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3.7. HEHETKO-
MHO>XECTBEHHbIA AHANU3
MOCKOBCKOI'O PbIHKA
HAPY>XHOW PEKJTIAMbI

JlabyHey J1.B., 4.T.H., c.H.Cc., npod. kadenpbl «Cuctembl
06paboTkn nHdopmaumm n ynpaenenusi» MITY nm. H.3.
BaymaHa, 3aB. kacpenpon «/HpopMaLUoHHbIE CUCTEMbBI B
3KOHOMWKe M ynpasneHum» HOY BIMNO
«Poccuncknin HoBbIN YHNBEPCUTET»;

Jlebenesa H.J1., rmaBHbI cneymanuct genapraMeHTa
MHopmMaLmnoHHbIx TexHonoru OAO «baHk BTB»;
Ywmxos M.HO., KoMMepYeCKUIn AMPEKTOP
3A0 «Muan-XonauHrs»

Ha ocHoBe MeTO[OB WHTENMEKTyanbHOro aHanu3a AaHHbIX NpPOoAeMOH-
CTpYpOBaHa B3aMMOCBS3b BEPOSITHOCTHBIX W HEYETKO-MHOXECTBEHHbIX
NOAXOAOB K aHanM3y v MoAenMpoBaHuio MOCTYMNEHNA B MOCKOBCKUIA 6ioa-
XeT oT o6bekToB HapyxHon peknambl (OHP). MNpeactaBneHa meTtoauka
JIMHFBUCTUYECKOTO aHanusa pacnpefeneHust noctynneHwii B GiogxeT B
BUAE anmnpoKCUMauuy rMCTorpamMbl CrAaXEeHHON CABUIOM MOSMrayccoB-
CKOW Mopernbto. PaccMOTpeHbl OCHOBHbIE 3Tarbl HEYETKOTO NOrUYeCcKoro
BbiBOAa v knactepu3auun OHP no kpuTepuio nocTynneHuin ¢ noMoLLbio
6aiecoBcKoro knaccuduvkaTopa v MeTofa rnaBHbIX KOMIOHEHT.

BBEAEHUE

BbicTpbI pocT 06BbEMOB MHOPMaLIMK, COAEPXKaLLEN B
CKPbITON popMe 3HaHWA, HeobxoauMble ANS BbISIBEHUS
3aKOHOMEPHOCTEN, MPOrHO3NPOBaHNSA PbIHOYHBIX TEHOEH-
LM 1 OLEeHKN (bMHaHCOBBLIX PUCKOB, NMPUBEN K NOSBIIEHUIO
WHTENneKTyanbHbIX NPOrpamMMHbIX CPEACTB B BMOE CUC-
TeM noaaepXxku npuHsTua pewenun (CMMP) [1]. Moacuc-
TemMa WHTennekTyanbHoro aHanusa AaHHbix CITMP npu-
MeHSET COBpeMeHHbIe MeToAbl U anropuTmbl Data Mining.
MeTogonorus aToro pasgena Teopum UCKYCCTBEHHOIO WH-
TennekTa npegnonaraet popMmMpoBaHmne onuncaTenbHbIX 1
MPOrHO3HbIX MOAENeW, OCHOBaHHbIX, Hanpumep, Ha pa-
LIMOHANbHOM COYETaHWM 3KCTMePTHOro MOoAXo4a K aHanusy
AaHHbIX, a Takke MEeTOAO0B afanTVBHOIO MOAENMPOBaHUA
HecTaunoHapHbIX BpeMeHHbIX psgos (HBP) [7].

B cratbe [3] npegcraBneHa meTtoavka aHanvsa, Mogenu-
poBaHWs 1 nporHo3upoBaHus HBP nomecsuHbIX nocTynne-
HWI B MOCKOBCKUI BIOKET OT 0OLEKTOB HApY)KHOWM pexknambl
(OHP). BaxHon 0coBEHHOCTbI0 afanTUBHOMO HanpaBreHust
aHanusa HBP saBnsieTcs yyeT pasnuuHbIX CLeHapueB Mpo-
rHO3a Ha OCHOBE TMOKMX SKOHOMETPUYECKNX MOAENeN AvHa-
MWKN BPEMEHHbIX PSOOB. ANbTEPHaTUBHBIA 3KCMEPTHBIN
Mogxo4 K aHanudy WCXOOHOW WHGOopMaumMn Mo3BONSET
y4ecTb €ee HeonpedeneHHoCTb. [1nogoTBOPHBEIM B 3TOM
CMbICMe SBMSIETCS, Ha Halwl B3NS4, NPUMEHEHWE CUCTEM,
OCHOBaHHbIX Ha 00paboTke 3HaHWIA 3KCMEPTOB C MOMOLLbIO
anropMTMOB HEYeTKOro rornyeckoro BeiBoga [2, 9]. JaHHas
pabota noceseHa npobneme oOpMMPOBaHUST onucaTerb-
HbIX Mogenen apdeKTBHOCTU pekrnaMbl Ha OCHOBE arnro-
PUTMOB HEYETKOM KrnacTepu3auum pasnmyHbix Tunos OHP no
YPOBHIO MOCTYMIEHUI B BIOOXKET.

1. MOAEJIb MHOITOMEPHbIX OAHHbLIX

TpexmepHasi Mogernb UCXOAHbIX AaHHbIX NpeacTaBnseT
cobon nHpopMaumoHHbIA Ky6 [1] co crnegylowmmmn name-
peHuAMU:

e Bpemsa B Buae nocneposaTtenbHocTn mecaues N=1,2,...,N

(N = 48) B nepuog ¢ 2008 no 2011 rr. BKMNOYUTENBHO;

AHAIIN3 MOCKOBCKOIO PbIHKA HAPY)XHOW PEKITAMbI

e OKPYr B BMAE YNOPSIAOYEHHON MOCNEeAoBaTeNbHOCT aiMUHUCT-
paTuBHbIX OKpyroB r.Mockeel m =1,2,...,M (M = 11),

npeacTaBneHHbIX B Tabn. 1 no coctosiHuio Ha 2011 r.;

e Tvn OHP B Buae ynopsinoyMeHHOW nocrnenoBaTeribHOCTA TUMOB
HapyxHoit peknambl k =1,2,...,K (K = 30), npeacras-
TNEHHbIX B Tabn. 2.

Tabnuua 1

AOMUHUCTPATUBHBIE OKPYTA

HanmeHoBaHue

O6Leropoackon 3akas (OI'3)

BocTouHbIV agMuHUCTpaTrBHBIN okpyr (BAO)

3anagHblvi agMuHUCTpaTrBHBIN okpyr (3A0)

3eneHorpagckuin agMuHUCTpaTnBHbIN okpyr (3enAO)

CeBepHbIN agMUHUCTpaTUBHbIV OKpyr (CAO)

CeBepo-BOCTOYHbIN agMUHUCTPaTMBHbIM OKpyr (CBAO)

CeBepo-3anagHbli agMmuHucTpaTtuBHbin okpyr (C3A0)

LleHTpanbHbIn agMuHUCcTpaTuBHbIA okpyr (LIAO)

HOxHbIN agMuHUCTpaTmBHbIA okpyr (KOAO)

KOro-BoCTOYHbIN agMUHUCTpaTUBHbIN okpyr (KOBAO)

N
RI8[o|e|(~]|o|u|s|wn]-]3

HOro-3anagHbii agMuHucTpaTtuBHblii okpyr (KO3AO)

KnacTepHyto CTpyKTypy AaHHbIX paLMoHanbHO uccrego-
BaTb B nMpocTpaHcTBe EBknuaa 11-u agMUHUCTPATUBHBIX
okpyroB r. MockBbl. MicxoaHbIMY NpU3HaKkaMu B 3TOM CIly-
Yae ABMSTCA KOMNOHEHTLI BEKTOpa cTosbLa

%= (%, xy ) 1)

B BMAe MOCTYMNSIEHUA B MOCKOBCKMI GrogkeT oT OHP,
KOHCONUAMPOBaHHbIX NO MecsiLlaM B nepuoapl:
« 2008r.- (1<n<12);
e 2009r.- (13<n<24);
« 2010r.- (25 <n<36);
e 2011r.- (37 <n<48).

30ecb M panee 3aBMCUMMOCTb BEKTOPOB OT MHAEKca
BPEMEHU N OMyCKaeM Ansi YyNPOLLEHNS 3anm1cm.

MHbIMM cnoBamu, Ons Kaxgoro roga Bblbopka oby4yaro-
LMX NPMMEPOB MpeacTaBnsieT cobon BrnovHyro maTpuly

X =|X,X,) pasmepom M*K . Tekywmit cTonGeu

X = (X1k vy X Mk)T MaTpuubl — 3TO MOCTYNMeHusa B
GlopkeT oT K-ro Tuna peknambl B a4MUHUCTPATUBHbIE OK-
pyra 3a oMKCUpPOBaHHbIN rof.

Pa3BeoyHbIi aHanM3 AaHHbIX pauMoHanbHO BbIMOMHATL
nocrne npegsaputenbHoro npeobpasoBaHus bokca-Kokca
(BKIT) obyyatoLen BbIOOPKU ANs KaXO0ro agMUHUCTPaTUB-
HOro okpyra. 910 Npeobpa3oBaHMe Mo3BONAET CKaTb ANHA-
MUYECKUIA AManasoH npusHakos (1) 1 B onpegeneHHon mepe
npubnMauT X K HopManeHOMy pacnpegeneHuio. ns m-ro
agMmuHucTpaTmBHoro okpyra BKIM nmeet Bug [13].

Tabnuua 2

TUMbI HAPY>XHOW PEKITAMbI

HanmeHoBaHue

Butpax

BblHOCHast LUMTOBAsA KOHCTPYKUMS (LuTeHaep)

w N[ ]X

WNHopmaLmoHHasi KOHCTPYKUUS MPeanpusiTUsi U opraHmsa-
LMW Mo 06CNyXVBaHWUI0 HACENEHUS Ha 34aHUK

KpoHLwTenH Ha 3gaHnn (nnoLwiaabio OAHON CTOPOHbI 6onee 1
KB. M 1 BblcoTon 6ornee 1,5 m)

N

KpoHLwTenH Ha 3gaHnn (nnoLwlaapo OO4HON CTOPOHbI MeHee 1
KB. M 1 BbICOTON MeHee 1,5 m)

KpoHLUTEH Ha HECBETOBOW onope

KpoHLUTEVH Ha CBETOBOW Onope

O[N] O

KpbllHas ycTaHoBKa
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k HaumeHoBaHune 3aBucmmocTu norapudma npasgonogobus L(g m) OT na-
9 _|Mapkusa pameTpa g, AN NOCTYNNEeHWA B MOCKOBCKUIA BIOMKET OT
10 |HacTteHHoe naHHo (nrowagpko bonee 2 kB. M)
11 |HacTerHoe nanHo (NNolansio MeHee 2 KB. M) OHP 3a 2008 r B 11-M 2AMUHUCTPATUBHbIX OKpyrax u 3Hade-
12 [Hocumas peknama HUs cMeLLeHns & =108 unnocTpupyeT puc. 1.
13 [O6beMHo-NpocTpaHCTBEHHAs yCTaHOBKA MakcumanbHO npaBgonofobHbIE OLEHKM napameTpa
14 [O6BbeMHO-NPOCTPAHCTBEHHDIN 06bEKT (OTAENBHO CTOSLLNIA) BKI no okpyram B nepuog ¢ 2008 no 2011 rr. cBedeHbl B
15 OTaenbHo cTosias peknama Ha dnarax v Apyrux Msrkux Tabn. 3.
NonoTHUWax Taﬁnuua 3
16 Mpoyne HeTMNoBblE O6BbEKTHI (MYCOPHbIE KOHTEWHEPDI, Te-
nedgoHHble 6yaku v np.) MAKCUMAIbHO NPABOONOOOBHbLIE OLIEHKU
17 [Peknama Ha ocTaHOBKax TpaHcrnopTa NMAPAMETPA g, BKI
18 | Peknama Ha CTpOUTENbHOW CEeTKE
19 [Peknama Ha chnarax v Apyrx MSrkux NonoTHULax m
20 |Peknama Ha cnarax v Apyrux Msrkvx rnosioTHULLax Ha 3aa- Foa 1] 2 3 4 5 6 7 8 | 9 [ 10 11
HIAW, MApK3b! (NNOWAALI0 Gonee 2 k8. M) 2008]0,1] 0,1 [005| 0 [0,05/005]005] 01| 0L] 0 |0
21 |Peknama Ha cbnarax N Apyrnx MArknx NnonoTHULWax Ha 3aa- 2009(0,1]0,05[ 0,05 0 0,05 0 0,05[ 0,1 [0,056[-0,05| 0
HUW, Mapku3bl (MIIOLWaabo MeHee 2 KB. M) 2010]0.1{0,05| 0 0 0 0 0 1005]005]-01]0
22 |CTaunoHapHas ycTaHOBKa HaJ NpoesXel 4acTblo 2011101] 0 |-0,05]-0.15] 0 0 1-005]/005[005|-01]0
23 | TpaHcnapaHT-nepeTsxka

2 T PesynbTaTbl pacyeTa nokasbiBaloT, YTO OMTMMAaribHble
ymba oTgensHo crosiuas -

25 [ LT Ha BPEMEHHOM Of pEXACHIN oueHkn napametpa BKI1 nexaT B MHTepBane:

26 | LT Ha orpaxaenmn -015<9,<01, m=1,2,...,M.

27 | LT oTgenbHO cTosWwmniA

28 | ONeKTpOHHbIV 3KpaH Ha 34aHnu

29 | ONeKTpPOHHbIN 3KpaH Ha Kpbllle

30 | QNEKTPOHHbIV 3KpaH OTAENbHO CTOSILUUIA

Mpadukm BKIT ona ykasaHHbIX Bbllle 3Ha4YeHW napa-
meTpa g, AEeMOHCTpUpyeT puc. 2.

1 i 2
v ( )_ g—{(ka+s)g _1}’gm¢0_ 1 -
mk g m)~— m ’ 10 i 1
In(ka+3),gm=O N ) %-
: a3 e
: o
k=1,2,..K. 8¢ -4
7 -5
roe BenvMYMHY CMeLleHust ¢ BblbupatoT 13 ycrnoBui 6k o A
X +&>0, m=1,2,...,M, k=1,2,...,.K . OnTumans- 5§ o
: i,
Hoe 3HayeHune napameTtpa g, BKI ygosnetsopseT kpu- > 4 ’ )'/DAj =
TEPUIO MaKcUMyMa norapudma npasgononodus: 3 =
K K 2 -
L(gm)={gm—1}k§1ln{xmk+s}—?In{D(gm)}; Lk
K 2 0
0(a,) £{¥..(9.)-€.(0,)) s
1 x 2 %
E =—>Y . 3 -
m(gm) Kkgl mk(gm) ) E | |
4 3 2 1 0 1 2 3 4 5 6 7 8 9
zzz J—— | Ln(X)
——2
- D Puc. 2. BKIM ana pa3nuyHbIX 3Ha4YeHWii napameTpa g
Y ——5
W0 AP —s | BKI ans pasnuuHbix 3Ha4YeHui napameTpa g:
150 X ’ 2 —0—7
100 &X’w;& -8 1-9=-015;
2 A mam 2-9g=-01;
o —x-u 3-9g=-005;
-50 ?E .
-100 M, 4- g= 0;
T N
150 »?!;X ., 5-9=005;
o | =y 6-9=01.
200 % YA0BHLIM MHCTPYMEHTOM pa3BedoYHOr0 aHanmaa AaHHbIX
350 ABMsieTCca avarpamma paccesiHus (OP), copepxalian K Todek
o6 04 02 00 02 04 05 08 10 12 14 18 B M-MepHOM MpOCTpaHCTBe Npeobpa3oBaHHbLIX MPU3HAKOB
- . - -
Puc. 1. 3aBucumocTb norapudma npasgonogobus ot Yio= (Ylk ""’Y“"k) » k=1,2,...K . 3pec v B parnbHei
napameTtpa npeo6pa3zoBaHusa Bokca-Kokca LueM 3aBUCUMOCTbL OT napametpa ¢, BKI1 onyckaetcs. To-
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nonoruto [P ynobHo uccnepoeats metogom Grand Tur
AVHaMW4YeCcKoW BM3yanuaaumm MHOrOMEPHbIX AaHHbIX [14].
OpToroHanbHas npoekums AP Ha ogHy M3 runepnrocko-
cTel B mpocTpaHcTBe 11-u agMMHUCTPaTMBHBIX OKPYroB
r. Mockebl onga noctynneHun B 2008 r. npeacTtaBneHa Ha
puc. 3.

Puc. 3. OpToroHanbHas NpoeKLusi MHOroMepHOW
[P Ha nnockocTb BU3yanusauuum

AHanns dopmbl [IP ¢ pa3nuyHbix pakypcoB cBuaeTeNb-
CTBYET O HanuuuM JOCTaTOYHO BbIPaXEHHbIX reHeparnb-
HblX HanpaBfeHu’ B NpOCTpaHCTBE npeobpas3oBaHHbIX
npu3HakoB. WMHbIMKM CrioBamu, MMeEET MeCTO 3Havumas

KOppenauus NpU3HakoB y = (y A M)T .

2. HE‘-IETKO-MHO)ISECTBEHbII?I 7
BEPOATHOCTHbLIUN NOAXOAbI K
AHAINN3Y OAHHbIX

CyuiecTtBeHHoM npobnemont ¢opMMpoBaHUS ajekBart-
HbIX OnMcaTenbHbIX CTaTUCTUYECKMX SBMSETCH Hanuyne
XKEeCTKOro orpaHuydeHusi marnoro obbema gaHHbIX. B Ha-
LeM cryyae runotetmyecknii oobem Boibopkn K = 30 ac-
counmpoBaH ¢ konunyectsom Tunos OHP. OpgHako 3Hade-
Hna X ., =0, cBugeTenbcreylowme 06 OTCYTCTBUMU MO-

CTYMMEHWN B OKpyra OT HEKOTOPbIX TWUMOB peKiambl,
npuBoOAsT K HEOBXOAMMOCTM MrHOPMPOBaTb aHOMaslbHO
HM3KME BEMUYMHBI NPU3HAKOB. DTO CHUXAET hakTUHECKMiA
06bemM AaHHbIX. MI3BECTHO, YTO B COOTBETCTBUM C NpaBu-
nom Crapreca (Sturges’ rule) [15] o6bem BbIOOpKM, HEOOD-
XOAMMBIA ANnsi POPMUPOBAHUSA FMCTOrPaMMbl HOPMaribHO-
ro pacnpefeneHusi, coaepxallen kKak MUHUMYM NaTb pas-
PSIOHbIX MHTEPBAroB, PacCHUTLIBAOT MO OpMyne:

Kon=2"=2%=16.

PaunoHanbHoe pelleHne npobnembl manoro obbema
BbIBOPKM OCHOBaHO Ha HEYETKO-MHOXECTBEHHOM Noaxoae
K aHanu3y JaHHbIX. B pamkax Takoro noaxoga KOHCTPYK-
TUBHbIM SIBMISIETCS MOHATUE KBA3WCTaTUCTUKW, BBEAEHHOE
B pabote [9, c. 28]. B 4acTHOCTU, KOHCONUAMPOBAHHLIE MO
rogam BbIGopku nocTynneHun B orogxket ot 30 Tnos OHP
B Kaxablii U3 11-u okpyros r. Mocksbl 6yaemM cuutatb goc-

AHAIIN3 MOCKOBCKOIO PbIHKA HAPY)XHOW PEKITAMbI

TaTOYHbIMK, YTOObI C NPUEMIIEMOW CTEMEHbID LOCTOBEP-
HOCTM cchopMMpoBaTh OLEHKU 3aKOHOB pacrpenerneHusi
HabnoaeHUA.

C Apyroi CTOpPOHbI, HET OCHOBaHMWI KapauHarnbHO pas-
rpaHnMuMBaTh HEYETKO-MHOXECTBEHHBIN M BEPOSATHOCTHBII
noaxonbl K MHTENMNEKTyanbHOMYy aHanuay AaHHbiX. B yka-
3aHHOM CMbICre crnefyeT OTMETUTb pe3ynbTaTbl TEOpPeTy-
Yeckoro aHanvsa, npefacTaBneHHoro B pasgene 1.4.6 pa-
60Tbl [10], MHTEPNPETUPYIOLLENO HEYETKME MHOXECTBA Kak
NpoeKUUM cryYamHbIX MHOXeCTB. [1NofoTBOpHOE coveTa-
HME HEYETKO-MHOXECTBEHHOW U BEPOSITHOCTHOW MeTono-
1OrMin MOXeT BbITb OCHOBaHO, Ha Hall B3rns, Ha npuve-
HEeHUW crepyoLLnMx Moaenen.

Bo-nepBhbix, B kKa4ecTBe MOAENW 3aKOHa pacnpeseneHus
HabnoaeHui pauuoHarnbHo BelbpaTb rucTorpaMmy, crna-
XeHHyto caosurom (average shifted histogram, ASH) [15].
BaxHo oTMeTWTb, YTo ASH-oLeHKa Mo onpeseneHuo oc-
HOBaHa Ha CrMaXMBaHWUM KITAaCCUYECKON FMCTOrpammbl OK-
HOM [JaHHbIX. PyHOamMeHTanbHasi npoueaypa Crraxusa-
HUS1 NO3BONSIET 3HAYUTENBHO CHU3UTL TpeboBaHUsA K 0Ob-
eMy BblIBOpKM B paMKax MOHATUSI KBAa3UCTATUCTUKK.

Bo-BTOpbIX, JOCTAaTOYHO afeKBaTHble pe3ynbTaThl ASH-
OLleHMBaAHWUS BbIBOPOYHBLIX AaHHbIX NO3BOMNSOT CHOPMU-
poBaTb 6aliecoBCKyl0 MOAENb NMHIBUCTMYECKOW nepe-
MeHHON. Takoro pofa noaxof npeanornaraeT annpoKcu-
Maumio ASH-OLEHKM KOHEYHOW CMEChbio CTaHOapTHbIX
pacnpefeneHnin ¢ NOMoLLbo MoaudmumpoBaHHoro EM-
anroputma [5]. EcTecTBeHHbIM napameTpuyeckMm onuca-
HMeM PYHKLMIA NPUHaANEXHOCTM B 9TOM Clyyae ABMsAT-
€Sl anocTepuopHble BEPOSITHOCTU accouuauun Habnoae-
HAM C NWHrBUCTUYECKMMM Krnaccamu. VHbIMU crioBamu,
HEYEeTKOCTb UCXOAHOW MHGopMaLMK, 0ByCrnoBneHHas ma-
nbiM 06EMOM BbIGOPKM, YUUTLIBAETCS TEPM MHOXECTBOM
TNIMHTBUCTUYECKON MepeMeHHOW. AHanm3y OCHOBHbIX 3Ta-
noB POPMUPOBAHUS YKa3aHHbIX Bbllle MoAenel MoCBsi-
LLeHbl MocneaytoLme pasaens 4aHHoW paboThl.

3. UCKINKOYEHUE AHOMAIIbHbIX
3HAYEHUU U3 O AHHbLIX

AHOMarnbHble 3Ha4YeHUs! B JaHHbIX CYLLECTBEHHO MCKa-
XaloT pe3ynbTaTbl CTaHOAAPTHOrO OLIEHUBAHWS OCHOBHbIX
ctatucTuk. OQHUM U3 pauMoHarbHbIX METOAOB UCKIoYe-
HUSA BNWSHUS 3arpA3HEHNIn BbIOOPKM ABMAIOTCA 3KCMIOHEH-
LuuanbHO B3BeLUEHHblE oueHkn (OBO) xapaKkTepucTuk no-
noxennss 1 Macwraba J1.[. MewankuHa [12]. OgHomep-
Hble pobacTHble ABO maTtemaTnyeckoro oxugaHust (MO)
am(l) 1 cpefHero kBagpata oTkrnoHeHus (CKO) sm(i),

m=1,2,...,M npencTtaBnsoT cobon pelueHne crnepyto-
LLer CUCTEMbI HEMUHENHbIX YpaBHEHUN

a,)= 300 W}V /5040, 0))

2(A)=(1+2) 2
smK()A (1+4) 2 iq‘{dmk(a)},()
*kglq {dmk(ﬁ’)}{Ymk_am(ﬁ’)} k=1
roe
A >0 — napameTp adeKTMBHOCTU CTATUCTHK;

q(d )=exp(-d/2) - akcroHeHuManbHas —Becosas

pyHKUWS;
d..=\Y..—a, )2/ (2 sfn) — ogHoMepHasi meTpuka Ma-
xanoHobwuca.
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30ecb U ganee 3aBMCMMOCTb CTaTUCTMK OT napameTpa 3necb

A Onyckaem Ana ynpouleHns 3anucu. y (M) oy (M) _ ho6acTHbIE OLIEHKN TOUHOI HIDKHEN 1
Ctpyktypa OBO obecneunBaeT aBTOMaTM4eckoe MO-

JaBrieHve BbIGPOCOB B AaHHbIX, ecrin A >0 . AHOMamnbHO 5 .
Gonbluve 3HadYeHus Y, opMUpytoT Gonblume paccTos- K —KOMW4ECTBO HAOMOAGHUN B KNacTepe.

Hus /d . , NO3TOMY B3BELUMBAKOTCA BECamu q’l(dmk ) 4. TMCTOrPAMMA CIrMAXEHHASA
AOCTaTO4HO ManbiMu, YToBbI He BHocuTb 3Haunmvbii Bknaa  COBUTOM

B o6Lyto cymmy. B pabotax A.M. LypeirvHa [12] nokasa-
Ho, 4YTOo OBO sBRsATCA OLEeHKaMU MUHMMyMa KOHTpacTa,
T.e. 00ecneynBaloT HaMMEHbLUee 3HauyeHue KpuTepwus

sTH/(r)gK g ‘(d . ) OpHako cHuxeHne ahthekTUBHO-

BerHeVI rpaHuy Knacrtepa TMnn4HbIX 3Ha4YeHUn;

B pamkax noHATUSI KBA3UCTATUCTUKN afeKBaTHOW Moae-
Nbl0 3aKOHa pacnpegeneHus Ans BbIOOPKU AaHHbIX O4Yu-
LWeHHbIX OT 3arpsisHeHun asnsietcs ASH-oueHka. MNpoue-
Oypy CrnaXuBaHWs KracCUYecKoW TMcCTorpamMmmbl OKHOM
¢ 3BO nosbiwaeT MX yCTONYMBOCTb K HAPYLLEHWIO TMNO-  AaHHbIX OMNUCLIBAET YpaBHEHUE ANCKPETHON CBEPTKU:

Te3bl HOPMarbHOCTW MAOTHOCTU pacnpeaeneHns BeposiT- . 1 im-1
HocTu (MPB). fm(lAym)=Wn=lz_i W, (n)s.,:
KaHoHu4eckuii BUO, CUCTEMbI YpaBHEHWUI (2) no3sonsieTt m =m "
nonyyaTb ee pelleHne MeTOAOM nocnedoBaTenbHbIX j=0,..9,;
npubnwkeHWn. B kayecTBe HayamnbHbIX 3HAYEHWUN Xapak-
TEPUCTMK MOMOXeHUss U MacwTaba ynobHo BbIGpaTh J.=1/ 4y,
OLEHKM MakcMmarbHOro npasgonogobus e
a, =%:Ymk ; 8, — CyObeKTMBHas OUEHKa LUMPUHBLI Pas3psaHbIX WH-
=1
TepBanos (bins);
s, =%k§1(ymk -a, )2 . Ay, =8,/i, i, — LLMPUHA CYKEHHbIX MHTEPBArIOB

(narrow bins) n nx konnM4ecTBo;

Mpouecc cxoaumocTu anroputMa pacyeta OBO ¢ na- 9, — KONN4eCTBO HaBMOAEHII, NONABLUMX B j-i1 CY)XEH-
pameTpoM A =1 ANA XapaKTepUCTUK NONOXeHUst U Mac-

wraba noctynnexHun ot OHP 3a 2008 r. B criy4ae obue-
ropoackoro 3akasa (m = 1) MNMIOCTPUPYET piC. 4. MapameTp crnaxwBaHua &, COrnacylT ¢ pobacTHOM
3BO ynobHbI ang (bOpMI/IpE)BaHVIFI rpaHuL, OTAENALWMX  oienkoil dpuamaHa-ObsikoHuca [15]:
KrnacTep «TUMUYHbIX» 3HaveHun Y, , k=1,2,...,K oT Bb- =
21 / 3,/ K.,

6pocoB. PesynbTaTel MOOENMPOBaHUSA NoKasanu, 4YTo B Kave- Qn "

CTBe rpaHuL, paumoHarnsbHO BbIOUpaTe NpaBurio ABYX CUM, T.€.
BEMUYMHBI (am +2s,, ) B cooTtBeTCcTBUM C yKa3aHHbIM Npa-

HbIt HTepBan (& =0, ecmj<O0wum j>J ).

roe 1Q, — VHTEpPKBapTUNbHLIA AuanasoH HOPMUPOBaH-
HbIX MOCTYMMEHWIA B GIOMKET B M-M agMUHUCTPATUBHOM

BWIIOM BbIMOTHSINIOCH MaCLUTAGUPOBAHME [AaHHBIX: OKpYre 3a (PUKCUPOBAHHBIIA FOf.
Y mk ={Ymk —Yr(n’"'”)}/{Y,(n’"“)—Y,(n’"'”)}, Kpome TOro, WMpWHY paspsgHbIX UHTepBarnos Krnaccu-
- YECKOWM MMCTorpaMmbl BbIBMPAIOT Tak, YTOBbI UX KOSMYeCT-
k=1,2,....K . BO ObINO He MeHee NATK.
OkHO AaHHbIX W, (n) BbIGMpaloT u3 ycriosus:
070 550 e Wa (n)=i,,.
0,65 525
050 N B atom cnyyae ASH-oueHka pacnpefeneHust UHTerpu-
’ Vansy ’ pyema c eguHuuen. Tako HOPMMPOBKE YOOBMETBOPSIET
g*zz 000000060 j’;i 06061LeHHOe OKHO BUAa:
v ’ im-1
0,45 "\I 425 Wm(n)=imKer(n/im)/ > Ker(l/im),
0,40 \ 1 4,00 I=1=im
© 0,35 \ P 375 o roe Ker(u) — MNONOXUTENbHas YeTHas yHKUUA aapa,
0,30 350
o8 | . 3afjaHHasl Ha CTaH4apTHOM uHTepeane [-1; 1] U uHTerpu-
: | ’ pyemasi c eauHULEN.
0.20 [BRN 3.00 MonynsipHble MoAenu A4epHbIX PYHKUMA NPUBEAEHb! B
015 1 | 275 [15, c. 140]. Ha puc. 5 npeacTaBneHa ASH-oueHka pac-
010 250 npegeneHnst HOPMUPOBAHHLIX MOCTYMNEHWI B BIOIKET 3a
0,05 2,25 2008 r. ans o6LLEeropoAcKoro 3akasa.
000 — 2,00 B kayecTBe Mogenu yHKUMM siapa NPUMEHSINoCh Tpu-
012345678 91011121314151617181920 XObl B3BelleHHoe Aapo EnaHeyHukoBa. O6LEM OuULLEH-
Umepayus o ~ .
HoM BbIOOPKM AaHHbIX cocTaBwun K, =26 HabniogeHun.
Puc. 4. 3BO xapaKkTepuCTUK NOJIOXEHUs U MaCWITaba:  KonpyecTBO paspsiaHbIX U CY)KEHHbIX MHTEPBArNOB BbiGU-
1-MO; 2 - CKO panoch 6 1 180 COOTBETCTBEHHO.
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5. KOHEYHAA CMECb 5
CTAHAOAPTHBIX PACNPEAENEHUA

TeopeTnyeckn 0B6OCHOBAHHOW METOAMYECKONW OCHOBOM
npoueaypbl IMHIBUCTUYECKOTO aHanu3a ructorpammel [8]
SIBMSIETCS, Ha Haw B3rnsg, MOAENb KOHEYHOW cmecu
CTaHAapTHbIX pacnpeneneHuii (puc. 5).

3,25
3,00 - ‘

2,75 1
2,50 /\ —2
2,25 /
2,00 /
175 / \
150 / A
1,25 /

1,00 \
0,75 \

N~
0,50 /

0,25 / \
0:00 7—/ \

-0,25

f(Y)

-1 00 01 02 03 04 05 06 07 08 09 10 11
Y

Puc. 5. OueHku pacnpeneneHnss HOPpMUPOBaHHbIX NO-
cTynneHun B 6rogxeT: 1 — ASH;
2 — nonurayccoBckKasi annpoKcUumaLuus

f, (y|é)= Zm P e (Y[C 0 S ).

z
3

P..=1, ®)

n=1

roe
Pon s

mn

n=1,2,...,N, n N,

rBUCTUYECKMX KIaccoB ypoBHen poxogHoctn OHP un mnx
KONMYEeCTBO Afsi M-ro aAMUHUCTPATMBHOIO OKPYra;

— anpuopHble Beca JNH-

m

cpmn(y|cmn,smn — napuuarnbHble pacnpefeneHust c

XapakTepucTtukaMmm nonoXeHma ¢ . " MacliTaba S n

TNIMHIBUCTUYECKMX KraccoB. B ganbHenwem tam, rge ato
He BbI3BaHO HEOOXOOMMOCTbLIO, 3aBUCMMOCTL NapameTpoB
mogenu (3) oT HOMepa M agMUHWUCTPaTWBHOMO OKpyra
ornyckaem Ans CoKpaLleHWs 3anucu.

B pamkax npegctaenenus (3) GariecoBckuin noaxon K
opMMPOBaHMNIO MapamMeTPUHECKONn MoAenu JUHIBUCTU-
YecKor NepemMeHHON CBOAUTCS K ONUCaHMI0 GOYHKUMIA Npu-
HaAMEXHOCTU KNaccoB anocTepUOPHbLIMU BECaMU:

w,v]6)=r.0.(v[c..s. ) Tlv]6).
n=1,2,..N. @)

BaxxHO OTMETUTb, YTO anoCTepUoOpHLIE Beca HapexHo-
CTW accoumauuy TekyLero HabniogeHUs ¢ FMHrBUCTUYe-
CKMMM KraccaMu YOOBMETBOPSHOT YCHOBUIO HEYETKOro
pa3bueHus, T.e.

Wl(y|§)+W2(y|§)+~~-+WN(y|§)=1

n, TakuMm obpasom, peanu3yloT aBTOMaTU4ECKYI0 MSATKYo
Knaccudukaumio HabnogeHn no ypoBHSAM LOXOOHOCTU
OHP. 3710 cBOWNCTBO NoO3BONSieT MOAENU (PYHKLUMOHUPO-
BaTb B HECTaLMOHapPHOW cpeae B pesynbTate agantaumm
ee napameTpoB MO Mepe NOCTYNSIEHNS HOBbIX AaHHbIX.
OnTumarnbeHyIo OLIeHKY BEKTOpa NapameTpoB:

AHAIIN3 MOCKOBCKOIO PbIHKA HAPY)XHOW PEKITAMbI

0~=(P1,...,PN \CyrenChy SypesSy)

mogenu (3) nmonyyalT C NOMOLLb0 3PIEKTUBHOTO B Bbl-
yucnuTensHoMm oTHoweHnun EM-anroputma. CraHgapt-
HblM KpUTEpMEM OMTUMAnbHOCTU MapaMeTpPoOB MOAEMM
ABnsieTcs oyHKUMoHan npasgonogobus duvwepa:

6|,., =argmax L(é
6

opt

L(é): Iln{f(y | é)}f (y)dy .

PauuvoHanbHbIM KpUTEPUMEM OMTUMAIbHOCTU SIBMSIETCS
Tawke yHKUMOHan paccTosiHus Bxatavapus [5]:

6 —argmln DO}

opt

D(é):—ln{i\/mdy}.

PelueHreM ykasaHHbIX Bbille 3a4ayv YCIOBHOW ONTUMU-
3aUuu ABMSIETCA CUCTEMA HEMNMUHENHbIX ypaBHeHui [5]:

=_(17)iwn(y|é)dy;
—(—)I yw, ( |9) (y| )dy’
=PH—R(5)gy2Wn(y|9) ( 6)ay -c2.

n=1,2,.,N. (5)

3necb r(y|§) — BecoBasi (pyHKUWs, onpeaensiemasl

(byHKLI,VIOHaJ'IOM KayecTBa OLEHOK napameTpoB KOHEYHOM
CMecu:

(y), ns npaedonodobus;

|0 lf‘y|0if (y) . éns paccmosHus,
~(8)-] r(v]6) ay.

KaHoHuyecknin BUA cucteMbl ypaBHeHui (5) no3sonsieT
annpokcumupoBaTe ASH-oLeHKy pacnpegeneHus HopMu-
POBaHHbIX NOCTYNMeHWn B OrogkeT 3a (PMKCMPOBAHHbIN
rog B TeKkyLeM agMVHUCTPATUBHOM OKpyre napameTpuye-
cKovi Mogenbto (3) C MOMOLLBIO UTepaLMOHHON Npoueaypbl
[6, c.1299], peanu3ylolen MeTod nocrnenoBaTenbHbIX
NPUONKEHNIA.

Bblibop konunyecTBa knaccoB N TepM MHOXeCTBa IWH-
rBUCTUYECKON NepeMeHHon ypoBHeln goxogHoctu OHP u
HayanbHbIX OLEHOK napameTpoB mogenu (3) B 3Hauu-
TENbHOWN CTeNeHn ABNSeTcs CyObeKTMBHBIM U OCHOBbLIBA-
€TCA Ha MHEeHWM 3KcrnepTa. TO 3aMeyaHue crnpaBessivBo
M B Clny4Yyae SIBHO BbIP&XEHHOW MOAAnbHON CTPYKTYpbl
ASH-oueHKkn, NockonbKy OObeaMHEHWE COCEOHWX JUH-
rBUCTUYECKUX KNAcCoB C (PYHKUMAMWU NPUHAOIEXHOCTU

Wn(y|§) u Wn+1(y|§) He cocTaBnsieT Tpyaa. B cuny

CBOWCTBa HEYETKOro pa3bueHus PyHKUMS NpUHaANEexXHO-
CTV KOHCONMAMPOBAHHOTO KracTepa npuobpeTaeT BUA;

i, y]6)=w,ly|6)rw,.ly|6).

a KonM4ecTBO KrnaccoB N TepM MHOXeCTBa yMeHblUaeTcs
Ha eguHULY.

143



MonynspHOM Ha MNpakTvKe SBMASIETCHA MOnurayccoBckas
MOZEenNb KOHEYHOW CMecu pacnpenenenuii (3), B KOTOpon B
KayecTBe napumanbHbIX MPUMEHSIOT HOpMarbHble pac-
npegeneHus:

1
o.(yc, s,)-——exp{-(y-c,)*/(252)}.
s 2r
MonurayccoBckasas annpokcumaumst ASH-oueHku pac-
npeneneHns HOPMMPOBAHHbIX MOCTYNIEHUN B BOIKeET 3a
2008r. gns obLieropoackoro 3aka3a npeacraefeHa Ha
puc. 5. AIBHO BblpaxkeHHasi MogaribHasi CTpyKTypa pacnpe-
JeneHnsl CBUAETENBCTBYET O HanMumMM TPeX KIaccoB YpoB-
Hen poxogHoctn OHP — HM3Kol, cpegHen u Bbicokon. Barie-
COBCKYI0 Mofernb (4) COOTBETCTBYIOLLEN TPEXYPOBHEBOM
TIMHIBUCTUYECKOI NEPEMEHHOM JEMOHCTPUPYET puc. 6.

1.1 e g 5.5
1.0t 150
09+t 145
08¢ {40
07t 135
06" 130

gg 05} 125 2
04t 120
03} {15
021! 110
01} 105
00} 10.0
0.1 S S N Y U O IS i Y

0.1 00 0.1 02 03 04 05 06 07 0.8 09 1.0 1.1
v

Puc. 6. BarlecoBckass Moaenb NIMHIBUCTUYECKOM Mne-
pemMeHHoOM: 1, 2, 3 — OyHKLMN NPUHAATIEXKHOCTU
KIlaccoOB HU3KOW, CpeAHeN, BbICOKOMN
«poxopgHoctn» OHP; 4 — nonurayccoBckas
annpokcumauus ASH-oueHKM pacnpeaeneHus

Mpouecc cxogumoctn EM-anroputma obydveHns mogenu
(3) no kputepuio nNpaBgonoaoLUs NNNCTPUPYET puc. 7. U3
rpacpmkoB BUAHO, YTO CXOOQMMOCTb NMapaMeTPOB MOAENM K
ONTUMarbHbIM 3HaYEeHUsIM JOCTUraeTcs MpakTUYecku 3a
10 utepaumn kak no KpUTEpUIO Npaesgononodusa dPuwepa —
L, Tak 1 no kputepuio pacctosHusa bxatayapus — D.

6. HEYETKUA NNOTMYECKUA BbiBOA

ApekBaTHoe parxupoBaHue OHP no ypoBHo nocTynne-
HWUIA B OIOMKET NPU HaNMMYUWM HEMOMHbIX WA JOCTaTOYHO
CKYOHBIX WCXOAHbIX AaHHbIX PauMOHaribHO BbINOMHATE C
MOMOLLbIO anrOPUTMOB HEYETKOro JIOrM4ecKoro BbiBOAA.
OfHVM 13 OCHOBHbIX 3TanoB hopMMpoBaHUst Mogernen
NPUBNMKEHHbIX pacCcyXOeHUn SABMseTCA arpernposaHue
HeyeTKon WHdopMauum o6 obbekTe aHanu3a. B Hawem
crny4vae 9TO KOMMNO3WLUSI CPEAHUX YPOBHEW OOXOL4HOCTU
TIMHTBUCTUYECKMX KNaccoB. MHbIMM crioBamu, KOMMIeKc-
HbI Noka3aTenb adeKTUBHOCTU pas3nuyHbIx Tunos OHP
€CTeCTBEHHO npeacTaBuTb B Buae GanecoBckon mogenu
yyeTa HeonpeaeneHHOCTU:

g,)

(v0) _
ymk _nglcmnwmn ymk

m=1,2,....M,
k=1,2,....K,

144

AYOWUT U DUHAHCOBbIN AHANU3 2'2014

roe c,, Y .. — CPpeaHss JoXoaHoCTh (y3roBasi Touka [8;

9, ¢. 157]) n-ro NMHrBMUCTMHECKOrO Kacca M HOPMUPOBaHHbIE
nocTyrnneHust B ropoackorn 6omket ot k-ro Tvna OHP B m-m
aAMUHUCTPATUBHOM OKpyre 3a (hrKCMpPOBaHHBIN Fof,.

0,404 ‘ ‘ ‘ ‘ ‘ 0,00400
0,403 J)#L 0,00375
0,402 0,00350
0,401 |- \ 1 0,00325
0,400 \ / 0,00300
0,399 \/ 0,00275
0,398 0,00250 |
0,397 / \ 0,00225
0,396 / \ 0,00200
0,395 ) 0,00175
0,394 [—<C 0,00150
0,393 0,00125
0,392 0,00100

3

L()
D(i)

o 1 2 3 4 5 6 7 8 9

10 11 12

Puc. 7. CxogumoctbEM-anroputma no
uTepauusam i obyyeHus mogenu
[NocnegoBaTenbHOCTb 3HAYEHUN y(AC) k=1,2,...,K,

mk 1
ynopsigioveHHas Mo yObIBaHWIO, paHXWpYeT pasfuyHble
™1nbl OHP no ux goxogHoCTM B M-M agMUHUCTPaTUBHOM
oKkpyre 3a ouKcupoBaHHkI rog. Kpome Toro, 6amecoBckuii
Knaccudgumkatop, 3auncnsirowmin k-n Tun OHP B n-i knacc
AOXOAHOCTU Mo npasuny nobeauTens, T.e.

Wmn(ymk ém)>ij(ymk ém),

j=1,2,...,N,., j#n.

peanu3yeT NUHIBUCTMYECKYO knacTtepusaumtio OHP. B ka-
YecTBe npvMepa B Tabn. 4-6 npeAcTaBneHbl pesynbTaThbl
TaKoro poAa knacrepusaumm no ypoBHSIM MOCTYNNEHWN B
6rogkeT 3a 2008 r. aAns o6LLeropoacKoro 3akasa.
Cnegyowmn ypoBeHb Mepapxum HEYETKOro NOrmyeckoro
BblBOAA CBA3aH C (POPMUPOBAHNEM OLHOTO UMM HECKOMb-
KMx 060OLLEeHHbIX MokasaTenen adhdeKTMBHOCTU pasnny-
Hbix TNoB OHP no ropoay B uenom. Ha atom aTtane arpe-

F'MPYOT KOMMJ1EKCHbIE NOKa3aTtenn y(AC) no agMUHUCTpPa-

mk

TUBHBIM OKpyram. B Teopun NpuHATUS peLleHnin N3BeCTHbI
pasnunyHbie MeToAbl 3KCNepPTHOro oueHuBaHus [11] BecoB
Ba)KHOCTW YaCTHbIX KpUTEPUEB ANS UX IMHEAHON CBEPTKM.
PaunoHanbHOM MeToanyecKkorn oCHOBOW AN hopMmnpoBa-
HMA nogobHoro poga o6obLEHHBIX NokasaTenen ABnsieT-
CSl, Ha Haw B3rnsi4, MeTog rmaBHblX KOMNOHEHT (MIK).

B pamkax MIK npouenypa copmmnpoBaHus MHgopma-
TUBHBIX MNPU3HAKOB CBOAUTCA K aHanm3dy CODCTBEHHbIX
3HaYeHUN N BEKTOPOB KOBapUaLMOHHOW MaTpuLbl OaHHbIX.
PobactHble OBO BekTopa maTteMaTM4eckoro oXxugaHus

A(i) 1 KoBapWauMoHHo! MaTpuusl B(4) ans M-mepHoit
BbIGOPKM BEKTOPOB:

Vo= {2y i0F k=12,
nomny4aroT B pesyrbTaTe pelleHns CUCTEMbl HEMUHENHbIX
ypaBHeHun [12, c. 75].
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[~y & 2 v A M-vepHas meTpuka MaxanaHobuca B npocTpaHCTBe ag-
A()“)_ Elq { Dk()“)}Yk / Elq { Dk()“)} MUHUCTPAaTVBHBIX OKPYroB . MockBbl OMS CPeaHWX HOpMW-
B(l) _ (1 n l)* POBAHHbIX OCTYMIEHMIt OT PA3AMHHbIX TUMOB OHP.
K L L : AHanua Ccob6CTBEHHbIX 3HadveHun v, m=1,2,...,M
i
L { Dk()“)}{Yk -AQ) }{Yk - A()“)} ! 3BO «KosapuauvmoHHbix MaTpuy B(A) ans napametpa
/ K ,1{ D (l)} apdekTuBHOCTM cTaTUCTMK A =1 3a 2008-i, 2009-n,
Elq K ’ 2010-# 1 2011 rr. nokasan, YTo dPPEKTUBHBIN PaHr I 3TUX

MaTpuL, Mo KpUTEPULO:

Hanpumep, METOAOM MOCNenoBaTeNbHbIX NPUBTIKEHW, 2
pumep P e (r)=(v,+1+---+vM)/(v1+---+vM)$O,1

3pecb
D (l)= {g _ A(ﬂ) }T B_l(l){g _ A(ﬂ)} He npeBbIlWaloT YeTblpex. B kavyecTBe npumepa puc. 8 un-
k k k ’ TNIOCTPUPYET TEHAEHUMIO yObIBaHWUS COOCTBEHHbIX 3Ha4Ye-
k=1,2,...K. Huit MaTpuubl B(4) 3a 2008 1.
Tabnuua 4
OHP C BbICOKUM YPOBHEM MNOCTYNNEHWA B FOPOHCKOVI BIOOXET
w w w (rc)
Tun KOHCTPYKUUK k Y 1« 1 12 13 1k
LT oTAensHo cTosiunm 27| 1,23395241 | 0,000000 | 0,000000 | 1,000000 | 0,770188
TpaHcnapaHT-nepeTsikka 23| 1,05954391 [ 0,000000 | 0,000000 | 1,000000 | 0,770188
HacTteHHoe naHHo (nnowagpto 6onee 2 KB. M) 10| 1,00000002 | 0,000000 | 0,000000 | 1,000000 | 0,770188
KpblwHas ycTaHoBka 8 | 0,96001369 | 0,000001 | 0,000032 | 0,999967 | 0,770182
KpOHLUTEVH Ha CBETOBOW OMope 7 | 0,89895473 | 0,000002 [ 0,000278 | 0,999720 | 0,770135
ONEKTPOHHbIV 9KpaH 0TAENbHO CTOSALWNMA 30| 0,78391064 | 0,000099 | 0,025169 | 0,974732 | 0,765435
KpOHUJTeI{I‘H Ha 3[aHnK (NnoLwaabo 0gHOW CTOPOHBI Goree 1kB.M 4 | 072123955 | 0,001604 | 0282399 | 0715998 | 0,716648
1 BbicoTov 6onee 1,5 m)
Tymba oTaenbHO cTosiwast 24| 0,71903489 [ 0,001757 | 0,302869 | 0,695374 | 0,712751
Peknama Ha ocTaHOBKax TpaHcnopTa 17| 0,70634273 | 0,002893 | 0,435171 | 0,561936 | 0,687500
Tabnuua 5
OHP CO CPEOHUAM YPOBHEM MOCTYNNEHWUA B I'OPOHCKOVI BIOOXET
(Ac)
Tun KOHCTPYKUMK kK| Y Wy Wi, Wis 1k
CTaunoHapHas ycTaHOBKa HaJ Npoe3Xen 4acTbio 22(0,697657 | 0,003936 | 0,533458 [ 0,462607 | 0,668655
WHdopmaLlmoHHas KOHCTPYKUMSA NPeanpusiTusi U opraHmsanmmn no obcnyxm- 3 |0.607643 | 0,035579 | 0.953546 | 0,010875 | 0576263
BaHWIO HACENeHusi Ha 34aHnmn
Peknama Ha dnarax n apyrmx MarkMx nonoTHMLLAX 19]0,533415(0,229593| 0,770221]0,000186 | 0,526039
HacTeHHoe naHHO (MnoLagpto MeHee 2 KB. M) 11{0,531127(0,243079| 0,756759] 0,000162 | 0,522683
KpOHmTfaMH Ha 34aHuK (NnoLwaabio O4HOW CTOPOHbI MeHee 1 KB.M n 5 | 0.518575 | 0,328578 | 0.671349 | 0,000073 | 0501415
BbICOTON MeHee 1,5 M)
ONEKTPOHHbIV 3KPaH Ha Kpbllle 2910,515978(0,348624 | 0,651315| 0,000061 | 0,496430
Tabnuua 6

OHP C HA3KUM YPOBHEM NOCTYMNJNIEHWUA B FOPOACKOW BIOMXET

Tun KOHCTPYKUUM k VAT W, W, W, (ﬁc)
OTaenbHO cTosWas peknama Ha chrarax v gpyrux MArkux nonoTHULWax 15| 0,46345953 |10,7960020,203997 | 0,000001 (0,385219
BblHOCHas LUMTOBAsA KOHCTPYKUMS (LUTeHaep) 2 10,43031309 |0,942021]0,057979|0,000000(0,348924
O6bEMHO-NPOCTPAHCTBEHHAs YCTAHOBKA 13| 0,42467768 |10,95451210,0454880,000000 |(0,345819
LLInT Ha BpEMEHHOM OrpaXxgeHun 25] 0,40706334 |0,979532|0,020468 | 0,000000 | 0,339600
Mapku3a 9 10,39303412 |0,989563|0,010437|0,000000]0,337107
KpoHLUTEH Ha HECBETOBOW onope 6 | 0,38571665 |0,992739|0,007261 | 0,000000]0,336318
O6bEMHO-NPOCTPAHCTBEHHbIN 0OBHEKT (OTAEINBHO CTOSALLMI) 141 0,37392815 (0,996016 |0,003984 | 0,000000 | 0,335503

Peknama Ha cpnarax v Apyrux MSArkux NOMOTHULLEX Ha 30aHU1, MapKu3bl

20| 0,34779001 (0,999013(0,000987 |0,000000|0,334758
(nnowagpto 6onee 2 kB. M)

ONEKTPOHHbIV 3KpaH Ha 34aHun 281 0,3387784310,9994020,000598 |0,000000 (0,334662
I:Izgu)me HETUNOBbIE OOBEKTbI (MYCOPHbIE KOHTENHEPBbI, TenedoHHbIe Byaku 16 0,20824337 | 1,000000 |0,000000 | 0,000000 | 0,334513
LT Ha orpakgeHum 26/ 0,12049077 |1,000000|0,000000|0,0000000,334513
Butpax 1{0,11459128 [1,000000]0,000000]0,0000000,334513

Peknama Ha cnarax u apyrnx Markvx nonoTHULLAX Ha 34aHun, Mapkusbl 21 0,00000006 | 1,000000 | 0,000000 | 0,000000 | 0,334513
(nnowagpto meHee 2 KB. M)

Hocumas peknama 12| -0,15619906 | 1,000000|0,000000 [0,0000000,334513
Peknama Ha cTpouTenbHomn ceTke 18] -1,70538556 | 1,000000 | 0,000000 {0,000000 ] 0,334513
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Puc. 8. Co6cTBEHHbIE 3HaUYEHUA a / /
o 10 —
KOBapMaLMOHHON MaTpULibI /A /
Co6cTBeHHbIe 3HayveHnss IBO koBapualMoOHHON MaTpu- 00
ubl B(l) 3a yKa3aHHble BbiLLEe rofbl CBeAeHbI B Tabn. 7. 05 - 37% W‘
Ta6nuua 7 12 | \[{
COBCTBEHHBIE 3HAYEHUSA KOBAPUALIMOHHOM 2,0
MATPULbI CPEAHX HOPMUPOBAHHbIX 6 2007 2008 2009 2010 2011 2012
NOCTYNNEHWU B BIOOXET OT OHP ron
3,0
Fon Vi Ve Vi Vi e’ ( 4)
25 1+
2008 | 0,2527 | 0,0387 | 0,0216 | 0,0173 0,0941 o P
2009 0,2202 0,0331 0,0183 0,0135 0,0843 20 o
A/ ng\zx
2010 0,2127 0,0442 0,0139 0,0084 0,0484 15 O
2011 0,2092 0,0386 0,0173 0,0088 0,0414 /
WHbIMKM cnoBamn, OpTOHOPMUPOBaHHLIN 6asuc uHdop- M /
MaTUBHOrO MOAMNpPOCTpaHcTBa obpa3oBaH COOCTBEHHBIMU 05 \/
. . . . ——
BekTopamu Uu,, U,, U, W U, MaTpuubl B(A) B Ucxod- 00 /\ .
HOM MpPOCTPaHCTBE (y(l’*c),---,y(hj,*c)). CooTtBeTcTBYlOLLEE -05 D‘;% \ /
L
AekoppenvpytoLlee npeobpasoBaHne opMUpyeT OLEHKN: -10
- - T _
o= _ . . -1,5
Zjk {Yk A(/l)} UJ/ VVio o) 2007 2008 2009 2010 2011 2012
i=1,2,3,4,k=1,2,....,K roa
YyeTbipex MHopMaTMBHLIX NokasaTernen adPeKTUBHOCTH Puc. 9. 3aBVICVIM?CTV| OT BPEMeHMN UH(GOPMaTUBHbIX
pasnunyHbix TMnoB OHP no ropoay B Lenom 3a ukcupo- nokasarerneu 3¢pcpeKTMBHOCTH pa3nu4HbIx
BaHHbIN rod. Puc. 9 gemMoHCTpupyeT 3aBUCUMOCTU OT Tnoe OHP: a) WuUT oTAeNbLHO CToSAW KA,
BPEMEHM [MaBHbIX KOMMNOHEHT Z,, ,...,Z,, ANA Tpex Tu- 6) TpaHCNapaHT-NepeTskKa;

noB OHP k = 27, 23, 10 (cM. Tabn. 2), paHX1poBaHHLIX MO B) HAaCTeHHOE NaKHO (Bonkwie 2 kB. M)

YPOBHIO MOCTYNIeHWi B ropoackon bromxert [3].
OpTtoroHanbHasi npoekuust [P, nonyyeHHasi MeTonoMm

Grand Tur, Ha 0fHYy U3 rMNepnIOCKOCTEN B NPOCTPAHCTBE

YyeTblpex rMaBHbIX KOMMNOHEHT (z1 ,...,Z,) Ans noctynne-

Hun B 2008 r. npeactasneHa Ha puc. 10.

[MaBHble KOMMOHEHTbI B CWUMY HEKOPPENMPOBaHHOCTU
cogepxar NpMMepHoO paBHble fonu nHdgopmauum o6 06b-
ekTe aHanusa. lNMoaTomMy MMeloTCH BCe OCHOBaHUA cYUTaTh
MX paBHO BaXHbIMWU. VIHbIMM crioBamu, UHTerpasbHbI Mo-
Kasatenb 3addeKTMBHOCTM pas3nuyHbix Tunos OHP no
KpUTEpuio MOCTYNfeHnn B ropogckon Bromxer npuobpe-
Taert BUA;

zZ, =%( zlk+~~~+z4k), k=1,2,...,K.

Puc. 10. OpTtoroHanbHas npoekuus [P B
NPOCTPaHCTBE rMaBHbIX KOMMOHEHT

146



NabyHeuy J1.B., lle6epesa H.J1., Ynmxos M.10.

Koppenupytowee npeobpasoBaHue B pamkax MK no-
3BONSIET PEKOHCTPYMpPOBaThL BEKTOP:

v, = {900 940f
KOMMMEKCHLIX MoKa3aTenu y(:(k:) apdpexktmBHoCTM OHP
Mo aAMUHUCTPATUBHLIM OKpYram:

\?k =A()V)+Jilzjk a v, , k=1,2,.K

C JOCTaTOYHO MarnbIiMK oLnMBKaMu:
2

~ 2
v.-v.| ser(a)V,

Puc. 11 wnnocTpypyeT TOYHOCTb PEKOHCTPYKLUW KOM-
NNeKcHbIX nokasatenen apdeKTMBHOCTU y(AC) pasnuny-

mk

HbIx TUNoB OHP k =1,2,...,K B 2011 r. anst obieropoa-

ckoro 3akasza (m = 1) u B LieHTpansHoM agMuHUCTpaTuB-
Hom okpyre (m = 8) r. MockBbl (cM. Tabn. 1).
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k

Puc. 11. PeKOHCTPYKUUA KOMNNEKCHbIX NoKa3aTeneun
adcbektmBHocT OHP: a) obweropoackomn 3akas; 6)
LeHTpanbHbIA aAMUHUCTPATUBHbLIN OKPYT;

1 — nokazatens y%); 2 — pekoHCTpyKUMS;

mk

3 — owmn6Ka PeKOHCTPYKLUU

Takoro poaa OUEHKM NOo3BONAKT B NpuHUMNE pellaTtb 3a-

a4 NPOrHO3MpOBaHUs rokasatenen y ) acpchexTBHOCTM

AHAIIN3 MOCKOBCKOIO PbIHKA HAPY)XHOW PEKITAMbI

OHP B opTOHOpMUMpOBaHHOM 6asuce (Jl ,U,,U,,u 4)

VIH(bOpMaTVIBHOFO noanpoCcTpaHCTBa Ha OCHOBE 3JKCTpano-
NFUMM 3aBUCUMOCTEN MaBHbIX KOMMIOHEHT Z;, OT BPEMEHM.

OOvH M3 BapuaHTOB PELLEHVsI YKasaHHOW Bbille 3agaun
npeacTasneH B pabote [4].

3AKINKOYEHUE

B pabote npoaHanvanpoBaHa TecHasi B3aMMOCBSA3b BEPOSITHOCT-
HOro U HEYETKO-MHOXECTBEHHOrO NMOAXOAOB K aHanudy U mogenu-
poBaHM0 3PEKTUBHOCTU pasnuuHbix TunoB OHP no kputepuio
NOCTYNMEHNA B MOCKOBCKMI OropxeT. [MpeactaBneHa meTtoauka
ydeTa pakTtopa HeonpeaereHHOCT!, OBYCMNOBMEHHOro MarnbiM
o6beMom BbLIOOPKM Ha OCHOBE MpPUMMEHeHUs byHAaMeHTanbHoN
npoLeaypbl CriaXBaHUsi IKCIEPUMEHTarNbHbIX AaHHbIX. B yacTHo-
CTW, MpOUNMIOCTPUMPOBaHa 3EKTUBHOCTL  NUHIBUCTUHECKOTO
aHanu3sa pacnpefeneHuii UICXOAHbIX MPU3HAKOB B pe3ynbTaTe KoM-
6GVHauMM HenapameTpuyecko Mopenu, B BWAE MCTOrpaMMbl,
CrMNaXeHHOW COBWIOM, ¥ NMapameTpUYeckoro ornMcaHus B Buae Ko-
HEYHON CMecW CTaHOapTHbIX NoTHocTen. CoyeTaHne aTuX mope-
nen no3Bonuno ccopmynmnpoBaTb 3Tarnbl HEYETKOTO FOrMYECcKoro
BblBOAA B TepMUHax HGanecoBcKon npouenypbl arperMpoBaHus uc-
XOOHbIX nokasatenen acpdexktusHocTr OHP 1 dopmmnpoBaHus WH-
TerpanbHOro KpUTEPUst METOAOM rMaBHbLIX KOMMOHEHT. Takoro poaa
onvcaHusi NO3BONAT B NPUHLMNE CUHTE3MpOBaTb AWHaMUYeckue
afanTuBHbIe MoAENV HEYETKNX MHOXECTB.
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