BeluuuH). OTMETHM, 4TO
4acTO HCIIOJIb3YyEMOE B HENapaMEeTPUYeCKOHW CTAaTUCTUKE IPeoOpa3oBaHUE

CmupHoBa Y = F(X) (3aecp F(X) - HempepbiBHas (GYHKIHS pacIpeaeacHHs
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cilyyaliHOW BenuuuHbBl X, mpuueM F  mpeamonaraercs MPOU3BOJIBHOM)
(dakTHYeCKH O3HAYaeT TepexoJ] K IMOPSJIKOBOM  IKale, TOCKOJIbKY
CTAaTHCTUYECKUE BBIBOJBI TIPU 3TOM MHBAPHUAHTHBI OTHOCHUTEIHHO JTOMYCTHUMBIX
npeoOpa3oBaHUM B OPSAKOBOH IIKaJIC.

PasymeeTcs, paHroBble CTAaTHCTHYECKHAE METOJBI MOTYT IMPUMEHSTHCS HE
TOJILKO TIPU 00pabOTKe JaHHBIX, H3MEPEHHBIX B MOPSAKOBOW mikane. Tak, ams
IIPOBEPKH HE3aBUCUMOCTH JIBYX KOJIMYECTBEHHBIX MPHU3HAKOB B CIIy4ae, KOTJa
HET YBEPEHHOCTH B HOPMAJIBHOCTH COOTBETCTBYIOIIETO  JBYMEPHOTO
pacmipeneneHus, Ieecoo0pa3Ho TOIb30BaThCS KOIPPHUIIMECHTaMH PAHTOBOU
xoppemsiiinn Kenpamna wim Crnmpmena [10] (oTMeTuM, 9To MCHONB3YIOT JBa
Bapuanta Hammcanus Gamwmn Kendall Ha pycckom s3pike — Kengamn
(m3marenpctBa «Hayka» m «Mup») u Kenmn (u3natenbctBo «CTaTHCTHKA),
YTO WHOTa MOXKET IMTPUBOJIUTH K HEAOPA3yMECHHSIM).

B HacTosiee BpeMs ¢ MOMOIIBIO HEMapaMEeTPUUECKHX M MPEXKIE BCETO
pPaHrOBBIX METOJIOB MOXKHO pemaTh TOT K€ HaOop 3amad MPUKIATHON
CTaTHCTUKH, YTO M C TOMOIIBI0 MapaMEeTPUYECKHX METOJOB, B YaCTHOCTH,
OCHOBaHHBIX Ha MPEIIOJIOKEHUH HOpMaidbHOCTH. OIHAKO MapaMeTpUUYECKUe
METO/TbI BOIIUTA B MacCOBOE CO3HAHWE UCCIICIOBATEICH M HH)KEHEPOB W MEIIAOT
IMPOKOMY BHEApPEHHI0 Oosiee OOOCHOBAaHHOW W TMPOTPECCHBHOW pPaHTOBOM
CTaTHCTUKH. Tak, TpPH TMPOBEPKE OIHOPOJHOCTH JBYX BHIOOPOK BMECTO
kputepusi CThIOJICHTA 11eJ1IecO00pa3HO MCII0JIb30BaTh PAHTrOBbIe METObI [9], HO

IIOKa OTO ACJIaCTCA pEAKO.

7. O0beKTHI 001Iel MPUPOABI

BeposiTHoCcTHas MOienh 00BEKTAa HEYUCIOBOM MPUPOJIBI B OOIIIEM CiIydae
- CIIy4aWHBIN 3JIEMEHT CO 3HaYEHUSMH B IPOCTPAHCTBE MPOU3BOJIBHOTO BU/A, A
MOJIeJIb BBIOOPKH TaKMX OOBEKTOB - COBOKYITHOCTh HE3aBUCHUMBIX OJIMHAKOBO

pacnpeneNneHHbIX CIydalHbIX 3JeMeHTOB. lMeHHO Takas Mojenb Oblia
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UCIIOJIb30BaHa JJi1 00paOOTKKM HAOMIOACHUHM, KaXJ0€ U3 KOTOPBIX - HEYETKOE
MHOKecTBO [16, 17].

N3-3a umeroniero pazHo00si B TEPMUHOJIOTUN MPUBEIEM MaTEMaTUUYECKUE
ONpEeJICTICHNs] U3 CIIPaBOYHMKA O Teopuu BepositHocTel akaaemuka PAH 10.B
[Tpoxoposa u ipod. FO.A. Po3anosa [18] (cMm. Takxe [3]).

IIycte (X,B) - HEKOTOpPOE M3MEPUMOE MPOCTPAHCTBO; (F,B)-n3mepumas
byHKIUsA & =¢&() Ha MPOCTPAHCTBE dJIEMEHTApHBIX coObiTHH (Q,F,P) (rme P -

BEpPOATHOCTHAsT Mepa Ha o-anreOpe F - u3MepUMbIX MOJMHOXECTB Q,

HA3bIBAEMBIX COOBITHUSIMH) CO 3HAYEHUSAMH B (X,B) Ha3bIBacTCS CIIy4aliHON

BEJIMUYMHOM (qame 3TOT MaTEeMaTHYECKUH OOBEKT Ha3bIBAIOT Cﬂy‘{aﬁHLIM
9JICMCHTOM, OCTaBJIIA TCPMHH «CJ'I}"—I&ﬁHElH BCIIMYMHA» 34 YaCTHBIM CJIy4dacM,

korqa X - uucinoBas mpsimas - A.O.) B dasoBom mpocrpancTBe (X,B).
Pacnpenenenuem BEPOSATHOCTEM OSTOW CIy4YalHOM BEJIMYMHBI ¢ Ha3bIBACTCA
¢Gynkuus P, = P;(B) Ha o-anrebpe B (ha3oBOro npocTpaHCTBa, ONpe/eIeHHas
KakK
P.=P{é0B} (BOB) (7)

(pactpeneneHue BeposATHOCTEH P, mpescTaBiseT co00il BEPOSTHOCTHYIO Mepy B
dazoBom mpoctpancTee (X,B)) [18,c. 132].

Ilycte €,,¢,,....6, - cilydalHblEe BEJIMYMHBI Ha MPOCTPAHCTBE CIIyYaWHBIX
coObiTuii  (Q,F,P) B COOTBETCTBYIOMIMX (Pa3oBBIX MpocTpaHcTBax (X,,B,).

CoBMECTHBIM pacupeaciICHNCM BCpOHTHOCTeﬁ OTHX BCJIMYHMH HA3bIBACTCA

Gynkuns P, . =P . .(B,B,,.,B,), onpenenennas Ha MHOXeCTBax B, 0B,
B,UB,, ...,B,0B, kKak
P s (B.B,.B)=P . ,(&0B,&0B,,...& 0B). (8)
Pacripenenenne BeposTHOCTEH P, . Kak (YHKIMA Ha IOJYKOJIbIIE
MHOXXeCTB BHaa B, xB,x..xB , B 0B,,B,UB,,..,B,B,, B IIpouU3BeICHUU

IPOCTPAHCTB X, X,,...,X,, TPEACTABIICT COO0N (YHKIUIO pacIpeaeacHus.

n

http://ej.kubagro.ru/2015/01/pdf/003.pdf



Hayunsriit xxypaan Ky6I'AY, Ne105(01), 201501a 23

Cnydaiinple BeIWYUHBI ¢&,,¢,,...,, HAa3BIBAIOTCS HE3ABHCHMBIMH, €CIIH IIpU
1r00bIX By, By,...,B, (cm. [18,¢.133])
P ez (B, By, B) =P (B)P, (B,)..P (B,) . (9)
IIpenmonoxum, 4To COBMECTHOE pPACIpeeieHle BeposSTHOCTeH P;, (A, B)

CIIy4alHbIX BEJIMYUH ¢ U /7 AOCOJIOTHO HENPEPHIBHO OTHOCUTEIBHO HEKOTOPOM
Mepbl Q Ha TPOU3BENEHUU MPOCTPAHCTB X XY , ABIAIOIICHCS MPOU3BEICHUEM
Mep Q m Q. , T.€..

P, (AB)= | p(x y)Q(dx dy) (10)

s mo0bix  AOA uw BOB, raoe P(X,Y) - COOTBETCTBYIOIIAS IUIOTHOCTH
pacnpeenenus BepostaocTei [18, c.145].

B dopmyne (10) npeamonaraercs, uro é =&(a) U 7 =7(a) - CIy4aiiHbIE
BEJIMYMHBI HA OJHOM M TOM K€ MPOCTPAHCTBE 3JIEMEHTAPHBIX COOBITUH Q €O

3HaYeHussMH B (a3oBbix mpoctpanctBax (X,A) u (Y,B). CymecTBoBaHue
IJIOTHOCTH  P(X,y) BbITEKaeT u3 aOCOMIOTHOH HempephIBHOCTH P, (A, B)
oTHocuTenbHO Q B cOOTBETCTBUHM ¢ Teopemoit Pagona - Hukonuma.

YcaoBHOE pacnpejienieHne BeposTHocTed P (A|7), AOA, MOXKeT OBITh
BBIOPAHO OJIMHAKOBBIM JUIsl BCeX @ [JQ, MpU KOTOPBIX Cily4yaliHas BeTUYMHA
1 =n(a) COXpaHSAET OJHO U TO K€ 3HaueHue: 77(a) = y. [Ipu moutn kaxagom yOY

(oTHOCHTENBHO pacmpeaeIeHus P, B ¢dazoBom npoctpanctBe (Y,B)) yclioBHOE
pacrpenenenue BeposatHocren P (Aly) =P, (A), tae « O{n=y} u AOA, Oyner
a0COJIFOTHO HEMPEPHIBHO OTHOCUTEIIBHO MEPHI Q, :

Q(A) = [Q(dxdy).

AxX
HpI/I‘{CM COOTBCTCTBYIOIIAA INNIOTHOCTHL YCIIOBHOI'O PaCIIpCACICHUA

BeposTHOCTEH OyaeT umeTh Buj (cum. [18,¢.145-146]):

P(dX]y) _  p(xy)
Q) [ p(x V)Q(dX)

X

p; (x| y) = (11)
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IIpyn mOCTpOEHUH BEPOATHOCTHBIX MOJEJIECH PEAIBbHBIX SIBJICHUN BaXKHBI
BEPOATHOCTHBIE MPOCTPAHCTBA M3 KOHEYHOTO YMCIIA JIEMEHTAPHBIX COOBITHH.
JUis HHMX TEpPEUUCIICHHbIE BBIIIE OOLIME TMOHATHS CTAaHOBATCA OoJiee
NpO3pavyHbIMK, B YAaCTHOCTH, CHHMAIOTCS BONPOCHI HU3MepuMocTH (Bce
MOJMHOKECTBA KOHEYHOTO MHOXKECTBA OOBIYHO CYHMTAIOTCS H3MEPUMBIMHU).
BmecTo miIoTHOCTEN M yCIOBHBIX IUIOTHOCTEM PAaCCMaTpUBAIOTCS BEPOSTHOCTH
U YCIIOBHBIE BEPOATHOCTU. OTMETHM, YTO BEPOSTHOCTH MOYKHO paccMaTpUBaTh
KAaK IUJIOTHOCTH OTHOCHUTEJIBHO MEPBI, NPUIUCHIBAIOIICH KaXIAOMY 3JIEMEHTY
IPOCTPAHCTBA MIEMEHTApHBIX COOBITHI Bec 1, T.e. cunTarouieit Mepsl

Q(A) =Card(A)
(Mepa Ka)I0ro MHOXECTBA paBHA YUCIy €r0 JJIEMEHTOB). B 1enoM scHO, 4To
OTpe/IeNieHUs] OCHOBHBIX MOHITHI TEOPUH BEPOSITHOCTEH B OOIIEH CUTyaluu
IIPAKTUYECKNA HE OTIMYAIOTCS OT TAKOBBIX B JIEMEHTAPHBIX KypcaxX, BO BCAKOM
clly4yae C UJIEMHOU TOUYKH 3PECHUS.

3a mocienHME TPUALATH MATh JET B MaTeMAaTHYECKOW CTaTUCTHKE
copMupoBaack HOBasi 00JIACTh - HEUYUCIIOBAs CTATUCTUKA, WU CTATUCTHKA
HEUYMCIIOBBIX JIAHHBIX, OHA )K€ - CTATUCTHKA 00BEKTOB HEUYMCIOBOM mpupozs! [1].
K HacrosimiemMy BpEMEHHM OHA pa3BUTa HE MEHEE, YEM pAHEE BBIACICHHBIC
CTAaTUCTUKA CIIy4aliHbIX BEJIMYMH, MHOIOMEPHBIM CTAaTUCTUYECKUNA aHaJIN3,
CTaTUCTHKAa BPEMEHHBIX pPANOB M CIyd4auHbIX npoueccoB. Kpartkas cBoaka
OCHOBHBIX IIOCTAHOBOK M pE€3yJbTaTOB MaTEMaTH4YECKOM CTATUCTUKU B
IPOCTPAHCTBAX HEYMCIIOBOW MPHUPO/BI AaHa B KHUTE [19]. Psa BepoATHOCTHBIX
MoJieJiell KOHKPETHBIX BUJOB OOBEKTOB HEUMCIOBOM MPHUPOABI PACCMOTPEH B
cratbe [20].

Teopusi, mocTpoeHHast [Js pe3ylbTaTOB HAOMIOJEHUM, JeXalluX B
IPOCTPAHCTBAaX OOIIeH NPUPOIBI, SBIAETCA LEHTPAIBHBIM CTEpXKHEM B
HEYHCJIOBOM CTaTUCTHUKE. B ee paMkax yaanoch pa3padoTaTh U U3YYUTh METO/bI
OILICHUBAHMSI TTAPAMETPOB U XaPaKTEPHUCTHUK, TPOBEPKH THIIOTE3 (B YACTHOCTH, C

IIOMOIIIBIO CTaTUCTHUK HHTCTPAJIBHOT'O TI/Il'[a) ) HapaMCTpI/I‘{CCKOﬁ 141
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HenapaMeTpUIeCcKon perpeccun (BoccTaHOBJICHHUS 3aBUCUMOCTEH),
HEMapaMeTPUUEeCKOTO  OIICHWBAHUS  IUIOTHOCTH, JUCKPUMHUHAHTHOTO W
KJIACTEPHOTO aHAJU30B U T..

BeposITHOCTHO-CTATHCTUYECKHUE METOMABI, Pa3BHUTHIE [JISI PE3yJIbTATOB
HAOMIONCHNUM, TPUHAMJISKANIMX MPOCTPAHCTBAM  IPOU3BOJIBHOTO  BHUA,
MIO3BOJIAIOT €IMHOOOPA3HO MPOBOIUTH aHAIN3 JAHHBIX U3 JTHOOOT0 KOHKPETHOTO
npoctpancTBa. Tak, B MoHorpaduu [4] OHM TNpUMEHEHBI K KOHEYHBIM
CIIy4aiiHBIM MHOXKeCTBaM, B paborax [16, 17] -k HeueTkum MHOkecTBaM. C HX
MOMOIIBI0 YCTAHOBJICHO TIOBEJCHHE OOOOIIEHHOTO MHEHHUS JKCIEPTHON
komuccuu (Meauanbl KeMmMeHH) TpW YBEIWYECHHWH 4YHCIa SKCIIEPTOB, KOTJa
OTBETHl DJKCIEPTOB JEKAaT B TOM WJIA HWHOM TMIPOCTPAHCTBE OMHAPHBIX
OTHOIIEHUH. MaTteMaTndeckre MeTOIbl KIacCU(PUKAIIMN MOTYT OBITh OCHOBAHBI
Ha HEMapaMeTPUYECKUX OICHKAX TUIOTHOCTH PACIPECICHUs] BEPOSITHOCTEH B
npocTpaHcTBe obOmiei mpupoabl [21]. Takue MeToabl ObLIM MPUMEHEHBI IS
MEJUITMHCKOW JMarHOCTHKU B TMPOCTPAHCTBE PA3HOTHIIHBIX JaHHBIX, KOTAa
4acTh KOOPJIMHAT BEKTOpa M3MEpPEHa MO KOJIMYECTBEHHBIM IIIKajaM, a 4acTh - 0

Ka4C€CTBCHHBIM, U T.A.
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