MATKHUE USMEPEHHWSA U BBIYNCJIEHUA

Hay4Hbil KypHaul

Tom 53, Homep 4, Anipenb 2022

1-#i rox Beinycka — 2017
[TeproanMYHOCTD: 12 BBINMYCKOB B rO/

ISSN 2618-9976 (print)
ISSN 2713-2072 (online)

000 "H3paTeJbCKUH A0M
"HAYYHA{ BUBJIMOTEKA"

[/1aBHBIIA pefaKTop

IIpokonyuna CeemaaHa BacuavesHa, npogeccop, 00Kmop mexHu4ecKux Hayk
duHaHCcOBBIN yHUBepcUTeT npH [IpaBuTeabcTBe Poccuiickoit ®enepanum, Poccus

3amMmecTuTe b IJIABHOTO peAaakKTopa

3esazuH /leoHud Cepzeesu4, doyeHm, KAHOUOAM 3KOHOMUYECKUX HAYK

®duHaHcoBbIM yHUBepcuTeT npu [IpaBuTtenbcTBe Poccuiickoit ®esepanuy, Poccus

PeJjaKIiMOHHBIN COBET

Kuetinep I'eopzuii Bopucosuy, npogeccop,

JoKmop 3KOHOMU4ECKUX HAYK,

uneH-koppecnoHO0enm Pocculickoll akademuu Hayk,

duHaHCOBBIN yHUBepcUTeT npH [IpaBuTebcTBe Poccuiickoit ®enepanu,
Poccus

Iledpuy Bumoswo, npogpeccop, PhD

WHCTUTYT MHXKeHePOB 3JIeKTPOTEXHUKH U 3/1eKTPOHUKH (4seH IEEE), Yau-
BepCUTET NPOBUHL MU AnbbepTa, Kanaza

Canuec Tomaszo Kasaeo, npogeccop, PhD

YuusepcutetT Anbkaia, Ucnanusa

CanosicHukoea Kcenus Bcesos1odoeua, PhD

MexayHapoHasi KoHeepauus no usmepenusm (wied IMEKO TC7), Bcepoccuid-
CKUM Hay4yHO-MCC/Ie[J0BaTeJbCKUH MHCTUTYT MeTpoJioruu uM. /LU. MeHnpeneeBa
(BHUHUM), Poccust

Taiimanoe Poanvd Eezenvesuy, PhD

MexxayHapoaHas kKoHGenepauus no usMepenusm (died IMEKO TC7), Beepoc-
CUHCKMH Hay4YHO-HCCJIeJ0BaTeJbCKUH UHCTUTYT MeTposioruu uM. JL.W. Men-
npeneesa (BHUMM), Poccus

FOpuw Cepeeii IOpvesuy, npogeccop, PhD

Mexx/iyHapo/iHas accolMal sl YaCTOTHBIX JATYMKOB, Mcnanus

Peaaxunonﬂaﬂ KoJlierusa

AsepkuH Anekceil Hukosnaesuy, doyenm,

kaHdudam usuko-mamemamueckux Hayk

®depepanbHbli Uccea0BaTeIbCKUHN LeHTD "HpopMaTHKa U ynpasieHue”
Poccuiickoit Akasemun Hayk

Bamvipwun Havdap 3akup3sHoeud, 00Kmop @u3uko-mamemMamu4eckux HayK
HanyoHabHbIH MOJUTEXHUYECKHH HHCTUTYT, MeKcuKa

TI'ucun Baadumup Bopucosuy, npogeccop,

KaHoudam @usuko-mamemamu4eckux HayK

duHaHCcOBBIN yHUBepcUTeT npH [IpaBuTebcTBe Poccuiickoit ®enepanu,
Poccusa

TI'opoxoe Baadumup JleoHudoeuu, npogeccop, dokmop mexHu4eckux Hayk
CaHkT-IleTep6yprcKuii rocyAapcTBEeHHbIN 3/1eKTPOTEXHUYECKU I YHU-
BepcuteT "JIOTU" um. B.W. YabsiHoBa (JlenuHa), Poccust

2Kykoe Poman Anekcandoposuy, doyexm,

KaHdudam usuko-mamemamu4eckux HayK

Tysbckuit ¢punnan @ruHaHCOBOro yHUBepcUTeTa NpH [IpaBUTEILCTBE
Poccuiickoit ®esepanuu, Poccus

Kynpusinoe Muxaus CmenaHogu4, npogheccop, 00Kmop mexHu4eckux Hayk
CaHkT-IleTep6yprckuii rocyAapcTBeHHbIN 3/1eKTPOTEXHUYECKU I YHU-
Bepcutet "JIOTU" um. B.W. YabsiHoBa (JlenuHa), Poccust

KomenvHukos Basepuii I'puzopveauy, npogheccop, 00Kmop mexHu4ecKux Hayk
®durHaHcoBbIN yHUBepcuTeT npu [IpaBuTenbcTBe Poccuiickol ®enepanny, Poccus
Jlazapee Bukmop Jlazapeeud, doyenm, KaHOUOam mexHU4ecKux Hayk
HanpioHabHbIH Hcclef0BaTeIbCKUH YHUBEPCUTET HHPOPMALMOHHBIX
TEXHOJIOTMH, MexaHUKH U onTuku (MTMO), Poccus

Jlenckuii Baadumup EezeHbesud, 00KMop NCUxo0/102u4eckux Hayk

HHctutyT punocoduu PAH, Poccus

Hedocekun Anekceii Onezoeut, npogeccop, 00KmMop IKOHOMUUECKUX HAYK,
KaHOoudam mexHu4eckux Hayk

000 "CU-®PUHAHC", Poccust

Cnecusyes AnekcaHdp Bacusavegu, 00Kmop mexHu4eckux Hayk
BoenHo-kocMuueckast akazeMust uM. CaHkT-IleTep6yprckuit PenepanbHblit
uccle0BaTebCKHU LleHTp Poccuiickoit akageMuu Hayk, Poccust

Tyaynvee Anekcandp Jlveosuy, npogeccop,

dokmop usuKo-mamemamu4eckux HayK

CaHkT-IleTep6yprckuit MHHCTUTYT HHGOPMATHKH M aBToMaTH3auuu PAH, Poccust
IJenemoea Ceemsaana EezeHvesHa, doyeHm, dokmop 3KOHOMU4eCKUX HayK
®durHaHcoBbIN yHUBepcuTeT Npu [IpaBuTesbeTBe Poccuiickon Pesepanuu, Poccus

PemenreM Beicieit aTTecTaliMOHHOM KOMUCCHU TP MUHKCTepPCTBE HAyKH U BbIclIero o6pasoBaHus Poccuiickoit ®Pegepannu
(BAK npu MuHo6pHayku Poccun) »xypHas BKJItodeH B [lepedyeHb pelleH3UpyeMbIX HayYHbIX U3/JaHUH, B KOTOPbIX JJOJKHBI GbIThH
oIny6JIMKOBaHbl OCHOBHBIE HAay4HbIe Pe3y/IbTaThl JUCCEPTALMI HA COMCKAaHUe YYeHO! CTelleHH KaHAnu/aTa HayK,

Ha COMCKaHMe yYeHOH CTeleHH! AOKTOpa HayK.

KypHas BKk/II0YeH B HallMOHAJIbHYI0 6ubanorpadudeckyto 6asy AaHHbIX Poccuiickoro UHAeKca Hay4Horo nutupoBaHus (PYHII),
HHJlekcupyeTcsl B HayuHoli aniekTpoHHOM 6u6anoTeke eLIBRARY.RU (Poccus).

XypHau 3apeructprpoBaH B MUHHCTEPCTBE LPPOBOro Pa3BUTHA, CBS3U U MAaCCOBBIX KOMMYHHUKaLUi Poccuiickoit ®epepanum,
depepanbHOU cyx6e o HaA30pY B chepe CBsI3M, UHPOPMALMOHHBIX TEXHOJIOTUH U MacCcoBbIX KoMMyHukanuii (POCKOMHA/[30P).
CBUIETENBLCTBO O PETUCTPALMY CPEACTBA MaccoBOM HHPopManuu ot 08.12.2017 ITU Ne ®C 77-71792

[lepeneyaTka MaTepHaoB, ONyGJUKOBAHHBIX B XKypHasie "Msrkue U3MepeHus: U BbIYUCIEHUA", JOMYCKAETCs TOJIbKO C TMCbMEHHOT0 pas3pelleH sl peJaKLUu.
CtaTbH pelieH3UpyOTCsA. TOYKa 3peHHs aBTOPOB CTAaTel MOXKET He COBNA/aTh C MHEHUEM peJlaKL{MH.
OTBETCTBEHHOCTb 32 JOCTOBEPHOCTb PEKJIAMHbBIX 00'bSIBJIEHUI HECYT pEK/IaMOAATENH.

MNoanucaxo B nevathb 22.04.2022. dopmat 60x90 1/8.
Llena goroBopHas. 06bem 9,25 ..
Tupax 5000 3k3.

OtneyaTtaHo B Tunorpaduu
AO "T8 Uznarensckue Texaomorun"
r. MockBa, Bosirorpasackuit npocnekr, 1. 42, kopr. 5

Mosnucka Bo Bcex OT/e/IeHUsAX cBsA3u Poccuy,
KasaxcraHa, YkpauHs! 1 Besnopyccun.
Karauor "llpecca Poccun” - unpekc 39468

E-mail: info@T8print.ru

Pepaknus
9 123022, r. MockBa, 3BeHUTOPOACKOe 1occe, 1. 5, cTp. 1
4 info@s-lib.com, idnb1l1@yandex.ru
S +7(495) 592-2998, +7 (916) 925-5954
@ https://s-lib.com/journal/smc/



SOFT MEASUREMENTS AND COMPUTING

Scientific journal

Volume 53, No. 4, April 2022

1-st year published - 2017
12 issues per year (monthly frequency)

ISSN 2618-9976 (print)
ISSN 2713-2072 (online)

Publishing House
SCIENTIFIC LIBRARY Ltd.

Editor-in-Chief

Prokopchina Svetlana V., Professor, Doctor of Technical Sciences
Financial University under the Government of the Russian Federation, Russia

Deputy Editor-in-Chief
Zvyagin Leonid S., Associate Professor, Candidate of Economics
Financial University under the Government of the Russian Federation, Russia

Editorial Council

Kleiner George B., Professor, Doctor of Economics

Russian Academy of Sciences (RAS Corresponding Member),

Financial University under the Government of the Russian Federation, Russia
Pedrycz Witold, Professor, PhD

Institute of Electrical and Electronics Engineers (IEEE Member),

University of Alberta, Canada

Sanchez Tomasa C., Professor, PhD

University of Alcald, Spain

Editorial Board

Sapozhnikova Ksenia V., PhD

International Measurement Confederation (IMEKO TC7 Member),
D.I. Mendeleev Institute for Metrology (VNIIM), Russia
Taymanov Royald E., PhD

International Measurement Confederation (IMEKO TC7 Member),
D.I. Mendeleev Institute for Metrology (VNIIM), Russia

Yurish Sergey Y., Professor, PhD

International Frequency Sensor Association (IFSA), Spain

Averkin Alexey N.

Associate Professor, Candidate of Physical and Mathematical Sciences
Federal Research Center “Computer Science and Control”

of the Russian Academy of Sciences, Russia

Batyrshin Ildar Z.

Doctor of Physical and Mathematical Sciences

Instituto Politécnico Nacional, Mexico

Gisin Vladimir B.

Professor, Candidate of Physical and Mathematical Sciences
Financial University under the Government of the Russian Federation, Russia
Gorokhov Vladimir L.

Professor, Doctor of Technical Sciences

Saint Petersburg Electrotechnical University "LETI", Russia

Zhukov Roman A.

Candidate of Physical and Mathematical Sciences

Financial University under the Government of Russian Federation
(Tula branch), Russia

Kupriyanov Mikhail S.

Professor, Doctor of Technical Sciences

Saint Petersburg Electrotechnical University "LETI", Russia

Kotelnikov Valery G.

Professor, Doctor of Technical Sciences

Financial University under the Government of the Russian Federation, Russia
Lazarev Viktor L.

Associate Professor, Candidate of Technical Sciences

ITMO National Research University, Russia

Lepskiy Vladimir E.

Doctor of Psychological Sciences

Institute of Philosophy of the Russian Academy of Sciences, Russia
Nedosekin Alexey 0.

Professor, Doctor of Economics, Candidate of Technical Sciences

LLC "C-FINANCE", Russia

Spesivtsev Alexander V.

Doctor of Technical Sciences

St. Petersburg Federal Research Center of the Russian Academy of Sciences,
Russia

Tulupyev Alexander L.

Professor, Doctor of Physical and Mathematical Sciences

St. Petersburg Institute for Informatics and Automation, Russian Academy
of Sciences, Russia

Shchepetova Svetlana E., Associate Professor, Doctor of Economics
Financial University under the Government of the Russian Federation, Russia

Indexing and Peer-review

Russian Science Index (eLIBRARY.RU)
Higher Attestation Commission
of the Russian Ministry of Education and Science

Subject Area and Category

Measurements - Measurement Science, Intelligent Measurements
Computing - Soft Computing
Mathematics - Bayesian approach, Theory of Probability and Statistics

The journal is registered in the Ministry of Digital Development, Communications and Mass Media of the Russian Federation,
the Federal Service for Supervision of Communications, Information Technology, and Mass Media (ROSKOMNADZOR).
Certificate of Mass Media Registration PI Ne FS 77 - 71792 from 08.12.2017

Written permission should be sought from SCIENTIFIC LIBRARY Ltd. to reproduce any substantial part of a copyrighted work of the journal.
Signed articles represent the views of the authors, which may not necessarily coincide with those of SCIENTIFIC LIBRARY Ltd.
Responsibility for the accuracy of advertisements lies with advertisers.

Signed for printing 22.04.2022. Size 60x90 1/8.
The price is negotiable. Number of sheets 9,25 P.L.
Edition 5000 copies.

Printing House of "T8 Publishing Technologies" JSC
42, Volgogradsky Prospekt, building 5, Moscow, Russia
E-mail: info@T8print.ru

Subscription in all post offices of Russia,
Kazakhstan, Ukraine and Belarus.
Russian Press Catalog - Index 39468

Editorial Office
¢ 5/1, Zvenigorodskoye shosse, 123022, Moscow, Russia
B4 info@s-lib.com, idnb11@yandex.ru
S, +7(495) 592-2998, +7 (916) 925-5954
@ https://s-lib.com/en/journal/smc/



MATKHUE U3MEPEHUA U BBIYUC/IEHUA

Tom 53, Homep 4, Anpens 2022

COJEPYKAHUE

OBILIAA TEOPUA U3MEPEHU.
METOA0/10TUA U IPUMEHEHHUE
TEOPUU UHTEJ/VIEKTYAJIbHBIX,

MATKHX, CACTEMHBIX U3MEPEHUI:

MEPBI, IIKAJIbI, TEXHOJIOTUH

MOJAE/IMPOBAHHME C/I0XKHbIX
CHUCTEM B YCJIOBUAX
HEOINPEJAEJEHHOCTH

BAVMECOBCKHE
UHTEJIVIEKTYAJIbHBIE
TEXHOJIOTUH

HWH®OPMAILIMOHHBIE TEXHOJIOTUH
U CUCTEMBI MHTEJIJIEKTYAJILHOM
OBPABOTKHU JAHHBIX B YC/IOBUAX
HEOIIPEJAEJIEHHOCTH

Bepes3uH A.C., /Kykoe P.A., [IpokonuuHa C.B.
BaliecoBCcKHe NHTeJJIEKTyaJlbHble U3MEPEHUS
HMH/IEKCOB U [I0Ka3aTeJiell peruoHalbHOU

06eCreYeHHOCTH 00BEKTAMU KYJBTYPDI w.cereererneaneenenne

Kpueosanoe C.A.
PerpeccroHHast MoJieJib I0A00pa 3aKOHA
pacmnpepeseHus1 JorapuPMUIECKOU

B (0):(0719 2 (oTou w7 =124 170 7 (NS

3es12uH JI.C.
WHTepnpeTanuu peajbHbIX IapaMeTPOB MOJEIU
1 0CO6EHHOCTH MO/IeJTMPOBaHUs IPHU

HCI0JIb30BaHUH 6alleCOBCKOIr0 MOAXOA evvvnnrnnrnnrnnnnnass

Cepzees A.B.
W3mepeHue paKkTOPOB, BIAUSIOIIMX Ha [IEHY aKIIUH,
B YCJIOBUSIX HEOIPE/eJIEHHOCTU Ha OCHOBE

0aileCOBCKUX HUHTEJJIEKTYaJIbHbIX TEeXHOJIOTHUH ..........

AepeesHko bB.A.

JdodexT muposoit navgemuu COVID-19

Ha QYHKLMOHUPOBaHHEe KUTAaWCKUX PUHAHCOBBIX
PBIHKOB B KOHTEKCTE IJ106a/IbHOI0

QUHAHCOBOTO PBIHKA «euueeeesreeueeneersersrenessesseesreeseessessensnnns

3aiiyes C.B.

Heob6xoaumocTsb 1iudpoBoit TpaHchopMalus
HaJIOr0BOM cUCTeMBbI 151 3P eKTUBHOTO
OYHKIIMOHUPOBAHUS U ONITHMHU3AIUU

HaJIOTOBOTO aAMUHHUCTPUPOBAHHUSA ...cevvnaiiiiiiiiiiiiiiininnan

I'yv6apesa E.A., [lapuiukoea I'.10., [leppusives A.A.
MaTemaTuyeckasa COCTaBJIdOLIaA OIITUMAJIBHOI'O

YIHPABIIEHHUS .eveueeer e ereaneeeessesssessesnesseesresnesnnessssssessessesses




SOFT MEASUREMENTS AND COMPUTING

Volume 53, No. 4, April 2022

GENERAL THEORY

OF MEASUREMENTS. METHODOLOGY
AND APPLICATION OF THE THEORY
OF INTELLECTUAL, SOFT, SYSTEMIC
MEASUREMENTS: MEASURES,
SCALES, TECHNOLOGIES

COMPLEX SYSTEMS MODELING
UNDER UNCERTAINTY

BAYESIAN INTELLIGENT
TECHNOLOGIES

INFORMATION TECHNOLOGIES
AND INTELLECTUAL DATA
PROCESSING SYSTEMS UNDER
UNCERTAINTY

CONTENTS

Berezin A.S., Zhukov R.A., Prokopchina S.V.

Bayesian intellectual measurements of indices

and indicators of regional availability

of cultural ObJECtS ....cooeeeceiiiie e

Krivolapov S.Ya.
Regression model for fitting the distribution
law logarithmic stock returns .......cccooeevevevieccncnicnnene

Zvyagin L.S.
Interpretations of the real parameters of the model
and features of modeling using

the Bayesian approach ........ccccccoveeeiiininccinicn e

Sergeev A.V.

Measuring the factors affecting the stock price

under uncertainty based on bayesian intelligent
teChNOlOZIES ....eeieieee e e

Derevianko B.A.

Effect of the global COVID-19 pandemic

on the functioning of China’s financial markets

as components of the global financial market ...............

Zaytsev S.V.
The need for digital transformation of the tax system
for effective functioning and optimization

of tax admINIStration ....coccveevieeieeseee e

Gubareva E.A., Parshikova G.Y., Perfilyev A.A.
The mathematical component of optimal
MANAZEIMENE ...veieieieeieeres e sr s e e sreeeesreneens




MATKHUE USMEPEHHUA U BbIYUC/IEHUA Tom 53, Homep 4, Anpesib 2022

YAK 681.3

DOI: 10.36871/2618-9976.2022.04.001

BAWMECOBCKUE UHTEJUTEKTYAJIbHBIE U3MEPEHHS UHJEKCOB
U IMOKA3ATEJIEN PETHOHAJIBHON OBECIIEYEHHOCTH OBBLEKTAMMU KYJIBTYPBI

Bepe3un A.C.1
1000 "CodpTtHUHTENIEKT"

Kykos P.A.2

2 Kandudam ¢pusuko-mamemamuveckux Hayk, doyeHm, doyeHm Kagedpvl mamemamuku
u uHgopmamuxku, PuHaHcosslll yHugepcumem npu I[Ipasumeascmee Poccuiickoii Pedepayuu
(Tyavckuil puauan), Tyaa, Poccusi, e-mail: pluszh@mail.ru

[Ipoxonuuna C.B.3

3 Jlokmop mexHuveckux Hayk, npogeccop, PuHaHcoswlll yHusepcumem npu I[lpagumesbcmee
Poccutickotl @edepayuu, Mockea, Poccus, e-mail: svprokopchina@mail.ru

HH®OPMALUA

AHHOTALUA

Knawuesvle caosa:
HHTeJJIEKTyaIbHble U3MepPEeHHUs
HMH/IEKChI

6aileCOBCKUH OAXO0

PacueT WH/EKCOB UM UHTETrPaJIbHBIX MOKa3aTeJEN SBJSETCI BaK-
HOU 4acTbI0 MHOTUX MHGOPMAIMOHHBIX 33/1a4. YCJI0BUS UX OIpe-
JleJIeHUs] XapaKTepU3YITCAd 3HAYMTEJbHOH WHPOPMAIMOHHON
HeOTpe/IeJIeHHOCTbI0, MHOTOYMCJIEHHOCTBI0O U Pa3HOTUITHOCThHIO
nokasaTeJied U CJI0KHOCTbI0 UX B3aUMOBJIMSHUA. B cTaTbhe npej-
JlaraeTcsl MOAX0/, K ONpe/ie/IEHHI0 HH/IEKCOB 1 NoKa3aTeJeld peru-
OHAJIbHOM 00eCrevYeHHOCTH O6beKTaMH KyJbTYpbl Ha OCHOBE
6alleCOBCKUX MHTEJJIEKTYa/IbHbIX U3MepeHUH. [IpuBesieH npumep
pacueTa UHAEKCOB IS psifia obJiactei PO.

BAYESIAN INTELLECTUAL MEASUREMENTS OF INDICES AND INDICATORS
OF REGIONAL AVAILABILITY OF CULTURAL OBJECTS
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ARTICLE INFO

ABSTRACT

Keywords:

Intelligent measurements
Indexes

Bayesian approach

The calculation of indices and integral indicators is an important
part of many information tasks. The conditions for their deter-
mination are characterized by significant information uncertain-
ty, the multiplicity and diversity of indicators and the complexity
of their mutual influence. The article proposes an approach to
the definition of indices and indicators of regional availability
of cultural objects based on Bayesian intellectual measurements.
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OBIIIASA TEOPUA U3SMEPEHUI. METO/10/10TUSl U NIPUMEHEHUE TEOPUU
UHTEJUVIEKTYAJIBHBIX, MATKUX, CACTEMHBIX U3MEPEHUI: MEPBI, IIKAJIbI, TEXHOJIOTUU

An example of calculating indices for a number of regions of the
Russian Federation is given.

BBegeHue

MeTozi0/10rMYeCcKre OCHOBBI U IPUMephI pacuyeTa UH/JEKCOB U MHTerpajbHbIX MTOKa3a-
TeJlell Ha OCHOBe 6alleCOBCKUX MHTeJsIeKTya/lbHbIX u3MepeHuid (BMU) npuBeseHs! B pabo-
Tax [1-5], rge AaHO 060CHOBaHUE MOJX0/a, IPU KOTOPOM CJI0KHblE NTOKa3aTeJH, B YaCTHO-
CTH, UHJEKChI, MOTYT ObITb NpeJCTaBJeHbl B BU/le HepapXUieCKUX CUCTeM OoJiee NPOCTHIX
NoKasaTeJiel, BbIpaKeHHbIX KaK B YMCJI0BOH, TaK U B IMHIBUCTHYeCKOU ¢popMax. [IpakTHue-
CKUe MpUMephl, IPHUBeJeHHbIE B YKa3aHHBIX paboTax, yoexJalT B 1e/1eC000pPa3HOCTU NMPH-
MeHeHUs MeToJoJioruu U cpeacts bBUM B 3asavyax conuasbHO-3KOHOMUYECKOTO Pa3BUTHA
pervoHoB. O4HOM M3 TAaKUX 33/iay ABJSAETCA 3a/ja4a U3MepeHUs UH/IEKCOB U ITI0Ka3aTeJier pe-
TMOHa/IbHOM 06€ecrieueHHOCTH 06'beKTaMU KYJIbTYPhl.

UcTtouHrkoM uHQoOpManuy Mo rpynne IMokas3aTesed, XapaKTepU3yHIIIUX pa3BUTHE
KyJIbTypbl U 3allJIAHUPOBAHHBIX [TOKa3aTeJleld NPOorpaMM JieTeJbHOCTH, ABJISIOTCA €Xero/-
Hble OTYeThl, OTPa’KeHHbIe B [lepeyHe MokasaTesiell COCTOSIHUS OTPaAC]U KyJIbTYpbl B CyOb-
ekTax Poccuiickoit ®enepauuu (Popma 6-HK, Popma 8-HK, Popma 9-HK).

WcToyHukoM nHGOpMaLMK N0 rpynie GpaKTOPOB, BJUAKIIUX HAa T0Ka3aTe 1, XapaKTe-
pHU3YIOLMX pa3BUTHE KYJIbTYPhI ABJAIOTCA IOKa3aTeJU COLMaJIbHO-3KOHOMHUYECKOr0 pPa3BH-
TUS cy6beKTOB Poccuiickoit @efiepaniiy, OTpaKEHHbIE B €3KET0JHbIX CTaTUCTUYECKUX COOP-
Hukax Poccrata (Pernonsl Poccuu. CoupanbHO-3KOHOMUYECKHe NMokasaTesau: CTaTUCTHYe-
CKHUM COOPHMK) U MHBIX perMOHA/IbHbIX UCTOYHHUKAX HHPOPMaALUH.

CJ10’KHOCTB U MHOTOYMCJIEHHOCTD TI0Ka3aTeJiel onpezesseT He00X0AUMOCTb IPUMeHEHUS
COBpEMEHHBIX IIPOrPaMMHBIX KOMIIJIEKCOB Ji/I1 TOJIHOT'O ¥ IOCTOBEPHOTrO OIlpe/ie/IeHUs MHeK ca
JIOCTaTOYHOCTHU 0O'bEKTOB KyJIbTYpbl. KpoMe Toro, uH$opManysa o HUX ABJISeTCS HETOYHOMU, He-
NIOJIHOW Y HeJOCTOBEPHOW, YTO ONpe/iesisieT YCJI0BUS 3HAYUTEIbHOU Heollpeie/IeHHOCTH.

B 3Tux ycn0oBusX Lie1ec006pa3HO MCIO0JIb30BaTh COBPEMEHHble MeTO/bl UHTEJJIEKTY-
aJIbHbIX U3MepPeHUH U UCKYCCTBEHHOTO UHTEJJIEKTA.

K TakuM MozesssM npHHaJJiexxaT MOJe/JIM Ha OCHOBe peryJisipusupymollero 6aiecos-
CKOr0 MoJixo/ia U 6alecOBCKUX MHTEeJJIEKTYabHbIX TEXHOJIOTUM, B YaCTHOCTH, 6aileCOBCKUX
MHTeJJIEKTya/IbHbIX U3MepeHU.

[Togxon v npukaazHble TexHos0ruM BUW MoryT 6bITE IpUMeHEHHI A1 OLLleHKU pa3BU-
THUS KYJbTYpbl B cy6'bekTax PP 1 o6ecrnednBaOT BO3MOXXHOCTb NPOBOJUThL CPABHUTEbHBIN
aHa/IM3 Mexy cyobeKTaMu PP c noMOI1IbI0 YaCTHBIX U MHTETpaIbHBIX UH/IEKCOB.

CTpyKTypa NokasaTeJsied olpefieisieTcs TpynIoy okasaTesen, oTpakeHHbIX B popMax
6-HK, 8-HK, 9-HK (BubsunoTeku u cTpyKTypHble nojpaszesenus, Myseu, TeaTpsl) U Apyrux
noKa3aTeJieH, yTBepKAeHHbIX YII0OJJHOMOYEHHBIM OPTaHOM B YaCTH MOKa3aTeJle! /1 OLleHKU
pa3BUTHUSA KyJbTYpPhI B cyobekTax PO.

Mopaens AJiA pacyeTa UHAEKCA AOCTaTOYHOCTH 00bEKTOB KyJIbTypbl Ha 0cCHOBe BUU
Mogenb Ji/isl onpejie/ieHHUsl JOCTaTOYHOr0 KOJIMYeCTBa 0O'bEKTOB KyJbTyphbl Oompeje-
JIEHHOTO THIIa j UMeeT BUJ,:

Nj = Ireg;; « Nj;,

rae Nj — ;ocTaTOYHOE YUC/I0 00'beKTOB KYJIbTYPHI j AJis i-r0 Iepuoja;

Njj — YU CJI0 06'BEKTOB KYJITYPHI j-I'0 THIIA B i-OM IEPUO/IE;

[regjj - MHAEKC HEeZJOCTAaTOYHOCTHU 0O'bEKTOB KYJIbTYPHI j-I'0 THIIA B i-OM nepuoje (MHAeKC
JlOCTaTOYHOCTH ONpeJie/IIeTcsl Kak oopaTHasA BeJIMYMHA TO ecThb 1/17e8y);

6



SOFT MEASUREMENTS AND COMPUTING Volume 53, No. 4, April 2022

* — CHMBOJI BEPOSATHOCTHOW CBEPTKMU MO MOAUG(ULIMPOBAHHOUN OailecoBCKOU popmy.ie,
npeasoKeHHOU B paboTax [1-5].

B nanHo# Mogenu uHpaekchl Nj, [7¢8;; Njj npeAcTaBAsAIOT CO60M C/I0KHbIe HepapXHUYecKhe
CUCTEMBI, CTPYKTypa KOTOPbIX pAaCCMOTPEHA HUXKE.

Moaenb AJs pacyeTa MHAEKCa HeJOCTaTOYHOCTH 00 bEeKTOB KYJIbTyPbl
UmeeT cnepyromui BUa;

Ireg; = [regy; » [regy «[ess;

rze [re8; - uHAeKCc BOCTpe60BaHHOCTHY IPOU3BeleHUU KYIbTYpPhl;

[reg2i - MHAEKC JOCTYNHOCTH NPOU3BeJleHUU KYIbTYphl;

[reg3; — UHEKC perMoHaJbHOM crieliuQUKY;

I - TeKyL MU Nepuo/, pacyeTa UH/JEKCA, B KaueCTBe KOTOPOro MOTYT ObITh I'OJ UJIU Me-
Al pacyerTa.

JlaHHas1 MoZiesIb MOXKET ObITh MCII0JIb30BaHA KaK OCHOBHas JIJIsI II0O0Oro TUIlAa 06’ bEKTOB
KyJIbTYPHI C aJlanTanyen K cieludrke U JeTaJu3aldu 06 beKTa.

Ireg;; - HHAEKC BOCTPEGOBAHHOCTHU NPOU3BEJEHHMHM KyJbTYpPbl ONpefesseTcs
no popmy.ie:

Iregi = Ireg4i * IregSi' rue
[reg4; — MHAEKC BOCTPeOOBAaHHOCTH peasIbHbIX TPOU3BeAeHNUH KYJIbTYpPhl, K KOTOPBIM OT-
HOCAITCS TeaTpa/ibHble NIOCTAHOBKH B TeaTpax, My3elHble 3KCIO3UL UM, OUOJIMOTEUYHbIE CO-
OpaHud, KOHLlePTHbIEe MEPONIPUATHS U ApYyrye NPOU3BeeHUS KYIbTyphbI;
[regs; — MHAEKC BOCTPEOOBAHHOCTHU LIMPPOBBIX 06pa30B NPOU3BEIEHUN KyJbTYyphbl B UH-

TepHeT =1

HWHJeKC BOCTPEGOBAHHOCTH peasibHbIX NMPOM3BEJEHMI KYJIbTYpbl ONpejesisieTcs
no ¢popmy.ie:

Iregél_i = Iregﬁi* Ireg7i' Fﬂe
[regs; — MHAEKC MOCeLaeMOCTH 06’ bEKTOB KYJIbTYpPhI:
[re8gi = N1i: N1b, re

N1i - mocemaeMocTb 06'bEKTOB KyJIbTYPHI B i-OM NIEPUOJE;

Nip - mocewaeMocTb 06bEKTOB KYyJbTYpbl B 6a30BOM IepHUOJe, 3a KOTOPbIM MOKHO
npuHATh 2018 rog,.

Iregs; - UHAEKC BOCTPE60BAaHHOCTH M(PPOBLIX 06Pa30B NPOM3BEAEeHHH Ky IbTYPhbl.

WHpaekc BOCTpe60BaHHOCTU LIUGPOBBLIX 06pa30B NMPOU3BEAEHUN KYyJbTYpbl ONpeJeis-
eTcs o ¢opmy.ie:

[regs; = [regg; « [re87;, T e

[regs; — MHAEKC MOCeaeMOCTH CAaUuTOB IUPPOBBIX 06PA30B 06'HEKTOB KYJIbTYPHI:
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[reggi = N1i: N1, T e

N1i - mocelaeMoCTb CAaiTOB 0O'bEKTOB KYJIbTYPHhI B i-OM IepUO/IE;

Nip - moceuaeMocTb CalTOB O0OG'BEKTOB KyJbTYpbl B 6a30BOM INepHOJZeE, 32 KOTOPbIH
MOXHO NpuHATb 2018 rop,

[reg7; — UHJEKC YUCIEHHOCTH CAalTOB LIMPPOBLIX 06Pa30B 06 bEKTOB KYJIbTYPHI:

[reg7; = Nai: Nop, 1€

N2i - YMCJIEHHOCTb CAalTOB 00'bEKTOB KYJIbTYPhI B i-OM [EPHUO/IE;
N2b — YMCIEHHOCTb CAaTOB 06'bEKTOB KyJIbTYPbl B 6a30BOM NepHO/e, 32 KOTOPbIM MOX-
HO npuHATH 2018 rop,.

Ireg; — HHAEKC JOCTYIHOCTH peaIbHbIX 00'beKTOB KYJIbTYPhI MOXET OBbITh OIpejie-
JIEH 10 ciefytoliel opmyie:

[regy; = Iregyo; * Iregy;« [1e8q; * I7e813, r e
Ire810; - MH/€KC [eHOBOM JOCTYMHOCTH PeabHbIX 00bEKTOB KY/IbTYPBI.

OH MOXeT ObITb ONpe/ie/ieH COOTHOLIeHHeM CpefiHel 1ieHbl CTOMMOCTH MOJIy4€eHH s JoCTyna
K IPOU3Be/IeHUsIM KyJIbTYphbl B 6a30BOM nepro/zie Np7 ¥ cpe/iHel 1ieHbl CTOMMOCTH M0JIy4YeHUs J10-
CTyna K Ipov3BeJleHUsM Ky/abTypbl Ni7 i-oM nepuoge. UcTouHMKaMU HHPOpMaLUU [/1s1 BbIYMCIIe-
HUS 3TOr'0 UHZEKCA MOTYT ObITh CalThl 06'bEKTOB KYJIbTYpbI Cy0beKTOB PD. CpesiHAA 1ieHa 6uile-
Ta onpe/iesisieTCs KaK OTHOLIEHUE MOCTYIJIEHUHA OT MEPONIPUATHUM K YHUCIy MEPONIPUATHNA:

[re810; = Np7 : Ni7.

Ire811; - UHAEKC TPAHCIOPTHOM AOCTYNIHOCTH peasibHbIX 00bEKTOB KyJIbTYphI =1.

OH MOXeT ObITh OlNpeJie/ieH HA OCHOBAaHUM HOPMAaTUBOB TPAHCIOPTHOM JIOCTYIHOCTH,
npuBeJleHHbIM B MeToanueckux pekoMeHAauusax Pacnopsxkenus MUHUCTepPCTBA KYJIbTYpPhI
Ne 965 ot 2 aBrycrta 2017 roza aJ1s pa3JIMuHbIX HaceJleHHbIX TyHKTOB P®, B BUj€:

Ir¢811i = Nio: Nin.

Nio - cpesiHee BpeMsl JOCTHXKeHHSI 06'b€KTOB KYJIbTYpPhI B i-OM epUoJE;
Nin - HOpMaTHUB CpeJIHET'0 BpEMEHHU IO0CTHKEHUS 06'beKTOB KYJIbTYPbl U3 TA0JIUI] BbILIE-
yKa3aHHbIX MeToJUYeCKUX YKa3aHUH.

Ire812i -~ MHAEKC LeHOBOM AOCTYMHOCTH LHHU(POBBIX 06pPA30B 00HEKTOB KYJbTYpHI.
OH MOXeT ObITh OINpe/ie/IeH COOTHOLIEHUEM CpeJiHel LieHbl CTOMMOCTH MOJIy4eHUs JOCTyna
K UUPpOBbBIM 06pa3aM NpPOU3BeAeHUAM KyJbTypbl Npio, HampuMep, CpeJHed NpPOCMOTpa
ollMPpPOBAHHOM TeaTpasibHOM MOCTAHOBKH, U CpeJHEN /il JaHHOTO cyOobekTa PP 3apaboT-
HOM nuiaToi B Mecsy, Npg 6a30BOro nepuojia K TekylieMmy i-My nepuoay. UCTOYHUKAMU HH-
dbopManMu AJi1 BBIYMC/IEHUS] 3TOTO MHJeKCa MOTYT OBbITb CalThl LUPPOBBIX MIaTGPOpM
M IJIOLIAJI0K, IPEeJOCTaBISAIIUX TaK1e YCIYTHU:

[re812i = (Nb1o: Nbs): (Nito: Nig).

Iregs3; - MHAEKC 06eCcrIeYeHHOCTH A0CTyna K HUPPOBbLIM 06pa3aM Npou3BeJeHuil
KYJIbTYPBl.
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ITOT UHJEKC MOXKeT ObITh ONpeJiesieH, UCX0/isl U3 cTeneHU UPPOBU3ALUU CYO'bEKTA
denepalny, OCHaIlEHHOCTH HaceJieHUs1 CpeiCTBAMU JOCTyNa B MUHTEepHET U pa3BUTOCTHU ce-
Tel MOOUJIbLHOM CBSI3H, 110 HECKOJIbKMM OCHOBHBIM [OKa3aTEJISIM:

[regy3; = [re8q4; * [re8ys;, rae

Ire814; - MHJAEKC AOCTYNHOCTH IIHUPOKONOJIOCHOM CBSA3M /I HaceJleHUsl CyObeKTa
benepanuu (B 4aCTHOCTH, AJ15 JIOKAJIU3ALUHU M10JIb30BaTEIS):

[re814i = Ni11: Ni1p, rie

Ni11 — YMCJI€EHHOCTb aKTUBHBIX A00HEHTOB GUKCHPOBAHHOI'O IUIMPOKONOJIOCHOTO JOCTY-
na K ceTu UHTepHeT Ha 100 Jyesi0BeK HacesIeHUs B i-OM NIEPUOJE;

Ni12 - YMCIEHHOCTb aKTUBHBIX AO0OHEHTOB PUKCHUPOBAHHOI'O IIMPOKOINOJOCHOIO JAOCTY-
na K ceTd MHTepHeT Ha 100 yesioBeK HacesieHUsI B 6a30BOM NepUo/e.

Ireg;5i - HUHAEKC 06eCneYeHHOCTH HaceJIeHUA YCTPOMCTBaMHU JoCcTyna B UHTepHeT:
[re81s5i = Ni13: Ni1s, T21€

Ni13 - HaceJileHUe, UCMOJIb30BaBIlee ceTb UHTEepHET B NMPOLEHTaX OT 001 el YUCIeHHO-
CTH HaceJIeHUs1 COOTBETCTBYIoLIEero cyobekta Poccuiickoit ®esepanuu B i-oM nepuo/ie.

Ni14 - HacesileHMe, UCNOJIb30BaBllee ceTb UHTepHET B NpPOLEHTax OT 0061el YUCIeHHO-
CTU HaceJIeHUs COOTBETCTBYOLero cyobekTa Poccuiickoit @enepanuu B 6a30BOM Nepuo/ie.

Iregs; - MHAEKC perMoHa/IbHOM crieuPHKH.

JTOT UH/IEKC OIpeJiesisieT YCJIO0BUS, OTPaHUYEHUS] U NMOTEHLMA/Ibl Pa3BUTHUS BOCTpe6o-
BaHHOCTH K BOCHIPUSATHIO KYJIbTYPHBIX LIeHHOCTEH y HacesJeHHUs.

OH sABJIsIeTCS JIOMOJIHUTENbHBIM /IJIsI OCHOBHOM GOpPMYyJibl onpeseeHus1 UHeKca J10-
CTaTOYHOCTU 0O'bEKTOB KYJbTYPBI.

B Ta6sunax 1 v 2 npyuBe/ieHbl MaKCMMaJIbHO BepOSITHbIE 3HaYEeHUsI MHJleKca JJOCTaTOoY-
HOCTU OOBEKTOB KyJbTypbl Aas Biaagumupckoid u Tynabckod ob6siacTeid 6e3 ydyeTa pervo-
HaJIbHOM crieniuUKH, MOJIyYeHHbIe HAa OCHOBE BhIILIeNPUBeIeHHBIX MoZiesiel Ha ocHoBe BUM.

Ta6auya 1
WHpaekc 0CTaTOYHOCTU 00'bEKTOB KyJIbTYPHI 4151 BiaguMupckoil o61actu

[lokasaTtenu Teatpel | Myseu | Bubauoreku
Nj - locTaTOUYHOE YUCJI0 06'bEKTOB KYJIbTYPHI j 2,67 222,68 566,44
Nij - yHcJio 06'bEKTOB KYJIbTYPHI j-r0O THIIA B i-OM MepHoje 3,00 174,00 405,00
Iregl]_ - UHJIEKC HEeI0CTaTOYHOCTH 0O'bEKTOB KYJIbTYPHI j-I'0 THU- 0,89 128 1,40
1a B i-TOM NlepHoje
Iregli - MHJeKC BOCTPe6OBAaHHOCTU NPOU3BEleHUH KYJIbTYpPhI 0,91 1,06 1,22
Ireg2i — UHAEKC JOCTYITHOCTH NPOU3BEAEHUU KYJIbTYPbI 0,98 1,21 1,15
Ireg3i - MHJIeKC peruoHaJbHOH crieliupUKHU 1,00 1,00 1,00
Ireg4i - uHJleKC BOCTPeOOBAaHHOCTH peasIbHBIX IPOU3BeleHUN
KYJIbTYPBI, K KOTOPbIM OTHOCATCSI TeaTpaJibHble IOCTaHOBKU 091 106 111
B TeaTpax, My3eHHble 3KCIO3UIUH, GUOJIMOTEeYHbIEe COOPaHUS, ’ ’ ’
KOHIepTHble MepONPUSITHSI U APYTHe IPOU3BeleHUsl KYJIbTYpPhl
Ireg5i - HH/IeKC BOCTPeOOBAHHOCTU IUPPOBBLIX 06PA30B MPOU3- 1,00 1,00 111
BeJleHUH KyJbTyphbl B UHTepHeT
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Iregbi - MH/IEKC TOCENAeMOCTH 00'bEKTOB KYJIbTYPHI 0,91 1,06 1,00
N1i - mocenaeMocTb 06'b€KTOB KYJIbTYPhI B i-OM NepHO/e 134,40 | 1644,30 1,00
N1b - nocelaeMocTb 00'bEKTOB KYJIbTypbl B 6a30BOM NEPUOJIE, 148,50 | 1555,40 1,00
3a KOTOpbIX MOKHO NpUHATH 2019 ropx

Iregbi - MHIEKC OCEL[aeMOCTH CAalTOB IMPPOBBIX 06PA30B 1,00 1,00 1,00

06'bEKTOB KYJIbTYPhI

N1i - nocelaeMocTb CAiTOB 0G'bEKTOB KYJILTYPHI B i-OM IEPHUO/IE 1,00 1,00 1,00

N1b - nocenjaeMocTb CaiTOB 060bEKTOB KYJIbTYpPbl B 6a30BOM
o 1,00 1,00 1,00
nepuozie, 3a KOTOpbIM MOXXHO NpUHATH 2018 rop,

Ireg7i - MHJIEKC YUCIEHHOCTH CAUTOB I[P POBBLIX 06PA30B 00'b-

1,00 1,00 1,11
€KTOB KYJIbTYPBI

N2i - 4MCcJIeHHOCTb CAUTOB 06'bEKTOB KYJIbTYPHI B i-0M IEpUOJiEe 1,00 1,00 72636,00

N2b - HHMC/IEHHOCTD CAHTOB 00'BEKTOB KyJIbTYPbI B 6a30BOM Iie- 1,00 1,00 65725,00
puo/ie, 32 KOTOPBIA MOKHO NpuHAThL 2018 rog,

Ireg10i - MH/IEKC [IEHOBOM JOCTYTHOCTH PeabHbIX 06’ bEKTOB

0,87 1,07 1,01
KYJIBTYPBI

CpenHsis 1leHa CTOUMOCTH T0JIy4YeHUs J0CTyNa K IPOU3BeIeHU-
M KyabTyphl Ni7, cpe/iHss 1leHa 6uJieTa /JiJjisi TeaTpaJibHOM Mo- 285,57 | 495,03 | 813971,00
CTAHOBKH B TeKylleM Nlepuoje

CpeaHss 1leHa CTOMMOCTH N0JIy4YeHUs A0CTyNa K IPOU3Be/leHu-
M KyabTyphl Ni7, cpe/iHss 1leHa 6uieTa /JiJis TeaTpaJibHOM Mo- 248,68 | 530,64 | 825350,00
CTAaHOBKHU B 6a30BOM IEpHO/IE

Ireg11i - UH/IEKC TPAHCIIOPTHOM AOCTYIMHOCTH PeaTbHbBIX 00'b-

1,00 1,00 1,00
€KTOB KYJIbTypBbI
Ni9 - cpesHee BpeMs JOCTHKeHHUsI 00BEKTOB KyJIbTYpPhI B i-OM 1,00 1,00 1,00
nepuojie
NO9n - HopMaTUB cpeJiHero BpeMeHHU JOCTHKEeHUs1 00'beKTOB
. 1,00 1,00 1,00
KyJIbTYPbI U3 TA0JIMI] BbllIeYKa3aHHbIX MeToMuecKHX YKa3aHUH
Iregl12i - uHJEKC [1eHOBOM JOCTYNTHOCTH M PPOBLIX 00pa30B 1,00 1,00 1,00
00'bEKTOB KYJIbTYPhI
CpefHss LleHa CTOMMOCTH MOJIyYeHUs 0CTyna K [UuppoBbIM
. 1,00 1,00 1,00
06pa3aM npou3sBeAeHUsAM KyJabTypbl Nil0
Ireg13i - nHZEKC 06eclie4eHHOCTH 4OCTyMa K LUPPOBBIM 06pa- 113 113 113

3aM HpOI/IBBe,ZLeHI/IfI KyJIbTYPbI

Iregl4i — MHAEKC JOCTYNIHOCTH LIUPOKOIIOJI0CHOU CBA3U AJ1A
HaceJieHUs cy6beKTa depepanuu (B 4aCTHOCTH, ISl JIOKaJIM3a- 1,05 1,05 1,05
I[MU M10JIb30BaTEJIs)

Nill - 4YKC/IEHHOCTb aKTUBHbIX aOOHEHTOB PHUKCUPOBAHHOTO
IIMPOKOIOJIOCHOTO AOCTYMNA K ceTH MHTepHeT Ha 100 yesr0Bek 21,80 21,80 21,80
HaceJIeHUA B i-OM Ilepuoze,

Nil2 - YHCJIEHHOCTb aKTUBHBIX a00HEHTOB GUKCHPOBAHHOTO
LIMPOKOII0JIOCHOT0 AOCTyIa K ceTH UHTepHeT Ha 100 dyesioBek 20,70 20,70 20,70
HaceJsieHUs B 6a30BOM Iepuo/jie

Ireg15i - uHeKc 06ecrieueHHOCTU HaceeHUs YCTPOUCTBaMu

gocryna B UHTepHeT 1,07 1,07 1,07

Nil3 - HacesieHUe, UcnoJib30BaBlIee ceTb UHTEpPHET B IPOIeH-
Tax OT 0011lel YMCJIEHHOCTH HaceJleHUS COOTBETCTBYIOILETO 81,50 81,50 81,50
cy6bekTa Poccuiickoil @efiepalinu B i-TOM nepuoje

Nil4 - HacesieHHe, UCIIOJIb30BaBIlee CETb UHTEepHET B NpOLeH-
Tax OT 00Iel YMCIEHHOCTH HaceJleHUSI COOTBETCTBYIOILETO 76,00 76,00 76,00
cy6bekTa Poccuiickoil Pefiepaliniv B 6a30BOM NEPUOAE
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Ta6auya 2
MHAeKc 0CTaTOYHOCTH 06'bEKTOB Ky/IbTYphbl A1 TyIbCKON 06/1acTH
ITokazaTesnu Teatpsl | My3en | bubanoreku
Nj — [OCTaTOYHOE YHCJIO 06'bEKTOB KYJIBTYPHI 5,91 292,41 898,53
Nij - 4McJio 06'bEKTOB KYJIbTYPHI j-T0 TUNA B i-OM EpUOJE 6,00 254,00 458,00
Iregl]' — MH/IeKC HeJJOCTaTOYHOCTH 0O'beKTOB KYJIbTYPHI j-TO TH- 0,98 115 1,96
Ia B i-TOM nlepuoje
Iregli - UHJAEKC BOCTPe6OBAHHOCTH NPOU3BEAEHUHN KYJIbTYPhI 1,00 1,07 1,84
Ireg2i - MUHAEKC AOCTYNHOCTY NPOU3BejleHUM KYJbTypPhl 0,98 1,08 1,07
Ireg3i - MH/IEKC peTMOHA/ILHOU crieliuUKHU 1,00 1,00 1,00
Ireg4i - uHJleKC BOCTPe6OBAaHHOCTH peasIbHbIX IPOU3BeleHUI
KYJIbTYPBI, K KOTOPbIM OTHOCATCS TeaTpaJibHble IOCTAHOBKHU B
o 1,00 1,07 1,36
TeaTpax, My3elHble 3KCIIO3UL MY, 6UOIUOTeYHble COOpaHU4,
KOHLepTHble MepONpUATHS U APYTHe IPOU3BeleHNs KYJIbTYphl
Ireg5i - HHJieKC BOCTPe6GOBAaHHOCTH IIUPPOBBIX 06pa30B MPOU3- 1,00 1,00 136
BeJleHU! KyJIbTyphbl B UHTepHeT
Iregbi - MH/IEKC OCEN]AEMOCTH 06'bEKTOB KYJIbTYPhI 1,00 1,07 1,00
N1i - mocenaeMocTb 06'b€KTOB KYJIbTYPhI B i-OM NepHO/Je 251,80 | 1783,10 1,00
N1b - 1oceLaeMocTh 00beKTOB KyJIbTYpbl B 6a30BOM NepUO/eE, 25130 | 1666,50 1,00
3a KOTOpbIX MOxKHO NpUHATH 2019 ropx
Ireg6i - MHEKC OCELaeMOCTH CAalTOB IIMPOBLIX 06pa30B 1,00 1,00 1,36
06'bEKTOB KYJIbTypbl
N1i - nocelaeMocTb CAaTOB 0O'bEKTOB KYJIbTYPHI B i-0M IEPUO/JE 1,00 1,00 60393,00
N1b - [0CeLaeMOCTb CaHTOB 06'bEKTOB KYJIbTYpPbl B 6a30BOM 1,00 1,00 44568,00
nepuoze, 3a KOTOpbIM MOKHO npuHATH 2018 roa
Ireg7i - MHJIEKC YUCIEHHOCTU CalTOB LIMPPOBBIX 06pa30B 06'b- 1,00 1,00 1,00
€KTOB KYJIbTypBbI
N2i - 4yMcJIeHHOCTb CAUTOB 06'bEKTOB KYJIbTYPHI B i-0M NIepUoJie 1,00 1,00 1,00
N2b - unc/ieHHOCTb CAUTOB 06'HEKTOB KYJIbTYpPhl B 6a30BOM Ile-
o 1,00 1,00 1,00
puoJe, 3a KOTOpbIA MOHO npuHATh 2018 rog
Ireg10i - MHAEKC L1lEHOBOM JJOCTYTHOCTH peabHbIX 06’ bEKTOB 0,92 1,01 1,00
KYJIbTYPbI
CpefHA4 LleHa CTOMMOCTH MOJIyYeHUs JOCTyNa K IPOU3BeJeHU-
M KyJbTypbl Ni7, cpefiHsisl LeHa 6useTa JiJisl TeaTpabHOM 1o- 223,47 | 906,19 1,00
CTaHOBKHU B TEKYLIEM NepUOJie
CpefiHA4 LleHa CTOMMOCTH MOJIyYeHUs JOCTyNa K IPOU3BeJeHU-
aM KyabTypsl Ni7, cpefHsa4 1leHa 6uJieTa [iJis TeaTpaJbHOM MO- 205,45 | 912,58 1,00
CTAaHOBKH B 6a30BOM IEPUOJIE
Iregl1i - MHJEKC TPAHCIIOPTHOMN AOCTYNHOCTU peasbHbIX 00'b- 1,00 1,00 1,00
eKTOB KYJIbTypbI
Ni9 - cpesiHee BpeMs JOCTHXKEHUsI 00'bEKTOB KyJIbTYPhI B i-0M 1,00 1,00 1,00
nepuoje
NO9n - HopMaTUB cpeJiHero BpeMeHH! JOCTHKeHU 00 beKTOB
. 1,00 1,00 1,00
KYJIbTYPbI U3 TabJIML BblllleyKa3aHHbIX MeToiM4uecKuX YKa3aHU U
Iregl12i - uHZEKC [1eHOBOM JOCTYNTHOCTH M PPOBLIX 00pa30B 1,00 1,00 1,00
00'BEKTOB KYJIbTYPhI
CpefHss LleHa CTOMMOCTH MOJIyYeHHs J0CTyna K [UuppoBbIM
. 1,00 1,00 1,00
o6paszaM npousBeeHUsAM KyabTypbl Nil0
Ireg13i - uHzekc 0?6CH€‘IEHHOCTI/I JocTyna K 1udpoBbIM 06pa- 1,07 1,07 1,07
3aM NpOM3BeJIeHUH KYJIbTYpPhl
Iregl4i — MHAEKC JOCTYNIHOCTU LIMPOKOI0JO0CHOU CBSI3U AJ151
HaceJieHUs cy6beKTa ¢peAepanuu (B YaCTHOCTH, [IJid JTOKaId3a- 1,03 1,03 1,03

I[UM N0JIb30BaATEIs)
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OxkonuaHue Tab6auybwt 2

Nill- yKc/I€HHOCTb aKTUBHBIX A00HEHTOB PUKCHUPOBAHHOTO

IIMPOKOIO0JIOCHOTO A0CTyNa K ceTH UHTepHeT Ha 100 yesioBek 24,20 24,20 24,20
HaceJIeHUs B i-OM nepuoje
Nil2 - YHCJIEHHOCTb aKTUBHBIX a60HEHTOB GUKCUPOBAHHOTO
IIMPOKOIO0JIOCHOT0 A0CTyNa K ceTH UHTepHeT Ha 100 yesioBek 23,50 23,50 23,50
HaceJsieHUs1 B 6a30BOM NEPUOLE
Ireg15i — uHAEKC 06eCleYeHHOCTH HaceJIeHUs1 yCTPOUCTBAaMU 1,04 1,04 1,04
Joctyna B UHTepHeT
Nil3 - HaceJsieHHEe, UCIIOJIb30BaBIlIee CeTb UHTEepHET B MPOIeH-
Tax OT 0011lel YMCJIeHHOCTH HaceJleHUsI COOTBETCTBYIOILETO 80,20 80,20 80,20
cy6bekTa Poccuiickoit @enepaliuu B i-oM nepuo/ie
Nil4 - HaceneHue, ucnoJib30BaBlIee ceTb UHTEpHET B IPOLEH-
Tax OT 0011lel YMCJIeHHOCTH Hace/leHUsI COOTBETCTBYIOILETO 77,30 77,30 77,30
cy6bekTa Poccuiickoil @efiepaliiv B 6a30BOM NEPUOJE
Ta6auya 3
MHaeKC 0CTaTOYHOCTH 06'bEKTOB KYJAbTYPHI s Kypckoii ob6s1acTu
IlokazaTesnu Teatpnl | My3eu | bubsunoreku

Nj — A0CTaTOYHOE YMCJIO 06'EKTOB KYJIbTYPHI j 2,00 71,00 2506,00
Nij — 4McJio 06'bEKTOB KYJIBTYPHI j-T'0 THIA B i-OM IepUoie 2,00 53,00 661,00
Iregl]. - UH/IEKC HE/I0CTATOYHOCTH 06'bEKTOB KYJIbTYPHI j-I'0 TH- 119 1,34 3,79
na B i-oM nepuoje
Iregli - MHAEKC BOCTPe6OBAHHOCTH IPOU3BEIEHUH KYJIbTYPhI 1,09 1,13 3,36
Ireg2i - MHAEKC JOCTYTHOCTH NPOU3BEAEHUU KYJIbTYPhI 1,09 1,18 1,13
Ireg3i - UHJIEKC perMoHa/ILHOU crieluPUKHU 1,00 1,00 1,00
Ireg4i - uHJIeKC BOCTPe6OBAaHHOCTH peasbHbIX MPOU3BEIeHUM
KYJIbTYPBI, K KOTOPbIM OTHOCAITCS TeaTpaJibHble TOCTaHOBKHU 109 113 183
B TeaTpax, My3eHHble 3KCI03UIUH, GUOJIMOTEeYHbIEe COOPaHUS, ’ ’ ’
KOHLIEPTHbIE MEPONPUATHS U APYTHUE NPOU3BENEHUS KYJIbTYPhI
Ireg5i - HHJeKC BOCTPeOOBAHHOCTU IUPPOBBLIX 06PA30B MPOU3- 1,00 1,00 183
BeJleHUU KyJbTypbl B UHTEpHET
Iregbi — MHAEKC MOCELIAEMOCTH 06’ bEKTOB KYJAbTYPhI 1,09 1,13 1,00
N1i - nocenaeMoCcTb 06'bEKTOB KYJIbTYPHI B i-0M epuoje 202,80 | 523,00 1,00
N1b - nocelmaeMocTb 00'bEKTOB KyJIbTYphl B 0a30BOM MEPUO/IE, 185,70 | 461,90 1,00
3a KOTOpbIX MOKHO NpUHATH 2019 rox
[regbi - UHAEKC MOCEL]AaeMOCTH CalTOB UPPOBBLIX 06pa30B 1,00 1,00 183
00'bEKTOB KYJIbTYPhI
I(:I;é - I0CEeNlaeMOCTb CaiTOB 00’ b€KTOB KyJIbTYpHI B i-OM Nepu- 1,00 1,00 15308,00
N1b - 1oCelaeMoCTb CanToB 00 bEKTOB KYJIbTYPbI B 6a30BOM 1,00 1,00 8353,00
nepuozie, 3a KOTOpPbIM MOXKHO NpuHATH 2018 rox
[reg7i - UH/IEKC YMCJIEHHOCTHY CaluTOB LIMPPOBBIX 06Pa30B 00'b- 1,00 1,00 1,00
€KTOB KYJbTYpPhI
N2i - 4MCJIeHHOCTh CAUTOB 00'bEKTOB KYJIbTYPHI B i-0M IepUoje 1,00 1,00 1,00
N2b - 4uc/ieHHOCTb CAUTOB 06'BEKTOB KYJIbTYpPhl B 6a30BOM Ile-

. 1,00 1,00 1,00
pHozZe, 3a KOTOPBIM MOXXHO NpUHATH 2018 rox
Ireg10i — UHAEKC LIEHOBOM AOCTYIHOCTH pPeaJbHbIX 00 bEKTOB 0,97 1,04 1,00
KYJbTYpPBhI
CpefiHss LleHa CTOMMOCTH MOJIyYeHUs JOCTyla K IPOU3BeJeHU-
M KyJbTypbl Ni7, cpefiHsisl LeHa 6useTa JiJisl TeaTpabHOM mo- 134,93 | 498,53 1,00

CTAHOBKH B TEKYIIIEM IIEpHoe
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OkonuaHue Tab6auyst 3

Cpe/iHsAd 1leHa CTOMMOCTH MOJIYYeHUs TOCTyIa K TPOU3BeIeHU-
siM KyJbTyphI Ni7, cpe/iHss 1leHa 6uJieTa JiJisi TeaTpaJibHOMU I0o- 130,66 | 520,76 1,00
CTAaHOBKH B 6a30BOM NEPHO/iEe

Ireg11i - MHJEKC TPAHCIIOPTHOM AOCTYMHOCTH peasbHbIX 00'b-

1,00 1,00 1,00
€KTOB KYJIbTypBbI
Ni9 - cpesHee BpeMsl JOCTHKeHUsI 00BEKTOB KyJIbTYphI B i-OM 1,00 1,00 1,00
nepuoje
NOn - HOpMaTHB cpe/iHero BpeMeHH JJOCTHXKEeHUS 06'beKTOB
. 1,00 1,00 1,00
KyJIbTYPbI U3 TA0JIM1] BbllIeYKa3aHHbIX MeToAMueCcKUX YKa3aHUH
Iregl2i - uHAEKC L1leHOBOM JOCTYNHOCTH U POBLIX 06pa3oB 1,00 1,00 1,00
00'bEKTOB KYJIbTYPhI
CpeaHsd LleHa CTOMMOCTH NOJIyYeHUs A0CTyna K [UPPOBBIM
. 1,00 1,00 1,00
o6pa3zam npousBeieHUsIM KyJabTypbl Nil0
Ireg13i - uHAeKC 06eclieyeHHOCTH JOCTyMa K LUPPOBBIM 06pa- 113 113 113

3aM NPOU3BEJIEHUH KYJIbTYPbl

Ireg14i — MHAEKC IOCTYNIHOCTU UIMPOKOIOJIOCHOU CBS3H AJ1s
HaceJieHUs cy6beKkTa desepanuu (B YaCTHOCTH, [IJis JIOKaJU3a- 1,02 1,02 1,02
I[UH T0JIb30BATEISA)

Nill - YHCJIEHHOCTb aKTUBHBIX a60HEHTOB GUKCUPOBAHHOTO
LIMPOKOMOJIOCHOTO AOCTyNa K ceTH UHTepHeT Ha 100 yesioBek 23,40 23,40 23,40
HaceJieHHUs B i-OM Nlepuoje

Nil2 - YHCJIEHHOCTb aKTUBHBIX a00HEHTOB GUKCUPOBAHHOTO
LIMPOKOMOJIOCHOTO AOCTyNa K ceTH UHTepHeT Ha 100 dyesioBek 22,90 22,90 22,90
HaceJieHHs1 B 06a30BOM IEPUOJIE

Ireg15i - uHAEKC 0GeclieueHHOCTH HAaceJeHUs YCTPOUCTBaMHU

poctyna B UHTepHeT 1,10 1,10 1,10

Nil3 - HaceJsieHMe, UCIIOJIb30BaBIlIee CeTb UHTEepHET B MPOIeH-
Tax OT 00IIeH YMCJIeHHOCTH HaceJIeHUSI COOTBETCTBYIOIETO 86,50 86,50 86,50
cy6bekTa Poccutickoit Qenepaniyu B i-oM nepuo/ie

Nil4 - HacesneHUe, UcnoJIb30BaBlIee ceTb MHTEpPHET B IPOIeH-
Tax OT 001llel YMCJIEHHOCTH HaceJleHUS COOTBETCTBYIOILETO 78,30 78,30 78,30
cybbekTa Poccuiickoit Pejiepaniyid B 6a30BOM NEPUOJIE

Ta6auya 4
WHaekc 40CTaTOYHOCTH 00BEKTOB KYAbTYPHI A5 TaM60BCcKoOU 06J1acTH
[Tokasarenu Teatpnl | My3eu | bubavoTeku
Nj — A0CTaTOYHOE YUCJIO 00'BEKTOB KYJIbTYPHI j 3,00 73,00 525,00
Nij - yHcJio 06'bEKTOB KYJbTYPHI j-r0O THIIA B i-OM epuojie 4,00 56,00 494,00
Iregl]_ - UH/IEKC HeJOCTATOYHOCTU 0O'bEKTOB KYJIbTYPHI j-T'0 TH- 0,81 131 1,06
na B i-oM nepuoje
Iregli - MHJeKC BOCTPe6OBAaHHOCTU NPOU3BEIeHUH KYJIbTYPhI 0,94 1,23 1,04
Ireg2i - MHAEKC JOCTYITHOCTH NPOU3BEJEHUUN KYJAbTYPhI 0,86 1,06 1,02
Ireg3i - MHJIeKC peruoHaJbHOH creliupUKHU 1,00 1,00 1,00
Ireg4i - uHJleKC BOCTPe6OBAaHHOCTH peasibHbIX IPOU3BeeHUH
KYJIbTYPbl, K KOTOPbIM OTHOCSITCS TeaTpa/ibHble MOCTaHOBKH 094 123 102
B TeaTpax, My3eHHble 3KCIO3UIUH, GUOJIMOTEeYHbIEe COOPaHUS, ’ ’ ’
KOHIepTHbIe MepONPUSITHUSI U APYTHe IPOU3BeleHUs KYJIbTYpPhl
Ireg5i - HHJeKC BOCTPeOOBAHHOCTU IUPPOBBLIX 06PA30B MPOU3- 1,00 1,00 1,02
BeJleHU! KyJbTypbl B UHTEpHET
Iregbi — MHJIEKC NIOCELIaeMOCTH 06'bEKTOB KYJIbTYPhl 0,94 1,23 1,00
N1i - nocenaeMocTb 06'bEKTOB KYJIbTYPHI B i-OM epuoje 134,40 | 716,40 1,00
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N1b - nocemaeMocTb 06'bEKTOB KYJIbTYPbI B 6a30BOM ITepUO/E,

. 143,40 | 580,60 1,00
3a KOTOPbIM MOKHO NpUHATH 2019 roxa

Iregbi - MHIEKC OCEL[aeMOCTH CAalTOB IMPPOBBIX 06PA30B

1,00 1,00 1,02
06'bEKTOB KYJIbTYPbl

N1i - mocelaeMocTb CAaiTOB 0G'bEKTOB KYJIBTYPHI B i-OM IEPHUO/JIE 1,00 1,00 368335,00

N1b - [0CeLaeMOCTb CaHTOB 06'bEKTOB KYJIbTYpPbl B 6a30BOM 1,00 1,00 361302,00
nepuozie, 3a KOTOpbIM MOXXHO NpUHATH 2018 rog,

Ireg7i - MHJIEKC YUCIEHHOCTH CAUTOB I[P POBBLIX 06PA30B 00'b-

1,00 1,00 1,00
€KTOB KYJIbTYPBI

N2i - 4yMCc/IeHHOCTb CAUTOB 06'bEKTOB KYJIbTYPHI B i-0M IepUoOJie 1,00 1,00 1,00
N2b - yncseHHOCTb CalTOB 06'bEKTOB Ky/IbTypbl B 6a30BOM Ile-

. 1,00 1,00 1,00
puo/i€e, 32 KOTOPBIA MOKHO NpuHAThL 2018 rog,
Ireg10i - MHJEKC 1IEHOBOM IO0CTYIHOCTH PeaJbHbIX 06 bEKTOB 0,84 1,04 1,00
KYJIbTYPBI
CpeaHss LleHa CTOUMOCTH M0JIy4YeHUs A0CTyNa K IPOU3Be/leHu-
M KyabTyphl Ni7, cpe/iHss 1leHa 6uJieTa /JiJjisi TeaTpaJibHOM Mo- 235,35 | 275,01 1,00

CTAaHOBKH B TeKylleM Nepuoje
CpeaHss LleHa CTOMMOCTH T0JIyYeHUs A0CTyNa K IPOU3Be/leHu-
M KyabTypbl Ni7, cpe/iHss 1leHa 6uJieTa /iJjisi TeaTpaibHOM Mo- 198,45 | 285,63 1,00
CTAHOBKHU B 6a30BOM IEPHO/IE

Iregl1i - MHJ€KC TPAHCIOPTHOM AOCTYTHOCTH peabHbIX 00'b-

1,00 1,00 1,00
eKTOB KYJIbTypbl
Ni9 - cpepHee BpeMs JOCTHXKEHUsI 00'bEKTOB KyJIbTYPhI B i-OM 1,00 1,00 1,00
nepuoje
NO9n - HopMaTUB cpeJiHero BpeMeHHU JOCTHKEeHUs1 00'beKTOB
. 1,00 1,00 1,00
KYJIbTYpPbI U3 TabJIML BblllleyKa3aHHbIX MeToA4eCcKUX YKa3aHUH
Iregl2i - nHJ€KC IeHOBOM AOCTYNMHOCTH LUPPOBBIX 06pa30B 1,00 1,00 1,00
00'bEKTOB KYJIbTYPhI
CpefHss LleHa CTOMMOCTH MOJIyYeHHs A0CTyna K [uppoBbIM
. 1,00 1,00 1,00
06pa3aM npou3BeAeHUsAM KyJabTypbl Nil0
Ireg13i - uHJEeKC 06ecrieueHHOCTH JOCTyMa K LUPOBBIM 06pa- 1,02 1,02 1,02

3aM IPOU3BEJIeHUM KYJIbTYphl

Iregl4i — MHAEKC JOCTYNIHOCTH LIMPOKOIOJ0CHOU CBSI3U AJ15
HaceJieHUs cy6beKTa depepanuu (B YaCTHOCTH, ISl JIOKaJIM3a- 1,00 1,00 1,00
I[UM T0JIb30BATEISA)

Nill - 4YMC/IEHHOCTb aKTUBHbIX aOOHEHTOB PHUKCUPOBAHHOTO
LIMPOKOII0JIOCHOT'0 AOCTyIa K ceTH UHTepHeT Ha 100 yesioBek 18,60 18,60 18,60
HaceJIeHUd B i-OM Ilepuoje

Nil2 - 4HC/IeHHOCTb aKTUBHbIX aOOHEHTOB PHUKCUPOBAHHOTO
LIMPOKOII0JIOCHOT'0 AOCTyIa K ceTH UHTepHeT Ha 100 yesioBek 18,60 18,60 18,60
HaceJieHUs1 B 6a30BOM NEPUOJIE

Ireg15i - uHJeKC 06ecrieYeHHOCTH HaceJleHUsl yCTPOUCTBAMHU

Jocrtyna B MHTepHeT 1,02 1,02 1,02

Nil3 - HaceJsieHMe, UCIIOJIb30BaBIlIee CeTb UHTEpHET B MPOIeH-
Tax OT 001llel YMCJIEHHOCTH HaceJleHUs COOTBETCTBYIOILETO 79,30 79,30 79,30
cy6bekTa Poccuiickoit @efepanuu B i-oM nepuo/ie

Nil4 - HacesleHHe, UCII0JIb30BaBIlee CETb UHTEepHEeT B IpOLeH-
Tax OT 00Iel YMCIEHHOCTH HaceJleHUSI COOTBETCTBYIOILETO 77,60 77,60 77,60
cy6bekTa Poccuiickoil Pefiepaliniv B 6a30BOM NEPUOJE

HN3MepeHHe noKa3aTesiell perMoOHaJIbHOM cneudUKH, 4acTb U3 KOTOPBIX NMPUBe/Ie-
Ha Bblllle, IPUBOAUTCS B paboTax [3, 5].
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B 5THX yC/l0BUAX 1e/1ec000pa3HO MCIO0JIb30BaTh COBPeEMEHHbIe METO/bl UHTEJJIEKTY-
aJIbHbIX U3MEPEeHHUH U UCKYCCTBEHHOTO UHTEJJIEKTA.

K TakuM MozenssM NpHHaJJiekaT MOJe/IM Ha OCHOBe peryJisipusupymollero 6aiecos-
CKOTr0 Mo/JX0/ia U 6ailleCOBCKUX MHTEeJJIEKTYa/bHbIX TEXHOJIOTUH, B YaCTHOCTH, 6alieCOBCKUX
MHTeJJIEKTyaJIbHbIX U3MEpeHHUM.

By ypaBHeHHUd 14 ollpe/iesieHUs] MHJIeKCa JOCTaTOYHOCTH 00'beKTOB KyJIbTYpbI HAa OCHO-
Be 6alieCOBCKUX MHTeJJIEKTya/IbHbIX U3MepeHU:

Iregi = Ireg1i * Ireg2i % Ireg3i,
* — cMMBOJI, 0003HaYalOLHUI CBEPTKY GAaKTOPOB M0 MOAUPULIMPOBAHHOM GailecoBCKoU popMy.ie:
P(Ireg;) = (P (Ireg;) P(Iregjjs1): Zj=1) (P (Ire8y) P(Ire8j.1),
rzae P(Ireg;) - BeposiTHOCTb (BO3MOXKHOCTb) 3HAaYE€HHUS HHJEKCA.

3HayeHHUs] UHJEKCA C COOTBETCTBYIOILEN BEPOSITHOCTHIO OMPEJEIATCA Ha Clelhallb-
HbIX IlIKaJaX, CO3/laBaeMbIX JJIs KaXKJ0ro MHJAEKca U MoKa3aTeJssl HA OCHOBE METO/I0JIOTHUU
M TEXHOJIOTUU MOCTPOEeHHUs KA C JUHAMUYECKUMU OTPaHUYeHUAMU. Teopus U npakTude-
CKHe MeTOJMKHU CO3/IaHUS TaKUX IIKaJl pacCMOTPEHHI B [5].
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PaccMaTpuBaloTcsl JaHHbIE O IHEBHBIX KOTUPOBKax akIui 216 poc-
CUUCKUM KOMINIaHUM 3a nepuoj BpemeHU ¢ 2004 o 2021 r. Ilpen-
MEeTOM MCCJIe/IOBaHUS SIBJISIETCS 3aKOH pachpeziesieHus jorapuo-
MHYECKOM JJOXOJHOCTH aKIKHU. U3 06111ero ymcia KOMIaHUHM 4acThb
KOMITAaHUM OCTaBJISETCH JIJ1sl TIOC/IeIyI0IEro TeCTUPOBAHUSA Mo/le-
Jd. [l K0 M3 OCTaBIIMXCA KOMITAaHWH, UCIOJIb3ys METO bl
s3bika Python, mog6upaeTca 3akoH (13 40 uMeroUXCcA KaHU/a-
TOB), "Hauy4dmuM" 06pa3oM (B cMbIcie paccrossHus Kysib6aka-
Jleribnepa), mpUOIMKAIOUMA 3aKOH pacrnpeneseHUs] BbIOOPKH.
OpHUM 13 HanboJlee YaCcTO BO3HUKAIIINX B KAYeCcTBe "HaW/Iyylle-
ro" siBJsieTcsl 06061IEHHBIN HOPMaJIbHBIN 3aKOH (gennorm). 3aKoH
uMeeT 6GoJiee TsHKeslble XBOCThI 110 CPABHEHUIO C HOPMaJIbHBIM U
3a/laeTcd  TpeMs  napaMerpamMu  (GOpMBI,  TOJIOXKEHUS
1 Macmta6a). [To 178 BeiGopkaM (OCTaBIIMMCS TOC/IE Y/aJEeHUS
BbIGPOCOB) CTPOSITCS YPAaBHEHUSI PErpeccuy AJisi 3aBUCHMOCTEH
napamMeTpoB 0606LIEHHOTO HOPMa/IbHOTO 3aKOHA pacnpe/e/ieHus
OT MEePBBIX YEThIpeX Ha4aIbHbIX MOMEHTOB, OIeHUBAEMbIX 110 BbI-
6opke. 'paduyeckre cpe/icTBA MOKa3aau Xopoliee MPUOJIKEHNE
3MIMPUYECKOT0 W THUIOTETUYECKOr0 3aKOHOB paclpejesieHus
Jlor[oxofHOCTH. [IpoBepka MO0 KPUTEPHUIO COTJIAaCHsl OTKJIOHWJIA
TUIIOTE3Y O COTJIACUM 3aKOHOB Ha 5%-M ypoBHe /1A IByX KOMIIa-
HUU U3 JIeBATH. ]Il ceMU KOMITAHUM KPUTEPHUH COTJIACHs MTOKa3al
OTCYTCTBHE OCHOBaHMH [JisI OTK/JIOHEHUs] T'MIIOTe3bl O COIVIaCUU
Ha 20%-M ypoBHe.
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Data on daily stock quotations of 216 Russian companies
for the period from 2004 to 2021 are considered. The sub-
ject of the study is the law of distribution of the logarithmic
profitability of shares. Out of the total number of compa-
nies, a part of the companies is left for the subsequent test-
ing of the model. For each of the remaining companies, us-
ing the methods of the Python language, a law is selected
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(out of 40 available candidates), in the "best" way (in the
sense of the Kulback-Leibler distance), approximating the
law of sample distribution. One of the most frequently ap-
pearing as the "best" is the generalized normal law (gen-
norm). The law has heavier tails compared to the normal one,
and is given by three parameters (shape, position and scale).
For 178 samples (remaining after removal of outliers) a re-
gression model is constructed for the dependences of the pa-
rameters of the generalized normal distribution law on the
first four initial moments estimated from the sample. Graph-
ical tools have shown a good approximation of the empirical
and hypothetical laws of profitability distribution. The good-
ness of fit rejected the hypothesis of the consent of laws at the
5% level for two companies out of nine. For seven companies,
the goodness of fit showed that there were no grounds
for rejecting the hypothesis of consent at the 20% level.

BBegeHue

llesiblo paboOTHI SABJISIETCS UCC/Ie[J0BaHHE BO3MOXKHOCTH OMMCAaHUSI 3aKOHA paclpeie/ieHUsI
JIOTIOXOTHOCTH aKI[UM POCCHUCKUX KOMIIAaHUM 3aKOHOM, 0600IIAI0NMM HOPMaJbHbIKH — 00606-
IIleHHbIM HOPMaJ/IbHbIM 3aKOHOM (B Ja/IbHEMN1IIEM HUCII0/Ib3YEeTCs HAMMEeHOBaHKe gennorm).

B ¢uHaHCOBOU /JuTEpaType pPUCK OOBIYHO HM3MepsSeTCsl B U3MEHEHHUSX LieHbl aKTHUBOB.
[lokasaTe/ib U3MEHEHMS LIEHDI, ONIPeIE/SIOIMUCA OTHOCUTEbHO HEKOTOPOX Havya/IbHOM CTO-
MMOCTH aKTHUBa, U3BECTEH KaK JJ0XOJHOCTb. B HacTos1ell paboTe U3MeHeHUs] PbIHOYHOM CTO-
MMOCTH aKTHBA OyAYT U3MEPSATHCSA B TEPMUHAX JIOTapUPMUUECKOUN A,0X0AHOCTHU. [0 JaHHBIM
TEPMHHOM [TOHUMAETCS HaTypabHbIN JIorapudM NPOIeHTHON JOXOAHOCTHU aKTHBA:

re= 11’1(Pt/Pt-1),
rjae P:— CcTOMMOCTb aKTHUBA.

Mogenu Jji1 U3MepeHHUs] PUCKOB MbITAIOTCS OMUCATh OyAylliMe U3MeHEeHHUs B CTOUMO-
CTH LleHHou 6ymaru [8, 9, 10, 11, 13, 14]. YacTo 1esib AOCTUTAETCs C MOMOILbIO IPOTHO3UPO-
BaHMS KaXKJI0W U3 6a30BbIX /IS LIEHHOM 6yMard rnokasaTeJsel, UCIoJb3ysl TOJbKO UCTOpUYe-
CKMe 3Ha4YeHUs [Jis MOCTPOEHMUs 3TUX MPOTHO30B. 33/jlaya OMUCAHUSA OyAYIIUX M3MEHEeHUU
IleH TpeOyeT MOAeJMPOBaHUs CAeAYIOIMX MpoleccoB: (1) BpeMeHHOW JUHAMHKU JTOXOHO-
CTel, TO eCTb MOJleJIMPOBAaHUE U3MEHEHUH C TeYeHHEeM BpeMeHU U (2) pacnpejesieHue J0-
XO0JJHOCTeM B JIIOOOM MOMEHT BpEMEHH.

[IpoBeseHHbIe HcCaen0BaHUs PUHAHCOBBIX PBIHKOB [3, 7] moka3a/iy, 4TO pacrpe/ese-
HUe JI0XOAHOCTeN (UHAHCOBBIX HHCTPYMEHTOB HE MOXET ObIThb OMMCAHO C MOMOILbIO HOP-
MaJIbHOT'0 3aKOHA. BblJT BBISIBJIEH CTENEHHON 3aKOH MOBeJleHHS XBOCTOB pacipeie/ieHUH J10-
X0 HOCTeW Ha GMHAHCOBBIX PbIHKAX [7].

B HacTosuiel paboTe nmpeAnpuHATA MONbITKA OMUCATh 3aKOH pacnpejesieHust JIor/o-
XOZJHOCTHU 00061[eHHbIM HOPMaJIbHbIM 3aKOHOM |2, 4, 6], UM€eIOIMM XBOCTbI, 60J1€ee TsKeJble
110 CPAaBHEHHUIO C HOPMaJIbHbIM 3aKOHOM. /IlaHHbIN 3aKOH UMeeT TpU napaMeTpa: ¢opMbl, Mo-
JIO’KEHUS U MacluTaba.

3aj/laya vccieJoBaHUs: HCIOJIb3ys AaHHble 0 216 POCCUMCKHUX KOMIAHUSAX, TIOCTPOUTh
ypaBHEHHS perpeccuu AJisi 3aBUCUMOCTEeN MapaMeTpPOB pacnpeesieHrds gennorm OT MePBbIX
YeTbIpexX HavyaJIbHbIX MOMEHTOB BbIOOPKH JIOTJOXOJHOCTU KOMITAaHHUH.
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[TocTpoeHHast MoZie/Ib MOXKET MCHOJIb30BAaThC JJs1 MOAOOpa 3aKOHA pacmpejeseHus
JIOTI0XOJHOCTH HOBBIX KOMIIaHUM.

MaTepuaJjibl U METOABI

B kauecTBe UCXOAHBIX JJAHHBIX BbIOUPATUCH JHEBHbIE LIeHbI 3aKPBITUS TOPrOB HEKOTO-
PbIX POCCUHMCKUX KOMMaHUM (caT uHPopMalpoHHoro areHTcTBa "M®/| UHpolleHTp", AaH-
Hble 0 KOTUPOBKax Ha cTpaHule https://mfd.ru/export/). [nsa noctpoeHuss Mojenud ObLIU
0TOOpaHbl AaHHble 216 KOMIAHUM C pe3yJbTaTaMU JHEBHbIX KOTUPOBOK B nepuo/, ¢ 2004 r.
no 2021 r. BeiOHMpasuch KOMIAHUU, BO-NIEPBbIX MpeACTaBJeHHble Ha AAaHHOM CaiTe, BO-
BTOPBIX C ;OCTATOYHBIM 00'b€MOM TOProB (06'beM BbIOOPKHU — He MeHee 2000).

Hcnonb3ysa 1eHbl 3aKpbITHUS TOProB P;, BBIYUCAAINACH 3Ha4eHUs JlorapupMuiecKon Jo-
XoJHOCTU 1no ¢opmysae r: = In(Pe1/Pt). [lpusHak "norapudmuyeckas AOXOLHOCTb' UMeeT
pacnpejesieHue, 6J1M3KOe K CHMMETPUYHOMY C LIEeHTPOM 0Ko0J10 HyJssl. CpeZii BO3MOXKHBIX 3a-
KOHOB pacnpe/ie/leHUs], IPUT0AHbIX /J1s1 ONMCAHUs 3TOr0 NPU3HaKa, pacCMaTPHUBAJINUCh 3aKO-
HbI, ONpe/ie/IeHHble UM HAa 6eCKOHEYHOM MHTEpPBaJle, UM Ha KOHEYHOM HMHTepBaJie, BKJIIO-
YalolIMM HyJleBoe 3HayeHMe, U peasu3oBaHHble B fA3biKke Python. KosmvecTBo Takux 3ako-
HOB, JIOCTYIIHBIX A1 UccaefoBaHus — 40.

[ kaxxaou U3 216 BbIOOPOK ompeesisjics 3aKOH, 'HauboJsiee 6JM3KUK" K pacnpeje-
JIEHUI0 BbIOOpKU. B KauecTBe KpuTepus 6JIM30CTH paccMaTpuBaioch paccTosiHue Kysibbaka-
Jleiibnepa [1].

Pacctosinue Kysbb6aka-Jlelibsiepa (OTHOCHTe/IbHAsi SHTPOMNUS) SIBJSETCS MEPOU yja-
JIEHHOCTH JpYT OT JpyTra JABYX pacipejeseHui BepossTHOCTU. Eciu f(X) — II0THOCTD runore-
THUYECKOTO pacnpezeieHus, a p(x) - BbIOopouHasi NJIOTHOCTb pacnpefesieHus, HalAeHHas 1o
BbIOOPKE, TO paccTosiHUe Kyabb6aka-Jleiibaepa BblUUCAAETCS 10 GopmyIie:

I p(x)
Dy, = (x)1
'}!‘p x nf

dx.

(x)

rae (b; ¢) - 06/1acTb 3HAaYEHUH JIOTJJOXOJHOCTH.

Cpeay MHOXeCTBa U3 COPOKa paclipesie/ieHUH, B KaueCTBe OJIMKaMIIEero B CMbIC/IE pacCcTo-
auusa Kynabbaka-J/leiibsiepa, BO3HHUKa OJIUH U3 JEBSITH 3aKOHOB (pacnpejesieHue su-/P>KOHCOHa,
pacnpefiesieHnre CTbioZleHTa, 00001eHHOE HOPMaJIbHOE paclipefiesieHUe, pacnpe/esieHre Thio-
KU-J15IMOJ1a, IBOMHOE pactipefiesieHre BelibOysiia, IBoiiHOe raMMa-pacnpe/esieHue, pacnpezerie-
HYe runepceKaHca, pacnpezeseHue Jlamuaca, 060611eHHOe JIOTUCTUYECKOe pacrpesiesieHue).

s nenent Hallel paboThl NOAXOAAIIMM U3 3TOr0 Habopa fABJsAETCS 3aKOH gennorm; no
4acTOTe BOSHUKHOBEHHS B KayecTBe "6GJiMKailiero” aTOT 3aKOH yCTyIaeT TOJbKO pacmpe/e-
JIEHUI0 su-/[?>KOHCOHa.

06061 eHHbIYI HOPMaJ/IbHbIX 3AKOH
[I10THOCTB pacnpesesieHUs 3aKOHA UMeET CJIeAYIOIUN BUJ:

x=af’
f(x)=Le o, >0, >0, aeR, xeR.

20| —
B

3nech ['(x) - ramma-¢yHKuus. PacnpesesieHre uMeeT TpU MapameTpa: [ - mapameTp
bopMbI, a - mapaMeTp MOJIOKEHHUS, o — TapaMeTp MaclITaba.
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[Ipy 3HayeHUH napameTpa f = 2 pacnpejie/ieHUe COBNAJlaeT C HOpMaJbHbIM (C mapa-

MeTpaMU ad U o / \/5). [Ipy 3HavyeHuu f = 1 coBnazaer c pacnpegenenveM Jlanuaca. [Ipu 3Ha-
yeHUsX [ < 2 06061L1eHHOe HOpMaJIbHOE pacnpe/esieHue UMeeT XBOCThI paclpesiesieHus, Ko-
TOpble TAXKeJiee HOpMaJIbHbIX.

MaTeMaTHuyecKOe 0XKUJaHUe U AUCIIepCUsl ONpesessoTcd 1o GopMmyiaM:

3 1
E(X)=a, Var(X)=0c'T'| = |/T| — |.
o, Var(X) = o (ﬂ] (ﬂ]

Ha puc. 1 npuBeseHbl rpadUKu MJIOTHOCTU pacnpe/iesieHus MpU 3HAaYeHHUSIX TapaMeT-
pa f<2.

PDF gennorm

0.5 1

0.4 A

0.3 1

0.2 1

0.1 1

0.0 1

Puc. 1. [l1oTHOCTB pacnpezesieHus IPYU pa3JMYHbIX 3HAYeHUIX NapaMeTpa f

Pe3y/ibTaThl NIOATOHKM JaHHbIX KOMIIAHUM pacnpe/jejeHueM gennorm
Ha pucyHkax 2-5 npuBegeHbl rpadpudeckde WJIIOCTPALMU pe3y/bTaTOB MOJATOHKH
JIAaHHBIX HEKOTOPBIX KOMIIAaHUN pacnpejie/ieHHeM gennorm, napaMeTpbl KOTOPOTro Ompe/ie-
JISLJIUCh 10 BbIGOPKE 3HAYEHUH JIOT/I0XOJHOCTH METO/0M MaKCUMaJIbHOr'O MPaBJoNo06us
[5].
WirocTpaniii MOKa3bIBAlOT JOCTATOYHO XOpoliee MPUOJIMKEHHE THCTOTPaMMbl Bbl-
OOpPKU K KPUBOM MJIOTHOCTH pacnpe/iesieHre 3aKoHa gennorm.

BT JleH3sonoTo
= gennorm 40 1 — gennorm
30 1 Data Data
35 4
25 1
30 4
g 207 Z 2
v o
g’ 15 Z 20
2 g
LV, LIL_
15 4
10 4
10 4
51 5 4
0 Ll T T T T T T T T L] T T T T T T T
-0.100 -0.075 -0.050 =0.025 0.000 0025 0050 0075 0100 -0.100-0.075 -0.050 -0.025 0.000 0.025 0050 0075 0.100

Puc. 2. Komnanuu BTb u JleH3os0T0
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Cbepbank AspodpnoT
30 4 35
— gennorm — gennorm
Data Data
25 A 301
25
20 1
> >
g g 201
315 3
g @ 15 |
[ [
10 A
10 A
51 54
-0.100 -0.075 -0.050 -0.025 0000 0025 0050 0075 0100 -0.100 -0.075 ~0.050 -0.025 0000 0.025 0050 0075 0.100
Puc. 3. Komnanuu C6ep6aHk u AspodJioT
Nykonn MTC
40 <4
30 1 — gennorm — gennorm
Data 35 4 Data
25
m <
b 20 A - 25 4
o o
g g
Z 15 227
£ £
(e} < 15
10 A
10 A
5 1 ‘|
-0.100 -0.075 -0.050 -0.025 0.000 0025 0050 0075 0100 -0.100 -0.075 -0.050 -0.025 0000 0025 0050 0075 0100
Puc. 4. Komnanuu Jlykoita u MTC
PocHedTe YpanCu6
| =—— gennorm = gennorm
30 Data o Data
25 1
20
g 20 1 E
g g 15 4
g 151 g
(. e
10 4 10 A
51 5 4

0 T T T T T T T T Y 0 " T T T T T T T y
-0.100-0.075-0.050-0.025 0.000 0025 0050 0075 0.100 -0.100 -0.075 -0.050 -0.025 0.000 0025 0050 0075 0.100

Puc. 5. Komnanuu PocHedTb 1 YpanCub

IlocTpoeHue MoAe/Iu perpeccuu
COBOKYNHOCTbh KOMMAHUM pa3dbuBaeTcs Ha 2 yacTu. 10 opranusauuit (AJIPOCA, Aapo-
¢soTt, Bepxnecang, 'MKHopHuk, MaragdHs, MTC, Pocten, CeBCt, TatHdT-an, TpaHcHd) co-
CTaBJISIIOT TPYINY KOMIAHUN, HA KOTOPBIX OY/eT MPOU3BEJEHO TECTHPOBAaHHUE MOJyYeHHOU

MoO/ieJId perpeccrm.
[lIo ocTtasbHBIM 206 KOMIIAHUAM CTPOATCSA TPU YPaBHEHHUSA perpeccum:

yl = bOl + bllxl + b21x2 + b31x3 + b41x4 )

20



MATKHUE USMEPEHHUA U BbIYUC/IEHUA Tom 53, Homep 4, Anpesib 2022

V2 = boz +b12x1 +b22x2 +b32x3 +b42x4;
Y = b03 +b13x1 +b23x2 +b33x3 +b43x4 '

3nech y;, i = 1, 2, 3 — Tpu nmapameTpa pacnpejeseHus grnnorm (popMbl, MOJI0KEHHUS,
MacuTaba COOTBETCTBEHHO);

xi,1=1,2, 3, 4 - COOTBETCTBEHHO IepPBbIH, BTOPOU, TPETUU U YeTBEPThIA HayaJIbHbIE
MOMEHTHI, OlleHeHHbIE 110 BbIGOPKAM JIOTJJOXOJJHOCTH KOMITaHUH.

B 3Ty rpynny Bouid koMmnaHuu: "A6pay/lopco”, "ABuactKao", "ABToBa3", "ABToBa3-
an", "Akpon", "Anteku 36u 6", "Apmazga", "Apcarepa"”, "Actp3uC6", "AmuHCKUHM3",
"bankMocksbl", "BamMHCB", "BamuedT", "BamuedT-an", "besnon", "BCII","Byp3osoTo", "BE-
POD®APM", "Bospoxza"”, "Bo3poxa-n", "BoarduCo6", "Boar3duCe6-an”, "BoctPAO", "BocTPAO-
an", "BTB", "BTTK", "BX3", "B9K_01", "TA3", "TasnpuedTs", "Taznpom", "Taic_Jlesen", "TYM",
"NlarC6", "JABMII", "lopor6:x", "Mopor6x-an”, "JI9K", "3aBog/JUOA", "3UJ1", "3M3", "3M3-an",
"UuTepPAO", "UnTypan 2", "UPKYT_3", "Upkdnepro”, "MCKY", "KanyxckCK", "KAMA3",
"Kamuard", "KamuaTd-an", "KM3", "Koutunent", "Kopuil'OK", "KpacuI'3C", "KpacOkT", "Kpa-
cOkt_1", "Kpac36", "Kpacac6", "KCB", "KCb-an", "Ky6aupdHC6", "Kyb6ananepr", "Kysbacaupr",
"Ky36TK", "Ky3neukuib", "Jlenzosoto", "Jlensosa-an", "Jleura", "Jlenanepro", "Jlensnepr-n",
"JICP", "Jlykona", "Maragdu-an", "Maruut", "MaruuT-ao"”, "MBugeo", "MI'TC_4", "MI'TC_5",
"Meruon", "Merton-an", "Meuen", "Meuesn-an", "MMK", "Mopa3uC6", "Mocoup:xka", "Moc06-
abank", "MocTtoTpect”, "Mocanepro”, "Moc3C", "Mo3CK", "MPCKBox", "MPCKC3", "MPCK-
Cu6", "MPCKCK", "MPCKYp", "MPCKUeuntp", "MPCKUIIT", "MPCKIra", "Huxkamuinaa",
"HKHX", "HKHX-an", "H/JIMK", "HMTII", "HoBaTtak", "OT'K_2", "Or'K_5", "OM3", "OM3-an",
"OIMUH", "OprCunt”, "OprCunt-an”, "[IABA", "llepmblduC", "[lepmMbIuC6", "[IUK", "IIMII",
"[lontoc3oa01", "llpoextH", "MIPOTEK", "Pasrynsait”, "Pacnaackasa”, "PBEK", "PBK_HC", "Poc-

6ank", "POCUHTEP", "PocuedTn", "PocceTtn","Poccetu-an", "Pocten-an”, "Pocto3c", "PocTo-
BIc-n", "Pycl'uapo”, "Pycrpaitn”, "PycosoBo”, "Pycnonumet", "Ps1331C6", "CamapdH", "Capar-
HII3-n", "CapaTdn", "CapaTdu-an”, "CoéepbaHk”, "Cbepbank-n", "CBMapdH-an", "Ceauraap",
"Cenurgap-n", "Cu6Tak", "Cu6Tak-an", "Cunapr”, "Cucrema", "CnaB-AHOC-n", "CnaBsiH-
AHOC", "CM3", "CtaBp3nC6", "CtaBp3nCno", "COJIJIEPC", "Cyprudrs"”, "Cyprudrs-n", "Tam6-
JuC6", "Tam63uCO6-nn", "TaTtHdT_3", "TatHPT-20", "TaTHdT3an", "TATTAJ", "TatrTen", "Tr'K",
"TTK_1", "TrK_2", "TTK_5", "TTK_6", "TTK_9", "Tr'K_14", "Tenerpad", "Tenerpad-n", "T3A",
"TKCM", "TMK", "TomckPII-an", "TpancK", "YA3", "YpanCsU", "YpanCsHU-an", "YpanCub",
"Yprkanui", "YpKysnuna", "®apmcunTs”, "®apmCrang”, "®ocArpo”, "®CKE3C", "Xumnpom",
"OMT", "UMT-an", "Yena63c", "Yensa63c-an", "Yepkusl'", "UYepkusr-ao", "UMK", "UTII3",
"HI3", "InektpuuHk", "IHenPoc", "IHepruaPKK", "l0xky36", "IOTap", "AkyTckIn", "AkyT-
ckIHepr".Pe3y/ibTaThbl pacyeTa ypaBHEHUN perpeccum:

— IJ1s mapaMeTpa y1: paKkTop X3 He 3HAYUM;

— IJ1s mapaMeTpa V2: GaKTophI X2 U X4 HE 3HAYUMBI;

— IJ1s mapaMeTpa y3: paKkTop x3 He 3HAYUM.

Pe3ysibTaThl pacyeTa Mocjie UCKJII0YEeHUsI HE3HAYUMbIX GaKTOPOB:

y, =0,4347 +1,4483x, +3,339x, — 0,784x,
(0,025) (0,369) (0,157) (0,046)

y, =—0,00845+1,27657x, —0,2018x,
(0,0015) (0,0667)  (0,0245)
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0.6

0.5 1
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0.7 1
0.6 1
05 |
0.4
0.3 1
0.2 1
0.1 1
00 -

0.8 4
0.7 1
0.6 1
051
0.4 1
031
0.2 1
01 4

00 -

y, =—0,2256 +1,2208x, +3,3766x, —0,6856x,
(0,119)  (0,035)

(0,019) (0,281)

Hcnos1b30BaHUE MOJe/IN
Jl/11 HOBBIX KOMIIAHUM 3aKOH pacnpe/iesleHUs JIOTJ0X0AHOCTU CTPOUTCS C UCIOJIb30Ba-
HUEM NOJIyYEeHHbIX YpaBHEHUHN perpeccuu. B kauecTBe UCXOJHBIX JJAHHBIX MOJEJU HCIOJIb-
3YIOTCS HAYaJIbHble MOMEHTHI pacnpezieieHUH JIOTJOX0AHOCTH KOMITaHUH.

KpuTepuii npoBepku corjacus
JlJ1s1 KOMIIaHWH, BbIOPAHHBIX [I/Is1 TECTUPOBAHUSA MOJe/H, ObIIM pacCUUTaHbl TapaMeT-
pbl pacnpezeseHus gennorm. Hyke HeCKOJIbBKMMU METOJAMM aHAJIU3UPYIOTCA pe3yJsbTaThbl
noAroHkH (puc. 6, 7).
1. T'paduku rucrtorpamMMmbl BbIOGOPKU U MJIOTHOCTH paclipefiejieHHs gennorm c napa-
MeTpaMH, paCCYUTAHHBIMU 110 MOJEJIU.
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MKHopHMK

Puc. 6. Pesysnbtatsl noArouku s 10 koMmnaHnuin
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-2 =1

0
Theoretical quantiles

T

1

.

Puc. 7. "Q-Q"-rpaduku ans 10 komnanui (mposonKeHue)

"Q-Q"-rpaduky AEMOHCTPUPYIOT XOpollee COrJiache 3MIHMPUYECKOro U TUIOoTeTHYe-
CKOT0 pacnpejieJleHUl BO BCcel 00J1aCTH, 3a UCK/II0YEHHUEM XBOCTOB pacnpepeeHu. 06 beMbl
BbIOOPOK, JOCTYNHBIE A/ 06pabOTKH, U MCIOJIb3yeMble B JaHHOW paboTe, HeJOCTATOYHbI
JIJ15 IOCTPOEHUS MOJlesI pacnpe/ie/leHUsI Ha XBOCTax.

3. Pe3ysibTaThl NpOBEpPKU TMIIOTE3bI O COrJiacud. Huke mpuBesieHbl pe3ybTaThl MPO-
BEPKMU TMIIOTE3bI O COTJIACUH BbIGOPOK 10 KOMMAaHUM C MOCTPOEHHOMY /IJisi HUX 3aKOHOM gen-
norm. /lJ11 TpOBEPKU CJI0KHOM F'UIOTE3bl O COTJIACHU C 3aKOHOM, MapaMeTpbl KOTOPOTO Olie-
HUBaJIUCh MO BBIOOPKE, MCIOJIb30BaJjicsd KpuTepuil tuna Jluanuedpopca [12]. B kavecTtBe
CTaTUCTHUKU KPUTEPUS UCI0JIb30BaIaCh CTaTUCTHUKA:
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F*(x)—F(x)

D, =sup
X

kpuTepus Kosmoroposa. OnieHka QyHKUMHU pacnpejesieHus] CTAaTUCTUKU KPUTEPUST BbIUUC-
JislJlach NMyTeM reHepHUpPOBaAHUSA JOCTATOYHOTro 6oJbInoro yrcsaa (10000) Bei6opokK. Jljis TUmno-
T€3bl H :F(x)=F (x) TpU albTEPHATUBE H :F(x)#F (x) OBbLJIM MOJIYYEHBI CleAyoliue

gennorm gennorm
3HAaYeHUs JOCTUraeMOro YpOBHS 3HAYUMOCTH p-value.

"AapodioT”, p-value = 0,202; "Bepxnecana”, p-value = 0,611; "T'MKHopHuk", p-value = 0,25;
"Marag3dH", p-value = 0,273; "MTC", p-value = 0,881; "Pocten", p-value = 0,567; "CeBCT",
p-value = 0,045; "TatudT-an", p-value = 0,39; "Tpaucd", p-value = 0,017.

Ha ypoBHe 3nHaunMocTtu 0,05 runoTresa o corjiacMu OTKJOHSIETCA [l IByX KOMIIaHUH,
"CeBCT" u "Tpancd". [lnsa ocTtanbHbIx ceMu KoMnaHuM Ha 20%-M ypoBHe 3HAYUMOCTHU HET
OCHOBaHMUM [IJ1s1 OTKJIOHEHUsI HYJIeBOU I'MIIOTE3D.

3ak/I4yeHue

Ucnosb3ys faHHbIE O JHEBHBIX KOTUPOBKAxX aKLUU 216 pOCCUMCKUX KOMIIAHUH, MO-
CTpPOEHbI YpaBHEHUS perpeccri AJjsl 3aBUCMMOCTHU IapaMeTpPOB 06006111eHHOTO HOPMaJIbHOI'0
3aKOHa OT NepPBbIX YeThIpex HauyaJIbHbIX MOMEHTOB BbIOOPKH JIOTLOXOJHOCTH KOMIIAHUU.

[locTpoeHHasa MoJeJsib MCNOJIb30BaHa JAJIA MOATOHKHU paclpefiesieHUs: BbIOGOPKU 00606-
ILleHHbIM HOpMaJIbHBIM 3aKOHOM. /lJ11 60/IbIIMHCTBA BBIOPAHHBIX /I TECTUPOBAHUA KOMIIa-
HUM TUIIOTe3a O COrJIACMM 3aKOHOB paclpefie/leHUs BbIOOPKHM U TMIIOTETUYECKOTO 3aKOHA
6bl1a npuHATa HA 20%-M ypoBHe 3HQaUUMOCTH.

Pe3ynbTaThl Mcciel0BaHUS MOTYT ObITh MCIOJIb30BaHbI [/ OLleHKU TeKYyLlero nopT-
dens neHHbIX 6yMar MUHBeCTOpa U IPUHATHUIO HOBbIX UHBECTULIMOHHBIX pelleHUH.
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WHTepnpeTaliii peasibHbIX MMapaMeTPOB MOJENH SIBJSETCS OC-
HOBHOMW OT/IMYMTENbLHON YepTol 6ailecOBCKOro MoJixo/a OT KJlac-
CUYECKHUX METOJIOB, KOTOpbIe YTBEPXKJIAIOT YTO CJAyYalHbI He Ma-
paMeTphl, a HUX OIEHKH, IpeACTaBjdlIe CO60H QYHKIUH
HaOJII0/IeHUs, BKJIIOYAKOIIHEe 3JIEMEHThI CIyYalHOCTH. B oT/inune
OT HUX 6alleCOBCKHE METObl YTBEPKIAIT, UTO CIy4alHOCTD Ma-
paMeTpOB SBJISETCA CBOMCTBOM pPeaJbHOrO MUPA a TAKXKe TO, UTO
KaX/Ibli QU3NUECKUN OO'bEKT MOJABEpPKEH MOCTOSIHHbIM CIy4ai-
HbIM BapyanusaM. Ha ocHoBaHMH 6alieCOBCKOro IOAX0/Ia OLeHKU
JIAHHBIX NAPAMETPOB He CJIyYaiHbl, M03TOMY UX CJIeJyeT BbIUHC-
JISTh. [[pUMepoM TaKHX OLIEHOK SIBJISIETCS Cpe/iHee 3HAaYeHHe CITy-
YaHOW Besim4yuHbL. TeopeMa Balieca mupoKo MpHUMeHSIETCA AJIS
pellieHus1 MHOXKeCTBa CTAaTUCTHYECKUX 33/1a4, a 6aeCOBCKUHN MO/I-
X0/ HeOOXOAUM /ISl TOTO, YTO6BI CAe/aTh MPaBUJIbHbIE BbIBOJIbI
0 MapaMeTpax MOJyYeEHHON HAa OCHOBe BbIOOPOYHBIX JJAHHBIX 3KO-
HOMETPHYECKON MOJIEJTH.
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Interpretation of the real parameters of the model is the main dis-
tinguishing feature of the Bayesian approach from the classical
methods, which claim that it is not the parameters that are random,
but their estimates, which are observation functions that include
elements of randomness. In contrast, Bayesian methods claim that
the randomness of parameters is a property of the real world,
as well as the fact that every physical object is subject to constant
random variations. Based on the Bayesian approach, the estimates
of these parameters are not random, so they should be calculated.
An example of such estimates is the average value of a random var-
iable. Bayes' theorem is widely used to solve many statistical prob-
lems, and the Bayesian approach is necessary in order to draw cor-
rect conclusions about the parameters of the econometric model
obtained on the basis of sample data.
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BAYESIAN INTELLIGENT TECHNOLOGIES

BBegeHue

B npouecce TeopeTHYECKHUX U IKCIIEPUMEHTATbHBIX SKOHOMETPUYECKUX UCCIEJOBAaHUN
4acTo MCI0Jib3yeTcsl 6aliecOBKUN noaxo/. OCoO6eHHO OH MOMYJsIpeH MPHU 06paboTKe YUCIO-
BoM MHPopManuu. [IperMyllecTBO AaHHOTO MeTOoJa Mepe] KJIAaCCUYeCKMMM 3aKJI04aeTcs
B 60Jiee BbICOKOM CTeNeHU TOYHOCTH CTaTUCTUYECKUX BBIBOJIOB B TeX CJAydYasix, Korja oobe-
Mbl BbIOOPOK He CUJIbHO BeJWKHU. Kak mpaBuJio, B 9KOHOMETPUYECKUX HCCJEeJOBAHUSAX HC-
N0JIb3YIOTCS UMEHHO TaKHU€e BbIOOPKHU.

Ha ocHOBaHWM NMPUHATON TUNOTE3E O CJAYYAaWHOCTH NIapaMeTPOB MO/IEJIU IPUMEHSETCS
TeopeMa balieca. OcHOBHas ujies1 6aileCOBCKOT0 MO/JX0/a 3aKJI0YAeTCs B TOM, YTO IpU 00'b-
e/IMHEHUH alpUOPHOU PYHKLMHU MJIOTHOCTH paclpejie/leHHs BeposTHOCTeH Habopa mapa-
MEeTPOB C MMOMOIIbI0 TeopeMbl baileca, MOXXHO MOJIYYUThb allOCTEPUOPHYI0 QYHKIIMIO MJIOTHO-
CTU pacnpefiesieHUsl.

Kak y»ke roBOpUJIOCH Bblllle, 6alieCOBCKUH MOAXO0/, MPUMEHUM K BbIOOPKAM HEGOJIbIIUX
pasmepoB. Eciu ke BbIOGOPKY YBEJUUUTb, TO Pe3yJbTaThl OyAyT OJIU3KU K MOJYYEHHBIM
KJIaCCUYeCKUMH MeTOJaMH.

B Hame BpeMs mpoLecc 3KOHOMETPHUYECKOrO aHajiM3a 3aTpardBaeT COLiMaJIbHO-
3KOHOMHYECKHE CHUCTEMbI BbICOKOUM CJIOKHOCTH C OOJIbIION CTENeHbI0 HeOompeAe/eHHOCTH.
[Io 3TO¥ mpUYMHE HEOOXOJMMO BBOJAUTH MOHSITHS, ONMUCHIBAIOIIME 3TY HEONpPe/eJIeHHOCTb,
TaKHe KaK CyO'beKTUBHAsI BEPOSTHOCTD U PaCIbIBYaTOE MHOXKECTBO.

JlaHHBIN 0AX0/, OTJIMYAETCS OTJIMYHO pa3paboTaHHbIMUA UHCTPYMEHTAMM J1Jis1 aHa/IM3a
BJIMSIHHUSI BLIOOPOYHBIX JaHHBIX Ha allpUOPHOE Mpe/icTaBJIeHre 00 UCCIelyeMOM 00 beKTE.

Teopema balieca, BceM M3BeCTHa M3 TEOPUH BeposiTHOCTeH. PopMyJiUpyeTCcs OHA clie-
JIYIOIIMM 06pa3oM:

I[lycTb MMeeTc n HECOBMECTHBIX COOBITUH H,, H,,...,H, . CobblTHA H,, H,,...,H A CIU-

TalTCA HECOBMECTHBIMH, €CJIM OHHU HE€ MOTYyT HpOHBOfITPI BMeECTe (MO)KHO elje CKa3aTb, 4TO
BEPOATHOCTHU UX COBMECTHOI'O HACTYIIJIEHUA Hy.JIeBbIe).

BepositHocTy coGbITHH H,, H,,..,H,: P(H),P(H,),...,P(H,) COOTBETCTBEHHO, IIpH
stoM P(H,)+P(H,)+..+P(H,)=1. B 3ToM ciydae cobbiTisi H,, H,,..., H, 06pa3yiT m0J-

HYI0 TPYIINY COOBITHM, IPX 3TOM OJIHO U3 HUX MPOUCXOJUT 06s13aTesIbHO. JlonycTUM, € COObI-
TUAMM H,, H,,...,H, WMeeT B3aUMOCBA3b elle OJAHO COObITUEe E C U3BECTHBIMU BEPOATHO-

ctaAMU. [Ipu 3TOM [OKHO COOJIIOAATHCA yCA0BUE MOSIBJIEHUS] KaKOr0-HUOYJb M3 COOBITHUU
H,H, ..H

P(E|H,), P(E|H,).... P(E|H,).

JlonycTuM, coOObITHE E TPOU301LI0. TOrga BEpOSITHOCTb IOSIBJIEHHUS KaKOTO-HUGY/b
U3 cobbITHi H, (i =1,...,n) paccauThIBaeTCs Mo caenyolneit popmy.e (bopmysa Baiteca):

P(E|H)P(H)
P(E)

P(H|E)=

CobbiTHA H,, H,,...,H, ABJIAITCA TMIOTE3aMH, a COObITHE E — CBHJleTeJbCTBOM. Bepo-
SITHOCTH runote3 P(H,) 6e3 yyeTa CBUJeTeJbCTBA (T.€. 6€3 ydeTa MOsIBJI€HHsI COObITHs E )
Ha3bIBAIOTCsl JOOIBITHBIMU MJIM AlPHOPHBIMY, a BEPOSITHOCTU P (EH,)- 10C/Ie ONbITHBIMU

WJIM allOCTepUOPHBIMU. BesmynHa P(EHi) SIBJISIETCA COBMECTHOM BEpPOATHOCTBIO OJHOBpe-
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MEHHOTO MosIBJIeHUs cOObITUN E . Bennuuna P(E) siBjisieTCs MOJIHOW UJU 6€3yCJI0BHON Bepo-
STHOCTBIO COOBITHA E .

1. CyTb 6aiieCOBCKOro nNoAxoAa
®opmysia baiteca faeT BO3MOXHOCTbh MAaKCMMaJIbHO TOYHO BBIYUC/ISTH BEPOSTHOCTH
TUIIOTE3 C yYeTOM MOsIBJeHHUS HOBOW HHOpMAILMH, T.e. JAHHBIX O COOBITUAX (CBUAETEJb-
CTBax), NO/TBEPK/AAIOIUX UJIU OMIPOBEPTraIOLIUX TUIIOTE3Y.

BepoaTHocTH P(H,.)I/I P(E|H,.) HaxoOgAT HAa OCHOBAHHUHM CTATUCTUYECKUX JAHHBIX.

[Ipy aTOM NpUMeHATCA GOPMYJIbl TEOPUH BEPOSITHOCTEMN.
Hu>xe npuBeieHbl OCHOBHbIE Takve GOpPMYJIbL.
[IycTh co6bITUA 4 U B He3aBUCHMMBbI. BepoATHOCTH NOSABJIEHUSA KaX/A0T0 U3 HUX COOT-

BETCTBEHHO paBHbI P(4) U P(B). BeposiTHOCTb MOSIBJI€HUS] 0GOUX COGBITHH HaXOAUTCS 110

bopMysie yMHOKEHUSI BEPOSTHOCTEM:

P(A4B)=P(A4)P(B|4)=P(B)P(4|B),

P(B|A) - YCJIOBHAs1 BEPOSITHOCTb COOBITHUSA B, T.e. BEPOSATHOCTb COOBITHUSI B MpH yCJIO-

BUM NOSIBJIEHUS] COOBITHA 4 ;
P(A|B) - yCJI0OBHAsl BEPOSTHOCTb COOBITUA A, T.e. BEPOSATHOCTb COOBITUA A TPH YCJIO-

BHH, YTO IMTPOH3O0IIJIO coobITHE B .
CobbITHA A4 U B SBJAAIOTCA HE€3aBUCHUMbIMH, €C/IN BEPOATHOCTb IMOABJIEHHUA OJHOI'O

COOBITHS He BJIUSIET HA MOSIBJIEHUE JIPYyroro coobITusl. B aToM ciydyae GopMysly YMHOKEHUS
BEPOSITHOCTEN MOKHO 3alKcaTh TaK:

P(A4B)=P(4)-P(B).

BeposATHOCTb OJJHOBPEMEHHOI'O TMOSBJEHUSI HECKOJbKUX COOBITHU BBIYHUCASAIOTCA
no ¢popmy.ie:

P(A44,.A4) = P(4) P(A4,|4) P(4,|4.4,) ...P(4,]4,.4,....4,.,).

BeposTHOCTb MOSIBJIEHUSI XOTS 6bl OJJHOTO COOBITHS HAXOAAT MO opMyJie CI0KEeHHUS
BEpPOSITHOCTEM:

P(A+B)=P(A)+ P(B)-P(4B).

CobbITUAA 4 U B ABJSATCSA HECOBMECTHBIMU, €CJIM OHU HE MOTYT IPOU30MTH OJHOBpeE-
MeHHO. B aToM ciiydae P(AB) =0, a GopMysy CI0KeHUsI BEPOSITHOCTEH 3aNUChIBAIOT TAK:

P(A+B)=P(4)+P(B).

dopmMysia c/oKeHHUsT BEPOSITHOCTEN /I HECKOJIBKUX COOBITUN 0OBIYHO 3aMUChIBAETCS
caeyoIuM 06pa3oMm:

P(A4+A4,+..+4,)=1-P(4

1
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BAMECOBCKHUE UHTEJIJIEKTYAJ/IbHBIE TEXHOJIOTUH

PaccmoTpuM npuMep ucnosib3oBaHusa bailecoBckoro nogxona. Ilycts, B onucaHuu mMo-

v o T
JleJld 3a/leiCTBOBaH MHOTOMepHbIH mapameTp © =(6,,6,,..,6,) , a IeJblo aHaau3a GyaeT

HaXoXaeHue lequ_lef/i OLleHKU 3TOro IlapaMeTrpa ©® 110 HEKOTOPbIM Ha6JIIO,aeHI/IHM

— T
X, =(x".x7,xY) raei=1,2,..n.

B 0611eM Bu/ie cyTh 6aliecOBCKOro MOAX0/a 3aK/I04YaeTCs B TOM, YTO BO3pacTaHUE yBe-
PEHHOCTHU B KaKOM-HUOYAb COOBITUM (HanmpuMep, POCT BBIYUC/ISEMOTO YHMCJI0BOr0 3Ha4EHUS
napaMeTpa) NpOUCXOJUT B Mpoliecce YBeJUUYeHUsI UHPOPMaLUK 06 3TOM COOBITUHU.

JTOMy eCcTb NOATBEPXK/JeHHE: BeJib C YBeJUYeHHeM 06'beMa BbIOOPKU 7, HA OCHOBE KO-
TOPOU CTPOUTCA OLleHKa O , mocTynaeT 6oJiblie HHGOpMaL U 06 3ToM napaMetpe. COOTBeT-
CTBEHHO yTBEPXK/AEHHE OTHOCUTEJBHO 3TOr0 MapaMeTpa 6yZeT MaKCUMaJbHO MPUOIMKATD-
Csl K UCTUHHOMY.

CyliecTBYIOT BeCKHe MPUYMHBI, 10 KOTOPBIM [IJIsi 3TOr'0 MCIOJIb3yeTCsl UMEHHO 6aiie-
COBCKHM nojxo/[. B nepByto oyepe/b cTenieHb YBEPEHHOCTU B UCTUHHOCTH UCC/IelyeMOTO CO-
ObITHS BbIpaXkaeTcs B TEPMHUHAX BepOATHOCTU. KpoMe 3TOro aHa/JUTHKaMM HCIOJIb3yeTCs
B KaueCcTBe MCXOJHbIX JJAHHBIX KaK allpUOpHasi, TaK U alocTepruopHas MHopMaLus.

[IpencTaByieHMe alpUOPHBIX JAHHBIX BBINOJHSAETCSA B BU/JEe allpUOPHBIX pacnpeseseHun
BEPOSITHOCTEHN HCCIe/lyeMbIX HEU3BECTHBIX IMapaMeTpPOB, KOTOpPble XapaKTepPHU3YIOT CTEeNeHU
YBEPEHHOCTU B MPUHSTHUM NMapaMeTpaMU ONpesie/IeHHbIX 3Ha4eHUH, /10 Hayasa cbopa cTaTu-
CTUYECKUX JaHHbIX. [IpyM NOCTyN/IeHWM CTaTUCTHMYECKHX JAHHBIX, MOJyYeHHOe alpHhOopHOe
pacrnpe/iesieHUe epecyYUThIBAETCs CTAHOBSICh allOCTEPUOPHBIM, C ToMoILbI0 GopMy.ibl baiieca:

P{4,}-P{B|4}

S (4 risla)

J=1

C nomo1blo JaHHON GOPMyJIbl HAXOAUTCS YCJIOBHAsA BEPOSTHOCTb ONpeJie/IEHHOI0 COo-
ObITHUSA A, 1O ero 6e3ycJ10BHON BEPOATHOCTH, a TAK >Ke C MOMOILbIO YCJIOBHBIX BepOSATHOCTEHN

P{B|AI.}; j=12,..,n. CobbITUA 4,,A,,...A, TPEACTABJAIT COO0U MOJHbIA COCTaB COOBITUH,

a BEPOSATHOCTD NMOSIBJIEHUS COOBITHS NO/KHA ObITh GOJIbIIIE HYJIS.
B o61eM Buze cxeMa 6ailieCOBCKOTO MOJX0/ia K OlleHKe 3HaYeHUH HEeM3BEeCTHbBIX Mapa-
MeTpOB MO/JIeJIM U300pakeHa Ha pucyHke 1.

[ 1] [ 2 | [ 3] 4] 5
ANpuapHea HizouHnE BalqManeRng st iaHua JAKNHI4EHRE
CHaAaHURA CTATHCTHYECKHE chyHELME ANOCTEIFMDRHAr D SHA4YEHHW
O MaparteTpd G ——3m| DAHHDIE HFE.HJ.’.DI'ID.EI.U".‘iHH PACNRPERENSHUA Maararpa €
ANpHopHoe X da X {00 Ay [ MAPEMETRR & TO4EYHER WKW
pacapenenetue TG, X WHTEQBANLHAS
e DLEHKA

Puc. 1. O60611eHHasA cxeMa 6alieCOBCKOTO M0IX0/1a MPU CTATUCTUYECKUX OI[eHKaX

[lepBBI¥ 3Tan MOCBsAIIEH C60PY alPUOPHBIX CBEEHUN 0 HEKOTOPOM HEHW3BECTHOM IIa-
paMeTpe © , OCHOBAaHUEM [Jisi KOTOPBIX SBJSETCS NMpeAbIAylas UCTOPUS QYHKLIMOHUPOBA-
HUS aHAJIM3UPYEeMOTro npolecca. YUUTbIBAOTCS 0COOGEHHOCTU 3TOTO MpoIiecca, ero xapakre-
pUCTUKU U WHasd uHbopmanus. [IpescTaBaAsIOTCS allpUOpHbIe CBeJleHHUs B BUJe QYHKIUU

p(©), c moMoubi0 KOTOPOH MOXXHO NPEACTAaBUThb alPpUOPHbIE paclpefe/eHUs mapamMeTpa
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Y MHTepNPEeTUPOBAThb KaK BEpOSATHOCTH NPUHATHUSA 3TUM [TapaMeTpPOM 3HauYeHUs O , B cay4yae
ero JUCKPETHOCTHU WJIM BEepOATHOCTH HaXOXJAeHUsA (QYHKLUUHM IJIOTHOCTH paclpefesieHus
B TOYKe @ B C/Iy4ae HellpepbIBHOCTH NapaMeTpa O .

BTOpOI/I 3Tall moAapasdymeBaeT C60p CTAaTHUCTUYECKHUX NAdHHBIX XI,XZ,...,X 3dKOH pac-

n’

npegejgeHus KOTOPbIX UMeeT BUJ f(X|G)), rae f(X|®) = p - 3HaueHUe PYHKIUHU MJIOTHO-

T
y O () 2@ g0 X
CTU aHAJIM3UPYEMOU CAy4YalHOW BEeNMUYUHBIE = (&, &, & B TOYKE B TOM CJIyyae,

ecJid BeJIMUMHA ¢ HelpepbiBHAs UM BEPOSTHOCT, p{§ = X|®} ecu BesM4MHA £ AUCKPET-

Had. Cne,uyeT 06paTI/ITb BHHUMdHHE, YTO Ha6JIIO,£LeHI/IH Xl, Xz,..., X” ABJIAIOTCA CTaTUCTUYE€CKHU

Ba3MMOHE3aBHUCHMbIMH, U BbIOOPKA, COCTOSIAs U3 ONpe/ieIeHHOH COBOKYITHOCTH 3Ha4YeHHUH,
obpa3oBaHHasd WUMH, ClydadHa. [locsie moJiyueHUs] CTaTUCTHYECKOW HHQOpMaNUH, K TeM
anpUOpPHBIM CBEJEHUSIM 00 aHAJIM3UPYEeMOM MapaMeTpe, KOTOphIe yXKe UMEeITCs, A06aBJIs-
eTcsl BbIbopoyHas (3aMnupuyeckasi) uHGopManus.

Hanee cienyet HaUTU QYHKILMIO IPaBAoNofo6us L (X, yeens Xn|®) MMEUINXCI JaHHbIX:

L(X X, X

XL X |0)= £(X]0)- f(X,]0)-...- f(X,|0).

Tpetuit 3Tanm cBA3aH C  BBIYMCJAEHUEM  aNOCTEPUOPHOTO  pacnpejeseHus
p= (G)'Xl,...Xn) no ¢opmyne baiteca. B kauecTBe coObITUSA A 3/leChb BBICTYNAeT PAaBEHCTBO

3Ha4YeHHS OLlEHMBAEeMOro MapaMeTpa 3HAaUYeHHI0 O, a B KaueCcTBe COOBbITUS B - duKcauus
3HAYeHUH n HAOJIIOJleHU Ha YPOBHAX X, X,,..., X, .

n

Ha ocHoBaHMH BCEro 3TOr0 noJjiy4aem:

(©)-L(X,,...X,|®)
X, X,|©) p(©)d®

p=(0]x,....

Xn)=IL[E

Ha 4deTBepTOM 3Tame CTpoATCA TOYe4YHble U HWHTEPBaJIbHble OLIEHKH, OCHOBAHHbIE
Ha MpUMeHEeHUU 3HAHUSI allIOCTEPUOPHOro pacnpeie/leHust p = (@l X,,..X, ) KOTOpO€e 33J]JaHO

BBIIEOINMMCAHHBIM COOTHOILIEHHEM. AJIH 0alleCOBCKUX TOYEYHBIX OLIEHOK MPUMEHAIKT Cpena-
HHE WJIN MOJa/IbHbI€ 3HAYEHHA 3TOr0 pacupeaejieHud:

0. =E(O[X....X )= [0p(OlX,....X )-dO,

c:){El

Mon

= argmgxﬁ(@)'Xr,...,X”).

Onenka @Efp)) MMeeT OZIHO BaXKHOe ONTHUMaJbHOe CBOHCTBO. Ecin® (X ,..., X, ) siB/1sieTCs

060 OLlEHKOW mapameTpa ©, M KayecTBO BCEX OLEHOK O (X,,..,X,) GyAeT u3MepsTbCs

AIllOCTEPHUOPHBIMH 0aliecoOBCKUMU PHUCKAMMU:

R (X X, ) =E(O( X, X, )= 07 (X0, X, )) = [[O( X, X, ) - 6) p(O] X, X, )] 4O .

WJIY UX CPEeJHUMU @Efp)), TO OaileCOBCKHE OLIEHKU OYIyT HAUYYLIUMHU BO BCEX CMbIC/IAX.
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BAYESIAN INTELLIGENT TECHNOLOGIES

JlJ1s1 TOCTpPOeHUs JOBEPUTEIbHOTO 6alleCOBCKOT0 UHTEPBaJa /Jis napaMmeTpa © ciaeny-
eT HAaUTHU QYHKIUIO ;B(G)IX““.,X”) anoCcTepHOPHOTO 3aKOHA pacnpejesieHUs] BeJIMYUHbI © ,

nocJjie 4ero nNocpeAcTBOM HEKOTOPOH J0BEPUTENbHON BEPOATHOCTH P, OLleHUTD:

1+ P, 1-P,

100- n100- L.
2

[TosydyeHHble 3HaY€HUsl — 3TO IPaHULbl JOBEPUTEJNbLHOIO UHTEPBAJIa.

OcHoBaHMEM 6allecOBCKOTrO MOJX0/la K KJIacCUPUKALMU SIBJSIETCS TEOpeMa, COTJIacHO
KOTOPOM, PU U3BECTHBIX IJIOTHOCTSAX paclpeie/ieHus KaXA0ro KJIacCaMOXXHO HCKOMBIH aJi-
TOPUTM BBIMKCATh B IBHOW aHA/IUTHU4YeCKOU popme. TakoHl aJropuTM sIBJISETCS ONTUMAJIb-
HbIM, TaK KaK BEPOSITHOCTb OIIUOOK Y HEro MUHUMaJIbHas.

OZiHaKO MpPH MPaKTUYECKUX HCCIEe/JOBAHUSIX 4Yallle BCEro MPUXOJUTCS CTAJTKUBATHCS
C HEW3BECTHbIMH IJIOTHOCTSIMH pacnpejiesieHusi KJjaaccoB. Torja UX OLEHKY MNPUXOJUTCS
NpPOU3BOAUTH N0 ob6y4Yarlleil BbiI6opKe. B TOM ciyyae onTUMabHOCTb 6ailecOBCKOT0O aJro-
pUTMa CTaBUTCA MOJ, COMHEHHE, TOTOMY YTO BOCCTAHOBJIEHUE MJIOTHOCTHU N0 BbIOOpPKE MpPH-
BOJIUT K OINpeJieJIeHHbIM MorpemHocTsAM. He6osiblive BbIOOPKHU YBEJWYUBAIOT IIAHCHI N0J10-
rHaTb paclpejiesieHue M0/l KOHKPETHbIE JaHHbIE U CTOJIKHYThCS C 3P PEeKTOM nepeodydeHusl.

JlaHHBIN MOAX0M KJACCUPHUKAIIMU HUCIOJb3YEeTCs 0YEeHb JaBHO, HO €ro MO3UIUH COXpa-
HSIOTCS B TEOPUHM Paclo3HABaHMUS MO Cel JleHb OYeHb NMpo4YyHo. Ha ero oCHOBaHUM CO3/1aHO
60JIbIII0€ KOJIMYECTBO HIUPOKO UCIOJIb3yEMbIX AJITOPUTMOB KJIaCCUUKAIUH.

M3BecTHBI ciieayoliue 6aiecoBCKrMe MeTO/bl KaaccupUuKaLuu:

— HaWBHbIN 6aleCOBCKUU KaccuPpHKATOP;

— JIMHEWHBbIN JUCKPUMHUHAHT Puiepa;

— KBaJ|paTUYHbIN JUCKPUMHUHAHT;

— MeTOo/] Nap3eHOBCKOI'0 OKHa;

— MeTOo/, pa/iuajbHbIX 6a3ucHbIX GQyHKIUU (RBF);

— JIOTUCTHYeCKas perpeccusl.

0603HAaYMM MHO>KECTBO ONMCAaHHMU OO'BEKTOB KaK X ,a MHOXECTBO HOMepOB (MJH
Ha3BaHMH) KJaccoB — Kak Y . Ha MHOXKecTBe nap "06beKT, kJacc" X xY onpenesieHa BeposIT-
HOoCTHas1 Mepa. KoHeuHast o6y4aroiasi BBIbopKa He3aBUCHMbIX HaGJ/II0/IeHU M, KOTOpbI€e MOJIY-
YeHbl B COOTBETCTBHHU C BEPOSITHOCTHOU Mepoi P, UMeeT BUJ;

X" ={(x1) (3,02 -

OcHOBHOHM 3aziaueil kjaaccuPuKalUU SIBJASETCS NOCTPOEHHe alroputMa a:X — Y,
C IOMOIIbI0 KOTOPOr'0 MOXXHO KJ1aCCUPULIMPOBATH KAKOU-IMO0 MPOU3BOJIbHBINA 06BEKT X € Y .

JlaHHas 3a/1aya B 6aileCOBCKOM TeOopHHU KIacCUPUKALUY 3Ta UMEET JiBe M0/334a4H:

1. Co3gaHue ONTUMAJIBHOTO KJacCMPUKATOPaA B TOM Cy4ae, €CJM MJOTHOCTH KJIACCOB
WU3BECTHBI.

[IycTh anpropHasi BepOSITHOCTD MOsIBJIEHUS] 00'bEKTA KJlacca y JJisl KOKJ0ro y € ¥ paBHa

Py. [lnoTHOCTH pacopeaejsieHUA KaXA0ro KJacCCa, KOTOPbI€ TAKMXE Ha3bIBAKOTCA (l)yHKHHHMH

IPaB/[0N0I00US KJIACCOB, TaKXKe U3BeCTHbI. Heo6xoauMOo pa3paboTaTh airOPUTM KJIaccCUpHUKa-
uuu o (x), JOCTABJISAIOIMI MUHUMa/bHOE 3HaueHHe GpYHKLMOHAJTY CpeJJHEr0 pHUCKa.

Cpe,U,HI/Iﬁ PHUCK PACCIUTBIBAETCA KAK MAaTEMATHYIECKOe OXXHUaHHUE OIINOKM:

R(a)=2 2 ARE,, {a(x)=s]},

yeY seY
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rae A, — LieHa OLIMOKHU WM WITpad 32 OTHeCeHHe 06'beKTa Kjaacca K KaKkoMy-11u60 Apyromy

KJ1accy.

TeopeMa. PelieHve nocraB/ieHHOHU 3alavuy npegcraBjdeT cobou AJITOPUTM:

a(x)=argmax A P p (x).

yeY

3HaquHeP{y|x} =P p,(x) MHTEpNpeTUPYeTCA KaK aloCTepPUOpHas BEPOSATHOCThb TO-
r0, YTO OG'bEKT x NIPUHAAJIEKUT KJIACCY ) .
IIpu paBHO¥ 3HAYMMOCTH KJIAcCOB, A, P, = const(y), 0GBEKT CJeJyeT OTHECTH K KJIacCy

C MAaKCUMaJIbHbIM 3HaY€HUEM IJIOTHOCTH paclpe/ieJIeHUsI B TOUKE x .
2. BoccTaHoBJIeHME IIJIOTHOCTEH KJIAacCOB M0 CYLIeCTBYIOIIeH o6y4Jatoliei BbIGOPKe.
JlaHHas mo/3aaaya sABJSEeTCSA CaMOM CI0’KHOU B JAHHOM MMOAX0/ie K KJacCupUKaIUH.

[lo 3alaHHOM MOJBBIOOPKE OOBEKTOB KJacca y HEOOXOJUMO MOCTPOUTHL IMIUpUYeE-

CKHe OlleHKH alPUOPHbIX BEPOATHOCTeH P, u yHKIHUH paBAonoao6us p, (x).

YTOoO6bI OLlEHUTh allpUOPHbIe BEPOSITHOCTH BbIOMpPAETCS [10J1s1 00'bEKTOB ONpe/ieJIeHHO-
ro KJjacca B oby4arwliei BbIOOpKe.

151 pelieHUs JaHHOM 3a/la4uU UCIO0JIb3yeTCsl OJIUH U3 TPeX MOJX0/10B:

— MapaMeTpUYEeCKHUH;

— HelapaMeTpUYeCKHH;

— pasjesieHue CMeCH BEpOSTHOCTHBIX pacnpe/iesleHUH.

Pe3ysibTaTOM mapaMeTpU4YeCKOTO BOCCTAHOBJIEHUS MJIOTHOCTH, €CJIH JIONOJHUTENBHO
elle ¥ MpeJNnoJoKUTh HOPMAJbHOCTh MJIOTHOCTEN SIBJISIETCS HOPMaJIbHBIN JIUCKPUMHUHAHT-
HbIM aHAJIU3 U JIMHEWHBbIN JUCKPUMHUHAHT Puiiepa.

CnencTBUEM HelapaMeTPHUYEeCKOr0 BOCCTAHOBJIEHHUS TMJIOTHOCTH SIBJISIETCS METO/| Map-
3€HOBCKOT'O OKHa.

PazsieseHue cMecu pacnpejie/ieHUH MOXHO BBINOJHUTL nocpefcTtBoM EM-anropurMma.
Kpome 3TOro, Mo>XHO NMpeANoI0KUT, UTO NMJIOTHOCTU KOMIOHEHT CMeCH NpeJCTaB/sAT CO-
601 pasuanbHble QYHKIUU. B 3TOM ciydyae pe3yabTaToM 6yJeT MeTOJ paZjdalbHbIX 6a3uc-
HbIX QYHKLUH. Yallle BCero KOMIOHEHTbI CMeCH — 3TO TaKXKe rayCCOBCKUE MJIOTHOCTH.

M3 Bcero ckazaHHOIO Bblllle MOXXHO C/leJ1aTh BbIBOJ] O TOM, YTO popMysia 6alecoBCKOTO
KaaccupuKaTopa JaeT 3HAUYUTENbHOE Pa3HOOOpasve 0ailleCOBCKHX aJTOPUTMOB, KOTOPBIM
pas3J/IM4aTCsA TOJbKO CIOCOOOM BOCCTAHOBJIEHUS MJIOTHOCTEM.

2. AlpuopHbI€e pacnpe/e/ieHus, CONpsKeHHbIe
C Ha6J/110JaeMbIMH reHepaIbHbIMU COBOKYITHOCTAMM
Ecnu ypaercs pemuthb Tpu npo6/ieMbl 6aii€COBCKOro MOAX0/1a, TO OTPOMHOE 3HAaYeHUe
HUMeeT pacnpesie/IeHUe, KOTOPOe CONPSKEHO € HabJII01aeMOM reHepaJIbHOM COBOKYITHOCTBIO.

Conpsi’KeHHbIMH OTHOCUTEIbHO HabJII0/JaeMbIX FreHepasibHbIX COBOKYITHOCTEM f(X‘@)

(MM OTHOCUTEJIbHO K QYHKIUM MPaBA0NO000HUs L(Xl,...,X

,|©), mpu anocrepropHOM pac-

npeneseHud - p(O|X,... X Ha3bIBAIOT CEMEKWCTBA AaNpPUOPHBIX pacnpejeleHui
p . 1 n

G ={p(©:;D)}, BbIaMCIEHHBIE IO pOPMYyTE:

p(®)-L(X,,...X,|©)
L(X,...X,|0) p(0)doO

;‘3:(@])(“...,,\3):I
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BAMECOBCKHUE UHTEJIJIEKTYAJ/IbHBIE TEXHOJIOTUH

KOTOpPbIe CHOBA MPUHAJJIEXKAT 3TOMY CEMEUCTBY G . T.e. CEMEUCTBO G SIBJISIETCS COMPSDKEH-
HBIM C L(Xl,...,Xn|®), B C/ly4yae ero 3aMKHYTOCTH OTHOCUTEJIbHO ONepalyil epecyeTta pac-

npejesieHUs B anocrtepuopHoe. [losToMy, npuMeHeHHe BepOATHOCTEH B BHU/Jle allPUOPHBIX
3aKOHOB paclnpe/ieJIeHUH, KOTopble CONpsXKeHbl OTHOCUTENbHO L, peliaeT nNpob6seMy TpPyA-
HOCTel peanusanuu GopMyJibl, pecTaBJeHHOH Bhille. Tak Kak 001MK BHUJ, 3aKOHA paclpe-
JleJleHUs] BepOSATHOCTEN B TaKOM CJiyyae OyJileT U3BECTHBIM, OCTaHETCS TOJIbKO NepecuuTaThb
3HaueHHUs ero napaMeTpoB D BO BpeMs llepexo/ia OT alpuOPH K alloCTEPUOPH.

Yame Bcero, npuMeHeHHe CONPSAXKEHHbIX 3aKOHOB paclpe/e/leHUsl BepOATHOCTeN A
anprvopHod UHbOPMALUH, ABJSIETCH 11eJeCO0OpasHbIM U BIIOJIHE ONpPaB/aHO, 03BOJISASA OT-
BETUTb Ha BONPOC O BbIOOpE 06L1ero BUAa alpUuOpPHOTO paclpesie/leHUs OLleHUBaeMoro He-

M3BECTHOTrO apaMeTpa p(0;D).
OcTaeTcsl BBIACHUTH BO BCEX JIM CJAy4YasiXx €CTb CONPSDKEHHOE OTHOCHUTEbHO JaHHOM
dyHkuuu pacnpesiesienus L(X,,..., X,|®), 1 KAKUM 06pa3oM MOXHO ero HaHTH.

n

PaccMoTpuM yci0BUe, IPU KOTOPOM COMNpPsi>KEHHOE allpUOPHOE pachnpe/iesieHue Cylie-
ctByeT. Eciu dyHKLMIO TpaBAonoAo6us L (Xl,...,X G)) MOXXHO MPeJCTaBUTh, KaK:

n

L(X L X

0)=v(T, (Xpsoon X, )5 T,

12°° n 12 m

rae T,(X,,... X, )(/=12,...m)u ¥(X,,..,X )~ OGyAyT HEKOTOPLIMU QYHKIMAMHU OT HabJII0-
AeHUH X ,..,X,, KOTOpble He 3aBUCAT OT NapaMeTPoB O, TO ecTb ceMeHcTBOG = p(O;D)

CONPSDKEHHBIX C L(X ..., X |©) anpHOpHBIX pacnpe/eneHHil.

3. IlepecuyeT 3HaUueHUI1 NapaMeTPOB AJIS lepexoja
OT aNPUOPHBIX CONMPSIKEHHBIX pacnpee/ieH!I K al0CTEPHUOPHbIM
M3-3a TOro, YTO cCONMpsDKEHHbIEe ANpPUOpHbIE pacHpefiesieHUs] SIBJSIOTCA 3aMKHYThIMU

{p(©®;D)} no OTHOLIEHHIO K ONepaLMK [lepecyeTa B alloCTePUOPHbIe Pacnpe/ie/ieH s, To 061as
dopMa anocTepUOPHBIX PACHpee/IeHUH p (X e X, \ ®) B 9TOM cCJiy4ae 6y/ieT u3BecTHa. Tpeby-
eTCsl TOJILKO TePeCcdUTHIBATH MapaMeTpbl D = (X,...,X,) B 3TOM pacnpefie/seHUH, 110 U3BECT-
HBIM IIapaMeTpaM D, B aTPUOPHOM paclipe/ie/IeHUH U U3BECTHBIM HAG/IIOAEHUAM X, X,..., X, .
PaccmoTpuMm o61tyto cxeMy aToro nepecdera. Eciu p(©;D) sBasieTcs HabopoM anpuo-
pH pacmpejesieHui, KOTopble CONMpsDKeHbl ¢ QYHKLIMEH NpaBAonoao6us L(Xl,...,Xn|®), cy-
I[ECTBYIOLINX HaGJI0AeHUN (D(dl,...dq)ﬂBJlHETCH BEKTOPOM IapaMeTpPOB, OMpeJesouiux

CONpsDKEHHOE anpruopH pacnpesesenue p(©;D)) 6yaeT 3aaHHBIMU 3HAYEHUsIMU TTapaMeT-

poB D 1npu aHanu3e. [locse HECKOJBKUX TOX/JEeCTBEHHBIX Npeob6pa30oBaHUM, MpaBas 4acCTb
COOTHOIIEHUS CTaHeT:

plelx . x)~p(e:D).L(X . .Xx]|0)

U OyJileT IpuBeJieHa K Bn,qyp(G);D (X, X, )), rae GyHKIUA f)(Xi,..., X,) 6yneT OTHOCUTb-

Cs1 K CEMEMCTBY, @ KOMIIOHEHTBI d, (Xl,...,Xn) BEKTOpa D(Xl,...,Xn) oyayT yHKLHEHR OT D,
uX,X,..X,.
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4. [IpyMepbl 3IKOHOMETPUYECKHX 33/a4, UCNOJIb3YIOIUX 6alleCOBCKUM MOAX0/,
Hwxe 6yayT npuBeZieHbl ABa IpUMepa pelleHUs 33/1a4 C TPUMeHeHHeM 6aillecoBCKOro
Mo/AX0/ia AJ1s1 pelleHUs pa3IMYHbIX 9KOHOMEeTPUYECKUX MPUKIaJHbIX 33/1a4.

4.1. OneHKa 3aKOHA pacnpejejieHUs ceMel B ropoje
110 BeJIMYMHE CpeAHel 3apa6G0oTHOM MJIAThl
[lycTb HE06XO0AMMO IPOAHAJIN3UPOBATh 3aKOH pacnpe/iesieHus ceMeldl B HEKOTOPOM To-
po/ie 1o BeJIMUMHE Cpe/iHEN 3apabOTHOU MJIaTHI 7] .
[lycTb uMeroTCA cefyroliye JaHHble 0 pacCMaTpUBaeMOM llapaMeTpe:
1. JlorapudM BeJIMUUHBI CpeiHEd 3apabOTHOM MJIAaThl 77 PaBHBIA & =In7; KMMeeT HOp-

MaJIbHO€ paclipe/ie/ieHye, Y Her0 HeM3BeCTHO Cpe/iHee 3HayeHue 6 Y U3BeCTHa JUCIepCcus —
2
o, =0,28.
2. [IpucyTcTBYIOT pe3y/ibTaThl B KosindecTBe 10 ceMeill Mo BeJIMYMHe CpeJiHEN 3apaboT-
HOM IJIaThl y., IOTapUPMBbI KOTOPBIX x, = In y, IpeJiCTaBJIeHbl B TabuLe 1:

Ta6auya 1
Bri6opka 3HaYeHUH Jiorapudma cpeiHeH 3apabOTHOM MJIaThbl
i 1 2 3 4 5 6 7 8 9 10
X; 0,54 1,20 0,36 0,8 0,42 2,1 0,7 0,25 0,9 0,48

3. I[lo npeapbiaylieMy ONbITY UCCJEJOBAaHUS CEMEN B APYTHMX rOpoAax UMeeTCs alpuop-
Has nHpopMalUs cpeHero 3Ha4YeHUsA EO = 0, =0,60 ¥ gucrnepcuu EO = Af) =0,03.

Heob6xoauMo Mo compsi>keHHOMY alpUOPHOMY paclpejie/ieHUI0 mapameTpa 0 HaWTH
OaliecoBCKHe TOUYeYHble U HHTEpPBaJIbHbIe OI[eHKU CpeJHero 3HayeHus jorapudma cpeaHen
3apaboTHOM MJIaThl U MPOBECTH CPAaBHEHHE UX C OI[eHKAMH, MOJIy4eHHbIMU METO/I0M MaKCH-
MaJIbHOTO NMPaBA0N006Us.

3Hasi, 0 TOM, YTO CONPSIP)KEHHOE allpUOPHOe pacnpe/ie/ieHue NOoAYUHAEeTCS HOPpMaJlbHO-
My 3aKOHY, a ero napaMeTphbl 3aZjlaHbl —E0 =0, = 0,60 1 EO = Af) =0,03, moJiy4uM:

—X+—-06
~ o./n AL
0, =E(0]X,,....X,)=— 1 ——=10,691,
O';/n+A(2)
-1
T2 ( 1
fsﬁzr)(o\/\q,__,,\r'n)ﬂaz:,nJr EJ =0,015.
0/ 0

A Tak xke:

0" =E(6]X,,...X,)=0,691.

Hc HeKOTOpOﬁ BEPOATHOCTbLIO P0 = 0,95, MOXXHO CKa3aThb, YTO:

6" — Uy grs Ny <0< 6™ +u, o A

0.0235 (O
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YuuTeiBad To, 4TO 2,5% TOYKa B CTAaHZAAPTHOM HOPMaJIbHOM paclpejieieHUu O6yJeT -

Upozs = 1,96, a/—;‘n = Af, =0,12, noay4uM:

0.e[0,451;0,931].
C BepoATHOCTBIO P, = 0,95.

[Ipu pellieHUH Tako# 3aa4y C MOMOLIbI0 METOJA MAaKCUMaJIbHOT'O MPaB/J0NoA06us no-
JIy9UM:

A

Oyn = X =0,775 1 0. €[0,447;1,103].
C BepoATHOCTbIO P, = 0,95.

JloBepUTeNIbHBbIA UHTEPBaJI 10 JAHHOMY MeTOAY BbIYUCISAETCS C TOMOILbI0 GOPMYJIbIL:

0()

MII * Uy oas :
n

Ilo [MOJIY4€HHbIM pPE€3yJIbTaTaM BHUAHO, YTO BKJ/JIFOY€HHE alIpUOPHBIX CBe,EleHI/Iﬁ 00 HCKO-

0

MOM 3HaueHMHU napaMeTpad = Eln(7) 1 npuMeHeHHe GaileCOBCKOro MOAXOAA AJIsl pelleHHs

3aJ1au, MO3BOJISIET YTOYHSATDH OLIEHKU U Cy3UTh UHTEPBAJIbl OTHOCHUTEJBHO KJIACCUYECKOTO
nojaxo/a noytu B 1,5 pa3za.

4.2. OneHKa HHTEHCUBHOCTHU 3aKa30B »KeJ1e3HO/J0P0>KHbIX GU/1€TOB
PaccMoTpuM ele oJiHy 3a/iauy OLleHKH UHTEHCHBHOCTH 3BOHKOB, KOTOpbIE MOCTYNAIOT
B CIIPaBOYHYIO /1 BOK3aJa.
[lycTh KOJIMYECTBO 3BOHKOB ¢, MOCTYIMAKILUX B CIIPABOYHYIO //] BOK3aJla B TeYeHHe
JleCITU MUHYT OyZeT ONMUChIBAaTbCS 3aKOHOM pacnpezesieHus [lyaccoHa ¢ HEM3BECTHBIM Ma-
pameTpoM 0 = E&. Pe3ysbTaT perucTpanyy KoJM4ecTBa BbI30BOB x, B TeYeHHe JeCsTU MU-

HYT 3a yac IpUBeJieH B Tabsule 2.

Ta6auya 2
Pacnpe/iesieHre BbI30BOB CKOPOU MTOMOIIU 10 YacaM
i 1 2 3 4 5 6
X, 3 3 5 4 5 4

[Io onbITy paboThl CIPaBOYHOM /J, BOK3a/la U3BECTHOU Oy/leT anpuopHasg uHPopma-
IIMA O CpeJIHEM 3HAa4eHUU EO =0, = 3,6, IPU 3TOM C/Iy4ailiHble pa3opoChkl 3HAa4€HUH JAHHOIO
napameTpa 6yZieT XxapaKTepHU30BaTbCsl U3BECTHOM allpUOPHO JUCIIepCU e Aﬁ =D6=0,09.

HeO6X0,Z[I/IMO C UCIOJIb3OBAHHEM COIPA¥KEHHOI'0 aIllpUOpPHOIro pacrnpejesieHrud Iapa-
MeTpa 0 INOJIYYHUTDb OallecoBCKHEe TO4YeyHble U HHTEepBaJIbHbI€ OLE€HKH BEJIMYHNHDbI cpe,zu-leﬁ
UHTEHCUBHOCTH O =E§ BBI3SOBOB CKOpOfI IIOMOIIIKM B Te€4YE€HHEe YacCa U MMPOBeCTHU CpaBHEHHE

9THUX OLIEHOK C pe3yJibTaTaMU IPpUMEHEHUA Me€TOJd MAaKCUMaAJIbHOT'O HpaBﬂOHOAO6I/IH.
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Conpsi>keHHble allpUOPHbIE paciipe/ie/ieHUs] ONKUCbIBAIOTCS raMMa-3aKOHOM, C MapaMeT-
paMH o U 3, KOTOpbIe ONpeAessS0TCS 10 CHCTEMe yPaBHEHHUM:

[Ee:3:3,6
B
{D9=%=0,09

OTcropaa =144 1 S =40.

[lo ¢opmysaM mnepecueTa MapaMeTPOB aMOCTEPUOPHOTO TaMMa-pacnpeeseHust
HalJeM:

n

a=a+)y x =144+24=168,

i=1

P=LF+n=40+6=46.

[ToaTomy:
0™ =E(0]X,.... X, ) =

HUcxons u3 BblllenprBeJeHHbIX GOPMYJ MOXKHO CAeJaTb YTBEPKJeHUe, UTO ClpaBe/-
JINBbl HEPABEHCTBA C BEPOSATHOCTbIO: P = 0,95

Yo.075 (&”g) <6< Yo.975 (C;’ é)'

7, (&[)’) - CTONPOIIeHTHAsATOYKA raMMa-pacipe/ieJieHus ¢ mapaMeTpaMua U f .

Bocnosibsyemcs dopmysiamu:

Mpu m >100 6yaeT: . (m)~m+u_-\2m , B KOTOPOM ;(qz (m)m u,~ SABJIATCA CTOMPO-
IIEeHTHBIMH TOYKaMHU pachpejieieHUs XM-KBaJpaT ¥ HOPMaJIbHOTO pacipe/iesieHHs], OTCI0/a:
0 €[2,97;4,03] c BepOATHOCTBIO P, =0,95.

Pemag 3Ty XKe 3a4a4y 10 MeTOoA4y MaKCHMMaJIbHOT' O l'[paB,ILOHO,U,06I/IH InoJjiydyaeM:

0, =x=30.

MII
6 [1,8;4,2] c BeposiTHOCTBIO P, = 0,95.

TakyuM 06pa3oM, MpUMeHeHHe allPUOPHBIX JJAHHBIX 0 HEM3BECTHOM IapaMeTpe npu baiie-
COBCKOM MO/IX0/I€ TI03BOJISIET CY»KaTh MHTEPBAJI OLEHOK 60JIbIIIE, YEM B/IBOE.
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3ak/sl04yeHue

B npoiiecce BbINOJHEHHOTO UCCIeL0BaHUs ObLJIO ONpe/ie/ieHo, YTO Takoe 6aleCOBCKUN
MOJX0/ U KaK ero NpUMeHSIOT B 3KOHOMETPUUYECKOM aHajiu3e. bbljio pa3o6paHo JBa KOH-
KpPeTHbIX MpUMepa UCIOJIb30BAHUSI 3TOTO MOAX0JA — OleHKAa WHTEHCHBHOCTH 3BOHKOB
B CIIPABOYHYIO K//] BOK3aJia U OlleHKa 3aKOHa paclipe/ieJiIeHHs ceMel B ropo/ie 1Mo BeJIUUuHe
cpefiHel 3apaboTHOM miaThl. OLleHKU HaX0JUJIKUCh JBYMSI CIIOCOO6AaMHU — C TOMOILbIO0 6aliecoB-
CKOr'o MOJX0/ia U MEeTO/JI0M MaKCHMaJIbHOTO MpPaBJoINo/00Hs. B uTore 6bJI0 YCTAHOBJIEHO
NpeuMYyLIecTBO 6aileCOBCKOTO MO/AX0/1a, TAK KaK pe3yJbTaThl B 3TOM CJIy4Yae OKa3aJuChb TOY-
Hee MOYTH B /iBa pasa.

3HauuTe/NIbHOE NMPEUMYIeCTBO 6aeCOBCKMX METOJIOB OLIEHKM TOYHOCTH Iepe/]| KJjac-
CUYEeCKMMM HaOJII0/laeTcs TOrJa, Korja o6beM BbIOOPKHM orpaHuydeH. Eciu kosiMdecTBO
HA6JIIOJIeHUH YBEJUYUTDH TO Pe3yJbTaThl MOJyYeHHbIe MPU HCIOJIb30BAHUM 6aileCOBCKOI0
noAxo/a OyAyT NMPUOJMKATBLCA K pe3yJibTaTaM, MOJYYeHHbIX NMPU MPUMEHEeHUH KJaccuye-
CKUX METO/IOB.

OpHako B mpoliecce NpUMeHeHUs1 6alieCOBCKOrO MOAX0/ja Ha MPaKTHUKe UMEIOT MeCTO
caeaytole npo6JeMbl:

1. [log6opka ampUOPHOro pacnpejiesieHus] OlleHUBAEMOro HEHW3BECTHOI'0 MapaMeTpa

7(©;D) BoOGIwEeM BUJE;
2. BbI6Op YnC/IEHHBIX 3HAaY€HUH D, MapaMeTpoB D , KOTOPbIE ONPee/IsI0T KOHKPETHOE
COCTOsIHHME allPMOPHOTO Pacnpe/iesieHHs ¥ IPH BbIGpaHHOM o61eM Buje p(©;D) B .1

3. lIpeonosenue TpygHOCTeN peanrusanuu GOpPMYyJIb:

¥ e p(®)-L(X,,...X,|0)
)= [1(X,....x @) p(©)d0

p(®]x,....

IPH BBIYUCJIEHUH allOCTEPHOPHOTO pacnpeeeHus p (@[Xl,,,., X, )

Eciu mosiyduTcs HaWTH crocob ycTpaHeHUsl 3TUX Mpob6JieM, TO 6aeCOBCKUN MOAXO0/]
CTaHET H/JeaJbHbIM METOJIOM U €ro MOXXHO pacCMaTpPUBaTh KaK HJeasbHbIA METO/ TOUHbIX
OLIEHOK HEU3BECTHbIX MapaMeTPOB MOJEJNU B 3KOHOMETPUUYECKOM aHaJku3e MPU OrpaHUYeH-
HbIX 00'beMaxX BbIOOPOK.
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N3MEPEHHE ®PAKTOPOB, B/IMAIOIINX HA HEHY AKIIUH, B YCJIOBUAX
HEOITPEJEJIEHHOCTYU HA OCHOBE BAMECOBCKUX
UHTEJUTEKTYAJIbHBIX TEXHOJIOTUH

Cepreesn A.B.1
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HHOOPMALUA AHHOTALNUA

Kmoueetie crosa: B craTbe paccMaTpuBaeTcs aCeKThbl MPAaKTUYECKOr0 IpUMeEHe-
ZepeBo GaKTOpOB

pery s pusMpytomHii GaitecoBckuit MOAXO HHA PETyAPUSHPYIOLLEro 6E’l'I/IECOBCKOI‘O N0/IX0/ia B IpOrpaMM-
CTOMMOCTb aKLHit HOH cpesie "MHdoaHanuTuk". [lnd pacyeTa BbIOpaH OOBEKT —
bonpoBbii priHoK CTOUMOCTb IIEHHOW OyMaru, Kak CJ0XHasl JUHaMU4yecKas CH-

creMa. [IpoBesieHa cucTeMaTHU3alMs BIUSIOIUX GAaKTOPOB s
II0/IypOBHSI BHEIIIHEE OKPY)KEeHHe /il lleHHOU 6yMaru. BeigeneH
OTZeJIbHBIM MOAYPOBEHb — COCTOsIHUE (GOHJ0BOTO pbIHKA. CH-
CTEMaTU3UPOBaHbl (AKTOPHI, COCTaBJeHa HepapXHyecKas CHU-
cteMa. Ha ocHOBaHMM COOGpaHHBIX JaHHBIX MPOBEJEH pacyer.
CocTaBJieHbl JUHAMUYeCKHe MoJesd. [IposeMOHCTPUPOBAHO
WCII0JIb30BaHHE PETyJsipU3UpPYIOLIero 6alecoBCKOro IMOXoza
B IIporpaMMHoO¥# cpesie "MHpoanamuTuk".

MEASURING THE FACTORS AFFECTING THE STOCK PRICE UNDER UNCERTAINTY
BASED ON BAYESIAN INTELLIGENT TECHNOLOGIES

Sergeev A.V.1
! Graduate student, Financial university, Moscow, Russia, e-mail: bdfi2016@yandex.ru

ARTICLE INFO ABSTRACT

Keywords: The article discusses aspects of the practical application of the
Factor tree larizi B . h in the Inf lvst softw .
Regularizing Bayesian approach regularizing Bayesian approach in the Infoanalyst software envi
Stock price ronment. For the calculation, an object was chosen - the value
Stock market of a security, as a complex dynamic system. The systematization

of the influencing factors for the sublevel of the external envi-
ronment for a security has been carried out. A separate sublevel
is singled out - the state of the stock market. The factors are sys-
tematized, a hierarchical system is drawn up. Based on the col-
lected data, the calculation was carried out. Compiled dynamic
models. The use of the regularizing Bayesian approach in the
Infoanalyst software environment is demonstrated.

YacTHbI MHBECTOp AJis1 NPOBeJleHUsl 000CHOBAHHBIX onepanuid Ha GOHJ0BOM pbIHKE
OCHOBBIBAeTCs Ha UHPOpPMAIUH, OCTYITHOH eMy, B TOM YHUCJIe U U3 OTKPBITBIX HCTOYHUKOB.
Kak oTMeuyaeTcss MHOIMMHM WHBECTOPAaMH, CJeAyeT aHAJIW3UPOBATh MOCTyNalIy0 HUHOp-
MallMI0 CUCTEMHO, BbISIBJSASI 3HAaUMMble QAKTOPbI, BJAUSIOIIME B KOHEUHOM UTOre Ha IeHYy
paccMaTpuBaeMoro akTHUBa.

B 11leHTp paccMaTpuBaeMoOW CUCTEMBI C/eJlyeT MOMellaTh leHy aKI[MU KOMIAaHUU 3IMU-
TEeHTa U NPOBOJUTDH OLIEHKY LieHbl aKI[UH, KaK CJ0XHON JUHAMUYECKH pa3BUBAOILIeNcsa cu-
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CTeMbI, B KOTOPOU B KaueCTBe BJUSIOLUX, IPUCYTCTBYIOT KaK OTZeJIbHble MPOCTble GaKTO-
pbl, TaK U CJI0KHbIE COCTaBHble GAKTOPbI, CAMHU SBJISAIOLIMECS CUCTEMOM.

B faHHOM Mcciej0BaHUU NIpeJiaraeTcs NPaKTUUEeCKU IPUMEP UCTI0JIb30BaHUS CUCTEMbI
O /IeP>KKU IPHUHATUSA pellleHUH, pa3paboTaHHOM Ha OCHOBE PeryJ/sipU3Upyolero 6aiiecoBcKo-
ro noaxo/a, npumeHsieMoro C.B. [IpokonyrHOM B UCCIe0BAaHUSIX CJI0XKHBIX CUCTeM [1-6].

MeTogosi0rHsl peryisipu3upyroliero 6aiecoBCKOro MojAxoJa MO3BOJISSET MNOJAXOAUTH
K U3yYEeHUI0 00'beKTa C MCNOJb30BaHMEM CHUCTEMHOTO IMOJX0/la, U3MEPUTENBHOrO MOJX0/a
U 6alieCOBCKUX UHTEJJIEKTYa/lbHbIX TeXHOJOTUA. COOTBETCTBEHHO, IPUMEHSS JAHHYIO Me-
TOJ,0JIOTHI0, UHBECTOP MOXET NMPOBOJAUTH TEKYILYI0 U MEPCNEKTUBHYIO OLleHKY CTOUMOCTH
aKLIM¥ KOMIIAHWU SMUTEHTA.

B KauecTBe KOHLENTYaJbHOU MO/JIe/I BbIOMPAETCS CI0KHASA MOJieJib LIeHbl aKIIUU KOM-
nanuu G P, [Ipy 3TOM B KayecTBe CJIOXKHBIX CUCTEM BJIHMAIIUX GaKTOPOB BbIGUPAIOTCSA CH-
cTeMbl: BHelIHee okpyxeHHe G (&), coctosiHre amMuTenTa G, cocTosiHMe Cy6beKTa HHBECTH-
poBanusa G™,

G®

A

G G© G

W cTo4HUK: coCcTaBIeHO dABTOPOM.

Puc. 1. Mogenb CBOHCTB CUCTEMBI "IleHa aKIuu"

G®©
(e) (e) © o
- 1 1 1 2 1 3 | 4 |
— 11 — q21 —1 931 — q41
| 912 1 922 — g3 — 4,
7qi _ﬂ —| 933 ﬂ
7L L — 3k — qar

W cTo4YHUK: coOCcTaBJIeHO dBTOpPOM.

Puc. 2. Mogiesib CBOKCTB C/I0KHOT0 GpaKTOpa — BHEIIHEE OKPYKEHHE

BMmecTe ¢ TeM cucTeMa "BHelllHee OKpYy:KeHHe" COCTOUT U3 Habopa CJI0KHbIX PaKTOPOB
JlaJibHee OKpy»KeHUe, OJIMKHee OKpY>KeHHe, COCTOSIHUEe OTpac/U, COCTOsIHUe pbIHKa. /laHHas
Mo/ieJib pe/iCTaBJIeHa Ha PUCYHKeE 2.
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O61as Mojesb KOMIAKTa CBOMCTB (CBEpPTKa TPyl CBOWCTB) BHEIIHETO OKPYKEHHUS
MMeeT CJIeiyIoLIUN BUA:

_——
€ =*i_q Q.

B f1aHHOM mpuMepe NpoBeJEeHO CUCTEMHOE ONMCAHUE OT/IeIbHOIO CJI0XKHOTO CBOMCTBA
Q3 - cocTOsIHUE pPbIHKA.

dakTop (3 — COCTOsSIHME pbIHKA HallpaBJiIeH Ha OLleHKY aKTUBHOCTH, JJUHAMUKU U 06-
el atMmocpepbl POHAOBOTO phIHKA. Uaesa npruMeHeHHs, JaHHOTO GpaKTopa OCHOBbIBAETCS Ha
MOHATHUU "TeXHUYeCcKoro aHaau3a". TexHnuecKMi aHa/lM3 6a3upyeTcs Ha OLleHKe TeKyIlero
COCTOSIHMSA Ha 6a3e UMeILMXCsS HCTOPUYECKHUX JaHHbIX O KOTUPOBKAaXx LieHHbIX 6ymar. Bme-
CTe C TEM aJleNTaMH TEXHUYECKOTO aHa/IM3a OTOPAChIBAIOTCSA B CTOPOHY PyHIaMeEHTANbHBIX
dakTopbl 1IleHo0Opa3oBaHUsA GUHAHCOBOrO akTHBA. B pacyeT GepeTcss MrHOBeHHasl CHUTYya-
11151, BO MHOI'OM HaX0AsLAscs B pa3pbiBe ¢ QyHJaMeHTaIbHbIMU MOKa3aTeJsIMHU KOMIIAHHUH.

Jl1s1 TOro, YTOGBI OLIEHUTb WM U3MEPUTh TEKYLIYI0 CUTYALUIO 11eJIecO06pa3HO PaccMoT-
peTh oT/ie/ibHble PaKTOpPBbI, KOTOPble MOT'YT y4acTBOBATh B ee CO3JjaHuH U GOPMUPOBAHUM.

Ecnu peyb UET 0 COCTOSIHUM PbIHKA, TO HEO6XOMMO MOHUMATh KTO Ha HEM ONEepUpY-
eT, TaK KaK PbIHOK B [IepPBYI0 Ouepe/ib ONpesiesisieTcsl ero yYaCTHUKaMHU.

B kauyecTBe nH$OPMaLUKM 06 yYaCTHHUKAX PbIHKA MUCIOb30BaHbl JJaHHbIe U3 oTYeTa baHka
Poccru "0630p KJIIOUEBBIX MOKa3aTesied NpodpecCHOHa/NbHbIX YYaCTHUKOB PbIHKA I|€HHBIX 0Y-
Mmar" 3a 2019-2021 roapl. JlaHHbIN 0630p nyoarKyeTcss bankoMm Poccuu exxeKBapTaIbHO.

B kayecTBe OT/le/IbHBIX CJ0XKHBIX CUCTEM PAKTOpPA COCTOSIHUS PbIHKA BBIJEJSIOTCS CHU-
CTeMbl "JJaHHbBIE 10 YYaCTHUKA TOPTroB" U "KOTHPOBKU OCHOBHBIX UHJIeKCOB". PaKTOp "KOTH-
POBKM OCHOBHBIX MH/IEKCOB" XapaKTepU3yIOT 001yI0 AUHAMUKY PbIHKa, B TO BpeMs Kak dak-
TOP "JlaHHbIE N0 YYaCTHUKAM TOProB" JJaloT 6oJiee AeTaJlbHOE Npe/CcTaB/leHue 00 ero y4yacT-
HUKax. Ha pucyHke 3 mpezcTaB/ieH NpaKTUYeCKHUH NpUMep COCTaBJIeHUs JepeBa GpaKTOpOB
JUisl cJIo)kHOM cucTeMbl "CocTosiHME pbIHKA" B MporpaMMHO# cpeae MHoaHATUTUK, BKJIIO-
YaloUMi B ce6s1 METO/I0JIOTH PETYJISIpU3UPYIOLIEr0 6alleCOBCKOTO MOAX0/a.

Iél-{:f-} CocTOAHWE phIHKE

E{gj NaHHbIe Mo YYaCcTHUKEM TOProg

&-{{ NoBepuTensHoe ynpasneHne

-- WMHowewOoyanesHele MHEECTHUUWOHHLIE cueTa (KIMC)

b MpUTOK KNTWEHTOE HE GPOKEPCKOM DBCTYHWEEHHUM

=) COBOKYTHLIA O6LEM BKTMEOE HE GPOKEPCKOM DECTYHMEEHUM
E_Ij CpenHwid nopTdens KIMeHToE

----- 7 NoxoOHOCTE N0 0BNMraUUaM denepansHoro 2afMa

[EI--@ KoTWpoBKW MHOEKCOB

M CcTOYHHK: COCTaBJIEHO aBTOPOM, Ha OCHOBe NporpaMMHoM miatdopmbl "MHPoaHATUTHK".
Puc. 3. [Ipumep aepeBa ¢pakToOpoB AJis cucTeMbl "COCTOsIHME phIHKA"

OZHOBpEMEHHO C 3TUM CJIOXKHas cucTeMa "/laHHble MO y4YacCTHUKAaM TOProB" COCTOUT
M MepapxXUyecKu NMoAYMHEHHbIX cucTeM "JloBepuTesibHOe ynpaBJyeHue", "MHAWBUyaIbHbIE
uHBecTHLMOHHBIE cyeTa (UMC)", "CoBOKynHbIA 06beM aKTUBOB Ha GPOKEPCKOM 06C1yKMBa-
Huu', "CpegHuul noptdesib KJIUEHTOB".

Kaxkzas cucreMa cocTouT M3 GaKTOPOB, pa3/ieJieHHbIX 10 OT/le/IbHbIM I'pymnam. ['pynna
"npodeccroHa/sbHble YYaCTHUKU" pa3fesisieTcd Ha KOMMepyecKhe OpraHHU3aliu U HeKOM-
Mepyeckue pUHAHCOBBIE OpraHu3alnyy. B cBoto odepe b prsnyecKue JULA TaKxkKe paszes-
I0TCS1 Ha KBaJIMPULUPOBAHHBIX U HEKBAJUQPUIIMPOBAHHBIX MHBECTOPOB, a TaKXKe Ha pe3u-

JIEHTOB U Hepe3uaeHToB Poccuiickoit ®epepanuu.
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Mapametpel  3anpoc  OtdEtel  Hactpoika [Mpoueccer  Momows
TonkbIR MY Th K TEKYLLEMY SEKTOPY:

[ orofpaxatt pesynbTarhl aymuTa MOEX CeoiicTea BHewHero okpyxeHra(Orginal)\Coc

=-42F CocTOAHME PhIHKE
EI@ HaHHkIe NO YYECTHWKEM TOProe
EI@ HoeepuTencHoe ynpaeneHue

] KonuuecTeo KNMEHTOE B A0BEPWTENEHOM YIIPABNEHMM
E| @I CToMMOCTE NOpTdena
4| npodydacTHUKK - KO
npodgyyacTHUKK - HPO
PUSHMUECKKME VLA - KEANWpWLIMPOBaHHEIE MHEECTOPHI
PHUSMUECKKME NTNLA - HEKBENWBMUMPOBAHHLIE MHEECTOPEI
PHIMHECKWE VLA - HEPESWMAEHTEI
] dhu3MYecKne NUUE - pE3MOEHTEI
7 wpuonueckre nvua
B @I MHnwawﬂyaanhle WHEECTULMOHHEIE cueTa (MMC)
-7 KonmuecTeo MIAC

=8 @ enHwiA pazmep MIMIC B noEEpUTENEHOM YNpaEneHuK
ﬁﬂpocpyuacmwma -KO
i MNpogyuacTHukoe - HPO
IZ—ZI--@ CpeaHwi pasmep WG Ha Spokepckom oGcnyxMBaHMM
: ﬁl’lpoq;yuacmwma -KO

i MNpogyuacTHrkoe - HPO

- CTOMMOCTE 8KTMEOE Ha MIAC
----- 71 MpWTOK KNMMEHTOE Ha 6POKEPCKOM OBCTYXUBaHUN
E-) COBOKYMNHEIA 06BEM aKTUEOE Ha SpOKEePCKOM O6CITYXUBaHMK
-] NnpogyyYacTHUKOE - KO
npogy4YacTHUKOE - HPO
PHUINHECKMX WL - HEPESWOEHTOE
] MINYECKMX WL, - PESUOEHTOB
HIPWAMYECKWUX NAL, - HEPE3WOEHTOE

-] KpPUOMYECKWX L, - pE3WOEHTOE
I':'I--\J_'Tj,:l CpenHWid NopTdens KTMEHTOE

ﬁ npodgyYacTHUKOE - KO
npogy4YacTHUKOE - HPO
PHUSNUECKIX UL - HEPESWOEHTOE
PHUINHECKIX NWULL - PE3WMOEHTOB
HDWANYE CKMX L

M CcTOYHUK: COCTaBJIeHO aBTOPOM, Ha OCHOBe MporpaMMHON niaaTdopmbl "UHPoaHATUTHK".
Puc. 4. [IlpumMep aepeBa ¢paKTOPOB i cucTeMbl "/laHHBIE 10 yYaCTHUKAM TOProB”

[To kaxx0My paKTOpy COOHUPAIOTCS JaHHbIE 3a UCCIeyEMbIH TEPUO/,.
[Ipumep c6opa JaHHBIX TOKA3aH Ha CJIeAYI0IIeM PUCYHKE.

B2} CocToAHWE phiHKE
E'@%HHHE N0 y4acTHUKaM TOproe
E-) JosepuTensHoe ynpaeneHue ; -
- KonMUecTBO KNMEHTOE B A0BEPNTENSHOM YTIPEENEHIM N I Eﬂ l El l I . l = l
E-@ CTouMocTe NopTdhens TaGnutibii BEOR ASHHEIX
1] NnpodydacTHrKK - KO
npodgyyacTHKKN - HPO Tun srizuenmn: [l Yncnosoe sravenwe  [] Swcneprrian cuenka [ lkanenoe gankoe [ Texcrosan uncbopmaums
PUEMUECKME NNLE - KEANUDULMPOBAHHEIE MHEECTOPE

PUBNUECKIME NULE - HEKBaNWDKULWMPOBAHHLIE MHEECTOPLI Moocpyuzcrrmros - KO Enrvuz ysmepetma: Teic. pyE
PUINUECKWME NULE - HEPE3UOEHTEl Epemn Tun 3HaYeHUA 3nzushne x hd z
3] PNBMYECKWE NNLE - PE3UASHTSI 4 31.12.201% 0:00:00 Yucnoeoe sHaverine 63 HET HET HET
24 opnmyeckne nuua
e MHEHBHﬂyaﬂbele WHBECTULMOHHBIE cyeTa (MMC) LN R HETHET |RE
-2 Konudecteo MG 01.07.2020 0:00:00 Uncnomoe skavewne 57 HET HET HET
@ enHuiA pasmep MWC B nosepyUTensHOM YNpEBNEHNN
H 'ﬁﬂpoq)yqacTHMKUE KO 01.10.2020 0:00:00 Uwcnosoe 3HaueHe 56 HET |HET |HET
i MposyuacTHmkoe - HPO 01.01.2021 ¢:0000 Uvcrosce skauerme 68 HET HET HET
E| @ CpenHwii pazmep MAC Ha GpokepckoM 08CmyKMEaHMIA
I 01.04.2021 0:00:00 Uwcnosoe sHavueHne 70 HET HET HET
ﬂp‘:q’y”acm"‘ma H®0 01.07.2021 0:00-00 Uucronoe skavesve 73 HET HET  HET
E CroumMocTe akTUEOE Ha MIMC
] MpUTOK KNMEHTOBE Ha SPOKEPCKOM DBCTYXUBEHMK 01.10:2021 0:00:00 UmcnoBoe sHaqeie 73 HET HET HET
COBOKYMNHbIA 05LEM GKTUBOE HE BPOKEPCKOM O5CTYXMBAHWM
5 NPOcYHACTHUKOE - KO 31.12.2021 0:00:00 Uncnosoe sHauekne 20 HET HET HET
=] npogpyqacTHUKOE - HPO *
| PUBMYECKMX WL - HEPESNOEHTOB

M cTOYHMK: COCTaBJIEHO aBTOPOM, Ha OCHOBe MPOrpaMMHOM miaTdopmbl "MHPoaAHATUTHK".
Puc. 5. [IpumMep c6opa gaHHbIX 10 pakTopy "Cpeanuii pasmep UUC
Ha OPOKEepPCKOM OOCIYKUBAaHUU 10 KPeJUTHBIM OpraHu3anusam”
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[IpeacraBieHHoe AeneHre GaKTOPOB HalleJIeHO Ha M3MepeHHUe OT/e/bHbIX MoKa3aTe-

Jiell ¥ BbIsIBJIEHHE HauboJiee 3HaYMMbIX U3 HUX. Takke B mpouecce paboTbl UHAUBUAYAIbHO-
ro UHBECTOpA JaHHas JeKOMIIO3UI[Ms MO03BOJISIET NMPU MOSBJEHUH HA PhIHKE MPe/0JI0MKHU-
TeJIbHO MaJIO3HAYMMOM M HecylleCTBeHHOW MHPOPMaLMU, UHTETPUPYs ee B NPOrpaMMHYI0
cpeny MHdoaHA/IUTHUK, MTPOU3BOAUTD KOPPEKTUPOBKY COCTOSIHUSI PbIHKA C OLeHKOUN BEpOsIT-
HOCTHU JIBWXKEHUS LleHbl B CTOPOHY POCTA UJIM CHUXKEHUSI, TEM CaMbIM BBISIBJISITh U IIPOTHO3U-
poBaTh TPeH/bI a/IbHENILEro pa3BUTHS.

[IpuMeHsieMass MeTOL0/10TUSl MIO3BOJISIET IPOU3BOAUTbL CBEPTKY OTAEJbHbIX PAKTOPOB

CUCTEMBI B €/JUHbIN UHTErPaIbHbIN PaKTOP.

Ha pucyHKe nokasa npuMep CBepTKH UHTerpasibHoro paktopa "CtoumocTts noptdens”,

COCTOSIILETO U3 CEMHU MPOCTHIX PaKTOPOB.

[EE:] CTomMocTe NnopTdens

i NpodpyYacTHMEN - KO

3 npodyJac THHKK - HPO

] pMEldeckie Nlla - KEaNWgpHUWpOBaHHEIE MHEECTOPEI

T M3nYecKne NMUE - HEKBaNMGWLWPOBEHHEIE MHEECTOPLI
1] BUBMUECKME NULIA - HEPESMOEHTE

T pM3NUeCKNE NULE - PESUASHTSI

-] lopuanyeckme nuua

M cToYHUK: COCTaBJIEHO aBTOPOM, Ha OCHOBe IporpaMMHo# miatdopmbl "MHGOaHATUTHK".
Puc. 6. [IpuMep uHTerpasbHOTO paKTopa "CTOUMOCTD MopTdess”

i Hab1I0jeHrs 3a BbIBJIEHHBIMU paKTOpaMU B JWHAMHUKE MPUMEHSIOTCS 6aliecoB-

CKMe MHTeJIJIEKTya/IbHble TeXHOJIOTHH, N03BOJIS0LAe KOPPEKTUPOBATb MO/Jle/Ib HA OCHOBE
NOCTyMallel U3MePUTENbHOU UHPOPMALUH.

B ,aaanef/iLueM [0 KaXKJOMYy BBIABJIEHHOMY c])aKTopy paCcCInNTbIBAETCA AWHAMHUKA. 3Hayve-

HUS 110 0611eMY UHTErpajbHOMY GpaKTOpy CBOPAYMUBAIOTCS Ha OCHOBEe 6ailecOBCKOM GpOPMYJIb.

CToMMocTb nopTdrens

—— Min —f— Middle =—+— Max —+— AMin
—+— AMiddle —+— AMax

ThIC.WUT.

13594
1316.0
12726
12292
1185.8

i

regel/gatel

31.12.20

w

M CTOYHUK: COCTaBJIeHO aBTOPOM, Ha OCHOBe IIporpaMMHoi miaatdopmbl "MHboaHAIUTHK".
Puc. 7. luHaMHUKa UHTerpajbHOro gpakropa "CToumMocTb noprdessa”
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Mopenu, onvcbiBarolve noBeJieHUe GpaKTopa CTOMMOCTb NOPTdhes:
min: F(x) =1335,6266 - 177,2849x + 110,8316x2 - 10,2838x3
cpeaH: F(x) =1319,2921 - 103,6034x + 98,7716x2 - 9,6785x3
max: F(x) =1439,07121 - 103,5961x + 98,7674x2 - 9,6781x3

Ha ocHOBaHMHM NOJIyYeHHBIX MOJZIe/I U IPUMeHsS1 6alleCOBCKYI0 CBEPTKY BbIBOAATCS PHUC-

KU U NOTEHLUA/bl 0 BCEMY UHTerpajbHOMy pakTopy, pe/iCTaBJIeHHOMY B rpadUyecKor UH-
TepIpeTalyu, 4YTO CIOCOOCTBYET 60Jiee MPOCTOMY BOCIPHUSTHIO YACTHBIM HHBECTOPOM.

L‘J]_r.l LUBEPKW I ElIbHUE I IpdBIIEHNE
= 73] KonnyecTeo KNMEHTOB B NOBEPUTENEHOM YTIPaBNEHNN
= CTOMMOCTL NOpTdhens
npodydacTHMKK - KO
----- 4| npodryyacTHMKK - HPO
----- 4| hUzKUeCcKWe NMUA - KBANWDWLMPOBAHHEIE MHEECTOPHI
----- 1] PMBMUSCKIME LS - HEKBENMBULMPOBEHHEIE MHEECTOPS
----- "] MINYECKWNE NIMLE - HEPE3MOEHTHI
----- T UINYECKWE NULE - PE3WOEHTEI

----- 4] IpUOMYECKIE NULE

L

M CcTOYHUK: COCTAB/IEHO aBTOPOM, Ha OCHOBE NMporpaMMHoH miatdopmbl "MHPoaHamUuTUK".
Puc. 8. Puck u noteHuuas no cioxkHomy pakropy "Croumocts noptdensa”

OnuvcaHHbIN NMPaKTUYECKUN MPUMEpP JeMOHCTPUPYET yA006CTBO NPUMEHEHUSI METO/0-

JIOTUM PETYJISIPU3UPYIOIIEro 6ailecoBCKOr0 MOJX0/1a, UHTErPUPOBAHHOIO B MPOTrPAMMHYIO
cpeny UHboaHanuTuk. /lanpHellliee nocTpoeHre JepeBa GaKTOPOB U pacyeT UHTErpabHO-
ro ¢akTopa cj0XKHOU cucTeMbl "lleHa aKLMK" MO3BOJIUT OT/ZeJbHbIe, HAaHbOJiee BAUSIOLIME
Ha I[eHy aKIUU (GaKTOpPhl, @ TAKXKE OLLEHUTh BEPOSITHOCTb POCTA WJIM CHUXKEHHUs IeHBbI OT-
JileJIbHOW akuuu. Ha OCHOBaHMHU JAaHHBIX pacyeTOB YAaCTHBIA MHBECTOP MOXET NMPUHUMATh
pelieHre 06 U3MEHEHUU CTPYKTYpPbl MHBECTUIIMOHHOIO MOPTQesis B YaCTH MPUOGPETEHUSs
WJTU TIPOJIA’KU TOTO MJIM HHOT'O aKTHUBA.
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r106a/IbHbIE PBIHKU

B pesysibTaTe BBeJJeHHBIX CO CTOPOHBI KHTalCKOro npaBUTe Ib-
CTBa OTPAaHUYUTEJbHBIX U CTUMYJUPYOILUX Mep, HallMOHaJb-
Hasl JKOHOMMKA IPAaKTUYeCKH IOJHOCTbI0 BOCCTaHOBUJIACH
BO BTOpoM kBapTaJie 2020 rozga. Tem He MeHee, HEKOTOpbIe O-
KasaTeJld CBHUJETEeJbCTBYIOT O BO3MO)XHOH HEYCTOWYHMBOCTH
NIOJIOXKEHHUs U TNOTeHLMAJbHBIX CPeJHECPOYHBbIX U JOJT0CPOY-
HbIX 3¢ deKTax Ha pa3/IMUHble CTOPOHBI 3KOHOMHUYECKOH KU3HU
KuTas. Ha Tekymnil MOMeHT CTpaHa yXe B TedyeHHe OoJiee 4eM
JBYX JIeT QYHKIIMOHUPYeT B yCJOBUAX paclpoCTpaHeHUsl NaH-
JleMHUU U CTPOTUX BCECTOPOHHHUX OrpaHUYUTeJIbHBIX Mep. B cTa-
The ONKCAHO BJHSAHUE IJ1I06a/bHON NaHLEMUU U eé IKOHOMHUYe-
CKHX IOCJIeACTBUH HAa GYHKLIMOHMPOBaHHe GUHAHCOBOTO PbIH-
Ka B KuTae, ero BoccTaHOBJIeHUE I10CJIe IJ1I06a/IbHOTO 9KOHOMHU-
YeCKOTO 1LI0Ka, U HOBble TEHJEHLIMH B Pa3sBUTHM DPa3JUYHBIX
cerMeHTOB GMHAHCOBOTO PhIHKA B MTOCJIeNaHAeMUHHOM MUpe.

EFFECT OF THE GLOBAL COVID-19 PANDEMIC ON THE FUNCTIONING
OF CHINA'S FINANCIAL MARKETS AS COMPONENTS
OF THE GLOBAL FINANCIAL MARKET
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Global markets

As a result of the restrictive and stimulating measures imposed
by the Chinese government, the national economy almost com-
pletely recovered in the second quarter of 2020. Nevertheless,
some indicators indicate the possible instability of the situation
and potential medium- and long-term effects on various aspects
of China's economic life. At the moment, the country has been
operating for more than two years under the conditions of the
spread of the pandemic and strict comprehensive restrictive
measures. The article describes the impact of the global pandem-
ic and its economic consequences on the functioning of the fi-
nancial market in China, its recovery after the global economic
shock, and new trends in the development of various segments
of the financial market in the post-pandemic world.
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INFORMATION TECHNOLOGIES
AND INTELLECTUAL DATA PROCESSING SYSTEMS UNDER UNCERTAINTY

The global pandemic of the new coronavirus infection COVID-19 has resulted in a series
of various shocks for the world community, including the impact on the social life of societies,
an increased burden on national economies, and serious challenges for financial markets.
The People's Republic of China was one of the first countries to experience the spread of the
global COVID-19 pandemic in early 2020. According to officially released statistics, the na-
tional economic output in the People's Republic of China decreased by 6.8% in the 1st quarter
of 2020 compared to the same period of the previous year. This is the worst indicator of the
state's economic growth since 1992. In addition, there was also a significant pressure on the
employment of the population during this period. In response, the Chinese Government has
taken a number of incentive measures. The peculiarities of the policies undertaken during this
period include a focus on the development of fiscal incentive programs for corporations, ra-
ther than households. Also, the tools for conducting an expansionary monetary policy were
focused on supporting mainly small and micro-enterprises.

As a result of restrictive and stimulating measures introduced by the Chinese govern-
ment, the national economy almost fully recovered in the second and third quarters of 2020.
However, some indicators point to possible volatility and potential medium and long-term ef-
fects on various aspects of China's economic life. At the moment, the country has been operat-
ing under the conditions of the spread of the pandemic and comprehensive restrictive
measures for more than two years. This article sheds light on the impact of the global pan-
demic and its economic consequences on the functioning of the main segments of the financial
market in China, its recovery from the global economic shock, and new trends in the devel-
opment of various segments of the financial market in the post-pandemic world.

The restrictions imposed and the socio-economic impact of the pandemic have had
a significant impact on China's financial sector. In particular, we can highlight the deteriorat-
ing performance of the banking system and the increase in the systematic risk of the financial
system as a whole.

The implications for the banking sector in the People's Republic of China will be long-term.
With the main difficulties, banks also had to face a certain lag. In order to support the corporate
sector, in particular micro and small enterprises, the Chinese government has asked China's larg-
est commercial banks to forgive 1.5 billion Chinese yuan in profits.! The main sources of the de-
crease in the profit of the banking system by this amount were the following concessions: a de-
crease in net interest income due to lower interest rates, easing of penalties for delays in interest
payments, a decrease in interest rates on bridge loans and guarantees, as well as a decrease
in non-interest income in the form of commission and intermediary income. Moreover, in the post-
pandemic period, the share of non-performing loans in the Chinese banking sector has increased.

Figure 1 below provides quarterly statistics on the amount of nonperforming loans, loan
loss provisions, and profits of commercial banks in the People's Republic of China from 2019
to 2021. As for the amount of non-performing loans and loan loss reserves, here we can see
a gradual increase over the past two years. The peak growth rate of non-performing loans oc-
curred in the first quarter of 2020 and amounted to 8.2%. In absolute terms, this figure in-
creased by 198.6 billion Chinese yuan. A similar picture is observed in the dynamics of loan
loss reserves in the banking sector. The most pronounced increase occurred in the first quar-
ter of 2020 with a change from the previous reporting date of 6.5%, showing an increase
in reserves of 294.3 billion Chinese yuan. However, despite the obvious negative impact of the
pandemic in the first half of 2020, in the fourth quarter of the same year, there was already
a negative trend in the indicators described above, which almost completely compensates
for the anomalous growth in previous periods.

1 Kerry Liu (2021) COVID-19 and the Chinese economy: impacts, policy responses and implications, Inter-
national Review of Applied Economics, 35:2, 308-330.
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Figure 1. Amounts of non-performing loans (NPL), loan loss provisions,
and profit of commercial banks in China, 2019-2021 quarterly!

On the other hand, the strongest effect from the socio-economic consequences of the
outbreak of the new virus is observed on the profit margins of financial institutions in the
Chinese banking sector. There is a significant drawdown in the total annual profit of financial
institutions and high volatility of its distribution by quarters. This indicator reacted with
a time lag, therefore, in the first quarter of 2020, in terms of net profit of commercial banks,
we can even see an increase compared to the comparable indicator for the previous year. This
can be partly explained by the deferred realization of Q4 2019 earnings. Bank profits fell sig-
nificantly in the second quarter of 2020. During this period, this figure was 399.9 billion Chi-
nese yuan, which is 200.2 billion less than the results for the 1st quarter. Compared to the
same period in 2019, we see a decrease of 158.6 billion in absolute terms and 28.4% in rela-
tive terms. Profit in annual terms for 2020 shows a decrease of 3% compared to 2019. In the
next 2021, there was a normalization of the situation and a return of positive dynamics.

In order to analyze the effect on the state of the banking sector in China, we can reasonably
refer to such indicators as the NPL ratio and the capital adequacy ratio. Both of these indicators
are relative indicators and allow assessing the change in the degree of credit risk of financial insti-
tutions. The bank's non-performing loan ratio generally indicates the percentage of non-
performing loans in the bank's total loan portfolio. The capital adequacy ratio, in turn, allows as-
sessing the financial stability of banks and is calculated as the share of the bank's equity capital
to risk-weighted assets. Figure 2 below shows statistics on the non-performing loan ratio and
capital adequacy ratio of commercial banks in China from 2019 to 2021 by quarter.

As can be seen from the statistics, during the first three quarters there was a negative
trend in both indicators. The growth of the NPL ratio is accompanied by a drop in the capital
adequacy ratio. The maximum value of the NPL ratio of commercial banks due to the cumula-
tive effect was observed in the third quarter of 2020 and amounted to 1.96%. At the same
time, CAR dropped to a low of 14.21% in the second quarter of 2020. Starting from 2021, we
see positive dynamics in both indicators. Due to increased conservatism in bank risk man-

1 China Banking and Insurance Regulatory Commission (CBIRC).
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agement and a downward trend in exposure to potential future surges, at the end of 2021,
even more favorable indicators were achieved than in 2019 before the pandemic.
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Figure 2. NPL ratio and capital adequacy ratio (CAR) for commercial banks in China,
20192021 quarterly?!

The coronavirus outbreak and a wide range of restrictive measures by the Chinese govern-
ment have served as both a stress test for the Chinese banking system and an accelerator for the
digitalization of their financial services.? The lockdown and movement restrictions during the
outbreak of the pandemic have demonstrated the importance and value of contactless transac-
tions. During this period, it was especially important to provide customers with the opportunity
to interact with the bank through network communication channels based on the use of advanced
technology and science. An increasing number of the Chinese population realized the convenience
of using contactless services, and this ultimately prompted financial institutions to accelerate
the transition to the widespread use of fintech in operations. This allowed to increase the number
of online users and reduce the number of visits to retail bank branches.

After the outbreak of the pandemic, the development of inclusive finance almost com-
pletely satisfied the needs of households in remote access to financial services, but new solu-
tions in this area were still required from enterprises. Small and micro enterprises, which play
an important role in the functioning of the Chinese economy, do not have collateral assets and
often face problems in obtaining financing from traditional financial institutions. This prob-
lem was especially pronounced during the pandemic, when many companies needed to attract
external financial resources to continue their activities.

One of the solutions was the use of big data as a tool for assessing the creditworthiness
of small and micro enterprises. In the context of the active transition of companies to the
online sector, more information has become available for analysis through big data tools. This

1 China Banking and Insurance Regulatory Commission (CBIRC).
2 Shusong Ba & Haifeng Bai (2020) Covid-19 pandemic as an accelerator of economic transition and finan-
cial innovation in China, Journal of Chinese Economic and Business Studies, 18:4, 341-348.

50



SOFT MEASUREMENTS AND COMPUTING Volume 53, No. 4, April 2022

information can be used by financial institutions for a comprehensive risk assessment of po-
tential borrowers. Ultimately, these conditions led to the emergence of online inclusive fi-
nance companies, especially in the e-commerce and online finance industries. During the ac-
tive development of the pandemic, these companies have played a relatively important role
as macroeconomic stabilizers.

During the outbreak of the pandemic and the subsequent recovery of the national economy,
the Chinese stock market showed a reliable level of stability and a swift recovery.! This is espe-
cially pronounced in comparison with the world's leading stock markets. In particular, the US
stock market was halted four times in March 2020. In the months following the start of the pan-
demic, stock markets in countries such as the European Union, the United States, and Japan re-
bounded on support from national central banks and huge expansion of their balance sheets.
The Chinese stock market, in its turn, showed a swift recovery after the first shocks of the pandemic,
even without material support from the national central bank and an increase in its asset base.

The behavior of the stock market in China in the post-pandemic period can be assessed
using the dynamics of the main indices of national stock exchanges. To this end, Figure 3 be-
low shows the statistics of the values of the main index of the Shanghai Stock Exchange SSE
Composite and the main index of the Shenzhen Stock Exchange SZSE Component in the period
from January 2020 to February 2022. The two main shocks of the pandemic occurred from
January 20, 2020 to February 3, 2020 and from March 5, 2020 to March 23, 2020. These
events were caused by the natural reaction of the investment community to a significant in-
crease in the number of infected patients, the announcement of the coronavirus as an interna-
tional emergency, and then as a global pandemic by the World Health Organization, compre-
hensive restrictive measures by the Chinese Government, as well as a threat to the normal
functioning of the economy. Despite the short-term negative effect, China's stock markets
quickly rebounced to pre-pandemic levels and went into the booming phase. As of the end
of August 2020, the SSE Composite Index was up 10,1% and the SZSE Component Index was
up 29.3% from the beginning of the same year.
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Figure 3. Shanghai Stock Exchange Composite index
and Shenzhen Stock Exchange Component index, January 2020 - February 20222

1 Xiaoguang Liu, Yuanchun Liu, Yan Yan (2021) China macroeconomic report 2021: China’s macroeconomy
marches towards normalisation. Economic and Political Studies 9:4, pages 379-416.
2 Shanghai Stock Exchange, Shenzhen Stock Exchange official websites.
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Too loose and soft monetary policy of the United States of America during the pandemic
and post-pandemic had a weakening effect on the position of the US dollar in global markets.
On the other hand, the effective monetary policy of the Chinese Government during the same
period of time served as a driver in the process of internalization of the Chinese yuan. Eco-
nomic agents in the world markets are becoming increasingly aware of the importance of the
Chinese economy in global processes and approve the active process of opening up, liberaliz-
ing, and modernizing the Chinese financial market. One of the key events is the inclusion
of Chinese sovereign bonds in the FTSE Russell index and the increase in the share of Chinese
type A stocks in the international MSCI index. The findings are also confirmed by the global
currency indices, which are presented below in Figure 4.
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Figure 4. Historical performance of the USD-Index versus CNY-Index, 2020-20211

The bond market in the People's Republic of China has also experienced rapid growth
over the past two years. Along with this, measures taken by the Chinese government, prudent
monetary policy, and fiscal easing have reduced credit risks and risks of default on the pay-
ment of bond loans. In early 2020, due to operating and regular production restrictions, many
companies faced increased pressure on short-term liquidity. However, with the help
of a number of government policies to support companies during the pandemic, this pressure
has been eased and a rise in defaults has been avoided. According to the international rating
agency Fitch, the share of defaults in the domestic corporate bond market in China in 2020
was 0.84%, and in 2021 - 0,76%.

Despite quite successful measures to prevent a significant impact of the pandemic on
credit risks on bond issues and the probability of default of companies, in China over the past
few years there has been a positive trend in both the number of defaults themselves in abso-
lute terms and the amount of bond issues on which a default has been declared. This dynamics
is due to the progressive development of the bond market.2 Within the Chinese financial mar-

1 USDX- yahoo.Finance, CNYX - CNI Index.
2 Standard & Poor's 2021. China Bond Defaults 2021: More Tolerance For Bigger Hits, S&P Global Ratings,
June.
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ket, the focus is currently shifting from the growth of the market to the quality of its function-
ing. Chinese regulators are taking steps to improve the efficiency of capital markets and en-
force market discipline. Under such conditions, the capital markets, in particular the domestic
bond market in China, are experiencing a freer movement of investment capital and its reloca-
tion to more efficient assets. As a result, we see increased tolerance for default situations
in China in recent years, including in relation to state-owned companies.

In addition to the above financial market segments in the People's Republic of China, we can
also see increased pressure on the insurance market as one of the consequences of the global
pandemic. Empirical evidence shows that there is both a small short-term and long-term deter-
rent effect in the post-pandemic period due to a decrease in the availability of sales and marketing
channels for insurance products and a collapse in household demand for insurance products.!
The impact of the impact of the COVID-19 pandemic is observed both on personal insurance
products and on property insurance products. At the same time, in terms of insurance depth and
insurance density, a greater effect is observed on personal insurance services in comparison with
property insurance services. Figure 5 below presents statistics on primary income from insur-
ance premiums, insurance payments, and the number of insurance contracts signed in China from
2019 to 2021, by quarter. For all three indicators in 2020, there was a positive trend compared
to 2019: primary income from insurance premiums increased by 4,7%, insurance payments -
by 7,7%; concluded insurance contracts - by 6,2%. In 2021, if not a decline in the insurance mar-
ket, then its stabilization at the level of last year is already noticeable. The primary income from
insurance premiums this year remained at the level of the previous year in the amount of approx-
imately 4,5 trillion yuan. In the number of signed insurance contracts, there is a decrease of 7%
compared to the previous year. Moreover, the amount of insurance payments in 2021 amounted
to 1,6 trillion yuan, which is 14,3% higher than in 2020.
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Figure 5. Primary insurance premium income, claim and benefits payments, and number of new
insurance policies in People’s Republic of China, 2019-2021 quarterly?

1 Yating Wang, Donghao Zhang, Xiaoquan Wang & Qiuyao Fu (2020) How Does COVID-19 Affect China’s In-
surance Market? Emerging Markets Finance and Trade, 56:10, 2350-2362,
2 China Banking and Insurance Regulatory Commission (CBIRC).
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Thus, it is possible to sum up the impact of the COVID-19 pandemic and its socio-
economic consequences on the functioning of various segments of the financial market in the
People's Republic of China over the past two years. The challenges of this period served both
as a stress test for many aspects of China's domestic and foreign financial market segments,
and as a driver for progressive qualitative changes that were long overdue.

Domestic capital markets in the country, including the stock market and the bond mar-
ket, are in the stage active booming and development. We could see short-term shocks
on them in the first quarter of 2020 due to a sharp surge in the pandemic and a high degree
of investor uncertainty about future outcomes. Soon, by the second and third quarters
of 2020, these short-term effects were eliminated and markets rebounded to pre-pandemic lev-
els, and in some cases even showed double-digit growth relative to the beginning of the year.

The banking sector also saw negative effects, which made themselves felt with a slight
lag in relation to the previously mentioned capital markets. We could see a deterioration

in a significant number of risk and financial indicators of banks until the end of 2020.
Normalization of activities and a return to positive dynamics occurred only in 2021. The vol-
umes of accumulated profits of commercial banks suffered the most, including due
to measures prescribed by the Chinese government to stimulate the economy. Under these
conditions, financial institutions in the banking sector were forced to give up part of interest
and non-interest income in order to reduce the burden on businesses.

One of the most positive aspects as a result of the pandemic is the strengthening of the
role of the Chinese yuan in global markets. The prudent and effective monetary policy of the
Central Bank of China to support the economy, the inflexibility of regulators in leading West-
ern countries due to near-zero or negative interest rates, and ineffective measures of other
states to curb the spread of infection served as the main drivers for advancing the process
of internalization of the Chinese yuan. We can also note an increase in the number of foreign
investors who show a desire to use the Chinese yuan as an investment currency, which is re-
flected in the inclusion of renminbi-denominated assets in global financial market indices.
Among other things, the internal process of reformation, modernization, and liberalization
of the financial market also plays a crucial role here.

A slight drawdown and a weakening of positive dynamics in the post-pandemic period
are also demonstrated by the insurance market in China. According to official statistics, during
the last year there was no positive dynamics in the primary income from insurance premiums,
and the number of concluded insurance policies has decreased. The main factors here are the
contraction of consumer demand for insurance services and disruption of the normal func-
tioning of insurance marketing channels. Speaking about the structure of insurance products,
the consequences for the personal insurance segment are more pronounced compared to the
property insurance segment.

There are several modern trends in the financial markets of China, the main accelerator
of which was the COVID-19 pandemic and its consequences. First of all, it is worth mentioning
the digitalization of traditional financial institutions. With comprehensive restrictions within
the country, including a ban on the physical movement of its citizens at certain points, compa-
nies have been forced to shift to new business approaches to meet new demand from their
customers. Secondly, we see a structural transition to the "double circulation” model. The
main idea of this approach is to focus on the domestic market of China with the expansion
of the local demand of citizens while active foreign economic interaction with the rest of the
world. Thirdly, the internal regulators of the financial market in China are actively working
on its further liberalization and improving the efficiency of its activities. The focus in the de-
velopment of capital markets is shifting from extensive growth to efficiency, the appropriate
allocation of capital, and market discipline.
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Among the most relevant negative effects of the pandemic on the financial market

in China and the economy as a whole, it is crucial to single out an increase in the debt load
of enterprises, especially in the non-financial sector. Also worthy of attention and continuous
monitoring by regulators is the inflated domestic real estate market over the past few years.
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Kmouesvie crosa: B nponecce KOMNbIOTEPU3aL U U NPHUMEHEHUS BBICOKUX TEXHO-
HaJIoroBasi CUCTeMa o

UM POBU3ALUSA FKOHOMUKH JIOTUH, KOTOpble NPOUCXOAAT B HacTosllee BpeMs, LiudpoBas
onTHMHU3ALUs 3KOHOMUKA NpUMeHseTcs B Kax/Jou cdepe )KU3HU: 06pa30BaHUe,
MOJieJIMpOBaHUe

NOJINTHKA, 3JApaBoOXpaHeHHe, GHHAHCbl W HaJjoroBass cdepa
u apyrue. lludpoBas 3KOHOMMKA Hayaja pa3BUBATbCA BO BCeX
BBICOKOPAa3BUTBIX CTPaHax, B KOTOpbIe Boia U Poccus. PazButue
MGpPOBOM 3KOHOMUKHU B CTpaHe UTpaeT BaXKHEMILYIO POJib, TaK
KaK Ha CerofHSLIHUN JieHb aKTya/bHbl BONPOChl HALlMOHAJbHOU
6€30MacCHOCTH U I106a/1bHOM KOHKYPEHTOCIIOCOGHOCTH, B pelle-
HUH KOTOPBIX OHA y4acTByeT. MHOrue 3/71eMeHTbl LUPPOBOH 3KO-
HOMMKHM JAI0T 6JIaronpUsATHBIN pe3yJibTaT, TaK KakK OCyLleCTBJIs-
eTCsl MaccoBoe NepeHeceHue JOKyMEHTOB Ha LIMPPOBble HOCUTE-
JIY, JOCTYIIHO MCIOJIb30BaHUE 3JIEKTPOHHOM NMOANHKCH, BCe 60JIb-
lee paclpoCTpaHeHHe MOoJiy4aeT B3aUMOJEHCTBHE C TrocyJap-
CTBEHHbIMHM OpraHaMH B 3JIEKTPOHHOM BHJe. llesib gaHHOH cTa-
ThU 3aKJIIOYaeTCsl B aHa/M3e NPUYMH, Lesel, 3aja4 uudpoBUsa-
IIMY, IPUYMH U LieJiel NosBJeHUs IUPPOBON 3KOHOMHUKH, 3aKO-
HOMEPHOCTeN pa3BUTUA LHUPPOBOM 3KOHOMHUKH B HaJOrOBOU
cdepe, MeTOAbI U MOAXO/bI, KOTOpPblE IOMOTalT PyHKIMOHUPO-
BaTb UU(PPOBON IKOHOMHMKHU B Hallle BpeMs, a TAKXKe PacCCMOTpeThb
CTPYKTYpy Ipoliecca MoJieJINpPOBaHUSL.
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finance and tax, and others. The digital economy has begun
to develop in all highly developed countries, including Russia.
The development of the digital economy in the country plays
a crucial role, since today the issues of national security and
global competitiveness are relevant, in which it participates. Many
elements of the digital economy give a favorable result, as mass
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transfer of documents to digital media is carried out, the use
of electronic signatures is available, and interaction with gov-
ernment agencies in electronic form is becoming increasingly
widespread. The purpose of this article is to analyze the causes,
goals, objectives of digitalization, the causes and objectives
of the emergence of the digital economy, the patterns of devel-
opment of the digital economy in the tax sphere, methods and
approaches that help the digital economy function in our time,
as well as to consider the structure of the modeling process.

BBegeHue

MudopmanoHHble TEXHOJOTUU U MHHOBAIMOHHbIE OHW3HEC-MOJENU CUJIbHO MEHSIOT
Mup. biarogaps pasBUTHUIO TaKUX TEXHOJOTUU CTAHOBATCA 3aMeTHBI yJy4dllleHUs U U3MeHe-
HUSI BO MHOTMX cdepax 3KOHOMHKHU. JTU U3MEHEeHUsl BrevaTauTesbHbl. HoBble 1udpoBbie
TEXHOJIOTUM TMOHEMHOTY HAaYyMHAlOT OXBaTbIBaThb BCe XO3SWCTBEHHbIE MPOLECCHI, TO3TOMY
MO/, UX BJHUSIHUEM HauMHAeM MEeHSATbCS caMa CyThb 3KOHOMUKH CTPaHbl. B 60JIbIIMHCTBE CI1y-
4yaeB pa3BUTHE U NMpHMeHeHHWe WHPOPMaIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTHUU MPUBO-
JUT K Pa3BUTHI0O OM3HECOB, K POXJEHHUIO HOBBIX YIpaBJeHYECKUX TEXHOJIOTUN, KOTOpbIe
NPUHOCAT XOPOIlIMe pe3yabTaThl. TpaZuIlMOHHbIE MeTO/ bl BeleHUs SKOHOMHUYeCKHUX Npo1ec-
COB NpeTeprneBarT TpaHCPOpPMALUI0 U U3MeHeHHUs B chepe ONTUMU3ALMH, YCKOPSIOT MpPO-
11eCC Pa3BUTUSA U JOCTHXKEHUS HOBBIX YCIIEIIHbIX pe3y/IbTaTOB.

MogenvpoBanue 6uU3Hec-polecca MpeJjCcTaBasieT 060 mnpouecc Cy6'beKTUBHOIO
npeAcTaBJeHUs paboThl C MOMOIbIO GOpMaTbHOW MOJE/H, KOTOpPask COCTOMT M3 B3aUMOCBSI-
3aHHbIX ONlepaLUH.

CTabUIBHOCTb CEPBHUCHOIO OM3HEca CTasa yXyAlaThbCs B NOCJAeJHEE BpeMS U CBSI3aHO
3TO Cc MdpoBU3aLUel. AKTyaJlbHOW TEMOU /il MHOTHX, B TOM YHUCJIE U /IJI1 aHAJIUTUKOB SIB-
JisieTcsl TeMa [UPPOBOro nepeBopoTa.

[HrudpoBoii mepeBOPOT NPOM30ILIE] BO BCEX OTPAC/SX U CTPAHAX, TOJbKO B KAKHUX-TO PaHb-
1le, B KAKUX-TO MO3Xe, a I,e-TO NPOUCXOAUT U A0 cux nop. CepBUCHBIEe YCIYTH, MeJiia U pasBJie-
YyeHUs NepBble CTOJIKHYJIUCh C [UPpPOBU3aLMeN, 3aTeM OaHKH U TeJIeKOMMYHUKAl[MOHHbIE KOM-
naHuu. [1o MHEHHI0 aHAJIUTUKOB T€ OTPAC/U U chepbl, KOTOPbIE ellle He 3aTPOoHY 1A IuppoBH3a-
1111, 06513aTeIbHO C HEX CTOJIKHYThCS B TOM UJIK KUHOM CTeNEeHU B JJaJ/IbHEUIIIEM.

Ananutuyeckas komnaHus Gartne roBopuT, 4YTo "IUPPOBON GU3HEC — ITO MOSIBJIEHUE
HOBBIX 6U3Hec-MoJesied, 00'beAUHAINX GU3UYECKHH U LMPPOBOU MUpPBI'. A BOT MHEHUE
MIT Sloan Schoolof Management 3akstoyaeTcss B TOM, 4TO LuUdpoBass TpaHCPopMaLUs -
3TO "HCMO0JIb30BaHUE COBPEMEHHbBIX TEXHOJIOTUH /IJI1 KapIMHAJIbHOTO MOBbIIIEHUS TPOU3BO-
JIUTEJIbHOCTH U LIeHHOCTH NpeANpUATUN .

[TocTOSIHHBIN POCT COLMANIbHBIX CeTel, pbIHKA Tra/»KeTOB, AOCTyINa K HHTEPHETY olpe-
JlesisieT pa3BuTue [UPpoBor TpaHchopMallMU NPeATPUATUR, KOTOpast IPOUCXOAUT M3-3a BCe
60J1b11Ier0 UCI0JIb30BAaHUS M0 BCIOY HOBBIX MHPOPMAIMOHHBIX TEXHOJIOTHU M.

[luppoBu3anus npesocTaBasieT BO3MOXKHOCTb KOMIAHUAM 6oJiee 3G PeKTUBHO PYHK-
[JUOHUPOBATh U KOHKYPHUPOBATh, 3aTpavyMBasi IpU 3TOM MeHbllee KOJIM4eCTBO PeCYPCOB.

HanpaBsienvem nudpoBoil TpaHcpopMaLUM SABJASETCS aBTOMaTH3alus, KOTopas Coco6-
CTBYyeT CTAHJAPTU3WPOBAHUIO CUCTEMbI YIIPABJIEHHs], A TaKKe OMU3HEC-NPOIECCOB, a Ce0Ba-
TeJIbHO, IOMOTaeT AOCTAaTOYHO ObICTPO paclIMPUTh ee IpMMeHEHHEe HA MUPOBOM YPOBHE.

C nomouiblo TpaHCcPOpMalLUU OCYLIECTBJSETCS aBTOMaTH3alUsl OU3Hec-Mpolecca
1 3pdeKTUBHOE B3aMMOJENUCTBUE MEXAY yYaCTHUKAMU MPOIecca, a TaKKe aBTOMaTHU3aLUs
KOHKPETHBIX OTZeJIbHbIX ONlepaLuH.

C momouiblo cielMasbHbIX UHPOPMAIMOHHBIX CUCTEM OIepaliMU OCYIeCTBJASAITCS ro-
pa3no ObICTpee U UX BBINOJIHEHHE 00X0AUTCA JelueBJe. Mcnosnb3oBaHMe HHPOPMaLMOHHBIX
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HWHP®OPMAILIMOHHBIE TEXHOJIOTUHN U CUCTEMBbI
UHTEJIIEKTYAJIbHOM OBPABOTKHU JIAHHBIX B YC/IOBUAX HEONPEJEJIEHHOCTU

CUCTEM T03BOJIIET MUHUMHU3UPOBATh KOJHUYECTBO AOMYCKAeMbIX OIMIMOGOK U JOOUTHCS MaK-
CUMaJIbHOU 6bICTPOTHI BBITTOJIHEHHS T€X UJIM UHBIX OTlepalUH.

UtoroMm 1nudpoBol TpaHchopMalMu CEpBHUCHOrO Mpoliecca 0OHApYKHUBAeTCs COBOKYII-
HOCTb UHGOPMAIMOHHBIX CEPBUCOB, KOTOPbIE HENMOCPE/ICTBEHHO OCYILEeCTBJSIOT B3auUMOJen-
CTBUE JIPYT C IPyTOM B X0/le KaKoro-au6o npoiecca. K npumepy, 60J1bl10e KOJIMYECTBO GAHKOB
yPKe TIPOBO/JISAT OI[EHKY 3aeMIIMKaA 6e3 KAaKOT0-JIM00 y4acTHs YeJIOBeKa B JAHHOM IPOIecCe.

Eciu ydyacTue desioBeKa HEBO3MOXHO MOJHOCTbIO MCKJIIOUYUTDH IPU COBEPILIEHUM Olle-
pauui, Torga nudpoBU3aIUs OCYIIECTBJISIET TOMOIIb B MpOIlecce COOGUPaHUS JAaHHBIX, KOTO-
pble B JlajibHEHIIIEM OY/IyT UCIOJIb30BAaThCs MPU MPUHATHU PelIeHUH B ONIEPAaTUBHOM PeXHU-
Me. Takoe BuJ LMPOBHU3AIUKM MOXHO HAOJIIOAATh B chepe YCAYT, 3JeKTPOIHEPTETHUKH,
HedTeA00bIYY U JIIOOOM MPOU3BO/ICTBE.

Heob6xoauMO cKasaTh, YTO y?Ke Ha JAaHHBIA MOMEHT IIMPpPOBHU3aLIMS Pa3BUJIACH A0 TJIO-
6aJibHBIX MacliTaboB. Co BpeMeHeM Mbl OyieM Bce GJiMKe U OJIMXKe MOAXOAUTh K CyIeCcTBO-
BaHMIO B rpaHUIaX "[UPPOBbIX IKOCUCTEM".

Ceiiyac M0OKHO 3aMeTUThb CABUT B 3KOHOMHKeE, KOTOPbIM COCO6GCTBOBAI M3MEHEHHIO
OTHOLIEHUN MeXJy KOMIIAaHUSIMU Ha pbIHKe. Pa3BUBaIOIUICS UHTEPHET MO3BOJISIET B3aUMO-
JleiCTBOBaTh HA PbIHKE Cpa3y BCeM y4YaCTHHKAM Mpoiiecca: pupmaM, NoTpebUuTessiMm U Jipy-
ruM. JlaHHOe siBJIeHHe 00'bSICHSETCS TEM, UTO MOSABJISAITCSI HOBbIE "IUPOBbIE 3KOCUCTEMBI",
KOTOpPbIe U 06'beIUHSIOT MPUJIOKEHUSI, TIPOU3BOAUTE/EH, IaTGOPMBbI, TOCTABLUUKOB.

1. UHPpopmanuoHHasA UHPPACTPYKTYypa U UHPOpMaLMOHHAsA 6€30MaCHOCTb
KaK IJIaBHbIe IPUOPUTEThI Pa3BUTUA HUPPOBOA IKOHOMUKH

Tak kak ceildyac MPOUCXOAUT MeEpPeXo]; OT UHJYCTPUATBHOTO K UHPOPMAIMOHHOMY
006111eCTBY, TO B&XXHOCTb MHOpPMaLUU NpeobaZaeT HaJ, MaTepUaJbHbIMU U 3HEpTreTHue-
CKMMHU pecypcaMu.

®pa3za H. Poruinabaa "Kto Biageet unpopmanueit, TOT BjaaZeeT MUPOM" MOKa3bIBaeT
BCIO CyThb COBPEMEHHOI'0 MHpa, TaK celyac oueHb BaXKHYIO poJib UrpaeT UHPOpMaLMOHHOE
pa3BUTHE TEXHOJIOTUHN U chepbl HHPOPMALIMOHHBIX YCIYT.

MO>XXHO CcKa3aTb, YTO Ha CEeroJHSLIHUNA MOMEHT CTPYKTypa 3KOHOMMKH CTAaHOBUTCS
Jipyroil. bosibiioe KoJM4eCTBO paGOTHUKOB PabOTAIOT y»Ke He C NMPOU3BOJCTBOM TOBApOB,
a 3aHMMalTCA NoJyYeHUueM M 06paboTkoi MHbopManuu. bosabliol yaenbHbI Bec Tenepb
HAauyMHAeT 3aHUMaTb LUpPOBasi S3KOHOMHKA, KOTOpas MpHUIJIA HA CMEHY TPaJAULUOHHOH,
K KOTOpOI/I BCe MPUBbIK/IK. OHA XapaKTepu3yeTcs epeyHeM 0CO6eHHOCTEH:

B POJIM TJIaBHOT'O pecypca BbICTyINaeT MHGOpMaLUs, KOTopasi HUKOT/Ia He 3aKaHYUBaeTCs;

— IJIOLIA/JIKH, 3aHUMaIOIUecsl TOpropjei B UHTepHeTe He OrpaHUY€eHbl;

— KOHKYPEHTOCHOCOOHOCTb He 3aBUCUT OT pa3MepOB KOMIIAHUHY;

— HCNOJIb30BaHUE OJJHOTO M TOTO >Xe pecypca MOKeT MPOUCXOJUTh HeorpaHUYeHHOe
KOJIMYECTBO pas, YTOObI JOBECTHU INpeJijlaraeMble YCJAYTH 10 TOTPeOUTEIs;

— HHTEpPHET BBbICTyNaeT B KaueCTBe OrpaHUYHUTe s TOJbKO TOBOPS 0 MacluTabe onepa-
[IMOHHOM e TeJbHOCTH;

TepmuH "UHPOpMaAIMOHHOE 06IECTBO" CTAJI0 MCIOJb30BAaThCS CO BTOPOUM MOJIOBUHBI
1960-x rozoB. B kauecTBe nepBOOTKpbIBATEJIS JAHHOTO TePMHUHA BBICTYNUJ SNOHCKUH yue-
Hbli 10. Xasgmu. OH onpenesnss MHGOPMALMOHHOE 06LIEeCTBO, KaK MPOLECC KOMIbIOTEepU3a-
IIMY, KOTOPBIA NPeOCTaBUT JIOAAM JOCTYN K HaJleXKHbIM UCTOYHUKAM UHGOpMaLUy, cLiesa-
eT Ux paboTy addeKkTHBHEE, MOCNOCOOCTBYET 0OECIevyeHUI0 BbICOKOT0 YPOBHSI aBTOMaTHU3a-
IIMU POU3BO/ICTBA.

[ludpoBass 3IKOHOMHUKA — 3TO CUCTEMA IKOHOMUUYECKUX, COLUA/IbHBIX U KYJIbTYPHBIX OTHO-
ILIEHUH, KOTOpPbIe CTPOSITCS C MOMOLIBIO UCII0JIb30BAHUS COBPEMEHHBIX LIUPPOBBIX TEXHOJIOT U

Byiarozapsi ucnosib30BaHUI0 LUPPOBON IKOHOMUKHU YBEJIUYMBAETCS BO3MOXHOCTb MC-
N0JIb30BaHUSl COBPEMEHHBIX KOMIBIOTEPHbBIX TEXHOJIOTUH. C IOMOILIBbI0 KOMIIBIOTEPA MOXKHO
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OCYIIECTBJIATh OYeHb MHOTHE Ollepallu: OIJIaYMBATh YCJIYTH, 3alMCbIBATbCS HA MPUEMBI,
NOKyMNaTb OUJIEThl, OCYLEeCTBJASATh NOMCK HEOOX0JUMON UHPOPMALIMK U MHOT0€ IPYTOe.

TengeHUsA pa3BUTUSA UHGOPMAIUU MPOCJIEKUBAETCSA B MOCTOTHHOM YCOBEPIIEHCTBO-
BaHUM KOMIBIOTEPHOW TEXHUKH, CO3/JJaHHUSl MCKYCCTBEHHOTO HWHTeJJIEKTAa U Pas3IMYHbIX
CpeACTB KOMMYHUKALUU.

2. lIlnpposusanus B cpepe HA/IOr006/10)KEHUSA

Jis apdexTHBHOrO GYHKLIMOHUPOBAHUS HAJIOTOBOM CHCTEMbl U ONTUMU3ALUHU HAJIO-
rOBOT'0 a/[IMUHUCTPHUPOBAHUs], HEOOXOAMMO HCI0JIb30BaHUE HAJIOTOBBIMU OpTaHaMU NepeJio-
BbIX UHPOPMALMOHHBIX TEXHOJIOTHH, CHelHaJbHbIX MPOrpaMM, MOMOTAKIUX HAJOTOBBIM
OopraHaM OCYILeCTBJSATb KOHTPOJIb 32 UCIIOJIHEHUEM HAJIOTOBOI'0 3aKOHOAATE/IbCTBA HAJIOT0-
IJIaTeJIbIMKAMH, YIIJIATOW MU BCEX CBOMX HAJIOTOB, C6OPOB U JPYTUX HAJIOTOBBIX IJIATEXKEMN.
Hcxos U3 3TOro, akTyaJIbHOCTb MO€EM TeMbl 3aK/II04YaeTCsl B TOM, UTO 6€3 COBpeMEHHBIX TeX-
HOJIOTMI, HOBEUIIUX MPOrpaMM HEBO3MO>KHO MOBbIIIEHHE KayecTBa MeXaHM3MOB HaJIOTOBO-
ro a/MUHUCTPUPOBAHHS, KOTOPbIEe MPUHOCUIHU 6bl OOJIbIIIME CYMMBbI B GHO/PKET TOCyAapCTBa
Y yJIy4dllasu 6b1 paboTy HaJIOrOBbIX OPraHoB.

JlJ1s1 oCylecTBJIEHUS] TAKUX llesied Obla CO3/laHa aBTOMAaTU3UWpOBaHHAst UHGOpMaIU-
OHHasl CUCTeMa, NpeJiHa3HAaYeHHeM KOTOPOU SIBJIsIeTCsS aBTOMaTHU3alusl GYHKIUH BCeX YPOB-
Hell HaJIoroBOM ciyx0bl MO obecrevyeHU0 c6opa HAJIOTOB, COOPOB U APYTrUX 06s13aTebHbIX
IJaTeXxel B OHO/DKET, MPOBeJeHHEe KOMILJIEKCHOTO ONEepaTHBHOrO aHa/iM3a MaTepuasioB
10 HAJIOro06JI0XKEHHI0, a TaKXKe obecriedyeHre HaJOTOBbIX OPTaHOB Ha BCEX YPOBHSX U JAPY-
T'MX OPraHOB yNpaBJ/eHUs OJHOLL,EHHOHN JOCTOBEpHOM HHPOpMaIireil.

ABToMaTu3MpoBaHHas UHPopMaluuoHHas TexHoJsiorus (AWUT) B HasmoroBou cucreme -
3TO COBOKYNHOCTb 00'be/JHHEHHBIX MEeTO/|0B, UHGOPMAIMOHHBIX MPOLECCOB U NPOrpaMMHO-
TEXHUYECKHUX CPEeJACTB, obecrneynBaKwIIUX cO60p, 00pabOTKy, XpaHEHUE, pacIpOCTPaHEHUE
¥ 0TOOpakeHHue MHGOPMAIIUHU C IIeJIbI0 CHXKEeHHUS TPYA0EMKOCTH MPOLIECCOB UCIOIb30BaHUS
MHPOPMAIIMOHHOTO pecypca, MOBbIIIEHHUS] UX HAJIe)KHOCTH U ONEePaTUBHOCTH, yMEHbLIEeHHe
3aTpavyeHHOro BpeMeHU Ha 00pabOoTKy U mojydyeHue MHPOpMallUMY, a TaKXKe CHUXKEHUEe U3-
Jlep>KeK HaJIOTOBOT0 a/IMUHUCTPUPOBAHUS.

NHdopMaTHU3aL U OpraHOB HAJIOIOBOU CJYKObI 3aKJ/I04aiach B CHA0XKeHUU COTPYAHU-
KOB HejoporoctosimuMu 3BM M npuHTepaMmu, UCNOJIb30BaHUEM CTaHAAPTHBIX TEKCTOBBIX
pelaKTOpOB, 3JIEKTPOHHbBIX TabJIML, KOTOpPble He ObLJIM CIIOCOOHBI aHAJIM3UPOBATh U pabo-
TaThb C 6OJILLUIMUM NOTOKOM UH(pOPMAIUU U HUKAK HEe MOTJIU ObITh CIOCOOHBIMU CO3/ATh €/ U-
Hoe MHPOPMAIMOHHOE NPOCTPAHCTBO. JJaHHAs TEXHOJIOTHSI MOTJIa TPUMEHSThCS TOJIBKO MPHU
paboTe c He6OJIbIIUM KPYTroM HaJIOrOMJIATe/bIIUKOB.

Hcxo g U3 Bcero aToro HayaJlu co3/jaBaTh IPOrpaMMBbl /iJ1s1 pETHOHAIbHBIX U

MYHHUIMIIAJIbHBIX HAJIOTOBBIX OpraHoB. KaXkbIM peruoHoM pa3pabaTbiBaJUCh U MOCTe-
IeHHO BHEeJPSJINCh KOMIIbIOTEPHbIE TEXHOJOTUX U aBTOMAaTU3UPOBaHHasi MHPOPMaLMOHHAs
cuctema ®PHC Poccuu B cOOTBETCTBUHU C MECTHBIM 3aKOHO/,ATEJbCTBOM.

ABTomaru3upoBaHHass WHpopManoHHasa cucreMa ®PHC Poccum (AUC "Hanor-3") -
3TO eauHas uH$opmanuoHHas cucreMa ®PHC Poccuny, obecneyrBaronias aBToMaTU3aLuIo Jesi-
TesibHOCTU PenepanbHoit Hasoroso Ciyk6bl Poccun nmo BceM QyHKIUSAM, KOTOpPble OHA OCY-
IIeCTBJISIET, B TOM YMCJIe pUeM, 06paboTKY, aHaIM3 UHGOPMALIUU U MTPeJOCTaBIeHUe JJaHHBIX,
dopMupoBaHre MHGOPMALMOHHBIX PECYPCOB HAJOrOBBIX OPraHOB, CTaTUCTUYECKUX JAHHBIX,
CBeJIeHUM, He06XOAUMBIX JIJIs1 06ecriedyeHUs MOoAePKKU MPUHSTHS YIIpaBJieHUYeCKUX pellleHUH B
cdepe nonHomouuit PHC Poccuu v npefiocTaBieHuss MHPOpPMaLMM BHELIHUM OTPEOUTEISAM.

[Iporcxona0 BHeJpeHHWe HWHTErpUPOBAHHBIX KOMILJIEKCOB, NpeJHAa3HAYeHHBIX [Jif
TEPPUTOPUAJbHBIX HAJOrOBbIX. Takue KOMILJIEKCH], OOecredyuBalolide eJUHYI CUCTEMY
HaJIOTOBOTO aJ]MMHUCTPUPOBAHUSA 0€e3 JaHHBIX M0 HaJOro06JI0KeHHWI0 HaJIOromJaTe s blLiu-
KOB, 06eCre4YrBaloT:
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— aBTOMaTHu3alul0 Bcex QYHKIUUN Mo y4eTy GU3NUYECKUX U HPULUYECKUX JIUL, KOTO-
pble ABJIAIOTCH HaJIOTONJIaTebIIMKAaMH, U HAJIOTOBBIX NOCTYIJIEHUH;

— TMOBbIIIEHUE TPOU3BOAUTENBHOCTU TPYAA;

— nHbOpMalMOHHOE B3aUMO/IeMCTBHE BCeX CTPYKTYPHBIX MoApa3/esieHHi HaJloroBon
CUCTEMBbI MeX/y CO60M U C BHEIIHUMHU BEIOMCTBaMU;

— ONEepPaTUBHOCTb U TOYHOCTb pe3y/bTAaTOB y4eTa, aHa/lh3a U NPOTHO3UPOBAHUS
HaJIOTOBBIX OCTYIJIEHUH;

— BBICBOOOXK/jeHHE TPY/IOBbIX PECYPCOB, 3aHATHIX HENPOU3BOJUTEJIbHON U TeXHUYe-
CKOU paboToM.

HeoTbeMyieMbIM yc/lOBUEM pPabOThl yCOBEPIIEHCTBOBAHHONW HWHCHEKLUHM MECTHOIO
YPOBHS SIBJISI€TCS NPUMEHEHHEe COBPEMEHHOW 3JIEKTPOHHOW CUCTEMbl 0OPAaGOTKHU JaHHBIX
(30/). C moMolublo AAHHON CUCTEMBI MOJIYYalOT MEPBUYHbIE JAaHHbIE O HAJIOrOMNJATe /blHU-
KaxX ¥ onepanusx, IpOBOAUMbBIX UMU, KOTOPbIe B NocjaeAcTBUe GOPMUPYIOT UHPOpPMALMOH-
Hyl0 6a3y. K Takoll 6a3e AaHHBIX MOJY4YalOT AOCTYN BCE COTPYAHHUKHU HAJOTOBBIX OPraHOB.
NHdpopManoHHoe o6caykuBaHue QYHKIIMOHA/TbHBIX NOApPa3/ieJleHUH CUCTEMOMN 3JIEKTPOH-
HOU 06pabOTKU JIaHHBIX 0OecrneyrBaeTcsl paboTOW B 3TUX NOJpa3/esieHUsIX aBTOMaTU3UPO-
BaHHbIX pabouux MecT (APM).

APM ocyuecTBJsieT npyueM U 06paboTKy MOCTYNAUIMX JAHHBIX, aHAJIM3, IPOrHO3UPO-
BaHUe, UHPOPMALIMOHHOE 00C/IY>KMBaHHUE, BbIMYCK HAJOTOBbIX JOKYMEHTOB U aJIMUHUCTPU-
poBaHue. Takxe CyllecTByeT TakKas KaTeropus Kak "Zjocbe HaJoromJaTesblidKa", ¢ MTOMO-
b0 KOTOPOU CO3/Jal0T 6AHK JAaHHbIX 0 PU3UYECKUX U HPUJUUYECKHUX JIULAX, SABJSIOLNXCS
HaJIOTOIJIaTe/bIIMKaMHU. B 2/IeKTpPOHHOM BH/Je HaKallJIMBaeTcs Bcsl MHGOpMalMs 0 HAJOro-
IJIaTesbIIUKE U ero onepanusax Kak CTaTUCTUYECKOT0, TaK U aHAJIMTUYECKOTO XapaKTepa.

30/l kak cucteMa BecbMa obJsieryaeT "y4yacTh" MHCIEKTOPOB HAJIOrOBOM, 0CBOOOXK/as
UX OT OIPOMHOr0 06'beMa paboThl MEXaHUUECKOT0 XapaKTepa. biiarogaps aToMy y HUX MOSIB-
JisileTCcs BO3MOXKHOCTb U BpeMs [iJisl IpoBeJieHUs 60Jiee KayeCTBEHHOUW paboThl no HH$OpMa-
[JMOHHOMY 00C/Iy>KMBAaHUI0 HAJIOTOMJIaTebIUKOB.

Cuctema 30/l uMeeT CBOU HanpaBJIeHUSI pa3BUTHS, OCHOBHBIMH U3 KOTOPBIX ABJSIOTCS:
COBEpLIEHCTBOBAaHWE CUCTEMBbI NMpeJCTaBJeHUsI HAJIOTOBOM OTYETHOCTHU B 3JIEKTPOHHOM BU-
Jle, opraHvsanys MHPOPMaLMOHHOTO B3aMMO/IENCTBUSA C TOCYAAPCTBOM B JIUIE UX OPraHOB
BJIACTH, peanr3anusi 3¢PeKTUBHOIO 0OMeHa JaHHBIMU Mexy BefdoMcTBaMU. [IpumeHeHne
30/l crioco6CcTBYyeT B 3HAYUTEJIbHOW Mepe yBeJUYeHHI0 COOMPAEeMOCTH HaJIOroB. McnoJsb30-
BaHHe 3JIEKTPOHHON 06pabOTKU JJaHHBIX CIIOCOOGCTBYET MOBbIIIEHUI0 YPOBHS 3P PEeKTUBHO-
CTU pabOThI HAJIOTOBBIX OPraHOB.

B pamkax MoBbIIlIEHHUS] HAJIOTOBOTO aIMUMHUCTPHUPOBAHUS, COBEPILIEHCTBOBAHUS B3aUMO-
JIeCTBUSI C HaJIOTOIIaTeJbIIMKAaMHK, a TaKXKe MMOBbIllIeHWe YPOBHSI KayecTBa 0OC/IY:KHUBaHUSA
rpaXk/iaH, ObLI CO3/laH "JIMYHbIA KaOWHET HaJIOTOIIaTe/bIIUKa" i GU3NUecKUX Jull. Takxke
ObLIO pa3pelleHO0 UCNOJIb30BaHUeE IpaXKJaHaMU CBOeU 3JIeKTPOHHOU noAnucH. /s nosib30Ba-
HUS JaHHOW NPOTPaMMOM, HaJIOTOIJIATENbIUKY — QU3UYECKOMY JIUIY HEOOXOAMMO aBTOPU30-
BaTbCs B JIMYHOM KabuHeTe. [locsie yero noJib3oBaTe/ib MOXKET CIOKOMHO M0JIb30BaThCSA JJAHHON
CUCTEMOU U OCYLIECTBJISATb BXOJ, C TOMOIIbIO 3JIEKTPOHHOU MOAKCH WX JIOTUHA U NTApPOJIs.

JlaHHBIM cepBUC MMeeT psij, NPEUMYILIECTB KaK JJis HaJoromjaTesblUKa, TaK U AJis
HaJIOTOBBIX opraHoB. Pusuyeckoe Jan1o, 6J1arojapsi UCIOJb30BaHUIO JAHHOTO CEPBUCA, KO-
HOMMT 00JIbLIIO€ KOJIMYECTBO CBOET0 JIMYHOTO BpEMEHHU, HE TPATS €ro Ha Bble3/, B HAJIOTOBYIO
MHCIEeKIMI0. 3aii/is1 B CBOM JIMYHbIA KaOWHET HaJIOrOIlJIaTe bU[UKA, MOXXHO YBU/ETh BCIO UH-
dopMalnyio 0 HaUMCIEeHHBIX U YIJIaYeHHBIX CyMMax HaJIora, TaKXKe HaJlu4ue NeHuw, Irpados
Y MlepenJiarT, U 3aJ0/DKeHHOCTU. Tak:ke Ha/10ronJaTe bIMKy, 3aperuCTPUPOBAaHHOMY B 3J1€K-
TPOHHOM CepBHUCe "JTMYHbINA KaOWHET HaJIoroIJaTe/blIMKa" NpeoCTaB/AseTCs BO3MOXXHOCTb
IOJIyYUTh BCIO HEOOXOJUMYI0 UHPOpMaLMI0 06 00'beKTaxX ABUKMMOTO U HEABUKMMOTO UMY-
llecTBa ¥ MHoroe jpyroe. biarozapsa JaHHOMY CepBUCY TpaXJaHe CKauMBalOT NPOrpaMMbI
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JIJIS1 3all0JIHEHUS HaJIOTOBBIX JieKJapalUi MO0 HaJIOTy Ha J0X0Abl PU3UYECKUX JIML, MOTYT
YBUJETb U HM3yYUTb BClI0O MHOpMalMIo, KOTopass MMeeTcs npo Hero B EauHOM rocypap-
CTBEHHOM peecTpe HaJIOrolJjaTe bIIUKOB U Ap. [IpenMylecTBOM MCIOJIb30BaHUA JAHHOIO
CepBHCa HaJIOTOBBIMU OpPraHaMM 3aKJIloYaeTcsl B 06JierYyeHUM B3aUMOJENCTBUA C PpU3UYe-
CKUMM JMLaMu. Yepes JIMYHbIM KaOUHET JIETKO U OBICTPO MOXHO MOJYYUTb HY>KHYI0 UHPOP-
MalMi0 0 HaJIOTolJaTesbIUKe, U TIOMUMO 3TOr0 M3BECTUTbH €ro O He MOralleHHOW CyMMe
HaJIora, nepenJaTe WiM Ha4UCJeHHbIX Tpadax U NeHHU.

BceMm 3TuM nponeccaMm JaeT pa3BUTHe aBTOMaTHU3alMs M CTaHAApTU3aLUsA NpoLeayp
HaJIOTOBOTO KOHTPOJIf, @ TaKXXe MHTerpauus 6a3 JaHHbIX 0 HaJOroIJaTe bIIMKax U KX I0o-
CTOSIHHOe coBeplueHcTBoBaHUe. HecoMHeHHo, ®PenepanbHasg Hajoropas ciayxb6a BMecTe
CO BCEMU CBOMMHU MOJpa3fesieHUsIMH 3aUMCTBYeT HAaKOIIJIEHHBbIM ONBIT 3apy0eXHbIX CTpPaH
Y NIBITA€TCA €ro BHEJPUTD.

Taxke 60/1bLION HWHTepec BbI3blBaeT elle oAHAa HHPOpManuoHHas cucteMa "KoM-
IJIEKCHbIE cBeJleHUs 0 HasoromaaTesnbinukax' (MC "KCHIT"). JlaHHyt0 cucTeMy UCHOJIb3YIOT,
KorJia Heo6X0ZJMMO B KpaTyaMllive CPOKH MOJYYUTb CBeJleHUs O NMpeANPUATHUAX, ee KOHTP-
areHTax U adpPuUINPOBAHHBIX JMLaX. UCTOYHUK MHPOpPMALUU O HaJOrolJjaTesbLIUKe CO-
CTaBJIAIOT JlaHHble, IpeJloCTaB/seMble Ha 3Talle PerucTpalyy, BHECEHUU HU3MeHeHUU
B y4peJiuTe/IbHbIe JOKYMEHTBI, a TaKXe NP cZjaye OTYETHOCTH. Takue cBeleHUs NOMOTaloT
O6bICTpee HAWUTU HEOOXOJMMOr0 KOHTPAareHTa, KOTOPbIM HY>eH JJ1s1 IPOBe/leHUs1 IPOBEPKHY,
a TaK»Ke BBbIAABJATD CXeMbl C y4aCTHUEM OJHO/HEBOK.

Cnenyromet ”HPOPMAMOHHOM CUCTEMOM, 0 KOTOPOM Cje/lyeT paccKasaTb, SBJSETCS
"CAU-B". Onpepenswomumu GyHKIMSAMU TaKOKW MPOTrpaMMbl SIBJASAKTCA COOp M OljeHKa Mo-
CTyNamwlleil OT BHEIIHUX UCTOYHUKOB MHbopMauuu. [loJy BHEIIHUMU UCTOYHUKAMU MOHHU-
MalT TPeTbHUX JIML, K KOTOPbIM OTHOCATCS PErMCTPUPYIOLLHE OpraHbl, IPaBOOXPaHUTE/b-
Hble OpTraHbl, a TaKXe J100ble GU3NYecKUe JUIA.

Bce cucTeMbl, lepeyncieHHble Bbllle, CHOCOOCTBYIOT HapallMBaHHI0 HHPOPMaLMOHHOU
6a3bl, IOMOTAIOT ONTUMHU3UPOBATh BpeMsi paOOTHUKOB HAJIOTOBOM CJY»KObI, YTOObI MPOBO-
JWTh O0Jiee KauyeCTBEHHYI0 paboTy C HaJoOromJjaTesbIMKaMy M IO UX onepauusM. Hemo-
CpPeACTBEHHO C MOMOILbI0 UHPOPMALMOHHBIX IPOTrpaMM yBeJUYUBAETCS KaueCTBO pabOoThI
HaJIOTOBBIX OpraHoB. Tak)ke Takhe MpPOrpaMMbl OKa3blBalOT 3HAYUTEJbHYIO MOMOIb MPHU
OCyILleCTBJIEHUH HAJIOTOBOTO KOHTPOJIS, NOATBEPk/Aasd JOCTOBEPHOCTb CBeJEeHUM O IpoBe-
JleHHbIX HaJIOTOBbIX IPOBEPKaX.

3. [Iponecc MoAe/IMPOBAHUA KaK HUK/INYECKasA CTPYKTypa

MeToi0/10THSI MOJEJUPOBaHUs MPeAOCTaBJIsIeT OTPOMHble BO3MOXXHOCTH pPa3BUTHSA
M COBepIIEeHCTBOBaHUs 00beKTa HcciaefoBaHUd. [loHATHe "Mojenb" mpeacTaB/seT co60M
061IeHayYHbI TEPMUH, KOTOPbIK MOKeT 0003HAa4yaTb U abCTPAKTHbIA OOBEKT MCCJe/0Ba-
HUs, U pusnyeckuil. [log MogenMpoBaHreM Moipa3yMeBaeTCsl MPOIecC NOCTPOEHUs, U3yde-
HUS, a TaKXKe HCIO0JIb30BaHUsI Mojiesiel. B mpoiecce Mo/ie/IMpoBaHUsl UCIOJIb3YIOT MOCTpoOe-
HUe abCTpaKU UK, BblIBMXKeHHE HAy4YHbIX THIIOTE3, MOJBeJleHHe UTOr0B, KOTOpble BKJIIOYa-
I0TCS B BbIBOJ, U JApyrue npoueccbl. C Ipyroid CTOPOHbI, MOJieJib NpeJICTaBJsIeT CO60M UH-
CTPYMEHT, ONMUPAIUICSA HAa KOHLENIMH, KOTOPbIA UMeeT OPUEeHTHP Ha yIpaBJieHHe 06beK-
TOM UccefoBaHus. [Ipy 3TOM nporHocTuyeckass GyHKIUSA NOAYUHSETCS LieJIsIM yIpaBJieHuUs.

MojiesiupoBaHue — 3TO eJMHCTBEHHbIN CMIOCOO, KOTOPBIHM M03BOJISIET CUCTEMATU3UPOBAHO
IIPOCMOTPETh BAapHUAHTbI 00'bEKTAa UCCAeJ0BaHUSA B OyayleM. Takol crnoco6 Mo3BOJISET ellle
CIPOTrHO3MPOBATh MOC/E/CTBHUS aIbTEPHATHUBHBIX PELIEHUH, 1JIs1 TOTO YTOObI UX CPABHUTb.

Cyl1iecTByeT COBOKYMHOCTb TPe6OBaHHM, KOTOPBIM A0JKHbI OTBeYaTh MOJENU NMPHUHS-
THs pellleHUH, TPUMEHSIOIUXCS B NpolLiecce ynpaBJeHHUs:

— B MOJIeJIM JI0/IKHBI OBITh YYTEHbI BCe I'JIaBHble CTOPOHBI U B3aUMOCBSI3U 0O'bEKTA,
KOTOPBIN U3y4aeTcs;
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— 3ajlaya UCC/eJ0BaHUSA A0/KHA HAXOAUTh OTPA’KeHHEe B MO/IeJIH;

— CcO3/,aHHas Mo/jieJib 06s13aHa MPeJOCTaBASITh BO3MOXKHOCTb B ONpe/ie/IeHUU BCeX He-
06X0/IMMBIX MOKa3aTesied 00'beKTa UCCIeIOBAHUS U /1aBaTh peaKlMI0 HAa U3MeHeHHUs, KOTO-
pble MOTYT IPOU30UTH;

— CO3/laHHYI0 MO/JieJIb He06X0JUMO C03/jaBaTh TaK, YTOObl OHA ObLJIa NPOCTOM, MOHSAT-
HOU, y/J0OHOU B MCIIOJIb30BAHUU U HE COJlep>KaTh BTOPOCTENEHHBIX CBSI3€EM.

Knacc ugeanbHbIX MoJiesiell cocTaB/IsieT MaTeMaTUYeCKUe Mo/Jesiu. B Takoil Mozenu uc-
c/ielyeMbli 00'bEKT MOKa3aH C MOMOIIbI0 a6CTPaAKIMH, KOTOPble OTPAXKAIT 3aKOHBI MPUPO-
Jibl, COBOKYITHOCTh MaTeMaTHYeCKUX 3aKOHOMEPHOCTEeH, CBOMCTBA U MHOTOE JIpyTOe.

CnoxkHble Mozies i GOPMUPYIOTCSI MHOTOYPOBHEBO C HECKOJIBKUMHU YPOBHSIMU BJIOXKEH-
HOCTU. TakKe B KaXKZIOM YPOBHE MOTYT OCTABaTbCsl HECKOJIbKO PAa3HbIX MOJesel, HO U JJIs
HUX, TaK CKa3aThb, MPUHIUI "MaTpewKu" 6yeT nprueMaeM.

[Iponecc cobupaHusi, coeIMHEHUs] BCel MOJieJIM BOEJUHO SIBJISIeTCS MPOLeCCOM MOCTe-
MIEHHOT'0 MOBBIIIEHUS YPOBHS GOpMaU3aLUU MOJEJIH.

C NOMOI1IbI0 COOTBETCTBUSA MOJTYYEHHON MOJie/Id Tpe6GOBaHUSAM, NPebsBJIsIEMbIM K pe-
3yJIbTaTaM UCC/Ie/IOBaHUs YCTAaHABJUBAETCSI Ka4yeCTBO ONMCAHHUS 06'beKTa, KOTOPbIN 6bIJI UC-
CJIeZIOBaH C MOMOIIbI0 MOie/Id. [JTaBHbIM MPUHIUI MOJIeJTUPOBAHUSI COCTOUT B TOM, UTO MO-
JleJib 1I0JDKHA TOYHO OTpakaTb McCCaelyeMbli 06'beKT U ObITh Y0OGHOU B MCIOJIb30BAHHUM.
OfiHOM U3 LIeHTPaJIbHbIX 33/1a4 MOJIeJIUPOBAHUS SABJISIETCSA 33/1a4a IPeI0CTaBJIEHUS CUCTEMbI
B BUJIe MOJieJId B 6oJiee MPOCTOM BHU/JIE, KOTOPbIM MO3BOJISET Jierye, ObICTpee U MOHSTHee
YHCJIEHHO peaJIi30BaTh ee C MOMOIIbI0 BbIYUCIUTENbHBIX CpecTB. Eciu mpob6sieMa, KoTopasi
Mo/iBep>KeHa U3Y4YEeHHI0, OKA3bIBAETCS BeChbMa CJIOXKHO, TO OHA MOXeET 6bITh pa3buTa Ha Co-
CTaBHbIE YAaCTH, KOTOpPble 06pa3y0T YPOBHH, JOCTYIIHbIE AJI1 IPUHATUS pelleHU.

Moseny npuMeHSTh HEOOX0JJMMO, TaK KaK HEMoCpeICTBEHHOe HCCeloBaHHe 06beKTa
MOKET He MpeCTaBASITbCS BO3MOXHbBIM WJIM TPe6OBaTh 6OJIbLIMX 3aTPaAT U YCUIHM.

BblesI10T ciieAytolye 3Tanbl MOJleJTMPOBAHUA:

[lepBblit 3Tan. [logpazymMeBaeT Ha/IMYMe HUCUYEPNbIBAKOIIMX 3HAHUN 06 06'beKTe HcCie-
JloBaHUs. [losydeHHbIe 3HaHUS JJOJKHbI OTpaXKaTh BCe HEOOXOAMMble XapaKTEPUCTUKU 06'b-
eKTa Uccie/loBaHus. B co3/laHUM U NIPUMEHEHUHU MOJIEJIU HET CMbICJIA, €CJIM OHA OYE€Hb CHUJIb-
HO OTJIMYAeTCs OT OpuUrhHaja. TakuM o6pa3oM, YTOObI UCCAEA0BATh OJHU XapaKTEPUCTUKHU
M3y4yaeMoro 06’beKTa, Hy»KHO 0TKa3aThCs OT U3yyeHHUs Apyrux. Mcxoas us atoro, Mojesib 3a-
MEHSIET OPUTHHAJ TOJIbKO B HEKOTOPOM CMbICJEe, OJJHOOOKO, orpaHudeHo. OJUH 00'bEKT MO-
’KeT ONMUCBhIBAThCS HECKOJIbKHUMHU MOJEJISIMU MO0-pa3HOMY ero JieTajJu3vpyloliue, a Apyrou
TOJIbKO OJHOU. KaXkAip1¥ cy4yail paccMaTpuBaeTcsl MHAUMBHU/IYalbHO.

BTopoii sTan. Ha aHHOM 3Tame Mo/Jie/ib ONpesieisieTcs yKe B KaueCTBe CaMOCTOSITE b-
HOT'0 00'beKTa UccaeoBaHus. [IporieccoM, NPOUCXOAAIMM Ha JAHHOM 3Tale, MOXeT SIBJSTh-
c MOJieJibHbIM 3KcliepuMeHT. [Ipy TakoM 3KcepuUMeHTe HcCCJe/joBaTesieM OCO3HAaHHO Me-
HSIIOTCSl YCJIOBUS MTOBEJIeHUsI MOJIeJIU U ee paboThl. UTOroM npoBejieHUs1 JAHHOI'O 3TaMna siB-
JIleTcs NpUuobpeTeHre NONOJHUTENbHbIX 3HAaHUNU 06 00'beKTE, KOTOPbIN U3y4yaeTcs.

Tpetuit aTan. Ha faHHOM 3Talle NMepeHOCAT MOoJyYeHHbIe C TOMOILbI0 MOJe/IM 3HAHUS
C caMO¥ MoJiesIu Ha MoJeupyeMblid 06'beKT. [losiydeHHble 3HAaHUSI HEOOXOMMO KOPPEKTH-
pOBaTh C y4E€TOM TeX XapaKTePUCTUK M3y4aeMOro 00’beKTa, KOTOPbIe ObLJIM He YUYTEeHbl WU
npeTepresy U3MeHeHHUs IPU CO3/JaHUU MO/IEH.

YeTBepThid 3Tan. JJaHHbIN 3TaN npejnoJaraeT NpoBepKy 3HaHUN, KOTOpble ObLIX MO-
JIy4eHbI C TOMOIIbI0 MOJIE/IU, U UX IPUMEHEHUE JIJis BbIBeJleHHU S 0000111at011eld TEOPUH.

MosieiipoBaHue SIBJSIETCS MPOLECCOM IIUKINYECKUM, 6y1aroapsi HUKJIAYHOCTH MOXKHO
BHOCUTb NONPAaBKH U U3MEHEHUSI HAa IepBOM I[MKJIe, HA BTOPOM CHOBA U TaK Ha Ka)KJJOM I[UK-
Jie UCTIPABJISATh HEJJOCTATKU.

MogenMpoBaHUe TaKXKe MOXET MPeCTaBJIATh CO60M MOBTOPSIOIIMIACA 3aMKHYThIN Mpo-
11eCC, KOTOPbIN MOXKET MEPEHOCUTD LieJib, IOTPEOHOCTD, 3aMbICeJT B ONpe/e/IeHHbIA pe3y ibTarT.
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[Ipy mpuMeHeHHUU METOJ0B MO/IeJIMPOBAHUSA /ISl aHA/IM3a KaKOro-Jn60 06'beKTa, HyX-
HO 0CO3HaBaThb TOT GaKT, UYTO KOJHUYECTBEHHble METO/Ibl CAMM 110 cebe He pellaloT BCce Npo-
6J1eMbl, KOTOPbIA [0 UTOTY MOT'YT BO3SHUKHYTb Y aHAJIMTUKA WM pellawilero auna. Takxke
Ba)KHO IIPaBUJIBHO U BCECTOPOHHE OLleHWBATb CUTyalMI0. [Ipy M3y4yeHUH CJI0KHBIX BOIIPOCOB
BO3HHKAET 00JIbII0e KOJIMYECTBO GPaKTOPOB, 4aCTb KOTOPBIX MOKeT OBbITh He YYTeHa IpHU Co-
3/laHUU Moziesid. Helb3s MCK/II0YATh U TOT GAKT, YTO Pe3yJIbTAaThl MOTYT OBITh MO/BEPKEHbI
OTKa3y 3auHTEepPeCOBAHHOM CTOPOHOMW, [ KOTOPOM MNPOBOAWJICA OMNBbIT, 3KCIIEPUMEHT
no o6bekTy. Moaenb, cbopMUpoBaHHAs KBaTUPUIMPOBAHHBIMU ClELIMAJUCTAMK, KOTOpas
YYUTbIBAeT HauboJsiee BOXKHbBIE U IJIaBHble CTOPOHBI, BJAUSOLME Ha pe3y/bTaT, MOXKET J,0CTa-
TOYHO MOJIHO 3aTPOHYTb Ba)kKHbIe CBSI3H, KOTOpbIe CylLleCcTBYIOT y ¢pakTopoB. Ho Hesb3d 3a-
ObIBAaTb O TOM, UTO MOJeJIb CJAYKUT B KayeCcTBe MOMOILHHUKA /JJis1 BbIJBU)KEHHUs BbIBOJIOB
M UTOIOB, a He J0/DKHA MOJIHOCThIO NMOJMeHATh UX. Kak NpYHUMMaTh OKOHYaTeJbHOE pellle-
HUe Oy/ZieT 3aBUCeTb HENIOCPEACTBEHHO OT CaMOT0 YeJloBeKa.

3akjIyeHue

[lndpoBu3aLMI0 MOKHO CYUTATh HA COBPEMEHHOM ypOBHe MHPOPMALMOHHOW peBOJIIO-
nuel. Ee 0co06eHHOCTBIO BBICTYNAET BCe 60JIblliee HCIOIb30BaHUE 3HAHUM B IUPPOBOM BU/IE.
[ludpoBusanusa NpoxoAUT BO MHOTUX cdepax »KU3HM U IKOHOMHUKHU U 3aTparuBaeT HauboJsiee
Ba)KHble CTOPOHBI. 3a CUeT BHeJipeHUus IMPPOBU3AL UK BO BCe OTPACIU U cHepbl )KU3HU OY-
JleT pa3BUBATbCsl 9KOHOMHUKA UM KHU3Hb 00IeCTBA B IIeJIOM, TaK Kak pabora craHeT 3dpdek-
TUBHee, ObICTpee, yJ00Hee B MCIIOJb30BaHUHU U C MOMOLLbI0 LMPPOBU3AL MU Pe3yJIbTaThl Oy-
YT focTUraTbces 6bpicTpee. udpoBas 3KOHOMUKA SABASETCSA aKTyaJbHOU TEMOU /11 POCCUM-
CKOM 3KOHOMHKM Ha CErOJHAIIHUH JeHb. Ha JaHHBIM MOMEHT CUCTEMHBIM aHa/IM3 IpeJo-
CTaBJIsIeT MHOXECTBO CIOCOO0B ONMCAaHUS 06'bEKTOB C MOMOLIbI0O MOJeJied U CI0CO60B Bbl-
YHCJIeHUA TeX WJIM MHBIX XapaKTepPUCTUK HCCIeyeMOro 06'beKkTa. ITO CIOCOOCTBYET TOMY,
YTO eCTb BO3MOXXHOCTb pellaTh 3a/jla4y aHa/IM3a B YCJI0BUAX HEONpeleJIeHHOCTH, HEU3BeCT-
HOCTH, IJIAHUPOBAaThb MHOIMe 3KOHOMHYeCKHe Ipolecchbl. [1TaBHOM 3aZjladyeill CUCTEMHOIO
aHa/IM3a OCTaeTCs CO3/aHUe TAaKUX MoJeJield, KOTopble OTpaXaJ/iyd Obl CyIIHOCTb U3y4aeMoro
00beKTa, YTOOBI OHA ObLJIA aZleKBaTHOM. A 1oc/ie 3TOT0 C MOMOLbI0 PAa3JIMYHBIX METO/I0B CHU-
CTeMHOI0 aHaJii3a MOTYT MPOBOJUTLCSA IKCIEPUMEHTDI, KOTOpble O3BOJIAT BbIABUTb peak-
[IMU NOBeJleHUs 00'beKTa NPU TeX WUJIM UHBIX YCJIOBUAX. B fa/bHeNIeM pe3y/ibTaThl KCIIe-
PHUMEHTOB U ONBITOB IIEPEHOCATCA Ha caM 00beKT. [03TOMy MOKHO TOBOPUTH O TOM, UTO OJi-
HOM M3 OCHOBHBIX NIPOLIeJyp CUCTEMHOTrO aHa/I13a ABJASETCS MO/JleJIMpOBaHUe.

CyTb MOJZile/IMpOBaHMS 3aK/I109aeTCA B TOM, YTO IPOUCXOAUT 3aMeHa OpUTrMHaJIa ero He-
CJIO)KHOM CXeMOH, KOTOpas He yYMThIBAaeT HEHYXHYl HUHopMauuio 06 06beKkTe MpH pac-
CMOTpPEHUU KOHKPETHOM mnpobJsieMbl. biarogaps nocTpoeHUI0 HECJI0KHOW MOJieIM OTKpBI-
BalOTCA BO3MOXXHOCTH JJIAl JIy4llero IOHMMaHUs, IPUHATHUA pellleHUH U U3y4YeHUs 00'beKTa.

Jl/1s1 coOBepIlIeHCTBOBAaHUs NPUHSATHE pelleHHWH MO yNpaBJeHYeCKUM pelleHUsM Heoo-
X0JJUMO NIPUMEHATh Hay4yHble MeTO/bl, OJHUM U3 KOTOPBIX U AABJIAETCA MOJleJIMpOBaHUe.

B cTaTbe 6b11M pOaHAJIU3MpPOBaHbl IPUYKHBI, 11eJH, 3aJja4i LUPPOBU3ALMH, TPUUYUHBI
U LieJIM NOsBJeHUs LUPPOBOM 3KOHOMHUKH, MeTOAbl U MOAXOJbI, KOTOpPble CHOCOOGCTBYIOT
pa3BUTHIO [UPpPOBU3ALUM cerofHA. Takke OblJa pacCMOTpeHa CTPYKTypa Ipolecca MoJe-
JIUPOBAHHUS.
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KpUTEPUH ONTHUMAJIbHOCTH
ONTUMaJIbHOE pellleHre
3KCTPEMYM

YCJIOBHBIHM 3KCTpEMyM
rJ7106aJIbHbIM 3KCTPEMYM
ynpasJisieMble HapaMeTpPbl
OrpaHHUYeHHUs

iesieBast GyHKIMSA

AHanM3UpPYyIOTCA BO3MOXXHOCTHM HCIOJIb30BAaHUA MaTeMaTuye-
CKOTr0 MHCTPYMeHTapus Il HaXOXJeHHUs ONTUMAaJbHOrO pelle-
HUA QopMaiM30BaHHOM 33Jja4yuM SKOHOMUKHK (ympaBJieHUA)
B 3aBUCMMOCTH OT BbIOPAaHHOIO KpUTepHs ONTHMM3ALUU
Y C y4eTOM OTpaHUYeHHH Ha ynpasJisieMble TapaMeTpbl. OTMeya-
eTCsl, YTO 3a/la4y, abCOIIOTHO pa3Hble M0 MOCTaBJIEHHbIM LieJIfM,
C TOYKHM 3peHHs MaTeMaTUKU NpeANoJaraloT AOCTaTOYHO CTaH-
JApTHYI0O CXeMy DpelleHus], NepBblil 3Tal KOTOPOW COCTOUT
B ¢dopMasu3auuy 3aZaud U OOGCYKJEHMM CyllecTBOBaHHS
U €IVHCTBEHHOCTU pelleHUA. Pedyb UMJAET He TOJILKO O 3ajaye
Hax0XeHHs HauJIy4llero pellieHus,, HO 1 BO3MOXXHOCTH IPOTHO-
3a C LeJIbI0 U3MEeHEeHMs YNpPaBAdpIIUX napaMeTpos. [lokasaHo,
KaK 3a/jla4ya ONTUMU3AL MU CBOAUTCA K HAXO0XK/AEHUIO IKCTpeMyMa
1ieJleBOW PYHKLMM UM AaKe LiesieBoro GyHkKIyoHaua. Ecan npu
dbopManMsalnuu OTCYTCTBYIOT OrpaHUYEHHUs], TO 3TO OyZeT 3aa4a
HaxoXJeHus 6e3yCJOBHOIO 3KCTPEMYyMa; €C/IM OTPaHUYeHHs 3a-
JlaHbl CUCTEeMOM paBeHCTB, TO 3TO OyJeT 3aZadya HaXOXJeHHd
YCJIOBHOI'O0 3KCTPEMYMa, €CJIM OTpaHMYeHHUs 3aJlaHbl CUCTEMOU
HepaBeHCTB, TO 3TO OyJeT 3aJaya Hax0oXJeHHs IJ100aJbHOro
3kcTpeMyMa. OmnMCaHHBIA MaTeMaTHYeCKHMH HWHCTPYMeHTapuu
60Jiee TOAPOOGHO paccMaTpUBaeTCsA /IS IBYX BXKHBIX 3334 KO-
HOMUKH — ONITUMaJIbHOE YIIpaBJIeHHe pecypcaMy U ONITUMaJIbHOe
pacnpefiesieHre HHBECTULIMH.
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ARTICLE INFO ABSTRACT

geJt’,W"’l ds: ot The possibilities of using mathematical tools to find the optimal
Ogtir:lzllglirt]if:on solution to a formalized economic (control) problem are analyzed
Extremum depending on the chosen optimization criterion and taking into
gf;f;lt‘;?;ﬁirrsm“m account restrictions on the controlled parameters. It is noted that
Controlled parameters tasks that are completely different in terms of their goals, from the
Constraints point of view of mathematics, assume a fairly standard solution

Objective function . . . . ..
) scheme, the first stage of which consists in formalizing the prob-

lem and discussing the existence and uniqueness of the solution.
We are talking not only about the problem of finding the best so-
lution, but also about the possibility of forecasting in order
to change the control parameters. It is shown how the optimiza-
tion problem is reduced to finding the extremum of the objective
function or even the objective functional. If there are no re-
strictions during formalization, then this will be the problem
of finding an unconditional extremum,; if the restrictions are given
by a system of equalities, then this will be the problem of finding
a conditional extremum; if the restrictions are given by a system
of inequalities, then this will be the problem of finding a global
extremum. The described mathematical toolkit is considered
in more detail for two important problems of the economy - opti-
mal resource management and optimal distribution of investments.

BecnosiesHo ocnapuBaTh TOT QaKT, YTO Jit06as [esATeJbHOCTb, NpejloJarammuias ak-
TUBHOE y4yacTHe 4yesI0OBeKa, MpeJCTaBJsseT COO0M LeN04YKy NPUHATHUHN pelleHHH, obecredu-
BaIOLUX ONTUMaJIbHOE yIpaBJieHUe npoueccoM. [[OHATHO, YTO peub UJET 0 HEOOXOAUMOCTH
HAaWTH HauJydlllee pellleHHe U3 BCeX BO3MOXKHbIX BAPUAHTOB AelcTBUSA. be3ycsi0BHO, HaKOII-
JIEHHBIU OMNBIT, TPAJULMOHHbIE HABBIKU WUJIH, B KOHEYHOM CUETE, UHTYUL U IOMOTYT PELIUTh
NpOCTYI0 3ajiady ymnpaBjeHHs. Heo6XxoAMMOCTb UCHOJIb30BaHUSA [Js MPUHATUS peLIeHUH
HAay4YHbIX METOJI0B BO3HUKAET B T€X CJAyYasX, KOr/Jla CJI0KHOCTb CUTYal[UM BbI3bIBaeT COMHe-
HUSl B BbIOOpe MPaBUJIBHOTO pellleHUs. Bonpockl movcka ONTUMa/bHOTO pelleHHsl B CBOIO
ouepesb CTaBAT 33jja4y MpUBJedeHUs (UK XOTs Obl MpeJiCTaBJeHUe 0 BO3MOXKHOCTH MPH-
BJIEYEHHS) K pellleHHI0 MaTeMaTUYeCKOTo HHCTPyMeHTapus. Jlejio B TOM, YTO 3a/layH, Ka3a-
JIOCh ObI, aGCOJIIOTHO pa3Hble M0 MOCTABJIEHHBIM LeJIIM, C TOYKU 3peHUs1 MaTeMaTUKHU NpeJ-
NoJIaraloT JOCTAaTOYHO CTAaHAAPTHYIO CXeMy, IepBbli 3Tal KOTOPOW COCTOUT B popmasinsa-
UM 33Zladd U OOCYyXJeHHSl CyL|eCTBOBAaHUS U €eJUHCTBEHHOCTH peuleHUs. Peub uUAET
He TOJIbKO O 33/iaye HaxO0X/JAeHUs HaWJIydllero peleHusi, HO U BO3MOXHOCTHY MPOTrHO3a C 1je-
JIbI0 U3MEHEeHHUSs YIPaBJSIOIIMX TapaMeTPOB.

3a/laya HauwJIy4dllero ynpaBJeHHs, pelleHue KOTOPOW OCHOBBIBAJOCh Ha CMeKaJlKe
M ONbITe, OTHOCUTCA K IX BeKy A0 H.3. Peub uZ€éT 06 OCHOBaHUHU Liapulieil JluaoHou ropoja
Kapdaren. CorsiacHo siereHfie, el yjajoch 3aXBaTUTb JOCTAaTOYHO OOIIMPHBIN KyCOK 3eMJIH,
KOTOPbIM MOXXHO ObLJIO "OKPYKUTb OblYbel IIKYpOH', pa3pe3aB MOCJAeJHIOI Ha TOHKHE IO-
JIOCKU Y CBfI3aB UX B JJIMHHbIA peMeHb. 3/1eCb CTOUT OTMETUTh, YTO KYCOK 3€MJIU MOT Obl
OBbITb 0OJIblIIE, €C/IU OBl LIapHIle ObLJI U3BECTEH TOT PAKT, YTO M3 BCEX MJIOCKUX QUTYD C PHUK-
CUPOBAHHBbIM MEePUMETPOM MaKCHMMaJbHYI0 IJIOIIAJb UMeeT Kpyr ([0Ka3aTesJbCTBO 3TOrO
dakTa oTHOCAT K VI BeKy /10 H.3.).
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Ecnu nocmoTpeTh Ha pacckas JI.H. Tosacrtoro "Kak [laxom nokynasn 3emiw” rjiasamMu Ma-
TeMaTHKa, Kak 3To caenan f.U. llepenbman B "3aHuMaTtesibHOM reometpuu” [[lepesbmaHh,
1950], To MokHO yBUETH, yTO JleB HuKo/1aeBUY, UCMOJIb3YS XY/I0KECTBEHHbIN A3bIK [ToJ-
crtoi, 1978-1985], onucan GyHKIMOHAJ, MO3BOJSAKUIMNA MaKCUMU3UPOBATh IJIOUIAAb 3e-
MeJIbHOTO Hajiesa. KpuTepuid onTUMaJbHOCTU YYUThIBAaeT GopMy, MepUMETpP M IJIOLA/lb
HajZles1a, a Takke QUKCUPOBAHHOE BpeMs OKOHYAHHUS ero UCMOoJIb30BaHUsA. TakKUM HaJlesI0M
OKasaJlacb NPsIMOYT0JIbHas Tpaneyus.

[IpuBeiéM nMpuMep XOPOIIO U3BECTHOU U BCEMH PEryJISPHO pelllaeMoi 3a/layy O paly-
OHe: KaK COCTaBUTb HauboJiee JlellleBbli paIlMOH MPHU UMeIIeMCsl Habope NMPOIyKTOB, 3Has
coJlep>KaHHe MUTATe/bHbIX BEIleCTB B KaXK/I0M U3 HUX U CTOUMOCTb eJUHHUIIbI KaXKA,0T0 Mpo-
nykTta. opMannsanus 3TOU 3a1a4H BbITJISIIUT AOCTATOYHO MPOCTO:

n
Z ¢,x, = min

i=1

n
JZ a,x, z2b,,
gyt J

i=1

{xi >0.

31ecb n — KOJIMYECTBO NMPOAYKTOB, bj — KOJIMYECTBO €AUHMUIL] j-T'0 BellecTBa, HE06X0Au-
MOTO /sl IOJIHOLEHHOr0 NUTaHus (j =1,...,m ), a, — COiepXKaHKe j-TO BEleCTBA B [-OM NPO-

JIyKTe, a ¢, — 1LleHa i-ro NpoAyKTa.

Ha camoMm pgese 3a7ja4 Takoro Tumna JJOCTaTOYHO MHOT'O BO3HUKAET B KOHKPETHOM 3KO-
HOMMKe (HampuMep, TpaHCIOpPTHas 3aAaya). ITO — KJjacc 3aay, KOTOPbIM MPUHATO Ha3bl-
BaThb 3aJlayaMM JIMHEMHOro NporpaMMHUpoBaHus. Teopus pelleHUs TaKUX 3aZay ObLIa MO-
CTpO€eHa B CPaBHUTEJIbHO HelaBHee BpeMsl — B cepeinHe XX BeKa.

Bo3MoxxHOCTh ¢popMasiv3anuy 33ja4l HaX0XKAeHUSI Haulydllero peleHus (0OnTUMalbHO-
ro ynpaBJieHHs1) U JaJibHellllee e€ pellleHHe C IPUBJIeYeHHeM MaTeMAaTUUYECKOT0 HHCTPyMeHTa-
pus onpeessieTcs, NpexJe BCero, HaJIMUueM 00'beKTA U 1eJIM ONITUMHU3AIUH, @ TaKXKe MPaBUJIb-
HOTO y4€Ta BCcex orpaHuyeHui. [Ipyu 3TOM, 6€3yC/0BHO, ONTHMU3MpyeMasl BeJIMUYMHA J0/DKHA
HMMETb KOJIMYEeCTBEHHYIO OLIEHKY, TaK KaK BbIOOp HaWJIy4llIero pelieHus noapasyMeBaeT onepa-
I[MI0 CpaBHEHHs. 3a/jlaya ONTUMAJILHOIO yIpaBJeHUs MpeAroaraeT HaJludue PecypcoB OMTH-
MHU3AIMH, TaK KaK pedb UAET O MPAaBUJIbHOM BbIOOpE HEKOTOPBIX MapaMeTPOB (yIpaBJIsSIONIMX)
Moziesiv. To ecTb B KOHEYHOM UTOTre MOXKHO YTBEP)KJATh, YTO 33Jlauya ONTHMaJIbHOTO yIpaBJie-
HUSI COCTOMT B NOJIyYEHUM KOJMYECTBEHHBIX OLIEHOK ONTHMHU3HWPYyEMOro KauyecTBa O0ObEKTa
Y CPAaBHEHHWHU 3THX OLIEHOK B 3aBUCUMOCTHU OT BbIOOPA yIPABJISAIOIIMX [TapaMeTPOB.

B o61ieM ciyyae BbIOOp HauJydylllero BapuaHTaA pellleHUs 33Jlayd MOXXHO paccMaTpu-
BaTh, KaK OThICKAaHME MaKCUMyMa IiejieBoi QYHKIUH, COCTaBJIEHHON HAa OCHOBAaHWUU BbIOpaH-
HOTO KpPUTEPUs ONTUMAJIbHOCTH U NMPeACTaBJSOIEeN CO60M 3aBUCUMOCTb KPUTEPHUS ONTHU-
MaJIbHOCTH OT Pa3JIMYHbIX NApaMeTPOB, 2 UMEHHO:

W = f(a,,a,,...,a,;b,b,,...,b ;x,x,,..,x,),
rZle a; — 3aJlaHHble MapaMeTpbl (KOHTPOJUpPyeMble BXOJHble), b; — mapaMeTpbl, KOTOPbIMHU
MOXXHO YIPaBJIsATh; X; — HEM3BECTHbIE MapaMeTphbl (IapaMeTpbl BbIX0Aa). ITOT MOAX0J, ObLI
o6ocHoBaH akazeMukoM KosmMoropoBbiM A.H. B 1945 roay. Buz kpuTepus onTUMaJbHOCTH, a
3HAYMUT, U 1leJIeBOM QYHKIUHU OTNpeJiessieTCs] KOHKPEeTHOM 3a/jayell onTUMU3alUuU. TakuM 006-
pasomMm, 3a/la4ya ONTUMU3AIMU CBOJIUTCS K HAXOX/IEHHUI0 3KCTpeMyMa 1ieJieBO QYHKIUU.
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B camoM 0611eM BU/ie ONTHMHU3ALUOHHYIO 33/la4y MOXXHO $OpMasnu30BaTh CAeAyOIUM
06pa3oM: MUHUMHU3UPOBATh (MaKCHMHU3UPOBATh) LiesieBOM QyHKIMOHAJ, KOTOPbIM COCTaB-
JISIeTCS COTJIAaCHO BbIOPAaHHOMY KPUTEPUIO ONTUMAJbHOCTH, C YUETOM 33aJaHHbIX OTpaHHYe-
HUU Ha ynpasJisieMble IepeMeHHbIE:

F(x;;x,;....;x,) = inf (sup)

(x;5%,5...5x,)cU

B sKOoHOMHKe U ymnpaBJeHUU 4aCTO paccMaTpUBaeTCs MHOTOLie/eBasi ONTUMHU3ALUs
(mpUHSATHE pelleHUN MO0 HECKOJbKUM KPUTEPHUSAM), KOr/la ONTHUMHU3UPYETCS OJJHOBPEMEHHO
6oJsiee oJHOH LiesieBOM QYHKUUU. [IpryueM NMpUHUMATBCS ONTHMaJibHble pellleHHs JOJDKHbI
Ha poHEe KOMIPOMUCCOB MEXKAY HECKOJIbKUMHU KOHPIUKTYIOIUMHU LlesisiMU. PaccMaTpuBaroT-
Cs MHOTOKpHUTepHaJibHble 33/1a4H, B KOTOPhIX B Ka4eCTBe pellleHUH BhICTyNnawT 3pPeKTUB-
Hble (onTUMasibHbIe 1o [lapeTo), c1a6o 3pdeKTHBHBIE U COOGCTBEHHO 3P PEKTHUBHBIE TOUKH
IpPOCTPaHCTBA BbIXOAHbIX NapaMeTpoB [Moucees, 1978]. Takyto 3a/1a4y 10 aHaJIOTUH C OJHO-
KpUTEPHUAIbHON MOXKHO 3alUcaTh B BUJE:

Si(x;5x,5..5x,) > inf (sup), f,(x;;x,;....;x,) = inf (sup),..., f,(x;5x,;....;x,) — inf (sup)

Z%xi > bj,j =1,2,...,m,

i=1

{xi >0,i=1,2,...,n.

38echb f(x), f,(x),..., f,(x),TA€ x = (x,,X,,....,x,), — XKeJlaTeJbHble KPUTEPUHU ONTUMaJlb-
HOCTH.

llesb ucciejoBaHUSA MOXKET ObITh MpeJCTaBJeHa B BU/JE IJ1afiKoh QYHKIUU (3/1eMeHTap-
Hasl TJIaJiKasl 3ajla4ya) Wid B Buje QyHKUMOHA/MA (3aza4a JlarpaHxka, 3asa4da bosibia). MoxHO
BCTPETUTH IVIaZiKUe 3aJja4yM, Mpyu opMaiu3aldu KOTOPbIX OIpaHUYEHHs] OTCYTCTBYIOT BOBCE
(3amava HaxoXJeHUsl 6e3yCI0BHOT0 IKCTpeMyMa), T/ie OrpaHHUYeHUs 3a/JaHbl CUCTEMOM TOJIbKO
HepaBeHCTB (rJ100a/JIbHbIA 3KCTPEMYM) MJIM TOJIbKO PaBEHCTB (YCJOBHBIM 3KCTpeMyM). MoXKHO
BCTPETUTD 33/1a4H, I'Zle OTPaHUYeHUsI Ipe/II0JaraloT U paBeHCTBa, U HepaBeHCTBa:

S (x5x,;....;x,) = inf (sup)

0.(x;%y5...5x,) =0
P(x5%,5...5%,) <0

B o6uieM ciydae riaZiKyroo 3aZjayy pellalT MeTOJ0M MHoOxUTesed Jlarpanxka. Ecau
paccMaTpuBaTh cay4ail, korja ¢opManrsanus 3a4a4u UMeeT BUJ;

f(x;x,5....;x,) = min (max),
P(x;%,5....5x,) =0,
TO Mbl OyZileM UMeTb KJIAaCCUUECKYI0 3a/la4y HAaXO0XJAEeHHUs YCJIOBHOTO 3KCTpeMyMa QYHKIUU

MHOT'UX MepeMeHHbIX. [JJ/is1 e€ pellleHUs] HA OCHOBe 1ieJieBOW GYHKIUU U QYHKIUU CBSI3H, CO-
craBJssetTcss GyHKUUs JlarpaH:ka M 3amucbiBaeTCsl HEOO6X0JUMOe YCJIOBHE eé 3KCTpeMyMa.
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Pelllasi mosiyyeHHYI0 CUCTEMY YpaBHEHUH, HAXOJWUM CTallMOHAapHble TOYKU PyHKUUHU Jla-
rpaHxa. /lajsiee He06X0AMMO J0Ka3aThb, YTO HAWAEHHbIE TOUKHU SIBJSIOTCSA TOYKAMU YCJIOBHO-
ro 3KCTpeMyMa ljesieBor QYHKIHU.

[lyTeM HarisiAHbIX rpadUYeCcKUX pacCykJaeHUl (Ha npuMepe QyHKLMH ABYX epeMeH-
HbIX) MOKHO M0Ka3aTh, YTO TOYKA YCJIAOBHOT0O 3KCTpeMyMa LieJieBol QYHKLUH SABJSETCH TOY-
KOM KacaHUsl JIMHUM CBSI3U W JIMHUU YPOBHSA QYHKI UM, MaKCMMa/ibHOe (MMHUMaJIbHOE) 3Ha-
yeHHe KOTOpOU TpebyeTcs HaTU. TakuM 06pa3oM, B TOUKE, TAe LeseBasg QYHKIUS IPUHU-
MaeT CBOe MaKCHMaJibHOe (MUHHUMaJbHOEe) 3HayeHUe, TPaJIueHThbl LeaeBOd QYHKIUN
U QYHKUMH CBSI3U KOJJIMHeapHbl. TO ecThb TOYKa yCJOBHOrO 3KCTpeMyMa HcCCIeAyeMOou
OYHKIIMU MOXET ObITh MOJIyYeHa KaK pelleHHe CUCTeMbl ypaBHEHHU, OJJHO U3 KOTOPbIX —
ypaBHEHMe JIMHUU CBfI3H, a OCTaJ/IbHble — 33/]al0T YCJI0BUE KOJIJIMHEAPHOCTU IPaZiUeHTOB.

B ciy4yae, korpa o6e 3TH GYHKLUU SBIAAOTCA GYHKIUSIMM JIBYX TepeMEeHHbIX, CUCTeMa
COZLEPKUT JiBA YPaBHEHMUS: B TOUKE YCJIOBHOIO 3KCTPEMyMa, Jiexkalllel Ha JIMHUM CBSI3H, paB-
Hbl OTHOIIEHUS] COOTBETCTBYIOLIUX YACTHBIX MPOU3BOAHBIX LieJieBOM QYHKUUN U QYHKIIUU
cBa3u. [Ipy 3TOM BaXKHO OTMETUTH, YTO AJs1 33/a4 3KOHOMHUKMU U YIpaBJIEHUSI KOJJIMHeap-
HOCTb FPa/IMEHTOB 1iejieBOM QYHKIIMU U QYHKIIMU CBSI3U, KaK IPAaBUJIO, OTPa*kaeT U3BECTHbIE
JKOHOMHYeCKHe 3aKoHbl. HanpuMep, ecsn peub ujeT 06 oNTUMaJbHOM BbIOOpE MOTpebuUTe-
Jisl, TO 3TO PaBEHCTBO O3HA4yaeT, YTO B TOYKe MAKCHMaJIbHOM MO0JIE3HOCTH OTHOLIEeHUe Ipe-
JleJIbHBIX 110JIE3HOCTEN paBHO OTHOLIEHUIO 1ieH [['y6apeBa, [Tapuukosa I'.10., 2010].

Bbi60p KpUTepus U COCTaB OTPaHUYEHUU BJHMSET Ha BbIOOP UCHOJIb3YEMOrO MeToJa
pelieHUsi. MeTo bl MOTYT NPUMEHSTBHCS CKaJISIpHbIE U BEKTOPHbIE, aHAJIUTUYECKUE U BbIYKC-
JINTEJIbHbIE, TEOPETUKO-BEPOSTHOCTHbIE, TEOPETUKO-UTPOBbIE WJIM MOUCKOBble. CTOUT OT-
MEeTUTD, YTO [IJIl PellieHUsI OJHOM U TOM >Ke 3aJla4y ONTHUMHU3aLUU ObIBaeT BO3MOXKHBIM HC-
N0JIb30BaHUE pPa3JIMYHbIX METOJOB, B TO BpeMs KaK [iJIl pelleHHWs pa3HbIX 3aJad MOXKeT
NPUMEHATHCA OJYH U TOT e MeTO[.

PelieHUs1 3TUX 33/ja4 6a3UPYIOTCH Ha pe3yJsibTaTax, IOJYYeHHbIX B pab0Tax N3BECTHBIX
MaTeMaTUKOB: bepuysnu fkoBa I (1654-1705), Bepuysnu Horana 1 (1657-1748), diinepa
Jleonappaa (1707-1783), Jlarpanxka Koseda Jlyu (1736-1813), Beitepmitpacca Kapsa Teo-
Jop Busbrenbma (1815-1897), Boabua Ockapa (1857-1942), Koamoroposa A.H. (1903-
1987) u llouTtpsiruna JI.C. (1908-1988). K ceMuaecaTbiM rojam JBajAllaTOro BeKa TeOpHUs
ONTUMM3al U CPOPMHUPOBaIACh KaK OTAEJbHBIM pa3zes MaTEMAaTUKH.

JlJ1s1 MHOTHMX 3a/iay yIpaBJieHUs], B CUJIy TOTO, YTO OHHU CBSI3aHbI C ONpe/ie/IEHHbIM YMC-
JIOM OrpaHHWYeHHH, KOHEYHHOMEpPHBI U UccaeayeMas LieseBass GQyHKLUs HelpepbiBHA, Cylle-
CTBOBaHME W €JJUHCTBEHHOCTb pellleHUsl obecreuuBaeTcsl TeopeMol Belepiutpacca [Anek-
ceeB, Tuxomupos B.M., ®omuH C.B., 1979].

OnTuMaJIbHOE ynpaBJieHHe pecypcaMu

[IpeanpusTHe pacrnoJiaraeT HEKOTOPHIM PUKCUPOBAHHBIM 60/KETOM, YTOOBI NMPUOOL-
pecTu pecypchl (060pysoBaHMe) HeCKOJIbKUX BUJOB. [IpeanosiaraeTcsa Ha 6a3e 3TUX pecyp-
coB (0b6opyAoBaHMsI) OpPraHM30BaTh NPOU3BOJACTBO. Pacmpejesnss uMeroluecs cpejcTBa
MeX/ly pa3JIMYHbIMU BHU/IAaMU pecypcoB (060pyA0BaHus), K KOHLy HEKOTOPOI'0 NPOMeXyTKa
BpeMeHH (Hs, Mecsilia, rojia) B pe3y/bTaTe 3KCIJIyaTalluy 3TUX PeCYPCOB NMpeAIpUsTHe 0-
JlydaeT olnpejesieHHbId 3KOHOMUYeCKHU 3ddekT (Hanpumep, npubbLib). [IpocTas 3amaya,
KOTOpasi CTOUT INepeJ, ynpaBjeHHWeM, — TaKUM 00pa3oM pacnpejieiuTb UMeIIHecs Cpeji-
CTBa, YTOOBI 3KOHOMUYECKHUH 3P PeKT 6bIJ1 MAKCUMaTbHO BO3MOXKHBIM.

Jl1 mpuMepa, MO>XHO cHOPMYJIMPOBATH CaeAyrolyto 3afayvy. [lycTb npeanpusTUe Bbl-
IyCcKaeT JABa BUJA NPOAYKLHUH B KOJHUYECTBAX X WU y COOTBETCTBEHHO. [/ MPOU3BO/ACTBA
HeoOX0J UMbl 1Ba BHUJAA pecypcoB (o6opyaoBaHusA)K U L. EcTb cooTHomeHus (IPOU3BOJA-
CTBEHHble QYHKIUM), TO3BOJIAOLME ONpeAeUTh 06bEMbI BbIyCKAa NPOAYKLIUM B 3aBUCH-
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HWHP®OPMAILIMOHHBIE TEXHOJIOTUHN U CUCTEMBbI
UHTEJIIEKTYAJIbHOM OBPABOTKHU JIAHHBIX B YC/IOBUAX HEONPEJEJIEHHOCTU

MOCTH OT 00'bEMOB HCIIOJIb30BAHUA pecypcoB (000pyAoBaHUA): x= f(K,L) U y= f,(K,L).
Ecnu 0603HauuTh yepes 7 (x,y) NPUObLIb, KOTOPYIO MOJYYUT NpeAnpusTHe 3a GUKCUPOBAH-
HbIH CPOK, TO 33/jJa4ya MOXeT ObITh popMaiM30BaHa CJAeAyUUM 0O6pa3oM:

7(x,y) > max
x>0,

y=0,

x = fi(K,L),
y=f(K,L),
p,K+pL<M.

Ecan rpaHuny MHOXe€CTBa, 3daJ4aHHOTIO CHCTGMOFI, yAacCTCA oIrMCaTb aHAJHUTHYECKH,
TO MbI IIOJIYYHUM KJIACCUYECKYIO 3a/4a4y HA HaAXOXAEHHE HaHWOOJIbIIEro 3HAYEeHUS (l)YHKLU/II/I
Ha OrpaHU4Y€HHOM MHOXeCTBeE:

7(x,y) > max

x>0,
y=0,
[F(x,y)SO,

JIJIsl pellieHHs] KOTOPOW MOXKHO MCI0JIb30BaTh XOPOIIO U3yYeHHbIe METO/Ibl UCC/IeJ0BaA-
HUS Ha 3KCTPeMyM QYHKIMH HECKOJIbKUX NepeMeHHbIX (HanpuMep, MeToJ, MHOXUTesel Jla-
rpaHxa). [l nosiyueHUsl ypaBHeHHUS rpaHHULbl F(x,y) =0 OblBaeT BO3MOXXHbIM TaKXe HC-

M0JIb30BaTh METOJbl HAXOX/AEHHUs ONTHMaJIbHbIX pelleHUH. [Ipy 3TOM 1eHTpaJibHOE MeCTO
B TaKOM 3a/iaye 3aHMMaeT TaK Ha3blBaeMasi MoJieJsib "auiuk JmkByopTa” [Jlebenes, Jlebenen
K.B., 2002]. Mcnonb3ysa 3Ty MoAesb AJi KOXKA0M QUKCUPOBAHHOM Mapbl 3HAaYeHUN K, U L.,

TaKMX, YTO BBINOJIHAETCH yCJI0BUE p, K, + p,L, <M , MOXXHO IOCTPOHUTb MHOX€CTBO MpPOU3-
BOJICTBEHHBIX BO3MOXHOCTEH, TO €CTh 3aJaTb KPUBYIO, €ro OrpaHUYUBAIOIIYI0 F,(x,y)=0.
KpuBas F(x,y) =0 sABasgeTcd orubarmled KpUuBbIX F,(x,y) =0.

Mo>xHO paccMoTpeTh 6GoJiee CH0XHYI0O 3ajady, ¢popMasu3anus KOTOPOU NPUBEAET
HacC K AUCKpeTHOH 3ajave JlarpaHa Cc NOJBUXHBIM IPABbIM KOHI[OM: MaKCUMU3UPOBATh
CYMMY 3KOHOMUYECKUX 3P PEKTOB MO BCeM LIMKJAM, KaX/Abld U3 KOTOPbIX COCTOUT U3 3a-
KYIKH PecypcoB, MOJY4eHUH 3KOHOMHUYEeCKOTro 3¢deKTa OT UX 3KCIJIyaTalluu U peansa-
IIMUM aMOPTU3UPOBAHHOTO 060pyA0BaHUs. BeipyyeHHbIE CpeJCTBA YACTUYHO MJIU MOJIHO-
CThI0 UCIOJB3YIOT AJISI 3aKYNKU pecypcoB (060py/0BaHus) [Jisl CJeAyI0lero Npomu3Bo/-
CTBEHHOTO I[MKJIA. YIPABJASWIIUMUA NMapaMeTpaMU MOJENU SBJSIOTCA 06bEMBI CPeJCTB,
pacnpefesisieMble MeX/JAy pa3HbIMU THUNAMHU pecypcoB (060pyJ0BaHMA), a KOJUYECTBO
eluHUIL pecypca (060pyloBaHUs) MO BCEM BUJAaM B KaXKJOM I[UKJe Mpoliecca SBJSIOTCS
nepeMeHHbIMU COCTOSIHUS.

OnTuMa/ibHOe pacnpejejieHie HHBEeCTUIMHA
CocTosiHMeE JII0OOTO CEKTOpPAa 9KOHOMHUKH (MpeJNpUATHS, OTPACIU U T.II.) OnpeJessieTcs
06 bEMOM NPOM3BOJCTBEHHBIX POH/IOB, KOTOPBIX pacTeT 3a CYeT MHBECTUIIMHA U YMeHbLIaeT-
ca 3a cyeT aMopTu3ayuu. CaMblil IPOCTOM BapUaHT OTPA3UTh 3TOT PAKT — 3TO ONMUCATh JU-
HaMMKY NIPOM3BO/ACTBEHHbIX GOH/0B AubdepeHIMaIbHBIM ypaBHEHUEM:
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dK
—=1-uKk,
dt

rae [ — MOCTOSTHHBINA 00b€M MHBECTUIUH, @ 1 — KO03PUIIMEHT BbIOBITUSA POHA0B. ONUCaHHBIN

Bblllle Tpolecc, ¢opMaJu30BaHHbIA B BHJle aBTOHOMHOTO JuddepeHlnalbHOr0 ypaBHEHUS,
y?Ke T03BOJISIET CJIeJIaTh BbIBOJ, YTO 00'b€M UHBECTHUIUM, JJ/I1 KOTOPBIX BBIMOJIHSIETCS YCJI0BUE
I - uK >0, TO3BOJIAET MOJYYUTh MOHOTOHHBIM POCT 00beMa MPOU3BOJACTBEHHBIX (HOHJIOB,

. o o 1
OrpaHUYEHHbIH, TeM He MeHee, TOPU3OHTAJbHOM acuMnToTou K (1)=— [Pemoprok, 1980].
7

Ha aTom npocToM npuMepe BUAHO, YTO UHBECTULIMK B IAHHOM CJly4ae UrparoT poJib yIpaBJie-
Hus. OHaKo, AJ1s1 YCIEIHOT0 YIpaBJeH!s 3Tol UHGOPMaIMU 4acTO ObIBAaeT HELOCTATOYHO.

Kputepuii 3¢pPeKTUBHOCTU ITOr0 JAUHAMUUYECKOTO IMpoliecca COCTOUT He MPOCTO
B obecrieyeHUH pocTa 00'bEMa MPOU3BOJACTBEHHBIX GOH/IOB, @ B JOCTXKEHUU HY>KHOT'O 00'bE-
Ma K KOHILY 3a/laHHOT0 Mepro/a C OJHOBPEMEHHOM SKOHOMUEN HHBeCTULIMM. TakoW noaxof,
BO3MOXXHO, IOTPebyeT pacnpejie/ieHUs1 KalUTaJbHbIX BJI0KEHHUH Bo BpeMeHH. Popmasinza-
I[Us 33/1a44 OYeT BbITJISAAETD CJeAYIOIIMM 06pa3oM:

T
j [(1)dt = min
0

(K = I-uk,
K(0)=K,,
[K(T)zKl.

Eciu Heo6xoAMMO HAaWTH ONTHMMasIbHOE yNpaBJieHWe WHBECTULHUAMU OJHOBPEMEHHO
JlJ1s1 HECKOJIbKUX MPeANnpUITHM (oTpacseit), To 3aia4ya CTAHOBUTCS 6oJsiee 0611eld U COOTBET-
CTBEHHO OoJiee c0xHOHU. E€ dopManusanusa npuBeléT K KJIaCCUYEeCKOHN 3aJadye ONTUMaJlb-
HOT0 ynpaBJseHus (3azade bosiblua ¢ noABMKHBIM NpaBbIM KOHLIOM M pUKCHUPOBAaHHbIM Bpe-
MeHeM OKOH4YaHUsA) [AnekceeB, Tuxomupos B.M., Domun C.B., 1979].

B 3ak/1t04eHre 0CTaHOBUMCS Ha TOM QaKTe, 4TO npobsieMa 3pPeKTUBHOI0 HAX0XKJeHUS
ONTUMAaJIbHOTO pelleHUsl NPU Pa3IMYHOr0 poJia OTPaHUYEHUSIX Ha IepeMeHHbIe OTPaXKaeT Ty
BAXKHYIO POJIb, KOTOPYIO UTPAIOT 3aZja4YM ONTUMAJIbHOIO YIIpaBJeHUs IPY pelleHUuH pas3/iny-
HBIX Np0o6JieM ynpasyeHUs. IGPeKTUBHOE pellleHMe MHOTMX U3 3THUX 3aJjad TpebyeT UCIOJIb-
30BaHUSA YUCJIEHHBIX METO/0B, 6UOIMOTEKA KOTOPbIX JOCTAaTOYHO OOIIMpPHA [[ImeHUuYHbIH,
Janunun H0.M., 1975]. [IlpuMeHeHHe TOrO UKW UHOTO aJrOPUTMA pellleHUs Bcerjaa 3aBUCUT
OT KOHKPEeTHOM 3aJilaul. MOXXHO CTOJIKHYTbCS C CUTYalMel, Korja MeTos, 3p$eKTUBHBIM /15
psijia 3a7a4, oKa3biBaeTcs "MJI0XUM" JJis1 60J1ee UPOKOTo KJacca 3a/jay.

TakuM o6pa3oM, MaTeMaTUYeCKUH UHCTPYMEHTApUH [/ pelleHUs 3aJad ylpaBJeHUs
U NPUHATUSA pellieHUH sABJsgeTcsA 3PpPeKTUBHBIM, a IOPOX €JUHCTBEHHO BO3MOXXHBIM METO-
Jl0M, [T03BOJIAIOIUM IOJYYUTh OTBET Ha IOCTaBJIEHHbIE BOIIPOCHI.
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