BECTHHR

I0RHO-YPAABCROI'O
TFOCYIAPCTBEHHOTO
YHUBEPCHTETA

2019
T.19, No 3

ISSN 1991-976X (Print)
ISSN 2409-6571 (Online)

CEPUA

«KOMIIBIOTEPHBIE
TEXHOJIOI'MHA, YITPABJIEHHUE,
PAINOIJIEKTPOHUKA)>

Pemenuem BAK Poccun BriaoueH B IlepedeHb pelnieH3MpyeMbIX HAyYHbIX U3AAHUH

Yupenureb — @enepajbHOE FOCYIAPCTBEHHOE ABTOHOMHOE 00pa30BaTe/IbHOE yUpeKICHHe
BbIcHIero o0pasoBanus «HOxkHO-YpajbcKkuii rocy1apCcTBEHHBIH YHHBEPCHTET
(HALMOHAJIBHBII HCCIeI0BATEILCKII YHUBEPCUTET))

}KypHaJI OCBCIIACT HOBBIC HAYYHBIC NOCTHMIXKCHUA U NMPAKTUYCCKUEC pa3pa60TKI/1 YYCHBIX IO aKTyaJlbHbIM HpOGJ’ICMaM

KOMITbIOTEPHBIX TeXHOJ’[OFMﬁ, YIpaBJICHUA U PAJUOSJICKTPOHUKH.

OCHOBHOI1 LIENTbIO M3IaHUS SBJIICTCS MPOTAraHia HaydHbIX HCCICA0BAHUN B CICAYIOMINX 00IACTSX:

¢ ABTOMaTHU3UPOBAHHBIC CUCTEMBI YIIPABICHHS
B DHEProcOepeKCHUI

e ABTOMaTHU3UPOBAHHBIC CUCTEMbI YIIPABJICHHS
TEXHOJOTHYESCKUMH MPOIIECCAMHU

e AHTECHHAsI TEXHUKA

o lHpOKOMMYHUKAIIMOHHBIEC TEXHOJIOTHH

Peoakuyuonnan konnezusn:

lecrakoB A.JL., 1.T.H., ipod. (21. pedaxkmop)

(r. YenstOunck);

Bypkos B.H., 1.1.H., npo@., 3aci. nestenb Hayku PO
(3am. en. peoakmopa) (r. Mocksa);

JlorunoBckmuii O.B., 1.17.1., ipod., 3aci. Aesrens
Hayku PD (sam. en. pedakmopa) (r. YensaOUHCK);,
MnoruukosBa H.B., k.1.H., nou. (oms. cexpemapn)

(r. YenstOuHck);

Bapkasos C.A., 1.T.H., mpod. (1. Boponex);
Bepe3zanckuii JI., PhD, npod. (. beap-1llera, M3pauns);
Jxanmapos B.A., 1.1.H., npod. (r. Acrana, Kazaxcran);
3aronckuii A.B., 1.1.H., mpod. (r. [Tepmb);

Kymukos I'.T'., 1.1.H., npod., 3aci. gesrenb Hayku PD
(r. Voa);

Masypos B./L., 1.¢.-m.H., ipod. (r. ExarepunOypr);
MaxkcumoB A.A., 1.17.H. (T. HoBoky3HeK);
MeabaukoB A.B., 1.1.H., npod. (r. Xantei-MaHcHiick),
Hpanrumsuim AWM., n.1.H., npod. (r. Tounucu, ['py3us);
Hlenxun A.B., 1.1.1H., mpod. (r. Mocksa);

Sunkos U.M., n.1.H., npod. (r. MarHUTOrOopcK)

o IlHpopManmoHHO-U3MEpUTENbHAS TEXHIKA

o HaBuranuoHHbIe IPUOOPHI U CUCTEMBI

¢ PajnoTrexHHUECKHE KOMIUIEKCHI

o CucteMbl aBTOMaTH3MPOBAHHOT'O YIIPaBICHUS
MPEANPUSATHSIMA B TIPOMBIIUICHHOCTH

o CHCTEeMBI yIIpaBIIeHHS JIeTaTeIbHBIMH allapaTaMy

Peoaxkyuonnntii coeem:

Agepbax ., PhD, nipod. (r. Toponro, Kanana);
Bpasepman E., PhD, npod. (r. Kanrapu, Kanana);
Hertaps B.I., 1.1.1., npod., wi.-kopp. PAH

(r. Muacc, Yensounckast 0071.);

Kazapunos JI.C., 1.1.H., npod. (r. YensOuHCK);
Kubanos E.B., 1.5.1., npod. (r. HoBocubupck);
Hosukos [.A., 1.1.H., ipod., wi.-kopp. PAH (r. Mockga);
Mandgepor B.U., 1.1.1., npod. (r. UensOuHCK);
Caunbko A., PhD, npod. (r. Oxiienn, Hosast 3enanmus);
Cron6os B.1O., 1.1.1., npod. (r. [Tepmp);

Tanana B.IL., 1.¢.-M.H., npod. (r. YensOuHcK);
Yxo6010B B.H., 1.0.-M.H., 1pod. (T. YensaObuHck);
Ymakos B.H., 1.¢.-M.H., npod., wi.-kopp. PAH

(r. EkarepunOypr);

MlecrakoB U., 1.¢.-M.H., ipod. (1. Can-ITaymy,
Bpazumus);

Mlupsies B.U., 1.1.H., mpod. (1. UensiOnHCK);
Muaiinep JA.A., 1.1.H., mpod. (. UensiOuHCK);
MTtecceas FO., PhD, npod. (r. Xanrceu, Anadama,
CIIIA)

© Mzparensckuii neatp FOYpl'Y, 2019



BULLETIN

i OF THE SOUTH URAL 2019
STATE UNIVERSITY VL. 19, no.3

SERIES

“COMPUTER TECHNOLOGIES,
AUTOMATIC CONTROL, ISSN 1991-976X (Print)
RADIO ELECTRONICS” ISSN 2409-6571 (Online)

Vestnik Yuzhno-Ural’skogo Gosudarstvennogo Universiteta.
Seriya “Komp'yuternye Tekhnologii, Upravlenie, Radioelektronika”

South Ural State University

The journal covers new scientific achievements and practical developments of scientists on actual problems of computer
technologies, control and radio electronics.
The main purpose of the series is information of scientific researches in the following areas:

e Automated control systems in energy saving ¢ Navigation devices and systems
¢ Automated process control ¢ Radio engineering complexes
¢ Antenna technique o Computer-aided management of enterprises
o Communication technologies in industry
e Information and measuring equipment o Control systems of aircrafts
Editorial Board:

Shestakov A.L., Dr. of Sci. (Eng.), Prof. (editor-in-chief), South Ural State University, Chelyabinsk, Russian Federation;

Burkov V.N., Dr. of Sci. (Eng.), Prof., Honored Worker of Science of the Russian Federation (deputy editor-in-chief), Institute
of Control Sciences named by V.A. Trapeznikov of the Russian Academy of Sciences, Moscow, Russian Federation;

Loginosvkiy O.V., Dr. of Sci. (Eng.), Prof., Honored Worker of Science of the Russian Federation (deputy editor-in-chief), South Ural
State University, Chelyabinsk, Russian Federation;

Plotnikova N.V., Cand. of Sci. (Eng.), Ass. Prof. (executive secretary), South Ural State University, Chelyabinsk, Russian Federation;

Barkalov S.A., Dr. of Sci. (Eng.), Prof., Voronezh State Technical University Voronezh, Russian Federation;

Berezansnky L., PhD, Prof., Ben Gurion University of the Negev, Israel;

Dzhaparov B.A., Dr. of Sci. (Eng.), Prof., Archive of the President of the Republic of Kazakhstan, Astana, Kazakhstan.

Zatonskiy A.V., Dr. of Sci. (Eng.), Prof., Honored Worker of Science and Education of the Russian Federation, Berezniki Branch
of the Perm National Research Polytechnic University, Perm, Russia;

Kulikov G.G., Dr. of Sci. (Eng.), Prof., Honored Worker of Science of the Russian Federation, Ufa State Aviation Technical University,
Ufa, Russian Federation;

Mazurov V.D., Dr. of Sci. (Phys. and Math.), Prof., Ural Federal University, Ekaterinburg, Russian Federation;

Maksimov A.A., Dr. of Sci. (Eng.), Open Joint Stock Company ‘Kuznetsk Ferroalloys’, Novokuznetsk, Russian Federation;

Melnikov A.V., Dr. of Sci. (Eng.), Prof., Ugra Research Institute of Information Technologies, Khanty-Mansiysk, Russian Federation;
Prangishvili A.1., Dr. of Sci. (Eng.), Prof., Corresponding Member of National Academy of Sciences of Georgia, Georgian Technical
University, Tbilisi, Georgia;

Shchepkin A.V., Dr. of Sci. (Eng.), Prof., V.A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences, Moscow,
Russian Federation;

Yachikov I.M., Dr. of Sci. (Eng.), Prof., Magnitogorsk State Technical University of G.1. Nosov, Magnitogorsk, Russian Federation.

Editorial Council:

Averbakh 1., PhD, Prof., University of Toronto, Canada;

Braverman E., PhD, Prof., St. Mary’s University, Calgary, and Athabasca University, Department of Science, Athabasca, Canada;

Degtyar’ V.G., Dr. of Sci. (Eng.), Prof., Member Correspondent of the Russian Academy of Sciences, Academician V.P. Makeyev State
Rocket Centre, Miass, Chelyabinsk region, Russian Federation;

Kazarinov L.S., Dr. of Sci. (Eng.), Prof., South Ural State University, Chelyabinsk, Russian Federation;

Kibalov E.B., Dr. of Sci. (Econ.), Prof., Siberian Transport University, Novosibirsk, Russian Federation;

Novikov D.A., Dr. of Sci. (Eng.), Prof., Member Correspondent of the Russian Academy of Sciences, Institute of Control Sciences
named by V.A. Trapeznikov of the Russian Academy of Sciences, Moscow, Russian Federation;

Panferov V.1, Dr. of Sci. (Eng.), Prof., Russian Air Force Military Educational and Scientific Center “Air Force Academy named after
Professor N.E. Zhukovsky and Y.A. Gagarin”, Chelyabinsk branch, Chelyabinsk, Russian Federation;

Slinko A., PhD, Prof., University of Auckland, New Zealand,

Stolbov V.Yu., Dr. of Sci. (Eng.), Prof., Perm National Research Polytechnic University, Perm, Russian Federation;

Tanana V.P., Dr. of Sci. (Phys. and Math.), Prof., South Ural State University, Chelyabinsk, Russian Federation;

Ukhobotov V.1, Dr. of Sci. (Phys. and Math.), Prof., Chelyabinsk State University, Chelyabinsk, Russian Federation;

Ushakov V.N., Dr. of Sci. (Phys. and Math.), Prof., Member Correspondent of the Russian Academy of Sciences, N.N. Krasovsky Institute
of Mathematics and Mechanics of Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russian Federation;

Shestakov 1., Dr. of Sci. (Phys. and Math.), Prof., Sdo Paulo University, Brazil;

Shiryaev V.1., Dr. of Sci. (Eng.), Prof., South Ural State University, Chelyabinsk, Russian Federation;

Schneider D.A., Dr. of Sci. (Eng.), Prof., South Ural State University, Chelyabinsk, Russian Federation;

Shtessel Yu., PhD, Prof., Huntsville, Alabama, USA.



COOEPXAHUE

MH(bOpMaTMKa U BblYyncnuternbHasa TeXHUKa
ALHUMAIMA A.S., ABDULLAEV S.M. Landscape Approach to Normalized Difference Vegetation

Index Forecast by Artificial Neural Network: Example of Diyala River Basin .........cccccovvvevieiinciicenieee 5
KOAWPOB LI.II., HIECTAKOB A.JI. Pa3paboTka ncKkyccTBEeHHOW HEHPOHHOH CETH AJIsi IPOTHO3MPOBA-
HUS IPUXBATOB KOJIOHH OYPHITBHBIX TPYO ..vveevreeireerireiiieeitieeiteesteestteenseessaeeseessseeenseesssessssessssesssesssessssessns 20
GUDKOYV V.Yu., LEPIKHOVA D.N., GAVRILOVA M.L., ZYMBLER M.L. Using Delaunay Triangula-
tion for Fingerprint Template GENETAtION ..........cccceeeveevieiiiieeriiesieereeteeeeeseeseesseeseesesseesseesseessesssesssesssesseens 33
yﬂpaBHEHVIe B TeXHN4YeCKNX cuctemax
KODKIN V.L., ANIKIN A.S., BALDENKOV A.A. Control of Nonlinear Dynamics of Electromechanical
SYSTEIIIS ...ttt ettt et et sa et et e e e e e a e bt et et et e s aeesa e e et eae e aa e ean et e e ne e neeaneeanes 42
ITAH®EPOB B.U., TIAH®EPOB C.B., XAJI/IH K.C. ITapameTpuueckas HACHTHGHUKAIS MOICIH 00BEKTa
YIIPaBJICHUS 110 NEPEXOAHON (HYHKIMH pabOTaIOMIEeH CHCTEMBI aBTOMATHYECKOTO PETYJIUPOBAHUS .............. 52
MH(bOKOMMYHVIKaLIVIOHHbIe TeXHOJIOI'Mn U CUCTEMbI
ZATONSKIY A.V. Verification of Kolmogorov Equation Usability for Reproduction and Death Processes ... 60
MpubopocTpoeHne, MeTponorus U MHpopMaUNOHHO-U3MepUTenbHbIe
nprubopbl U cUcTeMbl
BEJIOYCOB M./I. OueHka TOYHOCTH H3MEPEHHUS] TepMOIpeoOpa3oBaTeieii CONpOTUBIICHNS B IpOIecce
PADOTBL ..veeuvieiiieeteeniteesteeniteesteessteessteensseessseesseessseessseessseensseesssaensseessseensseessseensseensseensseessseensseesnseensseennsesnsses 68
yl'lpaBl'IEHVIe B couunaribHO-3KOHOMUYECKUX cuctemax
BYPKOB B.H., IIIEIIKNH A.B., AMEJIMHA K.E., JAYJIBAEBA 3.M., PA3AHIIEB C.A. Kommiexc-
HBIIl MEXaHNU3M YIPABICHHS PA3BUTUEM OPTAHMBAIIMH ....cveveveeueenrenrententensenseeueensesensensessessesmesseensensensensensenne 79
JKNUT'AJIOB N.E., MOHOI'APOB O.U. Anropyut™ noaiep KKy MPUHATHA PEIICHAH B YIIPAaBICHUN KaueCTBOM
A3TOTOBIIEHUST KAOETIBHOM HBOTISIIMIHL ... eeeeee e eeneeenenenmnenennne 94
KHUBAJIOB E.b., HIMBUKWH [.J1. OnieHka KpyImTHOMACIITA0OHBIX JKEIE3HOIOPOKHBIX IPOCKTOB: HEOCHUC-
TEMHBIH TTOZIXOIL «..vveeuetienireeutteniteenitteniteenuttesuteentttesaseeststesaaeensetesaee ettt esaae ettt esateesbatesbaeenaetesaaeenbaeenaneensneenaneensnees 104
JIOTMHOBCKHI1 O.B., IIECTAKOB A.JL, TOJUIAM A.B. CoBpemMeHHbIe HHBOPMAIMOHHBIE TEXHO-
JIOTUU ¥ HEOOXOIMMOCTh MOBBIMIECHHUS KayeCTBa yNPaBICHHUS OPTaHW3aIMOHHBIMU U KOPIOPATUBHBIMU
CTPYEKTYDPAME ..ouviiiiiiiiniieitieetee ettt et e ebee e bt e e aee st e e e aee st e e e st e s s e e eaa e e s b e e e st e sabeeeaaeesabeeeabeesaneeeaneesaneesaneesaneesaneenas 116
KOITOTEBA A.B. CnyuaiiHoe MOBeJIcHHE YYaCTHHUKA KaK CIIOCO0 MAaKCHUMHU3AIMH BEPOSITHOCTH €T0 BBIWT-
PhILA B TAPATOKCE MOHTH XOJIIA ..eeeuviiiuiiieiieeiieeiteetteesteeetteeteeebteeteesbeeebeesbaeesbeesbaeesbeesabaeenseesnbaeenseesnses 126
KPSKEB C.A., JIEBKOBCKUI [I.1. UudopManuonHas cHCTeMa TOINEPKKH paboueil mporpamMMer
JUACIIMITIIIIIHBI «..vtenuteenitteiteetttenuteenuttesuteeuttesute ettt esate e sttt e aa e e betesaae e bt e esat e ettt e saae e bt e e sbaeebatesaneenbaeesaneenaneenaneennees 135
GUSEYV E.V. Using Object Construction Model for Implementation Building Works Management ............ 147
ABTOMaTVI3VIpOBaHHbIe CUCTeMbl ynpaBrieHusa TeXHonorm4eCKumMum npoueccamum
LI.IHAPII[EP H.A., KAJIUHVUHA E.A. IloBblleHHE TPOW3BOIUTEIBHOCTH JPOOHMIBHO-000TaTUTEIBHOM
(haGpUKN HA OCHOBE OTITUMMBAITTOHHOMN MOEITH ...eevvveervreenreessvreeseessreesessnseeensesssessnsessseesssessssessssessnseesssessns 156
KpaTtkne coobLieHus
MAKAPEHKO K.B., IOTMHOBCKAS B.O. «YMHbBIH ropon»: cTaHAApThl, MPOOJIEMBI, EPCIEKTHUBEI
DABBITHSL «.c.vviiiiiiiiie ittt ettt sttt ettt e et b e et s b e e e bt s b e e e bt e b e e et e e s b e e e bt e b e e e ae e e n e e ae e e ne e eneeeans 165
BecThuk FOYpIY. Cepus «<KoMnbloTepHbIe TEXHOMOMMM, yNpaBneHue, paauo3nekTPoOHUKan. 3

2019.T.19, Ne 3



CONTENTS

Informatics and Computer Engineering
ALHUMAIMA A.S., ABDULLAEV S.M. Landscape Approach to Normalized Difference Vegetation
Index Forecast by Artificial Neural Network: Example of Diyala River Basin ...........ccccooiviiioinienieiee

QODIROV Sh.Sh., SHESTAKOV A.L. Development of Artificial Neural Network for Predicting Drill
PAPE STCKINE ...vviviiiieiieieeie ettt et et et e it e ste e te e beesbeesaesseesseeeseesseesseesseessesssasssesseesseesseessesseesseesseansenssenns

GUDKOV V.Yu., LEPIKHOVA D.N., GAVRILOVA M.L., ZYMBLER M.L. Using Delaunay Triangula-
tion for Fingerprint Template GENETAtION ..........ccceerciieiiiieriiieiiieeieeeieeeieesteesteesteeebeesnseessseesseessseesseesnseens
Control in Technical Systems

KODKIN V.L., ANIKIN A.S., BALDENKOV A.A. Control of Nonlinear Dynamics of Electromechanical
SYSTEIIIS ..eeutteeutteritteeitee et eit e st e ettt e st e ettt e st e e sateesabeesabeesabeeeateesabeeeabeesabeeeateesabeesateesabeenateesabeenateesabeenateesabeenats
PANFEROV V.I.,, PANFEROV S.V., HALDIN K.S. Parametric Identification of the Model of Object
Management by Transitional Function Working System Automatic Regulation ...........cccceccvvenveninenccecncnnens
Infocommunication Technologies and Systems

ZATONSKIY A.V. Verification of Kolmogorov Equation Usability for Reproduction and Death Processes ..

Instrument Engineering, Metrology and Information
and Measuring Devices and Systems

BELOUSOV M.D. Evaluation of Measurement Accuracy of the RTD Transducer during Operation ..........
Control in Social and Economic Systems
BURKOV V.N., SHCHEPKIN A.V., AMELINA K.E., DAULBAEVA ZM., RYAZANTSEV S.A. Complex

Mechanism of Development Management of the Organization .............c.ecveeveeienieneeneene e esreeneens

ZHIGALOV LE., MONOGAROYV O.I. The Algorithm of Decision Support in Quality Governance of
the Cable Insulation MANUTACLUIE .........cceccvieiiiiiiieiieseeie et eee ettt et e b e e tbeetaesteesbeesseesbeesaessaesseesseesseesseans

KIBALOV E.B., SHIBIKIN D.D. Evaluation of Large-Scale Railway Projects: an Unsystem Approach ....

LOGINOVSKIY O.V., SHESTAKOV A.L., HOLLAY A.V. Modern Information Technologies and
the Need to Improve the Quality of Management of Organizational and Corporate Structures ...........cc........

KOPOTEVA A.V. Winning Probability Maximization Using Random Participant Behavior in the Monty
HaIl DILEIIIMA ..ottt ettt sttt ettt e b e st be s bt e be et ess et e st e s besae bt eaeennennens

KRYAZHEV S.A., LEVKOVSKY D.I. Information System for the Support of the Work Program of
tHE DISCIPIINE .vviiviiitieitiiiieie ettt et et et e et eete e te e beesbeesaeeseesseesseesseesseesseessasssasssesseesseesseassesssesseeseensenssenns

GUSEYV E.V. Using Object Construction Model for Implementation Building Works Management ............
Automated Process Control Systems

SHNAYDER D.A., KALININA E.A. Productivity Increasing of the Crushing and Beneficiation Plant
Based on the Optimization MOAE] ........c.oocvieiiiiiiiiiieicie ettt ettt et be e e esbeesaesseesreesseesseenseans

Brief Reports
MAKARENKO K.V., LOGINOVSKAYA V.O. “Smart City”: Standards, Problems, Development Pro-

20

33

42

52

60

68

79

94
104

116

126

135
147

156

Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2019, vol. 19, no. 3



UHopmaTuKa n BblYUCIUTESNIbHAA TeXHUKA

DOI: 10.14529/ctcr190301

LANDSCAPE APPROACH TO NORMALIZED DIFFERENCE
VEGETATION INDEX FORECAST BY ARTIFICIAL NEURAL
NETWORK: EXAMPLE OF DIYALA RIVER BASIN

A.S. Alhumaima, engineer_alisubhi@yahoo.com,
S.M. Abdullaev, abdullaevsm@susu.ru

South Ural State University, Chelyabinsk, Russian Federation

This study examines the perspective of artificial neural networks for forecast Normalized Dif-
ferential Vegetation Index (NDVI) on Diyala River basin and also how information about of biocli-
matic landscapes will affect to forecasting performance. To do this, in the first stage of the experi-
ment, a total of 20 perceptrons with different one hidden layer architectures were trained with site-
specific variables (latitude, longitude, minimal, maximal and mean height, landcover type) and sea-
sonal meteorological variables (precipitation sum, and minimal, maximal and average daily tempera-
tures) by error back propagation algorithm on the data of 2000-2010 years and tested on data for
2011-2016 years. It has been shown that the best performance, with determination coefficient R* of
0.78, was achieved by perceptron model with 12 hidden neurons the activated by logistic activation
function and hyperbolic tangential activation of output value of NDVI. The large spatial heterogenei-
ty of forecasting performance of the best perceptron was detected: in upper part of basin character-
ized according to Koppen — Trewartha bioclimatic classification, as landscapes of temperate moun-
tain climate and the subtropical climate with dry summers, R? was 0.76-0.80, whereas in dry steppe
landscapes and semi-desert landscapes of Diyala downstream R* was 0.6-0.7. The second stage of
experiments with 20 models of perceptrons where the type of landscape was added as input variable
or where 150 individual perceptrons were selected for each landscape, have shown that these ap-
proaches allows to R” increase up to 0.73-0.85. However, the strong contrast between characteristics
of individual models complicates their use in the practice and requires to finding of new forecasting
approaches.

Keywords: remote sensing, NDVI forecast, perceptron, bioclimatic landscapes, precipitation,
temperature, climatic response.

Introduction

Modern Earth sciences are not conceivable without the analysis of multispectral satellite data.
The Normalized Difference Vegetation Index (NDVI) and other proxies of primary biological productiv-
ity are important products of this analysis [1]. The values of NDVI are highly depended on environmen-
tal conditions, so that NDVI is one of principal indicators for evaluating climate impact onto terrestrial
ecosystems [2—12]. Particularly, extent and evolution NDVI are often used to estimate climate changes
global and vegetation activity [2, 3] and net primary production and vegetation dynamics overlarge arid
regions such as Sahel [4, 5], arid regions of Central Asia and Kazakhstan [6, 7], Mongolia and arid area
of China [8, 9], Tibetan Plateau [10]. In addition to monitoring arid zones in the works [11, 12] explores
the long-period changes in forest-steppe, forest and tundra vegetation of the Russian Federation.

Mapping of NDVI dynamics is one of the main instruments for evaluation and prediction of agricul-
tural productivity [13—18]. First, as in the case of natural biomes, some work explore the impact of cli-
mate change on productivity of rain-fed zones [13] and other use NDVI data to model of ecological re-
gimes of rural territory [14]. The changes in vegetation indices of rural areas allows to separate healthy
vegetation crops from weak developed fields in irrigated agriculture [15]; to monitor droughts [16, 17]
and, with availability of additional surface data, to implement crop forecast [18]. From this point,
the capabilities to predict vegetation index under an appropriate spatiotemporal scale [13—18] are critical
for decision making to adapt agricultural techniques or to limit socio-economic losses associated with
urbanization [19, 20].

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 5
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In the analysis of remote sensing data are used by all kinds of statistical analysis and machine learning
techniques [21]. For example, the linear regressions [22-24] are used in the analysis of NDVI time se-
ries; the stepwise cluster analysis is used to NDVI simulation [25] and artificial neural network (ANN)
to short-range NDVI forecast [26]. Recently began studies related to the application of the ensemble ap-
proach. So in the forecast NDVI model [27] uses deep stacking network, consisting of a stack of multi-
layer perceptron, each of which models the spatial feature of the associated region at a particular time
instant. The study [28] estimates vegetation health on the basis of trained gradient boosted machine
models, which combine gradient-based optimization and boosting of base trees models that divide pre-
dictor variable into distinct geographic regions.

The main objective of this work is to develop a ANN based prediction model of NDVI, which (i)
would take into account changes in rainfall and temperature in the basin of the river Diyala; and (ii) at
the same time could be useful in other regions. The relevance of first question is related with unknown
reaction natural-human systems the Tigris River basin to climate change [29] and that can be explored
by simple multilayer perceptron model. The relevance of second question is related to success of ensem-
bles stacking and boosting [27, 28] where individual model of ensemble member is constructed by spe-
cific geographical information. At the same time, simple and ensemble networking approaches possess
a general inability to understand cause-and-effect relationships between the input and output of such
networks.

The main idea of present study is to associate all possible geographical predictors on input layer of
ANN with some form of geographical landscapes. The geographical landscape can be defined as a ho-
mogeneous geosystem (in origin and history of development) with a specific uniform of indivisible by
zonal factors terrain, geological base, regional climate and hydrothermal conditions, types of soil and
ecological communities [30]. The landscape can be introduced as a collection of smaller geosystems or
“natural boundaries” — specific morphological elements of the landscape that contains natural communi-
ties merged by unique physical and geographical processes and developed on one form of the landscape
terrains and homogeneous substrate. The concept of the natural boundaries is quite useful in the ecologi-
cal assessment studies where it allows introduction of the anthropogenic landscapes [31]. Perceiving this
ideological content as a basis, we nonetheless adopt the technical definition of landscape classification
[32]: the degree of climate continentality; belonging to morphological structures of the highest order;
the splitting of the terrain; bioclimatic differences and geochemical type (the simplification of “geo-
chemical catena” position to the maximum, mean and minimum elevation of smallest landscape unit is
used in our study).

On the basis of the above, the objectives of the work consisted of 1) processing the digital terrain
data and comparing two climate data sets for classification of bioclimatic landscapes of Diyala; 2) finding
a set of best predictors described hydrothermal regime which influence to NDVI value; and finally
3) to determine the best ANN architecture working in all types of landscapes.

The rest of paper is organized onto 3 sections: 1) datasets and methods with brief overview of
the study area, evaluation of climate datasets and landscape classification; 2) ANN forecasting results,
and 3) short conclusion.

1. Datasets and methods

Four stages of geo-climatic information processing have been performed in our research work in
order to get the required results. All the results presented in this paper have been calculated using
MATLAB programming language version R2018b, whereas the ArcGIS version 10.5 has been used to
simulate the results as geographical maps.

1.1. Land cover and topography of study area

Diyala river basin shapefile used within the ArcGIS has been projected using the maps presented in
the inventory of shared water resources in western Asia by the United Nations Economic and Social
Commission for Western Asia [33].The Diyala river basin with a total area of 32,600 km®, located ap-
proximately between 33.216°-35.833°N and 44.500°—46.833°E and distributed between Iraq (43%) and
Iran (57%).

The data from digital elevation model (DEM) are used in this paper both as input variable and to
landscape classification. These data were extracted from the Advanced Spaceborne Thermal Emission
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and Reflection Radiometer (ASTER) Global DEM which is distributed from ASTER website
(https://asterweb.jpl.nasa.gov/gdem.asp) as Geo-referenced Tagged Image File Format file containing
1°x 1° tiles of earth surface with height and latitude, longitude of 30-meter grid and other additional in-
formation [34]. Overlaying boundaries of the basin of Diyala to DEM data (Fig. 1a), it is easy to see that
the nature of the relief from the beginnings of Diyala to your mouth varies significantly: large portion of
terrain in Iran part of basin is mountainous with peak of 3356 m and becomes abruptly flat on Iraqi part
of basin.

A

IRAN

i___IBorderline

Elevation (m) .

[ ]-96-300 Land cover

[ 1300 -600 [ CropLand

[ 600 - 900 [] Grass land
M Tree Covered Area

I 900 - 1,200 B Shrubs Covered Area

I 1,200 - 1,500 [_] Sparse vegetation

I 1,500 - 3,400 | | Herbacgous vegetation
[] Bare soil

a) b)
Fig. 1 Study area (a) elevation level according to the ASTER Global DEM; (b) cover types based on the GLC-
SHARE classification

Land cover map of basin (Fig. 1b) was obtained from the Global Land Cover-SHARE
(GLC-SHARE [35]) database, version 2014, with a spatial resolution of 30" arc-seconds
(http://www.fao.org/geonetwork). The GLC-SHARE is a new land cover database created by the Land
and Water Division of the Food and Agriculture Organization of the United Nations in partnership with
contributions from various institutions by a combination of “best available” land cover database.

According to GLC-SHARE dataset the main land cover categories of the study area are: bare soil
~ 12%, croplands ~ 18%, grasslands ~ 16%, shrub covered areas ~ 26%, tree covered areas ~ 9%,
sparse vegetation ~ 14%, and herbaceous cover. Thus, about 34% of Diyala basin occupy by arable
fields and pastures, and 35% can be attributed to natural vegetation (shrubs and forest). Therefore, should
be expected that the vegetation of these areas will react differently to the thermal regime and the excess or
deficiency of the accumulated moisture. All this promises that the basin of Diyala will be difficult place
for the prediction of the response of the response of vegetation to changes in weather and climate.

1.2. NDVI and other data preprocessing

Terra and Aqua are two earth observation satellites that were launched by NASA in 1999 and 2002,
respectively. One of the instruments carried by both the Terra and Aqua satellites is the Moderate Reso-
lution Imaging Spectroradiometer (MODIS). MODIS acts a significant role in meeting a very wide
range of scientific research objectives like the monitoring of vegetation cover change. In this study,
MODIS NDVI dataset (MOD13Q1) [36] of the finest available spatial resolution of 250 m and 16-day
composites has been directly obtained from USGS data-center (https://www.usgs.gov). The 34 of 16-day
MODIS NDVI composite images centered on March, 7 and March, 23 for period of 17 years (2000—
2016) were chosen in order to reduce cloud impacts and to ensure a high chance of having the best
quality of pixels representing the NDVI cover.

The preprocessing stage includes: first: extract data that only related to or within the boundaries of
our study area, second: from the 2 maps of each March month, construct one map (i.e. 17 monthly maps
for our study period) using maximum value composite method to reduce cloud disturbance and increase
the overall quality of the dataset [37], and third: remove missing data and NDVI values which are less
than 0.1 to reduce unwanted signals coming from potentially non-vegetated pixels (bare soil and ice
cover) [38]. For the precipitation and temperatures, the preprocessing stage includes only data extraction
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that related to our study area for the period (1981-2016). The same situation is for the land cover and
digital elevation datasets, where the preprocessing stage includes only extracting maps that related to
our study area. It is clear that our downloaded data of Diyala river basin are not in the same spatial
resolution, therefore we have converted all of them into a 0.05° x 0.05° grid resolution, resulting in up
to 1520 grid sample. We combined these datasets and reshaped them into a singular matrix where each
row (1520 x 17 = 25840 row) corresponds to a grid sample at one time and each column (11 input-
output variables) is a measured factor or variable.

1.3. Climate Datasets evaluation

Two climate datasets have been used in this paper, the first one obtained from the University of East
Anglia (UEA)/ Climatic Research Unit (CRU) (Version 4.01) [39], which provides monthly total precip-
itation and monthly mean, minimum, and maximum surface air temperatures for the period 1901-2016.
The second dataset used in this paper which are the observations of monthly total precipitation and
monthly mean surface air temperatures for the period 1900-2017 are obtained from the University of
Delaware (Version 5.01) [40]. The two datasets provide a monthly global gridded data at spatial resolu-
tion of 0.5° x 0.5°.

For the temporal correlation analysis, the nonparametric Spearman correlation method, which it is
characterized by its robustness against the effect of outliers, has been performed in order to investigate
the effects of essential environmental variables, namely precipitation and temperatures time series data
on the variability of NDVI. This process is very important if we want to obtain the best prediction per-
formance, where it has been used to explore in which accumulated amounts, we must use our meteoro-
logical predictors before using them with the ANN models.

To determine the best-accumulated amounts of the precipitation and temperature that have the most
influence on the NDVI vegetation index of March growing month within our study area and that could
enhance the results of the ANN models, the nonparametric Spearman correlation (SR) analysis has been
used. The correlation coefficients SR and their significance levels (p) for CRU and UD datasets are pre-
sented in Table 1. Thus, we can see from the table that the SR between March NDVI with CRU precipi-
tation and temperatures are positive and generally have major absolute values comparing to the correla-
tion coefficients of UD dataset.

Table 1
Spearman correlation (SR) between NDVI and meteorological factors

CRU dataset UD dataset

Months | Mean Precip. | Mean Temp. | Min Temp. | Max Temp. | Mean Precip. | Mean Temp.
SR p SR p SR p SR p SR p SR p
Mar. 0.47 |1 0.06 | 0.29 | 0.26 | 0.53 | 0.03 | 0.08 | 0.76 | 0.12 | 0.64 | 0.16 | 0.53
Feb.—Mar. | 0.15 | 0.57 | 0.53 | 0.03 | 0.66 | 0.01 | 0.37 | 0.14 | -0.23 | 0.37 | 0.40 | 0.11
Jan—Mar. | 0.12 | 0.65 | 0.65 | 0.01 | 0.66 | 0.01 | 0.65 | 0.02 | -0.25 | 0.34 | 0.59 | 0.01
Dec—Mar.| 0.21 | 042 | 040 | 0.11 | 0.51 | 0.04 | 0.27 | 0.30 | =0.11 | 0.67 | 0.40 | 0.12
Nov—Mar.| 0.40 | 0.11 | 0.43 | 0.08 | 0.59 | 0.01 | 0.24 | 0.36 | 0.29 | 0.26 | 0.39 | 0.12
Oct—Mar. | 0.68 | 0.01 | 0.41 | 0.11 | 0.60 | 0.01 | 0.17 | 0.51 | 0.51 | 0.06 | 0.38 | 0.14

The main results of correlation analysis depicted by bold letters: the vegetation index is moderately
correlated (SR = 0.68) with the CRU total precipitation of winter season from October of last year to
March and NDVI is correlated (SR = 0.65—0.66) with accumulated CRU temperatures during January to
March. Despite of the moderate degree of CRU correlation coefficients, their significance level is 99%,
and bearing in mind that this database provides optional minimum and maximum temperatures, we will
only use CRU data.

1.4. Bioclimatic landscape classification

The bioclimatic classification of Képpen — Trewartha (K-T) [41-43] can be obtained by applying
their K-T criteria to at least 30 years of observations of mean monthly precipitation and air temperature.
The general groups of bioclimatic classifications established by the K—T are A: tropical humid climates,
B: dry climates, C: subtropical climates, D: temperate climates, E: boreal climates, and F: polar climates.
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One of the main features of the K—T classification is to delineate dry climates BS (steppes) and BW (deserts)
by dryness threshold R. The dryness threshold R (mm) is defined in [42] as R = 23T — 6.4Pw + 410,
where T: mean annual temperature (°C) and Pw is the percentage of annual precipitation occurring in
winter.

The general climate groups are further sub-divided based on temperature and precipitation seasona-
lity. Thus, Cs climate is subtropical climate with dry summer (more 70% of precipitation during winter).
A third and fourth letter can be added to include information about the warmest and coldest months
for every climate class. For example, the temperate continental climates DC with summer temperatures
18-22 °C and winter —9-0 °C, will be described as DCbo, and if an elevation is higher than 1000 m are
changed to mountains climates GDCbo. See [41-43] for more details about K-T bioclimate classifica-
tion rules and descriptions.
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Fig. 2. Annual course of temperature and rainfall of steppes (a), subtropical (b) and temperate climates (c)
in Diyala basin (1981-2016).The Koppen — Trewartha classification of climates is presented on Fig. 2d

In this study, applying classification rules [41—43] to the 30 years-based CRU monthly precipitation
and temperature gridded data in Diyala basin we obtain five (5) bioclimatic landscapes types BWil,
BSil, BShk, Cshk and GDCbo. Fig. 2a—c illustrates the annual hydrothermal regimes of BSil, Cshk and
GDCbo landscapes and Fig. 2d present spatial distribution of these landscapes. It is evident from Fig. 2a—
that precipitation in steppes, subtropical and temperate climates rainy season lasts from November to
April, and May is transition months to dry summer which lasts from June to September in dry and sub-
tropical climates, and with only some convective precipitation in temperate mountains climates.

The end of the rainy season was the main starting point for the selection of the March or April for
the characteristics of the vegetation period. If you look at the climate map (Fig. 2d) and temperature
charts (Fig. 2a—c), it becomes clear why the month of March was chosen for the characteristics of
the vegetation period. Firstly, desert, steppe and subtropical climates occupy a large portion of the basin.
For dry climates (Fig. 2a) do not have temperature limits for the growing season, here, is almost always,
the temperature is above +10 °C, and conditions for the growth of winter are only limited by soil mois-
ture. In these regions, the irrigated year-round farming is applied. In subtropical landscapes of Diyala
(Fig. 2b), the mean temperatures of 3 month, from December to February, are below +10 °C, but March
temperatures generally above +10 °C, and taking into account the truth that grass communities start veg-
etate at +5 °C, the March is months of active vegetation period for the subtropical and dry climate bio-
mes. It is clear from Fig. 2¢ that the temperature of GDCbo forest landscapes becomes above +10 °C
only at April. This means that our study is mainly describe the growing season and consequently
the green mass productivity of desert, steppes and subtropical landscapes. On the other hand, we can see
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from Fig. 1 that these landscapes are the most exploited by agriculture, and therefore the most exciting
challenge is predicting the NDVI of these landscapes.

2. Application of ANN to NDVI forecast

In the Earth sciences, the popularity of ANNs has grown mainly to solve prediction problems with
nonlinear, stochastic nature, or unknown variations of variables. [21, 26, 27, 44]. Although we know
a priori [45], that lack of winter rains causes adverse arid conditions in Tiger basin, i.e. reducing
the NDVI, we nevertheless try to prove that besides the meteorological parameters and land cover cate-
gory, an important role in the response vegetation plays a landscape type itself. On the other hand, there
is some reason to assume that the response of the vegetation of different landscapes on precipitation and
temperature will be non-linear. Therefore, as a starting ANN model we have selected perceptron with
one hidden layer. To answer if the landscape types are relevant to explanation of NDVI distribution, in
section 2.1 we trained various ANN models without information about landscape and find model having
best performance for entire basin and then, in section 2.2, we observe visual results and rated the quality
of the forecast of this model for each of the landscapes. Using the results of last procedure as base to
comparison we construct new ANN models by using landscape information.

2.1. ANN models without landscape information

To design of the model without landscape information, initially, the ten predictors are used as input
neurons: 1) 5 neurons represented the geographical site-specific characteristics: latitude, longitude and
minimal, maximal and mean altitude; 2) 4 neurons represent of the meteorological properties derived
from CRU data (winter precipitation, and minimal, maximal and mean temperature of January to
March); 3) 1 neuron correspond to land cover types. The value NDVI of corresponding March months is
considered as output neuron (forecasting value). The period from 2000 to 2010 with 16 720 observa-
tions or = 65% of total number of 25 840 input vectors was used to form the training dataset. The pe-
riod from 2011 to 2016 with 9120 observations or = 35% of total input vectors was used for the testing
dataset.

One of the challenges of this work is that choosing of one of four group approaches [46]: from
the most primitive trial and error search to the heuristic method using knowledge gained from previous
experiments where a near-optimal ANN topology achieved and from exhaustive search through all pos-
sible topologies to pruning and constructive algorithms devising an efficient network structure by in-
crementally adding or removing links. By virtue of the practical prediction NDVI, we have chosen heu-
ristic approach using some preliminary estimates. The review of [47] present dozens equations to calcu-
late number of hidden nodes depending to (i) the number of input and output nodes, or their combina-
tions with (ii) number of samples in training data. We spent 25 calculations on various equations given
in [46, 47] and got a different number of nodes from 4 up to 1000, with the highest frequency of
the number of nodes between 4 and 9. For these reasons we decided to vary the number of hidden nodes
from 4 to 8, 12, 16 and 20 nodes and tracking the model performance during training and testing proce-
dure by using three common metrics: Root-Mean Square Error (RMSE); Mean Absolute Error (MAE);
and coefficient of determination (R?). We also understand that the optimal structure ANN will depend
also on the functions of neuronal activation and training algorithm. Therefore, all of 20 different models
presented in Table 2 were well-trained with the same Levenberg — Marquardt back propagation algo-
rithm. The difference between models with the same number of hidden nodes was that these hidden
nodes were activated by one of two functions, logistic or hyperbolic tangent (tanh) function, and signals
from hidden layer were transmitted to the output layer by linear or tangential function. Recall that
the coefficient R? is the proportion of variance of the dependent variable NDVI which can be explained
by variance of 10 predictors, so that the best model is choosing from 20 models as the model with
the biggest value of R” obtained after testing procedure, and observing also if this value converges with
value of R? obtaining after training procedures.

As shown in Table 2, the best ANNs are depended both activation function and number of hidden
nodes. Thus, model #18 with logistic sigmoid for the hidden layer and hyperbolic tangent functions for
output and 12 hidden nodes exhibits the highest R* of 0.776 during testing process with little difference
with training value of R of 0.814.
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Table 2
Training and testing performance of ANN models with 10 input variables
Model # Transfer function | Hidden Training performance Testing performance
Hidden | Output | nodes | RMSE | MAE R’ RMSE | MAE R’
1 Tanh Linear 4 0.082 0.063 0.775 0.112 0.087 0.755
2 Tanh Linear 8 0.067 0.052 0.853 0.113 0.085 0.745
3 Tanh Linear 12 0.062 0.047 0.879 0.116 0.088 0.742
4 Tanh Linear 16 0.058 0.045 0.894 0.122 0.091 0.738
5 Tanh Linear 20 0.053 0.041 0.911 0.123 0.092 0.724
6 Logistic | Linear 4 0.078 0.059 0.797 0.116 0.089 0.742
7 Logistic | Linear 8 0.068 0.052 0.851 0.118 0.091 0.732
8 Logistic | Linear 12 0.063 0.048 0.875 0.122 0.095 0.708
9 Logistic | Linear 16 0.058 0.045 0.894 0.120 0.090 0.737
10 Logistic | Linear 20 0.054 0.041 0.909 0.131 0.101 0.654
11 Tanh Tanh 4 0.078 0.060 0.799 0.115 0.088 0.748
12 Tanh Tanh 8 0.067 0.052 0.856 0.114 0.088 0.768

13 Tanh Tanh 12 0.060 0.046 0.885 0.114 0.086 0.764
14 Tanh Tanh 16 0.057 0.043 0.898 0.122 0.096 0.722
15 Tanh Tanh 20 0.053 0.040 0.912 0.122 0.093 0.713
16 Logistic Tanh 4 0.062 0.047 0.879 0.120 0.091 0.709
17 Logistic Tanh 8 0.066 0.050 0.861 0.116 0.089 0.724
18 Logistic | Tanh 12 0.077 0.059 0.814 0.108 0.083 0.776
19 Logistic Tanh 16 0.055 0.042 0.904 0.120 0.096 0.691
20 Logistic Tanh 20 0.052 0.040 0.914 0.119 0.091 0.724

From the Table2 it is also obvious that model #1, 6 and 12 with other functions and a smaller num-
ber of hidden nodes give similar results with R* = 0.74-0.77. Thus, in these cases, the equivalent coeffi-
cient of linear correlation would be equal to 0.85. Note also that difference in performances of the best
and worst model is 18%, but if we reject these two cases, the difference of R* would be only 11%.

2.2. ANN with landscape information

Visual comparison of model #18 forecast with actual NDVI maps (Fig. 3) shows that the quality of
forecast varies from year to year, and also varies in space.

For example, in the year 2011, while maintaining the overall structure of the active vegetation
NDVI > 0.3, the model visibly minimized NDVI values in BWil and BSil landscapes, was close to ob-
served values in BShk and subtropical and temperate landscapes. Comparing the quality of predictions
in other years, we can see that in most cases, the model generally underestimates the value of NDVI dry
landscapes, with one exception of BShk landscape which almost always stands out a strip of mountain
vegetation.

Testing performance of model #18 estimated separately by landscapes (Table 3) depict that perfor-
mance of the desert and steppe landscapes had markedly lower values of R* than the average value for
the entire model, but model #18 good predicted NDVI temperate landscapes.

Given the differences of predictability on landscape level we, ceteris paribus conditions of models
#1-20, added landscape types to previous ten predictors and further trained models #2140 around
the entire basin. The best forecast result of #21-40 with shared R* = 0.789 present model #28 with
12 hidden neurons and logistic to linear transfer function. Comparing model performance in the land-
scapes (Table 3), we observe that new best perceptron has slightly lower capability in temperate and
subtropical landscapes but is advanced in very hot desert and steppe landscapes where R” rise to
0.66-0.76 or to 11-14% more relative to model #18. Despite the importance of such an increase, you
must say that could not predict which of the models in Table 2 when you add a new input variable will
give the best results. For example, the model #8, corresponding to model #28, had demonstrated pre-
viously very low potential (Table 3).
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Fig. 3. Vegetation index maps predicted by model #18 against their actual maps for 2011-2016 years.
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Model performance depending on landscape types

Table 3

T Testing performance, R*x 10’ Best individual model description
ype #18 #21-40 | #41-190 | Hidden | Output Input variables
BWil 589 656 748 Logistic Linear All (10)
BSil 663 760 783 Tanh Linear Without Tmin
BShk 717 739 859 Logistic Tanh Without Tmin, Tmax
CShk 757 712 728 Logistic Tanh As above
GDCbo 801 800 838 Tanh Tanh As above

On the other hand, comparison of all 20 models without information about landscapes and 20 mo-
dels with the addition of landscape types showed average growth of determination coefficient of 5%.
Note that R* rise was observed for 19 models, but for five model this growth was less than 2%.

Replying to a question whether it is possible to improve the quality of prediction if develop indivi-
dual models for each of the landscapes, we initially thought that the subtraction of one or more predic-
tors from input layer will reduce the coefficient of determination affecting negatively to testing perfor-
mances. But as previous experience with adding data showed that it could be the opposite we began
to study the impact of removal of the input data. On the other hand, it is obvious that when you rebuild
the synapses in new models, past ways of neuron activation need not necessarily be optimal. Therefore,
we fix the number of hidden nodes as 12 (as in best model #18, and #28) and then by varying the activa-
tion function train and test of 100 ANN models where one input variable (precipitation, minimal tem-
perature Tmin, maximal Tmax, mean temperature) was removed from input; and 25 models with ab-
sence of Tmin and Tmax. Totally we create 150 individual ANN models (including 25 models using all
ten input variables) or 30 models per landscape and then choose from these 30 models the models which
present the best performance in prediction of NDVI of certain landscape (Table 3).

Looking at Table 3, we see that only one best model created for desert landscape need all meteoro-
logical data. For other landscapes, the best models require only one or two temperatures. In general, two
models for steppe (BShk) and subtropical landscape (Cshk) inherit the logistic and hyperbolic tangent
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activation functions of the model #18, and model for desert landscape was the heiress of model #28,
the remaining two best individual models reproduced the other probable combinations of hidden and
output transfer functions. Comparing the quality of individual models with performance of ANN #28, it
can be seen that the improvements in 14—16% concern only models of two dry very hot landscapes, but
the performance of models developed for other landscapes rises only to 2—3%.

Conclusion

This work investigated the possibility of ANN trained on conventional geographic and specially
adapted meteorological data to predict of NDVI values over Diyala river basin with spatial resolution
of ~ 5 km. The principal feature of our work was that we initially assumed that delineation of large basin
by geographical landscapes and using landscape type as additional input variable or as spatial boundary
for individual models construction can improve the performance of ANN forecasting. The analysis of
climate data reveals that Diyala intersects four main Koppen — Trewartha climates from temperate and
subtropical climates to steppe with two subtypes and desert climates. For the purity of the experiment
we construct ANN models representing perceptrons with one hidden layer and different number of hid-
den nodes and four combination of layer activation function, and after that all 20 ANN were trained by
errors backpropagation algorithm over dataset without landscape data. This was done in order to find
the best model configuration which has a biggest coefficient of determination R* during testing proce-
dure. Despite the moderate level of R* ~ 0.78 of the best model, it turned out that the NDVI value of de-
sert and steppe landscapes was predicted by this model noticeably worse with R* = 0.59—0.66. We found
that adding the type of landscape to input layer of the previous models improves the mean performance
for 5%, especially to desert and steppe landscapes, where the proportion of explained variance grew by
11-14%. However, the best performances with R* = 0.73—0.86 were obtained when models were train-
ing and testing individually within the boundaries of one of five landscapes types. Analysis of perfor-
mance of 150 ANN individual models, reveal that the optimal configuration of model developed to cer-
tain landscape can completely be different from the configuration of optimal models of other landscapes.
This fact and the evidence of the climate and landscape changing complicate the prospects of using neu-
ral networks to forecast the nature of vegetation. On the other hand the analysis of application of neural
network to forecast of complex environmental systems allows us to create some preliminary require-
ments when new types of forecasting will appear.
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NMPUMEHEHME UCKYCCTBEHHbIX HEMPOHHbIX CETEU

anda NnPOrHO3A HOPMAIIM3OBAHHOIO BETETALUMOHHOIO
WHOEKCA (NDVI) BUOKITMUMATUYECKUX NAHOLWIA®DTOB
BACCEWUHA PEKU OUANA

A.C. Anxymatma, C.M. A60ynnaee
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensbuHck, Poccus

JlaHHOE HCCcllefoBaHME KacaeTcs MEepCHEeKTHB HCIOIb30BAHUS MCKYCCTBEHHBIX HEHPOHHBIX Ce-
Teil mns mporHo3upoBaHus pachpenencHuii Normalized Differential Vegetation Index (NDVI) B
Gacceiine pexu [usiia v rIaBHBIM 00pa3oM TOro, KakuM 00pa3oM MH(OpMAIHMs O TUIIaX OMOKIMMa-
THYECKHX JIaHAMAPTOB MOBIHMAET Ha Iporaosupyemocts NDVI. [lns aToro B mepBoM 3Tarie dKcrie-
pUMEHTa Ha BXOJ HEPCENTPOHOB C OIHUM CKPBITBIM CJIOEM M Pa3IMYHBIMU (DYHKUIMSIMH aKTHBAlUU
MOJJABAITUCH TOJILKO OOIIereorpaguyueckie XapakTepucTuku ogHoro u3 25 000 ydacTkoB OacceiiHa
pasmepom 0,05° x 0,05° (mmpoTa U IOJNTOTa, MUHAMAIBHAS, CPEIHAS U MaKCHUMaJbHAas BHICOTA HaJl
YPOBHEM MOpsI, THII 36MHOT'0 MOKPOBA) M CE30HHBIE METEOpOJIoTHYeCKHe (HaKTOPhI (CyMMa OCalIKOB
U CpegHHE TeMIlepaTyphl, MUHHUMaJIbHbIE M MaKCHUMaJbHBIE TEMIIEPATyphl) U IPOTHO3UPOBAIOCH
3Hauenne NDVI B Hauane BereranmoHHoro nepuojaa. Bee 20 nepcentpoHoB ¢ 4—20 CKPBITHIMH y3-
namu obydanuck Ha aaHHBIX 2000-2010 rr. ¢ MOMOIIBIO anropuTMa 0OPaTHOTO PAacIpOCTPaHEHUS
OIMOKH U TeCTUPOBAIHCH HA MaHHBIX 3a 2011-2016 rr. Beuto moka3aHo, 4TO JIydIliee COOTBETCTBUE
MeXy porHo3upyeMsiM U hakriuueckumu NDVI ¢ koaddunmenrom nerepmunanmu (K1), paBHbIM
0,78, mocTuraercst MEPCENTPOHOM C JIOTUCTUICCKON (PYHKIMEH akTHBAaUK 12 CKPHITBIX HEHPOHOB U
TUIepOOIMUECKON TAHT€HIIMAIBHON aKTHBAIMeH BBIXOMHOTO HelipoHa. [1pu aToM oOHapy»keHa mpo-
CTPaHCTBEHHAas HEOJAHOPOIHOCTh KauyecTBa IPOTHO3a: B BEPXOBBIIX PEKHU, XapaKTEPH3yEMBIX COTJIAC-
Ho Kenmeny — TpeBapTa, kak naHAmadTsl yMEpeHHOTO TOPHOTO KIMMaTa U CyOTPONMYECKOTO KIIU-
Mata ¢ cyxum Jerom, K/ = 0,76-0,80, Torna kak B CyXuX CTEIHBIX JAHAMIA(TaX U MOTYITyCTEIHHBIX
nagmmagdTax Hu3oBuil peku K = 0,59-0,66. DxcriepuMeHTH ¢ 20 MOICTISIME ¢ JOOABICHUEM THIIA
naHaAmadTOB Ha BXOJ MEPCENTPOHOB MOKazanu Bo3MoxHoe ymyumenue KJ[ Ha 5 %, a unguBumy-
AIBHBIA TTOA0OP MOJIENH IEPCENTPOHOB AT Kaxa0ro JanamadToB (Bcero 150 Moserneit) mo3BOIMI
yBenmuuts KJ[ mo 0,73-0,85. Tem He MeHee CHIIBHOE OTJIMYHME XapaKTEPUCTHUK WHAWBHUIYATbHBIX
MoJIeJIell OCTIOXKHSET MEePCIEeKTUBBl UX HCIIONB30BaHMSA B NMPAKTHYECKHX LENIX U TpeOyeT IMoHucKa
HOBBIX IIOJIXOJIOB.

Knioueswvie crnosa: oucmanyuonnoe 30nouposanue, npoero3 NDVI, nepcenmpon, duoxiumamu-
yecKue 1aHOWApmbl, 2UOPOMEPMULECKULL PENCUM, 8E2eMAYUOHHDIL NEPUOO.
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PA3PABOTKA UICKYCCTBEHHOW HEMPOHHOWU CETU
ans NPOrHO3MPOBAHUA NMPUXBATOB
KONOHH BYPUIbHbIX TPYBE

L.LU. Kodupos, A.Jl. LLlecmakoe
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck, Poccus

[IpuxBaT KOJOHHBI OYPHIBHBIX TPYO SIBISETCS OMHUM W3 CaMbIX TSDKEJIBIX BHJIIOB aBapuil B Oy-
peHuH He(TAHBIX U ra30BbIX CKBRXMH M OKAa3bIBaeT CYLIECTBEHHOE BIIMSHHE HA 3()(HEKTHBHOCTDH
npouecca OypeHHs U CTOUMOCTb CKBa)XMHBI. [[pOrHO3UpOBaHKE MPHUXBATa Ha CTAJNU POCKTHPOBA-
HHS ¥ B Tpoliecce OypeHUs] CKBRXUH MO3BOJISIET MUHUMHU3UPOBATh PUCK BO3HUKHOBEHHS IPUXBaTa
3a cyeT BHIOOpA ONTHUMAIBHOTO CIloco0a MpeayNnpexIeHNs Ul KOHKPETHBIX T€0JI0T0-TeXHUIECKUX
YCIIOBUH.

Cratbs mocBsIIeHa pa3paboTKe MCKYCCTBEHHONH HEHPOHHOW CETH Ul IPOTHO3MPOBAHMS IPH-
XBaTa KOJIOHHBI OypmiIbHBIX TpyO. Takke mpUBeeH NUTEpaTypHbIH 0030p CYIIECTBYIOIINX METO/IOB
IPOTHO3UPOBAHMS NPHUXBATOB. B KadecTBe BXOAHBIX JAHHBIX MPUMEHSIOTCS BaKHBIE M 0000Imao-
mue (aKTopsl, BIMAIOIINE HA BOSHUKHOBEHNE BCEX BH/IOB IIPHXBATOB, YTO MO3BOJISIET IIPOTHO3UPO-
BaTh BCE BUJBI NPUXBATOB KOJOHH OypHibHBIX TPyO. C LeNbl0 MOBBILICHUS BOCIPHUMMYHUBOCTH
BXOJIHBIX JTAaHHBIX K OOYYCHHIO HEHPOHHOW CETH NMPOU3BOJMTCS MpeoOpa3oBaHUE DIIEMEHTOB JaH-
HBIX Ha CyORJIEMEHTHI C MOCIEYIOIei HopMaIu3auend. DKCIepUMEHTAIbHBIM METO/IOM BhIOHpAeT-
Csl TUI M apXHUTEKTypa CETH, a TakKe ee runeprnapamerpbl. OleHKa KauecTBa paboThl CETH MPOU3BO-
JIUTCSI METOJIOM KpoccC-Bamuaanus mo k-6iokam. I HaxOKIEHUS ONTUMaIbHOW KOMOWHAITMM aK-
TUBALMOHHBIX (PYHKIHUI C pa3IMuHBIMH ONTHMHU3ATOPaMHU IIPOBOJSTCS SKCIIEPUMEHTANIBHBIE UCCIIe-
JIOBaHMS C JAJTbHEHITNM aHAIN30M PE3yJIbTaToB.

OKCHepuMEHTHl PeaIn30BaHbl Ha SI3bIKE MporpammupoBanus Python c¢ makeramm OmbimmoTex
KERAS, TensorFlow n Matplotlib, a Takxe B ob6mauynoil miuarpopme Colaboratory or KoMnanuu
Google.

OTa4uTeNIEHON 0COOEHHOCTBIO MPEAIaraeéMoro MeToa SIBJSIETCS TO, YTO IIOJTydEHHAst MOJICINb
MPOTHO3UPOBAHKS JIETKO MOXKET aJaTHPOBAThCSl K HOBBIM JIaHHBIM, YTO YacTO MPOUCXOAUT MpH OY-
PECHUH CKBa)KMH HAa HOBBIX MECTOPOKICHHUSX.

Kniouegvie cnoga: npuxeam KoNOHH OYpUNIbHLIX MPYO, pAcnO3HASAHUE U NPOSHO3UPOSAHUE,
HeupoHHble cemu, MHO20CIOUHbIL NepcenmpoH, HOPMAIU3AyUs OAHHLIX, KPOCC-6ANUOAYUSA NO
k-610Kam.

Beenenue

Bypenune ckBaxuH A1 pa3BeIKU M pa3pabOTKH HOBBIX MECTOPOXKIEHHUH, a Takke TOObIYM YTIIEBO-
JIOPOJIHBIX PECYPCOB BCeTa OBUIO M OCTACTCSl YPE3BBIUANHO KAalMTAJIOEMKUM ISl HeTerazojo0bIBato-
mux opranuzanuii. [lomyueHre BBHICOKHX TEXHHUKO-d)KOHOMHYECKHX TOKaszaTreliell OypeHHs BO MHOTOM
3aBUCHT OT YCIIEITHOCTH IPEOJI0JICHUS OCIOKHEHUH 1 aBapuil. [Tpu 3TOM prCK BO3HHKHOBEHUS aBapHil
B COBPEMEHHBIX YCIOBUSX OypeHHus HE(TSHBIX U Ta30BBIX CKBaXHH (pa3zHo0Opa3Hue IreosIorHYecKOro
CTpOEHUsI pallOHOB, TTyOMHA CKBaYKWH, BBICOKUE JABIICHH, TEMIIEpATypa U COJIeBasl arpeccusi, HaTu4ne
HEYCTOHYHMBBIX MTOPOJI, CIIOKHOCTh KOHCTPYKIMHI U KOHQUTYpAIHiA CKBaYKHH) OY€Hb BHICOK.

Haunbonee pacnpocTpaHeHHBIM U TPYJOSMKHM BHJIOM aBapHil B Tpoliecce OypeHns: CKBaXKHH SIBIISI-
eTcs MPUXBAT OypUIIbHOW KOJOHHBI, TIO3TOMY BOIPOCaM NPOTHO3UPOBAHMS U MACHTU(DHUKAIMN TPUXBa-
TOB KOJIOHH OYpUJIbHBIX TPYyO OTBOIUTCS NEPBOCTEIIEHHASI POJIb.

[IpuxBaT — 3T0 HENpPeABUAECHHBIN NMPOLIECC MIPHU COOPYKEHUH CKBAXHH, XapaKTepU3YIOLIUIiCs ToTe-
peil MoABMKHOCTU KOJIOHHBI TPYO WJIM CKBRXMHHBIX MPUOOPOB MPHY MPHUIOKEHUH K HUIM MaKCHUMAaJbHO
JIOITYCTUMBIX HArpy30K C YUETOM 3araca MpOYHOCTH TPyO M mpUMeHseMoro obopynosanus [1]. Bpems
NPOCTOSI PU JIMKBUAALMH MPUXBATOB NMPUBOAMUT K 3HAYMTEIBbHBIM (PUHAHCOBBIM yObITKaM. CnenoBa-
TEJIbHO, pa3paboTKa METOJOB IPOrHO3UPOBAHUS U PACIO3HABAHMS IIPUXBATOB MO3BOJIUT HOIYYUTH 3HA-
YUTEIBHYI0 SKOHOMHUYECKYIO BBITO/Y 32 CUET COKpAaIlleHHs] BpeMEeHH Ha X JUKBuAanuio [ 1-14].
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Kodupoe LL.LLI., Lllecmakoe A.J1. Paspabomka uckyccmeeHHoU HelipOHHOU cemu
Ons1 Npo2HO3UPO8aHUsT MPUX8amMOe KOJIOHH 6ypusibHbIX mpy6

B 70-80-¢ rr. XX B. kosektuBoM yueHbiXx — A.K. Camotoem, A.I'. ABetucossiM, H.H. Komene-
BbiM, H.I'. ABetucsHom, M.M. AxmanyminneiM, C.P. X1eOHUKOBBIM — BIEpBbIe Oblia pa3paboTaHa
MpoleAypa paclo3HaBaHU, TPOTHO3UPOBAHUS U TIPEAYNPEKICHNUS IPUXBATOB KOJIOHH CTaTHCTUYECKH-
MU METOJIaMH, & UMEHHO METOJOM IOCIEN0BATEIbHON NUAarHOCTUYECKOW mpoueaypsl [1-6]. JaHHbIi
METOJ aBTOPBI UCIIOJIB30BAU AJIsl IPOrHO3UPOBAHNS BO3HUKHOBEHHUS TPEX TUIIOB MPUXBATOB Ha OCHOBE
MIPOMBICTIOBBIX JTAaHHBIX. ABTOPBI YTBEP)KJAIOT, YTO JTOCTOBEPHOCTHh NMPOTHO3ZMPOBAHMS 3TOTO METO/AA
BbIcOKas (¢ BeposiTHOCTBIO OT 0,7 u Gosee). CnetyeT OTMETHUTD, YTO TAKOW MOJIXO0J TPeOYeT 3HAYUTEb-
HOT'O BpPEMEHH Ha MPOBEACHHUE MPOLEAYPHl MPOrHO3UPOBAHUS U MOTYUYEHUE OOJBIINX CTaTUCTUUYCCKUX
JaHHBIX O npuxBarax. ClenoBaTenbHO, IPUMEHEHHE JAaHHOTO METO/Ia OTPaHuYeHO, OCOOCHHO B I'e0JIO0-
TUYECKU Hepa3BelaHHBIX pailoHax.

Uccnenosarenem @.H. AGy-Aben mpenioxeH MeTo OOHApYKEHHUS MpelaBapUUHBIX CUTyalul B
npolecce NPOMBIIUIEHHOTO OypeHus He(TIHbIX ckBaxuH [8—14]. B paborax aBTOopa nmpuMeHseTCs Kia-
CTepu3alvs JAaHHBIX W TOCIEAYIOIIee MPOTHO3UPOBAaHHE Ha OCHOBE HEHpOHHBIX ceTedd. B kadectBe
BXOJIHOTO Ha0Opa JaHHBIX aBTOPOM HCIOJNB30BaHbl CTATUCTUYECKHE JaHHBIE 00 aBapysx, UCTOYHUK
JAHHBIX — OMONIMOTEKa MPOTrPaMMHOTO O0ECTIEYEeHUS CTAHIIUK T'€0JIOTO-TEXHOJIOTUIECKOTO HCCIeI0Ba-
HUs. B kadecTBe BBIXOIHOTO CHTHAJIA WCIIONB30BAaHBI JIBA COCTOSIHUS TEKYIEH CHTyallld: «IITaTHas
CUTYyaLUs» U «IperaBapuiiHas cuTyalus». Pabora aBTopa 0XBaThIBaeT Bce BO3ZMOXHbBIE BHIIBI aBapUl U
HEKOTOPBIC OCJIOKHEHHUS B IICJIOM (Ta30HE(TEBOIONPOSBICHHE U BBHIOPOCHI, MOIJIOMIEHUS OYpOBOTO U
TaMITIOHa)KHOT'O PacTBOPA, IIPUXBAT OYPOBOr0 HHCTPYMEHTA, 0OBaJl CTCHOK CKBaYKHHBI) 0€3 JeTaTn3aIuu
MIPUYUH WX BO3HUKHOBEHMS. TaKoH IMOIX0]] HE MO3BOIISET OIICHUTH BIMSHUE KOHKPETHBIX (PAaKTOPOB Ha
pasBUTHE TOTO WM MHOTO BHIA aBapuH, CIEI0BATEIFHO, YCTPAaHEHHE aBapUHHBIX CUTYALlMi Ha PaHHUX
CTaIusAX CTAHOBUTCS HEBO3MOXHBIM.

AMEpUKaHCKMMHU YYE€HBIMH XBIOCTOHCKOTO YHHUBEpCUTETa M KoMmnanuu Xaumubepron (A. Murillo,
J. Neuman, R. Samuel) npemmaraercs nporHosupoBaHue AU(GGEPSHIMATIBHOTO U MEXaHUYECKOTO
MPHUXBATOB OYPHIIBHBIX TPYO METOAaMH HEYETKOH JIOTUKH U HEHPOHHOM CETH B COYETAHUU C MOACIBIO
JUCKPUMUHAHTHOTO aHanu3a [15]. MccnenoBanue mpoBeeHO HA OCHOBE TOJIEBBIX IPON3BOACTBEHHBIX
JNaHHbIX XamumOepToH. B kayecTBe BXOAHBIX JTAHHBIX OBUIM HCIOJB30BAHBI MMapaMeTPhl PEKUMOB OY-
peHus, TTyOnHa CKBa)KMHBI, MOMEHT BPAIlICHHS, IaBIICHHE Ha CTOSKe OypOBOTO Hacoca, JUaMeTp JI0-
JI0Ta, TEOMETPUsl KOMIIOHOBKH HH3a OypUIBHON KOJIOHHBI M MapaMeTpbl OypoBOTO pacTBOpa, B TOM
quciae peosiorndeckue. B pesynbrare moigydeHHas MOJAETb MMEET JOCTATOYHO BBICOKYIO TOYHOCTh
nporrozupoBanusi. HecMoTps Ha To, 4To paboTa B OoblIel cTeNeHH MocBslleHa auddepeHInatb-
HOMY MPHUXBaTy TPyO, aBTOPHI HE YUUTHIBAINA B CBOCH MOJCIH TUIBI TOPHBIX TOopoa. OHAKO UMEHHO
JAHHBINA (aKTOp B OONBINEH CTEICHH BIUSET HA MPUPOIY BOSHHUKHOBEHUS MU depeHIINaIbHOTO IpH-
xBara [1, 7].

CoBMmecTHO ¢ amepuKkaHCKUMU U upaHckumu yaeHsiMd (N.M. Elahi, P. Ezzatyar, J. Saeid) npen-
Jaraercsi MpOrHO3HpoBaHue NGB HEepeHIINANTBHOTO MpUXBaTa OypWIBHBIX TPYO METOIOM HEYETKOH
JIOTUKU M aKTHUBHOTro oOydenus [16]. B kauecTBe BXOAHBIX 3JIEMEHTOB NAHHBIX HNPUMEHSIOTCS Clie-
nyrouye (HaKkTopel: TTyOMHa CKBaXUHBI, Ipeaes TeKydectu Oyposoro pactsopa (bP), tun BP, craru-
4yeckoe HampspkeHue ciasura npu 1 u 10 MUH MOKOsI, THII CMa304HBIX JI00aBOK, COJEpPKaHUE TBEPIBIX
yacTull, Bogootaada bP, Tonmuna GuibTpainoHHON KOPKH, MacTHYecKasi BA3KOCTh, OCeBasi Harpy3-
Ka Ha JI0JIOTO M YacTOTa BpAIllEeHUs HHCTPYMEHTa. ABTOPHI YTBEPKIAIOT, YTO MOJyYCHHAs UMH MO-
JeJIb 110 CPaBHEHUIO C CYLIECTBYIOIIMMH MOJEsIMH [15] nMeeT BBICOKYIO TOYHOCTh MPOTHO3HPOBA-
HUsI BO3HUKHOBeHUs nuddepeHnnanpHoro npuxsara. HecoMHeHHass BaXXHOCTh 3TOH pabOThI COCTO-
UT B TOM, 4YTO B HEl NPUMEHSETCS HOpMalW3allus BXOJHBIX JTaHHBIX, 32 CUET YEro IMOBBIIIAETCS
TOYHOCTH Mojenu. OgHako B paboTe TaKkKe HE YUUTBHIBAIOTCS THIIBI TOPHBIX HOPOJ B Ka4eCTBE BXO-
HBIX JaHHBIX.

Takum 00pa3oM, NPY HaJIWYMU CYIIECTBEHHOTO 33/iejla MO JUATHOCTHUKE MPHUXBATOB KOJOHH OY-
PUIBHBIX TPyO MHOTHE CBOWCTBA U MEXaHU3Mbl BOBHUKHOBEHUS MPUXBATOB HEIOCTATOYHO W3YYCHBHI.
B nannoii paboTe mpeacTaBieH HOBBIH METOJ NPOTHO3MPOBAHUS NMPUXBATOB KOJOHH OypHIIBHBIX TPYO
Ha OCHOBE MCKYCCTBEHHOW HEHPOHHOH CeTH, IpU pa3padOTKe KOTOPOU OBLIN YUTEHBI HaNOOJIee BAKHBIC
(akTOpBI, BAUSIOLINE HA BOSHUKHOBEHHE IPUXBATOB.
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MHqJOpMaTMKa N BblHUCIINTEJIbHAA TEXHUKaA

1. IloaroToBKa JaHHBIX

1.1. Bvioop u npeoopazosanue Habopa 6xo0HbIX OAHHBHIX

VYcnemnoe o0Hapy)KeHHE M MPOTHO3HPOBAHKE MPHXBATOB KOJOHH OYpHIBHBIX TPYO BO3MOXKHO
TOJILKO IPH TIIATEILHOM aHAIM3e KOMOWHAIMK (aKTOPOB, CTEICHD BIMUSHUSA KOTOPBIX Pa3HBIMH HCCIIC-
JIOBATEISIMHU ONPEIENIeTCsl CYyObEeKTHBHO [1-7].

B xauectBe HaOopa MaHHBIX O MPUXBATax B paboTe OBLIN MCIOIH30BaHBI MIPOMEICIIOBBIE apXUBHEIC
nanaeie BHUVKPHedTH mo 92 npuxsatam ckBaxkus [ 1-6].

PaccmaTprBaeMbie aHHBIC MPEICTABIAIOT COOOH CIICIYIOIINE KOMIIOHCHTBI BEKTOpPA COCTOSHHS
CKBaXHUHBI (X1, X5, X3, Xy, X5, X¢, X7, X3, Xo, Xi0, X11, X12, Xi3, X1a, Xi5, Xi6, Xi17, Xi3), T2HE

X\ — riyOuHa, Ha KOTOPOM HAXOAMUTCS AOJIOTO B MOMEHT IPUXBATa, M;

X, — TUTI TIOPOJIBI B 30HE MIPUXBATAa;

X3 — m1acTOBOE JABICHHE B 30HE MPHXBATA, KIC/CM’;

X4 — pa3HOCTh MEXIY NaBJICHHEM CTOJI0a MPOMBIBOYHON >KHIKOCTH M IUIACTOBBIM JABJICHHEM,
Kre/cm’;

X5 — III0THOCTH GYPOBOrO PacTBOpPA, I/CM’;

X — ycIIOBHas BSI3KOCTH, C;

X; — CHC;, mrc/em?;

Xz — CHC o, Mre/cm?;

X, — BozooT/1aua GypoBOro pactBopa, cM>/30 MHUH;

Xio— mmnHa YBT, Mm;

X1 — 3a30p MeXy CTEHKON CKBaXHHBI U YBT, MM;

X\» — YyrOJ UCKPUBJICHUS CTBOJIA CKBOKUHEI, TPAIyC;

X13 — TemrmepaTypa Ha T1yOouHe npuxsata, °C;

X14 — KONIM4YeCTBO HeTH B pacTBope, %o;

X\5 — IOHU3UTENHN BA3KOCTH;

Xi6 — IOHU3UTENU BOAOOTAAYH;

X7 — uHrHbHUpyomue 100aBKy;

X\g — cMa304HEIE JJOOABKH.

[TepedeHh KOMITOHEHTOB BEKTOPA COCTOSIHHSI CKBKHHBI TOBOJIBHO MPEACTABUTENICH U IIPH 3TOM HE
MIPOTUBOPEYUT HAOOPY ampHOPHBIX (PaKTOPOB, OKA3HIBAIOIINX MEPBOCTEIICHHOE BIMSHUE HA BO3HUKHO-
BEHHE MIPUXBATOB [2].

JlJis mOBBIIICHNWS WH()OPMATUBHOCTH HCXOJHOTO BEKTOPAa COCTOSHUS PsJi 3JIEMEHTOB BEKTOpPA
(X2, Xis5, Xi6, X17, X1g) OBLT pa3zesncH Ha cy03aeMeHThl. Kak oMy Cy03ieMeHTY JaHHBIX ObLIO MPUCBOEC-
HO JIOJICBOC 3HAYCHHME B COOTBETCTBUU CBOEI'O OCHOBHOTO 3JIEMEHTA NaHHBIX (CM. Tabnuiry). Takoe pas-
JISJICHHE TI03BOJIMJIO TIOBBICUTH PETPE3CHTATUBHOCTH BBHIOOPKHU it HeliponHoU cetn (HC) u B nmaib-
HEHIIIeM ynydIluTh Ka4eCcTBO ee PaboThI.

PaspeneHue aneMeHTOB AaHHbIX HA Cy63ﬂeMeHTbl
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Takum 00pazoM, UMEIOTCsS 32 KOMIOHEHTHI BEKTOPa COCTOSHUSI, KOTOPBIE B HAHOOJbIIECH CTEEHH
XapaKTEepU3YIOT COCTOSIHUE KOJIOHHBI OYPUIIBHBIX TPYO, HAXOASIIMXCS B CTBOJIE CKBaXXHHBIL. B KauecTBe
BBIXOJTHOM MH(OpMAIMK O IpUXBaTe paccMarpuBaeTcs 3 coctosaust: I — mpuxsar moJ aelicTBreM nepe-
naza gasienus; Il — mpuxsar (3aKIMHUBAaHNE) HHCTPYMEHTA PH €ro ABWXeHuH B ckBaxkune; 111 — npu-
XBaT BCJICACTBUE CY>KEHHS CEUEHHS CTBOJA CKBAKHHBI (B Pe3y/bTaTe OCEOAHUS LUIaMa, yTSHKEIUTEN,
OCBhITe, 00BajIOB, BRITYYHBAaHUS TIOPO/I, CATbHUKOOOPA30BaHUS U T. II).

1.2. Obyuarougue, nposepounvle u mecmosvie HAGOPvL OAHHBIX

OneHka MOAENH BCETAa CBOAMTCS K AEJCHUIO IOCTYIHBIX JaHHBIX Ha TpU Habopa: odyuarowjui,
npoeepoyHblil 1 mecmoguiii. Monenb Oyzaer o0ydaThCsl Ha 0Oy4YalOIIMX JaHHBIX, a IPOBEPKA KauecTBa
o0y4eHust Oy/IeT OLIEHUBATKLCS Ha MPoBepouHbIX. [locie 3aBepiieHre 00ydeHns: MOJENb OYIET TECTUPO-
BaTbCs C NMPUMEHEHHEM TECTOBBIX NAHHBIX. 1aKoi MOAXOJ MO3BOJSET MOIYYHTh Hanbojiee TOYHYIO
OIIeHKY o0o0mieHHocTr Monenw [17].

1.3. Hopmanusayua 0anHnvlx

HC mnoxo paboTaeT co 3HaUCHHSIMH DJIEMEHTOB JAHHBIX, UMCIOLINX CaMble Pa3HbIC JAHANa30HBI.
Hanpumep, B Hamem citydae TayOMHa HaxoxaeHHs nojiota — oT 50 qo 6000 M, mIoTHOCTH OypOBOTO
pactBopa — ot 0,890 0 1,80 r/cm’ 1 T. 1. CeTh CMOKET aBTOMATHYECKH aJalITHPOBATHCSA K TAKAM Pa3-
HOPOJHBIM JAaHHBIM, HO 3TO YCIOXXHHUT npouecc oOydyeHus. Ha mpakThke K TaKuM JaHHBIM NPHHATO
MIPUMEHATH HOPMAIIU3ALIHIO.

Hopmanuzayusa — 310 psig METONIOB, CTPEMSIIIUXCA CAENaTh CXOJACTBO pa3HBIX 00pasnoB Oonee 3a-
METHBIM JUISl MOJIEIH MAIIMHHOTO 00Y4EHHsI, YTO IOMOTaeT MOJIENIN BBIACIATH U 000011aTh HOBBIC aH-
Hele. s JaHHOM 3aja4yM MOAXOAMT HambOoyiee pacHpocTpaHeHHas (GopMa HOpMalW3alMH, KOTOpas
MpenoaraeT HOpMaJIbHOCTh 3aKOHA pacipeseneHus AaHHbIX. CyTh HOpMaTU3alliid COCTOUT B IIEHTPH-
POBaHUM JaHHBIX U IPUBEICHAN MX K €TUHHYHOMN TUCIIEPCHU:

X _ Xi—)?

HOpM; — s °

rae X — cpelHee 3HaYeHMeE MO HNpH3HAKY X; (3IE€MEHTA JAHHBIX), O — CPEIHEKBAAPATHIECKOE OTKJIO-
HEHHE.

BaxHO OTMETUTH, YTO HOPMAJIU3AIMH TIOJIBEPTAIOTCST 00yJaIOIIie U MMPOBEPOUHBIE TaHHBIE. TecTo-
BbI€ JaHHBIC HE JOJKHBI OJBEPraThcs HopManuzauuu [17].

2. MoaroroBka HC

2.1. Tun u apxumexmypa HC

Cyl11ecTBYIOT pa3jiMyHbIe THIIBI ¥ MOJACIN HCKycCTBeHHbIX HC, KOTOpBIC pa3iuyaroTcs Mo HMpUHH-
MaeMbIM BHJIaM BXOJIHOW HH(opManuu (Tpauaeckoil, 3ByKOBOH, TEKCTOBOU, U(POBOH U T. 1I.), a TaK-
xKe MeTonaM ux oopabdotku [19].

B marematudeckoMm Buie (YHKIIMOHUPOBAaHHE HEHWpoOHa k MOXKHO OIKCAaTh CJCHYIOIICH mHapoit
YPaBHEHHUI:

Uk = Lin=1Wikm¥m, Y = @(ux + by),

TJ€ X1, X2, ..., X, — BXOJHBIC CUTHANBI; Wy, Wi, ..., Wi, — CHHAIITHYECKUE Beca HeHpoHa k; uy; — ITNHEH-
Hasi KOMOWHAIWSI BXOJHBIX BO3ICHCTBUM; by — Topor; ¢(.) — pyHKIUS akTUBauu; Y; — BBIXOJHON CHT-
HaJl HEpOoHa.

Onupasch Ha CYLIECTBYIOUIHE TEOPUU U PE3yIbTaThbl MPAKTUYECKOTO MPHUMEHEHHUS Pa3INIHBIX
cTpykTyp ¥ Moxaeneit HC, mis pernieHus mocTaBleHHOW 3amadyy ObUTa BRIOpaHA MHOTOCIIOWHAS CETh C
nocyie1oBaTebHbIMU COSMU (11, 1y, [3) ¥ noaneivu cBSI3sIMH MeXay HUMH (Monenb Sequential wmu
MHOTOCTIOMHBIN TiepcenTpon) [17-23].

OcHoBHBIM cTpouTtenbHbIM O110koM HC siBisiercst croil (1,). CylecTBYIOT pa3indHble METOUKH U
PEKOMEHIAINH TI0 pacyeTy KOJMYECTBA CIIOEB, HO HA TMPAKTHUKE 3TOT MapaMeTp OOBIYHO IS Kaxmoi
3aJlaud BEIOMpAeTCs WHANBUYaIbHO HA OCHOBE YHCIICHHBIX SKCIIEPUMEHTOB.

B kavecTBe MCXOHON apXUTEKTYphl OblIa BHIOpaHa CIEMyoMas CTPYKTypa: CETh C BXOJHBIM CJIO-
eM u3 32 HeiipoHoB ¢ pyHknueit aktuBanyu «ReLU» 1 ¢ BBIXOAHBIM ciioeM u3 3 HeHpOHOB ¢ QyHKIMEH
akTuBaimu «SoftMaxy.
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Jlanee ObLT mIpOBEZEH PSAJl SKCIIEPHUMEHTOB, B KOTOPBIX OIIEHHWBAJIOCh KaueCTBO padOTHI CETH MPHU
W3MEHEHUU KOJIMYECTBA HEMPOHOB BXOJHOTO CIIOS. Pe3ynmbpTaThl skcniepuMenTa (puc. 1a) mokasanu, 4To
yBEIMUEHNE KOJIMYEeCTBA HEUPOHOB BXOAHOTO cJios 10 100 MprBOAUT K MAaKCUMAJIBHOM TOYHOCTH pabo-
TBHI CETH, a TIOCJICAYIOIIEe YBEINYCHUE TMPUBOAUT K HECTAOMIBLHOMY yNy4IICHHIO TOYHOCTH. C IeNbIo
HaX0XJIeHUs 00JIee TOYHOTO KOJMYECTBAa HEUPOHOB B 3TOM CJIO€ ITPOBEICHBI TOBTOPHBIE SKCIIEPUMEHTHI
B quana3oHe oT 92 no 108 HEeHpOHOB C MIaroM OJUH HEMPOH. Pe3ynbTaThl 3KCIEpUMEHTa MTOKa3alH, YTO
MIPH KOJIMYECTBE HEHPOHOB 97 TOUHOCTH pabOTHI CETH MOCTUTaeT MakcuMyma (CM. puc. la), cienoBa-
TEJIbHO, JJIsi BHIOPaHHOH CETH ONTHUMAaJbHOE KOJMYECTBO HEWPOHOB B MEPBOM CIIOE€ COCTaBIsIET 97.
Takum oOpa3om, 3Ta mpoleAypa MpoBeeHa sl BToporo cios (puc. 10) U ompeneneHo onTUMalbHOE
KOJIMYECTBO HEUPOHOB 52. JlanpHelIIne yBETUUCHHE KOJIUYECTBA CIOEB U HEUPOHOB B 3TUX CIIOSAX HE
NPUBOJIUT K MOBBIIIEHHIO TOYHOCTH PaOOTHI CETH.
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Ucxons u3 BlmeckazaHHOro, 000CHOBaHHO BBIOpaHa CIIEAYIOIIAS apXUTEKTYpa CETH: TPEXCIOWHAs
CeTb, TJIe TIEPBBIN CION cOCTOUT U3 97 HEHPOHOB, BTOPOH U3 52 U mocineaHui TpeTuil (BBIXOIHON) CIION
cocTouT U3 3 HelipoHoB. Bo 2-M cioe mpumeHsieTcsl akTUBaLMOHHAs QYHKIUS «Sigmoidy, clienoBaTeNIbHO,
Ha BBIXOJIHOM CJIO€ IPUMEHSETCS aKTUBALIMOHHAS (PYHKIUS MATKOro MakcumyMa «SoftMaxy (puc. 2).
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Puc. 2. Apxutektypa HC. MHorocnorHas ceTb ¢ nocregoBaTeflbHbIMU CBA3SMMU

OyHKIMS aKTUBALMK OTPAHUYMBACT aMIUIUTYIy BBIXOJHOIO CUTHANA HeHpoHa. DTa (GyHKLUS Tak-
e HasbiBaeTcs QpyHKIuen cxarus. Takas KOMOMHAIMS aKTHBALMOHHBIX (DYHKLMI BBIOpaHa UCXOIS U3
pe3yIbTaTOB MPOBEICHHBIX IKCIIEPUMEHTOB, KOTOPBIE PACCMOTPEHBI B pa3zieliec «OlleHKa KauecTBa pado-
TBI CETH.

2.2. Anzopumm u memoo odyuenus cemu

Ob6yuenne HC — 3to mponece, B kotopoMm napamerpsl HC HacTpauBaroTcs moCcpeCcTBOM MOJEIIH-
POBaHUs Cpenibl, B KOTOPYIO 3Ta CeTh BcTpoeHa. CyIIeCTBYIOT pa3IMuHbIC AITOPUTMBI U METOMBI 00y4e-
Hus HC, B 3aBHCHUMOCTH OT apXHUTEKTyphl CETH M TIOCTAHOBKH penraeMoi 3a1aun. Tak Kak MOJeb pac-
CMaTPUBAEMOM CETU — STO MHOTOCIIOWHBIN MEPCENTPOH, TO EJIECO00Pa3HO MPUMEHSITEH AITOPUTM 00Y-
YEHHSI CETHU C YYUTEJIEM U METOJIOM OOPAaTHOTO PAaCIpOCTpaHEHHs OIIMOKH (CO CTOXaCTHUYECKUM T'pajIu-
EHTHBIM ciryckoMm) [17-23].

JJ1s mOAroTOBKY CeTH K OOY4EHHIO MPEKIE BCEro HeoOX0ANMO HACTPOUTH TPH MapameTpa Ui 3Ta-
1A KOMAIULAYUU:

1. @yuxyuio nomepv — BEIMIUHY, KOTOPYIO TpeOYyeTCsl CBECTH K MUHUMYMY B X0Jie 00yUYeHHs, MO-
ATOMY OHa JIOJDKHA TIPENICTaBIIATh CO00i Mepy ycmexa Ui pemiaeMoil Hamu 3anaqyu. [lo cBomM Ha3Ha-
YCHUSIM CYILECTBYET MHOKECTBO BUIOB (PYHKIMH MOTEph. B 3amauax MynpTHKIIACCOBOW Kiaccugpuka-
UM (IPOTHO3MPOBAHMS) LENECOO0Pa3HO MPHUMEHITh KAaTeTOPHANbHYI0 MEPEKPECTHYIO JHTPOIHIO
(Categorical cross-entropy), KOTOpas ONKMCHIBACTCS YPaBHEHUEM:

Lccek = - 27(1=1 Yklog(?k)a

rme ?k — MpelcKa3aHHOE MOJEJNbIO 3HaUYEHUE 1IEJIEBOM MTEPEMEHHOM; Y}, — JKemaeMoe 3HaueHue 1eJI1eBOi
MIEPEMEHHO.

2. Onmumuzamop — MEXaHWU3M, C IIOMOIIBI0 KOTOPOTO CETh OyIeT OOHOBIATH ceOsl, omupasich Ha
HabJroaeMble JJaHHble M GYHKIUIO OoTeph. ONTUMHU3ATOp TaKXKe ONpeiessieT TOYHBIH Cocod HCIob-
30BaHUs TpajveHTa MoTeph Ul U3MEeHeHus napameTpoB (puc. 3). [IpumenuTensHO 171 Hallel 3agadn
HAWJIy4IIUe Pe3yJIbTaThl ObLUIN MOJYYEHBI IIPH BBIOOPE ONTUMHU3aTOpa «Adamy, pealusyroniero rpaim-
EHTHBIN CITYCK C UMITYJIbCOM.
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Puc. 3. Bnok-cxema npouecca oby4yeHus cetu [19]

3. Mempuxy 01 MOHUMOPUHEA HA YIMANAX 00YYeHUs U MeCmuUposanus Mvl gvlopanu «Accuracy» —
3TO OJIHA U3 YIOOHBIX METPHK KaueCTBa MOJISNIeH MAIIMHHOTO 00yUeHHSI.

KosinuectBo BEPHBIX OTBETOB

Accuracy (TOYHOCTBb) = .
y ( ) O6111ee KOJIMYCTBO OTBETOB

Ona yacTto HCIIOJIB3YCTCA JIA KHaCCI/I(bI/IKa]_[I/H/I M MOKAa3bIBACT AOJIO JAaHHBIX, JJISI KOTOPBIX KilaCcC
OBL1 OIpEACJICH PaBUJIbHO.

2.3. Hacmpoiika zunepnapamempog cemu

WHTYyUTHBHO THIIEpIIapaMeTPhl MOXKHO MPENICTABUTh KaK MapaMeTphl, KOTOphIe He ObUIH W3BJICUCHEI
U3 JIaHHBIX U SIBISIOTCS PhlYaraMu yIpaBJICHUS] MOJICNBIO, T. €. TapaMeTpPbl, KOTOPhIe MOXHO H3MEHSTH C
HEINBI0 YIYYIeHHsT KadecTBa paboTel Mojenu. [loz runepmapaMeTpamMu cieayeT MOHUMaTh: pa3Mep MU-
HHU-BBIOOPKH, KOJIMYECTBO HEHPOHOB BXOJHOTO CJOS, KOJMYECTBO CKpBITHIX cioeB HC u kommdecTBo
smox o0yueHus. OnTuMalibHas HACTPOWKA THUIEPHAPaMETPOB MOXKET OBITh JOCTUIHYTa TOJBKO B pe-
3yJIbTaTe MPOBEACHUSI CEPUH IKCIIEPHMEHTOB, B KAXKJIOM M3 KOTOPBIX HEOOXOJIMMO MEHSTH OJMH U3 T'H-
neprnapamMeTpoB M aHaJM3UPOBaTh U3MEHEHHE KauecTBa paboThl ceTh. [lepBoHaYabHO 3TH MapaMeTphl
BBIOUPAIOTCS TPOU3BONBHO. Il MCMONB3yeMOH CeTH YMCIIOM 310X o0ydeHus Obuio BbIOpano 150.
Ho Bckope nociie nmpoBeieHns 3KCIIEPUMEHTOB U aHAJIM3a PE3YIbTaTOB ObUT OTMEUEH CIEAYIOMNN (aKT:
HO Mepe NPOXONCOeHUsT INOX 00VHeHUs YMeHbluaemes 0048 owubKu Ha oOyuaiowel u nposepoyHou
gvibopke (puc. 4a). Ilo mepe yseruuenus 3nox 001 OWUOKU HA NPOBEPOUHLIX OAHHBIX 8 OMAUYUE OM
001U OWUOOK HA 00YHAIOWUX OAHHBIX 00CMuU2dem ONPeOeeHHO20 VPOBH (MUHUMYMA), noce
KOMOpo20 no mepe y8eaudeHus dNoXu HaYuHaem y8eiudueamsvcs ouuoka (npoucxooum nepeobyuenue
cemu). B maxom cnyuae neobdxooumo ocmanosums npoyecc 00yyeHus na moil dnoxe, nocje KOmopou
3ameueno ygeauuenue owuoox obyuenus cemu. Cyos no epaguxy (cm. puc. 4a) onmumanvbHoe YuUcuo
9NOX ONIsl NOHO20 yukia obyuenus cemu cocmaensiem 50, umo noomeepicoaemcs pe3yibmamamu
nosmopHo2o obyuenus (puc. 40).

B pesynbTare npoBesieHHON CEpUU SKCIIEPUMEHTOB HAWITYUIIIUE PE3YJIbTaThl Pa0OTHl CETH MOTy4e-
HBl MIPU CIEAYIOUIMX TUIepHapaMmerpax: pa3Mep MHHH-BBIOOpPKH 1; 97 HEWpOHOB BXOJHOIO CIIOS;
1 ckporThiii cnoit HC; 50 snox oOyueHus.
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Puc. 4. N'padmk oLleHKM OLIMGKKN ceTU Ha 0ByYaloLMX U NPOBEPOYHbIX AAHHbIX
Mo NPoxXoXAeHUto anox obyyeHus: a — npu 150 anoxax; 6 — npu 50 anoxax

3. Onenka kayecTBa padoThI CeTH

Onenka kayecTBa pabOTHl CETH MPOBOAMIACH METOIOM KpOCC-BalMIalMu 1Mo k-Omokam. Mmero-
muiicss Habop JaHHBIX CIIy4YalHbIM oOpa3zoM moapaszaessuics Ha 20-00KOB MUHH-IAHHBIX (pHC. 5).
B kauectBe oOyuarorieil BBIOOPKH NpUMEHSIINCE 19 U3 HuX, a 1-0JI0OK MUHH-IaHHBIX — B Ka4eCTBE MPO-
BepouHbIX. JlaHHOE pa3zOueHne OJIOKOB MO3BOJIMIIO MPOBOJIUTH O0YUYCHHE CETH W OIEHKY OIIMOKHU CETH
Ha 3THX JaHHBIX.
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Puc. 5. CTpykTypHas cxema Kpocc-Banugauum no k-6nokam [20]

IIponienypa moBTopsiack 20 pas, B pe3ysbTare 4ero, moxydeHo 20 Momemneit ¢ X OIeHKaMH Kade-
cTBa paboThl ceTH (L1 ... Lyg). 3aTeM BBIYMCIIAIACH CPEIHsS OIMOKa PabOThI MOJICIIM HA OCHOBE Pa3HbIX
HE3aBHCHUMBIX OJIOKOB:

— 1 y20
Lmean ~ 20 i=1Li .

MeTto kpocc-BaMaalMK 10 £-0J10KaM IMO3BOJIMI HaM BBITIOJHUTH TOHKHAE HACTPOMKH MOJICIH, T. €.
HaXOJWTh ONTHUMAJIbHBIC 3HAYCHHWS THUICPIIAPAMETPOB, KOTOPBIC Jajld YAOBICTBOPHUTEIBHYIO 0000-
IIaroIIyIo crmocoOHoCcTh. [locie Toro kxak onpeneieHsl yI0BIeTBOPUTEIbHBIC 3HAUSHS THIIepIIapaMeT-
POB, TIOBTOPHO MPOU3BEACH MpoIlecC 00YUSHHs MOJEIH Ha MOJTHOM o0ydarorieM Habope. B pesynbraTe
MoJTyYeHa OKOHYATEIbHAS OLICHKA KauecTBa MOJICIH Ha 0a3e He3aBUCHMOTr0 TECTOBOTO Habopa.

C y4eToM TOrOo, 9TO k-ONOYHASI KpOCC-BANHIAIMS — 3TO METO]] T€HEpUPOBAHUS ITOBTOPHBIX 00pas3-
1IOB 0e3 BO3BpaTa (HEelepeceKarmuxcs 00pasoB), IPEUMYIIECTBO 3TOTO MOX0/1a 3aKIFYAETCS B TOM,
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YTO KaXJas TO4Ka oOpasla sBIASETCS 4acThl0 00yYaromero M MpOBEPOYHOr0 HAOOPOB JAaHHBIX POBHO
OJIVIH pa3, 4TO B UTOT€ MO3BOJISIET MOIYYUTh O0Jiee HU3KOANCIIEPCHYIO OIIEHKY KauecTBa Moaemnu [20].
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Puc. 6. ToyHOCTb paboTbl CETU NPMU Pa3NMUYHbIX KOMOUHALMAX aKTUBALMOHHbIX hyHKUUA
(CKpbITOro U BbIXOAHOrO crosi) ¢ onTumusatopomu: a — SGD; 6 — Adadelta; B — Adam
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B pesynbprare npoBeaeHus cepu HKCIEPUMEHTOB € Pa3IMYHBIMA KOMOMHAIMSIMU aKTHBALIMOHHBIX
(GYHKUMI M ONITUMHU3aTOpaMH ObUT MOJYYEH sl pe3yabTaToB (puc. 6), IO KOTOPHIM MOXKHO CAENaTh BbI-
BOJI O 11€J1ecO00pa3HOCTH MPUMEHEHUS! KOMOMHAIINH aKTUBAIIMOHHBIX (DYHKIIUI CKPBITOTO U BHIXOJIHOTO
cnoeB «Sigmoid-SoftMax» ¢ ontumuzatopom «Adamy». [lpu Takoli KOMOWHAIIMKM TOCTUTHYTa BBICOKAs
TOYHOCTH paboThI cetu (93,5 %) s 0OpabaThIBaeMbIX TaHHBIX.

3akiouenune

Heobxomumo oTMeTHTh, Ciemyrolee:

— B pa3paboTKe IMOJYYEHHOW MOJETH MPOTHO3UPOBAHMS MPUMEHSIINCH BaXKHBIE M 00OOIIaronIne
(hakTOphI, BIUSIONIME HA BO3HUKHOBEHUE BCEX BH/IOB NMPUXBATOB, YTO IMO3BOJISACT MPOTHO3UPOBATH BCE
BUJIBI TPUXBATOB KOJIOHH OypPUIIBHBIX TPYO;

— IPUMEHSIEMBIN CTTOcO0 TpeoOpa3oBaHMs AIIEMEHTOB BXOHBIX JaHHBIX MO3BOJISIET aIlallTUPOBATHCS
nojrydeHHoi Mozea HC k HOBBIM BIOOpPKaM, B TOM YHUCJIE OT CKBaXKHH Pa3IMYHBIX MECTOPOKICHUI,

— 3KCHEPUMEHTAJILHBIM CIIOCOOOM 00OCHOBAaHA apXMTEKTypa CETU M BBISBICHBI HAMJIYYIINE THICD-
mapaMeTphl, a Takke KOMOWHAIUS aKTHUBAIIMOHHBIX (DYHKIUH, KOTOPBIE TO3BOIIIN HOJIYYUTH ONTH-
MaJbHYIO MOJIENb JUISA PEIICHHs JaHHOHN 3a1a4H;

— HOJIyYCHHAs: MOJIC]Ib MOXKET MPUMEHSTHCS B MPOIECCE MPOSKTUPOBAHUS U OypPEHMS CKBaXKHHBI,
YTO TIO3BOJIUT MUHUMHU3UPOBATh PUCKUA BO3HUKHOBEHHS HENPEIBUACHHBIX aBapuil (IIPUXBATOB);

— pa3paboTaHHast MOZIEIb TTO3BOJISIET IIPOTHO3UPOBATH BOSHUKHOBEHUE U ONPEACIIATH THIT TPUXBaTa
Ha SKCIIEPUMEHTAIBHBIX TAHHBIX ¢ TOYHOCTBIO TTPOrHO3UpoBaHus 93 %.
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DEVELOPMENT OF ARTIFICIAL NEURAL NETWORK
FOR PREDICTING DRILL PIPE STICKING

Sh.Sh. Qodirov, asp18kss327@susu.ru,
A.L. Shestakov, admin@susu.ac.ru

South Ural State University, Chelyabinsk, Russian Federation

Stuck piping is a common problem with tremendous impact on drilling efficiency and costs in
oil industry. Prediction of stuck at the stage of designing and in the process of drilling wells, mini-
mizes the risk of the occurrence of sticking, due to the choice of the optimal method of prevention
for specific geological and technical conditions.

The article is devoted to the development of an artificial neural network for prediction of sticking
of drill pipe columns. The paper provides a literature review of existing methods of prediction of
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sticks. As input data elements are used important and generalizing factors influencing the emergence
of all types of sticks, which allows predicting all types of sticks of drill pipe columns. In order to in-
crease the susceptibility of the input data to the neural network, the data elements are transformed
and normalized. The type and architecture of the network, as well as its hyperparameters, are chosen
by the experimental method. Assessment of the quality of the network is made by the method of
k-fold cross-validation. In order to find the optimal combination of activation function with various
optimizers, experimental research is carried out with the analysis of their results.

The experiments were implemented in the Python programming language with KERAS,
TensorFlow and Matplotlib library packages, as well as in the cloud platform Colaboratory from
Google.

A distinctive feature of the proposed method is that the resulting forecasting model can be easily
adapted to new data, which often occurs when drilling wells in new fields.

Keywords: drill string stuck, recognition and prediction, neural networks, multilayer percep-
tron, data normalization, k-fold cross-validation.
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Today, fingerprint identification is the most common method of biometric identification. Existing
fingerprint identification models have some defects that reduce the speed and quality of identifica-
tion. So most of the models do not take into account the topological characteristics of images,
for example, the classical method of measuring the ridge count value may produce incorrect results
in areas of significant curvature of the ridge lines. This paper presents a new mathematical model
for fingerprint identification, taking into account their topological characteristics. Identification is
performed on the basis of templates. The templates contain a list of minutiae detected on the image
and a list of ridge lines. For the ridge lines and minutiae, sets of topological vectors are constructed.
The result of building topological vectors does not depend on the location of minutiae and takes into
account their possible mutations, which increases the stability of the proposed mathematical model.
Additionally, the stability of the model is ensured by combining the base topological vectors con-
structed for all minutiae and ridge lines into an expanded topological vector. This view allows you to
significantly reduce the size of the template and optimize the use of memory. To compare the finger-
prints the Delaunay triangulation is used based on the list of constructed topological vectors.
112 possible classes for topological vectors are defined. This approach allows you to increase
the speed of identification up to 10 times while maintaining its accuracy. The proposed classification
is resistant to rotation and displacement of images.

Keywords: fingerprint template, Delaunay triangulation, minutiae, topology vector model.

Introduction

Fingerprint images (FI) themselves are not used to identify fingerprints, but templates created on
the basis of them using mathematical functions. The bases for the formation of the pattern are minutiae
in the form of points of the beginning and ending, merging and bifurcation of the ridge lines [1-3]. They

can be detected on the grayscale image, although in
the process of creating a pattern, they are more often de-
tected along the skeleton of the ridge lines [4-7] (Fig. 1).
For the reliability of the mathematical model of Fl, it
must contain the necessary and sufficient number of fea-
tures [5]. Minutiae, ridge count between them, and also
ridge lines in some cases are considered the main in-
formative features [5, 6]. However, most of the models
used to prove the uniqueness of the biometric pattern and
identification do not contain this in majority [5, 8].
Existing models are focused on improving the accu-
racy and speed of identification; however, due to the fact
that they do not contain sufficiently complete topological
information about the image, they all have some draw-
backs [9, 10]. For example, the classic method of measur-
ing ridge counting along a straight line can lead to errors
in the region of deltas, loops and whorls due to the large

Fig. 1. Skeleton and minutiae
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curvature of the lines in these sections [5]. Thus, the task of forming a FI template, taking into account
the topological characteristics of the imprint, remains relevant. The article proposes a new model of rep-
resentation of the FI pattern, using topological vectors of the ridge lines and calculations based on De-
launay triangulation.

The paper is organized as follows. In the introduction, the basic concepts of the subject area are gi-
ven, relevance is determined, goals and objectives of the research are set. Section 1 provides an over-
view of the existing research papers. Section 2 describes the proposed methodology. In the conclusion
the results are summarized, the directions of further research are determined.

1. Preliminaries

Delaunay triangulation and VVoronoi diagrams are widely used in various fields of science, including
the field of biometric identification. Compared to earlier work on the use of computational geometry to
improve the results of recognition of biometric information [1, 2], the number of attempts to use the to-
pological and geometric characteristics in the identification process has increased significantly [11].

There have been works on the use of Voronoi diagrams for recognition in biometric systems and
the implementation of different approaches to comparing FI [2, 10, 12]. Matching fingerprints based on
minutiae is used most often. To do this, a set of minutiae is extracted from the fingerprint image and
saved as a set of points on the plane [2, 3, 11]. During correlation matching, the images are directly su-
perimposed on each other, aligned and scaled. For each variant of mutual alignment, the correlation va-
lue is calculated [13]. Other methods for matching FI (according to the characteristics of ridge lines
based on maps and dictionaries of ridge lines and their geometry [14, 15]) are used much less frequently
due to the high complexity of implementation [3]. There have been attempts to apply Voronoi diagrams
for other areas of biometrics. For example, to recognize facial features in [12]

Voronoi diagrams can be used to reduce the noise level [14]. The Delaunay triangulation constructed
on the basis of a set of minutiae was proposed to be used as a comparative index when comparing fin-
gerprints [1]. To do this, there must be at least one matching pair of triangles for two prints. However,
due to the poor quality of images of prints or the low efficiency of algorithms for extracting signs, this
condition is not satisfied, and a matching pair is not always detected [16, 17]. This is confirmed by other
work, proving that even a small local deformation can lead to significant distortions of the pattern [7].

There were also attempts to use not only two-dimensional (2D) Delaunay triangulation, but also
three-dimensional (3D) Delaunay tetrahedron [18]. However these structures are more sensitive to
the missing and spurious minutiae, and have a negative impact on the effectiveness of the identification.

It is also possible to use triangulation in hierarchical mode and in combination with other approach-
es to describing minutiae, for example, in conjunction with constructing a local neighborhood for each
minutia by the MCC method [19] or computing of common barycenter for all triangles [20].

The research presented in this paper takes advantage of additional information, which is ignored by
fingerprint matching algorithms. It is based on ridge line representation as a clever utilization of Delau-
nay triangulation [21] and topological vectors [22], which results in increased speed and high recogni-
tion capability of the system. The method was fully integrated in a commercial software system [22].

2. Proposed Methodology

The representation of a pattern as a set of FI features may vary in implementations of different de-
velopers. In some templates, there is a limit on the number of stored minutiae [5]. Some features of tem-
plates are irrelevant, but it is possible to indicate their common property: the templates have features,
being some metrics for minutiae points. These metrics are ridge counts between minutiae and topologi-
cal vector for minutiae [5, 22].

In this paper, an image template is constructed in the form of

r:R™ (L, 4, L), @
where Fo(m) =‘f0(m)(x, y)‘ —image skeleton (Fig. 1); L,, — minutiae list; L, — list of topological vectors
for lines; L, — list of accelerator vectors for lines. Let’s introduce some definitions.

Definition 1. The skeleton of FI is a graph <u,v> with nodes u and v. The nodes u and v are lo-
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cated near the geometric center of the line. For each node p; e(u,v> there are two nodes p, and p; that

are not adjacent to each other.
Definition 2. The skeleton node p,, for which there is only one adjacent node p,, is called the ending.
Definition 3. If for a skeleton node p; there are three adjacent nodes p,, ps and p, such that any two
nodes from the multitude {pz, Ps, p4} are pairwise non-adjacent, then the node p; is called bifurcation.

Minutiae as the nodes of the skeleton represent the nodes of the graph, and based on which the topo-
logical characteristics of the FI are determined and a list of accelerator vectors is compiled. All these
vectors do not characterize a separate minutia, but the general properties of the ridge lines. Although the L,
and L, lists store different characteristics of the FI, in general they are very similar, since they are de-
scriptions of all lines of the pattern. This property allows you to keep the small size of templates for
guick matching.

2.1. Minutiae List

The list of minutiae for the subsequent recognition and matching of fingerprints is formed as fol-
lows. Let M; be the minutia with number i. Then the list of all FI minutiae can be written as

L, ={'V|i ={(%.¥i): 0. b, vi, 65, hi}|iel..n1}, )
where (xi Vi ) o, &, v;, 6;, p;, by — coordinates, direction and type of minutiae, as well as value and di-

rection of curvature, probability and density of lines about minutiae; | L, |=n, — cardinal number. For
reliability of identification, only minutiae from informative areas are taken into account for the template.
On Fig. 1 the informative area is highlighted in gray, the skeleton of the image is shown in black.

Coordinates (xi,yi) of minutiae M; are determined by the location of minutia [5, 6]. Direction o
as an angle is determined based on a simple chain of skeleton vertices for the ending and three simple
chains for bifurcation [6]. Type t; €{0;1} where 0 is bifurcation and 1 is the ending, is determined by
the vertex valence of the graph representing the image skeleton [22]. Coordinates ;, direction a; and
type t; are the basic parameters M; [23].

The value v; and the direction of curvature 6; of the ridge lines are determined within a certain
neighborhood of minutia M; [4-6]. The probability p; is equal to the ratio of the average value of
the image quality rating in the neighborhood ¢ to the best quality rating in the informative area of FlI
[23]. The density of the lines h; is calculated as the average number of lines located in the neighborhood
of ¢ that the perpendicular crosses to the ridge lines [5, 22]. Typically, a neighborhood € corresponds to
3-5 periods of lines.

2.2. Topological Vectors List

Consider the procedure for building a list of topological vectors for the ridge lines. The list of topo-
logical vectors for the lines L is constructed on

the basis of the list of the minutiae L, the F,(™

matrix representing the FI skeleton, and other auxi-
liary matrices that store information about other
signs of the FI. Matrices are combined into a pyra-
mid, shown in Fig. 2, and represent the infor-
mation levels, distributed according to their hierar-
chical structure [4, 5].

The list of topological vectors for the ridge
lines of FI is formed from all the skeleton nodes
excluding the minutiae and is written as

L :{vi ={(ejny. 1)} li Lo, jel..mt}, 3)
where V; —topological vector for skeleton nodes

cluster; |L|=n, — cardinal number and n, >n;

Fig. 2. Layers of the pyramid in the form
i —index of topological vector; j —number of link of a hierarchical structure
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in topological vector; e;

m, — quantity of links in the intersection with central line, equal to

m, =4m+2. 4)

All lists of FI characteristics are based on a similar principle. In the informative area of FI, ridge
lines are highlighted and a skeleton is formed. On the skeleton, two types of minutiae are detected:
the bifurcations and the endings (Fig. 1) so that the direction of each minutia indicates the area where
the number of lines increases [9]. The direction vector of the minutia is parallel to the tangent to
the ridge line in some neighborhood of the minutia M;. Each minutia is characterized not only by
the number, coordinates and direction, but also by the type, value, direction and density (2) of lines in
the neighborhood and other parameters.

Then, for each minutia, perpendiculars to the direction vector to adjacent lines are constructed and
points of projections are fixed. In Fig. 3 perpendiculars are shown by a dotted line, and projections are
shown with a filled circle.

— event, and Ij — length of link, formed with minutiae with number nj;

1 A
1 A
v—<—§u
v
2

Fig. 3. Projections for ending and bifurcation

The skeleton node p; is selected (but not the minutia), and the section through this node is con-
structed to the right and left to a depth of m lines perpendicular to the tangents to the intersected lines.
The obtained points of intersection are called “links” and are numbered, for example, in a spiral, starting
from the point p;, in the clockwise direction [22]. The depth of the intersection m can vary from one to
eight lines and is the same on the left and on the right. One line forms two links in the intersection.
The total number of links is calculated by the formula (4)

The topological vector is formed on the basis of the constructed intersection. For this purpose, all
the links, starting from the section and before the meeting with another minutia or its projection on
the link, are consistently viewed along the lines. In this case, the following events may be detected
(Fig. 4). They are represented in binary code.

: 1 P Ik er Hﬁ

1101 1001 1110 1010 0101 0001 0110

1 Vaa 10

0010 0011 0111 1011 1111 1100  opooo
Fig. 4. Events

With the event as a number (there are 14 of them) detected on the link, the number of the minutia
that initiates this event is associated. The event is tied to the link number. For events 0000 and 1100,
there are no numbers of minutiae, because the line either ends in an uninformative area, or it closes and
there is neither a minutia nor a projection on the line. The event and the number of the minutia form an

ordered pair (ej,n;) which is a topological vector corresponding to the link with number j. Then
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the information about the event is supplemented with the va-

lue of the link length from the section to the point at which (} 16 : ! -

this event is detected. ! -—
To construct an extended topological vector, use an or- 12 113 w20

dered triplet (e;, n;, Ij ) from the event, the number of the mi- 4 : "

nute initiating the event, and the length of the link. The lengths }'1 i : ’ e23

of links, broken on FI edge, are stable in the meaning that they 5 |

are not shortened in case of fool rolling of the finger. hd 1 : : v
By the location of the bits in the event, you can deter- ool

mine the type of minutia, its direction and location relative to A A—. | N

the course of link. Events allow on-the-fly compare the basic 22 . J <

topological vectors and speed up the identification procedure. 716 24—

Topological vectors are built for all nodes of the skeleton
p; (but not for the minutiae). In this case, the ridge lines of

hd
M

B
FI are divided into links numbered in a spiral in a clockwise _~ ' -
direction. Fig. 5 shows the section for the skeleton node A, 4
which ends with ending 19. The resulting cross-section links |
are numbered 0-17. The result of constructing a topological Fig. 5. Section for line with ending
vector for node A is shown in Table 1.

Table 1
Topological vector for A and B
No. | Event | Index | Size No. | Event | Index | Size
0 1110 22 0] 0 1110 22 10
1 1111 19 11 1 1011 19 11
2 1110 19 12 2 0111 19 12
3 1111 22 13 3 1111 22 13
4 0001 21 14 4 0001 21 14
5 1101 19 15 5 0101 19 15
6 1010 24 16 6 0110 19 16
7 0010 25 17 7 0010 25 17
8 0011 21 18 8 0011 21 18
9 1111 23 19 9 1111 23 19
10 1010 26 110 10 1010 26 110
11 0011 25 111 11 0011 25 111
12 0010 21 112 12 0010 21 112
13 1010 20 113 13 1010 20 113
14 1111 27 114 14 1111 27 114
15 0001 25 115 15 0001 25 115
16 0000 - - 16 0000 - -
17 1001 20 117 17 1001 20 117

In the section for the skeleton node B, which ends with bifurcation 19, and the links are enumerated
as 0-17. For node B the topological vector is also presented in table 1. The section is shown by a dotted
line. Also Fig. 6 shows the mutation [22] of the ending 19 to bifurcation 19. One of the variants of
the occurrence of such a mutation is the noise of the image of the print. Essentially, the nodes A and B
are the same.

The choice of the point from which the numbering of links in the section begins for the nodes A and
B (the link with the number 0) does not play a special role, since the cases of mirroring of the numbering
are easily recognized and taken into account directly by identification. Matching of the constructed sec-
tions is performed by analogy with the game “Puzzle” by connecting the corresponding connectors. For
a section with depth m = 4, m; = 18 links are formed according to formula (4).
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The number of topological vectors for FI can be estima- ¢ 16117
ted. On Fig. 5, the two-forked dotted arrow indicates the zone 7 =
between the minutiae 19 and 25, within which the displace- b o
ment of point A along the line of the skeleton does not affect - 12,13 e
the synthesized vector. The similar zone between the minutiae :
19 and 20 for point B is shown in Fig. 6. If the basic topologi- ~ ~~g2! 819 Lo
cal vectors coincide, then they are combined into one, in 1 i u
which the minimum bond length is maximum. So, the total v 4.5 v
number of topological vectors decreases tenfold from 01 "
n, <1000 to n; <1000 according to (3). Deformation of ry 5 __r_,.,l {19
the image does not significantly affect the basic vector [22]. 22 o 312 >"7
The proposed methodology has series of advantages. o ] | 24—
Firstly, at the events calculation the projection of minutiae is L ’ . : Y v
used, that result in prevention of the information loss. Second- as 11 110 26 e—
ly, the links enumerating is turning along the gyrate without — : ~
links omission. Thirdly, at integration it is possible to choose i 15 : 14 27
topological vector with maximum value of minimal length of P —— .
link [22]. This raises stability and comprehension of the ma- '
thematical model. Fig. 6. Section for line with bifurcation

2.3. Delaunay triangulation

After forming the list of topological vectors for their matching, it is possible to construct the Delau-
nay triangulation, which is built on the basis of the minutiae list L, by the formula (2). For the skeleton
node A (see Fig. 5), one of the constructed triangles is shown in Fig. 7. The vertices of this triangle are
minutia {U; |U; eLy,, 1€1.3} and {U;}={M;|M; eL,, j€{22,21,19}} respectively. By definition,

the circle described around any triangle from

® the triangle clockwise, comparing the lengths of its
sides S, > s3, S3 > S, and form three bits y1, v2, Vs,

where y{0;1} that define the comparison results.

The following states are possible: 110, 011, 101, 100, 010, 001 and 000, with the latter corresponding to
an equilateral triangle.

Based on the events in the topological vector constructed for node A, it can be seen that the di-
rection of the minutia 22 is opposite to the direction of communication. Therefore, the value of the bit is
Y4 = 1. Going around the vertices of the triangle clockwise, we get ys = 0 (the direction of the minutia
coincides with the direction of the connection) and yg = 1. For a random distribution of minutiae, eight
states are possible for the values of yy, ys, Ye.

Node A is on the line starting from minutia 19. If the direction of the node coincides with the direc-
tion of the axis of ordinates for the topological vector, then bit y; = 1, otherwise y; = 0.

¢ 16 i1/ the constructed triangulation does not contain other
? i e points from L,
12 13 =0 To select an initial point for triangulation, let
| node A be inside the circle described around
Tyt 5.9 .23 the marked triangle. Then the topological vector
x —/F e for the node A section divides the FI into two are-
/ ~4 .5 as. The ordinate axis will be directed to the area
N U AT with a large number of vertices of the marked tri-
- [ 53—y = angle, the abscissa axis coincides with the section.
22 e I Then the starting point of the triangulation Us has
716 24 #— a positive ordinate and the minimum abscissa va-
| 5 e lue. In Fig. 7 minutia number 22 corresponds to
}25 e the starting point of Us.
15 114 27 Starting with Us, go round all the vortexes of
i
i

Fig. 7. Delaunay triangulation for node A
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Calculated bits C ={y, |kel..7} assume 112 possible states (7x8x8). These bits are not correlating.

There density of distribution is inhomogeneous. The formed 112 descriptors allow for the preliminary
classification of topological vectors and sets of minutiae. This classification is resistant to rotations and
displacements of images. For the cardinal number of vectors n, (3), the list of accelerator vectors can be
written as

Ly ={Ci ={vk [kel.7}|iel.n,}. (5)

Conclusion

The paper presents a mathematical model for the FI identification using topological vectors for
the ridge lines. The constructed topological vectors are combined into a connected graph with a high
level of redundancy. This allows to link subgraphs of different informative areas of fingerprints. The list
of topological vectors for the ridge lines L, according (3) can be represented in a short version (without
lengths of links). Possible mutations of the minutiae do not violate the numbering of links and the order
of consideration of the minutiae (table 1). The base topological vectors can be combined into one ex-
tended topological vector with maximum length of the minimum link. This increases the stability of
the proposed model.

Delaunay triangulation ensuring the reliability of the proposed model and increase the identification
rate about ten times. For testing, we used fingerprints obtained from an optical sensor from FVVC2000 DB3,
FVC2002 DB1, FVC2004 DB1, FvC2006 DB2.

The main characteristics of FI are presented in the form of lists complement each other. The list of
topological vectors can be stored in shorted form (without the link lengths). This allows to optimize
the amount of memory and reduce the size of the template.
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NMPUMEHEHUE TPUAHTYNAUUUN OENOHE ANA ®OPMUPOBAHUA
LUABJTOHA OAKTUITOCKOMNMUYECKOIO U3SOBPAXEHUA

B.1O. M'ydkoe*, [.H. Nlenuxoea®, M.J1. aepunoea®, M.J1. ibim6nep"
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2000 «CoHda MPO», 2. Muacc, Poccus,
® YHueepcumem Kanezapu, 2. Kanzapu, KaHada

Ha cerogHamuuil 1eHh WACHTU(PHUKALNSA IO OTIIEYAaTKaM MAaIbIEB — HAN0OJIee pacpoCTpaHeH-
HBIA MeTOz OnoMeTpryeckol uaeHTuuKay. CyIecTBYONIIe MOJICTH UACHTH(PHUKAIINN OTIIeYaT-
KOB TaJIbIICB HMEIOT PsiJi HEJOCTATKOB, BIHMSIONINX Ha CKOPOCTh U Ka4eCTBO MACHTH(UKanuu. Tak
OONBIIMHCTBO MOJIENIEH HE YYUTHIBAIOT TOMOJOTHYECKHE XapaKTEPUCTUKH U300paKESHHMIA, B 9aCTHO-
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Fydkoe B.KO., Jlenuxoea .H., lMpumeHeHue mpuaHaynsiyuu enoHe Onsi hopmupoeaHusi
laepunoea M.J1., Ubim6nep M.J1. wabsoHa 0aKMusI0OCKONUYeCKO20 U306paxkeHusi

CTH, KITACCHIECKUI METO M3MEpPEHHsI IPEOHEBOTO CUETa MOKET BBIJABATh HEIPABIIIBHBIC 3HAYCHHS
B 0071aCTSIX 3HAUNTEIbHONW KPUBHU3HBI IPEOHEBBIX THMHMI. B cTaThe mpeacTaBieHa HOBas MaTeMaTH-
yeckasi MOZEb Ul HACHTH(UKAINY H300pakeHUI OTHEYaTKOB MAJbLEB C YUETOM HX TOIIOJIOTHYE-
CKMX XapaKTepUCTHK. MaeHTH(]HKanusa B paMKax NPEAsIOKEHHON MOJIENN BBIIONHSAETCS Ha Oase
mabmoHOB. [11abI0HBI comepkKaT CIUCOK BCEX KOHTPOJIBHBIX TOYEK, JIETEKTHPOBAHHBIX Ha M300pa-
KEHUH JINOO Ha €r0 CKEJETe, M CIIMCOK IPeOHEBBIX MUHMH. [ rpeOHEeBBIX IMHUI U KOHTPOJIBHBIX
TOYEK CTPOATCS HAOOPHI TOMOJOTHYECKUX BEKTOPOB. Pe3ynbraT NOCTPOSHHUS TOIOJOTHYECKUX BEK-
TOPOB HE 3aBHCUT OT PACIOJIOKEHHUS KOHTPOJBHBIX TOUEK U yUUTHIBAET UX BO3MOXKHBIE MYyTallUy,
YTO yBEIWYMBAECT CTAOWJILHOCTH INpelaraeMoil MareMaTH4ecKoi mopenu. JlomoHUTEeNBHO cTa-
OMIBHOCTH MOJIENN O0ECIIeYHBaCTCs MMyTeM OObEAMHEHUS! 0a30BBIX TOTIOJIOTHYECKHX BEKTOPOB, I10-
CTPOEHHBIX ISl BCEX KOHTPOJBHBIX TOYEK M I'PEOHEBBIX JIMHUM, B PACIIMPEHHBIH TOMOJIOTMYECKUI
BeKTOp. Takoe MpeACTaBICHUE TO3BOJSIET 3HAUNTEIBHO YMEHBIIUTD pa3Mep MabjIoHa M ONTHMH3H-
pOBaTh MCHOIB30BaHNE MaMATH. J[JI CONMOCTAaBIEHHUS OTHEYATKOB B IPeUIaracMoil MOAEIH MpuMe-
HSIETCS] TPHAHTYJSIIUsA JlenoHe, KoTopasi CTPOUTCS Ha 0a3e CHHCKa MOCTPOSHHBIX TOMOJOTHMYECKUX
BeKTOpOB. C MOMOIIBIO TPHAHTYISIIUH ONpenesitoTcs 112 BO3MOXKHBIX KIIACCOB IUIST TOTIOJIOTHYE-
CKHX BEKTOPOB. Takoi MOAX0 ] MO3BONISAET YBEINIUTE CKOPOCTh HAaeHTHuKamu 10 10 pa3 mpu co-
XpaHeHHH ee TouHocTu. [IpeanoxkeHHas KiaccupUKanys Ha OCHOBE TPHAHTYSIIUH JlenoHe yCToH-

YKBa K MOBOPOTaM U CMEICHUIO H300paXKEeHHUH.
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This article proposes to analyze the processes in the most widely used at present frequency-
controlled AC drives, as in automatic control systems with dynamic non-linearities, and structural
correction methods, improving their dynamics. For the first time, dynamic formulas of transfer func-
tions of a torque driver in an asynchronous motor with frequency control, taking into account the slip
and frequency of the stator voltage, are proposed. Methods for constructing families of frequency
characteristics of such electromechanical systems with “frozen” but different values of the frequency
of the stator voltage and slip is described. In the Simulink application of the MATLAB software en-
vironment, families of frequency characteristics were constructed corresponding to nonlinear transfer
functions. The nonlinear transfer functions obtained in this work made it possible to substantiate
the structural solutions of linearizing frequency-controlled electric drives and, significantly, increas-
ing their efficiency. Such a solution turned out to be a positive feedback on the current value of
the stator current with a dynamic link. This dynamic link ensures the effective action of a positive
connection without disturbing the stability of electromechanical systems. The experiments fully con-
firmed the correctness of the mathematical expressions obtained for nonlinear links of systems and
their correction. This paper is an example of how the initial complicated (but more accurate!) Inter-
pretation of nonlinearity allowed us to find a new best solution to the problem of controlling a com-
plex dynamic object.

Keywords: AC drive, mathematical analysis, dynamic nonlinearity, frequency response, dynamic
correction, positive feedback.

Introduction

The widespread use of frequency converters for controlling asynchronous motors in recent years
has created the impression that there are no problems in the field of automated electric drive (AED).
However, attempts to study in depth the dynamic characteristics of such electric drives make it neces-
sary to return to the study of the problems of control of nonlinear systems. Frequency controlled AEDs
are a highly non-linear system. The “main” parameter determining the non-linearity of these systems is
the variable frequency of the supply voltage. Unlike the stationary non-linearities of the regulatory sys-
tems considered in the 80s and 90s of the 20th century, the variable frequency in the AED changes its
frequency response.

Variable frequency, strictly speaking, does not allow the use of a mathematical apparatus designed
for AC drives, based on vector analysis, since the vector representation of variables over time implies
the constancy of the frequency of the supply voltage, or the frequency of rotation of these vectors. Howe-
ver, due to the absence of another, vector methods are used in most research or educational works on AC
drives, despite the fact that the authors quite often recognize the illegality of such an approach.

Problem statement

The most effective engineering method for assessing the dynamics of electric drives is the method
of frequency analysis. Direct application of this method to asynchronous electric drives is hampered by
the presence of significant non-linearities in them. The construction of the frequency characteristics of
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such systems involves a number of inevitable assumptions. After considering the different versions of
these assumptions, the calculation of the dynamic mechanical characteristic set forth in the Usoltsev’s
monograph [1] turned out to be the most acceptable. The calculation a repelled by equation 1.36 on

p. 23 [1].
It establishes a connection between the current moment () and slip (B) at the nominal frequency

®1nom-

2My
m= , ) e
(1+T,'p) [%‘(1+T2p)]+%
where T, = R—k — the transient time constant of the rotor, 8 = % — the relative slip, M, — the critical mo-
2 1

ment, S, — the critical slip at the nominal frequency ®mom.

At the beginning of the working characteristic (for M = 0, § > 0), the transfer function is simplified
and reduces to a dynamic link of the 1st order:

2My _ 2M B _ 2My (w1 —w)

(+Typyk  (HTP)Sk (4TP)Sken’

m=

At the same time, the transfer function linking the absolute slip and the torque developed by the mo-
tor will look as follows:

_m _ 2M
W) =35 = (1+T,'P)Skw;’ 2)

However, the results of experiments given in [2—6, 12, 14] showed that it is incorrect to extend this
formula to all operating modes.

Solution
Equation (1) allowed us to propose another variant of linearization, in which the initial equation

takes the form:
: , B\?] _ 2M /
m|(1,)%p? + 2T,p + 1+ (5) ] = 5EB(1+ Typ). 3)
Then, the equation connecting moment (m), relative slip () and engine parameters (T, — transition
time constant; M, S, — critical moment and critical slip, depending on the frequency w;) takes the form:
2M i (Typ+1)Skfs
(14T,'p)2SE+B% )
and the transfer function linking the absolute slip and moment will take the form:
_ 2My(Typ+1)Sk
W(p) B w1[(1+T,'p)2SE+B] )
where ®; — the frequency of the stator voltage.
The block diagram of the drive in the working area will take the form shown in Fig. 1.

m=

llﬂc
@i 2M, S (Typ + 1) -y - 1 W

- o+ O 1

A 4

Fig. 1. Structural diagram of an asynchronous motor in the working area

The transfer function of the torque driver changes as the stator voltage and slip frequency varies, i.e.
is essentially nonlinear.

It should be noted that at p = 0, the transfer function, as well as the structural diagram, exactly coin-
cide with the linear transfer function and structural diagram for the asynchronous drive, given in
the Usoltsev’s monograph [1]. In the proposed non-linear interpretation, the formula and block diagram
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explain some of the problems of an asynchronous electric drive. To this end, it is proposed to consider
the transfer functions and the corresponding frequency characteristics at “frozen”, but different values of
the stator voltage frequency and slip. Moreover, instead of the traditional characteristics of the control
object, it will be necessary to consider “families”, grouped by varying stator voltage (its frequency) or
slip [7].

Below, the frequency characteristics of an asynchronous electric drive with frequency control based
on low-power squirrel cage induction motor are shown in Figs. 2 and 3. They are built in the Simulink
application of the MATLAB software [8—11].

Amplitude and phase frequency characteristics of the motor at a stator voltage frequency of 10 Hz
and slip corresponding to low (0.2 M,) and nominal loads as shown in Fig. 2. Fig. 3 shows similar cha-
racteristics for a stator voltage frequency of 50 Hz.

Bode Diagram

Magnitude (dB)

o

Phase (deg)

£
[}

ioegeccicpecpeeeeye ey oo e gy g g gy

Frequency (rad/sec)

Fig. 2. Frequency responses of an electric motor at a stator voltage frequency
of 10 Hz and slip, corresponding to low (W;) and nominal (W) loads

The given frequency responses well explain some problems of AC drive. When operating at low
frequencies of the stator voltage, the phase shifts significantly change with changing load (and slip),
which leads to instability and inefficient operation at low speeds (Fig. 2). Comparison of frequency re-
sponses at frequencies of stator voltage of 10 and 50 Hz shows that in the range from 10 to 100 rad/s
the phase shifts of frequency responses have significantly different values — from 25 to —45 electric de-
gree. This means that during acceleration and deceleration, the phase shifts change in such a way that
a system with a stability margin at a frequency of 50 Hz can become unstable. The frequency of the sta-
tor voltage will be 10 Hz. This may be the reason for the different oscillation of the drive at different
frequencies of the stator voltage, which were noted in [7]. Thus, the nonlinearities of the transfer func-
tions of the link of the torque generator (Fig. 1) require linearization to increase the efficiency of
the electric drive and the same behavior at different frequencies
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Bode Diagram
15 T — 1 v T T i T Tt

Magnitude (ciB)

Phase (deg)

Frequency (radfsec)

Fig. 3. Frequency responses of an electric motor at a stator voltage frequency
of 50 Hz and slip, corresponding to low (W;) and nominal (W.) loads

One of the widely used methods of linearization are various types of so-called “Transvector” con-
trol. With this control, dynamic links reverse to the dynamic links of the motor are formed in the control
device, which are adapted to different modes of operation. Since ideal adaptation is impossible in a real
drive, the transfer functions incorporated in the software of frequency converters and real asynchronous
motors can vary for a number of reasons: a number of parameters are difficult to measure; the structure
of a real electric motor is much more complicated than a model; some parameters may change during
operation. Dynamic links are quite complicated, because the equivalent transfer functions of the fre-
quency converter — asynchronous motor can contain resonant links in some modes. These links lead to
control failures, to high-frequency harmonics, and to differences in dynamics at different speeds, which
were observed during the experiments [1].

Other options for linearizing a torque driver are of interest [7, 14, 15].

Consider the option of applying local feedback on the electromagnetic moment in this structure.
The structural diagram is shown in Fig. 4.

Wrs 2M (Typ + 1)S, M
w1[(1+T,'p)SE + B?]

v

Wopr <

Fig. 4. Block diagram of AED with local feedback
on electromagnetic moment
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In this case, the transfer function of the torque driver will take the form:
sz(T'Zp+1)sk

©1[(14TP)2SE+B2] 2M}, S (T,p+1)

L 2MSsy(Top+1)Wppp  01[(14T2'D)2Sk+B2]+2M S (T,p+1)WppE’

" @1[(1+T2'p)25E+62]

VVeqv =

Under the following condition:
w1B? = —2M; Sy (T2p + 1)Wppr,
that is, if the corrective element will have the following transfer function:

w _ wf? (6)
DPF = = omysi(Typ+1)
then the transfer function of the torque driver takes the form:

2M;Sk(Typ+1) 2Mj,
(01[(1+T2'P)251%] ®1Sk(1+T2'p)’

VVqu =

that is, it becomes a linear link, independent of slip (load), and completely coinciding with the transfer
function (2), given in the Usoltsev’s monograph [1] for small loads. Pay attention to the formula (8).
The dynamic link is a first-order inertia with a coefficient that ultimately depends on the frequency of
the stator voltage and on the absolute slip. The sign () in front of the formula means that the feedback
must be positive. Let's call this connection — dynamic positive feedback (DPF+). It should be noted that
the correction of the coefficient of frequency is very easy to implement in frequency converters. Thus,
the proposed positive feedback, selected by condition (6), makes it possible to compensate for the exter-
nal load and the nonlinearity of the asynchronous electric drive, spreading the transfer function of
the motor as a 1st order link for any  values. In addition, the block diagram (Fig. 1) and the transfer
function of the moment drive link (5) connecting the moment and slip allow us to offer an estimate of
the efficiency of the moment drive algorithm: the algorithm that generates the necessary moment with
the smallest absolute slip will be more effective [12—15].

Next, we consider the correction of the asynchronous electric drive with the parameters correspon-
ding to the frequencies of the supply voltage (FSV) of 10 and 50 Hz. The initial frequency responses are
shown in Fig. 2 and 3. The transfer functions of the initial AED with such parameters and the transfer
functions of the corrective links are presented in Table 1. The frequency characteristics of the initial and
adjusted AED are shown in Figs. 2, 5 and 6 for the supply voltage frequency of 10 and 50 Hz, respectively.

Table 1
The transfer functions of the torque driver of the initial AED and the corrective element
FSV * Wagp (p) WprB
0,038p + 0,226 0,707
0H b1 0,0002p2 + 0,0229p + 1,38 0,0038p + 0,226
z 0,038p + 0,226 3,84
B2 0,0002p2 + 0,0229p + 4,52 0,0038p + 0,226
0,027p + 1,548 0,141
SOH B 0,006p2 + 0,628p + 20,56 0,27p + 1,548
z 0,027p + 1,548 0,77
B2 0,006p2 + 0,628p + 21,19 0,27p + 1,548

*B, — corresponds to slip at low load, 3, — corresponds to slip at rated load.

As expected, the frequency responses of the AED with the structural correction proposed in
the work are close to the frequency responses of the 1st order linear link.

In widely used AEDs, it is very difficult to realize the link by mechanical moment. Given that
the moment is equal to /;-'¥, and in almost all calculations it is assumed that the rotor flux linkage is
constant, you can replace the original signal in this local connection with the effective value of the stator
current, or its active component, which is calculated in all frequency converters.
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Fig. 5. Frequency responses of the torque driver link: initial (W;, W)

W,) for the supply voltage frequency 10 Hz

and corrected (W5,
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Fig. 6. Frequency responses of the torque driver link: initial (W,

W,) for the supply voltage frequency 50 Hz

and corrected (W;,

the linearization condition will vary slightly:

9

p+1)

For stator current feedback

WprB
v, :

’

T

This expression shows that when controlling the flux linkage, the linearization conditions can be re-

fined, thereby ensuring high quality regulation.

00162 =
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On the other hand, it is easy to show that with some inaccuracy in the fulfillment of the linearization
condition, i.e.

B 2Mi(Tp+1)wy 20=A

Sk ¥,

The transfer function and frequency response of the torque driver will differ slightly from the trans-
fer function and frequency response of the first-order linear link.

Consider the case of deviation of the parameters of the corrective element by 5% for the frequencies
of the supply voltage of 10 and 50 Hz. The frequency characteristics of the link of the torque driver with
accurate correction (W), W,) and the deviation of the transmission coefficient of the correction link +5%
(W3, Wy) are presented in Figs. 7 and 8.

-5

. - — AR : : Lo
g i T i : S I R AR S S A S

P SO OO S 3 W NSRRI SO S

e NG

B R N 1 b 384
e e S R PFB1™0,0038p + 0,226
S I 01 NN R,

i i S A 0 B (R S A T A S 4

W, =
PFB2™0,0038p + 0,226

Phase (deg)
n

fdeeeeenne AU S S S 1 1 X AR S O I ey
10 10’ 10° 10
Frequency (rad/sec)

Fig. 7. Frequency response of the torque driver and transfer functions of the correction link for the stator voltage
frequency of 10 Hz, accurate (W;) and when the transfer ratio of the correction link deviates by 5% (W)

Magnitude (dB)

W 3,84
PFB1 ™ 0,0038p + 0,226

S 3,84
PFB2 ™ 0,0042p + 0,226

FPhase (deg)

Frequency (rad/sec)

Fig. 8. Frequency response of the torque driver and transfer functions of the correction link for the stator voltage
frequency of 50 Hz, accurate (W) and when the transfer ratio of the correction link deviates by 5% (W)
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Conclusion

Thus, the proposed method for analyzing processes in an asynchronous drive with frequency control
according to changing transfer functions and frequency characteristics (“families” of functions and cha-
racteristics with frozen frequency and slip parameters) made it possible to propose an effective correc-
tion, in terms of controllability of a nonlinear dynamic structure, allowing increase its effectiveness.
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YNPABNEHUE HENMMHEWAHOU OUHAMUKOW
SNEKTPOMEXAHUYECKUX CUCTEM

B.J1. KoOkuH, A.C. AHUKuH, A.A. bandeHkoe
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensibuHck, Poccus

[Ipemmaraercss aHanM3UpOBaThH IMpPOIlECCH B Hambolee LIMPOKO IPUMEHSEMBIX B HACTOSIIEe
BpEeMs YaCTOTHO-PETYIHPYEMBIX JIEKTPONPHUBOIAX MEPEMEHHOTO TOKA, KaK B CHCTEMax aBTOMAaTH-
YECKOT'0 PETyIUPOBAHUS C THHAMUYECKIMH HEITMHEHHOCTSIMH, U CTPYKTYPHBIC METOABI KOPPEKIIUH,
COBEPILEHCTBYIOIINE UX JHHAMUKY. BIiepBble NpeanokKeHsl TUHAMHUYECKHe (OPMYIBl MepeaaToy-
HBIX QYHKOUH (GopMupoBaTessl Bpallalolero MOMEHTa B aCHHXPOHHOM AJICKTPOABHTaTele C Jac-
TOTHBIM YTIPaBJICHUEM, YUHTHIBAIOIIHE CKOJBKEHHE U YaCTOTY CTATOPHOTO HAPSKEHUs. M31105KeHBI
METOJIbl OCTPOCHHSI CEMEHCTB YAaCTOTHBIX XapaKTEPUCTHK TAKUX AJICKTPOMEXaHHYECKUX CHCTEM
IPU «3aMOPO>KEHHBIX», HO PA3IMYHBIX 3HAUYCHUSAX YACTOTHI CTATOPHOTO HAIIPSDKEHUS M CKOJIBKCHHUSL.
B mpunoxennn Simulink nporpammuoii cpensi MATLAB mocTpoeHBI ceMelCTBa YaCTOTHBIX Xa-
PaKTEpPUCTHK, COOTBETCTBYIOIINE HEJIMHEHHBIM nepenarouHbiM GyHkuusaM. [lomydeHnsie B pabore
HEJIMHEIHbIe TepeJaToyHble (DYHKIIMH HO3BOJIMIN 0OOCHOBAaTh CTPYKTYPHBIE DEIICHHS, JIMHEApH-
3YIOIINE YaCTOTHO-PETYIUPYEMBbIE JIEKTPOIPUBOIBI U CYIIECTBEHHO MOBBIIIAIOINE UX 3P PEKTHUB-
HOCTb. TakuM perreHreM oKa3anach MOJIOXKUTEIbHAs 00paTHAs! CBSI3b 110 JICHCTBYIOIIEMY 3HAUECHHIO
TOKa CTaTOpa C JUHAMHUYECKUM 3BEHOM. MIMEHHO 3TO AMHaMHYecKoe 3BeHO obOecreuuBaeT dddex-
TUBHOE JIEHCTBHE IOJOXHUTENBHOW CBS3UM 0e3 HapyHIeHHS YCTOWYMBOCTH 3JIEKTPOMEXaHHYECKHX
CHCTEM. DKCIIEPUMEHTHI MOJHOCTHIO HMOATBEPAMUIM HPABHIBHOCTH IMONYYCHHBIX MaTEeMaTHYECKHUX
BBIPOKEHUH I HEJNWHEHHBIX 3BEHBEB CHCTEM M WX Koppekiuu. JlanHas paboTa SBISETCS MIpUMe-
POM TOTO, KaK MCXOJHasl yCIOKHEHHas (HO Oojiee TOYHas!) MHTEPIpETALys HEIMHEHHOCTH T103BO-
JMJIa HAWTH HOBOE JIydIliee PELICHHE 33/1a4l YIPABICHUS CIIOKHBIM TUHAMHYECKUM OOBEKTOM.

Kniouegvie crnosa: anexmponpugod nepemenno2o moxa, Mamemamuyeckui aHaus, ouHamuye-
CKAasl HEeTUHEUHOCHb, YaACMOMHAs XaApaKmepucmukda, OUHAMUYECKAs KOPPeKYUsl, NOJOACUMENbHAS
00pamuast cea3v.
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NAPAMETPUYECKAA WOEHTU®UKALIUA MOOENN
OBBbEKTA YNPABIEHUA NO NEPEXOAQHOWN ®YHKLIUU
PABOTAIOLLEUN CUCTEMbl ABTOMATUYECKOI'O PEINYJIMPOBAHUA

B.U. MaHgpepos™ %, C.B. MaHgpepos®, K.C. XanduH®

! OxHo-Ypanbckuil 20cydapcmeeHHbill yHUsepcumem, 2. YensbukHck, Poccus,

2 BoeHHbill y4e6HO-HayYHbiIl ueHmp BoeHHO-8030ywWHbIX cun «BoeHHO-8030ywHast
akademusi um. npop. H.E. XKykoeckozo u KO.A. azapuHa», chunuan 8 2. YensbuHcke,
2. YensabuHck, Poccusi,

® Targem Games, ueHmp pa3pabomku KOMMbIOMepPHbIX u2p, 2. EkamepuHbype, Poccusi

M3BecTHO, UTO TUHAMUYECKHE CBOMCTBA MPOMBIIIJICHHBIX OOBEKTOB MO KaHajIaM YIpaBICHUS
OOBIYHO CYILIECTBEHHO MEHSIOTCS NPH M3MEHEHUH pexxuma ux pabotsl. [loaTomy mokazatenu kaue-
CTBa PEryNHPOBAaHUs C HEM3MEHHBIMHA HACTPOWKAMU aBTOMATHYECKUX PETYISATOPOB TOXKE M3MEHS-
I0TCS, TIPHYEM, KaK MPABUIIO, YXYAILIAIOTCS B IIPoLecce paboThl arperaTos. B cBs3u ¢ 3TUM BO3HUKa-
eT 3a/1a4a MepHOANIECKOH KOPPEKTUPOBKH MapaMeTPOB HACTPOHKH PETYISITOPOB B KOHTYpax pabo-
TAIONIMX CHUCTEM aBToMaruueckoro perymuposanus (CAP). VkasaHHyio 3amady MOXKHO PEIINTbH
TOJBKO MO (HaKTHIECKUM JHHAMHYECKUM ITapaMeTpaM SKCIIIyaTHPyeMOro OOBEKTa, MO3TOMY B pa-
60Te paccMaTpuBaeTCs 3a1ava OLEHKH 3THX IapaMeTpoB, IPUYEM IO PETbHBIM JaHHBIM paboTato-
el 3aMKHYTOM cucTeMbl. [Ipu 3TOM HCHONB3YETCs CTYNMEHYATOE BO3MYIICHUE JINOO MO 3aaHHMIO,
7100 CO CTOPOHBI PETYIHPYIONIETO OpraHa (Mo Harpy3Ke), TAKKE MOXKET OBITh UCIIOIb30BaHa OIBIT-
Has peaklusi CHCTEMbI Ha BO3MYILEHHUE JII0OOTO BH/A 110 yKa3aHHBIM KaHanaM. OObEKT yIpaBlieHHs
onuckiBaeTcs nUddepeHIranbHbIM ypaBHEHHEM BTOPOTO IMOpsiIKa € 3amas3nsiBaHueM. Kpurepuid
napaMeTpuuecKoil HICHTH(UKAIIMK KBaJApaTHYHbIH, JTNO0 MOAYJIbHBIA WIM MUHHUMAaKCHBIA. 3anada
UICHTU(HUKALMH PELIAETCs C IOMOIIBIO IPOrPaMMBI, PEATU3YIOLIeH METO/] TOKOOPINHATHOTO CITyC-
Ka, MMOJIy4aroIluecs MpH 3TOM 33Ja4d OOHOMEPHON MHHUMH3ALMU PEIIAIOTCS ¢ MOMOLIBIO MOAIPO-
TpaMMBl, UCIOJIB3YIOIIENH METOH 30J0TOr0 cedeHus. i1 YMCIEHHOrO0 MHTETPUPOBAHMS YpaBHEHHs
o0bekTa mpuMeHsun MeTo PyHre — KyTThI ¢ MOrpemHocTsio, MponopHoHaIbHON IIATONH CTETIeHH
mara 1o BpeMeHu. B pabore mpoBeneHa anpobarus pa3pabOTaHHBIX NMPOTPAMM ITapaMeTPUIECKON
UIEHTU(HUKALUY 110 SKCTIEPUMEHTAIILHBIM TIepPeX0IHbIM XapakrepuctukaM CAP naBnenus B mertai-
JyprudecKoi meyn. YKazaHbl YHCIICHHO-aHAINTHYIECKUE MPOIeAYphl HACTPOHWKHU peryistopoB B CAP
10 HalJIEHHBIM MapaMeTpaM 00beKTa yIpaBICHHUS.

Kniouegvie cnoea: asmomamuueckuii pezyiamop, KAyecmeo pecyiuposaHus, nepexooHds
QYHKYUA, 3AMKHYMASA CUCEMA ABMOMAMUYECKO20 Pe2yIUPO8aAHUs, USMEHYUBOCTNb XAPAKINEPUCTIUK
0bveKma ynpasieHus, napamempuieckas udeHmu@uxkayus Mooenu, Koppekyus HAcmpoex pe2yis-
mopa.

IlocTanoBka 3agaun

W3 nutepaTypHBIX M NPAaKTHYECKUX JAHHBIX XOPOIIO M3BECTHO, YTO JUHAMHYECKHE CBOHCTBA 00B-
€KTOB YIPABJICHHs TI0 KaHajlaM pPEeryJMpoBaHHs OOBIYHO CYIIECTBEHHO HM3MEHSIOTCS TPU M3MEHEHHUH
pexxuMa uxX paboThl, 00YCIOBICHHOTO, HAPUMEDP, U3MEHEHNEM XapaKTEPUCTHK 00padaThiBaeMBIX Ma-
TEpHUAJIOB, TEMIIA MPOU3BOJACTBA U T. II. Tak, HaIpUMeEp, B HArpeBaTEIbHBIX U TEPMHUUECKUX NeYax KO-
s ULKEHT Tepeadn Mo KaHally «pacxXojl TOIUIMBA — TeMIIepaTypa B 30HE» MOXKET U3MEHSIThCA B MPO-
1mecce paboOTHI TedYe B HECKONMBKO pa3 [1—4]. M3MEeHUYMBOCTh MTWHAMHUYECKUX TapaMeTpOB OOBEKTOB
MPUBOJNT K TOMY, YTO TTOKa3aTell KauyecTBa PEryJIHMPOBAHNUS C HEM3MEHHBIMI HAaCTPOWKAMH aBTOMAaTH-
YEeCKHUX PEryJIATOPOB TOKE M3MEHSIOTCS, IPUYEM, KaK MPaBUiIO, yXyAIAoTcs B mpouecce padotsl. [lo-
TIBITKH BBISIBIICHUS M WCIIOJB30BaHUS MPHUYUHHO-CIICJCTBEHHBIX CBS3EH ISl OTCIICKUBAHMS 3HAYCHHUN
JTUHAMHYECKUX IMapaMeTpoB [4, 5] ¢ 1enpo ynydieHus moKa3aTesei KauecTBa peryInpOBaHNS B II€JIOM
HE pelarT npolieMy u3-3a CyLIECTBEHHOH HECTaOMIBHOCTH 3THUX B3auMOCBs3ed. B 3Tux ycioBusix
1esecoo0pa3Ho NMePUOJUMUYECKH B Tpoliecce paboThl CUCTEMBI aBTOMaTndeckoro perynupoBanus (CAP)
OTIpeeTATh JUHAMHYECKHE XapaKTEPUCTUKN KaHAJIOB PETYIHPOBAHUS U MEPHOANYECKH ONTHMHU3HPO-
BaTh MapaMeTpbl HACTPOUKH PEryJISITOPOB MO HAMJIEHHBIM OLIEHKaM ITHX XapaKTepUCTHK. B nmaHHOM pa-
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00Te paccMaTpUBacTCS PEUICHHE ATOW 3aJayd — 3a/la4dl OIICHKH MapaMeTpoB OOBEKTa YIPABICHHS B
3aMKHYTOM KOHType paboTaromeit CAP 1 HacTpoiKH BXOASIIETO B €€ COCTAB PETYIATOpA.

W3BecTHBI pa3nudHble CrIOCOOBI PemIeHus 3aadi HACTPOWKH PEryisAaTOPOB B KOHTypax paboTaro-
et cucremsl. [1pu MukporponeccopHoii peanu3zaiuu CAP 4acTo UCIONB3YIOTCS TaK Ha3bIBAEMBIC SKC-
MEPTHBIE alITOPUTMBI HACTPONKH, OCHOBAHHBIE Ha WCIIOJNB30BAaHUH PEaKIny padOTaroIIeil CHCTEMBI Ha
CTyIIEHYaTOE BO3IEHCTBHE (ITepexoqHoN (PyHKIIMU 3aMKHYTOH cucteMsl) [6—8]. [Ipu sTom mpumensercs
00 BO3MYILEHUE TI0 33/IaHHIO0, JTMOO BO3MYIICHHE CO CTOPOHBI PETyIUPYIOIIETo opraHa (1Mo Harpyske —
Bo3myiatoriee Bo3aeiictaue f(t) Ha puc. 1). [TocneaHee Bo3meiicTBHE MOXKET OBITH OPTaHU30BAHO MTyTEM
MOo/Ia4y 10 KaHaTy WHTep(elCHON CBSI3M KOHTPOJUIEpa KOMaH/IbI IIEpeBOja KOHTYpa PEryJIMpOBaHUS B
PSKHM PYYHOTO YIPABICHUS C IMOCICAYIONIMM OBICTPBIM H3MCHEHUEM ITOJIOKCHUS PETYJIUPYIOIIETO
OpraHa U HeMEJUICHHBIM BO3BPATOM B aBTOMATHUECKUN PEKHM.

S ()
W) W..p) uUR

P

(1) (1)
(-)

Puc. 1. CTpyKTypHasi cxema CUCTeMbl aBTOMaTUUYECKOro perynupoBaHus

[Ipu sTOM 3aMeTHUM, YTO yKa3aHHOE HA pUC. | U 9acTO YIIOMUHAEMOE B JIUTEPAType BO3MYIIAIOIICE
Bo3aeiicTre Z(t) — 3TO Tak Ha3pIBaEMOE BO3MYILEHHE, IPUBEICHHOE K BBIXOAY 00beKTa, B YaCTH HCCIe-
JIOBaHUA Ka4decTBa PETyIUPOBAHUS MPAKTUIECKH HUYETO HE JIAeT, MOCKOJBKY IepeaaTouHbie (hyHKIHMH
CAP s 5TOro BO3MYILEHHS 10 JIIOOBIM KaHaiaM OTIMYaroTCs OT nepenaTodynbix GyHkuuii CAP s
3aJIAI0IIETr0 BO3JICHUCTBUS TOJBKO 3HAKOM «—». [103TOMY B JaHHOU paboTe MmepexoHbIe MPOIecChl, 00Y-
CJIOBJICHHBIE STUM BO3MYIIIEHHEM, HE UCCIEAYIOTCSI.

DKCHepTHBIE ATOPUTMBI HACTPOHKHA UMEIOT PSAJ] HEIOCTATKOB, 00 3TOM JIOCTATOYHO MOIPOOHO yKa-
3aHo B pabortax [9, 10]. B kadecTBe anbrepHaTHBHI Npeanaraercs GpopMann3oBaHHAs Mpoleaypa Ha-
CTpOIKHM, OCHOBaHHas Ha 4acTOoTHOM moxaxoje [11-13]. 3xeck B 3aMKHYTOM KOHType PETyIHPOBaHUS
BO30YXKIAFOTCSI aBTOKOJICOaHHS, aMIUIMTYla W 9acTOTa KOTOPBHIX OIICHWBAIOTCS aJITOPUTMOM aBTOHa-
CTPOMKH, a 3aT€M HCIIONB3YIOTCS I HACTPOUKH PEryssTopa JaHHOTO KOHTypa. OJHAKO YacTOTHBIC
METO/JIbI Pa3pabOoTaHbl B MEPHOJ], KOTJIa HE CYIISCCTBOBAIO BO3MOXHOCTH MPSIMOTO PELICHHSI TPOOJIEMbI
ONTHUMM3ALMU HACTPOUKH C MOMOILIBIO KOMIBIOTEpHOU MareMatuyeckodl monenu CAP u ymncieHHbIX
METOJIOB HEIMHEHHOTo TporpaMmupoBanus. Kpome TOro, dacToTHas MeTOAHMKA sIBIsieTcs Tpado-
AHATUTUYECKON, B HEH UCIONB3YETCS Ps JOMYIICHUN U, KaK MPAaBUJIO, BEIMKA TPYIOEMKOCTh MIPHMe-
HSIEMBIX Tponeayp. K ToMy e TOYHOCTh HACTPONKH KOHTYPOB PETYINPOBAaHUS TAKUMU METOJIaMH yiKe
HeNb3sl MPU3HATH YIOBJIETBOPUTENBHON. B HacTosIiee BpeMs MpeArnovTUTENbHEE HUCIIONB30BaTh (op-
MaJibHbIE KOMITBIOTEPHEIC AITOPUTMEBI ITApaMETPUUECKONH HACTPOUMKH, pa3paboTaHHBIE HA OCHOBE JIOCTa-
TOYHO TOYHBIX Martemarmdeckux mojenei CAP u uucineHHbIXx MeToa0B ontumm3aruu [14]. Bompocsr
JOCTHKEHUS TpeOyeMOol TOYHOCTH HACTPOWKH M YMEHBIIIEHUsT 00beMa HEOOXOIUMBIX TpadUIecKuX TMo-
CTPOSHHUH U COMMYTCTBYIOIINX UM «PYYHBIX)» BEIYHCICHUN TIPU 3TOM aBTOMATHYECKH CHIMAIOTCSI.

Pemenue 3agaun napaMeTpuyeckoi HaeHTHpUKAUA

Pacuer mapameTpoB HacTpOWKH peryysTOopa IOJKEH HAUMHATHCS C ONpEACNICHHUs TUHAMHUYECKUX
XapaKTepUCTUK OOBEKTa yIPaBJIECHHs, TIO3TOMY B JII00OM CIIydae CHadaja pacCMaTpHBAeTCs 3Ta 3ajada.
[Tpraem ocoOEHHOCTH 3TOH 3aa4 B JAHHOM CITydae 3aKJIF0YaeTcsl B TOM, YTO JMHAMUYECKHE CBOHCTBA
00beKTa ynpaBJieHUs HEOOXOOMMO ONPENEeNUTh M0 TOMY, Kak M3MeHseTcsl BbIxoAHas BenuunHa CAP
npu 0TpaboTKe BHECEHHOIO BO3MYIIEHU JIMOO 1O 3aJaHulo, JIMOO MO Harpyske, T. €. 10 peakuuu pado-
tatorieid CAP [15]. TTonoOHble 3a1aun HaeHTH(GUKAIIMNA B 3aMKHYTOM KOHTYpE PETyJIUpOBaHUsS B MPO-
1ecce HOPMAIBLHOTO (DYHKIIMOHUPOBAHUSI CHCTEMBI PacCMaTPHBAINCH, HaNIpuMep, B pabdorax [15-18].

W3BecTHO, YTO IMHAMUYECKHE CBOMCTBAa OOJIBIIOTO 4HciIa OOBEKTOB YNPABICHUS MOTYT OBITH
MPEICTaBIECHbI C TOMOIIIBI0 MAaTEMATHYECKOW MOJIENH CIIEAYIOMIEH CTPYKTYPHI:

d?x  dx
—+a —+X(t)=k ;U (t—1), @
aO d tz dt 00
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rae X(t) — ympaBisemas xoopaunata; U (t) — ympasisromiee Bo3neicTBue; t — BpeMs; T — BpeMs 3a-
na3aeBanus; K s — Koadunuent nepenaun o0bekTa; ay U & — KodhdunueHTs! quddepeHnnaIbHOro

ypaBHEHHUSI.

B pabote [14] 3agada mapameTpudeckoi naeHTHGUKAIIK Moaenau (1) pemaercs Mo 3KCIEepUMEH-
TaJbHBIM KPUBBIM Pa3roHa OOBEKTOB YIPABICHUS. B MaHHOM ke cilydae 9Ty 3a/aqy cJelyeT pellduTh,
UCTIONB3Ys Tiepexonnyo ¢yHkiuio padoraromeid CAP. TloaroMy it OTBICKaHUS TUHAMUYECKUX Tapa-
METpOB 00BEKTa YIPABICHHS HYKHO HCIOJNB30BaTh MATEMATHUECKYIO MOJIENTh BCETO KOHTYpa PETYIUpO-
BaHMs, a He ToNbKO ypaBHeHue (1). Homomanm ypaBaenue (1) maremarndeckoit moxensio [1-peryss-
TOpa, MPH ATOM OYZEM CUUTATh, YTO OHA UMEET BUJI:

t
U (t)=kp g(t)+i jg(t)dt , )
T

rae g(t) — paccormacoBanue; Kp, Tj; — COOTBETCTBEHHO KO3(Q(UIHEHT Nepefadn U BpeMsl HHTETPUPO-
BaHUs perynaropa. 3aech paccoriacoBanue £(t) BRIYHMCISIETCS 3BEHOM CPABHEHHUS CHCTEMBI CTaHIAPT-

HBIM 06pasoM, T. e. o dopmyie &(t)=x2(t)—x(t), rae x**(t) — 3amanHOe 3HAYCHHE PErYIHPYEMOrO
TEXHOJIOTHYECKOTr0 apamerpa. Bo3MylleHus Mo 3aIaHUI0 U 110 HArpy3Ke B MOJICIIH KOHTYpa peryiupo-
Banus (1)—(2) Tarxke peanu3yroTcs U3BECTHBIM oOpasom [1-3].

N3zBectHO, uTO AuddepeHipanpHoe ypaBHeHHe (1) onuchIBacT TUHAMHYSCKUE CBOHCTBA KOHKPET-
HOT'0 00BEKTa YIPABJICHHUS C HEOOXOAUMON TOYHOCTBIO TOJBKO B TOM CJIy4Yae, €CIIH yIOBICTBOPUTEIHLHO
onpezencHsl KodpGUUUeHTs! 8y, &, K,g ¥ BpeMs 3ama3apiBaHus T. PaccMOTpUM pelieHue 3Toif 3a1a-

Y1 Ha OCHOBE COBPEMEHHBIX JOCTIXECHUH Teopnu uaeHTudukammu [19, 20].

[TycTh u3BecTHA SKCIepuMeHTanbHas nepexoanas ¢y CAP, nadopmanmio, cogepkaniyrocs B
JaHHOW MepexoqHON (GYHKIUH, U CTPYKTYPY MaTeMaTHYeCKOH MOJENM KOHTypa PerylInpoBaHus, Mpel-
CTaBJIeHHYIO ypaBHeHusMH (1) u (2), OyaeM cuuTaTh UCXOAHBIMH JTaHHBIMU JUTS PEIICHUS 3a7a9d UACH-
TUPUKAIMKA TUHAMUYECKUX CBOMCTB OOBEKTa yIpaBJcHUs. B mMpuHIUIE BMECTO 3KCIIEPUMEHTAIBHOM
TIEPEeXOTHON (PYHKIIMKA MOXKET OBITh UCTIOIB30BaHa omnbiTHAs peakius CAP Ha moboe Bo3MyIIeHHEe KaKk
0 33JaHHI0, TaK U CO CTOPOHBI PEryJIMPYIOILEro oprana. 3agady uaeHTuduKanuu chopMyIupyem cie-
IyIOIMM 00pa3oM: TpeOyeTcs HalTH Takue 3Hau4eHus Kod(puuueHToB a,, &, K,; 1 BpeMeHn 3amas-

JBIBAHUSI T , IPH KOTOPBIX KPUTEPUH UICHTU(DUKAIINN
n 2
(@9, @, ks D=2 X ()= X(t) | ©)
1

6y/IeT IPUHAMATE MAUHHMAJIBHOE 3HAYCHHE. 37eCh X (t;) — sxcrepuMeHTaIbHOE 3HAUCHHE BBIXOAA 00B-
eKTa WM, 9TO TO JKE Camoe, IKCIIepUMEHTAlIbHOE 3HaueHne nepexoanoit pyakunn CAP; X (t;) — pacuer-
HOE 3Ha4YeHue, olpeaensseMoe o Moaenu cucteMsl (1)—(2) i 7aHHOTO TUIAa BO3MYILAIOLIETO BO3ICHCT-
BUA, t; —Mcnonb3yeMble IPU HACTPOIKE MOMEHTBI BPEMEHH; N — YUCJIO SKCIIEPUMEHTAIBHBIX TOYEK.

JaHHyto0 3a1a4y UASHTH()UKAIMY PeIlaii ¢ MOMOIIBIO IPOrPaMMBI, PEATU3YIOIIEH METO IIOKOOP-
JUHATHOTO CITyCKa, MOJIyYaloliecs Py 3TOM 3a/la4ll OJJHOMEPHONH MUHUMH3AINH PEIIai C TOMOIIBIO
MOMIPOTPaMMBI, UCIIONB3YIONIEH METO/ 30JI0TOro ceueHus. [Ipu 3ToM Ui BBIYKCICHHUSA TEKYIIUX 3Ha-
yeHUH Kputepus (3) B mpolecce MoMcKa ONTHMABHBIX IapaMeTpoB ypaBHeHus (1) ucrmonb3oBaiu pas-
pabortanHble B [14] KOMIBIOTEPHBIE AJITOPUTMBI pacueTa nepexoaHbIX nporeccoB B CAP npu Bo3myiie-
HUH TI0 33/IaHMI0 WJTU TIPY BO3MYIIEHUH 10 Harpy3ke. [IpudeM 1t 9iCiIeHHOro MHTETPUPOBAHNS YpaB-
Herue (1) mpumensiu meron Pynre — KyTTsl ¢ mOrpemHocTbio, NPONOPIHOHATBHON MATON CTENEeHU
nrara no BpemeHu. st atoro nuddepenunansHoe ypaBaenue (1) mpeaBapuTeabHO 3aUChIBATIN B BHIIE
cucteMbl uddepeHInanbHbIX YPaBHEHHH TIEPBOTO MOPsIJIKA, T. €. B HopMaibHOH hopme Komm. B cBsizn
C HE0OXOIMMOCTBIO OOECTIeUeHHs 3aJaHHOW TOYHOCTH pacdeTa MporpaMMa MoCTPOeHa TaK, YTO MEXIY
9KCIEPUMEHTAIILHBIMHA TOUKaMH 10 BPEMEHH YKJIAJBIBAETCS LIEJI0€ YHCIIO PACUETHBIX II1aroB.

VYpaBHenue (2) 15 KOMIBIOTEPHOTO UCTIOIB30BAHUS MTPEJICTABISUTH B IMCKPETHOM QopMe, TP BHI-
YHUCIIEHUW MHTETpaia MpUMEHsIN MeTox Tpamnenuil. C 1enpio CoKpameHus 00beMa HeoOXOAMMBIX BHI-
YHUCJICHUH HCIIOJIb30BAII PEKYPPEHTHYIO (OPMY AMCKPETHOTO IMPEICTABICHUs ypaBHEHUs (2), mpuBe-
JeHHyto B pabdote [21]:
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U(k)=U(k=1)+0qp -e(k)+q ek -1), (4)
rae K — Homep pacuetHoro mara no Bpemenu, Oy=Kp[1+h/(2Ty,)], o,=kp[h/(2Ty;)-1], h — Benn-

YHHA PACUYETHOTO IIara Mo BPEeMEHH.

[Tpn TecTrpoBanuM pa3pabOTaHHBIX MPOrPaMM IOJYUYHIH BIOJHE NPHEMIIEMbIEe pe3yibTaThl. [l
npyMepa Ha puc. 2 IpHBEICHA SKCIIEPUMEHTANbHAs IIepexogHas xapakrepuctuka CAP naBnenus B Me-
TaJTyprUYecKol Mevr npy BO3MYILEHHH Mo 3a1aHuto. B aToit cucreme Hactpoiiku [11-perynstopa Obl-
au paBHsl: Kp =1,256 % xoma UM/Tla, T,; =3,436C. B pesynbrare peureHus 3a1au MACHTHOHUKALNH
[0 JIaHHBIM 3TOH KPHBOHM OBUTH IOJYYESHBI CIEAYIONIME 3HAYEeHUs mapaMeTpoB muddepeHnnansHoro
ypasuenns (1): a,=1,709¢®, a =1,404c, 1=1,200¢c k =0,906 ITa/% xoma M. Pacuer mo mMozemu

(1)+(2) npu naHHBIX 3HAYCHUSX MAPAMETPOB PETYJIATOPAa U OOBEKTA YIPaBJICHHs MOKa3aj, YTO Cpe/IHEe-
KBaJpaTHUECKOE OTKIOHEHHE PACUETHOW IEPeXOJHON XapaKTEePUCTUKU KOHTYpa PEryIMPOBaHHS OT

SKCIIepUMEHTANIbHOIM KpuBoil (/1 /n cocraBmno 0,012 I1a, 4To BIOIHE IPUEMIIEMO.

Ha puc. 3 npuBeneHa sKkcriepuMeHTaNIbHAS TIepexoaHas xapakrepuctuka Toi ke CAP, Tombko
IpH BO3MYIIEHUH MO Harpys3ke. [lo maHHBIM 3TOH KpUBO# OBLIM MOJNyYEHBI CIEAYIOIINE 3HAYCHUS

napamerpoB auddepentmanbHoro ypasHenus (1):  a;=1,564 c?, a=1680c, t=1,200c,
k.5 =0,906 I1a /% xoma M. Pacuer no monenu (1)—(2) npu faHHBIX 3HAYCHUSIX [TAPAMETPOB IOKA3aJl,
YTO CPEIHEKBAAPATHYECKOE OTKIIOHEHHE PACYETHON MEPEXOIHOM XapaKTEPUCTHKH KOHTYpa PEryaupo-
BaHMS OT SKCIEPHUMEHTaNbHOM KpuBOi /I/n cocrasuno 0,010 ITa, yro BmonHe mpuemieMo. Pasnidne

HaWJICHHBIX YMCIICHHBIX 3HAYCHHH TUHAMUYECKHUX MapaMeTpoB 00bEKTa TaKKe MOXKHO CUMTATH BIOJHE
YAOBJIETBOPUTEIBHBIM.

<

0,8 <
= =
= = 031
5 0.6r =
= =
= 2
o 04 = 0.2
= ()
2 02F Z 0,1F
g 2
= =

| | | | | | 1 |
0 4 8 12 16 20 0 4 8 12 16 20
Bpewms, ¢ Bpewms, ¢

Puc. 2. 3kcnepumeHTanbHas nepexogHas xapaktepu- Puc. 3. JkcnepumeHTanbHasA nepexodHas XapaKTepu-
ctuka CAP paBneHus B MmeTannypruyeckoun neuu npu ctuka CAP gaBneHus B MeTannyprudeckom nevuv npu
BO3MYLLEHUM NO 3afaHUI0 BO3MYLUEHUM NO Harpy3ke

CrnefyeT 3aMETUTh, YTO pa3pabdoTaHHas MPOLEAypa HACTPOHKH JOCTATOUYHO MPOCTO MOAUDUIIUPY-
€TCsl JUIA ClTydasi, Korja BMecTo Kputepus (3) TpedyeTcs MUHUMH3UPOBATh CYMMY MOJYJIEH pa3HOCTeH
pacUYEeTHBIX U SKCIEPUMEHTAJIbHBIX 3HAU€HUN BIXOJHOU KoopauHatel CAP:

(39, 8, kg =[x (t) - X(1), (5)
1

a TAKXKE IJIs1 cnyqasl MI/IHI/IM&KCHOf/i 3aJa4yu:. OTO Koraa Tpe6yeTcs[ MI/IHI/IMI/ISI/II.‘JOBaTB MAKCUMAJIBbHOC OT-
KJIOHCHUC PAaCUCTHBIX 3Ha‘leHI/Iffi OT 3KCIICPUMCHTAJIBHBIX TaHHBIX:
(89,8, ko D= min max|x (t) - x(t)| (6)
Kak HU3BCCTHO, OLICHKU MMapaMETpOB, Haﬁ,[[eHHBIe MoCpeaACTBOM MHUHHUMU3ALIUU KPUTCPUSA (3), SABJISA-
HOTCA Han60nee HpaBJIOHOJIO6HBIMI/I C TOYKH 3PCHUA HOPMAJIBHOI'O 3aKOHa pPaCIIpECACIICHUA OIIII/I60K,
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a Ui ciaydast Kpurepus (5) — Ui pacnpeaeneHus ommOok mo 3akony Jlammaca. Kpome toro, Bmosae
MOHSATHO, YTO MUCIOJh30BaHUE UHTETPAILHBIX KPUTCPUECB HICHTH(PHUKAIIMH TOTPEOyeT HE3HAUYNTEIIBHBIX
W3MEHEHU B pa3pabOTaHHBIX MPOTrPaMMax.

IMocrne ompenencHus TUHAMUYECKUX MMApaMETPOB OOBEKTa YNPABICHHS 3a/1a4y OTHICKAHHUS OITHU-
MaJIbHBIX MapaMeTpoB HacTpouku [1M-perynsaTopa MOXKHO PEIIUTh C TOMOIIBI0 KOMIBIOTEPHBIX aJIro-
puUTMOB paboTHI [ 14] mubo mo ciocoOy padot [22, 23].

BriBoabI

PaccMotpeno perieHre 3a1auu MapaMeTPUUECKON MACHTU(UKAMN 00bEKTa YIIPaBIICHUS T10 Mepe-
xonHOW (yHKIIH padotaromeii CAP. Brimonnena anpobanus pa3pad0TaHHBIX MPOTPaMM 10 IKCIIEPH-
MEHTAIFHBIM TIepeXOAHbIM XxapakTepuctukam CAP naBieHus B METaUTyprHYecKOd Medd. Y Ka3aHbl
MPOIEAYPHI HACTPOUKH PETYJIATOPOB 10 HAWIEHHBIM JHHAMUYCCKUM ITapamMeTpaM 00bekTa. Pe3ynbraTs
paboThl MOTYT OBITh WCIOJB30BaHBI MPU CO3JAHUHM AITOPUTMHYCCKOTO OOECIICUCHUS COBPEMEHHBIX
mHoroypoBHeBbIX ACY TII, Ha HMKHEM ypOBHE KOTOPBIX IIPUMEHSIOTCS MUKpOKOHTposuiepabie CAP.
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It is known that the dynamic properties of industrial objects in control channels usually change
significantly with a change in their mode of operation. Therefore, the indicators of quality of regula-
tion with constant settings of automatic regulators also change, and, as a rule, they deteriorate during

BecTHuk HOYplY. Cepus «KomnbioTepHble TeXHONOrMK, ynpasreHue, paauoaneKkTPpoHNKay. 57
2019. T. 19, Ne 3. C. 52-59


mailto:tgsiv@mail.ru
mailto:lar3811@yandex.ru
mailto:tgsiv@mail.ru
mailto:lar3811@yandex.ru
http://military.wikia.com/wiki/Military_Educational_and_Scientific_Center
http://military.wikia.com/wiki/Nikolay_Yegorovich_Zhukovsky?veaction=edit&redlink=1
http://military.wikia.com/wiki/Yuri_Gagarin

YnpaBneHue B TeXHUYECKMUX CUCTEeMaX

the operation of the units. In this connection, the problem arises of periodically adjusting the settings
of regulators in the circuits of operating automatic control systems (ATS). This problem can be
solved only by the actual dynamic parameters of the object being operated, therefore, the work con-
siders the task of estimating these parameters, and according to the actual data of the operating
closed system. In this case, a step perturbation is used either on the instructions or on the part of
the regulator (on the load), the experienced reaction of the system to disturbances of any kind along
the indicated channels can also be used. The control object is described by a second-order differen-
tial equation with delay. The parametric identification criterion is quadratic, either modular or
minimax. The identification task is solved with the help of a program that implements the method of
coordinate descent, the resulting one-dimensional minimization problems are solved with the help of
a subroutine using the golden section method. For the numerical integration of the object equation,
the Runge-Kutta method was used with an error proportional to the fifth power of the time step.
In this paper, we tested the developed programs for parametric identification based on the experi-
mental transient characteristics of ATS pressure in a metallurgical furnace. The numerical-analytical
procedures for adjusting the regulators in the SAR by the found parameters of the control object are
indicated.

Keywords: automatic controller, quality of regulation, transition function, closed automatic
control system, variability of characteristics of the control object, parametric model identification,
correction of controller settings.
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FOR REPRODUCTION AND DEATH PROCESSES
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A simulation is widely used as a basis for decision support systems. Many production systems
may be considered as queuing systems if a time of processes more valuable than their physical
meaning. Program models realized queuing systems are used in a planning and in optimization tar-
gets. But results of program simulation are not suitable for scientific qualification works according to
traditions. Analytical conclusions are made using Kolvogorovs’ equations and some models derived
from the one usually. But a question about possibility of using them with widespread statistical dis-
tributions is not quite explored. In this article we investigate a possibility of using the Kolmogorov's
equations on a simple reproduction and death queuing system with some distributions. Numerical
data is obtained from program models realized in GPSS and AnyLogic. Theoretical results in com-
parison with numerical data lead us to a conclusion. The possibility is present only when all statisti-
cal distributions in the model are exponential or very close to exponential. Else average error be-
tween the theory and the model is above 60%. So far as a small experimental data typical for obser-
vations in production systems does not allow to determine own statistical distribution surely, an uni-
form distribution is accepted as default, and Kolmogorov’s equations could not be used.

Keywords: Kolmogorov equations, simulation modeling, queuing system.

Introduction

Simulation of queuing systems (QS) is an effective tool for researching of production systems.
Many foreign [1, 2] and Russian [3, 4] sources show the effectiveness of use of simulation in a study
and optimization of activities of enterprises and their subdivisions. In particular, it is shown that queuing
and multi-agent modeling is an effective in a decision support systems of a production management [5].
Let’s notice that the multi-agent system (MAS) is a simulation model in which objects (“agents”) are
characterized by some autonomy, decentralization and limited ideas [6]. Extremely autonomy and limi-
tations are characteristic of channels and transacts of QS. Software agents of MAS are described by al-
gorithms of their own actions and interactions with other software agents.

Statistical distribution of random variables has a great influence on the modeling results. As shown
in [7] a model of joint works of titanium plant subdivisions gives very different results in case of uni-
form or Poisson distributions (Fig. 1).

The specific units of reaction and factors do not matter in this case. The non-linear relationship be-
tween the reactions with normal and Poisson distributions of the factor is important. This dependence is
also characteristic of other queuing systems. The uniform distribution is “worst” in some manner. It pro-
vides biggest deviations of a result value of any QS. Meanwhile the uniform distribution is assumed by
default exactly when no reliable information in an input data. The Gaussian distribution could be used
customarily when it can be confirmed by statistical testing of the hypothesis.

Using of conclusions obtained solely through the use of simulation programs (QS) is considered in-
sufficient in qualifying scientific jobs (thesis). Famous methodologist of dissertation research in Russia
considers [8] that “...an idea and technique of simulation is so simple that you can learn it of some days
in a matter. Therefore, use of them ... cannot be a confirmation of the high qualification of a thesis”.
The scientific tradition requires supplementing QS calculations with analytical research.
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Fig. 1. Dependences between the factor and the reaction of the model
with different statistical distributions of the random factor variable

Kolmogorov’s equation and many models generated by such approach are one of the most common
mathematical tools for the research of QS. A main idea of the method is in follow. A velocity of Markov
processes state changing is determined by probabilities of neighboring states and the flows of their
changes:

@Z—ft){%pj(t),

J#i
Zpi (t) =1,

where p; (t) P (t) — probabilities of i-th and j-th states of QS in time t, A; — change state flow from
i-th state to j-th (A ; >0) or vice versa (A ; <0). Thus, it is possible to calculate the limit probabilities of

dp; (t ) O\
the state of the system when ———= =0V
However, it is obvious that the Kolmogorov’s equations are not valid for all statistical distributions.
Let consider the simplest model of “death and reproduction” as one-channel QS with a limited queue.
If a loading flow A is smaller of an unloading flow p, we can get a solution of the Kolmogorov equa-

. o A .
tions as the probability of an empty queue p, =1-p [9], where p=—<1. That means the queue will
n

not be empty at any time. At the same time, if zero dispersion of the loading and unloading flows is ob-

served, queue will be empty forever. You can easily imagine it if transacts arrives exactly via x time

. . . 1 1 1 . .
units and being processed in a channel exactly — t.u., where — <—. So if we calc a production system
K K

as QS by the Kolmogorov’s equations we can obtain a wrong result if some factors has uniform distribu-
tions. That is why a question about validity of the Kolmogorov’s equations is ambiguous and practically
important in relation to the statistical distributions of the intensity of loading flows and their processing.
The problem of studying of the usability limits of the Kolmogorov’s equations and similar mathematical
models is usually not considered in scientific sources (for example [10, 11]) despite the obvious need to
solve it.

We attempt to experimentally “verify” the Kolmogorov’s equations using some common different
simulation environments in this article. We will make a theoretical calculation of the limiting state prob-
abilities of QS “death and reproduction” and their comparison with the results experimentally obtained
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by GPSS World and AnyLogic programs. As examples two schemes is considered: a multichannel sys-
tem with failures (the so-called Erlang problem), and a single-channel system with a limited queue.

Multichannel QS with failures

Let us consider a system includes three channels to process of transacts. Let a medium loading flow
intensity is equal A=0,005 s, and processing (unloading) flow intensity is equal p=0,0025 s'.
The system has four states: Sy — all channels are free, S; — one channel is free but others are busy and so

on until Ss. Let pj...p; are probabilities of the states S,...Ss respectively, p, (1)=1, p;(t)=0 Vi =1,3.
A state graph of the system is presented on Fig. 2.

A A A

So 1S A

A\ 4

83

>

A

H 2p 3p
Fig. 2. A state graph of three-channel QS with a queue

The flow of transacts leads the system from any left state to the next right one with the same intensi-
ty A sequentially. An unload intensity leads the system from left to the next right state. The last depends
on state of the sysnem (from a number of busy channels). For example, the system can turn from state .S,
to S; if any of channels (1 or 2) will terminate the processing. That is why a summary unload flow is

equal 2p.
So, the system of Kolmogorov’s equations is a follow in a limit stationary mode:
A-py=p-prs
App=2-1py,
A-py=3-p-ps,

Po+tpPitp+p3=1
Probabilities pj...p; is equal consequently:

1
2 3
A -
p02(1+&+7\'—+7\'—J =0.1579, p, = Po _ 3158,
9!

u 2!;12 3lu
. A2 . 3
pzzmz_ﬁo:oalsg, py=tp * <Py =0.2105.
2:p 2-p 3 6

Single-channel QS with a queue

Let us consider a single-channel QS with a three cells queue and the same flow rates. The system
has 5 possible states: Sy — the channel is free, a length of the queue is 0, S; — the channel is busy,
the queue is free, S, — the channel is busy and the length of the queue is 1 and so on until S; — both
the channel and the queue are full. Probabilities of the states are p,...p,, beginning conditions are

Do (t) =1, p; (t) =0 Vi= 1,_4 A state graph of such system is similar to Fig. 2 but an unload flow rate

is W at any state.
So, the system of Kolmogorov’s equations is a follow in a limit stationary mode:

Do =(1+p+p2 +p3 +p4)71 =0.5161,
D =p-po=0.2581,

Py =p>- py =0.1290,

Py =p° - py =0.06452,

pa=p"- py =0.03226,

where p=1/u=0.5.
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Modeling program and results
We designed two programs to solve both tasks: one by GPSS (General Purpose Simulation System)
language and second in AnyLogic modeling suite. We can create some distributions in GPSS using libra-
ries or using tables with points of the distribution function [5]. We used different kinds of statistical distri-
butions to determinate whether they could be coincided with result of Kolmogorov’s equations solving;
e Uniform;
e Normal,
e Gamma;
e Exponential;
e Weibull;
e Geometric.
Some of them are presented in GPSS/AnyLogic libraries, another are realized with table functions.
All results and theoretical results above are in Table 1. Distributions marked “*” is the same but with
modified parameters described below. A GPSS listing for multi-channel QS with failures is the follow:
; ===== mailn block =========
kan storage 3 ; 3 channels
generate (Normal (1,200,0.01)) ; a kind of distribution
gate snf kan,out
enter kan
advance (Normal (1,400,0.01))
leave kan
terminate
out terminate
;======= gecondary flow to computation ===========
generate 1 ; secondary flow
savevalue 1,SSkan ; a current content of the storage
test e x1,0,metl ; 1f the channel is free, then +1,
; else go to metl
savevalue empty+,1 ; count if the channel is free
terminate 1
metl test e x1,1,met2
savevalue fulll+,1 ; a channel 1 is busy
terminate 1
met2 test e x1,2,met3
savevalue full2+,1 ; two channels are busy
terminate 1
met3 test e x1,3
savevalue full3+,1 ; all channels are busy
terminate 1
start 1000000

Table 1
Comparison of simulation results in GPSS with theoretical conclusions

Stochastic Multi-channel QS with failures Single-channel QS with a queue

distribution Do D1 )22 D3 Do D1 )22 D3 D4
Bu Kolmogo- 1 1579 | 03158 | 0.3158 | 0.2105 | 0.5161 | 0.2581 | 0.1290 | 0.06452|0.03226
rov’s equations
Uniform 0.0244 | 0.2237 | 0.6047 | 0.1689 | 0.7252 | 0.2714 | 0.0003 | 0.0003 | 0.0003
Normal 0.0002 |{0.00029 | 0.999 |0.000089 | 0.5008 | 0.4959 | 0.0004 | 0.0002 | 0.0002
Gamma 0.1587 | 0.3172 | 0.3148 | 0.2083 | 0.5072 | 0.2566 | 0.1342 | 0.0679 | 0.0316
Exponential 0.1587 | 0.3171 | 0.3148 | 0.2084 | 0.5072 | 0.2566 | 0.1342 | 0.0679 | 0.0316
Weibull 0.1587 | 0.3171 | 0.3148 | 0.2084 | 0.5072 | 0.2566 | 0.1342 | 0.0679 | 0.0316
Geometric 0.1527 | 0.3136 | 0.3234 | 0.2090 | 0.5165 | 0.2591 | 0.1275 | 0.0641 | 0.0303
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Numbers of states are stored in variables Empty and Full. They are counted by a special flow from
a block “generate 1” when the model works. Probabilities are the numbers divided on their sum.

An analogue program is designed for the single-channel QS with a limited queue. All changes was
only in a follow block:

nak storage 3
generate (Normal (1,200,0.01)) ; a kind of distribution
gate snf nak,out ; 1f no space in ‘nak’, then ‘out’

enter nak
seize kan
leave nak
advance (Normal (1,400,0.01))
release kan
terminate
out terminate
Both models are realized in AnyLogic too [12]. For example the single-channel QS with a limited
queue is shown on Fig. 3. Results of modeling with different distributions are shown in Table 2.

queLe

sOLUIce selectOukputs delay sink

capacity_queue total_count probability_success
6 3 0 25,142 0 0.49
SUCCESS probability_Fail
@ entry_inkerval 0 12,216 0 051
200

0 p0_canal_free
0 canal_free 0,006
145

@ time_work
400
0 canal_engaged_queues_free
608

0 pl_gueue_free
0.024
p2_Fulll
0 queue_fulll 0 0,103
2,587
p3_fullz
0 queue_full2 0 0,357
8,980
() p4 _Fullz
0.51

0 queue_full3
12,822

(¥ capacity_canal
1

Fig. 3. The model and results of modeling with an exponential distribution for single-channel QS with a limited queue

Table 2
Comparison of simulation results in AnyLogic with theoretical conclusions
Stochastic Multi-channel QS with failures Single-channel QS with a queue

Bu Kolmogo- | ;579 | 63158 | 03158 | 0.2105 | 0.5161 | 0.2581 | 0.1290 |0.064520.03226
rov’s equations
Uniform 0.007 | 0.523 0.44 0.03 0.501 0.499 |3.9E-05|1.9E-05 | 1.9E-05
Normal 0.00002 0.5 0.5 0 0.5 0.5 0.00004 | 0.00002 | 0.00002
Gamma 0.156 0.315 0.317 0.211 0.516 0.259 0.13 0.064 0.031
Exponential 0.155 | 0318 | 0.317 0.21 0.516 | 0.259 0.13 0.064 | 0.031
Weibull 0.155 | 0318 | 0.317 0.21 0.516 | 0.259 0.13 0.064 | 0.031
Geometric 0.156 | 0.318 | 0.316 0.21 0.514 | 0.257 | 0.132 | 0.065 | 0.032
Erlang 0.155 0.318 0.317 0.21 0.516 0.259 0.13 0.064 0.031
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A medium errors between results obtained with GPSS and AnyLogic with different distributions is
in Table 3.

Table 3
Medium errors of modeling in different tools in comparison
witn Kolmogorov’s equations
Distribution GPSS, % AnyLogic, %
Uniform 63,2 75,8
Normal 101,1 79,3
Gamma 1,8 0,9
Exponential 1,8 1,0
Weibull 1,8 1,0
Geometric 1,7 0,8
Erlang — 1,0

There are no significant differences between using inbuilt or table functions of distributions calcula-
tions, if the last set correctly. For example, a error for inbuilt exponential distribution is 1,8% as shown
above, and for table function is 2,6%.

Results and conclusion

As a result Kolmogorov’s equation could be used for analytic QS modeling in tow cases:

1. If a stochastic distribution is exponential.

2. If other distributions are close to the one especially. For example, in built functions
GAMMA(Stream, Locate, Scale, Shape), WEIBULL(Stream, Locate, Scale, Shape) etc. a parameter
‘Shape’ must be set to Shape = 1.

Otherwise results of modeling are very different from theoretical ones even in the simplest systems
described here. They will be even more different in complex QS’. So far as uniform distribution is
the default, results of production QS modeling cannot be compared with theoretical ones in any case.
A scientist has to make sure in exponential kind of each stochastic parameter of QS before try to use
common analytic modeling methods.
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NMPOBEPKA BO3MOX>XHOCTU UCIMNOJIb3OBAHUA
YPABHEHUA KOJIMOIOPOBA 514 PACHETA
NMPOLIECCOB N'MBEINN U PASMHOXEHUA

A.B. 3amoHckuli

lMepmckuli HauuoHarnbHbIU uccriedosamernibCKUl nonumexHuU4ecKkul yHusepcumem,
GepesHukosckul ¢unuan, 2. bepesHuku, lNepmckud kpad, Poccus

MonennpoBaHne MIMPOKO MCIOIB3YETCs B KAYECTBE OCHOBBI JUISl CHCTEM HOAIEPIKKH NPUHATHS
pemennii. MHOTHE TIPON3BOJICTBEHHBIE CUCTEMBI MOTYT OBITH IIPE/ICTABIECHBI B BUIE CUCTEM Macco-
BOTO O0CIY)XMBaHUS, TaK Kak BpeMs 00paboTKH B HUX 0Oojiee CyIIECTBEHHO, YeM CaMH TE€XHOJIOTH-
yeckue npoueccel. [IporpaMmHbIe MOJIENH, pEATU3YIOIUE CUCTEMBI MaCCOBOIO OOCITYKHBaHHUS, UC-
MOJIB3YIOTCA KaK [UIS ITAHUPOBAHMS, TaK M B IEIIAX ONTUMH3AIMH IIPOU3BoACTBA. OJHAKO TpaguLn-
OHHO MMHTAIIMOHHOE MOJICIINPOBAaHUE HE CUUTACTCS MPUMEHUMBIM, €CIIH pedb HIET O CO3/IaHUH HO-
BOTO HAy4YHOTO Pe3yJbTaTa, B HYaCTHOCTH, B HAyYHO-KBAJIM(PHUKAMOHHBIX PaboTax. AHAIUTHYECKUE
BBIBOJIBI OOBIYHO OIMPAIOTCS Ha ypaBHEHHs KoiaMmoropoma MiuM MHOTOYHCIEHHBIE MOJENH, SBISIO-
IIMeCs] IPOU3BOIHBIMH OT HUX. OJIHAKO OCTAeTCsI OTKPHITHIM BOIIPOC, MOXHO JIM TaK MOCTYIATh MPH
Pa3MYHBIX CTATHCTHUYECKHX PACHpe/eNICHUAX CIIyYalHBIX 3HAUC€HWH mapameTpoB. B 3Toil craTthbe
uccieayeTcs IpUMEHNMOCTh ypaBHeHUs1 KoaMoropoBa B mpocTeiiieil cucreMe MaccoBoro oociy-
JKMBAHUS, MOJICJIM THOCIH ¥ Pa3MHOXCHUS, C Pa3HBIMHU CTaTHCTHYECKUMH paclpeeseHusIMu. Ync-
JICHHBIE JaHHBIC TOJIydEeHBI MyTeM MojenupoBaHus B cpenax AnyLogic u GPSS. CpaBHenue ux c
TEOPETHYECKUMH BBIBOJIAMH TPHBOAUT K CIIEIYIONIEMY HPAKTHIECKH BXXHOM pe3ynbTaTy. O0cyx-
JaeMasi BO3SMOXHOCTD MOSBIISICTCS, TOJIBKO €CIIM CTATUCTHYECKUE PAaCIPEIeIICHHs SIBIISIOTCS IKCIIO-
HEHIHMAIbHBIMU WX ONu3KH K HUM. [Ipu Ipyrux pacnpeneneHusx pacxoXAeHHue MEeXIy TeopeTHde-
CKUMH pe3ylbTaTaMH M Pe3yJibTaTaMH YHCIEHHOTO MOJAEIMPOBAaHUSA MOkeT fnocturatb 60 %. Ilo-
CKOJIBKY OYE€Hb YacCTO HEOOJBIIOE KOJIMYECTBO SKCIIEPUMEHTAIBHBIX JAHHBIX HE MO3BOJISIET 000CHO-
BaHHO OIPENENIUTh BUJ CTATUCTUYECKOTO PACIPEENICHUs CIIy4alHOTO YUCIIa, IO YMOIYaHUIO Mpef-
HosaraeTcs paBHOMepHoe pacrpeneneHue. OfgHako B 3TOM ciydyae ypaBHeHHs Koimoroposa co-
BEPIICHHO HETIPMMEHUMBI IS aHATUTHYECKOTO UCCIIEJOBAHHS CHCTEMBI.

Kniouesvie crnosa: ypasnenus Konmoeoposa, umumayuonnoe Mooeauposanue, CUCmemsbl Macco-
8020 0OCTYIHCUBAHUSL.
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OLUEHKA TOYHOCTU U3SMEPEHUSA TEPMONPEOBPA30OBATENEN
COMNPOTUBINEHUA B NPOLEECCE PABOTDI

M.[. benoycos
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensbuHck, Poccus

Co3nanne crennalu3upOBaHHBIX CPEACTB MU3MEPEHHMS JUIS TTyOOKOH MHTETpalii B COBPEMEH-
Hble nmdposbie ACY TII ctano BO3MOXHBIM TOJIBKO IIPH UCIIOJIB30BAHNH B N3MEPHUTENBHBIX MIPE00-
pazoBaTeiIsX MUKPOIPOLECCOPHBIX yCTPOUCTB. OHAKO Ha CErOJHs YJIyYlIEHUE OCHOBHBIX XapaKTe-
PHUCTHK CpeincTB u3MepeHus B coBpeMeHHbIX cucteMax ACY TII 3a c4ér npuMeHEeHUs MUKpPONpPO-
[[ECCOPOB B 3HAUMTENBHOM CTETEHH HCUEPIIaHO MPU CYIIECTBEHHOM 3arace MPOH3BOAUTEIFHOCTH
nocienHux. IloatoMy MMeHHO cedyac akTyallbHOW 3ajayedl NajJbHEWINEro COBEPIICHCTBOBAHUS
CPEICTB M3MEPEHUH SBIAETCS TMOUCK HOBBIX BapUAHTOB CO3/AaHUS MHTEIJICKTYAJIBHBIX CPEACTB U3-
MEpEeHUs.

B pamkax 3Toif 3amauu B cTaThe HCCIEIOBAaHBI (PYHKIMOHAIBHBIE CXEMBl MWHTEIUIEKTYaJIbHBIX
U3MEPUTENIFHBIX IIpeoOpa3oBaTelnieil TeMIepaTypsl U NMPeI0KEHB! aJITOPUTMBI OLIEHKH UX METPOJI0-
TMYECKOW MCIIPaBHOCTH B mponecce padoTsl B coBpeMeHHBIX ACY TII. IIpemnoxkeH, 060cHOBaH U
IPOBEPEH HA 3KCHEPUMEHTE aJTOPUTM OLEHKHM TOYHOCTH M3MEPEHHs TepMOoIpeoOpas3oBatens co-
IPOTHUBJICHUH B IIpouiecce paboTEhI.

Kniouegvle cnosa: mepmoconpomusnenue, cmamycsl Usmepenus, OYyeHKd COCMOSHUsL CPeOCcmed
U3MepeHUs.

Beenenue

Onnoii 3 ocHoBHbIX 3ana4 ACY TII sBnsiercst mporecc u3MepeHus U 00padOTKU WHPOPMAIUH
0 (hM3MYECKUX BEIMYMHAX, XapaKTEPU3YIOIUX MPOU3BOACTBCHHbBIE TEXHOIOTHYECKUE mporecchl [ 1-3].

Co3pmanne BBICOKONPOM3BOAMTENBHOIO M BBICOKO3()(EKTUBHOIO MPOU3BOICTBA, 00JaNaIOIIETO
BO3MOKHOCTBIO OBICTPOH MepeHaNaJki MpH MepPexo/ie ¢ yINpaBIeHHUs OJHOTO TUMA WU3JENHUS Ha IPpYyron
[4, 5], HEOOXOAMMO /JIs1 CBOCBPEMEHHBIX O0OCHOBAHHBIX MPUHATHH PEIICHUS B CJIOKHBIX U B3aUMOCBSI-
3aHHBIX Ipoleccax. B Takux ycnoBHSAX MPOM3BOJACTBA MHOTOKPATHO MOBBIMIAIOTCSA TPEOOBaHUSA K JOC-
TOBEPHOCTH M3MEPHUTENBbHONW HHOpMAIMU. JTO, B CBOIO 0YEpE/ib, CTAI0 BO3MOXKHO C MOSIBIICHHEM HH-
TEJUIEKTyaJIbHBIX CPEICTB U3MEPEHUH.

[lon wHTENIEKTyadbHBIMH CPEACTBAMH M3MEpPEHHs Mbl OyIeM MOHHMAaTh CPEACTBA M3MEPEHHUS C
¢ynkuueit camokontpoisi cornmacHo ['OCTy [6]. OueHka cocTosHUSI CPEACTB MU3MEPEHHUS B Mpolecce
paboThI TTO3BOJISIET IOBBICUTH JOCTOBEPHOCTh U TOYHOCTh U3MEPEHUS], YBEIIMIUTh MEKITOBEPOYHbINA WH-
TepBai [6—8], moBeicuTh KadecTBO hyHkunonupoBanus ACY TII B nemnom.

B Hacrosiiiee BpemMs B COBPEMEHHBIX CPEACTBAX M3MEPEHMS UMEETCSl CYILECTBCHHBIH He3aleHCcTBO-
BaHHBIN pe3epB MPOU3BOAMTEILHOCTH BCTPOSHHBIX MUKpOMpolieccopoB. Hanboee akTyanbHOHU 3aqadeii
WCTIONIH30BAHUS 3TUX BBIYHCIUTENBHBIX PE3EPBOB IS JAJBHEHIIIETO COBEPIIICHCTBOBAHUS CPENICTB H3MEpe-
HUM MPUHATO CUUTATh MMOUCK HOBBIX BAPUAHTOB CO3AHUS MHTEIUICKTYANbHBIX CPECTB U3MepeHus [9—12].

Pa6otsl [13-24] kacaroTtcst mpoOyieM caMOCTOSTEIbHOM OIEHKH JIOCTOBEPHOCTH PE3YJIbTATOB H3Me-
pEeHHs TeMIepaTypsl B Ipollecce IKCIUTyaTallii. B mpuBeAeHHBIX UCTOYHHMKAX PAacCMaTPUBAIOTCS TOJ-
XOZBl U TMPEAararoTcs BapuaHThl U3MEPHUTEIbHBIX NpeoOpa3zoBaTesieil U alropuTMbl UX padoTel. Bos-
MOYKHOCTH CaMOJHMAarHOCTHKU TaKUX M3MEPUTEIBHBIX IpeoOpa3zoBareield MpeasaracTcs peaan30BaTh,
UCXOJIsl U3 (QU3UUECKUX B3aUMOCBs3EH M3MepsieMbIX BennunH. OHAKO B ATHX paboTax HEJOCTATOYHO
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Benoycoe M 4. OueHkKa moYyHocmu u3MepeHusi mepmornpeobpasosamesel
conpomuesieHusi 8 npoyecce pabomsl

OCBEILEHBI BONPOCHI KAYECTBEHHOH OIIEHKH TOYHOCTH M3MEPEHHUS U CaMOCTOATEIbHOM KadyeCTBEHHON
OLIEHKH COCTOSIHUS CPE/ICTB U3MEPEHUS B Iporecce PyHKIHOHUPOBAHUSL.

AKTyaJIbHOCTh TPOOJIEM CO3JaHHUA WHTEIJIEKTYaJbHBIX CPEACTB H3MEPEHHs IOATBEPIKIACTCS
OonpmM KonmmuecTBoM crateit u BBeaeHus: [[OCToB [6—8] mo naHHO# TemaTuke.

Ienpro HacTOAIIETO MCCIENOBAHMS SIBIAETCSA CO3AAHUE AITOPUTMA OLEHKH TOYHOCTH M3MEPEHUH,
IIPUCBOEHUS CTATYCOB COCTOSIHUS TEpMOIIpeoOpa3oBaTesiel COIPOTUBIICHUS.

1. CxeMbl HHTE/UIEKTYAJLHBIX U3MEPUTEIel TeMnepaTypbl

HAa OCHOBE METAJLIMYECKHUX CONMPOTHBJIEHUI

B npeapiaymmx padorax aBropa [25, 26] ObIIH HicCIeNOBaHBI JBE MHTEIUIEKTYaIbHBIE CXEMBI U3Me-
pEeHUs TeMIlepaTyphl Ha OCHOBE TEPMOCOIPOTHUBIICHUN.

Ha puc. 1 nuzo0pakeHa cxema TepMOMETPa TEPMOCOITPOTURIICHUH 0€3 OIOPHOI0 COITPOTURIICHUS.

TemnepaTypy MOXHO BBIYHCIHTH ABYMS pa3nudHbIMU criocobamu (1), (2). Temmepatypy, u3me-
PEHHYIO MEePBBIM CIIOCO00M, 0003HaYMM Kak 7’1, Temmeparypy,

HM3MEPEHHYIO BTOPBIM CIIOCOOOM, Kak 72: Briok !
: BNEKTPOHKWKHA
X (T =", (1) MK
RTqZ (Tl)
AR, ,
A I-AR R (T2 i
yroy=2Yn ARy ARy AT R Ty 5y @
AU, I-AR, AR, ARy, R (T2,
AT :
IMapameTp OIIEHKH COCTOSIHHSI ¢ MOKHO PACCUHMTaTh IO
dopmyne Al
Tl +T1
d=T2, —% , 3)

TJie 1 — TEeKyIlee U3MEpeHHe, a 71 — 1 — peIbIayIee U3MEepeHHe.
dakTHyecku napamerp d SBISETCS pa3HHULEH ABYX H3Me-

PEHHBIX pa3HBIMH CIOCO0aMHU TEMIEpaTyp eIUHOTO Ipolecca,

XapaxkTepu3ys abCOMIOTHBIC OTPEIIHOCTH STHX H3MEPEHUH.
UccnepoBanus mokasanu 1ejecoo0pa3HOCTh YCOBEPIICH-

CTBOBaHMS IapameTpa OLEHKH COCTOSHUS d, MCIONb3ys AaH- 5 LR | R
HbIE 10 AMANA30HY U3MEPEHMU. [ 3TOro MOKHO HCIIONB30- 5
BaTh YCPEJAHEHUE 110 IMANa30Hy |dpl: o yn:
n
Z|d| Puc. 1. Cxema uHTennekrtyanbHOro Ttep-
‘ MOMeTpa conpoTuBleHusA 6e3 OMopHoOro
d. ==L 4) CONpOTUBIIEHUS!
cp n

[epcrieKTHBHBIM CITOCOOOM YCOBEPIICHCTBOBAHUSI METOJIOB OIICHKH COCTOSIHUSI CPEJICTBA M3MEpe-
HUS SIBIISIETCS METOA peryispusauuu. B paGorax [27, 28] Obl1 momydeH KpUTepud A, onpenemnsieMbli
BBIpQ)KEHUEM

maX|A k|
| A| =k
max abc.morp
k
KOTOPBIH Takxke OyzneM paccMaTpuBaTh KaK KPUTEPUH OLEHKH HCIIPAaBHOCTH CPEACTBA U3MEPEHHS B He-
KOTOpPOM JIMana3oHe U3MEPEHUi. 31ech rnax|A k| — MaKCHMaJbHOE [0 MOJYJIO 3HaUYeHUEe A B AHamazo-
k

HC I/I3MepeHHﬁ, max a6c.n0rp — MaKCHUMaJIbHas OOITyCTUMas a0CONIOTHAS NOrpCHOCTL B AHUAIIA30HE
k

HU3MEpeHMId, kK — HabOp OTCYETOR.
IMapamerp A, 31€ch Takxke (DAKTHUECKH ABIAETCS Pa3HULEH ABYX M3MEPEHHBIX Pa3HBIMU CIIOCO0a-
MU TEMIIEpaTyp eINHOTo MpolLecca, XapakTepu3ys a0COIIOTHBIE NOTPEIIHOCTH 3TUX U3MEPEHUI.
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MpubopocTpoeHue, MeTponorus...

Enok Takum o0pa3om, IJii paCCMOTPEHHOHW CXEMBbl MOIYyYEHBI
anekTpoHWkM | 2 HE3aBHMCUMBIX KPUTEPUS OLIEHKH €€ COCTOSHHUS.

5 Ha puc. 2 n3obpakeHa cxema 03 OIMOPHOI'O COMPOTHUBIIC-
HUSL.

TemnepaTypy MOXHO BBIYHCIWTH JIBYMS pPa3iIMYHBIMU
cniocobamu (5), (6). Temmeparypy, U3MEPEHHYIO MEPBBIM CIIO-
coboM, obo3HaunM kKak 71, Temmeparypy, W3MEPEHHYIO BTO-
PBIM criocoOoM, Kak 72:

R=R_,(T)); %)

%m AL DR R=R.,(T2). (©)

; [TapameTp oOLEHKH COCTOSHHUS d MOXHO paccuuTaTh IO
= thopmyite
5 d=T2-TI. @)
[Tapametpsl |dep| 1 A 11 JaHHOW CXEMBI M3MEPEHHS Pac-
CUHTHIBAIOTCS aHAJIOTHYHO, U3 BeIpakeHul (4) u (5).
3nechk d ©A,, Kak U B NpeAbLIylell paCCMOTPEHHON CXe-

MK

Me, TaKKe (PAKTHYECKH SIBJISIOTCS XapaKTepusalusaMu adco-
JFOTHBIX TIOTPEITHOCTEN U3MEPEHUIA.
: W3 mpepaynmx HUCCAeOBaHUN ObUT TMONYYEH aJrOPHTM
yn ; pacdeTa IMoporoBOro KpUTEpHs Ul BBIXOJa M3MEPUTENS TEM-
Puc. 2. MHTennekTyanbHas cxema Tep- €PATYPbl 38 JOMYCTHMBIE MPEAENB LI 0OOMX NapaMeTPoB —
MOMeTpa conpoTUBReHUA ¢ ABYMA U3~  |depliop U Anop. TIpH |dep| > |depluop M |A| > A, IpuHMMaETCS
MepuTenbHLIMKU NpeobpasoBaTensMi U3 periepie 0 BHIXOJE TIPEOOPA30BaTENs TEMIIEPATYphI 3a IpeJie-
PasnufnBIX MeTannos JIBI JOITYCTUMOM MOIPELTHOCTH.

Takum 00pa3oM, Il pACCMOTPEHHOU CXEMBbI TaKXKe IMOJyYeHBbl 2 HE3aBHCHMBIX KPUTEPHUS OILEHKH
€€ COCTOSIHUSL.

RHMK RI'IH

2. MeTox OLleHKH COCTOSIHMSA ¢ MOMOIbIO napametpa D

U pe3yJbTAaThl H3MEPEHM /IS IPEIJIOKEHHBIX CXeM

[IpuBeneHHbIN BBIIE KpUTEPUIl d OCHOBaH Ha YCPEIHCHHMHU MOJYYCHHBIX OLCHOK B IUAla30HE U3-
MEpEHHIA, TOITOMY C €T0 TIOMOIIBI0 Hanboee JOCTOBEPHBIMU OKAa3bIBAIOTCS OLIEHKH CHCTEMAaTHYECKON
MOTPEIIHOCTH H3MepeHuid. [IpuBeeHHbI Bbillle KpuTepuid A OCHOBaH Ha IKCTPEMANbHBIX OIEHKaX
JMana3oHa U3MEPEHHUH, COOTBETCTBEHHO, C €r0 IOMOLIbIO HanOoJIee JOCTOBEPHO OLICHUBAIOTCS OTICIIb-
HblEe HaHOOJIbILINE TOTPEIIHOCTH TUana3oHa u3Mepenuil. s Gonee TOUHOrO MPUHATHS PEILIEHHS O BbI-
XOJIe U3MEPUTEIILHOTO IIpeo0pa3oBateIsl TEMIIEPATYpPhl 3a IPEeAesbl AOIyCTUMON IOIPEIIHOCTH NIpeyla-
raercsi 00beAMHUTH 00a KPUTEPHSI B €AUHBIN KpuTepuid D:

Do 1|
+_.
A

op

cp

D= (8)

L
2

dcp.nop

[TpuMeHnM NOTydeHHBIE KPUTEPHH ISl IIPUCBOCHHUS CTATYCOB PE3yJIbTaTaM M3MEPEHUH.

I'OCTsl [6—8] ompenenstoT CTaTychl U3MEPEHUH, pacCMOTPUM OCHOBHBIE M3 HHX: MOATBEP)KIIEH-
HBIH, HOPMAaJIbHBII, OPUEHTUPYIOLINHA, HEAOCTOBEPHBIA. ANTOPUTMBI pacueTa TPaAaHUYHBIX IMOPOTOBBIX
3HaYeHUH |d.,| 1 A MEXTy cTaTycaMu U3MepeHus s 00euX paccMaTpUBAEMbIX CXEM Ha OCHOBE METO-
JIOB UMUTAIIMOHHOT'O MOJAETUPOBAHUS OBLIIM PAacCMOTPEHBI aBTOPOM JaHHOM CTaThu B [25], pe3yibTaThl
npuBeaeHsl B Ta0i. 1 u 2. Tam jxe npuBeneHb! IOPOroBble 3HaYCHUS U A1 ctaTyca D.

Ta6bnuua 1
CooTBeTcTBME OLEHKN KpuTepues d., ,,, U A ANna cxembl 6€3 ONOPHOro CONPOTUBIEHUA
Cratyc n3MepeHuit |dep. nopls °C |Anopl D
[ToaTBepKICHHBII <0,023 <0,035 <0,49
Hopwmanbablit 0,023...0,0467 0,035...0,71 0,49...1
OpueHTUpyromun 0,0467...0,093 0,071...0,176 1...2,23
HenocTtoBepHslit > 0,093 >0,176 >2,23
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Tabnuua 2
CooTBeTCTBME OLEHKN KPUTEPUEB d.p, nop M A ANA CXeMbI C ABYMA TepMonpeobpasoBaTensiMm
M3 pasnU4YHbIX MeTasnnoB

CraTyc u3mepeHnit |dep. wopls °C |Anop| D
IToaTBepK IEHHBII <0,101 <0,104 <046
HopmMmabHbIit 0,101...0,196 0,104...0,257 0,46...1
OpueHTUpYyIOmui 0,196...0,262 0,257...0,501 1...1,64
Henocrosepnsrit >0,262 > 0,501 > 1,64

[anee paccMOTpUM pe3yabTaThl 3KCIIEPUMEHTATBHON OLECHKH.

3. Pe3yabTaThl 3KCHEPUMEHTAIbHON OLIEHKH TOYHOCTH HCCIelyeMbIX

H3MepuTeIbHBIX MpeodpazoBarenei

3.1. Pe3ynomamoi IKCnepUMeEeHmMaibHOW OYEHKU MOYHOCMU UCCEOYEeMbIX

uzmepumenvHviX npeodpazosameneil 01 cxembl ¢ 06YMs NEPEUYHBIMU

npeobpazosamenamu u3 paziuyiHbLX Memanioe

AOCOIIOTHBIE U IOIMYCTUMBIE TIOTPEITHOCTH MEPBUYHBIX ITPeoOpa3oBaTelieil TeMIepaTypsl JUIs CXe-
MBI C JIByMsI IEPBUYHBIMHU ITPe0Opa30BaTEeIsIMK M3 Pa3IUUHBIX METAJIOB C IOMOUIBIO 00BETUHSIONIETO
JIBa pa3HBIX METOJa mapaMmerpa D mpeacTaBieHsl Ha puc. 3—5. ['paHUIBI CTaTyCOB MPOMAapPKHUPOBAHBI:
T'PaHMLBI CTaTyCOB HOOMEepcoertblil — Hopmanwhblil (1 = 0,5) — Kpy)KKaMu, HOPMAIbHbLIL — OpUEH-
mupyrowuii (1 = 1) — pom0amMu, opuenmupyrouiuii — HedocmoeepHwlil (1) = 2) — TPEyrOIbHUKAMH.

N3obpaxenHas Ha puc. 3 OIeHKa HCIPAaBHOCTH XapaKTepHa I CPEJCTBA U3MEPEHHs, HaXoasie-
rocs B Hayaje MEXIOBEpOYHOTro uHTepBaia. CocTosiHME CPEeACcTBa U3MEPEHHSI COOTBETCTBYET IPaHMIIC
CTaTyCOB HOOMEEPIHCOCHHBLIL — HOPMATbHBLIL.

UzobpakenHass Ha puc. 4 OIEHKAa HCIIPAaBHOCTH XapaKTE€pHA U CPEACTBA M3MEPEHHsI, He3HAUM-
TEJIbHO NMPEBBICUBLIETO CBOW MEKIIOBEPOUYHBIH MHTEPBAJ, YTO COOTBETCTBYET I'PAaHUIIE CTaTyCOB HOp-
MAIbHBLIL — OPUESHMUDPYIOUWUIL.

N3obpaxenHas Ha puc. 5 OlleHKa UCIPAaBHOCTH XapaKTepHa AJIs CPe/CTBA U3MEPEHUS, CYIlEeCTBEH-
HO IPEBBICUBIIErO CBOM MEXIOBEPOUYHBIH MHTEpBaJ. JlaHHAs CUTyalns COOTBETCTBYET IPaHHLE CTaTy-
COB OPUEHMUPYIOUW{UIL — HEOOCHOGEPHDBLIL.
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Puc. 3. AGcontoTHble U AonycTMMbIe NMOrpewHoOCT NepBUYHbIX NpeobpasoBa-

Tenen Temnepatypbl Ansi CXeMbl C ABYMA NepBUYHbIMU Npeobpa3oBaTensimm
U3 pas3nu4Hbix metannos. D = 0,454
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Puc. 4. A6contoTHble U AONYyCTMMbIe NOrpeLHOCTN NepBUYHbIX Npeobpa3oBa-
Tenewn TemnepaTtypbl ANA cXeMbl C ABYMsi NepBUYHbIMU Npeobpa3oBaTensMu
M3 pas3nuyHbix metannos. D = 0,997
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Puc. 5. AGconoTHble U AONYCTUMbIE NOrPELUHOCTU NepBUYHbIX Npeobpa3oBa-
Tenen TemnepaTypbl ANsl CXeMbl C ABYMA NepBUYHbIMU Npeobpa3oBaTensimu
M3 pas3nuyHbix metannos. D = 1,621

Kak BUHO M3 NMPHUBEJCHHBIX TPAQUKOB, JJIsi CXEMbI C ABYMsI IEPBUYHBIMHU ITPeoOpa30BaTeNsIMH U3
Pa3NIUYHBIX METAJUIOB MPEAJIOKCHHBIH alrOPUTM OLIGHKM MOTPEIIHOCTH MOKa3al aJeKBaTHOCTb CBOCH
paboTsl.

3.2. Pe3ynomamul IKCHEPUMEHMATILHOL OUEHKU MOYHOCHU UCCTIe0YeMblX

U3MEPUMENbHBIX NPeodpa3oeameneil 0N cXemul ¢ 08YyMs NePEUYHDIMU

npeodpazosamenamu 0 cxeml He3 ONOPHOZ0 CONPOMUBTEHUS

Jlanee paccMoTpuM aOCOJIOTHBIC W JIOMyCTUMBIC MOTPENIHOCTH MEPBUYHBIX MpeobpazoBareneit
TEMIIEPATyPHI C TOMOIIBI0 00BETUHSIIONIETO IBA PA3HBIX METO/AA mapamerpa D Iyt CXeMBI 0e3 OIOpHO-
ro comnpotuBieHuss. OHU TPEACTaBICHBI HA pUC. 6—8. ['paHUIIBI CTATYCOB 3/1eCh MPOMApPKUPOBAHbI: Tpa-
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HUIIBI CTaTyCOB HOOMEepHcoeHHblil — HopmansHbli (= 0,5) — KPy)KKaMU, HOPMAIbHbLI — OpUEHMU-
pyrowuii (n = 1) — pombamu, opuenmupyrowjuii — HedocmosepHulil (1 = 2) — TPEyTOIbHUKAMH.

UzobpakeHHas Ha puc. 6 OllEHKa MCIPABHOCTH XapaKTepHa JJIsl CPeJCTBa M3MEPEHUs, HaXO/IsIIIe-
rocs B Hadaje MEXIOBEPOYHOTO MHTepBana. COCTOSHHE CPe/CTBA U3MEPEHHUS COOTBETCTBYET TPAHHMIIC
CTaTyCOB HOOMBEPIHCOEHHBIIL — HOPMATbHBLIL.

N3o0paxenHas Ha puc. 7 OlEHKAa MCIPABHOCTH XapaKTepHa I CPeACTBA U3MEPEHUs, He3HAUYU-
TEJIHHO MPEBBICUBIIETO CBOW MEKIIOBEPOUYHBI MHTEPBAJ, YTO COOTBETCTBYET I'PAaHUIE CTaTYCOB HOp-
MAIbHBLIL — OPUESHMUDPYIOUWUIL.

N3obpaxenHas Ha puc. § olleHKa UCIPAaBHOCTH XapaKTepHa AJIs CPeCTBA U3MEPEHUs, CYIlEeCTBEH-
HO IMPEBBICUBLICTO CcBOIt MG)KHOBCPO‘-IHBII:I HWHTCPBal. HaHHaH CUTyaluss COOTBETCTBYCT I'PaHUIIC CTATy-
COB OpPUEHMUPYIOUW{UTL — HEOOCHIO6EPHDBLIL.
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Puc. 6. AGcontoTHbIe U AOoNYyCTUMbIe NOrpeLIHOCTU NepPBUYHbIX Npeobpa3oBaTenen
TeMnepaTypbl Ans cxeMbl 63 onopHoro conpotusnexus. D = 0,489
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Puc. 7. AGcontoTHble 1 AONYCTMMbIe NOrPeLlHOCTU NepBUYHbLIX Npeobpa3oBaTenen
Temnepartypbl AnA cxeMbl 6e3 onopHoro conpotuBnenus. D = 0,99
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Puc. 8. AGcontoTHbIe U A0NYCTUMbIE NOrpeLUHOCTU NepPBUYHbLIX Npeobpa3oBaTenemn
TeMmnepaTypbl Ansi cxeMbl 6e3 onopHoro conpoTuBnenus. D = 2,224

Kak BUITHO 13 MPUBEEHHBIX TPaQUKOB, IS CXEMBI 0€3 ONIOPHOTO CONMPOTHUBIICHUSI MPEATI0KESHHBIN
AITOPHUTM OICHKH MOTPEITHOCTH TaKXKe MOKa3all aJeKBaTHOCTh CBOEH PabOTHI.

3akiaoueHue

1. PaccMOTpeHBI 1B€ CXeMBbl U3MEPUTEIbHBIX MpeoOpazoBareield TeMrepaTypsl Ha OCHOBE TEpMO-
COIIPOTHUBIICHUHN: 0€3 OMOPHOTO CONPOTHUBIICHHUS U C ABYMS NEPBHUUYHBIMHU NPEoOpa3oBaTEIIMU U3 Pa3-
JMYHBIX METAJIIOB, 00eCIIeunBaloIIre H30bITOYHOCTh U3MEPUTEILHON HH(POPMALIUH.

2. Ina obenx pacCMOTPEHHBIX CXEM BBEACH MapaMeTp OIEHKH COCTOSIHHS D, XapaKTepu3yIOIIHii
BEJINYMHY a0COJIFOTHON TOTPEITHOCTH W3MEPEHHsI, ChOPMUPOBAHHBIM HA OCHOBE JIBYX Pa3HBbIX METOJIOB,
Ha OCHOBE NapameTpoB d uA, .

3. Jlnsg ob6enx pacCMOTPEHHBIX CXEM IPEIJIONKEH aITOPUTM MPUCBOCHUS CTATYyCOB COCTOSHHS WH-
TEJUIEKTyalIbHBIX H3MEPUTENLHBIX Ipeo0pa3oBaTeieil TeMIepaTypsl Ha OCHOBE TEPMOCOITPOTHBIICHUH.

4. DKCTIepUMEHTANIbHBIE HCCIEeNOBaHU MOATBEepAWIH 3G (EKTUBHOCTh MPEUIOKEHHBIX B paboTe
aJrOPUTMOB OIPEJETECHUS OLIEHKH UCIPABHOCTH M MPUCBOEHHUS CTAaTYCOB COCTOSIHMS JJISI paCCMOTPEH-
HBIX CXEM M3MEPHUTEIIBHBIX MMpeoOpazoBaTeicii.
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EVALUATION OF MEASUREMENT ACCURACY
OF THE RTD TRANSDUCER DURING OPERATION

M.D. Belousov, belousovmd@susu.ru
South Ural State University, Chelyabinsk, Russian Federation

The creation of specialized measurement tools for deep integration into modern digital process
control systems is became possible only when using microprocessor devices in measuring conver-
ters. However, today the improvement of the main characteristics of measuring instruments in mo-
dern systems of automatic control systems through the use of microprocessors is largely exhausted
with a significant margin of performance of the latter. Therefore, it is now an urgent task for the fur-
ther improvement of means of measurements is to search for new variants of creation of intellectual
means of measurement.

Within the framework of this task, the functional schemes of intelligent temperature measuring
transducers are studied in the article and the algorithms for assessing their metrological serviceability
in the process of operation in modern ACS are proposed. Proposed, justified and tested on the expe-
riment an algorithm for evaluating the accuracy of the measurement of thermocouple resistance in
the process.

Keywords: RTD, status of measurement, the evaluation of the measuring instruments.
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KOMMMNEKCHbIA MEXAHU3M YNPABJIEHUA
PASBUTUEM OPIrAHU3ALUAN

B.H. Bypkose', A.B. LWenkun', K.E. Amenuna®, 3.M. Jayn6aeea’, C.A. Ps3aHuyee*

1MHcmumym npobnem ynpasneHus um. B.A. Tpane3sHukosa PAH, 2. Mockea, Poccus,
2 Mockosckuli 20cydapcmeeHHbIli mexHu4ecKull yHueepcumem um. H.3. baymaHa,

2. Mockea, Poccus,

% Kasaxckuli HauuoHasnbHbIll uccriedosamernbcKull mexHuYecKull yHusepcumem

um. K.N. Camnaesa, 2. Anmamsl, Pecrniybriuka Kazaxcmar,

*MAO «HK «PocHegpmb», 2. Mockea, Poccus

PaccmarpuBaeTcsi KOMIUIEKCHasI TEXHOJOTHS (MeXaHHW3M) pa3pabOTKH CHCTEMBI YHpaBICHUSA
passutueM opranuzauii (CYPO). Ota TeXHOIOTHS BKJIIOYAET B ceOsl IATh 3TanoB. Llems kaxmoro
JTamna ompeAessieTcs MyTeM JIeKOMIIO3UIIHM OCHOBHOM Ienu pa3BuTHA. [laeTcs ommcaHue 3amad, pe-
LIaeMbIX Ha KaKaoM dTare. [lepBblii 3Tamn cBsizan ¢ (OpMHUPOBAHUEM HHTETPAIBHOMN (KOMILIEKCHOM)
OILIEHKH COCTOSIHUSI OpraHu3alyy (TEKYyIIero U INIaHUpyeMoro). MHTerpanbHast oleHKa orpeerser-
Cs Ha OCHOBE AMXOTOMUYECKOTO JepeBa CBEPTKH KPUTEPHEB OLIEHKHU MO Pa3IMYHBIM HAIPaBICHUSIM
JIESITeNTFHOCTH OpraHu3anuu. 1Ipu 3ToM AJs KaXkI0ro KpUTepHs 3a7aeTcsl KaueCTBEHHA IIKaa OIle-
HuBaHus. Ha BTOpoM sTane ¢opMupyercst MOTEHIMAT Pa3BUTHS OPraHU3alUK, TO €CThb MHOXKECTBO
MEpPONPUATHH, IPOBEACHUE KOTOPBIX yIYy4IIAeT OUEHKH IO OJHOMY WM HECKOIBKUM KPHUTEPHUSM.
Kaxnoe meponpusitre (IIpOEKT) OIEHUBACTCS IO BETHMUMHE 3aTPaT HAa €ro peai3alyio M BEJINIHHE
s¢dekra. TpeTnit aTanm urpaet HeHTpaIbHyI0 poib. Ha 3ToM stame onpenensercs nmporpaMma pas-
BUTHS OPTaHMU3aLNH, TO €CTh IIPOrpaMMa IOBBIIICHNST KOMIUIEKCHOM OIIEHKH /10 TpeOyeMoi Bennin-
HBI C MUHIMAJIbHBIMH 3aTpaTaMy. IIpu 3TOM y4YHTHIBa€TCSI HAIWYHE MHOTOIENICBBIX U B3aUMO3aBH-
CHUMBIX NPOCKTOB, a TaKkXke pucku. Ha derBepToM 3Tare paspabaTbiBaeTCs KaJeHAAPHBIN IUIaH MPH
3a7aHHOM rpaduke GUHAHCUPOBAHUS MO KPUTEPUIO MUHUMHU3AIMN BPEMEHH WIIH YITYIICHHON BBITO-
1l TIATHIA 3Tanm MOCBAIIEH METOAaM KOPPEKTHPOBKU IMPOTPAMMBI U pa3paboTKe CHCTEM CTUMYIIH-
poBaHus. [ Ka)KI0ro ATana gaercs ONMUCaHWe MEXaHU3MOB YIPABJICHUS U ONTUMHU3AIIMOHHBIX MO-
Hemei.

Kntouesvie cnoga: KOMNIEKCHBIN MeXAHUIM pPA3GUMUS, NOMEHYUAN PA36UMNUSL, KOMHIEKCHAS
OYEHKA COCMOANUS, NPOSPAMMbL PA3EUMUS, KANEHOAPHbLU NAGH.

Beenenue

Cucrema ympasnenus pazsurueM opranuzanuu (CYPO) nanpasneHa Ha nosbiieHne 3¢ (HEKTHBHO-
CTH pa3pabOTKH U peau3alyy IporpaMM pa3BUTHs NPEANIPUATHI PETHOHOB U oTpacieil. B pabote mox
OpraHu3alyedl MOHUMAaeTcsi OObEAMHEHHE COBMECTHO DPAaOOTAIOIMX JIOJCH, AEATENBHOCTh KOTOPBIX
CO3HATENBHO KOOPAMHUPYETCS ISl JOCTHXKEHMs ompeneNieHHbIX ooummx uenel [1]. CooTBeTcTBEHHO,
YIPaBJICHUE OPraHU3aALMEN — 3TO COBOKYITHOCTh YIIPABICHUECKUX JACUCTBUI, KOTOPBIE JJOTUYHO CBS3bI-
BaIOTCS APYT C JAPYTOM, 4TOOBI 0OECTICUUTh TOCTIKEHHE MMOCTABJICHHBIX IIejIel MyTeM IpeoOpa3oBaHus
pPEeCypcoB Ha «BXOJE» B MPOLYKIMIO MM YCIYTH Ha «BbIXone» cucTeMsbl [2]. D dexkTuBHOCTh QyHK-
LMOHUPOBAHUS OpPraHU3allii BO MHOTOM 3aBHCHT OT yCIOBHMH, KOTOPbIE HA HEE HAKJIaJbIBACT BHEIIHAA
cpena, ¥ MpeJnpHUATHE BBIHYKIEHO NOJICTPAauBaThCS MOA 3TH YCIoBUs. Takasi MOACTpOHKa IPpeAIpHUATUS
M0JT U3MEHSIOIINECS BHEIIHUE YCIIOBHsI, 0COOCHHO B HEYCTONYMBOM MPaBOBOM cpesie, CTaBUT €ro B I10-
JIOXKEHHE TIOCTOSTHHO OTCTaromero. Jist Toro 4ToObl BEIMTH M3 3TOTO IMOPOYHOTO KPyra, MpeANpHsATHE
BBIHYK/ICHO IIPOTHO3UPOBAaTh M3MEHEHHUE BHEIIHHWX YCJIOBHMH, YTO TMO3BOJISIET YIPABIATH MPOLECCOM
Pa3BHUTHUSA MPENNPUATHA. YTIPABICHUE PAa3BUTHEM OPraHU3alMM — 3TO OINpPEJEICHHE OCHOBHBIX TOJIO-
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

CPOUHBIX LIeJIeH U 3a/1a4 NPEANPUATHS U YTBEPKACHUE Kypca IeHCTBUH, paclpeneleHue pecypcoB, He-
00XOMMMBIX JUTSI JOCTIDKEHUS 3TuX menei [3]. Jpyroe omnpeaeneHne 3TOro MOHITHSI COACPKUTCS B [4]:
yIpaBJeHHe Pa3BUTHEM OpPraHMU3alM{ — 3TO MPOIECC, KOTOPHIM MPU3BaH 00eCeurBaTh HapalliBaHUE
MOTEHIIMANA OPraHu3alliy ¥ TIOBBIIICHHE YPOBHS €Tr0 Ucmoyib30Banus. OneHka 3pPeKTHBHOCTH yIIpaB-
JICHWs pa3BUTHEM OpPraHM3allMHd — 3TO OLIEHKA TOTO, B KAKOW Mepe OpraHu3alys UCIOIb3yeT CYILECT-
BYIOIIIME BO3MOKHOCTH JJIs1 IOBBIIIEHUS KA4eCTBA PE3YIbTATOB AEATENBHOCTH.

B cratbe paccmarpuBaeTcsi KOMIUIEKCHBIH MEXaHNU3M Pa3pabOTKH CUCTEMBI YIIPABICHHS Pa3BUTHEM
OpraHu3alusIMU. DTOT MEXaHU3M, KaK ObLJIO CKa3aHO BHIIIIE, BKIFOYACT B ceOs MSTH ATATOB.

Oran 1. ®opMupoBaHrE KOMIUIEKCHOH OIEHKH COCTOSIHIS OPTaHH3AIUH.

Oran 2. ®opMupoBaHne NOTEHIMATA Pa3BUTHS.

Ortan 3. Onpenenenue neneit u GopMUpoOBaHUE NPOTPAMMBI PA3BUTHS.

Oran 4. ®opMupoBaHrEe KaleHIAPHOTO MJIaHa.

Oran 5. KoppekTrpoBKa 1miaHa U CTUMYJIHPOBAHNE PeaTH3alMy TPOrPaMMBI.

PackpriBaeTcs CyTh Ka)kJOro dTama M JaeTcsl ONMCaHHe MEXaHW3MOB YIPaBIEHUS, MPUMEHIEMbIX
Ha KaxJ1oM atamne. [Ipon3BoanTcs AEKOMITO3UIMS LETH Ha TOLENN KaXI0ro dTarma.

1. lesan pa3BuTHS OPraHU3alul

J1J1st OIIEHKH YCIENHOCTH pa3pabOTKU U pealn3alliy MporpaMmm HeoOXoaumMo chopMyIupoBaTh Te-
HepabHYI0 (OCHOBHYIO) 1I€Jb Pa3BUTHSI OpraHu3anuu. B paborax mo ynpapleHHIO MPOEKTaMU OTMeYa-
€TCs, YTO IeTH JOJDKHBI cooTBeTcTBOBaTh TpeboBaHmsM SMART (Specific — CnenuanusupoBaHHEIe,
Mesurable — W3mepumslie, Actively Influencible — Akryanbubie, Realistic — Peanuctuunsie, Time
Limited — OrpanuueHnsie o BpeMeHn) [5]. [IpuHIMIHATBEHEIM MOMEHTOM JIsi POPMUPOBAHUS KPUTE-
PHEB JOCTIDKEHHS eI SIBISICTCA U3MepUMOCTh. OIHAKO, KaK MPaBUIIo, GopMyIHpOBKa OCHOBHOH HETH
Pa3BUTHUS OpPraHU3aIMK LIEIA HOCUT JIOCTaTOYHO OOIIMK XapakTtep. J[isi KOHKpeTH3anuu mesieit ocyie-
CTBIISICTCSA JEKOMIIO3MLUS LIEJeH MyTeM MOCTPOSHHS «IepeBa Lelei» — CTPyKTYpUPOBaHHOM, MOCTPO-
€HHOI1 110 nepapXuueCKOMY NPUHIIMITY COBOKYITHOCTH LIl IPOrpaMMBbl.

Jiisi OUEHKH JOCTYDKEHHs TOCTABICHHBIX Iieiel (OPMHPYIOTCS KPUTEPHUH JOCTHXKCHHUS IICIICH.
[Ipexnae yem npuCTYMUTh K (HOPMHUPOBAHUIO JepeBa 1ejield, HEOOXOJMMO OCYIECTBUTH JIEKOMITO3UIIHIO
OCHOBHBIX TleJielt opranuzanuu. Kpome 3Toro, HeoOXoauMOo pa3padoTaTh KPUTEPHUU JOCTHKCHUS TICTICH.
3Ha4yeHUs] 3THX KPUTECPHEB AAIOT BO3MOXKHOCTH ONPENENUTh JOCTHKEHHE MOCTABICHHBIX Lenei. DTo
OCYILIECTBIISIETCS ITyTEM CPAaBHEHMSI KOJIMYECTBEHHBIX XapaKTEPUCTUK (YCTAHOBJICHHBIX KPUTEPHEB 10C-
THKEHHS 1IeJie) U JOCTUTHYTBIX COOTBETCTBYIOIIMX TOKa3zaTeneil. Hampumep, eciu ocHOBHas IeNb
NpOTrpaMMBbl Pa3BUTHSI OPTaHHU3AIMU SBISIETCS OOCCIICUeHNE YCTOWYHMBOTO TIOJIOKEHHS HA PBIHKE, TO
OUYEBHJIHO, YTO JUISl JIETATM3ALUK 3TOH IeNN JOJDKHEI OBITh CHOPMYIUPOBAHKI O0Jice KOHKPETHBIC TIO-
neny. JTy AeTalIU3aluio MOKHO IPEACTaBUTh B BHJIE, KaK [TOKa3aHo HA puc. 1.

OBECHEYEHUE YCTOMYUBOIO
HHOJOKEHHA HA PBIHKE
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Puc. 1. lekoMno3nuusa reHepanbHOM Lenu nporpaMmmbi
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Bypkoe B.H., lllenkuH A.B., KomniekcHbIl MexaHU3M ynpaesieHusi
Awmenuna K.E. u dp. paseumuemM opeaaHu3ayuu

U3 puc. 1 BuaHO, YTO HE BCerza MEPBBIH YPOBEHb HEPAPXUU MO3BOJSIET CPOPMUPOBATH KPUTEPUHU
noctwkenus nend. [losromy anst (GOpMHpPOBaHUS COOTBETCTBYIOIIMX KPUTEPHEB HEOOXOAWUMO IIEIH
MIEPBOTO YPOBHS HEPapXHUH JEKOMIIO3MPOBAThH Ha €IIe OUH YPOBEHb.

Ilocne 3TOro Bce MHOXKECTBO LIENEH MPOrpamMM Pa3sBUTHSI NPEIIPUATHN MOKHO MPEICTaBUTh B BU-
7€, KaK MOKa3aHo Ha pHcC. 2.

OBECIIEYEHUE YCTOWYHUBOT' O
MOJIOKEHWUS HA PBIHKE
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Puc. 2. lekomno3unuus Lenen nporpaMmmbil

OcHoBBIBasICH HA (POPMYITHPOBKE IeNIeH BTOPOTO YPOBHS UEpAPXHUA MOXKHO CHOPMHUPOBATH KpHUTE-
PHH TOCTIDKSHUS ITUX IIEeTIeH.

s mOCTHKEHUS MOCTABJICHHBIX LiEJICH ONpeAessieTcs] U peanusdyercss Habop COOTBETCTBYIOLIMX
MEPONPHUITUH. Y CIIEMHOCTh U 3PPEKTUBHOCTh BBIMOIHEHUSI COOTBETCTBYIOIIMX MEPOIIPHATHI BO MHO-
TOM OINpENENseTCs YCIOBUSIMU, B KOTOPBIX OHU PEaH3YIOTCS. A YCIIOBHS JJIsl BBITOTHEHUST MEPOTIPHSI-
Uil GOpMUPYIOTCS NPUMEHEHHEM MEXaHU3MOB YIPaBJICHHS.

Jns nocTrxeHus Lenel, onpeAesIeHHbIX B pe3ybTaTe JeKOMIIO3UIMH OCHOBHOM LIEJTH IPOrpaMMBbl
pa3BUTHS, TPEACTABICHHBIX HA pHC. 2, HEOOXOAMMO MPUMEHHUTh KOMIUIEKC Pa3lIMYHBIX MEXaHHU3MOB
yIpaBeHHs], IPeACTaBIEHHBIX Ha puc. 3 [6, 7].

OueBUAHO, YTO WCIONB30BAaHUE OJHOTO MEXaHU3Ma il JTOCTHXKEHHUS] KOHKPETHOHM Lienu peraeT
TOJIBKO YacTHYIO 3aJady peaju3alyy NPorpaMM pa3BUTHA, B TO BPEeMsS KaKk NPUMEHEHHE LIEIOr0 KOM-
IUIEKCa MEXaHU3MOB MOPOXKIAeT NMPOOIEMy COTIaCOBaHMS MEXaHM3MOB. A 0e3 paspelieHus 3TOH Mpo-
OneMbl He UCKITIOYEeHA CUTYyallus, Kak B m3BecTHOU OacHe U.A. Kpwinosa: «...Jlebenp pBeTcst B o0Onaka,
Pax msaturcs Hasan, a Illyka TsHeT B BOAy...».
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KOMIIJVIEKC MEXAHU3MOB YIIPABJIEHUSA
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&__:) COCTaBa arcHTOB "
» > MexaHu3M caMOpHHAHCHPOBAHHSA &" »
T <
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»  MexaHn3M cMelaHHOro (PMHAHCUPOBAHHSA HasHa4CHHA
»| MexaHu3m BCTpedHOTO
8 IUTAaHMpOBAH K MexaHu3M ONTUMH3AIHH | 0
5 CETHU MOCTABOK g
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S > ACCOPTHMeHTa CTUMYJIHPOBAHUS

Puc. 3. Komnnekc mexaHusMoB yrnpasneHus

3ameruMm, uto TexHosorus paspadorku CYPO 6Obuta cozpana B UITY PAH npu yuactun Begymmx
CIEIUATUCTOB N0 CTPAaTETMYECKOMY MEHEKMEHTY [8]. OgHako B CYIIECTBYIOIIEM BHJE OHA, HA Halll
B3[JISAJ], HEIOCTATOYHO HCTIONB3yeT ONTHUMHU3ALMOHHbIE MOJeNH. B cBsi3u ¢ 3TM B paboTe naeTcs onu-
CaHHMe KOMIUIEKCA ONTHMHU3AIIMOHHBIX MOJIENel, B 3HAUUTEIHFHONH CTENECHU TMOBBIMIAIONINX d(PPEKTHB-
HOCTh TexHoJioruu pa3paborku CYPO. Psg u3 31ux Mozeneii B OTACIBHOCTH INPUMEHSIIMCH, OJHAKO
aBTOPBI TIOMBITAIUCH CO3/1aTh KOMIUIEKCHYIO TexHosoruio paspaborku CYPO Ha ocHOBe MeXaHM3MOB
YIPaBIEHHS X ONITUMHU3ALMOHHBIX MOJIENEH.

2. MexaHu3M KOMILIEKCHOTO oeHuBaHus (3ramn 1)

MexaHu3M KOMILJIGKCHOTO OLIEHMBAHUS IMO3BOJISIET CTPOUTH arperHpOBaHHYIO MM KOMILIEKCHYIO
onenky (KO) cinoxHoro o0ObekTa MyTeM CBEPTKH OOJIBLIOrO YHCJIa MOKa3aTesIeh, XapaKTepU3yIOIMX
00BEKT, C YIETOM CTETICHH UX BIUSHUA. J[eficTBHE MexaHH3Ma OCHOBAHO Ha 00bhEeJUHEHUN MTOKa3aTeeh
B TPYIBI (XapaKTEPUCTHKH OOBEKTA MO BBIJICICHHBIM HAlpaBlIeHUSIM OIICHUBAHUS), IIEPEBOJIE PA3HO-
POIHBIX MOKa3aTeel B €ANHYIO IIKalTy OaJUIbHBIX OLIEHOK, (JOPMHUPOBAHUM OAJJIbHOM OLIEHKH Hampas-
JICHUS ¥ TIOCTIEAYIOUIeH ONapHOi CBEPTKE OLIEHOK HAIpaBJICHHUH.

Tak Kak OLleHKa JOCTIKEHHUS LIEJIM B O0ILEM ciIydae JOCTaTOUHO CIOXKHAs MPOLIEAYPa, TOITOMY CUUTa-
€TCsl, YTO OPTaHU3ALHUI0 XapaKTepH3yeT HaOOp YaCTHBIX KpUTEpHEB {A, Ay, ..., A,} HAOCTIKEHHS LENH, U
HEO0O0XO0MMO TIOCTPOUTH KOMIUIEKCHBIN KpuTepnid (hyHKIMoHupoBanus opranuzaiu KO =fA4,, 4, ..., 4,).
IIpu 3TOM CTPYKTypa KOMIJIEKCHOM OIIEHKH MPE/ICTaBlIeHa B AUXOTOMHYECKOM BHE [9].
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OcHoBHas uzes Mpu pa3padoTKe MEXaHW3Ma KOMIUIEKCHOTO OICHWBAHHS 3aKIIOYAETCS B TOM, YTO
KaK7asi BEpIIMHA JIepeBa Iesield, B TOM YHCIIe IPOMEXYTOYHBIE U UTOTOBas BEPIINHA, JIe3arPerupyeTcs
POBHO Ha JIBE€ MOABEPILUHBI, TO €CTh UCHOJB3YETCS TaK Ha3blBaeMblid MeTon auxotomuu [10-11]. Dto
MO3BOJISICT TIPOBOJUTH arperupoBaHrE KaKIOW Mapbl BEPIIMH B IOCIEAYIONIYIO BEPITHHY (BEpXHETO
YPOBHSI) C TIOMOIIBIO IOTHYECKUX MATPHI] CBEPTKH.

Peanmzamuss METOIOIOTHH OIICHHBAHHUS COCTOMT B ITOCIICOBATCIIBHOM BBITIOJHECHHH COOTBETCT-
BYIOIIHMX 3TarnoB. [[pHHIMIIMATEHEIM MOMEHTOM SIBJISIETCS TOT (hakT, u4To i moctpoenuss KO npexe
Bcero (hopMupyeTcs Habop HAMIPABICHUH WM XapaKTEPUCTHK, KOTOPBIE JAFOT 00IIee mpeacTaBiIeHne 00
00BEKTE M BCEX €ro OCOOCHHOCTSX C PA3JIMYHBIX TOYCK 3PCHHUA. 3aTeM I dTHX HAIpPaBICHUH CTPOSATCS
JIOKaJIbHBIE OIIEHKH, KOTOPKIC 3aTeM cBopaunBatorcs B KO.

Hawnbonee nomynsipHa deThlpex0auibHas MIKaa: TI0X0 — 1, YAOBIETBOPUTEIHHO — 2, XOPOIIO — 3,
oTimn4HO — 4. OnpenensoTcs rpaHudHble YpoBHH 3ddekrta: 4;, 4,, A3, As. Ecnu adpdexr O no nampas-
JICHUIO MEHBIIIE A1, TO 3TO KaTacTPO(YHUUECKOE COCTOSHHE 10 TaHHOMY HamparieHuio. Eciu 4, <D < 4,,
TO omeHka mioxo. Ecimu 4, <D < 43, To olleHka ynoBiaeTBOputenbHOo. Ecin A3 <D < A4, TO OlleHKa XO-
pomro. Hakoner, ecnu 3 > A4, TO OlleHKa OTJIMYHO.

Lens mepBoro 3rana «hopMHUPOBaHHE KOMIUIEKCHOM OIICHKU COCTOSIHUS OpTaHHM3aIlUM» 3aKIH09YaeT-
Cs B MaKCHMAaJIbHO aJ]eKBaTHOM OTPa)XKCHHWH MHEHHUS PYKOBOJHUTENS OPraHU3aIllii O TOM, B KaKOM CO-
CTOSIHUW OHU HaxonsaTcs. [ qocTkeHns 3Tol e HeoOX0IMMO PEIIUTh JBE 3a/1a4H.

3aoaua 1. Buibpamv cmpykmypy ouxomomuueckozo oepesa KO.

3aoaua 2. Beibpamv mampuysl céepmxu 8 Kaxicool epuiune OUXomoMuiecko2o oepesa.

B macrosmiee BpeMs 3TH 3a/laydl PEIIAIOTCS HA OCHOBE IBPHUCTHKH C YUCTOM MPEIIOYTESHUN JIUII,
MIPUHUMAIOIIUX PEIICHMSI.

U3 puc. 1 cnenyer, uto mist dhopmupoBanuss KO cocTossHUS OpraHU3aniiyi MOTYT OBITH BBIOPaHBI
IIECTh HANPAaBJICHUN JEATENbHOCTH: (DMHAHCHI, POU3BOJICTBO, MAPKETHHT, KaJphl, CHA0)KEHUE U COBIT.
CTpyKTypa ITUXOTOMHUYECKOTO JIepeBa JJISl ATUX IIECTH HAIPABJICHUNA JCSITEILHOCTH MOXXET OBITH Mpe/I-
CTaBJICHA B BHJE, KaK MTOKa3aHO Ha puc. 4.

O, — olleHKa O, — onieHKa Os — OIlcHKa Oy —onenka | | O, — ouenka O, — orieHka
cHaOXeHust | [MPOM3BOACTRA cOriTa (huHAHCOB MapKeTHHTa KaJIpOB

Puc. 4. CTpykTypa AUXOTOMUYECKOTO AepeBa

ITycTs onenku HanpasieHUI UMEIOT caenyromue 3HadeHus Oy, =3, 0, =3, 05 =2, 05 =2, 0, = 2,
O = 3. JIis mocTpoeHUsT KOMIUIEKCHOM OIEHKH BBIOPAHBI CIICIYIONTHE MaTPUIILI CBEPTKH (pHC. 5).

2131374 313144 112]3]4
(2]27313] . [2]3]3]4],, [1]2]3]3
M=o YRR BRI 222

1/1]2]2 1121213 11]1]1

Puc. 5. MaTpuubl cBepTKM ANA YeTblpex6annbHOM WKanbl

Jns mony4enust 0000IIEeHHON OIEHKH HAamNpaBIeHUH «CcHaOx)eHue» U «Ipou3BOACTBO» (Oyy) BHI-
Opana matpuna M;, nnst cBepTKH Ogy, W OICHKU HamNpaBleHHs «COBIT» BBIOpaHa MaTtpuna M, ans
cBePTKH Oypes M OIICHKH HAIPaBICHUS «(pUHAHCHD BhIOpaHa MaTpunia M,, 1uist cCBePTKH Ogynes M ONIEHKH
HampasieHus «puHaHCh» BbIOpaHa Matpuua M, 11 cBePTKU Ocynesp ¥ OLIEHKU HANPaBIEHHUs «MapKe-
THHT» BBIOpaHa Matpuiia M;, u, HakoHell, 1 pacuera KO BeiOpana matpuria M;.
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[Ipouenypa popmuposanust KO npeacrasieHa Ha puc. 6.

112(34 313(4|4
Ko= |1]2|3)3 2(3(34
- | 1|22 2 e |[2(2|3|3|

1{1[1]1]|Oamepw=2 [11]2]21]3 Ocingy=2

0=3 TOMZZ
Ou=3[1]2[3]4 213734 313144
—_— (2133 (22|33 2131314
112122 Ou=3 1(2(2(3 - 21233
1111111 1111212 OCHHC6:2 1121213
0,=3 052 1 0y=2

Puc. 6. NMpoueaypa hopmuposaHusa KO
Takum o6pazom, KO opranusamuu pasHa 2.

3. ®opMupoBaHHe NOTEHIHUAJIA Pa3BUTHA (3Tal 2)

Ha sTom 3tane popmupyeTcss mOTeHIHAN Pa3BUTHS OPTaHU3AIUMH — 110 HUM TOHUMAaeTCs MHOXKe-
CTBO MPOEKTOB (MEPOIPUATHN), peaTu3aius KOTOPHIX YIydIllaeT OJUH WU HECKOJIbKO KPUTEPHUECB.
DTO TPOUCXOIUT MyTeM cOopa MPEIIOKCHHH OT MOMApa3ACICHU W OTAEIBHBIX JIHIl, «MO3TOBOTO
MITYypMay U T. 1.

Kaxxnprit mpoekT onmckiBaetcs 3hpexToM (BKIaM B YIy4IIEHHE OJHOTO MM HECKOJIBKUX ITOKa3aTe-
nieit), 3aTpaTaMy Ha pPean3alluio ¥ YPOBHEM PHUCKA.

ens maHHOTO 3Tama — MOJYYUTh JTOCTOBEPHBIC OICHKU MPOEKTOB. [ mOMydeHus TOCTOBEPHBIX
OIIEHOK 3(deKTa U 3aTpaT MPUMEHSIOTCS IKCIIEPTHBIE MEXaHU3MbI, MEXaHU3MbI BCTPEUHOTO TIIAHHPO-
BaHWsI, IPOTUBO3AaTPATHbIE MEXaHU3MsI [7, 12, 13].

[TomydeHne OLEHOK PUCKA MPOUCXOAUT HA OCHOBE HEMAHUITYJIHPYEMBIX dKCIEPTHBIX MEXaHU3-
MoB [7].

4. ®opMupoBaHNe NPOrpaMmbl pa3suTus (3ran 3)

4.1. Memoo «3ampamut — 3¢ppexm»

[Iporpamma pa3putus GOpMUPYETCS Ha OCHOBE IMOTCHIIMAIA Pa3BUTHSL.

Leunb aTOr0 STana — 00eceYnTs pa3BUTHE OPraHU3aliy, TO ecTh TpedyeMoe nobimenne KO ¢ Mu-
HUMAaJIBHBIMHM 3aTpaTaMU IpY OTPaHUYEHHUN Ha JONMyCTHMBIN ypOBEHb PUCKA.

CHavana paccMOTpPHUM NPOCTOH CIIy4al, KOTrJa JUlsl KaKJO0r0o HalpaBJIEHHUs CYIECTBYET CBOE MHO-
JKECTBO MEPOIIPHUATHN, U 3TH MHOXKECTBa He TMepeceKkaroTcs. J{Jis 3Toro ciaydast KJIaCCUYECKHUM U CaMbIM
4acTO MPUMEHSIEMBIM Ha MPAKTUKE SBJISICTCA MEXaHU3M «3aTtpaThl — 3 dex [7].

Bce npoekThl TaHHOTO HANPaBJIECHUS YHOPSIOYMBAIOTCS 10 3P GEKTUBHOCTH M OTOMPAIOTCS coriac-
HO 3TOMY YNOpsAOYEHUIO, IoKa 3 ekt He OyaeT paBeH WK OOJbIIE COOTBETCTBYIOIIEIO IPAaHUYHOTIO
3HA4YCHMUA.

YHOpﬂI[O‘-II/IBaHI/Ie IIPOCKTOB JId OHNPECACICHUA IMOTCHIHAJAa Pa3sBUTHUA MNPOUJIIIOCTPHUPYEM Ha
IpUMepe MATH MPOEKTOB. 3anoyHgerca Tadn. 1, B KoTopoi paccunThiBaeTcs 3 (HEeKTUBHOCTD MPOEK-
TOB.
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Tabnuua 1
OnpepeneHue 3¢p¢peKTMBHOCTU NPOEKTOB
No mpoexTa 3arpaThl Ha peaTu3aIio Ornenka adpdexra DddhexkTuBHOCTD
[Tpoekt Ne 1 b, Wy wi/b,
[Tpoext Ne 2 b, Wy Wo/by
[Tpoext Ne 3 b; w3 ws/bs
[IpoexT Ne 4 by Wy Walby
[Tpoext Ne 5 bs Ws ws/bs

CpaBHUTH 3 (EKTUBHOCTH MPOEKTOB MOYKHO, MOCTPOMB I'padUK, HA KOTOPOM IO OcH abcIuce OT-
KJIa/IbIBAIOTCS 3HAUYEHHSI 3aTpart, a 0 OCH OpAMHAT OTKIaJbIBAlOTCA 3HaYeHus 3pdextoB. st i-ro mpo-
eKTa TOJIy4yaeM OTPEe30K, BBIXOAALIMN U3 Havyajda KOOPAWHAT U 3aKaHYMBAIOLIUICSA B TOUKE C KOOpIUHA-

tamu (b;, w;), i =1, ..., n. Takum 00pa3oM, IMOIYIUM ITyYOK, COCTOSIIIHNA U3 1 OTPE3KOB (puC. 7).
A 9
wra=ws |
[_7 7-\\‘ 7
IMpoexkr 3 L_ - -
- P P ——— TIpoekT 2 W
wi=wyl—mmm™mm
L IIpoexT 4_J - B S
T - [ .
== P -
7 T I[Tpoexr 1 T
- )/// - //
- e —
- L [ IIpoekr 5 |
o — —
/‘//)/ // i
by b3 by=by=bs 3atpatbl

Puc. 7. 3deKkTMBHOCTb NPOEKTOB

[Tonydenusie 3HaueHUS 3PGEKTUBHOCTH MO3BOJIIOT IMOCTPOUTH rpaduk «3arpaThl — I3PHEKT, U3
KOTOPOTO BHJHO, KAKOH MaKCUMaIIbHBIN 3(h(HEKT MOKET ObITh TIOTYUEH OT peai3alui STHX TPOCKTOB U
KaKHe Cpe/ICTBA HEOOXOIUMO BJIOKUTH B PEANM3ALUIO STHX MPOEKTOB.

Hns ynoGctBa moctpoeHus rpaduka «3arpatsl — 3pdekT» npenBaputeibHO HeoOXonumo Tadi. 1
MIpEeACTaBUTH B BUE Ta0mI. 2.

Tabnuua 2
YnopsaoumBaHue npoeKkToB no 3cheKTMBHOCTU
No mpoexTa 3atparet D¢ deKTHBHOCTH 3aparei Sdpexr
Ha pean3aluio HapacTaloUIUM UTOTOM | HapacTaroUMM UTOTOM

[TpoexT Ne 4 by Wa/by by Wy
[Tpoext Ne 3 b; ws/bs byt bs Ws+ W3
[TpoexT Ne 2 b, wy/b, bs+bs+ b, ws+ws +w,
[TpoexT Ne 1 b, wi/b, by+b;+ b, + b Wat+ w3 +wy +wy
[Tpoext Ne 5 bs ws/bs byt by + by + b+ bs Wat W3 +wy +w +ws

B Tabs. 2 nmpoekThl yrnopsaoueHs! 10 3Q(GEKTUBHOCTH. A HMEHHO: Ha TIEPBOM MECTE CTOMUT CaMbIii

3¢ GEKTUBHBIN NPOEKT, 3aTEM — CIIEAYIOIUiI 110 3(PEKTUBHOCTH H T. 1.
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I'paduk «3arpaTbl — 3PQPEKT» CTPOUTCS HAa OCHOBE NAHHBIX, HAXOJMIMXCS B JIBYX ITOCICTHUX
croibuax. [To ocu abcryce OTKIIAABIBAIOTCS CYMMapHbIE 3aTPaThl, a 10 OCH OPJIMHAT — CyMMapHOE 3Ha-
yenune 3 dekra. ['paduk «3arparsl — 3¢ dexT» npencTaBieH Ha puc. 8.

D4
Ws+twtwrtws+wy
~ | witwatwsitwy
3 — — e e e e e e =
3 i \ N
Watw3+wy o E LHpOEKT 5]
|~y
|- | [HpoeKT lj
W3 +wWy : E )
—i |
E’Ipoem 2} i E
RS |
il K ;
-(HpoeKT4 | El'lp OCKT 3J P & 3arpaTsl
- . |5 5. L
1 >
by by+bs bytbs+by  bitbhatbytby  bstbitbatbiths

Puc. 8. Npacduk «3aTpatbl — achdekT»

I'paduk «3atpathl — heKT» JaeT BO3MOKHOCTh ONPEAEIUTH PasMep CPeACTB S, KOTOpHIi Heob-
XOIHUM ISl IOCTIKeHHs TpeGyemoro sddekra I, u, HA0GOPOT, ONmpeneTuTh pasmep SbheKT I, KOTOPEIi
MOJKET OBITh JIOCTHTHYT, €CIIH B PACTIOPIKEHHH UMEIOTCS CpesicTBA B pazMepe S.

Ha ocHoBe rpadukoB «3atpaThl — 3¢ GexT» A7 KaKI0ro HaIpaBIeHUs | ONMPEAeISIIOTCS MUHIMAb-
HBIE 3aTPATEHI §;;, HEOOXOAUMBIE JUIS JOCTHKEHHS TpeOyeMbIX oLeHOK O,

Matpuiia MUHHMAaJIbHBIX 3aTpaT {s;} MpUMEHAETCS I pelleHus 3anadyd (GOpMHPOBAHHS ONTH-
MaJIbHOI'O BapHaHTa MpOrpaMMbl (BapHaHTOM MPOrpaMMbl Ha3bIBAETCS IOCIEIOBATENFHOCTH OLIEHOK
HalpaBJIeHUii), TO €CThb BapuaHTa, 00CCIIEUNBAIOIIETO TPEOYEeMYIO0 BEIMUMHY KOMIUIEKCHOM OLIEHKH C
MUHUMAJIBHBIMU 3aTpaTaMu. J[JIsl penieHus: 3TOi 3aa4d MPUMEHIETCS METOJ TUXOTOMHYECKOTO TpO-
rpamMMupoBanus. [14].

4.2. Yuem mnozouenegvlx npoekmos

MHororeneBbIMI Ha3bIBAIOTCSl TIPOEKTHI, KOTOPhIE Aat0T 3PQPEKT B HECKOIbKO HampaBieHui. Jlis
pelleHHs 331a41 B 3TOM CIIydae MPUMEHSIOTCS ABa MOJIX0/1A.

[lepBbIii cocTouT B mepedope BceX BapUAHTOB BXOXKICHUS B IPOrPaMMy MHOTOLIETIEBBIX IPOEKTOB.
Eciu 4ucino MHOTOLENEBBIX IPOSKTOB PABHO ¢, TO YKCIIO BapuaHTOB paBHO 27. [Ipu HEOOJBIIOM YUCTe
MHOTOIIEIIEBBIX IPOSKTOB METOJI TOCTATOYHO dPQeKTrBeH. [ KaxI0ro BaprHaHTa penaercs 3ajaada ¢
OJTHOLICJIEBBIMU MPOEKTaMH, KaK OMHMCaHO BhIlIE. 113 Bcex BapuaHTOB BHIOMPAETCS Ty YILIHH.

Bropoii monxoa 0CHOBaH Ha METOJIE CETEBOTO MPOTrPaMMHPOBAHMSL. 3aTpaThl KaXKJ0r0 MHOTOLEIIe-
BOT'O TIPOEKTA JCTSATCS MPOU3BOIBHBIM 00pa30M Ha HECKOJIBKO YaCTeH 110 YHCITy HalpaBJICHHA, B KOTO-
pbie gaeT 3pQeKT coOTBETCTBYIONIMIA MPOeKT. [lomyuaem 3amauy ¢ oJHOIENIEBBIMHU MpoeKTamMu. 13 Teo-
PHH CETEBOT0 MPOrPaMMHUPOBAaHUs U3BECTHO, YTO PEIICHHE STOM 3a7a4yM JAeT OLECHKY CHU3Y 3aTpaT I
UCXOMHOM 3aaauu [ 14]. DTa oueHKa UCTIONb3YEeTCsl B METO/IE BETBEU U I'PaHULL.

4.3. Bzaumoszasucumole npoexmaol

B3anMo3aBUCHMBIME Ha3bIBAIOTCS MPOEKTHI, BXOXKAEGHHE KOTOPBIX B MPOTPaMMy HAeT JOIOJIHH-
TeJBbHBIN (cuHepreTuyeckuil) 3¢ ¢GeKT. 3nech MPUMEHSIOTCS TP MOIXO01A.

[epBbIii, Kak U B cIy4ae MHOTOIIETIEBBIX ITPOCKTOB, 3aKIF0UACTCS B Iiepedope BCeX BapUaHTOB BXO-
JKJICHUS B IPOTPaMMy COOTBETCTBYIOIIUX TIap MPOEKTOB.

Bo BrOopoM moaxone IOmMOMHHUTENbHBINA 3(dEKT A KaXIoi mapsl B3aUMO3aBUCHMBIX IPOEKTOB
JIENUTCS TIPOU3BOJILHBIM 00pa3oM Ha JiBe yacTtu. OnHa 4acTh 100aBiseTcst K 9QQPEKTy OJHOTO MPOEKTa,
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a apyras — K 3¢dekry apyroro. [anee 3amaua pemaercs, kak onucano B [14]. Ee pemenue gaer Hux-
HIOIO OLICHKY 3aTpar. JTa OLeHKa NPUMEHSETCs] B MeToJie BeTBeil u rpanun. HakoHen, TpeTtuii moaxon
WCTIONB3YET MOHSTHE «IIIUPUHEI» rpada B3anMozaBucuMocTeil. 'padom B3anMo3aBucUMOCTEH Ha3bIBa-
€Tcs 1 — BEPIIMHHBINA (IO YUCITY MPOEKTOB) HEOPHUCHTHUPOBAHHBIN TIpad, pedpa KOTOPOro CBS3BIBAIOT
B3alIMO3aBHCHUMBIE ITPOEKTHI.

Onpeoenenue. lupunou epagha h nazvieaemca MaKxcumManbHas pasHoCmMb HOMEPO8 CMENHCHBIX 6ep-
WIUH.

B pabote [15] mpenyoskeH alroputM peuieHus 3agadn GOpMHUPOBAHUS MIPOTPaMMBI C B3aUMO3aBU-
CHMBIMH TIPOEKTAMH, CIIOKHOCTH KOTOPOTO MMEET TOpPSIOK 2.

[Tpu maneix /# anroput™ 3¢ dekTruBeH.

4.4. Yuem mexnonozuueckux zagucumocmei

B psime ciiyuaeB mpoeKTBl IPOrpaMMbl TEXHOJIOTHYECKHU CBsI3aHbl. Takue 3aBUCUMOCTH H300paxka-
I0TCSl B BUZIE ceTeBOro rpaduka. [Ipumepom sBIseTCsl CO3/JaHie HOBOTO M3JICIHS, BKIFOUAIOIIee MpoBe-
neraune HUP, OKP u co6ctBenHO co3nanue uznaenus [16] (puc. 9).

HUP OKP Wsnenus
.
N T
— —
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Puc. 9. CeteBou rpacmk

Ecnu cereBoii rpad) siBisiercst secom (rpad 6e3 LMKIIOB), TO MpeAsaracTcs alroputM GopMHUpoBa-
HUS TIPOrpaMMbl HA OCHOBE METOJa JMXOTOMUYECKOro MporpaMMupoBaHusi. s ceTeBbIX rpadukoB
o01iero Buja B padote [ 16] npeaioKeHbl 3BPUCTHUCCKHUE AITOPUTMBI.

4.5.¥Ynpaenenue puckamu

B 3amavax ynpaBieHHs] IPOSKTHBIMHA M IPOTPAMMHBIMU PHCKaMH, KaK MPaBUJIO, MPUMEHSIOTCS Ka-
YeCTBEHHBIC OIEHKH PUCKOB. PUCK XapaKTepHu3yeTcs IoKa3aTelsiMd BEpOsITHOCTH v, yliepda u U cTere-
HBIO BIMSIHUSL W = © X V. ByZieM paccMaTpuBaTh IByXOLIEHOUYHYIO MIKaly OLEHKH PUCKOB (HU3KUH PHUCK
Y BBICOKHUH PHCK).

OmnpenpenuM 5KCHEPTHO ABE TPAHUYHBIC TOYKU V U 4. ECin MpoeKT uMeeT HU3KUI PUCK IO BEpOAT-
HOCTH, TO CYMTAEM, YTO BEPOSTHOCTh MEHbIIIE WM PaBHA V. ECiin MpoeKT uMeeT BHICOKUN PUCK, TO CUH-
TaeM, 4TO BEPOSITHOCTH OOJIBIIIE V.

Amnanornuno mo ymepOy. Takum o6pazom, cymiecTBytoT deTbipe Tuma npoekros: (HH), (HB), (BH),
(BB) (H — Huskwuii puck, B — Beicokuii puck; nepsasi O0ykBa — PUCK IO BEPOSITHOCTH, BTOpas MO ymepoy).

Ha ocHOBe rpaHU4YHBIX YPOBHEH ONpeessiFoTesl 0a30Bble YPOBHH PHUCKOB!

Y I+v u I+u
VvV, =— Vy = ——— u, =— U~ =
1 > V2 s 4 s U)
2 2 2 2
B nacTtosimee Bpems pazpadboTaHa METOAOIOTHS YIPABICHUS CTOMMOCTHBIMHU prckamu [17].
O06o03HaYNM:

0, — mHOXecTBO npoektoB Tuna (HH);
(0, — MHOecTBO npoekToB Tumna (HB);
(05 — mHOXecTBO IpoekToB Tuna (BH);
Q4 — MHOXeCTBO IIpoekToB Tuna (BB).
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a;,j=1,2,3, 4 oTHOCUTENbHAA CyMMapHasi CTOMMOCTB IIPOEKTOB j-T0 THIA. YIIepd OT PHCKOB IpoO-
rpaMMBbl paBeH

U= (a1 + a3)uy + (ay + ay)u,.

CreneHb BIUSHUS PUCKOB IIPOTPaMMbI paBHA

P=3a;v;,
J
TAC p1 = U1 vy, P2 = UaVy, P3 = UV, P4 = UsV).
P
BeposTHOCTh PUCKOB MPOrpaMMBbl paBHa V' = U

CoOTBETCTBEHHO, MporpaMma MMeeT HU3KHH PHUCK IO BEPOSATHOCTH, €CIH V < v, HU3KUN PHCK IO
yiep0y, ecnu U < 1, 1 HU3KUH YPOBEHb CTECTICHH BIHMSHUS, eciu P < p.

YMes oneHMBaTh PUCKH NPOTPaMMBI, MOYKHO pEIIaTh 3aJayd yNPaBICHHS PHUCKaMHU HAa OCHOBE
CTpaTeruii CHIKEHUS PUCKOB M YKIOHEHUS OT PUCKOB.

Cmpamezus cnudxcenus puckos. 3ametum, 4to 1 npoektoB Tuna (HB) u (BH) cymectByeT onun
BapUaHT CTEICHU BIMSHUS, B TO BpeMs Kak Ui mpoekToB Tuna (BB) Takux BapuantoB 3 (mepBblil —
CHHM3HTH JI0 HU3KOTO BEPOATHOCTHBIH PHCK, BTOPOW — CHU3UTH 10 HU3KOT'O PHCK M0 yiiepOy U TpeTuil —
CHH3HTB JIO HU3KOTO U PUCK TI0 BEPOSATHOCTH, ¥ PHUCK IO yIIepoy.

O603Ha4nM x; = 1, ecnu [1J1sl NPOEKTa § IPUMEHAETC j-if BADHAHT CHUKEHHs PUCKOB, IIPUYEM

D ox; <L (1)

J

O603Ha4nM §;; — 3aTPaThl HA CHUKEHUE PUCKOB MEPOIIPUSATHS i 110 BAPHAHTY j.

3aodaua. OnpenennuTs {X;}, MUHUMU3HPYIOLINE

S(x) = le-jsl-j
irj

npu orpannyenuu (1) u
P(x) = le-jpl-j <p.
i,]

MBI nOTyYHIIM HEKOTOPYIO MOIUGHUKALINIO 3a/1a4 O paHile, 3(EKTUBHO PemaeMyo METOI0M JTU-
XOTOMHUYECKOTO TIporpaMmmupoBanus [ 14].

MoxxHO Takxke chOpMYJIUpOBaTh 3aady YIPaBICHHS PHCKAMH Ha OCHOBE CTPATECIHMM YKJIOHCHHS
(orpaHMYHMBaeTCS MHOXECTBO BBICOKOPHCKOBBEIX IMPOEKTOB, BKIFOUAEMBIX B IPOTpaMMy), a TaKkKe Ha
OCHOBE CMEIIIaHHOW CTpaTeruu (A YKIOHSHHS, U CHIKCHHS ).

5. ®opMupoBaHue KajJeHIApPHOro miaHa (3ran 4)

Lenp nanHoro 3Tana — chopMHUPOBATh KAJICHAAPHBIN IJTaH MPH OTPAHUYCHHBIX pecypcax 1o OJTHO-
MY U3 JBYX KPUTEPHUECB:

1) MuUHUMH3AIHS TTPOJIOIDKUTEINBHOCTH ITPOrpaMMbI T

2) MUHUMH3AIHS YIIYIIEHHON BBITOIBI

D => ki,
i

rae k; — KodpPULUUEeHT yIyIIeHHON BBITOABL, /—MOMEHT 3aBEPILEHHS POCKTA i.

3a/1aun KaJeHIapHOTO IUTAHUPOBAHUS SBJISIOTCS, KaK MIPABUIIO, CIOXHBIMU (NP — TpYAHBIMHU) 3a/1a-
YaMy ONTHMHU3aluH. [ MX pemieHnss B OCHOBHOM MPUMEHSIFOTCSI 9BPUCTUYECKUE anropuTMbl. [Ipuse-
JIeM npumep 3anadd GopMupoBaHus KaleHnapHoro miaHa [16]. 3agan cereBoid rpadMK MpOrpamMMel,
JaHHble O mpoekTax (3PQeKTbl W 3aTpaThl) W UHTErpaNbHBIA Tpaduk GUHAHCHPOBAHMS MPOTPAMMEI
(rpaduk NOCTYIICHHSI CPEICTB).

3aodaua. OnpenenuTs MOMEHTHI Hadyajia IPOEKTOB TaK, YTOOBI MUHUMH3UPOBATh YIYIIEHHYIO BBITO-
Iy C y4€TOM OrpaHUYeHUI Ha PUHAHCHUPOBAHHE.

B pabore [16] npeanoxeHsl 3BpUCTHYECKHIE AITOPUTMBI IS €€ PELICHHUS.
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6. KoppekTnpoBKa IJIaHA M CTHMYJIMPOBAaHME peaJln3anuu NporpaMmsl (3ran 5)

Lenpb 3TOro0 3Tana cOCTOMT B MOBBILIEHHH HAISKHOCTH pPealn3alud MpOorpaMMbl HA OCHOBE MeXa-
HU3MOB KOPPEKTUPOBKU M CTHMYJIUPOBAHUSI.

KoppekTupoBka miana B o01IeM ciydae BKIIOYAET KOPPEKTHPOBKY COCTaBa MPOTrPaMMBbI (BKITIOYE-
HHUE HOBBIX MPOEKTOB, HCKIIOUCHUE UMEIOIINXCSA) U KOPPEKTUPOBKY COOCTBEHHO KaJEHAAPHOrO IUIAHA,
TO €cTh MOBTOpeHME 3TaroB 3 u 4. 3/1ech clielyeT UMETh B BUAY OJIHY OCOOCHHOCTbH. [IpH UCKITIOYeHUH
MPOEKTa M3 MPOrpaMMbl (B CHITy YMEHBIICHUS dQQeKTa, yBeTHMUeHUs PUCKOB U T. J.) BOZHUKAIOT JIO-
MOJTHUTEJIBHBIE 3aTPaThl HA 3aKPHITUE IIPOEKTA U 3TH 3aTPaThl HEOOXOIUMO YUUTHIBATb.

MexaHu3MBbl CTUMYJIUPOBAHUS IPUMEHSIOTCS 7151 OBBILICHUS HAZEKHOCTH pealiu3aliy Mporpam-
Mbl. OHHM TOpOOHO omucans B [18].

7. llpumep

[IpuBeneM mpuMep MpUMEHEHHUS] OMHCAHHOM TEXHOJIOTHH B YIPOIIEHHOM BHZIE. A MMEHHO, pac-
CMOTPHUM TpH TIOKa3atels (CHaOKeHHe, MPOU3BOJICTBO M COBIT), XapaKTepU3YIOIIHe MPOU3BOJICTBECHHBIN
LUK IIPEINpHUATHS). 3aMETHM, 4TO 3Tal | (MeXaHU3M KOMIUIEKCHOTO OLIEHUBAHUS) OB Y>K€ BBIIIOJIHEH
panee. OH BKIIOYAET IOCTPOEHHUE CTPYKTYPBI AUXOTOMHUYECKOTO JepeBa (IoaaepeBo puc. 4; comepixa-
miee aBe BepUHbI Oy U Ones, TPH BUCSTIHE BepIIUHBI (O, Oy 11 Oy) U 1Be MaTpuiiel M; u M.

Paccmotpum stan 2. [lycTh Ans KaXaoro moxasarenis UMEIOTCS MO TPU HpoeKTa (MEepONpUsTHS),
JaHHBIE O KOTOPBIX MIPUBEICHBI HIDKE.

Cunaborcenue Ilpouszeoocmeo Covim
Ilpoexm 1123 Ilpoexm 1123 Ilpoexm 1123
Ogexm 10|12 ] 8 Ogexm 9 11219 Opgexm 7 110] 8
3ampamot 31615 3ampamot 4 | 716 3ampamer | 3 | 7 | 8

IlepexonuM k atamy 3.

[Ipumem, 94TO MHOTOIIETIEBBIC W B3aMMO3aBHCHUMBIE MPOSKTHI OTCYTCTBYIOT M BCE MPOEKTHI UMEIOT
HU3KUN PUCK.

Bynem orneHuBaTh HayalbHbBIC 3HaUCHUS MoKasarenel o 100-0ayuibHON MIKajae W ONMpEIeIuM Ipa-
HUYHBIE YPOBHU IepeX0/1a K KAaUECTBEHHBIM IITKaIaM.

THoxazamenv «Cnaborcenuey

[Ipumem rpanngnsie ypoBHU A, = 15, A, = 35, 4, = 60.

DTO0 03HAYAET, YTO SCIU HaYalIbHOE cocTosgHue Y., < 15, To omenka O, = 1.

Ecmm 15 <Y, <35, o onenka O, = 2.

Ecmu 35 <Y, <60, To oenka Oy, = 3.

Ecmu Y, > 60, To onenka O, = 4.

IIpumem HayanbHOE coctosiHue Y., = 40, 4TO COOTBETCTBYET OLEHKE Oy = 3.

Toxazamenw «lIpouzeoocmeoy

J1s ymporeHus: BEIYUCICHUN TPUMEM Te K€ TPaHUYHBIC YPOBHU U HadaJbHOE cocTosiHue Y, = 40,
YTO TAKXKE COOTBETCTBYET OLIEHKE O,y = 3.

Tokazamenv «Covimy

I'panryHbIC YPOBHH OCTABUM IPEKHHE.

IIpumem HayanbHOE coctosiHue Y5 = 30, 4TO cOOTBETCTBYET OLIEHKE O = 2.

IMpumensis MeTon «3arpaTel — 3(dexT», onpenenseM MaTpHIly MUHUMAJIBHBIX 3aTpaT Sy, i=1,3,
j=14

Tokazamenv «Cnaboicenuey

ITockonbky Oy = 3, TO 513 = 2, UTO COOTBETCTBYET 3aTpaTaM, TPEOYEMbIM JIJIsl COXPAHCHHUS OLICHKH 3.

s mepexona K orieHKe 4, MPUMEHSST METOJT «3aTpaThl — 3 dexT», momydaem s;4 =9 (3TO COOTBET-
CTBYET peajHu3aluy MPoeKToB 1 u 2).

JleficTBySl aHAJIOTHYHO, UMEeM IS TToKazaTels «IIpou3BOACTBO»: ;3 =2, S4 = 11, 9TO COOTBETCT-
BYET peain3aliy NpoeKToB 1 u 2.

Haxkownen, nusa mokasarens «COBIT» UMeeM: 53, = 1, 533 = 10, s34 = o0, TO ecTh onieHka O = 4 Hemoc-
THXKMMa Ha OCHOBE UMEIOIIUXCS IPOEKTOB.
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Wmest maTpuily MUHUMAaIBHBIX 3aTpat, ONpeaelisieM ONTHMalIbHY0 Iporpammy nosbimeHust KO go
BEITUIUHBI 3.
1 wae. PaccmarpuBaeM MaTpuiy M;

4,9 | 1 2 311 ] 4520
332 | 1 2 | 3:4 [3;13 4 20
2 1 2 2 2 3 4
1 1 1 1 1
1 . .
S 2 |32 | 411

[Nosicanm a1y Tabmuity. Ilockonpky HavambHble cocTossHUS O, = O, =3, TO B TaOIHUIE 3aI0THEHBI
KJIETKH CO CTPOKaMH W croibuamu ¢ Homepamu 3 u 4. [lepBoe 4MCIO B KIIETKaX COOTBETCTBYET 0000-
IICHHOM OIIEHKE, a BTOPOE — 3aTparaM Ha MOJy4YeHHe 3TOH oneHkH. Tabnwia crpaBa ompeaenseT MU-
HUMAJTbHBIE 3aTPaThl, TpeOyeMble ISl MoTydeHus: 00001menHo oneHku O, = 3 win 4.

2 wae. PaccmaTtpuBaem mMatpuily M;, IpU4YeM TOJbKO CTPOKH 3 U 4 U CTOJIOLBI 2 1 3.

420 [ 321 | 330
3;4 2;5 3; 14
(1,2 21 | 3:10

OnrtumansHoe pemieHue ompenensercs kinetkod (3; 14). EMy cooTBeTcTByeT BKIIIOYEHHE B IPO-
rpammy mpoekra 2 no nokazatento «CObIT» U cOXpaHeHHEe OIEHOK 3 1o nokaszarensiM «CHabkeHue» u
«IIpon3BoacTBOY.

Ortan 4. ®opmupoBaHUe KaJCHIAPHOTO IUIaHA B JAHHOM CIIydae BBINOJHAETCS 3JIEMEHTapHO, I0-
CKOJIbKY B TIPOTPaMMy BXOJIMT BCETO OJUH MPOEKT (HEe CYHTAsT MEPOTIPHUATHI 10 COXPAHCHHUIO OIIEHOK 3
o mokazatessiM «Crabxenne» u «[Ipou3BoacTBOY).

3akinoueHue

B crarbe paccMOTpeHBI KOMILIEKCHBIE TEXHOJIOTHH Pa3pabOTKKU CUCTEMBI YIIPABJICHUS pa3BUTHS Op-
raanzanuii (CYPO). Ee 0coO0eHHOCTBIO SIBIISICTCA IIMPOKOE MCIIOJIB30BaHKUE LUPPOBBIX TEXHOJIOTHHA B
BUJIC€ YMHBIX MEXaHHU3MOB YIpaBJICHUS [7] U ONTUMH3ALMOHHBIX Moxened. TexHojorus omnpoboBaHa
npu pa3paboTKe MmporpaMM 00eCIeUeHUsT IKOJOTHIeCKOH Oe3onmacHocTH [19], mporpamm obecrieueHus
Oe3omacHOCTH AOPOXKHOTO ABMKeHUs [20], mporpamMM ympaBieHHs] Hay4YHO-TEXHUYECKOW MesTeNbHO-
CTBIO M PE3yJbTaTaMU MHTEIUIEKTYaIbHON NeATeNbHOCTH [16] u apyrux. IlpeacraBnseTcs mepcrneKTHB-
HBIM HaIpaBlIeHHEM pa3padOTKa MPOrpaMMHOT0 OOecreueHHs, MO3BOJIIONIETO CO3/aBaTh CUCTEMBI
yIpaBJeHHUs pa3BUTHEM OpraHHU3alMel B aBTOMaTH3MPOBAHHOM pekrMe. be3yclioBHO, BaXKHBIM SIBIISET-
Csl TaKKe JNaJbHeHIee paclIipeHrue cocTaBa MOAEIEeH M MEXaHU3MOB U COBEPLICHCTBOBAHHE METOAOB
PELICHNs ONITUMU3AMOHHbIX 3a1a4.

PabGora BbImoJiHeHa npu 4acTU4HO moanep:kke rpanta PH® Ne 16-19-10609, pasgen 1 u rpanra
PODU Ne 18-07-01285A, pazaen II.
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The complex technology (mechanism) of the development management system of organizations
(DMSO) is considered. This technology includes five stages. The goal of each stage is determined by
decomposing the main goal of development. The description of the tasks solved at each stage is giv-
en. The first stage is associated with the formation of an integrated (integrated) assessment of the
state of the organization (current and planned). Integral assessment is determined based on the di-
chotomous tree of convolution of evaluation criteria in various areas of the organization. In addition,
for each criterion, a qualitative rating scale is set. At the second stage, the development potential of
the organization is formed, that is, a multitude of events, the performance of which improves the as-
sessment according to one or several criteria. Each event (project) is estimated by the magnitude of
the cost of its implementation and the magnitude of the effect. The third stage plays a central role. At
this stage, the development programs of the organization are determined, that is, the program of in-
creasing the integrated assessment to the required value with minimal costs. This takes into account
the presence of multi-purpose and interdependent projects, as well as risks. At the fourth stage, a cal-
endar plan is developed with a given financing schedule based on the criterion of minimizing time or
lost profit. The fifth stage is devoted to methods of adjusting the program and developing incentive
systems. For each stage, a description of the control mechanisms and optimization models is given.

Keywords: integrated development mechanism, development potential, comprehensive asses-
sment of the state, development programs, calendar plan.
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AIIFTOPUTM NOJOEPXKN NPUHATUA PELLEHUN
B YNPABJIEHUUA KAHECTBOM U3IrOTOBJIEHUA
KABEJIbHOU U30NAUUAN

U.E. Xueanoe, O.N. MoHoz2apos

Bnadumupckuti 2ocydapcmeeHHbIl yHugepcumem umeHu AnekcaHdpa puzopbesuya
u Hukonas pueopbesuda Cmonemosbix (Bnl'Y), e. Bnadumup, Poccus

PaccmartpuBaeTcst mpoGieMa ympaBieHHs] KaueCTBOM HM3TOTOBJICHUS KaOEIbHON HM3OJSAIUU HA
MUKpoypoBHe. CyIIeCTBYIONUI MOIXO0], MPEACTABIEHHBI METOJ0OM CKaHUPOBAaHUA, B JaHHOW 00-
JIACTH HE SBJBIETCS JTOCTaTOYHO A((HEKTHBHBIM, TaK KaK HE MO3BOJISIET JUIY, MPUHUMAIOIIEMY pe-
menne (JI[IP), agexBaTHO OIEHMBATH OOpa3yrOIIHECs dKOHOMUYECKHE W3IEpKKH. [ pernieHus
JAaHHOH MpoO6seMBbl ObUT pa3paboTaH aNrOPHUTM, TO3BOJIAIONINA ONTHMHU3UPOBATh JaHHBIA IIpoIiece.
B kadecTBe KpuTepHus ONTUMAIHLHOCTH HCIIONB30BAJICA BBIUTPHIII, PACCUUTHIBAEMBIH KaK paszHUIA
MEXIY SKOHOMHUYCCKUM JPQPEKTOM, OOpa3yromUMCS B pPE3yNbTaTe PEryIUPOBAHHS IMapaMETPOB
TEXHOJIOTHYECKOTO IpoIlecca, M CTOMMOCTEIO yIIpaBieHUs. B cBOIO ouepenp OICHKH YKOHOMHYECKO-
ro 3dekra ¥ CTOMMOCTH YIIpaBICHHUS POU3BOAIIINCH Ha 0a3e MaTEMAaTHIECKOTO arapara TCOPHU
HCYCTKUX MHOXKECTB M HEYETKOH JIOTMKH, YTO MO3BOJMIO aJalTHPOBATh MOJCIh MPUHSATHS peIie-
HUH K UHIUBUAYAIEHBIM OCOOCHHOCTAM MPEANPHUITHN oTpaciu. [IperMyiecTBoM pa3paboTaHHOTO
aNropuTMa TakXke SBJSIETCSI ero abCONIOTHAs CXOJIUMOCTb, HE Jaroliasi €My 3allUKINBaThCA B MPO-
1ecce ONTUMHU3AINH.

IIpencraBneHbl pe3ynbTaThl YHCAECHHOTO MOJEIUPOBAHMUS, B X0Ji€ KOTOPOTO OBUIO MPOBEIEHO
MOpsIJIKa CTa DKCIEPUMEHTOB IO YMPaBICHUIO KaYeCTBOM KaOENbHOW H3OJSAIUU C MPUMEHEHHEM
pa3paboTaHHOTO MHCTPYMEHTAa ONTHUMH3AINH. Pe3ynIbTaToM MOJETUPOBAHUS SBISETCS 3aBUCUMOCTh
YCPETHEHHBIX 3HAYEHUH HCCIIEyeMOro KPUTEpPHUs OT HOMEpa HCIBITAHUSA, KOTOPas MOATBEPKIAECT
aJIeKBaTHOCTh pa3pabOTaHHBIX HH(POPMAMOHHO-aHAUTHYCCKIX W YIPABICHYCCKUX PCIICHUH.
HaiinenHoe pelieHHe COOTBETCTBYET 3KCTPEMYMY LENIEBOW (PYHKIMHM W SBISACTCS ONTHMAIBLHBIM.
B cpaBHEHHU ¢ CYIIECTBYIOIIAM MOJIXOIOM MPUHSITHSA PEHICHAN B TAaHHOM 00JACTH SKOHOMUYECKUH
BBIMTPBILI cocTaBui 14,68 %. Ilpu 3TOM B 3aBHCHMOCTH OT 3KOHOMHYECKHX OLIEHOK IPOU3BOIM-
TENBHOCTH U CTOMMOCTH YIPAaBJICHUS PE3YNIbTaThl CYHICCTBYIOIIETO METONa CKAaHUPOBAHHS W OTIH-
CBIBAEMOT0 alTOPUTMa MOTYT COBIAJaTh, OJHAKO B OOIIEM CiIydae IMMOCICIHUH JacT JIydIlne pe-
3yJbTATHI.

Knwouesvie cnoea: ynpaeneHnue Kauecmeom, KabenbHAs NPOMbIUUIEHHOCMb, MUKpoOoepeKmbsi,
N000ePIAHCKA NPUHAMUSL PEUUEHULL.

Beenenue

Ha coBpemeHHOM 3Tare 3HaUMTENbHAS YacTh KaHAIU3ALMK IEKTPUUECKON SHEPTHH OCYIIECTBIIS-
eTcs ¢ IPUMEHEHUEM BBICOKOBOJIBTHBIX Kabeneil. OCHOBHBIM MPEUMYILIECTBOM KaOEeIbHBIX JTMHUHN SIBIIS-
eTcs MX KOMIAKTHOCTh M 0€30MacHOCTh Ul OKpYXKarolux. B To e BpeMs OJHM3KOE pacrioyioKeHHe
NPOBOSIINX KW B KaOETbHOM W3 AUKTYET BBHICOKHE TPEOOBAaHHS K KaueCTBY M3TOTOBJICHUS €r0
ANEKTPUIECKON m3omsiuun. Pasnuunsie nedexTsl, Hem30exKHO 0Opas3ylouecs: B MPoIecce MPOU3BOJICT-
Ba, MOTYT KaK CYIIECTBEHHO COKPATUTh CPOK CIYXKObI camMoro kKadels, Tak ¥ MPUBECTH K BOSHUKHOBE-
HUIO aBapUIHBIX CUTYaIlMil B AIEKTPOYCTAHOBKAX U 3JEKTPUUYECKUX CETAX BBICOKOTo HampshxeHus. Kak
NOKa3aHo B paborax [1-5], oOpa3oBanue neeKTOB HEMOCPEACTBEHHO CBSI3aHO C MapaMeTpaMH TEXHO-
JIOTHYECKOT0 NpOoILEcca, U3MEHEHHE KOTOPBIX MO3BOJSAET YIPABIATH KAa4ECTBOM IMPOU3BOAMMOM IpO-
JYKIIWH.

JlexoMmo3unus mpouecca ynpasieHHs O3BOJSET BBIISIUT JBa NPUHLIUINAIBHO OTIMYHBIX YPOB-
Hs, Ha K&KJOM M3 KOTOPBIX pelIaeTcs cBos 3a1ava. [IepBbIil ypoBeHb HalpaBiIeH Ha pacyeT MapaMeTpoB
MIPOM3BOACTBEHHON JIMHUU MPU MCIIOJIB30BAaHUU MaTeMAaTUYECKUX MOJENEH PEeoNoTMd U XUMHUH TOJIH-
MepoB [6—8], 4TO TO3BOIISIET U30EKATh TPYOBIX KOHCTPYKTUBHBIX JEPEKTOB M 0OECIEUUTHh COOTBETCT-
BUE MEXAaHMYECKHX, 3JCKTPHUUCCKUX W OKCIUTyaTAllMOHHBIX XapaKTEPUCTHK KaOEIbHOH NPOIYKLIUH.
Hpyroit ypoBeHnb npeaHa3sHaueH IJis yAEep KaHUS B ONPeIeIEHHBIX TPaHUIaX CTENEHH Pa3BUTHUSA MHUKPO-

94 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2019, vol. 19, no. 3, pp. 94-103



Xueanoe U.E., MoHo2apoe O./. Anzopumm nod0epixKu NPUHAMUSI peweHul e yrnpaesieHuu
Kavyecmeom u32omoeJsieHus1 KabenbHol usonayuu

ne(eKTOB, KOTOpBIE MPEACTABIAIOT cOO0M BCEBO3MOXHBIE BBICTYIIBI, MOPBI, MUKPOTPELIUHBI, yCaa0y-
HBIE PAaKOBUHBI, IPUMECU U Pa3IMYHOTO pOJa JUIIEKTPUUECKUE BKIIOUEHHS BHYTPH M Ha IOBEPXHOCTH
nzonsiu. OCHOBHOW TpoOeMoll B OCyIIeCTBICHHH 3((EKTUBHOTO YNPABICHHUS HA JTaHHOM YpOBHE
SIBIIIETCSI OTCYTCTBHE MaTEMaTHYECKUX M CTaTUCTHUECKHUX MOJENeH, YCTaHABIMBAIOIIUX CBI3b MEXKIY
napameTpaMy MPOU3BOACTBEHHOH JIMHUH U CTEIICHBIO ONMACHOCTH oOpasyrommxcs Mukpoaedexros. [o-
CTpOEHHE YHUBEPCAIbHBIX aI€KBATHBIX MOJIENEH IS pelIeHUs] JaHHON MPOOIeMbl MPAKTUYECKH HEBO3-
MO’KHO, TaK KaK Ha IMOKa3aTeNId KauecTBa MPOAYKIHHU 3TOTO YPOBHSI BIUAET OOJIBIIOE YUCIO WHANBHILY-
JIBHBIX (DaKTOPOB, 3aBUCALIMX OT KOHCTPYKTHUBHBIX OCOOEHHOCTEH 000pyI0BaHuSs, CTETIEHH €ro U3HOCa,
HCIIONIB3YEMOIO CBhIPbsA, CUCTEM KOHTPOJS MPOU3BOACTBEHHOIO IpOIECCa, MOIMHOCTH MEXaHMUYECKUX
BUOpaIMii B 1IeXe, 3aMbUIEHHOCTH U MHOTHX JAPYTUX. BBUY yKa3aHHBIX 0OCTOSITENBCTB YIpaBJICHUE Ha
JAaHHOM YPOBHE OCYIIECTBIISICTCS] UTEPALIMOHHO, UCXOJS M3 OOLIMX PEKOMEHAANi KauyeCTBEHHOTO Xa-
pakTepa, a Iar peryJupoBaHMs ONPEAETSAETCS Ha OCHOBE OLEHKH SKOHOMHYECKHMX H3JEPIKEK JIMILIOM,
MPUHUMAIONIMM perneHus. s onpeaeneHus: CTENeHn ONacHOCTH 00pa3yIoNMXCs B JaHHOM TIpoliecce
MUKpPO/Ie(heKTOB Ha 3Tarie THIOBBIX UCIBITAHUN MPOBOMSATCS M3MEPEHUE YPOBHS YaCTUYHBIX Pa3psioB
(UP) u uccnenoBaHre NOBEPXHOCTH M3OJSILMOHHOTO MaTepHaa 1moJ MUKpockonoMm. B mponecce npuns-
TUS PEIICHUS O PEryJIMpPOBAHUH NTapaMeTPOB TexXHoJIoruueckoro npouecca JIIP nmponszsoaut conocras-
JICHWE THIa Hauboliee Pa3BUTOr0 MUKpoAedeKTa U MaKCHUMAILHOTO 3aperHCTPUPOBAHHOTO 3HAYCHHUS
YP, 4yTO NO3BOIAET ONPEAETUTH BO3MOXKHBIE TAPAMETPBI PETYITUPOBAHMSL.

O HeKTUBHOCTD TAKOTO YIPABICHHUS SBIACTCS HEAOCTATOYHOM, Tak Kak JIIIP He cmocoben nporHo-
3UPOBaTh PEAKIMIO CUCTEMBbI U aJCKBATHO OIICHWBATh SKOHOMHYECKHE (DaKTOpBl B MPOMEKYTOUHBIX
TOYKaX, YTO OTPakaeTcs Ha YBEIMYEHUH IKOHOMHUECKUX M3JEPKEK, OCHOBHBIMU MPUYUHAMHU KOTOPBIX
SIBIIAIOTCA MaJeHNE POU3BOAUTENBHOCTH JMHUHA U CTOUMOCTD ympaBieHus. llociaennsas onpeaensercs
KaK YHCJIOM UCIIOPYCHHBIX KaOEIbHBIX 3ar0TOBOK, TaK U HEJOMOTY4YCHHUEM IPUOBLTH B pE3yIbTaTe BbI-
BOJIa U3 paboTHl MPOU3BOJCTBEHHON JTUHUU. TakuM 00pa3oM, OCHOBHYIO 3a/1ady IO pa3pabOTKe TaKou
CHCTEMBl MOXXHO C(HOPMYIHPOBaTh CIEAYIOIIMM OOpa3oM: ONTUMH3ALUs ONpEICNCHUs MapameTpoB
MIPOM3BOJCTBEHHOIO Ipolecca ¢ yu4éToM TpeOOBaHUH K KAa4eCTBY M3OJISILMM, MUHUMH3ALUS U3ICPIKEK
YIpaBJIeHUs U yBETUYEHNE TPOU3BOIUTEIBHOCTH.

1. MaTemaTHn4yecKkasi IOCTAaHOBKA 3a1a4M

B cBs3u ¢ TeM, 4TO CBsI3b MEXAY 3HAYCHUSIMU NTApaMETPOB TEXHOJOTHYECKOrO IMpoliecca U CTere-
HBIO OIMACHOCTH MHUKPOAC(HEKTOB HE MOXKET OBITh ONKMCaHA aHATMTUYCCKH, PEIICHUE MTOCTABICHHOM 3a-
Ja4ll OTHOCUTCS K KJIacCy 3aJ1ad4 MHOTOMEPHOM YCIOBHOU 3KCIEpPUMEHTaNbHOM onTumu3anuu. Kak yxe
OBLIO OTMEYEHO, YITpaBIIEHHE CHUCTEMOHN B MpOIlecCce TOMCKA PEIIeHHs SBISIETCS BEChMa JOPOTOCTOS-
IIUM, II03TOMY Ha IPAKTUKE IIOUCK PELICHUA IIPOBOAAT TOJIBKO [0 OAHOMY HapameTpy, peryjiupoBaHue
KOTOPOTO HE MPUBOJIUT K Pa3BUTHIO MUKPOJACPEKTOB yXKe APYroro Tuma. B urore 3agaya MHOrOMEpHOM
ONITUMU3AIUU CBOJUTCS K OJTHOMEPHOM, KOTOpask MOXKET OBITh MPEICTABICHA CUCTEMO:

O < Olim’
P — max; (D)
C — min,

rne O, — BenmuunHa YP ot mukpoxaedekra tuna d € D; Oy, — npelenbHo nomyctumas Benunuuna YP;
P — mpon3BoAUTENHHOCT TEXHOJIOTHUYECKOTO mporecca; C — CTOUMOCTD yIpaBieHus (3aBUCUT OT YHCa
SKCHepUMeHTOB). Kpome Toro, o mocraBieHHON 3ajaye MOXKHO CKa3aTh, YTO OHA OTHOCHUTCS K KJaccy
OJHOPKCTPEMAJIbHBIX, TaK Kak (QyHKIMA P(p) sBIIsSETCS CTPOro yObIBAIOLIEH MpU YMEHbLICHUH (yBEIH-
YEeHUH ) HEKOTOPOro napaMerpa p, a C — CTporo Bo3pacTarolieil Ipy yBeJIUUeHUH YUCIIa SKCIIEPUMEHTOB.

2. MeTtopnoJiorust pemieHust

OOBIYHO nMaHHas 3a/ladya pemiaeTcs MEeToAoM ckaHupoBaHus [9—11] ¢ miarom, COOTBETCTBYIOIIMM
HEKOTOPBIM Y3JIOBBIM TOYKAM B OIICHKE TOIYCTUMOCTH CHHXEHUS MMPOU3BOAUTEILHOCTH. Toraa B kade-
CTBE pelIeHHs MPUHUMAETCS MEPBOE, YIOBIETBOpsIONIee TpeOOBaHUAM KauecTBa. [laHHBIN TOIX0a HE
SIBIISIETCS] JOCTATOYHO A(P(EKTUBHBIM, TaK KaK HE TIO3BOJISET ONTUMH3UPOBATH IKOHOMHYECKUE H3JIEPIK-
KH OT TOTEPH MPOU3BOTUTEIHHOCTH U CTOMMOCTD DKCIIEPUMEHTAILHOTO HUccienoBanus. st copepiieH-
CTBOBAHUS CYIIECTBYIOIIETO METOA MPETaraeTcss BBECTH YKOHOMUICCKUN KPUTEPHUH ONTUMAIBLHOCTH
HaiineHHoro pewenus pC, pacCUUTHIBAEMBIN 1O cleayouei Gopmyse:
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pCzp—(:’, 2

rie P — HedeTKast OIleHKa SKOHOMHUYEcKoro 3¢ddekra paccMaTpuBaeMOro YpoBHS IPOU3BOAUTENLHOCTH;

C — HedeTkasi OIICHKa CTOMMOCTH yripaeieHus. CymHocTh (GopMyIbl (2) 3aKkrodaeTcs B ONpeelIeHAN
BBINTPHIIIA OT YBEIIMYCHUS MPOU3BOIUTENLHOCTH U 3aTpaT, CBSI3aHHBIX C AKCIIEpUMEHTHpOBaHUEM. [l
obecrieyeHns: 5KOHOMHUECKON 11eTIecO00pa3HOCTH MPOIOJDKEHUS MOMCKA HAMITYUINETO PEIICHHUS JTOJIK-
HO BBITIOJHATHCS YCIOBHE

pC+ >pCend, (3)
rae pC, — nporHosupyemoe 3HaueHue pC-kpurepus; pC,,, — 3HaueHue pC-KpUTEpHs MOCIETHETO Hal-
JIEHHOTO PELICHMUS.

Onepatus cpaBHeHHS HEUETKUX dnced B (3) COACPKHUT B ceOe HEONpeeIéHHOCTh, KOTOopas paspe-
IIaETCsl NCTIOJIb30BaHUEM MaTEeMaTHUECKOTo ammapara Teopun urp. B pabote [12] nannas 3agaya cBo-
JUTCSI K CPAaBHEHHIO JIBYX OTPE3KOB IPU PA3NIOKEHHU KAKAOTO M3 HEUETKUX YHUCEN IO O-yPOBHSIM.
B pesynbrate 000011eHNs KPUTEPHUEB MPUHATHS PeLIeHus aBTopaMu [12] Obu1 onpenenés GpyHKIMOHAT,
KOTOPBIM JOJDKHO pyKoBoACTBOBaThCs JIIIP npy cpaBHEHUU ABYX aJIbTEPHATUB:

(I -v)gda) +vG(o) = max, i=1,2,v[0; 1], 4
rae g(o) — JeBas rpaHMIIa OTPe3Ka Ha BBIOPAaHHOM o-ypoBHE; G(0)) — IpaBas IpaHHUIla OTpe3Ka Ha BbI-
OpanHOM o-ypoBHe. DyHKIMOHAT (4) MAKCUMHU3UPYET OXKHMJACMBIH JOXOJ BBIOPAHHOTO PEIICHHS Cq,

BEJMUMHA V XapaKTepu3yeT BepoATHOCTh cocTossHuA G(0) cuctemsl. [lanee mpou3BOIUTCS CyMMHpOBa-

HHUC I10 BCEM O-YPOBHIM U COBOKyHHBIﬁ O)KI/I,E[aeMLIﬁ A0XO0J MPpUHUMACT BU/
1 1

c=Icada=I((1—v)g(a)+vG(a))da.
0 0

COOTBETCTBEHHO MOJIyyaeM, 4To HeueTkoe yuciao pC, Ooipmie HedeTkoro yucia pC,,, Torna u
tonbko Tornaa, koraa c(pCy) > c(pCeua).

Hnst onenku pC-KpUTEpUsl Ha KaXKJIOM 3Tare NPUHATHS PEIICHUS BBIIOJIHACTCS HEYETKasl ampok-
cumanus cyxnaenunid JI[IP 06 sxoHOMuYeckoM 3d¢eKrTe YpOoBHS HPOHM3BOAMTEILHOCTH M CTOMMOCTH
yIpaBieHUS METOJOM HM30JMHHUHA B y3JIOBBIX TOYKAX, COOTBETCTBYIOIIUX TE€PM-MHOXECTBY, IPEACTaB-
JICHHOMY B Ta0JuIIe.

TepM-MHOXeCTBO oLieHKU cyxaeHun JMNP

Ne | JlunrBucThueckas nepeMenHas | Sapo He4éTKOro MHOXKeCTBa b
1 «OYCHBb BBICOKHID 0,875

2 «BBICOKHIN» 0,750

3 «BBILLE CPETHETON 0,625

4 «CpeIHum» 0,500

5 «HIDKE CPEITHETO) 0,375

6 «HHA3KUH 0,250

7 «OYE€Hb HU3KUI» 0,125

B kadecTBe QyHKIMM NPUHAIEKHOCTH AJIS JAHHBIX MHOXKECTB HCHOJIB3YETCSd CUMMETPUYHAs ra-
yccoBa (hyHKIMS BUIA!

2
u(x) =exp —(x—_b] ,
a

rze b — SApo HEYETKOro MHOYKECTBA; @ — apamMeTp HIHPHHBL.

Iocne BBenmenust JI[IP cOOTBETCTBYIOMIMX JaHHBIX CTPOSTCS HEYETKHE (YHKIWH, anlpoOKCHMH-
pytomtue cyxaenus JIIIP, uto mo3Bomsier oneHuTh 3HaueHHe pC-KpUTepus B JIOOOH MPOMEKYTOUHOU
TOYKE.

Hanbuelmas paboTa CUCTEMBI CTPOUTCS COTJIACHO JITOPUTMY, OJIOK-CXeMa KOTOPOTO MpeacTaBiie-
Ha Ha puc. 1.
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Puc. 1. Bnok-cxema anropMtMa cuctemMbl NOAAEPXKKN NPUHATUSA peLleHUN

( )

B nHauane cBoeit paboOThI IOCIIE BBOIA UCXOIHBIX TAHHBIX HA OCHOBE MUMEIOIICHCs 0a3bl 3HAHUMA, CO-
neprkained nHGOPMAIUIO O MTapaMeTpax TEXHOJIOTHYECKOro MPOIECca, BAUSIONIUX Ha Pa3InYHbIC THIIBI
MUKpOJIe()eKTOB, CUCTEMON BBIOMPAETCS TTApaMeTp PEryIHPOBAHUS p, U3MEHEHHE KOTOPOTO BIIMSET Ha
MUKpoaedeKT THIa d U TIPOU3BOUTENFHOCTD JIMHUM, HO SIBIISieTCS MHANGGEPEHTHBIM MO0 OTHOLICHHUIO K
JIPYTUM TIOKa3aTeIsIM KauyecTBa.

Jlanee mpou3BOAUTCA OJHOKPATHOE MOJEITUPOBAHNE SKOHOMHUYECKOHN OIEHKH MPOU3BOIUTEIHHO-
cti P u croumoctu ynpasinenus C Ha ocHOBe orieHOK JI[IP muHrBHCTHYECKHX MTEPeMEHHBIX, TPEJCTaB-
JIeHHBIX B TaOnuile. [lonydeHHble AaHHBIC 110 3MepeHuio YP mpoBepsroTcs Ha HalW4HMe MPOMaxoB Ha
OCHOBE HETIapaMeTPUUECKON MOJICIH THIA SIIIUK C YCaMU», IOCIE YeT0 PACCUUTHIBACTCS MAKCUMATh-
Hoe 3HaueHue YP O, kak cpeHee MakCcUManbHbIX 3HaYeHUH YP 1o BceM M3MEpPEHUsIM TEKYILEro UCHbI-
TaHus. 371eCh CIeIyeT 00paTUTh BHUMAHKUE HA TO, YTO, HECMOTPS Ha MPUCYTCTBUE IIIYMOBBIX BO3JEHCT-
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BUH, B Ka4eCTBE pe3ysbrata m3MmepeHus UP nmpuHuMaeTcss MaKCUMallbHOE 3aperucTpUpPOBaHHOE 3HAYe-
uue. JlaHHOe 00CTOSATENBCTBO CBI3aHO C BBICOKOW IIEHOM OIMHMOKHM, uTOo HakiaapiBaeT Ha JIIIP o0s3aH-
HOCTb PYKOBOJICTBOBAaTbCA KPUTEPHEM KpalHEro necCUMM3Ma MpU NpUHATHU pemieHuid. Ha mpakTuke
3TO O3HAYaeT TO, YTO MapaMeTPhl TEXHOJIOTHMUYECKOTO MPOoIlecca MOMOMPAIOTCS C XOPOIIUM 3aIacoM,
00€ecIeunBaOIINM BBICOKOE KAYECTBO MPOU3BOAMMOM MTPOTYKITHH.

Ha crnenyromem 3tame pabota anroputMa MOBTOPSET CYIICCTBYIOIIMM METOJT CKAHUPOBAHUS, BBIIa-
Bas 3HAUYCHHS PETYIHPYEeMOro IMapaMmerpa p, COOTBETCTBYIOIIME Y3JOBBHIM TOYKAM SKOHOMHUYECKON
OIIEHKH MTPOU3BOAUTEIHHOCTH P B TIOPs/IKE yMEHbIeH!s. Tak mpoaomkaercs 10 TeX mop, moka He Oy-
JICT HalIEHO TIEPBOE PEIICHUE, TO €CTh YAOBICTBOPSstoIIee YCIoBU0 Oy < Oy, WU HE OYIYT MPOBEpE-
HBI Bce Touku. Ecin penienue Tak v He ObLTO HAMIEHO, TO MPOU3BOAMTCS 3ampoc K 0aze 3HaHMM, KOTO-
past BBIJAET PEKOMEHIAIIMIO 110 PETYIUPOBAHUIO IPYTHX MApaMETPOB U YIIpaBIEHUE MepeaasTcs Ha mep-
BBIN YPOBEHB, HA KOTOPOM JOJKHA OBITH TIEpECUYUTAHA BCS MOJIEIh ITPOU3BOICTBEHHOTO TIpoIiecca.

Ecnu xe niepBoe perieHre ObUIO HaiIeHO, TO MPOBOAMTCS MoAeIpoBaHue kpuBoit O4(p). Meromo-
JIOTUSI MOJISIIMPOBAHMUS 3aBHCUT OT UMEIOIIETOCS YUCIa TOueK. MUHUMaIhbHOE 3HAYCHUE DKCIIEPUMEH-
TaJIbHBIX TOYCK PAaBHO JABYM: MCXOAHAsA TOYKA M TOYKA, MOJY4YCHHasd Ha ICPBOM HIare. B sTom ciry4dae
CTPOUTCH JIMHEHHAS HUHTCPIOJIAIMA. Ecmnm xe Touek 6y}1eT 60)166 ABYX, TO BBIIIOJHACTCA SKCIIOHCHII M-
abHAs aNPOKCUMAIIHSL.

[lomyuennas mozens kpuBoil O (p) MO3BONIAET CIPOTHO3UPOBATH BEIIMYMHY 00Pa3yIOMIETOCsS MaK-
cuManbHOTO YP M MOTyYuTh COOTBETCTBYIOIIECE 3HAUCHHE MapameTpa p. Jlaiee B COOTBETCTBHM C Haii-
JICHHBIM 3HaueHueM p 1o dopmyie (2) paccUuThIBaeTCs mporHo3upyemoe 3HaueHue pC-kpurepus pCi.
Ecmu pC.. oxazpiBaeTcst OOIBbIIE CBOETO 3HAYCHUS JUIA MTOCIeAHero HalaeHHoro pemierus pC,, , TO MPO-
BOOUTCA KOHTPOJBbHOC HCIBITAHUEC, KOTOPOC MOJKHO MOATBEPAUTE IMMPAaBUIIBHOCTDH BLI6paHHOI‘O 3Ha4yec-
HUs MCceayeMoro napaMerpa. Eciau o ero pesynbstaram coOmromaercs ycnoBue Oy < Oy, TO MPHHS-
TOE B HEM 3HAYCHHE p MPUHUMAETCS B KaUeCTBE IOCIIEIHETO HANIEHHOTO pEelIeHus. 3aTeM C Y4eTOM
HOBOMW TOYKH 3aHOBO TIPOBOAUTCS MojaenupoBaHue (,(p), CTPOUTCS HOBBI MPOTHO3 U PACCUUTHIBACTCS
pC-Kputepuii, M0 KOTOPOMY CHOBa OyJeT MPUHUMATHCS PEIICHHE O IIeIECO00Pa3HOCTH JATLHEUIIIETO
SKCIIEPUMEHTHPOBAHMUSL.

OnucaHHBI anroOpUTM HUMEET a0CONIOTHYIO CXOAMMOCTh, YTO JOKa3bIBAETCSI BECbMa MPOCTO.

Oynkust crouMocty ynpasienuss C(n) sBuseTcst OeCKOHEUHO BO3pacTarolieil HeorpaHH4eHHOH (yHK-
LHEH, COOTBETCTBEHHO

lim, _,,(C(n))=c0.

B 10 ke Bpems npu moucke penreHus cuctemsl (1) 3Hauenne ¢pynkiuun P(p) Oyner 3aKioueHo B

npeaenax MEeXIy HalJICHHBIM PEICHUEM B HEKOTOPOH Y3JI0BOM TOYKE Ha IIare i U MpeallecTBYIOLICH
Y37I0BOM TOYKOM Ha mmare i— 1, Toraa

lim, . (P(p))=const.

[Mockonbky OeckoHEeUHO OoJIbIlas BENWYHHA BCerja OOJbIe OrpaHHYCHHOMN, TO 3HaYeHue pC-Kpu-
Tepusi Ha HEKOTOPOM i-M IIare 00s3aTeIbHO HAUHET CHIDKEHHE U ITOUCK PEIIeHUs OyJeT OCTaHOBJIEH.

3. Hayuynasi HOBU3HA

B nmanHO# paboTe npeaokeH alrOpUTM YIIPABICHUS TOUCKOM ONITUMAILHOTO 3HAYCHHS MTapaMeTpa
PETYINPOBaHUS TEXHOJIOTHUYECKOTO TpoIlecca MPOU3BOJCTBA KaOEIbHOW H30ISAIUHN, 00SCTICUNBAIOITHIA
TpeOyeMbIil ypoBeHb KadecTBa B ucibiTaHusax Ha YP. [IpeumymiecTBoM pa3paboTaHHOTO alropuTMa Io
CPaBHEHHIO C CYIIECTBYIOIIUM MOIXO0JO0M SBIISETCS ONTHUMH3AIHS 3aTPaT MEX/Iy CTOUMOCTBIO yIIpaBJie-
HUS KQYECTBOM U JOXOJOM OT YBEJIMUYEHUS NPOU3BOJUTEIBHOCTH Ha OCHOBE MaTEMaTUYECKOIO ammapa-
Ta TEOPUHU HEUETKOW JIOTHMKHA U HEUYETKHX MHOXKECTB. B KadecTBe KpUTEpHUs ONTHMAILHOCTH OB BBEJIEH
pC-xputepuii, paccunTbiBacMbIi 10 GopMmyiie (1) Ha KakIOM I1are mpoiecca ontumusaiuu. Kak Obuio
MOKAa3aHO BEHIIIIE, OMMMCAHHBIN aJTOPUTM UMEET a0CONIOTHYIO CXOJAMMOCTbD, YTO ITO3BOJISIET €r0 UCIIONb-
30BaTh 0€3 pUCKa 3aIUKIMBAHUS TIPOIECCca MOUCKA PEIISHUS.

4. Pe3y1bTaThl YHCJIEHHOT0 MOAETUPOBAHUSA

PaccmoTtpum paboTy anropuTma Ha MpHUMEpE YNpaBiCHHS KadyeCTBOM HM3TOTOBJICHHS KaOeIbHON
M30JISIMK TIPH 0OHapykeHuN UP, BBI3BaHHBIX MIEPOXOBATOCTHIO MOBEPXHOCTH HM30JSLHUM >KUIbL. 11ycTh
MBI IMEEM CIIEIYIOIYIO allpHOPHYI0 HHPOPMAILIHUIO.
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1. KpuBas uctunnbix 3nauenuit YUP O(p) (puc. 2).

w [=2]
T T
i i

McTuHHOe 3HadveHne YP, nKn
F-N
i

3 L 4
-
///
2r o o 1
| e — g
0 1 1 1 1
10 15 20 25 30 35

CKOpOCTb noaaYun 3aroToBKMU, M/MWH
Puc. 2. KpuBas nctuHHbIx 3HaveHnn YP O(p)

2. CtaTucTHueCcKasi MOJEIb U3MEPEHUsl aMIUIUTYyIsl uMmmyiabcoB UP (., KoTopas B COOTBETCTBUU
¢ [13] umeeT BuU:

'
ag +a

O=—k, (g AL
bme b b )
_|_
AZS = —O—'+—O,
a,+a'  a,

rie ky — rpaynpoBOYHBIA KOY(QQHUIHUEHT; Xo; — X-KOOPJMHATA IEPBOH YETBEPTH NEPHOJIA MEPEXOJ-
HOTO IpoIlecca; ® — YIJIOBasg 4acToTa MEepexoJHOoro mpouecca; Af;, — ommnlOka Ha4aJIbHOTO MOMEHTA
MEPEXOHOTO Tpollecca; dy, by — UCTHHHBIE 3HaYCHUs KOIPQPUIMEHTOB KacaTeIbHOW K CUTHATy B
TOYKE Xoi; @', b’ — ciydaliHple BENIMYUHBI, SBJSIONIMECS Kodh]HuIrenTaMu BCIIOMOTaTENbHON JIH-
HelHOH QyHKIMH.

31ech OTMETHM, YTO OMHUCAaHUE MoJenu (5) SBIAETCS OTACIBPHON TEMOW M HE SBJSIETCS LEJbI0 Ha-
crosiero uccuenoanus. OHAKO Ul MOHUMaHus €€ o0lIel KOHIENIMH J00aBuM, 4To aMIutuTyaa YP
OTIpEIENAETCS UCXOJI U3 YpaBHEHUsI KacaTelIbHOH K TpaduKy CUrHajla B TOYKE Xo M CTATHCTHYECKUX
XapaKTePUCTUK IIIyMOBOI'O POLECca.

3. BepoATHOCTb MEPBUYHOTO HAJIOXKEHUS UMITYIbCOB — 20 %.

4. YcnoBHasi BEpOSTHOCTh HAJIOXKECHUSI HMITYJIBCOB B 30HE OT Hadaia MepBOro MMIYJbCa JI0 3aBep-

IIEHUS TIEPBOTO MOTYIIEPHOIa IePeXoaHoro mpoiecca — 4 %.

5. Uncno aHanu3upyeMbIX NOITYHEPHOAOB HCIIBITATEIbHOr0 HanpsbkeHus — 10.

Tpebyercst HOCTPOUTH U MPOAHANHU3UPOBATH 3aBUCUMOCTD YCPEIHEHHBIX 3HaUeHUH p C-KpUTepust OT
Yrcia UCTIBITAHUM, a TAK)KE ONPEICIUTh B MPOICHTHOM COOTHOIICHNUH YKOHOMHUYECKUH BBIMTPHIII MTPH
WCTIOJIb30BaHUH Pa3pabOTaHHOTO aJrOpUTMA.

B mporecce ero hyHKIMOHUPOBaHMS OBLIM MTOCTPOCHBI HEYETKHE MOJIENIN OLICHKH MPOU3BOAUTEIIb-
HOCTH U CTOMMOCTH YIPaBJICHUs, IPEACTaBICHHBIC HA pHC. 3.

[Ipu mocTpoeHnn NpeACTaBICHHBIX 3aBUCHMOCTEH, a Takke npu pacyere pC-Kputepus 1o ¢op-
MyJe (2) UCTIONB30BAJICS MAaTEMAaTHUCCKUIN ammapaT TEOPUU HEYETKHX MHOYKECTB M HEUETKOM JIOTHKHU
[14, 15].

B pesynbrare npoBenenus 100 dnciieHHBIX SKCHEPUMEHTOB ObLIa IMOCTPOCHA YCPEAHEHHAs 3aBH-
cumoctb pC(n), n300paskeHHas Ha puc. 4.
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Puc. 4. 3aBucumocTtb pC-KpUTepus oT HoMepa UCNbITAaHUN

5. AHaJIN3 MOJIyYeHHBIX Pe3yJIbTaTOB

AHanu3upys npeCTaBlIeHHbIN ITpadrK, MOKHO IPOCIEAUTD MPOLECC TTOUCKA ONTUMAIBHOTO pelle-
HUs: 1) cHavama ciefoBall MOUCK TEPBOTO PEIICHUS, YAOBICTBOPSIOMEro yeiaoBuio Oy < Oj,; NaHHOE
pelieHre ObLJIO HAMIEHO HAa TPETheH MTepanuu; 2) aanee ObUl MHMIMUPOBAH 3Tall ONTHMH3AIMU, B pe-
3yJlbTaTe KOTOPOTO MPOU3BOAUTEIHHOCTh MPOU3BOJCTBEHHOTO TpoIlecca ObUIa yBEMYEeHa, YTO COMpO-
BOXKJIAETCsl pocTOM 3HaueHus pC-KpuUTepus; 3) Ha UTepanusix 5 u 6 mpou3BOAUIOCH YTOUHEHUE HCKOMO-
ro mapameTpa p, OJIHAKO, KaK BUAHO U3 rpaduka, JaHHbIC NSHCTBHs OBUIM SKOHOMHYECKH HEIEIeco00-
Pa3HbI U COMPOBOXKAAIUCH MaJcHuEeM 3HaueHul pC-kputepusi. B cOOTBETCTBUM € OCTPOCHHON 3aBUCHU-
MOCTBIO YETBEpTasi UTEPAIUs COOTBETCTBYET TOUKE dKCTpeMyMa rpaduka 1mociie HaXOxX/ISHHs MTEPBOrO
pELIeHUs], U3 YETO CIEAYET, YTO HAlJEHHOE Ha HEW pEelIeHUE SABJISIETCS ONTUMAIbHBIM. B npoleHTHOM
COOTHOULIEHUH SKOHOMUYECKHNA BBIMTPHIII cocTaBui 14,68 %.

BeiBox

[ToxBozas uTor MpojaeIaHHON paboTe, MOKHO 3aKJIIOUUTh, YTO pa3pa0OTaHHBIA HAMU AJITOPUTM IO
SKOHOMHYECKUM TIOKA3aTeIsIM BBIMTPBIBACT y CYIIECTBYIOMIETO Mmoaxoaa. OgHaKo cleayeT OTMETHUTh,
YTO B 3aBUCUMOCTH OT 3KOHOMHUYECKOW OLICHKH MPOU3BOJUTEIBHOCTH M CTOMMOCTH YIIPaBJICHUS pe-
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3yJIBTaThl ero paboThl MOTYT M COBNAAaTh C PE3yJlbTaTaMH, IMOJyYCHHBIMUA TPAJULUOHHBIM METOHOM.
Tem He MeHee B 00mIeM ciaydae pa3paOOTaHHBIA HAMU alTOPUTM JaeT JyYIIHe Pe3yiIbTaThl U MOXKET
OBITh IPUMEHEH Ha MPENPHUITUSX OTPACTH Il ONTHMHU3AIMA SYKOHOMHYECKHX H3JIEPXKEK B Mpoliecce
YIIPaBJICHMS KAYECTBOM IIPOU3BOAUMON MTPOTYKLIUU.
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THE ALGORITHM OF DECISION SUPPORT IN QUALITY
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In this article the quality governance issue of the cable insulation manufacture at the micro level
is considered. The existing approach, presented by scanning method, in this field is not effective
enough, because it does not allow the decision maker (DM) to adequately assess the occurring eco-
nomic costs. To address this problem the algorithm, optimizing this process, was developed. As an op-
timality criterion the gain, calculated as the difference between the economic benefit, resulting from
regulation of technological process, and the cost of governance, was used. In turn evaluations of
the economic benefit and the cost of governance have been made on the basis of the theory of fuzzy
sets and fuzzy logic, that has allowed to adapt the decision making model to individual conditions of
the industry members. Also the advantage of developed algorithm is its absolute convergence, which
prevents to looping of the optimization process.

Also the article presents the results of numerical simulations, where about one hundred quality
governance experiments of cable insulation, using the developed optimization tool, were held.
The simulation result is the dependence between average values of investigated criterion and test
number, which confirmed the adequacy of developed information-analytical and governance solu-
tions. The found solution corresponds to the extremum of the loss function and is the optimal.
In compare with the existing approach of decision-making in this field the economic gain was 14,68 %.
In doing so, depending on economic evaluations of the productivity and the cost of governance
the results of the existing scanning method and the described algorithm may coincide, but generally
the last one produce better results.

Keywords: quality governance, cable industry, microdefects, decision support.
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OLIEHKA KPYNMHOMACLUTABHbIX XXKENNE3HOOOPOXHbIX
NMPOEKTOB: HEOCUCTEMHbIU NOAX0OAO

E.B. Ku6anoe', [.[. lWu6ukuH?

" YHcmumym 3KOHOMUKU U op2aHu3auuu npoMbilneHHo2o npoussodcmea CO PAH,
2. Hoesocubupck, Poccus,
2 Cubupckutl 2ocydapcmeeHHbIll yHUsepcumem rymeti coobuweHus, 2. Hogsocubupck, Poccus

[Ipobnema oueHkH 0O0IIECTBEHHOH 3(P(PEKTUBHOCTH KPYITHOMACIITAOHBIX JKEIE3HOIOPOXKHBIX
npoekToB (manmee KITK]I) paccmaTtpuBaeTcss B HACTOSIIEH CTaThe B CBETE CHCTEMHOW IMMapagurMBbI
S1. KopHan u ee HHCTpYMEHTAJIbHONW KOHKPETHU3AIMK KaK HEOCHCTEMHOT'0 TIoAX0Aa. B 3ToM KoHTEKCTe
KIDK/I ananu3upyroTcs Kak OOJIBIINE U CIIOKHBIE COLIMOTEXHUYECKHE CUCTeMBI. B kauecTBe 00bek-
TOB HccienoBaHus BeicTynatoT Jlencko-Kamuarckas u [IpumonsapHas xKeae3HOJOPOKHBIE MarkucTpa-
JIM, HAXOJAILINECS Ha CTaJuH NPEINHBECTUIIMOHHBIX 00OCHOBAHUH B IMEPBOM CIIydae M YaCTHUYHOU
peanu3anyuy BO BTOPOM, KOTIa HEONIPEIEICHHOCTh 3aTpaT U Pe3yIbTaTOB Ype3BhIUAHO BeICOKA. [lyis
OILICHKH CPaBHUTEIBHON A(PPEKTHBHOCTH HAa3BaHHBIX IPOEKTOB OBIIM HCIIONB30BAaHBI KOMIIBIOTEP-
HBIE TIPOJYKTHI — 3apYOeKHbIE U OTEUECTBEHHBIC, NIPEIHA3HAYEHHbIC I paOOTHl B paMKax TEOPUH
NPUHATHUS CJIOXKHBIX PEUICHUI ¢ MOJTyBepOaNbHBIME MOJICIISIMH U 3KCIIEPTHOH mHpopMarueil. Bol-
YHCIIUTENbHBIE 3KCIICPUMEHTHI MOKAa3aIM, YTO pasHble KOMITBIOTEpHBIC IPOAYKTHI KaK CPEACTBa
HOJIEP>KKH MPOLEAYP MPUHSITHS MHBECTUIIMOHHBIX PEIICHUH JAI0T aHAINTHKAaM HEOIMHAKOBBIE pe-
KOMEH/IAIIMU O TIPEIIOYTHTEIILHOCTH CPaBHUBAEMBIX MPOEKTOB. [loKka3aHo, YTO MpUYMHA 3aKIII0Ya-
eTcsl B HEaJCKBaTHOM y4YeTe B 3apyOeKHBIX MPOIYKTaX (IIPUMEHUTEIBHO K KPYMHOMACIITAOHBIM
npoektam) (akTopa HeomnpeaeneHHOCTH. J{enaeTcsi BBIBOA O MPOIYKTUBHOCTH WHCTPYMEHTApHUs He-
OCHCTEMHOTO TOJIX0/1a, PEaTM30BaHHOIO aBTOPAaMH CTaThH, B KaUeCTBE MHTErpaTopa BepOATbHBIX U
MaTeMaTHYECKUX MOJENeH MpH OIEeHKEe KPYHMHOMACIITaOHBIX NMPOEKTOB B CHUTYAaIlMH HEONpeNeleH-
HOCTH.

Knrouesvie crosa: kKpynnomacumaouvlil Jceie3H000POACHBIU NPOEKMm, CUCTEeMHAs napaouema,
HeocucmemHblil N00X00, KOMNbIOMePHblll npooykm, Jlencko-Kamuamcekas maeucmpans, Ipunonsap-
HASL MASUCMPATb, KpUMepUU meopuu NPUHAMUS peuenui.

[Ipobnema onenku oOmecTBeHHON 3()()EKTUBHOCTH KPYHHOMACIITAOHBIX JKEIE3HOJOPOKHBIX IPO-
extoB (manee KIDK]I) paccmaTpuBaeTcs B HaCTOSIIEH cTaThe B cBeTe cucTeMHON mapanurmsl 5. Kop-
Hau [1]. B paborax I'.b. Kneitnepa [2, 3] ona Oblia pa3Buta B OpMe HOBOM METOI0JIOIMH IPUMEHEHUS
CHUCTEMHOTO MHCTPYMEHTApHs B SKOHOMUYECKUX HCCIIEAOBAHUAX (KaK TEOPHS «CpeaHero» ypoBHs [4])
W TIONyYWJIa Ha3BaHHE «HEOCHCTEeMHBIN monxom» [2]. Hama ncxomHas MO3WIMS COCTOMT B aHAJIM3E
KIDK xak OOnbLIOW M CIOXHOH COUMOTEXHHYECKOH CHUCTEMBI, U MO3TOMY TEPMHH «HEOCHCTEMHBIH
MOJIXO/» BBIHECEH B Ha3BaHUE CTaThbH, a €€ COAEpKAHUE AKIICHTHPOBAHO Ha CPAaBHEHUM XapaKTEPUCTHK
CHCTEMHOT'0 MOIX0/a «0€e3» — 1 ¢ IPUCTABKOI «HE0» Ha KOHKPETHOM IIpUMEpeE.

4. Kopnau B cBoeil mapagurme mpearaeT IMOCTPOUTh CUCTEMY OLCHKH «BEIHKHX, YHHUKAJIbHBIX,
HETMOBTOPSAIOIINXCA COIMATBHBIX H3MEHEHUI» CKauKoOoOpa3HOro THIA, KOTOPYIO, Ha HAIl B3I, Cie-
JyeT Ha3BaTh B COOTBETCTBUHU C OOBEKTOM OLIEHKH TNI00anbHON. Ee KIIFOUeBBIM MOJIOKEHUEM SIBIISIETCS
WHTETPATUBHBIN NPUHIUI MPU OLEHKE TOCIEJCTBHHA MOAOOHBIX METan3MeHEHHH, BHOCUMBIX B CIIO-
JKUBIIMHCA BHYTPUTOCYIapCTBEHHBIN, a TaKK€ MUPOBOM cOLMalbHBIM nopsnok. Hoeasg mapaaurma He
CBOJUTCS K KakoW-TMOO YacTHOM MUCHMIUIMHE, OyAb TO 3KOHOMHMKA, COLMOJIOTHS WM HOJTHTOJIOTHSL
Ha3BanHble AMCHUIIMHBI MpeaIaraeTcsi paccCMaTpuBaTh Kak KOMIUIEKCHYIO «BCEOOBEMIIIONLIYIO, LIEITb-
HYIO OOIIECTBEHHYIO HAyKy» H 0c000€ BHUMAHHUE MIPH 3TOM yIEJIATh B3aUMOICHCTBUIO Pa3IHYHbBIX cdep
(yHKIIMOHUPOBaHHUS OOIIECTBEHHON CHCTEMBI (HE TOJIBKO 3KOHOMHUKH M TIOJUTUKH, HO TAKKE KYJIbTYPHL,
UACOJIOTHH U UCTOPHH). DTO OTINYaeT Hapaaurmy KopHan OoT MHBIX CHUCTEMHBIX MapaurM, KOTOpPBIE IO
CBOCH CyTH (32 UCKIIFOUCHHEM MapKCUCTCKOM M ee MOAU(DUKAIMIA) BCETO JIMIIb MEXIUCIMIUTHHAPHBI, &
B OOJIBLIMHCTBE CIy4aeB, KaK HAIIpUMEP METOAMKHU «3aTPaThl — BBITOJBDY H «CTOMMOCTH — 3 EeKTHB-
HOCTbB», OIIUPAIOTCS HAa MOCTYNIAThl 3KOHOMUYECKOH Teopuu (CM., Harmpumep, [5, 6]).
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Ku6anoe E.b., Wu6ukun 4.4. OueHka KpynHoMacuwimabHbIX )es1e3HOOO0POKHbIX
npoekmoe: HeocucmeMHbIl MoAxo0

B.I'. Kneiinep B cBoei TpakTOBKE HEOCHCTEMHOIO MOIX0/1A TAK)KE OrPaHUYUBAET CTEIICHb II100aNb-
HOCTH CHCTEeMHOW mapagurmbl KopHau yxe B Ha3BaHHM IpelaraéMoil METOAOJIOTHH, ACKIapupys ee
9KOHOMHUYECKOE IIEPBOPOJICTBO U TEM CaMbIM Cy»Xasi OOLIECHCTEMHBIA CMBICI MapaaurMsl. /g onenku
obmecrBenno addexkruBHOCTH KIDK]] Takoe obennenne coctaBa 3pdexToB (MPSMBIX U KOCBEHHBIX ),
MOPOXAAEMBIX KPYMHOMACIITAOHBIMA NPOEKTAaMH, NPUBOJUT K HEJOOICHKE MX POJHM Kak ApaiBepoB
AKTHBH3AIIMU YKOHOMUYECKOTO POCTa SKOHOMHUKHU U OJIATrOCOCTOSIHHSA colimyma. KOHKpeTHO u3-3a HeJo-
Pa3BUTOCTH, HAIPUMEp, CUCTEMBI Kele3HbIX aopor Ha JlampHem Bocroke Poccun mamaer xadecTBO
KHU3HH JaJbHEBOCTOUYHMKOB M B CUTYallMd CAaHKIMK 3aTPyJHEH MAaHEBp IO YCHJICHUIO TOPrOBO-
SKOHOMHYECKHX CBs3eil co ctpanamu ATP. IlepBoe BeneT k 00e31I0AMBaHHUIO CYBEPEHHBIX TEPPUTOPHIA
Poccun, BTOpO€E YpeBaTO MEXTyHapOTHOW M3OJIALMEN CTpaHbI, a BCE BMECTE YIPOXKaeT ee HallMOHATb-
HOM 6€30IacHOCTH.

s TeopeTHyecKoro aHanr3a B paMKax cUcTeMHO# napagurmsl 5. KopHau He XapakTepHO HCIONb-
30BaHME MAaTEMaTHYECKUX MOJENIeH, B YACTHOCTH 3KOHOMETPHUYECKUX. DTH MOJEIH OTIMYAIOTCS BBICO-
KHM YPOBHEM aOCTpakIiu, H TI0 HEOOXOAMMOCTH pabOoTaIOIIMe ¢ HUIMHU YYEHBIC BBIHYKJCHBI HCCIIEIO0-
BaTh Y3KHH «KYCOK PEaqbHOCTH» B yIEpO CHCTEMHOH MONHOTE uccienoBanus. HampoTus, CTOPOHHUKH
CHCTEMHOH MapagurMbl pagy MOJHOTHI TOTOBBI CEPHE3HO MOCTYMUTHCA HAYYHOW CTPOTOCTBIO U TOUHO-
cteio. B metomonorun Kieitnepa Bompoc ctaButcs Oonee kapauHanbHO. [Ipeamaraercss cuuTarb, 4ToO
OCHOBHOE OTJINYHE HOBOHM CHCTEMHOCTH (HEOCHCTEMHOI'O MOJIX0/1a) OT CTAPON COCTOUT B OTKAa3e OT Ma-
TEMaTU4YeCKOH TEOPETUKO-MHOXKECTBEHHOH (IHIOTEHHON) OCHOBBI CUCTEM H B MEPEXOE K CTPYKTYPHOM
(3K30reHHOI), B OCHOBE CBOCH (hHI0CO(CKON, TEOPUU CHCTEM.

3nech cienyeT oAYePKHYTh, YTO MPOOIeMa COOTHOIICHHSI TEOPETUKO-MHOKECTBEHHOTO H CUCTEM-
HOT'O MOAXO0Ja He HOBa U oOcyxaaercs nociaeanue 40 et B Tpylax OTEUECTBEHHBIX U 3alagHBIX yde-
HbIX. Ha ypoBHE KauecTBEHHBIX ONpENeICHUI Haesd MHOKECTBA KaK «MHOTO€, MBICIMMOE KakK IEJIoe)
COCTOHT B TOM, YTO B HE¥ CYUIHOCTH LIEJOT0 CBOAUTCA K CYIIIHOCTH AJIEMEHTOB MHOXecTBa. B cuctem-
HOM IIOJXOJAE, HA00OPOT, «IEJN0E MBICIUTCA KaK MHOToe». KOHCTPYKTHMBHBIN BBIBOJA Kak pPe3yJbTaT
MHOT'OJIETHUX IMCKYCCHH, C KOTOPBIM aBTOPHI HACTOSIIEH CTaThU COIJIACHBI, COCTOUT B TOM, 4TO 00a
MOJIX0/1a B3aUMOIOTIONTHUTEIBHEI, 8 CHCTEMHbIC aHAMUTUKH Npy otieHke KIIK]] «o0s13aHbl BajieTh T€0-
PETHKO-MHOKECTBEHHBIM alIapaToM BO BCEH €ro CTPOroCTH U MaTeMaTudeckoi Mouim» [7, ¢. 72, 83].

B onucanuu cucremuoit napaaurmel Kopaan u merononorun KieiiHepa mo HEMOHSITHBIM MPUYH-
HaM (GaKTOp HEONPEIeIEHHOCTH, TOTAILHO BIMSIONINNA HA PUHATHE CIOKHBIX PEIICHUH Ha BCEX YPOB-
HSX OOIIECTBEHHOI'O YCTPOWCTBAa COBPEMEHHOIO0 MHpa, MPSMO HE YIOMHUHAeTcsd, a 00CyKaaercs, eciu
MOKHO TaK BBIPa3UThCs, MeTadopuuecku. OTHOCHTENBHO NPEACKAa3aTeIbHOM CHIIBI MHCTPYMEHTAPHUS
CHUCTEMHOM mapaaurMel caMm KopHau oT3bIBaeTCsl CKENTHYECKH, T. €. CTAaBUT 0]l COMHEHHE €ro CIoco0-
HOCTBh BCKPBITh HEOTpeNesleHHOCTH Oyaymiero. OH CUMTaeT, YTO OKWAAEeMbIH Pe3yNIbTaT MPUMEHEHHS
HOBOTO IOJXOJa NOKa HE JOCTHTHYT, & BECbMa CKPOMHBIEC PE3YJIbTAaThl «IIOJyuyeHb! C OOJIBIION cTeme-
HBIO HEBEACHUS», T. €. OHH HO-NPEKHEMY HEONPEEIICHHBI U MOJIb30BATHCS UMHU B MPAKTUUYECKUX MPH-
JIO’)KEHUSIX CIETYET C OCTOPOKHOCTHIO.

B cBoto ouepens Kneitnep B npeanoXeHHOW METONOJIOTHH MOHSITHE HEONPEACICHHOCTH Pa3BUTHUS
CHCTEM ME30ypPOBHS — 00BEKTOB U MPOEKTOB — BBOJUT Yepe3 MOHATHE IIOXO MPEJCKa3yeMOro B3anuMo-
NEeNCTBUS YETHIPEX «HKUHHOBY: BApHATUBHOCTH, TIEpEeMEH, 0JHO00pa3us u 3acTos. OcTaBisis B CTOPOHE
pPENUTHO3HbIE TPAKTOBKH TEPMHUHA <(IKHHH», YKa)KEM Ha €ro IMPOUCXOXKJEHHEe OT apaOCKOro clioBa
«pKaHa» — CKpbITBIA. JlelicTBuTeNnbHO, Oyaymiee, 0Opa3sHO BBIPa)KasiCh, CKPHITO OT JIMI (M OpraHu3a-
L), IPUHUMAIOIINX PEIIeHHs, 3aBecoil HeonpeaeaeHHocTH. Kak 3Ty 3aBecy caenaTb Oosiee mpo3pad-
HOM, B METOOJIOTHH MPSIMO HE 00CYKIAeTCsl, XOTS JIeIaeTCs ABa BaXXHBIX METOJINYECKHX BBIBOJA, CY-
LIECTBEHHBIX i1 moHuMaHusi ocobenHocrerd KIDK/I: a) TumoBoi mpoaykT (yciyra) 3TOH HMPOEKTHOM
cHCTeMBI — IIPeoOpa3oBaHNe SKOHOMHUYECKON CHCTEMBI, BMEIIAIOLICH MPOEKTHYIO CUCTEMY, 0) SKCKIIIO-
3UBHBIN — HapyIIeHHE TOMOT€HHOCTH MPOCTPAHCTBEHHO — BPEMEHHON Cpenibl MIPOEKTa, YTO TeHEPUPYET
HEOMNPEACACHHOCTD MPH OICHKE 3()()EKTUBHOCTH MPOSKTA.

BrIBOIBI B IPUKIIaJHOM ACHEKTE CIYXKAaT OPUEHTHPAMH Uil IOCTAHOBKH IPOOJIEMBI OLICHKH KPYTI-
HOMAacCIITaOHBIX MHBECTHIIMOHHBIX MIPOCKTOB HA KEJE3HOAOPOKHOM TPAHCIIOPTE C y4eTOM (akTopa He-
OTIpe/IeTICHHOCTH. Penienue HempoCThIX 3ajlay, BO3HUKAIOUIUX B STOW CBs3M, 00Jeryaercs TeM, 4To K
HACTOSIILEMY BPEMEHH HayKOH, €ClH CyIuTh IO JIMTepaType BOMpoca, MpodiemMa HeAeTepMUHUPOBAH-
HOCTH BHYTPEHHHX U BHEIIHUX CBSI3€ KPYMHOMACIITAOHBIX U CIOKHBIX CUCTEM OCO3HAHA JOCTATOYHO
rIyO0oKo W naBHO (cM., Hampumep, [8]). TeM He MeHee NMOHMMAaHHE TOrO, YTO Crenu(HUKa O0BEKTa
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yIpaBlIeHUs OINPEIeNseT CIeHUPHUKY CUCTEMbI OLIEHKH 3(PPEKTUBHOCTH TAaKUX CHCTEM, XO3SIHCTBEHHOM
NPaKTUKOW B JOJDKHOM CTEIIEHH HE JOCTUTHYTO U ceronHs. KpynmHomaciTaOHbIe POEKTHI 3/1€Ch SIBIISI-
I0TCSl y4eOHBIM NMPUMEPOM, U HACTOSIIAs CTaThs HANMCAaHA, B YaCTHOCTH, JUISl TOTO, YTOOBI MPOSICHUTH
HEKOTOPBIE «TEMHBIE MECTa» B ONUCAHHBIX BBIIIE CHCTEMHBIX NMapaJurmMe U METONOJIOTHU NPUMEHH-
TETbHO K JKEJIEe3HOJOPOKHOMY TpaHCHOpTy. Jlanee sl MpOsICHEHHUS TEOPETHUECKUX HESICHOCTEeH NpH-
MEHSETCS CTaHAAPTHBIN B HAYKE IPUEM — BEIYHUCIUTENbHBIN SKCIIEPUMEHT.

C sroit nensto npu onenke aByx KIDK][ — ITpunonaproit u JIeHcko-Kam4yaTckoil xene3Hon0pox-
HBIX Maructpaineil (puc. 1), — HaXOAAMIMXCS HA CTaJUM MPEIbIHBECTULIMOHHBIX OOOCHOBAaHM, KOTAa
HEONPEICTICHHOCTh 3aTpaT U pe3yJIbTaTOB YPE3BBIYAHO BHICOKA, HAMH OBUIM HCIIOJIB30BAHBI KOMITBIO-
TEpHBIC MPOAYKTHI — 3apyOCIKHBIA U OTEUECTBEHHBIH, MpeIHa3HAUYCHHBIC ISl PA0OTHI B paMKaX TEOPUH
NPUHATHS CJIOXHBIX PEIICHUH ¢ MoyBepOaNTbHBIMU MOJIEIISIMH U dKCHEePTHOM uH(popmanmed. CMbIc
BBIUMCIIUTEIBHBIX IKCIIEPUMEHTOB 3aKIIOYAJICS B CONMOCTABICHUH IPEAIOIaracMbIX pe3yabTaToOB OLEH-
ku Ha3BaHHBIX KIDK]I, momydeHHBIX ¢ IOMOIIBIO KOMIBIOTEPHBIX MPOAYKTOB, PEATU3YIOLINX pa3HbIC
Mmetoposoruueckue yctanoBk: Expert Choice T. CaaTtu, Korna MHOroe MBICIUTCS Kak LENoe, U aBTOp-
ckuii ASPER-D, rae memoe MbpICIUTCS KaK MHOTOE.

LGN pesh ocHBHME]

0
" Tpanckopes

e

Puc. 1. KpynHomacwTabHble xene3HOAOPOXHbIe NPOeKThbl Ha BocToke Poccum,
HaxoAslWMecH B pa3HON CTaguu peanusauum

Expert Choice — kommepueckas Bepcus uzBectHoid AHP (Analityc hierarchy process) T. Caatu [9].
B pabotax [10, 11] yxa3zaHsl HeIOCTaTKM METOAMKH, HO TEM HE MEHEE OHa OKa3anach KOMMEPUYECKH ycC-
NEIIHOH, MMOCKONBKY, Oyay4rd MHOHEPHOH pa3paOdOTKON, MEepBOH BHIILIA HA PHIHOK CHCTEM MOIAEPKKU
NPUHATHS TaKUX PELICHUH (B OCHOBHOM MHBECTHLIMOHHBIX), KOT/Ia TPAAULMOHHBIC YHUCIIOBBIE TIOKA3aTe-
T 3KOHOMHUYECKOH 3()(HEeKTUBHOCTH OKA3aIHCh HEAOCTATOYHBIMU U JTOJDKHBI OBLIM JTOMOJIHATHCS ITOKa-
3aTeNsSIMU COIMATBHOM, YKOJIOTUIECKOM, TEXHOJIOTHIECKOW U MHBIMU BHIaMH dddekTuBHOCTH [ 12].

B cBs13u ¢ Tem, uTo MeToauka Caatu onmcaHa B JIECATKAX MyOIHKAIAi Ha aHTJIUHCKOM M PYCCKOM
a3bIKax (CcM., Hampumep, [13, 14]), orpannyuMcs gajiee cXxeMaTHYeCKUM IMPEACTaBICHHEM TOJBKO ee
KJIFOUEBBIX HHCTPYMEHTOB (puC. 2). TO HEOOXOAUMO I CPABHEHHSI C MHCTPYMEHTapUEM, MPEIIOKEH-
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HbIM Hamu B pa3paborke ASPER-D (Automatic System of Process Expert Range Dialogue — cucrema
aBTOMATHYECKON 00paOOTKH SKCHEPTHBIX CYXKJCHUH B PEXHME JUAIlora) JJis PEeUICHUs] TeX Ke Mpo-
6nem, uro u Expert Choice. Ho nockonbky omucanne ASPER-D panee He myOnMKOBaiIoCh, PUBEAEM
€ro B HUKECIEAYIOUIEN BpE3KE.

Mertomuueckre ocHoBbl ASPER-D 6a3upyrorcs Ha KIFOUEBBIX MOHSATHSX CHCTEMHOTO aHalu3a: Jie-
PEBO Ieliel, albTepHATUBBI, SKCIIEPTHBIE OIEHKH, CHCTeMa JJisi pelieHus rnpobdiem. [Ipobiemsr, mis
paspelieHusl KOTOPhIX TpelHa3HaueH MPOAYKT, SBISIOTCS CcIabOCTPYKTYPUPOBAHHBIMH, T. €. 3HAYH-
TEeNbHAs YacTh MIEPEMEHHBIX U NMAapaMEeTPOB, XapaKTEPU3YIOLINX KOHKPETHYIO MPOOJIEMY, OMUCHIBAIOTCS
0o BepOanbHO, MO0 B MOPSAAKOBHIX IMIKajiax. KommuecTBeHHBIE OMUCAHUS TaKKE€ MMEIOT MECTO, HO
OHH HE TPEBATUPYIOT. MeToIu4ecKuii moaxo, ucroias3oBaHHbii B ASPER-D, BeiTekaeT u3 ocoOeHHO-
cTeli cnabocTpyKTYpHPOBaHHEBIX TPOOIIeM, a UMEHHO:

1. PamukanbHas HeonpeaeIeHHOCTh pobieMbl. Ha mepBom atare «BCKpBIBAETCS» € MOMOIIBIO Jie-
peBa Leneil. BeckpbiTie NpOUCXOANUT MOCTENEHHO, IO 3TalaM CTPYKTYpH3aLHH:

a) B IIKaJie Kiaccu(UKAIMOHHON — KOTa pa3pabaThiBacTCs CTPYKTypa JepeBa LieseH;

0) B IIKaie MOPSIIKOBOM — KOT/Ia BEPIIMHBI AEpeBa LeNeH yNopsao4MBAIOTCS MO BAXHOCTU IS
JIOCTYDKCHHUS TTOIIICTICH

B) B IIIKaJe KOJMYECTBEHHOM — KOTJIa TIOPSIIKOBBIE IIKAIbl TPAHC(POPMUPYIOTCS B KOJTHMYECTBEHHEIC
C HUCIIOJIb30BaHEM KO3((HUIMEHTOB OTHOCUTEIBHON Ba)KHOCTH, HOPMHUPOBAHHBIX K €AMHUIIE HA KaX-
JIOM YPOBHE JiepeBa Leleil.

2. AnpTepHaTUBHBIC BapHaHTHl pelIeHus mpodieMbl. PazpabarbiBaroTcst sKcIiepTaMu Kak BepOalib-
HBIE OMMCAaHUS B3aUMOUCKITIOYAIOIINX BApUAHTOB pelleHus mpobiaemsl. Onrcanue aabTepHATHB JTOMK-
HO OBITh KOMIIAKTHBIM U KOHTPACTHBIM, & YHCJIO aCTIEKTOB B OMMCAHUHU abTEPHATUBHI JOJKHO COOTBET-
CTBOBAaTh YHCIY aCIEKTOB NPOOIEMBI, CTPYKTYPHUPOBAHHBIX B IEPEBE LIETICH.

3. CueHapuu pa3BUTHS BHELIHEH Cpelbl OLEHUBACMBIX aJIbTEPHATUB ONKCBHIBAIOTCS BEpOAIbHO Kak
CLICHAPUU-KOHTPACTbl. MUHUMaIbHOE YMCIIO CLIEHAPUEB TPU: ONTUMHUCTUYECKUH, ECCUMHCTUUCCKUH,
HaubosIee BEPOATHBIN.

4. Onenounas marpuna. [lo pesyibpraTam peanu3amud TpexX NPEABLIYIIUX 3TaroB (GopMupyercs
OLIEHOYHAsl MaTpuIa, CTPOKM KOTOPOH €CTh OLCHHWBaeMble allbTEPHATUBBI, @ CTOJOLBI — CLEHAPUH-
KOHTpAcThl. DJIEMEHTAaMH MATPHLBI SBIISIOTCS MCXOAbl aKTyalM3aluH Mapbl «aJbTEPHATHBA — CIIEHA-
PHii», TlIe YUCICHHOE 3HAYEHUE NCXO0/1a ONPEACISIETCS] HA OCHOBE SKCIIEPTHBIX CYXKICHHH.

5. [IpaBuna BeIOOpa HanOoOIEE MPEANIOYTUTEIBHBIX aNbTepHAaTHB. [IpenodYTuTeNbHBIE abTepHATH-
BBl BBIOMPAIOTCS MO OICHOYHOH MaTpHIle HAa OCHOBaHWM KpuTepueB: Bampna, CoBumka, MakcuMmakca,
I'ypBuna, o6o6mennoro kpurepus ['ypBuna — B ciydasx paaukaibHON HeonpeaeneHHocTH U balieca —
Jlanmaca — a7t ci1y4aeB HEONPEEIEHHOCTH BEPOSITHOCTHOH.

6. IIpoBepka coOrmacoBaHHOCTH 3KCIEPTHBIX CYXJIeHHH. OCyIIecTBIAETCS MO KaXI0i OLIEHOYHOM
MpoIeype ¢ MOMOIIBI0 K03(h(dHUIEHTa KOHKOPAAIUN CPaBHUBAEMOT'O C TaOJIMYHOW HOPMOM, IpH 3a-
JTaHHOM YPOBHE anb(da.

OTMeTHM, YTO B CpaBHMBAEMBIX METOJMKAX Ha 3Tare LEeJIeBOH CTPYKTypH3alMU CI0XHOM mpobiie-
MBI KOMIIJIEKCHOHM OLIGHKU NMPOEKTOB B OCHOBY IIOJIOKEHA OJlHA U Ta K€ MaTeMaTHdecKas CTPYKTypa —
uepapxust. Takoi MoAX0A 03HAYACT, YTO CUCTEMHBII aHaIu3 HAYMHACTCS C LEJIeld U KPUTEPHEB HX J0C-
THXCHHSI, 00€CIIEYMBAEMOr0 Pa3HbIMU MPOCKTAMHU B pa3Hoi creneHu. U 1emo He TOJIbKO (M HE CTOJIBKO)
B TOM, 4TO B 00€HMX METOAHMKAX C MOMOIIBI0 OAHON M TOW K€ MaTeMaTHMYECKOW CTPYKTYpPbI CTPOHUTCS
noiydopManbHasi MOJEIb CUCTEMBI Liesied, nMeHyemMas 1epeBoM ueneil. CyTb B TOM, YTO Ha IEpPBOHA-
YaJbHBIX MCXOTHBIX CTaAUSIX OCYLIECTBICHHUS NMPOEKTa BO IJIaBy yIjla CTaBUTCA M C IIOMOILBIO JepeBa
LeJIel 0 BO3MOKHOCTH PelIaeTcs 3aauya «BCKPBITHS» TaK HA3bIBAEMOW LIENIEBON HEONPEACIEHHOCTH,
MOPO’KJaeMON HECTAOMIBHOCTBIO BHEIIHEH Cpelbl MPOeKTa, HEOJHOPOIHOCThI0O KPUTEPUEB OIEHKH U
HEKOMIIETEHTHOCTBIO JIMI (MM OpraHu3aluii), mpoekT mHummupyrommux. llociaennee npeogosieBaercs
Ha OCHOBE JKCIIEPTHBIX M KOMITBIOTEPHBIX TEXHOJIOTHH, OLM(POBHIBAIOIINX SKCIEPTHBIC CYXKICHUS H
JAIOIINX BO3MOXKHOCTh HCIIOJIB30BAaTh KOMIIBIOTEPHl KaK YCHWJINTENH HWHTEJUIEKTa aHAIWTHKOB U JIHIL,
MPUHUMAIOLINX PEIICHHS.

UTo0bI TPOJIEMOHCTPUPOBATH HE TOJIBKO OOLIHOCTH JIByX CPaBHUBAEMBIX Jlallee METOJIMK, HO U He-
OJIMHAKOBOCTH TOJIXOJIOB K MIOCTPOSHHIO OLIEHOYHON CHCTEMBI «JIEPEBO IIeIe — MPOEKThI», 00paTUMCS
K puc. 2 u 3.
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YpoBHU nepapxun Obuiee 6narococTosHne CTpaHsbl

MepBbii

Bropoii CunLHas 3apaBooxpaHeHue HauuoHanLHaA
obopoHa

Tpetuia

OTpacny NpPOMBbILNEHHOCTH

Puc. 2. Cxema pelwieHusi npo6nembl oueHku B Expert Choice

UTtoOBI IPOAEMOHCTPUPOBATH, Kak 3T0 nenaercs B ASPER-D, u Ha KOHKpEeTHOM NpUMepe CPaBHUTH
Pe3ybTaThl, OIyYEHHbIC [0 YKAa3aHHBIM METOJUKAaM IIPH OLICHKE OIHHUX U TeX K€ MPOEKTOB, 00paTum-
cs cHavaia Kk puc. 1. M3o6paxennsie Ha HeM KIDK] — IIpunomnspuas u Jlencko-Kamuarckas maructpa-
T — SIBJISIIOTCS OOBEKTAMHU OIIGHKHA MX CPAaBHUTEIBHOH 3(QQEKTHBHOCTH, a MOJIYYECHHBIE C ITOMOIIBIO
nporpaMMHbIX TpoaykToB ASPER-D u Expert Choice pe3ysibTaTsl 1anee KOMMEHTUPYIOTCS.

Haunewm ¢ nemonctpauunu aepesa ueneit B ASPER-D (cM. puc. 3) kak OCHOBBI LIEJIEBOW CTPYKTYpH-
3alUH MPOLEAYp OLEHKH, HOPMHUPOBAHUS CHCTEMbI OLICHOUHBIX KPUTEPHEB U MHOTOMEPHON (YHKIIUH
LIEHHOCTH CPABHUBAEMBIX MPOEKTOB. JlepeBO Lienel CTPOUTCS 3KCIEPTAMM B HA3bIBHOM LIKAJE B MPO-
[ecce «MO3TOBOTO MITypMa» U COOTBETCTBYIOIAS MH(POPMAIHs BBOAUTCS s JajbHEHIIEH 00paboTKHL.
Cuctema npouenyp ASPER-D Ha ocHOBe 3KCIIEPTHBIX OLIEHOK BBISBIISICT HAHOOJEE MPEIOYTUTENBHYIO
anbTEpHATHBY M3 YHCIa OLEHMBAaeMbIX: B HameM ciydae 310 KIDK] — Ilpunonspnas unm JleHcko-
KamuaTckas maructpanis.

s paswesacuaenus npoienyp ASPER-D B cmbiciie ux otimums ot npoueayp Expert Choice moa-
yepkHeM, uto cHavana B ASPER-D onennBaeTcs He BEKTOp K03(D(QUIIMEHTOB OTHOCUTENFHON BaYKHOCTH
(KOB) ueneit, a mampuya omuowienuti 3Tux K03pQUIHESHTOB.

Iycts T,..., T, — uenu xpurepuanpHoro cpesa. omyctum, uro p =(py,..., p,)>0 — Bekrop «uc-
TUHHBIX» UCKOMBIX K03(dunmeHToB (Hem3BecTHBI Ham). Torma oleHWBaeMass MaTpuIla OTHOIIEHHHA

umeeT BUA S(p) = (s;( J2) R vi S s;(p)=p; / p; - OYCBUIHBI CICAYIOIIHE e CBOICTBA:

s;; (p)=p;/p; =1 (Ha IMArOHAIH CTOAT CAUHMUIbI); (D
s;(p)-s;:(p)=(p; / P;)(p; / p;) =1 (cuMMeTpUUHbIE YIEMEHTBI B3aHMHO O0OpATHBI); 2)
s (P)-s (D) =(pi [P)-(P; | Pi) = Pi | P = 5 (P)- 3)

Martpuiia cocmosimenvha, €A OHa 00JIaacT MEPBLIMU JBYMS CBONCTBAMH, H C8EPXMPAHIUMUBHA,
€Cl i1 Hee BBINOJIHEHO cBOWCTBO (3). Jlerko mpoBepuTh, YTO TIEpBBIE JBa CBOMCTBA CIEAYIOT U3
TPETHEro, BCAKAs CBEPXTPAH3UTUBHAS MaTPUIIA COCTOSITENbHA.

Teneps paccMOTPUM HEKOTOPHIE BapHAHTH (POPMHUPOBAHUS MATPHUIIHI S, IOMATYSI, YTO €€ IIEMEHT
§;; — 9TO UCXO/IHAs OLEHKA OTHOIIEHUs K03()(PUIIMEHTOB OTHOCUTENILHON BaxkHOCTH 1ieneil T; u T; Ha oc-
HOBAHHMHU DKCIEPTHOM HH(POPMAIIVH.,
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T.JI. Caatu npemioxui MonapHO CPaBHUBATH LIEIH KPUTEPUAIBHOIO CPEe3a, COMOCTABIISI KaXKAOH
nape (7;,7;) OueHKY B COOTBETCTBHH ¢ TAOIL. 1.

Honsitro, uro napa (7;,7;) monydut ouenky 1, u gocratouno cpasuuts n(n—1)/2 nap (7;,1;)

s i <j. «UyBCTBUTENBHBINY» 3KCIIEPT MOXKET MUCIIOJIB30BATh MPOMEXKYTOUHBIC 3HAYCHHUS OLICHOK. Eciu
IKCIIEPTOB HECKOJIBKO, TO BHICTABJICHHBIE UMM OLIEHKH YCPEAHSIOTCS. Pe3ynbpTupylomue oneHku u 00-
pasytor Matpuny S. Eciu skcnepT ogmH, TO MaTpuna S COCTOATENbHA, B IPOTUBHOM CIIydae COCTOS-
TEJIBHOCThH HE TapaHTHPOBAHA.

Ta6bnuua 1
LLikana oTHOCUTEeNbLHOW 3HAYNMMOCTH
CoOTHOIIIEHHE 3HAYUMOCTH IIeJIei KomnnyecTBenHast oreHka
PaBHasg BaxHOCTH 1
T; ymepeHHO npeBocxout 1) 3
T cnIbHO TIPEBOCXOANUT T 5
T; yMEpEeHHO MPEBOCXOAUT T; 1/3
T; cunbHO MPEBOCXOANT T; 1/5

B ASPER-D wucrnons3oBan monxoj K (pOpMHPOBAHMIO HMCXOJHOW MAaTpUIBl S, TPEI0KECHHBIH
A.b. XytopenkuMm [15] U ycTpaHSIOmMA MPOU3BOI BHIOOpPA KOJIMUYECTBEHHBIX OIEHOK COOTHOIICHHS
3HaUMMOCTH 1ienieit B Metoqe T. Caatn. B cOOTBETCTBHH C ATHM MOAXO0JI0OM KaXKIOMY 3KCIIEPTY IMpeia-
Tal0T YHOpA0ouUmb6ce CPAaBHUBACMBIE 1IEJIH 110 HEYOBIBAHUIO 3HAYMMOCTH (BKJIaIa B JOCTHKEHHE TeHe-
panbHOM Lesn). YIopsSAoUYeHHEe HUMEET OYEBHIHBIE JOCTOMHCTBA 10 CPABHEHMIO C TIONApHBIMHU CpaBHE-
HUSIMU: 9KCIIEPTH3a MPOXOAUT OBICTpee; SKCIEPT JyUIlle BHISABISET CBOM IPEAIIOYTECHUS, 0003peBast 11e-
JM B COBOKYITHOCTH; FapaHTUPOBaHAa TPAH3UTUBHOCTH PE3yJIbTaTa IKCIEPTU3BL. DKCIEPTU3Y, B KOTOPOU
YYacTBYIOT m JKCIIEPTOB, MOKHO MHTEPIPETUPOBATH KaK «MYPHUP» MEKIY CPABHUBAEMBIMH LIEISAMHU.
B stom TypHUpE cpaBHeHue 1enek 1; U T; ONHUM JKCIIEPTOM SBJIAETCS «IAPTHEW» MEXKIAY HUMM: 1IETb,
KOTOPYIO 3KCTEpPT CUUTAET Oosiee BaKHOU, «BBIMTPHIBACT» OYKO, €CIIU e IIeJIi PaBHO3HAYMMEI [0 MHe-
HUIO DKCIIEPTa, TO KaXKIas MMOJydyaeT MOJIOBUHY OYKa. TakuM 00pa3oM, MEXIy JIIOOBIMH JIByMs [IETSIMU
T; n T; mpOMCXOIUT «JIOKAJILHBIM TYPHUP» U3 m NAPTHH; IYCTh @; — YACIIO OYKOB, IPHCBOECHHBIX B 5TOM
TypHupe uemn 7; (nens 7; «nabpana» a; oukos, urpas npotus 7;). Koneuno, mo0as 1eb «IpoTus ceds»
TI0JTy4aeT MOJIOBUHY O4Ka B Ka)J0H MapTuH, MOITOMY @; = m /2. OTHOIIEHNE BEIMYUH a; ¥ a;; ABISAETCA
€CTECTBEHHOM MCXOIHOM OLIEHKON OTHOCUTENLHOM 3HauuMocCTy ueneit 7; u T;.

3ameTHM, 4TO COPMHUPOBATH MATPHILy S, ToJaras s; = a;/a;;, Mbl MOXKEM, TOJIbKO €CJIU BCE a;; HE
paBHBI HYJIIO (HET TaKOM Mapsl 1eJieil, B OTHOIIEHWH KOTOPOil MHEHHUS BCEX HKCIEPTOB COBIAAAIOT). Tem
HE MEHee Takas CHTyalusi BO3MOXKHA M €€ BEPOSTHOCTh PacTeT ¢ POCTOM KBalH(UKAIUM 3KCIIEPTOB.
ITosToMy, ecitu cpeau a; €CTh HyJIH, BBEIEM «HEHTPATIBbHOIO» SKCIIEPTA, AJIs KOTOPOro BCE LEIH PABHO-
LIeHHbI. DTO yBEIUYHUT Bce a; Ha 0,5 u cHumet npobnemy. Utax, s; = a;/a;, ecnu a; # 0 11 Bcex i U j,
nHaue s; = (a; +0,5)/(a; +0,5).

Urak, B ctonbue «KOB EC» Taba. 2 (uncinoBas KOHKPETU3alua MaTPULIbI S) YKa3aHbI TOJTy4YCHHbIE
¢ nomouisio npoaykra Expert Choice ko3¢ HuureHT OTHOCUTENBHOW BaKHOCTU MOJLETICH KpUTEpH-
aIIBHOTO Cpe3a JepeBa 1ieliel, n300pakeHHoro Ha puc. 3, a B cronbdue «KOB 4Dy — Te xe koaduuneH-
ThI, TOJyYEHHBIE C TOMOLIBIO MPOrpaMMHOTO NpoaykTa ASPER-D.

HeiictBys manee mo meroauke Caatu (cM. puc. 2), T. €. npu 6a30BOM (OIPEIEICHHOM) CILICHApHH,
MOJIy9aeM CISAYIOIHHA pe3ynbTat (puc. 4 u T1adm. 3).

Haunem co crienapueB-koHTpacToB (Tadin. 4). [loguepkHeM, 4ToO B METOIOJIOTUH CHCTEMHOTO aHa-
JH3a CIIGHApUU He TpPEeJHA3HAYAIOTCS JJIS MPOTHO3MPOBaHMS (IIpejcKa3aHus) OyAyIlero; OHM JaroT
JIHIIb TPEUMYIIECTBEHHO KaUeCTBEHHOE OMMCAHNE BO3MOKHBIX COCTOSHUI HEONPEeNICHHOro OymyIe-
r0, €CIIM U KOTJ]a OHO MEHSETCS pajuKanbHO. B Hamem ciydae 00beKTOM CLEHUPOBAHMS CIIY>KUT BHELI-
Has cpena KUIT — skonomuka Poccun B nienmom, mpeacTaBisieMas Kak MHOTOCIIONHAs CHCTEMA, TI€ HUXK-
HUM CJIOEM SIBJISIETCS BOCTOYHBIA pPETrMOH, O «TPaHCIOPTHON HENOCTATOYHOCTH) KOTOPOro pedb ILIa
Bhime. Kak BO3MOXKHBbIE TpaHC(HOPMALIMK MOJETH COCTOSHHS SKOHOMHKH M o0mectBa Poccun B mep-
cnektuBe 10 2035 1. ObLIM OMKMCAHbI TPH ClIeHApUs-KOHTpacTa (CM. TabI1. 4).
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Tabnuua 2
OueHka achdektuBHocTu MM 1 JIKM no CaaTtu
—|lal=]a]l=]al=a]al=]al=]a]l=al=]al=]al=]x
e e T T T O T I S O I N I S B I O T I S B
Sl gl =zl=2lz |zl Z2l=s|d]ldld|ld|d|d]a]|a|la]al|ld]|a
f=] (=) f=] f=] (=) (=) f=] f=] (=) f=] (=) f=] (=) f=] (=) f=] (=) f=] (=) (=)
Kpure- 16141 0,05 0,02 0,04 | 0,05 | 0,14 | 0,07 | 0,03 | 0,15 | 0,06 | 0,06 | 0,02 | 0,03 | 0,01 | 0,01 | 0,01 | 0,05 | 0,02 | 0,01 | 0,02 | EP- | KOB | KOB
puu reoM. | EC* | AD**
0001 1 | 5| 7 5|5 |1 9 [ 1| 5 71919995797 |610]012]o014
0.1.12 (020 1 | 3 | 3 | 1 |014]033] 3 |020[1,00/1,00] 3 | 3 | 5 | 5 | 5 | 1|35 |5 |244]005] 005
0.1.2.1 [0,14]033| 1 |0,20]0,14]0,11]0,20]0,20]0,11]0,20]020] 1 |033] 3 | 3 | 3 |033] 1 | 3 | 1 |093]0,02] 002
0.1.22 [020]033] 5 | 1 [1,00]0,14]033] 5 |0,14]033]033] 5 | 5 | 7 | 7 | 7 [1,00] 5 | 7 | 5 |3.14]006] 004
0131020 1 | 7 | 1 | T |o14]1,00] 5 |oi1]|1,00j020] 7 | 3 | 7 | 7 | 7 | L | 7 | 7 | 7 |353]007] 005
0132 ]100] 7 | 9 | 7 | 7 [t |3 ]9 1515171719995 719]7|62]012]o014
01410014 3 | 5 | 3 | 3 033 1 | 5 Jog4] 3 |3 |5 5151551315155 [348]007]007
0.142 [0,11]033] 5 ]0,20] 02 |011]020] 1 |0,11]020]020] 5 | 1 | 7 | 7 | 7 |033] 5 | 7 | 5 |2.60] 0,05 003
0201 (1,00 5 | 9 | 7 [ 5 ]to0] 7 19 1|55 1971919951919/ 9 [65]0I13]o0l5
02120020 1 | 5 | 3 [ 1 ]020[033] 5 Jo20[ 1 | 1 |5 517 77 1[5 175 [335]007]006
0221020 1 | 5 | 3 | 1 |020]033] 5 Jo20]{1,00] T | 5 | 5| 7 7171|5175 |335]007] 006
0.2.22 [0,14]033] 1 |0,20]0,14]0,14]0,20]0,20]0,11]0,20]020] 1 [033] 3 | 3 | 3 |033] 1 | 3 | 1 |0093]002] 002
03.1.1 [0,11]033] 3 |02 ]033]0,14]0,20]1,00]0,14]/020]020] 3 | 1 | 5 | 5 | 5 |033] 3 | 5 | 1 | 171|003 003
0.3.1.2 [0,11] 0,2 |0.33]0,14] 0,14 | 0,11 0,20 0,14 | 0,11 0,14 0,14 0,33]020] T | 1 | 1 |020]1,00] 1 |0,33]039 | 0,0l | 001
0.3.2.1 [0,11] 0.2 |0,33]0,14]0,140,11]0,20 0,14 | 0,11 0,14 0,14 0,33]0,20]1,00] 1 | 1 |0,20][1,00] I |033]039 | 0,0l | 00l
03.2.2 [0,11] 0,2 |0,33]0,14] 0,14 | 0,11 | 0,20 | 0,14 | 0,11 | 0,14 | 0,14 | 0,33 | 0,20 | 1,00 | 1,00| 1 |0,20|1,00] 1 |0,33] 039 | 0,01 | 0,01
03310020 1 | 3 | 1 | 1 |020]033] 3 |020[1,00{1,00] 3 | 3 | 5 | 5 |5 | |35 | 3 |225]005] 005
0.3.3.2 [0,14]0,33 | 1,00 | 0,20 [ 0,14 | 0,14 [ 0,20 | 0,20 | 0,11 [ 0,20 [0,20 | 1,00[033] | 1 | 1 |033] 1 | 3 | 1 |063] 00l 002
03.4.1 [0,11] 02 |0,33]0,14] 0,14 0,11 | 0,20 0,14 | 0,11 | 0,14 | 0,14 | 0,33 | 0,20 | 1,00 | 1,00 1,00 | 0,20 | 0,33 | 1T | 0,33 ] 036 | 0,01 | 0,01
0342 [0,14]020] 1 ]0,20]0,14]0,14]0,20]0,200,11]0,20[0,201,00[1,00] 3 | 3 | 3 |0.33]1,00] 3 | 1 |0095]0,02] 002
49,62| 1,00 | 1,00
* KOB o Expert Choice;
** KOB 1o ASPER-D.
Kozst - Q[ = - = || =] |~ A= =8 =] =]a
et e e e b e b B s 8
cpesa = = = = = = = = = = = = = = = = = = = =
KOB o Caatn 2, 2, gﬂ \3‘ E, ‘é: 2, ;m ;n g, ;; S|s|s|= 2 S| = gﬁ g,
= =] = ] = = =] = —] = —] =] = = =} = < = = =

MpunonspHas
marucTpans
INeHcko-Kamuarckan
marucTpanb

KKz 1 KIKa 2

Puc. 4. KOB kpuTtepuanbHoro cpe3a no Caatm u cxema oLueHKU npu 6a3oBoM cLieHapuu

Tabnuua 3
OueHoyHas matpuua no Caatu

AnpTepHaTHBa ba3zoBblil cieHapuii
JIKM 0,176
1M 0,824
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CueHapun-KOHTpaCTbI

Tabnuua 4

1. Monens sxoHOMUKH U o0mecTBa Poccuu B maTepBane 20202035 rr.

1.1. PerHOYHAST DKOHOMHUKA

C CWJIBHBIM TOCY/IapCTBEHHBIM
pETYJIMPOBAHUEM U OpUEHTALIUEN
B CBOEM pa3BUTUU Ha BocTouHbII
BEKTOP

1.2. DxoHOMUKA IIPU CUTYyaIOH-
HOM T'OCY/IapCTBEHHOM PEryJH-
POBaHUU U MHOTOBEKTOPHOM
OpHEHTALMEH B CBOEM Pa3BUTHHU

1.3. PerHOYHAst 5KOHOMUKA IIPH
c1a00M roCyJapCTBEHHOM pery-
JINPOBAHUU U OPUECHTALMEN

B CBOEM pa3BUTUH Ha 3ama HbINd
BEKTOD

Ipumeuanue. Cienapuu B Tab11. 4 najnee UIMEHYIOTCA KaK:

1.1 — Crenapuwii [;
1.2 — Cuenapuwit II;
1.3 — Cuenapuit 111

BugHo, 4TO B pamMKax MpPUHSATHIX MPEINOCHUIOK B OLIEHOYHOW Martpwuie (Tadil. 5) HET JTOMUHU-
pytomero KIDK]] u, cienoarenbHo, HMEETCS HEONPEAEIEHHOCTh BBIOOpa. AHAIN3 OLICHOYHOM Mat-
PUIBI 10 KPUTEPHSIM TEOPUH NPUHATHS PEIICHUN TEM HE MEHee MoKasal, 4yTo npoekT IIM npenmnouru-
TesbHee 1Mo BceM (Tabi. 6) kpurepusM. OTHAKO €CIIU MPUHATH BEPOSITHOCTH akTyanu3anuu CueHapuii 11
0,5 u BpIIIE, TO HanOoOJIEE MPEATIOUYTUTENBHBIM OKa3biBaeTcs mpoekT JIKM.

Tabnuua 5
OueHoyHasa matpuua — ASPER-D
AnprepnatuBa / CueHapuit Cuenapuii | Cuenapunii 11 Cuenapuii 111
JIKM 0,89 0,29 0,65
M 0,21 0,82 0,45
Tabnuua 6

PacnpepneneHvne BeposTHOCTM aKTyanusauuMm cLeHapueB
(ans kputepueB Baieca, Xogxka — llemaHa, Mepmeiiepa)

Cymma

1 2

3

1

0,5 0,3

0,2

JIJ1st IOBEPOYHOTO pacyeTa ¢ MOMOIIBI0 MporpaMMHOTro mpoaykra GLOBALD Obuth HCTIOIB30BaHBI
KOB, nonyuennsle Bbime ¢ nmomouipto mporpamMmmuoro npoaykra ASPER. Pesynerupyromast tabm. 7

BBITJISTAT CIISAYIONTUM 00pa3oM.

Tabnuua 7

Pe3ynbTupytowas matpmua — GLOBALD

Kputepun

AJbTepHATHUBEI

2

Banpxg

Makcumakc

CrBHIK

I'ypBun

Bbatiec

Jlammnac

O606mennsiit ['ypsun (IT)

O606miennsiit ['ypsun (O)

Xomx — Jleman

T'epmeiiep

K| ®| ¥ K| K| X| K| ¥| *| ¥|—
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BrIBOABI

1. DkcnepuMeHTaNIbHBIE PAcUeThl, Pe3yIbTaThl KOTOPBIX MPOJEMOHCTPUPOBAHBI B HACTOAIIEH CTa-
The, TIOKA3aJH, YTO MCIOJIb30BAHUE DKCIIEPTHBIX TEXHOJOTHIA MPH OICHKE KPYIMHOMACIITAOHBIX HHBE-
CTHLIMOHHBIX MTPOEKTOB (THUIA KEJIE3HOJAOPOKHBIX, PACCMOTPEHHBIX BBIIIE) B paMKax pa3HbIX KOMIIbIO-
TEPHBIX MPOAYKTOB, NMpEeIHA3HAYCHHBIX U1 MOAJNEPXKKH HMHBECTULHOHHBIX DEIICHHH, HAIOT pa3HbIe
OLIEHKH 00IIeCTBEHHOM d(PPEKTHBHOCTH aHAIN3UPYEMBIX AlIbTCPHATHB.

2. Tak, cpaBHEHHUE OILEHOK OOLIECTBEHHON 3(P(PEKTUBHOCTH KPYMHOMACHITAOHBIX KEJIe3HOAOPOXK-
HbIX mpoekToB [Ipunonsproit (IIM) u Jlencko-Kmuarckoit maructpaneit (JIKM), nameuaembIx K co-
OPY’XCHHUIO B JIOJITOCPOYHOM MEPCIEKTUBE, MOKA3aJI0 HECOBMAJCHNE OLECHOK, IPOU3BEACHHBIX C MTOMO-
mpio Expert Choice 1 ASPER-D: B mepBom cnydyae Hanboliee MpeanodTUTENbHON okazanack [IM, Bo
BTOpOoM Takxke [IM, HO mpHU HEKOTOPHIX KOH(QUTypalMAX UCXOIHBIX HNPEANOCHUIOK Haubojee Mpeanoy-
TUTENBHOM oKka3biBaeTcs JIKM.

3. Pa3znnume B olileHKaX OOBSICHSCTCS PAa3HBIMH TMOJXOJAMH B YKa3aHHBIX MPOJYKTaxX (akropa He-
ompeneneHaoctu. B Expert Choice oH He yuuTHIBaeTCs, T. €. MMOJXO/ K OLICHKE SIBJISIETCS IETCPMHUHUCT-
ckuM; B ASPER-D yuuthIBaeTCs Kak BEpOSITHOCTHAs, TaKk M paJuKallbHas HeompeaeneHHocTs. U He-
CMOTPS1 Ha HEKOTOPYIO «pacIuibiBYaTOCTh» oueHOK ASPER-D, kak npencrasisiercsi, npogyKT Oosee pe-
JIEBAHTEH CHTYaIlUH cIIa00CTPYKTYPHU30BAaHHOCTH MPOOIEMbI OLIEHKH KPYITHOMACIITAOHBIX TIPOCKTOB Ha
MPEIBIHBECTULIMOHHOM CTaluH.

4. B nenoM Ham 3KCIIEPUMEHT MOATBEPXKIAeT NPaBHIBHOCTb OCHOBHBIX HMOJOXKEHHH CHCTEMHOH
napaaurmel 1. KopHan 1 HEOCHCTEMHOT0 MOJX0/1a K OIIEHKE KPYITHOMACIITAOHBIX MPOCKTOB. A MMEH-
HO: MHTETPAaTUBHOCTh B HOBOCHCTEMHOM IOJXO0/€ MMOHNMAETCS WHAUEe, YeM B MPEKHEM CUCTEMHOM IO~
X0Z€, KOTOPBI ObUI MEXANCIMIUIMHAPHBIM, UAYIIMM OT YAaCTHOrO K O0ILIeMy, B TO BPeMsl KaKk HEOCHC-
TEMHBIH MOJX0/a 0a3upyeTcss Ha MPEACTaBICHHUH WCXOJHOMN IEIOCTHOCTH OOBEKTa OLIEHKH, a OICHKA
3G PEKTHBHOCTH MTOICUCTEM OCYIIECTBIISICTCS MO MPUHIIUITY OT OOIIEro K YaCTHOMY.

5. Ham skcniepuMeHT mokasai, 4yTo 00a MoAXo/a cieayeT UCIIOIb30BaTh KaK B3aMMOIOTIOTHSIIOIIUE
IPU HEMIPEMEHHOM yueTe (akTopa HeompeneneHHOCTH. Ha npenbHBECTUMOHHON CTaiuu KpYyIHOMAc-
MITa0HBIX JKEIE3HOIOPOKHBIX MPOCKTOB JAHHOE TOJIOKEHHE JIOIDKHO Pean30BaThCsl B KAHTHAHCKOW
TpaaulMy, T. €. He KaK THIOTETHYECKHUI, HO KaK KaTerOpUUECKUIl IMIIepaTHB.

Hccnenopanne BbINOJAHEHO Npu GuHAHCOBOH moaaep:xkke POD®U B pamMkax HAy4yHOro HpPOEKTa
Ne 19-010-00161 A.
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EVALUATION OF LARGE-SCALE RAILWAY PROJECTS:
AN UNSYSTEM APPROACH

E.B. Kibalov', kibalovE@mail.ru,
D.D. Shibikin?, wanderer-di.di@ya.ru

" Institute of Economics and Industrial Engineering, Siberian Branch of the Russian Academy
of Sciences, Novosibirsk, Russian Federation,
2 Siberian Transport University, Novosibirsk, Russian Federation

The problem of assessing the social effectiveness of large-scale railway projects (hereinafter re-
ferred to as the CPAW) is considered in this article in the light of J. Kornais system paradigm and its
instrumental specification as a non-system approach. In this context, the CPCR is analyzed as large
and complex socio-technical systems. The objects of research are the Lensko-Kamchatskaya and
Subpolar railway lines, which are at the stage of pre-investment studies in the first case and partially
implemented in the second, when the uncertainty of costs and results is extremely high. To assess
the comparative effectiveness of these projects, computer products were used — foreign and domes-
tic, designed to work within the framework of the theory of making complex decisions with semi-
verbal models and expert information. Computational experiments have shown that different com-
puter products, as a means of supporting investment decision-making procedures, give analysts dif-
ferent recommendations about the preference of compared projects. It is shown that the reason is in-
adequate accounting for foreign products (as applied to large-scale projects) of the uncertainty fac-
tor. The conclusion is made about the productivity of the tools of the neosystemic approach imple-
mented by the authors of the article as an integrator of verbal and mathematical models in evaluating
large-scale projects in a situation of uncertainty.

Keywords: large-scale railway project, system paradigm, neo-system approach, computer
product, Lensko-Kamchatka highway, Subpolar highway, criteria of the theory of decision making.
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COBPEMEHHbLIE UH®OPMALIMOHHBIE TEXHOJNOIH
N HEOBXOAUMOCTbDb NOBbIWEHUA KAYECTBA YINPABJIEHUA
OPIrAHU3AUNOHHBLIMU U KOPINMOPATUBHbLIMU CTPYKTYPAMU

O.B. JloeuHoeckul, A.J1. LLlecmakoe, A.B. Nnonnau
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck, Poccus

Hacrosimas padoTa comaep>kKUT 0030p COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJOTHH, HCIIOJb-
3yeMBIX JJIS YIPABICHUS HA IPOMBIIUICHHBIX NMPEANPUATHAX U B KOPIOPAIUIX, a TAK)KE B OpraHax
rocynapcTBeHHOH BracTH. HecMOTpsi Ha TOCTUTHYTHIE YCIIEXH B 00AaCTH OBICTPOAEHCTBHS KOMITb-
IOTEPOB U CYNEPKOMITBIOTEPOB, a TAK)KE CHCTEM aHaJHM3a JAHHBIX PAa3INYHOTO PO, BHEIPEHHE CO-
BPEMEHHBIX HH()OPMAIMOHHBIX TEXHOJIOTHI HEe 00eCmeurBacT YIyYINICHHE KadecTBa YIPAaBICHUSL
Pa3IHYHBIMU OPTaHU3aIIHOHHBIMH M KOPIIOPATHBHBIMU CTPYKTYpaMH. MHOTOJICTHSIS MIPAKTHKA CO3-
JAHWS U SKCIUTyaTallud Pa3HOOOPa3HBIX aBTOMATU3UPOBAHHBIX, HHPOPMAIIMOHHO-BEIYUCITUTEIIHHBIX,
AHATUTHYCCKUX, SKCICPTHBHIX W WHBIX CHCTEM IOKa3alla, YTO BHEIPEHHUC ITHX CHCTEM HaJieKO He
BCETJ]a CITIOCOOCTBOBAJNIO CYNICCTBEHHOMY VIIYUIICHHIO Ka4eCTBA OPTraHU3AlMOHHOTO YIPaBJICHUS U
JIOCTIDKEHUIO TIeJICH MOBBITICHUS 3 (PEKTUBHOCTH ACATEIEHOCTH CTPYKTYP, B KOTOPHIX 3TH CHCTEMBI
OBLIM BHE/IPEHBI.

B 37011 cBsA3M ceroHs KpaifHe Ba)KHO OCO3HATh, YTO MPUYHHBI HE CIHMIIKOM yJIa4HBIX PE3yiib-
TaTOB BHEJAPEHUs PAa3IMYHOTO poAa MH(MOPMAIMOHHBIX CHUCTEM KPOIOTCS HE B TEXHUYECKHX BO3-
MOJKHOCTSIX BBIUHCIIUTEIBHBIX MAIINH, a B TOM, YTO METOABIL, MOAETH U TEXHOJIOTHH YIPaBICHUS Ha
BCEX ATanax MOATOTOBKH M NMPHHATHS PEIICHUI OCTaINCh B CYIIHOCTH TEMH K€, 4TO OBLIH elle B
MocJeHeH YeTBepPTH MPONUIoro Beka. OTcTaBaHHE B PAa3BUTHH YIPABICHYECKHX METOAOB U alro-
PUTMOB TIPUBENO K TOMY, YTO BO3MOYXKHOCTH BBIYHCIIUTEIEHOW TEXHUKH HE PEATU3YIOTCS B MMOTHOU
Mepe. Takum 00pa3oM, BaKHOU 3a1adeii TCOPUH U MPAKTUKH YIIPABICHUS SIBIICTCS COKPALICHUE OT-
CTaBaHUS METOJIOB MPHUHATHUS PEIICHUI OT COBPEMEHHOTO YPOBHS BEIYUCIUTECIHFHON TEXHHUKH.

B pabote cTaButTcs 3ama4a 00eCIIEYeHUsS COTIIACOBAHUS PA3BUTHSI BEIYMCIUTEIHFHON TEXHUKHU C
mpoIeccaMyl COBEPIICHCTBOBAHMS M BHEIPECHHUS YIIPABICHYCCKUX ANTOPUTMOB. [IpuBOIATCS pHin-
HBI, IPUBEIINE K TAKOMY OTCTaBaHMIO, M TAIOTCSI PEKOMEH/IAINH 10 €r0 YCTPaHECHHIO.

Knrouesvie cnosa: unghopmamusayus, yugposusayus, ynpasienue, ynpasgieHue npeonpusmue,
MemoOobl YNpasiieHus, aieopummsl YRpageHus, op2aHu3ayuoHHble CIpPYKmMypbl, YMHbII 20p00, YMHAS
npomviuLieHHocms, ymnoe ynpaenerue, MRP, MRP II, ERP, ERP II, APS, MES, CRM, SCM, OLAP.

Beenenue

Ha 3ape xommbloTepHOI 3pbl Takue Bblaaromyecs: Mpicnuteny, kak H. Bunnep, K. Omobwu, JI. bep-
tananpu, C. bup u Ap. NpeANoKIIN MUPY HIIEH O TOM, 4TO OyIyliee BO MHOTOM OyIIET ONPEIeNsThCs
PasBUTHEM BBIYHCIUTEIBHBIX criocoOHocTel MammH. Knura H. Bunnepa «KuOepneTtuka unu ynpasie-
HHE U CBSA3b B )KUBOTHOM M MAIllMHE» CTaja CBOEro poja 3HaMeHeM Toil smoxu. [anpHelInee cosep-
IIICHCTBOBAHHE 3JIEKTPOHHBIX BHIYMCIUTEIBHBIX MAIIH, a 3aT€M IOSBICHNE EPCOHAIBHBIX KOMIIBIOTE-
poB B 1980-x To/1aX BO MHOTOM CITIOCOOCTBOBAIM OYPHOMY Pa3BUTHIO TOTO, YTO MBI Ha3bIBAEM KOMIIbIO-
Tepu3alMei, a CeroaHs yxe 1 HudpoBU3auueii.

C No3UIMH CETOMHSIIHETO JHSI, KOTOPOMY CBOWCTBEHHA CBOETO poja dH(opHs OT yxkKe JOCTHTHY-
TBIX YCIIEXOB B OOJIACTH OBICTPOJICHCTBUS KOMITBIOTEPOB U CYIIEPKOMITBIOTEPOB, CHCTEM aHAIIN3a JIaH-
HBIX Pa3JIMYHOTO POJA, B TOM YHCJIEC TIOCTPOCHHBIX HAa TEXHOJOTUSAX MCKYCCTBEHHOTO MHTEIJICKTA, Ma-
MIMHHOTO 00y4YeHus, 00paboTKH OOJIBIINX 0OBEMOB JaHHBIX U T. II., KAXKETCS, YTO JAHHBIH IMyTh CIIOCO-
OcH caMm 1o cebe 00ecneunTh YIydllIeHHe KauecTBa YNPaBJICHUS Pa3UYHBIMU OpPTaHU3AIIMOHHBIMU U
KOPIIOPATUBHBIMU CTPYKTYPaMH, HAUMHAsI OT OPraHOB rOCYNApCTBEHHOM BIACTH M 3aKaH4MBas MPOU3-
BOJICTBEHHBIMH KOMIIAHUSAMH M MHBIMH OPICTPYKTypaMu. OJHAKO MHOTOJICTHSISI MPAKTHKa CO3AaHUS U
9KCIUTyaTallid pa3HOOOPa3HBIX aBTOMATH3MPOBAaHHBIX, MH(OPMAIMOHHO-BBIYUCIUTEIBHBIX, aHAIUTH-
YECKHUX, IKCIIEPTHBIX U UHBIX CHCTEM, B OCHOBE KOTOPBIX JIEKAT KOMITBIOTEPHbIE TEXHOJIOTHUH, TOKA3bI-
BAET, YTO AAJIEKO HE BCErJa YIMOMSHYTHIE CHCTEMBI CIIOCOOCTBOBAIN CYIICCTBEHHOMY YIYYIIECHHIO Ka-
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lonnai A.B. u Heob6xo0umMocmb MoebiWeHUsI KaYyecmea yrnpaeJsieHusl...

YecTBa OPTraHWU3allMOHHOTO YIIPABJICHUS M JOCTIKEHHIO IeNed MOBBIIICHHUS 3(PPEKTUBHOCTU ACSITEIh-
HOCTH CTPYKTYP, B KOTOPBIX 3TH CHCTEMbI OBLITM BHEPEHHI [ 1].

Ceronust kpaifHe BaKHO OCO3HATh, YTO NMPHUYMHBI JOCTIKEHUS HE CIUIIKOM YJauHbIX Pe3yJIbTaTOB
BHEJIPEHUST PA3IMYHOTO PoAa MH(POPMAIIMOHHBIX CHCTEM KPOIOTCS HE B TEXHUYECKUX BO3MOXKHOCTSIX
BBIYHCIUTEIHHBIX MAIIUH (CKOPOCTH BBIYHCIICHHUS U 00beMa 00padOTKH JaHHBIX), @ B TOM, YTO METOJIBI,
MOJIETT ¥ TEXHOJOTHM YIpPaBJIEHHs Ha BCEX ATanax MOATOTOBKHM WU IMPHHSITHUSA PEIIEHUIl OCTaNCh B
CYLTHOCTH T€MH K€, YTO OBLIH ellle B MOCIEHEN YeTBePTH MPOILIOTO BeKa.

OTtcTaBaHue B pa3BUTUH YIIPABICHYECKIX METOJIOB M aJTOPUTMOB, HE3aBHCHMO OT C(Eephl AesSITeIh-
HOCTH CTPYKTYP, B KOTOPBIX 3TH METOJIbl IPUMEHSIOTCSA, IPUBETIO K TOMY, UTO, HECMOTPS HAa UCIOJIB30-
BaHHE CaMbIX COBPEMEHHBIX CPEJCTB BBIUMCICHUN U 00paOOTKH TaHHBIX, PE3YIbTAThl YIIPaBIEHYECKON
JEATEIbHOCTA OKA3bIBAIOTCS JAJICKO HE BBIIAIOIIMMHUCS. B 3TOM KOHTEKCTE BO3MOXKHOCTH CPEACTB BbI-
YUCIUTEIbHON TEXHUKU HE PEANM3YIOTCs B IIOJHOM Mepe.

IIcuxonorus pykoBoAguTeNIeld B IIOHMMAHUN TOTO, KaK yMPaBIATh BO3TJIABISIEMBIMA UMH CTPYKTY-
paMu, ocTajiacb HEM3MEHHOW 32 MHOTHME To/ibl. B pe3ynbprare y riiaB KOMIIaHUH, pyKOBOJAMUTENIEH rocy-
JApCTBEHHBIX OPTaHOB U APYTUX JUL, MPUHUMAIOIIUX YIPABICHUYECKUE PEILICHUs, OTCYTCTBYET MOHU-
MaHHUE TOTO, KaK 32 CYET COBPEMEHHBIX MH()OPMAIMOHHBIX CUCTEM OHH CMOTYT HOBBICUTH 3(deKTuB-
HOCTh YIIpaBlicHUs. BHeIpeHHe UMEIONMXCS Ha pPhIHKE WH(POPMAIMOHHBIX CHCTEM OCYIICCTBISETCS
(dhopmanbro. Llenn Tex, KTo MPoJaeT BRIYUCIUTENHFHYIO TEXHUKY W IPOrPaMMHOE 00eCIIeYeHre, a TAKKe
TeX, KTO UX MpruoOpeTaeT, He HaXOAATCS B pyclie 3aaad o0ecrnedeHus: BBICOK0I(D()EKTHBHOTO yIpaBIie-
HUS JICSTEIBHOCTHIO KOPIOPATHBHBIX CTPYKTYP CaAMOTO Pa3IHYHOTO MPODHUIIAL.

Pazymeercst, 4To pa3BHTHE KOMIIBIOTEPHBIX TEXHOJIOTUH M MH(OPMAIIMOHHBIX CHUCTEM CHITPaio
OOJIBIITYIO TTIO3UTHBHYIO POJIb B MOBBIIMIEHUH CKOPOCTH U MPOU3BOJUTEIHFHOCTH BEIACHHS IEIOMPOU3BO/I-
CTBa, MOJIYYCHHMSI, XPAHCHUS B 00pabOTKH MH(POPMAIIMH, a TAKKE CO3/IAI0 BO3MOXKHOCTD 3JICKTPOHHOIO
B3aUMOJICUCTBHS MEXKIY MOAPa3CICHUIMU BHYTPH KOMIIAHWH U C BHEIIHUMH CTPYKTYpaMH Ha BCEX
YPOBHSIX ympapieHus. HecMoTpsi Ha 3TO, MOJENU, METOABl U aJTOPUTMbl IPUHATHUS YIPABICHYECKUX
peuIeHuil B CYIIHOCTU HE U3MEHUJIUChH WM U3MEHUIIUCH KpailHe HE3HAUYUTEIbHO, BO MHOI'OM COXPaHUB
HEO0OOCHOBAaHHBIN CYOBEKTHBH3M MPH UX TPUHATHH.

Takum 00pa3oM, HEOOXOIUMOCTh COKpAIIeHHsI OTCTaBaHWS METOIOB MPHHATHS PEUICHHWA OT CO-
BPEMEHHOI'O YPOBHS BBIYMCIUTEIBLHON TEXHUKU SIBISIETCSI OUEHb BaKHOM, HO TIOKA HE BIIOJHE OCO3HAH-
Holi 3amauei. CerojiHsl COBEpIICHHO HEOOXOIMMO 00ECIIeUUTh, YTOOBI Pa3BUTHE BHIYMCIUTEIBHON TEX-
HUKH, CUCTEM 00pabOTKH JaHHBIX U JPYTUX HHPOPMAIIMOHHBIX CHCTEM OBUIO B3aMMOYBSI3aHO C IPOLIEC-
CaMU COBEPIICHCTBOBAHMS U BHEJIPEHUS YIPABICHYECKUX aJTOPUTMOB KaK JJI OPTaHOB rOCYIapCTBEH-
HOUW BIIACTH, TaK W JJIsl IPOM3BOJCTBEHHBIX KOMITAHHI U KOPIIOPAIHiA, 8 TAKXKe C TpEOOBAHUSIMH TIOBbI-
IICHUS] KBUTH(UKAIIMYA PYKOBOAUTENCH BCceX yPOBHEH B 00JaCTH OCBOCHUSI COBPEMEHHBIX METOJIOB TIO/I-
TOTOBKH MPUHATUS PEILICHUM.

Jns popmupoBanrs 000CHOBaHHBIX MPEANIOKEHUI TI0 COBEPIICHCTBOBAHUIO METONIOB, MOJENEH U
ITOPUTMOB TOATOTOBKH TPHHATHS YIPABICHYCCKUX PEUICHUH HEOOXOJUM aHaIu3 pa3BUTHs HH)OpP-
MAalIMOHHBIX CUCTEM YIPAaBJICHUS, UCHOJIb3YEMBIX B IMIPOMBIIICHHOCTH, a TAKXKE B OpraHax rocygapct-
BEHHOU BJIACTH.

JAuHaMuKa NIpUMeHeHus Pa3IuYHbIX HHGOPMAIMOHHBIX CHCTEM

B IIPOMBIIIJICHHBIX NPeANPUATHAX H KOPIOPALUAX

[lepBbIM 3Tamom pa3BUTHS UHPOPMALMOHHBIX CHCTEM YIPaBJICHUS HA MPOMBIIUICHHBIX HPEANPH-
SITUSAX, IOCTPOCHHBIX Ha MEPCOHANBHBIX KOMIIbIOTEpaX, CTAJI0 BHEIPEHHE aBTOMAaTH3UPOBAaHHBIX pabo-
gux mecT (APM) [2], mo3BoMBIIEE aBTOMAaTH3UPOBATh PyTUHHBIE ONIEPaLiH, CBA3aHHBIC C BHIIIOJTHEHU-
eMm pacderoB [3]. OnHako BHenpeHue pa3HooOpa3zHbIX APMOB BBISBHIO DS HETaTHBHBIX OCOOEHHO-
creil. B nepByro odepenb, 3TO OTCYTCTBUE CUCTEMHOCTH M, KaK pe3yJbTaT, «JIOCKyTHas aBTOMaTH3a-
IUS», KOT/Ia KaXI0€ MOIpa3JielieHie KOMITAaHUH cOo3/1aBajio coOcTBeHHbIe APMBbI Ha pa3HBIX porpamMmm-
HBIX TIaTGopMax. ITO MPHUBEIO K OOJBIIUM CIOKHOCTSIM IMPU MHTETPALUN MHPOPMALMOHHBIX CHCTEM
BHYTPH IPOU3BOACTBEHHBIX KOMIIAHMN M Kopropauuid. 1Ipu 3TOM pyKOBOJACTBY IPEIOCTaBISUINCH HE
COTJIACOBaHHBIC MEXIy cO0OW JaHHbIE, MOJYYCHHBIE B Pa3HBIX MOAPa3CICHUSIX, HA OCHOBE KOTOPBIX
HEBO3MOXKHO TIOATOTOBUTH M NPUHSTH BEpHOE ympasieHuecKoe pemenue. Takxxke APMebl He ObutH opH-
CHTUPOBAaHbI HA aBTOMATH3ALHMIO APYTHX (QYHKIMH, KpOME YUETHBIX, B PE3yJIbTaTe He 00ecleurBanach
JOJDKHAsE aBTOMATH3alUs TPY1a MEHEHKEPOB MPEANPUITHS, BKII0OUAast BhICIIEE PyKOBOACTRBO [4, 5].
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

Crenyrouym 3TaroM pa3BUTUS HHPOPMAIMOHHBIX CUCTEM Ha MPOMBIIIJICHHBIX MPEIIPUITHAX CTa-
70 oObenvHeHue pa3po3HeHHBIX APMOB M JTOKaJgbHBIX BBIUMCIUTEIHHBIX CUCTEM B €IMHBIE aBTOMAaTH-
3UpPOBAHHbBIE CUCTEMBI ynpaBieHusa npeanpustiaeM (ACY), 4To MO3BONUIIO MEPEHTH OT aBTOMAaTH3aIUU
OTAENBHBIX (PYHKUUHM K PEHICHHUIO 3aa4 KOMIUIEKCHOIO TJIAHUPOBAHHS U paclpelesieHus PecypcoB Ha
TPEIIPHSATAN B COOTBETCTBUH C 3aKITFOUEHHBIMH JJOTOBOPAMHU TIOCTABKHU U ITOTPEOHOCTSIMHU PHIHKA U Jp. [6].

HanomuuM, 9To B pa3BUTHH MH(OPMAIMOHHBIX CUCTEM MPOMBIIUICHHBIX MPEINPUITHH Hanboiee
M3BECTHBI HUXKEIIPUBEACHHBIE KIIACChI CUCTEM.

— MRP (Material Requirement Planning — nnanupoBanne MaTepuaibHbIX moTpedHOCTEH). CHcTeMa
MRP Obuta HaleneHa Ha oOecCIeUEHHUE NPEANPUATHS MaTepUaIaMU, UCXOMAS M3 IPOU3BOICTBEHHOIO
wiaHa. Henocratkom cuctemsl MRP sBisieTcst oTcyTCTBHE BO3MOKHOCTH IOACTPOUTHCS MOJ YacThble
M3MEHEHHUS] pa3MEpOB 3aKa30B U CPOKOB BbimosHeHHA. Ilo cyTm pabora Takux CHCTEM CBOAMIACH K
(hopMHUPOBaHUIO IJIaHA U €T0 OTCIICKUBAHUIO.

— B konne 1980-x rogoe cuctema MRP Obuia momonHeHa GyHKIUAMA KOHTPOJISI KOJIMYECTBA TIPO-
M3BEACHHON MPOIYKLMH, 33JCPKEK 3aKa30B, 00bEMOB M AMHAMHKH 3aKa30B W T. . BrlmeykasaHHbie
JIOTIOJTHEHUS! TIO3BOJIMIIM PEan30BaTh 0OPaTHYIO CBS3b B CUCTEME, 00ECIIEUNBAIOIIY0 THOKOE IIIaHupPO-
BaHME C YYETOM W3MEHEHHS BHEIIHUX ()aKTOPOB, TAKMX KaK YPOBEHb CIIPOCA, COCTOSIHUE JIEN Y TIOCTaB-
mwka U T. 1. (Closed Loop MRP). Onnako konnenmms MRP He mo3Bomsiia oCymecTBIATh IIaHUPOBa-
HHE PECypcoB KpOME NPOM3BOACTBEHHBIX M HE MOJAEPKMBAJIa BO3MOXKHOCTh INITAHUPOBAHHS TEPPHUTO-
pHaIbHO-pacIpeieiCHHbIX Ou3Hec-tiporieccoB. CHOpMUPOBaHHBINM TaKUM 00pa30M KajCHIAPHBIN IIaH
yacTo ObLI HEpeaJbHbIM, TaK KaK IUIAHUPOBAHUE OCYLIECTBISIIOCH U3 IPEAIIONOKEHHUS, YTO KOJTUIECTBO
pecypcoB HEOIPaHUYECHHO.

— Jlnsa yctpanenus HeqoctatkoB cucteMbl MRP ObLT mpeiokeH HOBBIM CTaHAAPT, KOTOPBIN MOIY-
gt HazBauue MRP II (Manufacturing Resource Planning — mraHupoBaHue mpou3BOACTBEHHBIX PECYp-
coB). HecmoTps Ha cxoxects HazBaHuii, cranzaptel MRP u MRP II cymecrBenno otnuuarorcs [7, 8].
Cuctema MRP Il peanusyeT miiaHHpoBaHHE BCEX PECYPCOB, HEOOXOOMMBIX IJIsl MPOU3BOACTBA, a TAKKE
(huHaHCOBOE MIaHUpoBaHKE. [[j1st 3TOro oHa Oblila OMONIHEHA TaKMMH Moy isaMu, kak CRP (maHupo-
BaHue mMoHoctei), DRP (manuposanue pacnpeneneHHsix pecypcoB). MRP u MRP Il o cBoeit cytu
CTaJl HE CTaHAAPTHBIMH KOMIIBIOTEPHBIMHU NIPOTpaMMaMHu, a (aKTHYECKH METOJOJIOTUAMH yIPaBICHUS
NPEANPHUATHSIMH.

— CrieyromuM maroM B 3BOJIIOIUM WHPOPMAIIMOHHBIX CHCTEM CTallo TosBieHne cuctembl ERP
(Enterprise Resource Planning — ninanupoBanue pecypcoB npeanpusarusi) [9, 10]. ERP-npunoxenus —
9TO MOUIHBIE MPOAYKTHI, KOTOPbIE BKI0Yar0T moMuMo ¢pyHkuuii MRP II takue momynu, kak: aBTOMaTH-
3anusi OyXrajaTepcKoro y4yera, MapKeTHHra, (HHAHCOBBIX ONepaluii, yIpaBICHUs EMOYKaMH [TOCTABOK,
cObITa mpoayKuuu u T. A. Tem He MeHee cuctembl ERP, kak u panee cucremsl MRP, xopomio cnpasis-
10TCSl ¢ (DYHKUUH TUIaHUPOBAHUS, HO HE PACCUMTAHBI Ha MOCTOSHHOE NEpEeIVIaHUPOBAaHUE M OBICTpPHIN
yueT U3MEHEHH B OKpYysKatoliel npeanpusitue cpeae. O003HaYCHHBIA HETOCTATOK Bee Ooliee TpOsIBIIs-
eTcs MPH BO3pacTarollell KOHKYPEHIMH, KOTAa pelaromuM GakTopoM ISl BIOOpa MOCTaBILUKA IPO-
OYKLIUU OKa3bIBAETCsl COOJIIOJICHHE CPOKOB M TOYHOCTH BBINOJIHEHMS 3aKa30B. BTOpPBIM HeZOCTaTKOM
ERP-cuctem sBnsieTcss OTCYTCTBHE MOJAYJICH aHATUTHYECKOW OOpabOTKHM NAHHBIX U MOJICIMPOBAHMUS
MIPOIIECCOB B PEaIbHOM BpEMEHH, T. €. CPEICTB MOJICPKKH HMPUHATHS pelieHnid. Bece 3T HemocTaTku
yCyryOmsiroTest TeM (akToM, YTO AaHHBIE CIIOKHBIE KOMIUIEKCHI SIBIISIIOTCS 3aKPBITBIMA KOMMEPUECKUMHU
NPOJYKTaMH, YTO PE3KO OTPaHUYMBACT BO3MOXKHOCTH MX PACHIMPEHUS W WHTETPAllH C JPYTUMHU WH-
(hopMaIMOHHBIMU CHCTEMAaMH.

— HeoOxonumocTh ycTpaHeHHsT HEAOCTATKOB BBILICTIEPEUUCICHHBIX CHCTEM IpPHUBENa K CO3IaHUI0
psina MHBIX MHQOPMALMOHHBIX CUCTEM, KOTOPBIE IPEJOCTABISET PHIHOK B HACTOSIIEE BPEMSL:

* ERP Il — k ERP no6aBnena BO3MOKHOCT HCIIOIb30BaAHMSI MOOMIILHBIX TIPpHIIOXKeHM#H [11];

* APS (Advanced Planning and Scheduling Systems) — yiy4IieHHBIH anroOpuT™ IJIAHUPOBAHHUS 110
cpaBHeHuto ¢ MRP [12, 13];

* MES (Manufacturing Execution Systems) — aBTOMaTH3MpOBaHHBIE CHCTEMbI YIIPABICHHS MPOH3-
BojacTtBoM (ACYTIIIN) [14];

* CRM (Customer Relationship) — cuctemsl yrpaBiieHUs B3aUMOOTHOIIIEHUSMY C KineHTamH [ 15];

* SCM (Supply Chain Management) — cucTeMbl YIPaBJICHHUS JIOTUCTUIECKUMHU Lienmoukamu [16];

* OLAP (On-Line Analytical Processing) — ananutuveckass oopaboTka MHOTOMEPHBIX NAaHHBIX H
T. A. [17].
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Hapsiny ¢ pacmmpenueM u yciaoXHEHHEM HH()OPMALMOHHBIX CHCTEM YIIPABIICHUS, HCIONb3Ye-
MBIX I[POMBIIUICHHBIMU MPEANPUATUSAMH, HapalIeNbHO MPOUCXOAWT HPOLECC MHUHUATIOPU3ALUU
JJIEKTPOHHBIX KOMIIOHEHTOB, IPUBEIIINNA K BO3MOKHOCTH BHEJPEHUS! MPAKTUYCCKH B JIIOObIE OOBIY-
HbIC BEIIM MOJYyJIeH, CIIOCOOHBIX 00padaThiBaTh U mepeaaBaTh HHPpopMaluio. Takum o0pa3om, CTaio
BO3MOJKHBIM II€pelaTh 4acThb 3a/ay, CBS3aHHBIX C NPUHATHEM PEIICHHWH, HEMOCPEACTBEHHO TaKUM
YCTpPOHCTBaM M aBTOMATH3MPOBAaTh MHOTHE TMpolecchl. /[aHHBIE yCTpOWCTBa MONYYHIM Ha3BaHUE
«YMHBIE BEIIN».

OtmeTHM, 4TO B KOHIE XX BeKa HIMPOKOE PACIPOCTPAHEHHE MOTYYMIN TEXHOJIOTHH, UCTIOIb3YIO-
e Bo3MoxkHocTd cetu MuTtepuer. Haunnas ¢ 1990 ropa, Kk cetu cranu MOJKIIOYATh BCEBO3MOKHBIE
ycTpoiicTBa, u yxe K 2007 rogy KOIU4YecTBO MOAKIIOUEHHBIX YCTPOUCTB K ceT MIHTepHET ImpeBhICHIIO
KOJIMYECTBO JIOAEH, MOIB3YIOIMNACA CEThI0. DTO BpeMs IIPHUHATO 3a AaTy nossieHus «HTepHeT Bemen
(IoT)» [18, 19]. B nHacrosimee BpeMsi MHOXECTBO yYCTPOMCTB MCIONB3YIOT CETh AJsl oOMeHa nHpopMa-
LUEH U IPUHSTUS PELICHU.

OpHuM W3 HampaBieHUH Pa3BUTHS KOHIICTILIMU «YMHBIX BeIei», CTaJo MOSBIEHHE «YMHOTO 000-
PYIOBaHHS», CHOCOOHOIO CaMOCTOSATENBHO IHArHOCTHPOBATH HEHCIPABHOCTH, MPOBOAMTH CaMOHA-
CTPOHKY M APYrHe NOAOOHBIE ONEpaliy. JTO AajI0 BO3MOKHOCTH PE3KO CHU3HUTH KOJUYECTBO aBAPHiA-
HBIX MPOCTOEB M Opaka. Bo MHOTHX ciydasx MpH opraHu3aiiu paboThl Mapka «yMHOTO 000pYyIOBaHUS
eMy Oblia mepenana GyHKUMS MPUHATHS PEIICHUH 1O OpraHu3aluyi padoT B 3aBUCUMOCTHU OT CKJIA/bI-
Barouieiics cutyaunu. C y4eToM BBICOKOTO OBICTPOAECHCTBHSA MAIIMH MOSIBUJIACH BO3MOXHOCTH pe-
maTh 3a/la4d, KOTOpbIE /ISl YeJoBeKa paHee ObLTH HENOCTYMHBI. B HAcTOSIIMHA MOMEHT yXKe MOXKHO
BCTPETUTH «yMHBbIE (paOpHUKW», T. €. MPEANPHUATHS, OCHAIIEHHBIE KYMHBIM 000PYZIOBaHUEM», C BBICO-
KOH CTeNeHbI0 HU(PPOBOH aBTOMATHU3aLWU ynpasieHus. [laHHas TEHACHUIUS MOPOAMIA KOHLEIIHUIO
KOMIIBIOTEPU3UPOBAHHOTO HMHTErpUpoBaHHOTrO mpousBoactBa — CIM (Computer integrated manu-
facturing) [20, 21,], koTopas 1o cpaBHeHMIO ¢ cucTemoli ERP crana oOnagath TakuMu (QyHKIIHSIMH,
Kak aBToMatuzupoBanHoe npoektupoBanue (CAIIP) u onepaTuBHOE ynpaBieHHE NPOU3BOICTBEHHBI-
MU 1IeXaMH1 U 000pyIOBaHHEM.

Poct 3HAaUMMOCTH MTOBCEMECTHOTO BHEAPEHUSI HHOOPMAIIMOHHBIX TEXHOJIOTHHA B YIpPaBJICHUE MPO-
MBILUICHHBIMUA TPEANPUATHSIMU TMOATOJIKHYJI MHOTHE CTPaHbl K CO3JAaHHMIO HAIIMOHAIBHBIX MPOTrpaMM
Pa3BUTHS IPOMBIIIJICHHOCTH, TOAICPKUBAIOIINX 3TH TexHonoruu. Tak, B I'epmanuu B 2012 roxy Obiia
paspaboTaHa CTpaTerus pa3BUTHs MPOMBIIIICHHOCTH NoJ Ha3BaHueM «llmardopma Uupyctpun 4.0» u
rocynapcrBenHas nporpamma «lIpomsitmenHocts 4.0» [22]. AHaOTHYHBIE IPOTPaMMBbI pa3paboTany B
CIIA B 2014 rony — «Advanced manufacturing» [23] u B Kurae B 2015 rony — «Caenano B Kutae-
2025» [24], B Poccuu B 2014 roxy co3nana HamumonansHas TexHomorndeckas nauumatusa (HTU) [25],
a B 2017 roxy npunsta [Iporpamma «{udposas sxonomrika PO» [26].

Takum 00pa3oM, pa3BUTHE KOMIBIOTEPHON TEXHUKH MOJBEIO MHP, B JIMLIE HanOojee MPOABUHYTHIX
CTpaH, K 3aJauyaM 0OecIIeYeHHs PE3KOro CKadyka B YIPaBICHUH TEXHOJIOTHUYECKUMH OObeKTaMH Ha Oaze
HOBBIX MH(OPMAIIMOHHBIX TEXHOJIOTHH.

JuHaMuKa NpUMeHEeHUs Pa3JInYHbIX HHGOPMALMOHHBIX CHCTEM

B OpraHax rocyJapcTBeHHOM BJIACTH

ABTOMaTH3MpOBaHHBIE WH()OPMAIIMOHHBIE CUCTEMBI ke B TedeHue 25-30 MocieHHuX JIET TaKkKe
HaXOJAT IIMPOKOE IPUMEHEHHE B OpraHax rocyaapcTBeHHoH Biactu. Hanbosee pacnpocTpaHeHHBIMH B
HACTOSIIIMI MOMEHT SIBJISIFOTCS CHCTEMbI 3JIEKTPOHHOTO JOKYMEHTOOOOpOTa, aBTOMATHU3WPOBAHHBIC
XpaHWJIHIIA JaHHBIX (PETUCTPBI), CpeAcTBA MU(PPOBON ANEKTPOHHOH MOJIKMCH, CUCTEMBl aHAIN3a H 00-
paboTku MHpOpPMALUHU, TCOMHPOPMAMOHHBIE CHCTEMbl M KaJlacTpbl, CIPaBOYHO-MH(POPMALIOHHbIE
CHCTEMBI H T. II.

AHAIIOTUYHO CUCTEMaM, TNPUMEHSEMBIM Ha TPOMBIIUICHHBIX TPEANPUATHIX, HHPOPMAIMOHHBIE
CUCTEMBI JIJIsl OPraHOB TOCYAAPCTBEHHON BJIACTH MPOILIH MyTh OT aBTOMAaTHU3aLMU OTIENBbHBIX PYTHH-
HBIX OIIEPALMi 10 OCO3HAHUS HEOOXOJMMOCTU MHTETPalliy B elnHble HHPOPMAIIMOHHbIE KOMIUIEKCH U
CHUCTEMbI KOPIIOPAaTUBHOTO YIPABIEHUS B OpraHax rocyJapCcTBeHHOW BiacTu. B aroii cBs3u B 2000-x
rojiax BO MHOTHX TOpOJIaX MHpa CTallil pa3padaThiBaTh KOHIICTIIIUA «YMHBIX TOPOJIOB» KaK OTpaKeHHE
MOBCEMECTHOTO BHEAPEHUSI MH(POPMAIIMOHHBIX TEXHOIOTUH B IPAKTHKY YIPABICHUS TOPOACKUM X035~
CTBOM (TEXHOJIOTUH HHEProcOCpPeKeHHs, COXPaHEHHS SKOJIOTUH, CUCTEMBI O0ILEro AocTyna K cetu MH-
TEpHEeT U T. II.).

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 119
2019.T. 19, Ne 3. C. 116-125



anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

B Hacrosiee BpeMs akTHBHO IPOMaraHAupyIoT ceOst Kak yMHbIE Takue ropoja Mupa, kak Cunra-
nyp (Pecny6muka Cumramyp), Jlonnon (Amrmms), Hero-Mopk, Can-®panuucko, Yukaro (CILIA),
Ceyn (ABcrpanus), bepnun (I'epmanus), Tokno (SAmonus), bapcenona (Ucnanus), Mens0ypH (ABCT-
panus) u ap.

B Poccun Munctpoem npuHAT (efepanbHblii TPOeKT HU(GPOBU3AINH FOPOICKOTO X03s5icTBa «Y M-
HBIH TOpomy». Llenblo MaHHOTO MpoeKkTa SBISETCS OOecreueHne YCKOPEHHOTO BHEIPEHUS IMU(POBBIX
TEXHOJIOTHH BO BCeX cdepax rOPOACKOTO XO35HCTBa /ISl MOBBIMICHHS KayecTBA )KU3HU B POCCHICKUX
ropogax [27].

Tarxoke 3acimyXuBaeT BHUMaHUs MpoeKT PocaToMa 1o co3aaHMI0 «yMHBIX TOPOAOBY, Tlie MPOXKHBA-
10T paOOTHUKM aTOMHOW MPOMBILUICHHOCTU. B paMKax JaHHOrO MpOEKTa MpearnonaraeTcs: upoBusa-
HsI BOJIO-, TEIJIO- M AJIEKTPOCHAOKEHHSI, CO3/IaHre U(PPOBOI ropoJcKoil HHQPACTPYKTYpHI, oOecreyun-
Baroliel 3QeKTUBHOE NCIIOIB30BaHIE PECYPCOB U YIPABICHHE BCEMU CHCTEMAaMH M3 €IWHOTO IEHTPA,
MIPO3PaYHbIA MOTPEOUTEIILCKUI KOHTPOJIb U BOBJICUCHHOCTD JKUTEICH BO B3aUMOJCHCTBUE C TOPOICKH-
MU OpraHamu ympasieHus [28].

Konuenmuio «yMHOTO ropoja» 4acTo TPaKTyIOT 0ojiee IIMPOKO 3a CUET BKJIIOYCHHUS B HEE TAKOTO
MOHATHUS, KaK «yMHBIN pernoH» [29]. BHeapeHne «yMHBIX TEXHOJOTHN» B OTAENBHO B3ATBIX ropojax
peruoHa 4yacTo MPUBOIWIIO K HEPAaBHOMEPHOCTH Pa3BUTHS FOPOAOB, YTO BIEKIO 32 COOOH MEpeToK Ha-
CelIeHWs W JIerpasialliio OTIEIBHBIX PalOHOB — Tak HaszbiBaeMoe nugpoBoe HepaBeHcTBO [30]. Takme
NpUMeEpbl HEYJAaYHOTO BHEIPCHUS B IPAKTUKY MOCIEIHUX JOCTIKEHUH B 001aCTH U(PPOBBIX TEXHOJIO-
THi HaTJISTHO JIEMOHCTPHUPYIOT, YTO CaMH MO cebe NHPOPMAIMOHHBIE TEXHOJIOTHH HE PEIIaroT Ipooie-
MBI, paJii KOTOPBIX OHH BHEAPsUTUCh. OHU SBIISIOTCS JUIb HHCTPYMEHTOM, 3(PPEKTHBHOCTH KOTOPOTO
3aBUCHUT OT JIHII, IPUHUMAIOLIUX peuienue [31].

AHanu3upyst ONbIT BHEAPEHHUS KOHLETILUH «YMHOTO TOPOJIay Pa3IMYHBIMU IOPOJaMU MHUPa, MOKHO
3aMETHUTh, YTO POCCHUHCKHE ropoJa MOBTOPSIOT T€ ke caMble omuOku. Tak, nuccuenoBanus 15 Begymux
TrOpPOZIOB MHUpA, MPOBEACHHBIE EHTPOM yrpasiieHus koMmnanun McKinsey, mokaszaim, 4To 4acTo, He-
CMOTpS Ha BHEJPEHHUE CaMBIX COBPEMEHHBIX MHTEJUIEKTYaJIbHBIX TEXHOJIOTHI, CTPOUTENHCTBO KPYITHBIX
[EHTPOB 00Pa0OTKH aHHBIX, IOBCEMECTHOE MCIIOJIb30BAHNE YMHBIX JaTYMKOB U T. Il. — STH HOBOBBEJIE-
HUS HE HAXOAWIM OTKIMKAa y TOPOXKaH M HE OKa3bIBAIM 3aMETHOTO BIMAHHSA Ha HUX IOBCETHEBHYIO
#u3Hb [32]. Ilpu aTOoM 10 Mepe pocTa oObeMa (UHAHCUPOBAHUS, BBIACIIEMOr0 Ha MPOEKTHI B 00JIACTH
MH(QOPMaTH3aLNHU, PE3KO BO3PACTAIO KOJIMYECTBO MPEIOKEHNH OT KOMIIaHUH NPOU3BoAUTENEH 000py-
JOBaHUs M MPOTPaMMHOI0 oOecrieyeHusi, a 3Q(HEeKTUBHOCTh TaKUX MPOEKTOB CTOJIb XK€ PE3KO CHIKA-
nack. [ToHnManue 3Toi MPOOIEMBI IPUBENIO K PATUKAILHOMY MEPECMOTPY KOHIICIIMH «yMHOTO TOPO-
Jla» B CTOPOHY BCECTOPOHHETO BOBJICUCHHS KUTEJCH B MPOILECCH MPUHSATHS M BBIPAOOTKH PEIICHUH.
[Ipu 3TOM Ha MEpBBIN ITAH BBIXOAAT MPOOIIEMBI, BOJIHYIOIIHNE TPaXKAaH, a y>Ke IOTOM CpPEeACTBa aBTOMa-
TU3AIMN BBICTYNAIOT KaK MHCTPYMEHTBI PELICHHUS 3THX MPOOIIEM.

Hccaenopanue TeopuM W NPAKTHKH Pa3BHTUS HH(OPMALMOHHBIX CHCTEM IMPOMBIIIICHHBIX
OPEANPHUITUH M TOCYIapCTBEHHBIX OPTaHOB BBIIBHJIO HECKOJIBKO HamOOJiee CYIIECTBEHHBIX MPHYHUH,
NPUBOSIINX K HEYAaYaM:

1) OTCYTCTBHE CHCTEMHOCTH IPH BHEIPEHWH (HE BO3HHMKAET IIEJIOCTHOCTH TPH (HOPMUPOBAHUU
ennHol MH(QOPMAIIMOHHOW Cpebl);

2) Hazekaa Ha TO, YTO CaMoO BHEJpPEHHE WHPOPMAITMOHHBIX CHCTEM IOBBICUT KaYeCTBO MPHHSTHSI
yIpaBIeHUECKUX PEIICHUH, pean3yeTcs JajleKo He B OJTHONW Mepe;

3) pa3BUTHE METOOB M TEXHOJOTUH MOATOTOBKH U MPUHATHUS YIPABICHUYECKUX PELICHUH IJI0XO0 CO-
IJIACYETCs C COBEPIICHCTBOBAHUEM CaMUX MH(OPMAIIHOHHO-KOMITBIOTEPHBIX CHCTEM.

OtnenpHO B KauecTBE NPUYMH HeyAad BHEAPEHHUs HH(POPMALMOHHBIX cucTeM B Poccuu MOXKHO BBI-
JICJIATH CIIEAYIOUINE U3 HUX:

1) ocymiecTsisieTcs, Kak MpaBUIO, KOMMUPOBAHUE PEIICHHUH, 3apEKOMEH/IOBABIINX CceOsi B JIPYTUX
rocyjaapcTBax, 0e3 yuera poOCCUHCKOM criennuKu;

2) IpoM301LIO pa3pylIeHUEe OTEYECTBEHHOM IIKOJBI aBTOMATU3AIMH B OOJIACTH YIpaBIICHUS, TPH-
BeAlIee K OCTPOMY A€(UIHUTY CIELUATUCTOB U KOMIAHHUH, CHOCOOHBIX MPEIOKUTH COOCTBEHHBIC WIIN
Ka4eCTBEHHO aJlallTUPOBaTh MHOCTPaHHbIE MH()OPMALMOHHBIE CUCTEMBI, a YK TeM Oosiee NPeAsoKHUTh
HOBBIE aKTyaJIbHbIE YIIPABICHYECKHE TEXHOJIOTUH KaK JJIsl OPTaHOB rOCYJapCTBEHHON BIACTH, TaK M AJIS
KOPITOPATUBHBIX CTPYKTYP.
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3akiouenne

Takxum 00pa3zom, JanbHeHIIee TOBIIIEHHE KaueCTBa YIPABICHUS OPTaHU3AIMOHHBIMHU U KOPITOpa-
TUBHBIMH CTPYKTYpPaMH HE TPEACTABISAETCS BO3MOXKHBIM O€3 BBIPAOOTKH €AMHOI TOCYIapCTBEHHOU U
PETHOHAJILHOM TMOJUTHKU B paMKax pealii3alldd MpPOeKToB mo mHpopMaTusaimu. [locnennue 30 met
IIoKas3ajiv, 4TO IyTb «CJIICIIOTO» KOHPIpOBaHI/DI I/IHOCTpaHHbIX pa3pa60T0K HC TOJIBKO HE€ ITO3BOJISICT BbI-
pBaTbCsl B IUAEPHL, HO U OPOCTO JOTHAThH MO YPOBHIO pa3BUTHUS HEPEIOBbIC CTpaHbl. B HacTosmmil Mo-
MEHT TpeOyroTCsl COOCTBEHHBIC pa3pabOTKU HOBBIX METOJOB IPUHSTHS YIPaBICHUECKUAX pelIeHui, Oa-
3UPYIOIIUXCS HE TOJIHKO HA COBPEMEHHBIX JOCTMKCHUSAX B 00JIACTH MH()POKOMMYHUKAITMOHHBIX TEXHO-
JIOTHiA, HO ¥ Ha HOBBIX KOHIIENTYaJIBHBIX Pa3paboTKax B cepe KOPIOPATHBHOTO YIIPABIICHHS, OPHCHTH-
POBaHHBIX Ha POCCHMCKYIO CHEHM(HKY, YTO MO3BOJIMT PEIIaTh BaKHEHIIME 3a1a4uu pa3BuTHs Poccun u
€€ PETUOHOB.

B 3TOM KOHTEKCTE cleyeT OTMETHTh TaKKe HeOOXOIUMOCTh TOBBIIICHH TpeOOBaHUN K 00pa-
30BaHUIO U KBAIU(UKANKA PYKOBOJUTENEH BCEX YPOBHEH, a TaKkKe CO3JaHUs YHHUKAIbHONH HHHOBA-
LIHOHHOM CpeJbl, cocTosmIeil u3 Ou3Heca, YHUBEPCUTETOB, HAYYHBIX HEHTPOB M MHCTUTYILMOHATb-
HBIX YCJIOBUH, 00€CIICYMBAIOIINX X B3aUMOJCHCTBUE, T. €. COCIMHCHHE YCUIIMI BJIacTH, OM3HECA U
HayKH.
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MODERN INFORMATION TECHNOLOGIES AND THE NEED
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This paper provides an overview of modern information technologies used for management in
industrial enterprises and corporations, as well as in government bodies. Despite the progress
achieved in the performance of computers and supercomputers, as well as data analysis systems of
various kinds, the introduction of modern information technologies does not improve the quality of
management of various organizational and corporate structures. The long-term practice of building
and operating various automated, information-computational, analytical, expert and other systems
has shown that the introduction of these systems did not always contribute to a significant improve-
ment in the quality of organizational management and to achieving the goals of improving the effi-
ciency of the structures in which these systems were introduced.

In this regard, today it is extremely important to realize that the reasons for the not-too-
successful results of introducing various types of information systems lie not in the technical capa-
bilities of computers, but in the fact that methods, models and control technologies at all stages of
preparation and decision making remained essentially the same as they were in the last quarter of
the last century. The lag in the development of management methods and algorithms has led to
the fact that the capabilities of computing technology are not fully realized. Thus, an important task
of the theory and practice of management is to reduce the backlog of decision-making methods from
the modern level of computing technology.

The paper sets the task of ensuring the coordination of the development of computing techno-
logy with the processes of improving and implementing management algorithms. The reasons that
led to such a lag are given, and recommendations are given to eliminate it.

Keywords: informatization, digitalization, management, enterprise management, management
methods, control algorithms, organizational structures, smart city, smart industry, smart management,
MRP, MRP II, ERP, ERP II, APS, MES, CRM, SCM, OLAP.
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CINYYAUHOE NOBEAEHUE YYACTHUKA KAK CNOCOB
MAKCUMU3ALMN BEPOATHOCTU ElIO BbIUIPbILLA
B MAPAOOKCE MOHTWU XOJINA

A.B. Konomesa

lMepmckuli HauuoHarnbHbIU uccriedogamernbCKUl nonumexHuU4ecKkuli yHusepcumem,
GepesHukosckut ¢unuan, e. bepesHuku, lNepmckul Kpal, Poccusi

CraThs OCBAIICHA PEIICHUI0 Mapagokca MoHTu Xomia CpeCcTBaMU TEOPUH MPUHATHS pelle-
HUH ¥ MMHUTAIMOHHOTO MOJEIMPOBAaHUs. 3ajada MpEeACTaBIsieT coOOH TpeXIIaroByrO IOCeOoBa-
TENBHOCTh JEMCTBUI yyacTHUKA U Beymiero. llens ydacTHHKa — yragatk, 3a Kakoi U3 Tpex ABepei
HaXOAMTCS LCHHBIN Npu3. Ha nepBoM 1mare oH BEIOMpaAET OHY M3 TPEX JBEpei, Ha BTOPOM IIare Be-
IyIInil OTKpBIBAET OAHY ABEPH 0€3 NpH3a, Ha TPEThEM IIare y4acTHUK JOJDKEH ONpPENEIIHThCS, CO-
XPaHMTb JIM BEIOOD € IIEPBOTO IIara WM CMEHHUTH €ro. 3a/ladya MMeeT MOYTH ITOJyBEKOBYIO HCTOPHIO,
M BCE 3TO BpeMs MHTEpEC K Hel CO CTOPOHBI MaTeMaTHKOB M IICUXOJIOT0oB He ocnabeBaet. [Ipuunna
3aKJIF0YAeTCs B TIPOTUBOPEYAIIEM HHTYUTHUBHBIM COOOpPaKEHUSM PELICHNH U, KaK CIICACTBUE, Kpaii-
Hell Hed()PEeKTUBHOCTH YENIOBEYECKOI0 TOBEJCHUS B PAcCMAaTPUBAEMOW CHUTyalMu. TpajnuIMOHHO
3a/jaya pacCMaTpUBAeTCAd KaK BEPOSTHOCTHAS, peXe — UIpoBas. Mbl IPUMECHUIH aJbTePHATHBHBIN
MOJXOJ U PACCMOTPETH €€ KaK 3a/auy IpUHATHA penieHns. g 3Toro ObUIH OnpeeseHbl BapUaHThI
MOBEJICHNUS YYACTHUKOB CUTYAaIlMH M UX BEPOSITHOCTHBIC OLIEHKH U IMOCTPOCHO AEPEBO pEIICHHH 3a-
Jaun. Ero koHILEBbIE BEPIIUHBI ONMPEACIUIH MHOXKECTBO MCXOAOB CHUTyalMd. VX BeposTHOCTHas
OLleHKa Obuta c()OpMHUPOBaHA B MPEIIIOJIOKECHUH, YTO YIaCTHUK Ha TPEThEM Iare COXpaHseT CBOH
BBIOOD C IIEPBOTO IIara ¢ MPOU3BOJIBHOM ITOCTOSHHON BEPOSTHOCTBIO. JTa BEPOSTHOCTH SBISCTCS
apryMeHTOM 0011el BepOSTHOCTH BBIUTPHIIIA, TOCTPOSHHOW HAa OCHOBaHWH (POPMYJIBI TTOJTHOH BEpo-
ATHOCTH cOOBITH. Makcnumu3anust QyHKINY BEPOSITHOCTH BBIMIPHIIIA TIO3BOJIMIIA ONPEEIUTh OIl-
THUMaJIbHOE TTOBEJICHUE YYaCTHHKA, KOTOPOE COCTOUT B CMeHE BbIOOpa. [TocKobKy 3apaBblil CMBICT
MOJICKa3bIBAET, YTO MEHATH BBHIOOP OECCMBICICHHO, MOMY4YCHHBIH pe3yiabTaT ObLI HMPOBEPEH MyTeM
MMHUTAIMOHHOTO MOJEIHPOBAHUS CUTYAllMU IMPHU PA3IHMYHBIX BEPOATHOCTSIX COXPAHEHHUS YYaCTHH-
KOM BBIOOpA M TOJACYETa OTHOCHUTENBHBIX YacTOT BBIMTPHIMICH MPU COXPaHEHUH M CMEHE yYacTHHU-
KOM cBoero BbiOopa. IIpoBeeHHBIN KOMITBIOTEPHBIA SKCIEPUMEHT MOJHOCTHIO MOATBEPAMI MOIY-
YEHHBIM TEOPETHUYECKH PEe3yJIbTaT, YTO MO3BOJIJIO CHIENaTh BBHIBOJ O MPAaBUIBHOCTU IOJYYECHHOTO
pelIeHHUS.

Kniouesvie cnosa: napadoxc Monmu Xonna, 3a0aua npunamus peuileHus, meopus 8eposimuo-
cmeil, UMUMAYUOHHOE MOOEIUPOBAHUE.

Beenenue

B ycnoBusix neduuuta pecypcoB BceX BUAOB JIIOOU CTPEMATCS MPUHUMATH PalMOHAIBHBIC pellie-
HUsI (HOPMaTUBHBIN MpuHIMN noBeAeHus). [IpuHsaTre permenuss OCHOBBIBAETCS Ha aHAIM3€ JOCTYITHON
UHQOPMAIUK U ee KOPPEKTHOW MHTEPIIPETaIlHy, OTHAKO YEIOBEUECKUI MO3T YCTPOSH TaKHM 00pa3zoM,
YTO JeNIaeTCsl 3TO MyTeM WHTYUTUBHBIX OLIEHOK, a He TOYHBIX pacueToB [1]. [TockomabKy Mepoii kauecTBa
BO3MOXXHOTO PEICHHsI OOBIYHO SIBJISIETCS 3/IPaBbIi CMBICI, TIPOTUBOpEUAIUE MY BapUaHTHI YacTo OT-
OpacebiBaroTcs Kak HeadekTuBHbIe. Eciu cTporoe HayuHoe 000CHOBaHME PAlIMOHATIBLHOTO BEIOOPA MPO-
TUBOPEYUT 3APAaBOMY CMBICITY, BO3HUKAET mapanokc. ONHUM M3 TakUX MapagoKCOB TEOPHH NMPUHATHS
pemieHuit sBiserca napangokc Montu Xojuta — 3agada, IpUBJIEKIIas Hallle BHUMaHHUE MPH IPOCMOTpE
¢dunpma 2008 rona «/IBaanarh ogHO» U UMEIOIIAs TIOYTH MOJYBEKOBYIO HcTopuio. Hanbonee panHsis ee
MMOCTAaHOBKa JaTHPYETCs, MO-BUAUMOMY, 1975 TogoM u mpeacTaBiseT co00i CTaThi0 B aMEPUKAHCKOM
KypHaie «American Statistical Association» [2]. B TepMuHax ecTecTBEHHOTO sI3bIKa 3a1a4a GopMyu-
pyetca cienyommM odpasoM. IlpencraBere, uTo BBl — yd4acTHHK Hrpbl, B KOTOpOH HEOOXOAWMO BbI-
OpaTh OIHY U3 TpeX JBEpEei, 3a ONHON M3 KOTOPHIX HAXOAUTCS aBTOMOOMIIb, a 32 ABYMS JIPYTHMH — KO-
3bl. BBl BeIOMpaeTe onHy U3 JBepeid, mocie dero Beaymmid (MoHTH X0JuT), KOTOPBIA 3HAET, TJe HaXo-
JUTCSI aBTOMOOWIIb, OTKPBIBAeT OJHY M3 OCTABIINXCSA ABEpel, 3a KOTOpoi HaxonuTcs ko3a. [locne sToro
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Bam (yuyacTHHKY) mpennaraeTcsi pelnTh: OTKPBITh BRIOPAHHYIO paHee OBEPb WIM CMEHUTHb CBOH BBI-
00p M OTKPHITH paHee He BBIOpaHHYIO ABeph. IIpu 3TOM mpeamonaraercs, YTO BEPOSITHOCTH HAXOXKJIe-
HUSI aBTOMOOMJIS 32 KaXKI0W U3 IBepeil OAMHAKOBBI;, BeAyIIEMY U3BECTHA JBEPb, 32 KOTOPOW HAXOAUT-
csl aBTOMOOWIIb; BEIyIINI 0053aH OTKPHITH JBEPh, 32 KOTOPOH HAXOMUTCS K032, OTIMYHYIO OT TOM,
KOTOPYIO BBIOpAN YYaCTHUK, U IPEUIOKUTH YYACTHUKY U3MEHUTH CBOW BBIOOD; €CITH BEAYIIUNH MOXKET
OTKPHITH JIBE ABEPHU C KO3aMH, OH BbIOMpaeT 100yI0 U3 HUX MPOU3BOJIBHO, T. €. C pABHBIMU BEPOSATHO-
CTSIMH.

C TOYKM 3peHHUs 3[PAaBOrO CMBICIA HET HUKAKOTO CMBICIAa MEHATH BHIOOp Ha BTOPOM Iuare, Io-
CKOJIbKY BEPOSITHOCTh BBIMIpHIIIA cocTaBisieT 1/2. OmHako MareMaTndecku OOOCHOBAaHHBIM ONTHMAalb-
HBIM BapUaHTOM ITOBEJICHHS] YIaCTHHKA SBIISICTCS CMEHA BHIOOPA, IIO3BOJISIOIIAS TIOBBICUTH BEPOSITHOCTh
BeIMIphIa ¢ 1/3 mpu coxpanenuu Boidbopa 1o 2/3. HecMoTps Ha TO, YTO ONMUCAHHBIN MapaoKC HE UMEET
HETIOCPEACTBEHHOTO MNPAKTHYECKOrO TMPHIOKEHUS (32 HCKIIOUYEHHEM a3apTHBIX WUIP, B YacTHOCTH,
B Opumke B popMe IPUHLUIIA OTPAaHUUYCHHOTO BBIOOPA), 3a7a4a BOT YK€ B TCUCHHUE MTOJyBEKa aKTHBHO
00CyXJIaeTcsl CIIEUATUCTAMY B 00JIACTH MaTEMATUKHU M IICUXOJIOTHH O MPUYHHE TIOJHOCTBHIO TIPOTUBO-
pedamniero MHTYUIMH DPELIeHHsS M CYIIECTBEHHBIX TPYAHOCTEHl B MOHMMAHWU PEIICHUS JIOABMH —
no gaHHeM [3] ot 79 no 87 % nronei pa3NIuYHBIX HAMOHAJIBHOCTEH MPEANOYUTAIOT COXPAHSITh CBOM
W3HAYANbHBIA BEIOOD.

B knaccuueckoit mocraHoBke [4-8] 3amaua cuuTaeTcs BEPOSITHOCTHOM, a €€ pelieHne npeanoia-
raeT OlEHKY BEPOSTHOCTH BBIMTPHIIIA aBTOMOOWIISI TIPU COXpPaHEHWHU U CMeHe BeIOOpa aBepeii. Kpome
TOTO, CYIIECTBYIOT PELICHUS 3aJa4l B TEPMHUHAX TEOPHH UTP U JOMUHUPOBAHUS cTpaTerui [9], cere-
BbIX rpaduyeckux monenei [10], B pamkax npaktuueckoro sxcnepumenra [11, 12]. Mccnenosareneii-
TICUXOJIOTOB MHTEPECYIOT NPUYMHBI 3aTPYAHECHUH, BO3HUKAIOIINE Y OOJBIIMHCTBA JIIOACH NpU MPHUHS-
TUW TIPAaBWJIBHOTO PELICHHs B MpeaniokeHHoW cutyauuu [13—16]. OTmernm, 9TO OOJBIIMHCTBO HC-
CJIIOBAaHWH aHIJIOSN3bIYHBIC, KAaYeCTBEHHBIC OTEUECTBCHHBIC MYOJIMKAIMK 1O TeMe, COJIepIKallue
(dopMaNbHyI0 MaTEMAaTHYECKYI0 IOCTAHOBKY M MOJIpoOHOE yOeauTeIbHOE pellleHUe 3aauH, 110 Kpaii-
HEl Mepe B OTKPBITOM JIOCTyIle, HAaMH He oOHapykeHbl. Kpome Toro, mokasaBuascs HaM €CTECTBEH-
HOH mocTaHOBKa napanokca MoHTH Xoina Kak 3aJadqd NPUHATHS PELICHUSA B YCIOBHSIX HEMOJHON
uHpopmanuu [17, 18], pemenneM KOTOpoH sBIsieTcs 000CHOBAaHHBIA BBIOOP ONTHUMAJILHOTO MOBEJE-
HUS YYaCTHHKA, B IUTEPATYypE TaKKe HE HalJeHa, UTO ONpeAeNseT aKTyaJbHOCTb U 1IeJIb JaHHOTO HC-
CJIeI0BaHUA.

1. ITocTanoBKa 3a1a4n

Juist popMaIbHOM MOCTAHOBKY 3a/1a41 BBEIEM CIIEIYIOIIe 0003HAYCHUSI:

— MHOKECTBO BApHUAHTOB MOBEJICHUS YYaCTHHKA Ha IIEPBOM IIare

X, = {x); = (yuacTHuK BeIOMpaeT aBepb Ne 1); x|, = (ydacTHHK BEIOMpaeT nBephb Ne 2);

X13 = (y4acTHUK BbIOMpaeT asepb Ne 3)};

— MHO>KECTBO BApPHAHTOB MOBEJCHHUS BEIyLIEr0 Ha BTOPOM ILare

Y, = {3, = (Benymmuii otkpeiBaet nBepb Ne 1); y1, = (Beaymunii oTKpbIBaeT nepb Ne 2);

13 = (Bemymuii oTKpeiBaeT aBepb Ne 3)};

— MHOKECTBO BApHAHTOB MOBEJICHUS YYaCTHHKA HA TPETHEM IIare

Xz = {x3; = (Y4aCTHHK HE MEHsET CBOH BBIOODP M OTKPHIBACT JBEPb, BHIOPAHHYIO Ha IIEPBOM IIIare);

X3 = (YUaCTHHK M3MEHSET CBOI BEIOOp M OTKPBIBAET JIBEPh, OTIIMYHYIO OT BEIOPAHHOH Ha MEpPBOM IIIare)} .

PamnmonaneHas mocnae0BaTebHOCTh UMEIOIIMXCS B PACIOPSHKCHUH YYaCTHUKA U BEIyLIEro Baph-
AHTOB TIOBEJICHUS B TIPEIOJIOKCHUH, YTO aBTOMOOHIIL HAXOMTCS 32 BTOPOH JIBEPHIO, IO3BONISET cop-
MHPOBATh JEPEBO UCXOA0B 3agauu (puc. 1).

Ecnu aBromMoOunp HaxomuTcs 3a MEpBOU (TPeThei) IBEPhIO, TO B IEPEBE MEHSIOTCS MECTaMH BTO-
poe 1 mepBoe (TpeThe) MOAACPEBbsl, HAUNHAS C KOPHEBOM BEPLIMHBL, T. €. PACIIOI0KEHUE BBIUTPHIIIHOM
JIBEpH MEHSIET HEe CTPYKTYpY HepeBa, a ero ¢popMy, U He BIHMIET Ha pe3yinpTar pemenus. Kpome toro,
OYEBHJTHO, YTO TOJJICPEBbS JJIsl CITydaeB, KOT/a yYaCTHUK BBIOMpAcET JIF00YI0 U3 JBepell ¢ K030, UMEIOT
OJIMHAKOBYIO CTPYKTYPY.
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2. Pemienne 3apaun «Ilapagoxe MonTH X0/1712» yTeM MAKCHMH3AIUA BePOSTHOCTH

BBIMI'PBILIA YYACTHUKA 110 BEPOSITHOCTH COXPAHEeHUsI UM BbI0OPA HA TPeTheM Luare

[TockonbKy MO YCIOBHIO 3a7a49i BEPOSITHOCTH HAXOXKJEHUS aBTOMOOWIISI 32 KaXJIOH M3 JABepei
OJIMHAKOBBI, TO W BBIOOP JABEpPH YYAaCTHUKOM Ha IEPBOM IMIare TaKKe pPaBHOBEPOSTEH, T. €.
p(x11) = p(x12) = p(x13) = 1/3. Ecnu yyacTHUK Ha IepBOM I1are BbIOpaj MepByIo (TPEThIO) ABEPH C KO30H,
TO BEIIIHH MOKET OTKPBITh JIHIIb TPETHIO (MIEPBYIO) JBEPH, IIOCKOIBKY OH JIOJDKEH OTKPBITh JIBEPb, 32
KOTOPOI HaXOAUTCS K032, OTIUYHYIO OT TOHM, YTO BBIOpAI YYAaCTHUK, T. €. p(Va3lx11) = p(V21x13) = 1. Ecnm
e YJaCTHHK Ha IEepBOM IIare BbIOpaj ABEPb, 32 KOTOPOW HaXOAMUTCS aBTOMOOMIIb, TO BEAYIIUH C paB-
HBIMH BEPOATHOCTSIMH MOXKET OTKPBITH JII00YI0 W3 ABEpel (MEepBYIO MM TPEThIO), 32 KOTOPBIMH HaXo-
JATCS KO3BI, T. €. p(V21|x12) = p(¥aslx12) = 1/2. [IpenmnonoxxuM, 4TO Ha MOCIICIHEM IlIare yYaCTHHK Peasiu-
3yeT CMELIaHHYI0 CTPaTeruio, U 0003HAYNM BEPOSITHOCTh COXPAaHEHHS yYAaCTHUKOM CBOETrO BBIOOpA Ha
TpeTheM Iare p(xs;) =z, CJICI0BATEILHO, BEPOSTHOCTH CMEHBI YYACTHUKOM CBOETO BBIOOpA HA TPETHEM
Iare Kak BeposTHOCTh IPOTHBOIIOJI0KHOTO X3; COOBITUS paBHA p(x3;) = 1 —z. Toraa:

— eClIM YYacTHHK Ha IEepBOM IIare BBIOpai MepBYyIO (TPEThIO) ABEpPbh, TO MPU COXPAHEHHWU CBOETO
BBIOOpA € BEPOATHOCTBIO p(X31[X11°¥23) = P(x31X13°¥21) = Z OH MOJIyYaeT KO3y, a PH CMEHe BbIOOpa ¢ Be-
POSITHOCTBIO p(X32[X11°V23) = p(X32/X13°V21) = 1 — z — aBTOMOOMITB;

— eclli YYacCTHHUK Ha IEepBOM IIare BbIOpai BTOPYIO JABEPh, TO MPH COXPAaHEHHH CBOETO BhIOOpa
u 000 OTKPHITOM Ha BTOPOM IAre ABEPH OH BBIUTPHIBAET aBTOMOOWIIL C BEPOSTHOCTBHIO
P12 va3) = p(x31[x12°21) = z, @ IpU CMeHE BBIOOPA C BEPOSITHOCTBIO P(X32[X12°V3) = p(Xsopinya) =1—2z —
KO3y.

OntumaneHBIM OYZIeM CYMTATh TOT BAPUAHT TOBEICHHS Ha TPEThEM IIIare, KOTOPBIH o0ecrieunBaeT
MaKCHUMYM BEpOSITHOCTU BBIMIPHIIIA aBTOMOOMIISI. AHAIU3 JIepeBa HCXOA0B MO3BOIMI YCTaHOBUTb, YTO
BEPOSITHOCTh BBIMTPATh aBTOMOOWIIb MTPU YCIOBUHM COXPAaHEHHS YYaCTHUKOM CBOETO BHIOOpa Ha TPETheM
mare cocTaBisieT Pyixsi(z) =z/3, a BEpOsSTHOCTh BBIUTPATh AaBTOMOOWIIb MPH yCJIOBUM W3MEHEHHUS yda-
CTHHUKOM CBOETO BBIOOpa Ha TPEThEM ILIare cocTaBisieT Pylxs;y(z) = 2-(1-z)/3. Torga nmo popmyne momHoH
BEPOATHOCTU COBOKYITHAS BEPOSTHOCTH BBIUTPHIIIA COCTABUT Py{z) = p(x31)  Pylxs1(2) + p(x32) Pwlxsa(z) =
=zz/3+ (1 —2)2:(1 —2)/3=2"—4z/3+2/3 = (z— 2/3)* + 2/9. TIocKOMNBKY z — BEPOSATHOCT, T. €. z € [0; 1],
TO 3a/1a4a MaKCHMH3AIUH BEPOSTHOCTH BHIMIPHIIIA MPEJCTABISACT cO0O0W 3a/ady HaxXOXKIECHHS MaKCH-
MasbHOTO 3HaueHus GyHKuMH Py(z) Ha otpeske z € [0; 1]. ®ynkuus Py(z) npencrasisier codoil mapa-
001y C BETBSIMH, HATIPaBJICHHBIMH BBEPX, 1 MUHIMYMOM B TOUKe z = 2/3. DTO 03HaYaeT, 4YTO MaKCHUMY-
Ma (DYHKIOMS IOCTUTaeT Ha OJHOM W3 KOHIIOB paccMarpuBaemoro otpeska. Ilockombky Py z=0) =
=0"—-40/3+2/3=2/3, a Py{z=1)=1"-4-1/3+2/3=1/3, To MaKCUMAIbHOE 3HAYCHHE BEPOSTHOCTHU

BBIMTPHIIIA COCTABISIET By (z) = 2/3 U HOCTHraeTcs IpH HyJIeBOI BEPOSTHOCTH COXPAHCHHS y4aCTHH-

KOM CBOET0 BEIOOpa Ha TpeTheM Iare p (x3;) =z = 0. Tora BeposTHOCTb CMEHbI YYACTHHKOM CBOET'O BbI-
6Opa Ha TpeTheM IIare, 0OECIeYHBAONIAsS MAKCHMYM BEPOSTHOCTH BBIAIPHINIA, paBHA p (xn)=1—z =
=1-0=1. D10 o03Hawaer, 4ro HauOoJee palUOHANbHAS CTpPAaTerus IOBEJCHUS YYaCTHUKA —
X3, = (YYaCTHUK M3MEHSIET CBOW BBIOOP U OTKPBIBAET ABEPb, OTIMYHYIO OT BEIOPaHHOM Ha EPBOM LIare).

3. DOxcnepuMeHTaJbLHOE pemienne 3aaaun «llapagoke Montu XoJuiay»

[lonmy4yeHnslii pe3ynbTar, BOOOIIE rOBOPS, IPOTUBOPEUHUT 3IPABOMY CMBICTY, NOACKa3bIBAIOILEMY,
YTO Ha MMOCIIEHEM IIIare BEPOSTHOCTH BHIUTPATh U IPOUTPATh OJMHAKOBHI M PaBHBI 1/2, IIOCKOJIBKY BbI-
Oupath MPUXOJUTCS U3 IBYX JIBEpEH, 3a KaKAOH U3 KOTOPHIX C OJJUHAKOBOW BEPOSTHOCTHIO HAXOJUTCS
aBTOMOOMIIb. UTOOBI POBEPUTH MPABUILHOCTh MOJTYYEHHOI'O PELICHUS 33Ja4yH, Mbl MPOBEIH YHCIICH-
HBIH SKCHEPUMEHT, B KOTOPOM MOACYUTAIN OTHOCHTENIFHYIO YaCTOTY BBIMTPHILICH U MPOUTPHIIIEH y4a-
CTHUKA TIPU PA3NIMYHBIX 3HAYCHUAX p(X31) =z. DKCIIEPUMEHT OBUI PEalM30BaH B COOTBETCTBUU CO ClIe-
JYIOIIUM aJTOPUTMOM:

1) renepupyercst nepBoe ciaydaiiHoe 4nucio A, papaoe 0, 1 uiam 2, Kak OCTaTOK OT JEJIEHUs Clydaii-
HOTO IIeJIOT0 MOJIOKUTENIBHOTO uncia Ha 3, Toraa 4 + 1 — Homep ABepH, 3a KOTOPOH HaXOAUTCS aBTOMO-
OuIIb,;

2) aHaJOTWYHO TeHEPUPYETCsl BTOpOE ciyvaiiHoe uncio B, pasroe 0, 1 wnu 2, Torna B + 1 — Homep
JBepH, BEIOpaHHOH Y4aCTHUKOM Ha IIEPBOM IIare;

3) renepupyeTcs TpeThe ciaydaitHoe uucio C, paBHOMEPHO pacmpeeieHnoe Ha orpeske [0; 1], ecnm
€ro BeJIMYMHAa MEHbLIE 33JaHHOTO P(X3;) =2z, TO CUMUTAEM, YTO YHYaCTHHK HE MEHSET CBOW BBIOOp Ha
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TpeTbeM mare, eciu ke C TpeBbhIIaeT p(x3;) =z, TO CUATAEM, YTO YYaCTHHK MEHSET CBOW BBHIOOp Ha
TpeTbeM IIIare;

4) ecnmu yY4acCTHHK Ha TEPBOM IIare BBIOpan JBEph, 32 KOTOPOH HAXOAWTCS aBTOMOOHWIL (T. €.
A =B), To pu C <z (coxpaHeHHe BHIOOpPA) OH €r0 BHIUTPBIBAET, €CIIH K€ YUYACTHUK BHIOPAJ HA TIEPBOM
miare JBeps ¢ Ko30i (4 # B), To aBToMo0uib oH Beiurpaet npu C > z (cMeHa BbIOOpa).

AJITOpUTM pealin3oBaH cpeicTBamMu mnakera Mathcad, Hamu ObUIM ONpEEIICHBI OTHOCUTENIBHBIC
YaCTOTH! BBIMTPHIIIEH YYaCTHUKOM aBTOMOOWIIA MPH PA3INYHBIX 3HAYCHHUAX BEPOSTHOCTH COXpPAHEHHS
UM CBOETO BBIOOpA, HAUWMHAS OT HYJIS W 3aKaH4YMBas eAMHUICH ¢ maroM 4 = 0,1 u yucioM uTeparmi
N =100 000. {ns morydeHus: Hanbosee MOTHOTO OMUCAHUS CUTYAIMH OBUTH TOJCUYUTAHBI OTHOCHUTEIb-
HBIC YaCTOTHI BBIUTPBINICH YYaCTHUKA IPH COXPAaHEHUH M CMEHE UM BBIOOpA NBEPH HA TPEThEM IIare

(}A’ m1(2) 1 P wi32(Z) COOTBETCTBEHHO), a TAKXKE OIPENENICHAa COBOKYIIHASI OTHOCHTENIbHASL YaCTOTA €r0
BBINTPHIIIA P mz) =z P ww1(2) + (1 —2) P ma2(2) (puc. 2). OueBuaHo, 4to 1/3 =z/3 =Pya(z=1) =
~P mai(z=1)=0,33 u 2/3=2:(1-0)/3=Pyn(z=0)= P m2(z =0) = 0,67, T. €. TOUHBIE BEPOSITHO-
CTH BBIUTPBILICH MPUOIU3UTEIBLHO PaBHBI COOTBETCTBYIOIIMM OTHOCHTEIBHBIM yacToTaM. Kpome Toro,
MaKCUMYM COBOKYITHOM OTHOCHUTEIBHOIN YaCTOThI BBIUTPHIILA, PABHBII IA’V}}‘&X (2)= P m2(2) = 0,67, neit-

CTBUTCJIbHO JOCTUTACTCA IIPU Z = 0, T. €. IIpU CMCHC YUYaCTHUKOM ABECPHU HA TPETHEM 1Iare. Taxum 06pa-
30M, YHMCIJICHHBIN OKCIICPUMCEHT ITOJIHOCTBIO MOATBCPKIAACT IMPABUIIBHOCTh AHAJIUTUYCCKOI'O PCIICHUSA
3aga4u.
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Puc. 2. OTHOCUTenNbHbIE YacToThbl BbluUrpbiwa aBTOoMoOUnNA npu pasnU4yHbIX
BepPOATHOCTAX COXpaHeHUsa y4aCTHUMKOM Bbl60pa Ha TpeTbeM Liare
3akiaouenne

B pamkax mpoBeleHHOTO HaMM HMCCJIEIOBaHUS BBINONHEHa (opMajibHas MaTeMaTHUecKasl MocTa-
HOBKa napaznokca MoHtu Xona Kak 3a1a4d OpUHITUS pelleHus. 3ajada pelieHa AByMs crocobamMu —
AQHAIUTUYECKH U SKCIIEPUMEHTAIbHO. AHATUTHYECKH ONTHUMAJbHBIM BapHUaHT IMOBENEHUS Yy4aCTHUKA
OTIpeJiesieH UCXOAsl U3 MaKCUMyMa BEPOSTHOCTH BBIMTPHIIIA aBTOMOOMIISI. DKCIIEPUMEHTANBHOE pelle-
HUE HalJIeHO IyTeM I10CYETa OTHOCUTEIbHBIX YAaCTOT BBIMIPHIIIEH IPU MHOTOKPAaTHOM KOMIIBIOTEPHOMI
umuTanuu cutyaquyd. O6a BapuaHTa peleHus MPUBEIN K OJUHAKOBBIM pe3ysbTaTaM: HauOoJee paruo-
HAJIbHBIM BapUaHTOM IOBEJCHHS YYAaCTHUKA SIBIACTCS peaM3alysl YUCTOW CTPATETHuH X3, = (Y4ACTHHUK

130 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2019, vol. 19, no. 3, pp. 126-134



Konomeea A.B. CnyyaliHoe nogedeHue y4acmHuUKa Kak criocob makcumusayuu
eeposimHOcMu e20 eblu2pbiwa e napadokce Monmu Xonna

U3MEHSIET CBOI BBIOOp M OTKPHIBAET ABEPh, OTVIMUHYIO OT BHIOpAaHHOHM Ha mepBoM Iuare). BeposTHOCTB
BBIMIPHIIIA aBTOMOOMIISI B 3TOM Cllydae MakCUMallbHa M paBHa 2/3, TOrAa Kak IpU COXpaHEHUH BBIOOpa
JIBEpH BEPOSATHOCTH BBIMIPHIIA BABOE MEHbIIE U cocTaBisieT 1/3. Peanuzanusi cMemanHoil cTpaTeru,
3aKJIIOYAIoNIeiics B TOM, YTO BapHaHT X3; BBIOMpAeTcs ¢ BEPOATHOCTHIO z > (), a X3 — C BEPOATHOCTHIO
1 —z < | NPUBOMMT K CHUKEHHIO BEPOSTHOCTH BBIMIPHIMA Py(z) = (z — 2/3)* + 2/9, a 3HauuT, Hepauyo-
HaJIbHA.
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WINNING PROBABILITY MAXIMIZATION USING RANDOM
PARTICIPANT BEHAVIOR IN THE MONTY HALL DILEMMA

A.V. Kopoteva, kopoteva_av@mail.ru

Perm National Research Politechnic University, Berezniki branch, Berezniki,
Perm region, Russian Federation

In the issue we consider Monty Hall Dilemma. We use decision making approach and computer
simulation to solve it. Monty Hall Dilemma is a three step problem involving a participant, a host
and three doors with a valuable prize behind one of them and worthless prizes behind two others.
The participant should guess where it is to win the valuable prize. After the participant makes
an initial choice for one door, the host opens a non-chosen door with a worthless prize behind it.
Then the participant is asked whether he wants to stay with his initial choice, or to switch to the re-
maining unopened door. The problem is quite old and still of much interest for mathematicians and
psychologists because of counterintuitive solution and most humans erroneous situation behavior.
Traditionally Monty Hall Dilemma is considered as a probability or a game theory problem.
We choose an alternative approach and solve it as a decision making task. We determine possible
participant’s and host’s actions and their probabilities and construct a problem decision tree. Its leaf
nodes represent the situation outcomes. Then we evaluate the outcomes probabilities assuming that
the participant sticks to his initial choice with a constant unknown probability. It allowed us to con-
struct a total winning probability function. Its maximization allowed us to determine that
an optimal participant behavior is to switch. We also performed computer simulation to verify our
theoretical solution.

Keywords: Monty Hall dilemma, decision making task, probability theory, simulation.
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WH®OPMALIMOHHAA CUCTEMA NOAQEPXKN
PABOYEU NPOIrPAMMbI ANCLUMJINHDbI

C.A. Kpsixxes, [].U. Jleekosckul

Bnadumupckul eocydapcmeeHHbil yHusepcumem umeHu AnekcaHdpa lpuzsopbesuya
u Hukonas Npueopbesuda Cmonemossix (BnlY), e. Bnadumup, Poccus

JlanHas paboTa HOCBsIIEHA BONpOcaM pa3paboTKH HMH(OPMAIMOHHOIN CHCTEMBI IOJAEPKKH
y4eOHO-METOANIECKNX KOMIUIEKCOB TUCIIUTUIHHBL.

PaccmaTpuBaeTcss BOIpOC aBTOMATH3ALMKM W TUIM3AIMK TPOLEIYPHl COCTaBICHHS padouei
MIPOrpaMMBbl TUCHUITIMHBL JJIs1 00pa30BaTEILHOTO YUPEXKICHHUS. 3a/jada HaAyIHOTO NCCIIEJOBAHMS CO-
CTOHT B TOM, YTOOBI IIOBBICHTH Ka4e€CTBO COCTABJICHHUS M YMEHBLINTH BPEMsl, 3aTpadnBacMoe Ha Co-
cTaBieHHe paboueil MporpaMMbl A1 YIe€OHBIX 3aBEJICHHUH, a TaKKe IOBBICUTh yI00CTBO aKTyan3a-
LIUH )K€ CO3JIaHHBIX Pab0YHX MPOrpamMM.

OOBEKTOM HCCIIeIOBAaHHS SIBJISETCS aBTOMATU3UPOBaHHAs WH(POPMAIMOHHAs CUCTEMa JUIs aB-
TOMATH3aIH COCTABJICHUS pabodel mporpaMMbl TUCHUIUIMHEL. IIpeaMer mccieqoBaHus — METOIBI
yHH(UKAIUY JOKYMEHTOB, METO/IbI OLICHKH KadecTBa PI1.

Iens paboThl — aBTOMATH3AIMS IPOLIEAYPHI COCTaBIeHUs paboyel mporpaMMbl Ha ydaeOHbIEe Ha-
TIpaBIICHUS 711 00pa30BaTEIbHBIX YUPSKACHUH 1 YIIPOIIEHHUE €€ COMPOBOKICHNUS U aKTyaIH3alHu.

B kauecTBe MeToa nccae10BaHNUs ObIT BEIOPAH METO MOJIEITHMPOBAaHMS. MOJeTMpOBaHHE — 3TO
METOJI CO3JIaHMs U UCCIe0BaHus Mojenel. M3yduenue Moeny no3BoIseT MOJyYuTh HOBOE 3HaHHE,
HOBYIO IICJIOCTHYIO HHPOPMALIHIO 00 0OBEKTE.

[TepBast yacTh pabOTHI MOCBAIIEHA U3T0XKEHHUIO PE3YJIBTATOB U3YUYEHHs IIPEAMETHOH obnactu. B
Xo/1e paboThl OBUT MPOM3BENCH aHAIM3 JIMTEPATyphl Ha CIEAYIOIINE TEMbl: YHHU(UKAIMSI 1 OICHKA
Ka4yecTBa JOKyMEHTOB; KPUTEPHH OLIEHKH KauecTBa JOKYMEHTOB; OCOOCHHOCTH COCTaBIICHHS pabo-
yeit nporpammsel auctuiuinHe mo 'OCT. OcBelaroTcsi OCHOBHBIE IPOOIEMBI, BCTpEUAONIHecs Ipu
cocrasiienuu PII nucuuruus.

Bropas yacTh mOCBSIIEHa IPOBEICHHUIO BHIPAOOTKE METOAMKH OIICHKH KauecTBa JOKYMEHTa
paboueii mporpamMmbl, IPOBEACH aHAIN3 pa3pab0TaHHOW MOIEIH.

TpeTbs yacTh pabOTHI BKIIIOYAET Pa3pabOTKy OCHOBHBIX 3JIEMEHTOB MH()OPMALMOHHOH cHCTe-
MBI U WX OIMCaHWE, a TaKKe pa3paboTKy TpeOOBaHMI K CHCTEME, a TaKKe €€ HEeIOCPEIICTBEHHOM
peanu3anym.

B pesynbrate nccnenoBaHus Oblla CIIPOCKTUPOBAaHA U peasii30BaHa MH(OpManMOHHAs CHCTe-
Ma, TO3BOJIIIOIIAST aBTOMATH3MPOBATh IPOIECC COo3AaHus pabodyel MmporpaMMbl JUCHUIUIMHBL, 32
CYET NPEJOCTABICHHUSI YaCTUYHO 3aIOJHEHHOTO MIa0JIOHA, a TaKKe IMPOBEPKY COOTBETCTBHS YacOB
pabodemy TIaHy.

Kniouegvie cnoea: pabouas npocpamma, agmomamusayus, y4ebHO-MemooudecKuil KOMniexc,
ungopmayuonHaa cucmema, yuebHvli npoyecc, WabaoHu3amop.

Beenenune

B HacTosimee BpeMsi COCTaBIeHNE YIeOHO-METOJUUECKOT0 KOMITIEKCa MPOUCXOAUT Bpy4uHyto. [Ipe-
Mo1aBaTeNsIM HEOOXOAMMO KaXKIbIi pa3 MpU CO3/MaHUHU pabodeid MporpaMMbl JUCIUATUIMHEI COCTABIIATh
mabJoH JOKYMEHTa, TIOCie Yero 3amoiHATh JoKyMeHT cornacHo ['OCTam. 3aTtemM coCTaBIEHHBIN Ipe-
Mo/1aBaTeNieM TIOKYMEHT JIOJKEH MPOUTH MPOBEPKY U COTIIACOBAaHUE C PYKOBOJCTBOM Y4eOHOTO 3aBejie-
HUS, TIPEK]Ie YeM MOXKHO OyIeT Mperno1aBaTh 10 JaHHOMY Iiany [1].

O0s3aTeNbHBIMU JIEMEHTaMH CTPYKTYPbI paboueil mporpaMMBbl JUCIUILIIHHEL SBISIOTCS [2, 3]:

1) TUTYTBHBIN JIUCT;

2) mosiCHUTEbHASI 3aIMCKa (AaHHOTANMS — BKITFOYAET B ce0sl LeNH, 3a/1a4d TUCIUILTAHBI, €€ MECTO B
y4eOHOM TPOIIECCE, TEMBI CMEKHBIX TUCITUILINH);

3) comeprkaHue MPOTPAMMBI,

4) yuebHO-MeTOIYeCcKOe 0OecTieYeHrE POrpPaMMEI;

5) TeMaTHUYECKUH TUIaH U3YYCHUS JUCIIUTLINHEIL;
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6) mepedeHb BOIPOCOB MPOMEKYTOUHON aTTECTALIMM U HTOTOBOTO KOHTPOJIS IO AUCLUIIINHE;

7) nucT (TIPOTOKOJT) YTBEPIKACHISI M COTJIACOBAHUMN C APYTUMHU JUCITUTUTMHAMHY CIICIIHATLHOCTH;

8) Jlucr momonHeHuii 1 M3MEHEHUH B pabouei mporpamme.

[pornecc co3nanust pabodeit MporpaMMbl TUCIUTUIMHBI 3aHUMAET 0OJIBIIOE KOJINYECTBO BPEMEHU U
CHJI KaK JJIsl COCTaBJICHHUS, TaK U JJISl COTJIacOBaHUS AOKyMeHTa. Kpome Toro, mpu 3amoiHEHHH JOKY-
MEHTa BPYUYHYIO CYIIECTBYET BBICOKAs BEPOSTHOCTh HETOYHOCTEH MM MOMAapOK BBHIY YEJIOBEUYECKOrO
(hakTopa, MOKET OBITH YITYIIIEH TOT MM HHOW acTeKT TUCIUIUINHBI, KOTOPBINA JIOIDKEH OBITh 00s3aTeIb-
HO YIOMSIHYT.

B nononHeHue K 3TOMy MEPUOTUIECKU MPOUCXOTUT OOHOBIICHHE (ellepabHOr0 TOCYAapCTBEHHOTO
00pa30oBaTeIbHOTO CTAHAAPTA, YTO NPUBOIUT K HEOOXOAMMOCTH OOHOBICHHS PAOOYMX MPOrpaMM JIUC-
LUIUTMHBI coraiacHo TpeboBaHusaM [4]. Jannas pabota pyTHHHA U 3aHUMAaET MHOTO BpeMeHH. bbuio mpo-
BEJICHO MCCIIEIOBAHUE COOTBETCTBUS pab0ounX MporpaMm y4eOHOMY TUIaHy JUIS BBICIIEro y4eOHOTO 3a-
BeZieHHst «BimaauMupckuil rocy1apcTBeHHbIN YHUBEpcUTET nMeHN Anekcanpa ['puropreBuda u Huko-
nast ['puroppeBuua CToneToBbIX». B pamkax wuccienoBaHHs CIy4alHBIM 00pa3oM ObLJIO BBEIOpaHO
50 pabouux mporpamMm IUCLUUIUIMH, MPUHAAJESKAIUX Pa3IMYHbIM Kadeapam, U BHIIOIHAJIOCH CPaBHE-
HUE COAEP)KaHHs ¢ TpeOyeMbIM N0 yuyeOHOMY IUIaHy. AHAIM3UPOBAIMCH pabodne MporpaMmsbl Mo Ha-
npasieHusM «Maructpatypa» u «bakanaBpuary». Pe3ynbrar aHanuza npuBesieH Ha puc. 1.

45
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OnevyaTteun HecooTBeTCTBME HecooTseTcTBue KoppeKTHble
y4yeOHOMY NaaHy Yacos

Puc. 1. AHanu3 KOppPeKTHOCTU AaHHbIX pabo4nx nporpaMm AUCLUNINH

U3 pesynbrata uccieqoBaHUsl BHIIHO, YTO TPABHILHOCTH OGOPMIICHHS W COJIEpXKaHHs paboumx
NpOrpaMM MarucTpaTypbl 3HAUYUTENHHO BbIIIE paboymx MmporpamMM OakanaBpHara, 4TO CBSI3aHO ¢ OoJjee
4acThIM OOHOBJICHHEM YUeOHOTO IIaHa. TakuM 00pa3oM, aBTOMATH3AIMS COCTABICHHS U aKTyaIn3allui
paboueii mporpamMMbl JUCLUUILINHEI SBISETCS aKTyaJIbHON 3a1a4eil 17151 BBICIIHMX 3aBeICHHM.

1. Pazpa6oTka Moaesn

Jlmst 3KCTIepUMEHTaIBHOTO HUCCIIEIOBAaHUS HMCIIONIb3YEeTCsl MeToA aHanmu3a uepapxuit (MAHM), koto-
pBIH 3aKiioyaeTcs B JICKOMIIO3UIMK 0a30BOH MpoOJeMbl Ha 0ojiee MPOCThIE, KOTOPBIE BIIOCICACTBUH
o/IBeprarTcs 00paboTKe B BHJIE OLIEHKH SKCIIEPTOB 10 MTAPHBIM CPaBHEHUSM [5, 6].

g oneHku kadecTBa pabodmx MPOrpaMM AMCLUIUIMHBL A7 OIOJUKETHBIX YUYPEKICHUH IPYyNIon
9KCIEPTOB OBIJIO MPOBEICHO BBIJCICHHE OCHOBHBIX KPUTEPUEB, OKa3bIBAIOIIUX BIMSHAE HA Ka4eCTBO
nokyMmeHTa. Mepapxuueckas CTpyKTypa Moka3aTesiel KauecTBa JOKYMEHTOB TpeCTaBlIeHa Ha pUC. 2:

1) ypoBeHb LIeTH — Ka4eCTBO TIOKyMEHTa,;

2) 11 IEpBOTO YPOBHS OBUIH BBIACIICHBI CICIYIOLINE KPUTEPUH:

— cozaepxkanue (S));

— COOTBETCTBHE BHYTPEHHHUM TpeOOBaHUAM (S,);
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UHgopmayuoHHas cucmema nodoepxKu
paboyell npo2paMmMbl QUCYUMITUHBI

— COOTBETCTBHUE BHEITHUM cTaHAApTaM (53);

— yno0cTBO (Sy);

3) BTOpOi1 ypOBEHb KPUTEPUEB — OOOOITICHHBIC TIOKA3aTEH 10 KaXXAOU TPYIIe KPUTEPHUEB TIEPBOTO

yposHs (C).

CTemneHpb pacKphITUS
TeM

Copepxanue

CoOTBETCTBHE
COJIep>KaHUS
JUCIHUILIAHE

v

OtcyrcTBHE
OLTHOOK

KauecTBo moxymeHnTa

CoO0TBETCTBHE
BHYTPECHHUM
cTaHgapram

COO0TBETCTBHE TEM

Koppekrnocts
pacmpeneneH s 4acoB

COOTBETCTBHE
BHEIITHAM CTaHAapTam

IIpucyrcrBue
00s13aTEIIbHBIX OJIOKOB

ITpaBmibHOCTH
odopmiieHus

Jlerkocrb
BU3YaJILHOTO
BOCIPUSITHS

VnobctBO

OIH03HAa4YHOCTh
A3JI0KEHUS

>

JIaKOHUYHOCTH TEKCTa

Puc. 2. Uepapxuyeckas cTpykTypa nokasaTtenen KayectBa 4OKYMEHTOB

[locne 3TOrO, KaXABIA KCIEPT MO CBOEMY MHEHHUIO MPOBEN PAHXUPOBAHUE BBIICICHHBIX MOKa3a-
Tesel u 3aHec pe3ynbTaThl B Tabauiy (Tadu. 1).
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Tabnuua 1
PaH)xnpoBaHue nokasartenen u o6paboTku pesynbTaToB
OTKIIOHEHHE
Cymma . Ksagpar
Ilokazarenu Panru y kaxknoro skcnepTa 0T cpeaHei "
paHroB OTKJIOHCHHM
KadyecTBa CyMMBI PaHTOB

13t | 2-it | 3-if | 4-it | 5-if R D, D/
CreneHb pacKpbITUS TEM 10 | 8 7 7 8 40 12,5 156,25
CoOOTBETCTBUE CONEPIKAHUS 7 5 6 4 5 27 0.5 0.25
JUCIHUTLTIHE
OTtcyTcTBHE OMMOOK 5 4 5 6 6 26 -1,5 2,25
JlerkocTh BU3yanbHOTO 3 9 101101 9 46 18,5 342,25
BOCITPHUSATHS
OIHO3HAYHOCTH U3JIOKCHUS 9 7 8 8 7 39 11,5 132,25
JIaKOHMYHOCTH TEKCTa 6 10 | 9 9 10 44 16,5 272,25
[pucyrcTBre 00s3aTETHHBIX 3 ) 4 3 1 13 145 21025
0JIOKOB
[IpaBunbHOCTE OhOpMIICHHS 4 6 3 5 4 22 -5,5 30,25
CooTBeTcTBHE TEM y4eOHOMY 5 3 1 1 ) 9 18,5 342,25
TJIaHy
KoppektHocTts pacnipeneneHust 1 1 ) ) 3 9 18,5 342,25
4acoB

Jiist TOro 4To0Bl ONPENeNUTh MPUOPUTETHI KPUTEPHUEB, a TAKXKE MONYYUTh OLICHKHU JJIsl albTepHa-
TUBHBIX pemeHnii, B MAW ucnonb3yercss METOJ, NapHBIX CPaBHEHUH, KOTOPBIN MO3BOJSET MOCTPOUTH
MaTpHILbI IAPHBIX CPABHEHHH.

Merto napHBIX CpaBHEHUI OTHOCHUTCSI K METOAY OTHOCHTEIBHBIX M3MepeHuidi. OCHOBHAs uyies JaH-
HOT'O METOJIa 3aKJII0YAeTCs] B TOM, YTO 3JEMEHTHI X; IONapHO CPAaBHUBAIOTCS B OTHOILICHHUH BBIIIENEkKA-
miero cBoiicta. B pesynbrare cpaBHEHHs IMOJTydaeTcsi MaTpHUIla MApHBIX CPaBHEHUH, OTOOpaKaromias
NPEBOCXOJCTBO AIEMEHTA X; HaJl X; B OTHOLICHUH JOCTHXEHHUS e [7].

PesynpTaThl cpaBHEHUs BBIpaXaloTCcs B GyHAaMEHTAIbHOM miKane (Tadi. 2). U3 tabn. 2 BuxHO, 4TO
KaXIbIi DJIEMEHT HIKaJIbl 0TOOpaXkaeT CTENeHb NMPEUMYIIECTBA OJJHOIO CPAaBHHBAEMOIO DJIEMEHTA Hal
IpyruM. BaxHO 3aMeTHTh, 4TO HIKaJla SBISETCS Oe3pa3sMEpHON, YTO MO3BOJISAET NMPUMEHSTHh TAHHBIH
NOJXOX IJisl pa3nuuHbIX cep mestenbHocTH [8)]. IlpH 3amonHeHHHM MaTpuI] HApHBIX CPaBHEHHH Oblia
UCIIOJIb30BaHA IIKajla OTHOCUTEILHON BaKHOCTH, IIPENICTaBICHHAS B Ta0I. 2.

Tabnuua 2
LLikana oTHOCUTENbLHOW BaXHOCTH
Crenenn
WuTepnperanus (00bsICHEHHUE)
IPEBOCXOJICTBA d;
1 PapHas 3Ha4MMOCTb SJIEMEHTOB X; U X;
3 Cnaboe (yMepeHHOe) IPEBOCXOJICTBO X; HAJl X;
5 CunbHOE (CYIIECTBEHHOE) TIPEBOCXOICTBO
7 OueHb cunbHOE (0YEBUAHOE) MPEBOCXOICTBO
9 AbcomoTHOe (MAKCHMAaIBHO BO3MOKHOE) TIPEBOCXOJICTBO
2,4,6,8 [TpomexyTouHbIe (KOMIIPOMHUCCHBIE) YPOBHU
11 1 O6parHble BeIMYMHBI (€CIIM MPEBOCXOJACTBO BJEMEHTA X; HaJl X; OLIEHHBAETCA
>3 OZIHUM W3 NIPUBEJECHHBIX BbIIIE 3HAYEHUH, TO IPEBOCXOJCTBO X; HAJl X; OLICHUBA-
eTcst 0OpaTHOM MO OTHOIIEHHIO K 3TOMY 3HAYCHHIO BEJTMUNHON)

Marpuua napHbIX CpaBHEHUH U1 KPUTEPUEB MIEPBOT0 YPOBHS IPEACTaBiIeHa B Tabm. 3.
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Tabnuua 3
MaTpuua napHbIX cpaBHEHUI A4NA KPUTEPUEB NEPBOro YpPOBHS
CoOCTBEHHEBIN Bec
S 5 5s S BEKTOD Kpurepust W

S 1,00 0,33 0,33 5,00 0,86 0,16
S, 3,00 1,00 1,00 7,00 2,14 0,40
S; 3,00 1,00 1,00 7,00 2,14 0,40
Sy 0,20 0,14 0,14 1,00 0,25 0,05

3areM OBUTIO TPOBEJCHO MApHOE CPABHEHHE KPUTEPUEB BTOPOTO YPOBHS, B PE3yJbTaTe KOTOPOTO
obu1a chopMHpOBaHa 00IIas MAaTPUIA TPUOPUTETOB KPUTEPHUEB BTOPOTO YPOBHS OTHOCHTEIBHO KPUTE-
pHEB MIepBOro ypoBHs (Tadu. 4) [9].

Tabnuua 4
MaTpuua npuoputetoB W'
G G G Cy Cs Cs G & Gy Cio
Si 0,23 0,65 0,12 0 0 0 0 0 0 0
S, 0 0 0 0,75 0,25 0 0 0 0 0
S; 0 0 0 0 0 0,83 0,17 0 0
S 0 0 0 0 0 0 0,09 0,74 0,17

I[J'ISI HaXO0XIACHUA FJ'IOGaJIBHOFO BJIMSAHUC KPUTCPUA HA MOJCIIb H606XO,E[I/IMO BOCIIOJIB30BATHCA CJIC-
nyromeit popmynoii [10]:

A:WO] 'le, (1)
rae W' = (0,16; 0,40; 0,40; 0,05) B cooTBeTCTBHH C Tad. 3.

B pe3yabTaTe BBIYUCJIEHUI YpaBHCHUC MOACIN UMCCT BUM:

y=0,037x, +0,104x, +0,020x; +0,297x, +0,099x5 + 0,33 Lx, + 0,066, +

+0,004x, +0,035x, +0,008x;. )

I/ICXO,Z[S{ U3 JaHHOT'O YPAaBHCHHA, BUAHO, YTO HanOoJiee BaXXHBIM napaMeTpoM AJid JOCTHIKCHUS Ka-
YCCTBA JOKYMCHTA ABJIACTCA x6 — OIPUCYTCTBUC O6$IBaT6J'II>HLIX OJIOKOB. To ecTb MOXKHO cAacj1aTb BbIBOA,

4TO, YBCIMWYMBAs MOKAa3aTCJIIb MPUCYTCTBUS 00s13aTeNbHBIX OJIOKOB B JAOKYMCHTC paGoqeﬁ mporpaMmbl
JUCHUIIIIMHBI, MOXXHO 6BICTpee BCETO YIYUYHIIUTh Ka4C€CTBO JOKYMCHTA.

2. Pazpa0oTka ¥ mpoBeeHHEe IKCIIEPHMEHTA

enpro 3KCIepUMEHTA SBISIETCS BBISIBICHUE KPUTEPHS, KOTOPBIM OKa3bIBAET CaMO€ CHIIBHOE BIIUSA-
HUE Ha KayecTBO pabodell MporpamMmbl JUCHIUIUIMHBI C TIOMOIMIBIO aHaIM3a MOJEIH Ha YYBCTBHUTEIb-
HOCTb.

AHanu3 Mojenell Ha 4yBCTBUTEIBHOCTH — 3TO IPOIECC, PeaTu3yeMblil MOCIe MOJydeHHUs ONTH-
MaJbHOIO pelleHHs. B paMKax Takoro aHain3a BBIABISIETCA TyBCTBUTENBHOCTD ONTUMAIBHOTO PELICHHUS
K ONIpeIeNIeHHBIM U3MEHEHHSIM HcXoaHoi Moaenu [11].

UyBCTBUTEIBHOCTH MOXKHO PAaCCUUTATS I10 cliexytomeit hopmyie:

Ay
A==, 3

rae Ay — M3MEHEHHE BbIXOJHON NEPEMEHHOM;
Ax — u3MeHeHHe BXOJHOU IepeMEHHOM.

JI71s1 OLIEHKH TMoKa3aTele CHCTEMbI BBEJCHA MIATHOAIUTbHAS IIKaJIa OIICHOK (TaouI. 5).
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Tabnuua 5
MaTtpuua oueHKn KputepueB
Orenka Omucanue
5 OtamuHo. bamn «5» cTaBuTcs B cilydae, KOrjja KPUTEPUIl B IOJHOM OObeME M HaJjIeiKa-
IIeM KadecTBe MPUCYTCTBYET B pabodei mporpaMMe TUCITUTLTAHBI
4 Xopomro. bamn «4» craButcs B ciydae, Korna B paboueil nmporpaMMe JTUCIUTLTAHBL B ITOJI-

HOM 00BEME TIPUCYTCTBYET JAHHBIN KPUTEPUH, OJJTHAKO COJIEPIKUT HEOOIBIITHE ONTHOKH

Ynosaersoputeabno. bamn «3» craBurcs B ciaydae, Korjaa B paboueil mporpamMme JUCITH-
3 IUIMHBI OTCYTCTBYET JMO0 00s3aTeNbHBINA MapaMeTp JaHHOT'O KPHUTEpus, TUOO BBHICOKO Ha-
J4Yre OMMOOK IMPU OJTHOM 00beMe COMIEepKaHMUs

Heynosiersopurensno. bamn «2» craBurcs B ciiydae, Koraa B paboueid nmporpamMme Jiuc-
[UIUTMHBI OTCYTCTBYET OOJIee MOJIOBUHBI COACPIKIMOTO H JIOMYIICHBI TPyOble OIIHOKH

Ouenpb miaoxo. bamr «1» craBurcs B cJIydac, Korjga B paGoqeﬁ nporpamMme JUCIHUIIIINHBI
IMOJTHOCTBIO OTCYTCTBYET AJaHHAA XapaKTCPUCTUKA

COOTBETCTBEHHO, 3HAUEHHE MOAETH CHCTEMBI MOKET KonebaThest ot 1 no 5. [lns ananuza moaenu
Ha YyBCTBUTEIBHOCTb TPYIIIE 3KCIEPTOB OBUTM BBIJAHBI TOTOBBIE PadOYHME MPOrPaMMbl AUCIMIUIMH C
Pa3IMYHBIM [TOKa3aTeNIeM KPUTEPUEB KauecTBa JOKYMEHTOB COTJIACHO MOJEIH, TOCTPOSHHON paHee. 3a
U3MEHEeHUE NoKa3aTens Kpurepus Bo3bMeM 3a Ax =1. [locie uero ObII0 IPOBEAEHO CPaBHEHUE HTOTO-
BBIX 3HAYCHUH PE3ybTATOB KAYECTBA IOKYMEHTA B IIEJIOM.

[Tomyuennsie 3Ha4eHNsT 0TOOpakeHBI B Ta0II. 6.

Tabnuua 6
AHanus YyBCTBUTEJIbHOCTHU
Kpurepuit Ay A Kpurepuit Ay A
C 0,0091 0,0550 Cs 0,0018 0,0108
G 0,0275 0,1650 G 0,0005 0,0032
G 0,0009 0,0056 G 0,0010 0,0060
Cy 0,0006 0,0036 Gy 0,0045 0,0275
Cs 0,0051 0,0308 Cio 0,0320 0,1925

MaxkcumanbHoe 3HadeHue Ao = 0,19. Takum 00pa3oM, MOJIEb YyBCTBUTEIbHEE BCErO K M3MEHE-
U0 kputepusi Cjp — IPaBUILHOCTD COJIEPXKaHUSI pabodell MporpaMMbl AUCHUILIHHBL. TO €CTh MOXHO
ceaTh BBIBOA, UTO, YBEJIMUMBAs IIOKA3aTeNb IPABUIBHOCTH COACP)KaHMUs paboueil mporpaMmbl AUCIH-
IUIMHBI, MO>KHO OBICTpEE BCETO YIYUIINTh Ka4eCTBO JOKYMEHTA.

B pesynbTare skcnepuMeHTa OBUIO BBISBICHO CpefHEe 3HAUEHHE OIEHKM KadyecTBa JTOKyMEHTOB,
KoTOopoe cocTaBisieT A = 4,82. Ha 0CHOBaHMH 3TOr0 MOKHO MOJyYHUTh CIEIYIOUIYIO OLIEHKY KadecTBa J10-
KyMeHTa pabouell mporpaMmbl TUCLMILIMHBL €CIH Ul aHaIM3UPYyEeMOro JAOKyMeHTa A >4,8, To IOoKy-
MEHT TIOJTHOCTBIO COOTBETCTBYET TpeOoBaHUsM, eciiul 4,7 < 4 < 4,8, TO TOKYMEHT YaCTUYHO COOTBETCTBY-
eT TpeboBaHMsAM, eciii A < 4,7, To paboyas nporpaMMa JUCLHHUIUIMHBI HE COOTBETCTBYET TPEOOBAHUSIM.

3. Pemienne 3agaumn

Pemennem mpo6iaeMbl pydHOTO COCTaBIICHUS JOKYMEHTOB SIBISCTCS BEO-IPHIIOKEHKE, KOTOPOE TO-
3BOJISIET COCTABIIATH Pa0OUyI0 MPOrpaMMy JIUCIMIUIMHBI TPENOAaBaTesiM 00pa3oBaTeNbHBIX yUpexKie-
HUH 11O HeO6XO)Z[I/IMBIM HarpaBJICHUAM, B COOTBETCTBHU C BbI6paHHbIMI/I rnapaMeTpamu, a TakKKe O6eCHe-
YHUTh BO3MOXKHOCTD CKAUYMBaHHsI COCTABICHHOTO TOKYMEHTA U €r0 MPOCMOTPA MOJIb30BATENISMH CHCTEMBI.

Be6-npunokenue moaiepKUBacT CO3JaHre y4eOHO-METOAMYECKOIO KOMIUIEKCA COTJIACHO COBpE-
MEHHOMY (ellepalbHOMY TOCYJIapCTBEHHOMY OOpa3oBaTEIbHOMY CTaHJAPTY BBICHIETO O00pa30BaHMUS
3++, kotopsIii Betynua B cuny ¢ 01.01.2019r.

[Tonp3oBaTenp B3aMMOAEHCTBYET ¢ IPOrPaMMHOM CUCTEMOH uepe3 BeO-calfT, paboTast ¢ 3neMeHTa-
MU Tpaduyeckoro uarepdeiica. [IporpaMMHuas cuctema MocTpoeHa TaKUM 00pa3oM, YTO HEBEPHOE JIeH-
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CTBHE TIONIL30BATEIS HE MIPUBEIET K BEPHOMY OTBETY CHCTEMBI. B cilydae HeBEpHOTO JEHCTBUSI TOIB30-
BaTelb BCETO JIMIIh MOMYYUT IpEAyIpexaaronee cooomeHne, B KOTOpOM OyaeT HHPOpMalus O TOM,
YTO OH HEMpPaBUJIHHO cleall.

[Ipu co3manum paboueii MporpaMMbl AUCIUILTHHEI TTOJIL30BATEIb paboTaeT ¢ mabIoHOM, YACTHIHO
3aIOJTHEHHBIM JJAHHBIMU U3 YY4E€0OHOTO IJIaHa TUCIUILIMHBI, HA OCHOBAHHU KOTOPOTO CO37aeTcs paboyast
nporpamma. Ha puc. 3 npezcraBiieH anroputM co3anus padodeli mporpamMMsl MoJIb30BaATENEM.

KoHel,

MeyaTb AOKYMeEHTa

ABTOpMBaLmA

Yacbl corlacoBaHbl € HeT

Bbi6op Kadeapbl y4yebHbIM naHOM ?

CoxpaHeHne
OOKYMeHTa

Bblbop dakynbTeTa

Co3pgaHvie y4ebHOoro niaHa

CozgaHue paboueil nporpammb}

3anonHeHue
NpPOAONKNTENBHOCTN
OUCUMTUINHBI

Bbibop

OISR AT Bbi6op MpeA3anonHeHne

ONCUMNNHDBI WwabnoHa
3anonHeH1e Yacos

Ha NEeKLMOHHble
NabopaTopHble, Bbi6op rpynnbl,
NpaKTU4eckme, 3anonHeHne 3ET
CamocCToATE/IbHblIE
paboTbl

3anonHeHne
CTPYKTYpPbI U
coaepKaHmsa
OUCUMTUINHBI

1 e
3arpysKa gaHHbIX U3 WabioHa
3arpy3Ka faHHbIX U3 y4ebHOoro naaHa

3anonHeHue
HepocTatoLwen
nHbopmaumm

Puc. 3. Anroputm co3pgaHua paboyen nporpaMmmbl

BeO-npuioxeHne peau30BaHo M0 apXUTEKTYPe «KIUCHT — cepep» (puc. 4). Cpeu MHOTOYpOBHE-
BOW apXHTEKTYPHl «KJIHEHT — cepBep» Hauboliee paclpocTpaHeHa TPEXypPOBHEBAs apXUTEKTypa, Mpe-
MOJIararomasl HaJlM4ue CICAYIOIUX KOMIIOHEHTOB NPHJIOXKEHHUS: KIMEHTCKOE MPUIOKEHHUE, MOIKIIIO-
YEHHOE K CepBEPY NPUIIOKCHHUH, KOTOPBIH B CBOIO OUYepe/Ib MOAKIIOUEH K cepBepy 0a3bl HaHHBIX [12].

[Mocne cpaBHEeHMsT M aHaIW3a BO3MOXKHBIX MHCTPYMEHTOB JUISl PEIICHHsS 3aJa4d ISl pean3aiud
KJIMEHTCKOW YacTH NPWIOKEHHs OBbUIO PEHIEHO HCIONb30BaTh SI3bIK IporpaMmupoBanust JavaScript
¢ mpuMeHeHueM OuOnuoreku jQuery m3-3a €ro mpocToThl W ckopocTH pabotsl [13, 14]. Cepsepnas
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yacTh peanu3oBaHa Ha s3pike PHP. B xauecTBe cepBepa mcmonb3yercs ceppep Apache. CepBep 06a3bl
nanHeix — MySQL. Pa3BopaunBanue BeO-IPUIIOKEHHS MMPOUCXOIUT HA OHJIAMH-XOCTUHTE, B KAYECTBE
KOTOPOTO BBICTYIIA€T CTOPOHHSSI OPTaHU3aLIS.

g npenocraBnenus ynoOHoro uarepdeiica pegakTupoBaHus HHGOPMAMKM Ha BEO-CTpaHHLIE HC-
nonb3yetcss CKEditor — WYSIWYG-penakrop. st BRITpy3ku gokymeHTa B popmate PDF ucnonb3y-
ercsa 6ubmmorexka Dompdf, cnoco6Hnas renepupoBare PDF w3 HTML-pazmerku u CSS-cruneit [15].
Hemoncrparnust paboThl cUCTEMBI IPUBENICHA Ha PHC. 5.

Cepeep 6a3bl AaHHbIX

daiinosas
Cepsep cuctema OC
NpUnNoXeHuin
KnuenTt 3anyck  |sai
npoueayp 3anpockl Noruka -
> > danns B
MpeaexTaum- i:ar:eu: ngiil:lx \—___.-)
OHHaA nornka _ \Mﬁ@
OauHee ‘Peayﬂma'ru XpaHunible
AnsA BslBoaa 3anpocos CyBQ NpoUByps,

Puc. 4. Cxema apxuTeKTypbl NPUIIOXEHUs

Hazap CoxpaHuTh

7. \'LIEéHO-I'JETD,ﬂ,L’MGCKOG 1 OpraHMzaumoHHos obecneueHue AUCUMNAWMHB

8. MaTtepuansHo-TexHnueckoe obecneyeHe AUCUANMIMHI

Wucrow | O Q@ & | B B E @

Qbty | E % mw o0l

B I USx. x|« T,

B £ El W == == 1 T EE | @ )
WOMFM=E® Q=E®

CTAnm ~ | Gopmar.. - | Lpwdt ~ | Pasmep - A- B}~ ?

8. MATEPUANIbBHO-TEXHWUYECKOE OBECTIEYEHME OUCLMMNIMHBI

Naboparoproe obopyaceaue

1 NlabopatopHbie paboTel NPOBOOATCA B KOMMBREOTEDHOM kKnacce _ (mab.
KOMMNBKITEPOE) € MCMONE30BAHWEN YCTAHORNEHHOMD NPOrPaMMHOTe DBaCneyeHIA.

2. lekuuu uuT20TCA B ayaMTOpMAX  Kadedpel _ . 0DOPYOOBAHHLIX  3NEKTPOHHEIMM
npoekTopamMu (3y4. ), ¢ MCNOMNL20BIHWEM KOMNIEKTa CNangos.

9. NlncT cornacoBanumiil

Puc. 5. MNpepsanonHeHune pasgena YMK cornacHo wa6noHy
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B npunoxeHun NpucyTCTBYET BaIMAALMsI COOTBETCTBUS KOJIMUECTBA 4acoB B co3naBaeMoM YMK B
paszgesne coaepKaHusl AUCLMIUIMHBL U pabodeil mporpaMMe AMCLUILIMHBL, YTO MO3BOJISIET KOHTPOIHUPO-
BaTh KOPPEKTHOCTD 3aIIOJTHEHHUS MTOJIEH MOJIh30BaTENEM JIJIsl HCKIIOUECHUS OIUOOK B IOKYMEHTE.

B cucteme cymectByeT BO3MOXHOCTh BBITPY3KH CO3/IaHHOTO A0KyMeHTa B gopmare PDF na mo-
KaJbHOE XpaHWIWIIe. TUTYIbHBIN JIMCT HpuUMepa BHITPYKaeMoil pabodel MmporpaMMbl JUCHMILTMHBL
MIpeICTaBlIeH Ha puc. 6.

MuHrcTepcTeo ofpasoBaHiA W Haykd PoccHckof Penepalmu

DopmMa obydeHnA: ouHan

npofieccMoHanbHOMo obpasoaaH ua

puropeeewda CToneToBkIX)

PABOYAA NPOMMPAMMA OMCLMNNMHBI

(BnlY)

PenepansHoe rocyfapcTeeHHoe GioweTHoe o6pa3oBaTenbHoe YYPEXOEHWE BhICLUEND

«BnaguMUpckui rocyfapcTeeHHBIR YHUBEPCHTET WMeH Anekcanapa Mpuropsesida W Hukonan

«¥TBEPHOAKD »

MpopexTop no yy4ebHo-MeToauyeckon paboTe

AA. MNandwunos

MeorHopMELMOHHBIE TEXHONOM MK

Y¥poBeHb BelclWero obpasosaHua: bakanaspwart

Mpodne nogrotTosxk: MHGOPMELWOHHBIE CUCTEMBl 1 TEXHONOMMIA

«01» 10 2018

Hanpaanexwe nogrotoskK: 09.03.02 MHDOpMaLWOHHBIE CHCTEMBI W TEXHONOMK

ibopma
TpynoemeocTs, ([Mexyun ([paktvueckme  (NaGopatopheie ||[CPC, [npomexyToudoro
CemecTp |[3au.ef. yac Mac. BAHATUA, Yac. (paboTel, Yac. Mac. [KoHTponA
[l 3/108 b 8 96  |3E4ET C OLEHKDN
Vi 5/180 3] 18 18 72 |ek3ameH
Wroro:  |B/288 U] 18 26 168

Bnaagwmup - 2018

Puc. 6. TUTYNbHBLIA NUCT BbIFPYXaeMoro JOKyMeHTa
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B mpunoxeHnu NpUCyTCTBYET BaJIMAALUS COOTBETCTBUS KOJMUYECTBA YaCOB B CO37aBaeMoi pado-
Yei porpaMMbl TUCIUIUIMHBI B pa3Jielie CoJIepKaHusl TUCIUIUINHBI U pabodeil mporpaMMme JUCIUTLTH-
HBI, YTO TO3BOJIIET KOHTPOJUPOBATh KOPPEKTHOCTD 3aIIOJIHEHUS IOJIEH ITOJIB30BATENIEM JUIsl UCKIIIOYE-
HUSI OIIMOOK B TOKYMEHTE.

B cucrteme cymiecTByeT BO3MOKHOCTh BBITPY3KH CO3JAHHOTO JIoKyMeHTa B (popmate PDF Ha j0-
KaJIbHOE XpaHWIIUILE.

st paboThl ¢ MPUIIOKEHHEM I0JIb30BaTEN0 TpedyeTca Opay3ep M yCTOHYHMBOE MHTEPHET-COSIU-
HEHHE.

BriBoabI

B pamkax manHHO#l pa®otbl OblIa paccMoTpeHa MH(GOPMALMOHHAS CHCTEMa MOIJIEPXKKH paboueit
NpOTrpaMMBbl JIUCIMILTHHBL, ObIT BEIOPaH METOJl MCCIEAOBAHMS, MOCTPOEHA MOJENh METOJIOM aHAJIN3a
I/IepapXI/Iﬁ Caaru. boin IMPOU3BCACH aHaJIN3 MOACIW Ha YYBCTBUTCIBHOCTH OIITUMAJIBHOI'O PCIICHHUA U
ompeJiesieHbl KPUTEPHUH, KOTOPBIE CHIIHEE BCETO BIMAIOT HA Ka4eCcTBO paboyeil mporpaMMbl AUCLMILIH-
HbI. BeIiOpanHas Moaenb aJeKBaTHO OMUCKHIBACT MPOIECC OIICHKH KauecTBa paboueii mporpaMMbl JTUCITH-
IIJIMHBI I 6IO}1)KGTHBIX y‘-Ipe)KI[eHI/II\/'I, IMO3BOJIACT ONPEACINUTD IMOKAa3aTeJib, C IOMOIIIBIO KOTOPOTO MOXK-
HO OBICTpEEe BCEro yMyUIIUTh Ka4eCTBO pabodell NporpaMMbl TUCIUIUIAHBL.

bnaronapsi Mcronb30BaHUI0 JAHHOTO BEO-NIPUIIOKEHHUS] MPH COCTaBJICHHHM DPabovell MporpamMmbl
JUCHUILIMHBI IPETIoAaBaTCIIAMU 06pa30BaTeanbe y‘-Ipe)K}:[eHI/Iﬁ GYIICT 3HAYUTCIIbHO YMCHBUICHO KOJIU-
YEeCTBO 3aTPavyMBaEMOI0 BPEMEHH.

B nanpHeiinem BeO-pruiIokeHHE MOXKHO YIyUIIUTh, 100aBUB HE0OX0MUMbIN GyHKIoHaN. Koneu-
HOH LECJIBI0 Pa3BUTUA IMPOCKTA ABJIACTCA BHCAPCHUE B YHHUBCPCUTCTHI U IMPAKTUYCCKOC NPHUMCHCHHUEC B
00pa30BaTeNbHBIX YUPEIKIACHHUIX.
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INFORMATION SYSTEM FOR THE SUPPORT
OF THE WORK PROGRAM OF THE DISCIPLINE

S.A. Kryazhev, cep.cep@mail.ru,
D.l. Levkovsky, dumal1c@gmail.com

Viadimir State University named after Alexander and Nikolay Stoletovs (VISU),
Vliadimir, Russian Federation

This work is devoted to the development of information systems to support educational and
methodological complexes of the discipline.

The question of automating and typing a procedure for drawing up a work program for an edu-
cational institution is considered. The task of scientific research is to improve the quality of compila-
tion and reduce the time spent on drawing up a work program for educational institutions, as well as
to increase the convenience of updating the already created work programs.

The object of the study is an automated information system to automate the compilation of
the work program of the discipline. Subject of research — methods of unification of documents,
methods for assessing the quality of the RP.

The purpose of the work is to automate the procedure for drawing up a work program for edu-
cational directions for educational institutions and to simplify its maintenance and updating.

As a research method, a modeling method was chosen. Modeling is a method for creating and
researching models. The study of the model allows you to get new knowledge, new holistic infor-
mation about the object.

The first part of the work is devoted to the presentation of the results of the study of the subject
area. In the course of the work, an analysis of the literature on the following topics was carried out:
unification and assessment of the quality of documents; criteria for assessing the quality of docu-
ments; features of drawing up a work program discipline according to GOST. Highlights the main
problems encountered in the preparation of the RP disciplines.

The second part is devoted to the development of methods for assessing the quality of the work
program document, and an analysis of the developed model has been conducted.

The third part of the work includes the development of the basic elements of an information
system and their description, as well as the development of system requirements, as well as its direct
implementation.
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As a result of the study, an information system was designed and implemented, which allows to
automate the process of creating a work program for the discipline by providing a partially comple-
ted template, as well as checking the compliance of hours with the work plan.

Keywords: work program, automation, educational and methodical complex, information sys-
tem, educational process, template engine.
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USING OBJECT CONSTRUCTION MODEL
FOR IMPLEMENTATION BUILDING WORKS MANAGEMENT

E.V. Gusev, gusevev@susu.ru
South Ural State University, Chelyabinsk, Russian Federation

The main idea of the article is the importance of construction project scheduling in the construc-
tion management. Construction Execution Plan and Construction Project Schedule (which includes
in the first one) are the main source of data for resolving logistical and engineering problems during
the construction process. The author is analised an order of Construction Production Plan in the ar-
ticle. The author highlights that existing methods, which used for preparation schedule of construc-
tion project, have some limitations. It is difficult; a) to measure minimum time of overall duration of
a project; b) to maximize combination between interrelated works; c) to generate object construction
model.

Project technological dependencies model (PTDM) is illustrated in the article. PTDM gives
a view on a construction technology an object. There are the main parameters of PDTM:

1) quantitative assessments for the technological links between the works;

2) temporary range of the work;

3) criticality points for each works;

4) an overall duration of a project;

5) the maximal amount of manpower that can be used in construction an object.

Using PDTM gives the opportunity: a) to determine the minimum construction time an object;
b) to maximize combination between interrelated works.

Keywords: project technological dependencies model (PTDM), construction project schedule,
construction production plan, construction technology, organizational technological models.

Introduction

There is difference between management in the construction and management on the industrial en-
terprise [1, 2]. The basis of the management system in the industry is the process management model,
whereas in the construction the main point is the control object model. There are different types of this
construction organizational technological model (OTM), for instance, a Gantt chart, cyclic graph, or
a network schedule.

A Construction Project Schedule (CPS) is among others a part of a Construction Production Plan
(CPP), which is certainly one of the most important sections within a Construction Execution Plan
(CEP). Moreover, quality CEP is the cornerstone for project's successful delivery, where it even serves
as fundamental communication tool for company-wide operations. The CPP can be developed either in-
house or externally, however, use of inner capacity suppose better knowledge of abalities and available
capacity within organization. After the initial CPS is developed it is over time extended by further and
necessary detail when its scheme and information content differs according its intended use. A general
contract schedule aims to indicate sequencing for all work packages according previously agreed upon
Work Breakdown Structure (WBS). Furthermore, it serves as simple reference tool for overall distribu-
tion of major capital constraints in time. On the other hand, a detailed production schedule already
contains enhanced detail of information in order to deal with more practical part of production plan-
ning. Its objective is enable effective alignment of all tasks in order to secure plan's feasibility and
efficiency in terms of resources, technology, and other concerned aspects (e.g. special limitations, site
accessibility, etc.).

Determination of a work duration is an important part of the schedule development. This makes it
possible to calculate the length of the distribution (break down) of work amounts in time and helps to
solve many logistical problems. Therefore, to solve this problem a range of methods has been devel-
oped, including the simple methods of labor hours division (labor intensivity) by the number of workers
taking into account various additional factor, as well as the laborious methods. These laborious methods
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include the method of expert evaluations, statistical method, probabilistic method and other methods.
However, a variety of different factors that can affect the construction process cannot be taken into ac-
count, and constant adjustments are required. And that could influence the logistics (more detailed in
the article [3]). The objective of determining the alignment of technologically interrelated works is
rather difficult as well.

1. Method for solution the problem

The detailed production schedule overview is standardized in graphical representation as well as in-
formation form, when the required information about all concerned tasks is structured as is shown in
Table 1.

Table 1
Sample form of Project for implementation of works on an object
Quantity Plant Re-
quirements Numb

e Amount Labor Duration, | Number umber Composition
5 = . = - of workers . Schedule
= | @ | § | Requirements © S days of shifts | . . of the brigade

= g S g in the shift

< I
1] 2 3 4 5 6 7 8 9 10 11

The above table should be updated in accordance with the specific object, types of construction,
the requirements for the unification of design documentation for a number of purposes, including
the usage of automated control system in construction, as well as the including some additional columns
(for example, the cost of works). The Construction Project Schedule can be divided into two parts.

The first part (1 to 10) — descriptive part. The second part is the graphical one (column 11). It is
necessary to pay attention to the order of development a schedule, which is recommended in profes-
sional literature [4-9].

. Works listing (procedural nomenclature).

. Determining of the amounts of each type of works.

. Choosing of the production method for major works and plants.

. Calculating of the hours of labor and the hours of plants.

. Determining of the required teams and units.

. Constructing of technological sequence of works (technological works order).

. Determining of shift-working arrangements.

. Determining of the duration of every single work and possible works alignment. Adjusting
the units and shifts.

9. Comparison of the estimated construction duration of an object with the standard (directive) con-
struction duration and performing the appropriate adjustments.

The graphical part can be represented as a Gantt chart, cyclic graph, or an network schedule. These
graphs are classified as organizational technological models (OTM), which reflect the technological and
organizational decisions.

Organizational decisions include items 1, 3, 5, 7, 8 and 9 of to the schedule development order.
The item 6 is the only one, which considers some construction technology and the only to the extent that
reflects the technological interrelation between the works and their order (sequence).

Let’s consider the item 9 in more detail. In order to obtain the estimated construction duration of
an object, it is necessary to solve 2 problems:

1. To determine the duration of each work.

2. To determine the alignment of technologically interrelated works.

Let’s consider the Fig. 1 as an example.

Fig. 1a shows a graph with the duration of the T,. If T, does not meet the regulatory, legislative or
contractual duration of the construction project, then, in accordance with paragraph 9, it is necessary to
make adjustment by changing the number of units and shifts, i.e. to reduce the durations of each work.
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lycee E.B. YnpaeneHue npouzeodcmeom pabom Ha ocHoee
ModenupoeaHusi mexHosI02uu cmpoumesibcmea o6bLekma

In arrow diagrams it is usually performed by reducing the works duration, that are on the critical path.
In linier graphs, depending on the deviation, the adjustment are performed for main or secondary pro-
cesses.
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Fig. 1. Examples of combinations of interrelated works

It is more difficult to determine the necessary alignment (or combinations) of technologically inter-
related works and to determine the minimum construction time an object. In the process of alignment we
should take into account technological restrictions and limitations, different requirements and factors
(for example, safety requirements), which determine the maximum possible alignment of technologi-
cally interrelated works. In other words, these restrictions, terms and conditions determine
the minimum time lag between the start and the end of the preceding work and the start and the end of
the following work. Usually, the work alignment is carried out on the basis of the experience, or some
statistics, because there are no quantitative estimates of these borders. The most effective work align-
ment in order to reduce the duration of the construction can be carried out using the methods of
the straight-line (sequenced-flow) construction organization, when the works are divided into work
zones (catches) or areas (see. Fig. 1b).

If we compare the work duration in the Figures (see. Fig. 1a and 1b), it is clear that the work dura-
tion in Fig. 1b is shorter than the work duration in Fig. 1a (T, < T;). Dividing into work areas can sig-
nificantly increase the alignment of works and shorten the construction duration.

However, the practical use of this method of construction organization have revealed serious weak-
nesses. Firstly, some works can go from continuous (without breaks) production to intermittently pro-
duction (with breaks), for example the work “Water isolation”. Secondly, work zones very often have
different directions. E.g., the brickworks have a horizontal direction, and finishing works — vertical,
which makes impossible the alignment of these works. And thirdly it is quite difficult to evaluate a work
zone quantitatively.

Based on the mentioned above we can draw the following conclusions:

1. For the determination of minimal construction duration of an object (connected with some adjust-
ments of works duration) the empirical methods are used. These methods cannot ensure the uniqueness
(monosomy) of decisions.

2. There are no strictly defined limits of the alignment for the determining of the maximal alignment
of technologically interrelated works, as well as there is no the earliest beginning and the end the work
in relation to the beginning and the end of the preceding work.

3. To determine the limits of minimization of construction duration and the alignment of techno-
logically interrelated works it is necessary to use a tool, which allows us to have a specific quantitative
estimates.

2. Mathematical model of the solution

In construction there are two kinds of technology — technology for execution of certain works
(construction operations) and the construction technology (technology for the construction of a faci-
lity/object).
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Technology for execution of certain works, or more definitely, the technology of construction ope-
rations is a functional system, including the resources (time, labor and material), as well as restrictions
and rules of interaction to achieve the desired result — the implementation of certain types of work, pro-
cesses and elements of construction projects (objects). The main documents, which regulates techno-
logical rules during construction processes, types of work, the elements of buildings and structures are
the Flowchart for the Production of Separate Works [10, 11].

In contrast to technology for execution of certain works (construction operations) the construction
technology (technology for the construction of a facility/object) is not so dynamical. Where is no
a complete definition of the concept “the construction technology (technology for the construction of
a facility/object)” in professional literature contrary to the concept “technology for execution of certain
works”. This can be explained by the fact that any changes that occur during the construction project
refers to the construction technology, e.g. changes in the technology for execution of a work, changes in
work zones (areas) priority, teams movements, intensity of production, as well as the replacement of
vehicles, mechanisms, plants etc. All these changes and replacements are not classified. And the studies
on the impact of different types of these changes to different productions of the building process are not
carried out deeply. At the same time, it is possible to say antecedently that some changes in plans affect
only the performance of work (its timing), some of them affect organizational decisions, some affect
the technological sequence of works, i.e. the technological interrelationship, and the others affect
the planned amounts of work, etc.

Construction technology considers an object (a facility, project) broadly, with its “internal” works
interrelationship, which is typical for this type of object. As the rule, the development of this “internal”
interrelationship between the works leads us to the setting up of the technological sequence (order) of
works of this project. The construction project technology is usually finished on this and the technological
sequence is displayed as arrow diagrams, network graphs, technological graphs etc. [12-15].

Such a basic order of technologically related works leads to a significant increase in the construc-
tion duration. Therefore, technological sequence reflects only the qualitative aspect of the construction
technology with regard to the works coherence.

At the same time the works are connected between each other not according to a sequence i.e. quali-
tatively, but also quantitively. Under current methods of organizational and technological planning of
construction and assembly operations, quantitative ratio (more common as an alignment) of interrelated
works are determined on the basis of the selected intensity, object division on work zones and other spa-
tial areas, shifts etc., which are rather subjective.

In practice, the quantitative ratios for the beginning and the end of the technologically related works
are defined in accordance with production work regulations, with safety rules and other technical re-
quirements. Moreover, the evaluation of these relations is based not on subjective assessments but on
the regulations.

The term “construction technology” can be defined as follows: “it is a qualitative and quantitative
assessment for the technological links between the works determining the work planning possibility and
industrial organization depending on the results of the previous ones”. In this case, the point of the con-
struction technology modelling is to establish technological links between various works and to deter-
mine a minimum volume of the previous works that give the possibility to plan a technologically inter-
connected volume of the following stage.

Such model describing the technological links between works stages and their quantitative assess-
ment in the beginning and after their completion of work is designed and presented in Fig. 2. It is impor-
tant that there are no organizational decisions when calculating quantitative assessments. This increases
the model stability when planning works and construction organization. As technological dependences
for the initial and final works determine the technological stages of the project works, we will term it as
a project technological dependencies model (PTDM). This model is described in more details in Gusev’s
monograph [16].

PTDM calculation is reduced to time assessments for technological dependencies for the initial (not
earlier than the initial) and the final (not earlier than the final) works; time area for each stage (as op-
posed to the duration of the work according to OTM); criticality points of stages. “Not earlier than the
initial one” means that follow-up work j+ 1 cannot start technologically if functional minimum volume
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of work V5, ;.1 is not done on the preceding j; “not earlier than the final one” means that follow-up

work j+ 1 technologically may not end earlier if the minimum volume of work A

min j1_technologically

essential after the previous work j is not be done.

PN

Criticality points

4

Technological links
according to
completion of works

Works

t

.S
315

Technological links

s
: G+1
according to /

beginning of works

Tlim
T _ directory (normative. contractual) duration of the objection struction; t; — duration of time area; ¢  —
technologically possible beginning and completion of work: tj+1;% t;;" — minimum technological delays during
the beginning and completion of the following work j+1 from the point of the beginning and completion of the
previous work j; t*" — criticality point after which execution of the volume of work demands maximum
intensity and can lead to disruption of work Tjin

Fig. 2. Graphic presentation of the project technological dependencies model

The presented model helps us to determine the minimal duration of construction which is techno-
logically possible. This process is quite simple. If we decrease the duration (shift point 7y, to the left)
together with the technological dependences of the end of the works, the temporary areas (time domains)
of work are reduced. The newly obtained duration time domains of each work must be checked by
means of the formula:

where R?’imax — the maximal amount of manpower of a specialty h, which can be directed to perform

the work j on the project i, using the whole temporary area; R;"i — the calculated amount of manpower

of a specialty h, which is necessary for the performing the work j on the project i, using the whole tem-

porary area; V; ; — the amount of work j on the project i; w; — time allowance for performing per

amount unit of work j; m — rate of labor productivity increase.

If given ratio corresponds to this R;‘,i = R?’imax , the minimal duration is reached.

PTDM helps us to perform the maximum possible alignment of technologically interrelated works.
The essence the method of the project graph calculating is that we bind the time limits of the beginning
and the end of follow-up work with respect to the preceding work within the time-domain, which is
known from the relevant PTDM.

Calculating of the project graph we use not only the time-domain, but also such parameters of tech-
nological model, as a possible beginning of work t3, possible end of work tjf , minimal initial and final
gaps, the project construction duration etc.
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Let’s consider the example of binding, which shown in Fig. 3 (parameters t?‘w; t J-f'W are the esti-
mated start and end dates of works).
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Exatnple nfpnssilblt +

dependence violation

"t
Fig. 3. Example of graphical representation for work dependencies based on MTSD
with displayed boundaries for possible maximal work alignment in time
The work t, cannot be started before the point t; and cannot be ended before the point t. . If the be-
ginning of work t, is aligned with the point t5 (t5"=t5), its end will not be before the point t; (t;¥<t,)
and this will cause the violation of technological dependence (work t, shown by the dotted line). That’s

why the end of the work t, should be aligned with the point t; (t;"=t]).
The beginning of a work is defined by:

Y =t —t,.

The beginning t3" of work t; is equal to t3, and the end is

W =15 iy

AR Al

In general, the parameters of the beginning t;™ and the end t Jf ' of the work j are determined by
the following formulas:

S LT VI B vRR
g B at £ +t>t];
w |t at t3+t<t];
E et at tetet]
Conclusions

The proposed method of linear graph calculating on the basis of the Project technological depend-
encies model (PTDM) can significantly extend the capabilities of traditional linear graphs in the plan-
ning and organization of construction works, as well as a tool for the control, coordination, regulation
and supervision of construction production.
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YnpaBneHue B counaribHO-3KOHOMMUYECKUX CUCTEeMaXx

YIOK 69.05 DOI: 10.14529/ctcr190314

YNPABJIEHUE NPOU3BOAOCTBOM PABOT HA OCHOBE
MOOENIMPOBAHUA TEXHOINOIMNMN CTPOUTEJIbCTBA OB BEKTA

E.B. l'yces
HOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHusepcumem, 2. YenabuHck, Poccusi

B craree moguepkmBaeTCs BaKHOCTh KaJCHOAPHOTO IUIAHHPOBAHHUA B CHCTEME YTIPABICHHS
CTPOUTENBHBIM TPOU3BOACTBOM. KaneHmapHbIi IJIaH U €ro COCTaBHAs 4acTbh, IPa(uK CTPOUTEIBCT-
Ba, CJIy’)KaT OCHOBHBIM MCTOYHHKOM WH(OPMAIMH IS PEIICHUS 3a/1a9 JIOTUCTUYCCKOTO M UHXKCHEP-
Horo Xapakrepa. [IpoBeneH aHanm3 mopsaka pa3paboTKH KaJeHAAPHOTO IUIAHA CTPOUTEIBCTBA 00b-
exTa. BBIABICHO, UTO B MPUMEHSEMBIX METOIUKAX Pa3padOTKH TpadMKOB CTPOUTEIHCTBA OTCYTCT-
BYIOT KOJIMYECTBEHHBIC OTPAHWYCHHUS NPHU: a) ONPEAETICHHH MHHUMAJIBHOU MPOJOIKHTEIBHOCTH
CTPOHTENbCTBA 00BEKTa; 0) MAKCHMAIEHOTO COBMEIICHHUS MPOM3BOICTBA TEXHOJIOTHYECKH B3aMMO-
CBSI3aHHBIX Pa0OT; B) MOJCITUPOBAHUU CTPOUTEIHCTBA OOBEKTA.

[IpuBeneno onucanue Mojenu 0OBEKTHBIX TEXHOJNOTHMYeCKHX 3aBucumoctein (MOT3), kotopas
OTpa’KaeT TEXHOJIOTHIO CTPOUTENBCTBA 00bekTa. OcHOBHEIME MapameTpamMu MOT3 sBnstoTes:

1) xonr9YecTBEHHBIE OIICHKH TEXHOJOTHUECKUX CBA3EH Mexay paboTamu;

2) BpeMeHHasi 00J1aCTh BBINIOJIHEHHST paOOThI;

3) TOYKHM KPUTHYHOCTHU KaXKI0# paboThI;

4) MPOIOIHKUTENFHOCTE CTPOUTEIECTBA 00BEKTA;

5) MakcHUMaJbHOE KOJMYECTBO PECYpCOB THIA MOIIHOCTH, KOTOPOE MOXHO MCIHOJIB30BaTh Ha
paborax.

Ha ocroe MOT3 omnpeznensiercss TEXHOIOTHISCKH BO3MOXKHAST MAUHUMAIBHAST TIPOJOIDKUTETh-
HOCTBb CTPOUTEIIECTBA.

MareMaruueckoe ONMCaHUE METOJMKU NPHUBSA3KUA TEXHOJIOTHUECKH B3aUMOCBS3aHHBIX padora
BO BPEMCHH JIa€T BO3MOKHOCTH PEIIUTh 33a4y UX MaKCHUMAIEHOTO COBMEIIICHHS.

Kniouesvie crosa: modenv obvexmuvix mexuonocuveckux sasucumocmeti (MOT3), karendap-
Hblll TUTAH, TEXHOJIOTHS TPOU3BOICTBA paboT, OPraHM3alMOHHO-TEXHOIOTHIECKHE MOCTIH.
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ABTOMaTI/I3I/IpOBaHHbIe cCunctemMmbl ynpaerneHus
TexXHOJNMorm4eCKuMu npoueccamm

Y[OK 681.5.015 DOI: 10.14529/ctcr190315

NMOBbIWEHWE NPON3BOANTENIBHOCTU
APOBUJIbHO-OBOIr'ATUTENIbHON ®ABPUKU
HA OCHOBE ONTUMU3ALUOHHOU MOOEJIUN

A.A. lWHatidep, E.A. KanuHuHa
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensibuHck, Poccus

B cBsi3u ¢ BBICOKMM CIIPOCOM Ha >K€JIe30pYIHbIE OKATBIIIN Ha POCCUICKOM BHYTPEHHEM M MU-
POBOM PBIHKaX BBICOKYIO aKTyaJIbHOCTh UMEET 3aj1aua MOBBIIIEHUSI 00bEMOB MPOU3BOJICTBA KEJI€30-
PYIOHOTO KOHIIEHTpaTa npu obecneueHnH TpedyeMoro kadecTBa. B pabore mpeanoskeHa o0mmas Tex-
HUKO-DKOHOMHUYECKasi TOCTAaHOBKA 3a/ladd ONTHMHU3AIMH JAPOOUIBHO-000TaTUTENHLHON (haOpuku
(10OD) no xpurepHio MakCHMyMa Map>KHHAJIBHON NMPHOBUIN NpenupusTHs. Permenue 3amadn BBI-
MIOJTHSIETCS. TIPH COOJIIOJIEHUU TEXHOJOTMYECKUX OTPAHUYCHHH MO PEeXUMY pabOThI TEXHOJIOTHYE-
CKOW CEKIIMH, THITY TIPOU3BOJUMOTO KOHIICHTpATa, 00EeCICUCHUIO TPeOyeMOro KadecTBa KOHIICHTpa-
Ta Ha BEIXOJIE, COCTaBy paboTaromero o0opynoBaHus U ApyruM mapamerpam. [logpoOHO paccMoT-
peHa JacTHas 3ajjada IMOBBIIICHUS MPOU3BOAUTEILHOCTH TeXHOJorudeckon cexmuu JJOD 3a cuer
ONTUMU3AINY PEKUMOB PabOTHI 000pynoBaHus. TpaaUIIHOHHBIM MOJXOIOM K PEIICHUIO JAHHOU 3a-
Jla9u SBISIETCS TPUMCHEHHE (U3UKO-XHMMHUYECKHX MOJEICH B COYCTAHHWU C IKCIEPHUMEHTAIEHBIM
U3yYeHUEM TEXHOJOTHYECKOTO Iporecca. B paboTe mpemiokeH Noaxo1 Ha OCHOBE IPUMEHEHUS OTI-
THMU3AIMOHHOM MaTeMaTHYeCKOW MOJIENH, pa3pab0TaHHON C MCTOIh30BaHUEM HUHTEIICKTYallbHOTO
aHaIM3a CTaTUCTHYeCKUX AaHHBIX Data Mining. B kadecTBe mMeToma MOCTPOCHUS MOJEIH MPHUHST
METO]I IePEBbEB MPUHATHA pemeHui. [Touck HaIydIero pemeHusi B CMbICIIe BEIOPAHHOTO KpUTe-
pHsl BBITIOJIHSAETCSI METOAOM Tiepedopa. Pe3ynbraTtoM MOAECTUPOBaHUS SIBISIETCS OIIEHKA MPOU3BOIU-
TEJIHHOCTH CEKIIMH B 3aBUCUMOCTH OT BIJIMSIHUS BXOJHBIX YIIPABISIOMUX (HaKTOPOB, MapaMeTPOB UC-
XOJHO! PYHBI, a TaK)Ke TEXHOJIOTHYECKUX OTpaHHYcHHUU. B paboTe mpuBeneH METOAMYCCKUNA MPH-
Mep IPUMCHEHHUS MOJICIU YIPABICHUS TEXHOJIOTHICSCKAM IPOLECCOM MPOU3BOJICTBA KEIE30PyIHO-
ro KOHIEHTpaTa TexHosornyeckoil cexuumu JOD ¢ moBbILIEHHMEM NPOU3BOAUTENBLHOCTH 10 7 %.
[IpakTryeckoe MpUMEHEHNE TPEITOKEHHOTO MTOAX0/1a TIO3BOJIUT B PaMKaX CYIIECTBYIOIICH aBTOMa-
TU3UPOBAHHON CHUCTEMBI YIPABJICHUS B PEXKHUME PEAbHOTO BPEMECHHU MPEIOCTABIATE ONIepaTopy pe-
KOMCHJAIINA O KOPPEKTUPOBKE IapaMeTPOB YIIPABICHHS PEKHUMAaMH pPaOOTHl TEXHOJIOTUYECKOTO
ob6opynoBanus cekuuu JJOD ¢ yueToM TEKyIIMX YCIOBHM TEXHOJIOTHIECKOTO Mpolecca.

Kniouesvie cnosa: opodbunvho-obocamumenvras gabpuxa, Data Mining, depesvbsi npunsimusi
pewtenui.

Beenenue

HpobunsHo-o60ratutenbusie padpuku (JJOD) sBIsIOTCS OCHOBHBIM 3B€HOM B TEXHOJOIMYECKOM
nporiecce nepepaboTKu TBEPIBIX TMOJNE3HBIX MCKOMAEMBIX C IIENBI0 MONyYeHHs BHICOKOKAUYECTBEHHOTO
KeNe30pYHOTO KOHIIeHTpaTa. JKene30pynHbli KOHIIEHTPAT SBISIETCSI CBIPHEM ISl IPOM3BOJICTBA XKelle-
30PYIHBIX OKAThIILIEH, UCTIONB3YyEMBIX B YePHON METAJLTYPIHH.

B cBsi3M ¢ BBICOKHM CIIPOCOM Ha KeJe30pYAHbIC OKATHIIIN Ha phIHKE Poccui M B MHpE BBICOKYIO
aKTyaJbHOCTh UMEET 3aJ1a4a MOBBIIICHHsI 00bEMOB MPOU3BOJICTBA MPU 00ecIeueHUH TpedyeMoro Kade-
CTBa >KEJIE30PYIHOTO KOHLIEHTpATa MyTeM ONTHUMHU3ALUH paboThl 000PYIOBaHUS TEXHOIOIHYECKUX CEK-
uuit 10O.

Ha cerousimauii [eHb 3HAYUTENEHOE KOJIMYECTBO pabOT MOCBSIICHO PEIICHHUIO 32/1a4 TOBBIIICHUS
spdexrnBHOoCTH JOD. TpaguLMOHHBIM NOAXOIOM 31€Ch SIBIISIETCA NMPUMEHEHNE (HU3UKO-XUMHUUECKUX
MoJeNeil B COUeTaHUH ¢ AKCIIEPUMEHTAJIbHBIM N3yYCHHEM TEXHOJIIOTHUECKoro npouecca. Tak, B paboTax
[1-4] aBTOpaMu paccMOTpEH TEXHOJIOTUYECKUH MpoIiecc 000TallleHus Py Ibl, IPUBEACHO Hanboee pac-
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LWinaiidep O.A., KanuHuHa E.A. MoebiweHue npouzeodumenibHocmu ApobusibHo-0602amumesnbHol
¢habpuku Ha ocHoge onmumu3ayuoHHol Modesnu

MPOCTpaHEHHOE O0OPYIOBAaHHE /ISl €T0 OCYIIECTBIICHHS, TIOKa3aHbl METOAB! ONTHMH3AIMHA U WHTEHCH-
(hMKaMM TEXHOJIOTHYECKUX TPOIeCCOB oOorameHus. MeTopl ONTUMAIFHOTO YITPABICHUS! TEXHOIOTH-
YECKUMH IPOLIecCaMHU 000raTUTENIbHBIX (haOpUK onucaHbl B paborax [5-9].

[IpuMeHEeHrEe Ha TPOMBIIIICHHBIX NPEANPUATHIX COBPEMEHHBIX MPUOOPOB JJIsS M3MEPCHHS Iapa-
METPOB TEXHOJIOTHUYECKUX MPOIIECCOB B KOMILIEKCE C pa3BUTHEM MH()OPMAIMOHHBIX TEXHOJIOTHIA CTAJIO
MPEIMOCHUIKON K PA3BUTHIO TEXHOJIOIMH MHTEIICKTYaIbHOIO aHaIM3a 0oJbIINX 00beMOB JTaHHBIX Data
Mining [10-12], rie Ha OCHOBaHWM CTATHCTHYECKHX JaHHBIX Pa3padaThIBAIOTCS MaTEeMaTHUYECKUE MO-
JIeN, KOTOPBIE Jlaliee UCIIONMBb3YIOTCS pU pa3paboTKe aBTOMAaTU3UPOBAHHBIX CUCTEM YIIPABIICHUS U OTI-
THUMM3ALUU TEXHOJIOTHYECKUX mporeccos [13-22].

HecMmotps Ha 001bI10M 00bEM UMEIOIICHCS JTUTEPaTyPhl, Ha CETOIHAIIHUN JeHb 3a/1a4a ONTHMH3a-
MU YIIpaBJIeHUs TexHomorndeckor cekuuu JJO®D Ha OCHOBE MPUMEHEHHS MaTEMaTHYECKUX MOJEIeH,
paboTaromux B peKMME COBETUHKA, HE PEllieHa B IOJHON Mepe, 9TO ONpeelisieT aKTyalbHOCTh paboTHI.

1. IToaxox K pemieHHIO ONITHMHU3ALMOHHOM 32124
Lenbto paboThl siBisieTcss MakcuMu3auusi MapxuHansHord npubsimn (MIT) JJO®D, kotopas moxer
OBITh OIpe/ieNieHa o GhopMyJie

MIT=1I-(C, -3, (IT)) - max, (1)

rae I1 — npousBoauTenbHOCTH 10 pyae; C — CTOMMOCTE | TOHHBI KOHEYHOIO IIPOAYKTa; 3y, — EPEMEH-
HBIE YJENbHBIC 3aTPaThl HA IPOU3BOICTBO IPOLYKTA.

[IpousBogurensHOCTh 110 pyne (IT), momaBaeMoil Ha BXO TEXHOJIOTHMYECKUX CEKIIUHU, OTIPEAETAeTCS
(dyHKIHICH

H :f(ul’ uz, AN MN, Zl’ Z2, ceey ZK, yl, yz, ey yM), (2)
rae N, K, M — KOJIM4ECTBO UCHOJB3YEMBIX B MOJEIM YIPABIIAEMBIX ITOKA3ATEIECH TEXHOJIOTMYECKOrO
poriecca, KadeCTBEHHBIX MOKA3aTeNe NCXOTHON pyabl U KENE30pYJHOTO KOHIIEHTPaTa COOTBETCTBEHHO.

Ilepemennble yzaenpHBIE 3aTpaThl Ha IPOM3BOJACTBO NpoaykTa (3y,) B paMKax JaHHOH 3a1auu
OMPECIISIOTCS 10 PopMyIIe

3y, = O/ +C/I+ 1/ + X, /IT, 3)

rae O — aneKkTpodHeprusi; C — NOMOJIBHBIE CTEPKHU AJIS CTEPKHEBBIX MeNbHULL; 111 — moMonbpHbIE MmIaps!
JUTS IIAPOBBIX MEJIBHMIL, X, — TOTEPH JKeje3a B XBOCTaX.

Ha puc. | npencraBnen oOmuii Bua rpagiKoB 3aBUCHMOCTH TEPEMEHHBIX YJENbHBIX 3aTpaT Ha
MIPOM3BOJICTBO KEJIE30PYJHOTO KOHIEHTPATa U MAPKUHAJIBHON MPUOBUIA OT IPOU3BOAUTEIBLHOCTH.

W3 puc. 1 BUIHO, 4TO B TOYKE C MPOU3BOAUTENBHOCTEIO I mocTUraeTcss MUHUMYM yAEIbHBIX ITe-
PEMEHHBIX 3aTpaT, TIPU STOM, OJIHAKO, MAKCUMYM Map>KUHaJIbHON MpUOBUIM B OOIIEM ciydae JIOCTUTra-
€TCsI B TOUKE C IPOU3BOIUTENBHOCTHIO [1,.

Takum 00pa3om, HEOOXOIUMO ONPEACTUTH ONTHUMAIbHBIC 3HAUCHHS YIIPABISIeMbIX (aKTOPOB U; IPH
3a1aHHBIX 3HaYECHHUAX Ka4YeCTBEHHBIX ITOKA3aTeNICH HCXOMHON Py/IbI Z;j, )KEIE30PYAHOrO KOHIIEHTpATa y; 1
neHe npoaykra C,, o0ecreunBaronX MakKCUMyM MapKUHaIbHOM mpuObun (3), onpenensieMoil ¢ yde-
TOM TE€XHOJOTHYECKUX OTpaHUYEHUI:

U; min < u; < U max » (4)

yjmin<yj<yjmax= (5)
raei=1...N,j=1..K

Pemenue 3amaun (1)—(5) BBINOIHICTCS MPU COONIONCHUM CICAYIONUX TEXHOJIOIMYECKUX OrpaHu-
YEHUM:

— pexuM paboThl TEXHOJIOTUIECKON CEKITHH IO TUITY MTPOU3BOANMOrO KOHIIGHTPATA;

— obecnieuenmne TpeOyeMoro KayecTsa KOHIICHTpPATa Ha BBIXOJIC;

— coCcTaB paboTaroIero 000pyI0BaHMS;

— MOTEPU KeJe3a B XBOCTAX;

— pacxojl METIOIIHX TeN (IIapOB, CTEPIHKHEH);

— oTpe0JICHHUE JIEKTPOIHEPT MM TEXHOJIOTHISCKUM 000PYA0BaHUEM.

BrimonHeHME BBIMNICYKA3aHHBIX TEXHOJOTHUECKUX OTPAHMYEHUN JOIHKHO OCYIIECTBIIATHCS C YIETOM
MOTPEUIHOCTH UCIIONIb3YEMBIX CPEACTB U3MEPEHUM.
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Puc. 1. 3aBMcMMOCTU NepeMeHHbIX yAenbHbIX 3aTpaT U MapXXUHanNbHOW NpUbbLINK
OT NPOU3BOAUTENIbHOCTH

[IprBeneHHBIN BbIIIE TOAXO/ ONMUCHIBACT HanOOJIEe OOIIYI0 TEXHUKO-3KOHOMHYECKYIO TIOCTAHOBKY
3amaun ontumuzanuu JJO®. Ha npakTuke MOTyT IPUMEHATHCS UHBIE YIPOIIEHHBIE KPUTEPUH ONTHUMHU-
3a1My, 00YCIIOBIEHHBIE CJIOKUBIIEHCA PRIHOYHON KOHBIOHKTYPOH, TEXHOJOTHUYECKUMHU OCOOCHHOCTSIMH
NPOM3BOACTBA M Ipyrumu (pakropamu. OIHUM K3 TaKUX YacTO NMPUMEHSIEMBIX KPUTEPHEB, KOTOPBIH
paccMOTpEH Aajiee, BIAETCS MPOU3BOAUTEIBHOCTh TEXHOJIOTMYECKON CEKIIMH 10 PYZE.

2. Pazpadorka mogenu cexkunu JO® Ha 0CHOBe MeTO/a IepPeBbeB PelIeHHit

Jnst periieHyst OCTaBICHHOM 3aa4i B Ka4eCTBE METOJa TIOCTPOCHUSI MOJIEIH VISl YIPABJICHHUS TEXHO-
JIOTHYECKHM TIPOIIECCOM MPOU3BOACTBOM KOHIIEHTpaTa Ha cekiwn JJO® nmpuHAT METOT IEPEBHEB PEIICHUN.

st mocTpoeHHs U OOY4YEeHHUs] MOJICNIM YIPaBJICHHUs MCIIOIb30BAHBl CTaTUCTUYECKUE AAHHBIC SKC-
IUTyaTalud 0O0OpyNOBaHUS 3a JIBa Mecsla paboThl TEXHOJIOTMYECKOH ceKUuu. JlaHHBbIE SKCIUTyaTaluu
paszeneHsl Ha [Ba KjacTepa B 3aBUCHMOCTH OT THIIa IPOU3BOAMMOTO KoHueHTpara: «Kmactep 1» u
«Kmnactep 2». st KaxI0ro peskuma paboThl CTPOUTCS MOJIENb YIIPABICHHUS TEXHOJIOTHUECKHM TPOIEC-
coM. JlaHHBIE 3KCIUTyaTallMd MPOXOAAT 00pabOTKy, KOTOpas 3aKI04aeTcs B MPOBEPKE KOPPEKTHOCTU
«CBIPBIX» TaHHBIX.

C nenpio ydera cocraBa paboTaroniero o00pyaIoBaHus B MOJIEb BBEJCHbB KOMOMHHPOBAHHBIE I1e-
peMeHHbIe. B Kaxp1ii MOMEHT BpeMEHH NMPOUCXOIUT OLICHKA, PE3YJITATOM KOTOPOH SIBISETCS BBIBOJ O
TOM, Kakoe 000pyAOBaHHE HAXOAUTCs B padoTe. B KOMOMHHPOBaHHYIO EPEMEHHYIO POU3BOAUTCS 3a-
MUCh 3HAYCHUS MapaMmeTpa 000pyI0BaHUs, HAXOSIIETOcs B paboTe.

Mojens IOCTpoeHa Ha OCHOBE OJIHOTO M3 COBpeMeHHBIX anropuTmoB Classification and Regression
Tree (CART) B cpeane pa3paboTku NporpaMMHOT0 o0ecreyeHus sl A3bIKa nporpaMMupoBanus R.

Ha puc. 2 npencraien ¢pparmMeHT MO/IEIH YIPABICHUS TEXHOJIOTHYECKUM TMPOIECCOM OJJHOM TeX-
HOJIOTHYECKON CEKIMU IO MPOM3BOACTBY >KEJIC30PYAHOTO KOHIIEHTpPAaTa B TEPBOM PEKHUME pabOTHI.
Bo ¢parmente mogenu nmpeacTaBieHbl HOPMUPOBAHHbIE 3HAUCHUSI TAPaMETPOB.
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Maccoean gona TEEpAOre B NECHaX MarHMTHOrS gewnamartopa 2 == 0,97

0.89

B2.4%

MNAOTHOCTL NMTAHKWA MOKPOTD MarHMTHOTO cenaparopa 3 == 0.77

0.82

70.6%

MACTHOCTE NHTAHKA MOKPOIS MArHKTHOMD cenaparopa 3 == 0.73

0.89

55.9%

MaoTHOCTE cAMEE rMAPOYMENOHE 2 == 0.54

0.89

33.8%

MaoTHOCTE cAMEa TMgpoUMKEnoHa 1 == 0.33

0.89 0.82 0.82 0.89 ( 0.96 0.96
11.8% 14.7% 20.6% 13.2% 22.1% 17.6%

Puc. 2. ®parmeHT aepeBa mogenu B knactepe 1

Ha puc. 3 mpousutrocTprpoBaHa omMOKa Mpeacka3aHHbIX 3HAYCHHH B TOYKAX MPUMEHHUMOCTH MO-
JIEJTM Ha UCXOJHBIX CTATUCTUYCCKUX JAHHBIX 32 JIBa MECsIa paOOThl TEXHOJIOTHISCKOW CeKInu. JIMHums-
MU OTMEYEHBI TPAHUIIBI JOITyCTUMBIX OTKJIOHEHHH B paMKax IMOJKIIAcCa.
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Puc. 3. Owmnbka npeackasaHHbIX 3Ha4eHU B NEPBOM M BO BTOPOM KracTtepax

HapnexxHOCTE MONIEN# CyIECTBEHHO 3aBUCUT OT KOJMYECTBA MCXOJHBIX CTATUCTHYECKUX TaHHBIX B CO-
OTBETCTBYIOIIIEM JHANa30He U3MEHEHMsI TPOU3BOAMTEIBHOCTH U MPH JOCTATOYHOM HAaOOpe Mpe/ICTaBH-
TEeNbHBIX JaHHBIX qocturaeT He MeHee 70—80 %. [To Mepe HaKOIIEHUS! CTATUCTUKH HAJEKHOCTh MOJIe-
nu OyIeT TOBHIATECS B O0llee IMHUPOKOM IHana30He MPOU3BOAUTEIHLHOCTH.
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3. Meroguyecknii npuMep onTumMusanuu cexkuuu JOD

M0 KPUTEPUIO MAKCMMYMA MPOU3BOIUTEIbHOCTH

MeTo10M ONITUMH3AIUH BEIOpaH OJMH M3 MPSIMBIX METOOB ONTUMU3AIUN — METO] repedopa (Me-
TOM 00I11ero noucka). ['JIaBHBIMKM PEUMYIIECTBAMH 3TOr0 METOJa MPUMEHUMO K JaHHOH 3a1ade sBjs-
€TCSl He3aBHCHUMOCTD TIOMCKa PEIICHUs OT BHJA U XapaKTepa LelNeBol (pyHKINU U MPOCTOTa aJIrOPUTMa
MOKCKa II00aJTLHOI0 MaKCUMyMa ()YHKITUH.

PaccmoTpuM mpuMep MCTIONB30BaHUSI MOJICIH YIPABICHUS TEXHOJOTHYECKUM IPOIECCOM OTHOMN
cexnuu JJOD mo npou3BOICTBY KeENEe30pyAHOTO TIEPBOTO TUTIA KOHIIEHTpPATA.

BxonHbIMEH HaHHBIME IS MOJENH SIBJISIOTCS WCXOIHBIE CTATUCTHYECKUE NaHHBIE HA HEKOTOPHIHA
MOMEHT BPEMEHH {, MPOLIEIIIHE TPOBEPKY HA KOPPEKTHOCTD.

Ha puc. 2 npencrasieH GpparMeHT MOJICIH, HEOOXOMUMBIN 11 (JOPMUPOBAHHUS COBETA IO BXOIHBIM
JTAaHHBIM JUII MOMEHTa BpeMeHH ¢. Kaxkiplii JTUCT iepeBa pelleHri COOTBETCTBYET COBETY Mojieu. B kax-
JIOM JICTE yKa3aHbl JUCKPETHBIC 3HAYCHHUS IeJIeBOW mepeMeHHol. Mcxoas u3 mpaBuil B y3iax jaepesa,
JUTSI K&KJIOT0 COBEeTa (hOPMHUPYETCS JUAMA30H JOMYCTUMBIX 3HAUCHUH YIPABIIAEMBIX TAPaMETPOB.

Jlanee mpou3BOIUTCS Psifl IPOBEPOK ISl BEIOOPA IIOAXOISAIINX» COBETOB:

— IIpOBEpKa MPUHAJISKHOCTH 3HAYCHHWN HEYNPaBISIEMBIX IMapaMeTpPOB JUANAa30HY JOMYCTHMBIX
3HAYCHUI;

— 3HayeHue napamerpa «CojepikaHue Keye3a B KOHIIEHTPATe» B COBETE JOJDKHO OBITH HE MEHBIIE
(haKTHYECKOr0 3HAYCHMS,

— 3HaueHue napamerpa «[Ipon3BOAMTEIHLHOCTE» B COBETE MOJDKHO OBITH OOJIbIIe (haKTHUECKOTO
3HAYCHUS.

AHaJOTUYHBIM 00pa3oM YUYUTHIBAIOTCSA JIPYTHE MMapamMeTphbl TEXHOJIOTHMYECKOTO TpoIecca, B TOM
YHUCIIe TIOTEPH JKee3a B XBOCTaX, PACXO]] MEITFOIUX TN U MOTPeOIICHUE SIEKTPOIHEPTUN TEXHOIIOTHYE-
CKUM 000pyTOBaHHEM.

[Ipumep coBeTa Mojenu NpuBeACH B Tabuuie. B Hell npeacTaBieHbl GakTHuecKue (TEKyIIUe) 3Ha-
YeHMsI TapaMeTPOB Ha MOMEHT BPEMEHH ¢ U JMAIa30H JOMYCTHUMBIX 3HAUCHHH COBETa MOJC/IM. 3Haye-
HUS TIApaMETPOB MPEACTABICHBI B OTHOCUTEIIbHBIX ¢IMHUIIAX.

CoBeT mogenu

Ne dakTryeckoe
Hasanue mapametpa CoBeT Moaenu
/I 3HAUYCHUE
1 IIpon3BOANTENBHOCTE 0,82 0,89
2 Copepxanue xeje3a B KOHIICHTPATe 0,79 0,79
3 MaccoBas 1071 TBEpAOro B MECKaX MarHUTHOTO 0.98 0.96-1
JenuiamMaropa 1
4 MaccoBas 10114 TBEpAOro B IECKaX MarHUTHOTO 0.99 >0.98
Jieniamaropa 2
5 MaccoBas 1071 TBEpAOTO B MeCKaX MarHUTHOTO 0.97 0.97-1
JernuiaMaropa 3
6 IInoTHOCTH MUTAaHUS MOKPOTO MATHUTHOTO 0.75 <073
cemnapatopa 3
7 JlaBneHue mybITbl Ha BXOJIE THAPOITMKIIOHA | 0,87 0,84-0,89
8 JlaBneHue mybITbl Ha BXOJIE THAPOITUKIIOHA 2 0,90 0,81-0,92
9 IInoTHOCTB CaAMBa THIPOLMKIIOHA | 0,64 0,54-0,68
10 IInoTHOCTH CAMBa THAPOLMKIIOHA 2 0,61 <0,54
11 | Jonst nerkooboraTuMoi pyasl 1,00 1,00
12 | O60raTUMOCTh PYABI 0,65 0,45-1,00
13 | Conmeprkanue xenesza B IpoOJICHON pye 0,72 0,48-0,82
14 | I'panynoMeTpUYeCcKHil COCTaB Pyl 0,57 0,42-0,99
15 | ConmepxaHue xenesa B pyJe 0,66 0,39-,89
16 | ComepskaHue cepsl B pyJie 0,34 0,01-0,70
17 | ConmepskaHue cephbl B KOHIICHTpATE 0,24 0,01-0,71
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Jns mocTmKeHUsT MaKCUMAIIbHOTO PACUETHOTO 3HAYSHHS MPOU3BOAUTENBHOCTH TEXHOJIOTHIECKOM
CEKIIMU TIPU JaHHBIX HAYaIbHBIX YCIOBHSIX (TEKYIIMX 3HAYCHUSAX IMapaMeTpOB) HEOOXOAMMO (aKTHIe-
CKHE 3HAUEHHUS BCEX YMPABIACMBIX MapaMeTPOB MPUBECTH K AWAMA30HY JOMYyCTHUMBIX 3HAUCHUH COBETA
MOJIEJIH.

CornacHo pHUBEICHHOMY B TAOJIUIE COBETY MOJIEIH IS MOBBIIIICHHUS MTPOU3BOAUTEIHLHOCTH Ha 7 %
HEOOXOIMMO:

— MMOHU3UTH 3HadYeHHe napameTpa «ILTOTHOCTh MUTaHUS MOKPOTO MAarHMTHOTO cemaparopa 3» o
3HA4YCHHH, BXOJAMINX B AuanazoH < 0,73;

— IOHW3UTH 3HauYeHne mapamerpa «[I10THOCTH civBa THAPOIMKIIOHA 2)» O 3HAYCHHI, TTPUHAJIC-
JKaux auanasony < 0,54.

JlooOy4eHre Moneny Ha HOBBIX JaHHBIX JKCIUTyaTallid TEXHOJIOTHYECKOTO 000pyIOBaHUS B TPO-
1ecce paboThI CUCTEMBI 00eCIIeYrBaET €€ alallTHBHOCTh K M3MEHEHUIO IMapaMeTPOB TEXHOJIOTHIECKOTO
rporiecca ¢ TCYCHUEM BPEMEHH.

BrIBOABI

1. B pabote npeanoxkeHa B 001IeM BUe IIOCTAHOBKA 33]Ia4H MTOBBIIICHHUS] MapKUHAIBHON PUOBLITH
JO® Ha OoCHOBE MPUMEHEHHUS ONTUMH3AIMOHHONW MOJIEIH YMPABICHUS TEXHOJOTHMUECKHM ITPOIIECCOM
MIPOU3BOACTBOM KOHIICHTPATA.

2. PaccmoTtpeHo moctpoeHue mMatemMatuuecko mogenu cekiuu JO® Ha ocHOBE METOAA EPEBHEB
pemeHuii. Pe3ynpTaToM MOJETHPOBAHUS SIBISICTCS] OLICHKA MTPOU3BOJAUTEILHOCTH CEKIIMH B 3aBHCHMO-
CTH OT BJIMSHHS BXOJHBIX YIPABJAIONINX (haKTOPOB, MApaMETPOB UCXOIHOM PYAbI M TEXHOJIOTHYCCKUX
OTrpaHUYCHUM, BKIIOYAOIIHX:

— PEXXHUM pabOTHI TEXHOJIOTHUECKON CEKITMH 110 THITY TPOU3BOIMMOT0 KOHIICHTPATA;

— obecnieuenne TpeOyeMOro KkauecTsa KOHIICHTpaTa Ha BBIXOJIC;

— cocraB paboTaroniero 000pyI0BaHUS;

— MOTEPU XKeJe3a B XBOCTaX;

— pacxoj MEOIIUX Tel (apoB, CTEPIKHEH);

— noTpe0JIeHre IEKTPOIHEPTHH TEXHOIOTUIECKIM 000PYA0BaHUEM.

3. B pabore mpuBeneH METOAMYECKUN MpHUMEp NMPUMEHEHHs] MOJENN YIPAaBICHUS TEXHOJIOTHYe-
CKHM ITIPOIIECCOM TPOM3BOJICTBA JKEIC30PYIHOTO KOHIIGHTpaTa TexHojorudeckoit cexiuu JO® ¢ mo-
BBITIICHUEM TIPOU3BOIUTEIHHOCTH Ha 7 %.

4. B pamkax pa3BuTHs pa0dOT IUTaHUPYeETCs Ha Oa3e MpeasIoKEHHOTro moaxoa K ontumusaryu JJOD
BBITIOJIHUTD Pa3pab0OTKy aJITOPUTMHUYECKOTO U MPOrPaMMHOT0 00SCICUSHHS CUCTEMbI-COBETUHKA, KOTO-
pasi IO3BOJIMT B PEIKUME PEATbHOTO BPEMEHH Ha OCHOBE TEKYIIMX ((PaKTHUCCKUX) 3HAYCHHMA MapaMerT-
POB CEKIIMW TPEAOCTABIATH TEPCOHATY OINEPATUBHYI0 HH(OPMAIUI0 O KOPPEKTHPOBKE ITapaMeTpPOB
yHOpaBIeHUs] peXUMaMi pabOThl TEXHOJIOTHYECKOro obopynoBanus ceknud JJO®D B 3aBHCHMOCTH OT
BBIOMPAEMOTO MTOJIH30BATENIEM TEXHUYECKOTO WM TEXHUKO-D)KOHOMHYECKOTO KPUTEPHS ONTHMH3AIINH.

Jumepamypa

1. Abpamos, A.A. Ilepepabomka, obocaweHue U KOMIICKCHOE UCNONb308AHUE MBEPObIX NOAE3HBIX
ucxonaemvix / A.A. Abpamos. — M.: I'opnas xuuea, 2012. — 656 c.

2. Cepeo, E.E. [[pobnenue, usmenvuenue u epoxoyerue nonesnvix uckonaemuvix / E.E. Cepzo. — M.:
Heopa, 1985. — 282 c.

3. Anopees, C.E. Jlpobnenue, usmenvuenue u epoxouenue noaesuvix uckonaemvix / C.E. Anopees,
B.B. 36epesuu, B.A. llepos. — M.: Hedpa, 1980. — 415 c.

4. Agooxun, B.M. Ocroswl 0bozcawenus noaesnvix uckonaemolx / B.M. Aedoxun. — M.: I'opuas kHu-
ea, 2010. — 417 c.

5. Mopxyn, B.C. Adanmuenvie cucmemvl ONMUMALLHOZ0 YAPAGIEHUS MEXHOJI02UYECKUMU Npoyec-
camu 20pHo-obocamumenvhvimu komounamamu / B.C. Mopxyn, U.A. Jlyyesuu. — M.: Munepan, 2009. —
261 c.

6. Tuxonos, O.H. Aemomamuzayusi nNpou3600CMEEHHbIX NPOYECCO8 HA 0002amumenbHuX Gadbpukax /
O.H. Tuxonos. — M.: Heopa, 1985. — 207 c.

7. Kosun, B.3. Aemomamuzayus npou300CMEeHHbIX NPOYeccos Ha 0002amumenbHulX Gadpukax:
yueb. ons 8y306 / B.3. Kosun, A.E. Tpon, A.A. Komapos. — M.: Heopa, 1980. — 336 c.

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 161
2019. T. 19, Ne 3. C. 156164



ABTOMaTVI3VIpOBaHHbIe CuUctemMbl ynpaBJrieHuUA ...

8. Ilpoyymo, B.C. Asmomamu3zuposannbvle cucmembl YNpaeieHus mexHoI02UiecKumu npoyeccamu
oboeamumenvuvix komounamos / B.C. IIpoyymo. — M.: Heopa, 1987. — 252 c.

9. Ilpunyunwvl nocmpoenus mamemamuveckux mooeneti 8 ACYTII npouzsoocmea scene30pyonbix
oxamouwen / A.11. Bymkapes, E.B. Hexpacosa, H.I'. Mawup, FO.B. Cusepun // Cmanv. — 1990. — No 3. —
C. 15-21.

10. liox, B.A. Data Mining: yue0. xypc / B.A. ok, A.Il. Camotinenxo. — CI16.: Ilumep, 2001. —
368 c.

11. Williams, G. Data Mining with Rattle and R: The Art of Excavating Data for Knowledge
Discovery / Graham Williams. — USA, Springer, 2011. — 396 p. DOI: 10.1007/978-1-4419-9890-3 17

12. IIpoepammuas pearuzayus memooa depesbed peuieHull 018 peaiusayuu 3a0a4 Kiaccugurayuu
u npoerosuposanus / T.B. 3aiiyesa, H.B. Bacuna, O.11. IIycnas u op.; HUY benl'V // Hayunvie gedomo-
cmu benl'Y. Cep. Hcmopus. [lorumonocus. Dxonomuxa. Hugopmamuxa. — 2013. — Ne 8 (151),
goin. 26/1. — C. 121-127.

13. baxsanos, JI.A. Ilocmpoenue u onmumusayus Mamemamuyeckux mooenell no dKcnepumeH-
manvuvim dannvim / JI.A. baxeanos, M.A. Komapos. — M.: U30-60 MITY, 1997. — 320 c.

14. Awuxmun, A.A. Pazpabomxa u npuHsamue ynpagieHyecKux peuleHull: opmanvhvle Mooenu u
Mmemoowl evtoopa / A.A. Awuxmun. — M.: U30-60 MITY, 1995. — 80 c.

15. Kpacnowéros, I1.C. Ipunyunvl nocmpoenus mooeneui / I1.C. Kpacnowékos, A.A. [lempos. —
M.: Dazuc, 2000. — 400 c.

16. Kazarinov, L.S. Oblong ellipsoid method in process efficiency control / L.S. Kazarinov,
T.A. Barbasova // 2015 International Conference on Mechanical Engineering, Automation and Control
Systems (MEACS). — 2016. — Paper number 7414875. DOI: 10.1109/MEACS.2015.7414875

17. Kazarinov, L.S. Elliptic component analysis / L.S. Kazarinov, T.A. Barbasova // 2016 2nd Inter-
national Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM). — 2017. —
Paper number 7910936. DOI: 10.1109/ICIEAM.2016.7910936

18. Kazarinov, L.S. Identification method of blast-furnace process parameters / L.S. Kazarinov,
T.A. Barbasova // Key Engineering Materials. — 2016. — Vol. 685. — P. 137-141. DOI:
10.4028/www.scientific.net/KEM.685.137

19. Kolesnikova, O.V. Identification of the Efficient Manufacturing Characteristics / O.V. Kolesnikova,
L.S. Kazarinov, A.D. Nelubina // Energy Procedia. —2017. — P. 79-88. DOI: 10.1016/j.egypro.2017.09.602

20. Puzaes, U.C. HumennexmyanoHulii auaiu3 OAHHuIX Ol NOOOEPHCKU NPUHAMUSL peuteHul /
U.C. Pusaes, A. Paxan. — Kazauw: H30-60 MOuH PT, 2011. — 172 c.

21. Cokonos, B.B. Konyenmyanvhvie 0CHOBbI OYEHUBAHUS U AHATUZA KAYeCm8a Mooenell U NOIUMO-
Oenvhubix kKomniexcos / B.B. Coxonos, P.M. FOcynos // U36. PAH. Teopus u cucmemvl ynpasieHus. —
2004. —Ne 6. — C. 6-16.

22. Jlapuues, O.H. Teopus u memoowv: npunamus pewenuii / O.U. Jlapuues. — M.: Jlozoc, 2000. —
295 c.

HMluaiinep JMuTpuii AJlekcaHAPOBMY, I-p TeXH. HaykK, mpodeccop, Kadeapa aBTOMATHKH H
yrpasneHus, KOxHo-YpanbCckuii rocy1apCTBEHHBINH YHUBEPCUTET, I'. Yensaounck; shnaiderda@susu.ru.

Kannnuna ExatepuHa AjlekcaHApPOBHA, aCIMPaHT, Kaeapa aBTOMATUKU U ynpasneHus, KOxHo-
VYpanbckuil Tocy1apcTBEHHBIH YHUBEPCUTET, . YensOnnck; kalininaca@susu.ru.

IHlocmynuna e peoaxyuio 5 mapma 2019 2.

162 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2019, vol. 19, no. 3, pp. 156-164



LWinaiidep O.A., KanuHuHa E.A. MoebiweHue npouzeodumenibHocmu ApobusibHo-0602amumesnbHol
¢habpuku Ha ocHoge onmumu3ayuoHHol Modesnu

DOI: 10.14529/ctcr190315

PRODUCTIVITY INCREASING OF THE CRUSHING
AND BENEFICIATION PLANT BASED
ON THE OPTIMIZATION MODEL

D.A. Shnayder, shnaiderda@susu.ru,
E.A. Kalinina, kalininaca@susu.ru

South Ural State University, Chelyabinsk, Russian Federation

Due to the fact that the demand for iron-ore pellets in the Russian and international markets is
high, the task of increasing the volume of iron-ore concentrate production while providing required
quality is urgent. The paper sets a general engineering-and-economical target to improve crushing
and ore beneficiation plant (CBP) operation by the criterion of maximum marginal profit of the en-
terprise. The task is solved by observing technological constraints according to the regime of
the technological unit operation, type of the produced concentrate, the provision of the required qua-
lity of the concentrate at the end of the process, the equipment configuration and other parameters.
The specific task of increasing efficiency of the technological unit of the CBP by means of optimiza-
tion of the equipment operation has been thoroughly considered. Traditionally such tasks are solved
by applying a physical and chemical model coupled with experimental research of the technological
process. The paper presents the approach based on the application of the optimization mathematical
model, developed using intellectual analysis of statistical data — Data Mining. To develop the model,
the method of decision tree was used. The search method is used to find the best decision in terms of
the chosen criterion. Modelling results in evaluation of the unit efficiency depending on the influ-
ence of an input controlling factor, parameters of the base ore, as well as technological constraints.
A methodological example of applying the model of control over the technological process of iron-
ore concentrate production at the technological unit of the grinding and pellet plant with the in-
creased efficiency of up to 7% was provided. Practical implementation of the proposed approach will
allow the operator to obtain recommendations about correcting the control parameters of the techno-
logical equipment operation using the existing automated control system in a real time mode at
the unit of the DOF, taking into account current conditions of the technological process.

Keywords: crushing and beneficiation plant, Data Mining, decision trees.
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«YMHbIW rOPO[»: CTAHOAPTbI, MPOBJIEMbI,
NMEPCIMNEKTUBbI PA3BUTUA

K.B. MakapeHko', B.O. JloezuHoeckas?®

" MuHucmepcmeo uHgopMayUOHHbIX mexHosoaull u cesasu YensbuHckol o6racmu,
2. YenabuHck, Poccusi

20rBY «Yens6uHckuli peauoHaribHbIlU YeHmMp Hagu2ayUOHHO-UHGOPMaYUOHHbIX
mexHonozauli», 2. YensbuHck, Poccusi

PaccmarpuBaroTCs OCHOBHBIE TPAKTOBKH IOHATHUS «YMHBIH TOpO», ONMHCAHBI KIIOUEBBIEC JCH-
CTBYIOIIHE MEXIyHApOIHbIC W HAIIMOHAJIBHBIC CTAHAAPTHI, ONMCAHBI OCHOBHBIE MPOOIeMBI H(PO-
BH3AIIUHU TOPOJICKOTO X03siCcTBa B Poccuu.

dopMHpOBaHHUE CTAaHIAPTOB «yMHOTO ropofa» B Poccuu akTyanbHO TeM, YTO TaKHUE CTaHIAPTHI
BBICTYIIAIOT OPHEHTUPOM B IUIAHMPOBAaHWU JOJTOCPOYHBIX M KPATKOCPOUYHBIX MEPONPHUATHI IO
QG poBU3aIMU TOPOACKOT0 X03HCTBA. OTKPHITHIE U YHUBEPCAIBHBIE CTAHIAPTHl YCKOPSIOT U y/e-
HICBISIOT pa3padOTKU B 3TOM cdepe.

BMmecte ¢ TeM Kk HacTosimieMy MOMEHTY MUHHCTEPCTBOM CTPOUTENBCTBA M SKMIHIHO-KOM-
MyHaJbHOTO X03s1cTBa Poccuiickort @epepannu (MuncTpoem Poccum) Obumi pa3paboTaHbl 06a30-
BbIC U JIOTIOJIHUTEIbHBIC TPEOOBAaHUS K «yMHBIM ropomam». IIpenctaBieH cpaBHUTEIbHBIN aHAIN3
MEXIyHApOAHBIX CTaHIAPTOB «YMHOT'O Topoia» C¢ TpeOOBaHMSAMH, pa3paboTaHHBIMEH MUHCTpoEeM
Poccun.

B HEKOTOpBIX CTpaHax, aKTUBHO PEATH3YIOLINX IPOTPAMMBI [0 Pa3BUTHIO «YMHBIX TOPOJIOBY», B
Ka4yeCTBE OPUEHTHPOB HMCIOJIB3YIOTCS JIOKAIM30BAaHHBIE C YUYETOM MECTHOH Crielnu(UKU MeKayHa-
ponHBIe CTaHAApTHL. Tak, A pealn3aluy IpoTrpaMM 10 Pa3BUTHIO «YMHBIX TOPOIOB» B PecmyOu-
ke Kopest (mporpamma «YmubIid Ceyim») ObIIH JIOKaIH30BaHbI CTAHAAPTHI, Pa3pabOTaHHBIC TEXHUYE-
ckuM komuretoM ISO/TC 268, B Tom uncne cranmapt ISO 37120:2014 «YcroiunBoe pa3BUTHE CO-
00IIIeCTB — MHIUKATOPBI TOPOJICKMX CEPBHCOB M KauecTBA XXHM3HW», a JJSI TOPOJOB — yYaCTHHUKOB
nporpammbl «CTo yMHBIX Topo1oB» («Smart Cities Mission») B IHAUN peKOMEHTyeTcs CIeI0BaHUE
Habopy craHmapToB bpuranckoro mHCTHTyTa crangapTusauuu (BSI) nmpu peanmzanum nporpaMMel
Ha BCEX YPOBHSIX.

B pabote ucmonp30BaHbl pa3pabOTKM MEXKIYHApOJHOW OpraHM3aIlMM MO CTaHIapTU3AINU
(ISO), bpuTaHCKOTO HHCTUTYTa CTaHAAPTH3AIlUH, HOPMATHUBHBIE TOKYMEHTHI, MOATOTOBICHHBIC
Musnctpoem Poccun, u npyrue ncciegoBaHus, Kacarouecs: pa3BUTHS «YMHBIX TOPOIOBY.

Kmiouesvie crosa: ymuwlii 20poo, yugposas mpancgopmayus, pezyruposanie, cK803Hbvle mex-
HONIO2UU, CMAHOAPIbL.

Beenenne

Konuemnmust «yMHOro ropoaa», HauaBlIas cBoe (OPMUPOBaHKE B KOHIIE XX BEKa, aKTHBHO O0CYX-
naercsi B Poccum. Penkuii ¢Gopym, TOCBSIIEHHBI TOPOACKON TeMatnke W HH()OPMAIIMOHHO-
KOMMYHHKAIIMOHHBIM TEXHOJIOTHSM, OOXOAMTCS Oe3 AMCKYCCHH, CBS3aHHBIX C pealn3alueil MpoeKTa
«YMHOT'O TOpPOJa».

«YmHbII ropoa» (Smart city) He UMeeT 4eTKOW Ae)UHHULIMH, 3TO 0Y€Hb MHOI'OIUIAHOBOE SIBJICHUE.
J11 «yMHOT0 Topojia» CyLIeCTBYET MHOKECTBO OIIPEIEIICHUM, CPEI HUX CIIEAYIOLIHE:

e «YMHBII TOpOI» — 3TO 0OECIeYeHnEe COBPEMEHHOI'O KauyecTBa KU3HH 32 CUET MPUMEHEHHUS! HHHO-
BallMOHHBIX TEXHOJIOTMH, KOTOpBIE MPETyCMaTPUBAIOT SKOHOMHYHOE M HKOJIOTMYHOE HCIOJIb30BAHHE
TOPOJCKUX CUCTEM KU3HEAEATEIbHOCTH [1];

e «YMHBII TOPOI» — ATO B3aWMOCBSI3aHHAsI CUCTEMa KOMMYHHKATUBHBIX U MH(POPMAIMOHHBIX TEX-
Hojoruii ¢ uaTepHeToM Beiel (IoT), Gmaromapst KOTOpoil ynpomaercs yrnpasieHre BHYTPEHHUMHU Ipo-
1leccamMmy ropojia 1 yiIydlaeTcs ypoBeHb KU3HU HaceJdeHus [2];
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o «YMHBIH TOPOA» — 3TO CTPYKTYpa, KOTOpask 00ecrieunBacT yCTOMYMBOE pa3BUTHE, IOBBILLICHHE Ka-
YyecTBa KU3HU U (P(HEKTUBHOE MCITOJIb30BaHUE PECYPCOB I CBOMX JXKUTENeH [3];

e KYMHBIH TOpOI» — 3TO TOpPOJl, B KOTOPOM OOBEAMHSIOTCS WHXEHEpHas HHQPACTPYKTYpa,
UT-undpactpykrypa, couuanbHas HHOPACTPYKTypa U Ou3Hec-MHPpacTpyKTypa IJIsi HCHOIb30BAHUS
KOJUIEKTUBHOTO MHTEIJIEKTa Topoja [4].

W3 nepedrcieHHBIX ONpeeieHUI MOXHO cjeiaTh 0000IIaroIni BEIBOJ O TOM, UYTO «yMHBIH TO-
pOI» — COBOKYITHOCTh MEPOIPHUATHH, HAIPABICHHBIX Ha TIOBBHIIICHHWE KAa4eCTBAa JKU3HU HACENCHUs 3a
cueT uu(ppOBU3ALMU PA3THYHBIX cep KU3HEeAEATEILHOCTU TOpoa.

[To manHBIM uccrnenoBaTeneil BeHCKOro TEXHOIOTHUECKOTO YHUBEPCUTETa OCHOBHBIE MPHOPHUTETHI
pa3BUTHA B paMKaxX «yMHOTO TOpOJa» CIeXyolie: yMHas cpela, yMHBIH 00pa3 *KU3HH, YMHbIE JIOIH,
YMHas 3KOHOMHKA, YMHAsi MOOMJIBHOCTh, YMHOE yIIPaBiCHHUE (CM. PUCYHOK).

@ VMHas cpena £°®° @ VYMHLI 06pa3 5KuU3HU

(rMpupoaHLle pecypchl) v (Kau4ecTBO YXWU3HW)

VMHble nogn / I VMHasa sxoHOMUKA
[

(colLManbHLIN M YenoBeYecK Uil KarmuTan) (KOHKYPEHTOCTIOC0BHOCTH)

POBaHHbBIE TIOJIL30B

obyueHue
0611[eCTBEHHOM K1
WMBOCTh

&Vwman MOOUNBLHOCTDL
O™ (tpancriopt u UKT)

VMHoe yrnpaBneHue

HanpaBneHus Smart City

TakuM 00pa3oM, «YMHBIH TOPOI» 00BEIUHICT B ce0e MHOMXKECTBO Pa3IHMUHBIX CKBO3HBIX TEXHOJIO-
THH ¥ CHCTEM, & K OCHOBHBIM YNPaBICHUYECKUM U SKOHOMHUYECKUM d(p(eKTaM pean3aliy TEXHOIOTUH
«YMHBII TOPO/»» OTHOCSITCS:

— BO3MOJKHOCTD IMOJIy4CHHUS] OOBEKTHBHON aKTyaabHOH MH(pOPMAIMK O TOPOACKONH MHPPACTPYKTY-
pe, Ha OCHOBE KOTOPOIl MPUHUMAIOTCA YIIPaBIECHYECKUE PEILICHUS;

— BO3BHUKHOBEHUE HOBBIX CEPBHCOB IOJIb30BAaHUS MEPBUYHBIMU YCIyramMu B cepax >KUIHIIHO-
KOMMYHAJILHOTO XO3SHCTBA, IKOJIOTHH, OOIIECTBEHHOTO TPAHCIIOPTa, MEIUIIMHEL U IPYTHX;

— BO3MOXKHOCTb arperanuy «O0JIbIINX AaHHBIX» JUIS MTOCIIeIYIOMIEro aHaIn3a UCTIONIb30BaHUs B Lie-
JISIX TIOBBILICHUS KA4€CTBA NPEAOCTABICHUS IOCYIaPCTBEHHBIX U MYHUIMIIAIBHBIX YCIYT U CEPBUCOB.

HecmoTpst Ha TO, YTO MPOEKT «YMHBIM TOpOJ» yKE pean3yercsi B OTAEIbHBIX PErMOHAX Hallei
CTpaHbl, KOHIETIUS «YMHOT'O TOPOJIay TOIBKO (OPMHUPYETCS, a caM TEPMHH YXKe HCIOb3YETCsl BO BCEM
MHUpE B Pa3JIMYHBIX CMBICIAaX B 3aBUCHMOCTH OT KOHTEKCTa. TO €CTb OJHOHM W3 KIIOUEBBIX MpoOiIeM Ha
CETOAHAIIHUI ACHb SIBJIAETCS OTCYTCTBHE €IMHOIO MOHUMAaHMs KOHLENLINU «YMHOTO TOpOAa» B CHILY
CHUCTEMHOCTH 3TOT'O SIBJICHUS, HHTETPUPYIOIIETO B paMKax €JHMHOI0 rOPOJICKOTO MPOCTPAHCTBA MHOXKE-
CTBO HaIlpaBJICHWH: TOPOJCKOEe ympasieHue, TpaHcnopT, KKX, 3mpaBooxpanenue, oOpazoBaHue, Ty-
pu3M H T. A. CBsI3aHO 3TO IpeXAe BCEro ¢ HOBU3HOW mporecca. Ha tekymmii MmomeHT B Poccum Het
OCO3HAHUS apXUTEKTYPbI IIOCTPOCHUS «YMHOTO FOpOJIay U HET HOPMATUBHOMN MOIEPIKKH.
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s penieHus JaHHON TPOOIeMBI CIIeIyeT TPeXae Bcero chopMupoBaTh HOpMATHBHYIO 0a3y, B KO-
TOpOii OyeT MpoIMcaHo, YTO COOOH MPEACTABISAIOT KyMHBIE TOPOa», KAKOBBI MEXaHU3MBI HX peajun3a-
LMY ¥ CXeMbI (PMHAHCHPOBAHUSI.

HeobOxomumo mprMeHEHHE HAMOHAJIBHBIX CTaHIAAPTOB U B JAJIbHEHIIIEM PETMOHATBHBIX CTaHIAp-
TOB, €IMHOE OTIPECTICHIE, YTO TaAKOe «YMHBIN Topoa» B Poccuu, cuctema nokazareneit 3hhekTuBHOCTH
WCTIOJTHCHHSI MEPOTIPUATHNA «YMHOTO TOpoja». B IPOTHBHOM cCilydae B TOPOJCKOW Cpelle TOSBUTCS
CJIMIIIKOM MHOTO HE CBSI3aHHBIX MEXKITy COOOM pa3TUIHBIX CHCTEM.

AKTyalbHOCTh (hOPMYJIHPOBAHMS CTAHIAPTOB I «YMHOTO Topoaa» B Poccuu oOBsCHSETCS TeM,
YTO OHM BBICTYHAIOT OPUEHTUPOM B IUIAHMUPOBAHUU JOITOCPOUYHBIX M KPATKOCPOUHBIX LEIEH pa3BUTHS
TOPOJIOB U PETHOHOB, TIOMOTAIOT B BEIOOPE NMPHOPUTETHHIX MPOEKTOB. TakXke, COrIACHO MCCIIEIOBAHU-
SIM, OTKPBITBIE U YHUBEPCAIbHBIE CTAHIAPTHI YCKOPSIOT pa3paboTKu B 3TOW cdepe Ha 27 % U yaemes-
0T — Ha 30 % [5].

Me:xkayHapoaHbie CTAHAAPTHI KYMHOTO FOpoaay

K HacrosmeMy MOMEHTYy MUHHCTEPCTBOM CTPOHUTENIBLCTBA U JKWINIIHO-KOMMYHAJIBHOTO X03s5CTBa
Poccuiickoit @enepanuu (Munctpoem Poccun) yxe Obumu pa3paboTaHbl METOAMYECKHE PEKOMEHIALNN
K MPOEKTaM «yMHBIX TOpPOJ0B» [6], KOTOpHIE ceifuac B paMKaxX OTJENbHBIX MIJIOTHBIX MPOEKTOB HAYH-
HAIOT PeaJn30BbIBATHCS B peruoHax crpansl. Kpome Toro, B mapte 2019 rona Muncrpoem Poccun Obim
oITyOnrMKOBaHbI 0a30BbIE U IOMOJHUTEIbHBIE TPEOOBAHHS K YMHBIM TOpoJiaM (CTaHAapT «Y MHOTO TOpo-
na») [7]. OnHako craHgapT MHHCTPOS TOJNBKO OMMCHIBACT HAOOP THUIOBBIX 0053aTEIbHBIX U JIOTOIHH-
TEJBHBIX PEIICHUH, T. €. IBISIETCSA CTAaHAAPTHBIM IIepPEYHEM CEPBHCOB, PEKOMEHAYEMBIX JIJIs1 BHEAPEHUS.
B nononnenue k HeMy ObL 3amyIieH OaHK PeLIeHUH Ui «YMHBIX TOpoIoB» [8], Ha KOTOPBIN mpeajara-
€TCsl OPUEHTHPOBATELCS MPU GOPMHUPOBAHUH MEPOIIPUSATHIA NMPOeKTa «YMHBIH Topoa». B omucanuu pe-
IIEHUH COJIEePKaTCsl CCHUIKM Ha ONMCAHUS PeajM30BaHHBIX MPOEKTOB C YKa3aHHEM MeCcTa peaju3allii,
LeJsiel 1 3aa4 MpOeKTOB, X OCHOBHBIX ApaMeTPOB U JOCTUTHYTHIX 3P (eKToB.

Takum 00pa3oM, pa3sBUTHE «YMHBIX ropofoB» B Poccuu ceituac ynupaercs B pa3paOOTKy COOTBET-
CTBYIOIIMX HAI[MOHAJIHHBIX CTAHIAPTOB.

PaccmoTpuM cymecTByomIe MEXIyHapOIHbIE CTaHIAPTHI.

Cmanoapm 1SO. B 2014 roxy MexxIyHapOIHOW opraHu3alnmei mo cranmaptuzanuu (International
Organization for Standardization, ISO) Ob1 pa3paboTan cTaHIApT, ONPEACISAIONINNA OCHOBHBIC XapaKTe-
PUCTHKH «YMHBIX YCTOWYHMBBIX ropogoB» — ISO 37120:2014 «YcTolunBoe pa3BUTHE COOOIIECTB — UH-
JMKaTOPBI TOPOJICKUX CEPBUCOB M KaU€CTBA )KU3HWY». B HEM yYTEHBI BO3MOXHOCTHU €r0 MIPUMEHEHUS IS
J000r0 TOpoJa U MYHHUIMIAIBHOTO OOpa3oBaHU BHE 3aBHCHMOCTH OT pa3Mepa, TeppUTOPHAIBHOTO
MOJIOXKEHHUS U (PMHAHCOBOTO 00CCIICUCHMUSL.

Cranzapt co3faH AJsl HCIONb30BaHUA TOPOJACKUMH aAMUHUCTPALUSIMH C LETbIO:

® I3MEpEeHUsI TMHAMHUKY W3MEHEHHS KaueCTBa TOPOJCKUX YCIIYT M KauecTBa )KU3HHU C TCUCHUEM BPEMEHH;

® YIPOILEHUS CPAaBHEHUS TOPOIOB IO IIMPOKOMY PSAY KPUTEPHEB,;

® PacCIpPOCTPAHEHUS JYUIINX PAKTHK.

OcHoBHOHM (oKyc cTaHIapTa HampaBiieH Ha 3HEProdeKTHUBHOCTh, JOCTYIHOCTb OCHOBHBIX pe-
CYPCOB JUISl )KHTENIEH (BOJBI, JICKTPOIHEPTHUH) U IKOJIIOTUIECKYI0 YCTOMYMBOCTh Topoja. Takum obpa-
30M, OoJbllice BHUMAaHHUE YAEJIEHO «YCTOHYMBOCTH» ropoja, yeM npumenenuto UKT mms moBwieHus
YPOBHS JKU3HHU TOPOKaH, YTO, B CBOIO O4Y€pEb, OOBSCHIETCS TEM, YTO CTAaHAAPT HANPABJICH B OOJbILIEH
Mepe He Ha ropoja — JUIephl B 00JIaCTH BHEAPEHUS HOBBIX TEXHOJOTHH, a HAa TOPOJa, PacloOKEHHBIC
10 BCEMY MHPY, UIMEIOIINE Pa3HbIE LIEJTH U YPOBEHb Pa3BUTHSL.

Ha ocnoBe 3Toro cranmaprta Obu1 pa3paboTaH U 3alyIIeH Psii MPOEKTOB M0 CO3JAHHUIO «yMHBIX TO-
poIoB», B TOM umcie nporpamma «YMmHub Ceyn» Pecmybnuku Kopes. To ectb B kauecTBe OpHEHTHPOB
WCTIONB3YIOTCS JIOKAIM30BAHHBIC C YYETOM MECTHOM crielin()MKN MEXTyHAPOIHbIC CTAHAaPTHL.

Cmanoapmel bpumanckozo uncmumyma cmandapmuzayuu (BSI). BpuTaHCKUM HHCTUTYTOM CTaH-
JnapTu3anuu Obl1 pa3paboTaH OCHOBHOWM HaOOp CTAHIAPTOB, ONMPEIEISIOIINX HAIpPaBICHUE PA3BUTHUS U
KPUTEPUHU «YMHOTO TOPOAA»:

1) PAS 180 (ompeneneHue TepMUHOIOTHH «yMHBIX TOPOZIOBY) [9];

2) PAS 181 (uHCcTpyKIus 110 pa3paboTKe CTpaTeruii «yMHBIX TOpOA0B» U coobmects) [10];

3) PAS 182 (koHnenrtyamsHas MOAEIh «yMHOTO TOpPOJIa». PYKOBOACTBO MO CO3aHUIO MOJAETH IS
naHebIx) [117;
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4) PD 8100 (0630p «yMHBIX TOposIoB») [12];

5) PD 8101 (pyxoBOACTBO MO MJIAHUPOBAHUIO «yMHBIX TOPOZOB») [13].

Cpenu Hux Hanbonbmit uHTEpec npenctapisiior PAS 181, PD 8100 u PD 8101, mockonbky co-
Jepatr B ce0e KPUTEPUU «YMHBIX» TOPOJIOB Ha YPOBHE CTpaTernueckoro mianuposanus. PAS 181 ss-
JISETCSl YTBEPKACHHBIM HAIIMOHAIBHBIM CTAaHAAPTOM, OMPEIEIISIONIM OCHOBHBIE MPHUHILIUIIBI, COTJIACHO
KOTOPBIM JIOJDKHBI PEalIn30BBIBATHCS MPOEKTHI 10 CO3IaHHI0 «YMHBIX TOPOJIOBY», B TOM uucie (Gopmy-
JUPYeT PeKOMEHAALUH U TOPOACKUX aJMUHUCTpanri BenukoOpuranuu 1 ropoJoB Mo BceMy MHUpY, B
To BpeMms kak PD 8100 u PD 8101 npencrapisitor co0oii BpeMeHHbIE (ASHCTBYIOIINE OO YTBEPKICHHS
HAI[MOHAIBHOTO CTaHAAapTa) PYKOBOJCTBA.

Kpumepuu onpedenenusn yuacmuuxos npozpammor Smart Cities Mission (Unous, npoecpamma
«Cmo ymuvix 2opooosy). Smart Cities Mission [14], mporpaMMa o pa3BUTHIO CTa «YMHBIX TOPOIOB»
(o cocrostamto Ha 1 utons 2019 roxa B mporecce otbopa B nporpammy Obir BKIFOUYeHbI 100 ropomoB),
Obu1a Hayata B 2016 roay. Ee peanuzanms paccuutana Ha S5 jer. Llenb nmporpamMmel copMmynupoBaHa
KaK OpraHM3alusl COOCHCTBHs TopoJaM, O0JaJaiolliM OCHOBHBIMH 3JE€MEHTaMH TOPOACKON HH(pa-
CTPYKTYPBI M CTPEMSLIMMCSI 00ECIICUUTh JTOCTOWHBIA YPOBEHb JXU3HU CBOMX I'Pa)K/IaH, YCTOWYHBOCTH
OKpY>Kalolllel cpe/ibl U MPUMEHEHNE «YMHBIX» pelieHuil. [IpaBurenbctBo MHAMM Takke 3asBISET, YTO
OJlHa W3 LeNiell mporpaMMel — OTpabOTKa MOJETH CO3AaHUS «YMHBIX TOPOAOB» AJIS MOCIEAYIOLIETO e
MacIITaOMpOBaHUS 10 BCEH CTpaHe.

Kpumepuu MC3D u Egponeitickoui sxonomuyeckoti komuccuu OOH. B paMkax peanu3aiiuu mpoeKTa
«O0beIMHeHHBIE «yMHBIE TOpoJa» cekperapuaT KomureTa Mo KMINMIIHOMY XO3SICTBY U 3€MJICTIONB30-
Baunio EDOK OOH B cotpynnuuecTBe ¢ AreHTCTBOM 10 okpy»katoieii cpene Asctpun (AOCA) u Mex-
JYHapOJHBIM COI030M 3eKTpocBs3u (MCD) chopMyaupoBan moka3zareian «yMHBIX» YCTOWYHUBBIX TOPO-
noB. OHu ObUTH pa3paboTaHbl B KAYECTBE OTIPABHOW TOUKHU JJISl IPUHATHSI KOHKPETHBIX PEICHUN U Mep
Y TIOBBIIICHUS YPOBHS YCTOHUMBOCTH ropoJa K CyIIECTBYIOIIMM M NOTEHUUAIBHBIM yrpo3aM. Tumoso-
IUsl TOKa3aTeNiel yKas3bIBaeT Ha «IPUMEHHMOCTB)» CaMOT0 IOKa3aTels: OCHOBHBIE IOKa3aTeNd MOTYT
UCIIOJIb30BaThCsl BCEMH TOPOAAaMH B TIIOOATBFHOM MacliTade; JOMOJHUTENbHBIE TTOKA3aTeId MOTYT HC-
M0JIH30BATHCSI HEKOTOPBHIMH T'OPOJAaMHU B 3aBUCHMOCTH OT MX SKOHOMHYECKOI'O MOTEHLIUANIA, POCTA YHC-
JICHHOCTH HacelleHHs, reorpauuecKoro MOJI0KEHUs U T. .

[IpuBeneHHBIN BhIIIE ITEPEUEHb CTAHAAPTOB «YMHOT'O TOPO/Ia», ECTECTBEHHO, HE SABJSETCS MOIHBIM,
HO OXBaTbIBaeT Hamboliee M3BeCTHBIE. B Tabmuile mpeacTaBieH CpaBHUTENBHBIA aHATN3 MEXITYHAPO/I-
HBIX CTAHJAPTOB «YMHOT'O TOPO/IA» CO CTaHAAPTOM, paspaboranHsiM Muncrpoem Poccun.

CpaBHUTENbHbIN aHanNU3 CTaHAAPTOB «KYMHOro ropoAaa»
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[lo pesynpraTam MpOBEACHHOTO aHAJIM3a MOXKHO CAETAaTh BHIBOA O TOM, YTO CTaHAApT MHUHCTPOs
Poccuu BoO MHOTOM CXO0X € MEXIYHAPOJHBIMH CTAaHAAPTAMH, OJHAKO SIBJISCTCS HE MOJHBIM, IIOCKOJBKY
HalpaBjieH Ha IM(PPOBU3AIMI0 TOPOJICKOIO YIPABICHHS W TOPOACKOH HH(PACTPyKTYpHI, T.e€. chep
KHU3HEESTEIIBHOCTH, HANPSIMYIO MOJKOHTPOJIGHBIX OpraHaM BJIACTH M MECTHOMY CaMOYIPaBIICHHIO.
Taxolt moaxon obecreunBaeT OBICTPOE NOTYYEHHE MyHUIIUIAIUTETOM KOHKYPEHTHBIX IPEUMYILECTB OT
BHEJIPEHHUSI CEPBUCOB «YMHOT'O TOPOJIay.

[TomMurMO OTCYTCTBHS KOHIICTIIIMH «yMHOTO TOPO/ay», HAIIMOHAIBHBIX CTAH/IAPTOB HAa TEKYIIHA MO-
MeHT B Poccuu B crily MOJIMTHYECKUX, SKOHOMHYECKHX U JAPYTHX OCOOCHHOCTEH CTpaHbl CYLIECTBYIOT
Takye MpoOJeMbl Ha MyTH K HU(POBHU3ALUH, KAK:

o JIeOUIUT BBICOKOKBATH(DUITMPOBAHHBIX KaJpoB B cdepe nnuppoBoii Tpanchopmarmu;

e yCTapeBILINe HOPMaTHUBHO-TIPaBOBbIE aKThI B chepax odecnedeHus 6e3onacHocty, XKKX, snepreruxe;

e HECBA3HOCTh B3aMMOJICHCTBHUS BEIOMCTB, OPTaHOB HCIOJHUTEIBHON BIAaCTH, OPraHOB MECTHOTO
CaMOYTpaBJICHHUS, MPEJICTABUTENICH pa3HBIX OTPACICBBIX HANpaBliCHHH, OTBETCTBEHHBIX 3a OpraHH3a-
IIUI0 MEPONPUSITHI, pealTN3yeMbIX B paMKaX MPOCKTOB MO HU(PPOBU3AIINY;

e OTCYTCTBHE IIOLIAOK U1l OOMEHa JYUIIUMH NPAaKTUKaMH B 00s1acTy U pOBU3aIH;

e CTOMMOCTD «YMHBIX» PEIICHHIA.

3akiouenne

Ha ceromusmiauii IeHh HOPMATHUBHO-TIPABOBAs Cpelia, PeryIUupPYIONias MeXaHU3MbI UCTIOIb30BaHHUS
«YMHBIX TOPOJIOB» U CXEMBI CyOCHINPOBAHUS MEPOTIPUSTHI IO MUPPOBHU3AINYU TOPOJICKOTO XO3SHCTBA,
npopaboTaHa AOCTaTOYHO ci1ab0. A 3TO OJMH U3 OCHOBHBIX U MEPBOOYEPETHBIX MOMEHTOB B YaCTH pea-
JU3alUN MEPONPUATHH B 00JacTy IM(POBU3ALMH B MyHHLIMIAIBHBIX 00Pa30BaHUsX.

Perienne 0003HauYEHHBIX B HACTOSIIEH CTaThe MPOOJIEM BOZMOXKHO TOJBKO MPH HATMYUH «EIUHOTO
LEHTPa YIPaBICHHUS» MPOSKTOM « Y MHBIH TOPOI» B JIMIIE OJHOTO U3 (eJepallbHbIX OPraHOB BIACTH, IIPH
3TOM POJIb TAKOTO OpPraHa BJIaCTH BUJUTCS B CICTYIOLICM:

1. Obecneuenre HOpMaTUBHOW 0a3bl At OBICTPON M A(PQPEKTHBHONW pean3ali MEPOIPUATHH C
Y4ETOM I0JIOXKUTEIHHOTO MEKYHAPOIHOTO OIIBITA.

2. CoznaHue rocyIapCTBEHHBIX CHCTEM U CEPBHUCOB, OOIICITPIMEHUMBIX B TFOOOM «YMHOM TOPOJIE»
(0 aHANOTHH ¢ CUCTEMOU MEXBEIOMCTBEHHOTO 3JIEKTPOHHOTO B3aumoeicTeus (CMOB) u mopranom
TOCyCIyT) € LENbI0 ONTUMHU3ALNH 3aTpat O6romkeToB Poccuiickoit deneparum.
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“SMART CITY”: STANDARDS, PROBLEMS,
DEVELOPMENT PROSPECTS
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This article discusses the basic interpretations of the concept of “smart city”, describes the key
international and national standards that are in force, describes the main problems of digitalization of
urban economy in Russia.

Forming standards of a “smart city” in Russia is important because such standards are a guide-
line in planning long-term and short-term measures to digitize the urban economy. Open and univer-
sal standards accelerate and reduce the cost of development in this area.

However, to date, the Ministry of Construction and Housing and Communal Services of
the Russian Federation (the Ministry of Construction of Russia) has developed basic and additional
requirements for “smart cities”. A comparative analysis of the international standards of the “smart
city” with the requirements developed by the Ministry of Construction of Russia is presented.

In some countries that are actively implementing programs for the development of “smart
cities”, local standards are localized, taking into account local specifics, international standards.
Thus, for the implementation of smart cities development programs in the Republic of Korea
(the “Smart Seoul” program), standards developed by the ISO/TC 268 technical committee were lo-
calized, including ISO 37120: 2014 “Sustainable community development — indicators of urban ser-
vices and quality of life”, and for the participating cities of the “One Hundred Smart Cities” program
(“Smart Cities Mission”) in India, it is recommended to follow the standards set by the British
Standardization Institute (BSI) when implementing the program at all levels.
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The work used the development of the international organization for standardization (ISO),
the British Institute of Standardization, regulatory documents prepared by the Ministry of Construc-
tion of Russia, and other studies relating to the development of “smart cities”.

Keywords: smart city, digital transformation, regulation, end-to-end technologies, standards.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. Crpykrypa cratbu. Crates comepxutr Y/IK, HazBanue (ue 6omee 12—15 cioB), cnucoK aBTOPOB, aHHOTA-
1o (200-250 cnoB), CIMCOK KIIFOYEBBIX CIIOB, BBEICHNE, OCHOBHOM TEKCT (CTPYKTYPHPOBAHHBIN 10 pa3zaenam), 3a-
KIroueHue (00CYKIICHHE pe3yIbTaToOB), JIUTEepatypy (B mopsake mutupoBanms, mo [OCT 7.1-2003). B xoHIe cTaThu
CJICITYIOT SJIEMEHTHI HA aHTJIMHCKOM sI3BIKE: Ha3BaHWE, aHHOTAIMs, CIIMCOK KIIIOUEBBIX CJIOB, JIUTeparypa (references).
BymaxxHas Bepcus CTaThH MOAIHMCHIBACTCS BCEMH aBTOPAMH.

3. lapameTpsl HaOopa. Pa3mepsl nosneit: neBoe — 3 cM, npaBoe — 3 cM, BepXHee U HUKHee — 10 3 cM. Teket
crarey HaOupath mpudrom Times New Roman pasmepom 14 nt. BeipaBauBanue ab3anes — no mupuae. Oteryn
nepBoii crpoku adzana — 0,7 cM. MexaycTpOYHbIN HHTEpBAT — MOIYTOPHBIA. BKITIOUUTE PeXUM aBTOMAaTHYECKOTO
nepeHoca cioB. Bce KaBBIYKH TODKHBI OBITH YIIIOBBIME («»). Bece CHMBOIIBI «THpE» OJKHBI OBITH CPEAHETO pas-
Mepa («—», a He «-»). KiroueBbIe 3JIeMeHThI CTaTbU — IIaITKa, 3ar0JI0BKH Pa3feiioB — CIEAYET BBIACISATH MOTYKUP-
HbIM. 3HaK pa3felieHus LEeJIOW M JACCATUIHOW YacTH 4Huclia — 3amsaTas. Mexay 4uciioM U eJUHUIICH U3MEpeHHS
JOJDKEH CTOSITh Hepa3phiBHBINA poden (Ctrl + Shift + [Ipoben).

4. ®opmyabl. Habupatorcs B pemaktope ¢Gopmyn MathType mm6o Microsoft Equation ¢ otcrymom
0,7 cm ot sieBoro kpast. Pasmep oOBIYHBIX CHMBOJIOB — 11 1T, pa3Mepsl HHIIEKCOB MepBoro nopsaka — 71 %, mHAeKkcoB
BTOpOro mopsiaka — 58 %. Homep dopmysner pasmenaercs 3a npenenamu (GopMysibl, HEIOCPEACTBEHHO OCIIE HEe, B
KPYIJIBIX CKOOKaXx.

5. Pucynku u Tadauusbl. Pucynkun umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
Ha3zBaHus (Puc. 1. 3mecy cienyer HasBaHWe pHCyHKa). TaOmuisl HymepyroTcs M uMeloT HaszaHus (Tabmu-
na 1. 3neck cinenyeT Ha3BaHUE TaONUIIBL).

6. Anpec pemakumonHoii kosuterun. 454080, r. YensaOunck, mpocnekt Jlenuna, 76, kopm. 30, 4-i sTaxk —
JupeKuys Beiciiel 1IKOJbl JIEKTPOHUKU U KOMIIBEOTEPHBIX HAayK, OTB. CEKpETapro K.T.H., nou. IlnotHukosoil H.B.
Anpec 37eKTpOHHON MOYTHI OTBETCTBEHHOTO CEeKpeTapst KypHaia: plotnikovanv(@susu.ru.

7. Hoapo6usbie TpedoBaHus K odopmiaeHuro. [lonHyro Bepcuto TpeboBaHUi K 0QOPMIICHHIO CTaTeH U TpH-
Mep ohOpMIICHHSI MOXKHO 3arpy3uTh ¢ caiita )xypHana http://vestnik.susu.ru/cter.

8. IlmaTa 3a myOIUKaIUIO PYKOITUCEH HE B3UMACTCS.



CBEJEHUA Ob U3JAHUU

Kypnan «Bectauk IOxHO-Ypanbckoro rocygapcrseHHoro yHusepcurera. Cepust «KoMmmbroTepHble TeX-
HOJIOTHH, YIIPaBJICHHE, PAANO3JIEKTPOHNKa» ocHOBaH B 2001 roxy.

VYupeaurens — denepanbHOe TOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTelbHOE YUPEXKICHNE BICIIEro 00-
pasoBanust «HOKHO-YpanabCKuil TOCYIapPCTBEHHBIN YHUBEPCUTET (HAIIMOHAIBHBIN HCCIIEA0BATEIBLCKIH YHUBEP-
CHUTET)».

I'maBHbBIN penakTop — A.T.H., mpod. [llecrakoB Anekcanap JICOHHI0BHY.

CauperenbctBo 0 peructpanuu [TW Ne dC 77-57366 Boinano 24 mapta 2014 r. enepanpHoli ciyx00# 1m0
HaJ30py B cepe cBsi3u, THPOPMAIIMOHHBIX TEXHOJIOTHI 1 MacCOBBIX KOMMYHHUKAIUH.

XKypnan BximtoueH B Pedepatusnsrii xypHan u bazsr qanaeix BUHWTU. Cenenust o )KypHaie eXeroxHo
MyOJMKYIOTCS B MEKAYHAPOIHON CIPaBOYHOW CHUCTEME IO NMEPUOIMYECKUM U IPOIODKAIOIINMCS H3JaHUSIM
«Ulrich’s Periodicals Directory».

Pemenunem Ipe3uanyma Briciieit arTecTanMonHoONM KoMUccurn MUHHCTEpCTBA 00pa3oBaHus U Hayku Poc-
cuiickoit Penepannu KypHai BKIrodeH B «I[lepedeHp peneH3upyeMbIX HayIHbBIX W3AaHUH, B KOTOPHIX JIOJKHBI
OBITH OIyOJIMKOBAaHBI OCHOBHBIC HAYYHBIE PE3YJIbTAaThl HA COUCKAHNE YUEHOH CTETIeHN KaHAWIaTa HayK, HA COMC-
KaHHE YYEHON CTENEeHM JOKTOpa HayK» IO CIEeTYIOIINM HAyYHBIM CHEIHAIBHOCTSIM H COOTBETCTBYIOLIHM UM OT-
pacisim Hayku: 05.13.01 — CucteMHbIi aHanu3, yrpasieHne 1 00paboTka HHpOpMaIH (10 OTpacisiaM) (TeXHH-
yeckue Haykn); 05.13.06 — ABTOMaTH3aIMs U YIIPaBICHUE TEXHOJIOTHICCKUMH TIPOLIECCAMH U TIPOM3BOJCTBAMU
(mo otpacnam) (texHuueckue Hayku); 05.13.10 — VYnpaBneHue B CONMATbHBIX U AKOHOMHYECKUX CHCTEMax
(TeXHUYECKUE HAYKH).
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[lepronudHOCTE BBIXOa — 4 HOMepa B IO,
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