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AHHOTAIMSA

B cratbe paccmaTpuBaeTcs 3amavya OLIEHUBAHUST IPOTHO3HOUW CUJTBI MOJIEIM HACTYTIIEHUST COOBITUSI TIO
BHEBBIOOPOUHBIM JaHHBIM. JlaHHBIE O BpeMEHU HACTYIUIEHUSI COOBITUI, KaK MPaBWIO, LIEH3YPHPOBAHHBI
ClipaBa: OXMIAaeMOE€ COOBITME YacTO HE YCTyNaeT MpPOM3OWTM 3a BpeMsl HaOJIOACHUS, 13-3a 4Yero
(ukcupyeTcsl TOTbKO MUHUMAaJIbHOE BO3MOXHOE 3HAUY€HME MPOTHO3MPYEMOIl BeMWYWHBI. B pesynbraTe
CTaHIAPTHBIE MEPHI TOYHOCTU TIPOTHO3a, TaKWe KaK CPelHsisi abCOMOTHAS WU CPEeNHSISI KBanpaTudeckast
omnbKa, OKa3bIBalOTCS HEMPUMEHUMBIMU, a JJIsI U3MEPEeHUs KauecTBa MPUMEHSIOTCS KO3 (GUIUEHTHI
paHroBoii Koppensiiun: C-uHIekc Xappesuia, KoadbumueHTs YHO 1 Comepca. DTH Mephl He OTPaKaoT
OJIM30CTU TIPOTHO30B K NEWUCTBUTEIHHBIM 3HAYEHUSIM, a XapaKTepU3ylOT TOJBKO COTJIACOBAHHOCTh
PaHXUPOBOK — CIIOCOOHOCTh MOJIEJIM OTJINYATh HAOJIOAEHM S, B KOTOPBIX OKUIAeMOE COOBITHE TTPOUCXOTIUT
OTHOCHTEJIbHO OBICTPO, OT TeX HAOJIONEHUI, B KOTOPBIX BpeMsl OXUAAHUSI OTHOCUTEIBHO BEJIUKO, U3-3a
4ero K03a(pOUIMEHTHI pAHTOBOM KOPPEISLIMKA MOTYT IPUHUMATb BICOKHE 3HAYEHMSI JJAXKe MTPU CKOJIb yTOJHO
0oJBINION crcTeMaTUYecKol onmoke nmporHo3a. KpoMe Toro, cBeieHre KauecTBa MPOrHO3a K KOPPEJSIIAN
WM Jaxe OJMM30CTH TPOTHO3UPYEMOTO W JEHUCTBUTEIBHOTO 3HAYEHUN MAaJOyIOBIETBOPUTENHLHO:
BpEMA HACTYIUICHUA PEAKO yAacTCAd OLUCHUTL C OMPEACICHHOCTbIO, U IPU IIPOrHO3MPOBAHUU MHTEPECC
MIPEICTaBIISIeT HE TOJIBKO TOUYEUHAsT OLlEHKa MOMEHTA HACTYIUIEHHUsI, HO M OlLIEHKA 3aKOHAa pacipeaeeHust
00BSCHSIEMOI BEJIMYMHBI LIEJTMKOM. B HacTosilell cTaTbe Mpy BEIOOPE MPOTHO3HOM MOJENN MpeliaraeTcs
JIOTIOJTHSITh CpaBHEHUE KOA(M(UIIMEHTOB PAaHTOBON KOppeisiiuu aHanu3oM octaTkoB Kokca—CHenn,
paCcCUUTaHHBIX IJId BHeBbI60pOl{HbIX JaHHBIX (KOHTpOIIbeIX nim Baﬂl/l)laLll/lOHHle). ﬂ,flﬂ BU3YyaJIbHOTO
aHaJIn3a 1pemaracrtcad IpUMEHATH rpaq)m( OLCHKMW MHTErpaJjbHOTO pHUCKa OCTAaTKOB, a B KayC€CTBE
YUCJIEHHOW XapaKTepUCTUKKU COTJIACOBAHHOCTH MOJENTW C BHEBBHIOODOUYHBIMU JAaHHBIMU — DPACCTOSTHUE
KonmoropoBa Mex iy Hab0qaeMbIM pacIipeesieHUEM OCTaTKOB M 9KCITOHEHIIUATTBLHBIM paciipeneieHueM
C €IMHUYHBIM CPETHUM, KOTOPOE COOTBETCTBYET UIcalIbHO crielupuLimpoBaHHoi Mmoaenu. [1pepiaraemeplii
MOJIXO WJLTIOCTPUPYETCS MPUMEPOM BbIOOpPA MPOTHO3HOW MOJEHN JIJIsl BpEMEHU TOCPOUYHOIO TOoralleHUsI
JIOTOBOPOB UTIOTEYHOTO KPETUTOBAHMSI.
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BBenenue

psime 3amad CTaTUCTUKM WM aHaln3a JaHHBIX

TpeOyeTcsl OLICHUTh BPEMS OXUAAHUS OMpee-

JICHHOTO cOObITUSI. B (buHaHCOBBIX Mpuioxe-
HUSAX 3TO MOXET OBbITh BpeMsl HACTYIUIEHUS nedosra
MO0 JOrOBOPY KPEAUTOBAHMS, B MENULIMHCKUX — BpeEMSI
CMEPTHU UJIU BBI3AOPOBJICHUS MAIIMEHTA, B COLUATIbHBIX
u geMorpapmuecKux — BO3pacT Marepyd Ha MOMEHT
poxneHMsT peOeHKa WX BCTYIUIeHUS B Opak. ObjacTb
MPUKJIATHON CTAaTUCTUKM, 3aHMMAMOIIASICS TaKMMU
3aayaMy, Ha3bIBaeTCSl aHAIM30M HACTYIUICHUS COOBI-
it (event-history analysis) 1 mMeeT CyIIecTBEHHBIC
0COOCHHOCTH, KOTOPBIE MPENSTCTBYIOT IIPUMEHEHHUIO
MHOTMX YCTOSIBIIMXCSI METOJIOB PETPECCUOHHOIO aHa-
Jm3a. OnHa U3 3TUX 0COOCHHOCTE — LIeH3ypUpOBaHUE
(censoring).

ITpoao/KUTENBbHOCTh BCSIKOTO MCCAEAOBAHUSI KO-
HeYHa, U 3a 9TO BpeMsl OXKIaeMoe COOBITHE MOXKET
He Mpou3oiTh. bosee Toro, a1 HEKOTOPBIX OOBEKTOB
OHO BOOOIIIe HUKOTJa HE HACTYIUT: YaCTh 3aeMIIUKOB
3aBEPIIUT BBIILJIATHI [0 KPEAUTY, HEe 10X0As 10 Aedoi-
Ta, 4YaCTh XEHILIMH HEe BBIAAET 3aMyX. B pesynbrare 00
3THX 00BEKTaX M3BECTHO JIMIIIL TO, YTO BpeMsI OKUIA-
HUS IS HUX TIPEBBIIIaeT HEKOTOPOe 3HaUYCHUE — JUTH -
TEJIbHOCTh OT Hayajga OXWIAHUS COOBITHS IO KOHIIA
nepuoaa HaOmoneHus. Takum ob6pa3oM, HAOTIOAEHUS
3a 3TUMHU 00bEKTAMM OKa3bIBAIOTCS LIEH3YPUPOBAHHBI-
MM CITpaBa.

MeTonbl OLIEHUBAHUSI CTATUCTUYECKUX MOJENIEi 1o
LIEH3YPUPOBAaHHBIM JTaHHBIM M3BECTHBI JTOCTaTOYHO
XOpOUIO, KJIACCUYECKUI TPYA B 3TOH 00J1aCTU — KHM-
ra [1]. M3mepeHrne TOYHOCTM MPOTrHO3a HACTYILIE-
HUS COOBITUIT — MeHee pa3paboTaHHasi oonactb. ITo-
BUINMOMY, 3TOT IPOOET OOBSICHSIETCS TEM, YTO MOJIEITN
HACTYIICHUST pa3padaThIBaJINCh OOBIYHO HE IS TIPO-
THO3a, a ¢ aKaIeMIYSCKAMU LIEeJISIMA — JIJTSI OTIpeeie-
HUS 3G GEKTUBHOCTH JICUCHUST WA MEP COLIMATbHOM
TIOJIUTHKY, BBISBICHHS IETCPMUHAHT IIPOAOJIKUTEITh-
HOCTU 0€3pabOTHULIbI U T.I.

3a mocieaHue OecITh JIET UHTepeC K IMPOrHO3UPO-
BaHUIO CYLIECTBEHHO BO3poc. C 0QHOM CTOPOHBI, MO-
JeIM HACTYIUICHUS] COOBITUI CTalM 4allle HaXOIUTh
YUCTO IIparMaTU4eckoe IpUMEHEHUe: IpUMepaMu

MOTYT CIYXXUTh aHaJdu3 (PUMHAHCOBBIX PUCKOB [2, 3]
U TIPOIOJLKUTECILHOCTh COOpa CpeACTB IpU Kpaym-
dbanmuure [4]. C apyroil CTOPOHBI, pacHpoCTpaHe-
HYe MallIMHHOTO OOYYEeHMS 1, B YaCTHOCTH, ITPOLIENYD
Kpocc-BauAalMd OOYCJIOBMJIO MHTEPEC K OlEHVBA-
HUIO KadyecTBa MOJECNECH IO MX CIIOCOOHOCTHU IeJIaTh
TOYHBIA BHEBBIOOPOYHBIM MPOrHo3 [35, 6]. Ilpu atom
CTaHJAapTHbIE METPUKM, TaKWe KaK CpeIHEKBaaApaTH-
yecKas olnbKa IMporHo3a Ui cpeaHsst abCcoIloTHas
MPOIIEHTHAS OIIMOKA, OKA3bIBAIOTCS HEIPUMEHUMEI-
MU U3-3a LIEH3yPUPOBAHUS.

B HacTosIIIei cTaThe MpeaIaracTcs IMTOAX0 I K BEIOOPY
MPOTHO3HOI MOAE/M, OMUPAIOIIMIACI Ha COBMECTHOE
WCITOJIb30BaHUEe KO3(G(GUILIMEHTOB COIJIACOBAHHOCTHU
(bakTMIECKOTO M TPOTHO3UPYEMOTO BPEMEHM HACTY-
wieHus n octaTkoB Kokca—CHeIUT, pacCUYNTHIBAEMBIX
M0 KOHTPOJIbHOM BhIOOpKe. B KauecTBe mpumepa pac-
CMaTpUBAETCs 3a7ava IMOCTPOSHMSI TIPOTHO3HOM Moje-
JIA JIJIST BPEMEHH TOCPOYHOTO TTOTAIIeHUST UTIOTEYHOTO
KpeauTa.

B mepBoM pasznene ONMMCHIBAIOTCS OCHOBHBIE II0-
HATHUS, KOTOphIe TpeOyIoT omnpeaeiaeHus: (JMdo yro-
MHUHaHUsI) U3-3a 000COOJIEHHOCTH IPEAMETHO 00-
JIACTU W CIIeINDUISCKON TepMHUHOJIOTuHA. Bo BTOpOM
paznesie MpUBOAUTCS 0030p XapaKTepPUCTUK TOYHOCTH
MPOTHO3a BPEMEHM HACTYIUJIeHUs coObIThs. TpeTtuii
pasmgen mocssieH octatkaM Kokca—CHesut, KoTopbie
aBTOPBI TIpejIaraloT MCIOIb30BaTh IS M3MEPECHMUS
KavyecTBa NporHo3a. [IpuMep MCmoab30BaHUST OCTaT-
KOB IJId BbIOOpa Hauyyllleil MPOTHO3HOW Mojeu
MPUBEICH B UETBEPTOM pasielie, 3a KOTOPBIM CICAYyeT
3aKJII0UCHUE.

1. BeposiTHOCTHAsI MOJI€JTb
HACTYILUTEHUS COOBITHS

BpeMs oxunaHusi COOBITUSI MOJETUPYETCS HEOT-
pULATEILHON CJIy4YalHOW BEJIMYMHOW , KOTOpas IO
YCMOTPEHUIO MCCJeNoBaTeisi MOXET ObITh KaK He-
MpPEepPLIBHOM, TaK U AWCKpPEeTHOI. B HacTosIeit craTbe
Mbl pacCMaTPUBAEeM CIIy4ail HEMPEPBIBHOIO BPEMEHH.
PacrnipeneneHve BpeMEHU OXUAAHWUS XapaKTepU3YeT-
cs clieAyolnMy QYHKIUMSAMA, UTPAIOIIUMU BEAYIIYIO
pOJIb B aHAJIU3€ HACTYTUIEHUST COOBITUIA.



®Oyuknua poxutust (survival function) S(7) 3ama-
€T BEPOSITHOCTb TOrO, YTO BPEMSI OXUIAHUS COOBITHS
MPEBBICUT MPOU3BOJIbHbIN CPOK 7:

S(t)=P(T>1).

TepMI/IH COOTBETCTBYET MCAULIMHCKHUM M aKTyapHbIM
IIPUIIOKECHUAM, B KOTOPbLIX aHAJIU3UPYEMOC CcOObITHE —
9TO CMEPTH MalTMCHTA NI 3aCTpaXOBaAaHHOTO JIMIIA.

®yuknusa pucka (hazard function) A(#) oTpaxaer u3-
MEHEHME BEPOSITHOCTU HACTYIICHUST COOBITHS C Tede-
HMEM BPEMEHM:

P(t<T<t+A|T>1)

i) =t P

A>0
HWuteranpHas ¢yHKug pucka (integrated hazard
function) H(¢) He UMeeT CTOJIb SICHOI MHTEPIPETALIUU,
HO UTpaeT BaXXHYIO POJIb B HACTOSIIIIECH CTaThe:

H()= jh(s)ds.

TepMuHOIOTUSI 3aBUCUT OT OOJACTH TPUIOXEHUS,
IO3TOMY T€ K€ XapaKTePUCTUKU MOXHO BCTPETUTH U
1Mo APYrMMU Ha3BaHUsIMU. B vacTHocTH, (DyHKUIMS
JIOKUATHUS ellle U3BECTHA KaK (hYHKIIUS HAEKHOCTH, a
yHK1IIMS prcKa — KaK cujla CMEPTHOCTHY WY (DYHKIIMS
OMACHOCTH OTKa3a.

BuuMaHwme ucciemoBareseii, Kak mpaBUiIo, COCPeIo-
TOUYEHO Ha ABYX aCIeKTaX MOAEIUPOBAHMSI.

IlepBblit acnekT — CBSI3b BEPOSITHOCTU HACTYILICHUS
COOBITHSI CO BpeMEHEM ero oxuaaHus. st onucaHus
3TOM CBSI3M OCOOEHHO yI0OHAa (PYHKIIUS pUCKa.

Bropoii acieKT — CBsI3b BEpOSATHOCTU HACTYIUICHUS
COOBITUSI C OOBSCHSIOIIMMU TMEPEeMEHHBIMU (KOBapH-
aramu). CylIecTByeT MHOXECTBO CIIOCOOOB YBSI3aTh
pacrnpenejieHue BpeMEeHU OXUAAHUS ¢ OOBSICHSIIOIIN -
MM TIEPEMEHHBIMU, U3JIOXKEHUE KOTOPBIX MOXKXHO Haii-
TH B KHUTax [1, 7]. 3aech MBI OTpaHUYMMCSI paCCMOTpe-
HHMEM YETBIPEX PETPECCUOHHBIX MOJIEIIEH.

JlorHopMmanbHasi M 0000lEHHAasT raMMa-perpec-
CHSI OTHOCSITCSI K MOIEISIM YCKOPEHHOIO BpEeMEHU
(accelerated failure-time models), To ecTh mpeacTaBu-
MBI B IMHEHOM BUJIE:

InT = x'f+e.

31ech X' — BEKTOP-CTPOKaA OOBSICHSIIOIINX TIepeMEH-
HBIX, 3 — BeKTOp-cTo0el KO3 (PULMEHTOB MPU HUX,
a ¢ — ciayyaiiHag ommbka. B BekTop X' BKIIIOYaeTCs
€IUHUYHBIN 3JIEMEHT, COOTBETCTBYIOLIMI CBOOOJHO-
MY YJIEHY PETPECCUM, TAK UTO X' = [, + [,X, +...+ . X,.

JlorHopMasibHasi M raMMa-perpeccusi OTIMYAIOTCS
TOJIBKO pacripefe/icHueM CIyJalHOR OIIMOKY.

Perpeccus Tomnepua u Mmogenb Kokca oTHoOCATCST K
MOJENSIM TPONOPLIMOHAIIBHBIX PUCKOB (proportional
hazards), To ecTh MpennoaararoT, 4YTo (PyHKLUS pUCKa
HACTYIIJICHUS COOBITUS ITPONOPLIMOHAIbHA OOBSICHSIO-
UM TTIEPEMEHHBIM:

h(t;x', ) = hy (1) exp (X))

3necw hy(f) — TaKk HasbiBaeMas ONOPHas (YHKUMS
pucka (baseline hazard). B momemm Tommepiia mpen-
ToJjiaraeTcsl 3KCIIOHEHIIMAaIbHOe YObIBAHWE WU BO3-
pacTaHue pUCKa C TEYEHUEM BPEMEHU: A (1) = e”, rme
y — TITapaMeTp MOJIEJTN, OLIEHNBAEMbIil HApSIAy C KOd(h-
¢uumenramu B. Moznenb Kokca He HaK/1aabIBaeT orpa-
HUYEHMI Ha OMOPHYIO (PYHKIIUIO prUcKa, 3Ta (DYHKIIMS
OLICHMBAeTCsl HelmapamMeTpudecKu. TakuM o0Opas3om,
perpeccust Kokca cTporo mocTyjaMpyeTt XapakTep CBI3U
pUCKa HACTYIIJIEHUS COOBITHS C OOBSICHSIOIINMU TIepe-
MEHHBIMU, KaK W MPOYKE paccMaTpuBacMbie MOMEIH,
HO B OTJIMYME OT HMX HE OrpaHUYMBAET 3aBUCUMOCTb
pHCKa OT BpeMEHHU.

Metonsl OlleHMBAaHUS MOIEICH HACTYIUICHUS CO-
OBITMI peaJiM30BaHBl B CTATUCTUYECKMX ITaKeTax, WX
oInyrcaHue colepxXurcs B kHurax [1, 7]. st nanbHei-
IIIeTO M3JIOKEHUS BaXKHO JIUIITh TO, YTO HA OCHOBAHUU
KaXI0i U3 3TUX MoJeeli MOXKHO pacCUYMTaTh OLIEHKU
(byHKIMIA TOXUTUS M MHTETPATbHOTO PUCKA IJIs JIIO-
OBIX 3HAYEHU I OOBSICHSIOLIMX IEPEMEHHBIX X ' U TAKUM
00pa3oM IMOJIyUUTh MPOTHO3 HACTYIUIEHUSI COOBITUS B
3aJaHHBIX YCIOBUSIX.

2. Mepbl TOYHOCTH MPOTHO3A:
00630p

Mepuot cpeodneii owmubru npoenosa. Ilox sTM Ha3Ba-
HUEM MOXHO OOBEIUHUTH CaMble PacpOCTpaHEHHbIE
XapaKTepUCTUKU TOYHOCTHU JUISI MOJAENed C Koiude-
CTBEHHBIM O0BSICHSIEMBIM TTPU3HAKOM: CpeIHIO0 abco-
moTHyto omnoky (MAE), cpemnHioro KBaapaTUYeCKyo
onmmbky (RMSE), cpenHiolo aGCOJIOTHYIO TPOIIEHT-
Hyto ominoky (MAPE) u npyrue. EcTb nmpumepsl ux
MpPUMEHEHMUST M B aHaAJM3¢ HACTYIIJIEHUSI COOBITUI [2,
5, 8], omHaKo 3TU MpUMEpPHI — CKOpee UCKIoueHue. B
OOJIBIIIMHCTBE Cy4YaeB NAaHHbIE MOABEPXKEHBI LIEH3Y-
pPUPOBAHUIO, U3-32 KOTOPOTO TOYHAsI BEJIWYMHA pac-
XOXIEHUST MEXITy BpeMEeHEM HACTYIUIEHUSI COOBITUS 1
€ro NMPOrHO30M HEU3BECTHA U YCPEIHEHUIO HE Moaaa-
ercs. [TpobiemMy MOXHO JIETKO PEIIUTh, ECIIN TIPEIIo-
JIOXKWTb, YTO pacIpeie/ieHue PaCXOXKIEHU OTHOCUTCS
K HEKOTOpPOMY MapaMeTpuyeckoMy CEMEWCTBY, TOrna



TapaMeTpbl 3TOTO pacripeleieHuss 1 MaTeMaTnIecKoe
OXHUIaHUE PACXOXIEHUM MOXHO OLIEHUTh METOIOM
MaKCUMAaJIbHOTO TipaBromnonooust. OmHaKo TpuMepsl
MPUMEHEHHUsI TAKOTO TIOJXOAa aBTOpaM CTaThbW HEU3-
BECTHBI (BOBMOXHO, 3TO OOBSICHSIETCS €CTECTBEHHBIM
KeJJaHWeM HcciefoBaresiell n36eXaTh MOTIOTHUTEb-
HBIX TIPENTOCHLIOK).

B paborax [2, 8] paccMaTpuBaeTcs MOAXOI, IPU KO-
TOPOM CPEeAHSISA aOCOTIOTHAS OIIMOKA PACCUMTHIBACT-
Ccs TOJIBKO IIJIsI HEIeH3YpPHUPOBAaHHBIX HAOJIOMEHMUI,
cofepXallnX TOYHbIE CBEICHUS O BDeMEHH HACTYILIC-
HUSI COOBITHSI. DTOT MOIXOI MMEET CYIIEeCTBCHHBIN
HemocTaToK. lleH3yprpoBaHMe 3aBUCUT OT BpPEeMEHU
HACTYIUICHMS: YE€M HOJIbIIE OXUIAHUE COOBITHUSI, TEM
CcKopee HaOJIoAeHUEe OKaXeTCs IIeH3YPUPOBaHHBIM,
IMTOTOMY UTO COOBITHE HE HACTYIUT B TEUESHNE TIeproIa
HabmoaeHus. Torma TouHoe 3HAYEHUE OOBSICHSIEMOIt
MepeMeHHO! OyIeT U3BECTHO JJIS TeX CIyvyaeB, Korma
OHO MaJio, a ITOCKOJIBKY CPeIHsIsT aOCOTIOTHAS OIIM0-
Ka pacCYMTHIBACTCSI UMEHHO IO 3TUM HaOIIOACHUSM,
TO TIpEAITIOYTEeHNE OYAEeT OTAABAaThCS MOIECISIM, 3aHU-
JKaIoIINM BpeMs HacTyIIeHUs coObITHs. dopMaabHO
TroBOpPS, 3[eCh IECH3YPUPOBAaHNUE 3aMEHSIETCS Ha yce-
YeHHe — He MEHee CYIISCTBEHHBIM BUI HEIOJIHOTHI
JaHHBIX [1].

Kosgppuyuenmot coeaacosannocmu panicuposox.
IMoxanyii, caMasi pacnpocTpaHeHHas Mepa KadecTBa
MPOrHO3a TpPU aHaju3e HACTYIJICHUS COOBITUMA —
Ko3hPUIIMeHT KOHKopmaumu Xappemia [9], oH Xe
C-MHIEKC, KOTOPBI MOXHO OINpPEAeIUTh CIEAYIOIIUM
obpasoM. Ilycte ciaydaiinbie Benuunnbl 7, u T, otpa-
XKAOT (PaKTUYECKOE BpeMsl HACTYILIEHUsSI COOBITHS B
JBYX CIy4aliHO OTOOPaHHBIX HE3aBUCHUMbIX HaOIIOIe-
HUSIX, a fl u fz MPEACTABIISIIOT CO00I COOTBETCTBYIOLLILE
nporHo3bl. Torna xoaddumnuent Xappenna C onpene-
JISIETCSI BhIpaXKEHUEM:

C=P(T <T,|T <T). (1)

OIHO U3 JOCTOMHCTB KO3 dULMeHTa — ero sicHas
uHTeprperauus. [1ycTh paccMaTpUBaIOTCS IBa CIIy-
Yas ¢ pa3IMIHBIM BpeMEHEM HACTYIIJICHUST COOBITHS.
Torma momensb ¢ BeposITHOCThIO C IIPOTHO3UPYET 60-
Jiee OBICTpOE HACTYIUICHUS COOBITUS UMEHHO B TOM
cllygae, KOTa OHO M B caMOM J¢jie HaCcTYIIUIO ObI-
crpee. Hanbonpiiee 3HadeHne C paBHO eAUHHIIE U
HaOJIIoJaeTcsT MpU ITTOJITHOM COOTBETCTBUM (DAKTHU-
YEeCKMX U TIPOTHO3UPYEMBIX PaHKMPOBOK IO Bpe-
MeHHM (4eM OBICTpee COOBITHE HACTYIIAaeT COTJIaCHO
MOJZIEJIM, TeM MEHBbIIIe U ACHCTBUTEIbHOE BpeMs Ha-
CTYIJIEHUsI), HAUMEHbIlIee 3HaYeHUE PaBHO HYIIIO U

03HayaeT MOJHOE PACXOXIEHUE PAHXUPOBOK (UeM
MEHBIIIE TpeicKa3aHue MOMIeJIU, TeM OOJIbIlle UCTUH-
HOE BpeMsl).

CyIIecTBYIOT pa3Iu4Hble OIEHKU Ko3apohuimeH-
Ta KOHKODPJALINU, YYWUTHIBAIOIINE IEH3ypUPOBAHUE.
IMomMuMo opurMHaNbHOM cTaTUCTUKU Xappenna [9], B
TOCJieIHEE BPEMST CTaJl IIMPOKO MPUMEHSITHCS KOA(D-
uument Yuo [10], olleHUBaIONIMIA TOT e TTapaMeTp.
Kpome xoapdpunumenta konkopaamuu (1) Takke Mc-
monb3yercst KoadduimeHT koppensiuu  Comepca
[11,12].

Ob6miee cmaboe MECTO TEPEUYMCICHHBIX XapakTe-
PUCTUK — TO, YTO OHM OTPAKAIOT JIUIIb COTIACOBAH-
HOCTh PAaHXXMPOBOK WJIM, HAaY€ TOBOPSI, CIIOCOOHOCTD
MOJIEJIN BBISIBIISITH T€ CITy4au, B KOTOPBIX COOBITUE Ha-
CTYIIaeT OTHOCUTELHO OBICTpEE WIN MeJIEHHEee. DTO
HE €CTh TOYHOCTh MIPOTHO3a B OOBIYHOM TTOHVUMAaHUU.
IMpencraBum, 4yTO MpeaCcKa3aHHOE MOJETBIO BpEMS B
KaX/IoM HaOJIOJeHNN OKa3bIBAe€TCsS POBHO B JIECSIThH
pa3 Gosbllle ICTUHHOTO. Bpsin i MOXXHO Ha3BaTh Jie-
CATUKPATHO 3aBBIIIEHHBIN MTPOTHO3 TOYHBIM, OJJHAKO
K02 GULMEHT KOHKOpAANU (M 10001 Ko3hhuim-
€HT KOPPEJSIIIUY PAHTOB) Oy/eT paBeH eNNHUIlE, T0-
TOMY YTO PaHXWPOBKU MPOTHO30B M UCTUHHBIX 3HA-
YEHUU COBITAAYT.

MHorna MMEHHO CIOCOOHOCTb MOJEAU BbLACISTH
CIy9au OTHOCHUTEIHLHO KOPOTKOTO WM IJIUTEIHLHOTO
OXMITaHUS OKa3bIBaeTCS B (hOKYCe MCCIIeIOBaHMs, Ha-
MIpUMeEp, €CIIM Pedb UACT 00 ONpenecHNN IIPU3HAKOB
CKOpOTo BEI3IOpoBIeHUS uin cMeptH [13]. OgHako Bo
MHOTHX 3a7adyax IPeICTaBIsieT MHTepeC MMEHHO abco-
JIIOTHOE BpeMsI HACTYIUICHUsI cOObITHS. Takue 3amaum
BO3HUKAIOT Y B TPAAULIMOHHOM 00J1aCTU TPUMEHEHUS —
MmeaunHe [14], HO elle Oojee XapaKTepHBI 11 pu-
HAHCOBBIX IPUJIOXEHUM, TIOe OT Oe(OoJITOB U JOCPOU-
HBIX ITOTAIIeHUI 3aBUCUT ITOTOK TEHEXXHBIX CPEICTB [2,
3, 15].

Eme omaHa rpynma XapaKTepUCTUK IIPOTHO3HOM
CUJIBl — noKazameau Kaaccuguuupyruieii cnocoo-
Hocmu, M3MepsIolMe TOYHOCTh OWMHApHOIro IIpo-
rHo3a (CcoObITME HACTYNMWIO WIM HE HACTYyIUIO K
OMpeaeIeHHOMY CpPOKYy). OTO HampaBJieHUE CTajlo
aKTUBHO pa3BUBAThCS B ITOCeAHEee gecsaTuiaeTue [16,
17], oHO 3aciyXuBaeT YIIOMUHAHUSI, HO MOAPOOHO
paccMaTpUBaThCS B HACTOSIIEH CTaThe HE OYIET, TaK
KaK MpeacTaBisgeT co0oi comepxkaTeJbHO UHOM MO -
XoHd K 3ajaye INporHo3upoBaHus. Bopouem, Kosd-
¢duuumeHT Xappeiia Takxke MOXET pacCMaTpUBAaThCS
KaK XapaKTepUCTHUKa Kiaccuuuupylouiei crnocod-
HocTH [18].



3. Ocrarku Kokca—Cuenn
W HX MPUMEHEHHe NPH H3y4eHHH
NPOTHO3HOM CIOCOOHOCTH

Iycts nmeercs BeiGopka (7, x)),....(T,,x,), tne T, —
BpeMsl HACTYIUICHHMS COOBITHS, a X, — BEKTOp 00b-
SICHSIONIMX ITIepeMEeHHBIX B HaOmopeHuu i. Ilycth
H (t;x") — olleHeHHast (GYHKIIMSI MHTETPATBHOTO PUCKa
Clly4aitHbIX BeJTM4uH T, (€€ MOXHO IOJTyYUTh U3 KAKOM-
Jmbo perpeccuoHHoil moaenu). OcrtatkoM Kokca—
Cuenn [19] B HabmoneHWM [ Ha3bIBAeTCsS BETWYMHA
S =H(T;x)).

Eciu ouenka H (t;x") coBIMagaeT ¢ UCTUHHOM UHTE-
rpanpHOl yHkumelt pucka H (t;x"), To ocratku Kok-
ca—CHenn pacripeliefieHbl 10 3KCIIOHEHIIUATbHOMY
3aKOHY co cpeaHuM 1. B aToM ciyyae wHTerpajibHast
(DYHKLMS pUCKA TSI OCTATKOB uMeeT Bug H(f) = t.

B perpeccroHHO# IarHOCTVKE IPUMEHSIETCST BU3Y-
aJIbHBIN TECT, KOTOPBIH onupaeTcst Ha octaTku Kokca—
CHeJUT M COCTOUT U3 CIEAYIONIUX IIaroB.

1. OueHuMBaeTCs perpecCMOHHas MOIEIb U PacCUm-
TeIBaloTCs octaTkn Kokca—CHem Ui KaXmoro Ha-
oroneHus.

2. PaccumThiBaeTcs OlleHKA MHTETPaJbHOM (PYHKIIMKA
pHCKa IJISI OCTaTKOB HS (t). Tlpu 1eH3yprpoBaHUUN
HaHHbIX T, 0 BpeMEHM HACTYILUIEHUS COOBITUI OCTaTK1
TOXE OKa3bIBAIOTCS LIEH3YPUPOBAHHBIMM, YTO TPEOYyeT
COOTBETCTBYIOIIETO METOA OLICHUBAHMSI. MBI UCITOJb-
3yeMm MeToa Henbcona—Aanena [20, 21].

3. CrpouTcs rpauK 3aBUCUMOCTU OLIEHEHHOTO WH-
terpanbHoro pucka H () ot ocrarkos 75, B naib-
HeiileM OymeM Ha3bIBaTh €ro rpauKoM OCTaTKOB
Koxca—Cnemn. B cnyyae BepHO cnelimpuunpoBaHHOM
MOJIeSTN HACTYTIJIEHUSI COOBITUH TpaduK BhICTpABAET-
cs Bronb auauu H(t) = t (pucynok la). Ilpumep rpacdu-
Ka JUIS HEBEPHO IOAOOPaHHON MOIEIM IpeacTaBieH
Ha pucyHke 10.

DTOT TECT U3BECTEH U OTPaXKeH B yYeOHOI JIUTEpaTy-
pe, COOTBETCTBYIOIINE TpaUKU MPUBOISITCS UCCIECIO-
BaTeJIIMU B CTaThAX B IMMOATBEPXKICHNE KOPPEKTHOCTU
npenjiaraeMbix Moaenei [7, 22, 23]. Mbl He BcTpedanu
MIPUMEPOB MCITOIb30BaHMSI ocTaTkoB Kokca—CHemn
MpU M3YYeHUU TPOTHO3HOM CIIOCOOHOCTU MOJeseit,
BO3MOXHBIE MMPUUYMHBI 3TOTO MpoOeTa yKa3aHbl HIKE
B 3aKkimoucHMU. Jlasee B HACTOSIIEH CTaThe OCTATKU
Kokca—CHens1, paccuuTaHHbIE IO KOHTPOJIBHON BBI-
0OpKe, Ha3bIBAIOTCS BHEBHLIOOPOUYHBLIMM OCTAaTKaMU B
TOM CMBICJIE, UYTO OHU XapaKTepU3YIOT ITOBEICHIE IIPO-
THO3HOI MOJE/NU BHE TOil BHIOOPKHU, IO KOTOPOI OHa
OLICHMBAJIACh.

3 4
Cox—Snell residual

o

2 3
Cox—Snell residual

—_—]

3 4
Cox—Snell residual

-

Nelson—Aalen cumulative hazard Cox—Snell residual

Puc. 1. Tipumepbl rpadonkos ocTatko Kokca—CHenn npu
(a) BEPHOI CNeLMdmKaLmMI OLEHUBAEMOI MOAENK;
(6) 0LLM604HO BbIGPAHHOM pacnpeeneHnm;

(B) CCTEMATIYECKON OLLNOKE NPOrHO3a

Pacuer BHEBBRIOOPOYHBIX OCTAaTKOB IIO3BOJISICT BBI-
SIBUTh CUCTEMATUYECKYIO OLIMOKY MporHo3aa. [Ipencra-
BUM cebe ciayyaii, Korma MoJejbHas (yHKIIMS pUcKa
OKa3bIBAETCA B ¢ pa3 BbILIE UCTUHHOW: h(t;x") = ¢ h(t;x").
Torpa ocratku Kokca—CHesut OynyT 3aBbIlIaTh UCTUH-
HYIO MHTETpaIbHYIO (DYHKIIUIO pUCKa TaKXkKe B ¢ pas:
rS=H(T;x)=cH(T};x!). B pesybrate rpaduk ocrar-
KOB TIPOXOIWT BBIIIEC WJIM HIXKE (B 3aBUCUMOCTH OT
¢), ueMm nquHus H(?) = t (pucynok 1e). Takas cutyanus
MpaKTUYEeCKX HEBO3MOXKHA IPU AUArHOCTUKE perpec-



cuU To oOyyarouleil BbIOOpKEe W MajOBEpOSTHA Jaxe
MpU U3YYEHUM KOHTPOJBHOU BBIOOPKHU, €CIM HAOJII0-
NEHUsI JJIs1 KOHTPOJII OTOMpanuch ciydaitHo. Takoe
CMelIeHre TTPOrHO3a CKOpee MOXHO Habmonarh Mnpu
BHEIIIHEeW BaJIMIalMK, KOTJa TPOrHO3HAs CUjla MOJeTn
MPOBepsIETCS HA HOBBIX TAHHBIX.

BusyalbHBI aHAIN3 TIPEQNIOYTUTENIEH TPU BBIGO-
pe MOJENM <«BPY4HYIO», [UISl 3a1ad MaUIMHHOTO 00-
YYEHUS YIOOHEE WMETh YKMCIOBYIO XapaKTEPUCTHKY.
Huke B KaueCTBe TAKOM XapaKTEPUCTUKM UCTIONb3YeT-
cs1 paccrosiHrue KonmoropoBa Mexay OLIeHKOM (DyHK-
uMu 1oXuTUsa 1ia octatkoB Kokca—Chemn S(r)=
=exp(-H(t)) u cooTBeTcTByIOmEi (yHKIMEH WIS
SKCIIOHEHIIUAILHOTO pacrpeneaeHus S(f)=e™":

KD = sup

1[0t ax ]

‘S“CS(I)— | (2)

3mech f — HamOONblLIEE BPEMS OXMIAHUA COOBI-
THSI B BBIOOPKE (MOXKET COOTBETCTBOBATH U IIEH3YPHPO-
BaHHOMY HaOJiIofeHU10). Mbl paccMaTpuBaeM TOJbKO
MHoxecTBO [0; 7 ], Tak Kak oueHka Henbcona—Aa-
JIEHa He MO3BOJIICT BOCCTAHOBUTH IIPaBbIi XBOCT pac-
npeneneHnst octatkoB Kokca—CHenin. CooTBETCTBYIO-
mwas GyHKUMS JOXKUTHUS B TOUKE 7 BCE €LIE OTIMYHA
OT HYJISI, M HET JaHHBIX, TTO3BOJISIONINX OLICHUTH €€ IS

3Ha4YeHUI aprymeHTa t >¢ .

X
B caenyroiiem naparpage npuBoAUTCS TpUMEp MPpU-
MEHEHMUS TIpeJjlaracMOi METPUKW TIPU ITOCTPOECHUU
IPOTHO3HON MOMEJIN.

4. Ilpumep:
MopaenupoBaHue T10CPOYHOIO
norameHus KpeauTa

[Mpumep onupaetcst Ha JaHHbBIE KPYITHON KOMIaHWH,
3aHMMAIOIIecs UTIOTEYHBIM KpenuToBaHeM. [laHHbIe
coliepXaT cBeieHUs o 6osee yeM 280 ThICSIYax TOTOBO-
poB, 3akmodeHHbIX B riepuof 2001—2013 rr. O6bscHsI-
eMasl TiepeMeHHasT — BpeMsT OT 3aKJIIOYeHUS JOrOBOpa
JI0 TOCPOYHOTO ToraileHust Kpenura. HabmoneHust 3a
00BSICHSIEMOIH TTIepeMEHHOI LIeH3ypUPOBAaHKI CIIpaBa 1o
CJIEMYIONIUM TTPUIUHAM:

4 IlpekpamieHue Iepuoaa HaOJIONEHUS: MPUMEDP
onupaercs Ha cpe3 faHHbIX Ha 1 saBaps 2014 rona, mo-
9TOMY TOYHAsI 1aTa MOTalleHUs AeiiCTBOBABIINX HAa TOT
MOMEHT JJOTOBOPOB HE M3BECTHA.

4 3aBepilleHUE CpPOKa JOTOBOpa: €ClU TOCPOYHO-
ro MoTallleHus B JEMCTBUTEIBLHOCTH HE ITPOM3OIIIO,
TO HaOJIIOJeHWE 3a BPEMEHEM IOTallleHUsI CUMTAeT-
¢Sl LIEH3YpHUPOBaHHBIM, KaK €CJIM Obl OBLIO BO3MOXKHO
JOCPOYHOE TOTAIlIEHUE ITOCe UCTEUECHHUS CPOKa. DTO
CBOETO poja MaTeMaTWdecKas YJIOBKa, yOOOHas IIpU

MOCTPOSHUY MOIETN U IMIpUMEHSIeMasl B CIyJasx, KOT-
JIa C U3y4aeMbIMU OOBEKTaMH MOTYT CIIYYUTHCS B3au-
MOWCKJTIOUAIOIINE COOBITUSI PA3HOTO poja (B JaHHOM
cilyyae — JOCPOYHOE ToTallleHre U UCTeYeHNEe CPOKa).
VnoOHO cuuTaTh, YTO MPOUCXOAAT 00a COOBITUSI, HO
HaO0JTI0/1aeTCs TOJIBKO TIEPBOE U3 HUX.

4 Hacrymrenue gedonra mo moroBopy. DTo elme
OIHO COOBITUE, UCKITIOYAIOIIIEE BO3MOXHOCTh 10CPOU-
HOTO ITOTralleHus.

Ilo 3TMM DaHHBIM OLICHMWBAIOTCS MOICIN HACTYIUIE-
HUS COOBITHS, OTIMYAoIIMecs (a) IMPeAroChIKAMHU O
3aKOHE pacrpencsieHNsT 0ObSICHIEMON BETMIMHEI U €TO
CBSI3M C OOBSICHSIOIINME TTIEPEMEHHBIMU (JIOTHOPMAJIh-
Has ¥ TaMMa-perpeccusi, monenn Kokca m Tommepma)
u (6) HAOOPOM OOBSICHSIONINX ITEPEMEHHBIX («KOPOT-
Kasi» 1 «IUIMHHAas» Moxenn). «KopoTkas» 1 «IImHHas»
MOIENA YINTBHIBAIOT XapaKTePUCTUKN CaMOT0O KPEINTa,
OCHOBHOTO 3aEMIIINKa, a TAKXKE TIpeIMeTa UTTOTeKH, Ha-
XOZSIIIErocs Mo, 3a10roM. «KopoTkas» Moieib YIUThI-
BaeT KPEANTHYIO CTaBKy, CPOK KpeauTa, Koa(pduimeHr
«IUIaTeX/MOX0I», BO3pacT OCHOBHOTO 3aeMIIMKA, THUII
3aHATOCTH OCHOBHOTO 3a¢MIINKA Y KOJTMIECTBO KOMHAT
B TIpeIMeTe WIOTEKU. «J[JIMHHAs» MOHIETb BKITIOYACT,
TIOMMMO BBIIICTIEPEUNCIICHHBIX, CIICIYIOMME ITPHU3HA-
KU: TIOJI, CEMEITHOE TTOJIOXKEHIE W YPOBEHb 00pa30BaHUS
OCHOBHOIO 3a€MIIMKa, YKUCJIO CO3aEMILMKOB, MECTO-
HaXOXJIeHUe IIpeaMeTa UIOTeK! (ITOJI0KEHHNE PerrioHa
B PEUTUHIE COLIMAIbHO-3KOHOMMWYECKOTO TTOJOXEHUS
cyoBekToB P®, MCIIOIB3yeMOM B KOMITAHWH, COTJIACHO
KOTOPOMY BCE€ PETMOHBI MONEAEHbl Ha TPU TPYMIIbL: C
HU3KHNM, YMEPEHHBIM W BBICOKIM YPOBHEM Pa3BUTHS),
TUIT XWIbSl MOJ 3aJI0rOM (IOM, TayHXayC WX KBapTHU-
pa), OTHOILIEHWE XXWUJI0K U O0IIEl IUTOIAAn B IpeaMeTe
WUITOTEKU, OTHOLLIEHNE COBOKYITHBIX IEHEXHBIX BBITLIAT
3a IUTAHOBBIM CPOK KU3HU KPEAUTA K CTOUMOCTH KUJIbSI
¥ KO3 GUIIMEHT «KPESINT,/3aJ10T>.

Bce HabnoneHus ciiydaiiHbIM 00pa3oM pa30MUTHI Ha
00YJaroIIyl0 M KOHTPOJILHYIO BBIOOPKH B COOTHOIIIC-
Huu 60:40 COOTBETCTBEHHO.

Ipacuku ocratkoB Kokxca—CHemn 1ist BOCbMU Olie-
HEHHBIX MOJIEeil UIsi KOHTPOJIBHOM YacTW JaHHBIX
npuBeaeHbl B [Ipunoxenun. Paccuntannbie 1o popmMy-
Jie (2) paccTOSTHUS MEXIy HaO0IaeMbIM 1 TEOPETHYC-
CKUM paclipeieJICHUSIMA OCTaTKOB, a TaKKe 3HAUYCHUS
KoadhuimeHTa Xappeuia IpuBeIeHbl B mabauye 1.

M3 tabmuipl BUOHO, 4To Ko3dduiMeHT Xappeiia
MPaKTUYECK HE 3aBUCUT OT BbIOOpa pacrpeacicHus
BPEMEHU JIOCPOYHOIO IIOTAllCHUSI, HO MEHSETCS IMpu
JIO0ABICHMM B MOJAEIb OOBSCHSIIOIIUX MePEMEHHBIX:
«UIMHHAs» MOJIEJIb OKa3bIBAETCsl CTAOMIIBHO JIydille, 00e-



Tabauya 1.

XapaKkTepuCTHKH TOYHOCTH BHEBHIOOPOYHOTO IPOTHO3A
MojeJieil HACTYIIEHHS TIOCPOYHOTO NMOrameHns KpeauTa

«KopoTkas» mofienb

«JlnunHas» Mmopenn

KoachdomumeHT Xappenna | PacctosHue Konmoroposa | KoadpcpuumeHT Xappenna | PacctosiHne Konmoroposa
JlorHopmanbHas 0,593 0,078 0,612 0,066
lamma 0,593 0,015 0,610 0,009
lomnepua 0,592 0,059 0,608 0,063
Koxca 0,593 0,007 0,609 0,014

CITeYrBast BEPOSITHOCTH COTJIACHSI TIPOTHO30B 1 PAHKUPO-
BoK npuMepHo Ha 0,02 6oJibliie, yeM y «KOpoTKoi». Ko-
HEYHO, UCCJICA0BATEIb MOXKET CUUTATh 3TO PACXOXKIECHUE
HECYIIECTBEHHBIM, HO OHO YCTOMYMBO U TPOSIBIISIETCS U
MpY TIPOYMX BapHaHTax pa30MeHMs JaHHBIX Ha oOyda-
JOIIYI0 ¥ KOHTPOJIbHYIO YacT. HampoTus, paccrostHme
KonmMoroposa Mexiy uaeaaibHbIM U HaOTI0IaeMbIM pac-
npeneneHusiMu octatkoB Kokca—CHesut 3aMeTHO MEHSI-
€TCs B 3aBHMCHUMOCTU OT pacIpefesieHUs: 000O0IIeHHas
raMma-perpeccusi m perpeccusi Kokca obecrieunBaroT
MEHBIIIee pacXoXIeHEe HaOII0MAaeMOro 1 IIpe/oiarae-
MOTO PacITpeie/IeHUA, TT0 CPABHEHUIO C JIOTHOPMATbHOMN
perpeccueii u perpeccueii lomnepiia, mpuyemM Kak B CITy-
4yae «KOPOTKOM», TaK U B CITyYae «IJIMHHOW» MOIEIU.

PacxoxneHust B mporHo3ax, IMOJyYeHHBIX MpU pas3-
HBIX TIPEANOChUIKAX O BUIE pacIpeneieHus, Mpem-
CTaBJIEHBI Ha pucyHke 2. 31eCh TIPENCTaBICHBI OIICHKHU
GYHKIIWIN TOXUTUS IJIT KpeauTa ¢ 4acTO BCTpeYaro-
muMcs HabOpOM XapaKTepHUCTHUK:

4 110J1 OCHOBHOT'O 3a€MIIIKA — MY>XKYMHA;

4 CeMEIHBIN CTaTyC OCHOBHOIO 3aeMIIKa — XEHAT;

4 00pa3zoBaHMEe OCHOBHOTO 3aeMIIKa — BhICIIEe 00-
pa3oBaHUE WU YU€Hasl CTENeHb;

4 TUII 3aHATOCTU OCHOBHOTO 3aeMIIINKA — HaeMHBIN
pabOTHUK;

4 KOJIMYECTBO CO3aEeMIIMKOB, BKJIIOYass OCHOBHOTO
3aeMIIuKa — 2;

4 BO3pacT OCHOBHOTO 3aeMIIIMKa — MeHee 35 JIeT;

4 Koo duIMeHT «Tu1aTex/noxoa» — ot 20% mo 35%;

4 TUII TIpeAMETa UTTOTEKW — KBapTHPa;

4 MECTOHAXOXIECHUE IpeaMeTa UTTOTEKI — YMEPeH-
HO pa3BUTHIN PETUOH;

4 KOJIMYECTBO KOMHAT B IIPEIMETE UTIOTEKH — 2;

4 rojgoBasi KpeAMTHasl craBka — meHee 11,5% (Hus-
KOPHMCKOBas KpeAUTHAS CTaBKa);

4 COOTHOIIICHUE XWJIOW M OOIIEeH TUTOIIAaaN B IIPeI-
MeTe UmoTeku — Mexay 50% u 70%;

4 K03 PUIUEHT «KpeauT/3amor» — ot 50% 1o 70%;

4 cpoK KpeauTa — cBhilie 180 Mecsues (oJarocpoy-
HBII KpeauT);

4 OTHOIIIEHME COBOKYITHBIX JICHEXHBIX BBHIILIAT 3a
TUTAHOBEIN CPOK JKM3HM KPeIUTa K CTOMMOCTH SKUJTbSI —
or 1 1o 1,82.

Ha pucynke 2a orpaxkeHa BepOSITHOCTb HETIOTAIICHUSI
B TeUeHUE OJIVDKAMIIMX JIET IS TOJIBKO YTO BBIIAHHO-
TO KpeAuTa, Ha pucyrke 26 — IJIsl KPEAUTA, BBIIAHHO-
TO TSATH JIET Hazaf (ycaoBHast GyHKIUS AOXKUTHUS TIPU
ycnoBuu {T > 5}). I1o ropu3oHTaAbHON OCH OTJIOXKEHO
YUCJIO JHEW C MOMEHTa BbIJAUYM KpeouTa, MO BEPTU-
KaJIbHOM — BEpOSATHOCTH HoXuTus. Ha oboux rpadu-
Kax OLEHKHU, MonyuyeHHble u3 mopenu Kokca (JuHwMs
«S_cox») 1 ramMma-perpeccun («S_gamma»), IpakTH-
YeCKU COBIANAIOT. JINHYSI, COOTBETCTBYIOIIASI PETPec-
crum Tommepiia («S_gomp»), OTKIIOHSIETCSI OT IIPOYUX C
caMoro Hauaja, TpencKasbiBasi OOJBIIUI PUCK TOTra-
meHus. JlorHopMmanbHas perpeccust (IUHUSA «S_In»),
Hao0OpOT, MpeaCcKa3bIBaeT HAMMEHBIINN PUCK TIOTa-
MIEHMS, TIPUYEM CYIIECTBEHHOE PAcXOXICHUE C MO-
nenssmu Kokca ¥ raMma HauyMHaeTcss He cpasy, OHO
3aMETHO TOJIBKO UISI «ITOXWMIJIOTO» KpeauTa. Ipaduku
BHEBBIOOPOYHBIX OCTAaTKOB, MpuBeAcHHbIE B [Ipuio-
>KEHWU, MOATBEPKAAIOT, YTO TaMMa-perpeccusi BEPHO
ONUCHIBAET paclpe/ieJieHre BpEMEHU MoralleHusl, Mo-
nenb Kokca eif mo4yTu He ycTymaert, a BOT OCTaTKU pe-
rpeccun [ommepiia, Kak U OCTaTKU JIOTHOPMAJbHOM
MOJENN, OTKJIOHSIIOTCSI OT WAEabHOTO 3KCIOHEHIIU-
TBHOTO pacTpeesIeHUs, TPUIEeM B MIOCIEIHEM CIydae
OTKJIOHEHWE 3aMETHO MMEHHO Ha MPaBOM XBOCTE pac-
npeaeaeHUs («ITOXITbIe» KPEIUTHI).

Takum 06pa3omM, ecau Npu BEIOOPE MPOTHO3HOW MO-
JeJ onupathcsl Ha KoadduuueHt Xappeiaa, To Oy-
JIeT BbIOpaHa JIOTHOPMaJIbHAsI perpeccusi, HeIOOLIeHH -
BamoIlas PUCK JOCPOYHOTO ToramieHus. [IpmHuMast B
pacueT BHeBbIOOpouHble octaTku Kokca—CHesu, aHa-
JINTUK CKOpee CIeJIaeT BHIOOP B IOJIB3Y OOOOIIEHHOMN
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Puc. 2. OueHKI MYHKLUN OXNTUS AN
(a) TONBKO YTO BbIAAHHOIO KPEANTa;
(6) naTUNeTHero kpeauTa

raMMma-perpeccuy Wi momaenu Kokca, KOTopble naroT
OJIM3KME MMPOTHO3bI, XOPOLIO COTJIACYIOLIUECs C pacipe-
JieJIEHEM BpEMEHU TToTallleHUsT B KOHTPOJILHOM BHIOOD-
ke. Kak BUIHO U3 pucynka 2, olleHeHHasi BEpOSITHOCTD
TOTAIlIEHNsT 3aMETHO 3aBUCUT OT BbIOOpA MPOTHO3HOM
Moenu. DTo 0COOGEHHO 3aMETHO Ha AJIbHEM TOPU30H-
Te TIPOTHO3UPOBAHUS (JIMHUM HA pucyHke 20 PaCXONsT-
cs1 6ostiee yeM Ha 20 MPOLIEHTHBIX ITYHKTOB), HO yXe MpHU
pacuete Ha ONMH—[BA ToJa BIepel PacxXoxXIeHue mpo-
THO30B IMPEBBIIIAET 5 MPOLEHTHBIX MYHKTOB.

3akioueHue

Ocrarku Kokca—CHenn U CBA3aHHBIM ¢ HUMU BU3Y-
JTLHBINA TECT XOPOIIO M3BECTHBI M OCBEIICHBI HE TOJTb-
KO B HCCJIEAOBATEILCKOM, HO M B YUeOHOI TuTepaType,
OIHAKO IIIMPOKOIO MPMMEHEHMSI TPU aHaJIU3e Ipo-
THO3HOM CHMJIBI Ha KOHTPOJIHHOIM BBIOOpKE HE HAIIUIH.
DTO BaXXHBII MOMEHT, 1 OH BBI3EIBACT €CTECTBEHHOE CO-
MHEHHE: IeHCTBUTEIBHO JIX OT HUX €CTh nojib3a? [1pu-
BEICHHbINM MprMep ObUT MMPU3BaH IOKAa3aTh, YTO MOJIb3a
€CTb, ceifuac e BpeMs clieiaTh BaxXHYI0 OTOBOPKY.

Camu no cebe ocratku Kokca—CHesn He moMoraior
OTJIMYUTH TOYHBIA MPOrHO3 OT HETOYHOro. OHM JINIIb
MOKAa3bIBAIOT, HACKOJBKO ITPOTHO3MPYEMOE pacripe-
JeJIeHne OM3KO K TOMY, YTO HAOIIOmacTCsl B BEIOOpKE

(obyyaronieidt — Mpu OOBIYHOM MCIOJb30BAaHUM, KOH-
TPOJIBHOM — €CJIM UCMOJIb30BaTh TaK, KaK MpeiaraeTcs
B HacTosIIIel cTaThe). Momesib BooOIIe 6e3 OOBSICHSIIO-
IINX TIepEMEHHBIX, KOTOpasI JaeT OAMHAKOBEII ITPOTHO3
BO BCeX HAOJTIOIEHUSIX, BITOJTHE MOXKET OKa3aThCsl JTyYIIe
10 OCTaTKaM, YeM perpeccusi, yauThIBaroIIasl BaxKHbIE U
IEHMCTBUTEIBHO YITy4IIAIOIIe TIPOrHO3 (PaKTOPHI, SCIIN
B II€PBOI y1auHee BbIOpaTh CEMECTBO pacnpeaeaeHui
(4to, KCTaTH, 0€3 OOBSICHSIOINUX TIEPEMEHHBIX CIEIaTh
MpoIIie).

KoadduimeHTs paHroBoit Koppeisiiuy/KOHKopaa-
U1, HA00OPOT, TTO3BOJISIOT OTOOPATh MOJAE/b C yaad-
HBIM HabOPOM OOBSICHSIIOIINX ITepEMEHHBIX, HO HIKAaK
HE XapaKTepU3yIOT CIIOCOOHOCTH IIpeACcKa3aTh B IIEJIOM
pacIipefic;icHe BpPeMEHHM HACTYIUICHHSI COOBITHS. B
KJIAaCCHYECKMX 3a/1ayax PerpecCMOHHOIO aHajau3a 3TO-
ro 4acTo M He TpeOyeTcsl, aHAIMTHUKA MHTEPECyeT B
MepBYIO0 oYepeb TOYSUYHBIN MPOrHO3 — OLICHKA MaTe-
MaTUYEeCKOro OXWIaHUs WIM MenuaHbl. OQHaKoO Bpe-
M HACTYIIJICHUST COOBITUIA TTOYTH HUKOTIA HE YIACTCST
TOYHO OXapaKTepHU30BaTh OTHNM YHCIIOM, U CBEICHHE
MIPOTHO3MPOBAHMSA K OLIEHKE eAMHCTBEHHOTO Mapame-
Tpa HEMPOIYKTUBHO. 3IeCh He MEHBIIINI MHTEPEC, YeM
MaTeMaTU4IeCKOe OXHWIaHUE, MPEACTABIISTIOT KBaHTH-
JIX PA3IUYHBIX MOPSIAKOB, TO €CTh, IO CYTH, paclipe-
JejaeHue 1eaukoM. Beibopy pacmpeaeneHus: 4acTo He
yIessieTcsl BHUMaHMe: UCcCaeaoBaTesIM MPeArounTaoT
onuparhbcsl Ha Monesib Kokca, He TpeOylolylo mapame-
TpU3alMU pactipenesieHus. [1puBeneHHBIM B HACTOS-
e cTaThe IPUMeEP TTOKA3BIBAET, UTO JaKe Ha BEIOOPKE
BeChMa OOJIBIIIOTO 00beMa OTHOCUTEIIHLHO IIpOCTas T1a-
pamMeTpudecKast perpeccus MOXeT IPEeB30MTH MOJIEIb
Koxkca, ckimoHHy10 K TiepeobyueHuio. Kpome Toro, Mo-
nenb Kokca orpaHnyuBaeT (hyHKIMOHAIBHYIO (hopMy
CBSI31 pUCKa HACTYTUIEHUS COOBITUS C OOBSICHSIIOIIMMU
TIepeMeHHBIMU, TTApaMeTPUUECKIE METOIEI TTO3BOJISTIOT
0CJIabWTh 3TO OTpaHUYEHUE.

KoMOuHamst koadduimeHra KOHKOpHALIMUA U
octatkoB Kokca—CHeJul 103BOJISIET OLIEHUTh KA4eCTBO
IIPOTHO3HOM MOJEIN M B acleKTe BbIOOpa OOBSICHSI-
IOIIMX IIEPEeMEHHBIX, M B acIIeKTe BbIOOpa ceMeiicTBa
pacnpeneneHuit. KoHeuHo, ynooHee ObLIO Obl UMETh
eIMHCTBEHHYIO XapaKTePUCTUKY, OTHO3HAYHO YKa3bl-
BAIOIIIYIO HA MOJIEJb C JIy4lllelt TPOTHO3HOM CUJION, HO
O TaKOW XapaKTEPUCTHKE IOKa, I1O-BUIUMOMY, TOBO-
PUTh HE IIPUXOAUTCS. B

ITpunoxenue

Ipacduku BHEBBEIOOPOUYHBIX OcTaTKOB Kokca—CHen
JUTST MOJEJIe JOCPOYHOTO TIOTAIIEHUsI WITOTEYHOTO
Kpeaura:
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Abstract

The problem of assessing out-of-sample forecasting performance of event-history models is considered. Time-to-
event data are usually incomplete because the event of interest can happen outside the period of observation or not
happen at all. In this case, only the shortest possible time is observed and the data are right censored. Traditional
accuracy measures like mean absolute or mean squared error cannot be applied directly to censored data, because
forecasting errors also remain unobserved. Instead of mean error measures, researchers use rank correlation coefficients:
concordance indices by Harrell and Uno and Somers’ Delta. These measures characterize not the distance between the
actual and predicted values but the agreement between orderings of predicted and observed times-to-event. Hence,
they take almost “ideal” values even in presence of substantial forecasting bias. Another drawback of using correlation
measures when selecting a forecasting model is undesirable reduction of a forecast to a point estimate of predicted value.
It is rarely possible to predict the timing of an event precisely, and it is reasonable to consider the forecast not as a point
estimate but as an estimate of the whole distribution of the variable of interest. The article proposes computing Cox—
Snell residuals for the test or validation dataset as a complement to rank correlation coefficients in model selection.
Cox—Snell residuals for the correctly specified model are known to have unit exponential distribution, and that allows
comparison of the observed out-of-sample performance of a forecasting model to the ideal case. The comparison can
be done by plotting the estimate of integrated hazard function of residuals or by calculating the Kolmogorov distance
between the observed and the ideal distribution of residuals. The proposed approach is illustrated with an example of
selecting a forecasting model for the timing of mortgage termination.

Key words: forecasting; event-history analysis; Cox—Snell residuals; censoring.
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AHHOTALMA

BHenpenne WHGMOPMAIIMOHHBIX CHCTEM HAIIpaBlicHO Ha IOBBHINICHHE (PMHAHCOBBIX IIOKa3aTejeit
KOMIIAaHUM, CO3JaHUE MPO3PAaYHOM CHCTEMBl OTYECTHOCTH W YJIYYIIEHHWE MHOTMX APYIMX KOHKYPEHTHO
3HAYMMBIX (DakTopoB. OMHAKO TTONyYEeHHE MAHHBIX IIPEMMYIIECTB HE OTPUIIACT CIOXHOCTH ITPUHSITHS
pelIeHNs O peai3alliy WM 00 OTKase OT peaqu3auny KoHKpeTHoro MT-mpoekra. OOIIas CTOMMOCTB
BIaneHUsT WHOOPMAIIMOHHON CHUCTEMOU Ha MPOTSIKEHWHM BCETO XKM3HEHHOTO ITMKIIA, KaK IpaBUiIo, HE
paccMaTpUBaEeTCs B COIMOCTABICHUM C TIPEIITOIaracMbIMU BHITOMAMH OT MCIIOJIb30BaHUS CUCTEMEI, B CBSI3U
C HEOMpPEAeJIEHHOCTBIO TAKUX BBIro[. OTHOCUTEIbHAS OINPEAEIEHHOCTD ITOAX0A0B M METOIOB IIPUCYTCTBYET
TOJIBKO B YaCTH 3aTparT, KaK ISl allpuopHO (TUTAaHOBOI), TaK M alfOCTepUOPHON ((haKTHIeCKOi) OIICHKH.
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Bo3moxxHo JOCTAaTOYHO TOYHOC OITPEACICHUE KaK KalIMTAJIbHBIX, TaAK U OIICpALIMOHHBIX 3aTpar. KocBenHoe
OIIPECACTICHUEC ITOJIOKHUTCIbHOTO BIMAHUA PIH(i)OpM&L[PIOHHOVI CUCTEMbI Ha OCATCJIbHOCTHL OpraHM3alluu
TakXe TPEeNCTaBIsIeTCS] BO3MOXHBIM. OmHAKO OOIIETIPUHSITHIX METOIOB aHajiu3a IIPEArioaraéMoro
nosioxkuTesibHoro 3dexra ot peanusanuu UT-mpoekra B HacTosIee BpeMs He cyiiecTByeT. [1pu aTom
KPYITHbIE KOMITAHWM, B COOTBETCTBUM C TPEOOBAHUSIMU COOTBETCTBYIOIIMX PETYJISITOPOB U/WIU B CBSI3U
C BHYTPCHHUMMU YIIPABJICHUYCCKUMU COOGpa)KCHI/ISIMI/I BBICTPAMBAIOT CUCTEMY YIIpABJIICHUA PpUCKaAMU I
OTpeAesieHNs] YPOBHSI BO3MOXHOCTEH, MOTEPb W TMPEAOTBPAILLCHUS HACTYILJIEHUSI HEOJIaronpusiTHbIX
cobnrTuii. B JAHHOM MCCJICIOBAHUUN pacCMATpUBACTCA BO3MOXHOCTL IIPUMMEHCHMA ITOAXOda K aHaJIn3y
3(hGEKTUBHOCTA BHeIpseMoil MH(MOPMAIIMOHHONW CUCTEMbl Ha OCHOBE CHIKEHUSI PMCKOB KOMIIAHWU,
BEAYIIUX K YMCHBIICHNWIO DKOHOMUWYECCKUX BBITOI. l'lpn 9TOM IIPMHHMUMAIOTCA BO BHUMAHNEC BHYTPCHHUE
PUCKU I/IH(i)OpMaL[I/IOHHOﬁ CUCTEMbI, BOSHUKAIOIIMUEC TIPU YCTAHOBKE CHUCTEMBI, €€ ISKCILTyaTall U IIpU

3aBepIICHUH PabOTHI C CHCTEMOIA.

KunioueBbie ciioBa: olieHKa prckoB; yrpasieHue U T-npoekraMu; HGOPMAIIMOHHbBIE CUCTEMBI;

BHCIOPECHUC I/IH(I)OpMaI_[I/IOHHI)IX CHUCTEM.

IMuTupoBanue: Ncaes E.A., TTepByxun II.B., Peitukos IO., @umornna E. K., Aitpanersit I.A. OtieHka 3pbeKTHBHOCTH
MHGOOPMAIIMOHHBIX CUCTEM C yueToM pucKoB // buznec-undopmaruka. 2021. T. 15. Ne 1. C. 19-29.
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BBenenue

OBpPEMEHHBIC YCIIOBUS BeACHUs OM3Heca Mpem-

T0JIaraloT PEXUM KECTKOM KOHKYPEHIIMM U BCE

0ojiee CoOKpallalolieecss BpeMsl Ha IPUHSTHE
pEIIeHUH, YTO MOMYEPKUBACTCS BO MHOTMX HayYHBIX
pabotax [1]. IIpoBeneHo 00bIIOE KOJTUYECTBO IMITU-
PUYECKUX MCCICIOBAHMI, ITOATBEPKIAIONINX BIUSHKIE
TakuX (paKTOpOB, KaK OpraHM3allMOHHAsI apXUTEKTypa,
MPOU3BOJCTBCHHASI MH(MPACTPYKTypa M CBSI3aHHBIC C
HUMU OM3HEC-TPOLIECCHI Ha CITOCOOHOCTD MPEATIPUSITUS
K BbDKMBAHUIO U 3(p(PeKTUBHOMY (PYHKLIMOHUPOBAHUIO
[2]. T1pu 3TOM OOHUM K3 KIIOYEBBIX ACIEKTOB yCIIelll-
HOTO YMpaBJIeHUS KOMIIAHWEH CTAHOBUTCSI MCIIOJIb30-
BaHUe MH(GOPMALIMOHHBIX TEXHOJIOTHI1 M COBPEMEHHbBIX
MPOTPaMMHBIX CPEICTB, a TaKXe COOTBETCTBYIOIIMX
METOJIOB M MoJieJield (HampruMep, CBEPTOYHBIX HEMPOH-
HBIX CETeil, 3HAYMTEIBHO YCKOPSIIOIIMX ITPOLIecC oOpa-
OOTKM OOMBIIMX MACCUBOB JaHHBIX [3]).

B nponomkeHue aBTopckux padboT B 0071aCTU OLIEH-
ku sddexktuBHOCTH peanuzaiuu UT-npoektos [4],
CTOUT YMOMSIHYTh COBPEMEHHYIO UEPapXUYECKYIO CH-
CTEMYy CYLIECTBYIOIIMX KJIacCOB MH(MOPMAIMOHHBIX
cucteM (MC). C ToYKu 3peHUsT apXUTEKTypbl Mpe.-
npustus, npu kinaccubukauuu MC «cBepxy BHU3»
CHayaJsia CjiefyeT YIOMSIHYTh IPYIIIYy CUCTEM, TIpenHa-

3HAUEHHBIX JJIS MPEAOCTaBICHUSI ONepaTMBHON aHa-
JUTUKKU (TIpuMepamMu MOryT ciayxkuTb SAP HANA,
Lumira, Predictive Analytics). 3a 1aHHbIM OJIOKOM cJie-
nytor ERP-cucteMbl, aBTOMaTU3UPYIONIUE OTIEIbHBIC
OM3HeC-TIpOIIeCChl U 00ECITEYMBAIOIINE TOINECPKKY
(brHAHCOBO-XO3SMCTBEHHOTO ypaBicHus. OTepaTuB-
Hasl TPAHCIISIIMST TOTPEOHOCTE phIHKA B KOHKPETHBIC
MPOU3BOJACTBEHHBIE 3aaHUsI 00ECTIEUMBAETCS OJIOKOM
cucreM MES, PLM u SCADA, rne niepBasi oTBeuaer 3a
MPOM3BOJCTBO B 1IEJIOM, BTOpasi — 3a yIIpaBJIeHUE K13~
HEHHBIM LIMKJIOM IPOIYKIIUM, a TPEThSl — 32 KaUeCTBO
OTHENBHBIX MPOM3BOJICTBEHHBIX WTepauuii. BHempe-
HUME KaXI0il U3 3TUX CUCTEM IpeArojaraeT miaHupo-
BaHUE U pean3aliiio MHBECTULIMOHHOIO IMpoekTa [5].
CrocoOGHOCTh OLIEHUTH LIeJeCO00Pa3HOCTh MPOEKTA U
ero PeJIeBAHTHOCTh CTAHOBUTCSI KPUTUICCKU BaXKHOU
3amaueil 111 koMrnanuu [6, 7]. Tlpu aTO0M BHEApeHUe
HGOPMALIMOHHBIX TEXHOJIOTUI, HAapaBHE C OIpele-
JICHHBIMM OXUIAHUSIMU, CBSI3aHO C OIpeaesICHHBIMU
puckamu' [8]. K unciy moaoXuTeIbHbIX ITOCIEICTBUIA
BHeapeHus: MC oTHocsTCs ynopsimoyeHHasi opraHu-
3alIMOHHAsl CTPYKTypa C MPO3payHON M eIMHO00pa3-
HOM OTYETHOCTBIO, YCKOPEHME Mpoliecca aHaau3a Je-
SITEIBHOCTH KOMITAaHMU C JAJbHEHIINM TIPUHITHEM
CTpaTeTMYECKN BaXXHBIX YIPABICHUYCCKUX PEIICHUIA,
a TaKKe aBTOMATHM3allis MHOTHMX OM3HEC-TIPOIICCCOB.

! 3I[GCI) 1 Jajie€ TCpMUHBL ((RPICK)) 1 «yHnpaBJICHHUE pUCKaMW» HUCIOJIL3YHOTCA B paMKax
TEPMHHOJIOTUH, YCTOABLICUCA B obactu PUCK-MEHECIPKMEHTA, U ONPEACIICHHON, HAIIPUMED,

B TaKHX cra"gaptax, kak ISO 31000, FERMA, Basel u ap.



OtpuuiatenbHbIl e 3(pdeKT Ha KiIoueBble MoKas3aTe-
JIM KOMITAHWM OKa3bIBAIOT 3aTpaThl Ha BHeapeHue MC
U HEoOXOMUMYIO CTPYKTYPHYIO peopraHusanuio [9],
TMOAEPKXKA pabOTOCTIOCOOHOCTH CUCTEMBI B TEUCHUE
Tepro/ia ee IKCIUTyaTalllK, a TAKXKe COOTBETCTBYIOIINE
OOHOBJIEHUST TTPOTPAMMHOTO MPOIYKTA.

Ha cerognsiiiHuii feHb BONIPOC OLeHKU 3 (HEeKTUB-
Hoctu BHeapeHust UC Bce ellle ocTaeTcsi OTKPBITBIM.
Hapsiny ¢ 00111eM3BeCTHBIMM MOIX0AaMU, TAKUMM KakK
IE (Information Economics), TEI (Total Economic
Impact), REJ (Rapid Economic Justification) u BSC
(Balanced Scorecard), uMcronb3yloTCsl CTaHOAPTHBIE
JUTSI pACCMOTPEHMST TIPOEKTOB YKMCIIEHHBIE TTOKA3aTeJIn
ROI (return of investment), NPV (net present value),
IRR (internal rate of return), EVA (economic value
added), ROV (real options valuations). Takxe He00X0-
IUM TIPaBUJIBHBIN BBIOOP METOHOJIOTMU YIIPABIICHUS
UT-npoextamu [10]. YTo Xe KacaeTcs HACTOSIIIEH pa-
OOTHI, TO 3/eCh IIpeIaracTCs MOIX0A K aHaIN3y 3d-
(EeKTUBHOCTH BHEIPsSIeMOil MH(POPMALIMOHHON CUCTe-
MBI Ha OCHOBE OLICHKM PMCKOB KOMITAaHUM IO U MOCIIe
peanuzauuu UT-npoekra. BaxkHoi1 0COOEHHOCTBIO SIB-
JIIETCS TO, YTO MPU 3TOM IMPUHUMAIOTCS BO BHUMaHHUE
BHYTPEHHHME PUCKM, CBSI3aHHbIE C caMOil MH(bOopMalu-
OHHOI CUCTEMOI ¥ BEPOSITHOCTHIO KPUTUYECKUX COOEB
Mpu ee sKkcrutyarauu [11].

1. Bimsanne nagopMAIHOHHBIX CHCTEM
HA PUCKU KOMNAHUT

CucreMa pHCK-MEHEIKMEHTAa KPYITHBIX KOMITAaHWI
MpeaycMaTpuBaeT (GOpMUPOBAHUE KAPThI PUCKOB, KO-
TOpasi MOXeT OBbITh MCIIOJb30BaHA, B TOM YHUCJIE, IS
orpeeaeHust MOJI0XKUTENIbHOro 3(dekra OT BHeIpe-
HUS nHGopMaluMoHHBIX cucteM [12]. I[Ipu onpeneine-
HUU BIUSHUSI PMCKOB Ha MOKa3aTelu AeSITebHOCTU
KOMITAHUM IIPUHUMAETCS BO BHMMaHUE KaK CWJIa OT-
PHULIATEILHOTO BO3IEHCTBMS OTAEIBHOIO COOBITHS Ha
Te WIM MHBIC TT0KA3aTe/IM, TaK U YaCTOTa BO3MOXHBIX
CJIydaeB IPOSIBICHUS TeX WM MHBIX HEOJIaronpusITHBIX
COOBITHUI.

BaustHue prcKOB Ha ITOKa3aTelIn KOMITAHUM MOTYT
OBITh OLICHEHBI B KOHTEKCTE IBYX CUTyallMi — «Kak
€CThb», T.e. IO peau3allii TeX WJIM WHBIX MEPOIIPHUSI-
THI, HAaIIpaBJICHHBIX HA CHIKEHHE PUCKOB (HAIIpUMeED,
J0 BHeIpeHUS MH(POPMALIMOHHOM CUCTEMBI), M «KakK
OymeT», T.e. IOCJIe peaanu3alliii COOTBETCTBYIOIINX Me-
porpusaTuii. Takum obpasoM, apdekT oT peannsanuu
meponpusatus (BHeapeHust MC) MoxeT ObITh BEIpaskeH
B BUJI¢ PA3HOCTU 3HAYCHUI OMHUX U TEX XK€ IT0Ka3aTe-
JIel B CUTYaLUsIX «KaK €CTh» U «KaK OyaeT».

EcTh MHOXECTBO IIPUMEPOB, ITOATBEPXKIAIOIINX BbI-
BOJI O TOM, YTO MH(OPMAIIOHHbIE CUCTEMbI CITOCOOHBI
YMEHbILNUTh PUCKM KOMITAaHUHU. B yacTHOCTU, OOHUM U3
Haubosiee 3aMeTHbBIX (PaKTOPOB, BIMSIOIIMX HA KIIOYe-
BbIE TTOKA3aTe/IM KOMITAHUM, SIBJISIETCSI IPUHSITUE B3BE-
IIEHHBIX ¥ 0OOCHOBAHHBIX PEIICHMII, B TOM YMCIIe, Ha
YpoBHE BhIcLIero pykoBoiactBa [13]. MUMeHHO ympaB-
JICHYECKUE OLIMOKM MOIYT IIPMBECTH K HapyLICHUIO
CYILECTBYIOIINX OU3HEC-TTPOLIeCCOB. BO3MOXHBIMU UC-
TOYHHUKAMU 3KOHOMUYECKM HEOOOCHOBAaHHBIX YIIpaB-
JICHYECKUX PEILIEHMIT MOXET CTaTh KaK HEKOPPEKTHOCTh
JAHHBIX, HA OCHOBAaHMM KOTOPBIX IPUHNUMAETCST pellre-
HUe, TaK U uejoBedeckuii (pakTop [14]. Buempsemas
CHCTeMa TO3BOJISICT B 3HAYNTETLHOM Mepe YCOBEPIIICH-
CTBOBAaTh METOIbI COOpa M aHalM3a JaHHBIX, a TAaKXKe
CHU3UTh (BILIOTH [0 IOJHOIO UCKIIOUEHHUSI) UX PYYHYIO
00pabOTKY COTpYIHUKAMU KOMITaHUU. Pe3ynbTaThl aHa-
Jr3a MHGOPMALUKM ¢ IPUMEHEHUEM aJlTOPUTMOB, 3a-
nmoxeHHBIX B MC, obOecreuynBarOT HEIMPEIB3SITOCTh M
HaJIeXXHOCTh TPY (POPMUPOBAHUN OTIETHOCTH, UTO TTO-
BBILIAET JOCTOBEPHOCTh ITOKA3aTesIeii, HA OCHOBE KOTO-
PBIX OYIYT IPUHUMATBCS PEIICHUS.

Ha npumepe ucrtopum ycriexa KOMMOaHUWiA, CIIpaBUB-
LIMXCS ¢ MPoOIeMOl HETUKBUIHOTO TOBapa (MU 3Ha-
YUTEJIbHO YMEHBIIUBIIUX €€) 32 CUeT UBMEHEHUSI CTPYK-
Typbl TIPOM3BOICTBA U TIOCJEAYIOLIETO COKPAIICHMUS
CKJIaICKUX Tomaneit [4] MOXHO OleHUTh 3(PPeKTUB-
HOCTh BHEIPEHHBIX WH(MOPMAIIMOHHBIX TEXHOJOTHUA,
WUCIOJIb3ysl OIUChIBaeMbliA B JaHHOW paboTe MeETOo..
Puicku, mposiBieHue KOTOPbIX BO3MOXHO MpPU COBEp-
ILIEHUH OIIMOOK B 00JIACTY YIIPaBJICHUS 3allacaMmu, CO-
KpalarTcs, TTOCKOJIbKY CHIDKAETCS HEOOXOMMMOCTD B
3aKyIKe CyIIECTBEHHOrO KOJIMYECTBA MaTepuasoB. B To
K€ BpeMs TMOBBIIIAETCSI TTOTPEOHOCTh B ONEPaTUBHOM
B3aUMOICIICTBUN BHYTPY KOMIIAHUM U C €€ KOHTparcH-
Tamu. IloslydeHue JaHHBIX B pealbHOM BpeMEHHU CTa-
HOBUTCSI KPUTUIECKM BaxKHBIM (haKTOPOM, 00ECIICUUTh
KOTOPbII MO3BOJISIIOT UH(OPMALIMOHHbBIE CUCTEMBI.

JpyruMm BaxKHbIM acleKTOM, UMEIOLIMM BepOSITHOCTb
HETraTMBHOTO MCXOMa, SIBJSIETCS TEXHOJOTruJyecKasi CTO-
poHa npou3sBoacTBa. UT-pelieHus mpenocTaBiisiioT BO3-
MOXHOCTb (DMKCHUPOBATh LIEMOYKU MPOM3BOACTBEHHBIX
orepanuii BHyTpu Komnanuu [4]. I1pu aToM miponcxo-
JUT OTCJIEXXMBaHWE W CTaHAAPTU3aLUS AesITeIbHOCTU
110 B3aMMOJEUCTBUIO C KOHTpareHTaMu. OTO MO3BOJISIET
B aBTOMAaTHYECKOM PEXHUMe TeHepUpOBaTh CUTHAIBI TI0
YIIPaBJAEHUIO MPOU3BOACTBEHHBIMU MOIITHOCTSIMU.

[TonoGHBIE MpUMeEpPHI MPUBEACHBI C LIEIbIO PACIIv-
peHust (YHKLMOHANIA CUCTEM PHUCK-MEHEIXMeHTa
KoMIaHuii. PaccMoTpenne MmpoOeMHEBIX BOIPOCOB,
pellieHue KOTOPBIX cBsA3aHO ¢ BHeapeHueM UC, Mo-



XeT OBbITh OLIEHEHO Ha OCHOBE M3MEHEHUs KJoue-
BBIX TTOKa3artejieli B pe3yjibTraTe BHEAPEHUS TOW WU
WHOM WHGMOPMalUMOHHON cHUCTeMbl. Takoil momxon
3aKpbIBaeT Bompoc 00 oleHke adpdexkruBHoctn UT-
npoekra. OmHAKO IIPU 3TOM BO3HUKAECT HOBasl IIPO-
OyieMa: I1eJio B TOM, YTO PUCKH CYIIECTBYIOT HE TOJIb-
KO BHEe MH(GOPMAIIMOHHOM CUCTEMBI, NX UCTOYHUKOM
MOXET CTaTh U CaM peaJM3yeMblii TPpoeKT. TakuMm 006-
pa3oM, IJI YCOBEPIIEHCTBOBAHMSI OLIEHKM ITPOEKTa
HEo0X0oMMMO JejaTh IMOIpPaBKy Ha pPUCKU, BO3SHUKAO-
Iye, HallpUMep, B CIyYasX BOSHUKHOBEHMS IIPOOJIeM
npu BHenpeHun UC, kpuTudeckux cO0€B BO BpeMs
HCTIOJIb30BaHUSI CUCTEMBI, a TAKKe TTPU BHIBOJIE €€ U3
aKcIutyatauuu [15].

2. BHyTpeHHUE PUCKH
HH(OPMAIMOHHBIX CHCTEM

CornacHO uMeIIMMCS HWCCleaoBaHUSIM 3ddek-
tuBHOocTH ERP-cuctem, B 51% mNpoeKTOB BHEApPEHUS
HaOII0a0TCs HEMPEABUICHHBIE CIOXHOCTH, BO3HU-
Karorue B rnpouecce ycraHoBku MC, B 53% ciyyaes
(hakTrueckuii O10KET MPOEKTa MPEBHIIIAET TIEPBOHA-
YyaJIbHO yYTBEPXKIACHHbIN [16], 83% MpoeKTOB HEe yKJia-
JBIBAIOTCSI B CPOK, 42% MPOEKTOB OKA3bIBAIOTCS He3a-
BEPIICHHBIMM, MUCXOSI U3 OXMIAEMBIX XapaKTepHUCTHUK
BHEApPSIEMOro TexHuuyeckoro pemenust [17, 18], 40%
MPOEKTOB HE PEIIalOT MOCTaBIEHHYIO OU3Hec-3aauy
mocie ux 3aBepiieHust U BBogy MC B sKcrutyatamuio
[19, 20]. JaHHasg cTaTUCTUKA CBUIETEIbCTBYET O TOM,
YTO MEHEIXKEPhl M WHBECTOPHI TMPU3HAIOT HAIMYUE
CYLIECTBEHHBbIX pUCKOB mpu BHeapeHuu MC. OObIu-
HO MPOEKTHI BHEAPEHMUS (a TakXkKe MOoCIeaAytomias mofi-
JIEP>KKa CUCTEMBI) IOPYYAIOTCS] BHEIIIHUM KOHCYJIBTaH -
TaM, HO B TaKOI OU3HEC-MOJIe IV BOSHUKAIOT BOITPOCHI,
CBSI3aHHBIE C KOH(MIUKTAMU UHTEepecoB [21] 1 pa3Mbl-
THEM OTBETCTBEHHOCTH 3a Pe3YJIbTaThl, UTO YCYTyOIIsieT
MOTeHIUATbHbBIN OOILMIT HEraTUBHBIN 3(P(PEKT OT Mpo-
E€KTHBIX PUCKOB [22].

s yMeHbIIIEHUsI BEPOSITHOCTM BO3HMKHOBEHUS
PHUCKOB, CBSI3aHHBIX C IIPOIrPAMMHBIM OOCCIICUCHM-
€M, BHEIpEHUEM CUCTEMBI, €¢ UCITOJIb30BaHNEM U BEI-
BOJIOM U3 3KCIUIyaTallMu, ObUT pa3paboTaH psil MO~
XOJIOB, HaIlpaBJIeHHBIX Ha BBISIBJIEHUE MPOOJIEMHBIX
acriekToB [23]. HekoTophle U3 3TUX MOAXOA0B YUYTEHBI
B MH(pOpPMALIMOHHBIX cucTeMax kinacca ALM (Hampu-
mep, SAP Cloud ALM, Solution Manager), KoTopbIe
aBTOMATH3MPYIOT TPOLIECC YIPABJICHUs XU3HEHHBIM
ukiaoM. B ocHoBHOM pucku MT-mpoekToB HOCAT
TeXHUYECKUI XapakTep U CBSI3aHbl C (hOPMYJIUPOB-
KaMu TpeOOBaHU, UX U3MEHYMBOCTBIO U CKOPOCTHIO

BbIX0/1a 0OHOBIeHU . [Ipy 5TOM HAUOOBIIYIO 3HAYU -
MOCTb UMEIOT TEXHMYECKME aCIIeKThl, 03 pean3alu
KOTOPBIX HET BO3MOXXHOCTH TIPOM3BECTH BHEApPEHUE
nHDopMauMOHHON cucteMbl [24]. OmHako ciemyer
OTMETUTD TPYIIIY PUCKOB, UAEHTU(MUKAIIAS KOTOPHIX
BIMSCT Ha OM3HEC-IIPOIECChl KOMITAHUU. DTO MHTE-
rpauust MC ¢ mpou3BOACTBOM, YaCTO COMPOBOXKIAIO-
mascs pe3kuM nageHueM 3PpOeKTUBHOCTY Tpyaa [25,
26]. TakuMm o6pa3oMm, TpebyeTcs pa3paboTKa ageKBaT-
HBIX CTPATeTUl U MEPOIIPUSTUI IJI PeIleHUS JaHHOU
npobaemsl [27].

Omnpenenenne puckoB UT-mpoekTa SBISIETCS BaXK-
HOI paboToii, KOoTopasi ObLIa MPOBEAEHA acCcolMally-
et ISACA. Pe3ynabraToM 3TOI IESITEIBHOCTH CTaJl I0-
kymeHT COBITS5 [28], B KOTOpOM CYIIECTBYIOIIME Ha
MpaKTHKe PUCKU pacrpenesieHsl o 111 xareropmsim.
IIpumMepaMu MOTYT CIIYXXKUTh PUCKM YTEUKU MHDOpMa-
UM [29], a TakKe pUCKM, CBSI3aHHbIE C >KM3HEHHBIM
LUKJIOM TipoekTa, apxurekrypoir MC, mHdpacTpyk-
Typoii KOMITAaHWM, BEIOOPOM BeHIOpa IMPOrpaMMHOTO
o0ecrneYeHus1, a TAKXKE COTPYAHUKAMU U UX KOMIIETEH-
LUSMU.

OmnucaHue pUCKOB TpeArnoaraeT ux pasaejacHue 1o
cepam BausgHUs. [TepBbIM cunTaeTCs CTpaTerMuecKuit
TUII, ONMMUCHIBAIOIIMI YIyIIEHHbIE BO3MOXHOCTUA MC-
MOJIb30BaHUS UH(GOPMALMOHHBIX TEXHOJIOTUI 11T O~
BBIICHUS] 3(PDEKTUBHOCTH IeATETBHOCTH KOMIIAHUU
[30]. Bropoii TUI pUCKOB HEMOCPEACTBEHHO CBSI3aH C
TexHuueckoi peanusauueint UT-npoekra. [locaegnum
SIBJIIETCS OTI€PALIMOHHBIN TUIT, KOTOPBIA COOTHOCUTCS
C 3KCIUTyaTallMei CUCTEMBI U MPEeIOCTaBACHUEM YCIYT
TeXHUYECKON MOAAepKKU. DTU PUCKHU, B CBOIO Oye-
penb, OeASTCs MO CTeNeHU BJIUSIHUSI Ha JesITeIbHOCTD
KOMIIaHMH B ClIyyae UX peaiu3aluu.

TakmMm 00pa3oM, IIpU OLIEHKE PUCKOB B CUTYaIlNU
«Kak OyneT», T.€. OCJie BHEIPEHUSI CUCTEMbI, CeAyeT
MPEeayCMOTPETh BHYTPEHHUE PUCKKH WH(MOPMAIIMOH-
HOI1 CMCTEMBI, HEITIOCPEACTBEHHO CBSI3aHHBIE C €€ BHE-
JIPEHUEM M MCTIOJIb30BAHUEM.

3. OueHka BIMSHUSA
HH(OPMAIMOHHBIX CHCTEM HA PUCKH
¥ nokaszares 3(p)(peKTUBHOCTH KOMIAHUM

Ha npumepe mpoiiecCHOro yrpasiIeHUsI paCCMOTPUM
BOITPOCHI OIIEHKU BJIMSTHUSI WH(OPMALIMOHHBIX CUCTEM
Ha pUCKY KOMIIAHUU (M, COOTBETCTBEHHO, Ha €€ KJIIoue-
BBIE MOKa3aTesn), ¢ y9eTOM BHYTPEHHUX PUCKOB, CBSI-
3aHHBIX C CAMUMU WH(POPMALIMOHHBIMU CUCTEMAMU.

By,[[eM pacCcMaTpuBaThb IMPOLIECC, COCTOSIIINA U3 He-
CKOJIBKHX ITOCJIEAOBATCJIbHLIX 3TAIIOB, IT0O MEPE peain-



3alIMM KOTOPHIX MMPOUCXOIUT MOBBIIIIEHNE HEKOTOPOTO
BbIOpaHHOTO TMoKa3zaTenst 3¢ deKTuBHOCTU. Ecau mo-
KazaTesb 3(PHOEKTUBHOCTH § SIBJIICTCS ¢AUMHCTBEHHBIM,
TO €r0 3HAYCHMST Ha Pa3HBIX CTAOUSIX IIPoIlecca MOX-
HO TIPEACTaBUTh B BUIE BEKTOpa § = {s,.}, i=0,N, r1e
N —4ucio sranos npotecca. [1pu oToM s, mpencrapis-
eT co0oli HauaJTbHOe 3HaYeHUe roKasares (T.e. UMeto-
LIee MECTO [0 Havasa MepBoro 9Tana), a s, — 3HaueHue
MOKa3aTelIsl IOocJie 3aBepIIeHNs i-TO dTara IIpoliecca.
COOTBETCTBEHHO, S, — 3TO 3HAYEHME MOKA3aTeIs M0-
cJie 3aBeplleHus IocjeaHero, N-ro atama mpoiiecca,
T.€. BCETO IIpoliecca HEeJIMKOM.

Tenepsb BBenemM noHsITHE KOG GULIMEHTA TMUHAMUKU,
XapaKTepU3YIOIIET0  IOJIOKUTEIBHYI0  TUHAMUKY
paccMaTpuBaeMoOro mnokxasatensi 3(EGEeKTUBHOCTU I10
Mepe pealM3allii TeX WIM WHBIX 3TAaIlOB IIpollecca.
1T TpOM3BOJIBHOTO i-TO 3Tama Ipoliecca 3HaueHHe
ko3¢ dUIIMeHTa TMHAMUKY OIIPEACIISIETCS CIeTYIOIINM

obpasoM: k; =s,/s,,, Toe s, — 3HAYEHUE IMOKazaTesd
3¢ (GEeKTUBHOCTY IIOC/Ie 3aBepllieHuss [-To 9JTala
npouecca, a s, — 3HaYCHME TOTO Xe MoKasaress

mepen HadajgoM dTama (T.e. IIOCIC 3aBepIICHMUS
npenuiecTBylomero stamna). Ilo cyru, KoadpduimeHt
JUHAMMKM XapakKTepU3yeT COOTHOIIEHUE «BXOAa»
W «BBIXOIA» TIpoliecca. YUWTHIBas TO, UTO ITPOIECC
COCTOMT M3  HECKOJbKUX  3TaloB, 3HAYEHMS
ko3 duIIMeHTa IUHAMHMKHU TIPEACTABISIOT COOOM
Bektop Kk = {k.}, i=LLN, tne k, — 3HauyeHue
KoadduimeHTa Ha i-M 3Tane mpoiecca, N — 4uCIO
oTanoB  Tipoliecca. IIOCKONBKY  pacCMOTpEeHHBIN
K03hPUIMEHT TMHAMUKA HE YIMTHIBACT HU PUCKU,
HU BIMSIHUE WHMOPMALIMOHHONW CHUCTEMBbI, OyaeM
Ha3bIBaTh €ro 6a30BbIM WU OE€3PHUCKOBBIM.

Takke HECIOXHO BBIBECTM COOTHOIIEHUE MEXIy
HavaJIbHBIM 3HaUYeHWeM ToKasatesst 3((GeKTUBHOCTU
(TIlepen HavaJIoM Ipoliecca) ¥ ero KOHEYHbIM 3HAYeHU -
eM (ITocjIe TIOJTHOTO 3aBepPIIeHUSI BCETO TIpollecca):

IJIe S, ¥ S, — COOTBETCTBEHHO HAaYaJbHOE M KOHEYHOE
3HauYeHMS MoKazaTesi 3((GHEKTUBHOCTH;

k, — 3HaueHue 6a30BOro KO3 HUIMEHTa IMHAMUKA
Ha i-M dTalle Ipoliecca;

N — 4uciio aTafnoB nponecca.

Tertepn cnenaeM IOMyleHUEe OTHOCUTEILHO PUCKOB
00l11Iero xapakrepa, CBS3aHHBIX C peaju3alyeil Mpo-
necca (MHGOPMALMOHHbIE CUCTEMbBI, X BIUSHUE Ha
MpOILIeCC ¥ X BHYTPEHHNE PUCKU TTOKa HE pacCMaTpH-
BaloTCH).

OmnpenemuM BEepOSTHOCTh pealM3allid pHUCKa i-TO
aTamna p, Kak BEPOATHOCTb TOTO, YTO 3TOT 3TAll MPO-
1ecca He OymeT BBIMOJHEH M, COOTBETCTBEHHO, OXU-
JaeMble pe3yJbTaThl He OyayT MOCTUTHYTHL. Torma
BEPOSITHOCTb TOTO, YTO pe3YyJIbraT i-ro 3Tama OymeT
nony4eH, coctaBut (1 — p,). Hanpumep, eciau moss
MPOMN3BOJACTBEHHOIO OpaKa IpHU UCTIOJTHECHUH (- TeX-
HOJIOTMYECKOU oIepallii IO BCEM BO3MOKHBIM ITPH-
yuHam coctasiset 1,3%, To p, = 0,013, a BepoATHOCTD
YCIICIITHOTO BBIMIOJIHEHMST JTAaHHOMW Orlepallii COCTaBUT
(I —-p,)=0,987.

Cka3zaHHOE TO3BOJISIET ONpPENeIUTh BapUalMIO pac-
CMOTPEHHOTO BBIIIe KO3 GHUIINeHTa TUHAMUKH, CKOP-
PEKTHUPOBAB €T0 3HAUCHMS C YUYETOM PUCKOB (OymeM
Ha3bIBaTh 3Ty BapyalMIo KO3GOUIIMEHTOM IMHAMUKA
nepBoro pona). Ero cBsi3b ¢ 6a30BbIM (0€3pUCKOBBIM)
KO3 OUIIMEHTOM MTUHAMUKU BBIIJISIAUT CIEIYIOIIUM
obpaszoM:

ki(l) = kl' : (1 _p,')Q

e k, — 3HayeHune 6a30BOro (6e3pUCKOBOro) Koahdu-
LIMeHTa JMHAMMKY Ha i-M 3Talle IpolLecca;

k" — 3sHauenue K0P duIMEHTa TMHAMUKHI MIEPBOTO
pofia Ha i-M 3Tarle poliecca;

P, — BEPOATHOCTb pealM3allii PUCKA Ha [-M JTare
npoiiecca.

3amMeTrM, 4TO 3HaAYeHUST Koa(pdulIMeHTa TUHAMMU-
KM TEPBOro pojaa, COOTBETCTBYIOLIME OMNpeae]eHHbIM
aTanam mnpolecca, Bceraa MeHbllle 3HauyeHUi1 0a30BOTO
(6e3pucKoBOro) Ko GUIMEHTa, OTHOCIIINXCI K TEM
Ke BTaram.

IMockonbKy BHeapeHre MHHOOPMAITMOHHON CUCTEMBbI
JIOJDKHO CTIOCOOCTBOBATH YMEHBIIIEHUIO BEPOSTHOCTEN
peayin3aliii BHYTPEHHETO pUCKa, BBEJIEM TaKOU MOKa-
3aTesb, KaK BAMSHUE MHGOPMALMOHHON CUCTEMbI Ha
pYCKU. 3Hau€HUE BTOTO TOKAa3aressi, OTHOCsIIeecs K
i-My 9Tary rnpouecca (r,), Haxonurcs B uHtepsase [0, 1]
U TIOKA3bIBAET, YTO TOCTe BHEAPEHUS MH(OpMAIIMOH-
HOM CUCTEMBI BEPOSITHOCTh pean3allii prUCcKa Ha i-M
oTare CHU3UTCS U OyeT paBHa p, - (1 — r,). B yacTHoCTH,
ecu r, = 1, To BHeApeHNEe UH(POPMALIMOHHOM CUCTEMBI
JIOJKHO TTOJIHOCTBIO YCTPAHUTh PUCK HEYIAuM i-TO 3Ta-
Ia nporecca, a eciu #, = 0, To 3T0 03HAYAET, YTO CUCTe-
Ma He 0Ka3bIBaeT BIMSHUS Ha PUCK JAHHOTO 3Tara.

TakuMm o0pa3oM, MOXHO BBECTU €llie OJHY Bapua-
nouio KoadduimeHTa TMHAMUKY, TIPUHSIB BO BHUMA-
HUE BIUsSHVE MH(POPMAIIMOHHON CUCTeMBbl Ha PUCKU
(ko3 dunreHT TMHAMKKKU BToporo poaa). Ero cBs3b ¢
0a30BbIM (0€3pHCKOBBIM) KOG GULMEHTOM IUHAMUKU
BBIIVISIAUT CJEAYIOIIMM 00pa3oM:



k,'(Z):k,' -(1 _p[.(l _r,)))

rae k, — 3HaYeHKe 6asoBOro (6€3puCcKOBOro) Koaddu-
[IMeHTa IMHAMUKHA Ha i-M 3Talle IIpollecca;

k> — 3nauenue K03 dULIMEHTa TMHAMUKY BTOPOTO
poza Ha i-M 3Tare mpoliecca;

p, — BEPOSATHOCTb pealM3alMi PUCKA Ha i-M 3Tare
rpotiecca,

¥, — BIMsAHUE WHPOPMALIMOHHOM CUCTEMBI Ha PUCK
i-TO 3Tamna rnpoiecca.

HaxoHen, mpuMeM Bo BHUMaHUE, YTO caMa UHMoOp-
MallMOHHAsI CCTeMa MOXET aBaTh cOOM B CBOEIi pa-
oote. Takue pUCKU MpeaCTaBISIOT COOO BHYTPEHHUE
pucku cucteMbl. Ix HaMune 03HAvaeT, 4YTO peaibHOe
BAVsIHUE WHGOPMAIIMOHHOW CHUCTEMBI Ha PUCK i-TO
9Tara npoiiecca MoXeT ObITh MEHbBIIIE 3HAUEHUST TTOKa-
3atend r,. Ecii 0003HauMTh BEPOATHOCTH BHYTPEHHETO
pyucka MHOOPMALIMOHHO CUCTEMBI Ha i-M 3Tare Kak
g, TO BJIMSIHUE CUCTEMBI HA PMCK JAHHOTO 3Tarla CoCcTa-
BUT 7, - (1 — q,). HeCI0XKHO 3aMeTUTD, YTO MPHU HYJIEBOIA
BEPOSITHOCTH BHYTPEHHETO PUCKA CUCTEMBI €€ BIUSI-
HME Ha PUCK 3Tara He U3BMEHUTCS, OHAKO HEHYJIeBbIE
3HAYCHMS JaHHOTO ITapaMeTpa IMPUBEAYT K CHIDKEHHUIO
TaKOTO BJIVSIHUS, BILIOTD 10 HYJIS.

Takum oOpazom, ele omHa Bapualust Ko3duim-
€HTa OUHAMUKKU (KO3(PPUIIMEHT AUHAMUKU TPETbe-
ro poja) OyoeT yIYUThIBaTh BCE PACCMOTPEHHBIE Mapa-
METpPBI, BKJIIOYAsi BEPOSITHOCTH BHYTPEHHUX PUCKOB
nHGOopMalMOHHOUN cucTteMbl. CBs3b KO3(duUIIMeHTa
IUHAMMKHU TPEThETO pofa ¢ 0a30BHIM (0e3pHCKOBBIM)
K03 UIIMEHTOM BBINISIAUT CAEAYIOLIIUM 00pa3oM:

kO=k-(1—p-(1—r-(1—q))),

e k, — 3HayeHure 6a30BOro (6e3pUCcKOBOro) Koaddu-
[IMeHTa IMHAMUKHA Ha i-M 3Talle IIpoliecca;

k! — 3HaueHue K03 HULIMEHTA TMHAMUKY TPETHETO
poJa Ha i-M 3Talle IPOLIeCca;

P, — BEPOATHOCTb PEATM3aLMKM PUCKA Ha [-M JTare
rpolecca,

¥, — BJIASHHNC I/IHd)O]:)MElL[I/IOHHOfI CHUCTEMbBI Ha PUCK
i-TO 3Tana npouecca,

¢, — BEPOSATHOCTDb PeaTM3allii BHYTPEHHENO PUCKa
MH(MOPMALIMOHHOU CUCTEMBI Ha i-M 3Talle Mpolecca.

Takum ob6pa3zoM, oueHKa 3(PPEeKTUBHOCTU UHPOP-
MAaIllMOHHOM CHUCTEMBI, HAIIpaBJICHHON HAa CHUKCHUS
pucKa i-ro 3Tana mpoeKkTa, MOXeT ObITh BbhIpaXkeHa
00 B BUIIE Pa3HOCTU MEXIY 3HAUCHUSIMU K02 Du-
IIMEHTOB JIWHAMUWKHU TPEThero popaa (Imocjie BHeApe-
HUST MHGOPMALIMOHHON CUCTEMBI, C yUETOM €€ BJIM-

SHUS Ha PUCK 3Talla U BHYTPSHHUX PUCKOB CaMOi
CHCTEMBI) 1 IIepBOTO poaa (10 BHeApeHUs nHDopMa-
LIMOHHON CUCTEMBI), TUOO B BUAE OTHOIIECHUS DTUX
3HAYCHUMU.

151 oLieHKHM pe3ysibTaTa OT BHEAPEHUSI WAeallbHOM
(He comepxkallleil BHyTPeHHUX PUCKOB) U pealbHOit (C
BHYTPEHHUMM pUCKaMU) MHOOPMAITMOHHOM CUCTEMBI
MOXHO MCIIOJIb30BaTh clieayioiiue hopMyJibl:

Asidea/ =5, (lﬂ[k(l) _]‘ﬁ[k‘(l)j ,

i=1 i=l

N

N
real __ 3) (]
As™ =35, - ||kl, —||k1. ’

i=l i=l

ideal real

rae As“ u As™ — 3(p(peKTUBHOCTb COOTBETCTBEHHO
WIeaTbHOU U peaibHOM NH(POPMAIIMOHHON CUCTEMBI;

s, — HaYaJbHOE 3HaYEHKE MoKasareis 3(HHEKTUBHO-
CTH;

kY, k®, k — sHa4eHns koo PpuumeHTa IMHAMUKI
COOTBETCTBEHHO IIEPBOr0O, BTOPOTO U TPETHETO POA Ha
i-M 9Tare npoiiecca;

N — gucno 3ramnoB ponecca.

IIpuBeneHHbIE pacCyXIEHUSI MOXHO pacIpocTpa-
HUTb Ha CJIydyaid, KOTjaa sl TIpollecca paccMaTpuBa-
JOTCSI HE OJMH, a HECKOIBKO ToKa3zaTeseil 3 HeKTUB-
HocTu. Torma BMecTo BeKTOpa 3HaUeHUIi IToKa3artesei
OygeM MMETh MaTpuly S = {sl.j}, i=0,N,j=1,M, rae
§,; — HavaIbHOE 3HAYCHME j-TO MOKAa3aTessl, s, — 3Ha-
YeHME j-TO TIoKaszaTessl MOCJie j-ro 3Tara Ipoliecca,
M — 4ucio mokasareneii, N — 91cIIo 3TaroB Ipoliecca.

3HaueHus Ko3(pPUIMEHTOB OWHAMUKUA  OyayT
OIPEACNSIThCS OTACIBHO IS KaXXI0To M3 IToKa3artesei
3¢h@MEKTUBHOCTH U TOXEe OymyT TMpeACTaBIsATh
coboit matpuubl. Hampumep, 3HaueHMSIM 0a30BBIX
KO3(DOULIMEHTOB NUHAMMKUA OYIET COOTBETCTBOBATH
marpuua K = {k,.j}, i:I,_N,j:I,_M, rie s, — 3Ha-
YyeHue j-ro Kodd@uilMeHTa Ha i-M 3Tame Ipolecca,
M — gucno noka3zaresneit, N — 4KUCJI0 3TAanoB Mpoliecca.
Jnst Ko3(ppUMeHToB IMHAMUKY TIEPBOTrO, BTOPOTO U
TPEThEro poaa OYAYT CYLIECTBOBATh aHAJOTUYHbBIE Ma-
TPUIIBL.

3akoueHue

IToBbiieHUEe 3(PHEKTUBHOCTU AESITEIbHOCTU KOM-
MaHUM MOXET JOCTUTAaThbCS ITyTEM BHEIpPEHUS WH-
(OpMaAILIMOHHBIX CUCTEM, YTO COIMPOBOKIAETCS COOT-
BETCTBYIOLLIMMU M3MEHEHUSIMU B OpPraHM3allMOHHON
CTPYKTYpe U OpraHu3ainy 6u3Hec-npoleccoB. OgHa-
KO PUCKM, CBSI3aHHbIE C JAaHHBIMU IEMCTBUSIMU, JAIOT



MOBOJ, 3aAyMaThCs O I1EJeCO00pa3HOCTH TIPOEKTA.
IIpu sTOM MpoOGAEMBI CO CTOPOHBI MPOU3BOJACTBEH-
HOI M yIIpaBJIeHIECKOMN OeITSILHOCTH OO0 BHEAPECHMUS
MHGOPMAIMOHHON CUCTEMBI TakKXe IPEeACTaBIISIOT
co00i1 ornpeAe/eHHYIO Yrpo3y IjIsl KoMIIaHUU. Takum
00pa3oM, OSBJISICTCS BO3MOXKHOCTD ITOJTYYUTH OIICH-
Ky UT-npoekra myreM ydera Kak ITOJIOXUTEIbHBIX,
TaK W OTPUILATCIBLHBIX IOCIEICTBUII BHEIAPEHUS CH-
cTeMbl. W

baaromapaocTu

Pabora BbIMojHeHa Tpu (UHAHCOBOW TMOMIEPXKKE
MuHucTepCcTBa HayKU U BhIcLIero odpasoBaHust Poccuii-
ckoit ®eaepannm (TocynapcTBeHHOe 3amanmne «CTpyKTy-
pa ¥ CBOMCTBA MOJMMEPHBIX MaTepUaIOB, MOTYYEHHBIX
C NPYMEHEHUEM CUCTEMbl METOIOB XUMUYECKU, TEPMU -
YecKU W/WJIM MEXaHWYECKHW WHIYLMPOBAHHON MOBEPX-
HOCTHOI U 00BEMHOI MomucbUKalur», HOMEDP TEeMbI
FZRR-2020-0024, maemokon 0699-2020-0024).
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Abstract

The implementation of information systems is aimed at improving the financial performance of a company, creating
a transparent reporting system and improving many other competitive factors. However, the acquisition of these benefits
does not negate the complexity of making a decision whether or not to implement a particular IT project. The total cost of
ownership of the information system throughout the life cycle is usually not considered in comparison with the expected
benefits from the use of the system, due to the uncertainty of such benefits. Comparative certainty of approaches and
methods is present only in terms of costs, both for a priori (planned) and a posteriori (actual) assessment. It is possible
to determine both capital and operating costs accurately enough. Indirect definition of the positive influence of an
information system on the activity of the organization also seems possible. However, there are currently no generally
recognized methods for analyzing the expected positive effect of an IT project. At the same time, large companies, in
accordance with the requirements of the respective regulators and / or due to internal management considerations,
build a risk management system to determine the level of capabilities, losses and to prevent adverse events. This study
considers the feasibility of an approach to analyze the effectiveness of the implementation of the information system on
the basis of the company’s risk reduction, leading to a decrease in economic benefits. It takes into account the internal
risks of the information system that occur during the installation of the system, its operation and the termination of work
with the system.
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HaunoHanbHBIM HCClIeIOBaTeIbCKUI YHUBEPCUTET «BhICIIast rkoia 5KOHOMMKM»
Anpec: 101000, r. Mocksa, yi. MsicHuikas, 1. 20

AHHOTaIMA

ILlens paGoOTbl COCTOUT B BBISIBICHUM TEHACHUMN pa3BUTUS MHTEJJIEKTYaJbHOTO aHajiu3a IaHHbBIX
(data mining) kak Hay4HOI DUCUMITIMHBIL. Ha ocHOBe MeTona mateHTHOro pasMetneHust Jupuxie (latent
Dirichlet allocation, LDA) nocTtpoeHa TemaTuyeckasi MojieJb TpyaoB MexayHapoaHOi KOH(pepeHIIUU o
WHTeIeKTyaTbHOMY aHanu3y naHHbix (International Conference on Data Mining, ICDM) 3a 2001-2019
TObI U BBIIEIEHO EBSITh OCHOBHBIX HallpaBJIeHU (TeM) uccienoBaHuii. 1151 Kaxknoil TeMbl UCCIIe0OBaHbI
JIUHAMUKa €€ TOMYJSIpHOCTU (KOJWYECTBO IyOAMKAIMii) M BAUSIHUSA (KOJMYECTBO LIMTUPOBAHUIA).
LleHTpanbHast Tema, KoTopasi OObeIMHSIET BCe MPOYMEe HampaBIeHUs, — 3TO OOIMe BOMPOCHl O0yYeHUs
(general learning), BKJIIOYalollee aJITOPUTMBI MAallIMHHOIO O0ydYeHus. 3a paccMarpuBaeMblii mepuoa 20%
YCWJIMI Hay4HOIo cooOlllecTBa ObLIO MOTpaueHO Ha Pa3BUTHE MMEHHO 3TOTO HaIpaBJeHMSs, ONHAKO B
MocJieHeE BPEMSI €T0 BIUsSIHUE CHUXKaeTcsl. Takske CHUXKaeTCsl BHUMaHMe K TAKUM TeMaM, Kak OOHapyXeHue
accoumaumii (pattern mining) u pasmejeHue 00ObeKTOB (segmentation), BKJIoUasi Kjiactepusanuio. B To xe
BpEMsI pacTeT MOMYJISIPHOCTb UCCIETOBAHUM, CBSI3aHHBIX C pEKOMEHIATEbHBIMU CCTEMaMu (recommender
systems), aHaJaU3 CeTell pa3IMYHON IMPUPOAbI, B TOM YMKCJIE COLMaIbHBIX (network analysis) u aHamu3
MOBeAEHMS YeJIoOBeKa, B YaCTHOCTU NoBeaeHus morpedureseii (human behavior analysis), 4To, ckopee Bcero,
CBSI3aHO C YBEJIMYEHUEM AOCTYITHOCTU JAHHBIX W MpaKTUUECKOW opueHTauuei aTux TeM. HampaBneHue
VCCNIeMOBaHN, CBA3aHHBIX C TIPUJIOXKESHUSIMY MHTEJUIEKTYaJIbHOTO aHalIM3a TaHHbBIX (applications), Takxke
“MeeT TeHACHIIUIO K pocTy. [IBe MocienHue TeMbl — aHajlu3 TeKCTOBOM MHGpopMauuu (text mining) u
MPOTHO3UPOBaHNE MOTOKOB NaHHBbIX (data streams) NMPUBJIEKAIOT OTHOCUTEIbHO MOCTOSIHHBI MHTEpeC
uccienoBateneii. [ToayyeHHbIe pe3ybTaThl MPOJIMBAIOT CBET HA CTPYKTYPY U AMHAMUKY UHTELIEKTYaIbHOTO
aHaju3a JaHHBIX KaK HaydHON MMCUUIUIMHBI 3a MOCIeAHUe ABAaaUaTh JeT. OHM TakKe CBUACTEIbCTBYIOT,
YTO 32 MOCJEAHUE ISTh JIET cHOPMUPOBATIACH HOBAs IOBECTKA, XapaKTepU3yIoNIasicsl CIBUTOM MHTepeca OT
JITOPUTMOB K MTPAKTUUYECKUM MPUIOKEHUSIM, BIUSIOIIAM Ha BCE aCMEKThl YEJTOBEYECKOU NEATETbHOCTH.
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BBenenue

€PMUH <«MHTEJUIEKTYaJIbHBI aHaJIU3 JaHHBIX»

(data mining, DM) ucnons3ayetcsi ¢ 1960-xronos

JIJIST OTIMCAHUSI TIOMCKA KOPPEJISIIii 03 BBIIBH-
keHust anpuopHbiX rurote3 [1]. CormacHo mMpPOKo
MPUHSITOMY OIPENeIeHUI0, KOTOPOE ceifuac UCMOJb3y-
€TCsl BO MHOTMX YU4eOHMKaX, MHTEJUIEKTYaIbHBIA aHa-
JIN3 JAaHHBIX — 3TO M3BJICUCHNE HESIBHOM, paHee HEM3-
BECTHOM M TMOTEHUUAIbHO TOJIE3HOU WHGbOpMaLy
U3 NaHHBIX [2, 3]. B yueOHUKe [4] MHTEMIEKTyalbHbIi
aHaJIM3 JAHHBIX OIpeae/IsieTcss KaK KOMOMHAIIAS TPex
KOHIIEMIIUI, K YUCITY KOTOPBIX OTHOCSTCS:

4 CTaTUCTHMKA, KOTopas BKJIIOYAeT KiIacCUYeCKue
oInucareIbHble MOAEIM M WHCTPYMEHTBI, HAIpUMep,
CTEIICHN CBOOOMIBI, F-CTaTUCTUKN U p-3HAYCHUSI, HO HE
paccMaTprBaeT BBIBOJ, THIIOTE3;

4 0oJblIMe JaHHBIE, KaK OO TepMUH JIJ11 HAOOPOB
JAHHBIX JIIOOOTO pa3Mepa, HO C aKIIEHTOM Ha OOJIbIIOM
00BeM, TTIOCKOJIBKY TOCTYITHOCTD JaHHBIX BIUSET IpaK-
THYECKU Ha BCE aCITEKThI HaIlCH XKN3HM;

4 MalllMHHOE OOy4YeHHE, TO €CTh MHCTPYMEHTHI ISt
CO3IaHMSI KOMIIbIOTEPHBIX MPOrPaMM, KOTOPbIE aHAIM-
3UPYIOT 0235l JTAHHBIX B IIOMCKAX 3aKOHOMEPHOCTEH MITH
11abJ10HOB [2].

CratucTuka M MallMHHOE OOyYeHHUEe CO3[al0T TeX-
HUYECKYI0O OCHOBY MHTE/UICKTYaJIbHOTO aHAIM3a IaH-
HbIX. HekoTopble aBTOpBI Takxke paccMaTpuBaiorT DM
KaK 4acTb mpolecca u3BjiedeHus: 3HaHuit (knowledge
data discovery). BTOT mpoliecc MOXeT BKJIIOUATh TaK1e
METOINbI, KaK TpeaBapuTeNbHass 00paboTKa JaHHBIX
(ouncTKa M WMHTErpalms), XpaHeHUe JTaHHBIX, aHaJIu-
TUYecKass o0padoTKa JaHHBIX B peXXMMe OHIAlH, KyObl
JAaHHBIX U T.O. [3].

Kak crnemyer w3 mpuBeNeHHBIX OMpEACSIEHUI, WH-
TeJJIEKTYaJIbHBIN aHAIU3 TaHHBIX — 9TO Hay4yHasl TUC-
LIMIUTMHA, COYeTaloliasl JTOCTHXEHUS B HECKOJIBbKHX
obnactax ucciaenoBanuil. CTpyKTypa J1000i HayqYHOM
MUACHUIIMHBI MOXET OBITh MpEACTaBlieHa Kak Habop
SBOJIIOLIMOHUPYIONTUX TEM, TO €CTh 3HAYUMBIX HEsIB-
HBIX acCOLMALIMI, CKPBITHIX BO (PparMEeHTUPOBAHHBIX
obnacTsax 3HaHui. JluHaMWKa 3THX TeM (Harpumep,
M3MEHEeHUe KOJTMYECTBa MyOIMKALMI U UX LIUTUPOBA-

HUST) OTpaXkaeT CIBMI MHTEPECOB HAYyYHOTO COOOIIIE-
cTBa. B yacTHOCTH, U3ydeHUE ITOM TMHAMUKU O3BO-
JISIeT ONpEeAe/IUTh HauboJiee aKTyalbHbIC HallpaBICHUS
HCCJICIOBaHMIA, UMEIOLIEe MECTO B HACTOSIEE Bpe-
MSI, ¥ DKCTPAIIOJIUPOBATh MX Ha OJIIKaiiiiee Oymyiee.
Kpome Toro, nonnmanue hbyHIaMeHTATBHON TUHAMM -
KU MHTEPECOB UCCeaoBaTelIell TOMOraeT ONpeae/IUTh
MECTO M3yJ4aeMOl TUCIUILIMHBI B O0IIEeil COBOKYITHO-
CTH 4YeJIOBEUECKUX 3HAHUIA, €€ B3aUMOAEICTBUE C APY-
TUMM TUCIUTUIMHAMY 1 BKJIaI B HAYYHO-TEXHUIECKUIA
mporpecc.

TpanuIIMOHHBIM METOIOM M3YIEHUS CTPYKTYPHI HAyd-
HOI OVCLUTUIMHBI SIBJIIETCST 0030p Juteparypbl. OaHa-
KO M3-3a MEXIUCIUIUIMHAPHOIO XapaKTepa MHTEJUIEK-
TYaJIbHOI'O aHAJIM3a JAHHBIX IPAKTUYECKU HET 0030POB,
paccmarpuBammx DM Kak OTOETbHYIO TUCLIVTUINHY.
Tem He MeHee, CieyeT OTMETUTh, YTO 0030pHI OoJIee y3-
KUX TeM, HallpUMep, TaKUX KaK PeKOMEHIATEHbIC CU-
CTEeMBI, IIyOJIMKYIOTCSI IOCTOSIHHO.

K. dur u C. By B 0030pHOIi cTaThe [5], omyommKo-
BaHHOH B 2006 romy, KOHCTaTMPOBAIM, YTO MHTEIIEK-
TyaJbHBI aHaJIN3 JAHHBIX JOCTAT OTPOMHBIX YCITEXOB.
OnHaKoO, OHU TaKXKe OTMETUJIN TTPo0JIeMbl ¢ 3(PPeKTuB-
HBIM U CBO€BPEMEHHBIM OOMEHOM BaxKHBIMU TEMaMU B
HaygyHOM coobmiectBe. Kpome TOro, aBTOpHI BBIICIHIIN
JIECATh HanboJiee BaxXHbIX 3a1a4 DM [5]:

4 pa3paboTKa €IUHON TEOpUU UHTEJIEKTYaTbHOTO
aHaJIM3a TaHHBIX;

4 MaciTabrupoBaHue IJisl JaHHBIX BBICOKOH pa3Mep-
HOCTH M BLICOKOCKOPOCTHBIX ITIOTOKOB JaHHBIX;

4 aHaJIM3 TOCJIeO0BaTEILHOCTE TAaHHBIX U BPEMEH-
HBIX PSIIOB;

4 U3BJIeUEHUE CIIOKHBIX 3HAHUI U3 CIIOXHBIX JTAaHHBIX;

4 aHau3 rpac¢oB;

4 pacnpele/ieHHbI 1 MyJBTHareHTHBI aHaJIu3 JaH-
HBIX;

4 aHAJIM3 TaHHBIX B OMOJIOTUU 1 3KOJIOTUH;

4 IIpoliecC MHTEJUIEKTYaIbHOTO aHAIN3a TaHHBIX;

4 0e30MmacHOCTb, KOH(MUACHUMATBLHOCTh U LIEJIOCT-
HOCTb JaHHBIX;

4 paboTa ¢ HecTallMOHApHbIMU, HecOaTaHCUPOBAHHbBI-
MM 1 YyBCTBUTEJbHBIMU K CTOUMOCTH OIIMOKHU TaH-
HBIMH.



IlepeuncneHHble 3agauyu pa3aenisioT OOLIUIA MOTOK
ucciaenoBaHuii DM Ha 6osee Menikue v 6ojee choKycu-
poBaHHbie cerMeHThI. B 2010 rogy C. By npenocraBui
JOTOJIHUTEIbHbBIE KOMMEHTApUM II0 3THM BOIIPOCaM
[6], 1 oHM cTaTM IIPEAMETOM OOCYKIEHUST Ha CITELIATb-
Hol maHen Ha 10-it MexxmyHapomHO#T KoH(epeHIINN
M0 UHTEJJIeKTyaTbHOMY aHanau3y JaHHbIX (ICDM).

K. Anr u C. By [5] paccMarpuBanu pa3apaboTKy eau-
Hoil Teopuu DM kak Haubosiee BaXHYIO Lieidb. DTO
JIOJDKHA OBITh TeOpeTHyeckKasi OCHOBa, 00beIUHSIIONIAs
pa3IMYHbIE METOMIbI, pa3padOTaHHBIC I OTIEIbHBIX
3amay, BKJII0Yast KJIIaCTePU3ALINIO, KIIacCH(HUKAIINIO, ac-
COLIMATUBHEIC TIpaBUJIa 1 T.I., 4 TAKXKE pPa3IMIHbIC TeX-
HOJIOTMM WHTEJUIEKTYaJIbHOTO aHan3a JaHHBIX, TaKue
KaK CTaTHCTHKA, MAalIMHHOE O0yYyeHUe U CUCTEMbI 0a3
naHHbIX. [To MHEHMIO aBTOPOB, Takas TEOPUsl JOKHA
00€ECITeYUTh OCHOBY ISl OYAYIIMX UCCIETOBAHUIA.

OTMETUM, YTO OOJIBIIMHCTBO MEPEUYUCICHHBIX MTPO-
0J1eM OTHOCUTCS K aJITOpUTMaM pabOThl C HOBBIMU TU-
TaMM JaHHBIX, KOTOpbIe CTaiIM akTyanbHbIMU B 2000-X
rogax (TaHHBIE CBEPXBEICOKOI pa3MepHOCTH, BBICOKO-
CKOPOCTHEIE TTOTOKM JAHHBIX, BPeMEHHBIE PSIAbI, CETH
U ApyTU€ CIOXHBIE CTPYKTYphl). KpoMe Toro, aBTophl
paborT [5, 6] oTMeUaloT 3KOJOTMYECKYI0 MH(POPMATUKY
KaK BaXKHEHIy10 o0iacTh npuinoxeHuit DM.

IToMumo aHanmmM3a KpUTHUUECKUX MPOOJIEM, B padboTe
[6] pencTaBiaeH cMCcOK HanboJIee BAXKHBIX TEM MHTEI-
JIEKTYaJIbHOTO aHAIN3a NaHHbIX (mabauya 1). DTOT criu-
COK COCTaBJIEH Ha OCHOBaHWM OIPOCa KCIEPTOB; Clie-
JIOBaTeJIbHO, OH MOXET CITYXKUTh CCbUIKOI Ha CTPYKTYpY

Tabauya 1.
JlecaTh rIaBHBIX TEM
HHTEJLIEKTYAJIbHOTO AaHAJIM3A TAHHBIX [6]

No Tema

—_

Knaccudpukauus (Bkntoyast C4.5, CART, kNN u Naive Bayes)
Cratuctideckoe 0by4eHne (SVM u mixture models)
AHanu3 accoupaumii
06HapyxeHue cBs3ei (Hanpumep, anroputm PageRank)
KnactepHbiil aHanu3

BamKUHr 1 BYCTUHT

~N oo oW N

[LlabnoHbl nocneoBateNbHOCTEN

8 /HTErppoBaHHbIi aHanu3 (Hanpumep, 06beanHeHNe
KnaccudukaLmm 11 acCouMaTvBHbIX NPaBK)

o

[pubnmKeHHbIE MHOXECTBa (rough sets)

10 Ananu3 rpachos

HayYHOU AMCUUTUIMHBIL. OIHAKO 3KCIIEPTHBIN ITOIXOI
HE TT03BOJISIET OIPEIeINTh KOJTMISCTBEHHBIE ITOKa3aTe-
JI1, KOTOPBIC OIMPEAEISTIOT OTHOCHUTEIbHYIO BasKHOCTh
Pa3IMYHBIX TEM 1 UX UI3MEHEHNE C TeUSHUEM BPEMEHMU.

B pa6ote [7] npeacTasiaeH 0030p JUTEpaTyphl 1O Me-
TOIaM M TIPWIOXEHUSM WHTEUICKTYaJIbHOTO aHaIn3a
naHHBIX ¢ stHBaps 2000 . mo aBryct 2011 . ABTOpPBI BBI-
Opanu 216 craTeii u3 159 HaydHBIX XKYPHAJIOB, UCTIOJIb3YS
Takue KJIIYeBbIe CIOBa, Kak “data mining”, “decision
tree”, “artificial neural network”, “clustering” un T.n. Ha
OCHOBAaHMM BBIOPAHHBIX TOKYMCHTOB OHM OITPEICIIH-
JIN IeBATh KaTteropuii MmetomoB DM (onTuMm3anus cu-
CTeM, CUCTEMbI, OCHOBaHHbIE HA 3HAHUSIX, MOJIEIMPOBA-
HUE, apXUTEKTypa alrOPUTMOB, HEMPOHHBIE CETU U T.11.).
Taxxke aBTOpHI [7] BBISIBUIU OCHOBHBIE TEHIEHIIMU B 00-
JIACTU MHTEJUIEKTYAIbHOTO aHaIm3a JaHHBIX. CormacHo
MpeACTaBJICHHBIM pe3yJibTaTaM, HanboJjiee BasKHOM TeH-
JEeHLUeR SIBISIOTCS acCoLMaTUBHBIE MpaBuiia (paHr 5),
32 HUMM CJICAYIOT HEPOHHBIE CeTH (paHr 4), a 3aTeM —
Ki1accudukanys U METOJ OTIOPHBIX BEKTOPOB (00a Ha-
MIpaBJICHMS UMEIOT PaHT 3). ABTOPHI HE OIMCHIBAIOT Me-
TOI PaHXXWUPOBAHUSI, OJHAKO MOXHO IIPEANOJIOXUTD,
YTO OH OCHOBaH Ha MoOJcYeTe KOJIMYECTBa CChLJIOK Ha
KaXIyIo TeMy B aHAJTM3UPYEeMOM KOPITyCe ITyOIMKAIIHIA.

Hackonbko Ham MN3BECTHO, MNPOLIUTHUPOBAHHLIC
BBbIIIIEC Hy6J'II/IKaLlI/II/I — CAMHCTBCHHBbIC, B KOTOPbIX UC-
CJEeayeTCd AMHaMHKa HWHTEICKTYaJIbHOIO aHaJin3a
MAHHBIX KaK €IUHON Haquoﬁ JucuuruinHbl. Kak \2:
OTMEYAJIOCh, OHM OCHOBAHbLI Ha Cy6’I>CKTI/IBHbIX (SKC—
HepTHbIX) OLICHKAaXx.

WUnesa naieit paboTbl — NPUMEHUTHh (pOpMalibHbIC
METOIbI TEMAaTISCKOTO aHAIN3a K ITyOTMKALIVSIM B 00-
Jactu DM. B kauecTBe 00beKTa aHaaM3a Mbl UCIOJIb-
3yeM Marepuajibl MexayHapoaHoi KOH(MepeHLU 10
WHTEJUIEKTyaJIbHOMY aHanu3y maHHBIX (International
Conference on Data Mining, ICDM), koTopast mpoBo-
nutcs exxeromaHo ¢ 2001 rona.

1. Jlannbie

MexnyHaponHass KOHGEPEHIIUS I10 WHTEIUICKTY-
arpHOMy aHanm3y maHHbIX (International Conference
on Data Mining, ICDM) — sTo Bemymiast KoH(pepeH-
s, koropas, Hapsagy ¢ SIGKDD Conference on
Knowledge Discovery and Data Mining (KDD), ACM
International Conference on Web Search and Data
Mining (WSDM) u HEKOTOpPBIMU APYTUMH, OOpasyeT
CeThb OCHOBHBIX (POPYMOB B 00JIACTH MHTE/UIEKTYallb-
HOro aHaiM3a JaHHBIX. basa maHHbIXx Web of Science
(WoS) conepxut nndopMmanuio o 5120 mybaukaumsx
ocHOBHBIX TpekoB ICDM wu cBsI3aHHBIX C HUMH Ce-



muHapoB 3a 2001—2019 roxsl. Ha pucynxe I mokazaHo
pacrpeneeHre STUX ITyOIUKALUI 10 BpEMEHU.

baza panHbix WoS copepxuT uHpopMauuio, Heoo-
XOAUMYIO IIJIST HAIIeTO UCCIIEIOBaHMSI, BKITIOUAsl CBEJIE-
HUS 00 aBTOpax, Ha3BaHMS MyOJMKaLUii, aHHOTALUU U
KOJIMYECTBO LIUTUPOBAHUIA.

2. Meroa ucciie10Banus

OnHuM M3 HauboJiee MOIYJISIPHBIX METOIOB aHaJv-
3a OubMMorpacuIecKux ceTeit SIBISIeTCsT YCTAHOBJICHUE
CBsI3eil MEXIy TepMaMM IIPONOPIIMOHAIBLHO YacToTe
WX COBMECTHOTO TIOSIBJIEHUSI B TOKyMeHTax (term-level
coupling), peanu3oBaHHOE B IPOrPaMMHOM IIaKeTe
VOSviewer [8]. DTOT mmoaxon MO3BOJIIET UACHTUDUIINA-
poBaTh KJIACTephbl CJIOB, KOTOPbIE MOXHO paccMaTpu-
BaTh KaK 0oJjiee UM MEHee YCTOMUNBbBIE HESIBHBIE CTPYK-
Typbl, (POPMUPYIOLINE HAYYHYIO OTUCHUTUIMHY. ABTOPBI
o0030pa [9] mepevyuncasiioT OCHOBHbBIE BBIUMCIUTENbHbIE
METO/bl, aBTOMATU3UPYIOIIME IIPOLIECC OOHAPYXEHMS
3HAHWI B ITyosMKanusax. OHU OTMEYAaroT, YTO TeMaThye-
CKO€ MOJIe/JIMpPOBaHUE, KOTOPOE MO3BOISIET HAOMIOAATh
Kak MHGOpPMALIMS Ha YPOBHE TEMbI PacIpOCTPaHSIETCs
cpenay JOKYMEHTOB, o0ecIeurBaeT 0osiee riyookoe mo-
HUMaHUe KOopIyca TOKyMEHTOB, YeM aHaJIM3 Ha YPOBHE
TepMuHOB. OTHAKO TeMaTUYECKOEe MOJIETMPOBAHNE BCE
ellIe OTHOCUTEIbHO PEKO MCIOJIb3YEeTCsI IPU aHAIU3e
Hay4HoI iutepatypsl [9, 10].

B crartbe [11] ucnosne3syercsi coueTaHre TEMAaTUYECKO-
TO MOJIETMPOBAHMS U aHAJTM3a IIMTUPOBAHUSI TSI OTICH-
KU TUHAMUKU BJISHUSI TEM M TEMAaTUYECKOro pa3HOO-
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Opa3us myoIMKalnii Mo nHPOpMaTrKe. ABTOPHI CTATHU
[12] ucnionb3oBaniu TeMaTUYECKOE MOJETUPOBAHUE TS
aHajM3a colepkaHus MarepuajoB MexXmayHapomHON
KOH(EPEeHIIUU MO MPUHIUIIAM U PAKTUKE MHOTOareHT-
HbIx cucteM (International Conference on Principles and
Practice of Multi-Agent Systems, PRIMA). Cpenu He-
JNaBHMX NMyonukauuii, B padore [10] TemaTnyeckuii aHa-
JIU3 IPUMEHSIETCS K 00JIaCTH YIIpaBieHUs 3HaHUsIMU. B
MOCJIenHel cTaTbe 0c000e BHUMAHUE YAESETCS AMHA-
MMKE TeM, TO €CTh TOMY, KaK KOJTMIECTBO IMyOJMKALIMI 1
LUTAPOBAHUM ITO KAXION TEME MEHSIETCS BO BPEMEHM.
DTO TO3BOJISIET MPOJIUTH CBET HA M3MEHEHNE MCCIICIO-
BaTeJIbLCKOTO MHTEpPECa M BBISBUTH KPUTHMUCCKUC TCH-
JIEHITUHA HACTOSIIETO BpeMEHM.

Eme omHO mpwiokeHHME TeMaTHMYECKOTO aHaIM-
3a IIPEICTaBIIeHO B pabote [13], rme oH MCIONB3YeTCS
IIJIT KOJIMYECTBEHHOM OILIEHK! CXOICTBA M 3BOJIOLINHU
HayYHBIX TUCIUTUINH. B paGote [14] aBTOpHI mpema-
TaloT BOJIOIMOHHYIO TeMAaTUYECKYIO MOJeNIb Ha Oase
IepeBbeB, TEHEPUPYEMbIX Ha OCHOBE HEOTHOPOIHON
o6ubarorpadpUIeCcKoii CeTH.

OnpeneauM TeMy KaKk MHOXECTBO CJIOB, KOTOpPbIE Ya-
CTO COBMECTHO BCTPEYAIOTCS B TEKCTaX, OTHOCSIIIMXCS K
onpeneseHHol MpeaMeTHoW obnactu. BeposiTHOoCTHOe
TEMaTUYECKOE MOJICJIMPOBAHUE OCHOBBIBAETCS HA UIIEE,
YTO JOKYMEHTHI IPEACTaBIISIIOT COO0M CMECh TeM, a Kax-
Jas TeMa IpeacTaBiIsieT co0Ooit pacIipeneeHre BeposIT-
HOCTEN IO TEPMUHAM.

[MycTh KOPITyC TOKYMEHTOB D COAEPKUT MHOXKECTBO
teM T, KOTOpoe HemsBecTHO. Kaxmoe MCIonb30BaHMe
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TepMUHA W B TOKYMEHTE d aCCOLIMUPYETCS C HEKOTOPOA
TeMoii € T. Takum 006pa3oM, KOJJIEKIIMIO JOKYMEHTOB
MOXHO paccMaTpuBaTh KaK MHOXECTBO TPUIUIETOB
(d, w, t), BBIOpAaHHBIX CJIy4aifHO U HE3aBUCUMO U3 pac-
MpeesieHUsI, ONpPENEIEHHOTO HAa KOHEYHOM MHOXKE-
ctBe Dx Wx T. JlokymeHTbl d € D v TepMUHBI we W —
HabonaeMbie iepeMeHHbIe. TeMbl £ € T — 3TO CKpBI-
ThIE IEPEMEHHBIE, KOTOPbIE HEOOXOANMMO OTIPEIEINTD.

Tematnyeckast MOAENb aBTOMATHUECKH OIIpEACIIs -
€T CKPHITBIE TeMBI 10 HaOJII0aeMbIM 9acTOTaM CJIOB B
JTOKYMEHTaX:

pwld)=3, _ p(r|d)p(w|t).

BxomHbIMM JaHHBIMU AJITOPUTMA SIBIISIETCS MaTpULIA
D x W, quefikn KOTOpoil coaepxKaT KOJIMYECTBA CIOB W
B JIOKYMEHTE d.

s Toro, 4To0bI TOCTPOUTH MaTpully D x W, MbI Uc-
MoJb30BaIu aHHOTauu 5120 cratei, 3arpy>keHHbIX U3
6a3bl JaHHBIX Web of Science M onmmcaHHBIX B TIpeIbI-
nyiem pasaene. CornacHo [15], paznuuust Mexmy naH-
HBIMH, TIOATOTOBJICHHBIMM Ha OCHOBE aHHOTALMil W
TIOJTHBIX TEKCTOB CTaTeit, 6oJiee OUeBUIHBI B HEOOJBIINIX
(pa3MepoM HECKOJIBKO COTEH) KOJIIEKIUSIX JTOKYMEH-
TOB. [T0o3TOMY B KauecTBe 0OBEKTa aHaJIN3a MBI BEIOpa-
JIV aHHOTALINH.

B cootBeTcTBUM C 0OIlEl METONMKONW WHTEJJIEKTY-
aTbHOTO aHaJIM3a TEKCTa, aHHOTAIlMU ObUTM TOKEHU-
3UPOBAHbI, a IIOJy4YeHHBIE TEPMBI IIPeOOPa30BaHBI B
cTaHAapTHYIO ¢GopMy. 3aTeM ObLIM YaaJieHbl CJIOoBa,
MpUHAJIeXale paclIMpeHHOMY CITHCKY CTOII-CJIOB.
PacmmpeHHBINI CIIMCOK CTOIT-CJIOB BKJIIOYAaeT CTaH-
JapTHbIC AHIJIMMCKUE CTON-CJOBa M cHeludpUuIecKue
JUISI KOpITyca CJIOBa, KOTOPbIE BCTPEUAIOTCS MEHEe YeM
B 5% u 6osee yeM B 60% mOKyMEHTOB. MBI TakKe CO3-
Jlaid OUTpaMMbl IS OObEAVHEHUSI TEPMOB, KOTOPBIE
YacTo BCTPeUaloTcs psaoM. B pesysisrare Mbl ITONTyIIN
paspexeHHyo Matpuily D x W pasmepom 5120 x 1000,
TOJIbKO 1,62% stueek KOTOPOI colepKar 3HaAuYeHMUs, OT-
JITIHBIC HYJIS.

s BEIUMCIIEHUSI TeM MBI HCIIOJIB30BaJId aJITOPUTM
JateHTHoro pasmenieHus1 Hupuxie (latent Dirichlet
allocation, LDA), KoTOpblii OCHOBaH Ha JOIOJHU-
TeJTbHOM TIPEIIIOJIOXKEeHUHM, 4YTO paclpenejicHue O
JIOKyMEHTOB 6, 1 pacrnipeneneHne ® TemM ¢, TMOPOXK-
jgaiorcst pacnpeaeneHusmu dupuxie [16]. duag mo-
CTPOCHMSI MOJIEIN CJEAyeT OIPEHCINTh KOJMUECTBO
teMm | T'|; anroputm LDA BeIMMCIsieT pacripeaeeHus ©
n ®. B pesynabrare Kaxkmas TeMa IpelcTaBlicHa B3Be-
IIEHHBIM CITMCKOM CJIOB, a BEC CJIOBa COOTBETCTBYET
€ro BaXXHOCTU B OMpeneaeHUr TeMbl. KaXnbiii ToKy-

MCHT MpeaACTaBJIACTCA B3BCUICHHLIM CIIMCKOM TEM, a
BEC TCMBbI COOTBETCTBYET €€ 3BHAYMMOCTHU B JOKYMCHTC.

OnpeneneHue KOJIMYECTBAa TEM — KIIOYEBOH BO-
MpoC TEMaTUYECKOro aHaiaus3a. MHorme aBTOpPBI UC-
MOJIB3YIOT PA3IMYHBIC BUOBI TOWCKA IO CETKE IS
onTUMM3aLUu onpeaeneHHo Merpuku [10]. B Ha-
IIeM HCCJIeJOBaHMU  UCMOJib30Bajgach OailecoB-
ckasg ontumuzauus [17]. BToT moaxod MNO3BOJSI-
eT ONTUMM3NPOBATh OTHOBPEMEHHO HE TOJBKO
KOJMYECTBO T€M, HO U MMapaMeTphbl pacipenejeHuii ©
u @, a TakKxKe Apyrue napameTpsl ajiroputma. OnTu-
Mu3upyemasi MeTpUKa Mpu 3ToM — meprutekcust P(D),
KOTOpasi u3MepsieT CXOMUMOCTb MOJENIU C 33TaHHBIM
cioBapem W:

P(D)=exp —%ZZﬂdW Inp(wld)|.

deDwed

Ilepriekcus xkostekuuu D SBASETCS MEpoil Kaue-
CTBa S3bIKa M YaCTO MCIIOJb3YeTCS B KOMITbIOTEPHOM
JIMHTBUCTHKE. B HallleM ciyJae sI3BIK — 3TO pacrpee-
JIEHUE CJIOB B IOKYMEHTAaxX p (w|d ). UeM MeHbLIE TTEp-
TUIEKCHSI, TEM MEHbIIIE BEpOSITHOCTh, YTO 3TO paclipe-
JIeJIEHUE SIBJISIETCS CIIyYalHbIM.

B 1iesioM mpeacTaBieHHBIA ITOAXOMA YAOBIETBOPSIET
peKoMeHIaluaM sl Tojab3oBareieit LDA, npeacrtaB-
JIeHHBIM B pabote [18].

JIOTIOTHUTENBHBIM TOKA3aTeIeM, KOTOPBI MBI HC-
MMOJIB30BAJIM IS OLIEHKM KayecTBa MOJIEJH, SIBJISIET-
cs pasHooOpasue, TO eCTh SHTPOMUS pacrpeacaeHUs
CJIOB, XapaKTePU3YIOIINX TEMY:

|

Zpt(wi)lnpt(wi)’

woi

H, =~ (1)

Inn

IJie 7, — KOJIMYECTBO CJIOB, ONUCHIBAIOIINX TEMY,
p(w,) — BEC i-TO CJIOBa B TEME 1.

ITockoJTBKY 3HaUYeHWE 3TOl METPUKHM HOPMaJIn30Ba-
HO T10 KOJIMYECTBY MPU3HAKOB (CJIOB), €¢ BO3MOXHBIC
3Ha4YeHUus HaxonsTca B uHTepBane [0; 1]. 3nauenue 0
COOTBETCTBYET MAaKCHMAaJIbHOM C(OKYCMPOBAHHOCTH,
KOTIJIa TeMa ONMCHIBAECTCS e IMHCTBEHHBIM CJIOBOM. 3Ha-
yeHHe 1 ompenesiseT CUTyalnio, KOTraa BCe MPU3HAKH,
MpeAcTaBieHHbIE B OIIMCAHUY TEMbI, UMEIOT OJMHAKO-
BBIEC Beca, T.¢. OHa He aeHTUuuupoBaHa. OueBUIHO,
YTO B 0OOJIce-MeHee MPUTOTHOM I MCIIOJB30BaHUS
MOJIEIN 3HAYCHUSI 3TOM METPUKM IOJLKHBI OBITH He-
OOJIBILIMMU U IIPUMEPHO OIMHAKOBBIMHU JIJISI BCEX TEM.

Korna onrumManbHOE KOJIMYECTBO TEM U COOTBETCTBY-
folllee pacripefieyieHne TeM ISl KaXIOoro JOKYMEHTa
HaliIeHO, MBI MOXEM H3yJaTh AMHAMHKY TeM. [IycTh
60, — 9710 Bec TeMbl ¢ B jokyMeHTe d (0 < 6, <1). Takum



obpa3oM, o011LYyI0 MOMYISIPHOCTh TEMbI B KOPITYCE JOKY-
MEHTOB MOXXHO ONPEIEIUTD ClIeayIonM oopasoM [10]:

L1
9, :EZQH'

deD

(2)

s BBIYUCAEHUS TIOMYJISIPHOCTH TeMbI B 3a1aHHbBII
roll y 1O0CTaTOYHO B popmyse (2) monoxuts D = Dy,
rue Dy — MHOXECTBO CTaTelt, OIyOJIMKOBAaHHBIX B TO1I ).

IMycts C, — KONMMYECTBO LIUTUPOBAHU TOKYMeHTa d

nC= ch' Torma BIUSTHUE TeMBI MOXHO OIPEISIUTh
deD
clenyomum odopasom [10]:

i: :%Zedrcd .

deD

(3)

AHaAJIOTMYHO, YTOOBI BBIYMCIWUTHL BIUSHUE TEMBI B
rog HeOOXOIUMO YCTaHOBUTh D = Dy B ypaBHeHMH (3).

3. Pe3yabTaThl  00CyKneHue

ITocie BEITTOTHEHUS BCeX OIepallnii IpeaBapuTelb-
HOM 00pabOTKU, OMMCAHHBIX B MPEAbIAYIIEM pa3aese,
u 100 utepanuii 6alieCOBCKOI ONTUMM3ALMN MOAEIU
LDA, 6bu10 HaitiieHO onTHMabHOE KOJIUYECTBO TEM,

paBHoe 9. CooTBeTCTBYIOIllEe 3HAUEHMUE MEPIIEKCUN
cocTtaBmIo 568,75.

AHanm3upyss TOMUHUPYIOIINE TEPMHUHBI 10 TeMaM
(pucynok 2), MOXHO caefaTh BBIBOJ, YTO Kaxaas TeMa
npeacTaBisieT co00li HEKOTOPYIO COIVIAaCOBaHHYIO 00-
JlacTh uccienoBaHus. Ilpu 3ToM Beca TeM B JIOKY-
MEHTaX 100 BeNUKU (T.€. JOKYMEHT CUJIBHO CBSI3aH C
TeMOIi), TMOO0 OJIM3KU K HYJIO (T.€. JOKYMEHT He OTHO-
CUTCS K JAHHOM TeMe).

YTo0OBl OmMpenennTh KpaTKue HAaWMEHOBAHUS TEM,
Mbl MPOAHATU3UPOBAIM paclipeficieHue TEPMUHOB U
HauboJjee penpe3eHTATUBHbBIE CTAThU 10 KaXKI01 TeMe.
UtoObl BHIOpaTh HauboJiee pernpe3eHTaTUBHBbIE CTa-
TbU, Mbl OTCOPTUPOBAIU MyOIUKALWUU O BECY TEMBI,
a 3aTeM IO KOJUYECTBY LIMTUPOBAHUIA, 00€ COPTUPOB-
KU B nopsiike yoeiBaHusi. Ha pucynke 2 npencrabieHbl
TMPUCBOEHHBIE KPaTKUEe HAMMEHOBAHUS, a B mabauye 2
MPUBEAEHO OMUCAHUE TEM.

B mabauue 2 Taxxke npeacTaBieHbl 3HAYEHHST Pa3HO-
00pa3usi, TTOMYJIIPHOCTH W BIMSIHUSI IUTSI KaKIOW TeMBbI
BO Bceil koyulekuuu D, paccuyuTaHHbIe TI0 (hopmyniam
(1), (2) u (3) coorBeTcTBeHHO. [TOCKOJIBKY CyMMa Kak

Puc. 2. Buzyanusaums TeMatn4eckoi MoZgni ¢ noMOLLbH 0071aka CroB
(kaxaoe 0611aKko NPeCTaBASET OAHY TeMy, pa3Mep LpKUdTa CNoBa COOTBETCTBYET €ro BECY B AaHHOI TeMe)
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Tabauuya 2.
TeMbl HHTEJVIEKTYAJbHOTO AHAIM3A JAHHBIX
Tema KommeHTapuu Pa3Hoob6pa3ue MonynspHocTb BnusiHue
Text mining (O6HapyeHue NATTEPHOB B TEKCTAX 0,779 0,107 0,110
. AnropuTMbl MALLMHHOTO 0BY4eHIS 11 CBA3AHHbBIE METOLI,
General learning TaKue Kak 0T60p NPU3HAKOB, Pa3METKA KNacCcoB 1 AIp. 0826 0213 0211
: MeTozbl pa3aenenust 06bEKTOB: KNacTepu3aLus,
Segmentation 0GHaDyXEHIIE BHIGOCOB U .11 0,777 0,084 0,080
Applications lpaKTn4eckoe nenonb3osaHue Metoa0s DM 0,826 0,097 0,095
Data streams Mogenu faHHbIX, 3aBUCALLIX OT BPEMEHN 0,805 0,097 0,102
Recommender systems PekomeHaaTenbHble CUCTEMbI 0,799 0,076 0,079
Pattern mining ggm?xfsonpocu noucka KoppensLuii Mexay aneMeHTamu 0.750 0.110 0114
: (06HapyXeHue COOBLLECTB 1 NOTOKOB BIUAHNS
Network analysis B Pa3UIHHbIX CETAX 0,762 0,093 0,111
BbisiBNEHME 1 NPOrHO3MPOBaHME 3aKOHOMEDPHOCTE
Human behavior analysis | B noBeagHN NIOLENA: OTTOK KNUEHTOB, CErMEHTALMA PbiHKA, 0,844 0,121 0,096
MOLLIEHHMYECTBO, YrpO3bl 6830MACHOCTM 1 T.1.
Text mining General learning Segmentation
200 200 200
150 9+ 150 9+ 150 1+
100 100 100
* |t ARt
o L II|I||||||I o U II o
Applications Data streams Recommender systems
200 200 200
150 9~ 150 4+ 150 1~
100 1 100 1 100
o111 \I\Illu )
o L I III'“I- ] 0 IIIII“I“.III 0!
Pattern mining Network analysis Human behavior analysis
200 200 200
1501+ 1501+ 1501
100 100 100
”lll 1111 T ““|IIII |
NE ",l"lllulm, NE I,II""IIml ) I "I||I||||,
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
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Puc. 3. Pacnpefienexine BECOB TeM N0 KOPMYCY OKYMEHTOB

(I'OpI/I3OHTaJ'IbHaFI 0Cb — BeCa TeM, BEPTUKanbHas — COOTBETCTBYIOLLIEE KONNYECTBO ,EI,OKyMEHTOB)




MOIYJIIPHOCTA, TaK M BO3IOCHCTBUS paBHA CIUHUIIE,
MpeAcTaBJIcHHbIE 3HAYeHMs MOXKHO pacCMaTprBaTh Kak
JIOJTIO OTpeNe/IeHHOM TeMBbI B 00ILEM TTOTOKE UCCIeI0-
BaHW MHTEJUIEKTYAJIbHOTO aHaIM3a JaHHBIX, TO €CTh €€
o01LLIMI Bec.

HononHurenbHyo uHbOpMaIMio o CTpykType DM
MOXHO TMOJTYYUTh U3 aHAIM3a pacpeaeeHus BECOB TeM
B KOpIIyce TOKYMEHTOB (pucyHok 3). [l Oosnee HaIIsII-
HOTO TIPEICTaBIICHUS MBI UCKITIOMIINA M3 TpaduKa s
KaXXJIOH TeMbI TOKYMEHTBHI, B KOTOPBIX BEC ITOI TEMBI pa-
BEH HYJIO.

Kak cnenyer u3 mabauust 2, TemMa, KOTopasi IIpUBJIe-
Kajia HauOosblllee BHUMaHue 3a nociegaue 20 jet, —
9TO obmIMe Bompockl obyueHus (general learning). Ha
pa3BUTHE BTOrO HarpaBjieHusl MoTpadyeHo Oosnee 20%
VCUJIMI WccliegoBaTeneii B 00JIaCTM MHTEJIEKTyallb-
HOTO aHaJM3a TaHHBIX (é, =0,213). PaboTsI B 3101 00-
JIACTA OXBAaTBHIBAIOT INMMPOYAMIIMI CIIEKTp IPoOIeM
MallIMHHOTO OOYy4YeHUsI, HalpuMmep, OTOOp MPU3HAKOB
[19] (Bec momMuHUMpYyMOLIEH TeMbl B 3TOM TOKYMEHTE
0, = 0,974), MyJbTH-KIACCOBYIO KJIACCU(UKALIUIO C
ucnosb3oBaHueM ancambieii [20] (0, = 0,963), rpanu-
eHTHble MeTonbl [21] (0, = 0,925) n T.0. DT MpUMeEPHI
cTareil BEIOpPaHbI, MOCKOJIBKY BCE OHU MMEIOT O0JIbIIoE
KOJIMYeCTBO IuTUpoBaHuii (6omee 90, cormacHo WoS).
HHTepecHO, 9TO pabOTHI ¢ MAKCUMAJTEHBIM BECOM 3TOMU
TEMbI B OCHOBHOM TIOCBSIIIIEHBI METO/IaM Ha OCHOBE sIZIED
(Hanpumep, [22]) ¢ 6, = 0,990. CornacHo pucynxy 3, ata
TeMa MMeeT Bec, OJIM3KUI K eNuHUIE B HauOOJbllIeM
KoJmuecTBe MOoKyMeHTOB (Oosee 100). Dtu crarbu mo-
CBSIIIIEHBl MCKJIIOYUTETLHO METOIaM MaIllMHHOTO 00Yy-
YEHUS U HE TIepeceKaroTcs ¢ ApyrMMy teMaTnkamu DM.

Mbl  onpeequayd BTOPYI IO BaXHOCTU TeMy
(ér =0,121) kaK «AHaI13 TTOBeIeHUS YeoBeKa» (human
behavior analysis). OHa oKkycupyeTcss Ha OOHapyKeHUN
W ITPOTHO3MPOBAHNU 3aKOHOMEPHOCTEH B ACSITETbHOCTH
TPYIII JIIOAEH U CUCTEM, Ha KOTOPBIE 3TU TPYIIIIbI BIU-
s10T. B 3T0M 00/1acTH M3y4daroTcsl TaKue BOIIPOCHI, KaK
MPOJBIDKEHHE 32 CYET CHIDKeHUs LieH [23] (0, = 0,988),
0OHapyXeHMe TTOIO3PUTETbHBIX (DMHAHCOBBIX TPAH3aK-
uuid [24] (0, = 0,985), BonmatuiabHOCTL GUTKOMHA [25]
@, = 0,985) u npyrue. OTMETMM, YTO 3HAYUTETbLHAA
YacTh 3TUX pabOoT MpecTaBlIeHa Ha CEMUHApax, COMpPo-
BOXIAIOIINX OCHOBHYIO KOH(EPEHIIHIO.

Cnenyroliasi Tema, — oOOHapyXeHUe accolMauuit
(pattern mining), — doKycupyeTcsl Ha W3BICYCHUU
accomumanuii (IpaBmi), TO €CTh Ha 3amaye ITOMCKa
KOppeassuuii MexXxay ajieMeHTaMu B Habope MaHHBIX.
HccnenoBaTtenn M3ydyaloT Kak MPaKTUYECKOE IMpUMe-
HEHME aCCOLMATUBHBIX MpaBUJI (HAIIpUMED, JTaHHBIX O

PBIHOYHOI KOP3WHE), TaK U 00IIMe MPUHIUIBI OOHA-
pyXeHusd cBsi3eil B 6oplinx 6a3ax maHHbIX. C ogHOM
CTOPOHBI, 3TO MOXET OBITh UIeHTU(UKALIMS Hanboee
4acTO BCTPEUAIOIINXCS] KOMOWHAIIMEI 3JIEeMEHTOB JaH-
HbIX [26] (6, = 0,960). C npyroii CTOPOHBI, 3TO MOXET
OBITB IMATTEPH, COCTOSIIIMI U3 PEAKUX, HO CJIBHO KO-
penupoBaHHbBIX 37eMeHTOB [27] (6, = 0,987). OTMeTHM
TaKXe, YTO 3TO Haubosee chHOKycCMpOBaHHAs TeMa C
HAMMEHBLINM 3HaueHueM H..

B Haubonee mnpencTtaBUTENbHBIX MyOIUKAUUIX 10
TeMe aHaJIN3a TEKCTOBOWM WH@opmaimu (text mining)
paccMaTpuBalOTCsl TaKWe BOMPOCHI, KaK MACHTU(hUKA-
Msl ¥ paHXupoBaHue aBTopos [28] (0, = 0,974), Tema-
Tyeckoe Moxenuposanue [29] (0, = 0,969) u knacte-
pu3alms TeKCTa C UCIIOIb30BAHUEM MOJIeJIell Ha OCHOBE
cemantuku [30] (0, = 0,988). Dro obmacTh mccneno-
BAaHWIA ¢ YETKUMU TpaHUIIAMU, KOTOpask BKJIIOYAeT 00-
HapyXeHHe 3aKOHOMEPHOCTE! TOJBKO B TEKCTaXx U He
paccMaTpuBaeT APYrue TUIBI HECTPYKTYPUPOBAHHBIX
JAHHBIX.

Hamnpasnenue ucciaeqoBaHuil, KOTOPbIA Mbl OIIpEe-
JIMJIM KaK MOTOKM JaHHbIX (data streams), KacaeTcst MO-
Jesiei, 3aBUCSIIMX OT BpeMeHr. OH BKIIIOYAeT B Cebst
Kak Oosiee WM MeHee TPaAWLIMOHHBIM aHAIU3 U MPO-
THO3MPOBaHUE BpEMEHHBIX pAnoB [31] (6, = 0,981), Tak
U OoJiee PK30THUYECKKME MOIEIU, HAIpUMEp, OCHOBAH-
HbIE Ha PMYMHHOCTY 1o Ipeiinmkepy [32] (6, = 0,987).

Tema «ITpumoxenusi» (applications) oObeIUHSET pa-
OOTHI, B OCHOBHOM ITOCBSIIIIEHHBIE TPAKTUIECKOMY HC-
TOJIb30BAaHUIO METOIOB MHTEUIEKTYaJIbHOTO aHaIM3a
MAHHBIX, KOTOPbIE HE OTHOCSITCS K APYTUM HaIllpaBiie-
HUSIM, BBIIEJICHHBIM BhIIIe. [IprMepamu IBIISTIOTCS 00-
HapyXeHHe COOBITHI C MCITOIb30BaHUEM CO-JIOKAITNU
MOOMIIBHBIX onb3oBateneii [33] (6, = 0,987) n 6uome-
TpUUeCKass MOJEIb 0€30ITaCHOCTH UIST METUIIMHCKOTO
uHTepHeTa Beweit [34] (0, = 0,983).

Hamnpasnenue wuccnemoBanuii «CeTeBOil aHalN3»
(network analysis) MOCBSIIIEHO MOAENSIM Ha OCHO-
Be rpacoB, MO3BOJISIIOIIMM BOCCTAHOBUTH ITPOCTPAH-
CTBEHHYIO CTPYKTYPY WIM TOIOJIOTHIO MCCIIEIyeMOIO
obobekTa. Hanbosnee momyssipHOi TeMO TaKoro poja
UCCIIeNOBAHUN SIBJISIETCSI OOHApY>XKeHHE COOOILECTB C
HCIOJIb30BaHUEM Pa3IMYHbIX METOIOB CETEBOrO aHa-
qumsa [35] (0, = 0,983). Cnenyromum BOIPOCOM, BHU-
MaHNe K KOTOPOMY B IIOCJIETHEE BpeMsI BO3pacTaeT, sIB-
JIAeTCs aHAIM3 TIOTOKOB BuaAHus [36] (0, = 0,985), B
TOM YHCJIC IIPOTHO3MPOBAHNE TOMYJIIPHOCTH COOOIIIe-
HUI B COLIMAIBHBIX CETSIX.

Mb1 onpene/Id CIEayIoNyl0 TeMy Kak pasielieHue
00BEKTOB (Ssegmentation), MOCKONBKY OHA BKJTIOYAET HE



TOJIBKO IMAPOKUIA CIEKTP aJTOPUTMOB KJIACTEPU3ALINH
[37] @, = 0,977), HO W NPUIOXEHUS, OCHOBAaHHbBIE Ha
MeTonax pasjesieHns 00bEKTOB, HAIIpUMeEp, OOHApYXe-
Hue BbiOpocos [38] (0, = 0,981). CornacHo Hamiei Mo-
JIeTIv, 9Ta TeMa MpeodiiaaaeT B paboTax, CBI3aHHBIX C He-
CTPYKTYPUPOBAHHBIMU JAHHBIMU (M300pakeHUsI, BUICO,
3BYK). OHaKO B OOJBIIMHCTBE CIy4aeB BEC 3TOU TEMBI B
TaKMX MPWIOXEHUSIX He IIPEBBILIACT Beca APYTHX TEM.

Hakomner, mociemHsisi, HO He MeHee BaxHas Tema, 00-
HapyXeHHas Hallleii MOJE/bI0, — 3TO PEKOMEHIATE b~
HbIe cucTeMbl (recommender systems). DTo Hampasie-
HHUE B JOTOJTHUTEILHBIX KOMMEHTAPHUSX HE HYXKIAaeTCs.
CTOUT TOJIBKO OTMETUTD, YTO B IIOC/ICAHEE BPEMSI MC-
cJenoBaTeNld YAEISIOT 0co00e BHUMAaHME IeHepaluu
MHTEPIPETUPYEMBIX peKoMeHaumii [39] (6, = 0,986).

Kax cremyet u3 pucynka 3, nomumo “general learning”,
TOJIBKO B TPEX IPYTUX 00JIACTSIX CYIIECTBYET OTHOCUTEb-
HO 00JIBIIIOE KOJTMYECTBO CTaTel C BECOM TeMbI OJTM3KUM
K eIUHMIIE: 3TO “segmentation”, “pattern mining” n “text
mining”. DTU HaIIpaBJIeHUs TaKXKe OTHOCSITCS K MalllMH-
HOMY OOYYEeHUIO, TTOTOMY 3eCh ITyOJMKYeTCS OTHOCH-
TEJIBHO OOJIBIITOE KOJIMUYECTBO CTATE, TIOCBSIICHHBIX HC-
KJIIOUMTENIBHO airoputMaM. C Ipyroil CTOPOHBI, Takast
TeMa, Kak “applications”, MpakTUYECKU HE COMEPKUT
cTaTeii ¢ BeCOM TeMBI OJIM3KMM K eqnHUIIe. JlaHHas TeMa
TaKKe UMeEeT BLICOKOE 3HAUEHUE METPUKU pa3HOOOpa3s
(1). OTOT hakT MOXXHO OOBSICHUTH TEM, UTO B paboTax,

Text mining

General learning 50

Segmentation 24 .
Applications 30 39 29
E Data streams 23 . 30
Recommender systems 28 40 18
Pattern mining 25 52 29
Network analysis 25 49 24
Human behavior analysis 39 47 3
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TIOCBAIIEHHBIX TTPAKTUYECKNM TIPUIoXeHUIM DM, Kak
MPaBUJIO, TIPEICTABIISTIOTCST M HOBBIC MOTM(UKAITAN aJT-
TOPUTMOB.

Haira mMomenb He BbIIEISET MCKYCCTBEHHbIC HEM-
ponabie cetu (MHC) kak oTmenbHOe HaIpaBIeHUE
MHTEJUIEKTYaTbHOTO aHaIM3a HaHHBIX. DTO MPOTUBO-
peunr [7], HO coracyeTcd ¢ paboramu |5, 6]. Cornac-
HO HaIllUM pe3yJIbraTaM, IMyOJIuKalliK, B KOTOPBIX UC-
noab3ytorcs Mogenu MHC, vaime Bcero oTHOCSTCS K
obmactam “general learning” n “segmentation”.

Crenyomnii BOIIPOC, KOTOPBII HEOOXOIUMO PaccMo-
TpeTh, 3TO B3aUMOJICIICTBHE TEM, KOTOPOE MOXHO pac-
CMaTpUBaTh KaK 9YaCTOTY COBMECTHOTO ITOSIBJICHHS TEM B
nokymenrax. Ilycrs 6, v 6 ; — Beca TeM iV jB TOKYMEH-
Te d. TakuM 00pa3oM, MbI MOXEM OIPEICTUTH B3aUMO-
NeCTBUE TEM B 9TOM JIOKYMEHTE KakK MMpOU3BeeHue ¢,
0 " MakcumanbHOe BO3MOXHOE 3HaYeHUE B3aMOJICii-
CTBMs JIBYX TEM B IOKYMeHTe 0, <9dj =0,25npu b, = <9dj =
0,5. Orcrona MakCMMaJIbHOE BO3MOXHOE 3Ha4eHUe B3a-
MMOJIEWCTBUSA TEM B KOJUIEKLIMU TOKyMeHTOB 0,25 - | D).

Takum o0Gpa3oM, B3aMMOIEUCTBUE ABYX TEM i U j IO
KOpIYCY TOKYMEHTOB MOXET ObITb BEIUYMCIIEHO KaK

¢ = z&dﬁdj.

deD

CoOOTBeTCTBYIOIIIME TaHHbIC TPEACTABICHBI Ha pu-
cynke 4. “General learning” MOXHO paccMaTpHWBaTh
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Puc. 4. Banmoeiicteune Tem



Kak IEHTPaJIbHYIO TeMy, IOCKOJbKY OHa Hauboiee
TECHO CBsI3aHa C IPYTUMM OOJIACTSIMU MCCIIeTOBaHUIA.
“Human behavior analysis” Takxe HMMeeT OTHOCH-
TEJIbHO CWIbHBIC CBSI3M C APYTMMU HamlpaBJICHUSAMM.
“Recommender systems”, “network analysis” u “text
mining” — 0oJjiee M30IMPOBaHHBIE TEMBI B Hallleil MO-
JeJIM, TIOCKOJIbKY OHM OCHOBAHBI Ha CIELUAIU3UPO-
BaHHBIX aJITOPUTMaX.

Crenyommuii 3Tan aHaJIM3a — MCCIeIOBaHNE ITMHA-
MUKU TIOIMYJISIPHOCTA W BIWSHUSI BBISIBJICHHBIX TEM.
[MomynsapHOCTS SIBISIETCS TIPOM3BOTHOI OT KOJIMIECTBA
MyOJIMKAIIiA, a BIUSTHUE PACCUMTHIBACTCSI C MCIIOJb-
30BaHMEM KojJuyecTBa UuUTUpoBaHuit. Ha pucynke 5
NnpeacTaBjieHa TMHAMKMKA TOIMYJISIPHOCTH TeM (CILIONI-
Hasl TUHUS) coryacHO BbIpaxkeHwuio (2). [lyHkrtupHas
JIMHMS TIOKa3bIBaeT TpeHO. Ha pucyunke 6 mpencrapie-
HBI T€ XK€ JaHHBIC MO BIMSHUIO TeM, PACCIUTAHHOMY
o ¢opmyde (3). DTu TaHHBIE OTpaXKaloT Apelic MHTe-
PeCcoB COOOIIECTBA MHTEIICKTYaIbHOTO aHAIN3a JaH-
HBIX B KaX10# 00J1aCTU UCCIeIOBaHUIA.

OTMETUM, YTO TOMYJISIPHOCTE 1 BJIMSTHAE MHOTHX TEM
TOABEPXKEHBI 3HAYUTEIBLHBIM (iyKTyanusMm. C ogHOMU
CTOPOHBI, 3TO MOXHO OOBSICHUTh KPaTKOBPEMEHHBIM
CcMellleHueM BHUMaHus uccienoBateneit. C Apyroii cro-
ponbl, ICDM, XxoTs 1 gBIsgeTCS OOHUM M3 HanbOoJjee
MPeACTaBUTEIbHBIX (DOPYMOB B O0JIACTU WHTEJLICKTY-
AJTPHOTO aHAJIN3a JAaHHBIX, MOXET He TTOJTHOCTBIO OTpa-
JKaTh peaIbHYI0 TUHAMMKY 3TOM NTUCHUTUIMHEL. Harmpu-
Mep, GOPMYIMPOBKA Ha3BaHW TPEeKOB KOHMEpEeHIINN
nporpaMMHBIM KomuTeToM (call for papers) MoxeT mo-
BJIMSITh Ha MCCeIoBaTeel, MPEeACTABISIONINX PaOOTHI.
OmHaKOo MBI CUMTAEM, YTO, HECMOTPSI Ha OOHApYKEHHBIC
duykTyanyu, aHanaus myonukanyi 3a 2001—2019 . rmo-
3BOJISICT BBISIBUTH TJ100aIbHBIC TCHACHIINHI, YTO U SIBJISI-
€TCS 11eJTbI0 HAIIETO MCCIIeI0BaHMS.

IIpencraBieHHbIe JaHHBIC ITOKA3BIBAIOT, YTO BHUMAa-
HUe UccienoBaresieil K “pattern mining” pe3ko CHMXa-
€TCsl KaK C TOYKM 3pEHUsI ITOMYJISIPHOCTH, TaK U BO3IEH -
ctBus. Takas ke, HO MeHee BbIPaKEHHAsl TCHACHLIVS
XapakTepHa 1 g “general learning” 1 “segmentation”.
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Puc. 6. [uHamnka BIUAHUS TEM (CMNIOLHAs NMHUS) W TPEHA (MYHKTUPHAS NNHWS)

DTU TeHAECHUMU TpeOYIOT Oojiee TTyOOKOro U3YyYeHMUSI.
Bo-nepBbIX, MOXHO MPEANOI0XUTD, YTO 3TO CBSI3aHO C
TEM, 9TO IOCTVDKCHUS B 00JIACTH aJITOPUTMOB MAIlIH-
HOTO OOYYEHMSI ¥ CBSI3aHHBIX C HUMU METOIOB, BKJTIOUAST
aHaJIU3 acCoLMAaIIUi, YK€ HaCTOJIbKO BEJIMKU, UTO AaJIb-
Helilllee MpoABIKEeHE TPpeOyeT cepbe3HbIX yeunit. Ce-
TOJHSI HanuOoJbIlasi aKTUBHOCTh HAOMI0MaeTcsl B 00a-
CTU TJTyOOKOTo 00Y4YeHHUsI, HO 00BEM TaKMX MyOJIMKaLUi
B Tpyaax ICDM eliie OTHOCUTENIBHO HEBEJK.

B TO Xe BpeMsl pacTeT IIOIyJISIPHOCTb MCCIIEeI0Ba-
HUI, CBSI3aHHBIX C PEKOMEHIATEIbHBIMU CHCTEMaMU
(recommender systems), ceTeBbIM aHaIu30M (network
analysis) M aHanu3oM MoBeAcHUs 4enoBeka (human
behavior analysis), 4To, cKOpee BCero, CBSI3aHO C yBe-
JIMIEHUEM IOCTYITHOCTH JaHHBIX U MPaKTHIeCKOM Ha-
MpaBJIeHHOCTbIO 3TUX TeM. HampaBieHuwe wuccieno-
BaHW1, CBA3aHHBIX C IIPAKTUYCCKUM IPUMEHEHHEM
MHTEJJIEKTyaJIbHOTO aHaiu3a JaHHbIX (applications),
TakXXe MMeeT TEHICHIIMIO K POCTY. DTO TaKXKe MOXKET
OOBSICHUTh CHUXXEHME HMHTEpeca K OCHOBOIIOJIararo-

IIMM aJITOPUTMaM, ITOCKOJIbKY 3HAYWUTEIbHAs 4YacTh
HCCJIeI0BAaTEIbCKOTO COOOIIECTBA COCPEIOTOUEHA Ha
0oJiee aKTyaJIbHBIX TPAaKTUYECKUX BOIIPOCAX.

IMocneguue nBe Tembl, “text mining” u “data
streams”, BbI3BIBAIOT OTHOCUTEIBHO MOCTOSTHHBINM MH-
Tepec uccienonateneit. [IpemcraBieHHbIE PE3yJIBTaThI
MPOJIMBAIOT CBET Ha CTPYKTYPY Yl AMHAMUKY WHTEIICK-
TyaJIbBHOTO aHalln3a JaHHBIX 3a TOCJICTHHC IBAAIaTh
JIET ¥ TIO3BOJISTIOT PACIIMPUTh ITOHMMAaHUE 3TOM Hayd-
HOW TUCLUTUIMHBIL.

Cienyomuii BOIIpoC, KOTOPHIN MPeaCTaBIIsicT MHTE-
pec TIpu aHaJIu3e COMePXKaHMSI IMyOIMKaIuii, — 3TO Te-
MaTH4YecKoe pazHoobpasue noKymMeHToB. 1o aHanoruu
¢ (1) MBI MOXeM oMpeneJuTb pa3HoOOpa3re TOKyMeHTa
Yyepe3 SHTPOIUIO €T0 TEM:

T
H,= -:E:fiﬁ»lrlfiﬁ )

e 0, — BeC TEMBbI i B IOKYMEHTE d,
T — KOJINYECTBO TEM.
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Puc. 7. Pasnoobpasue ny6nukaumit ICDM B 2001-2019

Ha pucynxe 7 nipencraBieHo cpeaHee pazHooOpasue
nyonukauuii B Tpygmax ICDM 3a 2001—-2019 r. Mnb1
BUINM, YTO TEMaTUYECKOE pa3HOOOpa3ne JOKYMEHTOB
HEYKJIOHHO POCJIO C MOMEHTA IIePBOii KOH(PEepEeHIIUU 1
nJocturio nvka B 2015 romy. 3a mocienHue 4YeThIpe roga
cpemHee KOJIMYISCTBO T€M, OXBAaTHIBAEMBIX OITHUM [IO-
KYMEHTOM, COKPATUJIOCh.

MEI TIo/1araeM, 4To 3TO MOXHO OOBSICHUTH CIICAYIO-
muM obpaszom. B Hagane 2000-x TOO0OB OCHOBHOI MH-
Tepec uccienoBaresel OblI COCPEeIOTOYCH Ha aJITOPUT-
Max OOHapy:KeHWsI 3HAHWI, KOTOpHIC IPeICTaBJICHBI
CIIMCKOM KPUTWYCCKUX HAIpaBJICHMI, BBIICICHHBIX
B [5] u nonTBep:xkaeHHbIX B [6] (mabauuya I). T1o mepe
Pa3BUTHS 3TUX AJITOPUTMOB 00JIaCTh UX MPAKTHIECKO-
ro IpuMeHeHUs pacmmpsiack. CiaenoBaTebHO, U Ha-
0op TeM, OCBelLIaeMbIX B OAHOI Hay4YHOI MyOJMKallUu,
CTaHOBUJICS BCe 0oJiee IMPOKUM. DTO MOXKHO paccMma-
TpUBaTh KaK IMOMCK B TeMAaTHUYECKOM IIPOCTPAHCTBE,
nuK Kotoporo mpuirencd Ha 2015 rox. IMocne 2015
rojga choopMupoBaiach HOBasl MCCIeq0OBaTeIbCKasl 10~
BecTKa qHs. Kak mmokaszaHo BBIIIE, aJITOPUTMEI OOIIETO
00yJYeHHUsI, a TaKXKe CBSI3aHHBIE C HUMM OOJIACTH, Ta-
KM€ KaK WAeHTUMUKALMS MTaTTepPHOB M CETMEHTALIMS,
OTOJIBUTAIOTCSI HA BTOPOI IIJIaH, XOTS U IPOJOJIKAIOT
WUTpaTh BaXXHYIO pojib. Ha mepBeIit IU1aH BEIXOAAT OoJiee
MPaKTUYECKKE TIPUIOXKECHUSI, CBSI3aHHBIE C aHAIM30M
YEeJIOBEYECKOTO ITOBEIACHMSI, CUCTEMaMU peKOMEHIa-
LIUiA, aHAJIM30M CETEBBIX COOOIIECTB U T.I.

B mab6auye 3 npencraBieHo cpaBHEHHE TEM WHTEN-
JIGKTYaJTbHOTO aHaIM3a JaHHbBIX, BBIICICHHBIX B Ha-
meii padore M B crarbsx [5 ,6]. BombIIMHCTBO TeM
2010 roma cocpegoTouyeHO B HampaBieHMU “general

learning”. MBI TakXe BKJIIOUMIIM B 3Ty KaTETOPUIO TTPU-
OMKeHHBbIe MHOXecCTBa (rough sets), TOCKOJIBKY TaH-
Hasl Teopusl MPUMEHSIeTCSl K KJIACCUUEeCKUM 3ajadyam
W3BJICYEHUST 3HAHUM, HAIpuUMep, IS OOHApyKeHMUS
3aKOHOMEPHOCTE! B HEITOJTHBIX TaHHBIX [40].

Tabauuya 3.
CooTBeTcTBHE TEM
HHTEJIEKTYAJHHOT0 AaHAJIN3a TAHHBIX

Tembl DM B 2020 T.

(HacToAWan padora) Tembl DM B 2005-2010 rr. [5, 6]

Text mining (Hanpmm?pﬂa;nmr%gmB?aegageRank)
Knaccudmkauys
Cratuctyeckoe 00y4eHne

General learning BamKIHr 1 BYCTUHT
AHTErpUpPOBAHHbIN aHaNn3

MpubAmKeHHbIE MHOXECTBA

Segmentation Knactepusauuns
Applications He npefcraBneHo
Data streams LLlabnoHbl nocneaoBarenbHoOCTelN

Recommender systems He npeacTaBneHo

Pattern mining Axann3 accouoavuii
Network analysis AHanus rpacos

Human behavior analysis He npeacrasneHo

HoBble TeMBI, CTPeMHTENBHBII POCT KOTOPBIX
oOHapyxxuja Haia mMoneib, B 2010 romy BooOle He
paccMmarpuBasiich. OTMETUM TakXe, YTO BbIAETCHHAs



B Halleil pabore TeMa “text mining” BKJIIOYaeT ropasao
OONBIINI CHEKTP TEXHOJOTUN U TPUIOXECHUH, dyem
MOMCK B3aMMOCBSI3el MEXIy TOKYMEHTaMMU.

B cepenune 2010-x romoB ucciaepoBaTesn B o0Jia-
CTM DKOHOMUKHU U YIpaBieHUsT 3aDUKCUPOBATIU POCT
WHTepeca K MPUHSATUIO PEIIeHWi Ha OCHOBE JaHHBIX
(data driven decision-making, DDD) [41]. DTo mpak-
TAKA TIPUHATUS PEIIeHWIA, onrpaloniasicsl Ha aHaIu3
JAHHBIX, & HE UCKJIIOYUTEJbHO Ha YeJIOBEYECKUE 3Ha-
HUS U UHTYULIUAIO. ABTOPHI pa0boTHI [42] cOOBIIIAIOT, 4YTO
ucrnojib3oBanue DDD B nmpou3BoACTBEHHOM CEKTOpE
CIIIA 3a niepuon ¢ 2005 mo 2010 rr. moYTH yTPOWJIOCH
(c 11% no 30% xommnanwuii). bojee mo3gHue Uccieno-
BaHUSI TTOATBEPKAAIOT Bo3pacTalollyo poiab DDD kak
OIHOI M3 JTYYIIMX MPaKTUK yIpaBjieHus [43].

Onpenenenue DDD, koTopoe mpuUBOAUTCS B INTEpa-
Type MO MEHEIXMEHTY, MTOJTHOCTHIO COBMAAAET C OIpe-
neiaeHueM “data mining”, pacCMOTPEHHBIM B Hayaje
Hauei pabotel. DDD Takxe BKIIOYAET UHXUHUPUHT
U TIPOLIECCUHT TaHHBIX, a TAKXe OOHapyXeHUe MoJie3-
HBIX I1a61oHOB. OgHaKo, eciim DM paccmaTpuBaet 3Ty
NEeSITeIbHOCTb C TEXHOJIOTMYECKON TOYKM 3PEHMSI, TO
DDD nogxoauT K JaHHOMY BOIIPOCY B KOHTEKCTE Op-
TaHW3aIMOHHBIX MPOILIECCOB, BKJIIOYAs ACSITEIbHOCTD,
OCYIIECTBIISIEMYIO UCKITIOUUTEIBHO YeJIOBEeKOM. Tem He

MeHee, MbI MOXXEM paccMaTPUBATh PACTYIINII MHTepeC
Kk DDD kak oguH u3 KJIoueBbIX (DaKTOPOB, CIIOCO0-
CTBYIOIINX COBUTY B MicciiemoBaHusIX DM, moka3aHHO-
MY Ha pucyHke 7.

3akJoyeHue

MpEI pencTaBUIM UCCIIeI0BaHNE MHTEUIEKTYyJIbHOM
CTPYKTYpHI “data mining” Kak HaydYHOU TUCLIUTUIMHBI,
MPOBEIEHHOE C MCIOJIb30BAaHUEM TEMAaTUYEeCKOro aHa-
Jun3a. Takoit moaxon MO3BOJUI BBIAEIUTH AEBITH OC-
HOBHBIX HampaBJICHUN MHTEUIEKTYaJbHOTO aHalIu3a
TAHHBIX U U3YIUTh NX TUHAMHUKY.

[1aBHBIIM pe3ynbraT paboTHI 3aKITI0YAETCS B TOM, YTO
MBI OOHAPYKWIIM CMEILIEHE MHTEPECOB OT aJITOPUTMOB
MAaIIMHHOTO 00yYeHMS K O0JIee TTPaKTUISCKIM TIPHIIO-
xkeHusiM. [lo HammMM JaHHBIM, Takasi cMeHa ¢oKyca
HameTuaach B cepenrHe 2010-x ronoB. Mbl 0ObsICHSIEM
3TOT CABUT CcOoYeTaHUEM TpeX (pakTopoB. Bo-mepBhix,
0a30BBIC QJITOPUTMBI WMHTEIUICKTYaIbHOTO aHajnl3a
JAHHBIX TOCTUIJIM BBICOKOTO YPOBHS 3pesnoctu. Bo-
BTOPHIX, C Pa3BUTHUEM COIMAJIBHBIX CETell CTajo Io-
CTYMHO 0O0JIbIIIOE KOJIMYECTBO JaHHBIX. B-TpeThux, cy-
IIECTBYET YCTOMYMBEIN CIIPOC CO CTOPOHEI OM3Heca Ha
MPUHSITUE PElIeHUI Ha OCHOBE TaHHbIX. W
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Abstract

This work analyses the intellectual structure of data mining as a scientific discipline. To do this, we use topic analysis
(namely, latent Dirichlet allocation, DLA) applied to the proceedings of the International Conference on Data Mining
(ICDM) for 2001—-2019. Using this technique, we identified the nine most significant research flows. For each topic,
we analyse the dynamics of its popularity (number of publications) and influence (number of citations). The central
topic, which unites all other direction, is General Learning, which includes machine learning algorithms. About 20%
of the research efforts were spent on the development of this direction for the entire time under review, however, its
influence has declined most recently. The analysis also showed that attention to topics such as Pattern Mining (detecting
associations) and Segmentation (object separation algorithms such as clustering) is decreasing. At the same time, the
popularity of research related to Recommender Systems, Network Analysis, and Human Behaviour Analysis is growing,
which is most likely due to the increasing availability of data and the practical value of these topics. The research
direction related to practical Applications of data mining also shows a tendency to grow. The last two topics, Text
Mining and Data Streams have attracted steady interest from researchers. The results presented here shed light on the



structure and trends of data mining over the past twenty years and allow us to expand our understanding of this scientific
discipline. We can argue that in the last five years a new research agenda has been formed, which is characterized by a
shift in interest from algorithms to practical applications that affect all aspects of human activity.
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AHHOTaIMA

BaxkHbIM CBOMCTBOM LIM(bPOBOM OPTaHU3ALUM SBJISIETCS €€ CIIOCOOHOCTh K OBICTPHIM M3MEHEHUSIM.
Jnst Toro 4toObl OpraHu3alus COXpaHsia CIOCOOHOCTh K OBICTPHIM M3MEHEHUSIM, OHa OOJIKHA
HAXOAUTbCSl Ha TPaHU YCTOMYMBOCTH, TOCKOJIBKY YCTOWMYMBAsi OpraHU3alvsl BCEraa COMPOTUBIISETCS
U3MeHeHUsIM. B cTaTbe paccMaTpuBaeTCs IIOTPAaHUYHOE COCTOSTHUE OpTraHMU3alluv, HaXomsiueecs
Ha TPaHW €€ YCTOMYMBOCTU U HEYCTOMYMBOCTH. B 3TOM COCTOSTHMM OpraHM3alus HAaYMHAET TepsITh
MPEACKa3yeMOCTb B IETajsIX ITOBEIEHMSI, HO eIle COXpaHseT IIpeAcKa3yeMoCTh B IeioM. Takoe
TIOTPAaHUYHOE COCTOSTHME aBTOPHI HAa3Bajlld CTAaTUCTUYCCKON YCTOMYMBOCTBIO OpraHM3alnu. SIBIeHME
CTAaTUCTHYECKOM YCTOMYMBOCTH OpPraHMU3aIIMU OYEeHb MOXOXE Ha CBOMCTBO CTAOWILHOCTUA YaCTOTHOCTH
MacCCOBBIX COOBITMI M CPETHUX BEJIMYUH, OIIMCHIBAEMBIX B MATEMAaTHYECKOM CTATUCTUKE aHAJTOTHUYHBIM
TepMHHOM. JIJ1s1 aHaIM3a MPUPOIBI CTATUCTHYECKOM YCTOMYMBOCTY OPraHU3aLMU aBTOPBI UCIIOJIb30BaIN
UIEeU CTPAHHBIX aTTPAKTOPOB U PEXUMOB C OOOCTPEHMEM U3 TEOPUU CIOXHBIX cUcTeM. CTpaHHBIN
aTTpaKTOp — 3TO TaKasl 00JacTh MOBEACHUS OpraHM3alluu, KOTopasl BHE 3TOM 00JacTH JIJisl OpraHU3aluu
SIBJISIETCS 00JIACThIO YCTOMYMBOCTH, 2 BHYTPU — 00JIACTHIO MOJTHOM HEeMpeacKazyeMoCcTH. Teopust CJIOXKHBIX
CHCTEM IT0Ka3aja, YTO MMEHHO B 00JIACTSAX CTPAHHBIX aTTPAKTOPOB CO3MAIOTCS YCIAOBUS M3MEHUYMBOCTH
CHCTEM, a TCOPHSI PEXMMOB C OOOCTPEHHEM ITOKA3BIBACT YCJIOBHS, IIPU KOTOPHIX 3Ta M3MEHUYMBOCTH
MOXET TPUBECTH K CaMOOPTaHM3allMHh, TO €CTh CIOHTAHHOMY IIOSIBJICHUIO HOBBIX CTPYKTYp. B
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cTaTbe ITOKa3aHO, YTO cHCTeMaTuyeckas Hu(poBu3anusl OOBEKTUBHO TMPUBOIUT K (HOPMUPOBAHUIO
CTaTUCTUYECKON YCTOMYMBOCTU OPraHU3alMU U CO3[aeT MPEANOCBUIKHY ISl MOAAEPXKAHUS CIIOCOOHOCTU
OpraHu3aluu K ObICTPbIM U3MEHEHUSIM. B TpaIulIMOHHOM MEHEIKMEHTE CTATUCTUYECKAS] YCTOMUUBOCTh
OpraHu3aliy paccCMaTPUBAETCS KaK Yrpo3a U UCTOYHUK PUCKOB. [103TOMY B YCIOBUSIX CUCTEMATUYECKOM
b POBU3ANUY TPATUITMOHHBIE TIOIXOABI K MEHEIKMEHTY TOJKHBI OBITH CYIIIECTBEHHO YTOYHEHBI.

KunioueBbie ciioBa: 11 posasi opraHu3aiivsi; ”3MEHYMBOCTh; YCTOWYMBOCTh/HEYCTOMYMBOCTb OPraHU3a1INH;
9KCTIOHEHIMAIbHAS OPTaHU3al1sl; CAMOOPraHU3alls; CTPAaHHBII aTTPAKTOP; pa3HOOOpasue; paccesiHue; b poBast

TpaHC(i)OpMaL[I/IH; CTaTUCTUYCCKas ycTOﬁ‘HdBOCTB.

IMutupoBanue: Ananbud B.W., 3umun K.B., JlyraueB M.W., Iumpanos P.JI. CtaTuctryeckas yCTOMYMBOCTD LIMGPOBOIA
opranuzammu // buznec-undopmaruka. 2021. T. 15. Ne 1. C. 47—58. DOI: 10.17323/2587-814X.2021.1.47.58

BBenenue

nepBoii mojsoBuHe 2000-x rogoB B CIIA nosi-

BWJIMCH YCIICIITHBIE CTapTallbl, IOCTPOEHHbIE Ha

HOBBIX MH(MOPMALIMOHHBIX TeXHOJOTrUsX. bus-
HEC-MOIEeIN 3THX OPTraHM3allii paguKaJbHO OTIMYA-
JIUCh OT CYIIECTBYIOIINX, TaK KaK ObIJIM TTOCTPOEHBI Ha
COBMECTHOM HCIMOJIb30BaHUMU JaHHBIX. Takue opra-
HU3aUM TIOJYYUJIM Ha3BaHWe LU@poBBIX. MHorue
mudpoBEIe OpraHU3alMK OOJAZAIM YIUBUTCIHHBIM
CBOIMCTBOM: MX OM3HEC MMEJ B3PBIBHOM POCT 1 XOPOIIIO
OIMCHIBAJICS 9KCIIOHEHLMaJIbHONW KpuBOi. Takue
OBICTPO pacTylIne UUMPOBLIE OPraHU3AIUH TTOTYUNIN
Ha3BaHUE SKCIOHEHLMAJIbHBIX opraHm3auuii [1]. Ux
¢deHOMeHanbHbIe ycriexu Bo BTopoii mosoBuHe 2000-x
TroJI0B MHUIIMUPOBAIM BOJHY CO3IaHMUSI HOBBIX UG-
POBBIX OpraHM3aluii. BKiItoueHne B 3Ty BOJIHY MUPO-
BBIX JINIEPOB OM3HECa 3aIyCTIIIO MOIITHYIO TCHACHITIIO
ppoBoit TpaHcHOpPMAIMKM CaMUX KPYITHBIX KOMIIa-
Huii. BonHa ¢opMupoBaHusi LUGPOBBIX OpraHuU3a-
Uit mpubpesa rpaHIuMO3HbINM MacilTab, Koraa B cepe-
nune 2010-X TomoB MHOTHE TOCYIapCTBa B3SITU KypC Ha
MOCTpOeHUE MUMPOBON SKOHOMUKU U CO3IAJIA MOIII-
HbI€ CTUMYJIbI JUTSI TIpOBeAeHMS LG poBOit TpaHChOP-
Malli¥ B CBOMX HAIIMOHAJIBHBIX MPEATIPUITHSIX [2—5].

K 2020 romy oGpa3oBasioch OOJBIIOE KOJIMIECTBO
OU(POBBIX OpraHM3alii W OpTraHW3alldil, HaXOms-
Iuxcs B mpouecce HudpoBoii TpaHchopmanuu. N3y-
YEHUE MPUPOABI SKCIIOHEHUMAIbHBIX OpraHU3aluii
Havajoch B Hadayne 2010-x rogoB, 1 yxe B 2014 rony
B CIIIA BbIlIIZTa MOHYMEHTAJIbHASI padOTa KOJIJIEKTUBA
aBTOPOB YHUBEPCUTETA CUHTIYJISPHOCTU IO aHAJIM3Y
3aKOHOMEpPHOCTel (hOpPMUPOBAHUS SKCIIOHEHIIUATb-
HBIX opraHu3auuii [1]. B aToii pabote aBTOpHI MOKa-
3aJI1, YTO BCEM OSKCITIOHEHIIMATbHBIM OpTaHU3aLUSIM
YIAJIOCh OTKPBITh HE TOJIHKO HOBBIE (DOPMbI OpraHU-
3alIMOHHOTO, YeJI0BEYECKOro M HHMOPMAIMOHHOIO

KaIliTaja, HO U HOBble (DOPMBI UX cUHTe3a [6]. ABTO-
pPbI TaKKe MoKa3ajiu, YTO B 3TUX OpraHMU3alUsIX paau-
KaJIbHO COKPATUJIOCh BpeMs KaK MPUHSTHUS PEIICHUI,
TaK M ux peanu3ann. PakKTUIeCK, SKCIIOHSHIINAIb-
Hble OpraHM3allMM Hadajau TpaHCHOPMUPOBATHCS B
CTOPOHY TpeATpUsTUS pealibHOro BpeMeHu (real time
enterprise, RTE) [7], B KoTopoM pellieHusI TIpuHUMAa-
FOTCSL M PEaIu3yIOTCsI CO CKOPOCTBIO Pa3BUTHS CKIIAIbl-
BaIOIINXCS YIIPABICHISCKNX CUTyalnii. B aToMm cirydae
OM3HEC OpraHM3alMu IOJydaeT Ha PhIHKE MOILLIHBIE
KOHKYPEHTHbIE TTPEMMYIIIECTBA 32 CUET TOrO, YTO ObI-
CTpee IPYrMX HaXOAUT PELICHUE U alalTUPYETCS K HO-
BBIM M3MEHUBIITMCS YCIIOBHUSIM.

JInnepcTBa BaXXHO HE TOJILKO IOCTUTHYTh, HO U CYMETD
ero yaepxartb. OpraHuszauusi OyneT MMeTb Ha DPbIHKE
KOHKYPEHTHBIE IMPEUMYIIIECTBA 0 TOTO MOMEHTA, MOKa
€€ KOHKYPEHTbI WJIM MAPTHEPBI HE OCBOSIT aHAJIOTMYHbIE
MNPaKTUKU MPUHATUS peleHuid. Torga cCKOpocTh M3-
MEHEHUsI CUTYyallMii Ha PbIHKE OyAeT OINpeAesisiTbCS He
CKOPOCTBIO KAKUX-TO 9KOHOMMYECKUX PhIHOYHBIX (DaK-
TOPOB, a CKOPOCTBIO IIPUHATHS PELICHUA Y1 UBMEHEHU I
KOHKYPEHTOB WJIM naxe maptHepoB. Eciau Bapyr oka-
JKETCSl, YTO HAlllM KOHKYPEHTbI WX MapTHEPbl MEHS-
I0TCS1 OBICTpEe, YeM MBI CaMM, TO B OMMH MOMEHT Halll
OU3HEC TEPSET JIMAEPCTBO: 1151 KOHKYPEHTOB MBI CTaHO-
BUMCSI JIETKOW MUILIEHbIO, a JJIS1 TApTHEPOB — 00Y30iA.

LudpoBuzanus co3gaeT NOAAEPKKY MPUHITUSI HE
TOJIBKO KPaTKOCPOYHBIX M CPEIHECPOUHBIX PEIICHUIA,
HO ¥ CTPaTeTMYECKMX JOJTOCPOYHBIX PEIICHUI, KOTma
HYXHO pacIlo3HAaTh MOTEHIIMATLHOTO «UEepPHOTO Jiehe-
Isi» [8] 1 ycrieTh MOATOTOBUTHCS K BCTpede ¢ HUM. DTa
npobieMa CUIbHO BOJHYET BCEX BBICIINX PYKOBOIM-
TeJIeil KOMITAaHUM — MUPOBBIX uaepoB. [Turepy Jduna-
MaHIMCY B MpPEAUCIOBUU K KHure [1] ymamoch eMKO
ee cpopmynupoBaTh: «CeronHs Bbl BBIHYKIE€HbI KOH-
KypUpOBaTh HE TOJIBKO M HE CTOJBKO C YCTOSBIIMMMU-



csl MYJBTHHAUMOHAIBHBIMU KOpIopauusiMu. Bammm
KOHKYPEHTOM MOXET CTaTh Jitoboii mapeHb u3 Kpem-
HUEBOU nonvHbI unu okpyra banapa B8 Mymbae, Koto-
PBIil CUOUT B CBOEM Tapaxke M MCITOIb3yeT HOBEHIIIIE
OHJIATHOBBIC MHCTPYMEHTHI IJII pa3paboOTKU U pac-
MPOCTPAaHEHUSIX CBOMX WHHOBAIIMOHHBIX ITPOIXYKTOB»
[1]. EcTb «gepHBIE JIeGeaN», KOTOPBIE MPUXOIAT BOOO-
11e 6€30 BCSIKUX MPEIBECTHUKOB, HAIIPUMED, MUPOBAsI
naHnaeMusi KopoHoBupyca COVID-19 B 2020 roay'. B
9TOM cJly4dae CIIOCOOHOCTb OBICTPO MEHSTHCS M amar-
TUPOBAThCSI K HOBBIM YCJIOBHMSIM CTAHOBUTCS JUISI OM3-
Heca yxKe IIPOCTO BOIIPOCOM KM3HU WIM CMEPTH.

Ecnu nns 6usHeca ObICTpasi afanTUBHOCTb, TO €CTh
CMOCOOHOCTh OBICTPO U3MEHUTHCS U MTPUCTIOCOOUTHCS
K HOBBIM YCJIOBMSIM, TaK BaXHa, TO TIOYEMY TaK Majio
KOMTIAHU#, CITOCOOHBIX 3TO aenarth? Kakoro HOBO-
ro KavyecTBa He XBaTaeT OM3Hecy, YTOObl MH(pOpMaLK-
OHHBIC TEXHOJIOTMM CTAIM IPaiiBEepPOM €ro peajbHOM
TpaHcdopmarmu? Harr B3misim, 3To HOBOE KauecTBO —
HEYCTOMYMBOCTb OpraHM3alnK. MIMEeHHO aHaIu3y Hey-
CTOWYMBOCTHM OPTaHU3ALIMU ITOCBSIICHA TaHHAST CTaThsI.

1. HeycToitunBOCTh OpraHu3anuu
KAaK Yrpo3a ¥ BO3MOXKHOCTb

HeycToitunBOCTh TPOYHO aCCOLIUUPYETCS C KPU3UCOM
OpraHM3aliy ¥ MO3TOMY B MEHEIKMEHTE TPAIUIIMOHHO
MOJIb3yeTCsl OypHO# ciaBoil. HeycToWuuMBOCTb I'pO3UT
MoTepeill MpencKa3yeMOCTH TOBEACHUSI OpraHU3aluu
M TIOTepeit ee ynpaBasieMoCcTU. MeHeIKMEHT 4yBCTBY-
€T B Hel yrpo3y U BCeMM CWIaMu C Heid Oopetcs. s
yIpaBJIeHUs PUCKaMU M aHTMKPU3UCHOTO YIPaBJICHUS
HEYCTOMYMBOCTb — 3TO MaprMHAJIEHOE COCTOSTHHE OpTa-
HU3ALMU, KOTOPOTO HaJ0 100 u3bexkaTh, JIMOO ObICTPO
JINKBUAMPOBATH TTOCTENCTBUST pa3pa3vBILIETOCs B Opra-
Huzauuu Kkpusuca [9—11].

Tem He MeHee, HEYCTOMUMBOCTbL MOXKET OKa3aThCs
MOJIe3HOM, KOrma MEHEIKMEHT X04YeT IMPOBOIUTH ObI-
CTpble U3MEHEHUs B CBoeil opraHuzauuu. Yem Oosee
yCTOMYMBA OpraHu3aivs, TeM OoJjblie oHa OyaeT co-
MPOTUBJISTHCS U3MEHEHMSIM, U TEM MEHbIIIe OyIeT BO3-
MOXHOCTEI IJIsT TIPpOBEACHMST OBICTPBIX WM MAacCIITad-
HbIX M3MeHeHui. M1 2T0 He 4eil-To 3710if yMbIcel, a
O00BEKTHBHOE TIPOSIBIICHUE BCE TOM XK€ YCTOMIMBOCTH.
H7st Toro, 4TOOBI IPOBOIWTH TaKWe M3MEHEHUs, Op-
raHW3anys JOJDKHA OBITh BEIBEJACHA Ha TpaHb YCTOM-
YUBOCTH, KOT/Ia OHA €Ille OKOHYATEIbHO HE MOoTepsiia

IPpEACKa3yeMOCTH CBOCTO ITOBEACHUA. TOT, KTO OCBOMJI
9TO UCKYCCTBO, ITOJYYa€T MOIITHOC KOHKYPEHTHOEC ITPE-
MMYHIECTBO — BBICOKYIO CTCIICHDb adallTUBHOCTHU U NH-
HOBallMOHHOCTb CBOETO OM3Heca.

Kaxk Mbl BUAMM, HEYCTOWYMBOCTb HECET HE TOJIBKO
yIrpo3bl, HO U BO3MOXHOCTHU. DTO XOPOIIIO MOXHO Ha-
0JII0IaTh KaK B TEXHUYECKMX, TaK U IIPUPOTHBIX CUCTE-
Max. B nHxXeHepHoli MpakKTUKe XOPOIO U3BECTHO, UTO
BBICOKHI YPOBEHb MAaHEBPEHHOCTY COBPEMEHHOTO HC-
TPEOUTENA TOCTUTAETCS TeM, YTO B €T0 KOHCTPYKIIHIO
W3HAYaJbHO 3aJI0KEHa a’pOoJAUHaMUYecKas HEyCTOM-
yuBOCTh. [IpemckasyeMocThb yIpaBiIeHUS HCTpeOUTE-
JIeM obecrieurBaeTcs padboTtoii bopToBoit DBM cucte-
MBI YIIpaBJIeHMSI, KOTOpasi Ha OCHOBE MaTeMaTU4eCKOi
MOIE/IM TUHAMUKM TI0JIeTa UCTPEOUTENIST B peaJTbHOM
peXXmMe BpeMEHHM OO0eCIIeUMBaeT IMIJIOTY MpeacKasye-
MOCTb YIIpaBJeHUST ABMXKEHHEM. A3poauHamMuyecKast
HEYCTOMYMBOCTb UCTPEOUTEIS 1aeT eMy OOJIbIIIOE KOH-
KYPEHTHOE TIPEMMYIIECTBO B MAHEBPEHHOCTH W TO-
CMOACTBO B BO3AYyX€, HO UMEHHO 3Ta HEYCTOMYUBOCTb
MOpOXKAAET JISI HeTo M OOJIbIINE PUCKU: OTKa3 00pPTO-
BOH 3JIEKTPOHUKMU JieJIaeT ero MoBeAeHUE XaOTUIECKUM
W HeynpapiisieMbIM. Eciy 1uist ucTpeOuTenst HeycTon4u-
BOCTb — 3TO BO3MOXHOCTb, TO IJISl TPAHCTIOPTHOTO WUJIA
MaccaXupcKoro camojieTa — 3TO yrpo3a, ¢ KOTOpor y
WHXEHEPOB U IMUIOTOB UIET MOCTOsTHHAs 60proa.

B MenuuuHCKON MpakTUKE M3BECTHO, YTO IPU Ie-
pecagke opraHa HEOoOXOIUMO OCIa0UTb MMMYHUTET
0osbHOro. UMMYHUTET YesioBeKa — BaXKHEUIIU Me-
XaHU3M o0ecreyeHusl yCTOMYMBOCTU OpraHu3ma, ode-
CIICUYMBAIOIINI CBOIO IIEJIOCTHOCTh W WHIWBUOYaJTb-
HOCTb ITyTeM pacIio3HaBaHUS U yIaJIeHUS 4yKePOIHbIX
BellecTB U KieTOK. CUJIbHBIE MMMYHUTET MPUBEACT
K OTTOPKEHHIO Yy:KOTO OpTaHa, IIO3TOMY MMMYHHUTET
Halo CHayajla 0cj1abuTh, 3aTeM IO3BOJIUTh €My aKKy-
paTHO, 1IeJIEBBIM 00pa3oM MPUHSATH Yy>KOM OpraH Kak
CBOIA, 1 YK€ ITOTOM — CHOBA BOCCTAHOBUTHh NMMYHHUTET.
B nepuop ocnabiieHus1 ”UMMYHUTETa OYeHb BaxKHO 3a-
IIUTUTH OPTAaHU3M OT ITOCTOPOHHMX MHMeK1unit. [Tpu-
JKMBJIEHUE YYXKOTO OpraHa — 3TO CJOXHbIN Tpolece
CaMOOpraHM3allMy BCEro OpraHu3Ma. 37ech OpraHu3M
YyeJIoBeKa caM pelllaeT, KaK OH ITOCTYIIUT B TaKOM CH-
Tyallud, a Bpauu MOTYT JIMIIb BOBPEMS MOHSTH €ro 1
TIOMOYb EMY,.

B otnyue ot TeXHUYECKUX U NIPpUPOAHBLIX CUCTEM, OP-
raHus3aluyss — coluaJibHad CHUCTEMA, KOoTopasd COCTOUT

' Johns Hopkins University, COVID-19 Dashboard by the Center for Systems Science

and Engineering (CSSE), 2020, https://coronavirus.jhu.edu/map.html



W3 JIIOACH, UMEIOLIMX CBOU MPEIACTABIEHUSI U UCTOPUIO
OTHOLLIEHW, CBOM HAMEPECHUS U OXUOAHUS, MOTUBBI U
HOpMBI TToBeaeHus. JItoau B opraHu3aluu BbICTpauBa-
10T Pa3jIMYHOTO POJIa B3aUMHBIE OTHOLLUEHUS, ITOTOMY
OpraHu3alMs He MOXeT ObITh CBeIeHA K IIPOCTOI COBO-
KYITHOCTHU JIIOZIEN, a MPECTaBIsIeT COOOM HEKOTOPOE HO-
BO€ Ka4eCTBO, KOTOPOE IMPOSIBIISIET Ce0s1 uepe3 00beKTUB-
HbIE CBOICTBA OpraHM3aluu B 1iejoM. OTHUM U3 TaKUX
CBOIICTB SBIIICTCS €€ YCTOMIMBOCTE/HEYCTOMINBOCTb.

2. CraTucTuyeckas
YCTOYMBOCTH OPraHU3ANH

IMoHsITHE YCTOMYMBOCTH/HEYCTOMUMBOCTH OpraHM3a-
Uy HauOosee 0JM3KO K 00J1acTU 3HAaHU 00 yIpase-
Huu. B Teopun yrpasiaenus [12] TpagulIMOHHO BhIIe-
JISIIOT 00BEKT U CYOBEeKT ympasieHus. B Hailem ciydae
00BEKTOM YIPABJICHMS SIBIISICTCS ICHCTBYIOIIAsI OPTaHM -
3alMsl, a CyObEKTOM — PYKOBOAUTE/b (KOMaHIa PyKOBO-
IuTeNen) aToit opranu3anu. KomaHnaa pykoBoaurtesei
VIIPaBJISIET OPraHU3aLMEN, TO €CTh BO3NECHUCTBYET HA Op-
TraHM3al1IO TaK, YTO 3TO MO3BOJISIET UM JIOCTUTaTh OXKU-
JMAeMBbIX pe3yJIBTaTOB. YIIpaBJIeHUE BCEraa OCYIIeCTBISI-
€TCsl B YCJIOBUSIX BO3MYILEHUI, TO €CTh HEOXMIAHHBIX
(He3arIaHMPOBAHHBIX) OTKIIOHEHWI OT HOPMAJIBHBIX
yCJIOBUI (DYHKIIMOHMPOBAHUSI OpraHU3allii U CaMoro
yrpabjeHus. Bo3aMyllieHrs1 MOTYT UMETh KaK BHEIIIHEee
MPOUCXOXIeHNe (HaIpuMep, U3MEHEHNE YCJIOBUI Jie-
SITEJIBHOCTU OpraHU3aliviu), TaK U BHYTpeHHee (Harpu-
Mep, MOSIBJIEHME BHYTPEHHUX MpoOieM, KOH(IMKTOB
WM MHULIMATUB). Bo3mylieHus TpeOyroT OT KOMaHIbI
pyKoBoauTesei 0COOBIX YITpaBJIeHUeCKUX IeMCTBUM.

OpraHu3anuio OyaeM CYUTaTh YCTOMYUBOM, €CIIU ISt
KOMaH/bl PYKOBOIUTENEN 1100asi CUTyalLMsl, BbI3BaH-
Hasl BO3MYILIEHUEM, SIBJISICTCS IIPEeICKa3yeMO, TO eCTh
KOMaHza 00J1afaeT JOCTATOYHBIM 3HAHUEM U OIBITOM
KaK B YaCTU Pa3BUTUU CUTYALIMM, TaK U B CIIOCODAax ee
paspelieHus.

OpraHuzalnuio 0ygeM CUuTaTh HEYCTOMYMBOM, eciau
IUTST KOMaHAbl PYKOBOAWUTENIEW pa3BUTHUE CUTYyallUuH,
CBSI3aHHOI ¢ BO3MYIIIEHMEM, OKa3bIBA€TCSI HETIPEaCKa-
3yEMbIMU.

PaccMoTpuM ycTOMUMBOCT OpraHU3alMK Ha TTPUMe-
pe OTIebHOr0 OM3HEC-MPOLIecca PeaabHOM MPOMBILI-
JIEHHOW KOMIIaHUU.

B kpymHO#T TIpOMBITIIIIEHHO KOMITAHUH CYIIICCTBYET
MPOLIECC COITIACOBAaHMS JTOTOBOPOB. Y KaXIOro J0ro-
BOpa eCTh KypaTop, KOTOPBI OTBEYAET 3a pa3paboTKYy,
corylacoBaHMEe M KOHTPOJb WCIIOJHEHUS TOTOBOpa C
KakKuM-1100 mocTaBIIMKoM. Ha stame coBMecTHOI ¢

MOCTAaBUIMKOM pa3pabOTKU AOTOBOPA U B XOIE COrJia-
COBaHMSI CO CIY>KOaMU KOMITAHUU B TOTOBOP BHOCUTCS
MHOXECTBO U3MEHEHHWI, KOTOPbIE YACTO TPEOYIOT MO-
BTOPHBIX COTJIACOBAaHUW C TMOCTABIIMKOM W APYTUMU
ydyacTHUKamu. HecMoTpst Ha To, 4YTO B KOMMaHUM pa3-
paboTaHbl YETKHUE PErjIaMeHThl 1 HOpMATUBHI IIPOBEIE-
HUS COIVIACOBAaHMUSI, IBUKEHHE OOJBLIMHCTBA JOTOBO-
POB IO MPOIIECCY OKA3BIBAETCS CJIA00 MPENCKA3YEeMbIM.
DTO CBA3aHO C BHICOKMM YPOBHEM M3MEHUMBOCTHU PhI-
HOYHOIM KOHBIOHKTYpPhI, U3BMEHECHUSIMU B CAMOI opra-
HU3aLMU, @ TAKXKE MHOXECTBOM IMPOTUBOPEUUI MEXTY
noapa3faeaeHUSIMU KOMITAaHUW, TOPOXAAIOIINX HU3KUIN
YPOBEHb B3AUMHOIO IOBEPUSI, KOTOPBI BbLIMBAETCS B
HegoBepue KypaTopy JoroBopa. B pesyisrare coryiaco-
BaHUE KaXI0ro JOroBopa [yisl Kyparopa npeBpaliaercs
U3 «3a0era Mo YeTKUM IpaBWjIaM IO 3apaHee IpoJio-
JKEHHBIM JTIOPOXKaM» B «3a0€T 10 NepeceyeHHOM MeCT-
HOCTHU C MEHSIOIIMMUCS MpaBUJIaMU U JJTaHAIIA(TOM».

Bce yuyacTHMKM miporiecca B OOIIEM 3aMHTEpPECOBa-
HBI, YTOOBI JTOTOBOPHI COIIACOBBIBAIMCH KAaK MOXKHO
ObICTpee, HO TakKKe He XOTAT OpaTh Ha cebs JOIOJI-
HUTEIBHYIO OTBETCTBEHHOCTh, CBSI3aHHYIO C HEOIIpe-
JIeJICHHOCTBIO TIOCJIECTBUI BO3HMKAIOIIUX M3MeEHE-
Huii. BceM ygacTHMKaM KaXXOblii pa3 KaK-TO YIAeTCSI
JIOTOBApMBAThCSI CO CKOPOCTHIO Pa3BUTUSL CUTYalIMU.
WHTrepecHO, 4TO CpeaHNEe TTOKA3aTe I BpEMEHH COTJIa-
COBaHMUS TOTOBOPOB IO IIPOIIECCY YK€ HECKOIBKO JIET
OCTaIOTCSl CTAOMIBHBIMU, HO TTPY 3TOM JIBMKECHHE KaXK-
JIOTO IOTOBOPAa OKA3bIBAETCS TPYIHONPEACKA3YEMBIM.

EcrecTBeHHO, mpoliecC coriacoBaHHUs JIOTOBOPOB
MOABEPraeTCsl BO3MYILIEHMSIM, KaK BHEIIHUM, TaK M
BHYTpeHHUM. B pesynbrate Mbl BUIMM MPU3HAKU KakK
YCTOMYMBOCTH, TaK U HEYCTOMYMBOCTHU.

B Hayvajie JOroBopHOI KOMIIAaHWUHU, KOTIa JOrOBOPOB
elle Majo M IpeobIagaroT TUITOBBIE JOTOBOPHI, MPO-
Lecc MpUOBPETAET YCTOMINBOCTD: ABMKEHNIE KAXKIOTO
JIOTOBOPa CTAHOBUTCS IIPEACKA3YEMBIM M B 3HAYUTE b~
HOW CTENEHU COOTBETCTBYET PEriaMeHTaM IpolLiecca.

B mpolioM rogy mo pacnopsokeHMIO FeHepaslbHO-
ro JAMPEKTOpa C LIebl0 HaBeleHUs TOpsiiKa B IMPO-
1ecc ObUTa BBeAEHA ellle OfHAa KOHTPOJIbHAST CITyXKO0a.
B pesynbrate KoOpaWHALMS YJACTHUKOB ITpoliecca
CUJIbHO 3aMeUIWIIACh, TIPOLIECC CTajl HEYCTOMYMBBLIM U
HayaJuCh HEOXMIAHHbBIE CPHIBBI coriacoBaHus. Bric-
e PYKOBOAMTENH C U3YMJICHUEM OOGHAPYKWIH, YTO
Tenepb UM CaMUM TIPUXOAUTCS BMEIIMBATHCS B «pa3-
py/l1MBaHKMe» KOJUIM3Ui coriacoBanusi. Ilocie Ttoro,
KaK BCE YYACTHUKY BHOBb «IIPUTEPIUCEH» APYT K APYTY,
MPOLIECC OIATH BHILIE] B CTAPBIA PEKUM U €T0 CpeIHIE
MOKa3aTe/ M BHOBb CTaIM TEMU XK€, YTO U paHee.



B npuBeneHHOM mNpuMepe Mbl MOXeM HaOJIonaTh
9BOJIIOLIMIO pexkuMa (yHKLIMOHHUPOBAHUS TIpoliecca OT
KJIACCUYECKOU YCTOMYMBOCTH, TO ECTh IOJTHOM MTpEACKa-
3yeMOCTH, 10 KJIaCCUYECKON HEYCTOMYMBOCTU, TO €CThb
MOJIHOM HerpeAcKa3yeMocTu Iipoliecca. MHTepecHo,
YTO MEXIY 3TUMU KPAaHHOCTSIMU €CTb €11IE PEXUM, KOTIa
NBVDKEHHWE KaXIOro JOTOBOpAa OKa3bIBAETCS MaJlo-
MpeICKa3yeMbIM, HO, TEM HE MEHEE, CPENHUE TOKa3a-
TEJd COIIACOBAaHMSI JOTOBOPOB IO IPOLIECCY YXKE HeE-
CKOJIbKO JIET OCTAIOTCSl BECbMa MpeacKadyeMbIMU. Takoit
pexXuM QYHKIIMOHUPOBaHMS TIpoliecca OyieM Ha3blBaTh
«CTaTUCTUYECKOW YCTOMYMBOCTBIO». fBIEeHME CTaTu-
CTUYECKOM YCTOMYMBOCTU MOXKHO YacTO HabIoAaTh Kak
Ha YPOBHE OTAEJIbHBIX YIIPABJIEHYECKUX CUTYALU, TIPO-
€KTOB OIE€PALIMOHHBIX MTPOLIECCOB, TAK U HA YPOBHE Op-
TaHU3ALMHU B LIEJIOM.

3. CraTucTuyeckas yCTOWIHBOCTD
W CAMOOPraHU3AIMS

AP dexThl, aHATOTMYHBIE CTATUCTUYECKON YCTONYM-
BOCTH, TakKXe IIMPOKO PaCIPOCTPAaHEHBI B TEXHHUYE-
CKHUX ¥ TIPUPOTHBIX CUCTEMAX M XOPOIIIO OIMMCHIBAIOTCST
B TEOPUHU CJIOXHBIX cucTeM [13—17]. Teopursi CIOXHBIX
CHCTEM OMNUCHIBAET MOBEACHUE TEXHUIECKUX U TTPUPOI-
HBIX CUCTEM B hopMe TUHAMUYECKUX MaTeMaTUUYeCKUX
MojeJiel, I MOBeIeHNE CUCTEMBI ITPEICTaBISIETCS KaK
TPacKTOPUHU €€ IBIDKCHHUS B (pa30BOM ITPOCTPAHCTBE.
Teopuist BbIIENSIET OCOOBIE COCTOSTHUS CJIOXHOU CHCTe-
MbI, KOTOpBIE€ SIBJISIIOTCS CBOEOOPa3HBIMU 00JaCTSIMU
MPUTSKEHUST BCEX TPAeKTOPUIA ee MaTeMaTU4eCKOi MOo-
nenu. Takyro 001acTb IPUTSIKEHUS TPACKTOPHIA B MaTe-
MAaTUYECKO MOJENM Ha3bIBalOT aTrTpakTopom [13,16].
B obnactn arTpakTOpa MOBENEHUE CUCTEMBI CTAHOBUT-
cs abcoMoTHO TpeackaszyeMbiM. [IpuMepoMm Takoro
aTTpakTopa SIBSIETCS LIEHTP BOPOHKM, 00pa30BaHHBIN
BUXPEM BOJBI, YXONSIEH B OTBEPCTUE PAKOBUHBI. AT-
TPAKTOP SIBJISIETCSI CBOMCTBOM CaMOM CUCTEMBI U OTpa-
JKaeT PeXKUMBI €€ YCTOMIMBOTO TTOBEACHNSI, HE3aBUCHMO
OT IIPOU3OLLEAIINX B HEU BO3ZMYLLIEHUI.

Teopust CIIOXHBIX CUCTEM TaKKe TOBOPUT O TOM, UTO
MpY OMpEeIeICHHBIX YCIOBHUSAX ¥ CHUCTEMbI MOTYT IIO-
SIBJIITBCSI aTTPAKTOPEI, KOTOPBIE TIPEACTABISIOT COOOM
HEKOTOPOE OTpaHNYEHHOE MHOXKECTBO COCTOSTHUI CH-
CcTeMbl (3aMKHYTYI0 0071acTh (pa30BOro MpOCTpaHCTBa
CHCTEMBI), MMelolee ocoOble cBoiicTBa. M3BHE K 3TO-
MY MHOXXECTBY COCTOSTHUIA ((ha30BOIM 00IACTH) TaKKe
MIPUTATUBAIOTCST TPACKTOPUH, OTIMCHIBAIOIINE TTOBEIC-
HUE CUCTEMBI, HO BHYTPH 3TOM 00J1aCTH MOBEICHNE CH -
CTeMbl OKa3blBaeTCSl MPUHLMIIMAIBHO HeIpeacKasye-
Mo. B maTemaTurke Takue 00J1acTy MOJyYnId Ha3BaHUe

«CTpaHHBIe aTTPaKToOPbI» [16]. UHTEepecHO, YTO BHYTpHU
TaKOTO CTPAHHOTO aTTPaKTOpa MOBENIEHUE CUCTEMbI B
KaXIblii MOMEHT BPEMEHM HEeTpencka3yemo, HO, TeM
HE MEHee, MOBEICHUE CUCTEMBI B CPEIHEM OKAa3bIBaeT-
Cs1 BIIOJTHE MPEACKA3yeMbIM.

CrpaHHbIe aTTPAKTOPbI IOSIBJSIIOTCSI TONBKO B CH-
cTeMax, KOTOPhIE SIBJISTIOTCS OTKPBITBIMH, TO €CTh Yepes
KOTOPBIE MPOXOIUT MOTOK SHEPrMU U MHMpOpMALUU, U
KOTOpBIE HAXOISITCS B COCTOSTHUY TTOBBIIIEHHOTO YPOB-
Hs quHaMuKu. CTpaHHBIE aTTPaKTOPhI 00JamaloT yau-
BUTEJTEHBIM CBOMCTBOM: TIPY U3MEHEHWH YCIOBUI HesI-
TEJIBHOCTH CICTEMbI OHM MOT'YT PACIIafaThCs, [IOPOXKIAs
Xa0THMYECKOe TIOBEINeHNE BCEH CUCTEMBI, HO MOTYT U
TpaHC(HOPMUPOBATHCSA B IPYTMe CTPAHHBIE ATTPAKTOPBI,
¥ JaXe TTOPOKIATh YCTOMUMBEIC CTPYKTYPHI, SIBIISTIOIIIV -
€Csl KJIIaCCUYEeCKMMM aTTpakTopaMHu. Takoe mopoxaeHue
YCTOMYMBEIX CTPYKTYpP, MPOUCXOAMIIIee HE IO Ybeil-TO
BOJIE, 4 B CUJIy €CTECTBEHHBIX 3aKOHOB ITOBEICHMUSI CJIOXK-
HOW CUCTEMBI, Ha3bIBaIOT caMoopranusanuei [13—16].

PaccMOTpeHHBII BHIIIIE TPOLIECC COTIACOBAHUS HO-
TOBOPOB, HAXONMIIMICS B COCTOSIHUM CTATUCTUYE-
CKOIl YCTOMYMBOCTH, YIMBUTEILHBIM OOpPa30M IOXOX
Ha CTpaHHbIA aTTPakTop. ITOCTOSIHHO BOCIPOU3BOAS-
LIMIACS KOMILJIEKC IMPAKTUK COINIACOBAHMSI JOTOBOPOB
SIBHO ITPOSIBIISIET cebs1 Kak atTpakrop. M aToT arrpak-
TOp CTPaHHBIM, TaK KaK IIPY PeaIn3aliiy COrIaCOBAHMS
KaXIO0ro IOTroBOpa YYaCTHMKM KaXKAbIA pa3 HaxOmsT
cBoe creunduyeckoe pemreHre. [ToOMUMO TPUHSATHIX
MPaKTUK, OHY BKJIIOYAIOT MEXIMYHOCTHbIE OTHOIIEHMS
U «Ha XMBYIO HUTKY» KaXIbIi pa3 HAX0IAT YHUKAaJIbHbIE
peteHust. [Tpy 3ToM ImoKa3arteiu npoluecca o Kaxkaomy
JIOTOBOPY MOXHO CUUTATh CJAYYalHBIMUA BEJIMYMHAMU,
HO CpelHMe II0KA3aTeJIM IO IPOLECCY B LIEJIOM OKa3bl-
BalOTCSI BIOJTHE TIpecKa3yeMbIMu. B aTom cityuae nesi-
TEJILHOCTb I10 COIIACOBAHUIO OOJIbIIE ITOXO0XA He Ha 3a-
Oer 1o 3apaHee MPOJIOKEHHBIM TOPOXKaM (ITpoliecc),
a Ha CIOPTMBHOE OPUEHTUPOBAHUE IO MEePECeYCHHOM
MECTHOCTH, J1a ellle U ¢ U3MEHSIIOIIMMCS pesTbedoM.

B Teopum ciaoxXHBIX cuCTeM Tpu (HOPMUPOBAHUU
CTPYKTYpP BBIACISIOTCS NBa (PYHIAMEHTAJIBHBIX TPO-
mHecca [15, 18] — pexxuM, MOPOXKIAIOLINI POCT pa3HOO-
Opaszus, U pexXuM, CHIKAIOIIWIA (pa3MbIBalOLIHiA, pac-
ceuBalolluit) pa3HOOOpa3ue B CUCTEME.

Pexum, mopoxaamomuii pocT pa3HooOpa3us B CH-
cTeMe, TIOIyYryI Ha3BaHUE «pPeXUMa ¢ 000CTpeHUeM»
(S-pexum). DTO pexkuM B3PLIBHOTO POCTa KaKUX-JIMOO
mapaMeTpoB TIpoiiecca, HalpuMep, MPOIECC TOPEHUS,
MepexosInnii BO B3pbIB. PexxuM ¢ 00oCcTpeHueM I10-
pOXIaeT OBICTPBIN POCT pa3HOOOpa3us 00Pa3YIOIINXCS
B CHCTEME CTPYKTYpP. AHAJIOTOM pPeXuMa ¢ 000CTpEeHM-



€M [IJIS1 OpraHU3aluy MOXET SBJSTHCS JTaBUHOOOpa3-
HO€ HapacTaHue BHYTPEHHUX WHULIMATUB WJIU KOH-
(IUKTOB.

Pexxum, nopoaawmmii CHIzKEHHE pa3Hoo0pasus B
cHCTeMe, ITOJIYYMI Ha3BaHUe pacCEMBAaHUSI WIM TUCCU-
nauuu (OT aHII. dissipation). DTO PEXXUM pa3MbIBaHUS,
paccerBaHUsI BOBHUKIIIMX B CUCTEME CTPYKTYD, HaIlpu-
Mep, yracaHue TOpEeHUs 3a CYET BHITOpPaHUsI TOILIMBA U
paccestHus BBIICISIEMOM SHEPIMU. AHAJIOTOM PeXHMa
CHIDKEHMSI pa3HOOOpa3usi B OpraHM3ali MOXKET SIB-
JIATBCSI KOOPOWHALIMSI YYACTHUKOB, B XOIE KOTOPOM
OHM MEXIY CO00l KOMMYHMIIUPYIOT, AEJISITCST MHPOP-
Malei M 3HaHUSIMH, TIPUXOASAT K COTJIAIICHUSM 1 Ha-
XOIAT OOIINE pelIeHNs.

Ilo mpencraBieHUSIM TEOPUU CIOKHBIX CUCTEM V-
HaMUKY CaMOOpPTaHU3allUM OIpenesseT COOTHOIICHNE
9TUX ABYX IPOLIECCOB.

JToMHHHpOBaHHE POCTA PAa3HOOOPA3NA HAJ pacceH-
BaHUEM. DTO COOTHOIIIEHUE MOJy4yusio HazBaHue LS-
pexuMm. PacceuBanue meHee uHTeHCUBHO (L — lower),
YeM IpoIiecC pocTa pa3zHoobpasus (S-pexkuma). AHa-
jorom LS-pexwMma B OpraHU3aivu SIBJISIETCSI CUTYa-
1Ms1, KOTIa Ha YYACTHUKOB OOPYIIMBAETCSl TIOTOK W3
WHULIMATUB U KOH(IMKTOB, KOTOPBI JUISI HUX CTAHO-
BUTCSI BCE MEHEe TMPeNCKa3yeMbIM /WY Ha KOTOPbIA
OHHU HE YCTIeBAIOT CKOOPJIMHUPOBAHO OTBEUYaTh. B aTHX
YCJIOBUSIX TIOSIBJISIIONIMECS HOBbIE CTPYKTYPBI KpaliHe
HEYCTOMUMBBI: OHU OBICTPO 00pa3yIoTCs U OBICTPO pac-
MaJaoTCs.

JloMuHHpOBaHUE pacCEeMBAHUS HAA POCTOM Pa3HO-
00pa3usd. DTo COOTHOIIEHNE TTONYYIIO HazBanue HS-
pexum. PaccenBanue 6onee unteHcusHoO (H — higher),
YeM IIpoIiecC pocTa pa3zHooOpasus (S-pexkuma). AHa-
sorom HS-pexmma B opraHm3anuu sIBJISIETCSI CHUTya-
1M, KOTJA CPeIn e¢ YIaCTHUKOB JIF00ast MHUILIMATHUBA
TOHET B COITIACOBAaHMSX, IOPOXIAsl CONMPOTHBJICHHUE
W3MEHEHUSIM YcTosIBIIMXCs mpakTuK. B HS-pexume
opraHu3alysl TPOSIBJISIET CBOMCTBA KJIACCUYECKOU
YCTOMYUBOCTH.

ITaputeT paccemBaHus U pocTa pa3HOOOpa3usi — BOT
yciioBre GOpPMUPOBAHUST CTPAHHBIX ATTPAKTOPOB U SIB-
JICHUSI, KOTOPOE B CIOXHBIX CHCTeMaX IMOJyIMIo Ha-
3BaHUe camoopranmu3ann. CaMoopraHu3alms — Ipo-
IIeCC CIIOHTAHHOTO YITOPSIIOYMBAHMSI, BOSHUKHOBCHUS
MIPOCTPAaHCTBEHHBIX, BPEMEHHBIX, IIPOCTPAHCTBEHHO-
BPEMEHHBIX WM (DYHKIIMOHAJIBHBIX CTPYKTYp, IIPO-
TEKaWIIMi B OTKPBIThIX HEJMHEWHBIX cucteMax [15,
18, 19]. CamoopraHuszanus — IIOHSTHE, BbIpaXkaro-
111ee CITIOCOOHOCTD CJIOXKHBIX CUCTEM K YIIOPSIIOYEHUIO

CBOEI BHYTPEHHEN CTPYKTYPBI HE T10 YbEH-TO BOJIE, a
B CUJIy OOBEKTUBHBIX 3aKOHOB 3BOJIIOLMU CIIOXHBIX
cucTeM. B CIIOXHBIX CHUCTeMaxX CMEIIECHUE MTApUTETA B
CTOPOHY pexXrMa pocTa pa3HO00pa3usi MPUBOAUT K 00-
Pa30BaHUIO MHOXECTBA HOBBIX 3apPOABILIENA CTPYKTYD.
Ilocnenyrwoliee cMellleHWEe MapuUTeETa B CTOPOHY pac-
CeMBaHUs 3aIycKaeT MPOLECC eCTeCTBEHHOro oToopa
HauboJ1ee XXU3HECIIOCOOHBIX U3 BHOBb 00pa30BaBIINX-
Cs1 3apPOJIBILLIEH CTPYKTYP.

YTo Xe 3TO 32 HOBBIE CTPYKTYPHI, KOTOPHIE MOSIBIISI-
IOTCSI B HAIlleM TPOIECCe COINIACOBAaHMSI TOTOBOPOB,
HaXOISIIETOCd B PeXMME CTAaTUCTUYECKON YCTONJM-
BocTU? HoBBIE CTPYKTYpHI — 3TO MPaKTUKHU, KOTOPhIE
HAYMHAIOT (OPMUPOBATHECS KaK He(POPMaTbHBI WH-
TUBUAYATbHBIA WM KOJUIEKTUBHBINA OITBIT YYACTHUKOB
npoiiecca cornacoBanusi. HaumHaercst oH KaK MHTYH-
TUBHBIE YAaCTHbIE pellieHUs], Oe3 MpeTeH3nuil Ha 0000-
meHue. [anee, eCv OIbIT BBDKUBET (TO €CTh €CJIM OH
OyJeT MOBTOPHO MCIIOJIb30BaThCS), TO OH CMOXET ObITh
OCO3HAaH Kak ob1iiee 3HaHue. Eciu 510 obuiee 3HaHUe
MOATBEPAUT CBOIO LIEHHOCTh, TO OHO MOXeET TpaHChOp-
MUPOBATHCS B pallOHAIIBHBIC OPTraHU3aIIMOHHBIC, Me-
TOAMYECKIE, KaIPOBbIe Y TEXHUYECKNE pEIICHMS.

B Hairem mpoliecce corjiacoBaHUsl TOTOBOPOB €ro
YYaCTHUKHU YCIIEBAIOT HANTHU pelleHUe W JOTOBOPUTH-
Ccs B M3MEHSIOIIMXCS YCJIOBMSIX coryacoBaHMsl. W3-
MEHEHHS B IIPOLIECC IPUXOIAT HE TOJbKO M3BHE, HO
¥ TIOPOXIAIOTCS BHYTPU YHUKAJIBHBIMU pEIICHUSMU
camux ydacTHUKOB. IIpoiecc coracoBaHusI KaxIo-
ro JOTOBOpa CTAHOBUTCS TPYIHOIPEICKAa3yeMbIM, HO
TPU 3TOM JOCTUTAETCS MAPUTET MPOLECCOB MOPOXKIE-
HUST UBMEHEHUI (pOCT pa3HOOOpas3us) U KOOpAMHA-
1LIMM IeHCTBUIM y4acTHUKOB (paccessHus ). B ycioBusix
CTAaTUCTUYECKOM YCTOMYMBOCTU ITPOLIECCA CMEICHUE
nmapuTeTa B CTOpoHy LS-pexknMa mpuBOIUT K MOSIBIIE-
HUIO Pa3HOOOpa3ust MPakTUK, a CMEIIeHUE TTapuTeTa B
cropoHy HS-pexxrma 3aryckaeT ecTeCTBEHHBIN 0TOOD
HanboJiee XKN3HEeCTIOCOOHBIX MPAKTHK.

B pexume cTaTUCTUYECKOM YCTOMYMBOCTH OpPraHu3a-
1S TpeOyeT OT PyKOBOAMTENSI OOJIBIIIOT0 BHUMAHUS U
yBaxxeHUsI K cebe. Tomy, KTO HAUYHET ee ITOHMMAaTh, OHA
caMa «ITOICKAXET» BO3MOXKHBIE HAIPaBJIEHUS CBOEro
pa3BuTvs. BeccMBICIEHHO HaBsSI3bIBaTh OpraHU3alluu
CBOM pallMOHAJIPHBIC IIPEACTABICHUS M BOIIO. B 3TOM
cJydyae B YIIpaBJIeHUU OOJBIIYIO POJIb HAUMHAET UTPaTh
MHTYULIYS, HO IIPY 3TOM MHTYUTUBHBINM IOMCK JOJKEH
WUITH pyKa 00 PYKY C TIOCTOSTHHBIM PAalIMOHATbHBIM aHa-
Ju3oM. Eciu B yCTOMYMBOM COCTOSIHMM OpraHU3alliu
PYKOBOIUTE/Ib JUKTYET €i1 CBOIO BOJIIO, TO B KPU3UCHOM
yIpaBJIeHWU OH UIIET ¢ Hell coro3a. [{1st MHOTHX pyKo-
BOAMTEJICH 3TO MOXET CTaTh MUPOBO33PEHYECKUM 1110~



KoM. «Ee BeInuecTBO» CTaTUCTUYECKAs] YCTOMYMBOCTH
HUKOTIIa HE TIPOLLIAET HEYBAaXEHUS, HEBHUMATEJIBHOCTH
U MeanuTenbHocTh. Ho 3a MOHMMaHWe U TaKT OHa MO-
KET HArpajvTh «IO-LAPCKW». OPraHu3alusl IOJIydacT
MOIIHbBIN T€HEePaTOp HOBBIX MPAaKTUK. IMEHHO B 3THUX
CUTYaLIUSIX TTOsIBIIsIeTCS 2(hDEeKT camoopraHu3alnu, Ko-
TOPBINA SIBJISIETCS OCHOBOWM MHHOBALIMA U MPOPBIBHBIX
pelIEeHU.

4. CraTucTuyeckas yCTOWIMBOCTD
U nupoBU3aNUs

B TpamumoHHBIX OpraHN3aIASIX OCHOBOI IICHHOCTH
C03/1aBaEMOT0 MPOJYKTA SABISIMCH DUZMUECKUE CBOII-
CTBa caMOTo IIpoAyKTa (HammpuMmep, ypoBeHb ITOTPEOM-
TEJIbCKOIO KayecTBa) WIM OpraHu3alus AesITeIbHOCTU
Ou3Heca (HampuMep, IMOCTaBKa «TOYHO B CPoOK»). B
M(POBBIX OPTaHU3ALMAX MTPOIYKT CTAHOBUTCS ITU(D-
POBBIM, €T0 IICHHOCTh OCHOBaHA Ha JaHHBIX. [1pu aTOM
yeM 0oJblIe JaHHBIX U MMPOrPaMMHOIO KO/a CBSI3aHO
¢ UMMPOBBIM TPOAYKTOM, TeM OOJIbIlIe IIOSIBIISIETCS
BO3MOXHOCTE! M3BJIeYb U3 HETO LIEHHOCTH [6]. B 3TOM
ciaydyae ¥ OM3HEC-MOIEIU B3aMMOICMCTBUS ¢ APYTUMU
OpTraHU3aIUSIMU CTAHOBSITCS IIM(POBBIMU, TO ECTh OHU
yKe MPUHLUMITMAIBHO OCHOBaHbI Ha AaHHBIX. L{udpo-
BBIMHU CTAHOBSITCS M LIETIOYKM CO3TAHMS IIEHHOCTH, B
KOTOpbIE OpraHU3alKs OKa3bIBaeTCsl BKIIOUEHHOMN Ha-
psIoy ¢ ApyTMMU II(POBEIMM OpTraHM3annsIMu. JlaH-
HBIE CTAHOBSITCS «BO3IYXOM», KOTOPBIM «IBIIIAT> ITU]-
POBBIE OpTaHM3AIIH, 8 HOBBIEC TEXHOJIOTHH (HaIIpuMep,
OoJipllivie JaHHbIE, UHTEPHET Bellleil, MalllMHHOE 00-
YU4eHHUE U MCKYCCTBEHHBIN MHTEJUICKT, BUPTyaJlbHAs U
JIOTIOJTHEHHAsI pPealbHOCTh, OJOKYEWHH) MOMOTalT UM
€ro IMpOM3BOINTH, YCBaUBaTh U UCITOJIb30BaTh MJIS T10-
CTPOEHUS HOBBIX (DOpM OpraHu3anuu Ou3Heca.

CucreMaTUeCKOe MCIOJIb30BaHWe WHGbOPMaluM |
HOBBIX TEXHOJIOTUIA OKa3bIBaeT CUJIbHOE BIMSHUE Ha T1a-
PpUTET TIPOLIECCOB TOPOXKIEHUSI U3MEHEHUI (POCT pa3-
HOOOpa3usi) U KOOpPAWHALMUM JCUCTBUII y4aCTHUKOB
(paccesinue) (mabauya 1).

AHanu3 BIMSHUS LUOPOBU3ALUM Ha OajlaHC Mpo-
1IECCOB TOPOXIEHUS M3MEHEHWI U KOOpAWHAIUU
JNENCTBUI y4acTHMKOB (Tabnuua 1) mokasbiBaeT, uTo
uurdpoBHU3alUsl CMOCOOCTBYET POCTY WM3MEHUMBOCTHU
¥ pazHooOpa3usi opraHuzauuu. [Ipy 3TOM OmHUM W3
OrpaHMYMBAIOIIMX (DAKTOPOB POCTa UBMEHYMBOCTH SIB-
JISIETCSI Pa3BUTOCTh MPOIECCOB KOOPAMHAILINU, TO €CTh
CMOCOOHOCTU OpraHu3aluv KOOPAWMHUPOBATh CBOU
JIEMCTBUSI B HapacTalollleM MOTOKE M3MEHEHUI. YBe-
JINYMBas U3MEHUYMBOCTb M pa3zHooOpasue, HudpoBu3a-
LIMsI CMeIlaeT mapuTeT B cTopoHy LS-pexxnma u nenaer

BHOBb 00pa30BaBIINECS MPAKTUKN HEXXN3HECITOCOOHBI -
mu. OHM pacamarTCs, U B OpraH3alii BHOBb BOCCTa-
HaBJIMBAETCS MMapUTET IIPOLIECCOB MOPOXKIACHUS U3MEHE-
HUI 1 KOOpAWHALMK. Takol IMapuTeT MPOSBISIET CeOsT
KaK CTaTUCTUYECKast YCTOMYMBOCTh OpraHm3anuu. Pac-
CMOTPUM IIPUMEP U3 peaTbHOM MPAKTUKMU.

Bo MHOTMX TpPOM3BOACTBEHHBIX KOMITAHUSX Kilac-
chyecKasl peaM3alimsl JOTMCTUIYECKON LIeMU TOCTaBOK
MaTepuaibHO-TexHnYeckKux pecypcoB (MTP) Bkimoua-
€T 3TaIbl TUIAHUPOBAHUS IIPOM3BOICTBEHHON ITOTPeO-
HocTu B MTP, moAroToBKy M BbIMOJHEHUE 3aKYIKU,
TPAHCTIOPTUPOBKY, XpaHEHWeE, OTITYCK B IMPOU3BOJCTBO,
ucnoyib3oBaHre. MHpopMarrzaiys mpoliecca peajm-
30BaHa KjaccuyeckumMu ERP-cucremamu mo monenu
MRP II. B cBs13u ¢ TeM, UTO UMeETCsI pa3pbiB MEXIY pe-
aJIbHbIM COCTOSIHMEM Jie (rocTaBKoil, oobemom MTP
Ha CKJIajax, OTITyCKOM) U MH(poOpMalueil B cucreme, a
TaKXKe B CBSI3M C 3alepPXKaMU B IOCTYIUICHUHM W 00pa-
6otku uHopmanuu B ERP-cucteme B joructuyeckon
Lenu o0pa3yroTcsl 3amachl, AeMII(PUPYIOIIME KaK 00-
JIACTU HEOIPEAEICHHOCTH, TaK M MU3IEPXKKU OIIOPTY-
HUCTUIECKOTO IToBeaeHUs. UMEHHO ¢ TTOMOIIBIO 3TUX
JIeMIIhepOB OpraHU3als YCTOMYMBA B 4acTH obecITe-
yeHMs1 TToTpeOHOCTH mpousBoacTBa B MTP. Jlng kax-
noit 3assBku MTP dukcupyroTcst KimodeBble moKas3are-
JIA, KOTOPBIE OTCIIEXKUBAECT MEHEIKMEHT TP IIPUHSITAMN
peleHnit. A JUTd TIpoliecca B IeJIoM (PUKCHUPYIOTCS He-
KOTOpbIE€ MapaMeTpbl — CPEmHssT MPOIOLKUTETbHOCTh
3aKyIKH, TOITYCTUMBIi1 00beM CTPaxoBOTO 3araca 1 T.IT.,
KOTOpBIE OIIPEAeIITIOT OPraHN3alMOHHO-PACTIOPSII -
TEJIbHBIC PEIICHUSI 10 TIPOLIECCY.

Hudposas tpaHcopmauusi MEHSET 3TOT MPOLECC
KaK B 4acTU oOecIeueHUs] JOCTOBEPHOCTU MHGpOpMa-
LIMY, TaK ¥ B YaCTU CHVKEHUS U3AEPKEK OINMMOPTYHU -
CTUYECKOTO MoBeAeHUs. B mpoliecce TpaHchopMammu
ocyuiectsisiercs 100% MapKupoBKa M aBTOMAaTUYECKOE
(6e3 pyuyHoro BBoja) orciexuBaHue MTP (wrpux-
konbl i POUJI-MeTKU, CYNTHIBATE/IN ), BBHIITOJIHSIET-
csI TIepexo/ Ha ITOJTHOCTHI0 POOOTU3MPOBAaHHBIC CKa-
JIbl, 00€CIeunBaeTCs 3JEKTPOHHBIN TOKYMEHTOO00POT,
3aMycKalTcsl UHGOPOOOTHI MO BBIMOJIHEHUIO BCEX PY-
TUHHBIX U CTAHAAPTHBIX oniepalnii. B Kaxmpiii MOMEHT
BpeMeHHM 00ecTicunBaeTCs TTOJTHAsI U TOCTOBEPHAS MH-
(opManus o0 TeKylleM COCTOSIHUM BBITIOJHEHUS 3asIB-
KM Ha mocTtaBky MTP 1 ux 1BukKeH1U, KOTOpasi BbIMOJ-
HSIET POJIb OOPATHOM CBSA3U ISl KOHTYPOB YIIPaBICHMUS
npoueccoB. Ha ocHoBe 3T0l MH(pOpMaLd pabOTaOT
CHCTEeMBI TIPUHATHS YIIPABIICHIECKUX pelIeHUI, MHO-
rMe U3 KOTOPBIX PeaIu3yIOTCsl ¢ MCIOJIb30BAaHUEM HC-
KYCCTBEHHOTO MHTEJLJICKTA.



BU3HEC-UHO®OPMATUKA T. 15 Ne 1 — 2021
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Tabauya 1.

Bansinue nupoBu3anum Ha NapuTeT
MPOIIECCOB MOPOKIEHU M3MeHeH i (PoCT pa3HOoOpa3us)
1 KOOPAMHAIIMHN JeCTBHIA YIACTHHKOB (paccesiHue)

CMmeLLeHre napuTeTa B CTOPOHY
LS-pexuma

CMeLLeHre napuTeTa B CTOPOHY
HS-pexuma

PocT rny6uHbl WHTENNEKTyanbHas aHanuTuka Ha 60NbLUIX aHHbBIX Ta e NHTENNEKTyanbHash aHannuTuKa NO3BONSIET B CIOXHON
1 macluTaba M0O3BONAET YBUAETH TO, YEr0 PaHblLe BUAETb HE MOMIK: CUTyauUy BbICTPEE HAXOANUTb NPUEMIIEMOE AN BCEX
aHanNTHKN YalLle OTKPbIBAIOTCS HOBBIE YTPO3bI 11 BO3MOXHOCTA, KOTOpbIE Y4aCTHIKOB peLueHe. OHa CO3MIAeT EANHYIO KAPTUHY,
TPEBYIOT BCE 60N1EE CNOXHON peakunm. DakTuHeckn YCKOPSIOLLYHO KOOPAVHALMIO Y4ACTHUKOB
LMPPOBN3ALNA OTKPLIBAET GOMBLLOE KONMYECTBO HOBbIX
NOTEHLMANbHbIX BHELHAX 1 BHYTPEHHUX BO3MYLLIEHNIA
11 YBENNYMBAET CKOPOCTb UX PA3BUTUS
Poct maciuraba NHdopmaLmoHHOe MPOCTPAHCTBO BLIXOAMT 3a rpaHuLibl camoil | VIMEHHO Ta e MHTerpaumst HopMaunoHHOro
W FAYOUHbI UMPOBOIA OPraHN3auMm 1 OTKPLIBAETCS (B paMkax npas MPOCTPAHCTBA SBSIETCS OCHOBOIA 1K1 ObICTPOIA
NHTErpaLnmn [0CTYNa) APYriM y4aCTHUKAM LIEN04eK CO3aHNs LEHHOCTA. CUHXPOHM3ALMIN NPOUCXOAALIMX N3MEHEHMIA B LIEN0HKaX
Mpy 3TOM YBENNYMBAETCA HE TONBKO MACLUTAG, HO W rybuHa C03/aHus LIEHHOCTY (OPKECTPOBKA LIEN04eK Co3aaHms
WUHTErpaLnm MHopMaLmm. VHopMauMoHHbIE CBA3K B LieHHOCTM). Bonee cunbHbIE MH(POPMALMOHHBIE CBA3M
LIEN0YKAX CTAHOBSTCS B0MEE CUMbHBIMIA, YTO MPUBOANT K TOMY, | B LIEN04Kax CIOCOGHbI NepejaBaTb He TONbKO
4TO N3MEHEHNS B OfIHO OPraHn3aLimn CTAHOBSTCS O6LMMM N3MEHEHNS, HO 1 BAPUAHTbI CUHXPOHN3ALMI YCUNUiA y4acT-
ANt OpraHn3aunii Beeii ugnoyku. Lindposas oprannsauns HUKOB LIEN04KN
CTAHOBNTCS 60ONEE HYBCTBUTENBHON K BHELUHUM N3MEHEHMSM
Poct konnyecTsa YnpasieHie LenovKamin Co3aaHns LEHHOCTI PE3KO CoBpeMeHHble MHEOPMALMOHHBIE TEXHONOM NO3BONAHOT
Y4aCTHIKOB PACLUMPSIET KOMYECTBO Y4aCTHIKOB KOOPAMHALMN, @ 3HAYUT MOBbICUTb 3(EKTUBHOCTL KOOPAMHALMIA: BbICTPO HAATH
KOOpAMHALMN NPONCXOANT PE3KII POCT PA3HOOBPA3NA 1 U3MEHYNBOCTH HE06X0MMBbIX Y4ACTHIKOB ¥ CCHOPMIPOBATH PaB04Yio
WX HTEPECOB, OXMAAHNI 1 HAMEPEHWIA rpynny, 6bICTPO CO3aaTb Pabo4ee MHAOPMALIMOHHOE
MPOCTPAHCTBO U OPraHn30BaTh rPynnoByto pabory,
Mp1BNEKaTh 11 MOBTOPHO UCMO/b30BATb HAKOMNEHHbIE
3HaHNS, NPUHMMATh PELLEHIS N KOHTPONMPOBATh WX
MCMoNHeHWe. Tlpn 3TOM Hafio y4nThIBaTh, 4TO S(EKTIBHAA
KOOpZMHALWS TPEOYET NOCTOAHHOMO POCTa KBANMMUKaLIN 1
PA3BUTIAS 3KCMEPTHOI W NNAEPCKON MOTABALIAM Y4ACTHUKOB
PocT cnoxHocTn Pabota ¢ 6onbLmmn JaHHbIMIA NPUBOANT K NOSIBNEHIO TOCTOSHHBIIA POCT COXHOCTY U Pa3Ho0Bpa3ns Mogenei
Mozenen 007bLUIOM0 Pa3HO06pasNs MoJENeil ONepaLnoHHoN LeSTeNbHOCTY OYJET CTUMYNMPOBATL PA3BUTIE HALLIMX
OMEPEXAIOLLNAA POCT | JEATENBHOCTH,  TAKXKE K YCTIOKHEHWIO MPU4NHHO- NHTENTIEKTYaNbHbIX CMIOCOBHOCTENA, KaK 3T0 BCerga 6b110
NHTENTEKTa CNe/ICTBEHHbIX CBA3E B 3TUX MOJENsX. icnonb3oBaHme aTux | B uctopuu.
MO/IENeil AN NPUHATUS PELLEHKIA NOTPeBYeT B0MbLLNX Pexum cTatncTiieckoit yCTon4MBOCTI — 3TO HE Xaoc,
NHTENNEKTYaNbHbIX PECYPCOB. ECAM pOCT nHTENnekTa by et a [pyroli NopsagoK, KOTOPOMY COOTBETCTBYET U HOBOE
MOCTOSIHHO OTCTaBaTb OT POCTA CNIOXHOCTY MOZENEN, MbILLNIEHNE, OCHOBAHHOE HA CUHTE3E NHTYUTUBHOMO
T0 NPUHATUE PeLLeHMiA ByeT NOCTOSHHO CONPOBOXJATLCA 11 PAUMOHANBHOrO MblLLneHns. CucTEMATUYECKO.
OLLMOKAMH, WX UCTIPABNEHUSMY 11 ONONHUTENBHBIMIA 1CMONb30BAHWE 3TOT0 HOBOMO MbILLIEHNS CMIOCOOHO
N3MEHEHUAMN YCUAUTb HALWW MHTENNEKTYasbHbIE BO3MOXHOCTM
Poct ckopocti LnthpoBu3auns no3BonseT paankanbHo NOBbICUTL YacTb peLIeHMiA Ha HXKHEM YPOBHE, 0COBEHHO B YCOBUAX
MPOLECCOB 1 UX NPON3BOAUTENBHOCTL OMEPALMOHHBIX MPOLIECCOB, BbIXOAS pOCTa CKOPOCTM 11 MHAVMBIAZYaNn3aumn NpOLECCOB, BO3bMYT
NHOMBIYANN3aUMS Ha YPOBEHb LIEMOYEK CO3[aHNS LEHHOCTI, KOTOPbIE BbIXOAAT Ha Ce0st CUCTEMbI CKYCCTBEHHOIO MHTENNEKTA. MpUHsTIE

32 rPaHuLbl opraHu3auyu. Mpu 3Tom peannsauns Kaxaoro
3akasa B NPOLIECCE CTaHOBUTCS BCE 60Mee NHAMBIAYaNbHOIA.
370 NPUBOAWT K TOMY, 4TO CKOPOCTb Peani3aLiin N3MeHeHuii
pacTeT 1 cama Peann3auys M3MeHeHi CTaHoBIUTCS Bce Bonee
C/IOXHOM 1 pa3Ho06pasHoi

PeLLEHNIT Ha 6onee BEPXHUX YPOBHSIX B YCTIOBUSIX POCTa
CKOPOCTY 11 Pa3HO00PA3s OCTAHETCS 32 YeNoBEKOM.
HoBOE MbILLIEHUE «B CIOXHOCTW>» CNOCOGHO YMEHBLINTH
BIASHE 3TVX U3MEHEHIIA
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Takum o6pa3om, ¢ TOUKM 3pEHUS UCTTOJHEHUSI KaxK-
ot KoHKpeTHOoI 3as1BKM Ha M TP cucrema BeneT cebst
COBEpIICHHO HeIpeacKa3yeMbIM 00pa3oM, MPUHU-
Masl oIlepaTMBHBIE pellleHus Ha Jaooom 3tame. Ha-
npuMep, eciu (UKCUPYeTCs 3aAepKKa IMOCTaBKU I10
paMOYHOMY JIOTOBOpY, CHUCTEMa MOXET aBTOMAaTH-
YeCKU reHepupoBaTh 3asIBKM Ha 3aKyMNKYy B PO3HUYHOM
cern. Korma mpenpiayiieMy Ipon3BOACTBEHHOMY 3Ta-
ny notpebdosasiock MeHbille MTP, uem ObL1O 3ar1aHuM-
POBaHO, BHOCATCSI M3MEHEHUS MO BCEHl LIETIOYKE I10-
craBok. Hanbosee yMHbIE CHCTEMbl MOTYT YYUTHIBATh
u npyrue daktopsl. Hampumep, CHIKeHUE TeMIiepa-
TYypbl OKPYKAIOILIETO BO3AyXa MPUBEAET K YBETUUEHUIO
MOTpeOJIeHUST 3AEKTPOIHEPTUN JIJISI KOTEIbHBIX U 10-
TIOJTHUTEIBHBIN pacXo MaTepHaioB Ha TeXOOCITyKIBa -
HHE U PeMOHT 000pyI0BaHUsI, KOTOPOE OOCTYKMBAET-
cs1 Mo HapaboTKe. TaknM 00pa3oM, peaaru3yeTcs pexkum
CTaTUCTUYECKON YCTOMYMBOCTU, KOTIA HEYCTOMYM-
BOCTb KaXXJOT0 3K3eMILIspa Mpoliecca Mo3BojsieT pe-
aJln30BaTh YCTOWYMBOE oOOecreyeHue IPOU3BOJACTBA
MTP. YopasieHne 3TUM OPOLIECCOM OOJIbILIE MTOXOXE
Ha YCTOMYIMBOCTH/HEYCTOMIMBOCTh MCTPEOUTEIISI, YeM
YCTOMYMBOCTH TPAHCIIOPTHOTO CaMOJIeTa.

MpbI BUIYIM, YTO TJTAHUPOBAHKME U UCTIOJTHEHUE 3asSIBOK
Ha MTP craHoBuUTCSI Bce OoJiee MHAUBUAYATbHBIM U Me-
Hee MpencKa3yeMbIM, TO €CTh IIPOMCXOIUT POCT Pa3HOO-
Opasus B moToke 3assBoK Ha MTP (LS-pesxum). [Tpu atom
cucTeMa IUTAaHUPOBaHMS YCIIEBAeT HE TOJIBKO OINEepaTHB-
HO CIUTAaHUPOBaTh UCIIOTHEHUE HOBOM 3asiBKM, HO U IPU
HEOOXONMMOCTH ONepaTUBHO CKOPPEKTHUPOBATH ILIAHBI
YK€ MCIOJTHSIIOIIMXCS 3asIBOK, TO €CTh paccerBacT pas-
HooOpa3ue B roToke 3as1BoK (HS-pexum). Takast cucre-
ma 1aHupoBaHust MTP obecnieunBaeT mapuTeT pocTa u
paccenBaHUST pa3HOOOPA3Hs IIOTOKA 3asIBOK 1 JCJIACT €TO
CTaTUCTUIECKH YCTOMUMBBIM. THTepecHO, YTO MMEHHO B
TaKOM PEXMME CTaTUCTAYECCKOM YCTOMYMBOCTU HAYMHA-
IOT TIPOSIBIISITBCS 2JIEMEHTBI CaMOOPTaHM3AIU: CHUCTe-
Ma HauMHAeT «ITOACKa3bIBaTh» IJIAHMPOBIIMKAM HOBBIE
BO3MOXKHBIC METOIBI ITTAHUPOBAHMS, CIICIN(DIIHBIC ST
JAHHOTO OM3Heca M CWJIbHO OTJIMYAIOIMECS OT ILHUPOKO
pacnpoctpaHeHHbIX moaeseii MRP 11.

CyiecTBoBaHUE pexKMa CTATUCTUUECKON YCTOMYNBO-
CcTH LU(POBOIT OpraHM3aIMN — 3TO He MpodIieMa, a 00b-
€KTMBHOE CBOICTBO, C KOTOPBIM OECCMBICJICHHO OOPOTh-
cs1. Co CTaTUCTUYECKOM YCTOMYMBOCTBIO HAIO HAYYUThCS
KWTb, U, TIOXOXE, OHA MOXET CTaTh HOBOM HOPMOI 1T -
POBBIX OpPraHU3ALNMA.

B uccnenoBaHuy PUPOIbI SKCIOHEHIIMAIBHBIX Opra-
Hu3auii [ 1] IBHO MOKa3aHO, YTO UX B3PLIBHOM POCT BCET-
Ja CONMPOBOXIAETCSI POCTOM M3MEHYMBOCTH, KOTOPBIM
MOCTOSIHHO BBIBOIUT MX Ha IPaHb YCTOMYMBOCTH CBOETO

OuzHeca. DKCIOHEHIIMATIbHBIE OPraHU3alMy HAYYWTHCh
KUTh B PEeXUME CTAaTUCTUYECKON YCTOMYMBOCTH, KOTO-
PBIii TI03BOJISIET UM OaJlaHCUPOBATh HA TPAHU YCTOMYMBO-
CTH ¥ TIOJIEPXKUBATH BBICOKUIA yPOBEHb MHHOBAILIMOHHO-
CTU cBoero OusHeca. IMEHHO B pexXuMe CTaTUCTUYECKOM
YCTOMYMBOCTH METOIOM TIPOO W OMIMOOK 3TU KOMITAHUU
CyMeJI HaIlyNaTh WCTOYHWKHU CBOETO B3PBIBHOTO pPO-
cta. IHTepecHO, YTO SKCMOHEHIIUATbHbIE OPraHU3aluU
CO3HATEJIBHO TOMICPKUBAIOT PEXUM CTaTUCTUYECKOMN
YCTOMYMBOCTY JIaXKe TOT/A, KOrJa OHU IPeBpallaloTCs
W3 CTapTarioB B 0OJbIlIMe KoMIaHuu. Jlaxe Torma, Korma
9KCTMOHEHIIUATbHbBIE OPTAaHU3AIIUY CTAOWIN3UPYIOT CBOU
OT/IE/IbHBIE OMEpallOHHbIE OM3HEC-TIPOLIECChl, OHU BCe
PaBHO COXPAHSIIOT BBICOKYIO TOTOBHOCTb K MEPEXOIY B
PEXUM CTaTUCTUUYECKOM YCTOMYMBOCTU M TOTOBHOCTH K
W3MEHEHMSIM.

3akioueHue

Cucremarnueckasi u(poBU3aIMsT BBIBOAUT OpraHU-
3aLMI0 B PEXUM CTaTUCTAYECKOM YCTOMYMBOCTH, KOTOa
MPEACKA3YeMOCTb IEUCTBUI €€ OTIEJIbHBIX YYaCTHUKOB
HAUYMHAET UCYE3aTh, HO MPEICKA3yeMOCThb B LIEJIOM €ELlE
coxpansieTcst. C TOUKM 3peHUS TPAAUIIMOHHOTO MEHEI-
JKMEHTa, OPUEHTHMPOBAHHOIO HA JOJITOCPOYHYIO Mpead-
CKa3yeMOCTh M KJIACCHYECKYI0 YCTOMIMBOCTb (DOpM Op-
TraHU3alKUU, CTATUCTUYECKAST YCTOMYMBOCTD — 3TO Xa0C U
HWCTOYHUK PUCKOB, C KOTOPBIM HE0OxoauMo 6opothest. C
TOYKU 3pEHUSI MEHEIKMEHTA LIM(PPOBBIX OpraHU3alINiA,
OPUEHTMPOBAHHOIO Ha BBICOKMI YpOBEHb MU3MEHUMBO-
CTU U OBICTPBIN POCT, CTATUCTUYECKAS] YCTOMUUBOCTD —
5TO TEHEPATOP HOBBIX MPAKTUK U UCTOYHUK HOBBIX BO3-
MOXHOCTEH. B aTOM pexxume opraHuzanus Moxer Oa-
JIJAaHCUMPOBATh Ha TPaHU YCTOMUYMBOCTU W TONAEPKUBATH
BBbICOKWIA YPOBEHb UBMEHYMBOCTU U UHHOBALIMOHHOCTH.

Yacro HudpoBU3aLIMI0 BOCIIPUHUMAIOT KaK Tpagulv-
OHHBI PEMHKUHUPUHT OM3HEC-TIPOLIECCOB, HO TOJIbKO
Ha 6a3e HOBBIX TEXHOJIOTU. B 3TOM cilyyae ctaTUcTU-
yeckasl yCTOMYMBOCTh TPAAULIMOHHO paccMaTpUBaeTCs
KaK MCTOYHUK PUCKOB U C Heil HaunHaloT 60poThes. Ha
CaMOM JieJie CTAaTUCTUYECKAs] YCTOMUMBOCTh — 3TO HEOO-
XOJIMMOE YCJIOBUE KaK IpOBeAeHMST TpaHCHOopMalluu B
mrdPOBYI0 OpPraHU3alMIO, TaK 1 € JaIbHEHIIeH XK13-
HENEATENILHOCTH, TTO3TOMY €€ Halo CTUMYJIUPOBATh U
MOJICP>KUBATb.

HudpoBuszaiusi cTUMyIMpYeT pa3BUTUE HEYCTOWYM-
BOCTY OPraHU3allU, U KaK Obl MOATAIKUBAET €€ K KParo
obpbiBa. Ho MMeHHO 311ech, Ha Kparo 00pbIBa, OTKPhIBA-
eTcsl ee HOBasl MPUPOJA: OKA3bIBAETCSI, OPraHU3aIUs —
3TO HE MalllMHa, a OPraHU3M, K KOTOPOMY MEHEIKMEHTY
TPENCTOUT ananTupoBatbes. Eciu npupopaa 3a Hac, To
KTO npoTuB Hac? Tope ToMy, KTo O0peTcs ¢ mpupoaoii. i
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Abstract

An important feature of a digital organization is its ability to change rapidly. For an organization to remain capable
of rapid change, it must be on the brink of resilience, since a resilient organization always resists change. The article
examines the borderline state of the organization, which is on the verge of its stability and instability. In this state, the
organization begins to lose predictability in the details of behavior, but still retains predictability in general. The authors
called this borderline state the statistical sustainability of the organization. The phenomenon of statistical sustainability
of an organization is very similar to the property of stability of the frequency of mass events and average values described
in mathematical statistics by a similar term. To analyze the nature of the statistical sustainability of the organization, the
authors used the ideas of strange attractors and modes with sharpening from the theory of complex systems. A strange
attractor is an area of the organization’s behavior that, outside this area, is an area of stability for the organization, and
inside it is an area of complete unpredictability. The theory of complex systems has shown that it is in the regions of strange
attractors that the conditions for the variability of systems are created, and the theory of modes with aggravation shows the
conditions under which this variability can lead to self-organization, that is, the spontaneous emergence of new structures.
This article shows that systematic digitalization objectively leads to the formation of the statistical sustainability of the
organization and creates the preconditions for maintaining the organization’s ability to make rapid changes. In traditional
management, the statistical sustainability of an organization is viewed as a threat and a source of risk. Therefore, in the
context of systematic digitalization, traditional approaches to management should be significantly refined.

Key words: digital organization; variability; stability/instability of the organization; exponential organization; self-
organization; strange attractor; diversity; scattering; digital transformation; statistical sustainability.
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AHHOTAIMA

B HacTosiiee BpeMsl TIOBBIIIAETCS aKTyaJbHOCTb 3aJauyd OOeCTeUueHUs] YCTOMYMBOIO pPa3BUTHS
oTpacjeit TSKeJIoi TPOMBIIIIEHHOCTH. OMHAKO TSI 3TOTO OJHUX JIUIIh TEOPETUISCKUX U aHATUTUIESCKUX
VCCIIEMOBAHUI HEIOCTAaTOYHO, U SKOHOMUYECKasl HayKa HYXIaeTcsl B pa3pabOTKe MPUHIIUITMAIBEHO HOBBIX
MOAXONOB K MCCJICIOBAHMIO Pa3BUTHUS TIPOMBILIJIEHHBIX oTpacieil. CraTbhsl TIOCBsIIeHA pa3paboTKe U
anpodaly WMUTAIIMOHHON MOIENM pa3BUTHUSI OTIENbHBIX OTpaciieli SKOHOMUKM. B KadecTBe 00OBEKTa
MICCJICIOBAHMS BBICTYIIaeT METAJLTypriuecKasi OTpacib, a TAKXKe TaKhe CMeXKHbIe OTpaciy, Kak J00bIYa Py,
MAaIITMHOCTPOSCHME U MIPOM3BOICTBO TOTOBBIX META/UTMUECKUX U3NeNil. TeopeTHIecKyo OCHOBY HCCIenoBa-
HMSI COCTABJISIET CUCTEMHBIN TTOAX0M, OObSAMHUBIINI B ce0e TEOPUIO OTPACIEBBIX PHIHKOB, 5KOHOMUYECKOTO
pocTa, 3KOHOMMKM TPOMBIIUICHHOCTH, CUCTEMHON OWHAMWUKMA W MaTeMaTMYeCKOi SKOHOMHMKHU. B
KauyecTBE OCHOBHBIX METOIOB MCCJICIOBAHMS MPUMEHEHBI CHUCTEMHBIM aHajn3, CTaTUCTUYECKUN aHaIu3
(mns1 BBISIBJICHUSI TCHACHUMI M3MEHEHUs] OCHOBHBIX KOHOMMYECKHX TOKaszaTellei), SKOHOMETPUUYECKOE
MoeIMpoBaHue (71 TOCTPOCHUS MPOU3BOACTBEHHBIX (DYHKIINIA), a TAKXKE MaTeMaTUIECKOe MOIECTMPOBAHNE
MaKpO3KOHOMMWYECKUX CUCTeM. B pesynabraTe TpenjiokeHa WMUTAIIMOHHAs MOJIeNib, pa3paboTaHHas B
HOTallMd CUCTEMHOW AMHAMUKHW C UCIOJb30BaHMEM IporpaMMHoro mpomaykra AnylLogic, mo3BoJisitolias
OLIEHUTh Pa3BUTHE OTHEJIBHBIX OTpaciieil MPOMBIIIJICHHOCTA C YYeTOM pa3MYHBIX M3MeHeHWit. JlaHHas
MOJIEJIb ITOCTPOEHA Ha 6a3e TPEXCEKTOPHOI MOIEIN HALIMOHAIBHON 9KOHOMUKH, TIIE B KAYECTBE CTPYKTYPHBIX
5JIEMEHTOB BBIIEJICHBI OTAC/IBHBIC OTPAC/IU, CBSI3aHHbBIC IMHAMMUECKMMU TIETJIIMU 00paTHOI cBsi3u. B paboTte
MOAPOOHO OTpaXkeHa CTPYKTypa MMHUTALMOHHON Mojenu, 0asupyloleiics Ha TMHAMWUYECKUX YPaBHEHUSIX
TIEPBOTO MOPSAKA, 0aTAHCOBBIX YPABHEHUSIX U HEIMHEWHBIX TTPOM3BOACTBEHHBIX (DYHKLIMSIX. UMUTaIIMOHHAs
MOJIEJIb TTO3BOJIAJIA CIIPOTHO3MPOBATh PSII CLICHAPUEB Pa3BUTHSI OTpacieii METaJTypruM ¢ Y4eTOM U3MEHEHMS
TPYIOBBIX PeCYpCOB M MHBECTUPOBAHUS B OCHOBHBIE IPOM3BOACTBEHHBIC (DOHIBI. Pe3ynbTaThl paboThl MOTYT
VICTIOJIb30BaThCA ST POPMUPOBAHUS TIPEIIOKEHMH 10 TIPOMBIIIICHHON TTOJUTUKE, a TAaKXK€ MOHUTOPUHTA
cocTOSTHUS ¥ 3 (PEKTUBHOCTHU ASSITETLHOCTH OTIASIBHBIX OTpacyeii MPOMBITIUIEHHOCTH.

* Crarbs omybOnukoBaHa nipu moaaepxke IIporpammer HUY BILD «YHuBEpcHTETCKOE TAPTHEPCTBOY
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BBenenue

CTOMYMBOE Pa3BUTUE OTPACJIEHN TSXKEJION IIPo-

MBIIIJIEHHOCTH OCTaeTCS BaXXKHEHWIIIUM TIpH-

OPUTETOM HAIIMOHAJIIPHON 3KOHOMHWKHU. Mexa-
HU3MEBEI O0ECITCeUeHMSI TaKOTO pa3BUTHS JIOXKATCS B
OCHOBY IPOMBIIUICHHON MOJIUTUKU P®, oTHeIbHBIX
HallMOHAJIbHBIX MPOEeKTOB U mporpamm [1]. IToaTomy
SIBJISIETCSI aKTyaJIbHOM 3aJ]aua MOMCcKa HOBBIX CITOCOOOB,
METOI0B U MHCTPYMEHTOB 00ecreyeHUs 1 MOIAePKKU
YCTOMYMBOTO Pa3BUTHSI OTPACIIEH TSIKEIOM ITPOMBIIII-
JIEHHOCTU. B COBpeMEHHBIX POCCUMCKUX U 3apyOexk-
HBIX MCCJIEIOBAHUSIX B KAYeCTBE TaKOBBIX HCIIOJIb3Y-
FOTCSI KaK KJIaCCUYECKHUe S3KOHOMMYECKHeE [2, 3], Tak U
HOBbI€ MEXIMCLUUILIMHAPHBIE TToaxoasl [4, 5]. OgHako
pa3paboTtaTh TakKe UHCTPYMEHTHI O3 MCIOJIb30BaHUS
COBPEMEHHOTO MaTeMaTUYCCKOTO MHCTPYMCHTApUs U
BBIYUCIIUTEBHBIX CUCTEM MTPAKTUIECKN HEBO3MOXKHO.

AHaTUTUYEeCKHUE UCCAeN0BaHUS B JaHHOU 00JacTH,
B OOJIBIIIMHCTBE CBOEM, CBOISATCS K aHAJIM3Y TEKYIIEH
CUTyallUM B OTHENBHBIX OTpacisix [6, 7], permoHax
[8—10] n axoHOMuUKe B 1ie10M [11], a TakKe K MOCTPO-
€HUI0 9KOHOMETPUYECKUX MOJIEIeil U MHTepIIpeTaluy
TOJYYEHHBIX 3aBUCUMOCTEN I AAJbHEWIEN Kop-
PEKTUPOBKU MPOMBIIIEHHONW MOAUTUKU. OJHAKO Ta-
KH€ MOJIEIY MPaKTUUEeCKM HE YUYUTHIBAIOT, BO-TIEPBHIX,
HEeIMHEHOe ITOBEACHNE YKOHOMUYECKNX CHUCTEM U,
BO-BTOPBIX, HAJIMYME NPUINHHO-CIICACTBEHHBIX 3a-
BUCHUMOCTEI MeXIy OTIEIbHBIMU TOKAa3aTeIsSIMU 3THUX
cucteMm. Mcronp3oBaHne MaTeMaTUIECKOTO M MMUTA-
LIMOHHOTO MOJEIMPOBAHUSI B UCCIAEAOBAHUSIX OTpac-
JIel MIPOMBIIIJIEHHOCTH BCTPEYAETCSI B COBPEMEHHBIX
HCCIIeIOBAaHUSIX BCE Yallle, OMHAKO HE BCEeTna Ipea-
raeMblie aBTOpaMu MOJEIN TeOPETUUYECK 00OCHOBAaHbI
U SMITUPUYECKU alTpOOUPOBAHBI.

B nannoili paboTe mpeAnprHITA ITONBITKA UCTIOIb30-
BaTh TSI UCCIIEAOBAHMUS Pa3BUTHSI OTPACIEBBIX 9KOHO-
MHWYECKUX CUCTEM MIEH MaTeMaTUIeCKO SKOHOMUKHU
M, B YaCTHOCTU, MOACIMPOBAHUSI MAKPOIKOHOMUYE-
CKUX IMHAMUYECKMX CHUCTEM, B COUYETAHMM C MMUTA-
LIMOHHBIM MOJEINPOBaHNEM. TaKoil CMHTE3 BO3MOXKEH
GJiarogapsi UCIOJIb30BaAHUIO IPUYMHHO-CIICACTBEHHBIX
M MOTOKOBBIX HOTALM MMUTALMOHHOTO MOAEINPOBa-
HUsI. OCOOEHHOCTBIO TMpEJIaraeMoro MoaXona SIBIIsI-
€TCSI UCITOJIb30BAaHUE METOAOB CUCTEMHOM TUHAMUKMU,

BIIEPBEIC TIPEIIOKEHHBIX B paborax . DoppecTtepa
[12, 13] u O. Menoy3 [14, 15], u BnociaeacTBUU pa3-
BuUThIX B padborax B.H. Cunopenko [16], A.C. Akoro-
Ba [17—19] u mpyrux mccienopareneii. B ocHoBe mu-
HaMHMYECKMX MOZEIe MaKpO3KOHOMUICCKUX CHUCTEM,
KaK IpaBWJIO, JiexXaT nuddepeHIIaabHbIe YPaBHEHUS
MEepBOTO MOPsIIKa, KOTOPhIE MOXKHO MPEJACTAaBUTh B HO-
TallM¥d CUCTEMHOUN TUHAMMKU, UCIIOJIb3Yys MOTOKOBYIO
cTpaTUdUKAIIIIO.

Llens maHHOTO MCCICIOBAHNS — pa3paboTaTh MMUTA-
IIMOHHYIO MOJIETb Pa3BUTHSI OTACIBHEIX OTpaciIeil Impo-
MBILUIEHHOCTY Ha MPUMEPE METAUIyPIUU U CMEXHbIX
¢ Heit orpacneit (1oObIYa METATMUECKUX Py, Malllv-
HOCTpPOEHUE, TTPOU3BOACTBO T'OTOBBIX METALIMYECKUX
W3IEINIT), MCIONB3YS WMIECH TPEXCEKTOPHOU MOIEn
SKOHOMUWKHU U CUCTEMHOM TUHAMHUKU. B cooTBeTCTBUUI
C LIETTBIO MCCIIeTOBAHUS, OBUIM TTOCTABJICHBI U PEIICHBI
CJICIYIOIINE 3aJaqM:

1) mpoBecTH aHAIU3 UMEIOLIMXCS UCCIENOBaHUI B
00J1aCTH UMUTAITMOHHOTO MOJEIUPOBAHUST SKOHOMU-
YeCKUX CUCTEM;

2) MoauUIMPOBATh TPEXCEKTOPHYIO MaTeMaThuie-
CKYIO MOJIEJTb KOHOMUKHU TTPUMEHUTENHHO K OTIEb-
HBIM OTPACIISIM;

3) pa3paboTaTb CTPYKTYpPY MMUTALMOHHON MOJEIN
pa3BUTUS OTHEJIBHBIX OTpacjieil IMPOMBIILIEHHOCTH,
OIpEACINTL OCHOBHBIE HAKOITMTENIM, ITOTOKH, IIepe-
MEHHBIE U TTapaMeTphl MOJIEIIN;

4) mpoBecTH ampoOamuio pa3pabOTaHHON WMUTa-
LIMOHHOW MOJENN, CMOAEIMPOBATh ECTh PA3TAUYHBIX
CLIEHApUEB Pa3BUTUSA METAJUTYPTUYECKON U CMEXHBIX C
HEW oTpaciei.

1. TeopeTnyecKkre OCHOBBI
HCCIIeIOBAHMS MAaTEMATHIECKHX
W HMUTAIIMOHHBIX MOeJIei
oTpacJjeil NpOMbIILIEHHOCTH

Jns U3ydeHnsT TOJITOBPEMEHHBIX TCHACHIINM, (haK-
TOPOB POCTa M OLIEHKU TTOCIICACTBUIA TeX VTN MHBIX Ba-
PUAHTOB MaKpPOSKOHOMHWYECKUX PEIICHUI TTPUMEHS -
[OTCSI HEJTMHEWHBIE MAJIOCEKTOPHEBIE Momennu. B Takmx
MOIENISIX CTPYKTypa 3KOHOMMKM OTpakaeTcsl B BUIIE
CEKTOPOB, KaXIbIli U3 KOTOPHIX MPOU3BOIUT HEKOTO-



pbIit arperupoBaHHBIN TTPOAYKT. OCHOBOIA 3/1€Ch SIBJISI-
ercs omHocekTopHast monenb Cosoy [20], B koTopoi
9KOHOMMYECKAsT CUCTeMa pacCMaTpUBaeTcsl Kak He-
KU HECTPYKTYPUPOBAHHBIM armapart, MpOU3BOISIIN I
€IMHCTBEHHBIN YHUBEPCABHBIN MTPOAYKT. JlaHHas MO-
JIeJIb OTPaKaeT MpolecC BOCMPOU3BOACTBA U MO3BOJISI-
€T aHAJIM3UPOBATh COOTHOIIIEHWE MEXIY MOTpeOIeH -
€M UM HaKOTUIEHHEM.

PazButriem omHocekTopHON Momenan Cojioy cTaau
JIByXceKkTopHasi [21] u TpexcekrtopHas Mmoxenu [22].
Bun Takux momeseil mo3BoJISIET HE TOJBKO MPOBECTU
aHaJIM3 POCTa SKOHOMUKHM B 11€JI0OM, HO 1 C(HOKYCHUPO-
BaTh BHUMAaHME Ha OTHCIBHBIX ee cekTopax. OmHaKo
pa3BUTHE NAHHBIX UJEH B OCHOBHOM 3aKJTIOYaeTCs B
HCCJIEIOBAaHUSIX MaKpPO3KOHOMUYECKUX cUCTeM. Bme-
CTe C TeM, He MeHee BaxKHOM SIBJIsIeTCS ITpobjieMa pas-
BUTHUSI OTIEIBbHBIX OTpaciiei, B IIEPBYIO Oo4Yepenb, IIpo-
MBIIIUIEHHOCTH. Wien, N3JI0KeHHBIE B TPEXCEKTOPHOMN
monenu [22, 23], o MHEHUIO aBTOpa, MOXHO MCITOJIb-
30BaTh IJIS1 UCCIIEAOBAaHUS 9KOHOMUYECKOTO pOCTa He
CEKTOPOB 3KOHOMMKM B IIEJIOM, a OTHCIBHEIX € OT-
pacneii, HauboJiee TeCHO CBSI3aHHBIX JIPYT C IPYTOM.
EQuHCTBEHHBIM AOMYILIEHUEM, KOTOPOE€ HEOOXOIUMO
cobomaTh NMpu MogU(UKALIMM JaHHOW MOOEIU, SIB-
JISIETCS HEOOXOMMMOCTD MPEICTaBUTh OTPACIIHM U3 TPEeX
CEKTOPOB 3KOHOMUKM — MaTepUabHOTO, (DOHI0CO3-
JTAIOIIETro U MOTPeOUTETbCKOTO.

MareMaTuyeckuii MHCTpYMEHTapuii, MpeacTaBIcH-
HbIA B TPEXCEKTOPHOM MOOEIM SKOHOMMKM, IIpEeI-
CTaBIISICT COOOM COBOKYITHOCTb IU(hdepeHINATEHBIX
YpaBHEHUIA, OaJlaHCOBBIX YpaBHEHUII W HEIUHEWHBIX
MPOU3BOACTBEHHBIX (DYHKLMI. AHAIUTUYECKOE pe-
IIEHUE TPEXCEKTOPHOW MOAEIM SKOHOMUKM AJisl cOa-
JIJAaHCUPOBAHHOTO 3KOHOMMHYECKOTO pOCTa MOAPOOHO
omnucaHo B paboTtax [23, 24]. B pamkax JaHHOTO Ucclie-
JIOBaHUS TIPEAJIAraeTcs MCIOAb30BaTh MPUHIUTIAAIb-
HO UHOU MOAXOA — UMUTALIMOHHOE MOJIEJIMPOBAHUE.

MMuTanmmoHHOe MOACIMPOBAaHME — 3TO JKCIIEPH-
MEHTaJIbHBII METON WCCJIeNOBaHUSI pPeabHOW WJN
MMPOEKTUPYEMOIl CUCTEMBI Ha OCHOBE €€ MMMTAIIMOH-
HOI MOJENU, KOTOPhIii coYeTaeT B cebe 0COOEHHOCTU
9KCIEPUMEHTAIBHOTO ITOAX0Ma CO CIIeI(UICCKIMU
YCJIOBUSIMU TIPUMEHEHUSI BBIYMCIUTEIBHOW TEXHUKU
[25]. CornacHo mpuHATOW KiaaccubUKalUU, CYIle-
CTBYET TPHU IOAX0JA K CO3MaHUI0O UMUTAIIMOHHBIX MO-
neeii: TUCKPETHO-COOBITUITHOE MOIEINPOBAHNE, CH-
CcTeMHas IMHAMMKA U areHTHOE MOJeIupoBaHue [26].

JVCcKpeTHO-COOBITUITHOE MOIETMPOBAHNE B OCHOB-
HOM MCIIOJIb3YeTCSI Ul aHajiu3a OU3HEC-TPOLIECCOB
W TIPOM3BOACTBEHHBIX CUCTEM Ha TPEANpPUSITUSIX, TIe

JIOTUKAa MOXET ObITh OMKCAaHa B BUJE MOCJIEI0BATEb-
HOCTU KOHKpETHbIX AciicTBuit. K mpumepy, B pabote
[27] wMUTAIIMOHHOE MOJIEIMPOBAHUE TPUMEHSETCI
JUISI OLEHKU PUCKOB MPOMBIIIJIEHHBIX MPEINpPUSTUM.
JaHHass UMUTALIMOHHASI MOJEIb IPEACTABISIET CO00i
MPOLIECCHYIO (IUCKPETHO-COOBITUIHYIO) MOJENb MPO-
M3BOJCTBEHHOI'O Mpoliecca, Ha KOTOPOI MPOBOAUIUCH
CTAaTUCTUYECKME UCIBITAaHMWS M MCCIIeNOBaIach BapHa-
1M 3HAYECHUS TToKa3aTesisd peHTa0eIbHOCTH B 3aBUCH -
MOCTH OT Pa3IMYHbIX BXOIHBIX (PaKTOPOB.

[Ipu onmcanuy Me30- U MaKpPO3KOHOMUYECKUX CH-
CTEM 11eJIeCO00Pa3HO TPUMEHSITh APYTHUE ABA MOIX0]A —
CHUCTEMHYIO TMHAMUKY U areHTHOE MOJIEIMpOBaHUE.
IIpu 5TOM areHTHOEe MOIETUpPOBaHUE MPUMEHSIETCS B
TOM CJlydyae, KOTrJa B CUCTEME B SIBHOM BHJIE BBIIEIISI-
IOTCS OTHENIbHbIE CYOBEKTBbI, OOJamalolue AUCKPET-
HOCTBIO, COILMAIBHOCTBIO, AKTUBHOCTHIO, aBTOHOM-
HOCTbIO U TMOKUM ToBeaeHueM [28]. B yacTHocTH, B
pabore A.B. BoponioBckoro [29] mpencraBieHa CTO-
XacTh4yeckas: MOJeb SKOHOMUYECKOTO pocTa ¢ ye-
TBHIPbMSI TUTIAMU areHTOB: MMPOU3BOACTBO ((pupma), 1mo-
TPEOMTEIh, BHEIITHIE PHIHKU M TOCYIApCTBO. B maHHOM
WCCJIEIOBAHMY PAacCMAaTPUBAETCSI OMHOIIPOMYKTOBAS
MOJIeJIb ¢ BHYTPEHHUMU W BHEIIHUMM IIPOU3BOIUTE-
JISIMU, B KOTOPO# UCTIOJIB3YeTCsT KlacCuIecKast TIpon3-
BoiacTBeHHas1 pyHKuuss Koboa—/lyrnaca, a B KauecTBe
OCHOBHBIX YIIPABIISIOIINX 3JIEMCHTOB paccMaTpHBa-
JOTCSI YCJIOBUSI TIPOM3BOJICTBA, 3amadya MOTpeOuTes 1
cooTHoleHus ajs rocymapcrBa. Padora JI.H. [ynbig
u WU.H. dxynosoii [30] mocBsieHa penieHnio Kiaccu-
YeCKOM 3aaui areHTHOT'O MOJEIIMPOBAHUS — OLIEHKE
TOTO, KaK ITOBEICHNE KaXXIOro M3 areHTOB BIIMSET Ha
pa3BUTHE CUCTEMHI B 1ieJIoM. B yacTHOCTH, B 3TOI pa-
0oTe MccieayeTcsl BIMSIHUE MUKPOCTPYKTYp Ha CBOM-
CTBa 3KOHOMUKMU B IIEJIOM.

Mogenu CUCTEMHO TMHAMUKHU TTO3BOJISIIOT BBISIBUTh
TMIPUYNHHO-CJIEACTBEHHbIE CBSI3M B 3KOHOMUYECKOU
cucteme. OHU, KaK MPABUIIO, COCTOSIT U3 HAKOTIUTENEH
(ypoBHeil), MNpeacTaBIsIOIINX COOOM aKKyMYJISILIMIO
B LEMsIX oOpaTHOU CBsI3U, MOTOKOB, PETyIUPYIOLIUX
CKOPOCTb W3MEHEHUS! HAKOMUTEJEH, BCIOMOTATENb-
HBIX IEPEMEHHBIX U IUKJIOB (TTeTeIb 00PaTHOM CBS3U).

Mogenu cuCTeMHON IMHAMMKUA OCHOBaHBI Ha JU(-
(bepeHIIMANBHBIX YpaBHEHMSIX, 9YTO OOOCHOBEIBAET
WX WCITOJIb30BaHWE IIPU ITOIBITKE BIOXHYTH HOBYIO
KM3Hb B KJIacCHYeCKHe AMHAMUUYeCKue (HEeIpephbIB-
Hble) sKOHOMuYeckue monenu. H.B. AnpwibaeBa u
B.A. Kymnukos [31] pa3zpaboTany KOMIUJIEKCHYIO CU-
CTEeMHO-IMHAMHWYECKYIO MOJIEIb IS TTPOTHO3MPOBA-
HUS TIoKa3aTtejieil 5KOHOMIW4ecKoit 6e3omacHoct PD.
DTa Mozenb coaepKUT 11 cucTeMHBIX YpOBHEH, B TOM



Yuciie YPOBeHb POCTa MOTPEOUTENBCKUX 1IEH, YPOBEHD
0e3paboTULIbl U T.I., @ TaKXke YeTbipe (hYHKIUOHATIb-
HBIX 3aBUCHMOCTH U HECKOJILKO NECSITKOB BCITOMOTa-
TEJIbHBIX TEPEMEHHBIX.

E.N. Tluckyn [32] ucnonb3oBaja CUCTEMHYIO IU-
HaMUKy ISl TIOCTPOCHUSI MOJEIU B3aUMOBJIUSIHUS
MEepeMEHHBbIX OLEHKU pe3YyJbTaTUBHOCTU CTpaTeruu
MHHOBALIMOHHOIO Pa3BUTUSI IPOU3BOICTBEHHO-3KO-
HOMUWYECKUX CHUCTEM, C MCIIOJIb30BAaHMEM TSI aHAIM3a
HECKOJIbKMX CLIeHApUeB pa3BUTHSI cUCTeMbl. B mMoe-
JIU pPaCCUMTHIBAIOTCS TaKMe MOoKa3aTesu, KaK CpeaHuit
LEIMHOM TEeMIT POCTa, a TakKXKe CPEeOHMU TEMII pocTa
YpOBHEW WHHOBAIIMOHHON WHTEHCUBHOCTH, 3(PdheK-
TUBHOCTU WMHBECTULIMOHHON AESATEIbHOCTU, UHHOBA-
LIMOHHOTO TIOTEHIMada U Pa3BUTUSI MPOU3BOICTBEH-
HO-3KOHOMUYECKHX CUCTEM.

Ocoboe¢ BHMMaHUE YIEISIeTCs MCCIeI0BaHUSIM B3a-
MMOJIEHCTBUASI SKOHOMUYECKOTO POCTa M PECYPCOITO-
TpebJieHUs, YTO TaKXKe MOXHO BbIPa3UTh C MOMOILbIO
nuddepeHUIMaIbHBIX MaTeMaTUUEeCKUX Monelieit. Tak,
B pabote [33] pazpaboTaHa MozeJIb B HOTAaLIMA CUCTEM-
HOW AVHAMWKW, B KOTOPOW 3KOHOMHWYECKUNA POCT U
pecypchl pacCMaTPUBAIOTCS C CUCTEMHOM TOYKU 3pe-
HUsI, C LIeJIbIO BBISIBJIEHUST 3aBUCHMOCTH POCTa 3KOHO-
MUKHM OT 3afepKuBaeMbiX 3¢GEKTOB 00paTHOM CBSI3U
OT UCTOILLEHUST pecypcoB [34]. Moaenb COCTOUT U3 IBYX
MOJACUCTEM — BO30OHOBJISIEMBIX TPUPOAHBIX PECYPCOB
1 DKOHOMMK, Ili¢ B Ka4eCTBE HAKOIMUTEel UCIOJIb3Y-
I0TCSl ypoBeHb pecypcoB 1 BBII.

I'JI. bexmapsan [35] paspaboTana MMUTALIMOHHYIO
MOJIeJIb 9KOHOMUYECKOTO pa3BUTHUS J1aibHEBOCTOYHO-
ro ¢enepajibHOro OKpyra, B KOTOPO#l MCIOJIb30BaHbI
METOAbl CUCTEMHON OTWHAMMKU U aréHTHOIO IOIXO-
na. OCHOBHAS MIesT MOICIM 3aKJII0YaeTCs B UCCIIEIO-
BaHUU BJIUSHUS HA 9KOHOMUKY (peaepaibHOTO OKpyra
psaa ¢pakTopoB, TAKMX KaK TeMITbl POCTAa MHBECTULIMIA
B OCHOBHBIE (DOHIIBI, CpeAHEH 3apabOTHOI IIAThI, 10-
Tamuii u3 (emepaabHOro OOIKeTa W IIeH Ha IIPUPOI-
Hble pecypcbl. MakKpO3KOHOMMWYECKME MOKa3aTeau B
MOJIeJIU ONMUCAHbl B HOTALMM CUCTEMHOI TUHAMUKH, a
pPeruoHbI (heepabHOTO OKpyra MpeACTaBICHbI B BUIC
OTHEJbHBIX areHTOB, HAXOMSIIIUXCS B OJHOM M3 TPeX
COCTOSITHUM.

MonenupoBaHue TPOILIECCOB 3KOHOMUYECKOM IMHA -
MUKU T10 OTPAC/ISIM MpeACTaBIeHO B paboTe [36], roe B
Ka4yeCTBe OCHOBHBIX MOJIYJIC MOZIEJIN BbIIEICHBI TOCY-
JAapCTBEHHOE YIIpaBjeHUe, IIPOU3BOACTBO, MOTpebdie-
HUe, TPYAOYCTPONCTBO, Aemorpadus, odpazoBaHue U
¢uHaHCcOBas cucTeMa. B KauecTBe OCHOBHBEIX METOIOB
B 3TOI1 paboTe UCIONb3YIOTCS areHTHOE MOJEIMpPOBa-

HUE, CUCTeMHas IMHAMUKA, MEXOTpacjeBble OaiaHCco-
BbI€ MOJIEJIU, 3JIEMEHTHI UCKYCCTBEHHOTO WHTEJUIEKTa
1 KOTHUTUBHBIE TEXHOJIOTMHU. B OCHOBE MOJENN JIEXKUT
olpefesieHe MOTPEOHOCTU B PA3IMYHBIX pecypcax
(ToBap, Kaaphl U T.J.), BaJOBOE HAKOILJIEHUE OCHOB-
HOTO KanuTajla U UHBECTULIMOHHBIN cripoc. B maHHOM
WMUTAIMOHHOM MOJIE/IM B Ka4eCTBE areHTOB MPeCTaB-
JIEHbI TOMOXO3SIMCTBAa U IOpUINYECKUE JUIa pa3any-
HbIX (hopMm [37], moBeneHUE KOTOPBIX MOAEIUPYETCS C
TIOMOIIIBIO CITEIMAJIBHBIX aJITOPUTMOB, OIMCAHHBIX B
HoTtauuu auarpaMm UML. CucteMHast AMHaMuKa MC-
MOJIb3YeTCS JUISl MOJEIMPOBAaHUSI OIOIKETOB rocynap-
CTBa, OPUANYECKUX JIULL M JOMOXO3SIUCTB, a TaKXe IS
BOCIIPOM3BEACHUS IMHAMUKM HaceneHus [38].

Enie omHa TOmMbITKAa WMCITOJB30BAaHUS CHCTEMHOM
IWMHAMUKU B aHaJu3e OTpacjeil MpeicTaBlieHa B pa-
o6ote [39], roe pa3paboTaHa MMUTALUMOHHAs MOAEIb
CHCTEMBI 1IETTI0YeK IMOCTaBOK pernoHa. Momeb cocTo-
WT U3 YEThIPEX OCHOBHBIX B3aMMOCBSI3aHHBIX OJIOKOB:
HaceJieHHe, CelIbCKOe XO351CTBO, OOpabaThIBaromiast
MPOMBIILJIEHHOCTh M TpaHCIOPT. Mojeab Mo3BonIa
BBISIBUTH LIMKJIMYHOCTD ¥ B3aMO3aBUCUMOCTb 3 dek-
TUBHOCTM OCHOBHBIX OTpacjeil U uX BIUSHUE APYT Ha
npyra [40].

Takum oOpa3zoM, OOJBIIOE YUCIO SKOHOMHYECKHUX
WCCJIEIOBAHUI WCIIOIb3yeT MHCTPYMEHTApUii MMUTA-
IIMOHHOTO MOJEIWPOBAHUS M, B YaCTHOCTH, CUCTEM-
HOM MWHAMUKU TPU aHAJIM3e MaKPOIKOHOMMYECKUX
cucteM. TeM He MeHee, B TaKuX MOJIEIIX
paccMmarpuBaeTcs JM00 HallMOHaJIbHAs SKOHOMHUKA B
1IeJIOM, JIM0O ee OTAe/bHbIe YKPYITHEHHbIE ceKTopa. B
paMKax JaHHOTO MCCIeAOBAHMS ITPEANPUHSITA TOMbITKA
MPUMEHUTbh UHCTPYMEHTApUil CUCTEMHOM NMHAMUKU
IJIS1 UCCJIEIOBAaHUsI MOIEIM YCTOMUYMBOTO DPA3BUTHUS
OTACNABHOI TpyIIbl OTpacieil, Oa3upylolieiics Ha
TPEXCEKTOPHOI MOAEIN SKOHOMUKHU.

2. MaremaTuyecKas U aIropuTMuyecKas
OCHOBA MOCTPOEHHS] UMUTALMOHHOI MOIeH
Pa3BUTHS OTpacJ/ieil NPOMBIILIEHHOCTH

B pamkax maHHOTro uccjeioBaHMSI B KaueCTBE 00b-
eKTa BBbIIEJACHBl OTPaciu METaJUTypruu, MPOU3BOI-
CTBa TOTOBBIX METAJUIMUYECKUX U3AEIUMN, TOOBIYU PYIbI
¥ MallMHOCcTpoeHusl. Boibop 00bekTa McciaenoBaHuUs
clenaH He ClIydyaiiHO, T.K. UMEHHO METaJLTyprusi siB-
JIIeTCSl OAHOM U3 MEepeAoBbIX 00JaCTeil MPOMBIIIICH-
HOCTU YpaJlbCKOTO MakpopernoHa. B cooTsercTBUM C
TE3MCOM O paclpeleeHUN OoTpacjel Mo TpeM CEeKTO-
paM, B KaueCTBE TAaKOBBIX BbIIEJICHBI (B COOTBETCTBUU C
knaccudukanueit mo OKBD/I 2.0):



4 MaTepuaibHbIii ceKTop: 07 — [loObIua METALINYECKUX
pya; 24 — I1pon3BOACTBO METAJLTYPrUUecKoe;

4 (donmocoznamommii cexkrop: 28 — IIpousBoacTBo
MalllMH ¥ 000pyIOBaHMs, He BKIIOYEHHBIX B IpyTve
rpynnupoBku (B ToM uucie: 28.4 — IlpousBoacTBo
CTaHKOB, MalllMH W O0OpymOBaHUS WISl 00pabOTKuU
METaJUIOB, U MPOYMX TBEPAbIX MeTaioB; 28.91 —
[IpousBomcTBO MamIMH W OOOPYIOBAaHMS ISt
METaJLUTypIrum);

4 notpebutenbckuii  cektop: 25 — IlpousBoacTBo
TOTOBBIX METAJUIMYECKMX U3NEIUid (KpOMe MAaIIUH 1
000pyIOBaHUs).

[pyrue oTpaciv B JTaHHOW MOMAEIU HampsIMylo He
paccMaTpUBAIOTCSI, OJHAKO YYUTHIBAIOTCS B KauecTBE
HEKOUN «Ipyroil» orpaciau. MartepuaibHbI CEKTOp
3[eCh TPEACTaBIEH MPOW3BOICTBOM IPEAMETOB TPY-
Ja (Kene3Hble PYAbl, PyIObl IIBETHBIX METAJUIOB, YyTYH,
cTanb, (heppocIUIaBbl, CTATbHbIE TPYOBI, IparoleHHbIE
U 1BETHBIE METAJUIbI, JINThE), B KauecTBe (HOHI0CO3-
JAIOIIEeTO CeKTopa paccMaTpPUBAIOTCS CPEACTBa Tpyda
(MamHBI 1 000PYHOBAaHME), a MTOTPEOUTEIHCKOTO —
MpeaMeThl TOTPeOeHUS (TOTOBbIE METAIIMYECKUE U3-
nenust). 3aech ciaeayeT OTMETUTh, YTO MOTPEOUTEIIMU
MOTYT SIBJISITBCSI KaK APYTUE OTPACTN SKOHOMUKU, TaK
U ToMoXo3siicTBa. B paMkax HacTosieil Moaenu pac-
CMaTpUBAETCSI TOJbKO CEKTOpP METAJUTypTUU U Haubo-
Jiee TECHbIE C HUM OTpPacCiIu.

TexHonornyeckuii yKjiaa B MAHHOW MOJIENIN CUWTa-
€TCA ITOCTOAHHBIM, a BBIITYCK B OTpacC/IsIX 3a4a€TCA HE-
OKJIACCUMYCCKNMU IMPONU3BOACTBEHHBIMU CI)YHKHHHMPIZ

X =A-K"- IV, (1)

rae X, — o0beM BBIIyCKa B i-i OTpaciu;

A — Ko3(dDULMEHT HEeUTPaJTbHOTO TEXHUYECKOTO

1

mpolecca B i-# OTpaciu;

K. — 0CHOBHbBIE TPOM3BOACTBEHHbIE (DOH/IBI (HaJIee —
OI1®d) j-it oTpaciu;

L, — 4mcIio 3aHATHIX B i-i OTPACIH;

o — KO3(pPUIUEHT 271aCTUYHOCTU 10 (DOHIAM;

S — Ko3(pDULMEHT 3TaCTUYHOCTH IO TPYAY;

i— Homep otpacnu (i=7, 24, 25, 28).

B Monenu BeiAensgeTcs oo1iee Yrucao 3aHATBIX, KOTO-
PO€ UBMCHSIETCA C IMTOCTOAHHBIM TEMITIOM ITPUPOCTA:

aL_g,
dt

rie L, — YuCIio 3aHATBIX B i-i oTpaciu;

(2)

9 — TeMn MpUPOCTa YMcia 3aHSThIX.

Pacnpenenenue pabGoTalolyMx B MPOMBILLIEHHOCTH
MPEACTaBICHO B B¢ 6aIaHCOBOrO COOTHOIICHUS:

L:L7+L24+L25+L28+Loth’ (3)

L, — 4uciIo 3aHATHIX B i-i OTpaciu,

L, — 4MCII0 3aHATHIX B IPYTMX OTPACIIAX.

B Mogenu mpuHUMAIOTCS MPEANONOXeHUsT 00 OT-
CYTCTBHH JIaTa KaIIUTAJIOBIOXEHUI 1 TTIOCTOSTHCTBE KO-
3(DOULIMEHTOB U3HOCA OCHOBHBIX IMPOU3BOACTBEHHBIX
¢oumos. Orcrona, msmeHenne OIND i-if orpacan co-
CTOUT U3 M3HOCA U IIPUPOCTA 32 CUET BaJTOBBIX KaIluTa-
JIOBJIOKEHUWA:

d,
dt
rae K, — OI1® i-it oTpaciu,

=_/uil(i+[i7 (4)

1 — xoadunment uznoca OT1D B i-it orpacnu;

I, — 00beM BalOBLIX MHBECTULIWIA B /-I0 OTPACIIb.

Kanmurtaneuele BiaoxeHue B OIID Bcex orpacieit
MPOMBIILIEHHOCTH IIPEACTABISAIOT CO00i MOKYIIKY Ma-
IIWH, 000pYIOBaHUs, 30aHUI, coopyXeHUl u T.1. Ta-
KUM 00pa3oM, BBIITYCK oTpacieii 28 1 41 B COBOKYITHO-
CTU COCTaBJIsIeT OOIIUif 00beM MHBECTUIIMIA, KOTOPBIE
MOT'YT OBITh BJIOXXEHbI B pa3HbIe OTPACIIN:

X28+X41=17+124+125+128+[oth’ (5)

rae X, — 00beM BbINTYCKa B i-if oTpaciu;,
1. — 06beM BaJIOBBIX MHBECTULIMH B i-10 OTPACITb;

I, — 00beM BaJIOBBIX MHBECTULIMI B IPYTHE OTPACIIH.

Ha nannowm atane ucciaenoBanust otpacib 41 «Ctpo-
HUTEJIbCTBO 3MaHMUI» He BKIIOUCHA B MOIEIb, IIO3TOMY
paccMaTpuBaeTCs Kak IMOCTOSTHHAS.

Emre onHo OajaHcoBOe COOTHOIIEHME IMOKa3bIBaeT
pacripeaeneHue MpoayKLMKU oTpacjeil MaTepuaabHOTO
cekTopa (B YaCTHOCTU, METAJLTYPTUM):

(6)

X24 = a0X24 + a25X25 + a28X28 + aotthh’

rae X, — 00beM BbIITYCKa B i-if oTpaciu;,

a, — K03(OULIMEHTHI IPAMbIX MaTEPHAJIbHBIX 3aTPaT.

Takum oOpazoMm, MareMaTHYecKash MOIETb COCTOWT
M3 MSITH TUHAMMYECKMX 3JIEMEHTOB IIEPBOIO MOPSIIKa,
TpeX CTAaTHUYCCKUX PACIPEHCIUTEIbHBIX 3JIEMEHTOB W
YeThIpeX HEJIMHEIMHBIX CTATUIECKUX 3JIEMEHTOB. DHIO0-
TeHHBIMH TTepeMeHHBIMU BIsttoTcss OII® 1 BhIMycKH
oTpaciieil. DK30reHHbBIMU IEPEMEHHBIMU SIBJISIOTCS
TEMII TIPUPOCTA YMCIA 3aHSTBIX, KO3(MPUINEHTHI W3-
Hoca OII®d orpacieii, KoahOULIMEHTHI MPSIMBIX MaTe-



pUATbHBIX 3aTpaT, HAuYaIbHOE 3HAUEHUE YNCIIA 3aHSITHIX,
HavyaJIbHOE pachpe/ieJIieHUe 3aHSThIX MO OTPacysIM, Ha-
yanbHble 3HaueHus OT1P oTpacieil u mapaMeTpsl Mpo-
MU3BOACTBEHHBIX (byHKIIMIA. COOTBETCTBEHHO, yIpaBJIe-
HHME B MOJIEJIA OCYILECTBIISIETCST TTYTEM pacTpeneICHUsT
TPYAOBBIX U MHBECTULIMOHHBIX PECYPCOB.

OcHoBbIBasiCh Ha ypaBHeHUsIX (1)—(6) U OCHOBHBIX
MOCTYyJIaTaX CUCTEMHOI TMHAMUKHW, aBTOPOM CIIPOEKTU-
poBaHa 1 pa3paboTaHa B IporpaMMHoOii cpene AnylLogic
MMUTALIMOHHAs MOJIEIb Pa3BUTHS METALTYPrU4YeCKOn
M CMEXHBIX C Heil oTpacieil mpoOMBIIIUIEHHOCTU. Takas
MOJIEJb COCTAaBJI€HA B COOTBETCTBUM CO CJIECAYIOIIMMU
MPUHLMIIAMU:

1. JIlnHaMHW4YecKUe 3JEMEHTHI TpeACTaBIeHbl B BUIIE
JMarpaMM MOTOKOB M HAaKOIUTENeH, KaKablii JUHAMMU -
YeCKMI BJIEMEHT TpeACTaBiIsieT COOON HaKOMUTEsb, a
MOTOKOM 331a€TCs1 CKOPOCTb U3MEHEHUST 3TUX HAKOIH-
TeJIEeH.

2. HemmueliHbIe cTaTUIeCKHE BJICMEHTHI 3a1af0TCS B
BUne (PYHKIIMOHAIBHBIX TIEPEeMEHHBIX, 3HAUCHHST KOTO-
PBIX PACCUNTHIBAIOTCS UCXOMS M3 3HAYCHMIT IPYTUX TTe-
PEMEHHBIX, ITApaMETPOB I HAKOTIUTEIICH.

3. Cratnueckue pacnpeaeanTeIbHbIe 3JIEeMEHTHI 3a1a-
IOTCSI B BUJIE TIApaMETPOB, 3HAYECHUST KOTOPBIX PEry/In-
PYIOTCS TOJIb30BaTEIeM MOIECIIN.

- -~

|_24

o @ mu_24

X_24
O a2

Q&{Q alphat_24
@ alpha2_24

Puc. 1. MoTokoBas Anarpamma MeTannypritiecko 0Tpacn

@ i

Takum oOpa3zom, B pa3pabOTaHHONH WMMTALIMOHHOM
MOJIE/IN MIPUCYTCTBYET MITh ITIOTOKOBBIX IMarpaMM, de-
ThIpE U3 KOTOPBIX MMEIOT MPAKTUYECKU MICHTUYHBINA
Bun (pucyrok 1.

B 11e;10M UMHTALIMOHHAS MOJIENb IIPEACTABIISIET COO0I
KOMILIEKC IIOTOKOBBIX U IPUYMHHO-CICACTBEHHBIX
IUarpaMM, TA€ KaXIblil 3JIEMEHT pPacCYUThIBACTCSI
JUHAMUYECKHU, B HEMPEPbIBHOM BpeMeHU. O01Iuit BU
MMUTALMOHHOM MOJIE/IN NPEACTAaBIICH Ha pucyHKe 2.
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B kauecTBe HakomuTeNiell B MOIENM TIPEACTaBICHbBI
00BEM OCHOBHBIX TIPOM3BOACTBEHHBIX (QOHIOB (Karu-
Tajia) KaXAOW U3 UCCIEMyeMbIX OTpaciiell M YUCIIO 3a-
HSITBIX B TIPOMBIIIIJIEHHOCTH, KOTOPBIE PACCIUTHIBAIOTCS
10 33JaHHBIM AU (epeHITMaTbHBIM YpaBHEHUSIM (2) U
(4) ¢ TTOMOIIBIO CITELIMANIBPHBIX 3JIEMEHTOB — ITOTOKOB.
IMoTokM 3a1a10T CKOPOCTb U3MEHEHWST HAKOTIUTENeH 3a
eNVHUILy BpeMEHU AMHAMUYECKUM TIyTeM, T.e. Herpe-
pbIBHO. C TTOMOIIIBIO TUHAMMYECKUX TTEPEMEHHBIX OTTH -
CBHIBAIOTCSI BBIITYCK MPOAYKIIUM OTPACIIH, & TAKXKE YMCIIO
3aHATHIX U 00beM MHBEeCTULIUH (mabauyai ).

BU3HEC-MHOOPMATUKA T. 15 Ne 1 — 2021

IMTapamerpaMyu B MMUTAUMOHHON MOJEIU OOO3HA-
YaloTCs 3HAYCHUSI, KOTOPBIE 3aMalOTCSI M M3MEHSIOTCS
MoJIb30BaTeeM, a He (PYHKLMOHAJIBHO. DTO JaHHEIE,
MOJIyYeHHbIE CTATUCTUYECKUM U SMITUPUUYECKUM ITyTEM,
paccudTaHHbIE MaTeMAaTUIECK M 9KOHOMETPUYECKN 1
3aHECEHHBIE B MOJIENb. [lapaMeTpbl MOTYT OBITH KaK CTa-
TUYECKMMHM, TaK U U3MEHSIOIIMMICS C TEUCHUEM Bpe-
MEHU (DTaHHOE CBOMCTBO MPUTOIUTCS ITPU MOJEIUPOBa-
HUU Pa3WYHbIX CLIEHAPHWEB KOHOMMYECKOIO pOCTa).
CraTtndeckumMy TlapaMeTpaMu SIBIISTIOTCSI, B OCHOBHOM,
HavaJbHbIC 3HAYCHUs HAKOIMUTEIeH U KO3 PUILIMEHTHI
MPOV3BOICTBEHHBIX (DYHKIIMIA (mabauya 2).

Tabauuya 1.

DH/IOreHHbIE nepeMeHHble UMUTALIMOHHOM MO/IeJIH

HaumeHoBaHue nepemMeHHON ‘ Tvn nepemeHHoi#

‘ WnTepnpeTaums nepemeHoM

Ki Hakonurens 06bem kanuTana i-i 0Tpacin
L Hakonutens Y1C0 3aHSITbIX B MPOMBILLAEHHOCTM
Sflowlnvest i Motok MprpocT NHBECTULIAI B OCHOBHOIA KanuTan i-i oTpacnu
flowVyb_i Mook BbIBbIBLUMIA OCHOBHOI KanuTan i-it 0Tpacau
flow_PrirLabor Motok TprpOCT 3aHATBIX B NPOMbILLTEHHOCTH
Xi [uHamuyeckas nepemeHHas (pyHKLNS) BanoBblit BbINYCK i-it 0Tpacny
Li [lnHammn4eckas nepemeHHas Y1CNO 3aHATbIX B i~it OTpacny
) [lnHamn4eckas nepemeHHast 06bem UHBECTMLMIA B i—t0 OTPAC/b
X i [lInHamnyeckas nepemeHHas Mpou3BoaUTENbHOCTb TPYAA i~if OTpacnn
ki [nHamnyeckas nepemerHas (DOH0BOOPYXEHHOCTb i~if 0TPac/H

Tabauuya 2.

DK30reHHbIe nepeMeHHbie MOJEIN

HanmenoBanue Tun >
nepemMenHoil nepemMeHHoil WnTepnpeTauus nepemeHoi Cnocob6 pacyerta
ki MapavieTp HayanbHoe 3Ha4eHune 06bema OCHOBHBIX (DOHA0B il Bepercs u3 cratmcTudeckux UCTOHHNKOB
— otpacnu 3a Nepuof, Npe/LecTBYOLIMA MPOrHO3MPYEMbIM
mu_i Mapametp CKOpoCTb BbIOLITUS OCHOBHBIX (DOH/0B i~if OTpacN PaccunTbIBagTCS N0 CTATUCTUHECKIIM AaHHBIM
. Jlons 3aHATbIX B i~/ OTPACAM B OOLLEM YICIE 3aHATBIX
li Mapamertp B MDOMBILUTEHHOCTH PaccumTbIBAETCA NO CTATUCTUYECKUM AaHHBIM
. [lonst MHBECTMUWIA B OCHOBHbIE (VOHAbI i~if 0Tpacm
ii Mapametp B OGILIEM OGbENE BbINyCK MPOAYKLIMM MALMKOCTDOBHUS PaccyuTbIBAETCA NO CTATUCTUYECKUM A@HHBIM
ai Napavierp KoadhnumeHT Hay4HO-TeXHN4eCKOro nporpecca PaccuuTbIBAETCS N0 NPOU3BOACTBEHHOI (YHKLINM
— I-11 0Tpacnu I-1A oTpacnm
alphal i Mapametp KoathdmUMeHT anacTiHOCTI Mo KanuTany i-i oTpacnu PaccaTeiBagTCA n(;_l:ﬁpgrl;aacﬁcmennom (pyHi
alpha?_i Mapametp KoadchnumeHT anacTu4HOCTV N0 Tpy Ay i-it 0Tpacnm PaccuATLIBagTCA ”?_%p8$§:C%$CTBEHHOM by
Bepertcs 3 CTatucTHecKnX UCTOHHUKOB
10 Mapametp HayanbHoe 3Ha4eHue 41Cna 3aHsTbiX B MPOMbILLEHHOCTY 3 NEpHOR, NDEUIECTBYHOLA NPOTHOZMDYEMIM
% Mapametp Temn NpupocTa 3aHsTbIX B NPOMbILLNEHHOCTM PaccyuTbIBAETCA NO CTATUCTUYECKUM AaHHBIM
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Takum obGpa3oMm, omnucaHa CTPYKTypa WMHUTALMOH-
HOW MOJeNu pa3BUTUSI HECKOJBKUX OTpacjieil Mmpo-
MBILLJIEHHOCTH, BKJII0Yas METaJUTypruio, 100bYy Me-
TaJJIMYECKUX PYO, MALLIMHOCTPOECHUE U ITPOU3BOACTBO
TOTOBBIX METAJUIMIECKUX NU3ICTUA.

3. Pe3y.]'leaTbl HMHUTAIHUOHHOTIO
MOAEC/TMPOBAHMA PA3BUTUA
MeTAJUIYPru4ecKoi 0Tpaciaun

Hdnst anpobany Mojaeaud HeOoOXOOUMO pPacCuuTaTh
3HAYEHMSI IK30TCHHBIX MIEPEMEHHBIX (TapaMEeTPOB) MO-
IIeJIu U 3a1aTh ypaBHeHUsI (1)—(6) ¢ COOTBETCTBYIOIIMMU
nepeMeHHBIMU. C IEeJIbIO BEIMUCICHUS KO3(PDUIIEHTOB
A, a1 f,TIOCTPOEHBI TPOU3BOACTBEHHBIE (DYHKLIMM JUIS
KaxXmoit orpacim. JIJist mocTpoeHMUs IPOM3BOICTBEHHBIX
yHKIIMIT MCTTONB30BaHBI O(UITANIEHBIE TaHHbIe Dere-
paJIbHOM CJTY>XKObI FTOCYIapCTBEHHOM CTaTUCTUKU 3a Tie-
puon ¢ 2002 no 2018 . K coxaneHuio, UCIoab30BaTh
OoJlee paHHME TaHHBIC HE YIaJI0Ch M3-3a MX HECOIIOCTa-
BuMocTH. OIHAKO MepHO MPOTSLKEHHOCTRIO B 17 JeT
BIIOJTHE TTO3BOJISIET IIOCTPOUTH PErPECCUOHHYIO MOJICITh

C ABYyMA OODBSICHSIIOLIUMU NEPEMCHHBIMN Ha BBICOKOM
YPOBHE€ 3HAYMMOCTHU. CTOMMOCTHBIE TTOKA3aTeIN Tepe-
CYHUTAHBI B COIMOCTABMMBbIC LICHBLI 2002 roga.

B kavecTBe mokasatenei X, ObIIN UCTIOIb30BAHBI MO~
KazaTelln o0beMa OTTPYKEHHBIX TOBApOB COOCTBEH-
HOTO IIPOMU3BOACTBA IO KaXXIOW M3 MCCIETYeMBIX OT-
pacieii: mo0bl4a METAJUIMYECKUX Py, IPOM3BOACTBO
METaJTypTHUeCcKOe, IPOU3BOACTBO TOTOBBIX MeTal-
JIMYIEeCKUX M3l (KpoMe MallliH M 000pyI0BaHMA),
MPOM3BOJACTBO MAIlMH U OOOPYIOBaHMS, HE BKIIO-
YEHHBIX B Apyrue rpynnupoBku. Ilokasarenb K, pac-
CUMTaH KaK 3HauyeHMe IoKa3aTesIs OCHOBHEIX (DOHIIOB
KOMMEPYECKMX OpraHU3aLlUi IO KaXXI0W U3 OTpacCiIeid.
IMokaszareny L, paccyuTaH KakK 3Ha4€HUE MOKa3aTesist
CPeIHErog0BOl YMCIEHHOCTA PaOOTHHUKOB OpraHu3a-
uuit (mabauya 3)'.

B pesynbrate pacyeToB C MCMOJb30BaHUEM SI3bIKA
nporpamMupoBanus R n makera RStudio Oblm moiry-
YeHBbI CJIEAYIOIINe TTPOU3BOACTBEHHBIE (DYHKIIMU MC-
cJIelyeMbIX OTpacJeil MPOMBIILIEHHOCTHU:

Tabauuya 3.

Moka3atenn?

CpepHee
3Ha4yeHue

JleCKpUNTHBHAS CTATHCTHKA HCXOIHBIX JAHHBIX
JUJIS1 IOCTPOEHUS MPOU3BOACTBEHHbIX (hyHKIMiA

CraHpapTHas
owubka

Meaunana

MuHumym

Makcumym

[ucnepcus

CpepHekBappaTuyecKoe

OTKJIOHEHHue

X_07 407056,8 469441 988000,0 343633,8 4844461 2034227172 45102,4
X_24 13984715 220461,5 2768500 1061710 18377249 4,4865E+10 2118126
X_25 597651,1 91035,0 1186500 455018,6 768581,6 7649879809 87463,6
X_28 529757,8 80704,7 1125420 376389 646794,0 6012228031 77538,6
K_07 368006,7 85864,8 697009 274479 548720,3 6805624929 82496,2
K_24 708306,6 139333,0 1320351,5 570974,3 984168,4 1,792E+10 133866,8
K_25 150132,3 29339,2 280074,6 121115,8 210779,5 794574579 28188,2
K_28 171378,7 12066,6 354314 153625,6 1912044 134402506 11593,2
L_07 2459 85,7 1090000 167 357,5 6781,9 82,4
L 24 557,0 108,3 1076803 440,7 7318 10822,8 104,0
L_25 3937 74,4 513309 292,9 4878 51145 mn5
L_28 742,0 3132 131 299,4 1205,0 90548,1 300,9

! st pacueTta mokasatesieil UCIOMb30BATKUCH CTATUCTUYECKUEe COOPHUKU: «[IpOMBIIIIEHHOE TIPOU3BOACTBO
B Poccuu — 2019», «[TpombiiiuieHHoe npoun3Boacto B Poccun — 20165, «I[IpombitiuieHHOCTh Poccuu — 20105,
«[MpompitieHHocTs Poccun — 2002»

? TMokasatenu X u K, paccuMTaHbl B MUIMOHAX pyOieit, mokasaTenu L, — B ThICAYaX YENOBEK
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Xy = Ko 13

X, = O,68-K§;‘74 -Lgfs

Xoo=5.9 K 132
Koy = Ky L

(7)

3aech cieayeT OTMETUTh, YTO CyMMa KO3 ULIMeH-
TOB 3JIaCTUYHOCTH 10 (hoHAAM U TPYIy OOJIbIIE SAUHM -
1IbI, YTO TOBOPUT O HAJIMYMY BO3pacTaloIIeii OTmauu.
JlaHHBINI TE3MC OCHOBAH Ha pe3y/IbraTax UCCICIOBaAHUS
C.B. Opexosoit 1 E.B. Kucnuisiaa [41], mocssiimeH-
HOTO aHAJTU3Y COBOKYITHOU MPOU3BOAUTEIBHOCTH (haK-
TOPOB, MOJ KOTOPBIM MOHUMAETCSI HEOOBSICHEHHbBIN
OCTaTOK pOoCTa KOHEYHOro Mmpoaykra. B ywactHocTH, B
HUCCIIeI0OBaHMM JOKa3aHO HAJIMYME COBOKYITHOM IpO-
M3BOIUTEILHOCTH (DAKTOPOB B OTPACISIX TSIKEIIO0M IIpO-
MBITIUIEHHOCTH, B T.4. METAJUTyPTUM, YTO Ta€T OCHOBA-
HUE MPEATIONOXUTh HAJIMYKME BO3pacTaloieil OTnavu.

Bce moctpoeHHBIe (DYHKIMM U MX KO3(POUIIMEHTH
CTaTUCTUYECKU 3HAYMMBI Ha ypoBHe 5%, Koabduiim-
EHTHI JeTepMUHaAIK Kojieomores ot 0,4 s MeTan-
sgypruu 1o 0,99 11 MalMHOCTpoeHUsl. 3HaUeHUs Beex
5K30T€HHBIX IIePEMEHHBIX (IIapaMeTPOB), OIMCAHHBIX B
mabauye 2, pacCYUTaHbI U TIPEACTABIEHBI B mabauye 4.

OcHOBHasl Waesl MMMTALIMOHHBIX MOJEIel COCTOUT
B TOM, YTOOBI MOKHO OBLIO MOAEJIMPOBATh Pa3IUIHbIE
CHUTyalli¥, BO3HMKAIOIINEC B CHUCTEME, T.€. MOICIHMPO-
BaTh clUeHapuu. B paMkax maHHOU paboThl ObUIO UC-
CJIeIOBAaHO IIIECTh DPA3JIMIHBIX CIIEHApPUEB DPa3BUTHS
oTpacieil MeTaJUlypruM M CMEXHBIX ¢ Heil. IlepBblit

BU3HEC-UH®OPMATUKA T. 15 Ne 1 — 2021

ClieHapuii — pa3BUTHE 3KOHOMMYECKOU cucTeMbl 6e3
CYILIECTBEHHBIX M3MEHEHMII B COOTBETCTBUM C 3alaH-
HBIMH TIPOM3BOIACTBEHHBIMU (PyHKUMSAMH. [Ipn TakoM
CLIEHApUU MPeAroJaraeTcs, 4YTo Bce MapaMeTpbl MOAEIU
SIBJISTIOTCSI KOHCTAHTAMM (T.€. COXPAHSIIOTCS BCE TEMIThI
MpUPOCTa OCHOBHBIX MoKa3zarteseit). Takoil cueHapuit
OTpakaeT CYIIECTBYIOIIYIO KapTUHY 1 ITO3BOJISET CITPOT -
HO3UPOBATh pa3BUTUE SKOHOMMUK Pa3IMUHBIX OTpacyeit.
B kauecTBe aHaNMM3MPyeMbIX MEPEMEHHBIX BBIICICHBI
TMPOU3BOIUTENBHOCTh TPyAa, (POHAOBOOPYXKEHHOCTh
(pucynok 3) 1 BaJIOBbII BBIITYCK MPOAYKIIUU (pucyHok 4).

Cpazy cienyer OTMETUTb, UTO OOIIMEe OOBEMbI BBI-
MycKa B HEKOTOPEIX OTPACTISIX MOTYT He OTpaXKaTh Acii-
CTBUTE/IbHBIC 3HAUEHMSI HAa HAdalo aHaJu3UpPyeMOro
Teproa, ITOCKOIBbKY, BO-TICPBEIX, TIPON3BOICTBEHHBIC
¢GyHKIMM cTpouauch 1o neHam 2002 roma u, BO-
BTOPHIX, HaYaJIbHOE 3HAYCHUE BBHIITYCKAa B TaHHOM MO-
neu He 3agaBanoch. OCHOBHa 1IeJIb 3[eCh — IpOCIIe-
JUTb TEMIIbl POCTa OTAC/IbHBIX OTPACIICIA.

Tax, mpu CyIECTBYIONIMX TEMITaX TIPUPOCTA YUCTIEHHO-
CTU pabOTHUKOB B ITPOMBILIUIEHHOCTH (4 TI0 COCTOSIHUIO
Ha 2018 ron maHHBIA Temn coctaBun —0,36% B Tom) n
TeMIIax MPUPOCTa KAITUTATOBIOXKEHHI B OCHOBHbBIE (DOH-
Iibl, (POHIOBOOPYKEHHOCTh BCEX UCCIIEMYEMBIX OTpacyeid
MOCTENEHHO OXOMUT JI0 YPOBHSI TIPOU3BOIUTEIEHOCTU
Tpyna yepe3 10 yet. I[Tpy HeM3MeHHBIX TTOKAa3aTe IsIX POCT
BBITTYCKA MTPOMYKIIMU B OTPACIIN TOOBIYM METALTUUECKIX
pya BeIpacTeT B 2,78 pa3, MeTautypruu — B 1,9 pas, mpo-
M3BOJICTBA TOTOBBIX METAJUTMYECKMX uanenuii — B 1,44
pasa u MalmHocTpoeHus1 — B 1,95 pa3 3a 10 jet.

Tabauua 4.

3HavyeHHs mapamMeTpPoOB MOJIe) M MO cocTossHUo Ha 2018 r.

ottt | weraon | 24~ Meramrwecos | 25 IRIATIS || 20 et
Otpacnb pya U3aenui B [ipyrue rpynnupoBKu)
ki 1709200 3255000 699600 509900

mu_i 0,013 0,009 0,007 0,011

li 0,032127 0,043398 0,04877 0,039027

ii 0,207959 0,250129 0,06384 0,033877
a_i 1 0,68 59 1
alphal i 0,89 0,74 0,38 097
alpha?_i 0,28 0,55 0,49 0,22

10 9887,1

v -0,00036

3 Jlnst pacyeTa rokasatesieil UCMOJIb30BATUCH CTaTUCTUYECKe COOPHUKH: «[IpoMBbILIIIEHHOE TPOU3BOICTBO B
Poccuu — 2019», «[1pombiiieHHOe pou3BoacTBo B Poccun — 2016» u 6a3a naHHbix «CITAPK-WHTepdeiic»
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[lo6blva meTannm4eckux pya Metannyprus

Thic. py6. / ven. ThiC. py6. / ven.
20.000 o 20.000 o
15.000 A 15.000
10.000 10.000
5000 5000
0 5 10 0 5 10
Mpon3B0ACTBO rOTOBbIX METANNNYECKUX U3AENHI MawumHocTpoeHue
Thic. pyo. Thic. pyo.
0 20.000
15.000 15.000
10.000 10.000
5000 5000
0 0 5 10
[pon3soauTenbHOCTS TRYAA = ===~ DOH/0BOOPYKEHHOCTb

Puc. 3. uHamuka n3MeHgHs Npon3BOANTENBHOCTI TPYAA 1 (DOHA0BOOPYXEHHOCTY MO CLgHaputo Ne

Jlo6bl4a MeTannuyeckux pya Metannyprus
Tbic. pyo. Tbic. pyo.
6.000.000 3.000.000
5.000.000
4.000.000 2.500.000
3.000.000
2.000.000
2.000.000 4
1.000.000 ' + Togpl 1.500.000 T 1 [ogbl
0 5 10 0 5 10
Mpon3B0ACTBO FOTOBbIX METANNNYECKUX H3AENHI MalumHocTpoeHue
Thic. py6. Thic. py6.
000 T 3.000.000
26.000 2.500.000
24.000
2.000.000
22.000
20,000 1.500.000
18.000 . + Togbl 1.000.000 - + Tl
0 5 10 0 5 10

Puc. 4. [InHamuka n3MeHeHs BanoBoro Bbinycka NpoaykLmm no clieHapmio Net



Hanee aHANMU3MPYIOTCS TPU IMECCUMUCTUYECKUX U
JBa ONITUMHUCTHYECKUX CLieHapusl. Bropoii cieHapuii —
9TO OTPaXECHHME YX€ CYLIECTBYIOIIEH TEHACHIMH
COKpAIIEHNsI YKCiIa PAOOTHUKOB B IIPOMBIIIIEHHOCTH.
B uMuTALIMOHHO# MOIEH 3aaHO COKpAILEHUE TEMITOB
poCTa YKCIEHHOCTH PAOOTHUKOB B IIPOMBIIILIEHHOCTH
Ha 1% B ron (pucyHok 5).

B mepBylo odepenb, cokpallleHHWE TPUTOKA HOBOM
paboueii CHIIBI B IIPOMBIIIJICHHOCTD B IIEJIOM KOCHET-
csl oTpacieil, B KOTOPBIX MPOU3BOAUTEIBHOCTDb TPYyIa
BJIMSIET Ha BBIMYCK B 0OJIbLIEH cTereH!, YeM (hOHI0BO-
opyxeHHOCThb. COTIacHO pacCYMTAaHHBIM 3HAYCHUSIM,
BBIIIYCK B OTPAc/I¥ METAJIypruu OyaeT ITOCTEIEHHO
3aMeUISITECS Y Ha AEBSITHIN roll MPaKTUYEeCKU OCTaHO-
BUTCS. B oTpaciu npon3BoACTBa TOTOBBIX METaJLTYE-
CKUX U3JIEJINI CUTYaIus elie 0ojiee HeTaTUBHASI — YKe
Ha IIIeCTOM Tof 00BheMBI BBIMYCKa HAYHYT manath. OT-
paciad J00BIYU METALIMYECKUX PYI U MallnHOCTPOe-
HUsI He TaK CWJIBHO TTOCTPAJaoOT, OMHAKO W Y HUX TEM-
ITBI POCTA BBIMTYCKA MPOAYKIIUY COKPATSITCS.

Tpetuii cueHapuit — cokpallleHUe I0JU paOOTHUKOB
OTpaciy MalIMHOCTPOEHMSI B OOILEM YUCiIe pabOTHU-
KOB IIPOMBIILIEHHOCTH Ha 25% B ron. JlaHHBINA cleHa-
PUIA IBIISICTCS TTOITBITKOM ITPOCICANTD TPUIMHHO—CIIC -
CTBEHHYIO 3aBUCHMOCTb MEXIy BBIITYCKOM OTpacjeil u
IPOU3BOICTBOM OCHOBHBIX (DOHIIOB (pucyHOK 6).

Nlo6b14a METANANYECKUX pya

Thic. pyo.
5.000.000 7

4.000.000
3.000.000

2.000.000

1.000.000

T 1 [ofpl
10

Mpon3B0ACTBO rOTOBbIX METANNNYECKNUX U3AENNIA

Toic. pyo.
22.000 7 L

21.000

20.000

19.000 :
0 5

1 [ofpl
10

HeTpynHo 3aMeTUTB, YTO TEMITbI BBIITYCKA ITPOIYK-
WY OTPaCIM MAIIMHOCTPOCHUS 3aMEeIJISIIOTCS TOCTa-
TOYHO AIBHO YK€ C TPETBETO roia, TOraa Kak Ipu o0LIeM
CHIKECHMH YUCJICHHOCTH PabOTHUKOB BO BCEX OTpac-
JISIX TaKOW TEHIEeHLIMM He Habmonaiock. Kpome Toro,
aHAJIOTUYHBIC TTOKAa3aTelIM B IPYTUX OTPACIISIX TaKKe
cHuXarorcs. Tak, TeMI pocTa BbIITycKa MPOAYKIIUU B
OTpacii JOOBIYM METAJUTMIECKUX PYH COCTABUT BCETO
2,28, metannypruu — 1,27, a B IpoM3BOJACTBE TOTOBBIX
MeTayumyeckux m3nenuii — 1,34 3a 10 yet, uto cyiie-
CTBEHHO HMXe, YeM TIpu cueHapum Nel.

Crenyloluii cueHapuii — coKpallleHWe I0JU WH-
BECTUIIMIA B OTpAc/ib MallIMHOCTPpOeHUs Ha 25% B rOnI
(pucynok 7) B o0111eM 00BEME MHBECTUILIMI B IIPOMBIIII-
JIeHHOe Tpou3BoAcTBO. Kak oxwumaercs, 3mech J0JIK-
Ha HaOMIONAThCSI TEHIEHIIUS, aHAJIOTUYHAsI TPEThbeMy
cueHapuo. TeM He MeHee, TIPU COXPAHEHWU OOIINX
TEeHACHLUM, KOJIMYECTBEHHAS Pa3HULIA C IPEAbIIY UM
CLIEHap1eM BCe Xe eCTb.

Boimyck oTpac/iz MalIMHOCTPOEHHMS CTPafaeT CUIbHEE:
€ro TeMIIbl HAYMHAIOT IaJaTh YK€ Ha BOCBMOI1 TOI IIpO-
rHo3a. OmHaKo, TeMITbI BBIIYCKa IPYrMX OTpaciieil Ia-
JIAr0T MeIUTeHHee. 31ech CKa3bIBaeTCsl OATaHCOBOE YpaB-
HeHue (5), T.c. THBECTUIIMU B APYTHE OTPACIIHA OCTAIOTCS
Ha MpexHeM ypoBHe. Jlaxke Korua TeMIIbl IIPOM3BOICTBA
B OTpac/ MallIMHOCTPOEHUST HAYMHAIOT I1a/IaTh, IPYyTrye

MeTtannyprus
ThiC. pyo.

2.200.000 7
2.000.000
1.800.000

1.600.000

1.400.000 T
0 5

1 [0fbl
10

MawumHocTpoeHue

Thic. pyo.
2.500.000 2

2.000.000

1.500.000

1.000.000 .
0 5

1 [0/l
10

Puc. 5. [InHaMmnka n3meHeHst Banosoro Bbinycka npoayKLuy no cueHapuo Ne?



Ho6blva meTannu4eckux pya Merannyprus

Thic. py6. Thic. py6.
4500000 1" » 30000007 %
4.000.000
3.500.000 2.500.000
3.000.000
2.500.000 2.000.000
2.000.000 ‘
1.500.000 . : 1.500.000 T )
0 5 10 Foap! 0 5 10 lompl
Mpon3B0ACTBO rOTOBbIX METANNYECKNX U3AENNA MalumHocTpoeHue
Thic. py6. Thic. py6.
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OTpac/I OIIYIIAIOT 3TO B MEHBIIIEH CTENIEHHU, YTO SIBJISI-
eTCcs BechMa HEOOBIUHBIM sIBJIeHMeM. [lomydaeTcs, 4Tto
HCCIIeMyeMbIe OTPacv KOMIICHCUPYIOT IIPUTOK MHBECTHU -
Wit U3 IPYTHX OTPACIeH TPOMBIIIICHHOCTH (HAIIpUMED,
CTPOUTEJILCTBA) B OOJIBLLEH CTENEHU, YeM OTTOK paboT-
HMKOB U3 OTPAC/I1 MAIlIMHOCTPOEHUSI.

[laTelii cLieHApU SIBJSETCS ONTUMMCTHUYECKUM —
YBeJIMUYEHNE IIPUPOCTA YHCIIa pAOOTHUKOB B IPOMBIIII-
JICHHOCTH C COXpaHEHUEM MX pacIpele/ieHus] IO OT-
pacisaM Ha 1% B rox (pucyrnok §).

IIpupocT YNCIIEHHOCTH pabOTHUKOB MO3UTUBHO CKa-
3bIBAETCSl HA TEMIIaX pOCTa MPOAYKIIMM IO BCEM OTpac-
M. bojiee Toro, akTMBHO HauWHAET pabOTaTh IETIIS
00paTHOM CBSI3U, KOTOpasl CBS3bIBACT BBIMYCK (POHIO-
00pa3yIonIx oTpacieil (B YaCTHOCTH, MAIIMHOCTPOE-
HUE) ¢ IPUPOCTOM KamuTaja B Ipyrue oTpaciu. Takum
00pa3oM, 4eM JaJiblie Mbl CTPOUM IIPOrHO3, TeM 0O0JIb-
IIVIO JOJTIO B YBEJIMYEHUU BBINMYCKA MPOIYKIIMU 3aHM-
MaeT IPUPOCT KAITUTAIOBIOXEHHI B OCHOBHbBIE (POHIBI.
Takoii a¢phekT Ha3bIBaeTCsl CaMOBOCHPOM3BOISIIEHCS
TETJIel 0OpaTHOI CBA3M.

IMocnenHuii cueHapuii B JaHHOM KUCCJIeIOBaHUU MO-
CBSIIIEH aHAIM3Y Pa3BUTHS OTPACTIEN TIPU YBETUYEHUU
JIOJIM WHBECTULIMA B OTpac/ib MAlIMHOCTPOCHHUSI Ha
10% B roxn (pucyrok 9).
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EcrecTBeHHO, B JaHHOM CLIEHapUU TakKxXe HabJoaa-
eTCsl YBeJIMYEHNEe TEMIIOB pPOCTa BBHIIYCKa MPOAYKIIUU
BCEX OTpaciieil Mo CpaBHEHHUIO CO CTAaHIAPTHBIM ClIeHA-
pueM Nel. OgHako, cienyeT OTMETUTb, UTO B MEPBYIO
odepelb CUJIBHO YBEIMYMBACTCS BBITYCK B OTpaCid
MammHoOCcTpoeHWsT — B 3,7 pa3a 3a 10 jet. OmHako, B
METAJLTYPTUYECKHUX OTPACIISIX YCKOPEHUE TEMITOB POCTa
0oJjice MeUIEHHOE TI0 CPaBHEHMIO CO clieHaprueM NoS.
3nech ciieayer OTMETUTb, YTO, BO-TIEPBBIX, MPUPOCT
TPYZOBBIX PECYPCOB B LICJIOM YBEJIMYUBACT NPUPOCT B
OOJIBIIICH CTETICHW JIMHEWHO 1, BO-BTOPBIX, IIPHPOCT
WHBECTULIMI B ONHY OTPac/ihb COIIACHO OalaHCOBO-
ro ypaBHeHus (5) mpenmnoyaraeT UX OTTOK (XOTh U He-
OosIbLION) M3 ApYrux oTpacieii. Tem He MeHee, 3KC-
TMOHEHIIMAIbHBIN POCT OTpaciu MaIIMHOCTPOEHUS B
0oJiee TOJATOCPOUHOI MEPCIIEKTUBE MTOBJICUET 3a CO00it
AHAJIOTUIHBINA POCT METAJLUTyPIrUIeCKUX OTpacieii, KO-
TOPBII BIOCIEACTBUM TIPEBBICUT TEMITHI POCTA B CIie-
Hapuu Ne5. OmHako pa3paboTaHHasi MMUTAIlMOHHAS
MOJIEJIb HE MOXET CTPOUTh TOCTaTOYHO IMPaBaOI0a00-
HbIE IPOTHO3bI Ha MePUO/, TIpeBbIIIaIIuUii 10 JeT.

TakuMm 00pa3oM, NpPOAEMOHCTPHPOBAHA BO3MOXK-
HOCTh HCIOJIb30BaHUsI pPa3pabOTaHHON HMMUTALIMOH-
HOIl MomeNnu NI aHajiu3a M MPOTHO3WPOBAaHUS pa3-
BUTUS OTpacjeii MeTaJUTypTMHM U CMEXHBIX C HeM.
EcrecTBeHHO, MAHHBIM HAOOp CIIEHAPUEB SBIISICTCS
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ycIOBHBIM. TeM He MeHee, UMUTAllMOHHAsT MOJIEJNb TTO-
3BOJISIET JOOABISATH HOBBIE CLIEHAPUU B COOTBETCTBUM C
MPOMBIIILJIEHHOM MOMUTUKOM PD.

3akio4yeHue

B xome HacTosIIero MCClIeI0BaHUS, ObLIN TTOJTyYeHbI
CIeAyIOLINe PE3YJIbTaThI.

AHalM3 HayIHBIX PaOOT, MOCBSIIEHHBIX ITOCTPOEC-
HUIO WUMUTAIMOHHBIX MOJeJIe 3KOHOMUUYECKUX CH-
CcTeM, MoKa3ajl, YTO MCCIEeIOBaHMUS B 3TOW oOJacTu
KpaifHe aKTyaJlbHBI, U WX YUCJIO YBEJIUYUBACTCS C
KaxabeiM TogoM. OIHAKO MCIIOJb30BaHUE CUCTEMHOM
JUHAMUKA B OCHOBHOM OIDaHMYEHO HCCJIEeIOBAHMUSI-
MM JINOO HAIIMOHAJPHONH 3KOHOMUYECKOM CHCTEMBI
B 1IEJIOM, JIMOO OTIENbHBIX perMoHOB. TeM He MeHee,
pa3BUTHE OTAEJbHBIX OTpacieil Takxke HeoOXOIUMO
HCCJIEIOBaTh C IIOMOIIBIO COBPEMEHHBIX MHCTPYMEH-
TaJIbHBIX CPENICTB.

MoauduiimpoBaHa TpPeXCEKTOpHasi MOIEIb 3KO-
Homuku B.A. KonemaeBa, rme B KauecTBe CEKTOPOB
paccMaTpuBaIOTCSl HE TJIOOATBbHBIE CEKTOpa HaIMO-
HaJIbHOM 9KOHOMUKM, a OTJIEIbHBIE OTPACIA ITPOMBIIII-
JIEHHOCTHU: B paMKax JaHHOI pabOThI 3TO METAJUTYpPIUsl,

Jo0ObIYa XEJNE3HBIX PYI, MAIIMHOCTPOEHUE U TPOU3-
BOJICTBO FOTOBBIX MeTaJIMUEeCKUX usnenaunii. [Toctpoe-
HO TISATh IMHAMAYECKUX YPAaBHEHUIA TIEPBOTO MTOPSIKa,
TpU OaJaHCOBBIX YpaBHEHUSI U YETbIpE HETUHEMHBIX
(byHKIIMM, KOTOpPBIE B COBOKYITHOCTHU TO3BOJISIOT aHA-
JIM3UPOBATh, IIPOrHO3MPOBATHL U ONTUMHU3UPOBATH
YCTOMYMBOE pa3BUTHE OTAECIbHBIX OTpacCyieil MPOMBIIII-
JIEHHOCTHU.

Ha ocHoBe aHaIUTUUYECKON MOJENIM MeTaJLTyprudye-
CKMX OTpacjieii pa3paboTaHa MMUTALMOHHAsI MOJEIb
pa3BUTUSL OTHEJIbHBIX OTpacjeil MPOMBILLIEHHOCTHU
B HOTAllMM CUCTEMHOI AMHaMuKU. OmnpenesieHbl Ha-
KOIMTeNn (OCHOBHEIC ITPOM3BOICTBEHHBIC (DOHIBI
KaXI0i OoTpaciv U YUCIEHHOCTh PAOOTHUKOB B MpPO-
MBIILJIEHHOCTH), U3MEHSIIOIIME MX TOTOKM, a TaKXKe
IUHAMUYECKUE TMEPEMEHHBIE U MapaMETPbl MOIECIIU.
ITocTpoeHHas1 UMUTALUMOHHAS MOJENb MPeACTaBsIeT
Cc0o00li KOMILJIEKC MOTOKOBBIX MPUYMHHO-CAEACTBEH-
HBIX OUarpaMMm, OTPaXKarollMX HE TOJbKO CTPYKTYpPY
HUCCIIEIYEMOM YKOHOMUYECKON CHUCTEMBI, HO U €€ MO-
BeIEHNE B TEYEHUE HECKOJBbKMX MEPUOA0B BPEMEHMU.

IMocTpoeHHass UMUTALIMOHHAS MOIIEIb alIpOOHUPOBa-
Ha ¢ y4eToM uMetommxcsd naHHbix 3a 2002—2018 rompl.
ITocTpoeHBl TPOM3BOACTBEHHBIC (DYHKIMU U IMITHU-



pUYECKM paccuuTaHbl BCE 3K30T€HHbIE TMEepeMEHHbIe
mopenau. st neMoHCTpauuu padboThl UMUTALIMOHHOMN
MOJIeJIM ObLIO TPEAIOXKEHO IIECTh CLieHApUEB pa3BU-
TUS UCCJIEAYeMOll SKOHOMMYECKOW CUCTEMbI — CTaH-
JIapTHBIA, TPY NECCUMUCTUYECKUX U ABA ONTUMUCTHU-
yeckux. CueHapHbI aHaJIM3 MTOKa3ajl OCHOBHBIE TOUKU

YIIPpABJIEHUSI MOJEJIbIO U, KaK CJIEACTBUE, BCEU UCCIe-
JIyeMOIl SKOHOMMWYECKOI cucTemoii. Pe3ynbraTel gaH-
HOTO MCCJIEAOBAHUSI MOTYT OBITh NMPUMEHEHBI, B Mep-
BYIO OU€peib, OpraHaMM rOCyIapCTBEHHOM BJIACTU LIS
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Abstract

Nowadays, in the context of the coronavirus crisis, the issue of ensuring the sustainable development of heavy
industries is acute. However, theoretical and analytical researches alone are not sufficient for this, and economic
science needs to develop fundamentally new approaches to the study of the development of industrial sectors.
This article is devoted to the creation and testing of a simulation model for the development of individual sectors
of the economy. The object of research is the metallurgical industry, as well as related ore mining, mechanical
engineering and production of finished metal products. The theoretical basis of the research is a systematic
approach that combines the theory of industry markets, economic growth, industrial economics, system dynamics
and mathematical economics. The main research methods used are system analysis, statistical analysis to identify
trends in changes in the main economic indicators, econometric modeling to build production functions, as well as
mathematical modeling of macroeconomic systems. As a result, a simulation model developed in system dynamics
notation is proposed, which makes it possible to evaluate the development of individual industries taking into
account various changes. This model is built on the basis of the three-sector model of the national economy,
where separate adjacent industries connected by dynamic feedback loops are identified as structural elements. The
paper details the structure of the simulation model based on first-order dynamic equations, balance equations
and nonlinear production functions. The simulation model allowed us to predict a number of scenarios for the
development of metallurgical industries, taking into account changes in the labor force and investment in fixed
assets. The results of the work can be used for forming proposals on industrial policy, monitoring the condition
and efficiency of individual industries.

Key words: simulation; system dynamics; industry; metallurgy; three-sector model of the economy; production function;
mathematical model.
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Abstract

Supply chain is one of the main pillars of manufacturing and industrial companies whose smartness can
help business to be intelligent. To this end, the use of innovative technologies to make it smart is always
a concern. The smart supply chain utilizes innovative tools to enhance quality, improve performance and
facilitate the decision-making process. Internet of things (IoT) is one of the key components of the IT
infrastructure for the development of smart supply chains that have high potential for creating sustainability
in systems. Furthermore, IoT is one of the most important sources of big data generation. Big data and
strategies for data analysis as a deep and powerful solution for optimizing decisions and increasing
productivity are growing rapidly. For this reason, this paper attempts to examine informative supply chain
development strategies by investigating the supply chain in FMCG industries as a special case and to
provide a complete analytical framework for building a sustainable smart supply chain using loT-based big
data analytics. The proposed framework is based on the IoT implementation methodology, with emphasis
on the use of input big data and expert reviews. Given the nature of the FMCG industry, this can lead to
better production decisions.
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Introduction

An intelligent supply chain is an innovative supply
chain that utilizes information technology and other
technology tools to improve efficiency, improve pro-
cesses and increase service levels. In today’s world,
the modern business environment is dealing with data
and this has created many challenges and opportuni-
ties. The volume of date produced in various sectors
is enormous, and their analysis requires specific capa-
bilities and technologies. These technologies include
information technology, robotics, internet technolo-
gies, commercial automation, Augmented reality (AR)
and Virtual Reality (VR) technologies among others.
These developments are known as the digital economy
or industry 4.0. This provides a great deal of demand
for supply chain management by increasing consum-
ers’ expectation of service level and delivery time [1].
The advent of IoT and ICT has changed many of the
concepts so that the “smart supply chain” can be one
of them [2]. Therefore, these supply chains (which ac-
tually make business smarter) use information technol-
ogy to be intelligent and efficient in using resources to
maximize the quality of businesses. IoT is one of the
key components of the information technology infra-
structure in smart supply chain management due to its
high potential for increasing the sustainability of the
business environment [3]. IoT is associated with big
data analytics, which is clearly leveraging many areas
of the business to optimize energy efficiency and re-
duce effects damaging to the environment [4]. Data-
driven applications and IoT have a huge impact on fa-
cilitating and improving the sustainable development
process of the environment [5]. In general, the devel-
opment of IoT, as a computational paradigm and ana-
Iytical process of big data, promotes sustainable smart
city initiatives and programs in the environmental and
technological fields of developed countries [6]. In the
context of a sustainable smart supply chain, the volume
of data produced is beyond the imagination that is pro-
duced using different technologies. IoT technologies
include a variety of sensors, data processing systems,
wireless communication networks, and system activa-
tors in the physical environment [5]. Despite increas-
ing research on IoT and big data related applications,
most research on IoT has focused more on urban de-
velopment, and the applications of these technologies
in businesses are often less considered. Therefore, the
main question of the present study is how and to what
extent can the information perspective of a sustainable
smart supply chain be enhanced by the use of [oT and
big data processing?

Of course, in recent years, with the development
of the concept of IoT and its close relationship with
data analytics, there has been a great deal of research
in this field and this research is growing. To this end,
some researchers have tried to show that using loT
data can improve port-based intermodal supply chain
performance [7]. Other research also addressed the
role and impact of using IoT and blockchain in supply
chain management in industries such as agriculture.
Research has shown that the use of these technologies
can fundamentally change the economics of these in-
dustries [8]. Although the challenges and opportuni-
ties for using IoT-derived big data in the manufactur-
ing industry have also been addressed in research [9],
but so far, there has been no framework for using the
big data coming from connected devices. At the mo-
ment, there is a lack of innovative solutions based on
big data and IoT. Therefore, in this study, we try to
explore supply chain informative improvement solu-
tions using [oT. The supply chain of the FMCG (fast-
moving consumer goods) industry was considered as
a special case in this research. These industries are of
great importance due to the nature of production as
well as the distribution of products. So, in addition
to reviewing the literature and previous research, the
opinions of experts active in FMCG industries were
also used for this research. In this regard, this paper
presents an analytical framework and describes the
ways of generating big data in the field of sustainable
intelligent supply chain (in the FMCG supply chain).
This framework is based on the 4-step process of IoT
implementation in intelligent business. This frame-
work illustrates how the use of Big Data Input based
on IoT devices can be used to make decisions in the
supply chain in the FMCG industries. This frame-
work illustrates the direct relationship between data
entry (derived from IoT) and final decision-making in
the FMCG supply chain network. This work provides
a basis for supply chain researchers to develop analyti-
cal frameworks for future research. The framework in-
troduced here can be developed, tested and evaluated
in empirical research and will lead to deeper studies of
the smart supply chain.

The rest of the paper is organized as follows. Sec-
tion 1 presents a review of the literature in terms of
big data and the internet of things. Section 2 presents
smart businesses. The smart supply chain is illustrated
in Section 3 considering supply chain and IoT and big
data in the FMCG supply chain. In Section 5 a sus-
tainable smart supply chain framework is provided,
and lastly, the conclusions are presented.



1. Literature review

In order to illustrate the effects of big data and IoT
concepts on supply chain management, a literature re-
view of big data and IoT technologies is provided in this
section.

1.1. Big data

The term ‘big data’ was first proposed by Cox and
Ellsworth in 1997 as an interesting challenge for com-
puter systems, when data sets do not fit in main memory
or when they do not fit even on local disk or remote disk
[10]. Inrecent decades, ‘big data’ concept refers to great-
ly increased amounts of data that are constantly gener-
ated in various fields. Generally, big data could be de-
fined as the datasets that could not be captured, stored,
managed and analyzed by IT systems of an organization
within a particular time frame [11]. It is assumed that
as technology advances over time, the size of datasets
that qualify as big data will also increase and it will vary
by sectors, in many of which big data can range from
a few dozen terabytes to multiple petabytes [12]. Some
scholars use the notation of ‘V’ for some characteristics
to describe ‘big data’. Some of them [13—16] defined big
data in terms of 3 Vs, Velocity, Variety and Volume, in
which ‘velocity’ refers to the speed of data generation
and/or frequency of data delivery, ‘variety’ represents
a large variety of sources and formats from which data
are generated, and ‘volume’ denotes the large amount
of data [14]. In some definitions of big data, another V
has been added (known by 4 Vs) as Value referring to the
significance of extracting economic benefits from the big
data [17, 18]. Furthermore, White [19] proposed an ad-
ditional characteristic as Veracity, in order to stress the
importance of sufficient quality of the data and the level
of trust in different data sources. In addition, three main
characteristics of ‘big data’ were identified by IDC [20]
as the data itself, its analytics and the presentation of the
results obtained by analytics. Boyd and Crawford [21]
suggested a more holistic description of ‘big data’ that
includes a cultural, technological, and scholarly phe-
nomenon that rests on the interplay of technology, anal-
ysis, and mythology. In this definition, the technology
aspect refers to storage and computation power to pro-
cess and analyze datasets, the analysis aspect is related to
patterns identification for economic, social, technical,
and legal claims or the type of analysis implemented on
datasets, and the mythology aspect includes the wide-
spread belief that the big data offers a higher form of in-
telligence. Therefore, ‘big data’ can be defined as an ap-
proach to manage and analyze the V’s characteristics to

establish competitive advantages as well as creating sus-
tained value delivery and measuring performance [18].
Typically, the 5 Vs model or its derivations is known as
one of the most common definitions of the ‘big data’ [9].

Big data analytic (BDA) is defined as one of the key
foundation technologies including analytics research,
alongside Text Analytics, Web Analytics, Network Ana-
Iytics and Mobile Analytics, and is applied to describe
data mining and statistical analysis using business in-
telligence and analytics technologies [22]. Beyond data
analytics decisions in customer marketing and customer
research, Big Data Analytics (BDA) has increasingly
changed the business value propositions of product busi-
nesses and services by increasing the efficiency of physi-
cal products and providing personalized services [23]. In
this case, security is certainly one of the most important
issues in the production and use of critical big data. But
research shows that data security concerns are not key
factors in the use of big data analytics [24]. For this rea-
son, a growing number of firms are accelerating the de-
ployment of big data analytics plans aimed at developing
critical insights that can ultimately provide them with
competitive advantage [25].

Some scholars described BDA as the “fourth para-
digm of science” [26] or even “the next frontier for in-
novation, competition, and productivity” [12]. In fact,
BDA can enable data miners and researchers to analyze
a large volume of data that may not be tackled by apply-
ing traditional tools [27]. BDA can be employed in vari-
ous tools such as social media, portable devices like lap-
tops and smartphones, automatic identification systems
enabling the IoT and cloud-enabled platforms in order
to support all organizational business processes [28].

The extensive applications of IoT have made BDA
challenging due to the processing and collecting of data
from different sensors in the IoT environment. So, in
the IoT big data analytics perspective, a variety of IoT
data are examined to reveal trends, unseen patterns,
hidden correlations, and new information [27, 29]. As
recognized by statistics, the number of sensors will be
increased by 1 trillion in 2030 [30] that can be led to
the growth of big data and subsequently huge resourc-
es will be required. To effectively communicate among
various deployed applications, IoT services can provide
appropriate resources and intensive applications of the
platforms. It is found that the integration of IoT and
big data can help address issues on storage, processing,
data analytics, and visualization tools [31]. In accord-
ance with the requirements of IoT applications, differ-
ent analytic types are used including real-time, off-line,
memory-level, business intelligence, and massive level



analytics categories [32]. Real-time analytics is usually
implemented on data collected from sensors, according
to parallel processing clusters using traditional relation-
al databases and memory-based computing [31, 33]. If
there is no need for a quick response, off-line analyt-
ics can be applied and when the size of data is smaller
than the cluster’s memory, memory-level analytics is
employed [32]. Business intelligence (BI) analytics is
utilized when the size of data is larger than the memory,
so data can be imported to the BI analysis environment
[34]. Additionally, if the size of data is much greater than
the whole capacity of the BI analysis product in addi-
tion to the traditional databases, massive analytics is
used [35]. Big data analytics together with the IoT con-
cept are usually employed to improve decision making.
So, increasing the amount of data in IoT applications
can lead to development of big data analytics. Moreover,
employing big data technologies in IoT can facilitate fu-
ture research advances and business models of [oT [31].

The IoT-based data in a supply chain are definitely
considered as big data, satisfying the sufficient condi-
tions in terms of the V’s characteristics. In general, IoT
data is constantly generated in real time within the sup-
ply chain processes in addition to providing a variety of
data formats [36]. Moreover, when a large number of
tags and sensors are connecting through the internet,
an unprecedented number of transactions and amounts
of data are generated [37, 38]. In this regard, BDA by
representing a critical source of meaningful information
can help supply chain stockholders to improve their in-
sights for competitive advantage [39] in addition to re-
ducing their exposure to various risks [40]. Furthermore,
it was reported that BDA can lead to increasing the ef-
ficiency and profitability of supply chains by maximizing
speed and visibility, improving supply chain stakehold-
ers’ relationships, and enhancing supply chain agility
[41]. In addition, BDA results in faster time to market
and the potential for superior revenue recognition [28].
It is found from a survey within 720 firms that, although
64% of respondents were planning to invest in BDA pro-
jects, less than 8% of them had actually deployed a solu-
tion [42].

Recent research in recent years has addressed the is-
sue of big data and its impact on the supply chain from
multiple angles. Some research has specifically provided
frameworks for evaluating supply chain performance us-
ing big data [43] and some research has addressed the
effects of agility using big data [44]. But in operational
terms, most academic papers in this field focus on de-
scribing the term and its key factors as well as making
predictions about the level of impact it will have in cer-

tain sectors in the future [45—47]. There are a limited
but growing number of publications concentrated on in-
dustrial cases, education, sports, public sector, mining
and logistic [48—52]. However, there is still a lack of case
studies of big data analysis in IoT supply chain manage-
ment especially in FMCG industries.

1.2. Internet of things

The term ‘internet of things’ (IoT) was coined
by Kevin Ashton in the late 1990s in order to exam-
ine work concerning Radio-Frequency Identification
(RFID) infrastructure [53, 54]. Subsequently, the new
concept of sensors and actuators through a wireless
sensor network came to sense and monitor objects [55].
In recent decades, the modern concept of IoT includes
GPS devices, smartphones, social networks, cloud
computing and data analytics [56]. In general, not only
IoT tracks the objects and collects the new data but also
combine them to generate a greater level of informa-
tion [54]. The IoT concept has developed to describe a
global network of infrastructure where things, wireless
networks, and computing abilities combine to form a
network of information [57]. So that, the recent adop-
tion of IoT has witnessed smart cities with regard to
developing intelligent systems, such as smart energy,
smart office, smart agriculture, smart water, smart re-
tail, smart transportation, smart healthcare, etc. [58].
The rapidly growing number of interlinked “things” in
the so called industrial internet of things (IIoT) offers
various options for connecting the physical and digi-
tal spheres together [59]. In Europe, IoT is one of the
founding technologies of Industry 4.0 as the integration
of information and communications technologies with
industrial technology [60]. The ‘things’ in I1oT can in-
clude smart machines, smart products, and smart ser-
vices. 10T can be applied in an incredibly wide range of
application scenarios [61]. Some instances of physical
items that IoT connects to the digital worlds include
actuators, sensors, electronic toll devices in vehicles,
washing machines, lighting systems, front door locks,
thermometers, air conditioning units and much more
[54, 57, 62—64].

Recent data IoT protocols are specifically designed for
IoT devices that use low-power wide-area networks to
connect at a low bit rate a wide variety of devices with
low cost and minimum energy consumption [65]. Lee
and Lee [66] presented that IoT technologies, as es-
sential parts in the deployment of successful loT-based
products and services, are classified into five categories
as radio-frequency identification, wireless sensor net-
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works, middleware, cloud computing, IoT applications.
On the other hand, it is recognized that IoT are faced
with several challenges such as scalability, self-Organ-
izing, data volumes, data interpretation, interoperabil-
ity, automatic discovery, software complexity, security
and privacy, fault tolerance, power supply, and wireless
communications [67, 68]. However, it is important for
new designs to support the development of smart and
connected products in order to expand opportunities
for new functionalities and increase capabilities that
cut across and transcend traditional product bounda-
ries [69]. In Figure I, the architecture of the internet
of things is shown. As can be seen in the figure, this ar-
chitecture has four stages. In summary, these four steps
include data acquisition, data analysis, data processing
and computation, and ultimately the use of data to im-
prove performance. This model can be the basis for pre-
senting industrial frameworks in different industries or
different organizational units.

In light of the future of IoT that can enable every-
one to access and contribute rich information about
things and locations, several developments towards the
IoT have concentrated on the combination of Auto-1D
and networked infrastructures in logistics and product
life cycle applications [70]. Sun [71] claimed that en-
terprises with IoT can monitor their every product in
real time. Therefore, due to analyzing the information
generated from every procedure as well as more accu-
rate forecasting, the abilities of enterprises for respond-
ing to the market can be improved [71]. Wortmann and
Fluchter [64] discussed that existing business models
may have to be adapted or re-defined based on a new
positioning of products in the IoT and even entire in-
dustry boundaries may need to be re-assessed in today’s

Information application

Information processing

Information transmission

Information generation

competitive marketplace. Moreover, it was argued that
the IoT promises future new technologies when related
to big data, cloud and distributed computing in order
to develop smarter applications as soon [72]. It can be
seen that this concept is expanding day by day and pro-
vides high value for all activities in life and business.
In recent years this concept has been more broadly re-
ferred to as the internet of everything (IoE). The IoE
connects people, organizations, and smart things, and
also promises to fundamentally change the way we live,
work and interact, and may redefine a wide range of
industry segments [73].

The application of 10T in supply chain management
consists of several areas such as cost-saving, inventory
accuracy and product tracking [56]. In order to moni-
tor the good, it should be tracked in both indoors by
developing RFID system, and outdoors by mainly us-
ing GPS [74]. Tao et al. [75] designed an loT-based
framework to achieve intelligent perception and ac-
cess of various manufacturing resources. Gnimpieba et
al. [76] proposed the architecture of a platform based
on advanced technologies related to IoT for a bet-
ter collaboration and interoperability enhancement
in supply chain. Verdouw et al. [77] provided a refer-
ence architecture for IoT-based supply chain infor-
mation systems in the agricultural industry. Decker et
al. [78] described several benefits of IoT connected to
sourcing and examined the impact of the cost of sen-
sors and alerts on the unit purchase cost. It was found
that smart manufacturing can lead to smarter decisions
and more efficient operations in the factory and supply
chain visibility based on real-time information [56].
Xu [79] believed that successful supply chain quality
management depends on more sophisticated systems.

Integrated application

Management

Network construction

Sense and identification

Fig. 1. Four-layer architecture of internet of things
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Chen [80] proposed the intelligent [oT-enabled system
in green supply chain to simulate complex system by
linked physical and digital objects with relationships.
Yan et al. [81] illustrated an intelligent supply chain in-
tegration and management system to provide flexible
and agile approaches to facilitate the resource sharing
and participant collaboration in the whole life cycle of
supply chain. Parry et al. [82] demonstrated how the
IoT may be operationalized in the domestic setting to
capture data on a consumer’s use of products and the
implications for reverse supply chains. Kang et al. [36]
proposed a sensor-integrated RFID data repository-
implementation model that can integrate and store
a large amount of IoT-generated data collected from
supply chain processes. Thoben et al. [83] indicated
that smart manufacturing can include different tech-
nologies such as IoT, robotics/automation, big data
analytics and Cloud computing.

Therefore, due to lack of academic publications that
address big data analysis of a smart supply chain in an
IoT environment, it is important to investigate the ap-
plications and interactions of the concepts of BDA and
IoT in supply chain management.

2. Smart businesses

Organizations are pursuing new technologies in their
business for a variety of reasons, including facilitating
activities, reducing human errors, decreasing costs and
speeding up services and product deliveries [2]. One of
the latest computer-related technologies, also referred
to as information technology developments, is IoT,
which creates value for both businesses and customers
[84]. ToT enables the fabrication of digital and physical
structures and provides a whole new level of complete
applications and services that must be used with regard
to environmental sustainability. In the context of sus-
tainable smart businesses, increasing the volume of data
production is beyond imagination and the sheer volume
of current available information from various business
areas are so valuable to be used by IT planners and IT
professionals in order to promote environmental sus-
tainability. This phenomenon has created a huge revo-
lution in industry [85]. IoT is one of the major sources
of big data generation. As mentioned in the previous
section, 1oT technologies include a variety of sensors,
data processing systems, wireless communication net-
works, and system activators in the physical environ-
ment [5]. Moreover, IoT can improve the performance
of value chain management and smart commerce by
implementing functional technologies and transform-

ing product and other artifacts into smart items in all
parts of the value chain (suppliers, manufacturers and
retailers), which in turn leads to flexibility, high reli-
ability, and proper information monitoring throughout
the supply chain [86]. So a smart business can be intro-
duced as a large, organic system that integrates many
subsystems and components. In other words, busi-
ness intelligence combines the enhancing and effective
digital telecommunications networks (nerve), embed-
ded information (brain), sensors and labels (senso-
ry organs) and software (knowledge and cognitive
competence). Figure 2 shows an example of an IoT-
based smart business [2]. As can be seen in Figure 2,
the relationship between the market, suppliers as well
as manufacturers is based on local as well as wireless
communication in smart business. In this case, the
integration and refinement and optimization of data
from these sources ensure system intelligence. A smart
business can have many benefits, some of which are
[87—90]:
4 decreasing the use of vital resources and water;
4 reduction of the air pollution;

4 proper use of the existing fundamental constraints
and then increasing personal satisfaction and reduc-
ing the need for conventional venture capitalists;

4 how to deal with many abuses;

4 increasing business investment by disseminating
continuous information about activity in different
geographic areas.

The IoT-based supply chain is then discussed as one of
the most important pillars of smart businesses.

g
=
@ =
s Cloud RFID
S
Local services Local services
Cloud RFID Cloud RFID

Fig. 2. Smart business based on loT



3. Smart supply chain
3.1. Supply chain and IoT

Supply chain management integrates supply and de-
mand processes throughout the organization. Supply
chain management claims to offer solutions to help
industry professionals better manage the entire supply
chain from suppliers to end customers. Supply chain
systems have been empowered using the internet and
this has led to increased efficiency and productivity
in the supply chain. In traditional supply chain man-
agement systems, there exist several problems such
as overstocking, delivery delays and stock out. These
problems return to several factors such as complexity
and uncertainty as exist in real supply chains [91]. IoT
technology can help the industrial system to manage
these uncertainties and improve supply chain efficien-
¢y [92]. The benefits of managing an electronic supply
chain can include operational and strategic improve-
ment in communications, collaboration and coordi-
nation to meet organizational barriers [93]. Thus, IoT
smart devices enable supply chain companies to reduce
the costs of the knowledge acquisition process. Using
IoT in supply chain management makes it smarter and
has the following features [91]:

4 the entire system must connect through the use of
intelligent objects and IT systems;

4 their performance is optimized by large-scale deci-
sion making;

4 all processes must be automated and therefore less
efficient resources will be lost;

4 all stages of the supply chain are integrated;

4 new values evolve through solutions to meet new
needs.

Firms will put resources into the IoT to build deceiv-
ability of materials stream as well as decreasing the loss
of materials, and lower circulation costs. This is delin-
eated in Figure 3.

In the current paper, we selected the FMCG (fast-
moving consumer goods) supply chain as a special
case. So in the following, the term ‘supply chain’ refers
to the supply chain of FMCG industries.

Due to the nature of products in the FMCG industry,
supply chain management has a special place in this in-
dustry. Usually the products in these industries can be
perishable and therefore the distribution and delivery
system in a given time is of great importance. Freight
tracking links and interconnections with suppliers and
end users are other features of the supply chain in these
industries. As the FMCG products meet many people’s

Life cycle
visibility of

product

Create fleet
efficiencies for
loT optimization
solution
for supply

chain

Understand
inventory levels
and warehouse
stock

Study product
performance
and predict

failure

Fig. 3. The applications of loT in the supply chain [94]

daily needs, so their demands are high, and meeting the
demands at the right time is another important com-
ponent of the supply chain in these industries. There-
fore, 10T, as one of the most important solutions for
the production, maintenance and tracking of data,
can have a huge impact on the supply chain of these
companies and can have many effects. A simple dia-
gram of FMCG supply chain management is presented
in Figure 4. Supply chain improvement is essential for
FMCG companies. Supply chain innovation is defined
as the change in a supply chain network, supply chain
technology or supply chain process or a combination of
these that can be incorporated into the functions of a
company, an entire company, industry or supply chain
to enhance new value for stakeholders [95]. Network
information of warehouse, production, distribution
and other communications are gradually generated by
the system of sensors, RFID tags, meters, actuators,
GPS and various frameworks. Companies will put re-
sources into the IoT to build deceivability of materials
stream in addition to decreasing the loss of materials,
and lower circulation costs. As [oT comes to the core
business forms, a large number of corporate resources
are converted into green store networks, and the use of
1oT will become a matter of great excitement for bosses
[96]. But security risks analysis on the IoT should al-
ways be considered.

One of the most important things about the 10T is that

it is one of the largest data producers for an intelligent
system created from internet-related tools. So gadgets are
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very helpful in using them. Although gadgets and systems
are physically available, IoT applications reinforce gadg-
et communication together as well as gadget and human
communication in a robust way. IoT applications in the
context of gadgets should ensure that information is ac-
cessed and tracked appropriately. For example, transpor-
tation and coordination programs that show the status of
goods shipped (for example organic products, meat and
dairy or even medicine). For proper transportation, the
status of raw materials as well as products such as temper-
ature, humidity, etc. will be checked and appropriate so-
lutions to reduce the amount of waste as well as reducing
air pollution are also adopted. IoT devices can enhance
supply chain capability in terms of sustainability as well
as greenness (such as green transportation and cold and
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Government
—  Government
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green storage) [97] and there are, of course, many ob-
stacles in this way for the supply chain [98]. Innovative
developments, communications and IoT capabilities are
on the rise and are increasingly open and flexible, so this
makes the use of IoT be a welcome addition. IoT supply
chain gadgets generate huge amounts of data that need to
be collected and phased in to provide information about
the status, area, usefulness and status of items and man-
agement. Therefore, intelligent information regulation
enables powerful sensors and gadgets to use specific data
and can be used to collect and decode data. These data
are very big and therefore have their own way of analysis.
In the following, big data is described as one of the capa-
bilities and outputs of IoT.

3.2. Big data
in the FMCG supply chain

Big data generation in industrial IoT (IIoT) is evident
due to the widespread deployment of IoT sensors and
devices. However, processing big data is challenging due
to the limited computing, networking and storage re-
sources at the end of the IoT device [99]. The FMCG
industry supply chain is a changing organizational sys-
tem that encompasses individuals, information, activi-
ties and resources in the manufacturing and production,
processing and distribution of products from raw mate-
rial supplier to consumer [100]. Big data is used in the
production, packaging, sales and consumption of prod-
ucts. Figure 5 shows the big data rotation network in the
FMCG supply chain. In the supply chain (as presented
by Figure 4) manufacturers track large volumes of useful
data to gain a better understanding of customers’ desired
values, then process that data and enter them in new
product design cycles to optimize production. Retailers
can use this big data to categorize and differentiate cus-
tomer types and use this information for accurate sales
plan, timely marketing, and customer loyalty develop-

Fig. 5. Big data in FMCG network



ment. By the generated data, customers can also make
more precise decisions to buy products. It should be
noted that every year hundreds of billions value are gen-
erated by big data in the FMCG supply chain and that
illustrates the importance of big data in this industry.

Logistical data is provided by distribution activities
and people involved in processes as well as government
information. But one of the most important benefits of
using big data for the FMCG industry is that it can be
used to enhance the ability of distributors and the timely
delivery of goods and products to customers. In addi-
tion, companies can optimize many of their activities
using this data and consequently they gain a better un-
derstanding of the decision-making in the organization
and make decisions more powerfully and transparently.
In general, the following can be cited as the reasons for
the importance of using and utilizing big data in the or-
ganization’s supply chain [101]:

4 Performance optimization and improvement: If big
data extracted from different parts of a supply chain is
properly processed and analyzed, it can be one of the
most important components of performance improve-
ment in organizations.

4 Transparency: Continuously receiving data from
different parts of the supply chain can increase the trans-
parency of the system and thus can reduce the possibility
of errors in different parts.

4 Increasing decision-making power: Using power-
ful algorithms to refine big data in the supply chain ena-
bles better understanding of the situation and can also
increase decision-making power in the organization. By
analyzing customer behavior using big data we can of-
fer different marketing strategies for delivering products.
In addition, business model structure can be changed to
gain more market share.

4. Sustainable smart
supply chain framework

In this section, we will develop a sustainable intelli-
gent supply chain framework based on IoT and big data
analytics. By studying the literature, it can be seen that
frameworks for building smart cities based on big data
and even internet of things have been provided [102],
but the specific framework for the smart supply chain as
one of the most important organizational units or in a
particular community has not yet been presented. The
framework presented is based on findings from the lit-
erature review and thematic analysis along with concep-
tual and theoretical backgrounds. In this framework, a
layered approach is used which, according to the scien-

tific literature, is usually applied in system architectures
and infrastructures in the field of intelligent systems.
The purpose of this framework is to develop a smart
supply chain information landscape with IoT applica-
tions and big data processing. In this context, big data
Analytics is aimed at optimizing and supporting smart
decisions related to control, optimization, automation,
management and planning of supply chain systems as
business operating processes. Supply chain systems must
be managed using IoT and big data analytics (as a set of
advanced technologies, and new applications). Supply
chain systems provide large amounts of data as inputs for
applications. The data is received at different sensors at
different scales and speeds and is automatically stored in
the data warehouse for large scale use. Therefore, these
components include various sources of data in different
types and sizes that must be stored, processed, analyzed,
and shared in different operations, functions, and states.
Big data applications include a variety of program ena-
bled by IoT in relation to environmental sustainability
in different parts of the supply chain. A program usually
contains several solutions to the different subdivisions of
each domain that depend on the type of environmen-
tal sustainability issue that each domain faces. Figure 6
shows the deployment of big data processing using IoT
technologies implemented on the cloud in the field
of sustainable supply chain systems. These technolo-
gies include sensors, data warechouses, data processing
platform and cloud computing model. Sensor data for
various parts of the supply chain (in FMCG industries),
which have been collected, integrated and pre-pro-
cessed, are used for automation, support and decision
making in operations using data mining and machine
learning techniques for modeling, pattern recognition
and correlation creation.

This framework includes comprehensive computing,
data processing systems and wireless network infrastruc-
ture, cloud computing, data processing, data analysis,
and data modeling to discover useful knowledge. This
helps supply chain management by utilizing the big data
related to monitoring, control, automation, optimiza-
tion and management of infrastructure, resources, facil-
ities, services and networks. Some of the concepts used
in the framework are described as follows.

Collecting, storing and processing of big data: Sen-
sors are one of the key features of sustainable smart sys-
tems that rely on common approaches to computing
including the IoT. Sensor data will be available in a va-
riety of formats, including time and space labels, along
with a variety of data mining techniques and data visu-
alization techniques for data processing and displaying
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Fig. 6. Smart supply chain framework based on loT and big data analytics

interconnected patterns. But the end goal is to create
a comprehensive system that supports data extraction,
data integration, data processing, data evaluation, pat-
tern exploration, pattern simulation and modeling, and
deploying the results from the processes.

Cloud computing for big data processing: Cloud
computing is a new processing method in which scal-
able and often virtualized resources are delivered as a
processing service through communication networks
such as local area networks and the internet. The focus
of this model is on-demand service to the user, without
the user having specific equipment to process or be-
ing aware of the place of processing. Cloud comput-
ing offers many solutions to the problems of sustainable
smart systems by facilitating big data storage and pro-
viding the capabilities to process, manage and extract
useful knowledge from them.

Intelligent logistics and transportation systems: Dy-
namic transportation is one of the key applications of
1oT related to environmental sustainability. IoT plays an
important role in improving the dynamics of all types of
transportation in sustainable smart systems. Use of IoT
includes automated tracking of distribution systems and
vehicles, monitoring of road and traffic conditions for
timely delivery and integrated safety mechanisms, and
monitoring when distributing valuable goods. In gen-
eral, the uses of IoT, as a form of pervasive computing
are strongly affected by the dynamics of transportation
in order to reduce energy consumption, reduce pollu-
tion, and eliminate inefficiencies.

Smart environment: IoT employs sensors to monitor
and control mechanical and electronic systems used in
industrial buildings.
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Infrastructure monitoring: IoT devices can be used
to improve disaster management, improve emergency
response coordination, improve service quality, and re-
duce operating costs in all infrastructure-related areas.
As an ancillary product, IoT infrastructure enables effi-
cient maintenance of planning activities by coordinating
tasks between service providers and users of these infra-
structures.

With the growing demand for IoT as well as the analy-
sis of big data in smart systems, the use of these tech-
nologies also faces challenges. Some of these challenges
include:

4 providing security for information,;

4 lack of understanding of many features and infor-
mation;

4 technical challenges;
4 the cost of many technologies;
4 quality assurance and data access;

So in addition to the positive and undeniable effects of
using IoT and big data analytics, these challenges must
also be addressed.

After the design, the framework was provided and ap-
proved by 24 supply chain specialists in FMCG compa-
nies. This study was tested using a five-point Likert scale
questionnaire and the results showed the acceptability
of this framework. It should be noted, however, that the
selection of these experts was also challenging. Because
these professionals had to be selected among those who
had a thorough knowledge of IoT technologies and had
a track record of using some of these technologies in
their background.

Conclusion

IoT is a new form of pervasive computing and appli-
cations for big data that is increasingly being taken into
account with operational performance and planning
for sustainable development. Therefore, the use of IoT
in the supply chain can greatly enhance its intelligence
and thus improve its performance. On the other hand,
analyzing big data and using it to realize key features
of a smart and sustainable supply chain (such as op-
eration and service efficiency, resource optimization,
and intelligent infrastructure and facility management)
has a huge impact. For this reason, the purpose of this
paper was to review and integrate the related literature
in order to identify and discuss IoT-based big data ap-
plications for supply chain sustainability. In this paper,
the feasibility of developing smart supply chains using
big data from IoT is explored to achieve the level of re-

quired intelligence. In this paper, the supply chain of
FMCG companies was selected. Products in these in-
dustries have a special nature and as a result their supply
chain has different characteristics. Timely distribution
and delivery system is one of the main features of this
supply chain. The most important data-driven applica-
tions in these supply chains that are enabled through
IoT include transportation, dynamics, energy, envi-
ronment, infrastructure monitoring and management
and supply chain planning. Therefore, expanding the
intelligence landscape of the smart supply chain using
sensor-based big data has great potential to promote
environmental sustainability. To this end, a framework
has been outlined that provides a lot of information on
the smart supply chain.

This framework defines the scope of decision-
making in the core parts of the supply chain in the
FMCG industry according to their nature. With this
framework, the ways in which big data can be accessed
through the internet of things (which can itself be a
path to sustainability and in some cases being green)
are identified in this industry. By placing appropri-
ate analytical tools in the computational parts of the
framework (such as statistical analysis and optimiza-
tion), one can gain a good understanding of the au-
dience’s beliefs. Finally, analyzing this data can help
to make the organization more intelligent. One of the
most important advantages of using this framework
can be the production of optimal products based on
customer preferences.

The implementation of the framework will always
have challenges. One of the problems is always the use
of huge volumes of data and therefore the high com-
plexity of analysis. Since data is produced using the IoT
technology without any restrictions, maintenance and
computation on this data is very time consuming and
complex and therefore there is a need for high knowl-
edge in this field. In addition, IoT devices are not al-
ways available and can be costly to obtain. Therefore,
all of these must always be considered when imple-
menting the framework.

This framework provides the basis for developing
research opportunities to integrate this type of supply
chain as well as providing analytical insights into future
research. This framework can be expanded and opera-
tional solutions in analytics and computing can be cus-
tomized to suit the different industries. Also, providing
computational solutions and incorporating them pre-
cisely into the framework can provide a clear pathway
for solving new challenges.
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AHHOTANMA

Llernu mocTaBOK SIBJISIIOTCS ONHMM M3 HauOojee CYIIEeCTBEHHBIX 3JIEMEHTOB ITPOM3BONCTBEHHBIX CHCTEM U
MPOMBILIUIEHHBIX KOMIIAHUM, WM UX «YMHBIE» XapaKTePUCTUKM IIOMOraloT OM3HECY CTaTh MHTE/UIEKTYaIbHBIM.
IlosTOoMy HCIIONB30BAaHME WHHOBALIMOHHBIX TEXHOJIOIMiI, HAIIPABIECHHBIX HA IOBBIIICHUE OM3HEC-MHTELIEKTA,
MPEACTABIISIET COO0I aKTYaIbHYIO 3aJa4y. « YMHas» eI TOCTaBOK MCIOJb3yeT MHHOBALIMOHHBIC MHCTPYMEHTHI JJISI
MOBBIIICHUST KAUYeCTBa, YBEIMUCHMS TTPON3BOIUTEIBHOCTH U O0JIETYEHHMS TIpoliecca MPUHATHS pelreHnid. MHTepHeT
Bemieil (internet of things, Iol) siBasieTcs OMHUM U3 KIIOYEBBIX 3jeMeHTOB MT-uHOpPaCcTpyKTyphl A1 pa3BUTHUS
WHTEJUIEKTYaIbHBIX 1IeTeil MOCTaBOK, OO0JaJalolIMX BBICOKMM IOTEHLMAIOM I 00ecredyeHUsT YCTOMYMBOCTH
IPOM3BOACTBEHHBIX cUCTeM. KpoMe TOro, MHTEPHET BELIEH SBISIETCS OMHUM M3 BAXKHEMIINX NCTOYHUKOB OOJIbIINX
IaHHBIX. bonblliMe maHHBIE WM CTpaTeTMM aHajlu3a JAHHBIX, MPEIOCTABISIONINAE IIMPOKHE BO3MOXHOCTU IS
ONTUMM3ALUA PEIICHUI Y MOBBIIICHUS TPOM3BOIUTEIBHOCTH, B HACTOSIIIEE BpeMs OBICTPO pa3BuBaroTcs. B cBs3m ¢
STHM B IaHHOM CTaThe MPEINPUHSTA MOIBITKA PACCMOTPETh MHMOPMATUBHBIC CTPAaTerMy Pa3BUTHSI LIETEil OCTaBOK
(Ha OCHOBE YaCTHOTO cJIydasi — 1ierneii mocraBok B otpacisix FMCG), a Takke pa3paboTaTh aHAIUTUYECKHUI ITOAXON
K TTIOCTPOEHUIO YCTOMYMBBIX «yMHBIX» IIETICH TTOCTAaBOK C MCIIOJb30BAaHUEM aHaIM3a OOJBIINX JaHHBIX Ha OCHOBE
WHTepHeTa Beieid. [1pemmaraeMblii MOAX0m OCHOBaH Ha METOIOJIOTMY BHEAPESHUSI MHTEpHETA BEllel, ¢ aKIICHTOM Ha
HUCTOJb30BaHNE MCXOMHBIX OOJBIIMX JTAaHHBIX W 9KCIEPTHBIX OLIEHOK. YUuThiBas Xapakrep unayctpun FMCG, ato
MOXET IIPUBECTH K CYIIIECTBEHHBIM YIYYIIEHUSIM B 001aCTH TPOU3BOICTBEHHBIX PEIICHMIA.

Kiouensbie cjioBa: Gosbline JaHHbIE, MHTEPHET BEILEI; YIIPABIEHUH LIETSIMY [TOCTABOK Ha OCHOBE MHTEPHETA BELIEIA;
enu noctaBok orpacieit FMCG.
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