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INTRODUCTION

The series "Information Technology" represents the research and development
results in the field of creation and development of methods, models, information
technology and systems to support of tasks solving in a wide range of activity areas.
Presented works were performed as within the framework of governmental
assignments, well as with the support of RFBR grants.

A significant part of the works included in the eighth issue of the "Information
Technologies" series of the Proceedings of the Kola Science Center of the Russian
Academy of Sciences is devoted to the analysis, modeling and automation of regional
security management processes. In these papers the results of the study of systemic
connections, regularities and trends that determine the security of the development of
regional socio-economic systems are presented. Problems formulations and variants of
number tasks formalization of regional security management are proposed. In
particular, the problem of assessing societal security as one of the key factors for
sustainable regional development and various approaches to formalizing the
uncertainties essential for managing regional security are considered. The components
and principles of using the information technology to automated synthesis of
population migration models are determined. The technology being developed is
based on the joint use of system dynamics methods, randomized and ontological
modeling. Special attention is paid to the development of means for solving problems
of intellectual information support for spatial planning management of regional sea
economic complexes that play an important role in the strategic development plans of
the Murmansk region.

Along with the works on issues of conceptual and methodological levels, this
publication includes articles on the development of solutions for the development of
tools for the formation of the "digital economy". Among them, the original approach,
which allows to model physical systems within the framework of the programming
paradigm in constraints by using specialized matrix-like structures. The mathematical
apparatus of the approach provides the opportunity, without changing the mechanisms
of formal output, to receive from information systems answers to questions of various
types: prognostic, diagnostic and management. Also the service of semantic analysis
for text in natural language is presented in the number. The service implements the
formation of a semantic domain model on the basis of a documents collection, which
greatly expands the possibilities of automated "sense recognition" of the analyzed
texts.

The research on the development and creation of information technology to
support the management of industrial facilities and technological processes do not lose
their relevance. Urgency is due both to the need to improve the efficiency of the
organizational and technological processes of mining and processing of mineral raw
materials, which playing one of the key roles in the region's economy, and
exacerbating the problems of ensuring the stable functioning of aging equipment in a
number of industries. Solving the problems of production management requires
mandatory accounting with technological and economic, environmental and social
factors in modern conditions.

This is the first issue that includes papers supported after the competitive
selection under the program “Smart Person” (Participant of Youth Scientific-

Innovative Competition).

The series is intended for experts in development and practical application of
information systems and technologies in various fields of administrative and industrial
activity, as well as for teachers and students of corresponding specialists of higher
education.



BBEJEHME

3HaunTenbHAas YacTh paldOT, BOWIEAIIMX B BOCBMOW BBIIYCK CEpHUU
«Uudpopmanmonnsle TexHomoruuw» TpynoB Kombckoro wnayuHoro uentpa PAH
MOCBALIICHA BOMpPOCaM aHaln3a, MOJICIMPOBAaHUS W aBTOMATU3allMH IIPOLIECCOB
ylpaBleHHUsT PErHoHalbHON Oe3omacHOCThIO. B 3THX paboTax mpeacTaBieHBI
pe3yJabTaThl HUCCIECAOBAHUSI CHCTEMHBIX CBSI3€d, 3aKOHOMEPHOCTEH W TEHICHLHUU,
OTIPENIEISAIONNX 0e30MacHOCTh PAa3BUTHS PETHOHAIBHBIX COLHATBHO-3KOHOMIYECKIX
cucreMm. IlpemrokeHpl TIOCTAaHOBKM U BapuaHTBl (GopMallM3alliy psAga 3a4ad
yIpaBJIeHHusT PeTHOHAIBHON O€30MacHOCThIO. B "wacTHOCTH, paccMOTpeHBI mpodieMa
OLICHKM COLMETANbHOW 0€30MacHOCTH KakK OJHOTO W3 KIIOYEBBIX (DaKTOpPOB
YCTOWYMBOTO PErHMOHAJIBHOTO Pa3BUTHS W Pa3lIMUHBIE MOAXOIBI K (QopManu3aiuu
HEeOoNpeaeNnEHHOCTEH, CYIIEeCTBEHHBIX [JIsi YIpPaBJICHUS PErHoHajIbHON Oe3omac-
HocThI0. OmpeienieHbl KOMIOHEHTHl W MPUHIUIBI UCTIONB30BaHUST HH)OPMAIIMOHHON
TEXHOJOTHH aBTOMATH3MPOBAHHOTO CHHTE3a KOMIUIEKCHBIX MOJENe MUTpamiuu
HaceneHus. Pa3pabaTpiBaeMast TEXHOJIOTHS OCHOBaHA HA COBMECTHOM HCITOJIb30BaHUH
METOJIOB CHUCTEMHOH JWHAMUKH, PaHIOMH3UPOBAHHOTO H  OHTOJIOTHYECKOTO
MoxenupoBaHus. OTAETFHO BHUMaHHUE YAETIEHO pa3padOoTKe CPENCTB PEUICHHS 3ajad
WHTEJUIEKTYaJIbHOW WH(OPMAIMOHHOW MOANEPKKH YIPaBICHUSI NPOCTPAHCTBEHHBIM
MJIAaHUPOBAHUEM PETrUOHAJIBHBIX MOpG-XO35H7[CTB€HHBIX KOMIUICKCOB, MUI'paromiux
BXHYIO POJIb B TNIaHAX CTPATETHUECKOTO Pa3BUTHSI MypMaHCKoil 00macTH.

Hapsiny c¢ paboramm, KacarolIUMHCS BOMNPOCOB KOHIENTYaJIbHOIO U
METOOJIOTHYECKOTO YPOBHS, B JIaHHOE HM3/IaHWE BKIIFOUEHBI CTAThH, MOCBSIICHHBIC
paspaboTke perieHuid B cepe pa3BUTHI HHCTPYMEHTOB (popmupoBaHus «r(ppoBOi
SKOHOMHUKW». Cpemn HUX OPHUTHHAIBHBIA TOAXOM, MO3BOJSIONINN MOJEINPOBAThH
(m3nYecKre CUCTEMBI B paMKaxX MapaJurMbl MPOTPAMMHUPOBAHUS B OTPAHUYCHUSAX C
WCTIONIB30BaHUEM  CICHHATU3UPOBAHHBIX MAaTPHULETIONOOHBIX CTPYKTYp. Marema-
TUYECKUH ammapaT peaju3aldd JAaHHOTO IMOIX0/Aa 00ecleurBacT BO3MOXKHOCTh 0e3
U3MCHCHUS MCXaHHU3MOB Q)OpMaIII)HOI‘O BbIBOJAa II0JIy4aTb OT I/IH(bOpMa]_[I/IOHHI)IX
CUCTCM OTBETLI Ha Pa3IMUYHBIC BOIIPOCHI MPOTHOCTHYCCKOTO, AUArHOCTHUYCCKOI'0 H
YIPaBIEHYECKOTO THUMOB. Tak)Ke B BEIMYCKE IMPEICTaBICH CEPBUC CEMAHTUYECKOTO
aHalM3a TeKCTa Ha eCTeCTBEHHOM  S3bIKEe, peanm3ylomuil  (GopMUpOBaHUE
CEMaHTHYECKOW MOJETH TPEAMETHON OONACTH Ha OCHOBE KOJUIEKIIMH JOKYMEHTOB,
YTO 3HAYUTENHHO PACIIMPSET BO3MOXXHOCTH aBTOMAaTH3WPOBAHHOTO «PACIIO3HABAHUS
CMBICIIa» aHATH3UPYEMBIX TEKCTOB.

He TtepsitoT cBoeii akTyalnbHOCTH HCCIIEOBaHUs B 00JacTH pa3pabOTKU U
CO31aHUs I/IH(l)OpMaHI/IOHHBIX TEXHOJIOTUH NMOAACPIKKHU YITPABJICHUA TPOMBINIJICHHBIMHA
00BbEKTaMU M TEXHOJOTMYECKHMMH TIpOILeCCaMU. AKTYaJbHOCTh OOYyCJIOBJIECHA Kak
HEOOXOJUMOCTBIO TOBBIIICHUS 3(PPEKTUBHOCTH OPraHU3AMOHHBIX M TEXHOJO-
TUYECKHUX MPOIIECCOB JOOBIYH U TTepepaboTKU MUHEPAIBHOTO CHIPhS, HTPAIOIIUX OJAHY
W3 KIIOYEBBIX pOJieil B DKOHOMHKE pErHOHa, TaK M O0OCTpeHHeM mpobiemM
obecrniedeHus1 yCTOMYIMBOTO (DYHKITMOHUPOBAHUS CTAPEIOMIEro 000pyAOBaHUS B psJe
oTpaciiel SKOHOMHUKH. B COBpeMEHHBIX YCJIOBHAX pELICHHE 3aJad OOecCTeYeHHs
3¢(HEeKTUBHOCTH TPOM3BOJCTB TPeOyeT 00sA3aTEJIBHOr0 ydeTa Hapsjay ¢ TEXHOJO-
TUYCCKHUMH TAKKC€ DKOHOMHWYCCKHX, SKOJIOTHYCCKUX U COITUAJIBHBIX q)aKTOpOB.

B HacTosmui BBITyCK BIEPBBIE BKIOYEHBI PaOOTHI, MOJYYHUBIINE MTOIICPKKY
B pe3ylbTaTe KOHKYPCHOTO o0OTOopa 1O TmporpamMme «YMHHUK» («YUYacTHHK
MOJIO/IKHOTO HAYYHO-MHHOBAITMOHHOTO KOHKYPCay).

COopHUK agpecoBaH CHENHAINCTaM B OOJIACTH CO3/IaHUS U TMPAKTHIECKOTO
WCIIONIb30BAaHUS WH(OPMAIIMOHHBIX CHCTEM M TEXHOJOTHH B pa3lUYHBIX cdepax
ynpaBnqueCKoﬁ u HpOHSBO}ICTBGHHOﬁ ACATCIIBHOCTH, NIPETIOAaBaTCIIAM U CTyI€HTaAM
BY30B COOTBETCTBYIOIIUX CHEIUATBHOCTEH.
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B.A. NMytunog, A.B. Macno6oes, B.B. BrictpoB
I/IHCTI/ITyT I/IH(i)OpMaTI/IKI/I U MaTEMAaTUICCKOro MOJACIMPOBAHUS TEXHOJIOTMICCKUX ITPOLIECCOB
Konsckoro HI PAH

MOOENUPOBAHME NPOLIECCOB YNPABJIEHUSAA PETMOHAIIbHOM
BE3OMNACHOCTbIO®

AHHOTaumnA

B paboTte paccmaTpuBaloTCsi BONPOChI aHann3a, MogennupoBaH1sa 1 asTomMaTtu3aunm
NnpoLleccoB ynpaBneHus pernoHanbHon 6e3onacHocTbio. MiccnegoBaHbl CUCTEMHbIE
CBSA3M, 3aKOHOMEPHOCTW W TeHAeHuuu, onpegensiowime 6e30nacHoCTb pPas3BUTUA
permoHanbHbIX CoLManbHO-3KOHOMMYECKUX cucTeM. [peanoXeHbl MOCTaHOBKA W
dopmanusauma obLler 3agayn ynpaBneHUs pernoHanbHon ©e30MacHOCTbi0 Ha
OocHoBe MaTpuubl 6e30MacHOCTM perroHa W MpoeKTHoro noaxoda. PaspaboTaHbl
KOHUeNTyanbHble  MOAENW  XXM3HEHHOTO UMKNa  YNpaBreHWs  pervoHaribHoW
6e30nacHOCTbl0 B YCMOBMSX KPU3UCHBIX CUTyauuii M CUCTEMbI  yrpaBrieHus
6e3onacHocTblo  pervoHa. Peanu3aumsa paspaboTok nos3BonsieT OCyLEeCTBUTH
aBTOMaTI/I3I/IpOBaHHbIl7I CUHTE3 OHTOoNNIorm4yecknx wu MMUTAUMNOHHBLIX Mo,qeneﬁ
ynpaeneHuss 6e30nMacHOCTbIO U UX MOCNeayllee MWCronb3oBaHWe B CoOCTaBe
WHTENNEKTyanbHbIX CUCTEM MNOAAEPXKKN MPUHATUSA peLleHni no obecneyeHuto
pervoHanesHo 6e3onacHoCcTy Ha 6a3e CUTYaLMOHHbIX LEHTPOB pernoHa.

Knroyeesie crnosa:
KOHUenmyarsnbHoe ModenuposaHue, MPoekmHbIl Modxo0, yrpasneHue, peauoHanbHas
b6e30rnacHOCMb, XU3SHEHHbIU YUK, UHGhopMayuoHHast noddepixka.

V.A. Putilov, A.V. Masloboev, V.V. Bystrov

MODELING OF REGIONAL SECURITY CONTROL PROCESSES

Abstract

The work considers control processes analysis, modeling and automation problems
of regional security. System relations, regularities and tendencies, adjusting risk-
sustainable development of regional socio-economic systems, have been
investigated. General problem statement and formalization of regional security
control on the basis of region safety matrix and project management approach have
been proposed. Conceptual models of the regional security control life-cycle under
crisis situation and security control system of the region have been developed. The
developments implementation allows ontological and simulation security control
model automated synthesis realization and its further application within the intelligent
decision support system of situational center for region safeguarding.

Key words:
conceptual modeling, project management approach, control, regional security, life-cycle,
information support.

BBenenune

B mocnemHue rompl Bompocam oOecrieueHHs O€30MaCHOCTH B Pa3IMYHBIX
cepax Ha pPasHBIX YPOBHSX TOCYJApCTBEHHOTO YIPABICHUS YAEIIeTCS 0co0oe
BHUMaHue. OcoOeHHO OCTpo MpoOJieMbl 0E30IMaCHOCTH TPOSBISIOTCS HA PErHo-
HaJIbHOM ypoBHE. [103TOMy MMEHHO cerojHs Ha3peia 00beKTHBHAs HEOOXOAUMOCTD B

*
Pabora BemonHeHa py nozepskke Poccuiickoro ¢oHma GyHIaMEHTaIBHBIX HCCIIEIOBAHMIT - TIPOEKT
Ne 15-07-04290-a.



pa3paboOTKe W BHEAPEHHHM B OOJIACTH TOCYAApPCTBEHHOTO YIPaBICHUS CPENCTB
MOAJEPKKA TPUHATHS PEIIeHHH HOBOTO TIOKOJIEHHWS, BKIIOYass oOO0ydaemble
HEHpOHHBIE ceTH, MpodecCHOHaTbHBIE COLMANBHBIE CETH, MYJIbTHAreHTHBIE U KUOep-
¢u3nueckne (BUpTyanmbHBIE) cucTeMmbl. OfHAaKO, 3Ta 3agada eme JaIeKo OT
3(hPEKTUBHOTO PEIICHHUS.

VYcmemHoe BHEOPEHHE COBPEMEHHBIX WH(QOPMAIMOHHBIX CHUCTEM U
TEXHOJIOTHH, BBICOKAas CTEINEeHb aBTOMATH3allMH TIPOIECCOB MPUHSATHS yIIpaB-
JIEHYECKUX PEHIeHHH TPEIOCTABIIOT HOBBIE BO3MOXKHOCTH ISl  TIOBBIICHUS
3G PEKTUBHOCTH MPOLECCOB YIMPABICHUSI OE30MACHOCTBIO CIOXKHBIX COLHATbHO-
9KOHOMHUYECKUX OOBEKTOB, K KOTOPHIM OTHOCSITCS PETHOHAIBHBIE CHCTEMBI.

CoBpeMeHHbIE cpefcTBa HH()OPMAIMOHHON MOMIEPKKH YIpaBieHHs 0e30-
MaCHOCTBIO  COLHUABHO-DKOHOMHUYECKHMX  CHCTEM  3a4acTyl0  OKa3bIBaIOTCA
(YHKIMOHANBEHO OTPaHUYEHHBIMH U HE Bceraa 00eceunBaloT CyObEKTOB YIIPaBICHUS
TTOJTHOW W aHAJUTUIECKH 000CHOBaHHOW MH(OpPMAITHEH O COCTOSHHUU Pa3BUTHS dTHUX
cucteM Jisi TpUHATUS S(H(OEKTHBHBIX YIPABICHYCCKUX PEIICHUH, OCOOEHHO B
YCIIOBUSIX KPU3UCHBIX CHTYallUil B COIMANBHO-3KOHOMUYECKOH cepe. OueBUIHO, UYTO
yCTpaHEHHE JSTHX NPOTHBOPEYMH Ha MPAKTHKE TMPEACTaBISAET CO00H M0CTAaTOYHO
BaXHYIO 3a71ady U, B CBOIO O4epellb, TpeOyeT pa3padOTKu eNWHOW 1 KOHCTPYKTHBHOM
TEOpHH, TO3BOJIIONIEH C OOIUX METOAOJIOTHUECKUX TO3MLIUN  OIEHUBATh
CYIIECTBYIOIIEE TOJOKEHHE el B O0JAacTH yIpaBlieHHsS OE30MacHOCTBIO pPEruo-
HaJBHBIX COIMAIEHO-)KOHOMHUYECKHX CHCTEM (llajiee — pernoHalbHOW Oe3omac-
HocThIO). TpymHocTeld po0GaBisier OTCYTCTBHE (OPMAM30BaHHONH ITOCTAHOBKH
MpoOJIeMbl YIpaBIeHHUs pETHOHALHON 0€301aCHOCTHIO M (YOPMATTFHOTO anmapara Jiist
KOMIUIEKCHOTO ~ pemieHus 93Toil mnpobnemsl. Takme xirodeBble  (akTOPsl B
COBOKYITHOCTH OOYCJIOBIMBAIOT HEOOXOAMMOCTh MPOPAOOTKH MIMPOKOTO Kpyra
BOIIPOCOB, CBSI3aHHBIX C MOJEIUPOBAHNEM AaHHON MPeMETHON 00JacTH U C aBTOMa-
TH3anrel CHATe3a THOKUX CUCTEM YIIPaBIeHHUS PETHOHAIFHONM O€30MaCHOCTHIO.

Pabora mocBsieHa pa3BUTHIO TEOPETHYECKUX OCHOB YIpaBleHus 0e30-
MACHOCTBIO CIIOHBIX CHCTEM B YacTH Pa3pabOTKH METOMOJIOTHH MH()OPMAIIMOHHON
MOJJICPXKKY TIPUHATHSI PELICHUH B chepe odecreueHus 0e30MacHOCTH PErHOHATBHBIX
COLIMAThHO-3KOHOMHUYECKUX CHUCTEM, a TaKXKe B YacTH CO3JIaHUs (HOPMAIBLHOTO
anmapara v CpeICTB aBTOMATH3alMY YIIPaBJICHHUS B 9TOH 00JIacTH.

1. IloHATHIIHBIA anapaT U TeopeTHYecKHe OCHOBBI UCCJIeI0BAHUSA

K HacrosmeMy BpeMEHH HE CJIOKHIOCH OJHO3HAYHOTO OIpe/esIeHHs
pernoHanbHON Oe3omacHocTH. Kakaplid MccienoBarenb BKJIAJbIBAET B HErO TOT
CMBICII, KOTOPBI Haubojee OJIM30K K ero cdepe HAy4YHBIX HHTepecoB. MHorue
MCCJIC/IOBATENIN CBSA3BIBAIOT PETHOHAIBHYIO O€30IIaCHOCTh C MOHATHEM YCTOHYHBOIO
pa3BUTHSA M TIPHUMEHSIOT €ro K pPa3iIH4YHbIM TEPPUTOPUAIBHBIM 00pa30BaHUSIM
(permoHam, cTpaHaM M UX YacTsIM).

B mmpokoM moHMMaHMKM 0€30IaCHOCTh O3HAYaeT (YHKIMOHUPOBAHUE
OIIPE/ICIEHHBIX KOMIIOHEHTOB COIMAIIbHO-DKOHOMHUYECKOH CHCTeMbl B  Onaro-
NPUATHBIX ycnoBusx. OIHAKO, B peasibHOM JKU3HHM BCETAA CYHIECTBYIOT YIPO3bI H
OTACHOCTH Pa3IMYHON MPUPOJIBI, KOTOPbIE HEOOXOIUMO YUUTHIBATH MPH YIPABICHUN
CIIO)KHOU cucteMoil. B cBsi3m ¢ 3TuM, obecrieueHre Oe30MacHOCTH TPOSBISIETCS B
CIIOCOOHOCTH O0IIECTBA M TOCY/IapPCTBA MPOTUBOCTOSTH UM, a/ICKBaTHO PEarnpoBaTh
WJIM MUHUMH3HPOBATh UX HETaTUBHBIE MOCIeACTBHs [1].
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Ha rocynmapcTBeHHOM YpOBHE TOHATHE «0E30MACHOCTH» B COBPEMEHHOMN
Poccun Opmmo ompenmeneHo B @enepansHoM 3akoHe «O 0€301MacHOCTH» OT 5 MapTta
1992 r. KaK «COCTOSHHE 3aIlWIIEHHOCTH JKM3HEHHO BA)KHBIX HMHTEPECOB JIMIHOCTH,
o0IIecTBa U rocyapcTBa OT BHYTPEHHUX W BHEIIHUX yrpo3» [2]. MHOrHe SKCrepThl
OTMEYAIOT, YTO C KAXKABIM TOJOM TPaHUIBI MEXIy BHYTPEHHHIMH W BHEITHUMHU
YIpO3aMH CTUPAIOTCS KaK CIEICTBHE aKTUBHOU MHTerpauuu Poccuiickoin denepanuu
B MHPOBOE COOOIIECTBO.

B pabGorte TepMuH «peruoHanbHas 0E30MACHOCTH» OMPEICISCTCS aBTOPaMU
KaK COCTOSHHE 3aIlMIEHHOCTH PETHOHAIBHON CHUCTEMBI, TIPU KOTOPOM JEWCTBHE
BHEITHUX (TJ00ATBHBIX) W BHYTPEHHHX (JIOKAIbHBIX) (DaKTOPOB HE MNPHUBOIUT K
YXYAUICHUIO WU K HEBO3MOXKHOCTH €€ (PYHKIIMOHUPOBAHUS U pa3BUTHUSA [3].

CToUT OTMETHTh, 4YTO TPHUHATHE pEImIeHUH B oOmacTu oOecreueHus
pEerHOHAIFHOM 0e301TaCHOCTH SBISIETCS CIOKHON M TPYAOEMKOH 3aa4eil, TpeOyromei
MPUBJICYCHHUS DKCIEPTOB M3 Pa3HBIX 00JacTel 3HaHUM, 00pabOTKy pa3HOPOIHON
MHOTOMEpHOW HWH(GOPMAINH, ITOCTPOCHHWE MPOTHO30B IS Pa3UYHBIX CIEHAPUEB
pazButusi pernona. CoBpeMeHHbIE HWH()OPMAIMOHHBIE TEXHOJIOTHH W CHCTEMBI
MONJCPXKKA  TPUHATHS  pelieHus B cdepe  perdoHabHOM  0€30MacHOCTH
OPUCHTHPOBAHBI HA CHIKCHUE CIIOKHOCTH M PECypCONOTpeOSICHUS 3alad yIpas-
JICHUS, & TAK)KE HA TIOBBIIIIEHUE Ka9eCTBA MPUHUMAEMBIX PEIISCHHH.

OnHuM W3 BapUaHTOB CO3JaHHS MH(DOPMAIMOHHBIX TEXHOJOTHMH M CPEICTB
MOJICPXKKU MPUHATHS PelICHUN B cepe YIpaBJICHUS PerHOHAIbHON 0€30I1acCHOCThIO
SIBIIIETCS] CTION30BaHIE UMHUTAIIMOHHOTO MOIeIrpoBanus. KoMIUIEKCH MpoOIeMHo-
OPHUEHTHPOBAHHBIX WMHTALMOHHBIX MOJENEeH MPHUMEHSIOTCS IS TPOTHO3UPOBAHHS
BO3MOJKHBIX BapUAHTOB PA3BUTHUSI CUTYallMd B PETHOHE B 3aBUCHUMOCTH OT 3a/JIaHHBIX
CIICHAPHBIX YCIOBHUHA. [lodydeHHBI TPOTHO3 JaeT aHATUTHYECKYIO HH(opMaImio,
MpeIHA3HAYCHHYIO TSI TOCIEeNYIOIIer0 aHadn3a W BBIPAOOTKH PEKOMEHIAIIMHA s
MPUHSTHS 000CHOBAaHHBIX PEIICHUH.

OcHoBHas ujaes PabOTHI 3aKJIIOYACTCS B PACCMOTPCHHU MEPONPUSATHS, TEM
WIN WHBIM 00pa3oM TMPHBOIAIIETO K W3MEHEHWIO COCTOSHUS PETHOHAIBHOMN
0e301acHOCTH, KaK OTJENFHOTO MPOEKTa B TEPMHUHAX MPOEKTHOTO MEHEKMEHTA.

Ha ceropansiminuii J€Hb NPOEKTHBIA MEHEIHKMEHT SBJISETCS JOCTATOYHO
popabOTaHHOW OOJIACTHIO 3HAHWIM, MPOOIEMaMU KOTOPOH 3aHUMAIOTCS KaK Hay4YHO-
HCCIEA0BATENbCKUE KOMUIEKTUBBL [4 - 9], TaK U pa3iUyHble aCCOLMALIMY IPEANPUITUI
u opranuzaiuii B Poccuu u 3a pyOexoMm. 3HaYMMBIM (DaKTOM, IOJTBEPIKIAIOIIAM
BBICOKYIO CTEICHb JICTAJIM3AlMU POSKTHOIO MEHEKMEHTA, SIBJISETCS pa3pabOTKU U
BHEJIpEHUE B JCSITEIHHOCTh XO3SIMCTBYIOMIMX CYOBEKTOB COOTBETCTBYIOIIUX MEKIY-
Haponubix crangapToB (ISO 21500:2014 «YmpaBieHue mpoeKTamMu», PYKOBOJCTBO
PMBOK v.4, metonomorus IPMA, merogonmorus PRINCE2 u ap. [10, 11]. Jlanubie
CTaHIIAPThl PETJIAMEHTHPYIOT OCHOBHBIC MPOIECCHI, WX IMPOLEAYPHl MPOBEACHUS U
YYaCTHUKOB B paMKax BBIIOJHEHUS OTIENBHOTO TMPOEKTa WM COBOKYITHOCTH
MIPOEKTOB.

[IpakTrika TpPUMEHEHWS TEOPUW YIPABIEHUS MPOSKTaMH II0Ka3aja, YTO
CYIIECTBYIOT OTNpeJelieHHble TMpOoOJIeMbl TIPU BHEAPEHUM €€ TNPUHIUIOB B
JESATEeIPHOCTh KOHKPETHBIX Tpeanpusatuii. OCHOBHBIE W3 HHUX 3aKIIOYAIOTCS B
MPUHATUN HEAOCTATOYHO OOOCHOBAaHHBIX YIPABJICHYCCKUX PEIICHUN OTHOCHTEIBHO
BBIOOpA M Ha3HAUCHUS UCTIOJIHUTENICH Ha BBITIOJTHEHHUE OTACIBHBIX pa0OT IO MPOEKTY,
a TakKe HAJIMYMEe HECOBNAJAIOIIMX IEJIEBBIX YCTAHOBOK Y  Pa3IMYHBIX
3aMHTEPECOBAHHLIX Jinil. [Ipu mogmepkke MPUHATHS PEUICHUH B 3aadax YIIPaBICHUS
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MPOEKTOM HCHOJNB3YIOTCS, KaK MPaBHJIO, MOJENM ONTUMAILHOTO Ha3HAYCHUS, TIC B
KadecTBE WMCXOTHBIX TAHHBIX HCIOIB3YIOTCS CBEIEHHS O CPOKaxX W JIUTEITHHOCTH
peanu3anuy ¥ HEOOXOAMMBIX ISl STOTO PECYpCOB, KOTOPHIE MO (PaKTy MOTYT OBITH
W3MEHEHBl B Cllyyae HCIIOJIb30BaHMS HMHBIX MMOAXOJOB K BbINONHEHHIO. [lpu 3TOoM
3¢ (eKTHBHOE HCIMONB30BAaHUE HAa TMPAKTHUKE TaKUX MOJENeW SBISIETCS JOCTaTOYHO
MpOOJIEMAaTHYHBIM H3-32 HEOOXOAMMOCTH KOMIUIEKCHOTO YYeTa JOTOJHUTEIbHBIX
(akTOpOB, CMOCOOHBIX OKa3aTh 3HAYUTENbHOE BIHMSHAE Ha XOI W KadecTBO
BBITIOJTHEHHS TTPOSKTHBIX padoT [6].

Ilon mpoexkToM TMOHUMAaeTCs OTpaHMYEHHOE BO BPEMEHH IleJICHAIPaBIeHHOE
W3MEHEHUE OTAENbHOW CHCTEMBl C YCTAHOBJICHHBIMH TPEOOBAaHUSMH K KadeCTBY
pe3yAabTaTOB, BO3MOXKHBIMU PaMKaMH pacxojia CPEeJCTB U PECYpPCOB U CIIEHUPHIECKON
opraHuzanuei [7].

[IpoekT B cdepe obecrieueHUsT pETHOHATBHONH 0€30MMaCHOCTH — KOMITICKC
AQHTUKPU3UCHBIX  MEPONPHUITHH, MPOBOAUMBIX  CYOBEKTAMH  PETHOHAIBHOTO
YIOpaBIeHUs] ¥ 3aUHTEPECOBAHHBIMH JUIAMH C IIEThI0 TMONyYeHHS OIpeIeIeHHBIX
pe3ymbTaToB  TpeOdyeMoro KadecTBa, HEMOCPEACTBEHHO WA  OMOCPEIOBAHHO
BIIMSIOIIMX HA COCTOSHHE COLMAIbHO-3KOHOMHUYECKOTO Pa3BUTHS PETHOHA C Y4ETOM
OrpaHMYEHHH Ha WCIIONb30BAaHUE PpA3IMYHOTO THUIMA PECYpPCOB (BPEMEHHBIX,
(hMHAHCOBBIX, KaJpOBBIX, MATEPHANBHBIX M 1p.). Llenmn ompenensioTcs Ha OCHOBE
aHanM3a NPHUHATOW CTPATerHMH COLMAILHO-3KOHOMHYECKOTO Pa3BUTHSI PETHOHA U
TEKYIUX TPOOJIEM PETHOHALHOTO PA3BUTHAL.

[Tpumepamu IpoekToB B chepe IKOHOMUIECKOH 0e30MMacHOCTH HCCIIETyeMOTO
pernoHa (MypmaHckoii oOnactm) SBISIOTCS — (opMmHpoBaHHE A((HEKTUBHBIX
WHHOBAIIMOHHBIX CTPYKTYp, OPHEHTHPOBAaHHBIX HA CO3JaHWE COLUAIBLHO 3HAYUMBIX
O0BEKTOB Ha TeppuTopud MypMmaHCKOW 00JacTH, a TakkKe CeTH MabIX
WHHOBAIIMOHHBIX TMPEANPHUATHA W  HAy4YHO-0OpPa30BaTENBHBIX  CTPYKTYp IS
MOJIEP’KKK YCTOHYMBOTO pa3BUTHsI MoHOropo1oB CeBepa Poccun.

JKu3HeHHBI TUKJI TPOEKTa - yCTAHOBJICHHAS MOCIEJ0BaTeNFHOCTh (a3 oT
Hayvaja JI0 3aBEpIICHHS MTPOEKTa.

Crelikxomnaep Wi 3aUHTEPECOBAHHOE JIUIO — JIUIO, IPHHUMAIOIIEE PEIIeHHE,
WIA OpraHU3allMOHHAS CTPYKTypa, KOTOPbIE MOTYT Y4YacTBOBATb B BBHIMIOJHEHHU
MPOEKTa MIIM OKa3bIBaTh BO3JIEHCTBHE HA XOJ €r0 Pealln3allii, Pealin3ysi TEM CaMbIM
Ty WM UHYIO TIPOTPaMMYy YITPaBIICHUSI.

JKuzneHHbIH LUK yIpaBIICHUSI MPOEKTOM — MOCTIeIOBATEIILHOCTh
BBITIOJIHEHHST OTIPEICIICHHBIX 3a/]]ad YIPaBJICHUs, KaXI0l M3 KOTOPBIX COOTBETCTBYET
KOHKpeTHas (haza KU3HEHHOTO IHKIIa TPOEKTa.

VYnpaBieHue TpoeKTamH - 00JacTh  JCATENBHOCTH, B  XOJ€ KOTOpPOH
OTIPEJIEIISIIOTCSI U IOCTUTAIOTCA YETKUE LeNIM MPOoeKTa Mpu OanaHCHPOBAHUHM MEXKITY
00BEMOM paboT, pecypcamu, BpeMeHeM, Ka4eCTBOM M PHCKaMH.

CyLecTByIOT pa3finuHble Kilaccupukauuu mpoektoB [7]. Tum mnpoexta
OTIPEJIENISIET €0 CBOMCTBA M XapaKTEPHCTHKH, a TaKXKe BBHIOOP METOAOB MPUHSTHS
ylopaBleHUYeCKnx pemnieHnid. B cdepe obOecriedeHns pernOHAIBHONW 0€301MacHOCTH
MPEUMYIIECTBEHHO  pPEeajn3yloTCS JIONTOCPOYHBIE  OPraHU3alMOHHO  CIIOXKHBIE
CMCIIaHHBIE METANpPOCKThI, a TAaKXKEe MOJAYJbHBIE ONEpaTHBHBIE W CTpaTEerHYecKHe
MPOTPaMMBI YIIPABIICHHUS] PETHOHATIBHBIM Pa3BUTHEM.
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W3BecTHBI cieqyronie METOAbl U MOAXOb! AJIS pelIeHHs 3a7ad YIpaBIeHUs
MIPOEKTaMHU:

1) KamengapHo-ceTeBoe IUIaHWpPOBAHWE W yIpaBieHHWI. B OCHOBE maHHOTO
MOJX0/1a JIGKUT MaTeMaTHYeCKHH ammapaT Teopud rpadoB, MO3BOJIOMIUN pemaTh
CJIO’KHBIE ONTHMH3AIMOHHBIE 337a9H, UCIIONB3YS METOABI IUCKPETHON MaTeMaTHKH.

2) KauecTBeHHBIH MOAXOM K YMPABICHHUIO MPOEKTaMH, ONHM3KWN 1O CBOEH
METOAOJIOTMH K MCEHEIKMEHTY OpraHu3aluii W pa3BUBAacMbli, B OCHOBHOM,
3apyOeKHBIMH yYEHBIMH.

3) KonmdecTBeHHBIN TIOMXOJ, OCHOBBIBAIOIMUKCS Ha aHAIM3€ M CHHTE3E
MaTeMaTHYECKHX MOJENed MEXaHW3MOB YIPAaBICHHS NPOEKTaMH U IpoLeaAypax
MOPUHATHS YNPaBICHUECKUX pelleHni. JlaHHBIH MOAX0J OnepupyeT KOMOWMHALUSIMHU
METOJIOB TEOPWUH HWIpP, UCCIEAOBAHUS OMNEpanuii, IMHTAIIHOHHOTO MOJIEINPOBaHUS,
MaTeMaTHYeCKOW SKOHOMHUKH, TEOPHH AaKTUBHBIX CHCTEM, a TarKkKe IMPOrpaMMHO-
LEJIEBOTO U CUTYAIIHOHHOTO [UIAHUPOBAHUSI.

[logummonnpysi TPOBOJUMOE WCCIEOBaHWE B paMKax MPUBEACHHBIX
MMOIXOJIOB, MOXHO CKa3aTh, YTO pa3pabarbiBaeMas WH()OPMAIMOHHAS TEXHOJOTHUS
MOJICP’)KKA ~ YIpPaBICHUS] TMpoeKTaMu B cdepe obecredeHuss pPeruoHaIbHOM
0€30IacHOCTH HCHONB3YeT KOMOWHALMIO IBYX HAaIPaBJICHUN — KOJTMYECTBEHHOTO U
KaJleHIapHO-CEeTeBOTO ITUIAHUPOBaHUS ¥ ynpaeieHus. [Ipum stom BBIOOp MareMma-
THYECKOMN MOZICJIN TOTO WM UMHOI'O TUIIA OIIPEACTIACTCA XapaKTCPUCTUKAMU pemaeMof/'I
3aJa4u yHIpaBJICHHA U 3aJaHHBIMU YCIIOBUAX IJIA KaX(ILOﬁ KOHKpCTHOfI CUTyaluu.

Hnst 3¢ hekTHBHOTO yHIpaBIeHUs pEerHOHATbHBIMHA COIIMANBHO-
SKOHOMHUYECKUMH CHCTEMaMH CO3[AIOTCS  pa3HOOOpa3Hble WH(POPMAIMOHHBIE
TEXHOJIOTUMU U CPEACTBA, OPUCHTUPOBAHHLIC Ha IMOATOTOBKY peKOMCHI[a]_[I/Iﬁ JINIIam,
MPUHUMAIOINM pelnieHus. BeipaboTka pexoMeHnanuii 0ObIYHO OCYIIECTBISETCS 32
CYEeT TPOTHO3MPOBAHHS BO3MOXKHBIX BapHAaHTOB pPAa3BUTHS CUTYallUd W/WIH
arperupoBaHus Pa3HOPOHON HH(OPMAIIUY, TIOTYICHHON U3 PA3JIMYHBIX HCTOYHUKOR.
VYkazaHHble JEHCTBHS BBINOJNHSIOTCS Ha OCHOBE OIpENENeHHBIX (HOpMaNbHBIX
MOjIeTIel, TIO3BOJISIONINX MPEJICTABUTh COCTAB W B3aUMOCBS3H MEXTy KOMIIOHEHTAMHU
CUCTEMBI YIIPaBIICHWS, a TaKXKe OMUCATh MPOTEKAIIue B HEH mporecchl. Takwue
q)OpMaHBHLIe MOACIN CHIy)XaT MPOMEKYTOUYHBIM 3BCHOM MEKAY MCHTAJIbHBIMU
MIPENICTABICHUSIMH 3KCIIEPTOB M CO3/1aBaeMbIMH WH()OPMAITMOHHBIMH TEXHOJIOTHUSIMHU
YIpaBIeHUs] W TO3BOJISIOT MOJHOCTHIO WM YAaCTHYHO aBTOMATHU3WPOBATH TIPOIIECC
pa3pabOTKH  COOTBETCTBYIOIIMX MPOTPAMMHBIX CHCTEM TMOJJICPKKU TPHHSATHS
peuieHui.

2. ITocTanoBka u gopMaau3anus 3a1a4 ynpaBjieHus NpoeKTaMu B cepe
peruoHaabHOl 6e30MacHOCTH

Hns  wccnenoBanust  QeHomeHa  peruoHanbHass — OezomacHocTh  (PB)
MPUMEHSIETCS CHUCTEMHBIA IOAXOJI, 3aKJIIOYAIONIMICS B PACCMOTPEHUU OOBEKTa
rccienoBanus (PeruoHa) Kak CIIOKHOW JUHAMUYECKOW CUCTEMEI.

®dopmManbHO TIOHSITHE «PETHOHANBHAS 0E30MaCHOCThY OIpPEeIseTCs Ha SI3bIKe
TEOPETUKO-MHOKECTBEHHBIX OTHOIIEHUM M TpEACTaBiIseTcd B BUAE MHOXKECTBA
COCTABIISIFOIINX €€ KOMIIOHEHT, KaXAbld U3 KOTOPBIX XapaKTepU3YET OMpeaesICHHBIM
acneKT PYHKIMOHUPOBAHUS PETHOHAIBHOMN COIUATEHO-9KOHOMUYECKON CUCTEMBI:

RS ={CF®y, i=1N, (D
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rae N — KOJIMYECTBO COCTABIISIONINX PETHOHATIBHONW 0€30MaCHOCTH, YYaCTBYIOIIUX B
PacCMOTPEHUH M COOTBETCTBYIOIUX c(epaM PerHOHAIBHOTO Pa3BHTHUS (IKOHOMHKA,
OKpyJKarolmasi cpena, colManbHas cdepa, KaapoBas TOJIHTHKA, WHHOBAIIMOHHBINA
MMOTCHIIUAN U JP.).

PernonanpHass 6€30MacHOCTh Kak CHCTEMa JICKOMITIO3UPYETCSl Ha CIEIYIONIHe
OCHOBHBIC COCTABISIFOIME, OOIMHWE HE TOJBKO JJIsI KaXKJOTO OTACIBHO B3STOTO
pETHOHA, HO ¥ YYUTBIBAIOIIHUE €ro criei(uiecKine 0COOCHHOCTH:

RS = {Econ,Ecol ,Soc, Inf',Tech, Mil ,Enrg}, 2)
rae FEcon — sxoHoMmuueckast 0e30I1acHOCTh;, FEcol — skonorndeckast 0e30I1acHOCTD;
Soc — conmaneHas Oe3omacHOCTh;, [nf— uH(pOpManMoHHas Oe30macHOCTh; Tech —
TexHoc(epHass Oe3omacHOCTb; Mil — BoeHHass 0e30MacHOCTb; Enrg — 3HEpreTu4ecKas
0€e301acHOCTb.

Tak st MypMaHCKO#i 00J1aCTH U peruoHa, BXOJSIIETO B COCTaB APKTHYECKOI
30l Poccum, Hambonee BaXHBIMH SIBISIIOTCS OKOJOTHMYECKAs, BOCHHAs W
sHepreTuyeckas chepsl 0€301TacCHOCTH.

Kaxaprii KOMITOHEHT pEerroHaNbHOW Oe30MacHOCTH OIMHCHIBaeTcs HaboOpoM
OIpE/ICIICHHBIX MTapaMeTPOB:

CrS =B, B={p j}i=LLN,j=1K, 3)
rae N — KOnM4ecTBO KOMIIOHEHT pErHOHANbHON Oe3omacHoCTH; K; — KOJIHYeCTBO
[apaMeTPOB, OMHUCHIBAIOLINX i-i KOMIIOHEHT PETHOHAJIbHOIN 0€3011acHOCTH.

Bce wMHOXeEcTBO napamMeTpoB, OIIUCBIBAIOIIUX Pa3JIMYHBIC KOMIIOHCHTEHI
peruoHanbHON 0€30MaCHOCTH, pa3AessieTcs] Ha JBe TPYIIbI: BHEIIHUE U BHYTPEHHHUE.
Ha napamerpsl BHewmHeW cpenbl cuctema ynpasieHuss PB oka3wiBath mpsiMoro
BO3JICHCTBHSI HE MOJXKET, 4, 3HAYUT, JOJDKHA K HUM ajantuposaThcs. Ilapametpsl
BHYTpEHHE cpeapl peruoHa — SKOHOMUYECKHE, COIMaJIbHBbIE, 3KOJOTHYECKUE,
TEXHOTCHHBIC SIBIISIOTCS YNpaBsieMbIMU. Bo3aeHCTBYS Ha HHUX, MOXHO YIPaBISATh
peruoHanbHON 6€30IacCHOCTBIO.

B kadecTBe Mepbl AJsl MHTETPAJIbHOW OLIEGHKU PErHOHANBHOW 0E30MacHOCTH
MpenjiaraeTcsl WCIONMb30BaTh MATPHIly pPEerHOHaNbHOW Oe3omacHoctu [12], koTopas
(dopmMHpyeTCs Ha OCHOBE CHCTEMbl MHIMKATOPOB 0€30MaCHOCTH PETMOHA U BKJIIOYAET
B ce0s moKasarenu i Kaxaoi cdepsl 6e3omacHocTy [13]:

MRS={ml-,j}, mi,j :pi,j’ izl,_]V, j:l’_]{, K:max(Ki), 4)
1

rae Mgs—marpuna Pb; p;;—j-ii mokasarenb i-ro KommnoHeHta Pb; N — KonudecTso
kommoHeHT Pb, K; u K — KoIM4ecTBO MoKa3aTelel i-r0 KOMIIOHEHTa M HanOOJIbIIee
KOJIMYECTBO MOKa3aTeNel B CTpOKe MaTpulibl Pb cOOTBETCTBEHHO.

Anamm3 wmartpunisl Pb mosBomsier paspaboraTh QopMalibHBIE TPOIEAYPHI
CpPaBHEHMS Pa3JIMYHBIX CLUEHAPUEB COLMAJIbHO-O9KOHOMUYECKOTO Pa3BUTHUSl PETMOHA B
3a/1aHHBIX YCJIOBHSIX.

Jnst  Kakaoro TmokaszaTens PerHOHANBHOW Oe30MacHOCTH  CIPaBETMBO
yTBEpXKJeHne, uTo coctosiuue Pb cumtaercst 6e30macHBIM MO JaHHOMY MOKa3aTelro,
€CIIM 3HAYEHUE 3TOr0 MOoKa3zaTeslsl HaXOJIUTCS B Mpejenax JOMYyCTUMOrO HWHTEpBalia
3HAYCHUI:

min ;; Sml-jgmaxij. (5)
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[IpenensHO JOMyCTHMblE HHKHHE Min; M BEPXHHE mMaX; 3HAYEHHs KaXJIoro
napamerpa PB ompenensitorcss U3 periiaMeHTHPYIOIIEH JOKYMEHTALMM, a NpU €€
OTCYTCTBUH - C TIOMOIIBIO DKCIEPTHBIX OIEHOK. TakuM 00pa3oM, B MaTpHIHOM BHUJIE
yCIIOBUE 0€30MaCHOCTH PETMOHA ONPEACISACTCS CICIYFOIIUM 00pa3oM:

M in Mg <M pax - (6)

Bripaxxenue (6) ucmonb3yercs I OMpeeNieHUs] COCTOSHANW PernoHaIbHOU
0e301MacHOCTH, TP KOTOPBIX BO3HUKAIOT YTPO3bI (PUCKH), TPEOYIOIIHE ONIePaTHBHOTO
MIPUHSTHS OMPEJICIICHHBIX MEp, HAlpaBICHHBIX HAa WX YCTPAHCHHE WM CMSTYCHUC
HETaTUBHBIX TOCIEACTBUN OT BO3ACUCTBHUS HA DIEMEHTHI COLUAIBLHO-3KOHOMUYECKOM
CUCTEMBI pETHOHA.

Croutr OTHAEIBHO OTMETUTh, YTO s yd€Ta OCOOEHHOCTEH TMPOIECCOB
oOecrieueHus PETUOHANBHON 0€30MacHOCTH HEOO0XOAUMO BBIPAOOTaTh OCOOYIO
CHUCTEMY TapaMeTpOB, CBS3aHHBIX CO CHenu(PHKOW KOHKPETHOH Teppuropuu. s
3TOrO TpebyeTcs W CHeluaibHas mpopaboTKa CHCTEMBI TOKa3aTellell pernoHaIbHON
0e30MacHOCTH, KOTOpasi JOJDKHA OBITh B3aMMOCBSI3aHa C OOIICH CXEeMOW aHaiM3a
MOKa3aTeNeld, WCIONB3YIOMMXCS Ha (QenepabHOM M OTPACIeBOM YpPOBHAX. OJTa
CHUCTEMa [IOJDKHA TAaKKE COBMEILATHCA C JEUCTBYIOIIEH CHCTEMOM CTAaTHCTUKU H
IIPOTHO3UPOBAHUA, COIPOBOXIATECA  PETYIApHBIM MOHHTOPUHIOM H  IIPOT-
HO3MpPOBaHMEM  (PAKTOPOB, BIUSIONIUX Ha YPOBEHb YIrPO3  PETHOHANBHOU
Oe3onacHoctH [14].

C Japyroif CTOpPOHBI, JWHAMHKY PETHOHAJIBHONH OC30MaCHOCTH CIICAYET
paccMaTpuBaTb KaK HW3MCHCHHUEC CIIO)KHOM CHCTEMBI H npeacTaBuTb €€ B BUIC
[OCJIEI0BATENbHOCTH YCTOMYUBBIX COCTOSIHUM:

{Skt,Sk €S, k=LK, (7)
rae S — MHOXKECTBO YCTOMYMBBIX COCTOSIHUM CUCTEMBI, K — KOJIUYECTBO YCTOWUMBBIX
COCTOSTHHUI.

Jng  onpeneneHuss MEXAaHU3MOB H3MEHEHHUS COCTOSIHUS HMCIOJIb3YETCSA
MaTpUIly nepexon0B. KakIbIil 3IeMeHT MaTpHUIIbl IEPEXOI0B OTPaKaeT BO3MOKHOCTh
mepexoja M3 OJHOrO0 YCTOMYMBOIO COCTOSIHMSL cHUCTeMbl B apyroe. Ha sty
BO3MOMKHOCTb BIIMAET «IEHA MEPEXOAa» C;;, U3MEHEHHE OLEHKHM PErMOHAIbHON
Oe3onacHOCTH AMpgg( ), @ TAKKe BPEMsI COBEPILIEHHs M3MEHEHUsS] COCTOSHHS CUCTEMBI
T;;. B nanHOM ciyuae 1moJ| LEHOH Nepexosia ¢;; HOHUMAETCs OLEHKA TPeOyeMbIX s
U3MEHEHUSI COCTOSIHUS PECYPCOB, BBIPAXKEHHBIX B EIWHBIX €IUHULAX H3MEPEHUS
(HanpuMep, B JICHEKHBIX YCIOBHBIX eauHuNax). Ilapamerp AMgg; ;) oTpaxkaer To, Kak
HMEHHO HW3MEHUTCS 3HAYEHHWE KaXKIOro II0Ka3aTeis MaTpullbl PpPEruoHaIbHOMN
0e30IacHOCTH NpU TEPEXOJIe M3 TEKyLero cocrosHus B Hopoe. Ilapamerp T7;
XapaKTepu3yeT IMEPHOJ] BPEMEHHU, KOTOpPOe NOTpedyercs cucTeMe s IMepexojua B
HOBOE cOocTOsiHME. MaTpuila Nepexo 0B UMEET BUJL:

0 po - Pk,
P10 o pog,

Mswsi)=" = ) ®
PK,1 PK2

MIpH 3TOM pij Zf(CiJ',AMRs(i,j)a];j)-
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Ha »nemeHTHI MaTpulbl NEPEXOJ0B HAKIAAbIBAIOTCA CJICAYIOIIHUE OT'paHu-
YCHHs, BBI3BAHHBIC BEPOATHOCTHBIM XaPAKTCPOM BCJIMIMNHBI plj

0<p; <1, Y pyy=1, > py=1. 9)

Jlroboe MepompusaTHE, CBSI3aHHOE C M3MEHEHHUEM COCTOSHHS pPErHOHaJIbHOM
0e30MmacHOCTH, TIpeaJiaraeTcsi paccMaTphBaTh KaK COOTBETCTBYIOIIMHA IPOEKT,
MPUMEHSISI K HEMY METOJUUECKHIA anmapat TeOpUH yIpaBiIeHHs IpoeKkTamu [7].

C TOYKM 3peHHS YOPaBICHUS MPOCKTAMHU COBOKYHMHOCTH OTAEIBHBIX
MIpeIMETHO-OPHUEHTUPOBAHHBIX POEKTOB O0BEAMHAIOTCS B IPOTPAMMBIL:

PROG ={PR;},i=1,Npg (10)

rzie Npg — KOTUUECTBO IIPOEKTOB B IIPOTrPaMMe.

B oOwmenpuHATOM MpPEACTABICHUH MPOEKT OINpeneNsercs Kak Iocie-
JIOBaTeNBbHOCTH (a3 (CTaauii), KOTOpbIe MPOXOAUT MPOEKT B XOJE CBOETO KU3HEHHOTO
LMKJIa, @ TaKKe COBOKYIHOCTBIO CBOWCTB, KOTOpbIE XapaKTEpH3YyIOT €ro Kak
OTHOCHUTEIHFHO 000COOJIEHHBIN OOBEKT YIPaBICHHS:

PR ={LF,GPR, Type,RS,RK ,TLF}, (11)
rae LF —xu3HeHHBIH IUKI npoekta; GPR —1enp W 3agadd MpoekTa; [ype — TUI
MpoekTa (MHBECTHLMOHHBIM, HEKOMMEpPYECKHH, OMNEepaTUBHBIA, CTpaTEerMYecKuil u
ap.); RS —pecypcbl, HeoOXomuMple sl peaju3aluu  Mpoekta; RK — pucku
peanu3anuy MpoekTa (i1 peruoHalbHOW 0e30MacHOCTH - yrpo3sl); TLF — mpomon-
KUTETBbHOCTh )KU3HEHHOTO LIMKJIA IIPOEKTa.

IlpuauMas BO BHHMMaHME UH(POPMALUIO O >XU3HCHHOM IMKJIE IPOEKTa,
MIpeCTaBICHHYI0 B pabortax [4, 5, 8], MaremMaTHUeCKd €ro MOXXHO TPEACTaBUTH B
CJICAYIOIIEM BUJIE:

LF =(Ph,Lk), (12)

rae Ph — MHOX)eCTBO (ha3 JKU3HEHHOTO KA, Lk— MHOXKECTBO CBSI3eH MeXIy (a3zamu.

Taxast popmManbHasi KOHCTPYKIHMSI COOTBETCTBYET MAaTEMAaTHUYECKUM MOJIEIISIM,
KOTOpBIE TMPUMEHSIOTCS B TEOPUHM W MpPaKTHKE YIpaBlIeHUs mpoektamu [7-9], u
MO3BOJISIET MPEIACTABUTh JKU3HEHHBIM LMKI MPOEKTa B BHUIE OPHUEHTUPOBAHHOTO
B3BelIeHHOro rpada. B Takol mocraHoBKe 3amauum Ph onpeaensieT MHOXECTBO
BepIInH oprpada, a Lk 3a1aeT MHOXKECTBO JYT U UX XapaKTEPUCTUKH (HAIpaBIeHUE U
Beca).

CormacHo  MexayHapogHoMy  crtanzapry  ISO 21500:2014 [10]  mo
YIPaBICHUIO TIPOCKTaMU BBIJIENSCTCS TSTh OCHOBHBIX (Da3 MpOeKTa: MHUIHATH3AIUS,
IJIAHUPOBAaHME, WCIIOIHEHUE, yIpaBlieHue, 3aBepiieHue (puc. 1). B xadectBe BecoB
IOyT UCIIONIB3YETCsl BEPOSITHOCTh IEpexosa U3 OAHOH ¢as3bl mpoekTa B Apyryto. [lpu
3TOM BEPOSITHOCTD MEPEX0Aa 3aBUCUT OT Pe3yJbTaTOB BBIOJHEHHUS (a3bl nmpoekra. B
CBOIO OdYepellb, Ha pe3yNbTaT pealiu3alud ONpeleeHHONH (a3bl MpOeKTa BIHSET
TEKyILee U/UIIN IPOrHO3UPYEMOE COCTOSHIE PErHOHAIbHOM 0€3011aCHOCTH.

Crnenyer OTMETUTh, YTO AAaHHAs KOHCTPYKLHMSI MOXKET YCIOXHSTHCS 3a CUET
BBEJICHUS JIONIOJTHUTENFHBIX BecoB JUIst IyT oprpada. Tak, Hanpumep, MOKHO K BecaMm
N00aBUTH TApPaMETPbI, XapaKTEPU3YIOIINE «CTOMMOCTb» Mepexojia WIH BpeMEHHbBIE
3aep KK Mexnay ¢aszamu. Jns pemeHus 3amad Ha rpadax, Ayrd KOTOPBIX HMEIOT
HECKOJILKO BECOB, IPUMEHSIFOTCSI METO bl IIOTOKOBOTO MpOoTrpaMMupoBanust [15].
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WMunynanusauwms
Ph;

MnanupoBaHue
Ph,
k[ WcnonHeHnue

3aBepleHue
Phs

Puc. 1. O606wennoe npedcmasnenue HCUHEHHO20 YUKIA NPOEeKma

CBs13bp MeX Iy ABYMs (ha3aMu IPOEKTa ONPENEIAETCs CICAYIOMNM 00pa3oM:

ljj =<Ph;, Ph;,wy; >, wy; = func(Ph;,Mgg), (13)

rae Ph; — q)a:sa MPOEKTa, U3 KOTOPOi OcyH_IeCTBJ'ISIGTCSI nepexon; Ph; — ¢a3a npoekra, B

KOTOPYIO OCYIIECTBIISETCS MEPEXO0T; - BEKTOP BECOBBIX KO3(D(PHUIIMEHTOB CBSI3U.

i]
Ilpu 3TOM BeKTOp BECOBBIX KO3((UIMEHTOB CBS3U le
(yHKUMOHANBHAS 3aBUCUMOCTb OT pE3yJbTaTOB HpeAblnymieil ¢a3pl Hpoekra Hu
COCTOSIHUSI PETHOHAIILHON 0€30MacHOCTH, OLEHEHHOTO ¢ MOMOIIbIO MaTpulisl PB.

CereBass Mojenb NPEACTABICHHUS >KU3HEHHOTO INMKIA MPOEKTa IO3BOJSET
(hopMymupoBaTh U pemaTh pasHooOpa3HbIe 3amaun yrpasieHus. OCHOBHOW 3amaueit
yhpaBiieHHs sBJsieTCs. (OPMHPOBAHKME IOCIECIOBATENLHOCTH BBIIONHEHHS (a3
MPOEKTa B 3aBHCHUMOCTH OT pa3jMYHBIX IapaMeTpoB MPOEKTa U IOCIETYyIomas
KOPPEKIMsI XO0Jla BBIMIOJHEHUS NMPOEKTAa B 3aBHCHMOCTH OT PE3YJbTATOB pealu3aliu
KOHKPETHOH CTaJuH.

®dopmaibHOe onrcanue (asbl MPOeKTa MPEACTABISIETCS B BUAE KOPTEKA!

Phy = <Opl G s, G RS T, L TLF! Res! > (14)

OIPEACTIACTCA, KakK

rae Opl = {05}, j= l,NlOp - MHOXXECTBO OIlepaluii, KOTOpble TpeOyeTcs BBINOJI-

. I . o
HUTh Ha [-i (aze mpoekTa; NOp — KOJIMYECTBO ollepanuii Ha [-i (a3e mHpoekTa;

/ " . !
G7 - KaneHIapHelii TpaguK BBIOIHEHUS [-0if (a3pl mpoekTa; St — MHOXKECTBO
. . /
CTEHKXOJJIEPOB (3aMHTEPECOBAHHBIX JHI) Ha /-i (aze mpoekrta; G'— uenu u 3a1auu
) d v
[-ii ¢a3el npoekta; RS —MHOXECTBO PECypCcOB, TpeOyeMbIX AJISl BBINOJIHEHHS [-H

/ / o
dazs; 7y u T, ¢ — HayaJbHOC M KOHEYHOE BPEMs BBIIOIHCHHS [-it a3pl mpoekra;

TLF' — IIPOJIOJKUTENBHOCTh /-l (ha3bl MpOEKTa; Res' — pe3yNbTaThl BBITOJHEHUS [-if
(a3el IpoeKTa.
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Kaxnyro oneparuio MOXXHO OMHCATh C TOYKH 3pEHHS MPOLECCHOIO MOAX0/a
[16], BBImENMMB OCHOBHOW TPOIECC, HCXOMHBIC MaTepwanbl W HH(OpMAIHIO,
WCTIONTHUTENEH, perlaMeHThl M TPOLEAYPHl BBITIOTHEHHS TIpoIlecca, a TaKXkKe ero
pe3ynbraThl. Kanennmapueiii rpaduk peanusanuu a3kl IpOCKTa NpeaHa3HAuSH s
OIHMCaHUS TIOCIEOBATEIHHOCTH BBIIOHEHUS OIPEAEICHHBIX OMEpaluii U MOXKET
OBITH TIPEICTABIICH B BUJIE CETEBOM CTPYKTYPHI.

TpaauIMOHHO B KadecTBE CTEHKXONJIEPOB pacCMaTPUBAIOTCS CIEAYIOLINE
CYyOBEKTHI YIIPABJICHUS: UHBECTOP, 3aKa3UUK, TCHKOHTPAKTOP, PYKOBOIUTEIIb ITPOEKTA,
WCTIONHUTEN,  NMPOEKTa, MOCTAaBIIUK, OQUIMambHBIA perymarop. Ilpum  3tom
pa3paboTaHbl MaTeMaTHYecKre Mozenu [4, 7], onmuchIBaroIIne MOBEICHUE KKION U3
3aMHTEPECOBAHHBIX CTOPOH B 3aBHCHMOCTH OT WX IICJICBBIX YCTAHOBOK U KPUTCPHUCB
OIIEHKH Pe3yJIbTaTOB.

lenmn m 3amaum KOHKPETHOW (hasbl BBITIONHEHHA MPOEKTa OMPEAEINSIOTCS B
pe3yabpTaTe AEKOMIIO3WIMK TI00aNnbHOW menu npoekrta. s 3Toro mpemnaraercs
MPUMEHATh (YHKIIMOHAIBHO-IIENEeBOH moaxon [17] K WCCIeqoBaHMIO CIIOKHBIX
cucteM. B KkadecTBe pecypcoB paccMaTpHBAIOTCI KaK MaTepHalbHBIe, TaK W
HeMaTepuanbHble 0OBEKTHI, KOTOPbIE HEOOXOIMMBI AJISl YCIICHIHOW peann3aniu (a3bl
MpoeKTa. 3ajaeTcss BHYTPEHHsSI CTPYKTypa MHOXKECTBA PECYpCOB, B KOTOpOMH
BBIETISIIOTCSL  OTACTbHBIE TOAMHOXECTBA TOTPEOHOCTEH W JHMHUTOB (PECYPCHBIX
OTpaHUYeHUN).

CoryiacHO OCHOBHBIM IOJIOKEHUSM MPOEKTHOTO MEHEDKMEHTA Ha BPEMCEHHbBIC
XapaKTEPUCTUKH MIPOEKTA U ero (a3bl HaKIIAAbIBAIOTCS OrPaHUYCHUS:

T; ({ <t+7, Ll F<T gl - Ha BpeMs peanu3aiuu (asbl IPOSKTa;

L
T, LFZZT LIF-Ha COOTHOIIICHHE TMPOAOJDKUTEIILHOCTA TPOCKTAa © TIpO-
/=1
JTOJDKUTEIHHOCTH ero (has.

B paMkax TpOBOAMMOTO HCCICIOBAHUSA PE3YNIbTAThl BBITONHEHHUS (as3bl
MPOCKTa JOJDKHBI BIMATH HAa COCTOSHME PETHOHANbHOW Oe3omacHoCTH. [ 3TOro
mpe/yiaraeTes MpH OIICHKE Pe3yNbTaToB peanusaruu (asbl cpasy GopMHPOBATH €€ B
BUJIC U3MCHEHUS MOKa3aTelell pEernoHalbHOW 0E30MacHOCTH, TO €CTh Kakaoh (dase
MPOEKTA CTABUTH B COOTBETCTBHE AMps.

B onmanHOM pasgene paccMOTpeHa KOHIENTyalbHas MOJCTb 00beKTa
WCCIIE/IOBAHUS — PETHOHATIBHOM ~ O€30MacHOCTH,  perIaMEeHTHUPYIOIAs  OCHOBHBIC
CTPYKTYpHBIE YaCTH W WX BHYTPEHHIOIO B3aWMOCBS3b HA OINPEAEIEHHOM YpPOBHE
JeTaIn3aliid MOJAETH. B3anMoJeicTBHE MEXIy KOMIIOHEHTAMH MOJEIH PasHbIX
YpOBHEH JeTanu3aliy TPEJICTaBICHO B OOIIEH cXeMe yIpaBJICHHs] PErHOHATBLHON
0€3011acHOCTEIO.

3. KonuenrtyajJbHasi MOJieJIb CUCTEMbI YIIPABJIEHHUS] PerHOHAJBHOMI
0e3011aCHOCTHIO

B of0mem caywyae 3amauya yOpaBiCHUS PETHOHANBHOW 0€30HacHOCTBHIO
3aKJII0YaeTCsl B MOMCKE TaKOro JOIYCTHMOIO BEKTOpa YIPAaBJICHUS, KOTOPOE MMEET
MaKCUMaJIbHYIO 3Q()EKTUBHOCTD U ONPEeNsieT ONTUMAIIBHYIO TPACKTOPHUIO JABIIKEHHUS
00BEKTa YIpaBJICHUs B IPOCTPAHCTBE YCTOMUMBBIX COCTOSAHMI. Onupasich Ha anmapar
Teopun ynpasienus [18, 19], ¢opmansHO Mozens cuctemsl ympasienuss Pb moxHO
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MpeacTaBuTh B Kinaccuueckor ¢opme (puc. 2). Takas o0oOmeHHas MaTeMaTHYecKas
MOCTaHOBKA aJJalTHPOBAaHA JUIS 3a/1a4 YIPABICHNS CHCTEMaMH Pa3INgHOIl IPUPOIBI, B
TOM YHCIIC PETHOHAIBHON Oe30macHOCThIO [12].

Cucrema ynpasneHus (CY)

Bsipabomka R
ynpaenasowezo
eozdelicmaus:

l

Haentundurauns
BHEIITHEro
BO3AeiCTBHSA
Hpentnduxanus
COCTOSIHHS

1

1

1

o():UxI—=U, :
u=F.(U,,2(1),v(-), Prog) :
1 I =F, (6,Mp,1) 2(0) = £,y (8, M s . )
1

1

________1______

Onenka cocrosinns PB

|
| OueHKa BHEIIHE0 BOSMYIEHHS I-

uel,

Yupasisironee Bo3aeiicTene

— PernoHanbHan 6esonacHocts (OY)

v

0ec® 5 =F,.(,8,Py.1) SEF

BHEIIHee BO3MYIleHie Cocrostniie OV

Puc. 2. Obwas xonyenmyanvnas cxema ynpagieHus pecuoHaibHol 6e30NacHOCMbIO

Hdnsa onenkn >(QeKTHBHOCTH yNpaBiIeHHUs MpeaiaraeTcss HCIOJIb30BaTh
(dyHKIMOHAN BUA:

E(u)=meal>]<f(u,S),f=f(u,F0c(u,6’,PRs,t)), (15)

rne  u €U - ynpasnstomee Bo3ielcTBrE, S €S - COCTOsIHUE 00BEKTA YIIPABIICHUS.

s onpeneneHust TEKYLIEro COCTOSIHMS OOBEKTa YIPaBIEHUS HCHOJIb3YETCs
GyHKIUS BUIA:

S:FOC*(M,H,PRSJ), (16)
rae @ —MHOXECTBO BO3JEHCTBUII BHEIIHEH cpeabl; Prg — MHOXKECTBO IIapaMETpPOB
00BEKTa YIPABJICHUS; ¢ — BPEMSL.

Mogens cyObekTa yrOpaBlieHHs CTPYKTYpHO TMOIpa3lelisieTcss Ha TpU
(YHKIIMOHANBHBIE COCTABIIOIIME: OJOK MASHTH(WKAIMKA BHEITHETO BO3ICHCTBHS,
OIOK WACHTU(UKALMKU COCTOSIHMA OOBEKTa YIpaBIeHHS U OJOK BBIPAOOTKH
YIPABJIAIOIIETO BO3ACHCTBUS.

Wnentudukanuss BIMSAHUS BHEIIHEW cpensl Ha OOBEKT YIpaBICHUS
MPEICTaBISIETCS B BUAE:

I=F, (0,Mgg.1), (17)

rie [/ —oIleHKa  BHEIIHEr0  BO3ICHCTBUS  CyOBEKTOM  yOpaBieHus; 6 —
HETMOCPEICTBEHHO BEKTOpP BHEIIHEr0 BO3ICHCTBUS; Mps — MaTpulla pErHOHAIBHOMN
6€e301acHOCTH;  — BpeMsl.
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Hasnayenune Onoka wuaeHTH(HKAIMKM BHEIIHETO BO3JCUCTBUS COCTOUT B
dbopmupoBaHUM WHQOPMAIIMM O BIMSHUM BHEIIHEH cpeasl Ha IoKa3areiu
PETHOHAIILHOM 0€30ITaCHOCTH.

OcHOBHO¥H 3anmaveil 0Ji0ka WACHTU(UKAIIUK COCTOSHUS OOBEKTa YIPaBICHUS
SIBIISICTCSL TIOJYYCHHUE OICHKU TEKYIIETO COCTOSHHS PETHOHAIBLHOW 0E30MacHOCTH B
TEPMHUHAX TIOKa3aTellell COOTBETCTBYIONICH CHCTEMbl WHIUKATOPHOTO OIICHUBAHUSI.
dopmaiibHO PYHKIIMOHUPOBAHUE TAHHOTO OJIOKA MOYKHO TIPEJICTABUTD B BUJIC:

z(t) = Fiyq (s,Mpg.1), (18)
rze z(¢) — OlleHKa TEeKYIEro COCTOSHUS PErHOHaIbHOM 0€30MacHOCTH; § — COCTOSTHHE
00beKTa ynpaBieHus; Mps — MaTpHuLia pernOHAIbHON 0€30I1aCHOCTH; ¢ — BpeMs.

ITpouecc BBIPaOOTKH yIPaBIISIOLIETO BO3AEHCTBUS BBIIOIHACTCS B ABA ATaIlla:

1) dopMupoBaHNE MHOKECTBA IPUMEHUMBIX B TEKYIIHUX YCIOBHUSAX CTPATErHi
ynpaBieHus U,, KOTOpoe ompejaemnseTcss B pe3yibTaTe HCIOIb30BaHMs OIepaTopa
BUJA:

a():UxI —>Uj. (19)

JlaHHBIN OoTepaTop OCYIIECTBISIET OTOOpaKeHUE JCKapTOBOTO MPOM3BEICHUS
MHOXECTBA BCEX BO3MOXHBIX CTparTeruil ynpasieHuss U M MHOXKECTBAa OLEHOK
BHEIIHETO BO3JAEHCTBUS [/ HAa MHOXECTBO JOIYCTUMBIX B TEKYLIMX YCJIOBHUIX
CTpaTeruii yIpaBJIeHUs PErHOHAIBHOM 0e30macHOCTRI0 U).

2) dopMupoBaHHE YIPABISIONIETO BO3ACHCTBUS HA 00BEKT ynpasieHus. s
(hopMabHOTO OMHMCAHKS JAHHOTO 3Tara UCTIONIb3YETCS BBIPAKCHUE BHIA:

u=Fc(Ug,2(t),v(), Prog), (20)
rae Uy — MHOXECTBO [OMYCTUMBIX B TEKYLIMX YCJIOBHUSX CTpPaTerHil yIpaBIICHUS,
z(f) — olleHKa  TEKYyIIero cocTosiHusg 00BbeKkTa  ympasieHus;  0(-) — QyHKIUS
MOJIE3HOCTH, 3aJalolnasi MpeArouYTeHns CyObeKTa YIpaBieHus; Prog— mporpamma
MIPOEKTOB (pealn3yeMbIX W/WITH TUTAHUPYEMBIX K peaTH3aIlni).

Ilon cucremoit ympaBnenus Pb (puc.2) moHMMaeTrcs COBOKYIMHOCTh
I/IH(bOpMaIH/IOHHI)IX TEXHOJIOTUH U CpCACTB, NO3BOJIAIOIINX HECABHO YIIPABJIATH XOA0M
peanmmzanmu MeporpusaTuid B cdepe obOecredernns Pb. Ilpm 3TOoM OCHOBHBIMHU
3aJauaMHu SBJISIFOTCS:

— OlIEHKa TeKyuero cocrosanus Pb;

— TpOBENEHHE aHAIM3a TUIaHa PeaU3aliil WIK Pe3yJIbTaTOB BBITOJIHEHUS
npoekTa (MeponpusTus) B chepe Pb ¢ 1enbio BeISBICHUS MOTEHIIMATBHBIX YTPO3;

— BbIpabOTKa COOTBETCTBYIONIMX pekoMmeHmaruii JI[IP mo peamusanuu
MIPOEKTa WK BHECEHHE KOPPEKTUPOBOK B KU3HEHHBIN IIUKI TPOEKTA;

— OIICHKa IOCJEACTBUA NPH peaju3alud NPEAaracMoro YyMpasisiOIero
BO3ACHCTBHA Ha cocTossHMe Pb 3a cuer MaHMOymALMM IUIAHUPYEMBIMH U
peann3yemMbIMU IIPOEKTaMHU.

Teoperuko-mHoxxkecTBeHHass Mojenb (8) - (11), (15) - (20) obecnieunBaer
(opManbHYI0 OCHOBY JJISi aBTOMAaTH3allM{d CHHTE3a MPOrPaMMHON HCIOJHUTEIbHON
Cpeabl YIpaBJICHUS PErHOHANBHONW 0OE30MacHOCTHIO M BBIOOpA aeKBAaTHBIX CPEACTB
WHPOPMALTMOHHON TOJJCPKKH 3aj7ad YIPaBICHUS W TMPHHATHS PEIIeHUH JUIs
YCIICLIHOM peann3aluy Kaxaou ¢as3bl )KU3HEHHOrO LMKJIA MpoeKkTa. B Mozxens MoryT
OBITH BCTPOCHBI TEOPETHUECKHE KOHCTPYKUUH [20], 4TO MO3BOJIMT TaKkXe pelatb
3a]]a4u KOOPJIMHAIIMY B CHCTEMaX yNpaBIICHHS PErHOHATIBLHOM 0e30MacHOCTEHIO.
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[lpu peamusanuu mnpenjgaraeMoil MOJEIH HEOOXOAMMO YYHUTHIBATh, 4YTO
TIOSIBJICHHUE HOBBIX IPOEKTOB, KaK IPABHIIO, 3aBUCHUT OT COCTOSHHUS PETHOHAIBLHOM
0€30IacHOCTH, a IEH MPOEKTOB JOJHKHBI OBITh OPUCHTHPOBAHBI HA HEUTPATH3AITUIO
MOTCHIIMANBHBIX yTPO3 W OMNACHOCTEW, a TakkKe Ha CMSATYCHHE TOCICACTBUM
BO3MOJKHBIX KPU3UCHBIX CUTYAIHil B pETHOHE.

4. CucteMHas MOJ1eJIb KU3HEHHOT0 IUKJIA PErHOHAIBHBIX KPU3UCHBIX CUTYAIUIA

PernonanbHass Kpu3ucHas CHTyalusl - 3TO OOCTAaHOBKAa Ha OIpeeNICHHOU
TEPPUTOPUH, CIOXKHUBIIASACA B pE3ylIbTaTeé BO3HUKHOBEHHS OIACHBIX SIBJICHHUU
COLUATbHO-KOHOMHUYECKOTO, TEOMOIUTHYECKOTO0, TEXHOTCHHOTO WM HPUPOIHOTO
XapakTepa, KOTOpas TIOBIEKIa 3a co0oll W3MEHEHHE COCTOSIHUSI pPErrOHaIbHON
9KOHOMHKH, YTpO’Karolee pa3BUTHIO perroHa [3]. Tumbl u KpuTepun pernoHaIbHBIX
KPU3HCHBIX CHTyallni IOJPOOHO paccMaTpuBaloTcs B padbore [21].

Bce BuibI pernoHaIbHBIX KPU3UCHBIX CHUTYalluil 00beANHICT BaKHAS IETANb —
MPOIIECC 3apOKIACHHUA KaXIOH W3 HUX SBISIETCS CKPHITHIM (HEOUEBUIHBIM) M, Kak
MPaBUIIO, HAYWHACTCA B HOPMAIBHBIX YCJIOBHUAX B pE3yNbTaTe HAKOIUICHUS
MPOTHBOPEYHH, ICTOYHUKOB YTPo3, Ne()EKTOB U MOCTENICHHOW JAeTpalallii CUCTEMBI.

ITo AMHAMUKE Pas3sBUTHA PETUHOHAJIBHBIC KPU3UCHBIC CUTyallUd KJlaCCH-
(bUIUpPYyIOTCS CeAyIoNM 00pa3oMm:

— MEMJICHHO Pa3BHBAIOLIMECS] KPU3UCHBIE CHTYallUH —3TO CHUTYAIMH, KOTIa
HUMEETCsl OCTATOYHO OOJBIIOW pe3epB BPEMEHH /sl MPUHATHS YHPABICHYECKUX
peueHuii W peanu3aluy I[IPEBEHTUBHOIO YIIPABICHUS PAa3BUTUEM KPU3UCHOMU
CUTYallHEH;

— OBICTPO TIPOTEKAIOMIME KPHU3UCHBIE CHTYallud — CUTYallud, CKOPOCTh
HapacTaHUs W PaCIpOCTPaHEHHUS KOTOPBIX OrpaHUYEHa, YTO CO3JaeT Pe3epB BPEeMEHHU
Ha BBIPa0OTKY W peaM3alMi0 YIpaBIECHUYECKUX PEUICHWH, HalpaBICHHBIX Ha
CTaOMIU3AIMIO0 CUTYalluU WM CHIDKEHHE HaHECEHHOTO yiiep0a;

— MTHOBEHHBIE KPU3WCHBIE CHUTYaIluH, KOT/Ia OTCYTCTBYET pPe3epB BpEeMEHHU
JUTSL TIPAHATHS OTIEPATHBHBIX PEUICHUA CUTYAIIMOHHOTO YIPaBIICHHSL.

B pabore wuccienyroTcss NPEUMMYIIECTBEHHO OBICTPO MPOTEKAOINE U
MCIJICHHO pa3BUBAIOINHUECA KPHU3HUCHBIC CUTyalluH, KakK HaI/IGOHee TUIINYHBIC OJIs1
PETHOHAIILHBIX COITUATEHO-9KOHOMUYECKUX CUCTEM.

CucremHas MOJIEJb KU3HEHHOTO IHUKJIA PETHOHAIBHBIX KPU3UCHBIX CUTYaITUiH
MpeJHa3HaYeHa Uil KOHIENTYaJIbHOTO OMHMCAHKS M TOCIEAYIOIIETO aHajln3a ATAIoB
3apOXKICHHS, DPA3BUTHSA, HEUTpaM3allid W CMSATYEHUS TOCIEICTBUI KPU3UCHBIX
SIBIICHUH W TIPOIIECCOB, MPOUCXOAIINX B COIIMATLHO-I)KOHOMUYECKOH cdepe, a Takke
IJId BBIABJICHUA NPUYHMH HUX BO3HUKHOBCHUA. HUcnonp3oBanue MOJCIN ITIO3BOJACT
WACHTU(QHUIMPOBATh M TUIHM3UPOBATh TEKYLIYIO CTAJWI0 Pa3BUTUS KPU3IUCHOM
CUTyaIlM¥, OIEHUTh pEeCcypCHbIE 3aTpaThl Ha pealu3aluil0  aHTUKPU3UCHBIX
MEpOIPUITUN Ha JAHHOM CTaJWW B 3aBHCHUMOCTH OT BBIOPAHHOTO CIIEHApPHUS YIpPaB-
JIeHHs, a Takke o0ecreurBaeT BO3MOXKHOCTh NPOTHO3WPOBAHMS €€ JWHAMUKHA Ha
KaueCTBEHHOM YPOBHE B 3a/laHHBIX YCIOBUSX 0OcCTaHOBKH. (DOopMamn3oBaHHOE
MpPEICTaBICHNE JKU3HEHHOTO IHKJIA PA3BUTHS PETHOHANBHBIX KPU3UCHBIX CHUTYaIlUi
OCHOBAHO Ha KOHIIENTYaJTbHON MOJICIHN PErHOHAILHON Oe3omacHocTH [3].

s mocTpoeHWsT KOHIENTYyadhbHOW MOJENH >KU3HEHHOTO IIMKJIA DPErho-
HaJIBHBIX KPU3UCHBIX CUTYallMd TpEIJIaraeTcs HCIOJIb30BaTh TPUAJHBIN IMOAXOJ K
KOHIENTYaIbHOMY MOJIEIMPOBAHUIO CIOXKHBIX TIpoIieccoB u cuctem [22, 23].
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Anmapar TpUaJHBIX CETEBBIX MOJENeH oOecleunBacT HArJsHOE TMpPEICTaBICHUE U
(dbopmManu3anyo 3HaHUK O LIETEBBIX, CTPYKTYPHBIX, TUHAMUYECKHUX XapaKTePUCTHUKaX
(YHKLIMOHUPOBAHUS CIIOXKHBIX OOBEKTOB, BO3MOXKHBIX CLEHAPHAX U pe3ybTarax
MOBEJICHUSI COOTBETCTBYIOUIMX CHUCTEM W MPOLEccOB. TpHagHBIA MOAXOJ YCIHEIIHO
UCIONB3YyeTCs UISI MOJEIMPOBAHUS KM3HEHHOIO LHUKJIA CJIOXHBIX OOBEKTOB
YIpaBJICHUs Pa3InIHON MIPUPOBI, TAK KAK YUUTHIBACT XapaKTEPUCTUKU LIUKINIHOCTH
Pa3BUTHS CHCTEMBI H/WJIK TIpoLiecca.

TpuanHas KOHUENTyajdbHAas MOJIENb XH3HEHHOTO IMKJIA PErHOHaJbHBIX
KPU3UCHBIX CHUTyallUd COCTOUT M3 MHOXECTBAa B3aMMOCBS3aHHBIX IIOAMOJEIEH,
KaXkasi U3 KOTOPBIX TPEJCTABISIETCS B BUAE TpUAbl - rpada C TpeMs BepLIMHAMH
(puc. 3). BepmmHamM COOTBETCTBYIOT MHOXKECTBa OOBEKTOB MOJENH, a pedpam -
OTHOLICHUS MEXIy HHMH. Takoe IpeAcTaBICHHE MOAEIH SBISAETCS yNOOHBIM MU
HarjsIIHBIM [UIS  CHCTEMHOTO aHalM3a IPOLECCOB YNPABICHHUA PErHOHAIbHOU
0€30IacHOCTBIO B YCIIOBUSAX KPU3UCHBIX CUTYAIHH.

Puc. 3. Cucmemnas mooenw YnpaeierHus JHCU3SHEHHbIM YUKIIOM KPUSUCHbLX cumyauuﬁ

[Ipu popmupoBaHnYM TpHaa JOKHEI cOOMIOAATECS TpeboBaHus [23]:

— DJIEMEHTHl TpHald [JODKHBI OBITh B3aMMOCBA3aHBI IO KaKOMY-JIHOO
OTHOUICHUIO, HAIpUMEp, IO BUAY MACATEJBHOCTH WM N0 (YHKUHOHAIBHON
3aBHCHMOCTH;

— 3JIEMEHTHI TpHa JOJKHBI ObITh aIeKBaTHBI PYT APYTY, TO €CTh COOTBETCT-
BOBATh APYT APYTy MO KAKOMY-THOO0 MPUHIIMITY U OTOOpaXkaThCsl APYT Ha APYTa.

IlepBasi Tpuama oroOpakaeT MOTPEOHOCTH B HEWUTpaIM3allMM BO3HUKIIEH
KpU3HUCHOM CUTyallMul WJIM HCTOYHHKA YIpO3 €€ BO3HHMKHOBEHHS. B nmaHHOM ciydae
CYIIECTBYET MHOXKECTBO IMOTPEOHOCTEH R, CBSI3aHHBIX C HEWTpau3allueii MHOXKECTBA
pErHOHANBHBIX KpU3UCHBIX curtyauuid CS. g Hero ompenensercss MHOXKECTBO PL
IUJAHOB AHTHUKPU3UCHBIX MEPONPHATHN MO HEHUTPaIM3alM MHOXKECTBA KPU3HCHBIX
curyanuii CS, T.€. 10 yJ0BIeTBOpeHHIO moTpedHocTer R. [Ipr 3TOM 0JJHO MHOKECTBO
MOJKET OBITh OTOOPaXXEHO HA JIpyroe:

Ho:R—>CS, R Mo CS
M :R—>PL, mN\L
M PL—CS. PL

Bo3M0kHO 1 00paTHOE 0TOOpaKEHHeE: HAIIPUMED, Li l.cs>prL.

Bropas tpnaga Ha ocHoBe MHOXecTBa CS (dopmupyeT MHOXeECTBO Henei G,
CBS3aHHBIX C HEWTpaln3anuedl KPU3UCHBIX CHUTyallnd, U MHOXXECTBO Mpobiiem PR,
KOTOpbIE HEOOXOJUMO pEeIluTh, YTOOBI JOCTHYh MHOXecTBO Ieneit G. Ilpomecc
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(hopMUpOBaHUs TIEPBBIX JIBYX TPHAJ ABISACTCS cl1a00 (hOpMaT3yeMbIM U pean3yeTCsI
HAa OCHOBE OTBITHBIX JIAHHBIX W 3HAHHUH SKCIIEPTOB, KOTOPHIE 3a4aCTYIO CONEPIKATCS B
IKCTEePTHRIX cucTeMax. CloXHOCTh (OpPMHpOBaHWS MHOXecTBa TIiener G,
oTpakaromux MHOxkeCTBO CS, 3aKI0YaeTCs B TOM, YTO TJI0OANbHAS IC]Ib CUCTEMBI
yIpaBJICHHUS] MepapXuvHa, JUHAMHYHA H TPUOPUTETHI OTICIBHBIX TOMALCICH MOTYT
MEHSTBCS HEMPEBUICHHBIM 00pa3oM B TIPOIIECCE YNPABICHHS XOJOM pa3BUTHUS
KPU3HUCHBIX CUTYaIIH.

ay:CS—>G, S o
a):CS —> PR, o
oy:PR—>G. PR

Tperbs Tpuana NMEepeBOAUT MHOXKECTBO Iiesied G Ha MHOXXECTBO (YHKIMiA F,
KOTOpPbIE HEOOXOJMMO BBIMOTHUTD, YTOOBI JOCTHYL MOCTABICHHBIC LEH YIPaBICHUS
10 JIOKIN3ALAN U CMSTYECHUIO MOCIEACTBAN KPU3UCHBIX cuTyanmil. KoHkpeTnsanus
MHOEeCTBa meiet G ocymiecTBiseTcss depe3 (OpMHUPOBAaHHME MHOMKECTBA 3amad Z,
KOTOpBIE OTpaKalOT TMOJIETH B KAYeCTBEHHOM W/WIM B  KOJHMYECTBEHHBIX
OTHOIIIEHUSX, a TaKKe B MPOCTPAHCTBE M BO BpeMEHHW. MHOXeCTBO (QYyHKIUH F),
KOTOpbIE HEOOXOOMMO BBIMOJHUTH MJIs1 HEHUTpalu3allMd KpPU3UCHBIX CHTYalLUi,
BKIIIOYaeT B ce0s (YHKIMM MOHWUTOPHHIA, IUIAHHUPOBaHUs, MPOTHO3HPOBAHUS,
MpenyNpexXIeHUs, YIpaBICHUs, MPHUHATHS pEIIeHUs, IUarHOCTUKM M aHajIu3a
COCTOSIHMSI OOBEKTOB, a TaK)KE CLIEHAPHBII aHaIN3 Pa3BUTUS KPU3UCHBIX CHUTYALU,
OLIEHKY PE3yIbTAaTHBHOCTH AHTUKPU3UCHBIX MEPONPUATHI M UCIIOIHEHHS NPHUHATHIX
yIpaBlIeHUECKUX PEIICHH, 3aTpar, MOoTpeOHOCTEH B pecypcax U T.1.

ﬂolG—)F, G LB I
B:G>Z,
ﬂz:Z—)F. 7

YerBepras Tpuaga oOTOOpakaeT HEOOXOAWMOCTh Tmoucka (moabopa)
MHOXecTBa (DYHKIIMOHAJIBHBIX cUCTeM S (CyOBEKTOB yIpaBlieHHs, OO0JaJaroIInX
TpeOyeMBbIMH KOMIICTEHIIMSIMHA B TUIAHE HEHUTpaIM3allii KPU3UCHOW CHUTYyaIluu) JUIs
peanuzanmu MHOXecTBa (QyHKnui F'. Tlpu 3ToM Kaxnas QyHKIMOHAJIbHAs CHCTEMa
JOJDKHA HMMETh OIpPENENICHHYI0 CTPYKTYpy, KOTOpas OTpakaeT peau3yeMblii ero
aJITOPUTM yIIpaBiieHus (Habop NeHcTBHI, KOMIETeHIMI). B cBA3M ¢ 3TUM, BO3HUKAET
mpoOyieMa (OPMHUPOBAHHUS MHOXECTBA AITOPUTMOB (CTPYKTYp) A M BBIOOpa W3 HUX
TAKOTO AITOPUTMa (CTPYKTYpPbI), KOTOPBIH HAMIYYIIUM 00pa3oM MO3BOJUT CHUCTEME
YIPaBICHUs]  PErMOHANBHOM  0€30MacHOCTBIO  BBHINOJHATH — COOTBETCTBYIOILYIO
(yHKIIMIO B CMBICIIE BBIOpaHHOTO Kputepus ddekruBHOCcTU. [Ipu aTtom (yHKIIMN
MOTYT BBITIOJHATHCS KaK B aBTOMaTHYECKOM, TaK M B aBTOMAaTH3UPOBAHHOM PEXKHME.

}/01F—)S,

}/11F—>A,
72 :A—S.
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[laTas Tpumama oToOpakaeT MHOXKECTBO (YHKIIMOHAIBHBIX CHCTEM S Ha
MHOKECTBO OPTaHM3alMOHHBIX CTPYKTYp yIpaBieHHs SS (KOMIO3WIHNA 3JIeMEHTOB
MHOXeCTBa ) depe3 MHOXECTBO Mozeied M >tmx xommosurmi. Kaxmas momens
(cnenugukanys) KOHGUTypanud QYHKIUOHAIBLHOW CHCTEMbI OTPaXKaeT KOHKPETHEIC
JJIEMEHTHI €€ COCTaBa: PECYpPChl, CEPBUCHI, TEXHOJOTWH, 3aTPaThl, MOTPEOHOCTH,
OTpaHWYeHHS W T.A. 3aa4a BEIOOpa MOJIeNH KOH(MUTYPALlUU ISl 3aJaHHBIX yCIOBHMA
(hopManu3yercs Ha OCHOBE ONTHUMH3AIMH KOHPUTYpPAIUH TI0 BRIOPAHHBIM KPUTEPUSIM
3¢ (HEKTUBHOCTH.

dg:S— 5SS,
ﬂ,lZS—)M,
Ay M —>SS.

Ilecras Tpuama oToOpa)kaeT MHOXKECTBO KOH(UTYpaluii OpraHU3allMOHHBIX
CTpykTyp SS (QYHKIHOHATBHBIX CHCTEM (TEPPUTOPHAIBHBIX KOOPIWHAIIMOHHBIX
KOMHCCHI) Ha MHOX€CTBO aHTHKPHU3WCHBIX MEPOIPHUITUN W, KOTOphle HEOOXOAMMO
BBINTOJIHUTE C HUCIIOJIb30BAHUCM MHOKECTBA UMCIOIIUXCSA B HAaJIMUKUU CPEIACTB T. HpI/I
pelIeHny 3a/1a4u BEIOOpa CPeCTB (MCIOMHUTENBHBIX PECYPCOB) HEOOXOAMMO, YTOOBI
OHa OBLTa COTJIACOBaHA HE TOJIBKO C BO3MOXHOCTSMHU (DYHKITMOHATHHON CHCTEMBI S,
KOMIIETEHIIUSIMU CyOBEKTOB YIpaBlieHHUsT O€30MaCHOCTBIO, HO U C XapaKTepoM caMoi
KPU3UCHOM CHUTYallUH, a TaAKKE€ OCOOCHHOCTSIMH pEalu3yeMbIX Mep MPOTHBOACHCTBHS
ee Pa3sBUTHIO.

@:SS—->W,
¢ :SS—T,
o T->W.

CenpMas TpraJga Ha OCHOBE MHOYKECTBA ITPOBEJICHHBIX AHTHKPU3HUCHBIX MEPO-
mpusituid - W popMupyer MHOXXECTBO HOBBIX COCTOSHHH TIpOIlecca pa3BUTHUS
KpW3UCHBIX cutyaruii C. DTH HOBBIE COCTOSHHSI TIOJNYYarOTCS B pe3yJbTaTe
LIEJICHAIIPABJICHHBIX YIPABISIOIIKUX BO3JEUCTBUM Ha IMPOLIECC PA3BUTUS KPU3UCHOM
CUTyallMl IMTOCPEICTBOM HCIIOJIB30BAHNSA MHOMKECTBA MMEIOIIUXCS pecypcoB RS nis
yrpaBjieHHs KpU3UCHON cutyanueit. [Ipu 3ToM MHOXeCTBO pecypcoB RS BbiOupaeTcs
KaK HCXOJs M3 YCIOBUH CUTYallHOHHOIO YIIPABJIEHUS «TOYHO B CPOK» C YYETOM
MIPOCTPAHCTBEHHO-BPEMEHHBIX U JPYTHX OTPAHUYEHHH C LIETBI0 NTEpEeBOAa KPU3UCHON
CUTyaluH B 0€30MacHOE COCTOSIHHUE, TaK M HA OCHOBE TPEOOBaHMH K CHHKEHHIO PHCKa
BO3HMKHOBEHUS HOBOW KpHU3MCHOW cuTyanud. J[aHHBIA IIpoLEecc — 3TO MPOLECC
HEIMOCPEACTBEHHOTO YINpPaBIECHNUS KPU3UCHOW CHUTyallMeH, KOTOPBIN 3aKIH0YaeTCs B
LIEJICHANPABICHHOM IIePEeBOAE KPU3UCHON CUTYyallud WIH OOBEKTa-UCTOYHUKA YTPO3BI
€€ BO3HUKHOBEHMSI U3 OJIHOTO COCTOSIHUS B JPYTO€.

ny:w-C, WMo ¢
7712W—)RS, N1 7 hip)
m:RS—>C. RS

24



BoceMmas Tpuaga oTroOpakaeT MHOXKECTBO HOBBIX cUTyarmii C Ha MHOXECTBO
MPEbIAYIIUX KPU3UCHBIX cuTyanuii CS yepe3 MHOXKECTBO OIEHOK HOBBIX COCTOSHHH
E. MHoxecTBO OLEHOK FE TO3BONSET CyOUTh 00 3((EKTHBHOCTH MPEATNPUHITHIX
AHTUKPU3HMCHBIX OPraHU3allMOHHO-YIPABICHYCCKUX MEp IO HEWTpan3aluu yrpo3
Pa3BUTHS HOBBIX KPH3HCHBIX cHTyaruid. OreHka 3QQEeKTHBHOCTH MPOBOJUTCS IO
CKQISPHOMY WM BEKTOPHOMY KPUTEPHIO, XapaKTEpU3YIOIEMy CTENEeHb OJM30CTH
KPU3HUCHOW CUTYaIlUU K CUTYalluU ¢ TpeOyeMbIM (3KeIaeMbIM) YPOBHEM O€30TIaCHOCTH.

po:C—>CS, ¢ _Po_CS
pCoE, N\,
P E—>CS. E

WHTerpanus mocTpoeHHBIX TpUaJ B €IUHYI0 CUCTEMHYIO MOJIEINb [TOKa3aHa Ha
puc. 3. DJeMeHTHl MHOXXECTB HIKHETO YPOBHS TaKKe€ MOXKHO COCOUHATH MEKIY
co0oif. [Ipu »aToM 00pa3yroTcsi HOBBIE TPHAJBI, KOTOPHIE SIBIAIOTCS OOBEKTAMH IS
JaTbHEHIINX CUCTEMHBIX UCCIIEIOBAaHUM.

Takum o0pazoMm, QopManuzanusi MPOIECCOB O00ECTEUeHUs] PETHOHATBLHON
0€30MMacHOCTH B YCIOBHUSX KPU3UCHBIX CHTYyallMii B BUJIE TPUAJTHOW KOHIENTYaJIbHOU
MOJIETTH 00eCIIeYnBaeT BO3MOYKHOCTH HHTETPALMH B EIHHYIO CHUCTEMY OCHOBHBIX
HaHpaBHCHI/Iﬁ ACATCIIbHOCTU CY6'LCKTOB YHpaBJICHUA, CBsI3aHHBIC C 3TUMU
mporeccamu. Bmecte ¢ Tem, mpeniokeHHas MoJeNb 00ecreunBacT OCHOBY JUIS
aHalM3a M OIEeHKH YPPEKTUBHOCTH BHIOPAHHOW MPOTPaMMBI MEPOIIPHUATHHN (ITPOEKTA)
JTOCTH)KEHHS TII00ANIbHOM HEeH yIpaBIeHHs — HeUTPpaIH3ali KPU3UCHOW CUTYAIlNU 1
CMSTYEHHUS €€ MOCJIEACTBU.

3aKioueHue

B paGote momy4eHsl ciaeqyone OCHOBHBIE Pe3yIbTaThI:

1. IIpeanoxxeHsl HOBBIE (POPMYIUPOBKH TEPMUHOB B cdepe pernoHaIbHOU
Oe3omacHOCTH, HE TPOTUBOpedalnde O(HUIMAIBLHO TMPHHATBIM M YTOYHSIOIIHE
coJiep)KaHhe 3TOW MEPCHEKTHBHOW MPEIMETHONH OONACTH C MOMOIIBI0 KOHKPETHBIX
(¢opManu3MOB, UYTO paclIMpsieT NOHATHHHBIA ammapaT TEeOpuu Oe30MacHOCTH
CJIOKHBIX CUCTEM U JIeJIaeT ero 6osiee KOHCTPYKTHBHBIM.

2. BriepBele mpemsiokeH TOAXOJ K (opMmanuzanuy 3alayd  YIpaBICHUS
pernoHanbHON 0€30MacHOCTbI0, OCHOBAaHHBIM Ha KOMOMHHPOBAaHHOM HPUMEHEHUH
TEXHOJIOTHH KOHIENTYaJIbHOTO MOJCIUPOBaHUs, (OPMalbHOTO ammapaTa TEOpUH
YIIpaBJICHUS U IPOEKTHOI'O MEHEIKMEHTA.

3. Pazpaborana HOBasg TEOPETUKO-MHOXKECTBEHHAsT MOJENb >KM3HEHHOTO
LUKJIa YyHOpaBleHUs IPOEKTaMHu, aJalTHpPOBaHHAs M PpaCIIMPEHHas Ha 3a/1a4d
obecrieueHust 0€30MACHOCTH COLMAIBHO-5KOHOMUYECKHX CHCTEM PETHOHATBHOTO
YPOBHA, a TaKXe OTIMYAIOIIAsACS IOJHOTOW (OPMAJIBHOTO ONHMCAHHS OOBEKTOB H
3aJad yNpaBJieHHs O€30MacCHOCTBIO U CBS3aHHBIX C HUMH HHGOPMALMOHHBIX
mporeccoB. Mopenb MMEeT MHOIOYPOBHEBYIO CIPYKTYpy U oOecreuuBaer
BO3MOXHOCTb IIOCTPOCHHA OHTOJIOTMYCCKUX W HMHUTAIIMOHHBIX MO)Z[eHei/'I peruo-
HJIBHOW 0€30I1aCHOCTH, KOTOpPhIE€ MOTYT OBITH HCIIOJIb30BaHbI B COCTaBE CHCTEM
MOJIEP’KKY TIPUHATHS pellieHnid B chepe pernoHaIbHOro yIpaBleHHS.
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PesynpraTtel  uwcmonb3oBaHel mpH  peanuszanun  «CTpaTerud  pa3BHTHUS
Apkrrdeckoit 30061 PD 1 obecrieueHnsT HAITMOHAIBHON 0€30IMacHOCTH Ha TEPHOM 10
2020 roga» Ha Teppuropud MypMaHCKOHW OOJIAaCTH B YacTH CO3JAHUS CPENCTB
WHPOPMALMOHHON TOJJNEPKKH NPUHATUS pelieHuil [24] B cdepe ympaBiueHus
pernoHanpHOM Oe3omacHocThi0. OTH  cpenactBa mo3Bomstor JIIIP  momywars B
ABTOMAaTHU3MPOBAHHOM DPEXUME arperupoBaHHYI0 AaHAIUTHYECKYI0 HH(POPMAIHIO O
BO3MOXHBIX TIOCJICACTBHUSX PeaTn3alyuyl TOrO WM HHOTO PETHOHAILHOTO TIPOEKTa elle
Ha CTAJAMU €ro IUIAHUPOBAaHUS, a TaKKe OLEHHUBATH SP(PEKTUBHOCTH MPUHHUMAEMBIX
pemieHni B a3e OmepaTuBHOTO YIPABICHHS IPOSKTOM.
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YK 004.9:316.0

M.T. LUvu.uaeB1’2, C.10. fikoenes'?

! WucTtuTyT nHGOPMATHKH U MATEMaTHYECKOTO MOJCITHMPOBAHIS TEXHOJIOTHUECKHX MPOIIECCOB
Konbsckoro HII PAH

2 ®I'BOY BO «MAI'Y»

KOHLUENTYAJbHbIE OCHOBbI OLEHKU COLMETAIIbHOW BE3OMACHOCTH
KAK ®AKTOPA YCTONYMBOIO PA3BUTUSA PETMOHA"

AHHoOTauus

B ctatbe paccMoTpeHa npobriema OLeHKM coumeTanbHon 6e30nacHOCTM Kak 0gHOro
13 KIOYEBbIX (DAKTOPOB YCTOMYMBOrO PErMOHANbLHOro passuTus. JaHbl onpeaeneHms
NOHATUIA, NpearioXeHa KoHUenTyanbHas mMogenb pas3nuuHbiX BMAOB GesonacHocTu
coumanbHbiXx cuctem. MNMoHsATME coumeTanbHOM 6e30MacHOCTM COOTHECEHO C TakMMM
OnuskMMn  nNo  cmbicry  Bugamu  6e30MacHOCTM, Kak  MHAMBMAyanbHas MU
HaumoHanbHas. B kayecTBe kpuTepus coumeTtanbHonW 6e30nacHOCTV NPearnoXeHo
paccmatpuBaTb [PYMMoBYKD WAEHTMYHOCTb  COOTBETCTBYKLLEro coobuiecTsa.
PaccMOTpeHbl CMOXHOCTM U BO3MOXHbIE MOAXOAbl K OLEHKE MAEHTUYHOCTU Kak
dakTopa couneTanbHon 6e3onacHoOCTu.

Knroyesnbie cnoga:
coyuemarnbHasi 6e30rnacHocmb, coobuecmeo, 2pynnosasi UOeHMUYHOCMb, OUeHKa
6e3onacHocmu, KoHyenmyarsnbHasi MoOesb.

M.G. Shishaev, S.Yu. Yakovlev

CONCEPTUAL BASIS FOR ASSESMENT OF SOCIETAL SECURITY AS A FACTOR
OF SUSTAINABLE DEVELOPMENT OF THE REGION

Abstract

The article considers the problem of assessing the societal security as one of the key
factors of sustainable regional development. Definitions of the concept are given, a
conceptual model of various types of security of social systems is proposed. The
concept of societal security is compared with individual and national security
concepts. As a criterion of societal security, it is suggested to consider the group
identity of the corresponding community. Complexities and possible approaches to
assessing identity as a factor of societal security are considered.

Keywords:
societal security, society, group identity, security assessment, conceptual model.

BBenenne, MoOHATHE COIUETATBLHON 0€30MACHOCTH

TepmuH «coumeTanbHas Oe30macHOCTB» (societal security) MmHMpoOKO HCIO-
Jb3yeTcsl B 3apyOEKHBIX MCCIICOBAHUAX U MMOYTH HE BCTPEYACTCS B OTCUCCTBEHHBIX
nyonmkanusix. [Ipu 3ToM BeIpaskeHHe «societal security» B OOJIBIIMHCTBE CIy4aeB
MePEeBOINTCS Ha PYCCKHM SI3BIK KaK «COLMAJIbHAS 0E30IacHOCTBY (T.€. Tak Ke, KaK U
«social security»). Ha nHam B3risin, moj «societal security» mpaBuiibHee ObLIO OBI
NOHUMAaTh O€30IaCHOCTh PA3NIMYHBIX COLMYMOB, cooOmectB. Takum oGpasom,
HEONpeIeNIEHHOCTh BOSHUKAET YK€ Ha CTaJMH ONPEISNICHNS] OCHOBHBIX MOHSTHIA.

* Pa6oTa BIMOIHEHA IpU (UHAHCOBOI moaaepxkke PODU, npoektsl Ne 16-29-12878, Ne 15-07-04290.
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Anrnmiickoe «societal» aBTOpbl HMHTEPIPETUPYIOT Kak IMPOU3BOJHOE OT
«society», Te moj «society» (COIyM, COOOIIECTBO) TMOHWMAETCS COBOKYIHOCTH
moael, KakuM-TiO00 o0pa3oM OpraHW30BaHHBIX, JCUCTBYIOIINX, IMPOSBIIIONINX,
UACHTUQHULIMPYIOIUX ceOs Kak 1esoe.

B kauecTBe «MOCTHKa» MEXIy 3alafHbIMA H POCCHHCKIMHE HCCIIEIOBAHUIMHA
MOXXHO BBIOpaTh JeHCTBYIOMMIA CTaHAapT [1], WAEHTHYHBIA MEXIyHAPOTHOMY
cragnapry MCO 22300:2012 «CoumeranbHas 0e3onmacHOCTh. Tepmunomorus» (ISO
22300:2012 «Societal security - Terminology, IDT). IIpuBeném HexkoTOpbie Ba)KHBIE
JUTSL HACTOSAIIEH pabOoTHI OMpe/IeIeH!s M3 3TOTO CTaHAApTA.

CommeranpHas Oe3omacHOCTh (societal security): 3amura oOmiecTBa OT
WHIMJCHTOB, YPE3BBIYAWHBIX CUTyallMd W OEJCTBUH, BHI3BAHHBIX YMBIIIJICHHBIMU U
HEYMBIIIJICHHBIMU JeMCTBUAMU YEJIOBEKa, OMACHBIMH TPHUPOTHBIMU SBICHUSMH U
TEXHIYECKUMHU HEHCITPABHOCTIMH, a TAK)KEe pearnpoBaHMe HA TaKHE COOBITHS.

OcHOBBI ~ corueranbHOM Oe3omacHocTH  (societal security framework):
COBOKYITHOCTh KOMIIOHEHTOB, OOECIIEUYMBAIOIINX OCHOBBHI W OPTaHWU3alMOHHBIC
MEXaHHU3MBI JIJISl pa3pabOTKH, OCYIIECTBICHHUS, MOHUTOPHHTA, aHAIM3a U TIOCTOSITHHOTO
COBEPILEHCTBOBAHUS MEP MO 00ECTICUCHUIO COIMETATbHOM 6e30MacHOCTH.

[Mpumeuanne 1 - OCHOBBI BKJIIOYAIOT MOJHUTUKY, LEIH, TOJHOMOYHUS U
00s13aTeIhCTBA 0 YIIPABICHUIO COIIMETANBHON 0€30IaCHOCTHIO.

[Mpumeuanue 2 - Opranu3alliOHHBIE MEXaHU3MBI OXBATHIBAIOT IJIAHUPOBAHHE,
B3aMMOOTHOIIEHHUS, TIOI0TYETHOCTD, PECYPCHI, MPOLIECCHI U IEATETHHOCTb.

I'paxxnmanckass 3amura (civil protection): MeponpusTiuss W CHUCTEMBI,
MpeIHA3HAYCHHBIE JIJIS 3allUThI )KU3HH U 3J0POBbS TPAXKIAH, UX UMYIIECTBA, a TaKXKe
OKpYy Karolllel cpeibl OT HeXKeTaTeNbHBIX COOBITHI.

[Tpumeuanue - HexxenarenbHble COOBITHS BKIIIOYAOT aBAPHH, YPE3BbIUANHBIC
CUTyaIu 1 OENICTBUSI.

Puck (risk): CnenctBue BIUSIHAS HEOTIPEIEICHHOCTH Ha JOCTIKEHHE TICTICH.

[Mpumeuanne 1 - CreacrBue BIMSHHUS XapaKTEPH3YeTCs OTKIOHEHHEM OT
OKHIAEMOTO, B TYUIIIYIO W/HIIH XYAILIYI0 CTOPOHY.

[Ipumeuanne 2 - [lemn MoOryT wWMeTh pasTUYHBIE acleKTHl (Hampumep,
(MHAHCOBBIC IENH, e B OOJIACTH OXPaHBI TPY/a, OXpaHbl OKPYKAIOIIEH cpe/bl U
T.JI.) U OTHOCHUTBCS pa3HBIM YPOBHSM (HampuMmep, CTpaTEerHyYecKue IeNd, IIelH,
OTHOCSINMECS K OPraHM3allid B IIEJIOM, K KOHKPETHOMY IPOEKTY, MPOIYKTY WIH
mporeccy).

IIpumeuanue 3 - Puck wacTto xapakTepu3yeTcsl CCBUIKOH Ha BO3MOXKHBIE
COOBITHS U TIOCJIECTBYS, WJIH UX KOMOWHAIIHIO.

[Tpumeuanue 4 - Puck 4acTto BBIpaXalOT B BHJIE KOMOHMHAIIMU TOCJCIACTBUI
cOOBITHI (BKJTIOYAsI U3MEHEHHUS B 00CTOSATENILCTBAX) U CBSI3AHHOW C 3TUM BEPOSITHOCTU
WJIM BO3MO>KHOCTH HACTYIUICHUS.

[Tpumeuanne 5 — HeompeneneHHOCTH - 3TO CUTYaIus, KOT/[a MOJHOCTHIO HITH
YaCTUYHO OTCYTCTBYeT WH(OpMAIUs, TMOHMMaHWE WM 3HaHWE O COOBITHH, €ro
MTOCIIEACTBUSX HIIH BEPOSTHOCTH.

Hacrosimast paboTta MOCBSIIEHa ONPEAETICHHIO POJM M MECTa COIHEeTaIbHON
0e30IacHOCTH Cpeay MHOTOYMCIICHHBIX HAaNpaBleHHH obOecrieueHust 0e30MacHOCTH,
BO3MOXHBIM TIOJIXOIaM K OIICGHKE COIMETANbHOW Oe30macHOCTH, YUY€Ty daxTopa
HEONPENeNEHHOCTH TPU YIPABICHUM COLHUETANIbHOW O€30MacHOCTBIO (CM. TaKxKe
cTarpio [2] B HacTosIIeM COOpPHHUKE).
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[Ipu sTOoM B KadecTBEe IEIM HUCCIECIOBAHUNW HAMEUEHO IOCTPOCHHE KOMII-
JIEKCHOU MH(GOPMAITMOHHOW TEXHOJIOTUH YIIPaBIeHUS 0€30aCHOCTHIO.

1. Wellbeing, 6e30macHOCTb JJUYHOCTH, COLMETATBHASA 0€30MACHOCTH U
YeJIOBeYeCKHil KanuTaJl

HapamyBanue  4enoBedecKOoro  KamuTajla — OQHO M3 CTPaTerHYecKuX
HampaBlIeHU Pa3BUTHS POCCHUIICKUX peruoHoB [3], B dacTHOCTH — MypMaHCKOH
obmactu [4].

B coBpeMeHHOM MHpe, C BBICOKOPA3BUTHIMH KOMMYHUKAIUSIMH, MHOKECT-
BEHHBIMH TIPOSIBICHUSMH TII00aTH3aIiu BO BceX cdepax BHIOOP MECTa )KHUTEIbCTBA U
(hopMupoBaHUS Kapbepbl CTAHOBHUTCS HCKIIOYUTENFHO JIMYHBIM, CYOBEKTHBHBIM
BbIOOpOM. Bo3MokHOCTH cBOOOTHOTO TIEpeMEIIeHHUs] HE TOJIBKO B MpeesiaX CTPaHbl,
HO W BCEr0 MHpa PE3KO BHIPOCIAH 3a TMOCIECIHHE JecATWIeTHs. Pa3Butue
TEeJIeKOMMYHHUKAIMii  (mpexae  Bcero — MlHTepHeTa) 3HAYUTENBHO  OOJIETYHIIO
TPYAOYCTPOWUCTBO U 00yCTPOICTBO ObITa HA TEPPUTOPHUSX, 3HAYUTEIHHO YAATCHHBIX
OT TEKYIIET0 MECTOHAXOK/ICHUS YeIOBEKa.

W3 3TOr0 MOXHO 3aKIIOYUTh, YTO M (DOPMHUPOBAHUS W TOANEPKAHUSL
KaueCTBEHHOTO YeJIOBEUECKOTO KaluTalla Ha TepPUTOPUH HEOOXOAMMO O0eCIednTh
MPUBJICKATENBHOCTh MOCHEAHEeH JUIS KaKIAOH OTIHENBHO B3SITOM TMEPCOHBI. ITO
MTO3BOJIUT OOECTIEUUTh TOJOXKHUTEIBHOE CallbJ0 PETHOHATBHONW MHTpaldd M, TEM
caMbIM, HapalMBaHUE TOTEHIMAJla PETHOHA B YaCcTH YeIIOBEYEeCKOro pecypca. B
COBPEMEHHOH COIMAJIbHON TICUXOJIOTHH KOMIUIEKC (PaKTOPOB, XapaKTEPU3YHOIIUX
COCTOSIHUE KOMGOPTHOCTH WHIMBUAYyyMa WU TPYIIBI, TPUHITO O003HAYATH Kak
rcuxosorndeckoe (CyobpekTuBHOE) Omaromnonyuane (anri. wellbeing).

TakuMm oOpazoMm, NMpUHWMAas BO BHUMaHHE, YTO COIHAIbHO-dKOHOMHYECKas
0€30MacHOCTh MPHU3HACTCS B KAYSCTBE KJIFOUYEBOTO KOMIIOHEHTa OJyaromoiyuus [5],
0e301MacHOCTh JTUYHOCTH WU MEPCOHANBbHAS 0€30MaCHOCTh MOXET PacCMaTpUBAThCS
KaK OJIHO M3 BaXHBIX YCJIOBHH YCTOHYMBOTO Pa3BUTHS YEIOBEUECKOTO KaruTala
pervoHa. BeszonacHocTb JMYHOCTH uMeeT MHOECTBO ACTIEKTOB —
(busnyecKuit/ pu3noaoruueckuii, HPOPMAIIMOHHBIH, SKOHOMUYCCKUH, COIMATILHBIH,
BO3MOJKHO BBIJIENIEHUE U APYTUX ACTIEKTOB.

OnHuM U3 (HaKTOPOB, ONPEACISIFONINX 0€30MaCHOCTh JINYHOCTH B COLUATEHOM
acrieKTe, SIBIsETCS Oe30MacHOCTh COOOIIECTB, KOTOPBIM paccMaTpuBaeMasl MepcoHa
cunTaeT ceds MISHTHUYHOW (commeTanbHas 0e30macHOCTh). [Ipu 3TOM MAEHTUYHOCTH
MOXKET OBITh PAa3INYHON — TPaXKITAHCKOM, TOTUTHYECKOW, STHUIECKOH, KYIBTYPHOU U
Ip., HO B JIIOOOM Cily4ae CoOIMeTalbHas OE30MacHOCTh SBIISETCS OJHUM W3
BOXHEHIINX (AKTOPOB YCTOWYHBOTO PETHOHAIBLHOTO COIUAIEHO-3KOHOMHUYECKOTO
Pa3BUTHS, OCHOBAHHOTO HA YEJIOBEUECKOM KalHuTaje.

B nmaHHoOIi cTaThe MBI OyJieM paccMaTpUBaTh COIHMETAIbHYIO 0€30IaCHOCTH B
KOHTEKCTE HHBIX BHJOB 0O€30IaCHOCTH COIMANBHBIX TPYIII — HAIIHOHAJIBHOM
(rocynmapcTBeHHOH), TpPYNIOBOH, MEPCOHAIBHON (BBIPOKISHHBIN ciydaii 0e30-
MMaCHOCTH COOOIIeCTBa).

2. KoHuenrtyajJbHasi MoJeJIb 0€30MaCHOCTH COUAIBHBIX CHCTEM

KonnenryainbHbie mpeicTaBicHuss © 0Oe30macHOCTH  (aHINL.  security)
JUHAMHYHBL M )K€ NPOTHBOPEYMBHI [6]: «BHYTpEHHEE COCTOSHHUE 4YEIIOBEKa,
BO3BHIIIAIONIEE €r0 HaJl CTpaJlaHueM», «OOBEKTHBHOE IIOJIOKCHUE WHIUBUAA, B
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KOTOPOM TOT M30aBJICH OT MEPCICKTHBBI BHE3AITHOTO TOKYIICHUS Ha €ro JIMYHOCTh
WA COOCTBEHHOCTH», 0€30IMacCHOCTh KaK IPHU3HAK IMOJUTHYCCKOW CBOOOIBI W T. II.
KpoMe TOro, B COOTBETCTBHM C WCIIOJIb3YEMbIMH OIECPAIIMOHHBIMU BIIEMEHTAMHU
MPEICTaBICHUH 0 0€30MaCHOCTH, Pa3IHyYatoT OOJIBIIIOE YUCIIO PA3IMYHBIX €€ BHJIOB —
9KOJIOTHYECKAasl, HAIIMOHANBHAS (TOCYJapCTBEHHAsI), SKOHOMHUECKAsl, TIOJTUTUYCCKAS,
u T.7. HecMOTpsi HA MHOXECTBEHHOCTh KOHIIENTYaTbHBIX MPEACTABICHUN, TaK WIH
vHaYe, 0€30MaCHOCTh TPAKTYETCS KaK XapaKTePUCTUKA COCTOSHUS YEJIOBEKa WIIM UHO-
ro o0bekTa (rocyapcTpa, cooOIecTBa, pernoHa u T. 11.). OIeHKa 3TOro COCTOSHUS,
KaK TPaBUIIO, OMTUPAETCS Ha aHAIIN3 YTPO3 U 00YCIOBIEHHBIX MU PUCKOB [7], puc.1.

OUgHMBaAKT

XOTAT MUHUMHINDOBATL \ \

NpPeanpHHUMAIOT
yrobe! y

KOHTpMEpbI

KOTOpLle
HANPAENeHs! HA

YAIAMMOCTH

KOTOpBIE MOTYT
GuiTh YMEHBLUSHK!

MOTYT 3HaTh

KOTOPLIE HCMOMbIYHOT

MetouHrkd yrpos
{HapywmTenm)

XOTAT 3aNoyNOTpeGMTE WHNK MOTYT HaHecTH ywept /

Puc. 1. Honamus ungopmayuoHHou 6e30nachocmu U ux 3aumMocessb

Takum o00pa3oM, Uil OLEHKH O€30MacHOCTH KaK COCTOSHUS HEOOXOIUMO
pacroyaraTh MOJEINBIO, OTPAXKAMOIIEH pa3MHUYHBbIE ACMEKThl 0Ee30MacHOCTH C TOYKH
3peHHus] Yrpo3 M PUCKOB - KOHLENTYyalbHON Mojenbio. Kak mpaBmiio, B KadecTBe
0a30BOl MOJENH CJIOXXHOTO, MHOI'OACTIEKTHOI'O OO0OBEKTa MCHOJIb3YyeTcs Kiac-
cuduxanus. ChopMHUpOBAaTh NPHUBBIUHYIO OJHOMEPHYIO KJIACCH(PHUKALUIO BHIOB
0€30I1acHOCTH TPYIHO TIO MPUYUHE MHOKECTBEHHOCTH KPHUTEPUEB OTHECEHHS K TOMY
WIM WHOMY BHIYy, MO3TOMY s (OPMHPOBAHUS LEIOCTHOIO IMPEICTABICHUS O
0e30macHOCTH, Kak O CJIOXHOM OOBEKTe, IeJIecOO0pa3HO  HCIIOJIb30BaTh
MHOTOMEpPHYIO KOHIIENTYaJbHYI0O MOAENb. [l COOTHECEHHS pAa3IMYHBIX BHUAOB
0e30IacHOCTH BO3bMEM 3a OCHOBY TaKHe NpPU3HAKH, KaK CYOBEKTHI (aKTOpBI) U
00BEKThI 0€30IMaCHOCTH, a TaKXKe NMPUPOLY U XapakTep (BHYTPECHHUE WIIM BHEIIHHE)
HUCTOYHUKOB yrpo3. OTMETHM, YTO pa3Hble C TOYKM 3pEHHS NPUPOIBI BHIBI
0€30I1aCHOCTH — JKOJIOTHYECKAsl, OKOHOMHYECKas, WH(POPMAIMOHHAS — MOTYT, C
OJHOH CTOpPOHBI, pPaccCMaTpUBATHCSI B OOBEKTHO-CYOBEKTOM KOHTEKCTE, MOIpasy-
MEBAIOIEM, YTO OOBEKTaMH OE30IaCHOCTH SIBIISIOTCSI CHUCTEMbI COOTBETCTBYIOLIETO
copTa — dKOJIOTHYECKHe, OHKOHOMUYeckne wu T.A. C JApyro CTOpPOHBL, T€ XKe
«0e30MacHOCTH» MOTYT PacCMaTPUBATHCS KaK Pa3lIMUHbIC aCIEKThl O€30MacHOCTH
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WHAWBUIyYMa M COIMAJIBHBIX CHUCTEM. B 3TOM cilyuae OOBEKTOM SIBJIACTCS
colyanbpHas TPYIa Wi WHIUBHIYYM, a 3KOJOTHYECKas, JKOHOMUYECKAash U WHBIC
0e30macHOCTH 0003HAYAIOT OTACIBHBIE BHIBI yIrpo3 OE30MacCHOCTH HYeIIOBEKA WIIH
COLMATIBHOMN TPYMITBI, UMEIOIIMX COOTBETCTBYIONIYIO MPUPOY. DTO HAXOJUT OTPaXKe-
HHC B psAIE COBPEMEHHBIX paboT [8, 9], yBs3bIBAIOMUX OE30IMACHOCTH Pa3THIHOMN
MPUPOABI ¢ OE30MacHOCTHIO YeNOBEKa M COOOIIECTB, U B IIEJIOM COOTBETCTBYET
B3TJIs1aM KOTleHrareHckod Imikoiel [10]. B pesynbraTe, B COOTBETCTBHHM C TaKUM
«CyOBEKTHO-OOBEKTHBIMY» B3TJISIIOM, pa3HbIE BUJIBl 0OC30MACHOCTUA COIHAIBHBIX
CHCTEM M WX Pa3jM4HbIe ACTEKThl MOTYT OBITh MPEICTABICHBI B BUAC TPEXMEPHOU
MOJICTIH, TIPEICTABICHHOM Ha pUC. 2.

p L

MHAMBUAYYMEI lH.
coobluecTea rocyAapctea
No6ble Jlobble
06 beKTbI OBBEKTI Opyrve

BHELIHeN BHELWHeN rocygapcrea
cpeasl cpeabl

Puc. 2. Konyenmyanvuas mooens 6e30nacHoCmu COYUALbHbIX CUCTIEM

ITo ropr30HTANBHON OCH PACIIOIOKEHBI BUIBI O€30IIACHOCTH C TOUKH 3PEHUS
O00BEKTOB U CyOBEKTOB — MHAMBHUIYAJIbHAS, COLMETAIbHAs,, HAlMOHAIbHAs, PEruo-
HaJbHad, TPynmnoBas, u T.1. [lo BepTUKanbHON OCH pacHoI0KEHBI HCTOYHUKH YTPO3 —
BHYTpeHHHE M BHemHue. Ilo Tperbeil ocu — Buabl 0€30MaCHOCTH C TOYKH 3PEHUS
npupoabl yrpo3. B sueiikax MaTpuipl MOryT OBITH pa3MeELICHbl XapaKTePUCTUKU
(kauecTBEHHBIE WM KOJUYECTBEHHBIE) yrpo3 (BHEIIHUX M BHYTPEHHHX) Ppa3HOTO
polia - 5KOHOMHUYECKHX, SKOJIOTUYECKUX, TEXHOTCHHBIX M Jp., 00bEKTaMH KOTOPBIX
SIBIISIIOTCSL YEJIOBEK, COOOIIECTBO, TOCYIapcTBO W T. 4. Torma muealbHOE LEJeBOE
COCTOSIHME XapaKTepU3yeTCs MYCTHIMHU SYeKaMH MaTpHilbl (HYJEBBIMHU 3HAUYEHHUSIMHU
OTICHOK).

3. ConueraanHas 0€30NMACHOCTDL B KOHTEKCTE HHBIX BHA0B 0€30IACHOCTH

Hecmotpst Ha TO, YTO MO «OOBEKTHO-CyOBEKTHOMY» TPHU3HAKY BBIJIEISIOT
0O0JIBIIIOE YMCIIO Pa3HBIX BUAOB 0€30MACHOCTEH COIUATLHBIX CUCTEM — pErHOHAIIbHAS,
IPYIIOBasi, KOJUIGKTUBHAS - KJIFOYEBBIX aKTOPOB, OOJIAAIOIIMX CYIIECTBEHHO pa3-
JTIHBIMA CBOWCTBAMH, BCETO TPH: YEIOBEK, OOIMIECTBO W rocyaapcTBo [6]. IlosTomy
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Il CHCTEMAaTH3alii KOMILIEKCHOTO NpeACTaBlIeHHsI O 0€30MacHOCTH C «O0OBEKTHO-
CYOBEKTHBIX» MTO3HLNH MOXXHO OTPaHUYUTHCA PACCMOTPEHHEM COOTHOLIEHUN MEXIY
TpeMs BufiaMu 0€30MacHOCTH — HHIUBUAYAIbHOM, COMETATEHOW 1 TOCYAapCTBEHHON
(HaIMOHAJILHOW).

COL;uema]le(lﬂ u coyuaivHasi bezonacrocmo

B oteyecTBeHHO# JNHMTEpaType HCHOJNB3YIOTCS JBa OJM3KUX, HMHOTAA
OTOKAECTBIISIEMBIX, MOHATHS — COL[MaJIbHAsl OE30MacHOCTh U colMeTalbHas Oe3ormac-
HOCTB. B Lensix nanpHeimero u3nokeHus YTOYHUM UX MOHHMaHHUE B paMKax JaHHOU
CTaThH.

CommanpHasi 0€30MacHOCTh OMpeAenseTcss o4deHb mo-pazHoMmy. B [11],
HaTpuMep, MoJ STUM TEPMHUHOM MOHUMAETCSI 0E30MAaCHOCTh COIMATBHON CUCTEMBI, a
B KadecTBe OOBEKTOB pPacCMAaTPHUBAIOTCS TOCYAapcTBO W odmectBo. OnmHako
OOJNBIIMHCTBO aBTOPOB PACIIUPSIOT 001acTh COLMANbHOW 0€30MacHOCTH M Ha
oTaenbHylo JnuHOCTh [12]. IIpuHuMas Bo BHMMaHue TOT (PaKT, 4TO coLMETaIbHAas
0e30macHOCTh HaIIpaBJICHa Ha 0€30MacCHOCTh COOOIECTBAa KaK IIEJIOT0, a €€ 00HEKTOM
SIBIISTFOTCS «KPYITHBIE KOJUICKTHBHBIC WICHTHYHOCTH, CITOCOOHBIC CYIECTBOBATH BHE
3aBUCUMOCTH OT COCTOSIHHS TocyaapcTBay [10], MOXKHO 3aKJIFOUUTh, YTO COIUATIbHAS
W CcolueTalbHas Oe30MacHOCTh PAacCMAaTPUBAIOT YIPO3bl B PAa3HBIX «pa3pe3axy.
[Ipenmerom conuanbHON 0€30MACHOCTH SIBIISIETCS. MHOMKECTBO YIPO3 M PHCKOB,
UMEIIIUX OOMIyI0 TPHUPOIY — COLMALHYI0, B TO BpeMs KaK cOIHeTalbHas
0€30MacHOCTh  OMEPUPYET YIPO3aMU U PUCKAMH  Pa3IWYHON TPUPOIBI, HO
00BEIMHEHHBIX OOMKM OOBEKTOM — HEKOTOPHIM cOO0OIIecTBOM. Bmecte ¢ Tem, oba
BUjIa OE30MACHOCTH B3aWMHO BKJIFOYAIOT OTJAEIBHBIC ACTEKThI IPYT JApyra: COIHalb-
Hasi 0e30MacHOCTh MMEET COLMETalbHBIH acleKT, TaK KaK Yrpo3bl COOOIIECTBY B
LEJIOM OTPaKaloTCsl HAa OE30MACHOCTH KaXKAOTO €Tr0 YWieHa B OTACIHHOCTH, PABHO KaK
U HAoOOpOT: Yrpo3bl OTAETBHO B3ATOW IMEPCOHE - WIEHY COOOIIEeCTBa - MOTYT IIO-
BIIMSTh, HAIPHUMEP, HA YHUCICHHOCTh 3TOT0 COOOIIECTBA W, TEM CaMbIM, MPEICTABIITH
YIpo3y IPyNIOBON HICHTUYHOCTH.

COI/;LlemaJle(lﬂ U HaAYyUOHAIbHAA bezonacrocmo

B cooTBeTcTBHM ¢ KOHIEMIMEH HAIMOHANBHON OE30MacHOCTH aKkTOpamMH U
00BeKTaMHU 0E30IaCHOCTH SBIISETCS TOCYAAPCTBO, KaK IONEYUTETb CBOMX I'PaKAaH U
paBHBIA TIAPTHEP BO B3aMMOOTHOLICHUSX C JPYTHMH TocynapcTBamu. KoHeuHBIM
NPU3HAKOM  HAIMOHAIBHOH  (TOCYZAapCTBEHHOW)  0E30MAaCHOCTH  SIBJISETCS
CYBEpPEHHOCTb, TOTJa KaK KOHEYHBIH TMpH3HAK OE€30MacHOCTH COOOIIecTBa -
HJICHTUYHOCTH [13].

B nanHoit paboTe MbI He OyZeM OTOXIECTBIATH HAMOHAIBHBIA M ATHHYECKUIT
NPU3HAKHA, B COOTBETCTBUM C OJHMM H3 PacCIpPOCTPAaHEHHBIX B3IVISJI0OB Ha COOT-
HOIIGHHE ATHUYECKOH M HAIMOHAIBHON MICHTHYHOCTH, PA3JEISIONIMX JTH JBa
nousitus |14, 15]. HauuoHanmbHast 0€301aCHOCTh, A€ OOBEKTOM M CyObEKTaMHU
SBIISIIOTCSL  TOCYAAapcTBa, M 0€30MacHOCTh co00IecTBa, C(HOPMHUPOBAHHOIO II0
HAIMOHAJILHOMY TIPH3HAKy (IPaKJIaHCTBO WJIM MECTOXKHTEILCTBO B CTPaHE) — 3TO
pa3HbIe BEIM, TaK KaK OTINYAIOTCS OOBEKTH M CyOBeKTHI Oe3omacHOCTH. [Ipu aToM
HalMOHaJIbHAsl 0€30I1aCHOCTh UMEET, B TOM YHMCIIE, U COIIMETAIBHBIN aCIeKT, TaK KaK
0€30MacHOCTh CYNIECTBYIOIIMX Ha TEPPUTOPUHM TOCYAApCTBA COOOIIECTB SIBISETCS
MOTCHI[MAJIbHBIM HCTOYHHKOM BHYTPEHHHMX YIpO3 HAlMOHAJIbHOW OE€30MacHOCTH:
yIeMJICHHE MPaB KaKuX-JIM0O COMUABHBIX TPYIIIT MOXKET MPUBOAUTH K TPAXKIAHCKOM
M TOJUTHYECKOH HECTaOWIILHOCTH, TMOBBIIICHUIO YSI3BUMOCTH TOCYIapcTBa K
BHEIITHUM YIPO3aM.
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B TepMmmHax MeTom0JIOTUM OOBEKTHO-OPHUCHTUPOBAHHOTO JU3aiiHa, COoOIIe-
CTBO WJIM COIMalIbHAs Tpymma (society)— HanOosee oOmHN KiTacC, UMEIOIIHHA TaKue
KJIaCChI-HACTICTHUKY, KaK 3THOC, HAIHS, MOJUTHYCCKAs TapTHs, NMPOPECCUOHATBHOE
COOOIIIECTBO U APYTHE.

CoyuemanvHas u uHOUBUOYaIbHASA OE30NACHOCHb

WnnuBuayanbHas 6€30MacHOCTbD, WM 0€30MaCHOCTD JIMYHOCTH OOBIYHO TTOHH-
MaeTcsi Kak €JUHCTBO COIHAIBHBIX YCIIOBHH, OO0ECHEYMBAIOIINX JIOCTOHHOE
BBEDKHMBAHHE, 0JarococTosiHue u cBodomy [6]. Bmecte ¢ TeM, 4elloBEeK BBICTYMaeT B
JBYX MIIOCTACSIX: MHIUBUIYaTbHOM - KaK OTAeNbHAast TMYHOCTD, U KOJUIEKTUBHOM - KaK
Ta WIM WHAs COLMETalbHas rpynma (BO3pacTHAs, IOCEJICHYECKas, 3THHYECKas,
npodeccnonansHas u T. 1.). [lockonbKy corpeTanbHas HASHTUYIHOCTD YEIOBEKa, KaK
MpaBWIO, MHOXKECTBEHHA (UENIOBEK MPHHAMJICKUT OJHOBPEMEHHO  MHOTHM
coo0IiecTBaM), TO CONMANBHBINA acTIeKT MHIMBHIYANIbHOW 0€30MacCHOCTH MOXKET pac-
CMaTpPUBATBCS KaK BEKTOp «Oe30MacHOCTeH» BKIOYarOmuX coobmects. Ilpu sTom
BKIaa (B MHOMBHIYalbHYIO O€30MacHOCTh) 0E30MacHOCTH TOTO WM WHOTO CO00-
mecTBa 3aBHCUT OT CTCIICHU CaMOI/IIICHTI/I(l)I/IKaHI/II/I JIMYHOCTHU C COOTBCTCTBYIOIIHUM
COO0OIIECTBOM.

4. KosutekTuBHAas (TpynnoBasi) WAEHTUYHOCTH KAK OCHOBA OLIEHKH
COLIHETAJILHOH 0€30ITaCHOCTH

[lonuMaHue TPUPOABI HACSHTHYHOCTH KaK KOHEYHOI'O IIPU3HAKa COIMeTa-
JEHOM 0€30MacHOCTH SBISIETCS KIIFOUOM K MTOHUMAHUIO YTPO3 U K aJICKBAaTHOH OLIEHKE
MOCTIEHEN.

B comuonorun oauH W3 PacHpOCTPAaHEHHBIX B3IJISAIAO0B HAa HICHTUYHOCTh
MPUHAUIKUT AnpOepTo Memyddn, COTJIacCHO KOTOPOMY KOJUIEKTHBHASI HICHTHY-
HOCTb ONpEJCIACTCS KaK WHTCPAKTUBHOE M COBMECTHOE CaMOOIIPEIEIICHHE,
CO3/IaHHOE€ HECKOJBKUMHU B3aMMOJCUCTBYIOIIMMHU JIOABMH, KOTOPBIE pPa3leisiioT
HEKOTOPbIC HAIIPABJICHUSI CBOMX JCUCTBUI KaK 00J1aCTH BO3MOXHBIX W 3alPEIICHHBIX
neiictuii [16]. To ecTh MACHTUYHOCTh pacCMaTpPUBACTCS KaK MPOLECC ¢ OOpaTHOM
CBSI3BIO, TTOPOXKIAIOIINNA HEKOE KOJUIEKTUBHOE JEHCTBHE: «Pa3feNiTh Ty WIH WHYIO
KOJUICKTUBHYIO MJCHTHYHOCTh, 3HAYHUT, HE TOJBKO y4aCTBOBATh B e¢ (popMHpOBaHUH,
HO ¥ B OTIPEJIETICHHBIX CUTYalUAX «IIOBUHOBATHCS» €€ HOPMATUBHEIM MPEIIHCAHUSM,
MIPUHUMAEMBIM B Ka4eCTBE «00BEKTHUBHOTO» (hakTay [17].

B pabote [18] KoJUIEeKTHBHAS HICHTUYHOCTH OMPEICIIATCS KaK KOTHUTHUBHBIC,
MOpaJbHBIE W 3MOIMOHANBHBIE CBA3HM YellOBeKa ¢ 0ojiee MIMPOKHM COOOIIECTBOM,
KaTeropuei, MpaKkTUKON WM WHCTUTYTOM. KOJJICKTHUBHAS WACHTUYHOCTH TPYIIIIBI
4acTO BBIPAKAETCS dYepe3 KyJIbTYphl M Tpaaunuu Tpymmsl. [IpoucxoxneHue
WUICHTUYHOCTH MOXKET OBITh U3HYTPH TPYIIIBI WM BHE TPYIITEI, HO B KOHEYHOM CUETE
KOJUICKTUBHAS MJICHTUYHOCTh (POPMHUPYETCS TOJIBKO MPU MPUHATHY YICHAMH TPYIIITbI
HICHTUIHOCTH.

Takum 00pa3oM, yrpo3bl KOJUIGKTHBHONH HMJICHTHYHOCTH OOYCJIOBJICHBI
HapYIICHUSIMH TPOIIECCOB (OPMHUPOBAHUSI OOIIEH CUCTEMBI IIEHHOCTEH, B TOM YHCIIEC —
COKpaIlleHWeM 4YHCjia WHAWBHIYYMOB, WICHTU(QUIUPYIOMINX ce0s C TPYMIoH.
[IpuuuHBl COKpalllEHUsT YKCa MOCICAHUX MOTYT OBITh Kak (PU3UYECKOro (CMeEpTh,
00JIC3HU «AJICTITOBY» TPYIIIbI), TAK U ICHUXOJOTHMUECKOr0 (IUCKPEIUTAIMS CHUCTEMBI
LIEHHOCTEH rpyIibl) cBoricTBa. [10100HBIE YIPO3BbI UMEIOT 3HOTCHHBIN XapaKTep.
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C npyro#i CTOPOHBI, MOCKOJIBKY TPYIIOBast HICHTHYHOCTh MPOSBIISCTCS TAKKE
B KOJUJICKTUBHOM IEHCTBHH (HAIpUMEpP, TPAAWIMOHHBIN CIOCOO0 XO3SHCTBOBAHMS
caam#, OCHOBaHHBI Ha pa3BE/IEHUN CEBEPHBIX OJIEHEH), J00bIe (haKTOpHI, 3aTPy-
HSIONIUE STO JCWCTBUE, TAKKE MOTYT PAacCMaTpPUBATHCS KaK Yrpo3bl COOOIIECTBY.
Takune yrpo3sl MOKHO OTHECTH K KATETOPUHU dK30TE€HHBIX.

5. O0beKTHBHBIE CJI0KHOCTH H BO3MOSKHBIE MOAXO0AbI K OIEHKE COHETATLHOM
0e30IacHOCTH

OneHKa TPYNHOBOW MICHTUYHOCTH KakK TOKa3aTelsl Yrpo3 COIMETalbHON
0e30MacHOCTH 3aTPYAHAETCS CYIIECTBEHHON ITWHAMHYHOCTBIO KaK COCTaBa COIMa-
JMBHBIX TPYIN, TaK W OOBEIWHSIONINX MX CHUCTeM IeHHOcTell. B Takoil curyanum
MOXHO MPEAJIOKUTD PA3TUYHBIC MTOAXOIBI K OIICHKE:

e (UKCHUPOBaTh aHOMAJbHBIE W3MCHCHUS JTUHAMHKH TIporiecca (GopMHupo-
BaHUS UJCHTUYHOCTU (HAmpUMep, €CIu MO OJICHMHBI B palMoOHE CcaaMu
COKpaII[aeTcsl OCTENEHHO 32 CUET 3aMeIeHHUs] HHBIMH MPOTyKTaMH — 5TO HOpMa; eIl
K€ 9TO M3MEHEHHE MPOUCXOIUT PE3KO, BCICACTBHE COKpPAIICHUS TOTOJIOBBS — 3TO
yrpo3a UAEHTUYHOCTH TPYIIIHI);

® IPUHATH HEKOTOPOE COCTOSIHME COOOIecTBa B KAa4e€CTBE O3TaJIOHHOTO,
3aUKCUPOBAB «HCKOHHYIO» HICHTHYHOCTh, W pacCMaTpUBaTh IOOBIe (PAKTOPEHL,
WM3MEHSIONINE ATy HASHTHIHOCTD, KaK YTPo3y; TaKOH IMOAXO] CIIOCOOCTBYET COXpaHe-
HUIO BBIMHPAIOLIUX KYJIBTYp (MX CHCTEMbl MaT€pPHAIBHBIX U JAYXOBHBIX IIEHHOCTENN),
HO MMEEeT MaITyI0 MPaKTUIECKYI0 3HAYUMOCTh BCJICJICTBHE OOBEKTUBHOTO COKPAIIEHUS
aJIeTITOB apXandHBIX COOOIIECTB;

® TAK)KE MOXHO MPHHATh U UHOW ATAJIOH COCTOSHUS COOOIIECTBA — COCTAB €ro
YICHOB, B ATOM CJIy4ac B KadeCTBE YIpo3 HYKHO pacCMaTpuBaTh HapyIICHHUS
nporecca GOpMHUPOBAHUS TPYNIIOBOM MACHTUYHOCTH, TOTJa KaK caMa MICHTHYHOCTh
MIPUHUMAETCS M3MEHYUBOW; HEJIOCTATKOM TAaKOTO TIOAXOAa SIBISIETCA amlpuopHas
3aMKHYTOCTB I'pYIIIEBI, YTO HE COOTBETCTBYCT 6OJH>IHI/IHCTBy PpCaJIBbHBIX CHTyaHHﬁ.

E1te ofHOM CII0KHOCTBIO TIPU OLIEHKE COIUETAILHONW 0€30MaCHOCTH SIBJISETCS
BBICOKHI YPOBEHb HEONPEIEIIEHHOCTH, MPOSIBIIIONIUICS YK€ B CAMOM OIPEIEICHUN
MpeIMeTa UCCIeA0BaHUs KaK HEKOTOPOTO COCTOSIHHS COOOIIECTBa, COCTaB KOTOPOTO
JAHAMUYCH WU pPa3MbIT. C HCOIMPEACICHHOCTEIO Mbl CTAJIKUBAEMCS U IIPU IIONBITKE
OIICHKH 3TOT'O COCTOSIHMSI, B YAaCTHOCTH, KaK IpeijiaracTcs B JaHHOHM cTaThe, depes
OIIEHKY WJICHTUYHOCTH COIHMAIbHOW TPyIIbl. s pemeHus 3Toil mpooieMbl MOIETH
KOJIMUECTBECHHON OIICHKHM COLMETAIbHOW O€30MacHOCTH JIOJDKHBI BKJIFOYATH TE WM
WHBIE METO/IBI yUeTa HeomnpeaeaeHHoctu [19].

Hakonen, Oe3omacHocTh cooOIecTBa, Kak HEKOTOPOE COCTOSIHHE, HMEET
MHOKECTBO KOMIOHEHTOB. Hanbosnee o0Ire u3 HUX OTMEUEHBI BBIIIE — 3TO MPOIIECC
(hopMHUPOBaHUs CUCTEMbI [ICHHOCTEH, CPEJCTBA PeaU3alUi KOJUICKTUBHOM JIEATEIb-
HOCTH, COOCTBEHHO CHCTeMa IIEHHOCTEH COLMAIBHOW TPYIIB W JApyrue. MOXKHO
BBIJICINTh U TIPOUre, 060Je€ YaCTHBIE COCTABJISIONINE COLMETATIHLHOW O€30MacCHOCTH:
0e301MacHOCTh KOMMYHHKAIIWI BHYTPH TPYIIIBI, KOJTUYECTBO PA3ACISIONIAX EHHOCTH
coo0mecTBa MHAWBUAYYMOB M T. 1. OIlGHKa KaXIO0W COCTABIISIIONICH aeT Ham
KOMITOHEHTHI 001Iel BEKTOPHOH OIeHKH. JIJIsI COOCTaBICHUS PAa3IMUHBIX COCTOSHUI
COILIMETANBHON 0€30MacHOCTH HEOOXOIMMO HWCIIONB30BaTh CHEIHAIbHbIE TEXHHUKH
CKAJIIpU3allMKA JIHOO CpaBHEHWS BEKTOPOB, HANPHWMEp, IOIXOJ, OCHOBAHHBIA Ha
OTIpE/ICTICHUH IIEHTPOB 0€30MMaCHOCTH B MPOCTPAHCTBE COCTOSHUMN CIIOKHOW CUCTEMBI
[20].
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3akirouenue

B coBpeMeHHOM MHpe C MpO3payHBIMH TPaHULAMH, C OECKOHEUYHBIMHU
BO3MOXHOCTSMH MEXYEIOBEUCCKUX KOMMYHHUKAIMH, COLMeTanbHas Oe30MacHOCTb
CTaHOBUTCSI BaXXHBIM OOBEKTOM ISl M3yUEHUS, MOCKOIBKY BO MHOTOM OIPEAETseT
YCTOWYHMBOE Pa3BUTHE TEPPUTOPUI U counyMoB. [Ipobnemnas obaacTs, 3aTpOHyTas B
JNAHHOW CTaThe, SIBISIETCS <OKUBOM», AKTHBHO (QOPMHUPYIOIIEHCS B COBpPEMEHHON
OTEUYECTBEHHOM U 3apy0OeXHOW r'yMaHUTapHOW Hayke. HecMoTps Ha anmpuopu ryMaHu-
TapHYIO0 MPUPOAY 3aTPOHYTOW MPOOIEMBI, €€ BaXHOCTh W aKTYaJIbHOCTh 3aCTaBIISET
HCKaTh MOJIXOAbI K popMann3aiiy ¢ Helblo MOCIeaAyIomel BhpadoTKu 3(hheKTHBHBIX
Y TIPEJICKa3yeMbIX MEXaHU3MOB YIIPABICHUS COMETATEHON 0€30TTaCHOCTHIO.

B nmanHO# paboTe mpeanpuHATa MOMBITKA CPOPMHUPOBATH KOHIENTYATbHBII
0a3uc Ui OLEHKM COLMETAIbHOW 0e30MmacHOCTH Kak (hakTopa pEernoHaIbHOTO
pa3Butus. B TOM umucne 1aHo omnpeneneHne JaHHOTO MOHATHS M €r0 COOTHOLIEHHE CO
CMEXXHBIMH U TIepEeCceKar0IINMUCS KOHIlenTaMHu. [IpeaoskeHa KOHIENTyalbHasI cxemMa
Pa3NUYHBIX BUIOB M ACMEKTOB OE30MACHOCTH COLHUAJBHBIX CHCTEM. PaccMOTpeHEI
BO3MOXHBIE CTIOCOOBI OLEHKH COI[METAILHON 0e30MacCHOCTH, OCHOBaHHEBIE Ha aHAIN3e
MIPUPOJIBI HASHTHIHOCTH COIUALHBIX TPYIIIL.

[IpeacraBneHHbIe PE3yabTAaThl MOTYT MOCIYXKUTh OCHOBOM AJIA JaJdbHEHIIETo
H3yueHHs (EHOMEHOJOTHH CONHETANbHOW Oe30MacHOCTH C NeNblo pa3paboTKu
(hopManM30BaHHBIX MEXaHU3MOB MOHUTOPHHTA, OIICHKH U YIIPABICHUSI.
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YK 004.94

A.H. XanuynnuHa
WuctutyT MHGOPMATHKK M MaTEMaTHIECKOTO MOJICINPOBAHMS TEXHOIOTMIECKHUX MPOLIECCOB
Konwsckoro HIT PAH

NMPOBNEMbl UHOOPMALIMOHHOW NMOAQEPXKU NPU PELLEHWX 3A0AY
YMPABJIEHUA PETMOHANIbHOW BE3OMNACHOCTbIO

AHHoOTauus

Cratbsi nocBsilleHa Bomnpocam MHGOPMAUMOHHOM noadepXkn obecnedeHus
pernoHanbHon ©Ge3onacHocTu. [JaHo onpedeneHwe pervoHanbHou 6Ge3onacHocTu,
npuBOAUTCS ero gopmarnbHoe onucaHue. PaccmaTpusaloTcs npobnembl cosgaHus
cucTeMbl yMpaBrneHusl pervoHanbHoW 6e30nNacHOCTbi0, OOHWM U3  BO3MOXHbIX
peLUEeHNA KOTOPbIX MOXET CNYXWTb WMCMNOMb30BaHWE B HEN METOOOB MPOEKTHOro
MeHepkmeHTa. [prMBOAMTCA KOHLUENTyanbHOE OnMucaHue NMPOEKTOB U BO3MOXHOCTb
MX TMPUMEHEHWUsT ONs  WCCNedoBaHWsi MNPOLECCOB  pPas3BUTMS  MHHOBALMOHHOMO
noTeHuuana MOHOropoaoB ApKTUYECKOW 30HbI PP,

Knroyesnbie cnoga:
peauoHarnbHasi 6e3onacHocmb, cucmema yrnpasneHusi peauoHanbHoU 6e30rnacHoCmb!o,
rnpoekmHasi 0esimesibHOCMb.

D.N. Khaliullina

PROBLEMS OF INFORMATION SUPPORT IN SOLVING TASKS OF REGIONAL
SECURITY MANAGEMENT

Abstract

The article is devoted to questions of information support of regional security. The
definition of regional security and its formal description are given. Problems of
creation of system of management of regional security are considered. Using of
methods of project management in such system may be one of the possible solutions
of such problems. Conceptual description of projects and opportunity to apply them
for studying processes of development of innovative potential of single-industry
towns of the Arctic zone of the Russian Federation are given.

Keywords:
regional security; system of management of regional security; project activity.

Beenenue

OmHuM  u3  (GakTOpOB  YCTOHUMBOIO pa3BUTHSL  oOlIecTBa  SBISETCS
obecrieyenue ero OezomacHocTH. [Ipryem yem OorbIiie BOZMOKHOCTEH U CPEACTB IS
yIIOBIIETBOPEHUSI CBOMX IMOTPEOHOCTEH MOSBISIETCS Y YelIOBEYEeCTBA, TEM OOJIbIIIe
OMACHOCTEH BO3HMKAET, IIOCKOJBKY HEBO3MOXHO IOJHOCTBIO  Ipeayrajarb
MOCNIEZCTBUA OT MPUMEHEHHS HOBOTO BHJA OPYXKHs, JIEKAPCTB, CPEIACTB 3aIIUTHI OT
Pa3IMYHBIX BpEAWUTENEH, CTPOUTENBCTBA MPETPAXKAAIONIUX COOPYKEHUII M MHOIOro
apyroro. IMEHHO cTpemileHHEe 4eJIOBE4eCKOro odiiecTBa 00e30nacuth cdepy cBoer
KHU3HEICSATEIbHOCTH TNPHUBEJO K TMOSBICHUIO TAKUX IOHATHH, KaK perHOHaJIbHAas
0e301acHOCTh, HAIIMOHAJIbHAsSL 0€30TIaCHOCTh, KOMILJIEKCHAsI 0€30T1aCHOCTb.

*
Pa6ota Beimonnena no nporpamve OHUT 1 PAH «MHTennekTyansHble HHPOPMALMOHHBIS
TEXHOJIOTHH, CHCTEMHBIN aHaJIM3 M aBTOMATH3aINI»
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IlonsiTHE pernoHaNBLHOI 0€30MACHOCTH

[Moaxons k Bompocy obecnieueHns: peTHOHABHON 0€30acHOCTH, HE00X0TUMO
OTIPENEeNINTh TPaHUIBl «pernoHay. CoriacHO ompeaeneHulo, AaHHoOMy B [1], mon
pernoHanbHOW 0€30MacHOCTRI0 TIOHMMAeTcs 3alluIeHHOCTh cyOsekta PD ot
BHYTPEHHHX M BHEIIHMX yrpo3. IIpm 3ToM B KadecTBE BHEIIHUX YIpO3 paccMmart-
PHUBAIOTCS «yrpo3bl, UCTOYHHKH KOTOPBIX PAacHojaraioTcs 3a MpeneiaMd JaHHOTO
cyonexTa PDy.

[IpuHumast BO BHUMaHHE TOT (PaKkT, YTO B KAUECTBE «PETHOHA» BBICTYIAET
cyobekT P®, monm permonanbHOi Oe3omacHocThio (PB) Oymem monumare OGe3omac-
HOCTh KOHKpeTHOro peruoHa (cyowrexta) PD. Cyre Pb cocrout B obecnedeHun
PETHOHAIBHOTO PAa3BUTHS C LIEbIO YIOBIETBOPEHUS Pa3IMYHBIX BUAOB NOTpeOHOCTEN
HACEJICHHs, XO3AHUCTBYIOIIMX CYOBEKTOB W OpPraHOB TOCYAapCTBEHHOH BIIACTH
peruoHa.

B «Konmenmuu 6e3onmacHocTr denmoBekay, npuaiaTor OOH [2], BRImEIMIOTCS
CIIEAYIOIIME OCHOBHBIE KaTeropuu O€30MacHOCTH: HSKOHOMHYECKAs, MPOJOBO-
JIBCTBCHHAaA, 3KOJIOrHYCCKasd, JIMYHas, COlMaJIbHasd, O6HICCTBCHH3$I, IIOJIMTHYCCKaA U
0e30macHOCTh [UIL  370pOBbSl. PernoHanbHyr0 0€30MACHOCTH TaKXKE MOXKHO
paccMaTrpuBaTh KaK CUCTEMY OTHENbHBIX COCTaBISIOMNX (IIOACHCTEM) U (hopMambHO
MPEJCTaBUTh B BUIE KOPTEkKa KOMIOHEHT (cocTaBisitomux PB):

RS =< Demos, Soc, Econ, Educ, Ecol >, €))
rre Demos ={d,,d,,..,d,} —Hacenenue u neMorpapuuecKre Iporeccs;

Soc ={s,,8,,..,8, } — OOIIECTBO U COLUO-KYIbTyPHBIC ACTICKTHI;

Econ = {e, e, ,..,e, } — Habop NoKa3zareneit oTpacieil 5JKOHOMHKH;

Educ ={ed,,ed,,..,ed,} — cucrema 00pa3oBaHUs H ITIOATOTOBKU KaJPOB;

Ecol ={ec,,ec,,..,ec,,} — dKoNOTHA U 3arPA3HEHNE OKPYKAIOIIEH CPETBI.

Kaxnas momcucrema (cocraBisiromas PB) ommceiBaercs Habopom mokasare-
neH, JUIS KOTOPBIX YCTAHOBIICHBI MOPOTOBBIE 3HaueHUs. DopMaIbHBIM MEXaHH3MOM
WHOWKAIUK TIO0ABJICHUA YI'PO3bI peFI/IOHaJ]LHOI\/'I 6e3OHaCHOCTI/I ABIIACTCA BbIXO[
OTJIENBHOTO TIOKa3aTels U3 o0iacTh (MHTepBalia) MOMYyCTUMBIX 3HadeHuH. [Ipu sTom
CTETIeHb YTPO3bI JOKHA OIIEHUBATHCS B COBOKYITHOCTH C IPYTUMH MOKazareismu Pb,
IMOCKOJIBKY HNPEBBINICHUE IOPOTOBOI0 3HAYCHHUA MO OJHOMY U3 MApaMETPOB MOXKCT
HAaHECTH HE3HAYUTENbHBINA yIiepO, a MpH ydeTe BIMSHHUS HECKOIBbKHX IMOKa3aTesel
yrpo3a MOXKeT CYIIECTBEHHO BO3PACTH.

Takxke He0OXOANMO TPUHMUMATh BO BHUMAaHUE CTENEHb HW3MEHEHUS
rokaszartesiel: BbIXOJ 3HAUCHHs Ha JIOJIIO0 TPOIEHTA 10 OJHOMY IOKA3aTelIr0 MOXKET
HE3HAYUTEIbHO BIHATh HA COCTOSIHHE PETHOHAJIBHON 0€30MacHOCTH, a MO APYroMy
MTOKA3aTeN0 — HAHOCHUTH HEMONpaBUMBIN ymiep0. s pemeHus ykasaHHo! mpooiemMbl
npenjaraeTcst pa3zpaborate He Toibko Marpuily Pb, B koTopoit comepxanuce Obl
3HA4YEHUs MOKa3aTesied 10 OT/IENIbHBIM COCTABIISIONIMM PETHOHATFHON 0€30MacHOCTH,
HO W DKCIIEPTHYIO CHCTEMY, OIPEACTSIONIYI0 CTETeHb yrpo3bl B 3aBUCUMOCTH OT
mapaMeTpoOB, BBIIICAUIMX 3a IMOPOroBBIC 3HAYCHHUA, B COOTBCTCTBUHM C IIpaBUJIaMU.
OmanM w3 BapuaHToB Matpunbl Pb  mpemmaraercs ucmonp30BaTh MaTpHILy,
OMNHUCaHHYIO B [3].
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Cucrema ynpasjieHUs] perHOHATbHOHN 0e301aACHOCTHI0

IMon wHQOpPMAaIMOHHON TOAJMEPKKOW OOBIYHO TOHUMAETCS MPOLECC
WHPOPMALMOHHOTO OOEeCTeYeHns, OPUEHTUPOBAHHBIA Ha TMOJIb30BaTeneld HHGOP-
MaIli¥, 3aHATHIX YIIPABIEHUEM CIOXHBIMH OO0bekTamu [4]. B wacTtHOCTH, K 3TOMY
HaTpaBICHUIO MOKHO OTHECTH pa3paboTKy pas3iM4YHBIX HPOTPaMMHBIX CPEACTB,
HaTpaBJICHHBIX HA aBTOMATH3aLMIO IPOLIECCOB YIPABICHUSL.

Jns wHGOpMAMOHHON MOANEpKKH O00eCIIeUeHUsT PEerHOHAIBHON Oe3omac-
HOCTH IeJIec000pa3Ho pa3padoTarh CrennanbHylo cucteMy yrpasieHus Pb (SMRS).
dopManbHO ee MOKHO MPEACTaBUTh CIEAYIOIUM 00pa3oM:

SMRS =< Obj, Sub, Aim, Met >, ()
rae  Obj — 06BeKTHI perHOHATBHON 6E30IIaCHOCTH;

Sub — cyObekThl  perMoHanbHOM  Oe3omacHOCTH  (HEHMOCPEICTBEHHO
NPUHUMAIONINE YYacTHE B YOPABICHUH: KOHKPETHBIE JOJDKHOCTHBIE —JIMIA,
oumansHele 1 HeOQUIMATbHBIE HHCTUTYTHI, OPTaHbl U OPraHU3aluH, JeHCTBYIOLINE
B CUCTEME PETHOHAJHHON 0€30MacHOCTH U JP.);

Aim —uenu, 3amaun U QYHKIUH 10 TMPEAYNPEKACHUIO, MPECEUCHUIO H
HelTpanu3anuu JOO0BIX ONACHOCTEH, YrpoXKaroIMX CO3AaHUIO OJIaronpusATHBIX
YCTIOBUH [ Pa3BUTHUS PETHOHA.

Met —mMeTonbl U cpeacTBa, KOTOPbIE MOTYT HCIIOJBb30BAThCS MpPU oOece-
YEHUU PETHOHAIBHON 0e30macHOCTH (TIPOEKTHI, 3aKOHBI, perjaMeHTHI 1 ap.) [5].

IIpr 5TOM T KOMIUIEKCHOTO OOECTeUeHHs] PErHOHAIBLHON 0e30MacHOCTH
paspabaTbiBacMasi CHCTEMa JOJDKHA pEajM30BBIBATH CIEAYIOIIUE (YHKIMH B
ABTOMATHU3UPOBAHHOM PEIKHME:

e AHaAIM3UPOBATh TEKYIEe COCTOSHHUE PEerroHa (IIPOBOJAUTH MOHHUTOPHHT), a
TaK)Ke YYUTHIBaTh €ro cnernuduueckue ocoOeHHOCTH (Teorpaduyeckoe MOJI0XKECHNUE,
COLUAITbHO-DKOHOMHYECKOE COCTOSHHE, HMCTOPHYECKH CIIOKUBIIUECS —TPAAHIUH,
B3aWMOCBSI3H C IPYTUMH PETHOHAMH U IIp.).

o BEISBIAT ¥ KBATUQHUIUPOBATH YIPO3bI, MPEMATCTBYIOIINE YCTOHYUBOMY
Pa3BUTHIO PETHOHA.

o HpOFHOSI/IpOBaTL MOCJICACTBUA BIIUAHUA PA3JIMUHBIX YT'PO3.

e OopMHpOBaTH PEKOMEHIAIMHN TI0 YCTPAHEHHUIO 3THX YIPO3.

Croutr ormeruth, uTO pazpabaTteiBaecmas SMRS pmomxkna oOmagath
CMOCOOHOCTBIO K aJanTallii B 3aBUCHMOCTH OT MEHSIOIIUXCSA YCJIOBHM, OBITh
BOCIIPUMMYKBA K BO3JICHCTBUIO BHENIHMX M BHYTPEHHHX (DAKTOPOB, a TaKxke
CO3JIaBaTh yCIOBUS JUISI yCTOWYUBOTO Pa3BUTHUS PETHOHA.

OcHoBHBIE MPOOIeMbI HHPOPMANMOHHON MOANAEPKKH YIIPABJICHUS
peruoHaabLHON 6e30MacHOCTHIO

C ToOuKkM 3peHHs pa3pabOTKH MNPOrPaMMHBIX CPEICTB HH(GOPMALMOHHON
MOAJICPXKKU yIpaBieHuss PB MOXXHO BBIICAUTH Psij HauOoJee CYIICCTBEHHBIX
npooeM:

e CIIOXHOCTh ONpEeAeICHUs] TOoKaszareneil (KpuTepueB) U IapaMmeTpoB
COCTOSIHUSI PETHMOHa, KOTOphle oOecreurBand Obl 0e30MaCHOCTb PErHOHa IO BCEM
nozacucremam ( Demos , Soc , Econ , Educ , Ecol ).
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e Hanuuue pazHooOpa3HBIX BapHAHTOB OJIHO3HAYHOTO PACIPE/ICIICHUS BBIJIC-
JICHHBIX TTOKa3aTeNel 10 COCTaBIISIFOIIMM PETHOHAIBHON 0€30IacHOCTH.

e HeB03MOKHOCTh ~ ONEPAaTMBHOTO  MOHHTOPHHIA  COCTOSIHUSI  PETHOHA
(B peaTbHOM BpeMEHH) 110 HEKOTOPBIM ITapaMeTpaM.

o CIIOXXHOCTh  OTpEJENICHUS] OCHOBHBIX XapaKTePUCTHK W  TapaMeTpoB
BHEIIHUX ¥ BHYTPSHHUX yTIPO3.

o KOMITJICKCHBIN XapakTep HEKOTOPBIX PETHMOHAIBHBIX YIpo3, 3aKIoyaro-
IIUICS B 3aTparuBaHUM MHTEPECOB HE TOJIBKO paccMarpuBaeMoro cyobekra Pd, Ho u
OTIPEICNICHHO} TPYIIBI TEPPUTOPUATEHO-AIMUHHCTPATUBHBIX €IUHUIL TUOO/WIH Beel
CTpaHBI B IIEJIOM.

e HeoHO3HAYHOCTh OIEHKH aJCKBAaTHOCTH MPEAJaracMbiX MEXaHU3MOB
ycTpaHeHHs yrpo3 (KOMIUIEKca Mep 0 JTUKBUAAINN YIPo3).

ITo MHEHUIO aBTOpa JIs peIIeHUs MpoOJIeM olpeeeHus nokasarenei Pb, nx
PaIMOHATIBHOTO PACTIPENICICHUS TI0 COCTABJISIONINM, a TAK)KE BBISIBICHHUS OCHOBHBIX
yIrpo3 M MX XapaKTepa BO3JICHCTBUS MOXXHO HCIIOJIB30BaTh MPHHIUIBI MPOCKTHOTO
MEHEPKMEHTA.

IIpoexkTHAasl 1eATEJIBLHOCTD U PErHOHAJIbHASL 0€30IaCHOCTh

CornmacHO TOJOXKEHHAM, TPEACTABICHHBIM B CTaHAApTE II0 YIPaBICHUIO
MpoeKTaMu [6], TPOEKT — 3TO YHHUKAIbHBIA HA0Op TMPOIECCOB, COCTOSALIUX U3
CKOOPAMHUPOBAHHBIX W YHPABJKICMBIX 3aJad C HAYaJIbHOM M KOHEYHOM JaTaMu,
MIPENMIPUHATHIX IS JOCTKEHHS 1enu. [Ipu 5TOM A7 KaKJoro MpoeKTa XapaKTepHO
HaJIM4Ue 1eNH, CTPYKTYPHI, TPAHHUII, OFO/KETA, ITAIOB, CPOKOB, BOSMOXHBIX PUCKOB U
T.1. C TOYKM 3peHHS (POPMAILHOTO ONMMCAHUS TPOSKT MOXKHO TIPEJCTaBUTh
CIIETYFOINM 00pa3oM:

Proj =< InitCond , PrAim, LifeCycle , PrRisks >, (3)
rne  [nitCond — wavanbHble yCIOBHS (C TOYKU 3PSHUSI 00ECIICUCHUSI PETHOHAIBHOM
0e30MacHOCTH MOYKHO paccMaTpuBaTh marpuiy Pb, sBistomieiics arpernpoBaHHBIM
WHJIUKATOPOM COCTOSIHUSI PETHOHA).

PrAim —uenv npoexra, KoTOpas BKJIIOYaeT B ceOs: CPOK peaH3alvu,
pe3yabTaT (10X0, yiepo, TPYA0yCTPOUCTBO U Jp.).

LifeCycle — xwu3HeHHBIII [UKIT TPOEKTA, COACPIKAIINNA CTAJUH TIPOEKTA,
METOBI YIIPaBIeHHs, HEOOXOUMEIE PECYPChl (MaTepHalibHble U HEMaTepUaIbHbIE), a
TaKXKe yCJIOBUs JanbHelIei peanu3annu (Habop MpaBwil, MO0 KOTOPBIM OIIEHUBAETCS
BO3MO’KHOCTB TIPOIOJDKEHHS TIPOCKTA).

PrRisks — pa3nudHbie pucKu MpoeKTa.

[TpuHMMas BO BHUMaHUE OOMUPHOCTH MOHTHS PB, npu pa3paboTke NpoeKToB
Mo O0OECMEYCHUIO0 PErHOHANBHOW 0€30MacHOCTH 0co000e BHUMAaHHE HEOOXOIUMO
YIICJUTh CIEYIONIMM MOMEHTAM:

1. [Ipu peanu3anyu KPymHBIX PErHOHAIBHBIX POSKTOB BAKHO YUMTHIBATh BCE
chepbl perioHaIbHON OE30MACHOCTH: JKOJOTHYECKYI0, SKOHOMHUECKYIO, TEXHOJO-
THYECKYIO H JIP.

2. CJI0O)KHOCTh OOBEKTUBHOM OIIEHKM M OJHO3HAYHOW HHTEPIpPETAI[UM IPO-
MEXYTOUYHBIX ¥ KOHEYHBIX PE3y/IbTaTOB.
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3. Cllo’XHOCTh NMPOTHO3MPOBAHNS BO3MOXKHBIX PHCKOB, @ TAaKXe MOCIEICTBUI
peanu3alnny MpoeKTa.

4. MOHUTOPHHT M aKTyaJIN3alys MPOEKTa MPU H3MEHEHNN BHEITHUX YCIIOBHM.

s ydeta mepeuMCICHHBIX MpobjeM TIpu  pa3paboTKe MPOEKTOB
1enecoo0pasHo pa3paboTaTs aBTOMATH3UPOBAHHYIO CHCTEMY YIIPABIEHHS MPOEKTAMHU
(SPM), xotopas Bxommma Obl B COCTaB CHCTEMBI YIIPABICHUS PErHOHAIBHON
0e30macHOCTH.

IIpu strom SPM wMoxeT mnpeAcTaBisiTh COOOH YHHBEpPCATBHBIN KOMIUIEKC
METOJIOB W HMHCTPYMEHTOB YIIPAaBJICHUS TIPOCKTaMH, KOTOPBIH obecredynBaet
JNOCTIDKCHHE TIOCTABICHHBIX B MPOEKTax IeNieil, cpokoB, Oromkera. BaxHoii
0COOEHHOCTBIO TaKOW CHCTEMBI SIBISETCS CIIOCOOHOCTh OLEHHMBATH Pa3HOPOAHBIC
MIPOEKTHI, YIUTHIBATh UX CIEMU(UKY, BBIABISATH IPOTUBOPEUHBEIE, a TAK)KE BHIOMPATH
Hambosiee TpremieMble (HampuMep, C TOYKH 3pPEHHS MUHUMH3AINHA HEeTaTHBHBIX
nocJeaCTBUN) U3 Habopa albTepHATUBHBIX IIPOCKTOB.

[IpemraraemMbIif TOIXO MOXKHO TTPUMEHHTD JUTS UCCIIEIOBAHUS 0COOCHHOCTEH
(bopMupOBaHUS W PaA3BUTHS JOMONHUTEIHHBIX HWHHOBAI[MOHHBIX TIEPCHEKTHB M|
BO3MOXXHOCTEH MOHOTOPOJOB, (PYHKIHOHHPYIOUIMX HAa TEPPUTOPHH APKTHUECKOH
30Hbl P@. B pamMmkax pemieHuss Takol 3aJadyd MOXKHO PAacCMOTPETh YIPaBICHUE
KPYIOHBIMM HHBECTHULIMOHHBIMH IPOEKTAMH, pEATU3yeMbIMU Ha TEPPUTOPHUIX
MoHOroposioB A3 P®. JlanHble TPOEKTHI OOBIYHO HOCSAT KOMIUIEKCHBIH XapakTep U
BIMSIOT Ha PAa3IMYHbIe COCTaBJSIOIINEC PErHOHATBHOW Oe30MacHOCTH: KOHOMHU-
YEeCKyl0, COIHAIBHYIO, SKOJOTHYECKYI0, MPOIOBOJBCTBEHHYIO W np. PaszpaboTka
CUCTEMBI YIPaBIEHHs MPOEKTaMH TIO3BOJHT B SBHOW (hOpMe ONpenenuTh MepeyeHb
KOHKPETHBIX TOKa3aTesel, BIUAIONUX Ha COCTOSIHUE perHOHaIbHOM 0€30MacHOCTH, a
TaKkKe€ KpUTEpPUM JJs OIEHKM BO3MOXKHBIX pHCKOB. BxiroueHune B cocrTaB
paspabarsiBaemoit SPM mosyneii, o0ecieuuBaloNiX aBTOMAaTU3UPOBAHHBIA CHHTE3
TUHAMHUYECKUX MOJIEJel Ha OCHOBE paHee IMPeIOKEeHHBIX TexHomorui [7-10],
MPEJOCTaBUT BO3MOXXHOCTh (DOPMHUPOBATH KOMILIEKC HMHUTAIMOHHBIX Mozenei. C
MTOMOIIBI0 CHHTE3MPYEMOTO TOIMMOAETHFHOTO KOMIUIEKCa OYIEeT OCYIIeCTBISATHCS
MPOTHO3UPOBAHWE  PE3YNIbTATOB  BHEAPEHUS TPOCKTOB  (PKOHOMUYECKHH U
conuanbHb ) (eKThl, BO3MOXKHBIE HETaTHBHBIC MOCIEICTBHS U Jp.), a TaKkKe UX
BIIUSTHUE HA PETHOHANBHYIO 0€30MaCHOCTb.

3akiIouyenue

PerunonanbHas 0€30IaCHOCTL SIBJIISIETCS  JOBOJIBHO CJHOKHBIM OOBEKTOM
yIpaBJICHHS, MTOCKOJBKY 3aTparuBaeT Bce cdepbl YeI0BEUECKOW nesTenbHOCTH. Ha
CETO/IHAIITHUM JIEHb HE CYIIECTBYET TOTOBOTO PEIIECHHS, MO3BOJIAONIET0 3P (HEKTUBHO
obecneunBate PB. B KkadecTBe Takoro pemeHuss MOXET BBICTYNaTh CHCTeMa
yIpaBJICHHUS PETHOHAIBHON O€30MacCHOCTH, KOTOpas TIO3BOJIMIA Obl YYHUTHIBATH
cnenu(uKy paccMaTpUBaEMOr0 PETMOHA, OLECHUBATh €r0 COCTOSIHME, a TakKkKe
BBISIBIISITH  BO3MOXKHBIE M CYIIECTBYIOIIME YIPO3bI MO HMMEIOIIUMCS TOKa3aTelsm
peruoHaNibHOM Oe30macHOCTH. PaboThI 10 CO3MaHUI0 TAKOH CUCTEMBI yxKe HadaThl. Ha
cerogusantHUil 1eHp kouiektuBoM MMM KHI[ PAH mpeanoxkena marpunia Pb, B
KOTOPOW 3aJI0’KEHBI OCHOBHBIE TIOKA3aTeN PETHOHAILHON O€30I1aCHOCTH.
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ABTOpOM CTaThbU MpeajiaracTcs BKIIOYUTH B pa3pabaTeiBacMyrd SMRS

CHCTEMY YIPABICHUS MPOCKTAMH, KOTOpasi MO3BOJKIA Obl YIUTHIBATH U OICHUBATH
BHEJIpSEMBIE B PETHOHE IPOEKTHI ¢ TOYKH 3PEHHS O0O0ECIIEUeHUS pPErHOHANIbHOM
0€30I1aCHOCTH.

Jlutreparypa

L.

2.

OOmas Teopus HAMOHAILHOW O€30macHOCTH: Yy4eOHHMK /moj oOmi. pem. A.A.
[Ipoxoxena. - 2-e uzn. — M.: Uzn-Bo PAI'C, 2005. — 344 c.

Konnenmmmst 6e3omacHoctn yemoBeka / UN Trust Fund for Human Security.
—Pexxum poctyna: www.un.org/humansecurity/ru/content/ xkoHuenuusi 6e3omnac-
HOCTH 4ejoBeka (nara oopamenus: 01.11.2017)

. Bystrov, V.V. The Information Technology of Multi-model Forecasting of the

Regional Comprehensive Security / V.V. Bystrov, S.N. Malygina, D.N. Khaliullina
/I Advances in Intelligent Systems and Computing, Vol. 466 / Automation Control
Theory Perspectives in Intelligent Systems. Proceedings of the 5th Computer
Science On-line Conference 2016 (CSOC2016). —2016. — Vol. 3. — P.475-482.

. I'paanunn, O.H. Madopmanmonnsie Texnonoruu B ynpasiennu / O.H. 'pannuun,

B.U. Kusies. — CII6.: bunom, 2008. — 336 c.

. KuppsnoB A.}O. Cucrema obecriedeHrss pPETrHOHAIBHON O€30MAaCHOCTH — Kak

TEOPETUKO-TIPaBOBasi KOHCTPYKIUS U ee cTpykTypa /A.1O. Kupesnos // bezonac-
HocTh OuzHeca. — 2005. — Ne 3. — C.2-9.

. TOCT P MCO 21500 — 2014 «PykoBoACTBO MO MpOeKTHOMY MeHemxkMeHTy». (ISO

21500:2012 «Guidance on project management»). Mocksa: CrarmapTtuH(pOpM.
2015.-52c.

. Omneiinnk, A.I'. HCTpyMeHTaNbHBIE CpPENCTBA WHTEPAKTHBHOTO (OPMHUPOBAHHS

MMUTAIMOHHBIX MOJENeH JEesITeIbHOCTH PErHOHAJBHON CHUCTeMBl MpodeccHo-
HanbHOTO oOpazoBanust / A.I'. Oneitnuk, A.H. JlekcukoB // Tpyasr UCA PAH.
—2008. - T.39. - C.267-276.

. brictpos, B.B. Pa3zpaboTka nH(MDOpMAIMOHHON CHUCTEMBI aBTOMAaTH3allMH CHHTE3a

CTPYKTYpPHl AWHAMHUYECKHX MOJeliell clokHbIX cucteM / B.B. BeictpoB, B.A.
Kopmema // MHdpopManyioHHbIe TEXHOJIOTHMH B perMOHanNbHOM pasButuu. — 2006.
— Bpm. VI. — C.93-96.

. T'opoxos, A.B. CuHTEe3 UMUTALMOHHBIX MOJAEIEH MaKPOCUCTEM HA OCHOBE OHTOJIO-

rudeckux onucanuii / A.B. 'opoxos, O.B. lllenex // Tpyast UCA PAH. — 2009.
—T.39. - C.195-201.

10. XammymmHa, [I.H.  TIpoGiaeMHO-OpHEeHTUPOBAHHBIA  MPOTPAMMHBIA ~ KOMILIEKC

MOJIEP’)KKHA CTPATETHIECKOTO TUIAHUPOBAHMS PA3BUTHA MaJlbIX WHHOBAIIMOHHBIX
npennpusituit  / J.H. Xammynmuna // Tpyasr CIIUMPAH. —2016. — Ne3(46).
—C.190-211.

Ceedenusn 06 aemope

XaimyimnHa lapesa HukosiaeBHa — K.T.H., HAy4HbI! COTPYHUK,
e-mail: khaliullina@iimm.ru
Darya N. Khaliullina — PhD. (Tech. Sci.), researcher

43



YK 338.26

A.C. lemAakuH
WHCcTuTYyT HHPOPMATHKH U MATEMAaTHYECKOTO MOJICITUPOBAHUS TEXHOIOTUIECKUX MPOLIECCOB
Konasckoro HI] PAH

NMPOBJNIEMATUKA N OPTAHU3ALUMOHHO-TEXHUYECKUE ACIEKTbI
PA3PABOTKW NACIMOPTA PEFTMOHANIbHOM BE3OMNACHOCTU®

AHHOTauusA
B paHHon paGoTte npoBeaeH aHanu3 npobnemaTvku pa3paboTkM eaMHOro nacrnopTa
pervoHanbHo 6e30MacHOCTM, PaCCMOTPEHbI OCHOBHbIE Yrpo3bl HaLMOHAarbHOW
(pervoHanbHoW) 6e3onacHoOcTU. B kauecTBe AOKYyMEHTa, Ha OCHOBE KOTOPOro MOXHO
paspabaTbiBaTb nacnopt pernoHanbHom Ge3onacHocTM B JaHHOM paboTte
npeanaraeTcs UCMONb30BaTb Nacnopt 6e3onacHOCTU TeppuTopun cybbektos PO.

Knroyeenie crnosa:
peauoHarnbHas 6esonacHocms, nacrnopm 6e30MacHOCMU, pe2uoHasbHbIe y2po3bl, yepo3bl
6e3onacHocmu.

A.S. Shemyakin

PROBLEMS AND TECHNICAL-ORGANIZATIONAL ASPECTS OF REGIONAL
SAFETY PASSPORT DEVELOPMENT

Abstract
In this paper, an analysis of problems of developing a single passport for regional
security was conducted, and main threats to national (regional) security were
examined. As a document on the basis of which it is possible to develop a regional
safety passport is proposed to use the safety passport of the territories of the
Russian Federation subjects.

Keywords:
regional safety, safety passport, regional threats, safety threats.

AHaau3 npodeMaTUKH pa3padoTKH eJMHOI0 NACIIOPTA PeruOHAJLHOI
0e301MacHOCTH

UccnenoBanne mpoBoaMioCch Ha mpuMepe npobiemM  0e30MacHOCTH,
cnenuuuHBIX JuIs  MypMaHCKOH 00JacTd — perMoHa, BXONANIETO B  COCTaB
ApxkTudeckoli 30HbI Poccuu, M HampaBieHO Ha pa3BUTHE MH(OPMAIMOHHBIX TEXHO-
JIOTUH M CHCTEM CETEHEHTPUYECKOTrO YIPaBJICHUS PETHOHAIHHON 0€30MacHOCTHIO B
Apkruke [1, 2].

B cBoem ykase or 31 mekaOps 2015 roma Ne 683 Ilpesuument PD yrBepaun
Crparteruio HanuoHaIbHOW Oe3omacHocTH Poccuiickoit ®epepanuu [3] (mamee -
Crparerus). JlaHHas cTparerdsi ONpeieNsieT «HAIMOHAIBHYI0 OE30MacHOCTh)» Kak
COCTOSIHME 3alllMIICHHOCTH JIMYHOCTH, OOIIECTBA M TOCYJapCTBa OT BHYTPEHHUX U
BHEIIIHUX yTPO3, IPH KOTOPOM OOECIICUMBAIOTCS pean3aliis KOHCTUTYITHOHHBIX TIPaB
n cBobox rpaxman Poccwiickoit @Denmepanmy (nanee - rpakaaHe), JTOCTOHHBIC
KauecTBO W ypPOBEHb WX JKU3HU, CYBEPEHHTET, HE3aBHCHMOCTH, I'OCY/NapCTBEHHAS U

* PaGoTa BbINOJIHEHA [IpH OIepKKe Poccuiickoro ponna BpyHIaMeHTaNbHbIX HCCIIeI0BAHMI - IPOCKTHI
Ne 15-07-04290-a, Ne 15-29-06973-0¢u, Ne 15-07-02757.

44



TEPPUTOPHAIbHAS LEIOCTHOCTh, YCTOWYMBOE COIMAIBbHO-DKOHOMHUYECKOE DPa3BUTHE
Poccwmiickoit ®@enepanmu. HammonampHast 6e30macHOCTh BKITIOYAaeT B ce0si 00OpOHY
CTpaHBI W BCE BHJBI 0E30MACHOCTH, mpemycMoTpenHsie Koncrurynmeit Poccuiickoit
@enepaund W 3akoHoJaTenbCcTBOM Poccuiickoir  ®Depepanuu, TMpekIE BCETO
rOCYJapCTBEHHYIO, OOIIECTBEHHYIO, MH(POPMALIMOHHYIO, 3KOJIOTUYECKYI0, SKOHOMHU-
YECKYI0, TPAHCIOPTHYO, SHEPreTHIECKYI0 0€3011aCHOCTh, 0€30M1aCHOCTh JTUYHOCTH.

Poccuiickas ®Denepanms peanu3yeT CBOM NOTPEOHOCTH B HAIIMOHAIBLHOM
0e30macHOCTH  4epe3 CTpaTeTHUECKHE HAIMOHAJbHBIE TMPHOPUTETHL. TaKuMu
IIPUOPUTETAMHU SIBIISIFOTCS:

e O00OpoHa CTpaHbl — B JaHHOM padOTe HE pacCMaTpUBACTCS.

e ['ocynapctBeHHass W oOmiecTBeHHas: 0e30macHOCTb. OCHOBHBIE YIPO3BI
oO1ecTBeHHON Oe3onmacHOCTH nepeurciensl B m.43 Ctpaterun. bonbiuas yacTs yrpo3
HOCUT KPUMHUHAJBHBIH XapakTep, HO BBIAEISETCS Yrpo3a CTHUXUIHBIX O€INCTBUH,
aBapuil u KaracTpod, B TOM YUCIIE CBSI3aHHBIX C IJ100aJIbHBIM U3MEHEHHEM KJIMMAaTa,
YXyIIIEHUEM TEXHUYECKOTO COCTOSIHMA OOBEKTOB HHGPACTPYKTyphl U BO3HHK-
HOBEHUEM I107KapOB.

e JloBhillIEeHUE KayecTBa JKU3HU POCCHMCKUX TrpaxkgaH. B pamkax 3Toro
NPUOPUTETA BBIACIAIOTCS CICAYIOIIME YIpO3bl: HeOJIarompusaTHas AWHAMHKA
pa3BUTHA HSKOHOMMKH, OTCTaBaHHME B TEXHOJIOTMYECKOM pa3BUTHUH, BBEICHHE
OTpaHUYMUTENBHBIX SKOHOMUYECKHX Mep MpoTuB Poccuiickoit denepariuu, HeleneBoe
pacxojoBaHNe OFOJHKETHBIX ACCHTHOBaHMH, yCHJICHHE TU(QepeHIHaA HacEICHUs
10 YPOBHIO JOXOAOB, CHH)KEHHE KauecTBa IMOTPEOUTENBCKUX TOBAPOB M OKa3bIBAEMbIX
HaceneHuto yciayr. Cpenu Bcex Mep, KOTOpble JOJDKHBI IMPEeNNpUHUMATh OpTraHbl
FOCYIIapCTBCHHOﬁ BJIaCTU U OpraHbl MCCTHOI'O CaMOYIPaBJICHHA BBIACIAIOTCA MCPhI
o0 00eCTIeYeHHIO MTPOJIOBONIBCTBEHHOM Oe3omacHocTH (1. 54 Ctparernu [3]).

® DKOHOMHUYECKUH pOCT. ['JTaBHBIMU CTPAaTETMYECKUMHU Yrpo3aMu HaLHUO-
HIBHOW  0€30macHOCTH B OONACTH  JKOHOMHMKHM — SIBISIIOTCS €€ HHU3Kas
KOHKYPEHTOCIIOCOOHOCTh, COXPaHEHHUE JKCIIOPTHO-CHIPLEBOW MOJCITH pPa3BUTHA U
BBICOKAasl 3aBUCHMOCTb OT BHEIIHEIKOHOMUYECKOH KOHBIOHKTYpBI, OTCTaBaHHUE B
pa3paboTKe W BHEAPEHUH TMEPCIEKTUBHBIX TEXHOJIOTHH, HE3aIIMIIEHHOCTb
HAIMOHATLHON (PMHAHCOBOW CUCTEMBI OT JCHCTBHI HEPE3UACHTOB U CIEKYISTHBHOTO
WHOCTPAaHHOTO KalWTaua, YsS3BHUMOCTh €€ WH(QOPMAIMOHHON HH(PaCTPyKTYpHI,
HecOamaHCUPOBAaHHOCTh HALMOHAIBHOM OFOJDKETHOH CHCTEMBbI, PErHCTpalus MpaB
COOCTBEHHOCTH B OTHOIIEHMM 3HAYUTEIbHON YacTH OpraHu3alMii B MHOCTPAaHHBIX
FOPUCIMKIIMAX, YXYAIICHUE COCTOSHUS W HCTOIICHUE CHIPHEBOW 0a3bl, COKpAIlCHHE
NOOBIYM W 3alacoB CTPATErMYECKH BaKHBIX IOJE3HBIX HCKOMAeMbIX, Mporpec-
cUpymolas TpPyIOHEAOCTaTOYHOCTb, COXPAHEHHE 3HAYUTEIbHOH JOIM TEHEBOU
SKOHOMHUKH, YCIOBMM I KOPPYNIMH M KPUMHUHAIM3ALUU  XO3AHCTBEHHO-
()MHAHCOBBIX OTHOILICHUM, HE3aKOHHOW MHUTIpaIlMi, HEPaBHOMEPHOE pa3BUTHE
PETMOHOB, CHW)KEHHE YCTOWYMBOCTM  HAIMOHAJIBHON  CHCTEMBI  pacCesIeHHs
(. 56 Crpareruu [3]).

e Hayka, TexHomnoruu u odpazoBanue. OCHOBHBIMH YIrpo3aMH HAIlMOHATBHOM
0e30macHOCTH B 00J1aCTH HAyKH, TEXHOJIOTHH B 00pa30BaHMs SBISIFOTCS: OTCTaBaHHE B
Pa3BUTHU BBICOKHX TEXHOJOTHH, 3aBUCUMOCTb OT MMIOPTHBIX IOCTABOK HAy4YHOTO,
UCTBITATENILHOTO  000pyIOBaHUSl, NPUOOPOB W  3NEKTPOHHBIX KOMIIOHEHTOB,
MpOorpaMMHBIX W alllapaTHBIX CPEIACTB BBIYHCIIUTEIILHOM TEXHUKH, CTPATCTUYCCKUX
MaTepHajoB, HECAaHKUMOHHUPOBAaHHAs Iepenauya 3a pyOek KOHKYPEHTOCIOCOOHBIX
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OTEYECTBCHHBIX TEXHOJOTWH, HEOOOCHOBAaHHBICE OJHOCTOPOHHHE CAaHKLIUH B
OTHOIIIEHUHU POCCHICKHUX HAYYHBIX M 00pa30BaTENbHBIX OPTaHU3AINN, HETOCTATOUHOE
pa3BUTHE HOPMATHUBHO-TIPABOBOW 0a3bl, Hed((EeKTHBHAS CHCTEMa CTHMYIHPOBAHUS
JEATSIILHOCTH B 00JacTH HAayKd, WHHOBAIlMA ¥ TPOMBIIUICHHBIX TEXHOJIOTUH,
CHIDKEHHWE TIpecTka mpodeccuil mpemoaaBaresl U HHKEHEpa, YPOBHS COIHMATBHOM
3aIUIIEHHOCTH DPAa0OTHUKOB WH)KEHEPHO-TEXHHYECKOTO, MPOo(eccopcKo-Tpenoa-
BaTENbCKOTO W HAYYHO-IEJAarorn4eckoro cocraBa, KadecTBa OOILEro, CpegHero
po(eCcCUOHATIBHOTO U BhICIIEro oOpa3oBanus (1. 68 Ctparteruu [3]).

¢ 31paBooxpaHeHHe. YTpo3aMu B cepe 3apaBOOXpaHEHHS COTIIACHO CTpa-
TETUH SBISAIOTCS: DIUASMHA W TAHAEMH, MacCOBOE pPACIPOCTPAHEHHWE TaKHX
3a00JIeBaHUi, KaKk OHKOJIOTUYECKHE, CEPACYHO-COCYAUCTHIE, YHIOKPUHOIOTUIECKHUE,
BUY-undekunu, tyOepkyne3, HapKOMaHUS W aJKOTOJIU3M, YBEIMYCHHE CIydacB
TpaBM W OTPABJICHHHN, JOCTYITHOCTh IICUXOAKTUBHBIX W MCUXOTPOMHBIX BEIIECTB IS
He3akoHHOTO moTpednaenus (. 72 Crpareruu [3]).

e KynbTypa. Yrpo3aMu HalnuoHanbHOW O€30MacHOCTH B 00JACTH KYJIBTYpBI
SBIISIIOTCSL  Pa3MbIBAaHWE TPAJUIMOHHBIX POCCHICKHX  JyXOBHO-HPaBCTBEHHBIX
[IEHHOCTEH ¥ oOcla0lieHue eIWHCTBA MHOTOHAIMOHANBFHOTO Hapona Poccuiickoit
Qdenepanyy mMyTeM BHEIIHEH KyJIbTYpHOH M MH(POPMAIMOHHON IKCHAHCHU (BKIFOYAS
pacmpocTpaHeHue HHU3KOKAYECTBEHHOW MPOAYKIMH MAacCOBOH KyJbTYpHI), MpoIa-
raHJbl BCEJO3BOJEHHOCTH W HAaCWJIMUSA, PACOBOM, HALMOHAIBHOM W PEIUTHO3HOMN
HETEPIIMMOCTH, a TaKXKe CHIDKEHHE POJM PYCCKOTO SI3bIKa B MHUpE, KayecTBa €ro
npernojaBanusi B Poccun u 3a pyOeskoM, MOMBITKH (albCHPHUKAUN POCCHICKON U
MHUpPOBOH HCTOpHHU, MPOTHUBOMPABHBIE TMOCATATENILCTBA HAa OOBEKTHI KYJIbTYpHI
(. 79 Crparernu [3]).

e DKOIIOTHSI KHUBBIX CHCTEM U paldOHAIBHOE MPHUPOOIOIB30BaHHUE.
Crparerust sBHBIM 00pa3oM He MEPEUYHCISeT yrpo3bl B cdepe 3KOJIOTHH KHBBIX
CHCTEM W PalMOHAIBHOTO MPHPOJOIOIH30BaHUS, OJHAKO (HOPMYJIHPYET OCHOBHBIC
CTpaTernyeckue Lenn. TakuMH TEeNsIMH SBISIFOTCS COXPaHEHHWE W BOCCTAHOBIIEHUE
MIPUPOIHBIX CHCTEM, O0eCTIeYeHIe KaueCcTBa OKPYIKAIOIIEeH CPeIbl, HEOOXOAMMOTO IS
KHU3HH YEJIOBEKa M YCTOMYMBOTO Pa3BUTHSI SKOHOMUKH; JTMKBUIAIHS SKOJIOTUIECKOTO
ymepba OT XO3SHCTBEHHOM [EATENbHOCTH B YCJIOBHSX BO3pacTaollell 3KOHOMH-
YEeCKOW aKTUBHOCTHU U IMI00ANBHBIX H3MeHeHnH kiaumara (. 83 Crparerun [3]).

e CTparernyeckass CTaOWJIBHOCTh ¥ PaBHOIPABHOE  CTPATETHYECKOE
MapTHEPCTBO — B JaHHOW paboTe He paccMarpuBaroTcs. CTparerus JODKHA OBITh
peann3oBaHa 3a cHYeT KOHCOIHMJIAIMN YCHIIMH U PECYpCOB OPTaHOB TOCYJapCTBEHHON
BIIACTH ¥ OPTaHOB MECTHOTO camoympasieHus. [lonoxenns Ctpareruu o0s3aTenbHBI
JUTS IPAMEHEHUS] BCEMH OpraHaMU BJIACTH (B T.4. PETHOHAIBHOTO YPOBHS).

W3 mpuBeleHHOTO BHIIIE MEPEYHS Yrpo3 BHIHO, YTO JUIS OLIEHKH YpPOBHS
HAIIMOHATLHON 0€30MacHOCTH TpeOyeTcss OTCIEKHMBATH MHOXKECTBO IapameTpoB.
[Nockonbky monoxenus CtpaTeruu 00S3aTENBbHBI ISl PUMEHEHHS BCEM OpraHaMu
BJACTH HAa Pa3IMYHBIX YPOBHIX, TO JKEJAaTElIbHO HAIMYME JOKYMEHTA, KOTOPBIH
cojiepkan Obl B cebe Bce OTCIC)KUBACMbIe MapaMeTphl Ha PETHOHAILHOM YDPOBHE.
TakuM JOKyMEHTOM MOXET OBITh MACIOPT PEeTrHOHANBHOH Oe3omacHocTH. Hammuume
MOI0OHOTO TOKYMEHTA M €T0 MEePUOANYecKast aKTyaTu3allisl II03BOJIUT PETHOHATHHBIM
BIacTsM c(OpMyIHpOBaTh M IMPOBOJUTH PETHOHAIBHYIO TOJUTHKY O€30IacHOCTH,
HampaBJICHHYIO Ha JOCTHXEHUS YPOBHs Oe3omacHocTH, Tpedyemoro CtpaTeruei.
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B pabote [4] mpuBeneHa KOHIENTyalbHAas MOJEIb MPEIMETHONH O0JACTH
«HopmatuBHO-MeTOmMYecKass 0aza B cdepe MPOMBINUICHHON Oe3omacHoCcTH». U3
KOHIENTYaJIbHOI MOZETH BUIHO, YTO HOMEHKIIATypa u 00beM TOKyMEHTAIH B cepe
MPOMBINUICHHOW 0€30MacHOCTH JIOBOJLHO OOJBINOW, B JAaHHOW paboTe MBI
OTpaHHYMMCS TacmopTamu Oe3zomacHOCTH. Cleayer OTMETHTh, YTO IacloOpTOB
0e30MMacHOCTH CYIIECTBYeT HECKONbKO BUAOB [5]. s Hyxn pazpaboTku macmopra
perHOHANILHOM  0€30MacHOCTH  HauOOoJbIIUH uHTepec mnpexacraBiser «llacmopt
Oe3omacHOCTH TeppuTOpu» (TouHOE HasBaHue «I[lacmopT Oe3o0macHOCTH TEPPUTOPHIA
cyopexkToB P® ®w MyHUIUOambHBIX 00pa3oBaHH»), pa3padaThIBa€MBI B
cootBercTBuM ¢ mnpukazoM MUC Poccum ot 25.10.2004 Ned84 [6]. I[lockonbKy
HazBanus «llacmopr peruoHanpHOW Oe3omacHocT» u «[lacmopT Oe3omacHOCTH
TEPPUTOPHUH...» BeChbMa IIOXOXH, TO WMEeT CMbIcH paccMoTpeTs «llacmopt
0e30IaCHOCTH TEPPUTOPHH. ..» (Hamee i kpatkoctu - [IBT) Gonee moapooOHO.

TpedoBanus Kk nacnopry 6e30MaCHOCTH TePPUTOPUM cyObeKkTa Poccuiickoi
Degepauyy ¥ MYHMIMIIAIbHBIX 00pa30BaHuUil

CornacHo npukazy Ned484 [6] IIBT paspabaTpiBaeTCsl Ui PEMICHUS CIETYIOIIAX
3a1a4:

® OIIpEJICIICHUE [T0KA3aTeNIel CTENIEHU PUCKA YPE3BbIYalHbBIX CUTYaLUi;

® OLICHKA BO3MOKHBIX IIOCJIEICTBUN YPE3BbIYAWHBIX CUTYyalLUi;

® OIICHKA COCTOSIHHSI paboT TePPUTOPHUATBHBIX OPTaHOB TIO MPEIYIPEkKACHHUIO
YpE3BBIUANHBIX CUTYaLIUH;

e pa3paboTKa MEPOIPHUATHH 110 CHIKEHHIO PUCKA M CMATYEHHUIO MOCIEACTBUN
YpEe3BbIYAMHBIX CUTYallull HA TEPPUTOPHUHU.

IIBT momkeH BKIOYATH B ceOs CIEqyOIIee:

® TUTYJIbHBIN JIUCT;

e pasnen I "OOmas xapakTepucTHKa TePPUTOPUH";

e pazzen Il "XapakrepucTrka onacHbIX 00bEKTOB HA TEPPUTOPUH'";

e paznen III "TlokazaTenu pucka NpUPOIHBIX Ype3BbIUAHHBIX CUTyalnit";

e paznen IV "IlokazaTenu pucka TEXHOTEHHBIX YPE3BBIYAMHBIX CUTYaIH'";

e pasznen V "[lokazatenn  pucka  OHMOJIOTO-COIMAJBHBIX  YPE3BbIUAHHBIX
cutyanuit";

e pazaen VI "XapakTepucTuka OpraHU3allMOHHO-TEXHIUYECKUX MEPOIPHUSTHI
IO 3alUTE HACENICHHS, TIPETYIIPEHKTCHUIO YPE3BBIUAHBIX CHTYaIlUil HA TEPPUTOPUH'";

e pazzaen VII "PacueTHOo-nosicCHUTENbHAS 3anUCKa".

Xota coiepikaHHe JOKYMEHTa pErjlaMeHTHPOBAaHO, B HEro JIOMyCKaeTcs
BKITIOYATH JIOTIOJTHUTENbHBIC CBEJICHHS C YI€TOM OCOOCHHOCTEH TEPPUTOPHH.

B paznenax I-VI cBenenus npeacrasieHsl B Tabnuunoi Gopme. Conepxanne
U CTPYKTypa TaOJull periaMeHTupyroTcs npukasom Ned84. Tabmuipl B 3TUX pasnenax
3aIIOJIHSIOTCS HAa OCHOBE PAcueTOB, CIEJAHHBIX B PACUETHO-TIOSICHUTENILHON 3aIiCKe
(pazmen VII). Conepxkanue pacueTHO-TIOSICHUTEIBHONW 3alUCKH TaKXKe perjamMeH-
TUpyeTcs npuka3zoM Ne484, oHa 10JDKHA COAEP)KaTh B cebe CIelyIoNe CTPYKTYPHBIE
JJIEMEHTHI:
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® TUTYJLHBIN JIUCT;

® CIIUCOK WCIOJMHUTEICH C YyKa3aHWEM JOJDKHOCTEH, HAy4YHBIX 3BaHUM,
Ha3BaHUEM OpraHU3allUY;

® AHHOTAIINS;

e conepkanue (OTIaBICHUE);

® 33/1a4YM U IEJIN OTICHKH PHUCKa;

® KpaTKOE OIMMCAHMe OCHOBHBIX OMACHOCTEH Ha TEPPUTOPHH;

® HCIIOJIb30BaHHAs METOMOJIOTHS OLEHKH pHCKA, WCXOJHBIE JaHHBIE U
OTpaHWYECHHS [UISI ONpEeJeNIeHUs] TOoKa3aTeledl CTeNmeHW pHCKa Ype3BbIYaiiHBIX
CUTYallUl;

® ONUCAHKWE MPUMCHSICMBIX METOJIOB OIEHKA pHCKa M OOOCHOBaHHME WX
MIPUMCHCHUS;

® pe3yNbTaThl OIEHKH PHCKA YPE3BBIUAWHBIX CHUTYAIlMid, BKJIIOYas UpPE3BBI-
YaifHbIE CUTYallid, WCTOYHHKAMH KOTOPBIX MOTYT SIBUTHCS aBapHH WA UYPE3BBI-
YaifHple CHTyallud Ha OOBEKTaxX, PaCIONOKEHHBIX Ha TEPPUTOPHH, TPAHCIOPTHHIE
KOMMYHHUKAIIUH, & TAK)KE MPUPOIHBIC SBIICHUS;

® aHaJN3 Pe3yNbTAaTOB OIEHKU PUCKA;

® BEIBOJIBI C TIOKa3aTelsIMH CTEMEHH pUCKa Ui HaumOolee OMacHOTO |
HanboJIee BEPOATHOTO CIEHAPUS PAa3BUTHS YPE3BEIYaHBIX CHUTYAIIHIA;

® pEKOMEHIAIUN I pa3pabOoTKU MEPONPHATHN IO CHIDKCHHIO pPHCKa Ha
TEPPUTOPHH.

Hcxonnblie naHHbIe 1JIs1 pa3padoTKH NacnopTa 6e30MacHOCTH TePpPUTOPHH
cyobekrta Poccuiickoii @egepaunu ¥ MyHMIMIAIbHBIX 00pa30BaHUil

B pabGore [7] paccmoTpeHa mpoOiema MacmOpPTH3AIMH OE€30MaCHOCTH
MYHHIIATIATBHBIX 00pa3oBannii MypMaHCKOW 00JacTh, TakKe MPUBOJUTCS IEepeueHb
HCXOJIHBIX JIaHHBIX, TpeOyeMbIxX AJisi pa3paboTku macmopra. Ecnu «mepeBecTm» 3TOT
NepeyeHb Ha pernOHAIbHBINA YPOBEHb, MOKHO CKa3aTh, YTO UCXOJHBIMU JAHHBIMH [
pa3paboTku macmopTa 0e301MacHOCTH TeppUTOpHH cyOhekTa PD sBisroTCS:

e NIPEeKHUK macnopt Oe3omacHOCTH Teppuropuu cyObekta P® (mpu ero
HaJTUYWH ),

® [IepeyYCHb OMACHBIX 00BEKTOB, HAXOSIIUXCS HA TePPUTOpUH cyObekTa PD;

e JIEKJIapaliil MPOMBIIUIEHHOH O€30MacHOCTH M macmopTa 0e30macHOCTH
OTACHBIX 00BEKTOB, HAXOAIINXCS HA TEPPUTOPHHU CyOBbekTa PD;

e xaprorpaduueckas uHpopmauus o Teppuropun cyobekra PD B anekt-
POHHOI u/unu OymMaxcHOU Gopme.

IlepeueHs onacHBIX OOBEKTOB, HAXOAAILIMXCS HA TEPPUTOpUHU cyObekTa PO
OTIpe/IeINsieTCs MPABUTEILCTBOM cyObekTa PD. Hanpumep, niast Mypmanckoii obnactu
NepeyeHb OMAaCHBIX 00BEKTOB ONpeelsseTcs nmocranorienueM [8]. Mudopmanmonnas
MOJieJIb pa3paboTKM macrmopra Oe30MacHOCTH TNpPHBEICHAa Ha PHUCYHKE HIKe. 3a
OCHOBY B3fiTa WH(POPMALMOHHAs MOJENb pa3paboTku macmopra Oe30MmacHOCTH
MYHHIIMIIATBHOTO 00pa30BaHus, NpuUBeAeHHas B [7].
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Baok o0meil MeToT0I0THE aHATHIA
~ Buiiox 3aKoHOJATEIbHBIX AKTOB
omacHocTel

Janoan

‘ MeTone: anamiza puca ‘ TloCTaHOBISERA
[ — L_--0anonenis

Hopusl i npaenna
Ge0macHOCTH

‘ MeTonE! TEODMH HANEHHOTH ‘

‘ MeTome: Teopis HIp ‘ VpPOEEHE
\
HacoopT

Jf?i I@ fezomacHoCcTH l@
cybbexta P@
B ok opex HO-Op HEHTHP BIX| @ - ® B0k HCX0OHBIX JaHHBIX IO
METOI 0B H MojeTeii (MeToauk) MYHHIHOATLHOMY 00pa3oBEaHHI

TIpHponHEE dpessEIainnle JanHEle 00 OMACHEDL
CHTYAOEH MPOH3EQICTEAX H BSIIECTEAX

@
TexHOTEHHEI: Tpesssl mil e E . @ ‘ JlaHERE 0 IPHPOTHO-
CHTYEOHH ETIMATHYECKH Y JCIIOB AX
BHOMOT 0-CONHAMEHE S ‘ Alamste 0 nepeome F
‘ IpeSERMARHEE CHTYAIHT E e Hacenei
(D - TpeboRaHEA O CIPYKTVPE H COCTARY JAHHEIX, ® - 0bnacTH IPHMERNMOCTH, OTPAHHYEHHA METOTHE;
@ - TpeboRaHHAA K MOpAIKY PaspabOTKH MACIOPTA; @ - mpeaMETHO-OPHEHTHPOEAHHAR METOJHEA;
@ - TpeboBaHMA K PE3VIBTATAM AHATH3A; @ - TpeboBaHMA IO COCTABY, TOMHOCTH H HAZEKHOCTH JaHHEIX:
@ - MeToJ OLEHKH OIacHOCTel H PHCKOE, @ - gocTyIHEIE JaHHLIE H HX XaPaKTEPHCTHEN,
@ - 0bTACTH NPAMEHMMOCTH, OTPAHHYEHHA METOI0E @ - scxoaHBIe JaHHElE 10 MYHHITHIATEHOMY 00pa30BaHHIO

Puc. 1. Hngpopmayuonnas modenv pazpabomxu nacnopma 6e30nacHocmu
cyovexma P®

Onucanue ITanoB pa3padoTKH NACNOPTa 0€30MACHOCTH TEPPUTOPHH CYOBEKTA
Poccuiickoii ®enepanyu ¥ MyHMIMIAIbHBIX 00pa30BaHuUil

B pabore [9] mpuBOAATCA OCHOBHBIC 3Tallbl Pa3pa0OTKH Mmacropra 0e30-
MacHOCTH OMAacHOro 00bekTa. Pa3paboTka nmacnopra 0€30MaCHOCTH OMACHOI0 00BEKTa
MIPOXOJUT B 3 OCHOBHEIX dTara:

1. Coop m W3y4eHHE HOPMATHBHBIX TOKYMEHTOB WM HCXOJHBIX NIAHHBIX IIO
ornacHoMy OOBEKTy; pa3paboTka MakeTa JokyMmeHTa «[lacmopr Oe3omacHoCTH
OITaCHOTO OOBEKTa.

2. Pa3pabotka 1-if pemakuu macmopra.

3. OdopmiieHue, yTBEpIKICHUE U COTJIACOBAaHUE JJOKYMEHTA.

Pazpaborka IIBT mpoBoauTcs aHAIOTHYHBIM 00pa3oM, OTIMYHS MOTYT

3aKII0YaThCsl B JAeTalsax. B  uactHocTH, B mpukaze Ne484 [6] comepxkurcs
npeanucanue npukiansBaTh K [IBT kapThl, miIaHel ¢ HAHECEHHBIMH Ha HUX 30HAMH
MOCTEJCTBUM BO3MOXHBIX YpPE3BBIYAWHBIX CHUTyallMi, a TaKXKe€ 30HaMU WHIUBHU-
IyajgbHOTO (TIOTEHIMAIBLHOT0) prucka. KpoMme Toro, Ha KapTy TEeppUTOPHUN HAHOCSTCS
MapUIpyThl IEPEBO30K ONACHBIX TPpy30B. B mpukasze Ne506 [10] TpeboBaHNEe HAHOCUTD
Ha KapTy MapUIPyThI IEPEBO3KH OMACHBIX TPY30B OTCYTCTBYET.
HeobOxomumo Takke OTMETUTh, 4TO Tipuka3 [10] HocuT gocTaToYHO 00Ul XapakTep.
Hampumep, He 0003Ha4YeHa METOJOJIOTHSI OLIEHKH PHCKa — Haumboiee CIOXKHOW U
OTBETCTBEHHOW KOMIIOHEHTHI HCCJIEIOBAaHUA. 37eCh MOXHO ONEpeThcs Ha OOIIyIo
Meroauky [11], a Takke CIENMATU3MPOBAHHBIE METOJUYECKUE MAaTEPHAIBI THITA
[12, 13]. Ilpu OTCYTCTBUM YTBEPKAEHHBIX METOAMK OIIEHKA ITOKa3aTelel puckKa, Ha
HaIll B3IV, MOXKET MPOUM3BOAMUTHCS Pa3pabOTUNKOM IO COOCTBEHHBIM aJTOPUTMaM
W/WJIM SKCIIEPTHBIM ITyTéM [9].
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AHaJIM3 BO3MOKHOCTH HCIIO0JIb30BAHNSA NMACIOPTA 0e30IIaCHOCTH TePPUTOPHH
cyobexTa PO 1 MyHMIMNAJBHBIX 00pPa30BaHUii B KayecTBe MAacnopTa

pernoHaIbLHOM 0e30MacHOCTH

B Tabnure npoBeneH aHaM3 BO3MOKHOCTH Hcnois3oBanus [IBT B kauecTe
MacnopTa peruoHainbHOU Oe3omacHocTu. B tabmune nBa cronbua: «HaruoHanbHBIN
MPUOPHUTET, BHUI Yrpo3» u «OTciexuBaeMbie mapameTpb». B cronbue «Harmo-
HaJIbHBIH TIPHOPHUTET, BUA YIPO3» NPUBEICH NepedeHb Yrpo3 Oe30MacHOCTH W3
Crparernm, B cronbre «OTclexuBaeMble IapaMeTphD» - IEpeUcHb IMapaMeTPOB,
npucytctByromux B IIBT, KOTOpble MOXXKHO HMCHOJB30BaTh B KAayeCTBE UHMCICHHOM

XapaKTePUCTUKH yTPO3bI.

Amnanu3 nacnopta 6€301acHOCTH TePPUTOpUH cyObekTa PD

HauunoHaJbHbIH NPUOPHUTET,
BHJ YIpo3

OTciae:xknBaeMble apaMeTpbl

I'ocynapcTBeHHast 1 OOLIECCTBEHHAS
0€30MacHOCTD:

1. Yrpo3sl KpUMHHAJIBHOTO XapaKTepa.

2. YTpo3bl CTUXUUHBIX OCICTBHIA,
aBapuii, katacTpod, yrpossl,
CBSI3aHHBIE C yXY/IIICHHEM
TEXHHYECKOTO COCTOSTHUS 0OBEKTOB
UHPPACTPYKTYPHI, IIOKAPEIL.

. KommnuecTBo nmpectymnennii Ha 1000

yen. (pazaen [ [16T).

. KommngecTBo nmoreHImansHO

OTIaCHBIX 00BEKTOB, CTETIEHb U3HOCA
IMPOU3BOJACTBCHHOT'O U JKUJIOT'O
(honna, komnaecto UC, pazmep
ymepba ot YC, mokazaTens
KOMIUIEKCHOTO PUCKa, I10Ka3aTelb
MIPUEMJIEMOTO PUCKA, KOJIMYECTBO
rorubmmx ot UC, cM. Takke CTPOKY
«DKOJIOTHS JKUBBIX CUCTEM U
paLuoHaIbHOE
MIPUPOAOIOIH30BAHUEN.

IToBbIIeHNE KaueCTBa KU3HU
POCCUICKHUX IpaXk/iaH:

1. HebGnaronpusTHas TMHAMHUKA
pa3BUTHUS SIKOHOMHKH.

2. OrtcraBaHue B TEXHOJIOTHUYECKOM
pPa3BUTHH.

3. HeueneBoe pacxogoBaHue
OIOJPKETHBIX ACCUTHOBAHUM.

4. VYcunenue quddepeHnmaniu
HaCeJICHHS 110 YPOBHIO JJOXOJIOB.

5. CHmxeHHe KadyecTBa
MOTPEOUTENHCKIX TOBAPOB U
OKa3bIBAEMBIX HACEIIEHUIO YCIIYT.

6. IlponoBosibcTBEHHAsT 0€30MACHOCTD.

B IIBT otcyTCTBYIOT.
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npoooIceHUe madauybl

DKOHOMHYECKHHA POCT:

1. Hwuskas KOHKYpEeHTOCIIOCOOHOCTh

1 — 8. BIIBT oTcyTcTByIOT.
9-11. YactuaHo — vepe3 mapameTp
«KomuuectBo npectymuienuit Ha 1000

9KOHOMHUKH.
yen.» (pasznen [ TIBT).

2. CoxpaHeHHE IKCIIOPTHO-CHIPbEBOI
MOJIENIU Pa3BUTHUS.

3. OrcraBanue B pa3padOTKe U
BHE/IPCHUU MEPCIIEKTUBHBIX
TEXHOJIOTUH.

4. HezammmeHHOCTs HAITMOHATEHOM
(MHAHCOBOI CUCTEMBI OT JIeHCTBUI
HEPE3UICHTOB.

5. VYsa3BumocTs HHPOPMAIIHOHHON
UHPPACTPYKTYPHI.

6. HecbamancupoBaHHOCTH
OIOKETHOW CHCTEMBI.

7. VYXynuieHue COCTOSIHUS U
UCTOIICHHUE CHIPHEBOM 0a3bl.

8. Cokpamierne JOOBIYH U 3aM1acoB
CTPATETHUECKH BaXKHBIX ITOJIE3HBIX
HCKOTIAeMBIX.

9. CoxpaHeHHE 3HAYUTEIHLHOUN 10JIH
TEHEBOU SYKOHOMUKHU.

10. Koppymusi.

11. He3akoHHas MUTpaIus.

Hayxa, TexHonoruu u o6pasoBaHue: B IIBT oTcyTCTBYIOT.

1. 3aBHCHMOCTH OT UMITOPTHBIX
MOCTaBOK HAYYHOTO 000PYOBaHMUS,
npruOOpOB, MPOTrPAMMHBIX
KOMITOHEHTOB U TIp.

2. Hesbdexrunas cucrema
CTUMYJIUPOBaHUS ACATEIBHOCTH B
o0nacTy HayKH.

3. CHmxeHHe npecTrxa npodeccuit
NpernojaBaTens U HHKeHepa.

4. CHWXEHHUE YpOBHS COLMAIBHON
3aMIUIIEHHOCTH PA0OTHUKOB HAYKH
1 00pazoBaHMUS.
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OKOHYAHUE ma6ﬂu1{bl

3npasooxpancHue: 1. Yactuuno — pazaen V I1BT.

1. DnupemMun, HaHAEMHU. 2. BTIBT otcyrersyior.

2. PacmpocTtpaneHHOCTh
oTpeieIeHHBIX 3a00IeBaHHM
(cM. BBIIIE B pazzaeie «AHAINA3
MPOOJIEMaTHKH. .. ).

B nenom cocrosiHue 31paBoOXpaHeHUs
B PETHOHE MOXKHO 0XapaKTepU30BaTh
Yyepe3 Takre mapaMeTphl Kak:
KOJIMYECTBO OOJIHHUYHBIX YUPEKICHHUH,
KOJMYECTBO WHPEKIIMOHHBIX
CTaIOHAPOB, YUCIEHHOCTH NIEpCOHANa
MEIUIIMHCKIX CIIeIHaTbHOCTEH

(paznen [ TIBT).
Kynprypa B IIBT oTCcyTCTBYIOT.
OKOOrus KUBBIX CUCTEM U Pasznenst I1I-1V I1IBT.

paloHATBHOE IPUPOJIONIONIE30BAHNE

N3 Tabmuner BuaHo, uyto IIBT MOXHO B34Th 3a OCHOBY IIacropra
pEeTHOHANBEHON 0e30MacHOCTH, T.K. COAEPKHT OOJBIIOE KOJMYECTBO IApPaMETPOB,
KOTOpBIE MOXKHO HCIIONb30BaTh B KAadeCTBE UHCICHHBIX XapaKTePHCTHK YIPo3
HAIIMOHAJILHOM (pernoHabHON) Oe3omacHocTH. YacTh yrpo3 0e30MacHOCTH HENb3s
oleHUTh, TOJNBKO ¢ momompio IIBT. Otgactm 310 cBsizaHo ¢ TeM, 4yto IIBT
OpPHEHTHPOBAH Ha YPE3BBIYAMHBIC CHUTYAIIMU IPUPOIHOTO U TEXHOTCHHOTO XapakTepa,
OTYaCTH C TEM, 4YTO 4YacThb YIrpo3 TPyOHO QopManu3oBarh (Hampumep, yrposa
«CHMKeHue MmpecTrka npodeccuii mpernoaaBaTelss 1 HHKEHEpay).

3akiIouyenue

B nmanHOil paboTe mpoBeAEH aHAIM3 MPOOIEMATHKH DPa3pab0OTKHA €TUHOTO
MacrmopTta PpEerMoHaNbHOW  O€30MaCHOCTH, PACCMOTPEHBI  OCHOBHBIE — yIpO3BI
HAIMOHATBLHOM (perHoHalbHOM) Oe3omacHOCTH. B kadecTBe NOKyMeHTa, Ha OCHOBE
KOTOPOTO MOXXHO pa3palaTbIBaTh MacloOpT PETHOHAIBHON OE30MacHOCTH B JaHHOW
pabore mpemiaraercsa ucnoib3oBath [IBT. Yacte cBeaenuii, conepxkamuxcs B I1BT,
KOJMUYECTBEHHO XapaKTEpHU3yeT HEKOTOphIE YIpo3bl HAI[MOHANBHOMN (pErnoOHAIBLHON)
0e301acHOCTH, NIEPEUHCIICHHbIE B Ta0.

Jst pa3paboTKu macnopra peruoHaabHOM Oe3zomacHOCTH TpebyeTcs GopMann3oBarb
HEKOTOpBIE€ BUIBI YTPo3 (BBIACIUTH KOJINYECTBEHHBIE XapaKTEPUCTUKH), KOTOPHIE HE
«nokpbiBatoTcs» [1BT.
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C.10. AkoBneB
WuctutyT HHGOPMATHKY M MaTEMaTHIECKOTO MOJICIHPOBAHHS TEXHOIOTHIECKUX MTPOLIECCOB
Konsckoro HIT PAH

MPOBJIEMA YYETA HEOMPEOENEHHOCTW MNPU YIPABJIEHUMN
PETMOHAIIbHON BE3OMACHOCTbIO*

AHHoOTauus
O6cyxpaeTcs NoHsATHE HeonpeaenéHHoCTHU. YcTaHaBsnvBatoTcs BUAbI
HeonpeaenéHHocTen, CYLLIECTBEHHbIE ans ynpasneHus pernoHanbHom

6e30MacHOCTbIO, paccMaTpyBalOTCA pPasnuyHble MOAXOAbl K dopmanm3aumm 3TuX
BnaoB. KoHcTpyupyeTcss OGOGLEHHLIM anropuTM ynpasneHus 6e30nacHOCTbIo,
OPUEHTMPOBAaHHbIN Ha paboTy ¢ HeonpeaenéHHOCTAMN.

Knroyeenie cnoea:
peauoHaribHasi 6e3onacHocmb, y4ém HeonpedenéHHOCMU, UHGOPMAaUUOHHbBIE MEXHOM02UU.

S.Yu. Yakovlev

THE PROBLEM OF UNCERTAINTY ACCOUNTING AT REGIONAL SAFETY
MANAGEMENT

Abstract
The concept of uncertainty is discussed. The types of uncertainties that are essential
for regional safety management are defined, and various approaches to formalizing
these types are considered. The generalized safety management algorithm is
developed, oriented to work with uncertainties.

Keywords:
regional safety, uncertainty accounting, information technologies.

BBenenne

®DakTop HEONpeNeNEHHOCTH B TOW WJIM WHOW (opMe MposBiseTcs mNpu
pelieHny 3aJad yNpaBJieHHWs B pasln4HbIX obnactsax. B cdepe permonanbHOi
0e30macHOCTH O3TOT (akTop TakKe MPHCYTCTBYET W HIPACT BAXKHYIO POJIb.
Heo0xoauMocTh KOJIMYECTBEHHOM OLIGHKM HEONPENeNIEHHOCTH MpH  YIPaBIEHUU
PUCKOM HE BBI3BIBAET COMHEHHH, OJIHAKO OTEYECTBEHHBIX WCCICJOBAHUN U
myOJIMKaIMil Ha 3Ty TeMy SIBHO HEIOCTaToO4vHO [ 1, 2].

Yuér u ¢opManuzanms HEONPEASIEHHOCTH B  HCCICAOBAaHUSAX  II0
0€30IaCHOCTH OCYILECTBISIOTCST B SIBHOM W/WIIM HESBHOW (opMax: TOCpeACTBOM
WACHTU(QHUKALMN M aHaJIM3a Pa3JIMYHBIX BHUIOB HEONPEAENEHHOCTH W/WIHA IyTEM
M3HAYaJIbHOTO TIPUMEHEHHS BEPOSITHOCTHBIX, BO3MOKHOCTHBIX WJIM MHBIX TOJXO/IOB.
Taxxe oOImel TEHAEHIIUEH SBISETCS CTPEMIIEHHE CHU3UTHh HEONPEeIEHHOCTh, €CIU
3TO BO3MOKHO W/HIIH LIEIeco00pasHo.

* PaboTa BhINonHeHa Npu (puHaHCOBOH noaaepxkke PODU (mpoektsl NeNe 15-07-02757, 15-29-06973,
15-07-04290).
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B HacTosmiei cratbe: 00OCyXmaeTcsl MOHITHE HEONPEACIEHHOCTH; YCTaHAB-
JUBAIOTCS BUABI HEOIPEIEIEHHOCTEH, CYIIIECTBEHHBIE IS YIIPABICHUS PETHOHATHLHON
0e30MMacHOCTHIO0; PACCMATPHUBAIOTCS Pa3UYHbIE TOAXOABI K (opMamm3amuu 3THX
BUJIOB, KOHCTPYHPYETCS OOOOIIEHHBIA aJrOpuUTM yIpaBICHUsS OE30IaCHOCTHIO,
OpPHUEHTHPOBAHHBIN Ha pabOTy ¢ HEOPEIEITEHHOCTAMHU.

Koneunoit menpio HCCIICIOBaHUN SBISETCS CO3MaHHEe WH()OPMAITMOHHON
TEXHOJOTHM TOJJCPKKH YIpaBlIeHUS O€30MacHOCTHI0O pEruoHa B YCIOBHSIX
HEONpeAeIEHHOCTH.

1. IlonsiTHE HeoMpeaeTEHHOCTH

CHayana KOHKPETH3WPYEM CaMO TIIOHSTHE «HEOMPEISIEHHOCTE», YTO
HE00XO0JIMMO, IOCKOJBKY HOPMATHBHBIC OIPEICIICHUS STOr0 TOHSATUS B OTEYECT-
BEHHOH MPaBoOBO# 0a3e Mo YNPaBICHUIO PUCKOM OTCYTCTBYIOT [2].

B cnoBapsx B.WM. Jlangs um C.U. OxeroBa WCXOTHBIM SIBIISICTCS TEPMHH
«HEOIpeeNEHHBIIY», KOTOPHI PACKPHIBACTCS CICTYIOLUIMM 00pa3oM.

«B TOYHOCTH HEW3BECTHBIN; HEUCCIICIOBAHHBIM, HECOCUUTAHHBIA, HEU3ME-
PEHHBI, HEONHCAaHHBII IO BCEM IPU3HAKAM CBOHMM; TEMHBIM, TrajaTelbHbIl U
COMHUTENbHBIA. Heomnpenenumslid, HEOOCTYNHBIA HCCICAOBAHUIO, OMNPEACICHUIO
(B.W. dais).

«l. Touno He ycTaHOBIEHHBIA. B  HeompeneleHHOM  HamNpaBlICHUU.
2. He BnosHEe OTUYETIMBBIN; HeTOUHBIH, HesICHBIID (C. M. Oxeros).

Takum o6pasom, B cinoBape B.W. Jlanms oTmedaeTcs Kak HETOYHOCTb,
HEIOJIHOTA, TaK W BO3MOXHOCTH IIOJIHOT'O OTCYTCTBHUA I/IH(bOpMaHI/II/I, 3HaHUA O
KoM(4u€M)-Tr0o0.

IIpumem moka ciemyrolmee pabodee ompeAeNieHHe: HEONpPeaeIEHHOCTh —
HCIIOJIHOTA, HCTOYHOCTDh, HCOAHO3HAYHOCTh HH(pOpMaHI/II/I, 3HAaHUA O I-IéM-J'H/I6O.

B Hacrosimiee BpeMsi B HayKe M TEXHHUKE TEPMHUH «HEONPEIEIEHHOCTH)
WCIIONB3YeTC KaK MOHITHE Ka4eCTBEHHOE (B TaHHOW BBINIE TPAKTOBKE), TAK M KOJIH-
YECTBCHHOE (HAIpUMEp, B METPOJIOTHH — KaKk Mepa pa3dpoca, MHTePBaJI 3HAUCHH ).

Jns kaxxmoro napamerpa (XapakTepHCTHKH, aTpuOyTa, pakTopa) MOXKeT OBITh
MIpeJIokKeHa CIIeyIoIast PAaHXKUPOBKa (TPpaallisl) CTETIEHN HeOIPeIeIEHHOCTH:

® [oJTHasE HEONpeAEIEHHOCTh (TTOJIHOE HEe3HaHHWE, OTCYTCTBUE WH(OPMAIUH),
KOT'/la caMO HaMEHOBaHHE MapaMeTpa HEM3BECTHO;

® U3BECTHO HaWMEHOBaHWE (WIM HAOOp BO3MOXKHBIX HAWMEHOBAHHNA)
rapamerpa;

® 3BECTeH Ha0Op 3HAYCHWI, WU JTMANla30H 3HAYCHWW, WU BEPOSITHOCTHEIC
(nn MHPBIE) XapaKTePUCTUKNA BO3MOXKHBIX 3HAYCHUH ITapamMeTpa;

® MOJIHAs OMNpPEAENEHHOCTh (TIOMHOE 3HAHWE), KOTJa W3BECTHO TOYHOE
(meTepMUHUPOBAaHHOE) 3HAUEHUE ITapaMeTpa.

Taxoe PaHKUPOBAHUE TIO3BOJIACT, BO-NICPBBIX, OTOXACCTBUTHL MNOHATUA
«CTETNeHb HEOTPENEIEHHOCTH» W «CTENeHb He3HaHWs» (WIH, YTO PaBHOCHIIBHO,
«CTETNeHb OMPENeNEHHOCTI» U «CTENeHb 3HAHUS» ), BO-BTOPHIX, SBHO HATAIKUBAET Ha
MBICIb O KOJIMUECTBEHHOM OIICHKEC CTCIICHMW 3HAHWA 110 aHAJIOTMH, HAIpuMep, C
BEPOSTHOCTHIO. BBeném o003HaueHHME JJIS CTENECHU 3HAHUSA - Kn (OT aHIJIMICKOTO
knowledge). Torma COCTOSHHIO «IIOJTHOE HE3HAHHWE» €CTeCTBEHHO MPHUINCATh
3HaueHue Kn = 0, COCTOSIHHIO «II0JIHOE 3HaHuey - 3HaueHue Kn = 1.
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Bo wMHormx paboTax o00CYXIaeTcsi COOTHOIICHHWE TOHATHH «PHUCK» U
CHEOTIPEACIIEHHOCTRY, MPUUYEM pa3zdpoc MHEHHWU odeHb mHUPOK [1, 2]. B Hacrosmiei
CTaThe MBI MPUACPKUBACMCS TIPUHITOTO M allpOONPOBAHHOTO paHee [3] ompeneneHus
pUCKa KaK KOJMYESCTBCHHOW MEphI OMACHOCTH, a HEOMPEACIEHHOCTh TPAKTYyEeM Kak
OIIMH U3 aTpuOyTOB (OHY U3 COCTABIISIOMINX ) BOZMOXKHOM OMACHOCTH (pHCKa).

Ilepeiiném K 3amauam yHOpaBICHHWS PETHOHANBHONW O€30MacHOCTBI0 U
CBOMCTBEHHBIX UM BHJIaM HEONPEIACIEHHOCTH.

2. OcHOBHbIE BUABI HeONpeaeTéHHOCTElH NP pellleHuH 32124 yPaBJIeHUs
peruoHaIbLHON 6e30MACHOCTHIO

Tunosast cuctemMa ynpasiIeHHUsI perHOHAIBHON 0€30MacHOCTbhI0, €€ QYHKINU U
3aJlayd OMUCaHbl paHee B pabortax [4-8]. Kaxmoit ¢yHknmu, 3amave, >Tammy
(YHKIIMOHUPOBAHUSI CUCTEMBl CBOWCTBEHHBI CBOM BHJbI HEONMPEAEIEHHOCTH. 3a1aun
aHaIM3a MPOMBIIIICHHO-TIPUPOTHOTO PUCKa OOBIYHO [2] pa3AeisaroT Ha ABE OOJBIIHE
COCTABIISIIOIINE — aHAJIM3 SKOJIOTHYECKOTO PHUCKa (3arps3HEeHNE OKPYKaIoIIeH cpelibl B
pEeXUME MTATHON KCIUTyaTalii 00bEKTOB TEXHOC(EPH) U aHaJIN3 aBapUIHOTO PUCKa
(Bo3meticTBUE MOpakaroIuX (aKTOPOB aBapHil M MHIMACHTOB). Hactosmas pabora B
OCHOBHOM  KacaeTcsi BTOpPOM  COCTaBISIIOIIECH — YHOPAaBICHUIO  PECHOHAIBHOMN
0€30I1acHOCTHIO B UPE3BBIYANHBIX M KPU3UCHBIX CHTYaIHSIX.

[lo mamemy MHEHHI0O W MHEHHIO aBTOopa [9], OOHMM W3 HCXOTHBIX (HO
3a4aCTyI0 HEOXXHIAaHHBIX, 3a0BIBAEMBIX W/HIN WTHOPUPYEMBIX) HCTOYHUKOB (BHUJIOB)
HEONMPEACAEHHOCTH TP PEIICHUH (HaKTUUYECKH JIO0OW 3amadyd  yIpaBieHUS
perMoHaNbHON 0E30MaCHOCTRIO SIBIISIETCS HEOIPENeNEHHOCTh TEPMUHOJIOTHH, T.€.
HEOJHO3HAYHasi TPAKTOBKA OCHOBHBIX MOHATHH (B T.4. Ja)ke BKIIOYas TEPMUHBI
«0e30macHOCTEY U «PHUCK»). [loaTomMy «OOprOy € HEONmpenenéHHOCTHIO» CIEIyeT
Ha4YMHAaTb UMCHHO C YCTaHOBJICHUSA OJHO3HAYHO TOJIKYEMOI'0O BCECMU YHACTHUKaAMH (B
pamMKax paccMaTpUBaeMON CHCTEMBI WM pelraeMoi 3a1adn) Te3aypyca. JKemaTensHo,
9TOOBl OCHOBHBIC OIIpEAENeHHUs ObUIM JOCTaTOYHO TPOCTHI, KOHKPETHBI U
KOHCTPYKTHBHBI. OmopHasi cucTeMa MOHSATHH IOJDKHA OBITH ONpeesieHa W MPUHSTA
3a0yaroBpeMeHHO. [loHATHITHAS OCHOBa MpegHAa3HAa4YeHA ISl JIML, TPUHUMAIOIINX
peleHus, a TakxKe sl pa3pad0TYMKOB MPOrPaMMHOTO 00eceueHus, T.€. OHa T0JDKHA
OBITh pean3oBaHa («3alUTa») U B WHPOPMALMOHHBIX TEXHOJOTHSX yrpasieHus. C
3TUM BHJI0OM HeOHpe}leHéHHOCTI/I TECHO CBs3aHa U HeOHpeI[eJ'IéHHOCTB HOPMAaTHBHO-
npaBoBoi 0as3bl B cdepe pernoHanbHOM Oe3omacHOCTH. B 4acTHOCTH, OCHOBHBIE
onpeneNieHus, NpHUBEAECHHBIE B (eaepalbHbIX aKTaxX, HE BCEr/a YIOBIETBOPSIOT
TpeOOBaHUSAM MPOCTOTHI M KOHCTPYKTHUBHOCTH [3]. OmnopHBIH (MCXOAHBIN) CBOJ
HOPMAaTUBHO-METOJMYECKONW JOKYMEHTAllUW TaKke [OJDKEH ObITh cdopMupoBaH
3a0JIarOBPEMEHHO.

Crnenyromuii BUa — HEONPEACAEHHOCTh  IIeJIeToNlaraHus, B YacTHOCTH,
MHOTOKPHUTEPUAIBHOCTh 33J1a4  yIpaBIIEHUsT PETHOHAIBLHOW Oe3omacHocThio. B
KayecTBE KPUTEPHEB MOTYT (PUIypHpOBaTh: BPEMsl BBIIOJIHEHUS 3aJaud, CTOMMOCTh
paboT, ypoBeHb O€30IMacHOCTH (pHCKa), 3HAUEHUE BO3MOXKHOTO yinepba. B obnactu
peIICHUA MHOTOKPUTCPHUAIIBHBIX 3a1a4 pa3pa60TaHLI Pa3IMYHBIC ITOAXO0AbI U METO/bI.

[anee OTMETHM Takyl0 BaKHYI0O M Pa3sHOPOIHYIO COCTaBIISIOLIYIO, Kak
HEeoNpeneNnéHHOCTs HWHpOpPMaMK O Tekymeil oOcraHoBke. [lng MHOrumx 3amad
VIpaBJICHUs] PETMOHANBHOW  0E30MAacCHOCTHIO  XapaKTepHA  HEMONHOTa /MM
HETOYHOCTh 3HAHUHU O TeKylIleH cuTyaruu: WHGOpMAaIMKU 00 aBapUy WM MHIIUIACHTE
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(ucxomHOM  COOBITHH), COCTOSHUM OE30IaCHOCTH YIPABISICMBIX OOBEKTOB H
MPOIIECCOB, XapaKTEPUCTHKAX CHI M CPEACTB OOpPHObI C aBapusMH, MPHPOTHO-
KIIMMaTHYECKUX YCIOBHSIX, CBEIEHHMSIX O CKOPOCTH HW3MEHEHUs (HeCTaOMIBHOCTH)
00CTaHOBKH.

Heonpenen€HHOCTS MOXKET TOPOKAATHCS MHOTOATBTEPHATHBHOCTHIO BO3MOJXK-
HBIX peleHui (HampuMep, JOMyCTHMOCTHIO MPUMEHEHHS Pa3IHYHBIX TEXHOJOTHI
JIOKaNM3allMd W JIMKBUAALUHM YPE3BBIYAMHONW CHTyalluH), MEXKIUCUUIUIMHAPHBIM
XapaKTepoM 3a/1auH.

Heonpenen€nHocTs mporHo3a 00CTaHOBKH W OIEHKHU TOCIEICTBHA MPHHSATHIX
peuieHuid. 31eCh WIParOT POJib KaK HEONMpelelEHHOCTh MCXOJHBIX JaHHBIX, TaK U
HETOYHOCTh HCIIOJIb3YyeMBbIX Mojenedl u meroguk. Hecmorps Ha MHOrooOpasme
METOJINYEeCKONH 0a3pl, OHa SBHO HEJOCTATOYHA: Pa3HBIE MOIXOIBl AT pPa3HBIS
pe3ymbTaThl ISl OJHOTO M TOTO JK€ IPOIlecca, OIEHKH TOPOH OdYeHb TpyOble U
YIPOIIEHHBIE, HE YUYUTHIBAIOTCS Ba)KHBIE (PaKTOpbI (Hampumep, peiabed MEecTHOCTH,
BpeMs roma, HWH(PPACTPyKTypa © T.I.), HEYETKO CHOPMYIHPOBAHBI MPUHSITHIC
COTJIAIIIeHVsI, OTPAHUYCHHS U JONyIIeHHs (001aCTh IPUMEHUMOCTH).

Jns psima 3amaq pernoHanbHON 0€30MacHOCTH MOXKET UMETh MECTO Heolpe-
NeNn€HHOCTh, 00YCIIOBIICHHAS! CTOJIKHOBEHUEM WHTEPECOB JBYX MM OOJiee CTOPOH.

Takxe BO3MOXHBI CTPYKTYPHBIE HEONPEAETNEHHOCTH, OO0YCIOBICHHBIE
HETIOJIHOTOM MH(OPMAIMK O CTPYKTYpPE CHCTEMBI YIpPaBJICHUS, 00bEKTa YIpaBIeHUs,
OKpY>Karollle cpe/ibl.

Kpome Toro, Bo3zMokHO (TIpy HEOOXOIMMOCTH) BEIIETICHHE TaKWX BHIIOB
HEONPEAECNEHHOCTH, KaK  MPOMBIIUICHHAs, OJKOJOTHYECKas, OJKOHOMHYECKAs
(B T.4. puHAHCOBAs), COIMATbHAS, TOTUTHYCCKASI.

Bo3moxna knaccudpukanms BUAOB HEONPENEIEHHOCTH MO dTalaM Ipolecca
ynpaBneHus (OleHKa 0OCTaHOBKH, HIASHTH(DHUKAIHS 3a7aui, KOHIENTYaJIbHAsS MOJIEIb
CUTYyalluu, pacyéTHBIE MOJEH, BHIpaOOTKa PEKOMEHIALWH, peaju3alusi pelIeHHs,
nepenaya uHpopmMaiuu). MHoraa BBIACIAIOT «UEIOBEYCCKUI (hakTOpy» Kak OCOOBII
WCTOYHUK W BHI HeompenenéHHocTd [9]. OO630p BO3MOXHBIX Kiaccupukamuidi u
OIMCaHUE BUIOB HEONPEAeNEHHOCTEN TakyKe MOXHO HaTh B [9].

3. IIpyHUUNBI M MEeTOAbI Y4€TA HeoNpeAeTEHHOCTEH PH YIIPABJIEHUN PUCKOM

[MpencraBisiercss BO3MOXHBIM M 11EeCOOOPa3HBIM MPUMEHITH K YU4€TY
HEONPENEeNEHHOCTH T€ K€ NPHUHLUMIBI M MOJAXOIbI, KOTOPBIE HCHOJIB3YIOTCS MHpPH
ONIpENeNICHNH W/WIM ONTUMH3alMK YPOBHS pHCKa W O€30MacHOCTH: MPHUHIMII
MPUEMIIEMOT'O PUCKA, IPHHIIUIT ONTUMHU3AIMKA COOTHOIICHUH BBITOABI U yiepba. Taxk,
OpU  yOpaBIC€HUM  PHUCKOM  TPOM3BOJAUTCS  CONOCTaBICHHE  IIOKa3aTesei
OJHOBPEMEHHOTO YBEJIMYCHHS M CHW)KEHHUS pucKa. Takoe cormocraBieHHe TpeOyer
BBeJICHUs 001Iel MephI JJIsl TIOKa3aTelel, TO3BOISIONIEH KOJIMIECTBEHHO BHIPA3UTh B
OJTHUX M TeX K€ eJMHUIAX KaK yIepO, TaK ¥ BHITOJbI OT MPHHSATHS TOTO WU WHOTO
pemenus. 3ateMm (opmupyercsi obmasi (MHTErpajgbHas) OLEHKa BO3MOXKHOTO yiiepOa
W aHAJIOTUYHAs OIIEHKa BO3MOXKHOW BBITOABI. [lonb3a (IT) oT BeIOpaHHOTO pemieHus
MOJKET OBITH OIpefieTieHa B BUJE Pa3HOCTHU OIIGHKH BBITOJIBI M OLIEHKH yiiepOa. Ecnn
M0JIb3a TOJIOKUTEIIbHA, TO TAKOE PELICHUE ONpaBAaHo, ejaecoodpasHo. B mpotuBHOM
ciyyae (II<0) pemenne Bneu€r OoJibllle OTPHULATENBHBIX, YEM IIOJIOKHUTEIBHBIX
nocienctBuid. OJHUM W3 TMPOABHHYTHIX TMPUMEPOB peaM3allid TaKOro I0JX07a
SBJSIETCSl sifiepHas dJHepreTuka. EmE ogHUM NpuMepoM TNPUMEHEHHs I10JX07a
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SIBIIICTCSL SWOt-aHaIM3, UMCIOIIUHN JIeI0 B OCHOBHOM C Ka4€CTBEHHBIMU OIICHKAMH.
Taxxe B KauecTBe aHaJora MOKHO OTMETHTHb METOJ aHaJH3a «3aTPaThl — BHITOMBDY,
MIPUMEHSEMBIH TIPH OIEHKE MPUBJIEKATEIbHOCTH WHBECTHIIMOHHBIX MTPOEKTOB, a TAKXKE
JUISs  OOOCHOBAaHMsSI ONTUMAJIBHBIX 3HAUCHWH  KOJMYECTBEHHBIX  ITOKa3aTelieh
0e301macHOCTH.

K 4ucmy TpagumnuoHHBIX M anmpoOWpOBaHHBIX TOIXOAOB K (opMaln3alliu
HEOIPEETIEHHOCTEN B AaHAJIN3E PUCKOB MOYKHO OTHECTH:

® TCOPUIO BEPOSATHOCTEH U MaTEMaTHUECKYIO CTATUCTHKY, CITydaiiHble Tpadbl;

® JIOTHKO-BEPOSTHOCTHOE MOJICIINPOBAHNE;

® TEOPUIO0 HEYETKUX MHOXKECTB, HEUETKHUE rpadbl;

® CLICHAPHBIN aHaJu3;

® aHaJIN3 Pa3HOMACIITAOHBIX COOBITHII HA OCHOBE CaMOIIO00MS;

® TEOPHIO Xaoca, TEOpHI0 KaracTpod (CHHepreTHka WM HeNuHeWHas
JTUHAMHUKA).

Kaxmp1ii 13 TOIX0I0B MIMEET CBOIO 00acTh mpuMeHeHHs. O030p MOAX0I0B K
KOJIMYECTBEHHOM OIICHKE HEOMPEACIEHHOCTEN coepkutTes B [9].

Paznuuynbpie MeTONBI M MOAXOJbI B OLUEHKE Pa3IMYHBIX HEONPENETEHHOCTEN
MTOPOKIAIOT CIIEKTP BO3MOXKHBIX (hOPM Pe3ynbTaToB OlleHKH. OMHAKO AJIST IPUHSATHUS
pElIeHni Ha 3aBepIIAlOIIeM 3Tarle JKeIaTelbHO MPUBECTH 3TU PE3YNIBTATHI K €IUHOM,
BEKTOPHOH WM cKaIsIpHO# (hopme [2]. Tak, puck 4alie BCero NMpeACTaBISIOT B BUEC
Mappl «BEPOSTHOCTh — yIiepO». Heompenen€HHOCTh TOXe CleMyeT NPUBECTH K
CKaJSIPHOMY TIOKa3aTeNll0 BPOJE «CTETNeHH JIOBEpPHUS» WIM MEphl BO3MOXKHOTO
pa3bpoca pe3yabTaToB. [lepCHEKTHBHBIM MPEICTABIACTCS IMOAXOJ, aHATOTHMYHBIN
WHTEPBAJILHOMY OIIEHHBAHUIO (TOYHOCTh U HAAEKHOCTh CTATHCTUYECKHUX OLIEHOK) B
MaTeMaTHYECKOW CTATHCTUKE (YTO TakXKe yIoMHUHaeTcs B [9]).

4. MeTomos10rusi yueTa HeonpeaeJéHHOCTe NPU yIPaBJIeHUH PerHOHAIbHBIM
PHCKOM

bnuskuM K npuHMMaeMOMY B HAcTOsIICH padoTe SBISETCS IOAXOJ,
pa3BHBaeMbI I OIEHKH YCIENIHOCTH WHQPPACTPYKTYpHBIX TmpoekToB [10].
ABTOpaMu IpeaaraeTcst MEeTo A MOCTPOEHHs! ABYCTOPOHHUX MaTpPHI] PHCKOB-IIIAHCOB,
YUHUTBHIBAOIIANA JYalTUCTUUECKUI XapakTep HEONPEACIEHHOCTEN IpU pealn3aluu
NPOEKTOB.  BpimensioTcss 1Ba  MoaxoJa K OLEHKE M IUIAHUPOBAHMIO:
JNeTepPMUHUPOBAHHBIA (paccMaTpuBaeTcss HambOoyiee BEPOSITHBIA —CLEHapuil) u
PUCKOBBIN (BBIMOJIHAETCS BEPOSITHOCTHBIA aHaIW3 BCEro cClieHapHoro rpada). s
MEPBOr0 IOJIX0/Aa Cly4yailHble BEJIWYMHBI BO3MOXKHBIX KPUTEPHEB 3aMEHSIOTCS
NeTePMUHUPOBAHHBIMU  XapaKTEPUCTHUKaMK, MpPU 3TOM Ui KOMIICHCAILlUH
BO3HUKAIOIIMX HEOIpeeIEHHOCTEH BBOJISATCS 3arachl U PaCCUUTHIBAIOTCS MPEAEIBHO
JOTTyCTUMbIE 3HAueHus KpuTepueB. s BTOpOro moaxoma CTPOUTCS CIIEHapHOE
JepeBO peajM3aluy NPOEKTa, BKJIIOUarolmee B ce0s TPU OCHOBHBIX CLEHApHUs
(0a30BbIl, ONTUMUCTUYECKUH U TIECCUMUCTUUECKHUI) U CilyyaiiHble (aKTOphl BIUSHUS
Ha TPOEKT (NMPHUBOIAIIME K BETBICHHUIO clieHapueB). Kaxnaplii ucxoj (KOHEYHOE
COCTOSIHME)  XapakTepu3yeTcs  HaOOpOM  KpPUTEpPHAIbHBIX  [apaMeTpoB U
BEPOSITHOCTBIO. [l comocTaBieHHs pPa3IMYHBIX HCXOJOB BBOIUTCA MHOTIO-
KpuTepHuajbHas (YHKIUS MOJNE3HOCTH, Jajiee CTPOUTCS MPOQMIb IOJE3HOCTH
(pacmipeneneHue Mojae3HOCTH O ciieHapusM). DopMupyercsi MaTpuIia pUCKOB/IIIAHCOB
B KOOpJMHATAaX IOJIE3HOCTH (0Ch a0CUKCC) M BEPOSTHOCTH (OCh OpJIMHAT), OHA HUMEET
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JIBE COCTaBJISIOIIMX — JICBOCTOPOHHIOI (HEraTUBHBIC CIIyYalHBIC (PAKTOPHI, MECCH-
MUCTUYECKHE CICHApUM, OTpUIATE]bHAS TIOJIE3HOCTh) U  MPABOCTOPOHHIOIO
(mo3uTHBHBIE (DAKTOPHI, ONTUMUCTHYECKHE CIICHAPHH, TIOJOKUTEIbHAS TTOJIE3HOCTH ).
Jlasiee B 3THX ke KOOPJIWHATAX CTPOSATCS KPUTEPHATbHBIC JIMHUW PUCKOB M IIAHCOB,
pasjessioe  MONMYIUIOCKOCTh — MOJE3HOCTh — BEPOATHOCTH ~ HAa  00JacTu
KaTeropupoBaHusI.

B Hacrosimeil paboTe oueHKy 0e30macHOCTH W IMOJE3HOCTH NMPUHHMAEMBIX
PEIICHUH TpeJyIaraeTcs OCYIIeCTBIATh Ha OCHOBE CIIYYaiiHOM BEJIMYMHBI BO3MOXKHOTO
ymepba OT pa3sHOPOAHBIX PHCK-(PAKTOPOB, BKIOYas (aKTOp HEOMpeAeIEHHOCTH.
ConocTaBlICHUE «HETAaTHUBHBIX» OIICHOK pHUCKA C «IO3UTUBHBIMH» OIICHKAMH
a¢dhexkTuBHOCTH (BO3MOXKHAS TOJb3a, BBITOJA) CIIOCOOCTBYET MPUHATHIO COaIaHCH-
poBanHoOTrO pernrenust. [Ipeamnonaraercs pa3padoTka METOAOB KOJTHYECTBEHHON OICHKH
PHUCKOB ¥ BBITOZ C YYETOM HEOMPEJCTIEHHOCTH U CO3/aHUe MOJETH (HOPMHUPOBAHUS
€JMHOTO (pa30BOT0 IPOCTPAHCTBA MPUHSTUS PECIICHUM.

PaccMoTpuM BOTpOC TOHIDKEHHS CTETEHW HEONpPEeAeIEHHOCTH WM TOMOJ-
HeHus nHpopManmu (3HaHUS). Bo-miepBhIX, HEOOXOAUMO BBISICHUTH, BOZMOXKHO JTH 3TO
B MpuHIUIE. BO-BTOPBIX, €CIU TOMOJHEHHE B MPHHIMIIE BO3MOXHO, CIIEIYET
000CHOBaTh €ro Ienecoodpa3HocTb. He mMeeT cMmbIciia yTOUHSTH W/HMIM MOIMOJHSTH
HHPOPMAIIUIO, €CIU 3TO OYJEeT CIUIIKOM JOPOTO CTOUTh WM 3aMET HEOIpPaBIaHHO
MHOTO BpeMeHHU. PemieHue 3TOro Bompoca 3aBUCHT B TOM YHCIE H OT TOTO,
OCYIIECTBIISICTCS. B IaHHBI MOMEHT 3a0J1aroBpeMeHHoe (HarpuMep, CTPaTernieckoe)
TUTAHUPOBAHUE HIIH OTEPATHBHOE (HAMpUMeEp, KPH3HCHOE) yripaBneHue. [IpuBenéHHbIC
pacCyXJCHUS TO3BOJSIOT MOCTPOUTHh YKPYIMHEHHBIH anropuT™M WHPOPMAIMOHHOMN
TEXHOJIOTUH YIPaBICHUS PETHOHAIBHONH 0O€30MacHOCThIO C YYeTOM Heompese-
nEHHOCTEH (pHc.).

[MpeamnonaraeTcs MUKINYSCKOE UCIOIB30BAHHE MPUBEAEHHOTO allTOPUTMA Ha
Pa3NUYHBIX dTaNax Mporecca yIpaBieHUs] perHOHAILHON 0€30MacHOCThIO.

3akiIoueHue

Pa3spaboTaHbl OCHOBBI TMOIXOJa K Y4eTy (pakTopa HEONPEISIEHHOCTH MPH
YIpaBIeHUH PErHOHAIBHON Oe30macHoCThI0. ONMcaHbl OCHOBHEIE ATAITbl YIIPaBICHUS
U CBOHCTBEHHbIC MM BHJbI HeompeaenéHHocTH. JlaH 0030p BO3MOXKHBIX METOJIOB
dbopmanuzanuu Heomnpeneiaéuuoctren. ChopMyMpoBaHa HIes ONTUMHU3AIUN CTEIICHH
HEOMPEAENEHHOCTH, OTPaXKAOMAs TyaTUCTHUECKUH (ITO3UTHBHBIA M HEraTHBHBIN)
XapakTep MPUHUMAEeMBIX PEIICHUH M OCHOBaHHAs Ha (DOPMHUPOBAHWU MHTETPATBHOTO
KOJIMUECTBEHHOIrO TokazaTessi 3¢ ¢exktuBHOoCcTH. COMOCTAaBIEHUE OILEHOK pHUCKA C
OIIEHKaMH BO3MOXKHOW BBITOABI CIIOCOOCTBYET TWPUHATHIO COaJaHCHUPOBAHHOTO
peUIeHUs C IPUEMIIEMBIM YPOBHEM PUCKA.

B memomM MOXXHO KOHCTaTHpOBaTh, UYTO, KaK W B HCCIENOBAaHUAX pucka [1],
Py aHAJIKU3E HEONPEACIEHHOCTH BPSAJl JU BO3MOXKHO HCIIOJB30BAHHUE €IUHOTO,
YHUQUIMPOBAHHOTO TIOJXO/Ja, MPHUTOJHOIO JUIA BCEX AacCMeKTOB MpPOOIeMBbI
yIpaBiieHusT 0e30MacHOCThI0, B T. Y. perHoHaIbHOW. [loaTOMy OIEHKY Heompese-
JNEHHOCTEH, MO-BUIMMOMY, CJIEIYET BBITIOJNHATH JJIA Pa3IMIHBIX 3a7a4 Pa3THIHBIMHU
meTojiamHu [9].
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HanpHelimue uccienoBaHUA MO KOJIMYECTBEHHOMY aHalIM3y HEONpeenéH-
HOCTH IIpY YIIPABJICHUH PUCKOM IPEAIIOIAraroT:

® pacCMOTpeHHE TpoOieMbl Ha IPUMEpPEe KOHKPETHBIX YPE3BBIYAHHBIX
CUTYallUii, CBOMCTBEHHBIX PETHOHATIBHOMY YPOBHIO;

e popMupoBaHre MHPOPMALUOHHON TEXHOJOTUU YNPABICHUS PEerMOHAIbHOM
0€30MacHOCTBIO C YUETOM HEONpeaeIEHHOCTEH.
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B.B. EbICTpOB1, M.I. Wnwaes'?

! WHuCcTuTyT HHPOPMATHKH U MAaTEMAaTHYECKOTO MOJICTUPOBAHMS TEXHOJIOTHYECKIX POLIECCOB
Konsckoro HI] PAH

2 ®I'BOY BO «MAI'Y»

OCHOBbl UH®OPMALIMOHHOW TEXHONTOMMN ABTOMATU3UPOBAHHOIO
CUHTE3A PAHOOMMU3UPOBAHHbIX KOMMJEKCHbIX MOOENEW MUIPALIUA*

AHHoOTauus
B cratbe paccMOTpeHbl OCHOBHbIE KOMMOHEHTbI W MPUHLMUMABLI UCMONb30BaHUSA
WMHOPMaLMOHHON TexHonorum aBTOMaTU3NPOBAHHOIO cuHTesa

paHAOMM3MPOBAaHHbBIX KOMMMEKCHbIX Mogernen murpaunn Hacenenus. lNpeacraesnexHa
CTPYKTypa MONMMMOAENbHOIrO KOMMMEKCa, BKMovawwero B cebs kombuHauum
pasnuMyHbiX BMAOB UMMWTAUMOHHBIX  MoOAEnen, OHTOMOrM4yeckue  onucaHus,
onMparwLnecs Ha OpuUrMHasnbHble SHTPOMUIHbIE AUHAMUYECKMEe MOLENU MUrpaumu.
OnuncaHo yHKUMOHANbHOE Ha3HayYeHne W MpPUHUMMBI peanu3aumMm KOMMOHEHTOB
MHOPMALIMOHHON TEXHOSOTUM.

Knroyesnbie cnosa:
Muzpauusi HacesieHusl, 0eMO3IKOHOMUKa, MameMamuyeckoe ModenuposaHue, rnosiumMooesibHbIe
KOMII/IEKChI, OHMOJI02US], UMUMAaUUOHHOE MOOesuposaHue.

V.V. Bystrov, M.G. Shishaev

FUNDAMENTALS OF INFORMATION TECHNOLOGY OF AUTOMATED
SYNTHESIS OF RANDOMIZED COMPLEX MODELS OF MIGRATION

Abstract
The article considers the main components and principles of using the information
technology for automated synthesis of randomized complex population migration
models. The structure of a poly-model complex including combinations of different
types of simulation models, ontological descriptions based on original entropic
dynamic migration models is presented. The functional purpose and principles of the
implementation of information technology components are described.

Keywords:
migration of population, demoeconomics, mathematical modeling, polymodel complexes,
ontology, simulation.

BBenenne

OnHOW W3 OTJIMYHMTENLHBIX OCOOCHHOCTEH COBPEMEHHOTO MHUpa SIBISETCS
HaJIN4ME Pa3HOOOPa3HBIX MUTPALIMOHHBIX MPOLECCOB. 3HAYUTENbHAS Macca JIIOJeH 1o
BCEH IUIAHETE BOBJICUEHBI B HENPEKPAIIAOIINECS ITPOLIECCHI IEPEMEILECHHUS B TIOMCKAX
Oosee mpueMIIEMBIX JUIA ce0sl YCIOBUM NpoxuBaHus. J[aHHOE sIBIEHHE OKasbIBaeT
CYLIECTBEHHOE BIMSHHE Ha HW3MEHEHUE 4YHCICHHOCTH HACEJIEHUS, €ro I0JI0BO3-
PacTHYIO CTPYKTYpY, Ha IIOKa3aTelld CMEPTHOCTH U poKaaeMoCcTH. 3mMeHeHue nepe-
YHCJICHHBIX TOKa3aTeNeil OMOCPEAOBAHO BIIMAET HA PETHOHAIBHBIE 3KOHOMHYECKHE
MIPOLIECCH, @ BMECTE C HUMH U Ha YCJIOBHUS MPOKUBAHUSA OYyAYIINX MTOKOJIECHUH.

.

Pa6ota BeimonHeHa npu ¢puHaHcoBoit nogaepxkkun POOU, npoekt Ne 16-29-12878 (opu_wm) «Pa3Burue
METO/I0B HACHTH(HUKAINH AUHAMUYECKHX MOJiesIell Co CiTy4aifHBIMK apaMeTpaMy U UX MPUMEHEHHUE JUTs
MPOTHO3UPOBaHUS MUTpaly B EBpazumy.
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B uacTHOCTH, MHUTpallMOHHBIE MPOLECCHl OKAa3bIBAIOT HEMOCPEICTBEHHOE
BIMSHUE Ha MpeoOpa3oBaHME COLMAIbHO HPOCTPAHCTBEHHBIX OTHOLICHHUH, YTO
IPUBOAUT K (DOPMHUPOBAHMIO HOBOI'O PBIHKAa Tpyda. TeMIbl pa3BUTHS TaKuX
OTHOUICHWH pa3iNW4YHbl M HE BCErla COTJacylTCs C aJanTalOHHBIMH BO3MOX-
HOCTSIMM, KaK CaMHUX MWIPAHTOB, TaK M KOPEHHBIX JKHUTENEHl pPErnoHOB. OTH
HECOIJIACOBAHHOCTM  MOTYT  CIYXXHThb  IPUYMHOW  IOBBILEHHS  COLMAIBHON
HaNpsHKEHHOCTH B OTIENBHBIX peruoHax. [lo MHEHHIO HEKOTOPBIX HCCieqoBaTeNei
[2, 5], 3amaua cocTaBieHHWS MPOTHO3a MUTPALMU SBISETCS HauOojee CIOKHOU W3
3aJad HPOTHO3HMPOBAHMA IUHAMHUKH HaceleHHs. OCHOBHON NPHUYMHON CIIOXHOCTH
MOJICJIMPOBAHMSI MUTPALIUH SIBJSIETCSI OTCYTCTBUE TOJHOW MHPOPMALUK O CTPYKTYpe
MUTPALMOHHBIX MOTOKOB. B CBSI3M ¢ 3TUM MpH pelIeHHH 33Ja4d MPOTHO3WPOBAHMUS
MUTPaLUU NPAKTUYECKH HEBO3MOXKHO [OCTH)KEHHE TOH JK€ TOYHOCTH, KaK M IpHU
pacueTe eCTeCTBEHHOI'O IBUKECHUS HACEICHHUS.

Ha cerogusimuuii AeHp MOSBUINCH HayYHO-HCCIIEIOBAaTENbCKUE pPalbOTHI,
aHAJIM3UPYIOLINE T'€HE3UC Pa3BUTHA DPA3IUUYHBIX IIOJXOAO0B K MOAEIMPOBAHHUIO U
MIPOTHO3UPOBaHUIO Murpammu [11], 4To co3maeT ompeneneHHbIE OCHOBAHMS JUIS
HU3YUCHHA MUT'PAlIMOHHBIX IIPOLCCCOB Ha 6336 COBPEMCHHBIX I/IH(bOpMaHI/IOHHBIX
TEXHOJIOTUH C UCITOJIB30BaHUEM MAaTeMaTHUYSCKOTO MOZACIIUPOBAHUA.

MHorue mMareMaTu4ecKue MOJEINH, CBS3aHHbBIE C HCCICAOBAaHUEM JHHAMHUKH
HacCCJICHUA, U, B YaCTHOCTH, MUTPALIUH, OTPAKAIOT B3aMUMOCBSA3b IICMOFpa(I)I/ILICCKI/IX u
SKOHOMHYECKHX TMpoleccoB. [loaxon kK H3ydeHHIO MOJOOHOTO poja COIMAIBHO-
dKOHOMHUYecKuX cucteM mnpemnoxkeH akamnemukoMm [O.C. [TonkoBeim [8]. OcHoBHas
uzes NPeIsIoKEHHOTO MOJAX0/1a 3aK/IF0YAeTCs B BBISIBIICHUH OIIPEACIICHHBIX COCTOSHUN
ACMOSKOHOMHYECCKHUX CHCTEM, KOTOPLIC IMOABIAIOTCA B PC3YJILTATC B3ElI/IMOI[CI7[CTBI/I$I
MPOIIECCOB MPOCTPAHCTBEHHO-BPEMEHHOW HBOJIOIHMK HACENICHUS W HSKOHOMHKH B
TEpPMHUHAX Makporokaszareneld. [Ipym 3ToM 0a30BBIM MPEINONIOKEHHEM SIBISIETCS TO,
YTO HACEJICHHE PETMOHA SKOHOMHYECKH MOTHUBHPOBAHO, T.€. MOBEACHUE OTICIBHBIX
WHAWBUIOB OOJBIIEH YacThlO OMNpenenseTcs pa3HOOOpa3HBIMH 3KOHOMHUYECKHUMHU
MokaszareisiMd. B arperupoBaHHOM BHIE NEMO’KOHOMHYECKAs CHCTEMa IPEACTaB-
JsieTcs B BUAC COOTBETCTBYIOIIEH MOJENH, CTPYKTYPHO COCTOSIIEH H3 ABYX
OCHOBHBIX mojicucteM — «Hacenenne» u «9KOHOMHKA», a TAaKKe BCIOMOTAaTEIbHON
noncucremMsl  «Bzaumogeiictue». [lomcucremMbl HOCTPOGHHOW TakuUM —00pa3oM
J€MO’KOHOMHYECKOW MOJENN BKIIOYEHBl B 3aMKHYTBHIH KOHTYp, H IO3TOMY
0003HaYCHUE TIPSAMBIX U OOpaTHBIX CBS3eH B HEM 3aBHCHUT OT IPHUOPHUTETA, KOTOPHIH
npuaaercs nojacucreme «HaceneHre» Mo OTHOLICHHUIO K MOICUCTEME « DKOHOMHKA.

CrouT OTAENBHO OTMETHTh, YTO, NPEANPHHUMAs MEPbl MO IOBBIICHHIO
YPOBHA MaKpOMOACINPOBAHUA, OOBIYHO CHMIKAETCS TOYHOCTH IMPOrHO3UpoOBaHus, HO
COXpaHseTCsl TOPU30HT MPOTHO3HPOBAHUS W €ro KaYeCTBEHHBbIC XapaKTEPUCTHKH.
OnHuM 13 BO3MOXHBIX IIyT€H YCTpaHEHHUs YKa3aHHOTO HEAOCTaTKa SIBISETCS
pa3paboTKa HOJIMMOJIEIIBHBIX KOMIUIEKCOB, MHTETPUPYIOIINX B ce0e pa3HbIEe MOAXOAbI
MOACIINPOBAaHMA. HaHpHMep, AHAJIUTUYCCKOEC MOJCIMPOBAHMUE B TCPMHHAX 3SKOHO-
MHYECKUX U JeMorpauyeckux MakpoloKaszaTeleil MOKHO NPUMEHUTh JUIs
BbISIBIICHHS (pacueTa) 6a30BBIX TPEHOB MUIPALMOHHBIX MIPOLECCOB, & MMUTALIMOHHOE
MOJISJIMPOBAHKE — KAK CPEJICTBO TOBBIIICHUSI aJIEKBATHOCTH TPOTHO3a Ha OCHOBE
KOJUICKTUBHBIX 3KCIICPTHBIX 3HAHUM. OTMeTI/IM, qTo HpHBOILHMBIﬁ HWKXE MaTcpual
HampaBlIeH Ha pa3BUTHE YKa3aHHOW KOHLENLUH IJIsi MCCICAOBAHHUS MHUIPALMOHHBIX
MIPOLIECCOB.
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Tak B JgaHHOUW CTaThe MPHUBOIATCA OTICIbHBIC PE3yNbTAaThl MEPBOTO TrojAa
WCCIIEIOBaHNAA 10 TpoekTy «Pa3BuThe MeTomoB WACHTU(WKAIMU JHHAMUYECKHIX
MojieTiell cO cIydailHBIMH TapaMeTpaMHd W WX NMPUMEHEHHE Ul TIPOTHO3UPOBAHUS
murpauu B EBpazum». B pamkax ykazaHHOTO HayYHO-UCCIEAOBATEIBCKOTO MPOEKTA
ABTOPCKUH KOJUIEKTHB TIpeAJiaraeT OCYIIECTBUTh MEXKIUCIUILUTMHAPHBIA CHHTE3
MpoLeAyp HASHTH()HUKAINA W TPOTHO3WPOBAHUS, OPHEHTHUPOBAHHBIX Ha IMPOIECCHI
MPOCTPAHCTBEHHO-BPEMEHHOM, MHOTOLIETICBOM Murpanuu HaceneHus. OgHuM U3
MPEIOIaraeMbIX Pe3yJIbTaTOB BBHIMOIHICMON pPa0bOThl SABJISETCS HH(OpMAIMOHHAS
TEXHOJOTHSI aBTOMAaTH3WPOBAHHOTO CHHTE3a PaHAOMH3UPOBAHHBIX KOMIUIEKCHBIX
MOJIEJIe MUTPALIUH.

Konuenuus nu@popManuoHHOH TEXHOJIOT UM

J1st moBbIIIIeHNsT Ka4eCcTBa MOJICITUPOBAHKST MUTPAIIHOHHBIX TPOIECCOB OBLIO
MPUHATO DEIICHHEe B PaMKax IMPOBOAWMOTO HAYYHO-HCCIIEIOBATENbCKOTO IMPOEKTa
pacIIpUTh aHAIUTHYECKHE MOJETH 33 CUET NMPHUMEHEHHUS METO/0B HMHUTAIIIOHHOIO
MoxenupoBaHus. OMHON W3 TOCTABIEHHBIX 3a/1ad SBISETCS CO3JaHHE IEJIOTO
MTOJIMMOJIETPHOTO KOMITJIEKCA, BKIIFOYAIOIIETO B ce01 KOMOMHAIINU Pa3INYHBIX BHIIOB
HUMUTAlMOHHBIX MOILCHGﬁ, OHTOJIOTHYCCKUC OIMUCAHUsA, OITMPAIOIINECd Ha OPpUTHMHAJIb-
HBbIC 3HTpOHHI>'IHI>IC JUHAMWYCCKHUE MOACIW MUT'pALUH. I[J'Iﬂ CO31aHus1 TaKoIro
KOMIUIeKca paspabareiBaeTcss WH(GOPMAIIMOHHAS TEXHOJIOTHUS CHHTE3a pPaHIO-
MHU3HUPOBAHHBIX KOMITJICKCHBIX MOI[CHCP'I MHUTI'palvu. B OCHOBY TCXHOJIOTMH IMOJIOKCHBI
Pa3BHUBACMBIC MOCICAHUEC NCCATUICTHA aBTOPCKUM KOJIJIEKTUBOM NOAXOJAbI, METOABI U
CPEeICTBa HCCIIEIOBAHMS CIOKHBIX COIMATHLHO-DKOHOMHYECKHUX CHCTEM.

Hannass wHbOpMAMOHHAS TEXHOJOTHS I[O3BOJIUT T'€HEPUPOBATH KOMII-
JICKCHBIC MOJCJIN MUTPALIMOHHBIX IIPOLECCOB B ABTOMATHU3UPOBAHHOM PCIKUMCE,
OCHOBBIBAasICb KaK Ha peE3yJibTaTaX BbIYUCIWUTCIBHOTO 3JSKCICPUMEHTA OIIMCAHHBIX
BEIIIIE MAaTEeMaTHIECKUX MOJENeH, TaKk 1 Ha (POPMaATU30BAaHHBIX AKCIEPTHBIX 3HAHUIX
0 MaKpOCHCTEME «HACETICHHE-9KOHOMUKaY.

Ha puc. npuBoauTcs o0Ias CTpykTypa pa3padaTbiBaeMoil HH()OPMAIIMOHHON
TEXHOJIOTMM CHUHTE3a MOJEJICH MUIPALMOHHBIX MPOLECCOB. B KOHEeUHOU peanu3anuu
TEXHOJIOTHS OyJeT MpeJICTaBIeHa MPOTPAMMHBIM KOMIUIEKCOM, BKIIFOUAIOIINM B ceOs
Ha6op B3aHMOHeﬁCTBYIOmHX OTHOCHUTCJIIbHO HE3aBUCHUMBLIX IIPOI'PaMMHBIX KOMIIO-
HEHTOB, KaXIbIii W3 KOTOPHIX BHINIOJHIET ONpEACTIeHHbI HaO0op (QyHKIuH B
COOTBETCTBHH C TIpe[yIaraeMoi cxeMoil. U3 mpuBeneHHOW CTPYKTYpHI CO3HATEIHHO
OITYIIIEHBI MPOIIECCHI, CBSI3aHHbIE C OpraHU3aIMell B3aUMOIEHCTBHS MEKIY KOHEUHBIM
IMMOJIB30BATCJICM MW IIPOIrpaMMHBIM KOMIUIEKCOM, T.K. PAaHIOMHN3HWPOBAHHBLIC KOMII-
JIEKCHBIE MOZENM MUTPAIUK OyAyT SBIATHCS YacThi0 OoJiee MacIITaOHOTO CpeCTBa
MOAJEPKKHA TPHUHATHS PELICHHH, ¢ KOTOPHIM HEMOCPEICTBEHHO U OyJeT B3auMoO-
JIECTBOBATH MOJIH30BATEINb.

CornacHo mpuBelleHHOW cxeMe (puc.) paszpabaTeiBaeMasi WHGpOpMAaIMOHHAS
TEXHOJIOTHSI BKIIFOUAET B Ce€0sl CIEMYIONINe KOMIOHEHTHI:

o Ananmuthueckas mozeib. [Ipencrariser co00i paHIOMU3MPOBAHHYIO Mapa-
METPUYECKYI0 MOJeNb MUTpally, HACTPOCHHYI0 C TIOMOINBIO  aJropuTMa
SHTPONHMIHOTO PaHIOMHU3UPOBAHHOTO MamlMHHOTO oOydyeHws. Ha BbIXOoze maHHOTO
KOMITOHEHTa (OPMUPYIOTCSI TMapaMeTphl W 3aKOHOMEPHOCTH MEXIy HUMH B
(hopmanm30BaHHOM BHIC.
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B —
Cmpykmypa ungopmayuouHol mexHono2uu cunmesa
PAHOOMUSUPOBAHHBIX KOMNAEKCHBIX MOOeNel Muzpayuu

e BplunciIUTENbHBIM KOMIOHEHT. [IpenHa3HaueH A IIPOBENEHUS BBIYMC-
JUTEIBHOTO DKCIIEPUMEHTA sl pa3paboTaHHBIX aHATUTHYECKUX MOJEIed MUTpAINH.
Peanusyercs B BHUIOE NPOrpaMMHOTIO MOZAYJS, OCYIIECTBISIOLIEIO MPOBEACHUE
pacueToB MaTeMaTH4ecKuX Mojelieii B 4mcieHHOM Buue. Ha BwIxome dopmupyer
aHcaMOJIU TPAeKTOPHIA AMHAMHKHA MUTPALUOHHBIX TOTOKOB.

e KoMnoHeHT u3BnedyeHus 3HaHui. [IpumensieTcst s opraHu3aldyd B3auMo-
JEHCTBHS C IKCTIEPTAMU C LENbI0 (POPMHUPOBAHISI U TIOCIIEAYIOIIETO MOTIOTHEHUS 0a3bl
3HAHUM M JaHHBIX O MOJEIHMPYEMBIX IIpoleccax. BplneneHbl ABE KaTeropuu
MOJIb30BaTeNe Ui JAaHHOTO KOMIIOHEHTa: O3KCIEePThl M CHCTEMHBIH aHAJIHUTHK.
OKCHEepT SBISETCS HOCHUTEIEM 3HAHUM O SBJICHUSX M MpoLeccax HCCIeTyeMOon
npenMeTHOW obOnacti. CHUCTEMHBIN aHAMTUK SIBIIIETCS DSKCIIEPTOM B 001acTH
CHUCTEMHOTO aHajM3a WU CO3JaHUS WMHUTAIIMOHHBIX MOJENEll CIOXKHBIX cucTeM. Ha
BBIXOJIE KOMIIOHEHTa (OPMHPYIOTCSI OKCIEPTHbIC 3HAHWS, NpPEACTaBICHHBIE B
yIOOHOM ISl 3aHECEHUsT B OHTOJIOTHH (popme.

e Onronorus npeAMeTHON oOnactu [6]. BeimonHser posib 0a3bl 3HaHWUH U
JTaHHBIX 00 HMCCIelyeMbIX SBJICHHUSIX W Ipoleccax. Peamusyercs B BHJE MPUKIATHON
onronoruu B popmate OWL [13, 14, 15].

e Onronorusa BepxHero ypoBHs [12]. Cogepxut WHGOPMALUIO O TEPMUHAX,
OTHOIIIEHUSX, TPaBWIaX M MEXaHHM3MaX, UCIOJB3YEMBIX B 00JaCTH MMHTAIMOHHOTO
MojieTpoBaHus. BwicTymaer B ponm 0aspl 3HaHWM, NMPUMEHSIEMOW I CHHTe3a
CHUCTEMHO-TUHAMHYECKNX, AareHTHbIX W JTUCKPETHO-COOBITHHHBIX MONEIEH W WX
KOMOWHaIW{ B KOHKPETHOM cpelie MOIEIHPOBAHHS.
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e [Ipouenypsl cunte3a. IlpeacraBmstor co0oOl anrOpUTMBI T'eHEPALUH
MMUTAIIMOHHBIX MOJIeNieH, COPMHUPOBAHHBIE HAa OCHOBE MPAaBWI, XPaHAIIMXCS B
OHTOJIOTHH BepxHero ypoBHsA. OcHOBHOe Ha3HadeHHe (opmupoBanne 06a30BOit
KOHCTPYKITUH TIOIMMOAETHHOTO KOMIUIEKCA B pe3yNbTaTe YCTAaHOBJICHHS COOTBE-
TCTBUS MEXKIy TMOHATHSIMH W3 OHTOJOTMHM MPEIMETHOH OO0JacTH M OOBbEeKTaMu
OTIpeIeTICHHON HOTAllMK METOJ1a MOJACTHUPOBAHIS, MEKIY OTHOIICHUSIMH ¥ CBSI3IMU B
MMUTAIMOHHOW Mojenu. llpu ompenenernm mpomeayp CHHTE3a HMHUTAITMOHHBIX
MOJIeTICH MCTIIONB3YIOTCSI HApaOOTKK MPOILIBIX JIET HAYYHOTO KOJIeKTuBa MHCTUTYyTA
nH(pOPMAaTUKU U MaTeMaTHueckoro moaenuposanus KHI[ PAH [1, 4, 7, 9, 10].

e PanmommsnpoBaHHas KOMIUIEKCHas Mozelb. IIpencTasiser co6oi moIuMo-
JENbHBI KOMIUIEKC, COCTOANIMI W3 HaOopa B3aMMOCBSI3aHHBIX II0 IapaMeTpam
CUCTEMHO-TUHAMHYECKUX, areHTHBIX U JIUCKPETHO-COOBITUIHBIX MOJIEICH, CHHTE3U-
pPOBaHHBIX Ha OCHOBE HWH(OpMAalWy, MPeJCTaBICHHOW B OHTOJIOTHHM MPEIMETHOM
o0JacT M OHTOJOTHHM BEPXHEr0 YPOBHSA, a TaKXKe O IapaMeTpax JSHTPOIHHHON
PaHIOMHU3UPOBAHHOW MOZEIHM MHUTpaluu. B KadecTBe MPOrpaMMHON IIAT(HOPMEI
KCIIOJIB3YETCS Cpelia UMUTAIMOHHOTO MojieupoBanus Anylogic 7.

OCHOBHOE HA3HAUYCHHE PAHIOMHU3HPOBAHHON KOMIUIEKCHOW MOJEIU 3aKJIIO-
YaeTcs B YTOYHEHHHM TPACKTOPU W3MEHEHHS MHIPANMOHHBIX IOTOKOB MEXIY
TEePPUTOPUAILHO-aIMHUHACTPATUBHBIMU 00Pa30BaHUSAMH (B YaCTHOCTH, CTpaHaMH) 3a
CUYCT BKIIFOYCHHUA B UMUTAIITMOHHBIC MOACIIN q)aKTOpOB, KOTOPBIC HE YYUTBIBAJIMCH IIPU
MTOCTPOCHUY aHATUTUIECKUX MOJEINEH, HO ONPeNeNsIFOTCS AKCIEPTHBIM COOOIIIECTBOM
KaK CyII€CTBCHHO 3HAYUMBIC.

B paMkax BBINOMHSAEMOTO0 HAy4YHO-HCCIEAOBATENbCKOIO IMPOEKTa Mpesia-
raercs Takke pa3padoraTh WHGOPMAIMOHHYIO TEXHOJOTHIO BalWAalldd PaHIO-
MU3HPOBAHHBIX MOJENeH MUrpanuu. TexHomorus OaszupyeTcss Ha MeXaHH3Max
CpaBHCHUA PE3YJIbTATOB BBIYUCIUTCIBHOIO JSKCIIECPHMMEHTA M MHCEHHSA ISKCIICPTOB,
MpeJCcTaBIeHHOTO B (hopMaln30BaHHOM BHE. DKCIIEPTHBIE 3HAHHUA (OPMUPYIOTCS B
BHJIE OHTOJOTHYECKOTO ONHCAaHWS ¥ COJepKaT HHMOPMAIUI0O O CBOWCTBAX U
XapakTepUCTUKaxX SBJICHUH W TPOILECCOB, HAOMIOJACMBIX B JEMO3KOHOMHYECKOW
CUCTCMC M OKa3bIBAIOIINX SBHOC HJIM OIOCPCAOBAHHOC BJIMUAHHUEC HA MUI'PALIUIO. B
pamkax WHMOPMAIMOHHOW TEXHOJOTHHA OCYIIECTBISAETCS KOJWYECTBEHHOE U
KaueCTBEHHOE COIMOCTaBJICHHE MAaTeMaTH4YeCKHX MOJeNell ©  AMIHPUIECKUX
MIPENIONIOKEHUIT O TIOBEJAEHUH HccienyeMbix cucteM. llpomenypa kKauecTBEHHOTO
COTIOCTABIICHUS] 3aKJIIOYAETCSI B BBIABICHUM OTIMYMN B COCTaBE H CTPYKTYpe
AHAIMTUYECKUX MOJIeNeld OT COOTBETCTBYIOIIEH CEMaHTHYECKOW OpraHU3aI[iu
HPUKJIAJHOW OHTOJIOTMH. B KauecTBe NMpOMEKYTOUHOTO 3B€HA IPOLEAYPHI CPABHEHMS
CTpOUTCA  IJId MaTeMaTHYeCKON MOACIN COOTBETCTBYIOIIAsA BCIIOMOTaTC/IbHAA
OHTOIIOTHS, CONepKalias WHpOpPMANHI0 O ee MapaMeTpax W OTHOIICHUSX MEXIY
HUMH. B pe3ynbTare 3a/a4a Ka4eCTBEHHOTO COIMOCTABJICHHUA CBOAMUTCA K CPaBHEHUIO
JIBYX OHTOJIOTHI (BCIIOMOTATENbHON W MPEeIMETHOW O0JIaCTH), KOTOpas pelmacrcst ¢
MTOMOIIIBIO CYIIECTBYIOIIUX METOJOB M3 00JIacTH ympapieHUs 3HaHusMu. [Ipouemypa
KOJJMYECTBEHHOTO COIIOCTABIICHUS 3aKIOYaeTCd B IOCTPOCHHH WMHUTAIIMOHHBIX
MOJIeJIeH Ha OCHOBE OHTOJIOTHH BEPXHETO YpPOBHS M TMpPEIMETHOW o0jacTtH Hu
MOCNIEAYIONIee COOTHECEHHE pEe3yNIbTaTOB  BBIYHCIEHHUS  PaHIOMU3UPOBAHHBIX
JUHAMHYECKAX MOJIEJIe MUTPAIMM W BBIYMCIHUTEIBHOTO 3KCIIEPUMEHTa WMUTAIIH-
OHHBIX MOJIETIEH.
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3akiouenue

B cratee mpemnaraercs pacuupuTh BOZMOXHOCTH aHAIUTHUYECKUX MOJENCH,
pa3pabaThiBaeMbIX JUIsi MPOTHO3UPOBAHMSI MHIPAIMOHHBIX IPOILECCOB B CHUCTEME
«HACEJICHUE-9KOHOMHUKAY, 33 CYET UCIIOJIIb30BAHUS MMUTALMOHHOIO MOJAEIUPOBAHMS.
WNuterpanust 1eMO3KOHOMUYECKUX OJHTPONHUMHBIX  MOJENEH, HACTPOCHHBIX C
MMOMOIIIbI0 METOJIOB PAHJOMU3MPOBAHHOTO MAIIMHHOTO OOYYEHUs, C KOMIUIEKCOM
MMUTAIIMOHHBIX MOJIENIel, CO3/aHHBIX Ha OCHOBE (hOPMaIM30BAHHBIX SKCIIEPTHBIX
3HAHUI, TO3BOJIUT NOBBICUTh aJ€KBATHOCTh PE3YJIbTATOB IPOrHO3UPOBaHUA. sl 3THX
nenei paspabarbiBacTcsi WHGOPMAIMOHHAS TEXHOJOTHS aBTOMAaTH3HMPOBAHHOTO
CHUHTE3a PaHIOMH3HPOBAHHBIX KOMIUIEKCHBIX Mojened murpanuu. OTIHIuTeNbHON
O0COOCHHOCTBIO JTAaHHOW TEXHOJIOTHUH SBISIETCS COBMECTHOE HCIIOJB30BaHHE JHTPO-
MUAHBIX aHATUTUYECKUX MOJIENEH, MONIUMOCIBHOIO KOMILJIEKCA, OHTOJIOTUH pa3sHBIX
YPOBHEH, IPOLIETyp CUHTE3a MOJCIICH.

TTomuMomenbHBIA KOMIUIEKC TPEACTABISICT COO00HW HAOOp B3aMMOCBI3aHHBIX
CHUCTEMHO-TUHAMUYECKUX U AareHTHBIX MOJENCH, CIrEHEPUPOBAHHBIX C IMOMOIIBIO
MPOIIEyp aBTOMATHU3MPOBAHHOTO CHHTe3a. ['eHepanus MOJenel MpOU3BOIUTCS Ha
OCHOBE HWH(OpPMAIMM O TapaMeTpax H CBsS3ed MeXOy HUMH, IOIy9aeMor u3
«OOY4YEeHHOI» MeTOAaMH pPaHIOMH3UPOBAHHOTO MAIIWHHOTO OOydYeHus JWHa-
MUYECKOW MOJEIU MHUTpAIlMM M OHTOJIOTMH IpeaMeTHOW oOnactu. [lpuknamHas
OHTOJIOTHS COAEPIKHUT JKCIIEPTHBIE 3HAHUSA O JeMOrpadUyecKuX M IKOHOMHYECKUX
COCTABJISIFOIINX, OKAa3bIBAIOLIUX BIUSHUE HAa MUTPALMOHHBIE mpouecchl. s peanu-
3aIlid TPOLEAYp ABTOMATU3MPOBAHHOTO CHHTE3a CTPOUTCS OHTOJIOTHS BEPXHETO
VPOBHA, COJEpKalllas TEPMUHBI, MPUHIUIB U TMpaBUia CO3IaHUS CHUCTEMHO-
TUHAMHYECKUX, aT€HTHBIX U JUCKPETHO-COOBITUHHBIX MOJETIEH.

B memom, mpoBoanMoe WCCIIEIOBaHUE SIBISIETCS Pa3BUTHEM TEOPHUHU OOIIMX
METOJIOB MOJICIMPOBAHUS MPOIIECCOB MHIPALMU, a TaKkKe 00JiagaeT ONpeaciCHHON
HayYHOW HOBHW3HOW JUIsI OOIIMX METONOB aHAlW3a JaHHBIX W MPOTHO3WPOBaHUS Ha
OCHOBE KOMIIBIOTEPHOI'O0 MOAEIHUPOBAHUSL.
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VIIK 004.94

O.H. Xanwynnvu-la1, B.B. 5b|CTpOB1, C.H. Manbiruna™?

! WuctutyT nHGOPMATHKH ¥ MAaTEMAaTHIECKOTO MOJICIUPOBAHMS TEXHOIOTHIECKUX MPOLIECCOB
Konwsckoro HIT PAH

2 Dunnan (bez[epaJILHoro ToCyaAapCTBEHHOTO 6}0}1)K€THOFO 06pa30BaTeJ'H)H01"O YUpPEKACHUS BBICIIETO
obpazoBanus «MypMaHCKHH apKTHUECKUI TOCYJapCTBEHHBIH YHIUBEPCUTET» B I'. ATITaTUTHI

PA3PABOTKA NPOTOTUMNA NONIMMOAENIbHOIO KOMMJIEKCA AnA
MOAENMPOBAHUA NPOLIECCOB MUIPALIMM EBPA3SUNCKOIO KOHTUHEHTA®

AHHOTauunA
CtaTbsl nocssileHa MMUTALMOHHOMY MOAENMPOBAHWMI0 MUrPaLMOHHbIX MPOLECCOB
EBpasuiickoro koHTUHeHTa. lNMpeanaraetcsa B ka4yecTBe mMaTemMaTMyeckoro annapara
MCMNomnb3oBaTb BEPOATHOCTHBIN OEMO3KOHOMMYECKU noaxon. [lonvMopenbHbin
KoMnnekc cosgaetcsa B cpede AnylLogic ¢ MCNONb30BaHNEM areHTHbIX TEXHOMOTA U
MeToAa CUCTEMHON AVHaMWKW. YOenseTcs BHUMaHue coctaBy pa3pabaTbiBaemoro
npoToTUNa 1 peanu3aummn ero oTAenbHbIX KOMMNOHEHTOB.

Knroyesnbie cnosa:
nonuMoOesbHbIU KOMIIeKc, OeMO3IKOHOMUKA, UMUmayuoHHoe ModenuposaHue, cucmemHasi
OuHaMukKa, azeHmHoe ModesiuposaHue.

D.N. Khaliullina, V.V. Bystrov, S.N. Malygina

DEVELOPMENT OF PROTOTYPE OF MULTI-MODEL COMPLEX FOR MODELING
PROCESSES OF THE EURASIAN CONTINENT MIGRATION

Abstract
The article focuses on simulation of migration processes of the Eurasian continent. It
is proposed to use a probabilistic demo-economic approach as a mathematical
formalism. Multi-model complex is created by simulation tools of AnylLogic using
agent technology and method of system dynamics. Attention is paid to the
composition of the developed prototype and the realization of its individual
components.

Keywords:
multi-model complex, demo-economic approach, simulation, system dynamics, agent-based
modeling.

Beenenue

CouunanbHO-3KOHOMUYECKOE DPa3BUTHE OOIECTBA BO MHOTOM 3aBUCHT OT
neMorpagpuyeckux MpoLeccoB, MPOTeKAOMMUX B HeM. OZHUM U3 BaXXHBIX (aKTOpOB,
BIMSIOIINX HAa H3MEHEHHWE YHCICHHOCTH HaceleHus, sBisercss murpanus. lloa
MHUrpanueil HaceneHust OyJaeM MOHUMATh JII0OOE TEPPUTOPUANIBHOE IepeMelleHHe
HACEJICHUsI, CBSI3aHHOE C IMEPECEYCHHEM KaK BHEIIHHMX, TAaK U BHYTPEHHHUX TIPaHMIL
aIMUHUCTPAaTUBHO-TEPPUTOPHAIIEHBIX 00pazoBanuii [1].

CymecTByeT JOCTaTOYHO MHOTO PadOT, OCBSIIEHHBIX UCCIIEIOBAHUIO MUTPa-
LUOHHBIX TpOLEccCOB. MOXXHO BBIIECTUTH HECKOJIBKO HauOoJee paclpoCTpaHEHHBIX

* Pa6ora BbINOJIHEHA IPU (GUHAHCOBOM mopnepxkke PODU (mpoekt Ne 16-29-12878 (odu_m) «Pazsutne
METOJI0B HICHTH(HKAIINN JUTHAMHIECKUX MOJENeil co CIydaifHBIMU ITapaMeTpaMy U UX IpUMEHEHHe JUIs
MIPOTHO3MPOBaHMS MHUTpanuy B EBpazun»).

69



MOJXO0/I0B K W3YUCHHIO JaHHOW TEMAaTHKU: CHHEPreTU4ecKuH [2 - 6], BepOATHOCTHBIH
[7 - 10], meTox kIeToUHBIX aBTOMaToB [11 - 15].

[lpuHrMas BO BHUMaHHWE MHOTOOOpa3ue CYIIECTBYIOLIMX MOJEIEH, OMHCHI-
BalOIIMX MPOLECCHl MUTPalUH, MpH pa3paboTKe MPOTOTHIIA MOJMMOAEIEHOTO
KOMITIEKCa OBLT B3AT BEPOSTHOCTHBIA TEMOIKOHOMHYCCKHH MOIX0I, Oojiee ToapoOHO
onucanneiid B padote 10.C. [Tonkosa [10], B KOTOpOM NpeAcTaBieH MaTeMaTHYECKUI
WHCTPYMEHTApUH, OTPaXKAIOIUH «IPUHIHMIHAIEHBIE 0COOCHHOCTH (HEHOMEHOJIOTHH
JEMOIKOHOMUYIECKON CHCTEMBI».

OcHOBHbBIE 3TaNbI HCCJICeAOBAHUA

[IprMeHeHne KOHUETINU BEPOSITHOCTHON IEMOSKOHOMHKH TSI UCCIIEIOBAHNUS
MUTPALMOHHBIX MIPOIECCOB BKIIOYAET B Ce0s1 HECKOJIBKO STAIOB:

1. O6paboTKa W OpraHm3aIus XPAHCHHSI CTATUCTUICCKUX JTAHHBIX IO OCHOB-
HBEIM TIOKazaTelsaM: neMorpadudeckue (poskIaeMOCTh, CMEPTHOCTD, KOA(P(OHUIIMCHTHI
MUTpallid H T. [.), SKOHOMHYecKHe (1eHOoOoOpa3oBaHME, KOJIMYECTBO OTpacie
9KOHOMMKH, X MOLIHOCTH U T.H.), JOJS BIUSHHUA CEKTOPOB SKOHOMHMKH BHYTPH
KaXXIOM 30HBI APYT HA ApYyra U Jp.

2. ®opMHpOBaHNE MHOXECTBA MOJECIUPYEMBIX OOBEKTOB C YUETOM pe3yib-
TaToOB O6pa6OTKI/I CTaTUCTUYCCKUX JaHHBIX W OSKCIICPTHBIX sHannii. K OCHOBHBIM
o0BEKTaM pPa3padaThIBAEMOTO TMPOTOTHIA OBLTH OTHECEHBI: 30HBI, THITBI JIFONEH,
oTpaciii 3KOHOMHKH u Ap. [Ipu 3Tom 30HBI (Ki1acTtepsl) GOpMHUPYIOTCS 3a CUET TPYII-
IMUPOBKHU OTACIIBHBIX CTpaH EBpa3I/II\/'ICKOFO KOHTUHCHTA HAa OCHOBC UX XaAPAKTCPUCTHUK.

B 3aBucuMocTu OT 00BEKTa UCCIEIOBAHUS ONPEAEIIIICS TUII MOJIEIIN:

a. CuCTeMHO-AMHAMHYECKHE, KOTOpbIE IIO3BOJIAIOT M3Y4aThb IIOBEACHHUE
CJIOKHBIX CHCTEM BO BpPEMCHHU, NPCACTABIAA HUX KaK CCTb B3aHMOI[eI>'ICTBYIOIHI/IX
ypOBHCﬁ U TIOTOKOB, XapaKTCPUIYIOINHUXCA HAJIWMYUCM MNPUYUHHO-CICICTBECHHBIX
CBs3eil, merenb OOpaTHBIX CBS3CH, 3aACPXKEK pEaKLUH, BIUSHHUA CpPeabl U JIp.
CucTeMHO-IMHAMHYECKOE MOICTTMPOBAaHNE UCTIONB30BAIOCH IIPH PEeaTH3allii areHTOB
CEeKTOPOB JIKOHOMHKH, TaK KaK TI03BOJISICT TPOCIEIUTh HAKOIJICHHUS B CHCTEME
OTIpEICIICHHBIX TIaAPaMETPOB.

b. AreHTHblE, OTIMYUTENILHOH OCOOEHHOCTBIO KOTOPBIX SBIsETCS (OpPMHU-
poBaHUE TJOOAJHHOTO TIOBEJCHUS CHCTEMBI B pe3yJbTaTe BOCIPOWU3BEACHUS
WHIMBUAYaJIbHOTO TOBEIEHHUS OTACIbHBIX €€ dacTed. B BHIe areHTHBIX Mojenei
ObUIN pealu30BaHBI CIEAYIOIINE OOBEKTHI: YEJIOBEK, 30Ha, CEKTOP SKOHOMHKH.

ﬂﬂﬁ OMpEACICHUA OTACIBbHBLIX MAPaMETPOB UMUTALIMOHHBIX MO[IGHCP'I HCIIOJIb-
30BaJINCh aHAJIUTUYCCKHE MOJICIIN (ypaBHeHI/ISI NN CUCTEMbI ypaBHeHHfI, 3aIlIMCaHHbIC
B BHUJIEC alNreOpanyuecKux, HHTETrpalbHbIX, U} depeHInanbHbIX, KOHEUHO-Pa3HOCTHBIX
Y MHBIX COOTHOLIEHWH W JIOTMYECKMX ycioBHil). Hampumep, ansg pemieHus onTu-
MM3aLMOHHBIX 3a/lad [0 ONPEAEJICHUI0 3HAYE€HUW KOHKPETHBIX IOKa3aTesen
(mapaMeTpoB) NPUMEHSAIOCH SHTPOITUHHO-POOACTHOE MOICITUPOBAHHE.

3. Opranuzanysi B3aMMOJCHCTBUS MEPEUUCICHHBIX MOJENIEH I MOJTy4eHHs
OOILIero MpeICTaBICHHS O Pa3BUTUH MAKPOCUCTEMHON MOJIETM MUTPAIMU CPEICTBAMU
CHCTEMHOI HHTETPaLHH.

4. IIpoBeneHue BBIYUCIUTEIBHOTO KCIIEPUMEHTA M Bepru(UKaLHs KOMIUIEKca
MOJIENIEH MUTPALIUU.
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OcHOBHBIE 00bEKTHI MOJUMOAEJILHOI0 KOMILIEKCA

CormacHo paccMaTpuBaeMOMY IOAXOAY MAaKPOCHUCTEMHAs JE€MOIKOHO-
MUYecKas MOJeNb B OOIIEeM BHUJIEC COCTOMT U3 JBYX mojcuctem: «Hacemenuey,
«DKOHOMUKA», KOTOPBIE CBA3AHBI MEXIY COOON MPAMBIMH W OOpPATHBIMHU CBSI3SIMHU.
«Hacenenue» MoienupyeT eCTECTBEHHOS M3MCHEHUE YHCICHHOCTH HACEJICHUS (POXK-
JAEMOCTh M CMEPTHOCTH) M MUTPAIMI0 (BHYTPEHHIOIO M BHEIUTHION). « DKOHOMHUKA»
OTpakaeT SKOHOMHYECKOE COCTOSHHE KaXKIOW 30HBI M paclpe/eiieHHe CEKTOPOB
SKOHOMUKH B HEH.

Ha Tekymem 3Tame uCCICIOBaHUS B PacCMOTPEHHUE OEpPETCS TOJIBKO
BHYTPEHHSISI MUTPAIIAS — MATPALNs HACENICHHS MY 30HaMHU. Y CIIOBHOE pa3/ieleHre
EBpasmiickoro KOHTHHEHTa Ha 30HBI IpeacTaBieHo Ha puc. 1. OTHUM U3 OCHOBHBIX
KpPUTEPUEB OTHECEHHSA CTPaHbl K KOHKPETHOM 30HE SBISIOTCS 3KOHOMHYECKAs
COCTABJISIFOIIAs] ¥ TUII JETOPOKICHUSI.

Puc. 1. Pazoenenue Eepasuiickoeo konmunenma Ha 30usl (Kiacmepul)

Kaxnas 30Ha npeicTaBisieTcs areHTOM M BKJIIOYAET B ce0sl paccMaTpruBacMble
noncucteMel — «Hacenenue» u «IKOHOMHKa». 30HA OINUCHIBACTCS CIEAYIOIIUMH
nmapaMeTpaMu: WMsS 30HBI; pa3Mep 30HBL, KOJHMYECTBO CEKTOPOB JKOHOMUKH;
MPOIICHTHOE pacrpe/ielieHie MY KUYUH U JKEHIIUH Pa3IndHOrO THIIA.

3amomHeHWe 30HBI JIIOJABMH IMPOUCXOJUT B COOTBETCTBHH C MPOIICHTHBIM
pacnpezieieHueM JKEHIIWH ¥ MY)KUHH, a TaKKe BEPOSTHOCTHBIM pacCIpelle]ICHHEM
TUTIOB JKEHINWH (3alaJHOTO W BOCTOYHOTO). 3amagHblii THI XapaKTepPH3yeTCs
pOKIIeHueM B cpeHeM 1-2 neTeit, a BOCTOUHBIHN — 4-6.

Jtoqn, kak OOBEKT HCCIENOBaHUS, TaKXKe IPEICTABIAIOTCS B TPOTOTHUIIE
areHTaMu, KOTOpbI€ OMPEAEISIOTCS COOTBETCTBYIOIIMMH IMapaMeTpaMH: BO3PacTOM
(p.age), Tumom murpanuu (M0 SKOHOMHUYECKUM HPUIMHAM WX I BOCCOCIUHEHUS
CeMbH; p.migration), YJOBJICTBOPSHHOCTbIO 30HOM mpoxuBaHus (p.satisfaction),
BepoATHOCTEIO cMepTH (p.death), momom (p.Male), komudectBom neteit (p.birth), u ap.

Peaﬂu3az4uﬂ noocucmemvol «Hacenenuey

IIpu co3manuu areHta uenoBeka (BbI3oB (yHkinuu people.add((Person)o))
JM000r0 THIMA HE3aBUCHUMO OT T0JIa aBTOMATHYECKH MPOHM3BOIUTCS MPUCOECTUHEHHE
€ro K OINpEeesICHHOM 30HE POXKICHUS, a Takxke K poauTento (Marepn). [lpu poxneHnn
JE€BOYKH, €i1 MPUCBAMBAETCS THIT POXKAAEMOCTH MaTepH (3araIHBIA WIIH BOCTOYHBIH).
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IIpu cmeptu yenoBeka (BBI3OB (yHKIUH people.remove(o)) moboro tuma
HE3aBHCHMO OT II0Jla AaBTOMAaTHYECKH IPOM3BOAMTCS YAAJIEHUE €ro M3 30HBI
IIPO>KUBAHMUSL.

[IporpaMMHO BHYTpEHHSISI MUTPALIMsl HACEIICHHUSI OPTaHU3YyeTCs 3a CueT mepe-
MEILIEHUsl JIIoAEed W3 OAHOW 30HBI B JApyryro. [Ipm STOM HpPOHUCXONWUT BBI3OB
COOTBETCTBYIOIIEH (QYHKITUH:

if ((zone!=null) && ((zone!=target zone)))
{ get Main().movesCounter[zone.getIndex()][target zone.getIndex()]++;}

BaxHoll cocraBistomel B MOAEIU SIBISETCS YYET BO3pacTa CO34aBAEMOro
areHra 4JesjoBeKa JI000To THIa HEe3aBHCHMO OT mona. JlaHHBIA mapaMeTp MO3BOJIUT
HaM clleAyIoulee:

® YHHYTOXATh areHTa B CIIy4ae IMpearnojiaraéMoil CMepTH JaHHOTO YeJoBeKa,
MTOCKOJIBKY 3a/laBaéMbId BO3PACT HACEIEHHS HaXOMUTCS B TpoMexyTke oT 0 1o
85 rer;

® [IEPEBOANTh areHTa B paspsi B3pOCJIOro HACeJIeHUs JUIsl OpraHHU3aluu
MUTPAIlMOHHBIX TOTOKOB (>20 JeT);

®B Cilyuyae C arceHTaMH >KEHIIWH J000ro THIa AAaHHBIA Tapamerp Oyner
OTBEYATh 32 PEMPOAYKTHBHYIO QyHKIHIO. [Ipr 5TOM (epTHIBHBIN BO3pacT HaXOIUTCS
B mpoMexyTke [15; 45].

OO0HOBJICHHE BO3pacTa MPOUCXOIUT Yepe3 TOJ M MEHSAETCS Y BeeX Jtojeit. [Ipu
POX/IEHUH KCHIIMHOW pebeHka mapametp birth (konmdecTBo aeTei) JaHHOTO areHTra
YBEIMYUBACTCS HAa EIWHUIYYy, TPH 3TOM BEPOATHOCTH POXKICHHUS MalbUhKa WIH
NEBOYKHA OAWHAaKoBa u cocTaBiusier 50%. DTo maeT BO3MOXXHOCTH OTCIIEKHBATH
POXIAEMOCTh y KEHIIMH B COOTBETCTBHUM C OrPaHUYEHHUSMH, HAJIOXKEHHBIMH Ha
areHToB NaHHOTO THMa. [lpW opraHM3amuM MUTPAIMOHHBIX MTOTOKOB YYHTHIBAETCS
CBSI3b «MAaTh M TUTS», KOTOpask pa3phIBACTCs MPHU TOCTHKECHUN peOeHKOM 20-JIeTHEeTo
BO3pacTa.

Pe(l/ZI/Bal/ﬂ/lﬂ noocucmemvl « IKOHOMUKAY

[lpy wHUIMANMM3aIMUA MOJEIH B KaXIOH 30HE MOMHMO IIOJICHCTEMEI
«Hacenenue» Tarxke ¢popmupyercs nojacucreMa « DKOHOMUKa» - CO3JAIOTCA CEKTOpa
SKOHOMHKH, OTHOCSIIHECS K JaHHOU 30He. Kax/Iblii CeKTOp SKOHOMHKH TPECTABICH
areHToM, [y KOTOPOTO 3aJaf0TCs CIICAYIOIIHE IapaMeTphl: Ha3BaHHE CEKTOpa
SKOHOMHKH (se.name); MHIEKC CEKTOpa SKOHOMHKH JUIs YIpPOLIEHUS 00paboTKu
JDaHHBIX (se.sector index); 30HA, K KOTOPOH TNPHHAUICKUT CEKTOP ASKOHOMHKH
(se.zone); paBHOBecHasl IleHa, XapaKTepHas ISl 9TOTO CEKTOpa SKOHOMHKH KaKJIOU
30HHI (se.p).

Kaxplii ceKTop SKOHOMHUKH TIPEICTABIISIET COOOH CHCTEMHO-THHAMHYECKYIO
MOJIeJTb, a0I0H KOTOPOH MpecTaBieH Ha puc. 2.

OnHUM W3 TOKa3aTelell CeKTOPOB IKOHOMUKH siBisieTcs «[Ipon3BoicTBEeHHAsS
MoIHOCTE» (M), TpencraBieHHass B CHUCTEMHO-IMHAMUYECKOHW MOJIETH YPOBHEM.
Ero m3meHeHne xapakTepu3yeTcsl BXOISAIINM MOTOKOM OOHOBJICHUS (32 CUET MHBEC-
THIHH - Investments) U UCXOSIIUM TTOTOKOM aMOTPH3allUK (32 CYET €CTECTBEHHOTO
crapenus - Depreciation):

M
% = Investment s — Depreciation .
t
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Puc. 2. lllabron modenu cekmopa 3KOHOMUKU

IToTox OOHORBJICHUS OMUCHIBACTCS CICAYIOUIUM YPaBHEHUEM:
Investments = period * M * Coef _ef _inv* Invest ,
rae period - mepuoj penaakcaryu; M - IPOU3BOJCTBEHHAS MOIIHOCTb;
Coef _ef _inv - koo duimenT 5¢pPEeKTHBHOCTH HHBECTHIIHIA;
Invest - UHBECTULIUU.
[ToTok aMOpTH3AIMN OMTKCHIBACTCS CIACIYIONIMM YPaBHCHHEM:
Depreciation = period * M *(Q+Q1*M) ,
I7ie period - IEPUOM pelaKcanuu; M - MIPOU3BOJCTBEHHAS MOIHOCTD;
0, 01- ko3P PUIHEHTH aMOPTHU3AINH.
[Tpu 5TOM UHBECTHIIUN PACCUUTHIBAIOTCS 1O POPMYJIC:
Invest = Profit_Per Inv* p* Issue,
rae Profit _Per Inv - monst npuObUIH, HampaBiisieMas Ha WHBECTHUIIWU,
P - PaBHOBECHBIC 1IEHBI; Issue - BBITYCK MPOIYKIIMU JAHHBIM CEKTOPOM

OKOHOMMKH.
HOpOF peHTaGeHBHOCTI/I AJIA JaHHOT'O CEKTOPAa SKOHOMHUKHU:

1
Rent level = 5 * [(1 — Profit_rate)* p— procass_costs] ,
rae S - 3apaborHas rara; Profit _rate - mopma npuObLIM; p - PABHOBECHBIE LICHBI,

process_costs - IPOU3BOJCTBCHHBIC 3aTPaThl, 3HAYCHHUE KOTOPBIX BBIYMCIIICTCS
coryacHo hopmyie:

K
process_costs = Zak’J (n,0)* p’ (n,t) |
Jj=1,j#k
rie a*/(nt) - noms OPOIYKIMH j-TO CEKTOpa B NPOAYKIMH Kk-ro cekTopa

(OTpacneBble TeXHOJNOrmyeckne Ko3ppuIMeHTsl); P’ - pABHOBECHBIE IEHBI j-TO

CEKTOPa 3KOHOMUKH.
3Ha4YeHUs] COOTBETCTBYIONINX MEPEMEHHBIX OepyTCs U3 TAOJHUI, COACPIKAIINX
WHPOPMALIMIO TI0 pacupeAeieHnto BiusHUs. OCHOBHBIE MO TaOJIHMLBI cOIEpXKatr
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Ha3BaHMs CEKTOPOB SKOHOMHKH, a Ha MEPECCUCHUN dTHX 3HAUCHHUH YKa3bIBACTCS OIS
BIUSTHHSI CEKTOPA j Ha CeKTOp k.

[Mony4yenue HeOOXOAMMOW WHPOPMAIUM TMPOUCXOTUT BO BpPEMS BBI30BA
COOTBETCTBYIONICH (hyHKIMM yearlySec():

for(int asd=2;asd<(int)get Main().data.getLastRowNum("Sec_Sec");asd++)
{ double ak=get Main().data.getCellNumericValue("Sec_Sec",asd, stolbec);
if (ak > 0)
{ for (int gh=0; gh<fgh.sectors.size(); gh++)
{ if (asd==fgh.sectors.elementAt(gh).sector_index)
{summa=summa-+ak*fgh.sectors.elementAt(gh).p;}}}}

CTrouT OTMETHUTh, YTO B3aUMOJIEHCTBHE MEXIy paccMaTpUBaCMBIMHU
MMOJICKCTEMAMH TIPOTOTHIIA OCYIIECTBISETCS MOCPEICTBOM Iepenadn HH()OPMAIIUU
yepe3 HaOOp OMNpeAeNeHHBIX MOETbHBIX NapameTpoB. Ha BbIXxoge moacHMCTEMBI
«Hacenenne» ¢opmMupyercs NPOCTPAHCTBEHHOE IIOJIOBO3PACTHOE paclpeielieHIe
HaceleHus Mo 30HaM. Ha ero ocHoBe BBIUMCISIETCS MpeNIOKeHHe pabodeld CHITBI B
KaXX/I0 M3 30H, KoTopas HeoOXoauMa JJisl TIPOU3BOJICTBA TOBApOB M yciyr. JlaHHas
nHpOpPMALIUS TOCTYMaeT B MOJCHCTEMY «DKOHOMHKa», Ha BBIXOAEC KOTOpPOU
OTIPEIETISIIOTCS.  TIapaMeTPhl, BIUSIONINE Ha HSKOHOMHYECKYIO IPHUBIEKATEIHHOCTD
paccMaTpuBacMOM 30HBI I TOTEHIIMAILHBIX MUTPAHTOB.

Oco0enHocTU padoThI C JAHHBIMU

IMpu pa3paboTke MONMMOJCIBFHOIO KOMILIEKCA BHHUMAaHHE OBUIO YJIEICHO
OpTraHM3AINY TIONYYeHHUs, OOHOBJICHUS W XpaHEHHs BCEl HE0OXOoAMMON WH(pOpMAIIH
no crpanam EBpasuiickoro kontuHeHnTta. TpeOyemble JaHHbIE Opainch U3 CTATHCTHKH
1o eBporerickuM [16] u azuarckum rocyaapctsam [17].

C uernpio NOBBIIEHHS YPPEKTUBHOCTH M ONEPATUBHOCTH TTOJYIEHHS TOCTYIIA
K CTaTHCTHYECKOW WH(POPMAIMK, a TaKKe YBEIWYECHHUS OBICTPOICHCTBHS ee
00paboTKH, OBLIO MPEUIOKEHO HCIONb30BaTh BHEIIHHE TaOmunbl (B gopmare MS
Excel), comepkamme HaOOp OMpPENEIEHHBIX XapaKTEPUCTUK KaXIoW u3 30H. B
Ka4yecTBe IapaMeTPOB WCHOJIB3YIOTCS CIIEAYIONIME IIOKa3aTelH: IIepeyeHb 30H;
MepevyeHb CTpaH KaXJIOW 30HBI; IepeueHb SKOHOMHUYECKHX OTpaciel 30HHI,
MPOAYKIMS KOHKPETHON OTPACIv; 3KCIIOPTHEIE CBS3U MEXKJY OTPACIISIMHU; SKCTIOPTHEIE
CBSI3H MEX/y 30HAMH; YCIIOBHBIE PACCTOSHHS MEXIY 30HAMH; PaBHOBECHBIC IICHBI;
[IEHO00pa30BaHUE HAa HAYAJIHHOM JTalle IMUTAIMN; HaYaJIbHBIE IEHBI Ha IPOIYKIIHIO.

OOpaimieHrne K KaXJIoW TaOIMIe MPOUCXOJUT BO BpeMs  BbI30Ba
COOTBeTCTBYIOIIEeH (QyHKIMH. B KadecTBe nmpumepa MOKHO PacCMOTPETh CUHTHIBAHUE
nHdopmanmu B cpeny AnylLogic u3 daitna, comepkamero JaHHbIE O OTpacisM
SKOHOMHKH KOHKPETHOH 30HbI:
for (Zone z : zones)

{ for(int j=2; j<data.getLastRowNum("Zon_Sec"); j++)
{ v3=data.getCellStringValue("Zon_Sec", j, 1);
if(v3.equals(z.name))
{ int [=2; while (I<(v5+1))
{ v4=(int)data.getCellNumericValue("Zon_Sec",j,l);
if((int)data.getCellNumericValue("Zon_Sec",j,1)==1)
{ SectorEc se=add_sectors();
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se.name=data.getCellStringValue("Zon_Sec", 1, 1);

se.sector_index=l;

se.zone=z;

se.moveSToThisZone(z); } 1++; }}}

Crnemyer OTMETHTh, YTO C YBEIUYCHHEM KOJMUYECTBA, KAK UCXOJHBIX JTAHHBIX,

TaK ¥ 3JIEMEHTOB TOJMMOJICITEHOTO KOMIUIEKCa, BO3PACTaeT CIOKHOCTh OpPraHH3aIluH
ONCPUPOBAHMS  JaHHBIMH. JTO MOXET CIYXXHTh TOBOJOM sl TOHCKa
QIbTEPHATUBHBIX PEIICHUH IS XpaHCHHUS WHPOPMAIUH (PEIAITHOHHBIC 0a3bl JaHHBIX
WA TIPUKIIaTHBIC OHTOJIOTHH).

3akiouenue

B crathe mpHBOAATCS NPOMEXYTOUHBIE PE3YNIbTaThl HUCCIEIOBaHMS, MOCBS-
LIEHHOTO MPUMEHEHHIO BEPOATHOCTHOIO JEMO3IKOHOMUYECKOIO MOAX0Aa K MOJENH-
POBaHUIO MUTPAIIMOHHBIX MpoueccoB EBpasuiickoro koHTnHeHTa. Oco00€e BHUMAaHUE
yIOEIeHO TakUM BOIpoOcaM, Kak COCTaB pa3pabaTbIBAEMOro IOJIMMOJEIBHOTO
KOMIIJICKCA U OTACJIBbHBIM TEXHUYCCKHUM AaCICKTaM pCain3allivi B BI>I6paHHOI>'I cpeae
MOJICJINPOBAHHS.

B kauecTBe JanbHEMIIMX HANMpaBICHUM pa3BUTHUSL UCCIEIOBAHUS ABTOPCKUN
KOJUIEKTUB BUIUT B CIEIYIONIEM:

® YTOYHCHHE ITApaMETPOB KOMIIOHEHTOB MOJIEJIN;

e peanu3aunysl AITOPUTMOB LIEHOOOPa30BaHMA, KaK C MPUMEHEHHEM MakKpo-,
TaK ¥ MUKPO3KOHOMHYECKOTO IOJX0/I0B;

e 337aya BBIOOpa MacmTada areHTa MOJENMPOBAHMS, OTBEYAIOIIEro 3a
WHAWBUAYyMa (areHT — 4YeJOBEK MM areHT — IPyNna JIIoACH C OmpenesIeHHBIMU
XapakTepucTukamu?);

® YYET B MOJEJIHM HE TOJIbKO BHYTPEHHEH MMIpalud, HO U BHEIIHEH IIO
OTHOLIEHUIO K EBpa3uiicCKkOMy KOHTUHEHTY;

® pacUIMpeHHEe CIHCKA BHEIIHMX MCTOYHMKOB HH(OpMamMu 3a CueT
noOaBieHus 0a3 NaHHBIX Pa3IMYHBIX POPMATOB;

® 3ajlaya pacnapajijieJiiBaHrud HWMHTAIlUMA TIPpU  YBCIIWYCHHUU KOJIMYCCTBA
areHTOB B MOJIEIH.
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A.B. Buuentuin™?, M.I". Wuwaes"?, A.A. Epwoga®, I'.I". Foro6epuaze®*

! MHCTHTYT MHOPMATHKE i MATEMATHUECKOTO MOICTHPOBAHHS TEXHOMOTHUECKHX MIPOIIECCOB
Konsckoro HI] PAH

% @uman (esepanbHOro rocyIapCTBEHHOr0 GI0IKETHOr0 00PA30BATEILHONO YUPEKICHHS BBICILIEr0
obpazoBanus «MypMaHCKHUH apKTHUECKUI TOCYJapCTBEHHBIH YHUBEPCUTET» B I'. ATIATHTHI

3 ®I'BOY BO «MypMaHCKHil apKTHYECKHH FOCYAaPCTBEHHbI YHUBEPCHTET

* Poccniicknit rOCyIapCTBEHHBIM THAPOMETEOPOIOrHYecKruil yHuBepcuteT, T. C-IletepOypr

KOHUENTYAJIbHASl MOOENb MOPEXO3SMCTBEHHOW AEATEJNIbHOCTU
B PEFTMOHE KAK OCHOBA CUCTEM UH®OPMALIMOHHOW NOAAEPXKU

MOPCKOIo NPOCTPAHCTBEHHOI'O NIAHUPOBAHUA

AHHoOTauus
B pabGote npenctaBneHa KoHUenTyanbHas  MoAeNb  MOPEXO3SNCTBEHHON
DesaTenbHOCTH, yuuTbiBaoLwasa UHTEpecHI 3anUHTEPECOBaHHbIX CTOPOH

(cTerikxongepoB), paspaboTaHHass Ha npumMepe MOPEXO3ANCTBEHHOrO Kracrepa
MypmaHckon  obnactu. [pegnaraemas  koHuenTyanbHas Mogernb  MOXeT
MUCNonb30oBaTbCA ANs  pelleHus 3afdad  MHTENnekTyanbHONW WHEPOPMALMOHHOWM
NoaAEepXKKkU  yNpaBneHWss  MOPCKUM  (akBaTopuarnbHbIM)  MPOCTPAHCTBEHHBLIM
NNaHUpoOBaHNMEM  pErMoHasnbHbIX  MOPEXO3SNCTBEHHbIX  KoMnnekcoB. [aHa
XapakTepucTvka npobnemMaTuku MOPCKOrO MPOCTPAHCTBEHHOIO MMaHWPOBaHUSA B
A3P® Ha npumepe MypmaHckoin obnactv, npeacTaBneHbl COCTaB M CTPyKTypa
MOZENN B BUAE TEOPETUKO-MHOXECTBEHHbBIX OTHOLLEHUN.

Knioyeenie crioea:
KoHUenmyarsneHasi Modesib npedmemHol obacmu, MOPCKOe NPocmpaHCmMeeHHoe
nnaHupoearue, MypmaHckasi 06r1acmb, MOPex03siicmeeHHasi 0esimesibHOCb.

A.V. Vicentiy, M.G. Shishaev, A.A. Ershova, G.G. Gogoberidze

CONCEPTUAL MODEL OF REGIONAL MARITIME ACTIVITIES AS A BASIS FOR
INFORMATION SUPPORT SYSTEMS FOR MARINE SPATIAL PLANNING

Abstract

The paper presents a conceptual model of maritime activities that takes into account
the interests of stakeholders and is developed using the example of the Murmansk
region maritime cluster. The proposed conceptual model can be used to solve
problems of intellectual information support for management of marine (aquatorial)
spatial planning of regional marine economic complexes. The problem of marine
spatial planning in the Arctic zone of the Russian Federation is discussed using the
case of the Murmansk region, and the components and structure of the model in the
form of set-theoretic relations are presented.

Keywords:
conceptual model of the subject area, marine spatial planning, Murmansk region, maritime
activities.

BBenenne

B nocnennue roapl 3HaueHHWEe APKTUKH ISl COLMATIbBHO-3KOHOMHYECKOIO
pasButusi Poccuiickoit ®Dezxepanuu  OpoOJOJHKAET HEYKIOHHO Bo3pactaTh. Ho

: HccnenoBanue BHIMONMHEHO NpH (puHAHCOBOW noaaepxke PODU nu MunucrepctBa 00pa3oBaHus U
Hayku MypMaHCKOH 001acTH B paMKax HaydHBIX TpoekToB Ne 17-47-510298 p_a, Ne 17-45-510097 p_a.
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JanbpHElIIee pa3BUTHE U UccienoBanne ApkTuueckoil 30061 Poccuiickoit deneparu
(A3P®) He MOXKET OCYIIECTBISATHCS B OTPHIBE OT PA3BUTHS HOBBIX WH(POPMAITIOHHBIX
TEXHOJIOTHHA M MOBBIIIEHHS Y(PPEKTUBHOCTH WX UCTOIB30BAHMS B PA3IMUHBIX chepax
XO3SIICTBEHHOM JICATENLHOCTH. B  naHHOW craThe mpejacTaBlieHa 4YacTbh padoT,
HampaBlIEHHBIX Ha CO3/[aHHE TOIXOAOB K pEIICHUIO 3a7ad pa3padOTKH Hay4dHO-
METOANYECKUX OCHOB YIIPAaBJICHUS MOPCKHM IPOCTPAHCTBEHHBIM IUIAHHUPOBAHUEM
Pa3BUTHUS MOPEXO3SHUCTBEHHBIX KOMILJIEKCOB €BPOMEHCKON YacTu APKTHYECKOM 30HBI
Poccuiickoli @enepanyum  Ha OCHOBE HMHTEIUIEKTYaJbHBIX HMH(GOPMALMOHHBIX
TEXHOJIOTHH (Ha MpuMepe MOPEXO03sHCTBEHHOTO KitacTepa MypMaHCKOH 00macTu).

['maBHBIC 1I€TM, OCHOBHBIE 3aJadyd, CTPATEIHUECKHE MPUOPUTETHl U
MEXaHU3Mbl peaju3aluu TOCyJapCTBEHHOW mnoiauTuku Poccuiickon ®enepauuu B
ApkTHKe, ompeneneHsl B JOKyMeHTe «OCHOBBI TOCYIapCTBEHHOH MOIUTHKH
Poccwmiickoit ®enepanmun B Apktuke Ha mepuon mo 2020 roga W mambHEHIIyIO
nepcrneKkTuBy» (yTBepkAcH npesuneHToM PO B 2008 romay). DTuM ke JOKYMEHTOM
BBOJUTCI M CHUCT€Ma MEp CTPaTErM4ecKOoro IUIaHUPOBAaHUA  COLMAIBHO-
SKOHOMHYECKOTO Pa3BUTH ApKTH4ecKoi 30HB PO m obecriedeHrs HAIMOHAIBHOMN
6e3onacHoctu Poccun.

Apktrueckas 3oHa Poccuiickoit ®eneparuu, Kpome MpoUYero, XapakTe-
PU3HPYETCS] 3HAYUTEIBHBIM 3KOHOMHMYECKHM MOTEHLIMAJIOM, KOTOpBIM B HAcTOsLIEE
BpeMs elle TMOJHOCThIO HE pacKpelT. B poccuiickoii ApKTHKE COCpPENOTOYEHBI
KpyTHble pa3BeJaHHbIE 3amachl YIJIEBOJOPOAOB, METANIOB M JPYroro IEHHOTO
MUHEPATBHOTO CHIphs. Takyke OONbIIOe 3HA4YEHHE IS SKOHOMHKH CTPaHBl WMEIOT
OWoNOTHUeCKNe pecypchl W TPAHCIOPTHBIE KOPUIOPHI  CEBEPHBIX  MOpEH.
3HauuTeNnbHas 4YacThb BOEHHOTO TIOTEHIMajla CTpaHbl TaKKe pacrojaraercs B
CEBEPHBIX U APKTHUYECKUX ITUPOTAX.

B A3P® BxomsT TeppHUTOpHU JEBATH CEpPBEpHBIX pernoHoB Poccum (puc. 1)
[1], a e€ miomanab, ¢ y4eTOM KOHTHHEHTAJIBHOIO IIeNb)a M MOPCKHUX HCKIIIO-
YUTENBHBIX SKOHOMHYECKUX 30H, COCTaBISCT HE MEHEee TPHUALIATA MPOIECHTOB OT
o0rieil muomany cTpaHel. B 3Toi cBsi3u, yunThiBas To, 4To Poccuiickas ®Denepanus
3aHHMaeT TPEThE MECTO IO MPOTHKEHHOCTH OEperoBO JTWHUHM B MHpPE, a TaKKe
YPE3BLIYAMHYI0O BAXKHOCTH MOPCKHX TIPOCTPAHCTB B TIpeAeiax HCKIIOYUTEILHON
SKOHOMHYECKOW 30HBI Poccum s obecriedeHns COIHATbHO-3KOHOMHUYECKOTO
pa3BUTUSL CTpaHbl, HEOOXOIUMOCTh M aKTyaJbHOCTh PEIIEHUS 3aJaddl CHUCTeMa-
THU3alUK MPOOJIEMATHUKH MOPCKOTO MPOCTPAHCTBEHHOTO IJIAHMPOBAHUS PAa3BUTHS
MOpPEXO03SICTBEHHBIX KOMIUIEKCOB, a TaKKe pa3padOTKU MOAX0JI0B K €€ PEeIIeHHI0 Ha
0a3e COBpPEMEHHBIX WHTEIUIEKTYAIbHBIX HHGOPMAIIMOHHBIX TEXHOJIOTHI HE BEI3BIBAIOT
COMHEHMI. Pemenue 53ToM 3a7auM MO3BOJIUT NPOBOJUTH AaHAIU3 W IPOTHO3
COLIMAJIbHO-3KOHOMHMYECKOTO Pa3BUTHS E€BPOIEHCKOW 4YacTH ApPKTHYECKOH 30HBI
Poccuiickoii ®epeparim B 1ensax o0ecriedeHHsT HAIMOHAIBHOW 0€301MacHOCTH
peruoHa NOpU pEelIeHUH 3aJad TEPPUTOPUATBHOTO IUIAHUPOBAHUS MOPEXO3AUCT-
BEHHOTO KOMIUIEKCA C HCIOJb30BAaHHEM HHCTPYMEHTapHs MOPCKOTO IPOCTPAHCT-
BEHHOTO IJIAHUPOBAHHS U MHTEJUIEKTYAIbHBIX HHPOPMAIIMOHHBIX TEXHOIOTHH.
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APKTUYECKAR 30HA POCCHWCKOWN ®EAEPALMN ‘ i
CeBepHbliil [lenosuTkIn okeaH
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1 - Mypmaickas obnacts 6 - KpacHospckuit kpail (8 coctase Tai (0 Henetkoro) pafioHa,
2 - PecnyGnuka Kapenua (g coctase K ] TOPOACKOTo OkpyTa Hopunbek, MyHMUMnanebHoro obpasosanins rop. Wrapka Typyxanckoro
MyHHUMNANBHBIX PafoHOB) MYHULMNANLHOTO paitoHa)
3 - Apxanrensckan obnacts (B cocrase O My n M 7 - Pecnybnuxa Caxa (Fikymns) (B cocTase - ABbii o
paiioHoB, rop OKpyroB Ap: , C uk Bepxoskckoro, Xurakckoro, O t Cj oro,
aTaKke P [ EW P Yerb-AHckoro u JeeHo-BuiTaaickoro ynycos)
4 - HeHeLykWil aBTOHOMHbI OKpYT 8 - YyKoTeKui aBTOHOMHBIR OKpYT
5 - Fimano-HeHeLKui aBTOHOMHbIA OKpYT 9-F Komm (8 cocTase rop okpyra BopkyTa)

© Iyxw 10.9.; Epemun A3, 2011r,

Puc. 1. Teppumopuanvusiii cocmag A3P® [1]

Kparkasn xapaktepuctuka MypMaHCcKoii 00,1acTH KaK 00beKTa MPHJI0KEH U
MOPCKOT0 MPOCTPAHCTBEHHOT 0 MJIAHUPOBAHUS

Hecmotpst Ha To, 4TO OONbIIas YacTh TEPPUTOPUHM OOJIACTH HAXOAWUTCS Ha
MIOJIyOCTPOBE, KOTOPBINM oMbIBaeTCs benbiM 1 bapeHIeBBIM MOPSAMH, IMEET HECKOJIBKO
He3aMep3aloIirX MOpToB, 0a3pl CeBEPHOTO BOEHHO-MOPCKOIO, JIEAOKOJIBHOIO H
pBI00IOBHBIX (DIOTOB, B HACTOsAIIEE BpeMs, B MypMaHCKO# 00JacTH HE CYIIECTBYET
YETKOTO MOPCKOr0 IMPOCTPAHCTBEHHOI'O IIJIaHA, KOTOPBIA MOr OBl JI€db B OCHOBY
BBIPAOOTKM HOBBIX 3JIEMEHTOB CTPAaTETHH COLUAIbHO-3KOHOMHYECKOTO Pa3BUTHS
peruoHa. IIpu 3TOM 3KOHOMHYECKHIM MOTEHLIHUA MOPEXO3SHMCTBEHHON JEATEIbHOCTH
pEerroHa UCIOJIb3YeTCs HeA0CTaTOYHO 3 dekTrBHO (puc. 2) [2].

IIpu oTCyTCTBHM CHCTEMHOIO MOAXOJAa K YIPaBICHUIO HPHUMOPCKHMH,
AKBAaTOPHAIBHBIMA U MOPCKHMHU OHO- COLIMO- SKOHOMHUYECKUMH CHUCTEMaMH BBICOKA
BEPOSITHOCTh ~ YBEJIMUCHHS KOJMYECTBA KOH(MDJIMKTOB Kak MEXIy MpUPOJIO-
MOJIb30BATENIIMU PA3JIMYHBIX OTpaciiei, TaK U Cpeld XO3SHCTBYIOLIMX CyOBEKTOB C
OJIMHAKOBBIMU M CXOKUMH BHIAMH AEATEIBHOCTH. KpoMe TOro, OTCyTCTBUE CUCTEMBI
TUTAHUPOBAHUST MOPEXO3SHCTBEHHON MEATENbHOCTH MOXET MaryOHO CKa3aTbhcs Ha
9KOJIOTHUYECKON CUTyalluu U OMOpa3Ho00pa3uu peruoHa. s perenus 3tux npoodiaem
MO’KHO HCHOJNb30BaThb MOAXOJ HAa OCHOBE MOPCKOTO IPOCTPAHCTBEHHOTO
wianuposanusa (MIIIT). Mopckoe MpOCTpaHCTBEHHOE TUIAHUPOBAHHE - 3TO TPOIIECC,
MO3BOJISIIONINI OOBEIMHUTh MHOXECTBO MOPEMNOJIb30BaTeNe W3 paznuuHbIX chep
NESTEeNbHOCTH Al  HPUHATHS OOOCHOBAaHHBIX M COIVIACOBAHHBIX — PEILCHHUN
OTHOCHUTEJIBHO TOT0, KaK HAaWIy4IIUM 00pa3oM HCIOIb30BaThb MOPCKHE pecypchbl. C
€ro TOMOIIbI0 MOXHO Yy4YeCcTh KYMYJISATUBHBIA OQQeKT, OKa3bBaeMbIH Ha
OKPY)KAIOI[YI0  CpPely pPAa3INYHBIMH  MOPEIOJIBb30BATENAMU, MNPEAYNPEOUTh U
MUHHMHU3UPOBATh BO3MOXKHBIE KOH(IJIMKTHl CPEAM MOPEINOJIb30BaTeNel, OCYIIeCTB-
JIFOLIUX CBOIO JCSITEILHOCTh B OJTHOM M TOM JKe paiione. Pesynbrarom MIIIT 00b14HO
sBIsieTcss OoJiee CKOOPAMHUPOBAHHBIA M YCTOHYMBBIA IMOJXOJ] K HCIOIB30BAHHIO
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MOPCKHX PECYPCOB M YCIYyT C YYETOM OHKOJOTMUYECKUX OTPAaHUUYCHUU MPHUPOJIO-
MOJIb30BaHUSI M OCHOBHBIX IPHHIIAIIOB 3KOCHCTEMHOTO MOIXOAa W YCTOHYHBOTO
pa3BUTHSL.

771 wc.uen. 92,7%

FOPOACKOE HACENEHHE

./
}“‘ 5,3 YEN./KM? 7,3%
NNOTHOCTE HACENEHHUA CEMNLCKOE HACENEHHE

CocTaB HaceneHus:
pycckue 89%, ykpauHubi 4,8%, 6enopyckl 1,7%

RECCICIITEN 0,6/ 5575
y 0 BBBNCTPAHbI
B pLIGONOBCTBEO, pLIGOBOACTEO
A m Ao6bi4a NonesHbIx Mckonaembix
- obpabarkiBaioLLmre NPoM3BOACTEA

NPUOPUTETHBIE HAMPABNEHUSA ! A\v — kL L M L

ONTOBaA W POSHWYHEA TOPTOBNA, PEMOHT

0 aBTOTPAHCNOPTHbBIX CPE/ICTB, MOTOLWMKNOB, BbITOBbIX
1 00 / 0 MPOKU3BOACTBA AMATUTOBOrO - ma,u,en?»m W NPeMETOB NAYHOTO nol}moaaHm
W HEDENMHOBOIO KOHLIEHTPATOB B CTPAHE
M TPaHCINOPT W CBA3L
0% 45Y% ;
0 OBLEPOCCUMCKOrO onepaLyi ¢ HeABVKAMLIM UMYLLECTBOM, apeHaa
OBBLEMA HUKENA W npegocTasnexme yenyr
0 rocyaapcTBeHHoe ynpasnenve 1 obecneyenne
@ 7 / 0 NPOW3BOACTBA BOEHHOMN De3onacTHoCcTH
PA®UHWPOBAHHOW MEQW coumanbHoe CTpaxoBaHWe 3APaBoOXpaHeHne U
0 NPefoCTaBNEHUE COLMANBHBIX YCNyT
’ 1 6,2 /0 OBILEPOCCHWACKOIO NpouMe BUGL! AEATENBHOCTH
YNOBA PbiBbl

Puc. 2. Coyuanvro-skonomuueckoe pazsumue Mypmarncxoti ooracmu [2]

Pa3paboTka KOHIENTYaIbHOI MO/e/H MPeIMeTHOI 00J1acTH

Bonbiioe koin4ecTBO CyOBEKTOB SKOHOMHUYECKOW M MHOW JIEATCIILHOCTH B
MOPCKHX aKBaTOPHSIX M MPHUOPEKHBIX 30HAX (CTEHKXOIIEPOB), a TaKXKe CIONKHOCTh
3aTparuBaeMbIX MOPEXO3SMCTBEHHOH JEATEIbHOCTHIO OHO-COLMO-3KOHOMHUYECKUX
CHUCTEM JeJlaeT aKTyalbHOM 3aJadyy CHCTEMHOIO IIpEeICTaBlI€HHUA cOcCTaBa U
OTHOUICHWH pa3sHOPOAHBIX OOBEKTOB, TaKk WIM HMHa4Ye aCCOLMHUPOBAHHBIX C
paccMaTpuBaeMOM eATEIbHOCTBI0. B KauecTBe MHCTpyMeHTa 1MOJ00HOIO IMpeacTaB-
JNeHus B paboTe TpeaiaracTcs HCIONBb30BaTh CQOPMYIHMPOBAHHYIO B TEPMHHAX
TEOPETUKO-MHOXXECTBEHHBIX OTHOLICHWH KOHLENTYalbHYI0 MOJENb HPEAMETHOI
obractu.

[Mpu pa3paboTke KOHUENTyanbHOW Mozaenu mpenmetrHoi obmactu (KMIIO),
YUYUTHIBAKOIIEH MHTEPECHI CTEUKXOJIEPOB, OCYIIECTBISIOMNX MOPEXO3SIMCTBEHHYIO U
CMEKHBIE BUABI JEATEIbHOCTH aBTOPbI PYKOBOACTBYIOTCSI OCHOBHBIMH HOJIOXKEHUSIMU
CHCTEMHOT0 MOAX0Ja U CUCTEMHOTO aHajM3a, pacCMaTpuBasi OObEKT yNpaBIeHHUS KaK
cuctemy [3]. [Ipemnaraemas KMITO HeoOxoauma juist 00eCrieueHus: TEXHOJOTHIEeCKOH
OCHOBBI DELICHUS 3aJad HHTEJUIEKTYyalbHOM HWH()OPMAIMOHHON MOAJNEPKKH IO
YIOPaBJICHUIO MOPCKHM (AKBaTOPHAIbHBIM) HPOCTPAHCTBEHHBIM IIJIAHUPOBaHHUEM
Pa3BUTHS MOPEXO3IHCTBEHHBIX KOMIUIEKCOB MypMaHckoi obnactu. CyliecTByromnuye
CerofHsl peuieHuss B oOyacT WH(GOPMAIMOHHOM TOIMEPKKU 10 YIPaBICHUIO
MOPCKHM TIPOCTPAaHCTBEHHBIM IUIAHUPOBAaHHMEM B OOJBIIMHCTBE CBOEM OpPUEHTH-
POBaHBI Ha PEIIeHNEe YaCTHBIX 3a/1a4, HOCAT HECHCTEMHBIN MU JIOKAJIBHBIA XapakTep
W He 00ecneynBamT JIOCTH)KEHUE KOMIUIEKCHOro »sddekra mpu ynpaBieHUH
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TEPPUTOPHUSIMH, AKBATOPUSIMH M MOPCKMMHM IpocTpaHcTBamu [4 - 6]. Kpome Toro,
MHOTHE U3 HUX HE y4uThIBaloT cnernuduky A3P®D, dro 3aTpyqHseTr ux agantanuio u
MPUMEHEHHE B CHeNU()UUECKUX YCIOBUAX ApKTHKH. TakuMm 00pa3oM, BO3HUKAET
aKTyanbHas Hay4yHas mOpoOieMa pa3pabOTKM HaydyHO-MeToAuuYecknx ocHoB MIIII
YPOBHS PETHMOHA, KaK CIOKHOW COLMAJIbHO-3KOHOMHUYECKOH CHUCTEMBI, CYIIECT-
BYIOIIIEH B OBICTPO MEHSIOIIEHCS BHEITHEH cpejie.

B03MOKHOCTh HMCTIONIB30BAHUSI PA3NUYHBIX BHIOB PECYPCOB, COCpENO-
TOUCHHBIX Ha OJHON TEPPUTOPHH MOTEHIUAIBHO BEAET K MOSBICHUIO POTHBOPEUUIL
(KOH(]ITUKTOB) CTEHKXONIEPOB, YTO, B CBOIO OUYEpeb, MMaryOHO BIHAET Ha oOIiee
COLUATBHO-KOHOMHUYECKOE Pa3BUTHE OOIACTH.

Crparerusi conuaibHO-3KOHOMUYECKOTO pa3BUTHS MypMaHCKOH 00iacTd Ao
2020 roma n Ha mepuon o 2025 roma [7] B KauecTBE MPHOPUTETHBIX HAIPABICHUI
Pa3BUTHS YKa3bIBa€T PAa3BUTUE PHIOONPOMBICIOBOIO U aKBAKYJIbTYPHOIO KJIACTEPOB,
TEXHOJIOTHYECKOTO KilacTepa oOecreyeHuss MenbpoBoi 0O0bMM B ApKTHKE,
TEXHOJIOTHYECKOTO M MAaTepUaJbHOrO O0ECHeueHHs MOPCKOH [JesTelIbHOCTH,
TYPUCTHUECKOTO KJIacTepa U Pa3BUTHE MOPCKOIO KPYH3HOI'O TypU3Ma.

B nmanHo#i curyauuu, 3QQeKkThBHOE pelIeHHE 3aJad MOPCKOro (aKBaTo-
pHaTBHOT0) MPOCTPAHCTBEHHOTO TMJIAHUPOBAHMS, 00ECIIEUHNBAIOIECTO TUIAHOMEPHOE U
COIJIACOBAaHHOE PA3BUTHE KJACTEPOB KaK MLEJIbHBIX COLMAIBbHO-3KOHOMHYECKUX
CHCTEM, CBSI3aHO C HEOOXOJMMOCTBIO OIEPATHBHON 0OpabOTKH OTPOMHOTO KOJIH-
YecTBa PAa3HOPOAHON WH(pOpPMAIMKM 3KCIEPTAMH W3 PA3JIMYHBIX MPEAMETHBIX
obnacteli. D¢ (HEeKTUBHOCTh TMPOILECCOB  YIPABICHHUS CIOKHBIMA  COIHATBHO-
SKOHOMHYECKMMH OOBEKTaMH, TaKUMH KaKk MOPEXO3SHCTBEHHBIA  KilacTep
MypmaHCKoii 00NacTH, 4acTo CBsi3aHa HE TOJIBKO C HEOOXOAMMOCThIO cOopa H
nepepadboTKy OOJIBIINX 00BEMOB PAa3HOPOIHON WHGOPMAIMK, HO U C TIOCTPOSCHUEM U
peanm3zanyeldl TPOTHO3HBIX MoJenel, oOecriedeHHeM OINEPaTUBHOW M aJeKBaTHOU
pC€akuunu CUCTCMbI YIPaABJICHHA Ha HU3MCHCHHSA BO BCCX COCTABJIAIOIIHNX 06T>CKT3
YIIPABJICHHsI U BO BHELIHEN CpeJie.

Hns obecriedeHns aJeKBaTHOTO pelIaeMbIM 3aja4aM ypOBHS 00paboOTKH
nH(pOpMaIu HEoOXOAMMO HWCIIONB30BaTh HOBEHIINE HHTEIUIEKTyanbHble HH()OP-
MaIlMOHHbIE CHCTEMBl M TEXHOJOTMH. TakuM o0pa3oMm, HHOOPMAIIMOHHOE
o0ecriedeHue ymnpaBJIeHHs] MOPCKOM JAeSTeIbHOCTBbIO, OCHOBAaHHOE HA MPUHLMIAX
MOPCKOI'0 TPOCTPAHCTBEHHOI'O IUIAHUPOBAHUS, SBISIETCA BAXKHOM IPAKTUYECKOU
3ajaueil, Tpedyroleii HaydHOTO 0OOCHOBAHHUS 1 METO/IOJIOTHYECKOT0 00ECIICUEHHS.

B nanHO#l paboTe mox MOpEXO3SMMCTBEHHBIM KJIAcTepoM MypMaHCKOH
00JIaCTH TOHMMAETCS COBOKYIHOCTh Pa3MELICHHBIX HAa OTPaHUYEHHON TEPPUTOPHU
OpeANpUiATHA W OpraHu3alMi, MPEACTABISIIONINN CcO00M  HEMmOCPEICTBEHHBIX
YYaCTHUKOB KJIACTEpa, W CBA3AHHBLIX C HMX ACATCIbHOCTHIO OpFaHHSaHI/Iﬁ, KOTOpas
XapakTepu3yeTcss HaIWYueM OObEOUHSAIOUIEH HUX JESITENbHOCTH B OAHOM WM
HECKOJIBKMX OTpaciisix (BHIaX 3KOHOMHYECKOW AEATENIbHOCTH), MEXaHH3Ma KOOpIH-
HaIlMX 3TOH JIEATENLHOCTH U KOOIMEPallui YYaCTHUKOB KJlacTepa, CHHEPreTHYeCcKOro
s¢dexTa, BBIPAKAIOMETOCS B IOBBIIEHHH 3KOHOMHYECKOW 3(PQPEKTUBHOCTH H
PE3yABTaTUBHOCTHU JESATENbHOCTH YYaCTHUKOB KJlacTepa 3a CUET BBICOKOM CTENEHH UX
KOHIIEHTPAIH U KOOTICPAITHH.

B JaHHOM KOHTCKCTE HECTIOCPCACTBECHHBIC YUACTHUKHU KJIaCTEPA, U CBA3AHHLIC C
UX ACATEJHOCTHIO OPraHM3allMM MOXHO HAa3BaTh COBOKYIHOCTBIO CTEHKXOJIIEPOB
knactepa. K BaXKHBIM XapakTepHCTHKaM KJlacTepa OTHOCATCS reorpaduyeckast
KOHIIEHTpanwst u(win) (QYHKIHMOHATbHAS B3aUMOCBS3aHHOCTh  CTEHKXOJJIEPOB,
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KOHKYPEHILIMSI M KOOIepanusi CTEHKXOJAEpPOB, BEACHHE COBMECTHOW NEATENbHOCTH,
BCTPOEHHOCTB B COLUAIIBHO-3KOHOMHUYECKYIO CHCTEMY.

C TOuKH 3peHUsT MOJIEITMPOBAHNS, MOPEXO3IUCTBEHHBIN KiIacTep MypMaHCKO
00JIaCTH MOXXHO BOCIPHUHHMMATh Kak OOJIBIIYIO U CIOXHYIO CHCTEMY, B paMKax
KOTOPOW OCYIIECTBIISIFOT B3aWMOJEHCTBHE OOBEKTHI PA3NWIHONW MPHUPOABL. BaxHO
OTMETUTh, YTO HY THIIbl B3aUMOACHCTBUS, HU NPUPOLY OOBEKTOB, HU UX KOJIUYECTBO
B TaKOW CHCTEME Helb3sl YCTAaHOBUTH 3apaHee MOJIHO, TOYHO U OJHO3HAa4YHO. pyrumu
CJIOBaMH, CUCTEMa MOJIEIMPOBAHUSA M, COOTBETCTBEHHO, MOJIENIb, MOTYT MEHSTHCS B
MIPOLIECCE MOACTUPOBAHMUSL.

IIpu 5TOM, pa3iauuHBIe SKCHEPTHI, YIACTBYIOIIME B MPOLIECCE MOAECIUPOBAHUS
TakoM CHCTEMBI, MOTYT JaBaTh HECOBMAJAIOIINE WM IPOTHUBOPEUMBBIE NAHHBIE O
cucreMe. OTO SBISIETCSl CIEACTBHEM TOTO, YTO KaXKABIM 3KCIIEPT paccMaTpUBAET
CHCTEMY CKBO3b IPHU3MY COOCTBEHHOrO NpO(ECCHOHAIBHOIO OIBITAa M, CBOMCTBEH-
HOTO TOJIKO €MY, YHUKJIBHOTO MHAMBHUIYAIBHOTO MH(POPMALMOHHOTO O3KIpayH[a.
EcrecTBeHHO, YTO NpH NONBITKE OOBEAWHUTH, WHTETPUPOBAThH AN Lesell Mofe-
JUPOBAaHUS JaHHBIE, [TOJYUYCHHBIE OT HKCIEPTOB U3 PA3HBIX MPEIMETHBIX O0JIaCTEeH,
BO3HUKAET HECOTJIACOBAHHOCTH 3JIEMEHTOB MOJIENH U CBSI3€H MEXKIY HUMH.

B arT0if cBs3M, ANA OCYIIECTBICHHS KOPPEKTHOTO MOJENHMPOBAaHUS, Ba)KHO
MMETh BO3MOYKHOCTb HHTETPAIH PA3HOPOAHBIX U, BO3MOYKHO Ja)Xe MPOTHBOPEUYNUBBIX
JAHHBIX, TIONMYYEHHBIX U3 Pa3IMYHBIX HCTOYHUKOB. OOECHeUUTh TaKyl0 BO3MOXHOCTD
MOTYT (QoOpManbHble METOIbl NpPEACTaBICHUs] WHQOPMAIUK, OrpaHHYHBAIOLINE
BO3MO)KHBIE HMHTEPIpETallMd 3HAHWA W JAHHBIX, IMOJYYEHHBIX OT 3KCIEPTOB W3
pasHbIX MpeaMETHBIX obnacteil. OOHMM U3 IIMPOKO NPHUMEHSEMbBIX METOAOB JUIS
co3aHus (popMaTM30BaHHBIX CrieU(UKAIUN TPEIMETHON 001acTH SBISAETCS METOJ
KOHIIETITYaJIbHOTO MOJIeIupoBaHus [8].

PaccMmoTpenHbIe BbllIe IpoOJIEMBl JENal0T pa3padOTKy U COBEPIICHCTBOBAHHE
METOJIOB IOCTPOEHHUS, HHCTPYMEHTAJIbHBIX CPEACTB M CAMHUX KOHIENTYaJbHBIX
MoJIeJIel TIpeIMETHOM 00J1acTH KpaiiHe BaKHOM 3amadei, pelieHre KOTOpoi HeoO-
XOJUMO ISl TMOCHENYIOIIETO CO3JaHMsl TEXHOJIOTHYECKMX W HAayYHO-METOIUYECKHX
OCHOB M HWHCTPYMEHTapusl pelleHHs 3aJad HHTEUICKTYaJbHOW HH(GOpPMannOHHON
noanepkku 1o ynpasinenuro MIIIT g pa3BUTHS MOpe-X03IHCTBEHHBIX KOMIUIEKCOB
eBpornetickoil yactu A3P®. [Ipuuem, paspadbaTeiBaeMble METOIBI U CPEACTBA JOIKHBI
o0ecrieynBaTh IUPOKOMY KPYTy IOJIb30BaTeNeld MOANEPKKY Kak IMpH pa3paboTke
MOJIeJIeH, TaK W TIPY JANbHEHIIIEM UX UCTIOJIb30BAaHUN M MOJHU(HKAIINH.

KonnentyansHast Mozenb npeametHoit obnactu (KMIIO) 3anana cnegyrommm
KOPTEXEM MHOXKECTB!

CM = <St, Area, Res, Attr, Rel>, (H
rae St — MHO>XKECTBO CTEMKXOJIIEPOB, OCYIIECTBISIONINX, I 3aHHTEPECOBAHHBIX
B OCYILIECTBICHHH MOPEXO3SINUCTBEHHOM W JAPYrod JAEATENbHOCTH B  MOpe-
X035IIICTBEHHOM Kjlactepe MypMmaHCKol 06acTH. DIeMEHTHl 3TOT0 MHOXKECTBA Mpe-
CTaBJIAIOT OCHOBHBIX MOPEIIOJIb30BaTeNed M JIpyrHe 3ahHTEPECOBAHHBIE CTOPOHBI
(HampuMmep, peruoHajbHble M (efepaibHbBIE OpraHbl BJIACTH, HKOJOTMUYECKHE
OpraHU3aINA U Jp.).

Area — MHOXXECTBO MOPEXO3SIICTBEHHBIX 00NacTell (OrpaHMYCHHBIX IPOCT-
PaHCTB, palOHOB, 30H, B KOTOPBIX OCYIIECTBISETCA MIU MOXET OCYLIECTBIATHCS
MOpPEXO3SIIICTBEHHAsI JIESTEIBHOCTD). DJIEMEHTaM 3TOT0 MHOXKECTBA COOTBETCTBYIOT
HEKOTOpBIE OIpeNeeHHbIe, OTPaHWYEHHBIE NPOCTPAHCTBA B MPHOPEKHOW 30HE,
aKBATOPUAX U OTKPBITOM MOPE JUI BEJCHHSI XO35IMICTBEHHON MIIM HHOW JESTETBbHOCTH.
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OTU TpPOCTPaHCTBAa XapaKTEPU3YIOTCS Pa3IMYHBIMH MapaMeTpaMu, OCHOB-
HBIMH U3 KOTOPBIX SIBJISIOTCSI MX KOOPIMHATHI (IPaHMIIBI) M PACIIOJIATAOLINECs] B UX
Ipenenax pecypesbl.

Res — MHOXECTBO pecypcoB, pacHojararouiuxcsi B IIpelienax paccMmart-
pUBaEMBIX MOpPEXO3AWCTBEHHBIX oOmacteil. llog pecypcom mnoHWMaeTcs oObIe
00BEKTHI X03MCTBEHHOHN MJIM MHOM NESITEIHHOCTH Ha pacCMaTpUBACMON TEPPUTOPHH,
a Takke OOBEKTH, Ha KOTOpBIE JaHHas [esATEIbHOCTh OKa3bIBaeT MPSMOE WIH
ornocpenoBaHHoe BoszfeiictBue. [Ipexxne Bcero, 3TO  NPUPOIHBIE  PECYPCHI,
OIIpefesieMble KaK COBOKYITHOCTh OOBEKTOB U CHCTEM JKMBOH M HEKUBOW IPUPOJEL,
KOMIIOHEHTBI TPUPOAHOW Cpebl, MCHOJb3yeMble B Mpolecce ACATEIHHOCTH U HUX
MPON3BOJHBIE. YaCTHBIM MPUMEPOM TaKHX PECYPCOB MOTYT CIIY>KUTh OMOJIOTHUYECKHE
pecypcsl (ppiba W Tpodre TUAPOOWOHTHI), Ta30Bble W HE(PTSIHBIE MECTOPOXKICHHA,
PEeKpealioHHbIE PECYPCHI U AP.).

Attr — MHOeCcTBO aTpuOyTOB 00bekTOB KMIIO. ATprOYTH MO3BOJISIOT HACH-
TUGUIMPOBATh KOHKPETHBIH JJIEMEHT MHOXECTBA, €r0 THIl, IIPOCTPAHCTBEHHOE
pacroiioKeHue, U Apyrue BaxkHble cBoWcTBA. MHOXXECTBO aTprOyTOB 3a1aHO AJIS BCEX
3JIEMEHTOB MHOKeCTB St, Area u Res.

Rel — otHomienust na muokectBax KMIIO. DnemMeHTaMu 3TOro MHOMKECTBa
SIBIISIIOTCSL  OTHOLLUEHHS HAa MHOXKECTBaX KOHLENTYaJbHON MOIENN NPEAMETHOM
o0nacTy, WMEIOUIME CYIIECTBCHHOE 3HAaueHHEe B KOHTEKCTEe 3aJady MOPCKOTO
MPOCTPAHCTBEHHOTO TUTAHUPOBAHUSI:

Rel = {SS, SSa, SSr, SA, SAu, SAum, SAut, SAp, SApm, SApt, SR, SRu, SRum,
SRut, SRp, SRpm, SRt, AA" | AS, ASu, ASum, ASut, ASr, ASrm, ASrt, AR, RR, RRm,
RRt, RS, RSu, RSum , RSut, RSr, RSrm, RSrt, RA, RAm, RAt},
rie  SS < St x St — oTHOWIEHNE «KOH(DIUKT» — MOKA3bIBAECT HAUYHE MPSMOTO WA
OIMOCPEIOBAHHOTO KOH(DIMKTa MEXIY CTeUKxojaepamH, O0OyCIOBICHHOIO UX
JEeSTeNFHOCTEI0O B OJHONH Mopexo3sicTBeHHOW obOmactu. KoHGMHUKTEI MOTYT OBITH
BbI3BaHbI PA3IMYHBIMHU IPUYMHAMH, HO IBa OCHOBHBIX Kjacca KOH(IMKTOB CBSI3aHbI C
MIpaBOM MOHOTIOJIBHOTO UCIIONBb30BaHUS TEPPUTOPUU HIIH pecypca:

SSa < St x St — oTHOIIEHNE «KOH(IUKT [0 TEPPUTOPHM»; MOKA3BIBACT HaJH-
yre KOH(IUKTa MEXIy CTEUKXOJJIepaMH, CBS3aHHOTO C IPaBOM MOHOTIOJBHOTO
HCTIOJIb30BaHHs HEKOTOPOH TEPPUTOPHUH.

SSr < St x St — oTHOILIEHHE «KOH(IUKT MO pecypcy»; MOKa3bIBaeT HAIHYHE
KOH(JIMKTa MEXIy CTEHKXOJAEpaMy, CBSI3aHHOTO C MPABOM MOHOIOJIBHOTO HCIOJIb-
30BaHUs pecypca.

SA < St x Area - OTHOLIEHUE «HUMEET HUHTEPEC B  MOPEXO3AMCTBEHHOU
o0JacT» - MOKa3bIBae€T CBsI3b CTEHKXOJJlepa C ONpeleleHHONW 00JIacThI0 Mope-
XO3AHCTBEHHOW [JESTEIbHOCTH. OTH CBS3M MOTYT OBITH DPAa3JMYHBIMH, HO JBa
OCHOBHBIX THIIA TAKOW CBSI3M MOXKHO OIHCATh KaK «HUCIIOJIb3YEeT» U «rpeTenayeT». U
TO U IPYTO€ MOXKET ObITh «MOHOIOJIBHBIM» U «COBMECTHBIM:

Sau < St x Area — OTHOLIIEHNE «BEIET [HESITEIbHOCTh BY»; IOKA3bIBAET, YTO
CTEUKXOJJIEp HCIONB3YeT ONpEeACICHHYI0 00JacTh MOPEXO3SIMCTBEHHOHN JlesiTelb-
HOCTH.

SAum < St x Area - OTHOILIEHHE «BEAET MOHOIOJBHYIO JESITEIBHOCTh BY;
MOKa3bIBAET, YTO CTEHKXOJJEp KCIONB3yeT OINpelesieHHyl0 o00JacTe Mope-
XO3AHCTBEHHOW JESITENbHOCTH, NMPHYEM, 3Ta 00JacTb MOXKET OBbITh HCIOJIb30BaHA
TOJIKO B MOHOTIOJILHOM PEXUME.
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SAut < St x Area - OTHOIIEHNE «BEJET HE MOHOIOJBHYIO NESTEIEHOCTH BY;
MOKa3bIBAET, YTO CTEHKXOJAEp MCIONIB3yeT ONpelneleHHyl0 o0iacTe Mope-
XO3SIICTBEHHOW NEATENbHOCTH, MPHUYEM, 3Ta 00JIACTh MOXKET OBITH HCIIOJIb30BaHa
COBMECTHO.

Sap < St x Area - OTHOIIEHNE IIPETEHIYET Ha JESATEIHFHOCTD BY»; MOKA3bIBACT,
YTO CTEHKXONIEp HE HWCIONB3YeT O0JIACTh MOPEXO3SHUCTBEHHON AEATeIHHOCTH B
JIAHHBIM MOMEHT, HO MIPETEHIYET Ha €€ UCIIOIb30BaHUE.

SApm < St x Area - OTHOIIIEHUE IIPETEHAYET Ha MOHOTIOJBHYIO JCATCIHLHOCTh
B»; MOKa3bIBAET, YTO CTEHKXONAEp IPETCHIYyEeT HAa MOHOMOJBHOE HCIIOJb30BAaHUE
00JacTH MOPEXO3SIIICTBEHHOW MEATEThbHOCTH. 10 ecTh, CTeHKXoyaepa HHTEpecyeT
TOJIBKO TIPaBO MOHOIIOJIEHOTO  HCIIONB30BAaHUS  00JACTH  MOPEXO3IHCTBEHHON
JIEATEIBLHOCTU B CIy4ae yJIOBICTBOPEHUS €ro MPEeTeH3U M.

SApt < St x Area - OTHOIICHUE «IPETEHAYET HAa HE MOHOIOJIBHYIO JIEATENb-
HOCTb BY»; TIOKa3bIBAET, YTO CTEHKXONIEp MPETEHAYET HA COBMECTHOE HCIIOJIb30BaHUE
o0JacTh MOPEXO3sHUCTBEHHOHN NeATeNbHOCTH. T0 eCTh, CTEMKXOIEP yIOBIETBOPUTCS
MPaBOM COBMECTHOTO HCITOJIb30BaHUS 00JACTH MOPEXO3IHCTBEHHON AEATEILHOCTH B
Cllydae yJOBJIETBOPEHHS €T0 MPETEeH3UM.

SR < St x Res — oTHOIIIEHHE «UMEET OOBEKTOM JEATSIILHOCTHY - MOKA3bIBACT
CBSI3b CTEUKXOJJIEpa C OMpPEACICHHBIM pecypcoM (0e30THOCUTENBHO K TePPUTOPHH
€r0 PacmoJIOKEHHs). DTH CBA3M MOTYT OBITh PAa3IMYHBIMH, HO JBA OCHOBHBIX KIllacca
MOTYT OBITh ONPEIEICHBI KaK «UCIOIb3yeT» U «IpeTeHaye™. M To U apyroe Moxer
OBITh «MOHOTIOJIBHBIM» U KCOBMECTHBIM.

SRu < St x Res — OTHOIIIEHNE «HCIIOJIB3YET PECcypcy», KOTOpPOE BKIIOYAET B
ce0s cieTyroIre TOBUIbI O THOIIICHHIA:

SRum < St x Res — OTHOIIEHHE «HCIOJIB3YET PECYPC MOHOIIOJIBHO.

SRut < St x Res — OTHOIIEHHUE «HCIIOJNB3YET Pecypc HE MOHOMOJIBHO»; TOKa-
3BIBAET, YTO CTEHKXOJIEP HCIIONB3YeT OMpeAeNeHHbINH pecypc (0€30THOCHUTENHFHO K
TEPPUTOPUHU €r0 PACTIOJOKEHHsI), MPUIEM 3TOT PECypC MOXKET OBITh HCIIONB30BaH
COBMECTHO.

SRp < St x Res — OTHOLIEHUE <«IIPETEHAYET Ha pECypc»; MOKAa3bIBAET, 4YTO
CTEMKXONJIep HE HCHONb3YeT OIpeNeeHHbI pecypc B JaHHBIH MOMEHT, HO Ipe-
TEH/yeT Ha ero Hucrolib3oBaHue. OTHOIICHNE BKIIFOYAET B Ce0sl CIEIYIONINE TTOIBUIBI
OTHOLICHUH:

SRpm < St x Res — OTHOIIIEHHE «IIPETEHyeT Ha PECYPC MOHOIIOIBEHO.

SRpt < St x Res — OTHOIIICHHE «IIPETEHIYeT Ha PeCypc HE MOHOIOJBHOY». To
€CTh, CTEUKXOJJIEP yIOBIECTBOPUTCS MIPABOM COBMECTHOT'O MCIOJIB30BAHHS pecypca B
ClIydae yJOBIIETBOPEHHS €T0 MPETEH3UN.

AA* C Area x Area — cemeiicTBO OTHOIICHHIT k-BKirouenus (keR); oTpakaer
CTETEHb BKIIOUeHU (k) TUIOIIAU TEPPUTOPUHN OJTHOM MOPEXO3SIMCTBEHHOM 00J1aCTH B
IO TEPPUTOPHUU Jpyrou. Jlma JByX OIEMEHTOB a, a; € Area, a,AAkaj
(«a; k-sxnrouaem ap) ecnm a; N a; /a; =k . Mpu k =0, a; N a; = &, anpu k=1,
IUIOIIA/b 00JIaCTH @; HOJHOCTBIO BKIIFOYAET B ce0s MIoNaib ;. B 1aHHOM KOHTEKCTe,
MO/ TIIOMIA/IBI0 MOPEXO3SIMCTBEHHOW OOJIACTH TMOHMMAETCS MHOXKECTBO BCEX TOYEK
3TON 00JIaCTH, OrPAaHUYEHHOE B TeOTpadUIecKOM MPOCTPAHCTBE.

AS < Area x St — OTHOILICHHE ««SIBISIETCS  OOJIACTBIO MHTEPECOB  CTEHK-
XOJIZIEpa»»; TIOKa3bIBACT CBsI3b MOPEXO3SUCTBEHHOH 00JacTH C ONpeAcIeHHBIM
CTEHKXOJIJICPOM. DTH CBSI3HM MOTYT OBITh Pa3IMYHBIMHU, HO JBA OCHOBHBIX THIIA TAKOM
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CBSI3M MOXKHO OITMCATh KaK «HUCIOJB3YETCS» M «3ampammBaeTcs». M 1o u apyroe
MOJKET OBITH «MOHOITOJBHBIM)» U «COBMECTHBIMY.

ASu < Area x St — OTHOIIIEHUE <«SIBISETCS OOJACTBIO JEATEILHOCTH CTEHK-
XOIIIEpay.

ASum < Area x St — OTHOIIEHNE «IBIAETCS 00JIACTHIO MOHOIIOJILHON JESITENh-
HOCTH CTEHKXOJIEepay; IMOKa3bIBACT, YTO MOPEXO3SMCTBEHHAS 00JacTh MOHOIOJIBHO
WCIIONIB3YETCS  OMPEJCIICHHBIM —CcTelikxomuepoM. To ecTh B JaHHOH o00nacTu
MOPEXO3AMCTBEHHOW JEATENIBHOCTH HUKAKOW JpYrod CTEHKXOJgep HE MOXET
OCYIIECTBIIATh HUKAKOW JESTEITHHOCTH.

ASut < Area x St — OTHOIIIEHHE «ABJIAETCS OOJACTBEI0O HE MOHOIIOJIBHOH €S-
TETBHOCTH  CTEHKXOJAepa»; IIOKa3bpIBaeT, 4dYTO OOJacTh MOPEXO03AHCTBEHHOMH
JEATEILHOCTA HCIIONIB3YETCS OMPENCICHHBIM CTEUKXOJIEPOM, MPUUEM JOIMYCKAeTCs
COBMECTHOE HMCIIOIH30BAHNE JAHHON 00JIaCTH MOPEXO3STMCTBEHHON MeATEIHFHOCTH.

ASr c Area x St — OTHOIIICHUE «3aNpalIuBaACTCsA ISl JIEATEIbHOCTH CTEUK-
XOJIIEPOM»; TIOKA3bIBAET, UTO IaHHAs 00JIACTh MOPEXO3SIHCTBEHHON ACATCIHHOCTH
3ampalIuBaeTCs ONPEIEIEHHBIM CTEUKXO0JIIEPOM AJIsl BEAEHUS 1€ TEIIbHOCTH.

ASrm < Area x St — OTHOLIECHUE «3aIPAIIUBACTCS 111 MOHOIIOJIBHOU NIEATENb-
HOCTH CTEUKXOJAECPOM.

ASrt < Area x St — OTHOIIICHNE «3allpaIlIUBAETCs IUIT HE MOHOTIOJNBHOU JiesTe-
JIBHOCTH CTEUKXOJIIEPOM.

RR < Res x Res — oTHOLIEHHE «COBMECTUM)) - ONPENIEIAET BO3MOKHOCTh COB-
MECTHOTO (Ipyr C JAPYroM) MCIIOJIb30BaHUS pecypcoB. Vcmoib30BaHUE MOKET OBITh
«MOHOITOJIBHBIM» U «COBMECTHBIMY.

RRm < Res x Res — OTHOILLIEHHE MOKA3bIBAET, YTO MPU UCIIONB30BAHUU OJHOTO
pecypca, UCTIOIB30BaHKE APYTUX PECYPCOB CTAHOBUTCS HEBO3MOKHBIM.

RRt < Res x Res — oTHOIIEHHE ITOKA3BIBACT, UTO MCIIOJIB30BAHUE OJHOTO H3
pecypcoB He HaKJIaAbIBACT OTPAHUUCHUN Ha UCIIOJIB30BAHHUE IPYTUX PECYPCOB.

RS c Res x St - oTHOIIEHHE <GIBISIETCSI OOBEKTOM HMHTEPECOB»; IMOKA3bIBACT
CBSI3b pecypca C ONpENeNeHHBIM CTEHKXOJNIACPOM. DTH CBS3M MOTYT OBITH pa3iny-
HBIMH, HO JBa OCHOBHBIX THIIA TaKOﬁ CBSI3HU MOXHO OITMCATh KaK ((I/ICHOJ'II)?;yeTCﬂ» 58
«3ampammsaercs». U To u 1pyroe MoxeTt ObITh «MOHOTIONBHBIMY» U «COBMECTHBIMY!

RSu c Res x St - OTHOLLIEHUE «MCTIOIb3YETCSI».

RSum < Res x St - OTHOIIIEHNE «MOHOTIOJIEHO MUCTIONB3YETCS.

RSut < Res x St - OTHOIIIEHNE «HE MOHOIIOJIBLHO MUCTIONB3YETCS.

RSr < Res x St - OTHOIIIEHUE «3aMPANTUBACTCS ISl HCTIOIH30BAHUS.

RSrm < Res x St — OTHOIIIEHNE «3aIlpalIuBaeTCs JJIsi MOHOIIOJIEHOTO UCTIONb-
30BaHUAN.

RSrt < Res x St - OTHOIIIEHUE «3aIPAIIUBAETCS JIJIT HE MOHOIOJIBHOTO HCIIO-
JIb30BAHU.

AR < Area x Res - OTHOIIIGHHUE «UMEET pEecypc»; YKa3bIBaeT, YTO Ha Tep-
PUTOPHH JaHHOH MOPEXO03SHCTBEHHOH 00JIaCTH UMEETCS COOTBETCTBYIOIIUI pecypc.

RA < Res x Area — OTHOIICHUE «JIOCTYIICH ]ISl UCIIOJIb30BaHUS B», O0paTHOE
MpeNbIIyIeMy; YKa3biBaeT Ha BO3MOXHOCTh MCIIOJBL30BaHMS pecypca Ha TEPPUTOPUHU
3aJJaHHOW MOPEX03HCTBeHHON obOnactu. Mcmons3oBaHue pecypca MpPH 3TOM MOXKET
6I)ITI) CUCKIIIOUUTCIBbHBIM» H <«HCUCKIIIOUYUTCIBbHBIM)). B HepBOM cnyqae HpI/I
WCIIONIb30BAaHUM pecypca B HEKOTOPOH MOPEXO3SHCTBEHHOH 00JIaCTH UCIIOIh30BAHUE
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JPYTUX PECYpPCOB B JAaHHOH 00JIAaCTH WCKIIIOYaeTcs. Bo BTOpoMm ciyyae momo0HOTO
OTpaHUYCHHS HET.

Ram < Res x Area - OTHOIICHUE «JIOCTYIICH I WCKJIKOUYUTEIBHOTO UCIOJb-
30BaHUs BY.

Rat c Res x Area — OTHOLIEHUE «IOCTYINEH ISl HEUCKIIFOUUTEIBHOIO UCTIONb-
30BaHUs BY.

B cooTBeTCTBHM C MpPHUBECHHBIMU OIPE/CICHUSIMH, OTHOIICHUS 00pa3yroT
HepapXui0 ¢ KOPHEBBIM OOBEKTOM B BHIE MHOXeCTBa Rel, B Tpeaenax KOTOpOi
CIPaBEe IMBHI CIEAYIONINE COOTHOIICHHS:

SS cRel, SA C Rel, SR  Rel, AA" = Rel, AS ¢ Rel, AR < Rel, RR C Rel,

RS cRel, RA cRel, SSa < SS, SSr <SS, SAu < SA, SAum < SAu, SAut < SAu,
SApc SA, SApm < SAp, SApt < SAp, SRu < SR, SRum < SRu, SRut < SRu,

SRp < SR, SRpmc SRp, SRpt < SRp, ASu < AS, ASum < ASu, ASut < ASu, ASrc AS,
ASrm < ASr, ASrt c ASr, RRm < RR, RRt — RR, RSu c RS, RSum < RSu,

RSut < RSu, RSr < RS, RSrm < RSr, RSrt — RSr, RAm < RA, RAt C— RA.

Takum oOpazom, momydenHas KMIIO mnpexacraBiser co0OH JIOrHYECKYIO
CUCTEMY, O0ECIIEYMBAIONIYI0 BO3MOKHOCTH BBIBOJIA 3aKIIOYCHH HAa OCHOBE HMEIO-
muxcs (akroB. B Tabn. mpeacraBnmeHsl cBoiicTBa ompeneineHHbix B KMIIO
OTHOIIICHUH, MOTCHIUAIBHO 3HAUNMBIC B KOHTEKCTE MPOIEAYP JIOTMUSCKOr0 BHIBOJIA.

CBOJCTBa OTHOIIIEHUH

Ne OrtHo- Tpan- Cum- Ped- Ne OtHo- Tpan- Cum- Peo-
IIEHWE | 3UTHB | METPHUY- | JIEKCHUB- IIEHWE | 3UTHB- | METPHUY- | JICKCHB-
HOCTh HOCTh HOCTh HOCTh HOCTh HOCTh

1 SS - - - 21 | ASum - - -

2 SSa + - - 22 | ASut - - -

3 SSr + - - 23 | ASr - - -

4 SA - - - 24 | ASrm - - -

5 SAu - - - 25 | ASrt - - -

6 SAum - - - 26 | AR - - -

7 SAut - - - 27 | RR - - +
8 | Sap - - - 28 | RRm - - -

9 SApm - - - 29 | RRt - - +
10 | SApt - - - 30 | RS - + -
11 | SR - - - 31 | RSu - - -
12 | SRu - - - 32 | RSum - - -
13 | SRum - - - 33 | RSut - - -
14 | SRut - - - 34 | RSr - - -
15 | SRp - - - 35 | RSrm - - -
16 | SRpm - - - 36 | RSrt - - -
17 | SRt - - - 37 | RA - - -
18 [ AAF - - + 38 | Rdm - - -
19 | AS - - - 39 | RAt - - +
20 | ASu - - -
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B koHuenTyanpbHOW MOJENM OINUCAHBI COCTAB U CTPYKTypa CYOBEKTOB U
OOBEKTOB MOPEXO3SHUCTBCHHON JEATCILHOCTH B pErHOHE, YTO OO0eCIeunBacT
BO3MOXHOCTh €€ HCIOJB30BaHMs B KadyecTBe (OpMabHOW OCHOBBI PEHICHUsS 3a/1ad
WHTEIJICKTYadbHOW  WH(POPMAIIMOHHOW  TOJICPKKH  YIPABICHUS  MOPCKHUM
(axBaTOpPHALHBIM) TMPOCTPAHCTBCHHBIM IUITAHUPOBAHUEM PAa3BUTUS MOPEXO3SIHCT-
BEHHBIX KOMILJICKCOB.

dopmanmmzanus KMIIO obecrnieunBaeT BO3MOXHOCTh aBTOMAaTH3AIMKA PabOTHI
C MOJICINIBIO - OT peallu3alliy MPOLEAYp aHAIM3a MOJNHOTHI M HEMPOTHBOPECYHBOCTH
KOJJICKTHBHBIX 3HAHWH, MPEJCTABICHHBIX OSKCIEPTAMHU, JO MPOCKTHPOBAHUS H
(opMUpOBaHUS  WCIOJHUTEIBHOM  MPOrpaMMHOM  Cpelbl  MOJICIIMPOBaHUSI.
HexmapatuBabnii xapaktep KMIIO mo3BoiisieT HCIIONB30BaTh I 00paOOTKH 3THX
3HAHWHA pa3jIM4YHbIe METOJIbl MOJCTHPOBAHUS: AHATUTUYECKUE, CTATUCTUYECKUE,
JIOTHYECKHE W HMMHTAlMOHHBICE. B CHUCTEMBl MOJCIMPOBAHHS MOTYT OBITh
WHTETPUPOBAHBI KaK YK€ CYIIECCTBYIOIINE M XOPOIIO 3apEKOMEHIOBABIIUE Ce0sI, TaK U
OTHOCUTENIFHO HOBBIE pelicHHs. BbIOOp KOHKPETHOrO MeToJla W CPE/ICTB
MOACIUPOBAaHUA 3aBUCUT OT FHY6I/IHI>I, IMOJIHOTBI W TMPUPOAbI MPEACTABJICHHBIX B
KOHIENTYaJIbHOI Moaeny 3Hauui [9].

3akiIouyenue

B xome mnpoBemeHHBIX pabOT OBUIM TOJYYEHBI CIICAYIOIIME OCHOBHBIC
pe3yabTaThl:

1. PaccMoTpena 3amauya pa3paOOTKM Hay4YHO-METOAWYECKHX OCHOB YIPaB-
neanss MIII st nHTENEKTYaIbHOH HH()OPMAIIMOHHOW TOAJEPKKH Pa3BUTHUSI MOpe-
XO3SIICTBEHHBIX KOMIUIEKCOB eBporeiickoir yactm A3PD (Ha mpumepe Mope-
XO3SIMICTBEHHOT0 KJlacTepa MypMaHCKOH 00JIacTH).

2. O0ocHOBaHa HEOOXOJMMOCTh  CO3JAHHSI  KOHIICTITYalbHOW  MOJEIH
peaMeTHOH obnacTu A oOecredeHsl TEXHOJIOTMYECKOH OCHOBBI PELICHUs 3a/1ad
WHTEJUICKTYaNbHOW HMH()OPMALMOHHOW TMOAJCPKKH 10  YIPABICHHIO MOPCKHM
(axBaTOpHABHBIM) MPOCTPAHCTBEHHBIM IUIAHUPOBAHHEM PpA3BUTUS MOPEXO3SIHUCT-
BEHHBIX KOMIIJIEKCOB MypMaHCKOi1 001acTH.

3. Pazpaborana KoHUeENTyaJdbHas MOJAEIb NPEAMETHON O0O0NaCTH, YYHUTHI-
BaIOLIas MHTEPECHl 3aMHTEPECOBAHHBIX CTOPOH (CTEHKXOJIEPOB), OCYIIECTBIISIOMINX
MOPEXO3SIICTBEHHYIO U MHBIE BHBI AEATEIBHOCTH B MOPEXO3SHCTBEHHOM KJIACTEpe
MypmaHckoit ob6sacTi. Mojienb mpeacTaBiser co0oil (hopMain30BaHHOE OMMCAHUE
KayeCTBEHHOTO COCTaBa CyOBEKTOB M OOBEKTOB MOPEXO3SHCTBEHHON AEATEILHOCTH
peruoHa u oTHOUIeHUH Mexay HUMU. KoHlenTyanbHas MozeNnb NpeIMeTHON 0baacTu
MOET OBITh HCIOJIb30BaHA IS MPOTHO3MPOBAHHMS W MOJICIIUPOBAHUS TPOIIECCOB
VIOpaBJICHUs] COLHMAIBHO-3KOHOMHUYECKOIO Pa3BUTUS  OMO-COLMO-3KOHOMHYECKHX
CHCTEM MOpPEXO3SIMCTBEHHOro KiacTtepa MypMaHCKOW o0iacTd ¢ ILEJbI0 CHHTE3a
MNPpUEMJIEMBIX [JIsI BCEX 3aMHTCPECOBAHHBLIX CTOPOH MPOCTPAHCTBCHHLIX IIJIaHOB
MOpETIOJIb30BaHNs M OOECIIEYEeHHUS] ONEPATUBHONW M aJeKBaTHOM PEAaKLUHUH CHUCTEMBI
yIpaBJIeHUs] HA U3MEHEHHS COCTABIISIOMINX 00BEKTa YIIPABICHUS U BHEIIHEH Cpebl.
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VIIK 004.9

O.H. XanwynnMHa1, C.H. Manbiruna™?, B.B. 5b|CTpOB1

! HuctutyT nHGOPMATHKH U MaTeMaTHYECKOTO MOAETUPOBAHUS TEXHOJIOTUIECKUX MPOLIECCOB
Konwsckoro HIT PAH

2 Dunnan (bez[epaJILHoro ToCyaAapCTBEHHOI'O 6IO,H)KCTH01"0 06pa3OBaTeJ'IBH01"O YUpEKACHUS BBICHIECTO
obpazoBanus «MypMaHCKHUH apKTHUECKUI TOCYJapCTBEHHBIH YHUBEPCUTET» B I'. ATIATHTHI

NMPOEKTHAA OEATENIbHOCTb B COEPE PA3BUTUA NHHOBALIMOHHOIO
MOTEHLUWANA MOHOIOPOOOB A3 P®*

AHHOTauunA
B crtatbe paccmatpuBatoTcs cneuudumyeckme ocobeHHOCTU U BbiTEKAKOLWME U3 HUX
npo6nembl MoHoropoaos A3 P®. [laetca kpaTkuii 0630p NporpamMMHbIX CPEeAcTB B
obnactu ynpaeneHus npoektamu. MpusognTtca cnmcok TpeboBaHWin K NporpaMmMHOMY
obecneYveHnto, KOTOPOoe MO3BOMNUT pellaTb 3adayn ynpaBneHus NpoekTaMu ¢ Lenbio
pasBUTMS HHOBALMOHHOIO NoTeHumnana MoHoropoaos A3 PO.

Knroyesnbie cnosa:
MOHO20p00, Apkmuyeckasi 30Ha P®, ynipasneHue rnpoekmamu, cucmemsb! yrpasieHusi
npoekmamu, UHHosayuu.

D.N. Khaliullina, S.N. Malygina, V.V. Bystrov

PROJECT ACTIVITIES IN THE FIELD OF DEVELOPMENT OF INNOVATIVE
POTENTIAL OF SINGLE-INDUSTRY TOWNS IN THE ARCTIC ZONE OF THE
RUSSIAN FEDERATION

Abstract
The article discusses the specific features and the resulting problems of single-
industry towns in the Arctic zone of the Russian Federation. A brief overview of
software tools in the field of project management is given. The list of software
requirements is observed. Such software can solve tasks of project management to
develop innovative potential of single-industry towns in the Arctic zone of the Russian
Federation.

Keywords:
single-industry town, the Arctic zone of the Russian Federation, project management, system
project management, innovation.

Beenenne

OpHoii u3 cnenuduyeckux OCOOEHHOCTEH pa3BUTHA APKTHUYECKOH 3O0HBI
Poccuiickoii ®enepaunu (A3 PO) sapnsercs GyHKIMOHUPOBAHUE HA ATOH TEPPUTOPUH
MOHOTOPOJIOB — HAaCEJIEHHBIX IMYHKTOB, OTpaciieBas CTPYKTypa 3KOHOMHKH KOTOPBIX
ompenenseTcs, B 0oNbIei Mepe, JOMUHAPYIOMICH (Jalle BCEro CHIPhEBOM) OTPacibo,
B KOTOPO paboTaeT 0JJHO MIIH HECKOJIBKO Ipafoo0pa3yrouX NpeanpusITuil.

ITo cocrostHuio Ha 2015 rox m3 319 monoroponoB P® 14 — naxonsarcs B
Apxruueckoit 30He (puc.1) [1].

*
Pabora Bemonaena no nporpamme OHUT 1 PAH «MaTennekryansable HHOOPMAIMOHHEIE
TEXHOJIOTHH, CHCTEMHBIH aHaJM3 U aBTOMATH3AIIH.
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a YyKOTCKUIA aBTOHOMHBIA OKpPYT

MypmaHckas o6nacTe < KpacHoAapcKuK kpan
ApXxaHrenbckas Pecny6nuka Komun Q
"' .

ofnacTb

r. Kuposck 5 ’ - SR
r KosAop - Hoor - Hopnisek noc. EepuHroBckui
noc. Pesaa r. HosoaBuHcK
r. 3anonapHbIA r. CeBepoABUHCK

r. MoHYeropck
r. OneHeropck
noc. Hukenb

Puc. 1. Morozopooa Apxkmuueckoti 30nb1 PO

st MoHOTIPOQHUIBHBIX TOPoAOB (MOHOTOPOAOB) A3 PD MOXKHO BEIIETHUTH
PSA XapaKTEPHBIX OCOOCHHOCTEH:

® IPUPOJHO-KIMMATHYECKHE YCIOBUS APKTHUECKOW 30HBI  (IPOIOIIKH-
TENBHOCTh CBETOBOTO JIHS, HEIUIOJOPOJHOCTh MOYB, SKCTPEMaJbHBIC KIMMAaTHIYECKUE
YCIIOBHS U Jp.);

® JTOMHHUPOBaHHUE OJTHOTO BH/Ia SKOHOMUYECKOH esSTeIbHOCTH, CBSI3aHHOTO C
n00bIYEH, TepepadOTKON ChIPhsS M IPOMBIIIJICHHBIM IPOU3BOICTBOM;

e npodpeccHOHaNIbHAST OPUEHTAIMsSI HACENICHHS HA KOHKPETHBIM BUJ SKOHO-
MHUYECKOH JeATEIbHOCTH;

® CIJTbHAs U3HOIICHHOCTD YKWIMITHO-KOMMYHAIIBHON ¥ TPaHCIIOPTHOM WH(}pa-
CTPYKTYPBI;

® OTpULIATETIbHBIE [OKA3aTelId 10 OCHOBHBIM JeMOrpaMuecKuM Xapak-
TepucTKaM 3a nocieaHue 10 yeT (CHWKEHHWE YUCICHHOCTH HACEeJICHUs, MHIpa-
[IUOHHBIA OTTOK | JIp.);

® TepPUTOPHAJIbHAS YAaJICHHOCTh OOJBIIMHCTBA MOHOTOPOJOB OT OCHOBHBIX
SKOHOMHYECKHX IIEHTPOB.

W3 nepeunciieHHbIX 0COOEHHOCTEH HEMOCPEICTBEHHO BBITEKAIOT KOMIUIEKC-
HBbIE MPOOJIEMBI, OKa3bIBAIOIINE CYLIECTBEHHOE BJIMSHUE Ha Pa3BUTUE APKTUYECKOH
30HbI PO:

® KaJIpOBBII TOJIOJI, CBSI3aHHBIA CO CTapEHHEM HaceleHUs, OTTOKOM KaJpoB H
OJTHOHAIPABJICHHOCTHIO MUTPAIMOHHBIX TIOTOKOB H T.JI.;

® CHJIbHBIE JUCTIPONIOPLUH B CTPYKTYPE 3aHIATOCTH;

® CHIDKEHHE MOILHOCTEH Ipaioo0pasyIonux npeIupusTHi;

e 1ehUIIUT MyHUIMIIAIIEHOTO OI0/DKETa;

® YXYALICHUE COLMAIbHO-YKOHOMUYECKHX (DAKTOPOB MPOKUBAHUS HACEICHUS
(crapeHue KUIUIIHOTO (OHAA, HEYIOBIETBOPEHHOCTH YCIOBUSIMH MPOKUBAHUA,
ONTUMH3AIUSL CUCTEMBI 3JIPABOOXPAHCHUS, CHIDKCHHUE YPOBHS (DUHAHCHPOBaHHS
MACCOBBIX CIOPTUBHO-KYJIbTYPHBIX MEPOTIPUSITHI U T.JI.).
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PaccMoTpennbie TpoOJEeMBI MOTYT OBITH OTHECEHBI K Kiaccy oOle-
PETHOHANBHBIX, MTOCKOJIBKY 3aTParuBalOT PasHOOOpa3HbIE acMeKThl Pa3BUTHS IIEJIOTO
pervuona. [loHsTHE pa3BUTHS pErMOHA HEMOCPEICTBEHHO CBS3aHO C TEPMUHOM
pPErHOHANILHOW 0€30MaCHOCTH, TOJ[ KOTOPHIM OOBIYHO IMOHMMAIOT 3allUIICHHOCTh
cyonexTa PD oT BHyTpeHHHUX ¥ BHEITHHUX YTIpo3 [2].

OHUM K3 BO3MOXHBIX PEIICHUH BBIIIE 03BYYSHHBIX MPOOIIEM MOXKET SBUTHCSI
pa3paboTka cpencTB MH(POPMANMOHHON MOMJIEPKKH OOCCICUEHUS PErHOHAILHON
0€30MMaCHOCTH, KOTOPHIC MO3BOJISAT HE TOJHKO OTCIICKHBATh HETaTHBHEIC SBICHUS B
pa3BUTHH MOHONPOMHUIBEHEIX oOpa3zoBannii A3 P®, mpemmaratb Mepsl 10 HX
YCTPaHCHHIO, & TaK)KE€ yYaCTBOBATH B PAa3BUTHH JOIMOJHUTEILHBIX WHHOBAI[MOHHBIX
MEPCHEeKTHB M BO3MOKHOCTEH MOHOTopoZoB. B ocHOBY pa3paboTku momoOHOTrO
KJ1acca HHPOPMAIIMOHHO-aHATUTHYECKUX CHCTEM MOTYT OBITh MOJIOXEHBI TEXHOJIOTHH
MPOCKTHOTO MEHE/PKMEHTa. Takoi MOAXOJ XOPOIIO COOTHOCHTCS C pPa3BUTHEM
WHHOBAIIMOHHOTO  MMOTCHI[MAJla MOHOTOPOJOB, TMOCKOJBKY JaHHBIA  IPOIECC
OCYIIECTBIISIETCS 32 CUET peallu3alliy OTACTbHBIX HHBECTHIIMOHHBIX MTPOCKTOB.

IIporpamMmHble pelieHUst B 00/1aCTH YIIPaBJIEeHUs IPOEKTAMH

IIpOEKTHBIM MEHEIKMEHT LIMPOKO MPUMEHSETCS Ul YIPAaBICHUS XO3SICT-
BEHHOH JESTENbHOCTBIO OTIENBHBIX NPEANPHUIATUH. ABTOpaMH CTAaThU IpelJlaraeTcs
WCTONB30BaTh MPUHIMIIBI JaHHOTO IOAXOAa MJisi pelleHus 3aiad oOecredyeHus
peruoHaNbHOM Oe3omacHocTH. Takas Mo3uius 00OCHOBaHA TEM, YTO H3MCHCHHS,
MPOUCXOAIIAE B MOHONPOGWIBHBIX oOpasoBaHusix A3 PO, wmoryr ObBITh
MPEACTABICHbl B BUAE OTAEIBHBIX MpPOrpaMM mpoekToB. [Ipu 3tom mpoekt Oyzner
paccMaTpuBaTbCs Kak MEpONpUSTHE, OKa3blBalolIee BIMSHHE HA COCTOSHHUE
pernoHanbHON 6€30MacHOCTH.

B Hacrosiee BpeMms U1 aBTOMAaTU3alMK IPOLIECCOB YIPAaBICHUS IPOESKTaMHU
pa3paboTaHbl pa3NUyYHBIC MPOTPAMMHBIE CPEICTBA, KOTOPHIE MOXHO pPa3leiuTh Ha
OTJCNbHBIC KaTETOPHH B 3aBUCUMOCTH OT pellacMbIX 3a1ad. B kauecTBe Takux 3a1ad
MO>KHO BBIJCIIUTS!

1. KanengapHoe miaHMpOBaHHE IPOCKTa (ONMpelesieHHE IMOJIHOTO IEpPeyHs
pabor, nar Hayama W OKOHYAHHUS IS KaXJA0W paboThl MPOEKTa, OIpe/eieHHUe
MOCIIEI0BATENBHOCTH PadoT U T.I1.).

2. ®uHAaHCOBOE IUIAHUPOBAHUE MPOEKTa (ONpelesieHHue CTOMMOCTH KayKIOH
paboThl, ¢ Yy4YeTOM Ha3HA4YEeHHBIX pECYpPCOB M WX pAacleHOK, paclpeieeHue
CTOMMOCTH IPOEKTA 110 BPEMEHH M CTaThsIM 3aTpar, onpejelicHne 00beMOB (PUHAHCH-
POBaHUs IPOEKTA U T. 11.).

3. VopaBneHue pecypcaMu TpoeKTa (BEACHHE IEPEUHs PecypcoB (COTPYI-
HUKOB, TIPOHU3BOJICTBEHHBIX MOIIHOCTEH, MaTEPUAIIOB U T. JI.), KaleHAapel pecypcos,
Ha3HaueHHE PECYPCOB Ha PAOOTHI U T.1I.).

4. YmupasieHne pucKaMy IPOEKTa.

5. BeaeHue 1oKkyMeHTauu 10 IIPOEKTY.

6. OOecrnieueHne HEOOXOIUMBIX KOMMYHUKAIMA MEXAY YyYaCTHUKaMH
MIPOEKTA.

PaccmoTpum  Hambonee dYacTo HCIHOJb3yeMble MPOTPaMMHBIE CpPEICTBA
yIpaBlieHHS IPOCKTAMH C yYETOM BBIJICIIEHHBIX 33/1a4.
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Ilpozpammmusrit komnnekc Project Expert

[Mporpammusblii  komiuieke Project Expert [3, 15] sBnsercs pa3paboTkoit
poccuiickoii komnanuu "Ilpo-UuBect Koncantunr" um mpennasHadeH s ¢uHAH-
COBOTO aHaM3a MPOeKTOB. KoMIuteKkc mo3BoJIsieT OnucaTh OKpY>KEHHE MPOEKTa U ero
BO3MOXXHOE HM3MCHEHHE B Ipollecce peajn3alud MpOeKTa; pa3paboTaTh WHBECTH-
LUOHHBIH TUIaH MPOEKTa; ONKCATh MPAMbIE M OOIIUE M3AEPKKU MIPOEKTa; ONPEACTUTh
MOTpeOHOCTH B (PMHAHCHPOBAHUHU U pa3paboTaTh cxeMy (DHMHAHCHUPOBAHUS IPOEKTA;
OTIPEETUTh UyBCTBUTEIHHOCTh IMMOKa3aTesled 3((EeKTHBHOCTH WHBECTHUIMN Ha
W3MEHEHUE PAa3NUYHBIX (PaKTOpoB MpoekTa. [IporpaMMHOe cpelncTBO MpeaoCTaBiseT
BO3MOXXHOCTh TPOBOJUTH AaHAIW3 TPYIIBl IMPOEKTOB (OTpaHUYCHHE - CyMMapHas
JUTHTETEHOCTH IIPOEKTOB HE MOJDKHA MpeBbimats 100 rer).

K ocHOBHBIM HemOCTaTKaM CHCTEMBI MOYKHO OTHECTH €€ «3aKpBITOCTHY», 4TO
OpOsIBIIIETCS B HEOOXOAMMOCTH TIOCTOSHHOTO OOHOBIICHHSI TPH MEHSIOMINXCS
YCIIOBUSIX peanu3anuy MpoeKToB. Ilpn aHanmms3e pHCKOB OTCYTCTBYET BO3MOXKHOCTH
KOJIMUYECTBEHHOM OLIEHKHU TOKa3aTeell pUCKOB.

JoctonnctBamu Project Expert sBISIOTCS: BO3MOXKHOCTh OLEHKH d(PPEKTHB-
HOCTH TIPOEKTAa BCEMH YYAaCTHHKAMH, BBISBICHHE BO3MOXHBIX YIpO3 W TPHHATHE
pelIeHni 1T MAHUMH3AINA X HETaTUBHBIX MOCIENCTBUI; MOIAEPKKA CIICHAPHOTO
MOIX0/1a.

Ilpozpammmustii komnaekc ""buznec-ananumux'’

[Tporpammusiii koMIuieke "busnec-ananutuk" [4] pa3paboTaH OTCUECTBEHHON
kommanuet UHOK n mpennasHadeH ans (UHAHCOBOTO aHANM3a MPOEKTOB B cdepe
MPOM3BOACTBA M OKazaHus ycuyr. [lo3Bomsier paspaboTarh OH3HEC-IIaH HHBEC-
TUIMOHHOTO MPOEKTa, MPOBECTH aHaIn3 d3PPEKTUBHOCTH MHBECTUIIMOHHOTO TPOEKTA,
aHaJM3 YyBCTBUTENHLHOCTH OW3HEC-IUIaHA K KOJICOAHUSM KOHBIOHKTYPHI pPBIHKA U
W3MEHEHUSIM MAKPOAKOHOMUYECKUX YCIOBHUH JEATEIBHOCTH, IPOBECTH IUIAH-
(aKTHBII KOHTPOJIb.

OCHOBHBIM HEJIOCTaTKOM CHUCTEMBI SIBJISIETCSI CTpOTrasi OpUEHTAallus Ha WHBEC-
TULUOHHBIM THUII MPOEKTOB. B TO ’xe Bpems mpenocraBiseMble MHCTPYMEHTHI AJIS
paboTbl SABISIOTCA JOCTATOYHO T'MOKMMH, 4YTO MOXET ObITb OTMEUYEHO, Kak
JOCTOMHCTBO JTAHHOTO MTPOAYKTA.

Ilpozpammmustii komnaekc Anom-Hneecm

IIporpammusiii komiuieke AnbT-MHBECT [5] pa3paboraH poCCHICKON KOMIIa-
Hueit OO0 «Anbr-MHBeCcT» W mpeaHa3HadeH Uil (DUHAHCOBOTO aHajIM3a IPOEKTa.
[To3Bonsier pazpaboraTh OM3HEC-IUIaH, MPOBECTH aHAJIM3 MHBECTULHOHHOIO MPOEKTa,
CPaBHUTH Pa3HbIE CIIEHAPHH Pa3BUTHS HHBECTUIIMOHHOTO MPOEKTAa, ECTh BOZMOYKHOCTb
co3J1aHus NopT(ens MPOEKTOB.

B kauecTBe JOCTOMHCTB KOMIUIEKCA MOYKHO OTMETHUTH BO3MOXKHOCTh CO3JJaHHUS
BHYTPEHHUMH CpEACTBAMH COOCTBEHHBIX HHCTPYMEHTOB aHAIN3a, JOMOJHSIOMINX
CTaHJIapPTHBIN HAOOP.

Ilo coBokymHOCTH peanmu3yeMbiX (YHKIMA JaHHBIA TPOAYKT B OobIIeit
CTETIeHH OTHOCHUTCS K CPEACTBAM MpPOBEleHHUS (MHAHCOBOTO aHAIHM3a JEATCIbHOCTH
MIPEeAIPUSITHS, a HE K yIIPABICHUIO TPOEKTaMHU.
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Ilpozpammmuoiit komnaexc Spider Project

[Mporpammusiii kommieke Spider Project [6] paspaboran Spider Technologies
Group (Poccus) m npeaHazHaueH Ui yrnpaBiieHHS MPOEKTAMH Ha BCEM KH3HEHHOM
nukire. Spider Project mo3BosiseT pa3padboTaTh KaJICHIAPHBIN IJIaH TPOEKTa, IPOBECTH
pacmpeeneHusi pecypcoB U MaTepuasoB, (OPMHPOBaTh OIOKET mpoekTa. B makere
MPeayCMOTpEeHa BO3MOKHOCTh MOJEIHUPOBATh PUCKH ABYMS CIIOCOOAMHU: METOX TpeX
cueHapueB u Mmeton Monte-Kapno. MMeeTcss BO3MOXKHOCTh pasrpaHUYEHUs IpaB
JOCTyTa TpU TPYIIOBON paboTe, CO3MaHUS MYJIBTUIPOEKTOB (TPYINa IMPOEKTOB,
KOTOPBIE HCIOIB3YIOT OJTHH M TE€ € PECYpPChl), MPOrPaMMbI IIPOEKTOB (JOITOCPOUHOE
MIpEANpUATHE, KOTOpPOE BKIIOYACT B ceOs ABa WM Oojee MPOEKTOB, TPEOYIOMINX
TECHON KOOPAWHAIIMK) W TOPTQEII MPOeKTOB (TPYIa MPOSKTOB, HAIIPABICHHBIX Ha
JNOCTIDKEHHE OOIMX CTpaTerniecKkux IieJieid, MMEeIomuX oliiee (puHaHCcHpOBaHHE).
Taxoke cucremMa MO3BOJSIET COCTaBUTH PACIHCAHHE MPOEKTa C YUYETOM MOCTaBOK M
(MHAHCHPOBAaHMS, OTPAHWYEHHH IO TMOCTaBKaM M (UHAHCHPOBAHHIO, IIPOBECTH
pacueT SKOHOMHUYECKOH d3PPEKTUBHOCTH MPOEKTA.

JocTonHcTBaMH MPOrPaMMHOTO MPOJAYKTA SIBJISIOTCS: BO3MOXKHOCTH pacdeTa
KPUTHYECKHX MMapaMeTpPOB pealiu3alliil MPOeKTa M €ro OTIAENBHBIX (a3; olpeeIeHne
CTETIeHH CBOOOIBI TS KAXKIOW XapaKTePUCTHKHU MIPOEKTA B OTPAHUYCHHBIX yCIOBHSIX.
Taxxke mnpu oneHke 3QPEKTUBHOCTH TPOCKTA IMPUMEHICTCS BEPOSTHOCTHAS
AHAIMTUYECKas MOJIENb.

I'maBHBIMH HEZOCTaTKaMH SIBISIOTCS: OTCYTCTBHE BO3MOXKHOCTH TEPPHUTO-
pHaTbHO pa3HECEHHOTo YIpaBJICHHsI KOPHNOPATUBHBIMU MPOEKTaMH, HEBO3MOXKHOCTh
pacIIMpeHns CUCTEMbI COOCTBEHHBIMH (QYHKIMSIMA M OTCYTCTBHUE UHTEp(EricoB IS
WHTETPAIH CO CTOPOHHUMH TIPOTPAMMHBIMH TPOTyKTaMHU.

Ilpozpammmustii komnaexkc ELMA Ilpoexkmui+

[IpousBoaurenem maketa ELMA Ilpoextsi+ [7] sBIsSeTcS OTeUeCTBEHHAS
¢upma OO0 «ELMAy». Cucrema npeqHa3HadeHa Uil IUIAHUPOBAHHUS M KOHTPOJIS
BBHITIOJIHEHHSL TPOEKTOB, YIPAaBJICHUS HUMEIOIIUMHUCST pecypcamH (BPEeMEHHBIMH,
(PMHAHCOBBIMHM, YEJIOBEYECKHMHU) U OPraHU3alUN B3aUMOJCHCTBUS MEXIY YYaCTHH-
KaMU MPOeKTOB. JlaHHBIN MPOAYKT AaeT BO3MOXXHOCTh COCTABUTh KaJICHIAPHBIN IIIaH
MPOEKTa, YNPaBIATh OIUKETOM MPOEKTa, PacHpesieieHHeM pPecypcoB, COCTaBHTh
CIIMCOK PUCKOB IPOEKTOB U BO3MOXKHOCTEH UX yCTpaHEHHMS.

B kauecTBe JAOCTOMHCTBA CHUCTEMBI MOXKHO OTMETHUTh HA0OP WHCTPYMEHTOB
JUIsL  yTpaBlieHHs OW3HEC-TIPOLIeCCaMu, a TakKe THUOKYI0 HACTpOWKY II0JIb30Ba-
TeJIbCKOro uHTepdetica.

Ilpozpammmustii komniaeke Adsanma

[Iporpammusbiii komruieke AnBanTa [8] — 3Tro Web-0a3upoBannas miaTdopma,
MO3BOJISIIONIAS]  YNPABIATh MPOEKTaMH M MHopTdensiMu mpoekToB. Paszpaborana
oteuectBeHHOM Kkommanuer OOO «Ansanta Koncantunr». B cucteme mpeny-
CMOTpEHO: pa3paboTKa KaJeHJApPHOTO IUIaHA MPOEKTa, YNPAaBICHHE CTOUMOCTBHIO,
yIpaBJIeHHE pecypcaMi, y4eT pabodero BPEMEHHM, YIpPaBJI€HHE pPUCKaMH, (OpMU-
poBanue mopTdens mpoekToB. CUcTeMa MPeloCTaBIsIeT BO3MOXKHOCTH paboTaTh IO
CIIEAYIOIIMM HaIpaBJeHUSIM: ynpamieHue mpoekTamu (Project Management),
ynpaeneHue nopTdensmu mpoektoB (Project Portfolio Management), coBmecTHas
pabota u 3neKTpoHHbIH JoKyMeHTooO0opoT (Collaboration).
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OCHOBHBIM JTOCTOMHCTBOM TPOAYKTa SIBISICTCS HAMYUE MOIIHOIO HHCTPY-
MEHTapus BH3yalIM3alldd, C TIOMOINBI0O KOTOPOrO MOTYT OBITh pa3zpaboTaHbI
aHaMTHYecKre (QyHKIIMHA CUCTEMBI 0e3 TPUMEHEHUS POTPAMMHUPOBAHUS.

B kadectBe HemocTaTka CHUCTEMBI MOXKHO OTMETHTH OTCYTCTBHE KOHTPOJIS
[IEJIOCTHOCTH MPOEKTa B CIIyYasX UCIOIB30BAHUS MEKITPOEKTHBIX CBSI3EH.

Ilpozpammmusiit komnaexc Project Kaiser

[Iporpammusiii kommuteke Project Kaiser [9] — BeO-oprueHTHPOBaHHAS CHCTEMA
YIIpaBJICHHS TIPOEKTaMH TIpon3BojicTBa poccuiickoit kommannun OO0 «Tpurudopcey.
PaboTa ¢ mporpammoii ocymiecTBiseTcsi ¢ MOMOIIBIO Opay3epa ¢ JII000ro KOMIIbIO-
Tepa. JlaeT BO3MOXKHOCTh Pa3pabOTKH KaJICHAAPHOTO IJIaHa, KOHTPOJb BBHITIOJTHECHUS
MIpoeKTa, 0OMeH HHPOPMAIINEH MEKIY COTPYIHUKAMH.

HenocraTkoM cHCTEMBI SIBJISETCS €€ OpHUEHTAIlMs Ha opraHu3anuio 3¢ dek-
TUBHOM KOMMYHHKAIIMA MEXJy HWCIHOJHUTEISAMH IPOEKTa B YIIEPO OCTaIbHBIM
3ajauaM yrpaBlieHus npoekrtamu. Hamuume mpoOenoB B peanu3anui OU3HEC-TOTHKH
MPOrPaMMHOTO  KOMIUIEKCA CHW)KAE€T OIEPAaTUBHOCTh IMPOIECCOB  YIPABICHUS
MIPOCKTOM.

[TonoXHUTENEHBIM MOMEHTOM TpU padoTe C JaHHBIM MPOIYKTOM SIBISICTCS
OTCYTCTBHE T'POMO3JIKOTO TIOJNB30BaTEIbCKOTO HHTepdeiica, XapakTepHOro Jyis
MHOTHX CHUCTEM TaKOT'0 Kjiacca.

Ilpozpammmusiit komniaexc Wrike

IIporpammusbiii  komiiekc Wrike [10] —3T0 npompueTapHas cuUCTeMa
kommaanu Wrike (CIIIA) mis yrpaBiaeHHS IPOEKTaMH B COBMECTHO# paboTel. CepBuC
MIPEACTABISIET COOOM OHIAH-cpexy I pabodero B3auMOICHCTBHS KaK B JIOKAJIBHOM,
TaK M pacrhpeesieHHol koMaHnze. BosmoxxHoctn Wrike BKIIFOYAIOT IJIAHMPOBAHUE U
yIpaBlIieHHe OH3Hec-mpoleccaMu, oOMeH HuHGOpPMAaHMEeH MeXIy COTPYIHHKAMHU,
aHaIM3 JMaHHBIX W (OPMUPOBAHUE OTUYETOB, YCTAHABIMBATH IPUOPUTET 3aJadaM, a
TAaK¥XKE OTCJIC)KUBATH rpa(pm( HUX BBIIIOJIHCHUA.

K OCHOBHBIM JOCTOHMHCTBaAM CHUCTEMBbI MOXXHO OTHECTH. BO3MOXHOCTHh MOHU-
TOpPUHTa W aHAllM3a JEATENBHOCTH KaXKIOTO WCIIONHUTENS TPOEKTa; MPOCTOH u
MTOHSITHBIN ITOJIb30BaTENbCKH HHTEp(deElic; KpoccuiaThopMeHHas apXUTEKTypa.

Haubonee sBHBIM HEIOCTATKOM TPOJYKTA SBISETCS OTCYTCTBHE HWHCTPY-
MEHTOB y4YeTa M aHann3a (PMHAHCOBOH NEATENBHOCTH MTPOEKTA.

Ilpozpammmnsrit komnnexce Open Plan

Open Plan [11] paspaboran kommanumeir Welcom Corp (CLUA). Haer
BO3MOKHOCTH pa3pabOTKM KaJeHIApHOTO IUIaHA IPOEKTa, YNPAaBJICHHUS pecypcamu
BHYTPH M MEXIy OTAeNbHbIMH TpoekTamu. B Open Plan MoryT ObITh HCIIONB30BaHBI
TPYJIOBbIE, MaTepHAIbHBIE PECYpPChl WM TPsIMbIE 3aTpaTthl, CBS3aHHbIE ¢ paboTamu
npoekra. [Ipu 5TOM TpsiMBIe 3aTpaThl MOTYT BBOAWTHCS B Pa3IMUHBIX BATIOTaX C
YUETOM HHQIISIINY.

B cucreme ecth BO3MOKHOCTh MPOBECTH pPacueT CPEIHUX OTKIOHEHHH st
paHHHX, TO3IHUX JaT, PE3ePBOB BPEMEHH; BBOJA BEPOATHOCTHBIX XapaKTEPHCTHK
BBITTOJIHEHHS OTJENBHBIX PA0OT; PACCUNTATH ONTUMHUCTHYECKHE, IECCUMUCTHUECKUE U
OXHJaeMble JUTUTEILHOCTU padoT.

JocTonHCTBaMH MPOrpaMMBI SIBJISIIOTCS: MHTETpalysi HEOrPaHUIESHHOTO YHCIa
HE3aBUCHMBIX TNPOEKTOB B OJUH MYJBTHUIIPOEKT, & TaKKe HaJIM4YHe BCTPOCHHBIX
MEXaHU3MOB 3alIUTHl HH)OpMAIIHH.
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K HemocTaTkaM MOXHO OTHECTH BBICOKYIO CTOUMOCTHL IIPOrpaMMHOI'O
IIPOAYKTA U CIIOKHOCTBb €0 OCBOCHUHL.

Ilpozpammmustii komnnekc Oracle Primavera

IIporpamMmusie poaykTel Primavera [12] komnanmm Primavera Systems, Inc
(CIIIA) mo3BOJIAIOT BECTH YYeT W YIpPaBICHHUE BCEMH MAacCHUBaMHU JIAHHBIX I10
MpoeKTaM 1 ()MHAHCOBBIM BO3MOXKHOCTSIM opraHu3aiuu. [Iporpammuaoe obecrieueHue
OPHECHTHUPOBAHO HA PYKOBOJIUTEICH MPOCKTOB, OCYIIECCTBISIONINX CBOIO JICATEIHHOCTD
B PA3IUYHBIX OTPACISX MPOMBINUICHHOCTH. KOMIUIEKC 1aeT BOBMOXKHOCTh Pa3paboTKu
KaJICHAapHOTO IUIaHA TIPOCKTa, VIPABICHHE pPeCcypcaMH, IPOBECTH  OILCHKY
CYIIECTBYIONIMX PHUCKOB, MPOTHO3UPOBAHNE W aHAJM3 PHIHOYHBIX TPCHJIOB; aHAIIN3
TPYIII MPOEKTOB U paclpeiesiecHUe OFKeTa MKy HUMH.

K OCHOBHBIM HemOCTaTKaM MPOrPaMMHOTO PEIICHUST MOXXHO OTHECTH
OTHOCHUTEIBHO BBICOKYIO CTOMMOCThH IMPOJYKTa M €ro TEXHUUYSCKOH IOIJICPIKKU, a
TaKXKe Y3KYI0 OPHEHTAIINIO Ha IPUMEHEHUE B MAITUHOCTPOCHHUH U CTPOUTEIBCTRE.

Hannuue MOITHON aHATUTHYECKOM IOJACHCTEMBI, KOTOpas OOeCIeYrBacT
BO3MOXKHOCTh TNIyOOKOTO aHaji3a IPOU3BOAUTEILHOCTH MOPTQEnss TPOEKTOB,
SIBIISICTCS. HECOMHEHHBIM MPEUMYIIIECTBOM JIAHHOTO MPOrPAMMHOTO MIPOIYKTA.

Ilpozpammmusiit komniaexc Microsoft Project2016

Microsoft Project [13, 15] mpousBoactBa ¢upmbr Microsoft Corp (CLIA)
MO3BOJIET YIPABIATH MPOCKTOM Ha Pa3IMYHBIX dTarax ero peanusanuu. [laker maet
BO3MOXXHOCTh BBIIIOJIHUTh CTPYKTYPH3aI[MI0 IMPOEKTa IyTeM pa3JelieHUusl ero Ha
9TaIlbl, 33J]a41 U TI0/[3a/1a4H, BBISBUTH 331a4l KPUTHUECKOTO MYyTH, MOJYyIUTh rpaduk
peanu3alMyd MPOEKTa, OCYNICCTBUTh HAa3HAYCHHWE PECYpCOB 3aJadyaM TPOCKTa,
3¢ (HEeKTUBHO KOHTPOJUPOBATh 3arpy3Ky pECYpCOB, TakKe IIO3BOJIIECT IPOBECTH
OIICHKY COCTOSIHMS TIPOSKTAa M IPOBECTH PpACHPEICIICHUE PECYPCOB MEXIY
MOJIIPOCKTAMH.

B kauecTBe MpeUMyIIECTB CUCTEMBI MOXXHO OTHECTH IIyOOKYH) WHTETPALIUIO
C O(GHCHBIMHM NPWIOKECHUAMU KoMIaHuu Microsoft, a Takke HaJIU4YME MIUPOKOTO
WHCTPYMEHTApPUS JIJIsl KOHPUTYPUPOBAHHS CUCTEMBI IO/ peliacMbIe 3a/1a4H.

HecmoTps Ha mpecTaBlieHHbBIC TOCTOUHCTBA MPOAYKTA, B X07¢ pabOThI MOJIb-
30BaTe)Ib MOXKET CTOJKHYTHCS C MPOOJIEMaMu MPH MOCPKKE OTPACICBBIX MTPOSKTOB
C TUHAMUYHOM CTPYKTYpPOU 3a/1a4 U BBICOKMM YPOBHEM MHOTO(MaKTOPHOCTH.

Ilpozpammmustii komnaekc RiskyProject

ITporpammusiii komruieke RiskyProject [14] paspabotan B Intaver Institute Inc
(CIIA, Kanama) w mpemHa3HadeH HJs YIPaBICHUS pPHUCKaMU TpoekToB. [laeT
BO3MOXHOCTh  pa3paboTaTh KaleHAapHOe IUIAHUPOBAHWE MPOEKTa, IPOBECTH
KOJIMYECTBEHHBIN aHallM3 pHUCKa Ha OCHOBe MeTtoma Monte-Kapno, wsmepenue
CTerieHH WcmoNHeHus: mpoekta. RiskyProject mosBomsier ompenenuts Hambomee
Ba)KHBIE PUCKH U BaKHEUIIINE 33]]a4, BEPOSITHOCTH yCIeXa MpoeKTa.

JlocToMHCTBO paccMaTpruBaeMoOl CHCTEMBI 3aKIFOYAeTCsl B HAJTUYUH 0OTaTOro
Ha0opa WHCTPYMEHTOB /I aHallM3a pa3HOOOpa3sHBIX pUCKOB. M3 yka3aHHOTO
MPEUMYIIECTBA BBITEKAET W TJABHBIM HEIOCTATOK — CKYJHOCTh (DYHKIIMOHANA JUIS
pelIeHns: APYTUX THUIOBBIX 337]a4 MPOEKTHOIO MEHEIKMEHTA.

Ha poiHke nporpamMmHOro obecriedeHUs] NpEenCTaBieH OONBIION CIIEKTp
MPOAYKTOB (KaK OTEYECTBEHHBIX, TaK M 3apyOEXKHbIX), MO3UIUOHUPYIOMINX ce0sl KaKk
MTOJTHOIIEHHAsl CUCTeMa YIpaBJIeHHs MpoeKTaMu. HecMOoTpst Ha 3TO, CTOMT OTMETHUTH,
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YTO JIMIIIh HE3HAYMTENIbHAS YaCTh U3 HUX ITO3BOJIAECT B IOJHOM Mepe BBHITIOIHATH BCE
OCHOBHBIC 3aJjad¥l IPOCKTHOTO MeHemKMeHTa. llomaistoniee OOIBITMHCTBO IIPOT-
pPaMMHBIX TPOAYKTOB HAIleJIEeHBl HAa PEAN3alHI0 OTIAENBHBIX aCIEeKTOB YIPAaBICHUS
MIPOCKTaMHU.

TpeOoBaHus K cucTeMe yNpPaBJIeHHs IPOEKTaMH B c(epe perHoHATbHOMI
0e30IMacHOCTH

[To MHEHHIO aBTOPOB, pealH3auusi pazHOOOPa3HbIX MPOEKTOB, B YaCTHOCTH,
OCYIIECTBIIAIONUXCSI B MoHOTOpomax A3 P®, sBisercs, HEOTHEMJIEMOH YacCThIO
VIIpaBICHHUS pPEerHOHANBHONW Oe3omacHocThIo. [l opraHm3anuu WHGOOPMAITMOHHOM
MOJICPKKKA 00eCTIeYeHUs] PErMOHANBHONW 0e30MacHOCTH HEO0OXOAWMO HCIOJIB30BaTh
COOTBETCTBYIOIIME HWH(POpPMAIMOHHBIE CPEACTBA W TEXHOJOIMU  YIPaBJICHUS
MIPOCKTaMHU. YUWTHIBas CHEIUGUKY ITOCTABIICHHON 3a7add, TaKOH Kjacc IMporpam-
MHOT'0 00ecIieueH sl JOIKEH yIOBIETBOPATH CICIYIOINM TPeOOBaHUAM:

e Hanuuue (QYHKUMH TIO0 yHOpaBlIeHHIO Pa3HOOOpa3sHBIMH —MapaMeTpaMu
MPOeKTa Ha BceX (a3ax )KM3HEHHOTO LIUKJIAa POCKTa;

® BO3MOXKHOCTh  OIEPHPOBATh IMPOTPaMMaMH TPOEKTOB — COBOKYITHOCTBIO
MIPOEKTOB, CTPYIIIMPOBAHHBIX IO OTMPEACIICHHBIM KPUTEPHSIM;

e BEISIBIICHHE TIPOTHBOPEUNI U KOH(QIMNKTOB MEXY MTPOEKTAMHU;

® HATMYNE CUCTEMbI Pa3TPaHWYCHHS TPAB JOCTYIA M MEXaHW3MOB 3allUTHI
nH(pOpMAaITNy;

® BO3MOXKHOCTh T'HOKOW HACTPOWKH TOJB30BATENBLCKOTO HHTepQeiica, B
0COOEHHOCTH, TPECTABICHHS Pe3yIbTaTOB aHAJIN3a PEeaTHU3aI[H IPOEKTOB;

® HATMYNEe WHCTPYMEHTOB BBISBICHHUS MOTEHIIMAIBHBIX YTPO3 U YIIPABIICHUS
pucKamu;

® BO3MOKHOCTh OpTaHH3alllH pachpeeleHHOW paboThl U HAMYHe CPENICTB
AIIEKTPOHHON KOMMYHHKAIIMHA MEXTy YIaCTHUKAMU;

® UHTErpalys C Pa3InUHBIMUA OQUCHBIMH TPUIIOKEHHSIMU.

CpeI[I/I PAaCCMOTPCHHLBIX B CTAaTbC CUCTEM YIPABJICHHUA IIPOCKTAMH JIMIIb Majlas
YacTh YAOBIIETBOPsiET OONBIIMHCTBY 3asBICHHBIX TpeOoBaHMid. [10 MHEHHIO aBTOPOB,
K TaKUM cUCTeMaM MOKHO oTHecTH: Spider Project, Open Plan, Microsoft Project.

3akiIouyenue

B HacTodAlIee BpeEMA, HECMOTpA Ha CIOXUBUIYIOCA TPaAUIIMOHHYIO
SKOHOMHYECKYI0 HHQPACTPYKTypy MOHOT'OPOAOB, aKTYalbHOW 3ajadell sBIseTCS
pa3BUTHE MX MHHOBALMOHHOTrO noreHuuana. OnHuM u3 3((QeKTUBHBIX pelieHuid B
JAHHOM BOIIPOCE MOXKET CTaTh pa3padOTKa W BHEJPEHHE CPEICTB YIPaBICHUS Ha
OCHOBE COBPEMEHHBIX HH()OPMAIIMOHHBIX TEXHONOTUH. ABTOpPBI IpeIaraioT
UCIIONB30BATh Ul ATUX LENICH CYNIECTBYIOIINE ITOJIXOJIbI, B YACTHOCTH, MPOEKTHBIH
MEHE/DKMEHT U HMHTAIlMOHHOE MOJICTTMPOBAHUE.

Ha ceropssiiHuid 1eHb 337ja41 YIIPaBJIECHUS [IPOCKTAMU PELIAIOTCS HA YPOBHE
OTZEJBHBIX NPEAIPUATHI, YTO HE IO3BOJIIET IPOBECTH AHAIM3 BCEH IMPOEKTHOU
NEeSITeNbHOCTH B MaciuTabax LEeJoro peruoHa. IJTOT (akT TOBOPUT O TOM, HTO
HEBO3MOXKHO OIIEHHUTH OOIllee BIMSHUE BCEX PEAIM3yeMBIX MPOEKTOB HA COCTOSHHE
pEerHOHAEHON 6€30MacHOCTH.

96



IIo muenuro aBTOPOB, OJHHUM H3 BO3MOKHBIX pCIHeHI/Iﬁ I[aHHOfI HpO6J'IeMI)I

SIBISIETCSL  pa3pabOTKa CHCTEMBI HWH(DOPMAITMOHHOH TOMIEPKKH  OOSCTICUCHIS
perMoHaNbHON 0€30MacHOCTH, B COCTaB KOTOPOW OyJeT BXOJWUTH ajarnTHpOBaHHAS
BEpCUS TPOTPAMMHOM CHCTEMBI YIIPaBICHUS MPOCKTaMH, YJIOBJICTBOPSIONIAS
chopMyITHPOBAaHHBIM B CTaThe TPEOOBAHMUSIM.
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YK 004.832

A.A. 3yeHko
WuctuTyT HHGOPMATHKH U MAaTEMAaTHYECKOTO MOJSTHMPOBAHIS TEXHOIOTHYECKUX IPOLIECCOB
Konsckoro HI] PAH

MOAENMWPOBAHUE ®U3UNYECKUX CUCTEM B PAMKAX NAPAOUIOMbI
NMPOrPAMMUPOBAHUA B OFPAHUYEHUAX"

AHHoOTauus

B pabote npegnaraetca noaxod, MO3BOMAKOWMA  MoAenupoBaTb uanyeckmne
cucteMbl B pamkKax napagurMbl  NPOrpaMMUpPOBAHMS B OFPaHUYEHUAX C
UCMONb30BaHWEM Crneumanu3npoBaHHbIX MaTpuuenogobHbix cTpykTyp (C-cuctem).
OnucbiBaeTCs OpUrMHaNbHbLI aBTOPCKMN MEeTOA, pacrnpOCTpaHEHUss OrpaHuyeHun,
peanusyowun Beieog Ha C-cuctemax. [NogobHoe npeacTasneHne no3sonseT OaHy u
Ty Xe MoAefnb UCMonb3oBaTb ANSA MONyYeHWUs OTBETOB Ha pasfuyHble BOMPOCHI
NPOrHOCTUYECKOrO, AWArHOCTUYECKOr0 W YNpaBfiEHYECKOro TWMOB, MPUYEM CaM
MeXaHu3M BblBOAa ocTaeTcsi 6e3 N3MEeHEHWIA.

Knroyesnbie cniosa:
npozpaMmuposaHue 8 oepaHudeHusix, cbusudeckass cucmema, KadecmeeHHass MoOesb,
pacrnipocmpaHeHue o2paHuyeHul, Mampu4yHoe rnpedcmasrieHue o2paHu4eHud.

A.A. Zuenko

MODELLING OF PHYSICAL SYSTEMS WITHIN THE FRAMEWORK OF THE
PARADIGM OF CONSTRAINT PROGRAMMING

Abstract

In this paper, we propose an approach that allows modeling physical systems within
the framework of constraint programming paradigm, using specialized matrix-like
structures (C-systems). An original author's method of constraint propagation,
realizing inference on C-systems, is described. Such a representation allows one and
the same model to be used to obtain answers to various questions of prognostic,
diagnostic and management types, and the mechanism of inference remains
unchanged.

Keywords:
constraint programming, physical system, qualitative model, constraint propagation, matrix-like
representation of constraints.

Beenenue

B pabote npeanaraercss MOAXOM, MO3BOJISIONINN MOIEIHPOBATH (PH3MUECKHE
CHUCTEMBl B paMKax MapaJurMbl IPOrPaMMHUPOBAHUS B OTPAHMUCHHUSIX C HCIOJb-
30BaHMEM  CIICIUAM3UPOBAHHBIX  MATPHUIETIONOOHBIX  CTPyKTYp  (C-cuctem).
[lomoOHOE mpencTaBieHUe IMO3BONSET ONHY W Ty JK€ MOJAENbh HCIIONB30BATh ISt
MOJIyYEHHS OTBETOB Ha Pa3JIMYHbIC BOIIPOCHI MPOTHOCTUYECKOT0, TUATHOCTHUECKOTO U
YIPABJICHYECKOTO TUIIOB, IIPUYEM CaM MEXaHHM3M BBIBOJIA OCTACTCs 0€3 U3MEHEHHUH.

Hpyrumu cioBamMu, TepeYMCIICHHBIE BBINIE 3aJa4M IpenjiaraeTcs peniartb B
BUjIe 3a7a4 ynoBieTBopeHus orpanndeHuii (Constraint Satisfaction Problem — CSP)
[1-3]. B ominume OT mpeapiaymux paboOT IUKIa B HACTOAIICH CTaThe IS

* PabGoTa BhINonHeHa npu (puHaHCOBOH noaaepxkke PODU (mpoektsl NeNe 16-07-00562-a,
16-07-00377-a, 16-07-00313-a, 16-07-00273-a, 15-07-02757-a).
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(hopManM3anuy OrpaHUYCHUIN UCTIONB3YIOTCA HE D-cUCTeMbl (MaTPUIlBl TU3BIOHKTOB),
a C-crucreMbl (MaTpuIlbl KOHBIOHKTOB), a TakKke pa3padOTaH OPUTHHAIBHBIA METOH
pacnpoCTpaHeHHs] OTPAaHIMUYCHUHN ISl 3TOTO CITydasl.

3adaua  yoosenemeopenus oepanuuenuii (CSP)—a3ro tpoiika (V, D, C),

rae (D) V={vy, ..., v,} — MHOXKECTBO ITEPEMECHHBIX;
(2) D={D,, ..., D,} — MHOXECTBO TOMCHOB; KaXXAbIii JOMEH D; — KOHEUHOE
MHOKECTBO, COJIEpIKAIllee BO3MOKHBIC 3HAYCHUS, COOTBETCTBYIOIICH TIEPEMEHHOM;
3)Cc={c,..., C,} — MHOXKECTBO OTPAHUYCHHIA.

Orpanndenue C — OTHOILIEHHE, ONPEAEIEHHOE HA MOJAMHOXECTBE 3HAYCHUI
BCEX MepeMeHHBIX, T.e. C; = Dy X ... X D,

3amanHas (YacTHYHAS WIIM ITIOJTHAS) ITOJACTAHOBKA 3HAYCHHM IIEPEMEHHBIX
yIOBIETBOpAET orpannueHuio C;, ecnu Kaxkaas MepeMeHHas TMOJlydyuia Takoe
3HA4YeHHUE, YTO COOTBETCTBYIOIIUI KOPTEXK 3HaueHWH mpuHaaie:kuT C;. MHOXeCTBO
BCEBO3MOXKHBIX IIOJCTAHOBOK JJIsi BCEX IIEPEMEHHBIX SBISCTCA HPOCTPAHCTBOM,
conepxamum permenue CSP-3amaqn.

Pewenuem CSP-3amaun siBisieTcd Takas MOJCTaHOBKA JJISl BCEX MEPEMEHHBIX,
pUd KOTOPOW BCE OrpaHUYEHHUS YIOBIETBOPEHbI. Eciau s HEKOTOpoW 3agadyu
UMeeTcs, 0 KpallHel Mepe, OAHO pelleHue, TO 3a/1a4a SIBISIETCS paspeuumoli, iHade
— Hepaszpeuwiumoti (IPOTUBOPEUUBOH, TIEPEOrPAaHUICHHON ).

Ilo cytu, B Buae 3amaun CSP mpenmaraercss mpeacTaBisTh KauyeCTBEHHBIC
abcTpakiun (pU3MUECKUX 3aKOHOB, Hampumep, 3akoH Kupxrodda, 3akon Oma. Jlns
HUCIIOJIb30BaHUA Ka4YC€CTBCHHBIX Moueneﬁ Tpe6y}0Tc;[ OMpCACICHHBIC MCTO/bI
MMpOBCACHUA Ka4CCTBCHHBIX paccymneHHﬁ, H3JIOKCHUIO KOTOPBIX M IOCBALICHA
Hacrtosimas ctartbs. CaM XapakTep BBIBOZA B PaMKax IapalurMbl IPOrpaMMHUPOBAHHUS
B OIpaHUYEHHUAX 3aKJIfodaeTcs B ynpoiueHuu 3agadu CSP, To ecTh B MpUBEICHNN €€ K
3ajjaue, cojeprKalleil MeHbllee KOJIWYECTBO OTpaHMYeHMH, MeEHbIlIee KOJIUYECTBO
3HAUCHHUH B IOMEHAX IePEMEHHBIX U T.II.

C nomompto C-cucteM y1o0HO MOJEINPOBAaTh TU3bIOHKTUBHBIC HOPMAJIbHbIE
¢dopmbl (IHD) koHeuHbIX pennkaToB. [IpogeMOHCTpUpyeM 3TO Ha IpUMeEpeE:

ox, y,z)=(x=a,b)An (y=a,c)Vv (z=d).

21.]'[5[ IMPOCTOTHI BCE MEPEMEHHLIC OIPEACIICHBI HA OAHOM U TOM K€ MHOKCCTBE

{a,b,c,d}. 3nmecp u panee OylneM HCHONB30BaTh 3amuch Buia (x = a,b) s

0003Ha4YeHUs! BBIpaXeHUs (x=a)v(x=»~h). YuureiBasg, yTo 00JaCTb HCTUHHOCTHU
OJIHOMECTHOTO Tpenukara (x =a,b) ectb {a,b}, TO 00JaCTh UCTUHHOCTH MpEIUKaTa
©(x, y,z) MOXET OBITh IIPEJICTaBIIEHa B BUJE clieayromieil C-CUCTEMBI:
{a,b} {a,c} *
* * {d} )
Atpubytsl X, Y, Z C -cuctemsl R [XYZ] COOTBETCTBYIOT IIEPEMEHHBIM X, V, Z
¢dopmynsl ¢(x,y,z). 3amerum, 4to “*” — cokpalieHHOe 0003HaYeHHE BCETO AMara-

R[XYZ]=

30Ha BO3MOXXHBIX 3HAUCHHH (JOMeHa) aTpuOyTa.
B Tom cmyuae, ecniu CSP mpencrasineHa B BHuAe COBOKynHOCTH C-CHCTEM,
LEeJIBbI0 TpeoOpa3oBaHUi SIBISIETCS NPUBEIECHHE CHUCTEMBbl OrpaHH4YeHHd K Oojee
MIPOCTOMY BHJY, TJIe COAEPKHUTCS MEHbIIee KoimmaecTBo C-cucteMm, CTpok C-CHUCTEM,
cTonoO1oB (aTpnbyToB) C-cHCTEM, 3HAYEHUH B IOMEHAX aTpuOyTOB U T. 11 [4 - 9].
[lepeuncnum yTBEep>KACHUS, TO3BOJISIONINE PEATU30BBIBATE MTOJOOHBIN BBIBO
JUTSL CITydasi, KOT/Ia OTpaHWYIeHUS TIPeCTaBICHBI B BUIe Habopa C-cucTeMm.
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Ymeeporcoenue 1 (¥1). Eciim Bce cTpoku (koprexu) C-CHCTEMBI MYCTHI, TO
€CTh COfIepIKar XOTsI ObI IO OJHOM MyCTOM KOMIOHEHTe Kaxas, To C-cucTeMa Imycra
(cootBercTBytomas 3agaqa CSP HecoBMecTHa).

Ymeeporcoenue 2 (¥2). Ecnu Bce KOMITOHEHTBI HEKOTOPOTO aTpulyTa (cTooma
C-cucTeMBbl) ABISIOTCS MTOTHBIMH, TO JAHHBIN aTprOyT MOXKHO YAAIUTh U3 C-CHCTEMBI
(ymansiroTcst BCe KOMITOHEHTBI, CTOAIINE B COOTBETCTBYIOIIEM CToJOIE), a mapa
“ynansieMblii aTpUOYyT — €ro JIOMEH” COXPAHSACTCS B BEKTOPE YaCTUYHOTO PEIICHUS.

Ymeeporcoenue 3 (¥3). Eciin momeH Hekotoporo arpudyra C-CUCTEMBI COiep-
KHUT 3HAYCHUSI, HE BCTPEYAIONIMECS B COOTBETCTBYIOIIEM CTOJOIIE, TO 3TH 3HAYCHUS
YAAJSIIOTCS U3 TaHHOTO JIOMEHA.

Ymeeporcoenue 4 (¥Y4). Ecnu crpoka C-CHCTEMBI COICPKUT XOTS OBl OIHY
ITyCTYIO KOMIIOHEHTY (CTPOKa MMyCcTa), TO CTPOKA YAIsIeTCs.

Ymeeporcoenue 5 (¥5). Ecnn koMIoOHEHTa HEKOTOPOTO aTpuOyTa COHEPKHUT
3HauUeHHWEe, HEe MPHHAIJIEKAIIee COOTBETCTBYIOUIEMY JOMEHY, TO 3TO 3Ha4YeHHE y/a-
JSIETCS U3 KOMITOHCHTHI.

Ymeeporcoenue 6 (¥6). Ecnmu ogaa ctpoka C-CHCTEMBI MOTHOCTHIO JTOMHUHH-
pyeT (IIOKOMIIOHEHTHO COJCPXKHUT) IPYTryK CTPOKY, TO JIOMHUHHPYIOIIAs CTpOKa
yaansiercst u3 C-CUCTEMEI.

IIpeacraB/ieHue KaueCTBEHHbIX a0CTpaKUui (PU3NYECKUX 3AKOHOB B BHJIE
coBokynHocTH C-cucrem

PaccMOTpuM IPOCTYIO SIEKTPHUECKYIO CXEMY, COCTOSIIYIO M3 BBIKIFOUaTeNeH,
JaMIl M HMCTOYHHKOB mNuUTaHus (puc.), omucannyto B [10]. B nHactosmeli pabote
CTPOUTCA Ka4Y€CTBCHHAsA MOICIIb SHGKTqueCKOﬁ CXEMbl B TCPMHUHAX MaTpUILL
orpannyeHni (B Bume Habopa C-cucreM), a BOSHHKAIOIIME 3a7add MOACITHPOBAHUS
npeJiaraeTcs paccMaTpHBaTh KaK 3aJadd YAOBIICTBOPEHHUS OrpaHudcHui. JlaHHas
npeaMeTHas 00JIaCTh HE OTHOCUTCS K ci1abo (opmanu3oBaHHBIM, I Hee chop-
MYJIMPOBAaHBl KOJIMYECTBEHHBIC 3aKOHBI, Hampumep, 3akoH Owma. OpmHako, mpu
pelIeHnn psAfa 3aaad MO0 TOYHBIE YMCIIOBBIE JaHHBIE HE TPeOyroTcs, OO0 M3Me-
peHUEC BCEX HCO6XO):[I/IMLIX YHCJIOBBIX TapaMCTPOB OCJIOKHCHO. B sTux CllydasXx, Jaxe
€CIM M3BECTHA CTpOras aHAJIMTHYECKas MOJENb HCCIEeIyeMOro OOBeKTa, Ipea-
MOYTEHHE OTJACTCS KaUeCTBEHHBIM MOJICIISIM.

KoMrmoneHTsl HCCleTyeMOoi 3IEeKTPUIECKON CXeMBI JENSATCS Ha JBa THUIA!
BBIKJIFOYATEIN W JaMIibl. BeIKIrouaTenu MOryT 6I)ITB Pa3OMKHYTBIMU WJIN 3aMKHY-
TBIMH, @ JIAMITbI MOTYT OBITH CBETALIMMHCS WIM TEMHBIMH, CTOPEBIIUMH WA
HCIIPaBHBIMU.

S1 B1 S2 B2
— R
S3
bgun

&
B3

IIpumep anexmpuueckol cxemol
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Co3manue MOJIeNIN CXeMbI CBOJIUTCA K 33[aHUIO0 CIETYIOUINX OrPaHUYCHUH:

1. 3axoHBI PYHKIHOHUPOBAHUS JTAMITHI.

2. 3axoHbBI QYHKIMOHUPOBAHUS BBIKITFOYATEIIS.

3.3akon Kupxropda (B kauecTBeHHOH (QOpPMYITHpPOBKE): HampsLKEHHE Ha
BBIKJIFOUATEINE + HAIIPSDKEHUE Ha JIAMIIE = HaNPsDKEHUE UCTOYHHKA TUTAHUSL.

Taxoke HEeBHO IIOCPEACTBOM OOIIMX IEPEMEHHBIX YUUTHIBAIOTCS (hrzndeckue
COCAMHEHHS MEXIY KOMIIOHEHTaMHu. B paccMaTpuBaeMoil MOJENH 3JIEKTPHUYECKHE
TOKHM ¥ HamnpspKeHUS UMEIOT JIMIIb KaueCTBEHHbIE 3HAauUeHUs "pos" (OM0KHUTENbHBIN),
"zero" (HyneBoii) 1 "neq" (OTpHULIATENBHEIH).

KavecTBeHHOE MOBeNeHHE KOMIIOHEHTOB OMKCBIBAETCS C MOMOIIBIO THIIOBBIX
oTHomeHuH. Jns Beikatouatens — 3to C-cuctema SWITCH [SP, V, C]:

SpP V C
{on,off} {neg, zero, pos} {neg,zero, pos}
1| {on} {zero} *

2| {off} * {zero}

Atpubytel SP, V, C —3T0 TONOXEHWE BBHIKIIOYATENS, HANpsDKEHHE W TOK,
COOTBETCTBEHHO. 3/1eCh U Jajiee B BEPXHHUX JIByX CTpokax (C-CHCTEM 3alHCBIBAIOTCS
vMeHa aTpuOyTOB (TIEpEMEHHBIX) W MHOXKECTBA JOIMyCTUMBIX 3HAYEHHH OTHX
aTpuOyTOB (IOMEHBI aTPUOYTOB).

Hanpumep, U3 cTpoku 2 clieayeT, 4To Ha pa30MKHYTOM (0ff) BBIKIIIOYATENIe TOK
SIBTISIETCSL HYJIEBBIM (zero), a HalpsHKeHUE MOXKET MMETh JII000e 3HauUeHHeE.

3aKkoH (PYHKITMOHUPOBAHUS JIAMIIBI MOKET OBITH BHIPAYKEH B BUJ/I€ OTHOIICHUS
BULB[B,L,V, C]:

B L 14 C
{ok,blown} {dark,light} {neg,zero,pos} {neg,zero,pos}
1| {blown} {dark} * {zero}
2| {ok} {light; {pos; {pos;
3| {ok} {light} {neg} {neg}

4 * {dark} {zero} {zero}

Atpubytsl B, L, V, C — 3T0 TpH3HAK HCIPAaBHOCTH JaMIbl, HajgH4yue/
OTCYTCTBHE CBEUCHUS, HANPSDKEHHE Ha JIaMIle U TOK, COOTBETCTBEHHO.

CortacHo ctpoke 1, cropeBmas (blown) namma ocraercs TeMHO# (dark), aepe3
Hee He MIPOXOAUT TOK, a HapsDKEHUE MOXKET UMETh JIto0oe 3HadeHue. McnpasHas (ok)
JIaMIia CBETUTCS TIOCTOSHHO, 32 MCKJIIOYEHUEM TOTO CIydas, KOTJa W HampspKeHHe,
TOK B JamIie paBHbl Hymto. [Ipeamonaraercs, uro 11000l HEHYJIEBOH TOK SBISiETCS
JOCTAaTOYHO OOJIBILIUM ISl TOTO, YTOOBI 3aCTABUTh JIAMITYy CBETUTHCH.

HamnpsokeHre ¥ TOK MOTYT OTHOBPEMEHHO JTMOO PaBHATHCS HYIIO, JINOO OBITh
MOJIOKUTENBHBIMH, JHO0 OBITh OTpHUIATENbHBIMU. [lo CyTH, 3TO KadecTBEHHas
abcrpakuus 3akoHa OMa, KOTOpBIH (OPMYIHUPYETCs CIeTYIOIIM 00pa3oM:

Hanpsoxkenue = Conpotusnenue * Cuina Toka.
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IlockoNbKY  CONPOTUBIICHWUE JIAMIIBI  SIBISCTCS  MOJIOXKHUTCIBHBIM,  TO
Hanpspkerne (V) u ok (C) ZoOMKHBI IMETh OJMHAKOBBIN 3HAK M TIOITOMY OITHO M TOXKE
KaueCTBCHHOE 3HAYCHUE.

B 4ucnoBBIX MOIENSX OINEKTPUYECKUX CXeM, MOMHUMO 3akoHa Owa,
UCTIONIE3YIOTCS  HEKOTOphie  (DyHJaMEHTANbHBIC 3aKOHBI, TaKWe KaKk 3aKOHBI
Kupxrodda. 3axonst Kupxrodda rmacsar: Bo-mepBsIx, CyMMa BCeX HAIIPSDKEHUH BIOIH
JI000r0 3aMKHYTOTO KOHTypa B cxeMe paBHa 0, BO-BTOPBHIX, CyMMa BCEX TOKOB B
JI00OM coeMHeHHU B cxeMe paBHa (. UTOOBI MPUMEHUTH 3TH 3aKOHBI B Kaue€CTBEHHON
MOJICTTH, HEOOXOMUMO TPEIyCMOTPETh KaueCTBEHHYIO BEPCHIO OIlepanuu apud-
METHYECKOTO  CyMMHUpoBaHHMS. B  Hacrtosmieii pabore BMECTO  OOBIYHOTO
apumeTndeckoro cymMmmupoBanus X + V= Z NpuUMEHSETCS COKPAIICHHBIH BapUaHT B
BUJIC ONepalMyd KaueCTBEHHOTO CYMMHPOBAHUS, KOTOpas pealu3oBaHa B (opme
crenytomero otaomenuss OSUM [X, Y, Z]:

X Y VA
{neg, zero, pos} {neg,zero, pos} {neg,zero,pos}
1[ {zero} {zero} {zero} |
2| {pos; * {pos}
3| {pos} {neg; *
40 {pos} {pos}
50 % {neg} {neg}
6| {neg} {pos} *
7| {neg} * {neg; |

[anHoe oTHomeHue (KaKk W JBa JAPYTHX, ONHCAaHHBIX BBIIIE) MOXKHO pac-
CMaTpUBaTh Kak THIOBOE OTHOIIEHHE, HA OCHOBE KOTOPOTO B MPOLECCE MOACTAHOBKH
BMecTO X, Y, Z KOHKPETHBIX aTpUOYTOB MOITY9IaeTCss KOHKPETHOE OTHOIIIEHHE.

CTpoKu 3TOH MaTpHILI IPEACTABISIOT cO00i HekoTophie (akThl. Hampumep, B
CTpoke 3 yTBepXkJaercs, 4TO CyMMa IIOJIOKUTENIbHOW W OTPHUIATEIbHON BEIHYHH
MOXET MPEICTaBIATh CO00H r000e 3HaUeHUE U3 MHOXECTBa {neg, zero, pos}. Takas
orepanusi CyMMHUPOBaHUS SIBISIETCS HENETEPMUHUPOBAHHOM (HEONpEAETIeHHOM), 4TOo
TUTIMYHO JIJIS1 KAYECTBEHHBIX PACCYKACHUM.

KoHkpeTHas cxema 3a1aeTcsl B BUI€ COBOKYITHOCTH OTHOILIEHUH, 3aITMCaHHbIX
B Buae C-cucreM. Hampumep, Ans 3I€KTpHYECKOM CXEMBI, NPUBEACHHOW Ha pHC.
HYXHO pacCMOTPETH CJIELYIOLUE OTHOLIEHU:

Ne 1. Beikmmrouarens “S1”° — SWITCH [Swl, VSwl, C1]:

Swl VSwl Cl
{on,off} {neg,zero, pos} {neg,zero,pos}
1| {on} {zero} *
2| {off} * {zero}
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Ne 2. Jlammna “B1” — BULB [B1, L1, VB1, C1]:

Bl L1 VB1 C1
{ok,blown} {dark,light} {neg,zero,pos} {neg,zero,pos}
1| {blown} {dark} * {zero}
2| {ok} {light} {pos} {pos}
3| {ok} {light; {neg} {neg}

4 * {dark} {zero} {zero}

Ne 3. Beikirrouarens “S2” — SWITCH [Sw2, VSw2, C2]:

Sw2 VSw2 Cc2
{on,off} {neg,zero,pos} {neg,zero,pos}
1| {on} {zero} * .
2 LO Yid * {zero} }
Ne 4. Jlamna “B2” — BULB [B2, L2, VB2, C2]:

B2 L2 VB2 C2
{ok,blown} {dark,light} {neg,zero,pos} {neg,zero,pos}
1| {blown} {dark} * {zero}
2| {ok} {light} {pos} {pos}
3| {ok} {light} {neg} {neg}
4 * {dark} {zero} {zero}

Ne 5. Beikmouarens “S3” — SWITCH [Sw3, V3, CSw3]:

Sw3 V3 cSw3
{on,off} {neg,zero, pos} {neg,zero, pos}
1| {on} {zero} * .
2 [{oﬁ‘ s * {zero} }

Ne 6. Jlamna “B3” — BULB [B3, L3, V3, CB3]:

B3 L3 V3 CB3
{ok,blown} {dark,light} {neg,zero,pos} {neg,zero,pos}
1| {blown} {dark} * {zero}
2| {ok} {light} {pos} {pos}
3| {ok} {light} {neg} {neg}

4 * {dark} {zero} {zero}
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No 7. 3akon “Hampspkenust Ha Boikimtouarene S1 u naune Bl cknaasiBaroTcs’™:

VSwl VB1 1

{neg,zero, pos} {neg,zero,pos} {neg,zero,pos}

1] {zero} {zero} {zero} |
2| {pos} * {pos}
3| {pos} {neg} *

4 {pos} {pos}
50 0% {neg} {neg}
6| {neg} {pos} *

7| {neg} * {neg} |

Ne 8. 3axon “Hampspkennst Ha BEIKITIodaresne S2 u mamiie B2 CKIIaabIBarOTCs :

VSw2 VB2 V3

{neg,zero, pos} {neg,zero,pos} {neg,zero,pos}

1[ {zero} {zero} {zero} |
2| {pos} * {pos}
3| {pos} {neg} *

4 {pos} {pos;
50 0 * {neg} {neg}
6| {neg} {pos} *
7| {neg} * {neg} |

Ne 9. 3akon “HampsokeHue B CETH MOJIOKUTEIBHO

V1 V3
{neg,zero, pos} {neg,zero, pos}
1 {pos} *
2| {zero,neg} {pos}

Ne 10. 3akon “Toku Ha BeIKNIIOUaTene S3 u jamie B3 cyMMHpyrOTCS:
CSw3 CB3 C3

{neg, zero, pos} {neg,zero, pos} {neg,zero, pos}

1] {zero} {zero} {zero} |
2| {pos} * {pos}
3| {pos} {neg} *

4 {pos} {pos}
ST {neg} {neg}
6| {neg} {pos} *

7| {neg} * {neg} |




No 11. 3akon 5 “Cuia Toka Bcel AIEKTPUUYECKOM 1enu’”:

C2 C3 Cl

{neg, zero, pos} {neg,zero,pos} {neg,zero, pos}

1[{zero} {zero} {zero} |
2| {pos} * {pos;
3| {pos} {neg} *

4, * {pos} {pos}
50 0% {neg} {neg}
6| {neg} {pos} *

7| {neg} * {neg} |

Hpouecc MOICINPOBAHUA 3J'IeKTpPI‘lCCKOI71 CXEMbI 3aBCPIICH.

3anaum, periaeMble HA KaYeCTBEHHOI Mo1eId

Tenepp paccMOTpHM TpUMEpHI 3ajad, KOTOpble B paboTe mpeiaraercs
CTaBHTh U peuiath B hopMe 3a7aq yIoBIECTBOPECHUS OTPAHUICHHIA:

1. Bonpocwr npocnocmuueckoeo muna. Kakumu OynyT HaOmromaemble pesy-
JBTaThl HEKOTOPOTO "BXOMHOTO BO3MEHCTBHS"' Ha cHCTEMY (M3MEHEHHS MOJOKECHUN
BBIKJIIOYATENICH), €ClNHM JaHO HEKOTOpoe (YHKIMOHAIBLHOE COCTOSIHUE CHCTEMBI
(Jtammiel — wWcTIpaBHBIE WM cropepmve). Hampumep, uto mpowmzoiimer, eciau OymyT
BKITFOYEHEI (01) BCE BBIKIIIOUATEIH, IPUTOM, YTO BCE JIAMITHI HCTIPaBHBI (0k)?

2. Bonpocwr duacnocmuyeckoeo muna. ECu n3BECTHBI BXOJHbBIC BO3JCHCTBUS
HAa CHCTEMy U HEKOTOpBIE pe3ylbTaThl HAOMIONCHUH, TO KaKOBO COCTOSTHHE
(YHKIIMOHMPOBAaHUS CUCTEMBl (MCIpaBHA OHA WM HEUCIPAaBHA, U B YE€M COCTOMT
HeucnpaBHOCTh?). Hanpumep, ecnu nmammna 1 cBeTurcs, Jamna 3 ocraeTcsi TEMHOM, a
BBIKJIIOYATENh 3 BBIKIIIOUYEH, TO KAKOBBI COCTOSTHHS JIaMTI?

3. Bonpocwl ynpasnenueckozo muna. Kakum mOMKHO OBITH YHpaBisoLIee
BO3EICTBUE, TO3BOJIAIOLIEE JOCTHYD KEIaeMOoro pe3yibrara?

Hampumep, kakumu JOJIKHBI OBITh MOJOKEHHS BBIKIIOUATENel, YTOOBI
3aCTaBUTh CBETUTHCS JIaMILy 3, IPH YCJIOBHH, YTO BCE JIAMIIbI UCTIPABHBI?

IIponeMOHCTpHpPYEM MOKUCK OTBETa Ha BONPOC INPOrHOCTHYECKOrO THIIA,
KOTOpBIH TpuBoamics paHee. W3 ycmoBust 3amaum  u3BectHo: Swl — {on},
Sw2 — {on}, Sw3 — {on}, Bl — {ok}, B2 — {ok}, B3 — {ok} (undopmanus npencras-
neHa B popmare: ‘“nepeMeHHas — 00IacTh ee ornpenenenus’). Tpedyercs onpeneianTb
3HadyeHus as L1, L2, L3.

[Iporecc monyueHust peuieHus oroOpakeH B Tabn. PaccMorpum cTpoky 1,
KOTOpasi COOTBETCTBYET IepBoMy miary. B cmmcok Ha 00paOOTKy NOCTyHaroT
C-cucteMbl (OorpaHudeHus) ¢ HoMepamu 1 - 6, KOTOpblE HMMEIOT B CBOHMX CXeMax
aTpuOyThl, YbM 3HAYCHHS 3aJlaHbl B YCIOBHU. B KadecTBe TeKylIero, TO €CTb
paccMaTpuBaeMOro Ha JaHHOM Iiare, Oepercsi orpaHndeHue 1:
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Swl VSwl C1

{on} {neg, zero, pos} {neg,zero, pos}
1| {on} {zero} *
2| {off’} * {zero}

Howmen arpubyta Swl KOHKPETH3HPOBAH C yUeTOM yciaoBui 3amadu. K manHoi
C-cucteMe MPUMEHSETCS CHavdalla yTBep KIeHHEe Y5’ 1 B CTpOKe 2 TOSBISIETCS ITyCTast
KOMIIOHEHTa, COOTBETCTBYIOIIast aTpuOyTy Swl. 3arem, ucnonssys Y4°, snuMUHAPYEM
BTOPYIO CTPOKY:

Swl VSwl Cl1
{on} {neg,zero, pos} {neg,zero, pos}
1 [ * {zero} * ]

Tereps, cornmacHo, Y3’ KoHKpeTu3upyem ngomeH arpubyra VSwl: VSwl —
{zero}. 3atem ctpoka 1 ymansercs u3 C-CHCTEMBbI, TaK KaK M0 Y2’ 3IMMUHUPYIOTCS
Bce ee aTpuOyThl. [lockonbKy paccMarprBaeMoe orpaHiueHHe | He COlepKUT OOoIbIIe
CTPOK, TO WCKIIFOYaeM €ro M3 CIHCKAa OTPaHWYCHWH W J00aBIsIeM OrpaHHUYeHue 7,
cojiepkaillee KOHKPETU3UPOBaHHBIN arpuOyt VSwl (tabm., crpoka2.) Ha manHom
iare UMeeM clefyrollee yacmuyroe peuierue 3anaau CSP:

Swl — {on}, Sw2-{on}, Sw3 - {on}, Bl-{ok}, B2-{ok}, B3- {ok},
VSwl — {zero}.

B nocnennem crondne Tabnuibl, >XKUPHBIM LIBETOM IOKa3aHbl aTPpUOYTHI, YbH
3HAUCHHS YIAIOCh KOHKPETH3MPOBaTh Ha TEKYIIEM Iare, a 0e3 BBIICICHUS MPHBO-
JSTCS aTpuOyThI, 3HAUEHHS KOTOPBIX OBUTH YK€ M3BECTHBI /IO BHIMOIHEHHMS IIara.

OcranbHble Mary BRITOIHSIOTCS MO aHaoruy. Ha KaxoM mare mpoucxonuT
yCeYeHHE JIOMEHOB OIHHMX aTpUOYTOB HA OCHOBE W3BECTHBIX JIOMEHOB JAPYIUX
aTpuOyToB. [Ipoliecc pacnpocTpaHeHUs] OTpaHUYEHIH OKaHUYMBACTCS BEIUEPKUBAHHEM
Bcex C-cucreM 6e3 oOpazoBaHusi mycTelXx C-CHCTEM, YTO SBJSIETCS MPHU3HAKOM
MIOJTy4EHHs] OKOHYATENBHOTO pEIIeHNs] paccMaTpuBaeMoi 3agaun CSP.

Otset: L1 — {light}, L2 — {dark}, L3 — {dark}. Jpyrumu cioBamu, eciid OyayT
BKJIFOYEHBI (0n) BCE BBIKJIIFOUATENH, MPH TOM, YTO BCE JIAMIIBI HCIpPaBHBI (0k), TO
CBETHUTHCA OyAET TOJBKO IepBast laMIa.

3aMeTuM, 4TO pelIeHne JaHHOW KOHKpeTHO 3anaun CSP momydeHo ToIbKO Ha
OCHOBE aBTOPCKHX METOJIOB pAaCIpOCTPAHEHUs OrpaHUYEHUil 0e3 opraHu3aIuu
BETBJIICHHUS M TIPHUBIIEUYEHUS CTpaTerHil BO3BpaTa W3 TYIWKOBBIX BepiiuH. Perienue
MpeACTaBICHO B BHJE CIHCKAa Map: “‘aTpulyT — yCceueHHbI AoMeH arpubyra”. B
MOJYYeHHOM pEUICHWH BCE JOMEHBI TPEICTAaBISIOT CO00i  OJHOZIEMEHTHBIC
MHOXECTBa, HO, B OOIIEM cCiiydae, MOIIHOCTh MHOXXECTB MOXKET OBITh OOJbIIe
C/IMHUIIBI.
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PacnipocTtpanenue orpaHudeHui

Texymee Crucok
OMEHBI
[lar OTpaHHYCHUE OrpaHHYCHHi A
1 1 1,2,3,4,5,6 Swl — {on}, VSwl — {zero}
2 3 2,3,4,5,6,7 Sw2 — {on}, VSw2 — {zero}
3 5 2,4,5,6,7,8 Sw3 — {on}, V3 — {zero}
4 9 2,4,6,7,8,9 V1 - {pos}, V3 — {zero}
B3 — {ok}, L3 — {dark},
5 6 2,4,6,7,8 V3 — {zero}, CB3 — {zero}
VSwl —{zero}, VB1 — {pos}
6 7 29 47 79 89 10 |4 = {pOS} ,
B1 — {ok}, L1- {light},
7 2 2,4,8,10 VB1 — {pos}, C1 — {pos}
VSw2 —{zero}, VB2 — {zero},
8 8 43 87 109 11 V3 — {Zero}
B2 — {ok}, L2— {dark},
9 4 4,10, 11 VB2 — {zero}, C2— {zero}
C2 — {zero}, C3 — {pos},
10 11 10, 11 C1 — {pos}
CSw3 — {pos}, CB3 — {zero},
11 10 10 C3 — {pos}
3akiaouenne

B pabote mpeanokeH OpUTMHANBHBIN TONXOJ K OpPraHW3allM BHIBOAA HA
KaueCTBEHHBIX MOJENSAX (HU3HMUECKUX CHCTEM, II03BOJSIIOMMN YHHU(DUIIMPOBAHO
CTaBUTb U pPEIIATh PA3INYHbIE 331a49H ITOMCKA 3HAYCHUH HEU3BECTHBIX TapaMeTPOB M0
WU3BECTHBIM 3HAYEHUSM Jpyrux mapameTrpoB. llapamerpbl KadyeCTBEHHOU Monenu
(u3NUeCcKol CHCTEMBI MOYKHO pa3ielIuTh Ha CIEAYIONINE BUJIbI: BXOJHbBIE BO3ICHCTBUS
Ha CHUCTEMY, YIIPABJISIONINE BO3IEHCTBUS, COCTOSIHUE (PYHKIMOHUPOBAHUS CHCTEMBI.

HanpHeiimmid  QoKyc WCCIeNOBaHWN IUIAHUPYETCS COCPEAOTOYMTh Ha
pa3paboTKe CHEeNHATU3UPOBAHHBIX DBPHCTUK JISl OMpEAETICHUS] TOpSAIKA paccMoT-
penust C-CUCTEM B XOJI€ BBIBOJIA.
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VIIK 004.5

B.B. AukoBuukumn
WuctuTyT nHGOPMATHKH U MATEMAaTHYECKOTO MOJECITHMPOBAHIS TEXHOIOTHYECKIX MPOIECCOB
Konsckoro HIT PAH

CEMAHTUYECKWUA AHANU3 TEKCTA C NMPUMEHEHUEM HEMPOCETEBOIO
AHATIM3A MOP®OJION'MN N CUHTAKCUCA

AHHoOTauus
B cTatbe npeacrtaBneH cepBUC CEMaHTUYECKOrO aHanm3a TeKCTa Ha eCTeCTBEHHOM
A3blke C y4eToM MOpPOMNOrMM M CUHTaKCcuca, peanu3ylolmin aBToMaTuyeckoe
dopMUpoBaHME CeMaHTU4eCcKon Mogenu npeameTHon obnactm Ha OcHoBe
KonnekuMn OokymeHToB. [lpumeHeHve nopxoda K aHanuay CcuHTakcuca u
Mopdonorun 6e3 npeasafaHHbIX CrioBaper NO3BONAET aBToMaTM3npoBaTh NpoLece
06paboTkn aHanNM3aTopoM HOBbIX CITOB, HAaNpUMep, HEONOIM3MOB.

Knroyesnble cniosa:
cemaHmuyeckul aHanu3, Helipocemeegou aHau3 Mopgoioauu U cuHmakcuca.

V.V. Dikovitskiy

IMPROVING QUALITY OF VISUALIZATION BY CHANGING THE CONVERGENCE
ANGLE

Abstract
The article presents the service of semantic analysis of text in natural language,
taking into account morphology and syntax, realizing the automatic formation of a
semantic model of the domain based on a collection of documents. Application of the
approach to the analysis of syntax and morphology without pre-specified dictionaries
allows to automate the process of processing new words, for example, neologisms.

Keywords:
semantic analysis, morphology and syntax analysis by neural network.

BBenenue

Cospemennbie uH(popMaimonHbsie cuctembl (MC) oTan4aroTcs OOJbIIUM
o0beMOM XxpaHuMOi uHpopmaruu. [lo oleHKaM 3KCIEePTOB, COBOKYITHBIH 00BEM
JaHHBIX, XpaHUMBIA B ceTn MIHTEpHeT, yaBauBaeTcs Kaxzaple Ba roga. Poct oo0bemMoB
uHpopmanun UC, pacmmpeHne ux (yHKIHOHANBHBIX BO3MOXKHOCTEH NpHUBENIH K
IIUPOKOMY pacCpOCTPAHEHUIO KPYIMHBIX HWH(MOPMAIMOHHBIX CHCTEM, OpHEHTH-
POBaHHBIX Ha pasiauyHble KaTeropuu monb3oBareneid [1]. Passurme HUC Ttpebyer
co3maHus J(PQPEKTUBHBIX METOJOB O0OpaOOTKM W TpeICTaBleHUs HH(pOpManny.
CoBepILIEHCTBYIOTCS METOJbI U CpelCcTBa OOpaOOTKM TEKCTOB HA E€CTECTBEHHOM
SI3bIKE, CUCTEMBI aBTOMAaTH3MPOBAHHOTO aHAIM3a M MOWCKAa MH(OpMAlNu, HA CMEHY
CTaTUCTUYECKUM QITOPUTMAM MPUXOIAT AJITOPUTMBI CEMAHTHYECKOIO HHAEK-
CHUpPOBaHMUS.

*
PaGota BbInonHeHa npu GprHAHCOBOH mozaaepkke PoHIa COASHCTBUS Pa3BUTHIO MAIIBIX (GOPM
MPEINpPHUATHI B HAyYHO-TeXHUIecKoi cdepe (DoHT coneiicTBISI HHHOBANUAM), KOHKYypc YMHUK 15-10,
norosop 8042I'Y/2015.
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CeMaHTHYeCKUH aHaNM3 TOHUMAETCS Pa3HBIMHU HCCIECIOBATENIIMH  TIO-
pazHomy. B ciepy cemaHTHUECKOTO aHamM3a BXOIWT: MOCTPOCHHUE CEMAHTUYECKON
WHTEPIIPETallid CIIOB W KOHCTPYKIWIA, YCTaHOBIEHWE ''CONEp)KaTeNbHBIX' CeMaH-
TUYECKUX OTHOIICHUHN MEXKIY 3JIEMEHTAMU TEKCTa, KOTOPHIC y)KE MPUHIMITUATIBHO HE
OTpPaHWYEHBI Pa3MEpPOM OJHOTO CJOBa (MOTYT OBITH OOJBINE WM MEHBIIE OJHOTO
cioBa). PesympTupyromiee mMpelncTaBlIeHHE, B KOTOPOM pEHIEHBI 3TH 1B 3ajadyd,
SABIISIETCS. HanOosee TIIyOOKMM M 3aKOHYCHHBIM M3 TeX, KOTOPble MOXHO IOCTHYb
TOJIBKO JIMHIBUCTHYECKUMH CPEICTBaMH, HE Mpuleras K BHEIIHUM SKCTEHCHOHAIb-
HBIM HCTOYHHUKAM, W STHM OOBSCHSIETCA aKTyallbHOCTh CEMaHTUIECKOT0 aHanm3a [2].

Pa3paboTku B 001aCTH CEMaHTUYECKOTO aHAIN3a TEKCTa CBSI3aHBI C 00JIACTHIO
HCKYCCTBEHHOTO MHTEIICKTA, JIeNaloIel aKeHT Ha CMBICIIOBOM MMOHUMAaHHU TEKCTa.
Hecmotps Ha 3HaYMMOCTH JAHHOTO HAINpPAaBIEHHs, CYIIECTBYET MHOXECTBO
HEpeIIeHHBIX MPoOJeM B O0NaCTH CEMaHTHYECKOTO aHanmn3a. B Hacrosiiee Bpems
yclleXd B 3TOM HampaBlICHHH JOCTaTOYHO OrpaHWYeHbl. PaspaboTaHHbIE CEeMaHTH-
YeCKHEe aHaJM3aTophl O00JaNaloT BBICOKON BBIYMCIUTENHFHOW CIOXHOCTBIO U
HEOJTHO3HAYHOCTHIO BBIIaBa€MBIX Pe3yiIbTaToB [3].

B nmanHOi#1 paboTe mpeAcTaBleH CepBUC CEMAaHTHYECKOTO aHajiM3a TeKCTa Ha
€CTECTBCHHOM $I3bIKE, PEANM3YIOIIWH aBTOMAaTHYECKOoe (OPMHUPOBAHHE CEMAaHTH-
YEeCKOW MOJIeNH MpeIMETHONH 00JIaCTH Ha OCHOBE KOJUIEKIIUH JOKYMEHTOB. O0IacThio
MPUMCHCHHS CCMAHTUYCCKOI'O aHalIn3a SABJIAIOTCA 3aJavun I/IH(bOpMaHI/IOHHOFO IIOMCKa,
aBTOMATHYECKOTO TMEpeBOJla, KOHTEHT-aHallu3a, IOHMCKAa MPOTHBOpedni, pedepu-
pOBaHMSA, aHAIIM3a HHTEpeCcOB moik3oBaTelnst MIC, aBTOpcTBa TEKCTOB, U T.1.

Ceanc CEMAHTHICCKOI'0 aHA/IN3Aa TEKCTA

AHanmu3 TEKCTa BKIIOYAET HECKOJIBKO ITanoB: rpademarnyeckuid, Mopdo-
JIOTMYECKHUH, CHHTAKCHYECKHH W CEMaHTHYeCKWH aHaim3. Pe3ymbraTel paboThl
KaKIOr0 YPOBHS HCIOJB3YIOTCA CIEAYIONIMM YPOBHEM aHAIN3a B KAYECTBE BXOJHBIX
naHHbIX (puc. 1).

I'pademaTrueckuii  aHaluM3 BBIIENSET DIEMEHTHl CTPYKTYpBI — TEKCTa:
naparpadoB, a03aleB, NPEIIOKEHUH, OTAENbHBIX CcIoB U T. A. Llensio mopdo-
JIOTMYECKOTO aHali3a SBISIETCSl OIpenesieHne MOP(OJOTHYECKHX XapaKTEPHUCTHK
CIIOBa M €ro OCHOBHOW cioBO(OpMBI. Llenbl0 CHHTaKCHYECKOTro aHaim3a SBISETCS
OTpe/ieNIeHNe CHHTAKCHYECKOW 3aBHCHMOCTH CJIOB B TPEAJIOKEHHWH. B cBsiznm ¢
MPUCYTCTBHEM B PYCCKOM S3bIKE OOJBILIOTO KOJMYECTBA CHHTAKCHYECKH OMOHH-
MUYHBIX KOHCTPYKIHI, HAINYHEM TECHOM CBSA3M MEXIYy CEMaHTHKON U CHHTaKCHCOM,
MpoLeaypa aBTOMAaTU3MPOBAHHOTO CHHTAKCHYECKOTO aHajlu3a TeKCTa SBIISIETCS
TpyaoeMKoH. CIIO)KHOCTb alNTOpPUTMa YBEJIMYUBAETCS OKCHOHEHIUAIBHO TIpU
YBEJIMUEHUH KOJIMYECTBA CIIOB B MPENJIOKEHUM W 4YHCIAa HCHOIb3yEMBIX IPaBHIL.
CeMaHTHYECKHH 3Tal HCHONB3yeT (GOpPMalbHOE MPEICTABICHHE CMBICIA COCTaB-
JIAIOUIMX BXOJHOU TEKCT CJIOB M KOHCTPYKIIMM.

OpHOM U3 aKTyalbHBIX HPOOJIEM CYLIECTBYIOIIUX CHCTEM aBTOMAaTHYECKOTO
MoJy4eHus: (OpMaM30BaHHBIX 3HAHUK SIBISICTCS ONpENeeHNe acCOLUHPOBAHHBIX
00BEKTOB M3 TekcTa. Ha yueT u XpaHeHHME KOHTEKCTOB MpEeJAMETHOH 001acTH, y4er
pasnuuHbIX (QOpM mepenauyM CHUHTAKCHCA, a TakkKe Ha pEeLIeHue MpoOIeMBbl
PaBHO3HAYHOCTH HAIpPaBICHO (HOPMHUPOBAHME CEMAHTUYECKOM MOJENH NPEeAMETHOI
obiactu (CMIIO) B BuAe CTPYKTYpHI B3BEIIEHHBIX CEMAaHTHYECKHX OTHOIICHHH Ha
OCHOBe KoJuteKmu AoKyMeHToB. CMIIO mo3BosgeT peann3oBaTh MpOIEeLyphl U3BIIE-
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YCHHMSI W XPaHEHUS MHOXXECTBCHHOTO KOHTEKCTa YIOTPEOJICHHBIX B JIOKYMEHTaX
MOHATHHN, perrasi MpodIeMy COBMECTHMOCTH HOBOW WMH(OPMAINH C YK€ HaKOIUICH-
HBIMH 3HaHUSMH, a TaKKe BBIIBUTH IPOTHBOPEYHS B CEMAHTHYECKHX O0pa3zax
JIOKYMEHTOB, B CJIydae, €CITH HOBask MH(QOPMAIIHs MTPOTHBOPSUYUT HAKOTLIICHHOM.

I'pademarnueckuii ananus

OTACJIBHBIC CJIOBA

Mopdonoruyeckuii aHaII3
MOp(hOIIOTHYECKHUE
XapaKTePUCTHUKH CIIOB

CHUHTaKCHYECKHH aHaIu3
3aBUCHMOCTH CJIOB B
MIPEUIOKCHUH

CeMaHTHYECKHI aHAIN3

Puc. 1. YP06HM JUHSBUCIMUYECKO20 AHAIU3A

i CMHTAaKCHYeCKOro aHaylu3a U OINpenesieHHs] MOP(HOIOrHUECKUX XapaKTe-
PUCTUK  CJIOB TNPHUMEHSIOTCA TI'PaMMAaTHUCCKH  CJIOBaph  pPYCCKOro  SI3bIKa
A.A. 3anusnska [4], pycckos3biunbiii Te3aypyc WordNet 3.0 [S] u ocHOBaHHas Ha
TensorFlow [6] 6ubnmnoTeka ompeneneHus CHHTAKCHYECKUX CBSA3EH, HCIIONB3YIoas
s QyHKIMOHMPOBaHHUA HEHpoHHYI0 ceTh SyntaxNet. OcoOEHHOCTBIO TaKOTO
MOJIX0/1a SIBJISIETCSl BOBMOXKHOCTH TPOM3BOAMUTEH aHaIM3 MOP(OIOTHM M CHHTaKcHca
0e3 cnomapei. TensorFlow mpencraBnser coboil OUOMHMOTEKY i MAIIMHHOTO
o0y4eHHs1 W TIIyOOKOrOo HCCIEAOBAaHUS HEHPOHHBIX CeTe B paMKax Hay4dHO-
uccnenoBarenbekoil opranm3anuu Machine Intelligence. Cucrema macmradbupyema
MOXET OBITh HCIONBb30BaHA Ha MHOXecTBe ycTpoiicTB. OcHOBy OuONMHOTEKH
COCTaBIISIIOT Tpadpl NOTOKOB JaHHBIX, OMOIMOTEKa (QYHKIMOHHPYET Ha YpOBHE
3aJlaHusl apXUTEKTYphl HEHpOHHOW ceTh U ee mapamerpoB. [lanuwie B TensorFlow
Mpe/CTaBJICHbI B BHJIE MHOTOMEPHBIX MACCHBOB JIAHHBIX C MIEPEMEHHBIM Pa3MEpPOM —
TEH30pOB. BEIUUCIEHHS MPeNCTaBISIFOTCS B BHJE HAIlpaBJICHHOTO rpada, MyTH, MO
KOTOPBIM 3TU JaHHbIE IEepeMeIIaloTcsi — 3To pedpa rpada. TeH30pbl mepexoasar oT
y3ma K y3y mno pedpam rpada [7]. MHOXECTBO MOP(OJOrHUESCKUX MPU3HAKOB,
onpenenseMbix SyntaxNet (374), rpammaTudeckux kateropuii (49), u TUIIOB 3aBUCH-
mocrter (37) 3amanpl B HOoTammu Universal Dependencies [8]. Ilpumep cunTakcu-
YEeCKOro pa3dopa npeiokeHus IPUBEICH Ha pHC. 2.

HefipoceTeBoii MOaX0a K ONPEACICHUIO JICKCHYECKOW PO U MopdoJio-
FMYECKHX aTpUOYTOB CIIOB TO3BOJISIET PEIINTH NpoOJIeMy HAlIW4Ms B TEKCTE CIIOB,
OTCYTCTBYIOIIMX B cioBapsx U B CMIIO, Hanmpumep, HEOMOTU3MOB. JlJIsl TOCTPOEHHUS
CEMaHTHYIECKON MOJENH MPEAMETHOW 00JIACTH MPOBOAUTCS TpadeMaTHIECKUA, MOP-
(donoruyecKuii, CHHTAKCHIECKUH W CTATUCTUYIECKUH aHAIN3 JIOKYMEHTOB KOJUICKIIUH.
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root prt det dobj aux xcomp advmod nsubj ccomp dobj p
Try out the API to see how it handles imperatives
Try see handle

VERB PRT DET NOUN PRT VERB ADV ~ PRON  VERB NOUN PUNCT

Puc. 2. Ilpumep cunmaxcuueckoeo pazoopa npeonoxicenus

CMIIO ¢opmupyercsi Kak pe3yibTaT HMHTETPAllMd CEMaHTHYECKHX O0pa3oB
JOKYMEHTOB KoJuleKuuu. CeMaHTHYeCKHi 00pa3 JOKyMEHTa — CeMaHTH4YecKas CETh,
MHOKECTBO BEepIIMH KOTOpod cocTaBisitor moHsATHs CMIIO, mpucytcTByrommue B
JOKYMEHTEe, MHOXECTBO peOep — MHOXKECTBO JIBYXMECTHBIX OTHOIICHUA HaJ
MOHATUAMU. [IJ1 omnpeneneHns MpeBaIUpyOIIero KOHTeKcTa it moib3oBarens MC
MIpUMEHSAETCS MOJENb MPEeANOoYTEeHUI, MOCTpOeHHas: Ha OCHOBE aHajiu3a 3aIpOoCOB.
3ampoc — MHOXECTBO MOHATHHN MPEeIMETHONH 00JacTH, IPECTABICHHBIX MHOXECTBOM
KIIFOUEBBIX CJIOB. MOILGJ’IB HpCI[HO‘ITeHHP'I IIOJIB30BAaTCIIA — CEMAaHTHYCCKas CCThb,
MHOXECTBO BEPIIMH KOTOPOH cocTaBisitoT moustust CMIIO, koTopeiMu omepupyet
MOJIb30BaTENb, MHOXXECTBO pedep — MHOXKECTBO B3BEIICHHBIX JIBYXMECTHBIX OTHO-
LIEHUI HaJA MOHATHUSIMH, BEC KOTOPBIX XapaKTEPU3yeT 3HAYMMOCTb CEMaHTHYECKOrO
OTHOLICHUA MCXKAY MNOHATUAMHU [Jid II0Jb30BATCIIA, OIPCACICHHYI0O Ha OCHOBE
CTaTUCTHUKU €ro B3aUMOJICUCTBUSA C CUCTEMOI.

CMIIO wmoxer OBITH TIpeACTaBIeHAa HEOJHOPOMHON n-apHOM CEeMaHTHYECKOH
CETBIO:

KB =1{C,L,Tp}. 0]
L={l},l =<c¢;,c;,ip,w>, c;,c;€C, ppelp,
W =KW, ey Wy g W, > )

e C - MHOKECTBO KOHIIENTOB, [ - MHOXKECTBO OTHONIGHHMH Haj KOHIENTamu, W -
BEKTOpP BECOBBIX KOA((UIMEHTOB, 7Tp - MHOXKECTBO THIIOB OTHOIICHWH (CHHOHUMUHU,
THIIOHUMFH, aCCOLIMAINHY, CYOTPAKTUBHBIX OTHOIIIEHUH), 7 - KOJIMIECTBO KATETOPHIA TOIb-
30Barelen.

[Ipouiecc popmupoBaHUsT CEMAHTHUECKOH MOJENM TPEIMETHONH OONIacTH Ha OCHOBE
KOJUTEKIIMH JIOKYMEHTOB WH()OPMAITMOHHON CHCTEMBI M PACIIUPSEMOTO Te3aypyca COCTOUT
W3 CIIE/YIONINX 3TAIlOB:

1. ®opmupoBaHHE CEMaHTHUYECKOro o0pasza JMokymeHTa. CeMaHTHYeCKHi o0pas
33/laH CEeMAHTHYECKOW CEThI0, TOMYYCHHOH CTATUCTHYECKUMH W JIEKCHKO-TPAaMMAaTH-
YeCKUMH METOaMU 00pabOTKH TEKCTa:

D={C"”,I”},C” <C,L° — L, (3)

e C” - MHOKECTBO KOHIIENTOB, BbI/IETIEHHBIX B IOKYMeHTe, /.” - MHOMKECTBO OTHOIIEHH
BHU/IA (2), BBI/IEIICHHBIX B JIOKyMEHTE.

112



Jns aHanmi3a CHHTaKCHYECKOM PO M MOP(OIOTHYECKHX XapaKTEpPUCTHK CJIOB
WCTIONB3YeTCsl HEeHpOHHAS CeTh, pealn30BaHHAsS OHMOMMOTEKOH MAIIMHHOTO OOyYeHMS
Tensorwlow. Ha Bxom HEHpOHHOH CeTH TIOMAIOTCS TPEIUIOKEHHS, CJI0OBA KOTOPOTO
npeobpa3oBaHEl B BEKTOpHYIO (opMy Oubnuorexoit Word2Vec'. Ha srame mnpessa-
pHUTeNEHOrO OOy4YeHMsI B KauecTBE BXOAHBIX IaHHBIX Word2Vec mprHMMAaeT TEeKCTOBBIH
KOPITYC ¥ BBIIAeT CIIOBapHBIE BEKTOPHI B KadecTBe BhiBoa. B Word2Vec peanmzoBans! 1Ba
OCHOBHBIX anroputMa o0ydeHus: Continuous Bag of Words (CBOW) [10] u skip-gram[11].
CBOW onpezensieT BepOSITHOCTb IPUCYTCTBHS CJIOBA TIPH JAHHOM KOHTEKCTe, a skip-gram
OTIpe/IeTIsIeT BEPOSATHOCTh KOHTEKCTa TPH 3aJaHHOM cioBe. O0a anropuTMa OIpe/erisiioT
BEPOATHOCTh COBMECTHOIO YIOTPEOIEHHMsI CIIOBA M €ro0 KOHTEKCTa M Peajn30BaHbI Ha
OCHOBE MOJICNI HEHPOHHOHM CeTH MpsIMOTO pacnpocTpaneHus. [lomydaemble Ha BbIXOZIE
KOOpAMHATHBIE TIPEACTABICHUSI BEKTOPOB-CIIOB ITO3BOJIIOT BBIYHCISITh CEMAHTHUYECKYIO
Omm3ocTh MeXAy crmoBamu. Tak kak amroputMbel Word2Vec ocHOBaHBI Ha OOydeHHMH
HEWPOHHOM CceTH, 4TOOBI NOOUTHCS APHEeKTUBHON PabOTHI, HEOOXOAUMO HCHOIBH30BATh
OombIIre KOPITYCHI JTst 00y4eHus. JIoCTyHbI MpeIBapuTeIbHO TIOATOTOBICHHBIE BEKTOPHI,
TOMydYeHHbIe Ha yacTh HaGopa mamHbIX Google News” (okono 100 MUIIHApioB CJOB).
Mozens conepkut 300-MepHBbIE BEKTOPHI ISl 3 MUJUTMOHOB clIoB U (pa3. Ppa3bl ObutH
MOJTYYEHBI C UCTIONB30BaHUEM Mojxoya skip-gram, orrcanHoro B [11].

Hanee mpemioxeHWs B BEKTOPHOM QopMare TOMAIOTCS Ha BXOIHOW CIIOHM
IIECTUCIIONHON HelpoceTH, peaim3oBaHHol B TensorFlow u oOydeHHON Ha Kopryce
tekctoB  Universal Dependencies. Pycckue xopryca B IpOeKTe IpeCTaBlICHBI
xouBepTHpoBanHbMA CunTarPyc® u Google Russian Treebank®. Pesymsratom smmsercs
JIEPEBO 3aBUCHMOCTEH MEXIy CJIOBaMH TMPEVIOKEHUS W MOP(OIOTHIECKHe Xapak-
TEPUCTHKH CIIOB.

2. Nnrerpamust cemanTuueckux oOpazoB B CMIIO Ha ocHOBe MOAMGHIIUPO-
BaHHOM CEMaHTHYECKOW METPHKHU OCYIIECTRISIETCS CIIEYIOIINM 00pa3oM:

a) BBIYMCIICHHE OLIEHKH CXOZICTBa KOHLENTOB JokymMeHTa U CMIIO Ha ocHoBe
(P)YHKLIMM OIICHKHM CXOJICTBA MMEH KOHIICTITOB M MHO)KECTBA TPAMMATHUYECCKUX IMPU3HAKOB
CIIOBA;

b) BBUHMCIEHHE OIGHKH CXOICTBA KOHTEKCTA W CTPYKTYPHOTO TIOJOXKEHHUS
KOHIIETITOB JIoKyMeHTa ¢ KoHTekcToM CMIIO kak KkonmmdecTBa OOLIMX CBSI3aHHBIX
KOHIIETITOB Pa3INIHbBIX THIIOB;

¢) noOaBlieHHe KOHIICTITOB HA OCHOBaHWH PE3YIIBTATOB BBIUMCIICHUS TTOPOTOBOM
(YHKIMH OT CPEJTHETO OIIEHOK.

VYr1ounenne CMIIO ocymiecTBIsieTcsl 3aJaHUEM B3BEIIICHHBIX ACCOIMATHBHBIX
OTHOIIEHUH MEXITy TOHSATUSIMHU. [laHHBIA TpollecC WHHIMUPYETCSl TPA COBMECTHOM
VIOTPeOJICHUM JIBYX TIOHATHA B ONHOM TpeUIOKeHUH. [IpemaioKeHHBIA  MOIXOI
npezyIaraeTcsl MCIoNb30BaTh Il aBTOMATU3MPOBAHHOTO (DOPMHUPOBAHUS U 00ECTICYeHHUS
AKTyaJIbHOTO COCTOSIHHSI CEMaHTUYECKOW MONIENM TIPEAMETHON OONacTH JTUHAMHYHON
KOJUTEKIIMH JIOKYMEHTOB, YCIIOBHSX TUHAMHKH TIPEIMETHON 00IacTH.

: https://code.google.com/archive/p/word2vec/

2 https://drive.google.com/file/d/0B7XkCwpISKDYNINUTTISS2 1 pQmM/edit?usp=sharing
3 http://www.ruscorpora.rw/search-syntax.html

* https://old.datahub.io/dataset/universal-dependencies-treebank-russian
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CrpykTypa cepBUCa CEMaHTHUYECKOTO HWHJICKCHUPOBAHHS I (POPMHUPOBAHUS

CMIIO npexacrapiena Ha puc. 3.

Be6-cepsep

WHTepdeic
& (ssonsarpo w

BbIBO,C( pesynbTaTos

Y
ﬁ Moaynb aHanu3a TekcTa
padematiyeckmin Paciumperue
Monb3o- C aHanua ) ( 3anpoca ]
BaTenun

Jlemmatusaums
Cratuctnyeck
aHanua

Tensorflow

Syntaxnet

TN

a3a fJaHHbIX

N~ T

> CMMNo

Mopenb
MPEeAnoYTEHMi
nonb3oBarenei

% Basa uHpnekcos

—
~

JlokanbHble
[IOKYMEHTbI

YnaneHHble
XpaHuwa

Puc. 3. Beb-cepsuc cemanmuuecko2o uHOeKCUposamus

Cxema JaHHBIX U XpaHEHHUsS CEMaHTUYECKOW MOJIENN MPeAMETHOW obmacTu

npeacTaBjiCHa Ha pUC. 4,

coefiiients_for_user_words

Vi \
|
words sentences

el Inks_betieen_words_words

=id  bigserial «pk»

9 user id bigint «fknn»

ik jd bigint «flnn» —n
weight integer  «nn»

THinid  bigserial «pks)
9 textjd bigint < fn » -n

el sentences texts

re\_lv“;;uetwecn_mms_mxls
«pkall l"/’EI user_model users

=id bigserial
pointer type work.text_pointer type «nn»
text pointer varchar «mn»

Suserid  bigint

«finn M\(
A

[~ romalvori o Y

1= blgserlal
wnrd in_normal val:har{lnl
O part of speech work."POS” « mn »
= id bigserial wpks Hik
o word va ar:ao) “ nn »| = rel words numm word form
nk 9 sentence id
% normal_form i l Ik »tn

el user model links between words

)//.y 9 document id  bigint n» ﬁ

/" rel_coefficients for_user_users
e e

el fexts users. eidentiality work."Evident"
Lf id bigserial  «pk» foreign bool
username varchar(40) « mn » gender  work. Gender"
login  varchar(40) «nn» mood  work."Mood®
emal  varchar(40) «m» numtype  work."NumType”
password varchar(250) « n >, number  work."Number”

i abe
il Hgwral <k
i -

iff flat - =
nrd wordbigint < sid  bigserial <]
/ 4 syset 0 igint ekl
b 4yt bgint oy

el type worksynset rel type <) [

« e » Ll L e o o

L -
e syets ormal word fom | #id

bigsrl <o m mfm
o wd il bignt < ferns Lo
#symset id bigink LD N et d
Wi bigseral «pk I

] st

coefficients_for_user
mid  bigserial «pk»
nk9 user id bigint  «fkn s
-9 word id bigint < fknn»
coeff  float «nn »)

links_between words
~id bigserial «pk» 1!
4 main_word id _ bigint afknns
129 depend word id bigint «fknn»
word_rel work word_rel type «nns

el word options lnks between words;

=id bigint « plefics fni—
abbr baol

animacy  work."Animacy”
aspect work."Aspect”
case work."Case"
definite  work."Definite”
degree  work."Degree”

person  work."Person”
polarity  work."Polarity"
polite work."Polite”

poss bool

prontype  work."PronType"
reflex bool

tense work."Tense"
verbform  work."VerbForm"
voice work."Voice"

Puc. 4. Cxema oannvix 015 Xpanenus cemManmuieckou Mooeu
npedmemuol obracmu
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3akiouenue

B cratee mnpeacTaBieH CEpBUC CEMAaHTUYECKOTO aHalM3a TEKCTa Ha
€CTECTBCHHOM SI3bIKE, pPEaM3YIOUIUN aBTOMAaTHYeCKOe (HOPMUPOBAHHE CEMaHTH-
YecKOW MOAENH TMpeIMeTHOW OOlaCTH Ha OCHOBE KOJJIEKIIUH JTOKYMEHTOB,
peanu3yIonIii HEWPOCETEBOW IMOAXOJ K aHaJIM3y CHHTakcuca u Mmopdoioruu. Ha
OCHOBE pa3padaThIBaeMOro BeO-CcepBHCA IUIAHHPYIOTCS pEIICHHE 3afad CUcTeMa-
TH3anud HWHG)OPMAIUK, KJIACTEpU3alid JTOKYMEHTOB, 3amad HWH()OPMAIMOHHOTO
MOKCKa, MOUCKA MMPOTUBOPEUHUH.
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A.A. Naenos, U.0. latbeB

WuctutyT nHGOPMATHKK M MaTEMaTHYECKOTO MOICIMPOBAHHS TEXHOIOTHIECKUX MTPOLIECCOB
Konwsckoro HIT PAH

NMPOBJIEMbI UCMONbL30OBAHUA CPEACTB TECTUPOBAHUA
MHOIOLWAroBbIX BECNPOBOOHbIX CETEU

AHHOTauuA

B CcTaTbe npeacrtasiieH aHanuTU4eckumn 0630p cpeacrte TECTUpPOBaHUA
MHOroLlaroBbiX 6eCI'IPOBOL'J,HbIX ceTen: TeCcTOBbIX CTeHaoB, cpeacTts MoaennpoBaHunA
N 3MynnpoBaHUA, KOTOPpble B HacTodwlee BpeMA UCNONb3ykoTCA ANnA OUEHKAU
pa3ﬂVI‘-IHbIX napameTpOB I'IpOVI3BO,EI,VITeﬂbHOCTVI MHOrowlaroBbix 6eCI'IDOBOJJ,HbIX
ceten. Kpome TOro, ccopMynmpoBaHbl OCHOBHble MpPOGNEeMbl, C KOTOPbIMU
cTankuBaloTcsa uccrnegoBaTenu MHorowaroBbix 6ecnpoBoaHbIX ceTen npu pabote ¢
ATUMU VIHCprMeHTaMVI n I'IpI/IBOJJ,ﬂTCﬂ peKOMeH,ElaLl,I/II/I, KOTOpre ﬂOMOFyT NOBbLICUTb
TOYHOCTb U Ka4deCTBO NpPOBOAUMBbIX VICCJ'Ie,D,OBaHVIVI MHOrowlaroBbix 6eCI'IpOBOJJ,HbIX
ceTen.

Knroyesnbie cniosa:
MHO2owazo8ble becrpogodHbIe cemu, uMUmMayuoHHoOe ModenuposaHue, NPOMoKorbl
Mapwpymu3ayuu.

A.A. Pavlov, I.0. Datyev

PROBLEMS OF USING TOOLS FOR TESTING MULTIHOP WIRELESS
NETWORKS

Abstract
This article provides an analytical overview of multihop wireless network test tools:
testbeds, modeling and emulation tools, which are currently used to evaluate various
performance parameters of multihop wireless networks. In addition, the main
problems faced by researchers of wireless multihop networks when working with
these tools are formulated and recommendations are provided that will help increase
the accuracy and quality of conducted studies of wireless multihop networks

Keywords:
wireless multihop networks, simulation, routing protocols.

Beenenue

IMo wuccnenoBanusm kommnanuu CiscO KOJIMYECTBO MOOWIBHBIX YCTPOMCTB,
KOTOpbIE HCIONB3yIT TexHomorun Bluetooth m Wi-Fi, k 2018 romy mocruraer
10 mnpn [1]. TloaTomy, Bce Ooiee axkTyaJlbHBIMH CTAHOBSITCSI MHOTOIIArOBEIC
oecripoBonubie  cetn  (MBC), koTOpbie TMO3BOJSIOT OOBEIUHATH MOOWIIBHBIC
YCTPOMCTBA B CETH LIS TIEpeiauyl IAaHHBIX.

" Pa6oTa BBINOIHEHA B paMKax mporpaMmbl pyHIaMeHTanbHbIX uecnenoBanniit OHUT PAH
«/HTennexTyanpHble HHGOPMAMOHHBIE TEXHOJIOTHH, CHCTEMHBII aHaIN3 ¥ aBTOMATU3aLMsD) 10 TIPOEKTY
«Pa3BuTne TexHONOrHH HHPOPMAIIMOHHBIX CUCTEM JUT HH(POPMALMOHHO-aHATUTHIECKOH ITOJIePIKKU
3a/1a4 Pa3BUTHS XO3IHCTBEHHOM IEATENILHOCTH B APKTHYECKUX 30HEe PDy.
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MHoromaropsle O0CIPOBOIHBIC CETH SBISIOTCS Pa3BUTHEM OJIHOIIATOBBIX
camoopranm3ytonmxcsi (mmu ad-hoc) cereil, roe Kakaplid y3en HAXOMWICS B 30HE
HETOCPEICTBEHHON PaJMOBUAMMOCTH JIFOOOTO JIPYroro y3jia ceTH. B MHOromaroBbix
CeTSIX JTOJDKHA O0CCIEeUMBAThHCS Iepeada JaHHBIX MEXKAY IBUKYIIMMUCS Y3JIaMH, U
HE TOJIBKO B MpejeNiaX paauoOBHIUMOCTH OJHOTO y3ia, (T.., HAIPsSMYIO 3a OJMH IIar
(hop)), HO W Yepe3 MPOMEKYTOUHBIE Y3NIBI — PETPAHCIATOPHI (T.€. 3a HECKOIBKO
IIaroB), YTO CYIIECTBEHHO PACHIUPSET 30HY MOKPHITHs ceTH. COSIUHEHUS MEXIy
y3iamu MBC (puc.) mpeTeprneBaroT MOCTOSIHHBIC H3MEHEHUS.

‘
oy

Coeounenust mexcdy yziamu 6ecnpo8oOHOl MHO2OUA2080U cemu

B HacTosimiee BpeMsi MHOTOIIArOBble OECHPOBOOHBIC CETH AKTHBHO DPa3BH-
Batorcs. i ananuza mpousBogutensHocTd MBC MOTYT NpUMEHSTHCS Cleayomue
MTOJXO/IBI: CO3/IaHUE HCTIBITATENBHBIX CTEHJIOB, UCIIOIb30BAHUE CETEBBIX 3MYJISTOPOB,
CHUMYJISITOPOB, @ TAKXKE HATYpHbIE SKCIIEPUMEHTBI.

WcrnbiTarensHble WM TECTOBBIE CTEHABI (testbed) Brirouaror B ceOs
porpaMMHOe obOecrieueHue, (QU3MUECKOe OOOPYIOBAaHUE U CETEBBIC KOMIIOHEHTHI.
TecToBble CTEHIABI MOTYT IIPEJOCTABIATL 00Jiee TOUHBIC, 10 CPABHEHUIO C CETEBBIMU
CUMYJISITOpAaMH M 3MYJISITOpaMH, pe3ynbTartel. Ho cyliecTByeT HECKOJIBKO (akTopoB,
OCIIOKHSIIOUIMX MPUMEHEHHE TECTOBBIX CTEHJIOB: HEOOXOAMMOCTHh B MPHOOpETCHHU
anmapaTHoOro o0ecreyeHusl, OrpaHU4YeHHbIE BO3MOKHOCTH MOHUTOPHHTA U OTIAJIKH, a
TaKkke OOJbLIOE KOJMYECTBO BPEMEHH U YCWIIMH, HEOOXOMUMBIX AJISI CO3JaHUs U
HacTpolku cTeHaa. Kpome Toro, TecToBble CTEHIIBI MOTYT MPUMEHSTHCS TOJNBKO IS
MBC ¢ HeOOoNmpIMM KOJIHYECTBOM Y3J70B. [103TOMy Takoil moaxo K TECTUPOBAHMIO
MBC npumensercsi KpailHe peako M, Kak NpaBWio, Ha (UHAIBHBIX JTanax
pa3paboTku.

OMyNATOp TPENCTaBisieT CoOOW THOPWAHYIO MOJeNb, KOTOpass OOBEeTUHSET
annapaTHoOe W NPOrpaMMHOE oOecreueHue, T1ie HEKOTOPbIe KOMIIOHEHTHI pealn30BaHbl
Ha pealbHOM 000pyIOBaHUH, & HEKOTOPbIE MOACIUPYIOTCS (AMYIUPYIOTCS).

MopnenupoBanrie MBC ¢ OMOIIBIO CETEBBIX CUMYIISTOPOB 00JIee IKOHOMUIHO
U THOKO IO CpPaBHEHHUIO C TPEABIAYIIMMH MOAXOJAMH: [UJIsl TPOBEIEHUS DKCIIe-
PUMEHTOB, KaK MpPaBWJIO, OCTaTOYHO OAHOH paboueil cranumm u moxenun MBC,
CO3JIaHHOM C MCTIOIb30BaHMEM CETEBOI0 CHMYJISTOPA.
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CeTteBoil CUMYIATOp — 3TO MPOTrpamMma, UMHUTHPYIOUIas padoTy KOMIIbIOTEp-
HOM cetn. CHMYJISTOPBI, KaK MPABHIIO, MOJAEPKUBAIOT CaMbI€ TOMYJISPHBIE CETEBBIE
MTPOTOKOJIBI, UICTIOJIb3YEMBIX B HACTOSIIIEE BPEMHI.

Ilenp maHHOW pPa0OTHI 3aKiOYaETCs B (POPMYIUPOBKE MPOOJIEM HCIIONh-
30BaHHA CpencTB TecTrpoBaHusd MBC u BbIpaOOTKe TIPEIIOKCHIHN IS PEIICHUS dTHX
mpobmem. Kpome Toro, cTaresi MOXKET OBITh MOJI€3HA HAYMHAIOIIAM HCCIIEAOBATEISIM
MBC nipu BEIOOPE CPEICTB TECTUPOBAHUS MHOTOIIIATOBBIX OECITPOBOIHBIX CETEH.

00630p cpenctB TecTupoBanusi MbC

C [enpr0 KOMIUIEKCHOTO HCCIEJOBAaHHUS TOW WIIM MHOW TEXHOJIOTMH MHOTO-
IIaroBO¥ OECIPOBOTHON CETH, COIIACHO MHEHHIO OOJBITMHCTBA pa3paboTInkoB [23]
HEOOXOMMO OCYIIECTBUTh CIEAYIOIIHE dTanbl TecTupoBanus MBC:

1. MIMATanMOHHOE MOJAEIMPOBAHKE C IIOMOIIBIO CETEBOTO CUMYJIATOPA.

2. VMHTanMOHHOE MOJENMPOBAHUE C TOMOUIBI0 SMYJSALUU WIM TECTOBOTO
CTEHJA.

3. IlpoBeneHne HATYPHBIX SKCIIEPUMEHTOB (B PEAJIbHBIX YCIOBUSX).

OpHaxo, B HacTosIIee BpeMs OCHOBHasl SKCIEpUMEHTalbHas 4acTh HCCIe-
JI0BaTEIbCKOW pabOThl BBITOJMHSETCS TOJBKO C TMOMOIIBIO CETEBBIX CHUMYJSTOPOB MO
npUIMHE HU3KOM crommocTH. IIpu 3TOM, aBTOpB! OGONBIIMHCTBAa PaOOT HCHOIB3YIOT
1utst TectTupoBanuss MBC TONBKO OUH CUMYITSITOD.

Beibop moaxopsiiero cumyssitopa - TpyaHoe perieHue. Kakaplii cumymsitop
BBINOJIHSIET ONpeneNeHHble (QYHKIUHN, KOTOpble OyAyT MOJIE3HBI IPH ONpPEACICHHBIX
oOcrositenbcTBax. BoiOoOp cuMynsTopa 3aBUCUT B OCHOBHOM OT LI€JIH, MPECIeryeMOon
nccrnenosarensiMu. Hampumep, HEKOTOpbIE CHUMYISTOPBI TPEAOCTaBISIOT BO3MOXK-
HOCTH OTCJIEKHUBaTh YPOBEHb 3apsA/]a HCTOYHMUKA MIUTAHUS y371a CETH, & B HEKOTOPHIX -
Takasi BO3MOXXHOCTb OTCYTCTBYET.

[TpoGneMbl B MHOTOIIATOBBIX OECIIPOBOAHBIX CETSX MPUCYTCTBYIOT HE TOJIBKO
Ha CaMbIX HHM3KHX YpPOBHSX CETEBOro creka. Ha ceromusimHuii aeHb, Bce OoJblie
JIOACH yAETSII0T BHUMAaHUE BEPXHHM YPOBHSM IPpHU pa3paOOTKe HOBBIX KOHLEILUH U
OPWIOKEHUHA [UIi MHOTOIIATOBBIX OECHpPOBOOHBIX ceTe (pa3Hble CEpPBUCHI,
NPWIOKEHHSI IS KJINEHTOB, Wrpel W T. 1.). Hampumep, XemnOpiok u Dwuimiep
paspaboranmu ANSim [2] - MHTEPaKTUBHBI CHUMYJSATOpP, YTOOBI NPOAHAIN3UPOBATH
CTPYKTYPHBIE CBOWCTBa OECHpPOBOAHBIX MHOTOMmAroBeix cereit. ['€pren u np. [3]
paborator Haj ad-hoc urpamu, ucnoib3ys cumyistop Jane [4,5]. Paboras nHan
MPOTOKOJIAMH BEIAHWS W MPUIOKEHUsIMU JIJIsl oOMeHa cooOmeHusimu, Hogie u ap.
Harucanu Madhoc [6], mOTOMy dYTO HH OAMH U3 AOCTYHHBIX CHUMYJSITOPOB HE
MPEIOCTABIST BO3MOXKHOCTh OTJIAAKH TPOTOKOJIOB BEUIaHWS B HWHTEPAKTUBHOM
pEeXUMe ITPHU MOAEITMPOBAHHUHU CeTel C OONBIINM KOJIMYeCTBOM Yy3JI0B. TakuM oOpazom,
YHHMBEPCAJIBLHOTO MHCTPYMEHTa [uia moxaenupoBanus MBC, oOnamatomiero OoibIIMM
HabopoM (yHKUMH, COCOOHOTO MOJHOCTBIO OTPAa3UTh BCE BHYTPEHHHE MPOLECCHI
YCTPOMCTB ¥ BiIHsSHUE (AKTOPOB BHEIIHEW cpeasl Ha TMepeAavy JaHHBIX, Ha
CeTOAHAIIHMN JIeHb HE CcyllecTByeT. boiee mompoOHO OCHOBHBIE OCOOEHHOCTH
HanOoJee pacIpOCTPaHEHHBIX CETEBBIX CUMYIIATOPOB IPEACTaBICHBI B Ta0I. 1.
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Tabnuya 1

OCHOBHBIE 0COOESHHOCTH Pa3IMYHBIX CETECBBIX CUMYJIATOPOB

Haszpanue S3p1k nporpam- | Cnenmnajauszanust OcoOenHocTH Orpannyenus
CHMYJISITOpPA MHPOBaHus/ cumyasTopa/
GUI Open
Source
OPNET/ C/C++/Ectp | OOumit/ HUcnonb3yet [poGiembt
Riverbed Modeler Kommepueckuii | mepapXudecKyro MOJCTh | MACIITA0H-
[7] UL OTIIpE/eIICHUS. pyeMocTH
KaxKI0it
XapaKTePUCTUKI
cucreMsl. CriocobeH
3aMHChIBaTh OOJIBIIOE
KOJITYECTBO
pE3yNbTaToB
MOJICTIHPOBaHHUS
NS-3 [8] C++/Her OO0mmit/ IMonnepsxuBaer OrpaHU4eHHbIe
OTKpBITHIN MOJEIMPOBaHKUE U HaCTPOHKH.
SMYJIALUIO. Marnoe
IlopnepxxuBaet KOJIMYECTBO
MOJIETTMPOBAHUE B Mozenen
peanbHOM BPEMEHH. MPUIOKEHHH.
BozmoxHOCTB ITnoxo
MIOJIJIEP>KKH HECKOJIBKUX | MacIITabHpyeTcst
paauouHTepercoB u st WSN
HECKOJIbKHX KaHAJIOB
Qualnet [9] C/C++/Ectp | OOmuit/ [onuerii HAOOP Jloporas
Kommepueckuii | paciupeHHbIX MOy | TULIEH3HSL.
0ecpOBOAHBIX ceTel
1 yIoOHbIe
HHCTPYMEHTBI
Dingo [10] Python/Ecte | CnenmansHo Moxert ucnons3obatbes | He
pa3paboTaH Ui | HoJHast MOAJEePKUBAET
0ecrpoBOHBIX | GYHKIHOHAIEHOCTh HaIpsMYyIO CeTH
CEHCOPHBIX SI3BIKA Ha (PU3UIECKOM
cereit/ MIPOrPaMMHPOBAHHS YpOBHE.
OTKpHITHIH [onnepxka
pa3paboTuynKaMu
MpeKpaneHa.
J-Sim [11] Java / Ectp CrenuaibHO Ionneprxka CpaBHHTEIBHO
pa3paboTaH /Uil | IPUMEHEHUS CJIOXKHOE
0eCIpOBOHBIX | KOAA MOJEINPOBAHMS K | HCIIOJIb30BAHHE
CEHCOPHBIX CeTel | peaJbHOMY
/ OTKpBITHIH 000pyI0BaHHIO

OnHoit U3 OCHOBHEIX mpobiem aist moaenupoBanus MbC ¢ ucmonp3oBaHrEM
CETEBbIX CHMYIATOPOB SIBJISETCS CO3IAaHHE MOJAEIM IEepEeMELICHUs! Y3JI0B, BOCIPO-
W3BOJSIEH pealibHOE MOBEIEHHE Y3JI0B, MOABEPraloIlMXCs BIMSHHUIO MHOXKECTBA
BHEIIHUX (HaKkTOpOB. Pe3ynbTarThl 9KCIEPUMEHTOB Pa3HBIX CUMYJSTOPOB TaK K€ MOTYT
OTIMYAThCA IPYT OT Apyra, Jaxke pH NPUMEHEHHN OTHOW 1 ToH ke Mmogenu MbC, mo
MPUIMHAM, PACCMOTPEHHBIM HIKE 110 TEKCTY.
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[ToaToMy, pe3ynbTaThl JKCICPUMEHTOB C TPUMEHCHHEM TOJBKO OJHOTO
CETEBOT0 CHUMYJIATOPA MOTYT HE COOTBETCTBOBATh MOBEACHUIO HCCIEIyeMOn
texHonorud MBC B peaybHBIX YCIIOBHSX SKCIUTyaTaInH.

BaxHbpIM 111aroM mMoCJie MPOBEACHUS B CETEBOM CHMYJISATOPE WMHUTAIIMOHHBIX
OKCIIEPUMEHTOB CJEJyeT CO3JaHHe W anpoOamus pe3yabTaToB € TOMOIIBIO
amynsaTopoB. OMHONW W3 TIABHBIX MPOOIEM SBISETCS BBICOKAs CTOUMOCTH 000pPY-
JIOBaHUsS, IO3TOMY YacTO HCCICIOBATEIM HE WMEIOT BO3MOXHOCTH MPOBECTH
9KCIIEPUMEHTHI ¢ aMyssitopamu. OCHOBHBIE OCOOGHHOCTH Haubolee pacmpocTpa-
HEHHBIX CETEBBIX SMYISITOPOB MPE/ICTABICHBI B Ta0MI. 2.

Tabnuya 2
KpaTKI/IC XapaKTCPUCTUKU CETCBLIX OMYIIATOPOB
Haszpanue GUI Yerpoii- I'ubokocrs | Pasmepsi HavanbHblii Macmradupye
cTBa O10/12K€T MocTh / Open
Source
Castadiva na MapupyTtus na [Tomerma- <1000€ Ha/ na
[12] aToPBI, eTCsl Ha
KIIK u pabouem
KOMIIBIO- MecTe
TEpPhI
MobiEmu mer | IIK na IMomemaerc | = 3000€ Ha/ na
[13] s1 B KOMHATE
mLab [14] Her | Her (310 na ITomemma- <1000€ Ha/ na
MOYTH eTcs Ha
CUMYJISITOP) pabouem
MecTe
Carnegie na MK na ITomeria- *3000€ Ha/ na
Mellon eTcs Ha
University pabouem
Wireless MecTe
Emulator
[15]
ORBIT [16] | ner IIK Mo6ub- Bonpmue, = 10000€ Ma, Ho moporo /
HOCTb HYXeH HET
TOJIBKO B CKJIaJt
CeTKe

OMyIATOPBI SBIAIOTCS MPOMEXYTOYHBIM 3BEHOM MEXAY CHMYISATOPAMH U
0ecIpOBOAHBIMU TECTOBBIMU CTEHJIAMH, TI03BOJISISI MPOBOAUTH MacIITaOUpyeMmble U
MIOBTOpAEMbIE 3KCIIEPUMEHTHI M, MPU 3TOM, HCIONB30BaTh pealbHbIE YCTpPOICTBa.
Jpyrumu  cioBaMM, WMHUTALMOHHBIE 3KCIIEPUMEHTHl C MOMOILBIO 3MYJIATOPOB
MO3BOJISIIOT YaCTUYHO MOJIENTUPOBATh AITOPUTMBI B MPOTPaMMHOM OOECIIEUeHUH H,
YacTUYHO, B peanbHoM amnmaparHoM obecrneuenun MBC. Hekoropele ceteBbie
CUMYJISITOpBI, Takue Kak NS-3 u Dingo, moanepXuBaoT BO3MOXHOCTb MPOBEICHHUS
MMUTAIIMOHHBIX  3KCIIEPUMEHTOB C  IOAKIIOYEHHEM pEeaJbHOr0  aImapaTHOTo
obecrieuenust MBC. D710 moO3BONMSET MCCIEOOBATENsIM CPaBHHUBATh PE3yNbTATHI
BBITIOJTHEHHS OJTHOTO M TOTO K€ alrOpHUTMa KaK B CHUMYIALIMH, TaK U C IOMOIIBIO
¢usnuecknx Momyliel mepenadd JaHHBIX. Kpome Toro, B3auMojaeHCTBHE MOJCIH-
POBaHMsSI M TECTOBBIX CTEHIOB OCTAETCsl CIOXKHOW 3a/adeil, KOTOpylo HEoOXOAnMO
pemuth. Hanpumep, aBropsl Dingo onuceiBator B padote [17] HOByro OMOIHOTEKY Ha
Python, xoTopas peanusyeT CHHXPOHHBIH HapajuleIH3M IPH Iepenade COOOIIEeHHUN
JUTS YTY9IIEeHUS] KOOPAWHAIIMH MEXIY MHOTMMH XOCTaMH.
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Eme Oonee TouHBIA CcmOCO0 TecTUpOBaHUS OECIPOBOAHBIX MHOTOIIATOBBIX
ceTelf — TeCTOBbIe CTeHIBI (TadI. 3).

B mocnennue romer ObUIH pa3pabOTaHBl M Pa3BEPHYTH IHPOKOMACIITAOHBIE
OecIpoBOIHBIE TECTOBBIC CTEHJBI C LIENBI0 M3yueHHs OECHpOBOIHBIX ceTed B Ooiee
peaNMCTUYHBIX YCIOBHUAX. [I0CKONBKY TpOIecChl yCTAaHOBKM M IKCILTyaTaIld TaKOTO
WCIIBITATeNIFHOTO CTEeHJA SBIAIOTCS JOPOTOCTOANIMMH W JOJNTUMH TI0 BPEMEHH,
BO3HUKAET KJIFOUEBOW BOIMPOC: OMPABIAHbI JIM 3TH YCWJIHS MOJTYYCHHBIMH HAayYHBIMHU
pesynbraTamu?

Tabnuya 3
O630p PA3JIMYHBIX UCIBITATCJIbHBIX CTCHI0B
Ha3zpanne KonnyectBo Cesi3b Croumoctb / OcoGeHHocTH
Y3J10B YCTPOiicTB NMPOTOKOJI
JEMU [18] 12 ¢usmyeckux | mpoBoaHAs Hwuskas / DSR | Beun pazpaboran
y3J10B HccnenoBarenbckoil rpymnmnoi no
CeTsIM M TeJIEKOMMYHHKAIINSIM IS
HMHUTALIH PaJHOKOMIIOHEHTOB
CBOETO KOHKPETHOTO MAKeTa CBSA3U
ORBIT[19] 400 Bluetooth  u | Beicokas / Cocrout u3 400 pagnoycTpOiCTB,
(bu3HIecKux IEEE 802.11 | AODV/ OLSR | KoTOpBIE SBISIOTCS
y3JI0B ¢ukcupoBaHHBIMH. Vcrionb3yroT
unTepdeiics 802.11
Mobi Net [20] 200 IEEE 802.11 | Bicokas / CroxxHas HacTpoiika. Mcrons3oBan
BUPTyalnbHBIX |/ mpoBoxHas |DSR npoTtokon Mapupyruzanuu (DSR) n
y3IJI0B CIIEIMAIBHO YMYIHPOBAHHBIH
ypoBeHb MAC
MobiEmu [21] |50 ¢usnuecknx | IEEE 802.11 | Bricoxkas / [To3BoJser 3amyckaTh HECKOIBKO
y3JI0B / npoBonHast | [IpoakTHBHBIE | BUPTYalbHBIX Y3JIOB Ha OJXHON
MIPOTOKOJIBI ¢usnueckoit MarmmHe. COCTOUT U3
HECKOJIbKHX TIO{YNHEHHBIX y3JI0B U
OJTHOTO TJIABHOTO y371a
Gray[22] 33 ¢usnueckux | [EEE 802.11 | Bricokas / OcHOBaH Ha HOYTOYKaXx,
y3ma AODV OCHaIeHHBIX nHTEepdeiicamu 802.11

XOTS pe3ynbTaThl HCIBITAHWH MOATBEPKAAIOT OoJiee BBICOKYIO CTETCHb
TOYHOCTH, TpeOyeMble YCWIIMS 3HAYMTENILHO BBILIE, HAaPUMEp, YeM JIsl JKCIEpH-
MEHTOB C NPUMEHEHHEM CETEBBIX CUMYJIATOPOB. IIpexkae Bcero, Tpedyercs peajibHOE
obopynoBaHHe U IporpaMmMHoe obecreueHune. Kpome toro, mocie nepBoHa4aIbHOTO
pa3BepTHIBAHMS TECTOBBIN CTEH]I IOHKEH aKTUBHO MOAIEP’KUBATHCSI U OOHOBIISATHCS.

3akiIouyenue

Kaxknplii W3 IepedrclieHHBIX CIMOCOOOB TECTUPOBAHUS MHOTOIIATOBBIX
OeCIpOBOMHBIX CeTel 00najaeT CBOMMH JIOCTOMHCTBAMHU W HEIOCTAaTKaMHU.
HNmuTanmonHoe MOIETMpPOBAHHE C IIOMOIIBIO CETEBBIX CUMYJISTOPOB SBISIETCS CAaMbIM
OBICTPEIM W HemoporuM crocoboM TtectupoBanuss MBC, obecnednBaronmmm
BO3MOJKHOCTh TPOBOJAUTH DKCIEPUMEHTHl C OOJBIIMM KOJHYECTBOM YCTPOWCTB.
OnHaKo, TOYHOCTH PE3YNBTATOB AKCHEPUMEHTOB 3aBHCHUT KaK OT KadecTBa CaMOWM
mogenu MBC, Tak ¥ 0T OCOOCHHOCTEH NPOrpaMMHOHM pealu3alud CETEBOro
cumyssitTopa. TecTOBBI CTEHJ W AMYJSIHS SIBISIOTCS OoJiee TOYHBIMH CIIOCOOaMHU
tectupoBanus MBC, HO TpeOyroT 0oJbIIero KoaudecTBa (10 CPABHEHUIO C CETEBBIMHU
CUMYJISITOpPAaMH) Pa3iIMYHBIX PECYPCOB - ACHET, BPEMEHHU U PadOveii CHIIbI.
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[IpoBenacHMEe HATypHBIX  SKCIICPUMEHTOB  00ECIICYMBACT  HAMOOJBIIIYIO
TOYHOCTh, ONHAKO TpeOyeT HauOONbIIKUX (UHAHCOBBIX K BPEMEHHBIX 3aTpar.
Hanpumep, ans skcrepuMeHTa ¢ OONBIINM KOJMYECTBOM Y3JIOB, TOTpeOyeTcs
COOTBETCTBYIOIIEE KOJIMUECTBO PEATbHBIX IKCIICPUMEHTAILHBIX 00pa3IloB ATHX Y3JIOB.
[loaToMy, ceTeBble CHMYISTOPHI OCTAIOTCS HaWOoJee TMOMYISIPHBIM CPEICTBOM
TecTupoBanus TexHomoruit MbC.

CyliecTByeT MHOXKECTBO CETEBBIX CHUMYIISATOPOB, OOIaAIONINX PA3INYHBIMHU
(PYHKIIMOHAJIBHBIMH BO3MOXHOCTSAMH M OCOOCHHOCTSIMH MPOTPaMMHOM peain3alvu.
B wurore, pe3ynpraTsl MOASTUPOBAHMS MOTYT OBITh HEPEATMCTUYHBIMH 0 MPUIAHAM
HETMOJHOTHI (OTCYTCTBHE JJIEMEHTOB M CBS3CH, HEOOXOIUMBIX JUIS JKCIUTyaTalluu
MOJICTT) ¥ HETOYHOCTH UMHTAIMOHHBIX Mojelel. [loaToMy, HCIob30BaHUE TOIBKO
OITHOTO CETEeBOTO CHMYJSTOpPA HEIOCTATOYHO [Tl TECTHPOBAHHWA ¥ OIEHKH Aallro-
putMoB MBC. TakuM o0Opa3oM, COBMECTHOE HCITOJIb30BAHHE HECKOIBKHUX CETEBBIX
CUMYIITOPOB MO3BOJIUT IMOBBICUTH KaUe€CTBO PE3YJITATOB MOJACITUPOBAHYSL.
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' Topuprit mrctuTyt KHI] PAH

2 WuctutyT nHGOPMATHKU U MATEMATHIECKOTO MO/ICTTUPOBAHHS TEXHOIOTHYECKHX MTPOLIECCOB
Konbsckoro HII PAH

®OPMUPOBAHWE MOJEJNEN TEXHOJIOTMYECKUX CXEM NMEPEPABOTKU
PEOKO3EMEJIbHOIMO MUHEPAIIbHOIO CbIPbA C UCMOJIb3OBAHUEM
METOAOB CUCTEMHOIO AHAJNN3A®

AHHOTauunA

HeobxogumocTb BOBMeYeHWs B nepepaboTky peako3eMenbHOro MUHeparnbHOro
Cblpb  C  HU3KMM  cofepXxaHuem nonesHbIX  KOMMOHEHTOB  Tpebyet
COBEpLUEHCTBOBAHUA  TEXHOMOrnn ero nepepaboTku. 3agava  oueHKM
adhdeKkTMBHOCTM TEXHOMNOTNYECKNX cxXem nepepaboTku aBnseTca
MHOrOKpuTepuanbHo 1 crnoxHon. lpn ee pelieHun HeobXoAMMO KOMMIEKCHO
yunTbiBaTb  TEXHOMOMMYECKNe, SKOHOMWYECKME W  3KOMOTMYecKue  Kputepum
adpdekTMBHOCTU. B pesynbTate npuMeHeHMs MeTOOOB CUCTEMHOrO aHanusa
YCTaHOBIIEHO, YTO MOAEenNb, aAeKBaTHYI0 MHOrOKpMTEPHanbHOW 3agave onpegeneHns
9PPEKTMBHON TEXHOMNOrMYECKON CxeMbl Lenecoobpa3Ho CTPOUTb Ha OCHOBE
CTPYKTYPHbIX GIOKOB, COOTBETCTBYIOLLMX 3Tanam u pexvmam OyHKLMOHNPOBaHMS
CUCTEMBI.

Knroyeesie cnoea:
MmexHosoau4yeckasi cxeMa, CUCMEMHbIU aHaius, Kpumepul OnmuManbHOCMU, YPO8eHb
dekomrosuyuu  Modernu,  3MepPOXEeHMHOCMb,  CMPYKMypHas U  napamempuyeckas
onmumu3sayus, cmaduu 0602aleHUs MosIe3HbIX UCKONaeMbix.

V.V. Birukov, V.F. Skorokhodov, R.M. Nikitin, A.G. Oleynik

CREATION OF THE FLOW CHART MODELS FOR RARE-METAL MINERAL RAW
MATERIAL PROCESSING USING SYSTEM ANALYSIS METHODS

Abstract

The need to involve rare-metal mineral raw materials with a low content of useful
components in processing requires the improvement of processing technologies. The
task to assess the efficiency of a technological processing flow charts is multi-criteria
and complex. It is necessary to consider comprehensively the technological,
economic and environmental criteria of efficiency when solving the task. The system
analysis methods application has made it possible to establish that it is reasonable to
build a model adequate to the multi-criteria task of determining the efficient flow
chart on the basis of structural blocks corresponding to the stages and modes of the
system functioning.

Keywords:

technological flowchart, system analysis, criterion of optimality, level of model decomposition,
structural and parametric optimization, mineral processing stages.

Poccust pacmonmaraeT yHHKadbHOM pecypcHOM 0a3oif uIsi  co3TaHUs
COBPEMEHHBIX MPOU3BOJICTB B cdepe 00bvM, TepepaboTKH H  IMOCIETYIONIEero
MIPUMEHEHUS PEAKO3eMENbHBIX dIeMeHTOB. D((eKTrBHOE HUCTONb30BaHUE ITON 0a3bl
MTO3BOJIUT HAMIYYIIIUM 00Pa30M COUYETATh ITPUPOTHO-PECYPCHBIN MOTSHIIUA CTPAHBI U

* PaGoTa BhIMOTHEHA B pamkax Cornamenus ¢ Poccuiickum HayansmM Gporgom Ne 14-17-00761.
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HACTOATEIBHYIO TOTPEOHOCTh B MOJCPHU3AIMUM SKOHOMUKH W TIEPEBOJIC €¢ Ha
WHHOBAIIMOHHBIHN ITyTh PA3BUTHSI.

XapakTepHOi 0COOEHHOCTHIO KaK IKCIUTYyaTHPYEMbIX B HACTOSIIEE BpeMs, TaK
Y HOBBIX MECTOPOXKJICHUN TUTAHOBOTO U PEIKO3EMEIBHOTO ChIpbs B Poccuu siBisercs
€ro CJIOXHBIII MHOTOKOMIIOHEHTHBIH COCTaB. JTO MPEAOIpeeNsieT He0OXOANMOCTb
€ro KOMITJIEKCHOW TIepepadOTKH ¢ TMOJIydeHHeM HHUOOWs, TaHTaja, BaHAAWs, THUTaHA,
peako3eMenbHBIX AeMeHToB (P3D) m ux coenuHeHnit. B COBpEeMEHHBIX YCIOBHSIX
3¢ (HEeKTUBHOCTh MCIOJIB30BaHUS MPUPOIHBIX pecypcoB B Poccuu B 11esIOM ycTymaer
3apy0eXHOMY OIIBITY, T/€ YAENBHBIA pPacXo] TPUPOIHBIX PECYpPCOB HA EIUHHILY
BaJIOBOTO BHYTPEHHETO MPOYKTa HUKE poccHiicKkoro B 2-3 pa3a. C apyroil CTOpPOHHI,
OYEBUJIHO, UTO CYIICCTBEHHBIC PA3IUYMs B COCTaBE TPAJAUIIMOHHOTO U HOBOT'O CHIPHS C
MEHBIIINMHA KOHIEHTPAIMSIMH TOJIE3HBIX KOMIIOHEHTOB B TIOCIEAHEM JeNaioT
WCTIONF30BAaHNE MHPOBOTO OMBITA UIA TEPEepadOTKA HETPATUIIMOHHOTO CHIPhS B
Poccun manosdpdextuBubiM. Takas curyamms 0OOCTPSACTCS BBHUIY CIIOKHUBIIIHXCS
MOJUTHYECKUX M SKOHOMHUYECKUX B3aUMOOTHOIICHUNM CTpaH — JUAECPOB TMPOU3-
BOJICTBA PEIKO3EMENIBHBIX M PEAKOMETANBHBIX 3JIEMEHTOB, KOTOPBIC SIBIISIOTCS
OCHOBOM COBPEMEHHOHM META/NIyprUd U HAYKOEMKHUX OTpaciiel MPOMBIIUIEHHOCTH.
Takum oOpa3oM ormpenensieTcss cTpaTerndeckass HEOOXOTUMOCTh TOAJNEPKKH U
JaTbHEHIIero pa3BUTHA MpeInpusTHd ropHopoObiBatomieid oTpaciu  Poccuw,
CHETMATN3UPYIONINXCA Ha TIPOM3BOJICTBE PEIKO3EMENBHBIX W PEIKOMETAIBHBIX
JJIEMEHTOB.

3HAaUMMBIM WTPOKOM BHYTPEHHETO pBIHKA PEIKO3EMEIbHBIX M  PEIKO-
MeTanbHbIX 3eMeHTOB siBisieTcss OO0 JloBozepckuit ['OK. YTBepxkaeHHBIC 3amachl
nmonapuToBbiX pyn JloBozepckoro mectopoxaenus corigacuo ['K3 — 17 miH. TOHH;
romoBas m00b4a — 0,5 MIIH. TOHH; OOCCIICUEHHOCTh OaJIaHCOBBIMU 3amacaMiu — HE
MeHee 30 umer. TexHONOrMs WX TPABUTALMOHHOTO OOOTAIllEHUS TPAJAUIIMOHHO
OCHOBaHa Ha TIOCIENOBATEIHLHOM COKpamieHnH KpymHOCcTH. CylnecTByromas
KOHTPAaCTHOCTb B 3HAYCHUSX IUIOTHOCTH Y MAarHUTHOW BOCHPUUMYUBOCTH
MHUHEPAIbHBIX KOMIIOHEHTOB JIOMAPUTOBLIX pyA MPEAONPEACNIIeT BO3MOXKHOCTH
WCTIONB30BAaHUS B TEXHOIIOTHYECKOW CXeMe TMepepad0TKh KOMOMHHPOBAHHBIX
MPOIIECCOB  Pa3/ie]IiCHHs, BKJIIOYAIONMX B ce0s TpaBUTAllMOHHBIE, MAarHUTHBIE,
AJNIEKTpUYECKHEe W (IIOTAIIMOHHBIE METObl OOOTAllCHUs, KOTOPBIE PEaU3yTCs
COOTBETCTBEHHO B IOTOKAX MAaJIOW TOIIIIMHEI M IIPH HUCIOJIB30BAHUM ITOJIEH BHICOKOI
HaIpsDKEHHOCTH. Pe3ynbTaroMm mepepaOOTKU JIOMApUTOBBIX PY[ SBISIETCS JIOMApU-
TOBBINA KOHIIEHTpAT, yaosneTBopstonuii TY 1763-001-71899056-2005.

[Ipu >TOM TPOM3BOJICTBO KOHIIGHTpaTa IO CYIIECTBYIONIEH TEXHOJOTUU B
3HAYUTENFHOW Mepe 3aBHCHT OT OCOOEHHOCTEH pYIOHOTO CBIPhs, KOTOpOe
XapaKTepu3yeTcs HEBBICOKUM COJICp KaHHEM MOJIe3HbIX KOMIIOHEHTOB - 180 r/T Ta,0s,
2,4 kr/t Nb,Os u ~10 kr/t TR,O;, cpeau KOTOpBIX NpeoOIafaloT IEPUCBBIC
JMAHTaHOUABI U Juib 2,3% - uTTpueBsle. Takke oOpariaer Ha ceOs BHUMaHHE, YTO B
xBoctax JloBoszepckoro ['OK comepxurcs HemoussnedeHHbIN (10 50+70%) nomapwur,
Brmouaronuii Ta, Nb, TR, Ti. C yueToMm npuBeCHHBIX TOKa3aTelci, B CPAaBHCHHUU C
MHPOBBIMH TTPOU3BOJUTEIISIMU, YPOBEHb KOHKYPEHTOCTIOCOOHOCTH JIoBO3epCcKOTO
I'OKa na cerogHsmHui 1eHs BeChMa HA30K, YTO OMPENEIAT 3a/1a4y ONITUMHU3AIUHN €TO
CYLIECTBYIOILIEH TEXHOIOTUIECKON IEMH.
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s perieHus 3TOM 3aJa4n aBTOPBI IPEAJararoT UCIOJIB30BaTh MOJI0XKEHUS U
METOJIbl CHCTEMHOT'O aHAIIN3a C [ENIbI0 MOJIEIUPOBAHHS TOIOJIOTHIA TEXHOJIOTHIECKUX
cXeM IepepabOTKH  PeIKO3eMENBHOT0 MHHEPAIBHOTO  CHIPbS, IO3BOJISIOLIETO
BBISIBIISITH KPUTEPHU MX ONTUMAIBHOCTH. D((PEKTUBHBIM HHCTPYMEHTOM Ha3BaHHOTO
MOAXOMA SIBIISIFOTCS ABTOMATH3MPOBAHHBIE CHCTEMBbI MH(MOPMAIIMOHHON MOJIEPKKH
CHHTE3a ONTHUMAJBHBIX (C TOYKH 3pEHHS 3aJaHHOTO KPHUTEPHS) CXEM M IIHKIOB
mporeccoB obOoramieHusi. Tem camMpiM JaHHas paboTa SABISETCS JIOTHYECKUM
NPOJOJDKEHUEM W pa3BUTHEM MpPEACTaBICHHWH O mpobjeMe ONTHMHU3ALHMH
TOPHOPYIHBIX ITPOM3BOJICTB, MPEICTABICHHBIX B Pa0OTaX POCCHICKUX M 3apyOeKHBIX
aBTopos [1, 2, 3].

O0600mu1ieHHas CTPYKTypa pa3feiieHuss MUHEPATLHOTO ChIPbs IPECTABISIEeTCS B
BUJIE TIpolecca MPeoOpa3oBaHUsI HMCXOTHOTO CHIPhSI B TPOAYKTHI pa3ieieHHs C
MOTpeOIEHNEM OIPEACICHHBIX TEXHOJOTMYECKHX pEeCypcoB W OTpaxkaeTrcs B
KOHIICTITYaJIbHOW ~ MOJENH MpoleccoB oOoramieHus. Kaxaplii #u3  00BEKTOB
000TaTUTENFHOTO TIpoIecca 00JagaeT HabOPOM KAa4eCTBEHHBIX W KOJHMYECTBEHHBIX
XapaKTepUCTHK, KOTOPBIE MOTYT OBITH MPEACTABICHBI B KOHLETITYILHON MOJIEIHN KaK
aTpuOyThl  COOTBETCTBYIOIIMX HMH(POPMALMOHHBIX 00BEKTOB. Mcmonb3oBaHue
KOHIICTITYaJIbHOW MOJIeTT 000CHOBaHO BO3MOXXHOCTBIO Pean3alii B HEl JOCTATOUHO
TITyOOKOH JEKOMITO3HIMH, BIUIOTH /0 KOHIENITYaJbHOTO OINHMCAaHMS KOHKPETHBIX
mporeccoB U pecypcoB. OmnHcaHHe XapaKTEPUCTHK B STOH MOJEIH HOCHUT JAeKia-
paTUBHBIA XapakTep, a WX KOHKPETHBIC 3HAYCHUS 3aHOCATCS B COOTBETCTBYIOIIHE
0a3el JaHHBIX.

CeromHsi CyIIeCTBYIOT OOMmIMpHBIE 0a3bl JAaHHBIX  OOOTATHTEIHHOTO
o0opymoBaHus, pa3paboTaHHOrO Kak B Poccuu, Tak u 3a pyOeKOM, COAEpIKaIIue
WCYEPIBIBAIONIYI0 HMH(MOPMALMI0 O HCHOJB3YEMBIX B 00OpYJOBaHHUH METOIAX
pas3leNneHns, THMax, BO3MOXHOCTSX M OKCIUTyaTAlMOHHBIX —XapaKTePHCTHKAX
obopynoBanua. CHCTEMHBIH TOAXON K (POPMUPOBAHMIO ONTHMAILHOW TEXHOIO-
THYECKOH 1IeMd TepepadOTKH pPYTHOTO CBIPbS OCHOBBIBae€TCS Ha  BBIOOpE
HE00X0MMOT0 000TaTUTENHFHOTO O0OpPYAOBaHUS, TMPEACTABICHHOTO B Ha3BaHHBIX
0azax JaHHBIX, U HA Pa3pabOTKe TOMOJIOTHH TEXHOJIOTUIECKON CXEMBI.

Ilpn cucreMHOM TMOIXO/AE OOBEKT HCCIEJOBAHUS PACCMATPUBACTCS Kak
CHCTEMA, KOTOPYI0 MOXXHO OIPEICIHTh KOMIUIEKCOM JJIEMEHTOB, OOBEJINHEHHBIX
CBSI3SIMU 1 B3aMMOJICHCTBYIOIIMX MEXKIY COOOH Tak, 4TOOBI MOIJIa PEealn30BaThCs €€
¢ynkuus. [pegcraBieHne cI0KHOTO TEXHOJIOTHIECKOTO 00BEKTa, TAKOTO KaK TOPHO-
nepepadaTtbiBaronice MPOM3BOACTBO, KAaK CHUCTEMBI, TPEAIONAracT HCIOIb30BaHHE
psla KaTeropwii, Cpeiud KOTOPHIX OCHOBHBIMH SIBJISIFOTCSI CTPYKTYpHOE IIpEICTaB-
JICHHWE, CBS3aHHOE C BBIACJICHUEM DJIEMEHTOB CUCTEMBI M CBS3€H MEXIY HUMH, U
q)yHKHI/IOHaJ'IBHOG MpeACTaBJICHUE CHUCTEMBI C BBIACJICHUEM COBOKYINHOCTH €€
¢GyHKmMid M ee KomroHeHTOB. C y4eToM TOTo, 4YTO peajbHBIi OOBEKT 00JajaeT
OeCKOHEYHBIM HaOOpOM CBOWMCTB Pa3lIMYHOM NMPHPOBI, CUCTEMa Kak 00pa3 oObeKTa
3aJlaeTcsl Ha KOHEYHOM MHOXECTBE OTOOpaHHBIX Ui HaOJIOAEHHS CBOWCTB,
NPUCYIIMX O0pa3yloNnMM ee CTPYKTYpy KOoMIlOHeHTaM. [1oJ CTpYKTypo#l cHCTeMBbI
MOHMMAETCs YCTOIYMBOE MHOYKECTBO OTHOLICHHH, KOTOPOE COXPAHSETCS JUTUTEIHHOE
BpeMs HEW3MEHHBIM, TI0 KpaiiHeli Mepe, B TCUCHHE WHTEpBaa HAOIIOJCHUS.
CTpyKTypa CHCTEMBI OINpeneNnseT 3aJaHHbli YpPOBEHb CIIOKHOCTH II0 COCTaBy
OTHOLICHWH Ha MHOXECTBE 3JIEMEHTOB CHUCTEMBl WM, YTO 3KBHBAJICHTHO, YPOBEHb
Ppa3HO00pa3uii MPOSBICHUN O0BEKTA.
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Meroapl pa3lesieHHsi MUHEPAIBLHOTO CHIPbS OCHOBAaHBI Ha KOHTPACTHOCTH
¢uznueckux 1 QU3NKO-XMMHUUECKUX CBOHCTB MHMHEPAIOB. TEXHOIOTHYECKUE CXEMBI
nepepadoTKU  MPEACTAaBISIIOT  psAl  IOCIENOBAaTeNbHBIX M LUKJINYECKUX
MOJTOTOBUTEbHBIX, OCHOBHBIX M BCIIOMOTATENbHBIX OIEpaluii, Ha0Op KOTOPBIX
3aBUCUT OT COCTaBa pYyZA, BTOPUYHOTO CHIPbS U COAEP)KAHUS B HUX II0JIE3HBIX
KOMIOHEHTOB. OJHAKO, aKTHBHAs [OOObIYa IIOJIE3HBIX HCKONAEMBIX IPUBOIUT K
HW3MEHEHHUIO KauecTBa Py W MOBBIMICHHIO 3aTpaT Ha WX AOOBIUY U MepepadoTKy, 4To
BJICUET CHIDKEHHME TEXHOJIOTHUECKUX TOoKazaTeleil odoramenus. TakuMm oOpa3om s
Bcex 0€3 MCKIIOUEHHMS MPEINPHUIATUH TOPHONPOMBIIIIEHHOTO KOMIUIEKCa HEU30€KHO
OPUXOAUT BpeMsl MOJACPHU3AIMH W PEKOHCTPYKIMU C LEJNbI0 O0ecTeueHUs] CBOEH
KOHKYPEHTOCIIOCOOHOCTH.

Pa3pa0oTka TEXHONOTMYECKUX CXEM MepepabOTKU IOJIE3HBIX HCKOMAEMbIX
TpeOyeT Hay4HO OOOCHOBAaHHOI'O METOAWYECKOro noaxona. OCHOBHBIM MCTOYHHKOM
MOJyYeHUS] HEOOXOAWMOW [UIi €ro pa3BUTUS M TPUMEHEHHs HWHQOpMauu
TPaOUIIMOHHO  SBJSIETCS  (PpU3MYECKOe  MOJEIMPOBAHME  IIOCIEHOBATENBHBIX
TEXHOJIOTMYECKUX OINEpaLHil, CO 3HAYUTEIBbHBIMU OTPAHUYECHUSIMH BO3MOXKHOCTEH
ydeTa MEepeXOJHBIX MPOLECCOB Pa0OTHl M B3aHMMOCBS3EH O0OpYIOBaHHUS, a TaKKeE
W3MEHEHHUSl BEIIECTBEHHOTO COCTaBa MHHEPAILHOTO ChIpbs. VccnenoBaHus 1o
pa3paboTKe TEXHOJIOTHH MepepaboTKH MUHEPAIHLHOTO ChIPhsS Ha OCHOBE (PU3NIECKOTO
MOJICIMPOBAHHUS SIBJISIFOTCS TPYIOEMKHUM, 3aTPAaTHBIM M JOJITOBPEMEHHBIM HPOIIECCOM,
410 O0YyCHaBIMBAE€T UX HU3KYI0 3(()EKTHBHOCTh. B 3TOW CBSA3M aKTyalu3UpyeTcs
BO3MOXHOCTb HCIIOJIb30BaHUSI B HCCIEAOBATEIbCKUX ILIENSX METOJOB MaTeMaTH-
YECKOr0  MOJEGIMPOBAaHMS, YTO MPUBOAUT K HEOOXOAMMOCTH  BHEAPECHHUS
WHPOPMALIMOHHBIX TEXHOJOTUH B MPOIECCHl PEIIeHUs] WHXWHUPHUHTOBBIX 3a/ad
MPOEKTHPOBAHUsI 00OTaTHTENILHOTO O0OPYAOBAaHHSA W Pa3pabOTKU TEXHOJIOTHYECKUX
CXeM NepepadOTKHU MOJIE3HBIX UCKOMAEMBIX.

[Mlpumenenne WHPOPMAIMOHHBIX TEXHOJNOTHH TPH PEHICHUH WHKUHH-
PUHTOBBIX 33/1a4 ONTUMH3AIMU TPOLECCOB IMepepadOTKU TONE3HBIX HCKOMaeMBIX
MOJpPa3yMeBaeT MPOBEICHUE HCCIEIOBAHUI MO HECKOJBKUM HalpaBJICHHUSIM, TaKUM
KaK:

— aKKyMYJIIPOBaHHE B CICIUATM3UPOBAHHBIX 0a3aX AaHHBIX HAKOIJICHHOW B
X0l MHOTOJIETHUX WCCIIEJ0BaHUH HH(POPMAIUU O TeOJOrO-MHHEPATOTHIECKOM
COCTaBE PYIOHOTO CBHIPBS, a TaKkKe (PU3NUECKUX, XUMUUECKUX U (PUIUKO-XUMHUECKUX
CBOHCTBAaxX MUHEPAJIOB, BXOAALINX B €I0 COCTAB;

— CO3JIaHKe CIIeIHaT3UPOBAHHBIX 0a3 3HAHMI, CoJepKalIX UHPOPMAIHIO O
METOAax TMepepadOTKH MHUHEPAIBHOTO CBIPbS C HM3BECTHBIMH  (DU3WYECKUMH,
XUMUYECKAMH U PU3NKO-XUMHUECKIMHU CBOHCTBAMHU;

— COBEpPILCHCTBOBAHUE TEXHOJIOTUYECKOTO O0OpyAOBaHMS M pa3padoTka
pasaenuTeNnbHbIX  anmapatoB ¢ ucnoab3oBaHueM CAD-CAM-CAE  KOMITIEKCOB,
MO3BOJIIIONIMX B paMKax €IWHOW TPOTPAaMMHOW Cpelbl COBMECTHTH CpPEJCTBa
ABTOMATHU3UPOBAHHOTO TIPOEKTUPOBAHUSI CO CPEJCTBAMH KOMIILIOTEPHOTO MOJIe-
JUPOBaHUS PU3MYECKUX MPOLIECCOB;

— pa3paboTka Mozened W CO3JaHue aBTOMATH3MPOBAHHBIX CHCTEM YIpaB-
JICHUS TEXHOJIOTHUECKUMH aIapaTaMyd U TEXHOJIOTHYECKHUMHM LIETISIMH NepepaboTKH
MUHEPAIBLHOTO CHIPBS;
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— UMHTAIOHHOE MOJICIIMPOBAHNE TEXHOJOTMYECKHUX LieTeld 000TraTUTENbHBIX
MPOM3BOJCTB C LENBIO onpeaeneHus Haubonee 3)(HEKTUBHBIX PEKUMOB pean3alliu
MPOU3BOJICTBEHHBIX MPOIIECCOB.

ba3oBbIMU TETSIMH WHXXWHHUPHHTA SIBISIOTCS pa3paboTka, yIydllleHWe U
peanuzanys TEXHOJIOTUYECKUX, OPraHU3alMOHHBIX W (PUHAHCOBO-3KOHOMHUYECKUX
MOJIeJIeH TEXHUYECKUX CHUCTEM M OOBEKTOB, YTO JOCTHUTAETCS MOCPEJCTBOM, B TOM
Yrcie, CHCTEMHOTO aHallu3a NP W3yYSHHU Pa3iIMYHbBIX SBJICHUS a0CTParupoBaHO OT
WX TPHUPOIBI, HA OCHOBE (OPMalbHBIX B3aWMOCBS3EH MEXIY pa3lIUYHBIMU
COCTaBIISIIOIIMMH HX (PaKTOpaMH M XapakTepa UX U3MEHEHHS O] BIUSHIUEM BHEITHUX
ycnouii. UaTeHCHuKams npoueccoB (Process Intensification), kak cocTaBisromas
WHXWHUPHUHTA, TIOApa3yMeBacT HCIOJIb30BaHUE HOBOTO OOOPYIOBAaHUS U METOJVK,
Onaronmapsi KOTOpPbIM MOXKHO CO3/aBaTh SKOJIOTHYECKU O€30MacHbIe U YHEPTeTHYECKU
3¢ (heKTUBHBIE TPOM3BOCTBA, a TAKXKE OOECTIEYUTH POCT MPOU3BOIUTEIHHOCTH TPYAA,
CHIDKCHHE DHEPro3arpar, oTeph U KOJIUYECTBa MOOOYHBIX MPOAYKTOB MPOU3BOJICTBA.
Bonpockl TpuMeHEHHsT HMHXHHUPHHTOBBIX TOAXOJOB B TEOpuM oOoOTamieHus
MOJIC3HBIX HCKOMAEMbIX OCTATOYHO IIMPOKO OCBEIICHBI B paboTax MpeiacTaBUTENeH
pOCCHICKO# 1 aMeprUKaHCKOH Hayku [4, 5, 6, 7].

OcymuiecTBIIeHHE TApaMETPHYECKON ONTHMHU3AIUHE CUCTEMBI, 3aKITFOUAIOIICHCST
B pacueTre ONTUMAIBHBIX TEXHOJOTHMYECKHX IapamMeTpoB HCCIEAyeMOro OOBEeKTa
(BBIXOMBI, COJCpIKAHUS, W3BICUCHHS IMOJE3HBIX KOMIIOHCHTOB pPYJ) MO3BOJSIET
00OCHOBaTh  HCIIONB30BAaHUE  TEXHOJOTMYECKMX  KpHUTepueB  3(Q(HEKTUBHOCTH
(YHKIIMOHUPOBAHHUS eJUHUL 000pYJOBaHMS TEXHOIOTUIECKUX IIeTel KaKk 3JIEMEHTOB
CTPYKTYpHOH cXeMbl (puc. 1), MO0 KOTOPBIM MPOU3BOJIUTCS OIEHKA COOTBETCTBHUS
(GYHKIIMOHUPOBAHUS KeTaeMOMY pe3yibrary (IEH).

Hcxonnblit MaTepuan

a,%; y=100%; | Q,1/4

Bxon IMpouecc nmu | Beixox Oo6oraTuTtenbHas omnepanus
—>| onepatus [ > Bi.%0; v.% Bx.%; 100-y%
\ 2 \ 4
Konnentpar XBOCTEI
€,%0; P,1/14 Q-P,1/u

Puc. 1. Bxoouvie u 6vixoouvie napamempul paz0erumenbHo2o npoyecca
a - cooepaicanue Noae3H020 KOMNOHEHmMA 8 NUMAHuu, b, - cooepaicanue
NOJE3H020 KOMNOHEHMA 8 KOHYenmpame, [, - coO0epicanue KOMNOHEHMA 6
Xeocmax; & - u3gneueHue nojie3H020 KOMNOHEHMAa 8 KOHYEeHMpam
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K mokazarensm 3¢¢ekTuBHOCTH (DYHKIIMOHUPOBAHUS EAMHUI] 00OTaTUTEIIb-
HOTO 000pya0BaHUA (KOTOPBIE BCETa CIEeAyeT PacCMaTPUBATh KOMIUIEKCHO BBHIY UX
HEYHHBEPCAIFHOCTH M OOBEKTUBHOW HEOOXOIWMOCTH B WX B3aMMOJOIOIHEHWH) B
TEOPUU OOOTATUTEIBHBIX MPOIECCOB OTHOCATCS: KPUBBIE 0O0OTaTUMOCTH, cerapa-
[IMOHHBIE XapaKTePUCTUKH, KPUBBIE CEIEKTHBHOCTH.

B kauectBe kputepueB >((HEKTHBHOCTH HCIIONB3YIOTCS PA3IHYHBIC IMITH-
pUYECKHUE 3aBUCUMOCTH, KaxJas U3 KOTOPBIX IO CBOEH CyTH SBISETCS
XapaKTEPUCTUKOM BIMSHUS KauecTBa Ha Y(h(HEKTHUBHOCTD:

y(B —a) 5
= —— — KpuTepHii XaHKOKa;
al(l—a)
yB* . _
Ta(l-a) kpuTepHii Xenkepa, Majxymaapa, batona, Bosiockosa;

OueBHIHO, YTO BHIOOP TEXHOJOTMYECKUX KPHUTEPHEB pa3/elICHHs OIpeaess-
eTcsl SKOHOMHYECKUMH COOOPaKCHUSIMH - COTIOCTABIICHHEM IIEHHOCTH H3BJIEKAeMOTO
KOMIIOHEHTa C Ce0EeCTOMMOCTBIO IIpoliecca OOOTAIlCHUS WM POCTOM LEHHOCTH
KOHIIGHTpATa C YJIyYllIeHUEM €T0 KayecTBa.

W3 onpeneneHnss «CHCTEMBD» CIEAYET, YTO TIIaBHBIM €€ CBOMCTBOM SIBIISIETCS
LEJIOCTHOCTh, €IUHCTBO, JOCTUTaeMOE IIOCPEICTBOM OIPE/IEICHHBIX B3aUMOCBS3EH U
B3aMMO/JICHCTBUI €€ DIIEMEHTOB U MPOSIBIISIONICECS] B BOSHUKHOBEHHH HOBBIX CBOWCTB,
KOTOPHIMH B OTAENBHOCTH OHM HE OOJIQJAloT. DTO CBOWCTBO SMEPKEHTHOCTH -
CTENEH! HECBOJIMMOCTH CBOIMCTB CHCTEMBI K CBOIMCTBAM 3JIEMEHTOB, U3 KOTOPHIX OHA
COCTOMT.

TexHonornveckass ILeNb IPECTaBIsSET COOOH TOCIeI0BaTEIbHBIA HAaOOp
00OTaTHTENBHBIX aIllapaToB, B KOTOPBIX OCYIIECTBIISIOTCS JBa THIA IPOIECCOB -
COKpallleHle KpPYIMHOCTH UCXOJHOH PyAbl W pa3JlieliecHHe MHHEPaIbHOTO CHIPhS Ha
OCHOBE KOHTPACTHOCTH TE€X WJIM WHBIX (PU3NYECKUX U (PU3UKO-XUMHUECKHX CBOHCTB.
ITog cTpyKTYpoil CHCTEMBI (TEXHOJOTHMYECKOW IIeMH) IOHUMAIOTCS YCTOWYHMBBIC
OTHOULICHUSI (CBS3M), KOTOPBIC COXPAHSIOTCA BHYTPEHHE HEW3MEHHBIMH TIpH €e
(YHKIIMOHUPOBAHHHU.

CBs3b - 01HO W3 (YHIAMEHTAIbHBIX MOHATHH B CHUCTEMHOM IIOAXOJE.
Cucrtema cymecTByeT MMEHHO Oiarofapsi HaJW4YHIO TNPSMBIX M OOpaTHBIX CBS3EH
MEX]y €€ JIIEMEHTaMH, KOTOPBIE BBIPAXKAIOT NpaBuiia (PyHKIIMOHUPOBAHUS CUCTEMBI.

B KOHTEKCTE paccCMOTpEHHs TEXHOJIOTHYECKOH LEeTM KaK CHCTEMBI MPSIMBbIE
CBSI3M OIPEIEISIOT Ieperadyy MacChl BEIIECTBA M SHEPTUH OT OJHOTO DJIEMEHTa K
JIpYyroMy B HaIpaBIEHUHM OCHOBHOTO mporecca. OOpaTHbIE CBSI3H OTpa)xkaroT
HW3MEHEHUE COCTOSIHUSI CHCTEMBI B PE3YJIbTaTe YIPaBISIFOIIETO BO3ACHCTBHS HA HEe.

Cxembl 00OOrameHuss MUHEPAJIbHOTO ChIPbA KJIACCH(QHUUUPYIOTCS Ha OCHOBE
MPU3HAKOB, K KOTOPBIM MOXXHO OTHECTH:
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1. Yucno ucnonbp3yeMbIX METOZOB oOoramieHuss (MOHOMETOAHBIE W TIOJH-
METOIHBIC CXEMBI).

2. UYwmcno uCnomb3yeMbIX B K&KIOM METOJE MPOIIECCOB.

3. KonuuecTBO M BUJBI ITUKIOB, B KOTOPBIX BBIACISIOTCS MUHEPAJBI OJTHOTO
cocTaBa, JIM00 MUHEPATbI ¢ OIM3KIMH T10 3HAUYEHUIO Pa3eIUTEIbHBIMI TPU3HAKAMH.

4. Yucmo HCMONB3yeMBIX B KaKJOM IIpolecce ormepanuii (OCHOBHOW, KOHT-
POJBHOH, TepeuucTHOH). B OCHOBHBIX omepanusx NPOU3BOAMTCS BBIACICHUE
OCHOBHOM Macchl LEHHBIX MHHEPATIOB B OOOTAIEHHBIM MPOAYKT C TMOJXydeHHEM
YepHOBOTO KOHIIEHTpaTa WJIM XBOCTOB. [IIf OKOHYATEIHHOTO BBIBOJA IIEHHBIX
MHUHEpaJIOB U3 XBOCTOB OCHOBHOH OIepanyy MPUMEHSIOT ONepalrd KOHTPOJIBHOTO
oOoraienus, a JjIsl MOBBIIICHUS] KauecTBa OOOTAIllEHHOTO MPOAYKTa - MEPEYHCTKU
YepHOBOTO KOHIICHTpATA.

MHoroctaguansHble CXEMBl MPHMEHSIOT TpPH OOOTAIleHWH TOHKOBKpAII-
JICHHOH PyABl U Py HEPaBHOMEPHOW BKPAIICHHOCTH. YHCIIO UCTIONB3yEeMBIX CTaauit
W3MEHEHUS KPYITHOCTH TIOJIE3HOTO MCKOIIAeMOT0 3aBUCUT OT KPYITHOCTH MHHEPAIIOB U
pa3Mepa BKpaIICHHOCTH II€HHBIX MHHEpaOB B ImycTod mopoxae. Kaxmas cramus
COJICp)KUT HAOOp ammapaToB Uil COKpPAlICHUS KPYIMHOCTH M KJIacCU(PHUKALUH TI0
KpYIHOCTH, U cenapanuu. OKOHYaTeNbHBIN BEIOOp CXEMBI MepepabOTKU TOJIE3HOTO
HMCKONAaeMOTO OCHOBBIBACTCSI HA 3HAHWW BEIIECTBEHHOI'O COCTaBa, OIPENEICHUN
METOAOB (METO/1a) MPOIIECCOB, ONepanuil 000TalIeHusl, ONPEACTICHUN CTAIMHHOCTH H
qucia IIUKJIOB B TEXHOJOTHYeCKOM CXEME, 3HaHUH MMPOU3BOAUTCIILHOCTU
poeKkTupyemMoi (abpuKu, TEXHUKO-DKOHOMHYECKHAX YCIOBHI PErruoHa, W IEHHOCTH
JTOOBIBAEMOTO KOMITOHEHTA.

Takum 00pa3oM CTPYKTypHasi ONTHMHU3AIMS HCCIEAYEMON CHCTEMEBI - BBIOOD
ONTUMAJILHOM CTPYKTYpPBI MPOEKTUPYEMOTO 00BEKTa M TEXHOJIOTHUECKOTO MpoIiecca.
CTpykTypa HWTrpaeT OCHOBHYIO pOIIb B (DOPMHPOBAaHWM HOBBIX CBOHCTB CHCTEMBEI,
OTJIMYHBLIX OT CBOMCTB €€ 3JICMCHTOB, B MOAACP)KAaHHNU LCJIOCTHOCTH U YCTOﬁHHBOCTH
€e CBOMCTB MO OTHOUICHWIO K M3MCHEHHIO €€ DJIEMEHTOB B HEKOTOPBIX Ipeleax.
OpHako, CTPYKTypHas cxeMma, 5TO elle He MOMENb CTPYKTYPHI, IMOCKOIBKY OHa
MPaKTUYECKA HE MOIAAaeTcs (OopMalM3allid W SBISIETCI CKOpee HHCTPYMEHTOM
nepexojia OT COJIEPKATENFHOTO K MAaTeMaTHYeCKOMY OIMCAHHI0 CHCTEMBI, YeM
WHCTPYMEHTOM aHaju3a U CHHTE3a CTPYKTYPHI.

[losromy wm3yuyeHwe 000N CHUCTEMBI TMpEATIONAaraeT MpPEeXae CO3JaHhe ee
MOJIENIH, TO3BOJISIIONIEH TPOU3BECTH aHATU3 M TPOTHO3UPOBATH €€ TOBEACHUE B
OTIpPE/ICICHHOM JIMara30He YCIOBHH, peliaTh 3ajJa4dl aHan3a W CHHTE3a pealbHOU
cucTeMbl. BakHO, 4TO cTeneHb aJeKBAaTHOCTH MOENH OIPEENsIeTCsl YPOBHEM ee
abCTpaKIMK B TOM CMBICIIE, YTO MOJIEIb, 3TO OIIMCAHHE CUCTEMBI, OTPAXKAOIIEE JIUIIb
OTIPE/ICNICHHYIO TPYIIITY €€ CBOMCTB, CYIIECTBEHHBIX B PAMKaX, PEHIaeMbIX C TIOMOIIBIO
JMaHHOW Mojenu 3amad. [Ipy MomenupoBaHWM TEXHOJIOTHYECKHX CXEM OIpelleIieHre
CYIIECTBEHHBIX CBOWCTB 0a3upyeTcss Ha TpeX OTMPaBHBIX TOYKax 3peHus: (yHK-
UOHAILHOU, Mopdonorudeckoir U nHPopManoHHoil. Ocoboe MecTo Tpu BBIOOpPE
croco0a MOJENUPOBAHUS 3aHUMAET MTOCTPOSHUE MAaTEMATHYECKOW MOJIENH - TPOIIECC
YCTaHOBJICHHUS COOTBETCTBHSI JaHHOMY pPEalbHOMY OOBEKTYy HEKOTOpPOro MaTema-
THYECKOTro oObekTa. {7 McclenoBaHusl XapakTEPUCTHK OO0 cHcTeMBl MaTeMa-
THYECKAMH METOJIaMH, BKIIOYas MallMHHbIE, ee (popmanmzanus obOsi3arenbHa. J{is
TEXHOJOTHYECKOT0 MpoIlecca MaTeMaTHYeCKasi MOJIENb, KaK MpaBwiio, popMupyercs B
BHUJIE COBOKYITHOCTH BBISBJICHHBIX O3MIIUPUYECKUX 3aKOHOMepHocTed u (yHma-
MEHTaJbHBIX 3aKOHOB, OIUCHIBAEMBIX JTUPPEPEHINATLHBIMU YpaBHEHUSIMH. Buj
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MaTEeMaTHYECKOW MOJEIU 3aBHCUT KaK OT IMPHUPOJLI PEATbHOTO O00BEKTa, TaK M OT
3aJ1a4 UCCIeIOBaHNA, TPeOyeMOW JOCTOBEPHOCTH M TOYHOCTH PEIICHHS 33 [aUH.

Jlrobast MmaTemaTndeckast MOJIENb, KaK U BCSIKas JpyTas, OMICHIBAET PeaIbHBIN
O00BEKT ¢ HEKOTOPOH CTENCHbIO MPUOIMKeHUs. DOPMUPOBAHUE CTPYKTYPhI MOJCIH
SIBJSICTCSL YacThIO pEIICHUs OOIel 3amadyd  (opMaabHOTO ONMUCAHUS CHCTEMEL.
CrpykTypa xapakTepusyeT OOIIyI0 KOH(PHUTYpaIllMi0 CHCTEMBI, a HE ONpeAeiseT
cucteMy B I1enoM. Ecimu u300pa3uTh CHCTEMY Kak COBOKYITHOCTH OJIOKOB,
OCYIIECTBIISIONIMX HEKOTOPbIE ()YHKIIMOHAIBHBIC NMpeoOpa3oBaHus, U CBI3CH MEXIy
HUMH, TO TOJYYHM CTPYKTYpPHYIO CXeéMy, B OOOOIIEHHOM BHJE OIHCHIBAIOIIYIO
CTPYKTYPY CUCTEMEI.

[TpumeHenue npuHIMIA O0JOYHOTO CTPOCHUS O0JIeryaeT pa3padoTKy Mozesei
CTPYKTYPHO CIIOKHBIX CHCTEM M3 OJIOKOB C MHUHUMAIIBHBIMH CBSI3IMU MEXAY HUMHU.
Brigenenue Takux 0J0KOB MPOU3BOIAUTCS C yUETOM pa3fesieHus] MOJIENH 110 dTanaM 1
pexuMaM (YHKIIMOHUPOBAHUS CHUCTEMBbI. UleHEHWE Ha OJIOKW, - JIEKOMITO3MIIHS,
MOXKET OCYIIECTBIATHCS HMCXOAA W3 TpeOyeMOW CTeleHH AETAIH3aIlHd OIHCAHUS
CTPYKTYpHI, HAIJSITHOCTA OTOOpakeHHWs B HeEH OcoOEHHOCTeHl  mpoleccos
(YHKIMOHUPOBAHUSI.

CucTeMHBIC HUCCIICJIOBAHUSA TIPU PEIICHUH MPOoOIeMbl pa3pa0OTKU OITH-
MaJbHOH TOMOJOTHH TEXHOJOTHYECKOW CXEMBbI MepepaboTKH KOMIDIEKCHBIX PYI
CBOJUTCS K CO3/ITaHHUI0O MaTEMaTHYCCKON MOJCIIH, UMUTHPYIOIIEH TEXHOJIOTHYECKYIO
LIETIb amnmaparoB, W TO3BOJIAIONICH ONTHUMHM3UPOBATH €€ Ha OCHOBAaHWUU AampHUOPHO
BEIOpAHHBIX AIKOHOMHYECKUX, (UINYECKUX, TEXHOJOTHYECKUX ¥ DKOJIOTHISCKHUX
KpUTEPUEB.

BeI0Op KpUTEPHUEB ONTUMAJIBHOCTH OINpPEACIsIeT HEOOXOAMMYIO IIIyOUHY
JICKOMIIO3UIIMK CXeMbl. Tak, K MpUMepy, BbIOMpas B KavyeCTBE CTPYKTYPHOTO
3J€MEHTa TEXHOJOTMYECKUI ammapar, BO3MOXKHO MCIOJb30BAHHE TOJBKO TEPMO-
TUHAMUYECKUX, KHHETHYECKUX U CTATUCTHUECKUX KPUTCPUEB Pa3ICICHUS MOJIE3HOTO
KOMITOHEHTa U Topobl. [Ipu 3TOM HCTIOIB30BaHNE SKOHOMUYECKUX U IKOJIOTUUECKUX
KPUTEPUEB HEBO3MOXKHO UCXOJIS U3 MIPUHIUIIA IMEPHKEHTHOCTH.

IlepepaboTka mHOOOTO MHHEPATBHOTO CBIPhS CBOAWTCA K ONEpaIUsaM
COKpAIIICHHUSI €r0 KPYIMHOCTH, MPHU KOTOPOM TMPOUCXOJUT PACKPHITHE MUHEPATbHBIX
3epeH TOJIE3HBIX KOMIIOHEHTOB, W OIEpalisiM pa3leieHdus M0 (U3NIECKOMY HIH
(hPM3UKO-XMMUYECKOMY CBOHCTBY.

DOKOHOMHYECKHE KPUTEPUH ONTHUMAIBHOCTH TOCTPOCHBI 110 MPUHIIUITY
MaKCUMHU3allUKd MPHOBLIN, WM MHHHMH3AIUKA CEOECTOMMOCTh EIMHHUIBI TOTOBOM
nmpoayknud. Takum o0pa3oMm, MpHHHMAas B KadyecTBE OCHOBHOTO KPHUTEPHS
(YHKITMOHUPOBAHUS CUCTEMBI MPH CTATUYECKOH IIOCTAHOBKE 33Jla4yd MHHHUMYM
MPUBEJICHHBIX 3aTpaT Ha MPOU3ZBOJCTBO OMPEJCICHHOTO KOJMYEeCTBA TOTOBOM
TOBApHOW MPOAYKLIHMH €ro HCIOIb30BAHUE CTAHOBUTCS HEBO3MOXKHBIM IS
KOHKPETHBIX alapaToB TEXHOJIOTMUECKON LEMH.

[IpoBoas aHanu3 CYHIECTBYIOIIUX TEXHOJOTMYECKUX ILENel MNpeanpusTui
obOoraiieHns I10J€3HbIX HMCKOIIAEMBIX MOJKHO BBIJEIUTL IBa OCHOBHBIX CIOCO0a HX
MTOCTPOCHUS: IUKIMYHOCTh M CTaIUalIbHOCTh. TeXHOIOruYecKas Ienb MmepepadoTKu
MUHEPAJIBHOTO CBIPhS MOXET ObITh CBeJeHA K Ha0Opy IOCIHIE0BaTEIbHO
(YHKITMOHUPYIOIIMX CTaaui oOoraimieHus. [lepexoq OT OXHOM CTaguu K APYrou
COTPOBOXKIAETCS  COKpAIlGHWEM KPYITHOCTH MepepadaThiBaeMOTO  MaTepHala,
KJIAaCCU(UKAIIMEH TIO0 KPYMHOCTH W pa3lielieHHEeM I0 (DU3MUYECKOMY HIH (DU3HKO-
XUMUYIECKOMY TpU3HAKy. VICmoib30BaHNE MUKJIOB W CTAAWH B KAadeCTBE DJIEMEHTOB
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JICKOMIIO3HIINU TTO3BOJISIET OJJHOBPEMEHHO MPUMEHSTh KaK TEXHOJOTHYCCKHE, TaK U
SKOHOMHUYECKHE KPUTEPHH ONTHMAIBHOCTH (YHKIIMOHHPOBAHUA W OCYIIECTBISTH
¢hyHKIIMOHANBHYIO (1T0  (YHKIFSIM), KOMIIOHEHTHYIO (TI0 BHAY OJJIEMEHTOB) W
CTPYKTYpHY!O (TI0 BUYy OTHOIICHUI MEXIY 3JICMEHTAMH) IEKOMIIO3HIIUIO CUCTEMBI.

I'myOmHa MEKOMMO3WIMK TEXHOJOTHYECKOM Ienmu 0 CTaauil COKpamleHUs
KPYITHOCTH TTO3BOJIIET JOCTHYh TPeOyeMOro ypOBHS I€TATH3AINA OTICAHHUS CHCTEMBI
Y WCIIOJIb30BaTh HAKOIUICHHBIC 0a3bl JIAHHBIX TPAIUIIMOHHBIX CXEM MepepaboTKu
MUHEPATBHOTO CBHIPhs, PSKUMOB 00OTaIllEHUS M KOJIMYESCTBA MIEPEUYNUCTHBIX OTICPAIIHIA.

IlocnenoBatenbHas MEKOMITO3UITUS CHUCTEMBl B TIIyOMHY TpuBela K TaKoi
HEpapXHH MOACUCTEM, HIDKHUM YPOBHEM KOTOPOU SIBJISICTCSl CTPYKTYPHBIN 3JICMEHT —
CTaJiisl COKpAICHUSI KPYMHOCTH PyAbl. CTPYKTYPHBIA 3JIEMEHT UMEET OJIUH BXOJ H
TpH BeIXoAa (puc. 2).

/ Knaccuduxanums \
0 KPYIHOCTH
+I[ OOMIIKA HIIH 4 N\
P Krnaccudukarms
MEJIbHHIIA 10 KPYITHOCTH
+ 6 -
Pazzenenue mo HApobuxa nim Paznenenue mo
¢dusnueckomMy MEbHUIIA (duznueckomy
CBOWUCTBY CBOUCTBY
Xsoct| Ilpom Konuentpar XBoct| Ilpom Konuentpar
\_ HPOIYKT 9 TIPOIYKT )
- J

l

Cragus - CTpyKTypHBIH 3I€MEHT
TEXHOJIOTHIECKOH CXEMBI

N

Puc. 2. CmpyxmypHnwiii a1emenm 0exomMnouyuu mexHoai0eU4eckoll cxemol

Bxonpl M BBIXOABI CTPYKTYPHBIX JIIEMEHTOB B TEXHOJIOTHYECKOH CXeMe
COEAMHEHbl MaTepualbHBIMH TMOTOKaMH. [logoOHOE mocTpoeHre TEXHOJIOTHYECKON
CXEMbl B BHJIE IIOCIIENOBATENBHO M NAPALIENBHO COSAUHEHHBIX CTaIUl ITO3BOJISIET
BbIpabOTaTh €OUHBIE [UII BCEX 3JEMEHTOB KAauyeCTBEHHBIE M KOJIMYECTBEHHBIC
TEXHHYECKUE, TEXHOJIOTMYECKHE M 3KOHOMHMYECKHE XapakTepucTHku. Ha ocHoBe
OTIPEICIEHHOTO 3aKoHa (DYHKIIMOHMPOBAHUS MOTYT OBITh TIONYYEHBI BBIXOJHBIC
XapaKTepUCTUKU C YYeTOM pa3nudHbiX (akrtopoB. Tak, Hampumep, HCIONB3YS B
KayecTBE OJHOr0 M3 KpurepueB 3(deKkTuBHOCTH — 3HEPro3)(HEeKTUBHOCTD, TEXHO-
JorryecKasi cxema 1epepaboTKH JKEJIE3UCTHIX KBApPIUTOB MOXET OBbITh IMOCTPOCHA B
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BHJIE TIOCJICIOBATEIBHBIX CTAINI COKPAIEHUS KPYITHOCTH PYABI C BBIBOJOM B KaXI0OH
CTaJM KakKk OTBaJbHBIX XBOCTOB, TaK H, MO Mepe BO3MOXKHOCTH, TOBapHOTO
KOHIIGHTpaTa, YTO NPUBOJUT K YMEHBIICHHIO IUPKYJSIMOHHBIX HArpy30K Ha
MEJIBHHIIBI U TOBBIIEHUIO 3()()EKTUBHOCTH PACKPBITUS CPOCTKOBBIX (PPAKIUU PYIIbI
(puc. 3).

Kpome TOro, mojo0HOE MOCTPOCHHE TEXHOJIOTHYECKOW CXEMBI IO3BOJISIET
ONTUMHU3MPOBATh HA OCHOBAHWUU KPUTEPUEB 3PPEKTUBHOCTH OTACIBHBIX OIEPAIUH,
BHYTpEHHEE  amnmaparypHoe OQOpPMIICHHE CTPYKTYPHOTO  3JIEMEHTa — CTaJuu
COKpAIleHHST KPYITHOCTH.

Hcxonnas pyna

1

W3MenpueHne :

1 cragus :
1
1

MarsuTtHast cenapanust

\ | |

—_—— e ———— -

ToHKOE TpOXOYeHHE OTBajbHBIE |
i XBOCTEI |
1
1
MI' - cenapanus |
1
n
A I > ~
> 1 CTagui
R s
. v
ToBapHbIit Ha cnenyromyro
KOHIIGHTpPAT CTaJIUI0
e - —— } ——————————— ~
! II cragus :
.
ToBapHblil (] OtBanbHbIE
KOHIIEHTpAT . XBOCTBI <
’ == |- -"-—"-—"-"-"--"—-=-- ~
v
V3menbueHue

MarnuTHas cenapauus

J R

ToHKOE IPpOXOueHHe OrBainbHbIe cranus

I ¢ XBOCTBI

MI - cenapanus

N - ——— -

&
<

N e e e o o o e e e e e e e e e e e e e o - - -
v TosapHsIi OtBasbHEIE <
KOHIIEHTpPAT XBOCTBI

Puc. 3. Hepcnekmuenaﬂ mexHojiocudeckas cxema nepepaéomku
JHcCeNIe3uCmsvlx Keapyumoe
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VIIK 004.94

U.H. MoposoB1'2, n.E. K|/|pwm10|31’2

! MHCTuTyT ME(QOPMATHKN M MATEMATHIECKOTO MOJICTHPOBAHNS TEXHOTOTHICCKHX IIPOLIECCOB
Konsckoro HI] PAH

% Oumman enepatbHOro rocyIapCTBEHHOIO OI0IKETHOIO 00Pa30BATEILHOI0 YUPEK/ICHHS BHICILIErO
obpazoBanus «MypMaHCKHUH apKTHUECKUI TOCYJapCTBEHHBIH YHUBEPCUTET» B I'. ATIATHTHI

NMPUMEHEHUE METOAOB HEYETKOW NNOMMKU ANA CO30AHUA CUCTEMbI
ABTOMATUYECKOI'O PEIMYNIMPOBAHUA OPOBNEHUA PYAbl PA3JIMYHOU
KPENOCTU APOBUINKOWU KPYNMHOIO APOBNEHUA KKA 1500/180

AHHoOTauus
B ctaTbe paccmoTpeHa BO3MOXHOCTb MPUMEHEHMSA TEOPUU HEYETKUX MHOXECTB Npu
cOo34aHUN aBTOMAaTM3NPOBAHHOW CUCTEMbl PerynupoBaHus npouecca ApobneHus
ropHo-oboraTuTenbHbIX NpeanpuaATUA. [leTanbHo onncaHa cuctema perynupoBaHus,
a Tawkke ornucaHa npouegypa paspaboTku HedveTkoro perynsTtopa. lNMpegnaraemas
cucTema perynnposaHuns npomogenuposaHa B cpege Matlab.

Knroyesnbie cnosa:
UMUMayUoHHoe MoOesIupo8aHUe, Meopusi HEYEMKUX MHOXecms, cucmema
asmomamuy4yecKo20 peayiupo8aHus.

I.N. Morozov, LE. Kirillov

APPLICATION OF FUZZY LOGIC METHODS FOR CREATING A SYSTEM OF
AUTOMATIC REGULATION OF ORE CRUSHING VARIOUS FORTRESS BY
CRUSHING CRUSHED CRUSHING KKA 1500/180

Abstract
The article considers the possibility of applying the theory of fuzzy sets when creating
an automated system for regulating the process of crushing ore-dressing enterprises.
The control system is described in detail, and the procedure for developing a fuzzy
controller is also described. The proposed control system is modeled in the Matlab
environment.

Keywords:
simulation, the theory of fuzzy sets, automatic control system.

CrpykTypHasi cxeMa 00beKTa yIpaBJeHUs!

OOBEKTOM ympaBlIeHUs! SBISETCS KOHYCHAs JPOOHIIKA KPYMHOTO JpOOJIeHUs
KKJT 1500/180. KonycHast apoOuika — 3T0 00beKT, paboTy KOTOPOr0o XapaKTepU3yeT
NPOU3BOJIUTENFHOCTh HTATENs, I[IHPHHA pasTPy30YHOW INENH, KPYMHOCTh H
MPOYHOCTh MCXOJHOTO MaTepuasia, a TakKe MOIIHOCTb, IMOTpediisieMasi B IpoIecce
npoOiieHus, ¥ TPaHyJIOMETPUYECKHUH COCTaB JApPOOJIEHOTO MPOAYKTa, XapakTe-
pHU3yeMBbIi cpeIHEB3BEIICHHBIM TUAMETPOM KYCKOB.

Bo3MOXHBIE OTKJIOHEHWS HIMPUHBI pa3TPy30YHOM INENM OT 3aJaHHOTO
3HA4YeHUs], KaK MPaBHJIO, CBOEBPEMEHHO YCTPAHSAIOTCS 00CITYKUBAIOIIUM MEPCOHATIOM
npu npoduIakTUIecKux ocMoTpax. KpoMe Toro, m3MeHeHHEe IUPHUHBI Pa3rpy304HOM
e B TPOLECcCe JKCIUTyaTallMd HACTOJIBKO Mallo, YTO €ro BIHMSHHEM MOXKHO
npeHedpeys.
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JuHamuueckue CBOWCTBA mporiecca APOOJICHHUS COOTBETCTBYIOT WHEPIIUOH-
HOMY 3BEHY IIEpPBOTO MOPSIKA C 3ama3apiBanueM [1]:

-pry
W B k,,-e "
op (p) - s (1)
T, -p+l
AP-Q,..
rae = & - KOO GUITUEHT yCUIICHHSI TPOOVITKH;
”AQ-P
Q “Lbas
Vyp -3600
T, =-—f——— - mocrosiHHas BpeMeHHU IPOOUIIKH;
q
¥,y =— - TPQHCIIOPTHOE 3aNa3/bIBaHNC;
v

q - IPOU3BOUTEIHHOCTD APOOHIIKHU 10 TPpOOICHOMY MPOAYKTY, T/4;

P - MmomHOCTE, mOTpebIIsIeMast MPUBOIOM APOOHIIKH;

Q - KoMUYecTBO MaTepuana (pyibl) B APOOUIIKE.

Janee Obun ompenesieHbl 3HAYCHHS NIepeAaTOUYHbIX (PYHKINH aCHHXPOH-
HOI'O JABUTaTessi, mpeoOpa3oBareisi 4acTOThl, U NPOU3BEACHA HACTPOHKa BHYT-
pEHHETro KOHTYpa peryJTUpOBaHMs CKOPOCTH ABUTATEINs [2].

CTpyKTypHasi CXe€Ma CHCTEMBbl pEryJHpOBaHUs IPOU3BOIUTEIHHOCTH
KOHYCHOU JIPOOMIIKY MpeACcTaBlIeHa Ha puc. 1.

Perynstop Mpeobpasosatent |
CKOpOCTY 4acToTbl

Perynstop p\Us AU, 1 AU ’ kn

npou3soau kpe +——— » ——

+ | tensHoctn| " Trep L+To p

Obbekt
ynpaBneHms

Toxosoe ~ AMc MexaHquCKoq
AU3 3BEHO
m

rg ke
T,

Puc. 1. Cmpyxmypnas cxema cucmemvl pe2yiuposanusi NPOU3800UmeaIbHOCmu
KOHYCHOU OpoOuIKu

Ha puc. 1 o603HaueHoO:

ITY — npeobpazoBaTesib 4aCTOTHI;

AJl — acHHXPOHHBIHN 3JIEKTPOABUTATENb;
OV — 00BeKT ynpaBiieHus;

HIT — naTuymk npou3BOAUTENIBHOCTH;

Q .
U,.,(p) — HampsKeHHe 3a/1aHus 110 IPOU3BOIHTEIBHOCTH;
@ .
U,..(p) — HampsKeHHUE 3a/]aHus IO CKOPOCTH;

U gc (p) — HanpsokeHHe 0OPATHOM CBSI3U MO POM3BOAUTEIBLHOCTH.
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[ns ompeneneHuss BO3MOXHOCTH NMPUMEHEHHUS METOA0B HEUETKOH JIOTHKH B
CHUCTEME aBTOMAaTHYECKOI'O PETyJHpPOBAaHUSI IMPOU3BOIUTEIBHOCTBIO  APOOHIKU
IIOCTPOMM MAaT€MaTH4YECKHE MOJEIN CHCTEMBI PETYIMpPOBAHMSA C Pa3HBIMH THIIAMH
perynstopoB (I11- 1 Heu€TKU# perynsTopsl).

HacTtpoliky nponopnnoHaIbHO-MHTErPAIbHOIO PETYIATOpa NMPOU3BOJUM I10
KpUTEPHUIO0 TEXHUIECKOTO onTuMyMa [2].

Hactpoiika HeueTkoro perynsropa IpoU3BOIUTCS B HECKOIBKO ITAIOB.

1. Onpeodenenue u ghopmanuzayus HeuémKux nepemeHHbvIX

Ha Bxox meu€tikoro perynsitopa OyneM mojaBaTh Ba NapaMeTpa — CHUTHAI
paccoryiacoBaHus MPOU3BOIUTEIIEHOCTA JIPOOMIIKA CPEJHErO JPOOJICHUST £ W CKO-

de
pOCTI) N3MCHCHUS OTOI'O CHUI'HAJIa (CFO HpOI/I3BOI[Hy10) d_ . Ha BBIXO/€ 6y,[[eM HNUMCTh
t

CHIHAJI HanpsbKeHust 3aianust o ckopoctu U (p).

BBenem HeuéTkue mepeMeHHbIE, ONpeNesIuM UX TEPM-MHOXKECTBA U 33JaluM
(hYyHKIINH TPUHAIEKHOCTH KaXKIOMY TEPM-MHOYKECTBY HEUETKOU TIepeMeHHoi [3].
Wrak, nMeeM TpU HEUETKUE IIEPEMEHHBIE:
® «PaccoriIacoBaHUE MPOU3BOAUTEILHOCTIY;
® (CKOPOCTh M3MECHEHHSI PACCOTIIACOBAHMS»;
® (HATIpSHKEHUE 3aJJaHHsI TI0 CKOPOCTI.
dopmanuzaius JaHHBIX HEYETKUX MEPEMEHHBIX MTpeCTaBieHa B Tab. 1.

Tabnuya 1
@opmanuzanus HEYETKUX MTEPEMEHHBIX
Ob6nacTp
HaumenoBanue Heu€TKOM Obnacth TeDpM-MHOKECTEA OIIpEIEIICHUS
NIEPEMEHHON OIIpEJCIICHUS p TepM-
MHOYKECTBa

OB = «OT1punarensHoe .

OobIoey [-1;-0.3]
Paccornacopanue H = «HopmassHOE» [-0,6; 0,6]
[IPOU3BOUTENILHOCTH, [-1, 1]
OTH. €]1. b = «IlonoxutensHoe [0.3: 1]

OobIoey ”

H = «Huzkas» [0; 40]
CkopoCTb U3MEHEHHUS _ ]
paccoracosanns, % [0, 100] C = «Cpenusisn» [30; 70]

B = «Bricokas» [60; 100]

U, [0; 4]
Hanpspxenne 3aganus mo [0, 12] U, [4: 8]
ckopocty, B ’ 2

Us [8; 12]

2. 3a0anue euoa yHKyuil NPUHAONEHCHOCHLU MEPM-MHOIHCECHE

(D}’HKI_II/IPI MNPUHAMJICI)KHOCTH TEPM-MHOKECTBAM BXOIAHBIX HEYETKHUX rnepe-
MCHHBIX UMCIOT BHU/I.
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i [ =1,

1
Hl\x)= , (2)
e loG—d,)
s [ =2,3,4,
1
= , > 3
# (X) l+exp(c[ (x_dll )) s ®
1
#y(x) npu x<a, @)

) l+exp(-c¢,(x—d,))
rae @, —MoJa He4eTKOTo YHcia (y, (a, ) = 1);

¢, u d,; — napaMeTps! (GyHKIMH IPHHAIC)KHOCTH;
| — MHAGKC TePM-MHOKECTRBA.
[Tapamerpsl GyHKIWA MTPUHAIEKHOCTH BXOIHBIX HEYETKHX MEPEMEHHBIX

MIpeICTaBJICHbI B Ta0I. 2.
Tabauya 2

[MapameTppl GyHKIMNA TPUHAIIEKHOCTH TEPM-MHOKECTBAM BXOJIHBIX
HEUYETKUX NIEPEMEHHBIX

[Mapametpsr QyHKIHN
.. Tepm-
Heuérkas mepemenHas / TIPUHAIJICKHOCTH
MHOKECTBO

a ¢ dy
PaccornacoBanmne Ob 1 — 2 -2
NIPOU3BOIUTEIBHOCTH, H 2 -0,5 2 1
OTH. €]I. 1B 3 2,5 2 4
C H 1 — 2 39
oo | e | ws |2 s
P » 7 B 3 55,5 2 61

OyHKIUSA MPUHAMJIECKHOCTH TEPM-MHOKECTBAM BBIXOJHOM HEUETKOU mepe-
MEHHOI UMEET BU/I;

1
#(x)= , ()
l 1+exp(c,(x—d,1))
riae [ — MIH/IEKC TEPM-MHOKECTBA.

HauanbHeie mapameTpbl (YHKIWMH TPWHAIUICKHOCTH BBIXOJHOW JIMHTBHC-

TUYECKOW MEPEeMEHHON NPeICTaBIeHbI B Ta0. 3.
Tabauya 3

HauanpHbie mapameTpsl QyHKITHI IPUHAIIE)KHOCTH TEPM-MHOKECTBAM BBIXOTHOM
HEUETKON NEpEMEHHON

ITapameTpsl
Heuérkas nepeMeHHas Tepu- j ymxiu
MHO>KECTBO IPUHA/JICKHOCTH
¢ d;
1 10 2
Hanpsxenue 3apanus no ckopoctu, B U; 2 10 6
3 10 10
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ITpumep rpadudeckoro npeacTaBaeHus QYHKIUN MPUHAIICKHOCTHA TEPM-
MHOXECTBAM HEYETKUX ITEPEMEHHBIX TTOKa3aH Ha puc. 2 - 3.

mf1 mf2 mf3

=]
[y |
T
1

] 1 T 1 ] 1
-3 -6 -4 -2 1] 2 4 B a

Puc. 2. Tepm-mnosicecmeo 6xoono2o napamempa
«Paccoenacoeanue npou3go0umensHOCmu»

mf1 mf2 mf3
1 =
nstk \ \ \ i
Op ] ] ] ] ] o
2 4 G a 10 12

14

Puc. 3. Tepm-mnooicecmeo bixooHozo napamempa
«Hanpsoicenue 3a0anus no ckopocmuy

3. 3a0anue npasun HeuemKo20 102UYECKO20 8b1800A

OnpezesneHne HEYETKOro 3HAYCHUs KOI(D(ULMEHTA U CTPOUTCS Ha OCHO-

BaHMU HaOoOpa MpPaBHII Rij JIOTUYECKOTO BBIBOJIA, XPAHAIIErocss B 0a3e 3HaHUM

CHCTEMBI. JTH InpaBuJia BI:I6I/IpaIOTC${ B COOTBECTCTBHE C 3KCH6pTHOﬁ OHeHKOﬁ nu
HUMCIOT BU:

de
II;: ECJIN ¢ ectb «Ob» 1 d_ ectb «H» TOI'JIA u ects U, .
t

Bce HabopbI paBMiT TOTHYECKOTO BBIBOJIA MOTYT OBITH MPECTABICHBI B BUJIE
pemaroreit Tabmauie (Tabm. 4.)
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Tabruya 4
Permaromiast Tabimiia HEYETKOTO JIOTHIECKOTO BBIBO/IA

H C B
OB U, U, U,
H U, U, U,
nB U, U, U,

OHOBPEMEHHO C ONpECICHUEM MPaBHI MPOUCXOJMI BBHIOOP MHHUMYyMa
(GYHKIMA TPUHAATIEKHOCTH ( JUIS KaXJI0T0 W3 BOocbMU HaOopoB. Ilpu BwIOOpE
MpaBWJ  ONpeAeIsuIoch HekoTopoe dguciao Chi, mocime bero oHO B OJoOKe
nedazudurkanuu mpeoOpa3oBBIBATOCH BMECTE C ¢ B YK€ KOHKpETHOE 4Yuciio ul-9,
T.€. IPOUCXOIMII TIporiecc meda33uduupoBaHusl.

HedazsudunupoBanue OCyMECTBIACTCA MO METOAY IEHTpa TSDKECTH I10
YIpOIEHHOU (hopMyIie:

2ab 2B
i=1

AP=f - = (6)
DA IR
i=1 i=1

rae b — abcmcca cpeHero 3HaYeHHs BBIXOJIHOTO TepMa,

¢ — CTETIEHb IPUHAJICKHOCTH BEIXOJAHOTO TEPMa;

i — KOJINYECTBO JEHUCTBYIOLIUX BBIXOIHBIX TEPMOB.

Hns  dazsungentudukanuyn OBUTM TPUBIEYEHBI JKCIEPTHl. B KadecTBe
9KCIEPTOB MPHBICKAIUCH, B IEPBYI0 OYEpENb, ONBITHBIE CIECHUAINCTBI, BCE, KTO
HETIOCPEACTBEHHO paboTaeT Ha MyJIbTEe YIPABICHUS, KOHTPOIUPYET TEXHOIOTHUECKHUH
nporecc. DKCHEPTHBIMU METOJaMH ONPEACISIINCh TEPM-MHOXKECTBA M (PYHKIUH
MIPUHAUIEKHOCTH BCEX JIMHTBUCTHYECKHX IIEPEMEHHBIX, a TaKXKE COCTaBIIUIUCH
ITOPUTMBI (a33u-yIPaBISIONINX YCTPOUCTB (IKCIIEpTHON 0a3bl 3HAHUIA).

KomnbioTepHoe Moje/lMpoOBaHHe CHCTeMbl ABTOMATHYECKOI'0 Pery/JIMpoBaHus
NPOU3BOAUTEIbHOCTH KOHYCHOM ApoOuiku B cpene Matlab

MopenupoBaHie CHCTEMBI aBTOMAaTHYECKOTO PETYIMPOBAHUS IPOHM3BOJIM-
TENBHOCTH KOHYCHOH JpOOHIIKH TipoBesieM B cpene Mat Lab 7.9.0 ¢ ucnons3oBanuem
npwiokenus: Simulink. MoaenupoBaicsi pexXuM IMycKa CHCTEMbl aBTOMAaTHYECKOTO
PEryIMpoBaHus MPOU3BOIUTEIILHOCTH KOHYCHOW IpOOMITKH.

PaccmoTpum 7B MomenH ¢ peryisaTopaMy MPOM3BOJUTEIBHOCTH Pa3HBIX
THIIOB.

MaremaTryeckasi MOJIeIb CHCTEMbl aBTOMATHYECKOTO PEryJIMPOBaHHs TPOU3-
BOJMTEIIFHOCTH KOHYCHOU IpoOMiIKy ¢ mpumeHnenneM [1M-perymnsropa npencrasieHa
Ha puc. 4.
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r
B untitled * o B

File Edit View Simulation Format Tools Help

NEEH&S|iBR[E2 4|2 5[0 [omd DERE REES®

g 0.0228:41 0.008:+1 10.47 1970.21
0215 00%: 0.001s+1 017541

Canstant Transfer Fent Transfer Feng Transfer Fon2 Transfer Fen3 Tiansfer Fond | Transfer Fens  Transport

Delay1

Ready [100% [ I |odess y

Puc. 4. Mamemamuueckas mooens cucmemvl AGMOMAMUECKO20 Pe2yIupO6aHUsL
nPOU3800UMENLHOCIU KOHYCHOU Opobunxu (I1H-pezynsmop)

PeBynBTaTI)I MOACIIUPOBAHUA (B OTHOCHUTCIBbHBIX eI[I/IHI/ILIaX) MpEeACTaBJICHBI HAa pUC. 5.

Puc. 5. I'pagux usmenenus npoussooumensHoCmu KOHYCHOU OpoOUIKU npu nycke
(I1H-pezynamop)

Ilo IMOJIYYE€HHBIM Ipa(bHKaM OIpeaACIAEM KaUYCCTBEHHBIC ITOKA3aTCIIN CUCTEMBI
PeryIupoBaHus MPOU3BOIUTEIHLHOCTH KOHYCHOM APOOHIIKH:
® [iepeperyaupoBaHue MpH MycKe:
P, =1 1,081
7 = 100% =2 —

ycr

-100% =8% ;

1
e BpeMsI IIEPEXOIHOTO Ipoliecca IpH mycke: f,  =3.2 cex .

Crarryeckas omOKa OTCYTCTBYET.
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MaremaTtnueckass MOJEIb CUCTEMbl aBTOMATUYECKOT'O PETYIUPOBAHUS MIPOU3-
BOAUTENBHOCTH KOHYCHOH IPOOWJIKM C IPUMEHEHHEM HEYETKOrO peryiasTopa

MpeIcTaBIeHa Ha puc. 6

[ untitiea = =

File Edit View Simulation Format Teols Help

DEES| LR |cod |22 1w [om JBeBE: REBS®

/m\ 0.0085+1 1047 1970.21
0.09s 0.0015+1 017541

Transfer Fené Transfer Fon2 Transfer Fen3

Transfer Fens  Transpert|  Scape
Fuzzy Logic Delsy1

Controller

Constant1

l

Ao
]

Gaint

Derivative N
<

Ready [100% [ | |odeds

A4

L

Puc. 6. Mamemamuueckas mooenb cucmemvl A8MOMAMUYECcKo20 pezyaupoeanus

npOU380OUMENLHOCIU KOHYCHOU OPOOUIKY (HeuémKull pe2yisimop)

Pe3YJ'II)TaTI>I MOACIIUPOBAHUA (B OTHOCHUTCJIBHBIX eZ[I/IHI/IIIaX) MMpeaACTaBJICHBI HA

puc. 7.

P HEBE e

Puc. 7. I'pagux uzmenenus npouzsooumenbHoCmu KOHYCHOU OpOOUIKU NPU NYCKe
(Heuémruil pe2yismop)

[To monyueHHBIM rpadKkaM ONpeIessieM KaueCTBEHHBIE MOKA3aTe N CUCTEMbI

PEryJIMPOBAHUS TTPOU3BOAUTEIIBHOCTH KOHYCHOM JIPOOHIIKHU:
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® [ICPECPCTYIMPOBAHUC IIPU ITYCKE:
Heu hmax _hyCT 1;2_1
v, =h—-100%=T~100%=20%;

yer
e BpeMs EPEeXOHOTO Ipolecca npu mycke: ¢, = 3.8 cek .

Crartudeckast OImMOKa OTCYTCTBYET.

3akiaouenue

B pabore ObL1 mpeAnoxKeH MOAXOI K CO3JAaHHIO CHCTEMbl aBTOMAaTHYECKOI'O
PeryIupoBaHusl IPOU3BOAUTEIBHOCTH KOHYCHOM APOOMIIKY C IPUMEHEHUEM METOI0B
HedeTKkoW soruku. B Xome wuccienoBaHust ObUIM OMpENENCHBl W PACCUUTAHBI
nepeaaToyHble (YHKIUM BCEX 3BEHBEB CHUCTEMbl aBTOMAaTHUYECKOI'O DPEryJIMpOBaHHUS
[IPOM3BOJUTEIBHOCTH KOHYCHOM IpOOMJIKHM, a TaKkKe IIPOM3BEAECHA HACTPOWKa
HEYETKOTO PEryysTopa MPOU3BOJUTEIHHOCTH.

Taxke OBUIO TNPOW3BEACHO KOMMBIOTEPHOE MOJEIHUPOBAHHE CHUCTEMBI
aBTOMAaTUYECKOTO PEryJIMpOBaHMs IMPOU3BOIUTEIBHOCTH KOHYCHOM OpOOMWJIKM Ha
OBM B nporpammHo#i cpene Matlab (mpunokenun Simulink) u mpoaHanM3MpoBaHbI
nony4yeHHsle rpaduku. Ilpy HCIONB30BaHMM HEUETKOTO PperyisTopa CHCTeMa
paboTaeT nojblie M IEpeperylvpoBaHHe Oonblie, 4eM Npu ucnoib3zoBanuu [1M1-
perynsitopa. Takue pe3ynbTaTbl MOXKHO OOBSCHUTH MajlbIM YHCIOM 3KCIIEPTHBIX
OLICHOK MPY HACTPOWKE HEUETKOTO PETysTopa.
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YK 004.832

E.B. Ban6ykoBa', A.l'. OnenHuk?
! Anarurckas TCIJIODJICKTPOLICHTPAIb

2 MucTuTyT MEQOPMATHKH I MATEMATHYECKOTO MOJIEINPOBAHHS TEXHOIOTHIECKHX MPOLIECCOB
Konsckoro HI] PAH

PA3PABOTKA CUCTEMbl ABTOMATU3UPOBAHHOIO MOHUTOPUHIA U
NMPOrHO3UMPOBAHUA OCTATOYHOIO PECYPCA TEMNJNO3HEPITETUYECKOIO
OBOPYOOBAHMUA

AHHoOTauus

B cTaTtbe paccMOTpeHbI CyLLEeCTBYOLLME NOAXOAbI K PELUEHMIO 3a4ay MOHUTOPUHIa U
NPOrHo3npoBaHMUsS OCTaTOYHOrO pecypca TpybonposoaHoro obopyaoBaHus. [Ans
peweHns nodobHbIX 3ajady aBTopaMu npeanaraetcsd  dopmanbHasi Mogenb
naponpoesoga, kotopass ©OydeTr OCHOBOM Ans  peanu3auun  anropuTMoB
aBTOMaTM3NPOBaHHON CUCTEMBbI MOHUTOPUHra TENNo3HepreTU4eckoro
060py0BaHNs, NNaHMPOBAHUS 3KOHOMMUYECKN 3EKTUBHBIX rPadnKoB MIIaHOBOIO
obcnyxuBaHMa M peMoHTa fdaHHoro obopyaoBaHus. Mogenb paccmaTpuBaeTcs Ha
npuMmepe nNaponpoBodoB  AnaTtuTCKOW  TensoanekTpoueHTpanu. [lpuBegeHo
npegnaraemoe opmanbHOe OnMcaHne CTPYKTYPHOW MOAENW naponpoBoza.
MpenctaBneHa CTPyKTypHasi cxemMa aBTOMAaTU3WPOBAHHOW CUCTEMbl MOHWUTOPWUHra
naponpoBOAOB M NEpPeYeHb peLlaeMbiX C ee NOMOLLbIO 3adau.

Knrodessle cnosa:
mennosHepeemuyeckoe obopydosaHue, Mapornpoeod, MOHUMOPUH2, MPO2HO3UPO8aHUEe
0CmamoyYyHo20 pecypca, asmomamu3uposaHHasi cucmema, popmaribHasi Moderb, noddepxKa
MPUHAMUSI PeWeHuUs, cCmpyKmypHasi MoOerib.

E.V. Balbukova, A.G. Oleynik

DEVELOPMENT OF THE SYSTEM FOR AUTOMATED MONITORING AND
FORECASTING OF RESIDUAL RESOURCE OF HEAT-POWER ENGINEERING
EQUIPMENT

Abstract

The existing approaches to solving the problems of monitoring and forecasting the
residual life of pipeline equipment are considered in the article. The formal model of
the steam pipeline is proposed by the authors for solving similar problems. The
model will be the basis for algorithms of an automated monitoring system for heat-
power equipment and planning cost-effective schedules of scheduled maintenance
and repair of this equipment. The model is considered on the example of the steam
pipelines of the Apatitsk thermoelectric power station. A formal description for the
structural model of the steam pipeline is given. The structural diagram of the
automated monitoring system of steam pipelines and the list of problems solved with
its help are presented.

Keywords:
heat-power equipment, steam pipeline, monitoring, forecasting of residual resource, automated
system, formal model, decision support, structural model.

BBenenne

Oxkono 50% Bcex poCCUICKUX TEIUIOBBIX JIEKTPOCTAaHIMNA CO3aHbl BO BTOPOI
nonoBuHe XX Beka. [loaromy B HacTosiiee Bpemsi OCTPO CTOMT IpoOdiiema
YBENMYEHHs] CpOKa OKCIUTyaTallud WX o0opyaoBaHus. Beixom w3 crpos
TEIUIOIHEPTeTUIECKOT0 000pYJOBaHUs, KaK HPaBWIIO, MPHUBOAUT K 3HAUYUTEIHHBIM
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SKOHOMHYECKMM ToTepssM. OcTaHOBKa MPOM3BOACTBEHHBIX OJIOKOB H3-32 aBapUH
MOXKET OKa3aThb CYILIECTBEHHOE HETAaTHMBHOE BIMSHUE HE TOJBKO Ha paboTy
MOPENpHUsITHH, HO U Ha JKU3Hb OONBLIOrO KOJUYECTBA JIIOACH — OCTaBUTh HaceleHHE
0€e3 OTOIUICHHS, TOPSTYEro U XOJIOIHOTO BOJOCHAOKEHUS, HIEKTPUIECTBA.

CrapeHne mapKa TEXHOJIOTUYECKOTO OOOpYAOBaHMS, MPOUCXOJsIiee B
HAcTOAIIEe BpeMs, MPUBOAUT K HEMHUHYEMOMY YBEIMUEHHUIO YacTOThI, IPOAOJ-
XKHUTEIbHOCTH U O00BEMOB PEMOHTOB. B pesymbraTe ympaBieHHE pPEMOHTaMH
3HAYUTEJIBHO OCJIOKHSETCS BBINOJIHEHHEM OIEpaluil aHajdu3a U IPOTHO3UPOBAHUS
TEXHUYECKOTO COCTOSIHUSI TETNIOIHEPTeTHUECKOT0 000PYI0BaHUSI.

CHoXHOCTp peleHHus 3agad MOHMTOPHHIA COCTOSIHHUS OOOpYyIOBaHHUS U
IUIAaHUPOBAHUS PEMOHTHBIX pabOT COCTOMT B TOM, UTO [UIi pealbHbBIX
TEXHOJIOTHYECKMUX OOBEKTOB YHCIO KOHTPOIUPYEMBIX JIIEMEHTOB 000pYyIOBaHUS,
BIIUSIONIMX HA BOSHUKHOBEHUE U Pa3BUTHE aBapUHHBIX CUTyallui, BecbMa Benuko. Ha
HEKOTOPBIX NPEINPUATUAX OHO COCTAaBISAET IECATKH ThIcad eAauHuL. Ilostomy
OpTraHN30BaTh ONEPATHBHBIA KOHTPOJIb BCEX HEOOXOAMUMBIX MapaMEeTPOB JOCTATOYHO
cllo)kHO. bonee TOro, HEKOTOpbIE METOABI JWArHOCTHKH TpeOYyIOT BBIBOJA
o0opyznoBanus u3 3kciuryaTauud. [Ipu sTom TpedyeTcs odecrieunBaTh MaKCUMAIbHBIN
MEXPEMOHTHBIH TMEPHOJ NPOU3BOACTBEHHBIX OJIOKOB MPEANPHUATHS C 3aJaHHBIMU
MaTepHaJbHBIMH M BPEMEHHBIMHU 3aTpaTaMH C Y4eTOM Irpa)KOB TUIAHOBOTO PEMOHTA
o0opymoBaHwsL.

IIporHo3upoBaHne OCTaTOYHOTO pecypca (Pa3pelIeHHOro CpoKa SKCIUTya-
TallM) CTaperoliero o0opyAOBaHHS SIBISICTCS KOMIUIEKCHOW 3ajauei, BKITIOYAroIei
TEXHOJIOTUYECKUM, 3KOHOMUYECKHW, TEXHUYECKUH, YIPaBICHYECKUH M OpraHu-
3alMOHHBIN acnekThl. Ee pemenue TpeOyer aBTOMaTH3alMU IPOLECCOB MOHUTOPHHTA
B COUYETaHUM C Pa3pabOTKON METOMIOB M aITOPUTMOB ITPOTHO3UPOBAHUS TEXHUYECKOTO
COCTOSIHUSL KOHTpOJHMpyeMoro obopynoBaHus. HeoOxonumo co3faHue CHCTEMBI
aBTOMATU3MPOBAaHHOIO MOHHUTOPHMHIA M TPOTHO3MPOBAHMSA OCTATOYHOTO pecypca
TETJIOSHEPI€TUUECKOr0 O0OPYIOBAaHHUSI C LENbIO BBIBICHUS aBapUIlHO-OMACHBIX
3IIEMEHTOB O0OPYAOBaHUS WM YYaCTKOB TPYOOHPOBOAOB, a Takke 3PPEKTHBHOTO
pacmpeneneHlsT 3KOHOMHUYECKHX PECYpCOB Ha IIPOBEIEHHE PEMOHTHO-TIPOQHIaK-
TUYECKHUX padoT.

CyuiecTByOIIHE CHCTEMbI ABTOMATH3MPOBAHHOTO MOHUTOPHHTA H
MPOTHO3MPOBAHUS OCTATOYHOI0 pecypca 060pya0BaHUS

AKTyallbHOCTh TOMCKA PELICHHH 3a7adM ONpEeJeTIeHUs] OCTaTOYHOIO pecypca
TpyOONIPOBOIOB PA3JIMYHBIX THIIOB IOJITBEPKIAECTCA HAIMYMEM psaa MyOiauKauui,
MOCBAIICHHBIX 3TOMYy Bompocy. B pabore W.I'. Boesoamna [1] paccmarpuBaroTcs
TpyOOTIPOBO/IBI, HCIOJIBb3yeMble B HE(TEra3oBOW W HedTernepepadarbIBaomei mpo-
MBILIUIEHHOCTH. ABTOPOM MpPEUIOKEHb HWH(GOPMALMOHHBIE CPEACTBA IMOAJNCPKKH
MNPUHATHSA PELICHUN MO MJIAHUPOBAHMIO PEMOHTOB JIMHEMHOW YacTH MarucTpajbHbBIX
razonpoBojioB (JIU MI'). Pazpaboransl nepapxudeckue MOJEIH Mpolecca MPUHATHS
peuieHuil Mo oleHKe pucka skcmryarauuu ydactka JIU MI'. IlpoBenen anamu3
OCHOBHOT'O TPHHLHUIA OPraHM3alMH HEPapXUUECKHUX CHCTEM II0Ka3zaTellel OLEHKU
9KCIUTyaTallHOHHOTO prcka. C ydeToM MHEHHs SKCIEepPTOB AJisi 0OOCHOBaHHS BHIOOPA
3HAYeHUI MokazaTelneil pa3paboraHa MH(POpMAIMOHHAS MOJENb Y4YacTKa JIMHEHHOM
YacTH MAarucTpajbHBIX Ta30IPOBOAOB W BBHINOJHEH pacyeT YHCIOBBIX 3HAYCHUH
BeCOBBIX Kod(duimentoB kpurepueB. OJHAKO C MO3WIMU aHATM3a OTHOCUTEIBHOTO
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pHCKa DSKCIUTyaTallud JAaHHas MOJeNb B IOJHOW Mepe He MOXXeT 00ecHeunTb
0e30mmO0YHbIe Pe3yabTATHI 10 BEIBOAY B PEMOHT ITPHOPHUTETHHIX OOBEKTOB.

B.A. ®enoroBeiv u O.M. I'ynmuamHO# [2] co3maHa cucTeMa MOIACPKKH
MOPUHATHSA PEIICHUH 10 YIPaBICHUIO PECypcoM OOOPYAOBAaHHS aTOMHBIX SJIEKTPO-
craamuii (ADC), mMeromas eInHyl CTPYKTYPHPOBAHHYIO 0a3y MaHHBIX JKCILTya-
TallMOHHBIX XapaKTEPUCTHK W OCYIIECTBIIAIONIAS pacueT WHTEHCHBHOCTH IIpoliecca
3pO3UOHHO-KOppo3noHHOTO H3HOca (DKM), a Ttakke ompenensiomas OCTaTOYHBINA
pecypc anemeHToB obopyaoBaHus. ObecnieueHne Oe30macHOW M HaZECKHOH pabOTHI
obopynoBanus ADC 6a3upyercs Ha METOAWKE MPUHATHS PEUICHUH 10 YIPaBICHHIO
pUCKaMH B TEUEHHE BCEro XKM3HEHHOTO LuKiIa. Bompockl paboTel TpyOONPOBOIHBIX
CHCTEM DJHEproOJIOKOB BTOPOTO TEIJIOBOTO KOHTYpa, OSKCIUIyaTUPYIOIIUXCS B
ycnoBusix DKW, cyIiecTBeHHO BIHSIOT Ha KadecTBO, CTOMMOCTh M 0O€30I1acHOCTh
paboThI aTOMHOW CTAHIIUH B [IEJIOM. B 3TO# CBSI3M OYEHb Ba)KHBIM SIBJISIETCS] HAJIMIHE
JOCTOBEPHOM M JONTOCPOYHON MPAKTHKH HAOMIOJCHHUH 32 COCTOSHHUEM KPUTHYHOTO
o0opymoBaHM, a TakkKe TMPUMEHEHHE pPa3BUTHIX MAaTeMaTHYeCKHNX METOJOB
MIPOTHO3UPOBAHUSA, OMHUPAIONINXCS Ha (PU3MYECKHE WM HMIMPUYECKHE MOJETH
HCCIIeyeMOro Tporecca. B maHHO#W paboTe pe3ysibTaTOM SBISCTCS BBISABICHHE U
000011IeHIe MaKCUMAIIBHOTO YKciia 00bEKTOB, (PaKTOPOB, XapaKTEPUCTHK U METO/UK,
YYacTBYIOMIUX B ()OPMUPOBAHUY €TMHOTO WH(GOPMAIMOHHOTO TIOJISA, OTHCHIBAIOIIETO
JKU3HEHHBIA IUKJI 3aJaHHOrO THIa o0opymoBaHus TpyOompoBogoB ADC. Takas
cucTeMa TOJJICPKKH TPHHATHS PEIICHHH TMO3BOJSET PAaCCUUTHIBATH JOMYCTHMBIC
TOJIIUHBI TPYOOIPOBOOB, IPOTHO3UPOBAThH cKopocTy mporecca DKW u onpenenars
OCTaTOYHBIA pecypc 000pPYyIOBAHUS.

[MpobnaemMa MOHUTOpWHra HAAECKHOCTH TEIJIOBBIX CETEH TaKKe paccMaTpH-
Baercs B.H. MenbkymoBsiM, C.H. Kysnernoseiv, K.A. CknspoBbiM, A.A. T'opckux
[3,4]. B ykazaHHbIX paboTax MpeACTaBIEHHl CHUCTEMBI MOHWUTOPHHIA COCTOSIHHS
Ha/IGKHOCTHU TETUIOBBIX ceTel, o0ecreyrBalofe aHalu3 U BbIIaqy HHQOPMAIUH JUTS
NpUHATHA pelieHus. Vcnosip3oBaHWe pa3pabOTaHHBIX CHUCTEM MOHHTOPHHIA
MTO3BOIISIET TIOBBICUTH 0OOCHOBAHHOCTh HHYKEHEPHBIX PEIICHUN 10 PEMOHTY TEIIIIOBBIX
ceTell M WX TeXHUYeCKOMy oOcmykuBaHUIO. lIpeacrapneHa MareMaTndeckass MOJACIb
ONMCaHMs COCTOSIHUSI TEIUIOBBIX CETEH, OCHOBaHHAsg Ha TEOpPUU BEposTHOCTEH. B
3aBUCHMOCTH OT KOJIMYECTBA DJIIEMEHTOB TEIUIOBOW CETH BEPOSTHOCTH COCTOSHUH
OIHUCHIBAIOTCS pa3IMIHbIMU AU(epeHITNaTbHBIMIA YPaBHEHUSMU.

Bompockl TOBBIIIEHHsT HAJEKHOCTH W COBEPUICHCTBOBAHHS OpraHU3alMN
PEMOHTOB 000pyZ0BaHMs MapoTypOHHHBIX ycTtaHoBoK (IITVY) 3a cyer pa3paboTku u
000OCHOBaHUSI KOMIUIEKCA METOJOB, PEAIN3YEMBIX B YCIOBUSAX OKCIUTyaTallvH,
paccmarpuBatoTcsl B yueOHOM mocobun «TpyOGomnpoBOABI TEMIOBBIX 3IEKTPUUECKUX
cranimit» B.E. Mypmanckum, T.®. boratoBeiM, FO.M. 'opmanom, B.U. Bpesru-
HUHBIM [5,6]. B pabore mpencTaBieHbl METOAWKH OIEHKH MOBPEXIaeMOCTH
o0opynoBaHUs, y4HTHIBatomue aeheKTbl, OOHapy>KEHHbIE B TIpPOIlECCE PEMOHTa U
MIpUBEINE K 0TKa3aM, a TAK)Ke METOJUKA ONpeeNICHHs JIEMEHTOB, TUMUATUPYIOIINX
HanexHocTh [ITY.

Cucrema TOMJIEPKKH TPUHATHS PEIICHUH yIpaBICHUS PEMOHTHBIMHU
paboTamMi M aBTOMAaTH3allMM TPOIIECCa TEXHUYECKOTO OOCITYKMBAHUS TEXHOJIO-
THYECKUX TPYOONPOBOZOB HA MPOTSHKEHHH BCETO TMEPUOJa IKCIUTyaTallHd METOIOM
CTaTUCTUYECKUX HCHBITaHUH paccMoTpeHa B pabore [mymxosa C.B. [7]. C ee
MTOMOIIBIO MOXKHO:
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— UCCNeNoBaTh NTUHAMUKY CHIDKCHHS YPOBHS HAJEKHOCTH ydacTKa TpyOo-
MIPOBOJHOM CUCTEMBI IIPU Pa3BUTHH Ae(eKTa;

— OLICHUBATh JKUBYYECTh pAcCMaTpPUBAaEMOIO ydyacTka TpyOompoBoja ¢
MMOBEPXHOCTHON TPEIIUHOM;

— IPOBOAWTH BapbUPOBAaHME I1APAMETPOB HATPYXKEHHUS C ILEIbl0 OOOCHO-
BaHHOI'O M3MEHEHHUs pabouero mpouecca NepeKadyky MPoayKTa yepe3 MOBPEKICHHBIN
y4acTOK TpyOOIpOBOAA;

— OIpeNeIIsATh AOIMYCTHMBIE Pa3Mepbl MOBEPXHOCTHOM TPELIMHbI MCXOAS M3
«Ha3HAYEHHOTO» pecypca (T. €. MPOBOAUTh HOPMUPOBAHHE E(PEKTOB).

HemocratkoM MeTona CTaTUCTMYECKMX MCIBITAHUN SBIAETCS TO, 4YTO
BEJIMYMHA OCTaTOYHOIO pecypca, MOTy4eHHask 3TUM METOJIOM, 110 CYTH, IPEACTaBIsAET
co0OH ciydaiiHyl0 BEJMYUHY, W MOCJEIYIOIIME pacueThl 3TOro ke TpyOompoBona
[IOKAa3bIBAIOT, YTO OCTATOYHBIM pecypc JexuT B uHTepBaie 9351 + 9734 wacos.
[losToMy mpHM UCHONB30BaHMM METONA CTATUCTUYECKMX HCIBITAHUM pacyer
HEOO0XOIUMO TPOBOIUTH HECKONBKO pa3 Ul IOJIyYeHHs JOCTOBEPHON YHMCIEHHOW
OLIEHKH OCTAaTOYHOTO pecypca TpyOONpPOBOA, YTO SIBISECTCS BaKHBIM (haKTOPOM MpH
IDIAHUPOBAHUN PEMOHTHO-TIPO(PHUIAKTHIECKHUX padoT.

AHanmu3 JUTEpaTypHBIX HWCTOYHUKOB IIOKA3aj, YTO HAa CETONHSIIHUHA [CHb
CYILIECTBYET MHOT'O METOJJOB MOHUTOPHHTA U MPOTHO3UPOBAHUS OCTaTOYHOTO pecypca
00OpyZOBaHMS. DTH METOIbl, B OCHOBHOM, HAlpaBieHbl HA BBISIBICHUE HanOojee
MPOOJIEMHBIX Y3JI0B KOHTPOJIUPYEMOro 000pYIOBaHUSI C LEIIbIO MPENYIIPEKACHUS WIN
YCTpaHEHUs aBapWUHHBIX CHUTyallnii Ha JaHHOM oO0opynoBaHuWu. Takod TOIXof,
0e3yCIIOBHO, SIBIISICTCS ONPABAAHHBIM, T. K. TIO3BOJISIET OAHOBPEMEHHO pellaTh 33/1ady
JUAarHOCTHKH COCTOSHUSI 000PYIOBaHUS U IpeAyNpeKaaTh BOSHUKHOBEHUE aBapyuil Ha
OCHOBE IICJICHAIIPABICHHBIX NPO(QHUIAKTUYECKHX PEMOHTOB, YTO, B CBOIO OYepenb,
MOBBIIIAET HAAEKHOCTh W 0E30MacHOCTh JKCIUTyaTallkd 3TOT0 000pYyJOBaHUSL.
OCHOBHOI HEIOCTATOK CYIIECTBYIOIIUX PEUIEHUH COCTOUT B TOM, YTO OTCYTCTBYIOT
YHHMBEpCAJbHbIC CHCTEMBbl BBIIBICHHUS OTHENbHBIX 3JIEMEHTOB OOOpYAOBaHMSA MU
Yy4acTKOB TPyOONPOBOAA, TPEOYIOMIMX MPOBENEHHS ACTAILHBIX 00CIIEIOBaHUN U pac-
npeaeNeHnsT SKOHOMHYECKUX PECYpCcOB Ha MPOBEACHUE PEMOHTHO-NPOQUIAKTHYEC-
KHX paboT B YCJIOBHSAX ITOCTOSIHHO M3MEHSIOIIUXCS PEKUMOB PaOOTHI IPEIPUSATHS.

B Hacrosimeit pabore mpobiema HpOTrHO3MPOBAHHMS OCTaTOYHOTO pecypca
CTaperoIero JSHEPreTUIEecKOoro 0o0OpYyJOBaHUS DJEKTPUUECKUX CTAaHIUI paccMar-
pHUBaeTCsl Ha MpUMepe MaponpoBOAOB AmMaTUTCKOM TermtoanekrpouenTpanu (ATOL).
Henbto pabotsl siBnsercst ¢popmupoBaHue (OpMaIbHOW MOAETH, 0OecCHeyrBaroLIeH
BO3MOXXHOCTh pa3paOOTKH alrOPUTMOB MOHUTOPWHTA W MPOTHO3UPOBAHUSI OCTATOY-
HOTO pecypca MapolpoBOAOB TEIUIOMIEKTPOLEHTpanu. Pa3pabareiBaemast Mojenb
JOJDKHA CTaTh OCHOBOW /ISl peajM3alud aBTOMATH3MPOBAHHOM CHUCTEMBI MOHHTO-
pUHTa COCTOSHHSI  TEIUIOIHEPreTHYEeCKOr0  00OpyJOBaHUS W TUIAHUPOBAHUS
SKOHOMHYECKH 3P (EKTHUBHBIX TPAQUKOB IUIAHOBOTO OOCITYKHMBAasi U PEMOHTA JaHHOT'O
o0opytoBaHws.

Tekyiee cocTosiHMEe OPraHNU3alMi MOHUTOPHHIa 000PYAOBAHMSA H
IUVIAHUPOBAHMS PEMOHTHBIX PAa00T HA ANIATUTCKOM TeMJI03JIeKTPOLEHTPAIN

Ha Amarutckoit TOL[ TexHOIOTHYECKHUE MAPOTIPOBOIBI SBISIOTCS OJHUMH W3
CaMbIX OTBETCTBEHHBIX KOHCTPYKLHH, ONPENENSIONIMX HaACKHOCTh (PYHKIMOHHP-
oBanus npeanpusatus. OHu cocrost 6osee yeM u3 3 000 s1eMeHTOB, OOJIBIIMHCTBO U3
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KOTOPBIX OTpaboTano okono 70% Ha3HaueHHOTO pecypca. Ha mpoTsbkeHHm Bcero
BPEMEHH OHKCIUTyaTallid TapOoINPOBOIOB BHIMONHAETCS OONBIION 00beM padoT 1o
MOHHUTOPUHTY MX COCTOSIHHSA, B YACIO KOTOPBIX BXOJIUT:

— (¢opMupoBaHME W BEIJCHHUE MACIOPTHO-TEXHUYECKOH IOKyMEHTAalUU
(odopminieHre 3amuceld, CBSI3AHHBIX C PEMOHTOM M TEXHHYECKHM OCBUAETENBCT-
BOBaHHEM);

— OmpeJeNieHue OCTAaTOYHOTO pecypca TPyOONpOBOIOB, IUIAHWPOBAHUE
CPOKOB TIPOBEJEHUS TEXHWYECKOTO JHArHOCTHPOBAHHUA M OKCIEPTHU3BI ITPOMBIII-
JICHHOM 0€30MacHOCTH;

— BeICHUE yueTa HapaOOTKHM OCHOBHOI'O M BCIIOMOTaTENLHOTO 000pYyI0BaHUS
(B TOM uncIe, TpyOOIPOBOAOB) MO3IEMEHTHO;

— (popmupoBaHre 00HEMOB M OCYIIECTBIICHHE MOATOTOBKH JOKYMEHTAIUN K
MIPOBEJICHHUIO PEMOHTOB (KaIMUTAIBHBIX, CPEAHUX U TEKYITUX PEMOHTOB);

— pa3paboTka TporpaMM MO KOHTPOJIO OOOPYIOBAaHHUS, OCYIIECTBICHHE
MOHHUTOPHHTA UX BBITTOJHCHHS,

— 1oaA0Op HEOOXOAUMBIX JIJIsl PEMOHTA TPYOOTIPOBOIOB KOMILICKTYIOITHX.

VYkazaHHble PaOOTHl BBIIONHAIOTCS BPYYHYIO BBICOKOKBAJTHU(HUIMPOBAHHBIM
o0CTyXKMBarOIUM TiepcoHaraoM. /[l Oe30macHO HKCIUTyaTallud TapOIPOBOIOB
Amnarturckont TOLI xaxmas U3 mepeurcIeHHBIX 3a7a4 COMPOBOXKIACTCS BHITIOTHEHUEM
0O0JIBIIIOTO YHCIIa BCIIOMOTATENBHBIX ONEPANid, CBA3aHHBIX C TIONCKOM U 00paboTKOi
MacOPTHO-TEXHUYECKOH M HOPMATHBHOHN JOKyMeHTanuu. EnnHas cuctema XpaHeHus
JIAHHBIX TPOBEJCHHBIX PEMOHTHBIX paboT, MPOTHO3UPOBAHHSA OCTATOYHOTO pecypca
MapoIpoBOIOB, TUIAHUPOBAHUS PEMOHTHBIX paboT OTCyTCTByeT. CiencTBHEM 3TOTO
SIBIISIETCS PSAJ] TPOOIIEM, CPEIM KOTOPBIX MOYKHO BBIACTHTH CIIEAYIOIIUE:

— OmMOKY W UCKaXEeHUs WH(OPMAINH, KOTOPhIE MOTYT NMPUBECTH K aBapuii-
HBIM CHUTYaIUsIM;

— MHOTOKpaTHOE AyOIMpOBaHKUE OJHUX M TEX K€ OTepaInii;

HU3Kasl 3KOHOMHU4YecKas 3p(HEeKTUBHOCTD POBEICHHUSI PEMOHTOB;

HU3Kasl MPOU3BOUTEILHOCTh 00Pa0OTKH JaHHBIX;

HEOOXOIUMOCTb MPUBJICYCHHUS OOJIBIIOTO KOJUYECTBA CIICIUAINCTOB;
CYOBbEKTUBHOCTD B MPUHSITHN PEIICHUH U CIOXHOCTh KOHTPOJIS UX UCIIOJI-
HEHUS CO CTOPOHBI PYKOBO/ICTBA.

CrapeHre TEXHOJOTHYECKHX IMapoIlpOBOJIOB M OOOPYJOBAHHUS B IIEJIOM,
MPOUCXOJIIIee B HACTOAIIEE BpPEMs, BEACT K YBEIMYECHUIO YacTOTHl, OOBEMOB MU
MTPOJIOJDKUTENHPHOCTH PEMOHTOB U, KaK CIIEICTBHE POCTy 0OBEMOB OIepanuii aHajan3a
Y OTIpe/IeJIeHNUS TEXHUYECKOTO COCTOSIHHSI TapOIPOBOIHON CHCTEMBI.

Ha ceromusmanii nenp Oe3omnacHoe (YHKIIMOHHUPOBAHHE MapOMPOBOIOB
ATIaTUTCKOW TETUTO3IEKTPOIICHTPAId 00ECIIeUnBaETCsl TOCPECTBOM BBITIOJTHEHUS
Oospioro oobeMa paboT OOCITYKMBAHUS, BKIIIOYAIONIME KaK MPOCTHIE M MOBTOPSIO-
IIrecs oTepaliy MoucKa U 00pabOTKY MacMOPTHO-TEXHUYECKON TOKYMEHTAIINH, TaK
Y CJIOXKHBIE OTIepaIliy aHAIN3a TEXHUYECKOTO COCTOSHHUSL.

Ha puc. 1 nokaszan ¢parMeHT MaccuBa JaHHBIX 00 3TOM y4acTKe MaponpoBo/ia
Ne 938 ot xotna Ne 9 1o creHsl TypOMHHOTO OTIEJIEHHS, KOTOPBIH COCTOMT U3 58
3JIEMEHTOB (MPSMBIX YYacCTKOB, TMOOB, 3allOpHOW apMaTypbl M CBapHBIX CTHIKOB).
Yuyacrok cocraBmser yumb 1/50 wacte oT Bceil cxembl craHimuu. [lo kaxmomy
3JIEMEHTY MapoIPOBO/Ia BEAETCS CBOM ydeT HapaOOTKH BPEMEHH, KOIMYECTBO IIyCKOB,
JaTa TIOCTEHEro KOHTPOIS W pAN JPYTHX IapamMeTpoB, YUHUTHIBAIOUINXCSA TIPU
[IPOrHO3MPOBAHUN OCTATOYHOIO pecypca.
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¢ ¢
NeNo | Hamverosasme TTara I Temo | o1 6112 01.10.14
. Obo3HaueHe Hapabotka| — |mocmemmero |HapaboTka|mycko
oI |ameMeRTa VCTAHOBKH TIVCKOB osTpons . o o
M - - - - M - M *|01.10.17| 01.01.17
1|CTHIK THIZ 31 29.06.01. 35659 32| 29.06.01. 35659 32 1705 7155
2 |3anBimEKa 9IMI-1 29.06.01. 35659 32| 29.06.01. 35659 32 1705 7155
3| cTBIK THI2 19 20.06.2001 35659 32| 29.06.2001 35659 32 1703 7155
4| CTHIK THIIZ 20A 01.12.1963 147212 223| 22.02.2001 35659 32 1705 7155
5 |mpamol yu-K 19-20A | 01.12.1963 147212 223| 08.02.2001 1705 7155
6| (hmasmsl 29 01.12.1963 | 147212] 223| 13.02.0L 35659 32 1703 7155
Kpele _
7| pnanmes ®9 01121978 87084 135 25.04.01. 35659 32 1705 7155
8| cThIK THI2 194 09.09.1983 72668  105] 09.09.1983 72668 105 1703 7155
9| kpurm-THO 1 28.09.1983 72668| 105| 08.02.2001 35659 32 1705 7155
10| cTeIx THD 1 20 09.09.1983 72668| 105] 09.09.1983 72668 105 1705 7155

Puc. 1. Hapabomxa naponpogooa pee. No 938 xomna Ne 9 no cocmosinuro na
01.01.2017e.

Opranu3anusi CHCTeMbl ABTOMATH3HPOBAHHOTO MOHHTOPHUHIA H
NMPOTrHO3UPOBAHMS OCTATOYHOI'0 pecypca MaponpoBoA0B ANATUTCKOM
TeNnJ103JIeKTPOLEeHTPAJIN

OpHUM U3 TMyTel pelleHus BBIIICYKa3aHHBIX MPoOJeM sBIseTcs pa3paboTka
KOMIUICKCHON MOJENU Ui MOANCPKKH NPUHSATHS peIleHUHd B 00JacTH ynpaBlCHUS
PEeMOHTHBIMU pabOTaMH M CO3JlaHHE HA €€ OCHOBE aBTOMATHU3UPOBAHHOIO pabouero
Mecta (APM), MO3BOJISIIONIET0 MPOTHO3UPOBATh TEXHUYECKOE COCTOSHUE KOHTPOJIU-
pyemoro o0OopyIoBaHHS CJIOKHON MapompoBOMHON cucteMbl Amnatutckoil TOLl B
pEeXUME PeaJbHOTO BPEMEHH.

s peanu3auyy aBTOMAaTW4YeCKOTO YydeTra HapaOOTKH 3JEMEHTOB Iapo-
MIPOBO/IA M BBIBOJIAa OCHOBHBIX TEXHOJIOTHYECKHX MapaMETPOB B PEKHME pPEabHOTO
BPEMEHH IMpelJlaraeTcs HCIOJIb30BaTh CEHCOPHBIM IAHENBHBIH  KOHTPOJUIED
(CIIK — 207) mpomuzBoactea OO0 «llpousBoactBennoe oowenmaenne OBEH». [lms
M3MEpEeHHsI TapaMeTPOB JaBJICHUS U TEMIIEpPaTypbl UCTIONB3YIOTCA NaTYUKH JaBICHUS
415 npoussoacta OO0 «ITBE3O32JIEKTPUK» u remneparypubie natanku. Otobpa-
JKEHUE TMapaMeTpoB OCYILECTBISIETCA u3MepureneM-peryaropom TPM 138  co
BCTPOCHHBIM ceTeBbIM HHTepdericom RS -485 mpouseoactea OO0  «llpowms-
BojcTBeHHOE 00bearHeHne OBEHY, 4TO 1M03BOJISET OCYIIECTRIIATE OOMEH JTAHHBIMHU C
CIIK - 207. CTpyKkTypHas cxemMa KOHTPOJIbHO-U3MEPUTENHHON CHCTEMbI H300pakeHa
Ha puc. 2.

Ha CIIK nogmaroTcs curHaiabl JaTYUKOB C HECKOJIBKHMX YYacTKOB (B 3aBH-
CUMOCTH OT HPOM3BOAMUTENBLHOCTH KOHTpOJiepa). Bce KOHTpoOJUIEphl CHCTEMBI
aBTOMAaTHYECKOr0 ydyeTa HapabOTKM CoeAMHAIOTCS B o0myr cetb ¢ APM.
ABTomaTH3upoBaHHOE paboyee MecTo ocHoBaHO Ha SCADA cucteme Simp Light. Ha
OCHOBE cOopa JaHHBIX cO Bcex KoHTpoiuiepoB APM obecneunBaeT oTOOpaskeHHE
MOJTHON MHEMOCXEMBI MapolpoBOIOB C MX Pa0OYMMHU HapameTpaMu U OTOOpakeHUe
HapaOOTKH KaXKIOTO AJIEeMEHTa. TakK jke OCYIIeCTBIsIeTCsl cOOp BCeX AaHHBIX B €AHHYIO
0a3y ¢ BO3MOKHOCTBIO €€ MOCIeAyIoUIel apXUBalliHy.
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Puc. 2. Cmpyxmypnas cxema cucmemsl agmoMamu4ecko20 yiema Hapabomxu
9/1eMeHMO8 Naponposooa ¢ OmMoodpadtceHuem pabouux napamempos
6 pedicume peairbHo20 6PeMeHU

SCADA cucrema, yuuThiBasg HapaOOTKy dSJIE€MEHTOB, OOECIIEUYMBAET BBIBOJ
WHPOPMALIMOHHBIX coo0IIeHui Ha 3kpaH APM st omeparopa o npubimkaromemcs
peMoHTe (TeKylleM, CpeAHEM KalHWTaTbHOM), JKCIIEPTH3E MPOMBIIUIEHHOW 0e30-
nacHocTH U Ap. [lo 3ampocy omeparopa JaHHBIE TUIAHUPOBAHHS PEMOHTHBIX padoT
OyAyT BBIBOJAMTHCS Ha 3KPaH B BHUJIC TAOJIHIIBL.

C mnoMoupl0 aBTOMATH3MPOBAHHON CHUCTEMBI MOHHTOpPUHTA TIJIAHUPYETCS
PELINTH CIEAYIONIHE 3aJauH:

— MPOTHO3HPOBAHKNE OCTATOYHOIO pecypca;

— BEICHUE MACHOPTHOW-TEXHUYECKOH WH(GOpMAaMU 1O TaponpoBOAY U
MoJI00p JOMYCTHMBIX TEXHOJIIOTHYECKUX U KOHCTPYKTUBHBIX MTApaMETPOB MaTepHania B
COOTBETCTBHU C HOPMAaTUBHBIMH TPEOOBaAHUSIMU;

— TOCTPOCHUE N30METPUIECKUX CXEM 3aJaHHON KOH(HUTypanumy;

— XpaHEHHE pe3yJbTaTOB MPOBEICHHOTO KOHTPOJS MeTajula, JKCIEePTH3
MPOMBIIIJICHHON 0€30MacHOCTH, MPOJUIEHHS HA3HAYEHHOTO pecypca DJIEMEHTOB,
NPOBEJCHHBIX PEMOHTHBIX PadoT;

— BEJICHUE OJKCIUTyaTallMOHHOTO >KypHalla paboT TEXHUYECKOTO OO0CITyXKH-
BaHMUSI,

— TOAJEPKKA MPUHATUS PELICHUH 110 YNPaBICHUIO PEMOHTHBIMH PaboOTaMu
NP y4eTe SKCHEPTHBIX 3aMEYaHUH U PE3yJIbTaTOB IPOBEICHHOIO KOHTPOJISI METaJIa;

— (opmupoBanne skoHOMHUYECKH 3()PEKTHBHBIX TpadHUKOB TMPOBEICHUS
PEMOHTOB.
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B Mogmenu ympaBieHus PEMOHTaMH IO pe3ylbTaTaM IMPOTHO3UPOBAHUS
OCTAaTOYHOTO pecypca OINpeAesseTcs MOTPeOHOCTh B 3aMEHE M3HOUIEHHBIX yYaCTKOB
naponpoBosna. QDopMHpOBaHHE CIHCKAa HOBBIX DJIEMEHTOB, KOTOPBIE MOXKHO
YCTAaHOBUTH B3aMEH HM3HOLICHHBIX M BBHIOOP M3 HETO HAWIIYYIIEro BapHaHTa 3aMCHBI
MOXET OBITh OCYIIECTBIEH C IOMOLIBIO CIICIHAIBHOTO anropurMma. llpm sTom
aNTOPUTM JIOJDKEH OOecreunBaTh OLEHKY JKOHOMHYECKOH IIel1ecoo0pa3HOCTH
MPOBEICHHSI PEMOHTHBIX PadoT.

CTpyKTypHasi cxeMa CHCTeMbl aBTOMAaTH3UPOBAHHOTO MOHHUTOpWHra U
MPOTHO3MPOBAHMS OCTATOYHOTO pecypca TEXHOJIOTMIECKHX MapOIpOBOIOB IIPHUBEICHA
Ha puc. 3.

. 1
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| N ~—————— . | .
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- v I - I
| S S
- e —
A4 —_ = -
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. .
1 |
. [Ipornosupo- .
| BaHHE I
- 0CTaTOYHOTO -
| pecypca |
. .
1 |
. .

Puc. 3. Cmpykmypﬂa}z cxema cucmemobl MOHUmMoOpuHea U nNPOSHO3UPO6AHUA
COCMOAHUA naponpoeodoe
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bnok o00paboTku wuHpOpManuM TpeaHa3HadeH st (OpMHUpOBaHUS,
JOTIOJTHEHUSI U KOPPEKTHPOBKH MOJETH IapONPOBOAHON CHCTEMBI NMPENNPHUSITHS B
COOTBETCTBHM C W3MEHEHHAMH €€ TEXHHYECKOrO COCTOSHHSA. biokom mommep-
KHUBAIOTCS Clenyromue (QyHKIMU: BBOJ MAaCOPTHOW WHPOPMALUH 10 MapONPOBOLY,
MOCTPOCHHE N30METPUUECKUX CXEM MPOU3BOIBHON KOH(PHUTYPAIMH, IIPOTHO3UPOBAHHE
OCTaTOYHOTO pecypca, TeHepalus TEXHOJOTMYECKOH KapThl PEMOHTHBIX padoT,
BEJCHUE OKCIUIyaTallMOHHOTO JKypHaja paboT TEXHHYECKOro OOCTyKMBaHHUS.
OmnepaTuBHBIN pPeXUM JACHCTBYET IIPH BBHIOOpE TOIB30BaTEIeM OCHOBHBIX MapaMeTPOB
HOBBIX 3JIEMEHTOB M3 HOPMATHBHOW Oa3bl JAaHHBIX M 3aKIIOYAaeTCS B BBIACICHHU
LBETOM TaKUX 3HAYEHUH MapaMeTpoB, KOTOPBIE COOTBETCTBYIOT HOPMAaTHBHBIM
TpeOOBaHUSIM.

brnok cOopa u XpaHeHHs JaHHBIX COCTOUT M3 0a3bl JaHHBIX IO MAPOIPOBOIAM
NPEANPUATHS M HOPMAaTHBHON 0a3bl TAHHBIX JIEMEHTOB ITapoIpoBOOB. ba3a manHbIX
M0 TAapOIMpPOBOJAM COACPKUT MACMOPTHO-TEXHMUYECKYI0 M TEKYLIYI0 WH(OPMAIHIO,
(hopMHpyemMyr0, TOTIOHAEMYIO H KOPPEKTUPYEMYIO B O10ke 00paboTku nH(popManmy,
BKJIIOYasl XpaHEHHE pe3yJbTaTOB IPOBEICHHBIX OKCIEPTHU3  NPOMBIIUICHHON
0e30macHOCTH.

Beibop onTuManeHOro BapuaHTa peMOHTa (OpMHpYETCS O pe3ylbTaram
MPOTHO3MPOBAHMS OCTATOYHOTO pecypca. [Ipu 3TOM ONpemesstoTcs 3JIEMEHTHl HIIH
YYacTKH IaponpoBOJa, KOTOPbIE HEOOXOJMMO BKJIIOUWTH B IUIAHOBBI PEMOHT B
3aBHCHUMOCTH OT 3KOHOMHYECKOW 1eTIeCO00Pa3HOCTH U HAJICKHOCTH MPEATIPHUSITHSL.

[TogcucremMa MOATOTOBKH JTOKYMEHTAlMH (OPMHUPYET OTYETHl M OJIAHKH B
BHUJIC TEKCTOBBIX IOKYMEHTOB HAa OCHOBE MH(pOPMAIINH, HaXOsIIeHcs B 0a3e TaHHBIX.
JIONOJHUTENBFHO B TOACUCTEME MPOM3BOJMTCS BHIBOJ 3alpalliBacMoil TOJIb30Ba-
TeneM HMHGPOPMALMM TOCPEICTBOM BBIOOpPa COOTBETCTBYIONIMX MApaMEeTPOB Iapo-
MPOBOJIA, YKA3aHHS MOPAAKA MX COPTUPOBKH M YCTAHOBKH TPEOYEMBIX OrpaHUYCHHUH.

(I)OpMaJII/I?.aIII/Iﬂ OMUCaHUA MMApPpOMmpoBOa0OB

IIpy mnocTpoeHMH MOJENM MAPONPOBOAHYIO CUCTEMY IUIAaHUPYETCS pac-
CMaTpUBaTh KaK COBOKYITHOCTb COCAUHSIONIUXCS MEXAy COOOW IaponpoBOJIOB,
MPUHAUISKAINMAX K Pa3MYHBIM TPOU3BOJICTBEHHBIM OyokaM mpeanpusaTtui. K
OCHOBHBIM 3JIEMEHTaM IIapOIPOBOJIOB, OIPENECISIOIMM HMX PECYPC, OTHOCATCA:
MpsiMBI€ TPYOBI; THYTHIE, IITAMITOBBIE U IITAMIIOCBAPHBIE OTBO/IBI (KOJIEHA); KOBaHHbIE
Y TITaMIIOBaHHBIE TPOWHUKN U TIEPEXO/bI; JINThIE JeTanu (KOJieHa, TPOWHUKU U JIp.);
cBapHble coeauHeHus. OTAENbHBIM MaponmpoBOJ pacCMaTPUBAETCS, KaK TOIOJO-
THYECKUHA OOBEKT, COCTOSAIIMM W3 COCAUHEHHBIX MEXKIY COOOH 3JEMEHTOB, C
OTIpEIETICHHBIM THIIOPa3MepOM TPYyOONpPOBOa, HOMHUHAIBHBIM ITAPAMETPOM Iapa |
Mapkoil cranu. Habop mapamerpoB maporpoBoga B OOIIEM cIlydae MOMKET OBITh
MpeCTaBJIeH CIeIyIUM 00pa3om:

< MCTQDHQSQRQTQPQGE > (1)

rae M, — Mapka cranu, D,— HapyXHBIM quameTp, S — TOJNIIHHA CTEHOK, R — paguyc,
T -temneparypa, p — JaBjeHUE, G— KOJUYECTBO 4aCOB HAPAOOTKH.

XapaKTEepUCTHKH, TPEICTABJICHHbIE B BBIPAXKEHUU 1, OTHOCATCS K KaKIOMY
JIEMEHTY [IApOINPOBOJIa U MOT'YT MEHSThCS B IIPOLIECCE IKCILIyaTallul 000py10BaHUs.
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HpI/I (pOpMaJ'IBHOM OMUMCaHrKU YyYacCTKa Cro 3JICMCHTHI O6’BGHI/IH$HOTC$I B
COOTBETCTBYIOIIUE I'PYIIIIBI:

LA Z...C}

L=y o e 1}
A= {31 ....ak_}
Z=Zq e i Iy}

rie L — mpsimoit yyactok TpyObl, A — THyThIe TpyObl, Z — 3amOpHas apMmarypa,
C — cBapHoOe coefHEHHE U T.1., N - 4ncio npsambix TpyO, K— uncino rHyTeIX TpyoO,
M- 4ucino 3anopHOI apMaTypsbl, R — 4Kciio cBapHBIX COSAUHEHUI.

CrpyKTypHas MOZAEb y4acTKa MapolpoBOJia - 3TO KOPTEX BUAA:

< 11,31, zl, C1_ .lz,az, Zz,Cz ..>,

I7Ie TOPSIOK 3JIEMEHTOB KOpTEXKa COOTBETCTBYET MOPSAAKY PACHOJIOXKEHHUS 3THX
3JIEMEHTOB B PEaJIbHOM IIAPOIIPOBOJE.

OcTaTo4HbII pecypc ydacTKa MapompoBOJa MPEACTABISIET co00W (DYHKITHIO,
3aBUCAIIYI0 OT MUHUMAJbHOTO 3HA4YEHMsS OCTaBIIETrOocs Ha3HAYEHHOTO pecypca
3JIEMEHTA, OIMCHIBAETCS CIEIYIOIIUM BhIpaKEHUEM:

T, =1(T,)=min (T, ),i=1,.., 2 (NK MK)

rae Tp, — KOJIMYECTBO 4YacoB HapaOOTKU TpyOompoBonxa, X; — 3IEMEHT YydacTKa
TpyOOIIpoBO/a, T, — KOJMYECTBO YaCOB HAPaOOTKHU AIIEMEHTA TPYOOIIPOBOIA.

IIpu 3ameHe aneMeHTa X;|T,, = MiN{T, ) Ha HOBBIA 3JIEMEHT C OOJBIIUM
CPOKOM HapabOTKHU OCYIIECTBIIAETCS ONpeeIeHHnEe APYroro 3JIeMeHTa NaponpoBoja, y
KOTOPOTO 3HA4YEeHHS OCTaTOYHOIO pecypca CTal0 MHUHMMAIBHBIM. OTO 3HAuYCHHE
MPUCBAUBAETCS M yYaCTKY MapONPOBO/IA.

TexHUUECKOE COCTOSIHHE TMapoONpOBOJAHON CHUCTEMbl M3MEHSIETCS B TEUCHHE
XKHU3HEHHOI'O LUKJIa 000pYAOBaHMs. DTO CBA3aHO KaK C BOSMOXKHBIMH M3MEHEHHSIMU
TOIIOJIOTHM W MapaMeTPOB Ka)XJOTO MapoNpOBOJA, TAK U CMEHBI TEXHOJIOTHYECKUX
PEKUMOB  pabOTBI, PEKOHCTPYKIMH WJIM  PEMOHTa, TIpollecca  CTapeHHsl.
Hcnonb3oBanne MaTeMaTHYECKOH MOJEIH, OIMCHIBAIOIIEH Kak CTPYKTypy Mapo-
poBOJa, TaKk M MapaMeTphl €ro 3JIEMEHTOB, II03BOJUT CO3JaTh aJITOPUTMBI
OMEPAaTUBHON KOPPEKTHUPOBKH OIICHOK TEKYIIEro COCTOSHHS MapONpOBOIHON
CHCTEMBI CTaHIUK, a Takke OoJiee 3()(HEKTUBHO TUIAHHPOBATH MPOPUIAKTHUECKHE U
PEMOHTHBIE MEPONPUATHA Ha OCHOBE MPOTHO3MPOBAHHS COCTOSHHS MapONPOBOIAHOM
CHCTEMBI.

3aKkiIoueHue

O0ocHOBaHHOE TUIAHHUPOBAaHHE PEMOHTHBIX pabOT W PalMOHANBHBIA BBIOOD
HEOOXOMMBIX Ul MX BBIIOJIHEHHUS SJIEMEHTOB 000PYIOBaHHS BO3MOXKHBI Ha OCHOBE
UCIIONb30BaHMS IPOOJIEMHO-OPUEHTHPOBAHHBIX MOJIENICH UISi TIPOBE/ICHHST BBIYHCIIHU-
TCJIBHOI'O OJKCIICPHUMCHTA. HpI/IMeHeHI/Ie MAaTEMATUYECKUX METOAOB U I/IHq)Op-
MAIMOHHBIX TEXHOJOTMH MOJAEPKKW NPUHATHS PEIIeHHS B CHCTEMax aBTOMAaTH-
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3MPOBAHHOTO MOHUTOPUHTA U TMPOTHO3UPOBAHUS COCTOSHHUS TEIUIO3HEPTETUYCCKOTO
000pyIOBaHMS TO3BOJINT:

— MPOTHO3HPOBATh TEXHHYECKOE COCTOSHHE CIIOKHOH TaporpoBOJHOMN
CHCTEMBI CTAHIIMU B PEATbHOM PEXHUME BpeMEHU M ()OPMHUPOBATh BapHAHTHI 3aMEHBI
W3HOIICHHBIX 3JICMCHTOB;

— Oomnee >(pexTHBHO MITAHWPOBATh W YIPABIATH PEMOHTHBIMH paboTamu
SJIEMEHTOB MAPOIMPOBOIOB, MPOBOJAUMBIMU B TIEPHOJ 3aIJIAHUPOBAHHBIX OCTAHOBOK
MPOU3BOJICTBEHHOTO 00OPYIOBAHHMS, YTO IMO3BOJIUT B 3HAYUTEIILHOW MEpe YMEHBIITHUTh
(vHAHCOBBIC 3aTpaThl Ha PEMOHTHI MPH OOECIEYCHUH MaKCUMAIBLHOTO SKCIUTya-
TAIOHHOTO MEPHOJA.

Peanmzanuss B pamMkaXx aBTOMATU3UPOBAHHOW CHCTEMBl MOHHTOPHHTA
COCTOSIHHS TETUIORHEPTeTUICSCKOT0 000PYI0OBaHUS CPECTB MOANCPIKKH KOTHUTHBHOTO
YeJIOBEKO-MAIlIMHHOTO ~ MHTep(eiica MpeJoCTaBUT 3KCIEPTy U PYKOBOAUTEIIO
BO3MOYKHOCTh JIETKO 00pabareiBaTh OoJbIIHe OOBEMBI HHPOPMAUH B PEXKUME
peanmbHOro BpeMeHH. Hapsiny ¢ OOBEKTHBHBIMH OICHKAMH W TOYHBIMH MaTeMa-
THYCCKUMHU METOAAMHU I10JIb30BATCJIb CMOXXET HCIIOJIb30BaTh CBOHU CYG’LCKTI/IBHI)IC,
MPUCYIIHE TOIBKO €My, METOJIbI aHAITN3a CUTYAIIMA, TeHePaIMU U OIICHKU BO3MOXKHBIX
BapHaHTOB MPUHAMACMBIX pelicHud. J[aHHas cucTeMa OTKPOET JOMONHUTEIbHBIC
BO3MOXXHOCTH JUIsI TIOBBIIIGHUS pecypca SHEProo0OpyaOBaHUS U 0E30MacCHOCTH
NPEANIPUATHSL.
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B.B. OukoBuukun, M.M. Nandunos, A.A. MeHbKOBa
WucTtuTyT nHGOPMATHKH U MATEMAaTHYECKOTO MOJCITHMPOBAHIS TEXHOIOTHUECKIX MPOIECCOB
Konsckoro HI PAH

NPOrPAMMHO-AMMAPATHbIN KOMMNIEKC YOANEHHOIO NMPUCYTCTBUA'

AHHoOTauus
B cratbe npepactaBneH nporpamMMHO-annapaTtHbIi  KOMMMEKC  yAaneHHOro
NPUCYTCTBMA Ha OCHOBE TEXHOMNOrMN [OMONIHEHHON peanbHOCTU. PaccmoTpeHbl
TexHnyeckne TpeboBaHMsa K annapaTHOM 4YacTu YCTPOWCTBa, NpoBedeH aHanv3
CylecTBYOLWMX pelleHnin. lNpoBeaeHo cpaBHEHWE anropuTMOB ANs unbTpaumu
AaHHbIX C CEHCOPOB.

Knroyesnle crnioga:
supmyarsbHasi peasibHoCmb, OOMOHEHHAs! PealbHOCMb, CMepPeou30bpaxeHue, KOHBEP2EHUUS.

V.V. Dikovitskiy, M.M. Panfilov, A.A. Menkova
PROGRAM-HARDWARE COMPLEX OF REMOTE PRESENCE

Abstract
The article describes the software-hardware complex of remote presence based on
the technologies of augmented reality. The technical requirements to the hardware of
the device are considered, the analysis of existing solutions is made. Comparison of
algorithms for filtering data from sensors is performed.

Keywords:
virtual reality, augmented reality, stereo image, convergence.

BBeaenne

B nacrosiee BpeMsi TEXHOJIOTUU BUPTYaJIbHON U JOMOJIHEHHON PEalbHOCTH,
JMCTAHIIMOHHOTO INPHCYTCTBUS IOJMY4alOT Bce OoJsiee HIMPOKOE PaclpoCTpaHEHUE.
CymiecTByeT MHOKECTBO allapaTHBIX U MPOTrPAMMHBIX CPEJICTB, KOTOPHIE MTO3BOJISIOT
YeJIOBEKY HaOM0AaTh O0BEKTHI, HaXOAIIeecs: OT HEero Ha pacctosiHuu. Cpein JaHHbIX
CpeACTB KpaiiHe Majio pa3pabOTOK, peau3yIOLIMX IMepegady CTepeoBUaeopsaa IUis
noctkeHus 3pdekTa yaaaeHHOro IPUCYTCTBUSI.

Ilensro uccnenoBaHus SIBIAETCS CO3JaHUE MPOTrPAMMHO-ANIAPAaTHOTO KOMII-
JIeKCa yAaJICHHOTO MIPUCYTCTBHSA, KOTOPOE 00ECIEUUT TPAHCISILIUIO CTEPEeO-BUIEOPsIa
C BO3MOKHOCTBIO U3MEHEHHS HAIIPABJICHUS KaMep U JIBUKEHHUE I1aT(hOPMBEIL.

AKTyaJbHOCTh PabOTBHl 00YCIIOBIIEHA HEOOXOIUMOCTBIO TMOBBIMIEHHUS dPQeK-
TUBHOCTH COBPEMEHHBIX NPOM3BOACTBEHHBIX, OOy4aromuxXx M HH(POPMALNOHHBIX
CUCTEM 3a CYET MWCIOJb30BAHHUS TEXHOJOIMH BUPTYaJbHOM M JIONOJHEHHOMU
peanbHOCTH. [IporpamMmmHoO-anmapaTHble KOMITJIEKCHI C UCIIOJIb30BAaHUEM JIAHHBIX TEX-
HOJIOTHH MOTYT HCIOJIBb30BaThCs B TPEHAXKepaxX, MEJULUHCKUX CHCTEMax, 00y4eHUH,
MIPOU3BOJCTBE U IPYTrux 00IacTsIX.

*

Pabora BhimonHeHa mnpu (¢uHaHCOBOW mnoagepkke @DoHAa cONCHCTBUS Ppa3BUTHIO MalbiX (OpM
MPEINPHUATHI B HAy9HO-TeXHHYECKOH cepe (PoHa conelicTBUsS MHHOBALUAM), KOHKYpc YMHUK 15-10,
norosop 8041T°Y/2015.
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TpeOoBaHus kK aNMapaTHOI YacTH yCTPOIiCcTBa

B mpomecce paboThl OBUIM BBISBJIICHBI CIEAYIONIHE TPeOOBAHUS, KOTOPHIM
JIOJDKEH yIIOBJICTBOPATH POTPAaMMHO-AIIIAPATHBIN KOMIUICKC:

e CBs3p I YJANCHHOTO B3aMMOJICHCTBUSL YCTPOWCTBA M  Oleparopa,
nepenaun aBoiHOTO BHmeopsama 1280x720px30fps w ympaBisIOMUX CHTHAJIOB Ha
CEpBONPHUBOALI.

e YCTpoiCTBO (MUHMKOMIBIOTEP, KOHTPOJLIEP), KOTOpoe OyaeT obecreunBarhb
00paboTKy U mepeaady BUACOPsia U MPUHUMATH CUTHAIBI JIJISl IIPUBOJIOB.

e Xapaktepuctuku kamep (yrox o6zopa 100-130°, kagecTBO BHIEO HE MEHEE
720px30fps, moTpebissemMoe UTaHUE, HEOONBITNE pa3Mephl U BEC); CEPBOIPHUBOIOB
(KpyTSmHUA MOMEHT OKOJIO 5 Kr¥*cm, BOJNbTaX OKomo S5SB, HeOGombpimme pa3mepsl);
YCTPOICTBO, CIOCOOHOE BOCIPOM3BOAUTH JABOMHON BHACOPSA; YCTPOMCTBO, C
MOMOIIBI0 KOTOPOTO CTEPEOBUACOPS]] BOCIPUHUMAECTCS YETIOBEKOM (BUPTYaIbHBIM
IeM, pa3perieHne dkpana He MeHbIne 1280x720, wactoTta okojo 75 I'm).

e [IporpammHoe oOecrieueHne, KOTOpoe 00ecHneuuT yAOoOCTBO U OBICTPOTY
WCTIOJIb30BaHMS KOMILJICKCA.

® MOOHIILHOCTD YCTPOMCTBA, IPEAAIONIETO BUACOPSIL.

st ympaBiieHUsl yCTPOWCTBOM OBLIO PELICHO HCIOIL30BaTh OHOILIATHBIN
koMmmeioTep Raspberry Pi 3, cBsizanssIii ¢ nmporpammupyemoii matoir Arduino Uno.
(puc. 1). [lanHoe penieHue OOYCIOBIEHO HEOOXOJUMOCTBIO TepeHoca (YHKIUH
yTpaBiieHHUs CEPBONPHUBOJAMH C OJHOIIATHOTO KOMIIBIOTEPA BO H30EKaHHE 3aIePKEK
B ero pabote. OraenpHAs NpOrpaMMUpyeMas IUIaTa IOCHUIACT YIPABIISIONIHE

CUT'HaAJIbI Ha ITPHUBOBI.

- ] K
OpHoNNaTHbIi Moayne | | Moaynt omneroTep
Nesan KOMNBIOTEP CBA3K | CBA3N oneparopa

ObpaboTka
BMOAEOCHrHanNa

Mpaeasn
kamepa

3ULHOHKMPO

KaMmepa - | Mo
BaHve
Mpueog 1 [
Ynpasnawuwme
CHrHan.l

Mpueoa n

]

Puc. 1. Apxumexmypa npozpammmo-annapamio20 KOMNiexKca
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OO0OpaboTaHHBI BUJCOCUTHAT TIEPECHUIACTCA IO MOJYJISAM CBS3M Ha
KOMITBIOTEP OIleparopa W MOXET OBITh BOCHPOM3BEICH B OYKaX WM IUIEMe
BHPTyalbHOH peanmbHOCTH. C KOMIBIOTEpa OIepaTropa IMEepesaroTCs YIPaBIAIONINE
CUTHAJIBI Ha MPOrPaMMUPYEMYIO TUIATy, KOTOpas MepeiacT uX Ha CEPBOIIPUBO/IBI.

Jnst  ompeneneHWs ammapaTHBIX CPEJACTB,

Hamboliee COOTBETCTBYIOIINX

3a8BJICHHBIM TPEOOBaHMSAM, ObUI NPOBENEH CPABHUTENBHBIA aHaiu3. Pe3ynpTarhl
aHaJM3a MpecTaBjIeHbl B Ta0m. 1 — 4.

Tabnuya 1
CpaBHHTETBHAS TAOIHIIA KaMep
Kamepsr Mobius Cam Xiaomi Yi Blackbird 3D Oco
Bec, T 44,7 72 (¢ aKKyM.) 190
PasMepsl, MM 69x35x18 60,4x42x21,2 sox28x27 | 037 X898’7"40’
yrox o6sopa, 134 155 120 (zmar,)
rpagychl
1080p-301ps
KauectBo BHIICO 720p-301ps 1080Px601ps ! 238001;(13 é 0- ! 2:? gggéo_
720p-601ps
Wifi HET HET na
Tabauya 2
CpaBHuTenbHas Ta0IHIIA OJJHOIJIATHBIX KOMITBIOTEPOB
OpnHomIaTHBIE Raspberry Pi 3 A20-OLinuXIno- Intel Edison Kit for
KOMIIBIOTEPHI model B LIME2-4GB Arduino
Broadcom BCM2836 BKJ’I}(%‘?:II;I h;t;l ?;;CH a
Tpomeccop yeTbIpexbaaepHbiii | Allwinner A20 dual JIBOI7IH017IHL0T (fquOCHTII)/I »
ARM CXo6r£ex-A53 core Cortex-A7 Intel Atom CPU 1 32-
Bbur Intel Quark MCU
TaxrToBas
wacToTa 1,2I'T ITT 500MI'n u 100MI'
Onepatushas 1GB LPDDR2 1TB DDR3 1 GB LPDDR3
namMsThb
4GB NAND
dnenr-namsaTh HET FLASH 4 GB eMMC
USB 4 2 HET
Micro USB socket
[Muranue 5B. 2A 5B 33-4.5B
linux, windows 10 . . linux, windows
OoC IoT linux, android embedded

158



Tabauya 3

CpaBHHTETBHAS TAOJINIIA CEPBOIPHUBOIOB

FeeTech Groove - Servo
CepBoIprBOABI FS5106B FeeTech FS90 ESO8A
Jmanazon
BpAICHHASA, 180 180 180
Tpagychl
Hanpsiceriite 486 486 486
nuTagus, B
o 5 Kr-cM npu
Kpyrauuwit 4,8 B; 6 xr-cm 1,3 kr-cm npu 4,8 B 4.8B- LoSKTC/om,
MOMEHT mpu 6B- 1.8K['C/cm
npu 6 B
60°3a0,18
CkopocTb cek mipu 4,8 B; 60°3a 0,12 cex npno4.8B-
BpalllCHUs 60°3a 0,16 cex mpu 4,8 B 0.12¢ex/60°, npu 6B-
’ ’ 0.10cex/60°
npu 6 B
Buyrpennuii . . .
. AHaJIOTOBBIH aHaJIOTOBBI aHaJIOTOBBIi
unrepdeiic
Marepuan . . .
. HEHIoH HEHIoH HEHIoH
nIecTepHei
Marepuan
TUTACTHK TUTACTHK TUTACTHK
KopITyca
Tabaputel, MM 4(1’83; 20,1 23,2x12,5%22 23x11.5x24
Bec, T 40 9 8,5
Tabauya 4
CpaBHuTensHas Ta0nHIIa KOHTPOJUIEPOB
Kontpomrepsr Arduino Uno R3 Iskra JS
MukpokoHTpoJLIEp Atmega328 STM32F405RG
Pabouee Hanpsoxenue, B 5 33
Hampsoxkenue nutanus 712 7-15 B wm 3,612 B
(pexomennyemoe), B
udporsie BXOIbI/BHIXOIBI 14 2
AHanoroBbI€ BXObI 6 12
MaxkcumanbHBIH TOK OJHOTO 40 25
BEIBOJIA, MA
MaxkcumasbHbIi BBIXOJHOU
TOK BBIBO/IA, 3,3u50 240
VumA
Flash-mamsts, Kb 32 1024
TaxroBas gacrora, MI'1 16 168
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Hns peanmzauuu Obutn  BeIOpaHBl KaMepbl MobiusCam, OJHOIUIATHBIN
koMmmeioTep Raspberry Pi 3, cepsonpuBoast FeeTech FS90 n mmata Arduino Uno R3.

Oco0eHHOCTH BOCTIPUATHA BU3YaJbHOH HH(pOPMaLHH

CymiecTByromue MeTOAbl AEMOHCTPALMH CTEPEON300paKECHUM, Takue Kak
aHarnugHBIN, TOJSAPU3AHOHHBIA U 3aTBOPHBINA HE JOMYCKAIOT MIPOCMOTP BUACOPsAa B
peaTbHOM BpEMEHH C BO3MOXKHOCTBIO (DOKYCHPOBKM Ha HECKOJBKHX IUIaHax
CHMMAaeMOH CLEHbl. B IaHHOM HCCIEIOBaHHUU peanu3yeTcs METOX IMPenCTaBICHUS
TPEXMEPHOTO HW300paKEHHUS, MPH KOTOPOM IOJBb30BaTENO0 OydeT JOCTyIHa
BO3MOXXHOCTb M3MEHEHHUS! 00beKTa (POKYCHPOBKU (TOUKM MEPECEUCHHUS! 3PUTEIBHBIX
ocell) ImyTeM aBTOMAaTH3MPOBAHHOTO M3MEHEHUs yIjla KOHBEpreHIuu. PesynpraTom
MPUMEHEHUS METOoJa SIBJSIETCS TMPEJCTAaBICHUE TPEXMEPHOTO H300paKeHusi ¢
BO3MOXHOCTBIO U3MEHEHUS 00BEKTa (POKYCHPOBKH.

CymectByeT [nBa crmocoba JIEMOHCTpallid TPEXMEPHBIX HU300pakeHui.
IlepBblii M3 HUX 3aKIOYACTCS B IPOIrPAMMHOM CMEIICHUM 3apaHee CHSATBIX
napajjielbHO CTepeonap B TPaHCIUPYIOMIEM YCTPOMCTBE, HampuMep, B OYKax
BHPTYaJIbHON pealbHOCTH. BTOpoit cmoco0 3akiouyaeTcs B HM3MEHEHHH yTIia
KOHBEPICHIIMH 33 CYET M3MCHEHHS TMOJIOKEHHS B TPOCTPAHCTBE CHUMAIOLIETO
ycTpoiicTBa  (CBelcHME-pa3BelleHHEe BUACOKaMep, MepefalolluXx BHICOPSI) B
3aBHICHMOCTH OT PAcCTOSHUA 1O 00BEKTa (POKYCHPOBKH.

Bocnpusitue npocTpaHCcTBa SBISETCS HEOOXOIUMON CIIOCOOHOCTHIO YeNIOBEKa.
Be3 aroit crocoOHOCTH Oe30macHOe B3aMOCHCTBHAE C OKPYKAIOIIMM MHUPOM CTaHET
3aTPyIHUTEIbHBIM. UEIOBEeK BOCIPHUHMMAET BEIWYMHY W (GOpPMY MPEIMETOB, HUX
00BEMHOCTh, TIOyOMHY mpocTpaHcTBa. OICHKA BEIMYMHBI MPEIMETa HaMpsSMYO
3aBUCUT OT paccTosiHusl 10 Hero [5]. Eciam 310 paccTosHue OLEHUTH TPYIOHO, TO
BEIMKAa BEPOSITHOCTh OMIMOKH. OLEHHWTh paccTOSHUE NO HpeAMeTa U TIIIyOuHy
MPOCTPAHCTBA MOKHO KaK ¢ MOMOIIBI0 MOHOKYJISIPHOTO 3peHUsl (OJMH TJa3), Tak U C
MTOMOIIBI0 OMHOKYJISAPHOTO ([IBa T1a3a). AKKOMOAANWS XPYyCTallMKa Tja3a HIrpaeT
OOJIBLIYIO POJb HPU OLIEHKE C MOMOIIBI0 MOHOKYJSpHOTO 3peHus. CoriiacHO KHUIe
. Xprobemna «['ma3, Mo3r, 3peHHE» aKKOMOJAIUS —3TO COKpalleHWe IHIHapHOM
MBILIIBI BHYTPH I1a3a. OHO BBI3BIBAET OKPYIJIEHHE XPYCTAJIMKA IPU pacCMaTpUBAaHUN
ONMU3KUX MPeIMETOB. 3a CUET 3TOr0 PacCMAaTPUBAEMBI MPEAMET CTAHOBHUTCS YeTHeE.
st TOro, 4TOOBI BOCIPUHUMATH NTyOMHY TPOCTPAHCTBA C TIOMOIIBIO OMHOKYJISIPHOTO
3peHHs, CYLIECTBYET CIeNyIoUMid MexaHu3M. M3o0paxeHue paccMaTpUBaeMoro
IpeaMeTa ¢ TOYKU 3pEHHs KaKIOro IJ1a3a MMoNajaeT Ha CeTYaTKy COOTBETCTBYIOIIETO
IJla3a B TaK HAa3bIBAEMBIX KOPPECHOHIUPYIOMIMX ToukaxX. Jlis Toro, 4YroObI
n300paKeHrsT MOoHajd HMEHHO B 3TH TOYKH, CYLIECTBYET KOHBEPreHIHUs H
nuBepreHiys. KoHBepreHuus —3T0 CBEIEHHE 3PUTENbHBIX OCEH, IJIa3HbIe SOJIOKH
MOBOPAYMBAIOTCS HABCTpeuy JIpyT Apyry (puc. 2). JluBepreHuus spisiercss oOpaTHbIM
MPOLIECCOM, 3pUTENBbHBIE OCH PAa3BOAATCS B CTOPOHHI [ 1].
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Puc. 2. Kongepeenyus, ousepeenyus u akkomooayus

Co3naHue 00beMHbBIX H300pasKeHUIT

Kak ormedanocb B [6], OONBIIMHCTBO METOIOB CO3MaHHSI OOBEMHBIX
n300pakeHNI OCHOBAHBI HAa IMPUHIHUIE PA3IEIBHOTO IPOCMOTPA — KAKAOMY TIJa3y
JIeMOHCTpHUpYeTcs cBoe n3zoOpaxkenue. [lomoOHas mapa M300paskeHH Ha3bIBaeTCS
cTepeonapon, a ee co3laHne — CTepeoCcheMKoi. UToObI MONMYyUuTh CTepeonapy Hy>KHO
CHATh OOBEKT C pas3HbBIX TOueK. CyIIEeCTBYIOT METONBI, B KOTOPBIX HCIIOIB3YETCS
MHOTOpaKypcHasi cheMKa. 3ajjaua BceX METOJIOB CTEPEOCHEMKH — TOIYYUTh Mapy HITH
cepulo M300pakeHMi, Ha KOTOpBIX HaOdromaercs mapauiake. [lapammakc —3To
CMEIIIEHHEe PacCMaTPUBAEMOr0 00BEKTa, BBI3BAHHOE U3MEHEHNEM TOUYKH HAOIOICHHS.
KonmuectBo dororpadmii 3aBUCHT OT TOTO, KaK B JallbHEHIIEM OyJeT TPOBOIUTHCS
00paboTka M300pakeHHH M KaKOH M3 METOAOB HCIIONB3YeTCs Uil JAEMOHCTpAINH
crepeon3o0pakeHns. Yaie BCero MCIoIb3yeTcsl IBE TOYKH CHEMKH, IO MOJI0KEHUIO
UMHTHPYIOIIUE PACIIONOKEHUE TJIa3 YeloBeKa. PaccTosHue Mexay TOYKaMu ChEeMKH
JEBOTO ¥ TPaBOro Kaapa Ha3bIBaeTCsl 0a3MCOM CTEPEOCHEMKHM WJIM MPOCTO
crepeobazucoM. BenmuunHa crepeobazuca HampsIMyr0 3aBUCHT OT PACCTOSHHUS [0
HY)KHOTO 00BeKTa clieHbl. ECIi 3T0 paccTosHUE HaXOAUTCS B AHMAIa30HE OT TPeX 10
MSATH METPOB, TO MOXKHO 3a BEIMYHMHY CcTepeo0a3uca B3STh PACCTOSIHUE MEXKIY
YeJIOBEUECKMMH IjIa3aMi, a UMeHHO 65-70 mm. Eciu ske He0OX0AuMO MoKa3aTh 00beM
Oonee manbHEro OOBEKTa, TO, COOTBETCTBEHHO, HEOOXOIMMO YBEIMYHUTH Oa3HC
cbeMkH. [IpuMepHO 6a3uc CheMKH MOKHO pacCUnTaTh IO JaHHOH (popMmyIie:

B =0.03+D, (1)
rne B — 0a3uc crepeocheMKy;

D — pacctosiHue 10 OnrpKaiiiero o0beKTa CIieHEI.

Koadpdumment 0,03 npoankToBaH YIIIOM CXOXKIEHHUS 3pUTEIBHBIX ocel 1-2°,
Onmarozmaps KOTOpoMY oOOecledHMBaloTCsi Hauboiee OINTHMajlbHbIE YCIOBHSA JUIS
HaOoIeHus crepeoaddexra [3].

CymectByerT ABa crnoco6a, KOTOPHIMH MOKHO BBINOJIHUTH CTEPEOCHEMKY:
HalpaBlICHHbI W napauledbHbId. [lpu HampaBIeHHOM METOJE CHbEMKH KaMephbl
PacoIOkKeHBI O[] ONpEENeHHbIM YIJIOM APYT K IPYTy, HallpaBlIeHbl Ha TJIABHBIN
OOBEKT CIIEHBI, TAKHM 00pa3oM, MOJETUPYIOT KOHBEPreHIUIO TJia3 YeJoBeKa. JTO
MO3BOJISIET MOJYYUTh TOTOBYIO CTEpeonapy NpPaKTHUECKH Oe3 JOMOTHUTENbHON
0o0pabotkn m300paxkennii. Ho cymiectByer psa mpobieM B NMPUMEHEHHH JaHHOTO
MeToAa. Bo-mepBbIX, TEXHMUYECKU CIOXKHOM 3amayeil sBJIIETCS TOYHAs YCTaHOBKA
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kKamep. Bo-BTOpbIX, 0O0BEKTHI Ha 3aaHeM IulaHe OYAYyT CHIBHO CMEIICHBI
OTHOCHTEJHHO APYT APYTa, YTO MOMEMIAET HOPMAJIFHOMY BOCIIPHSATHIO ATHX 00BHEKTOB
¥ BbI30BeT TUCKOMGOPT. B-TpeTbnux, camas HexenmaTenbHas mpobiema, KoTopas
MOJKET BO3HHMKHYTb, 9TO MCKa)XeHHUs! 00BbekToB. Hampumep, KBaapar B MEpCHEKTHBE
n3o0paxaercs B Bujae Tparmenuu. [Ipu cheMKe HarpaBieHHBIM METOJIOM Ha CHHMKE C
OJTHOM KaMephl OOJIbIIEH CTOPOHON ATOM BHIMMOM TpaIlelIn OKa)KETCs OJTHA CTOPOHA,
TOTAa Kak Ha JPYIOM CHHMKE €0 OKaKeTcs MPOTHBOIOJIOXKHAS CTOPOHA (DHUTYPBHI.
Taxoke Hen30e:KHO BOSHUKHOBEHHE BEPTUKANBHOTO Mapaiuiakca. Bee mepeuncienHoe
MOJKET BBI3BaTh HEMPHUSTHBIE OIIYIIEHHUS PU TPOCMOTPE.

Ilpy wWcnonb30BaHUM MapajUIEIbHOTO METOJA KaMepbl pacrojararoTcs
napajiensHo Apyr apyry. TexHuyeckas peanu3zalusi JaHHOTO METOAA HeE SIBISETCS
CIOXHOM 3amaveit. Ho mapayienpbHBIH METON Takke oOJagaeT psAaoM HEIOCTATKOB.
Bo-nepBbIX, mpu MpOCMOTpEe CTepeornapsl CIEAYeT BBITOTHUTH KOMITEHCAITHOHHBIN
CBUT N300payKeHUH TaK, 4TOOBI TTIaBHBIH O0BEKT CIEHBI He JBOWICA. JJaHHBIH 00BEKT
Oyzer Ka3aThCsl YHaJeHHBIM Ha PAcCTOSHUM HOCHUTeNs. Torma OOBEKTHI, KOTOphIE
HaXOJWIINCh Ha CIleHe T03aJy W BIIEPEIHM HEr0, Ha M300paxKeHHH OyIyT KazaThCs
yFHY6HCHHBIMI/I B I/I306pa)KeHI/I€ M BBICTyNAOIMMU COOTBETCTBCHHO OTHOCUTCIIBHO
rmaBHOro oObekta. Ho cMmemieHne m300pakeHWd 3aliMeT IOMOJIHUTENBFHOE BpEMS.
Taxoke, TOCJ€ BBITOJHEHUS CABHUTa, YacTh M300PKEHHS MO TOPU3OHTAIH TEPSETCH,
o0beMHON OyaeT TONBKO Ta 4YacTh, KOTOpas TIonaja B 30HY IepeceyYeHHUst
n300pakeHU cTepeonapbl. Eciau He caBuraTh HM300pa)KeHHsI, TOIJIa BCE OOBEKTHI
OyIyT Ka3aThCsl BHICTYMAOIIUMH OTHOCUTENBHO JaJdbHETO (POHA KApTHHKH, KOTOPHIHA
He Oymer nmBouThcs. Yarmme Bcero OOJBIIMHCTBO JIFOJIEH BBHIOWPAIOT TMapauIeTbHBIN
MeTOJ1 0e3 KOMIICHCAIIMOHHOTO cABuUra [6].

@OuabTpauus CUTHAJIOB C JaTYHKOB

Hnst  opraHmzanmu  pabOTBI  yCTPOWCTBA yNAJIEHHOTO TMPHUCYTCTBHA C
WCTIONIb30BaHMEM OYKOB BHPTYAJIbHON PEATbHOCTA Ha OCHOBE MOOWJIBHBIX YCTPOHCTB
HEOOXOIMMO OCYHIECTBUTh TOUYHYIO Tiepenady (akTHUYeCKMX 3HAuYeHHWH YIJIOB
MOBOPOTa MOOWIIBHOTO YCTPOHCTBA. AKCEIEPOMETpP M MAarHUTOMETP IOJBEPKCHBI
BIUSHUIO TIyMOB. JlJis KOPPEKTHOH pabOThI YCTPOWCTBA ATH IIYMBI HEOOXOAUMO
ordunbTpoBath. i STOro peanu3oBaHbl JBa PACIPOCTPAHEHHBIX QWIbTpa U
MIPOBEJIEHO CPaBHEHUE PE3YIbTATOB UX MPUMEHEHHUSI.

Pa3zpabateiBaembIli  MIpOrpaMMHO-AINIIAPATHBI  KOMIUIEKC  YIaJleHHOTO
MPUCYTCTBHS paboTaeT CIeAylomuM 0o0pa3oM: C OYKOB BHUPTYAIBHOH peabHOCTH,
peaNn30BaHHBIX Ha OCHOBE MOOWJIBHOI'O YCTPOMCTBA, MEpPENaroTCsl 3HAYEHUS YTIJIOB
MTOBOPOTA TI0 TPEM OCSM Ha KOHTPOJUIEP, KOTOPBIH Mpeoldpa3yeT X B YIPABISIOIINE
CUTHAJIBI Uil TpeX CepBONPUBOJOB. Jlanee MPUBOABI MOBOPAUMBAIOT YAAJIECHHOE
YCTPOMCTBO HA TOT K€ YTOJI.

[ns  momydeHus  yriga  IOBOpPOTa  HCIONB3YKOTCS — AKCEIEPOMETP U
MarauTromMerp. O0a 3THX JaTYWKa CHJIBHO ITOJBEPXKEHBI BIHMSHHUIO [IYMOB, 4YTO
MIPUBOJUT K HEBO3MOXHOCTH TOYHOTO OIpENEIeHHs YIJIOB MOBOPOTA. J[JIsl CHIKEeHUs
YPOBHS IIIyMOB CHUTHAJIbI CEHCOPOB OBUIM IMOJBEPIKEHBI MPOTPAMMHON (HIILTPAIIUU
JAHHBIX JIByMsI HanOoJee paclpOCTPaHEHHBIMH (QUIbTpaMU — (DUIBTPOM HIDKHHUX
gactoT (Low pass filter) [11] u dunsTpom Kanmana [7, 8]. @uibTp HIKHAX 9aCTOT —
3TO PIIBTP, MPOITYCKAONINH YaCTOTHBIA CIIEKTP CUTHAJIa HUKE HEKOTOPOU YaCTOTHI U
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MTOIABJISIONIMI YaCTOTHI BHIIIE 33JJaHHON 4acTOTHI. [IpocTeiinias peanusanus JaHHOTO
(nIBTpPa MPOU3BOIUTCS TI0 CIeAyIomel hopmyIe:
V=Y, 1 +taxX —Y_4), (2)
rae Y — oTQUIbTPOBAaHHOE 3HAYEHHE B JaHHBIA MOMEHT BPEMEHHU;
¥;—1 — ordunbsTpoBaHHOE 3HAYCHHUE B MIPEIBIIYIINI MOMEHT;
; — ICXOJTHOE 3HAYCHUE B JIAHHBI MOMCHT;
X L s

0. — ko3 puIeHT GUIBTpAITIN, KOTOPBIA MpUHUMaeT 3HaueHmsI oT 0 1o 1.

Owietp  KanMana —3TO0  peKypCHBHBIH  (WIBTP,  HUCIOJB3YIOIIHIA
TUHAMHYECKYI0 MOJIENIb CHUCTeMBbl (Hampumep, (U3NYECKHH 3aKOH IBIKEHHS),
M3BECTHBIE YIPABISIONIE BO3IESHCTBIS M MHOKECTBO TIOCTIEIOBATENFHBIX U3MEPEHUH
Ut OPMHUPOBAaHUS ONTHMAIBHON OIICHKH COCTOSHUS. B naHHOM ciydae coCTOsHUE
CEHCOpa MPEJCTABIICHO OJTHOWM MEPEMEHHOM, TaAKUM 00pa3oM, GOPMYIIBI B CKAJISIPHOM
BHJIE BBITJIAIAT CIEAYIOMIM 00pa3oMm:

[Ipenckazanue 3HaYEHUS:

Xy = FXp—1 + Bug_, 3)
P, =FP,_,F+Q. 4
Koppekruposka:

P H
Kie = HP;H+R ’ ©)
Xy = X + Ki(2z — HE ), (6)
P, = (1 - K H)P, . 7

rie f; — MpEeICKa3aHUE COCTOAHUS CUCTEMBI B TEKYIIIMII MOMEHT BPEMEHU;

F — nunamMuyeckast MOJeb CHCTEMBI, TIEPEMEHHAs], OMUCHIBAIONIAS JIUHAMUKY
cucTeMBl (B JaHHOM Ciydae paBHO 1, TO €CTh yKa3bIBaeM, YTO IPEACKa3bIBAEMOE
3HavYeHue OyJeT PaBHO MPEABIAYIIEMY COCTOSHHIO);

X}—1 — COCTOSIHME CHCTEMBI B TIPOIILIBI MOMEHT BPEMEHH;

B — nepemenHasi, onpenensomias IpUMEHEHHE YIPABIISAIOIIETO BO3ICHCTBH.
Tak kak B JAaHHOW MOJENM HET MH(OpMAIMK 00 YIPaBISIONIEM BO3JCHCTBHH, TO
BE=0

Uy —1 — YIOPABISIONIEE BO3ACHCTBUE B MPOIILIBI MOMEHT BPEMEHHU;

P, —npenckazanue ommoKy;

Pj,_; — omm0OKa B pOILILII MOMEHT BPEMEHH;

@ — koBapuanus myma npomecca. Tak Kak He BCerjga IMpeacTaBIIsAeTCs
BO3MOXHBIM OMNPEACTUTh JHUCIEPCUIO TpoIlecca, ONpeJeieHUe IyMa mpoiecca
SIBIISICTCS CIIOXHOUM 3ajmadeil. B JaHHOM ciydae 3TOT mapaMeTp MoaOUpacTcs Juis
oOecriedeHus Hy>KHOW (QUIbTpaIny.

K, — ycunenne Kanmana;

H — matpunia w3MepeHuit, oOTOOpakarolias OTHOIIEHHWE W3MEPEHUH |
COCTOSIHU;

R — xoBapuanus myma usMepeHus;

Zj; — U3MEPEHME B TEKYIIUH MOMEHT BPEMEHH.
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JanHble GUIBTPBl OBUIM MPOrpaMMHO peanu3oBaHbl. Ha rpadukax (puc. 3)
Mpe/CTaBICHbl 3HAYCHUSI CUTHAJIOB CEHCOpa M Pe3yNbTaThl NPUMEHEHHs (QHIBTPOB
HIWKHUX yacToT u Kanmana.

CpaBHeHue punbTpoB
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Puc. 3. Cpagnenue ucxoouvix 0anHuix 0amyuxo8 ¢ OAHHbIMU, NOJYYEHHbIMU 6
pe3yibmame npumMeHeHus Puibmpos HuxcHux yacmom u Kaimana

[IpencraBnennsie Tpaduku JeMOHCTpUPYIOT, uTo punbTp Kammana obecrie-
yuBaeT Jyulnyr QuiabTpanuio. llpm mombope 3HaUYeHW KOBapHalMii LIYMOB
mporiecca U U3MEpeHHs BpeMsl, 3a KOoTopoe obecrieunBaeTcss (UIbTpANUs JaHHBIX,
CHIDKAeTCSl 1O NOIMYCTUMOTO MHHHUMYyMa, OOECIEeYHMBAOIIEro CTaOWIBHYIO padoTy
MPOTPaMMHO-AMIapaTHOTO KOMIUIEKCA.

3akiIouyeHue

B0 pa3paboTaHO NPUIOKEHUE C HCIOJIb30BAHUEM ONMCAHHBIX BBIIIC
TEXHOJIOTHH JUTs MPEACTAaBICHUS CTEPEOBHACOPsIa MOIb30BaTeNo. [Ipuiokenne Ha
6a3ze omepaunonHOH cucteMbl Android. Takoe pemieHue oOycIOBIEHO TeM, YTO Ha
CCI‘OI[H)HHHI/Iﬁ ACHb TCXHUYCCKUEC XAPAKTCPUCTUKHU MHOTHUX CMapT(I)OHOB IIO3BOJIAIOT
UCIIONIb30BAaTh MX B COCTAaBE CUCTEM BUPTYAJIBHOM M JOMOJIHEHHON PEaJbHOCTH.

Ha puc. 4 npencrasnena auarpamma Activity, I€MOHCTPUPYIOIIAS MOPSIIOK
paboThI pa3pabOTaHHOTO B MPOIIECCE UCCIEAOBAHMSI MPUITOKEHUS.

Mokaz
BHOSONOTOKS

MomyaeHne
AAHHBIK ©
CEHCOPOE

3anonHeHue
HacTpoek

3anyck NEMNOXKEHWA

PUNETRALMA
AZHHBIY ©
CEHCOPOE
KanmaHom

OTNpaeka
BUNETROBAHHEI
AFHHBX HE
NpUEDAEI

Puc. 4. Juacpamma Activity
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A.B. ABpeeB, A.C. LLleMsikKuH
WuctuTyT nHGOPMATHKH U MATEMAaTHYECKOTO MOJCITHMPOBAHIS TEXHOIOTHYECKIX MPOIECCOB
Konbsckoro HII PAH

ABTOMATU3ALIA KOHBEPTALIMM OKYMEHTOB MS OFFICE B ®OPMAT PDF
HA BEB-CEPBEPE NO[ YNMPABJIEHUEM CENTOS LINUX

AHHOTauunA
B paHHon paboTe npencrtaBneH MexaHu3m 3arpy3ku fokymeHtoB MS Office Ha Beb-
cepep, pabGotaowmn nog ynpaeneHnem OS  Linux (CentOS 7.3 x64), wu
KOHBepTaLun 3arpyxeHHblx ¢annos B ¢dopmat PDF. MexaHusm 3arpyskn wu
KOHBepTauun annoB peanu3oBaH Ha A3blke Python ¢ wcnonb3oBaHvem
dpenmopka Django. Konseptaumss pgokymeHtoB MS Office B cdopmatr PDF
ocyuiectengaetcsa npu nomotum LibreOffice n ckpunta Unoconv.

Knroyessie crnosa:
python, LibreOffice, PDF, o6pabomka 0oKyMeHmos.

A.V. Avdeev, A.S. Shemyakin

AUTOMATING CONVERSION OF MS OFFICE DOCUMENTS TO PDF ON A WEB
SERVER RUNNING CENTOS LINUX

Abstract
This paper presents the mechanism of loading of MS Office documents on a web
server running OS Linux (CentOS x64 7.3) and convert the downloaded files to a
PDF. The mechanics of downloading and converting files is implemented in Python
using the framework Django. Convert MS Office documents to PDF format is done
using LibreOffice and Unoconv script.

Keywords:
python, LibreOffice, PDF, document processing.

B [4] Obula mpexacraBieHa TporpaMMHasl CHUCTEMa, IO3BOJISIOIIAS
aBTOMAaTH3MPOBATh Pa3pabOTKy IJIaHUpYoImeld AokyMeHTannu. CucreMa Mo3BOJSET
3arpyatb JoKyMeHTHl B popmate MS Office — doc, rtf, docx, odt. Xpanenue B 6aze
JaHHBIX (ailjIoB B TakoM (hopMmarte He MPEICTABISET CI0KHOCTEH, 0OTHAKO BO3HUKAIOT
npobiemMbl ¢ oroOpaxeHueM Takux (ailoB B OKHe Opaysepa — TpeOyercs
npenBaputenbHas koueepranus B (opmar HTML. Takas xoHBepramms TpeOyer
HCTIOJIb30BaHMsl CTOPOHHUX OmOIMoTek, Hampumep, Aspose [2]. Cnemyer oTMETHTB,
YTO Ha BO3MOXXHOCTH BbIOOpa OMOJIMOTEKHM MOXET CYLIECTBEHHO IOBIUSTH BBIOOD
sI3bIKA MPOTPaMMHUPOBAHUS, HA KOTOPOM CO3JIaeTCsI MPOrpaMMHasi CHCTEMa.

®opmar HTML paccuntan Ha oTOOpaxkeHHE TEKCTa C IPOCTHIM
(dbopMaTupoBaHHEM W HE TpeIHa3Ha4yeH Al OTOOPaKEHHs CIIOXKHBIX JTOKYMEHTOB,
COJiep)KallluX, HampuMep, KOJOHTHUTYJbI, (OPMYIBL, pPa3lesbl C Pa3IMYHBIM
¢dopmatupoBanuem. @Dopmatr PDF mno3Bonser 00OHWTH 3TH OrpaHUYCHUs, T.K.
NpeJHa3Ha4deH Uil NpEeACTaBlIeHUs] NOJAUrpaduuecKold MPOAYKLIUU B AIIEKTPOHHOM
Buze [3].

" PaGora BbInONHEHA npu noggepxke PODU, npoexrsr Ne 15-29-06973, Ne 16-07-00562.
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B nHacrosmiee Bpems coBpeMeHHBIE Opay3epbl UMEIOT BCTPOCHHBIE CPEICTBa
s oroopaxenus PDF. Ilpencraensercs uenecooOpa3HOi uaess KOHBEPTalUU
JOKYMEHTOB B JaHHBIA QopmaT, a 3areM YAOOHBIH WX IPOCMOTP CpeICTBAMHU
Opay3epa. B naHHOI paboTe MpeacTaBiIeH MEXaHU3M MMaKeTHOU 3arpy3ku (daiinos MS
Office Ha cepBep, pabotaromuii mox ynpasienueM OS Linux (CentOS 7.3 x 64), u
JMaNbHEHIIas aBTOMAaTHYeCKas NaKeTHas KOHBEPTaIus 3arpyXeHHbIX (ailioB B
¢opmat PDF. B xome pabotsl ¢ cucremoii [1] y monb30BaTesisi MOXKET BO3HUKHYTH
HEO0OXOMMOCTh 3arpy3UTh OOJBIOE KOJIMYECTBO TOKYMEHTOB Pa3IMYHBIX (popMaToB
Ha BeO-cepBep; dUTOOBI W30aBUTH TONB30BATENS OT PYTHHHOH MPOIEAYPHI
KOHBEPTHPOBAaHUsS KaXIOro 3arpyxaemoro daiima B ¢opmatr PDF Bpyunyio
MPEeIyCMOTPEH MEXaHW3M ITaKeTHOM 3arpy3KH W KOHBEPTHPOBAHHS 3arpy KEHHBIX
¢aiinos. J{7s1 pemenus 3Tol 331241 U ObLTH BEIOPaHBI CIIEAYIOIINE HHCTPYMEHTHI:

e BeO-¢ppeiimBopk Django 1.10.3 (MomndunmpoBannas nunensuss BSD) —
cBoOOmHEIHN (ppeiiMBopK Ha s3b1ke Python uts BeG-punokenuit [4].

e Unoconv (mumemsuss GNU GPL) — ckpunt-o0€prka s paboTel ¢
OpenOffice (Jlunensust Apache) [5].

o LibreOffice (munensuss GNU GPL u MPL) — cBobomHOpacnocT-paHsieMbIi
O(HCHBIH MaKeT C OTKPBITBIM UCXOAHBIM KoqioM, oTBeTBiIeHne OpenOffice [6].

® pacHMpeHHBIH TeKCTOBBIH penaktop Atom (munensus MIT) ¢ mmarmaamun
ftp-remote-edit (MIT), python-indent (MIT) u ap. [7].

Unoconv - KOHCONIbHAsI TIpOrpamMmMa, TpeHa3HaueHHas Uis peoOpa-30BaHus
oucHbIX PopmaroB Mexay coboi. OHa UcToNB3yeT HAACTPOolKy (uHTepdeiic/API)
UNO B LibreOffice mis wHTepakTuBHOTO TpeoOpa3oBaHHS JTOKYMEHTOB W,
cleIoBaTeIbHO, HyXxaaercss B ycraHoBieHHoM LibreOffice mimu OpenOffice. [lannast
nporpaMMa ynoOHa TaKeTHOW aBTOMATHUECKOW KOHBepTamuu (opMaToB MeExXIy
COO0O1A.

[Tpumep BBI3OBa MporpamMMbl U3 KOMaHAHOW CTPOKH: unoconv - f pdf some-
file.odt. B nanHoMm mpumepe apryment "-f' yka3piBaeT Ha KOHEYHBIH Qopmar
IOKyMeHTa, a apryMeHT 'some-file.odt" - Ha mIOKyMEHT, KOTOpBIH HYKHO TIpe-
oOpazoBarb. [Ipu BBITONTHEHWM JAHHOH KOMaHIBI W3 JUPEKTOPHH, B KOTOpPOU
Haxoautes (aiin "some-file.odt" MbI momy4unM B 3T0i ke mupekropun (ain "some-
file.pdf". [lna makerHoro mpeoOpa3oBaHuWs. Hampumep, Bcex (aiinoB ¢opmara doc,
JIOCTATOYHO MOCJICIHUM apryMeHTOM Tepeaarts "*.doc".

OpeiiMBOpK NPUMEPHO COOTBETCTBYET apxurektype MVC ("momens — BuO —
KOHTpoIUIep'), TOYHEe eMy cOOTBeTCTBYeT Mojienb MTV ("'monens — mabmon — Bun'') [8].

CornacHo apxutektype ¢peiiMBopka Django mnpuiiokeHue pa3OuTo Ha
JIOTUYECKHUE COCTABJISIONINE: MOJIENb, ITIA0JIOH U BUJ (IIpelcTaBieHne) (puc.).
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> Bbpayzep

A

A

Template View (Bua/mpecTaBieHue)

A

A

Model (Monenb qaHHBIX )
A

y

ORM (mexaHu3zm
pabotsl ¢ B]1)

A

A

B/ (SQL/NoSQL)

Apxumexmypa MTV

st XpaHeHUs JTOKYMEHTOB, 3arpyXaeMblX Ha CepBep, B 0a3e CO3/aHbI
CIIETYFOIINE MOJEIH:

1 from  future  import unicode literals
2 from django.db import models
3 class Doc (models.Model) :

4 title = models.CharField(max length=255,
blank=True)

5 file = models.FileField(upload to='doc/")

6 uploaded at =
models.DateTimeField (auto now add=True)

7 parrent dir = models.ForeignKey('Dirs',
blank=True)

8

9 class Dirs (models.Model) :

10 dir name = models.CharField(max length=255,

blank=True)

[annast Mosienb onuckIBaeT Be Tabnuibl B coznaBaeMor BJI. «Docy ciayxut
JUTS XpaHeHus1 HH(popMaInnu o 3arpyxaeMbix Qaitnax, «Dirs» xpaHut uHpoOpMaLUIo O
MIPUHAJUIKHOCTH IOKYMEHTA K OIPEJIEIICHHON KaTerOpHH.

B crpoke 3 oOwsBisieTcss QyHkius Doc, KOTOpas CIyKHT i T€Hepaluu
HoBoW Tabmumpl B BJI. B crpoke 4 3amaercs Ha3BaHWE NTOKyMEHTa, B CTPOKE 5
3aJlaeTcs MyTh 10 KOHEYHOW IalKK 3arpy3Kd (OTHOCUTEIBHO TalKH C MPOEKTOM), a B
CTpOKe 6 — jaTa CO3/IaHUs 3aIHCH.
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Crnenyronii KOMIIOHEHT apxuTekTypel MVC —Bui, oTBevaromui 3a
00paboTKy 3arpy3ku (HailIoB B IPOESKT

from django.views import View
import subprocess, os

from .forms import DocForm
from .models import Doc

DS N

10 class ProgressBarUpload (View):

12 def get(self, request):
13 docs list = Doc.objects.all()
14 return render (self.request,

'docs/progress _bar upload/index.html', {'docs':
docs list})

15 def post(self, request):

16 form = DocForm(self.request.POST,
self.request.FILES)

17 if form.is valid():

18 doc = form.save ()

19 data = {'is valid': True, 'name':
doc.file.name, 'url': doc.file.url}

20 else:

21 data = {'is valid': False}

22 return JsonResponse (data)

Hannast ¢yHKIMA BBITIONHSAET 3arpy3Ky ¢aitnos, a JavaScript Ha cTpaHuUIle
MOJIb30BaTeNd TOKa3blBaeT IIporpecc JaHHOM omepanuu, B CTpokax 19-22
MIPOUCXOANT aCHHXPOHHAs (0e3 mepe3arpy3ky CTpaHHIIbl) epenada JaHHbIX.

Tam ke B TMpeACTaBICHUH BBITIOJIHSACTCS MpeoOpa3oBanue (aiinos B Gopmar

Pdf:

41 def all to pdf(request):

42 doc_list = Doc.objects.all()

43 pa = '/home/user/doc_env/multiple/media/’'

44 for doc in doc_ list:

45 if doc.file.name.split('.")[1l] != 'pdf':

46 pam = doc.file.name

47 subprocess.call ('unoconv '+patpam,
shell=True)

48 dox = '.'+(pam.split ('.") [-1])

49 Doc.objects.filter(file =

pam) .update (file = pam.replace (dox,".pdf"))

50 return render (request,

'docs/progress bar upload/index.html', {'docs':
doc list})

B ctpoke 41 o0bsBnsieTcs GyHKIMS U PeoOpa3OBaHus, IEPEMEHHAS «Pay
(ctpoka 43) XpaHUT MyTh J0 paboyero Karajaora ¢ JIOKyMEHTaMH, Jaliee IHUKIOM
(ctpoku 44 - 49) nepedbupaem Bce daiibl B B/, Eciu daiin umeer Gpopmar oTIIMIHBIN
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ot PDF (crpoka 45), To B IEepeMEHHYIO «pamy 3alKChIBACTCS IMyTh OTHOCHUTEIBHO
pabodeil manmkyd W TepemaeTcss MPOIECCy «Unoconvy ¢ yKa3aHWeM IyTH K (aimy
(ctpoka 47, shell=True cayxuT mIst TOTydeHNs OTIIAAOYHON HHPOPMAIIHHN).

CoOCTBEHHO  KOHBEpTAaIMsl ~ OCYIIECTBISICTCS  BBI30BOM  (DYHKIIUU
subprocess.call.

subprocess.call(args, * stdin=None, stdout=None, stderr=None,
shell=False, timeout=None) - BBIIONHSET KOMaHAy, OMUCaHHYylo args. Oxuaaer
3aBEpIICHUS KOMAaHJBI, & 3aTeM BO3BpallaeT Koj Bo3Bpara. Hampumep, komaHia
«subprocess.call('uname -r', shell=True)» BbBemeT HOMEp BHITyCKa OMEPAIMOHHON
cucrembl (a1 CentOS 7.3 x64 ycraHOBIeHHOU Ha cepBepe — «2.6.32-042stab123.3»)
[9].

Hanee 3amuck 0 mepBoHadaNbHO 3arpykeHHOM daiine B bJl 3amensercs HOBO
3anucklo o (aiine yxe ¢ pacmpennem PDF.

[Nocneaunii KOMIOHEHT apxXUTEKTYpbl MVC - 11a0I0H, CIyXHUT JJI1 BBIBOAA
CIHMCKAa MOCTYIHBIX IS MPOCMOTPa JOKYMEHTOB YX€ HEMOCPEACTBEHHO SI3BIKOM
HTML B O6pay3epe moms30BaTens:

1{% extends "docs/base.html" %}

2{% load static %}

3{% block docs_content %}

4

S<table id="gallery" class="table table-bordered">
6 <tbody>

7{% for doc in docs %}

8§ <tr>

9 <td><a href="{{ doc.file.url } }">{{ doc.file.name } } </a></td>
10 </tr>

11{% endfor %}

12</tbody>

13</table>

14

15{% endblock %}

3akiIouyenue

B nanHoii paGoTre mpeacTaBieH MEXaHU3M 3arpy3ku JokymMeHtoB MS Office
Ha cepBep, paboratommii mox ympasieHuemM OS  Linux (CentOS 7.3 x 64),
W KOHBEPTAINHK 3arpyeHHbIX (aiinos B popmar PDF. Mexanusm 3arpy3ku u KOHBEp-
Tanuu (aiioB peanu3oBaH Ha s3bike Python ¢ ucnonezoBanuem ¢peiimBopka Django.
Kongseprauus noxkymenros MS Office B popmar PDF ocymiectsisiercst mpu HOMOLIH
LibreOffice u ckpunta Unoconv.

ITockosbKy Bce HCIOJIB3yEMble WHCTPYMEHTHI SIBISIFOTCS CBOOOJHO pacmpo-
CTpaHs€MBbIMH  TPOrPAMMHBIMH  NPOAYKTaMH, TO  HCIIOJb30BAHUE  CBS3KU
LibreOffice+Unoconv+PDF no3BosisieT CylecTBEHHO COKPATUTh PAcXo/Ibl Ha CePBEP-
HOE IpOrpaMMHOE oOecIieyeHue.
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. NET Java Android SharePoint Cloud APIs for Word Document formats.

— Pexxum goctyna: https://www.aspose.com/products/words

. Portable Document Format. — Pexwm nocrtyma:

https://ru.wikipedia.org/wiki/Portable Document Format

. Django makes it easier to build better Web apps more quickly and with less code.

— Pexxum poctyma: https://www.djangoproject.com/

. Universal Office Converter - Convert between any document format supported by

LibreOffice/OpenOffice.
— Pexxum noctyma: https://github.com/dagwieers/unoconv

. LibreOffice — Mo1iHbIi 0QUCHBINA TaKEeT, MOTHOCTHIO COBMECTHMBIN ¢ 32/64-0uT-

HbIMH cUcTeMaMHu. — Peskum noctyna: http://ru.libreoffice.org/
A hackable text editor. — Pexxum moctymna: https://atom.io/

. Django Documentation. FAQ: General. — Pexxum goctyma:

https://docs.djangoproject.com/en/1.11/fag/general/
Subprocess — Subprocess management. — Pexxum gocryma:
https://docs.python.org/3/library/subprocess.html
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