ISSN 1998-0663

B EIHIHES

HHR0

MEXAUCLUNAUHAPHbBIA HAYYHO-NPAKTUYECKUN XXYPHAN

COOEPXKAHMWE

Ilpunamue pewenuii u Gusnec-unmeaiexm
N. Golov, L. Ronnback

SQL query optimization for highly normalized Big Data ......... 7
A. Masyutin
Credit scoring based on social network data........................... 15

Mamemamuueckue memoost u a120pummol
busnec-unghopmamuxu
E.P. Iopsunosa, 10.A. [llaaumosa

CHmXeHMe pa3MepHOCTA MHOTOMEPHBIX ITOKa3aTesei
C HEJIMHENHO 3aBUCUMBIMU KOMIIOHEHTAMM .....c.vevnenneennnnnnen 24

Anaau3 oannwvix u Unmean1eKmya.abvrbovle cucnmemaol

B.B. Jlanmes, I1.A. Opaos

KitacTepHbIii aHaI13 BU3YaIbHOTO BOCIIPUSITHS

CTPYKTYPBI TAHHDBIX ...uuneeereerrunneeeeeereesnnnaeeeeessessnnneeeeessssssnnnnns 34
A.B. Mokees, B.B. Mokees

00 3 (HEeKTUBHOCTH PaCcIIO3HABAHWU JINII
C TIOMOIIIBIO IMHEMHOTO JUCKPUMMHAHTHOTO
aHaJIM3a U METOA INIABHBIX KOMIIOHEHT .....cceeeeeeneneennvnnnnnnnn. 44

Hud)opmauuouubte cucmembul U MexHoa02UU 6 Ou3Hece

M.A. Anuxkanosa, A.@. Mopeynoe

KpurepuanabHas olieHKa BO3MOXHOCTH aBTOMAaTU3aIlAN
OM3HEC-ITPOLIECCOB MPEANPUSITUIA MaJIOro Ou3Heca
Ha T1aTHOPME MYOTUYHOTO OOMAKA. ... .cceeevvrrenneeeeeeerrnnaeeeans 55

C.M. Amnonvckuii, A.C. lllaramos, A.Il. Kupcanos,
E.B. Ocypeunukos

VipaBieHre cTOMMOCTBIO ITOCTABOK 3aITACHBIX YaCTEMN
JUTSL TIOCJIETIPOIAXKHOTO OOCITY>KMBAHUS CIIOXKHBIX
TEXHUIECKMX UBIETIMM .. eeeeeeeeeeeeeeeeeeeeeeeeaeeeeeneeeeenneeeennneees 65

P.P. Cyxos, M.b. Am3apakoe, E.A. Hcaes, C.B. Maavyesa

Jata-1eHTPHI M AKTUBBI IIPEAIIPHSITIIS «..vvvvverennnnnnaaeeaeaaaaeanns 74

Ne3(33)-2015

Hzdamens:

HanmonanbHbii
HUCCICIOBATEIbCKUIT YHUBEPCUTET
«BrICIIas K012 5KOHOMUKM»

IToanucHoli MHAEKC
B KaTaJjiore areHTcTBa
«Pocnevats» —72315

BbIHyCKaeTCH €2KEKBApTaJlbHO

Kypran exarouen ¢ Ilepeuens
DOCCUTICKUX PeUeH3UPYeMbIX
HAYMHbIX HCYPHAN08,

6 KOmopbix 001%CHbI ObIMb
0nY6AUKOBAHB OCHOBHYIE HAYUHbIE
pe3yabmamul duccepmayuil
Ha COUCKAHUE YHeHbIX CMeneHell
dokmopa u kanouoama HayK

Tnasnoiii pedakmop
A.O. T'oocos

Bamecmumens 2nagno2o pedakmopa
JI.B. UcaeB

Mu3zaiin 06n0xcKu
C.H. Bopucosa

Komnvromepnas eepcmia
0O.A. Bornanosuu

Admunucmpamop ee6-caiima
N.N. Xpycranésa

Adpec pedaxuyuu:
105187, r. Mockaga, yi1. KupnnuHas, 1. 33

Ten./dbaxc: +7 (495) 771-32-38
http://bijournal.hse.ru
E-mail: bijournal@hse.ru

3a TOYHOCTb NMPUBEIEHHBIX CBECHU I
M collepXaHHe TaHHBIX,
He MOJUIeKAIIMX OTKPBITOM MyOINKALINK,
HECYT OTBETCTBEHHOCTb aBTOPbI

IIpu nepenevaTke CChUIKA HA JKYPHAJ
«bu3nec-unopMaTuKa» 005A3aTeabHA

Tupaxc 500 k3.

OrneyvaraHo B Tunorpacduu HUY BILID

r. MockBa, KouHoBckwmit mpoes, 3

© HauunoHanbHbII
UCCIIEI0BATELCKU YHUBEPCUTET
«BpIcIIIast 11IKOJ1a SKOHOMMKI»



XKypHaJi, BellTycKaeMblii ¢ 2007 roma HainmoHanbHBIM KMCCIEIOBATEIbCKIM
yHHUBepcuTeTOM «BhIcimast mkoia skoHomukn» (HUY BIIID). AnMuHuCcTpH-
pOBaHUE XypHaJIa OCYIIECTBIISIETCS KOO OusHec-uHbopmatuku HUY BIID.

E n3HeCc-NHGpOpPMATUKa» — peleH3UPYEMbI MEXIUCIUTIIMHAPHBIA HayIHbII

Muccust XypHajia — pa3BuTUe OM3Hec-UMHGOPMAaTUKKM KakKk HOBOW oOnacTu MHGopmMa-
LIMOHHBIX TEXHOJIOTUM M MeHemkMeHTa. KypHall OCYIIECTBsIeT pacHpoCTpaHEHUE IO-
CJIEMHUX Pa3pabOTOK TEXHOJOTMYECKOTO M METOIOJIOTMIECKOTO XapaKTepa, CIIoCOOCTBYeT
Pa3BUTHIO COOTBETCTBYIOIIMX KOMIIETCHIIMIA, a TaKKe OOCCIIeYMBACT BO3MOXKHOCTH IUISI
IUCKYCCHI B 00JIACTM TIPUMEHEHUSI COBPEMEHHBIX MH(POPMAIIMOHHO-TEXHOJIOTHIECKIX
pelieHuii B OM3Hece, MEHeIKMEHTEe U SKOHOMUKE.

KypHan myOiuKyeT cTaTby MO CASAYIOLIEe TeMaTUuKe:

4 aHa/IN3 NAHHBIX U UHTEJIEKTYabHbIE CCTEMBbI

4 nH(GOpMaLIMOHHBIE CUCTEMBI Y TEXHOJIOTUM B OM3HECE

4 MaTeMaTUYeCKUE METOMIbI U aITOPUTMbI OU3HEeC-UHGMOPMATUKH
4 [IporpaMMHas MHXXeHepUs

4 IHTEepHET-TeXHOJOTUU

4 MofeJIMpOBaHNE U aHAJIU3 OM3HEC-TIPOIIECCOB

4 cTaHapTU3alus, cepTudurKalus, KauecTBo, MYHHOBALIMU
4 IIpaBOBbIE BOIPOCH! OM3HEC-UHGMOPMATUKU

4 [IpUHSTHE PEIIEHUI 1 OM3HEC-UHTEJIJIEKT

4 MOJEIMPOBAHKE COIMATBLHBIX M 3 KOHOMUYECKMX CUCTEM.

B cooTBeTcTBMM ¢ pelieHMEM Mpe3uauyMma Breiciei arrectalimoHHON Komuccun Poc-
cuiickoit @enepanuu ¢ 2010 roga XXypHai BKIoueH B [lepedeHb poccHIICKMX pelieH3Upye-

MBIX HayIHBIX XXYPHAJIOB, B KOTOPBIX MOJLKHBI OBITh OITyOJMKOBAHEI OCHOBHBIC HAayIHEIC
pe3yIbTaThl IMCCePTAIIUl HAa COMCKAHNE YUSHBIX CTEIIeHEH JOKTOpa U KaHIUIATa HayK.

KypHa BeIIycKaeTcst eXXeKBapTaJIbHO M paclpoCTpaHsIeTCs KaK B IIeYaTHOM BUIE, TaK U
B DJIEKTPOHHOI hopme.

Kypnan «busHec-ungopmaTrka» 3aperucTpupoBaH B «PockoMHanazope».
CaugerensctBo [TU Noe DC 7752404 ot 28 nekabps 2012 1.



PEAAKUNOHHAS KOANETINSI

TJIABHBIH PEJIAKTOP
TOJIOCOB Aaexceii Oaezoun —

KaHIMIAT TEXHUYEeCKUX HayK, [1pe3nneHT KoMnaHuu
«@OPC — LleHTp pa3paboTKu»

SAMECTHTEJIb ITIABHOI'O PEJIAKTOPA
HCAEB JImumpuii Basenmunoeuy —

KaHIUIAT 9KOHOMUYECKHMX HayK, JOLEHT Kadenpbl Ou3Hec-
AHAJIMTUKMU, 111KOJIa Ou3Hec-uHOpMaTUKU, (hakyapTeT OM3Heca

U MeHeIXMeHTa, HalmoHa bHbBIN MCCIe10BaTeIbCKI YHUBEPCUTET
«BpiIciIasg nIKos1a 5KOHOMUKU»

YIEHBI PEJIKOJUIETHH
ABJ1YJIbPAB A6u6 —

PhD, npodeccop nenaprameHTa MaTeMaTUK1 M IPOrpaMMHOM
WHXeHepun, HallmoHaTbHBI MTHCTUTYT NPUKIIAMHBIX HayK, PyaH,
®panims

ABJIOIITHH Cepeeii Muxaiiroeuy —

KaHAKIAT TEXHUYECKUX HayK,ITpodeccop, pyKOBOAUTEb
JenapTaMeHTa IPOrpaMMHOI UHXEeHepUH, PaKyibTeT
KOMIIbIOTEPHBIX HayK, HallMOHaTbHBINM MCCae10BaTeIbCKUA
YHUBEPCUTET «BrpIcIIasg mKkoima 5KOHOMUKN»

AJTECKEPOB Dyao Tazueeuu —

JOKTOP TEXHMYECKUX HayK, ITPpodeccop, PyKOBOIMTEIb JeMapTaMeHTa
MaTeéMaTukKu, CbaKy)'[bTeT OKOHOMMYECKUX HayK, HaL[HOHa.JTBHBIﬁ
I/ICCHCHOBaTeJ'IbCK]/Iﬁ YHUBEPCUTET «BpIcIIast 1IKOJ1a 9KOHOMUKI»

BbABKHH Doyapo Aaexcandposuy —

KaHIUIaT TeXHUIecKnX Hayk, PhD, nmpodeccop kabenpor
MHGOPMAIIMOHHBIX CUCTEM U TEXHOJOTHIA, (haKkynbTeT
Ou3Hec-UHGOPMATHUKY U MPUKIATHON MaTeMaTUKK
(Hwxnuit Hosropon), HaumoHanbHbli MCCien0BaTEIbCKUM
YHUBEPCUTET «BbIcIIas mKoIa SKOHOMUKI»

BAHEP Anexc — )
PhD, Iupektop KAFAN FX Information Services, Heio-Mopk, CLLIA

BAPAHOB Anexcandp Ilasaoeuu —

JIOKTOP TEXHUYECKUX HayK, Ipodeccop, 3aBeaytolinii kadenpoit
MHOOPMaMOHHOI 6€301aCHOCTH, 111K0JIa OU3HEC-UH(DOPMATUKH,
GbakynpTeT OM3Heca 1 MeHemkMeHTa, HalmoHabHbIM
HCCIIEN0BATEIbCKIIT YHUBEPCUTET « BBICIIIast IIIKOJIa 9KOHOMUKI»

BEKKEP Hope —

PhD, npopexTop, npodeccop, aupextop EBponeiickoro
WCCIIEI0BATEILCKOTO IIEHTPa B 001acTH MH(GOPMALIMOHHBIX CUCTEM
(ERCIS) MioHcTepckoro yHuBepcuteta, MioHcTep, ['epmaHust

BEJIOB Baadumup Buxmoposeuy —

JIOKTODP TEXHUIECKUX HayK, TIpodeccop Kadenpbl BBIMUCIUTEIBHON
Y IPUKJIAHON MaTeMaTUKU, GaKyIbTeT BBIYUCIUTEIbHON TEXHUKH,
Psi3aHCKMi1 rocy1apCcTBEHHbIN paIMOTEXHUYECKUIM YHUBEPCUTET

I'PUB OB Andpeii FOpveeuu —
KaHIuaaT 9KOHOMUYCCKHUX HaykK, FeHepa}Imeﬁ JAUPEKTOP
komnaHuu «Kuodepllnar»

TI'POMOB Aaexcandp Heopesuu —

KaHIUIAT XUMUIECKUX HAyK, Mpodeccop, 3aBeayoliuii Kadeapoii
MOJIEJTUPOBAHMSI Y OITUMU3ALIUU OU3HEC-TTPOIIECCOB, HIKOJIA
OusHec-uHGOPMATUKH, DaKyIbTET OU3HECA U MEHEIKMEHTA,
HaumoHasbHBI| UCCeI0BaTEIbCKUIA YHUBEPCUTET

«BbICIIIasT 1IIKOJIA SKOHOMUKHU»

T'YPBHY Baaoumup Aaexcanoposuy —

PhD, npurnaiueHHslii mpodeccop U ucciaenoBareb,
Lentp uccnenoBanus onepauuii, Patrepckuii yHuBepcutet
(Yuusepcutet Huio-Ixepcu), CILIA

JUKEHKOBC Jlopeny —

PhD, npodeccop MenuuimHckoro hakynbreTa, Y HUBEPCUTET
opuxa, [Beiitapus

3AHJIKYJIb Kypm —

PhD, 3aBenytomnii kadeapoit THOOPMAIIMOHHBIX CUCTEM

IUTsE OU3HEca, MHCTUTYT MHMOPMaTUKU, haKyabTeT MHOOPMATUKA
M 3JIEKTPOTeXHUKU, YHUBepcuteT Poctoka, ['epmanus

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

HJIbUH Hukoaaii Heanoeuu —

IOKTOP TEXHUUYECKUX HayK, Ipodeccop, 3aMeCTUTE b HaYalbHUKA
VYnpasneHus crienraibHoi cBsizu, PenepanbHast CIy>k0a OXpaHbl
Poccuiickoit @eneparu (PCO Poccun)

KAJSITHH Baaepuii Arexcandpoguy —

IIOKTOP (DU3MKO-MaTeMaTUYECKUX HayK, Tpodeccop, 3aBenyomuii
kadenpoit NpuKiIagHoil MaTeMaTUKU U MH(GOPMaTUKH,

daxynbTeT 6M3HeC-UHGOPMATUKY U IPUKIATHON MAaTeMATUKU
(Hwxnuit Hosropon), HaumoHanbHbIi Mccien0BaTeNbCKUM
YHUBEPCUTET «BbIcIlast 1IKOIa 9KOHOMUKU»

KAMEHHOBA Mapusa Cepzeeéna —

KaHIUOAT TEXHUYECKUX HayK, AMPeKTOp KoMmaHuu «Jlornka BPM»

KY3HEI[OB Cepeeii Oaezoeuu —

IIOKTOP (DU3NKO-MaTEMATUUECKUX HayK, Tpodeccop,pyKOBOIUTENb
JcniapTaMCHTa aHaar3a JaHHBIX U UICKYCCTBCHHOI'O MHTEJIIICKTA,
(akyJIbTeT KOMITbIOTEPHBIX HayK, HallMoHaIbHbII
MCCIIE0BATEIbCKUAN YHUBCPCUTET « BrIcimast koJjia 5)KOHOMUKI»

KYYEPSBBIH Eezenuii Anopeesuy —

PhD, npodeccop nenaprameHTa 3J1eKTPOHUKHA U KOMMYHUKALIMIA,
TexHnonornveckuit yausepcuret Tammnepe, QUHISTHINS

MAJIBI[EBA Céemaana Basenmunosna —

TIOKTOp TEXHUUYECKUX HayK, Ipodeccop, 3aBenyioliuii Kadeapoit
WHHOBalMii U Ou3Heca B chepe MHGOPMALIMOHHBIX TEXHOJIOTUIA,
PYKOBOJUTEb IIKOJIbI Gu3HeC-MHGOpMaTuKY, haKyibTeT Gu3Heca
¥ MeHeKMeHTa, HalmoHambHBIN MCCIeI0BaTeIbCKII YHUBEPCUTET
«BpblIcwiast 1kosia 5KOHOMUKU»

MEHOP ITumep —

PhD, 3amectutens nupekTOpa KOHCYIbTATUBHOM TPYIIITHI TTO
PaTMOKOMMYHUKAIMSIM, MeKITyHapOIHbI TeJIeKOMMYHUKAIIMOHHBIIA
coto3 (ITU), 3amecturens pykoBoautesiss Komuccun OOH 1o Hayke
u TexHosorusiM, KeHeBa, LlIBetitiapus

MUPKHH bopuc Ipuzopveeuyn —

JIOKTOP TEXHUUYECKUX HayK, Mpodeccop JenapraMeHTa

aHaJIM3a JaHHBIX U UCKYCCTBEHHOI'O MHTCJIJIICKTA,

(bakyabTET KOMITbIOTEPHBIX HayK, HalimoHaIbHbI
wccnez{osaTenscxnﬁ YHUBCPCUTET «BpIcIIas mkoja 95KOHOMUKI»

MOTTIIb Badum Bauecaagoeuy —

TIOKTOP TEXHUYECKUX HayK, podeccop Kadeapbl
uHGOPMaALIMOHHOU 0e30T11acHOCTH, (DaKyIbTeT KNOEPHETUKMH,
TynbcKuii rocy1apCcTBEHHbI YHUBEPCUTET

HATBYYHOB JImumpuii Eecenveeuu —

TIOKTOP (DU3MKO-MaTeMaTUYECKMX HayK, 3aBEAYIOIINI Kadheapoit
o011ei nHGOpMaTUKH, (haKyJIbTeT MH(GOPMALIMOHHBIX TEXHOJIOTHUH,
HoBocubupckuii rocynapcTBeHHbI yHUBEPCUTET

HAPJTAJIOC Hanaiiom (Ilanoc) —

PhD, noueTHbIi1 mpodeccop, AMPEKTOP LIEHTPA MPUKIIATHOMK
ONTUMM3AIINY, AETIAPTAMEHT MPOMBIIIJIEHHON ¥ CUCTEMHOM
nmkeHepun, YausepcuteT Oopuabi, CILLIA

CUIAHTBEB Aavoepm FOpvesuu —

IIOKTOP TEXHUYECKUX HayK, podeccop Kadeapbl
nHGOPMaLIMOHHBIX OM3HeC cucteM, MHCTUTYT MH(MOPMAIIMOHHBIX
ousHec-cucTeM, HalimoHallbHBII UCCIe10BAaTEIbCKUIA
TexHoJoruueckuii yausepcuter «MUCuC»

TAPATYXUH Buxmop Baadumupoeuy —

KaHIWJIAT TEXHUUEeCKUX HayK, PhD, pykoBoauTe b HayYHOIA TpYTIIThI
EBporneiickoro ucciieoBaTelIbcKoro LeHTpa B 001acT MHGOPMALMOHHBIX
cucteM (ERCIS) MioHcTepckoro yHuBepcuteTa, MioHcTep, ['epmaHust

YJIbAHOB Muxaua Bacuaveeuyu —

JIOKTOP TEXHUUYECKUX HayK,ITpodeccop aernapTaMeHTa porpaMMHOI
WHXEHepUH, (hakyabTeT KOMITbIOTEPHBIX HayK, HalimoHanbHbIM
l/ICCJleﬂOBaTeJ'IbCKI/Iﬁ YHUBEPCUTET «BbICLLlaﬂ 1IKOJIa 9KOHOMUKW»

IITATKOBCKHH Aaexceii Tennadvesuu —

KaHOuaaT TEXHUYCCKUX HayK, IUPEKTOD I/IHCTI/ITyTa
MHOOPMaALMOHHBIX TeXHOJIOTUI, HallmoHabHbIM
l/ICCJleﬂOBaTeJ'IbCKI/Iﬁ YHUBEPCUTET «BbICLLlaﬂ 1IKOJIa 9KOHOMUKW»

3



ISSN 1998-0663

BUSINVESS

NEORNTAT

INTERDISCIPLINARY ACADEMIC JOURNAL

CONTENTS

Decision making and business intelligence
N. Golov, L. Ronnback

SQL query optimization for highly normalized Big Data ......... 7
A. Masyutin
Credit scoring based on social network data........................... 15

Mathematical methods and algorithms
of business informatic
E. Goryainova, J. Shalimova

Reducing the dimensionality of multivariate indicators
containing non-linearly dependent components.................... 24

Data analysis and intelligence systems

V. Laptev, P. Orlov

Cluster analysis of visual perception

Of data StTUCKUTE.......uviiiiiiieeeeeeeeeeeciiiiee e e e e e e e e eeeee e 34
A. Mokeyev, V. Mokeyev

On efficiency of face recognition using
linear discriminant analysis and principal
COMPONENt ANALYSIS ..vuneerieiiiieeeeeeeiiiiieeeeeeeeeieeeeeeeeeerraeenns 44

Information systems and technologies in business
M. Anikanova, A. Morgunov

Criterial evaluation of the possibility of small
businesses business process automation
on public cloud platform..............ooovvuieeeiiiiiiiiieeeeeeeene. 55

S. Yampolsky , A. Shalamov, A. Kirsanov,
E. Ogurechnikov

Ne3(33)-2015

Publisher:
National Research University
Higher School of Economics

Subscription index
in the «Rospechat» catalogue —
72315

The journal is published quarterly

The journal is included
into the list of peer reviewed
scientific editions established
by the Supreme Certification
Commission of the Ministry
of Education and Science
of the Russian Federation

Editor-in-Chief:
A. Golosov

Deputy Editor-in-Chief
D. Isaev

Design:
S. Borisova

Computer Making-up:
0. Bogdanovich

Website Administration:
I. Khrustaleva

Address:
33, Kirpichnaya str., Moscow,
105187, Russian Federation

Tel./fax: +7 (495) 771-32-38

http://bijournal.hse.ru
E-mail: bijournal@hse.ru

Circulation — 500 copies

Printed in HSE Printing House

Cost management for the supply of spare parts 3, Kochnovsky proezd, Moscow,

for after-sales service of complex technical products.............. 65 Russian Federation

R. Sukhov, M. Amzarakov, E. Isaev, S. Maltseva
Data centers and assets of a COMPANY .............eeeeeeeeeeevvennnnn... 74

© National Research University
Higher School of Economics



usiness Informatics is a peer reviewed interdisciplinary academic journal

published since 2007 by National Research University — Higher School of

Economics (HSE), Moscow, Russian Federation. The journal is adminis-
tered by School of Business Informatics.

The mission of the journal is to develop business informatics as a new field
within both information technologies and management. It provides dissemination
of latest technical and methodological developments, promotes new competences
and provides a framework for discussion in the field of application of modern IT
solutions in business, management and economics.

The journal publishes papers in the areas of, but not limited to:

4 data analysis and intelligence systems
4 information systems and technologies in business
4 mathematical methods and algorithms of business informatics
4 software engineering
4 Internet technologies
4 business processes modeling and analysis
4 standardization, certification, quality, innovations
4 legal aspects of business informatics
4 decision making and business intelligence
4 modeling of social and economic systems.
Since 2010 the journal is included into the list of peer reviewed scientific

editions established by the Supreme Certification Commission of the Ministry of
Education and Science of the Russian Federation.

The journal is published quarterly and distributed both in printed and electronic
forms.



EDITORIAL BOARD

EDITOR-IN-CHIEF
Dr. Alexey GOLOSOV —

President of FORS Development Center, Russian Federation

DEPUTY EDITOR-IN-CHIEF
Dr. Dmitry ISAEV —

Associate Professor, Department of Business Analytics, School
of Business Informatics, Faculty of Business and Management,
National Research University Higher School of Economics,
Russian Federation

EDITORIAL BOARD
Dr. Habib ABDULRAB —

Professor, Mathematical and Software Engineering Department,
National Institute of Applied Sciences — Institut national

des sciences appliquées de Rouen (INSA de Rouen), Rouen,
France

Dr. Sergey AVDOSHIN —

Professor, Head of School of Software Engineering, Faculty of
Computer Science, National Research University Higher School
of Economics,Russian Federation

Dr. Fuad ALESKEROV —

Professor, Head of Department of Mathematics, Faculty

of Economics, National Research University Higher School
of Economics, Russian Federation

Dr. Eduard BABKIN —

Professor, Department ofInformation Systems

and Technologies, Faculty of Business Informatics and Applied
Mathematics (Nizhny Novgorod), National Research University
Higher School of Economics, Russian Federation

Dr. Alex BAYER —
Head of KAFAN FX Information Services, New York, USA

Dr. Alexander BARANOV —

Professor, Head of Department of Information Security
Management, School of Business Informatics, Faculty of
Business and Management, National Research University
Higher School of Economics, Russian Federation

Dr. Jorg BECKER —

Vice Rector, Professor, Director of European Research Center
for Information Systems (ERCIS), University of Munster,
Germany

Dr. Vladimir BELOV —

Professor, Department of Computational and Applied
Mathematics, Faculty of Computer Engineering, Ryazan State
Radio Engineering University, Russian Federation

Dr. Andrey GRIBOV —

Director General, CyberPlat Company, Russian Federation

Dr. Alexander GROMOV —

Professor, Head of Department of Modeling and Business
Process Optimization, School of Business Informatics, Faculty
of Business and Management, National Research University
Higher School of Economics, Russian Federation

Dr. Vladimir GURVICH —

Invited Professor and Researcher, Rutgers Center

for Operations Research, Rutgers, The State University
of New Jersey, USA

Dr. Laurence JACOBS —

Professor, Medical School, University of Zurich, Switzerland

Dr. Kurt SANDKUHL —

Professor, Head of Department of Business Information Systems,
Institute of Computer Science, Faculty of Computer Science

and Electrical Engineering, University of Rostock, Germany

Dr. Nikolay ILYIN —
Deputy Head, Administration of Special Communication,
Federal Security Guard, Russian Federation

Dr.Valery KALYAGIN —

Professor, Head of Department of Applied Mathematics

and Informatics, Faculty of Business Informatics and Applied
Mathematics (Nizhny Novgorod), National Research University
Higher School of Economics, Russian Federation

Dr. Maria KAMENNOVA —

Director, BPM Logic,Russian Federation

Dr. Sergey KUZNETSOV —

Professor,Head of School of Data Analysis and Artificial Intelligence,
Faculty of Computer Science,National Research University Higher
School of Economics, Russian Federation

Dr. Yevgeni KOUCHERYAVY —
Professor of Department of Electronics and Communication
Engineering, Tampere University of Technology, Finland

Dr. Svetlana MALTSEVA —

Professor, Head of Department of Innovation and Business in Information
Technologies, Head of School of Business Informatics, Faculty of Business
and Management, National Research University Higher School

of Economics, Russian Federation

Dr. Peter MAJOR —

Vice-chairman, Radiocommunication Advisory Group of International
Telecommunication Union (ITU), vicece-chairman of the UN
Commission on Science and Technology for Development (CSTD),
Geneva, Switzerland

Dr. Boris MIRKIN —

Professor, School of Data Analysis and Artificial Intelligence,
Faculty of Computer Science,National Research University Higher
School of Economics, Russian Federation

Dr. Vadim MOTTL —
Professor, Department of Information Security Management,
Faculty of Cybernetics, Tula State University, Russian Federation

Dr. Dmitry PALCHUNOV —
Head of Department of General Informatics, Faculty of Information
Technologies, Novosibirsk State University, Russian Federation

Dr. Panagote (Panos) PARDALOS —

Distinguished Professor and University of Florida Research Foundation
Professor, Director of Center for Applied Optimization, Department

of Industrial and Systems Engineering, University of Florida, USA

Dr. Albert SILANTYEV —

Professor, Department of Information Business Systems, Institute
of Information Business Systems, National University of Science
and Technology «MISIS», Russian Federation

Dr. Victor TARATOUKHIN —

Managing Director European Research Center for Information Systems
(ERCIS) Competence Center ERP, Head of ERCIS Lab. Russia,
University of Munster, Germany

Dr. Mikhail ULYANOV —

Professor,School of Software Engineering, Faculty of Computer
Science,National Research University Higher School of Economics,
Russian Federation

Dr. Alexey SHALKOVSKY —
Directorof Institute of Information Technologies, National Research
University Higher School of Economics, Russian Federation

6

BUSINESS INFORMATICS Ne3(33)-2015



SQOL QUERY OPTIMIZATION
FOR HIGHLY NORMALIZED BIG DATA

Nikolay 1. GOLOV

Lecturer, Department of Business Analytics, School of Business Informatics,
Faculty of Business and Management, National Research University Higher School of Economics

Address: 20, Myasnitskaya Street, Moscow, 101000, Russian Federation

E-mail: ngolov@hse.ru

Lars RONNBACK

Lecturer, Department of Computer Science, Stocholm University

Address: SE-106 91 Stockholm, Sweden
E-mail: lars.ronnback@anchormodeling.com

This paper describes an approach for fast ad-hoc analysis of Big Data inside a relational data model. The approach

strives to achieve maximal utilization of highly normalized temporary tables through the merge join algorithm. It is
designed for the Anchor modeling technique, which requires a very high level of table normalization. Anchor modeling
is a novel data warehouse modeling technique, designed for classical databases and adapted by the authors of the
article for Big Data environment and a massively parallel processing (MPP) database. Anchor modeling provides
[fexibility and high speed of data loading, where the presented approach adds support for fast ad-hoc analysis of Big
Data sets (tens of terabytes).

Different approaches to query plan optimization are described and estimated, for row-based and column-
based databases. Theoretical estimations and results of real data experiments carried out in a column-based MPP
environment (HP Vertica) are presented and compared. The results show that the approach is particularly favorable
when the available RAM resources are scarce, so that a switch is made from pure in-memory processing to spilling over
Jfrom hard disk, while executing ad-hoc queries. Scaling is also investigated by running the same analysis on different
numbers of nodes in the MPP cluster. Configurations of five, ten and twelve nodes were fested, using click stream data

of Avito, the biggest classified site in Russia.
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Introduction

ig Data analysis is one of the most popular IT
Btasks today. Banks, telecommunication compa-
nies, and big web companies, such as Google,
Facebook, and Twitter produce tremendous amounts
of data. Moreover, nowadays business users know how

to monetize such data [2]. Various artificial intelligence
marketing techniques can transform big customer be-

havior data into millions and billions of dollars. How-
ever, implementations and platforms fast enough to
execute various analytical queries over all available data
remain the main issue. Until now, Hadoop has been
considered the universal solution. But Hadoop has its
drawbacks, especially in speed and in its ability to proc-
ess difficult queries, such as analyzing and combining
heterogeneous data [6].
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This paper introduces a new data processing ap-
proach, which can be implemented inside a relational
DBMS. The approach significantly increases the vol-
ume of data that can be analyzed within a given time
frame. It has been implemented for fast ad-hoc query
processing inside the column oriented DBMS Vertica
[7]. With Vertica, this approach allows data scientists to
perform fast ad-hoc queries, processing terabytes of raw
data in minutes, dozens of times faster than this data-
base can normally operate. Theoretically, it can increase
the performance of ad-hoc queries inside other types of
DBMS, too (experiments are planned within the frame-
work of further research).

The approach is based on the new database modeling
technique called Anchor modeling. Anchor modeling
was first implemented to support a very high speed of
loading new data into a data warchouse and to support
fast changes in the logical model of the domain area,
such as addition of new entities, new relationships be-
tween them, and new attributes of the entities. Later, it
turned out to be extremely convenient for fast ad-hoc
queries, processing high volumes of data, from hundreds
of gigabytes up to tens of terabytes.

The paper is structured as follows. Since not everyone
may be familiar with Anchor modeling, Section 1 ex-
plains its main principles, Section 2 discusses the aspects
of data distribution in an massively parallel processing
(MPP) environment, Section 3 defines the scope of
analytical queries, Section 4 introduces the main prin-
ciples of query optimization approach for analytical
queries. Section 5 discusses the business impact this ap-
proach has on Avito, and the paper is concluded in the
final section.

1. Anchor Modeling

Anchor modeling is a database modeling technique,
based on the usage of the 6" normal form (6NF) [9].
Modeling in 6NF yields the maximal level of table de-
composition, so that a table in 6NF has no non-trivial
join dependencies. That is why tables in 6NF usually
contain as few columns as possible. The following con-
structs are used in Anchor modeling:

1. Anchor, table of keys. Each logical entity of domain
area must have a corresponding Anchor table. This table
contains unique and immutable identifiers of objects of
a given entity (surrogate keys). Customer and Order are
two example anchors. An anchor table may also contain
technical columns, such as metadata.

2. Attribute, table of attribute values. This table stores
the values of a logical entities attributes that cannot be

described as entities of their own. The Name of a Cus-
tomer and the Sum of an Order are two example at-
tributes. An attribute table must contain at least two col-
umns, one for the entity key and one for the attribute
value. If an entity has three attributes, three separate at-
tribute tables have to be created.

3. Tie, table of entity relationships. For example,
which Customer placed a certain Order is typical for a
tie. Tie tables must contain at least two columns, one for
the first entity key (that of the Customer) and one for the
second (that of the related Order).

Sum Tie Name
I
= placed
Order Customer
Anchor ‘ Attribute ‘ Attribute ‘ Tie

OrdID [ CustID| OrdID [ Sum | CustID [ Name | Ord ID | CustID
12 4 12 150 4 Dell 12 4
26 8 26 210 8 HP 26 8
35 35 98 35

Fig. 1. Anchor modeling sample data model

Ties and attributes can store historical values using
principles of slow changing dimensions type 2 (SCD 2)
[4]. Distinctive characteristic of Anchor modeling is that
historicity is provided by a single date-time field (so-
called FROM DATE), not a two fields (FROM DATE —
TO DATE), as for Data Vault modeling methodology. If
historicity is provided by a single field (FROM DATE),
then second border of interval (TO DATE) can be es-
timated as FROM DATE of next sequential value, or
NULL, if the next value is absent.

2. Data
distribution

Massive parallel processing databases generally have
shared-nothing scale-out architectures, so that each
node holds some subset of the database and enjoy a
high degree of autonomy with respect to executing
parallelized parts of queries. For each workload posed
to a cluster, the most efficient utilization occurs when
the workload can be split equally among the nodes and
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each node can perform as much of its assigned work
as possible without the involvement of other nodes. In
short, data transfer between nodes should be kept to
a minimum. Given arbitrarily modeled data, achiev-
ing maximum efficiency for every query is unfeasible
due to the amount of duplication that would be need-
ed on the nodes, while also defeating the purpose of
a cluster. However, with Anchor modeling, a balance
is found where most data is distributed and the right
amount of data is duplicated in order to achieve high
performance for most queries. The following three dis-
tribution schemes are commonly present in MPP data-
bases and they suitably coincide with Anchor modeling
constructs.

Broadcast the data to all nodes. Broadcasted data is
available locally, duplicated, on every node in the clus-
ter. Knots are broadcasted, since they normally take
up little space and may be joined from both attributes
and ties. In order to assemble an instance with knotted
attributes or relationships represented through knot-
ted ties without involving other nodes, the knot val-
ues must be available locally. Thanks to the uniqueness
constraint on knot values, query conditions involving
them can be resolved very quickly and locally, to reduce
the row count of intermediate result sets in the execu-
tion of the query.

Segment the data according to some operation that
splits it across the nodes. For example, a modulo op-
eration on a hash of the surrogate identifier column
in the anchor and the attribute tables could be used to
determine on which node data should end up. Using
the same operation on anchors and attributes keeps
an instance of an ensemble and its history of changes
together on the same node. Assembling an instance
in part or in its entirety can therefore be done with-
out the involvement of other nodes. Since anchors and
attributes retain the same sort order for the surrogate
identifier, no sort operations are needed when they are
joined.

Project the data with a specified sort order and speci-
fied segmentation. If table has multiple columns, if it is
segmented by one column, and is joined by another col-
umn, than this join operation will require redistribution
of data across all nodes. MPP databases support such
joins with an ability to create projection — full copy of a
table, segmented and sorted by another column. There
can be multiple projections of a single table, according
to business needs. Ties have one projection for each role
in the tie, where each segmentation is done over and or-
dered by the surrogate identifier representing the cor-
responding role. This ensures that all relationships that

an instance takes part in can be resolved without the in-
volvement of other nodes, and that joining a tie will not
require any sort operations. Therefore, tie will require
no more than one additional projection.

Usage of single date-time field for historicity (SCD2)
gives significant benefit — it does not require updates.
New values can be added exclusively by inserts. This fea-
ture is very important for column-based databases, that
are designed for fast select and insert operations, but are
extremely slow for delete and update operations. Single
date-time field historicity also requires efficient analyti-
cal queries to estimate closing date for each value. Dis-
tribution strategy, described above, guarantees, that all
values for single anchor are stored on a single node and
properly sorted, so closing date estimation can be ex-
tremely efficient.

3. Analytical
queries

Databases can be utilized to perform two types of
tasks: OLTP tasks or OLAP tasks. OLTP means online
transaction processing: huge number of small insert,
update, delete, select operations, where each operation
processes small chunk of data. OLTP tasks are typical for
operational databases. OLAP means online analytical
processing: relatively small number of complex analyti-
cal select queries, where each query processes significant
part of data (or whole data). Given article is focused on
OLAP queries to Big Data.

Analytical queries may include three types of subtasks:

1. Combine dataset according to query. Big Data is
stored as tables, which have to be combined (joined) ac-
cording to given conditions.

2. Filter dataset according to query. Query can contain
conditions on the data: single column conditions, col-
umn comparisons and sampling conditions (for exam-
ple «top 10 percent of user accounts according to total
number of payments of each user account»).

3. Calculate aggregates over filtered datasets.

4. Efficient plans
for analytical queries

SQL can describe almost all types of analytical que-
ries. It is one of the main advantages of SQL and rela-
tional databases: if analytical query can be formulated
using SQL, than relational database can process it and
return correct result. Main problem lies in the optimiza-
tion of the query execution time.
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In this paper, queries are analyzed from a Big Data
analyst’s point of view. Analysts want to get their answers
as fast as possible. Query with suboptimal execution plan
can be processed tens of times slower than optimal one.
If query processes Big Data, inefficient plan can work
hours and days, while efficient one can return result in
minutes.

This section contains main principles of optimiza-
tion analytical queries to Big Data in MPP environ-
ment, obtained by Avito. Growth of Avito data ware-
house enabled its analysts to study various approaches
to query optimization and chose most efficient ones,
able to speed queries to Big Data in an MPP environ-
ment from hours to minutes. These researches were
launched at the initial phase of DWH development, be-
cause there were concerns about speed of OLAP que-
ries to a Anchor Model. On the further phases, those
results were applied to analysis of both, normalized
data (Anchor modeling) and denormalized data (data
marts) with equal effectiveness.

Here is a list of main risks of query execution plan in a
MPP environment:

4 Join spill. According to Section 3, analytical tasks
can require joins. Joins can be performed via Hash Join,
Nested Loop Join and Sort-Merge join algorithms.
Nested loop join is inefficient for OLAP queries (it’s best
for OLTP) [3]. Sort phase of sort-merge algorithm join
can be inefficient for MPP environment, so if source
date is not sorted, query optimizer prefers hash join al-
gorithm. Hash join is based on storing left part of the
join in RAM. If RAM is not enough, query will face a
join spill. Join spill (term can differ in various DBMS-s)
mean that some part of query execution plan requires
too much RAM, and source data have to be separated
into N chunks (small enough to fit into available RAM)
to be processed consequently and at the end - to be com-
bined together. Join spill reduces maximum RAM utili-
zation, but increases disk I/O, a slower resource. Fol-
lowing diagram illustrates, why a condition reducing a
table on one side of the join may not reduce the number
of disk operations for the table on the other side of the
join. Therefore, disk I/O operations can be estimated
according to optimistic (concentrated keys) or pessimis-
tic (spread out keys) scenarios. In the optimistic one,
the number of operations is the same as in a RAM join,
whereas in the pessimistic one the whole table may need
to be scanned for each chunk, so disk I/O can increase
N times. According to modern servers(>100Gb of RAM for
a node), this risk is actual when left part of the join contains
over one billion of rows. Hash join for tables of millions
of rows is safe.
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Case 2
Fig. 2. Three cases of inner join

Figure above demonstrates three cases of inner join.
First case: smaller table contain two disk pages of keys,
correspondent keys in bigger table occupy three disk
pages. Second case: smaller table reduced twice, to one
disk page, correspondent keys in bigger table are con-
centrated, so to read them one need to scan only two
disk pages instead of three. Third case: smaller table re-
duced twice, but correspondent keys are not concentrat-
ed but distributed (see gaps), so one need to read same
number of disk pages, as before (three).

4 Group by spill. Group by phase of the query can
also be executed by Hash Group algorithm, and it also
can be spilled on disk, as a join phase. This risk is actual
if there are more than hundreds of millions of groups in a
group by phase.

4 Resegmentation/broadcast. If two tables are joined
together, and they are joined and segmented over nodes
of MPP cluster using different keys, than joining may be
performed either by resegmentation of one table across
all nodes, or by broadcasting all data of one table across
all nodes (see Section 2). This risk is actual if tables in
question contains billions of rows.

4+ Wrong materialization. Materialization strategy is
extremely important for column-based databases [8].
Materialization strategy defines process of combin-
ing column data together (in a column based databases
they are stored separately). It is extremely important for
join queries. There can be early materialization (read
columns, combine columns, than apply filter), or late
materialization (read filtered column, apply filter, read
other columns according to filtered rows, combine). Ac-
cording to [1], it is more efficient to select late materiali-
zation strategy. But if a query is complex, query optimiz-
er can make a mistake. If query requires join of tables A,
B and C, and has a filtering condition to tables A and B,
late materialization may lead to loading of filtered values
from A, B in parallel, all values from C, and join them
together. This strategy is efficient if condition on table A
and B reduce data a lot, while join with tables B and C
don’t reduce data. Otherwise, if each condition takes %
of A and B, and conditions are uncorrelated, than join-



ing filtered tables A and B will result in 1/16 part of data,
so early materialization can significantly reduce disk
1/0 of tables B and C.

Risks, listed above, can be avoided by using modified
query execution plans, based on following principles:

<> Maximum merge join utilization. Sort-Merge join
algorithm is a most effective for non-selective analyti-
cal queries among such algorithms as Hash Join, Nested
Loop Join and Sort-Merge join, especially if analyzed
data are already sorted on join key, so only merge join
operation is required, without sort operations [3].

<> Single time disk page access. Query plan with a
join spill has awful characteristics in terms of pessi-
mistic number of disk page access operations because
many disk pages are accessed multiple times during
plan execution. To create plan with optimal charac-
teristics each required disk page must be accessed no
more than once.

<> Massive temporary table utilization. Two princi-
ples, mentioned above, cannot be guaranteed for all
ad-hoc queries to real-world Big Data databases, cre-
ated according to 1/2/3 normal form. Table of dozen
columns cannot be sorted on each column (without
duplicating this table dozen times). Also it cannot be
guaranteed that all keys in joined tables are concen-
trated, to equalize pessimistic and optimistic disk page
operation count (see fig. 2). But this principles can be
guaranteed in a Anchor Modeling data model, if each
data subset, retrieved after each step of filtering, is
stored as a temporary table. Temporary tables can be
sorted on specific column, to optimize further merge
join. Also those temporary tables contain concentrated
keys, only keys, required for given ad-hoc query. This
feature helps to avoid double disk page access. Con-
cerning speed of creating temporary table for large data
set: modern HDDs provide equal speed for sequential
read and sequential write. Important. Given algorithms
don’t require creation of indexes of any kind. Only
storing sorted rows as a temporary table, so this opera-
tion can be as fast, as saving a data file on HDD. Sort-
ing is enough for efficient Merge Join.

Efficient plans for analytical queries, utilizing princi-
ples, listed above, can be created using following algo-
rithm:

0. Assume that query is based on joining tables
T,..T,, filtered according to complex conditions
C,..Cy,...C",...Cy, there C} is a condition on table j,
which can be estimated only when i tables are already
loaded. So, Cj. is single table filtering condition. C; isa
combination of all conditions on table ;.

1. Estimate data reduction rate for each table
R(C)(T)))
R(T})

>

where R( 7;,) means number of rows. Chose the tables
with best reduction rate to be the first one (assume that
itis table 7).

2. Take k, tables, identically segmented with table 7.
Assume that those tables are 7;,...7,. Join all k, tables,
using all applicable filtering conditions, using merge join
algorithm, consequently, starting from table 7'. So table
T, has to be scanned and filtered first, than only cor-
responding rows from 7, has to be scanned and filtered
according to conditions C, and C?, than the same for ta-
bles7;,...T,.

3. Estimate data reduction rate for remaining tables

R(C/le (71/ ))
R(T))
using data tables, joined and filtered on step 2. Chose
the tables with best reduction rate to be the next one (as-

sume that it is table 7).

4. Save results of joining and filtering tables from step
2 inside a temporary table T,W, identically segmented
with table 7,

k1+1°

5. Replace tables 7},...7, of initial list with a table T".
6. Return to step 2 with reduced list of tables.

7. It list of tables contain single table, perform final ag-
gregations, save results.

Given algorithm has important drawbacks:

1. It requires a lot of statistics about source tables,
about data reduction rate of conditions, for step 1. In
some cases first estimation of statistics can require more
efforts, than analytical query itself.

2. Statistics estimation, as well as creation of tempo-
rary tables with dedicated segmentation, has to be im-
plemented manually, because current version of query
optimizers and query processing engines can not do it.
Avito used Python implementation.

Drawback 1 can be avoided using estimates from pre-
viously calculated queries, continuously. First process-
ing of brand new query can be time-consuming.

Drawback 2 can be avoided for identically segmented
tables, because algorithm ends on step 2. That is why
Anchor Modeling data model for MPP environment is
especially favorable for approach. Step 2 does not re-
quire implementation of additional logic, it can be per-
formed using SQL, database query execution engine and
some hints.

11



5. Business
applications

The approach described in Section 4 has been im-
plemented for ad-hoc querying in a Big Data (data
warehouse) solution at Avito. Based in Moscow, Avito
is Russias fastest growing e-commerce site and portal,
«Russia’s Craiglist». The Avito data warehouse is imple-
mented according to the Anchor modeling methodolo-
gy. It contains ~ 200 Anchors, ~ 600 Attributes, and ~ 300
Ties. Using this model it loads, maintains, and presents
many types of data. The greatest volume can be found
in the part loaded from the click stream data sources.
Click stream data are loaded every 15 minutes, with each
15-minute batch containing 5 mlin. rows at the begin-
ning of 2014 and 15 mln. at the beginning of 2015.

Each loaded row contained approximately 30 columns
at the beginning of 2014 and approximately 70 columns
at the beginning of 2015. Each column is a source for a
separate Anchor, Attribute or Tie table. The current size
of the Avito data warehouse has been limited to 51Tb
for licensing reasons. It contains years of consistent his-
torical data from various sources (back office, Google
DFP/AdSense, MDM, accounting software, various ag-
gregates), and a rolling half year of detailed data from
click stream.

The presented approach for ad-hoc queries was suc-
cessfully implemented by the Avito BI team in less than
a year. It provides analysts at Avito with a tool for fast
(5-10-2060 minutes) analysis of near-real time Big
Data, according to various types of tasks, such as direct
marketing, pricing, CTR prediction, illicit content de-
tection, and customer segmentation.

Conclusions

A high degree of normalization has the advantage of
flexibility. The resulting data models can be extended
easily and in a lossless manner. Anchor modeling also

enables parallel loading of all entities, their attributes,
and links with or without historization of each link and
attribute. The supposed drawback of a highly normal-
ized data model is slow ad-hoc reporting, which is why
Inmon [4] recommends combining normalized mod-
els for centralized repositories with denormalized data
marts. The paper, however, demonstrates that while
Anchor modeling may require some sort of denormal-
ization for single-entity analysis, it can yield very high
performance for queries that involve multiple linked en-
tities, and particularly so when there is a risk of join spill
(lack of RAM).

The experiments carried out showed benefits of the
given approach for the simplified case of two linked en-
tities. Realworld business cases sometimes require three,
four or even a dozen linked entities in the same ad-hoc
query. Such cases multiply the risk of join spill occurring
in some step, and amplify its negative effect. If number
of joins, tables and filtering conditions increases, que-
ry RAM requirements estimation accuracy decreases.
Query optimizer can significantly overestimate RAM
requirements and cause an unnecessary join spill with all
associated drawbacks. The approach from Section 4 has
been in use at Avito for over a year, for ad-hoc and reg-
ular reporting, and even for some near-real time KPIs.
It has demonstrated stability in terms of execution time
and resource consumption, while ordinary queries often
degraded after months of usage because of data growth.

One can wonder if the approach from Section 4 can be
applied for implementations based on other techniques
than Anchor modeling. The answer is yes, it can be ap-
plied, but with additional work. The strictly determined
structure of Anchor modeling enables Avito to have
a fully automated and metadata-driven implementa-
tion of the given approach. To conclude, the approach,
while not being uniquely tied to Anchor modeling, suits
such implementations very well and compensates for the
commonly believed drawback of normalization in the
perspective of ad-hoc querying. B
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ONTUMM3ALIUA SQL-3ANPOCOB
ANA BbICOKOHOPMAJIU30BAHHbLIX bOJIbLUUX QAHHbIX
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wKona busHec-uHgopmamuku, paxkysvmem OuzHeca u MeHeoICMeHma,
Hauuonanvhuiii uccaedosamenvckuii ynusepcumem «Bvicuias wikoaa 3K OHOMUKU»
Adpec: 101000, e. Mockea, ya. Macruukas, 0. 20
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J. POHBAK
npenodagamens axyibmema KOMnbIOMepHbIX HayK, Yruueepcumem Cmokeonvma

Adpec: SE-106 91 Stockholm, Sweden
E-mail: lars.ronnback @anchormodeling.com

B oannoii cmamve onucwigéaemcst no0xo0 045 ObICMPOCO AHAAU3A OOABUIUX OAHHBIX 6 PEASUUOHHOU MOOenu
dannvix. Lleavio danHoeo nooxoda aeasiemcs docmudiceHue MAKCUMAAbHO20 UCHOAb308AHUS 8bICOKOHOPMANU3AHHBIX
BpeMeHHbIX Mabaul, 00pe0UHseMbIX NOCPEOCMBEOM AN0pUMMA coeOuHenus causHuem (merge join algorithm). Ilooxoo
obL1 pazpaboman ons memodonoeuu Anchor Modeling, npednoaaearouieii KpatiHe 8bICOKUI YPOBEHb HOPMANUZAUUU
mabauy. Anchor Modeling — smo Hoeeliuias Memodoa02usi ROCMPOeHUst XPAHUAUW, OAHHBIX, pa3pabomanHas 04s
Kaaccuueckux 0a3 OAHHLIX U a0anmMupoeanHas oa 3ada4 boavuiux oanuvix u MPP (maccusHo-napanienvruix)
6a3 daunvix aemopamu cmamou. Anchor Modeling obecneuuseaem eubkocms pacuiupenus U 8biCOKYH CKOPOCHb
3a2py3KU OaHHbIX, 8 MO 8peMsl KaK npedcmaeseHHblil N00X00 K ONMUMU3AUULU 3aNpoco8 OONOAHSEem Memo0oA02UI0
B03MOINCHOCHIBIO <HA AeMY» NPOBOOUMb ObicMPbLil AHAAU3 O0AbULX 8bI00POK danHbiX (Oecsimiu T0).

B cmamve onucanbl u oyeHeHbl paziuuHbie NOOX00bl K ONMUMU3AUUU NAAHO8 GbINOAHEHUs 3aNpocos Ois
KONOHOUHbIX U 00bIYHbIX (CmMpouHblX) 0a3 OauHbix. [IpedcmasneHbl u conocmaesaeHsl pe3yavmamol Mmeopemu4ecKux
OUEHOK U NpaKmu4ecKux IKCNepUMeHmoa8 Ha PeanbHbiX OGHHbIX, NP0BEOEHHbIX HA NAAMGOPME KOAOHOUHOUMACCUBHO-
napanneavroi (MPP) 6azvt dannwix HP Vertica. Pezyavmambt cpasHenusi 0eMOHCIMPUPYrOm, 4o nooxo0 0cOOeHHO
appekmugen 045 cayHaed HexX6amKu OOCMYRHOU OREPAMUBHOU NAMSAMU, @ Pe3yAbmame Yeeo ONMUMUIAMOPY
3anpocoé 6asbl OGHHLIX NpU 00pabomKe AHAAUMUYECKUX 3aNpoco8 NPUxooumcs nepexooums om Haubdonee
ONMUMANBHORO PeXcUMa 00padomKu 8 onepamueHoll namsamu (in-memory) K pexcumy nooOKauku ¢ JHcecmioeo
ducka. Takxce usyuen onpoc macuimaduposanus Haepysku. s 3moeo 00uH U mom Jce aHAAU3 NPOU3BOOUNCS
Ha Kkaacmepax maccusno-napaiseavioii CYBJl Bepmuka, cocmoswux u3 pazroeo Koausecmea cepgepos. bouiu
UCNbIMAHbL KOHGUYpayuu u3 namu, decsimu u 0éeHaduyamu cepeepos. s anaiu3a npumMeHsnucs OaHHble muna
«NOMOK KAUKOB» — 00e3nuueHHble JaHHble 0 KAUKAX noav3oeameneil Asumo, KpynHeliueeo poccuiickoeo caiima
00s56/1€HULL.
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Social networks accumulate huge amounts of information, which can provide valuable insights on people’s behavior.

In this paper, we use social data from Vkontakte, Russia’s most popular social network, to discriminate between the
solvent and delinquent debtors of credit organizations. Firstly, we present the datacenter architecture for social data
retrieval. It has several functions, such as client matching, user profile parsing, API communication and data storing.

Secondly, we develop two credit scorecards based exclusively on social data. The first scorecard uses the classical default
definition: 90 days delinquency within 12 months since the loan origination. The second scorecard uses the classical
fraud definition as falling into default within the first 3 months. Both scorecards undertake WO E-transformation of the
input data and run logistic regression afterwards. The findings are as follows: social data better predict fraudulent cases
rather than ordinary defaults, social data may be used to enrich the classical application scorecards. The performance
of the scorecards is at the acceptable level, even though the input data used were exclusively from the social network.

As soon as credit history (which usually serves as input data in the classical scorecards) is not rich enough for young
clients, we find that the social data can bring value to the scoring systems performance. The paper is in the area of
interest of banks and microfinance organizations.

Key words: credit scoring, social networks, probability of default, social data, Vkontakte.

Citation: Masyutin A.A. (2015) Credit scoring based on social network data. Business Informatics, no. 3 (33), pp. 15-23.

1. Introduction For example, when assessing a person’s income, they
can use information about the places they visit, as well as
the countries theytravelto. The places and countries are
classified according to price category. Further formed
scorecards are lists of places and countries with ratios of
their influence on the level of creditworthiness. For each

country, the scorecard will be unique.

ocial networks are an inexhaustible source of in-
formation about people. According to its financial
filings at the time of its IPO which took place in
2012, Facebook stored around 111 megabytes of photos
and videos for each of its users [1], whose number now
exceeds a billion. That adds up to 100 petabytes of per-

sonal information.

The data are mostly not structured and chaotic by
type, but they allow one to get to know their clients
much deeper. Properly processed and then structured
information about users brings value to online stores,
recruitment agencies, banks and many other business-
to-client and business-to-business companies. E-com-
merce is able to learn more about the behavior and pref-
erences of thecustomers, and banks can determine the
credit rating of the borrowermore accurately.

However, there are several issues concerning social
data implementation. First, the companies have to
construct solid business processes, which would adopt
data-driven decision-making, before they can extract
value from the flow of social data. The cornerstone of
such processes is the data retrieval mechanism and ar-
chitecture of data storage. Here companies face a di-
lemma: to build up the database within local I'T depart-
ment, or to outsource the social data retrieval to the
third parties (SaaS). The latter case is very similar to
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credit history bureau query, when banks request infor-
mation on the applicants.

The second issue is related to the legal aspects of per-
sonal data processing. Obviously, when dealing with per-
sonal data from social networks,companies should learn
to do it legally, so as not to be subject to prosecution. The
laws vary from country to country and can dramatically
influence the ability to use the social data.

Thirdly, the company must have enough competencies
to perform the data analysis. The techniques are versatile
machine learning algorithms, ranging from logistic re-
gression to sophisticated data mining techniques. Again,
the company can outsource this process as soon as there
are many consulting analytics (e.g. SAS).

We have to mention that there is not much academic
literature covering the use of social data in credit scor-
ing [5]. However, there is a number of papers analyzing
the social networking from the sociological point of view
[6]. There were also several attempts to bind the activi-
ties within social networks (such as Twitter) with move-
ments in stock prices [8]. The scarcity of academic re-
search is explained by the fact that the use of social data
in scoring started no more than 3-4 years ago. Moreover,
the accumulation of particular results concerning the
use of social data takes place in the business area, rather
than academic area. The companies that launch such
«social data» projects aren’t likely to focus on deriva-
tion of universal laws or theoretical results. Besides, the
companies are running their activities in a highly com-
petitive environment and are not interested in sharing
the knowledge at instance, whichis actually implied by
the academic style of research. At least, we can list some
companies whose domain is social data retrieval, aggre-
gation and customer analytics for credit organizations:
Wonga (USA), Kreditech (Germany), Big Data Scoring
(Estonia, Finland), Lenddo (Philippines, Columbia),
SOCSCOR (Russia), Crediograph (Ukraine).

In our analysis we will examine the predictive power of
the social data from Vkontakte social network (also VK).
It is the number one in Russia by visitors per month. Its
monthly audience makes a total of over 50 million users.

This paper consists of four parts. The first one is intro-
duction. The second one describes the typical architec-
ture for social data retrieval and integration with bank
databases. It will be based on an example of one Russian
bank whose name we cannot disclose due to the confi-
dential reasons. The third part involves data description
used for default prediction, discusses the variables rel-
evant to the default event and considers prediction ac-
curacy. The fourth part is conclusion.
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2. Social Data Retrieval and Storage
2.1. Social network objects

First of all, we define the set of notions we use when
talking about social data. A profile is a set of properties
describing a user of a social networking service. It can
include their name, patronymic name, last name, date
of birth, place of residence, work and study, interests,
communities, friends and feed.

A feed is a part of a user’s profile which contains events
describing the user: messages, what they are fond of
(‘likes’), communities, applications installed etc.

Open data are a part of a user’s profile, which is acces-
sible without loggingin and can be retrieved automati-
cally.

Accessible data are, meanwhile, another part of a
user’s profile, which can be accessed from other users’
accounts and which can be retrieved automatically on a
regular basis using someone’s else account. It does not
require other users’ personal involvement and there is
no limit on the number of pattern messages sent from
this user’s account. In addition to this, accessible data
should be structured, e.g. the feed should contain XML
or JSONmarkings.

Parsing is the process of matching a linear sequence of
lexemes (words, tokens) of a natural or formal language
with its formal grammar.

2.2. Retrieval process
and datacenter architecture

The basic tool for data retrieval is the so-called API (ap-
plication programming interface). In effect, it is a set of
ready-to-use classes, procedures, functions, structures
and constants offered by an application (library, service)
to be used in outer software products. A social network
user must allow the access to their personal data within
the social network. This usually happens when the user
installs an API application, it can be a game or a discount
offer. The application is granted rights to perform API re-
quests to the user profile and activities at any time.

The architecture of the solution is shown below in the
Fig. 1.

MDM stands for Master Data Management system, a
core banking information system. Apparently, the credit
applicant must be identified with Vkontakte user. The
identification is carried out by a combination of param-
eters: first and last name, date of birth, current city, city
of origination, e-mail, or exact social network id (if the
applicant gives such information via the application).
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Fig. 1. The datacenter architecture for social data retrieval and storage

The architecure of the datacenter is aimed to accom-
plish the following tasks:

4 Downloading all Vkontakte profiles,
4+ Appending newly created profiles on a regular basis,

4 Downloading detailed data (subscriptions, commu-
nities, friends, wallposts) of Vkontakte profiles with the
span of 3 years,

4 Regular downloading detailed data of VK profiles
(subscriptions, communities, friends, new posts on the
wall since the last upload).

Additionaly, it provides an interface to browse, search
and compare the downloaded data to clients’ data from
the core banking system. Downloading and updating is
performed in astreaming mode according to the chosen
set of profiles, the updating period can vary from several
days to several weeks, i.e. the downloading is not per-
formed online.

The solution has following volume indicators:

<> Downloading and storage of all Vkontakte profiles
for indexing purposes (about 250 million),

<> Downloading detailed data on 300,000 Vkontakte
profiles.

The system is able to adjust to scale for downloading
a 5 times larger number of profiles without significant
changes in its architecture and functions.

3. Data Description
and Default Prediction

The event of default in retail banking is defined as
more than 90 days of delinquency within the first 12
months after the loan origination. Defaults are divided
into fraudulent cases and ordinary defaults. The default
is told to be a fraudulent case when delinquency starts at
one of the three first months. It means that when sub-
mitting a credit application, the borrower did not even
intend to payback. Otherwise, the default is ordinary
when the delinquency starts after the first three months
on book.

That is why scorecards are usually divided into fraud
and application scorecards. In fact the only difference is
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the target variable definition, while the sets of predictors
and the data mining techniques remain the same. The
default cases are said to be «bad», and the non-default
cases are said to be «good».

We consider a dataset of 27540 microfinance loans,
originated in 2012. This segment is characterized by
small-cash high-margin loans with short credit term
(3-6 months). The further details of the data source are
not presented due to the non-disclosure agreement.
We develop both scorecards and examine their accu-
racy via out-of-sample validation. The validation proc-
ess requires calculation of performance metrics (ROC-
curve and Gini coefficient) of the model based on the
data sample that was retrieved from the same parent
population but was not used to develop the model it-
self (validation set). This approach allows the user to
check for accuracy and stability of the model. The size
of the validation set we used was 30% from the parent
population.

The analytics was carried out using SAS Enterprise
Miner, the most spread analytical software in the bank-
ing sphere.

The mathematical architecture of the scorecard is
based on a logistic regression, which takes the trans-
formed variables as input. The transformation of the
initial variables we use is WOE-transformation [3]. It
is wide-spread in credit scoring, to apply such a trans-
formation to the input variables as soon as it accounts
for non-linear dependencies and provides certain ro-
bustness coping with potential outliers. The aim of the
transformation is to divide each variable into no more
than k categories. At step 0, all the continuous variables
are binned into 20 quantiles, the nominal and ordinal
variables are left as they are. Now, when all the varia-
bles are categorized, we compute the odds ratio for each
category. Then for each predictor variable X (i=1 ... n)
we merge non-significant (chi-square statistics based on
differences in odds) categories.

1. If X has 1 category only, stop and set the adjusted
p-value to be 1.

2. If X has k categories, go to step 7.

3. Else, find the allowable pair of categories of X, (an
allowable pair of categories for ordinal predictor is two
adjacent categories, and for nominal predictor is any
two categories) that is least significantly different (i.e.,
most similar). The most similar pair is the pair whose
test statistic gives the largest p-value with respect to the
dependent variable Y.

4. For the pair having the largest p-value, check if its p-
value is larger than a user-specified alpha-level a merge.
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If it does, this pair is merged into a single compound cat-
egory. Then a new set of categories of X' is formed. If it
does not, then if the number of categories is less or equal
to k go to step 6, else merge two categories with highest
p-value.

5. Go to step 2.

6. (Optional) Any category having too few observa-
tions (as compared with a user-specified minimum seg-
ment size) is merged with the most similar other catego-
ry as measured by the largest of the p-values.

7. The adjusted p-value is computed for the merged
categories by applying Bonferroni adjustments [4].

Having accomplished the abovementioned steps, we
acquire categorized variables instead of the continuous
ones. When each variable X (i=1 ... n) is finally binned
into a certain number of categories (k,), we are able to
calculate the odds for each category j (j =1 ... k), the
weight of evidence for each category and, as a result, in-
formation value for each variable:

% goods;
odds, = ——=
" %bads,

WOE; = In(odds;) 1)

kl
1V, =Y (% goods,— %bads,)-WOE,,
j=1

Information value can also be used in feature selection
(e.g. variables with information value less than 0.02 are
often rejected, as soon as they do not reveal predictive
power). More details on WOE-transformation are pro-
vided in [7].

The role of the WOE-transformation is that, instead of
initial variables, the logistic regression receives WOE as
input. So, each input variable is a discrete transformed
variable, which takes values of WOE. When estimating
the logistic regression, the usual maximum likelihood
was applied.

3.1. Ordinary
default scorecard

A scorecard is a set of rules. Each rule gives a number
of scorepoints to the applicant. Then the scorepointsare
summed up to form the final score. The higher the score,
the less the probability of default. The variables were se-
lected from a set of about 100 calculated parameters.
The criteria for includinga variable into the scorecard
was Information value no less than 0.2 and correlation
analysis within variables themselves (so as to rule out
multi-collinearity).
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Table 1.
Ordinary Default
ORDINARY DEFAULT SCORECARD ORDINARY DEFAULT SCORECARD
VAR CODE Variable ! VAR CODE Variable ;
ST Value range Scorepoint name Value range Scorepoint
Grouped Marital l . , Male 15
Levels for x,, status In love', Engaged n Number of
‘Single’ 19 X, days since x1<1 26
— last visit
Missing 23
) 1<=x1<3 30
‘Married 27
‘Communistic’ S xi<d7 20
L Grru%)ed P0I||t|(la| ‘Monarchic’, ! 16 37<=x1< 149 17
evels for x views ‘Socialistic’ ryr— ”
‘Indifferent’
0 T 24 Number of
Age Liberal, Missing Xy days since x30< 265 20
the first post
Age (in years) age< 25 5 Irstp
25< age< 28 1 265<=x30< 399 15
28< age< 37 1 399<=x30< 1330.5 23
37<= age< 52 4 — 1330.5<=x30 36
umber o o
52<= age 66 ) iob places 0, Missing 21
Sex Sex Female 27 >=1 29
We use the ROC analysis to evaluate the performance of Sensivity = TruePositive . ?)
the scorecard. The ROC analysis provides the set of feasible Positive
accuracy measures, which form an ROC curve and reflect .
. . . o True Negative
the accuracy of the classifier. In terms of classification, the Specificity = ————>——
scorecard labels the applicant as positive (high probability Negative
i i isi FalseNegative
of default) when its score {s less than the cutoff (df.:C.ISIOH s 1— Specificity = g . 3)
boundary). The accuracy is defined by the probability of Negative

the two possible errors. The first one is to approve the loan
for abad applicant (false negative), and the second one is to
reject a good applicant (false positive). This gives us the two
dimensions for the ROC curve: sensivity (vertical axis) and

The ROC curves for train and validation set are pre-
sented below in Figures 2and 3:

Fraudulent case scorecard can be found below in 7a-

one minus specificity (horizontal axis): ble 2.
Sensitivity Data Role = TRAIN Sensitivity Data Role = VALIDATE

10 /r 10 P

08 // 08 //

0.6 // 0.6 / /

0.4 // 04

0.2 02

0.0 0.0

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity 1 - Specificity

Fig. 2. ROC-curve for ordinary default (training) Fig. 3. ROC-curve for ordinary default (validation)
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Table 2.
Fraudulent Case

FRAUDULENT CASE SCORECARD FRAUDULENT CASE SCORECARD

Variable name Value range Scorepoint Variable name Value range Scorepoint
Age Age (in years) age< 29 3 497<=x30< 710 21
29<= age< 33 11 710<=x30< 1324 14
33<=age< 39 25 1324<=x30 13
30<= age< 47 42 Number of user’s
" _g - X3 | posts with photos x39<1 13
= age 1<=x39< 2 18
Sex Sex Male 4 Do x39< 4 15
Number of days o - fe=x39< 4 1
X since last vis¥t Xi<2 21 44<=x39 19
2<=x1<3 0 Number of user’s -
s > X, posts with video x41< 1, Missing 15
=X 1e=x41<2 17
10<= x1< 1565 10 e xi1<3 13
o ;53\?7221“0 it - 3o xii<18 12
. ve', ‘Al is difficult’,
X, Marital status ‘In couple’ 4 16<= x41 5
‘Single’ " X;, | Number of children x51< 1, Missing 12
‘Engaged’ 14 1<=x51< 2 13
‘Married’ 24 2<=x51 15
Number of ‘Career and Money’,
X subscriptions X21<2, _MISSING_ 19 X | Major things in life ‘Entertainment’, 2
e x21<3 17 - Fatme a;il:ﬂ‘:enoe h
gauty and Art’, ‘Researc
3=x21<7 20 and Science’, Missing 16
ety 1] e | Kmesmetosy |
be=x ® in people ‘Health and Beauty’
1330.5<=x30 8
Number of days ‘Courage and Perseverance’, 14
‘Mind and Creativity’
Xa0 | since the first post x30< 497 % ndand Lreativity
The corresponding ROC analysis can be found below in Figures 4 and 5.
Sensitivity Data Role = TRAIN Sensitivity Data Role = VALIDATE
1.0 e 1.0
0.8 // 7 , //
06 e / 06 / =
0.4 0.4
0.2 0.2
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity
Fig. 4. ROC-curve for fraudulent cases (training) Fig. 5. ROC-curve for fraudulent cases (validation)
20 BUSINESS INFORMATICS Ne3(33)-2015




The ROC analysis show that both models are of mild
predictive power and of high stability. Gini coefficients
are 36% (32%) for train (validation) sample for ordi-
nary default scorecard. The corresponding Gini coeffi-
cients for fraudulent case scorecard are 47% (39%). Of
course, the main contribution was made by Age and Sex
variables, which are known even without social network.
However, if other variables are excluded, the Gini coef-
ficients fall by 7-8%.

From our point of view, the result that fraudulent case
scorecard showed better performance can be explained
in the following way. When the borrower initially intends
to receive a loan and not to pay any installments right
from the start, of course, he or she tries to disclose less
information in the social network. Missing values of pre-
dictors’ parameters tend to receive lower scorepoints. As
far as the interests in life are concerned, the person who
is obsessed with ‘Entertainment’ or ‘Fame’ is, to our
mind, more likely to try to get easy money by receiving a
loan with no intent to pay it back.

If we compare the Gini coefficients of our models
to the ones of the classical application scoring mod-
els (usually 45-55%, see [2]), we find that the latter are
more accurate. That brings the understanding that the
social data indeed brings value and increases discrimi-
native power,however, it should not be used stand-
alone. The social data should enrich the usual set of
application variables and contribute to the higher dis-
criminative power of banking scoring. Such perform-
ance metrics as Gini coefficient are not the only way to
estimate the efficiency of social data implementation.
In fact, the most important criterion is the profit in-
crease due to the model implementation. However, the
final effect depends on the particular bank or microfi-
nance organization that is considering the possibility
to use social data. Basically, a 7-8%Gini increase may
lead to 0.5-1% decrease in default frequency, which is
the key performance indicator of the risk management
system in the bank. That is why we have to understand
when the project concerning social data implementa-
tion is going to bring payoff, and when it will become
just a burden. At the moment, we see two situations
when the credit scoring based on social data is appli-
cable. The first one is the microfinance segment. The
application flow is traditionally very risky in this seg-

ment, and classical scorecards tend to reject all the
applications. However, many microfinance organiza-
tions compensate that risk with extraordinarily high
rates. That is why the companies still have to obtain
additional information to provide at least any discrimi-
nation between «bad» and, say, «very bad» applicants.
Moreover, given that young people tend to be riskier
and they do not have sufficient credit history, the so-
cial data starts being the only data source except for the
loan application form. The second situation that can
be favorable for social data implementation is when
the bank has a large client base and huge amount loans
in its portfolio. The reasoning is quite straightforward.
Given that fixed costs of social data center launching
and its support are high, the decrease in default fre-
quency will be sufficient to compensate those costs
only when the loan portfolio volume is large.

The real life examples of successful implementa-
tions, from our point of view, are still to come, as soon
as many banks and microfinance organizations start pi-
lot social dataprojects. As far as Russia is concerned,
there are several consultant agencies such as Digital
Society Laboratory, SOCSCOR, Double Data, SAS,
SocioHub etc. that provide scoring service for banks
and the microfinance segment. However, the details of
such projects are still rarely disclosed, and the discus-
sions that take place within professional banking con-
ferences, as a rule, are held in a more general way.

4. Conclusion

In this paper we described the schema of social data
retrieval in banking sphere. The social network we con-
sidered is Vkontakte, which is the largest in Russia. Then
we examined the value that the data can bring to the
credit scoring. We developed two scorecards (fraudu-
lent case and ordinary default) based solely on the social
data. The findings are the social data can indeed show
acceptable discriminative power, especially in the case
of fraud scoring.

As an area for further research, one can test whether
there is an increase in Gini coefficient, when the social
data predictors are added to the bureau of credit history
scoring (e.g. Equifax) with the information on behavio-
ral variables of the applicant. m
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8 COYUANbHOU cemu, NapcuHe npoghuneil CoOUUAanbHOL cemu, noaAyYeHue OaHHbIX 00 AKMUBHOCMU NOAb308AMENs.
uepe3 API, u nakoueu, camo xpanuauue danuvix. Bo-emopbix, Ha ucmopuueckux 0aHHbIX Mbl pazpabamoléaem
08¢ CKOpUHe0Bble Kapmbl, OCHOBAHHbIE UCKAOMUMENbHO HA OAHHbIX AKMUBHOCMU KAUEHMA 8 COUUANbHbIX
cemsax. Ilepsas kapma npoero3upyem cobvimue 00biMHO20 deghoama — 6bix00a HA NPOCPOUKY NO ccyde boaee
90 Oneii 3a nepevie 12 mecsaues ¢ momenma noayuenus Kpeouma. Bmopas ckopuneoeas kapma npoeHo3upyem
cobbimue moutenHuueckoeo deghonma. Obe kapmul uchoavzyiom WOE-mpaucgopmauuro 6xooauux OaHHbIX
U 3amMeMuPUMEHIIOM N02UCIUMECKYI0 Deepeccurd Mo npeobpasoéaHHbiM OaHHbIM. B pesysvmame OanHble
COUUANBHBIX Cemell Ay4ule NPOSHO3UPYIOM CAYHAU MOUWEHHUYECKUX 0edhoamos, 8 omau4ue om 00bI4HbIX CAYHAeE
npocpouxu. Kauecmeo ckopuHeo8wbix Kapm HaAxo0umcs Ha npuemaemom yposte, 4mo noomeepicoaemess ROC-
ananuzom u kodgpuyuenmamu Ancunu. Ilockonvky kaaccuueckue CKOpUH208ble CUCEMbL 80 MHO2OM ORUPAHOMCSL
Ha KpeOumHYI0 UCopuio KAUeHma, Komopast 3a4acmyro Omcymcmeyem y Moa00bixX 3aeMuuK08, Mol CHUMaem,
Ymo OaHHble COUUANBHBIX Cemell Mo2ym cayxcums ux 3amenoil. Taxum obpazom, OamHble COUUANbHBIX cemell
Mo2ym Gblmb UCHOAb308AHbL 04151 0002AUEHUS KAACCUMECKUX CKOPUHE08bIX CUCHEM DAHKO08 U MUKPODUHAHCOBHIX
opeanu3ayuil.

Kmouesbie ciioBa: KpCL[I/ITHBIﬁ CKOpPUHTI, COlMaIbHbIC CETU, BEPOATHOCTDb L[C(bOJ'[Ta, ColMaJbHbIC JTaHHLIC, BkoHTakTe.

IMuruposanme: Masyutin A.A. Credit scoring based on social network data // Business Informatics. 2015.
No. 3 (33). P. 15-23.

[\

2 BUSINESS INFORMATICS Ne3(33)-2015



[IPUHATVE PELLIEHVMNA W BUSHEC-MHTEIIIEKT

Jlutepatypa

Tucker P. Has Big Data made anonymity impossible? MITTechnologyReview, 2003. [DnekTpoHHBI pecypc]: http://www.
technologyreview.com/news/514351/has-big-data-made-anonymity-impossible/ (mata obparmienus 05.11.2014).

Thomas L., Edelman D., Crook J. Credit scoring and its applications / Monographs on Mathematical Modeling and Computation.
SIAM: Pliladelphia, 2002. P. 107—117.

. Wul., Coggeshall St. Foundations of predictive analytics, CRC Press, 2012.

Hochberg Y.A sharper bonferroni procedure for multiple tests of significance // Biometrika. 1988. Vol.75, No. 4. P. 800—802.

Ckuba C.A., Jloitko B.W. Coumnanbabiit ckopunr// Hayunsrit xypHan Ky6l'AY. 2013. Ne 7 (91). C. 1258—1275) [DneKTpoHHBIN pe-
cypc]: http://ej.kubagro.ru/2013/07/pdf/89.pdf (nata o6pamenus 05.11.2014).

D’Andrea, Alessia et al.An overview of methods for virtual social network analysis // Computational Social Network Analysis: Trends,
Tools and Research Advances. Springer, 2009. P. 3—25.

Developing credit scorecards using credit scoring for SAS® Enterprise Miner™ 12.1. Cary, NC: SAS Institute Inc., 2012.

Porshnev A., Redkin I. Analysis of Twitter users’ mood for prediction of gold and silver prices in the stock market // Communications in
Computer and Information Science. 2014. No. 436. P. 190—197.

BUSINESS INFORMATICS Ne3(33)-2015 23



CHUXEHUE PASMEPHOGTU MHOTOMEPHbBIX
NOKASATENEU C HEJIUHEUHO
SABUCUMbBIMU KOMMNOHEHTAMMU

E.P. TOPIHHOBA

KaHoudam husuxo-mamemamu4ecKux Haykx,

douenm denapmamenma Mamemamurku, haKyavmem 3KOHOMUHECKUX HAVK,
Hauuonanwnutii uccredosamenvckuii yHusepcumem «Bvicuias wikoaa 5KOHOMUKU»

Adpec: 101000, e. Mockea, ya. Macnuykas, 0. 20
E-mail: el-goryainova@mail.ru

10.A. IITAJIUMOBA
cmyodenmka masucmpamypol, haKyavmem 3KOHOMUUECKUX HAYK,
Hauuonanvhuiii uccaredosamenvckuii ynusepcumem «Bvicuias wkoaa 3K OHOMUKU»

Aodpec: 101000, e. Mockea, ya. Macnuykas, 0. 20
FE-mail: july.shalimova @yandex.ru

Tpu pewenuu 3a0auu cycamusi MHO2OMEPHO20 6eKMOPA NOKA3aMeNel UCNOAb3YIOM Memodbl YaKmOopHO20
aHaau3a, OOHUM U3 KOMOPbIX S6A5Semcs Memod MakcumanivHoeo npagdonodobus (MMII). B cucmeme
KOPPeAUPOBAHHbIX KOAUYECMBEHHbIX NOKA3ameneil OH NO036045em BbiA8UMb HeKOpPeAupo8aHHvie o0ujue
paxmopsl, Komopble 6e3 cyuecmeerHol nomepu UHGOPMAyUU Mocym npeocmagasms UCXo0Hble noKazamenu.
Haxoxcdenue obuux pakmopos npogooumes ¢ nomouspio CReyUdibHo20 npeocmagaeHus KoppeasyuoHHOl
mMampuybl Habawdaemvix npusznaxos. O0Hako Koagguuuenm koppeasyuu He onpedener 041 NPUBHAKOS,
npeocmasneHHbIX 6 HOMUHAABHOU WKale, a 045 NPUSHAK08, UMEIOWUX HeAUHelHbI XapaKkmep 3a8UcUMOCh,
He MOJicem CAYICUMb U3Mepumenem cuabl ceasu. Jlns maxux cumyayuii mpaouyuontsie memoodsi haKmopHozo

aHaau3a oKkasvlearomcs Maﬂ03¢¢€Kmll6HblMu.

B cmamve npednoocenvt dée mooupurxayuu MMII, ucnonvzyouwue 6 Kauwecmee mep c6sa3U NPU3HAKOB
paneosvie Kodpguuyuenmot Koppessuuu Cnupmena u xosgpuuuenmor Kpamepa. /Ins cpasnenus xauecmea
cocamusi mpaduyuoro2o u 08yx adanmuposannvix MMII nposeden uucaennviii sxcnepumerm. C nomoubro
memooa Moume-Kapao cmoldeauposarnvt 12-mepHble GeKkmopbl, cOCmosujue U3 4emoipex He3a8UCUMbIX
mpexmepHbIX NO0BEKMOPO8, KOOPOUHAMbL KOMOPLIX UMEIOM 3a8UCUMOCIU AUHEUHO20 U HeAUHeIH020 MUNd.
Yemanoeneno, umo u3z mpex paccmompeHHviX Memooo8 MoabKo A0anmuposanHblii Memoo, UCNOAb3YIOUULL
Koapgpuyuenmor Kpamepa, cnocoben eepro 00sedunumv 6 o00wjuili (axkmop noxkaszamenu, CE;13aHHbIE
HeMOHOMOHKHbIM munom 3asucumocmu. C Opyeoil cmopoHbl, 8 mex CAy4asx, Ko2oda 3deUCUMOChb Mexcdy
NPUBHAKAMU HOCUM MOHOMOHHBIIL Xapakmep, 3Mom memoo MeHee 3pgexmueen, yem odea dpyeux. lis
demoHcmpayuu pabomocnocoOHOCmU YKA3AHHbIX Memo008 HA PedanbHbiX OaHHbIX NPedcmasneHo peuleHue
3a0a4U CHUNCEHUS PA3MEPHOCU OUHAMUKU OMHOCUMEAbHO20 npupocma nompeobumenvckux uer 6 2008-2014

200ax 045 epynnwl nPo00EOALCMBEHHBIX MOBAPO8E.

Kiouessie c10Ba: (pakTOpHBIA aHaIU3, 001IMe (aKTOPhI, METOI MAKCUMAIBHOTO IIPABIOIOA00MS, KOPPEISILIUOHHAS
MaTpulia, MaTpulia Harpy30K, Ko3gduieHT paHroBoit Koppeasuuu CnupmeHa, KoappuuneHt Kpamepa.

Huruposanne: I'opsiuHosa E.P., [llamumosa FO.A. CHIkeHME pa3MepHOCTH MHOTOMEPHBIX ITOKa3aTeseit
C HEeJIMHEIHO 3aBUCUMbIMU KOMIIOHeHTaMM // busHec-uHbopmaTuka. 2015. Ne 3 (33). C. 24—33.
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BBenenne

PY M3YYEHUH CIIOXHBIX OOBEKTOB MCCIIEI0Ba~

TEJIN NBITAIOTCS ONTUCATh MX OOJIBIINM YUCIOM

nokasareneit. Kak mpaBmiio, 310 IpUBOIUT K
TOMY, UTO CpPeId COOpAHHBIX JAaHHBIX UMCIOTCS TPYII-
ITBI TTOKA3aTelIeil, KOTOPhIe XapaKTePU3YIOT OJHO U TO
K€ CBOMCTBO OOBEKTa M IO3TOMY SIBIISIIOTCS 3aBUCH-
MBIMH, a TakXKe MaJOMHMOpPMATUBHBIE IOKAa3aTesu,
KOTOpbIE HEe HECYT B cebe CYyIeCTBEHHOM MH(pOpMAaLIIu
00 oobekTax. CTaTUCTUYECKMIA aHAJIM3 TaKUX MacCHu-
BOB CTAHOBMUTCS 3aTPYIHUTEJIbHBIM U MOXET MPUBO-
JUTb K HEBEPHBIM pe3yibrataMm. [103ToMy BO3HUKAeT
HEOOXOIMMOCTh OIMMCaTh HaOIIofaeMble ITOKa3aTen
MEHBIINM YHCJIOM WHTETPATHBHBIX ITOKa3aTeliei, co-
XpaHWB ITPU 3TOM KaK MOXXHO 0OJIbIIIe BaxKHOU MHDOP-
Maluu 006 o0beKTax.

OcHoBHasl uaes (HakTOPHOro aHaliM3a COCTOUT B
TOM, UYTO CTPYKTypa CBSI3ell MEXIy aHaIU3UPYEMBI-
MM TIpM3HaAKaMH MOXET OBITb OOBSICHEHAa TEM, 4YTO
9TU TIPU3HAKU 3aBUCAT OT MEHBIIETr0 4YKCJia JPYTrux
HEIOCPENCTBEHHO HeM3MepsieMbIX IoKa3aTesiei, Ha-
3bIBaeMBIX oOIIMMU hakTopamu. Kiaccuueckas mMo-
nenb (paKTOPHOrO aHajiau3a, ornucaHHas B pabore [1],
TpeAroJaraeT, YTo Kax jasi HabtomnaeMasl mepeMeHHast
MPEACTaBIIsIeTCS B BUIE JTMHEWHON KOMOMHAIIMU He-
KOppeIUPOBAaHHBIX OOIIMX (PAKTOPOB U OIHOIO YacT-
HOTO (baKTOpa, OKA3bIBAIOIIECTO BIMSHHUE TOJBKO Ha
JaHHYIO ITepeMeHHylo. OcHOBHAS 3agada (paKTOpPHOTO
aHaJ3a COCTOUT B OLIEHMBAHMM MaTPMIbI Harpy3okK,
9JIEMEHTAaMM KOTOPOI SIBJISIIOTCS KOPPEISLIMU MEXIY
WCXOIHBIMU TOKa3aTeIsIMU U OOIIUMU (haKTOpamu,
OLICHUBAHMU JUCIIEPCHUI YaCTHBIX (PaKTOPOB M MHTEP-
npetaiuu obmmx (aktopos. PellleHre 3Toil 3amauu
MO3BOJISIET B paMKax (haKTOPHOW MOIEIN YIOBJIETBO-
PUTEJIbHO BOCIPOM3BOIMUTH KOPPEISLMU MEXIy Ha-
0JIF0TaeMBIMU TTOKA3aTeIISIMU.

Haubonee pacnpocTpaHEHHBIMUA METOHAMM peIle-
HUs 3TOHM 3amauM SIBIISIIOTCS METOH TJIaBHBIX (DaKTO-
poB [2, 3], MeTon MUHUMATbHBIX OCTaTKOB [4] 1 MeTox
MakcuMalibHoro npasaonoaoous (MMITI) [5]. Tak, co-
IJIACHO METOJY TJIaBHBIX (PaKTOpPOB, TpebyeTcs IMpoBe-
CTH OLICHUBAHME TUCTICPCUIA YaCTHBIX (paKTOPOB, a 3a-
TeM IIPUMEHUTD ITPOLeAYPHI KOMITIOHEHTHOTO aHaIM3a
[6] K penyuMpoBaHHOW KOPPEISILIMOHHONW MaTpulle,
U3 2JIEMEHTOB INIABHOUW IMAaroHajau KOTOPOM BBIYTEHBI
HaliIeHHBIC OICHKM nucrnepcuii. [lpwHIUI olleHu-
BaHMS MaTPUIBl HArpy30K METOOOM MWHNMAJTbHBIX
OCTaTKOB OCHOBAaH Ha MMHUMMW3ALMU CYMMBI KBaIpa-
TOB pa3HOCTEN MEXIYy BHIOOPOUYHBIMU KOPPEIILIUIMU
1 KOPPEISIIUSIMHU, BOCIPOMU3BOAUMBIMU (haKTOPHOM

MOJENbI0 ¢ (PUKCUPOBAHHBIM 4YuUCIOM (akTopoB. B
MMII npennonaraercsi, YTo OOIIME U YaCTHBIE (Pak-
TOPBI UMEIOT TayCCOBCKOE pachpeieieHe, a OlleHKa-
MM Harpy3oK SIBIISIIOTCS T¢ 3HAUCHMS, IPU KOTOPBIX
JMOCTUTAEeTCSI MaKCUMyM (YHKIMU TPaBIONOI00MUS
3JIEMEHTOB BBIOOPOYHOU KOPPETSIIMOHHON MaTpUIIbI
npu PpUKCHpoBaHHOM umciae obmmx (akTopos. Otie-
HUBaHUE Yuciaa o0IIMX HaKTOPOB B ABYX IOCIETHUX
METO/IaX TTPOBOJUTCS C TIOMOIIIBIO MOCIEI0BATETEHOTO
MPUMEHEHMS XU-KBaIpaT TeCTOB. 3aMETHM, YTO METO-
IIbl (DAKTOPHOTO aHaJIM3a MCIOJIB3YIOT B KAYECTBE MeED
CBSI3M KO3(POUILMEHTH KOPPEISIINNA NCXOMTHBIX ITOKa-
3aTeneil. OgHaKo Ha MPaKTUKE HEPeAKO BO3HMKAIOT
3a/1ayy, B KOTOPBIX MOKA3aTeJIN SIBJISIIOTCST 3aBUCUMBI-
MU, HO HEeKoppeaupoBaHHbIMU. Hampumep, B pabote
[7] yctaHoBJIeHAa KBagpaTW4yHasi 3aBUCUMOCTb MEXIY
BEPOSITHOCTHIO edoiITa M pa3sMepoM aKTUBOB OaHKA.
Kpome Toro, MHOrmue 1mokasaTes B COLIMOJIOTMIECKUX
M TICUXOJIOTMYECKUX MCCIENOBAHUSIX M3MEPSIIOTCS B
HOMUHAJIBHOU ITKajie, M KO3(MPUIIMEHT KOppeIsInu
IJIS OTUX BEJIMYMH He ompedeneH. TakuM o0pas3oM,
€CJIM KOMITOHEHTBI BEeKTOpa ToKaszaTelsieil MMEeIoT 3a-
BUCHMOCTH HEJIMHEWHOTO XapaKTepa WJId U3MEPEHEI B
Pa3JIMYHBIX LIKaJIaxX, TO MPOLeAypa CHUKEHHUSI pa3Mep-
HOCTH TaKOTO BEKTOpa TPeOYyeT KOPPEKTUPOBKH.

OO0BEKTOM UCCIeNOBaHUS JAHHOW pabOThI SBISIOT-
cq MeToanl (B yactHoct, MMII) cHuXeHus pa3mep-
HOCTU B MoIen (haKTOPHOTO aHaIu3a, a MpeaIMeTOM
WCCIEIOBaHUS — ananTaluys METOAOB CXaTus [JIs
BEKTOPOB C HEJIMHEMHOU CTPYKTYpOM 3aBUCHUMOCTHU
KomrioHeHT. Ilpennaraemass HaMu MoaudUKalvs 3a-
KJTIOYAEeTCS B TOM, YTO B KaU€CTBE OLIEHKW HEU3BECT-
HOM KOppeasLMOHHONW MaTpuLibl OYAYyT UCIIOJIb30BaTh-
¢ MaTpULbl KO3 OUIIMEHTOB PAHTOBON KOpPpPEISLIUU
CrnmpMmeHa 1 MaTpubl KoaddumuentoB Kpamepa. C
TIOMOIIIbI0 KOMIIBIOTEPHOTO MOMAEIUPOBAHUS OydeT
MoKa3aHo, 4To agantupoBaHHbIE MMII saBisetcs 60-
see 3G GEKTUBHBIM UIST PEIICHUS 3aMauyld CHIDKCHUS
pasMEpPHOCT MHOTOMEPHOI0 BEKTOpa C HEJIMHEHHO
3aBUCUMbIMU KOMITOHEHTAMU.

JlanHast paboTa MMeeT CedyIolIyl0 CTpPYKTypy. B
pasnene 1 nmpeacTtaBiaeHa Moaeb (haKTOPHOTO aHAIU3a
U TpaguunoHHBIM MMII, ucrnonb3yeMblii B pakTop-
HOM aHanu3e. B pazngene 2 onucaHbl aganTUPOBaHHbIE
MMII u npoueaypa KOMIILIOTEPHOTO MOJEINpPOBa-
HUS CIy4aiHBIX BEKTOPOB C JMHEMHO U HEJIMHEUHO
3aBUCUMbIMU KOMITIOHEHTaMu. B pazaesne 3 mpoBeneH
CPaBHUTEIBHBIA aHAJIN3 KadyecTBa CXATUS CMOICIIH-
pOBaHHBIX BEKTOpOB. B pasmene 4 ¢ momolibio pac-
CMOTPEHHBIX METO/IOB PEIlleHa 3aa4a CHUXKEHUS pa3-
MEpPHOCTH IIoKazaTeJiell M3MEHEHUSI OTHOCUTEIHLHOIO
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npupocTta motpedbutesbckux 1eH B 2008-2014 rony nis
TPYTIBI TPOJOBOJBCTBEHHBIX TOBAPOB.

1. 3agaua akTopHOrO aHAIM3A

Mycts X = (X,.... X, )T — P-MEpHBIii BEKTOp HabIIIO-
JaeMbIX TTOKa3aTesieil y Kaxkaoro u3 # 00bekToB. O00-
3HAUYUM BEKTOp CTaHIAPTU3MPOBAHHBIX HAGMIONEHUI
uepe3 ¥ = (x,,...,x,) , rie

X -X,

Xi X )7,_:1 ” Xy S:’zzLi(/\fii—X/f-)z'
n“ :

1

S.

i

CoryacHoO KaHOHWYECKOI MO Cl)aKTO]Z)HOFO aHa-
JIN3a BEKTOP X npeaCTaBIACTCA B BUAC

¥=Lf+e, (1)

roe L — nerepmuHupoBaHHasg matpuua r X k, kK < r,
f= (fir---n /)T — crydailHBIA BEKTOp LIEHTPUPO-
BaHHO-HOPMMPOBAaHHBIX HEKOPPEIUPOBAHHBIX 00-
mux (GakTopoB, £= (sl,...,e,)T — CJIy4aliHBIA BEKTOP
LIEHTPUPOBAHHBIX YAaCTHBIX (DaKTOPOB, TaKWUX 4TO,
K03 PULMEHTBI KOppensauun o(g;,&) = 0; p(&;,£,)=0;
Lhj=1,..,rm=1,.. k

U3 dbopmysnst (1) crnenyer, 4To KOBapuallMOHHAsI Ma-
Tpunia C BEKTOpa X YAOBIETBOPSIET COOTHOIIEHUIO

C=LL"+V, 2)

rae V — muaroHanbHas MaTpHIla pasMmepa r X r ¢ Jua-
TOHAIBHBIMU 37eMeHTaMu De, =v,, a 9IeMeHTsl [,
i=1,..,r;j=1,..., kmatpuusl L aBiasiorcs Koabdu-
LIMEHTAMK KOPPEJISILIMI MEXIY TPU3HaKaMu X, 1 (ak-
TOpamMu fj , To ectb [; = p(x;, f; ). Tlo aToit mpuumnne L
HAa3bLIBAIOT MATPUILIEN HAIPY30K.

[Ipenmnoaoxum AOMOTHUTEIBbHO, YTO BEKTOP OOIIMX
¢daxTopoB ]7~ N (0,[ ), I — enuHWYHAs MaTpulla pas3-
Mepa kx k,a e~ N(0,V).

OcHoBHas 3amada (paKTOPHOTO aHaJIM3a COCTOUT B
OLEHMBAHMM MATPULbl HArpy3oK L W aucrepcuii v,
i=1, ..., r. Bole 6bUI0 CKa3aHO O TOM, YTO pa3padbo-
TaHO HECKOJIbKO METOIOB pelIeHUs 3Toi 3amaun. I1o-
CKOJIBKY B TAaHHO paboTe MOJEIMPYIOTCS TayCCOBCKUE
MoKa3arejau, i PelleHUs] 3amayu OyIeT MCIIOJIb30-
BaH ONTUMAJIbHBIU B 3TO# cutyauun MMII, naomui
ACUMIITOTUYECKNA 3P (PEKTUBHBIC OLIEHKN YKa3aHHBIX
napaMmeTposB [3].

TpaaMIIMOHHO B KayeCTBE OLICHOK 3JICMEHTOB Ma-
Tpulibl C HUCHOJB3YIOTCS BBIOOPOYHBbIE KOBapHalluu,
TOCTPOEHHBIE TIO Pe3yIbTaTaM # HaOJII0IeHUI BeKTOpa
X=(x,...,x,)". O603HauMM uepe3 A MaTpHLy BbHIGO-
POYHBIX KOBapUallMii ¢ 2JIeMeHTaMuU
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"ij:;zm:] Xy Xis boj = Loy 1.

Cnenys MMII, nns oueHUBaHUS l,,j uv,i=1,..r

j =1, ..., k HyXXHO BBIITICATh COBMECTHYIO IUIOTHOCTh

3JIEMEHTOB MaTPHIIBI A, TIpojiorapuMUPOBaTh €e
¥ HaiiT! Te 3HA4YCHMUst [, ¥ V,, IPU KOTOPBIX OCTUTA-
eTCA MaKCHMaJbHOE 3HadYeHUe JIorapu(pMHUIecKOu
dbyakiuu npasmornonodusi. Kak mokazaHo B padote
[8], pemieHue 3TOM 3aAa4M CBOAUTCSI K HAXOXIECHUIO
COOCTBEHHBIX BEKTOPOB Matpuiibl V' (A—V), Haiit
KOTOpbIE MOXHO C ITOMOIIbIO UTEPALIMOHHOM Tpolie-
nypbl. COOTBETCTBYIOIINI WUTEPALIMOHHBII aJITOPUTM
ObU1 peann3oBaH HaMu B cpeae Matlab u mogpoOHO
omucaH B pabote [9]. OTMETHM, YTO MOCKOJBKY X —
CTaHIAPTU3UPOBAHHBIN, TO KOBapHaIlUOHHAS MaTpH-
Ha C sgBasieTcsl KOppeasiiMOHHOM, a A — BBIOOPOYHOIT
KoppeassuruoHHOoN MaTpulieii. Boo6ue roBopsi, MMII
MO3BOJISIET BEIOMPATh B KauecTBe MaTpuiIbl C Kak KOBa-
PUALIMOHHYIO MaTPUILY, TaK M KOPPEISALIMOHHYIO.

3ametuM, uto L u B opmyie (1) onpenensiorcs ¢
TOYHOCTBIO 0 BpallleHUsl, 11eJIb KOTOPOTO B IMOJTyYeHUN
KauecTBeHHOU mHTepnperauuu daktopos. Haunbonee
pacnpocTpaHEHHBIMU METOAAMM BPALICHUS SIBIISTIOTCS
BapuMakc 1 kBaptumakc [10].

Eiie omgHoii nmpo6aeMoii mpy pellieHUU 3aaa4u hak-
TOPHOTO aHau3a SIBJISIETCSl BHIOODP umnciia o0lux hak-
TopoB k. CyllIecTByeT HECKOJIIbLKO CITOCOOOB pelleHUs
9TOM 3ajayu, KaK TeOpPeTUYECKM OOOCHOBAHHBIX, TaK
¥ 3MIApHYeCcKNX. Ecim B (haKTOpHOM aHaM3e Ipu-
meHsiercst MMII, To onpeaeneHue yrciia o01mux dak-
TOPOB OCHOBBIBACTCSI Ha IIPOBEpPKE CTATUCTUUECKOU
TUIIOTE3BI O TOM, YTO YHMCJIO OOIINX (DaKTOPOB PaBHO
3amaHHoM BennunHe k. TecToBast CTaTUCTUKA OTHOIIIE-
HUSI TIPaBIOTIONO0MSI IIPHU CAEITAHHBIX TIPEAITONOXCHN -
SIX UMEET pacIipe/ieJIeHue Xu-KBaapar.

2. Ananranus MMII
JIJIS HeJIMHEHHO 3aBHCHUMBIX NMOKa3aTeeil

Kak mokazaHO B MpeAbLAyIIEM pasjieie, MOAEb
(bakTOopHOrO aHaaM3a IpeAnojaracT, 4TO 3HAYCHMS
MPU3HAKOB JINHEWHO 3aBUCAT OT 00IINX (PaKTOpPOB, a B
KayeCcTBe Mephl CBSI3U CaMUX IIPU3HAKOB UCITIONb3YIOT-
csl Koo duLmMeHThl Koppeasuuu. Eciu ke npuzHaku
CBSI3aHBI HEJIMHEWHOM 3aBUCMMOCTEIO VTN U3MEPSTIOT-
cs B HOMUHAJIBHOM LIKaJIe, TO KOO(MOULIMEHT KOppeisi-
LI TEPSIET CBOIO MH(GOPMATUBHOCTh KaK U3MEPHUTEID
cuiibl cBs3u. IToaToMy B KayecTBe Mep CBSI3U TaKUX
MPU3HAKOB HAJ0 MCIOJb30BaTh Apyrue KoahuimreH-
Thl, HAIPUMEDP, KO3(POULMEHT paHTOBOI KOPPEISLINU
Crmpmena [11] unu koadodunment Kpamepa [12].
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Koaddbunmenrom panropoii Koppessiiuu CriipMeHa
0, CITy4aiHbIX BEIMYMH Y1 Z, TOCTPOSHHBIM 110 HabJII0-
neuusm (Y, Z), ..., (Y, Z ), Ha3bIBaeTCs CTAaTUCTHKA

n n+1 n+1
S G
n n+1 ’ n S n+1 >’
D N DY C oy

BKOTOpO# R — paHr anemenra ¥, BBboIOOpKE V), ..., ¥,
a S — paHroajnemeHTa Z B BbIOOpPKE 7, ..., Z .
m m 1 n

Yz

OTMeTuMm, 4TO 0, MOXKET CITyXKUTb OLIEHKOI CTeNEeHN
MOHOTOHHO# 3aBUCUMOCTHM MEXIy BeIMUMHaMu Y u Z
[13]. O603HaYMM 4yepe3 P MaTpUIly ¢ dIeMEHTaMU 0y
I<i,j<r, toe o; =p, 5~ PaHTOBEINT KO3 PUIIUEHT
Koppenauu CrimpMeHa mokasarese x, u X

HamuMm onpeaeneHue koadduimenta Kpamepa mist
Habmonenwii (Y, Z), ..., (Y, Z ) IByMEPHOTO BEKTO-
pa (Y, Z). lna storo pa3obbeM ob6nactb V, BO3MOX-
HBIX 3HAUCHUN BEJIMYMHBI Y Ha [ HemepeceKalouXcs

. !
UHTepBANOB A, , i =1, ..., I, Tak, yro U,_ Ay, =V, , a
00671aCcTh V, BO3ZMOXHBIX 3HAYEHUI BEIMYMHBI Z HA §
HETIePECEKAIOLINXCSI MHTEPBANOB A, , j = 1, ..., s, TaK,

gro U A, =V, Tycts n, — 4UCIO map BBIOOPKU
(Y, Z), ..., (Y, Z), nonaBuiux B TPSIMOYTOJbHUK
Ay XA, i=1, ., Lj=1, .5
s 1
OG603HaYMM 7, = 2/_21 npan, =y n.

zj

Torna xoappunuent Kpamepa onpenensiercst Kak

iz ,
n-min{(l—l),(s—l)}

n; }’IJ

-2 S S A
Xyz = nzz—n]" n —

i=1 j=1

k,, = rae

CTaTUCTUKA KpUTepust xu-KBagpaT. B pabote [12] mo-
KazaHo, 4yTo koa3hduuueHT Kpamepa, npuHUMaomui
3HaueHus B uHTepBaje [0,1], MOXeT cayXuTbh Mepoi,
XapaKTepHU3YIOIlel CUTy CBI3M MEXIy NMpU3HaKaMu Y
n Z. O6o3HaYMM uepe3 K MaTpuIly ¢ dJIEMEHTaMU k].j,
1<i,j<rrme kg-: kxx, — koapduiment Kpamepa mo-
KazaTeNeii X, 1 X,.

PaccmotpumM crienytonve ase momudukammy MMII.
HazoseM «monudukauueit 1» agantupoBaHHbiiit MMII,
B KOTOPOM MaTpulla BBIOOPOYHBIX KO3(DDUIIEHTOB
Koppensiuuu A 3ameHsieTcsl MaTpuLeit KoahGUIUEeHTOB
CrniupMeHa P, ¥, COOTBETCTBEHHO, «MoaupuKaIei 2»
— amantupoBaHHbeIi MMII, B KoTropoM MmaTpuiia A 3a-
MeHeHa MaTpuileit KoadhdumuentoB Kpamepa K. Harre
MPEANOJOXEHUE COCTOUT B TOM, YTO MPU HAIWYUU
MOHOTOHHBIX, HO HEJIMHEHHBIX 3aBUCUMOCTEN MEXIY
KOMIIOHEHTaMU BEKTOpa X 3adady BbIICJICHUS OOLIMX

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

(hakTOpoOB 3heKTHBHEE pelllaTh, UCTIOIb3YsT MOAU(U-
Kauuio 1, a Npy HaTMYUU HEJTMHEMHBIX HEMOHOTOHHBIX
CBA3eil — MoaupUKaLMIO 2. DTO TIPEATIONOXKEHNE TIPO-
BEpSIETCS Ha TECTOBBIX TAHHBIX C ITOMOIIIbIO OOIITMPHOTO
YUCJICHHOTO 9KCIIEPUMEHTA.

B pamkax oskcnepumeHTta 12-MepHBIE BEKTOPHI
X =(x,,...,X,,)" ObLIM CreHEPUPOBaHbI TAKUM 0OPA30M,
YTOOBI KOMITOHEHTHI BeKTOpa 00pa3oBBIBAIM 4 He3a-
BUCUMBIE TPYIIBI TTO 3 TIpU3HAKa B KaXIOW TPYIIIe.
IIpu 3TOM IpU3HAKKU TIEPBOM TPYIIIBI CUJIBHO KOppe-
JIMPOBAHHBI MEXIY COOOM, TIPU3HAKN BTOPOI TPYITITHI
CBSI3aHBI «3alTyMJICHHOW» (DYHKIIMOHAILHOM 3aBUCH-
MOCTBIO JIMHEMHOTO TUIIA, IIPU3HAKHU TPETHEW I'PYMIIbL
CBSI3aHbI «3alIyMJIEHHOW» (DYyHKIIMOHATBHOU 3aBUCH-
MOCTBIO HEJIMHEHOTO MOHOTOHHOTO THIIa, a PU3HAa-
KM 9ETBEPTOM TPYMITBI — <«3allyMJICHHOM» (PYHKITO-
HaJIbHOM 3aBUCUMOCTBIO HEMOHOTOHHOTO THIIA.

[MpuHIMT MOmEMMpPOBAaHUS KOPPEIUPOBAHHBIX Be-
JIMYUH Oa3upyeTcsl Ha WCIOJb30BAHUM CIIEAYIOLIETO
CBOIICTBa, 1oKa3aHHOTO B padote [9]. Eciu ciayvaiiHbie
BeMMUYMHEL Y 1 W He3aBUCHMMBI U MMEIOT KOHEUYHBIC
JUCIIepCUM, a BenuuuHa Z = a W + Y, 1o Koahdu-
LIMEHT KOPPENSILNA O,y = 0 BeIWYUH Z U W cBs3aH ¢
KOHCTaHTOM . COOTHOIIIEHUEM

-./ DY sign(o)
DW ' (3)

Tenepb ¢ TOMOIIBIO BCTpoeHHOTO B Matlab gatymka
TeHepUpyeTCs CTaHmapTHas HOpMayibHas CiydaifHast
BeanyuHa x, ~ N(0; 1); 3aTeM, MCTIONb3Ysl COOTHOILIEHUE
(3), renepupyercst x,~ N(0; 1), takas uro o, = 0,7; 3a-
TeM x;~ N(0; 1), takast yro p,, =0,7.

IIpyHLMN TeHepaluu BTOPOM, TPEThel W YETBEP-
TOM Tpynm cienytommuit. [TycTsb ciaydaiitHbIe BeTMIUHEI
a,, G, 0., UMEIOT YCEYCHHOE CTaHIapPTHOE HOPMaIbHOE
pacripeniesieHue, a BETMYUHBL £, ..., & ~ N(0; 1). Torma
3HAYEHUS TIPU3HAKOB X, ..., X, BBIYUCIIAIOTCA 11O Clie-
JIyolmuM (popmyiam:

X5=f(a|)+€2, x6=f(f(a]))+ &,
x=g(a,)+e5, xo=8(8(a,))+¢,
Xo=0as+&,, X, ,=h(a)+&, x,=hh(a,))+e,,

x,=a,+e,,

X, =a,tE,,

roe dyHkuus f(-) — nuHeitHas ¢GbyHKuus, g(-) — He-
JMVHEiTHass MOHOTOHHAsI GYHKIUS, A(-) — HEeJTMHEeHas
dbynkuus. Peanuzanyu 3HaYeHU TTap IPU3HAKOB IS
Kaxaoi n3 yeTeipex rpynin oobema 10 000 mpeacrasie-
HBbI Ha puc. 1.

ITomMuMo ykazaHHbiX Moaudukauuiit MMII notpe-
0OBaJIOCh MPUMEHUTh OPYroil CIOco0 ompeaeeHMs
yuciaa o0mux (akTopoB, TaK KaK KPUTEpUii, OCHO-
BaHHBIA Ha CTATUCTUKE OTHOIICHUS MPaBIONOI00MS,
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-15 -1 -0.5 0 0.5 1 15

5 . . . . .
-15 -1 -05 0 05 1 15

Puc. 1. Peanu3aumm npusHakos B rpynnax AeMOHCTPALMOHHbIX JaHHbIX

OKaszajics HepabOTOCIIOCOOHBIM Ha MOAEIMPOBAHHBIX
JaHHBIX. DTOT (aKT OOBSICHSIETCS TeM, YTO TECTOBas
CTaTHCTHKA UMEET pacIipeie/IeHe X-KBaapar B CJIyJae
rayCCOBCKMX HAOJIONEHUI, @ KOMIIOHEHTBI X, ..., X,,
CTEHEepHUPOBAHHOTO BEKTOpPA X SIBISIIOTCS HEJIMHEIHBI -
MU TIpeoOpa30BaHUSIMH TayCCOBCKUX CIyJailHBIX Be-
JIMYWH U, CJICIOBATENIBHO, HE SIBJISTIOTCS TayCCOBCKUMM.
TTostomy miist onpeaeiaeHus yucia oomux (HakTopoB
HaMu ObUT pealu30BaH CIEAYIOIIUNA SMIMPUIYECKUIA
METO]I.

Ha nepBomM 1iare npumMensiercss MMII ¢ yuciom o6-
KX (GakTOpOB paBHBIM YMCITY NMPU3HAKOB. 3aTeM IS
MOJYYEHHOI MaTpUIIbl HArpy30K L BBIYUCISIIOTCS KO-
3D OULIMEHTHI

w= S Pj=lr @)

Kaxnprit 13 K03GbOUINEHTOB 4, TOKA3bIBAET KO-
JIMYECTBO CYMMApHOTO CpPEeIHEKBaApaTUIeCcKOro OT-
KJIOHEHUsI TPU3HAKOB, KOTOPOE OOBSICHSETCS [O-
OaBieHuEM j-ro dakTopa K yxe umerommmes j — 1
(axTopamf, ..., j;_ .- Bciyyae HOpMUPOBAHHBIX TIPU3HA-
KOB ITOJIOXKMM YU CJIO 001X (haKTOPOB paBHBIM K, €CIIU
u,=21,au_ <1 Ha Bropom uare 3amyckaercs aaro-
put™M MMII ¢ BeIOpaHHBIM unciaoM (dakTopoB. O60-
CHOBaHMe TaKoTo crnocoba BeIOOpa MpUBEIEHO B pabo-

Te [9].

3. CpaBHHTEIbHBIIH AHATH3
TPaAMIMOHHOrO M aganTupoBanHbix MMII

TlepeitneM K mpencTaBiIeHUIO Pe3yJbTaTOB CXXaTUS
BEKTOpa X = (xl,...,xlz)T , CTPYKTypa KOTOPOIO OITH-
cana B pasnmene 2. IlociaemoBaTelbHO NTPUMEHUM K

28

JEMOHCTPAIIMOHHBIM TaHHBIM BCE TPX METOMIa C MaK-
CUMAaJIbHBIM YMCJIOM OOIIMX (PAaKTOPOB paBHBIM 12.
3HaYeHus 4, ..., i,,, BBIYUCIEHHBIE 1O (hopmyJie (4),
qutst TpaguionHoro MMIT u iByx ero Mmoaudukanmii
MpeacTaBAeHbl Ha puc. 2, 3 U 4 COOTBETCTBEHHO.

12 3 4 5 6 7 8 9 10 11 12

Puc. 2. TipupatLieHns 06bACHAEMOro
CpPeHEKBAAPATIYECKOr0 OTKNOHEHWUS ANs (hakTopoB
C NepBoro no ABeHaaLaTblil Ang TPaAMUMOHHOM METoAa

12 3 4 5 6 7 8 9 10 11 12

Puc. 3. TipupatLieHns 06bACHAEMOro
CPeHEKBAAPATIYECKOr0 OTKNOHEHUS ANs (hakTopoB
C NepBoro no JBeHaauaTblit ans Moaudukaum 1

bUSHEC-HH®DOPMATHKA Ne3(33)-2015 r.
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12 3 4 5 6 7 8 9 10 11 12

Puc. 4. TpupatlieHnst 06bACHAEMOr0
CPEHEKBAPATIYECKOrO OTKNOHEHINS Ans (DaKTOpOB
C NEPBOro No BEHaALATbIA Ans MoaudNKaLN 2

CornacHo puc. 2 n 3, 3Ha4eHue #; > 1 NOIy4eHO MpU
Jj=1,2,3nuu,=1npuj=4,5,6. [lostomy m1s Tpanu-
nuoHHoro MMII n momudukanum 1 cuntaeM 4mucio
o01mux hakTopoB k= 6. MaTpulia Harpy30K TpaguLI-
oHHoro MMII umeer ciaeayroumii BUi;

-0.0022 -0.0042 [0.7144] 0.0057 -0.0010 0.0077
-0.0047  0.0077 [0.9845] -0.0001 0.0009 -0.0001
0.0003 -0.0046 [0.7079] -00045 00180 -0.0007
0.0033 0.0009 0.0000 -0.0018  0.0012
0.0020 -0.0001 0.0011 0.0004 -0.0004
0.0028 [0.9989] -0.0006 -0.0003 0.0001 -0.0000
0.0017 -0.0040 0.0039 -0.0042 -0.0046
0.0018 -0.0001 -0.0001 -0.0000 0.0000
0.0068 -0.0047 -0.0029 0.0013 0.0052
0.0016 0.0099 -0.0023 -0.0160 -0.0232 [0.8265
-0.0136 -0.0026 0.0041 [0.8483] -0.1786 0.0078

0.0130 0.0097 0.0158 -0.1914 —0.8366| -0.0208

BunHo, 4TO 3TOT METON MPaBUJIBHO OIpeaessaeT 00-
e (haKTopbl, COOTBETCTBYIOIINE TPYITIE TPU3HAKOB C
MOHOTOHHBIM HEJIMHEWHBIM TUIIOM 3aBUCUMOCTH (BbI-
COKHEe Harpy3KW 3THUX IIPU3HAKOB Ha MEPBEIN (aKTop
BbIZIEJIEHBI B CTOJIOLE 1), rpyrne ¢ JUHEHHBIM TUIIOM
3aBHUCUMOCTH (BBICOKHME HArpy3KHd STHX IIPU3HAKOB
Ha BTOpOI (haKTOp BBIIEJICHBI B CTOJIOLE 2) U IpyIine
CHJIBHO KOPPEINPOBAHHBIX ITPU3HAKOB (BBICOKME Ha-
TPY3KU 3TUX NMPU3HAKOB Ha TPETU (HaKTOP BbIAEIEHBI
B crosi6ue 3). [lpusHaku x,,, X, X,, UMEIOT BHICOKUE
Harpy3ku Ha IeCTOI, YETBEPThI U MATHIA (haKTOpPhI
COOTBETCTBEHHO. TakmM 00pa3oM, TpamuIIMOHHBIN
METOJ, BBIACISET B OTOENbHBbIE (DAKTOpPBI MPU3HAKU
CBSI3aHHBIE HEMOHOTOHHBIM TUIIOM 3aBUCUMOCTH.

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

Marpuna Harpy3o0K MoauduKanuu 1 uMeeT cieayro-
LIV BU:

0.0045 -0.0070 0.0080 -0.0020 0.0067
0.0099 -0.0081 [0.9782| -0.0024 -0.0008 0.0004
0.0133 -0.0100 0.0017 -0.0033 0.0118
-0.0016 -0.0024 0.0002 -0.0013  0.0022
0.9964] -0.0015 0.0005 -0.0007 0.0002 -0.0004
0.9989] -0.0005 -0.0005 0.0002 0.0000 -0.0000
-0.0102 -0.0026 -0.0003 0.0008 -0.0014
-0.0094 -0.0047  0.0003 -0.0024 0.0005
-0.0094 -0.0084 0.0078 -0.0063 0.0061
0.0012 -0.0013 0.0164 0.0018 -0.0174

-0.0030 -0.0074 -0.0096 |-0.8918| -0.0138 -0.0005
-0.0029 0.0211 -0.0081 0.0196 [-0.8486] 0.0112

OTOT crocod TakXke BEPHO BBIIESIET TPU TPYIIIbI
3aBUCUMBIX NTPU3HAKOB — MPU3HAKHU C IMHEWHBIM THU-
TIOM 3aBUCUMOCTH (MePBbIA HaKkTOp), MPU3HAKU C MO-
HOTOHHBIM HEJIMHEWHBIM TUIIOM 3aBUCUMOCTH (BTO-
poii (hakTOp) M CHIIBHO KOPPEINPOBAHHBIC TIPU3HAKHU
(Tpetuii dakTop). Kak u TpaguiimoHusiiit MMII, Mo-
nudukainus 1 He BBISIBASET YETBEPTYIO TPYMITY MpPU-
3HAKOB, CBSI3aHHBIX HEMOHOTOHHBIM TUITOM 3aBUCU-
MOCTH.

Ha puc. 4 BugHO, 4TO GOJBINE EAMHUIIBI OKA3ZATUCH
3HAYEHUS y TOJIBKO JJIS YeThipex (pakTopoB. MaTpulia
Harpy3o0kK sl Moaudukanuu 2 npu k=4 uMmeeT ciie-
OYIOLIUIA BUL:

0.0343 -0.0386 0.1032 |-0.4380
0.0338 -0.0503 0.1406 |-0.6847
0.0300 -0.0499 0.1020 |-0.4317
0.7777| 0.0080 -0.0028 0.0003
0.9019] 0.0168 -0.0108 0.0059
0.9278] 0.0209 -0.0091 0.0044
0.0415 |-0.7596| -0.0391 0.0163
0.0413 |-0.8061| -0.0485 0.0172
0.0376 |-0.6744] -0.0318 0.0138
0.0305 -0.0502 [0.4291] 0.0461
0.0388 -0.0682 [0.7326| 0.1241
0.0373 -0.0638 |0.5750| 0.0875
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M3 Tpex pacCMOTpEHHBIX CHOCOOOB TOJBKO 3TOT
CIOCO0 BEPHO BBIJENSIET BCE YEThIPE TPYIIIBI 3aBUCH-
MBIX MPU3HAKOB. Tak, B MepBbiii (haKTOp BhIAEICHBI
MPU3HAKY C JIMHEWHBIM TUIIOM 3aBUCUMOCTH, BO BTO-
poit — IMpU3HAKYU C HEJIMHESHBIM MOHOTOHHBIM THUITOM
3aBUCUMOCTH, B TPETUI — MPU3HAKU C HEMOHOTOHHBIM
TUTIOM 3aBUCUMOCTH, & B YeTBEPThIi — CUJIBHO KOppe-
JINpOBaHHBIE TIpu3HaKW. OmTHAKO CIIeAyeT 3aMETUTh,
YTO HATpy3KU IUISI TPYIIN MoKa3aTejaeii ¢ MOHOTOHHBI-
MM THIIAaMU CBSI3U HIXE, Y€M Y IBYX MPEIbIIYIIIX Me-
TOHOB.

OTMEeTHMM, 4TO Ha IPYTMX CMOAEIMPOBAHHbIX TaHHbBIX
AHAJIOTUYHOW CTPYKTYPBI TPEICTaBICHHBIA 3MITUPU-
YeCKMIT METOJ OIpeAesIeHUs Yncia (haKTOPOB IIPoe-
MOHCTPHUPOBAJ aJeKBaTHbBIE pe3yabTaThl. [IprMeHeHre
K MaTpullaM Harpy3oK METOJOB BpallleHHsI He BHECIIO
CYIIECTBEHHBIX U3MCHEHUIA.

IIpu nonwiTKe 3agaTh B TpaguuuoHHoM MMII u B
Moaubukanuu 1 yrcio odmux ¢hakTopoB k=4 ObLIU
TOJTy9eHBI MaTPUIIBI HATPY30K, Y KOTOPBIX B Y€TBEP-
TBI (paKTOp BBIAC/ISUIACH JIMIITL OJHA W3 KOMITIOHEHT
YETBEPTOro MOIBEKTOPA.

4. IIpnmep
C peajibHbIMHU JIAHHBIMH

[IponeMoHCTpUpPYeM pPabOTy TPeX pPacCMOTPEHHBIX
METOIIOB Ha peajbHbIX AaHHBIX. [T neMoHcTpaiuu
2¢hdeKTUBHOI pabOThl METOAOB CXATHSI MHOIOMEp-
HBIX IIPU3HAKOB XOTEJIOCh BBIOpPATh TaKUE MOKA3aTeu,
YTOOBI HAJMYMe 3aBUCUMOCTH MEXIy HUMU OBUIO B
3HAYNUTEJIBHON CTEIeHU IIPeIcKa3yeMo M3 coodpake-
HUI 30paBOro cMbicia. Mbl BBIOpaau e€XeHelneabHbIe
CpemHMe MOTPEeOUTETbCKHE 1IEHBI Ha HEKOTOPHIE TTPO-
JIYKTBI TUTAaHUS 3a iepuoy ¢ stHeapst 2008 1. 1o arnpenb
2014 r. B naHHOM cltydae Ipu3HaKaMHU SIBIISIIOTCS LIEHBI
Ha KOHKPETHbIE TOBAphI, a HAOIOACHUSIMU — LIEHBI Ha
TOBaphl B (hMKCUPOBAaHHBIE MOMEHTHI BpemeHU. Co-
IIacHO Mopaenu (aKTOPHOTO aHaliu3a, HaOIIoJeHUS
3a KaXXIbIM MPU3HAKOM JOJDKHBI OBITh HE3aBUCHMBI 1
OIMHAKOBO pactpesneneHbl. Ho, MOCKOJbKY IeHB Ha
TOBapbl pacTyT C TeYeHUEM BPEMEHU, TO B KayeCTBe
peanusauyy X, i-ro MpU3HaKa [Uisl j-ro HaGMIONCHNS
OyneM paccMaTpuBaTh He caMy 1IeHY i-TO TOBapa B MO-
MEHT BpeMeH! j (0003HaYNM ee cl.j), a BeJIMUMHY OTHO-
CUTEJILHOTO MPUPOCTA LIEHBI, T.€.

X = €~ Cig-y

ij
G-y
B kauectBe MNpHM3HAKOB ObLIM BBIOpAaHbI OTHOCHU-
TeJIbHbIE TPUPOCTHI LIEH Ha CJAeAyIollre TOBaphbl: ro-
BSIIMHA, COCUCKM U capAeibKU, Kojbaca IOJyKoIde-

Has U BapeHO-KoIlueHasl, Kojibaca BapeHas I copra,
TOBSIIMHA U CBUHUHA TYIIeHAas KOHCEPBUPOBaHHAs,
Macjio CJIMBOYHOE, CMETaHa, TBOPOT XWUPHBINA, CHIPHI
CHIYYXXHBIC TBEpIble W MSTKHE, MyKa IIIIeHWYHAas,
xJ1e0 ¥ OyJIOUHbIe U3NEeIrs U3 MIIeHUnYHOoU MyKu. Exe-
HeJe/IbHbIE CpPeIHKME IMOTPEOUTEIbCKME LIEHbI HAa 3TU
MPOAYKTHI 32 YKa3aHHBIN MEpPUON B3ATHI ¢ caiita Pe-
JepajlbHOM CIyXO0bl TOCYJApPCTBEHHOM CTaTUCTUKU
(www.gks.ru). TIOHSITHO, YTO TMEpPBbIE MSATh MPOIYKTOB
00pa3yIoT «MSICHYIO» TPYIIILY, CJICAYIOLINE YeThIPE IIPO-
JIYKTa — «MOJIOYHYIO» TPYIIITY, a MOCJCIHUE JABA MPO-
JOYKTa — «MYYHYIO» TPYIIILY.

[TpuMeHUM nocaea0BaTeIbHO BCe TPU CIIoco0a cxKa-
THSI K UMCIOIINMCS TaHHBIM. IJIsT oTIpeaeieHns Imc-
Jla 00IIMX (PaKTOPOB BHIYMCIUM JIST KaXKIOr0 METOIa
KOS(QOULUEHTHI 4, ..., i, IO bopmyie (4). st obe-
UX MoIMMUKALIMI 3HAYECHUST OOJIBIIEC CIMHUIIBI UMEITN
TepBble TpU KO3 GUIIMEHTa, TTOITOMY YHCIO OOIINX
¢akropoB k= 3. Y tpagunmonHoro MMII 6an3kuMm K
eIMHMLIE OKA3AJICA U [, YTO BBI3BIBAET HEKOTOPhIE CO-
MHEHUSI OTHOCUTEJIbHO BKJIIOYEHUsI 4€TBEPTOro hak-
Topa. MBI IPUHSIJIN PellleHNe O BKIIOYSHNH TpeX (hakK-
TOpoB. OTMETUM, YTO B OTJIMYME OT MOJACIMPOBAHHBIX
JMAHHBIX, JJI PeaJIbHBIX TaHHBIX IMOTPEOOBAIOCH TIPH-
MEHUTb METOAbl BpallleHUs] HArpy304HOI MaTpPHIIBI.
DTO MO3BOJWJIO CYLIECTBEHHO YJIYYIIUTh MHTEPIIPE-
THPYEMOCTb PE3yJbTaTOB KaXXIOT0 M3 TpeX METOHOB.
ITosToMy omycTHM IpeAcTaBieHUe MaTPUIl HATPY30K,
TOJIYYeHHBIX 10 MPOIETyPHI BPAIlCHMSI.

Matpuna Harpy3ok TpamuuuoHHoro MMII mocie
BpallleHUS UMEET CJICTYIOIINIA BUI:

0.0763  -0.1608
0.0406  -0.2426

0.0537  -0.0971

-0.0657  0.1389

0.6518] -0.0541  0.0374

-0.0711  0.0205

0.0975 -0.4298

02239  -0.0078

0.0544  0.2281

-0.0472 -0.0053

0.0166 0.1819

Kak m oxwunanoch, MpU3HAKU OTYETIMBO OOBEI-
HUJIUCh B Tpu rpymibl. [lepBolil (pakTop 00BEIUHSET
MPOOYKTBHI <«MSICHOM» TIPYNIbI, BTOPOU — <«MYYHOMN»
TPYIIIBI, & TPETUN — «MOJIOYHO». OMHAKO U3 O0IIei
KapTUHbI HECKOJIbKO BbIOMBAIOTCSI CTPOKU, COOTBET-
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CTBYIOIIIME IPUPOCTY LIEH Ha BapeHYIO Koybacy (CTpo-
Ka 4) u cMeTaHy (cTpoka 7). BumHo, 9TO IpUpPOCT IIeH
Ha Koj0acy MMeeT CyIIeCTBEHHO MEHBIIYI0 HArpy3Ky
Ha «MsICHOI» (haKTOp, YeM OCTaJIbHblE MPU3HAKU U3
3TOI TPYIIIBI, a IPUPOCT 1LIEH Ha CMETaHy MMeeT He-
Maityto Harpy3ky 0,429 u B «<My4yHOM» rpyIre.

Martpunia Harpy3ok moaudukauu | mocie Bpaiie-
HUST UMEET CIIeTyIOIIUi BULL:

0.0273 -0.0774
0.1401 -0.0513
0.0854 -0.0426
0.0247 -0.1153
0.0110 -0.1250
0.7496] -0.0413 -0.0142
0.7817] -0.1850 -0.0820
0.8146] -0.1559 -0.1012
0.7728]  0.1204 0.1601
0.0432  -0.0625
-0.0180 -0.1533

OTOT ¢nocob TakxKe IO3BOJISIET SIBHO BBLIACIUTbL TPU
¢dakTopa, COOTBETCTBYIOIIUX <«MOJOYHOI» (TEepBbIA
dakTop), «MSICHOI» (BTOpOM (haKTOp) U <«MyIHOM»
(Tpetuit dakrop) rpynmam. Ho,
pe3ynbTaToB TpaguuuoHHoro MMII, yerBeprast u
cebMasi CTPOKM, COOTBETCTBYIOIINE BapeHOI Kobace
W CMeTaHe, MajJo0 OTIMYAIOTCSI OT JAPYIrUX CTPOK
cBoux rpymm. To ecTh, pa3dMeHne CTPOK Ha TPYIIIHI
«TIOXOXECTHU» OKa3bIBaeTCsS 0Oojiee YETKUM, 4YeM B

B OTJIMYHUE OT

TPaTUIIMOHHOM METOJE.
Marpuiia Harpy30K MoaudbUKaluu 2 TOcjie Bpalle-
HUST UMEET CIIeTyIOIIUil BUL;
0.1265-0.1382
0.5407]0.1425-0.0716
0.5426(0.1227-0.1277
0.5381]0.1130-0.1235
0.5009(0.1265-0.1350
0.1331]0.5229|-0.1304
0.1839[0.5642|-0.0820
0.1573/0.5590|-0.0389
0.0704[0.4679|-0.2211
0.15580.1338|—0.4246

0.16250.1216]|-0.5062

DTOT cnocob TakKe MPaBWIbHO BbIAEISIET TpU (hak-
Topa, MpUYeM KapTHHA pa3OueHus TPU3HAKOB Ha TMOo-
XOXHe TPYIIBI JOCTaTOYHO oT4eTiMBasi. OMHAKO BCe
MPU3HAKU MMEIOT Ha «CBOW» (DaKTOPbI MEHbBIIINE Ha-
TPY3KH, YeM B IBYX TIPEABIIYIINX MATPUIIAX.

3akiouenue

B nmaHHoIi paboTe paccMoTpeHa 3aJadya CHYKEHMUS
pasMEepHOCTY MHOTOMEPHOIO BEKTOpa ITOKazaTeleid.
[Ipu perieHn 3TOM 3aga9y IPUMEHEH TPaTUIIMOHHBINA
MMII u gBe MoauduUKALUK 3TOrO METOAA, UCIIOJb-
3yIOIIME B KAYECTBE MEP CBSI3W IPU3HAKOB PAHTOBBIC
ko3 duimeHTsl Koppensiuuu CrnupmeHa (Moaudu-
Kauus 1) u koadduuumentsl Kpamepa (Mogudukamys
2). J1y1s1 cpaBHEHUSI KaueCcTBa CXKaTUsI TUMU METOIaMU
MPOBE/ICH YMCICHHBIN 3KCITEPUMEHT, B XO/Ie KOTOPOTO
CTeHEepHpPOBaHHI 12-MepHBIE CIyJaiiHbIe BEKTOPHI, CO-
CTOSITITME M3 YEThIPEX HE3aBUCUMBIX IOABEKTOPOB. [1pn
5TOM KOMIIOHEHTBI MEPBOI0 IOABEKTOpA SIBJISUIUCH
CIJIBHO KOPPETUPOBAaHHBIMU, KOMIIOHEHTHI BTOPOTO —
CBSI3aHHBIMU «3aIIyMJICHHOM» (DYHKIIMOHAJIBHOM 3aBH -
CHMOCTbBIO TMHEHHOTO TUIIa, KOMIIOHEHTHI TPEThETO —
CBSI3aHHBIMU «3alllyMJIEHHOW» (DYHKIMOHAJIbHON 3a-
BUCUMOCTbI0O MOHOTOHHOTO HEJMHEHHOIro THIa, a
KOMIIOHEHTBI YE€TBEPTOTO — HEMOHOTOHHOM «3allIyM-
JICHHOI» (PYHKIIMOHAJIBHOW 3aBHMcUMOCThIO. Okasa-
JIOCh, YTO TpaguiuoHHbii MMII poctatrouyHO XOpo-
III0 BBIACISICT B 0OIIMe (haKTOPBI KOPPEIHpPOBAHHBIC
MPU3HAKWA W TIPU3HAKU, CBSI3aHHBIE 3aBUCHUMOCTSIMU
JIMTHEWHOTO ¥ MOHOTOHHOTO THUIa. OMHAaKO 3TOT METOL
HE CIOCOOEH BBIIEIUTh B €IWHYIO TPYIITY TIPU3HAKH,
CBSI3aHHbIE HEMOHOTOHHOM 3aBUCUMOCTbI0. Monubu-
Kanus 1 Tmokasayia aHaJIOTUIHBIC Pe3yIbTaThl, U TOJIb-
KO MomuduKanus 2 MpaBWIBHO BBIACINIIA BCE YETHI-
pe TPYIIBI CBA3aHHBIX MPU3HAKOB. DTO OOBSICHSIETCS
TeM, 9To KoadduimeHTs KpaMepa, NCIIoIbp30BaHHBIE
B MoaudUKaimy 2, OCHOBaHbI Ha CTaTUCTUKE KPUTE-
pUsl XM-KBaApaT, KOTOPBIN SIBISIETCSI COCTOSITEIbHBIM
MPOTUB JIIOOOTO BUAA AJIBTEPHATUB O 3aBUCHUMOCTHU
CIyJaliHbIX BeJIUYUH. KpuTepuu e, OCHOBaHHbIE Ha
BBIOOPOYHOM KO3GGUIIMEHTe KOPPESIIIUY, HCIIOJb-
3yeMOM B KaueCTBE Mepbl CBS3U MPU3HAKOB B TPaIu-
LMOHHOM METOJE, WIM Ha PaHrOBOM Ko3(ddulIMeHTe
CrniupMeHa, UCTofib3yeMOM B Momudbukaiuu 1, sBis-
IOTCSl COCTOSITEJIbHBIMU JIMIIL TIPOTUB aJbTepPHATUB O
JIMHEMHOM WJIM MOHOTOHHOM 3aBUCUMOCTH IIPU3HAKOB
COOTBETCTBEHHO. OHAKO YHUBEPCATBLHOCTh KO3 bu-
nueHta KpaMmepa uMeeT U HeraTUBHYIO CTOPOHY: €ro
IpUMEHEHNE TIPX BEIIBICHUY JUHEHHBIX I MOHOTOH-
HBIX 3aBUCUMOCTEN MeHee 3(D(hEeKTUBHO, YeM UCIIOJIb-
30BaHME KO3(PPUIIMeHTa KOPPETSIINN.
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PaccMoTpeHHBIE MeTOmBI ITOKAa3ajd aJcKBaTHEIC
pe3yJabTaThl B TMIPAKTUYECKOM 3agavue CHVDKCHUS pas-
MEPHOCTM BEKTOpa OTHOCHUTEJIBHOIO MpPHUPOCTa LIEH
Ha IIPOJOBOJIbCTBEHHBIC TOBaphl. IIOCKOJBKY Bce
TPH CcIOco0a CxKaTHS BBIACIWIN OIUHAKOBEIC (PaKTO-
pHI, ClIemyeT MPU3HATh, YTO UCTUHHBIC 3aBUCHUMOCTH
MEXIy ITOKa3aTeIIMHI UMEIOT MOHOTOHHBIN XapakKTep.
Hamnb6oiee 4eTKyI0 CTPYKTYpPY MaTPHUIILI HATPY30K MO~

Kazana momudukamnus 1. DToT hakrt, Mo-BUAUMOMY,
TOBOPUT O TOM, YTO CYIIECTBEHHBII BKJIaa B BapHa-
LU0 TIPU3HAKOB BHOCST YacTHBIE (PaKTOpPHI, a KO-
¢uuuenTel CiupMeHa, Kak 0oJjiee pobacTHbIE OLEH-
KM UCTHUHHBIX KO3G(GUIIMECHTOB KOPPESIIINHT, JIyJIIIe
YIaBIUBAIOT HaJIMYWe JIMHEIHOI 3aBUCHUMOCTH 3a-
IIYMJIEHHBIX JaHHBIX, YeM BbIOOpPOUYHBIE KOB3(DDULIU-
€HTBI KOppeIsuuu. B
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10 solve the problem of reduction of the multidimensional vector of indicators methods of factor analysis are used.
One of them is the maximum likelihood method (MLM). It allows to identify uncorrelated common factors among
the set of correlated quantitative indicators. The uncorrelated common factors can represent initial indicators without
significant loss of information. Common factors are detected using a special representation of the correlation matrix
of the observed indicators. However, the correlation coefficient is not defined for the characteristics measured in a
nominal scale. In addition, it cannot serve as a measure for the strength of the coupling indicators with nonlinear
dependence. Traditional methods of factor analysis are ineffective for such situations. Two MLM modifications are
proposed in the paper. They use the rank Spearman correlation coefficients and Cramer coefficients as measures of
relationship between variables. 12-dimensional vectors with their coordinates dependent on each other with linear and
nonlinear dependency were simulated, using the Monte Carlo method. Then a comparative analysis of the effectiveness
of the traditional MLM and the two proposed modifications of the MLM was carried out for these data. It is shown
that only adapted method that uses the Cramer coefficients is able to combine correctly the indicators related with
nonmonotonic dependency in the common factor. On the other hand, this method has a lower efficiency than the other
two methods in the cases where the dependency between variables is linear or monotonic. 1o demonstrate the efficiency
of these methods on real data, the task of reducing the dimension of the dynamics of the relative consumer price growth
in the years 2008-2014 for a group of food products has been solved.

Key words: factor analysis, common factors, the maximum likelihood method, correlation matrix, matrix of loadings,
Spearman rank correlation coefficient, Cramer coefficient.

Citation: Goryainova E.R., Shalimova Ju.A. (2015) Snizhenie razmernosti mnogomernyh pokazatelei
s nelineino zavisimymi komponentami [ Reducing the dimensionality of multivariate indicators containing
non-linearly dependent components|. Business Informatics, no. 3 (33), pp. 24—33 (in Russian).
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Cmpykmypbt 0aHHbIX AGASIOMCS PACRPOCMPAHEHHbIMU ROKA3AMEAIMU 8 CPede YRPAaBAeHUs OGU3HeC-NPOeKmamii.
Hngpoepagura kax ocoboe HanpaeeHue KOMMYHUKAUUOHHO20 OuU3aiiHa npedycmampueaem pso epaguueckux
CNnocob08, NO380AAIOUUX BU3YANUZUPOBAMb UHPOPMaUI0 makoeo poda. Tlpumenenue Kaxicooeo u3 umerouuxcs
MUNO8 OUASPAMM CONPSANCEHO C ONPEOeNeHHBIMU 02PAHUYEHUAMU, CEA3AHHLIMU ¢ 0COOEHHOCMAMU BU3YANbHORO
BOCHPUAMUSL U CeMUOMUHECKOU cneyugukol. H3-3a HedocmamouHoll cmeneru Usy4eHHoCmu Obll 8blOpaH mun
CMPYKMYPHOIL duaepammsl — nomokosas duazpamma CIHKell, KOMOpas 4acmo UCnoab3yemcs 8 OusHec-npoyeccax
015 npedcmaenenHuss cmpykmypol OanHolX. 15 6blseneHus memodos oueHKU @opmol epaguueckoeo obpasza
BU3YAAUZAUUYU CIMPYKIYPbI OGHHBIX 0bl1 NPOBEOeH dKCNEePUMEHM, 8 KOMOPOM 6 Kauecmee CUMYAA 8biCYNand
4-nomokosas duaepamma. Pesyavmamol enazodsueamenvroii akmueHocmu 4ea08eKa UKCUPOBAIUCH C NOMOUBIO
cucmembl UOe00KYA0epaduu uau aii-mpexepa.

B kauecmee memoda amanuza Oviau npuHAMbL UepapxuvecKue OUGU3UMHbIE AN0pPUMMbL, pabomaroujue ¢
VHUBEPCANbHBIM KAACMEPOM, COCOSUUM U3 BCEX 3PUMENbHBIX PUKCAUULL, C NOCAOYIOUUM NOULA208bIM pa30oueHUem
€20 Ha meHbulue yacmu. boiio obHapysceno, KaKk MUHUMYM, Yembipe KAacmepa, OCHOBAHHbIX Ha Koopdunamax. B
HallOeHHOIl MO0eaU NpUCYMCmMBE08an «6X00HOI» KAACMeDP U «BbIXOOHAs epynna KAacmepos» U 16HO ONpedesuncs
UEeHmpanbHblil Kaacmep 3pumenvHvix @uixcayuil. [lpu Oanvheiluiem yeeauveHuu 4ucia KAACMepos KApMuHa
MeHsAach 8 cmopoHy bonvuieli demanusayuu. OueUOHO, YMO NPOCAEHCUBAEMCS ONPEOeNeH bl HAPPamue npu
paccMampuganuy OUazpamMmbl, GblAGASIOUWUIL NOCIe008AMEAbHOCb «OBUNCEHUS»> NOMOKA, OM Ueno20 K eeo
CIMPYKMYPHbIM 4acCmsAM. B umoee kaacmepHas aneopummu3ayusi Ux aHaau3a no3eonsiem nepesecil U3yanbHyHo
UHMepnpemayuo CMpYKmyp 4UcA08biX OGHHbIX 8 Kpye 3a0a4 No00epicKU NPUHAMUS peuleHull, peulaemslx ¢
HOMOWbIO NPOSPAMMHBIX CDEOCMS.

Kirouessie cii0Ba: KiacTepHBIN aHaM3, MHMorpaduKa, BU3yaau3aius JaHHbBIX, CTPYKTYpa MaHHBIX, TuarpamMmma,
BUIEOOKyNOoTrpadusi, aii-TpeKep.

IMuruposanue: JlanreB B.B., Opnos [1.A. KiactepHblii aHaIu3 BU3yaJbHOTO BOCIIPUSATHS CTPYKTYPBI
naHHbIX // buzHec-uHdopmaruka. 2015. Ne 3 (33). C. 34—43.
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BBenenne

TpaBjieHue UHGbOpPMaluel, KoTopas Mmoapasy-

MEBAET NOCTPOEHME CTPYKTYP Pa3IMYHOrO pojaa

M CLIEHApUEB UX BOCTIPUSITHS, SIBJISIETCS BaXKHOM
npuKiIagHoi 3agadeil. CTPYKTYphl JaHHBIX SBJISIOTCS
paciopoCcTpaHEHHBIMU TOKAa3aTeIsIMU B Cpele yrpas-
JleHusi Ous3Hec-mpoeKTaMu. Borpockl, cCBSI3aHHBIE C
WX BU3YaJIbHOW MHTEpPHpETalMed, SIBJISIOTCS aKTyasb-
HBIMU B CBSI3W C BapMaTUBHOCTBIO (hOPMEI TIpEACTaB-
JleHus. JIo cux mop CyIIeCcTBYIOT MpPoOJIeMbl BU3YaTH -
3aLIMM YMCJIOBBIX JAHHBIX, BOZHMKAIOIIUE TTPU BHIOOPE
COOTBETCTBYIOIIMX TUITOB AxarpaMm. Tak, OMUH U TOT
K€ MMPUMeEP CTPYKTYPbI TaHHBIX MOXET ObITh MPEACTAB-
JIEH B Pa3JIMYHBIX MaTTepHax: OPYCKOBBIX, CEKTOPHBIX,
TUIOCKOCTHBIX WJIM TTOTOKOBBIX Ararpammax. I1paBuiib-
HbIi1 BBIOOP (hOpMbI OCHOBBIBAETCS HE TOJIBKO Ha yUeTe
KOHTEKCTa MU CEMaHTUYECKUX CBSI3E MEXIy YMCTOBBIM
MacCHBOM U ero rpauyeckuM o0pa3oM, HO U Ha Ya0-
0ounTaeMocTu rpadurka U MpoOCTOTE €ro BOCIPUSTHSI.
DTo KacaeTcs BM3yaJIM3allud HE TOJIBKO CTPYKTYDPhI
YMCJIOBBIX NaHHBIX, HO U KJIaCCU(PUKALMOHHBIX WU
HMEPAPXUYECKHX CXEM C KOJIMYECTBEHHBIM aHAU30M.

1. N3y4yenue Bonpocos ¢opmMooOpa3oBaHus
NP BU3YAJIM3AIUMA CTPYKTYPbI IAHHBIX

I'pacdnueckoe mpencraBieHe TaKUX Pe3yIbTaToOB, a
3HAYUT, U orpenesieHre GopMbl COOOIIEHMS, OTHOCUT-
cg K BOIIpocaM KOMMYHHMKaTHUBHOTO nu3aiiHa. MHbo-
rpaduka, KaKk ero CoOCTaBHasi 4aCTh, paCCMaTPUBACTCS
KaK BO3MOXHBIN OOBEKT MPUKIATHON MH(POPMATUKU
[1, 2]. Heobxoaumo paccMOTpeTh 0COOEHHOCTH (Pop-
MUPOBAHUSI CTPYKTYPHBIX JUATPAMM C TOYKU 3PCHUSI
yao0cTBa BU3YaJlbHOTO BOCIPUSITUS U TOYHOCTH aHa-
JI3a TIpeACTaBIsIEMBbIX JaHHBIX. B pabote mpemrara-
I0TCsI METOMBI oIpeneaeHus 3(PhHeKTUBHOCTA BbIOOpa
dopMBl BU3yabHOTO 00pa3a, OCHOBAaHHBICE Ha KJla-
CTEpHOM aHaJIM3e IJIa30IBUTATEeIEHOI aKTMBHOCTH Ue-
JIOBEKA C IMOMOIIIbIO CUCTEMbI BUIEOOKYJIOrpachuy Wi
aii-Tpekepa (eye-tracker). DTO TIO3BOJIIET HE TOJBKO
BKJIIOYMTh B MCXOMHbBIC IapaMeTpbl TOYHOCTb M CKO-
pOCTBH OIIpefe/IeHUs] TapaMeTpPOB, HO U 3aperucTpH-
poBaTh HallpaBJcHWE B3IJIsiAa HAOII0AATEN s, JUINTEIIb-
HOCTh (PUKCAIIUH U TIPOTSKEHHOCTD CaKKaJl.

[TepBoHavanbHO MCCIETOBAHMS, KacatOIUECs OMpe-
geneHus: 3(POEKTUBHOCTH BUIA CTPYKTYPHBIX AUAa-
rpaMM, pacCMaTPUBAJIY B KAUECTBE OTIO3ULIUN JUTIEM-
MY «4TO JIyYIlle: CTOJIOMK WJIM CEKTOpP?», OCTaBISS 3a
CKOOKaMM gpyrue ¢hopMbl IPEACTaBIEHUS CTPYKTYPBHI.
HanHble BUIBI OpMBbI TpadpruecKkoro oopasa SBsUIUCh
OCHOBHBIMM JJI51 TPECTABICHUST CTPYKTYPbI YUCTOBBIX

JAHHBIX. B MHOTOUMCIEHHBIX paboTax UCCIETOBATUCH
BOIIPOCHI TIPUMEHEHUSI OPYCKOBBIX (CTOJOMKOBBIX W
MOJIOCOBBIX) U CEKTOPHBIX AuarpaMm [3—6]. B ocHoBe
MPOBOIMMBIX IKCIIEPUMEHTOB JieXada OIleHKa CKO-
POCTU M TOYHOCTU OTpEAESIEHUS] CTPYKTYphI (B TPO-
HeHTax oT Lenoro). CoOpaHHbIe JaHHbIE aHATU3UPO-
BaJIMCh C TIOMOIIBIO CTATUCTUYECKUX METOIOB OIIEHKH
KOJIMYECTBEHHBIX OTKJIIOHEHWH TTOKa3aHUN WCITBITYe-
MBIX C TIPEIbSIBISIEMbIMU cTUMYJIaMu. Ha ocHoBaHuM
3TOTO OBLTO TTOATBEPKACHO MPEATIONIOXEHHUE, YTO TOU-
HOCTb U CKOPOCTb OLIEHKU CTPYKTYpPBI 3aBUCUT, B TIep-
BYIO O04epelib, OT ITPOTOPIIMOHAIEHOTO COCTaBa AOJIeH,
a y)Xe BO BTOpPYIO — OT BUma nuarpammbl. Hampumep,
Mpy BU3yanu3anuu cootHotneHust 50% u 50% mnpeamo-
YTEHWE OTIABaJIOCh CEKTOPHOM AMarpamMme, JUIsl MHBIX
pa3MepoB JoJieid — OPYCKOBOM M T. TI.

IMponomkeHne AUCKYCCUU O COOTBETCTBUU (DOPMBI
JIarpaMMbl CTPYKTYpe YMCIIOBBIX JaHHBIX BEIach IMO-
MpexXHEMY Ha OCHOBE 9KCIIEPUMEHTATbHBIX JaHHBIX O
TOYHOCTU M CKOPOCTU BU3YyaslbHOTO Boctipusitusi. On-
HaKO BO TJIaBy yrIjia OBLT TOCTAaBJIEH CTaTUCTUYECKUN
METOJl KAYeCTBEHHO! OIIEHKM PACIO3HABaHUs, KOTIa
PECTIOHACHT OTMeYaJl COOTHOIICHUE MOJIe U UX CO-
BOKYITHOCTEIi: «MeHble, Oojblue, paBHO» [7]. OTu
METOJIbI UCTIOJIb30BAIUCH TPU PACIIMPEHUH TIOJIST UC-
CJIeOBAaHUI BU3YAJIBHOM CTPYKTYpbI JAHHBIX HA JIpYy-
rve TuIbl Gopmbl rpadpruueckoro oopasa: JMHENHbIE U
OpyckoBble [8], OpYCKOBbIE M MJIOCKOCTHbIE [9], cek-
TOpHbBIE, OPYCKOBBIE, KOJIbIIEBBIE, TUIOCKOCTHBIE AUa-
rpammMebl [10]. KpoMe Toro, B mocienHee BpeMsl U3-3a
TIOTYJIIPHOCTY ONEPATUBHBIX MUArpaMM YIPaBJICHUS
OousHec-Tipolieccamu (dashboards) 3HaUNTETLHOE BHU-
MaHUe CTaJIo YIENSIThCS MCCIEIOBAaHUSM TTPUHIIMITOB
BU3yaJIM3all CIIOXKHBIX HWEPapXUUECKUX CTPYKTYD
[11, 12]. [Tpu aTOM clemyeT OTMETUTh, UTO U3YYEHUIO
BOCIIpUSITUSI TIOTOKOBBIX IWarpaMm (WM Juarpamm
CoaHKell), KOTOpbIe 3a4acTyl0 BXOIAT B COCTaB rpacu-
YeCKUX KOMIUIEKCOB KOHTPOJISI, YAENSeTCsS HemocTa-
TOYHOE BHUMAaHUE.

2. YcJIoBHSI IPUMEHEHNS
MOTOKOBBIX JHATPAMM

Bo3HUKHOBEHME ITOTOKOBBIX AMArpaMM OTHOCUTCS K
cepenuHe XIX B., Korga Bo3HUKJA MOTPEOHOCTh B KO-
JIMYECTBEHHOI MH(popMaluu o Tpaduke At TOCTPOI-
KJ HOBBIX JOPOI, MOCTOB, KaHaJOB W IIPEAIPUATUIA.
TpebdoBanuchk pa3HoOOpa3Hbie TaHHBIE O (PU3NIYECKUX,
TEXHUYECKUX, ITOJIMTUYECKUX M TI€OCTPATErMUeCKUX
YCJIOBUSX B Pa3IMYHBIX TOYKaX rocymapcTBa. Kpome
TOTO, BO3HUKJIA HEOOXOMMMOCTb YYUTBHIBATh pacCIIpe-
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JIeleHre U MOOMJIBHOCTD Jtofei u KanuTana. Taxas
KOppeJsaiunsi 5KOHOMUYECKHX PECYPCOB U AeMorpaduu
Obl1a OB HaMOoJiee HAIISIAHA Ha KapTax, rie ¢ IToMo-
1IbI0 IparuecKoro si3blka BbIpaxkajach Obl KOJHUYE-
CTBeHHas UH(pOpMaLus.

I[IpuMmepoM Takoro Iomaxoda CIYXKUT OpUTaHCKUI
atnac (Atlas to accompany the second report of the
railway commissioners, 1838). Ero aBTropoM ObLI Xe-
Jie3HomopoxHbIil uHxeHep I'enpu Xapuecc (Henry
Drury Harness), 4jleH KOMUCCUM IO U3YUYEHUIO XKe-
JIe3HBIX gopor. B 1837 r. oH mpouyLIIoCTpHpOBa 10-
KJ1aJ KOMHMCCUM CepUeil TUIOCKOCTHBIX U TTIOTOKOBBIX
KapToauarpaMM, IIpeACTaBISIONIMX paclpeaeeHre
HaceJIeHUs B Toponax BenmkoOpuTaHWM M COOTBET-
CTByIOIllee TIepeMellleHe TOBapOB M TacCakUpOB
KeJIe3HBIX Hopor. Crocod JUHENHOTo M300paxkeHus
KOJIMYECTBEHHBIX TTOKa3aTesieii MOT HarJIsSIIHO TTOKa-
3aTh MepeMellleHUue Ha KapTe TOro Uil MHOTO 9KOHO-
MHYECKOTO O0BEKTa: IMacCaXnpoB, TPY30B, KaIMTaja,
3JIEKTPOIHEPIUU U T. 1. [I0TOKOBBIE TMarpaMMBbl MOT-
JIM COeIUHSITh TOYKU Ha KapTe MPSMbIMM, HO Yallle B
KauyecTBe OCHM abCIMCC MCITOIb30BAINCh ONpeIeIeH-
HbIe TOrorpachuIecKre JMHUM: PEKH, MOPCKUE MyTH,
JKeJIE3HBbIC MU IIIOCCEMHBIC TOPOTH, TPYOOIIPOBOIHI,
BBICOKOBOJIbTHBIE TUHUU.

Haubonee m3BeCTHBIMU CTAaTUCTUKAMU IIPOIIIOTO,
IIMPOKO MPUMEHSIBIIUMM 3TOT METOH Ha IIpaKTHKE,
obun paHiy3ckuit nnxeHep [lapas Munap (Charles
Joseph Minard) u OeNbIMICKUI KEIE3HOIOPOXKHbBII
nnxeHep Anbdpen benvriep (Alfred Jules Belpaire). B
1845 r. MuHap nokasaja BO3MOXHOCTb MOTOKOBBIX AW~
arpaMM Ha MpUMepe MacCcaKupCcKoro Tpaduka Mexmy
ropoaamu JvxoH u Mriony3. [TocpenctBom TOMIIMHBI
JIMHUM OH BBIpa3wl KOJMUYECTBEHHbIE ITOKa3aTesu,
KOTOpBIE OBLIM IEPEHECEHBI B KOOPAMHATHYIO CUCTE-
My, IJIlé OCh aOCIIMCC BBIMOJHSUTA XeJe3Hble A0pO-
ru. Kaxnplif MUUIMMETP TOJIIMHBI O3HAYasl THICSYU
MepeBe3eHHBIX MMacCaXupoB. B pycckux s3KoHOMUYE-
CKMX KapTax MOTOKOBBIC AWArpaMMBI C «MacIITaOHBI-
MM TT0JI0CKaMu» Hadas npuMeHsaTh .M. BopkoBckuii
B 1870-x rr. B oTyeTax 3KCIEeIULMNU, CHAPSIKEHHOM
BonbHBIM 3KOHOMMYECKMM U PycckuM reorpaduue-
CKMM OOIIeCTBaMU IIJISI MCCIIEHOBAaHUS XJICOHOM TOp-
TOBJIM ¥ TIpou3BoncTBa B Poccun.

[ToToKOBBIE AUAarpaMMbl MCIIOJIb30BAJIMCh IJISI BU-
3yalIM3alMy CBS3ell ¢ KOJIMYECTBEHHBIMU XapaKTepu-
CTHKaMU He TOJIPKO Ha KapTaX, HO M Ha OJIOK-CXeMax
npolecca, uepapxudeckux rpagax u 1.m. B Hux mm-
pUHA JIMHUI IPOIOPIMOHAIbEHA KOJIMIECTBY ITOTOKA,
BU3YIM3UPYIOIIEro, HampuMmep, OajaHC, ITePEBOIBI
MEXIy IIpolleccaMu WIM CTPYKTypy 3aTpar. Takoi
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crieliMUIECKUA TUTI ITOTOKOBOM AUarpaMMBbl TOTYIWIT
Ha3BaHUe «auarpamma CaHkeil» (sankey diagram), Ko-
TOPOE MPOUCXOAUT OT UMeHU MaThio Cankes (Matthew
Henry Phineas Riall Sankey), upJ1aHICKOTO MHXeHepa
XIX B. OH B 1898 r. nucnosb3oBaj 3TOT CI1Oco0 rpadu-
YeCKOTO TIpecTaBIeHsI HMOOPMAIIUK TS CPaBHEHUS
3(DEeKTUBHOCTH HCMOJB30BaHUSI SHEPIUU TapOBOTO
JIBUTATEJIS.

[Mpu Bu3yanuzaumm CTPYKTYpPHI LEJIOTO MOTOKOBHIE
IarpaMMBbl PacCTaBIISIIOT BU3yaJibHbIE aKIIEHThI Ha
IVHAMUKEe TIepefadyn JaHHBIX, T.e. Ha TTOTOKax BHY-
Tpu cuctembl. OHU BBISBISIIOT JOMWUHUPYIOUIVE Ya-
CTH, TIOJIE3HBI B TIOUCKE «CJTa00TO 3BeHAa», TTOKA3hIBa-
10T OaiaHChl TToKa3zatesel B cucreme. K mogobHOMY
CITOCO0Y BM3yaau3alluu CTPYKTYPhl MOKHO OTHECTH U
rpaduKu MapajielbHbIX KOOPAWHAT, KOTOPhIE OYeHb
0u3KU 1o rpadruueckomMy 00pa3y K TOTOKOBBIM qUAa-
rpaMMaM U CIIyXart JUIsl KOJIMYeCTBEHHOU XapaKTepu-
CTUKH CBSI3ei. 31eCh, KaK M B TOTOKOBBIX TUarpaMMax,
MPOUCXOIUT HE TOJILKO pas3iesieHue 11eJI0To Ha JTOJIH,
HO U WX BU3yaJibHOe 00ocobOneHue. PazneneHue no-
JIel CTOJIOMKA VJIH TTOJIOCHI TIPOUCXOIMT U B TaK Ha3bI-
BaeMoOl CTPYKTYpHOI nuarpamme Bomornana (waterfall
chart). B ob111eM, MOTOKOBYIO TMarpaMMy MOXKHO WH-
TEPIPETUPOBATh KaK TUMHAMUYECKYI0O MOAM(PUKAIINIO
OpyckoBoil nuarpamMmbl. CieayeT OTMETUTh, YTO yXKe
MPOBOAMJIOCH WCCIEAOBAaHME BOIPOCA BOCIIPUSITHS
CTPYKTYPHBIX AMArpaMM ¢ OObeIMHEHHBIMU U pa3jie-
JIeHHbIMU nojsimMu [ 13]. B pesynbTaTe ObLIO0 MOJYyYEHBI
JAHHBIE O TOM, YTO 2JIEMEHTHI BU3YaJIbHOW CTPYKTY-
pBl MOTYT B OIpEACICHHOW CTEeTeHM IpeacKa3yeMo
BJIMSITh HA CEMaHTUYECKYI0 MHTEPIIPETAIIUIO JaHHBIX,
KOTOpasi BBIXOIUT 3a TMpeeibl MPOCTOTO CUYUTHIBA-
HUS JaHHBIX. DTO HEOOXOAMMO YYUTHIBAThH MPU pa3-
paboTKe W OlLIEHKE METOAOB BU3yaiuzauuu. OgHaKo
METOJbI, B OCHOBE KOTOPBIX JICKHUT aHAJIN3 TOYHOCTHU
M CKOPOCTH BOCIIPUSITUS JaHHBIX WJIM KauyeCTBeHHAs
(Ho mpubIM3UTEIbHAS) OLIEHKA CTPYKTYPbI, HE pac-
CMaTpHBAIOT HA0OP JaHHBIX B 1IeJIOM Ha OCHOBE 3JIe-
MEHTOB BU3yaJbHOTO Au3aiiHa. [IJ1st BEIICHEHUS TOTO,
KakK I0JIb30BaTe/Ib OLIEHMBACT KOMITO3ULIMIO BU3ya-
JI3alMu, TOJDKHA OBITh TPUHSTA BO BHUMaHME TJa-
30[IBUTaTeIbHAsl aKTUBHOCTh YeJIOBEKa: HaIlpaBJIeHUE
B3IJISIA, TUTEIbHOCTD (PUKCALIMIA U MTPOTSXKEHHOCTD
Cakkas.

3. [TocTaHOBKA SKCHIepUMEHTA

Jlnst onpenesieHus yCIOBUIA BhIOOpa (hOPMBI CTPYK-
TYPHOM auMarpaMMbl Oblla BBIABUHYTA CleIyIOIlas
runore3a: «[laTTepH 3puTeIbHBIX (PUKCALIMII paccMa-
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TPUBAHMS UMEET CBSI3b C CTPYKTYPOI TOTOKOBOI 1HMa-
TPaMMbI B YCIIOBUSIX COOTBETCTBYIOIIEH 3anaun». st
YTOYHEHUSI TUTIOTE3bl BBEIEM BOIIPOC UCCIIETOBAHUS:
«SIBRseTCS M ceMaHTHUYecKasi OCHOBA MOTOKOBOM 1 -
arpaMMbl AETEPMUHUPYIOIIUM (HAKTOPOM ISl TOJIO-
XeHus dbukcaiuii B3opa?» [Ipyrumu cjioBamu, Mpo-
BepsieTcsl, OyayT nu (puKcalluy B30pa MCIBITYEMOTO
TPYNIUPOBATHCSI B JIEBOM YacTU AUarpaMMbl («BXOM-
Hasl 4acTb» — 1IeJIOe) U B MPaBOil YacTH («BBIXOTHAS
4yacTb» — OONM); OyAeT U nepexonHas gasza moToKo-
BOIl AmarpaMmbl («IIEHTPaJbHAsl YacTh») OCTaBJIeHA
0e3 BHUMaHUSI.

YenmoBeuecKuil a3 MOCTOSIHHO (32 MCKIIOYEHUEM
HEKOTOpPBIX (pa3 cHa) HAXOAUTCS B IBMXKeHUU. [Ipu-
HSTO pasauyaTh B IJIa30ABUTaTEIbHONW aKTUBHOCTU
omnpenesieHHbIe (a3bl: Apeiidbl, (pUKcaluu, BapuaHThI
cakkaja, Huctarmbl [14—16]. MHTepec mpencTaBisioT
3puTeNibHbIe PUKcauuu — Apeid, MemaJIeHHOe, TJIaB-
HOe TIepeMellleHre T1a3a B HeOOBIIIOM 30He W CaKKa-
JIbl — CKQUKOOOpa3HbIe ABMKEHUST BBICOKOI CKOPOCTH,
MPU KOTOPBIX PE3KO U3MEHSIeTCs mo3ulus riasa. Cuu-
TaeTcs, 4TO 3pUTeIbHasl MHGOpMaILs 00padaThIBaeT-
cs1 B MOMeHT ¢ukcanuu [17]. [TpoBepka rumnoTessl Mo-
TpeboBaja PeTUCTPALIU 3PUTEIBHBIX (PUKCAITUA, IS
Yero B HacTosllIei paboTe Obl1a UCTIOJIB30BaHA TEXHO-
JIOTYS BUJIEOOKYIorpaduu.

151 ToydeHMs IepBOHAYAIbHBIX JAHHBIX U alpo-
OGauny MaTeMaTUYeCKUX aJTOPUTMOB OBLIO MPHHSITO
pellieHre OCTaHOBUTBLCS Ha TUIle «case study» [18—20] u
MPUTIACUTD OAHOTO UCIIBITYEMOTO, HE O3HAKOMJIEHHO-
TO C LIEeJSIMU ucciienoBaHus. MicnibiTyeMoMy B cliydaii-
HOM TIOPsIIKe ObLI IMPEIbSIBICH CTUMYJIbHBIN MaTepHal
B BUJE CTPYKTYPHBIX AMArpaMM, COCTOSIILIMX U3 YEThI-
pex moTokoB. JlaHHast uH(porpaduka 1eMOHCTPUPOBa-
Jla MPOLEHTHOE pa3e/ieHre MHBECTULIMIA O OTAE/Ib-
HBIM TIpoekTaM. Ha akpaHe MOHUTOpa ¢ pa3pelieHueM
BeiBoAa 1280 Ha 1024 nukceneit B LIeHTPE UCTTBLITYEMbIit
BHUIENI ITIOTOKOBYIO muarpaMmy pasmepoM 500 xHa 500
MMUKCeJIei, ¢ HalpaBJeHWeM ITOTOKOB CjieBa HaIlpaBo
(puc. 1). B HIKHe# yacTH 3KpaHa pacIio0XeHbI MH-
TepaKTUBHEIC 3JIEMEHTHI IIJIsT BEIOOpa oTBeTa. Ha BTO-
POM U TPETheM BapraHTe BEIOOpA ITOKa3aHbI (PUKcaluu
B30pa UcCHbITyeMoro. IIpuMepoM mpaBUIbHOTO OTBETA
OydeT CIyXXUTb 4-i1 BapUaHT

UcneiTyeMoMy Tmpennaraioch caeaaTb BBIOOp W3
MSITU BapUaHTOB OoTBeTa. Kaxplii BapuaHT mpeacTaB-
JIST cO00M BEPTUKAIBHBI HAOOP MPOLEHTHOTO COOT-
HOILIEHU I Beca BBIXOAHOTO MOTOKA K BXOAHOMY. Takum
00pa3oM, UCTIBITYEMOMY HEOOXOIUMO OBIJIO COOTHECTHU
M@ poBbie 3HAYEHUS C IITMPUHON (BECOM) BBIXOTHBIX
MOTOKOB WM YacTei CTPYKTYPhI.

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

20
10
55
15

Puc. 1. TTpumep CTUMYNBHOTO MaTepuana:
YeTbIPEXMOTOKOBAsS Auarpamma CaHKei, AEMOHCTPUPYHOLLIAs
MPOLEHTHOE Pa3fieNIEHNe HBECTILMIA MO OTAENbHbIM NPOEKTaM

HcnbiTyeMblii TPOU3BOAWII BEIOOP C TIOMOIIBIO KOM-
MbIOTEPHOIO MaHUITYJISATOpa TUIIA MbIIb. [Togpasyme-
BaJIOCh, UTO OH SIBJISIETCSI YBEPEHHBIM I10JIb30BaTeIEM
KOMIIbIOTEpPA U 3aJaHUE C TOYKU 3PEHUS] YeJIOBEKO-
KOMIIBIOTEPHOTO B3aMMOICHCTBUSI HE SIBIISICTCS IS
HETo HOBBIM. BEIOOp MpOM3BOIMIICS KIMKOM MBITITKA
10 COOTBETCTBYIOIIEMY BapMaHTy. 3HAYeHUsT Hepese-
BAHTHBIX PE3yJIbTaTOB MOAOMPAIUCh TAKUM 00Opa3oM,
YTOOBI He OBLIO SIBHOTO OLIMOOYHOTrO pe3yIbTara, Bbi-
3bIBAIOLIETO OTTOPXKEHME BApUAHTA.

B mporecce pelieHmMs1 3amaud TIa3odBHUTaTeSIbHAS
aKTMBHOCTb PErMCTPUPOBAIaCh Ha OOOPYIOBAaHUM aii-
Tpekep SMI RED250. KpoMe TOro, aBTOMAaTHYECKH
(ukcupoBanach MPaBWIBHOCTH OTBETA U JTUTETLHOCTD
pemieHusT 3amadd. JasT TMpOBENEHUS SKCIIEPUMEHTA
ObLIO pa3paboTaHO MporpaMMHOe obecrieueHre Ha 0a3e
matdopMbl NetBeans. ITocne coBepiiieHUsT BHIOOpa UC-
MBITYEMOMY MPEIbABIISUICS CTUMYJL IPYTOii IIPUPO/IbLI Ha
15 cekyHn, mOCJIE YEr0 CHOBA MPEIbSIBIISICS CTUMYII C
YETBIPEXTIOTOKOBOI Auarpammoit. O01iee KOJIMYeCTBO
noJie3HbIX cTUMYIoB — 30 wmtyK. OgHaKo, aHaIUu3upo-
BaJIMCh TOJILKO T€ 3alaHUsI, C KOTOPHIMU HCIIBITYEMbIA
CIIpaBUJICS BEPHO, OOILLIUM YMCIOM 25 IITYK.

4. Anamms3
BEKTOPOB KJIACTEPU3ALMHI

AHaJIM3 TJIa30BUTATEIbHON AKTUBHOCTU SIBJISIETCS
HETPUBUAJIBHOM 3amayeil, B XOI€ PELICHUSI KOTOpPOu
TpeOyeTCsT y4ecTh HECKOJbKO (haKTOpOB OJHOBpE-
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MEHHO. DTO KOOPJIMHATHOE TOJIOXKEeHUE TOUYKU B30pa,
MPOTSIKEHHOCTh CaKKabl, JUIMTEJIbHOCTh (DUKCALIVH,
pa3mep 3padka u apyrue. KiacrepHblii aHain3 — Tex-
HOJIOTUsI IPYIIMPOBaHUsI 00ObEKTOB B paHee HeU3BECT-
Hble Tpyrmbl. OH OTIMYAeTCST OT JUCKPUMUHAHTHOTO
aHa/iM3a TeM, YTO HE M3BECTHBI HU YMCJIO KJIACTEPOB,
HU uX Xapaktepuctuku. [Ipobiema onpeneneHus: yrc-
JIa KJIACTEPOB SIBJISIETCS OMHOM M3 OCHOBHBIX HEpEIIIeH-
HBIX JI0 HACTOSIIIETO BpEMEHM 3a/1a4 KJIaCTePHOIo aHa-
nu3a. B paMkax Halmmx yciaoBUE 3amada OCJIOXKHSIETCS
elle U TEM, YTO HeOOXOAMMO ONPEACIUTh YUCIO BEKTO-
POB KJIacTepU3alliu.

B xauecTBe MeToma aHaNMM3a OBLJIM IPUHSITHI Uepap-
XWYECKWE ITUBU3MMHEBIC aJITOPUTMBI, pabOTaroIIre
C YHUBEpPCAJIbHBIM KJIACTEPOM, COCTOSIIUM K3 BCEX
3PUTENBHBIX (DUKCAIMi, ¢ MOCIEIYIOIINM ITOIIaro-
BBIM pa30MEHNEM €ro Ha MEHBIIINE YaCTH. «YT0OCTBO
TaKMUX METOIOB COCTOUT B TOM, UTO MPOLIECC AeACHUS
MOXHO B 1000l MOMEHT OCTaHOBUTh. 1pu HaubO-
Jiee TMOMYJSIPHbIX AUBU3MMHBIX MeToda — OMCEKIIUs
k-cpemHUX, OMCEKIUS TJIaBHOM KOMITOHEHTBI U KOH-
LHeNnTyalbHbI KiacTep-aHanus» [21, c. 10]. C mo-
MOIIIbIO KJIACTEPHOTO aHajm3a ObUla TpeAINpUHSITA
yCIIeITHAsl TOIBITKA TPYMNIIMPOBKU DPE3YJbTaTOB IO
Ha3HaYeHHBIM ITPU3HAKAM.
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Jl71sT MaTeMaTHIecKOro aHaan3a OBUIM B3SITHI TaHHEIC
TOJIBKO TPAaBWJIBHO PelIeHHBIX 3amay. [Ipmdyem ¢pukca-
WY YIUTBIBAJIVCH TOJBKO B O0JACTH OUarpaMM M He
YUUTBIBAIUCH B 00J1aCTH BIOOpa 0TBeTa. B KauecTBe ar-
napara KjacTepu3aluu ObUT BIOpAH METON k-CPEeaHUX
C MHOTOMEPHBIM BEKTOPOM (TI0J] BEKTOPOM KJIaCTEPH-
3allMM MBI IIOHMMAaeM IlapaMeTphl IJIa30BUIaTeIbHOM
aKTUBHOCTHU, KOTOPBIEC BEIOMPAIOTCS JJ151 aHAIA3a).

s ompeneleHWs KadecTBa BEKTOPOB KJIaCTEPH-
3allMM ObUIM PacCMOTPeHBbI nBa ajaroputMa: Davies
Bouldin [22, 23] u Average Within Distance [24]. AHanu3
OLICHKM KayeCcTBa KJIacTepu3aliMd ¢ Pa3HbIM KOJIuye-
CTBOM KJIACTE€POB IIPUBENCH Ha puc. 2, Tie TpeacTaBie-
Ha BM3yaJM3aliysl PacyeTOB /I HECKOJIBKUX HabOpOB
BEKTOPOB KJIACTEPU3aLIMU:

— ALL 4 — nsg BeKTOpa, OCHOBAHHOTO Ha «KOOPAMHA-
Te X», «KoopanHare Y», «{nutenbHocTy UKcaum» 1
«Pa3Mepe 3paukar;

— PUPIL — gy1s1 BeKTOpa, 0CHOBAHHOTO Ha «KOOpAUHA-
Te X», «<koopauHate Y» u «Pazmepe 3paukar;

— DURATION — mrg BeKTOpa, OCHOBAHHOTO Ha «KO-
opauHate X», «<koopauHaTe Y» U «J{mureapHocT hUK-
calumn»;

— XY — 17151 BEeKTOpa, OCHOBAHHOTO Ha «KOOPAWHATE
X» U «kKoopauHare Y»;
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Pue. 2. TlokasaTtenn ka4ecTsa Knactepu3aLmm npy Konu4ecTse knactepos o1 2 o 20 no anroputmy Davies Bouldin

38



AHAJING [JAHHBIX W IHTEJIJIEKTYAJIbHBIE CUCTEMbI

— PUPIL+D — ans1 BekTOpa, OCHOBAaHHOTO Ha «JIiu-
TEeJIbHOCTU (pukcaiuu» u «Pa3Mepe 3pauka» (6e3 «Ko-
opAuHATHI X» U «<KOOPAUHATHI Y»).

I'pacduk moka3piBaeT, YTO HAMOOJBIIWI MHTEpEC,
B 3aBHCUMOCTHU OT COCTaBa BEKTOpa KjacTepu3alllu,
MpencTaBsgeT TPYNIMPOBKA B YETHIpE W LIECTh Kja-
crepoB. Ilo unaekcy /[leBuca-bynauHa Hac MHTepe-
CYIOT TOYKM ¢ HaMMEHBIIMM IToKa3arejeM. OmHaKo
JUTST JaTbHEUIIINX MCCIIENOBAHUN ObUIM TaKXKe B3SITHI
Ipyrue pasMmepbl kjaactepuszauuu: 3, 5, 7 u 8. Jns
OoJIbIIIel HAMISIIHOCTY M MHTEPIIpEeTalluy Mpeamnoa-
raeMbIX Pe3yJIbTaTOB PACCMOTPEH BEKTOP KJlacTepu3a-
11U, COepXKAlIMiA ABA apTyMEHTA: «<KOOPAUHATY X» U
«KOOpAUHATY Y».

Puc. 3. Busyanu3auns knactepHoit MOAENI COOTHECEHHON
C (puKcaumnsmMm B3opa

PabouyuM ObLT MPUHSIT BEKTOP IapaMeTPOB TSI Kiaa-
cTepu3alvy, BKIIOYAIOLIUI B Ce0sT «<KOOPAUHATY X» U
«KoopAauHaty Y». Busyanuzauusi pesyiabTata Nnpu 4e-
TBHIPEXKJIACTEPHOM pa30MeHUM TpeacTaBiIeHa Ha puc. 3
¢ IEMOHCTpaIel CTUMYJILHOTO MaTepyaia OQHOTO M3
3amanuii. [Ipy 3TOoM TOUYKM (pUKCAMM TOKa3aHbI CO
Bcex 30 CTUMYJIOB M HaJIOXKEHBI APYT Ha Apyra.

ExampleSet Select Attributes (3)

cluster @ cluster_1 O cluster_3 O cluster_4 O cluster_5 O cluster_0 @ cluster_2
750
725
700
675
650
625
600
575
550
525
500
475

Location -Y

425
400
375
350
325
300 e

600 650 700 750 800 850 900 950 1,000 1,050 1,100
Location X

5. CpaBHeHne
KJIACTEPHBIX Mojeei

11 BU3yanbHO#M OLIEHKM KJIACTEPU3ALMU IIPU UC-
TOJTb30BAaHUYM MOJIEJIell ¢ pa3HbIM YUCJIOM KJIACTepOB
OBUTH ITOCTPOECHBEI COOTBETCTBYIOIINE AUATPAMMEI BH-
gyanuzauuu (puc. 4 u 5). Ilpu pa3dUeHUM Ha YEThIpe
KJ1acTepa MOXHO YBUICTh, YTO OHA IPYIIa (hMKCaLUid
CKOHILIEHTPUPOBaHa BO BXOMSIIEH 4YaCTU CTUMYJIA (I10-
TOKOBOIi JUArpaMMBbl) C JIEBOM CTOPOHEI, a JIBE «BbIXO-
JSIIE» TPYIIITBI PacIiojiaraloTcs B €ro MPaBoil 4acTH.
OnHako oOHapyKMBaeTCsl YCTOMUUBBIN KJ1acTep, KOTO-
PBIil HE MPUHUMAJICSI BO BHUMaHWE TIPY TIepBOHAYA b~
HOI IMOCTAaHOBKE 3a/a4y: 3TO YeTBEPTasl IPyIIIa, KOTO-
pasi pacroJjiaraeTcsi B LIEHTPaJbHOM YaCTU CTUMYJIA.

Ilpu cpaBHeHMM [OBYX BapMaHTOB KJacTepu3allUuU
MOXHO OTMETMUTb, UTO KJIACTEPHI IIPU IPYNIIMPOBKE Ha
11IeCTh YacTeil BO BXOAHOI YaCTu ArarpaMMbl BEAyT ceOst
00bsicHuMo. [lonoxeHWe HUXXHEro JIEBOrO KjacTepa
MOXHO HHTEPIPETUPOBATH YCJIOBUSMHU 3KCIIEPUMEH-
Ta: B HUDKHEW 4acTU Mo JUarpaMMoOM pacIiojlarajiuch
BapuaHTbl OTBETA, C KOTOPbIMU MCIBITYEMbIN TOKEH
ObL1 cBepsAThcsi. HecMoTpst HA TO, UTO MpU 00pabOTKU
TAHHBIM METOAOM YacTh CTUMYJIa C BApUAHTAMU OTBETA
ObL1a OTCeYeHa, pe3ybTaT 3TOU CBEPKU BCE XK€ ObLI MO~
JlydeH B BUJE OTAeJbHOTro Kiactepa. OcoOblil MHTEpeC
MPEICTABIISIET IIECTOM KJIACTEP, KOTOPBIMA pacrojaract-
Cs B IPABOU YaCTU AVArpaMMBbl, TPEBPATUB JBa KJIACTE-
pa Ha BBIXOJIE B TPU.

Ha puc. 5, rne npeacraBneHbl BApUaHTHI MOJENei ¢ 3,
5, 7 u § rpynnupoBKamMu, BUAHO, UTO MIPU KiIacTepu3a-
IIMM OTCEKAaIOTCS BCIIOMOraTe/ibHble (UKcalum, KoTo-
pble TIpUHamIexaT 3amaye MepeKIroYeHs BHUMaHUS
Ha CpaBHEHUE C OTBETOM.

JInst mpoBepKuU KauecTBa Mojiesieii ObLIO MPOBEAEHO Te-
CTHpOBaHME MoJejieii. B kauecTBe ajiropuTMa poBepKu

ExampleSet Select Attributes (3)

cluster @ cluster_1 O cluster_3 O cluster_0 @ cluster_2
750
725
700
675
650
825
600
575
550
525
500
475
450
425
400

Location Y

350
325
300

600 650 700 750 800 850 900 950 1,000 1,050 1,100
Location X

Puc. 4. [narpammbl pacnonoxeHns ukcauni npu rpynnuposke B 4 1 6 kNactepos
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ExampleSet Select Attributes

clustor @ cluster_0 O cluster_2 © cluster_1

750
725
700
675
650
625
600
575
550
525
500
475
450
425
400
ars
350
325
300

Locatlon =¥

600 650 700 750 800 850 900 950

ExampleSet Select Attributes (3)

clustor ® cluter8 O cluster_§ O cluster.2 O cluster.0 O cluster_4 O cluster1 © cluster.3
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ExampleSet Select Attributes (3)

clustor @ cluter_3 O cluster_1 O cluster.0 O clusteré © cluster.2
750
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350
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ExampleSet Select Attributes (3)

clustor @ cluster $ O cluster 2 O cluster,0 O cluter.6 O cluster.3 O cluster_1 O eluster 4 © cluster.7
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Puc. 5. KnacTepHble Moaenu ¢ 3, 5, 7 v 8 rpynnuposKamu

ObL1 BeIOpaH anroput™m Map Clustering on Labels 13 nia-
keta RapidMiner Core [25]. CyTh ero paboOTHI 3aKJII0OYa-
€TCs B CJIEAYIONIEM: UCTIONB3YS KaK BXOMHOM IapaMeTp
KJIACTEPHYIO MOJIEJTb C TAHHBIMU, OH OLIEHMBAET COOTBET-
CTBHE MEXKIY TaHHOK MOJEJIbIO M1 MOJIEJIBIO ITPOrHO3UPO-
BaHusl. OH HACTPauMBaeT BXOAHYIO MOJEIb Y OLIEHUBACT
HaunooJiee TTOIXOASIIME TTaphl «3JIEeMEHT — Kitactep». Pe-
3yJbTaT UMEET BEPOSITHOCTHBIM aTpuOyT IPeACKa3aHusI,
KOTOPBIU SIBJISIETCSI TIPOM3BOIHBIM OT aTpHOyTa KitacTepa.

Tabauya 1.
ITpoBepka KaacTepHoii MoaeIH
C IPYNIMPOBKOM HA YeThIPe KiiacTepa

Tabauuya 2.

IIpoBepka KiaacTepHOi MOIEH
C TPYNIHMPOBKO¥ HA MECTh KJIACTEPOB

true true true true class
cluster_1 | cluster_3 | cluster_0  cluster_2 | precision
pred. cluster_1 117 0 0 0 100%
pred. cluster_3 0 151 0 0 100%
pred. cluster_0 0 0 109 0 100%
pred. cluster_2 0 0 0 135 100%
class recall 100% 100% 100% 100%

Pe3ynbraThl TeCTUPOBAHUS MOJIEIEH ¢ YETBIPEMS U
LIECThIO KJacTepaMu TpuBedaeHbl B maba. I n 2. O6-
11asi TOYHOCTD IIPEICKa3aHUs Map 3JEMEHTOB IS 4- 1
6-KJIACTEPHOI MOIEIN COCTABISIIOT COOTBETCTBEHHO
100% n 98,44%. 3HaueHUsT TOYHOCTH UISI MOJIEJEN
KJlacTepusaluu NpeacTaBieHbl B maoa. 3.

40

true | true | true | true | true | true | class

cl._1 [ cl_3 {clr_4| cl._5 | clr_0 | cl._2 |precision

cu?srfgj Mmoo | 0 | 0 | 0 [ 1 |9911%

cuﬁ’é?edr‘_g 0 (18| 0 | 0 | 0 | 0 | 100%

cﬁsfteedu 0 | 0 | 70| 1 0 | 0 |9859%

C|l5) srtee(:_S 0 0 0 | 104 | 0 4 | 96,30%

cﬁsr?edr'_o T 1 [ 0] 0 |15 | 0 |824%

cnfsrteedr'_z 0 | 0 | 0 | 0 | O | 66 | 100%
0258 19,11% |99,28% | 100% (99,05% | 100% [92.96%

Tabauya 3.

TouHOCTb MpeacKa3anus
COOTHECEHHUS 3JIEMEHTA C KJIACTEPOM

Mapametp\Yucno

KNnacTepoB mopenu

accuracy

W3 maba. 3 BUOHO, UTO KjacTepusalus 10 ILIECTH
IPYII BKJIIOYUTEIbHO AT IpUEMIIEMbIE PE3yJbTaThl
JUISL aHaju3a, HO IPY YBEJIMYEHMU 4YMCIIa KJIACTEPOB
BEPOSITHOCTb BEPHOTO MpeayraabiBaHus namaet. MHTe-

bUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.



PECHBIM TIPEICTABIISICTCSI TO, UTO TIPH YETHIPEX KJIacTe-
pax Mozesib neMoHcTpupyet 100% pe3synbrar.

3akouenue

B pe3ynbraTe aHanm3a BU3YaJIbHOM OIIEHKU KJIAcTep-
HOI Momean MOXHO cAejaTh 3aKJIIoYeHHe, YTO Kila-
CTEphl PacCIioNaraloTcsl B COOTBETCTBUM CO CTPYKTYpOU
CTUMYJIA, T.€. YETHIPEXITOTOKOBOM ArarpaMMbl CaHKEH.
[IpuHSITO CUNTATh, YTO TIA30ABUTATEIHbHAS AKTUBHOCTD
JeTepMMHUPOBaHA TEKYIIIeH 3amaueil uiau o01Lel 11e/Iblo
[26]. Micxomst u3 3TOTO, MOMYYEHHBIN PE3yIbTaT MOXET
OBITb MHTEPIIPETUPOBAH TOJIBKO €IMHCTBEHHBIM CITO-
co0OM: He CTUMYJIbHBIM MaTepua caMm Mo cede BIUsIeT
Ha IJIa30[BUTraTeIbHYI0 aKTUBHOCTb, a 3a1aya, KOTOPYIO
pelraeT pv 3TOM UCTBITyeMbIii. OqHAKoO, TI0 YCJIOBU-
SIM BKCIIEpUMEHTa, CTHUMYJIBHBIN MaTephall SIBIISETCS
YacThIO 3a1aYd M He MOXET OBITh MCKIIIOUeH. B TakoM
cllydyae pelieHue MpsMou 3a1adyu Mo U3BJIECYEHUIO MH-
dopmMan U3 TTOTOKOBOM AMarpaMMBl MMEET CBSI3b C
MaTTePHOM 3PUTEIBbHBIX (DUKCAITUA. AJITOPUTMU3ALINST
aHaJM3a KJIACTePHBIX MO IO3BOJISIET IepeBeCTU
BU3YAJIbHYIO MHTEPIIPETALINIO CTPYKTYP YMCIOBBIX JaH-
HBIX B KPYT 3a1a4 HOAICP KKK MIPUHSITHS PEeIIeHUI, pe-
IIaeMBIX C TIOMOIIIBIO IIPOrPAMMHBIX CPENICTB.

T'unore3za OTHOCUTENBHO ABYX IpyM (pUKCALIM BO
BXOIHOM M B BBIXOAHOM YAaCTU IOTOKOBOM Auarpam-
MbI He OATBEPAUIACh. BbL10 0OHApYKeHO KaK MUHU-

MyM YeThbIpe KJacTepa, OCHOBaHHBIX Ha KOOPAWHATAaX
B3MJISIIAa W JUINTELHOCTH (bukcanvu. B HalimeHHON
MOIEIN TIPUCYTCTBOBAI «BXOMHOI» KJIAaCTep M <«BBHI-
XOIHAad IpyIia KJIaCTEPOB», TAKXKE SBHO OIPENEIAIICS
W LIEHTPaIbHbIN KJIACTEP 3pUTENIbHBIX uKcauii. [Tpu
JaJbHeMIeM yBEeJIMYEHUN YKCiIa KJIaCTepOB KapTUHA
MEHSIETCSI B CTOPOHY Oousblei aertanu3anuu. Kaxnas
YacTbh CTPYKTYPbI CPaBHUBAETCS C MPEACTaBICHHOM Ta-
OJIMIIeiT MTaHHBIX TTOCIEIOBATEILHO OT BEepXHEii ITpaBoOi
YaCTU U Jajiee BHU3. DTUM OOYCIOBJIeHA MpaBasi «Bbl-
XOMIHasl Tpymra KJIacTepoB». TakXke OCYyIIECTBISIETCS
CpaBHEHME KaXKIOU YaCTH C ILIEJTBIM, IIPEICTABISICMBIM
«BXOTHBIM» KjacTepoM. LIeHTpanbHBII KiacTep WH-
TEepIIPETUPYET CPaBHEHME YacTeil MeXIy co0Oll B ou-
HaMMUYECKOW YacTH, KOTJa pasfaeicHHe Ha YacTU YXKe
€CTb, HO eIlle He3HAUnTeIbHOe. B 3TOM citydyae motoku
KOMIO3UIIMOHHO OOBEIMHSIIOTCS B €AUHbBIN OJI0K.

JlommoHUTeIbHOE 3HAUYCHWE AUarpaMMe JaeT 000-
3HaUYCHHOE CTPEIKAMU HaIIpaBJICHUE IBYDKCHUS CieBa
HarpaBo. OUYEBHIHO, YTO ITPOCIICKUBACTCS OIpeIe-
JICHHBI HappaTUB IIPU pacCMaTPUBAaHUM IHArPaMMBI,
BBISIBJISIIONINI TIOC/IEI0BATEILHOCTD «IBUKCHMST» I10-
TOKa OT IIEJIOTO K €r0 CTPYKTYPHBIM YacTsIM. BeposiTHO,
3pUTENb BKJIIOYAETCA B €€ «IIOTOKOBBIA» CMbICI. i
MOATBEPXKIECHUSI JAaHHOTO BBIBOJA TpeOYyeTCs MOIOJI-
HUTEIbHbIE SKCIIEPUMEHTHI, I aHaJIU3a Pe3yJIbTaToB
KOTOPBIX MOXKHO MCITOJIb30BaTh KJIACTEPHBI MeTO/. M
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CLUSTER ANALYSIS OF VISUAL PERCEPTION OF DATA STRUCTURE
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Data structures are common indicators in the fields of management and business. Infographics (serious graphics),
a special area of Communication Design, provides a number of graphical ways to visualize this type of data. The
application of each available chart type corresponds to certain limitations, which are associated with features of visual
perception and semiotic aspects. In our study, we chose the Sankey flow diagram because of an insufficient degree of
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scrutiny. This type of diagram is often used to represent data structure in business processes. We built an eye-tracking
study to identify the methods of assessment forms of graphical image of data structure visualization. In our experiment,
we used a 4-flow Sankey diagram as a stimulus.

Hierarchical divisive algorithms were taken as the method of analysis. This method works with a universal cluster
consisting of all gaze fixation, followed by step partitioning it into smaller pieces. It has been found that there are at
least four clusters based on the coordinates. In the present model, we found an «input» cluster and an «output cluster
group» and clearly defined the central cluster of gaze fixations. Increasing the number of clusters changes the picture in
the direction of greater detail. We show a certain narrative that is traced when viewing charts. This narrative identifies
the sequence of flows «movements from the whole to its structural parts. As a result, cluster analysis allows the visual
interpretation of numerical data structures in a range of tasks to support decision making that can be solved by sofiware.

Key words: cluster analysis, infographics, data visualization, data structure, diagram, eye tracking, eye tracker.

Citation: Laptev V.V., Orlov P.A. (2015) Klasternyi analiz vizual’nogo vosprijatija structury dannyh [Cluster analysis of visual
perception of data structure]. Business Informatics, no. 3 (33), pp. 34—43 (in Russian).
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Paccmampusaemcs pewenue 3a0auu pacno3Hasanus Auy, ¢ NOMouLblo Memooa 2naenvix komnonenm (MTK)
U AuHeliHoeo duckpumurnanmuoeo aunaausza (J11A). Ihaenas udes nooxooa MI'K+JIJIA cocmoum ¢ mom, umo,
60-NepPabIX, U300padicenue AUYA NPOEYUPYemcs U3 UCX00H020 6eKMOPHO20 NPOCMPAHCMBA 8 NOONPOCMPAHCIMEA
AUYA 2NABHBIX KOMNOHEHM, 80-8MOPbIX, 0451 NOAYYEHUS AUHEIIH020 KAACCUPUKAMOPa UCHOAb3YemCsl AUHEIHDbLIL
duckpumuHanmmblii anaaus. B pabome uccaedyemces agpgpexmusrnocmo nooxooa MI'K+JI/IA oas cayuas, koeoa
U300pasicenus AUy He NPOXo0am nPeosapumensHyro 00pabomky (Mmacumabuposanue, NOBOPOM, UeHMPUPosanue,
sbipasnusanue apxocmu). Igppexmusnocms nooxooa MIK u JIJIA uccredyemes Ha uzodpaxcenusx auy 6asvi
ORL. Iloka3vieaemcs, ymo npu yseauveHuu Yucaa U3o0padceHuil 6 Kaacce y4eOHoU 8bl00pKU, NOBbIUACHCs
mouHocms pacnosHasanus auy. Tlpu ne6oavuiom yucae u300padiceruil 045 nOBbIUEHUS KAYECMBA PACNO3HABAHUS
AUY, npednazaemcs pacuupams y4ebHyio 6bl00pKYy U300paANCeHUAMU, NOAYHEHHbIMU NYMeM MACUMAadupoearus u
noeopoma ucxo0uwix uzoopaxceruii. Ilpu oopadbomie 60abuUX HAOOPOB U0OPAICEHUIL 015 BLIMUCACHUS 2AABHBIX
KOMNOHeHm npedaazaemcs Ucnoab3068ams Memoobl AUHEHOU KOHOeHCAuuu U CUHMe3a 2AA6HbIX KOMUOHEHM.
Memoo cunmesa enagHbix KOMHOHEHM 0a3upyemcs Ha pazdueHul UCXO0H020 MHONCECMEa U300padiceHull Ha
HebonbuiUe HAbOPbI U300paddceHull, NOAYHeHUU COOCHMBEHHbIX 8eKMOPO8 SMUX HAO0Po8 (HacmHbIX peuleHull)
U 8bIMUCAEHUU COOCMBEHHbIX 6eKMOPO8 UCXOOH020 HAOOpA HA OCHOGe 4aACMHbIX peuienuil. Memod aunelinoil
KOHOeHcayuu Ucnoav3yem HnoHUdCeHue NopsaoKka mMampuiy, Nno36oasiouee O00CMAMO4HO MOUHO GbIMUCAAMb
cob6CmeEeHHble 8eKMOpbl, COOCMBEHHble 3HA4eHUs KOMOpbiX Haxooamcsa 6 3adannom unmepeane. llokasaro,
umo memodbl AUHEHOU KOHOeHCAuUU U CUHMEe3Aa 2AA6HbIX KOMHOHEHM NO0360A[I0M CYULeCIEEHHO CHU3UMD
mpydoemKocms NOCMpPOeHUsi Kaaccugukamopa npu ucnoav3oéanuu nooxoda nHa MIK+JIJA, ne chuxcas
MOYHOCMU PACNO3HABAHUS AUY,.

KoueBble ciioBa: pacro3HaBaHue U300paXkKeHU I, aHAIM3 IIABHBIX KOMIIOHEHT, JIMHEMHBIA TUCKPUMUHAHTHBIN aHAIU3,
METOJI JIMHEIHOM KOHIeHcaluu, 06a3a naHHbiXx ORL, cuHTe3 rJ1aBHBIX KOMITOHEHT.

Huruposanue: Mokees A.B., Mokees B.B. 06 addexTuBHOCTH pacio3HaBaHWUH JIUIL C TIOMOIIIBIO JIMTHEITHOTO
NMCKPMMMHAHTHOTO aHAJIM3a U METO/1a TJIaBHBIX KOMMOHEHT // busHec-undopmaruka. 2015. Ne 3 (33). C. 44—54.
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BBenenne

HacTosiliee BpeMsl METOObl aHaJIM3a JaHHBIX
AKTUBHO pa3BUBAIOTCS B HaIpaBJeHUM OOpa-
00TKM OO0JbIIMX 00beMOB JaHHBIX. McTouHU-

KaMH BO3HUKHOBEHMSI OOJBIINX HAHHBIX SIBJISTFOTCSI

HETIPEPHIBHO TMOCTYMAMOIINE AAHHBIE C U3MEPUTEIb-

HBIX YCTPOMCTB (ayauo U BUAEO-PETUCTPALIMU U T.11.).

O06paboTka n300paxkeHU CeroaHsl LMPOKO UCITOb3Y-

eTCsl B cucTeMax 0e30IMaCHOCTU IS MACHTU(MUKALIMI

JIOZIei 10 U300paXKeHUSIM JIML, MOHUTOPUHIA COCTOSI-

HUSI TEXHUTIECKIUX OOBEKTOB.

CymiecTByeT OOJIBIIIOE KOJMYSCTBO METONOB U ITOM-
XOIOB, MCITOJIB3YIOIINXCSI B CUCTEMaX PacIO3HABAHUS
qmir [1]. Cpenyt HUX MOXKHO BBIIEIUTH METOJ, TNIABHBIX
komrioHeHT (MI'K), nuMHEHHBI ITUCKPUMUHAHTHBIN
ananu3 (JIIA), ckpbeitbie MapKoBckue Moaenu (CMM),
BeiiBieTsl ['abopa. [1pu Mcmoab30BaHUM CKPBITHIX Map-
KOBCKUMX Mojeneit [2] mis pelieHus 3aaa4u pacrno3Ha-
BaHWMS JIVII JUTSI KaXKIOTO KJlacca JIUIL BEIYMCIISIETCST CBOST
CKpBITasi MAPKOBCKasi MOJIesb. Jlajiee y1s HEeM3BECTHOTO
00pa3a 3aITyCKalTCs BCe MMEIOIIMECS MOIETU, U Cpe-
IV HUX WIIETCS Ta, KOTOpas BBIMAET CaMblil OJIM3KUIiA
pesyabTar. HegocraTkoM Takoro Imomxomna SIBJISIeTCs TO,
YTO CKPBIThIE MAapKOBCKHE MOJAEIM He 00J1amaloT XO-
pOILIEH pa3nuyarolleil CrocoOHOCTbIO, T.K. AITOPUTM
00yYeHUs] MaKCUMU3MPYeT OTKJIMK Ha CBOM KJacChl,
HO HE MUHUMU3MPYET OTKJIMK Ha Ipyrue Kiacchl. Me-
TOIIbI pacTiO3HaBaHWsI, OCHOBAHHBIE HA MCTIOJb30BaHUN
BeiiBneToB ['abopa [3,4], moKa3bIBaOT BEICOKYIO 3(hdek-
TBHOCTh. OUIBTPEI ['ab0pa MCITONMB3YIOTCA Ha CTaIUM
npenodpadboTku mis (popmupoBaHus BekTopa ['abop-
ocobeHHocTel M300paxkeHus1 aula. MeTon BelBIeTOB
l'abopa ycToiiuMB K M3MEHEHMSIM B OCBEILIEHUU, ITO-
CKOJIbKY He UCITO/Ib3YeT HAIPSIMYIO 3HAYeHUsI OTTEHKOB
Ceporo Kaxaoro MUKCesIs, a U3BJIeKaeT 0COOEHHOCTH.

MerTo rJ1aBHbIX KOMITOHEHT SIBSIETCSl OMHUM M3 Hau-
0oJice TTOIMYJISIPHBIX MPH PEIICHUY 3a1ad paclio3HaBa-
Huu . PekoHcTpykius iull ¢ momoubio MI'K Briep-
BbIE ObLIa caelaHa B paboTe [5]. MeTon pacrio3HaBaHusl,
M3BECTHBIN KaK METON COOCTBEHHBIX JIUILI, OIIPEICIsSICT
MPOCTPAHCTBO IPU3HAKOB, KOTOPOE YMEHbIIAeT pa3-
MEPHOCTb OPUTMHATBLHOIO MPOCTPaHCTBA AaHHbIX. On-
HaKo, METOIbI pacno3HaBaHUs, ocHOBaHHbIe HAa MT'K,
CTpamaloT OT JIBYX OTrpaHWYEHWIl, a UMEHHO: ciaaboi
JTUCKPUMMWHALIMOHHOM CUJIBI M OOJIBLINX BHIYMCIUTEb-
HBIX 3aTpar. HemocTtaTky MOTYT OBITh IIPEOIOICHBI ITy-
teM nobasnenus JIJIA [6]. JIJA nier Takoe npeodpa-
30BaHUE U300paKEeHUI, KOTOpOe ObI MUHUMU3UPOBAIO
BHYTPUMKJIACCOBbIE U MAKCUMU3UPOBATIO MEXKKIIACCOBBIE
pazmmuust Habopa m3obpakeHnii. CyTh COBMECTHOTO
npumeHeHust MI'K u JIJIA 3akitouaeTcss B TOM, YTO CHa-

yaja ¢ nomouisio MI'K cokpalaercst pa3amMepHOCTb U30-
OpaxxeHuit, a 3aTeM B pamkax JIJIA BBITOJHSIETCS Mpe-
0o0pa3oBaHue, KOTOpbIE Jy4llleé BCEro OTIMYAIOT OAWH
KJ1acc n300paxeHui ot apyroro [7].

Kak mpasuno, npouecc pacro3HaBaHUS UL HAYU-
HaeTcs ¢ MPOLEAYypbl HOpMaIU3aluu (MacuTabupoBa-
HUe, LIEHTPUPOBaHUEe, OTceueHne (HoHa, BbIPAaBHUBA-
Hue spkocTth). Hopmanuzanus nzobpaxeHuil Tpedyet
JTOTIOJTHUTENTbHBIX BBIUYMCIIEHU, YTO HE UTPAET CyIIle-
CTBEHHOI POJIU MPY MOCTPOSHUU KiaccuduKaropa, HO
Ha 3Tale pacro3HaBaHUs HOBBIX M300paXeHUil B pe-
KM€ PeaIbHOTO BPEMEHU MOXKET 0Ka3aTh HETaTUBHOE
BO3JIEHCTBUE, TaK KaK HOPMaJIA3aLXsI KaXI0TO HOBOTO
n300pakeHUsT TPUBOANT K BDEMEHHBIM 3aTpaTaM.

B naHHoIf paboTe paccMaTpuBaeTcs pelleHue 3aaadu
pacno3HaBaHus vl Ha ocHoBe MI'K u JIJIA 6e3 uc-
MMOJIB30BaHMUSI TIPOLICAYpPhl HOpManu3amuu Jjuil. Pac-
Mo3HaBaHue U3o0paxkeHuit Ha ocHoBe MI'K u JIJIA Ha-
YMHAETCS ¢ IIOCTPOCHUST KilacCH(UKATOpa, KOTOPBIA
3aTeM HUCIIOJIb3yeTCs TIPU pacro3HaBaHUM HEM3BECTHBIX
n3obpaxeHuil. [Ipu nocrpoeHnn Kiaaccudukaropa Uc-
MoJIb3yeTcsl y4yeOHasi BbIOOpKAa HEHOPMAJIM30BAHHBIX
u3oopakeHuit. OMHaKo B 3TOM cJiydyae Xopollee Kaye-
CTBO PAcIIO3HABAHUSA JIMI] MOXET ObITh JOCTUTHYTO IIpU
VBEJIMYCHUM YKCIa U300pakeHUid B KJacce JIMII, 4TO
TIPUBOAMT K POCTY BBIYMCIUTENBHBIX 3aTpaT Ha CO3IaHKe
Kkimaccudukaropa. TpymoeMKOCTh pacdeTa IIIaBHBIX KOM-
MOHEHT C YBeJIMYEHWEM YKCIa U300pakeHUi pacTeT Mo
KyondyeckoMy 3akoHy. [ToaTomy HEOOXOOUMBbI METOMbI,
CHIDKAIOIINE TPYIOEMKOCTh MOCTPOSHUS KIaccuUKa-
TOPOB TIpU OOJIBIIOM yucie u3o0paxkeHuit. B paborax
[8, 9] mpemnararoTcss HOBbIE OAXOMBI (METOM JIMHEWHOM
KOHJIEHCAlIUM 1M METOI CHHTe3a IVIABHBIX KOMIIOHEHT),
CHIDKAIOIIE TPYITOEMKOCTh BBIYMCICHUSI  IJIABHBIX
KOMITOHEHT OOJIbIINX HA0OpOB M300pakeHMit. OgHNM
U3 CMOCOOOB CHWXKEHMSI TPYIOEMKOCTH ITOCTPOECHUS
Kinaccudukaropa Mpy OOJBIIOM YUCIE U300pakKeHUN
(>> 1000) B yyeOHOII BHIOOpKE SIBIISIETCSI OBYMEPHBIN
MeTon miaBHbIX KoMrnoHeHT (2JIMTIK) [10], B koTopom
IJIaBHBIE KOMITOHEHTBI MIITYTCS IO CTPOKAM M CTOJIOIaM.
OcnoBHag uaest 2JIMTI'K 3axkitodaercs B TOM, YTOOBI Haii-
THA ONTUMAJIbHBIE IPOEKIIUU CTPOK Oe3 MpeodpazoBaHUs
n300paxeHus B BeKTop. Henocratkom nByMepHOro Me-
TOJa TJIABHBIX KOMITOHEHT SIBIISIETCSI TO, UYTO OH TpeOyeT
0OJIbIIIE TVIABHBIX KOMIIOHEHT UTSI OTIMCAHUS N300paKe-
HMSI, YeM OTHOMEPHBINM METOJ INTABHBIX KOMITOHEHT. Ta-
KUM 00pa3oM, IByMEPHOMY METO/TY TTaBHBIX KOMITOHEHT
HEO0XOMMMO OOJIbIIIE MaMSITH ISl XpaHeHWs U300paxe-
HUI 1 OOJbILIe 3aTpaT BpEeMEHM TP UX KJIacCUDUKALIUU.
B ciyyae, korga 4ncio n3o0paxkeHuit HaMHOTO OOJIbIIe
YHClIa CTPOK/CTOJIOIIOB M300pakeHUsI HMCITOJb30BaHME
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2IAMI'K mMokeT mpuBOAUTh K CHUXKEHUIO TPYJAO0EMKOCTH
BbIYMCJIEHUS TJIABHBIX KOMITOHEHT.

B manHoi1 paboTe paccMaTprBaeTCsl TEXHOJOIMS ITO-
CTPOEHMST KiIacCU(hUKATOPOB C UCIIOJIb30BAaHUEM Me-
tonoB MI'K u JIJIA 6e3 HopManu3auuu U300paxkeHUi.
Hcnonb3oBaHue TaKUX K1acCU(HUKATOPOB MOXKET CHU-
3UTH 3aTPaThl Ha 3Talle PacIiio3HABaHMS HEM3BECTHBIX
M300pakeHU, YTO OCOOEHHO BaXKHO IpU paboTe cu-
CTeMbI pacIio3HaBaHUS JIUIL B peaJiIbHOM BpeMeHU. s
CHYDXEHMSI TPYJOEMKOCTH TMOCTPOEHMs Kilaccuduka-
TOPOB B Cilyyae, Korjaa yyeOHas BBIOOpKa COOEPXKUT
OOJIBIIIOE YHCIIO M300paskeHUH, IIpeIaraeTcs NCITOIb-
30BaTh METOIBI JIMHEWHON KOHACHCAIIMA W CHUHTE3a
TJIaBHBIX KOMITOHEHT.

1. TeopeTnyeckmuii 6a3uc:
MTIK mmoc JITA

ITycte uMeercss Habop M300paxkeHWI, KaXIblii U3
KOTOPBIX OIMCBHIBACTCSI BEKTOPOM X,, TI€ i — HOMEp
uzobpaxenuit (i =1,2,3,..., M,, k=1,2, ..., K). Pa3-
MEPHOCTb BEKTOpa X, pPaBHSICTCS YHCIY MHKCeIeil
nzobpaxenus (N). Takum obpa3om, Becb HAOOpP U30-
OpakeHW! MOXHO TIPEJICTaBUTh B BUAEC MaTpPULBI X,
CTOJIOLAMU KOTOPOI SBJIAIOTCA BEKTODHI X, . Pazmep-
HOCTh IIPOCTPAHCTBA M300paKECHUM OIpeAeIIsSIeTCS
npousBeaeHuem N x M.

O0603HAYMM MaTpUIly OTLIEHTPUPOBAHHBIX W30-

o 0 0
Opaxenuil kak X'. Cronbuamu X' SBISIOTCS BEKTOPbI

-
Xi =Xx; —m,Tae

K M,

1 k
m=—%%x‘_
M T4
cpenHeapu(METUIEeCKNl BEKTOP M300pakeHUI,
K
M=) M,
k=1

IMonxon MI'K+JIIA cocTouT M3 ABYX 3TalloB: Ha
nepBoM sTane npumeHsercs MI'K mis yMmeHbleHus
pa3MepHOCTH OT N 10 p U TOJy4EeHUS] MaTPUILIBI me,

KoTopast (opMHUpYeTCS M3 COOCTBEHHBIX BEKTOPOB
YpaBHEHHS:

(A-ADv =0, (1

me A= %4 X’ (X")" — xoBapualmMoHHas Marpu-
a pa3MepHocTbio Nx N, uHaekc «7T» o3HavyaeT TpaHC-
MOHMpOBaHWE MaTpulbl, I — egMHWYHAs MaTpulia,
v — COOCTBEHHBII BEKTOP, A — COOCTBEHHOE 3HaYEHUE.

* o
B cBa3u ¢ TEM, YTO MaTpuia A WMeeT BBICOKHU T10-
pAOOK, BBIYMCIICHHE COOCTBEHHBIX BEKTOPOB IIpEa-
CTaBJIICT CyIeCTBeHHbIe TpyaHocTu. [losTomy Gonee
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3((GHEKTUBHO BBIYMCISATH TJIaBHbIE KOMITOHEHTHI me
O MaTpulie COOCTBEHHBIX BEKTOPOB Upw [9], xoTOpBIE
OIpeIeIsIIOTCS IyTeM pellleHUs] YpaBHEHUSI:

(A=ADug™ =0, ()

rme A = Al (X")" X — marpuna ['pamma pasmepHO-

cTeio Mx M, ul*

Ciemyer OTMETUTh, UYTO COOCTBCHHBIC 3HAUYCHUS
ypaBHeHuii (1) u (2) coBmamarmoT. B cBsi3u ¢ TeM, 4TO
M cy1iecTBEeHHO MeHbIIe N, MOXXHO 3HAUMTEITHHO CHU -
3UTb TPYAOCMKOCTD BBIYUCICHHSI MATPULBL Y .

— COOCTBEHHBIIT BEKTOP.

Ha Bropowm stamne, npumensietcst JIJIA ¢ uenbio Ha-
XOXICHUS TAKUX JIMHEWHBIX KOMOMHAIIAIN IPU3HAKOB,
KOTOpbIE HAWIyYLIMM O0pa3oM pa3meisioT KiIacChl
nzobpaxenuit nuu. Lensio JIJIA sBasieTcs moayyeHue
MaTpuLbl IpeobdpaszoBanust Wida, KoTopass MUHUMU3K -
pyeT BHYTPUKJIACCOBOE M MAKCUMM3UPYET MEKKIIACCO-
BOE PacCTOSTHUE B TIPOCTPAHCTBE MPU3HAKOB

W'V AV,,

W'VLAYV,, W

w " pea

W| WA/ W|
= argvryax|

WA, W|

3)

W,,, = arg max
w

3pmech A, — KOBapualMoOHHasl MaTPUIIA MEXKIIACCO-

BBIX pa3inuuii, A — KOBapHallMOHHAsI MaTpULlA BHY-

w

TPUKJIACCOBBIX pa3aInuuii [6].

Cronbuamu mMatputiel W, ABIAIOTCA COOCTBEHHbBIE
Id
BEKTODHI W, KOTOPBIE TIOJYYAOTCS B PE3YJIbTaTe pe-
LIEHWS YpaBHEHUS:

(A, —AA )W =0. “4)

3amaua (4) sBasieTcsl OOOOIIEHHOI 3amadyeil coO-
CTBEHHBIX 3HAUYCHWIA. [IJ1s1 pelIeHrs 3TOM 3a1a9u Ipe-
JlaraeTcsl UCMOJb30BaTh 000OIIEHHBIA MeTon Skobu,
KOTOpbI He TpeOyer obparuenmii marpuiiel A [11]. B
pesyabTare pelieHus (4) onpenesnseTcs MaTpulia Auc-
KPUMHWHAHTHBIX KOMITOHEHT, CTOJIOIaMU KOTOPOIt sSIB-
JISIIOTCSI COOCTBEHHBIE BEKTOPHI ypaBHEeHUS (4) ¢ HaU-
OOJIBIIMMHU COOCTBEHHBIMH 3HAYCHUSIMIU.

2. Pacno3HaBanue HEHOPMAJIN30BAHHBIX
H300paKeHHid JInI]

DKcIepuMeHTaIbHOe HccaeaoBaHne 3(p(PeKTUBHO-
ctu noaxona MI'K + JIZIA nmpoBoauTcs ¢ UCITOIb30Ba-
HUeM M300paXeHUM Jul, COOpaHHBIX B 0a3e JaHHBIX
ORL. baza ORL conepxut nsoopaxenus 40 yeaoBexk,
KaXIbIii U3 KOTOPBIX OMHCHIBaeTCs 10 pasIMIHBIMU
uzobpaxeHusimu. Ha puc. I npuBeneHbl TpUMeEpbl U30-
OpaxkeHuit i 13 6a3bl JaHHBIX ORL.

st ucciefoBaHUsSI KayecTBa DPACIIO3HABAHUSI MC-
MOJIb3yeTCsl Ipolleaypa KpOoCC-BaluAallu, YCpem-



AHAJING [JAHHBIX W IHTEJIJIEKTYAJIbHBIE CUCTEMbI

Puc. 1. Tpumeps! N, BbIAENEHHbIX 13 N300PXEHNI
6a3bl AaHHbIX ORL

HsoIIast KO3(G(GUIMEHTH paciio3HaBaHMS, TOJyYeH-
HBIE TIPA Pa3IMYHOM ACJICHUH 0a3bl M300pakeHUIT Ha
yueOHbIe U TECTOBBIE HAOOPHI. DKCTIEPUMEHTHI TIPOBO-
TSTCS 7151 y4eOHBIX HabopoB, coaepxamux L (2, 4, 8)
n3o0paxeHuit B KaxxaoM kiacce 6asbel ORL, koTopbie
BBIOMpalOTCs clydaitHo. Bce ocTaBiimecst n3oopaxe-
HUS COCTaBIISIIOT TECTOBYIO BEIOOPKY. TakuM obpa3om,
yaebHbIe Ha0OpHI cocTosIT U3 (Lx40) m3obpakeHuit, a
TectoBble HA0Opbl — U3 (400- Lx40) nzobpaxenuii. He
CYILECTBYET MEePEKPHITUST MEXITY TECTOBBIM 1 YUEOHBIM
HabopaMu. s MOBBILIEHUS TOYHOCTU OLIEHKU BbI-
MOJIHSIOTCS ECITh PA3IMYHBIX ACJICHUNM M300paxe-
HUI Ha y4eOHBbIE€ U TECTOBBIC HAOOPHI, a MOJyYeHHbIE B
XOJIe SKCIIEPUMEHTOB KO3(POUILIMEHTHI pacIio3HaBaHUS
n3o0paxeHul aun ycpeaHsitores. Ha puc. 2 mokasaHbl
ycpenHeHHbIe KO3 dOUIIMEHTHI paciio3HaBaHMS JIIOACH
M0 U300paKeHUSIM JIULL TECTOBOM BBIOOPKU B 3aBUCU-
MOCTH OT YMCJIa IJIAaBHBIX KOMIIOHEHT ISl CIIy4aes,
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Puc. 2. YopeaHeHHble KO3 MUUMEHT
pacno3HaBaHus n306paxeHuii TecToBoi BbI6opky 6a3bl ORL
B 3@BMCUMOCTIA OT YMCNA [MaBHbIX KOMMOHEHT:

L =8 (cnnowHas numus); L = 4 (WTpnxoBast NnHMS);
L = 2 (NyHKTUPHARA NNHUSA)
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Korga yvyeOHasi BbIOOpPKAa COIOEPXKUT 2 U300pakeHUs
B Kiacce (IITpUX-IMYHKTUpPHAS JUHUA), 4 u3obpaxe-
HUA B Kjacce (IITpUXOBas JUHUS) U § M300pakeHU
B KJIacce (CIUIOILIHAS TUHUS) COOTBETCTBEHHO. OTMe-
TUM, 9TO KO3(P(UIIMEHTH pacro3HaBaHUsI, TTOKA3aH-
HblEe Ha puc. 2, TIOJY4YeHbl IJIsI HEHOPMAaTMN30BaHHbBIX
U300paXKEeHUA LI,

B paborte [12] npencraBiaeHbl pe3yJibTaThl paclio3Ha-
BaHus Jmi 6a3el ORL pas3nmuuHbIMM MeTomaMu IS
cllyyaeB, KOrJa 4yrcio U300paXkeHUi B Kacce MeHsIeT-
cs1 oT 2 10 9. M300pakeHMs JINIT IIpeIBapUTEIHHO Mac-
IITa0MPYIOTCS, LIEHTPUPYIOTCI Y TTOBOPAYNBAIOTCS TAK,
YTOOBI IIEHTPHI T71a3 OBUTM HAa TOPU3OHTAJIBHON JIMHUM.
YcpenHeHHble KO3G@UIIMEHTHI pacIio3HaBaHUS, TI0-
nygyerHble Metomamu MI'K, JIIA, DLA (Discrimina-
tive Locality Alignment [13]), NDLPP (Null space Dis-
criminant Locality Preserving Projections[14]), RLPDA
(Regularized Locality Preserving Discriminant Analysis
[12]) mpencraBnsiorcsa B maba. 1. CpaBHeHME KO3 Du-
IIMEHTOB pacITo3HAaBaHMUS, TIPEACTaBICHHBIX Ha puc. 2,
C pe3yJbTaTaMM, IMOJYYCHHBIMU APYTUMU METOIAMMU,
ITOKAa3bIBAIOT XOPOIIYIO TOYHOCTh PACITO3HABAHUS IO -
xoga MI'K mmoc JIJTA gaxe njist HECHOpMaJIM30BaHHBIX
n300paxXeHul, Korma 4uciao M300paxkeHUil B Kiacce
JIocTaTouyHo Oosbinoe. Ecnu uncino n3odpaxeHuii He-
BEJINKO, TO MOXHO YBEJIMIUTH YKCIIO M300pakKeHUIT B
KJ1accax y4eOHOI BEIOOPKM ITyTeM MacIITaOupOBaHUS
¥ TIOBOPOTA UCXOTHBIX N300pakeHHIA.

Tabauya 1.
Pe3yabTaThl CpaBHEHNSA TOYHOCTH
PaCNo3HABAHUS PA3IHYHBIX AJITOPHTMOB

Yucno nsobpaxenui B Knacce

MK 69,6 83,6 94,5
JOA 80,1 915 96,3
DLA 733 92,6 98,8
NDLPP 83,0 94,7 98,3
RLPDA 80,7 94,8 98,6
MIK+10A 82,2 94,2 98,2

B maba. 2nipeacraBieHbl KO3(p@UIIMEHTH paciio3Ha-
BaHWUS, TTOJYIeHHBIE ¢ TTOMOIIBI0 KIacCU(HUKATOPOB,
IIOCTPOSHHBIX Ha PacIIMPEHHBIX YUCOHBIX BHIOOpPKAX.
WcxonHble BBIOOPKHU € 2, 4 1 8 n300pakeHUsIMU B Kjac-
Ce pACIIMPSIIOTCS IyTeM M00aBICHMSI M300paxkKeHMI,
MMOJTYYCHHBIX M3 MCXOTHBIX ITYyTeM MAacIITaOMpPOBAHMS
¥ IoBopoTa. B ckobOKax yka3zaHO 4YMCI0 U300paskeHUit
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B KJIacce, MOJIYYeHHOE B pe3yIbTaTe paclIupeHUs BHI-
0opku. JlomoaHUTEIbHBIE U300paXKeHUS MOJIydaroTCs
MyTeM YMEHbIIEeHUs/yBEeIMYCHUSI UCXOMHBIX M300pa-
>KeHMi1 Ha 5% 1/WjIn OBOPOTa M300paXkKeHUIA 10 Yaco-
BOI MJIX IPOTUB YaCOBOI CTPeIKU Ha 4°.

Kaxk BumHO 13 mabauyst, paclimpeHnue y4eOHOM BbI-
00pKHM maeT HanbobIINii 3(D(EKT B CiIydae, KOTIa YhC-
JIO U300pakeHu# B KJlacce HeOoJIbIIoe. DTO O3HAYAET,
YTO pacIIMpeHne y4eOHO BEIOOPKY OPUTHHAIBHBIMH,
a He MPOU3BOJHBIMM H300paXKEHUSIMU TPEACTaABIIS-
eT 0osee 3(P(PEKTUBHBIN TyTh TOBBLIIIEHUS KayecTBa
KJ1accu(UKaTOPOB.

Tabauya 2.
Koadduments! pacno3naBanus
Pa3JIMYHBIX AJITOPUTMOB

Yucno ncxoaHbix n306paxKeHni

Cnoco6 pacmpenus B Knacce
p PR TR BT
MacLutabupoBaHme 85,6 (6) | 958(12) | 98,6(24)
MoBopot 854(6) | 94,6(12) | 98,7 (24)
MacLutabuposanme 1 nosopot | 85,4 (18) | 96,5(36) | 98,3 (72)

Ha puc. 3 nmokazanbl ycpemHeHHBIE KO3(DOUIIMEHTH
pacITo3HaBaHMS JIUII TECTOBOI BRIOOPKY JIJTSI BAPHAHTOB:

a) yJgeOHasI BHIOOpKA COHCPXKUT 2 M300paxkKeHUS B
knacce (L = 2) (MyHKTUpHast TUHUS);

0) yueOHas BbiOOpKa (L = 2), AomoJHeHHas n300pa-
KEHUSIMA, TTOJTYYeHHBIMHU ITyTeM MAacCIITaOMpOBaHUS
(YyBeIMUEHMS WUIM YMEHBIIEHMST) MICXOMHBIX U300pae-
Hui Ha 5% (IUTpUXOBast JIMHUSA);,

B) yueOHas BbIOOpKa (L = 2), JonoJIHeHHast n300pa-
KEHMUSIMU, TTOJYYEHHBIMUA MYTEM MOBOPOTA MCXOMHBIX
M300pakeHU 110 YaCOBOM UJIM IIPOTUB YaCOBOM CTpesi-
KU1 Ha 4° (IUTPUX-TTYHKTUPHAS JIMHUS);

test
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Puc. 3. YcpenHeHHble KoahuLNeHTbI
Pacno3HaBaHns N306paxeHnit TecToBOIA BbIOOPKM 6a3bl ORL
MpW PacLLIMPeHUI y4e6HON BbIOOPKL
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) yueOHas BbIOOpKa (L = 2), nomnojiHeHHas1 u300pa-
KEHMSIMU, TIOJyYeHHBIMU TTYyTEM MacIITaOMpOBaHUS
(YyBenueHMS UM YMEHBIIICHMST ) NICXOMHBIX M300paKe-
HMi Ha 5% W TOBOPOTA 10 YAaCOBOM WJIM MPOTUB Yaco-
BOI cTpesiku Ha 4° (CIIJIoIIHAS TUHUS).

Kak BuUmHO W3 pucynka, yBeIWYECHWE YHCIIAa H30-
OpaXeHUi B Kjlacce MPUBOIUT K POCTY KayecTBa pac-
MMO3HaBaHMsI, TIPU 3TOM B Cllydyae JBYX M300pakeHUI
B KJIacC€ MaKCHUMaJIbHble 3Hau€HUsI KO3(POULIMEHTOB
pacro3HaBaHusA mojaydatorcs mist 30 TIaBHBIX KOMITO-
HEHT, a B clyJyae, KOraa YKiciIo U300paxeHUI B KJiacce
pacuupsiercst 10 18, koaPULIMEHTHI paclio3HaBaHUS
JIIOCTUTAIOT CBOMX MaKCHUMAaJIbHEIX 3HAUCHUI YXKe TpHu
55 raBHBIX KOMIIOHEHT. TakuM o6pa3om, 4yeM OoJIbIle
n300pakeHuil B Kjlacce, TeM OOJiblle IJIaBHBIX KOM-
MOHEHT MOTpeOyeTcs A TOCTPOSHUST KaYeCTBEHHOIO
KJaccugukaropa.

[IpoBeneHHBIC MCCIeAOBAHMS ITOKA3bIBAIOT, YTO IIPHU
MOCTPOEHUM KJaccudukaTopa Ha OCHOBE Yy4YeOHOM
BBIOOPKU U3 HEHOPMAJM30BAHHBIX U300paXkeHUIl Ka-
YECTBO PAaCIlO3HABAHWUS JIUIL YBEJIUUYUBAETCS C POCTOM
yuclia u3o0paxeHuii B Kiacce. Eciiu uncino nzodpaxke-
HUI1 B KJ1acce HEBEJIMKO, TO yueOHash BEIOOpPKA MOKET
OBbITh JOMOJIHEHA W300paXeHUSIMU, IOJYYEHHBIMU
MyTeM MTOBOPOTAa U MaCIITAOUPOBAHUS MCXOJHBIX U30-
OpaxeHuii. Takum 06pa3zoM, Aaxe I pacliO3HABaHUS
CPaBHUTEJIbHO HEOOJBIIOI0 4YWCIa JIIOACH, pa3Mep
y4eOHOIi BHIOOPKU MOXET OBbITh JOCTATOYHO OOJIBIINM,
W BBIYUCJIEHUE TJIABHBIX KOMIIOHEHT MOXET MOTpebo-
BaTh CYIIECTBEHHBIX BEIYUCIUTEIBHBIX PECYPCOB.

3. BolukciieHue rIaBHbIX KOMIOHEHT
00JIbIIX HA0OPOB N300PaAKEHUIA

Bpewms BeIYUCIEHMS TIaBHBIX KOMIIOHEHT 3aBUCUT B
OCHOBHOM OT TPYJIOE€MKOCTU pEelIEHUsST YpaBHEHUS (2),
KOTOpasI CYIIECTBEHHO PACTET C YBEIMUICHUEM TTOPSIKA
MaTpull. B ciaydae ecnm umcio m3obpakeHuid B HAbO-
pe BEeJIMKO, TO MOPSAOK MaTPUIL] CTAHOBUTCS OOJIBLIIUM
U ompeje/ieHre TIaBHBIX KOMIIOHEHT TpeOyeT 3Hauyu-
TEJIbHBIX BEIYMCINTEILHEIX 3aTpaT. O030p METOIOB pe-
LIEHUA 3a0a4yd COOCTBEHHBIX 3HAYEHMI MOXKHO HAWTH
B pabote [9]. I3 cylliecTBYIOIIMX METOIOB MOXHO BbI-
NIEJIUTh MeTOJ XaycxoJiiepa, KOTOPhIA TTO3BOJISIET BbI-
MOJIHATh Tpedyemble MpeoOpa3oBaHUs OBICTpee, YeM
meton ['mBeHca unu Meton SIkoou, Tak Kak TpeOyeT Bbl-
TOJTHEHUST MEHBIIIETO YKCIa, XOTS U 0ojiee TPYIOEMKUX
onepauuii. OqHaKo, ¢ MOMOIIBI0 MeToa Xaycxouaepa
BBIYMCIISTIOTCST BCE COOCTBEHHBIE 3HAUEHUSI U COOTBET-
CTBYIOIIINIC UM COOCTBEHHEIC BEKTOPHBI, B TO BPeMsI KakK
MPY BEIYKUCJICHUH IJTABHBIX KOMIIOHEHT TPEOYeTCs CpaB-

bUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.



HUTEIBbHO HEOOJbIIOE YUCIO COOCTBEHHBIX BEKTOPOB C
HauOOJIbIIMMU COOCTBEHHBIMY 3HAYEHUSIMMU.

Jlnist pellieHUsT HETTOJHOM 3aJa4yu COOCTBEHHBIX 3HaA-
YEeHU OOJIBIITNX MATPHUIL IIPEIJIaraloTCsI METO CHTE-
3a [JIaBHBIX KOMIIOHEHT [8] U MeTOoJ JTMHENUHOU KOH-
neHcauuu [9]. Meton cuHTe3a IIaBHBIX KOMITOHEHT
OasupyeTcss Ha pa3OMEHUM MCXOTHOIO MHOXECTBa
U300paxeHnii Ha HeboapLIe HAabOPphl N300pakKeHUH,
MOJYYeHUU COOCTBEHHBIX BEKTOPOB 3THX HabOpOB
(4acTHBIX pEIICHUI) M BBIYMCICHUU COOCTBEHHBIX
BEKTOPOB MCXOTHOTO HAbOpa Ha OCHOBE YaCTHBIX pe-
meHnii. ToYHOCTh MeTONa 3aBUCUT OT pazMepa Habo-
POB U300paXeHUi (m,) U YUCIa COOCTBEHHBIX BEKTO-
poB, obpasyrouux yactHoe petienue [, (/, <m,). Ilpu
YMEHBIIEHUU /, pa3Mepbl PE3YJIbTUDPYIOLLEH MaTPULIbI,
KOTOpast UCITOJIb3YETCS TSI BHIYMCIIEHUST COOCTBEHHBIX
BEKTOPOB, YMEHBIIAIOTCS, OIHAKO IIPU 3TOM PACTYT
MTOTPEITHOCTH COOCTBEHHBIX BEKTOPOB.

Merton TMHEITHOM KOHICHCAIIUY pean3yeTCs B BUIE
ajTopuTMa OJIOYHO-OPTOTOHAJIBHOUM KOHIeHcaluu. B
pabote [9] omuchIBaeTCs aIrOPUTM MHOTOYPOBHEBOM
JUHEWHOUW KOHASHCALIUU ISl BBIYMCIIEHUS COOCTBEH-
HBIX 3HAYEHUIA B MHTEPBasie OT 0 10 11, U COOTBETCTBYIO-
IIMX UM COOCTBEHHBIX BEKTOPOB. AJITOPUTM BKITIOYAET
naTh maroB. [lepBeiii IIar mpeacTaBiisgeT MPOLEIypy
MHOTOYPOBHEBOTO TTOHIZKCHUS TOPSIIKA MaTPHII, KO-
TOpast HAUMHAETCS C TOTO, YTO BCE TMIPU3HAKK COPTUPY-
I0TCS B MOPsIIKE YObIBaHUS AUAroHaJbHBIX KO3(hdu-
IIMEHTOB KOBapMallMOHHOW MaTpuilbl A. Ha kaxmom
YpOBHE MPOLEIYypHl TTOHVKCHUS IOPSAKA MAaTPHUI]
BBIOMpaeTcs TpyImna IPU3HAKOB ¢ MUHUMAJBHBIMU
IaroHajJbHBIMU KoddduimeHTamu. Pemenue oo uc-
KJTIOYCHWH BBIOPAHHBIX IIPU3HAKOB IIPUHNUMACTCS TIPU
BBITIOJTHEHNH YCIIOBUS:

lumin > kc/’lZ' (5)

3mecy u,,, =1/4,, — HaUMEHbIIEe COOCTBEHHOE
3HaYeHMe OJIOKA YIAISIeMbIX IEPEMEHHBIX A, k — ma-
paMeTp OTCEYEHU, 4, — BEPXHAA TPaHMLA AMATIa30HA
BBIYUCIIAEMBIX COOCTBEHHBIX 3HAYEHWI (IMarasoHa

KOHJIEHCALIUN).

Ecnu ycnoBue (5) BbIMOMHSIETCS, TO OCYILLIECTBISIET-
Csl TIOHMXXEHHUE MopsiaKa MaTpullbl. YcaoBue (5) MOXeT
OBITH TIEPENMCAHO B BUIE 4, < A, / k. Kak uszsectHo,
CyMMa IMaroHaTbHBIX KO3 (MUIIMEHTOB MAaTPUIIHI PaB-
Ha CyMMe COOCTBEHHbIX 3HaueHuii. [ToaTomy Habop
yIaJsieMbIX IIPU3HAKOB (hopMUpyeTcs U3 MPU3HAKOB,
KOTOPBIM COOTBETCTBYIOT HAWMEHBIIINE TUAarOHaJIb-
Hble KoadduureHTs! MaTpuilsl A. [lo cytu, nenaercs
MPEATIOI0XEeHe O TOM, YTO YeM MEHbIlle CyMMa CO0-
CTBEHHBIX 3HAYCHUI A, TeM MEHbIIE MaKCUMaJbHOE

COOCTBEHHOE 3HAaYeHHE aHAIM3UPYEeMOM MAaTPUIIBL.
B mpouecce moHmKeHUs MOpsiAKa MaTpuUlbl A 1O-
CJIEOBATENILHO TOJIyYaloTCs MaTpullbl A, A, ..., A,
rae k — YpOBEeHb IMOHMKCHUS TOpsIKa MaTPULIBL A.

C yBenM4eHMEM K yMEHDIIAETCA TIOPALOK MAaTPULIBI A, .

Db bheKTUBHOCTh AITOPUTMAa MHOTOYPOBHEBOU JH-
HEWHOW KOHIEHCALMU 3aBUCUT OT TOTO, HACKOJIbKO
CHJIBHO TIOHMKAETCS ITOPSIIOK MAaTpUIl, OJHAKO, CTe-
TeHb MOHKEHUS HEe BCErla OKa3bhIBaeTCsl JOCTAaTOYHO
BBICOKOI. B pabore [9] memoHcTpupyeTcss OBICTpPO-
JIECTBUE aJIrOPUTMAa MHOTOYPOBHEBOU JIMHEHHOM
KOHJIEHCAllUM Ha MpHUMepe BBIYUCICHUS 67 IJIaBHbBIX
KOMITOHEHT HabOPOB pa3InvyHoi pazMepHocTH (0T 500
1o 5000). OgHako manbHeNIIe UcciaenoBaHus ToKa-
3aJI1, YTO MPU pacyeTe OOIBIIOTO YMCIIA TIIaBHBIX KOM-
MOHEHT (HECKOJIbKO COTE€H) He yHAeTCsl CYLIECTBEHHO
CHU3UTH MTOPSIIOK MATPHIL. DTO OOYCIOBICHO TEM, UTO
COOCTBEHHbBIE 3HAYEHNI B PaiOHE BEPXHEH IPAHULIBI /i,
JIeXXaT O9eHb IUIOTHO M HE yIaeTCs BEIOpaTh MCKITIOUYae-
Mble IPU3HAKU, He Hapyllas ycjaoBus (5).

Ji mpeomoneHUs1 3TUX TPYIHOCTEH Ipeiaraer-
Csl MCIIOJB30BaTh aJTOPUTM OJIOYHO-OPTOTOHATHHOMU
KOHJIeHCAlluU, KOTOPBIA TakxKe MpeacTaBseT coOoi
MHOTOYPOBHEBHIN MPOIIECC ITOHMKEHUS TOpSIAKa Ma-
Tpulbl. MaTpuua Takxke AeauTcsl Ha OJIOKM, OJHAKO,
npu BbIOOpPE yaasisieMblX MPU3HAKOB OJIOK MPU3HAKOB
(XaHIUOATOB Ha yIaJcHIE) IPUBOIUTCS K THMArOHAIb-
HOI (popMe ¢ MOMOIIBIO OPTOTOHATBLHOTO MPeodpa3o-
BaHMSI.

ITyctb ypaBHeHMe (2) Ha k-OM ypOBHE ITOHVKEHMUS
TOopsIIKa MaTPUI] UMEET BU;

(= uA ) =0, (6)

a

rae 4 =1/ A, u’” npeacrasisieT BeKTOp u5*“ Ha k-1 ypoB-
He MMOHMKeHUS TTopsiaka Matpull. [IpemcraBuM MaTpu-
1y A, ¥ BEKTOp 4} B hopMe:
k k-1
_ Abb Abs pea __ le
k k k
Axb A.v.r

> Y1 T —
Uk 1
31ech MHAEGKC b OTHOCUTCS K YAEPXKUBACMBIM TPH-
3HAKaM, U MHAEKC § — K yIAISIEMbIM MPU3HAKAM.

Z[I/IaFOHaI[I/ISaLII/IH MaTpuvlbl yOAIACMbIX IPU3HAKOB
OCYHICCTBJIACTCA C ITIOMOIIBbIO OPTOrOHAJIbHOTO Hp606—
pa3oBaHUA:

T Ak _
Ps Asts - zss‘ (7)
Marpuua P sgBigercs opToroHanibHOM MaTpuien u
COCTOMT U3 COOCTBEHHBIX BEKTOPOB MaTpuULbl A%, mo-
JIyYEHHBIX MIPU PEIIeHUH YPaBHEHUS:
k —
(1, - uA%)p, =0. ®)
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Takum obpaszom,
k-1
I, O ||u,

0 Ps uk—l

s

pea _

u? =Pul”. )

OtmeTuM, yto P gBJIsSIeTCA OPTOTOHAIBHOM MaTpu-
11eii, TTOTOMY CIIPaBeUIMBO CJIEMYIOIIee COOTHOIIEHNUE:

PSTIS PS = PST PS = IS (10)
IMoncraBnsgem cootHorieHue (9) B ypaBHeHue (6) u

janee, yMHOXas clipaBa Ha Matpuiy P”, ¢ yueTom BbI-
paxenus (10) monygaem:

(I, —uA ) ul =0,
rne A, =P"A P.

C yyeTroM OJIOYHOTO AejeHUs] U COOTHoLueHUs (9)
MaTpuLa A, MOXET ObITh PEICTABIEHA B BUE:

an

T

. [1, 0

Aln ASAL L 0
0P,

r _ A;b A:sl)s
AfbAlscs OPS - PsTA.];b Ess

Ecim mnaronanbHble KO2(OUUMEHTH MATPULBL X
YIOPSIZIOYEHBI TI0 YOBIBAHUIO, TO OOpaTHasi BEIWUYMHA
MIEPBOTO TUATOHAIBHOTO KO3(QHULINEHTa MaTPULBI X
OyleT paBHa HauMMEHbIlIEMY COOCTBEHHOMY 3HAUYE€HUIO
6Js10Ka yansieMbIX TPU3HAKOB (4,,;,). [IpoBepKa ycioBust
(5) mo3BoJIAeT OmpeneanuTb, MOXHO JU yIAlSATh MpPU-
3HAKW, BXOASIINE B OJIOK yIajsieMbIX PpU3HAKoB. Eciu
yIaJIATh MPU3HAKU HEJIb3s1, TO ycioBue (5) MpoBepsieT-
cs IS BTOPOTO AvaroHajbHOro koadgduimenta. o
CyTH 3TO O3HAYaeT, YTO MBI YMEHBIIIaeM OJIOK ymassie-
MBIX TIPM3HAKOB Ha EAVHUILY W TIPMHUMAEeM pelleHre
00 ymajJleHUM yMeHbIIeHHOro 0Jjioka nmpu3HakoB. Ecim
ycioBUe (5) He BBIITOJHSIETCS, TO Mbl CHOBA YMEHbIIIaeM
0JIOK ymajsieMbIX IIPU3HAKOB Ha ¢IMHUILY, T.€. YCIIOBHE
(5) mpoBepsieTcs 1Sl TPEThEro AMaroHaabHOro Koadbu-
LIMEHTa MaTpULbl X 1 T.4. Ecin ycioBue (5) BBITOTHA-
€TCs, TO 3TO O3HAUYaeT, YTO MbI OINPEACTUIN OJIOK TTPH-
3HAKOB, KOTOPbIE MOXHO yaajsaTh. Eciu ycinoBue (5) He
BBITTOJTHSICTCS M YUCIIO YOAISIEMBIX IPU3HAKOB PaBHO
HYJIIO, TO 3TO O3HAYaeT, YTO MPOLECC MOHMKEHUS T10-
psioKa 3aKOHYEH.

Meton nMHEWHOM KOHIEHCAllMM W METOJl CUHTe3a
IJIABHBIX KOMIIOHEHT JAIOT MPUOIKEHHOE pEeIIeHUe
3aa4v COOCTBEHHBIX 3HaYeHUi. [JTaBHbIE KOMITOHEH-
THI MOTYT (hOPMUPOBATHCS KAK Ha OCHOBE IIPUOIVKCH -
HOTO, TaK W TOYHOTO PELICHMS 3aJauyd COOCTBEHHBIX
3HaueHUU. [Ipu 3TOM HOPMUPYIOTCS ITOOIIPOCTPAH-
CTBa IJIs OMMMCaHUs U300pakeHUid, KOTOphIe OTJIrYa-
I0TCsI YT OT Apyra. Paznmuuve Mexmy MOAnpoCcTpaH-
CTBaMU MOXHO OIICHUTh Yepe3 PaCCTOSIHUE MEXIy
noanpoctpaHcTBamu. ITycThb V,; — COGCTBEHHBIE BEKTO-
PBI, BEIYMCIICHHBIC METOIOM JIMHEHHON KOHAEHCAIINU
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WA METOIOM CUHTE3a IJIABHBIX KOMIIOHEHT,V,; — C00-
CTBEHHBIE BEKTODBI, MOJYYEHHbIE METOAOM XayCXOJ-
nepa. Bce coOcTBeHHBIE BEKTOPhI UMEIOT €AMHUYHYIO
ITMHY. PaccrostHre MeXmy ITOAIIPOCTPpaHCTBAMM OV -
HaKOBOW pa3MEpHOCTU OIpeAessieTCsI Yepe3 CHHYC
HauOOJIbIIIETO IJIABHOIO yIjia MexXay HuMu. HanboJb-
LW [IaBHBIN YTOJI MeX Iy NOANIpOCTpaHcTBaMu L{vy“}
u L{v;,.} OIpEAeIISIETCS CAEAYIOIIUM 00pa30M:

cos6 = max max(vy") vy
i J

PaccTosiHie MeXLy MOANPOCTPAHCTBAMY PABHO
dist( vé’“’,v;) =+1-cos’0 = sin0,

B meronme nMHEHON KOHIEHCAIIMM TOYHOCTH BBI-
YUCJIEHUsI COOCTBEHHBIX BEKTOPOB PETryIUpPYyeTCs C MOo-
MoIIIbl0 MapameTpa oTcedeHusi. MccnenoBanue Bivsi-
HUSI BEJIMYMHBI TTApaMeTpa OTCEYSHUsI Ha PacCTOSTHUE
Me3KLy TIOANpoCTpaHCTBaMU L{v.} u L{v,, }BbINONHSI-
eTcs Ha Habope u3 320 uzodpaxeHuii 6azsl ORL. Co0-
CTBEHHBIC BEKTOPBI BBIUMCISIOTCS C WCITOJIb30BaHUS
ajropuT™Ma OJOYHO-OPTOTOHAJILHOW KOHIEHCAIINU C
pasIMYHBIMU 3HAYCHUSIMU TapaMeTpa OTCEeYeHUs |

MeTonoM XaycxoJjjaepa.

B mab6a. 3 nipencraBneHo M3MeHEHUE CUHYca Hau-
OOJIbIIET0 yIjla MeEXOy MOAMNPOCTPAHCTBAMM, 00-
pasoBaHHEIMA 40 TJIABHBIMM KOMIIOHEHTaMU, IIO-
JIYYeHHBIMU METOIOM XaycXoJjijiepa W ajJropuTMOM
0JIOYHO-OPTOTOHAILHON KOHIEHCALIMK IIPU pasind-
HbBIX 3HAUYEHUSIX ITapaMeTpa OTCEUEHUSI.

Tabauya 3.
Paccrosmue Mexy noanpocTpaHCTBAMM
[JIABHBIX KOMIIOHEHT, BLIYMCJIEHHBIX AJITOPUTMOM
0JI0YHO-0PTOrOHAJILHOI KOHIEHCAIIMH
H METOJI0M XaycxoJjaepa

Mapametp otcevyenus

Pasmep
6noka
20 0,00237 0,00111 0,00012 0,00024
40 0,00198 0,00070 0,00029 0,00012
60 0,00318 0,00140 0,00042 0,00018

Kak BUIHO U3 mabauybl, paCCTOSIHAE MEXKIY MOAIIPO-
CTPaHCTBAMU, OOpPa30BAaHHBIMM TOYHBIM U IPUOIH-
JKEHHBIM peIlIeHWeM 3aJauyil COOCTBEHHBIX 3HAUYCHUA,
COKpAIllaeTCsl ¢ YBEJIMYECHUEM IapaMeTpa OTCEUCHMS.
OnHako, U IpY MaJIbIX 3HAYEHUSIX IapaMeTpa oTceye-
HUS PacCTOSTHUE MEXIY ITOAIIPOCTPaHCTBAMI HEOOIb-
1oe.

TouyHOCTb BBIUMCIIEHMST COOCTBEHHBIX BEKTOPOB ME€-
TOAOM CHMHTE3a TJIaBHBIX KOMIIOHEHT 3aBUCHUT OT pas-
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Mepa YacTHOro Habopa (610Ka) uzobpaxeHuii (m,) U
KOJIMYECTBA COOCTBEHHBIX BEKTOPOB 0710KOB (/). Bme-
CTO YKClIa COOCTBEHHBIX BEKTOPOB OJI0Ka [, OyneM uc-
MOJIB30BaTh €70 OTHOCUTEIIPHOE 3HAUYCHIE l_k =1l/m,.
HccnenoBaHns TOYHOCTH BBITIOJTHSIOTCS C UCIOJB30-
BaHMeM Habopa u3 320 uzobpaxenuii 6a3sl ORL. Me-
TOIOM CHHTE3a IJIaBHBIX KOMIIOHEHT BbIYMC/ISTIOTCS 40
COOCTBEHHBIX BEKTOPOB VISl PA3IMYHbIX 3HAYEHUI m, 1
Z{. B mab6a. 4nipencraBaeHbl 3HaUEHUS pACCTOSTHUS (CU-
Hyca HauOOJIBIIIETO YIJIa) MEXAY MOANPOCTPAHCTBAMM,
KOTOpPbIe 00pa30BaHbl COOCTBEHHBIMU BEKTOPAMMU, I10-
JIyIEHHBIMM METOJI0M XaycXoJiaepa i METOIOM CUHTEe-
3a [JIABHBIX KOMIIOHEHT.

Tabauya 4.
Paccrosiane MeXIy mOanMpoCTPAHCTBAMH IJIABHBIX
KOMIIOHEHT, BBIYMCJIEHHBIX METOIOM CHHTE3A IJIABHBIX
KOMIIOHEHT ¥ MeTo/IoM XaycxoJiiepa

Pﬁajfl::(eap OTHOCHTENbHOE 4KC/IO COBCTBEHHBIX BEKTOOB GNoKa /, (%)
mk
20 0,0337 | 0,0232 | 0,0184 | 0,0125 | 0,0097 | 0,0068
40 0,0345 | 0,0254 | 0,0183 | 0,0131 | 0,0099 | 0,0073
80 0,0326 | 0,0266 | 0,0206 | 0,0159 | 0,012 | 0,0076

W3 mabauyst BUIHO, YTO METOH CHHTE3a TJIaBHBIX
KOMIIOHEHT IT03BOJISIET BBIYUCIISITE COOCTBEHHbBIE BEK-
TOPBI, KOTOPBIE 00Pa3yIoT HOAIIPOCTPAHCTBA, KOTOPHIE
OTVIMYAIOTCA OT TIOAIPOCTPAHCTBA, ITOJYYEHHOTO C
TIOMOIIIBIO MeToNa XaycxoJjiiepa, Ha He3HAYMTeJIbHOe
paccTostHue.

HccrnenoBaHue BAUMSIHUS TOYHOCTU BBIYMCIECHUS
IJIaBHBIX KOMITIOHEHT Ha Ka4eCTBO pacIio3HaBaHUS JIUII
BbIMOJIHSIeTCSl Ha 0asze gaHHbIX ORL. CoOGcTBeHHBIE
BEKTOPHI BBIUMCIISIIOTCS C MCIIOJIb30BAaHMEM METOIa
JIMHEHHON KOHAEHCALIMW, METOJAa CHUHTe3a TJIaBHBIX
KOMIIOHEHT W Metoma Xaycxonaepa. Ilpu aToMm m30-
OpaxxeHus, XpaHsIecs B 0ase JaHHBIX, NEIATCS Ha
00yyarolyIo U TECTOBYIO BBIOOPKH. [LJT MccienoBaHUs
TOYHOCTU PacO3HABaHUS JIUII UCIOb3YETCsl Ipolie-
Jaypa Kpocc-Baquialuu, ycpeaHstoias Ko3hhuuu-
eHTBl pPacIO3HABaHUs, TOJyYEHHBIE IO Pa3TUYHBIM
y4eOHbIM BbIOOpKaM. O0yyaroias BeioopkKa (opMupy-
eTcs 13 8 N300pakeHMI KaxKI0ro Kjiacca 0a3bl JaHHBIX
ORL, xotopeie BbIOMpatoTcs ciaydyaiiHo. Bce ocrtaB-
IIHecsT N300pakeHUsI COCTABJISTIOT TECTOBYIO BEIOOPKY.
Bbbeutn mpoBeneHs! 1o 10 3KCepuMeHTOB ¢ IJIaBHBIMU
KOMIIOHEHTaMH, ITOJIYYeHHBIMU METOIOM XaycXOJI-
epa, METOAOM JIMHEMHOM KOHIEHCALMU U METOHOM
CUHTe3a [JIaBHbIX KOMIOHEHT. KayecTBo pacmno3HaBa-
HUS B KaXKIOM 3KCIIEPUMEHTE OLIEHUBAETCS 110 KO3 (-

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

(bULIMEeHTY pacrio3HaBaHUS JUL] TECTOBON BbIOOpKU. B
pesynbTate 00pabOTKU Pe3yTbTaTOB SKCIEPUMEHTOB
TOJIyJaloTCs CpeAHNe 3HaUYeHUS KO3(pPUIIMeHTOB pac-
MO3HABaHUsI TECTOBOIl BBIOOPKU, KOTOPBIE MPEACTaB-
JIEHBI B maba. 5.

Tabauya 5.
KoaddummenTs! pacno3naBanus

o || Jwohan | g | Meron

KOMMOHEHT KOMMNOHEHT
30 949 945 95,1
35 949 943 94,6
40 95,8 95,8 95,4
45 96,3 96,5 96,4
50 96,3 95,8 96,0
55 95,6 96,0 95,8
60 96,1 96,4 96,4
65 96,1 96,1 96,3
70 96,4 96,6 96,3
75 96,1 96,8 96,4

W3 mabauybi BUAHO, YTO TIPU UCTIOJIB30BAHUU METO-
JIa TMHEeITHOM KOHIeHCAIny KO3(PUIIMEHT pacIto3Ha-
BaHUsI TOCTUIAeT BeIUMYMHbI 96,4, 4TO COOTBETCTBYET
TOYHOCTH pACIIO3HABAHMS IS CJIyvasi, KOT/a IJIaBHbIC
KOMITOHEHTBI BBIYMCIISIIOTCA MeToAoM Xaycxoiaepa. B
cllyyae NPHUMEHEHUsI METOAa CMHTE3a IJIaBHBIX KOM-
TMOHEHT TOYHOCTh pACIO3HABaHUS HEMHOTO BBIIIIE.
TakuMm 00pa3oM, BBIUKUCICHWE COOCTBEHHBIX BEKTO-
POB C MCHOJIb30BAaHMEM METOMIOB JIMHECWHON KOHICH-
calMy U CHHTE3a IJIaBHBIX KOMIIOHEHT XOTSI M [JaeT
NpUOIKEHHOE pellleHHe, HO He CHMXaeT KayeCTBO
pacrio3HaBaHMs M300paxkeHWil nuil. B psige skcmne-
PVIMEHTOB TJIaBHBIE KOMITOHEHTHI, BEIYMCIICHHEIC Me-
TomaMU JIMHEWHON KOHICHCAIIUM M CHHTE3a TJIaBHBIX
KOMIIOHEHT, 00eCIIeunBaloT 0ojiee BEICOKOE KaueCTBO
pacno3HaBaHUsI.

Jns neMoHCTpauuy OBICTPOAEHCTBUSI METOJAOB JIM-
HEITHO# KOHIEHCAIMY M CUHTE3a TJIaBHBIX KOMIIOHEHT
TIPOBOIATCS SKCIIEPUMEHTHI, B XOJ¢ KOTOPHIX BHIUNC-
JsitoTcs 290 TaBHBIX KOMIIOHEHT HAOOPOB M300paxKe-
HUiA. 3aTpaThl Ha BBIYMCJICHUE TJIABHBIX KOMIIOHEHT
CPaBHMBAIOTCS CO BPEMEHEM BBIUMCICHUI METOIOM
Xaycxonnepa. MccaenoBaHusl BBIMOJHSIIOTCS Ha M30-
opaxenusx nuil 6a3el nanHbIXx FERET. B ma6a. 6 no-
Ka3bIBaeTCs 3aBUCUMOCTh OTHOCHUTEJIBHOTO BpEeMEHU
BeIUUCIIeHUS 290 IIaBHBIX KOMIIOHEHT METOIOM CHH-
Te3a INIABHBIX KOMIIOHEHT M METOIOM JIMHEIHOI KOH-
IeHCallnK UISI HA00POB C pa3HBIM YMCIIOM M300pake-
HU.
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OTHOCUTENBHOE BPEMST PACCUMTHIBAETCSl KaK OTHOIIIE-
HUE BpeMEeHU BbIYHCIEHMS ITIABHBIX KOMITOHEHT METOJIOM
JIMHEMHOM KOHACHCALIMU WJIM METOIOM CUHTE3A INIABHBIX
KOMITOHEHT KO BpEMEHM, 3aTpauyeHHBLIM METOAOM Xa-
ycxoJiepa MpU HAXOXIEHUM COOCTBEHHBIX BEKTOPOB.
B mabauye vicnonb3oBaHbl cleAylole 00O3HAYEHUS:
TK — BpeMsl BbIUMCJIEHUS] TJIaBHBIX KOMIIOHEHT METO-
JIOM JIUHEeHOM KoHaeHcauuu, 7TC — BpeMsl BBIUUCIEHUST
IJIAaBHBIX KOMITIOHEHT METOAOM CHUHTE€3a IJIaBHBIX KOM-
MOHEHT, TX — BpeMsl BbIYMCIICHUS IJIABHBIX KOMITOHEHT
MmeToaoM Xaycxoanepa. Kak BugHo U3 Tabauiisl, 00a Me-
TO/IA MPEBOCXOMASIT MO CKOPOCTU BBIYMCIIEHUI METOI Xa-
ycxoJiiepa, OHAKO METOJ CMHTE3a INIaBHBIX KOMITOHEHT
JEMOHCTpUPYET 00Jiee BEICOKOE ObICTPOIEHCTBUE.

Tabauya 6.
OTHOCHTE/IbHOE BpeMs BbIYUCICHHS
IJIABHBIX KOMIIOHEHT

Yucno
n306paxeHnit
1089 0,63 0,92
2059 0,36 0,6
4080 0,13 0,29
5793 0,1 0,26

3aKkmoueHnue

PaccMoTpeHo pelreHue 3amadyM  pacrio3HaBaHUS
M300paxkeHUIi UL C TTOMOIIbIO JIMHEMHOTO AUCKPHU-
MHWHAHTHOTO aHAaJIN3a U METOIa TJIaBHBIX KOMITOHEHT.
ITocTpoeHue kinaccudUKaTOPOB IMpeaaracTcsl Bbl-
TOJIHSATDH C MCIOJb30BaHMEM YU4eOHOI BBIOOPKH He-
HOpMaJM30BaHHbIX M300paxkeHuil. IlpoBegeHo wuc-
cJief0oBaHNWE TOYHOCTHU pacIio3HaBaHUS M300pakeHUI
HEHOPMaJIM30BaHHBIX JIVII, BHIIEJIEHHBIX U3 U300pa-
xkeHuii 6a3ze gaHHbiXx ORL. Iloka3aHo, 4TO TMomxomnm
MTIK mmoc JIJA naet Xopolilylo TOUHOCTb pacro3Ha-
BaHUS Aaxe ST U300paXeHUN ULl He MPOIIeAIINX
npouenypy HopManm3auuu. [Ipy 3ToM yBeIWdeHUE
yucja u300pakeHuii B Kjacce yueOHO BEIOOPKHU T0-
BBIIIACT TOYHOCTh paclio3HaBaHuUs juil. Eciau umcio
M300paXeHUi B Kjlacce HEBEJUKO, TO IpeaiaraeTcs
pacmupsATh Y4eOHYIO BEIOOPKY M300paskeHUSIMHU, T10-
JIYICHHBIMHA TIYyTeM MAacCIITaOMpPOBaHUS U IOBOPOTa
WCXOIHBIX M300paxkeHUil. s CHUXEHUSI TPyZOeM-
KOCTH BBIYMCJICHUS TJIABHBIX KOMIIOHEHT HAaOOPOB C
OOJIBIIIMM YKCJIOM U300paXeHUI Ipeiaraercst Mc-
T0JIb30BaTh METOM JUHEWHOM KOHIEHCAIIUN M METOJ
CHHTE3a TJIaBHBIX KOMITOHeHT. [lokazaHo, 4TO 3TH
METOJIBI TTO3BOJISTIOT CYIIECTBEHHO CHU3UTH TPYIOEM-
KOCTb PacueToB, He CHMXasi TOYHOCTH pacIio3HaBa-
HUS L. W
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ON EFFICIENCY OF FACE RECOGNITION USING LINEAR DISCRIMINANT
ANALYSIS AND PRINCIPAL COMPONENT ANALYSIS
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The solution of the face recognition problem by means of principal component analysis (PCA) and linear
discriminant analysis (LDA) is being considered. The main idea of this approach is that firstly, we project the face
image from the original vector space to a face subspace via PCA, secondly, we use LDA fo obtain a linear classifier.
In the paper, the efficiency of the PCA+LDA approach to face recognition without preliminary processing (scaling,
rotation, translating) is investigated. Research shows that the higher the number of images in a class of teach sample,
the higher the face recognition rate. When the number of images is small, face recognition performance can be improved
by expanding the training set using the images received by scaling and rotating of initial images. The efficiency of
PCA+LDA approach is investigated on the images of ORL database. When processing large sets of images, methods of
linear condensation and principal component synthesis are suggested to calculate the main components. The principal
component synthesis method is based on splitting an initial image set into small sets of images, obtaining eigenvectors
of these sets (particular solutions) and calculation of eigenvectors of an initial image based on particular solutions.
The linear condensation method is based on the decrease of an order of matrix allowing to calculate pretty exactly
eigenvectors whose eigenvalues are located in the preset interval. It is shown that linear condensation and principal
component synthesis methods allow to decrease significantly the processing time of building a classifier by PCA+LDA
approach, without reducing face recognition rate.

Key words: face recognition, principal component analysis, linear discriminant analysis, linear condensation method,
database ORL, principal component synthesis.

Citation: Mokeyev A.V., Mokeyev V.V. (2015) Ob jeffektivnosti raspoznavanii lic s pomoshh’ju lingjnogo diskriminantnogo
analiza i metoda glavnyh komponent [On efficiency of face recognition using linear discriminant analysis and principal
component analysis|. Business Informatics, no. 3 (33), pp. 44—54 (in Russian).
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OCHOBHBIX 0OCHOUHCMEG, NPUCYUWUX 00AAUHbIM PeuleHUsM, MOJCHO cuumams ynpowenue U T-ungpacmpyxmypol
npU 8bICOKOM YPOGHE ee macuimadupyemocmu u 602amoil hyHkyuoHanrsHocmu. /s enedperus 001auHbIX AHAN0208
makux «msicensvix» Aokanrvholx pewieruil, kak ERP- uiru CRM-cucmembt, He mpeGyemcst 604bux QUHAHCOBbIX
UHBECMUUUIL U 8PeMEHHbIX 3ampam 3a cuem boaee npocmoil u 2UOKoi naamagopmot, nooodeprcka Komopoi mpedyem
3HAYUMEAbHO MEHbUUX YCUauil. Imo, 6 ceoio ouepeds, daem 6o3modcHocmy U T-nepconany nepeopuenmuposamocs
Ha 0onee 3Hauumble 05 busHeca npoexmot. OOHUM U3 Haubosee 8aAXNCHbIX 0CMOUHCME NOO0OH020 MUNA peuleHUl
sa6asemes mom ¢haxm, umo bonvwias yacme 3ampam Ha HUT nepexodum u3 cmamvu KaGnUManbHbiX pacxoios 8
OnepayuoHHble, N0360455 He U3bIMAMb 3HAYUMEeNbHbIe (PUHAHCOBblE PeCypCbl U3 000POMA KOMNAHUU.

Hecmomps na mo, umo cmoumocmo SaaS-npunodicenuii 3Ha4UmMenbHo MeHvule, 4em eOUHO8PeMeHHble 3ampambl
Ha 8HedpeHUe N0KANbHbIX PeleHUil, YeHa OuUOKYU npU NPUHSMUU peuienus o nocmpoeruu U T-ungpacmpykmypol, 6
mom yucae u Ha 6aze SaaS npodykmoa, 015 Maabix NPeOnpUsmul NO-npelcHemy 8eauKka, makK KaxK ee nepechpoerue
nompe6yem CyuwjeCmeeHHbIX OONOAHUMEAbHBIX 3ampam U Modcem OKA3amovcs KpumuuHoim 04 Orodicema
opeanuzayuu. [losmomy 6 cmamve paccmampueaemcs HabOp Kpumepues, NO3E0ATIOUUX HA IMAane NAAHUPOBAHUS
HT-ungpacmpykmypol Manoeo npednpusmus onpeceaums yeaecoo0pazHocmy UCHOAb308AHUS MEXHOA0LUHECKUX
B03MOJICHOCMEL] NPUAOJICEHULL, PA3MEU4eHHbIX 6 NyOauuHOM obaake. Bce paspabomannble kpumepuu pasdenetst Ha
MPU OCHOBHYBIX SPYNNbL: YYHKUUOHAAbHbIE, PUHAHCOBO-IKOHOMUUECKUe U meXHUYecKuUe. Bce onu nodpobro onucanbl
U PAHICUPOBAHDBL NO CEOCTL BANCHOCU C NOMOUILIO MEMO0a IKCHEPMHOLL OUEHKU NPUSHAHHBIX CNeYUAAUCTNOg & chepe
obnaunvix mexuonoeuii u UT 6 yerom. C ucnonv3osanuem noAyHeHHbIX KOAUMECBEHHbIX 3HAYEHUN Kpumepues
8bl6edena hopmyna, 8 COomeemcmauU ¢ KOMopPo MONCHO NOAYHUMb NOKA3amenb, OUeHUBAIOWULL eaecoo0pazHoCcmy
nepesooa KOHKpemHoz2o OU3HeC-npoyecca KOMNAHUU MAn020 OU3Heca Ha 00AaUHY0 nAampopmy.

Mamepuansr cmameu  mocym Obimb UHMEPECHb! KAK CHEUUAAUCAM, 3AHUMAIOWUMCS GHEOpeHueM
UHOPMAUUOHHBIX cUCmeM, MAK U pyKogooumensam npeonpusmuii Manoeo OusHeca, 015 ONMUMU3AUUU PACX0008
Ha UT.

Kiouessie coBa: SaaS npuitoxkeHus1, MyoJIuIHOE 00JIaKO, KPUTEPUil, Majioe TIpeATpusiTie, OM3Hec-TIpolecc.

IIutuposanue: AHrkanoBa M.A., MopryHoB A.®. KputepuaibHasl olleHKa BO3MOXHOCTH aBTOMAaTH3allu1
OM3HEC-TIPOIIECCOB MPEANPUSATHI MaJloro OM3Heca Ha Tuiatdopme MmyoauyHoro obynaka // busHec-uHdopmMartuka.
2015. Ne 3 (33). C.55—64.
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BBenenne

eMa 00JIauHbBIX pelIeHUI KaK MTHHOBAIMOHHOTO

BUAA ONTUMMU3ALIMKU OM3HEC-TIPOLIECCOB 0Opena

TIOMYJISIPHOCTD TOJIBKO B TIOCJICAHUE TOIBI, HE-
CMOTpS Ha TO, YTO KOHIIeTIUsS 00jlaka KaK TaKOBOTO
yX€ TOCTaTOYHO JaBHO MCIIOJb3YeTCS] MHOTUMM KOM-
MaHUSIMM JUTS pellieHUs] MPUKIAaTHbIX 3aJad, MHOTIa
naxe 0e3 MIOHMMAaHUSI CaMOIo TepMHUHA, HE TaK JaBHO
BBEICHHOTO B 00MX0. Pa3mmaHbIe MOIeIN ImpeaocTaB-
JIEHWST O0JIAYHBIX YCIIYT, BUIBI OpTaHU3allUM JOCTYIa K
HUM 1 TOMY IIOIOOHBIE E€TaIN YacTO BbI3bIBAIOT HEITO-
HUMaHUE Y JIML, MPUHUMAIIUX peureHus. [loatomy,
HECMOTPSI Ha TOCTaTOYHO OYEBHUIHEIC ITPEUMYIIECTBA
00JJaYHOTO TIONXO/Aa Uil Om3Heca, OHM TIPUHMMA-
IOT pellIeHUsT B TTOJIb3y NMPUBBIYHON JloKambHOU WMT-
UHOPACTPYKTypbl M, TaKMM 00pa3oM, 3KCIepTU3a
WT u rpynn pa3paboTKu OCTAIOTCS MPUBSI3aHHBIMU K
TeKymieil cpeme. OTHAKO B TeX KOMITAHUSIX, KOTOPHIE
BCE-TaKM PELIVIN BOCITOJIB30BaThCS 3TUMM TIPEUMY-
1IeCTBaMH1, BO3HUKAIOT BOIIPOCHI O TOM, KaK1e UMEHHO
OM3HEC-TIPOLIECCHI 11eIeCO00pPa3HO BHIBOAUTH 32 paM-
K{ OpTaHU3aIlUM, UCIIOB3YS 00JIAYHBIC PECYPCHI, U TIO
KakKuM KPUTEPUSIM BHIOMpATh 3TU OM3HEC-TIPOLIECCHI,
YTOOBI AOCTUYL MaKCUMaTbHOU 3(hGhEKTUBHOCTA MX
aBTOMAaTU3allMU U COKpaTUTh 3aTpaThl Ha UT. OcobeH-
HO aKTYaJbHbI 3TU BOIIPOCHI AJISl IPEANPUATHAIN MAJIOTO
Ou3Heca, Tak Kak 1leHa OITMOKY 31eCh BBICOKA.

Llesb TaHHOV CTaTbU COCTOUT B TOM, YTOOBI ChOpMy-
JIUPOBATh KPUTEPUU BbIOOpA OM3HEC-MTPOLIECCOB MAJIO-
ro Ou3Heca 1151 IepeBoaa Ha IaTdopMy MyOIMIHOro
ob6naka B Buje SAAS-TIpUIOXEHUI.

HUccnenyst BO3BMOXHOCTU OOJAYHBIX pELIeHUI, MbI
OyaeM B OCHOBHOM TOBOPHUTH O IyOJMYHBIX OOJlaKax.
Hecmotps Ha To, uyto, o naHHbIM IDC, poccuiickue
KOMIIAaHMM TpaTiIT Ha YacTHoe o0Jako OoJblie, YyeM
Ha My0JIMYHOe, MyOJMYHOMY 00JIaKy KaK KOHIICIIIIMU
MacCHBa peCcypcoB, OTIIMIHOTO OT IIPUBBIYHOM MHbpa-
CTPYKTYPHI, IIPOTHO3UPYIOT BHICOKHIT YPOBEHB POCTa U
Bce Ooublee pacnpoctpaHeHue B Poccuu [1]. C Tou-
KU 3pEHUSI BOBMOXHOCTE! UCIOAb30BAaHUST 00JIAUHBIX
pELIeHNI IJ1s1 aBTOMATU3alM IPUKIIAIHBIX PeIICHUN
Oum3Heca, IMOCTAaHOBKA HAHHOTO OTpaHWYCHUS Oymer
onpaBlaHa, TOCKOJBbKY UISI KOMIIAHUK CpeaHero u
0COOEHHO MajIoro OM3Heca UCIOAb30BaHUE ITyOTNYHO-
ro o61aKka HaMHOTO 00J1e€ NEPCHEKTUBHO 1 BHITOJHO —
B OCHOBHOM M3-3a TOTO, YTO Pa3BepTHIBAHIE YACTHOTO
obiaka TpebyeT Oosbiinx nHBectuuuii B T 3a cuer
HEOOXOAUMOCTH TMOCTPOEHUSI COOCTBEHHOTO LIEHTpa
00pabOTKM JaHHBIX, 00ECIeYeHUsT ero MporpaMMHOIt
1aTOPMOIA, TOCTOTHHON MOIAepKKOM (PYHKIINO-
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HUPOBAaHUS CUCTEMBI YaCTHOTO o0jakKa W JAPYyrux 3a-
tpaT. K Tomy ke mybGiauyHoe 00JiaKo IO CpaBHEHUIO
C YaCTHBIM 00JIagaeT MPEeUMYIIECTBOM IOBBIIIEHHOM
MacIITabupyeMocTi W (YHKIMOHAIBHONW TUOKOCTU
noctpoeHHoit U T-uHbpacTpyKTypHI.

1. Ucnoab3oBanue SaaS-pemenuii
Ha miatgopme myOJIMIHBIX 00J1aKOB
KOMIIAHMSIMH MAJIOT0 OM3Heca

HecMoTpst Ha pactipocTpaHEHHOCTD U IIPUBBIYHOCTD
TEPMUHA <«MaJIblii OM3HEC», MOHUMAHWE IPUHIIMIIOB
pasnesnieHusT OmM3Heca Ha TPYIIIBI B COOTBETCTBUU C
pa3MepoM KOMMOaHMUIA Bcerga ObLIO TEMOU CIIOpOB U
HeomnpeneJeHHOCTU. B CBS3UM ¢ OTCYTCTBHEM OOIIe-
MPUHSITON MUPOBOU TEPMUHOJIOTUM, PA3JIMUYHBIE DKC-
TEePTHI TPAKTYIOT TMOHSTHUS, CBA3aHHBIE C MacliTabaMu
Ou3Heca, MO-pa3HOMY, YTO YaCTO BHOCHUT HEKOTOPYIO
HESICHOCTb B 3TOM Borpoce. st Toro, 4Todbl cUCTe-
Ma KoopauHat Oblia HanboJjiee 00beKTUBHA, TPAKTOB-
Ky TIOHSTHSI «Majoe IPenpUHUMATEbCTBO» OBLIO
peIeHo B3sITh U3 3aKoHomateabcTBa PD. [MoHsATHE 1
XapaKTepuCcTUKa KOMITaHW Majoro 6usHeca B Poc-
cum miporncanbl B MenepansHom 3akoHe Ne209-D3
oT 24.07.2007 u onpenesiioTcsl Kak 4acTh COBOKYITHO-
CTU MaJlblX U CpeAHUX npeanpustuii [2]. OCHOBHbIM
KpUTepreM pasieeHus: OM3Heca 1o pa3Mepy SIBJISIETCS
KOJIMYECTBO PabOTAIOIINX COTPYTHUKOB 32 OTYCTHBIN
nepuon. Tak, eciiv cpeaHsisi YUCAEHHOCTh PAOOTHHUKOB
3a KaJeHAapHBIA roj 6osplre 15 (KOMMaHUS ¢ MEHb-
IIMM KOJHUYECTBOM PaOOTHUKOB Ha3bIBACTCSI MUKPO-
MpeanpusiTieM), Ho He mpesbimaer 100 yenoBek, To
KOMIIaHMSI MOXET OBITh OTHECEHA K MaJIOMy IIpeaIpu-
HUMAaTEJIbCTBY.

Takke KpUTepUeM CUYMTAaeTCs TOmoBas BBIpydYKa
kommanuu: ¢ 1 suBapst 2013 r. cornacHo [MocraHosne-
Huto IpaBurenabcTBa PO ot 9 depans 2013 r. Ne101
«O TpeAesbHBIX 3HAYEHMSIX BBIPYYKU OT peau3aiiu
TOBapoB (paboT, YCIYT) AJIs KaXXKIO0M KaTeropuu Cyob-
€KTOB MaJIOTO ¥ CPEIHETO MPEANPUHUMATEIBCTBA IS
MaJIbIX TPENPUSATUI OTIPEeesIeHO OrpaHuYeHue oT 60
1o 400 muiH. pyoneit [3].

Ha Texyiiuii MOMEHT OOLLEIPUHSITON UM XOTS Obl
M3BECTHOIM CETMEHTALIMU CPEeIHETO M MaJIoro OM3Heca
(CMB) u, B yacTHOCTH, Majoro Ou3Heca Mo MPUHLIM-
ny npuHatug UT-pemenuit He cymiectByeT. OMHAKO
orpenesieHrue Mpoduis MOTEHIINAIbHOTO MOTpeouTe-
J1 U'T-npomyKToB U YCIIyT UIsl BEHIOPOB CTAHOBUTCS
Bce Oosiee MPUOPUTETHBIM, 0coOeHHO B cepe CMB,
Ha KOTOpHIii cMettaetcs poxyc. HemaBHue ncciemona-
HUS phIHKA ITOKAa3aJ1, YTO OCHOBHON MOTHUB MOKYIIKU
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nporpamMHoro obecnieueHus (ITO) s komnaHuii Ma-
JIOTO ¥ cpefHeTo Ou3Heca B Poccum — 3To MosiBiieHHE
HOBBIX 3al1ay, JJISI pEelIeHUs] KOTOPBIX HY>XKHO HOBOE
I10 (61%), uTo cBsI3aHO C HallEJIEHHOCThIO OM3HECA Ha
poct u pacumpenue (44%). Yaie Bcero I10 Bocmpu-
HUMAETCS MaJbIMU IMPEANPUITUSIMU KAK KOHKYPEHT-
HOE TIPEMMYIIECTBO, TaK KaK KJIO4YeBOW MpoOaeMoi
OusHeca OOJIBIIMHCTBO KOMIAHWI Ha3BaJl0 MUMEHHO
KOHKypeHLuo (14%). Manblii 1 cpenHUil OU3HEC 1ie-
HUT BO3MOXHOCTb ImoacTpouthb [10 «mmoxn cebst» (61%),
MpHUYEM B OCHOBHOM OHM IOTOBBI IIATUTh 3a pellieHue
cBoux mpobiem (62%) [4].

Ecin roBoputh B 00111eM, TO 60jiee Tpex YeTBepTeit
kommnaHuit (77%) ©MeroT Te WU WHBIE TTPOOJIEMBI, pe-
11aeMbI€ C TIOMOIIbIO 0OJJAYHBIX TEXHOJOTUIA. DTO TO-
Ka3bIBaeT, HACKOJIbKO BBICOK IMOTEHIIMAT y O0JIAYHBIX
pelieHunii B JaHHOM cerMeHTe Ou3Heca [4].

Yro kacaercst Tekymiero cocrosiHusgs HT-undpa-
CTPYKTYphbl B KOMIIAHMSIX MajJOro OM3Heca U MCIOJIb-
30BaHUs OOJIAYHBIX PELIEHUI, TO MOXHO PaCCMOTPETh
CUTYaIMIO Ha IIpUMepe OTHOIICHMS KOMITAHWI MaJio-
ro 6uszHeca B Poccum K MCIIONIb30BaHUIO CEPBEPOB

(puc. 1) [5].
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Pue. 1. [lons nonb3osarener 061a4HbIX CEPBEPOB CPEN POCCUICKIX
KOMMaHwi4 Manoro 1 cpeaHero 6uaneca (2012 r.) [5]

M3 auarpaMmbl BUAHO, YTO 4Ye€M MEHbIIE pa3Mep
KOMIIaHWH, TeM OOJIbllle BEPOSITHOCTb, YTO CEPBEPHI
HE WCITOJIBL3YIOTCA B IpuHIMIIe. OgHAKO paccMaTpu-
Bas crielnpuKy Majoro OusHeca, 3aMETUM, UYTO U3
TeX KOMIIAHWI, KOTOPbIE MCIIOJb3YIOT CEPBEPHI, YXkKe
ceiiuac OoJibllIasi YaCThb MCMOJb3YeT OOJIauHble pellie-
Hus. Mcnonab3oBaHWe TUOPUIHOM CXEMbI JJIsI MajlbIX
NpeanpusITUil He HeceT OOJbIIMX 3KOHOMWYECKUX
MPEeUMYILIEeCTB U CKOpee CBSI3aHO C OOecIeuyeHHueM

BbUSHEG-HHDOPMATHUKA Ne3(33)-2015 r.

TpeboBaHUI1 6€30IMaCHOCTH, a TaKXKe C MOIBITKOW U3-
OexaTh «peBOJIIOLMN» B MoAXoae K nocrpoeHuo UT-
HPPACTPYKTYpbl. OTHAKO €CJIM CMOTPETH B 1IEJIOM, TO
21% Bcex MalbIXx KOMIIAHUI Ha JaHHBI MOMEHT TakK
VIV MHA4Ye UCITONIb3yeT 00JIaYHbIe CEPBUCHI IIJIST pele-
HUs OU3Hec-3amay.

ITo manHBIM aHanuTMYecKoro areHtcrBa Parallels,
B 2012 rony o0beM pbhIHKA OOJIAUHBIX PELICHUI B CeT-
MEHTe MaJIoTo U cpeHero 6usHeca B Poccuu coctaBu
15,6 mupa. py0. [5]. I1o maHHBIM TOrO Ke areHTCTBa,
PBIHOK OyIeT pacTv B cCpeIHeM IprMMepHO Ha 34%, no-
cruras 37,7 mapa. pyoaeii k 2015 roay [5]. Takoit pocT
BO MHOTOM OYyIET OCYIIECTBIISITECS HE TOJBKO 3a CUET
YBEJIMUYCHMS CIIPOCa Ha yKe CYIIEeCTBYIOIIHNIT aCCOPTH-
MEHT 00JIAYHBIX YCIIYT, HO 1 32 CYET PACIITUPEHUS 3TOTO
acCOpPTUMEHTA. DTO OOBSICHSIETCS TeM, UYTO OOJIauHbIe
TEXHOJIOTMW HaXOASTCS Ha CTaAuy aKTUBHOTO pa3BU-
THSI ¥ TIOKA ellle He ITOKPBIBAIOT BCe IIOTPEOHOCTH IIPH-
KJIaIHBIX 3a1a4y OM3Heca.

B cdepe mybanuHbIX 00J1aKOB M3HAYAJIbHO CyIIe-
CTBYET TPU OCHOBHBIX MOJENU (MU ypOBHEI) o0OCy-
XKuBaHus [6].

IlepBrbiit ypoBeHb, — miaTdopMa Kak ycayra (Platf-
orm-as-a-Service, PaaS), — nipeacraBisier coboii Mo-
Jeap o0ciIyxXuBaHUsS B cdepe 00JaKoB, B KOTOPOM
TOJIB30BATEII0 ITIPEAOCTABISIETCS BO3MOXHOCTh HC-
MOJb30BaHUS 00JaYHO MHPPACTPYKTYPHI IJIs1 pas-
MEILEHUST COOCTBEHHOTO JIF0O0T0 6a30BOTO ITPOTPaMM-
HOTO OO0ecTieueHusi, TTO3BOJISIONIETO BITOCIEACTBUN
pa3MeIaTh Ha HeM JII00bIe CYIIEeCTBYIOIINE TTPHITOXKE-
HUSI WIM pa3padaThiBaTh HOBBIE.

Bropoii ypoBeHb, — HMH®pACTpyKTypa Kak yciyra
(Infrastructure-as-a-Service laaS), — TtipencrasisieT
coboit Mogenb 0o0CayXrMBaHMSI, KOrga oOjayHasi UH-
(pactpykrypa ucrnonb3yercsl Wi CaMOCTOSITETbHOTO
VIpaBJIEHUST Pa3IMYHBIMUA TIPEIOCTABISIEMbIMA BbI-
YUCIUTEJIBHBIMUA pecypcamMu, Hampumep, s obpa-
OOTKM WJIN XpAaHEHUS TaHHBIX, WM YCTAHOBKU U 3aITy-
cKa JII000To MPOrpaMMHOTro obecrieyeHusl, HAaYuHasi OT
ONepaIMOHHBIX CUCTEM M 3aKaHYMBasi MPUKJIATHBIM 1
1aTOPMEHHBIM TTPOTPAMMHBIM 00eCTIeUeHUEM.

HaxkoHeu, TpeTuii ypoBeHb, — MporpaMMHOe 00e-
crieyeHue kak ycayra (Software-as-a-Service, SaaS), —
9TO EOWHCTBEHHAs MOJIEIb OOCIYyXKMBAaHUS, KOTO-
pas IpemoCTaBIsIeTCS HETOCPEACTBEHHO KOHECYHOMY
MOJIb30BATENI0, YeM MPUHUUIMAIBHO OTIMYACTCS OT
BBILICONMCAHHBIX ABYX MOJIEJICHA.

B nanbHeiiiemM Mbl OyaeM roBOpUThH 00 UCITOJb30Ba-

HUM SaaS-pelreHuit Ha TiaTdhopMe MyOoJIMIHBIX 0071a-
KOB.
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OfHUM K3 OCHOBHBIX JOCTOMHCTB, MPUCYIIUX 0O-
JJAaYHBIM pElIeHUsIM, MOXHO Ha3BaTbhb YIPOIIEHUE
WUT-uHbpacTpyKTypbl U ONTUMM3ALMS YIPaBICHUS
eto. Bo-nepBbix, 11 BHEAPEHUs] 0OJaUHBIX aHAJIOTOB
TaKUX TSOKEJIbIX JIOKAIbHBIX peleHuit, Kak ERP- wiun
CRM-cucremsl, He TpeOyeTcst 6obiux ycwnuit UT-
MepcoHaia U BpEMEHHBIX 3aTPaT 3a CUET 0oJiee MPOCTOM
W aBTOMAaTU3UPOBAHHOU IUIaT(opmbl. Bo-BTOpBIX,
(GYHKLMI, HEOOXOAUMBIX IJis1 3¢ GEeKTUBHONH padOThI
UT-uHbpacTpyKTyphl, HO TPeOYIOIINX HACTPOKU, B
00JIAYHBIX PEIICHUSIX CTAHOBUTCS BCE MEHBIIIE, TI03TO-
My oT UT-crienmanucToB KOMINAaHUHU BCe Yallle Tpedy-
I0TCS JIMIIb TOAAepXKKa Tekyilero coctossuus UT u
3JIeMEHTapHble HAaYaIbHbIE HACTPOWKMU.

CyIiecTBeHHBIM ITYHKTOM, OTHOCSIIAMCS K 3aTpa-
TaM, SIBJsIETCSl 1LieHa MOANUCKMA Ha oOJiauHble SaaS
nponyKTel. HecMoTpst Ha TO, YTO lLieHA TaKOi yCIyru
OYEBUAHO MEHBIIIE, YeM CTOMMOCTD JIOKAJILHOI yCcTa-
HOBKM, KOMITAHUM YacTO IIyTaeT HEOOXOOUMOCTh
MOCTOSTHHO TIJIaTUTH 3a OOJIAYHBIE YCIYTU M, COOT-
BETCTBEHHO, MCXOIAINAsi U3 3TOTO IPUBSI3KA K IPO-
Balizepy. MHorue KOMIIAaHMHM OITacaloTcs 3aaepKekK
B BbloejaeHuM Oromkera Ha WT, n3-3a KOTOPBIX NMpuU
WCITOJIb30BAaHMU O0JAaYHBIX PElIeHNII MOXET OCTaHO-
BUTBCS paboTa Ha mpeanpusatnu. Kpome Toro, mpu
mepexofe Ha WCITOJIb30BaHME OOJIAYHBIX ITPOIYKTOB
pellieHrue MoMeHsTh objgayHyio M T-uHbpacTpykTypy
0o0paTHO Ha JIOKaJIbHYI0, CKOpee BCEero, CTaHeT JIocTa-
TOYHO 0OJIE3HEHHBIM UM 3aTpaTHLIM Inarom. 1o atum
NpUYMHAM MHOTME KOMIIAaHWM CTapaloTcs M30eXaTb
HEOOXOAMMOCTU IepuoauYecKud oraunBath WT-
YCIIYTH, TIBITAsICh TAKMM CITIOCOOOM 00€CTICUNTh HEeTIpe-
PBIBHOCTb OM3Heca.

%

OnaceHust
B cBS3K ¢ UMb

HeroToBHOCTb K Nepefaqe
KOHTPONS Haz cBoen UT-
NHXDPACTPYKTYPOIA BHELLIHEMY
MOCTABLLMKY

HepocTatoyHas
0CBEOMNTEHHOCTb

Puc. 2. PeaynbTaTbl 0Mpoca poCCUACKNX KOMMaHWiA B YacTi 6apbepos
QN9 pacnpocTpaHeHnst 06nadHbIx Boiucnermid (2010 r.) [7]
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Cpenu (pakTopoB, NPEMSATCTBYIOLIUX MEPEXOTY K 00-
JIAUHBIM PEIIEHUSIM, PECTIOHAEHTHI BbIAEINUIIN CAEAYI0-
mue (puc. 2).

Kaxk BuaHO 13 prcyHKa, OCHOBHBIM OapbepOM IS C-
MOJIb30BaHUs O00JJAYHBIX PEIIEHUI SIBJISIETCSI HeloCTa-
TOK 3HaHUI O TEXHOJIOTUSAX — TOT (paKTOp, YCTPAaHUTh
KOTOpBIMA, C OJHON CTOPOHBI, CJIOXHO, a C APYyron —
JIETKO, TIOBBIIIAsi OCBEIOMJICHHOCTh KOMITAHUM C T10-
MOIIIbIO MApKETHHTA.

2. Kpurepuu BbIOOpa OM3HEC-TIPOIIECCOB
IS IepeBoIa B SaaS -npuiioKeHust
Ha 0a3e my0JMIHBIX 00JIAK0OB

OluieHuBas COOCTBEHHbIE OM3HEC-TIPOLIECCHl U TPU-
HMMas pellleHWe MO TMepeBoAy WX Ha miaaTdopmy
nyonuyHoro ob6jaka, KOMITaHMSI JOJKHA OOpaTUTh
BHUMaHUE Ha COBOKYITHOCTb (haKTOPOB, TaK KaK Opu-
EHTAIIS JIMIITh Ha OJMH U3 HUX MOXET IPUBECTH K He-
TaTUBHOMY pe3yJIbTaTy.

B xome aHanuza nutepaTypbl, UHTEPBbIOMPOBAHUS
CTIELIMAIUCTOB B chepe 00MaYHbIX TEXHOJIOTHI, a TaK-
ke 0000IIeHNsT HAKOTUIEHHOTO OIbITa TI0 TIEPEBOAY
OM3HEC-TPOIIECCOB Majioro OwW3Heca Ha IIaThOpMy
nyoJIMYHOTO O0Jlaka OBUTA BBIACJIEHBl XapaKTepu-
CTUKU OM3HEC-MPOLIECCOB, KOTOPbIE COOTHOCSTCS C
1aTOPMEHHBIMM  XapaKTEepPUCTUKAMU  OOJauHBIX
WT-peruieHuii u, COOTBETCTBEHHO, IEIaI0T 3TU OU3HEC-
TpoLEecChl MOTEeHUUAIbHBIMU JUISI TIepeBona B SaaS-
TPUIOXKEHMUSI.

Bce kputepum OBUIM pa3feieHbl Ha TPU OCHOB-
HBIX Tpynmbl:  (GyHKIMOHAIbHbBIE, (PUHAHCOBO-
3KOHOMUYECKME M TexHUYeckue. PaccMoTrpuMm mom-
poOHee KaXaylo U3 TpeX IPYIIIL.

2.1. OyHKUMOHAJIbHbIE KPUTEPHH

2.1.1. Heo0x0auMocTh MyJIbTHIIOJIb30BATEIbCKOTO
JIOCTYNA K pecypcaM OusHec-mpoiecca

Bo MHOrux KomMnaHusIX, B TOM 4uCJie MaJibIX, 0OJIb-
IIMHCTBO OM3HEC-IIPOIIECCOB 3aTParmBalOT HE OTHOTO
paboOTHMKA, a HECKOJBKUX, (hOPMHUPYS IOTPEOHOCTH
OpPraHM30BaTh BO3MOXHOCTh MHOTOIOJIb30BaTEIbCKO-
ro goctyna K pecypcam. [Ipumepom Takoro mpoiecca
SIBJISIETCS J1I00asl LieroyKa ornepanuii B cepe T0KyMeH-
TOOOOPOTA, KOrma OMUH JOKYMEHT MPOXOAUT MPOLIeTy-
pbl COIJIacOBaHUS, BU3UPOBAHUS U T.I., BOBJEKasl B
MPOLECC MHOTUX COTPYIHUKOB OpraHu3auuu. JJaHHbIi
KPUTEPUIi OLICHUBAETCS ¢ TOUKU 3peHUs TpeOOBaHUI K
OU3HEeC-TIPOLIECCY B YaCTH KOJIMYECTBA ITOJIb30BaTeNei,
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KOTOPBIM HEOOXOIUM JIOCTYII K pecypcaM. CIIOXKHOCTh
peaau3alii MYJIbTUIIONb30BaTEILCKOTO TOCTYIIa BO3-
pacTtaeT ¢ KOJWYECTBOM 3aICHCTBOBAHHBIX ITOJIH30-
BaTeJiel, TI03TOMY YeM OOJIbIIe 3TO KOJIMYECTBO, TEM
yI100OHee UCI0Ab30BaTh 001aYHbIe TEXHOJIOTUM IJISI pe-
LIeHUS JaHHOU 3agaqyu.

2.1.2. Heo0xoauMocTh 00ecmneyeHust
MOOWJILHOTO IOCTYNA U JOCTYNA C PA3IMYHbIX
BHZIOB YCTPOICTB K pecypcaM OH3Hec-IpoIecca

JluHamMuka pbIHKA Majioro Ou3Heca TpeOdyeT OT
NpearpuHUMaTesieil MOCTOSTHHOTO JOCTyIa K KOpIIo-
paTuBHBIM pecypcaMm. Ceifdyac 3T0 TpeOOBaHHE aKTy-
aJIbHO JUIS1 OOJIBIIIMHCTBA OM3HEC-TIPOIIECCOB, OJHAKO
OCTalOTCS OIpeAe/ICHHbIE BUObI, K KOTOPHIM C TOYKHU
3peHus] 0€30MacCHOCTY MOOWMJIbHBIN JOCTYyN OyaeT 3a-
MpelIeH BHYTPUKOPIIOPATUBHBEIMH TIOJUTHKAMU WU
TpeOOBaHUSIMU 3aKOHOAATEIbCTBA (HAIIPUMED, TOCTYIT
K TICPCOHAJILHBIM JaHHBIM OIPEACICHHOM KaTETOPUH).
JaHHBII KpUTEPU MOXKET OLIEHUBATLCS 110 OMHAPHOI
CHCTeMe, B BUIE «MOOWMJIBHBIN MOCTYIT HY>KEH / He HY-
JKEH».

2.1.3.Tun 6u3Hec-npouecca
H ero BaXXHOCTD 19 OM3Heca

B n1060ii KOMNaHUM YIpaBIsIOIWE U MOAAEPKU-
BaloOIIMe MPOIIECCHI (T.e. MPOLECCHl, HE OKa3bIBaIOIINE
HETIOCPEICTBEHHOE BIMSTHE Ha OCHOBHOE TTPOM3BO/I-
CTBO) aBTOMATU3UPYIOTCS Jierye: B HUX B HAMMEHbBIIIEH
CTeneHu MposIBseTcs creurdrka Ou3Heca U MO3TO-
My TJIyOOKasl KaCTOMM3aIlusl IIPOrpaMMHBIX pelleHUI
He TpeOyercs. Eciu ke ToBopuTh 00 0COOEHHOCTSIX
Majioro OM3Heca, TO «HECHeLUU(PUIHOCTh» BTOPOCTE-
MEeHHBIX MPOIIECCOB BhIpaXkeHa 3/1eCh 0COOEHHO SIPKO:
B KOMITAHUSX C KOJUYECTBOM COTPYIHMKOB OT 15 1o
100 yenoBeK MpolEecChl yIpaBieHUs Kaapamu, 0e30-
MMAaCHOCTHIO WJIN TOKYMEHTOOOOPOTOM ITPEICTABICHBI B
HauboJsiee TUTIOBOM BUe. Tak Kak 00JauHble pelIeHUS
10 MOIEIN OOCTYKMBaHMS SaaS MMEIOT OTpaHUICH-
Hbl€ BO3MOXHOCTU KaCTOMM3allMM U B MPUHIIUIIE HE
MpeaHa3HaYeHbl LIS TIyOOKOM HACTPONKM, TO TaKUe
BTOPOCTEIEHHbIE MTPOLECCHl UMEIOT HAaUOOJIbIIUIA T10-
TEeHIINAJI IJIS TIepeBoda B 00JIauHbBIN pexkuM. Kpurma-
HOCTh ISl OM3Heca WM BaxKHOCTb OM3Hec-IIpolecca
TaKkKe HeOOXOIMMO YUUTHIBATh IIPY IMPUHITUM pellie-
HHUSI O ero repeBoAe Ha obOyauHyio ardopmy. Eciu
OM3HEC-TIPOIECC UMEET BBICOKYIO BaXKHOCTh, TO OH B
OousblIel cTerneHu TpedyeT ONTUMU3aLU, obecrieue-
HUs MaKCUMAaJIbHOM HaIeXHOCTH, HEIPEPHIBHOCTH U
6e3omacHocTu. [Ipu 3TOM BaxkHO, YTOOBI TOJOOHBII

OM3HeC-TIpoLIeCC CTAOMUJIbHO M FapaHTUPOBAHHO MOJI-
JIep>XuBajicss MHPOPMAIITMOHHBIMU CHCTeMaMH. TakKuMm
00pa3oM, JaHHAas XapaKTepHCTUKa MOXET OBITh Iepe-
(opMyupoBaHa KaK KPUTUYHOCTHh HEIPEPHIBHOCTU
(byHKUIMOHMpPOBaHUST OM3HEC-TIpoliecca.

2.1.4. CTaHaapTH3MPOBAHHOCTD
1 NIOBTOPAEMOCTb OM3HEC-TIpoIIecca

JlaHHBIN KpUTEPUIA ONIPENEIIeT, HACKOJIbKO OU3HEC-
MPOLIECC MOXET OBITh Ha3BaH TUIIOBBIM BHYTPU Opra-
HU3alKU U BHE ee. B 60JbIIMHCTBE KOMITAHWI MaJIOro
CerMeHTa OM3HEC-TIPOLECChl HE SIBJSIOTCS YHUKaTb-
HBIMM, OCOOEHHO B YacTU BTOPOCTEIMEHHBIX MPOIEC-
coB. O1leHKa NaHHOTO KPUTEpUsl BIIUSIET Ha CTENEHb
KacToMu3auuu KoHeuyHoro U T-pelieHus: B Kakoii cte-
TIEHU OH AOJDKEH OBITh aJallTUPOBAH JJISI KOHKPETHOM
OpTaHu3aluU U, COOTBETCTBEHHO, ObITh YHUKAIbHBIM.
C Apyroii CTOPOHBI, €CTU MPOLIECC BHYTPU KOMITAHUU
KaXJblii pa3 mpOTEKAaeT HEMHOTO MO-pa3HOMY, TO 3a
CYeT OOJIBILIOrO KOJTMYECTBA CLIEHAPUEB U CJIOXHOM JI0-
TUKU €r0 aBTOMaTu3alus OyAeT OCYLIECTBISAThCS Ha-
MHOTO CJIOXHee (I JaHHOTO KpUTEpUs HEOoOXOauM
METOJ 9KCIIEPTHOI OLIEHKM).

2.1.5. OdecnieyeHHOCTh 0€30MACHOCTH
OuM3Hec-mpouecca

JlaHHBI KpUTEepHil SIBISIETCS CKOpee OrpaHNINBAalO-
IIMM MCIIOJIb30BaHME OOJAYHBIX pEIIeHUIl, 9eM OT-
KPHIBAIOIINM HOBEIC BO3MOXHOCTU HMX IPUMEHEHUS.
OH cBsI3aH UMEHHO C MH(PaCTPpyKTypHBIMU TpeOOBa-
HUSMU, KOTOPbIE MOAPA3ACIISIOTCS Ha TPU OCHOBHBIX
TPYIIIBL: 3aKOHOJATEIbHbIE TPEOOBaHUS, TPEOOBAHUS
PEryJIsiTOpOB M BHYTPUKOPIIOPATUBHBIE TpeOOBaHUS.
Kaxknast u3 atux rpymnn TpeOoBaHUIA KacaeTcsl pa3inyg-
HBIX BUIOB 00ECITeUeHHST OE30IMaCHOCTA KOPIIOPATHB-
HBIX JAHHBIX, BKJIIOYAsl YCJIIOBUS XpaHCHMS, YCIIOBUS
00pabOTKM U Mepemadyd MepCOHATbHBIX JaHHBIX, TPe-
00BaHUS K cepTU(UKALINSAM W COOTBETCTBUIO IPYTUM
TpeOOBaAHUSIM.

2.2. OUHAHCOBO-IKOHOMUYECKHE KPUTEPUH

2.2.1. Bo3M0OKHOCTb COKPALIIEHHS HTOTOBBIX 3aTPaT
Ha OM3HeC-NpoIecc NPH HCIOJIb30BAHUM
miaT¢opMbl My0JMIHOro 00/IaKa

ITockonbKy yallle BCEro OCHOBHOM 1Iebl0 aBTOMa-
TU3alMM OM3HEC-IIpoliecca SBSETCS YMEHbIIEHUE
o0IIell CTOMMOCTU ero oOecIiedeHMsI, €ro BbICOKas
CTOMMOCTh OM3Hec-mpoliecca SIBIIETCs TepBLIM MPU-
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3HaKOM HEOOXOIMMOCTH €ro ONTUMU3AUU U aBTOMA-
Tu3auuu. Mcmnoiap3oBaHue o0MavyHbIX SaaS-perieHuin
KaK MHCTPYMEHTA TaKOM aBTOMAaTU3alUU OTKPBIBACT
LIMPOKUM KPYr BO3MOXHOCTEW COKpAllleHUs 3arpar.
Hanpumep, cTaHOBUTCS BO3MOXHBIM COKPATUTh Bpe-
MsI pabOThl BOBJIEUEHHBIX COTPYIHUKOB 3a CYET OMTH-
MU3aLIMU TIPOLIECCA, YTO COKPAILIAET 3aTpaThl HA OIUIA-
Ty Tpyna. Ucnonb3yst meTronbl (PMHAHCOBOU OIIEHKU
Ou3Heca, MOXHO TIOTBITATbCS CPABHUThH 3aTpaThl Ha
Ou3Hec-TIpolLecC B TEKYIIEeH CUTyalluu U TIpU BHEIpe-
HUU 00JIaYHOTO PEIEHMUS, C YY€TOM CTOUMOCTU CAMOTO
npoekTa BHenpeHus. Eciu numeeT MecTo onpeneacHHas
SKOHOMMSI, TO TaKOI MepeBoA OYIeT LeaecOo00pa3HbIM.

2.2.2. Ycaosus seigenenns UT-0omkera:
PEryJsapHOCTh, IPOTHO3UPYEMOCTh

B03MOXHOCTH OIUIAaTHI cEpBHUCA TI0 MEPE €T HCITOJb-
30BaHMS BaxkKHA [IJIST MAJIOTO OM3HEeca. DTa BOSMOXHOCTh
nepeBonuT 3arpatbl HAa T M3 KanuTaabHBIX 3aTpar B
onepalMoHHbIE, YTO TIO3BOJISIET 0ojiee TMOKO YIIpaB-
JIATh HEOONBIIMM 000POTOM KOMIIAHMM M BKJIAIBIBATh
JIEHbI'U B 00J1€€ IPUOPUTETHBIE HAIIPABJICHMSI, TOCTUTAsI
MOCTaBJICHHBIX OM3Hec-1eieil. B To ke BpemsT KomIia-
HUU HEOOXOOWMO BBIACIATH OIpeAeiicHHYIO (ITyCTh U
HebOombIIyio cymmy) Ha UT perynsipHo, Ha ITOCTOSTHHO#
OCHOBE.

2.3. TexnnyecKue KpUTEPHH

2.3.1. YpoBeHb H THHAMHKA HATPY3KH
Ou3Hec-mpouecca

JIaHHBII TEeXHUYECKUII KPUTEPUII TECHO CBSI3aH C
(bYHKIIMOHAJILHBIM KpUTepreM HeoOXOIUMOCTU obecre-
YEeHUs] MHOTOMOJIb30BATEILCKOrO AOCTYIa K pecypcam
Ou3Hec-MIpoliecca; MMEHHO KOJIMYECTBO IT0JIb30BaTeNeH,
3a[IeiICTBOBAaHHBIX B OM3HEC-Mpolecce, a TakKXKe MHTEH-
CUBHOCTb HX pabOThl (POPMUPYIOT YpPOBEHb HArpy3Ku
ousHec-nporiecca. [ MoHMMaHusT TMHAMUKY Harpys-
KV aHAJIMTUKU KOMITAaHUM WJIM BHELIHKME ayaIuTOphl MpU
OIMUCAaHUU OU3HEC-TIPOIIECCa «KAK €CTh» CTPOSIT rpadUKu
3aBUCUMOCTH MCIIOJIb3YeMbIX BBIYMCIUTEIBHBIX PECYp-
COB OT BpeMeHU. Takue rpaduku MOTryT UMeTh pa3iny-
HbII BUI, OMHAKO C TOYKU 3PEHUS MCTOIb30BaHUS IS
aBTOMAaTU3aLM1 OM3HEC-IPOLIECCOB 00JIAYHBIX pelLlIeHUI
€CTh HECKOJIbKO TUIIOB TMHAMMUKU Harpy3ku, HauOoJee
TMOAXONSIIMX IS TIepeBoja Ha 00J1auHyI0 Iiatdopmy.

Bxuirouenue u BoikiOueHue. JJaHHbBII TUIT XapaKTepu-
3yeTCsl pPe3KUM BKJIIOUEHUEM U BBIKITIOUEHUEM paboumnX
Harpy3ok Ha Om3Hec-Tipotiecc (puc. 3). [Ipumepom Ta-
KOW AMHAMWUKU MOTYT CIYXWTb IaKEeTHbIE 3aJa4yu, BO
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BblumMcuTENbHbIE
pecypeh

A H
Mepuog, i
HEaKTMBHOCTY

Puc. 3. [IuHamuka Harpy3kin Ha 6113HEC-NPOLLECC
BINJA «BKMKOYEHNE U BbIKIIOYEHNE>»

BpeMsI KOTOPbIX MPOCTaNBAIOT U30LITOUHBIE pecypchl. B
cily4yae IOJOOHBIX MHTEPBAJIbHBIX HAIPY30K KOMITAHMS
TEPIUT U3IEPKKU Ha MOAAEPKAHNE HEHYXKHBIX BbIYUC-
JINTETBHBIX PECYPCOB, OCOOEHHO KPUTUYHBIC IIJIST MAJIO-
ro 6usHeca.

Bbicokunii Temn pocra. BTOphIM TUIIOM TWHAMUKU
3arpy3Ku SIBJISIETCSl €€ ObICTphIil pocT (puc. 4). Bbl-
COKMI TeMIN pocTa XapakTepeH IS MHOTUX OW3Hec-
MPOLIECCOB U Yallle BCEro CBSI3aH C POCTOM OM3Heca B
LEeJIOM Y pacIIMpeHreM Kpyra OM3HEeC-IIOTPEOHOCTEH.
OgHakKO MMEIT MECTO CUTyalluH, KOIrJa CIIpoc Ha
OM3HEC-TIPOIIECC pacTeT BHYTPU OpraHU3alvu, Ha-
MpUMep, 3a CYeT YBEJWYEHUS] KOJUIECTBA COTPYIHM-
KkoB. [Togmepxka MaciITabMpyeMOCTH 1, B YACTHOCTH,
OBICTPOIO pOCTa — B IMPUMHIIUIIE, TOCTATOYHO CIOXHAs
3agaya 11 UUT Bo MHOroM m3-3a HEBO3MOXKXHOCTU
MPEeaOCTaBICHUSI O00OpYyIOBAaHUS M IPYTUX PECypCOB
B KOpPOTKME CpokM. {151 masioro Gu3Heca Takas 3aja-
ya MOXET CTaTh NMPaKTUYECKW HEBBIITOJIHUMOM, TakK
Kak kKpome pacimupeHusi MT-obecrieueHus1 OuszHec-
MPOLIECCOB OHA MOXET MOTPeOOBaTh YCIOXKHEHUS BCEl
UT-nHbpacTpyKTypHI.

BbluMCUTENbHbIE
pecypcs

Puc. 4. [InHamuka Harpy3kin Ha 6113HEC-NpoLece
BNJA «BbICOKAs CKOPOCTb POCTa»

Henpenckasyemslii BCILUIECK. TpeTbUM THUIIOM M-
HaMUKU SIBJISICTCSl He3aIlIaHMpOBaHHAs Harpy3ka Ha
OousHec-mpouecc (puc. 5). BHesanHoe yBeaunuyeHue
MOJIb30BaTEIbCKOTO CIIPOCa Ha OUH TPOLIECC BIIUSET
Ha IPOM3BOAMTEIbHOCTh BCeli MH(MPACTPYKTyphl Ha
MKe Harpy3ku. B aTom ciydae Majomy Ou3Hecy vaiie
BCEro HEBO3MOXKHO 00ECIIeYnTh JOMOJIHUTEIbHbBIE BbI-
YUCIUTENbHBIE PECYPCHI, TAK KaK 3aada «3armacTUCh»
MHOPACTPYKTypoil 3apaHee, OCOOCHHO B YCJIOBMSIX
orpaHn4eHHOro 6romkera Ha UT, TpyZHOBBITIOHUMA.



VHOOPMALIMOHHBIE CUCTEMBI W TEXHOJIOT VN B BU3HECE

BblqucnuTensHble
PEcypChbl

A

\/

Puc. 5. [Iunamuka Harpy3kin Ha G13HEC-NpoLece
BINJA «HENPELCKA3yeMblli BCNIECK»

Iukmyeckne Mk Harpy3Kku. [1penckasyeMblil Berieck
KaK TUIT TMHAMUKI Harpy3KHU SIBJISICTCST XapaKTEePHBIM ST
CITyX0 C MUKPOCE30HHBIMU TpeHIaMu (puc. 6). [TomooHast
MUKOBasi Harpy3ka CBsi3aHa ¢ MepUoJUIYEeCKUM yBeInYe-
HMEM CIIpoca Ha OM3HeC-TIPOLIeCC, HO, HECMOTPSI Ha Ipe/l-
CKa3yeMOCTb TaKOM AMHAMUKU, e¢ 00ecIIeYeHe TpeoyeT
3HAUUTEIBPHOTO  yCIoxXHeHusT M T-mHdpacTpyKTypHI,
orpaHnueHHoro HeoonbimmMu MT-OromkeramMmu Majo-
ro OM3Heca 1 YeJoBeYeCKUMM pecypcaMu. BaxkHo, 4To B
MOMEHTBI TTMKOBOI Harpy3ku MeHee 3(D(EKTUBHO 00e-
CITCUMBAIOTCS APYIHe OM3HEC-TIPOIIECCHI, YacTO TaKXKe
KPUTWYHBIE 711 OM3HEca, TaKUM O0pa3oM, CHIKAETCS
YPOBEHb 00I1Iel TPOU3BOAUTEILHOCT NHMPACTPYKTYPHI
JIS1 TIoAJepKaHusl OusHeca. B ciyyae ke obecrieueHusI
JOTIOJTHUTEJIBHBIX MOIITHOCTEN LIS TIOICpKaHUS MU-
KPOCE30HHBIX IIMKOB 00pa3yeTcsl JIUIIHSIS MHGPACTPYK-
Typa, KOTopasi epuoanyecKy MpocTauBaeT.

2.3.2. Texnonoruyeckoe odoecneyenne
OHM3HeC-TPOIEeCCOB

BriBaloT cnyyau, Korjua rpy aBToMaTU3aluy OM3HeC-
MPOLECCHl TPeOYIOT CIELUMUAIU3UPOBAHHBIX PelleHUi
WJIM aIllapaTHOTO OOECITEYeHMSI, a TaKXKe HEKOTOPBIX
HEOOXOIUMBIX IS paboThl TEXHMYECKUX Iapame-
TPOB, TaKUX KaK BpPeMs OTKJIMKA CUCTEMBbI Ha 3ampoc,

BbiuncnutensHble
PECypCh

3

Puc. 6. [uHamuka Harpy3ki Ha 6113HEC-NPOLLECC
BINJA «LIMKNNYECKME MUK HArpy3Ki»

CKOPOCTh PadOTHI, JOCTYIl K CTOPOHHHUM pecypcaM
WJIM BO3MOXHOCTh MHTETpAlUA ¢ MHMOOPMAIIMOHHEI-
mu cucremamu B UT-mHpacTpykType KOMITaHUU.
Bce sty mapaMeTpsl JOCTUTAIOTCS 3a CUET TOCTPOE-
HUSI TEeXHUYECKON WHMPACTPYKTYphl, OTBeualolleit
BCeM TpeOoBaHUSAM U obecrieunBatoieit padory UT-
peiieHuii. MHoroa mogoOHbIe TpeOOBaHMST HaKJIaabl-
BAIOT OTpeieICHHbIE OTPAaHUYEHUS Ha CTIOJIb30BaHUE
SaaS-pemuieHuii Ha 6a3e MyOJIMYHOrO obNaKa, TaK Kak
MHOTHE TeXHNYECKNE XapaKTePUCTUKY B HEM HE MMe-
IOT BO3MOXHOCTU BHEIIHE KOppeKTUpOBKU. Takum
00pa3oM, TIpH HAIMIUU ITOTOOHBIX OTPAHNYCHUI BbI-
00p MOXET OBITh CACJIaH B MOJb3Y JOKAIbHBIX aHAJIO-
roB SaaS-pelreHus.

3. KommyecTBeHHast
OIIEHKA KpUTEPUEB

71 mojlydeHusT BECOBBIX XapaKTePUCTUK KaXIOro
W3 KpUTEepHUEB ObljIa IIPOBeIeHA UX IKCIIEPTHAS OLICH-
Kka. B ee pamkax kaxnplii aKkcrept no 10-6amibHOM
1LIKaJIe OIleHUBaJI BaXXHOCTb KaXKJI0ro U3 pa3paboTaH-
HBIX KPUTEPUEB U €ro BIWSHUE Ha BBHIOOp OM3HeEC-
MpPOLIECCOB IS TepeBoaa Ha MaaThopMy MyoJIUIHOTO
obnaka. Pe3ynbraThl paHXXUPOBaHUSI KPUTEPUEB TIPU-
BeNEeHbI B maba. 1.

Tabauua 1.

PanzxkupoBanue KpuTepues mo pe3yibTaTaM KCIEPTHOI OLEHKH

Kputepui ‘ KoathchuumeHTbl 3Ha4uMocTH | 3HAYEHUA KPUTEPHEB

B03MOXHOCTb COKPALLIEHNS UTOrOBbIX 3aTpaT Ha GU3HEC-NPOLIECC NPI UCMOMb30BAHNIA 014 0w 1
nnatopMbl My6nn4HOro obnaka (x1) '

Tun 613HEC-NPOLIECCa 1 €10 BAXHOCTb Ans Gu3Heca (x2) 0,13 or0po1
(06ecneyeHHOCTb 6e30MacHOCTI B13HEC-NpoLecca (x3) 0,12 Onm1
YpoBeHb 11 inHaMIKa Harpy3ki Ha 61U3Hec-npoLecc (x4) 0,1 or0 o1
HeobxoanmMocTb MyabTUNONL30BATENLCKOTO AOCTYNA K pecypcam buanec-npotiecca (x5) 01 0unmm 1
Heoéxvonmmomb 06ecneyeHns Mo6KabHOM A0CTYNa W JOCTYNA C Pa3nnyHbIX BIALOB 011 0w 1
YCTPOICTB K PECYpcam Ou3Hec-npovecca (x6) '

TexHonornyeckas o6ecneyeHue Bru3Hec-npougcca (x7) 0,0974 Onm 1
Yenosust BblaeneHus UT-610mKeTa: perynsipHocTb 11 NPOrHO3MpyeMocTb (x8) 0,0921 0nm 1
CTaHaapTU3npOBaHHOCTb 11 NOBTOPSEMOCTb G13HeC-npoLiecca (x9) 0,0905 or0mo1
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st ompeneneHusT BO3MOXHOCTH HCTIOJb30BaHUS
TTOJTYYeHHBIX PEe3yJbTaTOB M CTETIEHW COTJIAaCOBAaHHO-
CTU 3KCIIEPTOB OBLIM paccuyuTaHbl KO3GhOUIIMEHTHI
KOHKOpIAIIMU M KpUTEepUil cormacoBaHHOCTU [lup-
coHa. Koapduuuenr konkopmauuu coctasui 0,074,
YTO TOBOPUT O CJIabOi CTENEHU COIJIACOBAHHOCTU
3KCITEPTOB, OHaKO KpuTepuii [TupcoHa mokasai, 4To
KO3 GUIIMEHT KOHKOpAAMU — ClydaiiHasl BeJIU4u-
Ha, MO3TOMY ITOJYYEeHHbIE Pe3yJabTaThl UMEIOT CMBICI
M MOTYT MCITOJIb30BaThCs B UcciaenoBaHuu. C UCIONb-
30BaHMEM KOJWYECTBEHHON OLIEHKM pa3pabOTaHHBIX
KpUTEpPHEB MOXHO MOJYyYUTh HOPMYJy, B pe3yjabTare
pacyeTra KOTOpOi MOXHO MOJYyIUTh yrciio y (o1 0 o 1),
MoKa3bIBaoIIee 11eJ1eco00pa3HOCTh MepeBoaa OM3HeC-
npoliecca Ha 00JJauHyI0 I1aThopmy:

0,14-x,+0,13-x,+0,12-x, +0,11-x, +0,11-x, +
_J+0,11-x,+0.0974 -x, +0.0921-x, +0.0905- X, ; ()
r= npu x;#0u x,#0

0, npu x,=0 unu x,=0
Jid NpUHATUSA PpelIeHUs HEeoOXOAMMO KoJnye-

CTBEHHO OLIEHUTb KaXblii U3 pa3paboTaHHBIX KPUTE-
pUEB U, BOCIOJIb30BaBIIUCH (popMyJtoii (1), MOayduTh

3HaueHue y. Ecnu 310 3HaueHue JIEKUT B MHTEpBaJe
ot 0 mo 0,3, To OM3Hec-Mpolecc Jydylle He aBTOMa-
TU3MPOBATh C MOMOIIBIO OOJAYHBIX SaaS-pelieHuit.
Ecnu 3HaueHue y Haxomutcd B npenenax ot 0,3 mo
0,65, To UMeeT CMBICT pacCCMOTPETh THOPUIHOE pellie-
HUE, 00beAMHSIIONIee 00MauYHbIe CEPBUCHI U JTOKAJb-
HBIe TPOIyKTH. Eciy e y HaxomuTcs B IIpeaeiax oT
0,65 mo 1, To TIpeAcTaBIsIeTCS MeIeCO00Pa3HBIM IO~
HOCTBIO TIEpeBeCTH Ou3Hec-mpolecc Ha 0O0JayHYIO
miaTdopmy.

3ak/mouyenue

B maHHOI cTaThe MpemIoXeHa CUCTeMa KPUTEPHEB
BBIOOpa OM3HEC-TIPOIIECCOB IS TepeBoda Ha IUIaT-
opmy Ty6IMIHOrO 001aKa B BUIE SaaS-TIpUI0XKCHUIA,
KOTOpast MOXET ITOMOYb KOMITAaHUSIM MaJIOTo OM3Heca
B TIpUHATUU pelleHnit B oOmacty moctpoenust MUT-
UHPPACTPYKTYphl. OnrcaHa B3aMMOCBSI3b XapaKTepU-
CTHK OM3HEC-TIPOIICCCOB M THITOBEIX IUIAT(OPMEHHBIX
XapaKTEePUCTHK, MOCTPOCHHBIX HAa TEXHOJOTHUSX ITy-
onmuHoro o6jaka UT-pemieHuit, mo3BoJsionas 1aTh
OTBET Ha BOIPOC O BBIOOpE OU3HEC-IIPOLIECCOB IS
nepeBoja Ha SaaS-1iaropmy. B
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The article is dedicated to the research of the possibility and viability of small companies business processes
automation using public cloud SaaS applications. One of the fundamental advantages of cloud solutions is IT
infrastructure simplification along with high-level scalability and rich functionality. Cloud counterparts of such
«heavy» on-premise software as ERP or CRM systems do not require large financial investments and time
expenditures, due to a more simple and agile platform, which support requires less effort, giving IT specialists an
opportunity to reorient at more important projects. One of the most significant advantages of such solutions is the
fact that the major part of IT expenses can be converted from capital to operational costs, which gives small business
companies the possibility not to withdraw a big amount of money from corporate cash flow.

The cost of SaasS applications is much lower than one-time expenditure on on-premise products implementation.
However, the cost of error for small organizations on the stage of decision-making concerning IT infrastructure
construction and management (including SaaS-based architecture) is still high, for any further IT infrastructure
changes will require significant additional costs and can turn out to be critical for the company’s budget. That is
why the set of criteria, which allows companies to define the expediency of public cloud applications technological
possibilities usage on the stage of small business I T-infrastructure planning, is observed in the article. All developed
criteria are divided into three main groups: functional, financial & economic, and technical; they are described
in details separately, and then ranged according to their importance using expert evaluation method, involving
recognized IT experts. The formula was developed using quantitative estimations, which helped to derive the
specific index, evaluating reasonability of concrete business processes automation with the help of public cloud
Saas applications.

The article materials will prove to be of interest to information systems integration specialists and small business
decision makers in order to estimate optimization of IT costs.

Key words: SaaS applications, public cloud, criterion, small business, business process.
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B cmamoe pacemampuearomcs 60npocsl YnpaeaeHusds CmMouUmMoCcmsio HCUSHEHHO020 UUKAA MEXHUYECKUX usoenuil
e yacmu, KaCleLt(eﬁCﬂ opeaHusauuu U oCcyuiecneneHus Meponpuﬂmuﬁ 10 NOCMABKAM 3ANACHbIX Yacmell 6 paAMKax

UX ROCAENPOOANCHO20 OOCAYHCUBAHUSL.

P accmomper eapuanm Modeau cemu Hempu, Komopas onucsleaem }’lplzl"tLlHHO-C/leacn’lé’EHHble CceA3U Meafcdy

COObIMUSMU, CEA3AHHBIMU C NAAHUPOBAHUEM U YNPABACHUCM NOCMABKAMU HA OCHOBE UCNOAb308AHUS 6EPOSMHOCIHOLL
AHAAUMUHECKOLl MoOeau NOCAeNnpo0aNCHO20 00CAYICUBAHUS MEXHUMECKUX U30eAUll U NPOSPAMMHO20 KOMHUAEKCA
AHAAU3A PUCKO8 NO MEXHUKO-IKOHOMUMECKUM Kpumepusm. Pesyabmamom pabomvr maxux moodeneil aeis1emcs
NAGHUPOBAHUE NPUEMAEMO20 OANAHCA MEXCOY CIOUMOCIIbIO U KA4eCMEoM U30eaull U e2o meKyuee obecneuenue, é
MoM HucAe nymeM yuema U MUHUMU3AUUU UHAHCOBbIX PUCKOB.

IIpugeden npumep asmomamu3upo8anHoeo NAAHUPOBAHUS NOCMABOK 3aNACHbIX Yacmeil. JJuHamuKa usmeHeHus
Koau4ecmea MmexHUMecKux uz0enull, Haxo0auwuxcsi 8 KCHAyamayuu, npedcmaensiemcs 6 UHmMeSpUpo8aHHOM
2paghuueckom gude, 0aroueM 03MONCHOCHb BPOCHO3UPOBAMb K0 duLeHm ucnpagHocmu u3oeauil, 00yCcA061eH b
Haau4uem UcnpaeHsix u30eaull Ha ckaaoe 3aKa34uKa U npou3e00UmenbHOCHbI0 PEMOHMHBIX OP2AHOB.

060CcH08aHO NpUMEHEHUe Memo0a 0C80eHHO20 00BeMa 0151 AHAAU3A PUCKO8 OMKIOHEHUs. OM NAGHA BbINOAHEHUS
nocmaegok 3anachvixuacmeii. Omeaexcusamue 0c60eHH020 006eMd (PUHAHCOBBIX CPEOCE 03600 NPOCHOIUPOBAINb
KaK yCneuwtHoCmb 3a6epuleHlss ROCMABOK 3aNACHbIX Yacmell, MaK U PUCKU OMKAOHEHUsl OM HAMEUEHHbIX CPOKOG U
oro0xcema.
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Paccmompen npumep aemomamusuposanno2o anaausza puckos. OueHka cmeneHu coOmeemcmeus 3ampam
OH0JICEMHbIM  XAPAKMEPUCIUKAM OCYUWECIMBASEMC ¢ NOMOWBI0 NOKazamens 3Q@eKkmueHocmu, KOmopblil
ucnoavzyemes. 04 aHAAU3Q Ka4ecmea (DYHKUUOHUPOBAHUS COOMBEMCMEYIOuUX NO0paz0eeHull 3aKa34uKa u
Koppekmupoeku ux danvHeiiutei pabomol. s evibpanHoeo eoda nokazamens 3QgeKmueHocmu onpedeasemcs
U onmumusupyemcss npu 3a0aHHOM Koodpguuuenme ucnpagHocmu 0as Kaxc0oeo 3aKA34UKa 6 npouyecce
asmomMamu3upo8anHo20 NAAGHUPOBAHUS HOCIMABOK 3aNACHbIX Yacmeil.

IIpeodnacaemuiii no0xo0 s6a5emcsi 0CMAMOYHO YHUBEPCAAbHbIM, YMO npedonpedensen 03MONCHOCMb €20
npUMeHeHUs: 0451 peuleHuUst 3a0a4 YRpaAeHUs COUMOCIbIO JHCUSHEHHO20 UUKAQ NPOOYKYUU U YCAYe 8 PAAUMHbIX
OpPeaHU3AUUOHHO-MEXHUKO-IKOHOMUHECKUX CUCMeMAX.

KoueBble ciioBa: rociienpojaxkHoe oociayxuBaHue, cetb [leTpu, aBToMaTu3MpoOBaHHOE TIJIAHUPOBAHUE,
IIOCTaBKa 3aIllaCHBIX YaCTei, METOI OCBOEHHOIO 00beMa, TEXHUKO-3KOHOMUYECKHE KpuTepun 3(hGEeKTUBHOCTH,
CTOMMOCTb IIOCTABOK, aHAJIN3 PUCKOB, OIO/KET IO 3aBePLICHUN IIPOEKTA.

Huruposanue: SAmmonbckuii C.M., [llanamos A.C., Kupcanos A.I1., Orypeunukos E.B.
YrpaBieHUe CTOMMOCTbIO MOCTABOK 3aMAaCHbBIX YaCTel ISl OCIENPOIaXKHOTO 0OCTYXXMBAHUSI
CJIOXHBIX TEXHUUECKUX U3enuii // busHec-undopmaruka. 2015. Ne 3 (33). C. 65-73.

Bsenenne

aXXHBIM acCITeKTOM KauyecTBa IPOEKTa Mo co3/a-
HUIO CJIOXKHBIX TEXHUICCKUX U3IETUI SIBIISICTCS
CTEeIeHb OTPaxkKeHUSI B JOKYMEHTAIIMM MPOEKTa
TpeOOBaHUIA, MpeabsBAsIieMbIX K uzaeauto [5]. Tpedo-
BaHMS JOCTIDKCHUS OalaHca MEXIYy 3HAUYCHUSIMU I10-
KazaTeJieil KauecTBa 1 CTOUMOCTH U3MeIUs OKa3bIBalOT
CYILIECTBEHHOE BJIMSIHUE Ha yIpaBiieHUe KoHDUTypa-
Mel Kak caMoro M3IeNHsI, KaK M1 KOMIIOHEHTOB €ro
nocienpoaaxHoro oociayxubanus (IT1I10). Yuer un-
TepeCcOB IIPOM3BOAUTEIIS M 3aKa3urKa N3ICINIA B YaCTH
TIT1O — 310 MpeaMeT KOMIIPOMHUCCA, KOTOPHII TOJIKEH
JIOCTUTAThCSl B TPOIECCE TMOATOTOBKU COOTBETCTBYIO-
IIIETO JOTOBOPA U OBITh 3aPMKCUPOBAHHBIM B HEM.

B cooTBeTcTBUM C COBpeMEHHBIMU TPEOOBAHUSIMU
pPBIHKA TJIaBHBIMU IIpo0JieMaMU ITPOEKTUPOBAHUS U3-
NEJIUI SIBJISIIOTCS

4 pazpabotka 3((GEKTUBHBIX AITOPUTMOB yIIpaBIIe-
HUST KOHbUTrypaiuei, o06ecreqnBaomnx J0CTUXeHUE
TpebyeMoro 6ajaHca CTOMMOCTH U MHTErpaJIbHBIX Xa-
PaKTEPUCTUK KAaYeCTBA UIEINS;

4 pa3paboTKa MOJEIU CTOUMOCTU KU3HEHHOTO LIMK-
nma (CXKII) u3menust, KoTopask TOKHA OBITh YYBCTBH-
TEJbHOUN K KOHKPETHBIM YIPABJISIONIUM PEIICHUSIM 1
OIIpeAeISATh UTOT BCEX 3aTpar.

VYrpasnenne CXKII TexHMYeCKUX U3AETUIN TTPEAIO-
Jlaraert:

1. IIpu pa3paboTKe 1 MPOEKTUPOBAHUM — BBIOOp Ta-
KOW KOHCTPYKIIMU, & TAKXKE CUCTEMbl TEXHUYECKOTO
00CTy>XMBaHUSI 1 PEMOHTA, TIPU KOTOPHIX CTOMMOCTb
>KM3HEHHOTO IMKJIa U3IeIUI OyneT MUHUMAaJIbHA.
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2. Ilpu BemeHUU TeHAEPHON pPabOTHI IOCTABILM-
koM — manupoBanue CXKII u mpegocraBieHue gaH-
HBIX 3aKa34MKy (HampuMmep, JaHHbIe pacyeTa Ha Iep-
BbIe 2 Tofa u riporHo3 Ha 10—20 neT).

3. Ha srane skcrntyataiuu napka u3aesauii:

<> onTUMabHOE yIIpaBIeHKUe OI0IKETOM, BKIIIOYAK0-
1Iee TJIAHUPOBAHUE HA 3aJaHHBIA MEPUO U aJeKBaT-
Hoe paclpeeneHue 0romkera Mexay 3anadyamu I[1I10;

<> MOHUTOPUHT JaHHBIX (B PEXUME PEaTbHOTO Bpe-
MEHHU) 0 (haKTUUECKU BBHIITOJHEHHBIX pab0OTaX, UCIIOJIb-
30BaHHBIX pecypcax M MPOM3BEICHHBIX 3aTpaTax;

<> Ka4eCTBEHHBII U KOJIMYECTBEHHBIA aHaJIN3 pu-
CKOB OTKJIOHCHUA OT YTBCPKIACHHOI'O 6IOI[)KeTa;

<> Bo3zeiicTBrE Ha (DAKTOPHI, BHI3BIBAIOLIME OTKJIO-
HEHUS OT 3aIlJlaHUpOBaHHOM cTtoMMmocTu padot ITITO
1 00ecIeYnBalolKe UX 3aBEPIIeHUE B PAMKAX YTBEPK-
JIEHHOTO Oro/IXeTa.

Mecto cuctemsl [IITO B oOI11Iel CTPYKTYpe UHTETpU-
POBaHHOI MH(MOPMALIMOHHOM Cpeibl ITOKa3aHo Ha puc. 1.

Ocob6oe Mecto B ripouecce ITITO 3aHMMAaIOT BOIPOCHI
MOCTaBKY 3amacHbIX yacteid (34) u coBpeMeHHbIE TeX-
HOJIOTUM aBTOMATU3MPOBAHHOTO YIPABJIEHUSI UMU, YTO
obecrieunBaeT MojagaepkaHue TpeOyeMOoro ypoBHsI KOH-
KYPEHTOCTIOCOOHOCTH SKCIUTYaTUPYEMbIX U3MIETHIA.

s crenmuaancToB OpTaHU3alUii, OCYIIECTBIISIO-
mux IITO TexHUYEeCKUX U3, TIOMUMO MOJeIei
W WHCTPYMEHTANbHBIX MHMOPMALMOHHBIX CpEICTB
OINITUMAJIPHOTO TIAHUPOBAHUSI IIPOIIECCOB HA OCHO-
BE MWCIIOJIB30BAHMUSI BEPOSITHOCTHOM aHATUTUYCCKOMU
mozenu [2], 6oabloi MpakTUUYECKUA UHTEPEC Mpe-
CTaBJISIIOT MOJEIW aBTOMAaTU3MPOBAHHOTO MOHMTO-
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Puc. 1. Mecto cuctem M0 B 06LLgit CTPYKTYpe
WHTErpupoBaHHOI MHIDOPMALIMOHHOIA Cpefbl

pPUHIa COBOKYIHOCTU JAHHBIX, HA OCHOBE KOTOPBIX
OCYIIECCTBIISICTCS YIIpaBJICHUE MEPONPUITUSIMHU 10
ocyuectBieHuo nocraBok 34Y. PesynbratoM pabo-
TBI TAKMX MOZCNEH SIBIICTCA TJIaHMPOBAaHKUE TIPHUEM-
JIeMoro GajaHca MEXIY CTOMMOCTBIO M KauyeCTBOM
M3IeU 1 ero TeKyllee oOecleueHre, B TOM JHuCe,
MyTeM y4yeTa ¥ MUHUMM3alus (DUHAHCOBBIX PUCKOB.
HeobxoauMocTh ynpaBieHUsI pUCKaMu JUKTYETCS He
CTOJILKO COOTBETCTBYIOIIIMMM CTaHAApTaMH, CKOJb-
KO MOTPEeOHOCTAMU CaMOro OM3Heca, He Kelaloliero
TepITh 3HAYNTENbHBIC (DMHAHCOBEIC CPENCTBA IO He-
3HAYUTEIbHBIM IIOBOJAM.

B Hacrosmeit paboTte paccMaTpuBaeTcs MOIXOM ITO
ynpabiaeHuio CXKII Ha sTtame skcrutyaTalyu, BKJTIO-
YaOIIUK WCIONb30BaHWE Momenn cetw Iletpm mis
aHaiu3a ctoumocTu noctaBok 3. Mogenb cetu Ile-
TPU OIMCHIBACT TIPUIMHHO-CIICACTBEHHBIC CBSI3H
MEXIY COOBITUSIMU, CBI3aHHBIMY C TINITAHMPOBAHUEM U
yIIpaBJIeHHEM MOCTaBKaMM, Ha OCHOBE MCIIOJIb30BaHUS
BEpOSITHOCTHOU aHanutuueckorr monenu IIITO Tex-
HUYECKUX M3ACAUN M MPUMEHEHUSI pa3padOTaHHOIO
MPOTPaMMHOTO KOMITJIEKCa aHaIn3a PUCKOB OTKJIOHE-
HUS OT TUTaHA IMOCTaBOK IO TeXHUKO-3KOHOMUYECKUM
KPUTEPHUSIM.

1. Moaeas cetu IleTpn
JIJIS AHAJIM32 CTOMMOCTH MOCTABOK
3alacHBIX YacTei

IIpencraBuM Monenp IS aHAJIW3a CTOMMOCTH TO-
craok 34 B Bume cetu Ilerpy ¢ OZHOLBETHBIMU
dukamu (puc. 2). IIpud4MHHO-CIIEACTBEHHBIE CBSI3H,
peaqusyeMble B paMKax 3TOM MOJEIH, 00YCIOBINBAIOT
BBITIOJIHEHNE CTaHAapTa TpeOOBaHUI MO YIIPaBICHUIO
CXKII texHu4yecknx M3AENUil B YacTH, Kacaloleics
KOHTPOJIS CTOMMOCTH TOCTaBOK TPY MPOBEASHUM T10-
CJICTIPOIa’KHOTO OOCTY>KMBaHUSI.

[Mo3uinm ceT MHTEPIPETUPYIOTCS CICAYIOMNM 00-
pazom:

- P, — ananus tekymmx nocraBok 34;

- P, — onpenenenue BEPOATHOCTU BO3HUKHOBEHUS
puckKa;

- P, — olieHKa cTeneHn BIUSHUS PUCKA;

- P, — ouieHKa BeIMYMHBI pUCKa;

- P, — nocrpoenue nepesa pelieHui;

- P, — ananus pesynbrartos;

- P, — mianupoBaHue MOCTaBOK 3aMacHbIX YacTe;

- P, — paspaboTKa miaHa pearupoBaHusI Ha PUCKH,

- P, — npoBeieHne MOHUTOPUHTA PUCKOB.

IMepexonbl ceTM WHTEPHPETUPYIOTCS CIEMYIOMINM
obpazom:

- t, — 3ampoc Ha MPOBEJIEHUE CTOMMOCTHOTO aHATM3a
nocraBok 3Y4;

- t, — 3ampoc Ha MPOBEIEHUE KaueCTBEHHON OLEHKU
PUCKOB;

- t, — 3anpoc Ha 06pabOoTKyY TaHHBIX;

- t, — 3aIpoC Ha IMPOBEIEHNE KOINYECTBEHHOM OLIEH-
KU PUCKOB;

- t, — 3ampoc Ha NPOBE/ICHUE aHAJIN3a PE3YJIBTATOB;

- t, — 3aIpoC Ha MPOBEIECHNE IIAHMPOBAHMS MTOCTa-
BoK 3Y;

—t,— 3arpoc Ha MpoBeIEHNE MOHUTOPUHTA PUCKOB.

P7
(o)<
—/
t, P, |, P P, t P, ot
P3
P9

Pue. 2. Mogens cemi lNetpu fng aHanu3a cToMMoCTH NOCTABOK 3anacHbIX 4acTei
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PaGoTa paHHOII Moaenu mpeaycMaTpuUBaeT IpeaBa-
putenbHoe (OpMUPOBaHUE ONTUMATBHOTO IO CTOMMO-
CTH TUTaHA TIOCTABOK Ha 3alaHHOM TEePUOJe IKCITTya-
TalWU U3IETUI, a TAKXKe COOp MCXOAHOU HHGbOpMauu
Mo UneHTU(UKAINU PUCKOB aHATOTUYHBIX MPOEKTOB
(HauanpHag pa3MeTtka cetu [letpu).

B xome pabGoThl MOIEIM OCYILECTBISIETCS pacyeT
CTOMMOCTH paboT IO MMOCTaBKaM M CPaBHEHME ITOJY-
YEHHBIX PE3yJbTATOB C IUIAHOBBIMM ITOKA3aTe/ISIMMU.
Pesynbrat cpaBHEHUS TTO3BOJISIET KOHTPOJIUPOBATH (-
(EeKTUBHOCTD BBITIOJIHEHMS TIJIaHA ITOCTAaBKH U BEPOSIT-
HOCTh pHCKa OTKJIOHEHHUSI OT HETO.

Pucku otknoHeHus ot ruraHa roctaBku 3Y BbI-
3bIBAIOT JACWUCTBUS, TpeINpUHUMaeMble B CBSI3U C
pe3yabTaTaMM UX KA4Y€CTBEHHOM M KOJMYECTBEHHOM
OLIEHKU, 00beTMHEHHbIE TPUYMHHO-CIEACTBEHHBIMU
CBSI3SIMU.

KauecTBeHHbBI aHANIU3 TIpeAnoaraeT oOHapyXeHue
PUCKOB, MCCJIEIOBaHNE NX OCOOEHHOCTE, BHISIBJIEHUE
MOCJEACTBUN MX peanus3aluu B (opmMe 3KOHOMUYE-
CKOTO yIepba M pacKphITHE MCTOYHUKOB MHQpOpPMa-
LIMA OTHOCUTEIHLHO KaXKIOTO BUIA PUCKA.

Kpureprn KauecTBeHHOTO aHaJIM3a MOTYT YUUTHIBATh
3aTpaThl, opUIMATIbHBIE W IIPEdICaHHbIE TpeOoBa-
HUsI, COLIMAIbHO-9KOHOMMYECKHE aCIIeKThI U (haKTOPhI
BHEIITHEH Cpeabl, MHTePECHl 3aKa3urKa, IIPUOPUTETHI U
WHBIC UCXOMTHBIC JAaHHBIC UTST OILICHKH.

PesynbraT mpoiiecca Ka4eCTBEHHOI'O aHaanu3a — 3TO
OlIEHKA BeJIMYMHBI prCKa Ha OCHOBE BEPOSITHOCTH BO3-
HUKHOBCHMSI M CTETICHM BJIVSTHUS Ha Pe3yJbTaTHl I10-
craBku 34, a Takke rpagaliusi pUCKOB IO BO3MOXKHBIM
TTOCTICICTBUSIM.

KonnyecTBeHHBINT aHaIM3 BBITTOJIHSICTCS JUIST PU-
CKOB, KOTOpbI€ ObLIN BBISIBJICHBI U KBATU(PULIMPOBAHbI
B pe3yJibTaTe KauyeCTBeHHOTo aHanu3a. Hanbosnee pac-
MIPOCTPAHEHHBIM METOIOM KOJIMYECTBEHHOIO aHaIM3a
PUICKOB SIBIISICTCSI aHAJIM3 JepeBa pEIIeHU, KOTOpoe
OIMCHIBAET PACCMATPUBAEMYI0 CUTYalIMIO C Y4YETOM
KaXXI0i 13 UMEIOLIMXCSI BOBMOXHOCTE BEIOOpA U BO3-
MOXHOTO CIIEHapHsl peanu3aiuy pucka.

ITo uToram nmpoBeaeHUsI KAYECTBEHHOIO U KOJIMYe-
CTBEHHOTO aHajM3a PUCKOB BBIPAOATBHIBACTCSI UCTKOE
MPEeCTaBJICHUE O CTPATETUSIX, UCIIOJIb3yeMbIX IJIsI pea-
TUPOBAaHUS Ha KaXXIbIil BUI pHUCKA.

MOHUTOPUHT BHITIOJTHEHUS IIaHa mocTaBku 34
MO3BOJISIET MPOrHO3MPOBATh KaK YCIEUIHOCTb 3aBep-
LIeHUS TIJIaHa, TaK M CTeTIeHb BIMSTHUSI PUCKOB, CBSI-
3aHHBIX C OTKJIOHEHHEM OT HaMEUEeHHBIX CPOKOB U
00BbEMOB ITOCTAaBKU.
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2. BepOﬂTHOCTHaﬂ AHAJIMTHYIECCKASA MOJIE]Ib
NOCJIENPOAA2KHOIO 06CJIY)KI/[BaHPI$I
TeXHUYECKHMX U3eJIuil

IIpn aBTOMATM3MPOBAHHOM IJIAHUPOBAHUM ITIOCTA-
BOK 3alTaCHBIX YacTeil B paMKaX IOCJEIPOIaKHOTO
00CTY>KMBaHUSl TEXHUUYECKUX HU3AENUi lieJecoodpas-
HO MCHOJIb30BaHUE BEPOSITHOCTHON aHAJIUTUYECKON
Monenu [2], KkoTopas MO3BOJISIET MPOrHO3MPOBaTh, B
YaCTHOCTU, IMHAMMUKY M3MeHeHUM konuyectBa 34
Ha CKJaje 3aKa3uMKa M o0ecleuyuBaTh MJIaHUpOBaHUE
Oroakera I TMOOAEpXKaHUS 3aJaHHOTO YpPOBHS
WCIIPAaBHOCTU 3KCIUTyaTUpyeMbIx usnenuii. [Ipu stom
TUTAHUPYIOTCS W OCYIIECTBIISIIOTCSI MEPOIIPUSITUS 10
CO3IaHUI0 He0OXOoMUMBIX 3aracoB 34 u nx Bo30OHOB-
JICHUIO B COOTBETCTBUM C TIEPeYHEM IMOCTABKU U TPU-
HATOM NOJUTUKOM MONOJHEHNS.

B aTux mensx co3maercs M MCMOIb3yeTcs MHOOp-
MaIlMOHHO-aHAIUTUYECKU TTPOTPAMMHBIN KOMIUIEKC
(MAK) nporHo3upoBaHus U ONTUMU3ALNU TUIAHOBBIX
Tokasareseil, TO3BOJSIOIINM, B TOM 4YHCIe, ONpee-
JIUTh ONTUMAJIbHBIE HEOOXOMUMBbIE 0ObEMbI TTOCTABOK
34 1 ux NepuoauYHOCTb.

HMAK obecrnieurBaeTr omnpeaeieHUe MUHUMAIbHOIO
0 CTOMMOCTH TIJIaHA TTOCTaBOK Ha 3aJaHHOM IIepUOJIe
SKCILIyaTaluu TeXHUYECKUX u3aenuii [3].

HUcxonHble naHHble Moaean cuctembl IIITO, Ha
ocHoBe koTopoit pyHkunonupyet MAK, Bkitovator:

+ napaMeTpbl HAACKHOCTHU TEXHUYCCKUX I/I3[[CJ'[I/II71;

+ nmapaMeTpbl BCEX BUIOB 06CIIY)KI/IBaHI/I$I n pEMOHTA
TEXHUYCCKUNX HSHCHHﬁ;

4 CPOKU CITYy>XKObI U3IENIUIA;

4 MHTEHCUBHOCTD MCIIOJIb30BAHMS 3aITaCHBIX YacTel;
4 3HAYMMOCTb 3aIIaCHBIX YACTEN;

4 cpoku noctaBku 3Y.

Pe3ynbraTomM aBTOMaTM3MPOBAHHOTO TUIAHUPOBAHUS
CTOMMOCTUA TIOCTABOK, BBITIOJIHEHHOTO C TOMOIIBIO
NAK, saBisgercss ompeneiieHUue BeIUYMHBI 0a30BBIX
manoBbix 3arpar (BI13) Ha ocymniectBieHune mepo-
npusAThil 1o nmoctaBkam 3Y 1 KaxXa0ro 3aKka3umka —
texHudeckoro ueHrtpa (TL) (maba. 1), npu 3amaHHBIX
BO3MOXKHOCTSIX PEMOHTA TEXHUYECKUX U3ACTUN U TIpU
obecreyeHN 3aJaHHOro KoadduiureHTta HCIpaBHO-
ctu (puc. 3).

Koaddunuent ucnpasHoctu (KM) xapakrepusyet
BEPOSITHOCTb TOTO, YTO IPU MCIIOJb30BAaHUM B yCTa-
HOBJICHHBIX YCJIOBUSIX U3/IEJIUE OKaXeTcsl paboTOCIO-
COOHBIM B MPOM3BOJIBHO BBIOPAHHbBIIT MOMEHT BpeMe-
HU B yCTAaHOBUBIIEMCS Mpollecce SKCIuryaTauuu [3].
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Tabauya 1.
3nauenus BII3 meponpusTuii no odecneyenno nocrasok 34 (mo rogam)
| s | W -
TL Net 0,92 5165105,8 0,0 7184 314,6 7564 019,1
TL Ne2 0,94 67724364 75315712 0,0 7824 760,4
T Ne3 0,96 6374 436,6 0,0 79757109 75114433
WUror: 18 311 978,8 7531 571,2 15 160 025,5 22 900 222,8
KoathdhuumeHT ncnpasHoCTU
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Puc. 3. [InHamuka n3meHeHUst KO3MHULNEHTA MCNPABHOCTU C JOBEPUTENBHBIM UHTEPBANIOM

Ha puc. 3 nokazaHa criaxeHHass KpuBas Mpo-
THO3UPYEMOW IMHAMUKHU CTaTUCTUUYECKUX OIIEHOK
3HaYeHU Kod3(p@UIMeHTa MCIPABHOCTHA, COOTBET-
CTBYIOIIAsI ONTHUMAJBHOU II0 CTOMMOCTHU IIpOrpaMMme
TMOCTaBOK, B CPETHEM YAOBJIETBOPSIOIIEH TpeOyeMOMy
ypoBHI0O ucnpaBHoctu KW = 0,8 (oTMeueH MITpuxo-
BOW IMHUET).

JoBeputebHbIi MHTepBaaoueHku K npuHumaeTcs
pPaBHBIM m + 20, Te m U o(f) — MaTeMaTU4eCKOe OXKU-
NAaHWE U CPeTHEKAAPATUUECKOe OTKIIOHEHNE 3HAUSHUS
OLIeHKM K03 dUIIMEeHTa UCTIPABHOCTH |2].

3. IIporpamMma aJis1 aHAIM3A PUCKOB
OTKJIOHEHHS OT IJIAHA MOCTABOK

JJisl aHaM3a pUCKOB OTCTaBaHUS OT TUIAHA ITOCTa-
Bok 3Y mpemiaraercsi MCMOIb30BaTh METOJ] OCBOCH-
Horo obObema. [laHHBI MeToq TT03BoJIseT I PEKTUB-
HO OpPraHu30BaTh UHMOPMAIIMOHHOE COMPOBOXIEHUE
npoiiecca MOCTaBOK, a TaKKe U3MepeHHe U KOHTPOJIb
3(dEeKTUBHOCTU ero BhINIOJHeHUs. [locTosiHHOE OT-
ClIeXUBaHWE OCBOGHHOrOo o0beMa (DMHAHCOBBIX

bUSHEC-UHDOPMATHUKA Ne3(33)-2015 r.

CPENCTB MO3BOJISIET IIPOTHO3UPOBATh KaK yCIEIIHOCTh
3aBepIIeHN NMocTaBoK 34, TaKk M PUCKM OTKIOHEHUS
OT HaME@UYEeHHbIX CPOKOB, OromxkeTa 1 T.1. [1].

Peanunzanuio Meroma ocBOEHHOIo o0beEMa 1A aHa-
JIN3a PUCKOB OTCTAaBaHMS OT IIIaHA IIeJIeCOO0pa3HO
OCYIIECTBIISITh C TTIOMOIIBIO MH(POPMAIIMOHHOI CHCTe-
Mol 1C «IIpennpusitue».

B Hacrosiiiee BpeMsl CyIIeCTBYeT pa3paboTaHHast
Ha 1atdopMe 1C mHGOPMAIMOHHO-aHATUTHICCKAST
cHCTeMa JUJISI COIIPOBOXKICHMSI TEXHUYECCKUX W3IETUI
Ha IIOCIENpPOAAaXHBIX CTAaAusIX XW3HEHHOIO LIMKJIA
(www.appius.ru), XoTopas pellaeT, B YaCTHOCTH, CJIe-
JyIOLIYeE 3a0a4uu:

4 co3maHue MmacropTa U3aesus;

4 perucTpalus nepeaadr HOBOro U3Ae/INs 3aKa34uKy;
4 perucTpanus IMOCTYIUICHUS U3e/IMi Ha TOpabOTKY U
B pa3jiM4Hble BUIbl PEMOHTA;

4 (hopMUpOBaHKE OTYETOB MO aHAJIU3Y OTKA30B U pe-
KJIAMAUA U3,

Kpome Toro, B koHpwuUrypaiuo WHGOPMAXOHHOMN
cucteMbl 1C «IIpeanmpusTue» MoxXeT ObITh BKIIIOUYEHA
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TOTIOJTHUTEJNIbHAs TIporpaMMa  (ITPOrpaMMHBIA  KOM-
TUIEKC), KOTopas OyneT (pyHKIMOHUPOBATh COBMECTHO
C CYIIECTBYIOIIEH WH(MOPMAIIMOHHO-aHATUTHICCKOM
CUCTEMOI, ¥ paboTa KOTOPOI TTO3BOJIMT aHAIM3UPOBATh
XOII BBITIOJJHEHUSI KOHTpakKTa 1o ImocTaBkam 34 KoOH-
KPETHOMY 3aKa34YMKY C OLIEHKOM CTeNIeHU KPUTUYHOCTHU
TOJyYeHHBIX PE3YIbTaTOB.

B pabote [4] npencTaBieHa mporpaMMa, MO3BOJISIO-
Ias MPOBOAUTL CpPaBHEHME €XEeMECSUHOI IIaHOBOIt
CTOMMOCTH 3aIUTAaHUPOBAHHBIX PabOT M eXeMeCSUHO
TUTAHOBOM CTOMMOCTHM BBITIOJTHEHHBIX pabOT MO MO-
craBkam 34Y. Ha ocHOBaHUM 3TUX 3Ha4YeHUi1 ObLIa BbI-
MOJIHEHA CTOMMOCTHASI OlIeHKa Tpoliecca rmoctaBku 34
3a 3aJaHHBIN MepHo BpeMEeHH U TOJYJIeHBI TaKKe T10-
Kazaresu, KaK BeIMIMHA OTKJIOHEHMS OT KaJICHIApHOTO
TUTaHa ITOCTaBOK Y MHJEKC OTKJIOHEHUS OT KaJIeHIapHO-
TO IJIaHa.

B kauecTBe MCTOYHMKA BEPOSITHOCTU BO3HUKHOBEHMSI
PYICKOB OBUTO MCITOJIE30BaHO 3HaueHWe Koa3dhduimeHTa
HCIPABHOCTH, ITTONIYIEHHOTO B pe3yJIbTaTe MOHEIUPO-
BaHUS CIIYJaHBIX IIPOLIECCOB SKCIUIyaTalldd W3ICITUA,
OCYILECTBISIEMOrO IIPY ABTOMATU3UPOBAHHOM ILIAHUPO-
BaHMHM ITOCTaBOK 34, a MHAEKC OTKJIOHEHMSI OT KaJleHaap-
HOTO IJIaHa, B CBOIO OUEPE/Ib, SIBJISIICS XapaKTepUCTUKOM
CTETIeH! BJIUSIHUSI PUCKOB Ha Pe3yJ/IbTaThl [IOCTABKMU.

PesynbraToM mambHeMIIMX WCCeNOBaHUI sSIBUIACh
pa3paboTtka mporpamMmmHoro komiurekca (I1K), pabora
KOTOpPOTro OCHOBaHa Ha momeiu cetu Iletpm (puc. 2).
I1K nmo3BossteT moayyath MHGOPMAIIUIO O BBITTOJTHEH-
HBIX 3aKa3ax (maba. 2) ¢ UCTIOJb30BAaHUEM CUCTEMBI 3a-
MPOCOB K COOTBETCTBYIOIIUM TOKYMEHTaM MHGoOpMa-
1uoHHoi cuctemsbl 1C «IIpeanpusitue».

KoHeUHBIM pe3yIbTaTOM BBIOJHEHHUS PacdeToB C
nomounbio I1K sBisieTcss CTOMMOCTHAS OLIEHKAa KOM-
TUIeKCa MEPOTIPUSITHIA IO obecTieueHUIo moctaBky 3.

O1eHKe MoABEPraeTcst CTeNeHb COOTBETCTBUSI MPOU3-
BEJCHHbBIX 3aTpaT OMOMKETHBIM XapaKTEPUCTUKAM, BbI-
yucasieMmas B BUae nokaszatesis addektusHocTy (ITDB)
o opmye:

119p < B13—BCBP

~ BII3-®CBP’

BbI13 — BennunHa 0a30BOil CTOMMOCTH 3arlaHUpPO-
BaHHOI'O KOMILJIEKCAa MEPOIIPUSITUIA 32 paccMaTpUBae-
MBI IeproI BpeMeH! (110 TUTAaHOBEIM 1LIeHaM);

BHCBP — BenuunHa 06a30B0Oil CTOMMOCTHU BBITTOJTHEH-
HBIX MEpOIIPUSATUIL 3a TOT Xe€ MepUod BpeMeHu (II0
TUTAHOBEIM IIeHaM);

@DCBP — BenmnunHa (HaKTUYECKOW CTOMMOCTH BBI-
TIOJITHEHHBIX MEPOIIPUSITUI 11O CYIIESCTBYIOLINM IICHAM.

[MonyyeHHbIE 3HAYEHNS TAHHOTO ITOKA3aTelIsl aHaIN-
3UPYIOTCS CIEIYIOIIMM 00pa3oM:

4 ccnu [19B< 1, To uMeeT MecTo 3KOHOMUS (PMHAH-
COBBIX CPEICTB Ha MpOBeAeHUE paboT IO IMOCTaBKaM
3Y4;

4+ cecnu [19B= 1, To xon pabdor 1o nocraBkam 34 co-
OTBETCTBYET ILIAHY;

4+ eciu [19B > 1, To uMeeT MecTo Tiepepacxon u-
HaHCOBBIX CPEJICTB Ha MPOBEAEHUE PAdOT MO MOCTaB-
kam 3Y.

CrnemyeT OTMETUTB, 4TO [IDB XapaKTepH3yeT He
TOJIbKO 3(OEKTUBHOCTD TNIAHMPOBaHUS padOT, HO U
KOCBEHHBIM 00pa3oM OTpaxkaeT KauyeCTBO IMPOTHO3M-
pOBaHMs 1IeH Ha pBIHKE yCIyT. JJaHHBIN MoKa3aTeilb
MOXET OBITb MCIIOJIb30BaH IJIsI aHallM3a KadyecTBa
(YHKIIMOHMPOBAHUSI COOTBETCTBYIOIIMX ITOAPA3Ic-
JICHUI 3aKa34yMKa U KOPPEKTUPOBKU UX JaJbHEUIIEH
paboTHI.

B xadectBe mepmoma BpeMeHM IS IIPOBEACHUS
CTOMMOCTHOTO aHaJlu3a ITOCTABOK 3aracHbIX YacTei
BbIOMpaeTcss oguH ron. ljas BeIOpaHHOIro roga Io-
kazatenb bI13 (moka3zatelb CTOMMOCTU) OIPEHes-
eTCs U ONTUMU3UPYETCS TIpU 3aJaHHOM KOo3(Dduim-
€HTe WCIPaBHOCTH (MHTETPUPOBAHHOM IIOKAa3aTelie
AKCITTyaTallMOHHO-TEXHMYECKOT0 KayecTBa) IS KaX-
JIIOTO 3aKa3uyMka B IIpOliecce aBTOMATM3MPOBAHHOTO
TUTAHVMPOBAHUSI TTIOCTAaBOK 34, BBITIOJTHEHHOTO C TIOMO-
mbio UAK (maba. 1).

Tabauya 2.
Pe3ynbTaT CTOMMOCTHOIO AHAIH3A
3¢ (HeKTUBHOCTH MEPONIPUATHIANIO OPrAHU3AMH MOCTABOK 3aNACHBIX YacTei
3akasuuk ‘ Ku ‘ BNn3 ‘ BCBP ‘ ®CBP nas
TL, No 0,92 5165105,8 21554352 2909 112,6 1,33
TL Ne2 0,94 6772 436,4 2265165,4 2070572,6 0,96
TL Ne3 0,96 6 374 436,6 2465 145,6 2558902,3 1,02
Uror: 18 311 978,8 9 895 416,8 11 138 587,5
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3aKa3unmKaMM 3allaCHBIX YacTell SIBIISTIOTCS TeXHUYE-
ckue ueHTphl (71]), GyHKIIMOHANBHBIM Ha3HaYeHUEM
KOTOPBIX SIBIISICTCSI TEXHUUECKOE OO0CTyXMBaHUE U pe-
MOHT CJIOXHBIX TeXHWYeCKUX uzaenuii. IlokazaTenb
3 GEKTUBHOCTH XapaKTepr3yeT YPOBEHb pHUCKa, CBSI-
3aHHBIN ¢ OTKJIOHEHWEM OT CTOMMOCTH ITocTaBok 3Y.
OueBUIHO, 4YTO Haubojiee KOHKYPEHTOCIIOCOOHBIMU
SIBJITIOTCSA 3aKa3YMKU, YbM PUCKU OKAa3bIBAIOTCS Hau-
MEHbLINMHU.

3aKkinouenue

B npennoxeHHO# paboTe B paMKax pelleHUs Mpo-
onembl yripaBiaeHuss C2KII cTOXKHBIX TEXHUYECKUX U3-
e TIPeACTaBIeH MOAX0A K aBTOMAaTU3UPOBAHHOMY
YIIPaBJIEHUIO CTOUMOCThIO mocTaBoK 3Y mjs mocie-
MPOAXXHOTO OOCIY>XMBaHUS CJIOXHBIX TEXHUYECKUX
uznenuii. JlaHHbI MOAXO BKJIIOYAET:

4 ONTUMAJIbHOE yIpaBJeHUe OI0IKETOM, B YaCTHO-
CTH, TUTAHUPOBAHUE €To MoKa3aTeseil Ha 3aJJaHHOM Tie-
puo/e KCTUTyaTallum;

4 MoHuTOpUHT ctoumoctu TTITO, KoTophlil Tpous-
BOJIMUTCS MyTEeM HEIMPEepbIBHOTO cOOpa MHGOpMALIUU O
daKTUYeCKNA BBHITTOJTHEHHBIX paboTax, MCIIOIb30BaH-
HBIX pecypcax U MPOU3BEIEHHBIX 3aTpaTax Ha Iocje-
MPOIAXXHBIX CTAIUSIX SKU3HEHHOTO ITNKJIAa TEXHUTICSCKUX
W3IENNIA, a TakKKe IOCJIeAyIoNieM BO3IEMCTBUM Ha
¢aKkTOpHI, BHI3BIBAIOLINE OTKJIOHEHUS OT 3arUIaHUPO-
BaHHOU croumoctu pabot TITIO u obecneynBaroniye
MX 3aBeplIeHNe B paMKaX YTBEPXKIEHHOTIO Ol0IKeTa.

B pamMkax peanmzamnui 3TOTO MOAXOAA MPEITOXKEHO
HCITOJIb30BaHUE:

<> tunosoro MAK s onpeneneHus onTUMAaNbHOR
BEJIMUMHBI 0A30BBIX IIJIAHOBBIX 3aTpaT MEPOIPUSITHIA
o noctaBkaM 3Y s Kaxxaoro 3aKka3zuuka Mpy 3aaH-
HOM K03(PULIMEHTe UCTTPABHOCTU Ha 3aJaHHOM IPO-
MEXYTKE BpEMEHU,

<> mMozmenu cetu IleTpy 418 aHaIM3a CTOMMOCTH T10-
CTaBOK B peXXMMeE peaJibHOr0 BpeMeHU, ONKUChIBAlOLIE i
MPUYUHHO-CJIEICTBEHHbIE CBSI3M MEXIY COOBITUSIMM,
YYIUTBIBAEMBIMH B pa00TE BEpOSITHOCTHOM aHAJUTHYE-
ckoii momenu ITITO TexHUYECKUX U3ACTNIA;

<> METOIa OCBOGHHOTO 00beMa JUIS aHAIN3a PUCKOB
M3-3a OTCTaBaHMS OT IJIaHA MEPOIIPUSTHI IO TTOCTaB-
Kam 3Y4;

<> mporpaMMHOro KoOMILIeKca Uil aBTOMaTU3UpPO-
BaHHOTO aHaJIM3a yKa3aHHbIX PUCKOB M3-3a OTCTaBa-
HUS OT IIJIaHA BBITIOJIHEHMS TTOCTABOK 3allaCHBIX Ya-
CTel;

<> nokasatensa (xoadduuueHra) 3¢pbeKTUBHOCTH,
XapaKTepU3YIOIIEro BHIIOJHEHUE IUIaHA Ha 3alaH-
HOM IPOMEXYTKE BpEMEHHM Ha OCHOBE JaHHBIX, BBI-
YHUCJACHHBIX C WCITOJBb30BaHMEM BEITIIECIIPUBEICHHBIX
METOIOB, MOZEICH, aJITOPUTMOB U IPOTrPaMMHBIX
KOMIIJICKCOB.

Peanuzanyio gaHHOro Toaxoda MpenjaraeTcsl ocy-
LIECTBJISITh Ha ocHOBe MaaTdopMmbl 1C, misl BKIIOUE-
HUSl B UMEIOIIYIOCS KOHGUTYypauuio WHGOPMaLIMOH-
Hoit cucteMbl 1C 1 COBMECTHOTO (PYHKITMOHUPOBAHMS
C cyuiecTBylomeil MH(MOPMaIMOHHO-aHAIMTUYECKO
CUCTEMOI — JUISI COMPOBOXKACHUS TEXHUUYECKUX U3e-
JINI B peXuMme on-line Ha TIOCIENPOAAXKHBIX CTATUSIX
>KM3HEHHOTO LIMKJIA.

JanbHeillee pa3BUTUE MPEACTABIECHHOIO IOAXOAA
3aKJII0YAETCS B IOCTPOEHUHU U pa3pab0TKe airOPUTMOB
10 KOPPEKTUPOBKE ONTUMAJIBLHOIO IIJIaHA ITOCTAaBOK, C
LIEJIbIO CHUKEHUS YTPO3 PUCKOB ISl JOCTHKEHUS 1ie-
Jiell TaHHOTO TTPOEKTA.

IIpennaraemerit IOIXOM SIBJISIETCS JOCTATOYHO YHU-
BEpCAJIbHBIM, YTO MPEOOIpeaessseT BO3MOXHOCTD €ro
NpUMEHEHMS ISl pellieHus 3amad YIpaBJeHUs CTOU-
MOCTBIO JKU3HEHHOTO IIMKJIa TPOAYKIIMI 1 YCIIYT B pa3-
JIMYHBIX OPTaHM3aIlMOHHO-TEXHUKO-3KOHOMHUUIECKIX
crucremax. i
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The article considers the issues of technical product life cycle management in the field of spare parts delivery
organization and management within the framework of after-sales service.

It provides an examination of a Petri net model, describing the cause-effect relations between events that are linked
to delivery planning and management, based on a probabilistic analytical model for after-sales service of technical
products and a program-based risk analysis system based on technical and economic criteria. The result of a given
model’s performance is planning of an acceptable balance between the cost and quality of products and their current
maintenance, which includes detection and minimization of financial risks.

An example that illustrates automated planning of spare parts delivery is given. Dynamics of operated technical
products’ quantity variation is represented in the integrated graphic type, providing an opportunity to predict an
average factor of technical product’s serviceability, determined both by a number of serviceable technical products in a
warehouse of the customer and productivity of repair agencies.

The earned value method application is proved to be an effective tool for risk analysis of schedule variance in the

field of spare parts delivery. Monitoring of the earned value of finances permits to forecast not only the probability of
successful completion of spare parts delivery, but also the risks of both cost and schedule variance.
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An example of automated risk analysis is provided. Estimated coincidence degree of actual cost and planned
value is calculated by means of the effectiveness index, which is used to analyze the quality of customer’s subdivisions
performance and to correct further functioning. For a selected year, the effectiveness index can be defined and optimized
Jor the predetermined serviceability factor, assigned for every customer during the process of automated planning of
spare parts delivery.

The approach presented in the article can be considered quite universal, which predetermines an opportunity to
apply it in order to provide solutions for product and service life cycle management problems in various organizational
technical and economic systems.

Key words: after-sales service, Petri net model, automated planning, spare parts delivery, earned value method, technical and
economic criteria of efficiency, delivery cost, automated risk analysis, budget at completion.

Citation: Yampolsky S.M., Shalamov A.S., Kirsanov A.P. , Ogurechnikov E.V. (2015) Upravlenie stoimost’ju postavok
zapasnyh chastei dlya posleprodazhnogo obsluzhivaniya slozhnyh tehnicheskih izdelii [Cost management for the supply of
spare parts for after-sales service of complex technical products]. Business Informatics, no. 3 (33), pp.65—73 (in Russian).
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Bcmamve paccmampusaromes 63aumocssizs U 83aumosausinue yenmpa oopadomiu dannoix (11O, dama-vyenmp)
u akmugos npeonpusimus. Lleab cmamou — dame npedcmaesnenue 0 Mom, KaKk 0ama-yeHmp Moxicem OKasvléams
GAUSHUE HA AKMUBbI KOMNAHUU U UX KOHeuHylo cmoumocms. OmpadiceHbl acnekmbl, 8adicHble 045 NOHUMAHUSL
NpUMUH UHmMepeca KOMNAHULL K NPABUAbHOMY QOPMUPOBAHUI0 00BeKmMa UHBECIUPOBAHUS U NOCAEOYIOWe20 YHema
SMUX UHBECMUUULL KAK CyuecmeenHoll yacmu akmugos npednpusmus. Ilpusedeno obocrnosanue moeo, 4mo
8 cocmaege HeKOMOpbIX NPeONPUsMULl 0ama-yeHmp cam no cebe A6AeMcs GANCHbIM AKMUBOM, A 8 HEKOMOPbIX
obuzHec-modensix npedcmaensiem coboll Kaoueaol aKmiue KOMNaHuu.

Ommankueascos om onpede/leﬂuzi MEepMUHO6 «aKmuebl» U «()ama—ueﬂmp» 6 cmamoe pacCmMonpeHbl 6apuUaHmaol
yuacmus 0ama—ueﬂmpa 8 OusHece npeanpwzmuu U e20 6AUAHUA HA KOHEYHYH) CmOoUMOChb KOMNAHUU 4epes
Cmoumocmsos ee aKkmueoes.

Paccmompenwvr npumepbr moeo, Kax oama-ueHmp, no Cymu, CMAHOSUMCS NPeOMemoM Npou3eo0cmea Ha
KPYNHbIX RPeOnpUsmusX, OusHec KOMOopbiX HOCMPOEH HA XPAaHeHul, 00pabomie UHGOpMayuu u npedocmasieruu
yeaye no docmyny K 3mou ungopmayuu. Ilpugedervt npumepst maxoeo pooa npeonpusimuil U3 paziu4Hsix CeKmopos
SKOHOMUKL.

3ampoHymut 80npocsl 20CYOAPCMBEHHO20 Peyauposanus, Kacarouiuecs mpe6o8anuil no cosdaruro dama-
UEHMPO8, HE0OX00UMbIX 051 BGbINOAHEHUsS pe2yaupyrowux @yHKuui eocyoapcmea. Paccmomperst 6onpocyt
KOpnopamueHoii 6e30nacHocmu npeonpusmus U eausHue 0ama-uyeHmpa Ha coxpanHocms ungopmavuu. Taxice
Y0eneHo BHUMAHUe 80NPOCY ONOCPEO0BAHHO20 BAUSHUS 0AMA-UeHMPa Ha CMOUMOCHb AKMUB08 NPeOnpusmus, yepe3
nogoluieHue HadelcHoCmu 00pabomKU OAHHbIX, NOBblUIEHUE YPOBHS 0e30NACHOCMU XPAHUMBIX U 00pabambiéaembix
OaHHbIX U, KaK credcmeue, 61UsiHUe HA PbIHOYHYI0 CHIOUMOCTb NPeOnpUsmus Kaxk 6usHeca nocpeocmeom no8bluleHUs!
dosepusi nompebumeneil.
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BBenenne

KTUBBI (OT JIaT. «activus» — «IIeHCTBEHHBII»)
MPEACTaBJSIOT COOOW COBOKYMHOCTh HMYILIE-
TBA U JICHEXHBIX CPENCTB, MPUHAIIEXKAIINX
MPEANpPUSATUIO, (PUPMe WU KOMITAHUHU (30aHUS, COOPY-
>KEHMSI, MAIUMHBI U 000pyroBaHUe, MaTepUalbHbIE 3a-
machbl, 0AHKOBCKUE BKJIaJbl, [ICHHbIE OyMaru, maTeHTHl,
aBTOPCKME TpaBa U Apyrasi COOCTBEHHOCTb, UMeloIIast
JEHEXXHYIO0 OLIEHKY). B IMpoKoM cMBICie, 3TO JIoObIe
LIEHHOCTH, 00JIaalolne NEHEXHOM CTOMMOCThIO. AK-
THBBI TPUHSITO JEJTUTh HA MaTepUAIbHBIE (OCsI3aeMbIe) U
HeMarepuaibHbie (Heocs3aeMble); K TTOCIETHUM OTHO-
CATCSl MHTEJUIEKTYaJIbHbIE TTPOAYKTHI, TTATEHTHI, JOJTO-
BbI€ 00A3aTeNIbCTBA APYTUX MPEANIPUATUI & TAKKE OCO-
Oble ITpaBa Ha UCMOJb30BaHUE PECYPCOB [1].

JaTta-ueHTp — 3TO MHXEHEPHO-TEeXHUUYECKUI KOM-
IUIEKC, OOOpPYIOBaHHBIN HEOOXOIMMBIM 000pYIOBa-
HUeM 151 6e30MacHOM, JIUMTEAbHON U HEMPepbIBHOMN
akcrmyarauun MT-cucreM M TeaeKOMMYHUKALMOH-
HOro o0OpyI0OBaHMsI C HaWIeXallUMU XapaKTepUCTU-
KaMU 3HEProcHabXeHHUsl, KIIMMaTUYeCKUX MapaMeTpoB
M 6e3onacHocTy [2]. B obmieM ciiydyae B coctaB mara-
LIEHTPA TaKKe BXOIST CEpBEPHbIE (TEIEKOMMYHUKALIA-
OHHbIE€) KOMHAThI, IMOO OTAE/IbHbIE CEPBEPHbIE CTOM-
KU B HEOOJIBIINX KOMITAHUSIX.

O0600IIeHHO MOXHO BBIICINTDL CIEAyIomme (hak-
TOpPbl, MOTHMBHUPYIOLLIME TPEANPUATUS HCMOJIb30BaTh
JIaTa-LUEeHTPHI B CBOE OCHOBHOM AESITEIbHOCTH:

4 BBIIOJIHCHNE HOPM 3aKOHOIATEIbLCTBA M/ VTN TeX-
HWYIECKUX HOPM;

4 HeoOXOIMMOCTh ObecrnedeHusl KOH(pUIEeHIMATb-
HOCTH MH(MOPMALINH;

4 3al1[1Ta OT HECAaHKLMOHUPOBAHHBIX ACUCTBUN Tpe-
TBHUX JINIL;

4 MUHUMU3ALUs (UHAHCOBBIX MOTEPh OT MPOCTOEB
Ou3Heca;

4 yCcTpaHeHUe MepedOoeB B BBIMOJHEHUM JEJOBBIX
oIepaLuii;

4 TpeOOBAaHMS K CIICIIMATLHBIM YCJIOBUSIM SKCILTyaTa-
LMK CO CTOPOHBI ITpousBoauTeneit UT-obopymoBaHus;

4 CJI0XXHBIC MaTeMaTUIECKIE BEIYMCICHUSI, HAIIPaB-

JICHHbIE Ha aHAJUTUYECKME MCCAEOOBaHUS OOJBIIUX
00bEMOB NTaHHBIX, MaTeMaTUYECKOEe MOMEIUpPOBaHUE
CJIOXKHBIX TIPOIIECCOB, a TaKXKe OCYIIECTBICHHE (hU-
HAHCOBBIX M OMPXKEBBIX OIepaluii B peaJlbHOM Mac-
1mTabe BpeMeHMU;

4 3amMTa OT KOHKYPEHTOB M BHEIIHUX HEZ0OpO-
KeJaTeseil, BKIoJasl MpeaoTBpallleHe MOIIEHHUYe-
CTBa 1 KpaX, BpEAUTEIHCTBA CO CTOPOHBI IIEPCOHAa, a
TaKXKe 3alIUTY OT XaKePCKUX aTaK U MPOMBILLJIEHHOTO
LIIMTUOHAXA.

C TOYKHU 3peHMSI CTPYKTYPHI aKTUBOB MPEIITPHUSATHS
JIaTa-IeHTP MOXET UTPaTh Pa3IMIHBIE POJIH:

1. JlaTa-uUeHTp SIBJISIETCS 4acThlo CTpPYKTypbl MT-
AKTUBOB IIPEOINPUITUSI, KOTOPHIE, B CBOIO OYepeib,
HampaBJIeHbl Ha obecriedeHre paboThI TTOIb30BaTeNe
U OM3HEC-TIPOLIECCOB MpeanpusiTus. JlaTa-1eHTp, Kak
TIPABUJIO, SIBJISIETCS] BCIIOMOTATEIbHBIM ITOApa3Ie/IcHN -
eM TIpeATIPUSITHS,

2. JlaTa-LIeHTp SIBASIETCSI YACThIO CTPYKTYPHI aKTUBOB
TIPEOIIPUSATHS, OTHOCSIIUXCS K CPEACTBAM IIPOM3BO/I-
ctBa. [Ipennpusitve CTPOUT CBOM OM3HEC C UCMOJIb30-
BaHMEM JaTa-IIEHTPOB, OMHAKO JaTa-IIEHTP — 3TO pe-
CypC, a He UCTOYHUK JIOXO[Ia;

3. JlaTta-LIeHTp SBJSETCS KIIOYEBBIM aKTUBOM U
OCHOBHBIM CpEJCTBOM ITPOMU3BOJCTBA ITIPEATIPUSTHSI.
IlpenocraBieHre B TMOJb30BaHUE PECYpCOB JaarTa-
LieHTpa sBJISeTCs 0a30BOM OM3HEC-MOJIENbI0 KOMIa-
HUM — BJIafieJiblla TAKOTO JaTa-IleHTpa, a caM JaTa-
LIEHTP SBJISIETCS OCHOBHBIM MCTOYHUKOM JIOXOJA.

Jns ompeneneHHBIX KaTeropuii OusHeca Hajludue
COOCTBEHHOTO JaTa-1eHTpPa, a TAKXKE X MUHUMAJILHOE
KOJIMYECTBO PETYIMPYETCsI Ha 3aKOHOATETbHOM YPOB-
He. [Tomapistoliiee GOMBIIMHCTBO KPYITHBIX Y CPEIHUX
KOMIIAaHWI MMEIOT COOCTBEHHBIC WJIM apeHIOBaHHBIC
JaTa-leHTpHl (1ol apeHAOBaHHBIM JaTa-LIEHTPOM I10-
HUMAETCS YacTh OOJIBIIOTO JaTa-LEeHTpa, OKa3bIBalO-
IIero KOMMepUYeCKHEe YCIYT MHOTUM KJIMIEHTaM).

B 3aBucumocTu oT GyHKUMM JaTa-LeHTpa Ha MpeaArpu-
SITUM U, COOTBETCTBEHHO, €r0 MECTa B CTPYKTYPE aKTUBOB
TpeOoBaHUS K JaTa-1IIEHTpy omIMJaroTcs. PaccMorpum
OoJiee MoAPOOHO KaxKIblii 13 (PYHKLIMOHAIBHBIX OJIOKOB.
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1. JlaTa-nieHTp KaK 4aCTb CTPYKTYPbI
NT-akTuBOB NpeAnpuaTHs

Hanuuune pata-ueHtpa B coctaBe MT-akTuBoB xa-
pakTepHO IJIT KOMITAHUM, Y KOTOPBIX OCHOBHAS IesI-
TEJIbHOCTh CBSI3aHa, HAIpUMep, C IIPOM3BOICTBOM,
TOproBJieil, 0aHKOBCKVMMU WU CTPAXOBBIMU YCIyTaMMU.
KoMnaHust ucronp3yeT nata-ueHTp IS pa3MelleHUs
TeJICKOMMYHUKAIIMOHHOTO obopymoBanus u/mimm UT-
CUCTEM, HEOOXOAMMBIX [JIs1 00paboTKU, XpaHEHUs,
nepegayu Cco3laBacMbIX M TOJydaeMbIX B IIpOILECcCe
KUBHEIESITEIbHOCTA TPEATNPUSTUS AaHHBIX. Takum
o0pa3oM, B JaHHOM cJlydae JaTa-LeHTp SBIISIETCS 00b-
€KTOM, TOIACPKUBAIOIINM OCHOBHYIO HESITEJIBHOCTh
MPEaTPUSITHS.

Hanuuune pata-ueHTpa MO3BOJISIET KOMITAHUUW YIyd-
IIUTh YIpaBIsIeMOCTb OM3Heca, MOAIEpPKMBAaThb He-
00XOOUMBIA YPOBEHb NEJIOBOI aKTMBHOCTH, OOecIie-
YUBaTh KOHOUACHUMAIbHOCTb KOPIIOPATUBHBIX U
JIMYHBIX JAHHBIX, O0OecreYnBaTh UCIOJIHEHUE TEXHO-
JIOTUYECKUX W KOPIOPATUBHBIX IPOLIECCOB, ObecIie-
YUTb BBINIOJHEHUE TPEOOBAHUI PETYISITOPOB U TOCY-
JTAPCTBEHHBIX OPTaHOB.

IMosiBIeHMe maTa-IieHTpa KaK BEIICJIICHHOW IIPOM3-
BOACTBEHHOM eIMHULIBI OPraHU3aLIMOHHOM CTPYKTYPbI
MPEANPUATUS CUTHAJIM3UPYET O JTOCTATOYHOM 3pelio-
CTH KOMITAaHHMH, TTOCKOJIbKY HEOOXOAMMOCTb LIEHTPaIH -
3anuu M T-pecypcoB u, Kak ClIeCTBUE, CO3IaHUE CIIe-
LUATU3UPOBAHHOIO COMPOBOXIEHUS 3TUX PECYPCOB B
COCTaBe JaTa-LIeHTPa SBJISIETCS JIOTMYHBIM IIPOLIECCOM
pa3Butust UT-KyJabTypbl KOMITAHUM 10 MEpE €€ pocTa.
I'paMOTHO peanM30BaHHBIN JaTa-LIEHTP ITO3BOJSIET
o0ecreuynTh HEOOXOAUMBIA YPOBEHb JOCTYITHOCTH KaK
BHYTPEHHHUX, TaK U BHemrHux MT-cepBuCOB Komima-
HUU, 9TO IOJIOXKMUTEJIBbHO CKa3bIBAeTCS Ha €¢ CI0COo0-
HOCTH BBITIOJTHATh OCHOBHEIE OM3HeC-GyHKIINN. [JaTta-
LEHTP B TAKOI MOJAEIN MOXET OBITh KaK COOCTBEHHBIM
(IOJIHOCTBIO  MpPUMHAMIEXKAIIMM  IPEANPUITUIO Ha
OCHOBaHMU IIpaBa COOCTBEHHOCTH), TaK U apeHIOBaH-
HBIM, T.€. MPUHAJIeXKAIIUM MPEANPUSITUIO HA OCHOBA-
HUU TIpaBa MMOJb30BaHUS.

IIpumep: Kommepueckuii 6anK. 7151 ycrienHoit pabo-
Thl OaHKa, 0COOEHHO €CJIM OH paboTaeT B PO3ZHUUYHOM
CerMeHTe, HaJu4Me JaTa-lIeHTpa SBIsIeTCs o0s3a-
TEJTHHBIM, TOCKOJIBKY WHaue OKa3bIBaTh O0aHKOBCKUE
YCIYIM HaceNeHUIo OymeT HeBO3MoxXHO. CIloxHOe
CHeIUAIM3UPOBAaHHOE IIPOrpaMMHOE obecredyeHue
TpeOyeT BBICOKOITPOM3BOAUTEILHOIO CEPBEPHOIO 000-
pPYAOBaHUs, YTO, B CBOIO OYepeb, TPeOYeT KaUeCTBeH-
HOTO 3HEPTroCHAOXEHUS U OXJIaXIeHMSI. BEIcoKue Tpe-
0OBaHUSI MO COXPAHHOCTU U 3AUIUIICHHOCTU JAaHHBIX
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HaKJIaJbIBalOT CBOM TpeOOBaHUs Ha (U3NYECKUE U
MHOOPMALIMOHHBIE CPEICTBA 3alUThl MHGOPMAIIUH.
Peanu3oBath Bech KOMILIEKC MEPOIPUSITUIA, HE UMesI
JaTa-LeHTpa, IPaKTUYECKI HEBO3MOXKHO.

Kpome TOro, B COOTBETCTBUM C PETYIUPYIOITAMUI
nokyMeHTamu banka Poccuu [3] Tpedyercst obecrme-
YUBATh HENPEPbIBHOCTh JESATEIbHOCTH M (WUJIM) BOC-
CTAaHOBJICHUE JEATEIBHOCTH B CJIydae BOSHUKHOBCHMUS
HeCTaHIAPTHBIX M Ype3BBIYaiiHBIX cuTyanuii. [1o cytu,
TpeOyeTCs UMETh eIle OIMH JaTa-LeHTP, PaCIOJIOXEeH-
HBII B MECT€, OTIMYHOM, OT MECTOIIOJI0KEHMSI OCHOB-
HOTO J1aTa-1eHTpa.

Ha ocHoBe maHHOro INpuMepa MOXHO ClieJlaTh BbI-
BOJI, YTO HaIM4uMe, KaKk MUMHUMYM, JABYX JaTa-LUEeHTPOB
SIBJISIETCSL 00sI3aTe/IbHBIM TpeOOBaHUEM JJisI OAHKOB-
CKOM IeSITeIbHOCTH.

Taxxe MOXHO cKaszaTh, YTO NpPUMEHEHHE HaTa-
1eHTpa B coctaBe U T-akKTMBOB NPEINIPUSITUSI TIO3BO-
JISIeT CHUXKATh PUCKU BJIaleHUSI aKTUBaMH [ 3], CHUXKATh
CTOMMOCTD BIIAJICHUSI aKTUBAMM, CHIUKATh CTOMMOCTD
TPEIOCTaBISIEMBbIX  KJIMEHTaM  YCJIYT, BBITIOJHSATH
MpeabsBIseMble K KOMIIaHUU TpeboBaHMsI [4], obecrie-
YUBaTh KOHKYPEHTOCIOCOOHOCTh mpeamnpusatus. Bce
TepeunciIeHHbIe (DaKTOPHI MOJIOKUTEILHO BIUSIOT Ha
MOBBIIIEHUE CTOMMOCTH OLIECHKM aKTHBOB KOMIIAHWMU,
YTO B KOHEYHOM MTOI€ IOBBIIIAET €€ KAIUTAIU3aLHIO.

BoiBoa: [Ins1 MHOTMX HalpaBieHU Ou3Heca aaTa-
LEHTp SIBJISIIOTCS OYEHb 3HAYMMBIM 3JIEMEHTOM, IO-
CKOJIBKY €ro Ka4eCTBO B 3HAUMTEJbHOMN CTENIEHU BIIM-
sIeT Ha YCNelIHOCTb OM3Heca B lieaoM. [daTta-LeHTp, ¢
OIHOM CTOPOHBI, SIBJSIETCS BaXKHBIM 3JIEMEHTOM B CO-
CTaBe aKTUBOB OU3HECA, a C APYroii CTOPOHBI — aKTUB-
HO BJIMACT Ha CTOUMOCTDb APYIMX aKTUBOB KOMITAHUU 1
0OIIIE} CTOMMOCTH OM3HECA B 1IEJIOM.

2. IaTa-ueHTp
KAaK 4aCTh CPEJCTB MPOU3BOACTBA MPEeINPUATHS

PaccMoTpuM cuTyalmio, Korjga gata-lieHTp SBJISeT-
csl UHGPACTPYKTYPHBIM OOBEKTOM, Ha 0a3e KOTOPOTO
Y KOMIIAaHUY — €T0 BJIae/IbIla IIOCTPOSH COOCTBEHHBIM
O6usHec. B nogapnsioliemM OOJbIIMHCTBE CydyaeB OU3-
HeC TaKuX KOMIIAaHUM CTPOMTCS Ha IperoCTaBIeHUU
noTpeduTesIsiM yCIyr Oojiee BBICOKOIO YPOBHSI, 4eM
(usmueckre pecypchl mata-lieHTpa. K TakuM BEICO-
KOYPOBHEBEIM YCIYyraM MOXHO OTHECTH IIpeaoCTaB-
JIeHWe B ToJb30BaHUe BUpPTyalbHbIX WT-pecypcos
WJIM BBIYMCIMTEIFHOM MOITHOCTH TIO 3aIIpocCy, a TaK-
K€ YCIIyTH, TOCTpoeHHBIe Ha WMHTepHeT-3ampocax
WHTtepHeT-noceleHus X (MOMCKOBbIE CUCTEMBbI, COLIM-
aJIbHBIC CETH U T.I1.).



B nmaHHOM ciyyae gaTa-LIEHTP SIBJASIETCSI BaXKHbBIM,
3a4acTylo0 KJIFOUEBBIM 3JIEMEHTOM OCHOBHOW NESTEIh-
HOCTHU Tipeanpustusi. B Takoro pona 6uszHec-Momemsix
JlaTa-LEHTP C PAaBHOU BEPOSITHOCTBIO MOXET OBITh KaK
COOCTBEHHBIM, TaK U B3SThIM B apeHAy. B Oosbiioi
CTENEeHU Ha BBIOOP criocoba BialeHUs NaTa-LUeHTPOM
BAMSIeT MacliTab Ou3Heca KOMIIAHMU: YeM KpYITHee
KOMIIaHUsI, TeM 00Jiee BEPOSITHBIM SIBJISIETCS IPUHSITUE
pelleHus 0 COOCTBEHHOM JaTa-1IeHTpE.

IIpumep 1: KomMnanus, okaspIBalomas ycJIyra o0jag-
Ho¥i Oyxrajarepuu. B cBoeii OM3HeC-MOIE/ M TaKast KOM-
MaHMST HyXIaeTcsl B pecypcax Jara-leHTpa [UIsl TOro,
4TOObI O0OeCcneynuTh AOCTYIMHOCTh CBOEro CepBHUCa U
MMETh BO3MOXXHOCTb XpaHUTh 1 00pabaThiBaTh TaHHbIE
0e3o0macHo 1 HajexHo. 111 Toro, 4ToObl peaan30BbI-
BaTh OCHOBHOM CEPBMC, KOMITAHWM AOCTAaTOYHO BOC-
MOJIb30BaThCS yCAyraMuy JaTa-LeHTpa Ha KOMMepue-
CKOW OCHOBE.

B manHOM mpuMepe mata-LeHTp, KaK BaXKHBIN 2Jie-
MEHT OKa3aHMsI YCIYTH, OYeHb CHJIBHO BIIMSIET KaK Ha
HaIEeXHOCTh PaOOTHl KOMIIAHWHM B IIEJIOM, TaK W Ha
OLICHKY CTOMMOCTH KOMIIaHMHU, B YacTHOCTU. [1pmam-
HaMH 3TOTO SIBJISIIOTCSI:

<> BLIGOP MMOCTABILMKA YCIYTY gaTa-LeHTpa. Mcnosnn-
30BaHKe HaJIeXXHOTO MOCTABIINKA YCIYTH B ayTCOPCUH-
TOBOI MOJIEJTM TIO3BOJISIET UMETh BBICOKUIA YPOBEHb 10~
CTYMTHOCTHU YCJIYTH, YTO MOBBIIIAET TOBEpUE KIUCHTOB
K KOHEYHOI1 yciyre. DTo, B CBOIO 0Yepe/ib, TO3BOJISIET
MpoJaBaTh YCJAyTH 1o 6oJiee BRICOKOI LieHE;

<> BAMSAHME Ha OLUEHKY Ou3Heca. [Ipu IpoBeneHUU
OLIEHKU OM3Heca B cllyyasX payHIOB BTOpUYHOIO u-
HaHCHUPOBAHUSI, TUCTUHIA HA OMpXKaX U T.M., KAUeCTBO
MOCTaBIIMKOB KOMIIAHWM OKa3bIBA€T BAXKHYIO POJIb Ha
KOHEUHYIO OIIEHKY KOMIaHMHU B IiejoM. T.e. HamexX-
HBIii M M3BECTHBIM MOCTABIIMK YCAYTH IaTa-LeHTpa
MOBBIILIAET JOBEpUE WHBECTOPOB U, KaK CJEACTBUE
3TOT0, CTOUMOCTb AKTMBOB B YaCTHOCTU M KOMITAaHUU
B ILICJIOM.

IIpumep 2: KoMnanusi — KpynHblii NOUCKOBBIIi CEPBUC.
B naHHoli OM3HEC-MOJeu faTa-LIeHTP HEOOXOAUM ISt
XpaHeHMs1 nHGopMaluuu 006 UHAEKCaX U APYrou ciy-
KeOHol MH(popMauu. B maHHOM ITpMepe Y KOMITaHUH
€CTh COOCTBEHHBbII JaTa-1IeHTpP U, CKOpee BCEero, He ONUH.
HeobxoaumMocTh UMeTb COOCTBEHHBIN AaTa-LUeHTP Mpo-
JNUKTOBaHAa OYeHb IIybokoil B3aumocsszblo UT, Tene-
KOMMYHUKAIIMOHHBIX CEPBUCOB U MHKEHEPHBIX CUCTEM
JaTa-1IeHTpa B OU3HEC-IIpolieccaX KOMIIaHUU.

Jara-1eHTp B JaHHOM MpUMepe SIBISETCS OUYEHbD CY-
IIECTBEHHBIM (PaKTOPOM, BIMSIOIINM Ha 3(P(HEKTUB-
HOCTb paboThl KoMnaHuu. bonee Toro, Ou3Hec Takoit

KOMIIAaHWH OYEHb CHJIBHO 3aBUCUT OT Ka4eCTBA pabOTHI
JaTa-1eHTpa. DTO OOBICHSETCS CIeAyIOLIMMU COO0pa-
KEHUSIMU:

4 aTa-lEeHTpP, KaK MHXEHEPHO-TeXHUIECKUA 00b-
eKT, He TNPWHOCHUT MPpUOBUIM BiaaesbllaM OH3Heca,
OHAKO pacXoIbl Ha coepXaHHUe maTa-leHTpa JIo-
XaTcsl Ha ce0eCTOMMOCTh YCIYT, KOTOPhle OKa3biBa-
€T KOMIIaHUsI CBOMM KJIMeHTaM. [103ToMy KOMITaHHS
3aMHTEPECOBaHA CHUXAThb M3IEPXKKU DKCIUIyaTaluu
JIaTa-lieHTpa, obecreurBas IIpU 3TOM HEOOXOMUMBIiA
ypoBeHb goctynmHoctd MT, TMOCKOIBKY MHave Ipou-
30MIET CHYDKEHUE BBIPYUYKM KOMITAHUU, YTO SIBJISIETCS
HEJIOIYCTUMBIM;

4 CIIOCOOHOCTh JaTa-lIEHTPa COOTBETCTBOBATh TPE-
OoBaHMSIM Ou3Heca (HarpuMmep, MacIITabUpyeMOCTb,
9HEproa(P@eKTUBHOCTb, 3HEPTOBOOPYKEHHOCTD) SIB-
JIIeTCsS 3aJIOTOM YCIIEIIHOTO pAa3BUTHUS KOMITAHUU,
CHMMas, In60, HA00OPOT, CO3IaBasi OrpaHUYCHUS 111
OousHeca.

4 CnocoOGHOCTh KOMITAHUHM CO3AaTh ONTUMAJIbHYIO
KOH(MUTypalMIo JaTa-LIEHTpa CO3IAeT BaXKHbIC IIPEM-
MOCBUIKU JUISI AOCTMKEHUSI MMHUMAJIbHBIX 3KCILIya-
TAMOHHBIX M3IePKEK NaTa-LEHTPOB B KOMIIAHUM B
Te4YeHHUE BCeX JIET IKCIUIyaTallMy AaTa-LeHTpa.

BoiBon: B COBOKYyNMHOCTM BbIlIENIEPEUMCICHHBIC
(bakTOphl BAMSIOT Ha KOHEYHYIO OLIEHKY CTOMMOCTHU
AKTUBOB KOMITAHUM, ITOCKOJIbKY [IAaTa-LIEHTP BIIMSIET
Ha ce0eCTOMMOCTb U, KaK CJICACTBUE, HA MapXXMHAJIb-
HOCTb OKa3bIBa€MBIX KOMITAHMEH ycayr. Mexay TeMm,
HEOOXOAMMO OTMETUTh, YTO AATa-LUEHTP B TAKUX KOM-
MMaHUsIX BCE PABHO He SIBJISIETCSI KIIIOYEBBIM aKTHBOM
MPEAIPUSITUS, XOTSI X OY4EHDb BaXKHBIM. DTUM OObSICHSI -
€TCS TO, YTO MHOTUE KpyIHble MHTEepHET-KOMIIAaHUU
HauMHAJIA pa3BUTHEe OM3Heca, MOIb3ySICh apeHIOBaH-
HBIMU JaTa-LeHTPaMHU.

3. Hara-meHTtp
KaK KJII09eBOii AKTHB NPeINPHATHS

OTaesbHO HEOOXOOUMO CKa3aTh O MPEANpPUSTUSIX,
IUISI KOTOPBIX JaTa-LEHTP SIBJISIETCS KIIIOUYEBBIM aK-
TUBOM TNpeAnpustus. B Mmupe BooOiie, u B Poccun,
B YaCTHOCTH, aKTMBHO pa3BUBAeTCs liejasi oTpacib —
KOMMepUecKue yCIyru faTa-1ieHTpa. B naHHOM citydae
JaTa-1eHTp, KaK MPaBUIIO, SIBJISIETCSI COOCTBEHHOCTHIO
MIPEaNpUsITUS, TUO0 apeHIYeTCs MOJHOCTBIO KaK MH-
KEHEePHBIM KOMIUIEKC, BKIIOYAIOIIWA 31aH1E U TIpUJIe-
TaIOIIYI0 TEPPUTOPHIO.

JIs kKoMmaHuWii, KOTOphle paboTaloT B JTaHHOM Cer-
MEHTe OM3Heca, JaTa-IICHTP SBIISICTCS KIIOYEBBHIM aK-
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THBOM, KOTOPBIH ITO3BOJISIET OBITh YIACTHUKOM PBIHKA
KOMMEPUYECKHUX YCIIYT nata-1eHTpoB. I1o cBoeii poiau B
TaKMX KOMIIAaHUSX JaTa-IEeHTP SBISICTCS UCTOYHHKOM
JOXO0[Ia.

OCHOBHOM YCIIyTOi, KOTOpasi MIpemraraeTcsl Kiv-
eHTy, SBIISICTCSI yCAyra apeHIbl YacTU pPecypcoB
Jata-ueHTpa. OO00OILLIEHHO JaHHasl YycJyra Ha3sbl-
BaeTCs <«apeHma CTOMKO-MecTa», «apeHOa CTOWKW»,
«colocation» u T.11. B 1efACTBUTEIBHOCTU CMBICIOBOE
3HaYeHHE ropasao IMMpe, TaK KaK B JTaHHOE IMOHSITHE
BXOOUT IIPEAOCTaBIeHUE B IOJIb30BaHUE Cpa3y He-
CKOJIBKMX PECYpCOB KOMITAHUM: 3JIEKTPOIHEPTHMH,
KOHIULIMOHUPOBAHUS BO3AyXa, pe3epBUPOBAHHOIO
3JIEKTPOCHAOXEHUS U T.1.

KoMmannm maHHOTO CerMeHTa MHBECTHUPYIOT Cpel-
CTBa B CTPOMTEILCTBO JaTa-1IEHTPOB, CIIPOSKTUPOBAH -
HBIX CIIEIUAJIBbHO C YYETOM BO3MOXHOCTU OKAa3aHMSI
YCJIYT MHOXECTBY KJIMEeHTOB. KpyIHble KoMITaHUM 00-
JIaaloT AaTa-IeHTpaMu B OOJbIIMX KonudyecTBax. Ha
MHPOBOM DPBIHKE MPUCYTCTBYIOT OMEpaTOphl, BaAcio-
II¥e AeCSITKaMM JaTa-IeHTPOB IT0 BCEMY MUDY.

BeiBoa: [TockoibKy B JaHHOM cllydae gaTa-LeHTp SIB-
JIIETCST KITIOUEBBIM PECYPCOM, TO aKTHBEI KOMIIAaHWH B
0OJIbIIIEH CTEIEHU 3aBUCAT OT €ro KauyecTBa M HaaeX-

HOCTH. B mTore peIHOYHAsI CTOMMOCTb TaKUX KOMIIa-
HUI oIlpenelisieTcsl IapaMeTpaMy HaZeXKHOCTU U He-
MPEePBEIBHOCTU PAOOTHI JaTa-IeHTPOB W (haKTUUSCKU
SIBJISICTCS MIX TIPOM3BOIHOM.

3aKkmouyeHue

Takum 00pa3oM B HACTOSIIEH CTaTbe PACCMOTPEHBI
B3aMMOCBSI3b COBPEMEHHBIX KOMIMAHUM, MPUMEHSIO-
mux WUT-texHonmorum B CBOMX OM3HEC-IIpolieccax, u
JlaTa-LIEeHTPOB, MOCPEICTBOM KOTOPBIX 00eCIeurBaeT-
¢4 KauecTBeHHas padbota UT-pecypcos.

B cTaTbe BbIIeNeHBI TpU HanuboJiee TUTIOBbIE (hOKYC-
TPYIIIIBI TIPEATIPUSTHIA, SIBJISTIOIIAXCS TTOTb30BaTEISIMU
YCIIYT JaTa-1IIeHTPOB, a TakKe IMOKa3aHbl pa3ivuyus B
CTCTIeH! MHTETPaIl 1 3aBUCUMOCTH YCIICITHOCTH BE-
JIeHUs1 OM3Heca OT paboOTOCIIOCOOHOCTH JaTa-1IeHTPOB.

B xauecTBe BBIBOIOB ITOKAa3aHBI SIBHO IIPOCIICKH-
BarolMecs TEHACHLUMU W B3aMMOCBSI3M MEXIy Kaye-
CTBOM JaTa-1IEHTPOB ¥ KOHEYHOI CTOMMOCTBIO aKTUBOB
KOMMaHU. AKTUBBI MOTYT OBITh BhIpaXKeHBI Yepe3 aK-
IUOHEPHYIO CTOMMOCTb, CTOMMOCTD aKIIWil, TNOO PBI-
HOYHYI0 KanuTanu3auuio. CTerneHb MHTerpaliuu aaTa-
LeHTpa B OM3HEC-TIPOLIECCH KOMITAHUI TEMOHCTPUPYET
MIPSIMYIO CBSI3b C PBIHOYHOM CTOMMOCTBIO KOMITAaHU. B
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of the investment object and subsequent accounting of such investments as a significant part of a company’s assets
are discussed. Justification of the fact that in some enterprises a data center itself is an important asset, and in some

business models — a key asset of a company is provided.

Relying on the definitions of «assets» and «data center» terms the variants of participation of a data center in the
business of an enterprise and its influence on the company’s final value through the company’s assets are discussed in

the article.

The article presents examples of how a data center becomes the subject of production in large enterprises whose
business is based on the storage, processing and delivery of information services related with access to this information.

Some examples of such companies representing different industries are provided.
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performing regulatory functions are considered. The questions of corporate security and the impact of data centers on

information safety are discussed.
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reliability, improving security of stored and processed data and as a result the impact on the market value of an

enterprise as a business through increasing of consumers’ confidence.
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MpencraBnsemas ons nybnvkaumm CTarbs JOMKHA ObiTb aKTyanbHOM,
obnagaTb HOBW3HOMW, OTPaXaTb NOCTAHOBKY 334auM (Npobnembl), onuca-
HWE OCHOBHLIX PE3yNbTATOB WCCNEA0BaHUS, BbIBOALI, @ Takke COOTBET-
CTBOBATb YKa3aHHbIM HUXe Npasuiam 0bOpMIEHMS.

TexCT JoxXeH ObiTb TLWATENBHO BbIYMTAH ABTOPOM, KOTOPbIA HECET OT-
BETCTBEHHOCTb 3a Hay4HO-TEOPETUYECKUIA YPOBEHb MYONMKYEMOro MaTe-
puana.

Marepuanbl NpeacTaBngeTcs B ANEKTPOHHOM BUAE N0 afpecy:
bijournal@hse.ru.

TEKCT CTATbMW npeacTasnsetcs B pefakuyio B 3EKTPOHHOM BUAE (B
dopmare MS Word, sepcus 2003 unm Bbiwe).

OBbEM. OpueHTMpoBOYHbLIA 06beM CTaTbi coctasnser 20-25 Thicsy
3HaKoB (c npobenamu).

LPUST, DOPMATUPOBAHUE, HYMEPALIUS CTPAHUL,

LWWPUDT — Times New Roman, kernb Habopa — 12 nyHkTOB, mony-
TOPHBIA MHTEpBA, GOpMaTUpPOBaHMe MO LWMpKUHE. Hymepauus CTpaHmL
— BBEPXY MO LIEHTPY, NONsi: IEBOe — 2,5 CM, BEPXHEE, HUXHEE W NPaBoe
—no 1,5¢cm.

HA3BAHUE CTATbM npuBoanTcst Ha PyCCKOM M @HIIIACKOM $13bIKax.
HasBaHue cTatbit JOMKHO OblTb MHGOPMATUBHLIM U PacKpbIBaTh COAEp-
XaHue CTaTbm.

CBEAEHUS OB ABTOPAX npuB0oasTCs Ha PYCCKOM U @HMNIACKOM
13bIKax W BKIIOYAIOT CNEAYIOLLME SNEMEHTDI:

+ d)aMVIJ'IVIﬂ, M4, 0TY4ECTBO BCEX aBTOPOB MOJIHOCTbIO
4 [I0NXHOCTb, 3BaHWe, Y4eHas CTeneHb Kaxaoro aBTopa

4 M0/IHOE HA3BaHWE OpraHW3auMn — Mecta paboTbl KaXA0ro asTopa B
VIMEHUTENIbHOM Nafexe, MOJHbIA NOYTOBLIA afpec Kaxaon OpraHu3aummn
(BK/H04AS MOYTOBLINA MHAEKC)

4 a[pec 3NEeKTPOHHOI NMOYTLI KAXIO0r0 aBTopa.

AHHOTALIMA K CTATbE npencraBnsietcs Ha pycCkOM U aHIIMIACKOM
A3blKax.

+ 06bem — 200-300 cnos.

+ AHHOTaums ponxHa ObiTb MHOPMATUBHON (HE copepxaTb OBLIMX
CNoB).

4+ AHHOTaLMS I0NXHA OTpaXaTb OCHOBHOE COAEPXaHWE CTaTbu 1 ObiTh
CTPYKTYPUPOBAHHOM (C/eA0BATh JIOTUKE ONKUCAHMS PE3yNbTaToB B CTATbe).

+ CTpyKTypa aHHOTaUMW: NpeaMeT, Lenb, METOA UIM METOA0NO0rMIo
NpOBEAEHMS UCCEN0BaHNS, Pe3ybTaThl UCCNEN0BaHMIA, 06NACTb UX NpK-
MEHEHUS], BbIBOIbI.

<+ Metop, unm MeToLOM0rMI0 NPOBEAEHUS UCCIEN0BaHMIA Lienecoobpas-
HO OMKCBIBATL B TOM CAy4ae, €CAY OHW OTAMHAIOTCS HOBU3HOI U npes-
CTaBISIOT MHTEPEC C TOYKM 3PEHIS laHHOI paboThl. B aHHOTaumsX cTaTei,
OMMCLIBAIOLLMX IKCTIEPUMEHTANbHBIE PAOOTHI, YKa3bIBAIOT MCTOYHMKM aH-
HbIX 1 XapakTep nx 06paboTku.

+ PeaynbTarthl paboThbl ONUCHIBAIOT NPEAESbHO TOYHO U MHGOPMATUBHO.
MpUBOASTCS OCHOBHbIE TEOPETUYECKME W IKCTIEPUMEHTAIbHBIE PE3yIibTa-
Thl, akTUyECKMe LaHHble, 0BHApYXeHHLIE B3AUMOCBSA3M W 3aKOHOMEp-
HOCTU. Mpy 3TOM OTHAETCS MPEANOYTEHWE HOBLIM PE3yNbTataM M JaH-

HbIM [IONIFOCPOYHOIO 3HAYEHMS, BAXHBIM OTKPBITUAM, BLIBOLAM, KOTOPLIE
OMPOBEPraloT CYLECTBYIOLE TEOPUM, A TAKXE MHPOPMALIK, KOTOpas, M0
MHEHMIO aBTOpPA, UMEET NPaKTMYECKOe 3HaYeHue.

+ BbiBOabI MOryT COMNpPOBOXAATbCA pPeKoOMeHAauMsaMU, OLEHKaMW,
npeaoXxeHnamu, runotesamn, OnMcaHHbIMKN B CTaTbe.

+ CBeneHus, coaepxalumecs B Ha3BaHUM CTaTbu, HE LOMKHbI MOBTO-
pATLCS B TeKCTe aHHoTauuu. Cneayet u3beratb IMLWHKUX BBOAHBIX dpa3
(Hanpumep, «aBTOP CTaTbil PACCMATPUBAET...»).

+ VcTopurdeckue CripaBKkm, ECIY OHU HE COCTABNISIOT OCHOBHOE COLIEp-
XaHue [OKYMEHTa, OnucaHue paHee onybaukoBaHHbIX paboT 1 0bLLen3-
BECTHbIE MOSIOXEHUS, B AHHOTALMM HE MPUBOASTCS.

+ B TekcTe aHHOTaumM cneayet ynoTpebnisiTb CUHTAKCUYECKME KOH-
CTPYKLM, CBOWCTBEHHbIE I3bIKY HAYYHbIX W TEXHUYECKUX [IOKYMEHTOR,
136erarb COXHbIX FPAMMaTUYECKUX KOHCTPYKLIMIA.

4+ B texcTe aHHOTaLMK CneayeT NPUMEHSTb 3HAYUMBIE COBA W3 TEKCTa
CTaTbu.

KJTHOYEBDBIE CJIOBA npuB0asTCS HA PYCCKOM U @HITIMIACKOM $13bIKaX.
KonnyecTso KktoueBbIx Cnos (CnoBocoyeTaHuin) — 6-10. Kniouesble cnosa
UM CNOBOCOYETAHMS OTAENSIOTCS APYr OT Apyra TOYKOW C 3anToid.

GOPMVYJIbI. Mpu Habope dopmyn, Kak BLIKTIOYHBIX, Tak U CTPOYHBIX,
J0mxeH ObITb MCNONL30BaH peaakTop dpopmyn MS Equation. B dopmynb-
HbIX M CUMBONIMYECKMX 3aMUCSX rPEYeckme (PYCCKME) CMMBOMbI, @ Takke
maremaTnyeckme GyHKLUMM 3anmncbiBaloTC NPsSMbIMU WpKUdTamu, a nepe-
MEHHbIE apryMeHTbl GYHKLMIA B BULIE @HINMIACKUX (NaTMHCKMX) BYKB — Ha-
K/OHHBIM KYPCUBOM (MPUMEP «COS a», «Sin b», «min», «max»). Hymepauus
dopmyn — CkBO3Hast (MO XEeNnaHuo aBTOPOB AOMYCKAETCS [IBOMHAA HyMe-
pauws GopMyn C ykasaHueM CTPYKTYPHOrO HOMepa pasfena Cratbi u,
yepes TouKy, HomMepa GOpMyNbl B Pasdene).

PUCYHKM (rpadwmku, amarpammbl 1 T.n.) MOTYT ObiTb 0OpPMIEHBI
cpeacreamu MS Word unn MS Excel. Cebinku Ha pucyHKM B TekcTe 00513a-
TesbHbl M JOMXHbI NPELIECTBOBATL NO3NLMU PA3MELLEHUs PUCYHKA. [10-
MyCKaeTCs UCMOsb30BaHME rpadmyeckoro BEKTOPHOrO daiina B gpopmare
wmf/emf unm cdr v.10. QoTorpadmuyeckne Matepuansi NpesoCTaBnsIoTCS
B ¢opmare TIF unm JPEG, ¢ pa3pelueHnem usobpaxenus He MeHee 300
TOYEK Ha JtoiiM. Hymepaums pUcyHKOB — CKBO3HaS.

TABJINLbI odopmnsiotcs cpeacteamm MS Word nnu MS Excel. Hy-
Mepauys TabnunL, — CKBO3Has.

CNUCOK NIUTEPATYPbI cocTaBnsieTcs B COOTBETCTBUN C TpeboBa-
Husmm FOCT 7.0.5-2008. Bubnuorpadmyeckas cebinka (npumeps 0bopM-
NeHWs pa3MelLLeHbl Ha caiite xypHana http://bi.hse.ru/). Hymepauus 6u-
6nmorpacdmyeckux UCTOYHUKOB — B MOPSAKE LMTUpOBaHWs. CCbinku Ha
MHOCTPaHHYIO UTEPATYpy — Ha i3blke OpUrMHana 6e3 CoKpaLLeHuiA.

CNMUCOK JNIUTEPATYPbl 019 AHI0S3bIMHOIO BJIOKA
odopmnsieTcs B cootBeTcTBUM C TpebosaHuamu SCOPUS (npumepsi
opopmIeHns pa3melleHbl Ha caiite xypHana http://bi.hse.ru/). Lna
TPaHCAMTEPALMN PYCCKOSI3bIYHBIX HAMMEHOBAHMWI MOXHO BOCMO/b30BATb-
cs cepaucom http://translit.ru/.

[ns pa3melLieHns NONHOTEKCTOBbLIX BEPCUIA CTaTel Ha CaiiTe XypHana
C aBTOpaMM 3aK/TH0HAETCS INLIEH3WNOHHBIN J0roBOp O Nepeaye aBTOPCKUX
npas.

Mnara ¢ aBTOpOB 32 Ny6NMKaLMIO PYKONUCElA HE B3MMAETCS.
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