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YJIK 004.383.4

OBPA30BATEJLHBIE PECYPCHI M TEXHOJIOTHH B YCJOBUSIX
LU®POBU3ALIMU COLINYMA

EDUCATIONAL RESOURCES AND TECHNOLOGIES IN THE CONTEXT
OF THE DIGITALIZATION OF SOCIETY

[Tandeposa E.B.,

OI'bOY BO «Tynbckuil rocyaapCTBEHHbIN Mearornueckuid yausepcuteT um. JI.H.
Tosncroro», MUHCTUTYT Niepe1oBbIX HHPOPMAITMOHHBIX TEXHOJIOTUH, Poccuiickas
Oenepanus, Tyna
E.V. Panferova,

FSBEI HE «Tula State Lev Tolstoy Pedagogical University» Institute of Advanced
Information Technologies, Russian Federation, Tula

e-mail: gammal5@inbox.ru

AHHoOTanus. PaccMOTpeHbI HEKOTOPBIEC ACTIEKTHI peaTn3allii HHHOBAITMOHHBIX
00pa30BaTeNbHBIX TEXHOJOTHM, B TOM 4YHCIe, B 00JacTH pa3pabOTOK pa3IUuyHOIro
polla CHUMYISATOPOB, BUPTYaJIbHBIX U YyHAJCHHBIX J1a0OpaTOpuil, MOOMIBHBIX
MPWIOKEHUH, POOOTOTEXHHUKH, IUIATPOPM BIEKTPOHHOrO 00yuyeHus, Bce Ooiee
IIUPOKOTO BHEAPEHHUS B OOpa3oBaTENbHBIM MPOLECC 3JIEMEHTOB COBPEMEHHOU
BU3YaJIU3alMK U TeUMUDUKAITIH.

Abstract. Some aspects of the implementation of innovative educational
technologies are considered, including in the field of development of various kinds of
simulators, virtual and remote laboratories, mobile applications, robotics, e-learning
platforms, and the increasingly widespread introduction of elements of modern
visualization and gamification into the educational process.

KitoueBble cjioBa: 3JIEKTPOHHBIA KypC, UMMEPCUBHOE O0yUYEHHUE, OLICHOUHBIE
cpeAcTBa, reiMuduKaius, BU3yain3alus

Keywords: gas condensate wells, intelligent planning, gas dynamic studies,
field and geophysical studies, automation, regulatory documents, innovative
technologies

OtnaBast OMKHOE, OECCHOPHO, TO3UTHUBHOMY BIUSHUIO COBPEMEHHBIX
nu(pOBBIX TEXHOJOTUH Ha Bce cdepbl 0Opa3oBaHMs, HENb3d HE YUYHUTHIBATHh U

[6]
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npoOsiieMy, OOYCIOBICHHYIO TEMH K€ TIpOLEeccaMH, U 3aKII0Yalonlylocs B
HEOOXOUMOCTH TOJTOTOBKH CIHEIHUAINCTOB, CIHOCOOHBIX paboTaTh B OBICTPO
MEHSIOIIeHCs cpefe.

[IpuBeneM, Kak mNpuUMep, HHCTPYMEHTHI KOHTPOJIA 3HAHUW, JTOCTATOYHO
HMIMPOKO y>Ke MPUMEHSIONINECS B COBPEMEHHOM 00pa3oBaTeNbHOM cpeie.

HNuctpymentsl reiiMudukarnuu: Kahoot, Quizzlet u T.11.

«Paboune Terpaau»: Flippity, LearningApps, Liveworksheets.

[Tnardopmsl ans cozganus oneHouHbIX cpeacTB: GoCongr, Formatives.

Coznanne onenounbix cpeacts Ha MOOC u LMS mnardopmax (k mpumepy,
MOOC Stepic mnu eDX, u LMS Moodle).

WNuctpymentsl miia co3mganust ompocoB: Google ®opmbi, Microsoft Form,
Typeform, Webanketa, Survey.js, Yandex Ompocsl.

UckyccrBennsiii unTeiekt (M) B cdepe oOpasoBaHus, Ha Haml B3IVIAL,
MUMEET J0CTaTOYHO PA3HOIUIAHOBBIN JaHAMA(T TPUMEHUMOCTH.

[MudpoBass cucrema orneHuBaHus: komrmanuu Mercer Mettl u Littlemore
Innovation nmpenoCTaBIsAIOT PEMICHUs I TUPPOBBIX K3aMEHOB C UCIIOJIb30BAHUEM
UcKyccTBeHHOro wuHTeliekta (Al) u wmammuaHoro oOyudenus (ML). bmaromaps
TexHOoJoruu, ocHoBaHHOM Ha momu Al m ML, yxe 40 000 cTyaeHTOB yCHEUIHO
CIaJIi BCTYIIUTEIbHBIE SK3aMEHbI B OHJIaliH-(hopmaTe.

[Iporuno3 nedonToB mo oOpa3zoBaTEIbHBIM KpPEAUTaM: MPOEKT Y HUBEPCUTETA
mrata Apwuzona Shaping Edu mnomoraer OaHkaM W MOpaBUTEILCTBAM B
MIPOTHO3UPOBAHUU JIOJTOB IO KpeIuTam, B3siThIM Ha oOpaszoBanue [1]. Moaens U
MOXKET HAWTH MOAXOJsAIIee pelIeHrne, yToObl M30ekaTh HEBO3BpaTa KpeauTa IJis
MIaTeTbIINKA.

[lepconanbHas cucrema ympasieHus oOyuenuem: Ozobot mnpeacraBmia
cuctemy ynpasieHus ooydennem Ozobot Classroom [2]. TexHonOrus BKJIIOYAET B
ce0s maHesb yrpaBlieHus IS TpernojaBarens. B Hee nHTerpupoBaHa BO3MOXHOCTh
OTCIICKUBATh JaHHBIE O0OpPA30BATENLHOTO TPOIlecCa y4aluxcs. ITO TMOMOTaeT
npeajiaraTh MHAUBUAYAIbHYIO TTIOMOIIb TT0 00pa30oBaTEIHHOM MporpaMMme.

JuzaiiH ¥ WHCTPYMEHTHI MJisi CO3JIaHus Tpe3eHTanuil u  uHborpaduxku
MIOMOTAIOT BBISIBUTH U PA3BUTH MOTEHIIUAT Y 00yUYaIOIIMUXCS, YAAYHO KOPPEIUPYSICh C
BO3MOYKHOCTSIMHU M BBI30BaMU ITU(pOBU3AIHH BCeX chep 001eCTBEHHON KU3HH.

OOmue KOHIENIMA JW3aliHa W HAINOJHEHWS MPE3eHTAlli: MUHUMAIU3M,
tunorpaduka, nuaporpadpuka — Google Material Design u Microsoft Fluent Design
System — mnpekpacHble PYKOBOJACTBA IO Ju3aiiHy Tpaduku, MOIXOMASIINE IO
peanu3aluio JoObIX 1eseH.

[[BeToBas manmuTpa: 00IIas KOHIICTIIUS COYETaHMsI [[BETOB, KOMIUIEMEHTAPHbBIS
I[BETa, [[BETOBOM KPYT, TPEYTOJbHKMK U T.JI., HHCTpyMeHTHI — Coolors, Happy Hues,
Colormind, Colorspinso.

HNuctpymenTsl it co3aanus rpaduuecknx MakeToB U uHporpaduku: Figma,
Canva, Tilda, Easel.ly, Infogr.am, Piktochart, InVision u apyrue. UHCTpyMeHTBI 1151
CO37IaHUs PUCYHKOB M cXeM K npe3eHtanusim: draw.io (diagram.net) u Lucidchart.

[Iporpammbl u TUIaTGOPMBI  JIT  CO3MIAHUS KJIACCHYECKUX TPE3CHTAITHI:
Slides.io (reveal.js), Prezi, Google Slides, PowerPoint.

[7]
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[Togxompl K CO3JAaHUIO CTAaTUYECKHMX M AHUMHUPOBAHHBIX MPE3EHTALUU.
WNHCTpyMEHTBI AJIs CO3/1aHUs MHTEPAKTUBHBIX Npe3eHTanuii: Mentimeter, Classtime,
onpocsl B Google Slides, PINGO.

Pa3paboTka 37I€KTpOHHOr0 Kypca — 3TO, KaK MPaBUJIO, MIPOLECC, COCTOSIINN
U3 HECKOJIBKMX 3TaroB. TeM He MEHee CMOTPETh Ha ATy TBOPUYECKYIO ACATEIBHOCTD
HY)KHO B KomIuiekce. IloaTomy Kaxaplii pa3paOOTUMK 3HAET, 4YTO BBIOPATh
MHCTPYMEHTHI CJENyeT Ha HadaJbHBIX dTamax padoTel Hax KypcoM. [lias BepCTKH
KypcoB B ¢Gopmare SCORM wHCnoOnb3ylOT pa3iuyHble PEAaKTOPhI, HAIpUMEp:
CourseLab [3], Articulate Storyline unu iSpring.

[TonpoOGHee ocTaHOBMMCS Ha pelaKTOpe AJ CO3/IaHHUs 3JIEKTPOHHBIX KYypCOB
— CourseLab.

BBenem OCHOBHBIE TEPMHUHBI, KOTOPBIE CBSI3aHbI C pa3pabOTKON 3JEKTPOHHOTO
Kypca B penakTope. B OOIbIIMHCTBE CilydaeB 3JIEKTPOHHBIA KypC CO3JAeTCs IS
pa3menienus B CJIO (cuctema qUCTaHIIMOHHOTO OOYy4EHHUs).

CAO — »T10 wuHTEpHET-IIaTPopmMa JUIsl JUCTAHLMOHHOIO OOy4YeHUs
CIIyLIaTEJIeH: AIEKTPOHHBIE KYPChI, BUIACOJIEKIIMN, CUCTEMA TECTUPOBAHUS, KOHTPOJIb
yCIEBAEMOCTH, OTYETHl M T. JO. B Kypc 3aKiagplBarOTCd OCHOBHBIE IIpaBUia
OPOXOXKIECHUS U OaJuIbl, KOTOpbIE B AajbpHeimeM nepenatorcs B C/1O u no3Bossior
aJIMMHUCTPATOPY CUCTEMBI (POPMHPOBATH pa3IMYHbIC BHUIBl OTYETOB, CIEIUTH 3a
ycIliexaMu CIIyIaTeNs Ha Kypce U BhICTpauBaTh YU€OHYIO TPAEKTOPHIO.

Ecmu npoBogute ananoruto, 1o C/IO MOKHO CpaBHHTH C MAIIMHOW, KOTOPAs
COCTOMUT M3 MHOYKECTBA JIETAJIEW, ONHOW M3 KOTOPBIX SBIISECTCS AJIEKTPOHHBIA KYypC,
IIOATOMY pelaKkTop s co3nanus Kypca 1 C/IO — TecHO CBsI3aHHbBIE BEIIH.

DNEKTPOHHBIM KypCOM TMPHUHATO Ha3bIBATh TEMATHUYECKU 3aBEPILCHHBIN
CTPYKTYPUPOBAHHbIA  y4eOHBIM  MaTepuan, KOTOpPbIA  MNpeAHa3HayeH  JJis
camooOydeHusi. HTEepakTUBHBIA  CHAWJOBBIM KypC 4YacTO CpPaBHHUBAIOT C

npe3eHTanued, HO O00IIero MeXJIy HMMH Mallo — 3TO IOCTPaHWYHBIN ¢dopmar
IpeIcTaBlIeHUs UHPOPMAIIUU.
Penaktop 2NEKTPOHHBIX KYypCOB — 3TO MHCTPYMEHT CO BCTPOCHHOM

OuOIMOTEKON OOBEKTOB M (PYHKIUMH, C TOMOIIBI0O KOTOPHIX MOXKHO YIaKOBaTh
y4eOHBbIIl KOHTEHT, 3aJaTh TMpaBHJa TMPOXOXKICHUS, TPACKTOPHUIO JBWKCHHUS,
OpraHW30BaTh OIICHKY M TIPOBEPKY 3HAHWK Ha Kypce. PemakTop mo3Bosier
HKCIIOPTUPOBATH TOTOBBIM KypC B HECKOJIBKO Pa3HBIX (HOPMATOB U MCIOIB30BAThH €TO
KaK OTACIbHBIN TPOAYKT wWiau ummnoptupoBaTh B CJIO, KOMOMHHUpPYS ¢ IPyTrAMH
y4eOHBIMU aKTUBHOCTSIMU. KpoMe 3TOro, ecTh BO3MOKHOCTh HAITUCATh CBOW KOJ| MIJTH
MCTIONB30BaTh CKPHIITHI, Jieasi 00Jiee CII0KHBIE KypChl ¢ TEXHUYECKOW TOUKH 3PECHUS.

Jns ummnopta kypca B CIIO ucnonsiyercs cnenuanbhbiii popmatr — SCORM.

SCORM — 310 cOopHuK cnenupukanuii 1 CTaHIApTOB, pa3padOTaHHbBIN IS
CUCTEM JIMCTAHIIMOHHOTO O0yUYeHUSs, KOTOPBIHA CONEPKUT TpeOOBaHUS K OpraHU3aIlluU
yueOHOro maTepuana M BCeH CHUCTEME IAUCTaHLMOHHOro o0yuyeHus. PemakTop s
co3laHus 3JeKTpoHHBIX KypcoB CourseLab mnpencraBnser coboi mporpamMmy ¢
PYCCKOSI3BIYHBIM HHTEP(ECcCOM ¢ 3aJ0’)KeHHON OOIMMPHON OMOIMOTEKON 00BEKTOB
11 paboThl HaJl y4€OHBIM KOHTEHTOM.
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WuTepdeiic mporpaMMbl MHTYUTUBHO TOHSATEH, MO3TOMY MOXHO JOBOJBHO
OBICTPO OCBOUTHCS U HadaTh padboTaTh. B pegakTope MOMXHO MOJIb30BATHCA TOTOBOU
O0uOIMOTEKON OOBEKTOB WJIM CO3/AaBaTh M MOATPYXaThb CBOM 3i1eMeHThl. Ha Ooiee
BBICOKOM YPOBHE €CTh BO3MO>KHOCTb IIMCATh CBOM KOJI ¥ UCIIOJIb30BAaTh CKPUIITHI.

CourseLab — pmocraToyHo THOKHMII WHCTPYMEHT, IO3BOJISIOIIMN CO37aBaTh
Kypchl pa3HbIX ()OPMATOB: HHTEPAKTUBHBIC CIIAJIOBBIE KYpChl, KypChI-KEHCHI,
BUJICOKYPCBI, yueOHBIE JTOHTpUABI U T. 1. Bee ¢aiinbl, ¢ KOTOpbIMU BBl paboTaeTe BO
BpEMs BEPCTKH Kypca, COXpaHAITCA B anky Kypca Ha BameMm [1K.

C »Toro m HaumHaercs paboTa B HporpaMMme: HEOOXOOUMO CO3[aTh MANKy
Kypca, BRIOpaTh m1abjJoH MOJIyJIA Kypca U COXpaHUTh MPOEKT. B panpHeliiemM Takue
HAaCTPOWKH, KaK pa3Mep CTPaHULbI Kypca, 3JEMEHThl 1H3aiiHa, I[BETOBas MajuTpa,
WPUQPTHI U T. 1., TP HEOOXOAUMOCTH MOYXKHO IIOMEHSATbD.

BepcTka Kypca yciIoBHO I€IMTCS Ha TPU JTalla, CBSI3aHHBIX C MEPEKIIOYEHUEM
MEXAY BKJIAIKaMU.

Oran 1 — co3ganue 00JIOKKK Kypca W HacTpoiika kHomku «Haudatb», 0e3
KOTOPOM CIIylIaTellb HE CMOXKET 3aIlyCTUTh KypC.
Ortan 2 — HacTpoiika macrtep-ciaiga. MacTep-cliaili MOXHO CpPaBHUThH C

mabJIOHOM Cliaiffia B HacTpoiikax mpe3entanuu B PowerPoint. Ha Hem, kak npasuio,
pa3MelarT HaBUralMoOHHbIe KHONKH («Brepeny, «Hazany, «Mentoy, «I ' moccapuity,
«BpIxom» W T. 1) W DJIEMEHTbl OpeHAMHTra, Hampumep Jorotun kommnaHuu. K
KOKJIOMY HOBOMY claiay OyAeT NpHMEHSThCA CO3/aHHBIA Ha MacTep-claije
1a0JIOH, YTO OYEHb CHJIBHO YCKOPSIET paOOTy HaJ KypCOM.

Ortan 3 — 3T0 co3AaHWe OOBIYHBIX CIIAWJOB/CTpPaHUI] Kypca, Ha KOTOPBIX U
pa3meniaeTcs BeCh OCHOBHOM KOHTEHT Kypca. B mepBoe Bpemsi paboThl B peakTope
HY’>KHO BHUMATEJIbHO CJIEIUTh, HA KaKOW BKJIQJKE BBl paboTaeTe, U MEPEKII0UaThCs
Mexay HUMHU. Yactasg ommOKa HOBMYKA — CO3/IaHHME CTPAHMI[ Kypca BO BKIIAJKE
«Macrep-cnangy.

PaGoTa Ha OCHOBHBIX CllalijlaXx/CTpaHHIIAX Kypca HIET C HCIOJIb30BAHUEM
OMOIMOTEKN AJEMEHTOB, KOTOpasi BCTpO€HA B mporpammy. Ecim Bam HEoOX0auMo
pa3MEeCTUTh TEKCT, TO [JIsi ATOTO B MPOrPaMMeE €CTh COOTBETCTBYIOIIUI 3JIEMEHT
«TexkcT», KOTOpBI HamoMHWHAeT cokpaimieHHylo Bepcuto Word. To ke camoe
KacaeTcsl U IPYruX 0OBbEKTOB, KOTOPHIE MOTYT MOHAIOOUTHCS BO BpeMsi paOOThHI HaJl
KypCOM: BHJIEO, CJIAiiiepbl, BCIUIBIBAIOIINE OKHA, HHTEPAKTUBHBIE KapThl, CCHUIKM Ha
CTOpPOHHHE pecypchl, nHporpaduka, >JIeMEHThl HABUTAIMU, YIPaKHEHUSI, OMPOCHI,
TecThl U T. A. Kaxknp1ii 00BEKT B peJakKTOpe MOKHO HACTPOUTH MO ceOsl.

[ToMHUMO BCTPOEHHBIX JIEMEHTOB, B3aUMOJCHCTBOBATh C OOBEKTAMU MOXHO C
MOMOIIBIO JEUCTBUNA. ITO 3HAYUT, UYTO KaXJAOMY OOBEKTY MOXXHO 3aJlaBaTh
omnpeesieHHbIe AeiicTBUs. Hanmpumep, HaM HY>KHO, 4TOOBI TPU HAXKATUKU HA KPACHYIO
KHOIIKY BKJIIOYAJICS 3BYK CHUPEHBI, M CIyIlIaTellb HE MOT MEPEeUTH Ha CJICIYIOIIHMA
claij, moka 3TOT 3BYK HE 3aKOHYUTCA. Bce 3TO MOXKHO HACTPOUTH C MOMOUIBIO
CIICIMAIIBHBIX JEHCTBUH, KOTOpPBhIE NMPUMEHSIOTCI K OOBCKTaM Ha claije, U TeM
CaMbIM 33Jal0TCA MpaBUjIa MPOXOKIAEHUS Kypca.
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[Tocne Toro kak paboTa HaJ KypcOM 3aKOHYEHA, HY)KHO YOEIUThCS, YTO BCE
paboraer koppekTHo. B CourseLab mpocMoTpeTh TOTOBBI Kypc MOXKHO JByMs
croco0aMu: OTKPBITh BEPCHIO.

BbiBOABI

TakuMm 00pa3oM, MPOSKTHUPOBAHUE U peannu3aliys 00pa30BaTEILHOTO Mpoliecca
C WCHOJb30BaHWEM IM(GPOBBIX CPEICTB U 00pa3oBaTENbHBIX IWIATHOPM, C
BHEJIPEHUEM HMHHOBAITMOHHBIX METOJOB OOYy4YeHHWs, CO3MaHHE aBTOPCKUX W
MPUMEHEHNUE  CYIIECTBYIOMMUX U(PPOBBIX  00pa30BaTENBHBIX  PECYPCOB  TIO
MIPENO/IaBaéMbIM OTPACIISIM 3HAHWW B COBPEMEHHBIX YCIOBHUSX — aMOMITMO3HBIN
BBI30B, KOTOPBIH B HACTOSIIEE BpeMsS VYK€ CIYy)KHT TIOBBIIICHUIO YPOBHS
00pa30BaHHOCTHU OOIIIECTBA.
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AHHOTamust. B Hacrosumii MOMEHT mporpamMmbl UU(POBU3ALMH U
poOOTH3ALMKM TPUHATHI BCEMU KpPYINHEHIIMMU MHUPOBBIMH U OTEYECTBEHHBIMU
KOMITAHUSIMH, B KOTOPBIX 3aTPOHYTBbl BCE€ ATambl AOOBIUM, TPAHCHOPTUPOBKU H
nepepaboTku HedTu W raza. Ilpm stom Hambombimuii, 70 45% B JEHEKHOM
BBIPKEHUU, SKOHOMUYECKUN dPPEKT OT BHEAPEHUSI POOOTOB OXKHUJAETCS B OypEeHUH,
B pa0OoTax, BBIIOJHAEMbIX HEIOCPEICTBEHHO HA MECTOPOKACHUSIX.

OKcIutyataluss HAcOCHO-KOMIIPECCOPHBIX TpyO Bcerja COIPOBOXKIAETCs
HAaHECEHHEM CIICLMalIbHBIX CMAa30YHbIX MAaTE€pHaJIOB, OOJEryarouux ONepaluu
CBUHYMBAHMS M PAa3BUHUMBAHUSA, HO 0OECIEUMBAIOUINX HAJCKHYIO T'€pMETH3ALHUIO,
MO3TOMY MEPCIIEKTUBHOCTh POOOTU3ALIMHU ITOM OINEpalvy HE BbI3bIBAET COMHEHU.

B crathe paccmaTpuBaeTcsi MPOTOTUIl POOOTU3UPOBAHHOIO 1I€Xa MO PEMOHTY
TpyO, oco00e BHUMAHHE YACJICHO y4acTKy HAHECEHUsS CMa3KH, Ha 0a3e KOTOpOro
NoKazaHa HEOOXOJUMOCTh CHEHU(PUYECKOTO MOAXOAa K CHUHTE3y MPOrpaMMHOTO U
UH(OPMAIIMOHHOTO O0ecnieyeHnil cucTembl ympasieHus pobota. IlpennoxeHs
METO/1bl KOPPEKIIMH YIPABISAIOMIKUX IPOrPaMM MPU U3MEHEHUU TTapaMEeTPOB BHEILIHEH
Cpenbl  BCJIEACTBUE MX 3HAUUTENIBHOIO BIMSHHUS HA  PEOJOTUYECKUE U
AKCIUTyaTal[MOHHbIE CBOMCTBAa CMAa30YHBIX MaTEepUANOB, pabodyne PEKUMBI
TEXHOJIOTMYECKOT0 000pYy10BaHUSI.

Ha ocHOBe BBISIBIEHHBIX 3aBUCUMOCTEH C(OpPMHpOBAH IUIaH JaNTbHEUIINX
UCCIEIOBAaHUM, B  XOJ€ KOTOPBIX IUIAHUPYETCS  MPOBEIECHUE  HATYpPHBIX
AKCIIEPUMEHTOB [IJIsl YTOYHEHHs MOMPABOYHBIX KOI(PPHUIIMEHTOB, MOATBEPKIACHUS
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BBIABJICHHBIX TIIPSAMBIX W KOCBCHHBIX (1)aKTOpOB BIIMSIHUS HA TEXHOJOTMYECKUM
IMpoHcCC HAHCCCHUA CMA3KH.

Abstract. At the moment, digitalization and robotization programs have been
adopted by all major global and domestic companies, which affect all stages of oil
and gas production, transportation and refining. At the same time, the greatest
economic effect, up to 45% in monetary terms, from the introduction of robots is
expected in drilling, in work performed directly at the fields.

The operation of tubing is always accompanied by the application of special
greases that facilitate screwing and unscrewing operations, but ensure reliable
sealing, therefore, the prospects of robotization of this operation are beyond doubt.

The article considers a prototype of a robotic tubing repair shop, special
attention is paid to the grease application site, on the basis of which the need for a
specific approach to the synthesis of software and information support for the robot
control system is shown. Methods for correcting control programs when changing
environmental parameters due to their significant influence on the rheological and
operational properties of greases, operating modes of technological equipment are

Based on the identified dependencies, a plan for further research has been
formed, during which it is planned to conduct field experiments to clarify the
correction coefficients, confirm the identified direct and indirect factors influencing
the technological process of applying greases.

KuaroueBble ciaoBa: mnporpaMMHOe — obecnieueHue, HMHGOPMALMOHHbBIE
IIPOLIECCHI, poboTH3anus, He(Terasonast IPOMBIIIIEHHOCTD, HACOCHO-
KOMIIPECCOPHBIE TPYObI, CMAa304YHbIE MAaTEPUAIIbI, PEMOHT HACOCHOTO 000PY10BAaHUS

Keywords: software, information processes, robotics, oil and gas industry, oil-
well tubing, grease, repair of pumping equipment

BBenenue

C cepeauHbl MPOILIOTO CTOJETHS MPOLECCHl aBTOMAaTH3alUU MPOU3BOJACTB C
BPEIHBIMA M MOHOTOHHBIMU IPOLIECCAMH, KOTOpPBIE HETATHMBHO OTPaXaJIUCh Ha
3I0pOBbE YEJIOBEKA, MPHUBEIM K TOSBICHUIO HOBOIO TpPEHJIA pOOOTU3AIINH.
[Ipowmenmie necATUNETUST XapaKTEPU3YIOTCS CYIIECTBEHHBIM POCTOM 00beMa
OpoOU3BOJACTBA  POOOTOB W paclIMpeHreM  obOjacTed  HUX  NMPUMEHEHHS.
JIOTIOTHUTENBHBIM CTUMYJIOM K YBEIMYEHHIO KOJMYECTBA POOOTOB B IOCIEIHUE
roJbl CTaj IIOBCEMECTHBIN MEPEX0/ HA HOBBIM TEXHOJIOTMYECKUN YKiIal — MuaycTpus
4.0, 6a3upyrouIniicss Ha MacCCOBOM BHEAPEHUU aBTOMATHU3AIMU B pa3lInyHbIe Cepbl
IIPOM3BOJICTBA U YEJIOBEYECKOW AEATEIBHOCTH, IIPU OTOM BO IJIABY YIVIA CTaBUTCS
noBbilieHHE  A()(PEKTUBHOCTH pabOTBI B YyXKE€  M3BECTHBIX  HANpaBICHHSIX
ABTOMATHU3aLIMM WJIM PAHEE HE OXBAYECHHBIX MPOU3BOJICTBAX KPATHO, & BO3MOYKHO U B
necarku pas [1].
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Hecmotpss Ha ycnemiHble BHEAPEHUS BO MHOTHX cdepax NpOU3BOACTBA
pobotuzanust B HEPTeAOOBIBAIOIIEH NPOMBILUIEHHOCTH pa3BUBACTCS KpailHe
memseHHo. HopmaTtuBHO-mipaBoBast 0aza, peryiupytomas HedTenoObIBaronye
Olepaly, HEXEJIaHue MOJEPHU3AIMN TEKYIIMX [POLECCOB UM  BHEAPEHUS
JOPOTOCTOSIIETO OOOpYIOBAaHUS MPUBOJUT K 3aCTOK0 IPOM3BOJACTBA U OOJBIINM
3arpatam. Ilo  mporHozam  skcneproB — poOoTu3anusi B He(TerazoBo
IPOMBILUIEHHOCTH IO3BOJIUT COKPaTUTh 00beM pPaboT Ha OypoBOil yCTaHOBKE,
YBEJIMYUTH MPUPOCT JOOBIUN HEPTH HA TPETh, HOBBICUTH 3(PPEKTUBHOCTD U CHUZUTH
Ha 10-20% KkanuTaJbHBIE M OINEpAlMOHHBIE pacxXoabl MNpu OOYyCTPOKCTBE
MECTOPOXACHUI W  NPOU3BOJACTBEHHBIX onepaunusx. Kpome  cokpalleHus
HSKOHOMUYECKUX 3aTpar, poOOTH3aIUs MO3BOJUT CHU3UTH PUCKH MPOMBIIIJICHHOTO
TpaBMaTu3Ma, UCKJIOYUB ISl IEPCOHAJa ONepalny, ONacHbIE IS KU3HU U 3J0POBbS
yenmoBeka [2].

Crnenu¢uka npuMeHeHuss poOOTOB B He(dTerazoBoil oTpaciu TpeOyeT He
TOJILKO pa3pabOTKU CHEUAJIbHON OCHACTKU ISl MAHUIYJISIMOHHBIX CHUCTEM, HO
MOIM(UKALUU TPOTPAMMHOI0 U UHPOPMAITMOHHOTO 00€CIIEUEHNI TEXHOIOTHUECKUX
KOMILIEKCOB. Jlasee paccMaTpUBAaeTCs OJWH W3 BO3MOXKHBIX BAapUAHTOB PEIICHUS
KOMIUIEKCHOM  33Jayd 1o  poOoTu3alMu  Haubosiee BOCTpEOOBAHHOM  Ha
MECTOPOXKACHUSIX ONEepali — peMOHTY HacocHO-komMipeccopHbix TpyO (HKT).

PobGoTusupoBanHbie kKoMILIEeKChI 110 peMoHTY HKT

B mnocnennee Bpemsi B HedTerazoBoe MPOU3BOJCTBO IIMPOKO BHEIPSETCS
MEXaHM3allUsl 1 aBTOMAaTHU3alus B 00JIaCTH PEMOHTA M TEXHUYECKOTO OOCTY>KUBAHUS
obopynoBaHusi s HedTenOObIYM, UYTO CBS3aHO C POCTOM II€H Ha MeETaul U
METAIOU3JIENIUS, a TakXXe IMepexoJoM Ha 0ojiee SKOJOTMYHOE MPOU3BOICTBO.
[ToaTOMy MHTEpEC MpeaCTaBIsSET peaan3anns TEXHOIOTUN, CBA3aHHBIX C TTOBTOPHBIM
UCIIOJIb30BAHUEM Y3JIOB, arperatoB M JeTajeil MalluH, YTO TO3BOJHUT COKPATUTH
pacxonsl B HedTeaoObiue. B cBsiz3u ¢ 3TUM B MOCIENIHHME TOIbI HAOIIOMAETCS
aKTUBHU3ALUS Pa3pabOTKu POOOTU3UPOBAHHBIX KOMIUIEKCOB M MOJYJIEH NJIsi peMOHTA
o0opynoBaHusi He(TEra3oBOro CEKTOpa, K TMpPUMEPY, MNPOEKTUPOBAHUE IIEXOB
(Y4acTKOB) MO PEMOHTY HAaCOCHO-KOMITPECCOPHBIX TPYO, KOTOphIE ceituac paboTaroTr
B PYYHOM H TIOJIyaBTOMAaTHYECKOM peKMMax. BHeapeHne poOOTH3UPOBAHHBIX
KOMILJIEKCOB TO3BOJIUT OCBOOOJUTH TMEPCOHAN OT TSXKEJIOTO MOHOTOHHOIO Tpy/a,
obe3onmacuTh UX TPYyHA, YMEHbIIHUTh cpok pemoHTa HKT u kommuectBO mpoctoes
CKBa)KMHHOT'O 000pPY/I0BaHMUS.

Ha peiake pemoHTa TpyO HE(TSHOrO COpTaMEHTa MOSBUJIOCH MHOXKECTBO
MPEAJIOKEHUM 10 M3TOTOBJICHUIO aBTOMATU3UPOBAHHBIX JIMHUHN, KaK CTAllUOHAPHBIX,
TaK U MOOWJIBHBIX KOMIUICKCOB JIJII PEMOHTA, TUArHOCTUKH M TectupoBanuss HKT
(pucynok 1), Ha 6a3e cOBpeMEHHOTo 000PY0BaHUS UMIIOPTHOTO U OT€UECTBEHHOTO
Mpou3BOACTBA [3-5] M COOTBETCTBYIOIIMX TPEOOBAHHUSAM TIO SKOHOMHUYHOCTH U
skojorudHocTH. OCOOBI WMHTEpPEC C TOYKH 3pEHUS pPa3pabOTKH MPOrpaMMHOTO
oOecrieueHus MPEACTABISIIOT POOOTOTEXHUIECKUE TUCHKHU, 3a/1eHICTBOBAHHBIC B TAKUX
1exax Ha HanboJiee KPUTUIECKUX OTEPaIUsX.
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Pucynok 1. KomnoHoBouHasi cxema CTallMOHAPHOTO POOOTU3UPOBAHHOIO 11€Xa JJIs
BBIIIOJTHEHUS TeXHONornueckux onepanuii pemonta HKT [2]

—

14. CKnap roToBOM NPOAYKUMM "i?

Pob6oTn3upoBaHHasi cucTeMa CMa3KH pPe3b00BBIX COeIMHEeHUil

[Tockonbky skcmyaranuss HKT gacto nmpoucxoauT B HEOJArompUSTHBIX IS
YeJloBEeKa YCIIOBUSAX (DKCTpeMallbHbIE TEMIEpaTyphbl, BIAXHOCTh U IIp.), TO
aKTyaJIbHOM M BOCTPEOOBAaHHOM sIBNIsIETCS pa3paboTKa pOOOTU3MPOBAHHOIO MOJYJIS
JUIA aBTOMaTHU3alMM Ipollecca HAHECEHHWs CMa304HOro MaTepuaja Ha pPe3bOOBYIO
qyacTh TPyObl WM MY(TBHI, YTO MO3BOJUT BbICBOOOIUTH MEPCOHAN MPHU BBINOIHEHUU
pEMOHTa W JUArHOCTUKH MPOMBICIOBOTO 000pynoBaHus. PoOOTH3MpOBaHHBIM
MOAYJb cMa3ku pe3b0oBbiX coenuHeHnid HKT chnpoexktupoBaH ¢ ydeToM €ro
UCIIOJBb30BaHUS B COCTaBE€ pPOOOTU3MPOBAHHOIO TEXHOJIOIMYECKOIO  ydacTKa.
YuuTeIBass 3KCTpEMaJbHBIE YCIOBHUS JKCIUIyaTalluM, B COCTaB MOJIYJISI BKIIFOYEHBI
TEPMOCTAOUIM3UPOBAHHBIM  pe3epByap ¢ JIONACTAMHM JUIsl  [epEMELIMBaHUS
CMa304YHOTO MaTepuajsa M HAcOCOM, 6-OCEeBOM MAHHUITYNIATOpP, OCHAIEHHBIN
CIIELMAIN3UPOBAHHBIM MHCTPYMEHTOM JUIsI HAHECEHMUS IaCTbl HA BHYTPEHHIOIO U
BHEIIHIOIO PE3bObI, CUCTEMa CMEHbl MHCTPYMEHTA, a TAKKE POJUKOBAas CHUCTEMA,

NpeaHa3HauYeHHas sl TepeMenieHus u coriacoBanHoro nosopora HKT (pucynox
2).

Cnenudguka nporpaMMHOr0O " HHGOPMAIMOHHOIO oOecrieyeHUH 9
yIpaBJjeHUus POOOTU3HUPOBAHHBIM MOAYJIEeM

OCHOBHO¥H 3afaueil MpU CHHTE3€ KJIACCUYECKOTO MPOrPaMMHOTO 0OeCTIeueHUs
CUCTEMBI yNpaBJieHHUsS pPOOOTHU3NPOBAHHBIM MOJYJEM SIBISETCS pacdeT CKOPOCTH U
TPAaCKTOPUH HAHECEHWs CMa3Kd, a Takke TOJAepX)aHhue HEOOXOAMMBIX
PEOJIOTUYECKNX CBOMCTB MaTepuana, BBHINIOTHSAEMOW B CIEHUATH3UPOBAHHOM
BHEIIIHEM 000pyAoBaHWU (CTaHIUs MojorpeBa). OaHAKO COBpEMEHHBIE PE3hOOBBIC
NaCThl, CO3JJaHHbIC Ha 0a3e CHHTETUYECKUX WIIM MUHEPAJIHHBIX MAaCel, JOMOIHEHHBIX
3aryCTUTEISIMU M pa3iuuHbIMH Jo00aBkamu (rpadut, Aucyiabdua MonaubaeHa u
KOMIUIEKCHI ~ TPOTHBO33JMPHBIX, AHTHKOPPO3HUOHHBIX W  aHTU(QPUKIIMOHHBIX
MPUCAZOK) TPeOYIOT OoJiee TOYHON PabOThI CHCTEMBlI CTaOMIM3AIlMU, TaK KaK MpU
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HAaHECEHUU CMa3KU Ha Pe3b0y €€ PEOIOTHUECKUE CBOMCTBA (BA3KOCTh, YKPBIBUCTOCTD,
CIEIUICHHE C MOBEPXHOCTHIO) MEHSIOTCS B JOCTATOYHO MIMPOKOM JHANa3oHE, YTO
MOKET MPUBECTH K HECTAOUILHOCTH XapakTepucTuk ciosi [7]. Ha pucynke 3
MPEACTABICH Tpa@UK 3aBUCUMOCTH BSI3KOCTH OT TEMIIEpaTypbl CMa304HOIO
Marepuaa.

1 — craHIMs noAOrpeBa U NEpeMEIIMBaHus; 2 — pOJIMKOBBII KOHBelep; 3 -
MaHUIYJIATOP
Pucynok 2. KoMnoHoBKa npoeKkTUpyeMoro pooOTU3UPOBAHHOTO MOAYJIS

Temnepartypa, K

AddhekTMBHAA BA3KOCTL, Mac

Pucynok 3. TemneparypHas 3aBUCUMOCTb 3()(PEKTUBHOMN BSI3KOCTH CMa3KH

Ha BblgenenHom ywacTke rpaduka HaxoguTcss oOjactb  Haubosee
ONTUMAJIBHBIX 3HAYEHUN BA3SKOCTH JUIA HAHECEHUS CMa304yHOIO Marepuaia
MaHUIYJISTOPOM. YUWUTHIBas 3TU MapaMeTpbl, CMa3Ky Tpelyercs XpaHUTb B
3aKpBITOM  TEPMOCTAOMJIM3UPOBAaHHOM  pe3epByape. I[loatomy  HeoOXoaumo
CUHTE3UPOBaTh MH(POPMAIMOHHYIO CHCTEMY KOHTPOJI, KOTOpasl MO3BOJHJIa Obl B
peaJibHOM  MaciiTabe BpeMEHH, [0 SBHbIM U KOCBEHHBIM IIpU3HAKaM,
KOPPEKTUPOBATH PEXUMBI padOThl 000PYA0BaHUS MO MOATOTOBKE CMA3KHU.

Ecnu na mpousBoactBax HKT unum B KpymHBIX PEMOHTHBIX MNPEANPHUATHIX
CYILLIECTBYIOT aBTOMATHYECKHE YCTAHOBKM HAHECEHHUS TMOKPBITUH Ha pe3b0OBbBIC
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4acTH, B TOM YHCJI€ U HOPOIIKOBOE HAMBUICHUE, TO HA MECTOPOXKIACHUSX CMAa304YHbBIH
MaTeprall TOHKUM CJIOEM Ha OJHY WJIH 00€ CONpsHKEHHbIE MOBEPXHOCTH HAHOCUTCS
BPYYHYIO BETONIbIO, KHUCThIO WM ImmareneM. Okcrutyatauus HKT  wmoxer
POU3ZBOJUTHCS B IKCTPEMAIBHBIX YCIOBUAX, U3-32 YEr0 XapaKTePUCTUKU
CMa304YHOr0 MaTepuasa MEeHsSIoTCs (Kak 3TO ObUIO TTOKA3aHO BHIIIE), TOATOMY TaKKe
HE0oOX0/MMa KOPPEKIUS TPACKTOPUM JBUKEHUS HMHCTPYMEHTa, €ro CKOPOCTU
JBYKEHUS U BETMYMHBI 3a30pa MEKy HHCTPYMEHTOM U TPyOOi.

BriBoabI

B craThe moka3aHbl pe3ynbTaThl BHIIOJHEHUS aHajdn3a 00JacTh MPUMEHEHHS,
pPaccMOTpPEeH MPOTOTHN POOOTH3MPOBAHHOTO I€Xa MO PEMOHTY TpPyO, OTAEIHHO -
y4acTOK HAHECEHWs CMa3Kkh, Ha 0a3e KOTOpOro ToKa3aHa HEO0OXOIUMOCTb
CHEM(PHUUECKOr0 TOoAX0oAa K CHHTE3y MPOrpaMMHOTO M HH(POPMAIMOHHOIO
oOecriedeHU CHCTEMBbl  ympaBiieHus poOoToB. PaccMoTpeHa  3aBUCHMMOCTD
3¢(eKTUBHOM BA3KOCTH MaTepualia oOT TEMIIepaTypbl, HPEUIOKEHbBl METO/bI
KOPPEKLUHU YIPaBISAIONIMX IPOrpaMM IPpU M3MEHEHUU NapaMeTpOB BHEIIHEH cpeibl
BCJIE/ICTBUE WX 3HAYUTEJBHOTO BIMSHHS Ha PEOJIOTMUECKHUE U SKCILTyaTallMOHHbIE
CBOMCTBAa CMAa304YHBIX MAaTEpUajoB, paboOUYMe PEeXUMBl  TEXHOJIOTHUYECKOIO
oOopynoBanus. g obOecrieuyeHUs BBHICOKOW CKOPOCTH W KadyecTBa HAHECEHUS
CMa304YHOr0 MaTepHajia He0OXOAMMO ¢ 0COOOM THIATENIBHOCTHIO MPOBOAUTH MOJI00P
o00Opy0BaHUsl U, YUYUTHIBas cneuu(@UKy M pPEOJOTMYECKHUE CBOWMCTBA Marepuala,
WCIIONIb30BaTh  NPOTpaMMHOE  OOecreyeHne [JIsl  YOpaBlIeHHWs W KOHTPOJIS
POOOTU3UPOBAHHOTO MOJTYJIS.
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ABTOMATH3ALNA HPOUHECCA OBHAPY?KEHHU A KOJIMYECTBA
HAPYHIEHUU TEXHOJIOTHYECKOI'O ITPOIECCA 3A CYHET
PA3PABOTKMU ITPOI'PAMMHOI'O MOAYJIA

AUTOMATION OF THE PROCESS OF DETECTING THE NUMBER OF
VIOLATIONS OF THE TECHNOLOGICAL PROCESS THROUGH THE
DEVELOPMENT OF A SOFTWARE MODULE

CamuxoB A.P., Kamamnosa JI.P.,
HUuctutyt Heprenepepadotku u Heprexumuu @PI'BOY BO YI'HTY B r. Canasare,
yn. I'yokuna, 22 6, r. CanaBat, Pecriyonnka bamkopTtocran, Poccus
A.R. Salihov, L.R. Kashapova,
Institute of Oil Refining and Petrochemistry FSBEI HE USPTU in Salavat, Gubkin
Str., 22b, Salavat, Republic of Bashkortostan, Russia

e-mail: kashapova2803@mail.ru

AnHoTamusi. B nmaHHOW craTthe wuccnemyercsa mnpobiieMa OOHapyKEHHS
KOJIMYECTBA HapYIICHUH TEXHOJOTMYECKOTo Mpollecca, W MpeiJiaraercs pelieHue
nyTeM pa3paboTku mporpammHoro moxayis. [IpeactaBieHHBI MOAYNb IMO3BOJISIET
HETNPEPBIBHO OTCJICKUBATh U aHAJIM3UPOBATh MMPOU3BOJICTBEHHBIC JaHHBIC B PEKUME
peaIbHOTO BpeMeHH. ABTOMAaTW3alus TMporecca OOHAapy)KEHUs KOJUYeCTBa
HapyIICHUH TEXHOJOTHMYECKOro TMpoIllecca C TOMOIIBIO MPOTPAMMHOTO MOIYJIsS
MOBBIIIIAET TOYHOCTh U CBOEBPEMEHHOCTh OOHAPYKEHUS HapyIeHuil. Moaynb MOXKeT
OTCIIC)KUBATh MMPU3HAKHA HAJBUTAIOIIMXCS HAPYIICHUN U MIPEIyNIPEkKAaTh ONEPaTOPOB
0 HEOOXOAMMOCTH OOCITY)KMBaHUS OOOPYIOBaHUS 0 BO3HUKHOBEHHUS CEPBHE3HBIX
npobsieM. DTO MOMOraeT NpeAoTBPaTUTh HE3aINIAaHUPOBAHHBIE MTPOCTOU U MPOUIUTH
CPOK CITyKObI 000py1OBaHMUSL.

JlanHast cTaThd MOCBSIIEHA MPOOJIEME HEIOCTaTOYHOCTH HMHTEIPUPOBAHHBIX
CUCTeM OOHapyXEeHHsI KOJMYECTBAa HAPYIICHUH TEXHOJIOTMYECKHUX IPOLIECCOB, YTO
MPUBOJIUT K CHIDKEHUIO 3((EKTUBHOCTH M KauecTBa MPOAYKIIUU HA TIPOU3BOCTBE.
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[IporpamMmHBIii MOAYJIb OYIET OTCIEKUBATH MapaMeTPbl TEXHOJOTHYECKOTO
npoliecca, TaKue Kak TeMIreparypa, 1aBJIeHHe, CKOPOCTh, YpOBEHb U T.1. CoOpaHHbIE
JaHHBIE OYIyT aHAIM3UPOBATHCS C UCIOJIb30BAHUEM PA3JIMYHBIX MATEeMaTHYECKUX
MoOJeNIed W aNrOpUTMOB, YTOOBI BBIABIATH TMOTECHLIMAIBHBIE HapyIICHUS B
TEXHOJIOTUYECKOM Tmporecce. Takke MoIaylb OyJIeT HHTETPUPOBAH C CHUCTEMOM
yIOpPaBJICHUS] TEPCOHAIOM I WIASCHTU(UKAIIMM COTPYIHUKOB, CBSI3aHHBIX C
ONpeNeeHHbIMU y4acTKaMu Tpou3BoJcTBa U Opuragamu. M npu oOHapykeHHU
MOTEHIUAJIBHBIX HAPYIICHUH MOYJb OyAET CKAaHUPOBATh 0a3y JaHHBIX COTPYAHUKOB
U UX aKTUBHOCTb, UTOOBI BBISIBUTh BO3MOKHBIC MPUUYMHBI HapylieHui. Mcxoas us
HapylIeHUM, MOJyJib OyAeT TE€HEPUPOBAaTh OTYETHl O KOJIMYECTBE HaAPYIICHUI
TEXHOJIOTHUECKOTO TMpoIecca, pa3outeie 1o Opuramgam (COTpyIHUKAM), IS
JNaJdbHEUIIeT0 aHaliu3a W TMPUHATHS MEp IO YIYUYIIEHUIO TMPOU3BOACTBEHHOTO
mpoiiecca.

Abstract. This article examines the problem of detecting the number of
violations of the technological process and suggests a solution by developing a
software module. The presented module allows you to continuously monitor and
analyze production data in real time. Automation of the process of detecting the
number of violations of the technological process using a software module increases
the accuracy and timeliness of detecting violations. The module can monitor signs of
Impending violations and warn operators about the need to maintain equipment
before serious problems occur. This helps to prevent unplanned downtime and extend
the life of the equipment.

This article is devoted to the problem of insufficiency of integrated systems for
detecting the number of violations of technological processes, which leads to a
decrease in the efficiency and quality of products in production.

The software module will monitor process parameters such as temperature,
pressure, speed, level, etc. The collected data will be analyzed using various
mathematical models and algorithms to identify potential violations in the
technological process. The module will also be integrated with the personnel
management system to identify employees associated with certain production sites or
teams. And when potential violations are detected, the module will scan the database
of employees and their activity to identify possible causes of violations. Based on
violations, the module will generate reports on the number of violations of the
technological process, divided by teams (employees), for further analysis and taking
measures to improve the production process.

KiroueBbie ci1oBa: nporpaMMHBIA MOIYJb, TEXHOJOTMYECKHH MPOILIECC,
KOHTPOJIb, aBTOMAaTH3ALNs, IPOLECC

Keywords: software module, technological process, control, automation,
process
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B coBpeMeHHOI TpPOM3BOICTBEHHON CpeAe CBOEBPEMEHHOE OOHApYy>KEHUE U
YCTPAHEHHUE HAPYILICHUU TEXHOJOTHYECKOTO MpOoIecca UMEET pellaroiiee 3HaueHue
JUTsl TIOBBIIEHUST 3((HEKTUBHOCTH, KauecTBa M Oe3zonacHOocTH. OHOM U3 TIaBHBIX
NPEUMYIIECTB ABTOMATU3UPOBAHHOTO KOHTPOJS KadecTBa Ha MPOU3BOACTBEHHBIX
YCTaHOBKAX SIBJISIETCS MOBBIIIEHUE TOYHOCTU U CKOPOCTU KOHTPOJISL.

ABTOMATU3UPOBAHHBIE CHUCTEMBI MOTYT OIEPAaTUBHO pearupoBaTth Ha
MU3MEHEHHS B MPOU3BOJCTBEHHBIX MPOLIECCAX U KOPPEKTUPOBATh MapaMeTpbl pabOThI
00OpyIOBaHUs, YTO TOMOTAET MPEJOTBPATUTh BO3ZMOYKHBIE MPOU3BOJICTBEHHBIE COOU
1 00eCcIeunTh CTAOMIBHOCTD TTPOU3BOACTBA [1].

Kpome Toro, aBToMaTu3MpoOBaHHBIA KOHTPOJIb KaYeCTBA MO3BOJISIET COKPATUTD
3aTpaThl HAa PyYHOU TPYJ, YMEHBIIUTh YeIOBEUYECKHUM (PakTOp B mpoiecce KOHTPOJIS
¥ HCKJIIOYUTHh BO3MOXKHOCTH OIIMOOK, CBSI3aHHBIX C YENOBEYECKHM (DakTopoM. ITO
CIIOCOOCTBYET YJIy4IIeHUIO OO0mmed 3(PQPEeKTUBHOCTA MPOU3BOACTBA U CHUKEHHUIO
uzziepkek. CTaTUCTHKa HapyILIEHUH TEXHOJOTMYECKUX IPOLECCOB, M3-32 KOTOPBIX
IPOUCXOAAT TMOTEpU MPOAYKTOB Ha MPENNPHUITHH, MOKET BapbUpPOBATHCS B
3aBUCUMOCTH OT OTpaciiyd, THIIA TPOU3BOJACTBA M KOHKPETHBIX IPOLECCOB,
HCIOJIb3YEMBIX Ha MPEANPUATHH (PUCYHOK 1).

30%
25%
20%
15%
10%

5%
0%

OTKI0HeHHd 0T HeHcCpOaBHOCTH OmuodoKH OTKINYeHHA
YCTAHOBJIEHHBIX 00OpYAOBAHHA omepatopa 3JIeKTPOIHEePrun
napaMeTpoB HJIH KoJle0aHusa

npomecca HANIPSKeHHs

Pucynok 1. Cratuctuka Hapymenuii 3a 2020 roa

Jis  MUHUMH3AIUM  TOTePh  MPOMYKIIMH, BBI3BAHHBIX  HApPYIICHUSIMU
TEXHOJIOTHYECKUX TPOIECCOB, MPEANPHUATHSIM HEOOXOIMMO BHEIPATh HAJCKHBIC
CUCTEeMBl MOHHUTOPHMHTAa H KOHTPOJS TMPOIECCOB, TPOBOAUTH PETYISpHOE
TEXHUYECKOE OOCIy)XHBaHHE OOOpYIOBaHMs, 00y4daTh OMNEPATOpPOB W BHEAPATH
MPOLEAYPHI YIIPABICHHS PUCKAMHU.

ABTOMaTH3aIMs MTpoLecca OOHAPYKEHHs KOJIMYECTBA HAPYIICHUN C MTOMOIIBIO
MPOrPaMMHOTO MOJYJISl CTAHOBUTCSI Bce OoJiee akTyallbHOM M BOCTpeOOBaHHOM. DTO
MO3BOJIAET MPEANPUATUSAM CBOECBPEMEHHO BBISIBIATH M YCTPAHATh HapyUICHHUS,
noBbIIIast 3PpPEeKTUBHOCTD, KAU€CTBO U OE30MaCHOCTH MPOU3BO/ICTBA.

Jlis aBTOMaTH3alMM Tpoliecca, HEOOXOAMMO pPACCMOTPETh JAEKOMIIO3ULIUIO
nporecca «KOHTPOJIb TEXHOJOTHYECKUX MTPOLIECCOBY» (PUCYHOK 2).
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Bema: A0 Haaga Hise KOHTPONS TEXHOMOIMMECKDIO NPOUeCca Homep: 2

Pucynok 2. /lnarpamma nekomMno3unuu npouecca « KoHTpoib TEXHOIOTHYECKUX
IIPOLIECCOB)

Ha nuarpamme mnpencraBnensl 3  dyHkiuu: «OnepaTuBHBIA KOHTPOJIb
TeXHOJIoTuYecKoro mporecca», «lIpoBepka cobmogenuit wopm TII u HJ» u
«Omnenka >¢dpdextruBHOCcTH KOHTpOJss TIDy. Kaxknmas m3 3Tux QyHKIUI BBITOIHSIIOT
CBOIO ONpeleNeHHyI0 3anauy. JlekoMno3uuus QyHKIMOHAIBHOM MOJENM Ipolecca
MO3BOJISIET YBUAETh MPOLIECC HA PA3NMYHBIX YPOBHSX JACTANU3ALMU U YIy4IIUTh
ITOHMMAHHUE €r0 CTPYKTYPBI U TUHAMUKH [2].

baza paHHBIX pa3padaTbIBAEMOro MPOTrPaMMHOTO MOAYJS peaju30BaHa B
cucrteMe yrnpaniieHusa 6azamu nanHbix PostgreSQL (pucyHok 3).

Jns cObopa naHHbIX, Obuto co3mano 7 Tabmui: Shift(Cmena), Equipment
(Ob6opynoBanue), Parameters (ITapameTtpsr), Employee (CoTpynnuk),
Parameters equipment norm (Ilapametrpsl oGopymoBanusi, HOpMBI), Signals log
(Kypnan curnanos), Errors_log (Kypran omm6ox).

Pa3zpabareiBaeMblil MPOTPaMMHBINH MOJYJIb OyJIET OTCIEKHBATh TapameTphbl
TEXHOJIOTHYECKOTO MPOLECCA, TAKUE KAK TEMIIEPATYpPa, 1aBJICHNUE, CKOPOCTh, YPOBEHb
u 1.0 llpu oOHapykeHUM HapylIeHHH OJTHX NapaMeTpoB MOAYJIb Oyner
dopmupoBaTh OTYET (PUCYHOK 4).
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& public 104 ®
=1 shift 0 public "
§ <&> public
id_shift integer —+— ~| equipment ==
= parameters
H time_start ime without ime id_equipmen! inleger j7
e ™S~ id_parameters integer e
] eq_name text
] time_end time without time {1 name_parameler text
zone ] under_repair boolean
{1 shift_number integer /
© ®
<& public ®© & public
| employee . public signals_log
id_employee integer ~1 parameters_equipment_n id sional fog infegar
orm e B
{1 sumame text — int a
id_parameters integer ¥ parmmelen infoger —a
1 name text -
H parameter_norm_value real parameter_value real
1 patronymic text f time_of_signal timestamp wi
' shift_id integer . £ equipment_id integer e thout ime zone
Z 4 N
P equipment_id integer —.— ¢ equipment_id integer 7]
' public
~1 errors_log

id_error_iog integer

description text

id_signal_log integer >.—

Pucynox 3. Co3nanue Tabnuil u cBsa3eit B 6aze qanabix PostgreSQL

Otyer 3a 2024-01-01 00:00:00 - 2024-01-08 00:00:00

Onucanne Nara u epems Ha3zganue napamvetpa [Inano3oH HOPMb! 3navenne napameTpa Ycranoexa Homep cmenst no
Boiwe HOpMBb! 2024-01-04 18.00.00 Temneparypa Ha ssixone 100.0 - 1400 150.0 MNoaorpesarens T-1 3 Wenonwes A B
Builwe HOpMBb! 2024.01.04 21:00.00 Temnepatypa Ha ssixone 100.0- 1400 1500 Moporpeearens T-1 4 Buaynu T M
Boiwe HOpMs! 2024.01-05 00.00 00 Temneparypa Ha ssixone 1000-1400 1570 Monorpesarens T-1 4 Braynis T M
)
Pucynox 4. Unrepdeiic mporpaMMHOTO MOIYJIsI OTOOpa)KEHUS OTYETOB O
HapyImCHUAX

[IporpaMMHBIN MOAYJIb UHTETPUPOBAH C CUCTEMOM YNPABICHUS IMEPCOHAIOM
Ui MACHTU(UKALUKA COTPYIHUKOB, OTBETCTBEHHBIX 3a OIPEIEJICHHbIE YYaCTKH
MPOM3BOJCTBA WM Opuraapl. JTO MO3BOJUT aBTOMAaTHYECKH HACHTU(ULIMPOBATH
COTPYAHUKOB, OTBETCTBEHHBIX 3a OIPEACICHHbIE YYacTKH IIPOM3BOACTBA WIH
Opurazpl, pu 0OHAPYKEHUH MOTEHIMAJIBHBIX HAPYIICHUH, a TaKXe MPeaoCTaBIsATh
PYKOBOJACTBY W  COTPYAHMKAM LIEHHYIO HMHQOpMaLUIO s YJIyYIIECHUS
MPOU3BOICTBEHHBIX MPOLIECCOB U MPEAOTBpAIIeHHs OyAyIUX HapyIIeHui [3].
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UCMOJb30BAHME VR-TEXHOJIOTUII B OBYYEHUU XUMUHU KAK
CIMOCOB MOBBIIIEHUSA Y®PEKTUBHOCTH OBPA3OBATEJLHOTO
MPOLIECCA

THE USE OF VR TECHNOLOGIES IN CHEMISTRY TEACHING AS A
WAY TO INCREASE THE EFFECTIVENESS OF THE EDUCATIONAL
PROCESS

[Iepctues I1.A., Ceprees /J.C., Kapumos P.P.,
OI'BOY BO «YdumMckuil yHUBEPCUTET HAYKU U TEXHOJIOTHID,
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P.A. Sherstnev, D.S. Sergeev, R.R. Karimov,
FSBEI HE «Ufa University of Science and Technology», Ufa, Russian Federation

e-mail: sherst.pavel@yandex.ru, sergeevdns@gmail.com, rikar@yandex.ru

AHHoTanusi. B pabGore paccmarpuBaeTcs NpPUMEHEHHE TEXHOJIOTHU
BUpTyaibHOU peanbHOcTH (VR) nns oOydyenust xumun. PaccmatpuBaioTcs OCHOBHBIE
npeuMyliecTBa npuMeHeHuss VR, mpuBojsimme K MOBBILICHUIO 3()PEeKTUBHOCTU
oOy4eHMs, IpY 3TOM CHMIKAIOTCS: PUCKUA JUISl KU3HH WM 300pOBbs, BPEMEHHbBIE
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3aTpaThl Ha MPOBEACHUE JTAOOPATOPHBIX PadOT M PabOTy HHCTPYKTOPOB, a TAKKE
YBEJIUYUBACTCS JOCTYITHOCTh XUMHUUYECKOTO 00pa30BaHUs U CTUMYJIUPYETCS HHTEPEC
¥ MOTHUBAIUS 00YYaIOIIHUXCS.

OOydeHre XMMHUHU BKJIIOYACT TECOPETHUCCKUHM W TMPaKTHUYECKUM HMKIbL. [Ipu
npuMeHeHUH  VR-TeXHOJOrMii  MpakTHYECKHM  MpeTeprieBaeT  HauOOJIbIIHE
u3MeHeHus. BuprtyanbHas xumuueckas Jsabopatopus (BXJI) obGecneumBaer
WHTEPAKTUBHOE B3aWMOJICHCTBUE C IOJIB30BATEIEM W BHU3YyallbHOE MOICIUPOBAHUE
XUMHUYECKUX MPOLIECCOB.

Takxe paccMaTpuBarOTCA MOJCUCTEMBI, U3 KOTOPBIX COCTOUT IPUIIOKECHHE:
MOJICHCTEMA BHU3YaJbHOTO MOJCIHMPOBAHUSI XMMHUYECKUX IMPOLECCOB U IMOACUCTEMA
WHTEPAKTUBHOI'O B3aUMOJEHUCTBUSA C MOJIb30BATEIIEM.

[TomcucremMa  BH3yaJlbHOTO  MOJECIMPOBAHUS ~ XMMHYECKUX  IPOIECCOB
BU3YAIU3UPYET (PUZUKO-XUMUYECKHUE OMBITHI, KOTOPHIE BKIIOUYAIOT B CE0s pa3inyHbIe
XUMHUYECKHE peaKIuu, u3MepeHne GU3nIeCKuX mapamMeTpoB BEIIECTB, UCCIICIOBAHKE
TEPMOJIMHAMHYECKUX U KUHETUYECKHUX 3aKOHOMEPHOCTEN XMMUUYECKUX MPOIIECCOB.

IToncucrema wHTEpakTUBHOrO  B3aumozeucTBuss B BXJI  mo3Bossier
MOJIL30BATEIII0 COBEPIIATh PA3JIMYHBIC JEUCTBUS U IMOJIy4aTh OTBETHYIO PEAKIIUIO B
paMKax oOydJaroIiero 3KCIepruMeHTa.

BrienepeuncieHable  KOMIOOHEHTBI VR TexHomormii W HX peam3anus
obecrieunBarOT MOBbIICHUE A(HPEKTUBHOCTH 00YUSHUS] XUMUH.

Abstract. The article discusses the use of VR technologies in chemistry
education. A number of advantages of using VR are given, leading to increased
efficiency, while reducing: risks to life and health, time spent on laboratory work and
the work of instructors, as well as increasing the availability of chemical education
and stimulating the interest and motivation of students.

Chemistry training includes theoretical and practical cycles, with the use of VR
technologies, the practical one undergoes the greatest changes. A virtual chemical
laboratory (VCL) should provide interactive user interaction and visual modeling of
chemical processes.

The article also discusses the subsystems that make up the application: the
subsystem of visual modeling of chemical processes and the subsystem of interactive
interaction with the user.

The subsystem of visual modeling of chemical processes visualizes physico-
chemical experiments, which include various chemical reactions, measurement of
physical parameters of substances, investigation of thermodynamic and Kkinetic
patterns of chemical processes.

The subsystem of interactive interaction in the VCL allows the user to perform
various actions and receive a response within the framework of a training experiment.

Based on all the data, conclusions are drawn on improving efficiency.

KiroueBble caoBa: VR, BupTyanpHas peanbHOCTb, OOyYE€HHE XHMHH,
TPEHAXKEP, HOBBIE TEXHOJIOTUU
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Keywords: VR, virtual reality, chemistry training, simulator, new technologies
BBenenue

Pa3BuTne TEXHONOTM BHOCHUT HW3MEHECHHE B IPUBBIYHBIN YK >KU3HU
yenoBeka. FEme B 20 Beke MNpakTHUECKU UK OOYy4YEHHUS IMBITAINUCH
MOJIEPHU3UPOBATH B KPUTHUUYECKUX OTPACISAX, YTOOBI CHU3UTh CTOMMOCTH OOYy4YEHUs
W/WJIH TIOBBICUTD €r0 KayeCTBO.

OAHUM U3 TEXHUYECKHX PELIEHUI CTal0 BHEAPEHNE BUPTYAIbHOW pEaJIbHOCTH
B nporiecc o0yuenus. /1o Hauana 21 Beka Takue MPOEKThl HOCUIIM, B OCHOBHOM, JIUIIb
DKCIIEPUMEHTAIIBHBIA U TeopeTtnyeckuil xapakrep. B 2010-2020 romax mpowusomnina
cBO€oOpa3Hasi pPEeBOJIIOLMS: KOMIIBIOTEPBI CTAM JOCTATOYHO MOIIHBIMHU, a MIJIEMBI
BUPTYyaJIbHOW PEAJIbHOCTH CTajdd JOCTaTOYHO MACCOBBIMHU M JICHIEBBIMH, YTO
MO3BOJIMJIO CO3/aBaTh MacCOBbIE IPOrpaMMbl O0YUYEHHs C IPUMEHEHUEM TEXHOJIOTUU
BUPTYyalibHOM peanbHOoCcTH (VR).

B nanHoli paboTe paccMaTpuBaeTcs CO3JaHUE MPUIOKEHHs Uil 00ydeHHUs
XUMUU B paMKax BUPTyaIbHOUM XxuMuueckoi gadboparopuu (BXJI).

Ilenp pa3pabaTbiBa€MOT0 MPUIIOKEHUS SIBISIETCA ONTUMHU3alUs Ipoliecca
oOyueHUsl MyTeM CHUKEHUS BPEMEHHBIX M (PMHAHCOBBIX 3aTpaT Ha MPaKTUYECKUN
IIUKJT O0ydeHHUSI.

ITocTanoBka 3a1aun

B pamkax pabotel mipenjaraeTcs mpuMeHeHue VR TexHomoruét s
MOBBIIIEHUS 3P PekTUBHOCTH 00yUeHus [1].
Buenpenue VR-texHonoruii B mponecc oOy4eHHUsS! CYIIECTBEHHO pacIIUpSET
BO3MOXHOCTH, 0OecrieunBas MoBbilieHue d3PHEKTUBHOCTH O0yUCHUS:
- BO3MOXXHOCTb PUMEHSATH HanOoJiee IPOABUHYTOE 000PYIOBAHUE;
- CHHWKEHHE PUCKOB JUIS )KU3HU U 370POBBS;
- CHIDKEHHE BPEMEHHBIX 3aTpat Ha JabopaTopHbIE PaOOTHI;
- CHWKEHHE BPEMEHHBIX 3aTpaT UHCTPYKTOPOB;
- YBEJIMYEHHE JOCTYMHOCTh 00pa3oBaHMsl B 00JIACTH XUMUU;
- CTUMYJHMpPOBaHUE UHTEpPECa U MOTHBAIIMH 00YJarOIINXCS.

Mogaeas npouecca 00y4eHust

OOydeHre ¢ TPUMEHEHHEM TEXHOJOTUM BUPTYaJIbHOM pEaTbHOCTH TaKKe
COCTOMT W3 JIByX YacTE€H: TEOPETUYECKOrO0 M IMPAKTHYECKOrO HUKIOB. [loCKOJIBKY
MPUMEHEHHUE TEXHOJIOTUH BUPTYAIBHOW PEAJTbHOCTH BHOCUT W3MEHEHHUSI TOJIBKO B
MOCJIETHUMN, TO JAHHBIN MPOTECC U OyAET paCCMOTPEH.

B pamkax mpakTHueckoro IuKiIa OOyYeHHsI MPOUCXOJUT B3aMMOJICHCTBHE:
HETNOCPEACTBEHHOE — B PaMKaxX IEPBUYHOIO MHCTPYKTUPOBAHUSA IMEPE] HAYAIOM
paboThl B BUPTYaJIbHON pPEaTbHOCTH, a TAKXKE OIMOCPEIOBAHHOE — BbIJaua 3aJaHus,
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MHTEpIpeTalus pe3yibrara. B3aumoielicTBue mpoUCXOUT MEXKAY ABYMS IpyIIamMu
M0JIb30BATEIICH:

HNHucTpyKkTOp — MOJIB30BaTelb, KOTOPBIM B3aUMOJACUCTBYET CO3AAET 3a/laHus Ha
crienMaJibHOM BeO caite (moacucrteMa «BeO-ThlOTOp») M ¢ NPHIOKEHHUEM
HEMOCPEJCTBEHHO  HE  B3aUMOJICMCTBYET, C  KOTOPHIM  B3aUMOJICHCTBYET
00yYarOIIHICS.

OOyyaroluiics — MOJIb30BaTENb, KOTOPBIA BO3JACHCTBYET C MPHUIOKEHUEM C
LEJIBbI0 TIOJTYYEHHUS WK 3aKPETUICHHS IPAKTUUECKUX HABBIKOB.

B BXJI HeoOxomumo oOecnedynTbh HMHTEPAKTUBHOE B3aMMOJCHCTBHUS C
M0JIb30BaTENIEM, a TAK¥KE BU3yalIbHOE MOJACIHPOBAHNE XUMUYECKHUX MPOIECCOB.

Takum o6pazom, BXJI nomxHa BKIItO4aTh B ce0sl CIEAYIONIUE IOJICUCTEMBI:
MHTEPAKTUBHOTO B3aUMOJCHCTBUS C TOJb30BaTeeM (0Oydarommmcs), a TakxKe
MOJICUCTEMbl BU3YaJIbHOTO MOJICTUPOBAHUSI XUMHUUYECKUX TpoleccoB. IIpoiecc
00y4eHHSI MOKHO MPEJICTABUTh B BUE MHEMOCXEMBI (PUCYHOK 1).

Kak BugHO U3 pucyHKa (PUCYHOK 1), TpeHaXep COCTOUT U3 TPEX YaCTEH:

- CUEHapuildl — MOIyJb NPHIOKEHHUS, B pPaMKax KOTOPOTrO pealn30BaHa
MHTEpIpPETalNsl TaHHBIX, MOTYYaeMbIX C MOACUCTEMBbI «Be0-ThIOTOP», OTCIE)KUBAHHUE
mporieccoB U B3aumojneicTBuii BXJI, a Takke olleHKa JIeWCTBUM 00ydaemMoro
(pucynok 2). Kiacc TubeListener BbINOJHAET OCHOBHBbIC (DYHKIMH 110 0OpabOTKe
creHapusi oOy4deHus;
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Pucynoxk 1. Muemocxema nporecca o0y4eHust

- BHUpPTyaJbHasg cpeAa — MOAYJdb NPWIOKEHUS, B paMKa KOTOPOTO
OCYIIECTBIISIETCS B3auMOJIeCTBUE MexXAy oObektamu BHyTpu BXJI, a Ttaxke
MPOUCXOIUT OTOOPaKEHNE OKPYXKAIOIIEro MPOCTPAHCTBA U XUMHUYECKUX MPOIIECCOB
(pucynox 3). Knacc TubeController BeimonHsI€T OCHOBHBIE (DYHKITH TI0 YIIPABICHUIO
COCTOSTHHEM BEILIECTB BHYTPU €MKOCTEH;
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- TIOJIb30BATENBCKUN HHTEP(DEIC — MOy, B paMKax KOTOPOTO PeaTn30BaHbI
BCce MHTEP(ENCHl, ¢ KOTOPHIMU MOXET B3aUMOJICMCTBOBATh MOJIb30BAaTENlb B paMKax
BXJI (unTepdeiicel MeHIO, a Takxke HHTepdeics 1adopaTopHOTO 000PYI0BaHUS).

GraphTube

3arpys«a QaHHBX
00 3KcnepumenTe

[arHee sxcnepumenTa
Json
» GraphLoader

Oanssie 0 Heofoogumsic
peakTHeax u oSopyJoBatm

Ofmen qanHsmm 0
X048 IKCNEPHUMEHTS

NodePlacer

Jarmeie of oTenesuBasmsix
peaxTopax

Qﬁ GraphComplete

PesynsTarsl 3KCNEDUMENT
Json

. B TubeListener Orenexmsarie
Ouerxa Pantsie 06 peakumii B peakTopax
pesynbTatos amcnepumenTe/

GraphEstimator

Pucynok 2. luarpamma kinaccoB Moayist «CreHapuiny

TubeU! TubePourQut

ry

Danneie of ofveme
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[arret o5 '
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SocketController
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I OdopyaosaHue :
Pucynok 3. Iluarpamma kinaccoB Mmoayis «BupryanbHas cpena»
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IoacucreMa MHTEPAKTUBHOIO B3aUMO/IefiCTBUSA

[logcucremMa HHTEPAKTHBHOIO B3aUMOJEHUCTBHUS II03BOJIIET I10JIb30BATEIIIO
coBepIIaTh pazauyHble aercTBrs B BXJI 1 nmomydaTs Ha HUX OTBETHYIO PEAKIUIO B
pamMKax MpOBOJUMOTO 00YYaOILEro SKCIIEPUMEHTA.

K neiicTBusiM, KOTOpbIE MOXET COBEpPIIMTH OOy4aeMblii B paMmKax
DKCIIEPUMEHTa MOXHO OTHECTH: IIEpEMEIICHNE BHUPTYaJIBHOIO IEpCOHAXKa,
nepeMerieHue  OOBEKTOB  OKPYKAIOUIEro  MHpa, YyCTaHOBKa OOBEKTOB  Ha
CHEUUaIN3UpPOBaHHbIE  NO3WLMHU,  B3aUMOACICTBME €  OOOpyAOBaHUEM U
uHcTpyMeHTamMu. OTIEIbHO MOXHO BBIACIHTH B3aUMOJACHCTBHE C UHTepdericom,
MOCKOJIbKY OHO 00JIaJaeT IPYron JTOTHKOM.

BXJI pearupyer Ha A€HCTBUS 00y4yaeMOIO B COOTBETCTBUU CO CLEHAPUEM
y4eOHOI0 AKCIIEPUMEHTA, KOTOPBIH 337aeTcs B IPHIOKEHUHN «BeO-ThroTop».

Cuenapuii y4e0HOro 3KCIiepuMeHTAa

PaccMOoTpuM 3KCIIEPUMEHT, KOTOPBIA JIEMOHCTPUPYETCS B CTapIIMX Kilaccax
IIKOJIBI WJIM Ha MJIQJIIMX KypcaX YHUBEPCHUTETA B paMKax U3yuyeHUs Xumuu. B xone
DKCIIEPUMEHTA OCYIICCTBIISICTCS pEaklusl HEHUTpalu3alid CEePHOM  KHUCIIOTHI
H,50,menousto — NaOH. B xone skcnepuMeHTa TpeOyeTcss B3ATh MPOOHUPKY,
HaIllOJIHUTh €€ BOJOW, 3aTeéM BJIUTh B Hee H,S50,, Jaliee IPOBECTU PEAKLHUIO
HelTpanuzanuu, BeeinaB NaOH (PucyHok 4).

[Tponecc 0O0yueHus mojpazymMeBaeT moj codoi MpoxXoxaeHue 00yuyaemMoro mo
ueneBomy rpady (mocnenoBaTeabHOCTh onepanuii o0yueHus). B xoae npoxoxaeHus
MOTYT BO3HUKATh OLIMOKH, KOTOPHIE pacCMaTPHUBAIOTCS KaK OTKJIOHEHHUS OT rpada,
OpH 3TOM TIOJB30BATENb ISl YCIEIIHOTO pEIIeHUs 3aladdl JIOJDKEH HCIPaBHUTH
omuOKy U BEpHYThCS K IeneBoMy rpady. OO603HaUMM MHOXKECTBO BepIIMH Tpada
TpebyeMoro MapuipyTa yudeOHoro skcnepuMenTa kak U = {uq,u,, ..., Uy,}.

Kaxnas BepimHa (u”) 0003Ha4YaeT COCTOSIHUE KOHKPETHOTO 00BEKTa, KOTOPOE
B JJAHHBIM MOMEHT JIOJI’KHO UMETh JIAHHOE COCTOSHUE.

O603HauM MHOXKECTBO pedep rpada Tpedyemoro mapuipyta kak E = {eq,e;,
Y-

Pebpa oOo3HauaroT B3aumonelcTBUsi oOyyaemoro c anemeHTtamu BXJI —
OKpY>KCHHEM: XUMHYECKasl MoCy1a, 000pyI0BaHHE, MHCTPYMEHTHI.

MHuoxectBo pedep rpada pakrudyeckoro mapupyra — F, = {fi1.f2, ..., fm}-

PaccmoTpum mocTpoeHue Trpada HSKCIEpUMEHTa Ha MpHUMEpPe peakiuu
HeliTpanm3anuu. HeoOXxoauMble peakTHBBI W O0OpYIOBaHHWE JJIsi TPOBEICHUS
skcniepuMenTa: H,S0,4(x), NaOH, npoOupka.
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BnwT.
H2S048

Yerp -
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Pucynok 4. I'pad tpebyemoro mapuipyra

['pad TpeObyemoro mapiipyTta sIBISE€TCS LEJIEBBIM MPU BBIMOJHEHUN 3aJJaHUS.
[Ipu ouenuBanum JedcTBuii oOydyaemoro rpad (paxkTUYecKoro mapuipyra
CpaBHUBAETCA C 3TUM T'pad)OM 1 HA OCHOBE OTKIIOHEHUS OYJIET 1aHa OIEHKA.

YeTp.
HaNOnNH
H20
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H2504
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Pucynox 5. I'pad paktuueckoro mapmpyra

I'pad daxTuyeckoro mMapuipyra npeacTaBisieT coOON NEHCTBUS MOIb30BATENS
B paMKax BBINOJIHAEMOro 3afaHus. [lpu oTKIIOHEHMM OT TpedyeMoro Mapuipyra B
IPWJIOKEHNN BO3HMKAET IMOJCKA3Ka JJIs MOJIb30BATENs, [TO3BOIAIOIIAs BEPHYTh €r0
Ha TpeOyeMbl MapuIpyT MPOXOXKICHUS 3aJaHus. Takke MOJCKa3Ka OOBSICHSAET
OIIKUOKY MOJIb30BATES.

IMoacucrema BHU3YAJIbHOI'O MOACJIUPOBAHUA XUMHYCCKHUX IIPpOoHECCOB

[lonpcucrema  BU3yalbHOIO  MOJEIMPOBAHUA  XUMHUYECKHMX  MPOLIECCOB
BU3YaIH3UPYET (PU3UKO-XUMUYECKHE OMBIThI, KOTOPbIE MPEACTABISAIOT COOOM
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OKCIIEPUMEHTHI, HaNPABJICHHBIC HAa M3y4eHHUE (PU3NYECKUX U XUMUYECKUX CBOWCTB
BEIIECTB, UX B3aUMOJCHCTBUS U MPEBPAILCHUS B PA3IUYHBIX YCIOBUSAX. DTH OIBITHI
MOTYT BKJIOUaTh B c€0s pa3MyHble XUMUYECKUE PEAKIINU, U3MEPEHHE (PU3NYECKUX
napamMeTpoB BEIIECTB, MCCIEIOBAHUE TEPMOJAMHAMHYECKUX M KUHETHMYECKHX
3aKOHOMEPHOCTEN XUMHUUYECKHUX MPOILIECCOB U MHOTOE€ JIPYTOE.

Buzyanuzamusi ~ XMMHUYECKMX  MPOIECCOB  MO3BOJSIET  OOYy4YaromMUMCS
HEMOCPEJCTBEHHO  HaOMoIaTh W B3aMMOJIEHCTBOBATh € aOCTPaKTHBIMU
KOHIICTIIIUSIMH, KOTOPBIE MOTYT OBITH CIIOKHBIMH JIJISI TIOHUMAHUsI B TEKCTOBOW WA
aynuanbHol (opme. IlpenocraBineHne BU3yalbHBIX MOJIETCH MO3BOJISET CTYACHTAM
VBUJETh KOHKPETHBIC B3aMMOCBSI3M MEXAY XUMHUYCCKUMH DOJEMEHTAMU W
MpoIeccaMH, YTO CHOCOOCTBYeT Oojee TIIyOOKOMY YCBOEHUIO MaTepuaia |
YIYUYIICHUIO TOHUMAaHUsl MpeaMeTHoW obnactu. DP(PeKT MmorpykeHuss B UTPOBOE
IIPOCTPAHCTBO MOYKHO 0O€cHeunTh 3a CYEeT (POTOPEATUCTUYHOCTH OOBEKTOB
OKPY>KEHMSI M CO3JlaHUsl HAcCTposi OOydarollerocs, HaxOJSIIErocss B JIOKALMM, Ha
MOJIyYeHHE 3HAHUMH.

Bce BusyanusupyeMble IPOLECCHl MOKHO PA3ACIIUTh HA CIEAYIOIINAE TPYIIIbL:
0TOOpaX€HHE XMMHUUYECKHX BEUIECTB, YCIOBUE BO3HUKHOBEHUS PEaKIMH, TOBEICHUE
IpU MepEeMEIEHUH, TPU3HAKH XUMHUYECKUX PEaKIIUH.

Jiiga  cucreMaruzauMd  OTOOpa)KEHUS ~ BELIECTB  HEOOXOOUMO  MX
KiaaccuguiupoBaT. B o0meM Buae Bce BEIIECTBA MOXHO pa3JeiUTh 110
arperaTHOMY COCTOSIHUIO: TBEPAOE, KUJIKOE, Ta3000pa3Hoe. Takke MOKHO BBIICIUTD
u Jpyrue (GU3MUECKHEe CBOMCTBA, KOTOPbIE BIUAIOT Ha OTOOpa)KEHUE: ILIBET,
IJIOTHOCTh, IPO3PAYHOCTb.

Jns  Toro, 4YroObl HAaYMHAIMCh W TMPOTEKAIM XHMHUYECKHE pEaKluHu,
HE0OX0AMMBI onpenenéHHble ycnoBusa. K ycnoBUsSM BO3ZHMKHOBEHHUS U MPOTEKAHUS
XUMUYECKOM peakuud OTHOCATCSA: TPUBEACHHE PpPEArupyroliux BELIECTB B
CONPUKOCHOBEHHE, HAIPEBAHUE BEILIECTB O ONPEAEIEHHON TeMIIEpaTyphl; CO31aHHE
ONPENEICHHOTO YPOBHS OCBEUIEHHOCTH; IIOABEACHHUE JJIEKTPUYECKOTO TOKA;
M3MCHEHHE JIaBJICHUS; BBEJCHUE KaTaan3aTopa.

[loBeneHue npu nepeMenieHuH BEIIECTB 3aBUCUT OT €MKOCTH M IUIOTHOCTH
BELIECTBA.

K nmpusHakam XUMUYECKUX pPEakiMii OTHOCAT: BbIIEJIEHUE raza; 0Opa3oBaHUE
WM pAaCTBOPEHHUE OCAaJIKa; U3MEHEHHE 1IBeTa; U3MEHEHHE 3amaxa; U3JIy4eHHUE CBETa;
BBIJICJICHUE WJIU TIOTJIOLEHUE TeIIa.

Busyanuzanusi TaHHBIX O MPU3HAKAX U YCIOBUSIX MPOTEKAHUS PeaklUuid Urpaet
KJIOYEBYIO pOJb B pead3aliid JaHHOM MOJCHCTEMbI, IMOCKOJIbKY HMEHHO OHa
PEIOCTaBIISET MOJIb30BATENI0 OOPATHYIO CBSI3b B MPOLECCE TPOBEICHUS PEAKIIUH.

BoiBoabI

Buenpenue VR-texnonoruii B mporiecc 00ydeHUs: XMMUU OTKPHIBAET HOBBIE
TOPU30HTHL JUIsi OoOpa3zoBanusi. braromapss WHTEPAKTUBHOCTH U BU3yalu3alluu
XUMUYECKUX TIPOIECCOB, OOyYaroniuecs MOTYT TOJYYUTh YHHUKAJIBHBIA OIIBIT,
KOTOPBI HEBO3MOKHO BOCCO37aTh B TPAAUIIMOHHBIX YCIOBHSIX. JTO CIIOCOOCTBYET

[29]



NHHOBAIIMOHHBIE TEXHOJIOT'M HA OCHOBE MATEMATHUYECKOT'O MOJIEJITMPOBAHU S
N NCKYCCTBEHHOI'O MHTEJIJIEKTA B TOK POCCUMCKOUN ®EJEPAITUN

JydmIieMy YCBOCHHIO MaTCpuaia U HOBBIMICHUIO 3aMHTCPECCOBAHHOCTHU CTYACHTOB B
N3y4YCHUU XUMHUU.

Takum 06pa30M, HUcroab3oBaHue VR B O6y‘{eHI/II/I XUMHUHN  ABJISICTCA
IMCPCIICKTUBHBIM  HAIIPABJICHUCM, KOTOPOC YIKC ceryac MOXKET 3HAYUTEILHO
YIYUIIUTb Ka4CCTBO O6p8,30BaTCJILHOFO Imponccca.
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Abstract. Scratch detection, which is commonly present in film images, is an
Important research topic in image processing. In this paper, we propose a method for
scratch detection in film images using convolutional neural networks with dense
prediction and dilated convolution to integrate spatial information at various scales,
reducing computational complexity by simplifying the structure of deep neural
networks. Considering the scratch detection problem in film images as a pixel
classification problem, we designed an end-to-end convolutional neural network to
detect scratches with arbitrary orientation, color and width as well as vertical
orientation. To solve the problem of losing global information and producing coarse
detection results due to the pooling with conventional convolutional neural networks,
a convolutional neural network with dense prediction and dilated convolution to
synthesize spatial information at different scales is designed. And weighted loss
function is discussed to achieve class balance. Post-processing using Hough
transform was proposed to improve the detection mask affecting image restoration.
We constructed a training dataset using corrupted film image data, implemented our
method, and performed a performance evaluation with previous methods. As a result,
the F1-score improved by 1.67% on average compared to the recently proposed
methods.

AnHoramusi. OOHapyXeHHE IapanuH, OOBIYHO MPHUCYTCTBYIOIIUX B
M300paKEHUH TICHKH, SIBJISIETCSI BAXKHOU TeMOM 11711 00pabOTKH N300pakeHU M.

B oTOlf cratbe MBI mpemsiaraeM METON OOHAapy)KeHHs IlapanvH B
M300paXeHHSIX TJICHKU C MCIOJIh30BAaHUEM MEPEKPBIBAIOIINXCS HEHPOHHBIX CETEH C
KOMITAKTHBIM TIPOTHO30M M PACIIUPEHHBIM TIEPEKPHITHEM 11  OOBEIUHEHUS
MPOCTPAHCTBEHHOW  WH(MOpPMAIMU B Pa3IMYHBIX  MacmTabax, yYMCHbIIAs
BBIYHMCIIUTEIBHYIO CIIOKHOCTB, YIIPOINas CTPYKTYpy TIyOOKMX HEHPOHHBIX CETCH.
YuuthiBas npobiieMy oOHapyKEHHUS IapaluH B U300paXKEHUSAX IJICHKH B KaueCTBE
Kiaccu(uKanuyu TMUKCEJeW, Mbl pa3paboTaqu CceTh ¢ KOHEYHOM KOHIIEBOU
JIEKOHBOJIIOIIMEN HEUPOHHOM CETH MJii OOHAPYXKEHHUS IapanuH C MPOU3BOJIBHBIM
HaIpaBJICHUEM, [IBETOM W IIMPUHOM, a TakKe B BEPTUKAJIHLHOM HampaBiieHuu. s
perieHuss mpoosieMbl TOTepU TIIOOaNbHOW WH(MOpMaIuu u3-3a oOMeHa ¢ oOmiei
HEWPOHHOW CEThI0 M TOIYYEHUS PE3yJIbTaTOB IpyOOro oOHapyx)eHus pazpaboTaHa
pacIIMpeHHAsl CYMNEPIO3UIMS JJIi CHHTE3a MPOCTPAHCTBEHHOW WH(MOpPMAIUU B
pa3HBIX MacmTabax © TEPEKPBHIBAIONIUXCS HEUPOHHBIX CETAX C IUIOTHBIMH
nporaosam. 1 ¢pyHkIms motepu Beca o0cykmaercs Ais JOCTHKEHHS OaaHca Kiacca.
[Ipennaraercss mocT-o0paboTKa € HCMHOJIB30BaHMEM TpeoOpazoBanuss Hau s
yIydlIeHUs] Mackd OOHapy)XEHUSs, BIMSIONICH Ha BOCCTAaHOBIEHUE H300paKCHHUS.
Mgb1  cTtpouM HaOOp TPEHHPOBOYHBIA HA0Op MJAaHHBIX C  HCIOJIb30BAaHHEM
MOBPEKICHHBIX JIAHHBIX HM300paXCHUS IUICHKH, pCAJM30BAaHHBIX B  HaIICH
METO/IOJIOTUM W BBITIOJHSIEM OIEHKY 3(P(HEKTUBHOCTH C MPEIBLIYIIIUMU METOJdaMH.
Pesynwratel F1-6ammel ynydmmnuck B cpenneM Ha 1,67% 1o cpaBHEHUIO ¢ HETABHO
MIPEIIOKECHHBIM METOIOM.
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Keywords: scratch detection, dilated convolution, convolutional neural
network, digital documentary film reconstruction, deep learning

KiroueBble cjioBa: oOHapy)XeHHE IapalidH, pacIIUPEHHOE IEePEKPHITHE,
NepeKphIBaIOIasics HEHPOHHAs ceTh U MU(PPOBOE JOKYMEHTAILHOE BOCCTAHOBJICHHE,
rIy0okoe o0yueHue

Detection of blotch and scratch in digital film video or image is a common
concern in image and video processing. Blotches and scratches are typical
degradation that are often seen in digital film videos or images. In particular,
scratches are a typical damage seen in old films, and in video it appears as a dark or
light vertical line, while in old photographs it appears as lines with arbitrary
orientation. Scratches are much more difficult to process in still images than in old
films. The reason why the processing in still images is more difficult than in old
movies is that at least two things can be considered. First, unlike in old movies,
scratches in still images have any possible orientation, color, and width. Second, we
cannot use time information to process scratches in still images. This paper deals with
a method for detecting scratches in digitized film images. In recent years, tremendous
progress has been made in the area of deep neural networks (DNNSs), especially
convolutional neural networks (CNNs).

In particular, convolutional neural networks have been successfully applied to
object recognition [3, P. 2481-2495], detection [6, P. 5-10], semantic image
segmentation [1, P. 3431-3440], as well as image retrieval [2, P. 234-241].
Convolutional neural networks have the ability to model very complex patterns and
tolerances to noise. In particular, convolutional neural network filters act as adaptive
filters with higher complexity that can extract more relevant information
hierarchically in a multi-scale manner over a wide range than conventional filters that
are sensitive only to local variations. Therefore, in [5, P. 486-500], a method for
detecting scratch lines in old films using convolutional neural networks has been
proposed to achieve some good results. However, the disadvantage of this method is
that the detected scratch pixels are subjected to a coarse detection result due to the
loss of global information during the course of several overlapping and pooling
layers.

This would make it difficult to repair the next step. Hence, to overcome the
drawbacks of the previous method, we design a convolutional neural network with a
dilated convolution that can achieve dense prediction results by integrating spatial
information at various scales and preventing loss of information during the process
through the pooling layer, and based on it, detect scratches in the film image.

The step of detecting scratch in film images consists of two parts.

First, the scratch detection is improved by the deep neural network and second
by connecting the obtained scratch segments. We use dilated convolution [4, P. 286—
297] to improve the classification accuracy of the model without loss of global
information.
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The basic idea of the dilated convolution is to insert a "hole" (zero) in the
convolution kernels to obtain a larger receiving field without a downsampling process
to prevent information loss during downsampling. Compared with the initial
convolution, the dilated convolution has a convolution rate parameter in addition to
the size of the convolution kernel, which is mainly used to indicate the enlargement
size.

The common point of dilated and general convolution is that the size of the
convolution kernel is the same. That is, the number of parameters is the same.

The difference is that the dilated convolution has a larger acceptance field.

However, the consideration in using dilated convolution is to prevent the “grid”
phenomenon. To prevent this phenomenon, we apply the dilated convolution with
various dilated convolution rates in parallel and mix the results hierarchically.

In this paper, we construct convolutional neural networks with dilated
convolution to reduce computational complexity by simplifying the structure of the
neural network and to improve the accuracy of the scratch detection model by
integrating dense prediction and spatial features at different scales. Figure 1 shows
the structure of the proposed convolutional neural network.

Dil Cotre Dl Cotre DHIC oty
Blodkl Blockl Block1 —‘

iyt

Conv
Softmax
Concat 1% 1

Figure 1. Proposed convolutional neural network architecture

The proposed convolutional neural network consists of three dilated
convolutional blocks, one concatenation layer, and convolutional layers, Softmax
layer. The dilated convolution block consists of an dilated convolution layer with
kernel size, a batch normalization layer and a ReLU layer. The expansion rates in the
dilated convolution layers of each dilated convolution block are different. The
expansion rates in the dilated convolution layers of the dilated convolution blocks 1,
2, and 3 are 1, 3, and 5, respectively. The use of dilated convolution layers with
expansion ratios of 1, 3, and 5, respectively, allows to obtain contextual information
of different scales by gradually enlarging the size of the receptive field without loss
of information due to downsampling. In the concatenation layer, the outputs of the
three upstream dilated convolution layers are obtained by connecting them. The
design of such a concatenation layer has been mixed with different features to
enhance the discrimination ability. Since the resolution must be the same when
connecting the output of the three convolution layers in the convolution layer, each
previous convolution layer performs a filling process to ensure the same resolution of
the input and output. Using convolution layer after concatenation layer is to reduce
the dimensionality increase in convolution layer. Finally, there is a softmax layer that
classifies each pixel independently. In the softmax layer, we define the probability
that each pixel belongs to a scratch pixel or a background pixel. Finally, the
segmentation result classifies the pixels into the category where this probability is
maximized, i.e., the scratch pixel set or the background pixel set.

(33]



NHHOBAIIMOHHBIE TEXHOJIOT'M HA OCHOBE MATEMATHUYECKOT'O MOJIEJITMPOBAHU S
N NCKYCCTBEHHOI'O MHTEJIJIEKTA B TOK POCCUMCKOUN ®EJEPAITUN

In general, we use cross entropy as a loss function in the classification
problem. In this paper, the loss function of the network is used as a weighted cross-
entropy loss function. The reason for introducing the weighted cross-entropy loss
function is as follows. Since the scratch area in our training data sets is much smaller
than the background area, in general, the cross-entropy loss function causes the
model to be heavily biased towards the background, resulting in poor detection
performance. To solve this problem, we introduce a weighted cross-entropy loss
function to balance the scratch area and background area classes. In our training
images, the number of pixels belonging to the scratch region is much smaller
compared to the number of pixels belonging to the background region. Therefore, to
achieve class balancing, we use a weighted loss function by assigning different
weights to each class. We use the median frequency as the weight assigned to each
class in the loss function. This allows a class balance in the training data set, with a
small weight for classes with a high number of pixels and a large weight for classes
with a low number of pixels.

The scratch detection results by convolutional neural network are obtained with
small separated regions with linear shape. The small linear regions where one long
connected region is separated are obtained because the luminance of the pixels in the
separated region is low. For this, a post- processing is necessary to connect the
separated small scratch areas. Globally, there is a long straight line, and the result of
the detection is a small straight line segment. Now we have to connect these small
straight segments to get a long straight line. Locally small straight segments are very
similar in the direction of the straight line when compared to adjacent straight lines.

Hence, as a measure for this, we first detect possible straight lines in the image
and compare the direction of the adjacent straight line, and then connect two straight
segments if similar. First, using Hough transform, we obtain a set of straight lines
corresponding to the cumulative value of k larger than a certain threshold. Then, we
connect two adjacent straight lines in case of similar direction and small distance of
the adjacent straight line obtained by Hough transform. To implement the proposed
method, we used five videos ‘Knight’, ‘Laurel and Hardey’, ‘California’,
‘Afgrunden’, ‘gate’ with a virtually corrupted vertical scratch with different
brightness at different locations worldwide recognized to generate training data, and
30 self-prepared film images with scratches of arbitrary orientation. The training data
were cut at 300 frames from five videos to obtain 4200 image slices, and from 30
film images with scratches of size, 13,500 image slices were obtained to obtain a total
of 17,700 images. Eighty percent of them were used as training data and 20% as
testing data. In the experiments, three different evaluation criteria, namely recall,
precision and F1-score, were used to evaluate the performance of the proposed
method. The table shows the comparison of the proposed method with other methods.

The table shows the comparison of the results of scratch detection using the
previous methods and our proposed method for five globally recognized corrupted
film animations. As can be seen from the table, the F1-score results show that the
proposed method is superior to the previous methods.
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Table 1. Scratch detection performance evaluation

methods Afgrunden Knight California Gate Laurel and
Hardy
Recall [7] 91.71 7.7 94.74 100 78.95
[6] 100 100 36.11 33.33 94.73
[5] 81.08 83.33 89.74 100 89.47
ours 85.6 86.55 90.23 100 90.23
Precision [7] 45.33 93.33 51.31 12.90 18.52
[6] 14.44 56.00 8.84 2.98 21.42
[5] 55.55 100 92.27 25.53 89.47
ours 57.55 98.12 95.23 27.32 89.62
F1-score [7] 60.71 84.84 66.56 22.85 29.96
[6] 25.23 71.79 14.20 5.47 18.48
[5] 65.93 90.90 90.98 40.67 89.47
ours 68.83 91.97 92.66 42.92 89.92
Findings

In this paper, we propose a method for scratch detection in film images using
convolutional neural networks with compact prediction and dilated convolution to
integrate spatial information at various scales, reducing computational complexity by
simplifying the structure of deep neural networks. Considering the scratch detection
problem in film images as a pixel classification problem, we designed a end-to-end
convolutional neural network to detect scratches with arbitrary orientation, color and
width as well as vertical orientation. To solve the problem of losing global
information and producing coarse detection results due to the pooling with
conventional convolutional neural networks, a convolutional neural network with
dense prediction and dilated convolution to synthesize spatial information at different
scales is designed. Post-processing was performed to improve the detection mask
affecting image restoration.
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3AZJAYA PASMEIIEHUSA OBOPYAOBAHUA B YCJIOBUAX
MEJIKOCEPUHHOI'O NPOU3BOACTBA: IPUMEHEHHUE
METOJ0B IUCKPETHOU OITUMU3ALINHN

THE PROBLEM OF EQUIPMENT PLACEMENT IN SMALL-BATCH
PRODUCTION: APPLICATION OF DISCRETE OPTIMIZATION
METHODS

Bepxotypos M.A., Myxamarymnun T.U., Mydrtaxos I.P.,
OI'BOY BO «Y dbumMckuii yHUBEPCUTET HAYKHU U TEXHOJIOTHID,
r. Ya, Poccuiickas denepanms
M.A. Verkhoturov, T.I. Mukhamatullin, D.R. Muftakhov,
FSBEI HE «Ufa University of Science and Technology»,
Ufa, Russian Federation

e-mail: kinf@ugatu.su

AnHoTanms. Ha ocHOBe aHanmm3a pas3BUTHS JIETKOM NPOMBILIIJIEHHOCTH B
Poccun kak comepxkarieid 0O0JIbIIIOE YUCIO MEIKOCEPUHHBIX MPOU3BOACTB, aHAU3a
O0COOCHHOCTEH (PYHKIIMOHUPOBAHUSI MaJbIX MPEANPUATHN, aHalIW3a MPUHIIUIIOB
non0opa MPUMEHSEMOT0 Ha IIBEHHOM MPEANPUATAA OOOPYJOBAHUS M aHaIu3a
NPUHIIMIIOB BHEAPEHHS OEpexIIMBOTO TMPOU3BOJICTBA, OBUI BBIJCICH OJUH U3
CrocoOOB  TOBBIIIEHUS  A(M@PEKTUBHOCTH  MajbIX IIBEHHBIX  MPEANPUATHH,
3aKJIIOYAIOLIUICS B ONTUMAIBbHOM PacloIOXKEHUH pabouero o0opyJoBaHUs B LIEXE.
[lenpto  pacmosiokeHHs:  OOOpPYAOBAaHHS  JIOJDKHO — SIBIATBCS  MAaKCHMAJbHOE
YMEHBIICHUE U3JIEPKEK HA MEPEMEIICHUE MPOJIYKTOB WIM MaTEPUAIIOB TPYAa MEXKIY
pabounmMu MecTamMu. B CBsI3u ¢ 3THUM BO3HUKAaeT BOIPOC O MEPUOAUYECKON
NepecTaHOBKE OOOPYJIOBaHUS HA MPOM3BOJCTBE B 3aBUCHUMOCTH OT TpeOOBaHUM
TEXMpolecca MOMIMBA ONPENEAEHHBIX BHUJIOB H3ACIUNA U OO0IIe HOMEHKIATYphl
BBIITYCKA€MOTO B JaHHBIA MOMEHT Ha MPEANPUATHN aCCOPTUMEHTA. bbUIN NprUBEAEHBI
dopmanbHas M MareMaTuueckas TOCTAaHOBKM JaHHOM 3ajaud, a TakKke
MpOAHAIM3UPOBAHBl BO3MOXKHBIE MeETOJbl €€ pemieHus. beuia  pa3paborana
nporpamMma, Mo3BOJISIFOIIAas CMOJIEMPOBAaTh PACIOIOKEHUE 000PYI0BAaHUA B LIeXe U
MO3BOJISIIOIIAs  OLICHWUTHh  KpaTYaWlllMk  MapupyT, MPOXOJAIIAM MO  BCEMY
obopynoBanuto. BmocnenctBum mporpamma Obiia  gopaboTaHa. beuto  ydTeHO
KOJIMUYECTBO MEPEMEIEHNN MEXTy 000pyJOBaHHEM Pa3HOTO TUIIA JAJISi OPraHU3AlUU
HECKOJIBKHX TPOWU3BOJACTBEHHBIX JKCIIEPUMEHTOB C LEIbI0 IIOMCKA JIy4IlIEero
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BapHaHTa pa3MelieHuss o0opyaoBaHus. B 3aBepiieHue, npuBeAeHa WHTEPIPETAIIHS
MOJy4YEHHOTO pe3yJIbTaTa.

Abstract. Based on an analysis of the development of light industry in Russia
as containing a large number of small-scale production, an analysis of the features of
the functioning of small enterprises, an analysis of the principles of selection of
equipment used in a clothing enterprise and an analysis of the principles of
introducing lean production, one of the ways to increase the efficiency of small
clothing enterprises was identified, which consists in optimal location of working
equipment in the workshop. The purpose of equipment placement should be to
minimize the costs of moving products or labor materials between workplaces. In this
regard, the question arises about the periodic rearrangement of equipment in
production, depending on the requirements of the technical process of sewing certain
types of products and the general nomenclature of the assortment currently produced
at the enterprise. The formal and mathematical formulations of this problem were
given, and possible methods for solving it were analyzed. A program was developed
that allows us to simulate the location of equipment in the workshop and allows us to
estimate the shortest route through all the equipment. Subsequently, the program was
finalized. The number of movements between different types of equipment was taken
into account to organize several production experiments in order to find the best
option for equipment placement. Finally, an interpretation of the obtained result is
given.

KiioueBble cJjioBa: [IBEHHAS NPOMBIIUICHHOCTh, Malble MPEANPHUITHS,
OepexIIMBOe TPOM3BOACTBO, 3aJada KOMMHBOSDKEpA, METOJl BETBEW W TpaHWUII,
00opyI0BaHUE, MAPIIPYT

Key words: clothing industry, small businesses, lean manufacturing, traveling
salesman problem, branch and bound method, equipment, route

BBenenue

B Hacrosmee BpemMs B OTpaciax JETKOW NPOMBIINUIEHHOCTH B Poccumn
GyHKUHOHUPYIOT OoJiee 20 ThIC. MPEeANpUATUH, e 3aHATO 0K0i0 300 ThIC. YeIOBEK
(2020) [2]. XapakTepHbIMH YepTaMU  pPa3BUTHUS  COBPEMEHHOM  JIETKOM
IPOMBIIIVICHHOCTH  SIBJIIIOTCS. TOTPEOHOCTh B OBICTPOM CMEHE acCOPTUMEHTA
IPOIYKIMH, @ TAKKE BBICOKAS J0JIS MAJIbIX U CPEIHUX MPEATPUITHIA.

Masnsle  npeanpusATAss B JIETKOW  NPOMBILIIEHHOCTH  PaCIIOJIararoT
3HAUYUTEIbHBIMU KOHKYPEHTHBIMH TPEUMYIIECTBAMU IO CPABHEHHUIO C KPYIHBIM
npousBoacTeoMm [3, C. 17-18]:

- OpICTpast ajanTals K MECTHBIM YCJIOBHSIM XO35HCTBOBAHMS;

- THOKOCTb M ONEPATUBHOCTb B MPHUHIATHUM W BBINOJIHEHUN PELICHHI;
ITPOU3BOICTBO U3ACIINIA MAJIBIMU MAPTUAMH;

- BOBMOXHOCTb PEaIn30BaTh CBOU UAEH U IPOBEPUTH CBOU CIIOCOOHOCTH;
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- BO3MOYKHOCTb OBICTPO BBOJHUTH U3MEHEHHUS B MPON3BOJICTBO;

- OTHOCHTEJIBHO HEBBICOKHE PACXOJIbI U 3aTPAThl Ha YIPABICHUE U KaJIPHI.

[lepeuncnennbie  (akTOphl  OKa3bIBAIOT  CYIICCTBEHHOE BIIMSHUE HA
TEXHUYECKOE OCHAIIICHHE MPOn3BOACTBA. [Ipon3BOICTBO Pa3HOOOpA3HBIX M3AETUH U3
pa3HBIX BUIOB MaTEpHAaJiOB BIIEYET 3HAUWTENIBHBIC TMEPECTAHOBKU M TEPECHATAIKH
000py10BaHUS.

[TpuHIMIT paccTaHOBKK 000PYAOBaHUS 3aKIIFOUASTCS B CIICAYIOMIEM:

- CO3JIAIOTCS  CIIApeHHbIe pabouume MecTa C pa3HbIM  000pYAOBaHUEM,
MTO3BOJISIONIAM BBITIOJHSTH Pa3HOPOIHBIE OTIEPaIlnN;

- pacrmoyioKeHHue padodnX MECT TPOUZBOAMUTCS C YYETOM MPSIMOTOYHOCTH
nepemMenieHns: 00padbaThIBaeMbIX PEIMETOB TPYIA;

- TPaHCHOPTHUPOBAHHUE IMaueK MPEAMETOB TPyJa MEXIY paOOUYMMH MECTaMH
OCYIIECTBIISIETCS C TIOMOIIIBI0 MEXKAYCTOJIUHN M Pa3TUYHBIX TEIEKEK.

AJNanTupoBaThCsi K  YCIOBUSAM JKECTKOM PBHIHOYHOW KOHKYPEHIIMH U
yBEJIMUUBATh CBOIO 3((HEKTUBHOCTH MAJBIM MPEANPUATUSIM MOMOXKET BHEAPECHUE
MPUHITMIIOB O€PEKIMBOTO MPOU3BOJICTBA.

bepexnuBoe mpousBoacTBo (lean manufacturing) — 3To cuctema ymnpaBieHUs
KOMITAaHUEW, HalpaBJeHHAs Ha MAaKCHMAaJbHOE YJIOBJIETBOPEHHE MOTPEOHOCTEH
KJIMEHTOB IIPU MUHUMAJIBHBIX 3aTpaTax pecypcos [4].

Peanuzanusi mpuHOUIOB OEPEKIMBOrO MPOU3BOACTBA TO3BOJMUT YCTPAHITh
MOTEepH, TaKHe KakK: TMEpemnpon3BOACTBO, OXHAaHWE, TepeBO3Ka, IepepadoTKa,
JUTITHUH 3amac, HeABMKMUMOCTb, Te()EKTHI.

1 3agaya nepemenreHusi 000py10BaHUA
1.1 ITocranoBKa 3a1a4u

Jlnst cokpareHusi moTepb, CBS3aHHBIX C TIEPEBO3KOM TOBApOB, Ha THOKOM
IIPOM3BOACTBE MOXKHO PAaCCMOTPETH 3aJady pPaCIOJIOKEHUS IPOU3BOJICTBEHHOIO
000pyZI0OBaHUSI B HYXHBIX MECTax TaK, YTOObI MEPEMEIICHHE MPOAYKIIUU MEKITY
HUMH 3aHUMAaJIO KaK MOYKHO MEHBIIIE BPEMEHMU.

bonee ToOro, Tak Kak acCOPTUMEHT Ha THOKOM TIPOM3BOJICTBE IMOCTOSHHO
MEHSETCSI, TO M TEXHOJIOTHYECKUHN TIPOIECC, OPSAIOK BHITIOJIHEHUS Oneparuii OyayT
OTJINYAThCS, @ 3HAUUT U ONTHMAJIbHAs pacCTaHOBKA 000PYyAOBaHUSA. ITO 3HAYUT, YTO
CTaHKM WM TIEPEHOCHOE O0O0OpyAOBaHWE JOHKHO 00JIalaTh MaKCHUMaIbHOMN
MOOMJIBHOCTBIO  (CTAaHKM JIOJDKHBI  OBITh  mepeaBuXHbIMU). Torma 3amauy
nepeMeIeHus 000py0BaHUsS MOXKHO OYJeT MOBTOPSTh HEOJHOKPATHO U MOXKHO
Oynetr HactpauBath “KoHdurypanuio” mpou3BOACTBEHHOTO I1€Xa IOJ| aKTyabHBIM
ACCOPTUMEHT BBINTYCKAEMOM MPOYKIIUH.

JonyctuMm, y Hac €cTh TOYKH (MecTa), B KOTOPBIX MOKET pPacroyiaratrbcs
TEXHOJIOTUYECKOe O0OpyAOoBaHHE. 3ajadya — HAWTH KpaTYAMIIMA MapHipyT MEXTY
ATUMHM TOYKAMU M PACCTaBUTh COOTBETCTBYIOIIEE OOOPY/IOBAHUE, UCIIOIb3YEMOE B
TEXIPOLEecCce ISl MPOU3BOACTBA OJHOTO KOHKPETHOTO BHUAA W3AECIUS B COCEIHHUE
BEPIIUHBI, COOTHECS IMOJYYEHHBIM MApPLIPYT C MOPSAKOM BBINOJHEHUS OIEPALUU.
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3amaya HaXOXKJIEHHUS KpaTyaillllero mMapuipyra MeXAy TOYKaMH IIMPOKO M3BECTHA
KaK 3aJja4ya KOMMHUBOSIKEpA.

3amaya  KOMMHUBOSDKEpA  —  KJlaccMYeckas  3ajaya  KOMOMHATOpPHOM
ontumu3zauuu. CojiepkatelibHasi MOCTaHOBKA 3aJjadyll KOMMHUBOSDKEpA Ha yJIMBIICHUE
npocra: «3aJlaH0 MHOXECTBO M3 N TOPOJOB, KaXJAOW Mmape VvV, W KOTOPBIX
COTMOCTaBJIEHA TPAHCIIOPTHAS U3JIEPKKA CVW, OIPEACIIAIoNias CTOMMOCTh IIpoe3/ia U3
NyHKTa V B MyHKT W. TpeOyercs ykazaTb HUKIMYECKUA MapUIPyT, MOCEIIAOIIHMA
KXl TOPOJl B TOYHOCTH OJMH pa3 U OOJIAJaIONINi MUHHUMAIbHOM CTOMMOCTBIO»
[5].

YcnoBue  3amauM KOMMHUBOSDKEpa — 3amaércsi  pEOepHO-B3BEIICHHBIM
(opuentupoBanasiM) Tpadhom G = (V, E, ¢), |V| = n, Becoas ¢ynkums c:E — R
KOTOPOTO COIOCTABIISIET MPOU3BOIILHOMY pebpy {V, W} — nyre (V, W) TpaHCIIOPTHYIO
U3JEpKKYy cvw = ¢ (v, w). JlomycTUMBIMU pEIIEHUSMHU 3aJaydl SBISAIOTCA
raMUJIbTOHOBBI ITUKJIIBI (IIEPECTAaHOBKU MHOXecTBa BepiiuH) va(l), va(2), ..., va(n),
CTOMMOCTb KOTOPBIX 3amaétcs cooTHomeHuem c(vm(n), va(l)) + i=1)n—1 c(vxn(i),
vr(i+1)). 3amaya COCTOUT B HAXOXKJACHUH IIMKJIa MUHUMAIbHOU CTOUMOCTH.

1.2 MeToasbl

Metonpl pemieHds 3aJadd  KOMMHBOSDKEpa JIOBOJIBHO pPa3HOOOpasHBl U
Pa3IUYaIOTCs MPUMEHSIEMBIM HHCTPYMEHTAPUEM, TOUHOCTHIO HAXOAMMOTO PEIICHUS
U CJOXKHOCTBIO TPEOYEeMBIX BBIUMCICHUH, OT IOJHOTO Tepedopa M JO TOYHBIX
METOH0B [6].

Ongnako,  ONTUMAJIBHBIM  AJTOPUTMOM IO  TOYHOCTH,  CJIOKHOCTH
BOCITPOM3BEACHUS M OBICTPOJICHCTBHUIO SBISICTCS METOJ BeTBel M rpanuil. OH MOXeT
MOAXOIUTD JIJISL JOCTATOYHO OOJBIIKX N, @ TAK)KE MPOCT B TOHUMAHUH M PEATH3alIUH.
Tak xak Mbl paboTaemM ¢ HEOOIBITUMHU MPEANPUATHIMU, TAC KOJIUISCTBO CTAHKOB B
OOJIBIIMHCTBE CiydaeB He Oynaer mnpeBbimarh 30, TO MaHHBIA METOJ XOPOIIO
MOAXOIUT JIJIsl pealu3alldd BBHAY HEOOJbIIOro oObeMa BbrumcicHui. [lomumo
BCETO, OH OTHOCHUTCA K TOYHBIM METOJaM, II0ATOMY IOJYYCHHBIA MapIipyT
JEHCTBUTETHLHO OYAET BCETa SABIATHCS ONTUMAIBHBIM, B OTJIUYHH OT IBPUCTHYCCKUX
METOOB.

1.3 Peanu3anusi nporpamMmbl

Jlnst peanuzanuu JaHHOW 3ayMKH ObUTa HalycaHa TporpaMma Ha S3bIKE
nporpammupoBanus C# B cpeae MS Visual Studio. [Tpumep paGoTsl mporpammel mpu
KOJINYECTBE TOUEK n = 16 mpuBe€H Ha pucyHke 1.

AJITOPUTM pEIICHHs] 3aJadyd KOMMHBOSDKEpAa HUMEET Ha BXOJE€ MaTpully
nepemeiieanii C. PaccTosiHUSL MEXAy TOYKAMH B JJAHHOM MaTPUIE BHICUMTHIBAIOTCS
B IpPOrpaMMe MCXOJid M3 UX PACHOJOKEHUS HA IUIOCKOCTH, T. €. BBIYUCISETCA
€BKJIMJOBO PACCTOSIHUE.

HuTepdeiic mporpaMmbl COAECPKUT KHOMKY JJisi BBOJIA BEPIIMH, BO3MOKHOCTh
CaMOCTOSITEJIbHOTO BBO/Ia KOOPJMHAT JOOABIISIEMBIX BEPIIUH C TOMOIIBIO JIEMEHTOB
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trackBar, kHONKM AJi1 HAXOXAEHUSA KpaT4alllero MyTH M OYUCTKU OO0JacTu AJis
pucoBaHus, a Takxke o0bekT label, cioykamuii 1y BeIBOJIa Pe3ysIbTaTOB - UTOTOBOM
JUTMHBI MapIipyTa.

@' Form1 = a x

JoGasuTs BepWUHY

| BeoawTs KoopaAWHATHI

0% 100%

0% 100%

202

Hantu nyTs

OuncTuTe

Pucynox 1. [Ipumep paGoTsl mporpamMmsl

Teneps HEOOXOAMMO pacCTaBUTh OOOPYAOBAHUE 110 MAPIIPYTY B 3aBUCUMOCTH
OT IIpoLecca MPOU3BOICTBA U IIEPEMELICHUN.

1.4 Pa3zBuTHe NOCTAHOBKHU

B03MOXHBIM yCIOKHEHHEM MPOTPAMMBI “‘CErMEHTAalMs, TO €CTh Pa3AcIICHUE
TOYEK pa3MeIIeHHUs] 000pYIOBaHUS MO TUIY. BBIMISAUT 3TO ClAeAyIOMUM 00pa3oM:
JUTISL KaXKJIOM TOYKH YKa3bIBaeTCS OJWH €IMHCTBEHHBIM THUIT 000OpPYAOBaHHUS, KOTOPBIM
MOXET paclojiaraTeCs B JaHHOM MecTe. Eciii 3T0 mBEeWHOE IMPOU3BOJICTBO, TO ITO
MAIllMHK{, YTIOTH, MECTO JUId PYYHBIX OII€palldi, OBEPJIOKH, IETEIbHBIE,
NYrOBUYHbIE W Tpouee ClHelHUaJbHOEe O0OpyHOBaHME. DTO YTBEP)KICHHE O THUIIE
pacrojaraeMoro 00OpyJI0oBaHUsl JIJIsl KOHKPETHOM TOUKH SIBJISIETCS JIMILb TMIIOTE30M,
YCIIEITHOCTD KOTOPOH MIOATBEPAUTCS DKCIIEPUMEHTOM (HECKOJIBKUMH
AKCIIEPUMEHTaMH ).

3aTeM HaM HYXHO IOACYMTATh, UCXOAS W3 ONEpalrid, BBINOJHIEMBIX MpPH
MOIINBE OJICHK/IbI, KAKHE MEPEMEIICHUS MEXKIY CTAaHKAMH ITPOUCXOIAT U MOJICUNUTATH
UX KOJM4ecTBO. [Ipu 3TOM yuyuThHIBalOTCS HampaBieHHUs IMepeMenieHus: (mpsMoe u
oOpaTHoe, 3a/1a4a CTAHOBUTCSI HECUMMETPUYHOM ).

3arem, korddunrentsl B Matpuie C HOPMHUPYIOTCS B 3aBUCUMOCTH OT TOTO,
CKOJIbKO OyleT TmepeMelleHu MeXIy CTaHKaMH J[JaHHoro Tumna. /[ias storo
HEOOXOJAMMO  COOTBETCTBYIOIIMM  KOI(POUIIMEHT TMOACIUTh Ha  KOJUYECTBO
nepemenieHnil. Eciy uncio nepemeniennii Mexay cTaHKaMH JaHHOTo Thuna pasHO 0,
TO KO3(()ULIMEHT HE TPOraeMm.

HMcexonss w3 [MaHHOW IIOCTAHOBKM, HAWIEM KpaT4aMIIMK MapIIpyT MEXIY
TOYKaMM C Y4YETOM KOJMYECTBA NEPEMELICHUM MEXIy CTAaHKaMU Pa3HbIX THIIOB.
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CoBepIlMB HECKOJBKO MEPECTAHOBOK (IKCIIEPUMEHTOB), HAIEM KpaT4allllinil myTh
Cpellu BCeX BO3ZMOXHBIX PACCTAHOBOK O0OOPYAOBAHUS IO TUIIAM.

Tekymas mporpamma Oblia AopaboTaHa B COOTBETCTBUM C BBIIICONMUCAHHOM
norukoi. Ha ¢popme Oblita 106aBieHa BO3MOXKHOCTh YKa3aHUsI HAUMEHOBAHUS TOUYKH,
a Takke J100aBjeHa BO3MOXHOCTh YKa3aHMsI KOJMYECTBA TMEPEMEIIEHHN OT OHOM
TOYKH K Jpyrod. Anroputm ObLT A0padOTaH Tak, 4YTO YeM OOJIbIlIee YHUCIIO
NEPEMEILICHUN MEXIY IBYMS TOYKAaMH, TEM BBIIIE MIAHC BKIIOYECHHUS ATOM AYTU B
MapIIpYT.

1.5 Ilpumep pelieHus 3aga4u

Ha wmanoM 1mIBEeHOM MpPOU3BOJCTBE MPOU3BOAMTCS IOLIMB  OpIOK.
TexHoMOTMYECKHA TpoOIecCC TOMMUBa (MTOCIEIOBATEILHOCTh OIepaIiiii) W3BECTCH.
N3BecTHO KOIMYECTBO 000OpYAOBaHUS U TUI 00OPYOBaHUS, a TAKKE MECTa, IJe OHO
MO>KET PacIoJiaraThCs.

Hcxonsa u3 rmutana-rpaduka pabOT TakkKe H3BECTHO YHCIO IepeMelieHui
Mexay obopymoBanueM (cM. Ta6mmma 1). KommuectBoM mepexooB s
CHenuaIbHOrO 000OpyAOBaHUS MOKHO TpeHeOpeds. [lepexonbl g 3aia4 ¢ 3amacom
BPEMEHU HE YYUTHIBACM.

Ta6nuna 1. Matpuiia nepexo10B /st 000pYyI0BaHUSI OCHOBHBIX THIIOB

VYTr0oT MamuHka Ogepiox Pyunsie
VYTior - 7 1 6
Marmvnka 13 - 3 2
OBepiiox 1 4 - 2
Pyunsie 1 8 3 -

3amanuM pacnoiokeHre 000pyI0BaHMs B MporpaMMe (IPUMEPHBIA BApUAHT
pacCTaHOBKU). 3aJaiuM KOJIMYECTBA TEpEeMENIeHnd W HaWaéM ONTUMaJIbHBIN
MapupyT (PUCYHOK 2).

JInuHa ero cocraBiuser Bcero 45 YCIOBHBIX €AWHUI] C Y4YE€TOM YMCIa
nepeMenieHnii Mexxy crankamu. [Ilpumem naHHoe pacnosoxkeHue o0opyJoBaHus 3a
YCIOBHO ONTUMAajbHOE (TaKk Kak KpPUTEPUl ONTUMAIbHOCTU HE BbIpabOTaH).
[TonGupass npyroe pacmoiiokeHue oOOpyAOBaHUS, MOXKEM IOJYyYUTh U MEHBIIIEE
pPacCTOSIHHE.
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Pucynox 2. [Ipumep paboTsl yCOBEPIIEHCTBOBAHHON MTPOrPAMMBI
1.6 UnTepnperanus pe3yjbTaTOB

UTOoOBI TMTEIBLHOCTD OJTHOTO MPOU3BOACTBEHHOTO IIUKJIa BEPHO OTpaXKkajaach ¢
y4e€TOM BPEMEHH, HEOOXOJMMOTO JJIsl TIepEMENICHUSI OT OJIHOTO CTaHKa K JPyromy,
HEOOXOJIMMO K JUIMTEJIBHOCTH OIepanuid TeKyllero IJaHa-rpaduxka pador,
pa3pabOTaHHOTO Ha MPEANPHUITHH, J0OABUTh 3aJICPKKU Ha repemernieHus. Ecau Ham
M3BECTHO, Kakas IBes Ha KAKOW MAIIMHKE KaKWe OIepallid BBIMOJHSAET, TO K
JTAHHBIM OIEpaIsIM MOXKHO J00aBUTH KOHKPETHOE BpeMsl Ha IEepeMEIIeHHE OT
OJIHOTO CTaHKa K JIPYyTOMY.

Ecnm e HeW3BeCTHO, Kakas IIBes 32 KaKUM CTAaHKOM CHJIIWT, M Kakas y He€
30Ha OTBETCTBEHHOCTH (3asBKM Ha TIOIIUB YacTeH paCTpPEAeNsIIOTCS CIydailHbIM
o0pazoM MeXIy MIBESIMH), TO HEOOXOJIMMO HAWTH CpeIHEe BpeMsl Ha MepeMeIleHUe
OT CTaHKa OJIHOTO THUIA K CTaHKy JIPYyroro THUIA, U MPUOABUTH 3TO BPEMsl KO BCEM
OTIepALIUSIM.

BuiBoabI

OgHuM W3  METOJNOB  MOBBIIEHUS IP(EKTUBHOCTH pabOThl  MallbIX
OpEeAnpusTAd B IIBEHHOM MPOU3BOJICTBE SIBISIETCS PacCTaHOBKAa 0OOPYIOBaHUS,
MO3BOJISIIOIIASL  COKPATUTh JIIUTENIBHOCTh BBIMOJHEHUS BCEX TEXHOJIOTHYECKUN
olepanuil U cokpamaronias JJIMTEIbHOCTh IPOU3BOACTBEHHOrO IMKiIa. Hanvcannas
IporpaMma IO3BOJIAET CMOJEIMPOBATh pa3MellleHne 0OOpYAOBaHUSA U ONPEICIIUTH
U3JIEP)KKM Ha TMepeMeleHne Mexay oOopyaoBaHueM. CpaBHUBasE HECKOJIBKO
BO3MOJKHBIX BapHaHTOB, MOXXHO HPUUTH K ONTUMAJIbHOMY, IpU KOTOPOM
MIPOU3BOJCTBEHHBIN UK Oy/1€T MUHUMAJICH.
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BUPTYAJIbHBINA TPEHAXKEP IPEJANOJETHON
HOAI'OTOBKU BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA

VIRTUAL SIMULATOR FOR PRE-FLIGHT TRAINING OF AN
UNMANNED AERIAL VEHICLE

Kapunos FO.A., Jlateimos P.P.,

Hucrutyt Hegrenepepadorku u HedTexumuu OI'BOY BO YI'HTY Br.
Canasare, yn. ['yOkuna, 22 06, r. CanaBar, Pecriybnuka bamkoprocras,
Poccus, 453250
Y.A. Zharinov, R.R. Latypov,

Institute of Oil Refining and Petrochemistry FSBEI HE USPTU in Salavat,
Gubkin Str., 22b, Salavat, Republic of Bashkortostan, 453250, Russia

e-mail: rus.latypov.1975@mail.ru

AnHoTamusi. B HacTosimee BpeMs OCECHWIOTHBIE JI€TAaTEIbHBIC ammapaThl
(BITJTA) cTaHOBSITCA HEOTHEMIIEMON YaCThIO MHOTUX cep, HAaUMHAs OT Pa3BICUCHUN
Y 3aKaH4MBas NPOMBINUIEHHbIMU uccienoBanusiMu. C yBenuuenuem uucia BIIJTA
BO3pacTaeT HEOOXOAMMOCTh B Oe3omacHoM U MpodeCcCHOHAIBHOM OOyYEHHUH HX
JKCIUTyaTaluu. TpeHaxxep BUPTYAJIbHOM PEATbHOCTH MPEMNIAracT WHHOBAIMOHHBIN
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MOJXO0/T K  00yueHwuto, peAoCTaBIIss MOJIb30BATEIISIM BO3MOKHOCTb
B3aUMOJICHCTBOBATh C PEATUCTUYHBIM BUPTYAJIBHBIM OKPYKEHUEM, 3TO MO3BOJIET
CTakepaM IMpaKTUKOBaTh KOHKPETHbIE HABBIKM U CIEHapUM B 0O€30MacHON u
KOHTPOJUPYEMOM cpene, Oy/lb TO BBINOJHEHUE CJIOXKHBIX MpoIeayp wid padbora ¢
OMacHBIMU MaTepuajiaMu, OOyYeHHE B BHUPTYaJIbHOM pEAIbHOCTU Mpejaraet
PAKTUYECKUNA OMBIT O€3 CBA3aHHBIX C STUM PHUCKOB. BupTyanbHas peasbHOCTDH
MO3BOJISIET 00y4aeMbIM YCBaWBaTh TEOPETUUECKUNA MaTepual U aKTUBHO MPUMEHSThH
€ro B UMUTHPOBAHHBIX PEATbHBIX CIIEHApHUAX. bosiee Toro, cumynsmuu oOy4YeHHS B
BUPTYaJbHON PEAIbHOCTH MOKHO HACTPOUTH B COOTBETCTBUU C YPOBHEM HABBIKOB U
nemsiMu  o0yueHusi. B uccnmemyemoil o6macth 3TO BKJIIOYAeT B ceOsl TOUYHYIO
CUMYJISIIUIO MEPOIIPUSTUN, MPEIIECCTBYIOIINX 3aMMYCKY OE€CIMMIOTHOTO JIETATEIBHOTO
annapata. HaywyHo-  mpousBoacTBeHHbIM  HeHTpoM  «HoBATpanc»  ObLIO
YCTAHOBJIEHO, YTO HCMOJIb30BaHWE VR-TEXHOJIOTHI MOBBIIIAET KAYECTBO YCBOEHHUS
Martepuala B cpeaHeM Ha 45% 1 CHUKaeT MPOU3BOJICTBEHHBIN TpaBMaTu3M Ha 63%,
a Takke oOyuyeHHME B BHUpTyalbHOU peanbHOocTH Ha 30% ycKOpsieT agamnTaiuio
COTPYJIHHUKOB.

Abstract. Nowadays, unmanned aerial vehicles (UAVs) are becoming an
integral part of many fields ranging from entertainment to industrial research. With
the increasing number of UAVS, there is a growing need for safe and professional
training in their operation. A virtual reality trainer offers an innovative approach to
training by allowing users to interact with a realistic virtual environment, this allows
trainees to practice specific skills and scenarios in a safe and controlled environment,
whether performing complex procedures or handling hazardous materials, virtual
reality training offers hands-on experience without the associated risks. Virtual reality
allows trainees to acquire theoretical knowledge and actively apply it in simulated
real-world scenarios. Moreover, virtual reality training simulations can be customized
according to the skill level and learning objectives. In the study area, this includes an
accurate simulation of the activities leading up to the launch of a drone. The
NovATrans Research and Production Center found that the use of VR technology
improves the quality of learning by an average of 45% and reduces occupational
injuries by 63%, as well as virtual reality training accelerates employee adaptation by
30%.

KiroueBbie cji0Ba: BUPTYaJbHBIA TpeHaxep, OECHMIOTHBIM JeTaTelIbHbIN
anmnapar, peArnoJeTHas IOAT0TOBKA, IIPOLECcC, 00yUeHHe

Keywords: virtual simulator, unmanned aerial vehicle, pre-flight training,
process, learning

C y4eToOM OLIEHOK 3KCHEPTOB «AIPOHETa» MOKHO OTMETUTH TEHAEHLUIO pOCTa
yucna 6ecnuiIoTHBIX anmapaToB B Poccun. B 2021 roay Obuto mpou3BEEHO OKOJIO
2500 6ecniunoTHUKOB, a B 2022 roAy 3TOT MOKa3aTellb YBENWYHIICA 10 Ooyiee yeM
5000 anmapaToB, B OCHOBHOM KomTepHOro tumna (pucyHok 1). PocaBuarusi B
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Hacrosmiee BpeMms BeaeT yueT 6osee 70 000 rpakmaHCKuX OECHMIIOTHUKOB MacCOM
10 30 xr, a B 2022 roxy 66110 3apeructpupoBano 37 000 HoBbIX anmapaToB [1].

5,0

e B o
0,6 s 66,7%
66,7% 50,0%

2018 2019 2020 2021 2022

mmm [poussoacTso BIVIA, Teic. wr. Temn npupocra, %
Pucynok 1. lunamuka o6semoB rpousBojictBa bITJIA B PD 3a 2018-2022
oI

[Iporno3sl Ha Omkaillue TOABI CBUACTEIBCTBYIOT O TOM, YTO JIOJIS
konrepHbix BIIJIA Oyaet npogomxaTh yBenuuuBathes. [1o oKugaHusIM SKCIEPTOB, B
nepuoa ¢ 2023 mo 2026 roasl oHa yBenuuutcs a0 75% [2]. JanHble oxumaHus
AKCIIEPTOB M TEKyllas JUHAMHKAa OOBEMOB IPOU3BOJACTBA CBUIETEIHCTBYIOT O
pacTyiel 3HaYMMOCTH HUCTIOIh30BaHUS KOMITEPHBIX aliapaToB B pa3InyHbIX chepax,
TaKMX KakK reojie3usi, arpoOM3HeC, MOHUTOPUHT U MHOTUX Jpyrux. Vcnons3oBaHue
BUPTYaJIbHON peanbHOCTU B 00yueHuu ynpasienuto BIIJIA cranoButcs eme Ooiee
aKTyaJlbHbIM, YYWTBHIBAas yBEJIMYEHUE 4YHCIa OCCHUJIOTHBIX amnmapaTtoB, W
MOJAYEPKUBAET HEOOXOAMMOCTh 3(P(EKTUBHBIX METOJIOB OOyUYEHHUs MPEeAnoiaETHON
MOATOTOBKE OECIUIIOTHOTO JIETATENILHOTO anmnapara.

PBIHOK CUMYJISITOPOB BUPTYaJIbHON PEaIbHOCTU B TOCJIEAHUE TObI MEPEKUI
3HAYUTEJIBHBIN POCT, YeMyY CIIOCOOCTBOBAJIO pacTyllee BHeApeHue TexHoioruid VR
BO MHOTHX oTpaciisix. OJIHaKO MpU aHaIU3€ pbIHKA B chepe pa3padOTKU TPEHAKEPOB
BUPTYyaJIbHOM  peaJbHOCTH HE  ObUI0O  OOHAapy)KEHO  MPSAMBIX  aHAJIOTOB
paszpabaThiBaEMOMY MTPOTPAMMHOMY MPOAYKTY.

Paccmotpum  mekommosuruio  mporiecca «OOydeHWE — MPEeanoJieTHON
MOATOTOBKE OECHUIIOTHOTO JIETATENILHOTO aliapara» J0 BHEIPEHUS BUPTYATbHOTO
TpeHaxkepa (PUCYHOK 2).
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Pucynok 2. Iluarpamma nocnenoarensHoctd UML npouecca
«Obyuenue npennonaétaon moaroroske bITJIA»

[Tpu ananu3e qaHHOTO Hpolecca ObLIM BBISBICHBI 1BA OCHOBHBIX HEIOCTAaTKa:
OTCYTCTBHE€ WHTEPAKTUBHOCTM M CTaHIapTU3alUd 0Opu oOydeHuu. BHeapenue
pa3pabaThIiBa€MOro TpEHaXXepa IO3BOJIUT YCTPAHUTh OSTU HEJOCTAaTKU 3a CYET
MHTEPAKTUBHOTO B3aWMOJICUCTBUSA C APOHOM H €r0 KOMIIOHEHTaMH B BUPTYaJIbHOM
MPOCTPAHCTBE, a TAK)KE€ BHEJIPEHUS CTAaHAAPTU3UPOBAHHOTO MOJIX0Ja K O0OYyUYEHHUIO B
TpEeHaXxKepe.

Jns cosmanust TpeHakepa Oblla BblOpaHa cpena paspabotku  Unity,
MporpamMMHasi 4acTh HamucaHa Ha s3eike C# B Visual Studio, Mmogenu kBagpokonrepa
Y MyJbTa YNpaBleHUus cMoAenInpoBaHbl B pegakrope Autodesk 3Ds Max. Ognum u3
pematroux (akTopoB BbIOOpa cpeanl pa3padoTku Unity cTayio Hamuyue OOJbLIOro
quclia TOTOBBIX MOJIyJieH (acceToB), MHOTHE M3 KOTOPBIX PACHpOCTPAHSIOTCS IO
OecrjaTHONW JIMLUEH3UM, YTO 3HAUUTEIbHO YIPOLIAET U YCKOpSieT Mpolece
pa3paboTKu

Tpenaxep sBiIA€TCS KIWEHT-CEPBEPHBIM MpuiiokeHueM st Windows
(pucyHOK 3).

-

I/'-l. \\._
{ Valve

,ndex/_} Monb3oBarens Mpenopasarens
Steaf"VR Unity WebGL
Ope:'u}{R :
Unity
PHP + MySQL

PucyHnok 3. ApXUTeKTypa BUPTYyaJIbHOTO TPEHAXEPA
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DTO MO3BOJIHT MOIYy4YaTh HHMOOPMAITHIO O pe3ybTaTaX Kak B CAaMOM TPEHAXEPE, TaK U
Ha OT/ACIbHOM BeO-cTpaHuile. KiMeHTCkas 4acTh OTBEYaeT 3a B3aMMOJICHCTBHE C
MOJIb30BATENIEM M OTIPABKY 3alpOCOB Ha CEpBEp IS TMOJYyUYCHHUS ITaHHBIX WIH
BBITIOJTHEHUS OMpeIeNIeHHbIX JelcTBui. CepBepHas 4acTh OTBEYaeT 3a 00paboOTKy
3aIpOCOB, TOJYYEHHBIX OT KJIHWEHTOB, M oOO0OecledYrBaeT JOCTYIl K pPas3IMYHBIM
pecypcaM, TakiuM Kak 0a3bl JaHHBIX. B TaHHOM cilydae B pOJM KJIHMEHTA BBICTYIIAOT
oOydJarolmuiicss MW TMpernojaBaTeib, B3aUMOJICUCTBHE MPOUCXOJUT dYEpe3 OUYKH
BUPTYaJIbHON PEATBHOCTH U BEO-CTPaHUILY.

[IepBbIM 3TanioM CO3/1aHKsI BUPTYAIbHOTO TPEHaXKepa Obla MOATOTOBKA CPEJIbI
pa3pabOTKH, BKJIIOYAIONIEH B ce0s: YCTAaHOBKY CpeJbl, YCTAHOBKY PEIaKTOpa, BHIOOD
MOAYJIEH, KOTOphIe OYyIyT YCTAHOBJIEHBI BMECTE C PEAAKTOPOM, TIOTyUYCHHE
JULIEH3WHU, CO3/IaHNE U IEPBUYHYIO HACTPONKY MPOEKTA.

CrnenyroluM IaroM pa3paboTKu TpeHaxepa craio co3fganue 3D mopeneit
BIIVTA u okpyxenus. i co3gaHuss MOJENIM KBAJpPOKOINTEPAa B PYKOBOJICTBE
MOJIb30BaTeNsl OBLIM HaWJIGHBl YEPTEXKH ammapaTa, KOTOpble ObUIM TEPEHECEHBI B
nporpammy. M3o06pakenus ObLIN MepeBeACHBI B BEKTOPHBIN (hopMaT U IO HUM OBLIO
HA4yaTo MOJICJIMPOBAHKUE KBaJpoKonTepa. Mojenb co3/laBajach 3€pKajbHbIM
MetoaoM. CHadasa JjieBass CTOPOHA, KOTOpasi 3€pKajlbHO MEPEHOCHIAch Ha IPaBYIo.
HNrtoroBoe 4YuCIO TMOJWTOHOB MOJEIMW JpoHa coctaBuiao 10640, 4Yto BIOJHE
COOTBETCTBYeT cTaHmapTaMm low-poly moaenupoBanus. CleayromuM IIaroM CTajo
coznanue UV pa3BepTKH U TEKCTYpPUPOBAHKUE MOJICNIU (PUCYHOK 4).

Pucynoxk 4. UV pa3BepTka Moaenu

Crnenytomeid Heooxonumont 3D mMozenbio OblIa MOJEbL MyJIbTa yIpaBlIeHUs,
JUISL €€ Cco3MaHus ObLT MpUMEHEH MeToi Qororpammerpun. dororpamMmerpus —
MPOIIECC BOCCO3aHuUs (PU3MUECKOr0 00bEKTa JUIsl M3TOTOBJICHUS TOUHOW 3D-Momenu
[4]. B wMomenr HeoOXomuMo ObLIO J00aBUTh COCTOSHHS BKJIIOYCHHOTO U
BBIKJIFOUEHHOTO SKpaHa. ITO OBLJIO PEaTn30BaHO C UCIIOIL30BAHUEM JIBYX Pa3TMUHBIX
TEKCTYP.

Ha cnenytomem stame Obiu 3a1adbl U3HUECKHUE TTapaMEeTPhl BCEM OOBEKTaM,
nepereceHHbM u3 3Ds Max. [l 3Toro B mpoekT OblT J00aBI€H M HCIOJIb30BaH
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komnoneHT Rigidbody. [lanee Bce 00OBEKTHI OBLTM COOpaHbl B OJHOW CIIEHE U
oObenuHeHsl B oauH mnpedad. [lomumo xommonenta Rigidbody B mpoext Obuin
TaKke J00aBJIEHBI U HACTPOCHBI JPYTUe TOTOJHUTEIbHBIE MOYJIM U KOMIIOHEHTHI,
HEOOXOOUMBIE JUIi KOPPEKTHOM paldoThl TpeHaxkepa M pealu3allid  BCETO
3alyMaHHOTO (DyHKIIMOHAJA.

Ha 3axmountenbHoM 3Tane pa3zpaboTKu ObLIM CO3/1aHbl 0a3a JaHHBIX U BeO-
CTpaHMIla, KOTOpbIE OBLIM pa3MelleHbl Ha XOCTUHIE€ U MHTETPUPOBAHBI B JAHHBIN
IIPOEKT (PUCYHOK 5).

pynna

Pycnan Narwnos BAB-20-21 2024-03-26

Pycnan Narwnos BAB-20-21 2024-03-26

Pycnan Nlatsinos BAB-20-21

D unity @eboL out mavic [

Pucynok 5. Ctpanuua ¢ pe3yiabTaTaMHi TECTUPOBAHUMN

B pesynbrare pazpaboTku ObUT cO3[1aH BUPTYaJIbHBIN TpEHaXep MPeanoIeTHON
MOJTOTOBKH, MO3BOJISIIOIIMNA MNPOBOAUTH MpeAnoyiieTHyro mnoarotoBky bBIIIA,
(¢ukcupoBaTh pe3yibTaThl BHINOJIHEHUs] B 0a3e JaHHBIX, NPEJOCTaBIATh UX KaK B
caMOM BHPTYaJbHOM TpEHaXK€pe, TaK M Ha BEO-CTpPaHULE C BO3MOXHOCTBHIO
peaaKTUpOBaHUs 3anucen (PUCYHOK 6).

Pucynok 6. IIpouecc npeanonernoit noarorosku bITIA B
pa3paboTaHHOM TPEHaXKepe
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[locne BBITONMHEHHWS BCEX IMYHKTOB, HEOOXOAWUMBIX IS MPEIANOJCTHOM
MOJATOTOBKK  JPOHA, IIPOMCXOJUT  3aBEpIICHHUE  TPEHUPOBKH, PE3YJIbTAThHI
(UKCHUPYIOTCS B TAOJIHITY JTUIEPOB (PUCYHOK 7).

G

Pucynox 7. Pe3ynbTat BBITOTHEHHS BCEX MTYHKTOB, HEOOXOAMMBIX JJIS
MPEANOJETHON NOATOTOBKH IPOHA

HpI/I HCO6XOI[HMOCTI/I IIOJIB30BATCIIIO AOCTYIIHA BO3MOJKHOCTb IIOBTOPHOI'O
IIPpOXOKACHUA.

BuiBoabI

[IpumeHeHrne  BHUpTyaJbHOrO  TpeHaxepa B  mpouecce  «OOyueHue
MPEeANOaETHOM MOJTOTOBKE OeCMIIOTHBIX JeTaTeJIbHbIN anmnapaTroBy
oOycnaBnuBaercsi poctoM uwucia bIIJIA, BO3MOXHOCTBIO CTaHAAPTU3UPOBATH
oOyuenne, O(PPEKTUBHOCTBIO ¥  SKOHOMHYECKOW BBITOJOM  OOydeHHUS ¢
MCIIOJIb30BAHUEM TEXHOJIOTUH BUPTYAIbHOW PEATbHOCTH.
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KYPHAJIOB UISMEHEHNU B UTHOOPMAIIMOHHOU
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A SOFTWARE MODULE FOR COMBINING AND STORING CHANGE
LOGS IN THE INFORMATION INFRASTRUCTURE

NxcanoB /I.T., I'anbTsieB A.B.,
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Institute of Oil Refining and Petrochemistry FSBEI HE USPTU in Salavat, Gubkin
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Annoramus. Jlnsg yuéra m3MeHeHHil B MHGOPMAIMOHHOW HH(pacTpyKType
OPEANPUATANA HCIONB3YIOT pa3udyHble MporpaMMHblie obecrieueHnus. OJIHaKoO,
CYLIECTBYIOIIME HA pBIHKE MPOTPAMMHBIE PENIEHUS HE HMMEKT IOJHOIO
(¢yHKUMOHANA 17151 yI0OHOTO ¥ MOAPOOHOT0 yuéTa u3MeHeHul B padbote cucreM. Tak,
Hanpumep, y OOJBIIMHCTBA TaKMX MPOTrpaMM HET 3alMCU UCTOPUU W3MEHEHHH, HET
OMMCaHMs, KaKU€ W3MEHEHUs! 3aTPOHYT HOBBbIE OOHOBJIEHHSA W Kak OyAayT paboTaTh
pa3IMYHbIe MPOrPAMMBbI MOCJIE YCTAHOBKU U3MEHEHUN. DTO 3HAUYUT, YTO Y KOMITAHUMA
HET BO3MOXHOCTH MPOCMOTPETh KaKue W3MEHEHMUS U Korja ObLIM MPUMEHEHBI B
UH(OPMAITMOHHON cHCcTeME B MPoNuioM. OTCYTCTBUE UCTOPUH U3MEHEHHM BIEYET 32
coOoli ompenenéHHble PUCKH MJIs MPEANPUATHA, TaK KaK €CIIM MPU OOHOBIICHUU
CUCTEM TMOSIBUJIUCh KaKWe-TMOO HOBBIE OMIMOKH, TO COTPYAHUKHA 4YACTO HE MUMEIOT
BO3MOXXHOCTH OTCJIEIUTh B KaKOW MOMEHT CHUCTEMBI CTalM JaBaTh COOM B CBOEH
paborte. CnenoBarenbHO, YCIOXKHSETCS MPOLECC MCHPABICHUS TOSBUBIIUXCS
npobiem. Ecnmu y kxommanuii OyneT TOAPOOHBIH W CTPYKTYPHUPOBAHHBINA yu&éT
M3MEHEHUN B MH(GOPMAIIMOHHONW UHOPACTPYKTYpPE, TO 3TO 00ECTICUUT CTAOMIHLHOCTD
U Haa&KHOCTh paboThl BceX HWH(POpPMAMOHHBIX cHUCTeM. B naHHON craTbe
paccMarpuBaeTcs [IPEUMYLIECTBA oAPOOHOTO y4éra U3MEHECHUN B
uHpOpMaIIMOHHOW  HMHPPACTPYKTYype MPEANPUITHH, a TakKe OIMUCHIBAIOTCS
CyILLECTBYIOIIME NPOoOIeMbl yuéTa M3MEHEeHH. B pamkax pemieHusi paccMoTpeHa u
onucaHa paboTa MpeArnojaraeMoro pa3padaTblBa€MOro MPOrpaMMHOT0 MOJTYJISL.

Abstract. Various software is used to account for changes in the information
infrastructure of enterprises. However, the software solutions available on the market
do not have full functionality for convenient and detailed accounting of changes in
the operation of systems. For example, most of these programs do not have a record
of the history of changes, there is no description of what changes will affect the new
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updates and how various programs will work after the changes are installed. This
means that companies do not have the opportunity to view what changes and when
they were applied to the information system in the past. The lack of a history of
changes entails certain risks for enterprises, since if any new errors appear during
system updates, employees often do not have the opportunity to track at what point
the systems began to malfunction. Consequently, the process of correcting the
problems that have appeared becomes more complicated. If companies have a
detailed and structured accounting of changes in the information infrastructure, this
will ensure the stability and reliability of all information systems. This article
examines the advantages of detailed accounting of changes in the information
infrastructure of enterprises, as well as describes the existing problems of accounting
for changes. As part of the solution, the work of the proposed software module under
development is reviewed and described.

KuwuyeBble  cjoBa:  NpOrpaMMHBIA  MOIyJb,  W3MEHEHMS,  YYET,
uH(popMaIMOHHas HHPPACTPYKTYpa, TIIAHUPOBAHKUE PECYPCOB

Keywords: software module, changes, accounting, information infrastructure,
resource planning

3a BpeMsl MPAKTHKH, MPOBEAEHHOW B OTAEN YIPAaBICHUH WH(OPMAIMOHHBIX
texHosorui U cBsizu B OO0 «l'asnpom Hedrexum CanaBat» B ropoje CanaBar
Haxojsulelics B pecnyonuke bamkoproctaH, aBTop yOeawsics, 4TO OJHON U3
OCHOBHBIX NpPO0JIEM, BO3HUKAIOIIMX B MPOLECCE MPUMEHEHUS Pa3IMYHBbIX HOBBIX
M3MEHEHUH B MH(POPMALMOHHON HH(PACTPYKType, SBISETCA OTCYTCTBUE WIIM HE
noApoOHOE BEJEHHWE 3alkCU HCTOPUU HU3MEHEHHH B pabore cucteMm. Tak Kak
OTCYTCTBHE BEICHMSI TAKOM UCTOPHUH BICUET 3a COOOM HEraTUBHBIE MOCIEACTBUS IS
KoMnaHuM. B ciiydae eciu MOSBHIMCH Kakue-TMOO MpoOJeMbl, MOCE yCTaHOBKU
OOHOBJICHUH B pa3jMYHbIE CHCTEMbI, TO COTPYIHHKU HE BCETJa MOTYT ONpPEAEIIUTh
OPUYUHY BO3HUKHOBEHHUS OIIMOKU. DTO CBA3aHHO C TE€M, YTO YACTO HET MOJPOOHOMN
3aMuCcH BCEX M3MEHEHHH, MPUMEHEHHBIX B HH(OpMaImoHHon uHppacTpykrype. Her
OMHCAHUs, KaKhue U3MEHEHUS 3aTPOHYT HOBBIE OOHOBIJIEHHS M Kak OyAyT paboTaTrh
pa3inyHble MPOrpaMMbl MOCIE YCTAaHOBKM M3MeHeHud. Ecnm y kommanuit Oynet
noApOOHBIH M CTPYKTYPUPOBAHHBIM y4€T M3MEHEHHH B UHOOPMAIMOHHOU
UHQPACTPYKTYpe, TO 3TO OOECHEYUT CTAOWJIBHOCTh M HaAEKHOCTH pabdOTHI BCEX
UH(OPMAIMOHHBIX CUCTEM.

Yro xe Takoe y4€T u3MeHeHuH? VYué€T Hu3MeHeHU B HHGPOPMALMOHHOMN
undpactpykrype (nasnee - UT) npeanpusitust — 3TO Mpoliecc y4deTa, pa3BepThIBaHUS,
oOCny>KMBaHUSl, MOJEPHM3ALUMU M YTWIA3ALUU M3MEHEHUUA B MPOrpaMMHOM
oOecneueHun npeanpustus. [Ipomie roBops, 3TOT IpoIECC TapaHTHUPYET, UYTO BCE
M3MEHEHHUS B IPOrPaMMHOM 0O€CTIeYeHUH NPEANPUATUS OYAYT OTCICKUBATHCS.

Ha paHHBIM MOMEHT pa3IMYHbIE KOMIIAHMM  HCIOJB3YKOT  pPas3HbIE
nporpamMmMHubie cuctembl «ERP» st 3ammcu m yué€ra msmenenuil. AOGOpeBHarypa
«ERP» mepeBomuTcss W pacumM(poBbIBacTCS KaK «IUIAHUPOBAHUE PECYPCOB
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npennpusitus», ERP-cucrema (manee — ERP-cucrtema), siBnssice crtparterueit, B
COOTBETCTBUM C KOTOpOM uH(popMaiusg 000 BceX acmekrax AesiTeIbHOCTU
MPEANPUATHS KOHCOJIUIUPYETCS B MIPEAEaxX €IUHON CUCTEMBI C IEIbIO MTOBBIIICHHUS
s exTuBHOCTH yrpaBieHusa. TepMHH «pecypchl» BKIIOYaeT B ce0s Bce, 4YTO
MO/JICKUT yudeTy, oOpaboTrke u ananuzy, a ERP-cuctema mpencrasnser co0oii
MIPAKTUYECKOE BOILIOIICHUE JAHHON CTPaTErvHu.

Poccuticknii ppiHOK ERP - B Hacrosiiiee BpeMs sBIIsieTCs] KpaliHE HACBILIEHHBIM
1 auBepcuumpoBaHHbIM. [10 MHEHHIO 3KCTIEPTOB, B MOCJICHUE TOIBI HAOIOaeTCS
3HAQYUTENBHBIM POCT MHTEpPECAa OTEYECTBEHHBIX NPEANPUITHN K poccurickum ERP-
cuctemaM. Uccnenoanue B 2020 roay, B KOTOPOM OBLIO TIPEICTABICHO MPOIICHTHOE
COOTHOIIIEHHE KOMITaHui Ha oTedecTBeHHOM phiHKe [1O [1] (pucynoxk 1)

4% 3%

H SAP
42% mic
M Microsoft
Oracle
B anakKTUKa

M [Ipoyee

Pucynok 1. OTeuecTBEHHBIN PHIHOK KOMITAHUW B aBTOMATHU3al[MU OU3HEeca
3a MMOCJIEAHUE 5 JIeT

CorynacHO TOJIYYEHHBIM JAHHBIM, OOJBIIYI0O YacTh POCCHIMCKOTO pBHIHKA
3aHuMaeT komnaHusi «SAP» (42%) u «1C» (39%), nesnauntenpHyro — «Microsofty,
«Oracley, «I"anaktuka» u apyrue.

Ecmun rosopute o mnomynspHoctn ERP-cucrtem 1mo orpacisiM, TO COTJIIaCHO
naHHBIM ucchenoBanuss Ha 2020 roa, MakCMMalbHO BOCTPEOOBaHBI OHM B cdepe
MPOU3BOCTBA [2] (pUCYHOK 2).
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H [1pon3BOACTBO

B AHGOPMALMOHHBIE
34% TEXHOI0THK

4%

B DUHaHCOBLIE YCYTU
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OnToBaA TOProBnA

B PO3HWYHAA TOProBna

14% m [lpyrue
15%

Pucynok 2. [Tonynsippocts ERP-cuctem no orpacisam

MakcumanbHo BocTpeboBanbl ERP-cucremsr B cdepe mnpous3BoicTBa, Ha
KOTOpoe mnpuxoaurca Oosee Tpetu Bcex  BHenpeHud  (34%). Ilocne
MIPOU3BOJACTBEHHON NE€ATENbHOCTRI0O MAYT HH(pOpManuoHHble TexHosoruu (15%),
¢unancoBeie ycunyru (14%), onroBas toprosis (10%), po3ununas (4%) u npouee
(13%). BoctpeboBanHocts ERP-cuctem B npousBojacTBE OOYCIOBJIEHO TEM, UTO
naHHas cdepa HE MOXKET I03BOJUTh ce0e JOMYCTHTh NPHOCTAaHOBKY CBOEH
JESITEILHOCTH. CJIEIOBATEILHO KOMITAHUSM HE0OX0AMMO 00eCcrieuynBaTh CTAOMIbHYIO
1 HaASXKHYI0 padoty cBoeit UT-undpacTpyKTypshl.

CymectByromue Ha Tekyuem pbeiHke [10O, ocyuiecTBisitomme pa3BEPThIBAHKE
OOHOBJICHUHM, HEJOCTATOYHO pa3BUTHL. VX (yHKIMOHAIbHAS YacTh MpEArnojaraet
paboty BpyuHyro. HemocTtaTkoM STUX MporpamMM Tak)Ke BBICTYIAET CJIOXKHOCTh C
KOHTPOJIEM JIOCTYIa, COJEp)KaHWEM, XpaHeHHeM OyMaxxHOW HWHOpPMAIIHH.
Nmeromuecss COBpPEMEHHBbIE NPOTPaAaMMHBIE PEIICHHS] HE COXPAHSAIT HCTOPHUIO
3arpy>KE€HHbIX TTAKETOB OOHOBJICHUMN, YBUJIETh KAaKHE U3MEHEHUS ObUIM BHECEHBI. ITO
ABJISIETCSl TPOOJEMON, TaK Kak B Cllydae OIIMOKA WJIM HEHUCIPABHOCTU IaKeTa
OOHOBJIEHUSI HET BO3MOKHOCTH OTCJIEIUTh HCTOPUIO M3MeHeHuil. ClieqoBaTeNnbHO,
€CTh HEOOXOAMMOCTh B HOBOM MPOrPAaMMHOM PEIICHHH, KOTOPOE OYyJeT YUUTHIBAThH
BCE HEJOCTATKU CYIIECTBYIOIIUX CHUCTEM, UYTO IMOMOXKET 00eCleunuTh YIOOHBIN yuéT
W3MEHECHUM.

OgHuM M3 TJABHBIX HEAOCTATKOB CYIIECTBYIOUIUX CHCTEM SBJISIETCA MX
CJIIO)KHOCTh M HEBO3MOXHOCTh IIOJHOCTBIO aBTOMATHU3UPOBATH MPOLECC Y4YETa
n3MeHeHuit. [IporpaMMHBIH  MOIy/Nh OOBCHMHEHHS W XPAHEHHS JKypHAJOB
W3MEHEHUN JOJKeH OBbITh HampaBlieHa Ha YNPOIIEHHWE JTOro Ipolecca Hu
IIPEJOCTABICHUE IIOJIB30BATENSIM BO3MOXHOCTH KOHTPOJMPOBaTh €ro. Takxe,
HEOOXOJUMO YYHUTHIBATH BOIMPOCHI 0OE30MaCHOCTM W KOHTPOJS JocTyna K
u3MeHeHussM. HoBoe pemieHune T0MDKHO oOOeCHeurBaTh HAAEKHYIO 3alllUTy OT
HECAaHKIIMOHUPOBAHHOTO JI0CTYNa U COXPAHSITh UCTOPUIO BCEX U3MEHEHUI.

Jlns pa3paboTKu MporpaMMHOro MOAYJsl Oblia BbIOpaHa cpefa pa3pabOTKu
«1C: Ilpenmpusitue», TaKk KakK OHa TMO3BOJSET OOECHEYUTh MaKCHUMaJIbHOE
COOTBETCTBME C OCOOEHHOCTSIMM 3aJlad B KOHKPETHOW OpraHu3aly 3a CueT
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BO3MOXKHOCTH THOKOTO wm3MeHeHus KoHburypanuu. C ee TOMOIIBI0 BO3MOXKHO
peann3oBaTh U3MEHEHUS JTI000 CII0KHOCTH.

3amyck OpOrpaMMHOrO0 MOJYJIS OCYIIECTBIISIETCS 4epe3 IMOJb30BaTeNIbCKU
pexuM «1C: Ilpennpustue». OkHO nonb3oBaTenbckoro pexxuma «1C: Ipeanpustue»
— 3TO HAOOp pas3aenoB, MaHeNel, MEHIO, IOCTYMHBIX IMOJIb30BATENIO MPU PaboTe C
nporpaMmamMu, U JOCTYIHBIE BO3MOKHOCTH ux npumenenus [3]. Ilocne 3amycka,
nepen Mojab30BaTelieM OTKPBIBACTCS OKHO MPOrpaMMHOTO MOIYJsSl OOBEIUHEHUS U
XpaHEHUs KypHAJIOB U3MECHEHUH.

Ll' romos  |HE| mian 2D nsewern Ig Ofnacra cpmsstson T j LR —

LR MypHan

L L —e—

Pucynox 3. Untepdetic mporpaMMHOTO MOTYJIS

JlaHHBI MOAYJ b TO3BOJISIET TIOJB30BATENI0 BECTU MOAPOOHBIA  YYET
n3meHenuit B UT-undpactpykrype. EcTb Takne pyHKIUU Kak:

- 3anuch 00 M3MEHEHMsIX. ECThb BO3MOXKHOCTH 3allMCH BCEU MOAPOOHOM
uH(popmanuu 00 U3MEHEHUSIX.

- 3amuch O 00JlacTM TpuMeHeHHs. EcCTh BO3MOXKHOCTH 3allMCH  BCeEl
noApoOHOM nH(pOpMaILK O TOM, T/i€ OBLITM TPUMEHEHBI U3MEHEHHS.

- 3anuch OO0 HCMONHUTENAX. ECTh BO3MOMXHOCTBH 3allUCH TMOAPOOHOM
UH(pOpMaIUHU O TOM, KTO MpuMeHs1 u3Menenus B UT-undpactpykrype.

- 3amuch O pe3yiabratax. EcTh BO3MOXKHOCTH 3alUCH  MOJIPOOHOM
UH(pOpPMAIUU O Pe3yIbTaTe MPUMEHEHHS] U3MEHEHUH.

- COCTAaBJICHHE JKypHajga W3MEHEHHMU. ECTb BO3MOXHOCTb COCTaBHUTH
€MHBIN KYpPHAJI U3MEHECHUM.

- GyHKIMA npukpemsieHus QaitoB. EcTh BO3MOXXHOCTh MPUKPENHUTH BCE
HeoOxoauMble (haliIbl K )KypHAITY U3MEHEHUI.

BuiBoabI
Hcnonb3oBaHue mporpaMMHOro MOJYJIS OObEAMHEHHS] U XpaHEHUs KYPHAJIOB
U3MEHEHUI TMO3BOJUT OOecneunTh yIoOCTBO BeIEHUA Yyu€Ta W3MEHEHUW B

MHPOPMALIMOHHON WHQPPACTPYKTYpE, YTO IO3BOJUT OoJice HAAEIKHO CICAUTH 3a
COCTOSIHHEM PaOOTHI CUCTEM.
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MMPOT'PAMMHBINA MOJYJIb MOHUTOPUHI' A TIPOIIECCA
YIIPABJIEHUAMMU

SOFTWARE MODULE FOR MONITORING THE MANAGEMENT
PROCESS

Kysenko C.E., Epycinanos I'.A.,
HNuctutyt Heprenepepadotrku u Heprexumuun @I'BOY BO YI'HTY B r. Canasare,
yi. I'ybkuna, 22 6, r. CanaBat, Pecriyonuka bamkopTtocran, Poccus
S.E. Kuzenko, G.A. Eruslanov,
Institute of Oil Refining and Petrochemistry FSBEI HE USPTU in Salavat, Gubkin
Str., 22b, Salavat, Republic of Bashkortostan, Russia

e-mail: eruslanovgleb2013@yandex.ru

AHHoTanusi. CoBpeMEHHbIE OpraHuM3allud Bce dYalle oOpamaiTcs K
CHEUUATN3UPOBAHHOMY MPOrPAMMHOMY  OOECIEUEHHUI0 ISl  YIpaBJieHUS W
onTUMH3alUMU OuzHec-mpoueccoB. OAHAKO, CYIIECTBYIOIIME WHCTPYMEHTBI MOTYT
CTOJIKHYTbCA C MpoOJeMaMu, TAKUMHU KaK HEOOXOJIMMOCTh PYYHOI'O aHaJIU3a JaHHBIX
U (HOpPMHUPOBAHMS OTYETOB, YTO 3aMENJISIET MPOILIECC W TMOBBIMIAET BEPOSITHOCTH
omuOOK. B 1aHHOM wHcCClleTOBaHUU paccMaTPUBAETCS BAXKHOCTh MOHHUTOPHUHIA
YIPaBJIEHYECKUX IIPOLIECCOB HCIIOJIb30BaHUEM CHEUUATU3UPOBAHHOTO
nporpamMmHoro ooOecrneuenusi. [IpeuMmyliecTBa AaHHOTO MOJXO0Jla AHATU3UPYIOTCA,
BBIJIETISIIOTCS CYIIECTBYIOLINE MTPOOJIEMBI, U MPEAaraloTcs peleHus, HalpaBJICHHbIE
Ha co3gaHue A(G(EKTUBHOW CHCTEMbl MOHHUTOPHHIA YIPABICHUS IMPOCKTaMH.
OkoHuaTenbHass LEdb HCCIECJOBAaHUS COCTOMT B pPa3pabOTKE WHCTPYMEHTOB,
CHOCOOCTBYIOIIMX aBTOMAaTH3allMd aHAIW3a JAHHBIX M YJIYYIIEHUIO TOYHOCTHU
ynpaBieHueckux pemeHuil. [Ipeamonaraercs, yto pa3paboTaHHbIE pelIeHUs OyayT
CIOCOOCTBOBATH HE TOJIBKO ONTUMU3ALMH MPOLECCOB YIPABICHUS, HO U YIyYLIEHUIO
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KOHKYPEHTOCTIOCOOHOCTH KOMITAHMM Ha PBIHKE. J[OMOJHUTETHHO,pacCMaTpUBACTCS
WHHOBAIIMOHHBIM  MOTEHIMAJ  AHAJUTUYECKUX  METOJOB WU  TEXHOJOTHM
MCKYCCTBEHHOI'O MHTEJUIEKTA JIJIi aBTOMAaTU3allMy MPOLECCOB NPUHATHS PEUICHUN U
yIIyYILIEHUs TIPeICKa3aTebHOM CIIOCOOHOCTH B YNPAaBICHUU NpoeKTamu. B maHHON
CTaTb€ PACCMATPHUBAIOTCS NPEUMYIIECTBA MOHHMTOPUHIA IMPOLECCA YIPaBICHUSA
IPOEKTaMHU, a TAKKe OMUCHIBAIOTCS CYIIECTBYIOUIUE IPOOIeMbl X ¢popMupoBanus. B
paMKax  pelleHHs pacCMOTpEHa MW  omucaHa paldoTa  MpeArnoiaraeMoro
pa3zpabaThIBa€MOro IIPOTPAMMHOTO MOJTYJISL. Pazpabotannbie  penieHus
MPEIIOJIaraeTCsl MHTETPUPOBATh B CYIIECTBYIOIIUE CHCTEMbI YIPABICHUSA LEIbIO
JTOCTIDKCHUSI ~ MaKCUMaJIbHOW  3(PGEKTHBHOCTH W KOHKYPEHTOCIOCOOHOCTH
OpraHu3alui.

Abstract. Modern organizations are increasingly turning to specialized
software for managing and optimizing business processes. However, existing tools
may encounter problems such as the need for manual data analysis and reporting,
which slows down the process and increases the likelihood of errors. This study
examines the importance of monitoring management processes using specialized
software. The advantages of this approach are analyzed, existing problems are
highlighted, and solutions are proposed aimed at creating an effective project
management monitoring system. The final goal of the research is to develop tools that
help automate data analysis and improve the accuracy of management decisions. It is
assumed that the developed solutions will contribute not only to optimizing
management processes, but also to improving the competitiveness of companies in
the market. Additionally, we consider.

KiroueBble cj10Ba: IporpaMMHBIA MOTYJTb, MOHUTOPUHT TIPOSKTOB, ITPOBEPKA,
3¢ (PEKTUBHOCTD, yIIpaBIeHNE TPOCKTAMHU

Keywords: software module, project monitoring, verification, efficiency,
project management

Jlo MMPOKOTO UCIOJIb30BAaHUSI KOMIBIOTEPOB OOIBIIMHCTBO YIPABIICHY €CKUX
MPOIIECCOB, BKIIIOYAass MOHUTOPUHT TMPOEKTOB, BBIMOJIHSINCH BPYYHYIO. DTO OBLI
JTOJTUA W TpyIoeMKud mporecc. B cilydae HEOOXOAMMOCTH HW3MEHEHUM
MPUXOJIUIIOCH TiepepadaThiBaTh JOKYMEHTHI WM JaXe BHOCUTh M3MEHEHHUS B CaM
IPOEKT, YTO 3aHUMAJI0 MHOTO BPEMEHU M MOTJIO MPUBOAMUTH K JOIOJHUTEIbHBIM
3aTparam.

PaccmoTpum gexommno3unuio OusHec-mpouecca «DopMHpPOBaHUE MPOBEPOK
TPEXMEPHOM MOJIEJIN Ha MPOCTPAHCTBEHHBIEC TIEpeceYeHuUsD» (PUCYHOK 1).

(57]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

WCTONBSYETCA B! TOP: AATA: 09032024 ‘H3PA6MHBF|ETC9 TATE b AATA p oy (TERCT
KT: Morsrropnnr MT PEEMEMA; 09032024 | HEPHOBWE
npoexToR PEOMEHAOBAHO -
BAMEHAHMA: 12345678910 IMYEMAKALIMA
[ Merag ynpasneracs HT mpossranm [l] CTasgapTse PACTIOPCKEHIE, PErTANEHTL KOMITAHIH
Ermowennie S,
MOXATATET { Oremi 0 cocTomon
TP OMYE O QHTATLMOCTH mposkTa
 —— -
Tnan npoesTa ..
o ChopamonmonpossTs
Harpmre npossrs
Al
[
Brummenrmie
fApoiaaamie
AHVDO TPOEKTHH e
AMHHBE
Al
Pexontengaigat mg
Paspaboma VI 00 —
PEEOMEHANER [0 =
Y ELEes
A3 )
'y Ofnonne ot
Propabores n oAl ApokTa
EMETP A 43
OCHMOENEHMOTD ITTAHA
IIpoeKTA
A
"]
Compymaon
118
Batea: A0 Hansamie! Marsr T RpescTon (Rormenct) Hossap: 2

PI/ICYHOK I. HI/IanaMMa JACKOMIIO3UIINHN 6H3H€C-Hp0H€CC& ((MOHI/ITOpI/IHF IIPOCKTOB»

Ha nuarpamme mnpexacraBiensl 4 ¢yHkuuu: «COOp JaHHBIX O MPOEKTE»,
«AHaJIM3 TPOEKTHBIX JaHHBIX», «Pa3paboTka pexoMeHJaluil Mo YIYyYIIECHUIO»,
«Pa3paboTka W BHeApeHHE OOHOBJIEHHOTO IUIaHA TNpoekTay. Kaxnmas u3z 3Tux
(YHKUUNA BBITIOJIHSETCS BPYYHYIO, UTO 3aTpauvBaeT OO0JbIIOE KOJIMYECTBO BPEMEHH,
a TaKK€ UMEET BEPOSITHOCTh CO3/JaHUs OIIMOOYHBIX MPOBEPOK.

Pa3pabatreiBaeMblii MPOrpaMMHBIA  MOJyJIb TO3BOJSET YYECTh M PEUIUTh
HEJO0CTaTKU PyYHOI'O CO3/1aHUs MTPOBEPOK Ha KoJutu3uu. OH OyeT:

- cOOp JaHHBIX O MPOEKTe. DTOT TMpollecC BKIHOYaeT B cebds cOop Bcei
HeoOXoauMol MH(OpMalMM O TEKYIIeM COCTOSHHUM IPOEKTa, BKIIOYas 3aJayd,
CPOKH, OIO/IKET, UCIIOJIb30BAHUE PECYPCOB U APYTUE KIIOUYEBbIE TaPAMETPHL;

- aHaJIU3 MPOEKTHBIX AaHHbIX. [locie coopa JaHHBIX MPOUCXOAUT UX aHAIU3 C
LEJIBI0 OINPEIENICHNUS] COOTBETCTBUS IPOEKTA YCTAHOBJIEHHBIM LENSAM, BBISBIICHUS
MPOOJIEMHBIX 00J1aCTEH U MOTEHIIMAIBHBIX PUCKOB;

- uaeHTudukanus npoodseM u puckoB. Ha ocHOBe aHanm3a NMPOEKTHBIX JTaHHBIX
MPOUCXOJMUT BBIABICHHE TMPOOJEMHBIX CUTyallud W TOTCHLHMAJIBHBIX PHUCKOB,
KOTOpbIE€ MOTYT HETaTUBHO CKAa3aThCs HA BBINIOJIHEHUU MTPOEKTA;

- pa3paboTka pekoMeHAalMil Mo yiydlleHuto. Ha oOCHOBE BBISBICHHBIX
nmpo0JieM U PHUCKOB pa3palaThIBAIOTCA PEKOMEHJAIMU M IUJIAHBI MO YJIYYIICHUIO
MIPOLIECCOB YMPABJICHUS MPOEKTOM JIJIsi MOBBIIIEHUS 3P(HEKTUBHOCTH U YIYUILICHUS
pE3yNbTATOB;

- pa3paboTka 1 BHeJIpeHHue OOHOBJICHHOTO iaHa mpoekTta. [locne pazpaboTku
pPEKOMEHIalMi U TJIAHOB MO YIYYIIEHUIO MPOUCXOAUT KOPPEKIHs U OOHOBJICHHE
IJIaHA MIPOEKTa C YYETOM BBISIBJICHHBIX MTPOOJIEM U PEKOMEHIAITHI.

CrapToBO€ OKHO MPOTPAMMHOTO MOJIYJS COACPXKUT UHPOPMAIUIO IO
CYLIECTBYIOIIMM ITPOEKTAM C KX OCHOBHBIMH XapaKTEpUCTUKaMH. MakeT OKHa
NPEJCTaBIICH HAa PUCYHKE (PUCYHOK 2).
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MpoexTbl

Pucynok 2. CTapTOBOE OKHO

B oxHe mpoekTa monb30BaTENI0 MPEAOCTABISECTCS BO3MOKHOCTh IIEPEX0Ia HA
aKTyaJbHbIE JOCKH, Ha KOTOPBIX OTOOPAaKAIOTCS 3aJauyM, CBSI3aHHBIE C JIAHHBIM
MpPOEKTOM. JIOCKM MNpeACTaBIsIOT COOOW HMHTYUTUBHO NOHSITHBIM M BU3YaJbHO
HaIJSIIHBIA  cIIOCOO OpraHM3aluy M yOpaBJiCHHUsS 3a/JadaMd B pPaMKax MPOEKTA.
(Pucynox 3).

CEEEWEL YD

Bpsone | Vessn Vbt

0 Terreposaiens

Pucynok 3. OxHo «3anaun»

3anaun, pa3MelleHHbIe Ha T0CKaX, pa30MBaIOTCS HAa TPYMMbl B COOTBETCTBUH C
UX CTaTyCaMM WU JPYTUMHU [ApAMETPAMH, YCTAHOBJIECHHBIMHU ITOJb30BATEIIEM.
['pynmel 3ampay MOTYT OBITH JIETKO PEAAKTUPOBAHBI MO YCMOTPEHUIO MOJIb30BATENS.
Hanpumep, nonb3oBaresib MOKET CO34aBaTh HOBBIE IPYMIIbI, U3BMEHATh UX HA3BAHMS,
IIEPEHOCUTD 3aJa4l MEXAY IpynnaMu. Takou noAX01 K OpraHu3alyu U YIIPaBICHUIO
3aJlayaMyd  TO3BOJISIET  MOJb30BaTeNAIM  A(PPEKTUBHO  KOHTPOJIUPOBATH  XOJ
BBITIOJIHEHUS TPOEKTa, JIETKO M OBICTPO aJanTUpys pachpenesieHue 3afad Ioj
U3MEHSIOLIUECS YCIIOBUS U TPEOOBAHMSI MPOEKTA.
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BriBoabI

Hcnonb3oBaHre MporpaMMHOTO MOYJIE MOHHTOPHHTA IpoIiecca yIpaBICHHs
1mo3BoJigseT 3(PGEeKTUBHO cOOMpaTh JaHHBIE O IIPOEKTE, IMPOBOJAUTH HMX aHAIIN3,
UJIEHTUPUITMPOBATh MOTECHIIMAIBHBIE TTPOOJEMBbl U PUCKH, a TaKke pa3padaThiBaTh
pPEeKOMEHaIMH 110 X yay4diieHuto. [lyrem BHeIpeHruss 0OHOBICGHHOTO TIaHa IIPOEKTa
MOAyJb obecrnieunBaeT Ooisiee AGh(PEKTUBHOE BBIMOJHEHHE 3aJa4 U JIOCTHXKCHHE
MMOCTaBJIICHHBIX IICIICH.
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AHHoTanus. Heliponusie cetu 001a/1at0T CHOCOOHOCTHIO 00Y4YEeHHSI HA OCHOBE
JAHHBIX. DTO MO3BOJSIET UM d(PPEKTUBHO 00pabaThIBaTh CIOXKHBIE 1 MHOTOMEPHbIE
JaHHBIE, TaKKe KaKk BUJIEONOTOKH. CrcTeMbl 00paOOTKU BUICOJIAHHBIX, OCHOBaHHbBIC
HA  HEHUPOHHBIX  CETAX, CHOCOOHBI  aBTOMATMYECKH  AHAJIU3UPOBATH U
KJ1acCU(UIIMPOBATH CLIEHBI, BhIIEIASA aHOManuu. OHOM 13 3a/1a4 cucTeM 00padoTKU
BUJICO/TAHHBIX MOXKET SBJISIETCS OOHApYKEHUE MPONaBIIUX JETEH Ha paHHUX HTarax.
B coBpemenHoM oOriecTBe 0€30MacHOCTh ACTEH SIBISETCS MPUOPUTETHOM 3ajayeid,
0COOEHHO B KOHTEKCTE WX IEpeMEIIeHUH B OOIIECTBEHHBIX MecTax. B maHHOM
CJIy4ae HWCHOJIb30BAaHWE HEUPOCETEN Uil PACHO3HABAHMS JIETEM HA BHUJIEO C KaMmep
BUJICOHAOIONICHNS TIPEACTaBIsIeT CO0OW BaXXKHBIM MHCTPYMEHT OOeCHedeHuUs
6e3omacHocT. TexHOIOTHA HEHPOHHBIX ceTel MO3BOJISIET OBICTPO pearupoBaTh Ha
BO3HUKHOBEHHUE MpOMNax Jerel, ooecreunBas d3pdekTuBHOE penieHue npoodiemsl. B
paboTe paccMaTpuBaETCAd aKTyalIbHOCTh pPa3pabOTKU MPOTPAMMHOIO MPUIIOKEHUS
IUIA pacro3HaBaHUs J€TeH C UCIOJIb30BaHUEM HEHPOHHBIX CETEH, a TaKke MoapOOHO
U3y4aloTCsd TEXHOJOTMH U METOJbI, HUCIIOJIb3yeMble MPH pa3paboTke U 0OyueHUU
TaKUX NpPWIOKeHUH. BHUMaHuWe ypensercss BbIOOPY ONTUMAIBHOM apXUTEKTYpHI,
0OyuYEHHUIO HEHPOHHBIX, a TAKXKe pa3paboTKe MpOrpaMMHOrO MpuiokeHus. Pabora
IOpEICTaBISIET MPAKTHUUECKYI0 3HAYMMOCTh B 00JacTu obecreueHus: 0e30MacHOCTU
JIeTel 1 BHEAPEHUS] MHHOBAIIMOHHBIX TEXHOJIOTHI B CUCTEMbI BUICOHAOTIOACHUSI.

Abstract. Neural networks have the ability to learn from data. This allows
them to efficiently process complex and multidimensional data such as video streams.
Video processing systems based on neural networks are capable of automatically
analyzing and classifying scenes, highlighting anomalies. One of the tasks of video
processing systems may be to detect missing children at an early stage. In modern
society, the safety of children is a priority, especially in the context of their
movements in public places. In this case, the use of neural networks to recognize
children on video from CCTV cameras is an important security tool. Neural network
technology allows you to quickly respond to the occurrence of missing children,
providing an effective solution to the problem. The paper examines the relevance of
developing a software application for recognizing children using neural networks,
and also studies in detail the technologies and methods used in the development and
training of such applications. Attention is paid to choosing the optimal architecture,
training neural networks, and developing a software application. The work is of
practical significance in the field of ensuring the safety of children and the
introduction of innovative technologies in video surveillance systems.

KiioueBble ¢JIOBa: MPOrpaMMHOE MPHUIIOKEHHUE, HEHPOHHBIC CETH, 0OyUCHHE,
pacro3HaBaHHE JeTeH, BUCOHAOIIOICHNE

Keywords: software application, neural networks, education, child
recognition, video surveillance
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Chnpoc Ha NPUMEHEHUE TEXHOJOTUM HEUPOHHBIX CETEd B BHUACOAHATUTHKE
HEYKJIOHHO pacteT. CTpeMUTENbHBIA POCT 00YCIOBJIEH MOTPEOHOCTHIO 00IECTBA B
obOecrieueHun Oe3zonmacHocT. OpHOW W3 3a7ay B JaHHOM o00JacTH SBIsETCS
pacmo3HaBaHUE JETEN, C LEIbI0 COKpalleHus ciaydaeB mpomnax. [Io manasim MBJ]
exeroqHo B Poccum mpoucxoaut 1o 20 ThICSY Mmpomax aerer exerogHo [1].
BOoJBIIMHCTBO U3 HUX MTPOUCXOJUT B TOPTOBBIX LIEHTPAX.

BHenpenre HEUPOHHBIX CETEM B MPOLECCHl IMOMCKA IPOIABIINX JETEH
MpEeACTaBIsgeT CcoOOM  3HAYMTEIBHBIM Tporpecc B  oOjacTh  oOOeCleueHHs
0e30macHOCTH JCTeH W TPEIOTBPAIICHHUS MPOMaK. OJTH TEXHOJIOTHH O00JIagaroT
MOTEHITUATIOM YIydImuTh 3(P(HEKTUBHOCTh MOUCKA, COKPATUTh BPEMsI pearupOBaHUS
Ha Ype3BbIYaHbIC CUTYAIIUH.

Beibop cpencts pa3pabOTKu [ MPOTPAMMHOIO OOECIEYEHUS SIBISIETCS
KJIFOYEBBIM 3TaroM, ONPEACTIONMM 3(PPEKTUBHOCTh U YCIHEUIHOCTh peaiu3aluu
IpOrpaMMHOro npuioxkenus. g pa3pabotku Obul BbIOpaH si3bIk Python, manHbIN
SA3BIK UMEET OOIIUPHYIO SKOCHCTEMY OHOIMOTEK TiIyOOKOro OOydeHHs, TaKKe OH
UMEET BBICOKYIO MPOU3BOAUTENBHOCTh. bblia BeiOpaHa cpena paspadotku PyCharm
TaK KaK OHa MpeJHa3HAuYeH CIeuuanbHo Ayig pabotel ¢ Python, a Takxke umeer
MOIIIHbIE (HYHKIIMOHATBHBIMH BO3MOXKHOCTSIMHM, TaKH€ KaK WHCTPYMEHTHI aHaIn3a
KOoJa, aBTOMaTuyeckoe (opmMaTUpOBaHHE KOAQ, TOIIEpKKa pedaKkTopuHTa,
MHTErpalus ¢ CUCTEMaMU KOHTpouisi Bepcult, Hanpumep, Git [2]. Mogens YOLOvS
Oblla BbIOpaHa Kak OCHOBa JUIsl paclo3HaBaHWs OOBEKTOB, MOTOMY YTO OHa
MPEACTABISIET COOOM OAHY M3 cambIX NEpeloBbIX U A(PPEKTUBHBIX MOJENEH M
3a71aui OOHApYKEHUSI OOBEKTOB B PEaIbHOM BPEMEHU B IJIaHE TOYHOCTH U CKOPOCTH
[3]. Ha pucynke 1 mnpencraBieHa apXWUTEKTypa MPOrPAMMHOIO MPUIOKEHUS.
[Tonp30BaTenh B3aUMOJIEUCTBYET C MPOTrPAMMHBIM MPHIOKEHUEM, BXOJIHBIMHU
JAHHBIMU JUIsl TIPUJIOKEHUS CIYKaT BHJACO MaTepuall, MOoJy4aeMblii C Kamep
BUJICOHAOIIOICHUSI, TIPOIECC aHalu3a C MOMOIIBIO TEXHOJOTUHW HEUPOHHBIX CETel
IIPOUCXOJIUT HA CEPBEPE, TAKXKE TaM XPAHITCS BUICOAPXUB U UCTOPUS OOHAPYKEHUH.

<
+——>

Pucynok 1. ApXUTeKTypa MpOrpaMMHOI0O IPHIIOKEHUS

[lepBbIM dTamoMm pa3pabOTKK OBLUTO HAHECEHUH PA3METKH Ha HAOOp JTaHHBIX
JUTSI TanmbHEenIero oOy4eHusl HeMpOoCceTH Ha paclio3HaBaHUE JAeTei (PUCYHOK 2).
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Pucynok 2. Pazmertka natacera

[Tocne BcTaBku ¢parmeHTa pa3MeTkd Habopa AaHHBIX OBLT HayaT MPOLECC
oOyueHus (pUCyHoK 3).

Pucynok 3. 3anyck oOy4eHus HeiipoceTn

[To 3aBepiieHnn 00y4deHUs, HOBasE MOJICINIb ObLTA MMPOBEpPEHA HAa N300pAKEHUSX,
KOTOpbIE OHA paHbIle He Buuena. [loaTomy mpu co3zmanny Habopa TaHHBIX OH OBLI
paszesieH Ha TP YacTH, U OJHA M3 HUX OblJa MCIOJIh30BaHA KaK TECTOBBIN HAOOp
nanHbix. Ilocrme 3aBepmienus oOydeHuss moaenu YOLOvVS Obul mosydeH HaOOp
BECOB, TOTOBBIN K MCITOJb30BAHUIO C KOHEUHOM TOUKOM pazmenieHHoro API.

[Tocne ObUT cO3mMaH MakeT MPOTPAMMHOTO MPHIOKEHHUS, B KOTOPOM OBLI
MpUMEHEH Ha0Op BECOB, IMOJYYCHHBIM TIOCIEe OOydYeHUs HEHUpOCeTH, TaKKe
peanu3oBaHa 0a3a JaHHBIX, B KOTOPBIX Oy/IEeT XpaHHUTCS HCTOPHUS OOHAPYKCHHUS.

[Toce 3amycka MpUIOKECHHS, HHUIIMAIM3UPYETCS 3alycK Kamep. B riaBHOM
OKHE HMMEETCS YeThIpe HKpaHa, Ha KOTOPHIE BBIBOJUTCS HM300paKEHUE C Kamep
BUJIeOHAOOIeHUST (pUCYHOK 4). 3areM (QyHKIHSA-00paOOTUYMK IOJIMKCHIBACTCS Ha
coObITHEC OOHOBJICHHMSI KaJpa W BBI3BIBACTCS KaXKIbI pa3, KOrja HeWpoceTh
3aBepmiaer 00paboTky. Kaxkmoe oOHOBIIGHHME Kaapa 3aMeHsIeT TMpeblayIee
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n3o0paxeHne B uHTepdeiice Ha HOBOE, MPHU 3TOM BBIMOIHIIOTCS MpeoOpa3oBaHUs K
HY>)KHOMY pa3Mmepy kajapa. Eciu kaap OTCYTCTBYET, TO M300pa)K€HUE OYHUIIACTCS U
BbIBOAMTCS TekcT «Kamepa [Homep kamepsl|». B mporecce oOpabOTKH TeKyIIUi
kaap mepemaércss HelipoceTeBod monaenn YOLO, koTopas HaxoAUT OOBEKTHI Ha
n300pakeHud (PUIbTPYss MX MO Kiaccy M3 KOH(GUra, a TakkKe OTCeKas OOBEKThI,
UMEIOIIME BEPOSITHOCTh MeHee 3alaHHou. [locime 3Toro ¢ moMonpio OMOIMOTEKU
ultralytics Ha OCHOBE HaMJICHHBIX OOBEKTOB OOHOBJISETCS TPEKEP, KOTOPHIH
HE00X0UM, YTOOBI OTCICKUBATh UX MepeMenieHue. 3aTeM (GOpMUPYIOTCS MOANNUCH
JETsIM, KOTOpbIE colep)kKaT B ceOe Ha3BaHHE Kjacca OOBEKTa M €r0 BEPOATHOCTD.
Taxxe pucyrorcst 00Bo k1 00BEKTOB.

Pucynok 4. ['maBHOE OKHO TPUIIOKEHHS

B paszgene HacTpoiiku uMerOTCs TOJIS AJiA BbIOOpa BECOB, TaKXKe IMOJS s
noaximoueHus: [P kamep. [ns TectupoBaHusi Oblla peaii30BaHa BO3MOXKHOCTh
BOCIIPOU3BECHUS BUICO3aAIKCEH (PUCYHOK 5).

Hauats aHanus st.enI = HachUH‘K;\ ] % | Hactpoiiku

Mogens:  |best.pt
Kamepa 1:
Kamepa 2:

& Kamepa 3:
Kamepa 4:
Buaeo 1:  He BwibpaHo Buibpate
Bugeo 2:  He Beibpano Bribpats
Buaeo 3: He ewibpano BriSpate

Bugeo 4 He ewiBpano BoiBpaTte

Wcropua: ../cam1/Child detector/screens Boibpats

CoxpaHnTs

Pucynok 5. OkHO HacTpoMKu
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Takoke ¢ rJIaBHOTO OKHA MOXHO TNepelTu B pazzaen «Vctopusi oOHapyKeHUin»,
IJIe XPaHUTCA CKPUHIIOTHI OOHApY)XEHWs, JaHHbIE MOXHO OTCOPTHUPOBATH IIO
BPEMEHU TEM CaMbIM HAWTH MHTEpeCyIolee OOHApYKEHUE ¢ KaMephl (PUCYHOK 6).

B | NictopwAa o6HapyxeHuA X

Otobpaxare nocne: |25.04.2024 0:32 - MprmeHnTs

Id  Bpems oBHapyxeHua Kamepa CkpuHWOT

15 19.04.2024 02:45:14 0

16 19.04.2024 02:45:14 0

Pucynok 6. OkHO HCTOpUU OOHAPYKEHUI
BuiBoabI

Hcnonp3oBanue  mporpaMMHOTO  Moayisi  (OpMHUpPOBaHUS  MPOBEPOK
TPEXMEPHOU MOJENM Ha IPOCTPAHCTBECHHBIE IMEPECEUCHUS II03BOJIAT COKPATUTH
3aTpaThl BpEMEHU U YMEHBIIIUTh KOJIMYECTBO OMIMOOK, TOMYIICHHBIX YeJIOBEKOM MpU
CO37IaHUU MPOBEPOK HA KOJUTU3HH, U (OPMHUPOBAHUU OTUETA.
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VJIK 004.067

BO3JEVCTBUE KOCMHUYECKOMH MMOT'0OJA HA CPEJICTBA
PETUCTPALIMU U IEPEJJAYU JJAHHBIX

THE IMPACT OF SPACE WEATHER ON DATA RECORDING AND
TRANSMISSION FACILITIES

Kypoukun .M, Hypues A.M., 3uranruposna 1O.B.,
OI'BOY BO «Ydumckuii yHUBEpCUTET HAYKU U TEXHOJIOTUI»,
r. Yoa, Poccuiickas @eneparus
I.M. Kurochkin, A.M. Nuriev, Yu.V. Zigangirova,
FSBEI HE “Ufa University of Science and Technology”

e-mail: KurockinivanO@gmail.com

AHHoOTanus. Bo3nelcTtBue KOCMUYECKOM ITOrOJIbl Ha CPEACTBA PETUCTPALIVU U
nepesadyy JaHHBIX B KOCMUYECKOM MPOCTPAHCTBE CTAHOBUTCS BCE OOJIee aKTyalbHOU
temoil. KocMuueckas moroga BKIIIOYAaeT B c€0sl pa3IUyHbIC SIBIECHUS, KOTOPbIE MOTYT
HETaTUBHO CKa3aTbCsi Ha PabOTE CIYTHUKOB M JIPYITMX KOCMHUYECKHX allllapaToB.
['eomarHuTHBIE OypH MOTYT CO3[aBaTh MPOOJIEMBbI IS KOCMHUYECKHX almapaTos,
OCHAIIEHHBIX MAarHUTHBIMU JaTYMKaMH, TaK KAK OHU MOTYT PETUCTPUPOBATH JIOKHBIE
curHasibl. Kpome Ttoro, Takme Oypu MOTYT BbI3BaTb HapyuleHuss B padote
ANIEKTPOHUKHU U MPOrPAMMHOI0 00eCIeYeHUs KOCMUYECKUX anmnaparoB. J{Jis 3aumThsl
CPEACTB PETUCTPAlMM W IEpeNayu AaHHBIX OT BO3ACHCTBHS KOCMHYECKOM MOTOBI
pa3pabaThIBatOTCs pa3IuvHbIe METO/bl U TEXHOJIOTUH.

Abstract. The impact of space weather on the means of recording and
transmitting data in outer space is becoming an increasingly relevant topic. Space
weather includes various phenomena such as solar flares, which can negatively affect
the operation of satellites and other spacecraft. Geomagnetic storms can create
problems for spacecraft equipped with magnetic sensors, as they can register false
signals. In addition, such storms can cause disruptions to the electronics and software
of spacecraft. VVarious methods and technologies are being developed to protect data
recording and transmission facilities from the effects of space weather.

KiaroueBblie cJ10Ba: KOCMHUYCCKas rmoroaa, COJIHCYHBIC BCIIBIIIIKH,
KOPOHAJIbHEBIC BBI6pOCBI MacCCbl, COJIHCYHBIC BCTpPbl, TI'COMAardHHUTHLIC 6ypI/I,
pPaanoCBA3b, HABUTAIWMOHHLIC CUCTCMbI, 3apsS’KCHHBIC YaCTHUIIbI, COTHCYHLIC ITaHCIIH,
MAardMTHBIC JaTYHMKH

Keywords: space weather, solar flares, coronal mass ejections, solar winds,
geomagnetic storms, radio communication, navigation systems, charged particles,
solar panels, magnetic sensers
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BBenenue

Kocmuueckass moroga MOXKeET BIMATh Ha pabOTy CPEACTB PETUCTPALUU U
nepesadyy JaHHBIX pa3IndHbIMU criocobamu. Hampumep, 3neKTpoMarHuTHele IOMEXH
MOTYT BBbI3bIBaTh cOOM B paboTe 00OpyHOBaHUs, a MOHU3ALMS aTMOC(HEPHl MOKET
HapylaTh nepefady JaHHbIX. CONHEYHbIE BCHBIIIKA M T€OMarHUTHbIE OypH TakkKe
MOTYT OKa3blBaThb HEraTHBHOE BIMSHUE Ha paboTy ycTpoucTB. [l 3amuTel OT
BO3JICUCTBHUSI KOCMHYECKON IOTroJbl MOXHO WCIIOJb30BaTh PA3JIUYHBIE METOJIbI,
TaKMe KaK SKpaHHPOBaHUE, pa3pabOTKa YCTOMYMBBIX CHCTEM NEpelayd JAaHHBIX H
HCIIOJIb30BaHUE IPUOOPOB JIJI1 MOHUTOPUHIA KOCMUYECKOM MOTOJIBI.

Kocmuueckas morosaa siBisieTcss BaXHBIM (PAKTOPOM, BIMSIIOIIMM Ha paldoTy
CPEICTB PETrUCTpalMid U MepeJadd JaHHBIX B KOCMHYECKOM mpocTpaHcTBe. OHa
BKJIFOYAET B ce0sl pa3InYHbIC SIBJICHUS U MPOLECCHI, TPOUCXOASIINE B KOCMOCE, TAKHUE
KaK COJIHEUHbIE BCIBILIIKH, KOPOHAJIbHBIE BHIOPOCHI MAaCChl, COJTHEYHbIE KOCMUYECKUE
Jy4Yd U T€OMarHuTHbele OypHU. DTHU SIBJICHUS MOTYT BbI3BATh 3HAYMTENIbHBIE IOMEXU B
paboTe CIIyTHHMKOB, KOCMHUYECKHMX KOpaOjiel M Ha3eMHBIX CTAHLUUH, YTO MOXKET
IPUBECTU K CHIKEHUIO KaueCTBa WIN MTOTEPE TAHHBIX.

BiusHME KOCMMYECKOW IIOroJpl Ha PETHCTPALMOHHBIE W IEPEAAOLIUE
CUCTEMBl MOJKET OBITh Pa3JIMYHBIM W 3aBHUCUT OT MHOTHX (DaKTOpOB, BKIIOYas
TEXHUYECKUE XapaKTEPUCTUKU 00OpYyI0BaHUs, PACIIONIOKEHUE CITyTHUKOB M CTAHLIUN
B KOCMOCE M Ha 3emJie, a TaKK€ CTENEeHb MHTEHCHUBHOCTH M MPOJOJIKUTEIBHOCTU
KOCMHUYECKOW morojsl. Hampumep, coyiHeYHass BCHBIIIKA MOKET BbI3BAaTh CUJIbHBIC
KOJIeOaHUsl paJuOCHUrHalia, 4YTO 3aTpyAHSET mepenady AaHHBIX WIA TPUBOAHUT K
notepe cBsi3u. KopoHanbHbIe BEIOPOCHI MAaCChI M CBSI3aHHBIE C HUMU MAarHUTHbIE OypH
MOTYT BbI3bIBaTh COOM B padOTE HABUTALIMOHHBIX CUCTEM, Takux kak GPS.

JI1s1 MUHUMU3AlMY HETaTUBHOTO BJIMSIHUS KOCMUYECKON MOTObl Ha CUCTEMBI
perucTpalMd M Tepefadyd JaHHBIX pa3paldaThIBAlOTCS pa3iMYHblE METOAbl U
TexHoJornd. K HUM OTHOCATCS yJaydlI€HHWE TEXHUYECKUX XapaKTEPUCTHUK
0o0Opy/OBaHus, ONTHUMH3ALUsl pabdOThl CUCTEM CBSI3M M HABUTAllMM, a TaKXKe
OPOTrHO3UPOBAHUE KOCMHYECKOW TOTOAbl [UIsl IUIAHUPOBAHUS W YIPABICHMS
KOCMUYECKUMH OIEPALUSIMU.

KocMmuueckast moroga, Takke€ M3BECTHAsI KAK COJIHEYHOE H3IYYEHHUE, MOXKET
BJIMSTH HAa CPEACTBA Mepeiayil U PEruCTpalliy JaHHBIX Pa3IMYHbIMU criocobamu. Bo-
NEPBBIX, COJTHEYHAss aKTMBHOCTb M MArHUTHbIE OypuW MOTYT BBI3bIBAaTh Mepedou B
paboTe CIYTHUKOB W JPYTrUX KOCMHUYECKHMX allapaTroB, YTO MOKET MPUBECTH K
NoTepe WM 33/IepKKE JaHHBIX. BO-BTOPHIX, KOCMUUYECKas MOrojla MOKET BIIUATH Ha
paboTy Ha3eMHBIX CHUCTEM CBSI3U, TAKUX KaK Pajuo, TEJIEBUICHUE U MHTEPHET, U3- 3a
BO3JIEHCTBUSL Ha HOHOChepy 3emiid. B-TpeTbuX, KOCMHUYECKas IOTroa MOMXKET
BbI3bIBaTh COOM B pabOTe SJEKTPOHHBIX YCTPOMCTB, TaKUX KaK KOMIIBIOTEPHI,
MOOWIIbHBIE TeNe(OHBI U Jpyroe 00OPYyIOBaHUE, WCIIONB3YIONIEE JJICKTPOHHUKY. B
LIEJIOM, BJIMSIHUE KOCMHUYECKOM NOroAbl Ha CpPEACTBA IEpPEeNadyd W PErucTpaluu
JAHHBIX MOXET OBITh 3HAUMTENbHBIM U TpeOyeT yuyeTa npu pa3paboTke u
AKCIUTyaTallMi 3TUX CUCTEM.
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He.]'lb H 3aJa4Y4 UCCJICJOBAHUA

[{eap naHHOTO HCCIEAOBAHMS - U3YYUTh BIIMSHUE KOCMHUYECKOM ITIOrOJbI Ha
pa3iaMyHble CpEACTBA PETUCTpallMM U NEpeJadd JaHHBIX, a TaKke pa3padoTarhb
PEKOMEHJALMU II0 YIYYIICHHI) HMX YCTOMYHMBOCTH K BO3JEUCTBHIO KOCMHYECKOMU
HOTOBI.

3ajauu UCCIEN0BAHNS BKIIIOYAIOT:

AHanu3 BIMSHUS KOCMUYECKON MOro/bl HA COYTHUKU U APYTHE KOCMHUYECKUE
anmnaparsl, a TAKXKE Ha HA3€MHbIE CUCTEMBI CBSI3U.

HccnmenoBanne  BO3ACHUCTBUS KOCMHYECKOW IOrOAbl  HA  DJIEKTPOHHBIE
YCTPOICTBA, TAaKHE KaK KOMITBIOTEPbI 1 MOOMIIbHBIE TEIE(POHBI.

Pa3paboTka METOOB M TEXHOJOTUM JJI YJIYYIIEHHUS] YCTOMYMBOCTU CPENICTB
pEerucTpalry 1 Nepeiadn JaHHBIX K KOCMUYECKOU MOTO/E.

OneHka 53KOHOMHYECKOH J(PQEKTUBHOCTH MPEAJIOKEHHBIX METOAOB U
TE€XHOJIOTUH.

00630p JuTepaTypsbI

BnusHue kocMu4yeckoi norojisl Ha PYHKIIMOHUPOBAHUE CPEJICTB PETUCTPALINH
U Iepefadyd JaHHBIX B KOCMOCE HUMEET BaXKHOE 3HA4YeHHe i oOecreueHus
HaJeKHOU U 3(pPeKTUBHON pabOThl KOCMUYECKUX anmnaparoB. KocMuueckas norona
BKJIFOYAET B Ce0s COJHEUYHYIO AaKTUBHOCTh, BKJIIOUasl COJIHEUHbBIC BCIBIIIKUA H
BBIOPOCHI KOPOHATIBLHON MAacCChl, @ TAK)KE KOCMUYECKYIO paHaIluio.

ConHeyHble BCIBIIIKKM W BBIOPOCHI KOPOHAJIBHOM MacChl MOTYT BbI3BIBATH
reOMarHuTHbIe Oypu W paJUalMOHHBIE INTOPMBI, KOTOpPbIE MOTYT TOBJUSATH Ha
paboTy DJEKTPOHHBIX YCTPOMCTB M CHUCTEM CBsi3U. Takue BO3JAEHCTBUS MOTYT
PUBECTH K cOOsiM B paboTe 000pYy/IOBaHUS, CHIDKCHHIO KadyecTBa IEpeaaBacMbIX
JAHHBIX U YBEJIMYEHUIO BEPOATHOCTH OTKA30B CUCTEMBI.

Kocmuueckast paauaiusi MOKET BbI3bIBATh MOBPEXKICHUS MUKPOCXEM U APYTUX
KOMITOHEHTOB, YTO MOXET MPUBECTH K OTKa3y OOOPYAOBAHUS WM yXYAIICHUIO €ro
xapaktepuctuk. KpoMme TOoro, kocMuueckas pagudanuss MOXKET NPUBOIUTH K
00pa30BaHMIO BTOPUYHBIX YACTHUIl, KOTOPHIE TaKKe MOTYT BO3JCHCTBOBAThH Ha
AIEKTPOHUKY.

Jlnsi yMEHbIIIEHUS BJIUSHUS KOCMHYECKOW TMOroisl Ha paboTy CpEACTB
perucTpanid W TMepeladyd JaHHBIX WCHOJBb3YIOTCS pPa3JIUuHbIe MEPhl 3alllUThI,
BKJIFOYAsl HCIIOJIb30BaHUE PATUAIMOHHO-CTOMKHUX KOMIIOHEHTOB, JKpPaHUPOBAHUE
AJIEKTPOHUKH, MPUMEHEHHUE CIEIUaIbHBIX aJITOPUTMOB JJIsI KOPPEKIMU OIIUOOK U
pe3epBuUpoBaHre cUCTeM. Takke BaXHO TMPOBOJUTH MOHUTOPUHI KOCMHUYECKOMN
MOTOJIbl U YYUTHIBATh €€ BO3JCHCTBHUE NPH IJIAHUPOBAHUM MHCCUH M pa3pabOTKe
00opyI0BaHUS.

B nurepatype MOXHO HAWTH MHOXECTBO HCCIEAOBAHHUM, MOCBAIICHHBIX
BIIMSIHUIO KOCMUYECKOM MOT0/ibl HA KOCMUYECKUE alapaThl U CPEICTBA PETUCTPALIMI
JAHHBIX.
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Kocmuueckas moroaa

Kocmuueckass moroga — 3TO TEpPMHH, KOTOPBIM ONUCBHIBAET pa3iM4YHbIC
ABJICHUS, IPOUCXOIAIINE B KOCMUYECKOM MIPOCTPAHCTBE, KOTOPHIE MOTYT BIIUSTh HA
paboTy KOCMHUYECKUX amlapaToB M CPEACTB Iepenaun JaHHbIX. K TakuM siBIEHUAM
OTHOCSITCSI COJIHEYHBIE BCIBIIIKH, BBHIOPOCHI KOPOHAJIBHOW MAacChl, T€OMarHUTHBIC
OypH, paZivallMOHHbIE IITOPMbI U KOCMUYECKas pagualys.

ConHeuHble BCOBIIIKA — 3TO MOIIHbIE B3pbIBbI Ha COJHIE, KOTOPHIE MOTYT
BBI3bIBATh T'€OMAarHUTHbIE Oypu. BBIOpOCH KOpOHANIBHOW Macchl — 3TO OOJiaka
MJ1a3Mbl, KOTOpBIE BBIOPACHIBAIOTCS W3 COJHEYHOW KOPOHBI M MOTYT BBHI3BaTh
paaualMOHHbIE IITOPMBI.

['eoMarHuTHBIE OypH MOTYT BIUSATH Ha PabOTy 3JIEKTPOHUKUA U CUCTEM CBSA3H,
BbI3bIBAsI COOM M YXYJAIICHHE KadyecTBa IEpEJaBaeMbIX [aHHBIX. PaauanuoHHbIE
IITOPMBIl MOTYT YBEJIIMYMBATH BEPOSTHOCTb OTKAa30B CHUCTEMBI M BBI3BIBATH
NOBPEXKICHUS MUKPOCXEM.

Kocmuueckass paauanus sIBISETCS €lle OJHUM (PaKTOPOM, KOTOPBIH MOKET
BBI3BAaTh MOBPEKIACHHUSI KOMIIOHEHTOB M YXY/IICHHE XapaKTEPUCTHUK 000pYAOBaHUS.
OnHa TakXe MOXET BbI3bIBaTb OOpPa30BAHHWE BTOPUYHBIX YACTHUL, KOTOPBIE MOTYT
BO3/ICHICTBOBATH HA JIEKTPOHHUKY.

UroObl yMEHBIIUTH BIUSHUE KOCMUYECKOW MOrofsl Ha paboOTy CpeAcTB
Nepefauyd JaHHBIX, MCIHOJIb3YIOTCS PpAa3JM4YHbIE METOJbl 3allUThl, TaKHE Kak
MCIIOJIb30BAaHUE PAUALIMOHHO-CTOMKUX KOMIIOHEHTOB, SKPAaHUPOBAHUE AJIEKTPOHUKH
Y MPUMEHEHUE CIEUUAIbHBIX aJrOPUTMOB. BaxHO Takke MPOBOAUTH MOHUTOPUHT
KOCMHUYECKOW TMOro/Abl M YYUTHIBATh €€ BIUSHUE NPU IUIAHUPOBAHWU MHUCCUH U
pa3paboTke 000pyI0BaHMUS.

OnpeneseHue U 0COOEHHOCTH

Kocmuyeckass 1moroga — 3TO  COBOKYIHOCTb — Pa3jIMYHBIX  SIBJICHUH,
IPOUCXOASIINX B KOCMUYECKOM MPOCTPAHCTBE U OKa3bIBAIOIIMX BIMSHUE HAa padoTy
KOCMMYECKUX allaparoB, B TOM YHCJIE CPEACTB PErUCTpalMy U IIepeladyu JaHHbIX.
OTu sBJEHUS BKIIOYAIOT B CE0sl COJHEUYHBIE BCIBIIMIKH, BBIOPOCHI KOPOHAJIBHOU
MaccChl, TEOMarHuTHbIE OypH, paArallMOHHbIE IITOPMBI 1 KOCMUYECKYIO paIUalHIo.

OCOOEHHOCTBPIO KOCMUYECKOM TMOroJbl SBISIETCA €€ W3MEHYHUBOCTb M
HenpeackazyeMocTh. CoJIHeuHasi aKTUBHOCTh MOXKET U3MEHSATHCA OYE€Hb OBbICTPO, U
ATO MOJKET MPUBECTH K CEPhE3HBIM MpoOsieMaM B pabOTe KOCMUYECKUX arapaTosB.
Hamnpumep, conHeuHble BCHBIIIKA MOTYT BbI3BaTh I'€OMArHUTHBIE OYypH, KOTOpBIE
MOTYT MOBPEIUTH ANEKTPOHHOE 000PYAOBAHUE U HAPYIIUTH pabOTy CUCTEM CBS3H.

Kpome Toro, kocMuueckasi paauaius Takxke sIBISIETCS Cepbe3HOM MmpolieMoit
JUISI KOCMHYECKHUX anmnapatoB. OHa MOXET BbI3bIBATh MMOBPEXKICHHUSI MUKPOCXEM, YTO
MO>KET IPUBECTU K OTKa3aM 000pYA0BaHUS WIH YXYALIEHUIO €ro padoThI.

Jlis Toro 4toObl yYMEHBUIUTH BJIMSHHE KOCMHUYECKOM MOrojasl Ha palboTy
KOCMHUYECKHX alapaTroB, HEOOXOIUMO HCIOIb30BaTh CHEIHATbHBIE MEPHI 3aAIIUTHI.
Hanpumep,  MOXHO  MCHOJNB30BaTh  PAaAMAlMOHHO-CTOMKHE  KOMIIOHEHTBI,
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AKPAHUPOBATh AIEKTPOHHOE 000PYIOBAHUE W MPUMEHATH CIICIIHAIBHBIE aJTOPUTMBI
JUIsL KOppeKiuu omubok. Takke BaKHO NPOBOJUTH TOCTOSHHBI MOHHUTOPHUHT
KOCMUYECKOM IOrOJbl U YUYUTHIBATH €€ U3MEHEHUS NPU IUIAHUPOBAHUM MUCCUU U
pa3pabOTKe HOBBIX KOCMUYECKHX amapaToB.

Tunsl KOCMHYECKOH MOroabl

CymiecTByeT HECKOJIBKO THIIOB KOCMHYECKOW TIOTOMBI, KOTOPHIE MOTYT
OKa3bIBaTh BIIUSHKE HA PA0OTY CPEJICTB PETUCTPAIIUU U TIEpPEIadu JAHHBIX:

ConHeyHast aKTUBHOCTH: BKJIIOYaeT B Cce0SI COJMHEYHBIE  BCIIBIIIKU,
KOPOHAJIbHBIE BBIOPOCHI MAacChl W JIPYTHE SBJICHHS, CBS3aHHBIC C AKTUBHOCTHIO
ConHma. DTH SBJICHHWS MOTYT BBI3BIBATh T€OMAarHWUTHBIC OypH W paguariiOHHBIC
IIITOPMBI, KOTOPBIE MOTYT HapYIIUTh PAOOTy 3JIEKTPOHHBIX CHCTEM M BHI3BaTh COOU B
nepeaave TaHHbIX.

Kocmudeckast paguanus: IpeacTaBiseT cOOOM MOTOK 3apsKEHHBIX YaCTHI] U
(hOTOHOB, UCITYCKA€MBIX KOCMUYECKHUMHU O0BEKTaMH, TAKUMH KaK 3BE3]Ibl, TaJJaKTHKU
U YepHBIC JBIPHl. DTOT BHUJ PaJHalldd MOXKET BBI3BAaTh MOBPESKJICHUE DJIECKTPOHHBIX
KOMITOHEHTOB M IIPUBECTH K COOSIM B paboTe ammapaTyphl.

MeteopHbIe MOTOKH: MPEICTABIISIIOT COOOM MTOTOKU METEOPOB, KOTOPHIE MOTYT
co3/laBaTh IIOMEXH B paboTe pajuoamnmapaTypbl W BbI3bIBaTH cOOM B Iepenade
MAHHBIX.

JImst 3alIMTBI CPEICTB PETUCTPAIlMM W TIEpPeNayd JaHHBIX OT BO3JCUCTBUS
KOCMHYECKOW  TOTOJbI  HWCIOJB3YIOTCS  pasd4YHbIe  METONbI, TaKhe Kak
AKpaHUPOBAHHUE DICKTPOHHBIX KOMIIOHCHTOB, UCITOJIH30BAHUE PAHAIIMOHHO-CTOMKHAX
MaTepHuaioB U MPUMEHEHNE aJTOPUTMOB KOPPEKIIMH OITHOOK.

Hcrounuku u Mexanu3Mbl popMupoBaHUs

Kocmuyeckass moroma dopMupyeTcs TOJ  BO3JCHCTBUEM  Pas3IMUHBIX
UCTOYHUKOB W MeXaHU3MOB. OCHOBHBIMH HMCTOYHHUKAMM KOCMHUYECKOW IOTOJIbI
sBysitoTCst COJTHIIE M MEK3BE3/IHAsS Cpea.

CoJHIle ABJISETCS OCHOBHBIM MCTOYHHUKOM KOCMHUYECKOW morojbl. ConHeyHas
AKTUBHOCTbH, TaKasi KaK COJIHEYHBIC BCIBIIIKH, MPUBOJUT K TCOMAarHUTHBIM OYypsIM U
pauallMOHHBIM IITOPMaM, KOTOPbhIE MOTYT HapyliaTh pabOTy JIEKTPOHHBIX CUCTEM
Ha 3eMJie 1 B KOCMOCE.

Mex3Be3aHast cpefia TakKe BIMSET Ha KOCMUYECKyI0 moroay. OHa COAepKUT
3apsHDKEHHBIE YaCTHIIBl U MarHUTHBIC TOJIA, KOTOPbIe MOTYT B3aMMOJIEMCTBOBATH C
MarHUTHBIM IOJIEM 3eMJIM U CO3/IaBaTh IOMEXH JIJISI PAIUOCBSI31 U HaBUTAIUH.

MexaHu3mMbl dbopmupoBaHUs KOCMHUYECKOM TIOTOTBI BKJIIOYAIOT
B3aUMOJICCTBHME COJHEYHOTO BETpa C MArHUTHBIM T0JIeM 3eMJId, a TaKxke
B3aUMOJICHCTBUE 3apsKEHHBIX YACTHI[ U3 MEXK3BE3HON CpeJibl C MArHUTHBIM TIOJIEM
1 atMocdepoii 3emiu.
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Takum oOpa3zom, KocMmuyeckas Tmoroaa (Gopmupyercs TMOJ BIUSHUEM
Pa3JIMYHBIX HCTOYHUKOB U MEXAaHU3MOB, KOTOPbIE B3aUMOAEHCTBYIOT JIPYT C APYrOM
Y CO3JIAI0T CJIOKHYIO KAPTUHY KOCMHYECKOMN CPEMBI.

3JICKTpOMaFHI/ITHbIe IOMEXH

BnusiHue kocMHuecKkoi MOro/ipl Ha CUCTEMBI PETUCTPALIUH U NIEPEIAYH TaHHBIX
ABJISIETCSl  aKTyaJbHOM MpoOJeMON B COBPEMEHHOM KOCMHYECKOM OTpaciu.
KocMmuueckass morojia BKIIIOYAET B C€0sl pas3IMyHbIE SBJICHHS, MPOUCXOMISIINE B
KOCMHYECKOM TPOCTPAHCTBE, TAKUE KAaK COJIHEYHBIE BCIBIIMIKH, KOPOHAJbHBIC
BBIOPOCHI MacChl, MarHWTHbIE Oypu M Jpyrue. OTH SIBICHUS MOTYT OKa3bIBaTb
3HAUUTEIBHOE BO3ACHCTBME HA pabdOTy CHOYTHUKOB, CHCTEM CBSI3M U JPYIHX
KOCMHUYECKHX arapaTosB.

CosiHeyHbIE BCIIBIIIKM ~ SABJIAIOTCS  HauOoJiee MOIIHBIMU  IPOSBICHUSMU
COJIHEYHON aKTUBHOCTU. OHU CONPOBOXKJAIOTCS BBIOPOCOM OTPOMHOTO KOJMYECTBA
DHEPIUH, KOTOpas MOXKET JOCTUraTb 3€MJIM 3a HECKOJIBKO 4acoB WM JAHE. B
pe3yJIbTaTe TAKUX BCIBIIIEK MOTYT BOZHUKAaTh MArHUTHBIE OYPH, KOTOPHIE BBI3BIBAIOT
cOou B paboTe NIEKTPOHHBIX CUCTEM M JJa)KE€ MOTYT PUBOAUTH K UX MOJIOMKE.

KopoHnanbHble BEIOPOCH! MacChl TaK)K€ MOTYT OKa3blBaTh HErATUBHOE BIIMSHUE
Ha paboTy KOCMHUYECKUX anmnapaToB. OHU MPEACTaBISAIOT OO0 BBIOPOCHI M1a3MbI OT
ConHIia 1 MOTYT BbI3BaTh HApYLIEHUs B pad0TE CITyTHUKOB U CUCTEM CBSA3H.

Kpome ToOro, xocmuyeckas IOroja MOXET BIUATH Ha pacHpoCTpaHEHUE
pPaAMOBOJIH, YTO MOET MPHUBECTH K YXYALICHUIO KauyecTBa CBA3UM MEXIY
KOCMHUYECKMMH anmnapartaMd M Ha3eMHbIMH CTAaHLMSIMH. OTO MOXET BBI3BAThH
poOJIEMBI NP NIEpeIaye JaHHBIX U YIIPABICHUU KOCMUYECKUMH KOPaOIsIMHU.

JInsi MUHUMHU3AIUU HETaTUBHOTO BIIMSAHHUS KOCMUYECKOM MOTOIbl Ha paboTy
CUCTEM pPETUCTpallMy U NepeJauyd JAHHBIX pa3padaThiBalOTCA Pa3InYHbIE METOMb
3AIUTHI.

BiussHME KOCMMYECKOW IOroJbl Ha 3JEKTPOMArHUTHBIE CUCTEMBI MEpeIadyu
JaHHBIX TaKXKE SBISETCS AaKTyalbHOW NpoOJeMOil. DJIEeKTPOMAarHUTHBIE BOJIHBI,
BO3HHKAIOIIME BO BPEMS COJIHEYHBIX BCIIBINIEK W APYTHX SIBJIEHUH KOCMHYECKOW
MOTO/Ibl, MOTYT CO3/aBaThb IMOMEXM JUIsl CHCTEM CBS3HM, Hapylas uxX paboTy u
BBI3bIBas TIOTEPIO TAHHBIX.

OTH MOMEXU MOTYT OBITh BBI3BAHbI PA3NMYHBIMU (DAKTOpAMHU, TAKHUMH Kak
U3MEHEHHE YacTOThl PAJMOBOJH H3-32 BO3MYIIEHHMH B HOHOC(epe, BBI3BAHHBIX
KOCMUYECKOM NOro10M, Wik UHTep(EePEHIUs C CUTHAIAMU OT APYTUX UCTOUYHHUKOB.

YroObl ~ MUHUMHU3HMPOBATH  BIMAHME  KOCMHYECKOM  MOroabl  Ha
ANIEKTPOMATHUTHBIE CUCTEMBI, HEOOXOIUMO pa3padaTbiBaThb U BHEAPATH METOIbI
(GUIbTpAallMM CUTHAJIOB, aJAlITUBHBIE CHUCTEMbl YIPABJICHUS U JIPYrUe TEXHOJOTHH,
MTO3BOJISIOIIME YIYUIIATh KA4€CTBO CBSI3U U CHU3UTH BEPOSTHOCTH MOTEPH TAHHBIX.
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Biausinue COJIHEUHBIX BCIBINIEK U T€OMATrHUTHBIX 6ypl>

Nonu3zanust atMmocdepsl TakKe MOXKET ObITh CBSI3aHA C KOCMUYECKOW MOT0J101.
Bo Bpemsi CONMHEYHBIX BCHBIINIEK W JPYTUX SBJICHUN KOCMHYECKOM NOTOABI B
atMocdepe 3emMiId MOTYT MPOUCXOJUTH MPOIECChl HOHMU3AIUU, KOTOpPHIE MOTYT
BJIMATH HA KAYECTBO CBSI3H U MEPEady JaHHBIX.

HNonun3zanysi MOXKET BBI3bIBATh paszinyHbie d(P(GEKThl, TAKME KAK YBEIUUYCHHUE
MOTJIOIIECHHS PAJMOBOIH U YXYJIUIEHUE KayecTBa CUTHaJA. DTO MOYKET MPUBECTH K
MOTepe TaHHBIX WA CHIXKEHUIO CKOPOCTH Tiepeaun HHGOpMaInu.

Jljis mpeoTBpallieHus: BIUSHUS HOHU3AIMHA aTMOC(EPHI HAa CUCTEMBI TIepeaun
JAHHBIX MCIOJIB3YIOTCS Pa3IMYHbIE METO/bI, TAKUE KAK BEIOOP ONTHUMAIbHBIX YAaCTOT
JUTSL Iepeayl HH(PpOpPMallUK, UCIIOJIb30BAaHUE HAIIPABJICHHBIX aHTEHH U JIPYTHE.

ConHeuHble BCIBIIIKY U TEOMArHUTHBIE OYpH SIBISIOTCS HanOosee 3HaYUMbIMU
dakTopamu, BIMSIONIMMU Ha pabOTy CHUCTEM Iiepenadd AaHHbIX. Bo Bpems 3Tux
SABJICHUM NPOUCXOJUT PE3KOE YBEJIMUYEHUE MHTEHCUBHOCTU COJIHEYHOTO BETpa, 4YTO
OPUBOJAUT K BO3MYILIEHUSM MAarHUTHOTO MOJs 3€MJIM U HMOHOC(EpPbl. DTO, B CBOIO
ouepelb, BBI3BIBACT HapyllleHHE pabOThl CHCTEM CBS3M U MOTEPIO0 JaHHBIX. s
MUHUMU3AIUU BIUSHUS JTUX SBJICHUM Ha pabOTy CHCTEM Tepelayd JaHHBIX
HE0OX0IUMO pa3pabaTbiBaTh U BHEAPSATH CHUCTEMBI 3alIUThI, TaKHE KaK (PUIBTPHI
CUTHAJIOB W CHUCTEMbl YIPABJICHHUS, AJANTHUPOBAHHBIE K YCIOBUSIM KOCMHUYECKOU
MOTOBI.

Pagnannonnbie 3¢ dextnl

Panuanmonnsie 3¢ PeKTh, CBSI3aHHBIE C KOCMUYECKON MOT00M, TaAKKE MOTYT
OKa3bIBaTh BJIMSHUE HA pabOTy cHCTeM mnepenaud AaHHbIX. CoJIHEUHas pagualius,
O0COOCHHO BO BpEMS COJIHCUHBIX BCIIBIIIIEK, MOJXKET CO3/1aBaTh IIOMEXH IS
AJICKTPOHHBIX CHUCTEM, BBI3BbIBas COOM B MX paboTe M MOoTepro AaHHBIX. Kpome Toro,
paavanusi MOXET IMOBPEKIATh SJICKTPOHHBIE KOMIIOHEHTBI CHUCTEM, YTO MOXKET
MIPUBOJIUTH K UX BBIXOY U3 CTPOSI.

JI1s1 3a1mmThI OT paguaniioHHbBIX 3G (EKTOB UCTOIB3YIOTCS Pa3IMYHBIC METOIHI,
TaKHE KaK SKPAHUPOBAHUE HJIECKTPOHHBIX CHUCTEM, HCHOJIb30BAHUE CIIECIUATBHBIX
MaTepHUaaoB ISl 3AIUTHl 3JIEKTPOHHBIX KOMIIOHEHTOB M TMPUMEHEHHE CHUCTEMBI
KOHTPOJIS ¥ yIPaBJICHUS, KOTOPbIE MOTYT aBTOMATUYECKU OTKJIKOYATh CUCTEMBI MPU
O0OHapyXEHUU PATUAIIMOHHON OMACHOCTH.

Mertoabl U npuOOpHI AJIA H3MEPEHUS] M MOHUTOPHMHIA KOCMHYECKOM
MOr oAbl

Jnsg u3MepeHus W MOHUTOPUMHIa KOCMHUYECKOW IIOTOAbl HCIOJIb3YHTCS
pa3UYHBIC METOJIBI U PUOOpKI. Hanmpumep, 1i1st u3MepeHus: COTHEYHON aKTHBHOCTH
WCHOJIB3YIOTCA COJIHEYHBIE TEJIECKONbl, KOTOPHIE IO3BOJISIIOT PETrUCTPUPOBATH
COJIHEYHBIE BCIIBIIIKYU U ONPEAEIATH UX MOIIHOCTb.
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JIns n3MepeHnst napaMeTpoB COJTHEYHOTO BETPA MCIIOJIB3YIOTCS CHELUAIbHbIE
30H/bI, KOTOPBIE 3aIlyCKalOTCs B KOCMOC U IEPEAAI0T MH(YOPMALMIO O COCTOSHUU
MEXIUTAHETHON CPEJIbI.

Taxxke UCHONB3YIOTCA CHUCTEMBl MOHUTOPUHIA HOHOCQEpPHI, KOTOpBIE
IIO3BOJISIIOT ONPEACIATH €€ COCTOSIHUE U NPEACKA3BIBATh BO3MOKHBIE HApYIICHUs B
paboTe cucTeM CBA3H.

[TomuMO 3TOrO, UIsi MOHMTOPMHIA KOCMMYECKOW IIOrOJbI HCIOJB3YIOTCS
CUCTEMBI PAAUOCBA3U U CIYTHUKOBBIE CHCTEMBI HABHUIALlMM, KOTOPBIE IO3BOJISIOT
MoJiydyaTh MH(GOPMALMI0O O MAarHUTHBIX OypsX M JAPYTUX SBICHUSIX KOCMHUYECKOU
noroziel. Panguonsmepenus

Pagnousmepenus

SBRAOTCS BaXXHBIM MHCTPYMEHTOM JJII MOHUTOPUHIa KOCMUYECKOW MOT0JIbI U
€€ BJIMSHUA Ha CUCTEMBI IIepeaadn JaHHBIX. PaguonsmepeHus O3BOMISIOT U3MEPATH
pazIM4HbBIE IapaMeTpbl KOCMHYECKOW IIOTOJbl, TaKWe€ KakK HHTEHCHUBHOCTb
COJIHEYHOT'O BETPa, COCTOSIHUE HOHOC(EPBl U MarHUTHBIE OypH.

PamuonsmepeHnuss TakKe HMCHOJIB3YIOTCS Ul ONPENCICHUS  BIMSHUSA
KOCMUYECKOM IOroJbl Ha KayecTBO paguocBsi3d. OHM IO3BOJSIOT OIPEACIIHTH
YPOBEHb IIOMEX, BBI3BAaHHBIM KOCMHUYECKON MOroJoi, W BHIOpAaTh ONTUMAJIbHBIC
YacTOTHI JIs IEpeIauu JaHHbBIX.

HakoHen, paguou3sMepeHusi UCHOJIb3YIOTCS ISl pa3pabOTKA U ONTUMHU3ALNU
CUCTEM 3alUThl OT KOCMHYECKOW MOroiepl. OHM IMOMOTAIOT OMNPEAENIUTh, KaKue
METO/Ibl 3aIUThI HanOo1ee 3PPEKTUBHBI U KAK X MOKHO YIYUIIHUTb.

MarHuroMeTpbl # MATHUTHbIEC HA0II01CHUSA

MarauToMeTpbl  SBJSIOTCA  BAXXHBIM  HMHCTPYMEHTOM  JUISL  U3MEPEHHUS
KOCMHYECKOM TOroJbl M €€ BO3JCHCTBHA HAa CHUCTEMbl NepeAadyd AaHHbIX. OHH
UCTIOJIB3YIOTCSL JUISI M3MEPEHUsI MarHUTHBIX Oypb, KOTOpbIE MOTYT BBI3BIBATH
HapyUIeHUsI B pabOTe AJIEKTPOHHBIX CUCTEM. MarHUTOMETPHI TAKKE HCIIOIb3YIOTCS
JUTsT OOHAPYXKEHUs WOHU3AIMHU aTMOC(hephbl, KOTOpash MOXKET BIUATH HAa KadeCTBO
CBSI3H.

PaI[I/IaIIl/IOHHbIe A03UMETPLI

PaanannoHHbIe 103UMETPBI UCTIOJIB3YIOTCS ISl U3BMEPEHUS] YPOBHS paualivi,
KOTOPBIM MOXET OBITh BBbI3BAH COJIHEYHOM AaKTUBHOCTHIO. OHHU IOMOTaroT
OTPENICNIUTh, HACKOJIPKO CHJIBHO COJHEYHAs pajualius MOKET MOBJIMAThL Ha paboTy
ANIEKTPOHHBIX CUCTEM U KaK JI0JITO OHU MOTYT padoTaTh 0€3 prucKa MOBPEKIACHUS.

B nenom, n3mMepeHrne 1 MOHUTOPUHT KOCMUYECKOM TTOTOJIbI SABJIETCS BAKHOU
94acThI0 00€CTICUeHUS HAJEKHOW PaObOThl CHCTEM PETHCTPAIUU U TIEpelayl TaHHbIX.
Pa3paboTka HOBBIX METOJIOB W MPUOOPOB JJIsI M3MEPECHHS] KOCMHUYECKON MOTOBI
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MO3BOJISIET YJIyYIIaTh CHUCTEMBI 3alllUTBl OT €€ BO3JCHCTBUS ¥ IOBBINIATH
3 PEeKTUBHOCTH PabOTHl KOCMHUYECKHUX anmnapaToB.

CoJiHeYHbIE TeJeCKOIbI

CostHEeUHBIE TEIECKOIBI UCTIONB3YIOTCS JIJISl M3yUEHHUsI COTHEYHON aKTHBHOCTH
M TPOTHO3MPOBAHUS KOCMUYEeCKoW moroasl. OHHM TO3BOJSIOT HAOMIOAATh 3a
COJTHEYHBIMH BCHBIIIKAMHA W JPYTUMHU SBJICHUSAMH, KOTOPbIE MOTYT IOBJIMATH Ha
paboTy cHCTeM CBsI3W W Iepemaadd  JaHHbIX. COJIHEYHBIE TEJIECKOIbI TaKkKe
UCIIOJIL3YIOTCSL JIJII MOHHUTOPWHTA COJIHEYHOTO BETpa M €ro BO3JCHCTBHS Ha
noHochepy 3emiIn.

3ammTa OT BO3ACHCTBHH KOCMUYECKOM cpeabl

3aHII/ITa oT BOBI[GﬁCTBPISI KOCMHYECKOM IIOroJbl BKJIOYACT B ce0s1 KOMILIEKC
MCp H TCXHOJIOT Hﬁ, HAIIPpAaBJICHHBIX Ha CHHJXCHHUC HCTATHBHOI'O  BJIMAHUA
KOCMHYECKOU II01r0Jbl HA pa60Ty CUCTCM PCTUCTPALUU U IICPCAaYN JAHHBIX. OIIHI/IM
N3 OCHOBHBIX MCTOIOB 3alllMTBI ABJIAACTCA MCIIOJIB30BAHUC CHCTCM q)HHBTpaHI/II/I
CUTHAJIOB U aJJalITUBHOI'O YIIPABJIICHUA, KOTOPBIC IIO3BOJIAOT CHU3UTL YPOBCHD ITIOMCX
U YIYy4IIUTb Ka4dYCCTBO CBA3H. Taxxe HCIIOJB3YIOTCA CHCTCMBI JSKPAHUPOBAHHA
QJICKTPOHHBIX CHUCTCM M 3allUTBI OT paavalirv, KOTOPLIC CHHKAIOT BCPOATHOCTDL
MOBPCIKACHUSA  JJICKTPOHHBLIX KOMIIOHCHTOB. KpOMe TOro, BaXXHO BBI6I/IpaTL
ONTUMAJIBHBIC YaCTOThI I MNEPCAaYd JdaHHBIX W HCIIOJb30BAaTh HAaIIPaBJICHHBIC
AHTCHHBbI IJIs1 YMCHBIICHHA ITOTCPb CUTHAJIA.

JKpaHMPOBaAHME U 3AIIUTHBIE 000JI0YKHU

DKpaHUpPOBAHWE W MCIOJI30BAHUE 3AIUTHBIX O0OJIOYEK SIBISIOTCS BaKHBIMH
METOJaMHU 3allUThl 3JEKTPOHHBIX CUCTEM OT BO3JECUCTBUS KOCMHUYECKOW IOTOJIBI.
OKpaHUPOBAaHUE TIO3BOJISIET CHU3UTh YPOBEHb JJIEKTPOMArHUTHBIX IIOMEX, a
3alIUTHBIE OOOJIOYKM 3allMIIAIOT JJICKTPOHHBIE KOMIIOHEHTHI OT BO3JEHCTBUS
paauaIiy 1 IPyrux HETaTUBHBIX (PaKTOPOB.

Hcnonp3oBanne 3KpaHUPOBAHHBIX KaOene W pPa3beMOB TaKXKE TOMOTAeT
CHHU3UTH MOTEPHU CUTHAIA U YIYUIIUTh KAY€CTBO Mepeaun JaHHbIX.

Pa3paboTka yCcTOMYMBBIX CUCTEM Nepeaadu JaHHbIX

Pa3paboTka yCTOMUYMBBIX CHCTEM IMepellaud JaHHBIX SBISETCS OJHUM U3
KJIFOUEBBIX HAMpaBJICHUN B 00JIACTH 3alllUTHl OT BO3JACHCTBUSI KOCMUYECKOM MOTOJIBI.
VY CTOMYMBOCTH CUCTEMBI O3HAYAET €€ CIIOCOOHOCTh COXPAHATHh pabOTOCTIOCOOHOCTH B
YCJIOBHSIX BO3JCUCTBHUSI PA3IMYHBIX HETATUBHBIX (DAKTOPOB, TAKUX KaK IOMEXH,
noHM3anus arMochepbl W paaManMoOHHOE  W3NMydeHue. JIms  TOBBIMIEHUS
YCTOWYHMBOCTH CUCTEM IEPENAUYM JAHHBIX UCIIOJIB3YIOTCS PA3JIMYHbIE METOMAbI, TAKHAE
KaK ONTHMH3alKs aJrOPUTMOB NEPEIaun JAHHBIX, IPUMEHEHUE METOJIOB CXKATHUS U
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mudpoBanuss uHGOpMAIMU, a TakkKe pa3paboTKa HOBBIX MPOTOKOJIOB CBSI3H,
YUUTBIBAIOIINX OCOOEHHOCTH KOCMHYECKOM MOTOIBI.

IIporuo3upoBanue u npeaynpe:xaeHne 0 KOCMHYECKOii moroae

[IporHo3upoBaHrue KOCMHUYECKOM MOTOJbI SBJISETCS Ba)KHBIM aCIIEKTOM JIJIS
obecrieyeHusl HaJIS)KHON pabOThl CUCTEM Tepeadn JaHHBIX. C TOMOIIIBIO COTHEYHBIX
TEJIECKOMOB H JAPYIMX WHCTPYMEHTOB MOHHUTOPHHTa MOJKHO TMPEACKa3hIBATh
COJIHCYHBIC BCTIBIIIIKA, MATHUTHBIC OYpH M JAPYTHE SIBICHUS KOCMHUYECKOM ITOTOIBI.
DTO TO3BOJISIET CHCTEMaM PETHCTPAllMd M TIepeladd JTaHHBIX aJalnTHPOBATHCS K
M3MEHSIONUMCS YCIIOBHUSM U CHUYKATh BEPOATHOCTH COOEB U MOTEPH TAHHBIX.

[Ipenympexxneane 0 KOCMHYECKOW TOTroJIe TaK)Ke WIpacT BaKHYIO pPOJb B
oOecrreueHun O€30MaCHOCTHM M HANEKHOCTH CHUCTEM CBa3u. QOHO MOXKET
OCYILIECTBIIATHCA Yepe3 CHEIUaTu3upPOBaHHbBIC CIY)KOBI M OpraHU3alliH, KOTOPBIC
IPEAOCTABISAIOT HMHQPOPMAIMIO O TEKYIIMX W IPOTHO3UPYEMBIX  YCIOBUSX
KOCMHYECKOH Torojapl. biaromapst 3TOMy, CHCTEMBI CBS3U MOTYT  OBIThH
MOATOTOBJIEHBI K BO3MOYXHBIM M3MEHCHHSAM U MPUHITH MEPHI I MUHUMH3AINH UX
BO3JICHCTBHS.

3akJIroueHue

B 3akmouenue, BIUsSHUE KOCMHYECKOM MOTOABI HA CPEJCTBA PErHCTpAIl U
nepeadyn JaHHBIX MPEACTaBISIET COOOW CIOKHYIO MU MHOTO(AKTOPHYIO Mpoliemy,
TpeOYIOIYI0 KOMIUIEKCHOTO TMOAX0/a K ee pelieHnto. Pa3paboTka HOBBIX METO/OB
M3MEpPEHUs] ¥ MOHUTOPHHTa KOCMHYECKOW TOTOJbI, YCOBEPIICHCTBOBAHUE CHCTEM
3alUTBl OT €€ BO3ACWUCTBHA, a TaKKe MPOTHO3MPOBAHUE U MPEIYNPEKIACHUE O
BO3MOXKHBIX HM3MEHEHHSIX YCJIOBUH KOCMHMUYECKOH MOTOAbI SIBISAIOTCS KIHOYEBBIMU
HaAMpaBJICHUSAMHU 711 OOecredeHus HauexHOM U 2PQdeKTHBHOM pabOThl cUCTEM
PETrUCTpaluy U Tiepejauu JaHHBIX B KOCMUYECKOM OTpaci.
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Annoranus. [IporpaMmMmHoe obecrieueHre UrpaeT He3aMEHUMYIO POJIb BO BCEX
acmeKkTax Halied >KU3HU: OT TUTaHUS HaIlMX CcMapTQOHOB JO YIpaBICHUS
KpUTHUYECKU BaxxHOW uHpacTpykTypoil. Co3znanue 3¢(HEKTUBHOTO MPOTPAMMHOIO
obecrieueHuss TpeOyeT YETKO OMNpEeNIeNIeHHOro IIlaHa JCHCTBHM, a Jau3aiiH
IpPOrpaMMHOr0 00€CIEeUeHHsI CIIY>KMT OCHOBOM g 3toro mytu. OH mpeoOpasyer
a0bCTpakTHble TpeOOBaHMS K TMPOTPAMMHOM CHCTEME B KOHKPETHBIM TIUIaH,
OMHCHIBAIOIINI apXUTEKTYPY, KOMIIOHEHThl U (DYHKIIMOHAIBHBIE BO3MOKHOCTHU
cucteMsl. [IpoekTrpoBaHue MPOrpaMMHOTO 0OECHEYEeHUs] — 3TO MPOLECC, KOTOPBIM
npeoOpa3yeT TpeOOBaHHS B JETaIbHOE MPOEKTHOE MPEACTABICHHE MPOrPAMMHON
CUCTEMBI. YTBEpXAAETCS, YTO XOPOIIMK [U3ailH MPOrpaMMHOIO O0OeCeueHHUs
ABISETCA KJIKOYOM K CO3JAaHHI0 HAJEKHOTO M TOHATHOIO IPOTPAMMHOTO
oOecnieuenus. IIpoekTrpoBaHre MPOrPaMMHOrO OOECHEUYEHUS SIBISIETCS OJHUM U3
OCHOBHBIX MpPOOJIEM YyCHENIHOW pa3pabOTKu mporpaMMmHoro obecnedenus. OHO
JNEUCTBYET KaK MOCT MEXJYy KOHLENTyalu3aluuel IPOrPAMMHON CHUCTEMBI U €€
pealbHOM peanu3auue. B 3Tol cTaTbe paccMaTpUBAKOTC OCHOBHBIEC AaCIEKTHI
IPOEKTUPOBAHHUS MPOrPAMMHOI0 00ECIIEUEHUs], UCCIEYETCS €ro POjb B )KU3HEHHOM
[UKJIE pa3pabOTKU MPOrpaMMHOI0 OOECHEeYeHHUs, caM IPOLECC MPOEKTUPOBAHUS U
pa3IUYHbIE METO0JIOTUH, UCIOIb3YEMBbIE JIJISi CO3/aHMs HAJEKHOTO U yIOOHOTO B
oOCITy’>)KMBaHUM TIPOrpaMMHOr0 obOecniedeHus. B pabore paccMOTpeHBI BaKHBIC
METOABl TPOCKTHUPOBAHUS  MPOTPAMMHOTO  OOECIEUeHHs, BKJIIOYas  OTaIlbl
ApXUTEKTYPHOTO W JETAIbHOIO NPOEKTUPOBaHUsA. Takxke paccMaTpUBAKOTCSA
NOCJHENHUE JIOCTMKEHHSI B METOMOJOTHAX MPOEKTUPOBAHUS PACIPEAEIECHHBIX
POTPAMMHBIX CUCTEM.

Abstract. Software plays an indispensable role in every aspect of our lives,
from powering our smartphones to managing critical infrastructure. Creating
effective software requires a clearly defined course of action, and software design
serves as the foundation for this path. It transforms abstract requirements for a
software system into a concrete blueprint that describes the system's architecture,
components, and functionality. Software engineering is the process that transforms
requirements into a detailed design representation of a software system. It is argued
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that good software design is the key to creating reliable and understandable software.
Software design is one of the main challenges of successful software development. It
acts as a bridge between the conceptualization of a software system and its actual
implementation. This article examines the fundamental aspects of software design,
examining its role in the software development life cycle, the design process itself,
and the various methodologies used to create reliable and maintainable software. The
work covers important software design techniques, including the architectural and
detailed design stages. Recent advances in distributed software system design
methodologies are also reviewed.

KiaroueBbie ciaoBa: [IpoexktnpoBaHue, XWU3HEHHBIM LMKJI, KOMIIOHEHTHOE
MIPOEKTUPOBAHUE, APXUTEKTYPHOE NMMPOEKTUPOBAHUE, CTPYKTYPHOE MPOEKTUPOBAHUE

Keywords: Design, life cycle, component design, architectural design,
structural design

BBenenue

Pa3paboTka mporpaMmMHOro oOecredeHus 3aHMMaeT IEHTPAJIbHOE MECTO B
KU3HEHHOM ITUKJIE pa3paOOTKU MPOrpaMMHOr0 oOecredeHusl. 3a 3TUM CIIeyeT dTall
cOopa 1 aHamM3a TpeOOBaHMI, Ha KOTOPOM TILATEIBHO OMPEAEISIOTCA NOTPEOHOCTH
nojb3oBaTesiel W (PYHKUMOHAJIBHBIE  BO3MOXKHOCTHM  cucTeMbl.  l[Iporecc
MIPOCKTUPOBAHMS TIPEBPAIIAET ITH TPEOOBAHUS B MPAKTHUCCKHE IIAard, OMPEICIIss,
KaK MporpaMMHoOe obecriedeHne OyAeT CTPYKTYPHUPOBAHO U PEaIn30BaHO. JTOT JTall
UTPaeT peHIaloNlyl0 pOJdb B TPEOJAOJICHHH pa3pblBa MEXKAYy 3aMBICIOM U
peanmzanueii. [Iporecc mpoekTUpoBaHUS MPOTPaMMHOTO ObecriedeH s mpeodpa3yer
TpeOOBaHMS TOJIb30BATENCH, 3aUKCHpPOBaHHBIE B TAaKUX JOKYMEHTaX, Kak
cnenuukanuu TpeOOBaHU K TNPOrPaMMHOMY OOECHEYEHHIO, B TIPOEKT JJis
IPOrPAMMHUCTOB.

IIpoexkTUpOBaHME CHCTEMBbI

[TpoexTupoBaHre CUCTEMbl HAUMHACTCS C pa3padOTKH TIaHa MPOEKTA.

[Iportecc TUTaHUpOBaHUSA OMpENENsIeT CTPYKTYpy TPOEKTa, pa3Mephl,
pacmpesieieHie  OrpaHMYeHHMH TMpoeKkTa (CpOKH, BO3MOXKHOCTH  IE€pPCOHAA,
OfO/PKETHBIC OTPaHWYEHUS W T. J.) IJS MpoeKkTa. B 1emom miaH I0KEH WMETh
caenytomue paszaenst [1]:

- BBegeHue. KpaTkoe omucaHue 1enieil M OrpaHWYeHHM MpoekTa (OIomKeT,
BpEMS U T. [11.) [JIs1 yIPABJICHUS IPOEKTOM [2];

- OpraHuzauus peanu3anuu mnpoekTa. OmnucaHue mpoueaypsl moadopa
KOMaH/IbI, KoTOpasi OyneT paboTaTh HajJ MPOEKTOM, M pachpeneiieHne o0sa3aHHOCTEH
MEXy YiIeHaAMU KOMaH/IbI;

- aHanu3 puckoB. OmucaHue BO3MOXHBIX PUCKOB, CTPATETHH, HANPABICHHBIC
Ha CHIDKEHHUE BEPOSATHOCTU UX BOSHUKHOBEHUS;
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- ONHWCaHWE aNmapaTHBIX M MPOTPAMMHBIX PECYPCOB, HEOOXOTUMBIX IS
peanu3anuu npoekrta. Eciu HeoOXoaMMO KymuTh OOOpYAOBaHHE, €r0 CTOMMOCTD
J0JIKHA OBITh J0OABJIEHA K LIEHE MPOEKTa;

- pazneneHue paboT Ha dsTanbl. OnpeaeneHne MpPoa0HKUTEIBHOCTH KaxXI0ro
JTarna.

bonpire cucTeMbl MOYKHO pa3leliNTh Ha MOJACHCTEMBI, MPEAOCTABISIOIINE
conyTcTBytomue yciyrd. I[lepBelii 3Tam mpouecca MPOSKTUPOBAHUS HA3bIBACTCA
MPOCKTUPOBAHUEM aAPXUTEKTYPhl, Ha ASTOM JdTale OMNPEACNAIOTCS MOACUCTEMBI,
CTPYKTypa YIpaBJICHUS W B3aUMOJCHCTBHE MOJACHCTEM. l[enpi0 apXUTEKTypHOTO
MIPOCKTUPOBAHMSI SIBJISICTCS OTMIMCAHKUE APXUTEKTYPhl IPOTPAMMHOTO 00SCTICYCHHUS.

[Togxo/1I0B K apXUTEKTYpPHOMY MPOEKTUPOBAHUIO MOXKET OBITh HECKOJIBKO, B
3aBUCHUMOCTH OT MPO(ECCUOHAIIBHOTO OMbITa, HABBIKOB U HHTYUIIMH TEX, KTO
paboTaeT Haja mporpamMmmoil. OJHAKO CYIIECTBYET HECKOJIBKO CTaauil, OOIMX IS
BCEX IPOLIECCOB:

- CTPYKTYypUpOBaHUE cUCTEeMBI. [IporpaMMHBIN KOMIUIEKC CTPYKTYPHUPOBAH Kak
COBOKYITHOCTh OTAEJIbHBIX OTHOCHUTEIBHO HE3aBHCUMBIX MojacucteM. Omnpenensercs
B3aUMOJICHCTBUE MEXKIY MOJICUCTEMAMHU;

- MoJeNnupoBaHHWE ympaBieHus. PaspabaTeiBaeTcsi 0a3oBas  CHCTEMa,
yIpaBJISAONIas B3auMOJAEHCTBUEM MEK/Y YaCTSIMU CUCTEMBI,

- MoAyJbHas aekommo3unus. Kaxnas noacucreMa, onpeiesieHHass Ha IEPBOM
JTamne, NENUTCS Ha OTACIbHBIE MOAIYJU. 37€Ch ONPENCNAIOTCS THUI MOAYJEeH u
B3aUMOCBSI3b MEXKIY HUMHU.

OTH ATanbl MOKHO MOBTOPATH JI0 T€X MOP, MOKA apXUTEKTYPHBIN MPOEKT HE
OyJZleT COOTBETCTBOBATh CUCTEMHBIM TPEOOBAHUSIM.

Pe3ynbTraToM  IPOEKTUPOBAHUSI  APXUTEKTYPhl  SIBISETCS  JIOKYMEHT,
OTPAKAIOUIUN APXUTEKTYPYy CHUCTEMBl. DTOT JOKYMEHT COCTOMUT W3 IpadruuecKux
CXEM, MOKa3bIBAIOIINX MOJEIb CUCTEMBI, C COOTBETCTBYIOIIMMH WILTIOCTpAalUsIMU. B
OMHCAHUM JIOJDKHO OBITh YKa3aHO, U3 KaKUX IMOJCHCTEM COCTOMT CHCTEMa U KaKHe
MOJYJIA UCTIONB3YIOTCA B KaXKJI0M U3 MoJcucTeMm [3].

[Ipornecc MpOEKTUPOBAHUS BBITIOJIHIETCS B CIIEIYIOIIEM MOPSIKE:

- TMPOEKTUPOBAHUE APXUTEKTYphl cuUcTeMbl. lloacucTeMbl B3anMMOAEUCTBUA
MEK]ly HUMHU OIPEJEIECHBI U IOKYMEHTUPOBAHBI;

- ompeneleHue TpeOoBaHUN K TmojcucteMaM. JIns KaKJIOW TOJICHCTEMBI
OTIpEICJICHbl U JOKYMEHTHUPOBAHBI MPEIOCTABIISIEMBIC €10 YCIYTH U OTPaHUYCHHUS;

- JW3ailH MOJb30BaTeIbCKOro uHTepdeiica. Jla KaxIod MOICUCTEMBI
paspabarbiBaeTcsi uHTepdeiic, YToObl MNpU UX HUCHOJIB30BAaHUUM HE OBLIO
HEO0OXOJMMOCTH 3HATh, KaK 3TU CUCTEMBbI BBITIOJHSIOT CBOU (PYHKIINH;

- TPOCKTUPOBAHHE KOMIIOHCHTOB. DYHKIIMM TOJCUCTEM pa3ACJICHbI MEXKIY
Pa3IMYHBIMU KOMIIOHEHTAMH U JIOKYMEHTHPOBAHBI;

- MPOEKTUPOBAHUE CTPYKTYpPhl NaHHBIX. CTPyKTypa JaHHBIX, HEOOXOIUMBIX
JUTSL pean3alii MPOTPaMMHOM CHUCTEMBI, OMIPEAesIeTcs U 00pabaThIBacTCs MyTeM
KJIacCU(pUKaLUY;

- pa3paboTKa anropuT™a.

(78]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

OOBIYHO HCTIONB3YIOTCS 4 APXUTEKTYPHBIE MOJIEIIH:

- CTaTH4YecKas CTPYKTypHas Mozenb. [IokazaHbl OJCHCTEMBI U KOMIIOHEHTHI,
KOTOpBbIE OYAyT CBOOOZAHO pa3BUBATHCS B OyAyLIEM;

- AMHaAMU4ecKas MoJeib nponeccoB. Iloka3zaHa opraHusanus MpoLECCOB IIPU
paboTe cucTeMsl;

- Mojenb uHTepgeiica. OrmnpenenseT cepBUC, NPEIOCTABIAEMBIM Kaxa0H
MOJICUCTEMOM Yepe3 o0IHil nHTepdeiic;

- pessiMoHHast Mojenb. [loka3aHbl B3aUMOCBSI3M MEXKIY YacTAIMU CUCTEMBI
(Hanpumep, TOTOKU HH(POPMALIUHA MEKY IMOJCUCTEMAMH U T.I1.).

ApPXHUTEKTYpY CIOXHBIX CHCTEM HEBO3MOYKHO ONMCaTh Ha OCHOBE €IWHOMN
mozenu. [Ipu pa3paboTke OTAETbHBIX YacTeil OONBIINX CUCTEM MOKHO MCIIOJIb30BaTh
pa3Hble apXUTEKTYpHbIE MOJEIHU. B 3TOM cilydae MOJenb CHCTEMBbI MOXKET CHUJIBHO
yCIOXKHUThCA. OnepaTtop CUCTEMBI JIOJKEH HMETh BO3MOXKHOCTH BBIOpaTh Oolee
HOJIXOSIIYI0 MOJIETb U 3aTEM MOAU(PHUIIMPOBATH €€ B COOTBETCTBUU C TPEOOBAHUSIMU
skcmutyatupyemoro I10.

[TpaBWiIbHBIN BBIOOP ApPXUTEKTYphl CUCTEMBI OIMCBHIBAETCS CIEIYIOIIUMU
XapaKTEPUCTUKAMMU:

- TPOU3BOJUTENBHOCTh. EcIu NpoU3BOAUTENBHOCTh SBIAETCA Hauboliee
BaXXHBIM TpeOOBAaHUEM, APXUTEKTypa JOJKHA ObITh CHPOEKTUPOBAHA TaK, YTOOBI
COCTOATh M3 KaK MOJKHO MEHBIIEr0 KOJIMYECTBA INOJCHCTEM M C MHHHMMAJIbHBIM
B3aUMOJICUCTBUEM MEXIy HUMHU. UTOOBI yMEHBIIUTH CBSI3b MEXIY KOMIIOHEHTAMH,
1eJecoo0pa3Hee UCIMOJIb30BaTh KPYMHBIE MOJYJbHBIE KOMIIOHEHTBI, & HE MEJKHE
CTPYKTYPHBIE 3JIEMEHTHI;

- 3amura. B 3TOM ciyyae apXWTeKTypa AOKHA HMMETh MHOTOYPOBHEBYIO
CTPYKTYpY. 34ech HauOojiee KPUTHYHBIE JJIEMEHThl CHCTEMbl 3allMILEHbl Ha
BHYTPEHHHX VYpPOBHSIX, a O€30IacHOCTh 3THX YpPOBHEW TNpoBepsieTcs Ha Oosee
BBICOKOM YPOBHE;

- OezomacHocTh. Ilpu 53TOM apXuTekTypa CHCTEMbl JOJDKHA OBITh
CIPOEKTUPOBAaHA TakuM O00pa3oM, YTOOBI CO3[aBajoCh Kak MOXXHO MEHbIIE
HOJICUCTEM, OTBEYAIOLIMX 3a BCE ONEpallly, BIUAIOIINE Ha ee 0e30MacHOCTh. Takoi
HOJXOJ] CHI)KAaeT CTOMMOCTh pa3pabOTKU MPOrpaMMbl U YCTpaHsET MpoOieMy
IIPOBEPKH HAJICKHOCTH;

- HAJEeXKHOCTb. B 3TOM cilyyae apXHUTEKTypy CJEAyeT peaau30BaTh IyTEM
BBEJICHUSI HU30BITOYHBIX KOMIIOHEHTOB TaKMM 00pa3oM, 4YTOObI MOXXHO ObLIO
U3MEHSTh U OOHOBJISITh UX, HE OCTAHABJIMBAS CUCTEMY;

- yI0OCTBO COMpPOBOXJEHUS. B 3TOM ciydyae HEOOXOIMMO MPOEKTUPOBATH
CUCTEMY Ha YPOBHE MEJKHUX CTPYKTYPHBIX KOMIIOHEHTOB TaK, YTOObI €€ MOXHO ObLIO
nerko u3mMeHuTh. [Iporpamma, renepupyroiias AaHHbIC, TOJDKHA OBITH OTAEIEHa OT
IPOrpaMMBbl, UCMIOJIb3YIOIECH 3T JaHHBIE.

B HekoTOpBIX ciyyasix cucTeMa JI0JKHA OTBEYaTh HECKOJIBKUM TPEOOBAHUSM,
YTO CO3JaeT KOH(JMKT B ATHX apXUTEKTypax, HampHUMep, €CIM CUcTeMa Tpelyer
OJIHOBPEMEHHO MPOU3BOJUTENBHOCTH U MPOCTOTHI 00CIYy)KMBaHus. B Takux cirydasx
HCIIOJIb3YIOTCSI KOMIIPOMUCCHBIE PELIEHUS.
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OO0beKTHO-OPHEHTHPOBAHHOE POEKTHPOBAHHE

OOBeKTHO-OpHEeHTUPOBaHHOe mpoekTtupoBanue (Object-Oriental  Design-
OOD) orHOocUTCS K HPOEKTUPOBAHMIO OIPEACIEHHBIX KJIACCOB OOBEKTOB M MX
B3aMMO/JICHCTBUM [4].

B npouecce coznanusi IporpaMMHOTO OOECTIEUeHUs] UCIIOB3YETCSI OOBEKTHO-
OPUEHTHPOBAHHBIA TMOAXOZA. OTOT MOAXOJ BKJIIOYAET TpPHU ITamna: OOBEKTHO-
OPUEHTHPOBAHHBIA  aHAINU3;  OOBEKTHO-OPMEHTHUPOBAHHOE  IMPOEKTUPOBAHMUE;
00BEKTHO-OPUEHTUPOBAHHOE MPOTPAMMHUPOBAHHE.

OOBEKTHO-OPUEHTUPOBAHHBIE ~ CHUCTEMBI ~ MOXKHO  paccMaTpuBaTh  Kak
COBOKYITHOCTh HE3aBUCHUMBIX M CBOOOAHBIX 00BEKTOB. M3MeHeHHe paboThI IH000T0
0o0beKTa UM A00aBIEHUE HOBOIO OOBEKTAa HE BJIMSET HA paboTy cUCTEMBI. Takou
MOIX0J1 00JIeT4aeT MOHNMAaHHUE U PEeaTN3aIiIo MPOEKTA.

IIpoexTHpOBaHHE CHCTEM PeabHOT0 BpeMeHH

[TporpaMMHOe obOecrieueHHEe TaKUX CHUCTEM IMPEACTaBIsSeT COOOW CUCTEMBI
pEaJIbHOTO BPEMEHH, BCTPOCHHBIE B almapaTHoe oOecrnedeHue. IDTO MPOrpaMMHOE
o0OecrieueHrUe JOJDKHO OINEpPAaTUBHO pPEarupoBaTh Ha COOBITHS, TE€HEPUPYEMbIE
000pyI0BaHUEM, TO €CTh TOTOBUTH YIPABIIAIOIINNA CUTHAJ B OTBET Ha 3TU COOBITHUS.

CucTeMBl pEaBHOTO BPEMEHM — NIPOTPAMMHBIE CHCTEMBI, IPABUIBHOE
(YHKUIMOHUPOBAHUE KOTOPBIX 3aBHCHUT OT PE3YJIbTATOB pabOThl CUCTEMBI U NEPHOA
pPEaIbHOr0 BPEMEHU, B KOTOPOM ATH PE3YJIbTAThI OJIYYEHHI [5].

HpOEKTI/IpOBaHl/Ie C UCII0JIB30BAaHUEM KOMIIOHCHTOB

B GonpInHCTBE MHKEHEPHBIX PabOT MPOIECC MPOSKTHUPOBAHUS BBIMOJIHSICTCS
C HCIMOJb30BAaHUEM CYIIECTBYIOIIUX KOMITIOHEHTOB. MHXEHEephl B TakHUX 00JaCTsX,
KaK MAaIllMHOCTPOEHHME M JJICKTPOTEXHMKA, HUKOTJAa HE HAYMHAIOT C «HYJSD», OHU
WCTIOJIb3YIOT KOMIIOHEHTBI, IIPOBEPEHHBIC M HCIBITAHHBIE B JIPYrUX cUCTeMax. B
Hacrosmee BpeMsl npu paszpaboTke 1O MCmoyb3yroTcs TOTOBBIE KOMITOHEHTHI C
IIEJBI0 CHIDKEHUS 3aTpaT Ha CO3/IaHHE U OOCITY)KMBAaHUE MPOTPAMMBbI M TIOBBIIIICHUS
ee kadyecTBa. MIHTEpeC K MOBTOPHOMY HMCHOJIb30BAHHID KOMIIOHEHTOB BO3HUK €IIE B
Hayasie 1980-X rogoB, 0JHAKO HA MPAKTUKE TAKOW MOJIXOJ CTAJl IPUMEHSITHCS JIUIIb B
ITOCJICTHUE TOJIBI.

IIpoexTHpoBaHue pacnpeaeleHHbIX CUCTEM

B Hacrosiee BpeMsi O0JIBIIMHCTBO KPYIMHBIX MPOTPAMMHBIX CUCTEM SIBJISIOTCS
pacmpeneneHHBIMH  cucTeMamMu. B pacmpesneneHHpIXx  cuctemax — oOpaboTka
uH(pOpMaIMU HE COCpPEOTOYCHA Ha OHOM KOMITBIOTEPE, a pacmpeeicHa MEexIy
HECKOJIbKUMH KOMITbIOTEPAMH.

OCHOBHBIE XapaKTEPUCTUKU PACIIPEICTIEHHBIX CUCTEM MIPUBEICHBI HIXKE [6]:
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- COBMECTHO€ MCHOJIb30BAHME PECYpCOB. PacnpeneneHHble  CHCTEMBI
MO3BOJISIIOT COBMECTHO HCIIOJIB30BaTh allllapaTHOE M MPOrpaMMHOE OOecreueHue,
HaINpUMep, MOJKIIIOUEHHBIN K CETH JKECTKUN TUCK, TPUHTEDP, Qailyl, KOMIUISATOP U T.
A.;

- OTKPBITOCTb. DTO MO3BOJISIET PACIIUPATH CUCTEMY 3a CUeT J0OaBIIEHUS HOBBIX
pecypcoB. PacnpezneneHHble CHCTEMBI — 3TO OTKPBITBIE CHUCTEMBI, B KOTOPBIX
MOJIKJIFOYEHBI allllapaTHOE U MPOrpaMMHOE 00ECTICUeHHE Pa3HbIX MOJIb30BATEICH.

- MMAPAJUIECIIBHOCTh. B pacrnpeieIeHHbIX CUCTEMAX HECKOJIBKO MTPOTPaAMM MOTYT
BBINOJIHATHCSI OJTHOBPEMEHHO HA Pa3HBIX KOMIIBIOTEPAX CETH.

- MacmTabupyeMocTb. Bce pacmnpeneneHHbple CHUCTEMBI MAacCIITaOUPYyEMEI.
CucreMmy MOXXHO MacmITaOUpOBaTh MyTeM J00aBIICHWS HOBBIX BBIYHCIUTEIHHBIX
peCypcoB AJisl YIOBIECTBOPEHHUS HOBBIX TPEOOBAHUM.

- OTKa30yCTOMYMBOCTh. Hannmume HECKOIBbKUX KOMIIBIOTEPOB U BO3MOKHOCTH
MOJIYYCHHUS] ~ HECKOJIBKUX  KOMUH  MHGPOpMAIMM  TOBBIIIAET  YCTOMYHUBOCTH
pacipenesieHHbIX CUCTEM K OTPeIeJICHHBIM MPOrPaMMHBIM U aNapaTHBIM OMIUOKaM.
[Ipu BO3HUKHOBEHHH OMIMOOK OOJIBIIMHCTBO PACIPECIICHHBIX CUCTEM MPOJIOJDKAIOT
paboTath, 10 KpaitHel Mepe, B ONpe/IeTICHHOM CTETICHH.

- MPO3pavyHOCTh. VCrionp30BaHnE peCcypcoB MOJIb30BATEISIMUA IIPO3PAYHO, HO
uH(bOpMaITUs O pacipeiesIeHUH PECYPCOB B CUCTEME JCPIKUTCS B CEKpETE.

3ak/IroueHue

[TpoexkTupoBaHne MPOTPAMMHOTO OOECIICUCHHs] MTPaeT PEHIaloIIyl0 POJb B
KU3HEHHOM  IMKJE pa3padOTKuM MpOrpaMMHOro oOecredeHus. TmaTenbHO
npeoOpasyss TpeOoBaHMSI B  CTPYKTYPHUPOBaHHBIA  IJIaH, MPOEKTUPOBAHHE
MPOrPaMMHOTO OOECTICUCHUS 3aKIaIbIBACT MPOYHYIO OCHOBY /ISl CO3JaHMsI YJOOHBIX
B OOCITY>KMBAaHHHM BBICOKOKAYECTBEHHBIX MPOTrpaMMHBIX CcHUCTeM. [loCKOIBKY
CIIO)KHOCTh ~ IPOrPaMMHOTO  OOecnedyeHHss MpOJOJDKAeT  PAacTH, BaXKHOCTb
3¢ (PEKTUBHBIX METOMOJOTUN MPOCKTUPOBAHUS OyJIeT CTaHOBUTHCS Bce Oosee
BaYKHOM 117151 0OecTieueHus ycrexa nporpaMMHBIX TPOEKTOB.

XOopoIIo CIpOeKTUPOBaHHASI CUCTEMA HE TOJBKO (YHKIMOHAIbHA, HO TaKkKe
JerKo OoOCIy)XuMBaema, ajnantupyema u wmacimradupyema. [lonumas mporiecc,
MIPUHITUTIBEI U1 METOAOJIOTUN Pa3pabOTKH MPOTPAMMHOTO OOECTICUECHH S, Pa3paboTINKU
MOTYT CO37[aBaTh MPOTPAMMHOE OOECTeueHHe, KOTOpPOE OTBEYAaeT MOTPEOHOCTIM
MIOJTL30BATENCH U 00ECTICYNBACT JOITOCPOUYHYIO IIEHHOCTb.

[TpunepxuBasich YCTaHOBJICHHBIX MIPHUHIIATIOB COOTBETCTBYIOIIINE
METOJI0JIOTHH, Pa3pabOTUNKH MOTYT BOTUIOTHTH TPeOOBAaHHMsI MOJIb30BATEICH B YETKO
OTIpe/ieNIeHHbIE APXHUTEKTYPhl, KOTOPHIE COCTaBISIOT OCHOBY HCKIIIOUUTEIHHOTO
IPOTrpaMMHOTr0 00eCTICUeHUSI.

OCHOBHBIM TPEHJOM B HACTOSIIEE BPEMsI SIBIIECTCS CO3JaHUE U UCIIOJIB30BaHUE
MHTEJUICKTYaJIbHBIX MoJieNiel aBToMaTu3aruu rnpoektupoBanus [10. ABTomaTuzanus
MPOEKTUPOBAHUS CUCTEM IMPOrPaMMHOTO obecreueHus: numeer Oosiee S0-JIETHIONO
uctoputo. He cmotps Ha 37O, octaercs B (POKyce COBpEMEHHBIX HCCIEJOBAHUNA U
pa3paboTOoK.  ABTOMaTH3alusi  NPOEKTUPOBAHMA  MPEANONAracT  HaJU4He
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HHTCJIICKTYaJIbHBIX MOI[CJICI)'I BCCTO JXHU3HCHHOI'O IHKJIA, BKJIO4Yasa TCXHOJIOTHMH
p33pa6OTKI/I H pclajm3alin, MOICIN APXUTCKTYPbI CHCTCM MW HX IIPOIrpaMMHBIX
KOMIIOHCHT.
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pPECYypCOB KOMIIAHMHM M TOAJEpKKa BbIOOpa MpOEKTa Cpeaud MNOTEHUUATbHBIX
3aKa34MKOB 3a CYET CErMEHTAllMM TNOTEHIMANbHBIX 3aKa3uukoB. PaccMarpuBaercs
pelleHre 3aJaud CErMEHTAllMM IOTEHIMAJIBHBIX 3aKa34MKOB IIyTEM CO3JaHUSA
CUCTEMBl KJIaCTEpHU3alMM TpyNNl IO pas3IMYHbBIM acleKkTaMm. bepyrcs Takue
XapaKTepUCTHKU 3aKa3uMKOB Kak, cepa IpoekTa, TpeOyeMblil OIKET MPOEeKTa,
YeJIOBEYECKHE pecypchl IMpOeKTa U psaA  Apyrux mnokasareneil I[loctpoena
MaTeMaTH4yeckas MOJEJNb 3a/layd KJacTepu3allid, B KauecTBE Mepbl Ul OLEHKU
paccTosiHUSL MEXAY OOBEKTaMH KJIACTepU3allid pPaccMaTpUBAETCA  EBKJIMIOBO
paccrosinue. Pa3paborana (QyHKIHMOHANIbHAS MOJEH MpOLecca KIACTepHU3aIllMi B
cootBeTcTBUM ¢ Metogoorueii IDEF0 u nndopmanmonnast Mozienp mpoiecca B BUJIE
ER-muarpammel.  Ha  ocHoBe wmeroma k-cpemnux — paszpaboTaH  alropuTm
KJIACTEPU3ALMN MMOTEHIMAIbHBIX 3aKa3YMKOB, IPUBEJEHA CXeMa padOThl alropuTMa.
C wucnonb3zoBaHueM s3blka MporpammupoBaHusi Python, ¢ynkumii u meromos
oubmuorek  NumPy, Scikit-Learn BbIloJIHEHa mNporpaMMHas — peaau3aius
pa3paboTaHHBIX Mojene u anroputMoB. [IpoBeneH H3KCHEPUMEHT ISl OLICHKH
KayecTBa U 3(PPEKTUBHOCTH pa3pabOTaHHBIX MojeNell U anroputMoB. B xone
aHaJli3a pe3y/lbTaTOB SKCIEPUMEHTA ObUIM MOJIyYEHBI CIEIYIOIIHNE IO0Ka3aTelu:
cpenHuil kKo3ppuuueHT cuimysta paBHbld 0.6057, BHYTPUKIACTEpHOE PACCTOSHUE
MIOKa3aJio OLIEHKY 6.4723.

Abstract. This article discusses an approach for optimizing the business
processes of an IT company - the effective distribution of the company's work
resources and supporting project selection among potential customers through
segmentation of potential customers. The solution to the problem of segmenting
potential customers is considered by creating a system for clustering groups
according to various aspects. Customer characteristics such as the scope of the
project, the required project budget, human resources of the project and a number of
other indicators are taken. A mathematical model of the clustering problem is
constructed, and the Euclidean distance is considered as a measure for estimating the
distance between clustering objects. A functional model of the clustering process has
been developed in accordance with the IDEFO methodology and an information
model of the process in the form of an ER diagram. Based on the k-means method, an
algorithm for clustering potential customers has been developed, and a diagram of
how the algorithm works is presented. Using the Python programming language,
functions and methods of the NumPy and Scikit-Learn libraries, software
implementation of the developed models and algorithms was carried out. An
experiment was conducted to evaluate the quality and efficiency of the developed
models and algorithms. During the analysis of the experiment results, the following
indicators were obtained: the average silhouette coefficient was equal to 0.6057, the
intra-cluster distance showed an estimate of 6.4723.

KialoueBble  cioBa: CEerMEHTAlUsl  MOTCHIMANBHBIX  3aKa3YUKOB,
KJIacTepu3alns, acleKThl, (YHKIUMOHAIbHAS MOJAENb, WH(GOPMALMOHHAS MOJEIb,
anroput™ k-cpemnux
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Keywords: machine learning, sentiment analysis, sentiment analysis,
sentiment analysis, NLP, service quality, customer reviews

Pazbuenne moTeHIMaNbHBIX 3aka3zunkoB MT-pemieHuit Ha cerMeHThI MOXKHO
paccMaTpuBaTh Kak 3a7ady KiacTepHOro aHanusa. Kiacrepuszanus — 3TO METOJ
MaIIMHHOTO O00y4Y€HHUs, KOTOPbIA UCIOJIb3YeTCs [ pa3zielieHus Ha0opa JIaHHbIX Ha
rpynmnbl, Wik "KiacTepsl”, TAKUM 00pa3oM, 4TOObI OOBEKTHI B OTHOM KJlacTepe ObLIn
OoJiee MOX0KK MEXTy COOOM, 4eM Ha OOBEKTHI U3 APYTHX KIACTEPOB. ITOT MPOIIECC
BBITIOJHSCTCS MyTeM HM3MEPEHUS CXOACTBA MEXIy AAHHBIMU U HMX IOCIETYIOIIUM
pas3JiesieHneM Ha TPYIIbl Ha OCHOBE 3TOTO CXOCTBA.

dopmanbHO 33a/1a4y CErMEHTAIMH KIMEHTOB MOYKHO MPEACTABUThH CIEAYIOIUM
o0Opazom:

Jano:

[Tyctb — MHOXECTBO U3 N OOBEKTOB KiacTepu3aluu (KIMEHTOB KOMIIAHUM),
KaX/IbIi U3 KOTOPBIX XapaKTepU3yeTCsl m IpU3HAKaAMU.

Toraa ncxoHbIe JaHHBIE MOXHO MPEICTAaBUTh B BUJE MATPULBI X

1 2 m
X X X
1 2 n
Y= Xy Xo . Xp
1 2 m
X, X, .. X,

Y _ Muoxectso HOMEPOB KJIacTepoB. 3ajaHa (DYHKIUS PACCTOSHUS MEXKITY

o6bexTamu M.
Tpebyercs:

Pa36uTh BEIOOPKY Ha HEMepeceKaroIecs MOIMHOKECTBA A — KIIACTEpPHI TaK,
yTOOBl KaXIbIA KJIACTEP COCTOST U3 OOBEKTOB (KIMEHTOB OaHKa), OJU3KUX IO

BEIOpaHHOH Metpuke M, a 0OBekTH (KIMEHTHI 6aHKA) pa3HBIX KJIACTEPOB
CYIIECTBEHHO OTIUYAIIHCH.

[Tpu 3TOM KaKTIOMYy OOBEKTY Yij X; j IPUITUCBIBAETCA HOMED KiacTepa Vi,

JIist HaXOXKJEHUsI CXOACTBA MEXKIYy OOBEKTaMHU HCIIONB3YETCS MOHSATHE MEPhI
omzoctu. B panHON paboTe B KauecTBE MeEphl OJM30CTH PacCMAaTPUBACTCS
€BKJIUJIOBO PACCTOSIHUE — TEOMETPUYECKOE PACCTOSHHUE MEXAYy TOYKAMH B
MHOTOMEPHOM MPOCTPAHCTBE, ONpeensaeMoe no hopmyiie

) pke(Xi’Xj) = (Zm('xim - xjm)z)lfz (1)

X, X

rae >“" ] — KOOpAMHATHI i-TO U j-T0 00BEKTOB B K-MEPHOM IPOCTPAHCTBE;

X o X . .
Im>*"Jm _ geIMYMHBI IPU3HAKOB M Y I-T0 U J-TO 0OBEKTOB.
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Pazpaborana  ¢yHKIIMOHATHHAS MOJENb  Tpolecca  CerMEHTAINH
MOTEHIIMAIBHBIX 3aKa3UMKOB, OCHOBHOM OJIOK MOJICIH IMOKa3aH Ha PUCYHKE 1.
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P SEOMEMTALME NOTERMATRM JAY MN0D FeayTaTar corvanTaipm

Cucrena nogaepeon
MPWSTHR Peutes

Komisaa soamopeicTaie

Pucynok 1. ®yHKIHOHAIBHAS MOJIEIb MTPOLIECCA CETMEHTALUN 3aKa34YMKOB (HYJIEBOM
YPOBEHB)

Pucynox 2 mpeacraBiasier coOOW  JIEKOMIIO3HMIIMIO  TEPBOTO  YPOBHS
(GYHKIIMOHATBHOM MOJIEIH.
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Pucynok 2. @yHKIIMOHAIBHAS MOJIEIb MTPOIIECCa CETMEHTAIIMH 3aKa3UUKOB
(IEKOMTIIO3HITHS TIEPBOTO YPOBHS )

Taxke paspaboraHa wuHOpMalMOHHas Mojenb Tmpoiecca B Buae ER-
JMarpaMMBbl, TIPEICTAaBJICHHOM Ha pUCYHKE 3.
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PI/ICYHOK 3. ER-,I[I/IanaMMa Imponecca CCTMCHTAIUMHU 3dKAa34YHNKOB

Pa3zpaboTan aiiroput™M pemieHus: paccMaTpuBaeMoMn 3ajladyu Ha OCHOBE METOja
K-cpeaaux. CxeMa paboThl alrOpuTMa NTOKa3aHa Ha PUCYHKE 4.

Noaxniouenue K
6aze ganHbIX

A (m,x")

e
S e (m.x")
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P poe; N*D

3anonuenue
maccvea X
AaHubMu nz B4

Pucynoxk 4. Cxema paboThl aJITOpUTMA CErMEHTAIIMHU 3aKa3UYUKOB

Jns oneHku 3¢(HEKTUBHOCTH MPUIIOKEHUS, ObUT MPOBEACH SKCIEPUMEHT Ha
BbIOOpKE JaHHBIX. [IporpamMma BBIBOAMT Ha OJKpaH paclpelesieHHe eIle He
pacKpalleHHBIX TOYEK — He pa30MThIX Ha KiacTepbl OOBEKTOB Ha KOOPAMHATHOM
MIJIOCKOCTU (PUCYHOK 5).
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Pucynok 5. HepacnipeneneHnnsie o kiiacrepaM JaHHbIE

Jlanee mocne mnpoBeNeHUs Ipolecca KIACTEPU3aLUUd MOKHO IIOCMOTPETH
rpaguUecKyro HHTEPIPETAUUIO MOTYYEHHBIX PE3YIbTATOB (PUCYHOK 0).
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Pucynok 6. /lanubie pa30oUThI Ha TpH KJIacTepa

B xone aHanM3a pe3ynbTaToOB 3KCIEPUMEHTA ObUIM TOJIYYEHBI CIENyHOIINe
3HaueHus: cpeaHuil koddduuuent cuiysta paBHbli 0.6057 U BHYTpHKIACTEpHOE
paccTosiHue MoKaszano oueHKy 6.4723. JlaHHbIA pe3ylnbTaT MOXKET ObITh yIydIleH
MyTeM J1I000Y4YEeHHUsT MOJIEIH.
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VJIK 4.946

PA3PABOTKA BUPTYAJIBHOI'O TPEHAKEPA 110 CBAPKE
OIITOBOJIOKHA

DEVELOPMENT OF A VIRTUAL OPTICAL FIBER WELDING
SIMULATOR

MyxametbsiHoB A.P., Kupeera H.A.,
NHctuTyT HedTenepepabOTKH U HEPTEXUMUU
®OI'bOY BO YI'HTY Br. Canasare, . CanaBart, Poccuiickas ®@eaepanus
A.R. Mukhametyanov, N.A. Kireeva,
Institute of Oil Refining and Petrochemistry
Federal State Budgetary Educational Institution of Higher Education
USPTU in Salavat, Salavat, Russian Federation

e-mail: arturmuchamet@gmail.com

AHHOTauMs. B [aHHON cCTaThe paccMaTpUBACTCS KOMIUIEKCHBIM MIPOIECC
pa3pabOTKM BUPTYaJIbHOTO TpEHaXKepa IO CBapke ONTOBOJIOKHA. Pa3paboTtka
BKJIFOYAET B CE€O0S HECKOJBKO KJIOUEBBIX JTAloOB: MOJCIUPOBAHHE TPEXMEPHBIX
Mojeneld (Mojaeny, HEOOXOJMMBIC Jisi TOJTOTOBKH OINTOBOJIOKHA K CBapke u
CBapOYHBIN amnmapar); Co3JaHue Pa3IMYHBIX aHUMAIUN; TEKCTYPUPOBAHUE MOJIEIICH,
BKJIFOYAsl UCMOJIb30BAHUE PA3IMYHBIX MAaTEPUATIOB U TEKCTYP ISl IPUIAAHUS MOJIEIISIM
’KEJTaeMOro BHEIHEro Buja. Ha mocieaHem srame OCyIIeCTBIsUIACh pa3palboTKa
BUPTYaJIbHOTO TPEeHaXkepa B MporpaMmHoM mpuioxkenun Unity ¢ ucCmonb3oBaHHEM
naketa XR Interaction Toolkit. beimn paspaboTanbl 1Be OCHOBHBIE CIIEHBI: «MeHI0»
u «OOyudeHne cBapke onToBoJiokHa». CrieHa «MeHI0» TMO3BOJSET MOJIb30BATEISIM
HayaTh HOBYIO CECCHIO, HACTPOUTH MapaMeTphbl U MPUCTYNUTh K 00ydeHuto. B ciieHe
«O0yueHne cBapke OINTOBOJOKHA» MOKAa3bIBAIOTCS KIHOYEBBIE 3Tambl MOATOTOBKU
ONTOBOJIOKHA K CBapke, a Takxke cama cBapka. Ocoboe BHUMaHHE YICISETCS
B3aUMOJICUCTBUIO C MOJEISIMH ¢ IOMOIIbI0 KOMIOHEHTOB XR Grab Interactable u
XR Socket Interactor, a Takxe ApPYruxX KOMIIOHEHTOB JIaHHOTO TaKeTa IS
obecrieyeHUsT WHTEPAKTUBHOCTH M TOYHOTO TO3WIIMOHUPOBAHUS OOBEKTOB B
BUPTYaJIbHOM TpOCTpaHCTBe. Pa3paboTaHHBI BUPTYyaNbHBIM TPEHAKEDP IMO3BOJISET
3¢ (pexTnBHO 00yuyaTh CHEIMAIUCTOB CBapKe ONTOBOJIOKHA, MPEIOCTABIISS
pEaTuCTUYHBIE YCJIOBUSL W BO3MOXHOCTH JUIsl TPAKTHUYECKONM TPEHUPOBKH B
BUPTYaJIbHOM Cpexe.

Abstract. This article discusses the complex process of developing a virtual
optical fiber welding simulator. The development includes several key stages:
modeling of three-dimensional models (models necessary to prepare fiber for welding
and welding machine); creation of various animations; texturing of models, including
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the use of various materials and textures to give the models the desired appearance.
At the last stage, a virtual simulator was developed in the Unity software application
using the XR Interaction Toolkit package. Two main scenes were developed: "Menu™
and "Fiber welding training”. The "Menu" stage allows users to start a new session,
adjust the settings and start learning. The "Fiber optic welding training" scene shows
the key steps in preparing the fiber for welding, as well as the welding itself. Special
attention is paid to interacting with models using the XR Grab Interactable and XR
Socket Interactor components, as well as other components of this package to ensure
interactivity and accurate positioning of objects in virtual space. The developed
virtual simulator allows you to effectively train specialists in wholesale welding,
providing realistic conditions and opportunities for practical training in a virtual
environment.

KiawueBble cjoBa: BHUpPTYyaJibHasA PCaJIbHOCTD, BHpTyaJ]LHBIﬁ TPCHAXKCEP,
MOACIIUPOBAHUC, TCKCTYPHUPOBAHUC, HHTCPAKTUBHOC 06yLIGHI/IC, pa3pa60TI<a

Keywords: virtual reality, virtual simulator, modeling, texturing, interactive
learning, development

B coBpemMenHOM Mupe, rie HuQpoBas CBsA3b SABISETCS HEOTHEMIIEMOM YacThbIO
Halleil MOBCEIHEBHOW »W3HHU, BOJIOKOHHO- ONTUYECKHE JIMHUU CBS3M CTAHOBSTCS
KJIFOUEBBIM DJIEMEHTOM HWHQPACTPYKTypbl i1 TEpelayd JaHHbIX Ha JalbHHE
paccrosaus [1, 2]. MHorme KOMIAHMHM W NPEANPUITUS OCO3HAIOT BAXKHOCTh
nepexoja Ha MPUMEHEHHE TaKUX JIMHUM CBS3M JJiA oOecrieyeHusi 0osiee BBICOKOM
CKOpPOCTH II€pEaUM JAHHBIX U YIYYLIEHHs KayecTBa CBA3M [3].

BHenpenue u sKcrulyaTanusi BOJOKOHHO-ONTHUYECKUX CeTed TpeOyeT Hamudus
CHELMAIMCTOB IO CBapKe BOJOKOHHO-ONTHYECKUX Kalene. DT CHerualucThl
UTpalOT KJIIOYEBYIO pOJIb B YCTAaHOBKE, HACTpOMKEe M OOCITYKMBAaHUU CETEH,
oOecnieunBasi UX HaIEKHYIO pabOTy U BBICOKYIO MPOU3BOIUTENBHOCTh. C ydueTom
pacTyIIero crnpoca Ha MOJ0OHBIX CIEHUATMCTOB MHOTHME KOMIAHUM U MPEANpHUSITHS
OpPOSIBISIIOT MHTEpEC K NPHUBICYCHUIO KBaTU(UIUPOBAHHBIX KaJgpoB B JIaHHON
obmnactu [4].

OpHako He Bcerja JIErkO HAaWTH MOAXOASAIIMX CIEHHAINCTOB HA PBIHKE TPyAa.
[loaToMy MHOTME KOMIAHUU TOTOBBI TMPEIOCTABUTH CBOUM COTPYIHUKAM
BO3MOXHOCTH [JIsl MEepenoAroToBku. [IpoBeneHne KypcoB MO CBAapKe BOJOKOHHO-
ONTHYECKUX Kabenell wian oOydyeHHE HOBBIM TEXHOJOTHSM M METoJaM paldoThl
CTAHOBUTCS B@XHBIM IIarOM [  MOJATOTOBKM  KaJpoB U  oOecrneyeHus
KOHKYPEHTOCIIOCOOHOCTHU MPEeANPUITHiA [S].

bonee Toro, ¢ pa3BUTHEM BUPTYaJbHBIX TEXHOJOTWH, TAKUX KaK BUPTYyaJIbHAs
peanbHOCTh M JIONIOJIHEHHAS PEAJbHOCTh, BO3HHUKAIOT HOBBIE BO3MOYKHOCTH JUIS
oOyueHusT U TPEHUPOBKH CIEUHUATUCTOB. BupTyanbHble CHUMYISTOPHI MOTYT
3¢ (HeKTUBHO UMHUTHPOBATh paboune YCIOBHS U CUTyalldd, YTO JeJaeT oOydeHue
0ojee HWHTEPAKTHUBHBIM W 3PQPEeKTUBHbIM. Takum 00pa3oM, KOMIIAHUU MOTYT
BHEJPSITh MHHOBAIIMOHHBIE 00pa30BaTeNIbHbIE MPOTPAMMBI, HCIIONb3Yys BUPTYyajIbHbIE
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TEXHOJIOTMH, YTOOBI 00€CIeYnTh BBICOKUNA YPOBEHb TIOJTOTOBKH  CBOUX
CIEIUATNCTOB 10 CBAPKE BOJIOKOHHO-ONTHYECKUX KaOeeH.

PazpaboTka BUPTyalnbHOrO TpeHa)kepa JUisi CBAPKH BOJOKOHHO- ONTHUYECKHX
ka0eneill mpeacTaBisia coOO0M KOMIUIEKCHBIA MPOIECC, BKIIOYAIONIUN HECKOJIbKO
KITFOUEBBIX ATanoB. Ha HavyanbHOM 3Tarne MpOeKTUPOBAHUS KaXKIbIM MIar pa3padoTKu
TpeHaxkepa ObUT TIIATEIBHO MPOAYMaH U CIUIAaHUPOBAH, C YYETOM OCHOBHBIX 1€ U
TpeboBaHUii npoekTa [6].

Ha nepBoMm sTane mnpoBOAWIOCH MOJCIMPOBAHHE TPEXMEPHBIX MOAECIEH U
CO3/IaHHE€ aHMMalui. DTO BKIIOYAIO B ceOs pa3pabOTKy TPEeXMEpPHOM MOJenu
CBapOYHOI0 anmnapara U aHUMAIMK JJIsI OCHOBHBIX OIEpalMi, TAKUX KAaK OTKPBITHE
KPBIIIKA U TPIKUMOB. Beimonnsiace Takke UV-pasBepTka, HeoOxomumas s
[IEpEBOJIa TEOMETPUHM TPEXMEPHOM MOJEIM HAa JBYMEPHYIO ITOBEPXHOCTh. OJTOT
MPOLECC MO3BOJIMJI TMOJATOTOBUTH MOJAENb K IMOCIEIYIOIMIEMY TEKCTYPUPOBAHUIO,
oOecrieunBasi  MPaBWJIbHOE  OTOOpaKEHHE TEKCTYp Ha €€  IOBEPXHOCTH.
MogenupoBanue TpexXMEpHOW Mojnenud, a Takke co3ganue UV-paseBepTku
CBApOYHOTO aIrlapara MpeaCTaBlICHbl Ha pUCyHKax 1 u 2.

on
o0
on
o0
o
o0
o
o
on
o0

© o Hecapren

Pucynok 2. Co3znanue UV-pa3BepTKu JJisl TEKCTYPUPOBAHUS CBAPOUYHOIO anmnapara
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Ha BTOpOM »3Tame mpoBOJMIOCH TEKCTYpPHUPOBAHUE TpPEXMEPHBIX Mojenen. C
HeNbl0 TMpUAAHUS MOJENSM >KEJTaeMOT0 BHEIIHEro BHAA U3 OMOIMOTEKH
UCIIOJIb30BAIMNCh ~ pPa3HOOOpa3Hble  MaTepualibl W pa3lIMyHble  TEKCTYpHI.
TexcrypupoBaHue BKIIOYATIO B ceOsl HACTPOMKY IIBETOB, IIEPOXOBATOCTH U
PO3PaYyHOCTH, YTO CIOCOOCTBOBAJNIO YJIYUIIEHHIO BU3YaJIbHOM pEaTUCTUYHOCTHU
CBapOYHOTIO ammapara W APYruX 3JIEMEHTOB cpelibl. TeKkcTypupoBaHue TPEXMEPHOU
MOJIeJIM CBApOUYHOTO anmnapata B Substance Painter nmpeicraBieno Ha pucyHke 3

Pucynok 3. TekcTypupoBaHUE CBApOYHOIO aIapara

Tpetuit sTan ObUT MOCBSAIIEH pa3pabOTKe BUPTYaIbHOTO TPEHAaXKEpa B UTPOBOM
nekke Unity ¢ ucnonbp3zoBanreM nakera XR Interaction Toolkit. beimu co3nansl 1Be
cueHbl: «MeHro» 1 «O0ydeHre cBapKe ONTOBOJIOKHAY.

Cuena «MeHI0» COAepKUT ueThipe KHOMKU: «Hauath oOyuenuey, «HacTpoitkny,
«O mpoekte» u «Bbixom» (pucCyHOK 4). DTH ONIMHU TMO3BOJISIIOT MOJIb30BATEISAM
HayaTb HOBYIO CECCHI0, HACTPOWUTh MapamMeTphbl 3ByKa M YIPABICHUS MOBTOPOM
KaMmepbl, MOJIYYUTh HHPOPMAIMIO O CO3/JATENsIX WM BBIMTH W3 BHUPTYaIbHOTO
TpeHaxepa.

BupTyanbHbIH TpeHaxep
no ceapke onTOBONIOKHA

Pucynok 4. Criena «MeH10» BUPTYyalbHOTO TpEHaXepa
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C momompio ckpunta Game Start Menu (pucyHok 5) oOecrnedmBaioch
B3aMMOJICHCTBHE C IMOJIb30BAaTElIeM Yepe3 KHONMKA MEHIO, a TaKkKe J00aBISUIUCH
(YHKIIMOHATFHBIC BO3MOXXKHOCTH I KaKJIOW KHOIKH, oOecreduBas ynoOCTBO
UCIIOIb30BaHUs U 3QPEKTUBHOCTh O0OyUCHHS.

B} v Game Start Menu (Script)

Ul Pages
Main Menu P Menu
Options 2 Options

About r About

Main Menu Buttons

Start Button @® Start (Button)
Option Button ® Options (Button)
About Button ® About (Button)
Quit Button @® Quit (Button)

Return Buttons

Pucynok 5. Ckpunt Game Start Menu

Cuena «OOydeHHe CBapKe OINTOBOJIOKHA» MpeIHA3HAuY€HA NI MPUOOpeTeHUs
ONbITA U HABBIKOB IO IMOJTOTOBKE ONTHUYECKOIO BOJOKHA K CBapKe, a TaKkKe A
BBEJICHUS B HEMOCPEIACTBEHHBIN MPOIECC CBAPKHU ONTUYECKOTO BOJIOKHA C MOMOIIBIO
CBapOYHOTO anmnapara (pUCyHOK 06).

Pucynok 6. Criena «O0ydeHue cBapKe ONTOBOJIOKHAY

J1s1 B3aMMOJENCTBUS C MOJICJISIMU Ha CIICHE MCIOJIb30BAIIMCh KOMIIOHEHTHI XR
Grab Interactable, XR Socket Interactor m npyrue, 4To MO3BOJHIIO OOECIEUUTH
WHTEPAKTUBHOCTh M TOYHOE IO3UIIMOHUPOBAHHUE OOBEKTOB B BUPTYaJIbHOM
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npoctpanctse [7]. Ilpumeps! ucnons3oBanusi komnoHeHToB XR Grab Interactable u
XR Socket Interactor mpencraBiieHbl Ha pucyHkax 7 u 8.

Pucynox 8. I[Ipumep ucnons3oBanusi XR Socket Interactor

BriBoabI

HTtorom peanu3anuu TpoOeKTa cTadl BUPTYaIbHBIA TpPEHAXKEpP IO CBapKe
ONTOBOJIOKHA, pa3paboTaHHbI Ha 0a3e mporpaMMHoro npuioxkenus: Unity. JlanHbId
TpeHaKep TMpenHa3HayeH [UIsi TOJydYeHHUs TPAKTUYECKUX HABBIKOB 10 CBapKe
OTITOBOJIOKHA.
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AnHoTamusi. B coBpemenHoil Poccuiickoil 3KOHOMHKE HaOIIOJAeTCs
cepbe3Has TpooOsiemMa aeuIMTa BBHICOKOKBAIM(DHUIIMPOBAHHBIX KaapoB [1]. Drtor
BOIIPOC CBSI3aH HE TOJBKO C JeUIMTOM pPaOOTHHUKOB HAa pPBIHKE TpyAda, HO U C
HEJOCTATOYHBIM YPOBHEM HUX MNPO(PECCHOHATBHON MNOAroTOBKU. [loBbIIeHME
3apabOTHOM IJIaThl HE peniaeT MpoOsieMy, MOCKOIbKY MOXHO HAaWTH MHOXECTBO
CHELMAIUCTOB C BBICHIMM 00pa3oBaHWEM, HO TOpa3fo CIOXHEe HailTtu
KBaJIM(PUIUPOBAHHBIX COTPYHUKOB.

Hecmotps Ha mmMpoxkuil BbIOOp CHEUMAIM3UPOBAHHBIX HHCTPYMEHTOB,
OpeJHa3HAYEHHBIX JJIs YJIy4dlleHUs 00pa30BaTENbHOIO IMpOLEcca, CYLIECTBYET
HOTPEOHOCTh B Pa3BUTHM CHCTEM aBTOMATU3UPOBAHHOTO KOHTPOJS YMEHUH U
HABBIKOB CIIEUAINCTOB. OHHU MO3BOJIIOT OLICHUBATh PE3YJIBTATHI C UCIIOIB30BAHUEM
KOMIIBIOTEPHOTO TECTHPOBAHUSA M TEXHOJOTWA BHUPTYaJIbHOM WIM JONOJHEHHOU
peanbHOCTU. Takue cUCTEMbI CIOCOOCTBYIOT KOPPEKTUPOBKE yueOHOr0 mporecca 1is
JNOCTHKEHHUS JIYyYIIMX PE3yJbTaTOB, 4YTO JENaeT HMX BaXXHbIM HHCTPYMEHTOM B
COBPEMEHHOM 00pa30BaTENIbHOM cpe/ie.

[IpensioxkeHHbIE YIYUYIIEHUST B TEXHOJIOTMM KOMIIBIOTEPHOTO TECTUPOBAHUS
MO3BOJISIIOT POJEMOHCTPUPOBATh HA MPUMEPE PEIICHMs 3a/1ad pacyeTa pe3bOOBBIX
COCIMHEHH, YTO CUCTEMBI KOMIIBIOTEPHOIO TECTUPOBAHUS SBIIIFOTCS HE TOJBKO
MHCTPYMEHTOM JUIsI OLEHKM CTaTUYECKH HAKOIUIEHHBIX 3HAHWH, HO M CpPEICTBOM
pPa3BUTHS YMEHUU M HaBBIKOB B PEIICHHMM PAa3iIU4YHbIX 3a1ad. [lonap3oBarenu moryr
HOJyYUTh JOCTYI K Pa3HOOOpAa3HBIM TeCTaM, B KOTOPBIX 3aJaHUsl TEHEpUPYIOTCA B
pEXUME PEATTBHOTO BPEMEHH, YTO MTO3BOJISET OLIEHUTh UX 3HAHUS U HABBIKU B JAHHOM
obmactu [2].

Abstract. In the modern Russian economy, there is a serious problem of a
shortage of highly qualified personnel [1]. This problem is related not only to the
shortage of workers in the labor market, but also to the insufficient level of their
professional training. A salary increase does not solve the problem, because you can
find many specialists with higher education, but it is much more difficult to find
qualified employees.

Despite the wide range of specialized tools designed to improve the
educational process, there is a need to develop automated systems for monitoring the
qualifications of specialists. They allow you to evaluate the results using computer
testing and virtual or augmented reality technologies. Such systems contribute to the
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adjustment of the educational process to achieve better results, which makes them an
important tool in the modern educational environment.

The proposed improvements in computer testing technology make it possible,
using the example of solving problems of calculating threaded connections, to
demonstrate that computer testing systems are not only a tool for evaluating statically
accumulated knowledge, but also a means of developing skills and abilities in solving
various tasks. Users can access various tests in which tasks are generated in real time,
which allows them to evaluate their knowledge and skills in this area [2].

KitoueBble cjioBa: TexHoJOTUM OOyudeHUs, uudpoBuzanus 00pa3oBaHUA,
KOMITBIOTEPHOE TECTHUPOBaHUE, IU(PPOBbIE 00pa30BaTEeNbHBIE TEXHOJOTHHU, PacyeT
pe3b00OBBIX COEAMHEHUH, MOATOTOBKA HHKEHEPHBIX KaJIPOB

Keywords: educational technologies, digitalization of education, computer
testing, digital educational technologies, calculation of threaded connectioins,
training of engineering personnel

BBenenue

CucrtemMbl TECTUPOBAHUS CTAId HEOTHEMJIEMOM YacThi0 00pa30BaTEILHOTO
rpolecca B MOCIEIHUE TObl, HaunHas ¢ noarotoBku k OI'D, EI'D, mpomexxyTouHon
u utoroBoit arrecranuu B BY3ax u CY3ax, u 3akaHunBas IpOBEPKON KBATU(PUKALIMH
KaJpoB NP TPYAOYCTpPOCTBE. TeCTUPOBAHUE MOMOTAET OLICHUTh YPOBEHb 3HAHUN U
HaBBIKOB yYaIllIMXCSl M KAHJIMJIaTOB Ha BAaKAaHCHU, YTO BAXXHO B YCIOBHUSIX KaJpOBOTO
ronoxaa B Poccuu [3].

Ha cerogHsHuil A€Hb CYHIECTBYET MHOKECTBO Pa3IUYHBIX CUCTEM OLIEHKHU
3HaHWM, BKJIIOYas oOpa3oBaTeibHbIe TIaTdopmbl, Takue kak Coursera, edX wu
Udemy, koTopble peajaratoT MHUPOKUNA CIIEKTP KYpPCOB MO WHKEHEPHBIM pacuyeTam
[4]. Kpome Toro, "CbOepbank" npemocrapiseT miatGopmy ajis 00ydaromux KypcoB B
pasNUYHBIX OOJACTAX, BKIIOYas HE TOJBKO OOy4YeHHEe, HO U TMOATOTOBKY K
cobecemoBanusM [5].

BoABIMMHCTBO CHUCTEM TECTUPOBAHUS, BKIIOYAs BEIyIIyI0 IUIaTGopMy
nmpoBepku iSpring Learn (anamor Moodle Ha pycckoMm s3bIKE), CTaIKHUBAIOTCS C
npo0ieMoil JOCTYNHOCTH B HWHTEPHETE CKOMIIPOMETHUPOBAHHBIX 0a3 TECTOBBIX
3alaHuii U OTBETOB Ha HUX. OJHO M3 BO3MOXHBIX PEIICHUH JaHHOW MpoOJIeMbl -
NOCTOSIHHOE OOHOBJIEHME ©a3bl JaHHBIX HOBBIMU 33JaHUSIMU M UCKIIIOUYEHHUE
CKOMIIPOMETHPOBAHHBIX M3 IIpoliecca OLIEHKM 3HaHuil. OpHako, 3TO HE Bceria
3¢ (peKTUBHO, OCOOECHHO ISl TEXHUYECKUX AUCHUIUIMH. Ha ceromHsimHuil JeHb
NOHUMaHUE YPOBHS CHOPMHUPOBAHHOCTH KOMIIETEHLIMH BO3MOXKHO Yepe3 aHalu3
TEKYIIEH NeaTebHOCTH 00ydaeMbIX, BKIIIOYasl OIEHKY OTYETOB, CO3/IaBaCMbBIX B
mporiecce oOyuenus [7]. B To ke Bpems, TpPUMEHEHHE HWHCTPYMEHTOB
MHTEJJICKTYyaJIbHOTO aHaJM3a TEKCTa U aBTOMATU3ALUU U OLEHKU paldoT sIBIETCS
CIOXHOM 3amauyeil. OgHaKo, B TEXHHUUYECKHUX TUCIUIUIMHAX 3TO MOXET OBITh HE
BCEeTJa TPUMEHUMO, TaK KaK WHXEHEpaM HEOO0XOauMO TPHUICPKUBATHCS
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CTAHJAPTHBIX aJITOPUTMOB i1 pelleHHus 3adad. B pe3ynbrare BO3HUKAET
HEOOXOUMOCTh B pa3pabOTKE HOBBIX METOJOB AaBTOMATU3UPOBAHHOW OICHKU
3HaHWM, KOTOpbIE MOTYT OBITh OCYIIECTBICHBI C MPUMEHEHHEM COBPEMEHHBIX
MH()OPMAITMOHHBIX TEXHOJIOTHH [8].

ITocTanoBka 3a1aun

B Hacrosmieit pabote paccMaTpWBaeTCs MOIXOM K PEIICHHUIO 3a7a4l OICHKH
YPOBHSI OIIEHKH OCBOCHHS KOMIIETCHIIMA B OOJACTH, OTHOCAIICHCS K OCHOBaM
WHXEHEPHOU MOJTOTOBKH B SHEPTETHUKE, aBUAIIUH, CYJOCTPOCHUH, MAIITMHOCTPOCHHUH
U T. I. Ha IPUMEPEe TUCIMIUIMHEI «JleTamy MammHa» B 9aCTH PEIICHHs 3a/1a4d pacuera
PE3bOOBBIX COETUHEHUM.

K 3amagam Ha pacdeT pe3b0OBBIX COSAMHEHUN OTHOCSTCS: pacdyeT BUHTOBOTO
COCIMHEHMSI, HArpy>KEHHOTO OCEBOM CHJIOM; pacdeT OO0JITOBOTO COEIUHEHHS,
Harpy>kKeHHOTO CHJIaMH, CIBHMTAIONIUMHU JIeTalld B CThIKE (C 3a30pom/0e3 3a3opa);
pacyeT KJIEMMOBBIX COeIUHEHMH. PaccMoTpum pelieHue 3ajlaHus Ha TpUMeEpe
KJIEMMOBOT'O COEIMHECHHUSI.

Ha pucynke 1 npuBeseH mpuMep CreHEpUpOBAaHHOM 3ajlayu, a HA PUCYHKE 2
pe3ynbTat ee pemieHus. Mcxonnsie nanubie (A), Takhe Kak pa3Mephl Bajia, YCUICHHUE
Ha phlUYare M KOJIMYECTBO OOJITOB, TEHEPUPYIOTCS aBTOMATHYECKH B PEATbHOM
BpeMeHHU B mpolecce TectupoBanus. BeiBog pemenust (b), mpeacrtaBieHHbId Ha
PUCYHKE, SBJSETCS PE3yJbTaTOM pacueTa COOTBETCTBYIOIIECTO alTOpUTMa M
COOTBETCTBYET BapHaHTY 3aJaHUsI, CTCHEpHPOBAaHHOMY CITy4alHBIM 00pa3oMm.

[Tonmyuyennsiii oTBeT Ha 3amady coorBeTcTByeT 'OCT 8724-2002 (MICO 261
98) [9]. Beibop mara auamerpa 6osra mo I'OCT obecnieynBaeT ero COBMECTUMOCTb C
IPYTUMHU  DJIeMEHTaMH, O€30MacHOCTh M HAJEKHOCTh KOHCTPYKIIMH, a TakKke
yHU(PUKAIMIO U CTaHIapTU3AINIO TTPOU3BOJICTBA.

250 mm

[ 2 A

PucyHnok 1. Pe3ynbraT renepanum BapuanTa 3aJaHul 110 CIIy4ailHO
Cre€HEPUPOBAHHBIM JaHHBIM
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250 mm

1 KkH

PacueTHasa Harpy3ka ans 6onra = 7894.74 H

OwameTp Gonta = 5.99 mm

HoMmuHaneHBIA AnameTp onpeaeneHd no NOCT 8724-2002 (UCO 261-98) = M6

O4eBUIHO, UTO CTEHEPUPOBAHHBIE 3aJAHUSI U UX PELICHUs, XOTS U HE OyIyT
MCIIOJIb30BaThCA B JajbHEUIIEM JJIsl MPOBEAEHUS TECTUPOBAHUS W OLUEHKHU 3HAHWM,
KaK CpEACTBO IPOBEPKHU
MPaBWJIBHOCTH OTBETOB CTYJIEHTOB M JUIsl BO3MOYKHOTO HCIIOJIb30BAaHUS B y4E€OHOM
npouecce B OyayuieM. @parMeHT CTPYKTypbl 0a3bl JaHHBIX, pa3paOOTaHHBIM AJis

JIOJIKHBI

Pucynok 2. Pe3ynprat pacuera

OBITH COXpaHCHbBI H

ATOH LHCJIN, IIPCACTABJICH HA PHUCYHKC 3.

3aPCTUCTPHUPOBAHEBL

Tectsl

7 id Tecra

HaumeHogawHue Tecta
Epema Havana
Bpema OKOHYaHKA
Bpema Tecta

e

O6yuJatolmecs MoneiTku
% id OByvaloweroca z ¥ id Nonwmm
DaMuIua id OGyyaroweroca
iMa id Tecra —
Oryecteo
T-3
T idT-3
id Tecra
id 3agaun
AnropuTMmbl TNkl 3a8aHWA
7 id Anropwtma _L ¥ id Tuna EETELTE]
HanmeHnogaHue id Anroputma
URL API HaiiMeHoBaHHE
OTBeTsI B-O
7 id Oreera % ide-o

TekcT oTBETA

Mz06paxesne oTeera

roct

1

id Bonpoca
id Oteera

EETLELT

¥ id 3agaun
id Tuna 3agauna

Bonpockl

7 id Bonpoca
TekcT Bonpoca

Tun BONpoca

3-B

7 id3-s

id 3agaun
id Bonpoca

b

Pucynok 3. ®parment B/l nns xpaneHus pe3ynbTaToB reepanuu 13

[99]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

MaTteMaTH4eckln NOCTAaHOBKA 33Ja4d MPEIJIOKEHO OIMUCHIBATH CIEIYIOIINM
obpazom:

P — narpy3ka Bana, kH;

D — auameTp Bana, MM;

R — paaunyc peluara Baia, MM;

a — paccTosIHKE OT OcH 00JITa JI0 LIEHTpa Baja, MM;

Z — 4HCJI0 OOJITOB, IIT.

Tak xak nucruruiMHa «Jletanu MammH» crpaBenvBa IS pa3iIudHbIX cdep
NEeATEIbHOCTH, HAlPUMEP, B MAIIMHOCTPOEHUU W ABHALIMHM, BAapHAHTBI HMCXOJHBIX
JTAHHBIX OOBIYHO OTPAHWYCHBI MPAKTUICCKUMHU COOOpaKECHUSIMH, HAIpUMeEp, pe3nbda
Ha Oo0JITax MMEIOT CTPOro OIpeAesieHHble pa3Mephl. Cleln0BaTeNbHO, AIrOPUTM
reHEpalMd CIy4YalHbIX 3HAYEHUH JOJDKEH OBITh CTPOro OrPaHUYE€H, YTOOBI
COOTBETCTBOBATh 3TUM HOpMaM, HallpUMep:

P €{05,0.75,1,1.25, 1.5, 1.75, 2}
D € {20, 25,30, 35, 40, 45, 50, 55, 60, 65, 70}
R € {200, 250,300,350, 400, 450,500}
a € {20, 25, 30, 35, 40,45, 50,55, 60,65, 70}
z€{1,2,3}

Jns reHepauuy CIy4ailHbIX BapUaHTOB 3aJaHUN HCIIOJB3YETCS alITOpPUTM,
KOTOpPBI BBIOMpAeT 3HAYCHUS U3 YKa3aHHbIX MHOXECTB WJIM JIUAla30HOB
JOMYCTUMBIX 3HaueHu. MHoOKecTBa 3ajaloTcsi (QUrypHbIMH CckoOKamu {}, a
JMana3oHbl 3HAYEHWM 3aJar0TCs KPYIJbIMM CKOOKamMHu. YKpPYIMHEHHBIH aJrOpUTM
reHepalny 3aaHus NPECTaBIEH Ha pUCYHKE 4.

B srom pelieHMH mpeasiaraeTcsi MCIOJIb30BaTh HMMEIOIIEECs MPOrpaMMHOE
o0OecrieyeHrue, KOTOpPOE OpraHu3yeT KOHTpOJIb YCBOCHHBIX 3HAaHUW uepe3
tectupoBanue. CyTh B TOM, UYTO pa3paOOTaHHBIM aarOpUTM JUIsl CO3AaHUS 3aJlaHU
MOXXET OBITh WCIOJB30BAH [IJIi TEHEpallMd HOBBIX HA0OpOB 3a/lay, KOTOPHIC
aBTOMATUYEeCKU OyayT M00aBieHbl B 0a3y MAaHHBIX CYHIECTBYIOIIEH MPOrpaMMbl
TecTUpoBaHus. Ecu HEBO3MOXXHO CO37aTh HOBBIE 33JaHUSl BO BpEMs TECTUPOBAHMS,
3TOT METOJ BCE PABHO MO3BOJIAT HCIOJIB30BAaTh PE3YJIBTATHl T'€HEPALMH HOBBIX
BApUAHTOB 3a/1ay, JaXe eCIU MpHUAeTcs M00aBiiATh UX B 0a3y JaHHBIX BPYYHYIO 32
JI€HB J10 SK3aMEHa.

Ha pucynke 5 mokazana MoauduKaius UCXOJHOTO aTOPUTMa TECTUPOBAHUS,
KOTOPBIN MPOBEPSIET OTBETHI HAa 3aJaHusl, CO3/1aBa€Mble€ B PEaJbHOM BpEMEHH. JTa
TEXHOJIOTUS HWHTErpupyercss B [7], a Takke MO3BOJSET BHEAPUTH MOJIYYEHHOE
penieHre B OOJBIIMHCTBO OTKPBITBIX CUCTEM, TaKUX Kak «iSpring Learn». Jto maer
BO3MOXHOCTh T€HEPUPOBATH 3a/IaHUsI B PEAIbHOM BPEMEHHU BO BPEMsI TECTUPOBAHUSA
Y UCKJIIOYAET UCIOJIb30BAaHUE MATPHUI] OTBETOB MIPH Cllaye IK3aMeHa.
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Hauano
Beibop THna
TECTOBOIO 3a,:J,aHMﬂ

Bh\ﬁop anropuMTmMa - leHe paLyA aHHbIX
reHepaumu HOBOTO 3aAaHuA

MNocTpoeHue
. n306pareqna
YC/IOBUA 384K

TWMN 3A0AHKA, TWMN 3A0AHMA, |
N=1 N,M

| | Pac4eT no anroputmy

/ M / I
MogroToska

it

_ |- uzobpasenna
-t BA3A JAHHBIX BEPHOIO OTBETA
C30 ME®ECT
OrpaHW4e HMA Ha
WCXOAHbIE faHHble
ey —
3afaHuAa [eHepaLmMA gaHHbIX

| - PaLMA 4,

aMbTEPHATHUERI

Anr-m noctpoexma I
BapMaHTa OTBETA

Pac4eT Mo anropuTay

/ Tun 3aganua /% |
- MogroToska BapMaHTa
? OTBETa

Pucynok 4. Aroput™ reHepaiuu 3a1aHus

( Hauyano )

—
/ BbiBop BapMaHTa / (—
\“-——_——-'/

TECTa

l

3arpysKa 4aHHbIX
TecTa

Bbioaya 3a4aHunA

3anm:b OTBETa Ha

/ 3arpy3ka ,anHblx
3313aHNA EA3A [AHHBIX S 3aaHune

C30 FE®ECT
I | | OvieHKa pesynbratos | f—

leHepauma 3a4aHuA
H3EHHCbCTaTHCTHHH/
3aI1HCbHDBDI'O |
3afaHua
Honew,
\-.._________/

PucyHok 5. YKpyIHEHHBIN airOpuT™M pabOThl CUCTEMbI TECTUPOBAHUS

o o
/ npme;szf:m ar— L
4 /
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BriBoabI

B  nmanHOM  WccnenoBaHMM — TpEACTaBICHAa  pealM3alus — MeXaHH3Ma
(GopMHpOBaHUS TECTOBBIX 3a/laHHUl, HANPaABICHHBIX Ha aBTOMATH3UPOBAHHYIO
OLIEHKY KaK TEOPETHYECKOM, TaK U MPaKTUYECKOW MOJATOTOBKU CIEUUAINUCTOB. DTOT
MOJXOJ1 WILTIOCTPUPYETCS CO3AaHUEM 3a/1aHUH 10 KIIFOUYEBBIM aCleKTaM JUCIUILTUHBI
«Jerann mammny. [IpennoxkeHHass TEXHOJOTHS OTKpPBIBAeT MyTh K MEPECMOTPY
mpolecca OIEHKH KOMIETEHIMH B TEXHHUYECKUX 00JIaCTAX, OCHOBAHHOMY HE TOJIBKO
Ha 3alIOMMHAHUU MaTepuaia, HO U Ha CIOCOOHOCTH pEIIaTh MPAKTUUECKUE 3a/1aUH.

Ota TeXHOJIOTHs OyJIEeT MOJIe3Ha HE TOJBKO JIJISl OUEHKH YYEOHBIX TOCTHXKEHUI
CTYICHTOB B YHUBEPCUTETAaX, HO TakXKe ISl OIEHKM M OTOOpa KaHAMIATOB Ha
TEXHUYECKUE JOJDKHOCTH, OCHOBBIBASICh HAa WX CIIOCOOHOCTAX OBICTPO pemiath
TUIIOBBIE 3aJaul B CBO€il mpodeccuoHanbHO obmactu. Kpome Toro, ona Oyxer
OPUMEHATHCA JUIsl pa3pabOTKU TPEHAKEPOB, CIOCOOCTBYIOLUX YIYUILIEHUIO HAaBBIKOB
U TIOBBIIIEHNIO CKOPOCTHU PEUICHHS] HHKEHEPHBIX 33]1a4.

OTa TeXHOJOTrHs OYJET MOoJIe3Ha HE TOJIBKO JJI OLEHKU YYEOHBIX pe3ylbTaToB
CTYICHTOB B BYy3aX, HO M JUIsl PaH)XUPOBAHMUA KaHIUAATOB HAa BaKaHCHUU B
TeXHUYeCKuX cepax. OHa OCHOBaHA HA MX CIHOCOOHOCTH OBICTPO peulaTh TUIIOBBIE
3aJla4 B CBOEH 00JIACTH M MOKET ObITh UCIIOJIB30BaHAa JJIs CO3aHMs TPEHAXKEPOB I10
Pa3BUTHUIO HABBIKOB M YCKOPEHHUIO pabOThI C MH)KEHEPHBIMU 33JJa4aMHU.

Tem He wMeHee, YTOOBI TONYYUTH OTU NPEUMYIIECTBA, HEOOXOIUMBI
JIOTIOJTHUTENIBHBIE PACXOJIbI, BKJIIOYAs yMy4IICHHE KBaJHU(PUKAIMU DPa3zpabOTUNKOB
TECTOB, TPOBEPKY KOPPEKTHOCTH pabOThl aJITOPUTMOB, OIEHKY JIHANa30HOB
3HaYeHWH, pa3paboTka W BHEAPEHHE WHHOBAIMOHHBIX METOJOB TECTUPOBAHUSA, a
TaK)Ke TOBBIIICHUE MPOU3BOAUTEIHLHOCTH BBIUMCIUTENBHBIX CUCTeM. HecMoTps Ha
3TO, pa3BUTHE aBTOMATH3UPOBAHHBIX TEXHOJIOTHI B TaHHOM HANPaBJICHUU MPUBOIUT
K 0oJiee BBICOKUM pe3yJIbTaTaM, aBTOMATU3UPYs pabOTy MepcoHaia, YTO MOXKET ObITh
[IECHHO B ONpPEEJIEHHBIX CUTYyaI[UsX.
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DEEP LEARNING WITH FULL-TRIPLET RELATION FOR PERSON RE-
IDENTIFICATION

HCCJIEJOBAHUWSI ITO I'TYBUMHHOMY OBYYEHUIO C MOJIHOM
TPOUHOU CBA3BIO IJIAA HEPEMJIEHTUO®UKALIMN YEJIOBEKA

K.M. Choe, H.S. So, C.H. Choe, O.J. Choe, J.H. Choe, K.R. Jang,

Faculty of Information Science, “Kim Il Sung university”, Pyongyang, DPR Korea
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e-mail: gfstcn@126.com, gfstk@star-com.net.kp

Abstract. We present a novel deep feature learning approach for person re-
identification. Based on full triple relation, our deep network can improve the
performance in person re-identification. We design a new objective function, which is
constructed of local and global objective function. First, we define a local objective
function to achieve maximization of intra-distance inside a triplet. Second, we also
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define a global objective function to take account of distances between triplets.
Finally, we propose a main objective function based on two distances in order to take
full advantage of the information of triplets. We define this main objective function
based on the combination of two distances. This combination of two distances is also
called as a mixed distance based on the full-triple relation, which makes the distances
between triplets increase and the distances between the matched pairs in each triplet
decrease. Our deep learning framework is validated through several datasets and
guantitative comparisons to the-state-of-the-art methods and demonstrate that it has
potentially more discriminative and more efficient performance for person re-
identification.

AHHoTanusi. ['mybokoe oOydeHue s paclo3HaBaHMSA YEJIOBEKa SIBISETCS
CIOKHOM 3aJa4edl M3-3a W3MEHEHHWH B I103aX, pPaKypcax, a TaKXKe JIOKAIbHOU
ONTHUMH3aUMUA (PYHKIMU MOTEPh CETU U APYTUX (PakTopoB. MBI mpejaraéM HOBBIN
[moaxoa K 06yquH}0, I/ICHOJII:SYIOIHI/Iﬁ TP OTHOWICHHUA IJIA  YJIYUIICHHUA
IMPOU3BOAUTCIIBHOCTH PACIIO3HABAHMA YCJIOBCKA. Hpez[naraeTCH IIOCTPOUTD q)YHKHI/I}O
IIOTCPb Ha OCHOBC JIOKQJBbHOW W TIJIOOAIBLHOU q)YHKHHfI, KaXXIaass M3 KOTOPBIX
IMPpCaACTABJLACT PA3HBIC ACIICKTBI 3aJa4du. Mpbl Takxke OIIPCACINIIN MAKCHMAJIBbHOC
PaCCTOAHUC MCKAY OTHUMH JIBYMA (IJYHKLII/ISIMI/I, OCHOBAHHOC Ha TPCX pPa3JIMYHbIX
ACIICKTaX, 4TO IIO3BOJIACT YUCCTh MAKCHUMAJIbBHOC OTKIIOHCHUC MCIKAY HUMMU.

Keywords: deep feature learning, full-triple relation, mixed distance, inter-
distance, intra-distance

KuarwueBble cjioBa: riiyookoe oOydeHUe, OJIHOE TPEXCTOPOHHEE OTHOIIEHUE,
CMCIIaHHOC PaCCTOAHUC, BHYTPCHHCC PACCTOAHNEC, BHCINHEC PACCTOSHUC

To improve the performance of person re-identification, a Set-Label Model
was introduced, which applies DBN (Deep Belief Network) and NCA(Neighborhood
Component Analysis) on the proposed concatenated features of the query image and
image data[1,P.1283-1292]. A deep learning framework was proposed, which learns
filter pairs to automatically encode the photo metric transformation [2, P.152-159]. A
scalable distance driven feature learning framework via the convolutional network
was introduced to learn representations for person re-identification [3, P. 2993-3003].

While the traditional deep feature learning approaches are aimed at the
minimization of the classification error, our approach learns features for the
maximization of the relative distance. In further details, we train the network with a
set of triplets. Each triplet consists of three images: a query image, a matched image
(an image of the same identity as in the query image) and a mismatched image. The
network produces feature such that the L2 distance of the matched pair and the
mismatched pair should be as large as possible for each triplet. It makes the distances
of matched pairs to have smaller values than those of the mismatched pairs. A
scalable distance driven feature learning framework via the convolutional network
was introduced to learn representations for the person re-identification problem.
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We suppose that the traditional triplet loss only takes account of the
relationships between images in one triplet. That is the reason that these methods are
not able to make the distances in matched pairs larger than those between the triplets.

To address this problem, we introduced a novel neural network learning with
mixed distance maximization based on full-triplet relation. While the traditional deep
feature learning methods are aimed at the minimization of triplet loss, we defined our
main objective function based on the combination of two distances, or the mixed
distance based on full- triplet relation.

Our deep method produces features with which the distance of the matched
pair and the mismatched pair should be as large as possible for each triplet. This can
make the matched pairs become far away from each other and the mismatched pairs
become closer among a triplet.

In deep learning with relative distance comparison, the distances between
triplets may be smaller than those of matched pairs. The relative distance comparison
in deep learning may force triplets get closer and matched pairs get more detached.

Instead, we define the objective function with the combination of intra-
distances and the inter-distances, so called the mixed distance based on full-triplet
relation. In addition, a novel neural network learning with the mixed distance
maximization based on full-triple relation can solve the local optima problem in the
person re-identification. Our model computes deep feature vectors automatically with
the distance learning from input images.

The conversion of the relative distance constraints to the minimization problem
which is defined by the objective function with a constraint is to prevent the overall
value of the objective function from being overwhelmed by easily distinguishable
triplets. In addition, the objective function itself has been not normalized. As a result,
the identification performance for the objects that cannot satisfy distance constraints
may be decreased.

Unlike the relative distance comparison based on the minimization of the
objective function, we define the local objective function with the intra- distance
maximization. The intra-distance represents the relative distance relation of images
among a triplet. A deep feature learning with the intra- distance is applied to produce
the feature for each image. The distances of the matched pairs should be smaller than
those of the mismatched pairs with these generated features.

The distances between triplets should be larger than those of the matched pairs
to obtain a satisfactory result from the deep learning with triplets. However, deep
learning with the relative distance comparison may lead to decrease of distances
between triplets and increase of distances of the matched pairs. If the distances of the
matched pairs are larger than the ones between triplets, it is possible to make the
images in the same triplets closer to ones in different triplets.

We use the inter-distance to make the distances between triplets larger than the
distances of the matched pairs. The inter-distance represents the distance relation
between triplets in an overall training dataset.

As discussed above, several distances can be used independently but can be
used in combination with each other, which can improve the performance of person
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re-identification. The combination based on the product of two distances, so called
the mixed distance based on full-triplet relation is proposed. Sum, average, product
and several other choices can be applied. Among these choices, the product can
evaluate more accurately the mixed distance calculated from two distances. The sum
of two items is 1, the average is 0.5 and the product is 0, where it is more reasonable
to consider that O represents more correctly the relation of two variables.

0, <] . VA
LRV Ve

© &
d & A dy3

[]

Figure 1. The principle of the global distance maximization

We evaluate the performance of our proposed neural network learning, or deep
feature learning with mixed distance maximization. Our experiment should be aimed
at the relative evaluation for our proposed approaches themselves in the relation with
the previous approach. We test our proposed approach and the previous approach in
several challenging images and several image dataset. All experiments are conducted
by the codes written by MATLAB (2015a).

The images are available at public datasets, i.e. the VIPeR and the ETHZ
datasets. The VIPeR and ETHZ datasets are the mostly used person re-identification
dataset for evaluation. They are very challenging dataset for person re-identification
because they contain significant variations on viewpoints and poses. All the
quantitative results are reported in standard Cumulated Matching Characteristics
(CMC) curves.

The comparisons of our deep feature learning with several approaches are
shown in Tables 1 and 2

This result was obtained by repeating the procedure 10 times and by using the
average as the metric. We can see that our method outperforms all ten benchmarking
approaches. However, although promising results are achieved in rank-1 and rank-5
for MtMCML method, there is a slight performance decline for rank-5 to rank-30. It
is hypothesized that the deeper architecture that helps to generate more discriminative
features, easily sinks into over-fitting for the small datasets. Results of the references
are from the publicized papers.
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Table 1. VIPeR dataset: top ranked matching rates in[%]

Method r=1 r=>5 r=10 r=15 r=20 r=30
MtMCML 28.8 59.3 75.8 83.4 88.5 93.5
SDALF 19.9 38.4 49.4 58.5 66.0 74.4
eBiCov 20.7 42.0 56.2 63.3 68.0 74.4
PRDC 15.7 38.4 53.9 63.3 70.1 78.5
aPRDC 16.1 37.7 51.0 59.5 66.0 75.0
PCCA 19.3 48.9 64.9 73.9 80.3 87.2
KISSME 19.6 48.0 62.2 70.9 77.0 83.7
LF 24.2 52.3 67.1 76.1 82.2 87.9
SalMatch 30.2 52.3 66.0 73.4 79.2 86.0
LMLF 29.1 52.3 66.0 73.9 79.9 87.9
Ours 45.2 63.7 73.7 82.5 89.8 94.2
Table 2. ETHZ dataset(SEQ.1): top ranked matching rates in [%]
Method r=1 r=2 r=3 r=4 r=>5 r==6 r=7
PLS 79 85 86 87 88 89 90
RPLM 77 83 87 90 91 92 92
SDALF 65 73 77 79 81 82 84
eBiCov 74 80 83 85 87 88 89
eLDFV 83 87 90 91 92 93 94
eSDC 81 86 89 90 92 93 94
Ours 88 93 95 96 97 98 99
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It can be seen that the distance between matched pairs decreases according to
increasing of the iteration number while the distance between mismatched pairs
decreases.

Findings

In this paper, we proposed a novel neural network learning, or deep feature
learning with mixed distance maximization, to solve the local optima problem in the
person re-identification. The similarity function based on a ratio between the
maximum and the minimum values of norms for two vectors was first proposed to
increase the identifiability for objects whose distance constraints could not be
satisfied and to normalize the objective function.

Also, the objective function is defined by means of the Bhattacharyya distance
to maximize the relative distance in every triplets. The objective is to use a deep
neural network that can satisfy the relative distance relationship under the
Bhattacharyya coefficient.

Finally, the combination based on the product of two distances, called the
mixed distance, was proposed to prevent that the relative distance comparison has
possibility to induce decreasing the distances between the triplets while the distances
between the matched pairs are increased during the deep learning.

Future work should be aimed at extending our method to associate with
salience feature learning to achieve a more advanced person re- identification.
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UDC 004

A METHOD FOR CONSTRUCTING SPOKEN LANGUAGE CORPUS
BASED ON AN IMITATION OF PARTICLES FOR KOREAN
SPONTANEOUS SPEECH RECOGNITION

CIIOCOB CO3JJAHUSA TEKCTOBOI'O KOPITYCA HA OCHOBE
MNOAPAKAHUSA B PACIIO3BHABAHUU ECTECTBEHHOI'O
MMPOU3HOIIEHUA KOPEVMCKOT O SI3BIKA
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Abstract. In the paper, we proposed a method of constructing a language
corpus based on the imitation of spoken-style particles which are a distinctive feature
of Korean spontaneous spoken language. Since it is not practical to train a spoken-
style model using numerous spoken transcripts, the proposed approach generates a
spoken-style text from a written-style one such as newspapers, based on
characteristics of pronouncing variations of particles. Particles of abbreviated and
transformed, irregular types to be imitated have proper and typical pronouncing
features of spoken language. We replace particles in written-style text according to
the correspondence of written particles to spoken ones, which results in spoken-style
text. The language model, which is trained from spoken-style text imitating particles,
significantly improved a word error rate (WER) on spontaneous speech.

AHHOTAmUsl. MBI TpPEIIOKHUIM METOJA IOCTPOCHHMS S3BIKOBOIO KOpIlyca,
KOTOpPbI MMUTHUPYET Pa3rOBOPHBIE YACTHUIIbI, XapaKT€pHBIE AJisi CIIOHTAHHON peun
Kopeickoro s3bika. Ilockoiabky o0OydeHHME MOJAENM Pa3rOBOPHOM peun C
WCIIOJIb30BaHUEM  OOJILIOTO  KOJMYECTBA JAHHBIX TPAHCKPUILIUN  SBIAETCS
HEMPaKTUYHBIM, HAall TOAXOJ TE€HEpPUPYEeT TEKCT B pPa3rOBOPHOM CTUJIE U3
MMCbMEHHOIO TEKCTa, HalpuMep, Tra3eT, Ha OCHOBE OCOOEHHOCTEW HM3MEHEHUs
MPOMU3HOIIECHUS  4YacThll. YacTUIbl  COKpPAalEHHOTO, MpPeoOpa3oBaHHOIO U
HEPETYJSIPHOI'O TUIOB, KOTOPHIE MBI CTPEMHUMCSI IMUTHPOBATh, UMEIOT XapaKTEPHBIE
U TUIHMYHBIE OCOOEHHOCTM MPOM3HOIICHHWS B YCTHOW peud. B cooTBercTBUHH C
IpaBUJIAMH COOTBETCTBUSI MMCBMEHHBIX U YCTHBIX YacCTHUL], Mbl 3aMEHSEM YacCTHULbI B
NUCbMEHHOM TEKCTE, 4YTOOBI CO3[aTh TEKCT B pa3rOBOPHOM CTHIIE. SI3bIKOBBIE
MOJIeNH, OOyYeHHbIE Ha TEKCT€ C MMUTAIMEeW pa3rOBOPHBIX YaCTHII, 3HAUYUTEIBHO
YIJIy4IIAIOT YPOBEHb OIIMOOK CJIOB B CHOHTAHHOM peyH.

Keywords: automatic speech recognition (ASR), language model (LM),
spontaneous speech, text corpus, natural language processing (NLP)

KuroueBblie cjioBa: nMpuU3HAHUE PEUH, S3bIKOBAs MOJIEIb, 3BYK €CTECTBEHHOTO
POU3HOIIEHUS, TEKCTOBBIN KOPITYC, 00pabOoTKa €CTECTBEHHOTO SI3bIKa

The targets of large-vocabulary continuous speech recognition (LVCSR)
research have been extended in recent years to spontaneous speech such as telephone
conversations, lectures, and meetings. Large corpora of conversational telephone
speech (CTYS), such as Switchboard and Fisher corpora, were collected and a number
of LVCSR techniques have been developed with these corpora [1, P. 905-908][2, P.
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57-60]. Also, many research institutes and projects have been studying LVCSR for
conversational and spontaneous speech such as meetings, lectures, public speeches
[3, P. 238-247].

In some works [4, P. 1465-1468][5, P. 168-175], to resolve all of the topic
adaptability and spontaneous characteristic problem of corpus, a number of Web
pages on a comprehensive range topics were downloaded, and spoken-like texts were
selected from the downloaded Web data, then typical linguistic phenomena such as
fillers and pauses were added. But, these works focused on imitating fillers and
pauses that are a part of spoken vocabulary being distinguished from written one.

In Korean, spoken language has features distinguished lexically and
syntactically from written language. In [6], corresponding relationships between
written and spoken-style particles that play similar grammatical functions are
classified phonologically into four types and processing method for abbreviated and
transformed-type particles is given.

Table 1. Corresponding relationships between written and spoken-style particles

Types Written-style particles | Spoken-style particles Examples
Abbreviated-type = - -
particles =1 = Sk sl
Transformed- al T Wy W
type particles = % 7RE - 7R
o= o Hog - Fow
= 0 ST BT
Mixed-type of ol o Floj=_ o33kl
abbreviated and W= o o= Yholhd
ohe & Heke- 4
transf_ormed e B e
particles o= o% oz glom
Irregular-type ot o} it} wo}
particles el M M k- 32 2t
e epf; 7t afet— slefrt shiet

There are indeclinable particles (e.g. "tF<F-1}3F-") among irregular-type
particles, but the number of those is very small and hence we may map them
manually. We consider only irregular-type declinable particles of which a
phonological variability is intense.

As seen in the above sample, identical particles are not placed after verbs or
adjectives in view of phonology, and so we have to know phonemic information of
predicates, particularly phonemic information of last letter of predicate’s stem that is
combined with particles, in order to imitate spoken-style declinable particles similar
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grammatically with written-style ones. Then, first of all, we should find to what
extent phonemic information is necessary.

Commonly, Korean letter is represented by a consonant, a vowel and a batchim
(consonant at the end of a syllable). Predicates of which last letters of stems end in
the same batchim could not be followed phonologically by same declinable particles
(e.g. 9T} 240} (true), B T} W +9o} (false)). Such phonological phenomena could
not be explained only by batchim information and hence we consider both of vowel
phoneme and batchim phoneme. In Table 2, we show examples imitating irregular-
type spoken-style declinable particles by phonemic information of last letter of
predicate’s stem.

Of course, we may employ all of consonant, vowel and batchim phoneme, but
it means identical imitation for all predicates stem’s last letter of which are same. If
stem’s last letter of predicates is employed wholly, an extensity of the imitation
would be lost for predicates stem of which is one letter.

Table 2. Samples using phonemic information of last letter of predicate’s stem

Phonemic Spoken-style irregular- | Written-style particles Imitated spoken-style
information type particles to imitate particles
vowel " 4" AT} Ao
patchim o ek &
vowel " } _ 7T} Zho}
batchim " et Tt ot
vowel " 1" 724t} 7o)
batchim "=" ko] A 2]

But, such as "21+°] (true), A1+ (false)", there are many cases in which
spoken-style particles created by using phonemic information of last letter of
predicate’s stem are phonologically wrong. This is not because of an incorrectness of
phonemic information, and relates to phonemic composition of predicate’s stem.

We analyzed contexts of predicates and classified transformations of
predicate’s stem into three groups as below:

First is a group of predicates which have not any transformations. Stems of
predicates, such as "} T}, | t}, B}, do not receive influence by next particles. We
represented tags of predicates of this group as "PV (verb)" and "PA (adjective)".

Second 1s a group of predicates at batchim phoneme of stem’s last letter of
which is transformed. Predicates batchim of stem’s last letter of whichis "&=, 2, B,
A, & " are transformed by next particles. For this group, we separated batchim of
stem’s last letter and distinguished their tags. Here, symbol "TG" indicates particle’s
tag.
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Third is a group of predicates stem of which merged with next particles and is
transformed. Variants, such as "o}74, W %], 222, o}3}", occur by merger of next
particle with predicate’s stem. We distinguished their tags, like "©}A/PV_TG,
WPV TG, 22&/PA TG, o}3H/PA TG".

In this way, we classified variants of predicates’ stem according to particles
and applied to imitating irregular-type particles a string linked by phonemic
information of last letter of predicate’s stem and those tag. For example, phonemic
information in Table 2 are detailed, like "4 1/PV, | ©/PV, ] /PARR".

Because a purpose of spoken language corpora is to represent sentences as
lexical units for ASR, morpheme analysis is dependent mostly on unsupervised
method rather than supervised one. Therefore, POSs’ tags of spoken language
corpora are not as detailed as in semantic analysis. Thus, we are to employ the
context of POSs, in order to detect automatically written-style declinable particles
that are similar grammatically with spoken-style one.

Generally, in the Korean language, declinable particles which are placed after
predicates play various grammatical functions, including prescribing to next word,
altering to indeclinable POSs, ending, a parataxis and so on. Most of distinguished
spoken-style declinable particles are terminative ones, thus we detected
corresponding written-style terminative declinable particles by using end information
of sentence(SE) that are placed after spoken-style declinable particles. Table 3 shows
examples imitating irregular-type spoken-style declinable particles by using together
POSs’ context with phonemic information.

Table 3. Examples mapping written-style declinable particles to spoken-style ones by
using phonemic information and POSs’ context

written-style particles spoken-style particles
1 AT} ol
FShuc kA
kUt 25Tk
T+ Rt
S ST
A2} A ot

Retrieval information of irregular-type spoken-style declinable particles
applied to imitation of irregular-type particles by using phonemic information and
POSs’ context described above are as following: "phonemic information of last letter
of predicate’s stem/POS tag of predicate" + "POSs’ context".
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As mentioned above, tags used in morpheme analysis of unsupervised method
are not detailed and thus written-style declinable particles like "2H/TG", which is also
terminative and but different grammatically from spoken-style particle " <=THTG",
are detected and replaced. Eventually, replacing of declinable particle caused
meaningfully different spoken-style sentences, but we consider that these have non
error phonologically grammatically and make spoken-style contexts diversified, and
then are to verify through experiments.

There are various factors influencing on ASR performance. To evaluate exactly
the effectiveness of proposed method, we use test data including non OOV words
(close vocabulary), and fix settings of acoustic model and decoder. First, we
introduce our baseline experiments and then, we present results using spoken corpus
that is created based on our method. Finally, we analyze the advantages and
disadvantages of our approach.

Baseline LMs are 3-gram LMs (LMO01, LMO02) estimated from the entire
written corpus (1GByte) and spoken one (5.7MByte) in minimum and combined
morpheme units. Distribution features of proper abbreviated and transformed
particles of spoken language are expressed only in very small spoken corpus, thus
spoken-style characteristics of baseline LMs are weak. But, their written-style
characteristics are very strong, because a proportion of written corpus is absolutely
very large among training corpora.

Table 4. Result of baseline experiments using minimum and combined morpheme-
unit LMs

LM Vocabulry Written-style Spoken-style Average
size (K) WER (%) WER (%) WER (%)
Minimum morpheme-unit LM 54.6 0.96 28.57 14.76
(LMO01)
Combined morpheme-unit LM 63.6 0.34 23.95 12.14
(LM02)

Table 4 shows recognition results of minimum and combined morpheme-unit
LMs.

In Table 4, it is self-evident that WER is lower for LMO02 rather than LMOL.

Here, experiments are conducted to compare recognition performances of LMs
trained from various spoken corpora that are constructed based on our imitating
method of spoken-style particles. To verify effects of methods for processing four
types of spoken-style particles described above, experiments are passed through four
steps : imitating abbreviated and transformed-type particles, creating combined
morphemes, imitating mixed-type particles, imitating irregular-type particles.

[113]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

In first step, spoken corpus imitating abbreviated and transformed-type
particles are created from a half of written-style corpus of minimum morpheme units,
and it is used to estimate LM1 together with the rest.

In second step, morph combining is done according to a combination count
threshold for resulting corpus of first step, which cause some augmentation of
vocabulary, and then this corpus of combined morpheme units is used to estimate
LM2,

In third step, mixed-style particles are imitated for a half of second step’
resulting corpus of combined units (part for the imitation of spoken-style particles),
and it is used to estimate LMS3 together with the rest.

In fourth step, irregular-style particles are imitated for a half of third step’
resulting corpus of combined units (part for the imitation of spoken-style particles),
and it is used to estimate LM4 together with the rest.

In Table 5, we summarize results of ASR experiments using LMs of four steps.

Table 5. Results of comparative experiments on LMs using imitated spoken-style
corpora

LM Vocabulry Written-style Spoken-style Average
size (K) WER (%) WER (%) WER (%)
LM1 54.6 1.70 26.43 14.06
LM2 64.2 1.15 23.44 12.29
LM3 65.3 1.15 22.76 11.95
LM4 65.3 1.15 22.76 11.70

In Table 5, among minimum morpheme-unit LMs, improvements of LM1’s
WERSs than baseline LMO1 are absolutely 2.14% on spoken-style test data and 0.7%
on total test data, respectively.

Also, among of combined morpheme-unit LMs, improvements of WERs of
LM2, LM3 and LM4 than baseline LMO2 are absolutely 0.51%, 1.19% and 1.69% on
spoken-style test data, respectively.

Findings
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In this paper, we proposed a method for constructing spoken-style corpus from
written-style one based on imitating spoken-style particles which are a distinctive
feature of Korean spontaneous spoken language.

Through experiments we demonstrated that proposed method was superior
from linguistic and vocal viewpoint of Korean spontaneous speech. In experiments,
proposed model in minimum morpheme units achieved 2.14% absolute decrease in
WER compared to baseline model, showing that it is superior absolutely to
comparative model. Then proposed models in combined morpheme unit resulted in
WER improvements of 0.51%, 1.19% and 1.69% absolute respectively compared to
baseline model, which showed clearly the effectiveness of processing distinguished
spoken-style particles.

In addition to what we mentioned here, various linguistic phenomena,
including the adverb-combined particles and particle omission and anastrophe, are
presented In Korean spoken language. In future, we would focus on these problems.

References

1. G. Zavaliagkos, J. McDonough, D. Miller, A. El-Jaroudi, J. Billa, F.
Richardson, K. Ma, M. Siu, and H. Gish, “The BBN Byblos 1997 large vocabulary
conversational speech recognition system,” in Proc. ICASSP, 1998, pp. 905-908.

2. T. Hain, P. Woodland, T. Niesler, and E. Whittaker, “The 1998 HTK
system for transcription of conversational telephone speech,” in Proc. ICASSP, 1999,
pp. 57-60.

3. S. Renals, T. Hain, and H. Bourlard, “Recognition and understanding of
meetings: The AMI and AMIDA projects,” in Proc. ASRU, 2007, pp. 238-247.

4. R. Masumura, S. Hahm and A. Ito, “Training a Language Model Using
Web Data for Large Vocabulary Japanese Spontaneous Speech Recognition,” in
Proc. Interspeech, 2011, pp. 1465-1468.

5. X. Hu, S. Matsuda, C. Hori and H. Kashioka, “Collecting Colloquial and
Spontaneous-like Sentences from Web Resources for Constructing Chinese Language
Models of Speech Recognition,” Journal of Information Processing, vol. 21, no. 2,
pp. 168-175, 2013.

6. Hyokchol, R. (2021). A method for constructing Korean spontaneous
spoken language corpus based on an imitation of abbreviated and transformed
particles. International Journal of Speech Technology,
https://doi.org/10.1007/s10772-021- 09937-6.

UDC 004

[115]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

MULTI-DOCUMENT SUMMARIZATION BASED ON ITERATIVE MODEL
FOR SENTENCE SCORING
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UTEPATUBHOU MOAEJIA I ONEHUBAHUA ITPEJJIOKEHUA
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Abstract. In this paper, we propose a novel multi-document extraction
summarization method based on how to generate a single document from a document
collection and implement a summary of the generated single document. The
generation of single document is realized by filtering out redundant sentences from a
given document collection. The single document summarization covers three
Important processing of a summary: sentence embedding, sentence scoring, and
sentence clustering. The sentence embedding is the process of representing a sentence
as a vector. The sentence scoring is modeled by a novel iterative scheme and sentence
clustering is done by Mean Shift clustering. After Applying Mean Shift Clustering,
we select the summary sentences from each cluster according to the summary rate
and order summary sentences with group-level and sentence-level method. The
experiments are performed on Korean dataset KADS2019. The experimental results
show that the proposed approach is viable and effective for multi-document
summarization.

AHHOTanus. B 3TOM craThe MBI IpemiaraéM HOBBIM METOJT PE3FOMHUPOBAHUSA
MHOJKECTBAa JIOKYMEHTOB Ha OCHOBE CIIOCO0a, NpU KOTOPOM CO3JAETCS OJUH
JOKYMEHT U3 COBOKYITHOCTH JIOKYMEHTOB M 3aTeM pe3tomupyercs. Co3gaHue 0JHOro
JOKYMEHTa BBIMOJHAETCA ¢ (QuiIbTpalueld OCTaBIIMXCS NPEAJIOKEHUM W3 JaHHOU
COBOKyNHOCTHU. [Iponecc pe3romMupoBaHUs COCTOUT U3 TPEX DTAIOB: BCTpauBaHUE
MPEIOKEHUM, OLIEHKA MPEIIIOKEHUN, KIacTepu3alns NpeioKeHu. BerpanBanue
NPEIJIOKEHUN — 3TO IPOLECC IPEACTABICHUS IPEIIOKEHUN B BUIE BEKTOPOB.
OueHka NPEMIOKEHU MOJEIUPYETCS C MOMOIIBK WTEpaTUBHOW cxeMmbl. llocne
IPUMEHEHUSI METOJa CABUAra CpEeJHero Uil KJacTepu3aldd Ha  ypOBHE
PE3IOMHUPOBAHMS TPEUIOKEHHUS] OTOUPAIOTCS M PAHKUPYIOTCA. DKCHEPUMEHTHI
npoBoAsTcsT Ha Oa3e JaHHBIX Kopedickoro s3pika  KAD2019. PesynpraTh
AKCIIEPUMEHTA MOKAa3bIBAIOT, YTO MPEIOKEHHBIN MEeTOJ ABIsAETCS 3(Q(DEKTUBHBIM U
IIPUMEHUMBIM JJIsSI PE3IOMUPOBAHUS MHOKECTBA JJOKYMEHTOB.
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Keywords: Single document summarization, Multi-document Summarization,
Mean Shift Clustering, Sentence Ordering, Embedding

KioueBble cJ1oBa. PC3IOMI/IpOBaHI/IC CAUHCTBCHHOI'O JOKYMCHTA,
PGBIOMI/IPOBaHI/IC MHOI'0O-JOKYMCHTOB, KJIAaCTCPOBAHUC CpCaHOIroO CABHUTIQ,
PaHXXHUPOBAHUC HpGI[JIO)KCHPIﬁ, BCTpanBAHUC

Document summarization occupies a very important position in many
information systems and natural language processing applications. In the situation of
an increase of documents with the rapid growth of the Internet over the years,
document summarization has become an important task. The general categories of
document summarization are extractive and abstractive. [9, P. 28-36] An extractive
method produces the summary by extracting the relevant sentences from the
document, whereas abstractive method rephrases the original text or generates new
sentences from the set of words in the text for summarization. From the aspect of
number of documents, a summarization technique can be designed for a single
document or multi-document contents. [3, P. 93-21] The single document
summarization extracts the information from a single document, while the multi-
document summarization extracts the information from the multiple documents of the
same topic. The multi-document summarization is a useful solution to the exponential
growth of information on the Internet. [2] Document summarization has so far been
widely studied in both the natural language processing field and the information
retrieval field. The multi-document summarization can be considered as an extension
of single document summarization. [5, P. 631-635]

We target our analysis on extractive summarization applied to document
collection. The paper is organized as follows: Section 2 is about the preceding related
studies. Section 3 is concerned with the details of the approaches presented in the
paper, and Section 4 shows the results of experiments and their evaluation. The paper
ends with findings in Section 5.

Related work.

Multi-document extraction summarization has issues like extraction and
ordering of summary sentences.

The extracting summary sentences, the first task of document summarization,
have already been conducted quite a lot. [9, P. 3-21] There are several approaches to
extraction of summary sentences, namely frequency-based approach, feature-based
approach and graph based approach. In frequency-based text summarization, it was
assumed that important words will be repeated many times, compared to the other
words in the document. From this assumption, Luhn expressed the importance of
sentence by using word frequency. Since then, many of text summarization systems
have used frequency-based approaches in extraction process of important sentences.
One of the natural methods to determine the importance of a sentence is to identify
the features that reflect the relevance of the sentence. To determine the sentence
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relevance, Pradeepika Verma and Hari Om are used features as follows: Sentence
position, Sentence length, Sentence similarity, Sentence containing title words,
Sentence containing numerical data, Number of proper noun, Sentence with frequent
words, and Sentence significance. [6. P. 43-56] The weights of text features are
assigned by a new meta-heuristic approach SSO. SSO is a new meta-heuristic
approach proposed by [1, P. 97-116]. Many researchers have tried to generate the
summary sentences using approaches based on graph. Xiaojun Wan suggested a
novel unified approach to simultaneous single document and multi-document
summarizations, when a document set is provided. [10, P.1137-1145] Here are used
local saliencies of the sentence indicating the importance of a sentence in an
individual document and global saliencies of the sentence indicating the importance
of a sentence in document collection.

The second task of multi-document summarization is to order extracted
summary sentences. In multi-document summarization, summary sentences are
extracted from document collection. Therefore, the optimal ordering of those
extracted summary sentences to create a coherent summary is not obvious. Renxian
Zhang suggested the approach to ordering summary sentences based on clustering in
which local and global relations are incorporated out of the intention to enhance the
readability of summary sentences. [8, P. 6-11] James Gung et al. introduced the
technology of considering weight to the traditional technology of sentence ordering,
thus taking a look into the summarization of historical articles using temporal event
clustering. [5, P. 631-635]

In the paper, under the assumption that score of a sentence that is closely
related with the sentences of high score have also high score, we compute the
sentence score.

The proposed multi-documents summarization.

We first generate a single document including summary candidate sentences by
filtering out redundant sentences from a given document collection using approach
proposed in [6, P. 43-56], and then multi-document summary is formed by
summarizing the generated single document. Finally, the summary sentences are
ordered.

The single document summarization is given as follows: Using the embedding
of words contained in a sentence, the sentence embedding is found. After finding the
sentence embedding, an iterative scheme for computing the scoring of sentences
using similarity between embeds is presented. Mean Shift clustering is used to cluster
coherent sentences together. In each cluster, the pairs of sentences that have a high
score and a low similarity between sentences are selected as summary sentences with
a given summary rate.

1) The sentence embedding using neural networks

We obtain the embedding of a sentence using an auto-encoder. An auto-
encoder is an unsupervised neural network which is trained to reconstruct a given
Input vector from its latent representation ([4, P. 75-83]). It can be considered as a
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neural network with the input layer, the latent layer, and the reconstruction layer. An
auto-encoder contains encoder and decoder. The encoder maps an input vector xeR™

to the latent representation x'<R" via an activation function. The decoder maps the

latent representation x"back to a reconstruction < R"via another activation function.
The training objective is the determination of parameters that minimize the
reconstruction error over an input vector xeR™. Here loss function L is the L, norm of
the differences between the input vector and the reconstructed vector. For each
sentence s = (Wg,Wy, ...,Wy) With m words, we assume that the word embedding is
found. Thus, we can define a word concatenation vector Es of sentence s by the

concatenation of the word embedding vector‘%!- €R" The word concatenation vector is
used as the input of the auto-encoder considered previously, and the latent
representation is used as the sentence embedding.

2) An extraction of summary sentence

We introduce a summary of a single document generated via filtering out
redundant sentences from a document collection. Extraction of summary sentences
involves three stages: sentence scoring, sentence clustering by scoring, and selection
of summary sentences.

The sentence score is calculated under the assumption that the sentence that is
closely related with the sentences having high sentence score is important. Hence, we
propose an iterative-model for sentence score as follows:

m

E(.s*, ) = aZsim(S,-,Sj )E(SJ,-)-F Wy (S,- ), 1<i<n (l)

J#
a,Bel0,1], a+p=1

E(si) is the score of sentence s;. If E(si)<E(s;), then sentence s; is regarded as
more important than sentence s;. Wg(si) is the base-score of sentences s;, and sim is
cosine similarity between sentence embedding.

The base-score of sentences s; is calculated as follows:

Wy (S!-) =y x Scorecp (Sl- )+ (] — y) x Scoregy (S,-) (2)

In equation (3), Scorecg(si) represents sentence score calculated by the
collaborative filtering word frequency prediction and Scoresg(Si) represents sentence
score calculated by the optimal weights sum of sentence features.

Equation (1) can be written in matrix form as follows:

(I-aW)E=pB 3)

We set the parameter « small such that the coefficient matrix is a strictly
diagonal dominance matrix. The matrix (I-aW) is a strictly diagonally dominant
matrix and the solution of the equation (2) exists.

We select summary sentences according to the following procedure. First, we
cluster the sentences of a single document using Mean Shift clustering based on
sentence scores. Next, from each cluster, select the pairs of sentences that scoring is
greater than average score of the sentences belonging to the generated single

document and similarity is small than threshold value ®€(%.1) | We note that the scores
of each sentence in the selected sentence pairs are large, but the content meaning
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between the sentences may be different. Finally, we construct a summary document
with the sentences selected from each cluster.

3) Ordering of Summary Sentences

The ordering of summary sentences is implemented through two steps. The
first step is the cluster-level ordering and the second step is the sentence-level
ordering. Our approach to ordering is similar to [8, P. 6-11], but it is distinctive of the
methods in which the first cluster in cluster-level and the first sentence within cluster
are decided.

The first cluster G is decided by the assumption that the cluster including more
sentences which is located in the prior order in the document will be the one of the
prior order.

The sentence which has the minimum cosine similarity with all the sentences in

cluster @2 is selected as first sentencesii in cluster@i. The sentence which has the
maximum cosine similarity with all the sentences in cluster Giiis selected as first
sentencesi in cluster Gi(i#1),

Experiments and evaluation.

In this paper, we used Korean article dataset KADS2019 as experimental data.
The parameter y of Eq. (2) and similarity threshold R is chosen as 0.6 and 0.75
respectively. The number of iterations to find the approximate solution of Eq. (3) by
the Gauss-Seidel iteration method was set to 2 and the parameter a is automatically
chosen so that the coefficient matrix is diagonal dominance matrix. Here the
informativeness and ordering of summary sentences has been evaluated in the context
of multi-document extractive summarization task.

The Informativeness evaluation of multi-document extractive summarization
has been evaluated with ROUGE-1 and ROUGE-2. We have compared the proposed
method (IMCFSF) with two other methods: MDSCSA and MCRMR. MDSCSA is
Cuckoo search based multi-document summarizer proposed in [7]. MCRMR is
method for multi-document summarization that covers coverage, non-redundancy,
and relevancy proposed in [6, P. 43-56].

Table 1(Table 2) shows ROUGE-1(ROUGE-2) of recall, precision and F-
measure for the proposed approach with the related techniques.

Table 1. ROUGE-1 scores of multi-summarization

Method Recall Precision F-measure
MDSCSA 0.39688 0.38567 0.39119
MCRMR 0.45856 0.43408 0.44598

IMCFSF 0.51210 0.48942 0.50050

Table 2. ROUGE-2 scores of multi-summarization
Method Recall Precision F-measure
MDSCSA 0.12268 0.18172 0.14647
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MCRMR 0.13621 0.24401 0.17483
IMCFSF 0.17496 0.27930 0.21515

As metric for evaluating the ordering of summary sentences, Kendall’s 1-
metric, AC-metric, and P-AC is used. In AC-metric and P-AC, we set k =4 and ¢ =
0.01. For comparison, used a Baseline-1 and Baseline-2. Baseline-1 is the approach
based on assumption that sentence that has highest position in the original document
Is selected as the first sentence of the summary and the sentence which is most
similar to the first sentence in the summary is positioned as second. Baseline-2 is the
approach of ordering driven by global and local coherence for summary sentence
using k-means clustering of summary sentences. Table 3 shows t-metric, AC-metric,
P-AC for the proposed approach with the related techniques.

Table 3. Efficiency of the ordering of summary sentences

Method T-metric AC-metric P-AC
Baseline-1 0.4152 0.1876 0.0312
Baseline-2 0.4201 0.1927 0.0332

Proposed Method 0.4371 0.2123 0.0390

Findings

In this paper, we discussed a multi-document summarization approach ordering
summary sentences by improved greedy method after extracting summary sentences
through the process of sentence embedding, sentence scoring and clustering. Through
the experiments of Korean article datasets KADS2019, we have proved the efficiency
of the approach presented in the paper.
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Abstract. Web service composition is becoming one of the most appropriate
methods in implementing enterprise application integration. In the paper, we propose
a method to make the enterprise service bus(ESB) to support heterogeneous web

[122]



NHOOPMALIMOHHBIE TEXHOJIOI'MH B HAVKE, OBPA3SOBAHUWHA U ITPOU3BO/JICTBE

service composition(This includes the RESTful web service as well as SOAP web
service). In the paper, we analyse the characteristics of RESTful web services in
aspects of service composition and present a business process execution algorithm
and RESTful web service call algorithm based on the formulation of business process
supporting SOAP and RESTful web service composition. Basing ourselves on the
previous approach to extend the BPEL execution engine and invoke RESTful web
services directly, and adding to it different content-types of RESTful web services
and the way to map the data transferred to the path parameters to XML-based BPEL,
we formulate the business process and newly extend the processing algorithm of the
business process execution engine. At the end, we apply the suggested method for
constructing the intelligent hospital information system and evaluate the effectiveness
of web service composition.

AHHoTanus. Komnosunus BeO-CepBUCOB CTaHOBUTCA OJHUM U3 Hauboisee
NOAXOASAIINX METOOB Ul pealn3aliy WHTETPALMKU IPWIOKEHUN Npeanpuarus. B
OTOM CTaTh€ NPENJIOKEH HOBBIM IOAXOJ K CO3JAHMIO0 CEPBUCHOM IIMHBI
OpeanpusTs, 4YTOOBl MOJAEPKHUBATh KOMIO3MUIIMIO Pa3HOPOJIHBIX BEO-CEPBUCOB,
BKJItouasi BeO-cepBuc REST-moaxonma, a Takke BeO-cepBUC MPOCTOrO MPOTOKOJIA
nocryna k oobekrtaM (SOAP). B 3Toil cTathe MBI aHATU3UPOBAIN CBOMCTBA BEO-
cepsuca REST-nmoaxona ¢ TOYKM 3peHMS KOMIIO3MIIMM CEPBHUCOB M IPEICTABIISIEM
AITOPUTM BBINOJHEHUSI OM3HEC-TIpoliecca U BbI3oBa BeO-ceprca REST-noaxona Ha
OCHOBE (POPMYJIUPOBKH OHM3HEC-Mpolecca MOAAEPKUBAIOLIETO KOMIIO3UILIMIO BeO-
ceppuca SOAP um REST-nomxoma. Ha ocHoBe mnpempinymero mnoaxona miis
yiydiieHuss Mmexanusma BeinojgHeHuss BPEL, npsimoro Bwi3oBa BeO-city:kOb1 REST-
MO/X0/a W JIOMOJHUTEIBLHOTO J00aBJIEHHUS pa3HbIX MPEACTABICHUNA [TaHHBIX BEO-
cinyk0b1 REST-noaxona u cnocoObl 111 COOTBETCTBUS JaHHBIX MTPEOOpPa30BaHHBIX B
napameTpbl iyt B BPEL ocHoBannbiii Ha XML, Mbl popmynupyem OuzHec-mpoiiecc
Y BHOBb PACIIUPSIEM aJITOPUTM MEXaHU3Ma BBINOJIHEHUs OU3Hec-mpoliecca. B koHie
Mbl TNPUMEHWINM JAHHBIM METOJ K IIOCTPOCHHIO HHTEJUIEKTYalbHOM CHCTEMBI
MEIUITMHCKOTO OOCIYy)XKMBAaHUA U OIEHWIH dS(PPEKTUBHOCTh KOMIIO3UIIMU BEO-
CEPBHCOB.

Keywords: RESTful web service, Enterprise Service Bus, Web Services
composition, business process execution algorithm

KiawueBbie caoBa: BebG-cepeuc REST-mogxoma, CepBucHas 1iuHa
npennpustusa, Kommosumusi BeO-cepBUCOB, AJTOPUTM  BBIMOJHEHUS OU3HeEC-
rporecca

The researches to construct the complex intelligent hospital information system
(this system includes sub-systems such as EMRS (Electronic Medical Record
System), CPOE (computerized provider of entry), NIS (Nursing Information
System), LIS (Laboratory Information System), PIS (Pharmacy Information system),
and HRPS (Hospital Resource Planning System is in process [5, P. 459-528].
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The development of the information system is being carried out based on ESB
which supports the implementation of the service oriented architecture as it requires a
constant update of an enterprise system.

As the existing ESB which we are going to apply for intelligent medical
service system only supports SOAP-based web service composition, it can’t easily be
applied to the integration of intelligent medical service system where the majority of
the web services are RESTful. Therefore the existing ESB should be expanded to
support RESTful web service composition as well as traditional SOAP web services.

This paper suggests the service composition method for SOAP and RESTful
web services from a viewpoint of constructing intelligent medical service system.

Service providers have recently started using RESTful services to make service
provision and consumption easy and it is possible to support different forms of
information integration of application systems by implementing the composition of
RESTful services and SOAP-based web services[2, P. 851-866 3, P. 1-4 4, P. 142-
159].

Business process involves the flow and use of information and resources as a
set of activities that define the steps required to achieve the corresponding business
goal.

In order to enable an ESB to synthesize not only SOAP web services but also
RESTful Web services to define and execute business processes, it is necessary to
define a dedicated activity node for the RESTful web service call and update the
BPEL engine to configure and execute business processes using it. First, the
components for registering RESTful web services include URI, method, path
parameter type, input content-type and input parameters, output content-type and
output parameters. In the case of SOAP web services, only the URL that reflects the
location information of the service and WSDL that reflects all the information of the
service should be registered, but in the case of RESTful web services, the URI that
reflects the location information of the service, the standard HTTP methods provided
by the service, the path parameter type information, the input and output parameters,
and its content-types should be registered.

Second, the main content-type used in RESTful web services is Json, and in
addition to using Xml and Form content-type. The business process composed of
SOAP Web services represented the input and output data of SOAP Web services
based on XML, and the data processing was performed using XPath and XSLT.
However, as JSON is used as the main content-type of RESTful web services, it is
necessary to implement the functionality of interactive data transformations between
XML and JSON to perform the 1/O process related to service call within the business
process.

Third, the RESTful web service implements a service method based on
stateless operations (CRUD: Create, Read, Update, and Delete) and thus the service
execution mode proceeds in a synchronous manner. As the service call of the
RESTful web service takes place in a synchronous manner, unlike the SOAP Web
service, if the service call fails, the service call must return the service call result to
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the call side of the business process rather than stop the execution of the business
process.

The formulation of a business process that supports RESTful Web service
composition is of great importance in updating BPEL and the BPEL execution engine
that runs it without adversely affecting the core function and performance indicators
of the existing ESB.

As analysed in previous work, among Web service composition methods based
on SOAP and RESTful web services, the method of directly invoking RESTful
services by extending the BPEL of the corresponding ESB has the advantage that it is
a relatively simple method that can fully implement the diversity of REST web
services by adding information that can represent RESTful web services to the
existing BPEL language and adding rules that can interpret and execute it to the
BPEL execution engine[1, P. 110-119, 2, P. 851-866].

However, the previous approach to directly invoke RESTful services by
extending the BPEL execution engine did not propose a way to map different
content-types (JSON, XML, and FormData) of RESTful web services to XML-based
BPEL in the context of service composition, the most core of the functions of the
ESB. It also did not discuss how to handle data transferred to path parameters in
RESTful web services. If the previous approach is applied, it is impossible to use data
transmission by the inherent route parameters of RESTful web services or different
content-types, but it makes it possible to perform service composition only for XML
content-type on a fixed path.

Hence, basing ourselves on the previous approach to extend the BPEL
execution engine and invoke RESTful web services directly, and adding to it different
content-types of RESTful web services and the way to map the data transferred to the
path parameters to XML-based BPEL, we formulate the business process and newly
extend the processing algorithm of the business process execution engine.

[Definition 1] The business process is defined as a set of activities, a set of
transitions, a set of variables, a set of SOAP web service call interfaces, and a set of
RESTful web service interfaces as follows.

BP={Acts,Trs,Ds,W,R} (1)

Acts: A set of Activitys that form a business process

Trs: A set of Transitions that connect between Activities

Ds: A set of DataField to implement the processing logic of a business process

W: A set of SOAP Web service call Interfaces (Wslnterface: WI)

R: A set of RESTful web service call interfaces (RESTful Interface: RI)

The services used in the business process must be registered in W and R
respectively as service call interfaces before the definition of the business process.

[Definition 2] An activity node is defined as a set of names, identifiers, types,
attributes, association types, and position as follows.

Activity={name,id,type,ActivityAttr,joinType,pos} (2)

name,id: The name and identifier of the activity node.

type: is an element of Types (set of types of nodes) and is defined as follows.
Types={START,END,ROUTE,INVOKE,RECEIVE,TRANSFORM,REST}
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ActivityAttr: As a set of node attributes according to the type of activity, the
following are:

ActivityAttr=f(teTypes)={s_i [iIEN"," s_i€ALtrS}

AttrS is an entire set of node attributes as follows.

The meaning of the function f indicates that the node attributes change
according to the activity node type, and the ActivityAttrCAttrS relation holds true.

joinType: It is an element representing the joint type of activity node and is
defined as following.

Enum(AND,XOR)

e pos: In the edit state, the positions of the top left and bottom right corner points
of the activity node are shown as following.

pos=(leftX,leftY,rightX,rightY)

[Definition 3] The RESTful web service call interface(RESTInterface ; RI) is
defined as a set of service ids, service name, service description, URI, service
method, parameter type, input content-type, input parameters, output content-type,
and output parameters, as following.

RI={id, name, des, URI, Method, PramType, InputMediaType, InputParam,
OutputMediaType, OutputParam} (3)

e URI: The call address of web service
e id,name : The id and name of RESTful web service

des : RESTful web service description

Method : A set of methods (opi) of RESTful web service
Method={op1,0p2,...,opn},nEN

ParamType: The parameter type of RESTful web service ParamType
={QueryParam,PathParam,MatrixParam,HeaderParam}

InputMediatype,OutputMediatype: The input and output content-type of
RESTful web service. InputMediatype,OutputMediatype={json,xml,form}

e InputParam,OutputParam : Input and the output parameter name of RESTful
web service.

The formulation of the business process that supports SOAP and RESTfulweb
web service composition functions generates a relevant data structure for the
definition and implementation of the business process.

Based on the formulation of the business process supporting SOAP and
RESTful web services composition, we propose the main algorithm of the Business
Process Execution Language (BPEL) Engine and the service call method of the
RESTful web service activity. The main algorithm of the business process execution
engine that supports service composition of SOAP and RESTful web service is as
follows.

Stepl, Creates the relevant business process. In this step, we initialize the
business process instance and then move to step 8.

Step2, Sets the activity node instance. In this step, we check whether there is an
activity node instance to be executed and set up.

Step 3, Check the time exceeding.
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Step 4, Perform a pre-transformation for web service call. In this step, if the
transformation before web service call is valid, perform a pre-transformation.

Step 5, Invoke the relevant web service. A detailed method of RESTful web
service call is described in the following section of the execution algorithm of the
RESTful web service activity.

Step 6, Perform transformation after web service call. In this step, we perform
post- transformation if the transformation after web service call is valid.

Step 7, If an error occurs, the error condition is checked. In this step, the error
condition is evaluated and the corresponding processing is performed.

Step 8, Check the transition condition. In this step, we determine the transition
condition and then the activity instances to be executed.

Step 9, Do the final check. In this step, we check whether there is an END
activity node.

Step 10, Complete the execution of the business process. In this step, we set the
process instance to completion and finish.

Based on the main algorithm of the business process execution engine, update
the BPEL engine of the ESB.

We have evaluated the accuracy of definition and implementation of business
process based on registration of RESTful web services. To do this , we have
registered more than 200 RESTful services provided by more than 30 different
business systems developed in Java, PHP, and C++ languages and analysed their
feature details (Table 1).

Table 1. Details of registered RESTful web services.

Index name Sub index Count(%)
MethodType GET 66
POST 31.6
PUT 1.2
DELETE 1.2
ParameterType PathParam 4.2
QueryParam 89.2
PathParam, QueryParam, 6.6
MatrixParam
Input data type JSON 75.2
Form 24.8
Output data type JSON 95.6
XML 3.2
Form 1.2

As shown in the table, we can see that the function of registration of RESTful
web services provided by the ESB system accurately reflects all details of RESTful.
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The business process call performance of an ESB system supporting SOAP and
RESTful web service composition is as follows (Table 2).

Table 2. Performance indicators of process call.

Case Process Success | Average Maximum Max data | CPU Memory Network
call count Rate (%) | time time (s) size usage usage traffic

(ms) (MByte) | (%) (%) (Mbps)

1 100,000 99.81 150 1.23 8.5 18 65 0.8
2 250,000 99.83 180 1.25 8.5 23 68 1.2
3 500,000 99.85 200 1.23 8.5 45 70 1.42
4 750,000 99.89 200 1.24 8.5 50 72 2.2
5 1,000,000 99.98 200 1.23 8.5 48 72 2.02

As shown in the table, we can see that the average time of the business process
is 200 ms, which fully satisfies the characteristics of RESTful web service that makes
synchronous call. It also shows that the consumption of system resources is very
stable at certain limits.

Findings

This paper introduces the methods and their algorithms to extend the ESB that
provides only SOAP-based web service composition so as to support RESTful web
service composition.

In this paper, our study is focussed on building a business process execution
engine and updating BPEL that can directly invoke RESTful web service. Future
study will include proposing methods for enhancing the load distribution and
exception throughput of business process execution.
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Abstract. It is being extensively argued that virtual laboratory helps students
with experiment and improves recognition ability and encourages their interests for
experiment to be helpful to their schooling.

We have proposed Search and Verification (S&V) which can be regarded as a
method to find out the most reasonable experiment plan, which has maximum
efficiency in order to combine virtual experiment and actual one in chemistry
laboratory. And we have also introduced Web 3D virtual chemical laboratory based
on the proposed method.

Search and Verification method consists of 3 steps in all-there are steps of
setting problem, searching experiment plan and verification of experiment.

(1) The first step sets the aim of virtual laboratory as the method which
finds out the most reasonable plan to improve the efficiency of the laboratory
experiment

(2) The second step is to learn about how we constitute the experiment
process and operating method, and find out the most reasonable experiment plan
through sufficient simulation in Web3D VCL (Web3D Virtual Chemistry
Laboratory).

(3) The last step is to verify the reasonable experiment plan from virtual
laboratory in actual laboratory and achieve the aim of experiment.
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We have introduced this method into the basic subjects - chemistry, organic
chemistry and analytical chemistry.

As a result of that, the students’ practical ability has been remarkably
improved.

Keywords: Web3D Application, Search and Verification method, virtual
chemistry experiment, remote education, chemical education

Introduction.

In the contemporary education, information, communication, and technology
(ICT) plays an important role in teaching and most schools and universities have been
using related techniques.

Especially, experiment in chemical education is indispensable to professional
skills and apart from experiment, there is no review and no consolidation of
knowledge from their lesson and we can never train any ability for ability to create
and put into practice.[1,2]

The present condition for experiment is not sufficient and perfect due to the
lack of laboratory instruments, time limitation in lab work and lack of experienced
tutors.[3,4]

In addition, there are various kinds of experiments such as process experiment
and harmful experiment.

They are difficult to observe the result of experiment in certain time or they
emit harmful gases and what is more, there are few chances for students to
experiment with very expensive laboratory instruments.[5-7]

ICT in experiment education has enabled students improve practical ability to
overcome these difficulties.

One of the typical successes is virtual laboratory.

Virtual laboratory is a collection of multimedia-based laboratory instruments
that interacts with users and software with computer to simulate all works in the
laboratory as if the user is actually experimenting in the laboratory.[8]

There is a growing body of research to improve education methods and
improve students™ practical ability using virtual laboratories in experiment education.

Especially, web-based virtual laboratories have been being developed and used
extensively.

In response to the COVID-19 pandemic situation, many countries are planning
to build virtual laboratory environments that students can use without any limit of
time and place on the network and achieve learning goals.[9,10]

There are also many virtual laboratories that have applied various types of
teaching methods.

For example, there are virtual chemistry laboratories applying guided inquiry-
based approach[9] and virtual physics laboratories[5] that apply an evaluation system
consisting of multiple selection queries (MCQs) and problems on the particular
subject area.
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It has been argued that virtual laboratories can effectively replace actual
laboratories when schools are closed by the spread of pandemic epidemics such as
COVID-19, and that they are also effective tools for actively experimenting by
raising interest in experiments before laboratory experiment and making them
familiar with laboratory environment.

However, there is little discussion of using virtual lab and actual laboratory as
an effective tool to increase the efficiency of laboratory experiment by organically
combining virtual lab with actual one.

We aimed to find the detailed ways which effectively combine virtual
laboratory works with actual laboratory works in the act of teaching chemical
experiment, to render vivid various chemical experiment process.

We have proposed Search and Verification method and a virtual laboratory
design requirement for implementing it and introduced Web3D VCL that implements
design requirements. And also, we have analyzed the effectiveness of the Search and
Verification method.

Virtual Laboratory Design Requirements.

Search and Verification method is to combine virtual laboratory work and
actual one effectively.

It is very important to design virtual laboratory so that all the factors in
laboratory experiment can be considered enough.

For such educational purpose, the design requirements for virtual laboratory
media can be set as follows:

First, there must be a scientific simulation function to find a reasonable
solution that maximizes the efficiency of a given experiment in a virtual laboratory.

Second, it must be designed in 3D so as to truly reflect reality.

Third, it should be developed for web applications for convenience in terms of
scalability and portability.

Fourth, it should be possible to evaluate the result of virtual experiment.

Fifth, it should be a system including history management function so that it
can be used in remote education.

Web 3D Virtual Chemistry Lab.

Base on the design requirements for virtual chemistry laboratory development,
we used the X3DOM framework which is high-grade of Web3D technology.

X3DOM is an open source JavaScript framework which can create declarative
3D scenes on Web pages without installing any plugin in Web browser.

This framework can be considered as a suitable Web3D technology for
developing Web3D VCL because there are useful nodes including extrusion and clip
node used in modeling fluids with the help of sectional technology and pressing
technology.
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For example, changing shape effect of the fluid according to the tilt angle of
reagent bottle was actualized using Clip node.

<Transform id="HCI1" translation="5 0 2">

<Transform>

<ClipPlane id="HCLClip" plane="0 -1 0 2.45" cappingColor="0.5 0.34
0" cappingStrength="4"></ClipPlane>

<Transform id="HCILiquid" rotation="0 0 1 0" center="0 2.15 0">

<Inline url="/VEpublic/S04/models/bottle_liquid.x3d" />

</Transform>

</Transform>

<Transform id="HCIBody" rotation="0 0 1 0" center="0 2.15 0"'>

<Inline url="/VEpublic/S04/models/bottle body.x3d" />

</Transform>

<SphereSensor  id="HCISS" enabled='false’  autoOffset="false’
onoutputchange="processRotation(event);'>

</SphereSensor>

</Transform>

It is important to set appropriate position, color and influence region of section
suitable for size and content of objects. And the sections must not rotate when reagent
bottle is tilted.

Then, we have mathematically modelled research results to secure scientific
accuracy of all experiments conducted in web 3D virtual chemistry laboratory and
reflected those modelling into program.

For example, in the “electrolytic refining of copper” experiment, the following
results are reflected:

The electrolytic efficiency with the concentration of Cu2+ in the liquid is
mathematically modeled and the experiment conditions are: sulfuric acid
concentration of 130g/l, current density of 350A/nt, electrolytic temperature of
60+5°C, and electrolytic time of 1h.

The results of electrolytic experiments with increasing Cu2+ concentration in
the liquid from 10g/I to 90g/I by 20g/I are shown in Table 1.

Table 1. Electrolytic efficiency versus concentration of Cu2+ in liquid

Number Cu2+concentration in liquid, g/l Electrolytic efficiency, %
1 10 82.80
2 30 91.80
3 50 93.35
4 70 78.29
5 90 63.24

In addition, the electrolytic efficiency with the concentration of sulfuric acid in
the liquid is reflected by the mathematical modeling of the following results.

The experiment conditions are current density 350A/nt, Cu2+concentration in
liquid 50g/1, electrolytic temperature 60+£5°C, and electrolytic time 1h.
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The results of electrolytic operation with varying sulfuric acid concentration of
80g/l, 1309/l and 180g/I are shown in Table 2.

Table 2. Electrolytic efficiency with sulfuric acid concentration

Number Concentration of sulfuric acid in liquid, g/l Electrolytic efficiency, %
1 80 90.34
2 130 93.35
3 180 96.36

When the virtual experiment is completed, relevant information, including
virtual experiment results, virtual experiment execution time, the number of virtual
experiment execution, and pass state, is immediately sent to the server and stored in
history, and teachers can browse students' virtual experiment progress status in real
time.

The individual virtual experiment largely consists of pre-test preparation, main
virtual experiment and virtual experiment evaluation steps.

In the pre-test preparation, we can learn the basic knowledge of experiment,
purpose of experiment, theoretical basis, laboratory instruments and reagents, and
warnings in experiment before virtual experiment.

In the main virtual experiment stage, we perform virtual experiment looking at
experiment tasks on the right side of the screen.

In the virtual experiment, error messages for wrong operations, implicit
messages that inform necessary information are displayed at the desired time.

Pre-test
preparation

Main
virtual
experiment

" Virtual
experiment
evaluation

Figure 1. Steps of Virtual Experiment

It is also possible to perform simulations several times by varying parameters
such as reaction amount, reaction time of various chemicals available in laboratory
experiment for each subject, and the results have a direct influence on virtual
experiment results.

The last step is evaluation step and it evaluates process which finds the
reasonable plan for maximum efficiency and process which learns the process
constitution of experiment and operation method.

Thus, individual terminal experimental programs are grouped into one
experiment system to allow students to browse their virtual laboratory performance
and marks in real time.
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Web3D VCL has been developed to enable students who learn subjects related
to chemistry such as general chemistry, analytical chemistry, organic chemistry to do
virtual experiment at any time through the network and also to find the reasonable
plan.

Search and Verification method.

Search and Verification method is one that effectively combines virtual and
laboratory experiments to find a reasonable plan and this plan maximizes the
efficiency of the laboratory experiment.

First, the objective of corresponding virtual experiment is set to problem of
finding the best alternative to increase the efficiency of the laboratory experiment.

For example, let's consider "electrolytic refining of copper” experiment in
chemistry course.

The purpose of “electrolytic refining of copper” experiments is to acquire the
principle of electrolysis and electrolysis method.

Students analyze various kinds of instruments used in the process of
electrolytic refining of copper and influences of factors to result of electrolytic
refining.

It can not only achieve the objective of laboratory experiment, but also help
students to improve practical ability.

Since the electrolytic efficiency in the “electrolytic refining of copper”
experiment is strongly dependent on the composition of the electrolyte, it is essential
to find a reasonable concentration of copper sulfate and sulfuric acid in the electrolyte
to maximize the electrolysis efficiency.

In actual lab, finding the concentration of copper sulfate and sulfuric acid for
maximum efficiency of electrolyte asks a lot of copper sulfate and sulfuric acid.

However, the virtual laboratory is safe, cheap and easy to experiment from its
characteristics, so it is possible to find a reasonable solution for the maximum
electrolytic efficiency, i.e., copper sulfate and sulfuric acid concentrations in the
electrolyte.

The objective of the corresponding virtual experiment can be set to find a
reasonable solution for the maximum efficiency of the laboratory experiment.

Second, we will learn the experimental process configuration and operation
method in Web3D VCL and find the best experimental strategy through full
simulation.

A teacher gives students experiment task in the virtual laboratory about 10 days
ago before starting the corresponding experiment and monitors the situation in real
time through the network.

As an example of the “electrolytic refining of copper” experiment, students
will do experiment when the electrolytic efficiency becomes the highest, setting
different concentrations of copper sulfate and sulfuric acid in the electrolyte several
times.
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The students can join the Web3D VCL at their leisure time and perform virtual
experimental tasks.

The teacher looks at the virtual experimental task performance of the students
interviewed on the network in real time, and asks students to finish the virtual
experimental task in time, make all of them participate in the laboratory experiment
with pass certificate.

Thus, all students passed in the virtual experimental task not only find a
reasonable solution to maximize the electrolytic efficiency, but also fully benefit the
process configuration and operation method.

Third, a reasonable experiment plan found in the virtual laboratory is verified
in the actual laboratory to achieve experimental goals.

Since students has already been fully familiar with process of electrolytic
refining of copper and operating method, as well as they have found the reasonable
plan, they can verify the effectiveness of virtual laboratory in the actual one.

Discussion.

We have done educational experiments for validation of the effectiveness of
Search and Verification method, which effectively combines virtual experiment with
laboratory experiment.

98 primary students of the university of technology, with 31 students of group
A, 35 students of group B and 32 students of group C have attended in experiment.

Group A has prepared experiment by itself using the conventional method. In
other words, they did not use virtual chemistry laboratory at all.

Both group B and C are allowed to use the Web3D VCL in experiment
preparation.

Group B did not apply Search and Verification method, and learned only the
experiment process configuration and operation methods, and group C applied Search
and Verification methods to find a reasonable plan to maximize the efficiency in
actual chemistry experiment.

Therefore, group B participated in experiment based on the full understanding
of principles and methods of operation.

Group C not only understood fully about the principles and methods of
operation, but also found the reasonable plan for the maximum efficiency in actual
laboratory and after of that, they took part in experiment.

Every team consists of 2 students, consisting of 15 teams (15th team-3) in
group A, 17 teams (17th team-3) in group B and 16 teams in group C.

In the previous example “electrolytic refining of copper” experiment, the result
of each team is as follows.

Table 3. Electrolytic efficiency obtained by students of group A
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Team number Electrolytic Team number Electrolytic
efficiency (1), % efficiency (1), %

1 62.42 9 55.23

2 58.83 10 95.92

3 78.34 11 72.10

4 12

5 89.30 13 80.71

6 14 50.92

7 58.97 15 65.33

8 91.35

In group A, 3 teams did not find the electrolytic efficiency in time due to
various kinds of reasons, and the average value of electrolytic efficiency

obtained in other 12 teams.

Table 4. Electrolytic efficiency obtained by students in group B

Team Electrolytic efficiency (1), Team Electrolytic efficiency (1), %

number % number
1 87.23 10 70.12
2 52.34 11 79.2
3 67.09 12 78.2
4 73.31 13 50.23
5 56.33 14 95.4
6 89.02 15 66.38
7 62.34 16 90.73
8 85.23 17 58.39
9 94.82

In group B, all 17 teams found electrolytic efficiency and the average value of

electrolytic efficiency =73.9035.

Table 5. Electrolytic efficiency obtained by students in group C

Team Electrolytic efficiency (1), Team Electrolytic efficiency (n),
number % number %

1 89.98 9 85.36

2 90.23 10 91.4

3 83.9 11 90.51

4 93.12 12 95.2

5 96.43 13 93.79

6 96.6 14 89.82

7 95.37 15 90.09

8 94.23 16 95.3
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In group C, all 16 teams found electrolytic efficiency and the average value of
electrolytic efficiency =91.9581. In group A, which did not use a virtual chemistry
laboratory, the results of 3 teams did not finish their experiment and they did not
achieve electrolysis efficiency.

However, all achieved electrolysis efficiency but there were differences
between group B and C that were familiar with the experimental process
configuration and operation method in the virtual chemistry laboratory. This indicates
that virtual chemistry laboratory is more effective in their preparation for experiment.

Next, we analyzed the situation where we found a reasonable plan.

Since the objective of the experiment was to find a reasonable plan to
maximize electrolysis efficiency, we evaluated the performance of the experimental
set obtained above 90% electrolysis efficiency in each team. Then, two teams in
group A (16.66%), three teams (17.6%) in group B and 12 teams (75%) in group C
found the reasonable plan.

Thus, comparing the average of three groups of task performance and
electrolytic efficiency is as follows.

Table 6. Comparison of task performance and electrolysis efficiency average
AR
ERER
ERER
ERER
ERER
ERER

Group A Group B Group C

B Average of electrolysis \_ . _ . — )

. BRAES SBRAE SERAR
efficiency, %

m Task performance rate, % 16,66 JERER ERER

As you can see clearly from the diagram, the numbers of teams obtained above
90% electrolysis efficiency in the laboratory experiment shows that the C group is
considerably more than the other groups. In addition, most of teams in group C
reported some errors during the validation of the virtual laboratory-based approach in
experiment, and the results of the analysis of the cause by itself were also reported in
the experimental report. The students in group C analyzed that the cause of error was
in the ideal condition in the virtual laboratory, but during the experiment in the
laboratory, there were several factors such as changes in current density with time,
temperature change of the electrolytic cell, and not measuring the electrolytic time.
This analysis of error indicates that students in Group A or B are not able to do, and
that only students in Group C have full analysis about experiment. This indicates that
students in group C have conducted an extensive experiment in the Web3D VCL with
more distinct objectives, practical knowledge to increase electrolysis efficiency
during laboratory experiment.
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Findings

This paper proposed Search and Verification method as an effective way to
combine virtual experiments with laboratory experiments. And also we developed
Web3D VCL using X3DOM framework to implement Search and Verification
method.

In the past three years, the application of this approach to chemistry, organic
chemistry and analytical chemistry, which is an essential task in material engineering
education, has significantly improved the students™ practical ability, cause analysis
ability, and also helpful at learning the arithmetic knowledge for practice, and much
less resource consumption, such as time, reagents, and power, than before to achieve
the same educational goals.

In the future, how virtual lab works help students with their practical ability
more effectively and the form of virtual laboratories to implement them should be
further studied.
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UDC 004
IMPROVED INTERVAL-VALUED FUZZY REASONING METHOD
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SHAYEHHbBIX HEYETKUX PACCYKJIEHUHU
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Abstract. We develop the new rule of fuzzy modus tollens based on the
principle that fuzzy modus ponens (FMP) and fuzzy modus tollens (FMT) are
opposite one another. We also propose a novel bidirectional reasoning method and
experiential function based on least squares method for fuzzy systems with interval-
valued fuzzy sets on the theory of Bustince. Four properties proposed by previous
research [Chen et al. 2000] do not take into account that IFMP and IFMT are
opposite and some properties are also missing. We develop a new reasoning method
that overcomes the shortcomings of previous research and use the theorems and
examples to illustrate our proposed method reasonable. We extend properties of
bidirectional approximation reasoning and propose approximate reasoning algorithm,
considering that FMP and FMT are opposite each other. Furthermore, we have
proposed its validity as a theorem and have used 3 numerical examples to illustrate
proposed method, which is improved interval-valued fuzzy reasoning method.

AnHoTanus. Mcxons w3 NpUHOMIA JBOMCTBEHHOCTH METOJOB HEYETKOTO
noatBepxaeHus (FMP) u orpumanuss (FMT), B crTatbe MO-HOBOMY JaHO
OIPEICJICHUE TIPABUJIA METOJa HEYETKOTO OTPHUIIAHUS W MPEIJI0KEH HOBBIM METOJ
JIBYHAITPABJIICHHOTO PACCYK/IEHUSI HA OCHOBE HAMMEHBIINX KBAJIPATOB JJIs1 HEUETKOTO
MHOXXECTBAa MHTEPBAJIbHBIX 3HAaUeHUI Mo Teopun Bustince. B ueThipéx ycnoBusX,
npemyioxeHublx Chen, He yuutsiBaetcsi, uto FMP u FMT npoTHBONOIOXHBI, U
OTCYTCTBYIOT HEKOTOpBIE yCJOBHUA. B mensax mpeomosneHus aedexta MpeablIyIinx
UCCIICIOBAHUM B CTaTh€ MPEIJIOKEH HOBBIA METOJl PACCYXKACHUS U JIOKa3aHa
YMECTHOCTh MPEJI0KEHHOIO HaMu MeToAa. Pacuumpsst yCciaoBUsl 1BYHAIIPaBJICHHOTO
MPUOJIM3UTENBHOTO paccykaeHus u yautbiBas, uto FMP u FMT nBoiicTBEHHBI, MBI
MPEVIOKIIA  AJITOPUTM  TIPUOIM3UTENBHOTO PACCYXKACHUS W JIOKa3ajdd €ro B
MIpUMEPAX TPEMS YHCIOBBIMU 3HAYCHUSIMH.
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Keywords: interval-valued fuzzy, fuzzy reasoning, approximation reasoning,
fuzzy modus ponens, fuzzy modus tollens, least square method

KiawoueBble c¢joBa: HEUYETKOE MHOXKECTBO HHTCPBAJIBHBIX 3H3‘1€HHI>1,
HpI/I6JIH31/ITeHI>HO€ PACCYIKACHUC, HEUYETKOE PacCy>KaACHUC, MCTOI HEYETKOIO
IMOATBCPKACHHUA, MCTO HEUYETKOIO OTpHUOaHusA, MECTOA HAMMCHBIINX KBAAPATOB

Fuzzy reasoning is a method of intelligent information processing that mimics
human thinking activities.
Bustince [1, P. 315-336, 2, P. 137-209] defined generalized fuzzy modus
ponens (FMP) and fuzzy modus tollens (FMT) as follows:
Rule : IF xis A THEN yis B
Fact Information : x is A~
Conclusion : y is B
Rule:/F xis A THEN yis B
Fact Information : y is B

Conclusion : x is 4" (1)

Considering that FMP and FMT mentioned in [4, P.243-273] and [5, P. 253—
283] are opposite, we modify the fuzzy modus tollens as follows.
Rule: IF y is B THEN xis A
Fact Informatin : y is B’
Conclusion : x is A (2)
Chen et al. [3, P. 185-203] proposed a bidirectional reasoning of interval-
valued fuzzy sets which can satisfy the following properties.
(a) If A" =very A,then B =very B
(b) If A" =more or less A, then B" = more or lessB
(¢) If B" =very B,then A" =very A
(d) If B" = more or less B, then A" = more or less A
Four properties above proposed by Chen et al. [3, P. 185-203] do not take into
account that IFMP and IFMT are opposite and some properties are missing. In this
paper, we develop a new reasoning method that overcomes the shortcomings of
previous research and use the theorems and examples to illustrate our proposed
method reasonable.

Approximate interval-valued fuzzy reasoning method.

According to [4, P.243-273] and [5, P. 253-283], IFMP and IFMT are
opposite, so we modify (c) and (d) as follows.

(¢) If B" =not very B,then A = not very A

(d) If B" = not more or less B, then A = not more orlless A

In this section, we propose a novel bidirectional reasoning method for interval-
valued fuzzy sets using the least square method based on the theory of Bustince [1, P.
315-336, 2, P. 137-209]. The method proposed here satisfies the following eight
properties, and it shows that this is a more generalized method than the bidirectional
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reasoning method proposed by Chen [3, P. 185-203].
IFMP —1) If A" = A, then B" =B
(IFMP —2) If A" =very A, then B" =very B
(IFMP -3) If A" =more or less A, then B" = more or lessB
(IFMP —4) If A" =not A, then B =not B
(IFMT =1) If B" =not B, then A" = not A
(IFMT —2) If B" =not very B, then A" = not very A
(IFMT —3) If B" = not more or less B, then A" = not more or less A
(IFMT —4) If B =B, then A" = 4
By expanding the properties proposed in the previous papers, we define a new
empirical function satisfying four properties (#™F-1.2.3.4) as follows.
Definition 1: The empirical function fitted by the data set of
(o, v:) (x>0, >0,i=1,2,...n) js defined as follows:
B {x”, IFMP —1,2,3
Yp-x,  IFMP-4 3)
Now we introduce the following lemma to equation the process of getting the

parameter for /FMP-4
Lemma 2: For the property IFMP-4  we denote the parameter © as follows.

p —%{ZT_] (x; + i )J (4)

Proof: We order” =P ~*  then we have » =** Y. P is an empirical function
fitted by the data set of (xi» i) (x; > 0,y; > 0.i=12..m)
1 n
For(i-») we have” =X+ Thusp _Z[ZH (xi + yi)].
End of proof.
Theorem 1: [6, P. 73-83] If 4" = 4" then B"=B”  where »<(0+),

Theorem 2: For IFMP, If 4" =not 4 then B~ =not B
Proof: According to Lemma 2, the parameter P'P2 js defined

bypl _%(zf_l [ )]’ P2 —%[Zf_l (xi5 +yi2 )}

n n

1 1 Zl-:lxil il X2 Yo g Zi:lel Fl=xp+xpp+l=-x51 12,

p=Z(p1+p2)=— == =——=1
2 n 2 n 2 n 2

We compute the degree of the membership of reasoning consequence 3" using
the following equation.

Wy =P 5)
Wy =p-z (6)
So"i=17% B =mt B Thys, we completed the proof of Theorem 2.

Definition 2:

e )
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— (g o ) (o 1oy [} (=01,
flelnl )

B= {([Zna le]} [[sz 222]} . [[Zml» Zmz]}
VI V2 v.w
E:{[l—zu,l—z“]} ([1—222,1—221]],""{[1 _Zn'l’l_znl]}}
! 2 n (8)

The given premise, i.e., new fact information is as follows.

0<x,<x,<Li=L2,.,n0<z,<z,<1,0<w, <w, <1, j=L2,..,m

where

4 = {[[yll.’ yl2]} ([,VZI’ yzz]} . ([yrﬂ? ynz]J}
Let “ “ “» Jbe the reasoning consequence

obtained by the following IFMT algorithm. The algorithm for IFMT is as follows.

Step 1: Compute ““#P(B) andr () Suppose that? =s#» (B)0sup (B)cv |
[o. 0]

A ={[ }1’:1,2,...,11}
T'=¢ then " else 7#9¢ thenT:{"jl=":‘z""’Vﬂ}
Biow =<1—2‘,.|2,1—zlf32,...,l—zj“2>, B;w:<w W, ey W >

VIR FY R

e *
Biigh = <1 —Zj1s 1- Z i1 1- Z‘j”1> Bhi'gh = <wj12 > szza eey Wj:2>
]

Step 2: According to the above-mentioned function £°g“n¢ e can obtain the
following equations.
LogFunc (E{ow ): <L0gFunc (I-z,, ), LogFunc (1— Z;2 )5 LogFunc(1-z, , )>

LogFunc (B* ): <L0gFunc (w, ), LogFunc (w, ,),..., LogFunc (w, | )>
LogFunc (Efu’g:’r ) = <L0gFunc (1-z,,), LogFunc(1-z,,),..., LogFunc (1-z | )>

low

LogFunc (B;.gfT ) = <LogFunc (w,,), LogFunc (w, ,), ..., LogFunc (wj22)>

Step 2-1: Setting the data to
{(LogFunc (1-z,,), LogFunc (w,, )J, vy (LogFunc (1-z,,), LogFunc (w,, ))JL

defined by Eq. (9).

, the parameter 1 is

Yo LogFunc(l— z,, )LogFunc(w, )
o, = :

i (LogF' unc(l-z ))2 (9)

Step 2-2: Setting the data to
{(LogFunc (1-z,,), LogFunc (W_f.z)l s (LogFunc (1-z,,), LogFunc (whz))}

defined Eq. (10).

, the parameter °: is

B Y. LogFunc(1 -z, )LogFunc(w )
1. (LogFunc( - z,)f (10)

F

O :l(o'l +O'2)
So, we have 2 )

Step 3: Compute the degree of membership of reasoning consequence 4,
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7=1.2,.n py the following Eg. (11), (12).
{(l—xiz)g, if 1-x,>0

yil = 0’ ifx” — 0 (11)
v, - {(1 =), i 1=, >0
0, #fx,=0 (12)

Numerical Examples.

In this section, we investigate IFMP and IFMT problems of SISO systems with
interval-valued fuzzy sets using approximate reasoning algorithms and then evaluate
their reducibility.

Example 1: Let us consider the SISO IFMP with interval-valued fuzzy sets.
- { [ou IO]J {[0,3(3.5]} [[0.73; 0.8]} [[0.94;40.95]]’ [[:]J [[0.94;00.95]} [[0.7‘.2,7 0.8]} [[o,l:.s]} [[0;00]]}
. {[ [0;0]} [[0,1?0.6]} [[0.871;0.92]} (@] [[0.87;_0.92]} ([o,vo.é]} [[0; 0]]}

The new reasoning result is obtained as follows.
5 {[ [0; 0]} [[0_, 2.36]} [ [0.76; 0.85]]’ [Q] [[0.76; 0.85]} [[0, 3.36]} ([ov, O]J}

Example 2: Let us consider the IFMP of SISO system with interval-valued
fuzzy sets. The interval-valued fuzzy sets Aand B are the same as Example 1.

Suppose that the fact information is4 =7/ 4.

e {[[IMI]J [[0;5. 1]} [[0.2,1 {0.25]} [ [o.ot 0.06]} [[0;.0]} ([0.041; 0.06]} [[0.2;0.25]} [[0.;5, 1]} ([IHI]J}
Accord;ng to: the IFIQIP algorit4hm of éISO sy;tem we ;alculate8 reasogning

consequence.
(1) S = supp(A) " supp(A™) = {uy, 1y, uy, 15,1, ”s}.

Ay, =(0,0.75,0.94,0.94,0.75, 0) Al = (0.5,0.2,0.04,0.04,0.2,0.5)

Apigh = (0.5, 0.8, 0.96, 0.96, 0.8, 0.5) AZ,-g,,, =(1,0.25,0.06, 0.06, 0.25, 1)

p==(p1+p2)=1

1
EZ: 5 _z([l;ll]} ([oi,l]} ( [0.081;30.13]} ( [0;40]} ([0.08;50.13]} [[oi, 1]} {[1;71]}}

Example 3: Let us consider SISO IFMT approximate reasoning of interval-

valued fuzzy sets as follows. The interval-valued fuzzy sets 4 and 5 are the same as
Example 1. According to Definition 2, the membership functions of 4 and B are as
follows.

i {[g} [[o.us, 1]} [[0.2;‘ 0.25]} { [0.05; 0.06]} {[0; o]} [ [0.05; 0.06]} [[0.2;0.25]} [ [o.us, 1]} [g)}
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5 {[hv_ll]J [[0.:, 1]} [[0.08;30. 13]} [[01;40]} ([0.08;50. 1 3]} ( [0.:), l]} [[11_71]}
The fact information is 8 =net more or lessB.

5 ={[M} [[0.225, 1]] ([0.041, 0.067]J ([0, 0]] ([0.04],0.067]] [[0.225, 1]} {M]}

According to the IFMP algorithm of SISO system we calculate reasoning
consequence.

(1) supp (B) = supp (B*) = {vl, V,, Vi, Vs, Vi, VT}.

Biow = (1,04,0.08,0.08,04,1) B, =(1,0.2250.041,0.041,0.225,1)

low
1

Bigr =(1,1,0.13,013,L,1) B}, =(1,1,0.067,0.067,1,1)

2)

o'=%(0',+62)=%(l.307+1.32)=1.31.

e M, [0.4,1] , [0.12,0.16] ’ [0.02, 0.025], [o, 0]’ [0.02,0.025]’
{E[:IE(EM]ZJ %[{Ezl,l]]‘[[l,l%% 4 M 5 M 6 ]

(3) U, i u, S\ u,

The proposed interval-valued fuzzy reasoning result 4° in case of fact

*
information 2 =not more or less B jn |EMT is shown in Figure 1.

B Antecedent 4 Consequent

‘I‘,;h- Q\ : : fw 1

;\ ; ; //5

IFMT | T [

: i \\ : H f" .

o RN ] S

> N s

N\ A

GY\ éun /DE
i \l\:?&\uf/&usn; 7 IuB ud

i
“
7 ui u u3 “ s 6 u? 8 ud

*
Figure 1. The reasoning result 4" in case of fact information 8 =not more or less B jq
IFMT
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Findings

Firstly, we have developed a new reasoning method that overcomes the
shortcomings of previous research and use the theorems and examples to illustrate
our proposed method reasonable. Secondly, we have extended the properties of
bidirectional approximation reasoning and propose approximate reasoning algorithm,
considering that FMP and FMT are opposite. Thirdly, we have proposed its validity
as a theorem and used 3 numerical examples to illustrate the proposed interval-valued
fuzzy reasoning.
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AHHOTanMs. B crathe paccmaTpuBaeTCs MCIOJIb30BAaHUE HEMPOHHBIX CETEN
JUISL ONTUMU3ALMKA OIODKETa B MalblX MPEANPUATHSIX, MPoOJieMa HEAOCTaTOYHOIO
YPOBHSI aBTOMaTH3alUUd OW3HEC-MPOLECCOB B POCCUMCKUX KOMIAHUAX, a TaKXKe
pa3sBUTHE W BHEIPEHHE HEHWPOHHBIX CETEW B  YIPABICHHE KOMIIAHUSAMMU.
AKTyaJIbHOCTh HCCJIEIOBaHUSl OOYyCIaBIMBAECTCSI HU3KUM YPOBHEM aBTOMATH3AlUU
OM3HEC-TIPOLIECCOB B POCCHUMCKMX KOMIAHUSAX, 4YTO MPUBOAUT K OIIMOKaM B
OPOrHO3UPOBAaHUU U HEI)PEKTUBHOMY pacCHpelIeIeHUI0 pecypcoB. PaccMoTpeHbl
dakTophl, KOTOpPHIE MOTYT OKa3aTh HauOoOJbIllee BIUSHUE HA OU3HEC-CPEIy.
IIpuBenena crTaTUCTHMKA WCHOJIB30BAHUS HEHWPOHHBIX CETEW B KPYHHEWUIIHNX
OpraHmMs3anusXx Mupa. B cratbe Takke pacCMOTPEHBl PHUCKU HCIIOJIb30BaHUSA
TPaAULIMOHHOTO MeETOo/a OIOPKETUPOBAHUS W PUCKU NPUMEHEHHS HEUpPOCETEBBIX
nporHo3oB. HelipoceTeBoil MNpPOrHO3 HE SABJISETCS TOYHBIM W HE JOJKEH OBITh
€AMHCTBEHHBIM HCTOYHUKOM HH(popMauuu npu (opmupoBanuu Oropkera. Llenbio
VICCIIEIOBAHUSl SIBIISIETCS aHAJIW3 BO3MOXKHOCTEH IIPUMEHEHUS HEHMPOHHBIX CETEH B
npouecc (GopMupoBaHus OO/KETa, a UMEHHO Ha CTaJUIO0 COCTaBJICHUS MPOEKTa
Oropketa. B crarbe mpencTaBiieHbl Pe3ysbTaThl UCCIEIOBAaHUS, KOTOPbIE MOKa3ai,
YTO MCIIOJIb30BAHUE HEUPOHHBIX MOXET ITOBBICUTH TOYHOCTH NPOTHO3UPOBAHMS,
aBTOMATHU3UPOBATh PYTUHHBIC 331a4U U YIYUIIUTh KOHTPOJIb UCIOJHEHUS OIOKeTa.
Cratbsi COOEPKUT MPAKTHUYECKHE PEKOMEHJIALMH I10 HCIOJIb30BAHUIO HEMPOHHBIX
ceTel UIsi ONTUMH3AlUU OIOKETUPOBAaHUS B ManbiX mnpeanpusatusx. OHa Oyxaer
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MOJIe3HA BIIAJIENIblIaM U PYKOBOJUTEISIM MaJIbIX NPEANPUITHN, a TakKe (PUHAHCOBBIM
CIIELIMAIIACTAM.

Abstract. The article considers the use of neural networks for budget
optimization in small enterprises, the problem of insufficient level of automation of
business processes in Russian companies, as well as the development and
implementation of neural networks in the management of companies. The relevance
of the study is determined by the low level of automation of business processes in
Russian companies, which leads to errors in forecasting and inefficient allocation of
resources. The factors that can have the greatest impact on the business environment
are considered. Statistics on the use of neural networks in the world's largest
organizations is given. The article also considers the risks of using the traditional
method of budgeting and the risks of using neural network forecasts. Neural network
forecast is not accurate and should not be the only source of information in
budgeting. The purpose of the study is to analyze the possibilities of applying neural
networks in the process of budgeting, namely at the stage of drafting the budget. The
article presents the results of the study, which showed that the use of neural networks
can increase the accuracy of forecasting, automate routine tasks and improve the
control of budget execution. The article contains practical recommendations on the
use of neural networks to optimize budgeting in small businesses. It will be useful for
owners and managers of small businesses, as well as financial specialists.

KiwuyeBble cjioBa:  HEWpOHHBIE  CETH, OIOJPKETUPOBAHHUE,  MaJlble
NpENpUsATHS, TPOTHO3UpPOBaHUE OIOMKeTa, aBTOMaTH3alMsl OW3HEC- MPOIIECCOB,
PHCKH UCITOJIb30BaHUS HEUPOHHBIX CETEN

Keywords: neural networks, budgeting, small enterprises, budget forecasting,
automation of business processes, risks of using neural networks

B coBpeMEHHOM 3M0Xe HEHUPOHHBIE CETH, TaKXe M3BECTHBIE KakK
MCKYCCTBEHHbBIC HEUPOHHBIC CETH, IPUBJICKAIOT BCE OO0JIbIIIE BHUMAHUS B PA3IMYHbIX
00JacTsAX HAYKHM M TEXHUKH. DTO OOYCJIOBIIEHO MX CIIOCOOHOCTHIO K aJanTalluu,
OoOy4eHHIO Ha OCHOBE OMbBITA W BBISABJICHUIO CJIOXKHBIX B3aUMOCBS3€H B JIaHHBIX.
IToBBIICHHBI HWHTEpEC K IPUMEHEHUIO HEUPOCETEd B COBPEMEHHOM MHpE
O0OBSICHSIETCSI YBEJIMUCHHEM JOCTYITHOCTU OOIIMPHBIX MAaCCHUBOB JAHHBIX, OBICTPBIM
Pa3BUTHUEM BBIYUCIHUTEIIBHBIX PECYPCOB M MOSBICHUEM HOBBIX METOJIOB OOYUCHWS.
Chepa mnpumMeHeHUss HEHPOCETEH IOCTOSHHO paclIUpseTCs, W YKe celdac OHHU
CTaHOBSITCSl Bce 00Jiee BaXKHBIM MHCTPYMEHTOM JIsl HE(PTSIHBIX KOMITAHHUM, TOMoras
UM TOBBIIIATh CBOK0 KOHKYPEHTOCTIOCOOHOCTh HA MUPOBOM PBIHKE.

B mnociennue pecATHIETHS KOMIIAHMM AKTHUBHO BHEAPSIIOT HCKYCCTBECHHBIN
WHTEJUICKT U HEUPOCETH B MPOIECCHI YIPABICHUS I TOTO, YTOOBI ONTUMHU3HPOBATH
1 aBTOMATU3HUPOBATh OM3HEC-TPOIECCHl W YIYUIIUTh MPOIECC MPUHATHS PEIICHHIM.
DTO Tak)Ke MOXKET OBITh BBI3BAHO TEM, YTO B COBPEMEHHOM OW3HECE JaHHBIC CTAIIN
HaKaruIMBaThCS B OOJIBIIUX OOBEMaxX, a HEUPOHHBIE CETH B POJIM WHCTPYMEHTA
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CrOCOOHBI pabOTaTh C TAaKUMHU CJIOKHBIMH CTPYKTypaMHU W aHAJIM3UPOBATh UX.
Hcnonp3oBaHne  HEHWPOHHBIX  CETEM  TaKXKE€  IO3BOJISIET  ABTOMATHU3UPOBATH
TIOBTOPSIIOIIMECS 33/1auMl B MPOIIECCAX YINPABJICHUS, BBISIBIAThH PUCKH U aHOMAJINM B
JAHHBIX, YTO TTIOMOTaeT MUHUMU3UPOBATh BO3MOKHBIC YOBITKH.

CornacHo wuccnenoBanuto, nposeneHHomy WorkSpace [5], Heilpocetu B

MIPOLECCHI YIPABJIEHUS BHEAPWIH YxKe 86% opraHu3aiuid, 4To OTPAKEHO HA PUCYHKE
1.

BHI yixe HAYATH HCOOIB30BATE HEEPCICEIH B CBOHX
KOMIAaHHAX?

m]la

®Het 1 He raaHMpyen

" Her, Ho nuaHMpyeM B
clegyromeM TOgy

¥ Her, o nnanupyem B
TEeKymeM Tomy

Pucynok 1. CtaTucTrka UCIOIb30BaHUS HEUPOHHBIX CETEN

Nurterpaunss HelpoceTell B YIPaBICHHE CBUJIETEIBCTBYET O CTPEMIICHUHU
KOMITaHHH YIIYYIIUTh 3¢h(HEKTUBHOCTH yIpaBJICHUS, ONTUMHU3UPOBATH
CTpaTernyecKoe TUIAaHUPOBAHKE U JOCTUTATh OU3HeC- 1eneit 0osee 3 PeKTUBHO.

B wuccnenoBanuu, mnpoegenHom PwC B 2023 roay [l], pecnoHIaeHTHI
OTMETWJIM, Kakue (akTopel MOTYyT OKa3aTh BIUSHUE Ha OU3HEC-OTPACIU B
nepcrekTyBe Ha 10 jeT (pucyHok 2).

IMepexoq Ha HOBBIE HCTOUHIKI SHEPTIIH 19%

HoBEle yUaCTHIIKII 113 CMeKHEIX oTpaciei 34%

Hexpatka paGoueil CIUIB/ HABBIKOB 47%

50%

Hapymemle HEeToMEH MOCTABOK

II3MeHeHNe clIpoca KIHeHTOB 54%

62%

IT3MeHeHNA B peTyIHPOBAHII

ITpopeIBHBIE TEXHOIOTIIH T1%
0% 20% 40% 60% 80%

Pucynok 2. ®akTopbl, KOTOpbIE OKaXXYT BIUSHUE HA OM3HEC-OTPACIIH
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CoryacHO CTaTUCTHKE, YKa3aHHOW HA PUCYHKE 3, OOJIbIasl YacTh OMPOIICHHBIX
PYKOBOJUTENEH KPYIMHEWUIINX KOMIIAaHWM mMupa — a uMeHHo 71 %, cuurtaror, 4to
HauOOJbIIEe BIUSHUE HA OM3HEC-CPEAY OKaXKyT MPOPHIBHBIE TEXHOJIOTHUH, HAITPUMED,
UCKYCCTBEHHBI MHTEIIEKT, OJIOKYeHH u T.I. lcxoas U3 3T0ro, ClieyeT BBIBO, YTO
JUTS TIOBBIIIEHHS] KOHKYPEHTOCIIOCOOHOCTH Ha PHIHKE BCE 0OOJIbIIIE KOMIAHUI HaYHYT
UCIOJIb30BaTh TEXHOJIOTUU JJII aBTOMATU3AI[UU OU3HEC-TIPOLIECCOB.

Forbes B cBoeli crarbe [2] otmerwiu, uto 30% kommanuii tepsaroT 10 10%
npuObUIM M3-32 HETOYHOTO Oo/KeTHpoBaHUs, a neduuut Oromxera Poccun mo
WTOTaM ampesisi MPeBbICUI T1aH Ha Bech 2023 roa. DTH JaHHbIE CBUJIETEIIbCTBYIOT O
TOM, 9TO HETOYHOE OI0PKETHPOBAHUE MOXKET UMETh CePhE3HbIE TTOCIICACTBUS KaK IS
Ou3Heca, Tak W I SKOHOMHUKH B IieloM. Hampumep, Ha CTaguy COCTaBJICHHUSI
MpOeKTa OI/KETa MOTYT MPOUCXOJUTh MCKAXEHUS MPOTHO3HBIX MOKa3aTesiel win
HEMPAaBWIBHBI ~ MNPOTHO3  COLUAIBHO-P)KOHOMHYECKOTO  Pa3BUTUS  BBUIY
yesoBeueckoro gakropa. OmuoOKku B MPOTrHO3aX MOTYT MIPUBOAUTH K HEMIPABUILHOMY
pacnpeneneHuto pecypcoB. CyllecTBYIOIMUE METOJbI OO/DKETUPOBAHUS YacTO HE
OTBEYAIOT BbHI30BAM COBPEMEHHON HKOHOMHUKH, TaKuUM, KakK IOJUTHYECKas
HECTAaOWJIBHOCTb,  OBICTPHI  TEXHOJOTWYECKHM  TpOrpecc ©  yBEJIMYCHHUE
KOHKYPEHIIMU, YTO 3aCTaBisieT KOMIIAHUU MCKaTh CHOCOOBI TMOBBIIMICHUS U
ONTUMU3AIMU 3aTpPaT.

[Ipy mIaHUpPOBAHUM IIJIATEKEW B CPEOHECPOUYHOM IIEPUOJE HCCIEAYEMOTO
NPEANpUsATAS PEKOMEHJIOBAaHO pa3padaThiBaTh MPOEKTHBIM OajaHC MOTOKOB
JNEHEXKHBIX CPEACTB, & B KPAaTKOCPOUYHOM TNEPUOAE HCIOJIb3YETCS TIATEKHbBIN
KaJICHAAph.

HelipoHHble ceTr MOTYT ObITh UCTIOJIb30BaHBI JIJIs1 MPOTHO3UPOBAHUS OYTYIITNX
3HAYEHUHN BBIPYYKH U PACXO0B OpPraHU3alMU HA OCHOBE UCTOPUUYECKUX JAHHBIX, YTO
MO3BOJISIET TOBBICUTH TOYHOCTH IUIAHUPOBAHUS W CHU3UTh PHUCKU (DUHAHCOBBIX
notepb. Takxe HEHUPOCETH MOTryT OBITh HCIONB30BAHBI 11  (POPMUPOBAHUS
TUTAHOBBIX TIOKa3aTesiel 0ro/KeTa Ha OCHOBE MPOTHO3UPYEMbIX 3HAYECHUN BBIPYUKH U
pacxoJ0OB C IICJIbI0 aBTOMATU3UPOBATh Tipoliecc GOopMHUpPOBaHUS OrOKETa H
MOBBICUTh €r0 d(PPEKTUBHOCTh, TAKXKE OHH TIIO3BOJIIOT BBISIBISATH OTKJIOHEHUS
dakTHUeCKMX 3HAYEHWW OT TUTAHOBBIX W TPUHUMATh  COOTBETCTBYIOIIUE
yOpaBJieHUYEeCKUE pernieHus. Vcnoib3oBaHue HEUPOHHBIX ceTeld B (popMupoBaHHH
Oro/KeTa OPTaHU3aIuU UMEET PSIJ TPEUMYIIECTB:

- TIOBBIIIIEHUE TOYHOCTH IJIAHUPOBAHMS: CITIOCOOHOCTh 00y4YaThCsl Ha OOJBIITNX
MacCHBax JaHHBIX WU BBISBISATH B HUX CJIOKHBIE 3aKOHOMEPHOCTH (IO JTaHHBIM
uccinenoBanuss kommanuu  Deloitte, wucmosb3oBaHHE€ HEUPOHHBIX CETEH B
dbopmupoBaHuu OrOKETa TO3BOJIIET TMOBBICUTH TOYHOCTH IPOTHO3UPOBAHUS
BBIPYYKH U pacxoioB Ha 10-20%);

- aBTOMaTH3alus npoiecca GopMUPOBAHUS OIOKETA: COKpAILIEHUE BPEMEHU U
Tpyao3aTpaT, a Takke NOBbIMIeHHE >(PGEKTUBHOCTH IUIAHUPOBAaHUS (TIO JAHHBIM
uccaenoBanus komnanuu Ernst & Young, Mcnonb30BaHHE HEHWPOHHBIX CETEH B
dbopmupoBaHUr OIO/PKETa TIO3BOJISIET COKPATHTh BpeMs W TPyJdo3aTpaThl Ha
dopmupoBanue Oromketa Ha 20- 30%);
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- yJIydYIllleHWE KOHTPOJIS MCIOJHEHUs OIo/pKeTa: HEHPOHHBIE CETU CIOCOOHBI
BBISIBJISITH  OTKJIOHCHUS (PAKTUYECKUX 3HAYCHWH OT TUIAHOBBIX, YTO TIO3BOJIAET
CBOCBPEMEHHO TMPUHUMATh COOTBETCTBYIOIIME VYIPABICHYCCKHE PEIICHUS |
MUHUMH3UPOBATh (UHAHCOBBIE MOTEpH (IO JAHHBIM HCCIeI0BaHusl Kommanun PwC,
UCTIONb30BaHUE HEHPOHHBIX ceTeil B (popMHUpoBaHUM OFOKETa MTO3BOJISACT YIIYUIIUTh
KOHTPOJIb UCIIOJIHEHHUS OromKkeTa Ha 15-20%).

Hanpumep, Takoit moaxoa K (GOpPMHUPOBAHHUIO OIOJDKETA YXKE€ HCIIONB3YeTCs B
cienylmux KommaHusx: Amazon, Google, Walmart. Amazon wucnonb3yer
HEHPOHHBIE CETH HJs TMPOTHO3MPOBAHMS CIpoca Ha ToBapel U ycimyru. Google
MCIIOJIb3YET HEMPOHHBIE CETH I MPOTHO3UPOBAHHUS BBIPYUKHU OT pekiaMbl. Walmart
UCIIOJNIb3YET HEMPOHHBIE CETH AJISi KOHTPOJIS HCTIOTHEeHHs OrokeTa. CylIecTBYIOMNe
MpOrpaMMHBIE PEUICHUS Il aBTOMATH3aIMU TIpoliecca OI0KeTUPOBAHNUS YKa3aHbI B
Tabnuue 1.

Tabnuua 1. CpaBHuTeNnbHAS TAOIUIA CYIIECTBYIOIIUX PEIICHUN

Xapakrepuctuka/ | Adaptive Insights Anaplan IBM Planning SAP Analytics
HaszBanue Analytics Cloud
Tun Ob6naynoe Obnaunas [Iporpammuoe Obnaunoe
penieHne maTdopma obecrieueHue perieHue

WNHurerpanus ¢

Oracle ERP Cloud, Microsoft Dynamics, SAP ERP, Workday ERP

crucTeMaMu
[Tonnepxka Her Nwmeercs Nwmeercsa HNmeercs
PYCCKOTO s3bIKa
OT4€T Ha BBIXOJIE Otuet 0 Anamutuka no | BromxernpoBanu Ortuer o
NpUOBLIAX U (uHAHCOBBIM eu NpUOBUISIX U
yObITKax, OanaHc, MOKa3aTeNsIM IUTaHUpOBaHUe | yOBITKax, OanaHc,
OTYET O OTYET O
JBYOKCHUHT TBYKEHUH
JICHEKHBIX JICHEKHBIX
CPEICTB CpEICTB,
aHAJIMTHKAA IO
(UHAHCOBBIM
MOKa3aTesM

N3 cpaBHEHUs CYILIECTBYIOIIUX PELICHUNA MOYKHO OTMETUTh, YTO HU OJHO U3
pelieHnii He HWMeeT MHTerpaluu ¢ HauOolsiee Hcnoiab3yeMoil B Poccuiickoit
®enepanuu nporpammHoil cucremon «1C: Ilpennpusitue», 4to KpaiiHE BaXHO B
HBIHEIIHEN I[IOJUTUKO-DKOHOMUYECKOM CUTyalluM B CTpaHe. DBeliueonucanHbie
CYLIECTBYIOIIME pEIICeHUs [Jii aBTOMAaTU3allMM Mpolecca OroIKeTUPOBAHUS
paccuUuTaHbl JUIIb HA CPEIHECPOUHBIN UIIM JTOJITOCPOYHBIA NIEPUOLBI, B TO BpPEMsI KaK
OTYETOB JUIsi KPATKOCPOYHBIX IIEPUOAOB OHU He coaepxar. Ilostomy s
IIPOTHO3UPOBAHUSI OIO/PKETA HA KPATKOCPOUHBIM NEPHOJ KOMIIAHUSAM HYXKHO
pa3pabaTbeiBaTh COOCTBEHHOE pelieHue. [[puMepoM Takoro pemeHus: MOKeT CIIYKHUTh
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MpOrpamMMHBIN MOyl (hopmupoBanus O6romkera mist «1C: [lpeanpusituey, KOTOPHIA
UCIIONb3YET HEHUPOHHBIE CETHU UIS aHaln3a OTYETOB MPONUIBIX IEPUOJOB H
NpPOrHO3UpOBaHUs  Oyaymux  nepuojgoB. OpHako  pa3paboTka  MOJ0OHOTO
IPOrpaMMHOTO MOJYJII MOXET TNOoTpeOoBaTh OOJBIIOE KOJIUYECTBO PECYPCOB:
BpPEMEHU, TEXHUUYECKUX, (PMHAHCOBBIX U YEJIIOBEUECKHUX PECYPCOB.

[Iporpammubiii  Moaynb  (QopMupoBaHUs OOJKETa C  HMCIOJb30BaHUEM
HEHWPOHHBIX CETEN MOKET UMETh CIEAYIOLIME MPEUMYLIECTBA!

- unTerpanus ¢ 1C: moxyns nerko unrerpupyercs ¢ 1C, 4Tto gemaer ero
yIOOHBIM JJIsi TOJIb30BATEIeH STOM CHUCTEMBI, a TaKXKe, B TEKYIIEH MOJIUTHYECKOU
CUTYaIlUH, SIBISIETCA JOCTOMHCTBOM JJIsi POCCUHCKOTO OU3Heca;

- pycuduKanus: MOAYJIb MOJHOCThIO pPyCHU(PHUIMPOBAH, YTO JETAeT €ro
JOCTYIIHBIM JUI PYCCKOSI3bIYHBIX MTOJIb30BATENEH;

- IJIATEXHBIA KaJIEHJaph: MOJYJIb BKJIIOYAET B CEOsl IJIATEXKHBIM KaJICHIaph,
YTO SIBJISICTCS BAXKHOM QyHKIMEN 11 OI0)KETUPOBAHUS.

PexoMeHnyeMas apXuTEKTypa IPOIPAMMHOIO MOAYJIA C  HEUPOCETHIO
0TOOpakeHa Ha PUCYHKE 3.

—  Moxyms 1C

l -O0paboTaHHEE JaHHBIE—

Nanusie & BHIE

B . 2} ﬂ_
JSON-oGnekTOR Beb-cepairc

JanuLIe B BHIE,

PesyIsTaTsl B BHIE = HeiipoceTs Ba
TON oot MOHATHOM HefipoceTH P

PyTorch

Pucynok 3. [Ipemyiaraemas apXutekrypa mporpaMMHOTO MOIYJIS

Monyns 1C otnpaBisieT nanHble Ha BeO-cepBuc, peanusyromuii REST API, B
JSON-dopmate, nanee BeO-cepBUC mMepenaeT ITH JaHHbIE HEUPOCETH B TOM BUJIE,
KOoTOphle eil OyayT noHsTHBEL. HeiipoceTs 0OpabaTbiBaeT 3TH AaHHBIE U NIEPENAET Ha
Be0-CEpBUC, KOTOPHIA, B CBOIO OUYepe/ib, MpeodpaszyeT ux BHOBb B JSON-00bEKTH U
nepenaet moayio 1C.

OnHAKO CTOMT YYMUTHIBaTh U PHUCKH, KOTOpbIE MOXKET HECTH B cede
MCIIOJIb30BaHNE HEMPOHHBIX ceTeil B mporiecce (hopmupoBaHus OropkeTa. Puckm
WCIIOJIb30BAaHUSl HEHPOHHBIX CEeTe B MPOrpaMMHOM MOAyjde (OPMUPOBAHUS
Or0/KEeTa MAJIOTO TIPEANPHUATHS MOTYT OBITH CIIEAYIOIINE:

- HeTpeABHUJIEHHBIE (DAKTOPHI B SKOHOMHUYECKOH cdepe, B 3aKOHOAATEIHCTBE
WIM TIOSIBJIEHUE KOHKYPEHTOB MOTYT NPHBECTH K 3HAYUTENBHBIM OTKJIOHEHHUSM
IPOTHO30B OT PEATbHOCTH;

- OWIMOKMA BBOJA JAaHHBIX WJIM HEKOPPEKTHas UX KiacCU(UKaIUs MOXKET
OPUBECTH K OIMOKaM B IPOrHO3aX;
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- apToMaTtu3anus (popmMupoBaHus OIOKETA B JAITBHEUIIIEM MOXKET PUBECTH K
TOMY, YTO PYKOBOJCTBO MAaJIOTO MPEANPHUATHS OyAeT MCHBIIC KOHTPOJIUPOBATH
OIOJIKET;

- ype3aMepHas HaJACKJa W TCPEKIIaIbIBAaHUE OTBETCTBEHHOCTH 3a PE3yJIbTaThI
Ha HCHPOHHYIO CETh MOTYT TPHBECTH K HMIHOPHPOBAHUIO BAXKHBIX JETajCH H
HIOAHCOB.

B momnosHeHre K BBIIECKa3aHHOMY, CTOMT OTMETUTD, YTO HE CTOUT IMOJTHOCTHIO
MoJlaraThCsi Ha PE3yJbTaT HEUPOHHOW ceTh B (QopMUpPOBaHUU OIOKETA:
HEHWPOCETEBOM MPOTHO3 MOXKET OBITh UCIIONB30BaH, HAIPUMEp, B KauecTBe I1abJioHa,
U OH HE SBISETCA aOCONIOTHO TOYHBIM M HE JIOJDKCH pacCMaTpUBATHCA Kak
€IMHCTBEHHBIN NCTOYHUK HH(POpMaIuy pu GOPMHUPOBAHUN OIOIKETA.

BriBoabI

Hcnonp3oBaHue HGﬁpOHHBIX ceTenl B YIIPAaBJICHUU OM3HECOM SIBJISICTCS
MOIOHBIM H IICPCIICKTHUBHBIM HHCTPYMCHTOM, KOTOpBIfI HCIIOJIB3YCTCA B KOMIIAHUAX
BCC Yame, OIHAKO oe3 JOJDKHOT'O TCCTHPOBAHUA U 06y‘I€HI/I}I HCI?IpOHHOﬁ CCTHU
BHCAPATH €€ B IIPOLUCCCHI KOMIIAHWH HC CTOHT, TaK KAaK 3TO MOXKCT IIPUBCCTH K CIIIC
OOIBIINM PUCKaM, YCM OTCYTCTBHC aBTOMATU3AIIHUH.

Jlureparypa

1. Boston Consulting Group: caiit. — URL: https://www.bcg.com/.

2. Heduuut Oromxera Poccun no uroram amnpesis npeBbicH Ha Bech 2023
ron // Forbes URL: https://www.forbes.ru/finansy/489088-deficit-budzeta-rossii-po-
itogam- aprela-prevysil-plan-na-ves-2023-god.

3. Kupeena, H.A. Heiiponnbie ceTu: ucTopust BOSHUKHOBEHHS U Pa3BUTHUS /
H.A. Kupeea, P.M. VYcmanoB // Wnterpanus Hayku u o0Opa3oBaHHs B By3ax
HedrerazoBoro mnpoduns — 2020, mocBsm. 75-nmeruio IloGensr B Benmkoit
OTtedecTBEeHHOI BOlHE: MaTepuanbl MexayHap. Hayd.-MeToa. KoHd. / peakon.: H.I'.
EBnoxkumona u ap. - Yda: Uza-so YITHTY, 2020 — C. 181-184.

4, CvmupuoB A.B. Heiiponnsie cetu B ¢GopMHpOBaHUM OOJDKETA:

BO3MOKHOCTH M orpanudenus // [IpoGaemsr Teopun U npakTuku ympaieHus. 2023
Ne 4 C. 42-51.

[152]


https://www.bcg.com/
https://www.bcg.com/
https://www.bcg.com/

NHOOPMAIIMOHHBIE TEXHOJIOI'MW B SKOHOMUKE, VIIPABJIEHMW U BUBHECE

VJIK 004.7

CPABHUTEJIbHASI OHEHKA HAKJIAJHBIX PACXO10B
ITPOTOKOJIOB BHYTPEHHEU MAPIHIPYTU3AIIUU B
CTAIIMOHAPHOM PE’KUME ® YHKIIMOHUPOBAHUA CETU

COMPARISON OF INTERNAL ROUTING PROTOCOL OVERHEAD IN
FIXED NETWORK OPERATION MODE
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Poccniickas ®enepanms
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FSAEI «Volgograd State University», Volgograd, Russian Federation

e-mail: promasevich@gmail.com

AnHoTanus. OIHUM M3 3TANOB MPOEKTHUPOBAHUS TEICKOMMYHUKAIMOHHOMN
MH(QPACTPYKTYphl  SIBIIIETCA  NPEBEHTHBHAs  OLIEHKAa HAKIAJIHBIX  PACXOJIOB
JKCIUTyaTalliM CEeTH, TEXHHYECKash COCTaBJSIOAs KOTOPBIX CKJIAJBIBAETCS U3
YTWIM3ALUU PECYPCOB CETH JJIsl IEPEIAUN CIIYKEOHOro Tpaduka.

[{eap 1aHHOTO MCCIEAOBAHUS COCTOUT B MOJYYEHUU MHKEHEPHBIX POPMYIT IS
CPaBHUTENBHOW OIIEHKM MPOIYCKHOM CHOCOOHOCTH KAaHAJIOB CBSI3H, HEOOXOAMMOU
U1l IepeAadu ciryxe0Hoi nHdopManmu npotokooB Mapiipytuzanuu IGP (Interior
Gateway Protocol) tuna Link State B 3aBucMMOCTH OT 4yucia MaplIPyTHU3UPYIOIIHUX
y3JI0B U KOJIMYECTBA UX aKTUBHBIX HHTEP(PENCOoB.

OnbIT aBTOpa TMOKAa3bIBAa€T, 4YTO TMOAOOHBIE OLEHKHU IeJ1eco00pa3Ho
OCYLIECTBJISATh HE TOJIBKO 110 CPEIHUM, HO U MAaKCHUMAJIbHO BO3MO>XHBIM 3HAYEHUSIM,
M Ha OTOM OCHOBE IUIAHUPOBATh IMApaMeTpbl  TEJIEKOMMYHUKAIIMOHHOM
UHQPACTPYKTYphl,  ABTOMAaTUYECKH  3aKjaablBas  JIOCTATOYHYIO  CTEIEHb
M30BITOYHOCTH B €€ XapaKTEPUCTHKHU.

B pabote paccmaTpuBaeTcsi CTallMOHAPHBIN Clydaill SKCIUTyaTalliyd CETH, KOraa
OTHOLIEHUSI COCEJCTBA MApIIPYTU3UPYIOIIMX Y3JIOB YCTAaHOBJIECHBI, TaOJIMIIbI
MapuIpyTH3alud CPOPMUPOBAHBI U CHUHXPOHU3UPOBAHBI, TEIEKOMMYHUKAIIMOHHAS
uH(ppacTpyKTypa crabuiibHa U €€ TOMOJIOrUs He MeHsieTcsl. Tem He MeHee, U B 3THX
YCIOBUSAX  MaplIPyTU3aTOpPbl  MEPUOJAMYECKH  OOMEHHMBAIOTCS  ONpEEICHHOM
cinykeOHoM umH(pOpMalKel, MOATOMY MPEBEHTUBHAS OIEHKAa HEOOXOAUMOM s e
NOJIOCKl ~ MPOMYCKaHWUs  BaXHAa MNpPU  NPOEKTUPOBAHUM  UHEOPACTPYKTYpPHI
MAapIIPYTU3UPYIOIIUX CETEH.

Abstract. One of the design stages of the telecommunications infrastructure is
a preventive assessment of the overhead costs of network operation, the the technical
component of which is added of the network resources utilization for the transmission
of service traffic.
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The purpose of this study is to provide engineering formulas to compare the
link throughput required to transmit the Link State IGP (Interior Gateway Protocol)
overhead based on the number of routing nodes and the number of their active
interfaces.

The author's experience shows that it is advisable to carry out such assessments
not only by average, but also by the maximum possible values, and on this basis to
plan the parameters of the telecommunications infrastructure, automatically laying a
sufficient degree of redundancy in its characteristics.

The work considers a stationary case of network operation, when the
neighborhood relationships of routing nodes are established, routing tables are
formed and synchronized, the telecommunications infrastructure is stable and its
topology does not change. However, even under these conditions, routers periodically
exchange certain service information, so a proactive assessment of the bandwidth
required for it is important when designing the infrastructure of routing networks.

KiroueBble ci10Ba: HaKkjIaJHbIE PacXo/ibl, cpaBHUTENbHAs oreHka, IGP, Link
State, TeleKOMMYHUKAITMOHHAs HHPPACTPYKTYpa, MIPOITYCKHAs CIOCOOHOCTh

Keywords: overhead, benchmarking, IGP, Link State, telecom infrastructure,
bandwidth

Haxnannusie pacxomasl Ha mapupyrtuzanuto [IGP moxHO pasgenuts Ha Tpu
Clly4asi: yCTaHOBJICHHE COCEACTBAa M (POPMHUPOBAHHE MAPUIPYTHBIX TAOJHMI];, PEKUM
oOMeHa JaHHBIMH TIPU (PparMEHTAPHBIX U3MEHEHUSX B CETH; CTAIMOHAPHBIN PEXKUM,
KOI'/1a U3MEHEHU B TONOJIOTHH HET.

B craumonapHoMm pexume padboTa mpoTokosnoB MapuipyTuszauuu Link State
CBOJIUTCS K Mepenade U 00paboTKe MaKeToB MOAEepKaHUsI OTHOUIEHUM cOocellcTBa U
NePUOIUYECKOMY OOHOBJIEHHIO 0a3bl cocTostHUs KaHanoB (LSDB), uto mo3BossieT
OIICHUTH 00BEM CITyKE€OHOTO TpaduKa B CETH.

OnopHasi TEIEKOMMYHHMKAIMOHHAST HMH(PPACTPYKTypa AaBTOHOMHBIX CHCTEM
OTIEpaTOpPOB CBSI3M OOBIYHO CTpoUTCs Ha Oa3e kaHanoB P2P (point-to-point), moaTomy
JaHHbIE  COOOUIIEHMs] ~ MapIIpyTHU3aTopa  OTIPABISIIOTCS  HEMOCPEIACTBEHHO
MOJIKJTFOYCHHBIM  KOJIIeTaM. MapIipyTu3aTopbl, CBsS3aHHBIC ceTsMu point-to-point
BCET/1a SIBJISIIOTCSI CMEKHBIMU, UHBIMU CJIOBAMU, YCTAHABIUBAIOIIUMH COCEACTBO. [1].

B coBpeMEHHBIX TEIEeKOMMYHUKAIMOHHBIX CETSIX ONEpPATOPOB CBSA3U MEXKIY
MapuipyTusaTopamu opranusyrorcsi P2P-coequnenust uepe3 unrepdeticel Ethernet.
E€ ucnonp3oBanue npeamnonaraer npoiecchkl BeioopoB DR B ciryuae OSPF [1] u DIS
B cmyuae I[S-IS [2], omHako Ha COBPEMEHHBIX YCTPOMCTBAX ATO IMPOUCXOIUT
NPAKTUYECKd MTHOBEHHO, OCYILIECTBISICTCS HAa HAYaJIbHOM JTare WHUIMAIU3AIUuU
KaHaja CBSI3M U Ha PAacCMATPUBAEMBIN CIydail CTAllMOHAPHOTO PEXKUMA HE BIIUSET.
Kpowme Toro, coBpemennsie peanuzaiu [GP no3BossitoT HCKITIOUNTE 3TH BEIOOPHI Ha
P2P-untepdeiicax na ocHose Ethernet.

[Ipn mpoeKTUpOBAaHMM ABTOHOMHOM CUCTEMBbI TEICKOMMYHHUKAIMOHHOW CETH
1enecoo0pa3Ho HMCHOJIb30BaTh OJHOTHIHBIE YCTPOMCTBA ¢ MHTepdericaMu OJHOM
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CKOPOCTH. DTO TO3BOJISIET COKPATUTh 3aTpaThl HA MPOCKTHPOBAHUE, YIPABICHUE U
aAMUHUCTPUPOBAHUE UHDPACTPYKTYPHI.

PaccmoTpum ciydaid, Korjla aBTOHOMHAasi CUCTEMa COCTOUT U3 €AMHCTBEHHOM
00J1acTH, KOJUYECTBO aKTUBHBIX P2P-unTepdeiicoB y Bcex MapuipyTuzaTopoB
OJINHAKOBOE, YTO BIIOJHE PEaIbHO MPU CUCTEMHOM TOJIX0]1€ TPOCKTUPOBAHMS CETH.

[TockonbKy 1enpl0 pabOThl SIBISETCA CpPaBHEHUE HAKJIAJHBIX PacXoioB
nporokosioB IGP Ha oxgHOM U TOM ke MHPpPACTPYKType, BHIOOP MOAOOHON MOJEIH
CETH OTPHULIATEIHHO HE MOBJHIET Ha Pe3ybTarT.

O6bem Tpaduka OyaeM OIeHWBATh Ha KaHAIbHOM ypoBHe Mmoxaenu OSI,
MOATOMY K MH(pOpMaIum paccMaTpuBaeMbiXx MpoTokoiaoB IGP Oyaer mpubaBisThes
ciyxeOHast nHpOopMaIus HIDKENEXKAIUX YPOBHEH.

[Taketsl OSPF unkancymupyrotcst B o01actb JaHHbIX [P-niakeToB ¢ komoMm 89.
Bce tunsl nakeroB OSPF uMeroT craHapTHBIN 3aroj0BOK JJIUHOM 24 Oaiita.

ITaker Hello umeer cBoii momzaroynioBok 20 OGalt + 4 GalitTa Ha YIIOMHHaHUE
KaXXJIOTO cocela, KOTOPhIX MapIIpyTU3aTop «BHIUT» yepe3 unrepdeiicel. Ecam y
ycTpoiicTBa wuMeeTcsi N aKTUBHBIX MapUIPpyTH3UPYIOIIMX HHTEpdeicoB, TO
MakcuMmanbHbli  00beM  Hello-Tpaduka mocime  ycTaHOBIEHHST COCEACTB €
HEMOCPEICTBEHHBIM OKpYyx)eHrueM Ha ypoBHe OSPF coctaBut N*(24+20+N*4) 6aift.

C yu€rom ciyxkeOHol nndopmaruu nakeros IP (20 6aiiT) u Ethernet (26 6aiit,
B3ST CaMblil JJIMHHBIA BapuaHT Kajpa), neperaBaeMbiii o0béM Hello-Tpaduxka
MapuIpyTh3aTopa Ha KaHaJIbHOM YpOBHE orleHuBaeTcsi kak N*(90+N*4) GaiiT, uto B
MacmTabe Bced cetd M3 M y3710B B CTAallMOHAPHOM pPEXUME MOXXHO OLEHHUTH
BBIPOKCHUCM:

B_Hello = M = N = (90 + N = 4)) 6alT (1)

[TockobKy MO YMOJIYaHHIO JJaHHAs MH(OpMaIs oTmnpasisercs Kaxasie 10 c,
TO CpeIHsSs OlleHKa Heobxomumoin mpormyckHoit crnocooHoctn C Hello Oyaer
BBITJISJICTD TaK:

C_Hello = 0.1+ M(N = (90 + N * 4)) 6aut/c (2)

Kpome toro, 1s uckinodenus 3amnycka anroputma SFP o noctuxkenuto
«BpeMeHn crapeHus» 3anucedl B LSDB pa3 B 30 mMuHyT MapumipyTu3atopsl
TEHEPUPYIOT U pacchulaloT «cBom» LSA tuna 1, nakancynupoBanubsie B LSU.
LSA tuna 2 B JaHHOM cCjlydyae HE pPacChbUIAlOTCS, MOCKOJIBKY HHTEpQEenchl
Ethernet ckondurypuposans! kak P2P [1].

OO6muit 3aronoBok LSA umeer quny 20 6aifT.

B cnydae LSA tuna 1, KOTOpBIN ONMKUCHIBAET COCTOSTHUE MapLIPyTU3aTOPA,
K 3aroJioBKy jo0aBisercs mo 12 OailT Ha KaxAbld aKTHUBHBIM HHTEpdeiic
Mapuipytu3aropa [1].

B sto0ii cBsi3u ¢ ydyerom 3aronoBka LSU (4 Oaiita) naHHbIi BKIag B 00beM
«cBoux» LSA or M MapuipyTU3aTopoB Ha KaHaJIbHOM YPOBHE COCTaBUT
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B_LSDB = M * N * (94 + 12 = N) 6aiit 3)

[TockonbKy 3TOT 00bE€M Tpaduka renepupyercs npotokosiom OSPF pa3 B
30 munyT [1], TO HEOOXOAUMAs TTPOMTYCKHAS CIIOCOOHOCTh MOYKHO OIICHUTH KaK

C1_LSDB = M = N(94 + 12 = N)/1800 6aiit /c (4)

Taxke, mpu H3TOM, KAKIBIM MapUIPyTHU3aTOP METOAOM JIABUHHOM
paccbutku [1] KomupyeT MoydeHHbIE OT OCTaIbHBIX (M-1)-MapmpyTu3aTopoB
cetn «uyxue» LSA tuna 1 uepe3 cBou UHTEpPEich, KpoOMe TOTr0, ¢ KOTOPOTO
OHH TOJYYeHBI, TO ecTh 4depe3 cBoum (N-1)-untepdeiicel. M Tak moctymaer
KaXIbId U3 M MapmipyTu3aTopOB CETH.

CoOTBETCTBEHHO, 00bEM 3TON MH(pOpPMAIUK OTIACT BKJIAJ] B TpeOyeMyto
IPOIYCKHYIO CIIOCOOHOCTD

C2_LSDB =M = (N — 1) * (M — 1) = (94 + 12 * N)/1800 6aiit/c  (5)

B wurore, oOmas oreHka HEOOXOAMMOW MPOIMYCKHOW CIHOCOOHOCTH
ciyxebHoro Tpaduka OSPF B craiimonapHoM pekrMe MOKHO MPEACTaBUTh Kak

C_OSPF~M +N = (9+04+N)+ M +{N + (M — 1) = (0.05 + 0.006 + N) (6)

N3 Gopmynbl BUAHO, YTO BTOPOH WJieH JAET OTHOCUTEIBHO MaJiblil BKJIA]]
U B MPAKTUYECKUX OLIEHKAX UM MOXHO MIPEHEOpEUb.

BuaHo, 4Yro 3aBUCMMOCTh OT KOJIMUECTBA Y3J0B MaplIpyTHU3ALUN
JUHENHAas, a OT KOJIMYeCTBa UHTEPPENCOB — KBAAPATUYHAS.

Heobxoaumo OTMETUTh, YTO CYIIECTBYIOT MEXaHWU3Mbl YMEHbBIIICHUS
o0beMa naHHoro tpaduka 3a cuet oobenunenus rpynn LSA B onnom LSU, tem
CaMbIM YMEHbIIIasg KOJMYECTBO MakeTOB OOHOBiIeHHS. OJHAKO 3a7ada JaHHOU
paboThI ONPEACIUTh MAKCUMAITLHO BO3MOXKHBIN 00beM CITy>keOHOTO Tpaduka 1mo
YMOJIYAHUIO IS~ TPEBEHTUBHBIX  OLEHOK  MpU  MPOEKTUPOBAHUU
TE€JIEKOMMYHUKAIIMOHHOUN CETH.

B ortnuune ot OSPF nakets! IS-IS mHkancynupyrooTcs HENOCPEACTBEHHO
B KaJpbl KaHAJBLHOTO YpPOBHs, ModTomy uHbopMmanus [S-IS B mose maHHBIX
Bceraa aomnoausercs 10 MTU, 4To mo3BojsieT OlleHUTh NepeaBaeMbie 00bEMbI
[2].

B cnywae IS-IS [2] B craimmoHapHOM pEeXUME 4Yepe3 ONPEIACICHHBIC
NpOMEXKYTKH BpeMeHH pacceuiatorcs makerbl PDU - Hello, CSNP-makeTst
CUHXPOHM3AIMK TomoJiornyeckux 0a3 naHHbix LSDB u makeTsl omnucaHus
toniosioruu LSP ot xaxknoro mapiipytuszatopa ajis ooHosienust LSDB.

PDU CSNP [2] nepuoanyecku TeHEPUPYIOTCS MO0 YMOITYAHUIO Kaxpie 10
c, sSBIAIOTCS crnuckoM 3anucedi LSP  Tomomormyeckoii 0a3bpl JaHHBIX, U
PACCBHUIAIOTCS OCTATLHBIM MapuipyTuzaTopaM cetu. OHu uMeroT pasmep 34 GaiT
ITI0C 00J1acTh mepeMeHHon JInHBI (<1459 GaiiT), Bkimtouatomas 2 Oaita + 16
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0aliT omMcaHus HA KOKIYIO 3amuch 0a3bl. B kaxaom makere CSNP moxer ObITh
110 90 TakUX ONMMCAHUIA.

[Tockonbky makeTsl [S-IS uHKancymupytorcs B 00J1acTh IaHHBIX KaJpa
KaHaJbHOIO YypOBHA, TO uUX pasMep He mnpesbimaecr MTU. Ilostomy mis
onmucaHusi cetd u3 M wMapmpyrtuzatopoB ¢ N wuHTepdeiicaMu 00beM
uHpopmaruu CSNP cocraButr M*N*(26+MTU)/90, a HeoOXxoaumMasi CKOPOCTh

C_CSNP = (M/900) = N (26 + MTU) Gaiit/c (7)

PDU Hello [2] nns kotopeix ompeneneH He Hello-unrtepsan, a Holding
Timer, mo ymMom4aHMIO pacHpoCTpaHstoTcs udepe3 Takke uepe3 10 c. nuna
nakera Hello cocraBnger 27 OGaiit + nepemennas obnacte TLV, B koTopoit
coziepkuTcs nHPopManus 00 00J1acTh, U3BECTHBIX COCEIAX MapUIPyTU3aTOpa, a
TaKXKe MOJI 3alOJHEHMs], KOTOpble Bceraa AonoiHsAT uadopmanuto IS-IS no
pazmepa MTU. B mpoTuBHOM ciy4ae COCEICTBO HE OYJET YCTaHOBJIECHO.
[ToaToMy pazmep ¢peiima kaHaibHOTO YpoBHS, nepeHocsmero PDU Hello, no
MakcUMyMy Oyzaet coctaBisaTh 26 6aiit + MTU. Toraa Ttpaduk nomaep:xkanus
COCelICTBa Kaxjaoro Mmapuipyrtusaropa Oyzaer cocrapisath 0,1*N*(26+MTU), a
HeoOxonumas mponyckHas cnocoonocts Hello-tpaduka Bceit cetu

C_Hello = 0.1+ M = N * (26 + MTU) 6aiit/c (8)

Kpome Toro, B CTallMOHAPHOM pEXKUME HKCIUTyaTalldd CETH B LEIH
HCKJIIOUEHUS JIXKYPHOTro 3amycka anroputMma SFP u3-3a «crapenus» 3anucei B
LSDB, pa3 B 15 munyt kaxzaeiii mapupyrusarop IS-IS [2], He3aBucuMO OT
Hajguuusi coObITUN B ceTH, reHepupyeT cBoii PDU LSP, kotopsie sBISAIOTCS
CaMOCTOSITENIbHBIM ~ MAaKeTOM  OJHOBpeMeHHO  3amucktio  LSDB, u
pacupoCTpaHsAOTCS 1O BCEW CETH METOAOM JIABUHHOW PACCHIJIKA B HEM3MEHHOM
BUJIE, 4TO Aa€T 00beM uHpopmarmu N*LSP.

Kpome TOro kaxaplii MapuipyTHU3aTOp pETpaHCIupyeT «uyxue» LSP
METOJIOM JIaBUHHOM pacChUIKU [2], nenmasi KOMUU Yepe3 CBOM HHTEP(EHCHI,
KpOME TOro, ¢ KOTOPOro OHHU Moixy4eHbl. COOTBETCTBEHHO, JaHHBIH 00bEM
unpopmarmu coctaButr M*(N-1)*(M-1)*LSP. ITostomy o0beM uHDOpMAIUu
oOHnoBnenusi LSDB O6yner LSP*(M*(N-1)+1), uro Ha kaHaIbHOM YPOBHE JacT
(26+LSP)*(M*(N-1)+1) oT kaxxI0T0 MapuIpyTU3aTOpPa CETH.

[Tockonbky nnmuaa LSP pgomonusiercs 7o MTU, oGuuit 00beM TaHHOTO
TpaduKa MOXKHO OLEHUTD Kak:

B_LSP = M (26 + MTU) » (M * (N — 1) + 1), (9)
rac H36J'HOI[aeTC$I KBaapaTun4iHasa 3aBUCUMOCTD oT KOJIMYCCTBA

MapIIpYyTU3UPYIOIIKUX Y3JI0OB B CETH M JIMHEWHas OT KOJIUYECTBA HX
uHTEp(PEcoB.
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[ToaTomMy ¢ y4€TOM MEPUOIMYHOCTH JAHHOTO Mpolecca HeOOXOIUMYIO
OLICHKY YTWJIM3allUM KaHAJIOB CETH JAaHHBIM TpaQUKOM B CPEIHEM MOKHO
BBIPA3UTH:

C_LSP = M (26 + MTU) = (M * (N — 1) + 1)/900 6aiir/c (10)

B wrtore, ¢ yuérom 3nauenus MTU B 1492 Oait HeoOXoaumas
MPOITYCKHAasl cocoOHOCTh il Tpaduka [S-IS B cranmoHapHOM peXMME MOMKET
OBITH OTICHEHA BBIPAKECHUEM:

C_ISIS~17+«M= (90« N +M (N —1)+ 1) (11)

Ntak, ¢opMmynbl NPEeBEHTUBHOM OLEHKH Tpaduka MaplIpyTH3alud B
CTAalMOHAPHOM pPEXHUME SKCIUIyaTallud CETH B 3aBUCUMOCTH OT KOJIMYECTBA
MapIIpyTU3alUU U KOJMYECTBA HHTEPPENCOB:

C_OSPF ~M N * (9+ 0.4 = N)
(12)
C_ISIS~17+«M= (90« N +M (N —1)+ 1)

Hanpumep 100 mapumpytuzatopoB cetu ¢ 4 unrepdericaMu reHepupyroT
tpapuk OSPF ~ 6,43 Ko6aiit/c, a Tpaduk IS-IS ~ 109 Koaiit/c.

Takas ouryTumasi pasHuLA SIBISIETCS CIEACTBUEM TOTO, YTO B OTJIIMYHUU OT
OSPF kaxnapiii Mapmpytuszatop [S-IS no ymonuanuro paccsuaer nmakersl CSNP
kaxasle 10 ¢, B ABa pasa yaiie ocyuiecTBiser oOHoBieHue 0a3pl LSDB u
Bcerna aomnoiHser uHdopmammio IS-IS no pasmepa MTU kaapa kaHaibHOTO
YPOBHSI.

CyliecTBEHHO  YMEHbUINTh  TpaUK  MOXKHO, pPa3peliuB  Mocie
YCTAHOBJIGHUSI COCENICTBA HE JOMOJHATH cooOiieHue mpoTtokona g0 MTU.
DKCIIEpUMEHTBI, OMHCaHHbIe B [3], TMOKa3bIBAalOT yMEHBIICHHE CIY>KEOHOTrO
tpaduka [S-IS Ha mopsAI0K MPH UCTIOTB30BAHUH ITON BO3MOKHOCTH.

Kpome Toro, nmpu crabuinbHON MHGPACTPYKTYpE CETH MOMKHO YBEIMUYUTH
taiimepsl [S-IS ans ymenbieHus oobema ciyxebHoro Tpaduka.

BoiBoABI

[Tony4yennsie (hopMysbl MOJYYEHbl HA OCHOBAHUM aHAJIN3a ApPXUTEKTYP
nporokosioB IGP Link State [1-2] u He 3aBHCAT OT THUIa MapUIPYTU3UPYIOLIUX
YCTPOUCTB M CKopocTei ux uHTtepdeicon. [lodToMy AaHHBIN MOIXO0A MOXKET
OBITb WCTOJB30BAH JJIsi MPEBEHTUBHOW OIEHKHM HEOOXOJMMOW MPOIYCKHOM
criocoOHOCTH MPoTOoKoJIOB IGP Ha TenmekoMMyHUKAIIMOHHONW WHAPACTPYKTYpE,
MOCTPOCHHOM Ha 000PYAOBAHUHU JTIOOBIX MPOU3BOIUTENECH.
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Abstract. Question Answering (QA) is another research area in the field of
information science which comes into focus in last few decades. To improve the
accuracy of QA systems, document resources must be semantically interpreted and
structured. Ontology as a form of knowledge representation that represents the
meaning of document resources is actually considered as a knowledge base with
more sophisticated form than relational databases, thesaurus, semantic networks, and
frame networks, and many researchers in various countries have built ontologies
fitting to their languages and are using in QA. This paper described a method
implementing semantic triples based Korean Question Answering System. We
defined new extended ontology containing semantic triples, constructed it and used in
QA. We gave the meaning to ontology through semantic triples composing the
semantic syntax structure of sentence and enhanced the semantic expression ability of
ontology. We suggested the method extracting semantic triple based on dependency
parsing, and the method constructing the extended ontology. The effectiveness of the
proposed method was showed with experiments.

Annotaumusi. OtBer Ha Bompoc (QA) sBIgeTCs  €mie  OJHHUM
UCCIIEIOBATEILCKUM TI0JIEeM B 00JIaCTM WH(POPMATHUKU, KOTOPBIM B TIOCJIECIHHE
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HECKOJIBKO JIeCATUNICTHH sBIsieTcsl pokycom. st ynydieHus: TO4HOCTH cucteM QA
pecypcsl  JOKYMEHTa JOJDKHBI OBITh CEMAHTHUYECKHM MPOAHAIM3UPOBAHbl U
CTPYKTYpUpOBaHbl. B kauecTBe (OpMBblI NPEACTABICHUS 3HAHUM, MPEACTABIISAIOIIETO
CEMaHTHKY PpEeCypCcOB JOKYMEHTOB, OHTOJIOTHS CUUTAEeTCsd HAa caMmMoOM Jene 0a3oi
3HaHUUW ¢ Oosee CIOXHBIMU (OpMaMy, 4YeM pesUOHHbIE 0a3bl JaHHBIX,
tezaypyc(thesaurus), cemantuueckue cetu U (peiiMHBIE CETH, U B HECKOJIBKHX
CTPaHAX MHOTHE HCCIIENIOBATEIN CTPOST OHTOJIOTHIO, MOAXOIAUIYH I CBOMX
A3BIKOB, M UCHONB3yIOTCA B QA. B 3TOl cTaThe OMHUCHIBAETCA CIOCOO peaM3aliu
cucteMbl QA Ha KopeilckoM s3bIKE Ha OCHOBE CEMAaHTHUYECKUX TPHUILIETOB. MBI
OIIPEJEIWIA HOBYIO OHTOJIOTHMIO 337a4M, COAEPKAILYI0 CEMAaHTUYECKUE TPUILIETHI, U
MOCTpOoMiIM W ucnoib3oBaii B QA. UYepe3 ceMaHTUYECKHI TPUILIET, KOTOPBIHA
MPEACTABISIET COOOM CEMAHTHYECKYIO I'PaMMATHUECKYIO CTPYKTYPY HPEIIOKECHHS,
MBIl JQJIA CMBICI OHTOJOTMM M YIYYUIMIM CEMAHTUYECKYH) BBIPA3UTEIBHOCTD
oHToJIorMK. Ha ocHOBe aHanm3a 3aBUCUMOCTH MBI NPEIJIOKWIA METOJ U3BJICYCHUS
CEMaHTUYECKUX TPHUIUIETOB M KAaK MOCTPOUTH OHTOJOTHIO 3afadd. D(P(HEeKTUBHOCTH
[IpeAIaraéMoro MeToia oKa3aHa 4epe3 HECKOJIBKO YKCIIEPUMEHTOB.

Keywords: question answering, ontology, dependency parsing, semantic triple,
knowledge representation

KirueBble c¢Jji0Ba: OTBET HAa BONPOC, OHTOJIOTHS, 3aBUCHUMBINA aHaIW3,
CEMaHTUYECKUUN TPUIUIET, MPEICTABICHUE 3HAHUI

Motivation

Several approaches have been proposed for semantic structure analysis, and the
research on semantic structure analysis is directed towards assigning the meaning
related to the predicate to each word of the sentence.

Many researchers found already that the best solution to express knowledge is
ontology and the dominant trend is to use ontology in QA.

Up to now many research works on Korean QA were carried, they were the
syntactic matching methods from the viewpoint of IR, such as question expansion,
question recommendation, answer extraction by voting and so on, and the semantic
information retrieval system, but there were not the ones that apply ontology to
Korean QA.

Furthermore, in semantic information retrieval, ontology is constructed with
concepts, relations and properties about the resources and is retrieved on it, so many
problems should be settled to realize QA that demands retrieval in the resources. In
this paper we resolve several problems to apply ontology to the implementation of
Korean QA system.

Ontology is a technology that is used to enhance answer accuracy and reduce
search time by the usage of domain knowledge on higer level in QA.
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Shanthi et al. [2, P. 1969-1980] uses ontology mapping based on JSON- LD
and semantic similarity. For ontology mapping, we apply the semantic similarity
method proposed in [2, P. 1969-1980].

Pachpind et al. [3, P. 32-60] propose a method of solving close domain
problem in FAQ using template matching for natural language question. The
determination of the structure of query template is very important, and therefore, in
order to realize the question answering of Korean language, we are to choose the
template that reflects the semantic description unit that suits the syntactic
characteristics of the Korean language.

NLQA [4, P. 31-39] applies OpenNLP to syntactic analysis and semantic frame
to semantic analysis. Here, we can see that modern question answering systems are
attempting to increase answer accuracy and increase system efficiency by combining
ontology and syntactic analysis.

Ankita and Nidhi [5, P. 2429-2434] introduce an open domain ontology based
QA system using SQL query, which has a simple structure. Because the authors do
not directly search ontologies but import ones into databases to perform SQL search
on databases, there are the disadvantage of making a lot of effort to construct the
resources.

Marta et al. transform the knowledge extracted from natural language text into
a RDF representation and translate the questions into SPARQL queries to facilitate
easy access to the information stored in the RDF semantic index. [6, P. 16-31] The
SPARQL is based on ontology triple such as <resource, property, value>, and many
semantic contents are lost when it is applied directly to the Korean QA.

Extended ontology definition adding semantic triple

We aim to construct a system that can answer questions in specified domain
that users use during e-learning.

The document resources considered here cover the content of textbooks and
references that were written by the relevant experts and can be informative
comparatively, thus we suppose the document resources do not contain any noise.

We extract concepts, entities, relations, properties and semantic triple sets,
construct ontology in RDFS format based on them.

The semantic grammatical unit in Korean sentence is <subject, adverbial
modifier, object, predicate>. The triples derived from 4 components of sentence are
<subject, predicate, object> and <subject, predicate, adverbial modifier> according to
the importance of components, and we are to enhance the semantic expression of
ontology by giving the meaning to ontology through the triples.

In languages such as English and Russian, where the semantic syntax unit is
<subject, predicate, object, adverbial modifier>, the syntactic meaning depends on
the order of the word, so a study using the form of <subject, predicate, object> to the
semantic description was proposed by applying the phrase structure grammar, but the
adverbial modifier was omitted in such a triple study. [5, P. 2429-2434]
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We want to extract a more accurate answer to the question at the retrieval stage
by adding the semantic triples of <subject, predicate, object> or <subject, predicate,
adverbial modifier> to the ontology and searching for the extended ontology. The
concept of triple also exists in ontology, but the triple in ontology is <r, p, v>, where r
IS resource, p is property and v is value according to it. [6, P. 16-31]

The semantic triple in this paper is more inclusive concept that contains both
property and relation. In other words, semantic triple here is <s, p, 0> and <s, p, a>,
where ‘s’ : subject, ‘p’ : predicate, ‘0’ : object and ‘a’ : adverbial modifier.

Extended ontology including semantic triples for QA, Ontology is defined as
the set of the following 5 components:

Ontology :=< C,E,R,P,T > (1)

where C : concept set, E : entity set, R : relation set, P : property set, T :
semantic triple set.

Semantic triple extraction based on dependency parsing

Dependency parsing is a language processing method to look into the sentence
structure by judging dependence between words. Since the dependence between
words in a sentence is similar to sematic relation and the sentence structure is decided
similarily to semantic structure, dependency parsing is used widely in applying to
language processing using semantic structure. And the fact that each word has a
simple structure with only one hanged direction makes analysis process comparably
easy and it is suitable for analyzing agglutinative languages in which the predicate
comes to the tail.

In dependency parsing, sentence structure analysis is carried out in the way to
find out how an inflected word depends on another one in a sentence. Dependency
structure is usually presented by a graphic structure called dependency structure tree.
Unlike in [1, P. 725-762], the graph structure representing the Korean-language
dependency structure has the following properties.

- Graphs are linked and each node has only one back direction.

- More than two inflected words that belong to same sorts are not hanged
repeatly.

- There are no closed routes or crosslines inside the graphs.

The methods for dependency parsing are rule based one and statistical
information based one. The rule based method is the one to analyze it on the basis of
human’s experimental knowledge and it was proved that it is better than the statistical
information based one by experiments. [1, P. 725-762]

The basis here is the restriction that dependency graphs never cross each other
or the principle that each inflected word is hanged to the nearest one possiblely. It is
based on Korean phrase structure rule showed in Figure 1.
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« 5= NPT, VPT + NP — APT, NP

« VPT = VP, TO * NP —> AD,NP

« VP>V «  NPQT - NP, QT
« VP — NPT,VP - APT — AP, TO

« VP — ADVP « AP - VPTAP

« VP — NPVPO|CH « VP — APT,VP

« NPT = NP, TO + VP S VPTVP

« NP—=SN + AP — APT, AP

+  AD =S NP, TO
+ AD =S VP, TO

+ NP — VPT,NP
« NP — NPQT, NP

where S: sentence, NPT : substantive collocation, VPT : verbal collocation, VP : verbal phrase, NP :
nominal phrase, APT : adjective collocation, NPQT : nominal phrase with attributive particle, AD :
adverb or adverbial modifier, V : verbs, A : adjectives, N : nouns, TO : particles and QT :
possessive particle.

Figure 1. Korean phrase structure rule

We extract the semantic triple by obtaining a phrase structure tree and a
dependency structure.

Given a sentence, we divide NPT and VPT.

* The presence of VPT and NP in NPT extracts the triple here.

 If VPT and NP are not present in the NPT, we extract the triple using the NP
here and the VP in the subsequent VVPT.

Several triples can be extracted from a sentence.

Construction of the Extended Ontology

This paper suggests a method to build an domain ontology about Korean history,
which can be used in QA system. We construct an extended ontology by extracting
concepts in the domain, relations between concepts, formal description of the
properties of each concept, and semantic triples.

The domain knowledge structure can be implemented by ontology items
represented in the database. The data source for use was offered by “Korean History”
textbook in the beginning. And this data source, which is represented by non-
structured form, aims to find out the structure from the text itself.

Let us take an example of extracting semantic triples on the following sentence.
“Koguryo was the first feudal state in our country built in the old Kuryo land with
Jolbon as the capital by KoJuMong in 277 B.C.”.

Here, the concept is “feudal state”, the entities are “Koguryo”, “KoJuMong”,
“Jolbon”, “Kuryo” and “our country”, the property is “capital”, the relation is “be
built” and the literal constant is “277 B.C.”.
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Extractable triples in this sentence are as follows: <Koguryo, is, feudal state>,
<Koguryo, be built, Kuryo>, <Koguryo, be built, 277 B.C.>, <Koguryo, be built,
KoJuMong>, <Koguryo, capital, Jolbon>

<Koguryo> and <feudal state> has an “is_a” relation in the triple above. <Feudal
state> and <Koguryo> has “instance of” relation. <Koguryo> and <KoJuMong> has
<be built> relation, while <KoJuMong> and <Koguryo> has <build> relation.

A part of built Korean history ontology is shown in the Figure 2.

—]belong_to
Person— e Organization S Literal

be managed

. guide
King Nation|

be guided
estab]'%m ished\
The First)
I

capital

Area Place

Feudal state ||Slave state
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! |
be built | ) l RDF
| Property,
Predicate

— — — —- Instance
he beginning of third '
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Figure 2. A part of Korean History Ontology.
Experiments and Evaluation

We have built an ontology using RDFS, and used NLTK for the natural
language processing tool and Spring for the development tool.

We used 30,000 sentences and 2,992 passages, and then built an ontology with
573 concepts, 1,035 entities, 652 relations, 130 properties and 410,453 triples related
to “Korean History” as the resources.

To evaluate the effectiveness of method suggested in the paper we have
conducted experiments for 50 users in e-learning. 10 of them were the specialists of a
certain subject and the other 40 were students.

In order to clarify the contrast, we have also had experiments with methodl in
[4, P. 31-39] and method?2 in [6, P. 16-31].

We randomly chose 20 students and let each one to put forward 10 questions
including one definitional question, one summary question and three factoid
questions with one query term and more than 2 query terms, respectively three times
according to 3 different methods. And then let the 10 specialists evaluate the answers
from the systems using the three methods and score them. The scored marks are
shown in Table 1.
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For more objective evaluation, we evaluated the answer accuracy on 200
different questions from the previous 20 students.

The answer accuracy of each method is defined as follows.

Table 1. Scored marks

Question kinds |  Definitional Summary Factoid Average
Number of 1 more 1 more 1 more 1 more
terms than 2 than 2 than 2 than 2

Method 1 8.8 8 8 8.2 8.2 8 8.2 7.7
Method 2 9 7.8 8.3 8.5 8.5 7.7 8.5 7.6
Suggested 9.6 9.4 9 94 94 9.8 9.4 9.5

Method

Average 9.1 8.4 8.4 7.8 8.5 8.5 - -

NC
Accuracy =— (1)

where N, is the number of questions answered correctly or similarly, N is the
number of total questions in the experiment. The results are shown in Table 2.

Table 2. Accuracy Evaluation

Number of question answered Accuracy
correctly or similarly (percent)
Method1 172 86
Method2 183 91.5
Suggested Method 194 97

The experiments show that the suggested method can extract more accurate
answers in Korean QA than the methodl or method2.

Findings

In this paper we described the method of extracting semantic triples and
constructing ontology for Korean QA system which retrieves answers to questions.

We gave a formal definition of an extended ontology containing semantic triples
and introduced RDFS format ontology construction method based on the semantic
triples extraction. Based on the dependency parsing, we extracted the semantic triples

and constructed the ontology.
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Applying the suggested method we have implemented Korean question
answering system and evaluated the effectiveness of the suggested method.
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NPUMEHEHUE UH®OPMAIIMOHHBIX TEXHOJIOTUH B COEPE
OBECIIEYEHMS ITOKAPOBE3OITACHOCTH

APPLICATION OF INFORMATION TECHNOLOGIES IN THE FIELD OF
FIRESAFETY

3axapos I['.B., BacuibeB A.C., ®ununmnos B.H., ®ununmnosa K.B., ®uimnmnosa E.B.,
OI'BOY BO «Y dpumMckuii rocy1apcTBEHHbINA HE(YTIHON TEXHUUECKUI YHUBEPCUTET,
r. Ya, Poccuiickas denepanms
G.V. Zakharov, A.S. Vasil'ev, V.N. Filippov, K.V. Filippova, E.V. Filippova,
FSBEI HE “Ufa state petroleum technological university”, Ufa, Russian Federation

AnHoOTanus. [loxapbl IPeICTaBISIOT CEPHE3HYIO yIrpo3y IS YEIOBEUYECKUX
KHU3HEH U UMYIIECTBA, IOATOMY 3(P(PEKTUBHBIE CUCTEMbI IIPEJOTBPAICHUS U OOPHOBI
C HMMHM HWIPAIOT BAXHYIO POJb B O0ECHEYEHHH OOILIECTBEHHOW O€30MacHOCTH.
OCHOBHO aKLEHT JenaeTcsl Ha UCHOJIb30BaHUM U(POBBIX AATYUKOB TEMIEPATYPHI
Y YpOBHs 3apsifa Oataper B MOKAapHBIX M3BELIATENSIX. DTH TEXHOJIOTUHU MO3BOJISIOT
TOYHEEe W ObIcTpee OOHApYKMBaTh Yrpo3bl BO3TOPAHMS, YIYUIIAOT BO3MOXKHOCTU
MOHUTOPUHIAa W yIpaBieHUss cucteMaMu Oe3zomacHoctd. I[lomumo  3ToOTrO,
paccMaTpUBAETCS TAKXKE BOIMPOC O LIEHTPAIM30BAHHOM YIPABICHUN WU3BELIATEIISIMH,
O0COOEHHO aKTyaJIbHOM JJIsl KPYIMHBIX OOBEKTOB U 37aHHUI C OOJIBIIMM KOJIMYECTBOM
u3Beniareneid. lcrmonp3oBaHHE COBPEMEHHBIX HMH(GOPMAIIMOHHBIX  TEXHOJOTUN
MO3BOJISIET MOBBICUTH 3()(PEKTUBHOCTh CUCTEM U CHU3UTH PUCKH BO3HUKHOBEHHUS U
pacnpocTpaHeHHs TOXKapoB. Takodl MOAXOJ  CHOCOOCTBYET  OOECHEUEHMIO
0€30MacHOCTH KaK Ha YPOBHE OTAEIBHBIX TPaXJaH, TaK U B MPOMBILUICHHBIX U
TOPOJCKUX HH(QPACTPyKTypax, UYTO SBJSETCS Ba)XHBIM AacleKTOM B 00eCreYeHUU
OOIIECTBEHHON 3alUThl U YCTOMUMBOCTH. [loMuMO ymydineHuss oOHapyX eHHUs U
pearpoBaHus Ha MOKapHbBIE YIPO3bl, B CTATh€ TAK)KE PACCMATPUBAETCS BAKHOCTh
UHTErpallid  COBPEMEHHBIX  CHUCTEM  MOHUTOPMHIAa M  yOpaBiCHUS s
LEHTPAIM30BAHHOTO KOHTPOJISL MOXKapoOE30MacHOCTH Ha KPYMHBIX OOBEKTax.
OO6cyxnatorcst npeuMyniecTBa UU(PPOBBIX HHTEp(ECcCOB M mepenayd JaHHBIX B
udpoBoM dopmate 11 Oosiee HaJeKHOW mepenaadyn MHGOPMALMK U ONTUMH3ALUU
NPOLIECCOB aHalIM3a JaHHBIX. JTOT MOAXOJ HE TOJBKO yiydllaeT Oe30MacHOCTb
KU3HU U UMYIIECTBA, HO U CMOCOOCTBYeT Oojee 3P(HEeKTUBHOIN paboTe MOoKapHOU
CIIy>KObI U YIPABISAIOLIUX OPTaHOB B CIyyae Ype3BbIYalHbIX CUTYaIUH.

Abstract. Fires pose a serious threat to human lives and property, so effective
fire prevention and suppression systems play a crucial role in ensuring public safety.
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The main focus is on the use of digital temperature and battery charge level sensors in
fire detectors. These technologies enable more accurate and faster detection of fire
threats, enhance monitoring capabilities, and improve the management of security
systems. Additionally, the article discusses the importance of centralized
management of detectors, especially relevant for large facilities and buildings with
numerous detectors. The use of modern information technologies allows for increased
system efficiency and reduced risks of fire occurrence and spread. Such an approach
contributes to safety at both the individual citizen level and in industrial and urban
infrastructures, which is a key aspect of ensuring public protection and resilience. In
addition to improving fire threat detection and response, the article also examines the
Importance of integrating modern monitoring and management systems for
centralized fire safety control in large facilities. The advantages of digital interfaces
and data transmission in digital format are discussed for more reliable information
transfer and optimization of data analysis processes. This approach not only enhances
life and property safety but also promotes more effective work of fire services and
management authorities during emergencies.

KiroueBble ciioBa: HO}KapO6€3OHaCHOCTB, TCXHOJIOTHH, III/I(i)pOBBIG JaTUYHNKH,
YIIPaBJICHUC, MOHUTOPHUHI

Keywords: fire safety, technologies, digital sensors, management, monitoring

[ToxapoOe30macHOCT, ~ UTpaeT  KPUTUYECKYH0 poJib B OOECICUCHUH
0e30MacHOCTH Kak OOLIECTBA B IIEJIOM, TaK M OTAEIbHBIX rpaxaad. [loxapsl MoOryT
MIPUBECTH K THOENH JIIOJIeH, pa3pylIEHUIO0 UMYIIECTBA, SKOJOTMYECKUM KaTacTpodam
U COIMAJbHBIM TOCHeACTBUAM. OHU MOTYT BO3HUKHYTH B JIFOOOM MECTE, B JIF00OO€
BpEMsi, MO3TOMY OCO3HAaHWE BAaXKHOCTH MPEIOTBpAIICHUS W OOpHOBI C TOKapaMu
HE0OXO0IMMO BO BCeX cepax KU3HH: OT JTOMaITHEH 0OCTAHOBKH JI0 MPOMBIIIIIEHHBIX
NPEANPUATANA U TOPOJICKUX UHPPACTPYKTYP.

DddexTuBHAsA cUCTEMa T0XKapoOE30IMaCHOCTH, OCHOBAHHAs Ha COOJIIOJCHUU
HOPMAaTUBOB W HCIMOJb30BAaHUU COBPEMEHHBIX TEXHOJIOTUM, TMO3BOJSET CBECTH K
MUHHUMYMY PHCKH BO3HHKHOBEHHsI M paclnpocTpaHeHus moxkapos [1, 6]. Drto
BKJIFOYAET B Ce0Sl HE TOJIHBKO HAJMYHME COOTBETCTBYIOIIETO OOOPYAOBAHHS U CUCTEM
OTIOBEIIEHUs, HO M OOyYeHHE IMepCOHalla MpaBUJiaM IOBEICHUS B YpPE3BBIYANHBIX
cutyanusx. HBecTUpOBaHHUE B MOKapOOE30MIaCHOCTh HE TOJIBKO 3alTUIIAET KU3Hb U
UMYIIIECTBO, HO M CITIOCOOCTBYET YCTOMYMBOCTH OU3HECA U OOIIECTBA B IIEJIOM.

[ToBbiieHne 3G HEKTUBHOCTH CHUCTEMBI TOXApOOE30MacCHOCTH  TpedyeT
MIOCTOSTHHOTO  COBEPIIICHCTBOBAHUS TEXHOJOTMA W METOJOB MPEIOTBpAICHUS
Ype3BbIYaMHBIX CUTyalM. B JaHHOM KOHTEKCTE€ MOJEpPHM3alUs CYLIECTBYIOLINX
MOXKAPHBIX M3BEHIATENICH C WCIOJIb30BAaHUEM ITU(POBBIX JATYUKOB TeMIIEpaTyphl B
MOMEIICHUN W YPOBHS 3apsja OaTaped HW3BEIIATeNld WTPaeT BAXKHYIO POJb. OTU
JATYMKU HE TOJIBKO OOecreunBaroT Oojiee TOYHBIC M HAJIEKHBIC JTaHHBIC, HO U
MO3BOJISIIOT 0OJiee OMEepPaTUBHO pearupoBaTh HA Yrpo3bl MOXKapa W MPEANPUHUMATH
Heo0XoIMMbIe Mephl [3].
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JloGaBienne 1MQPOBBIX JAaTYMKOB B M3BEUIATENIM TaKXKe YIydllaer
BO3MOXXHOCTM MOHHUTOPHMHIA W YNPaBJICHHUS JIaHHBIMUA. COBpPEMEHHBIE CHUCTEMBI
MOTYT OCYIIECTBJSITh YJAJICHHOE YIPABICHHWE W MOHUTOPUHI  COCTOSIHUSA
u3BelaTeNel, 4YTo oOecrneunBaeT Oojee BBICOKUNH YpOBEHb KOHTPOJS U
ONEpPaTUBHOCTU PEATUPOBAHUSA HAa WU3MEHEHUs Cpeabl. JTO OCOOEHHO BaXXKHO JIs
KPYIHBIX OOBEKTOB € OOJBIINM KOJIMYECTBOM M3BELIATENEH, I/1€ IEHTPAIN30BaHHOE
yIpaBICHUE UIPaeT KIOYEBYI0 poib B A(P(QEKTUBHOM paboTe CHUCTEMBI
mokapo0e3omnacHocTH [4, 5].

JloGaBienne 1uPOBBIX JATYUKOB TEMIEPATypbl B MOMEIICHUH U YPOBHS
3apsifa 6ataped B CyHIECTBYIOINIME MOKapHbIC N3BEIIATENN SIBISACTCS BAXKHBIM IIarOM
B COBEpPIICHCTBOBAHMM CHCTEM IIOKAPHOM  O€30MACHOCTU. OTH  JIaTYUKH
MPEAOCTABISAIOT  JIOMOJHUTENBHYI0 HH(pOpManui0 H  (YHKIUOHAIBHOCTb, YTO
MOBBIIIAET 3()PEKTUBHOCTD U HAIEKHOCTh paOOThI H3BEILATENECH.

OpHMM M3 KIIIOYEBBIX NPEUMYILECTB MCIOIb30BaHUS LU(QPOBBIX JATYUKOB
ABJIIETCS UX TOYHOCTh U CTAOMJIBHOCTH M3MepeHuil. LludpoBble naTunku OOBIYHO
UMEIOT BBICOKYIO TOYHOCTb M3MEPEHUN TEMIIEpaTypbl B IOMEUICHUH U YpPOBHS
3apsga Oartapeum W3BeIIAaTeNs, 4YTO TIO3BOJSET 0Oojee TOYHO ONPEIENATh
NOTCHIMAIBHBIE ONTACHOCTH, CBSI3aHHBIE C MOKAPOM WJIM OTKa30M CHCTEMBI ITUTaHUS.
TouHblE JaHHBIE OT AATYUKOB ITO3BOJISIOT ONEPATUBHO PEarupoBaTh HA MU3MEHEHUs
YCIIOBUW U TPUHUMATh COOTBETCTBYIOIINE MEPBI PEJOCTOPOKHOCTH.

Jpyrum Ba)KHbIM acCHEKTOM SBJISIETCS BO3MOXKHOCTh MOHHUTOpPUHTA U
VOpaBJICHUS JAHHBIMU OT JAaTYMKOB uepe3 Ludposbie uHTEpdeiicl. L{udpossie
uHTep(Peiicel — H3TO CBOEro pojJia <«SI3bIK OOIICHUS» MEXAY PpPa3TudHbIMU
YCTPOMCTBAMH, KOTOPBIM MO3BOJISIET UM oOMeHuBaTbcs uH(popmarnueil. [{udpossie
JATYMKU 4acTO MMEIOT cTaHaapTHele uHTepdeiicel, Takue kak 12C, SPI umu UART,
4TO O0ECne4YrBaeT JEerkocTb MHTErpalud C CYHIECTBYIOUIUMHU  CHUCTEMAMH
MOHMUTOPUHIA U YIpaBieHUA. DT HHTEPQENCHl AENalT Nporecc OOLIECHUS MEXIY
JATYMKAMU U IPYTUMH YCTPOMCTBAMHU, TAKUMU KaK KOMIIBIOTEPHI WM KOHTPOJUIEPHI,
OYEHb IPOCTHIM, YTO TIO3BOJISIET ONEPATUBHO MOJIy4aTh HH()OPMALIKIO O TEMIIEpaType
B TIOMELICHUM W YpPOBHE 3apsna Oaraped U3BeLaTels, a TakKKe HacTpauBaTh
napaMeTpsl paboOThl JATYUKOB B COOTBETCTBUU C TPEeOOBAHMSIMH KOHKPETHOM
cuctembl. brnarogaps 3tuMm uHTepdelicaM Takke MOXKHO HAcTpauBaTh MapaMmeTphbl
paboOThl JAaTYMKOB, YTOOBI OHHU COOTBETCTBOBAJIM HY)KJIaM KOHKPETHOH CHCTEMBI
Oe3omacHocTH [2].

Kpome Toro, umdpoBsie HaTdyukd OOBIYHO 00JaJAIOT BO3MOMKHOCTBIO
nepenayu JaHHBIX B UGPOBOM (opmMaTte, YTO CHIDXKAET YPOBEHb IIyMa M UCKAKEHUN
CUTHAJIa MpHU Tepeade Ha OONbIINE PACCTOSHUSA. DTO OCOOEHHO BaXXHO B KPYIHBIX
3IaHUSIX WM KOMIUIEKCaX, € W3BEUIATEIM MOTYT OBITh YJal€Hbl OT LIEHTPAIbHOU
cuctemsl ynpasiienus. [{udposas nepenava TaHHBIX Takke oOsierdaer o0OpabOTKy U
aHaJIU3 MOJYyYeHHOW MH(OpPMAIMK, YTO NMOMOTaeT ONpPeAeIUTh peajbHble YyIrpo3bl U
MPUHITH HEOOXOIMMbIE MEPHI IO MPETOTBPALLEHUIO YPE3BBIYANMHBIX CUTYALIUH.

WuTerpanus undpoBbIX JaTYNKOB TEMIIEpaTyphl U ypOBHS 3apsna Oatapeu B
CYLIECTBYIOIIME  MOXAapHbIE  W3BEIIATeId  CYIIECTBEHHO  YJIy4yllaeT  MX
(YHKIIMOHAJIBHOCTh, TOYHOCTb M HAAEKHOCTh pabOThl. DTOT MIar HE TOJIBKO
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MOBBIIIAET OOIIMH YpPOBEHb OE€30MAaCHOCTH OOBEKTOB, HO U OOECHeurBaeT
OMEpPAaTUBHOE pEarupoBaHUE Ha JIOOble W3MEHEHHUs YCJIOBHUH, CBS3aHHBIX C
TEMIIepaTypOil M1 COCTOSIHUEM CHCTEMbI TUTAHUS.

BaxxHo oTMeTuTh, 4YTO HEOOXOJMMOCTH MOJIEPHUBAIMKU WU 3aMEHBI
CYILLIECTBYIOIIMX M3BENIATeNIed TakKe paclpoCTpaHseTcs Ha TOMEIIEHUs, He
ABJISIIOIIMECS KWIbIMUA. [IpomblliieHHbIE OOBEKTHI, O(MUCHBIE 3/1aHUS, TOPTOBBIC
LEHTPbI, CKJIAJCKUE MOMEIICHUS] U JPYrue HEeKWUJIble 3JaHHs MPECTaBISIOT COOOM
3HAYUTEIbHBIC MOTEHIIMATBHBIC PUCKH B CIydae BOSHMKHOBEHUS TOKapa. BBencHme
00s13aTeNTbHOM MOJICpPHU3ALIMKA WM 3aMEHbl CYIIECTBYIOIIMX H3BeHIaTeNell Ha
MOJICPHU3UPOBAHHBIC BEPCUU C MU(PPOBBIMU JAaTYUKAMHU CTAHOBUTCS HEOOXOIUMBIM
II1arOM JIJTsI TIOBBITIICHUST YPOBHS M0Kap00E30IaCHOCTH B TAKUX O0OBEKTaX.

Hexuibie momenieHus 4acTo UMEIOT 0COOCHHOCTH, KOTOPhIE TpeOyIoT OoJiee
CIIOXKHBIX W HAISKHBIX CHCTEM TIOKApHOW CUTHaIM3anuu. Hampumep, B
IPOMBIIICHHBIX TPEANPUATUAX MOTYT MPUCYTCTBOBATH BBICOKHE TEMIIEPATYPHI,
BEIIECTBA, CIOCOOHBIE BBI3BATH BO3TOpaHUE, WJIH JPYrue OCOOEHHOCTH, KOTOPHIC
YCIIOXKHSIIOT OOHapy>KeHHe U TYyIICHHE TM0XapoB. BHenpeHue COBpPEMEHHBIX
U(GPOBBIX JTAaTYMKOB B HU3BEIIATENM MO3BOJIAET d(PPEKTUBHEE MOHUTOPUTH O3THU
YCIIOBUS U CBOEBPEMEHHO MPEAYIPEXIATh O BOZMOKHBIX OIMACHOCTSIX.

BaxxHO OTMETHTH, YTO B JKUJIBIX MOMEIICHUSIX, OCOOEHHO B KAaTErOpHUsX
ceMel, Ha3bIBAEMBIX «HEOJIArOMOIYYHBIMUY, TIE€ MPOUCXOAUT OOJIBIIMHCTBO
MO’KapoB, HEOOXOAMMO BBECTH OO0S3aTEIbHYIO MOJECPHHU3AINIO CYIIECTBYIOIINX
CHUCTEM MOXapHOM curHanuszanuu. CTaTUCTHKA TOKa3biBaeT, 4yro A0 /5% Bcex
MOKapOB TMPOUCXOJIT HMMEHHO B TaKMX KaTErOpUSAX CEeMeW W3-3a Pa3IuIHBIX
(akTOpOB, TaKUX KakK HEMPAaBHIIBHOE MCIOJIB30BAHHUE 3IIEKTPOOBITOBBIX MPHUOOPOB,
HEJIOCTaTOYHOE COOJIIOJCHUE MPABUI TMOXKAPHOM OE30MACHOCTH WU OTCYTCTBHE
COOTBETCTBYIOILIETO O0OPYIOBAHHS.

BBenenue o0s3aTenbHONM  MOJEpPHU3AIMHM  MOXKAPHBIX  M3BEIIATENEH C
UCIOJIb30BaHUEM ITM(POBBIX JATYUKOB TEMIIEpaTypbl U YpPOBHSA 3apsijga Oatapeu
MIOMOKET CHM3UTh PHUCK BO3HUKHOBEHHUS U PACIPOCTPAHEHHUS TIOKApOB B ITHUX
KaTeropusiX XWIbIX MoMelleHui. JlanHble naT4nkyd obecriedar OoJjiee OBICTpOE U
TOYHOE OOHApYKEHUE HAYaIbHBIX MPU3HAKOB IMOXKapa, YTO TMO3BOJUT OMEPATUBHO
MPUHATH MEPBI TIO TIPEIOTBPAIICHUIO €0 PACTIPOCTPAHCHUS U CIIACCHUIO KU3HEU W
MMYIIIECTBA.

C npyroél CTOpPOHBI, ISl APYTMX KaTeropuil TrpakaaH, TIC YpPOBCHb
IPaXXTaHCKOW OTBETCTBEHHOCTH BBIIIE€ ¥ COONIOMAIOTCS TIpaBWia MOKapHOU
0e30MacHOCTH, BBEACHHE OO0S3aTENBHOW MOJEPHHM3AIMM CUCTEM  IMOKapHOU
CUTHAJIM3AIlUd MOXET OBbITh PEKOMEHJIOBAaHO, HO HE 00s3aTelbHO. 3/1€Ch BaXHO
IIPOBOJIUTE PETYJIAPHBIC MPOBEPKHA U 0OYUYCHHUE MO MOKApHOH 0e30IMacHOCTH, YTOOBI
MOJIJICP)KMBATh BBICOKMH YPOBEHb TOTOBHOCTH K YPE3BBIYAWHBIM CHUTYallHsIM H
MUHUMH3UPOBATH PUCKU BO3HUKHOBEHHUS TIOKAPOB.

Takum oOpazoMm, amanrtanus Mep O€30MaCHOCTH B 3aBUCUMOCTH  OT
KOHKPETHON KaTEeTrOpWHU KUJIBIIOB MO3BOJUT 3((HEKTUBHEE MCIIONIH30BATH PECYPCHI U
COCPEIOTOYNTh yCHIIMS Ha HAauOoJee ysI3BUMBIX CETMEHTaX, 4TO B KOHEUHOM HTOTE
CIIOCOOCTBYET TOBBIIIIEHUIO OOIIETO YPOBHS M0Kapo0e30IMacHOCTH B O0IIIECTBE.
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BoiBOABI

BHenpenue COBpEMEHHBIX TEXHOJOTUA B CHCTEMBbI TMOKapoOe30MacHOCTH
UTpaeT KIKYEBYIO POJIb B MOBBIIIEHUU d(DPEKTUBHOCTH U HAACKHOCTU 3AIIUTHI OT
noxkapoB. HMcmonp3oBaHue IUGPOBBIX NATYUKOB TEMIEpaTypbl U YPOBHS 3apsja
OaTaped B TOXKApHBIX M3BEIIATENSIX oOecreynBaeT Oolsiee OBICTPOE M TOYHOE
oOHapy>KeHHE HayalbHBIX MPU3HAKOB TOXKapa. ITO TMO3BOJISIET OIEPATUBHO
MPUHUMATh MEphl MO MPEAOTBPAIICHUIO €r0 PACHPOCTPAHECHHS U MUHUMH3ALUU
yiiep0a AJis )KU3HU U UMYIIECTBA.

Kpome Toro, coBpeMEHHBIE TEXHOJOTHH MO3BOJSIOT  OCYIIECTBIATH
yAaJeHHOE YNPABJICHUE U MOHUTOPHUHT COCTOSIHMSI M3BENIATENeH, UTO 00ecreurnBaeT
0oJiee BBICOKUU YPOBEHb KOHTPOJISI U ONEPATUBHOCTH PEarpoBaHUSI HA U3MEHEHUS
cpeabl. OTO OCOOCHHO BaXKHO [JIsi KPYIMHBIX OOBEKTOB C OOJBIIUM KOJUYECTBOM
u3BeHIaTeNeH, A€ LEHTPAIU30BAHHOE YIIPABICHUE WIPAeT KIKOYEBYID pOJIb B
sbdexTuBHOM pabore cuctembl MoxkapoOezonacHOCTH. CHUIKEHHE PHUCKOB
BO3HUKHOBEHHUSI UM  paClpOCTpaHEHUS TOXApoB  Oiarojmaps COBPEMEHHBIM
TEXHOJIOTUAM TaKXKe CIIOCOOCTBYET MOBBILMIEHUIO OOIIErO YPOBHS O€30MacCHOCTH B
oOmectBe. bosiee TOUuHOE M OMEPAaTUBHOE pEardupoBaHUE HA YIPO3bl MOXKapa
MIOMOTAeT HE TOJIbKO MPEJOTBPATUTH YIIEPO, HO U COXPAHUTh KU3HU JIIOJIEH, YTO
SBJISIETCS] OJTHOM M3 OCHOBHBIX 337[a4 CUCTEM I0kKapOOe30MacCHOCTH.
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AnHoTtaumusi. Pabora HampaBiieHa Ha CO3JaHUE MPUKIAJAHBIX METOJAOB U
MPOTPAMMHBIX CPEJCTB MO U3YUCHHUIO JUHAMHYECKUX MPOIIECCOB B MarHuTtocdepe B
Mepuobl MAarHUTHBIX Oypb. HabntogeHus reoMarHuTHOTO MOJst Aal0T UHPOPMAIUIO
O CTPOEHHUH, HBOJIIOIMUA, U COBPEMEHHOM COCTOSIHMM, KaK TBEPIOW 3€MJIM, TaK U €€
razo-mja3MeHHbIX 000Ji0ueK. Bo3MmyllleHHsi B T€OMarHMTHOM TIOJIE CBSI3aHBI C
nmporieccaMu, Kak B MarHuTocdepe, Tak u B armochepe 3emiin. OHU SBISIOTCS TakKe
WHJIMKATOpaMH TIPOILIECCOB TMPOUCXOAAIIMX Ha cojHie. HaOmromeHus Bapuanuii
TCOMarHUTHOTO TMOJII Ha TeO(PU3MYECKUX OOCEepPBATOPHUSAX B IIMPOKOM JIUAIA30HE
4acTOT BOCTPEeOOBaHBI HE TOJIBKO IS U3YUYCHUS ITHX MPOIIECCOB, HO U JIJISI Pa3BUTHS
HaBUTAIMOHHBIX CPEJICTB, MIPOTHO3a IOT0JIbI, TUATHOCTUKH MEIUKO-OMOIOTHYECKUX
MPOSIBIICHUA  COJHEYHOM akTUBHOCTH. Ilpm »3ToM co3maHme 0a3  JaHHBIX
TCOMArHUTHBIX HAOJIOJCHUM HEMOCPEICTBEHHO Ha BEAYIIMX T'€OMarHUTHBIC
u3MepeHuss o0cepBaTopusXx oO0ecleunBaeT HX OINEpPAaTUBHOE HAIOJHEHHEe, a
VCTIOJIb30BaHME VIHTEPHET TEXHOJIOTUN JENAeT BO3MOKHBIM OINEPATUBHBIN JOCTYIT K
NOJIYYEHHOW TeOMarHuTHOM uHpopmanuu. B paboTe mpeacraBieHa mnporpammHas
CHCTEMA MO aHaJM3y BapHalliidi TEOMarHUTHOTO TOJisi, OCHOBY KOTOPON COCTaBJISIIOT
ABTOPCKHE METOAbl M aIropuT™mbl. CHCTEMa IMO3BOJSET OLECHUBATH COCTOSIHUE
T€OMArHUTHOTO TIOJS W BBIJICNISITh T'€OMArHUTHBIC BO3MYIIEHHUS, BO3HHUKAIOIIAE B
MEPUO/IbI TIOBBIMICHHON COJIHEYHOW aKTHMBHOCTH M MarHUTHBIX Oypb. K cucrteme
OpraHM30BaH CBOOOJHBIN AOCTYM Yepe3 ceTh HTepHeT.

Abstract. The work is aimed to creation of applied methods and software tools
for the study of dynamic processes in the magnetosphere during magnetic storms.
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The software system is presented in the paper for analyze the variations of the
geomagnetic field, which is based on the author's methods and algorithms. The
system allows us to assess the condition of the geomagnetic field and allocate
geomagnetic disturbances, arising during periods of increased solar activity and
magnetic storms. There is a free access to the system through the Internet.

KawueBble cioBa: MarHuTHas Oypsi, T€OMarHUTHBIC JlaHHBIC, BEHBIICT-
npeoOpa3oBanue, 1udpoBas 00padoTKa CUTHAIOB

Keywords: magnetic storm, geomagnetic data, wavelet transform, digital
signal processing

['eoMarHuTHBIE JaHHBIE NPEACTABIAIOT COOOKW MH(POPMALMIO O MATHUTHOM
noJie 3eMJIM, KOTOPOE BO3HUKAET M3-3a JBHUIKECHUS JKHUJKOIO BHEIIHETO sApa 3EMIIM.
OTO MarHUTHOE II0JIE€ OKa3bIBAa€T BIUSHUE HA Pa3jIM4HbIC aCIEKThl HAIIEH XU3HH,
TaKHe KaK HaBUTalWs, PaJHOCBsI3b, a TAKKE 3aIMTa OT KOCMUYECKUX JIyUJeH.

['eomMarHuTHBIE JaHHBIE MOTYT OBITh M3MEPEHBI M 3alUCaHbl B Pa3IMYHBIX
(opMaTax, TAKMX KaK MarHUTHBIE TOJSIPHOCTH, UHTEHCUBHOCTh MAarHUTHOIO MOJIS, a
TaK)K€ T'€OMAarHUTHBIC IITOPMBI U MOHOC(HEpHBIE BO3MYIIEHUS. DTH JaHHBIE MOTYT
OBITh MCIOJIb30BaHbI JJI1 MPOrHO3UPOBAHMSI TOTOJbl B KOCMUYECKOM MPOCTPAHCTBE,
a TakXke Uil HM3y4YEHUs IOTEHUUAJIbHOIO BJIMSHUS T'€OMArHUTHBIX IITOPMOB Ha
TEXHUYECKUE CUCTEMBI U 000PYI0BaHHUE.

['eoMarHuTHBIE JaHHBIE BKIIOYAIOT B €0 MHPOPMALMIO O MATHUTHOM I0JI€
3emMild, TaKyl0 KaK €ro MHTEHCUBHOCTb, HAIlpaBJCHUE W BapuallMid BO BPEMEHU U
MPOCTPAHCTBE. DTH JAaHHbIE MOTYT OBITh MOJIYYEHBI C MOMOIIbIO MArHUTOMETPOB,
YCTaHOBJICHHBIX Ha PA3JIMYHBIX TOUYKAX HAa MOBEPXHOCTU 3€MIJIU UM B KOCMOCE.

M3MeHeHuss BapualMii MarHUTHOIO TOJS 3€MJIM CBSI3aHBl C Pa3JIMYHBIMU
reou3MUecKUMU MPOLECCaMU M HMEIOT CJIOKHYI0 BHYTPEHHIOIO CTPYKTYpY, UTO
nenaer Manod(pHEeKTUBHBIMHU TPATUIIMOHHBIE METOBI ISl X 00paOOTKH M aHANIM3a.
B nepuoasl Bo3MyllleHUI B BapualUsAX IOJSI BOBHUKAIOT JIOKAIbHbIE OCOOEHHOCTU
pa3nuuHOil  (OpMBI, JJIUTENBHOCTH W aMIIUTyAel. OHHM  XapakTepu3yroT
BO3MYILIEHHOCTh TOJISI U COAEpX aT BaXKHYI0 MHGOpPMAIUIO O XapaKTepe pa3BUTHUs
MarHuTHOM Oypu. Ilpm 00paboTke HCMONB3YIOTCS MHUHYTHBIE  3HAUYCHUS
TOPU30HTAJIBLHON COCTABIISIIONIEH BEKTOPa HAMPSHKEHHOCTH MarHUTHOTO MOJIST 3eMIITH.
B cucreme mnoppepxuBaercs ¢opmar  gaHHbix  [AGA2002, npUHSATHIM
MEXIyHapoIHOU ceThto reomMarHuTHbIX oOcepBatopuii INTERMAGNET. Takke
peanu3oBaHbl (PYHKIIMM MPOCTPAHCTBEHHO-BPEMEHHOIO aHajiu3a, 4YTO TO3BOJISIET
BBITNIOJIHATH aHAJIM3 FT€OMArHUTHBIX COOBITUM MO IEMOYKE CTAHLIUA PErHCTPaLIUU.

COop ¥ TepBUYHOE HAKOIUICHHE JaHHBIX HAOJIOACHUMN, MOCTYMAIOUIUX C
JATYMKOB TE€OMArHUTHBIX IOJEH BCEX THUIIOB, OCYIIECTBIIAETCS KOMIIBIOTEPAMHU.
[TommyuenHble naHHble OCTynalOT B ba3y manHbIX cpeanemupoTHol 'eoduznueckoit
oOcepBaTopuH 4epe3 JOKAIbHYIO CeTh cOOpa JaHHBIX PUCYHOK 1, B KOTOPYIO BXOJIST
TaK)Ke KOMIbIOTEP 00pabOTKM U XpaHEHUsI JaHHBIX U cepBep 0a3bl TaHHBIX.
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PI/ICYHOK 1. JIokanpHas CETh c6opa ICOMaroMTHBIX JaHHBIX

O6cepBaropun INTERMAGNET B HacTtosiiiee BpeMsi 00beAUHSIONICH Ooee
100 marHuTHBIX oOOcepBaTopuid B 36 cTpaHax wwupa. JlaHHBIE T€OMarHUTHBIX
HAOJMIOCHUIN  ONEepaTUBHO IepenaroTcs o0CepBaTOpPUsIMHM W HHCTUTYTamH,
YYaCTBYIOIIMMH B IIPOrpamMMe, Ha PErMOHAJIbHBIE T€OMAarHUTHbIE HH(POPMAaLMOHHBIE
y37bl Y€pe3 CHYTHUKH, KOMIBIOTEPHBIE CETH WIH APYTMMH CpPEIACTBAMHU, C
ucrnonb3zoBaHueM craHaapTHeix ¢gopmaroB INTERMAGNET. Perunonansubie
r€OMAarHuTHbIE WH(OPMAIMOHHBIE Y3JIbl OCYLIECTBJSIOT TJ100aNbHBII  0OMEH
Ir€OMAarHUTHBIMU JTAHHBIMU U pe3yJibTaTaMHi UX 00pabOTKHU, 00ecreunBaroT 10CTYI K
JAHHBIM YYacCTBYIOUIMX B MPOrpaMMe 00CepBaTOPUI U BCETO HAYYHOT'O COOOIIECTBA.

Cetb cO0pa nannbIxX u 0a3a nanubix 'O “bopok”

Ha I'O “bopox” ycranosieno cranaaptaoe obopyaoBanre INTERMAGNET,
BKJIFOYAIOIIIEE CKASIPHBIA U BEKTOPHBIA MAarHUTOMETpbl. CKaJspHBIA MPOTOHHBIN
MarHUTOMETp JUIsi W3MEPEHUsl TOJIHOW BETWYMHBI MArHUTHOTO TIOJIS OOJsamaer
pazpemienueM 0,1 a#Tn, nuHamudeckum auanazoHom 32000—70000 HTi, yacTOTHBIM
nuarazoHoMm 0-0,3 I'n. BekTOpHBIN TPEXKOMIIOHEHTHBIM MAarHUTOMETP MPU TOM XKE
paspelieHny uMeeT auHamudecknii auana3zol +70000 HTn m mosiocy nmponyckaHus
0-1 TI'u. Hdns npoBeneHus: aOCOMIOTHBIX T€OMArHUTHBIX WU3MEPEHUN HUCIOIb3YyeTCs
MOPTATUBHBIA OJHOKOMIIOHEHTHBII MAarHUTOMETP Ha HEMAarHUTHOM TEOIOJIUTE,
obecrnieynBaOIIMi  U3MEPEHUsT MAarHUTHOTO TMOJisi B mpenenax =2 MKTa ¢
paspemaronieit cnocooHocteio 0,1 HTI B 4yacTOTHOM Juana3oHe Ha aHAJIOTOBOM
Bbixoze 0—10 I'm.

MarauToMeTpsl BKJIIOYAKOT HWHIYKIUOHHBIE JAaTYUKA C MEPMAITIOEBBIMHU
CEepICUHUKAMH, W3MEPHUTEIbHbIE YCUIUTeNHn U Oyioku (uabTpoB. JluHelHas
YaCTOTHAsl XapaKTEPUCTHKA JIATYMKOB MO3BOJSIET PACIIMPUTH JUHAMUYECKUU
Jana3oH U3MEPEHUHN BCIEICTBUE KOMIICHCAIMH CIIEKTPAIbHOW HEOJIHOPOJHOCTH U
IHAPOKOr0 IMana3oHa U3MEHECHUN aMIUIMTY T€OMarHUTHBIX MyJibcaluii. YacTOTHBIN
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muanasoH cocrapiser 0,001-3,0 ', mpu yposue mryma 0,5 nTn/I'111/2 Ha wactote 1
I

COop ¥ mepBUYHOE HAKOIICHUE MAHHBIX HAOIIOJCHWM, MOCTYMAMOIMNX C
JAaTYNKOB TEOMArHUTHBIX TIOJCH BCEX THIIOB, OCYIIECTBISICTCS BBIACICHHBIMU
KomnbioTepamu. [lomydeHHbIe JaHHBIE TTOCTYMaOT B ba3y MaHHBIX CpeTHEMMPOTHON
['eopmsnueckoit obcepBaropun “bopok” dYepe3 JOKAIBHYIO CETh cOOpa JaHHBIX
(pucyHoK 1), B KOTOPYIO BXOJST TaKXKe KOMITbIOTEP 00paOOTKM M XpaHEHUs TaHHBIX
U cepBep 0a3bl JaHHBIX.
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Pucynok 2. Hauanbhas ctpanuna web-caiita 0a3bl JaHHBIX U CTpaHHUIIA
MPOCMOTpPA TAHHBIX

B cocraB aBromatmueckoit wmarnuTHoi oOcepBatopun INTERMAGNET
BXOJIUT CIIELMAJIN3UPOBAHHAsA CUCTeMa cOOpa JaHHBIX CKaJISPHOTO M BEKTOPHOIO
MarHUTOMETPOB, OOECHeUnBaOIIas TaKXEe KOHTPOJb KayecTBa IOCTYIAIOLIUX
JTAHHBIX, WX QWIBTPALMIO W OTOOpaXeHHWe Ha JKpaHe MoHHTOpa. Yacrtora
JUCKPETU3ALMH BBIXOJHOTO aMIUIMTYAHO-BpeMEHHOro psiga | muH. s TO4HOM
NPUBSI3KM K MHPOBOMY BpPEMEHH, HEOOXOAMMOHN MpH paboTe B CETH CHUHXPOHHBIX
HaOMIOACHUII MArHUTHOTO TMOJs, Hucnoib3yercss ycrpoiictBo GPS. Jlanubie
M3MEPEHUI HAKaIUIMBAIOTCS HAa BHEIIHEM HOCHUTENIE W pa3 B CYTKH IMEPEHOCATCS
OMepaTopoM Ha KOMITbIOTEp 00paOOTKU JaHHBIX.

C navanbHOM cTpanunbl (Puc. 2) mocetutenb caidTa MOMXKET NEPEUTH K
IPOCMOTPY PYKOBOJICTBA IO IMOJIb30BaHUIO 0a30M JaHHBIX, MPABUII MOJIb30BAHUS €10
U pa3ZesioB caiiTa, OTHOCSIIUMCS K KOHKPETHBIM BHJIaM HaOtofeHui. B oTKphITOM
NOCTYII€ TPENCTABICHBl PE3YyJbTaThl M3MEPEHUN Bapualdii F€OMAarHUTHOIO IO
3eMJIM M pacCYMTaHHblE HAa MX OCHOBE K-MHIEKChl F€OMarHUTHOM akTHUBHOCTH. Bce
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CTpaHULBl CaliTa HMMEKOT B JIEBOM YacTH MEHIO CO CChUIKAMU Ha IOJApa3Ieibl
TeKyIero ypoBHsi ¥ joroturt 'O “Bopok” cO CChUIKOM HAa HayaldbHYIO CTPaHUILY
caifta. Jlns obecniedyeHus: 6€30MaCHOCTH U MPEAOTBPAILECHUS aTaK XaKepOB JOCTYI K
UCXOAHBIM  (paiimam  JaHHBIX 3akpbIT. [lonb3oBaTenb HMMEET BO3MOYKHOCTD
OpocMaTpuBaTh rpauKud  JaHHBIX M 3a0palluBaTh  JaHHbBIE,  3aIOJIHSAA
COOTBETCTBYIOIIME (HOPMBI. 3allpoLICHHbIE JaHHbIE (OPMHUPYIOTCS MPOrPaMMHBIM
oOecnieueHneM web-caiiTa U OTCBUIAIOTCS MOJIB30BATENIO MO AJIEKTPOHHOM IOYTE.
JIis KOJIJIEKTUBHBIX MOJb30BaTeNell 0a3bl JaHHBIX BENETCS pEryisipHas pacchlIKa
naHHbIX. [Ipu 3TOM TUNM U QopmaT AAHHBIX, MEPHOJUYHOCTH M CHOCOO PACCHUIKU
ONPENEIAIOTCA 1O JOTOBOPEHHOCTHM C 3aKa3uvMKaMM. B 4YacTHOCTH, JaHHBIE
HaOmoAeHnil Bapuanui reomarHutHoro nosis no nporpamme INTERMAGNET,
MEPEAAOTCS MO 3JIEKTPOHHOM mnoute B [lapmxckuil MHCTUTYT (pu3uku 3emud, a
aHaJOrMYHbIE JJaHHBIE, ody4YeHHble 1o nporpaMmme SAMNET, — no ftp-npotokoiny B
JlaHKacTepCKUil YHUBEPCUTET.

BuiBoabI

Takum 00pa3om, perucTpaius T€OMarHUTHBIX JaHHBIX - BaKHBIA Mpoliece,
TpeOyIOIUI TPUMEHEHUS CTICIUATU3UPOBAHHBIX HH(POPMAITMOHHBIX TEXHOJIOTUHN IS
coopa, oOpaboTku u aHanmu3a HTod wuHPopManuu. COBpEeMEHHBIE METOABI U
TEXHOJIOTHH WIPAlOT KIIOYEBYIO pPOJIb B ATOM Ipoiiecce, obecredynBas TOYHOCTD
JTAHHBIX U OTIEPATUBHOCTH UX 00PaOOTKH.

JIisi Hadajma HEOOXOIUMO YITOMSHYTH CHCIUATM3UPOBAaHHBIC T€OMAarHUTHBIE
0o00OpyI0oBaHUs, TaKWe KaK MarHUTOMETPhl M TEOMarHUTHBIE CEHCOPBI, KOTOPHIC
WCITONIB3YIOTCS JIJIT PETUCTPAIMM T€OMArHUTHBIX JaHHBIX. DTH yCTPOHCTBA MOTYT
OBITH BRICOKOTOYHBIMH ¥ aBTOMATH3WPOBAHHBIMHM, YTO YIPOIIAeT cOOp HHPOPMAIIHH.

NudopmainimonHpie  TEXHOJOTMM  BKIIOYAIOT B ce0S  MpOrpaMMHOE
obOecrieuenue s oOpabOTKM M aHalIW3a JaHHBIX, BHU3yalM3allid pPE3yJIbTaTOB
U3MEpPEHU, a TaKXe CHUCTEMbl XpaHeHHs W mnepenaun uHbopmaruu. C MOMOIIBIO
cnenuanudupoBanHoro  [IO0  maHHble  MOryT  OBITH  CTPYKTYpHUPOBAHBI,
WHTEPIPETUPOBAHBl M AHATU3UPOBAHBI UCCIIENOBATEISIMUA JJIsi TMOJYYEHHUS IEHHBIX
HAy4YHBIX BBIBOJIOB.

Takke BaXHBIM AaCIIEKTOM  SIBJISIETCS  MCIOJIb30BaHUE COBPEMEHHBIX
WH(OPMAITMOHHBIX TEXHOJIOTHH I Tepeqay ¥ OOMEHa JaHHBIX MEXKIY
Pa3IMYHBIMK ~ HCCICAOBATCIbCKUMHU IICHTPAMH W HAyYHBIMHA OpTaHU3aIHSIMHU.
brnaromaps ceTsaM mepeaaun JaHHBIX U 00JaYHBIM TEXHOJOTHSIM, CIICIIHAIMCTHI MOTYT
oOMeHHMBaThCs MH(pOpMaIMel 1 COBMECTHO paboTaTh HaJ aHAIM30M T'€OMarHUTHBIX
JTaHHBIX.

Takum o00pazoM, WHPOPMANMOHHBIE TEXHOJOTHMH TPU  PETUCTPALMH
T€OMArHUTHBIX JaHHBIX WrPAIOT BAXHYIO POJb, oOecneunBas 3(PGEKTHBHOCTD,
TOYHOCTH U OTIEPATUBHOCTH B MPOBEACHUH MCCIICIOBAHUHN B ATOM 00JIaCTH.
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Abstract. Access control is a technique that verifies whether the access is
legitimate for various purposes of access to various resources in the information
system and allows only legitimate access. Access control is divided into
Discretionary Access Control (DAC) and Mandatory Access Control (MAC)
according to who is responsible for access control. DAC is a user-level access
control, in which the owner of the resource can change access rights arbitrarily. Since
it is based on an access control matrix model, there is a disadvantage of
compromising confidentiality in security by failing to prevent leakage of information
through the covert channel. MAC is system-level access control, in which the owner
of the resource cannot change the permissions arbitrarily, and it can control the flow
of information correctly on the basis of assigning the clearance classification to the
subject and the security classification to the object, thus it is possible to prevent the
leakage of information through the covert channel. In addition, there is Role-Based
Access Control (RBAC) that is used as combination of DAC and MAC. In this paper,
we suggested a security policy for implementing MAC in Relational Database
Management Systems (RDBMS) where DAC is implemented. We proposed a row-
label security policy using the Bell-Lapadula (BLP) model and implement it by
extending the SQL statements.

The database manager can selectively enforce mandatory access control using
these added SQL statements when necessary.
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AnHoTanus. KoHTposb 10oCTyna - 3T0 METO, KOTOPBIM MO3BOJISAET IPOBEPSITH
3aKOHHBIM JIOCTYN K Pa3jJu4HbIM LEJIsM JIOCTyNa K Pa3ju4yHbIM pecypcam
UH(OPMAIITMOHHONW CHCTEMbl M Pa3pelIuTh TOJIBKO 3aKOHHBIN nocTyn. KoHTpoib
J0CTyIa pasjiesieH Ha KOHTpodib cBoboaHoro gocryna (DAC: Discretionary Access
Control) u xoutpons manaatHoro goctyna (MAC: Mandatory Access Control) ot
TOTO, KTO HECET OTBETCTBEHHOCTh 3a KOHTPOJb JOCTYyMa. YIpaBieHUE CBOOOIHBIM
JIOCTYIIOM MOXET MPOU3BOJIBHO M3MEHATh IpaBa JOCTYIA K BIIAJIEIbILy PECYPCOB B
KayecTBE KOHTPOJIS JOCTYyINa K YPOBHIO IMOJIb30BaTeNsl. JTO OCHOBAHO HAa MOJENHU
MaTpPHUILIbI YTIPABICHHS JAOCTYIIOM, YTO MPHUBOIUT K MOTEPE KOHPHUIECHIIUATHHOCTH B
0€30MacHOCTH, HE TMpeNoTBpalias yTeuKy HH(GOpPMAalUK Yepe3 CKPBITHIM KaHal.
VYnpaBrnenue MaHAATHBIM JOCTYIOM SIBIISIETCS. KOHTPOJIEM JIOCTyIa K CHCTEMHOMY
YPOBHIO, W BJaJieJiel] PECYpCcOB HE MOKET MPOU3BOJIILHO W3MEHUTD JIUIEH3UIO0. DTO
MOXKET TPEJOTBPATUTh YTEUKYy HH(POPMAIMH Yepe3 CKPBHITHIN KaHall, MOTOMY YTO
NPaBUWIHLHO KOHTPOJIMPYET TMOTOK HMH(POpPMAllUd HAa OCHOBE BBIJCJICHHS Kiacca
paspelieHuss Ha CyOBEKT M ypoBHS Oe3zomacHocTd Ha o0O0BekT. Kpome Toro,
CyIIeCTBYeT KOHTpoJib jaoctynma Ha ocHoBe posu (RBAC: Role Based Access
Control), KOTOppIi HCHOJB3YyETCSI B COYETAHUU C KOHTPOJEM CBOOOJHOTO U
MaHJaTHOTO JocTymna. Mbl mpejuiaraéM MOJUTUKY O€30MaCHOCTH ISl peaau3aluu
yIpaBJICHUs] MAHAATHBIM JIOCTYIIOM B CHCTEME YIIPaBJIEHUS PEJSIIITUOHHBIMU 0azamu
JAHHBIX, TJI€ PEaJM30BaHO YIMPABICHUE CBOOOJHBIM JOCTYNOM. MBI MpEeIIOKUIH
MOJIUTHKY 0€30MaCHOCTH ¢ METKOW CTPOKH ¢ MCoib3oBanueM mojenu Bell-Lapadula
(BLP) u peanuzoBaniu nmyteM pacmupenus komana SQL. Menemxep 0a3bl JaHHBIX
MOXKET aJTbTEPHATUBHO HCIIOJNHATH YMPABICHUS MaHAATHBIM JIOCTYIIOM, HCIIOJIB3YS
3TH JIONOJHUTENbHBIE KoMaH bl SQL, Korjaa 3To Heo0X0aUMO.

Keywords: discretionary access control, mandatory access control, row-label
security policy, relational database management system, Bell-Lapadula model

KiroueBbie c10Ba: KOHTPOJIb CBOOOJHBIM JIOCTYTIOM, KOHTPOJIb MaHJaTHOTO
J0CTyIa, TIOJWTHKA O€30MaCHOCTH C METKOM CTPOKH, CHCTeMa YIpaBleHUs
pensimoHHbpIMU 0azamu nanHbiX, Bell-Lapadula monens

Generally, open-source relational database management systems such as
MySQL or PostgreSQL define roles and apply RBAC based on implementing DAC
by GRANT and REVOKE statements according to the SQL92 standard [1, P. 1010-
1020]. Since DAC and RBAC are based on the access control matrix model, there is a
disadvantage that information leakage through the covert channel cannot be
prevented. PostgreSQL supports MAC using the sepgsgl module combined with
SELinux[3, P. 316-322].

Oracle can strictly control the information flow by implementing MAC using
row-label security in VPD (Virtual Private Database), OLS (Oracle Label Security),
etc., which all use the PL/SQL functions and are difficult to porting to other DBMS
[2, P. 71-79], [5, P. 54-56].
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Therefore, we proposed a row-label security policy that can implement MAC
by adding SQL statements without the help of SELinux or PL/SQL functions in
general RDBMS.

1) The structure of Row-Label Security Policy

When the user reads or writes data in the table, the database management
system first checks whether there are access rights on the table by DAC, and then
checks access rights to the row that is in it by MAC. Thus, a row includes label in
addition to data, and a label column is added to the table. This is called a row-label
and this security is called row-label security.

Define the row-label security policy. The row-label security policy consists of
components, security profiles, security labels, and protected tables (or tables in which
security policies are applied).

Each component consists of elements called levels, compartments, and groups.
The security profile is assigned to user, and each row of the protected table is labeled
with a security label. The security label consists of a pair elements of levels,
compartments, and groups. The row-label security consists of 10 basic elements and
11 relationships. The structure of the row-label security policy is shown in Figure 1.

Caemis D — Comam

Users

«—— 3 1:1relation

— 3  1:Nrelation

Figure 1. The structure of the row-label security policy

The components consist of Levels, Compartments, Groups.

Definition 1. Levels = {I;| i = 1,n}, where i <j=>1[; <l. And [;, [; are
order of object(data) and subject(profile), that is, level represents security
classification or clearance classification in security policy. n is the total number of
levels used in the security policy.
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Definition 2. Compartments = {¢;|i = 1,m}, where i = j => ¢, = ¢,. And
c;, ¢; are the kind of information that requires exclusive inclusion when access occurs,
that is, the compartment plays the role of classifying information. m is the total
number of compartments used in the security policy.

Definition 3.  Groups = {(g;, gprnt;)|i = 1,k, gprnt, = @}, Wwhere
gprnt; € {(gp)lp=1,k}andi = j =>g; = g; . And g;, g; represent a group and
gprnt; represents parent of g;. The group represents hierarchy of information. k is
the total number of groups used in the security policy.

Definition 4, Labels = {lbl;]i = 1,n}, where
Ibl; =< l;,sub_Compartments, g; >, where sub_Compartments is a subset of
Compartments.

The partially ordered relation between labels is as follows.

Ibl; = bl ; = 1j,¢; = ¢, g; = g 1)
bl; = lbl L=z1l,¢ =¢,09 = g; (2)
Difinition 5. Frofties = {pro;|i = 1,n}, where

pro; =< pro_name,RLger, RLyax) RLypin, Whaer, Wlpgaor Wikipin, ROWgr > and
pro_name is identifier of profile
RLg,r - default read label, RL,,,, max read label value
RLyi, min read label value, WL, default write label
W L,,,q max write label value, WL,,;, min write label value
ROW, default row label,
Difinition 6. The schema of table that applied row-label security policy is SS.
S5 =< RELname!Finfo = (3)
where REL, ,me 1S the name of table that applied row-label security policy.
‘F:in_fo = {(fNamei:fﬂomir Fr‘owlabellint)li = 11N}'
fName; 1’th column name.
fDom; 1’th column data type.
F,owiaper 1abel column.
N : degree of table -1.
Definition 7. The Security Policy consists of users, profiles, labels,
components, objects.
Policy =< Users, Profiles,Labels, Components, Objects >(4)

2) SQL Statements for Row-Label Security policy

We added the following SQL statements to enforce the row-label security
policy.

- Security policy statements

creation of security policy statement.

CREATE POLICY policy_name USING COLUMN label _column_name

deletion of security policy statement.

DROP POLICY policy_name

The policy_name is the name of the security policy you want to create/delete.
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The label_column_name is unique as the name of the label column used in the
security policy, and the policy_name is also unique.

This statement creates a new security policy. If a security policy is created, a
record with the security policy and the label column name is added in the policy table
of the security_schema database. To execute this statement, you must be granted the
authority to manage the security policy from the security manager.

- Component statements

creation of component statement.

CREATE COMPONENT [policy_name.Jcomponent_type SET
element_namel=element_valuel, element_name2=element value2,...

deletion of component statement.

DROP COMPONENT [policy_name.] component_type. component_name

modification of component statement.

ALTER COMPONENT [policy name.] component type. component_name
CHANGE element_namel=new element valuel, ...

The policy name is name of the already created security policy, and the
component_type is one of three component types: LEVEL, COMPARTMENT,
GROUP. The component_name is the name used to describe the element values
according to the component type.

- Label statements

creation of label statement.

CREATE LABEL label VALUE tag [ON policy _name]

deletion of label statement.

DROP LABEL [policy_name.]label

modification of label statement.

ALTER LABEL [policy_name.]label VALUE tag

The label is used to determine the user's access rights to data. The label consists
of a label name and a number. The label name consists of component values and the
component values are set in the order of level, compartment, and group.

- Apply and Remove the security policy

application of security policy statement.

APPLY POLICY [policy name] TO [database name].table name WITH
OPTIONS table_option

removal of security policy statement.

REMOVE POLICY [policy_name] FROM [database_name]. table_name

where table_option is one of the following five values: "NO_CONTROL",
"READ_CONTROL", "WRITE_CONTROL", "LABEL_CONTROL",
"LABEL_DEFAULT".

The application of security policy statement performs the function to apply a
created security policy to the real table. Applying the security policy to the real table,
a numerical column with the label column name used by the security policy is added
to the table.

- Profile statements

creation of profile statement.
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CREATE PROFILE profile_name [ON policy _name] SET
pro_element_namel=pro_element valuel,...

deletion of profile statement.

DROP PROFILE [policy_name.]profile_name

modification of profile statement.

ALTER PROFILE [policy_name.]profile_name CHANGE
pro_element_namel=pro_element valuel,...

adding component to profile statement.

ALTER PROFILE [policy_name.]profile_name ADD
component_type.component_name

deletion of component from profile statement.

ALTER PROFILE [policy_name.]profile_name DROP component_type

Creation of profile performs the function creating a new profile that will be
used in a security policy.

- Grant and Revoke the profiles to user

granting of profile statement.

GRANT PROFILE [policy_name.]profile_name TO user_name[@host_name
or IP_address]

revoking of profile statement.

REVOKE PROFILE ON policy nhame FROM user_name[@host_name or
IP_address]

These statements grant to users a profile that has already been created, or
revoke a profile already granted. A user can have only one profile for one security

policy.
Findings

We have added and extended SQL statements to the MySQL database
management system that can implement the label security policy.
Thus, the security manager can create, modify, or delete a new security policy
using these SQL statements[4, P. 21-55].
The comparison of our approach with existing access control methods in
MySQL, PostgreSQL, and Oracle is shown in Table 1.

Table 1. Comparison of existing MySQL, PostgreSQL, Oracle, and our proposed
method

Criterion Security in existing Security in Security in Our proposed
MySQL PostgreSQL Oracle method
confidentiality low high high high
Integrity low high high high
Availability high high high high
Access control DAC, RBAC DAC, RBAC, DAC, DAC, RBAC,
MAC RBAC,MAC MAC
Is it independent of OS? o X o o
supporting language SQL SQL PL/SQL SQL
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As shown in Table 1, our approach is similar to security in Oracle, but has
advantages in terms of flexibility of information access.

Access control in the relational database management system using row-label
security policy is a security administrator-centric mandatory access control method
that can overcome the problem of confidential data leakage and provide accurate
information flow with user-centric discretionary access control method, and it is a
superior security system that facilitates the use of security mechanisms using SQL
statements in relational database
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Abstract. Nowadays the development of smart phones, tablets or laptops and
the IOT makes mobile network operators to support real time communication and its
computation to deal with the delay-sensitive applications such as interactive game,
face recognition, virtual reality, autonomous operation. The solution to these
problems is the new technology-MCC (Mobile Cloud Computing), but since cloud
servers are located far from mobile devices, there must be transmission delay in
downlink and uplink which deduces computation capabilities. To overcome the
deduction, there comes a MEC technology that gives computation capabilities near
user machines. MEC (Mobile Edge Computing) in NOMA (Non-Orthogonal
Multiple Access) is under investigation in recent research activities. In this paper we
proposed a method to reduce the uplink interference and mobile energy consumption
using relay communication of MEC at cell edge. Real-time communication and
calculation is needed to satisfy the requirement for the new type of data service. To
cope with this problem, several studies on using MEC in NOMA system are in
progress. Most of these studies focus on simultaneous allocation of tasks and
resources. The proposed method can reduce interference power and mobile energy
consumption.

AHHoTanusi. HenaBHue ¢ pa3BUTHEM COBPEMEHHO MOOMJIBHBIX Tesie(OHOB,
MIaHmeTsl, win gopoxknas OBM u nosenenue 10T, oneparopsl MOOMIBHBIX ceTel
JNOJDKHBI TPOBOAUTh KOMMYHHUKAIlMM W BBIYMCIICHHS B PEaTbHOM BPEMEHU UL
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YAOBIIETBOPEHUSI TPEOOBAHM K TMPWIOKEHUSM, KOTOPHIE HMEIOT YPE3BBIYANHO
HU3KOE NPUMEHEHHUE, HalpUMeEp, HHTEPAKTUBHBIE HUIPbI, paclo3HABaHUE JIUIIA,
MOBBIIIEHHAs PEalbHOCTh M aBTOHOMHUYECKOE BOxkjaeHue. HoBas TexHonorus mis
penieHus 3Tux mnpodiem - MmoOuabHbIe 0bsauHbie BerunucieHus (MCC: Mobile Cloud
Computing), HO 00JlauHBIE CEepBEPHl OOBIYHO MMEIOT 3a/ICP’KKy OOpaTHOM CBSI3H H
BIIepe]] Mepeaayun, MOCKOJIbKY OHHM JAJIEKO OT MOOMJIBHBIX TEPMUHAJIOB U YXY/IIIAIOT
BBIYHMCIIUTEIBHYIO CIOCOOHOCTh. M3 3TOro mosBWIACH TEXHOJIOTHUS BBIYMCIICHUS
MobunsHOro Kpass (MEC), kotopas oOecreuuBaeT BBIYUCIUTEIbHYIO MOIIHOCTh
BOJIM3M TIOJIb30BATEILCKUX TEepMHUHATIOB. [103TOMY HEmaBHHE BpEMEHA HCCIEAYIOT
MEC B NOMA. B »a10#i crathe mpemaraercsi Crnoco0 yMEHBIIUTh OOpPaTHYIO
uHTEepGEPEHITNIO U TIOTPEOJICHHE YHEPTHH C WCIOib30BaHueM pene cBsizu B MEC,
pacnoJIoKEHHOM Ha Kparw KIeToK. JlJig ynoBiIeTBOpeHHs TpeOOBaHMM K HOBBIM
TUTIAM YCIyT JaHHBIX HEOOXOIWMO BBIMIOJHUTH KOMMYHHUKAIIMIO M pacyeT B
pealbHOM BpPEMEHH, U JJIA ITOr0 HEOOXOJAMMO TPOBECTH WCCICIOBAHUS IS
ucnoinp3oBanud MEC B cucremMe NOMA. BoOJBHIMHCTBO M3 3THUX MCCIIEIOBAHUN
OBLITM HaIlpaBJIEHBI HA COBMECTHOE paclpe/iesieHUe 3a/1ad U pecypcoB. B 1ol cratbe
npeajiaraeTcsi  Croco0 TMpOBEACHUS peie CBa3u ¢ ucnois3oBanuemM MEC,
pPacIoJIOKEHHOTO Ha Kparo KIETOK, YTO IIO3BOJISIET YMEHBIIUTH MOTpeOiIeHue
MOIIIHOCTH UHTEPPEPEHIIMN U MOOMIBHBIX YHEPTUU.

Keywords: PD-NOMA system, MEC, NOMA, uplink interference, energy
consumption

KawueBsie ciaoBa: PD-NOMA cucrema, MEC, NOMA, o0parHas
uHTEepdepeHIs, TOTPEOICHUE SHEPTUU

1. System model

1.1 A new network architecture

According to the previous research using MEC in NOMA[6, P. 2323-2324],
MEC is just a technique providing computation capacity to the cell edge area of the
network[3, P. 6443-6444].

Most studies supposed the environment in which MEC and BS (Base Station)
is collocated or MEC is wire-linked to BS nearby[1, P. 3-4]. This environment
reduces the radio resource and hardware consumption[2, P. 5109-5110].

In this paper, we suppose that MECs are installed at cell edges and shared by
neighboring cells. (Just like in common case-a base station’s service region is an
equilateral hexagon)

1.2 Uplink communication

After user pairing, some of users sharing one orthogonal resource communicate
thru MEC’s relay[4, P. 432-433].

Suppose that two users are allocated to one orthogonal resource. According to
NOMA, a user in better channel condition is given less power than the other in worse
condition in PD-NOMA. Statistically, the latter would be farther than the former[5, P.
855-857].
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At this point, UE2’s signal would be weak only enough to be received by
MECS6, which gives fairly small interference to the base station BSO while receiving
signal from UE1, unlike in previous NOMA system.

In previous NOMA system[7, P. 5897-5899], transmission power of UE2 was
bigger than the one of UEL.

2. Performance analysis

2.1 Uplink interference power decrease

With the network architecture and communication method proposed in this
paper, downlink interference power is same as in the conventional NOMA system.
But uplink interference power is different.

Without losing generality, we consider the case in which a pair of 2 users share
1 PRB. Then at least one UE of the pair is in A2.

Assuming that the size of cellO is S_,;;(the size of each cell is same), Al's size
ISS4; = 1/3S..;, and A2's size Sup = 2/3S,,.;;- So the probability that at least one of
the pair is in A2 is 8/9 = 0.9. But if we consider that main principle of PD-NOMA
Is to allocate different power to more than 2 UEs with different channel conditions,
we can know that at least one of the pair can be in A2. Furthermore, we can make all
pairs with a user in Al and the other in A2. To this end, we should make the sizes of
Al and A2 are same.

If we set Al and A2, the sizes of Al and A2 are 1/2S.,; and the size of
service sector of ith MEC Zypc; N Apso (Zygci; § = 1,6 is service sector of ith
MEC) and 1/12S_,;, and the size of Zypc; is 1/45..;(a half of Al's size), where
Aggo is cell0's size.

If one edge’s length of cell is L., Al is an equilateral hexagon with one edge of

L./V2. To decrease uplink interference power, a user UE1 in AEB)is selected as a pair
user of the user UE2 in Zyzcq N A2.

At first, we consider the interference power from UE2’s signal when BSO
receives UE1’s signal. In previous NOMA, normalized interference power is as

following.
NOMAU _ _the received interference power _ |hs|? *a, (1)
P1,2 the available received signalpower  |h,|? =a,
In proposed method upcy _ Inal® »af 2
p p 1,2 412 *a, ( )
v _ . (dyez-mece)”

as = - 3
2 % 1+(dygz-sso)’ ®)

Finally, the normalized interference power is reduced by a factor of

MEC, U
pY, = P12 _ 0!_5 ~ 1+ (dyez_necs) <1 (4)
' Pll,\lzomA V@ 1+ (dyessso)
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which is the change ratio of normalized interference power when BSO receives UE1’s
signal in the uplink.
Finally, the change ratio of the normalized interference power is as following.
2
pg/llEC i ‘hlu‘ ~ l+(dUEl—BSO)y

1821 NOMA, U

P21 B |hl|2 1+(dUE1—MEC6)y

<1 (5)

where due-sso: dun-wecs s Euclidean distance from UEL to BSO and MECS,
respectively, and we assumed that channel coefficient k is constant inside of 1 cell.
On average, the normalized interference power Is reduced by a factor
B =

UEl BSO

S, (6)

UEl—MEC6 )

2.2 Energy consumption decrease

The proposed method in this paper can reduce energy consumption for uplink
communication.

As shown in the previous section, transmission power of user UEL is constant
as ay, but transmission power of user UE2 is reduced from «, to Y.

Finally, communication power in uplink is reduced from

NOMA __ _
Pipling = @1tas =1 (7)
1+(dyga—mEecs)” 1+(dygz—mEcs)Y
PMEC — g, +al ~1—a, +a, —2E2MECel _ | _ g (1——)<1:
uplink — "1 2 1T 1+(dyg2—Bso)* 1+(dygz—pso)?
PNOMA
uplink

(8)

The uplink power consumption is reduced by

_ pNOMA _ ,MEC _ _ 14+(dyez-mece)”
"qupImk - Puplmk Puplmk ~ 2 (1 1+ (dyga_gso) ©)

3. Numerical results

Simulation parameters are set as follows: path loss index y=2-5 and cell radius
L.=1-1,000m.

3.1 Uplink interference power analysis

Figure 1 shows the normalized interference power due to UE2’s signal when a
BS receives UE1’s signal in uplink PD-NOMA based on the proposed network
architecture.

As can be seen in figure 1, when the BS receives UE1’s signal, the normalized
interference power due to UE2’s signal, SE , Is reduced as the radius of cell is
increased and the path index is increased. We can see that the normalized interference
power is constant irrespective of the radius of cell in case that the radius of cell is
larger than 10m for all path indices, and is 0.2 when the path index is 2, 0.1 when the
path index is 3. Thus, the normalized interference power is reduced to less than 20%
with the proposed method.
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Figure 2 shows the normalized interference power due to UE1’s signal when
MEC6 receives UE2’s signal.

[T NN
dnod dh o |

= =)
o @

10’ 10’ 10° 10°
L im)

Figure 1. Normalized interference power due to UE2’s signal when BSO
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Figure 2. Normalized interference power due to UE1’s signal when MEC6 receives
UE2’s signal receives UE1’s signal.

As can be seen in figure 2, when MEC6 receives UE2’s signal, the normalized
interference power due to UEI’s signal, ﬁf_ , Is reduced as the radius of cell is

increased and the path index is increased. We can see that normalized interference
power is constant in case that the radius of cell is larger than 10m for all path indices,
and is below 0.1 when path index is 2.

3.2 Energy consumption analysis

Figure 3 shows energy consumption decrease in uplink PD-NOMA in the
proposed network architecture.

Of course, the practical decrease is smaller than in figure 3, since these results
are not multiplied by a5, (@, < 1). As can be seen in figure 3, the energy
consumption decrease AP, i increased, as the radius of cell and the path index is
increased. The energy consumption is decreased to 80% when the path index is 2, if
we do not consider ;.
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Figure 3. Mobile energy consumption decrease in uplink PD-NOMA system
Findings

We propose a network architecture and communication method using MEC at
cell edge and analyzed the performance of the proposed method. In the proposed
network architecture MECs are located at cell edges in NOMA. The interference
power and energy consumption in uplink are decreased. We simulated the
interference power and energy consumption using mathematical model.
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AHHOTauMsl. B TaHHOU CTaThe NMPEICTABIECH aHAJIN3 CYIIECTBYIOMNX METOIHUK
BHYTPEHHETO ayauTa HWH()OPMAUMOHHOW O€30MacCHOCTH, KOTOpbIE CIyKaT s
OOHapy>KeHHsI BO3HHMKAIOIIMX Yrpo3 O€30MacHOCTH Ha OOBEKTaX KPUTHYECKOU
nHopmarmonnoit uHdpactpykrypel (KMHN). Omnpexpensiercss pocT 3HAYUMOCTH
JAHHBIX METOJMK Ha CErOAHSIIHUN MOMEHT BPEMEHHU, YKa3bIBAIOTCS MPEUMYLIECTBA
MIPOBEICHMS] BHYTPEHHETO ayAuTa Ha npeanpusTiuu. [IpoaHanu3upoBaHbl KIHOYEBbIE
aCMeKThl BHYTPEHHEr0 ayuTa B 00JIaCTH aBTOMATU3UPOBAHHBIX CUCTEM YIPaBJICHUS
(ACY). Yka3zanbl 0COOCHHOCTH ayJIUTa aBTOMATU3UPOBAHHBIX CUCTEM YIIPABIICHUS
TEXHOJIOTMYECKUMH MPOLIECCaMu ITPU UX COBMECTHOM paboTe ¢ IPYrUMHU CUCTEMAMH,
aktyanpable 11 ACY  TII  kputepum  Oe3omacHoctu. IlpuBengenst u
OXapaKTepU30BaHbl PAa3HOBUIHOCTU AayAMTa MHOTOYPOBHEBBIX HMH()OPMAIIMOHHBIX
cucteM ACY TII, a take npuBeneHbI MPUMEPHI CYIIECTBYIOIIETO MPOrPAMMHOTO
oOecrniedyeHus AJisl MPOBENEHUs BHYTpPEHHEro ayauta. PazpaboTaHa W mpeasioskeHa
METO/IMKA MPOBEACHHUS] BHYTPEHHETO ayJUTa Ha OCHOBE OOBEKTHUBHBIX JIaHHBIX.
Pa3paGorannass  Meroauka  OyJaeT  mosie3Ha  OpU  NPOBEACHUU  ayJuTa
uH(pOPMAIMOHHONW O€30MacHOCTH OpraHu3aluy i ObICTPOM M KaueCTBEHHOMU
OLICHKHU 3alIUIIEHHOCTH CUCTEMBI, B KOTOPOH HE JOIMYCKAETCSl HapyIlIEeHUE CKOPOCTU
nepenayn IaHHbIX U pabOTOCIIOCOOHOCTH. DTa CTaThs NpeIHa3HAuYeHA ISl ITUPOKOU
aynuTtopur B 00JacTH MH(MOPMAIMOHHOW OE€30MaCHOCTH, BKIIOYAs CHEIUATMCTOB
ACVYTII mo xubep6eszonacHoctn, WUT-aaMUHUCTPATOPOB, CTYAEHTOB HMMEIOITUX
’KeJlaHue pa3BUBATHCS B 3TOI 00sacTu.

Abstract. This article presents an analysis of existing internal information
security audit techniques that serve to detect emerging security threats at critical
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information infrastructure (CII) facilities. The growth of the importance of these
methods at the present time is determined, the advantages of conducting an internal
audit at the enterprise are indicated. The key aspects of internal audit in the field of
automated control systems (ACS) are analyzed. The features of the audit of
automated process control systems when they work together with other systems,
relevant safety criteria for automated process control systems are indicated. The types
of audit of multi-level information systems of automated control systems are
presented and characterized, as well as examples of existing software for internal
audit. A methodology for conducting an internal audit based on objective data has
been developed and proposed. The developed methodology will be useful when
conducting an audit of an organization's information security for a quick and
gualitative assessment of the security of a system in which data transfer rate and
operability are not violated. This article is intended for a wide audience in the field of
information security, including Automated Control System cybersecurity specialists,
IT administrators, and students who have a desire to develop in this field.

KiioueBbie cJioBa: ayJuT, uH(dOpMaIMOHHAS 0e30MacHOCTb,
ABTOMATH3UPOBAHHAS  CUCTEMa  YIPABICHUS  TEXHOJIOTMYECKHM  IPOLIECCOM,
METOJ/IMKa, MPOrpaMMHOE o0ecIieueHne

Keywords: audit, information security, automated process control system,
methodology, software

ABTOMATU3UpPOBAHHASI CHUCTEMA YIPABICHUSI TEXHOJOTMYECKUM IPOLIECCOM
(ACY TII) — 5TO LENOCTHOE pEIICHWE TEXHUYECKUX M MPOTPAaMMHBIX CPEJCTB,
KOTOpbIE€ MpPEJHA3HAYEHbI [UJIi AaBTOMATH3alMU YIPABIEHUS TEXHOJIOTHYECKUM
000py1I0BaHUEM Ha MPOMBIIIICHHBIX NPEANPUATHUSAX.

Nudopmarmonnas 6e3omnacHocts (MB) MpOMBINUICHHBIX NpPEANpUSATHH, a
UMEHHO TPEANPHUSTUN, OTHOCSIIMXCS K  KPUTHYECKUM  UHOOPMAIMOHHBIM
unppactpykrypam (manee KUUW), sBnsercs 4acThio HAIMOHAIBHOW 0€30MacHOCTH
Poccuiickoit @eneparuu B mHGOpMaIMOHHON cdepe.

Ha npaktrke y OOJBIIMHCTBA MPOMBINUICHHBIX MPEANPHUSTHN HET IEITbHOM,
yeTko oTiaxeHHoM C3U. Tak, Hanpumep, aHTUBUPYCHBIE NMPOTPAMMHBIE CPEJICTBA
yctaHoBieHbl Ha MHorux ACY TII, yero He CKakemlb O CHCTEMax
OOHapy>KEeHMs/IPEIOTBPAIlCHUs] BTOPKEHM WJIM MpaBWIaxX W perjiaMeHTax
pearpoBaHus Ha KOMIBIOTEPHbIE MHIMACHTHI. BcneAacTBue dYero BO3HHUKAET
HEOOXOIUMOCTh OIIEHUTh MOJIOKEHHUE e U Pa3o0paThCs, KaKUe MEpbl MO 3alluTe
uH(poOpMaIlMK peadn30BaHbl, a Kakue B 0053aTebHOM MOpSAKEe TpeOyroT
HEMEIJIECHHOTO BHEAPEHUSI.

[lenp 3TOM cTaThu - yriayOUThCS B 00JAacTh MPUMEHEHHS METOJUK ayauTa
MH(GOPMALIMOHHON 0E30MaCHOCTH, MPOAHATU3UPOBATH UX IMOJIE3HOCTH, CIOKHOCTH U
MPUCYIME UM OrpaHuyeHus. PaccmarprBas Kak TpaJULMOHHBIE, TAK U COBPEMEHHbBIE
MOJXObl K MPOBEpKE cucTeMbl. PazpaboTath COOCTBEHHYIO METOJMKY MPOBEACHUS
ayJauTa Ha OCHOBE OOBEKTHUBHBIX OIICHOK.
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AKTyallbHOCTh MPOBEPKH HHPOPMAIIMOHHON O€30MacHOCTH Ha OOBEKTaX
KOMIIbIOTEpHBIX  MH(popMmanmoHHbix cuctem (KWMW) wu aBTOMaTH3MpOBaHHBIX
cucTeMax ympaplieHus TexHosorudeckumu npoueccamu  (ACYTII) Henwss
NEPEOLICHUTh B COBPEMEHHOM MHUpE, Iie HU(PpOBU3AIMS U aBTOMATU3AIUS UTPAIOT
KIIIOYEBYIO pOJb B pa3ivuHbIX oTpacisx. C yBenmuyeHueM uyucia KuOepyrpo3 u
kuOepaTak, Kak B macmrade, TaKk U B CIO0XHOCTH, 3allUTa WH(DOpMAIMOHHOU
o6e3zonacHoct Ha o0ObekTax KM u ACVYTII cTaHOBUTCS KPUTHUYECKH BaXHOM.
Henocrarounbsie Mepbl 0€301IaCHOCTH MOTYT MPUBECTU K CEPHE3HBIM MOCIIEICTBUSM,
BKJIIOYAsl YTEUKY KOH(QUACHIINATFHON HH(DOpMAINK, HApYIIIEHHE TPOU3BOICTBEHHBIX
IIPOLIECCOB U JAXE yIPO3y KU3HHU U 3I0POBBIO JIFOACH.

Mertoauxku nposenenus ayaura Ub ACYTII:

CymiecTByeT HECKOJIBKO METOIMK IPOBEIEHUS BHYTPEHHEro ayauTa
MHPOPMAIIMOHHON  0€30MacHOCTM B 00JacTM aBTOMATU3UPOBAHHBIX CHCTEM
ynpaBieHus TexHojoruueckumu npoueccamu (ACYTII), Bkitouast:

1. Meronuka T'OCT P HCO/MBK 27007-2016 "HNudbopmarmonHnbie
TEeXHOJOTMHU. WMHCTPYKIMM MO TPOBENECHUIO BHYTPEHHETO ayAuTa O€30MacHOCTU
uHpopmaruu'.

2. Meromuka T'OCT P HCO/MBK 27001-2015 "HNudbopmarmoHHbie
TexHoJorud. Metoasl obecnieueHus: MHGOpMAMOHHOW Oe3omacHOCTU. CHCTEMBI
MEHEeKMeHTa nH(popMalimonHoit 6e3onacHoctu. TpedboBanus'".

3. Meroauka mpoBeaeHUss BHYTpeHHero ayaura mo cranpaprty [SO 19011
"PykoBomsuuii ctanaapt ISO/CASCO no aynuty cucteM MeHeIKMeHTa" .

4. Meroauka mpoBeneHHUs ayauTa HWHGOpPMAIMOHHOW O€30MacHOCTH B
COOTBETCTBHUHM € TpeboBaHusIMU PeaepanbHoro 3akoHa "O 3amure nHbopmayu'.

DTN METOAMKH MTOAPAa3yMEBAIOT IPOBENCHHUE BCEX 3TAIIOB BHYTPEHHETO ay/IUTa
uHpopmarmonnor 6e3omacHoctu B ACYTII, BiItodasi niaaHupoBaHUE, MTPOBEICHHE
ayquTa, BBISIBICHHE HECOOTBETCTBUHM, pa3pabOTKy IUlaHA MEPONPUITHH 10
YCTPAaHEHHUIO BBISBIEHHBIX TMpOOJEM, HUX KOPPEKLUHI0O C Y4YeTOM TpeOOoBaHUMU
NCO/M3K 27001 u npyrux peryisiTOpHbIX JOKYMEHTOB.

I'OCT P HUCO/M3BK 27007-2016 ycraHaBiauBaeT oOIIME NPUHIUIB U
PYKOBOZSIINE YyKa3aHWsA [0 TPOBEACHUI0O BHYTPEHHEro ayauta Oe30MacHOCTH
uH(pOpMAaIUU B OpraHU3aliH.

Ayaut Oe3omacHOCTH HMHGOPMALMM — 3TO MPOLECC CUCTEMATUYECKOTO
OLICHMBaHUsl oOOecrneueHuss KOH(PUACHIMAIbHOCTH, UEIOCTHOCTH M JOCTYIHOCTH
uHpopMallMM B  COOTBETCTBMM C  YCTAHOBJIEHHBIMM  TpPEOOBAHMSIMU U
MEXAYHApPOIHBIMU CTaHAAPTAMHU.

JlaHHBI cTaHmapT omnpeaessieT o0JacTh JEUCTBUS BHYTPEHHEIO ayauTa
Oe3omacHocTH MH(GOPMALMHU, a TaKKEe OCHOBHBIE 33/1a4yd U MPHUHLHUIIBI IPOBEICHUS
aynuta. B HeM ykaswiBaeTCs, 4TO ayauT 0€30macHOCTH WH(POPMAIMH JTODKEH OBITH
HE3aBHCUMBIM, OOBEKTHUBHBIM, CHUCTEMATHYECKUM, JOKYMEHTHPOBAaHHbIM U
OLICHMBATh COOTBETCTBME MOJUTUKAM M MPOLEAypaM, YCTAHOBJIEHHBIM B
OpraHU3aLMH.
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CraHgapT TakXe COAEPKUT PEKOMEHJALMU 1O MOATOTOBKE, IIIAHUPOBAHUIO U
IPOBEJICHUIO BHYTPEHHEIO ayJuTa, a TaKKe MO OCYIIECTBICHUIO OIEHKU PUCKOB U
pa3paboTKe IIAHOB JEHCTBUM 110 YCTPAHEHUIO BBISBICHHBIX HECOOTBETCTBUM.

I'OCT P UCO/MBK 27007-2016 sBasieTcsi BaKHbIM HHCTPYMEHTOM JIJIs
OpraHu3aluii, KOTOpbIe 3a00TIATCS O 3alUTE CBOEH HH(POPMALUU U CTPEMSTCS K
COOJIIOJIEHUIO COBPEMEHHBIX CTaHIapTOB Oe3omacHocTU. Ero cobmoneHune noMmoraer
MOBBICUTh YpPOBEHb 0€30MacHOCTH HMHGOPMAIMM W CHU3UTh PUCKH BO3MOMXHBIX
HapYIICHUI U yTEeUYEK JTaHHBIX.

'OCT P HUCO/M3BK 27001-2015 — 5310 cTaHmapT, ONPEACISIONINN
TpeOOBaHUS K cUCTEMaM MeHeIKMeHTa nHpopmannonHoi 6e3onacHoctu (CMUB).
OH pa3paboTaH Uisi TOMOIIM OPTraHU3AIMSAM B YIPABICHUM M 3alUTE CBOEH
nH(pOpMaUMU MNYTEM YCTAHOBJIEHUS, pEaTu3alMH, TOAJIEPKKH M HEMPEPHIBHOIO
VIYYIICHUS] CUCTEMBI yHpaBieHUs WH(GOpPMAIMOHHOM Oe3onacHoCcThio. CTaHmapT
BKJIFOYAET B ce0sl 00lMe MPUHUUIBIL, MOJIUTUKY U TPOLECCHl, HEOOXOIUMBIE s
oOecrieyeHus aJleKBaTHOM 3alluThl MH(OpPMALMU OT Pa3iMyYHBIX YTpo3, BKIOYAs
KuOepaTtaki, HECAHKIIMOHUPOBAHHBIM JOCTyn U Jpyrue pucku. Peamuzanus
cragaapta [OCT P UICO/M3K 27001-2015 nmo3BonsieT opranuzanusiMm 3pQGeKTuBHO
yIpaBIsATh PUCKAMH M JIEMOHCTPUPOBATH CBOIO TOTOBHOCTh K OOECHEUEHUIO
UHGOPMAITMOHHON O€30MTaCHOCTH.

Jis  pocTikeHus 1ened  ayAauTa  (BBIABICHHWE YPOBHSA  3alUILEHHOCTU
nHpopmanmoHHbix 0nokoB U noacucteM ACY TII npennpusTusi) NpeBEHTUBHOIO
(ompeneneHune yrpo3 M ysS3BUMOCTE) M JNETEKTUPYIOLIEro XapakTepa TpeOyercs
pELINTh pAJl 3a/1ay:

- IPOM3BECTH MOUCK YSA3BUMOCTEHN Pa3IMUHBIMU METOIaAMH;

- aHAJIM3UPOBATH PUCKU;

- OLIEHUTh YPOBEHb 3AIIMILEHHOCTH CUCTEMBI B COCTOSTHUU «as 18»;

- ONpENEeNUTh HAJIU4YUEe COOTBETCTBMS CyIECTBYHOIIMM craHiaapraMm Wb u
BbIPA0OTATh PsIJl PEKOMEHAIUH 10 MOBBIIIICHUIO YPOBHS 3alUIIIEHHOCTH [1; 2].

KiroueBbie aCHEeKThI BHYTPEHHEro ayaura B obsacTu
aBTOMATH3MPOBAHHBIX cUcTeM ynpasienusi (ACY)

Ocob6ennoctu padotel ¢ ACY TII mposBIAIOTCS yXe TpH MOATOTOBKE K
MPOBEJCHUIO ayJuTa, Korja TpeOyeTcs mpeaBapuTeabHO coOpaTh mH(popMaiuo o0
ySI3BUMOCTSIX B CHCTEME M3 OTKPBITHIX HCTOYHUKOB. B COOTBETCTBUU C JieieHnEM Ha
TUIIBI CETMEHTOB JICTISITCS M KJIACChI YSI3BUMOCTEH:

- ysa3BuMocTd ypoBHS MES u cxoxkume ¢ HUMH (CBSI3aHBI ONEPalMOHHBIMHU
cCpelaMu M CpeCTBaMHM, TPOTPaMMHBIM 00ECTIeUeHUEM, TTePEIayu JaHHBIX HA OCHOBE
cteka nporokojioB TCP/IP);

- ya3BuMocTu ypoBHs ACY TII, B Tom uncne SCADA-cucteM, eciu OHU
IPUCYTCTBYIOT, U YSA3BUMOCTU IIOJICBOIO YpPOBHS (AJI1 BBIAICHEHUS ATOIO MOXKHO

UCIIOJIb30BaTh crenuanusupoBannble Oanku gaHHbX: [CS-CERT, NVD/CVE,
SCADA Strangelove, SiemensProduct CERT). [3]
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Oco6ennoctu noctpoeHust apxutektypbl ACY TII kapauHanbHO OTIMYAIOT ee
OT TPUBBIYHOM BceM KoprnopatuBHoi uHpopmamonHoi cucremsl (KUC), npu
aHanu3e MpoOsieMHONW 00JacTU ObUIM BBISBIICHBI CIIEIYIONINE KIIOYEBBIE ACIEKTHI
aynura:

OueHkKa pHCKOB: BBIABICHUE M OLEHKA IMOTEHUUAIBHBIX PHCKOB IS
0€30MacHOCTH U IIEJIOCTHOCTH aBTOMATU3UPOBAHHBIX CUCTEM YIPaBJICHUS C YUETOM
KAaK BHYTPEHHHX, TaK U BHEIIHUX yTPO3.

MOHUTOPUHT COOTBETCTBHS: oOOecmedeHne cooTBeTcTBUsl omeparuii ACY
COOTBETCTBYIOIIIMM HOPMAaTUBHBIM TPEOOBaHUSAM, OTPACIEBBIM CTaHIapTaM U
BHYTPEHHHUM TOJIUTHKAM.

Orenka cpenctB KOHTPOJs: AHanmmu3 3)PEKTUBHOCTH CYIIECTBYIONTUX CPEICTB
KOHTpoJia Oe3zomacHoctd B ACY sl CHW)KEHHMS BBISIBIEHHBIX PHUCKOB H
MPEOTBPAICHUS HECAHKIIMOHUPOBAHHOTO JOCTYIIA UJIM MAHUITYJISIITUH.

['OTOBHOCTh K pearupoOBaHMIO Ha HMHIMJEHTHI: Pa3paboTka M TecTUpOBaHUE
IPOTOKOJIOB pearupoBaHuUsl Ha WHIMJCHTHI WM HapyiieHus O6e3onacHoctd B ACY,
BKJIFOYAs MPOLEAYPHI JIOKATU3ALNH, PACCIICIOBAHUS U BOCCTAHOBJICHHS.

HenpepbiBHBIE MOHUTOpHUHI: BHeapeHne cHCTEM H  MPOLECCOB IS
MOCTOSIHHOTO MOHUTOpUHTa pabotel ACY, BKIouas OOHapyXEHUE aHOMAIMKM WU
MOJO03PUTENBHBIX JEUCTBUN B PEKUME PEATLHOIO BPEMEHMU.

VYrpaieHue MocTaBIIMKaMi U CTOPOHHUMU OpraHU3alusIMH: OLIEHKa METOJ0B
oOecrieyeHuss  0€30MaCHOCTH  TOCTABIIMKOB M CTOPOHHUX  IOCTaBIIUKOB,
YYaCTBYIOIIMX B pa3pabOTKe, BHEIPEHUH WM OOCITY)KMBAaHUU KOMIIOHEHTOB, WJIH
cuctem ACY.

[ToBblllIeHHE OCBEJOMJICHHOCTH U OOyYe€HHE IO BOMpOcaM O€30MacCHOCTHU:
OOyueHue u nepenoaroToBKa COTPYJIHUKOB, yyacTByromux B onepausx ACY, mus
MOBBIIIEHHUS] OCBEJOMJIICHHOCTH O PUCKax O€30MacHOCTU M MEPEJOBBIX METOIaX HX
CHUKEHHS.

JIokymeHTalmss W OT4YETHOCTh: BeaeHune TMOMHOM JOKyMEHTAlUUMHU 110
pe3yJbTaraMm ayauTa, peKOMEHIAIMSIM U ACHCTBUIM MO YCTPAHEHUIO HEJOCTATKOB, a
TaK)Ke MpeJCTaBlIeHne WH(OPMAIMU O HUX COOTBETCTBYIOIIMM 3aWHTEPECOBAHHBIM
CTOPOHAM, BKJIFOUasi PyKOBOJICTBO U PETYJIHPYIOIINE OPraHbl.

Hcnonb3oBanue TexHoyorui: Mcnonp30BaHue nepeoBbIX TEXHOJIOTUM, TAKUX
KaKk aBTOMATH3UPOBAHHbIE WHCTPYMEHTHI ayJWTa, WCKYCCTBEHHBIH HWHTEIUIEKT M
aHaJIu3 TaHHBIX, )11 TOBBIMICHUS Y PeKTUBHOCTH TIporieccoB ayauTa B ACY.

[TocTrosiHHOE coBepuieHcTBOBaHME: CO31aHME MEXaHU3MOB ISl OCTOSIHHOTO
aHajguM3a W COBEPIICHCTBOBAHUS TMPAKTUKU BHYTPEHHEro ayJauWTa B OTBET Ha
BO3HUKAIOIIME YTPO3bl 0€30MMACHOCTH, TEXHOJIOTHYECKUE JOCTUKEHUS U U3MEHEHUS B
3aKOHOAATEIBCTBE.

[Tpu sTOM ecnm yuuthiBaTh ocobeHHocTu apxuTekTypbl ACY TII: cucreMsl u
MOJICCTEMBI, CO3/JAHHBIC HA OCHOBE PA3JIMYHBIX TEXHOJIOTUH, OOBEAUHSIIOTCS B OJTHY.
DTO 3HAYUT, YTO MOACUCTEMBI TUCHETYEPCKOTO KOHTPOJISA U MOJEBOTO MPUMEHEHUS
JOJKHBI OBITH CBSI3aHBI ¢ MH(GOPMAIIMOHHBIMU MOJCUCTEMAMU aIMUHUCTPATUBHOTO
ynpasierus. [lo3ToMy MeTombl pelieHHus TOCTaBJIICHHBIX 3a7a4 ayauTa OyayT
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OTJIMYAThCS B 3aBUCHUMOCTH OT CBOMCTB HCCIEIYEMBIX MOJICUCTEM Ha Pa3HbIX
YPOBHSIX, @ UMEHHO:

- OpraHu3anuu U OU3HEC-TIPOIIECCOB;

- CUCTEM yNpaBiieHHs (MEHEIKMEHTa) U KOPIOPATUBHBIX MH(OPMAIIMOHHBIX
CUCTEM;

- TEXHUYECKUX CUCTEM.

Buabl BHyTpennero ayaura Ub B odsactu ACYTII

[lepBbIli M3 3TUX BHIOB — 3TO TEXHUYECKHM ayauT. Ero OCHOBHas 3agaya
COCTOUT B BBISIBJIEHUM TEXHHUYECKHX ys3BUMocTed B HH(PpactpykTtype ACYTII ¢
MIOMOILBIO  CIIEHHUATM3UPOBAHHBIX HWHCTPYMEHTOB M METOAOB CKaHUPOBAHMS,
TECTUPOBAHMS HA IPOHUKHOBEHWE M aHaiIu3a ysa3BUMOcTed. HecMmoTps Ha cBOO
5¢(EeKTUBHOCTh, OSTOT BUJ ayAUTa HUMEET CBOM OlPAaHUYEHMs, TakKue Kak
OTpaHUYEHHasi CIOCOOHOCTh K BBISBICHUIO CIIOKHBIX MEXKCETEBBIX aTak U
BHYTPEHHHX yIPO3.

Jlpyro# BaxHbIM BUJ ayAUTa - aHAJIU3 JIOTOB U MOHUTOPUHT Oe3omacHOCTH. B
ATOM CiIy4ae ayAMTOPbl aKTUBHO M3y4alOT JAHHBIC JKYPHAJIOB COOBITUI, CUCTEMHBIE
JIOTH, IaHHbIE ayTEHTU(UKALUU U IPYTHe 3allMCH, YTOObI BBIIBUTH aHOMAJIbHbIE WIIN
[IOJI03PUTENBHBIE JEHCTBUSA, KOTOPhIE MOT'YT CBUIETEIBCTBOBATh O NMOTCHIMAIBHON
yrpo3ze Oe3zomacHocTd. OOHAKO 3TOT MOAXOJA TpeOyeT BBICOKOM CTENEeHU
ABTOMATHU3ALMH U aHAJTUTUYECKUX HABBIKOB.

Tpetuit BUA ayauta — 3TO OLEHKA MOJIUTUK U TIPOLEAYp O€30MacHOCTH. 3/1eCh
OCHOBHO€ BHUMAaHHUE YJENSETCS MNPOBEPKE COOTBETCTBUS MOJUTHK M MPOLEIYP
oe3zonacHoctn B obmactu ACYTII ycTaHOBIIEHHBIM CTaHIApTaM U PETYJISTOPHBIM
TpeboBaHusiM. HecMOTpsl Ha CBOIO BaXHOCTb, 3TOT BUJ ayJINTa MOXKET CTOJIKHYThCS C
npobjsieMaMu B Clydya€ HEJAOCTATOYHOW MPUBA3KU TMOJUTUK K KOHKPETHBIM
TEXHUYECKUM MepaM 0€30MacHOCTH MJIM UX HEMOJHOTO BHIIIOJHEHUS Ha MPaKTUKE.

Kaxnpiii u3 atux BuaoB BHyTpeHHero ayauta b B o6mactu ACYTII umeer
CBOM MpPEUMYIIECTBAa U OrpaHUYEHUs, U UX 3(P(YEKTUBHOE COYETAHHE 3aBUCUT OT
KOHKPETHBIX ~ MOTpPeOHOCTEH W XapaKTepUCTHK  OpraHMu3aliu. Y CIEHIHOe
obecneuenue 0ezonacHoctu ACYTII TpebyeT KOMIUIEKCHOTO MOAX0Aa U THOKOCTH B
BBIOOPE TOJIXOIAIINX CTPATETHH ayIuTa U KOHTPOJIBHBIX Mep. [4]

Buyrtpennuit aynut undopmarmonnoi 6ezonacHoct B ACYTII npoBogutcs
C LENbI0 OUEHKH 3(PGEKTUBHOCTH MEXAHU3MOB 3allUThl MH(OPMAIIUU U BbISBICHUSA
ysi3BUMOcTe B cucteMe. OH HayumHAeTCs C aHalu3a JIOKYMEHTaluud U
YCTAHOBJICHHBIX TMOJMTUK O€30MacHOCTH, a TakKKe IMPOBEICHHUS HHTEPBBIO C
COTPYIHHMKAMHU U OTBETCTBEHHBIMH 32 0€30MaCHOCTh HH(POPMALIUH.

Jlanee crienuaaucTbl MPOBOAST MPOBEPKY COOTBETCTBUSI TEXHUUYECKUX CPEICTB
3alUThl U CHUCTEM KOHTPOJI JOCTYyNa yCTaHOBJEHHBIM TpeboBaHusaM. [IpoBoautcs
CKaHMPOBAaHWE CETH HAa HAJUYME YA3BUMOCTEH M MOTCHLHMAIBHBIX YIpO3, a TaKKe
aHaJIU3 )KypHAJIOB ayIuTa 1 MOHUTOPUHTA COOBITHIA.

[Tocne 3aBepiieHUs TPOBEPKH COCTABISETCS OTYET OO0 OOHApPYKEHHBIX
YSA3BUMOCTSIX U MPEIararoTcsi peKOMEHIaly 10 UX YCTPAHEHHIO. BaXkHbIM 3Tanom
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BHYTPEHHETO ayJINTa SBIIACTCS 00ydeHNEe COTPYAHUKOB U BHEIPECHUE HOBBIX TIOJUTHK
0€30ITaCHOCTH JIJIsl YITYUIIIEHUS O0IIeH 3alUIIeHHOCTH HH)OPMAIIMOHHONW CUCTEMBI.

CymecTByomue MNporpaMMHbIC CpeIcTBa /I NPOBEJCHUHA AyAUTA
uHpopmannonHoi 0ezonacuoctu B ACYTII

e Nessus - yHHBEpcaabHOE PEIICHHUE 11 CKAHUPOBAHMSI CETEH Ha YA3BUMOCTH H
aynuTa ux 0e30MMacHOCTH.
e OpenVAS - OecrmiaTHOE W OTKPBITOE NPOTPaMMHOE OOEeCTedeHHe IS

CKaHUPOBAHUS CETCH Ha ySI3BUMOCTH.

e Qualys - obmaunoe pemeHue I ayauTa HHHOPMAIMOHHON 0€30ITaCHOCTH.
e McAfee Vulnerability Manager - mnporpammHOe o0OecriedeHue IS

CKaHMPOBAHMS U aHAJIH3a YSI3BUMOCTEH B CETH.

e Rapid7 Nexpose - matdopma yIs KOHTPOJIS YSI3BUMOCTEH M ayauTa

UH(OPMAITMOHHON O€30MaCHOCTH.

OTU TpOrpaMMHBIE CPEJCTBA IMOMOTAIOT OOHAPYKUTh YSI3BHUMOCTH B CETH,
NPOBECTH aHAIW3 WX O€30MacHOCTH U TPUHITH MEpPhl 10  YCTPAaHEHHUIO
oOHapyXeHHBIX TIpoOsieM. Ho oHM HE MOTYT B IOJIHOH Mepe MEPEeKpPHITh BOIPOC
IIPOBEPKH BCEW CHUCTEMBI, KOTOpas CYIIECTBYeT Ha JaHHBIH MOMEHT B 00J]acTd
ACVYTIL

Pa3paborka HOBOM MeTOAMKHN BHYTpeHHero ayaura B o0aactu ACYTII na
O0CHOBE 00bEKTHUBHBIX OLICHOK

B koHTekcTe coBpeMeHHON WH(OPMAIMOHHONW 0€30MacHOCTH, pa3paboTka
HOBBIX METOJIUK ayJIuTa, OCHOBAHHBIX Ha OOBEKTUBHBIX OIIEHKAaX, UTPAET KITIOUYEBYIO
poJib B obecrnieueHnu 3 PEeKTUBHON 3aUTH HHGOPMAIIUH.

[IpencraBnenHass METOIUKA MPEACTABISIET COOOW WHHOBAIMOHHBIM MOAXOMA K
ayJIUTy, KOTOPBIA CTPEMHUTCS YJIYUIIUTh TOYHOCTh U HAJIEKHOCTh Mpoliecca OLEHKH
uH(popMaIMoHHONW Oe3omacHOCTH. OCHOBBIBAsCh Ha OOBEKTHBHBIX KPHUTEPUAX U
napameTpax, JaHHas METOJMKA MO3BOJISIET OOJee MOJHO U TOYHO OIICHUTH CTEINEHb
COOTBETCTBHS HMH(POPMAIMOHHONH CHCTEMBbI TPeOOBaHHMAM O€30IAaCHOCTH, a TaKKe
BBISIBUTDH YSI3BUMOCTH M MIOTEHITAATIBHBIE YTPO3HI.

Takolt MoJaX0Jl CIOCOOCTBYET MOBBIMICHUIO MPO3PAaYHOCTH U 3P(HEKTUBHOCTH
ayIMTOPCKUX  MPOIECCOB, oOecmeunBasi oOpraHu3auusaM 0Oosiee  HaJEKHbIC
WHCTPYMEHTHI ISl yIpaBiIeHUs UHPOPMAITMOHHON 0€30MacHOCThI0O U MUHUMM3ALIUU
PHUCKOB (PUCYHOK 1).
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Pucynok 1. /Ilnarpamma BHYTpEHHETO ayauTa

Ba:xkHocTh BHYTpPeHHero ayautra HWH(OPMANUOHHOH 0e30MACHOCTH B
oomactu ACYTII

HecMoTtpst Ha BaxkHOCTH 3amuThl uHPopManuu B obiactu ACYTII, mHorue
OpraHu3alid HE  YACNSAIT JOJDKHOTO BHUMAHHUSL  BHYTPEHHEMY  ayJUTY
uH(pOpMAITMOHHONW Oe30macHOCTH. BHYTpeHHMIT ayauT TMO3BOJIIET BBISBIATH
ySI3BUMOCTH M HEJNOCTaTKU B CHUCTEME 3alluThl HMHGOpMAIMM, a TaKkKe
KOHTPOJUPOBATH COOTBETCTBUE MPUHSATHIX MEPOTIPUATHIA CTaHIapTaM O0€30MacHOCTH.

He ctout 3a0bIBaTh, 4TO BHYTPEHHUHN ayauT MHGOPMAIIMOHHON 0€30MacHOCTH
B oomactu ACVYTII sBiusieTcs HEOOXOOMMBIM U 00A3aTENIBLHBIM IIArOM IS JIFOOOM
opraHuzanuu, paboTawIlieil ¢ aBTOMAaTU3WPOBAHHBIMU CHUCTEMaMHU YIIPABJICHHUS.
ToJIbKO MpU MOCTOSTHHOM KOHTPOJIE W aHain3e 0e30MmacHOCTU MH(OpPMALUK MOMKHO
00eCcTeYnTh 3alUTY OT BO3MOXKHBIX yTPo3 U CO0EB B pabOTE CUCTEMBI.

[Ipu gocTrkeHUU e ayuTa 0€30MacHOCTH MPEANPUSITHSI, OCHOBBIBASCH HA
MPEIOKEHHBIX PEKOMEHAAIUAX, UMEIOT BO3MOXKHOCTh MPOU3BECTH ONTUMHU3AIUIO
CTPYKTYpbl HUHPOpMaunoHHBIX TexHosoruil (UT) u coBeplieHCTBOBaHUE MPOLIECCOB
NC. NapiMu cioBaMu, BO3MOXHOCTh IIOCTPOUTH ONMTUMATILHYIO 110 3P(PEKTUBHOCTU U
3aTparaM CHUCTEMY 3allUThl WH(OpPMAIIUK, COOTBETCTBYIOIIYIO TEKYIIUM 3a/ladyaM H
[eJasM  TPeanpusiTis. B TOpOTUBHOM ke ciaydae HEoOXOJUMO TPOBECTU
JOTIOJIHUTENIbHBIN aHaIu3 JaHHBIX U C BHOBb BHECEHHBIMM M3MEHEHUSIMH CO3/aTh
PE3YJABTUPYIOLIUMA OTYET MO MPOBEACHHOMY ayauTy [4].

BoiBoabI

B 3aknrodenuwe, TpoBeNCHHE BHYTPEHHETO ayAWTa WHOOPMAIMOHHOU
O0ezomacHOCTM B~ OOJACTM  ABTOMATM3MPOBAHHBIX  CHCTEM  YINpaBJICHUS
texHoJoruueckumu nponeccamu (ACYTII) urpaer pemarouryio posib B 00ecriedeHru
3alIUThl KPUTHYECKU BAXKHBIX CUCTEM OT yrpo3 U aTtak. Haanexkaras orjeHka pucKoB,
aHalU3 CYIIECTBYIOUINX YSI3BUMOCTEH, KOHTPOJb COOTBETCTBUSI CTaHAapTaM U
3aKOHOJATENIbCTBY, a TaKKE IOCTOSHHBIH MOHUTOPUHT M YJIYYIIEHHE CHCTEM
0€30MacCHOCTH CTAaHOBSTCS KJIIOUEBBIMU 337jauaMi BHYTPEHHUX ayIUTOPOB.
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O¢ddexTuBHBIA ayqUT TO3BOJSIET BBIBIATH MOTEHIMAIbHBIE  YIPO3bI
3a01aroBpeMEHHO, MPUHUMATh MEpbl [0 UX YCTPAHEHHWIO M MOBBILIATH OOIIMH
ypOBeHb 3alUThl. OIHAaKO BaXHO MMOMHHTb, YTO O€30MaCHOCTh — ATO MOCTOSHHBIN
IpoLECC, U YyCIEUIHoe obecrneueHue MH(POPMalMOHHON 0€30MacHOCTH TpeOyeT He
TOJILKO IPOBEJEHUS ayIWTOB, HO M CHCTEMATHYECKOro OOydeHHus IepcoHaia,
aJlanTaluy K HOBBIM YIpO3aM U UCIOJIb30BaHUS IIEPEJOBBIX TEXHOJIOTHIA.

[TpencraBieHHass METOAMKA YIYYIIUT TOYHOCTh M CKOPOCTH IPOBEIEHUS
aynurta Ha oObektax ACYTII, rae He nonmyckaeTcss HapylIEeHUEe CKOPOCTU Mepeaadn
JTAHHBIX U PaOOTOCTIOCOOHOCTH.

Tospko TakuM 00pa3oM MOXXHO oOecneunTh HaaexHyro 3amuty ACYTII u
MUHUMU3HUPOBATh PUCKU JJIsi OM3HECA U KPUTHIECKOU HHPPACTPYKTYPHI.
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QUALITY IMPROVEMENT OF LARGE MOTION VIDEO INT-
ERPOLATION BASED ON MOTION ESTIMATION AND STRUCTURAL
FEATURE
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Abstract. Video frame interpolation is a technique that synthesizes non-
existent frames between original input frames to improve the visual effect of video.
This technique is performed by motion estimation and motion compensation, and
recently, some advances have been made by convolutional neural networks in video
frame interpolation. Video frame interpolation with convolutional neural networks is
based on optical flow and interpolation kernel. The former cannot estimate correct
motion in occlusion area and lacks constraint on object structure, and the latter only
relies on context and explicit features and tends to blur results. This phenomenon is
more pronounced for large motions of the object.

In this paper, we propose a method to improve the quality of interpolated
frames by performing large motion video frame interpolation which combines
structural features with motion estimation. The proposed framework consists of an
end-to-end learning network. This method uses generalized warping model by motion
estimation and edge-based structural features to better reflect the structural
information for large motions. It also helps to further improve the quality of
interpolated frames using post-processing network. Experimental results show that
the proposed framework achieves better performance over the state-of-the-art
methods on various test datasets including Middlebury with large motions.
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AHHOTanMsa. Buaeo wuHTepmomsuus - 3TO METOA, KOTOPBIA IO3BOJISAET
CUHTE3UpPOBaTh (peiMBbl, KOTOpbIE HE CYIIECTBYIOT MexXay dpeiimaMu, 4YTOOBI
NOMOYb BU3YyalIbHBIM 3¢ @dexTaM BUACO. ITOT METOJ BBINOJIHIETCS C OLEHKON
IBW)KEHUS M KOMIIEHCALIMEW, U B IOCIEAHEE BpPEMsS B BHUACO HHTEPMOJSALIMHU MBI
NOCTUTAaEM HEKOTOPBIX YCIIEXOB C HMCIOJIb30BAHHEM HHBOJIOUHOHHBIX HEWUPOHHBIX
CETEN.

Kirouom K BHIIEO MHTEPHOJSIIUM C TOMOIIBK) HEWPOHHON CETH SBISAETCS
HCTIOJIb30BaHUE ONTUYECKUX MOTOKOB M MHTEPIOJISAIMNA Ha OCHOBE SIPO, B KOTOPBIX
MEpBOE HE SIBISETCS TOYHOM OIEHKON JBH)KEHHUS, OTPAaHUYEHUE HA CTPYKTYpy
00BeKTa, MocaeaHee, KaK MPABUIIO, PA3MBIBAIOT MHTEPIIOISAIIMOHHBIC (PPEHMBI H3-3a
HCTIOJIb30BaHUS TOJIBKO CEMAaHTUYECKHUX U SBHBIX XapaKTEPUCTHK.

D10 sBiaeHUE Oojiee BBIPAXKEHO, €CIM JABWKEHHE OObekTa Oosbine. Mbl
npejjiaraeM crnoco0 yIydlIuTh KadeCTBO HHTEPIOJSIMOHHBIX (PEUMOB MyTeM
BBITIOJIHEHUS OOJIBIIION KWHEMAaTUYECKOM WHTEPIOJSIMU HAa OCHOBE CTPYKTYPHBIX
byHKIMNA U oleHKH JBWKeHus. [Ipenimaraemast apXuTeKTypa COCTOUT M3 KOHECYHOU
ceTu 00ydeHus. DTOT MOJX0]] ObLI Jydllle 0TOOpakeH CTPYKTYpHOU nHboOpMaIiieil B
OOJIBIIION BUICO MHTEPIOJSALUU ABUKEHUS C UCIIOJIb30BaHUEM 00OOIIEHHON MOAen
warping M XapaKTepUCTUK CTPYKTYPBI, CBSI3aHHBIX C TpaHUIEH, C OLIEHKOU
nBIKEeHUS. Kpome TOro, Mbpl CMOIUIM YJIYYIIUTh KAaue€CTBO HHTEPIIOISIHOHHBIX
bpeliMoB uepe3 ceTh MOCTOOPAOOTKH.

DKCIIepUMEHTAJIBHBIE PE3YyJIbTaThl IMOKA3bIBAIOT, YTO IMpeJiaraéMblii MeETO.
MPEBOCXOJAUT COBPEMEHHBIE METO/IbI B MHTEPIOJISAIUIX BUACO-PPEHMOB ¢ OOIBIITUM
JIBIKCHUEM JJIsI Pa3IMUYHbIX HA0OPOB OOy4YEHUSI U KPUTEPHU NPOU3BOAUTEIHLHOCTH

Middlebury.

Keywords: deep Learning, Video frame interpolation, Motion estimation,
Convolutional neural network, Edge image, Occlusion area

KiaroueBbie cjoBa: T1iyOokoe O0OydeHUE, MHTEPIIONSAIMS BHICOKAMEDHI,
OIICHKA JBIDKCHUS. VIHBOMIOIMOHHAS HEWpPOHHAs CeTh, IPAaHUYHOE H300paKeHHE,
WUTIO3UOHHAs1 00J1aCTh

Given frame sequences, synthesizing intermediate frame is one of the important
topics in computer vision community. This has been applied to many applications,
including frame rate up-conversion and the slow motion production without
professional high-speed camera. The key to video frame interpolation is motion
estimation and synthesis. Challenges are large motions and occlusion process.

Many studies have been reported to address this, and recent advances have
been made using deep learning. In learning based video frame interpolation, flow-
based and kernel-based methods are widely used. The flow-based approach clearly
represents the dynamic motion and reflects the details well. However, due to the basic
assumption of flow estimation that the motion between adjacent frames is smooth and
linear, flow-based methods still face challenges in dealing with the interpolation of
complicated dynamic scenes.
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The kernel-based methods smoothly handle the occlusion area by taking into
account the local correlation between pixels, but are sensitive to large motions due to
the large dependency of kernel size. Recently, methods combining flow estimation
and interpolation kernels have been proposed.

Unlike the optical flow-based approach, kernel-based approaches use a
multilevel feature array to better maintain the structure. These methods encode
hierarchical low-level and high-level convolutional features using synthetic results
and actual data. Frames generated using constraints from different semantic feature
layers can improve the stability and rationality of the object and scene structure.

To supervise learning based on structure, [3, P.14004- 14013] used pretrained
VGG network to encode semantic features from the previous layers.

To make the kernel reception field larger and adaptive, [3, P.14004- 14013]
and [4, P. 5316-532] use deformable extended convolution modules to effectively
exploit the structural and textual information to improve the quality of interpolated
frames in occlusion and large motions.

In [2, P.933-948], instead of mixing already warped input frames, they
proposed a context aware frame synthesis method to better handle optical flow and
occlusion inaccuracies, and develop a frame-synthesis deep neural network that
directly generates intermediate frames from warped frames.

The kernel-based frame interpolation method has been advanced to achieve
structural stabilization, but the lack of pixel-by-pixel motion information results in
blurring of the interpolation results.

The end-to-end learning network structure produces a reasonable and explicit
intermediate frame and achieves better video frame interpolation results. The
proposed architecture consists of two main components. We take two adjacent frames
as input and extract its edge image and contextual information. Then the edge image
and input image are fed into the feature extraction network to extract the feature,
which is used to estimate occlusion area, offset and kernel in sub-networks. And the
kernel and offset estimation results are applied to the input frame and context feature
map to obtain warped results of the input frame f,_;,f,+; and the warped results of
the contextual feature map C,_;, Cr41 .

We obtain the intermediate frame I, by occlusion process on f,_;,f;+;. The
warped result of this intermediate frame and context feature map C,_;,C,, are fed
to the residual learning network to obtain residual information of the intermediate
frame, which is added to the intermediate frame 7, to obtain the final interpolated

frame 1. So, we further improve the quality of interpolated frame.

The details of the proposed video frame interpolation are as follows.

Let I,_;(x)and I..1(x) denote two input frames. Here, x € [1,H] X [1, W]
represents 2D spatial coordinates of image plane, and H and W are height and width
of the image. Our goal is to synthesize an intermediate frame I int € [t — 1,t + 1].

To achieve this goal, the flow projection relationship from I,_;(x) and I,,4(x) to
I should be considered. Furthermore, in video frame interpolation, the motion of an
object must be considered, unlike pixel interpolation in an image.
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In our approach, BDCN is used to get edge images from the input frames I,_; (x)
and 1., (x).Four-channel images obtained by concatenating input images and edge
Images are fed into the feature extraction network.

Meanwhile, contextual information C,_; and C,,,; are obtained in semantic
extraction network. Then, the feature images of the obtained input frames are fed into
the sub-networks to obtain a flow vector, based on which, warped results of the input
frame [,_;,[..,, and warped results of context images C,_;,C,.,; are obtained,
respectively. Then, intermediate result 7, is obtained by occlusion processing of two
warped frames.

From intermediate result [, and warped contextual features €,_;, C,.,, residual
learning network learns residual information, which is added to I, to generate final

result
Loss Function. We use perceptual loss L,, with pixel loss L, to visually further

enhance the quality of the interpolation frame.
Lo = |11 = Iel| (1)
L, =|F@)-F(y)[; 2)

Perceptual loss Lp is calculated with feature extractor, which is conv4_3 of

ImageNet pretrained VGG16 network. In addition, we use edge loss to better
reflect the structural features of the interpolated frame. Thus, the total loss function
Is as follows

L=2AL,+ AL, + A3L, (3)
where 1,4, and A5 are weights.

Kernel Size. In [2, P.933-948], the quality assessment of interpolation frames with
kernel size is performed using a deformable convolutional network (DCN) for video
frame interpolation. We then fixed the network structure and evaluated the quality of
the average interpolation frame for all test samples by changing the kernel size from
5 x 5to 13 x 13. The experimental results are shown in Table 1.

Table 1. Estimation of the quality of interpolation frames by kernel size

Kernel Middlebury UCF101 RealVideo
Size
PSNR SSIM PSNR SSIM PSNR SSIM
5%5 35.715 0.978 35.063 0.974 25.764 0.833
7x7 35.927 0.979 34.974 0.974 25.663 0.841
9x9 36.019 0.980 35.012 0.973 25.938 0.863
11x11 36.094 0.981 35.024 0.974 26.329 0.875
13x13 35.773 0.963 35.142 0.973 26.113 0.872

The numbers in bold represent the best performance.
Based on this, we set the kernel size to 11 x 11 in the deformable convolutional
neural network.
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Learning Strategy. Neural network is trained using ADAMI5, P. 261-270]

optimizer, with Pr=09 ang B2=099  The initial learning rate is 0.001 and decays
half every 20 epochs. The batch size is 4.

Training Dataset. Commonly available datasets are used to train neural

network. And the training samples are set to 256 x 256. Non-interval video,
instead interval video, is used to improve the quality of the training sample.

To build training dataset, triplets are made by choosing three consecutive
frames in video.

Then, to exclude samples with no or small motion in training samples and to
select a triplet group with large motions, background and object are separated from
each triplet group and the average flow of pixels in the object of the first and third
frames is calculated. Thus, the number of samples with large motions among training
samples was greater than the number of samples with small motions.

In the conventional video data, large and small motions are estimated by
calculating the average motion vector of pixels in the moving object.

Through experiment, we define the average motion of pixels within an object
as small motions of 5-10 pixels and large motions of 20-35 pixels. Thus, we
construct 5000 training samples. Then, for each training sample, we perform data
augmentation by randomly flipping horizontally or vertically and changing the order
of the first and last frames in the triplet group. Thus, we finally construct 10, 000
training samples. Of them, 7, 000 samples are used for training and 3, 000 samples
for test.

Evaluation. The experiments are performed on Middlebury, UCF101 and
normal video (640 x 480p) which are widely used to evaluate video frame
interpolation. We evaluate each algorithm by measuring the PSNR (peak signal-to-
noise ratio) and SSIM (structural similarity) for all sets.

Loss function. We evaluate the quality of the interpolation frame using
different loss function. The results are shown in Table 2.

Table 2. Comparison of experimental results with loss function

Loss type Middlebury UCF101 Real Video
PSNR SSIM PSNR SSIM PSNR SSIM
L, 33.879 0.956 32.449 0.937 24.787 0.826
Lo+ L, 34.762 0.982 35.689 0.974 26.802 0.854
L, +L, 33.872 0.956 32.451 0.933 24.623 0.829

As shown in Table 2, there is clear difference in the quality when combining Eqgs.

(2) and (3). Thus we set A1=1, A2=0.01, A3=0.1 in Eq. (3).

Quantitative Evaluation: The proposed method is compared with recent
methods, DAIN[1, P.920-936], FeFlow[3, P.14004- 14013], and AdaCof[4, P. 5316-
532]. The evaluation used Peak Signal-to-Noise Ratio (PSNR) and Structural
Similarity index measure (SSIM).
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The experimental results are shown in Table 4. The experimental results show
that our method is similar to the previous methods in different benchmarks, but
superior to the previous ones in videos containing complex and non-linear motions

Table 3. Comparison with previous methods on different data sets
Method Middlebury UCF101 Vimeo90K RealVideo

PSNR SSIM PSNR | SSIM PSNR SSIM PSNR SSIM

DAIN[1] | 36.82 0.983 35.00 0.968 34.96 0.976 26.527 0.851
FeFlow[3] | 36.691 0.983 35.12 0.968 35.18 0.979 25.889 0.855
AdaCof[4] | 36.713 0.987 35.49 0.983 35.58 0.978 26.637 0.858

ours 36.735 0.988 35.54 0.987 35.47 0.976 26.699 0.868

As shown in Table 3, we show that our method outperforms previous methods
on various benchmark.

Findings

In this paper, we considered the effect of structural features for video frame
interpolation and proposed a method to improve the quality of interpolated frames
with large motions by combining motion estimation and structural features. We also
demonstrated the effectiveness of synthetic networks based on contextual
information. Quantitative evaluations show that the proposed method outperforms
previous methods on various test datasets. Experimental results show that our method
can improve the quality of interpolated frame even for occluded regions.
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