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UHopmaTuKa n BblYUCIUTESNIbHAA TeXHUKA

YOK 62; 004; 007 DOI: 10.14529/ctcr210101

Ob OA4HOM NOAXOAE K PEANIU3ALIUU
MHPOPMALUNOHHOU UHOPACTPYKTYPbI
OBHOBJIAEMOIo UH®OPMALIMOHHOI'O NMOUCKA

A.A. UluHkapes
000 «Cogpmmacm-UT», e. YensbuHck, Poccusi

OcHOBHBIC 3a1a4H B cepe HHOOPMAIMOHHBIX TEXHOJOTHMA, CTOSIIUE Iepe]] ON3HECOM Cero-
Hs, TaK WJIM WHAYe KacaroTcsa oOpaboTky MH(OpMAIMK U TIOMCKA HOBBIX CBeACHUH B Heil. Mcmob-
3YIOTCSI CTATHCTUYCCKUE METObI, MOJICIIA MAIIMHHOTO 00yYeHHS U O0Jiee IPOCThIE METOIBI M MOJIC-
yu. OTHaKO BCEM PEIICHUSAM, HAlPaBICHHBIM Ha MOWUCK WH(popMaImu, HeoOXoauMa HHPOPMAIHOH-
Hasi MHOQPACTPyKTypa, KoTopas Oblia OBl a/leKBaTHA OCHOBHBIM TPEOOBAaHUAM, MPEIBABISEMBIM K
cucteMaM Takoro pozaa. Ileab Hcc/ieloBaHMsA: ONMCAaHNE OCHOBHBIX (DYHKITMOHAIBHBIX U TEXHUYE-
CKHX TpeOOBaHUH, KOTOPBIC MPEIBSIBISIOTCSI K COBPEMEHHBIM CHCTEMaM, B 33J[a4l KOTOPHIX BXOJUT
peanuzanys 0OHOBIIEMOro HH(GOPMALIMOHHOTO MOKCKa; (POPMHUPOBAHHUE OCHOBOMOJIATAIOLINX aAPXHU-
TEKTYPHBIX NPEUIOKCHUH 10 AH3aifHy CHUCTEMBI B I[EJIOM H €€ KIIOYEeBBIX YacTeH B YaCTHOCTH;
BBISIBJICHHE OCHOBHBIX COCTAaBIIIOMIMX YacTed MH()OPMAIMOHHOW CHCTEMBI M MOAXOMOB K pelIe-
HUIO KITFOYEBBIX 33724 JUIA PEIICHUH, ITOCTPOSCHHBIX Ha OCHOBE MEeXaHH3Ma 0OMeHa COOOIICHISIMH.
Marepuanabl U MeToabl. PaccmaTpuBaeTcsi coBpeMeHHasl MOCTAHOBKA 33J]a4uM IO CO3/IaHUI0 KOPIIO-
PATHBHBIX WH(QOPMAIHUOHHBIX CHCTEM OOHOBIIIEMOr0 WH(pOPMAIIMOHHOTO MOHMcKa. CpaBHUBAIOTCS
HanOoJlee HHTEPECHBIC B paMKaX pacCMaTpHBaeMOMW ITOCTaHOBKH 3a7adu OpoKepbl oOMeHa cooOre-
HussMH. Pe3yabTaThl. B cTaThe 000CHOBBIBACTCS aKTYAIBHOCTH 33Jla4d CO3JAHHS WH(POPMAINOH-
HBIX CHCTEM OOHOBIISIEMOTO MOWCKa WH(popManuu. JexaeTcss moCTaHOBKA 3a/1a4d IO CO3JJAHHIO CHC-
TeM Takoro poja. Jlaercs 0030p au3aiiHa apXUTEKTYphI PEIIeHUsT Ha BEICOKOM YPOBHE abCTpakIinu.
PackpsIBaeTca MOIYNBHBIM COCTaB paccMaTpHUBaeMoil HHPOpMannoHHONW crucTeMbl. OG0CHOBHIBACT-
¢S ¥ IPUHUMAETCSI PelIeHUe HCIIO0Nb30BaTh B KauecTBe Opokepa oOMeHa COOOIIEHUSIMI HHCTPYMEHT
Kafka. Pa30Oupatorcsi HIOAHCHI TEXHUUECKHX PEIICHUI Uil yCTpaHEHUs Mpo0ieM JyOnupyromuxcs
3anuceil u GUIBTPAILMHK TTOCIEIHIX PE3YJIbTATOB MOUCKA HHPOPMAIIKH.

Kouesvie cnosa: xopnopamusHvie ungopmayuontvie cucmemvl, 0OHOGIAEMbIN UHDOPMAYU-
OHHbLIL NOUCK, OpoKep 0bMeHa coobuenuamu, anaius dannvix, Kafka.

Beenenne

CeroaHs moucKk MHPOPMALMK M aHAJIU3 CYLIECTBYIOIIUX JAHHBIX SIBIISIOTCS BAKHBIMU 3a]lauaMH
IUISL TAKOTO POJIA AEATEILHOCTH, KaK HH(OPMALMOHHBIEC TEXHOJIOTUH, IPUYEM B CAMOM IIIUPOKOM CMBIC-
ne. TpysHO MPeNCTaBUTh, CKOJIb CIOKHBIM HHCTPYMEHTAPHI CKPBIT 33 CTPOKOH MH(OPMAIIMOHHOTO T10-
ucka. {1t peanuzanuy NporpaMMHOM M anmapaTHON COCTAaBIIAIOIIMX CHCTEM TaKOro poAa He0OXO0AUMO
OIPOMHOE KOJMYECTBO YeNoBeKO-JeT. OCIOKHSIOT 3Ty 3a/1auy U TaKue KPUTHIECKH BaXKHbIE TPeOOBaHUS,
KaK HEeOOXOJMMOCTb ITOCTOSIHHO 3BOJIIOIIMOHUPOBATh, TO €CTh CKAYKOOOpPa3HO COBEPIIEHCTBOBATD ITO/IXO0-
b1 U TIPH 3TOM TIOJICPKUBAThH OecriepeOoiHOe PENOCTABIICHUE CEPBICA KOHEYHBIM ITOJTB30BATEIISM.

Memnee xecTKHe, HO BCE K€ BBICOKHE TPeOOBaHUS MPEObIBISIOTCA M K aHAIU3Y JaHHBIX U IOMCKY
HOBOH MH(pOpPMaLUU B paMKax KOPIOPATHBHBIX MH()OPMALMOHHBIX CUCTEM. BaskHBIMH 3aJadyaMu, 4bi0
HHPPACTPYKTYPHYIO TOJIEPIKKY HEOOXOIUMO 00eCIIeunBaTh, SBISIOTCS TOUCK HOBBIX TEHJCHIIMH, ar-
PETHPOBAHKE YK€ CYHIECTBYIOIINX JAaHHBIX U MOJYYEHUE U3 HUX HOBBIX CBEIEHUI, a TaKKe HCIOJIb30-
BaHHE CYHIECTBYIOLIMX KOPIOPATUBHBIX CEPBUCOB M MOJIYYEHHS OTBETOB Ha BOINPOCHI, KOTOPHIE IT0-
SIBJIAIOTCS Y OWM3HEC-TONb30BaTeCi K JaHHBIM, CO3/laBacMbIM B XOze paboThl ux OusHeca [1]. U Ha-
CTOJIBKO K€ Ba)KHO C€NaTh 3TH JaHHbIE HEITPOTUBOPEUHUBHIMH H TOMOIHAEMBIMU C TEYEHHEM BPEMEHH,
KOT/Ia TOSIBJISIIOTCS] HOBBIE MOZEIH U METOBI paboThl ¢ JaHHBIMH MJIM MPOCTO XOPOIIasi Uaes O TOM, Kak
W3BJICYb HOBYIO MOJIE3HYIO HHPOPMAIIMIO, KOTOPYIO IIOTOM MO>KHO TIPEBPATHTH B BBITOAY ISl KOMITAHHH.
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Kakumu Obl aMOMIIMO3HBIMH HH OBUIN COBPEMEHHBIE BBICOKOTEXHOJIOTHYHBIE KOMIIAHWUH, [UIS TOTO
4T0OBI paboTaTh C JaHHBIMH MO-HOBOMY, HEOOXOJUMEI HOBBIE COBPEMEHHBIC HHCTPYMEHTHI, 8 UMCHHO
uHQOpMaIMoHHas HHPPACTPYKTYpa, KOTOpast Obl MOTJIA TIOJJIEPXKATh Pealn3alliio HOBBIX Hiel. Takoro
poJia CBSI3YIOLIMM 3BEHOM CETOJHsI BCE Yallle CTAaHOBATCS Tak Ha3bIBaeMble Oodepelu COOOIlIeHul, uepes
KOTOpbIE MAET OOMEH KOMaHAAaMH U COOBITHAMH MEXIy IOJCHCTeMaMy MH(OPMAlMOHHOM CHUCTEMBI
kommanuu [2]. OgHako caM mo cebe HHCTPYMEHT OOMeHa COOOIIEHUSIMUA HEIOCTaTOUEH JUISl PELIeHHUs
3a7a4M CO3/IaHUs CHCTeMbl 0OHOBIIEMOro HH(OpMaIMoOHHOTro noucka. Heobxonmma yeTkast HOCTaHOB-
Ka 3a7]a4¥l, MOJXO0Jl K €€ PEIICHUI0 ¢ MHHUMAIIbHO HEOOXOAMMBIMHU JICTANISIMU Peajli3aiii 1 apXUTeK-
TYpHBII AU3aiH CUCTEMBI B LIEJIOM.

1. ITocTanoBKa 3a1a4H

CdhopmupyeM kintoueBble (HyHKIIMOHANBHBIE M TEXHHUECKUE TpeOOBaHUs K MH(OPMAIIMOHHON CHC-
TeMe OOHOBIIEMOT0 HH(POPMALIMOHHOT'O MTOUCKA, KOTOpasi MOriia Obl B IOCTATOYHOM Mepe 3P PEeKTHBHO
OTBEYATh HA BBI30BBI, CTOSAILIUE CETOAHS IEpes KOMIIAHUSIMY, W3BJICKAIOIMMU BBITOAY U3 IAaHHBIX 34
CYET X YMHOTO aHaJIN3a U NPEAOCTABICHHUS B IOHATHOM JUISI IIMPOKOTO Kpyra Jroneil Gopme.

Heo6xonumo paspaboTars Au3aiiH CUCTEMBI 110 OMCKY HH(GOPMALUU B OTBET HA 3aIlIPOCHI MOJIb30-
Bateneil. KimtoueBbIMU 0COOEHHOCTSIMU JJAHHOW CUCTEMBI JIOJDKHBI CTaTh CIEAYIONre QyHKIIMOHAIBHBIC
U TeXHUYECKUe TpeOOBaHUS.

1. Pac4eTs! 1OMKHBI BBITIOIHATHCS ACHHXPOHHO, TO €CTh IOJIb30BATENN HE 00s3aHbI JKIaTh MOIyde-
HUS BCEX PE3YJIbTATOB 33 KOMIIBIOTEPOM.

2. Pe3ynbTaThl JOMKHBI TOCTYNATh K MOJIB30BATENIAM CHCTEMBI IMIOCTENIEHHO, TI0 MEPE UX TOTOBHO-
ctu. CucremMa OJDKHA OTOOpaXkaTh HOBBIE PE3YJIbTAThl, KaK TOJBKO OHU OYyAyT COXpaHEHbI, HET HE0O-
XOJIUMOCTH JKJaTh, TOKa OyJIeT MOCUYUTAHO BCE.

3. OrobOpaxaeMbie pe3yabTaThl JTOJHKHBI ObITh HEMPOTHBOPEUMBHL. [IpH OJMHAKOBBIX TapaMeTpax
3aMpOCOB Pa3HbIE NMOJIB30BATENN JODKHBI BUJIETh OJHH U TE KE PE3yJIbTaThI.

4. JloykHA CyLIEeCTBOBATH OPraHUYHO BCTPOCHHAS! BO3SMOXKHOCTh JOOABIISTh HOBBIE TIOMCKOBBIE Me-
XaHU3MBbI, CO3/IAI0IINE HOBBIE PE3yJIbTaThl KAK I10 PAHEE CO3/IaHHBIM 3aIIPpOCaM, TaK U 110 HOBBIM.

5. JlomkHa OBITH BO3MOXKHOCTH IO TPEOOBAHHUIO MIEPECUUTATh PE3yIbTAaThl paHee CO3aHHOTO U 00-
CYMTAHHOTO 3aIpoca, HallpUMep, pu 00HAPYKEHNUHU OIINOOK B pacueTax.

6. Cuctema nomKHA OBITH TOTOBAa K 00pabOTKE TaKMX CUTyalMil, KAK MHOXXECTBEHHAsl JOCTaBKa
OJIHOTO U TOTO K€ COOOILICHUS MOTPEOUTENI0, BpEMEHHAs MOTEPs] CETEBOr0 COSIUHEHHSI MEXIY 4dac-
TSIMU CUCTEMBI.

7. YacTh cuCTEMBl HE JOJDKHBI 3aBHUCETh OT S3bIKA peayin3aluu Ipyrux vacteil. To ecTe pasHble
MOJICUCTEMBI MOT'YT OBITh HAITUCAHBI HAa Pa3HBIX S3bIKAX MPOTrPaAaMMHPOBAHUA.

8. YpoBeHb NpeACTaBICHHUS U YPOBEHb PacyeToOB AOJDKHBI OBITH cIa00 CBS3aHBI MEXIY COOOIL.
YpOBEHB MPEICTABIECHUS 3aBUCUT TOJIBKO OT KOHTPAKTa ypOBHsI pacueToB. Eciy B cucteMe MOsBISIOTCA
HOBBIC THITHI IAaHHBIX, HHTEP]ENC OKEH YMETh 0TOOpakaTh WX B MPOCTEHIIEM BUE, JIeTalbHas pea-
nu3anus OTOOpaKeHHUST MOXKET OBITh IMOCTaBICHA KOHEYHBIM TIOJIB30BATEISIM TI03XKE, OTIENBHO OT 00-
HOBJICHU JIOTUKH PACUETOB.

2. ApXUTEeKTYPHBIH JM3aiiH CHCTEMBbI

Jnst peanuzanuyl MpenbsBIseMbIX (YHKIIMOHATIBHBIX M TEXHUYECKHX TpeOOBaHWI mpemiaraercs
HCITOJIB30BaTh MUKPOCEPBUCHBIN MOAX0 [3—6]. DTO MO3BOIUT M30€kKATh CO3JaHUS MOHOJIUTHOM CUCTe-
MBI U pealin30BaTh THOKYIO0 HHPPACTPYKTYPY, KOTOPasi CMOXKET YIOBIECTBOPUTH MPEIBSIBISIEMbIM Tpe0O-
BaHMSAM K PacUIMPSIEMOCTH JIOTHKU PAacdeTOB, BO3MOKHOCTH UCIIONB30BATh Pa3HbIC SI3BIKU MPOTPAMMHU-
pOBaHUS U CIa00CBI3aHHOCTH YPOBHS NIPECTABICHUS H YPOBHS PACUeTOB.

B kadecTBe CBSI3YIOIIETO 3B€HA MEXK/y YaCTSIMHU CUCTEMBI MPeJIaraeTcsi HCIOb30BaTh Opokep 00-
MeHa coobuieHusME [7]. V3 pelienuii ¢ OTKPBITHIM KCXOAHBIM KOJIOM, KOTOPBIE ITUPOKO UCTIONB3YIOTCS
cerolHs, MOXHO BbLenTh RabbitMQ u Kafka [8—10]. RabbitMQ npencrasnser coboii KiiaccCHYeCKHN
Opokep oOMeHa COOOIICHUSIMH, KOTOPBIH HE XPAaHHUT UX B OYEPEIH IOCie YCIelHoi oopaboTku. B or-
nume oT RabbitMQ 6pokep Kafka mo3Bossier XpaHuTh COOOIIEHHSI U ITOCTIE UX 00paOOTKH, B TOM YHC-
Jie J1aBasi BO3MOKHOCTh IOJIKIIIOYATh HOBBIX IMOTpEOUTENICH COOOLICHNI KaK yYUTHIBas BCIO MPEIbIIy-
HIyI0 UCTOPHIO 3alPOCOB, TaK M HE YYUTHIBas, paboTas TOJIBKO C 3alpocamu, OTIPaBICHHBIMHU TOCIIE
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perucTpanyyd HOBOTO MOTPeOUTENs. DTO peaM3yeTcsl TAKUMH PEXHUMAaMU TOTPEOJICHUSA, KaK CaMblif
pannwmii (earliest) u mocnemuwmii (latest) coorBercTenHo [11].

B wutore B kauecTBe Opokepa oOMeHa coOOIIeHUsIMH TipesiaraeTess ucrnonb3oBath Kafka. 3rto pe-
HICHHE JIOJDKHO MO3BOJIUTH YIOBJICTBOPUTH MPEIbIBIIECMBIM TPEOOBAHUAM K PACHIMPSIEMOCTH JIOTHKH
pacyeToB, YYUTHIBAs HJIM HE YYUTHIBAs HCTOPHUIO 3ampocoB. Takxke CBA3bIBAHHE CEPBHCOB CUCTEMBI Me-
KTy co00l yepe3 Opokep COOOIICHUH MO3BONSET YACTHYHO YYUTHIBAThH CIIydar MOBTOPHOM JOCTaBKH H
Pa3phIBOB COCIUHEHUS MPU HAMMUCAHUHU MPOrpaMMHOro koaa. O6paboTka CUTyaluu ONIMOKH pacyeToB,
KOTOpasi JIOJKHA OBITh MCIIPABIICHA JJISl BCEX 3alPOCOB, TAKKE MOXKET ObITh peali30BaHa ¢ UCMOJb30-
BaHMEM TEXHUUYECKHX ocobeHHOoCTH padoThl Kafka, B 4aCTHOCTH ¢ TIOMOIIBIO BEPCHOHUPOBAHHMS MOTpE-
OuTelst B IMEHH IPYIITBI HOTPEOUTEINeH.

Camo mo cebe ucmoab30BaHue Opokepa 0OMEHa COOOIICHUSIMH MO3BOJISICT MPOU3BOJUTH PACUCTHI
ACHMHXPOHHO. B CYIIHOCTH OTHpPaBUTENh 3ampoca Ha 00pabOTKY W MOJYYCHHE PE3yNbTATOB HE 3HACT,
KeM OyJIeT BBITIOJIHEHA MPOIIeypa U Oy/IeT I OHA BHITIONIHEHA B TIPUHIIMIIE.

PaccMOTpeB OCHOBHBIC apXUTEKTYPHBIC PEIICHUS, TAKUE KaK MPUMEHCHHE MHUKPOCEPBHCHOMN apXu-
TEKTYpbl U HCIOJIb30BaHuEe Opokepa oOMeHa cooOrieHusMu Kafka, pasmenuM yciaoBHYIO cucTeMy Ha
CIICAYIOIINE COCTABHBIC YaCTH.

1. TTonp30BaTENN — MHUIMATOPHI MEPBOHAYATBHBIX 3aIIPOCOB MOUCKA HHPOPMAITUH.

2. Web Application — BeO-npuioxxeHue, 10CTYITHOE ¢ IOMOLIbIO BeO-Opay3epa, B KOTOPOM IPOHC-
XOJIUT 3amoJIHeHHE (HOPMBI IPU CO3JIAaHUH 3aIIPOCa MOJIb30BATEIISIMH.

3. Web API — BeO-cepBep, B KOTOPBIN MPUXOIAT 3alPOCHI IT0JIb30BaTENIeH Ha OUCK UH(OPMAITUU U
KOTOPBIH COXpaHseT X B 6a3y JaHHBIX 3alIPOCOB U PE3YJILTATOR.

4. baza MaHHBIX 3aMpPOCOB M PE3yJIbTaTOB — 0a3a JAHHBIX, KOTOpAask XPaHUT B ceOc JaHHBIE MOBb30-
BaTelNeil, UCXOIHBIC JTAHHBIC 3alPOCOB M MOJYYCHHbBIE Pe3yIbTaThl. BO3MOXKHO pa3jelieHue 3TOro xpa-
HWJIHMIA Ha HECKOJIbKO OTICIbHBIX 0a3 NaHHBIX, MMPUYEM BO3MOXKHO HpuUMeHeHue kak SQL, Tak u
NoSQL peruenwii [12, 13].

5. Bpokep oOMeHa COOOIECHUSIMU — CBS3YIOIIEE 3BEHO MEX/y YaCTSIMU CHCTEMBI, KOTOpoe obecrie-
YHBACT XPaHCHHUE COOOIECHUN U PeaT3yeT MEXaHU3M UX 00Pa0OTKH MOTPEOUTEISIMH.

6. CepBHCHI 00CUETa — YACTH CHCTEMBI, TJI¢ POUCXOAUT MOUCK HH(POPMAIMHU TIO 3aJaHHBIM KPUTEPH-
SIM M3 W3HAYAIBLHOTO 3alpoca U MO CHEIHAIN3alN KaKI0W KOHKPETHOH rpyrmsl cepBucoB. CepBHCOM
pacuera TEOPETUIECKA MOXKET SIBIISTHCS KaK YEIOBEK, CHUJISIIHNIA 32 KOMITBIOTEPOM U PEaU3YIOIIHiA OTpe-
JICTICHHBII MOKCK, TaK U «yMHBIN» aJlTOPUTM TIOMCKA U aHAN3a JaHHbBIX. BpeMs 006paboTKu KOHKPETHOTO
3ampoca MoJb30BaTEIIsl MOXKET CHIIBHO OTJIMYATHCS OT OJJHOM TPYIIINbI CEPBUCOB pacueTa K JPyroi.

7. CepBuc 00pabOTKH pe3yJbTATOB — COXPAHSAET Pe3ybTaThl PabOTHI CEPBUCOB oOcueTa B 0a3zy
JIAHHBIX 3aIPOCOB U PE3YJIbTATOB.

8. CepBuC MOHHTOpHUHTa — O0ecredrBaeT HaOMIOJEHUE 32 COCTOSHHEM W HENPOTHBOPEUHBOCTHIO
JaHHBIX cucTeMbl. CUTHATIM3UPYET B CIydae HEMOJHOTHI JaHHBIX, MIPEBBIICHUS 0KHUIAEMOTO BPEMEHH
00pabOTKH U TIepeiaur JaHHBIX MY YaCTIMHU CUCTEMbI, 0TKa3a YaCTeH CHCTEMBI.

Jlu3aiiH cucTeMbl 0a3UpyeTcs Ha KOHIEMIMU MOTOKa COOBITHI M oOMeHa coobiieHusiMu. CepBUCHI
00IIar0TCs APYT ¢ APYroM depe3 Opokepa 3a cyeT oOMeHa COOOIIEHUsIMH Yepe3 Hero. To ecTh KOHTaK-
THPYIOT TOJBKO C IUHOW COOOIICHUI, HO HUKOTA JAPYT ¢ JAPYroM Hampsimyro. Bech mporiecc B3aumo-
NEHCTBHS aCMHXPOHHBIN, TO €CTh HUKTO HE JIET, KOrjia ero cooOIieHrue Oyner o0paboTaHO BCEMH 3a-
HHTEPECOBAHHBIMU CTOPOHAMH.

Ouepenp MEepBOHAYATBLHBIX 3alIPOCOB HE JODKHA OYHUINATHCS W TEPSITh UCTOPUIO cooOmieHuil. B
9TOM IIaHe OHa JIOJDKHA OBITh pear30BaHa He Kak kinaccudeckas fire and forget ouepens, xoryia mocie
00paboTku coobiieHue ynanserca. Hao0opoT, ouepens Mo/mKHA MPEACTABIATh COOOM XpaHUMBIN JIOT
cooOmeHui (persistent messages log).

Ouepenp pe3yabTHPYIOMIUX COOONICHUH MOXET HE XPaHHTh UX BCErJa, & UMETh MEPUOJ OUUCTKH
(retention period) u yaansiTe cOOOLICHUS, HAIPUMEP, MO MPOLIECCTBUU HEACTH.

Kak TobKO YacTh pe3ysbraTa NoTydeHa U cOXpaHeHa B 0a3e JaHHbBIX, Ci MPUCBANBACTCS YHUKAIIb-
HBIH MICHTU(QUKATOP U OHA MOXKET ObITh K3lMpoBaHa (cached) mo Tex mop, moka He OyJAeT MPOU3BEACH
NPUHYIUTENBHBII MIepepacyeT pe3ysibTaToB M0 HaOOPY BXOIHBIX MMapaMeTpPOB.

PaccMOTpeB apXHUTEKTYpHBIE OCOOCHHOCTH CHCTEMBI Ha BBICOKOM YPOBHE, MepeiiieM K JeTanu3a-
UM TEXHUYECKOW pealM3aliy CII0si XPAaHSHHUS Pe3yIbTATOB.
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3. O0padoTKa pe3yJIbTATOB M CJIOH XPaHEHUs JAHHBIX

Ecnu paccmarpuBaTh pensiMOHHOE XpaHUIIUINE JUIs PE3YJIbTaTOB, OJYYEHHBIX CepBHCcaMu o0cue-
Ta Ha TOMCKOBBIC 3alPOCHI MOJIB30BATENCH, TO MpeIaraeTcsl XpaHuTh UX B TaONHIle ¢ KaK MUHHUMYM
CIIEAYIOIINM HabOpOM 0053aTeNIbHBIX aTPUOYTOB:

1) result_hash — xpaaut MD5-x311, MONTy4eHHBIH 0 00BEKTY pe3ybTaTa 00cdeTa, 4TO TMO3BOJISET
CUUTATh KOHTPOJBHYIO CyMMY MO pe3yibTaTaM, B TOM YHCIe JJs ObICTPOTO TMOMCKa OJMHAKOBBIX pe-
3yJIbTaTOB;

2) result_type — XpaHUT THUII OJTYYEHHOT'O Pe3yIbTaTa;

3) schema_version — XpaHUT BEPCHUIO KOHTPAKTa JAHHBIX Pe3yJIbTaTa, YTO TO3BOJISICT XPAaHHUTH B
OJTHOH TabNuIle CepHaTu30BaHHBIN OOBEKT pe3ynbTaTa Pa3HbIX BEPCHIA;

4) processor_type — YHUKaJbHBIM B MpeAenax CHCTEeMbl YeJIOBEKOUUTAEMbIH HACHTH(PHUKATOP THUIIA
cepBuca 00cueTa, MOXKET CyIIECTBOBATh HECKOJBKO SK3EMIUISIPOB CEPBHCA C OJTHIM M TEM e 3HAUCHH-
€M 3TOoro arpulyTa, MO3BOJISIET CTPOUTH Ha €0 OCHOBE MMS TPYIIIBI TOTpeduTeneit 1 Opokepa oOMeHa
COOOIIEHHUSIMY;

5) processing_occurrence number — XpaHHUT B ceOe MOPSAIKOBBIA HOMEP MOBTOPHON 00pabOTKH HC-
XOJIHOTO 3aIpoca, KOTOPBIN MPUBEI K CO3AaHUIO 3TOTO Pe3yIbTaTa;

6) processing_session_id — yHHKaJIbHBIN HACHTH()HUKATOP CECCHU 3allycKa KOHKPETHOTO HK3EMILIS-
pa cepBHca obcdera, KOTOPBIM MOTy4aeTcst 3a cUeT 00bequHEHUs TeKylel BpeMeHHoi Metku u UUID,
YTO JIETaeT 3TOT aTpUOYT YIMOPSA0UNBAEMBIM XPOHOIOTHYECKH, YTO HEOOXOJMMO JIJIsl TIOMCKa Hanboee
AKTYyaJlbHBIX PE3YyJIbTATOB M OT(GUIBTPOBBIBAHUS YCTAPEBIINX;

7) message id — yHUKanbHBIA HACHTU(PHUKATOP COOOLICHHUS C Pe3yIbTaToM 00cdeTa, KOTOpOe reHe-
pUpyeTCsl K&KABIA pa3, KOrla Mbl IBITaeMCs MociaTh cooOieHne Opokepy, Mo3BOJSIET HA €r0 OCHOBE
CTPOUTH JIOTHKY 00pabOTKH MOBTOPHOM JIOCTABKH OJHOTO U TOTO K€ PE3yJIbTara.

PaccmoTpeB ocHOBHBIE aTpHOYTHI TAOIHULBI PE3YJIBTATOB, IEPEHIEM K TOMY, ISl UEro 3TH aTpuody-
TBI TIPEJIAral0TCs, & UMEHHO PELICHUIO MPOOJIeMbl IyOIMPYIOIIMXCS 3alMCel ONHUX U TEX XK€ pe3yiib-
TaToB.

4. Ycrpanenue 1y0JIMpyIOIINXCH pe3yJIbTaTOB

[Ipennaraercst ucnons3oBars onepamuio SQL Merge s BCTaBKH pe3yNbTaTOB, TapaHTUPYS MPH
3TOM OTCYTCTBHE AyOueH [14].

st Toro uroObl NMpeasaraeMblii MEXaHu3M padoTal OXHIAaeMbIM 00pa3oM, HEOOXOAUMO ompese-
JUTh OTPAaHUYCHUS HA YHUKAIBHOCTh KOMOMHAIMI aTprOyTOB, OITMCAHHBIX paHee.

Heo0Oxoaumo co31aTh YHUKaIbHBIA UHACKC Ha aTpuOyT message id, 4ToObl MpenroTBpaTUTh 00pa-
30BaHME AyOIMPYIOLIMXCS 3alUCEN PU MMOBTOPHON AOCTaBKE OJHOT'O M TOTO K€ COOOIEeHHs 0T Opokepa
oOMeHa COOOIIEHNUSIMH.

Taxke HEOOXOUM YHHMKAJIBbHBIN WHACKC IO CICAYIOIIMM aTpuOyTaM: parameters_id, result type u
result_hash. OToT uHAEKC rapaHTHPYET, YTO i1 OJHOM M TOW XK€ KOMOWHALIMU BXOTHBIX MApaMETPOB
MIOMCKA MBI HE 100aBUM OIMHAKOBBIE PE3YJIBTAThl OHOTO M TOTO e THIa Oosee yeM | pas, gaxe ecnu y
HUX OyayT pasHele message id. Hampumep, cepBuc obcuera co3aet 3 pe3ynbTaTa H YCIENIHO OTIIPaB-
JIIeT TOJIBKO TMEPBEIC 2 U3 HUX, TOTOM aBapHIHO 3aBepIIaeTCs U 3aHOBO MpoOyeT o0paboTaTs U OTIpa-
BUTH T€ )K€ 3 pe3ysbTaTa, Ha 3TOT pa3 ycHemHo. TakuMm oOpa3oM, HaM HEOOXOANMO COXPAaHHTh 2 pe-
3yJIbTaTa OT TIEPBOM MOMBITKH U TOJNBKO 1 pe3ynbTar OT BTOPOH.

Omnepanust SQL Merge ucnonb3yercs, 4To0bI pearn30BaTh TPYIIIOBOE MOTPEOICHUE U COXpaHEHHUE
pesynbTatoB (batch consumption), mpu 3ToM coxpansisi rapanTuu Tpanzakuuid ACID [15]. Oto mo3Bosnser
JOCTUTaTh OOJIBIIEH MPOITYCKHOM COCOOHOCTH 00pabOTKH Pe3yabTaTOB MO CPAaBHEHHIO C 00pabOTKOW U
COXpaHEHHEM PEe3yJbTATOB M0 OJJHOMY 3a pa3 ¢ CO3/JIaHHEM TPAH3aKIMH Ha KKIbIH OTAEIBbHBIN pPe3yiib-
tar. Taxxe ncrnonp3oBanue onepauun SQL Merge mo3BoJisieT 31eranTHO 00padaThIBaTh Cilydaid HONBITKH
BCTaBUTH YK€ CYILIECTBYIOIINE JaHHBIC U JIENIaTh 3Ty MPOBEPKY cpencTBamu, BctpoeHHbIMU B CYB/L.

5. ®uabTpanus NocJAeIHAX AKTYAIbHBIX Pe3yJIbTATOB

[Ipennaraercs peanu3anys CIEAYIOIIEr0 MeXaHH3Ma (GWIBTPAMH M BO3BpaTa IOJIb30BATEISIM
TOJIBKO MOCJIEIHHUX Pe3yIbTaTOB 00cUeTa B ciydae, Korja mporecc MoMCKa MOBTOPSUIICS HECKOJIBKO pas.

Cpenu Bcex pe3ysIbTaToOB IeleBOTo result_type oT Bcex cepBUCOB oOcueTa, Uil KOTOPBIX Ompe-
JeJeH OIMHAKOBBIM parameters id, HEOOXOAMMO MOJNYYHUTh MaKCHUMaJbHOE 3HAaYCHHE aTpuUOyTa
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schema_version 1 o HeMy MOJyYUTh CIIMCOK U3 processing session_id, B paMKax KOTOPBIX OBLIH MOTY-
YeHBI PE3yNIbTaThl JaHHOH, MAKCUMAIbHOW, BEPCUU JaHHBIX 3TOTIO THIA pe3yJbTara i BCEX 3aTPOHY-
THIX THIIOB cepBHca pacuera. [locie 3TOro Mbl 3ampanimBaeM Bce pe3yJIbTaThl JaHHOTO parameters id
JUIsl 3allaHHoro result type W momajaromiero B TOJNYYEHHBIM Ha MpEAbIAylNIeM IIare CHHUCOK
processing_session_id.

3TOT JOBOJILHO CIIOXKHBIH MOIX0MA K (GUIbTpanuu 1, 0ojiee TOro, MMEIOIINI OINpe/ieliCHHbIC HeJ0C-
TaTKU C TOYKU 3PEHHS NPOU3BOANUTENHFHOCTH. OJHAKO OH MO3BOJIET pellaTh MOCTABICHHBIC 314 110
OTOpaCHIBAaHUIO CTAPBIX PE3YJIBTATOB MPH MOSBICHUN HOBBIX.

OmHMM M3 HEJOCTAaTKOB NPEJIaraéMoro PELICHHUsS MOXKHO BBIACIUTH CIydail TeHepalud HOBOT'O
pe3yibTaTa ¢ HOBBIM 3HaueHHEM aTpuOyTa schema version Ijisi KOMOMHAIIMK MapaMETPOB ITOMCKa.
B sTOM ciyuae Mbl OTOpOCHM Bce paHee MoJyYeHHBIE Pe3yIbTaThl TOTO THUIA U BEPHEM TOJBKO €JIMH-
CTBEHHBII HOBBI PE3yJbTaT, YTO B ONPEICICHHBIX YCIOBHUAX MOXKET OBITh HEXeNaTelbHBIM MOBEe-
HUEM CHCTEMBI.

3akiouenne

Pa3Butne nndpopManmoHHo HHPPACTPYKTYPHI U MOIXOA0B K PELICHUIO PACIPOCTPaHEHHBIX 3a1a4
Ou3Heca MPOIOIKAETCS CETOJIHS TIOBOJIBHO BHICOKUMHU TeMnamu. KoMIaHuu co3faroT CBOE MpOrpamMm-
HOe o0ecIieYeHue HiTH 3aKa3bIBAIOT €ro Y CTOPOHHUX OpraHu3anuii. 1 mpu 3ToM Bce cTapaloTcsl u3BIledb
MaKCUMAaJIbHYIO BBITOY U3 HAKAIUTMBAEMBIX JaHHbBIX, 3aHUMAIOTCS] IOCTOSTHHOM PETPOCTIEKTHBON CBOMX
MPOIIECCOB, a TAKXKE CTAPAIOTCS IPOTHO3UPOBATH JalbHEHIIee Pa3BUTHE CHTYAIHH.

Takum 0Opa3oM, CTAaHOBUTCA aKTyaJbHOM MpobiieMa MOJAEPKKU ATUX aMOMLIMO3HBIX 3334 3a CUET
CO3JIaHMA ¥ HCIOJIb30BAHU MHPOPMALMOHHBIX CUCTEM U UX HH(PACTPYKTYPBI, aA€KBaTHBIX crennuke
3aJlaud TIOWCKa MH(POPMAIUY B aKTyallu3allui pe3yabTaToB. Pemas 3amaun, crosmue nepea Ou3Hecom,
Ba)KHO MCKaTh KOMIIPOMHUCC MEKIY JKEJIaHHEM HAINCATh PEIICHUE IO/ KII0W» C HYJS U HCIOIb30Ba-
HUEM TUIATHBIX MOHCTPYO3HBIX KOPIOPATUBHBIX HH()OPMAIIHOHHBIX CHCTEM.

CBs3yIOIIKMM 3BEHOM Pa3pO3HEHHBIX YacTel oO0Iiel nH()OPMAIIMOHHON CUCTEMbI MOXKET CTaTh OYe-
penb cooOIeHn . DTO OJIUH U3 IIUPOKO HCIIONB3YEMBIX CETOHS BAPHAHTOB OOPHOBI CO CIIOKHOCTHIO U
pemeHus npoOIeMbl TOPU3OHTAIBHON MacmTabupyemoctd. OJHAKO Majio JIMIIb MCIIOJB30BaHUS Kilac-
CHUYECKOU ouepear COOOIEHNH IS ONPEAEIeHHOr0 Kiacca 3a1a4, TaKuX Kak 0OHOBIAEMBId HHpOpMa-
IUOHHBIN nouck. HeoOxonuma noanepxka pexuma paboTsl Opokepa 6e3 ynaienus oopaboTaHHBIX CO-
OOIICHUI M3 OYEePEeIU, TEM CaMbIM PEau3ys XpaHUMBIH Jior coobieHuid. [Toaxomamm o TpeOoBaHH-
SIM OTKPBITBIM (Open source) penieHueM sieisiercs: Opokep coodmenmii Kafka.

Hcnons3oBanuem Kafka mo3BosisieT coOMOCTH TOT caMblii OaiaHC MEX1y HAIlMCaHUEM CBOETO CO0-
CTBEHHOT'O NMPOrPAaMMHOTO 0OecTieueHHsI IS pellieHHs BCel 3a/]aui U UCTIOJIb30BAaHUEM MOJTHOCTBIO T'0-
TOBOTO pelieHus. Mbl moslydyaeM HHCTPYMEHT, Pealiu3yIOUMi «U3 KOPOOKW» Ba)KHbIE MEXaHU3MBbI, Ta-
KHe KaK XpPaHUMBIHA JIOT COOOIICHUH, TPyIIOBas MOJIMUCKA Ha HOBBIE COOOIIEHHS, PEKUMBI TTOTpebIIe-
HUS TTOCIIEHUN U CaMblil paHHU, KOHKYPEHTHOE MOoTpediieHne. Bkyne ¢ BaKHBIMY /ISl pelIeHUs 3a7a-
4y 0OHOBIISIEMOTO TIOMCKa Bo3MoxkHOCTsIMU Kafka paccunrtan Ha paboTy ¢ OONBITUM KOJMYECTBOM Yac-
TO MyOJIMKYEeMBIX COOOIIEHHI, YTO JAOJDKHO OBITH Ooliee YeM JOCTaTOYHO sl OOJBITMHCTBA KOPIIOpa-
TUBHBIX MH()OPMAIIMOHHBIX CHUCTEM, BKJIIOYas BHICOKOHATPY)KEHHBIE CEPBUCHI MOUCKA JUIS BHEIIHUX
KIMeHTOB. Takke, Kak yxe orMeuanoch, Katka — 3To oTkpbeITOe mporpaMMHoe obecriedenre, 4To B Ha-
LM JHU SIBIISETCS OECCIOPHBIM IUIIOCOM, KOTZIa BHJIHA TEHICHLMS MepeKitodeHus: Gpokyca pa3padoTKu
MPOrpaMMHOI0 00ECIICUeHHsI B CTOPOHY PEILICHUH C OTKPHITHIM UCXOJHBIX KOJIOM JAaXe MPU pean3aliu
MPOTrPaMMHOI0 00ecIieYeH sl TOIBKO AJISl BHYTPEHHETO HCIIOIb30BaHUSL.

KoHeuHo, BaXKHO MOHUMATh, YTO IICHEH HE CTOJIBKO KOHKPETHBIM MHCTPYMEHT, Takoi kak Kafka, a
npeJiaraeMblil MOIX0/1 K IOCTPOCHUIO CUCTEM, PEalTU3yIONINX OOHOBIISIEMBIH HHPOPMAIIMOHHBIN ITOMCK.
Heo0xomuMo yuuTHIBaTh TaKue HIOAHCHI, KaK UAEMIIOTEHTHAS 00paboTKa, BEPCHOHUPOBAHHE, HETIPOTH-
BOPEYMBOCTh PE3YIIBTATOB, 4 TAK)KE BOBMOXKHOCTh MOAJIEPKKU U PA3BUTHS penieHus. JINIb akKyMyu-
Py OMBIT U3 CMEXKHBIX cep pa3paboTKu MPOrpaMMHOI0 0OeCHeyeHus1, yaaeTcsl co31aTh OMCTUHE TO-
JIE3HOE U TEXHUYECKH aKTyallbHOE PeIlicHHE.
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ON ONE APPROACH TO IMPLEMENTATION
OF INFORMATION INFRASTRUCTURE
FOR RENEWABLE INFORMATION SEARCH

A.A. Shinkarev, sania.kill@mail.ru
LLC “Softmast-IT”, Chelyabinsk, Russian Federation

Major tasks in the field of information technology that business faces today one way or another
relate to data processing and search for new information in it. The methods in use include statistical
methods, machine learning models, and simpler methods and models. However, all solutions aimed
at information search require an information infrastructure that would meet the basic requirements
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for systems of this kind. The purpose of the study was to describe the main functional and technical
requirements to modern systems implementing renewable information search. The author meant to
form fundamental architectural proposals for the design of the system as a whole and its key parts, as
well as to identify the main components of the information system and approaches to solving key prob-
lems for solutions based on the message exchange mechanism. Materials and methods. The paper
considers the modern statement of the problem of creating enterprise information systems for re-
newable information search. The author compares message brokers that are viewed as the most in-
teresting in the framework of this statement. Results. The article substantiates the relevance of
the problem of creating information systems for renewable information search and formulates
the task to create a system of such kind. The author makes an overview of the architecture design of
the solution at a high level of abstraction. The modular composition of the information system under
consideration is discussed. Kafka is chosen and substantiated as the most suitable message broker.
The nuances of technical solutions to eliminate duplicate records and filter the latest information
search results are analyzed.

Keywords: enterprise information systems, renewable information search, message broker, data
analysis, Kafka.
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MOOEJNIMPOBAHUE CUCTEMblI MOHUTOPUHT A

N AHATTU3A UHOOPMALIUUN INEKTPOHHbBIX CMU
METOOAMU MOOENNIbHO-OPUEHTUPOBAHHOIO
CUCTEMHOI'O UHXUWHUPWUHT A

B.H. Komapos', C.M. PowjuH?

"MAO «MawuHocmpoumensHbili 32800 umeHu M.U. KanuHuHa, 2. EkamepuH6ypay,
2. EkamepuHbype, Poccus,
2 BpsiHcKul 20cydapcmeeHHbIll mexHuYeckull yHusepcumem, 2. bpsiHck, Poccust

[Ipu pazpaboTke 000 HHPOPMANMOHHOW CHCTEMBI KpaifHE BaXKHBIM ATAIIOM €€ KHU3HCHHOTO
LUKJIa SIBJISIETCS 3Tall MPOEKTUPOBaHUS WM MoJenupoBaHus. Cpean CyHIeCTBYIOIIUX MOIXOJO0B K
MPOCKTHPOBAHUIO WH(POPMAMOHHBIX CHUCTEM, HAIlPUMEpP, TAKOTO KaK «KIacCHYIecKas» pa3padoTka
UML-auarpamMM ¢ IOMOIIbI0 YHHGDUITUPOBAHHOTO S3bIKa MOJICIHPOBAHU, BCE OOJIBIITYIO TOITYIISp-
HOCTh MOJYYaeT MOIX0] MOAEIHHO-OPUEHTHPOBAHHOI'O CHCTEMHOTO HHKUHUPHUHTA, OPUEHTHPOBAH-
HbII Ha ocTpoeHue mojeneil. Heab uccaegoBanus. PaccMoTperh MoenupoBaHUE CUCTEMBI MOHU-
TOpUHra W aHanu3a HH(popMaruu 31eKTpoHHBIX CMMU MeTromamMu MOJAEIbHO-OPHUEHTHPOBAHHOTO
CHCTEMHOTO MH)XMHUPHUHTA. MeToAbl M MHCTPYMEHTapuii uccaenoBanus. [IpeniokeHo MCmoib-
30BaHUE UHCTPYMEHTApHUsI METOJIOJIOTUH CHCTEMHO-OPUEHTUPOBAHHOTO TPOSKTHPOBAHMUS, CHOKYCH-
POBaHHON Ha CO3MaHUHM U UCIOJIB30BAaHUH MOJENeH pa3HOHM CTENEeHM IETaTUPOBKH Ha Pa3IUYHBIX
CTaAusX MpoeKkTHpoBaHUs. [IpencraBiaeHO NpuUMEHEHHE MOAENEH HEpapXUUYECKUX IEKOMIIO3ULIMHA
CYIIHOCTEW Ha MPUMEPE THUIMOBBIX CYNTHOCTHBIX XapaKTePUCTUK MCKYCCTBEHHBIX CHCTEM: TpeOoBa-
HUS K CHCTeMe, (P)YHKIHUU CHCTEMBI, KOMIIOHCHTHI CHCTEMBI (TIOICHCTEMBI), paOOTHI IO CO3IaHHUIO
cuctembl. ONIMCaH PETYNSIPHBIM METOJ MOCTPOCHHS U MOCIEAOBATEIHHOIO PACIIUPEHUS] apXHUTEK-
TYPHBIX MOJI€TIEH MPOAYKTOB, HA OCHOBE KOTOPOI'0 MOCTPOEHBI MOJIENIN UEPAPXUUECKON TAKCOHOMUH
(hyHKIIMOHATBHBIX TPeOOBAHUH K CHCTEME, KITFOYEBBIX (DYHKIUI, KOMIOHEHT spa cucTteMbl. Ha oc-
HOBE MOJIeJIeH NepapXuIecKoi TAKCOHOMUH MTOCTPOCHA MOJAEIHh COOTBETCTBHS TpeOOBaHUN U PYHK-
IIUA ¥ MOJIENb COOTBETCTBHS (DYHKIIMI M KOMIIOHEHT cucTeMbl. Pe3yibTarhl. Paspaboranubie Mo-
JIeTIM HaTJISITHO MOKA3bIBAIOT B3aUMOCBSI3b KOMIOHEHT CHCTEMBI, TpeOoBaHuil, pyHKUMIT U Moaynei
IpyT ¢ apyroM. IIpuMeHsIeMbIi TOIX0 MTO3BOJIET ACTAIM3UPOBATH MPEICTABICHHE CUCTEMbI Ha OC-
HOBE ee JIeKOMIIO3HMIINU Ha TIOACHUCTEMBI X Ha OCHOBE y4yeTa CYHIHOCTHBIX XapaKTepHUCTHK. Bce 3o
JIa€T BO3MOXKHOCTh YIOPSAOYUTH MOCIEA0BATENbHOCTH 3TAIOB CO3aHUS CUCTEMBI U IEKOMITO3UPO-
BaTh UX Ha OTJENBHBIC dTanbl pabot. 3akiaodenne. Pe3ynbTaThl, OTyYeHHBIE B XO/I€ IPOBEACHHO-
TO UCCIICIOBAHMUS, TIO3BOJIAIOT IEPEHTH K CIEAYIOMIEMY dTally )KU3HEHHOTO IMKJIA pa3pabaThIBacMOH
WHPOPMAIMOHHOW CUCTEMBI — e¢ IIPOrpaMMHOM pa3paboTke.

Knioueswvie cnosa: monumopune ungpopmayuu CMHU, ananuz 0anusix, cucmema MOHUMOPUHEA U
AHAU3A OAHHBIX, AHAU3 MEKCMA, UHMELIeKMYAIbHbIU AHAIU3 OGHHBIX, MOOENbHO-OPUCHMUPOBAH-
HbLUL CUCIEMHBIU UHMCUHUPUHR, MOOETb UepapXuieckoli MaKkCOHOMUU, MOOElb COOMEeMCcmeaus mpe-
bosanuil u QyHKyul, MOOeb COOMBEEMCMEUSL PYHKYUL U KOMINOHEHN.

Beenenue

Panee B craTpsax [1, 2] aBropamu Oblta paccMoTpeHa mpodiemMa HHPOPMALMOHHOTO BIMSHUS CO-
BPEMEHHBIX DIIEKTPOHHBIX CPEJICTB MaCCOBOW MHPOPMAIMH Ha OOIIECTBO, B TOM YUCIIE HA MPEIIPHUITUSL
000pOHHO-TIPOMBIIIIEHHOTO KOMIUIekca Poccuu. Beimn mpencTaBieHsl CTpykTypa U 0000IIEHHBIN aj-
TOPUTM Pa0bOTHl aBTOMATH3MPOBAHHON CHUCTEMbl MOHUTOPHHIA M aHAIN3a WHPOPMAIUH JICKTPOHHBIX
CMU, pa3zpabaTsiBacMOil aBTOpaMu B paMKax AUCCEPTALMOHHOTO HCCIICAOBAHUA.

B Hactosmell cTtatbe MOKa3aHO MOJAEITMPOBAHHE CUCTEMbl MOHMTOPHHIA M aHaIHW3a MH(POpMaLuu
anekTpoHHBIX CMU MeToaaMu MOJIENbHO-OPHEHTUPOBAHHOTO CUCTEMHOTO HHXUHUPHUHTA.

OxpuzaeMbIM PE3yJIbTaTOM CIIEIYIOLIEro 3Tama pa3paboTKH SIBISETCS MPOrpaMMHasl pean3alist
CHCTEMBI.
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Komapoe B.H., Pouwjux C.M. ModenupoeaHue cucmembl MOHUMOPUH2a
U aHasnu3a uHgopmayuu 351eKmpoHHbIx CMU...

1. MogejibHO-OpHEeHTHUPOBAHHBIN MOAX0/ Pa3padoTKu CHCTEM

Ceromus pa3paboTka YHU(DUIIMPOBAHHBIX MOJEICH M CHCTEM MOJEJEH BCE yallle MPeIIIeCTBYET
MIPOCKTUPOBAHHUIO CIIOKHBIX TEXHUYECKUX H3JIEIUI, CUCTEM BBICOKOTEXHOJOTHIHOU JICATEIBHOCTH,
MpennpusITiii, HHPOPMAIMOHHBIX CUCTEM W IUQPPOBBIX mmiaTgopm. s ommcaHus U MpeacTaBICHUS
CUCTEM Pa3UYHON TpUPOAB (TEXHUYECKHX, OPraHU3alMOHHO-TEXHHUYECKUX, COIUAIBHO-IKOHOMUYE-
CKHX) Bce 0oJjice IIMPOKO MCIONB3YETCS MOJICIbHO-OpUueHTUpoBaHHbINH moaxon (Model Based, MB).
B yacTHOCTH, 3TOT MOAXOJ NMPUMEHSIECTCS B TaKHUX BaKHBIX Cepax, KaK CUCTEMHBIA HHKUHUPUHT
(Model Based System Engineering, MBSE) u menemxment (Model Based Management, MBM), meTo-
nonorun Cuctem 2.0 (Model Based Systems 2.0, MBS) [3, 4].

B nmanHOM mCclieoOBaHMHM HCIONB30BaJicsl MHCTpyMeHTapuiit MBSE — mertomomoruu cuctemHo-
OPUEHTHPOBAHHOT'O MTPOSKTUPOBAHUS, CPOKYCHPOBAHHOW HA CO3JaHUM M MCIIOIB30BAHUN MOJEICH pa3-
HOW CTENIeHH JETATUPOBKY Ha PA3IMYHBIX CTAIMIX MPOSKTHUPOBaHUS [S].

B kauecTBe TUTIOBBIX CYNTHOCTHBIX XapaKTEPUCTUK UCKYCCTBEHHBIX CHCTEM B MOJIEITHHO-OPHEHTH-
POBaHHOM TIOJXOJIE UCTIOIBL3YIOTCS TaKKe, Kak [6]:

— TpeOOBaHUS K CUCTEME;

— (YHKIIMHA CUCTEMBEI;

— KOMIIOHEHTBHI CHCTEMBI (TIOJICICTEMBI);

— paboTHI 10 CO3TAHUIO CHCTEMBL.

COOTBETCTBEHHO, B Ka4eCTBE THIIOBBIX OIOPHBIX NPHUMEPOB MPUMEHSIOTCS Takue monenu EBS
uepapxuyeckux aekomnoszunuit BS cymuocteit E [7]:

— TpeboBanus Kk cucteme — moaeib RBS (Requirements Breakdown Structure);

— ¢yHKIMI cHCTeMBbI, oOecrieunBaronue TpeOoBaHus ((yHKIMOHANIBHBIC TPEOOBAaHUS) — MOJCIb
FBS (Function Breakdown Structure);

— KOMIIOHEHT CHUCTEeMBI (ITOJICUCTEMBI), KOTOPbIE 00CCIICYMBAIOT UCIIOJHEHHE TPeOOBaHUH U (YHK-
it — mognienb SBS (System Breakdown Structure);

— pabort o co3manuto cucteMbl — moaenb WBS (Work Breakdown Structure);

—HUT. I

CBsi3u MEXy 2JIEMEHTaMHU Hepapxuueckux mojeneir EBS ycraHaBauBaroT TaOJHMIBI OTHOIICHUI
Mozeneit [8]. OTHOIIeHHS MOTYT OBITh YCTAHOBIIEHBI MEXK/Ty KOMIIOHEHTAMHU OJTHOW U TOH K€ CYIIHOCTH
(TabnHIbl OTHOIIIEHUH BUIa KOMITIOHEHTHI Hepapxuii «camu Ha ce0s»): RBS-RBS, FBS-FBS, SBS-SBS,
WBS-WBS u . 1.

OTHONICHUST MOTYT OBITh YCTAHOBJICHBI MEXIy KOMIIOHCHTAMH HMEPApXHi Pa3HBIX CYITHOCTEH:
RBS-FBS, FBS-SBS, SBS-WBS.

Takue omucaHus yepe3 CBA3AHHOCTH MOJENEH pa3HBIX CYNHOCTEH YBS3BIBAIOT MX B METaMO-
JeJu.

TeM caMbIM Yepe3 CBA3aHHOCTH KOMIIOHEHT Pa3HBbIX UePapXUUICCKUX MOJIETICH YaCTHBIC MOJIEIH CO-
OuparoTCs M YBA3BIBAIOTCA B «O0bIIHe» MeTamozenu. [Ipn HeoOX0AMMOCTH MOTYT YYUTHIBATHCS M CBSI-
31 KOMIIOHEHT ¢ BHEUIHEH cpenoit [9].

B utore pacmmpeHHbIe apXUTEKTyPHBIE MOJICTTH, YUUTHIBAIOIINE CYITHOCTHBIC XapaKTePUCTUKH HC-
KYCCTBEHHOH CHCTEMBI S, 33/1al0TCS IOCPEICTBOM:

— OHTOJIOTHH, TEPMHHOB, HCITOIE3YEMBIX ISl OMUCAHUS S;

— COCTaBOM CYIIHOCTHBIX XapakTepucTuk E1BS, E2BS, ..., ucronb3yemsIx U1 OonucaHus S;

— nepapxuueckumu monemsimu E1BS, E2BS, ... xapakrepuctuk cymHocreit E1, E2, .. .;

— YYUTBIBAEMBIMU BUIAMH k CBsI3aHHOCTEH 371eMeHTOB Mojeinu EBS;

— Monensamu (TabIUIaMi) OTHOLIIEHUH IO YYUTHIBaeMBIM BUaaM k cBsizanHocTeit DSMk (EIBS,
EmBS) xomnonent uepapxuueckux mozaeneid EIBS u EmBS na yuntpiBaeMbIX ypOBHSX UX JIEKOM-
HO3UILINM.

HckycCTBeHHBIE CUCTEMBI IPOXOAAT CBOM KM3HCHHBIC ITMKIIBI (pa3paboTKka, IpUMEHEHHE, MOaep-
HU3alUs WKW YTUIA3ANWs). APXUTEKTYpHBIE MOJIEIH U METaMOJICH MTPUMEHSIOTCS TI0 BCEMY KH3HEH-
HOMY IIMIKJTY HCKYCCTBEHHBIX OOBEKTOB, U POJIb UX Bce Oojee yBenmnumubaercs [10].
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2. PeryJisipHBIil MeTO/ IOCTPOCHMS H IOCJIEA0BATEIBHOI0 PACIINPEHHUS

APXUTEKTYPHBIX Mo/eseil MPOIYKTOB

ApPXUTEKTypHOE MOJICITHPOBAHHE CHCTEMBI IMpeJronaraeT GOpMUPOBaHHE IIEIIOCTHOTO MpPEICTaB-
JICHUs1 pacCMaTpUBAEMOro 00bEKTa Yepe3 BBIICIICHUE CHCTEMBI 00BEKTa M Cephl €€ CYIIECTBOBAHHS —
BHEIIHEHU cpenbl nocpeactsoM [11]:

* 3aJIaHNA CYIIECTBECHHBIX CYITHOCTEH U aTpUOYTOB CHCTEMBI U €€ BHEIIHEH cpepl;

* 3a/1aHUS HePaAPXUN CUCTEMBI;

* HEPapPXUUECKON JIEKOMITO3UIINY, JICTATH3allUH CYIECTBEHHBIX CYIIHOCTEH U aTpuOyTOB;

* uAeHTU(HUKALNY U 3aJaHUs CYLIECTBEHHBIX CBA3EH CyIIHOCTEH 1 aTpuOyTOB (Ha pa3HbIX YPOBHSIX
MepapXUH CUCTEMBI);

* 3aJ]aHNs] IPUHIIMTIOB IOCTPOCHUS U (GYHKIIMOHUPOBAHHUS CUCTEMBI.

Merton npeamnonaraetT GopMUpOBaHHWE Ha OCHOBE MCXOIHBIX JAHHBIX 110 BO3MOXKHOCTH TMPOCTOHN
CTapTOBOW apXUTEKTYpHOIH Mozemnu. Jlajnee MpoBOIUTCS MOLIAr0BOE UTEPAMOHHOE 100aBIEHUE K CTap-
TOBOI MOJENM HOBBIX CYLIHOCTHBIX XapaKTEpUCTUK C (HOPMHUPOBAHUEM Uil HUX YHU(UIUPOBAHHBIX
ApXUTEKTYPHBIX MoJienieil. B utore BEIMOMHAIOTCA ceaylomye Nog00HbIe AHCTBHA 110 (POPMUPOBAHUIO
Moxenei [12].

Cucmema — noocucmemol

B npenmer paccMoTpeHHsi BBOAUTCS CTApTOBasi CYIIHOCTH — cucTeMa S (B Oonee oOmieM ciydae
cuctema cucteM SoS) u ee BHemHAA cpena. CoOMparOTCs ¥ aHAIM3UPYIOTCS MCXOIHBIC JTaHHBIC, 3aj1a-
IOTCSI TEPMUHBI ¥ OHTOJIOTHS TIPEJAMETHOM 001acT, (POPMHUPYIOTCS] apXUTEKTYPHBIE MOJICTH S:

* SBS — nepapxuuecku ynopsiiodeHHass MOJENIb KOMIIOHEHT (IIOJCUCTEM) CHCTeMbl S. Monenb mo-
Ka3bIBaeT UEPAPXUIECKYIO0 TAKCOHOMHUIO S;

= DSM (SBS, SBS) — monens cBsizaHHOCTEH (TaONUIBI YYUTHIBAEMBIX OTHOILIEHHI) KOMIIOHEHT
CHUCTEMHI S.

Tpebosanus

B mpenmer paccmoTpenust nobasiseTcs cymHocTHas xapakrepuctika El cuctemsr S. Cobuparorcst
Y aHAIM3UPYIOTCS MCXOMIHBIE JaHHBIE, 33JIAlOTCS OHTOJIOTHU cymHOCcTH El, cTpodrcs apXutekTypHbIe
MOJIeJIN:

= E1BS monens TakcoHOMHH cyIHOCTH E1 — moka3spIBaeT uepapXndeck yHopsao4eHHbIE KOMIIO-
HeHTsl E1, Hanpumep, 3T0 MOXkeT OBITh HepapXuieckas Moaeb TpeboBanuii, RBS;

= DSM (RBS, RBS) mojens cBsizaHHOCTEH KOMIIOHEHT TpeboBanuii RBS, Hanpumep, ans RBS ato
MOTYT OBITh XapaKTEPUCTUKN HETIPOTHBOPEYHBOCTH W/MIH KOHPIUKTHOCTU TpeOOBaHUI.

Dyuxkuyuu

B mpenmer paccMoTpenust o0aBisieTcs cynHOCTHas xapakrepuctuka E2 cuctemsr S. Cobuparorcst
Y aHAIM3UPYIOTCS MCXOMIHBIE JaHHBIC, 33JIAlOTCS OHTOJIOTHU CymHOCTH E2, cTposdrcs apXurekTypHbIe
MOJIETIH:

= E2BS monens TakcOHOMHMM CyIIHOCTH E2 — moka3pIBaeT MepapXU4ecKu yHOpsIO4YEeHHbIE KOMIIO-
HeHThl E2, HanpuMmep, 3To MOXKeT ObITh Hepapxudeckas Mojaenb Gyakuui, FBS;

= DSM (E2BS, E2BS) monens cBa3anHocteit komrnoHeHT E2BS, nanpumep, nns FBS ato moryt
OBITH CBS3aHHOCTH, OTPaKaloOIIME JIOTHYECKYIO IOCIEA0BAaTENbHOCTh HMCHONHEHHS (QyHKIMH (Takue
NPEACTaBICHUS HA3bIBAIOT POLIECCHBIMH);

= DSM (E1BS, E2BS) mozaens cBA3aHHOCTEH KOMIIOHEHT pPa3HBIX CYIIHOCTHBIX XapaKTEPHUCTUK —
E1BS u E2BS, nanpumep, s RBS u FBS ato cBsizaHHOCTH, OTpakaroliue COOTBETCTBUE TPeOOBaHMIMA
U QYHKIHIH.

Komnonenmot

B mpenmer paccMoTpenust o0aBisieTcs cynHOCTHas Xxapakrepuctika E3 cuctemsr S. Cobuparotcst
U aHATM3UPYIOTCS UCXOJHBIC JaHHbIE, 33/IAI0TCSI OHTOJIOTHH CYIIHOCTH E3, cTposiTcs apXHUTEKTypHBIE
MOJIEIIN:
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= E3BS Monens TakcoHOMHM cyIHOCTH E3 — moka3pIBaeT MEpapXHUECKH YHOPSAOUYEHHBIE KOMITO-
HeHTsl E3, Hanpumep, 370 MOXKeT ObITh HepapXHUecKasi MOJENIb KOMIOHEHT cuctemsl, PBS;

= DSM (E3BS, E3BS) monens cBsizannocteil kommoneHT E3BS, mampumep, mis PBS sto moryt
OBITH CB3aHHOCTH, OTPAXKAIOIINE HHTEP(EHCH KOMIIOHEHT CUCTEMBI,

= DSM (E2BS, E3BS) mozens cBA3aHHOCTEH KOMIOHEHT Pa3sHBIX CYITHOCTHBIX XapaKTEPHUCTHK —
E2BS u E3BS, nanpumep, ans FBS u PBS 310 cBsi3aHHOCTH, OTpaskaroliue COOTBETCTBHE QYHKIWH U
KOMITOHEHT (TaK Ha3bIBaeMasi QyHKIHOHAbHAS apXUTEKTYpa CHCTEMBI).

Paoomur

B npenmer paccmoTrpenus nobaBisieTcst cymHoCTHasE Xapakrepuctika E4 cuctemsr S. Cobupatorcst
Y aHaJIM3UPYIOTCS UCXOMAHBIE JaHHBIE, 3aJJal0TCS OHTOJIOTUU CyIIHOCTH E4, cTpodrcs apXuTekTypHbIE
MOJIEIH:

= E4BS Monens TakcOHOMHUM CyIIHOCTH E4 — moka3pIBaeT MEpPapXUUECKH YHOPSAOUECHHBIE KOMITO-
HeHTHl E4, Hanmpumep, 3T0 MOXeT OBITh HepapXuieckas MOJETIh KOMIIOHEHT padoT M0 CO3JaHHI0 MPO-
nykrta, WBS;

= DSM (E4BS, E4BS) monens cBsizanHocteil komnoneHT E4BS, nanpumep, anst WBS 310 moryt
OBITH CBI3aHHOCTH, OTPAXKAIOIINE JIOTHYECKYIO OCIEA0BATEILHOCTD UCTIONHEHNS (DYHKIHIA;

= DSM (E3BS, E4BS) mozaens cBA3aHHOCTEH KOMIIOHEHT Pa3HBIX CYIIHOCTHBIX XapaKTEPUCTUK —
E3BS u E4BS, nanpumep, s PBS u WBS 310 cBA3aHHOCTH, OTpa)karoIie COOTBETCTBHE KOMITOHEHT
MIPOAYKTa U cOCTaBa paboT Mo ero pa3paboTke.

3. Pa3zpaboTka apXUTEeKTYPHOIi MOJIEJM CUCTEMHOT0 MHKHHHPUHTA

CHCTeMbI MOHUTOPUHIA U aHAJIN3A MyOIuKanuii dekrponabix CMU

Ha pucyHnke npeictaBieHbl MOJICIH HEPAPXUUCCKON TAKCOHOMHH (PYHKIIMOHAJIBHBIX TPEOOBaHUH K
cucreme RBS (a), kmoueBsix pynknuit cucremsr FBS (6) u komnonenT snpa cuctemsl PBS (g). [lanubie
MOJIETTH HarJsITHO OTPAKAIOT CBA3M KOMIIOHEHT MH(OPMAIMOHHON CHUCTEMBI, TpeOOBaHUI K HEW U ee
KITIO4eBbIX QyHKIMiA [13].

K ¢yHKIHOHATBHBIM TPEOOBAHUSAM CHCTEMBI OTHOCSATCS: YI0OCTBO JKCIUIyaTaluu (4YeIoBEKO-
OpPHUEHTHPOBAHHEIN WHTEp(HENHC CHCTEMBI, OBICTPBIN OTKIMK CHCTEMBI Ha JEHCTBHS MOJIB30BATEIs), M-
POKHE BO3MOXHOCTH MOHUTOPHHTA M aHAIH3a HHQOPMAIUHU (BO3MOXXHOCTh KOMIUIEKCHOTO TPUMEHEHUS
Pa3IMYHBIX METOJOB M HMHCTPYMEHTApus MHPH MOHUTOPHHIE M aHAIW3e¢ HMH(MOPMAIMU 3JICKTPOHHBIX
CMMU), xpaHeHre NaHHBIX (CHCTEMa JO0JDKHA XPaHUTh HeoOpaboTaHHBIC COOpaHHbIC AaHHBIC, METaIaH-
HBIC, JIaHHBIE TIocTie 00pabOTKU M aHAIIM3a, a TAKXKe JAHHBIC 32 JUITUTEIHHBIN IEepPHo]] BpEMEHH — HCTO-
pudeckue gaHHbIe) [14].

KitoueBbiMu GYHKIUSIMH CHCTEMBI SBISTIOTCS [ 15, 16]:

— MOHUTOPUHT UH(popMaiuu eKTpoHHBIX CMMU n3 RSS-kaHanoB, web-caliToB ¥ cOlMalbHBIX
CeTeH;

— aHaJIM3 TEKCTOBBIX JAHHBIX IyTEeM MPEABAPUTEIEHON 00padOTKH C TOCIETYIOIIUM TPUMEHEHUEM
METOJIOB 00paOOTKH €CTECTBEHHOIO A3bIKa, teXt mining, HEHPOCETEBBIX MOJICIICH;

— XpaHCHHE JaHHBIX.

Jns BeImonmHEeHUsT 0003HAYEHHBIX (DYHKIIMOHANBHBIX TpeOOBaHWW W (YHKIMA B CHCTEME IMPEIy-
CMOTPEHEHI CIIEAYIONIHE KIIF0YeBbIe KOMITOHEHTHI (KOMIIOHEHTHI sifjpa cucteMsl) [17—19]:

— MOJIyJIb MOHUTOpHUHTA (BKIfO4aeT B ceOsi 010Kk mapcunra RSS-kananos, web-caiiToB u conuanb-
HBIX CeTel);

— MOAYJIb aHAIMTHKH (BKJIIOYAET B ce0s1 OJIOKM mpenBapuTebHONH 00paboTKH, U3BIEeYEHUS HHGOP-
MaIuu, 00paboTKH eCTeCTBEHHOTO S3bIKa, METOIOB text mining 1 HEHPOCETEBBIX METO/IOB);

— MOJyJib XpaHeHHsl (BKJItOYaeT B ceOsi OJIOKM XpaHEHHsS HEOOpaOOTaHHBIX JAHHBIX, METaJaHHBIX,
00pabOTaHHBIX JAHHBIX H UCTOPUYECKUX JaHHBIX).

B T1abn. 1 mpencraBnena moxens DSM (RBS, FBS) coorBercTBusi TpeOoBaHMIA K CHCTEME U ee
(hyHKIHA.

B tabn. 2 mpeacrasnena monens DSM (FBS, PBS) cooTBercTBUs (hyHKIMIT 1 KOMIOHEHT CHC-
TEMBI.
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Mogenb DSM (RBS, FBS) cootBeTcTBMA TpeboBaHUn U PyHKLUN

DSM (RBS, FBS) matching requirements and features
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Tabnuua 2
Mopens DSM (FBS, PBS) cooTBeTCcTBUA (PYHKLUMA U KOMMNOHEHT
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3axinoyenue

PaccMmoTpeHHBIH MOAX0A K MOJACIUPOBAHUIO APXUTEKTYPhl CUCTEM OOECIeUMBaeT LEBIA PAl MO-
JIE3HBIX CBOMCTB M UMEET XOPOILINK NOTEHIMAI IPUKIAJIHBIX IPUMEHEHUN. Ero BO3MOXKHOCTH:

— OXBaTBIBAET OIMHUCAHUS APXUTEKTYP TUIOBBIX UCKYCCTBEHHBIX CHCTEM — MPOIYKTOB, CHCTEM JIef-
TEJNBHOCTH NPENNPUATHH, CIIOKHBIX KOMIIO3UIMNA TeX U APYIHX, HHPOPMALUOHHBIX CUCTEM M LU(PO-
BBIX 1atdopm;

— TI03BOJISIET JIETATU3UPOBATh MPe/ICTaBIEHUE CUCTEMBI HAa OCHOBE €€ JIEKOMITO3UIIMH Ha MOACHUCTEMBL;

— TMO3BOJISIET JETATM3UPOBATh IPECTABICHUE CUCTEMBI HA OCHOBE YUeTa CYLTHOCTHBIX XapaKTEPHCTHK;

— MO3BOJISIET TO3TAMTHO PACIIUPATE NPECTABIEHUE CUCTEMBI IIyTEM:

1) netanuzaruu onvcaHui (aHAIH3);

2) noGaByieHHS K YK€ CO3AaHHOMY NPEJICTABICHHUIO HOBBIX TOACHUCTEM M CYIIHOCTHBIX XapaKTepu-
CTHK (paciIupeHue);

3) myTeM CBEpTKH CYLTHOCTEH M UX MOJEJEH U CO3/1aHUs HOBBIX BEPXHEYPOBHEBBIX CYITHOCTEH M
CHCTEM B yBSI3KE C paHee CO3JaHHBIMU OMUCAHUSIMHU (CHHTE3);

— NIPY UCTIOJIHEHUH Ha KOMITBIOTEPE 3aMUCsIM UEPapXHUi CYIIHOCTEH M MX OTHOLICHUH MOTYT OBbITH
MOCTaBJICHBI B COOTBETCTBUE NPUMEHsIEMbIE 0a3bl JaHHBIX. T€M caMbIM NPEACTABICHUS COOTBETCTBYIO-
IIMX MOJIENEH SIBIISIOTCS] MAIIMHOYUTAEMBIMH U U POBU3UPYEMBIMH.

[Hoctpoennsie B paboTe MOJENIN HArJISIIHO MOKA3bIBAIOT B3aUMOCBSI3b KOMIIOHEHT CHCTEMBI, TpeOo-
BaHUM, QYHKIMHA ¥ MOAYJEH APYT C IPYroM, YTO MO3BOJISIET ACTAIN3UPOBATH MPEICTABICHUE CUCTEMBI
Ha OCHOBE €€ JECKOMITO3UIIMH Ha MOJCHUCTEMBI U Ha OCHOBE yuUeTa CYIIHOCTHBIX XapaKTEPHCTHUK. JTO
MO3BOJISIET CO3/IaTh MaTeMaTHUECKYI0 MOJIENIb CUCTEMBI, YIOPSIOUYUTh TOCIEeI0BATEILHOCTH 3TAIOB €e
CO3JIaHMA U IEKOMIIO3UPOBATh UX Ha OTAENbHBIC paOOTHI.
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When developing any information system, an extremely important stage of its life cycle is
the design or modeling stage. Among the existing approaches to the design of information systems,
such as, for example, the “classic” development of UML diagrams using a unified modeling lan-
guage, the model-oriented systems engineering approach, focused on building models, is gaining
popularity. Purpose of the study. Consider modeling a system for monitoring and analyzing elec-
tronic media information using the methods of model-oriented system engineering. Research meth-
ods and tools. It is proposed to use the toolkit of the system-oriented design methodology, focused
on the creation and use of models of different degrees of detail at different stages of design. The ap-
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plication of models of hierarchical decomposition of entities is presented on the example of typical
essential characteristics of artificial systems: requirements for the system, system functions, system
components (subsystems), work on creating a system. A regular method for constructing and con-
sistently expanding architectural models of products is described, on the basis of which models of
hierarchical taxonomy of functional requirements for the system, key functions, and components
of the system core are built. Based on hierarchical taxonomy models, a model for matching re-
quirements and functions and a model for matching functions and system components are built.
Results. The developed models clearly show the relationship of system components, requirements,
functions and modules with each other. The approach used makes it possible to detail the presenta-
tion of the system based on its decomposition into subsystems and on the basis of taking into account
the essential characteristics. All this makes it possible to streamline the sequence of stages of creating
a system and decompose them into separate stages of work. Conclusion. The results obtained in
the course of the conducted research make it possible to proceed to the next stage of the life cycle of
the information system being developed — its software development.

Keywords: media information monitoring, data analysis, a data monitoring and analysis system,
text analysis, data mining, model based system engineering, a hierarchical taxonomy model, a model
for matching requirements and functions, a model for matching functions and components.
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FAPAHTUPOBAHHOE OLIEHUBAHUE COCTOAHUA
ANHAMUYECKNX CUCTEM, BOSMYLLUEHUU N NMOMEX
B YCNOBUAX HEMNOJNMHOTbI UH®OPMALIUA

E.O. lNodueunoesa, B.U. Lllupsies
FOxHO-Ypanbckuli 2ocyOapcmeeHHbIlU yHusepcumem, 2. YenssibuHck, Poccus

PaccmarpuBaercs 3aa4a TapaHTUPOBAHHOTO OIICHMBAHUS COCTOSHMS JHHAMUYECKUX CHUCTEM
B YCJOBHUSAX HEONPEICICHHOCTH, KOT/Ia M3BECTHHI TOJHKO MHOYKECTBA BO3MOJKHBIX 3HAUCHHH BO3-
MYIICHHH U MOMEX, & CTaTUCTUYecKass HH)OPMALUs 0 HUX OTCYTCTBYET MM HE MOXKET OBITh MOJIy-
yeHa. OmuncaH anropuTM IOJMAAPAIBHON ampoKCHManuy WH(QOPMAIMOHHBIX MHOXECTB, KOTZA
MHO)KECTBa BO3MOXKHBIX 3HAUCHNH BO3MYILCHHH U MOMEX SBIISIFOTCS MHOTOTPaHHUKAMH. AJNTOPHTM
OCHOBaH Ha HESIBHOM OITMCAaHUM MH()OPMALMOHHOTO MHOXKECTBA CHCTEMaMH JIMHEHHBIX ypaBHEHUH
1 HEpPaBEHCTB W PEIICHMH psAa 33had JMHEHHOro MporpaMMHpoBaHus. PaccMOTpeHBI METOBI TO-
BBILICHUS] TOYHOCTH OILCHWBAHUS C IOMOIIBIO ydeTa JOIOJHUTENFHONH MH(pOpManuu o Xapakrepe
BO3MYyIIeHHH U oMeX. ONHUCaHO rapaHTHPOBAaHHOE OLIEHUBAHHUE BEKTOPA COCTOSHUS JUHAMHYECKON
CHCTEMBbI, KOTJIa BO3MYIIICHHUS 33/IaHbl B BUJIE CHCTEMbI (DYHKIIUI ¢ HEN3BECTHBIMHU KO3()(HULIMCHTAMH.
B sToM cirydae 3a c4€T MCHONB30BaHUS HHPOPMAIIMK O TOM, YTO KO3(D(UITHEHTHI pa3okKEeHUs ABIA-
FOTCSI TIOCTOSIHHBIMH, OIIEHKAa BEKTOpa COCTOSIHUS MOJIydaeTcsl TOYHEe, YeM B CIIydae, KOrja BO3MYIIe-
HHE M3BECTHO C TOYHOCTBIO O MHOYKECTBA BO3MOJKHBIX 3HaueHuil. [IpuBeneH umcIeHHBIH npumep,
JIEeMOHCTpUpyroImuil paboty anropurma. Lenablo uccnegoBaHus sBIsieTCs pa3paboTKa METOJOB ra-
PaHTHUPOBAHHOT'O OIIEHUBAHUS COCTOSHUS, BO3MYILECHUN U momMeX. MeToabl uccaenoBanus. B padore
HCTIONI30BAINCH METOJIBI TEOPUH ONTUMH3ALNH, (DUIIBTPANK, IMHEHHOHN anreOppl, MakeT NpHUKIIal-
HbIX nporpaMmM MATLAB. Pesyabrarsl. Onucan MeToA rapaHTUPOBAHHOTO OLEHHBAHUS BEKTOpa
COCTOSTHHSI IMHAMHYECKOH CHUCTEMBI ¢ YUETOM JIONOJIHUTEIbHOW MH(OpMALMK O XapaKTepe BO3MY-
meHnid. OmucaH MeToJ| MOJMAAPaIbHOM ANNPOKCHMANMKM HH()OPMAaIMOHHBIX MHOKECTB, ITO3BO-
JSFOLIMI TTOJTy4aTh TapaHTUPOBAHHYIO OLIEHKY BEKTOPa COCTOSIHUSI, BEKTOPA BO3MYIIEHHI U ITOMEX,
a TaKke MHOXKECTBA IPOTHO30B, YTO MOXKET OBITh MCIIOJIB30BAHO IpU pa3paboTKe agalnTHBHBIX all-
TOPUTMOB OIIGHUBAHMS U ynpasieHus. Pa3paboTaH alropuT™M rapaHTHPOBAHHOTO OLICHUBAHMS BEK-
TOpa COCTOSIHUSI CUCTEMBI U KO3(p(UIIMEHTOB B pa3oKeHWH BO3MYILECHHUS IO CHCTEME 3aJaHHBIX
¢byukimii. 3akiarouenue. [IpuBeeH aaropuTM NONMAIPATBHON alNPOKCUMAMKA HHPOPMAIIMOHHBIX
MHOYKECTB, UHCIICHHBIN IPUMEP U aHATIU3 TOTYYEHHBIX OIICHOK.

Kniouesvie cnosa: capanmuposannoe oyeHuganue, noauIOPaIbHAas annpoKCUMayus, ungopma-
YUOHHOE MHOIICECMBO, IBONIOYUSL MHONCECHE OOCIUICUMOCTIU, OYEHKA B03MYWEHUL U NOMEX.

BBenenne
3ajaya OLECHUBAHUS COCTOSIHUS, BO3MYILICHUA U MOMEX BO3HHUKAECT B CUCTEMax YIpaBJICHUS JeTa-
TEeNBLHBIMH allllapaTaMy, B HaBUTAIIMOHHBIX CHCTEMax, B aBTOMATH3UPOBAHHBIX CHUCTEMaX YIPaBICHUS
TEXHOJIOTMUYECKUMHU MPOILECCaMy, B 3aJaue JUHAMUYECKUX U3MepeHuit u ap. [1-9].
JBrKeHrE AMHAMUYECKOU CUCTEMBI OMKCHIBAETCS IMHEWHBIM Pa3HOCTHBIM YPaBHEHHUEM
X = Ax, +I'w, + Buy,
Vi =Gxp +Hvyy, k=0,1,..., N1,

TAC Xy, Wiy Vi s Vi s Uy — BCKTOPBI COCTOAHUS CHUCTCMbI, BOSMYIICHMA, U3MCPCHUS, OIINOO0K H3MepeHHfI

(M

Ha k-M mare cooTBeTcTBeHHO; 4,1 ,B,G , H — U3BECTHBIC MATPHIIHL.
B kaxxaplil MOMEHT BpEMEHH IIPOHU3BOAUTCS M3MEPEHHE BEKTOpA COCTOSHHA ) , IO PE3yNbTaTaM

KOTOpPOIro OCYWECCTBIACTCA OLNCHHBAHNUC BCKTOPA COCTOSAHMUSA X, , @ 3aTCM BBIYHMCIIACTCA BCJIMYHMHA TCP-

MHUHAJIBHOI'O YIIpAaBJICHHUA U, IIO PE3yJIbTaTaM OLICHUBAHUA M B COOTBCTCTBUM C 3aJaHHBIM KPHUTCPHUCM.
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[Tpu 3TOoM (HyHKIMOHMPOBAHHE TWHAMHYECKUX CHUCTEM MPOU3BOJIUTCS B YCIOBHIX HEMOIHOTHI HH(MOP-
MalliH, CBSI3aHHOM C OTCYTCTBHEM MH(GOpPMAIIMU O BHEITHUX BO3MYILECHHUSX W MOMEXax U3MEpEHHI, He-
TOYHOCTBIO MOJIETN, HEMOJTHBIMU U3MEPEHUSAMU.

BeI160p anropuTMa OLICHMBAHUs 3aBUCHT OT XapaKTepa BO3SMYLICHUH W, M IOMEX V; B CHCTEME.
Jns onvcanus peasibHBIX IMPOLECCOB YACTO MPUMEHSIOT CTOXACTUUECKUE MOJIEH, KOI1a Ha4alIbHOE CO-
CTOSIHUE CUCTEMBI X, BO3MYILIEHUS W), U OIIMOKU U3MEPEHUH V, SBIIAIOTCA HOPMAJIbHO paclpeeaeH-

HBIMH B3aUMHO HEKOPPETUPOBAHHBIMH CIyYaWHBIMM BEIMYMHAMH. Toraa MIMpoKoe MpUMEHEHHE HAXO-
mut unbTp Kanmana [10-13]. OxHako At MHOTHX U3MEPUTEIBHBIX CUCTEM HEBO3MOXKHO MPOBECTH
0O0JBLIOE YUCIIO WCTIBITAHUH, TOITOMY CTaTUCTHYECKas MH(POPMAIIS MOKET OTCYTCTBOBAaTh HJIM OBITh
HEI0OCTOBEPHOH, MO3TOMY puMeHeHue ¢puibTpa Kanmmana MoxeT ObITh He 000CHOBAHO.

Ha npakrtuke Oomnplioe 3HaYeHHE UMEIOT 33Ja4d OLEHUBAHWUA M YNPABICHUSA AJS JUHAMHYECKUX
cucteM, (QyHKIMOHMPYIOIIMX B CTaTUCTHYECKH HeompenenéHHou cpeae [S5, 14, 15]. Hampumep, npu
yIpaBIIeHAH CaMOJIETOM IIPU IMOcaaKe TpeOyeTcs, YTOObI MPH JIFOOBIX JOMYCTHUMBIX BO3MYIICHUSIX Ca-
MOJIET HE BBIKATHJICS 332 KPOMKY IOJIOCHI, TO €CTh CAMOJIET HE JOJKEH OTKJIOHATHCA OT OCH B3JIETHO-
M0CaI04HON MOJOCH Oonee YeM Ha 3aJaHHyro BenuuuHy [3]. Kpome Toro, 3amaua rapanTHpOBaHHOTO
OIICHMBAHWSI BO3HUKAET NPH TMPHHATHH PEIICHUs O JOMyCKe K AKCIUTyaTaluu OecruiaTgopMeHHBIX
WHEPLUAIBHBIX HABUTAIIMOHHBIX CHCTEM IIPH CKauyKax MOTPEIIHOCTEN JaTYMKOB YIIIOBOH CKOPOCTH WIIN
aKceJIepoOMETPOB Ha BEJIMYHMHY, IPEBBIIAOIIYIO JOMYCTUMBIE BapHalliK YpoBHS mryma. ['apanTupoBaH-
HOE OIICHMBAHME TaKke TpeOyeTcs B 3afaye CHHTE3a YIPaBICHUS OCCIIMIOTHBIM JICTaTEbHBIM ammapa-
TOM TIpH COJIMKEHUH C MaHEBPUPYIOIIEH 1ebI0, KOria He00X0IUMO, YTOOB! JIeTaTeIbHbIN anmnapar 1mo-
naJjl B HEKOTOPYIO 33JaHHYI0 001aCTh OTHOCUTEJILHO MAHEBPUPYIOLIEH 1IETIH.

Toraa npenmonararoT, YTO BO3MYIIECHHS U TIOMEXH SBJISIOTCS HEM3BECTHBHIMH, HO MOTYT IPUHUMATD
MIPOM3BOJIBHBIE 3HAUYEHUS U3 HEKOTOPBIX 33JaHHBIX BBITYKJIBIX MHOKECTB!

xXoeXy, weeW, v.eV, k=0,1..,N. 2)

B sToM ciydae TpeOyeTcsl NOIy4YUTh OLEHKY B BHJE MH()OPMALUOHHOTO MHOXKECTBA X , B KOTO-

POM rapanTUpOBAHHO HAXOAUTCSI BEKTOP COCTOSHUA X € X k¥ B Ka)KI[LIﬁ MOMCHT BPEMCHH Ha OCHOBC MO-

JeN 00beKTa U U3MEPEHHH, T. €. IOCTPOUTh MHOXKECTBO BO3MOXKHBIX TpaecKTopuid oobekTa [14, 16, 17].
YeMm MeHbLIE MOTyyaeTcsl HHPOPMAIMOHHOE MHOKECTBO, TEM TOUYHEE HoIydaeTcs ounenka. I[loctpoenue
UHQOPMAIMOHHBIX MHOXKECTB BBITIOJHSETCS CIEAYIOMNM 00pa3zoM. CHavana BBIYUCISETCS MHOXKECTBO

IIPOrHO30B BEKTOpaA COCTOSAHUA X, CHCTCMBI 11O PE3ybTaTaM OLCHKHU Ha HNPCABIAYIIECM IIarce:
Xk+1/k=AXk+1l’ +Buk, k:0,1,...,N. (3)
HO pe3yHI)TaTaM H3MepeHI/I;[ yk+1 paCCT‘II/ITBIBaeTCﬂ MHOXECTBO COCTOﬂHHﬁ, COBMCCTUMBIX C U3MC-
peHneM

X[yk+1]:{xeR”\Gx+Hv:yk+1,veV}, ))

W 3aTe€M B pe3yJbTaTe MepeceyeHrsi MHOKECTBA POTHO30B M MHOXKECTBA, COBMECTUMOI'O C NU3MEPEHH-
eM, Noy4aeM HH()OPMaOHHOE MHOKECTBO

X1 = Xk O X gl k=0,1,.., N. (5)

Taxoli mogxon BKIOYAET B ceOs BBIMOIHEHNUE ONEPAaLii CyMMbI MHOXKECTB B CMbICIIe MHUHKOBCKO-
ro, JIMHEHHOro mpeoOpa3oBaHus W IepecedeHus: MHOXKecTB. OJHAaKO MOCTpOeHHE HWH(POPMALMOHHBIX
MHOECTB SIBJISICTCS BEIYMCIUTENBHO CI0KHOU 3a/1a4ei JUIsi CUCTEM OOJBIINX Pa3MEPHOCTEH.

PazpaboraHHbIe anTOpUTMBI TAPAaHTUPOBAHHOTO OIICHUBAHHS PA3INYAlOTCsl B 3aBHCUMOCTH OT CIO-
coba omMcaHHsT MHOXECTB M AJITOPUTMOB BBINOJNHEHMS OINEpaldil Haa MHOXecTBamH. B pabote
@.K. llIsenmne mpeanaraercsi cTpouTh MHYOPMAIIMOHHOE MHOXECTBO B BHJIE€ MHOTOMEPHOTO 3JIIMII-
comna [18]. Taxke 3a7aua IIUIICONIATIHLHOTO OIIEHHBaHMUs Oblia pa3Buta B padorax @.JI. UepHoychKo,
A.B. Kypxanckoro, I''M. bakana, H.H. CanpaukoBa u np. [19-22]. B manHbIx pa®oTax omucaHa aim-
NPOKCUMaLUs HHPOPMALMOHHBIX MHOXKECTB CBEPXY JUIMIICOMIAMH, OJHAKO B CBSA3U C 3TUM IPOUCXO-
JUT CHHYKEHHUE TOYHOCTH.

B pa6orax B.M. Kynnesuua, M.M. Jlpruaka, A.®. lllopukoBa npeanaraercsi UCHOJIb30BaTh JBOM-
HOE ONHCAaHWE MHOTOTPAHHUKOB HAOOPOM BEPILMH M YPaBHEHUSMH I'PaHEH, YTO MO3BOJISICT MOBBICHTH
TOYHOCTH OLICHUBAaHMS, HO TpeOyeT mpeoOpa3oBaHMs B KaXIbIi MOMEHT BPEMEHH MHO)KECTBA BEPILUH
BO MHOXKECTBO IrpaHell U Hao0opoT [9, 15].
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lodueunoea E.O., Lllupsiee B.H. rapaHnmupoeaHHoe oyeHueaHue cocmosiHusi QUHaMU4eCcKux cucmem,
eo3MyujeHull U Momex 8 ycJi08usix HerosIHoMbI UHghopMayuu

B nacrosmiee Bpemsi akTHBHO DPa3BHBAETCS MOAXOJ K ONUCAHMIO MH(OPMALMOHHBIX MHOXKECTB
MHOTOrpaHHUKaMH 3a1aHHO# opmel: B padorax E.K. Kocroycosoii, A. Vicino, G. Zappa npeanaraercs
OIMHCHIBATh MHOKECTBA Mapaienoronamu [23], B padorax T. Alamo, E.F. Camacho — 3o0HOTOMaMu [24].
JlaHHBII TOX0/ aHATOTHYHO SJUTUIICOUIAIEHOMY OLIEHWBAaHUIO OCHOBAH Ha allpOKCHUMAallUU pe3yibTa-
TOB OTEpaIfii CYMMBI U TIepecedeHns MHOKECTB MapauieJIOTONIaMy UM 30HOTONaMH, MTO3TOMY B ra-
PaHTHPOBAHHBIX OLIEHKAX MPUCYTCTBYIOT MOTEPH 3a CUET AlIIPOKCUMALIH.

B paborax A.B. JlotoBa, W.I'. IlocnienoBa [25] paccMOTpeHBI YHCIIEHHBIE aITOPUTMBI OCTPOCHUS
MHOXECTB JOCTHKUMOCTH JTMHEHHBIX TUHAMUYECKUX OOBEKTOB, KOTJa Ha HA4albHOE COCTOSIHHE U BO3-
MYyIIEHHE HaJI0XEeHbl OrPaHUYEHHUS B BHJI€ MHOTOI'PAaHHHUKOB, OMMCAHHBIX CHCTEMaMHM JIMHEHHBIX Hepa-
BeHCTB. [locTpoeHrne MHOXeCTBA JOCTHKHMOCTH CBOJWTCS K HAXOXKJCHUIO (DYHIAMEHTAIBHBIX pellie-
HUM CHCTEMBl HEPAaBEHCTB WM OPTOTOHAIBHOW MPOEKIMHM Ha OCHOBE METO/AA MCKIIOUEHHS HEU3BECT-
HbIX. JlaHHBI MeTox TpeOyeT OONBbIINX BBIYMCIMTENBHBIX 3aTPAT, YTO HE MO3BOJISIET MPUMEHSTH €T0 B
peanbHOM BpeMeHH. TeM He MeHee, UCTIONIb30BaHNe JIMHEHHBIX HEPAaBEHCTB U MHOXKECTB HauMHAET Ha-
XOJUTH OOJIbIIIeE PACIIPOCTPAaHEHHE B 3a/1a4ax YIpaBIeHUs TMHAMUYECKUMHU cructeMami [13, 26].

Takum 06pa3oM, IPOBEAEHHBINH 0030p METO/IOB TaPaHTHPOBAHHOTO OLIEHUBAHUS TIOKA3aJ, YTO NPH-
MEHEHHUE U3BECTHBIX alNPOKCUMANK HH)OPMALMOHHBIX MHOKECTB AJUIUIICOMAAMH, apajIeOTONIaMH,
30HOTONIAMHM MOKET NPUBOAUTH K MOTEPE TOYHOCTH OLEHOK. [lo3ToMy akTyanbHOW sIBIsIeTCA 3a1ada
rapaHTUPOBAHHOTO OLICHUBAHMS HA OCHOBE alIPOKCUMAIMK WH(POPMALUOHHBIX MHOYKECTB BBITYKJIBIMU
MHOTOTPaHHUKAMH, YTO TTO3BOJIUT MOBBICUTH TOYHOCTh OLIEHUBAHUSI.

MHple mOAXO0ABI K PEIICHUIO 3a/1auu OICHUBaHUS MpuBeAceHBI B [13, 27, 28]. PaboTta mpogomxaer
uccneaoBanus [29-35].

1. IlocTaHoBKa 3a1a4H
Jns auHaMU4ECKOM CUCTEMBI, JBHKEHUE KOTOPOM ONMCAHO JIMHEHHBIMU Pa3HOCTHBIMU YpaBHE-

HUAMU:
yk+1:ka+1+HVk+1’ k:(),l,...,N_l,

OrpaHMYCHHS Ha HAaYaJbHOE COCTOSHHE, BO3MYILEHHS M TIOMEXH 33JaHbl MHOTOTPaHHHKAMHU, OTHCAH-
HBIMH CHCTEMaMH JINHEHHBIX HEPaBEHCTB:

xg € Xg: A, xy<b,,

w,eW:A,w,<b,, (7)

viveV:i4Adv, <b,, k=0,1,.,N-1.

Cucrema (6) sBisieTcs HaOmomaeMoil U ynpasisieMold. TpeOyeTcss OCTPOUTh TapaHTHPOBAHHYIO
OLEHKY BEKTOPa COCTOSHHS X; B BUJE MHOTOIPAaHHMKA, TO €CThb MOCTPOUTH MHOTOIPaHHUK X , am-

HIPOKCUMHPYIOIUH HHYOPMALIMOHHOE MHOXKECTBO X :

)?ngk:{xAxkabxk}. (®)

2. MeTtoa mosmm3apaibHON annpoKCHMani HHPOPMAIMOHHOI0 MHOKECTBA
[lyctps B k-if MOMEHT BpeMeHH umeercsi L u3Mepenuit, L =1,...,k, To eCTb U3BECTHBI U3MEPECHUS

Vi—L»>-s Vi » @ BEKTOPBL Xp_s , ey Xgs Wiy_[seees Wy s Vi_[ 5o Vi SBJIAIOTCA HEM3BECTHBIMH. YIIPABIICHUS

Uj_p ..., Uy SBIAIOTCSA U3BECTHBIMU. Il0iIydnM cucTeMy JIMHEWHBIX YPaBHEHHH, ONUCHIBAIOIIYIO MOJAETb
CHUCTEMBbI Ha OKHE U3MepeHUil L :

xk = Axk_l + ka—l +Buk_1,

v, =Gx, +Hvy,
...... 9)
Xpp = AX_p o+ IWe_p + Buy_y
Vier, =Gx_p +Hvy
BecTHuk KOYpIY. Cepus «KomnbioTepHble TEXHONOMMM, yNpaBreHne, pagmoaneKTpoHUKay. 25
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3anuieM OrpaHHYeHHs] Ha BO3MYIICHHUA U MOMEXHU Ha MOCIENHHX [ Iarax B BUIE CHCTEMBI JIU-
HEHHBIX HEPaBEHCTB:

Axkaxk—L < bxka ’

Awwk—l S bw’

A,w,  <b,, (10)

AV g <b,.

Cucremsl (9) u (10) onuCHIBalOT COCTOSTHIE TMHAMUYECKOH CHCTEMbI HA HEKOTOPOM MHTEpBaJie Ha-

Omonenus [k —L; k | u ABIAIOTCA HEABHBIM 3aJJaHUEM HH(OPMAIIMOHHOTO MHOXKeCTBa X IS BEKTO-
pa X;, a TaKkKe COOTBETCTBYIOIINX allOCTEPUOPHBIX MHOXKECTB Bo3MyIleHui W, | u nomex V) . UtoObl

TIOJIyYUTh, HAIIPUMED, OLICHKY BEKTOPA COCTOSHHSA X, , Hy’KHO pemnTh cuctemsl (9), (10) oTHOCHTENBHO
JAaHHOW TepeMeHHOM. I1OoCKONBbKY MeTOmbl CBEPTKH SBISIFOTCS BBIUMCIHUTEIBHO CIOXHBIMHU, OyIeM
CTPOHUTH ANPOKCUMAIIMIO WH(POPMAIIMOHHOIO MHOXKECTBA. ByJneM CTpOUTH SBHOE MpEACTaBICHHUE all-
IPOKCUMHPYIOIETO MHOIOTPaHHUKA X; B BHJE CUCTEMBI JIMHEHHBIX HEPABEHCTB OTHOCUTEJBHO Iepe-

MEHHOH X, ,T.€. X, Cc X, = {x | A, x<b, } . Tpebyetcs 3anaTh HAOOP BEKTOPOB HOPMANIEH a; K rpaHsiM
annpOKCHMHUPYIOIIEr0 MHOTOIPAaHHNKA X , Iie @; — [~ CTPOKA MaTpuipl A, . JUisd BEIMUCICHHS 3HA-

YCHHUU YJICHA bxk Tpe6yeTc;1 peHInTh psAA 3a4a4 JTUHCUHOI'O IPpOrpaMMHpPOBAHUA

x,i =arg max(ai,xk> mipu orpanmueHusX (9) u (10), (11)
Xk

rac <al-,xk> — CKaJIIpHOC NPOMU3BCACHUEC BCKTOPOB, TOr'1a -5 KOOpAnHAaTa BEKTOpa bxk paBHa

. *
by (D =(a;,x7). (12)
HpH HCIOJIF30BAHNU NAHHOI'O I1OJXO0a HE TpeGyeTc;I BBITIOJIHEHUE onepaum‘/i HaJa MHOXXECTBaMU,
a ¢opMy MHOTOTpaHHHKa MOXHO 3aJlaTh Jr00y10. BeIOMpaTh HampaBiieHHs allPOKCUMAIIMU CIIEAYET B
COOTBCTCTBUH C Tpe6OBaHI/I$IMI/I 3a1avu. HaanMep, JUIA Ba2KHOT'O HAa MPAKTHUKE CIIyYasi, KOrjaa Tpe6yeTC$I
BBIYHMCIIUTE JMAAa30H BO3MOXKHBIX 3HAYEHHWH I10 KaKIA0M M3 KOOPJMHAT BEKTOpA X , allIIPOKCUMHUPYIO-

. . T
I11ee MHOKECTBO MPECTABIIECT COOOW MapasuleNienuIe]] 1 MaTpHIla BEKTOPOB-HOpMaJei Axk = [[ -1 ] .

Uem Onmmke K UCTUHHOMY MH(DOPMAIIMOHHOMY MHOXKECTBY 3a/1aHa OpMa ammpoKCUMHPYIOIIET0 MHO-
rOrpaHHHKa, TeM 0ojee TOYHOH OyneT moilydyeHa anmpoKCHMAlWs W MeHble OyJeT HaKaruliBaThCs
omnOKa OLECHUBAHUSL.

BaxxHoit 0cOOEHHOCTBIO OMMCAHHOTO TOAX0/a SBISETCS BO3MOXKHOCTh MOJTY4aTh HE TOJNBKO TapaH-
TUPOBAaHHBIE OLIEHKH BEKTOPA COCTOSIHUA, HO U MHOXKECTBA IPOTHO30B BEKTOPa COCTOSIHUS, TapaHTHPO-
BaHHbIE OLICHKH PEaTN30BaBIIMXCS BO3MYILEHUH U TIOMEX, ICHCTBYIOIIUX HA CUCTEMY, YTO MOXKET OBITh
B JaJIbHEHIIIEM MCIIOJIB30BAaHO ISl pa3paOOTKU aJanTHBHBIX arOPUTMOB OLICHUBAHUS U YIPABICHHUSA, A
TaKXe MPOTHO3UPOBAHUS COCTOSIHUSI 00BbekTa. KpoMe Toro, rapaHTUpOBaHHBIE OIIGHKHA MOTYT OBITh WC-
MOJIb30BAHBI U1 CHHTE3a YIPaBJIeHU, KOTa TpeOyeTcs ypaBisTh TPYOKOH TPaeKTOPH.

Bri0op mmpuHbl 0OkHa L Takxke BIMAET HA TOYHOCTH oleHKHU. Ho mpu yBenmueHnun L yBennuuBa-
eTcsl pa3Mep CHUCTeM JHHeWHbIX ypaBHeHHH (9) u HepaBeHcTB (10), a 3HAUMT, U BpeMs BBIUMCIICHHUS
oneHk. OnpenenuTs MPUEMIIEMYIO JUISI UMEIOIIMXCSl BBIUMCIUTEIBHBIX PECypCOB IIMPUHY OKHa L
MOYKHO Ha 3Talle MPOEKTUPOBAHUS CUCTEMBI YNPABICHUS UCXOIS U3 TPEOOBAaHHUI MO TOYHOCTU OLCHH-
BaHUSA U allpHOPHO 3aJaHHbIX MHOXeCTB (7) X, W, V.

3. Yder oco0eHHOCTH MoJesIeil ponecca B 3aja4e rapAHTHPOBAHHOI0 OLlCHNBAHNS
B onmcannom moaAxoae€ OU€HKa BEKTOpa COCTOAHUA CTPOUTCA AJI1 BCEX BO3MOKHBIX 3HaYECHHUI BO3-
MYIIEHUN ¥ IOMEX U3 33JJaHHBIX BBITYKJIBIX MHOXKECTB. [[JI MOBBIIIEHUS] TOUHOCTH U CKOPOCTH OLICHH-
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BaHUsI HEOOXOIMMO YUHTHIBATH OCOOCHHOCTH MOJAEIH BO3MYILICHUH U OMEX, KOTOPbIE MOTYT OBITH H3-
BECTHBI B KOHKPETHBIX MPAaKTHUECKUX 3aaadax [8, 27, 32]. Hanpumep, MOryT OBITh 3a4aHBl IOKOOPIH-
HaTHBIE OTPAaHUYEHUS Ha CKOPOCTh U3MEHEHH BO3MYILEHUH 1 momex [27]:

W () —w (0| <8,G), i=1,.im,,
Vea (D =ve(D|£8,(), j=L.usny,

rae O,,, O, — 3aJaHHble BeTHUIUHbL; W (i), Vv, (j) — i-f, j-1 KOOPJUHATBI BEKTOPOB W , V .

(13)

B HCKOTOPBIX CilIydadX A1 OCPCAHCHHBIX 3HAYCHUN BOBMYH_ICHI/Iﬁ " IOMEX IO KOOpAWHATAM BbI-
TTOJIHAKOTCA YCJIOBHA:

1y o 1Y L
ﬁzwk(l) <g, (), i=1,..,n,, szk(]) <e,()), j=L...n,, (14)
j=1 j=1

rae €,,, €, —3aJaHHbIC BCJIUYNHBI.

v

Kpome Toro, Bo3MyIlleHHS U MTOMEXH MOTYT OBITh MPEJCTABICHBI B BUJIE JIMHEHHOW KOMOWHAIINN
3aJaHHBIX (YHKUMH C HEW3BECTHBIMU MapaMeTpamu. Hampumep, IVIOTHOCTH BO3AyXa, TEMIIEPATypy
BO3/yXa, COCTABJISIOLINE CKOPOCTH BETpa MPEACTABIISIIOT B BUAE ONPEAeIEHHON TMHEHHONH KOMOMHAIINH
HEKOPPEJIMPOBAHHBIX CITyYalHBIX BETMYMH [CM., Harpumep, 8]:

m /
W = Zaiq’ik’ Vi = ZBiWik’ (15)
i=l1 i=1

rae o;, B; — HeM3BeCTHbIE IIOCTOSTHHBIE KOI(P(UIMEHTBI, KOTOPbIe HEOOXOUMO BBIUHCIIATH B PEabHOM
BPEMEHHU I10 Pe3ylIbTaTaM U3MepeHuit v, , k=1,2,....

Ycenosus (13)—(15) sBAsIFOTCS TMHEWHBIME U MOTYT OBITh BKIIFOUEHBI B cucteMsl (9), (10) mist mo-
nmydeHus 0oJiee TOUHOHM OIICHKU BEKTOPA COCTOSTHHUSL.

4. Ilpumep

HyCTL B CUCTEMCE (1) MaTpulbl UMCHOT CIICAYIONINC 3HAUCHUA:
0,9976 0,0464 0,1189 3

A_ N F: 10 N G=12><2’ H:IZ><2

1-0,0928 10,8584 4,639

MHoxecTBa BO3MOXKHBIX 3HAUEHHH HAYaJbHOTO COCTOSHMS, BO3MYIICHUHN U MOMEX SIBJISIFOTCS MHO-
royrojabHUKaMu (puc. 1):

1 0 0,00075 1 0 0,000145
0 1 0,03 1 1,5 0 1 0,0228
XpeXy: Xy < , W, eW: wy, < , e €V e S
-1 0 0,00075 -1 1,5 -1 0 0,000145
0 -1 0,03 0 -1 0,0228
a) X, 6) W B) V
Puc. 1. MHoxecTBa orpaHuyenun X,, W,V
Fig. 1. Restriction sets X, W, V
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HYCTB I peajindaiuu ponecca Kpome I/IH(l)OpMaI_II/IPI 0 MHOXECTBE BO3MOXKHBIX 3HAUCHHM BO3-

MyILeHUH W, € W U3BeCTeH BU Pa3I0:KeHHs BO3MYLIEHH 10 cucteMe GyHKIMH (puc. 2):

w, =a sin(n—k)+a cos(n—kJ
k 1 6 2 6 )

(16)

rae o, O, — HEM3BECTHbIE NOCTOSIHHBIE KOd(duuuenTsl. B nanHom npumepe koddduimenTsr 6pu11

MIPUHATHI paBHBIMU 1.

e mmemm e ———-

menuit W (puc. 3);
2) Korja 3a7aH BU Pa3IOKEHUs BO3MYIIEHUS (puc. 4).
AnmnpokcuMalysi HHGOPMAIMOHHOTO MHOKECTBA IOJIyYeHa B BUJC MPSMOYTOJIBHUKA, TO €CTh BbI-

i
12

HOHy‘leHH rapaHTupOBaHHBIC OLCHKHU BCKTOPA COCTOSHUA X; IJISL ABYX CIIy4acB:

20

Puc. 2. BosmyweHua w;, (NyHKTUp — BO3-
MyLIEeHMA W, , CNAOWHAasA NIMHNA — BEPXHAA
M HWXXHAA rpaHuLbl MHOXecTBa W)

Fig. 2. Disturbances w, (dashed line de-
notes disturbances w, , solid line denotes

upper and lower borders of the set W)

1) Koraga Moaciib BOSMyIlIeHI/Iﬁ HEU3BCCTHA, HO M3BCCTHO TOJIBKO MHOXXCCTBO BO3MOXXHBIX BO3MY-

YHUCJICHBI AUaIa30Hbl BO3MOXKHBIX 3HAYCHUH 110 HCpBOfI nu BTOpOﬁ KOoOpAauHaTaM BCKTOpa COCTOSAHUS X

(cm. puc. 3, 4).

*ea

Puc. 3. Pesynbtatbl rapaHTMpOBaHHOro
OLleHMBaHUA B criyyae, Korgaa W3BeCTHO
TONbKO MHOXECTBO BO3MOXHbIX BO3Mylle-
HUA W (NyHKTMP — WCTUHHOE 3HayeHue
BeKTOpa COCTOSIHAA, CNJIOWHAA JWHUA —
rpaHMuUa MHOXEeCTBEHHbIX OLIeHOK)
Fig. 3. Set-valued estimates when only
the set of disturbance possible values W is
available (dashed line denotes the real value
of state vector, solid line shows the borders
of set-valued estimates)

28
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Puc. 4. Pe3synbTaTbl rapaHTUpOBaHHOro
OULEeHUMBaHUA B clny4vae, Korga u3BecCTeH

BUA Pa3NOXeHUA BO3MYLUEHUN w; (NyHK-

TUP — WCTUHHOE 3HavyeHMe BeKTopa Cco-
CTOAAHMA, CnNnowHaAa JWHUA — TrpaHuua
MHOXX€CTBEHHbIX OL€HOK)

Fig. 4. Set-valued estimates when the dis-

turbance w, decomposition model is known

(dashed line denotes the real value of state
vector, solid line shows the borders of set-
valued estimates)

BerauciuTenpHblil 3KCIEPUMEHT MOKa3all, YTO IPH 3aJaHHOM BHUIE PA3JIOKEHHS BO3MYILICHUS W
no cucreMe GyHKIUI TpyOKka BO3MOXKHBIX 3HAYECHHUI TIEPBOW M BTOPOH KOOPAWHAT BEKTOPA COCTOSHHS
noiyumiack yxxe. Hampumep, Anana3zoH BO3MOXKHBIX 3HaUeHH Ha 1mare k& =20 1o nepBoil KoopAuHATE
noydwics B 2,8 paza MeHBIIE, a Mo BTOpoil — B 15,8 pa3a meHbIne, 4eM B CiIydae, KOTrla U3BECTHO
TOJIBKO MHOKECTBO BO3MOKHBIX 3HAYEHUI BO3MYILECHUI.

OnucaHHBI METO MOMMAAPAIBHON ANMPOKCHMALMK MO3BOJISIET MOIYYUTh OLEHKU K03 duuuen-
TOB B paznoxeHu (16) (puc. 5). Ilocne mara &k =20 onenka KO3QPHUINEHTOB YK€ HE yJIy4llanack, 1o-
3TOMY Jlajiee MOXKHO HE TPATUTh BHIYHUCIIUTENHLHBIE PECYPCHI HAa BEIYMCIICHHE KOI(DOUIIEHTOB U HCIOIb-
30BaTh MOIYYECHHYIO OLIEHKY.

15

oo foo ]

[ACY) I A S ——

-
Il R

5 Puc. 5. Peaynbtatbl oueHku koadduumeH-
5 TOB B pa3fioXXeHUN BO3MYLUEHUIN (NYHKTUP —
e UCTUHHOEe  3HayeHuWe  KoadcpuumneHTOB,
; CNIIOLIHAsA JIMHUSA — FPaHNLa OLIeHOK)

: Fig. 5. Disturbance decomposition coef-
5 ficients estimates (dashed line denotes
|

!

05f-----

the real value of the coefficients, solid line
shows the borders of set-valued estimates)

[ACY) A A ——
A

3akiouenne

[IpuBeneHO MOCTpOCHHE AaNMPOKCUMAIIMH WH(HOPMAITIOHHOTO MHOYKECTBA CBEPXY MHOTOTPaHHUKOM
JI10001 (JOpMBI Ha OCHOBE ONMUCAHUS HHPOPMAIIMOHHOTO MHOYKECTBA CHCTEMaMH JINHEHHBIX HEPAaBEHCTB
Y YPaBHECHUH. ANIIPOKCUMAIINIO0 MOKHO CTPOUTH C Pa3jIMYHON TOYHOCTHIO Oarojaps yBEJIUUCHHUIO OK-
Ha HaOJIIOJICHUHM M YYETy JOMOJIHUTEIBHON MH(pOPMAIMK O BO3MYIICHUAX M IOMEXax. AJITOPUTM all-
MPOKCUMAIMU CBOAUTCS K PEIICHUIO 3a7a4 JUHEHHOro nporpaMMupoBanust. [loaTromy BaskHOU ocTaeTcst
3a/a4ya pa3padoTKu YPPEKTUBHBIX YUCICHHBIX METOJOB PEIISHHS 3a/la4d JTMHEHHOTO MPOTrpaMMHUpPOBa-
HUS C UCTIOJIb30BAaHUEM HEHPOHHBIX CETEH U MapajlieIbHOTO IporpaMMHpOBaHus. Pa3paboTaHHbIHM MOA-
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XOJ] IO3BOJIIET CTPOUTH FAPAHTUPOBAHHBIE OLICHKH MHOKECTBA IMPOTHO30B, YTO OCOOCHHO aKTyallbHO B
3aJaue TePMUHAIBHOTO YIPABJICHUSI, & TAK)Ke OIICHKHA BO3MYIICHUI M ITIOMEX, YTO MOXET OBITh UCIIOIb-
30BaHO /I pa3paboTKH aJalTHBHBIX alTOPUTMOB OLCHUBAHUS U YIIPABICHUSI.

Pabora BbinosiHeHa npu noaaep:kke PO®U (nmpoekt 20-41-740022).
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DYNAMIC SYSTEMS STATE, DISTURBANCES
AND NOISES SET-VALUED ESTIMATION
UNDER CONDITIONS OF INCOMPLETE INFORMATION

E.O. Podivilova, podivilovaeco@susu.ru,
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South Ural State University, Chelyabinsk, Russian Federation

The paper considers the problem of set-valued dynamic systems state estimation under condi-
tions of uncertainty, when the sets of disturbances and noises possible values are known and statisti-
cal information about them is absent or cannot be obtained. An algorithm for feasible set polyhedral
approximation is described, when the sets of possible values of disturbances and noises are
polyhedra. The algorithm is based on the implicit description of the information set with linear equa-
tions and inequalities systems and solving a number of linear programming problems. Methods for
increasing the estimation accuracy by taking into account additional information about disturbances
and noises models are considered. Set-valued estimation of the dynamical system state vector is de-
scribed when the disturbances are given as a system of functions with unknown coefficients. In this
case, due to the use of information that the coefficients are constant, the dynamic system state esti-
mates are more accurate than in the case when the disturbances are known up to a set of possible
values. A numerical example is presented to demonstrate the algorithm performance. Aim. The aim
of the research is to develop dynamic system state, disturbance and noises set-valued estimation al-
gorithms. Research methods. Methods of optimization theory, filtering, linear algebra, MATLAB
software package were used in the work. Results. Dynamic system state estimation algorithm was
described. The algorithm takes into account additional information about disturbances and noises
models. A method of feasible set polyhedral approximation is described, which makes it possible to
obtain a set-valued estimate of a state vector, a vector of disturbances and noises, and an evolution of
reachable sets. It can be used in the adaptive estimation and control algorithms development. The al-
gorithm for set-valued estimation of the system state vector and coefficients in the disturbance
decomposition as a system of given functions is developed. Conclusion. An algorithm for feasible
set polyhedral approximation was described.The numerical example was performed and the analysis
of the estimateswas presented.

Keywords: set-valued estimation, polyhedral approximation, feasible set, evolution of reachable
sets, disturbances and noisesestimation.
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AINNTOPUTMbI BEKTOPHOI'O YINPABJIEHUA
AJNIEKTPOMEXAHUYECKOI'O AEBAJIAHCHOIO BUBPOMOAYIIA
BE3 NPEOABAPUTEJIbHOIMO HAMArHUW4YNBAHUA
ACUHXPOHHOI'O ABUT'ATENA

.M. Cumakoe, B.B. Tonoeckuu, N.A. UnbeHkos
Hoeocubupckuli 2ocydapcmeeHHbIl mexHu4eckul yHusepcumem, 2. Hoeocubupck, Poccus

C pa3BUTHEM JNIEKTPOHHBIX CHUCTEM YIPABICHUE PA3IHUUYHBIMU JIIEKTPOABHUIATEISIMU ACHH-
XPOHHOTO TUIIA CTAHOBUTCS Bce Oosiee A eKTUBHBIM U TOYHBIM. Takue ABUraTeIN UCIOIb3YIOTCS B
MHpE MOBCEMECTHO, Pa3HOOOpa3ne 3a1ad, BBHITOJHAEMBIX TAKUMH MEXaHH3MaMHM, C KaXIbIM JHEM
pacreT, ¥ TOTpeOHOCTh B HUX He yMeHbIIaeTcs. B HacTosmee BpeMs BCE Ooblee pacipoCcTpaHeHHE
MOJTY4YaloT CHCTEMBI BJIEKTPOIPUBOAA MEPEMEHHOTO TOKa Ha 0a3e aCHHXPOHHOI'O JBUraTeis. JTO
00yCIIOBJICHO BBICOKOH Ha/JEXKHOCTBIO, IIPOCTOTOM KOHCTPYKLUH U OTHOCHTEIHHO Maloi CTOMMO-
CTBIO ACHHXPOHHBIX JIBUraTejel, a TaKKe CTPEMHUTEIbHBIM Pa3BUTHEM CHIIOBOM mpeoOpazoBaTellb-
HOW TEXHMKH, ITO3BOJIAIONICH CO3/aBaTh pa3IHMyHbIC BUIBI TOIYIPOBOIHUKOBEIX IIpeobpa3oBaTeneit
W HaJeKHBIX MCTOYHMKOB IHUTaHMSA. B OOJBIIMHCTBE CIy4aeB CHCTEMa BEKTOPHOTO YIIPaBICHHA
CTPOHTCS [UIA MPEABAPUTEIHHO HAMarHMUEHHOTO 3JIEKTPOINpHBoAa. B maHHON cTaThe paccMOTpeH
CHHTE3 CHCTEMBl BEKTOPHOTO YIPABJICHHUS ACHHXPOHHBIM JBHTaTelIieM 0e3 IpenBapUTEIbHOTO Ha-
MarHW4MBaHUs, a TAK)KE PACCMOTPEHBI aJTOPUTMBI BEKTOPHOTO YIPABICHHS JIEKTPOMEXaHHYECKO-
ro aebamaHcHOTO BUOpoMoayIrsi Oe3 mpeaBaputenbHoro HaMaranmunBanus AJIK3P. Heas uccaeno-
BaHMs. Pa3paboTaTh CTPYKTypy YIIPaBICHHS aCHHXPOHHBIM JIBUTaTeNleM 1e0amaHCHOTO BHOPOMO-
Iyns. BBectu 3BeHO JeneHus B CTPYKTYypy ympasineHHs. CHHTE3UpOBaTh PEryNATOpP CKOPOCTH, MO-
TOKOCIICTIEHUSI POTOpa M JBYX COCTaBJISIONINX Toka craTtopa. CkommneHcupoBaTh neictue DJIC B
KaHaJlax IOIEePEeYHON 1 Ipo0bHOH ocu. OOecreunTh B CHCTEME YIPaBICHUS BO3MOXXHOCTh peBep-
ca JIEKTPUYECKOH MalluHBI. Peann3oBaTe MOJENHPOBAHHE MOJYYCHHONH CHCTEMBI U MPOBECTH HC-
ClIeJOBaHUE MOIYYEHHBIX PE3yIbTaTOB, IOIY4YHUB AUHAMUYECKHE XapakTepucTuki. Meroasl. Cuctema
BEKTOPHOTO YIPABJICHUS CTPOUTCS B BUJIE KaHAIa CTAOMIU3alMN MOAYJIS TIOTOKOCIEIIIIEHUS pOTOpa U
KaHaJa yIpaBJIeHUs. CKOPOCTBIO BpalleHus: potopa. s JOCTIKEHUsT HEOOXO0IMMOTO pe3yibTaTa BBe-
JIeM HeJIMHEHHBIH PerymisaTop THIA 3BEHA JICJICHUS B CTPYKTYPY YHpPaBIEHHA. DTO MO3BOJIUT Ipeodpa-
30BaTh HEIMHEIHYIO CTPYKTypy B JHHeHHy0. CxoMmneHcupyeM aeiicteue DJIC B kaHanax momeped-
HOI ¥ npo0bHOM ocH. Peann3oBaB MoieMpoOBaHuE MOJIYYEHHON CUCTEMBI, IPOBEAEM HCCIIEI0BaHNE
MOJYYEHHBIX PE3ybTaToOB, HMOIYYHB TUHAMHYECKHE XapakTepucTuku. PesyabTarbl. CTpyKTypHOE
MoJienupoBaHue OyneT nposeneHo B nmporpaMMHoM makere MATLAB/Simulink. B nensix cpasan-
TEJNBbHOM OIICHKH Pe3yJIbTaTOB CHHTE3a CHCTEMBI YIIPABIICHHS C PETYIATOPOM MOMEHTa B BHJIE 3BEHA
neneHust OyJaeT Takke CHHTE3MpOBaHa CHCTEMa MOJYMHEHHOTO peryjnpoBaHus, oOnagaromnas aHa-
JIOTHYHBIMU MTapaMeTpaMH CHJIOBOI yacTH. 3akJ/roueHne. BiOop B KauecTBe BBIXOAHOM KOOpIUHA-
Thl MOMEHTA ABUTraTels MO3BONAET CYHIECTBEHHO YNPOCTHUTh MAaTEMATUYECKYI0 MOJENb aCHHXPOH-
Horo nBurarens. Kpome oco6eHHOCTEl MaTeMaTHYECKONH MOJIEIH aCHHXPOHHOTO 3JIEKTPOIBUraTeNs
B Hacrosmiel padore TpeOyeTcs ydUThIBaTH OCOOEHHOCTH BHOPOMOAYIS Kak Harpy3ku. B maHHOM
ClIydae MOXKHO BBLACIHTH JBE IVIABHBIE OCOOCHHOCTH — OOJBIION MOMEHT WHEPIIMH MaXOBBIX Macc
INEKTPONPUBOJA, & TAKKE CHHYCOMJAIBHYIO 3aBUCHMOCTh MOMEHTA COIPOTHUBIICHHS OT yria MOBO-
poTa portopa.

Kniouesvie crnosa: acunxponnvlii dgucamens ¢ KopomkozamkHymolm pomopom (AAK3P), namae-
Huuueanue, cucmema nooyunennoz2o pecyanuposanus (CIIP), cucmema pez2ynupoeanus MomeHma
(CPM), nakem npoepammmnozo obecnewenuss MATLAB, ounamuueckue xapaxmepucmuxu, 371eKmpo-
osuacywas cuna (IC).

BBenenue

B HacTosiee Bpems 3JIeKTPOIPUBO/] C YACTOTHBIM ITPeo0pa3oBaTesieM U aCHHXPOHHBIM JIBUTATEIIEM
SIBJISIETCSI TJIABHBIM TUIIOM PETYIUPYEMOrO MPOMBIIUICHHOTO 3JEKTPONPUBOAA, CEPUUHO BBIITYCKAEMOTO
BEIYIUMH OTCUECTBEHHBIMU U 3apyO€KHBIMU 3JIEKTPOTEXHUUIESCKUMHU (HHUPMAaMHU.

IIpu MaTeMaTHYIECKOM OIMUCAHUN aCHHXPOHHOU MAITHHBI UCIOIB3YIOTCS OOIIETPHUHATHIC MOMyIIe-
HUA ¥ orpaHudeHws [1]:

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 35
2021.T. 21, Ne 1. C. 35-48



anaBneHMe B TeEXHUYECKNX CUcCTemMax

e MarHuTHas cucTeMa MalliHbI He HACHIIIICHA.

e [lorepu B cTanu OTCYTCTBYIOT.

o daznHpie 0OMOTKM MAIIMHBI CAMMETPUYHBI U cIBUHYTHI Ha 120° (1151 3-(hazHoN MaIluHBI).

e MarHuToIBMXKYIIHE CHUJIBI OOMOTOK M MAarHUTHBIE TOJI paclpeieieHbl BAOIb OKPYKHOCTH BO3-
JYLITHOTO 3a30pa [0 CHHYCOUAAIbHOMY 3aKOHY.

¢ BenmurHa BO3AyIIHOTO 3a30pa MOCTOSHHA.

e PoTOp MamlmHb CHMMETPUYEH.

o PeanpHast pacripesienieHHass OOMOTKA 3aMEeHEHa SKBUBAICHTHOM COCPEIOTOUSHHOM, CO3JAIOIIEH Ty
K€ MarHUTOJBIDKYIIYIO CHITY.

I'maBHBIMM KOMIIOHEHTaMHM aCMHXPOHHOTO JIEKTPOJABUIATENS SBISIOTCSA CTaTOP U POTOP, KOTOPBIE
OTJIEJNICHBI IPYT OT APYra BO3AYIIHBIM 3a30pOM. AKTHBHYIO paO0Ty B ABUraTesie BHIIOIHAIOT OOMOTKH U
CepaeUHuK potopa [2].

AJITOPUTM ABYXKAHAJIBLHOI0 YIIPABJIEHUS

[Ipu cuHTE3e cUCTeMBbl BEKTOPHOTO YIPABICHUS ACUHHXPOHHOIO 3JEKTPONPUBOAA OJHUM M3 KJlac-
CHUYECKHX METOJIOB, HAIIPUMEP, METOAOM MOAYNHEHHOTO PETyINPOBaHUs, yIIpaBiIeHHEe OyAeT OCyIIecT-
BIIITHCA TI0 ABYM KaHaJlaM: KaHaTy MOIMEPEYHON OCH M KaHay IpOJoJbHOM ocu. B manHOM cirydae He-
00X0MMO TIpeIBapUTEIIPHOE HAMarHWYMBAaHUE MAIIMHBI M MOCJIEIYyIOIIee yAepKaHUE MOTOKOCIIETIIe-
HUS pOTOPa HA HOMHUHAJIBHOM ypOBHeE [5].

JlaHHast CTpyKTypa IMO3BOIISIET OCYIIECTBIATh YIPaBIEHHE CKOPOCTHIO BpAICHHS JIe0aNaHCOB IO
JIByM KaHajaMm 0e3 IpeBapUTEIIEHOTO HaMarHnduBaHus. HeoOX0oquMBIM yCIIOBHEM JTHHEApU3allui SB-
JIIETCSI PABEHCTBO IMOCTOSIHHBIX BPEMEHH JIBYX KaHAJOB — KaHaJIa MOTOKOCIEIUICHHUS pOTOpa M KaHaja
MOTEPEYHOM COCTABIIAIONICH TOKA CTaTopa. 31eCh BO3HUKAET €Ille OJHA MpobiieMa — KOHTYPBI PeryJiu-
POBaHUS TIOTEPEYHON U MPOAOIHHON COCTABIISIFOIIEH TOKa CTATOpPa UMEIOT OJIMHAKOBOE OBICTPOMNEHCT-
BUE, TIOCKOJIbKY (DM3MUYECKU 3TO OAVH U TOT K€ KOHTYDP PEryJIHpOBaHUs TOKa craTopa. CKOMIIEHCHPOBaB
neiicteue DJIC B kaHaNaxX MOMEPEYHON U MPOJOIHHON OCH ITyTEM BBEJCHUS ITOJOKHUTEIHHBIX 0OpaTHBIX
CBS3€H 110 HUM, MOKHO pacCMaTpUBaTh KOHTYPBI TOKOB /,; U I, Kak He3aBUCHMBIE APYT OT japyra [13].

YrpasieHue dIeKTPOMarHUTHBIM MOMEHTOM JIBHUTATENS C MCIIOJIB30BAHUEM 3BEHA JCJICHUS TTPOUII-
JOCTPUPOBAHO Ha puc. 1.

314 » 1/k, W,

Tpgp+1
Usc
—» .
— 7re’
- 4>|>—0LU
A
vk | L <% L
| T ol P
m;P"’l

y-—@«

Puc. 1. [IByxkaHanbHoe ynpaBneHne 351eKTPOMarHMTHbIM MOMEHTOM
ACUHXPOHHOrO ABUraTens
Fig. 1. Dual control electromagnetic torque induction motor

Ha puc. 1 Ob11M IPUHATHI CIEAYIOMHe 0003HAUYCHUS:
Uy — BBIXOTHOU CUTHAJI PETYIATOPA CKOPOCTH;
Ky — TOTIONHUTENbHBIA YCUITUTENb;

U \’ff — HaNpPsDKEHUE 3a/1aHNs IOTOKOCLETUICHHs. POTOpa M TOKa [ ;
k; — k03¢ dunmeHT 00paTHOM CBSI3H MO TOKY CTaTOPa;

k,, —koddduurenT 0OpaTHOM CBA3M MO MOTOKOCUEIUIEHHIO POTOPA;
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T'rcy — IOCTOSIHHASA BPEMEHH KOHTYpa PETryIUPOBaHUS IOTOKOCLEIUICHUS POTOPaA;
T, — IOCTOSIHHAs BpPEMEHH KOHTYpa PEryJIMpOBaHHs COCTABIIAIOIIEH TOKa /,;
\/,. — IIOTOKOCIIEIIEHUE POTOPA;

1, — nonepeyHas (MOMEHTOOOpa3yromIas) COCTABIIAIOIIAs TOKA /,;
3

c= EP P>

Pp — YHCIIO TIap IIOJIFOCOB;

k. — K03 UIHEHT CBSA3M POTOPA;

M — 311eKTpOMarHUTHBII MOMEHT JABUTATENS.

Teopust

Komnencanus neiicteust 9JIC oCymIeCTBISETCS MyTEM BBEACHHUS MOJOKUTEIBHBIX O0OPATHBIX CBSI-
3€# [0 €€ COCTaBIISAIOIINM.

Bripaxxenue mst 9/1C B kanane ocu d:

dy
e, =w, I L —k —=, 1
d y*g-ce r dt ( )
e W,, — CKOPOCTb BPALICHHUS [IOJIsl POTOPa, pajy/c;

L, — 5KBUBAJIEHTHAs MHAYKTUBHOCTh paccesHus, I'n;
Beipaxxenue s 9J1C B kaHane ocu g:

€ = _W\u[dLGe - w\ukr\Vr ’ (2)

rae I; — npoaonbHas (HaMarHWYHMBAIOINAs) COCTABIIAIONIAs TOKa CTaTopa, A.

[TockonbKy B CTpYKType MPUCYTCTBYET 3BEHO JENEHUS, a TAKKE €CTECTBEHHOE MPOU3BEIEHUE TOKA
1, Ha IOTOKOCLEIUIEHHE POTOPa, TO BO3MOXKHOCTb PEBEPCA B TAKOM JIIEKTPOIPHUBOAE OTCYTCTBYET.
3TOT HEJJOCTATOK YCTPaHSETCS BBEJCHUEM B KaHAII TIPOJIONILHOM OCH, a TaKKe KaHall 00paTHOM CBS3HU 110
TOKy /, ompezenurenei moxysst [13].

C noMoILIbI0 CHHTE3a PEryIsATOPOB KOHTYp PErYIMPOBAaHUs TOKAa [/, HACTpauBaeTCs Ha YacTOTY

Qc;y - KoHtypsl perynnposanust Toka [, W IOTOKOCLEIUICHHsS. POTOPAa HACTPaMBAKOTCSA HA YacTOTY

Qpcr , Ha IOPANIOK MEHBLIYIO, YeM Q. ,; [10].

Lenbto cuHTE3a TaKoil CHCTEMBI YIIPABICHHUS SIEKTPOMEXaHUIECKOTO Ae0aJaHCHOTO BUOPOMOIY s
SIBIIIETCS] WILTIOCTPALIMSl OYE€BUIHOTO JIOCTOMHCTBA — HaMarHW4YMBaHue 3JekTpoasuratens [9]. B atom
Cllydae MEHbIIIe HOMHHAJIBFHOTO YPOBHS B yCTaHOBHBILEMCS pexkume. [loTokocuenenue potopa B ycTa-
HOBHBIIEMCSI peskuMe OyJIeT COBepIIaTh KOJIeOaHUsI BOKPYT CpPeHEr0 3HAYCHHUS, MEHBIIIETO 10 CpaBHE-
HUIO ¢ HOMHHAJIbHBIM, aMIUINTYAa KOJICOaHUH IpU STOM Takke OyAeT CyIECTBEHHO MEHBIIEC HOMH-
HaJIBHOT'O 3HA4YEHUs OTOKOCLEIUIeHus potopa [14, 15].

CTpyKTypHasi cxema 3JIeKTpOIpUBoa e0aTaHCHOTO BHOPOMO/IYJIS C IByXKaHAIBHBIM aJTOPUTMOM
yIpaBJieHHs [T0OKa3aHa Ha pHc. 2.

'm

Tp+1

k|4

a}|"'

Puc. 2. CTpykTypHas cxema 35eKTponpuBoAa cucTembl ynpaBrneHus ae6anaHcHoro subpomonyns
Fig 2. The structural diagram of the electric control system unbalance vibration module
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Ha puc. 2 6bputn puHATEI cleayromue 0003HauYeHHUS:

U | — HANPSDKCHUE 3a1aHUS CKOPOCTH;

U ¢ — BBIXOJHOH CUTHAJI PEryJATOPa NOTOKOCLEIITICHNUS;

Wye ( p) — mepenaTtouHas pyHKLHS PEryIaTopa CKOpOCTH;

Wee ( p) — mepenatovHasi QyHKIHS PEryiIsTopa MOTOKOCHETUICHUS pOTOPa;
KPT, — xoHTyp peryaupoBaHus TOKa I;

L,, — B3auMHas HHIYKTUBHOCTh OOMOTOK CTAaTOpa M POTOPA;

T — >KBUBAJICHTHAs IOCTOSIHHA BPEMEHH POTOPHOI Lieny;

KPT, — koHTyp peryimposanus Toka [, ;

k,, — ko3 dunneHT 06paTHOI CBA3U MO CKOPOCTH;

m — Macca aebajaHca;
g — YCKOpeHHe CBOOOTHOTO MaACHHUS;

r — DKCIICHTPUCHUTET Jec0aanca;
(¢ — yTJIOBOE TOJIOKEHHE JieOananca.

HOHOHHI/ITCHBHBII‘/'I YCUIIUTECIIb KM YCTaHAaBJIMBACT OAHO3HAYHOC COOTBETCTBUEC MCKIAY YPOBHAMU
curHana U - 1 3HaYCHUSMU 3JIEKTPOMArHUTHOTO MOMEHTa M. JIaHHBIH yCHIMTEIb PACCUUTHIBACTCS MO
¢bopmyne

Mmax
KM:T.kw.ki‘ (3)
sc ¢k,

CocTtaBUM MaTeMaTU4YECKOE OINMCAHUE CHUCTEMBbI YIIpaBJICHUA. BLIpa)KeHI/Ie IJIs1 CUTHaJIa 3aJaHus
TOKa [q U IIOTOKOCHCIVICHHUA /. !
USC
k1,

Ul =K, @)

Torz[a IIOTOKOCLCINICHUEC Y/, ONPCACIIACTCA TaK:
v, :U\’Lﬁlef 'WFCL (p), (5)
rae WFCL (p) — nepeaaroyHas (I)YHKHI/IH KOHTYpa pEeryJiMpoBaHrs IIOTOKOCHCIUICHHUS POTOpPA.

Tok [, ompeneinsieTcs aHAIOTHIHBIM 00pa3oM:
I, =Uy W, (p), (6)

rae Wey, (p) — mepenarounas $hyHKIHS KOHTYPA PEryIHPOBAHHS TOKa 1 g

3H€KTpOMaFHHTHBIﬁ MOMCHT ABUI'aTCIIA:

M=ck,-1,y,. (7)
Ecnmu npeHe6peqL HUHCPUHUOHHOCTBIO KOHTYpPA TOKa Id 10 CPABHCHHNIO C MHCPIIMOHHOCTHIO BHCIIIHC-

r0 MO OTHOUICHUIO K HEMY KOHTYpa NOTOKOCUEIUICHHUS, TO
. Ik
M=ck,-1,-K, 'EWFCL([)):M'USC #
ki-1, k; Trerp+1
Kpome ocobeHHocTel MaTeMaTHYeCKOW MOJAETH ACHHXPOHHOTO 3JIEKTPOABHUTraTeNs B HACTOSAIICH
pabote TpebyeTcsi yYUTHIBATE 0COOCHHOCTH BUOPOMOJIYJISl KaK Harpy3ku. B gaHHOM ciydae MOXKHO BBI-
JISATH JIBE€ TJIAaBHBIE 0COOEHHOCTH — OOJIBIION MOMEHT WHEPIMH MaXOBBIX MAacC DJIEKTPOIPHUBOJA, a
TaK)Xe€ CUHYCOMJIaJbHYIO 3aBUCUMOCTh MOMEHTA COIIPOTUBIICHUS OT yIJia TOBOPOTa pOTOpa.
[IpyMEHUMOCTh TaKOW CTPYKTYPBI YIIPABJICHHUS K 3JICKTPOMEXaHUYCCKUM JeOalaHCHBIM BHOpAToO-
paM MOKHO TIOKa3aTh C TIOMOIITBI0 KOMITBIOTEPHOTO MoAeTupoBanws [3, 4].
YpaBHEHUE ABIKEHUS 3JEKTPONPHUBOIA OYIET BEITISAACTh TaK:

®)
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do .
JzzzM—MczM—MTP—mgrsm(p. )

CyMMapHOe CHIIOBOE BO3JEHCTBHE CO CTOPOHBI JABYX IOJNYMOIYJel AeOalaHCHOro BHOpaTopa C
YYETOM MEPEMEHHOI0 XapaKkTepa CKOPOCTHU BpalleHHs Ae0alaHCOB UMEET CIEAYIOMINN BUI:

Fs =2mr(m2 coscp+6;—(;sin(pj. (10)

3,I[€CL MOXXHO BBIICIIUTDb ABE COCTABJIAIOIINC:

2
1) meHTpoOSKHBIC CHITBI MF®” COS P ;

do .
2) TaHTEHIMATIbHAS COCTABIISIOINIAS TOJIHOTO YCKOPEHHS AcbanaHca mr751n Q.
t

[lepenarounas pyHKUMS peryasTopa TOKa BRIOpaHa CIeAyIOMIeH:

T .p+1
Weea (P) =Koy —2—. (11)
CCy CCy Tcep

HeunsecTHpIM napamMeTpoM peryisropa sBiserca K., . Ilepenatounas GpyHKIMs 3aMKHYTOTO KOH-

Typa peryJupOBaHus TOKa [; C TAKUM PEYIATOPOM HUMEET BUJL

l/ k;
— 1
Wera (P)——T % (12)
cLdP+
rne Tepy = — DKBHUBAJICHTHAs IIOCTOSIHHAs BPEMEHH KOHTypa PEryJMpOoBaHMA TOKa [, , KOTOpas
CLd

ONPEIENIsAETCs UCXOAs U3 NPUHATON MOJIOCKI IPOITYCKaHus (-, ; KOHTypa PEryJaMpOBaHUS TOKA, KOTO-
pas OIpeNesIeTCs MCXOs U3 IPUHATOM MOJIOCH IPOITyCKAaHUS KOHTYPa PEryIupoBanus Toka. [l Toro
4TOOBI PAa3]CIUTh IBUKCHHS KOHTYPOB, IPHMHUMAEM, 4TO I10J10Ca MPOIMYCKaHUs KOHTYPa PEryanpoBa-
HUSL TOKAa (), JOKHA OBITh HAa NOPAJOK BBIIE, YEM 4YaCTOTa CEHCMUYECKOro curHana Q, T.e.
Qrrg 2(6...10)- Q2.

Torma MOXHO U3 BeIpaXKeHUS 11 1y,
RIT ce

Tepa=——7— (13)
chd Kfck'
onpenenuTh ko3 puiment nepenaun K, .,
RT
ed = 1" ce . (14)
TeraK 1ok;
Hepenarounas GyHKums peryistopa Toka /, BHIOMPACTCs aHANOTMYHBIM 00pPa3OM:
T..p+1
chd(p):chdG—‘ (15)
Tce
Torzxa nepenarounas GyHKUUs 3aMKHYTOTO KOHTYPA PETyIHPOBAHUs TOKA [, C TAKUM PETyISTO-
poM:
1k,
Wer (P)z—l, (16)
1 T Pt 1
rae Tey,p= — SKBHBAJICHTHAsI TIOCTOSIHHASI BPEMEHU KOHTYpa pEeryJIUpOBaHus Toka [, , KoTopas

Clq
ONPEJIEISACTCS UCXOMS M3 NPUHSATON MOJIOCH! NPONYCKAHUs KOHTYpa peryiaupoBaHus Toka Qe .. [
TOTO YTOOBI Pa3AeTUTh IBMKCHHUA KOHTYPOB, IPUHUMAEM CJeIyIollee:

Qe =Q,

TOrJJa U3 BbIPaXXCHUA CIICAYCT:

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 39
2021.T. 21, Ne 1. C. 35-48



anaBneHMe B TeEXHUYECKNX CUcCTemMax

Rchse
CLq =7 o .- (17)
chqucki
Onpeznenuts koodduument nepenaun K ., :
RT
ccq = _ 1oe (18)
TCLqucki
[lepenaTounas pyHKIMSA perysATopa MOTOKOCIEIICHHS POTOpa BRIOUPAETCS TaK:
T,p+1
WFC(p)ZKFcz—' (19)
hp

Torna nepenatounas GQyHKIUS 3aMKHYTOTO KOHTYpa PEeryJIUpOBaHUsI MOTOKOCIEIUICHHUS] pOoTOpa C
TaKUM PETYIISITOPOM:

1k
_ v
WCLq (p)_ T +1a (20)
FcLP
rae Tpep = — DKBUBAJICHTHAS MOCTOSIHHAS BPEMEHU KOHTYpa PETYJIMPOBAHUs MOTOKOCLEIUICHMUS,
FCL

KOTOpasi OIpeJieNsieTcss NCXO0As U3 MPUHATOM IOJO0CHl NPOIyCKaHU KOHTYpa PeryaupoBaHUs MOTOKOC-
uemnenust Qpcy . Viexons 3 cunresa, npuaumaeM Qg =Qc, =Q.

Toraa MoHO U3 BeIpakeHUS 1t Ty
__ kD
FCL KpcL,k,
onpenenuth kodpduunent nepenaun K o
__ kD
Trer Lok,

[TockonbKy npu peleHny NOCTaBICHHOH 3a1a4u He TpeOyeTcst o0ecreueHre acTaTu3Ma 1o CKOpo-
CTH, TO KOHTYP PETYJIUPOBAHHUSI CKOPOCTH MOKHO BBIOPATh MPONOPLHOHANBHBIM [2].

Ecmu npeneOpeyb MHEPIIMOHHOCTHIO BIOKEHHBIX KOHTYPOB 10 CPABHEHUIO C KOHTYPOM PEryIIHpPO-
BaHUsI CKOPOCTH, TO MIPUPABHUBAS JKEJIAEMYIO TIepeIaTOYHY 0 (PYHKIHIO K MepeaTouHON QyHKIUHA KOH-
Typa peryarupoBaHMs CKOPOCTH:

Wee( ).Ckr'KM.L. !
ST Tk, P 1k
Ko 1 1 TTopn @)
r- +
1+ W (p)- P M'ki'JP.k“’ scLP
. v Js

1

FC

MOJYYXM BBIPAKEHHUE VTS OTIPECIICHHS IepeIaTOYHON (YYHKINUN PEryasTopa CKOPOCTH

Js -k -k
_ _ My
WSC(p)_KSC_T Kok
scL "CRy By K
ITockonbKy MepeaTouHy0 (QYHKIHIO KOHTYpa PEryJUPOBAHUS MOTOKOCUCIUICHHUS MPUOIMIKECHHO
MO>XXHO HpeIICTaBI/ITB Cﬂejly}OHII/IM HepI/IOI[I/I‘IeCKI/IM 3BCHOM

Wscr (P) = l/k

v
Trepp+1 ’
TO MOKHO 3aKJIIOYHTh, YTO JIMHEAPH3AIMS MATEMAaTHUYECKOW MOJECIH aCHHXPOHHOTO ABUTaTens (Mpu
yCIOBUU pabOThI B Mpe/Ie/iaX OrpaHHYCHHI PETYISTOPOB, C MOMOIIBIO 3BEHA ICICHHS M AOMOTHUTEIh-
HOU OOpaTHOW CBSI3M TO TOKY [) sIBIsiETCS OCyliecTBUMOM. Kpome Toro, cucrema ympaBicHUS acHH-
XPOHHBIM 3JIEKTPONPUBOJIOM B 3TOM Cllydae He TpeOyeT MpeaBapUTEeIbHOTO HAMAarHUYUBAHUS SJICKTPH-
YECKOW MAIIUHBI U OTACIBHOTO YIPABICHUS MO KaHAy d. DJICKTPONPUBOJ, TPU OMHUCAHUU KOTOPOTO
HUMEETCs TOMYIIECHUE, YTO HACHIICHHE MarHUTHOW CHCTEMBI B HEM OTCYTCTBYET, HA3bIBA€TCS HEHACHI-
meHHsM. [IpemonokeHre Takoro AOMyIIEHUS, HAPUMEP TPH ONMMCAHWH JJICKTPOJIBUTATENS B BHJIE

(22)
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3aMeIIeHMs], TTO3BOJIIET MOIYYHUTh MTPOCThIe (DOPMYIIBI pacdeTa U CTPYKTYPHBIE CXEMBI JUIT MOJEIHPO-
BaHMUSI, HO, C APYTOM CTOPOHBI, MPU TAKOM YIPOLICHUU TOYHOCTh PACUETOB MOXKET OKa3aThCs HEAOCTa-
TOYHOH [6].

Haceimenue mposiBiasieT ce0sl TOJIbKO B M3MEHEHHH KO3(@HIIMeHTa, CBSI3bIBAIOICTO ITIaBHBIN Mar-
HUTHBIN MTOTOK (ITOJIE3HBI TIOTOK B 3230pe) ¢ HAMarHMYMBAKOIIUM TOKOM (TOKOM B HaMarHAYHBAIOIIEM
KOHTYPE CXEMbI 3aMEIICHHU ).

CTpyKTypHas cXeMa HACHIIICHHOTO aCHHXPOHHOTO SJICKTPOJBUTATENS MIPH OPUCHTAIIMA CUCTEMBI
KOOPJMHAT IO BEKTOPY MOTOKOCLEIUICHUS pOTopa MpeAcTaBieHa Ha puc. 3.CTpyKTypHas cxeMa CTPOUT-
Cs1 HA OCHOBAaHHMU YPAaBHEHUI:

DV =t =Ry i + @05 Wi PV =g — Ry - iig = @) W15

. R, iy
PVy =—Ry iy ®, -2 2 ;
\P)
. _Vig Vo . _WIB_WW!B.
ho = > hp = ;
Llcs Llcs

Wima =V2 = Log "lyes Wap = —Log "1op;

~lyy =l ~lngs —hp Thg ~lyps

. ;-1 . ;o\l )

Lo :(Lm) “Wing s lmB :(Lm) '\Vmﬁ’
3 .

M, :Epn ) '(_12[3)'

Ilo ypaBHEHUSM, OMMCAHHBIM BBIIIIE, TOIy4aeM CTPYKTYPHYIO CXE€MY aCHHXPOHHOTO JABHUTATeNs BO
BpaIlaoLIEIiCs CHCTEME KOOPAMHAT C YIETOM KpHBOM HaMaruuduBanus [13].

U

L'SC
-+ -”'s: (»)
I &) E }

K,
!

Puc. 3. CTpykTypHasa cxema HacbILEHHOro aCUHXPOHHOro ABUraTens
Npv OpueHTaLnmM BpaLlaloLencs CMCTeMbl KOOPAMHAT MO NOTOKOCLENIIEHUIO poTopa
Fig. 3. Structural scheme of a saturated induction motor with orientation
of the rotating coordinate system along the rotor flux linkage

PaCCMOTpeHHaH MOICIb AI[ MOXET HCIOJIB30BATLCA IJId OIMMMCAHHUA AWMHAMHUYCCKUX IPOLECCOB B
ACUHXPOHHOM JJICKTPOIIPUBOJC C YIIPABIICHUEM OT Hpeo6pa3OBaTen;1 YaCTOThEI BO BCEX THIIOBBIX PCIKU-
Max peryjavupoBaHUsA NCPEMCHHBIX. 3a cuer yuc€Ta NOTEpb B CTAJIM MOJCIIL MO3BOJIACT OCYILICCTBIIATH
TOYHBIN aHAIIN3 OHCPIreTUIYCCKUX XAPAKTCPUCTUK MTPUBOAA KAK B CTATUKEC, TAK U B TUHAMUKC.
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B nanHO# Monenu BXOAHBIME HapaMeTpaMU SIBIITIOTCS IPOSKIIMH BEKTOpA HAIMPSDKEHUS CTaTopa, a
BBIXOJIHBIMU — MAarHUTHBIN MTOTOK POTOPA, CKOPOCTh JABUTATENS, TPOEKIIMU TOKOB CTaTOpa, poTopa, Mpo-
eKIIUH TTOTOKOCIEIUICHHS CTaTopa, MOTOKOCIIEIUIEHHE POTOPa, TJIABHOE MOTOKOCIICTUIEHHE W POTOPHAS
yacrora [7,8].

Pe3ysbTaT MOe1upoBaHus

HcxomHpIMU TaHHBIMH 7151 TIPOSKTUPOBAHUSI CHCTEMBI YIIPABICHUSI AIEKTPOMEXaHHUYECKOTO Jieha-
JIAHCHOTO BHOpOMOIYJs ObUIM aMILIUTyAa BuOpoycunurens (A) ¥ dacrora BuOpoycmiutens (Q):
A=390000 H; Q =141 pan/c. Huxe npencTapieHsl napaMeTpbl CUCTEMBI YIPaBJICHUS, KOTOpPbIC HC-
MTOJIB30BAIMCH TIPH €€ CHHTE3€ U MOJAeIupoBanuu [13].

[TapameTpsl nebanaHCOB:

« DKCIIEHTpUCHTET jaebananca » = 0,2 M;

» Macca nebananca m = 500 xr.

[TapameTpsl BIOpaHHOr0 acuHXpoHHOTO AHrarens 4A280S10VY3:

« HOMHHAJIbHAs MOITHOCTh P, = 37 KBT;

« HOMUHAJIBbHOE (hazHOoe Hanpspkenue cratopa Uj, = 220 B;

» HOMUHAJIbHAsI CKOPOCTH BpauieHus 7, = 590 00/MuH;

e HOMUHAJIbHBIA MOMEHT Ha Baty nBuratens M, = 600 Hu;

e MAKCUMAJIBHBIA MOMEHT Ha Bally IBUTATENS M., = 1080 Hwm;

« HOMUHAJIBHBIN (pa3HbIl TOK /1, =79 A;

* YUCJIO ITap IIOJKOCOB P, = 3;

o K03 durenT cea3u potopa k. = 0,937;

 aKTUBHOE conpoTtuieHue ctatopa R; = 0,0835 Owm;

* DKBUBAJICHTHAs IIOCTOSIHHAs BpeMeHH cTaTtopHoi uenu 7, = 0,024 ¢;

* B3aUMHasl HHAYKLHUS 0OMOTOK cTatopa u poropa L,, = 0,0177 I'n;
« DKBHBAJICHTHAS NIOCTOSIHHASI BpeMeHu poTopHou nierm 7, = 0,2716 c;

« MOMEHT CHJIBI TPEHH B MOJIIUIHUKAX My, = 200 Hwm;

» MOMEHT UHEPLUH AIEKTPONPHUBOJIA, IPUBEACHHBIH K Bally a1eKkTpoasurarens Jy = 23,6 Kr- M

« K03()QHIMEHT Nepelayl 4acTOTHOTo nmpeodpasosareins K. = 31,1.

CTpyKTypHOE MOJenupoBanue 0110 mpoBeaeHo B nporpaMmmuoM nakete MATLAB/Simulink.

B nensix cpaBHUTENBHON OLIEHKH PE3YIbTaTOB CHHTE3a CHCTEMbI YIPABICHHS C PETYIATOPOM MO-
MeHTa B BuJe 3BeHa feneHus (CPM) Oblia Takke CHHTE3MpOBaHa CHCTEMa ITOJYMHEHHOTO PeryIupoBa-
aust (CIIP), obnanaromasi aHATOTHYHBIMU TTapamMeTpaMu cuiioBoi yactu. [11] Pesynprarel nudpoBoro
MOJIETUpPOBaHus (IpadMKH MEPEXOAHBIX MPOLECCOB CKOPOCTU JBHUIATENS, MOMEHTA, MOTOKOCIETIIICHHUS
pOTOpa U TOKa /,;) IPUBECHBI B CIIEAYIONIEM IIYHKTE JAHHOW HAYYHOU CTAThH.

HccaenoBanue cucTeMbl ¢ y4eTOM KPUBOl HAMarHH4UBaHHUSA

U3 crpaBo4HMKa 1O aCHHXPOHHBIM DJIEKTPOJBUTATENSIM W3BECTHHI TaOJIMYHbBIC JaHHBIC W3 CIpa-
BouHOTro Kartajora Komnsuiosa [12] mo uccrnegyemomy acuaxpoHHomy nsurarento 4A280S10Y3, o xo-
TOPBIM MIPOU3BOIEM MTOCTPOEHUE KpUBON HamarHuunBauus B cpeie MATLAB:

UMUTALOUOHHOE MOJEJIMPOBAHUE CUCTEM YIIPABJIEHUSA
JEBAJTAHCHBIX BUBPOMOJIYJIEHU

MojenupoBaHue ajirOpuTMOB YIPAaBICHHS MPOBOIWIOCH B mporpammHoM mnakere MATLAB/
Simulink.

WmurtanyonHas Mozenb 3JIEKTPONpUBOja AeOaJaHCHOTO BHUOPOMOXYJSl C ABYXKAHANBHBIM alro-
PUTMOM TIpeJCTaBlIeHa Ha puc. 4.

HmuranonHoe MoieTMpoBaHie pa3padOTaHHOW CUCTEMBbI OBLIO MPOBEACHO B IPOTPAMMHOM IaKe-
te MATLAB/Simulink, B pe3ynbpTare yero ObuUIM pacCUUTaHbl €€ JUHAMHUYECKHE XapaKTePUCTHKH. Pe-
3yJIbTaThl MOAEIUPOBAaHUS MpencTaBieHbl Ha puc. 5-9. Ilpeanonaraercs, 4To MUCHOIb30BAHUE NAHHOU
CTPYKTYPHBI YIPABJICHUsI TIO3BOJIUT CYIIECTBEHHO CHU3UTH TEIUIOBBIE MOTEPH HA HAMATHUYMBaHHE aCUH-
XPOHHOTO 3JICKTPOIPUBOJIA Jc0aIaHCHOTO BUOPOMOIYIIS 110 CPAaBHEHHIO C KIIACCHYECKHUMU CHCTEMaMH,
pa3paboTaHHBIMHU paHHEe.
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BrIBOADI

CTpyKTypHOE MOJICIMPOBAHHE MOCTPOCHHOW CHCTEMBI YNpaBJICHUS J1e0aJaHCHOTO BUOPOMOYJIS
ObLIO TpOBeIeHO B porpaMmmHoM nakere MATLAB/Simulink.

B nensix cpaBHUTENBHOM OLEHKH PE3YJIbTATOB CUHTE3a CUCTEMBbl YIPABICHUS C PETYIATOPOM MO-
MeHTa B BHJe 3BeHa feneHus (CPM) Oputa Takyke CHHTE3MpOBaHA CHCTEMA MOIYMHEHHOTO PEryIHpOBa-
Hus (CIIP), obGmanaromas aHaAIOTHYHBIMU IMapaMeTpaMyu CUJIOBOM dacTh. KOHTyp perynupoBaHms Ha-
MarHMYMBAIONIETO TOKa B 000MX CIydasx HacTpamBaeTcs Ha mosocy mpomyckanus f = 700 I'u, koHTyp
peryaupoBanus Toka [, B CPM 6b11 HacTpoeH Ha yactoTy 70 I'. Ilpu 3TOM yacToTHBINH mpeobpa3oBa-
TEeJb MPEACTABISIICSA O€3pIHEPIIUMOHHBIM 3BEHOM.

Jns uccnenoBanuil ObIIM MPOU3BEICHBI PACUETHI A1 ACUHXPOHHOTO 3JIEKTPOABUraTeNsl U PeryJis-
TOpOB. Pe3ynbraThl IU(GPOBOrO MOAEITUPOBAHUS, TPA(UKH MEPEXOIHBIX MPOIIECCOB CKOPOCTH JBHTATE-
JIs1, YIEKTPOMArHUTHOTO MOMEHTA, NMOTOKOCLEIUIEHUS] POTOpa U TOKA I; JUI CUCTEMBI C PETYJIATOPOM
MoMeHTa B Buje 3BeHa neneHus (CPM) u knaccuueckoii CIIP, obnanaromieli aHaOridHBIMA TTapaMeT-
paMu CHIJIOBOM YacTH, MOKa3aHbl Ha puc. 5—9. B 0o0enx cuctemax OCyIIeCTBISIOCH 3aJaHHE HA YaCTOTYy
celicMu4ecKoro curtana, papuyto 7 ['1. ITockonpKy crucTeMa MOJYMHEHHOTO PETYJIMPOBAHUS MpEIoa-
raeT NpeBapUTEIbHOE HAMarHWYMBAaHWE ACHHXPOHHOTO JBHTATElNls, TO B IENAX OoJiee HATJISTHOTO
MIPENICTaBICHUS PE3YyIbTATOB MOJCIMPOBAHUS ITYCK JBUTATENS B 3TOW CUCTeMe OBLT OCYIIECTBIICH Ha 3 ¢
Mo3Xe, 4eM B cucteme ¢ peryiastTopoM Momenta (CPM). Vder HachlllleHHS MarHUTHOM CHCTEMBI IpU
MOJIETTUPOBaHUH PabOThl ACHHXPOHHOT'O KOPOTKO3aMKHYTOT'O JBHTaTelsl MO3BOJISIET HA OJHY CEKYHIY
paHbLIE MONTYYUTh 3HAUYCHUS PACUETHOTO MOMEHTA XOJIOCTOr0 X0[a U CKOPOCTH BpallleHUs BaJjla IBUra-
TS, 4YEM B ClTydae, HE YUUTHIBAIOUIEM 3TO SIBJICHUE.
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VECTOR CONTROL ALGORITHMS FOR AN ELECTROMECHANICAL
UNBALANCE VIBRATION MODULE WITHOUT PRELIMINARY
MAGNETIZATION OF THE ASYNCHRONOUS MOTOR

G.M. Simakov, Simakov44_86@mail.ru,
V.V. Topovskiy, topovskij.2013@corp.nstu.ru,
LA. llyenkov, Igor_lljienkov@mail.ru

Novosibirsk State Technical University, Novosibirsk, Russian Federation

With the development of electronic systems, the control of various asynchronous type electric
motors is becoming more efficient and accurate. Such engines are used everywhere in the world,
the variety of tasks performed by such mechanisms is growing every day, and the need for them is
not decreasing. Nowadays, AC electric drive systems based on an asynchronous motor are becoming
more widespread. This is due to the high reliability, simple design and relatively low cost of induc-
tion motors, as well as the rapid development of power converter technology, which makes it pos-
sible to create various types of semiconductor converters and reliable power supplies. In most cases,
the vector control system is built for a pre-magnetized electric drive. This article discusses the syn-
thesis of a vector control system for an asynchronous motor without preliminary magnetization, and
also considers algorithms for vector control of an electromechanical unbalanced vibration module
without preliminary magnetization of the asynchronous motor. Aim. To develop a control structure
for an asynchronous motor of an unbalanced vibration module. Introduce a division link into
the management structure. Synthesize a speed controller, rotor flux linkage and two components of
the stator current. Compensate for the EMF action in the channels of the transverse and longitudinal
axis. Provide the control system with the ability to reverse the electric machine. Implement the simu-
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lation of the resulting system and conduct a study of the results obtained, having obtained dynamic
characteristics. Methods. The vector control system is constructed in the form of a stabilization
channel of the rotor flux linkage module and a channel for controlling the rotor rotation speed.
To achieve the desired result, we introduce a nonlinear regulator of the division link type into
the control structure. This will convert the nonlinear structure to linear. Let's compensate the EMF
action in the channels of the transverse and longitudinal axis. Having realized the simulation of
the obtained system, we will conduct a study of the results obtained, having obtained dynamic cha-
racteristics. Results. Structural modeling was carried out in the MATLAB/Simulink software package.
For the purpose of a comparative assessment of the synthesis results of a control system with
a torque regulator in the form of a division link, a subordinate control system will also be synthe-
sized, which has similar parameters of the power unit. Conclusion. The choice of the motor torque
as the output coordinate makes it possible to significantly simplify the mathematical model of the in-
duction motor. In addition to the features of the mathematical model of an asynchronous electric mo-
tor, in this work it is necessary to take into account the features of the vibration module as a load.
In this case, two main features can be distinguished — a large moment of inertia of the flywheel
masses of the electric drive, as well as a sinusoidal dependence of the moment of resistance on
the angle of rotation of the rotor.

Keywords: asynchronous squirrel-cage motor, magnetization, subordinate control system,
torque control system, software package MATLAB, dynamic characteristics, electromotive force
(EMF).
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CONDUCTING A SYNTHESIS OF A DIGITAL AUTOMATON
FOR AN AUTOMATED FIREFIGHTING SYSTEM

K.M. Volkova, ksenifire@bk.ru
State Fire Academy of EMERCOM of Russia, Moscow, Russian Federation

Every year the industry in the world is gaining momentum: the number of industrial enterprises
is growing, and with it the number of accidents at them. Oil today is the most common product for
the synthesis and production of products. Increasing the level of fire protection systems at oil refine-
ries remains one of the most important components of protecting people from technogenic hazards.
The speed of innovation allows the application of artificial intelligence in the creation of automated
fire protection systems. Research objective. This study is aimed at building a model of an auto-
mated integrated fire protection system (AISPPO).Through the synthesis of digital automata and
minimizing the control functions of the digital model is created a system of automated integrated
fire protection system. Materials and methods. To solve the problems of research used methods
of constructing graphical algorithms of automated integrated fire protection system. This system is
a new approach to solving the issue of safety of industrial facilities in the oil refining industry.
Results. The proposed new model of the software implementation of a digital automaton in an auto-
mated integrated system of fire detection and monitoring of an oil refinery has made it possible
to create a bank of calculated and analytical data on all potential types of failures in the structure of
the enterprise in order to train personnel and make changes to existing methodological documents
and instructions for personnel actions in a particular situation. Conclusion. The developed technolo-
gy allows you to process the incoming signal contained in cyclograms into an intermediate form for
the synthesis of digital automata using innovative tools.

Keywords: Mili automaton, digital automaton, graph, graph vertex, minimization of logic
function.

Introduction

The model of a digital automaton (CA) of an automated firefighting system with input and output
signals induces a one-to-one mapping of the set of commands in the input signals (the input command
mapping) into the set of commands in the output signals. In this article we consider the stages of solving
the problem of synthesizing automata by the mappings induced by them.

According to the developed algorithm (Fig. 1), when selecting the states, one should take into ac-
count such recommendations as:

— the correspondence of the set and the initial set;

— the choice of the next state is made according to the ascending order after each PROCESS block;

— before each DECISION block, after each line adjacency point, which indicates the transition di-
rection [1] .

Refinery accident and fire analysis
According to the developed functioning algorithm decided that the scheme of the CA model of

the automated fire suppression system (AFS) will include 14 a, a;, a,, ..., a3 states, where a, — the ini-

tial state [2].

All 14 states of digital automaton will be encoded by four-bit binary numbers (Tables 1-3).
The memory block, in this case, will be a four-bit parallel register on D-triggers, because storage of each
bit of the binary code will use one trigger [3, 14].

Based on the developed algorithm of functioning of the digital automaton ASFT we build
a graph [4]. The state of the device in the graph will depend proportionally on the values of the ver-
tices (vertices of the graph). The vertices of the graph of the ASPT CA model are connected by
arcs, which show the direction of transition. At the top of the arcs we write transition conditions and
output signals [5, 11, 12].
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Fig. 1. Algorithm of automatic fire extinguishing system operation at an industrial facility

Table 1
Assignment of values to the states of the digital automata model of the automatic fire-fighting system
State of the machine Status deciphering
a Fire detectors are in standby mode.
0 APT system in standby mode
1 fire detector is in Fire mode.
@
The sounders are on
The fire detectors are in standby mode.
a, The sounders are switched off.
The ASFT system is in ERROR mode
a CA corrects an error with the system
The sounders are switched on.
a, Supply and exhaust ventilation is switched on.
The ASPT system is in Fire mode
as The fire is extinguished
ag After fire suppression, the CA resets the alarms and restarts the ASFT
ay CA launches ASE and ASPT
ag CA corrects system error
ay 1 fire detector was triggered
a Button for manual start of fire extinguishing is pressed
a One of the loops is broken
ap, The 2nd fire detector is triggered
ap There is a fire in the premises
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Table 2
Coding of the states of the digital automata model
of the automatic firefighting system

State Binary code
of the machine

©
i

9

©

2]

a

a,

a3

ay

as

de

a;

ag

agy

a1
an

ap

[l Bl B B B B I el e el el el el el e}

— = ol ||~ lrIRrlO|OC|O|O
il =N R e Nl el e el e el = o -

Slo|R|IRr|IOo|O|~RmrlOo|lO|—R|~O|O

aps

Table 3
Table of D-trigger transitions of the digital automatic
firefighting system model

Go to D
0—->0 0
0—>1 1
1-0 0
1>1 1

Read the graph as follows: the automaton is in the initial state a,, then under the signal from
the fire detector it changes its state to a;, with this transition the output signals must be formed
V1> Vs,V - This is followed by a transition a, to the state with the formation of output signals y,, y5, Ve -
From the state a, to a;, then to a,. From the state a, the transition to the state a5, or ag [5] is possible.

The as automaton enters the state if the external condition (fire is detected) x; is 1 (x;) with issuing

of y,,»3,y, control signals , and the automaton g enters the state if the same signal is 0 (Z ), etc.

After constructing the graph, fill in the table of functions of the vertices of the graph. Using this ta-
ble you can write functions for any number of variables (Fig. 2). After that it is necessary to analyze it
carefully in order to simplify (minimize) it, because the tabular method does not give an opportunity to
obtain in perfect disjunctive normal form (DNF) for outputs the minimal disjunctive normal form
(MDNF) or the minimal conjunctive normal form (MCNF) [6]. In this case it will be enough to apply
the gluing law to some expressions [7, §].

On the transition column of the digital automaton of the automated integrated firefighting system
let's fill in the table 4. Example for the first line: The initial state, which is coded as “0000”, changes to
the state with the code “0001”. This transition is unconditional. We see that 0, =0, O;=0, O, =0,

0, =0, and in the new state O, =0, 0; =0, 0, =0, O, =1 [6]. According to the table of D-trigger tran-
sitions 0, =0,0; =0, 0, =0, O, =1, to get D,, it is necessary to supply 1 to the input in the column
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D,,D;,D, “Trigger Control Signals”, and to supply O to the others, at this transition the signals are
formed y;, s,y . All the following lines are completed in the same way.

—=V1.V5: Vg

—N2:Vg: V7

—M:V5. V7

X4 V1. V4.¥5

3: |

Fig. 2. Transition graph of the digital automaton of the automated integrated firefighting system

According to the table of functioning of the digital automata graph of AISPT we make analytical
expressions in the SDNF for output signals y;,»,,»;, and also signals of control of triggers
D,,Ds,D,, D, . The perfect disjunctive normal form of the function is a disjunction of elementary con-
junctions [7, 15].

The output signal y, will be generated if the automaton is in state a,, or in g, or in as, or in as,
orin a;, orin a5, and the sign a, x;=1, or in state ag and the sign x,= 0. Similarly the functions for
other output signals and trigger control signals are written [10, 13].

Table 4
Functioning of the graph of the digital automaton ASPT
VI=GAyN a NV ay NV azxy NV as NV a; NV agX, v a; (D)
y2:a2 Va6Va8X4\/a]0x2 Vall\/a]3 (2)
V3=ayV Ay V ayXyVagxy v ay Vv a; (3)
y4 = a4X3 \Y a4X3 \Y a8X4 \Y Cng4 Vv a10x2 = a4 Vv aS Vv aloxz (4)
Vs =0y NV Ay VA3V AyX3 NV A5V AgXy V ay) (5)
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y6=a0valva6va7valog (6)
Y7 =45 VdgVdy @)
Dy =ayva,vauxyvagVagx, v alogv ay V apXs V aps (8)
D2=a1vazvasva6va7va82va9x_lva9xlvalogvawz 9

=a1va2va5va6va7vaggva9valogval3 ©)
Dy=asvaux;vasvagv agx_lv alogv A%y V Ay Xs = 0
=a3va4x3va5va6va9;1va10va12x5 (10
Dy =ayx; v agx, v agx, Vv agXx vamgv 10Xy V Ay X5 = an
= a4x_3v ag V agX; V ajy V Ay Xs

Formulas (4), (9), (10), and (11) have been simplified using the gluing law. Using the laws of dou-
ble negation and de Morgan formulas, the initial expressions from the basis of AND, OR, NOT are con-

verted to the basis of AND, NOT.

VI =0y A NGy AGyX3 AGs NGy AGgXy A3

(12)

Vo =Qy NG AAgXy N GjgXy NGy A a3

(13)

Convert all other formulas by analogy. With the help of the Logic Converter from the MultiSIM
simulator program we will minimize the logic functions, which determine each of the control signals of
the KS 1 triggers according to Table 4. The results of the minimization of the logic functions are shown

in the figures (Figs. 3—15) [9].
J1=0,0,0;;
Kl= Q_2Q3Q4 + Qz@Q_b
J2=0,05 + 0,00y
K2=00;+0,0,0;:

J3=0,+0,;
K3=0,+0y;
J4=00,0;0y;
K4=00,0;.
b JNornueckwii npeo6pasosatenn-XLC1 = L4 JNornuecknin npecBpasoBatenb-XLC1 &
Bexoa Bonoa
O 0 00 Q00O 0000 000G
A B C D E F G H A B C D E F 6 H
300 T 0 0 0 m o MpeobpaszosaHine 300 T 0 0 0 3 o MpeobpasosaHue
001 0 0 01 1] 001 0 0 01 a
o2l o o 1 o X = =+ ieh 002 © 0 1 0 0 = el
003 0 0 11 i3 003 00 11 a
004 o 1 00 X 1o]t =L AIB 004 o 1 0o o 1001 = AB
005 o 1 oo X 005 o 1 01 a
gogly o 1 10 X Toli SLPF aB ool 0 1 1 D 1 Tt SLPF ae
0a7 o 1 11 X 007 0 1 1 1 1
008 1 0 00 1} AIE — Tol1 0os 1 0 00 X AE —+ 1ot
009 1 001 1} 009 1 0 01 X
010 1 0 1 0 1) 2B -+ 010 1 0 10 X AE =
3 1% 0k i 33l 11 b X
013 ] 1 01 0 BB —+  MWAND 013 1 1 iR D LB —  NAaND
014 1 1 10 a 014 1 1 10 0
015 1 1 11 1] b 015 1 1 1 1 1] hd
B'CD+BCD' A'BC
Fig. 3. Minimization of the logic function Fig. 4. Minimization of the logic function
to control trigger signals K1 to control the trigger signals J1
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Fig. 5. Minimization of the logic function Fig. 6. Minimization of the logic function
to control J2 trigger signals to control trigger signals K2
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Fig. 7. Minimization of the logic function Fig. 8. Minimization of the logic function
to control J3 trigger signals for the control of trigger signals K3
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Fig. 9. Minimization of the logic function
to control the trigger signals J4

Fig. 10. Minimization of the logical function
for the control with the K4 trigger signals

Now let's minimize the logical functions of KS 2, using also Logic Converter from the MultiSIM
simulator. The result of minimization of logical functions (Figs. 11-15).

Y1=0,0,0,0, +0,0,0,0;:

Y2=0,0,0,0, +0,0,0, + 0,050y

Y3 :QQzQ_4+ QlQ_3Q_4§

Y4=0,0,0,0, + 00,0, +0,0,0,0, + 0,0; Oy
Y5 :QQQ4 + 00,0304 + 0 Q_2Q3Q_4+ Q1Q2Q_3Q_4-
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Fig. 11. Minimization of the logic function
to control the signals of trigger Y1
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Fig. 13. Minimization of the logic function
for the Y3 trigger signal control

Conclusion
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Fig. 12. Minimization of the logic function
for the Y2 trigger signal control
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Fig. 14. Minimization of the logic function
to control the signals of trigger Y4
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Fig. 15. Minimization of the logic function

to control

the trigger signals Y5

P

Minimized logic functions for KS 1 and KS 2 will be used in the construction of the model of digi-
tal automata of automated integrated fire protection system.
To simplify the CA scheme the minimized logic functions for KS 1 and KS 2 are analyzed and the
same logic functions are defined. On the basis of the functional diagram of CA its circuit diagram on the
selected series of digital integrated circuits is built.
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NMPOBEOEHUE CUHTE3A LIN®POBOIO ABTOMATA
anda ABTOMATU3MPOBAHHOU CUCTEMbI MOXAPOTYLUEHUA

K.M. Bonkoea
Akalemus N'ocydapcmeeHHoU npomuesorioxapHol criyxbbl MHYC Poccuu, 2. Mockea, Poccusi

IToBbIIeHNE YPOBHS CUCTEM MPOTUBOTIONKApHOH 3amuThl HII3 ocTaercs ogHON U3 Bax)HEHIINX
COCTaBHBIX YaCTel 0OCCIICUCHHUS 3aIIUTHl HACEIICHUS OT YyIpo3 TEXHOTEHHOTO xapakrepa. CKOpOCTh
Pa3BUTHsI HHHOBALMI TMO3BOJISIET NPUMEHUTh UCKYCCTBEHHBIH MHTEJUIEKT MPU CO3/JAaHUU aBTOMAaTH-
3UpPOBAaHHBIX CHUCTEM IOkapHOil 6e3omacHocTh. Llenps uccaenopanus. J[aHHOE HCClieOBaHHE Ha-
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Bonkoea K.M. lMpoeedeHue cuHme3sa yughpoeoz20 asmomama
Ansi asmomamu3upoeaHHoU cucmembl MNoxapomyuweHusi

MPAaBJIEHO HAa MOCTPOEHHE MOJEITH aBTOMATH3MPOBAHHONW WHTETPUPOBAHHOW CHUCTEMBI YIPABICHUS
npoTtuBonoxapHoi 3ammuroil (ACVYII3). MaTtepuajbl 1 MeTOAbI. [ pemeHus 3a1ad UCcieno-
BaHMs MCIIOJIb30BaHbI METO/IbI OCTPOeHUs rpadoB, 3a1anue rpadoB aIropuTMOM paboThl aBTOMa-
TU3UPOBAHHOI MHTETPUPOBAHHON CHCTEMBbI TIPOTHBOTIOKAPHOW 3alIKUThI. JlJaHHAS CUCTEMa SIBIISIETCS
HOBBIM IOJIXOJIOM K PEIICHHI0 BOIMpoca 6€30MacHOCTH MPOMBIIUICHHBIX 00BEKTOB HedTenepepada-
ThIBaroIeil orpaciu. Pesyabrarel. [IpeanoxkeHHas HOBas MOJENb IPOrPAMMHOMN peanu3arus nud-
POBOrO aBTOMATa B aBTOMATU3UPOBAHHON UHTETPUPOBAHHON CHCTEME OOHAPYXKEHUS] U MOHUTOPHH-
ra noxkapa He(renepepadaThIBAOLIECTO MPEIIPHUSITHS Jajla BO3MOKHOCTh CO3/1aTh OAHK pacyeTHBIX U
aHAJMTUYECKHUX JTAHHBIX 110 BCEM MOTEHIMAIbHO BO3MOXKHBIM BHJAM pa3pyIICHHsS KOHCTPYKINHU yC-
TAQHOBKH C IIEJIbI0 MOATOTOBKU MEPCOHATA U BHECEHHS M3MEHEHHU B JCUCTBYIOINIME PYKOBOISIINE
JIOKYMEHTBI U MHCTPYKIIMH IO JCHCTBUSM IEPCOHANA B KOHKPETHO# curyanuu. 3akiiouenue. Pa3-
paboTaHHasi TEXHOJIOTHSI AaeT BO3MOXKHOCTh 00pabOTKM MOCTYIAIOIIEr0 CHI'HANa, COAEPIKALIETOCs
HA [UKJIOTPaMMaXx, B MPOMEXYTOUHYIO (OpMY JUIS CHHTE3a HU(PPOBBIX ABTOMATOB IPHU MTOMOIIX HH-
HOBAI[MOHHBIX HHCTPYMEHTAIBHBIX CPEJICTB.

Knouesvie cnosa: agmomam Munu, yugposoii aemomam, epag, eepuuna epaga, MUHUMUIAYUL
JI02UHeCKOU (PYHKYUU.
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NEURAL NETWORK MODEL FOR PREDICTING PASSENGER
CONGESTION TO OPTIMIZE TRAFFIC MANAGEMENT
FOR URBAN PUBLIC TRANSPORT

S. Faridai, fls.farida@mail.ru,

R.S. Juraeva, juraeva.rukhshona@list.ru,
S.N. Darovskikh, darovskikhsn@susu.ru,
Sh.Sh. Qodirov, asp18kss327@susu.ru

South Ural State University, Chelyabinsk, Russian Federation

The development of public transport in cities is an effective way to reduce “congestion” in
the road network and, as a result, increase the speed of passenger transportation. Improving the qua-
lity of urban bus services helps attract more passengers. Bus intervals are calculated once for each
route line individually, based on the average congestion of passengers at the stops. In turn, the sud-
den accumulation of a large number of passengers at bus stops causes that not all passengers can
move in a timely manner, which causes concern for passengers. This is one of the factors that redu-
ces the quality of passenger transport services. The aim of the study is to develop a model for pre-
dicting the congestion of passengers at bus stops to optimize traffic management of urban public
transport. Materials and methods. This article presents a neural network model for predicting passen-
ger congestion at bus stops. It takes into account the spatio-temporal characteristics of bus traffic.
Results. The developed model for predicting passenger congestion at bus stops was tested on real
data from bus route 3 (Dushanbe, Tajikistan). The model made it possible to predict passenger traffic
(the number of passengers at bus stops) with an accuracy of 72% to 74.5% of the actual number of pas-
sengers at bus stops. Conclusion. The proposed method, in contrast to other methods, allows you to
automatically adapt the forecasting model to the changing conditions of the route line. This me-
thod is universal and can be used for other route lines (bus stops). It does not require much time to
reconfigure.

Keywords: prediction, bus arrival time, public passenger transport, neural networks, urban
route network.

Introduction

Urban passenger transport plays a significant role in the economy of any country, region or city,
since it is the route transport that is the main way of moving passengers, where there is a high demand
for passenger traffic.

Passenger traffic is the movement of passengers ordered by the transport network, quantitatively
expressed in the volume of passengers transported by any type of public (ground, underground, air, etc.)
or individual transport per unit of time (hour, day, month or year).

In connection with an increase in the level of motorization and an increase in the mobility of
the population against the background of insufficient development of the road network of cities,
the problem of optimizing passenger traffic is very acute, aimed at reducing the time or money associated
with the formation of an unforeseen accumulation of passengers at stopping stations at different periods
of time. , which often becomes a causal decrease in the speed of movement. A sharp decrease in traffic
speeds, hours of traffic jams, obstruction of pedestrian traffic, environmental pollution, and traffic noise,
finally, an increase in the number of road accidents are the main negative consequences of motorization.

Urban passenger traffic is studied on the basis of passenger traffic, which, as a rule, is highly irregu-
lar in seasons, days of the week, hours of the day and directions. The unevenness of the days of the week
is characterized by peaks of passenger trips in certain directions on weekdays, rest days, holidays and
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pre-holidays. The unevenness of the hours of the day is characterized by a sharp increase in the number
of passengers during peak hours preceding the start and end of work, as well as at the start and end of
the work of entertainment enterprises [1].

In order to maximally satisfy the demand of passenger traffic for travel by bus, it is necessary to de-
velop dynamic route schedules for the movement of buses. But this will require a mathematical model of
the passenger traffic of the route line, which, according to the forecast data, builds up various bus traffic.

Chinese scientists (Rui Xue, Daniel Sun and Shukai Chen) [2] have developed a model for
the short-term prediction of passenger traffic on the basis of the time series of historical data. The authors
propose an interactive multiple model (IMM) filtering algorithm for combining forecasts of time series
models to develop a hybrid method for short-term forecasting of passenger traffic (weekly, daily, and
15-minute time series). The IMM algorithm is suitable for predicting traffic conditions in real time.
However , in the course of the study, based on this algorithm, it was not possible to build accurate mo-
dels for taking into account seasonal fluctuations, which led to serious lag in forecasts, and the approach
based on the IMM algorithm was not extended to much shorter-term forecasts (for example, 3 minutes
and 5 minutes) [3-6].

For short-term forecasting of passenger traffic, a model was developed based on the use of neural
networks (CNN) [7-9]. When using this model, the video recording from the video surveillance camera
of the bus interior was used as input information. However, the use of a video surveillance camera re-
cording of a bus interior is not always possible and requires coordination with the city services responsi-
ble for the safety of the city's population.

Within the framework of the Smart Nation project, Singaporean scientists are working to create
a model for predicting passenger traffic (crowds at stopping stations) based on GPS data from citizens'
mobile phones [10]. But this approach is unacceptable in most countries of the world, since the law on
privacy does not allow the use of confidential data (coordinates of movement) of citizens.

Classic models for forecasting passenger traffic are outdated and are not able to take into account
the flexibility of the rapidly changing rate of passenger traffic at different stopping stations and times.
Modern smart models, while still evolving, do much better than classic models and look promising.
The purpose of this work is to develop a neural network model for predicting the accumulation of pas-
sengers at stopping points and a description of the results of its testing to optimize urban public transport
traffic control. Implementation of the developed model on the example of public transport in Dushanbe
allows you to optimize the dynamic schedule of buses on a given route.

1. Materials and method

In the city of Dushanbe, since 2017, a non-cash payment system has been implemented in public
transport. The system works like all known cashless payment systems, except that the entrance to
the bus is provided only from the front door, and the exit from the middle and rear doors. A validator is
installed at the entrance, which is very convenient for passengers to immediately pay for their fare at
the entrance. Validator reads as a special travel card, so with the application installed on the phone
(QR-code for your phone screen) (Fig. 1).

Fig. 1. Cashless payment systems fare collection in public transport of Dushanbe
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This work is implemented on the example of the movement of public transport (buses) of route line
No. 3A (running along the line Vokzal — Marom and Marom — VVokzal). The names of the stopping sta-
tions with indication of the conditional numbering are given in Table 1. The conventional designation of
the numbering of the stopping stations is made for simplicity.

Table 1

The names of the stopping stations with indication
of the conditional numbering

Bus route line Ne3A

GJD Vokzal
TC "Sadbarg™
Kinoteatr Vatan
Natcionalnij Bank
TV Safina
TCPKIiO im. Rudaki
TC Tajikistan

Choihonai Rohat

Gostinica Avesta
Ped. Universitet
Med. Universitet
Poselo Severnij
Agrarnij Universitet
Ploshad Pogranichnikov
Obanbor
Parki Aijni
Zavidi RC-Cola
Tajik Cement
Tcement Zavod
Terminali Marom

Number of bus station
by route Vokzal-Marom
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Fig. 2. Map of movement of route line No. 3A, indicating
the conditional numbering of stopping stations

Buses in route line No. 3A begin to move in-
tensively from 05:00 to 23:06 from the stop sta-
tion “Railway Station” to “Terminal — Marom”
and back. The traffic map of route line No. 3A is
shown in Fig. 2. The length of this route is 11.1 km.
The number of vehicles on this route, in ac-
cordance with demand, is 24 units.

Table 2 shows a heat map of the number of
passengers depending on the time of day for route
line No. 3A (according to the reports of valida-
tors [24] installed on the bus interior).

In the work under consideration, daily reports
from validators are used as a data set. The reports
show the time of the transaction (payment) and
the unique identification number of the passen-
ger. Based on these data, we prepared a sample
consisting of features such as X1 — at the time of
arrival (landing) of the bus, X2 — the number of
passengers landed from each stop, X3 — departure
time of the previous bus, X4 — date (in unit days
in a year) and X(5-11) — days and weeks
(in binarized form [11]).

Since the route line under consideration
(No. 3A) has 20 stopping stations, therefore, we
have a sample for each stopping station. Table 3
shows a fragment of the data sample.
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Table 2
Heat map number of passengers depending on the time of day

Time
14:00(15:00| 16:00{ 17:00

Validator
5:00] 6:00] 7:00[8:00]9:00] 10:00[ 11:00
71 20 [ 5124 [27 ] 17 | 24
103 16 [15 [13 12| 22 [ 10
156 | 15[32[55]38 66| 58 | 27
287 | 9] 19[36]48]59] 27 | 36
312 [BON 3930 |61[28] 30 [ 37
30 |15[8 692237 46 [ 31
327 2132412252 51 [ 59
363 19 [70 [49 [ 66 | 50 | 73
558 3 [34[33] 9] 2
33[27[20] 19 [ 36 | 24
36 27 [36] 33 |23 [ 34|24 [0
1551 [10] 24 [ 20 [ 32 [ 35 | 13
22 [44 24 14| 35 [[12] 21

18:00|19:00{20:00{21:00|22:00| 23:00

Table 3
Fragment of the data sample
Bus arrival Number of Departure time | Date (in the Day of week
time, in PASSENGErs of the previous | day of the

o seated, bus. i P i y Mon. | Tues.|Wed. | Thurs.| Fri. | Sat. | Sun.
X1 X2 X3 X4 X5 | X6 | X7 | X8 | X9 | X10|X11
450 17 443 221 0 1 0 0 0 0 0
460 13 452 221 0 1 0 0 0 0 0
470 15 461 221 0 1 0 0 0 0 0
483 19 472 221 0 1 0 0 0 0 0
1190 8 1181 225 0 0 0 0 0 1 0

Scaling the values of the elements of the dataset. Neural works poorly with the values of data items
that have different ranges. For example, in our case, the bus time can be changed from 300 minutes to
1440 minutes. Such heterogeneity of data can complicate the learning process. It is customary to apply
normalization to such heterogeneous data [11]. Normalization — is a broad category of methods that seek
to make the similarity of different samples more visible to machine learning models, which helps
the model isolate and generalize new data. The most common form of classification is suitable for this
task: for each feature in the input data (a column in the input data matrix), the average for this feature X;

subtracted from each value of the data element X , and the difference is divided by the standard devia-

tion o, as a result of the feature it is centered by zero and has a standard deviation of one.
n

X — i i

X - N ’ (1)

o= | (X - X) @

><normi = i X ' 3
(&)

In fact, this normalization assumes that the data correspond to a normal distribution law (or Gauss
law), centering and bringing this distribution to a unit variance. Dividing the dataset into training, vali-
dation and test mini datasets. Model evaluation always comes down to dividing the available data into
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three sets: training, validation, and test. The model will be trained on training data and evaluated on vali-
dation data. After completing training, the model will be tested using test data. This approach allows you
to get the most accurate assessment of the generality of the model [11-13, 15-23].

2. Artificial neural networks

Modeling using neural networks refers to machine learning methods, but compared to other algo-
rithms, it has a large number of settings, which allows you to approximate nonlinear functions as accu-
rately as possible. The neuron functioning diagram is shown in Fig. 3.

_ Bias
X by
Activation Output
function signal

X2 (predict)
Inputs . Y.
signals () ’ k

xl.l].

Synaptics weights

Fig. 3. Scheme of neuron functioning

In mathematical representation, the functioning (see Fig. 3) of neuron k can be described by the fol-
lowing pair of equations:

Uy = ikaXmi 4)
m=1
Yy =(p(uk +by, ) (5)

where X, X5, ..., X, — are input signals; W, W, ..., W, — Synaptic weights of neuron k; u, — linear
combination of input actions; b, — threshold; ¢(.) — activation function; Y, — neuron output signal. Using

a neural network, allows to approximate almost any function due to the optimal selection of synaptic
weights [14].

2.1. Selecting and justifying the network architecture,

as well as configuring network hyperparameters

The choice and justification of the network architecture is the first and important stage in the deve-
lopment of a neural network model. Depending on the type of information being processed (input data),
several types of neural networks are distinguished (fully connected or multilayer networks, recurrent
networks, convolutional networks, generative adversarial networks, etc.). Since tabular data are used in
the problem being solved, we chose fully connected (multilayer) neural networks. Such networks are
trained by supervised learning, with back propagation of the error [15-23].

2.2. Model 1

From the conditions of the problem, we have 20 stops on the route “ Vokzal — Marom “and 20 stops
on the route“Marom — Vokzal”. Based on the fact that we are not interested in final stops (there is no
need to predict passenger traffic), therefore, we have 38 stopping points. Since our dataset for all stop-
ping points has the same characteristics (elements), it is enough for us to build (justify and configure)
one model and duplicate it for other stopping points, and, accordingly, additional training is provided on
the dataset.

For the problem to be solved, there are 11 signals at the network input consisting of such elements
(attributes) as X1, X2, X3, ..., X11 (see Table 3). Therefore, as the source network, a network consisting
of two layers was originally constructed: a transformation layer consisting of 11 neurons, and an output
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layer with one neuron. Accordingly, since we have the predicted value of the number of passengers at
bus stops as the output signal (we are solving the regression problem), we chose the mean Square error
(MSE) as the loss function, which is set by the expression:
1&, )
Lse, :WZ(YK _Yk) ; (6)
k=1
where Y, — is the model predicted value of the target variable; Y, desired value of the standard model

[18-23]. The loss function — is an objective function that needs to be minimized in the course of training,
so it is a measure of success for the problem we are solving.

Several types of optimizers were used as a network optimizer (Adagrad, Adadelta, Adam, Adamax,
Adaline, SGD, Nadam, RMSprop). Experimental calculations have shown that the best network perfor-
mance is achieved with the “Adam” optimizer that implements gradient descent with impulse. An opti-
mizer is a mechanism by which the network will update the weights of neural connections based on
the observed data and the loss function (Fig. 4) [12, 13].

Input Data X

Ll

Layer
(data transformation)

v
Layer
(data transformation)

Weight update !

Predictions True target
£ Yy

Loss score J

Fig. 4. Block-diagram of the network learning process

To monitor the indicator of the quality of the developed network at the stages of training and
testing, we chose (module) the Mean Absolute Error (MAE) — this is one of the convenient metrics of
the quality of the models in regression problems, which is given by the expression:

1y, o
MAE ZW;‘YK —Yk‘, @)

where Y_k — is the target variable predicted by the model; Y, — desired value of the target variable [21].

It is often used in regression problems and shows the amount of deviation of the predicted change from
the true value.

Next, a series of experimental calculations was carried out [11], according to the results of which
the best hyperparameters (the number of neurons of the first and second layers, the size of mini-packets
and the number of learning epochs) of the network of our model were determined. The optimal parame-
ters and settings of the network are shown in Table 4, and the finished network architecture is shown in
Fig. 5.
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Table 4

Neural networks configuration of model 1

Crion Pargmeters of neural network
Number of inputs 7

1 Number of neurons/activation function / Dropout 62/ -/0,3

2 Number of neurons/activation function/Dropout 18/RelLU/0,3

3 The number of neurons in the output layer 1
Activation function of output layer -
Loss (Gost) function: MSE
Optimizer: Adam
Accuracy: MAE
Batch size: 32
Optimal number of epochs 125

Fig. 5. Final (optimal) network architecture of the stop station model

In the process of performing experimental computations, in order to avoid retraining the network,
several regularization methods were used in the development of model 1: early stopping of training, se-
lection of mini-packets (batch-reguliarization) of training, and dropout regularization [12].

2.3. Transfer learning model 1

As noted above, for each stopping point, we copy the prepared model 1, and therefore we carry out
the procedure for additional training of these models to the data sets of stopping points.

2.4. Estimating the accuracy of the models

After we trained our models (the number of which is 38), we conducted a test procedure on test data
from each stop point. Despite the fact that our data sets were not large, our models predicted passenger
traffic (the number of passengers at stopping points) with an accuracy of 72% to 74.5% of the actual
number of passengers at stopping points. This suggests that it is necessary to use a larger amount of data
(at least for several years) [19-22].

3. Recommendations

In order to improve the accuracy of the models for predicting passenger traffic at stopping points,
it is necessary:

e retrain models on large data sets;

e use the method of sequential iteration between alternating adjacent models in order to extract hid-
den interrelated features between stopping points;

e use recurrent layers in models (RNN , LSTM).
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Conclusions

In this paper, a neural network model for predicting passenger congestion at bus stops has been deve-
loped and studied. Its distinctive feature is that it takes into account the spatial and temporal characteristics
of passenger transport. It was tested on real data from bus route 3 (Dushanbe, Tajikistan). For the first
time, temporary validator reports (transactions of travel Bank cards) were used as input data, which ex-
cludes unauthorized receipt of any information about passengers. The result of testing the developed
neural network model made it possible to predict passenger traffic with an accuracy of 74.5% of the ac-
tual number of passengers at bus stops.

The approach considered in the article to solving the problem of optimizing the traffic management
of urban public transport makes it possible to automatically adapt the developed forecasting model to
the changing conditions of the route line (for example, starting duplicate route lines, changing the tem-
porary operating modes of the city, etc.). This is its originality. The developed neural network model is
universal and can be used for other route lines (bus stops). This does not require much time to reconfigure
the developed neural network and train it.
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HEUPOCETEBASA MOAENb NPOrHO3UPOBAHUA CKOMNEHUA
NMACCAXWMPOB OnA onTUMU3AUNU YIIPABJIEHUA OABUWXEHUEM
roOrPOACKOIO OBLLECTBEHHOI'O TPAHCINOPTA

C. ®apudau, P.C. [lxxypaeesa, C.H. [Japoeckux, LL.LL. Kodupoe
HOxHo-Ypanbckul eocydapcmeeHHsbil yHuUsepcumem, 2. HensbuHck, Poccus

Pa3BuTne 0OLIECTBEHHOrO TpaHCHOpTa B Topojax siBisieTcsi 3G (HEeKTHBHBIM CIIOCOOOM YMEHb-
IICHUS «3aTOPOB» B YJINYHO-TOPOKHOH CETH M KaK CJIEACTBUE TOBBIIICHUS CKOPOCTH INEPEBO30K
naccaxupoB. [loBbIIeHNEe KayecTBa rOPOACKUX aBTOOYCHBIX INEPEBO30K CIOCOOCTBYET IpHBIEUE-
HUIO OOJBIIETO YHCNa MaccaKupoB. MHTepBasbl JBMKEHUST aBTOOYCOB €TMHOXK/IBI PACCUHUTHIBAIOTCS
JUId KaXKAO0H MapLIpyTHOW JMHMM HWHAMBHIYalIbHO, MCXOJS U3 CPEIHEro IOKa3aTessl CKOMJICHHUS
IIacCaKMPOB Ha OCTAHOBOYHBIX MYHKTaX. B CBOIO ouepenb, BHE3aHOE CKOIUIEHHE OOJBIIOr0O KOJIH-
YECTBO ITACCAXXMPOB HAa OCTAHOBOYHBIX ITYHKTAX CTAHOBUTCS IIPHYMHON TOTO, YTO HE BCE MACCa’KUPHI
MOTYT CBOEBPEMEHHO NEPEABUIaThCSA, YTO BBI3BIBACT OECIOKOICTBO y MacCakHpoOB. DTO SABISIETCS
OIHUM W3 ()aKTOPOB CHM)KEHMS KadeCTBa NMAcCaXHPCKUX TPaHCIOPTHHIX yciyr. Ienabio mccieno-
BaHHUS ABISIETCS pa3pabdOTKa MOJAENN MPOTHO3UPOBAHMS CKOIUICHHMS MAacCa)XKUPOB HA OCTAHOBOYHBIX
MIyHKTaX I ONTHUMH3AIMN YIPaBICHUS IBHUKEHHEM TOPOACKOr0 OOIIECTBEHHOI'O TPAaHCIIOPTA.
Marepuanbl u MeToabl. B HacTosiei cratbe mpeacTaBieHa HelpoceTeBast MOJIENb IPOrHO3UPOBA-
HUSl CKOIUIEHUS MAacCaXMpPOB HA OCTAHOBOUHBIX MyHKTaX. OHa YYHUTHIBAET HPOCTPAHCTBEHHO-
BpPEMEHHBIE XapaKTePUCTUKH IBIDKEHUS aBToOycoB. PesysabTarsl. PaspaboTanHas Moaens IporHoO-
3MPOBAHUS CKOIICHHS MACCaKUPOB HA OCTAHOBOYHBIX ITyHKTaxX ampoOHWpoBaHa Ha peasbHBIX JaH-
HBIX aBTOOycHOTO MapmpyTta Ne 3 (r. dyman6e, Tamknukucran). Mozgenb Mo3BOJINIa CIIPOTHO3UPO-
BaTh MACCAKUPOIIOTOK (KOJIMYECTBO MACCAKMPOB HA OCTAHOBOUHBIX ITYHKTaX) C TOYHOCTHIO OT 72 JI0
74,5 % OT peaslbHOTO YHCIIa TACCa)XKUPOB HA OCTAHOBOYHBIX IYHKTaX. 3akao4yeHue. [Ipeamaraemorit
METOJ] B OTJIMYME OT APYTUX METOIO0B MO3BOJISIET aBTOMATUYECKU aJlalTUPOBATh MOJENb IPOTHO3H-
POBaHUS O] M3MEHSIONINECS YCIOBUS MapIIpyTHOH juHUM. [IpeacTaBieHHBI METO YHUBEPCAIb-
HBIH ¥ MOXET MPHUMEHATHCS W JJIS APYTHX MapIIPyTHBIX JTUHUNA (OCTAaHOBOYHBIX NMyHKTOB). OH He
TpeOyeT OONBIINX BPEMEHHBIX 3aTparT JUIsl IepeHaCTPOUKH.

Kniouesvie cnosa: npocnozuposanue, epems npubbimus agmoodyca, oouecmeeHHulll accanicup-
CKUTl MPAHCROPM, HEUPOHHbIE CeMU, 20pOOCKAA MAPULDYIMHASL CEMb.
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PROCESSING

V.F. Telezhkin’, telezhkinvf@susu.ru,

B.B. Saidov" 2, matem.1994@mail.ru, saidovb@susu.ru,
P.A. Ugarov', Pavel@rts.susu.ac.ru,

A.N. Ragozin', ragozinan@susu.ru

" South Ural State University, Chelyabinsk, Russian Federation,
2 Tajik Technical University named after academician M.S. Osimi,
Dushanbe, Republic of Tajikistan

In the present work, processing of an electro cardio signal using a wavelet transform is consi-
dered. In electrocardiography, various digital signal-processing techniques are used to detect, ex-
tract, and analyze the various components of an electrocardiogram. Among them, the wavelet
transform technique gives promising results in the analysis of the time-frequency characteristics of
the electrocardiogram components. The urgency of solving the problem of improving the quality
of life of people with the help of early diagnosis and timely treatment of various cardiac diseases
is obvious. The process of automated analysis of a huge database of electrocardiographic data is
especially important. Wavelet analysis can be successfully used to smooth and remove noise in
the ECG signal. Electrocardiogram signal, cleaned from noise components, looks clearer, while its
volume is from 10 to 5% of the original signal, which largely solves the problem of storing cardi-
ac records. Aim. Development of an algorithm for threshold processing of wavelet coefficients
and filtering of an electrocardiography signal. Materials and methods. Cardiograms were taken
for analysis. Then they were digitized and entered into a computer for processing. A program was
written in the MATLAB environment that implements continuous and discrete wavelet transform.
Results. The work shows the result of filtering the ECG signal with the addition of noise with
a signal-to-noise ratio of 35 and 45 dB using the decomposition levels N =2, N =3, N = 4. Conclu-
sion. Based on the analysis of the data obtained, it can be concluded that the second level of de-
composition is the most optimal for filtering the ECG signal. With an increase in the level of
decomposition, the output ratio decreases, at the level N = 4 the output signal-to-noise almost does
not exceed the input one, therefore, the filtering becomes ineffective. The correlation coefficient
to the fourth level is significantly reduced, which means a significant increase in the distortion
introduced by the filtering algorithm.

Keywords: electro cardio signal, wavelet transform, filtering algorithm, development of an al-
gorithm.

Introduction

The increase in the number of diseases and deaths associated with functional disorders of the car-
diovascular system is one of the most important problems of modern medicine. The urgency of solving
the problem of improving the quality of life of people with the help of early diagnosis and timely treat-
ment of various cardiac diseases is obvious. The process of automated analysis of a huge database of
electrocardiographic data is especially important.

In recent years, a number of new noise reduction techniques have emerged. One of the first works in
this area was devoted to cleaning the ECG signal from additive filter noise [1-9]. In the literature in
the field of ECG research, a large number of noise reduction methods are currently described, for exam-
ple, wavelet transform [10, 11], adaptive filter [12], fuzzy threshold [10], band rejection filter, nonlinear
filter, Kalman filter [13] stationary wavelet transform [11] and Fourier transform. However, the ap-
proach based on the wavelet transform gives the most promising results [12].

Wavelet analysis can be successfully used to smooth and remove noise in the ECG signal. Electro-
cardiogram signal, stripped of noise components, looks clearer, while its volume is from 10 to 5% of
the original signal, which to a large extent solves the problem of storing cardiac records.
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The electrocardiogram signal, ECG, plays a critical role in the diagnosis of human heart dis-
ease. The primary processing of the ECG signal data and its subsequent study becomes much more
efficient if the signal has no noise component, therefore, noise removal is a task of paramount im-
portance [14].

When recording an ECG, the signal is inevitably more or less distorted by various noises.
For example, network high-frequency interference of the electrical network (network noise), noise
of electrocardiograph amplifiers, muscle tremor, low-frequency swimming of the isoline due to
breathing. Fast discrete wavelet transform effectively removes the noise present in the digitized sig-
nal. The purpose of this work is to develop an algorithm for threshold processing of wavelet coef-
ficients [1].

To implement the procedure for wavelet filtering of the CS, the method of threshold processing of
coefficients was chosen. In the course of the work, an algorithm for the wavelet filtering of the CS by
the thresholding method was developed and implemented [15]. There is a wide choice of wavelet bases
used for filtering signals by the thresholding method, the choice of the wavelet function and noise reduc-
tion parameters, such as the type of threshold, the level of decomposition, etc., plays a decisive role
in the method's operation. To implement the algorithm and conduct modeling, software was written
in the language programming MATLAB.

1. Noises arising from registration of ECG signals

When recording an ECG, the signal is inevitably more or less distorted by various noises.
The high-frequency components of the cardiac signal are considered to be noise. To smooth the cardio-
gram, high-frequency components are usually removed using various filters. It is clear that some of
the information recorded by the cardiograph is lost. The origin of the high frequencies of the cardiac
signal is not fully understood. The network high-frequency interference of the electrical network
(network noise), due to the inclusion of a large number of electrical appliances in the electrical net-
work, and the electronic noise of the electrocardiograph amplifiers have some influence. The frequency
of this interference is 50 or 60 Hz [11].

It is assumed that physiological high-frequency noises are to a large extent a consequence of
the electrical activity of the heart, since they are recorded by sensors located near the heart. Also,
the noise causes the baseline to float, the baseline drift is a low-frequency interference with a frequen-
cy of less than 1 Hz, due to the influence of respiration and high skin resistance. The volatility of
the isoline affects the accuracy of measuring the amplitude parameters of the electrocardiosignal,
since it is from it that the count is taken. Traffic disturbances appear as single or cyclical bursts.
The frequency of such interference is in the range from 1 to 40 Hz. They arise as a result of a change
in the position of the patient or the electrode, hiccups, coughing, etc. In modern technical equipment
with appropriate grounding, the hardware noise is practically insignificant in comparison with physio-
logical noise. Effective separation of high-frequency noise components is possible using wavelet
transform of the signal [3].

2. Noisy signal model
Wavelet analysis is effectively used to remove noise in a signal. Let's consider the simplest model,
where the noisy signal looks like:

S'(1)=S8(t)+on(t), M
where S (t) — useful signal; ¢ —noise level; n(t) — gaussian white noise.

Gaussian white noise is a stationary random sequence that is absolutely uncorrelated, with a math-
ematical expectation of zero and a variance of one. The signal n() is called white noise, because it has a
constant spectrum at all frequencies, by analogy with white light, which has a uniform continuous spec-
trum in the visible part [13].

The essence of noise removal, in other words, signal filtering, consists in suppressing the noise part
n(?) of the signal and restoring the useful signal S(¢). In this paper, a threshold filtering algorithm with
one-parameter threshold functions is used.
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3. Threshold processing of wavelet coefficients

Wavelet transform of signals is one of the types of spectral analysis, the most famous representative
of which is the Fourier transform. The English word wavelet (from the French “ondelette”) literally
translates as “short wave”. In various translations of foreign articles, there are also terms such as:
“burst”, “burst function”, “low-wave function” and others [1-4].

Continuous wavelet transform is carried out according to the formula:

W(x,s)zé [v (“ij £(¢)dt, @)

where ¢ is the time axis; x is the time instant; s is the parameter inverse to the frequency (scale);
\u* means the complex conjugate; f(t) is the signal under study; W(x,s) is the result of
the wavelet transform for 2 values x and s; y is the wavelet function. Expression [7] is used for
discrete transformation.

dig=[wa(x) f(x)ax, (3)

where d is the coefficient for the scale j (j = 0, 1, —n) and point k. Scaled and offset versions of the parent

L .
wavelet: y ; , =2F \y(2/ x— k) )

The result of the Wavelet transform of the signal is the decomposition of the signal into approxima-
ting coefficients A,,, which represent the smoothed signal, and detailing coefficients D,,, which de-
scribe the oscillations.

It is known that the noise component is more reflected in the detailing coefficients D,,. Therefore,
for noise removal, usually only detail coefficients are processed.

The second assumption is that the noise component is a signal that is less in magnitude than
the main one. Therefore, the simplest way to remove noise is to zero the coefficient values that are less
than a certain threshold value [2].

This procedure is called coefficient thresholding and, ideally, allows you to get rid of the coef-
ficients due only to the noise component and preserve the decomposition coefficients of the main signal.
In foreign literature, the threshold processing of coefficients is called thresholding.

There are such thresholding methods as hard tresholding and soft thresholding. With strict
thresholding, all coefficients exceeding a certain threshold value t are considered to belong to the origi-
nal signal, and the smaller ones are referred to as noise and are zeroed out. With soft thresholding,
the modulus coefficients smaller than t vanish, the remaining coefficients decrease in modulus by
the value of t.

The value of the threshold value t plays the role of a control parameter that affects the filtering er-
ror. The choice of the threshold value determines the quality of the signal noise reduction, estimated as
the signal-to-noise ratio.

With an underestimated value of 1, some of the noise expansion coefficients do not vanish, which
leads to poor filtering, the signal-to-noise ratio increases only by an insignificant amount. When
the threshold t is overestimated, some of the informative coefficients vanish, the filtered signal is dis-
torted [5].

Searching for the optimal value of T means finding such a threshold that, with the smallest change in
the reconstructed signal, provides the highest value of the signal-to-noise ratio [3].

The quality of signal noise reduction and, consequently, the degree of increase in the signal-to-noise
ratio depends not only on the type of the trasholding function, but also on the method of its application.
Distinguish:

* general trasholding, carried out using a fixed value of the threshold T — a value that is the same for
all levels of decomposition and signal detail coefficients;

 multilevel trasholding, carried out using the threshold t, the values of which vary from level to
level;

* local trasholding, implying the use of the threshold 1, variable not only in terms of the level of de-
composition, but also depending on the position of the detail coefficients at a given level.
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4. Development of an algorithm for threshold processing of wavelet coefficients

Based on the generalized wavelet filtering algorithm, we will compose a wavelet filtering algorithm
using the thresholding method of coefficients:

1) Decomposition (Direct wavelet transform):

a) Choosing a wavelet function;

b) Choice of the decomposition level N;

c¢) Calculation of the wavelet decomposition of the original signal to the level N;

2) Thresholding of detail coefficients:

a) Choice of thresholding method (hard / soft);

b) For each level from 1 to N, a threshold is selected and soft (and in the case of images, hard)
thresholding of the detail coefficients is applied;

3) Reconstruction. An inverse wavelet transform is performed based on the original N level approx-
imating coefficients and the filtered detail level coefficients from 1 to V.

The block diagram of the wavelet filtering algorithm using the coefficient thresholding method is
shown in Fig. 1.

Noisy signal
S*(t) =S(t) + t
©=S®+on® Inverse wavelet
transform
h 4
v v -
Selecting a wavelet Choice of thresholding Rec.onstlru Ctll on lothhe
function method (hard / soft) penalto leve
v v
Choice of Determination of the

decomposition level N threshold Filtered signal S (t)

l

Signal decomposition
to level N

A 4
Processing detail
coefficients

Direct wavelet transform
Coefficient Thresholding

Filtered
Decomposition

Noisy decomposition
coefficients
Amka Dmk

Coefficients
Dmk

Fig. 1. Wavelet filtering algorithm by thresholding wavelet coefficients

To assess the efficiency of the algorithm and identify the optimal set of filtering parameters,
the output signal-to-noise ratio will be used as a measure. The calculation of the correlation coefficient
between the original and cleaned signal will also be carried out. The result of calculations will be dis-

played in text form for m variants of signal-to-noise mixtures S1',S2’,...,Sm’.
For the filtered signal obtained at the output, the signal-to-noise ratio will be determined:
4y
An
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where A is the average amplitude of the filtered signal; 4, is the average amplitude of the noise pre-

sent in the signal after filtering.
The noise component of the filtered signal is determined from the following relationship:

n(i)=S(i)-S,(i), i=1L, (5)
where n(i ) is the sample of the noise component; S (l) — reading of the initial ECS without an additive

component; S (i ) is the count of the filtered signal; L is the signal length.

Correlation is understood as the relationship of some quantities represented by data — vectors or
matrices. The generally accepted measure of linear correlation is the correlation coefficient. Its close-
ness to unity indicates a high degree of linear dependence. The degree of signal coupling is expressed
in normalized units of the correlation coefficient, i.e. in the cosine of the angle between the vectors of
the signals, and, accordingly, will take values from 1 (complete coincidence of signals) to —1 (com-
plete opposite).

The calculation of the cross-correlation coefficient between the original S and the cleaned S, sig-

nals of length L will be performed according to the formula:

2(5-5)(8,-5/)

) (6)

. L L
where S is the initial ECG signal; S - filtered signal; S Z%ZS”S I =%ZS - the mean of
=1 t=1

the samples for Sand S, respectively.

Let us determine the optimal level of decomposition N, to which it is advisable to carry out the de-
composition in subsequent studies.

We act on the initial ECG signal S with white Gaussian noise nc with a given signal-to-noise
ratio.

Table 1 shows the results of comparing the decomposition levels N =2, N=3, N =4 for the Simlet 4
wavelet. The type of the threshold function is soft, using an adaptive method for choosing the threshold
value.

Table 1
Results of comparing the levels of decomposition N=2, N=3, N=4
Input signal-to-noise N=2 | N=3 | N=4
ratio, dB Output signal-to-noise ratio, dB
30 35.721 33.819 30.655
35 39.697 34.862 30.878
40 43.270 35.182 30.959
45 45.271 35.336 30.984
Correlation coefficient, %

30 91.3 84.5 63.1
35 96.5 87.9 65.2
40 98.3 88.7 66
45 99 89.1 66.2

Figs. 2—4 show the result of filtering the ECG signal with added noise with a signal-to-noise ratio of
35 dB using the decomposition levels N=2, N=3, N=4.
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Fig. 2. The result of filtering the ECG signal with the addition of 35 dB noise N =2
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Fig. 3. The result of filtering the ECG signal with the addition of 35 dB noise N=3
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Fig. 4. The result of filtering the ECG signal with the addition of 35 dB noise N = 4

Figs. 5-7 show the result of filtering an ECG signal with added noise with a signal-to-noise ratio of
45 dB using decomposition levels N=2, N=3, N=4.
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Fig. 5. The result of filtering the ECG signal with the addition of noise 45 dB N = 2
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Fig. 6. The result of filtering the ECG signal with the addition of noise 45 dB N=3
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Fig. 7. The result of filtering the ECG signal with the addition of noise 45 dB N = 4
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Conclusion

Based on the analysis of the data obtained, it can be concluded that the second level of decomposi-
tion is the most optimal for filtering the ECG signal.

With an increase in the level of decomposition, the output ratio decreases, at the level N = 4 the out-
put signal-to-noise almost does not exceed the input one, therefore, the filtering becomes ineffective.

The correlation coefficient to the fourth level is significantly reduced, which means a significant in-
crease in the distortion introduced by the filtering algorithm.

The analysis of the graphs shown in Figs. 2—7 also confirms the conclusion about the optimality of
the level N =2.

Anastasia Denisovna Chupina, a student of the KE-658 group, took part in the process of experi-
mental research.
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B nacrosmieit pabote paccMaTpuBaeTcsi 00padoTKa AJIEKTPOKAPIMOCUTHANIA TPU TTOMOIIHN BEHB-
ner-ipeoOpazoBanus. B anexTpokapauorpaduu ans oOHapyKeHHS, N3BICUCHUS U aHAIM3a pa3iInd-
HBIX KOMIIOHEHTOB JJIEKTPOKAPIHOTPAMMbl MPUMEHSIOTCS pa3iiMyHble METOAbl 00paboTku nudpo-
BBIX CHUTHaIOB. Cpein HUX TEXHHMKa BEHBIICT-IPEOOPa30BaHMs JaeT MHOTOOOCIIAIONINE PE3yIbTaThl
B aHAIM3€ YaCTOTHO-BPEMEHHBIX XapaKTEPUCTHK KOMIIOHEHT 3JIEKTPOKapAHOrpaMMBI. AKTyalb-
HOCTPH PEIICHHUs MPoOIeMBbI MOBBIIICHHS KauecTBa HU3HH JIIOJICH MIPH ITOMOIIY PaHHETO JAWarHOCTH-
POBaHUSA U CBOEBPEMEHHOTO JICUCHHUS PA3JIMYHBIX KapAHOJOTHYECKUX 3a00JICBaHHUN SIBIISETCS OYe-
BuHOH. OCOOCHHO BaXKHBIM SIBISETCS IPOIECC aBTOMATH3MPOBAHHOTO aHalINW3a OTPOMHON 0asbl
3MeKTpoKapauorpapuuIeckux MaHHBIX. BelBieT-aHamW3 MOXET YCHEIIHO HCIONb30BaThCS IS
criaaxuBaHus M ynaneHus myma curHana OKI'. Curaam snekTpokapIuorpaMMbl, OUHIICHHBIH OT
ITYMOBBIX KOMIIOHEHT, BBITJISANT HATJISAHEE, TIPU 9TOM ero oosem coctasisteT oT 10 mo 5 % ot uc-
XO/IHOTO CHTHAJIA, YTO B OOJNBIION CTENEeHM pemaeT IpodieMy XpaHeHus kapiauozanuceil. Ileas
HcciieI0BaHusI: pa3paboTKa alIropuT™Ma MnoporoBoi 00paboTku BeliBieT-koddduireHToB n Guibt-
panmu curHana syekTpoxapauorpadun. Marepuanbl 1 MeToAbI. [y aHanm3a ObUIN B3STH KapANO-
rpamMel. [lanee onn ObuTH onM(pPOBAaHbI U BBEJCHBI B KOMITbIOTED /st 00paboTku. beiia Hanucana
mporpamma B cpene MATLAB, peanmsyromias HENpepslBHOE W IHUCKPETHOE BeWBIET-TipeoOpa-
3oBaHHe. Pesyabrarel. B pabore mokasan pesynbrar QuisTparmu curHaia OKI ¢ moOaBieHnem
LIyMa C OTHOLICHWEeM cHrHajl/myMm 35 u 45 nb ¢ ucnosjp3oBaHHMeM ypoOBHeH pasnoxeHus N =2,
N=3, N=4. 3akmoyenune. Ha ocHOBe aHanu3a MOJYyYEHHBIX JAHHBIX MOXHO CAEJATh BBIBO, YTO
BTOPOI YPOBEHb Pa3iioKeHust Hanbosee ontumaneH aust Guiaprpanun DKI-curHana. C yBeandeHH-
€M YPOBHS Pa3JIOXKEHHs BBIXOJHOE OTHOIICHHWE YMEHBIIAeTCs, Ha ypoBHE N =4 BBIXOJHOE CHI-
HaJI/IIyM TIOYTH HE INPEBBIINIAET BXOJAHOE, CIIEJ0BATENLHO, (DUIIBTpPALUsS CTAHOBUTCS HEd((PEKTHB-
Hol. KoadummenT koppemsnuu K 4eTBEPTOMY YPOBHIO 3HAUMTEIBHO CHIDKAETCS, YTO O3HAYaeT
3HAYUTEJIBHOE TIOBBIIICHHE HCKAKEHH, BHOCUMbBIX AJITOPUTMOM (DHIIbTPALHH.

Kniouegvie crnosa: snexmpokapouocucnan, eetignem-npeoopasosanue, aieopumm Quismpayuu,
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PA3PABOTKA UHTEIPAJIbHOIO NMOKA3ATENA
HAYYHOIO PA3BUTUA XXYPHAIOB

J1.I. Tyzawoea’, A.B. 3amoHckuii’

" AlbMembescKul e2ocydapcmeeHHbIl HegbmsHOU uHecmumym, 2. AribMembesck, Poccus,
2 lMepmckuli HauuoHanbHbIU uccriedogameribCKUl rnoaumexHuU4ecKul yHusepcumem,
GepesHukosckul ¢punuan, e. bepesHuku, Poccusi

B HacTosimee BpeMs akTyalbHBIM SIBISETCS BOIPOC ONPEIEICHUS PeHTHHTa N Hay9HOU 3HAYH-
MOCTH >KypHaJIOB. BbInomHeH 0030p crOCOO0B OILIEHKH KadecTBa POCCHHCKHUX M 3apyOesKHBIX XKyp-
HasoB. Leap padoTsl. Llensio nccnenoBanus sBisieTcsl pa3paboTKa MaTeMaTHUECKUX MOAENEH, 1o-
3BOJISIIOIMX MOJIENTMPOBATh M IPOTHO3MPOBATh IUHAMHKY HWHTEIPAJbHOTO IIOKa3aTeNs HAYYHOTO
pasButus xypHana. Matepuaasl 1 Metoabl. OrnpeneneH KOMIUIEKC HayKOMETPHUYECKHX MOKa3aTe-
Jel 171 OLICHKHM HAyYHOW 3HaYMMOCTH XXypHasoB. HezaBucuMOCTh (haKTOpOB HCClIei0BaHa C TIOMO-
IIbI0 MATPHIIBI MAPHBIX KOIPPUITUEHTOB Koppesiuu. [IpenioxkeH cnocod MoaydeHUs MaTeMaTH-
YEeCKON 3aBHCHMOCTH, OTPAXKAIOWIEH CBSA3b MEXy BBIOPAaHHBIMH HAYKOMETPHUCCKUMH HMHIUKATOPa-
MU ¥ UHTETpalbHBIM ITOKa3aTelleM, OCHOBAaHHBIN Ha MPUMEHEHHH METO/a MHOTOMEPHOM cpemHeil.
PamxupoBaHue (GpakTopoB BBIOJHEHO JKCIEPTHBIM METoJ0M. Pacuer BecoBbIX K03()(HUINEHTOB
ocymecTBiieH MeronoM DumbepHa. B kadecTBE MCXOMHBIX HAHHBIX HCIIONB30BANach JOCTYITHAS
nHpOpMaIMsl HAYYHOH SJIEKTPOHHOU Oubnmoteku e-library. PedyiabraThl ucciaenoBanus. C mnpu-
MEHEHHMEM TOJTYYEHHOTO BBIPQKEHHS 110 NCXOJHBIM JAHHBIM BBIYMCIICHBI 3HAYCHUS! HHTETPAIbHOTO
nokasatens 3a 7 netr Ha npuMepe JKypHana 1. [To aHamorn4Ho# MeToJuKe BBIBEIECHA 3aBUCHMOCTD
MHTETPAJBHOTO IOKa3aTelsl OT KIIOUEBBIX Mokaszareneil JKypHana 2, mist KOTOPOTO HE OmpeselieH
nokasarenb Science Index. BeimonaHeH mporHo3 OuOnmomMeTpuyeckux Iokaszateneid (GpakTopoB) u
MHTETpaJbHOTO nokasarens XKypHana 2 Ha mocienyiomue Tpu roaa. st nporHo3upoBaHus Xapak-
Tepa u3MeHeHHUs (akTopoB (YMClla IUTHUPOBAHMI) BRIOpaHA KBaJpaTH4Has M KyOHMdeckas 3aBHCH-
MocTbh. VccreqoBaHo BIMSIHUE COBMECTHOTO M3MEHEHHUs ()aKTOPOB HAa MHTETPAJbHBIN MOKa3aTelb.
Oo0cyxnenue u 3akia04yenue. PazpaboTaHHble MaTeMaTUYECKHE MOJAEITH MOTYT HCIOJIB30BaThCS
JUIA aHaJH3a N3MEHEHMs KOMITJIEKCa HayKOMETPHUYECKUX IOKa3aTesiell BO BpEMEHH IpHU pa3padoTke
CTpaTeruy pa3BUTHs HAYUHbBIX )KYPHAJIOB M NIPUHATHH YIIPABICHUECKUX PELICHUIA.

Kniouegvie cnosa: oicypnan, naykomempuueckue noKasamenu, UHMeSpaibHsllli NOKa3ameib, Ha-
VUHASL BHAYUMOCTb, MHOZOMEPHASL CPEOHSIS, MOOENUPOBAHUE, NPOCHOZUPOBAHUE.

Beenenue

BrIcokuii pediTHHT Hay4HOTO *KypHaNa B pedepaTHBHON 1 OnbIuorpaduyeckoii 6a3ze NaHHBIX TOKa-
3BIBAET €r0 BOCTPEOOBAaHHOCTH HAYYHBIM COOOLIECTBOM. PEHTHHI Hay4HBIX KypHAJIOB ONPEACISIETCS Ha
OCHOBE MH(QOPMAIMH O TUTHPOBAHHUHU OITyOJINKOBAHHBIX CTaTEH.

Jiist )KypHAJIOB, HHACKCUPYEMBIX B MEXAYHAPOIHBIX pedepaTUBHBIX 0a3ax JaHHBIX, PEUTHHT Olle-
HHUBAeTCs MyTeM ompeneneHus ksaptwist (Q1-04), To ecTb paHra Hay4HOTO KypHala, 3aBUCALIETO OT
ero murupyemoctu. Ins Oassl mauHeix Web of Science (WoS) kBapTwuib oOmnpenensercss HMIaKT-
(hakropom Journal Citation Reports (JCR), a nns Scopus — nokazarenem SCImago Journal Rank (SJR).

PeliTuHT pocCHIICKMX KypHAJIOB ONpEAENAETCs PasIMuHBIMU IMOKa3aTeiasiMu. HaykomeTrpuueckue
NOKa3aTeNy MpuBeAeHsl Ha caiite Hayunoil snextponnoit 6udnmuoreku (HObB) eLIBRARY.RU B pasnene
«AHanm3 MyONMKAIIMOHHOW aKTHUBHOCTH JXKypHaliay. BayKHbIM MokazareieM SBISETCS MUMITAKT-PaKTop
Poccuiickoro muaekca Hayanoro nutupoBanus (PMHII). Ha cerogns cymecTByeT HECKOIBKO €r0 BHU-
J0B. DTOT MOKAa3aTellb MOXKET COIIPOBOKAATHCS BRICOKMM KO3((UIIMEHTOM CaMOLUTUPOBAHUS WIIM WH-

80 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 1, pp. 80-89



Tyeawoea J1.I"., 3amoHckul A.B. Paspabomka uHmezpanbHO20 nokasamersns
Hay4HO20 pa3eumus ypHasoe

nexcom XephuHAANS 0 MUTHPYIOIINM JXKypHAIaM, HeOOJIBIIUM YHCIIOM cTaTeil. B aTom ciydae ocHOB-
Has 4acTh CCBUIOK Ha CTaThH MOCTYIAET U3 3TOTO K€ KypHaja WIM OTPaHUUYECHHOI'O YUCHA APYTUX KYpP-
HanoB. B PUHII npumMensieTcss HHTErpaibHbIi mokasatenb Science Index (SI).OqHa 13 OCHOBHBIX 33j1a4
JAHHOTO PeHTHHTra — JaTh BO3MOKHOCTb CPaBHUBATh MEXAY COOOM KypHAaJIbl, OTHOCSIIIUECS K Pa3JInd-
HBIM JUCUMIUIMHAM [1].

®dopmyna pacueTa MHTErpalibHOTO TOKazaTelnst S/ y4uThIBaeT HEOOINBIIOE YHCIO HAyKOMETpUYe-
CKHX TIOKa3aTesieil (cpeiHee YHCII0 CChUIOK B CITUCKAX IMUTHUPYEMOW JIUTEpaTyphl Ha CTaThH B )KypHajax
PUHILI; momu cchuIOK, MOMaNalonuX Ha MATHISTHUA MEPUOJ; MATHICTHHNA HUMITAKT-()aKToOp C y4eTOM
CaMOLIMTUPOBAHU; MHIEKC XephuHAaas MO MUTHUPYIOMHMM >XKypHanam). MHpopMmanms o yucieHHOM
3HaueHun S/ 3a npomenmuii rox nosisierca B PUHL] He cpa3y, a ToJbKO Yepe3 HECKOJIBKO MECSIIEB B
cnenyromeM rony. Kpome 3Toro, 1aHHbli MOKa3aTellb paCCUUTHIBACTCS HE MO BCEM HAyYHBIM >KypHa-
nam. Jlns Gosee MOTHOM OIEHKHM HAyYHOW 3HAYMMOCTH XXypHalla HEOOXOJUMO YYUTHIBATH COBMECTHOE
BIIMSIHUE Psijia JIOTIOIHUTEBHBIX ONOIMOMETPHUECKIX ITOKA3aTEIICH.

s aBTOpa, pemMBIIETro OMyOIMKOBATh PE3yJIbTAThl CBOMX HAYYHBIX HCCIIEJOBaHUA, PU BhIOOpE
KypHalla BaXXHBIMHU (DaKTOpaMU SBJISIOTCS PEUTHHT KypHalla, COOTBETCTBUE CTAaThH TEMAaTHUKE KypHAa,
CPOKH U KaueCTBO PEICH3MPOBAHHS, BPEMS OT IOJIaYM CTAThU B PENAKIUIO JI0 €€ ITyOJUKAI|H, IJIaT-
HOCTh crated. [Ipu AMUTEeTbHOM CpoKe MyOIMKalui BO3MOXKHO CHMKEHUE aKTyaJbHOCTH paboThel. Ha-
JTUYAe HAYKOMETPUIECKUX TIOKa3aTelNeil )KypHaAIOB CIIOCOOCTBYET PaBUILHOMY BEIOOPY JKypHaIa.

s aBTOpOB MpH BEIOOpPE >KypHAja MPH OMYyOJWKOBAaHUH CTaThH, IS PEAAKIIMOHHBIX KOJUICTHA
HAYYHBIX )KYPHAJIOB MPH pa3padO0TKe CTPATErny Pa3BUTHS KypHaia MOKET OBITh MOJIC3CH aHAITN3 U3Me-
HEHUS KOMITJIEKCAa HAyKOMETPHUECKUX ITOKa3aTenel BO BpeMEHH.

C 9T0i 1emnbIo MpeaaraeTcsi OJMH M3 BO3MOXKHBIX CITIOCOOOB aHANM3a JaHHBIX C TPUMEHEHHUEM Ma-
TEMAaTU9YeCKON 3aBUCHMOCTH, OTPaXKAIOMIEH CBSI3b MEXKAY BHIOPaHHBIMH HAYKOMETPUYECKHMH TOKa3a-
tensmu. [IpemaraemMplii HHTETpaIbHBI KPUTEPUH MOKHO MPOCTO BBIYUCIMTHL Ha OCHOBE 00PaOOTKH
nHopmanun, npuseneHuoi B PUHII.

1. O630p auTEpPaTYypHI

BriepBrie aHanu3 TUTHPYEMOCTH ObLT IPUMEHEH ISl peLeHus] TPoOIeMbl KOMIUTIEKTOBaHuUs B 1927 T.
oubimorekapsamu xumuueckoro xomtemxa I1. I'poce u E. I'poce [2, 3]. AHannu3 ocHOBaH Ha NpPEATONo-
KEHUH, YTO COTJIACHO KOJMYECTBY CCHUIOK Ha HAYYHYIO paboTy MOKHO CIIeNIaTh BBIBOJ O CTEIICHH €e
BIIMSIHAS Ha HAy4YHOE co00IIecTBo [4].

Crioco0am OLEHKH KayecTBa JKYpHAJIOB M ONHCAHUIO HAYKOMETPHUUECKUX MOKa3aTeseid, CpaBHU-
TEJBHBIM 0COOEHHOCTSIM POCCHHMCKUX U 3apYOEKHBIX KYPHAIOB, OCOOCHHOCTSIM IyOIHKanuii o obmac-
TSM 3HaHUH U TEPPUTOPHUAM HOCBSIICHO 0OJIBIIIOE YUCIIO paboT [5—7]. B OCHOBHOM Bce CYIIECTBYIOIIHE
METOAMKH OLIEHKH HAYYHBIX KYpHAJIOB MOKHO Pa3AeNUTh Ha 2 TPyMIIbl: OMOIMOMETpUYECKUe MmoKas3a-
TENU ¥ SKCIIEPTHBIE METOMBI.

B [8] Ha ocHOBe mHJEKca UTUPOBaHUS Science Index M MMNAKT-paKTOpa BBHITOJHEH aHAIHU3 Peii-
THUHIa OCHOBHBIX POCCHHMCKUX KYPHAJIOB, CHEIUANU3UPYIOMIKXCA Ha TpobiaemMax 0e30MMacHOCTH, 3alUTh
OKpy»Karoleil cpensl u 3konorud. B [9] mmanupyercst pazpaboTka METOAUKM pacdeTa MHTErPabHOTO
MOKa3aTels KYPHAJIOB MEIUIIMHCKOTO MPOQHIIs, OCHOBAHHON Ha MEXKIYHApPOIHBIX Mokasarensix (SNIP
(Source Normalised Impactper Paper), Stability intervals).

B psine 3apyOexHBIX pabOT TakKe PacCMOTPEHbI HAYKOMETPHUUIECKHE MoKa3aTeNu (MMIakT-(pakrop,
YHCII0 HUTUPOBAHUI U Ap.) IJIsl OLIEHKH KadyecTBa Hay4yHOro xypHana [10, 11]. B paGore [12] Bbinonue-
Ha OuOIMOMETpUYECKas OLCHKAa Hay4YHOMW JIMTEPaTyphl B o0jacTi oOpazoBanus 3a mepuoa 20042014 rr.
[IpuBeneHo cpaBHEHHE 3HAYCHUN MMIAKT-PaKTOPa )KYPHAJIOB, a TAKXKE KOJMYECTBO LIUTUPOBAHUH ITyO-
JIUKAIMQ U1 HECKOJBKUX YHUBEPCUTETOB M MCCIEIOBATEIBCKUX LEHTPOB C MIPUMEHEHHEM HHCTPYMEH-
ta InCites Database.

2. MaTtepuaJbl 1 METOABI

Jns HaxOoKIEHUS BBIPAKEHUS, CBSI3BIBAIOIIEI0 HAYKOMETPHYECKHE IMOKa3aTeNld M MHTETPabHBIHN
MOKa3aTeNb HAyYHOTO Pa3BUTHS JKypHaia, BOCIOIb3yeMCd MHOTOMEPHBIMU METOJaMH aHAIHM3a TaHHBIX.
K TakuM mMeTomam OTHOCSTCS, HApUMEP, METOJ IJIABHBIX KOMIIOHEHT, MHOTOMEPHON CpefaHeH, Kia-
ctepHblil ananu3 [13] u ap. BeiOpan MeTox MHOrOMEpHOH CpeaHel n3-3a MPOCTOTHI peanu3auuu. Meton
MPUMEHSIETCS € [ENBI0 TPYNIUPOBKH 0OBEKTOB, XapaKTePU3YIOMMXCS OONBIINM KOJHMYECTBOM IpU3HA-
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KOB. MHOTOMEpHOW CpeaHell Ha3bIBaeTCSl CpeAHss BEIMUYMHA HECKOJIBKUX MPHU3HAKOB JJIsl OJAHOM €au-
HUIIBI COBOKYITHOCTH.

Bri6pans! cneqyronine HayKoMeTpHuecKkre oKa3aTel JKypHaa:

X1 — nByxaetnuit ko3pduuuent camounTupoBanusi, %o;

X2 — natunerauii kodgduprenT camounuTHpoBaHusL, %o;

X3 — natunetHuid naaekc XepQuHIAs M0 MUTHPYIOIIMM KypHaaMm;

X4 — unnexc XeppuHaans Mo OpraHu3alisM aBTOPOB;

X5— unpaekc JI)xunu;

X6 — o01iee yMCIO UTHPOBAHUH JKypHAJa B TEKYIIIEM TOJLY;

X7 — cpeaHee YuCio CChUIOK B CIIMCKAaX LUTHPYEMOH JIUTEPaTyphl;

X8 — 4nCI0 HOBBIX aBTOPOB,

X9 — cpenHuit nHIEKC XUpIIa aBTOPOB;

X10 — gncI0 MPOCMOTPOB CTaTel 3a TOJ;

X11 — narunernnit umnaxt-¢paxkrop PUHLI;

X12 — neyxnerauit ummnakt-paxkrop PUHLI;

X13 — 9ucno CChUIOK Ha CaMyIo ITUTHPYEMYIO CTaThIO;

X14 — necaruneTHuil HHAECKC XUPILA;

X15 —uncno crarei, ormyOJIMKOBAHHBIX 3a IPEBIAYIINE 1B TO/A;

X16 —yncno MUTHPOBAHUN CTaTel MPEABIAYIINX ABYX JIET U3 KYpPHAJIOB;

X17 — 4nucno caMOUUMTUPOBAHUN CTATEH MPEIbIIYIINX ABYX JIET;

X18 —uncno crarei, ormyOJIMKOBAHHBIX 3a PEIBIAYIIHE 5 JIET;

X19 — 9ucno NUTUPOBAHUM CTaTEeH MPEABIAYIUX 5 JIET;

X20 — 9rci0 caMOIMTUPOBAHUN CTATEH MPEIBIIYIINX 5 JICT;

X21 — 4ucno cratei 3a TEKyIIMM ro.

Haiinem BbIpakeHHe, CBSI3BIBAIOLIEE BBIMICIIPUBEACHHBIE (DAKTOPHI M MHTETPAJbHBIM MOKa3aTelb.
OnHaKo mpexkJie YeM MEeperTH K 3TOMY 3Tally, Hajo OICHUTh, KaKk BBIOpaHHbBIC (aKTOPHI B3aMMOCBS3a-
Hbl. Ecin mapHas Koppensuus Mexay AByMs psizaMu (aKkTOpPOB BBICOKA, TO OAMH M3 PSIOB JOJDKECH
ObITh HckirOueH. [Ipy UCKITIOYeHNT HAaZl0 YIUTHIBATh M BaXKHOCTH (DaKTOpa IO CMBICITY, TaK KaK BEIHIH-
Ha B3aUMHOT0 BIUSHMS (PAaKTOPOB MOKET 3aBUCETh, HAIIPUMED, OT 00beMa BEIOOpKH [ 14].

[Tpumem, ecnu 3HaUEeHUE MAPHOTO KO3 GuieHTa Koppessiuu oosbie |0,8|, To hakTopbl CUNTAIOTCS
3aBucuMbiME [15]. Tlokazarenn X15-X21 HocsAT crpaBOYHBINA XapakTep M Y4acTBYIOT B (YOPMHUPOBAHUH
JIPYTHUX IOKa3aTeseil, Mo3ToMy B JalbHeWIeM paccMarpuBaeM 14 oCHOBHBIX Mokazarenei X1-X14.

Ucxonuvie nanubie (14 oToOpaHHBIX HAYKOMETPUYECKUX IMOKazarenei 3a mepuoj 2012-2018 rr.)
NPEACTAaBUM B BHJIE TaONUIBI, TJ€ CTPOKA COOTBETCTBYET 3HAUCHUSIM Pa3HBIX HAYKOMETPHUECKUX MOKa-
3areneil (MPU3HAKOB) 33 OMH IO/, a CTOJ0EI COAEPIKUT 3HAUCHHS 110 OTHOMY NMPHU3HAKY 33 pa3HbIE To-
nel. HopMHupOBKa MaHHBIX OCYIIECTBISIETCS MO KKAOMY M3 CTOJOLOB IyTEM JIEJICHHSI Ha COOTBETCT-
ByIOLIEE CpeHEE 3HAUCHHE 110 IPU3HAKY.

MHuoromepHas cpegHsisi OnpeAesieTcs] ©3 OTHOCUTEIBHBIX (HOPMHUPOBAHHBIX) BEJIMYHH, PACCUUTAH-
HBIX TI0 3THM HPU3HAKAM, CIIEIYIOMEH (popMyIoit’

m
X.::
U ~
LE 22— XX,
ij
J=1 Y
m m m
r7ie i — HOMep eIMHUIBI COBOKYMHOCTH (TOJ); j — HOMep MpH3HaKa (HayKOMETPUYEeCKOro MoKa3aTes),
j =1...m; P;— MHOrOMepHas CpeAHss AJs i-i eIUHHULBI COBOKYITHOCTH (TOJa); /M — YHUCIIO NMPU3HAKOB, /M

= 14, X;j — 3Ha4YCHUC IIPpU3HAKA X; NI I-u CIVHUIIBI; xj — CpCAHCC 3HA4YCHHUC IIPHU3HAKA X;, paCCYUTaHHOC

II0 BCel COBOKYITHOCTH €IUHMUIIL; le — HOPMHUPOBAHHOC 3HAYCHUC IIPU3HAKA X;.

3aMeTuM, 4To OoJblIee 3HaUCHHE MOoKazaTeneil X6—X14 npuBOOUT K YBEIMUYCHUIO MHTETPAIBLHOTO
KpUTepus, a yBeIMUeHHEe 3Ha4eHUH rmokazareneid X1-X5 camxkaeT kpurepuil. YToOsI Bce mpu3Haku Obl-
T paBHOHAIPABICHHBIMH, TIEPEHIEM K IPOTHUBOTIONOKHEIM BeTHUIMHAM IoKazaTenen X1-X5. [list atoro

'Kanpanosa E.B. Craructuka. IlpakTnkym: siekTpoHHOe ydeOHoe mocobme. URL:  http://eos.ibi.spb.ru/umk/
8 1/15/15_P1_RI1_T2.html.
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OorpeacasieM BCINYUHBI, paBHBIC PA3HOCTHU MCKAY MAKCUMaAJIbHBIMU 3HAYCHUAMU (B HamieM Ciy4dac OHU
I/I3BCCTHLI) " ONpPCACICHHBIMUA 3HAUYCHUSIMUA MOKa3aTelIei:

X1 =100- X1; X2/ =100- X2; X3 =10000— X3; X4 =10000- X4; X5 =1- X5.

3. Pe3yabTaThl HCCIE10BAHUSA

IIpuBeneM mocnenoBaTeNbHOCTh MOCTPOEHHUS 3aBUCUMOCTH MHTErPAIbHOIO KPUTEPUS OT HAYKO-
METPHUYECKUX IMOKa3aresel mo ¢popmysie (1a) 1 BO3MOXKHBIE BapHaHTHI ee peodpazoBanus. B xauecTse
WCXOIHBIX JAHHBIX VIS MpUMeEpa MCHoib30Basach aoctynHas uHdpopmanus HOb PUHL mo xyphuamy
«KypHan 1», oTHOCAIEMYCS K pa3Aeny «ABTOMaTHKa. BerauciaurenbHast TEXHUKAY.

C yuerom ¢dopmyJsl (1a) HHTETpalIbHBIN ITOKA3aTeNb IS BBIOPAHHBIX 14 HAYKOMETPUYECKHUX ITOKa-
3aTesel UMeeT CIEAYOIINUNA BU:

~ |/ ~ ~ |/ ~ ~

P =0,0714-X1 +0,0714- X2 +0,0714- X3 +0,0714- X4 +0,0714- X5 +...+

+0,0714- X6, +0,0714- X7,+0,0714- X8, +0,0714- X9, +0,0714- X10, +...+

+0,0714- X11, +0,0714- X12; +0,0714- X13, +0,0714 - X14,.

OmHako 31ech IIPUHATEL paBHBbIE Beca UIA BCEX 0T06paHHLIX Q)aKTopOB, TaK KaK CYHUTAETCsd, YTO
MPU3HAKW PaBHOM 3HAYMMOCTH. B Haliem ciiydae cuMrtaeM, 4TO NpuU3HaKH ((PakTophl, HAYKOMETpHYE-
CKHUC HOKaBaTeJ'II/I) OTIIMYAaKTCA 3HAYUMOCTBIO. Z[J'ISI OMPEACIICHUA paHTra KaXXJ0ro HaAYKOMCTPUUICCKOIO
MoKazartens BBIOpaH dKCIEPTHBIA METOJl. B KauecTBe SKCIepTOB BBHICTYIHIIM TPENOAaBATENId U COTPY/-
HUKH By3a, MIMCIOIIIUE ONBIT HAIIMCAHUSA M ONyOJIMKOBAaHUS HAayYHBIX CTaTeH B XKypHalaX. B pesynbrare
06pa60TKI/I JAAaHHBIX HAYKOMCTPHUYCCKHUC MMOKA3aTCIIN PACIIOJIOXUINCH B CH@ILyIOH_Ieﬁ OCJIICA0OBATCIBbHO-
CTH I10 yOBIBaHUIO UX 3HaunmMocTw: X6, X11, X12, X2, X1, X3, X4, X5, X13, X10, X14, X9, X8, X7.

3areM omnpenenseM Bec KaKI0ro nIpru3Haka ¢ moMolnbio Metoa duibdepna [16]:

_2(m—j+1)
mm+1)
rz[ej — paHI’ HAYKOMCTPUUICCKOI'O MMOKA3aTCJIA.

C y4yeToM pacCcUMTaHHBIX BECOB HayKOMETPHUECKMX INOKasareseill Gpopmyna (la) mpeobpasyercs K
cienyrmeMy Buay

B=YwX,. (16)
j=1

f =1...m,

Torna o popmyne (16) UHTErpaTbHBIN KPUTEPHIA ONIPEEISeTCs CIEAYOIUM 00pa3oM:

P = 0,0952- X1, +0,1048- X2 +0,0857- X3 + 0,0762- X4, +0,0667- X5, +...+

+0,1333- X6, + 0,0095- X7,+0,0190- X8, +0,0286 - X9, +0,0476 - X10, +...+

+0,1143- X11; +0,1238- X12, +0,0571- X13, + 0,0381- X14,. )

C npumeHeHHEM BbIpaKeHHUS (2) MO MCXOIHBIM JAaHHBIM BBIYHCIEHBI 3HAYEHHUS WHTETPATBLHOTO
noka3zatens JKypnana 1 3a 7 ner (2012-2018 rr., i = 1...7). Ilony4yeHnsle pe3yabTaThl IPEACTABICHBI
Ha puc. 1.

Beipaxkenue (2) mo3BOJISET OLEHUTH HE3aBUCHMOE WM COBMECTHOE BJIMSIHUE OT/ICNBHBIX ITOKa3aTe-
neit (pakTopoB) Ha ypoBEeHb HAYYHOTO PA3BUTHSA XKypHaja B JUHaAMHKe. Hanpumep, ucmomb3ys mporHo-
3bl OTHENbHBIX MOKa3aTeseld, MOKHO BBISIBUTh, KAK M3MEHUTCA MHTErPAJIbHBIN MOKa3aTenb (2) B Oyny-
[IMe TEPUOABI.

VHTerpanbHblil MOKa3aTelb 110 BEIPAKEHUIO (2) BOSMOXHO OMNPECIUTh U [UIS KypPHAJIOB U3 APYTUX
paszenoB. Kpome 3toro, Bo3aMoxxHbI cityyan, koraa B PUHL] nist HayqHOTO KypHajia MpUBEACHBI Hay-
KOMETpPHYECKHE MTOKa3aTeIH 3a ONpelesICHHbII NeproA, HO Mokaszarenb Science Index He ompeneneH.
COOTBETCTBEHHO, JKypHAJI HEllb3sl HAWTHU B CHMCKE PEHTHMHra Kak B 0OIIeM, Tak M 1O OTJCIbHBIM Ha-
npasieHusaM. [Ipumepom Takoro xypHana sBisercs xypHan «OKypnan 2». ITokaxem mocienoBarens-
HOCTb NIPUMEHEHUS 3aBUCUMOCTH (2) A7l Ha3BaHHOTO m3AaHus. OTobpano 14 ¢akTopoB (HayKOMETpH-
YecKuX IMoka3zateneit) 3a nepuox 2012-2018 rr.

PaccunTanHble 3HaUeHUS MApHBIX KOA(POUIMEHTOB KOPPENSIMA HAyKOMETPHUSCKUX IOKa3aTenel
x)ypHana «KypHan 2» npuBeneHs! B Ta0. 1.
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Puc. 1. MNokasaTtenu xypHana «XXypHan 1»
Fig. 1. Indicators of the journal “Journal 1”

Tabnuua 1
MaTtpuua napHbix K03 dUUNEeHTOB Koppensauum
Table1
Matrix of paired correlation coefficients

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 | X11 X12 | X13 | X14
X1 | 1,000 | 0,431 |-0,319|-0,381 [-0,198 | 0,787 | 0,776 |-0,240| 0,695 | 0,390 | 0,730 | 0,815 |-0,033 | 0,616
X2 | 0,431 | 1,000 | 0,615 [-0,063 [-0,280 | 0,347 | 0,295 | 0,297 | 0,683 |-0,003 | —0,034 | 0,004 | 0,542 | 0,182
X3 1-0,319] 0,615 | 1,000 | 0,372 | 0,086 |-0,424|-0,344| 0,112 |-0,001 |-0,640 |-0,723 |-0,778 | 0,466 |—0,550
X4 | 0,381 | 0,063 | 0,372 | 1,000 | 0,383 | 0,664 | 0,803 |-0,129 |-0,570 |-0,692 |-0,313 |-0,481 | 0,320 |-0,747
X5 10,198 | 0,280 | 0,086 | 0,383 | 1,000 | 0,025 | 0,298 |-0,581|-0,081 |-0,112 |-0,260 |-0,267 | -0,745 | -0,143
X6 | 0,787 | 0,347 | 0,424 | 0,664 | 0,025 | 1,000 | 0,914 |-0,045| 0,823 | 0,778 | 0,739 | 0,814 (-0,320 | 0,831
X7 | 0,776 | 0,295 |-0,344 |-0,803 | 0,298 | 0,914 | 1,000 (0,215 0,807 | 0,650 | 0,554 | 0,707 |-0,392| 0,788
X8 1-0,240] 0,297 | 0,112 |-0,129|-0,581|-0,045|-0,215| 1,000 | 0,181 | 0,348 |-0,151 |-0,071 | 0,674 | 0,279
X9 10,695 | 0,683 |-0,001]-0,570|-0,081| 0,823 | 0,807 | 0,181 | 1,000 | 0,632 | 0,314 | 0,539 | 0,098 | 0,797
X10 | 0,390 |-0,003 |—-0,640|—-0,692|-0,112| 0,778 | 0,650 | 0,348 | 0,632 | 1,000 | 0,560 | 0,738 |—0,224| 0,930
X11 | 0,730 |-0,034|-0,723 |-0,313 |-0,260 | 0,739 | 0,554 |-0,151| 0,314 | 0,560 | 1,000 | 0,899 |-0,317| 0,544
X12 | 0,815 |-0,004 |-0,778 | 0,481 | 0,267 | 0,814 | 0,707 |-0,071| 0,539 | 0,738 | 0,899 | 1,000 |-0,225| 0,804
X13 |-0,033| 0,542 | 0,466 | 0,320 |—0,745|-0,320|—-0,392| 0,674 | 0,098 |-0,224|-0,317|—-0,225| 1,000 |—0,079
X14 | 0,616 | 0,182 |-0,550|-0,747|-0,143 | 0,831 | 0,788 | 0,279 | 0,797 | 0,930 | 0,544 | 0,804 |-0,079| 1,000

U3 tabn. 1 Buanm, 4TO A1 HECKOIBKHX MOKa3aTelae ko3 QHUIUEeHT MpeBhIlIacT HOPOroBoe 3HaUe-
HUE, HO B HallleM CJIy4ae MPUMEM, UTO BCE NTOKAa3aTeN! BayKHBI.

Jiist Toro 94ToOBI MONYYUTh 3HAYCHHE HHTETPAIbHOTO TIOKa3aTellsi He TOJNBKO 32 BEIOPAHHBIN MepH-
0]l, HO U B OyayIHe epro/bl, BBIMOITHIM MPOTHO3UPOBAHHE HAYKOMETPUIECKUX TIOKa3aTeleH.

JUid mokaszaTenel, XapaKTepH3YIOIUX YHCIO LUUTHPOBAHMN 3a 2 HpedplAymux roxa X16 u 3a
5 mpeppinynmx et X19, onpeneneHa annpoKCUMHUPYOLIas KBaIpaTHYHas 3aBUCUMOCTD (puc. 2):

_ 2
X;(®)=a0+al -1, (3a)
rje ¢ — Bpems, rof; X; — nporuosupyemslii paxrop (j = 16, 19); a0, al — ko> duumenTs!.

Jlst Iokazatens, XapakTepU3yIoIero o0Inee Yrciio MUTHPOBaHUN X6, ompeseena anmpoKCHMHU-
pyromas Kyondeckasi 3aBUCHMOCTh (CM. puc. 2):

X;()=a2+a3-1, (36)

rie X; — IporHo3upyemslii pakrop (j = 6); a2, a3 — ko3hPUIHEHTHI.
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Fig. 2. Approximation of the number of citations

[Tomydensr cnenyromye 3Ha9eHUsT KO3(QPUIIMEHTOB:
o X16: a0 =2,6951; al = 0,3795;

g X19: a0 =3,7719; al = 0,4686;

st X6: a2 = 8,3228; a3 =0,0775.
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[To anmpokcumupyrommumM 3aBucuMocTsM (3a), (30) ompeneneHbl MPOTrHO3UpYEeMbIe 3HaUeHUsI (hak-

TopoB X6, X16, X19 na nepuon 2019-2021 rr. Uucno crateit 3a kaxxasii rog npumem X21 = 31. C yue-
TOM 3TOro HaxoauM uuciio crated X15 u X18. [lomydennsie pe3ynbpraThl 0OBEAMHEHBI B TaOM. 2.
OcTanpHple HayKOMETPHUUYECKHE IIOKA3aTeIM Ha IPOTHO3UPYEMBIN NEPHUON ONpPEIENIEHBl HAa YPOBHE

CPEHHUX 3HAYEHUH 33 MOJEIUPYEMBII IEPUOA.

Tabnuua2
MporHo3upyemble nokasatenu xxypHana «XKypHan 2»
Table2
Forecast indicators of the journal “Journal 2”
ITokazatens / Indicator 2019 2020 2021
X21 30 30 30
X6 48 65 85
X16 27 33 40
X15 67 62 62
X12= X—16 0,4028 0,5393 0,6556
X15
Y1 X17 100 X1718=8 29,6460 23,9255 19,6811
X116 X117 =2 7,4115 5,9814 4,9203
X19 34 42 50
X18 141 166 162
Xll= X1 0,2394 0,2514 0,3125
X18
X< X20 100 X20p15=13 38,5082 31,1568 25,6781
©X19 X20sr =3 8,8865 7,1900 5,9257
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B 2018 r. BO3pocCio 4yucio caMOLMTUPOBAHUHN cTaTed mpenpiaymux 5 jgeT X20 u mpeaplaymx
2 net X17, TakKe yBEIMYMIOCH 3HAYCHUE IATHIIETHErO MHJCKca XepOUHIAIS 10 [IUTHPYIOIUM KYp-
Hajam X3. [Ipu aTom obIiee YMUCII0 MUTUPOBaHUH X6, UnMCI0 MUTHPOBaHUH 3a 2 roga X16, 9uciio muTu-
poBaHMii 3a 5 nmer X19 yBenuuuBaeTcsi, BO3pacTaeT IBYXJICTHUH MMIakT-pakrop X12 u nsaruneTHUi
ummakT-paxtop X11.

Ha puc. 3 npuBeaens! 3HaueHHs] UHTETPAIBLHOTO MOKa3aTess 3a mogenupyemsid (2012-2018 rr.)
u nporaosupyemslii (2019-2021 rr.) nepuon.
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Puc. 3. UHTerpanbHbIN NokasaTenb Npyu pa3HOM YMcie caMoLUTUPOBaHUM
Fig. 3. Integral indicator for different number of self-citations

I'paduik / cOOTBETCTBYET BapHUaHTY, KOTJa IPOTHO3UPYEMOE YUCIIO CAMOIUTHPOBAHUI MTPUHATO HA
YPOBHE CpeAHEro 3HaueHus 3a Moaenupyembiii nepuon (X17sg, X20sg), rpaduk 2 COOTBETCTBYET IMPO-
THO3MPYEMOMY YHMCITy CaMOIMTHPOBaHWN Ha ypoBHe 3HaueHHUs 2018 1. (X17,913, X20,0;5). [IporHosu-
pyeMble 3HAYEeHUSI HHTETPAIbHOTO TIOKa3aTelsl 10 BapuaHTy / BBIIIE, TaK KaK YUCIIO CAMOLIMTHPOBAHHMA
B 3TOM CJIy4ae HIKE.

MeHsa 3HaueHHs PaA3IMYHBIX BIUSIOMHKX (AKTOPOB, MOXHO CTPOMTH Ppa3IWYHbIC CICHApUHU
HAYYHOTO Pa3BUTHS KypHaJIa.

O0cyxneHue 1 3aKJII04YEHUE

Jnst aHanmm3a HAYYHOTO PAa3BHUTHUS KypHana HEOOXOAMMO NMPUMEHEHHE METOJIOB KOJIUYECTBEHHOH
OIIEHKU. BaxkHBIM 3TanoM QopMHUpOBaHHS TaKOW OLIEHKH SIBIISICTCS BHIOOP BIUSIOMIMX HAYKOMETpHYE-
CKUX NOKa3aresel ((hakTopoB).

C npuMeHeHHueM MEeTOJja MHOTOMEPHOW CpeAHEeH MoTyueHa 3aBUCUMOCTb HHTETPaIbHOTO IoKa3are-
TSl HAYYHOTO Pa3BUTHSA JKypHalia OT BEIOpaHHBIX QakTopoB. OHA MO3BOJSIECT ONPENCIUTh AMHAMUKY HH-
TErpaJbHOro MOKa3aTessl MPU COBMECTHOM WIIM HE3aBHCUMOM M3MEHEHHHM HAayKOMETPHUYECKHX IOKa3a-
TeJIel. AHANK3 TaKOro BIUSHUS MOMOKET BHIOpaTh BAPHAHTHI PELICHUH pH (OPMUPOBAHUU CTPATETUH
Pa3BUTHUS ONPECICHHOTO HAYYHOTO XKypHAaa.

PenakunonHas KOJUIETHs, PELEH3CHTHI — YIPABISIOMIAS YaCTh COIMATbHO-HAYYHOH CHCTEMBI, KO-
TOpasi MOXKET BIMATH HA U3MEHEHHE OCHOBHBIX IOKa3zarenei (paxkropos). 3amgaBasi pa3auyHble 3HAUCHUS
(hakTOpOB B OyAyIlIEM, MOKHO ITOCMOTPETh, KaK OY/E€T MEHSATHCS HHTETPATbHBIM KPUTEPHUH, TO €CTh BbI-
NOJHATH MpOrHO3upoBaHue. 1o pe3ynbTaraM MOXKHO NMPHUHAMATH Pa3IMYHbIC MEPBI Ui YIyYIICHUS
00111ero Hay4HOTO COCTOSIHUS JKypHaia, KOppEeKTUPOBaTh TpeOOBaHuUs K aBTOpaM U T. A. Hanpumep, mis
yIay4lleHust nHaekca XepQuHOans W, COOTBETCTBEHHO, MOBBIILICHHUS 3HAUYCHUS KPUTEPHs], BO3MOXKHO,
NPUBETCTBYETCS] COABTOPCTBO YUEHBIX, Pa0OTAIOIINX B pa3HbIX opraHu3anusix. s cHikeHust KodQdu-
[IECHTa CAMOLIUTUPOBAHUS, COOTBETCTBEHHO, MOBBIIICHHUS 3HAYCHUSI KPUTEPHS, BO3SMOKHO, HA3HAYACTCS
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OrpaHMYCHHE JTOJM CAMOLMTHUPOBAHUS CTaTel JKypHaja B CTPYKTYPE CIIMCKa JHMTEPaTypbl, Tpedyercs
YIIy4IlIEHHE KaueCTBa IUTUPOBAHUS U T. M.

ABTOp SIBISIETCS YIIPABISEMON YaCThIO COIMAIIBHO-HAYYHOU cucTeMbl. IIpu HamvicaHuu cCTaTbhy aB-
TOp CHavaja BBIOMpACT HECKOJBKO KYPHAIOB, KOTOpHIC, MPEANOIOKUTENBHO, MyOJINKYIOT CTaThU IO
ero temartuke. B nomonHenne k mH(OpManyy, MPUBEACHHON HA CaiiTe KypHasa, PEKOMEHIAUUSAM KOJI-
JIET aBTOP MOXET OIPEJCIUTHCS ¢ BEIOOPOM JKypHalla ¢ IOMOIIBIO pacueTa UHTErPabHOTO KPUTEPHSL.
Jnist aTOTO HA caiite e-/ibrary MOXHO OTKPBITH pa3jien «AHaU3 MyONUKalMOHHONH aKTUBHOCTH JKypHa-
J1a», IOCMOTPETh €r0 MOKa3aTeld, CKONNPOBaTh HYXKHBIE, ONPEIEIUTh 3HaueHue kpurepus. [Ipoananu-
3UpOBaTh, KaKkas JUHAMHUKa (TIOJOXKHUTENbHAs, CTaOUIbHAas!, OTpULATE/IbHAs ), CPABHUTH 3HAUEHUS KpUTe-
pus Mo pa3HbIM KypHanaMm. Eciu, Hanpumep, O4eHb BBICOKOE 3HaYeHHE, TO 3TO MOYKET COOTBETCTBOBATH
BBICOKMM TpeOOBaHUSAM K CTaThiM, BBICOKOW JI0JI€ OTKAa30B, JOJITOMY OXHIAHMIO MyONIHKAaLUH U T. II.
Ecnu cpaBHMTENBFHO Malioe 3HAUEHHE — TOXKE HE OYCHb XOpOoIlo. B pe3ynbTare aBTOp BBIOMpAET XKyp-
HaJI, KOTOPBIN TOJXOAUT JJIsl OCYIIECTBIEHUS €T LETeH.
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DEVELOPING AN INTEGRAL INDICATOR
OF SCIENTIFIC JOURNALS DEVELOPMENT
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A.V. Zatonskiy?, zxenon@narod.ru

’Almetyevsk State Oil Institute, Almetyevsk, Russian Federation,
2 Perm National Research Polytechnic University, Berezniki Branch,
Berezniki, Russian Federation

Currently, the issue of determining the rating and scientific significance of journals remains
very important. It provides a review of the methods for assessing the quality of Russian and foreign
journals. Purpose of work. The aim of the study is to develop mathematical models allowing to
simulate and predict the dynamics of an integral indicator of the scientific development of a journal.
Materials and methods. The paper defines the set of scientometric indicators for assessing the sci-
entific significance of journals. The independence of factors was investigated using a matrix of
matching correlation coefficients. A method for obtaining a mathematical dependence that reflects
the relationship between the selected scientometric indicators and the integral indicator, based on the
application of the multidimensional average method, is proposed. The ranking of factors is per-
formed by the expert method. The weight coefficients were calculated using the Fishburne method.
As the source data, we used available information from the scholarly e-/ibrary. The results of
the study. Using the formula obtained, the values of the integral indicator for 7 years have been cal-
culated from the source data using the example of the Journal 1. Using a similar technique, we de-
rived the dependence of the integral indicator on key indicators of the Journal 2, for which the Sci-
ence Index indicator has not been defined. The forecast of bibliometric indicators (factors) and
the integral index of the journal for the next three years is made. To predict the nature of the
change in factors (number of citations), anquadratic and cubic dependence is selected. The in-
fluence of joint change of factors on the integral indicator is investigated. Discussion and con-
clusions. The developed mathematical models can be used to analyze changes in the complex of
scientometric indicators over time when designing a development strategy for scientific journals and
making managerial decisions.

Keywords: journal, scientometric indicators, integral indicator, scientific significance, multidi-
mensional average, modeling, forecasting.
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MOJAENb BNUAHUA KPUSUCA HA AOXOObl PETUOHAIIBHOIO
BIOXKETA: AHAJIIU3 YEJNTABUHCKOU OBJIACTU

O.U. OpaHko', O.B. Jloaunoeckuii’, C.A. Mpuka3yukos’

" Miecmumym npo6nem ynpasneHus um. B.A. Tpane3Hukosa Poccutickoli akademMuu Hayk,
2. Mockea, Poccus,
2 FOxHo-Ypansckull 2ocydapcmeeHHbill yHusepcumem, 2. Yens6urHck, Poccusi

OKOHOMHUYECKUH KpHU3HC, BbI3BaHHBIN manaemueit COVID-19, npuBoauT K 3HAYUTENEHOMY Ia-
JIeHUI0 0a3bl HAUMCIICHUsS HAJOTOB M JIOXOJ0B OropkeTa. PaccmarpuBaeTcst aKcIpecc-MOoaeTupoBa-
HHE JI0X0/I0B PETHOHAJIBHOTO OI0/KEeTa B 3aBUCMOCTH OT TTyOMHBI Kpu3uca. Jlemaercst OleHKa 110
OTHOMY M3 pernoHoB — Yensbunckoit obmactu. leap mceaenoBanms. [loctpoenne MexaHu3ma
9KCIPECC-OIEHKH JTOXOJHON YacTH PETHOHAIBHOTO OIOKeTa Ha OCHOBAHMH JOCTYIHBIX CTaTHUCTHU-
YecKUX AaHHbIX. Pa3paboTka KOMIUIEKCHOM MOJENHM MpOTHO3UPOBAaHUS NOKazaTeneld (pUHaHCOBOM
OTYETHOCTU NPEANPUSATHNA PETHOHA € MOCIETYIOIUM MPOTrHO30M JOXOAHOM YacTH PErHMOHAIbHOIO
6ropkera. MaTepuaJbl 1 MeTObl. VICHIONB3yIOTCS MMHTAIIMOHHBIE MOJETH MaKPOAKOHOMHYECKUX
ToKasartesel T0X0J0B OI0/pKeTa perHoHa B YBS3KE C MOZEIbI0 (PHHAHCOBOTO MPOTHO3WPOBAHUS TO-
kazatesnel npennpusituii. s o0paboTku (uHaHCOBOW MH(OpMALUK NPEINPHUITHII pEerHOHa HC-
MOJIB3YIOTCSA METOJBI 00pabOTKM OONBIINX MacCHBOB AaHHBIX. PesyabTarsl. [locTpoeHa momens,
yBSI3BIBAONIasl U3MCHEHHE MOKa3aTeneld (PUHAHCOBOW OTYETHOCTH MPEANpPUATHH C AMHAMHUKON 1O-
XOJHBIX CTaTel pernoHagsHOro OopkeTa. Ha OCHOBaHMM CIIeHApHBIX IOMYIIEHUH MPOBEIEHBI pac-
YeThl M3MEHEHMs MNOKazaTeleld (MHAHCOBOM OTYETHOCTH, HajoroobiaracMoil 0asbl MpeapHATHH
peruoHa, a Takke MX BKJIaJa B PETHOHAIBHBIN Olomker. PaspaboranHast Monens mo3Boimia chop-
MHPOBATh IIPOTHO3 JOXOJHOM dacTh OroJUKeTa B yCIOBHAX KOpOHaKpu3uca. 3ak/rodeHue. J[aHHbIH
MOAXOJ MO3BOJIICT OOBEANHUTH ME30- 1 MUKPOIKOHOMHYECKHE MOJIXObl U IPOBOJUTH MOJEIHPO-
BaHHE SKOHOMUYECKOT0 Pa3BUTUSI PETHOHA KaK MHOIOYpOBHEBOU cHCTeMBI. IIpennoxkeHHas MOAEb
SBIISICTCSA TUIOBOU U MOXKET IPUMEHATHCS Ul aHAIIN3a Pa3BUTHSI JPYTUX PETHOHOB CTPAHbI.

Knrouesvie cnoea: MHo20yposHesas cucmema ynpasienus paseumuem, UMUmMmayuoHHoe Mooeiu-
posanue, 6r00dcem, pazeumue npeonpusmull, pecUuoHaIbHoe pazeumue, KOPoHaKpusuc, boavbuiue
maccusvl OaHHLIX, 2UNEepKyoObl.

Beenenue

MopenupoBaHue MOCIENCTBUA 3KOHOMHYECKOrO0 Kpu3Hca, BbI3BaHHOro mnanaemueit COVID-19
(manee — KOpOHAKPH3HC), SBISIETCS CIOKHON 3amadei. [ CHIKEHMS CKOPOCTH PaclpoOCTpaHeHUS TTaH-
nmemun BecHou 2020 r. ObUIM MPEANPUHSTH OCCHPENENISHTHBIE MEPHI M0 CaMOM3OJISAIINK HACEICHUS,
MPaKTUYECKA OCTAHOBJIECHBI MHOTHE BHJIBI IEATEIHHOCTH [1]. DTO MpUBEIO K OMHOBPEMEHHOMY HCKYC-
CTBEHHOMY OTPaHHUYEHUIO CIIPOca M MPENJIOKEHHsS, YTO XapaKTepU3yeT YHUKAIBHYIO MPUPOTY UMEHHO
storo kpusuca [2]. [locne nerHero cHmkeHMs 3a00JI€BAEMOCTH M YaCTHYHOT'O BOCCTAHOBIICHUST 3KOHO-
MUKH B KOHIIE ceHTa0pst 2020 r. Havanmack BTOpast BOJHA PAaCIpOCTpaHEHUs BUpYycCa, IPUBEAIIAs Ha STOT
pa3 K MEHee paJuKalbHbIM, HO TaKKe BeChbMa CYIIECTBEHHBIM OIPaHHUYEHHUSM COLHAIbHO-
9KOHOMHYECKOH aKTUBHOCTH. Tereph KII0UeBbIM (haKTOPOM CTall0 CHIDKEHHE CIIPOCca: B YCIOBUSX He-
OTIPEJICIICHHOCTH, Ha OHE MaJCHUs JJOXOJ0B HACEICHHE CTAI0 COKpAIlaTh MmoTpedieHue, OU3Hec crai
TiepecMaTpPUBaTh NHBECTUIIMOHHBIC IIaHbI. Psj «ImocTpagaBmuxy» oTpaciieil — Typu3M, TPaHCIOPT, OCO-
6enno asmaunonusiii, HoReCa (Hotel, Restaurant, Cafe), ungyctpust pa3Bie4eHuil U mp. — BHOBb ObLI
BBIHYKJICH UCKYCCTBEHHO OTPaHUYUTH CBOIO JCATEILHOCTh. Ellle oHIM 3HaYMMBIM (DaKTOPOM CTad 00-
BaJI peIHKa HedTH, pousomeamuii B Mapre 2020 r. ¥ npuBeIIIMH K MAJCHUIO KaK [IEH Ha YHEPTOHOCH-
TEeNW, TaK U Qu3ndeckux 00beMOB Mpojaax. [Tockonbky HedTerazoBblii CEKTOpP (GOPMHUPYET JIHBHHYIO
JIOJTI0 SKCTIOPTHBIX JJOXO0J0B Poccuu, B HEM CIOXKMIIaCh HEMPOCTas CUTYaIlHs, KOTOpas He MOTJIa He OT-
pa3suThCS HAa COCTOSHHUH CMEXKHBIX OTpaciiel u noxonax (eraepanpbHOro Oromkera. PestoMupys, MOXHO
CKa3aTh, YTO W3MEHEHHWE BBIPYUYKH npeanpustuii YensOuHckol o0NacTd B YCIOBUSX KOPOHAKpH3HMCa
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HaxXoOuTCs B CIIO’KHOM 3aBUCHMOCTH OT KOJCOaHUM CIIipoCa U MpPCIAJIOKCHUA BHYTPU CaMOI'0 pCruoHa,
CTpaHbI B IIEJIOM, d TAKKC OT KOHBIOHKTYPbI BHCIITHUX PBIHKOB.

1. O0mas mocTAaHOBKA 3a/1a4H

OueHuM BIUSIHUE SKOHOMHUYECKOro Kpu3uca, BeI3BaHHOro nangemueit COVID-19, na moxonsl
pernonansHOro Oromxkera. PemieHne MmocTaBIeHHON 3aiayd JIKUT B cdepe MPUMEHEHUs TEOpUU
YIpaBJICHHUS Pa3BUTHEM KPYMHOMACIITaOHBIX cucTeM [3], TaKk Kak 37IeCh MOJAEIHPYIOTCS CBSI3aHHBIC
CHUCTEMBI Pa3IMYHOTO YPOBHS, C MPHUBICYCHUEM (AKTOPOB ME303KOHOMHKH U TOJHUTHK Pa3BUTHS OP-
raHu3aIui.

B pamkax Oosiee 001ieii MHOTOYpOBHEBOW MOJIENTM aHAIN3a SKOHOMHKH W YIPAaBJICHUS «CTpaHa —
PETHOH — TMPEANPHUSATHE — MPOEKT» PACCMOTPUM 3aadyy MPOTHO3ZUPOBAHUS JOXOIOB PErHOHAIBEHOTO
Oro[KeTa ¢ y4eTOM MaJeHUs] SKOHOMUYECKOH aKTUBHOCTH NpeAnpuiaTuil. B nanpHeimem nenecoodpas-
Ha BBIPa0OTKa PEKOMEHAAIMK IO MepaM MOIAEPKKY NPEANIPUATHH U UX BIMSHHUIO KaK Ha IPEANIPUATHE,
TaK 1 Ha OI0/KET.

OreHka ¥ MPOrHO3UPOBAHKE TPOBOJMINCH B DKCIPECC-PEKUME, C TTOMOIIBIO YKPYIMTHEHHBIX MOKa-
3aresiel OrokeTa W npeanpuatuil. C yuyeToM crnemu@uKd OTpacieBOd CTPYKTYPbl M KOHLEHTPALUH
Ou3Heca B OCHOBHBIX OTpacisX pPEerdoHa ObUTH YYTEHBI CIEHAPUH BIMSHUS KPU3UCA HA OTICIbHBIC
KPYITHBIE HII CUCTEMOOOPA3YIOIIUE MPEIIPUSITHS.

OTmMeTnM, YTO AaHHAas 3a/1a4a ABJSIETCS YaCTHBIM ciydaeM Oosee oOrmiei 3a1a4l yCKOPEHHOTO pas-
BUTHsI PETUOHOB, KOTOpask paccMarpuBaeTcsa B padoTtax [4-9]. OHa Taxke TECHO MPUMBIKAET K 3a/a4e
ONTUMU3ALMU PA3BUTHS MPEANpUATus, onucanHoi B [10—12], mockoiapKy B JaHHOM cllydyae BHUMaHHE
cOKyCHpPOBaHO Ha B3aUMOCBSI3M TOKa3aTesiell OI0KeTa pernoHa U pe3ylbTaToB (PMHAHCOBOW JEsITENb-
HOCTH OTIEJBHBIX IPEANPUATHH 9TOrO PETHOHA.

2. IlpuopurteTHbIe OTPACTU U A0X0AbI OI01:KeTa YesiONHCKOMH 001acTH

YensOunckas obnacTtb BXOAUT B Ypanbckuil ¢penepansueiii okpyr (YPO) u aBnseTcs OJHUM U3
HanOoJiee 3HAYMMBIX B DKOHOMHYECKOM OTHOIIeHWH pernoHoB Poccuu. CormacHo wHpOpMaIuu
Poccrara, BPII (BanoBoii pernoHambHelii mpoaykT) Uensbuuckoit obmactu' cocraBun B 2018 T.
1474 mupa py6. (tabin. 1). ITo sToMy mokasarento obsnacts HaxonuTcs Ha 11-M MecTe cpean pernoHOB
Poccun.

Humxe (cM. puCyHOK) TIpejcTaBieHa crpykrypa BPII UensGuuckoit obmactu’. JlumepoM pa3Butus
SKOHOMHMKH PETMOHA BBICTyNaeT oOpalaThIBaromasi MPOMBIIUIEHHOCTh (Ooiee oxnoit Tpetu BPII).
B cBoto ouepenp ocHOBY 00pabaThIiBalOIIEH MPOMBILIICHHOCTH COCTABIISIIOT MPEATIPUATHS YSPHOU Me-
TaITypruu (1o 3TOMY Hokazatento YensOnHckast 00acTh 3aHUMaeT nepBoe Mecto B Poccun). Jomst me-
TaJUTypTUH ¥ MIPOU3BOJCTBA TOTOBBIX METAIUIMYECKUX M3AeNuil cocTtaBiseT moutd 60 % oT cymmapHOii
BBIPYUKH MPEeINpUsATHI 00pabaThIBalOIIei MPOMBIIIICHHOCTH PETHOHA.

Tabnuua 1
BPI1 otaenbHbIX permoHoB Poccun, Tekylme LeHbl, Mnpa pyo.
(KypcvMBOM BbiAaeneHbl pernoHbl YPO)
Table 1
GRP of different Russian regions, current prices, bin rub.
(Regions from Ural federal district italicized)
TToka3arens 2018 r.
BanoBoii pernoHanbHbII NPOAYKT o cyobekTaM Poccuiickoit Pexpeparin 84 977
1 r. MockBa 17 882
2 Tromenckasn obracme’ 8790
3 MockoBckas 001acTh 4202
4 r. Caakt-IleTepOypr 4193
8 Cseponosckas obnacmo 2278
11 Yenabunckas obaacme 1474

! BanoBoit perroHanbHbIi IPOIYKT, B OCHOBHBIX neHax. URL: https:/gks.ru/storage/mediabank/VRP98-18 xlsx.
2 http://mininform74.ru/Upload/files/CTPATETHS1%20UTOI .pdf, c. 312.
3 Tromemckas o6macts BMecte ¢ XMAO u SIHAO.
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YHpaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

-

= ObpabaTbiBatowme
npon3BoACTBa

= ToprosnAa onToBas u
pPO3HMYHanA

TpaHcnopTMpOBKa M
XpaHeHne
= Onepaunm ¢ HeABUMMMbIM
MMYLLIECTBOM
= CTpouUTeNnbCTBO
7%
.— CenbCKoOe X038UCTBO

CtpykTypa BPI1 YensabuHckon o6nactm, 2018 r.
Chelyabinsk region GRP structure, 2018

= Mpoyee

3HaunMy0 poiib (B MOpSIKE YOBIBAHHSI) UTPAIOT TOPTOBIIS, ONEPALUN C HEIABMKHUMBIM HMYIIECT-
BOM, TPAHCTIOPT | CBsI3b, CTPOUTEIBCTBO, CEIIbCKOE X03a1cTBO. [lomu aTux orpacneii B BPII konebmroT-
csa mexnay 11,1 u 5,4 % wu cymecTBeHHO ycTtymaioT oOpabaTsiBaromieii nmpombinuieHHOCTH. CTparerus
COLMANILHO-3KOHOMHUYECKOro pa3putus YensOuHckoi obnactu Ha nepuox qo 2035 . [13, c. 311] mpe-
qycMmarpuBaeT u3MeHeHue cTpykTypbl BPII B monb3y Oosee cinoxHbBIX 00padaThIBalOLINX TPOU3BOJICTB
1 cepsl YCIyr 3a CYET METAJUIyprui M TOProBiu. TakuM oO0pa3oM, OCHOBHBIM HCTOYHHKOM HaroJIHE-
HUsI OIOJKeTa perroHa M pocTa CpeqHel 3apIulaThl SIBISIETCS PEabHBIA CEKTOp SKOHOMHKH, M TaKas
CUTYaIIUsi COXPAHUTCSI B OYAyILIEM.

PaccMoTpuM CTPYKTYpy JOXOAHOM 4acTH KOHCOJMAUPOBAHHOrO Oromxera YensOuHckol obnactu.
OHa COCTOUT M3 HAIIOTOBBIX U HEHAJIOTOBBIX JIOXOJIOB, a TaKXKe 0e3BO3ME3THBIX MOCTYIUICHHH. B Tad. 2

MIPEJICTaBJICHA CTPYKTypa J0XO0IHOM yacTH OromkeTa 3a 2015-2019 1T. ¢ yCpeHEHHBIMHU 3a yKa3aHHBIN
MEepUOJ JOJSMHU CTaTEH TOXO00B.

Tabnuua 2
Joxoabl KOHCONMUAUpPOBaHHOIo GloakeTa YensabuHckon obnactu, mnppa pyo.
Table 2
Revenues of Chelyabinsk region's consolidated budget, bin rub able
VcTounnk 2015r. | 2016 | 2017r. | 2018 r. | 2019 1. | CPOAHA
nonst, %
BCEI'O JOXO0B 154 163 178 206 215 100,0
HAJIOI'OBBIE JJOXO/bI 119 131 144 169 168 79,7
Hanor Ha npu0Obu1s opranuszanuit 33 37 45 55 49 24,0
Hanor Ha 1oxop! GU3NIECKUX JIHIT 51 55 58 69 73 334
AKIU3EI 6 9 8 9 12 4,8
Haror, B3uMaeMbIii B CBsI3U
C IPUMEHEHHEM YTIPOLIEHHOMN 5 5 6 8 9 3,6
CHCTEMBI HAJIOTO00I0KEHHUS
Hanor Ha umynecTBo opranusanui 13 13 13 16 12 7,4
TpaHcnopTHBIN HaJOT 3 3 3 3 3 1,7
3eMebHBIN HaJIoT 4 4 4 4 4 2,3
IIpoune 4 5 7 5 6 2,3
HEHAJIOT'OBBIE JTOXOJIbI 9 8 7 8 9 4.4
BE3BO3ME3IHBIE ITOCTYITIJIEHWA 26 24 27 29 39 15,9

Tak, HanoroBsle AOXObI cOCTaBMWIM 79,7 % OT COBOKYIHBIX MOCTYIJICHUH, HEHanoroBeie — 4,4 %,
a O0e3Bo3mesnHbIe TocTymuieHUsS — 14,1 %. B ganpHeiimeM BbiHECEM MEXOIOKETHBIE B3aUMOOTHOIIIE-
HUS 32 paMKH TEKYIIIETO PACCMOTPECHUS.

B cBoM0 ouepesb B CTPYKTYpPE HAJIOTOBBIX JI0XOI0B HAHOONIBIIYIO A0MIO (B OPsAKEe YObIBaHUS) CO-
CTaBIISIOT HAIOT Ha noxoas! ¢puznul (33,4 %), nanor Ha npudsuIb (24,0 %), HANOT HA UMYILECTBO Opra-
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Huzanuit (7,4 %) n akumssl (4,8 %); B cyMMe 3TO OCHOBHAsI JIOJI JIOXOJIOB PETHOHAIBHOTO OFO/KETA.
OTH cTaThu 10XOJ0B OIOJKETA SIBISIOTCS LEJIEBBIMU U MOJCITUPOBAHUSI.

st XapaKTepUCTHKHU J0XOAHOH yacTu Oropkera UenssOMHCKOH 00jacTH CIEAyeT YIOMSHYTh O
TOM, 4TO GOJIee YeTBEPTH MOCTYIICHHH NPUX0OAUTCs Ha 10 KpyHEHIINX NpeAnpUATHA 1 OpraHu3aLMii",
3T0, C OHOM CTOPOHBI, TOBOPUT O 3HAYUTENILHON KOHLIEHTPALMU KalUTaia, Ipexe Bcero B 00padatTsl-
BalolIell MPOMBIIIICHHOCTH (METALTYPIHH M METALI000paboTKe), a ¢ JIPYyrol — JeNaeT JOXOIHYIO
YacTh OI0JKETa YyBCTBUTEIBHOM K pe3ynbTaTy (PUHAHCOBOM JEATEILHOCTH HEOOIBIIOTO YHCIIa HAJIOTO-
IUIaTEeNBIIMKOB. BaXXHO OTMETHUTD, 4TO BO BpeMs 3KoHOMHU4eckoro kpusuca 2008-2009 rr. YensiOuHckas
00J1acTh OKa3ajach B YHCIIE PErMOHOB, OI0/KET KOTOPBIX Hanbosee MocTpaaal B OCHOBHOM 3a CUET CO-
KpalleHHs TpUOBUTEHOCTH NpeAnpusTuii [ 14, c. 64].

3. UcxonHble JaHHBIE

B kauectBe Bxomsmiel mHMGOpMANMK sl MATEMaTHYECKOH MOJIEIH HWCIIONL30BAUCH JaHHBIC M3
CIIEIYIOINX HCTOYHUKOB:

e jaHHbIE IO (PMHAHCOBOM OTYETHOCTH IO NpeanpusiTHsM YenssiOnHcKoi obnactu (BbIOOpKa OTKPHI-
THIX JaHHBIX Poccrara);

® OIepaTUBHBIC JaHHBIE 110 BBIPYUKE MPEANPUSTHI B pa3pe3e BUAOB AeATeNbHOCTH 10 Poccru B nenom;

¢ 3aK0H 0 Orokere Yensouuckoii obmactu Ha 2020, 2021 u 2022 rr.;

® OTYETHl 00 UCTIOJTHEHUH KOHCOIUANPOBaHHOTO Orokera YensiOunckol obmactu 3a 2019-2020 rr.

3.1. Hcxoonote oannvie no npeonpusmusam Yenadbunckoit obracmu

B kadecTBe MCXOJHBIX JAHHBIX TIO TPEANPUSTHSIM HCIIOIb30BaNachk WHMOpMAanus (UHAHCOBOH (OyX-
rajJTepcKON) OTYETHOCTH OPraHM3alMi COTJIACHO OTKPHITHIM AaHHBIM Poccrarta 3a 2012-2018 rr. [15].
Ota nHdpopmanus OblIa CrpynnupoBaHa U 00paboTaHa C LEJNbIO BBIBICHUS MHOI'OJIETHUX TPEHIOB IO
MPEINPHUITUASM PETHOHA B [IEJIOM.

TexHoMorn4ecko OCHOBOM, O3BOJUBIIEH MPOBECTH JaHHBIE PACUETHI, SBISETCS TMOCTPOEHHUE T'H-
nepky6a (uHaHCOBOH OT4ETHOCTH. [10 TEXHHYECKMM BO3MOKHOCTSIM YCTAHOBJICHO OTPAaHMUYCHHE IO
BeIpyuKe — Oonee 100 muH py6. C momoripio MeToioB 00padoTKH OoNbIINX MaccUBOB gaHHBIX OLAP
(On Line Analytical Processing) ucxomHas ¢puHaHcoBas HHGpOpMaIys Obljla CrPYIIIMPOBAHA IO pa3Mepy
NPEANPHUITUN U BUAAM AEATSIBLHOCTH.

B Yensabunckoit obnxactu B 2018 r. HacuurThiBajoch 2928 mpeanmpusaTUi ¢ BBIpYYKOi Oojee
100 mutn py6.”. CymMMapHas BbIpydKa 3THX npemnpusatuii B 2018 . cocrapuna 3094 Mupa py6. (Tabm. 3).

Tabnuua 3
Mokasatenu opraHusauun Yens6uHckom obnacTv no Buaam geatensHocTu, 2018 r.
Table 3
Activity-based indicators of enterprises of Chelyabinsk region, 2018
Hons Benanuuna Kon-Bo Bhibvuka Yucras AKTUBLL
Bun nestenbHOCTH BPII, BPII, OpraHu3aiui, - pyH 6’ MPUOBLIB, . é
% MIpz pyo. e, PAPYO- MIIpJ pyo. PAPYO-
1 2 3 4 5 6 7
OOt uTor 95,4 1405 2928 3094 156 2413
C. Obpadatsisaionme | 54 531 575 1467 120 1429
MIPOU3BOJICTBA
G. Toprosins 11,1 163 1527 1108 15 403
M. Hayunas 3,5 52 59 61 2 124
JIeSITEIBHOCTh
F. CtpoutensctBo 5,8 85 269 127 2 124
A. Cerberoe 5.4 79 49 64 4 95
XO3SIICTBO

4 Bromker ms rpaxnan. URL: https://zs74.ru/sites/default/files/n/page/28529/upload/itogi-2018.pdf, c.7. Jlara obpaie-

must: 15.12.2020.

> Oprasusanuy 0o BUAy AeaTensHoctu «Pasmen K. JlesrensHOCTs (GMHAHCOBAS M CTPAXOBAs» HE OBLIM BKIIOUEHD! B aHA-
T3 U3-32 I3MEHEHHs YUeTHOH MOJIUTHKY 110 BBIpydKe B 2018 T.
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OKOHuYaHue Tabn. 3

Table 3 (end)

7 2 3 4 J 6 7
D. O6ecnequI/Iev 3.0 45 54 69 1 62
AJICKTPOIHEPTHEH
B. J106b149a mosie3HbIx 2.6 39 41 48 5 56
HCKOIIAEMEIX
L. Heasmwxumoe 6.6 97 78 25 1 57
HUMYIIECTBO

[Ipumeuanne. HanmeHOBaHMS BUIOB JAESATEIHHOCTH YIIPOIICHBI JAJIs MIPEACTABIICHUS B TA0JIHIIE.

Ha ocHoBannu ananmsa u 00pabOTKH UCXOAHBIX JaHHBIX MO MpeanpusaTHaAM YenssOnHcKol obmactu
ObUIM TIOJTy4YEeHBI CIeIYIOLINE PE3YJIbTAThI.

1. IToaroToBneHbl UCXOHBIE JaHHBIE JJIS MOCTEAYIOMIeH OIEHKH MOKBAPTAIbHON BBIPYUKH Ipe.-
npuatuil pervona B 2019-2020 rr. n npornosza Ha 2021 r.

2. IIpousBesneHa oueHKa HAIOTOBOM 0a3bl 10 BaKHEHIIIMM HajJoraM, a MMEHHO: [0 HaJOTy Ha Npu-
OBUTb OpraHU3aIni, HAJIOTY Ha JOXO/AbI GU3NYECKHX JIHII, HATOTY Ha HMYIIECTBO OpTaHU3aIlHiA.

3. Paccunrana 3aBHCUMOCTh CYMMapHBIX 3aTpaT IPEANpUATHI OT CyMMapHOW BIpyukH. [Ipumene-
HHE METOZOB PErpecCHOHHOIO aHaJH3a MO3BOJIMIO MOJIYYUTh pa30MBKY 3aTpaT NMPEINpPUSTHH pPEerHoHa
Ha IIEPEMEHHYIO U ITIOCTOSIHHYIO YaCTH:

3,4 =1lep3,, +Ilocr3,, = K,

neps74 * B7a +1locT35,, (1)

rae B, — coBokynHas BeIpydka npeanpustuii peruona; Ilep3,, — cymmapHble nepeMEHHBIE 3aTPaThI;

Hoct3;, — cymMMapHbIe MOCTOSIHHBIC 3aTpathl; K74

— oy IepeMeHHBIX 3arpar B BeIpyuke. OOpa-
6otka maHHBIX 3a 6 jeT (2013—2018 TT.) METOIOM HAUMEHBIIUX KBAAPATOB (JTMHEHHAS perpeccus ¢ Ko-
a¢punmenToM aerepmunaiuu R = 0,9953) nana pe3ynbraT

Kr[ep374(12718) =0,887. (2)

AHaIOTHYHO TIO IaHHBIM MPEBIAYIINX JIET PACCUUTAHBI ApYTrHe K03 OUITHESHTHI.
4. YcpeanenHas > ekTuBHAs cTaBKa Hajora Ha npuOsuib 3a 2013-2018 rr. cocTaBuna

Kipraa2-18) = 23,78 %. (3)
5. Ycpennennas nois ¢ponaa omiatel TpyAa (POT) B Beipyuke 3a 2015-2018 rr. cocTapuia
K(DOT74(15—18) =18,20 %. “4)
6. Ycpennennas >(hQekTHBHAs CTaBKa Hajlora Ha uMymiecTBo 3a 2015-2018 rr. cocraBuiia
KMM74(15718) =3,14%. (5

3.2. Ilpouue ucmoynuxu unghopmayuu

ExxemecsuHast oriepaTBHAs CTATHCTUKA O BRIPYUYKE MPEANPHUITHN IO BUAAM JesTeIbHOCTH 1o Poc-
cuu B 1enoM’ ony6iukoBana PoccratoM. ITocKOMBKY OMUIMATBHBIE HTOTOBEIE MAMPHI MO PErHOHAM
(BBIpYUKa, HAIIMOHAJTILHBIC cUeTa) MyOIUKYIOTCS C 3aJIep)KKOH, ONlepaTHBHAS CTATUCTUKA MTO3BOJISIET OTI-
pPEACINTDL MMapaMeTphbl CLHCHAPUA W3MCHCHHS BBIPYYKH, CACIATH IMPEABAPHUTCIIbBHYIO OLICHKY AWMHAMUKH
W3MEHEHUH 110 OTPACIIsIM MECSIl K MECSILy B paMKax OJJHOTO TOfla U TOJ K TOly Ha IIOMECSYHOM OCHOBE.

MunucrepctBoM (prHancoB YensOnHCKOM 001acTH onmyOIMKoBaHa HH(POPMAILIKS 0 3aKOHAX O Or0jI-
JKETC M IIOIpaBKax K HeMy7. Ota I/IH(bOpMaIH/IH OacT BO3MOXKHOCTb OLICHUTH AWHAMUKY HCIIOJTHCHHA
OropKeTa 10 10X0/AaM B CPAaBHEHHH C TUTAHOM.

EskeKBapTaibHbIE OTYETH 00 HCIIOMHEHHH OoKeTa’, ony6ankoBaHHble MUHOHHOM perhoHa, mo-
3BOJISIIOT MPOCIICIUTh MHOTOJICTHHUE TPEHBI M0 JUHAMHUKE JOXOJIHOW YaCTH M OLEHUTH d(P(EKTHBHBIC
HAJIOTOBBIE CTABKU MO BAYXKHEHUIITUM JIOXOIHBIM CTaThsIM OIOJDKETa.

® OGopor oprammsammii mo BugaM SKOHOMHYecKOH mestempHoctH. URL:  https:/rosstat.gov.ru/storage/mediabank/
UH8h3wSe/oborot_mes.xls.xls. Jlata oopamenus: 14.12.20.

7 3akomsI 06 obmacTHOM Gromkere. URL: https:/minfin74.ru/mBudget/law. Jlata o6pamenns: 14.12.20.

8 lomoBas otyetHOCTH 00 HcnonHeHnu Oromkera. URL: https:/minfin74.ru/mBudget/execution/annual. [lata oOparieHus:
15.12.2020.
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4. Cuenapmuii Mo M3MEHEHHIO BIPYYKH NPH KOPOHAKPHU3HCe

Mogens nporHo3upoBaHusl (PUHAHCOBOIO COCTOSHHA NPEANPHUATHA M JOXOAHOM 4acTH Oromxera
CYLIECTBEHHO 3aBHCHT OT BHEIIIHETO MMapaMeTpa — U3MEHEHHsI BEIPYUKH OpPTraHU3alMil, KOTOPOE SBISAET-
csl cloxHOW (pyHKIMeH KoyieOaHusl crpoca W TPeIUIoKEeHUs BHYTpU peruoHa, Poccum, a Takke OT
KOHBIOHKTYPHI BHEIITHUX PHIHKOB.

Usmenenue Boipyuku B 2020 r. mo KBapTajgaM XapakTepU3yeTcs 3HAYUTEIbHBIM IMaJCHUEM BBI-
PYYKH OTJENBHBIX BUJOB JESATEILHOCTH M0 CPABHEHHUIO C AHAJIOTHYHBIM KBapTaJlIOM MPEAbIAYIIEro roja.
B uwactHOCTH, BBIpYYKa MO AOOBIYE MOJIE3HBIX MCKOMAEMbIX YMEHbLIMIACh HAa 37 %, MO TOCTHHHUY-
HoO# nesrenpHOocTH M obmenuty (HoReCa) — na 47 %, HO yBenmuunack B oOnactu HHGOPMALIMH U
cBs3u Ha 7 %. CymmapHas BbIpydka 3a 2 kB. 2020 r. ymeHnsimmiach Ha 8,9 % mo cpaBHEHHIO C aHAJO-
TUYHBIM [IEPHOAOM MPEABIAYIIErO Toja.

JeTanbHblil TPOTrHO3 HpEANONaraeT HaJluuue HECKOJIbKUX CLeHapueB (Hampumep, 0a30BOro, orl-
TUMHUCTHUYECKOTO ¥ MECCUMUCTHYECKOTO) M, COOTBETCTBEHHO, HECKOJIBKUX MaTpul Ko3(PuuneHToB,
Ha OCHOBAHUU KOTOPBIX IPOBOJUTCS CBOM MOJIEIBHBIN pacueT. B paMkax JaHHOU CTaTbU paCCMOTPEH
0a30BbIil clieHapUH.

B MozmenbHON 4acTH 3TH OLICHKH MPaBUIBHO HAa3BaTh 3KCIEPTHBIMHU, TaK KaK JOMOIHUTEIBHBIX
MOJENel MO MX pacyeTy Ha TEKyIIHM MOMEHT HE BBIABICHO, TOJBKO DKCIEPTHBIE COAEPKATEIBHBIC
o0ocHOBaHMs1, Oazupyrouecs Ha aHaidu3e (aKTUUECKON AMHAMUKU BBIPYUKH MPEANPHUITHN KaXKAOH
OTpaciH B YCIOBHIX Pa3BOPAUYMBAIOIIETOCS KOPOHAKPU3HUCA, HAPSLY C YIE€TOM MHEPIMOHHOTO TPEHAA
OTpaci.

Cuenapuii ©3MEHEHHH BBIPYUYKH Ha IOCIEAYIOIME NEePHOAbl B (popMe MaTpUIbl KO3 PULIMEeHTOB
npencraBieH Huxke (Tabn. 4). Ciaemyer oTMeTuTh, 4To co 2 kB. 2021 T. HaMEYeH BOCCTAHOBUTEIBHBIN
pocT 1o cpaBHeHHUIO co 2 kB. 2020 .

bazoBbiit K03 QUITMEHT CHIYKEHUST BEIPYYKH PUMEHEH K JIESITETbHOCTH TOCTHHUI] ¥ TIPEATIPUSATHIA
OOIIECTBEHHOT'O MTUTAHUS, TPAHCTIOPTHOW oTpaciu. [loBbimaromnue K03 GUIUEHTH ObLTH TPUMEHEHBI K
BBIPYUKE MPEANPHUITUN CENbCKOro X035iCcTBa, HPOPMALIUK U CBSI3H, 3APAaBOOXPAHEHUS U COLUAIBHBIX
ycnyr, obpaszoBanusi. [IporHo3upoBanue CcymecTBEHHOro yMeHbIneHHs BeIpyuku B 1 xB. 2021 r. o0y-
CJIOBJICHO BBICOKOW 0a30ii nokpusucHoro 1 k. 2020 r.

Ta6bnuua 4
CueHapui U3MeHeHMA BbIPY4Kku NpeanpuaTun YenabuHckom obnactu,
npoueHTbl K aHaNnorM4HoOMy KBapTtany npeabiayiwiero roga
Table 4
Change of Chelyabinsk region enterprises sales scenario,
percentage to similar quarter of previous year
Bunapl nesareIbHOCTH 4 xB.2020| 1 xB. 2021 | 2 kB. 2021 | 3 kB. 2021 |4 xB. 2021
A. Cenbckoe X03MCTBO 14,3 10,0 10,0 10,0 10,0
B. JloObI4a noe3HbIX HCKOIaeMBIX -12,9 -12,9 10,0 5,0 5,0
C. O06pabatsiBaroIIye IPOU3BOICTBA -1,1 -7,0 5,0 5,0 5,0
D. ObGecniedenue 3IEKTPOIHEPTUCH 33 7,0 3,0 3,0 3,0
E. BomocHaOxxeHue 10,4 5,0 5,0 5,0 5,0
F. CtpoutensctBo 9,2 -5,0 -2,0 -2,0 -2,0
G. Toprosins 7,0 5,0 7,0 7,0 7,0
H. TpancnopTupoBKa U XpaHEHHE -13,5 -7,0 5,0 5,0 5,0
I. JlesaTenbHOCTh TOCTHHHUIL. . . -22,6 -22,6 10,0 10,0 10,0
J. Undopmarus u CBS3b 16,2 15,0 15,0 15,0 15,0
M. Hayxka 2,7 0,0 5,0 5,0 5,0
N. [JesaTenbHOCTh aAMUHUCTPATUBHAS 7,0 5,0 5,0 5,0 5,0
P. O6pazoBanue 6,2 10,0 5,0 5,0 5,0
Q. 31paBOOXpaHEHHE U COLMANIBHBIC YCIYTH —4.2 —4.2 5,0 5,0 5,0
R. Kynbrypa, copt, A0CYT U pa3BICUCHUS 6,6 6,6 7,0 7,0 7,0
S. IIpenocTaBieHre MPOYUX BUAOB YCIYyT -20,0 -20,0 30,0 10,0 10,0
BecTtHuk OYpIY. Cepusa «KomnbloTepHble TEXHONOMMU, yNpaBrneHne, Ppaguo3rieKTPOHUKa». 95
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5. MaTremaTn4yeckas MoJelb

MojenupoBaHue MPOBOUTCS B paMKaX CIEIYIOIUX OCHOBHBIX MTPEIOI0KEHHH.

e Bripyuka y4UTBIBAaeTCS B TEKYILUX [IEHAX.

e PaccMaTpuBaeTcsi KOHCOIMIUPOBAHHBIN OI0KET PEeTHOHA U MyHHLIMIATBHBIX 00pa30BaHUH.

e Hanoru omnauuBaroTcs B TeKylueM nepuone. s Mmoaenu OromxeTa He pa3iIudaloTCsl HAUHUCICHUS
U OIIaTa.

o J{oJis1 HEyIIaThl HAIOTOB OIMHAKOBAS TSl BCEX HAJIOTOB.

e OLIGHKH HAJOTrOBBIX 0a3 10 BUJIAaM HAJIOTOB MO OyXTaJITEPCKOMY M HAJIOTOBOMY y4YeTy OJHHA-
KOBEI.

® D(dexTUBHBIC HAIOTOBBIE CTABKH HEM3MEHHBI.

e KBapranbHas pa30MBKa rofoBoil BEIpYUKH npeanpustuil YensOunckoi o0aacTi mo BUIAM Jes-
TenbHOCTH B 2018 T. coBmagaer ¢ COOTBETCTBYIOMIEH pa3OMBKOM BRIpYUYKH Ipeanpusatuii mo Poccun B
IIETIOM.

e J[MHAMMKa MOKBApTaJIbHON BBIPYUYKH NpeAnpuiatuil YensOuHCKoi 0b6IacTu 1Mo BUAAM AEsATeNIbHO-
cti B 2019-2020 rr. coBmagaeT ¢ COOTBETCTBYIOMIEH pa30WBKON BRIpYUYKH Mpennpuaruii o Poccun B
LEJIOM.

3anuiieM 10X01bl KOHCOTUIUPOBAHHOTO PETHOHAIBHOrO OIO/IKETa B CICAYIOLIEM BUIE:

BI =Y">"d, B, —> max, (6)

ik
rae Bl — noxonel Orojkera; B, — Hamorosas 0a3a; r — CTaBKa HAJIOrOB; d — JOJsI HAJIIOTOB, 3a4UC-

nsieMasi B KOHCOJIMIMPOBAHHBIN PETUOHANBHBIN OIOJKET; | — WHIAEKC MPEANPUITUS; kK — HHIEKC BHUIa
HaJIOTOB.

Bynem cumraTh, 4TO HajOroOBas 06a3a Mo KaXJAOMY HAJIOTy ONpeaelseTcs Mo (UHAHCOBOHW OTUET-
HOCTH KaK HEKOTopas (hyHKIUs

Bik = F;'k (PL’ BS’ OIh)a (7)
rae F — QyHKkuus onpesesieHns HaJIoroBoi 0asbl; PL — oTueT 0 (PMHAHCOBBIX pe3yjibTaTax (Ioxomax /
pacxonax); BS — 6ananc; Oth — qpyrue KICTOYHUKHU ONPEICIICHUS HAaJOTOBOM 0a3bl.

B ycnoBusx kpu3nca OleHKa TOXOI0B OIO/PKETa COCTABIISCT HOBYIO, YMCHBIICHHYIO BEIMUUHY H3-
32 YMEHbBIIICHUS JIIOBOI aKTHBHOCTH M HAJIOTOBOH 0a3bl:

Bl =% > dB}n. (8)

k

1
raoe Bl o MIPOTHO3HBIC JOXOIBI OIO/KETa B YCIOBUSX KPUBHCA; Bl/,‘{ — MPOTHO3HAs HaJIOroBas 0asza B

YCIOBHUAX KpHU3HUCA.

6. PesynbTaThl pacueTroB

AJNTOPUTM MOJICIIMPOBAHUS BIUSHUS KOPOHAKPU3KCA Ha JIOXOJbI PETHOHAIBHOTO OI0KETa MOXKHO
pa3duTh Ha CIIEAYIOIIUE [IarH:

1) mporHo3upoBaHe BHIPYUKH MPEAIPHUSITHN;

2) oLleHKa M MPOTHO3UPOBAHUE HAJIOTOBOM 0a3bl MpeAnpuaATUil U 3G HEKTUBHBIX CTaBOK IO KIHOYe-
BBIM HaJloraM — JOXOAHBIM CTaThsIM KOHCOJIMAUPOBAHHOTO PETHOHAIBHOTO OI0/KETa;

3) olleHKa W MPOTHO3MPOBAHKE JIMHAMHUKHU HAIOJHEHUS JOXOIHBIX CTAaTe KOHCOJIUIANPOBAHHOTO
pEeTHOHATFHOTO OI0KETa;

4) nporHo3 BETMYMHBI HEAOTIONTYUYEHHBIX 10X010B OrO/IXKeTa.

6.1. IIpozno3uposanue eoipyuKu npeonpuamuil

OCHOBHBIM OOBEKTOM MPOTHO3MPOBAHUS BBICTYNAET JUHAMHUKA BBIPYYKU MPENNPUSATHHA, KOTOpas
3aBHCHUT OT ABYX ()aKTOPOB: MHEPIIMOHHOTO TPEH/IA M BHEIITHETO BO3/ICHCTBUSI.

BHeninee Bo3neiicTBHE MOXKET OBITh OOYCIIOBICHO BaKHBIMH YIIPABICHUYECKHUMHU PEUICHUSMH, Ha-
NpPaBJICHHBIMH HAa M3MEHEHHE CIIOKMBIIETOCs TpeHAa (CTpaTeruu pa3BUTHS PErHOHA, OTPAaciu, Hpea-
NpUATHS, BaXKHbIC MHBECTHLIMOHHBIC PEIICHUS U Mp.) WK (HOPC-MaKOPHBIMU OOCTOSATENBCTBAMU (IKO-
HOMHYECKUMH KPU3HCaMH, IPUPOAHBIMU KaTaKJIM3MaMH U Ip.). B Hamem ciydae B poiu Takoro BHEII-
HETO BO3/ICHCTBHS BBICTYIIAET KOPOHAKPH3IHC.
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[TockonbKy peryisipHble OTYEThI 00 HCIOIHEHHH OIO/KeTa BEAYTCsl MOKBAPTAIBHO, Les1eco00pa3Ho
MPOM3BECTU OLICHKY U CIIPOTHO3UPOBATH IMHAMUKY MOKBAPTAJIbHOM BBIPYUYKH MPEANPHUIATHN PEruoHa B
paspese BUIOB AEATEIbHOCTH.

Tak Kak mpencTaBleHHE OTYCTHOCTH MPEANPHUITAN 1 OIOPKETOB IIPOUCXOIUT C HEKOTOPOH 3a/IepK-
KOH, UCIIOJIb3YEeM B JIAHHOM aHaJIu3e ciieayronue tepmunbl: 2018 . — npeadasossiii nepuox, 2019 . —
6a3oBeiit epuon, 2020-2021 — nporHo3uelid nepuoa. OTKpbIThie AaHHBIE PoccTara obecneunBaroT MH-
¢dopmannio o GUHAHCOBOM OTYETHOCTH OpraHM3aLUi 3a Mpeada3oBbIi MEPUO, TOITOMY HEOOXOIUMBI
JOTIOJTHUTEIIbHBIE PacUeThl [0 OLIEHKE T0Ka3aTeliel B 6a30BOM MEpHOAE.

Iar 1. CrpynnupyeM AaHHbIE O TOMECAYHON BBIpYUYKe MpeanpusaTuil mo Poccun B 1ienom 3a npea-
0a30BBIN MEPUOJT [T KKAOTO BUAA NIESTEIHHOCTU MOKBapTalbHO. Ha OCHOBaHWM COOTHOLICHUS I10-
KBapTaJbHOM BBIPYYKH BBIBEIEM BECOBBbIE KOAPQPHULUUEHTHI (1011, KO3 OUIIMEHTH CE30HHOCTH) I Ka-
KJIOTO KBapTaja. B COOTBETCTBUH € 3TUMH IOJSMH Pa300beM T'OIOBYIO BBIPYUKY NpeanpusaThid Yerms-
OMHCKOI 00J1aCTH 32 Pen0a30BbIi EPHOA MO KKIOMY BUAY IESTEILHOCTH Ha KBApTab.

Iar 2. Jlanee crpynmnupyeM MOMECIYHYIO BRIPYUKY IpeanpusaTuii mo Poccuu B menom mo Bugam
JesITEeNFHOCTH 32 0a30BBIN MEPHOJ TTOKBAPTAILHO. Ha OCHOBaHWM COOTHONICHHUST «KBapTal K COOTBET-
CTBYIOILLEMY KBapTajly IPOILIOro rojia» paccuuTaeM Habop kK03 PuunueHToB, XapakTepU3yOIUN 13-
MEHEHHE BBIPYYKH MOKBapTaibHO. llocnenoBarenbHO MPUMEHMM AaHHBIH HaOop Ko3(duuneHToB K
HCXOJHOM OLIEHKE MOKBAapTaJIbHON BBIPYUYKH NMPEANPHUATHHA PErHOHA MO BUAaM JEATEIbHOCTH 3a Mpe-
0a30BbIil MEPHO/ U TOJYYUM OLEHKY MOKBApTaIbHON BBIPYYKH IMPEINPUATHN pernoHa 3a 0a30BbIiA
TIEPHUO/I.

Iar 3. CoporHo3upyeM MOKBapTajdbHYIO BBIPYUYKY MO Opeanpustusm YensOunnckod obiactu
M0 BUAAM JAEATEILHOCTH HAa NMPOTHO3HBIM MEPUOX B COOTBETCTBUHU C MAaTPULIEH MPOTHO3HBIX KO3 (-
(huUIHMeHTOB.

6.2. Oyenka u npozHo3UpPoBaHue HAI020801 6A3bl NPEORPUAMUIL U IPPHeKMUBHBIX CMABOK

N0 KI0U€e8bIM HA102aM — 00XO0OHBIM CHLAMbAM KOHCONUOUPOBAHHO20 PE2UOHAILHO20 0100)Icema

OCHOBHYIO JIOJII0 B JTOXOIHOM 4acTH KOHCOJIMOMPOBaHHOTO Oromxkera YensiOMHCKOIM obnactu co-
CTaBJISIFOT HAJIOTOBBIE TOCTYIUICHUS, CPEAN KOTOPBIX BaXKHEHIITYIO POJb UIPAIOT HAJOT HA NPUObLIb, HA-
JIOT Ha JO0XOAbI (pH3MHL, aKu3bl M HAJIOT HAa UMYLIECTBO. [IpomuocTpupyem aaropuTM nporHo3upoBa-
HUS Ha IpUMepe Hajlora Ha MPUOBLIb.

Juist onleHKH HaJoroBoW 0a3bl MPEANPHUSTHS 110 HAJIOTY Ha MPHUOBLUIL UCTIONB3YEM CICAYIONIYIO YII-
POLLIEHHYIO MOJIENb

HHt-H = HHt + Knp74 ’ (Bt+l - Bt ) ’ (1 - Knep374 )7 (9)
rae HIT — nanor na npu0bu1b; B — cymMmapHas BbIpydka NPEANPUATHI Pernona; K 7, — dddekTnBHas

CTaBKa HaJIora Ha IPHUOBLIL; K. — JIOJIS1 IEPEMEHHBIX 3aTPAT B BRIPYUKE; «74» — MHACKC peruoHa.

nep374

[Mony4yennas pexypcuBHas (HopMyna MO3BOJISIET PACCUUTATH MPOTHO3HYIO BEITMYUHY COBOKYITHOTO
HaJIora Ha MPHOBUIH B MOCIEAYIOIIEM IIEPHOAE B 3aBUCUMOCTH OT BEJIMYMHBI HAJIOra B TEKYILEM MEPUO-
1€, AMHAMHUKH COBOKYITHOU BBIPYYKH, 3(PEeKTUBHON HAJIOTOBOM CTaBKH W JOJH IEPEMEHHBIX 3aTpar B
BEIpYYKE.

Pacder Hanora Ha npuOBUIE CKOPPEKTUPOBAH Ha €0 U3MEHEHHUE JIJIsl KPYIHBIX PETHOHAIBHBIX IDIa-
TEJBIIAKOB.

JeiicTBys IO aHANOTWH, CIPOTHO3UPYEM AMHAMHKY HAJIOTOBOW 0a3bl MO MPOYMM KPYHHBIM CTaThb-
SIM, K YUCITy KOTOPBIX OTHECEM:

® HAJIOT Ha JIOXO/bI (PHU3JIHIL;

® aKIIV3bI;

® HaJIOT Ha UMYIIECTBO.

[Iporuo3 npounx JOXOAHBIX cTaThel Or0mKeTa HopMHUpyeETCs Mo JaHHBIM 0A30BOTO MEPHO/A.

6.3. Oyenxa 00x00HbIX cCIameii PecuonaIbH020 0100Icema

B pesynbprare mocrarefiHOro MPOTHO3HOTO pacueTa HAIOJIHEHHS CTaTed KOHCOIHIUPOBAHHOTO
6I0/pKeTa PErHoHa’ MOMYUYeHbI CIeAyIoIMe aHHbIe (Tabu. 5).

9
Be3 ydera MexOr0KeTHBIX TpaHC(HEpTOB.
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Tabnuua 5
I'IporH03 AOXOAHOﬁ 4YacTun KOHcCoONManpoBaHHOro 6I’0F|)KeTa
YenabuHcKon obnacTtu, MiH pyo.
Table 5
Chelyabinsk region consolidated budget revenues forecast, min rub.
ToKasarens 4 KB. 1 kB. 2 KB. 3 kB. 4 KB.
2020 . 2021 r. 2021 1. 2021 1. 2021 1.

HAJIOT'OBBIE 1 HEHAJIOI'OBBIE
JIOXOJIBI 53 030 40 777 42 005 44 539 53612
HAJIOT'OBBIE JOXObI 51100 39 069 40 554 42 936 51 682
Hautor Ha npuObuts Opranu3anuii 13 106 9988 12 200 10 598 14 499
Hanor Ha moxomp! pU3NIECKHX JIUIT 22 078 18 660 18 126 21016 23 306
AXITH3BI 3213 2704 2414 3063 3213
Haunor, B31/1MvaeMI)m B CBSI3U C IPUMCHECHUEM 2069 1764 2982 2306 2069
YIPOIIEHHOW CHCTEMBI HAJIOTO00I0KECHHUSI
Enuneiil Hanor Ha BMEHEHHBIN JIOXOT, 232 274 194 158 232
EnuHeli cellbCKOXO03sIMCTBEHHBIN HAJIOT 6 79 10 28 6
IlatenTHas cucTema 51 53 13 9 51
Hanor Ha umyniecTBo GU3NIECKUX JIUIT 688 81 48 87 688
Hanor na umymectBo opranuzanuit 5415 3376 3376 3376 3376
TpaHcHOpPTHBIN HAJIOT 2004 504 326 423 2004
3eMeNbHbBIN HAJIOT 1287 868 768 898 1287
Hanor Ha 106611y MOIE3HBIX HCKOMIAEMBIX 598 430 541 638 598
Wuble HAJIOTOBEIE TOXOIBI 353 288 256 337 353
HEHAJIOI'OBBIE JJOXO/IbI 1930 1708 1451 1603 1930

6.4. IIpozno3 eenuuunsvt HeOONOIYUEHHBIX 00X00086 0100)Icema

EsxeromHo npuHMMaeMblid 3aKOHOAATENIEHBIM COOPaHNEM PETMOHA U YTBEP)KIaeMbIi TyOepHATOPOM
3akoH 0 OroJuKeTe Ha 3 To/1a CoIepKUT MH(OPMAIIMIO O CBOAHBIX JaHHBIX. B exemecs4HOM oTdeTe 00
WCIIOJIHEHHH TOJIOBOTO KOHCOJMINPOBAHHOTO OOJKETa COACPIKUTCS TMOCTaTeiHas pa3OWBKa Ha TEKy-

IIUHA TOM.

CpaBHeHHE [UIAHOBOW CYMMBI I0XOZI0B PErHOHANIBHOTO OromxkeTa 6e3 Tpanchepros (179 059 mun pyo.)
¢ nporao3Ho#t (170 665 muaH py0.) maeT ocHOBaHHE HPEANONOXKHUTh, yTO B 2020 r. GrOmXKeT pernoHa

HEOIOJYYHUT OKOJIO 5 % T0XO0I0B.

3amaya aHanu3a AeUIMTA PETHOHAILHOTO OOPKETAa M MCTOYHHUKOB €0 IMOKPBITHS MOXKET OBITh

paccMoTpeHa B MOCIEeAYIOMHX padoTax.

3akiIoyenue

B pa60Te IMOCTaBJICHA 3aJa4da aHaJxu3a W IMPOrHO3HMpPOBAHUA B3aMMOCBA3AHHOTO 3KOHOMUYCCKOI'O

Pa3BUTHS CTPAHBI, PETMOHOB U IPEIITPUATHI.

KonkpetHslil Bux Mozenu pa3paboTaH A NPOrHO3a JOXOAO0B PErHOHATBLHOTO OI0DKETa B yCIOBU-
SIX KOpOHaKpH3Hca. PaccMoTpeHs! ABe cBs3aHHBIE MOAETH: JOXOAbI OI0KETa U Pa3BUTUSL OPraHU3aLUH.
OCHOBHBIM BIHUSIOMIAM (PAKTOPOM PACCMOTPEHO MaJeHHE JETIOBOW aKTUBHOCTH, BHI3BAHHOW CaMOW30-

JIALMEN B yCIOBUSAX KOPOHAKPU3HUCA.

IIpoBeneH NMpOrHO3 IOXOAOB PETHOHAIBHOTO OIODKETa C y4eTOM M3MEHEHHs HaJoroBOH 0a3bl

MpEeANPUATUH.

JIOTIOJTHUTENEHOM BO3MOYKHOCTBIO ISl TOCIEAYIONINX PacuyeTOB SABJSETCS OLIEHKA BIUSHUSA MEp IO
noJiiepKKe OuzHeca, MPUHATHIX (peepabHBIM U perHOHATBHBIM NpaBUTEIbCTBAMH [ 16].
HanHas paboTta mpearoaraeT pa3BuTHE U pacIiupeHre KakK [0 0XBaTy YPOBHEH yIpaBieHUs, TaKk U

C TOUYKH 3PEHMSI pACCMATPUBAEMBIX PETHOHOB, OTPACIIEH, IPEIITPUATHI.
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The economic crisis caused by the COVID-19 pandemic leads to a significant drop in incomes
and tax payments. We consider express modeling of regional budget revenues depending on
the depth of the crisis. The assessment is made for one of the Russian regions — the Chelyabinsk re-
gion. Purpose of the study. To build a mechanism based on available statistics for express estima-
tion of the regional budget revenues. The comprehensive model for forecasting the region's enter-
prises' financial results, followed by a forecast of the regional budget revenues, was worked out. Mate-
rials and methods. Simulation models of macroeconomic indicators of the region's budget revenues
are used in conjunction with enterprises' financial forecasting models. Big Data Analytics was ap-
plied to process financial statement data of the regional enterprises. Results. The model links
the change in enterprises' financial results with the regional budget revenue dynamics. Based on scena-
rio assumptions, the calculation of the change in financial results and tax bases of regional enterprises
was made and the estimation of their contribution to the regional budget. The model allowed to form
a forecast of revenues of the budget in the COVID-19 pandemic conditions. Conclusion. This ap-
proach combines meso- and microeconomics approaches and simulates the region's economic deve-
lopment as a multilevel system. The proposed model is universal and can be applied to consider
the development of any Russian region.

Keywords: multilevel growth management system, simulation modeling, enterprise development,
regional development, COVID-19 pandemic, Big Data, OLAP.
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CUTYAUUOHHO-OHTOJNOIMNM4YECKASA METOAONOINA
NMPUHATUA PELLEHWUA HA NPUMEPE BU3HEC-INMPOLIECCOB
ABUATNPUBOPOCTPOUTEJIBHOI'O NPEANPUATUA

B.B. AumoHog’, K.A. Konee', B.A. Cysopoea’, I'.I". Kynukoe?

" Yebumcekuii 20cydapcmeeHHbIll aguayUoHHbIT MexXHUYecKull yHusepcumem,
2. Yopa, Poccus,

2 AO «Ypumckoe Hay4Ho-npou3sgodcmeeHHoe rpednpusimue «MorHus»
xonduHea « TexHoOuUHamukay, a. Y¢ha, Poccus

B Hacrosmiel cTaThe MpeAIaraeTcsl yCOBEpIIEHCTBOBAaHHAS METOJOJIOTHS pa3pabOTKU CHUCTEM
MOJICP’KKU NPUHATHSA PELIeHUH, pa3paboTaHHAs HA OCHOBE CUTYallMOHHOW CXEMBI PELICHUS 4Yelo-
BEKOM IOBEICHYECKHX 3a/1a4. B nmpennaraeMoil MeTOOIOTHY NpeIaraeTcsl HOAX0A K PEIICHHIO 3a-
Jlau¥l TOJUICPXKKH TPHUHATHS PELICHUH Ha OCHOBE OHTOJOTMYECKOH MOJENW opraHm3anmu (OmsHec-
mpoiiecca), coxeprkamieil HHGOpPMaIMio O TUIOBBIX CHUTYaIlMIX, UX MpPHU3HAKaxX, BapHaHTaX (CIeHa-
pUsIX) peIIeHNH 1 MOKa3aTelsaX Ul BbIOOpa 3THX pemeHuil. Pa3paboTaH MHTEIUICKTYalbHBIH MeXa-
HU3M «y3HaBaHHSA» COCTOSHHUI THUIOBBIX CUTyallMi Ha OCHOBE KaTErOpPH3allMd U HCIONb30BaHUSL
MOJIyYCHHOM HMepapXuu MX COCTOAHUI M mpu3HakoB. IIpemmoskeH obuuil moaxo K MogAep KaHUIo
OHTOJIOTHYECKOHW MOJENU B aKTyalnbHOM COCTOSIHAU. PaccMOTpeHs! npuMepsl IPUMEHEHUST METO0-
JIOTUH IS IPEITPHUATHS aBUATIPUOOPOCTPOCHHSL.

Knrouesvie cnoga: npunamue pewieHuti, OHMOI02UYECKds MOOelb, CUMYAYUOHHOE MOOeIUPOsa-
HuUe, Kame2opu3ayus, MUno6ds CUmMyayus, CyeHapui pewenus, buzrec-npoyecc.

Beenenue

MupoBoii KpHu3HC, CBI3aHHBIM ¢ NpUOIIKArOIEiics cCMEHONH OTHON Pa3sHOBHUIHOCTH KalHMTAIHM3Ma
Ha JPYTYI0, HeM30€KHO CTaBUT BOIPOC O HOBBIX MOJX0J[aX HE TOJIHKO B OOIIECTBEHHOH, HO U B TIPOU3-
BOJICTBEHHOMW c(hepax, TIOCKOIBbKY BpeMs IEpEMEH BCeria MPeJoCTaBIsieT OKHO BOSMOXKHOCTEH JIJIsl MH-
HOBaIWii U cBexux uaed. [Ipu sTom, HecMoTps Ha HeObIBaJOe pacrpocTpaHeHHe WH(POPMAIMOHHBIX
TEXHOJIOTHH M CBSI3aHHBIX C HUMU BBICOKOTEXHOJIOTUYHBIX METOIOB 00pabOTKH MH(OpMAIH, BaKHEH-
IIKMe PELICHHUs Ha BCEX YPOBHAX YIPABICHUS 10 CHUX MOpP NPUHUMAIOTCS C OMOPOi IIIaBHBIM 00pa3oM Ha
MHTYHMLUIO KOHKPETHOIO MHAMBHIA. DTa IMpodiieMa MPOUCTEKAeT U3 YpE3BbIYAHON CIIOKHOCTH, a 3Ha-
YHUT, U JOPOTOBU3HBI CYLICCTBYIOLINX WHTEJUICKTYANbHBIX MHCTPYMEHTOB, TPEOYIOIIMX KakK OOPOro-
CTOSIIIETO alapaTHOrO ¥ MPOTrPaMMHOTO 0OECTICUeHHs], TaK M, YTO ellé BaKHEe, OYeHb BHICOKOKOMIIE-
TEHTHOT'O MepcoHana. Takol MoaXo1 HUKOI/Ia He HAWIAET TOCTATOUYHOM MOICPIKKY HU Y (PMHAHCHUCTOB,
JTUKTYIOIIHUX CETOHS SKOHOMUYECKYIO MOJY, HU y YIIPaBIIEHIEB, KOTOPHIE HE CKIOHHBI JOBEPATH 3aITy-
TaHHBIM AITOpUTMaM OoJibllle, YeM COOCTBEHHOMY OmbITy. [103TOMy HeoOXoauma MHTENJICKTyalbHast
METO/I0JIOTHS] IPUHSTUSL peLIeHni, KoTopas Oynet apyxectBeHHa K JIIIP, mO3BOMUT COXpaHATH OMBIT
9KCTIEPTOB, HO OYZET UMETh BHYTPECHHUE MEXaHU3MBbI, TO3BOJISIOIINE €€ OLCHUTb.

B HacTosmieit crathe, moabp3ysAch KIACCHYECKUMH KHOEpPHETHYECKHMMHU NPUHIMIIAMH, MBI IIOTBITA-
JIMCh Ha OCHOBE MPWHIIUIIOB NPUHSTHS PEIICHUIA B pe3yNbTaTe BOCIPHUITUS OKPYXKAIOIIEH 00CTaHOBKH
YEJIOBEKOM MPEAJIOKUTH MOAXO0 K MOCTPOEHUIO CTPYKTYPHI M OCHOBHBIX KOMIIOHEHTOB CHCTEMBI TO/I-
JIEP>KKH IPUHATHUS PEIIeHNH, KoTopas cTaHeT 6onee yaooHoii ans JIIIP u sxkcnepTos.

1. CuTyaninoHHas cXeMa NPUHATHS PELICHN YeJI0BeKOM

MexaHu3M MO3HaBaHUS MUPa YeJI0BEKOM OoJiee-MeHee n3BecTeH. CHaydana 4eJoBeK OLCHUBACT CH-
TYalHIO U MOACO3HATENBHO MPOU3BOIUT KaTETOPU3ALINIO BCEX €€ 3JIEMEHTOB 10 U3BECTHBIM €MY THIIaM:
IO CTENICHU Ba)KHOCTH, 110 OIACHOCTH, TOJIOKEHUIO B IIPOCTPAHCTBE U T. A. B pe3ynbrare uenosek Mo-
JKET MOHSATH, IJI€ OH, KOTJIa M YTO C HUM IPOMCXOIUT. 3aTeM YeJIOBEK (hOPMUPYET BApHAHTHI pEaKlIUy Ha
cutyanuio (aevicteus). Eciau BpeMs i peakliy OYeHb OTPAaHUYCHO, TO PEATU3YETCs HanbosIee TUITNY-
HOE JJIs1 JaHHOTO YeJIOBEeKa ACHCTBHE, OTpaXkalollee ero TeMIepaMeHT (IaHKKa, arpeccus, Oe3aeiicTBue,

102 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 1, pp. 102-115



AHmoHoe B.B., KoHees K.A., CumyauyuoHHO-OHmMoJ102U4YecKasi Memodosio2usi
Cyeopoea B.A., Kynukoe I'.I". npuHsMus peuweHull Ha npuMmepe 6u3Hec-rMPoyeccos...

ucTepuka u T. 11.) [5, 16]. Ecnu curyanus He caMIIKOM AMHAMHYHASL, TO YEJIOBEK MOXKET ChpOopMUPOBATH
Y OLEHUTHh aIrOPUTMBI BApHAHTOB CBOUX NEHCTBHI (CLieHApHUH), KOTOpPbIE MOXKHO MHTEPIPETHPOBATH
KaK TUIaH WK MpoekT. [Ipy u3MeHeHnn cutyalnuy U NOABJIEHUH HOBBIX €€ 3JIEMEHTOB, KOTOPbIE MEHSIOT
e€ MOHMMaHKEe YeJIOBEKOM, MOKET M3MEHSAThCA U HAaOOp BapUAHTOB PEarnpoBaHMs, a TAKKE UX MPUOPH-
TeThl, 0 4éM rucain emé JI.A. Ilocnienos [13] (puc. 1).

Hameeopuu 8CEX U3BECMHbIX
31emMeHmos maKkux cumyay
8 CO3HAHUU Yenoeeka

7]

HHpOPMAyUOHHbIL
obmeH

BocnpuHamas
uUHpopmayus

Hadmomaemasn

{—— curyarms

Bapuarm
peaxkyuu

Puc. 1. YnpolwéHHaa cuTyauMoHHasi cxeMa pelleHUs noBeAeHYecKMUX 3aaay YerloBeKOM
Fig. 1. Simplified situational scheme for solving behavioral tasks by a person

[MomoOHast cxema B3aMMOJICHCTBUS C OKPYIKAIOIIUM MHPOM XOPOIIIO U3yYeHA U JaBHO PEan3yeTcs
B poboToTexHuke. OHAKO COBPEMEHHBIE POOOTHI CIIOCOOHBI INIAaBHBIM 00pa3oM Ha MPUMHUTHBHBIE Me-
XaHWYECKUe NEHCTBUS U peakuuu. BocnpusaTie UMM peanbHOCTH KpailHe IPUMHUTUBHO, HE (OpPMUpPYET
LETOCTHON KapTHHBI MUPA, TO3TOMY OHO €III€ OYEeHb JAJIEKO OT KOTHUTHBHBIX BO3MOXHOCTEH YeloBeKa
[14, 18]. IloaToMy B OpraHM3allMOHHBIX YIPaBIECHUYECKUX MPOLECCAX POJIb HHTEIIEKTYAIbHOIO LIEHTpa
0€30rOBOPOYHO MepeaaéTcst YeIOBEKY, & HHTEIUICKTYaIbHBIE CUCTEMBI HCIIONB3YIOTCS B OCHOBHOM Kak
COBETYIOILMI CEpBUC.

B pamkax pa3pabaThiBaeMOTO IMOJXO0/a TpeIiaraeTcsl CAenarh Bemyllel s WHTEIUICKTYalbHbIX
CHCTEM HE TOJIBKO COBETYIOIIYIO, HO TaKXke U Bepuuuupytomyo GyHkauo. Hanpumep, npu npuHsITUN
pEIIeHNI YNHOBHUKOM O PacIpelIeIeHNH PECYPCOB, HHTEIIEKTyalbHasd CHCTEMa MOYKET CHavaja Impes-
JIOXKHUTh €My ONTUMAaJbHBIN BapuaHT PELICHUs, a B Cilyyae BHIOOpa MHOTO — COOOLIUTH 00 3TOM B Hal-
30pHBIE OPTaHBI C T€M, YTOObI OH OOBSACHUI Ha (aKTax, IOUYeMy ero BbIOOp Jiyulle, ueM y OeccTpacTHON
MPOTPaMMBbI, YUUTHIBAIOIICH MHOXECTBO ()aKTOPOB M IapaMeTPOB, a TaKXKe COBEPIICHHO HE ITOJBEp-
YKEHHOU KOpPPYIILIHH.

OCHOBY HHTEIJIEKTYaJbHOIO MEXaHHM3Ma METOOJOTHH TMpeAsiaraeTcsi MOCTPOUTh Ha MEXaHH3Me
Kareropuzanuy. Kareropusamus — 3To npoLecc OTHECEHHS MT03HaBaeMOIo 00bEeKTa K HEKOTOPOMY KJlac-
Cy, B KaU€CTBE KOTOPOrO0 MOTYT BBICTYINIATh HE TONBKO Ha3BaHUS MaTEPHAIbHBIX IIPEIMETOB, HO U CEH-
COpHBIC U MEPLENTUBHBIE 00pa3ibl, COLHAILHBIC CTEPEOTHUIIbI, STATIOHBI MOBEICHHUS — B 1I€JI0M, 0000-
IIeHHS, HeCYyIue B ce0e COBOKYIHBIN 00mecTBeHHbIH ombIT [1]. [Ipumep kaTeropuzanuu A1 HECKOIb-
KO MHOM IpeMETHOM 00sacTu mpuBeaEH, Harpumep B [12].

IIpenaraercss OCyHIECTBIATh KATETOPU3ALMIO B [1BA dTala, [0 U3BECTHOU co BpeMéEH JlpeBHeit I'pe-
LMY IBYXTaKTHOM CXeMe «aHaJI3 — CHHTE3», HO B MPHUBA3KE K OPraHU3allMOHHOMY YIPABICHHUIO U Ha
OCHOBE MHTEJUIEKTYaJbHBIX METOAOB cOOpa, aHaIM3a 1 00paObOTKH AaHHBIX C BBIXOJOM Ha KOHKPETHBIE
ITOPUTMBI IOCTPOCHUSI CHCTEMBI HOJIEPKKH NPUHITUS PELICHUH ANl KOHKPETHOTO TUIA CUTYAIUH,
YTO ¥ OTIMYAET MPEJIaracMyl0 METOAOJOTHIO OT M3BECTHBIX M IO3BOJISICT OOOCHOBATh €€ MpakTHYe-
CKYI0 3HaUHMOCTb.

OTMeTruM, 4TO TMpeIaraeMas MeToIoNor s Hanbonee d(pQPeKTHBHA Ul MPUMEHEHUS! K THIIOBBIM
CUTYaIlMsIM TPUHATHS PELISHHH, JUIsI KOTOPhIX OMpeAenéH MpUMEpHbIN NepedeHb OCHOBHBIX yYacCTHH-
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KOB CUTYallUd U UX COCTOSHUU. DTO OrpaHUYEHUE, KOTOPOE HECKOJIBKO CHHXKAET BO3MOKHOCTH MIpUMeE-
HEHUS TpeJTaraeMoi METOJIOJIOTHH JIJIsi MaJIOM3YYeHHBIX, 00JIaarolNX 3HAYUTEIHHONH HEOoNpenenéH-
HOCTBIO0 cuTyanuid. OHAKO ISl HEOMPEIeIEHHBIX CUTYAIlMi BO3MOXHO NPHUBJICYEHHE IKCIIEPTOB (CO-
3bIB COBEIIIAHUS, TPOBEJCHHE MO3IOBOI'0 IITYpMa H T. 1.) U (OPMHPOBAHKUE OITUCAHUS CUTYallMd Ha OC-
HOBE 3KCIIEPTHOM OLIEHKH, TIOCJIE YEr0 OHA CTAHOBUTCS TAKOM )K€ «TUIIOBOW», KaK BCe ocTalbHbIE. EcTe-
CTBEHHO, JJI1 MEHE/KEPOB, KOTOPHIE IIOCTOSIHHO pa00oTalOT B 00CTaHOBKE CYIIECTBEHHOW HEOMpeaeaEH-
HOCTH (HampuMep, BBICITHN MEHEHKMEHT OpraHU3allid), MaHHAS METOJOJIOTHS B €€ HBIHCITHEM BHUJIC
MOXeT OBbITh He 3 PEeKTHBHA.

2. AHAJIM3 ¥ CHHTe3 yNPaBJIeHYeCKUX CUTyalui

Ha naganbHOM (@aHATUTHYECKOM) 3Talle KaTErOpU3alUKM HAOMIOAAaEMbIX B CUTYyallld IPUHSITHUS pe-
HICHUI 3JIEMEHTOB MPOU3BOIUTCS aHAIM3 COCTOSIHUSL CUTYAIUH, T. €. HOPMHUPOBAHUE MAIIMHHOIO «Y3-
HAaBaHUS» — BBIOOPA KAaTETOPUH, K KOTOPOWM OTHOCHUTCSl KKABI 0OOBEKT B CUTYalllH, HATIPUMED, B CJie-
JIYIOLIUX Cpe3ax:

— TUNHU3a1Ks 00bEKTOB, IPOLIECCOB WU SBJICHUH;

— paHXHUpPOBAHME UX B paMKaX CUTyaluH;

— OTCEYEHUE MATIO3HAUYNMBIX;

— TUNIU3AIIHS COCTOSTHUH 3HAYUMBIX 00BEKTOB, ITPOIIECCOB WIIH SIBICHHIA.

Jist KaXK0W THIOBOH CUTyalul (OPMHUPYETCs CUTYyallMOHHAsI MOJIENb, KOTOpasi OMUCHIBACT MHO-
JKECTBO THIIOB yYacCTBYIOIIUX OOBEKTOB, MPOLECCOB WIIN SBJICHUN (IEMEHTOB), KOTOPbIE HMEIOT H3Me-
pPHUMBbIC IPU3HAKU WX SIBHbIE UAECHTU(UKATOPHI, OMHO3HAYHO OTHOCAIINE UX K KATETOPHU IO YETHIPEM
0a30BBIM 3JeMeHTaM: (QYHKIHUH, PECYpPChl, MpaBuia u uend. Kpome toro, it Kaxaoro 3iaeMeHTa ¢op-
MUpYETCsI TIepeueHb CBOMCTB, U3MEPHUMBIl HA0Op 3HAYEHHI KOTOPHIX MO3BOJISIET C BHICOKOI BEPOATHO-
CTBIO TIO KaKIIOM KOMOHWHAINY 3HAYCHUI CBOMCTB RJIEMEHTAa OTHOCHTH €r0 K HEKOTOPOM COCTOSTHHSIM.
[Ipruém TUMUM3ALMA >JIEMEHTa NPOM3BOAMTCS WTEPALMOHHO: CHadasla aHAIM3UPYyeTCs HaOop 0a30BBIX
CBOWCTB, KOTOPBI AEIHUT 3JIEMEHTHl Ha KJIAcChl, HAIpUMep, Ha OOBEKTHI, MPOLEecC, SBICHUS, 3aTeM
CBOWCTB KJIaCCOB, KOTOPBIE ONPEAENAIOT BaXKHbIE CBOMCTBA AJIsl, HAIPUMEP, OOBEKTOB (KHBOM, UMEeT
SIBHBIC TPAHUIIBI, CITOCOOEH K CAMOJIBIDKEHHIO U T. JI.) U TaK Jiajee 10 Hy>KHOTO YPOBHSI JIeTalH3alliy.

Crnenyet onpenenuThes ¢ MOHATHEM TUNIOBOM cutyaruu. C Touku 3peHus yuebHuka [15], cutyanus
— OJIHOAKTHOCTh U HENOBTOPHUMOCTb BOSHMKHOBEHHSI MHOXKECTBA COOBITHH, CTEUEHHS BCEX KU3HEHHBIX
OOCTOSITENILCTB U TMOJIOKCHHUH, OTKPBIBAIOLINXCSI BOCHPUATHIO U JESATEIBHOCTH 4eoBeka. M3 maHHOTrO
ONpeACICHNs TOHATHE «TUIOBAsI CUTYalUA» KaXeTcs Heolorn3MoM. OfHAKO eCH JUIsl B3aUMOJIEHCT-
BYIOIIIUX B IMPOIECCE pean3alni JACATeIbHOCTH (BBITONHEHHUS (QYHKIHA) PECypCOB, PEealH3yIOIINXCs
10 OINPEAEIIEHHBIM IIPABWIIAM JUISl JOCTIKEHUS ONPEACIEHHBIX OPraHU3alMOHHBIX LENIEH, ONPEICIUTh
HEKOTOPBI Ha0Op BHEIIHUX M BHYTPEHHHUX YCJIOBHUH, TO IPH BOCHPOU3BEICHUN NAHHBIX YCIOBUH IS
CXO0Kero Habopa (pyHKIMH, pecypcoB, IpaBWII U LeJieil ¢ BBICOKOM Joel BepOATHOCTH OyAeT BOCHPO-
U3BEJIEHa U CIOKMBILIAsCA cuTyauus. Hanpumep, cuTyanus coraacoBaHUs JOKYMEHTa KOHKPETHBIM py-
KOBOJIMTEIEM MOXET BOCIIPOU3BOIUTHCS C TOYHOCTHIO 70 ()pa3, KOTOphIe OH MPOU3HOCHUT B IpoOIecce
OOIIeHHs C TIPOCUTETIEM, H BCE BAPHAHTHI €€ Pa3BUTHUA MOTYT OBITh IPOCUYUTAHBI. VIHBIMH ClIOBaMH, TH-
NOBasi CUTyaLHsI — 3TO HAOMI0AaeMOe COCTOSIHUE CUTYalllu Ha OOBEKTE YHPaBICHUs, KOTOPOE XapaKTe-
pu3yeTcs HaOOpOM H3BECTHBIX MapaMeTpPOB U KOTOPOE MOXHO MOBTOPHUTH. B KOHTEKcTe 00CYXIEHHS
TEXHOJIOTMYECKOr0 MEXaHN3Ma PELICHUs 33]aul MPUHATHUS PEIICHUS TPaMOTHEE TOBOPHUTE «COCTOSTHHE
THIIOBOM CUTYallMKW», & IPU OIIMCAHUU COBOKYITHOCTH COCTOSIHUI CUTYallMH ONPEAEIIEHHOIO TUIIA YCIIO-
BHMCsI Ha3bIBaTh 3TO «TUIIOBAsI CUTYALMSI».

OO6paTtuM BHUMAaHHUE, YTO TUIIOBYIO CUTYallMI0 HEOOXOJUMO OTIMYaTh OT (QYHKIUH. XOTS CTPYKTY-
pa GYHKUMOHAIBHON NESITEIbHOCTH KaK COBOKYHMHOCTH paboT (omepauuil) U CTpyKTypa CHTYalldH BO
MHOT'OM COBMNAJAIOT, UX (PU3HUYECKHH CMBICT COOTBETCTBEHHO B ()YHKLIMOHAIBHON M CUTYyallHOHHON MO-
nensx pasnuyed. CUTyalus CyIIecTBYeT BO BpEMEHH, €€ COCTOSHHUS JOCTATOYHO YKECTKO JIeTePMUHU-
pYIOTCS mKanoil BpeMeHu. s QyHKIMOHAIBHOTO OMHMCAHWS BPEMsI YUUTHIBAETCS OMIUOHAIBLHO U HE
siBIIsieTCs 00s13aTeNbHBIM MapaMeTpoM. IMeHHo Bompoc y4éra BpeMEHH JeNlaeT CUTYalld HElOBTOPH-
MbeIMU. Ho ecnit paccmarprBaTh Bpems He aOCOJIOTHO, a [0 MHTEPBaJIbHOM IIKaje (3a 4ac, 3a AeHb, 3a
MECSII U T. A.), TO YHUKaJbHAs B KOHKPETHBIH MOMEHT BPEMEHHU CUTYalllsi CTAHOBUTCS THUIIOBOM Ha He-
KOTOPO# BEIOOPKE 10 BPEMEHHU M MOXKET HaOJII0JaThCsl HECKOIBKO Pa3 B JICHb, B MECSIL U T. JI.
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Ecnu nepeHecTu cUTyallMOHHYIO CXEMY pEIleHHs OBEACHUYECKUX 3a7a4 4eJIOBEKOM (cM. puc. 1) B
TEPMUHBI IPUHSITHUS PELICHUH, TO TOIYYUM YKPYIHEHHYIO CXeMy MPUHATHS PELICHMs Ha OCHOBE aHAIIU-
3a THIOBBIX CUTyauu# (puc. 2).

Mpasuna
op2aHU3ayuu

Moacuctema npasmn opraHM3aunm <
(cTtaHgapThl, pernameHTbl,
METOAMKH, MHCTPYKLUMU U T. 4.)

- > OHTONOrMYyecKkas Moaenb TUNOBbIX
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npeyedeHm
cumyayuu lpusHaKku
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0OdobpeHHoe (co3daHHoe)
JKcnepT
IKCNepmom peuwieHue

Puc. 2. YkpynHéHHasA cxemMa NPUHATUA peLleHUA Ha OCHOBE aHanu3a TUNOBbIX CUTyaLun
Fig. 2. An enlarged decision-making scheme based on the analysis of typical situations

Ecnu smeMeHTHI B CHTyalliu MPaKTUYECKH MOCTOSIHHBI, TO «y3HABAaHUE» MOXET OTPaHHYUBATHCS
JIBYMSI UTEPAITUSIMU:

— UICHTU(UKAIIUS THITA DJIEMEHTA;

— UAeHTU(UKAIINSA 3HAYMMbIX CBOMCTB DJIEMEHTA.

B mo0oM ciiydae, CKOJIBKO OBl YPOBHEH JIEpEeBO HE BKJIIOYAIO, Ha KAKIOM YPOBHE JOJDKEH OBITH
BapHaHT — HOBBIA DJIEMEHT, KOTOPHIM TO3BOJHT PACIIMPHUTH 3HAHWS O CHTyalud, (popMHPYsS YpOBEHB
00y4YEeHUS CHCTEMBI.

Hampumep, nist cutyanuu, Korja Hy»KHO MPUHSATH PEIICHUE O TOM, YTO HAJICTh /ISl BRIXO/1a HA YIIH-
1y, JJI TIPOCTOTHI PUMEM, YTO YETIOBEK MOXKET MCIIOIH30BaTh JIBA THIIA CBOMCTB: CBOWCTBA COXPAHSITH
TeMIIepaTypy U CBOWCTBA COOTBETCTBUSA 3aJaHHOMY CTHIIIO. YIIPOCTUM CUTYAIIUIO M JOIYCTUM, YTO TI0-
rojla MEHSETCSl HE OYeHb CHJIBHO U YEJIOBEK paccMaTpHUBaeT TOJBbKO 2 Twma Bemei (7): Teruble u Jier-
KM€, KQXIbII U3 KOTOPBIX ACIUTCS Ha 3alUIIAIOIINE OT JOXKAS U HE 3allUIIA0IIHE.

T: {Wl, Wg}, (1)
rac VV, — THUIIBI OJCXKABI I10 3aIUTE OT XO0JI0/14, HpI/I‘IéM
W: {R], Rz}, (2)

rje R; — TUIIBI OZIEK /1B 110 3aIUTE OT JOKS.
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JlommycTrM Y4enmoBeK Uchoib3yeT 3 Buna cTuiis (St): mapaHslid, 1eT0BON U TOBCETHEBHBIN. KakIbrii
CTHJIb BbIOMpaeTCs IJIs ONPEACIEHHOrO0 THIA MEPONPHATHH. [ Mpa3gHUKOB WMIM BaKHBIX AT —
napaHbId, 111 paObOThl WM CEPbE3HBIX BCTPEY — JCJIIOBOM, JUIS MOX0/a 10 Mara3uHaM HJIM MPOTYJIOK —
IMOBCETHEBHBIM.

St = {sti},

T€e St — BUA MEPOIPHUSITHUSL.

Kaxxnoe yTpo mociie 3aBTpaka 4YelOBeK OyIeT coOupaTh HHPOPMAIMIO O JHE HEICHH, O
HaMEYAIOLIUXCs MEPONPUATHSIX, O COCTOSTHUM ITOTOJIbI M HA OCHOBE aHaJIM3a 3TUX JaHHBIX (HOPMUPOBATH
«mopTpet» cutyanuu (M), KOTOPBIA MOACKAKET, KAKOTO POJia CTHIIb U U3 KAKWUX BEIICH eMy BHIOpaTh.

M= {T, St}, “4)

Ecau 3amaTe KomM4yecTBEHHBIE MapaMeTphl HA KaXAYI0 PACCMOTPEHHYIO XapaKTEPUCTUKY, HAIpH-
Mep, MOKa3aHus TEPMOMETpa WIW JCHb HEIETH, TO MOXKHO IOJYYUTh aBTOMATHUYECKOE OMpE/ICICHIE
HY>KHOT'O CTHJISI M THITA BEIIEH.

AHAJIOrMYHO PACCMOTPEHHOMY IPUMEPY MOXKHO pa3padoTaTh MEXaHHU3M PACIIO3HABAHHUS COCTOS-
HUS IS TIOAJEPKKY TPUHSATUS PEIICHUH B TUIIOBOW CHTYaIlUH JJIs MPAKTUYECKH JII000OTO OpraHu3a-
LHUOHHOTO IMpoliecca.

3)

3. MeTox «y3HAaBaHUsD» COCTOSIHUSI THIIOBOW CUTYaI[HH

JUist HarJISIMHOCTH PacCMOTPUM CHTYAIlMI0 OOCIYXHBaHUS B OTACICHWH OaHKa, OCHAIIEHHOTO
CHUCTEMOM AJIeKTpOHHOM ouepenu. [Ipexie dem moIyduTh BO3MOKHOCTH MOOOIIATHCS C COTPYIHUKOM
0aHKa, MBI JTOJDKHBI 3aPETHCTPUPOBATH 3asBKY, HO JIJIS 3TOTO CIEAYeT BHIOPATh HYXKHBIM THUII 3ampoca
(«0aHKOBCKHE KapThl», «KPEAUTBI», «CHPABKW» M T. 1.), & IOCIE TOro, KaK O4Yepelpb IMOJAOILIa, CO-
TPYJIHUK OaHKa 33J1a€T HECKOJbKO BOIPOCOB, YTOOBI OKOHYATEIHLHO YTOYHHUTH MMapaMEeTPhl CUTYAIlUH,
C KOTOpOW eMy MpUAETCsS pa30oupaThCs M MPUHUMATH KaKHe-TO pelieHHs. TakuMm oOpa3oM, THIIOBas
YIpaBIICHYECKAs CUTYAIUsI MOXET UMETh OYCHb CIIOKHYIO CUCTEMY NMPU3HAKOB, KOTOPHIE CIIEIYeT Ka-
TErOPUPOBATH B BHJIE JIEPEBA, YHCIO YPOBHEH KOTOPOTO MOXKET OBITh Pa3INYHBIM IS Pa3IMYHBIX CH-
Tyanui (puc. 3).

Tunosasn
cuUTyauuA

CoctoaHue 1

CoctosHmne N

CoctoaHue 1.1

CoctoAHue 1.M

CueHapwit
peweHua 1.1.1

CueHapwit
peweHnn 1.1.2

CueHapuin
peweHuna 1.1.L

Puc. 3. Cxema «aepeBa y3HaBaHUA»
Fig. 3. The scheme of the “Recognition Tree”

CrenoBaTenpHO, 3Tall y3HABaHUS MOXKET OBITH OYEHB MPOCTHIM, KaK B IPUMEPE C MMOTOJI0H, & MOXKET
notpeboBaTh (GOPMHUPOBAHHS HEPAPXUH KaTETOpPHH — JIepeBa, MO KOTOPOMY HEOOXOIUMO MPONTH ISt
HAXOK/ICHUS HY>KHOT'O COCTOSIHHSI CUTYyalluH (HYKHOM KOH(QUTYpaIun).

O06001mas clenaHHble BBIIIE PACCYXKICHHS, MOKHO TPEJIOKHUTH CIEIYIONYI0 TpagHuIecKyro Mo-
JeNib KaK KOHIETITYalbHYI0 cXeMy (YHKUMOHHUPOBAHUS MEXaHM3Ma «y3HaBaHMA» THUIIOBOW CHUTYyallUH

(puc. 4).
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Mopgenb OueHka pewerus /171P
MHOKEeCTBO COCTOAHMI TUNOBbIX CUTYaU M |
Tyat MexaHn3m

«[0epeso y3HaBaHUA»

(«aepesoy ) OLEHKM
NoaMHOMeCTBO KpUTEPUEB OLEHKU cueHapwma

PeweHue /1P
NPWU3HaKoB peweHna
3anpoc OnucaHuAa cumyayud,
OnuUCaHUSA nodxo0auue no NPU3HaKam
Buibop

lNpusHak 1 MexaHu3zm MpednononeHue petieHus
s| MexaHu3m
MpusHak 2 |::> «y3HaBaHUA» | 0 cocmoaHuu munogol :
COCTOAHUA cumyayuu Bbibopa

- | > BapuaHTa

TUNOBOW

MpusHak N |:> peleHmns JIIP
CUTyauum

Puc. 4. KoHuenTyanbHas cxema (oyHKLIMOHUPOBaHUS MeXaHU3Ma «y3HaBaHUA» COCTOSAHUSA TUNOBOW CUTyaLuun
Fig. 4. Conceptual scheme of the functioning of the mechanism of recognition of the state of a typical situation

UToOBI MOCTPOUTD «JIEPEBO Y3HABAHU», C(HOPMUPOBATH CTPYKTYPY HMPU3HAKOB, J1a U MPOCTO KOP-
PEKTHO OMHUCATh HYXKHBIH OM3HEC-TIPOIECC, HEOOXOIUMO MOCTPOUTH MOJIENb OM3HEC-TIPOIecca, B paM-
Kax KOTOPOT'o BBINOJHACTCA NpuHATHE petenus [4, 17]. Takas moaens, oueBUAHO, OyIeT pa3HOPOAHOM,
T. €. OyZIeT coJiepKaTh pa3IMYHOE OMUCAHUE Ha PA3IMYHBIX YPOBHSIX, TTOCKOJIBKY OU3HEC-TIPOIIECC, MPO-
[[ECC KaTerOpr3allii COCTOSIHUN CUTYAIlUH U MPOLIECC OLIEHWBAHUS 3aTPYAHUTEIHHO ONKCATh B OJTHON U
ToH xe Hotammu [8]. CrnenoBaTenbHO, HEOOXOIUMO CTPOUTH HEKOTOPYIO HOTAIIMIO IS UCITOJIb30BAHUS
HOTalWH, T. €. METaMOJellb, a caMa MOJIeNlb OyJeT oOnanaTh npu3Hakamu oHTonormdeckoit [10]. Ipu
ATOM TOJT OHTOJIOTUYECKOW MOJIEIbIO Oy/eM MOHUMATh HE TPOCTO HAOOp B3aMMOCBS3aHHBIX TOHSATHH,
HO W TPaBWJIa, aCCOIUHUPOBAHHBIE C 3TUMHU TOHSATUSAMH, KOTOPHIE ITOCIIE BHEAPEHUSI HHTETPUPYIOTCS B
HOPMaTHUBHO-METOA0JIOTHUECKUN 0a3rc OpraHu3allny.

Jns pazpabaTbIBaceMOil OHTOJIOTHYECKONH MOJEIH OpPTaHU3allMd PAacCMOTPUM BCE MOJEIHPYEMbIE
00BEKTBhI KaK COBOKYIHOCTh 0A30BBIX 3JIEMEHTOB: BBINOJHACMBIX (QYHKIME (F), MO mpeoOpa3oBaHUIO
pecypcoB (R), Ha OCHOBE HEKOTOPHIX IpaBmil (N) ¢ HEKOTOpBIMHU HelsaMu (G), TPOTUKTOBAHHBIMU HX
HazHadeHneM. Kaxaplii M3 TNepedyrclIeHHBIX 0a30BBIX 3JIEMEHTOB IPEICTaBIsIeT CO00M MHOXECTBO,
BHYTPH KOTOPOT'O MOYKHO BEIICTTUTH MOAMHOXECTBA, MPUYEM, BO3MOXKHO, OOJIBIIIE, YeM OJHOTO YPOBHSIL.
[Tosromy B pamkax (GpopMHpOBaHMS KOHKPETHON MO THIIOBOM CHTyallMd UX CIEIYeT KaTerophpo-
BaTh, T. €. IPUBS3BIBATh K KOHKPETHBIM 3HAYUMBIM ISl CHTYallid XapaKTEPUCTUKaM. DTO 03HAYAET pas-
paboTKy KaTeropuii OIEHOYHBIX IPU3HAKOB. B paccMOTpeHHOM B 11. 2 TipuMepe ObUIO pa3padoTaHo JBe
KaTerOpUM OICHKH CUTYalluU «CTETEHb COXPAHEHUsSI TEIUIa BEIIbIO» U «HEOOXOJUMBIH CTHUIIb B OJICK-
ne». [lepBas kareropus nMpuBs3aHa K QYHKIMU «OJEBATHCSI», PECYpCaM «TEPMOMETPY», «IIKad ¢ Omex-
JIOMi», TIPABUJIAM «MHCTPYKITUS MO0 XPAaHEHHWIO U HOCKE BEIIC» U IENH — «COOTBETCTBOBAThH IMOTOJEY,
a BTOpas TaKkXKe CBs3aHa C (QYHKIUI «OJIEBATHC», PECYPCOM «ITKad) ¢ OJIEKI0N», IPaBUIaMH «OBITOBOTO
JIPECC-KOIa» ¥ IENbI0 «COOTBETCTBOBATH CTUIION». ChopMyIUpyeM ONMHCcaHue MEXaHU3Ma «y3HABAHUS)
COCTOSIHHSI THUTIOBOH CHUTyaruu B Oosee GopMann3oBaHHOM Bue. i Havama onpeenumM, 9To MHOXKe-
cTBO Kateropuii (C), koTopoe 3aTeM OyaeT MpeoOpa3oBaHO B OJUH WM HECKOJIBKO OILICHOYHBIX MPU3HA-
KOB, HETIOCPEICTBEHHO 3aBUCUT OT MHOKECTB 0a30BbIX JIEMEHTOB:

K=<F,R,N, G>, Q)

Ha cnenyromiem stane chopMupyeM MHOXKECTBO MPH3HAKOB ISl OLIEHKU cutyanuu (S), KoTopble
OynyT popMuUpOBaThCS KaKk 3aBUCUMOCTH OT dJ1eMeHTOB F, R, N, G 1 OyAyT NpHHAJIEKATh KATETOPUIM
C, 4TO MOKHO TIPEICTAaBUTH BBIPAKEHHUEM

S, =f(F,R, N, G), npuuém S; € C, (6)
rae S; € S — HEKOTOPBIU i-i 3JIEMEHT MHOKECTBA MPHU3HAKOB;
C; € C — HEKOTOPBIH j-H DIEMEHT MHOKECTBA KaTETOPUH.
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[ToHsATHO, 4TO MPU3HAKH UMEIOT CMBICI TOJIBKO MPH HAJHMYUH KPUTEPUEB MX OLleHUBaHus. MHOXe-
CTBO KPHUTEPHEB COOTBETCTBYET MHOXKECTBY COCTOSHHI THIOBOM cuTyannu. HioaHChl OlleHWBaHUS MO
KPUTEPHSM MOTYT OBITh PA3NMYHBIMU: TIONIAIAHKE B AUATIA30H, TOYHOE COOTBETCTBUE HEKOTOPOMY 3Ha-
YEHHIO, MPEBBIIICHIE 3aIaHHOTO 3HAUEHUS U T. 1., TIO3TOMY YCIOBUMCS CUHTATh, YTO KaXAOMY NPHU3HA-
Ky S; OyZleT COOTBETCTBOBAaTh HEKOTOPOE MHOXKECTBO KpuTepHueB {Cr;}, sIBISIOIIEECS MOIAMHOXECTBOM
MHOYK€CTBA KpUTEpHEB B KateropuH j (Cr;), 4T0 MOKHO NPEJCTABUTE BBIPAKEHHEM

S; < Cr;, npuuém Cr; € Cryn Cry € C,. (7

Ha cnegyromiem stamne KaKaoMy COCTOSHHIO TUIIOBOW CHUTyalu (KPUTEPHIO) CTABUTCS B COOTBET-
CTBHE OJUH WIIM HECKOJBKO (MHOKECTBO) BapHAHTOB PELIeHUs B 3TOH cutyauuu (), KoTopsie, cOOCT-
BEHHO, U OynyT npeacrasnens! JIITP:

Ve Cr. (8)

OTMeTHM, 4TO MPHUBEEHHBIC BHINIE MHOKECTBA MOYKHO XPAHUTh B CBSI3aHHBIX TaOIMIAX pPEsll-
OHHOM 0a3bl JAHHBIX, YTO MO3BOJUT OPraHU30BaTh UX KOPPEKTHOE XPAHEHHE U CBOEBPEMEHHBII TOCTYII
K HUM 1pu HeoOxoaumocTH. Tabmuue «Kateropus» Oyner momunHeHa tabnuua «Ilpusnak», koTopasd,
B CBOIO ouepenb, OyneT rnaBHoU ams tabmuubl «Kpurtepuit». Hakonen, Tabnuna «BapuaHT pereHus»
OyJIeT mocieaHel B uepapxuu u OyAeT moaduHeHa Taodnuie «Kpurepuii».

YKpynHEHHBIN aNrOpUTM «y3HAaBaHUSD) COCTOSHUS TUIIOBOM CUTyalluy IIOKAa3aH Ha pUC. S.

Hauano

«Y3Haém» cuTyaumnio
. Beoanm Mpepnaraem
Cospaém HoBoe Her N HaxoAUM
napametpbl BapWaHTbl
QnucaHue cuTyaLuu BapWaHTbl
cutyauuu pewexua AMP
peLueHus
|
BBOAVMM A@HHblE Baza
(o] HKUN AX,
ptycypl-clax ®opmrpyem - Onpeaensem AQHHbIX
’ Kateropuu npU3HaKK
npasuAax U
ueasx
|
: + A 4
Onpe,
peaersiem > Coxparaem B 6asy @
KpUTEPUM AAHHBIX

Puc. 5. Anroputm «y3HaBaHMs» COCTOSIHUA TUMOBOW CUTyaLuK
Fig. 5. Algorithm of “recognition” of the state of a typical situation

[Mocne cOopa, KaTeropusayy 1 mapaMeTpU3aIlii JaHHBIX O COCTOSTHUSIX THIIOBOH CHTYaIlH 3a]a4a
ed y3HaBaHUs CTAHOBHUTCS TEXHUYECKOH 3amadeid, KOTopas pacnagaeTcsl Ha 3aJady OpraHu3alud BBOAA
NEPEMEHHBIX MapaMeTPOB M 33ady aBTOMAaTHYECKOI'O COOTHECEHHS PACCUMTAHHBIX 3HAUCHUH BBIpaXe-
HUH A7 IPU3HAKOB C KPUTEPUSMH, TO3BOJISIOIIMMH ONPENENIATh HY>KHBIA OAWH WM HECKOJIBKO BapH-
aHTOB pelieHus. [Ipy HAIMYMU HECKONBKUX BAPUAHTOB PEUICHUS OHH JOJDKHBI OBITH PaHXHPOBAHBI
[MonmpoOHee nanHyO 33729y MOXHO OIKCATH TOJIBKO Il KOHKPETHOW TIPEAMETHOM 001aCTH.

4. OHTOJIOTHYECKAS MOJE/Ib KAaK HCTOYHMK 3HAHM VIS IPUHATHS PelleHn i

Ha cnenyromem stane (cuHTETHUECKOM) QOPMHUPYETCS PEaKLsl Ha «y3HaBaHUE» — «IeiicTBUEY, 3a-
BUCSIIEE OT «y3HAHHBIX» JJIEMEHTOB M «y3HAHHBIX» COCTOSHHM THIIOBOW CUTyaluu. B mpeapiiymem
pasjiesie Mbl YCJIOBWINCH 0003HAYaTh 3TH JACHCTBUS WM BapHaHThI Kak V. JIJs KaKI0ro COCTOSHUS TH-
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MOBOH CHUTyal MOXeT ObIThb c(OPMHUPOBAH HEKOTOPbIH Habop (cueHapuil) meiicTBui. B paccMot-
PEHHOM B II. 2 IpUMepe ¢ MoA00poM rapaepoda B Ka4eCcTBE «IEHCTBUH» MOTYT OBITH PacCMOTPEHBI
BapHaHThl HaOOPOB OAEKAbl Ha KaKIBbIH BapHaHT «y3HAHHOTO» COCTOSHUS cuTyauuu. Ecim dacTh
rapjepo0a HeJOCTyIHa MO MPUYMHE 3arpsA3HEeHUs WM MOPYU, TO MOXKET IMpejuiaraThCs WHOM Habop
WIN OTAENbHBIA 37eMeHT. TakuM oOpaszoM, cucrtema OyAeT CHHMaTh HpoOJIEMYy CaMOCTOSITEIBHOTO
MOMCKa U MoA00pa BapHaHTOB, Cpa3y Hpeisiaras Haubosee ONTUMANIBHBIA COTJIACHO 3aJaHHBIM 3apa-
Hee mapameTpam.

Onronoruueckasi MOAEb, KOTOpas B MPOLECCE peaju3alyy AOJDKHA BBUIUTHCS B IPEAMETHO-
OpPUEHTHPOBAHHYIO 0a3y 3HAHUH, JOJKHA OBITH C HEIO aCCOIMMPOBAHA U HAXOAUTCS B IIOCTOSHHOM pa3-
BUTHH, ITOCKOJIBKY ycTapeBaHHE 3HAUMMON WH(POPMAIIH clienaeT e€ mpeaioxKeHus JTOKHbIMA. [1I1s1 pe-
LICHUS TAaHHOM 3a7aydl B OHTOJOTMYECKOH MOJENH cieqyeT MPeayCMOTPETh CIeNUalbHbIe BEPIINHBI —
«HOBAasA KaTETOPHS» U «HOBBIC XapaKTEPUCTHKW», KOTOpbIE OyOyT MPUHUMATH 3HAYEHHUS, €CIIM B HHUX
OyzayT BBOIMTHCA HOBBIE AaHHbIE (puc. 6). Ha xoHIEenTyaabHOM ypOBHE CBSI3b OHTOJIOTHUECKUX MOJE-
Jiel ¥ IPUHATHUS peUIeHHid paccMOTpeHa B [5].

3anpoc Ha aHHyAUposaHue

Hoebie Kamezopuu u
XapaKmepucmuxu
“ . Kamezopuu MexaHusm
MHTepdencHbln UROBbIX
KOMMOHEHT M cocmosHuil aHanusa
ogenb "
TUNOBbIX A cumyayuu aKTya/IbHOCTHU
Y TUNOBbIX
chTyauu Hossie VAL
XApaKmepucmuKu Tyal

Puc. 6. KoHuenTyanbHas cxema aganTauyMu OHTONOrM4YecKon moaenu
Fig. 6. Conceptual scheme of adaptation of the ontological model

[Ipennaraemblii MOAXOA MO3BOJIAET CO3AATh OTKPBITYIO, a MOTOMY THOKyI0 cuctemy. OHTOJIOTHUS
KaXIOW TUIIOBOW CHUTyallUd CMOXKET Pa3BHBAThCA, T. €. JOMOJHATHCS HOBBIMH KaTErOPHUSIMH, HOBBIMU
M3MEPUMBIMHU WM TIEPEUYHUCITUMBIMHI XapaKTePUCTHUKAMHU M HOBBIMH MIPAaBUJIAMH, YTO TO3BOJIUT €U ajan-
TUPOBATHCS K M3MEHSIOIIMMCS YCIOBUSM (DYHKIMOHHPOBAHHS OM3HEC-TIpoliecca B OPraHU3alMOHHOM
cucreme. Hampumep, B paccMOTPEHHOM BBILIE IPUMEPE C BBIOOPOM rapaepoda MOTYT MOSIBISITHCS HO-
BbIE BELIH, KOTOPbIE MOT'YT COCMHATLCS B HOBbIE HAOOPHI, @ CTapble Beld U HA0OPbl, HAIIPOTUB, BHIBO-
JTUTHCSI U3 000pOTa, a TaKKe MOTYT MOSIBIATHCS HOBBIE OIpaHMYEHUS (IIpaBMIia), HallpUMep, Ha HOIle-
HUE BAJIEHOK KaK HEMOJHOW OAeXabl U T. A. KpoMe Toro, ¢ TeueHHEM >KM3HU YeJIOBEKa MOTYT BO3HH-
KaTb HOBBIE CTHJIM U THIIBI OACKIBI. A, HAIpUMEp, MOHATHE TEIIAsl MOr0Aa» BIOJIHE MOKET CMECTHTh-
cs BBepX Ha 3—5 rpasycoB Onmxe K MOXKHIOMY BO3PAacTy.

PaccmoTpeHHbI MexaHU3M oOecneueHHsl aaanTaldd OHTOJOTUH ITO3BOJUT PELIUTh OJHY U3 BaXK-
HEHImMX npoodiieM UHPOPMAIIMOHHBIX CUCTEM, CBS3aHHBIX C OPTaHM3AIMOHHBIMHU MPOIECCAMH — TTOCTO-
SIHHOE OBICTPOE YCTapeBaHUE OTAEIBHBIX (DOPM U MPOIECCOB M, KaK CIEACTBUE, MOTEPs BCEH CHCTEMOI
aJIcKBaTHOCTH PEIIAEMBIM 3a7auaM.

Ecnu peann3oBaThe Takoi MOAXOJ B OpraHU3allMIOHHON CUCTEME, TO BPEMs Ha MIPUHATUE PELICHUN B
MOBTOPSIIOMIMXCSA TUMOBBIX CUTYyalUsX MOXET ObITh PaAMKaJIbHO COKPAILEHO, @ KAYeCTBO PEILCHUH, Ha-
MPOTHUB, NoBbIcuTcA. [1o kpaiiHeit Mmepe, CyObeKTHUBHOCTH OLIEHOK M KOPPYHIIMOHHAsI KOMIIOHEHTAa B 3Ha-
YUTETFHON MEpEe MCKIIFOYAI0TCA, IOCKOIBbKY pelleHue, IPUHATOE BOIPEKH HAKOIUIEHHOMY OTIBITY, OyneT
MPUBJICKATh U3IHIIHEE BHUMAHUE K SKCIIEPTY.

CrnenyeT OTMETHTb, YTO CHTYallUH YIPAaBICHHs MPEIIOIaraloT HECKOJIBKO BapHaHTOB. Brinemnum,
HamnpUMep, CIeAyIore Hanuboee oMy spHbIe THITBI CUTYalui:

— MOUCK NMPUYMHBI UMEBILIETO MECTO SIBIICHUS (0OBIYHO HETATUBHOTO);

— BBIOOp TIOCTaBIIMKA JUIS 3aKYIKH;

— OJM3KUM MpeapIayIeMy BBIOOP 00bEKTa ISl HHBECTUPOBAHUS;
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— knaccuuranus 4ero-nu6o (nedeKToB, TUIOB TOBAPOB, HAOMIOACHUI U T. [.) MO XapaKTepHu-
CTHKaM;

— 0oTOOp KaHAMIATOB Ha TOJKHOCTE;

— COTJIACOBaHME JJOKYMEHTA Ha OCHOBE DKCIIEPTU3bI 33J]aHHOTO THMA (TEXHOJOTUYECKOW, METPOJIO-
THYECKOH, PeTaKTOPCKOM, HAa COOTBETCTBUE ONpPENEIEHHOMY HOPMAaTHBY);

— COTJIACOBAaHUE CTAANU MPOEKTA MO pa3paboTKe;

— GopmupoBanue OropKeTa (paccTaHOBKA MPUOPUTETOB TIO CTATHIM);

— ONHM3KOe TpenbIIyIeMy ONpe/IeieHUe CTpaTeruu pPa3BUTUS (BBIOOp cdepbl Jjisi WHBECTUIMHA W
TIPUIIOKEHUS CH);

— ONpeAeICHNe ONTUMALHON KOH(UTypaluu WiIH CTPYKTYPBI IPOAYKTA, TOAPa3ACICHuUS;

— OLICHKa JOCTOBEPHOCTH MOTYYECHHBIX JAaHHBIX (OTYETHI, CIYXH, CY)KICHHA) U T. 1.

OTMeTHM, YTO KaXKJbli BapHaHT, acCOIMUPOBAHHBIA C COCTOSHHEM THIIOBOHM CHUTYyalllH, JIOJDKEH
NPOXOJUTh BEPUPHUKAIINIO B XOJI€ TMOCIEIYIONIET0 UCIIONB30BaHMUS, B pE3yJIbTaTe Ye€ro YPOBEHb €ro COo-
OTBETCTBHUSI 3TOMY COCTOSIHHIO OyzeT olleHeH Oosee TouHO. [logpoOHOMY MexaHHW3MYy BepHUQUKAIU
BBIOPaHHOT'O BapHaHTa PeIleHNs OyAeT MOCBSIEHA OJJHA U3 CICAYIOIUX CTAaTeH.

5. IlpuMep nocTpoeHU «IepeBa Y3HABAHUS» TUIIOBOI CUTyallu

AJIsl aBHATIPHOOPOCTPOUTEIHLHOIO NPeNPUATHS

PaccmoTpuMm npuMeHeHHE NpenoKeHHONW METOAONOTMH Ml MPEANpHUSITHS OTIENbHBIX OHW3Hec-
NpOoLIECCOB 00ECTIeYeHHs KauyecTBa MPEANPUATHS aBUALIMOHHOTO PUOOPOCTPOCHHUS.

Ilpouecc enympennezo ayouma 002080pHOIL OesaAmeabHOCMU

PaccMotpum mporiecc BHyTpeHHEro ayauta [2], Kak OJuH U3 OU3HEC-NPOIIECCOB, B KOTOPOM IIpH-
HUMAaETCsI MHOXKECTBO HEOOJIBIINX PELICHU B THUIOBBIX cuTyauusx [6, 11]. i obGecnieuenus npea-
METHOCTH PaCCMOTPEHHS BBEIOEpPEM ISl POBEPKH JOTOBOPHYIO AEATEIHHOCTh MPHOOPOCTPOUTEIHLHOTO
OPEANPUITHS. B YaCTH MPAaBUIBHOCTH O(POpMIICHUS AOTOBOPOB. [10CKONBKY TpEANpUATHE 3aHUMAETCS
OUYCHb MIMPOKUM KPYroM 3ajad, TO ¥ Kiaccu(uKaIus JOroBOPOB UMEET HECKOJIbKO BRKHEHIIINX KaTe-
TOpHiA, KOTOPBIE CYIIECTBEHHO M3MEHSIOT TpeOOBaHUS K OCOOCHHOCTSIM MX odopmieHus. PaccMoTpum
BEPXHUH YPOBEHB JTAHHOW KIIACCU(UKAIIHH:

1. ITo Buly 1OrOBOPOB:

— JIOrOBOPBI HA OKA3aHUE YCIYT;

— JIOTOBOPHI Ha ITOCTABKY;

— JIOrOBOPHI Ha Pa3paboTKYy .

1.1. Bun ycnyru:

— NPOBEJCHUE UCTIBITAHUN;

— MpOBEJICHHE HACTPONKHU 000pyI0BaHMUS;

— o0cITy>)KMBaHHE TIOCIIE TAPaHTHHHOTO CPOKa;

— MPOJJIEHHE pecypca;

— aBTOPCKHIA HaJ30p, I/Ie OH HE TIPEyCMOTPEH JOrOBOPOM Ha pa3pabOTKy MPOAYKIIHH.

1.2. Buasl npoyKUuuu JJist MOCTaBKHU:

— TOBapbl HAPOJHOTO MOTPEOICHHS;

— KOMIIOHEHTHI JIJIS TPaXXTaHCKOH MPOTYKIINH;

— KOMIIOHEHTHI JIJIs1 TPOYKITUU JBOMHOT'O HAa3HAUCHUS,

— KOMIIOHEHTHI AJIs CIIEUUANbHON MPOIYKIHUU.

1.2.3. YpoBeHb NpuEMKH JIS TIPOAYKITMH TBOMHOTO HA3HAYCHUS

— npuémka OTK;

— npuéMKa BOCHHOT'O MIPEICTABUTETIS;

— npuéMKa HE3aBUCUMON MHCIEKLIUU.

Ha ocHoBe maHHOU KiacCU(pUKAIMKA MOXHO MOCTPOHUThH «JICPEBO y3HABAHUS» TUIIOBOH CHTYyaIlUH

(puc. 7).

.
JloroBopkI Ha pa3pabOTKy AETaTbHO HE PACCMOTPEHHI 10 MPOCKOE MPEATIPHUSITHSL.
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Bup porosopa
LoroBopbl Ha ycayru: [oroBopbl Ha MOCTaBKy Jorosopsl
1) ucnbiTaHus; no BMAY NPOAYKLMM Ha pa3paboTKy
2) HacTpolKa — — (HUP n OKP)
obopyaoBaHus;
3) obcnymBaHue nocne
rapaHTMIHOTO CPOKa;
4) npoaneHue pecypca;
5) aBTOpCKMiA Hap30p Lorosopbi [Jorosopbl Loroeopbl
Ha NoCTaBKy Ha MoCTaBKy Ha NOCTaBKy
Jorosopbi KOMMOHEHTOB KOMMNOHEHTOB KOMMNOHEHTOB
Ha NOCTaBRY <__ ana ANA NPOAYKLMK __> ana
TOBapoOB HapOAHOro rpaaaHCKoM OBOWHOTO cneuuanbHoM
no‘rpeﬁnepm;] npoayKumm Ha3Ha4YeHWa npoAayrummn
Jorosopesl <—|_| @ ’_l—> [Jorosopbl Ha nocTasky
Ha MOCTaBKy KOMMOHEHTOB
KOMMOHEHTOB Horosopbl Ha nocTasky C NPUEMKOIA
C NPUEMKOJ KOMMOHEHTOB C MPUEMKOIA He3aBUCUMOIi
OTK BOEHHOrO NpeacTaBuTens MHCNEKLMM

Puc. 7. «[JepeBo y3HaBaHUsI» ANA TUMOBOW CMTyaLMM BHYTPEHHEro ayanTa JOrOBOPHOM AEeATENbLHOCTH
aBManpubopocTpouTENbLHOro NpeaAnpUsaTUs
Fig. 7. “Recognition Tree” for a typical situation of internal audit of contractual activities
of an aircraft instrument-making enterprise

3nech cleyeT OTMETHTh, YT0, HanpuMmep, AoroBopsl Ha npuéMky OTK Taxke MOKHO emié riyoxe
KJ1accu(UIMPOBAThH MO TUILY 0POPMIIIEMOTO NpU MpUEMKE JOKYMEHTa (MacnopT Ha arperaTsl WIK 3TH-
KETKa Ha KOMIIOHEHTHI) U T. [I. 110 APyruM KateropusiM [7]. Bce st ocobeHHOCTH mpeamnonaararoT oco-
Oble TpeOoBaHUS B CTaHAapTe Ha O(oOpMIIEHHE JOTOBOPOB. B pesynpraTe 3amavya NMPUHATHUS PELICHUS
JUISL SKCIIEPTa-ayTUTOpa CBOAMTCS K MPAaBHIBHOMY BBIOOPY COCTOSIHUSI TUIIOBOW CHUTYalllH, «y3HaBa-
HUIO» €€, a 3aTeM pelICHUE O COOTBETCTBUH YCTAHOBJICHHBIM TPEOOBAHUSM NMPHUHUMACTCS IyTEM HPO-
BEPKH HAJIMYHs HEOOXOAMMBIX TIOJIeH B JIOTOBOPE U 32 CUET OLIEHKH KOPPEKTHOCTH WX 3aMOJHEHUS (OT-
CYTCTBHE (aKTOJOTHYECKUX, Opdorpapuyeckux omuodoK u T. 11.).

Ilpoyecc ananuza u 66160pa H06020 NOCMABULUKA 0711 HOBBIX HOCHABOK

U 63aMeH HEHAOEICHO20

busnec-miporiecc aHanm3a W BBIOOpa MOCTaBIIWKA, TpeOOBaHHE K KOTOPOMY SIBHO YCTaHOBJICHO B
I'OCT P MCO 9001 [3], ocymiecTBisieT ciny»0a CHa0XEHHS BO B3aUMOJICHCTBUH CO CITY:KOOW MEHEIK-
MEHTa KaueCcTBa, KOTOpasi OTBEYAET 32 KPUTEPUHU BBHIOOPA, MIOCKOIEKY B IPOTHBHOM cliydae BHIOOp Bce-
raa OyJeT B MOJIb3y HOCTAaBIIMKA, MPEAJIArarero HAMMEHBIIYIO LIEHY, YTO JUIS aBHAITPHUOOPOCTPOCHUS
HE BCerja npaBuibHO. B paMkax OusHec-mporecca He pacCMaTPUBACTCs HEITOCPEACTBEHHO caM IPOoIIece
3aKyIIOK, a TOJbKO aHAJIU3 U BBIOOP, KOTOPBIC OCYIISCTBIIAIOTCS Ha OCHOBE JOCTYHMHON MH(OpMAIUU O
IIOCTaBIIMKE 10 Hayayia IIOCTaBOK.

Knaccudukarusi cocTosSHMIA THITOBOW CUTYaIllUU 110 JaHHOMY OM3HEC-TPOIecCy HAaUMHAETCS C THUIa
MOCTaBUIMKA: MOCTABIIMK MAaTEpUaJOB U KOMIIOHEHTOB WJIM MOCTABIIMK YCIYr. [[is mpocToThl najiee
pPaccMOTPUM TOJIBKO MOCTABILMKOB MaTepUAIOB U KOMIOHEHTOB. Ha crienyromemM ypoBHE OIIECHUBAETCS
COOTBETCTBHE (pOPMAJIbHBIM TPEOOBAHUAM, T. €. MMPOBEPKU HAJTUUMS HEOOXOIUMBIX IS paOOThI B OT-
paciu cepTu(UKaTOB ¥ JUICH3M. Jlaiee Mpou3BOAUTCS He KiaccuduKkaliys, a CBEPTKA MO mapaMmeTpam,
T. €. XapaKTEePU3yeTCs Ka4eCTBO, CPOKHU TOCTABOK, IIeHA, CEPBUC U JIOTUCTHYECKas 3()(PEKTUBHOCTH I10-
CTaBITUKA. DTH XapaKTEPUCTUKN BAXHBIC B OTHOCUTEIHLHO PABHOW CTETICHH JJISl MIPHUHSITHS PEUICHUS O
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BO3MOKHOCTH 3aKyTIKH y TOCTABIINKA, IIO3TOMY 110 HUM (DOPMUPYETCS OIEHKA, KOTOpask YK€ CITy)KUT B
KaueCcTBe OCHOBAHWM I KIACCU(IMKALMU TTOCTABIIUKOB Ha «HAJAEKHBIX», «IOCTATOYHO HAIEKHBIXY,
«YCIIOBHO HAaIEXKHBIX» U «HEHANEKHBIX». ECIIN MpencTaBuTh JaHHYIO KIIACCU(PUKAIUIO B BUE «IepeBa
Y3HaBaHU, TO MOIYIUM CIIEIYIOIIee IpeacTaBiIcHue (puc. §).

Bupa nocraBLMKa

KOMMNOHEHTOB
MNocTaBWwMKK maTepranos MocTaBLWKKK
CootBeTcTBYET
N KOMMOHEHTOB ycayr
TpeboBaHMAM
oTpacau
He cooTtBeTcTBYET
TpeboBaHMAM
oTpacau AHanus 1 cBEépTKa Nokasatenei Ana opmMmmUpoBaHKUA
OUEHKKW NO KaTeropuam: KayecTBo, CPOKKU NOCTaBOK, LeHa,
CeEPBUC N TOTUCTHUYECKaA Sd)(bEKTVIBHOCTb nocrtaBWwmMKa
MocTaBWwmK MocTaBWwmK Kateropum b MNocTaBLWKK KaTeropunu B MocTaBLmK
KaTeropum A «JocTaTovyHO «YCNOBHO HaAEKHbINY KaTeropuu I
«HagEXHbln» HaAEMXHbIA» «HeHaéKHblin»

Puc. 8. «[JlepeBo y3HaBaHuUs» ANA TUMNOBOW CMTyaLMu aHanu3a U BbIGopa HOBOro nocTaBlLMKa
aBuanpubopocTpouTenLHOro NpeaAnpuUATUs
Fig. 8. “Recognition tree” for a typical situation of analysis and selection of a new supplier
of an aircraft instrument manufacturing enterprise

Ilocne ¢opmupoBanust KaTeropuu MOCTAaBLIMKA NaHHAS MH(GOPMAIMs BKIIOYACTCS B TEHIEPHYIO
JOKYMEHTAIHMIO, 1 Hanuuue Kateropuu I n naxe B MoxkeT OBITH OCHOBaHMEM Ui OTKa3a OT 3aKyIKH.
WupiMu cnioBamu, BEIOOp TOCTaBIIMKA — 3TO HE PEIICHHE, a ONpEJeIEHNe COCTOSHUS TUTIOBOW CUTYya-
ruu. CaMo pelieHne IpuHUMaeTcs Mo3Ke Ha OCHOBAHUM MHBIX MIPOLEAY].

AHaAIOTMYHO MOYKHO PAacCMOTPETh 3HAUMTEIHHOE YUCIIO THUIOBBIX OM3HEC-TPOIIECCOB, BHIIBUTH B
HHUX TUIOBBIE CUTYallMH, CBSI3aHHBIC C MPUHSATHEM pEIICHUH, U cPOPMHUPOBATH U HUX «JIE€PEBO y3HA-
BaHUS» COCTOSIHUA cuTyauuu. CiemyeTr 3aMeTUTh, YTO B XO/€ HCCIENOBAaHUS BBIIBUICS TOT (DAKT, YTO
0COOEHHO XOPOILO JIOKHUTCS MPEIOKEHHAs METOJ0JIOTHS HA CUTYallH, B KOTOPBIX MPUCYTCTBYIOT OII-
penenéHHble pucky [9], Takue Kak MIIAHUPOBAaHUE MPOEKTOB WM MPOLIECCOB, MPUEMKA IPOAYKLINH, IPO-
BEPKH, MIOBEPKH, aHAIN3, OLIEHKH U T. 1.

Takum 00pa3zoM, JOCTATOYHO OONBIION TUIACT 3a/1a4 MPHHSATHS PEUICHUS Ha MPEINPUATHH PelliacT-
¢S 3a CUET MPaBUIBHOTO «y3HABaHU» COCTOSIHUA THUIIOBBIX CHUTYallMH, MPU KOTOPOM JANbHEHUIINNA aKT
MPHUHATHUSA PELICHHs] CTAHOBUTCS BO MHOTOM TEXHHUYECKOW 3aJauei.

3akioueHne

Pelienue 3a1ay Ha OCHOBE MHTYULIMU MPUBEJIO YEJIOBEUECTBO K TEM BEPIIMHAM, KOTOPBIX AOCTHUIIIA
nuBmm3anug. OMHAKO NaHHBINA CIIOCO0 MPUHATHS PENISHUH MOCTENEHHO JOJDKEH YCTYIHTh MECTO ObI-
CTPBIM, HQJI&XHBIM M BBICOKOI((EKTHBHBIM B IUIaHE Pe3YJIbTATHBHOCTU CIIOCO0aM OCYIIECTBIICHHS
3TOM JeATenbHOCTH. HeCOMHEHHO, BpeMsl, KOrAa NMPUHUMATh PELICHUS CTAHYT HEOLYILIEBJIEHHBIE Ma-
IINHBI, HpI/II[éT emé HC CKOpO. TeM HEC MCHCEC, y)ice CEerogHsA €CTb BCC BO3MOKHOCTHU 3HAYUTCIIBHO ITOBLI-
CUTh UHTEJUICKTYaJIbHbIC CIIOCOOHOCTH YEJIOBEKA, PelIarolero JaHHYIo 3a1a4yy. B cTatbe paccMOTpEHbI
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KOHIIETITYyaJIbHBIE TOAXOAbl K HPUHATHIO DPEHICHHH HAa OCHOBE OHTOJIOTMYECKOM Mojenu OuzHec-
nporiecca opranuzanun. [IpeanoxeHo paccMOTpeHHE TUTIOBOM CUTYallMd Ha OOBEKTE YIPaBICHUS Kak
JIBYXTAaKTHBI MEXaHU3M «y3HaBaHHS» COCTOSHUSI CHUTyallid M BhIOOpa BapuaHTa pelieHus. BBemeHo
MOHSATHE KATEropuu JJsi o0ecrieueHUs] BO3MOKHOCTH 3a/1aBaTh UEPAPXUI0 COCTOSHHN THUIIOBOW CUTYya-
UK («IepeBO y3HABaHMA») JIIOOOH CIIOKHOCTH. PaccMOTpeH anropuTM «y3HaBaHHS» THIIOBOM CHUTYya-
. [Ipeanoxena KoHIENTyanbHas CXeMa aJalTalid OHTOJOTMYECKON MOAETH K N3MEHEHUSIM Ou3Hec-
Ipoliecca U ero XapakTePUCTHK.

HccaenoBanue npoBoaurcs npu GuHaHCOBOH moaiep:xke MUHUCTEPCTBA HAYKU M BbICHIEro 00pa3o-
BaHusi Poccuiickoii @enepannu B paMKax OCHOBHOI 4acTH rocy1apcTBEeHHOI0 3aJaHUsl BHICHIUM Y4eOHbIM
3aBenenusaM Ne FEUE-2020-0007.
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This article proposes an improved methodology for the development of decision support sys-
tems, developed on the basis of a situational scheme for solving behavioral problems by a person.
The proposed methodology proposes an approach to solving the problem of decision support based
on the ontological model of an organization (business process), containing information about typical
situations, their features, options (scenarios) of decisions and indicators for choosing these decisions.
An intelligent mechanism for “recognition” of the states of typical situations has been developed on
the basis of categorization and the use of the obtained hierarchy of their states and features. A gene-
ral approach to keeping the ontological model up to date is proposed. The examples of the applica-
tion of the methodology for the enterprise of the aircraft industry are considered.

Keywords: decision making, ontological model, situational modeling, categorization, typical
situation, decision scenario, business process.
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PA3BUTUE OPITAHU3ALMOHHbLIX N KOPINMOPATUBHbLIX CUCTEM
C UCNoNb3OBAHUEM COBPEMEHHbBIX MATEMATUYECKNX
METOAOB U MOAEJIEUN

O.B. Jlozunoeckuii’, A.A. Makcumoe?, C.A. 3onomsix" 3, B.O. Jloeunoeckas™ *

" FOxHO-Ypanbckuli 20cydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,

2 'ocydapcmeenHas [yma ®edepansHozo CobpaHus Poccutickoli ®edepayuu VII cosbiea,
2. Mockea, Poccus,

3 MuHucmepcmeo UHGOPMaUUOHHBIX MexXHoMo2ull, C8A3U U UUGhpPO8020 paseumus
YensbuHckol obnacmu, 2. YensbuHck, Poccus,

* MuHucmepcmeo yughpo8o20 pa3sumus, C853U U MacCo8biX KOMMYHUKaUUU

Poccutickol ®edepayuu, 2. Mockea, Poccus

AHaiu3 COBPEMEHHBIX TEXHOJIOTHH, METOAOB U MOJIeNel, HCIIONb3yEeMbIX B Pa3IUYHOTO Poja
OpPTaHU3AIMOHHBIX M KOPIOPATUBHBIX CTPYKTypaX, yOeAUTENbHO OKa3BIBACT, YTO COBEPIICHCTBO-
BaHUE NOJArOTOBKU U IPUHATUS PEIIECHUH IO YIPABICHUI 3TUMM CTPYKTYPAMM OCYILIECTBIISIETCS B
HacTosiIllee BpeMs B OCHOBHOM Ha 0a3e 3a4acTyl0 YCTapeBUIMX U HE BIIOJHE COOTBETCTBYIOIIUX
COBPEMEHHBIM BO3MOXKHOCTSIM BBIUYHCIHMTENILHON TEXHUKH, a TaKkke HMH(OPMALOHHOTO, MPOTpaM-
MHOTO ¥ MaTeMaTHYecKoro odecriedeHus pa3paboTok. B crarhe mokasaHo, 4TO B COBPEMEHHBIX YC-
JOBUSIX II0OANbHOM HECTAOMIIBHOCTH B MHPE BO3HHKAeT HEOOXOAMMOCTh HCIIOJIb30BaHUS aIeKBaT-
HBIX METOJIOB aHAJM3a JAaHHBIX U MOJArOTOBKM NPHHATHUS YNPABICHUECKUX PELICHUH MO Pa3BUTHIO
OpPTraHU3ALMOHHBIX M KOPIOPATUBHBIX CTPYKTYp. IIpeacTaBneHsl NpeaioKeHuss U PeKOMEHIAUH 110
COBEPIICHCTBOBAHHUIO ITPOLIECCOB AHAIUTHYECKONW 0OpabOTKM JaHHBIX, M3BJICUCHHS IIOJIE3HON WH-
¢dopmary n3 60pIMNX 00BEMOB TaHHBIX, HAXOSIINXCSI B COOTBETCTBYIOIINX OPraHU3AIOHHBIX U
KOPIIOPaTUBHBIX CHUCTEMAaX, a TAKXKE NPEAJIOKEHbl aJIEKBATHBIE MATEMATUYECKUE MOJEIU U aJro-
PHUTMBI, KOTOPBIE C YCIIEXOM MOTYT OBITh UCTIOIb30BAHBI AJIS IOBBIIICHUS Ka4eCTBA YIIPABICHYECKIX
pemeHni pykoBoacTBOM KoMmnaHui. Ilesblo mcciaenoBanus siBisieTcst GOPMHPOBAHHE METOAOB U
MOJIEJIEN aHaIu3a CTPAaTErMueCKUX AJIbTEPHATUB 10 PA3BUTUIO OPraHU3alMOHHBIX U KOPIIOPATUBHBIX
CHCTEM C HCIIOJIb30BAaHMEM KOHIICTIUH OOJBIINX JAaHHBIX, TEXHOJOTHH HM3BICUEHUS HEOOXOIMMOI
MH(OPMAINH U3 UMEIOIIMXCS OaHKOB TaHHBIX U Jip. MaTepuaybl H MeTOabl. MeTo bl HCCIeI0BAHMA
6a3upyroTcsl HA COBPEMEHHBIX MH(OPMAIIOHHO-aHAJTUTHIECKUX TEXHOJOTHX, MeToaax data science
¥ pa3pabOTaHHBIX aBTOPaMH MOJEIJISIX aHAJIN3a CTPATETHYECKUX aJbTEPHATUB MO PA3BUTHIO OPraHU-
3allMOHHBIX ¥ KOPIOPATUBHBIX cUcTeM. Pedynbrarsl. [IpeacTaBneHHbIe B CTaThe HAYYHBIE ITOJIOXKE-
HUS U pa3padOTKH MOXHO HCIIOJIB30BATh JUIS MOBBIIICHUS 3((EKTUBHOCTH YIPABICHHS B Pa3iIMy-
HBIX MH(OPMAIIMOHHO-aHAJIUTHYECKUX CHCTEMaX JUIA Pa3HOOOpPa3HBIX YHPABICHUYECKHX CTPYKTYP.
3akaroueHue. Pe3ynpTaThl HccIeI0BaHNS, H3I0KEHHBIE B TAHHOM cTaThe, Jal0T BO3MOXKHOCTD IIPO-
W3BOJIUTH KAYECTBEHHBIN aHANW3 JAaHHBIX, MOJICIUPOBATH BapHUaHTHI PabOTHl OPraHU3AIIMOHHBIX U
KOPIIOPAaTUBHBIX CTPYKTYp B ONEPATHMBHOM pEXHME, YTO IO3BOJISET IMOBBICUTH 3((EeKTUBHOCTh
YIPaBJIEHUSI UX Pa3BUTUEM Ha OCHOBE CPABHEHMs aJbTEPHATUBHBIX BAPUAHTOB YIIPABJICHUYECKUX
pELICHUH.

Kniouegvie cnosa: ungopmayus, ananuz OGHHLIX, NPUHAMUE YNPAasIeH4yeckux peuieHu, mame-
mMamuuecKue Memoosl U MOOEIU, AlbIMEPHAMUBHBLE BAPUAHIbL.

Beenenue

VBenuueHnne (GpUHAHCOBO-3KOHOMHUYECKOW HECTaOMJIBHOCTH B MHUpE, INPUHITHE PA3IMYHOTO PoJa
CaHKIM{ cTpaHaMHy 3amaja 1o OTHOIICHWIO K Hallled CTpaHe, a TaKKe BO3pacTaHWE KOHKYPEHIMH Ha
MEXIYHApOIHBIX PBIHKAX U MHOTHE Ipyrue (HakTopbl, NPUBOISIINE K YBETMUCHHIO HEONPEIEICHHOCTH
B JICSTEIBHOCTH PAa3IMUYHBIX OPTaHU3ALMOHHBIX (PMHAHCOBO-3KOHOMHYECKHX CHCTEM M IMPOHM3BOACTBEH-
HBIX KOpIOpaluii eme 0oyiee MOBBICHIA 3HAYMMOCTh MTPOOJIEMbI TIOBBIIICHHUS d3(PGEKTHBHOCTH U THOKO-
CTH YIPaBJICHUS B YKa3aHHBIX cHCTeMaX. Bce 3TO BhI3bIBaeT HEOOXOAUMOCTh Pa3pabOTKH HOBBIX METO-
JIOB U MOJIeJIeH MMOBBIILICHHS KayecTBa YIPABICHUS B OPraHU3alMOHHBIX U KOPIIOPATUBHBIX CTPYKTYpax,
0a3upyYIONIMXCSI Ha aJIeKBAaTHBIX MaTeMaTHYECKHX MOJIEISX aHANW3a W BHIOOpA BapUAHTOB IMOBEICHUS
YIIOMSIHYTBIMHA CUCTEMaMH.
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OueHb BayKHO MPU 3TOM JOOUTHCS TAKHX allTOPUTMOB BHIOOPA CTPATETMYECKUX M TAKTHUECKUX aJlb-
TEPHATHB MOBEACHHUsSI KOMIAHUH, KOTOpBIE AaBald Obl BO3MOXXHOCTb HX PYKOBOJCTBY B IOJHOH Mepe
WCTIONIB30BaTh pa3paboTaHHbIC MaTeMaTHYECKUE MOJIEIN M UCXOJHbBIE JaHHBIE JUIS TOATOTOBKH MPUHS-
THsI YIPABJICHUECKUX PELLICHUN.

Ecnu B ycnoBusix cTaOMIBHOTO pa3BUTH SKOHOMUKHU MOAOOHAs 3a/1ava He OblUla CTOJb BaXKHA, TO
MIPH MIOCTOSHHO MEHSIOIINXCS TeHACHIMAX U TPEHJaX MUPOBBIX PHIHKOB HEOOXOAMMOCTh Ka4eCTBEHHO-
r'0 aHaJM3a U 00OCHOBAHHOTO BHIOOpA YNPaBICHUECKUX abTEPHATUB 110 PA3BUTHIO OPTaHU3AIMOHHBIX H
KOPIIOPaTUBHBIX CUCTEM MPHOOPETAET KI0UEBOE 3HAUCHHE.

CrnenyeT OTMETUTh, YTO MHOTHME MAaTEMaTHUECKHUE MOJAEIN U aJlTOPUTMBI IOATOTOBKH yIpaBIIeHYE-
CKHUX pelIeHuH, pa3paboTaHHbIe 10 HEIaBHETO BPEMEHH, HE MOTYT OBITh HCIIOIB30BaHbl B COBPEMEHHBIX
YCIIOBHSAX HOJIMTHYECKOW, SKOHOMHUYECKOH, (PMHAHCOBOM M COLMAIbHOM HECTaOMIBHOCTH, KaKk HE IO-
3BOJISIIOLINE JOCTATOYHO OBICTPO W OOOCHOBAHHO OCYLIECTBIISTH aHANIM3 IOKa3aTesed AeATeNbHOCTH
OpPTaHU3AIMOHHBIX W KOPIOPATHBHBIX CTPYKTYD, a TakKKe MPOM3BOJHUTH OIECHKY W BBHIOOpP pa3IHMYHBIX
aNbTEPHATHUB I10 UX Pa3BUTHIO.

1. MeTtoabl 1 MO/IeJIN, HCIIOJIb3yeMble HA MPAKTUKE /ISl NOBbIIIEHHS

3¢ peKTHUBHOCTH PAGOTHI OPraHU3ANMOHHBIX U KOPIOPATHBHBIX CHCTEM

VYnpaBieHue COBPEMEHHBIMH OPraHU3alMOHHBIMH M KOPIIOPAaTHBHBIMU CHCTEMaMH, (pyHKIMOHH-
PYIOLIMMU B YCIOBHUSX ITI00abHON HECTAOMIIBHOCTH, CTABUT Iepell UX PYKOBOAUTEISIMH 3a1a41 3HAYHU-
TEJBHOTO TIOBBINICHUS (P(GEKTHBHOCTH U THOKOCTH YIPaBJICHUS, a TaKkke 000CHOBAHHOCTH MPUHHMAae-
MBIX YIPABJICHYECKUX PEIICHHHA MO WX Pa3BUTHIO NMpU OOeCIeYeHUH TpeOyeMoro KadecTBa aHaIm3a
OonpmMx 00beMOB HMH(GpOpPMALUHU. YKa3aHHBIC COOOpPa)KEHUS BBIHYXKAAIOT PYKOBOJACTBO YKa3aHHBIX
CTPYKTYp OCYUIIECTBIISITH MOATOTOBKY M NPUHSTHE YIPABICHUYECKUX PEIICHU Ha 0a3e pealncTHYeCKH-
aJICKBaTHBIX MAaTEeMAaTHUECKUX MOJIEJICH, METOJIUK, TEXHOJIOTHIA yBETMUCHHSI THOKOCTH M HOBBIX CPEJICTB
MPEICTABICHUS JaHHBIX, a TAK)KE METOZ0B MX 00pabOTKH.

Psan Hayunpix myOnukanuidi NOCIEAHMX JIET B 00JACTU ONTHUMM3ALMH ACATEILHOCTH MPOMBIIIICH-
HBIX TPEINPUITHH, KOPIOpAaUui U pa3IMyHOTO pojia OPTaHU3AIMOHHBIX CUCTEM Ha OCHOBE METOJIOB
MaTeMaTHYECKOI'0 MOJICIMPOBAaHMS, HHTETPUPOBAHHBIX B KOPIOPAaTUBHbIE HH()OPMAIIMOHHBIE CHCTEMBI,
noApoOHO paccMaTpUBAIOT BOIPOCH ONTUMH3ALMHU 3aTPaT MPEANPUATHNA WIH IpYyTrux (akToOpoB HX
¢bynkunonupoBanus [1-6, 8-15, 17, 18, 20, 22-24, 26-32, 34-37].

AHanu3 yKkazaHHBIX paboT MOKAa3bIBACT, YTO MPEJIOKEHHBIC B HUX MOJEIH U MEXaHU3MBbI TIOBBI-
neHusd 3QQEKTUBHOCTH yIpaBiIeHHs 0a3upyIOTCs, KpOME TOr0, Ha MCIOIb30BAHUN HOBBIX MH(OpMa-
IUOHHBIX TEXHOJIOTHM, SKCIIEPTHBIX CHCTEM, METOJOB KOMIIBIOTEPHOTO0 MMHTAIIMOHHOTO MOJIEIHUPO-
BaHUS U T. 1.

Hcnonp3oBaHre METOJOB MaTEeMAaTHUYECKOTO MOJCIHPOBAHHUSA HE TOJBKO OKAa3bIBAET IMOJIOKHUTEIb-
HOE€ BIHMSIHAE Ha TOYHOCTh U OOOCHOBAaHHOCTb NMPHUHATHUS YIPABICHYECKUX PELICHUH, HO W MO3BOJISIET
3HAYHUTENILHO YIYYIIUTh THOKOCTh YINPAaBICHUS B OPraHU3allMOHHBIX U KOPHOPATHUBHBIX CHCTEMax, a
TaKXe CKOPOCTh PEaKkLHH ero PyKOBOJCTBAa Ha BHOBb BO3ZHHKAOIIUE (DaKTOPHI, YTO oOecreunBaeT 3¢-
(eKTUBHOCTH Pa0bOTHI OpPraHU3alK U KOMIIAHUU B YCJIOBHAX HECTAOMIBLHOCTH.

VYkazanHble paboOTBl BMECTE C JPYTUMH TEOPETUIECKUMHU pa3paboTKaMu 00pa3yloT COBOKYIHOCTh
COBPEMEHHBIX MaTeMaTHYECKHX MOJEJICH, KOTOphIE MOTYT OBITh HCIIONB30BaHBI B MPAKTUKE Pa0OTHI
COBPEMEHHBIX OPraHU3alMOHHBIX U KOPHOPAaTHUBHBIX CTPYKTYP, B TOM 4Hcle (POPMUPYIOIIUX CBOU
yIpaBJIeHYECKUE PEIICHUS HA OCHOBE aHAJIN3a JUHAMHUKH CHCTEMBI MOKa3aTeNel AeITeIbHOCTH KOMIIa-
HUM U TCHACHIINI X U3MEHEHUS Ha TIEPCIICKTUBY.

[Ipu sTOM Hambosee MEepPCHEKTUBHBIMU CUCTEMaMH, IpeAHA3HAYCHHBIMH JUI BHEAPEHHUS MaTeMa-
TUYECKUX MOJEIICH ONTUMHU3ALNU PaOOThl MPOMBILIICHHBIX NPEANIPUATHHA, OPraHU3aluil 1 KOpIopauu,
Ha TIPOTSHKCHUHU TIOCJIEAHETrO JAECATHIETHS OCTAIOTCd HWHTETPUPOBAHHBIC KOPIIOPATHBHBIC CHCTEMBI,
KOMOWHHPYIOIIHE Pa3IniHbIe 0a3bl JaHHBIX U BEIYUCIUTEIBHBIE HHCTPYMEHTHI IPEIPUSITHS B €IHBIH
MEXaHU3M, TaKHe KaK, HampuMep, cucteMsl kiacca ERP.

Tem He MeHee pa3BUTHE HHPOPMAIIMOHHBIX TEXHOJIOTHH U YHU(PUKAIMS METOJI0B MTPOSKTHPOBAHUS
crcteM, HHTepEiicOB MHTErpaliy U MOJXOIOB K Pa3paboTKe MPOrpaMMHOTO OOECTICUeHHS 3HAYUTEIb-
HO YIPOLIAIOT KaK UCIIOJIb30BaHNE UMEIOLINXCS, TaK M pa3paOdO0TKy HOBBIX CIELHUATU3UPOBAHHBIX MOMY-
JIel, HalpaBJICHHBIX HA PEIICHHE KOHKPETHBIX YHPABICHUYECKUX 3a/1a4 C MCIOJIb30BaHUEM YHHKAIbHBIX
METOJHMK U MaTEMaTUYeCKUX HHCTPYMEHTOB.
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

[Ipu 5TOM Ba)KHO OCYIIECTBIISITH JOPAOOTKY HHTEIPUPOBAHHBIX CUCTEM OPTaHU3AIMN U TPEATPUs-
TUI. ITO B CBOIO ouepesnb TpeOyeT KauyeCTBEHHOT0 METOJAMYECKOTO 0OECIICUeHHsI BCEX COOTBETCTBYIO-
LIUX [IPOLIECCOB U IPOLEAYP.

Crnemyer OTMETUTh, YTO JUISI MHOTHX (hOPMANHM30BaHHBIX MOJENEH pa3padoTaHHBIE METOIUKH UX
WCIIOJIb30BaHMs B PAZE CIy4aeB HE BIIOJHE MOTYT OBITh aJalTHPOBAHBI ISl MPAKTHUECKOTO MpUMEHe-
HUS JJIs1 KOHKPETHBIX YIPABICHUYECKUX CTPYKTYP, @ aClIEKThl UX BHEJAPEHHS MOT'YT OCHOBBIBATHCA JIUIIIb
Ha HKCIIEPTHBIX OLICHKAX.

OmHUM W3 IPUMEPOB TAKMX MOJIENEH SBISIOTCS KOTHUTHBHBIE KapThl — CyOBEKTHUBHBIE TIPECTAB-
JICHUs1 aHAJIUTUKOB ¥ DKCIEPTOB O JTUHAMHUKE Tporiecca, (opMaln30BaHHBIE B BHJE 3HAKOBOTO rpada.
XOTs TaKue CUCTEMBI U CO3IAIOTCS METOJIOM 3KCIEPTHOM OLIEHKH, Ja)e NIUTENbHAsl UX HACTPOIKa He
TIO3BOJISIET MOBBICUTH TOYHOCTH TPEACTABICHUS TaHHOW CYOBEKTHBHON MOJIEIH PealbHOTO Ipoliecca,
YTO SIBIISIETCS OOIIEH XapakTepHOH uepToi ciabo GopMarTn30BaHHBIX METOAOB MOJICITHPOBAHMSL.

Jlo mocaenHero BpeMEeHH ISl aHAIMTUKOB M PYKOBOAMTENEH OpraHU3aluid U KOPIOpanui moao00-
HBIE MOJIEIH OBLITH €TMHCTBEHHO BO3MOXHBIM ()OPMATM30BaHHBIM ITPEICTABICHUEM O MTOJIOKEHHUH JIEN B
KOMIIAHWHU U TEHJICHIIUSX, MO3BOJISIOIINX MPOTHO3UPOBATh U aHAJIM3UPOBATh JUHAMUKY CUTYAaIlUH.

OpHako pe3yJbTaThl, MONTYYEHHBIE C MTOMOIIBIO HCIIOIB30BaHUS JAHHOTO MHCTPYMEHTA, 3a4acTyIO
CTPaJaloT Ype3MEPHON aOCTPAKTHOCTHIO WM NMPOTHBOPEYHBOCTHIO U JOMYCKAIOT MHOKECTBEHHBIC WH-
teprnpetanuu. [103TOMy Takue perieHus MOXXHO MPUHUMATH JIUIIb B KAYECTBE OPUEHTHUPOB, CBOe0oOpas-
HBIX MasKOB B MHTEIUIEKTyaIbHO-aHAJIUTHYECKOM JIEATENbHOCTH pyKoBoauTens. Tem He MeHee U B Poc-
CuH, U 3a pyOeXoM B MOCIEAHHE TOABI pa3padaThIBalOTCS WHGOPMAIIOHHBIC CHCTEMBI aHAlIN3a CUTYya-
IIUU U TIOJIICPKKH YIPABICHYECKUX PEIICHUH, UCTIONB3YIONUe MOI00HBIe U IpyTrHe ciadbo (Gopmani3o-
BaHHBIE METOJIbI MOJEINPOBAHUS.

C nmpyroit cTOpoHBI, pacnpocTpaHeHre WHOOPMAIIMOHHBIX TEXHOJOTHH M POCT BBIYHCIUTENHHBIX
MOIITHOCTEH BEIBEN (POPMAITU30BaHHBIE METOJBI MATEMATHYECKOTO MOJICIIMPOBAHUS HA HOBBIM dTal pas-
BuTHs. Takue mMeTonbl POKyCHPYIOTCS Ha 00paOdOTKe JOCTYITHOW YMCIOBOW MH()OPMAIIMU C TIOMOIIBIO
MHCTPYMEHTOB CTATHCTUYECKOIO aHAIN3a, MOJEIEH KOPPEISILUOHHO-PETPECCUBHOTO aHAIN3A, MOJEIEH
MPOTHO3UPOBAHUS BPEMEHHBIX PSAOB, JUHEHHOr0 MPOrpaMMUPOBAHUS, HEIUHEHHOIO MPOrpaMMHUpPOBa-
HUS U MOJIeNIel MHOTOKPUTEPUATIbHON ONTUMHU3AIUH.

B menom uHTENNEKTYalIbHBIE PeCypChl U MHPOPMAIIMOHHO-BBIUUCIUTEbHAS HHPPACTPYKTYpa KOp-
MOpaIny, KaK MMPaBHiIO, O3BOJISIIOT 00ECTICUUTh JIOTIOTHUTEIBHBIC TPEUMYIIIECTBA TIPH UCTIONB30BAaHHN
YKa3aHHBIX MOJEJICH, B TOM YHUCJE NPU ONEPATUBHOM MPUMEHEHUU METOJOB aHaIN3a YyBCTBUTEIBHO-
CTH KJIFOUEBBIX ()aKTOPOB U MPOTHO30B B pealIbHOM BPEMEHH, OBICTPOM pacyeTeé MHOTOMEPHBIX yIIPaB-
JICHYECKHX 3a/1a4 C Tepejadueii pe3yabTaToB MOJACIHPOBAHMS B JAPYTHEe WHPOPMAIMOHHBIE CHCTEMBI U
MOJIIYJIM TIPEIIPHUATHS, a TAKXKE MPEACTABICHUH ITOJTyYeHHBIX JaHHBIX CTAaHIAPTHHIMH (YK€ WMEIOIIH-
MUCS B OpraHU3aI[iH) CPEICTBAMI BH3YATH3AIMA HHHOPMAITIH.

OCHOBHBIM MPEUMYIIECTBOM JAHHOTO TIOAXO0/a SBISAETCSI 000CHOBAaHHOCTh BHIOPAHHBIX ONTHMAIIb-
HBIX YIPABICHUYECKUX aIbTEPHATUB, KOTOpas HEOOXOANMa PyKOBOJCTBY KOpIOpAIlK Mpu paboTe B yc-
JIOBHSIX HECTAOWMIILHOCTH MHPOBBIX PBHIHKOB. B TaknX cHUTyaIusax 3HAYMTEIHHO BO3pPACTaeT 4acTOTa UC-
M0JIb30BaHUS PYKOBOJICTBOM KOMIIAHMI MHTYMTHBHBIX METOJOB YIPaBJCHHs, 0COOCHHO B TEX CIIydasx,
KOI'ZIa MPOLECCHI, TPOUCXOASIINE B KOMIIAHUAX, WM TPEHIBI IIOKA3aTENEH UX NE€ATEIbHOCTH OTINYAOT-
sl CBoe0Opa3reM, HEITOBTOPUMOCTBIO FUTH JTaXKe YHHKAIIbHOCTEIO.

Takum 006pa3oM, CrOCOOHOCTh HCHOIB3YEMBIX MaTEeMaTHYECKHX MOJEIeH U METOJOB MOJCTPau-
BaThCA MOJ KOHKPETHYIO CUTYallMIO U B JJOCTATOYHOM Mepe BOCIPUHUMATh U MPEJCTABIATH CYKICHHUS,
KPUTEPUU M apTyMEHTHl PYKOBOAWTENS KOMITAHWH, (pOpMasu3ysi MOTHBBI MIPHHATHS TOTO WIH WHOTO
YIPaBICHYECKOTO PEIICHUs, CTAHOBUTCS KIFOYEBBIM (haKTOPOM TSI TTOIEPIKAHMS B3aUMOTIOHUMAHUS U
KOMMYHHUKAIIH ¢ COOCTBCHHUKAMH, a TAKKe BHEITHUMH areHTamu u np. [30, 37].

Cnenyer OTMETHUTh, YTO B COBPEMEHHBIX OPraHU3AlMOHHBIX U KOPIOPAaTUBHBIX CHUCTeMaX, KOrnaa
CTaHOBHUTCS BITOJIHE OYEBUIHBIM, YTO B OOJIACTHU YIIPABIICHUS OPTaHU3AHUIMHA YACTSETCS SIBHO HEAOCTa-
TOYHO BHMMAaHHA MEXaHW3MaM, MOJIETSIM M CPEACTBaM MOAJAEPKKHU IMpOILecca MPUHATUS PEUICHUN U
AHAJIU3y YyBCTBUTEIBHOCTU PE3YJIbTAaTOB, & TAKKE COBPEMEHHBIM METOJaM MATEMAaTHUYECKOI0 MOJEIH-
pOBaHUsA, HEOOXOIUMO 3a/IeHCTBOBATH COBPEMEHHBIC MOIIHBIE BBEIYMCIHTEIBHBIE KOMIUIEKCH, B TOM
YHUCJE C UCTIONb30BAHUEM CYNEPKOMITBIOTEPOB U TPUA-TEXHOJIOTHUMA.

OnuncaHHas CUTyallusi MOKa3bIBaeT, YTO OIEHKA CTPATETHYECKOTO Pa3BUTHUS OpraHU3alMN H
MPUHATHSI COOTBETCTBYIONINX PEIISHUH 110 YIPABICHUIO UMH B OOJbIIEH CTEIIEHH KOHIICHTPUPYETCS
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Ha COBEPLICHCTBOBAHUU MaTeMaTHUYECKHX METOIOB MOJEIUPOBAHUS U MPOTHO3UpPOBaHUA. B TO *xe
BpeMs SIBHO HEIOCTATOYHO BHUMAaHUS yAENSETCS MpoueccaM HHPOPMAIMOHHOTO OOMEHa MEXIy
JUIAMH, TPUHAMAIOIIMMHU YIIPaBICHYECKHE PEIICHUs, 1 0COOEHHO MEPBBIMU PYKOBOJIUTEISIMH KOM-
MaHW#, a TakkKe MEKAY pazHOoOOpa3HBIMU MOJCUCTEMaMHU B paMKaX KOHKPETHBIX YIPaBJICHYECKHX
CTPYKTYP.

B pesynbraTe Ha cerofHsANIHUIN JeHb MHOTHE KPYITHbIE KOMITAHUH U KOPIIOPAIMH U JTa)Ke OTPOMHBIE
XOJITUHTH HE UMEIOT MHCTPYMEHTOB JIJIsl TIPEJICTABIICHUST PE3YJITATOB MOJICITUPOBAHUS M MX aHAJM3a,
KOTOpPbIC MOTJIM OBl OBITH B MOJHOM Mepe MCIOJIb30BaHbl HE TONBKO NMPO(GECCHOHANBHBIMU aHAIUTHKA-
MU, HO ¥ MEHEKepaMHy, IPHHUMAIOIINMH HanOoJiee BaXKHbIC PEIICHUSL.

Jdpyrumu cioBamMu, pyKOBOZCTBO ITO/IaBIISIFOIIETO KOJHYECTBA OPTaHU3AINN HE MOXKET ONEPaTHBHO
BOCIIPHHUMATD PE3YyJbTaThl MOJCIUPOBAHUS U HATJSIIHO paccMaTpUBaTh pa3sIMuHbIC NOIMYLICHUS, He-
TOYHOCTH B IIPOrHO3aX U TAKUM 00Pa30M YSICHUTH MPeeNbl KOPPEKTHOH paboThl TOW WM MHOH MOAEIH
ONTUMM3ALUK TPUObUTH (MM APYTHX IMOKa3aTeiel NEesATeIbHOCTH), YTO 3a4acTyi0 MPOBOIUPYET TOII-
MEHEDKEPOB K (DaKTUUECKOMY OTKa3y OT MPUHSTHS B pacueT pe3yIbTaTOB MOJICIIUPOBAHHUS TIPU BBIOOPE
YIpaBIEHYECKOHN anbTepHATHUBHI [ 15].

OpHuM U3 BO3MOXHBIX ITyTeH, BeIyUIMX K PEIICHHIO PACCMOTPEHHBIX 3aiad, SIBISETCS CO3AaHUE
METOAMKH (hopMaITM3aIK JUHAMUKH (aKTOPOB, BIUSIOMINX HA QYHKIIMOHUPOBAHUE OPTraHU3alMOHHBIX
U KOPIOPATUBHBIX CTPYKTYP, a TAK)KE aHAJIHM3a YIPABICHYCCKUX AbTEPHATHB MIPU NPUHATHH PELICHUH
Ha OCHOBE M30paHHBIX KPUTEPUEB.

OCOOCHHO aKTyaJIbHBIMU TaKWE 3aJlaud SIBISTFOTCS JJIsl KPYIHBIX ITPOU3BOJICTBEHHBIX KOPIIOpAIIHH,
pean3yonfx CBOK MNPOMYKIMI0O HAa BHEIIHMX pPBIHKaX. B 3THX ciydasx KONW4ecTBO (HakTOPOB,
BIMSIOLINX HA BBHIOOp CTpaTeruy MOBEACHUS KOMIIAHWH, TOCTaTOYHO BEJIHKO, a OKa3bIBAaeMOE UMM BO3-
JIeiCTBUE HE BCErla oJHO3Ha4HO. PernieHue ykazaHHOH 3amadyu TOJDKHO OazumpoBarbesi Ha pa3paboTke
HOBOI MaTeMaTHYeCKON MOJIENIN aHallu3a U BBEIOOpa yNpaBICHUECKUX aJbTEPHATHB M0 (POPMUPOBAHUIO
CTpaTeruil HOBEACHUS KOMITAHUH.

OueHpb BaXHO 3aTPOHYTh €Ile OJMH aCHEKT, CBI3aHHBIN C MOBHIIICHUEM d(P(PEKTUBHOCTH JCATEb-
HOCTH OPTraHHM3allMOHHBIX M KOPIIOPATHBHBIX CTPYKTYp, & KIMEHHO — HCIOJb30BaHHE TEXHONOTHi data
science A7l U3BJICUEHUS] HEOOXoAMMOW MH(popMauuu U3 OONBIINX 0OBEMOB JAHHBIX, HAKOIJICHHBIX B
OPTaHU3aLMOHHBIX M KOPIOPATUBHBIX CHCTEMAX.

Kak u3BecTHO, Hayka 0 JaHHbIX (aHri. data science; nHoraa matanorus — datalogy) uccieayer npo-
Onembl aHanmza, 00pabOTKU M MPECTaBICHUS TaHHBIX B I(POoBOH hopMe H 00BEIUHSIET METOBI 110
00paboTKe AaHHBIX OOJBIIMX 00BEMOB M BHICOKOTO YPOBHS MapajuIeIN3Ma, a TAK:KE METOIbI MHTEIICK-
TyaJbHOTO aHalU3a JaHHBIX, CTATHCTUYECKUE METO/bI M TEXHOJIOTUH MCKYCCTBEHHOTO MHTEIJICKTA JIIsI
W3BJICUCHHUS UHPOPMAIH U3 TaHHBIX.

C BO3HMKHOBEHHEM KOHLEMIUHU «OONbIIMX NaHHBIX» HaunHas ¢ 2010-x ronos data science craHo-
BUTCSI COBEPIICHHO HEOOXOAMMOM COCTABIIAIOLICH B MPOLIECccaxX aHaJIu3a JaHHBIX B OPraHU3allMOHHBIX U
KOPIIOPAaTHBHBIX CUCTEMAaX.

KitoueBoe 3HaueHHE YHOMSHYTBIE TEXHOJIOTHH UMEIOT U1 MOBBILCHUS 3PPEKTUBHOCTH HHHOBA-
LUOHHON NeSTEIbHOCTH NPOMBIIUICHHBIX KOPHOPALHUMA, MPOLECCOB T'OCYAapCTBEHHOTO (hprHaHCHpOBa-
HUs MHHOBaIUi B Poccuu u Apyrux uccienoBanusx noaooHoro poxaa [7, 15, 16, 19, 21, 25, 33].

2. HeoOxoaumocTh pa3paboTKH afeKBATHBIX MaTeMaTHYeCKHX MOJIeJIei

¥ AJTOPUTMOB /UUISI NOBBIIEHNS Y(P(PeKTUBHOCTH yNPaBJIEHHS

OpPraHu3alHOHHBIMH U KOPNOPATHBHBIMHU CHCTEMAMU

3HAYNUTENIbHBIC U3MCHEHUSI BHEITHEOKOHOMUUYECKON CUTYAIlUK JUIsl HAIleW CTpaHbl U e¢ Mpeanpu-
STUI M OPraHU3aIMid COOTBETCTBCHHO, BHI3BAHHBIC MOTUTHYCSCKON U CONMATLHO-3KOHOMUYCCKOW HecTa-
OWJIBHOCTBIO B MHpE, CIENalld yCIOBUS, B KOTOPHIX (DYHKIIMOHUPYIOT COBPEMEHHBIC YIPaBICHYECKHE
CTPYKTYPBI, OYEHB CIIOKHBIMU U TPYAHO IIPOrHO3UPYEMBIMU.

Oxka3zanuch HapYNICHHBIMU HE TOJBKO B3aMMOJCHCTBHUS MPEANPHITHN U KOPIOPAIUA B BATIOTHO-
¢uHaHCcOBOH cepe, HO U B 00J1aCTU MPOM3BOJCTBA U HMOTPEOICHUS TOBAPHOW MPOIYKIMH CaMOI0 pas-
JIMYHOI'0 XapakTepa. HapyIHI/IHPICL rogaMu CJIOXKHUBIIIHECS XO3SHMCTBEHHBIE CBS3U B paMKax HEIo4YCK
MPOM3BOJICTBEHHBIX KOMITAHHUI U TaXKe OTACIBHBIX FOCYIapCTR.

Bce 310 co3mano Oomblme CI0KHOCTH ISl TIPOU3BOJICTBEHHBIX KOMITAHUH M WHBIX OpraHU3aLi B
nporecce GOPMUPOBAHUSI CBOMX TAKTHYECKUX W CTPATETHYECKUX MMIepatuBoB. OcoOble 3aTpyaHEHHS
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BBI3BIBACT (DOPMUPOBAHUE KPATKOCPOUYHBIX, CPEITHECPOYHBIX M OCOOEHHO JOJTOCPOYHBIX CTpaTernye-
CKHX TPOTHO30B.

Oxkazajoch, 4TO B CBS3M C BCE HapacTarolled HEONpPeIeICHHOCThIO BHEIIHEH Cpelbl pa3paboTka
YIOMSIHYTBIX ITPOTHO30B KaK OBl TePSET CBOW CMBICH, TaK KaK C()OPMUPOBATH BEPHBIN MPOTHO3 TUHAMHU-
KM, HalpUMeEp, MEXIYHApOIHBIX PHIHKOB, CTAHOBUTCS KpailHEe TPYAHO. A NPUHUMATH PEUICHHS IO
YIPAaBICHUIO KOMITAHUSAMHU M OPraHU3aIUusIMH, a TeM 00Jiee PELICHHS 10 UX CTPATETHYSCKOMY Pa3BUTHIO
BCE PaBHO HEOOXOIWMO, TaK KakK B IMPOTUBHOM CIIy4ae MPENNpHUITUS WIH OPTaHW3alid, HE TOHUMAF0-
pe, Mo KakoMy IyTH UM HEeOOXOIUMO CJIe0BaTh, HEN30€KHO CTOIKHYTCS C TPYAHOCTSIMH, KOTOPBIS
MOTYT NPUBECTH UX K OaHKpoTCTBY [15, 30, 37].

Takum oOpaszoM, 000 KOMIAHWH, OPraHM3AlWU WM KOPIIOPAIUH COBEPIICHHO HEOOXOIUMO
HAWTH METOMBI ¥ CPEICTBA, KOTOPBIE IOMOTYT UM B (JOPMHUPOBAHHH aJIEKBATHBIX IPOTHO30B H3MEHEHUS
CUTYaIlM¥ BO BHEIIHEH cpelie, a TakKe B CO3JaHUU MOJICNICH M MHBIX CPEIICTB MHCTPYMEHTOB M MeXa-
HU3MOB, KOTOPbIE OBl MOMOIJIM PYKOBOJCTBY KOMIIAHWM TaKHWe MPOrHO3bI C(HOPMUPOBATH U HA UX OCHO-
Be BHIOpAaTh HambOoyiee ONTHUMANLHBIE CTPATETHH CBOETO TMOBelAeHHUS. VIMEHHO pelieHHio 3TOoi 3amadu
cleyeT yACIUTh 0c000e BHUMaHue. Pazymeercs, uyTo JaHHas 3ajja4a MOXKET YCIICIIIHO PelaThCsl TOb-
KO BKYII€ C Pa3BUTHIMH CPEACTBAMU OOpa0OTKM aHAIM3a U MPEICTABICHUS NaHHBIX JJIS JIMII, TPUHH-
marorux pemenns (JITIP).

Kak m3BecTHO, mOHATHE THOKOCTH yIPaBICHHUS W3HAYAIHHO OBLIO BBEJIEHO MIMEHHO B TPOM3BOJICT-
BEHHOM CEKTOpE KaK ONUCaHHe T'MOKOT0 MPOU3BOJACTBEHHOTO mpoiiecca. [1o3ke 3Ta KOHIECNINS pa3By-
Jach B AWCIHUIUIMHY B 00JaCTH OPraHU3aIMOHHOTO YIPABJICHUS, KOTOpas COSAUHSIA B cebe OOIbIINH-
CTBO aCIEKTOB YIPaBIEHUS KOMIIAHUEH, CBSI3aHHBIX C aJaNTalueil K I3MEHEHUSIM BO BHEITHEH W BHYT-
peHHEl cpenax kommnaHui. TeM He MEeHee B HACTOSIIEE BPeMsl HE CYIIECTBYET YETKOrO OOLIECHPUHATOrO
onpezeacHUs THOKOCTH YIPABJICHUS MPEANPHUITUEM WM OpraHU3anueid, U OOJBIIMHCTBO M3 TEX, YTO
MIPEJICTaBJICHBI B pab0Tax MCCIeNOBaTENeH, SBISIOTCS JINIIh 0000IIEHHBIMHY.

HecTaOunpHOCTH B MEPOBOI 3KOHOMHKE M OBICTPOE TEXHOJOTHYECKOE pa3BUTHE MPUBOJIUT K 3HAa-
YUTEJIbHBIM M3MCHECHUSM YCJIOBUH, B KOTOPBIX PabOTalOT COBPEMEHHBIC OPraHU3allid U KOPIIOpPAaIUu.
CrnenoBatenbHO, Uit Oollee YCIENIHOTO M CTa0WJIBHOTO Pa3BUTHA KOMIIAHUM HEOOXOIWMO BHEIPSTH
METOJIbI THOKOTO yHpaBieHus. TeMa BHEIPEHHs STHX METOIOB JIJIS CTPATETHYECKOr0 YPOBHS yIpaBiie-
HUS TTOJTYYHJIa 3HAYUTEIHFHOE Pa3BUTHE B MOCIEIHUE TObI [2, 4, 11, 12, 15, 26, 27, 37, 38].

3. Mopenas nosbimeHust 3pPeKTHBHOCTH YIIPABJICHHS

OPraHM3alMOHHBIMYU U KOPNMOPATUBHBIMHM CHCTEMaMH

PykoBoguTensM pazmTHYHOTO poJa OPraHU3AIlMOHHBIX W KOPIMOPATHUBHBIX CTPYKTYp B Ipollecce
aHanM3a uMeroneiics nHGOpMalru O JESITEIbHOCTH OpraHU3alHid, MPEANPUATHH U KOPIOPALi OYCHb
Ba)XHO MOHMMAaTbh, YTO B YCIIOBHAX HapacTaHMs IT00aJbHON HECTAOMJIBHOCTH MPU MOCTOSHHO MEHSIO-
HIMXCS TEHJICHIIUSAX U TPEHaX MUPOBBIX PHIHKOB CIIEyeT 00eclieunBaTh MOBBIINICHHE Ka4eCcTBa aHAIN3a
CUTyauui 1 000CHOBaHHOTO BBIOOpA YHPaBICHUYECKUX aJIbTEPHATUB IO CTPATETHUYECKOMY U ONEpaTHB-
HOMY Pa3BUTHIO MPEANPUATHHA U opranu3anuii. Ceroqas 3To npruoOpeTaeT KIIOUYEeBYIO POJIb IS UX BbI-
JKUBaHUS U Pa3BUTHS.

K coxanenuto, nogasnsiomniee 60IBIIMHCTBO METOJIOB, MOZIENIEH U alNTrOPUTMOB, OPUEHTHPOBAHHBIX
Ha MOBBILICHUE 3()(PEKTUBHOCTH MOATOTOBKY MPUHSATHS YIPABICHUECKUX PELICHUI A1 IPeANPUITHHA U
KOpIopanui, He MOTYT OBITh HCIOJB30BaHbl B COBPEMEHHBIX YCIIOBHSX IOJMTHYCCKON, YKOHOMHYE-
CKOH, ()MHAHCOBOM M COILMAJILHOM HECTAOMJILHOCTH, TaK KaK OHHM HE JJAIOT BO3MOXKHOCTH JIOCTATOYHO
OBICTPO U 0OOCHOBAaHHO OCYILECTBIISITh aHAIN3 MOKAa3aTesIeH NEesATeIbHOCTH NPEANPUATHH U OpraHu3a-
LU, a TAaK)Ke MPOU3BOAMUTE OLIEHKY M BEIOOP Pa3NUYHbIX aJlbTEPHATUB UX Pa3BUTHUSI.

Amnanmu3 3a1a4 1 (aKTOpOB, CBS3aHHBIX C (POPMUpPOBaHUEM YIPABICHUECKUX pPEIICHHA, o0ecedn-
Baromux 3¢ exTuBHOE (PYHKIMOHNPOBAHUE MPOMBILIIICHHBIX NPEANPUATHI U OpraHu3aluii, IOKa3bIBa-
€T, YTO YIpaBJICHHE Pa3HOOOpPa3HBIMU KOMIIAHUSIMUA B COBPEMEHHBIX YCIOBHSIX CTaBHUT IEPEN UX PYKO-
BOJIUTEIISIMH 33]]a4H TOBBIIICHUS () (OEKTUBHOCTH W THUOKOCTH YIPaBIICHUS, a TaKKe 000CHOBAHHOCTU
NPUHUMAEMBIX pEelIeHUH Mpu obecrieueHurn TpedyeMoro KauectBa oOpabOTKH OOJBIINX 00BEMOB WH-
(dopmanuu. YKa3aHHbIE COOOPaKEHHUS BBIHYKAAIOT PyKOBOJICTBO KOMIIAHUI OCYIIECTBIATH HOATOTOBKY
NPUHATHS YIPABICHUYECKUX pelIeHU Ha Oa3e Ooiee ageKBaTHBIX MaTEMaTHIECKUX MOZAEJEH, METOAMK,
WHCTPYMEHTOB M TEXHOJIOTHI YBENIWYEHUS] THOKOCTH M 3(PPEKTUBHOCTH YIpPaBJICHHUS, a TAKKE COBpE-
MEHHBIX CPE/ICTB aHAIN3a U NPEACTABICHNS JaHHbIX.
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OpHOM W3 TakMX AaKTyaJbHBIX 3adad SBIAETCS 3amada (opMaiu3aldyd AWHAMUKA (DaKTOPOB,
BIIMSIOLINX HAa MPOU3BOACTBEHHBIE KOPIOPALMH U OpraHU3alMy, a TAKKe aHaJli3a M BBIOOpa yrpaBlieH-
YeCKUX aJbTepHATHB MPU NMPUHATHM pPEIIeHUH Ha ocHOBe m30paHHBIX KputepueB [23, 30]. OcobenHo
aKTyaJbHBIMU TaKWE 3aJla4d SIBISIOTCS JJISi KPYMHBIX MPOMBIIIICHHBIX MPEANPHATHN W KOPIIOPAIHiA,
peanu3yonx CBOI MNPOAYKIMIO Ha BHEIIHMX pBIHKaxX. B 3TuX ciaydasx KommdecTBO (akTOpOB,
BJIMSIONINX Ha BBEIOOp CTpaTeruy MOBEACHUSI KOMIIAHWH, IOCTATOYHO BEJIHMKO, & OKa3bIBAEMOE UMH BO3-
JelCTBHE Ha OPTaHU3AIMIO HE BCET/la OTHO3HAYHO.

B pesynbrare pyKoBOIWTENH, IPUHUMAIOIINE PELICHUS, CTATKUBAIOTCA C HEOOXOJMMOCTBIO BBIOH-
paTtbh MeXIy cyOBEKTHBHBIMHU CJ1a00 (OpMaIN30BaHHBIMH MOAXOAAMH JIMOO MOJX0JAaMH, OCHOBBIBAIO-
IIMMHUCS HAa HOBBIX MAaTEeMaTHYECKHX MOJICIISIX BHIOOpA BAPHAHTOB MOBEJICHUSI.

[Ipemioxkum MOCTAaHOBKY M MAaTeMaTHYECKYI0 MOZETb 3aJadll yIpaBieHHs MPOLECCOM BbIOOpa Ba-
PHAHTOB NMOBEICHUS KOMIIAHUM HAa OCHOBE IPOTHO3UPOBAHNUS IUHAMUKH CUTYalui, pa3paboTaHHYIO IOA
pykoBojcTBoM npodeccopa O.B. Jlorunosckoro [21, 23, 30].

dopmanuzanus 3a1a49 U Mpoliecca MPUHATUS PEUICHUH CBS3aHa PU 3TOM C MOBBIIIEHHEM KayecT-
Ba mpoueayp oOpaboTKu onepaTUBHON MH(POPMALUH, COBEPLICHCTBOBAHUEM AJITOPUTMOB MPOTHO3UPO-
BaHUsI OCHOBHBIX (DAKTOPOB, a TAKXKE ONpPEeICHUEM a/IeKBAaTHBIX LEJIEBBIX QYHKIMNA MOJIesIel U KpuTe-
pHeB UX 3PPEKTHBHOCTH.

Conepxanue mogoOHONH MOJENH B 3TOH CBA3M BKIIOYAET B ceOs MPOrHO3UPOBAHUE CTOUMOCTH Ka-
JIOTO BUAA PECYPCOB, UCHOJIb3YEMBIX MIPU MPOU3BOACTBE TOTOBOH MPOAYKIHH, a TAKXKE€ MHOTHX JpY-
rux (paKTOpOB, BIMSIONUX Ha paboTy Komnanuu. Ha 3Toif 0OCHOBE OCYIIECTBIISIETCS ONITUMH3AIINS TIeTie-
BOW (pyHKIMH, B Ka4eCTBE KOTOPOH MOXKET ObITh BRIOpaHa MaKCUMU3AIIWsS IPUOBLTH, ITOTy4aeMOou Mmpe/-
npusTHEeM (OpraHu3anueil) B pe3yibTaTe MPOU3BOACTBA M HPOJAKU MPOAYKLHUH, JTUOO MUHUMHU3ALMS
MOTEPb NPEANIPHUATHUS B XOZI€ €T0 MPOU3BOJICTBEHHON JESATEILHOCTH U T. II.

ObecneueHre THOKOCTH U TOYHOCTH MPOTHO3UPOBAHMS IKOHOMUYECKUX (DaKTOPOB, BIHSIOIIUX Ha
JOXOABI M 3aTpaThl NPOMBIIUICHHOTO NPEANPHUITUS (OpraHU3alnu), 00ecreuynBaeTcsi ¢ IOMOIIBIO Ba-
pHaLUU MOAXOAOB AJISl IMPOTHO3UPOBAHMS MAaTEMaTHYECKUX PsAoB. Mcmonb30BaHHE TOTO WIIM HHOTO
MOJIX0/1a JUISl TIPOTHO3UPOBAHUS OTIPENIEISCTCS aHATUTUIESCKUM OTJECIIOM KOPIIOpaIlMd Ha OCHOBE UCTO-
PHUYECKUX JaHHBIX U SKCIEPTHOH OILIEHKH BO3MOXKHOW IMHAMUKH (haKTopa.

Cpenu pa3sHOOOpPA3HBIX METOAOB MPOTHO3MPOBAHUS IJISl PELICHHS YKa3aHHOM 3aJadyd MOXKHO HC-
MOJIb30BATh KAK HHTYUTHBHBIC, TaK U (JOPMATU30BAHHBIC METOIBI.

Kak W3BeCTHO, HHTYHTHBHOE NMPOTHO3UPOBAHHE MPUMEHSETCS TOrJa, KOTJa MaTeMaTHYecKoe
MOJIETIMPOBAaHUE HEBO3MOXKHO HCIIOJIB30BATh 10 Pa3jiMYHbIM IPUYUHAM (BBICOKAs CIOXKHOCTH (Op-
MaJu3alui, HeIOCTATOK MCXOJHBIX NAHHBIX U T. I.). B 3THUX ciydyasx BO3MOXHO MPUOETHYTH K OTI-
pocy skcrepToB. [lonydeHHbIe HHANBUAYATbHBIE U KOJUICKTHBHBIC YKCIIEPTHBIC OICHKH HCIIOJbB3Y-
I0TCS KaK KOHEYHBIE IPOTHO3bI MM B KA4€CTBE MCXOJHBIX NAHHBIX B KOMIIEKCHBIX CUCTeMax Ipo-
THO3UPOBAHUS.

®dopmanu3oBaHHbIE METOJIbI TPOTHO3UPOBAHUS 00ECIICUNBAIOT TIOCTPOCHUE TPOTHO30B C UCIIOJIb-
30BaHMEM MAaTEeMaTHYECKOr0 MOAEIMpoBaHMs. lIpuMeHeHHME 3TMX METONOB Ha HPAKTHKE MOBBHIIIAET
TOYHOCTH MPOTHO30B, YCKOPAET 00padOTKy M BU3yaqu3alMio HHPOpMaHH, 00JeryaeT OLEHKY Pe3ylib-
TaTOB.

MeTobl, HCTIOJIb3yeMble B MATEMaTHUECKOW MOJIEIT BBIOOpa YIPaBICHYECKUX allbTEPHATHB, MOXK-
HO Pa3leNuTh HAa HECKOJIBKO IPYIII:

— perpeccuoHHbIE MOJEIH NPOTHO3UPOBAHMS: MAapHas perpeccusi, MHOXKECTBEHHAs! perpeccusi, Mo-
JIeTT TUCKPETHOTO (OMHAPHOTO MITM MHOXKECTBEHHOTO0) BBIOODA;

— aBTOpErpeccCHOHHbIE MoAenu nporHo3uposanus: ARIMA-monenn, GARCH-moznenu;

— aJJalTUBHBIC METOBI MPOTHO3UPOBAHMS: IKCIIOHEHIINATIBHOE CIIIaKUBaHKUE, MOJENb X0JIbTa, MO-
nenb XoabTa — Bunrepcea;

— HelpoceTeBbIe MOJICIIH: CETH TMPSIMOTO PACTIPOCTPAHEHUs], PEKYPEHTHEIE CETH;

— Mojenu Ha 0ase neneit Mapkosa;

— MoieH Ha 0a3e Kilaccu(UKAIMOHHO-PETPECCHOHHBIX JIEPEBHEB.

B psiny perpeccHOHHBIX MOjeNel MPOTHO3UPOBAHMS MapHas PErpeccusi — 3TO ypaBHEHHUE, OIHUCHI-
BalOIIee KOPPEISMOHHYIO CBSI3b MEKAY NMapoi MEPEMEHHBIX — 3aBUCUMON MEPEMEHHON (PEe3yJIbTaToOM)
Y 1 HE3aBHCUMOH epeMeHHOH ((hakTopom) x:

y=f(x).
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BapuaHT, B KOTOPOM paccMaTpuBaeTCs JIMHEWHAs! 3aBUCUMOCTD pe3yJibTaTa OT (akTopa, OIHCHIBa-
eTCsl CIeAYIOIUM 00pa3oM:
yvi=a+pBx;+¢;, i=12,...,N,

rjie y; — 3HaueHHe IEPEMEHHON ) B MOMEHT BPEMEHH I; X;

— 3Ha4YeHHUE NMEPEMEHHON X B MOMEHT Bpe-
MEHH i; o, } — mapaMeTpsl MapHOW JHMHEHHOHN perpeccun; N — 00beM reHepaJbHOM COBOKYIHOCTH;
€; — BO3MOXKHasI OLIMOKA.

MHOKeCTBeHHAs! perpeccusi — ypaBHEHHE, OTpaKarolee KOPPESIUOHHYIO CBSA3b MEXIY pe3yibTa-
TOM ¥ HECKOJIBKUMH (pakTopaMu. B o011eM Buie OHO MOKET OBIThH 3aIIMCAHO KaK

yzf(xl,...,xn),

I7ie 71 — KOJTMYECTBO (PAKTOPOB.
B xauecTBe (hyHKIMH MHOXKECTBEHHOH perpeccru OOBIYHO BHIOMPAIOT HauboJiee MpOCThIC: JINHEH-
HYI0, TIOKa3aTeJIBHYIO U CTEIICHHYIO (PYHKIMH WUIIK HX KOMOWHAIIHH:

n
y=a+2bixl. + e (nuHeitHas); .
i=1

n
y= aH xl-b" e (crencHHas); )
i=1
n
y= aH bie (moxasarenbHas).
i=1
s obecnieueHus: TOCTATOYHOW TOYHOCTH IMOyYaeMBIX OIICHOK MapaMeTpoB QPYHKIUN TpedyeTcs,
YTOOBI KOJUYECTBO M3MepeHHi Obu1o B 8—10 pa3 Ooiblie, YeM KOJUYECTBO BXOJSIIUX MEPEMEHHBIX.
VYkazaHHas MOEIb MOXKET ObITh WCIOJb30BaHA IS BBISBJICHHUS WM MPOTHO3MPOBAHUS JTOCTATOYHO
CJIOXHBIX 3aBUCHMOCTEH.
Mooenv ouckpemrno2o 8vl60pa IPECTABISET COOO0M ypaBHEHHE 3aBUCUMOCTH Pe3yNbTaTa ) OT (ak-
TOPOB X1, ..., X, BU/IA

yzf(xl,...,x,,),
IJIe 71 — KOJTMYECTBO (haKTOPOB, & ) MOKET MPUHIUMATH TOJIBKO JTUCKPETHBIC 3HAUCHHS.

[IpoctefiinM BHJOM MOJIENN TUCKPETHOTO BBIOOpA SIBIISIETCSl MOJIC)Ib OMHAPHOTO BBIOOpA, B KOTO-
poH y MOXKeT MpUHUMATh 3HadeHus 0 win 1.

B paoy aemopezpeccuonnvix modeneii npocno3uposanus

ARIMA-Mozienu npuMeHSIOTCS ISl TPOTHO3UPOBAHUS BPEMEHHBIX PAOB, KOTOPBIE XapaKTepU3y-
IOT 3aBUCUMOCTD PE3yJIbTUPYIOIIEH MEPEMEHHON OT 3HAYEHUI B MPEAIIECTBYIONIME MOMEHTHI BPEMEHU
Y OT €€ OIIMOOK B IPOLIIOM.

Mognens ARIMA(p, g) npeacrasisier co0oil ypaBHeHHE BUA

P q
W= Z Gyt Zbigt—i +&.
i=1 i-1

ARIMAX(p, d, q)-mooeru — cnenyromuit mar B pazButun ARIMA-mozneneéi. OHH ONUCHIBAIOTCS
hopmyitoit
v, =AR(p)+ o, X, (t)+...+ 0o, X (1), 3)

rae oy, ..., 0, — Ko3QpdUunueHTsl GakTOpoB AMHAMMKU BHEHIHEW cpenbl X (f),..., X (¢). [lnd nporHo-

s
3UPOBAHUS Yy, MOYKHO BOCIIOJIb30BAaThCS MOJIENIbIO ABTOPErPECCUH, TA€ BBOAATCS JOMOTHUTEIbHBIE PET-
peccopbl (akTOpoB BHEMIHEN cpeabl X (1), ..., X (1) .

ARIMA-Mozaeny NpUMEHSIOTCS A71sl CTAlMOHAPHBIX BPEMEHHBIX PSAIOB, B KOTOPBIX CpeIHEE 3HaUe-
HHUE U JUCTIEPCHUs TIOCTOSHHBL, TO €CTh HE 3aBUCST OT HOMEpa HaOMoAeHU. DTO 03HAYaeT OTCYTCTBUE B
JIAHHBIX TPEHJaX CE30HHOCTU. ECIii jke BpeMEHHOM psijl UMH BCe-TaKu 00JIaIacT, TO He0OXO0JMMO TIPOBEC-
TH TIpe/IBapUTENIbHBIE TPe0Opa30BaHMsI IAHHBIX, YTOOBI 00ECTICUUTh CBEJCHHE Psjia K CTAIIMOHAPHOMY.

GARCH-mo0enw (p, q) onuchIBaeTCs ypaBHEHUEM BUAA

p q
2 _ 2 2
c; —m+28j6,7j+2yjst7j. 4)
j=l Jj=1
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JlaHHasi MOZeNb MO3BOJIAET OTPA3UTh 3aBHCUMOCTh TUCIIEPCUM pPsla OT €€ MPOLUIBIX 3HAYCHUH U
3HAYECHHUH OIMOOK psiAa B IPOLLIBIC IIEPHOIBL.

GARCH-Mozenu MoryT ObITh IPUMEHEHBI 1715l IPOrHO3UPOBAHUS NIOKa3aTesiel (PMHAHCOBOTO PHIH-
Ka, TaK Kak Uil HUX XapaKTepHO U3MEHEHNE IUCIIEPCUU BO BPEMEHH Ha KOHKPETHBIE TIEPUOIBI.

Aoanmusnvie Memoosl NPOSHO3UPOBAHUSA

Oxcnonenyuanvroe canadcueanue ONNCHIBACTCS YypaBHEHUEM BHA:

x, t=1;

)

= S, +(1(xt —SH), t>1,

rze o — ko3 uImeHT, 3aJaHHbIi IKCIIEPTHBIM IYTEM 0L € (0; 1) .

Tak kak ykazaHHas (opMyIa SBJISIETCS] pEKYPPEHTHBIM YPaBHEHHEM, TO MOXKHO BBIPa3UTh 3HAUCHHUE
S, yepe3 MPOLLIbIe 3HAUCHUS IIEPEMEHHOM X,

-1
s =a2(1—a)xt7i. (6)
i=0

[IpuBenennas Gopmyrna HArJISAIHO MMOKA3BIBAECT, UTO S, SBISETCS B3BEUICHHOW CYMMOH BCeX MpO-
LUTBIX U3MEPEHUM, IPUYEM B 3aBUCUMOCTH OT IaBHOCTH HAOJIIOIEHHS BECa YMEHBIIAIOTCS.

OKCHOHEHIMATIBHOE CIIIaKMBAaHUE MOKHO HCIOJIB30BaTh NPH MIPOrHO3UPOBAHNN TUHAMHYECKH U3-
MEHSIOIIUXCS MTOKa3aTesel, He 00J1a1al0IuX CBOMCTBAMH TPEH/Ia U CE30HHOCTH.

Mooenv Xonvma siBnsieT co00# ypaBHEHHE BHIA

Viva =0, +db;. (7
Mogens XonbTa SBISETCS CBOEro poa 000OLMIEHHBIM CIIy4aeM SKCIIOHEHIIUATIHLHOTO CIIIaKUBAHMS

C y4eTOM JIMHEHHOro TpeHaa. Beruucienne mporHo3HbIX 3HAYeHUN 4, U b, OCYIIECTBISIETCA 110 CIeayTo-
IIUM PEKYPPEHTHBIM COOTHOIICHUSM:

a,=ay, +(1-a)(a,_, —b_,); (®)
b, :B(az _at—l) +(1_B)bt71’ ©

rze o, B — 3agaHHble IKCIEPTHBIM ITyTEM MapaMeTpbl, ONpEeACISIONIIE YyBCTBUTEILHOCTh MOJIENH K U3-
MEHEHHSIM.

JanHyio Mozenb MOKHO MPUMEHSTH IS KpaTKOCPOYHOTO MPOTHO3UPOBAHUS BPEMEHHBIX PSIIOB C
JMHEHHBIM TPEHIOM, HO 0€3 Ce30HHOCTH.

Mooenv Xonvma — Bunmepca ONUCHIBAETCS PEKYPPEHTHBIMU COOTHOIICHUSIMU BUA!

Vivd =at(r,)d X, +(dmod s)-s; (10)
a, =a%+(l—a)at_lrt_l; (11)
1 =B+ (1=B)r; (12)
A
_ W
X, —ya—+(1—y)Xt_S, (13)
t

rje s — nepuon cesoHHoctd, X,, i=0, s—1 — npoduib ce3oHHOCTH; 7, — MapaMeTp TPeHaa; a, — MOoKa-
3aTellb, OYUIICHHBIN OT TPEH/Ia U CE30HHOCTH.

Hetipocemesbvie mooenu

OpHuM u3 Hauboiee PacpoCTPaHEHHBIX METOAOB IIPOTHO3MPOBAHUS BPEMEHHBIX PSIOB B HACTOS-
1iee BpeMs SIBISIIOTCSI HelpoceTeBble Moienu. McKyccTBeHHast HeHpOHHAsL CeTh — 3TO CETh C KOHEYHBIM
YHCJIOM CJIOEB M3 OJIHOTUITHBIX 3JIEMEHTOB — aHAJIOTOB HEWPOHOB, C Pa3IMYHBIMU TUTIAMHU CBSI3EH MEXKITY
HumHa. OHH 00NafaloT PSJOM HPEUMYIIECTB, KOTOPHIE MO3BOJISIOT UCIIOJIL30BATh UX HA JOCTATOYHO
MIMPOKOM JIMaIla30He 3a/1a4, TAKUX KaK: CIIOCOOHOCTh K caMOOOYUCHHIO; yYeT HETMHEHHBIX 3aBUCHMO-
CTel; BO3SMOXKHOCTh OJJHOBPEMEHHOTO IIPOrHO3UPOBAHNUS HECKOJIBKHX MOKa3aTesel (IpH HaJIuYHH COOT-
BETCTBYIOILIMX BBIXOJIOB U3 HEHPOHHOM CETH).

Krnaccudeckoe nmpejcrasieHue HeiipoHa NpeICTaBIeHO Ha puc. 1.
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by
X1
BbIXOAHOM
X2 cUrHan yy
Xa
Puc. 1. Knaccuyeckas cxema HeMpoHa:
X|» Xy, ..., X, — BXOAHbIE A@HHbIE; 4, Ay, ..., Ay, — BECA COOTBETCTBYIOLLMX NOKa3aTenei B HelpoHe k;

b, — noporoBoe 3HaueHue HelpoHa k; f; (V) — dyHKUMSA aKTMBaLWK k-ro HEMPOHa; y; — BbIXOAHbIE JaHHbIE

Fig. 1. Classical diagram of a neuron:

X, Xy,..., X, isinputdata; a;,a,,,..., a;, —the weights of the corresponding indicators in neuron k;

b, is the threshold value of neuron k; f; (v) is activation function of the k-th neuron; y, is output data

[Ipu nporHo3upoBaHUM 3HAYEHUA BPEMEHHOT'O Psiia ¢ MOMOILIBI0 HEUPOCETEBBIX MOJEJECH B Kaye-
CTBE BXOJIHBIX JAHHBIX, B TIEPBYIO OUEPEH, UCIIONB3YIOTCS JaHHBIE TOTO XK€ Psa 3a MPOUUIbIE IEPUOIbI
BpeMeHd. OJTHUM W3 OCHOBHBIX MPEUMYIIECTB HEMPOCETEBBIX MOACIICH IO CPABHEHHIO C JPYTHUMH SIBIISI-
€TCS JIOCTATOYHO MPOM3BOJBHBIA XapakTep (PYHKIUU aKTHUBAIMH, YTO TO3BOJSET MOACIUPOBATH Kak
JIMHEWHbIE, TAK U HEJTUHEWHbIE MTPOLIECCHI.

Bh11essI0T Tpy OCHOBHBIX Kjlacca (DYHKIIUI aKTUBALKH (C IPUMEPaMU COOTBETCTBYIOIINX (DYHKIIUK ).

1. OyHKIMSA eAMHUYHOTO CKavKa (IOpOoroBast PyHKIIHA):

f( ) 1,v20; (14)
v)=
0,v<O.
2. Kycouno-nuHeiHas QyHKIU:
Lv>1/2;
1
f(v)z |v,—5<v<1/2; (15)
0,v<-1/2.
3. CurmouganbHas GyHKUUS:
1
V)=—. 16
FO)=r (16)

Bce neilpoceTeBbie MOAETN MOKHO PA3[EeIUTh HA CIEIYIOUINE KIACCHI.

1. Cetu psAMOTO pacipOCTpaHEHHS: OJHOCIIONHbBIE, MHOTOCIIOMHEIE.

2. PexyppenTHble ceTu.

Cemu npsamoeco pacnpocmpanenuss COCTOST U3 OJAHOIO WM MHOTHUX CJIOEB HEHPOHOB, MPHU 3TOM
BXOJIHBIMU JTAHHBIMH CJI0s N SIBIISIOTCSI BRIXOJHBIC JTAHHBIE CJIOCB C HOMEPaMH, MCHBIMMHE N (Kak mpa-
BHJIO, WCIIOJIB3YIOTCSI CETH MPEIBIAYIIET0 YPOBHS, TO €cTh ¢ HoMepoMm N — 1). IIpu 3TOM BXOIHBIMHU
JAHHBIMU A7 cliosi N = 1 SIBISIOTCS JaHHBIE U3 BHEIIHETO UCTOYHUKA. JIaHHBIN BUA HEUPOCETEBBIX MO-
JIeJield, B CBOIO OUepe/lb, Pa3JeNIioT Ha oHoCoiHbIe (pu N = 1) u MHOTOCTOMHBIE (N > 1).

Pexyppenmmuvie cemu, B CBOIO ouepellb, IMCIOT B CBOEM COCTaRBe, [0 KpaiHel Mmepe, oJHy oOpart-
HYIO CBSI3b, TO €CTh B UHCJIE BXOJHBIX JAHHBIX OJTHOTO U3 HEUPOHOB MOTYT HCIIOJIb30BATHCS €r0 BBIXOI-
HBIC JAHHEIE.

Mooenu npoenosuposanusi Ha ocHoge yeneti Maprxoeéa. MapKOBCKHI TPOIeCC — CIyYalHBIN MPO-
11eCC, 3HAYCHMSI KOTOPOTO B MOMEHT ¢ 3aBUCAT TOJBKO OT 3HAYCHUH JAaHHOTO IMpollecca B MOMEHT ¢ — 1.
Kak mpaBuio, B peasibHBIX 3aJadax MPOTHO3MPOBAHUS HCIOJB3YIOTCS MApKOBCKUE MPOLECCHI C JTUC-
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KpeTHBIM BpeMeHeM. OCHOBHBIMU NapaMeTpaMu MapKOBCKOW LIEMH SBISETCS MHOXECTBO BO3MOYKHBIX
COCTOSIHMM M MaTpHLa NEPEXOIHBIX BeposiTHOCTEH. [IprMep MapKOBCKOM LenH ¢ TUCKPETHBIMH BpeMe-
HEM U COCTOSIHUSIMU MPEICTaBJIeH Ha puc. 2.

P22

P23

P11
P4z

4

P31

P14 Sa Pa3

Puc. 2. MapkoBckas uenb ¢ AUCKPETHbIMUA BPEMEHEM U COCTOSHUAMM:

Sy, ...» S4 — BO3MOXHbIE COCTOSIHWSI CUCTEMbI, p;; — BEPOSTHOCTb NEPEXOAA U3 COCTOSIHUS i B COCTOSIHUE J,
i=1,4,j=1,4
Fig. 2. Markov chain with discrete time and states:
81, ..., 84 — possible states of the system; Dy — is the probability of transition from state i to state j,
i=1,4,j=1,4

BaxxHo oTMeTuTh, 4TO, HECMOTPS HA OIpE/IeIeHNe MapKOBCKOTO TpoIiecca, P MPOTHO3UPOBAHUH
OTIpe/IeTICHHBIX MTOKa3aTeNel B MOMEHT ¢ BIIOJHE BO3MOYKHO YUUTHIBATH COCTOSTHHUSI B MOMEHTHI BpEMEHHU
B MOMEHTHI {—2, {—3 | T. A., TOMMMO 3Ha4YCHU B MOMEHT BpeMeHH f— 1. B TakoM ciydae Tekyiee co-
CTOSHUE TPOTHO3UPYEMON CHCTEMBI OMMCHIBAETCS HE TOJIBKO 3HAYEHHEM €€ MapaMeTpOB B TEKYILUH
MOMEHT BPEMEHHU, HO U B IPOILIOM.

Mooenu na baze kraccugurkayuoHHo-peepeccuoHHbix depegves (classification and regression trees,
CART) pa3paboTaHbl 1J1s1 MOJIEIMPOBAHUS [IPOLIECCOB, HA KOTOPBIC OKA3bIBAIOT BIMSHUE KaK HETIPEPHIB-
HBIC BHENIHUE (aKTOPHI, TaK M KaTeropuaibHble. TakuM 00pa3oM, B CHTYallUH, KOTJla BHEITHHE (aKTo-
PBL, OKa3bIBAIOIINE BIMAHUE HA IIpoliecc Y, , HEIPepBIBHBI, HCIOIb3YIOTCS pErpecCuoHHbIe NepeBbs. Ko-
rna (akTopbl KaTeropualibHbIe, TO UCIONB3YIOT Kiaccu(hUKAIMOHHEBIE IepeBbs. B ciydae HeoOXoqumo-
cth ydera (AKTOPOB OOOMX THUIIOB HEOOXOAWMO IPHUMEHITH CMEIIaHHBIE KiacCU(UKAIMOHHO-
perpeccroHHbIe 1epeBbsl. CornacHO yIOMSHYTOH MOJENH, IPOTHO3HOE 3HAUEHNE BPEMEHHOIO psija 3a-
BHUCHUT OT MPEABIAYIINX 3HAYCHUH 1 HE3aBUCUMBIX NIEPEMEHHBIX, KaK 3TO M OTPa)kKeHO Ha puc. 3: Ha uc-
XOJHBIN Tponecc Y, BO3AEHCTBYIOT BHEIIHHE AUCKpETHbIe (BakTopbl JX,, a Takke KaTeropuajibHbIE
(bakTopsl Z.

IIpenmecTByromue 3HAYEHNSA IPOLIECCA CPABHUBAIOTCA C KOHCTAHTOM Y, . B ciry4ae, eciiu 3HaYeHHE

Y,

;-1 MeHblie Y, To ocyumiecTsisercs mpoBepka: X, > X),. Eciu HepaBeHCTBO HE BBINOIHAETCS, TO
Y, , = P;, yHaue NpOBEPKH MPOJOJDKAIOTCS 10 TOTO MOMEHTa, IoKa He OyJeT HaiilleH JIUCT JepeBa, B
KOTOPOM IIPOMCXOAUT ompejiesieHre Oyayliero 3HayeHus npouecca Y, . IIpu onpeneneHun 3HaueHus B
pacyeT NMPUHMMAIOTCS KAaK HENpPEPHIBHBIE IEPEMEHHBIE X,, TaK M KAaTErOpHalbHbIE Z, JUIi KOTOPBIX
MIPOBOJIUTCS TIPOBEPKA HATMYMS 3HAUYCHIS B OJTHOM M3 3apaHee OIpeaesieHHbIX MoaMHOKecTB. Omnperne-
JICHUE 3HAYEHMH MOPOroBhIX KOHCTAaHT, Hampumep, Y,, X 11> @ TAKXKC TTOJIMHOXCCTB Zl,l’ Zl,2 BBITIOJ-

HACTCA Ha 3TaIic O6y‘I€HI/I$[ ACpPCBaA.
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Ha niporiecc Yt Bo3aeHCTBYIOT
BHELIHHE (DaKTOPBI: AUCKPETHBIE Xt
M KaTeropHajibHbie Z

Puc. 3. BuHapHoe knaccudukaLuMoHHO-perpecCMoHHoe AepeBo
Fig. 3. Binary classification-regression tree

Mopenu Ha 6aze KiIacCHPUKAIIMOHHO-PETPECCHOHHBIX JEPEBHEB JAIOT BO3MOXKHOCTH MPOMOJIEIH-
pOBaTh 3aBUCUMOCTb Oy/yIlel BEeIHMYHUHBI IpoLiecca ¥, MpH NOMOIIM CTPYKTYphI A€PeBa, a TaKkxkKe opo-

TOBBIX KOHCTAaHT W MOJAMHOXKecTB. OnrcaHHbIe MOJIENTM COCTABISIIOT 0a3y JJisl MaTeMaTHYECKOro MoJie-
JMPOBaHUS TPEHIOB PA3INYHBIX TOKa3aTeNei, KOTOopble Aajee 3a1eiicTBYIOTCS pu GOPMUPOBAHHH Lie-
TeBoii (DYHKITUH BHIOOPA YIIPABICHUYECKUX alTbTCPHATHB.

Jis GopMupoBaHMs MPOTHO3a AMHAMUKH TOKa3aTescH, BIUAOMMX Ha 3()(OEKTHBHOCTh PabOTHI
MPOMBIIIIEHHOTO TPEANIPHUATHS WIH OpTaHU3aluy, He0OOXO0AUMO OCYIIECTBUThH BBHIOOD a/IeKBaTHON MO-
JIeNTd TIPOrHO3UPOBAHUS. DTO BO3MOXKHO OCYLIECTBUTH HAa OCHOBE alrOpUTMa, OJOK-CXeMa KOTOPOro
MpeJICTaBJICHa Ha pucC. 4.

Lenecoobpa3HOCTh MPUMEHEHNUST PA3IMIHBIX MOJIENICH POTHO3UPOBAHUS OTpakeHa B Tab. 1, 3Ha-
4yeHus, puBeJeHHbIC B KojoHKax (0; 0,5; 1), yKa3pIBalOT Ha TO, YTO TP UMEIOIINXCS YCIOBHUAX Ty WU
MHYIO MOJIEJIb MIPUMEHSTH LenecoodpasHo (1), IpUMeHsITh orpaHuyeHHO BO3MOXkHO (0,5), mpUMEHSTH
HerenecooopasHo (0).

[Mocne Toro kak OyayT BEIOpaHbI aJieKBaTHBIC MOJICIH ITPOTHO3UPOBAHUS ISl BCEX OCHOBHBIX TOKa-
3areneil, CoCOOHBIX MOBIHUATh Ha PE3yJIbTaThl pabOTHl MPEANPUATHS (OpraHU3alln), CTAHOBUTCS BO3-
MOYKHBIM OCYILECTBHUTH BBIOOp LETIEBBIX (PYHKLHUI M KpUTEPHEB 3a7a4dll ONTUMAJIBHOTO BbIOOpa ympas-
JICHYECKHUX aJIbTEPHATUB MO CTPATETHUYECKOMY Pa3BUTHIO KOMIaHWU. IIpu 3TOM MOXXHO HMCHOIB30BATH
JIOCTaTOYHO OOJNBIION CIHMCOK LIENIEBBIX MMOKAa3aTeslel U MPUMEHSEMBIX OTpaHUYeHHUH, HalpUMep, TaKuX
KaK: MakCHMHU3aLMsl MPOAAX NPU 3aJaHHOM NMPHOBUIM; MHUHHUMH3ALUS MOTEPh MPU 33JaHHOM OOBEMe
NPOM3BOJCTBA; MUHUMHM3ALIMS TOBAPHOTO 3amaca MpH 33aaHHOM 00beMe MPOU3BOICTBA; MAKCUMU3ALHS
MIPUOBLIU NP BBHITOIHEHUH MTPOU3BOACTBEHHOTO IIJIaHA BHIMYCKA MPOAYKIIHH.

B o6mem Buje 3ajaya oNTUMH3ANKN BEIOOpA CTPATETHYECKUX YIPABICHYECKUX ANbTEPHATHB Pa3-
BUTHS IPOMBIIIJICHHOTO MpeanpusaTus (opranuzauuu) Gopmyimpyercs cienyommM obpasom. Pac-
CMOTpPHUM 3a7jady BbIOOpa M3 TOrO WM MHOTO ajJbTEPHATHBHOIO peIIeHUs (Jajiee aJbTepPHATHBBI), MO-
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3BOJIAIOIICTO IMOJTYYUTh MaKCUMAaJIbHYIO HpI/IGBIJIB IIPOMBIIIIJICHHOT'O TPEAIIPUATUA 3a SaI[aHHLIﬁ ropu-
30HT IJIAHUPOBAHUA.
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Puc. 4. Bnok-cxema anropvTma onpegeneHuss Mogenu NporHo3upoBaHus gakTopoB
Fig. 4. Block diagram of the algorithm for determining the forecasting model of factors

Tabnuua 1
Lienecoo6pa3HOCTb UCMONbL30BaHMA MoAernei Npu onpeaeneHHbIX YCNoBusX
Table 1
Feasibility of using models under certain conditions
Q
= = S o) i 2 2 o
— = =} = =
= = 2 | E 5] 8 g = 5 g
= =N = L 5 [SR] = E 5 o}
N 2 2 | 2| Eg| 58| 28 | z¢2¢2
Knacc monenei S 3 & B o 8 5 3, & EZ o
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Perpeccuonnble Mmoenu 0,5 0,5 1 1 0 1 1
ABrtoperpeccuonHble Moen ARIMAX 1 0,5 0 1 0 1 1
ABroperpeccuonnsie Mmoaenn GARCH 1 0,5 0 1 0 1 1
Monenu 3KCIOHEHIIUAILHOTO CTIIaKUBAHUS 0,5 1 0 0 0 1 1
HelipocereBble Moaenu 1 1 1 0 1 0 1
Monenu Ha 6a3e reneit Mapkosa 1 1 1 1 1 1 0,5
Mopenu Ha 6a3e KiacCH(PUKAIUOHHO-
A uxan 1 1 1 0 1 0 0,5
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

O6o3Hauum P, (S ) — IpUObLIb, OMYYCHHAs B pe3yJIbTaTe peaji3ally aJbTepPHATUBBI a MPH BbI-
OpaHHOM CIIEHapUU pa3BUTHUS S.
ITpu sTOoM P, (S ) MO’KHO BBIYUCIIUTH C IIOMOIIBIO BEIPAXKEHHUS
z z

B
Pa(S):Zyai(S)'}?(S)_ZZWj'xaji'yai(S)_Va’ (17)
i=1 i=1j=1
rae F(S, Z) — HoMep albTepHATUBBI, KOTOpas JaeT HauOOJNBIIYIO MPUOBLIL IPU BBIOPAHHOM CIIEHAPHH
pasBUTHS S U U30pPaHHOM TOPH30HTE IUIAHUPOBAHUS Z; d — KOJIWYECTBO aJbTEPHATHB; B — KOIUYECTBO
(hakTOpOB NPOM3BOACTBA, Il KOTOPHIX CTPOUTCS NPOTHO3; Z — KOJMWYECTBO MEPHOAOB, Ha KOTOPHIC
CTPOMTCS POTHO3 MOKa3aTeNeH; X . — IPOrHO3 CTOMMOCTH (haKTOpa j IpH BBIOPaHHON abTEPHATUBE I B
ToJ z; ¥;-(S) — MPOrHO3 BBIMYyCKa MPOAYKIMU MTPH BEIOPAaHHON albTEPHATHBE i B TOJ Z, B 3aBUCUMOCTH OT
BBIOPaHHOTO CIIeHapusi pa3BUTHs S (HampuMep: HEraTHBHBIM, YMEPEHHBIN, TIO3UTHBHBIN); 7,(S) — mpo-
THO3 CTOMMOCTH €IUHHIIBI IPOAYKIIUH B TOJ z; V, — IOCTOSIHHBIE 3aTpaThl Ha OCYIIECTBIEHUE allbTepHa-
THBBI S; W; — pacxo[] (akTopa i B HaTypaJbHBIX €MHUIAX HA BBITYCK €AMHUIIBI POTYKIIUH.
Torna ueneBass GyHKIHs ONpenesseTcss HaXOXKACHUEM YIPAaBICHUYECKOH anbTepHATHUBBI, KOTOpas
MO3BOJIUT MOJYYUTh B PE3yJbTaTe €€ peau3alii MaKCUMalbHyI0 IPUObUTE IPU BEIOPAaHHOM CLIEHApUU
pa3BuTHA S.

d)zmax{Pa(S)}. (18)

[Tonck onTUMAaNBHBIX pelIeHUH B YKa3aHHOM CHUTYallud MOXHO OCYIIECTBUTH C MOMOIIbIO MMUTA-
IMOHHON MojeiH, OJOK-CXeMa aJropuTMa KOTOpod mpuBeaeHa Ha puc. 5. Ecnu paccunTath npuObUTh
JUIS KKIOW albTepHATUBBI M TOPU30HTA TUIAHUPOBAHUS TOCTATOUYHO OOJBLIOE YUCIIO Pa3, MOXKHO BbI-
OpaTb ONTHMAJIBHYIO albTEPHATHBY Ha OCHOBE HAaWOONbLICH cpeaHel MpUOBUIM WM JII000T0 APYroro
KPHUTEPHSL.

B cnyuae, ecny BepOATHOCTh TOTO WJIM MHOTO CIIEHAPHs BBIUYMCIUTH WM 337aTh KCIIEPTHO MPO-
0JIeMaTHYHO, MOXHO BOCITOJIb30BaThCSI METOJIaMH MIPUHATHUS PEIICHUH B YCIOBUAX HEONPEAETICHHOCTH.
OCHOBHBIE KPUTEPUH, UCTIOIB3yEMbIE B TIpOIlecce MPUHATHS PELIEHUH B YCIOBUAX HEONPEAETICHHOCTH,
NpEACTaBICHBI HIXKE.

Kpumepuii Banvoa (Kputepuil «MakCHMHHA») XapaKTepU3yeTcsl KpaiHe OCTOPOXKHOH MO3MLUEH
OTHOCHUTEIIBHO HEOIPENEIEHHOCTH Pe3ybTara;

Zypy =max{K}, (19)
1
rae K; = mjn{aij} ; I — BapuaHT Bo3MoxkHoro pemenus JIIIP (i=1,2,...,m); j — BapuaHT BO3MOXXHOU
J

curyatmn (j=1,2,...,n); a; — noxon/mpudsus JIIIP, ecim OyneT NPUHATO PELICHHE i, a CHTyalus
cnoxuTest j-1; A =(a;) — Marpuua MoJIe3HOCTEH.

Kpumepuii «maxcumakca» XxapakTepusyerTcs KpalHe ONTUMHUCTHUSCKOW IO3ULMEH OTHOLICHMS
JIITP x HEONpEeAEIEHHOCTH pe3yJIbTaTa:

Zy =max{Ki}, (20)
1

rae K; = max{aij} ; 1 — BapuaHT Bo3MoxkHoro pemenust JIIIP (i=1,2,...,m); j — BapuaHT BO3MOXKHOU
J

curyaunn (j=12,...,n); a; — noxon/npuosuib JIIIP, ecnu OyneT NpUHATO pEUICHHE [, a CUTYaIlus
cnoxuTest j-1; A =(a;) — Marpuua MoJIe3HOCTEH.

Kpumepuii I'vpsuya (kpumepuii «OnmuMusMa-neccumusmay uil «aibha-Kkpumepuiiy) SBISETCS
B3BEILIEHHOW MO3UIMEN «I1ECCUMHU3MA-ONTUMHU3May, oTpaxarouieil otHomeHue JIIIP k Heonpenen€HHo-
CTU YKOHOMHYECKOIO PE3YJIbTATa:

ZHWzmax{Kl.}, (21)
i
rae K; =c-min {aij} +(1-c) - max {aij} ; ¢ — COOTBETCTBYIOIIMH BeCOBOM KO3(puLIMEHT BBHIOMpaEeMBbIi
J J

JITIP; i — Bapumant Bo3MoskHOro pemmenus JIIIP (i=1,2,...,m); j — BapuaHT BO3MOXXHOW CHUTYyaIluu
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(j=12,...,n); a; — noxon/npu6suis JIIIP, eci GyneT NPUHATO PELICHHE I, & CUTYaLHs CIOKUTCS j-51;

A=(a;) — maTpuua MoNe3HOCTEH.
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Fig. 5. Block diagram of the search for the best alternative for a given planning horizon
and criterion for choosing the optimal value
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

Kpumepuii Casuodoica (kpumepuii nomepb om « MUHUMAKCA») XapPAKTEPU3YETCs KpaiiHe 0CTOPOKHOM
(meccumucTudeckoi) mo3urueit otHomenus JIIIP k BO3MOXKHBIM MOTEPSIM HU3-3a OTCYTCTBUS JOCTOBEP-
HBIX CBEJICHUH O TOM, KaKasl M3 CUTYaIlWii, BIUSIONINX Ha Pe3yJbTaT, OyZeT UMETh MECTO B KOHKPETHOM
clIydae:

Z, =m;n{Ki}, (22)

1

rae K; = maxj{li j}, [, = max{aij} —a;; ¢ — COOTBETCTBYIOLINIT BECOBOH KOd(DQHULUHMCHT, BHIOMPaeMBbIi
J

JIIP; i — Bapmant Bo3MoxHoro pemenus JIIP (i=1,2,...,m); j — BapuaHT BO3MOXXHOH CHTyallUH
(j=12,...,n); a; — noxon/mpubsuis JIIIP, ecin Gyner NPUHATO PELICHHE i, & CUTYALHs CIIOKUTCS j-51;
A=(a;) —marpuua nonesnocrei; L =(/;) — COOTBETCTBYIOIIAs MATPHULIA IOTEPD U PHCKOB.

OnucanHas MaTeMaTH4YecKass MOJIENb 33Jja4d Pealn30BaHa B Buje 000coOIeHHONW WHPOPMAIIUOH-
HO-aHAJMTUYECKOW CUCTEMBI HITH OTAEIBHOTO MPOTPaAMMHOTO MOYJISI, KOTOPBIH MOXKET OBITh BCTPOCH B
COOTBETCTBYIOIYI0 HH(pOPMAIIMOHHO-BEIYHCIUTEIBHYI0 CHCTEMY MPOMBIIUICHHOTO TPEANPHATHS HIH
OpraHM3aIHy.

3akino4eHue

PaccmoTpenHble B cTaTbe BOINPOCHI MOKA3bIBAIOT, YTO Pa3BUTHE OPraHU3aLMOHHBIX M KOPIIOPATUB-
HBIX CHCTEM B YCJIOBHUSX HapacTarolieid HecTabMIIBHOCTH B MUPE JOJDKHO 0a3MpOBaThCS HA MCIIONB30Ba-
HUH aJICKBATHBIX MaTeMaTHYECKHX METOJIOB M Mojeneld, HHPOPMAIIMOHHBIX TEXHOJOTHSX, MPOABHHY-
TBIX CHUCTEMax aHalu3a U OOpadOTKH JaHHBIX, a TAKXKE TEXHOJIOTHSX H3BJICUCHHUS] HEOOXOIUMOW WH-
(hopmaruu u3 OONBIINX 00BEMOB JAHHBIX U JIP.

Oco0oe 3HaueHne UMEET TO, YTO JOCTOMHCTBAMU IMPEJIOKEHHOTO B CTaThe ajropruTMa MOJIENH T10-
BhIIIEHUS 3()(HEKTUBHOCTH YIPABICHUSI OPraHU3aLMOHHBIMU U KOPIIOPATUBHBIMH CHCTEMaMU SIBIISICTCS
BO3MOXXHOCTb HCIIOJIb30BAHUSI BapHATUBHBIX METONOB MPOTHO3MPOBAHUS U CIIOCOOHOCTH IMOJACTpau-
BaThCS IOJI CIIOKHOCTh M YacTOTy HEOOXOJMMOCTH PEIICHHsI TOW WM WHOW YIPaBICHYECKOH 3aadm.
Hampumep, cueHapuu cpeHECPOYHOTO U JOJTOCPOYHOTO PA3BUTHS KOMIIAHUM MOTYT OIICHMBATHCS C
UCIIOJIb30BaHUEM 0oJiee COBEPLICHHBIX NPOTHOCTHYECKHX MOZEIEH, a TakkKe MOIBEpraTrhbecsi pasHOCTO-
POHHEMY aHAJIN3y YyBCTBUTEIHHOCTH HA OCHOBE M3MEHEHHs TOPHU30HTA MPOTHO3UPOBAHMS WIIM TUIAHU-
pOBaHUsI, U3MEHEHUS Beca KaXI0ro (akTopa, OLEHKH BIUSHHS TOYHOCTH TPOTHO3a M BO3MOXHBIX OT-
KJIIOHEHNH. B 3TOM ciy4yae mpuMmeHeHHe omucaHHOW Mozaenu noMoxkeT JIIIP B cymecTBeHHON Mmepe
(hopmanu30BaTh CBOH MOAXOM, YTO ACT BO3MOKHOCTh OOOCHOBATh pEIICHHE BHICOKOYPOBHEBOM 3a1aun
nepes; COOCTBEHHUKaMU KOMITAaHUU WITH, HATIpUMeEP, Tiepel KPETUTHOM OpraHu3alrei.

[IpumeneHne Ha NMpaKTHKE MPEICTaBICHHOW MOJENHN aHalIn3a M BbIOOpa YHPaBIEHUYECKUX albTep-
HATHB Ha OCHOBE MPOTHO3MPOBAHUS AMHAMHUKH CUTyalluil 00ecriednBaeT CTONb HEOOXOANMBIE B COBPE-
MEHHBIX YCIIOBHUSX AESTEIHHOCTH MPOMBIIUICHHBIX MPEANPHUATHI W OpraHu3aliil rTHOKOCTh U omepa-
TUBHOCTb MIPUHATHUS YIPABIEHYECKUX PEIICHUH.
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Analysis of modern technologies, methods and models used in various types of organizational
and corporate structures convincingly proves that the improvement of preparation and decision-
making for the management of these structures is currently carried out mainly on the basis of often
outdated and not quite corresponding to modern capabilities of computer technology, and also in-
formation, software and software developments. The article shows that in modern conditions of
global instability in the world, it becomes necessary to use adequate methods for data analysis and
preparation of managerial decision-making on the development of organizational and corporate
structures. Proposals and recommendations for improving the processes of analytical data pro-
cessing, extracting useful information from large amounts of data located in the relevant organiza-
tional and corporate systems are presented, as well as adequate mathematical models and algorithms
that can be successfully used to improve the quality of management decisions by the management of
companies. The purpose of the study is to form methods and models for the analysis of strategic al-
ternatives for the development of organizational and corporate systems using the concept of big data,
technologies for extracting the necessary information from existing data banks, etc. Materials and
methods. The research methods are based on modern information and analytical technologies, data
science and models developed by the authors for the analysis of strategic alternatives for the deve-
lopment of organizational and corporate systems. Results. The scientific provisions and develop-
ments presented in the article can be used to improve the efficiency of management in various
information and analytical systems for various management structures. Conclusion. The results of
the research presented in this article make it possible to perform a qualitative analysis of data,
to model the options for the work of organizational and corporate structures in an on-line mode,
which makes it possible to increase the efficiency of managing their development based on a com-
parison of alternative options for management decisions.

Keywords: information, data analysis, management decision making, mathematical methods
and models, alternative options.
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A MULTILEVEL RESOURCE-SAVING BLAST
FURNACE PROCESS CONTROL
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A multilevel resource-saving blast furnace process control is considered. The resource-saving
control is provided for operating, adaptation, technical and economic control in the automated sys-
tems of blast-furnace processes.

It is proposed to form optimal operation modes of blast furnace heating, metal charge structures,
natural gas and oxygen consumption. Decisions are made using Kohonen neural networks taking
into account current and planned parameters of coke quality, iron ore, raw materials and blast.

At the level of operating control, the work suggests a model predictive control to improve
the resource conservation indicators. The method is based on decomposition of the general problem
of the process dynamics identification on particular problems: dynamic synchronization and identifi-
cation of process transfer functions.

At the level of adaptive control, optimal operating modes of blast furnaces are expedient to be
developed with respect to blast furnace heating, structure of metal charge, natural gas and oxygen
rate considering the current and planned parameters of coke, blasting. The blast furnace operating
modes are suggested to be determined based on Kohonen neural networks.

In evaluating the efficiency of introducing the model predictive control, the existing actual sta-
tistics of scatter of BF mode parameters should be based upon. The fact is that the introduction of
model predictive control assumes no radical change of the BF melt technology. Like in all the control
systems, the BF process is considered as the set control object with all its characteristics. Changing
process settings, raw material content does not introduce any cardinal variation in the scatter of pro-
cess characteristics. However, in this case a transient process occurs which is necessary for the con-
trol system to identify the changing conditions. The transient process is inherent to all the control
systems and the blast furnace process is not an exclusion. As a result of transient process, the control
system is set to the optimal mode.

Keywords: blast furnace process, blast-furnace process optimization, self-organizing maps,
Kohonen neural networks, cluster analysis, U-matrix, model predictive control.

Introduction

The blast furnace is a complex object for control, since such processes as fuel burning, metal smelting,
iron reduction and carbonization etc. take place in it.

The modern methods for analysis of blast-furnace smelting processes are based on the achievements
of multiple fields of science and technology. The blast furnace process models have been studied for
over the course of many years [1-16]. Among the researchers, a considerable contribution into the deve-
lopment of blast furnace process studying were made by 1.G. Tovarovskiy [1-3], N.A. Spirin, V.V. Lav-
rov, V.G. Lisienko [4], V.G. Lisienko [5], X. Wen, H. Cao, B. Hon, E. Chen, H. Li [6], J. Kule [7],
M. Sasaki, K. Ono, A. Suzuki [8] et al.

One of the existing approaches to the blast furnace production maintenance is the use of the table of
factors influencing the coke rate and blast furnace performance [1]. The method was developed based
on generalization of the blast-furnace smelting dependencies and basic blast furnace process principles.
It includes the charge mixture characteristics (the contents of iron, ore), coke quality (hardness M25,
abrasion strength M10, size + 80 mm, ash), chemical composition of cast iron (Si, Mn, F, S), blasting
parameters (blast temperature, oxygen concentration, humidity) and etc. In employing this approach to
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analyze the impact of the factors onto the coke rate and performance, their linearity and independence
are assumed, however, in practice, the influence of the factors onto the coke rate and performance is
non-linear and their interdependencies should be considered as well. Also, any blast-furnace smelting
parameter should not be considered separately, since the process is influenced by the interrelated para-
meters. It should be noted that each particular blast furnace is unique in its operation and the values
of factors shown in the table should be specified for a specific blast furnace. This is due to the fact that
the raw material and process conditions of the blast furnace shops at metallurgical plants vary significantly.

In general, the blast furnace process monitoring and control requires considering multiple parame-
ters, and the artificial intellect methods are very promising here [17]. These methods are already being
actively employed in such fields as medicine, sociology, marketing etc. In the blast furnace practice, this
area has not been sufficiently developed yet, but the activity is already in progress [17-25].

1. The structure of a multilevel expert system

The work considers an automated system of the multilevel resource saving control of the blast fu-
rmace process (Fig. 1). This automated system consists of three control levels. The upper one, technical
and economic control level of the blast furnace process solves the problems of determining the process
parameters of blast furnaces in the blast furnace shop according to the criterion of cast iron or steel mini-
mum prime cost. At the medium level of adaptive control, optimal operating modes of blast furnaces are
developed with respect to blast furnace heating, structure of metal charge, natural gas and oxygen rate
considering the current and planned parameters of coke, blasting, technical condition of the equipment
which are intended for operation in an advisor mode for a foreman.

Expert system

Technical and
economic level

v

Adaptable control
Cluster data module

v

Operations
control

\ A

Blast Furnace

A4

Fig. 1. Expert System Flow Chart

The criteria of the optimal adaptive control are the maximum cast iron production and the minimum
coke rate.

Implementation of adaptive control is based on finding real effective characteristics of the blast fu-
rnace process for each blast furnace.

The adaptive control of the blast furnace mode ensures developing multidimensional solution re-
gions on basic parameters characterising the blast furnace melting including quality characteristics of
coke, metal charge, hot blasting for the subsequent use in solving the optimization tasks at the technical
and economic level of control of sintering, coke and blast furnace production.

At the operational level of blast furnace process control, the problem of stabilizing the thermal con-
dition of blast furnace production is solved.

A peculiar feature in developing the mathematical relations represented in the work is the use of
the software tools for the in-depth analysis of the operational statistic data (the so-called Data Mining),
cluster analysis based on the Kohonen neural network training [24] to detect the dependencies of effect
caused by the control parameters onto the economic parameters of the blast furnace process, perfor-
mance and coke consumption to improve the energy efficiency.
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2. The method of adaptive control level

The existing control level of mode parameters of blast furnace is aimed at maintaining the parame-
ter values within the admissible limits defined by process instructions and set process conditions. Such
kind of control may be called admissible. In this kind of control makes mode parameters sporadically
fluctuating within the admissible values. According to the studies, the fluctuation swing is frequently
beyond the boundaries of the effective region of values of mode parameters. This results in the reduced
furnace performance and increased coke rate. Therefore, stabilization of fluctuations of mode parameters
within the effective region of their values with the use of current methods of model predictive control
and intellectual technologies is a topical problem.

This problem is rather complex because the swing of mode parameter values is determined by mul-
tiple reasons, such as incompleteness of measured factors causing effect on the blast furnace process,
low measurement precision, impossibility to measure the internal parameters of the blast furnace pro-
cess, accidental fluctuations of the input parameters of charge, blast and etc. Accurately considering all
this factors is extremely difficult at a modern level of the blast furnace process measurement and control
technology. Therefore, the most expedient solution is determining current operating modes of blast fur-
nace based on the cluster analysis in teaching the Kohonen neural network.

Let’s consider building the mode diagrams in detail. Let’s consider a set of unordered pairs of
values of input parameters and output value obtained as a result of a set of observations over the BF
{(xs, ¥5)} as the source diagram. The diagram is given in Fig. 2.

The diagram x;, y, shows the values of some input and output parameters used for illustrating building
of the mode diagram; {(x;, y;)} —an ordered pair of the values of an input and output parameters.

These pair dependencies, while being built for the entire set of statistic observations of the depen-
dence of the output parameter y over the input parameter x allows building a kinetic diagram of modes
represented in Fig. 3.

Y A {(xs,ys)} y A {(xsays); as}

( ~

s} st

Ll 4
=V

{xs} {xS}

Fig. 2. The source diagram of blast Fig. 3. Kinetic mode diagram
furnace operating modes

As a result, in a chaotic set of values of mode parameters (see Fig. 2) an order is introduced in
a form of mode parameter variation lines. In fact, such a dependence will be stochastic, since it is
impossible to consider all the BF input parameters. Therefore, in building such diagrams, the method
of principal components shall be employed. In accordance with this method, the input parameter is
determined first, which produces the maximum effect on the output parameter with building a diagram
based on this method. Further, the next parameter in terms of the effect significance, shall be selected and
the diagram building process proceeds iteratively until the significant input variables are no more left.

Based on the BF control practice, the principal input components are the volume of coke supply, ore
burden, blast humidity, and, if justified, a number of other factors, A non-linear mode diagram is built
for principal components. For other components, building non-linearized diagrams used to adjust
the solution obtained with principal components, is sufficient.

Based on the diagrams built, a problem of selecting the input parameter values can be solved based on
the condition of minimum deviation of the current value of the output parameter () from the set value (y,):

(v —»)” — min. (1
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The solution (1) may be found, for example, by the gradient method:

xj,k+1zxj,k—Y(J’k—yz)aj,k- 2
Here it is recommended to employ the coordinate-wise optimization method, since the simultaneous
change of multiple input parameters is not allowed by the technical instructions.

The considered statistical calculation diagram is simplified since it does not consider a number of
factors which stipulate the use of a considerably larger quantity of outgoing parameters for more accu-
rately evaluating the BF condition.

Therefore, the diagrams of type shown in Fig. 4 shall be built for all the blast furnace process condi-
tion indicators. The blast furnace mode parameters are accidental processes depending on a large num-
ber of factors. Such factors are up to 70 parameters in number. Under such conditions, usual determinis-
tic control methods of furnace modes do not allow reaching optimal values of mode parameters as a re-
sult of a large statistical dispersion of their values.

Therefore, the work suggests identifying the effective regions of the blast furnace melt in a multi-
dimensional space of influencing factors by the cluster analysis methods.

The clustering tasks are of high dimensionality — they comprise more than 70 parameters including
the parameters of quality of coke, sinter, charge composition, chemical composition of slag, iron, hot
blast characteristics etc.

The example of the mode parameter chart of the blast furnace process obtained with artificial neural
networks is given in Fig. 4. Data clustering was performed using the distance U-matrix analysis of the
neural network trained at the statistical data over a long period of time.

The examples of the obtained BF flow charts are given in Figs. 5-7.
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Fig. 5. The process flow chart
by the BF performance mode
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In the clusters found, the influence factors of process factors on the blast furnace performance and
specific coke rate were determined. An example of the obtained influence factors of process parameter
such as Si is given in Table 1. Each cluster corresponds to its individual blast furnace operating mode

and an independent influence factor is determined in this mode.

Table 1

The impact factors of process parameters for the BF operating modes

Performance variation %

Specific coke rate variation %

Operating mode with silicon increase in iron by 0.1% with silicon increase in iron by 0.1%
1 —0.68 0.71
2 —0.58 0.60
3 —1.05 0.68
4 —-1.09 0.56
5 —0.74 0.65
6 —0.71 0.50
7 —1.04 0.73
Mean —0.84 0.63

Figs. 8 and 9 give an example of graphic representation of BF operating modes of depending on
the silicon content in iron. Furthermore, the non-stationary BF operating mode is indicated by black dots.
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3. The method for operating BF control

The basic characteristics of the operating control of thermal state of the BF process.

The basic connections of control parameters are given in Fig. 10. Here x. — coke charge; {x;} — sup-
ply of adjusting materials; u sz, 1" s, V' sz — design value of specific fuel rate (FR), actual FR value and
estimated FR value following the melting results, respectively; {u;} — calculated values of specific
charge of the i-th adjusting materials; #", — indicator value of the process thermal state in the stack of
blast furnace; ", — indicator value of the process thermal state in the blast-furnace hearth; y*, — indicator
value of the process thermal state at the furnace outlet.

Fig. 10. The basic connections of control parameters

First of all, it should be noted that all the basic parameters given in (Fig. 10) are characterized by
time and value of the action. The connections between parameters are characterized by transportation
and inertial lag values. In addition, the main items in the operating control chart (Fig. 10): commands for
supply, charge, iron tap, receipt of laboratory data occur at discrete time moments. These time moments
are not well coordinated with each other, they have variable sequencing intervals. Such an asynchronous
manner of actions considering non-stationary nature of lags results in a fact that the control system in
general (furnace foreman — blast furnace process) are ill-defined coefficients of transfer between the set-
ting actions and output parameters of the process. In extreme cases, coefficients of transfer may vary to
the greatest extent up to the system stability loss and change of the response sign from negative to posi-
tive. For example, when a blast furnace foreman makes a decision following the results of current labo-
ratory data which reflect the results of past effects as a result of lagging actions in the furnace. These
effects are already implemented by the current moment of time and cannot be changed. All these may
contradict to the current BF state, however the information on the current state has not been received yet
or will be received with a delay.

Therefore it is no coincidence that one of the basic provisions of process instructions on maintaining
the blast furnace modes is the requirement that blast furnace foreman should make sure after the adjusting
action that the action is directed to the necessary direction. It is only after that when blast furnace fore-
man may perform the next adjusting action. This condition is the check of appropriateness of the action
sign. But in the system in general the action is characterized not only by its sign of the coefficient of
transfer but by its magnitude as well. The indefiniteness of the transfer coefficient value may result in
low stability margin in the system and the occurrence of self-oscillations, which is observed in practice.

The solution in this situation is the model predictive control. The strategy of the model predictive
control is implemented based on identification of the control object model based on current data and de-
velopment of predictive control on its basis.

This strategy is based on consideration of the transportation and inertial lag of actions as well as non-
linear effects in the control system. In this case, the connection of the inlet design FR Augg(z,) with the re-
sulting value of output parameter Aysi(Z) is described in by a dynamic operator in the continuous case:

Ahg;(t,) = [ Mg (2, =T =) w(M)dh; (3a)
0
j wh)dh=1; (3b)
0
Aysi(ts) = F (Ahsi(t,)). (3¢)
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Here a non-linear static part (3¢) and a dynamic part (3a) with a unit transfer coefficient (3b) are distinguished
in the explicit form, where w(¥) — is the weight function, r;?i“ — the minimum value of transportation lag.

In the discrete option, the formulas take the form

Ahgi(t,) =Y g (t, =T =L ) weAh; (4a)
k
D wAhy =1; (4b)
k
Aysi(ts) = F(Ahs(t;)). (4¢)

In this case, the dynamic connection formula, for example, for the first order inertial process takes
the form

T
m 1 )\,
g (T 1) = [ By (1 = 1) 7-exp()d. 5)
0 TL TL
Where T, — time constant of lag; T}, — observation interval.
The formula of the forecast with the transportation lag value advance takes the form
Aysi(ts + 1" ) = appAher(Ty; ). (6)
The transfer coefficient for coke is determined based on the ratio

min .
dpp = Max g (T:?m, TL) _ (AySi (ts + T )’ AhFR (TL’ts ))s .
{ulis i} (Ahgp(Tp3t5), Ahgp(Tp5t,))g

Where Ahgz, Ays; — vectors of statistic data (-, -) — scalar vector product.

In a more general case, a considered strategy is being implemented at all the inlet adjusting actions
on the blast furnace process. The difference is that for many control actions having the gas nature,
the action lag is low in its value as considered to the coke supply therefore lag can be neglected here
which results in simplification of the identification problem solution.

(7

4. Evaluating the parameters of forecast precision and stabilization

of blast furnace parameters on its effectiveness

Stabilization of BF process parameter values (a smooth furnace operation according to the BF pro-
cess terminology) directly improves the process efficiency with implementing the model predictive con-

trol. It is demonstrable on Fig. 11. Here o, — rated root mean square deviation of actual data; 6,, —

optimal nominal root mean square deviation of actual data, 6, — target value.

Upon introducing the model predictive control, the root mean square deviation was reduced to o

opt >
which allowed bringing the process to the optimal mode.
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Fig. 11. The influence of stabilization of BF process mode parameters
on its efficiency with the model predictive control
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To illustrate this provision, Fig. 11 shows the ellipses of Si content scatter in iron based on the ac-
tual statistics of BF melts at a blast furnace. Here the effective mode is highlighted in red, which is dis-
tinguished subject to the blast furnace performance increase by 10% and corresponds to the conditions
of implementation of the expert system of model predictive control of blast furnace modes.

In the central part the mode with the allowable deviation of Si content in iron of £2% according to
the terms of reference. It is obvious that root mean square deviation of the Si content in iron 6, set by

the assumed terms of reference stipulates stringent and unrealisable frameworks of blast furnace process
with maintaining its basic technology.

Conclusions

The work suggests the method of multilevel resource-saving control of blast furnace process based
on implementation of the automated system for operating, adaptation and technical and economic con-
trol of the blast-furnace process.

Statistical data show that based on introduction of model predictive control 10% stabilization of
mode parameters can be reached. In this case the growth of profit of the blast furnace process exceeds
the costs of introduction of the model predicative control by many times.
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MHOIOYPOBHEBOE PECYPCOCBEPEIAIOLLEE YINPABJIEHUE
AOMEHHbIM NMPOLIECCOM

T.A. bapb6acoea
FOxHo-Ypanbsckuli 2ocydapcmeeHHbIl yHusepcumem, 2. HensbuHck, Poccus

PaccMoTpeHBl BOIPOCHI MOCTPOEHHST MHOTOYPOBHEBOTO PECYpPCOCOEpPErarolero yrnpaBiIeHUs
JOMEHHBIM TporieccoM. PecypcocOeperatoee ynpasiieHHE 11€7€c000pasHO BBINOJHATE HAa OCHOBE
BHEIPEHHUs aBTOMATU3UPOBAHHOM CHCTEMBI Al ONEPATUBHOIO, aJaNTHBHOTO M TEXHHKO-
SKOHOMHYECKOTO yNpaBJIE€HHs JOMEHHBIM IIPOLECCOM.

Ha ypoBHe amanTHBHOTO yHpaBIICHHS LEJIECOOOpa3HO OCYHIECTBISATh (POPMUPOBAHUE OITH-
MaJIbHBIX PEKUMOB pabOTHl TOMEHHBIX I€UeH 110 HarpeBy Ieuei, CTPYKType METaJUIOIINXThI, pac-
X0y MPHUPOJHOIO ra3a, KUCIOpOoJa ¢ y4eTOM TEKYLIUX U MIAHUPYEMBIX MapaMeTPOB KauecTBa KOK-
ca, eIe30pyJHOTO ChIpbs, AyTbs. OIpenerncHUue peKUMOB pabOThl JOMEHHOH Me4M MpeAasaraercs
OCYILECTBIIAITH HA OCHOBE HEMPOHHEBIX ceTeil KoxoHeHa.

Ha ypoBHe onepaTHBHOTO ynpasieHUs B paboTe MPEIoKEH METOA MOJIEIbHO-YIIPEKAAIOIIETO
YIPaBJICHUsI, MOBBIIIAONIMN MOKa3aTeIn d(PPEKTUBHOCTH UCIIOIBb30BaHUs pecypcoB. Meroj ocHO-
BaH Ha JECKOMIIO3MLIUHU OOIIEH 3amaun OnpeaesieHus] TUHAMUYECKUX XapaKTepPUCTHK CIOXHBIX TeX-
HOJIOTHYECKHUX IPOLECCOB HA YACTHBIC 337a4 TUHAMHYECKON CHHXPOHM3AIMH W UICHTU(QHUKALIH
HepeaToOuHbIX CBOMCTB. JlJIsl pelIeHus CIOXHBIX 3a7ad WACHTH(QHUKAIUU MPEAJIOKEHO HCIONIb30-
BaTh HCKYCCTBEHHBIE HEHPOHHBIE CETH.

[Ipn ouenke >peKTHBHOCTH BBEICHHS MOJEIBHO-YIPEKAAIOIIETO YIPABICHHS HEOOXOIUMO
HCXOANTh W3 CYIIECTBYIOIIEH peasbHOI CTATUCTUKHU pa3dpoca PeXMMHBIX ITapaMeTpoB JTOMEHHOTO
nporecca. Jeno B ToM, 4YTO BBEJEHUE MOJEIBHO-YNPEKAAIOMIETO YIPABICHHS HE MIPEANOoaaraeT Ko-
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PEHHOI CMEHBI TEXHOJIOTHH JOMEHHOH IiaBku. Kak 1 BO BceX cucTeMax yIpaBiIeHUs, 31eCh JOMCH-
HBIA TIPOIECC paccMaTpUBACTCA KaK 3aJaHHBIA OOBEKT YIPaBICHHUS CO BCEMH CBOMMH XapaKTCpH-
ctukamu. V3MeHEeHHe yCTaBOK MPOIlecca, COCTaBa CHIPhS HE BHOCHT KapAWHAILHOTO M3MCHCHHS B
pa3dpoc xapaKTepuCTHK Mporecca. OTHAKO MPH STOM BO3HUKACT MEPEXOIHBINA MPOLECC, HEOOXOIH-
MBI CHCTEME YIpaBJICHUS IS WACHTU(PHUKAIIMKA W3MCHHUBIINXCS YCIOBHHA. [lepexomHBIl mporecce
MIPUCYI] BCEM CHCTEMaM YIIPaBICHUS, U JOMEHHEIN IPOIIecC He SABJSICTCS UCKIIOUCHHEM. B pesyib-
TaTe MePEeXOHOTO Mpoliecca CUCTeMa YIPABJICHUS HACTPAUBACTCA HA ONTUMAIIBHBIA PEXKIM.

Kniouesvie cnosa: domennulii npoyecc, onmumuzayusi OOMeHHO20 Npoyecca, CamoopeaHu3yio-
wuecsa kapmel, Hetiponnvle cemu Koxonena, knacmepuoiil ananus, U-mampuya, MoOenbHO ynpexic-
oarowee ynpasieHue.
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PA3SPABOTKA CUCTEMbI ABTOMATUYECKOI'O YINPABJIEHUA
®JIOTAUMOHHbLIM NMPOLIECCOM XJTOPUCTOI'O KAJNUA

M.H. ®enbkep, K.[. bBaxmepesga

lMepmckuti HayuoHarnbHbIU uccrnedogameribCKUU noaumexHuU4YecKul yHusepcumem,
GepesHukosckuti ¢punuarn, . bepesHuku, Poccusi

B cTarpe paccMOTpeHBI CO3/IaHHE AITOPUTMA U CHHTE3 JIBYXKOHTYPHON CHCTEMBI aBTOMaTH4e-
CKOI'O YIPAaBJIEHUS YPOBHEM U IJIOTHOCTBIO BMECTO JEHCTBYHOLIEH OJHOKOHTYpHOH. Ilesib mccie-
aoBaHusi. Ctabuinm3anys IUIOTHOCTH M CTaOWiIM3anus MUTaHWUSA (BIOTAIIMOHHONW MAIIMHBI C TIOMO-
IIbI0 CO3/IaHMSI ABYXKOHTYPHOH CHCTEMBI aBTOMATHYECKOTO YIPABJICHUS YPOBHEM H IUIOTHOCTBIO C
LIEJIBIO YIIYUYIIeHUs KadecTBa KOHEYHOTo MpoaykTa. MaTtepuaJbl U MeToabl. [TockonbKy B cucreme
HET YHCTOTO 3ara3AblBaHus, TO HACTPOWKA PEryJsATOpa IPOU3BOIUTCS 10 METOY ITapaMeTPHUYECKOM
ONTHMH3AIMHY, @ UMEHHO: M0 KPUTEPUAM MOIYJIbHOTO ontuMyMa (MO) Wi CHMMETPUYHOTO ONTH-
myma (CO). [lns HacTpoiiky KOHTypa npumensiercs: takxke kputepuid MO/CO. Bcee cucrems! aBTo-
MAaTHYECKOT'O YIIPaBIICHHUS peaiin3oBaHbl B mporpammaoM makete MATLAB Simulink. ITocne cun-
Te3a JIOKAJbHBIX M KOMOMHHPOBAaHHBIX CHCTEM aBTOMaTrndeckoro perynuposanus (CAP) paccautsl-
BAIOTCSI OCHOBHBIEC MTOKA3aTeIH KadecTBa, YTOOB! y3HaTh, Kakas u3 CAP aBnsgerca Hanbosee nmpueM-
nemoii. KauecTBo ympaBieHHUs onpenesseTcs M0 TaKUMH II0Ka3aTelsiM, KaK BpeMs IIepex0IHOT0
Iporiecca, IepeperyIupoBaHie 1 omunoKa cucteMsl. IlepBrie 1Ba MOKa3aTens MOKa3bIBaOT TUHAMHU-
Ky Ipolecca, a MOCJeIHUH TOKa3aTeslb MOKa3bIBaeT TOYHOCTh CHUCTEMBI. 3akjao4yeHue. ['oToBas
JIByXKOHTYypHasl CHCTeMa aBTOMAaTHYECKOTO YIpaBJICHHUs, pa3paboTaHHAas B NMPOrpPaMMHOM IIaKeTe
MATLAB Simulink, coriacHo aHaau3y MOJyYEHHBIX TOKa3aTeNICH peryIHpOBaHus mpoiecca obec-
MIeYMBACT CTAOMIM3ALHIO IIIOTHOCTH U YPOBHS B arHTAIMOHHOM YaHe JUIsl (pJIOTalny.

Kniouegvie crnosa: pnomayus, peacenmuuiii pesjcum, nyiona, a2umayuoOHHuIL 4aH, cmaduiu3a-
Yus NIOMHOCMU, CMAOUTUZAYUSL YDOGHSL.

Beenenue

[onmyuyenne Ka4eCTBEHHOTO MPOLYKTa 3aBUCUT OT MHOTHX (D)aKTOPOB TEXHOJIOIMYECKOT0 Mpolecca, HO
0c000e BHUMaHHE HYKHO YACIUTH (PIOTAIMU XIJIOPUCTOTO KaJIHsl, MOCKOJIBKY Ka4eCTBO MPOIYKTa 3aBHCHT
OT TIPaBWIHLHO MOJ0OPAaHHOTO PEAareHTHOTO PEKHMA, YTO B CBOIO Ouepellb OOYCIIABIMBACT MOJICPIKAHHUE
3a7aHHbIX NapaMmeTpoB. DnoTanus — 3TO mpouecc oOoraeHUs
Menpuaiimmx MuHepanoB (00,8 MM), Ipy KOTOPOM IOJIE3HbIE
MUHEpaJbl OTAEISIOTCA OT MPUMECel U APYTHX HEUCIIONb3yeMbIX
MHUHEPAJIOB, NPU 3TOM HCIONB3YIOTCA HX (PU3MKO-XUMUYECKHE
CBOICTBa, 8 UMEHHO: Pa3JIMule B CMaYMBaEMOCTH BOOM.

Ha puc. 1 npencrapieH GioTallMOHHBIN annapaTt MHEBMaTH-
YEeCKOro0 KOJIOHHOTO THIIA, MCIONB3YIOUIUICS Ha MPeaNnpUITHN
00O «EBpoXum — YKK» B kauecTBe mepeuyucTHOW (poranmu
XJIOPUCTOTO KaJIHsl.

[ToaroroBnenHas myJbIia HaNpaBIAeTCs O TPYOOIIPOBOAY B
a’paTop, KOTOPbI yCTAaHOBJIEH B BEPXHEW YacCTH MAIIMHBI Hal
KaMepoil Qioranyy, HEMOCPEeICTBEHHO HA BEPTUKAIBHOU MH-
Taromieit Tpyoe [1].

Hanee mynpna nmoctynaeT yepe3 LEHTPaIbHbIH TPyOOIpoBOI
Ha PaclpeAeUTENbHOE KONbLO, TaM MOTOK JCIUTCS B HIKHEH
yacTu kKamephl. Uepe3 (HOpCYHKH MyJiblia BEIXOJUT B BEPTHKAIb-
HOM HampapiieHHH BBepX. [lockoibKy MalInHa SBISETCS camo-
BcachIBarolled (mpuHuun BeHTypwu), T. €. myjbla MOCTYMAaeT B

Puc. 1. ®noTauMoHHbIW annapaTt

a’parop Mmoja JaBieHUEM Ojarofaps IUIAMOBOMY HAcoCy, TO HET THEBMAaTUYECKOro KOMOHHONo TUNa
HEOO0XOIUMOCTH yCTaHaBJIMBAaTh JONOJIHUTEIbHBINA KOMIIpECCop Fig. 1. Pneumatic column flotation
JUTd HaaayBa Bo3ayxa [2]. apparatus
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CymecTByloIIasl cucTeMa aBTOMaTH3aI[UH M YIIPaBIeHUs (HIOTAIIMOHHBIM TIPOIIECCOM XJIOPHCTOTO Ka-
must ipeanpusitast OO0 «EpoXum — YKK» uMeeT ToIpKO peryMpoBaHie YPOBHS B aTHTAIIHOHHOM YaHe.
Ha puc. 2 npezcrasiieH aJroputM ynpasieHUs] YpOBHEM B arUTallAOHHOM YaHe.
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Puc. 2. Anroput™m ynpaBneHUsi ypoBHEM
Fig. 2. Level control algorithm

1. Pa3zpadoTka ajropurMa AByXKOHTYPHOI CHCTeMbl ABTOMATHYECKOr0 YNIPaBJIeHUs

YPOBHEM U IVIOTHOCTHIO

Co3nanue ABYXKOHTYPHOU CHCTEMBI aBTOMAaTUUYECKOTO YIPABICHUSA YPOBHEM U IUIOTHOCTH IO-
3BOJISIET JOCTHYb JBE IENW: CTaOWIM3aluu ITUIOTHOCTA W CTaOWIW3aIlMU NMUTAHUA (IOTAIIMOHHON
MAallWHBI.

Co3nanue adropuT™Ma YIpaBJICHHUS TBYXKOHTYPHOUM CHCTEMOH YIIpaBICHUS TO3BOJISACT OMPEICIUTh
MOPSIZIOK BBIPAOOTKHU YIIPABIAIOIMINX KOMAaH] M TOCIEN0BaTeIbHOCTh AelicTBui. Ha puc. 3 n3o0paxen
aJTOPUTM YIIPABJICHHS YPOBHEM U IUNIOTHOCTHIO.

2. CuHTe3 ABYXKOHTYPHOI cHCTEeMbl aBTOMATHY€CKOI0 YIIPaBJIeHHUSs

YPOBHEM H INIOTHOCTBIO

CuHTe3 cucTeMbl ynpaBieHHs (IOTALMOHHBIM IPOLECCOM XJIOPUCTOTO KajHs MOJpa3yMeBaeT Ha-
XO0XKJICHHE CTPYKTYPBI ATOM CUCTEMBI, a TAK)KE €€ MapaMeTpoB IJisl oOecrieueHHs 3aJaHHbIX IMOKa3aTeseh
KauecTBa YIPaBJIEHUS NMPH U3BECTHBIX BXOJHBIX BO3CHCTBHIX.

C y4eToM anropuTMOB YIpPaBieHUs ObUIM BBIACICHBI 2 JOKAIBHBIX KOHTYpa PEryJIMpOBaHUs YPOB-
HS ¥ TUIOTHOCTH B arMTAallMOHHOM YaHe.

OOBeKT ynpaBieHUs — arUTAIlMOHHBIN YaH — SABJSETCS eMKOCThIO, KOTOpas HaKaIlJIMBaeT U coxpa-
HSIET BEIIECTBO, TAKUMH CBOMCTBAMH 00JIajIaeT HeaabHOe HHTETPUPYIOIIEe 3BEHO.
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Puc. 3. Anroput™m ynpaBreHusi YypoBHEM U NSIOTHOCTbIO
Fig. 3. Algorithm for level and density control

Hepe;[aTquaﬂ (bYHKI_II/ISI aruTalliOHHOI'O YaHa UMECT BU .

K
WALI = ﬂ.
p

(1

YpoBeHb B yaHEe 3aMepsieTCsl paJapHbIM YPOBHEMEPOM, TA€ U3MEPEHHUE YPOBHS OCHOBAHO HA 3aBU-
CUMOCTH TMapaMeTpPOB KOJIeOaHUI AMEKTPOMArHUTHBIX BOJIH OT BBICOTHI ypoBHS. [lepenarounas ¢yHk-

oy JaTYUuKa YPOBHSA BBITJIAAUT CICAYIOIIUM 06p330M:

Wﬂy ZKHV'

2
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HcnomauTensHbId MEXaHW3M BKITFOYaeT B ce0s mpeoOpazoBaTellb YaCTOThI, ACHHXPOHHBIN JIBHUTa-
TeJb ¥ Hacoc, TepelaTouHbie (PYHKIIMU KOTOPBIX MPEJICTABIISIIOT B BUIEC allepUOJMUECKOT0 3BEHA MEPBO-
ro mopsiaka [3]:

Yip) __K
Wp)=——=—" 3)
X(p) Ip+1

Ha puc. 4 npeacraBieHa CTpyKTypHasi CXeMa peryJIMpoBaHus YPOBHs B arUTAlIMOHHOM YaHe.

Lia Ly To panm/c M3/q .M
Perynarop IIpeobpazoatens . Sl | ATHTanHmoOHHEI
> * IlBuraTeln *Hacoc »
YPOBHSA JACTOTEI qaH
Jatdank
VPOBHA

Puc. 4. CTpyKkTypHas cxemMa perynmpoBaHus YPOBHSI B arUTaLlMOHHOM YaHe
Fig. 4. Block diagram of level regulation in the agitation vat

Janiee mpoBOUTCS pacu€T BCeX 00BEKTOB, KOTOPHIC BKIIFOUAET B ¢€0s1 CTPYKTYpHas cxema (puc. 5).

Yacrora epawgenus, Ny
| |

Yacrora epawienus, pag/c

Pacxon, m3/c

YpoBeHs,M

0 i i i i
0 5 10 15 20 25

Puc. 5. Fpadmk nepexoaHoro npotiecca 3anonHeHUs YaHa
Fig. 5. Schedule of the transient process of filling the vat

ITockonpKy B cCMCTEME HET YHCTOTO 3alla3[bIBaHUsA, TO HACTPOMKY PEryasTopa MpOU3BEIEM IO Me-
TOMY TTapaMEeTPUUIECKON ONTUMHU3AIIUH, & UMEHHO 10 KPUTEpHsIM MOAYIbHOTO (MO) M cCHMMETPUYHO-
ro ontumyma (CO).

CrpykTypHasi cxema cucTeMbl ympasiieHus ypoBHeM c IIM/[-perymsaropom mpuBeaeHa Ha puc. 6.
I'paduk nepexogHoro mpoiecca NpUBEICH Ha puc. 7.

Kontyp perynupoBanus IJIOTHOCTH B arnTallMOHHOM YaHe 00ecHeyrBaeT CTaOMIM3aLUIO TIIOTHO-
CTH B 3a7laHHOM HMHTepBasie. CTabuin3aius IIOTHOCTH OCYIIECTBISIETCS] PeryIMpoBaHHeM pacxoza 6o-
Jiee TYCTOW MyJIbIIBI Yepe3 3alopHO-PeryIupYIONIyI0 apMaTypy (fanee kiamaH), KOTopas MOCTYMaeT U3
camoii (hJIOTAIMOHHOM KaMEPhl B arUTallMOHHBIN YaH.
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Fig. 6. Control system with PID controller
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Puc. 7. N'pachmk nepexogHoro npouecca B cucteme ynpasneHus ¢ NUQ-perynatopom
Fig. 7. Transient graph in a control system with a PID controller

B nanHOM KOHTYpE pErynHpoBaHUs OOBEKT YIPABICHUS — aruTAllMOHHBIA YaH — SBIIACTCS €MKO-
CThIO, KOTOpasi OCYILIECTBIISIET CMEIIUBAHUE TYCTOW MYJIbIIbI C MATOUYHBIM PACTBOPOM, U JUISl JOCTHXKE-
HUSL OJTHOPOJTHOW IyJBITBI HYXKHO BpPEMS, MO3TOMY TiepenaTodHast (pyHKIus 00beKTa YIpaBICHHS IPH-
MET BUJ MHEPIIMOHHOTO (arepHOAMYECKOr0) 3BeHa MepBoro nopsjaka. llepematounas ¢yHKIus aruTa-
LIMOHHOT'O YaHa UMEET BUI:

Wau :—T R : “)

Ay p+l

IlnoTHOCTH B YaHe 3aMepsIeTCsl MPOTOYHBIM TIIOTHOMEPOM, TJI€ U3MEPEHHE TIIIOTHOCTH MTPOUCXOIUT

Hanpsimyto. [lepenarounas ¢hyHKIMS JaTIMKA TPUMET BUJT:

Wi = K- ®)
VcnonHuTensHBIM MEXaHU3MOM SIBIISICTCA KJIalaH, NepeaaTrodyHas (pyHKIHS KOTOPOTO BBIIJISIHUT
kak hopmyna (3).

Ha puc. 8 mpencrapieHa CTpyKTypHas cXeMa PEeryJIMPOBaHUS INIOTHOCTH B arUTAI[AOHHOM YaHeE.

i3£l P i
- eryJsiTo y Aruranuosn-
—_—— YIATOP | > Kranan a >
— IJIOTHOCTH HBIH YaH
I
Jaruuk
MJI0THOCTH

Puc. 8. CTpykTypHasa cxema perynmpoBaHusi NNIOTHOCTU B arMTaLlMOHHOM 4YaHe
Fig. 8. Block diagram of density regulation in the agitation vat

Hanee npoBoauTCs pacuéT BceX 00bEKTOB, KOTOPBIE BKIIIOUAET B ce0sl CTPYKTypHas CXeMa.
[locne moaenupoBanus ObUIM MOTYYEHBI TpadUKH NEpexoTHBIX MPOLECCOB, KOTOPHIE MPECTaBiIe-
HBI Ha puc. 9.
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Puc. 9. Npachmk nepexogHoOro npowecca 3anosiHeHUA YaHa
Fig. 9. Schedule of the transient process of filling the vat

Jlnst HacTpolKK KOHTYypa npuMensieTcst Takke kputepuit MO/CO [4]. Bepercst pa3oMKHYyTast cucTeMa
C Y4ETOM JIaTYMKa IUIOTHOCTH, & TAK)KE BBOAUTCS AOMOJIHUTENBHbIN K03 dumenT, paBHbiid 0,2, KOTOPHIH

OyzeT mepeBoAUTh CUTHAN MTPOIIEHTHOT'O 3a/IaHKs OTKPBHIBAHMS KJlallaHa B aHAJIOTOBBIN curHai [5-8].

CrpykTypHasi cxema cucTeMbl yrnpasieHus ypoBHem c I[IH-perymsaropom mpuBeaena Ha puc. 10.

I'padux nepexoanoro mpoiecca npuseaeH Ha puc. 11.
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OO0bearHIM KOHTYP PEryIHpOBaHHUS YPOBHS IMYJbIbl B arHTAlIMOHHOM YaHE C KOHTYPOM peryiu-
POBaHUs IUIOTHOCTU IIyJIBIIBL, TIPUYEM JIOKAJIBHBIM KOHTYp PeryJMpOBaHUs IUIOTHOCTH OyIEeT BO3MY-
HIAFOIIMM BO3AEHCTBUEM ISl IOKAJIbHOTO KOHTYpa peryIupoBanus ypoBus [9—12].

CrpykTypHas cxema u rpaduKu NepexoTHBIX TPOIIECCOB Mpe/cTaBlIeHbl Ha puc. 12 u 13 cootBer-
CTBEHHO.
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3. AHAJIM3 NMOJTYyYeHHBIX CHCTEM aBTOMATHYECKOI0 PeryJIMpoOBaHusA

[Mocne cuHTe3a NOKAIBHBIX U KOMOMHUpOBaHHBIX CAP HE00X0AMMO paccuuTaTh OCHOBHBIC TIOKa-
3aTeny KadecTBa Ui yaoctoepeHus, uto CAP saBisercs npuemiieMoil. PaccMoTpuM OTAENBHO MOKa3a-
Tenu KauecTsa JokanbHeIX CAP u komOunupoBannyo CAP.

KauecTtBo cuctemsl omnpenensercs TaKUMHU MOKa3aTeIsIMH, Kak BpeMs MEpexoJHOro mpolecca, mne-
peperynupoBaHue U omubOka cucteMbl. llepBble aBa Mokas3aTensl MMOKa3bIBAIOT AMHAMUKY Ipolecca, a
MOCJIEAHUH NOKa3aTeNnb MOKa3bIBa€T TOYHOCTh CUCTEMBI.
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Bpems mepexomHoro mporecca mokasslBaeT odliee BpeMs Ipolecca, 32 KOTOpOe BBIXOJHAs BENU-
yuHa /() BXOAUT B MSATUIIPOLEHTHYIO 30HY U HE BBIXOAWT U3 Hee. DTOT MOKa3aTelb XapakTepusyeT Obl-
cTpojeicTBre cuctemsr [ 13—-15].

Hanee npeacrasieHa cBoIHast TabIMLA TOKa3aTeIeH KauecTna.

OcHoBHbIe nokasarenu kayectsa CAP
The main indicators of the quality of ACS

IK
CAP > © o, % e()
CAP ypoBus 0,674 7,5 0
CAP nnortHocTH 110,3 0 0
VYpogens/[InoTHOCT, | YpoBeHb/[LmOTHOCTD
KomOunuposannast CAP 0.493/110,3 4.3/0 0

3axioueHue

l'oToBas IBYXKOHTYpHAsi CHCTEMa aBTOMATHUYECKOTO YIpaBlieHHs, pa3padOTaHHas B IPOrPAMMHOM
nakere MATLAB Simulink, cornacHo anHanu3y mHoNydeHHBIX MOKa3aTeel mpolecca oOecrneyruBacT
CTaOMIIM3AIHIO TUIOTHOCTH M YPOBHS B arUTAIIHIOHHOM YaHe sl PIoTaIHH.
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DEVELOPMENT OF AN AUTOMATIC CONTROL SYSTEM
FOR THE FLOTATION PROCESS OF POTASSIUM CHLORIDE
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Perm National Research Polytechnic University, Berezniki Branch,
Berezniki, Russian Federation

The article discusses the creation of an algorithm and the synthesis of a two-loop automatic
control system for level and density, instead of the current single-loop one. Aim. Density stabili-
zation and stabilization of the flotation machine power supply by creating a two-circuit automatic
level and density control system in order to improve the quality of the final product. Materials
and methods. Since there is no net lag in the system, the controller is tuned using the parametric
optimization method, namely: according to the criteria of modular (MO) or symmetric optimum
(CO). The MO/CO criterion is also used to adjust the contour. All automatic control systems are
obtained in the MATLAB Simulink software package. Control quality is measured by metrics
such as transient time, overshoot, and system error. The first two indicators show the dynamics of
the process, and the last indicator shows the accuracy of the system. Conclusion. The finished
two-loop automatic control system, developed in the software package MATLAB Simulink, ac-
cording to the analysis of the obtained process parameters, provides stabilization of the density
and level in the agitation tank for flotation.

Keywords: flotation, reagent mode, pulp, agitation vat, density stabilization, level stabilization.
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YOK 004.8 DOI: 10.14529/ctcr210114

ANTOPUTMUYECKASA YCTOUYMBOCTb
HEWPOHHbIX CETEWU NMYBOKOIo ObY4YEHUA
NPU PACNMO3HABAHUUN MUKPOCTPYKTYPbl MATEPUAJIOB

P.A. Knecmoe, A.B. Knroes, B.FO. Cmon6oes

lMepmckuli HayuoHarnbHbIl uccriedosameribCKull MoauUMexHU4YecKul yHusepcumem,
2. lNepmb, Poccus

Hccnenyercst pa3neneHne AaHHBIX U1l 00y4eHHs HEHPOHHOH ceTH Ha 00yJarolie U TECTOBbIC
B Pa3IMYHBIX MPOMOPUHUAX IPYT K Apyry. CTaBHTCSI BONIPOC O TOM, HACKOJIBKO Ka4eCTBO pacipese-
JICHUS! TaHHBIX M UX IPaBUIBHOCTH AaHHOTHPOBAHMS MOTYT HMOBJIMATH HAa KOHEYHBIH pe3ysbTaT IO-
CTpOEHMSI MOZEIHN HeWpOoHHOU ceTu. B pabore mccnemyercst anropuTMuieckasl yCTOMIMBOCTh 00Y-
YeHUsI NTyOOKOM HEHPOHHO ceTH B 3a7a4ax paclio3HaBaHHUs MHKPOCTPYKTYPHI MaTepHraioB. Mccie-
JIOBaHHE YCTOMYMBOCTH Tpolecca 00ydeHHs MO3BOJISET OIIEHUTh pab0oTOCIIOCOOHOCTh HepoceTeBO
MOJIETT! Ha HETOJHBIX JaHHBIX, UCKaKEHHBIX Ha BenuuuHy 10 10 %. Leab ucciaenoanus. Mccie-
JIOBaHUE YCTOMYMBOCTH Ipoliecca 00ydeHus] HEHPOHHOW CeTH MpH KiacCH(DUKALUH MUKPOCTPYK-
Typ (GYHKIMOHAIBHBIX MaTepHaioB. MaTepuajbl U MeTOAbI. VICKyccTBeHHass HEHpOHHas CeTh
SIBIISICTCS OCHOBHBIM MHCTPYMEHTOM, Ha 06a3e KOTOPOT0 MPOU3BOIATCS HCCIIeOBaHUS. conp3yIoT-
csl pa3HbIe MOATHUIIBI NTyOOKUX CBEpTOUHBIX ceTeil, Takue kKak VGG u ResNet. O6yuenue Heiipoce-
Tl BeIeTcsl ¢ MOMOIIBIO YCOBEPIICHCTBOBAHHOTO METO/a OOpPAaTHOTO PAacHpOCTPaHEHHs OIIHOKH.
B xauecTBe ncciemxyeMoii MoJIeNIn HCHOIB3YETCsl 3aMOPOKEHHOE COCTOSIHUE HEHPOHHOH ceTH 1o-
CJIe ONpEeeNICHHOTO KOJIYecTBa 31ox o0yueHns. [IpousBeneHo ciaydaiiHoe pacrpeeneHie Kojmde-
CTBA MCKJIIOYaEMBIX M3 MCCIIECIOBAHMS JaHHBIX JJISI KQXKIOTO Kiacca B IISTH Pa3INUHBIX BapHAHTAX.
PesyasTaTsl. VccnenoBan npoiecc o0ydyeHus: HEHpOHHBIX cereil. [IpoBeneHB! pe3ynbTaThl BbI-
YHCIUTENbHBIX AKCIIEPUMEHTOB 110 00YUYECHHIO C MTOCTENCHHBIM YMEHBIICHUEM KOJMYECTBA HCXOI-
HBIX OTAaHHBIX. I/ICCHG}IOB&HBI HNCKAXCHUA PE3YJIbTAaTOB BBIYHUCICHUA IIPU U3MCHCHUHN JAaHHBIX C IIa-
oM B 2 TIpOIEHTA. BBIsIBICH MPOIICHT OTKIOHEHMs, paBHBIN 10, mpu KOTOpOM 00ydeHHas Helpoce-
TeBast MOJEJNb TEPSIET yCTONUMBOCTh. [IpuBEIEHBI IPOMEKYTOUHBIE PE3YJIbTATHl BEIUUCICHHS A0 UC-
CJIEIOBAaHUS YCTOMUYMBOCTH MoAeIH oO0y4ueHHs. 3ak/roueHue. [lomydeHHbIe pe3ynbTaThl 03HAYAIOT,
YTO IIPpU YCTAHOBJICHHOM KOJIUYCCTBECHHOM HJIM KAYCCTBCHHOM OTKJIIOHCHUU B 06yqa10meM HJIn TCC-
TOBOM MHOKCCTBAX pe3yjibTaTraM, KOTOPBIC MMOJIYYarOTCA C ITIOMOIIBIO O6y‘{eHI/I$[ CCTHU, BpAI JIN MOXK-
HO JI0BePATH. XOTS pe3yJIbTaThl JAHHOTO HUCCIIEA0BAHMS IIPUMEHUMBI IUIsl YaCTHOTO ciydasd, T. €. 33/1a-
YM paclio3HaBaHMUSI MUKPOCTPYKTYpHI ¢ momoinsio ResNet-152, aBrops! npemaraior 6osee mpocTyro
METOJUKY HMCCIICIOBAaHMsI YCTOHYMBOCTH HelpoceTell Iiry0oKoro oOydeHns: Ha OCHOBE aHaJi3a Tec-
TOBOTO, a HE 00yJaIOIIEero MHOXECTBA.

Kniouesvie cnosa: enybokue nelipocemu, pacnosnasanue u Kiaccugurayus uzoopadjicenul,
aneoOpUMMU4ecKas yCmoudugoCmy, MeCmogoe MHOICECMBO, OKPECMHOCMb YCHOUYUBO20 PEULEHUS.

Beenenne

UzBectHa mpobieMa mombopa 0Oy4arollero M TECTUPYIOIIET0 MHOXECTB B 3a/la4aX MAIIMHHOTO
00y4eHus1, K KOTOPBIM TaKKe OTHOCSITCS 3aJau ITyOOKOT0 00y4YEeHHUs € LENbIO MpencKa3aHus HU3UKO-
MEXaHMUYECKUX CBOMCTB (DyHKIHMOHAIBHBIX MaTepuaioB [1-3]. MHorue uccienoBaTeny B 001aCcTH Ipu-
KJIQJIHBIX PAcYeTOB MCIIONIB3YIOT MPABHUIIO pa3felieHrs] BCEro JOCTYITHOTO MHOXKECTBA Ha oOydaroliee 1
Tectupytoniee B cootHomeHun 80/20 nmuoo 70/30. Kak npaBuiio, apryMeHTalus TaKOTo pPa3iciCHUs He
npuBoauTca. YTo Kacaercsi peKOMEHAAMi 10 00beMy 00yUaroIero MHOXKECTBA, TO OHU M BOBCE OTCYT-
CTBYIOT, KPOME YTBEPIKJICHUH, YTO MOIIHOCTh MHOKECTBA JOJKHA OBITH OOJIBIIEC KOJTHMYECTBA MapaMeT-
poB HelipoHHO# cetu B 3—10 pa3. /st HEKOTOPHIX ceTel CYIIECTBYIOT TEOPETHYECKH O0OOCHOBAHHBIC
oueHku. Hampumep, B kinaccuueckoid padore [4] mpuBOAXUTCS MpUMeEpHasl OLIEHKAa KOJMYECTBa 00y4aro-
IIMX JAHHBIX L U1 MHOTOCJIOWHBIX HEHpoceTel IpsMOro pacpoCTpaHEeHUS:
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L=W/e,
rae W — KoImM4ecTBO CHHONITUYECKUX CBsi3el (BecoB); € — ommbka oOyuenus. Hampumep, npu ommoke
B 0,1 monyuaercs npaswio 10X. B pabore [5] miss MHOTOCIONHBIX CeTel MPSIMOIO PaclpOCTPaHEHUs
C OJTHUM CKPBITBIM CIIOEM IPUBOJIUTCS OLIEHKA BEIMYUHEI L B BUJIS

2(n+m+p)<L<10(n+m+p),
TA€ n,m, p — KOJMYECTBO HEHPOHOB BO BXOJHOM, B CKPBITOM M B BBIXOJHOM CJIOSIX COOTBETCTBEHHO.

Orta oLeHKa SIBISICTCA CIEACTBHEM TEOPEMBI CyllecTBOBaHUs Helpocereil KonmoropoBa — ApHonpaa —
Xext — Hunbcena [6].

Ceroaus riy0oKkre UCKYCCTBEHHbIE HEHPOHHBIE CETH CBEPTOYHOIO TUIA MPUMEHSIOTCS BO MHOTHX
obmactsx. C MOMOILIbI0 MIJIJIMOHOB NPEIBAPUTENBHO KJIACCH(HUIIMPOBAHHBIX CHUMKOB, COOPaHHBIX B
MacCHBHBIX 0a3ax JaHHBIX aHHOTHPOBAHHBIX M300paskeHnH, Takux kak ImageNet wim COCO, u metoaa
00paTHOTO PacTpOCTPaHEHHs OIMIMOKH yJANoCh AOCTHYb NEHCTBUTEIHHO BIEYATISIONUINX PE3yIbTaTOB
[7-9], npexne Bcero B 3amauax KiacCH(pHUKaIUu n3o0paxkeHuid. Takum oOpa3om, HaumHas ¢ 2012 r.
CBEPTOYHBIE CETH MOXHO CUMTATh TPAJULMOHHBIM METOJIOM KOMIIBIOTEPHOTO 3PEHHUSL.

Haunbonee Tounoi, ecnu He cunrtats Masion3yueHnyto SENet (Squeeze-and-Excitation Networks), u ar-
pobupoBaHHO# ceThio sBisiercs ceth ResNet (Residual Network). Ona Obiia npemyioskera B 2015 r. u Toraa
xe nodemia B ILSVRC. Asropsr Kaiming He, Xiangyu Zhang, Shaoqing Ren u Jian Sun 3ametuny, uro
NpH YBEITMYEHUHU TTyOHUHBI CETH OMIMOKA Ha 00YYaroLIeM 1 BATMIALMOHHOM MHOMKECTBE HaKarumBaeTcs [5].

Kpome toro, cymectByer npobieMa OleHKH KadecTBa o0ydaromero MHoxecTBa. Het yerkoro ot-
BETa Ha BOIIPOC: HACKOJBKO OMMOOYHO aHHOTUPOBAHHBIE M300paKEHUSI MOTYT MOBIHUITH HA PE3yIbTaT
o0yuenus? Hampumep, 70CTaTOYHO YacTo paboTy KiacCHPpUUUPYOLEeH HEHPOHHON CETH CPaBHUBAIOT C
paboToli 4yenmoBeka. SIBiseTcs JiM Takas OIICHKa crpaBeaiuBoi? Benb oOyuaroiiee MHOXKECTBO COMACp-
JKUT aHHOTHPOBAHHBIE JAHHBIE, KOTOPHIE TOTOBWIKCH JIIOJbMHU U KOTOPBIE, B CBOIO OYepeib, CoAepKar
Te caMble OIIMOKH. HacKoNbKO 3TH OMNMOKH MOTYT HCKaXaTh pe3yabTar?

U3zBecTHO, uTO DyHAaMEHTaIbHAs TeOpuUsl paBHOMepHOU cxoaumocT B.H. Bannuka — A 5. Uepso-
Hernkuca [10] TpakTyer ¢araibHbIe OIMOKH adropuTMa oOy4YCHHs] KaK HapyllleHHE aJrOpUTMUYECKON
ycroiunBoCTH. 1lox ycTOHYMBEIMU OOYYaIOIIMMU aIrOPUTMaMH IOHUMAIOTCSI TaKue, KOTOpble GpopMu-
PYIOT TOJNBKO T€ THIIOTE3bI, Pe3yIbTaT NPUMEHEHHUS KOTOPHIX W3MEHSETCS] HE3HAYUTEIBHO MPU MAJIOM
U3MEHEeHUH oOy4atoniel Beioopku [11, 12]. B pamMkax naHHOl Teopuu HaleHbI CEMEWCTBA TAKUX aJro-
PUTMOB, HaIlpUMeEp, PErPECCHs], METO]I OTIOPHBIX BEKTOPOB U T. 1.

OOyuenue riry0OKHX HEMPOHHBIX CETEH BPs JIM MOXKHO MPOAHATU3UPOBATh B PaMKaxX TEOPUH PaB-
HOMEpPHOW CXOJMUMOCTH, HO HYHCJIEHHOE HCCIIEJOBAHHE Ha YCTOWYMBOCTh KOHKPETHBIX CETed MOXKET
OBITh BITONHE AocTymnHO. Hampumep, B pabote [13] mpoBeneHo McciaejoBaHUE BIHUSHUS Pa3MepoB 00y-
YalOIIEro U TECTHUPYIOLIETO0 MHOXKECTB HA TOUYHOCTh U 00OOIIAIONIYI0 CIOCOOHOCTD TPEXCIOHHOM HEel-
pocetn MLP B 3amaye Ounapnoii knaccuduxanuu. B padote [14] uccnenyercs To4HOCTh U pa3dpoc ce-
™1 GooglLeNet B 3amadye kiaccUpUKaIMK YacTel TeJla M0 CHUMKaM KOMITBIOTEpHOM Tomorpaduu. Pas-
Mep 00ydJarolero MHOXKECTBa MoIOUPaeTCsl HA OCHOBAaHWY aHaJM3a TOYHOCTH pe3yabTaToB 00yueHus. K
HelocTaTKaM AaHHOW paOOThl MOXXHO OTHECTH TO, YTO 3aBUCHMMOCTb TOYHOCTH OOyueHHs OT oObema
oOyuaroleil BBIOOPKH pacCUUThIBAIACh HA OCHOBAHUHU 6 YHCIEHHBIX SKCIIEPHUMEHTOB (II0 KaXXIOMY H3
KJIACCOB), & caMO TECTHPYIOIIee MHOXKECTBO IMONYYaloCh B pe3ylbTaTe MpOUeAyphl pa3jieieHus: o0y-
YaroIero MHOXECTBa B poropuuu 75/25. OqHaKko eciu OTCYTCTBYET YCTOWYMBOCTh O0YUCHUS, TO 1aH-
HBIM pe3yJbTaTaM BpsiZ M MOXKHO A0BepATh. Kpome TOro, KOJIM4ecTBO JaHHBIX AJIS NPEACTaBUTEIbHO-
CTH KJIacCa MOXKHO YMEHBIIIHTh, €CJIH MCIIOJIb30BaTh IPEABAPUTEIIFHO 00yUYeHHbBIC Moaeu [ 15, 16].

1. UcciienoBanue yCcTOHYNBOCTH

[Iporecc uccienoBaHUs YCTOMUMBOCTH 3aKJIIOYANICS B IMOUCKE TAaKOM OKPECTHOCTH CTaOMIIBHOTO
pelieHus, Tpyu KOTOPOM MPOUCXOAUT HapyIIeHHWE PAaBHOMEPHOTO XapaKTepa CXOIUMOCTU K CPEAHEMY.
[lon crabunbHBIM pelieHHEM MMOHUMaNlach 00ydeHHas riry0okas cetb Resnet-152. Cetp oOyuanach mis
peleHus 3a/1a4n Kiaccu(UKaIu H300pakeHH MUKPOCTPYKTYP 10 TBEPJOCTH METAIUTMYECKOTO CILIa-
Ba Ha OCHOBE JKese3a. B kaduecTBe 00yUaromero MHOXKECTBA BBICTYNAIN AaHHOTHPOBAHHBIE CHUMKH MHK-
POCTPYKTYpHI CIUIABOB, IPUMEPHI KOTOPBIX NpHBeAeHBI Ha pHc. 1. [Ipu 5TOM MHKpOCTpyKTypa, NpUBe-
JIeHHas1 Ha pHC. | creBa, COOTBETCTBYET CIUIaBy ¢ MUKpoTBeprocThio 1900 MIla, a cipasa — 7000 MIa.
Bce ncxoaHbpie n300paeHnss MUKPOCTPYKTYP ObUTH pa30ouThI Ha 14 KI1accoB MO TBEPAOCTH MaTepraa.
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Puc. 1. Mpumepbl CHUMKOB MUKpolunuda maTtepuana, BKOYeHHbIe B 06yyalollee MHOXeCTBO
Fig. 1. Examples of microsection images of a material, included in the training set
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B mpouecce obyuenus cetn Ha 200-ii 3moxe Obl1a AOCTUTHYTA TOYHOCTH 83,9 % mo ouenke Top-3,
IIOCJIE Yero Beca ceTH ObUIM 3aMoposkeHbl. OIeHKa TOYHOCTH MPOU3BOIMIACE HA BATUAAMOHHOM MHO-
JKecTBe, cocrosmeM u3 1097 aneMeHTOB, He MPEeIbSIBICHHBIX CeTH Npu ee oO0ydeHuu. [Ipouecc cxonu-
MOCTH I10 TOYHOCTH, PaCCUUTAHHON Ha 00YyYaroleM MHOXKECTBE, H300pakeH Ha puc. 2.
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Puc. 2. TouHOCTB Ha oByyatoleM MHoxecTBe Ans cetent VGG-16' VGG-16 n ResNet-152: a — Top-1; 6 — Top-3
Fig. 2. Accuracy on the training set for networks VGG-16', VGG-16? and ResNet-152: a — Top-1; b — Top-3

Cetp ResNet-152 moka3biBaeT BEICOKYIO CKOPOCTh CXOAMMOCTH. [IpakTHYecKku 3a HECKOJIBKO 3IOX
Obu1a focturayra TouHocTh 80 % 1o Top-3 (puc. 26). [Ipu 3ToM mporecc 00y4eHus! yCTOHYHB.

B 1ab6n. 1 moka3sansl pe3yapTaThl 00yUeHHs, BBIIIOJHEHHBIC IO Pa3HBIM OLICHKaM, Ha 00y4aromeM u
BaJIMIALIMOHHOM MHO)KE€CTBaX.

Tabnuua 1
Pe3ynbTaTbl 06y4yeHUs ceTen
Table 1
Results of training networks
TouHOCT Ha 00y4aroIeM MHOXeCTBe | TOYHOCTh Ha BAIMAAIIMOHHOM MHOXECTBE
CeTth
Top-1 Top-3 Top-1 Top-3
VGG-16' 0,9751 0,9975 0,4704 0,8117
VGG-16 0,9712 0,9970 0,5203 0,8142
ResNet-152 0,9593 0,9978 0,6243 0,8933

OnpeieseHHON HEOKUIaHHOCTBIO CTAIO TO, YTO, HECMOTPSI Ha HEYCTOHYMBOCTH OOYUCHHUSI, HETIpe/I-
obyuenHas cetb VGG-16 mokasaia 3HAYMTEIBHO Tyumiuii pe3ynbrat Top-1 B CpaBHEHHH ¢ Mpenoby-
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YEHHOW BEepCHEH 3TOMH ke CeTH. DTO MOXKHO OOBSICHUTH TE€M, UTO MEPBbIC CJIOM CBEPTOUYHOM Henpeaooy-
YEHHOH CETH CMOTJIM JIY4IIEe MPUCIIOCOOUThCS K Crienu(puIecKiuM u300pakeHusmM Mukpouutudos. [Ipe-
no0ydeHHas CeTh IPEABAPUTEIILHO 00yJyanach Ha O4€Hb OOJIBIIIOM U Pa3HOOOpPa3HOM MHOXECTBE (OTO-
rpacuii. DTo yIIyuIIMIO YHHBEpCATbHbIE cBoiicTBa ceTH VGG-16' (B 0COGEHHOCTH ee MepBHIX CIIOEB),
HO YXYAIIUIO CTETIEHb PACcIiO3HABAHUS CTPYKTYD CHEIHAILHOTO BUJIA.

Kax u npeanomnaramnocs, cetb ResNet-152 moka3zana syamuit pesynbrat — 89,3 % mo onenke Top-3.
[loka3aHHasi TOUHOCTH MO3BOJIET UCIOIB30BAaTh O0OYUCHHYIO CETh B KaYeCTBE AApa MHTEIUICKTYaIbHOM
CHCTEMBl KOMIUIEKCHOTO OLIEHUBAHUS MPOYHOCTHBIX CBOWCTB (DYHKLHMOHANBHBIX U KOHCTPYKLIHMOHHBIX
MaTepraoB.

CymecTBeHHOE yiyulieHne pe3ynbraTtoB ResNet-152 Obu10 1OCTUTHYTO MPH YIIy4YIIEHUH KauecTBa
oOyyaromero MHOecTBa. 13 Hero ObLIM MCKIIIOYEHBI OOpa3lbl CHUMKOB C KPaTHOCTBIO YBEIWYECHUS
x40. Bo-niepBbIX, UX KOJIHYECTBO OBLTO HEOONBIINM, BO-BTOPBIX, CHUMKH C TAKOH KPaTHOCTHIO TPUCYT-
CTBOBAJIM HE BO BCEX KJIaccax HM300pakeHWH. BbIIO clenaHo mpernosiokeHune, YTo JAaHHbIE CHUMKU
YXyIIAKOT pe3ynpTaThl 00yueHus. [lpeanonoskenne nNoATBEpAMIOCH, TaK KaK B pe3ysbTare 00ydeHus
To4HOCTh ResNet-152 Boipocna u nocturia Benudunsl 92,1 % mo Top-3 u 66,2 % no Top-1. B Tadm. 2
MIPEJICTaBIEHbl TOYHOCTH Paclo3HABaHMS 0 KJIaccaM MaTepHara.

Tabnuua 2
TouHoCTb pacno3HaBaHUA No KnaccaM Marepuana
Table 2
Accuracy of recognition by material classes
Homep kracca To4YHOCTH Ha BaTUJALIMOHHOM MHOYXECTBE

Top-1 Top-3
0 0,718 1,000
1 0,812 1,000
2 0,593 0,843
3 0,562 0,812
4 0,375 0,937
5 0,937 1,000
6 0,687 0,937
7 0,500 0,933
8 0,562 0,875
9 0,906 0,906
10 0,937 1,000
11 0,375 0,843
12 0,894 1,000
13 0,590 1,000

45 Jlydmiasi TOYHOCTh 1O OOCHM OIICHKaM JOCTHI-
an HyTa B Kiiacce 10. Xymrmast TOYHOCTh 110 o1eHKe Top-

1 mosryuena Ha kiaccax 11 u 4. Ilpu 3TOM 1O OLIEHKE
30 - Top-3 Ha 3THX ke KJlaccax IOCTUTHYTa MpuemiieMast
15 ' : TOYHOCTB, KOTOpas coctaBmia 84,3 %.
10 D Omnpenenenre TOYHOCTH PabOTHI CETH IO TECTO-
JE S BOMY MHOXECTBY MOKA3aJI0, YTO TIOTHOCTB PacIpe-
JIeJIEHUS] TOYHOCTH MOXKET OBITH anMpoOKCHUMHUpPOBaHa
pacnpenenenueM Ilupcona mnepsoro popa, IUCTO-
rpamMma KOTOpOro nprBeAeHa Ha puc. 3.

ik s u3ydeHus: yCTOMYMBOCTH OOYYEHHOW CETH
' TECTOBOE MHOKECTBO TIO/IBEPIajioCh BapHAIIHSIM.
OKpecTHOCTh CTaOWJIBHOTO perieHus (popMuposa-
Jlach MyTeM HMCKIIOYEHHUS! U3 TECTOBOTO MHOXKECTBA

Puc. 3. 'mctorpamma pacnpegeneHusi TO4HOCTHU
B TECTOBOM MHOXeCTBe

F|g 3. Histogram of the accuracy distribution OHpeZ[e.HeHHOFO KOJINYeCTBA J3JICMCHTOB. SﬂeMeHTLI
in the test set BBIOMpaNHCh ciydaitHeiM oOpa3oM Ha 100 peanusa-
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musix. Takyro OKpecTHOCTh MPUHATO HasbiBaTh Leave-one-out (LOO) okpectHocThIO [5]. OOBIUHO ee
rinyOuHa paBHa 1 snementy. B nanHoii paboTe cTpOMINCh HECKOJIBKO OKpecTHoOCTei: ¢ 2, 4, 6, 8, 10 n
12%-HBIM OTKJIOHGHHEM OT 0a30BOT0 KOJIMYECTBA SJIEMEHTOB B TECTHUPYIOIIEM MHOKECTBE, KOTOPOE
WCTIOJIB30BAJIOCH JUISL OIICHKH TOYHOCTH CTaOMIIbHOTO pemenus. [locie mporona u onpeaeneHus: TOYHO-
CTH TI0 BCEM pEaJIN3alisiM B OKPECTHOCTH PE3yJIbTUPYIOLIAasl TOYHOCTh MOJIydanach ycpeaHeHueM. Pe-
3yNbTaThl YUCIAEHHOTO AKCIIEPUMEHTA MTOKa3aHbl Ha puc. 4.
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CreneHb OTKNOHEHMA OT 6a3oBOro
TECTUPYIOWEro MHOXKeCTBa, %

Puc. 4. 3aBUCUMOCTb TOYHOCTU OGY4HEHHOW HEMpoceTH
B LOO okpecTHOCTM 6a30BOro TECTMpPYHOLLLEr0o MHOXeCTBa
Fig. 4. Dependence of the accuracy of the trained neural network
in the LOO neighborhood of the base testing set

3. AHaJu3 pe3yJabTaTOB

U3 puc. 4 crexyet, 9To MpoIiecc MPOBEPKA OOYYEHHOW CEeTH PaBHOMEPHO CXOIHUTCA K TOYHOCTH,
MmoJTydeHHON Ha 0a30BO# BRIOOpKE (0003HAUYeHA IMyHKTHPHOW JuHMEH). [Ipy yMeHbIIeHNH KOJInYecTBa
3JIEMEHTOB B TECTOBOM MHOKECTBe Oosiee yeM Ha 8 % MpOUCXOAUT pe3Kasi OCIIIUISINA OLEHKHA TOUHO-
CTH, YTO, [10 HAILIEMy MHEHHIO, SIBJISECTCS NOTEPEN aJrOPUTMUUECKON YCTONYMBOCTA HEMPOHHOU CETH B
paccMarpuBaeMon 3a7ade KiacCu(UKaluu, KOTOPYIO OHa pelraeT.

JlanHOe yTBepkJIeHHEe MOXKET OBITh paCHpOCTPAaHEHHO M Ha MpoIlecc 00y4YeHHs, TaK KaKk TECTOBOE
MHOKECTBO SIBJISIETCS HE3aBUCHUMOM CIy4alHOW OJHOPOIHOW BBIOOPKOH. Ecim anmropuT™m moTepsit yc-
TOHYMBOCTh HA TECTOBOW BBIOOPKE MPU KOHTPOJIHHOU MPOBEPKE TOYHOCTH PAOOTHI CETH, TO M MPOIIECC
00ydYeHHs CeTH MOTepsieT YCTOWYMBOCTh NPU YMEHBIIEHUH KOJIUYECTBA DIIEMEHTOB B 00Oy4YarOIIel BbI-
0opke Ha Oojee yem 8 %o.

3nech HEOOXOAMMO OTMETHTh, YTO TOUCK MOTEPH YCTOWYMBOCTH Tporiecca oOydeHUs B TITyOOKUX
CEeTSIX MPSMBIM METOJOM SIBIISIETCSI CIOXHOU 3amavell. Ecin mporecc oO0y4eHus ceTd Ha o0ydaromeM
MHOJKECTBE pa3MepOM B HECKOJIBKO JIECATKOB THICSY 3JIEMEHTOB MOJKET 3aHMMAaTh HECKOJBKO THEH, TO
WCCIIE/IOBAHNE YCTOMUMBOCTH OOyUYEHHsI 3aTPyTHHUTENBHO C TMPAKTHUECKOHW TOYKU 3peHUs. ABTOpaMH
JAaHHOHW pabOTHI MpeaaraeTcsi YIpOoIIeHHBIA MOIX0] — UCCIIEIOBATh PABHOMEPHYIO CXOJIUMOCTD Ha TeC-
TOBOM MHOKECTBE, ITOCIIE Yero PAcIpOCTPaHUTh IMOYICHHBIE BEIBOJIBI HA BCE 00YJAOIIIee MHOXKECTBO.

Pesynbrar, momyueHHBIN B TaHHOW paboTe, MOKET HAaKJIaAbIBaTh HE TOJIHKO KOJUYECTBEHHBIE, HO U
KaueCTBEHHBIE OTPaHUYCHHS Ha 0Oydarolee MHOKeCTBO. [loaydeHHbII Tpeien MOKET TOBOPUTH O TOM,
YTO B 00y4aronieM MHOXXKECTBE HE MOXKET OBITh OoJiee 8 % ommOOYHO aHHOTHPOBAHHBIX CHUMKOB, WHA-
Ye nporecc 00y4eHHs MOTepsieT yCTOMYUBOCTD U Pe3yIbTaTaM O0yUYEeHHs TOBEPATH HENb3s.

3aki0ueHue

B pabote nzydena npodiemMa paBHOMEPHON CXOJUMOCTH IpoIiecca OOYYCHUS U OLEHKH TOYHOCTH
riryookoit cetn ResNet-152 B 3amaue aHanmu3a MukpouutndoB CIUIABOB Ha OCHOBE Jkenesa. [lokasaHo,
4710 1pu 10%-HOM KOJUYECTBEHHOM OTKJIIOHCHHM B 0a30BOM MHOXKECTBE aJTOPUTM OOYUYEHHOW CETH
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TepsieT YCTOMYUBOCTh. DTO O3HAYAET, YTO MPU TAKOM KOJIMYECTBE JIEMEHTOB B TECTOBOM MHOXKECTBE
aJICKBAaTHAsI OLIEHKA TOYHOCTH CETH HEBO3MOKHA.

Mertorka OIIeHKH YCTOMYMBOCTH pabOTHI TIIYOOKOM ceTH, IPUMEHEHHAs B IaHHOH paboTe, MOXKET
OBITH paclpocTpaHeHa W Ha Apyrue ceTH U 3anaud. OHa He TpeOyeT 0OObEeMHBIX BBIYHCICHUH, TaK KaK
TO3BOJISIET OLIEHUTH JOCTATOYHOCTh KOJIMYECTBA AJIEMEHTOB B OOydalolleM MHOXECTBE, HE BBITOJHSASA
00y4eHHs ceTH Ha 00yJaloIX MHOXKECTBAX, UMEIOIINX Pa3HOOOpa3HbIe MOITHOCTH.
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The division of data for training a neural network into training and test data in various pro-
portions to each other is investigated. The question is raised about how the quality of data distri-
bution and their correct annotation can affect the final result of constructing a neural network
model. The paper investigates the algorithmic stability of training a deep neural network in problems
of recognition of the microstructure of materials. The study of the stability of the learning process
makes it possible to estimate the performance of a neural network model on incomplete data distort-
ed by up to 10%. Purpose. Research of the stability of the learning process of a neural network in
the classification of microstructures of functional materials. Materials and methods. Artificial neu-
ral network is the main instrument on the basis of which produced the study. Different subtypes of
deep convolutional networks are used such as VGG and ResNet. Neural networks are trained using
an improved backpropagation method. The studied model is the frozen state of the neural network
after a certain number of learning epochs. The amount of data excluded from the study was random-
ly distributed for each class in five different distributions. Results. Investigated neural network
learning process. Results of experiments conducted computing training with gradual decrease in
the number of input data. Distortions of calculation results when changing data with a step of 2 per-
cent are investigated. The percentage of deviation was revealed, equal to 10, at which the trained
neural network model loses its stability. Conclusion. The results obtained mean that with an estab-
lished quantitative or qualitative deviation in the training or test set, the results obtained by training
the network can hardly be trusted. Although the results of this study are applicable to a particular
case, i.e., microstructure recognition problems using ResNet-152, the authors propose a simpler
technique for studying the stability of deep learning neural networks based on the analysis of a test,
not a training set.

Keywords: deep neural networks, material microstructure, image recognition, deep learning,
algorithmic stability.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. Crpykrypa cratbu. Crates comepxutr Y/IK, HazBanue (ue 6omee 12—15 cioB), cnucoK aBTOPOB, aHHOTA-
1o (200-250 cnoB), CIMCOK KIIFOYEBBIX CIIOB, BBEICHNE, OCHOBHOM TEKCT (CTPYKTYPHPOBAHHBIN 10 pa3zaenam), 3a-
KITIo4YeHHe (00CyKIeHne pe3yIbTaToB), IUTEpaTypy (B nopsake uutuposanus, mo I'OCT 7.1-2003). B kone cratbn
CJICITYIOT SJIEMEHTHI HA aHTJIMHCKOM sI3BIKE: Ha3BaHWE, aHHOTAIMs, CIIMCOK KIIIOUEBBIX CJIOB, JIUTeparypa (references).
BymaxxHas Bepcus CTaThH MOAIHMCHIBACTCS BCEMH aBTOPAMH.

3. lapameTpsl HaOopa. Pa3mepsl nosneit: neBoe — 3 cM, npaBoe — 3 cM, BepXHee U HUKHee — 10 3 cM. Teket
crarey HaOupath mpudrom Times New Roman pasmepom 14 nt. BeipaBauBanue ab3anes — no mupuae. Oteryn
nepBoii crpoku adzana — 0,7 cM. MexaycTpOYHbIN HHTEpBAT — MOIYTOPHBIA. BKITIOUUTE PeXUM aBTOMAaTHYECKOTO
nepeHoca cioB. Bce KaBBIUKH TODKHBI OBITH YIIIOBBIME («»). Bee CHMBOIIBI «THpE» TOJKHBI OBITH CPEAHETO pas-
Mepa («—», a He «-»). KiroueBbIe 3JIeMeHThI CTaTbU — IIaITKa, 3ar0JI0BKH Pa3feiioB — CIEAYET BBIACISATH MOTYKUP-
HbIM. 3HaK pa3felieHus LEeJIOW M JACCATUIHOW YacTH 4Huclia — 3amsaTas. Mexay 4uciioM U eJUHHIICH U3MEpEeHHS
JOJDKEH CTOSITh Hepa3phiBHBINA poden (Ctrl + Shift + [Ipoben).

4. ®opmyabl. Habupatorcs B pemaktope ¢Gopmyn MathType mm6o Microsoft Equation ¢ otcrymom
0,7 cm ot sieBoro kpast. Pasmep oOBIYHBIX CHMBOJIOB — 11 1T, pa3Mephl HHIIEKCOB MepBoro nopsaka — 71 %, mHaeKkcoB
BTOpOro mopsiaka — 58 %. Homep dopmysner pasmenaercs 3a npenenamu (GopMysibl, HEIOCPEACTBEHHO OCIIE HEe, B
KPYIJIBIX CKOOKaXx.

5. Pucynku u Tadauusbl. Pucynkun umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
Ha3zBaHus (Puc. 1. 3mecy cienyer HasBaHWEe pHCyHKa). TaOmuisl HymepyroTcs M uMeloT HaszaHus (Tabmu-
na 1. 3neck cinenyeT Ha3BaHUE TaONUIIBL).

6. Anpec pemaknmonHoii kosuterun. 454080, r. YensaOunck, nmpocnekt Jlenuna, 76, kopm. 30, 4-i 3tax —
Beiciast mkona 37eKTpOHUKH M KOMITBIOTEPHBIX HAYK, OTB. CEKpeTaplo JI.T.H., Aol ['omuiato A.B. Anpec anekTpoHHOM
MOYTHI OTBETCTBEHHOI'O CEKpeTaps xKypHana: gollaiav@susu.ru.

7. Ilogpodubie TpedoBanus Kk odopmieHuro. [TloaHyro Bepcuio TpeOoBaHUi K 0(OPMIICHHIO CTaTel U MpU-
Mep ohOpMIICHHSI MOXKHO 3arpy3uTh ¢ caiita xypHana http://vestnik.susu.ru/cter.

8. IlmaTa 3a myOIUKaIUIO PyKOITUCEH HE B3UMACTCSL.
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