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B paMKaX MHOTOareHTHOIo IOJIX0/ia
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B nammoit pabore paccMaTpuBaeTCst BOSMOXKHOCTD ITPUMEHEHU S
MHOTOAreHTHOT'O I0JIX0/1a JIJISl pacueTa dHEPreTHIecKOro basianca
ropoga Kammuaunarpas u ero crpan-coceneit. [lokazambr sramsbl mo-
CTPOEHUsI MHOTOAT€HTHOM MOJIeJTH B UMUTAIIMOHHOI cpenie Anylogic,
[IPUBEICHBI PE3YIbTAThl MoAenpoBanus. OOCYKIAIOTCs IPEnMYy-
IieCTBa U1 OrpaHUYeHUs JJTaHHOT'O IIO/IX0/1a 1 BO3SMO2KHOCTHU €10 IIpUu-
MEeHeHUs JJIsdd pelleHud JIpyrux 3a1aq.

KuroueBblie ciioBa: sHepreTrka, areHT, MOJE/b, YMHAs JJIeK-
TPOCETb.

BBenenue

ITorpebHOCTL B JOCTYIIHOM SHEPIHM BCEra CYIIECTBOBaJa B JIOOOM
obmecTee. IloTpebieHne sHEPTUU pacTeT ¢ PA3BUTHEM UEJIOBEUECTBA.
Hawuboustee ymobuoit hopmoit sABaIETCS JIEKTPOIHEPTHs, TPadUK ITPOU3-
BOJICTBa KOTOPOM IIpE/ICTaB/IeH Ha puc. 1.

BosnukaoBenne um OypHOe pas3BUTHE aJbTEePHATUBHON SHEPreTHKH
IpuBeJIO K HpI/IHL[I/IHI/IaJIbHOMy N3MEHEHUIO HeﬂOCTHOﬁ CHUCTEeMbI I'€eHepa-
AN, JJOCTABKUA W MOTPEOJIEHNS JIEKTPOIHEPTHH. DTO U3MEHEHNE 3aKJII0-
JaeTCd B BOSHUKHOBEHUUN O6paTHOI71 CB4A3U1 OT JIOKAJIBHOT'O HNCTOYHUKA
SHeprum (BeTPOreHepaTop, COJIHEYHAsl TaHeb W [p.) B CeTh. BO3HUK-
JIO HOHSITHE UHTEJUIEKTYAJIbHBIX dHeprernveckux cereii (Smart Grid —
[2-4]). MHorue aBTOpbl CPABHUBAIOT TEKYIIEe COCTOsIHUE UCCJICIOBAHMI,
pa3paboTOK W BHEJIPEHUs] HOBLIX METO/IOB YIIPABJICHUS] B dHEPreTHUKE C
Hada oM pas3BuTus Internet, BBesst B 06opoT TepMmuH Enernet — snepre-
tuaeckuii Murepuer [5|. PhIHKM MHTE/IEKTYATBHBIX CUCTEM yIIPABJICHUST
QHEPIreTUICCKUMU CeTAMU OICHUBAIOTCA B MUJIJIMAPIBI JTOJIJIAPOB.
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Puc. 1. MupoBoe 1ipousBoJcTBO 3j1eKTpodHeprun [1].

Pazpaborka Takux cucrem TpedyeT pasBUTHsI HOBBIX METOJIOB X MO-
nesmpoBanus. OaHuM u3 Hanbojee 3PMEKTUBHBIX U YACTO UCIOJIb3Ye-
MBIX HHCTPYMEHTOB SIBJISIOTCSI MHOTOAreHTHBIE cucreMbl [6]. B nacros-
el cTaThbe MPUBOJAUTCS OIMUCAHME TAKUX CUCTEM, CPEJIbI MOJIETNPOBAHNUST
Any Logic [7], pesysibraTbl MojieMpOBaHysi OJIHON U3 peaJIbHbIX JHepre-
THIecKux cereit. Pabora MoxKeT OBITH MHTEPECHA CIIEIUAJIICTAM 110 HEP-
FeTUYIECKUM CeTSIM W MaTeMATHUKaM, CIEIUAJTH3UPYIONIUMCS B 00JacTh
UHTEJIEKTYAJTbHBIX CHCTEM.

1. Onucanue MHOTOAreHTHOTO I1oaAxXo1a

B mocsieaee Bpemst Bce 60JIbIme u OOJIBINIE CUCTEM MOIEIUPYETC MIPH
MTOMOIIA METO/IA, HA3BIBAEMOTO MHOTOATEHTHBIM. [IpudueM oH TpUMeHs-
€TCsI B COBEPIIEHHO Pa3HBIX ODJIACTSAX: SKOJOTHSI, MEIUIINHA, JOTHUCTHKA,
u T [6-8].

B ommune or KJIACCHYECKMX METOJIOB, B JJAHHOM IMOJXOJE HE Tpe-
OyeTcsi ONMUCHIBATEL CBI3U MEXK/Iy PA3JIUIHBIMEU TPAHCIIOPTHBIMU, JIEHEXK-
HBIMUA WJIM KAKUMU-TO JPYTUMH MOTOKAMU, UTO 3HAYUTEBHO YIIPOIIA-
€T CO3JAaHUE MOJE/HN. 37eCh OTIE/IbHO 3aJIAI0TC CBOMCTBA U IOBEJIEHUE
Pa3/INIHBIX 3JIEMEHTOB — ar€HTOB, WU y2K€ Ha NX OCHOBE BBLICTPDaUBa€TCA
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pa60Tafom,aﬂ cucreMa. HOSTOMy MHOT'OareHTHOE€ MOJICJIUPOBAaHUE YTaCTO
Ha3bIBACTCA MOAEC/IMPOBaHUEM CHHU3Y BBEDX.

AreHT — 9TO MHUHUMAJbHBIA OOBEKT CHCTEMBI, C 3aJIAHHBIMHI CXEMa-
MU ¥ IIpaBWJamu ToBejeHust (geficteusivm). B Moenn moxker mpucyT-
CTBOBATh PA3JIMYHOE KOJIMYECTBO AareHTOB KaK OJHOIO THUIIA, TaK U pa3-
HbIxX. CaMi Ke areHThl 33/Ial0TCA TaK HA3BIBAEMBIMU KapTaMU COCTOSTHUSI

(puc. 2).

| Ynpasnexue BCerQa HAXOANTCA B OHOM 13 NPOCTHIX
| cocroanmi. Moo onpeaenuTL AeRCTBUA NPX
| BXOAC W NPY BLIXOAO
] Mepexon
i Moer cpabaruinarts No BHOWHUM U BHYTPOHHIM
| CODBITHAM, YCNOBHAM W TaiMayTam. MoiHo
| onpeaennTe AeHCTBKME NPK CpabarbitaHn

——{ CocTaeHoe cocTonHue
! Fpynna cocrosmmit, ux obujee nosegenue

Havano .| MpocToe cocToRNME
- i
|

i NcesgococToRkme ‘ucropus”
| Mocnegree akTBHOE COCTORHME B rpynne

- NcesgococTonnme “seTanenne”

Koney | YcnosHoe seTeneHue nepexoaos

Puc. 2. Kapra cocrosinmii Areura.

Kapra cocrostnuit — 510, pakTHIECKH, KOHEYHBI aBTOMAT C HECKOJIb-
KAMH yJIOOHBIME JOTOJIHEHUSIME, peioKeHubiMu JlaBumom Xapesow,
NPUHATHIMA MHPOBBIM MOJIEIUPYIOMMM COOOIIECTBOM U BOIIEIIINMU B
cranyiaprabiii s36ik UML (The Unified Modeling Language).

OHF TO3BOJISIIOT TPaUIECKH OMPEIESUTh BO3MOYKHBIE COCTOSIHUSI
areHTa, IEPEeXOJbl MEXKIy HUMM, COOBITHUsI, BBISBIBAIOIIUE 3TU II€PEXO-
JTbI, BDEMEHHbBIE 33/I€PKKU U JEHCTBUsI, COBEPIIIAEMbIE ar€HTOM Ha IIPOTSI-
JKeHUU cBoeil Ku3Hu. Takume KOHCTPYKITUU, KAaK BJIOXKEHHbIE COCTOSHUS,
[TO3BOJISIIOT 3aJIaBaTh PEXKUMBI (DYHKIIMOHUPOBAHUS areHTa. ATeHT Mo-
2KET UMETh HECKOJIbKO IapasljiebHO aKTUBHBIX U B3aUMOICHCTBYIOIIAX
KapT COCTOSIHUMN, KarKJasg M3 KOTOPBIX OTBEYAET 3a KAKOH-THO0 ACIeKT
€ro »KW3HU: HAIIPUMED, 00pa30BaHue U CeMEHHOe TOJIOXKEHIUE.

Bce 00beKTBI CHCTEMBI JIjIst TOTO, YTOOBI UMETh BO3MOYKHOCTH B3aHMO-
JIeiCTBOBATh JIPYT C JIPYTOM, JIOJIZKHBI OBITH IIOMEIIEHBI B OOIIYIO CpeLy
(IpoCTPaHCTBO). DTO MOXKET ObITh JUCKPETHOE WJIM HEIPEPBIBHOE IIPO-
CcTpaHCTBO. BBIOOD OKpyKaroieit cpesibl 3aBUCAT OT MOJECTHUPYEMOIl 3a-
JIaY’ U TIOCTABJIEHHBIX TIEJIEN.
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2. IlocranoBka 3a/1a9M U IIOCTPOEHUE MOJIEJIN

Onucanme npobJieMbI

Ha mannbrit MomenT B KamuHuHrpa/ickoit obactu paboTaroT HECKOIb-
ko TOC, HO Ux MoOIIHOCTEH He XBaTaeT JJist 00eCIIeYeHnsT 3JIEKTPOIHEPI -
el B oJTHOM OObeMe, U e€ IPUXOIUTCH 3aKyIaTh y cTpaH-cocejieii: JIuTsa,
JlarBust, DcroHus.

Takke n3BeCTHO, YTO B O/KafiiieM OyyIeM HEKOTOPbIE I'DAHUYA-
mme ¢ Kaymawarpamom crpadbl OyayT 3aKPbIBATL CBOU CTAHIIUU, LI~
Hupyercsi 3akpbitue u Poccuiickux TOC B 3TOM peruose, 4To CO3/aCT
HEXBATKY 3JCKTPOIHEPTUH.

JlaHHBIE YCJIOBUST SBJISIOTCS OJIATOTIPUSATHBIM (DAKTOPOM JIJIsi CTPOU-
TeJIbCTBA HOBOM 3jieKTpocTanimu. [Ipeanonaraercst oTkKpbITh Tam ADC,
HEOOXOIMMO PACCINTATH SHEPTETUTIECKUI OATAHC U MOHTH TeIecoobpas3-
HO JIU CTPOUTEJILCTBO C TOUKH 3PEHHsI BBIIAYN 3JICKTPOdHEprun (He Oyier
JIM TIPOCTOSI, KAKOBBI TI0TE€PU U T. JI.)

Bribop cpeabl MozesnpoBaHUs

Ha naHHBIT MOMEHT CyIIECTBYIOT pa3/IMdHbIE MPOTPAMMBI, MOJJIED-
JKUABAIOIINE MHOTOATEHTHBIN MOJX0J, MojeupoBanus. OHM pa3IndaroT-
¢ PYHKIIMOHAJIOM, CIOCOOOM pacipocTpanenus. Takxke Jioau, obJaga-
FOIIKE JOCTATOYHBIMU HABBIKAMHU B OObEKTHO-OPHEHTUPOBAHHBIX SI3BIKAX
IPOrPAMMUPOBAHIE, MOT'YT CO3/IaBATDh MOJEIN U 0e3 IMOMOIIM CTOPOHHUX
nputoykenuii. 9 ocranoBmIT cBoit BeIOOP Ha AnyLogic Tak Kak y 3TOi mpo-
rpaMMbl IMEETCsI PYCCKOSI3BIUHBIN nHTEepdeiic, n €€ OYHKIMOHAJ TT03BO-
JISIET TOJTHOCTBIO Peasin30BaTh MTOCTABICHHYIO 33,19y IPU TOMOIIM MHO-
OAreHTHOrO IO/IXOA.

Co3apanue moaenn

[Ipr mocTpoeHUn MOJEIU TIPEXKJIE BCEr0 HAJO ONPEIETUTbCS C TeM,
qTo0 6yﬂ‘eT ABJIATHCA ar'€HTOM. B ILaHHOfI 3a/lade CaMbIM JIOTUYHBIM BbI-
6opoM siBJIsieTCst: cTpaHa-areHT. MOoXKHO OBLIO ObI PACCMATPUBATL IHEP-
rocucteMy OoJiee OIpOOHO U OPaTh 3a AreHTOB, HAIIPUMED, PA3IUIHDLIE
3JIEKTPOCTAHIINU, HO B JIAHHOM 3ajiade HAM HE NMPUHIUIUAJIECH BUJ SHEP-
POCUCTEMBI BHYTPU CTPaH, HAM Hy2KeH oOImuil jeduruT mwim u30bITOK
SJEKTPUIECTBA, JIJIsT KaXKJIOTO TOCYIApCTBA.
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[Tonyaaercs, aro y mac 5 arentoB. Tak Kaxk MbI OygeM paccMaTpu-
BaTh 5 rocymapcTB. KoHeuHo, HA CAMOM Jiejie B S9HEPIOCUCTEME YIACTBYET
60JIbIle CTPaH, HO HEKOTOPBIE U3 HUX MbI MOYXKEM HE yIUTHIBATH, TAK KakK
B HUX UJIET TApAHTUPOBAHHAS MTOCTABKA, OOECIIeUeHHAST KOHTPAKTaMU, Ha~
npumep, B [lospiry u I'epmanuio. V1 Takme moctaBku MbI OyJieM yIUThI-
BaTh MPOCTO MPUOABJIsisi UM OTHUMAS YUCJIO, 3AIIMCAHHOE B KOHTPAKTAX
(KOHCTAHTY ).

Bup arenra-crpansbl (camMblii IPOCTO# BapuaHT)

@ statechart

Jleto
B

¥

( 3unma )

Puc. 3. AreHt, yYuThIBAIOIIHH BpeMst TOJIA.

B kak0M TaKkOM aBTOMAaTe YUIHTHLIBAETCS BPEMsl I'OJa, M OH Ha KaXK-
JIOM II1are BbIIAeT KOJIMYECTBO IHEPIUU, KOTOPOE HYKHO (€C/M HeXBaTKa
BHYTDU M HE XBATae€T CBOEr0 COOCTBEHHOIO MIPOM3BOJCTBA) WJIM MOXKET
[IPE/VIOKUTH HA IKCIOPT.

Heobxoiumo OBLIIO COeUHUTD 9TH MOKA3ATEH PA3IUIHBIX CTPAH. DTO
OBLIIO0 MOXKHO CAEIATDH JTHOO IIPU MOMOIIN BHEITHUX (DYHKIINI, JTHOO YCIOB-
HO, B3sIB OJIUH U3 ABTOMATOB 34 <IJIABHBII», CUNTATH BCE B HeM. B jman-
HOM CJIydae PeaJIf30BaH BTOPOil BAPDUAHT HE TOJILKO IIOTOMY, YTO OBLIO
Tak yjo0Hee, HO U U3-3a TOTO, YTO B JAJbHENIIIEM OYJIET YCI0KHEHNE MO-
nenn (JobaBieHne HOBBIX COCTOsIHUIT MMeHHO aBroMara-KasmHuHrpaa,
CBSI3AHHBIX C PEMOHTOM M SHEProbBJIOKAMHE).

Uroroselit BapuanT arenra- KasmHmHrpaga

B KazK/IOM €ro COCTOAHUNUA ITPOCHYUTHIBACTCA TeKyanfI BHepFeTquCKHﬁ
baJsamc. Hepexo;l B COCTOsdAHHE PEMOHTa 3a/laH OIIPEAC/JICHHBIMU BE€POAT-
HOCT4AMU, KOTOPBbIE OCHOBAHBLI Ha 3KCIEPTHBLIX OICHKaX. I[JISI BbIXOJIa U3
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RemontBalBetenay
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Puc. 4. Arent, yauTbiBaonuii BpeMsi TO/Ia U PEMOHT.

COCTOSIHUST PEMOHTA MEHEPUPYETCsl YUCJIO JiHEH (DABHOMEDHO) B TDAHUIIAX,
KOTOPBIE OIPEIETUIA SKCIIEPTHI.

Kparkoe ommcanme TOro, YTo MPOUCXOINT B KAXKIOM COCTOSTHUM:

1) BamnucbiBaeM HOTEPH, KOTOPbIE Mbl [IOHECJU Ha IIPEJIBIIYIINEM CO-
CTOSAHUU.

2) [aJiee reHepupyeM KOJMIECTBO POU3BEIECHHOTO JICKTPUIECTBA B
3aJIaHHBIX paMKax (paMKH 3aBHCAT OT BDEMEHH T'0jia, dTalna IUKJa pabo-
ThI U PEMOHTA). DTH PAMKH OIPEJIEJICHbI SKCIIEPTAMH.

3) Oruumaem nocrasku B oy u lepmanuto.

4) CMmoTpuM Ha JApyrue CTpaHbl (€CTh JIM y HUX HEJOCTATOK JIEKTPU-
vJecTBa). Ecam ecth, TO sKcmopTupyeM. DKCIOPT OrPAHUYEH HE TOJHKO
JeUITUTOM IJEKTPUIECTBA B JIDYTUX CTPAHAX, HO U COCTOSTHUEM JIMHMUIA
3JIEKTPOTIEpeIad, eC/iM areHT KaJMHIHIPa] HAXOAUTCA B COCTOSHUU Pe-
MOHTa, TO 3TO CO3/IaeT JONOJHUTEIbHbIE OIDAaHUYECHUSI.

5) B urore smbo y Hac ocraercs nepepaboTKa, Jub0 Mbl paboTaeM B
0 n ymaeTcst HOTPaTUTH BCe.

B nammHO# MOmen MOXKHO MEHSITh IPUOPUTET PA3IATN SHEPIUN, a TaK-
K€ yUYUTBbIBATh, HAIIpDUMED, ABJIAeMCA JI1 Mbl IIEPBOA OoNIMER B IIOCTABKE
9JIEKTPUUIECTBA WK K€ HA0O0poT. UTO IO3BOJIIET HAM pacCMaTpUBAThL
pa3JandHbIe ClleHapUn (neCCI/IMI/ICTHquH‘/’I, 0a30BbBIi 1 OHTMMMCTI/ILIHBH?I)
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Pabora mogenn

Ha Boixose manrasi MOJIE/Ib BbIIAET OOIIHE TOTEPH, TIOTEPH 34 IPEIbI-
Sy 9ac U TeKyuii sueprerudeckuii 6amanc (puc. 5). CHU3Y HOKa-
3aHO, y KaKUX CTPaAH HEJOCTATOK IJEKTPUIECTBA, & y KaKUX HAOOOPOT,
a CBepXy, UYTO MOJYYM/IOCHh MPHU Mepejiade MAKCUMAJJIbHO BO3MOYKHOI'O HA
JAHHLI MOMEHT KOJIMYeCTBa HePruu u3 Kajamauurpaia.

ScToHMA Nateva Benopycena Mmtea
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0 rggmual‘lpomsoanao G I‘{uér?%aﬂponssoncrao 0 %ﬁraromKanmerpan

Puc. 5. PesynbraTel, BbIaBaeMble MOJIEIDIO.

3. BouiBoabl

MHOroareHTHBIN ITOJX0/I OKa3aJICs JOCTATOYHO (PPEKTUBHBIM J1JId
MOJIe/TUPOBAHUSI [TOCTABICHHON 3a/1a4un. Perienne, — B34Th CTPaHy B Ka-
JecTBe areHTa, JeXKaJso Ha MOBEPXHOCTH, U OHO OKa3a/10Cch ya00HbIM. Kak
W BO MHOTHX JIPYTUX IMOJIXOJAX MBI HUCIOJb30BAIN KCIEPTHHIE OIEHKH,
HO B JIAaHHOM CJIyYae Mbl UX HE YCPEJIHSIJIN, a OCTABUJIA JJIEMEHT BEPOsIT-
HOCTH, UTO MPUAET MOJEIN OOJIBIIYIO TPABIOIOI00HOCTD.

Komneuno, cyrecTByeT MHOXKECTBO BApUAHTOB YJIy UII€HUS, HAIIPUMED,
nobaB/ieHre PEMOHTOB I JAPYTUX CTPAH, CTOMMOCTH 3JIEKTPUIECTBA
u 1.1 W 31ech MbI HaOIIOIAEM €Ie OJHO IPEUMYIIECTBO MHOI'OAI€HT-
HOT'O IO/IX0/1a HAJI JIPYTUMHU METOJAMU: OYEHDb JIETKO MEHSTh UJIn J100aB-
JIATH HEYTO HOBOe. Kcjm Mbl XoTu 100aBUTH HOBBIN aclekT, HAllpUMED, B
JaHHYIO MOJE/Ib JEHbIM, TO Mbl BHYTPb HAIINX areHTOB J106aBHM HOBLIE
KapThl COCTOSTHUI, OTBEYAIOINIHe 32 JeHbI'U. EC/in 2Ke MBI JIOMOTHIEM y2Ke
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CYIIECTBYIOIIMI aCIeKT MOJEH, TO MbI JJUOO CO3JIaeM HOBOE COCTOSIHUE
areHTa, JIM0OO YTO-TO MEHSIEM B YK€ CYIIECTBYIOIIEM COCTOSHHH.

Hepeako BeTpedaroTest Momenn, 00beIUHAIONINE B cebe HECKOIBKO Me-
To/OB. JacThIM CUMOMO30M SIBJISIETCSI COEIMHEHUE CUCTEMHO-IMHAMUIEC-
KOT'O [8] 1 MHOTOATe€HTHOTO 10ax010B. Hambostee 1acTo areHTOB IPUMEHSI-
IOT TaM, TI€ BLIABUTH KAKHe-TO 3aKOHOMEPHOCTU CHUCTEMBI HE IPEICTaB-
JIAeTCA BO3MO2KHBIM, a 33a/iaTh IIOBEJACHNE OTICJIbHBIX O6’beKTOB MO2KHO.
Boabmmucerso cucrem 06/1a1a10T IMEHHO TAKUME CBONRCTBAMU, YTO JIEjIa-
eT MHOIOareHTHBIH Ioxo Bee 60jiee yIoTpeb IsieMbIM.

ApTops! xoTesn 061 obarogaputhk B. H. Cunoperko 3a obcy»kieHne
MTOCTAHOBKHY 33JIa4H ¥ [EHHBIE 3aMEYaHUs, a TaKKe Koproparuio Pocatom
3a IPeJOCTaBJIEHHbIE JIAHHBIE.
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