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PED®EPAT

Po6ota mictuthk 93 ctopinku, 28 pucyHkiB Ta 18 tabnuib. byno Bukopucrano
40 mxepern.

Meta po0oTu: miABUIIMTH €(PEKTUBHICTb CTBOpeHHs cuctemMu MicroGrid 3a
paxyHOK mOOyJ0BHM Ta 3aCTOCYBaHHsS OHTOJIOTIYHOI MOJIENII Ha OCHOBI aHaIi3y
XapaKTEPUCTHK, CTPYKTYpH, 00J1acTel 3aCTOCYBaHHS JaHOI CHCTEMH.

Onucano mnpoOJeMu 3aCTOCYBaHHS Ta MOOYIOBU OHTOJIOTIYHMX MOJIETIEH.
[IpoananizoBaHO CTPYKTYpY, OCHOBHI XapaKTEpUCTHKH, OO0JACTli 3aCTOCYBaHHS Ta
npobnemu cuctemu MicroGrid. JlochiakeHO 3acTOCyBaHHS XMapHHUX CXOBHII B
OHTOJIOTIYHUX MOJIEISAX HJisi MiJBUIIEHHA €(PEKTUBHOCTI POOOTH BCi€l CHCTEMH.
[TocraBneHo 3aBOaHHS aHai3y OHTOJIOTIYHOI Mojaem cuctemu MicroGrid,
CTaHJApTIB Ha SIKUX BOHA peaji30BaHa, MPHUHIIUIIB B3a€MOIl MK €JIeMEHTaMH,
BapianTu oOyaoBu. Ha 0cHOBI aHai3y 3HaHb PO MOOY/I0BY OHTOJIOTTYHUX MOJEIIEH
3aMpONOHOBAHO MOAM(IKAIII0 OHTOJIOTTYHOI MOJEI 33 PAXYHOK BHUBEICHHS JESIKUX
€JIEMEHTIB CHUCTEMHU JO XMapHOTO CXOBMINA, TaKOX JOJaHO OJIOK YIpaBIiHHA
aHaJI30M LIHOBHUX TH MOTOJHIX (DaKTOpPIB, 3aBJISAKH LbOMY €(EKTHUBHICTh MOOYI0BU
CHUCTEMH BHpOCJIa pa3oM 13 ONTUMizaliero camux mnpoiieciB. [IpoBeaeHo anamis
edexkTuBHOCTI TOOYyHoBH cucteMu MicroGrid 3a paxyHOK 3acTOCYyBaHHS
OHTOJIOTTYHOT MOJIEJII.

Karo4oBi cioBa: mozmenb, OHTOJOTIA, OHTOJIOriuHAa Mouens, MicroGrid,

Mepexa, cuctema MicroGrid, moOyaoBa Mojelnei, cucrema.



ABSTRACT

The work contains 93 pages, 28 figures and 18 tables. 40 sources have been
used.

Goal: Ensure the effective MicroGrid system by building and using ontological
models based on an analysis of the characteristics, structure, and areas of this system.

Described the problem of using ontological models. Analyzed the structure, the
main characteristics, application areas and problem’s of MicroGrid system. The
application of cloud storage in ontological models for improving the efficiency of the
whole system is explored. The task of analysis of the ontological model of the system
MicroGrid, the standards on which it is implemented, the principles of interaction
between the elements, construction options are set. On the basis of knowledge
analysis on the construction of ontological models, modification of the ontological
model is proposed due to the withdrawal of some elements of the system to the cloud
storage, and the control unit for the analysis of price and weather factors has been
added, due to which the efficiency of construction of the system has grown along
with the optimization of the processes themselves. An analysis of the efficiency of
constructing a system of MicroGrid through the use of an ontological model has been
carried out.

Key words: model, ontology, ontology model, MicroGrid, network, system

MicroGrid, prompting models, system.
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BCTYII

AKTyaJIbHICTh

HeoOxigHicTh B mpaBUJIbHIM MOOYJAOBI OHTOJOTIYHUX MOJEIEH CHCTEeMH
MicroGrid o6yMoBiI€Ha €KOHOMIYHUMHU 1 TEXHIYHUMHU NPUYUHAMH. 3 €KOHOMIYHOI
TOYKH — 1I€ IPUYMHHU OB S3aHI 3 TOSBOIO pUHKA eNleKkTpoeHeprii. TexHiyHa TOYKa
30py JO3BOJIMTH IIJBHUINUTH HAAIHHICTP €HEPrOCUCTEMH Ta 3amo0iratv IMKOBHX
HaBAaHTAKCHb.

Bubip Toro um iHImoro merojaa MmoOyJ0BH € JOCHTh CKJIATHOIO 3aJ1aucio, Bij
pIIICHHST SIKOi 3QJICKUTh K MIABUIICHHS eHeproedekTuBHOCTI cuctemMu MicroGrid
TaK 1 HaA1MHOCTI.

[IpoGnema mTpUBAOIMBOCTI I1HTENEKTYalbHOI EHEPreTHKU JUIsl CIOKHMBayiB
MOJISITA€ B TIPUHIIMIIOBOMY PO3PHUBI MK MOTPEOOI0 1HTEIEKTYyalbHOI €HEPIeTUKU B
aKTUBHIN y4acTl IIMPOKOTO KJIaCy CIIOXUBAYiB B YIIPABIiHHI HEIO JJIs1 3a0€3MeUeHHs
THYYKOCTI Ta IiIBUIIECHHS €(EeKTUBHOCTI €HEPrOCUCTEMH 1 HUHIIIHBOKO MOBEAIHKOIO
CIO’KMBAYIB, Kl HE 3allIKaBJEHI B y4acTi B YIpPaBIiHHI CUCTEMOIO 1 HE PO3YyMIIOTh
HaBIO 1 SK BOHU Moriu O 1e pobutu. HeoOXimHi Taki HOBI pIMICHHS IS
CHOXKMBAyiB, AKI 3MIHUIM O iX NOBEAIHKY, 3p00MIM O iX «IHTEIEKTyaJIbHUMMN,
AKTUBHUMH YYaCHUKAMH YIIPABJIiHHS CHCTEMOIO.

CbOroIHIINHI €HEPTreTUYHI CUCTEMH PO3BUBAIOTHCA B HANPSIMKY «IIOB'SI3aHUX
CUCTEMY», 1110 CKJIAJIAl0ThCS 3 0araTb0X KOMIOHEHTIB, KOKEH 3 SIKMX Ma€ Pi3HYy POJb 1
(mpsimuit / HempsiMUil) BIUTMB Ha HaBKoymiIHE cepenoBuiie. MicroGrid € rapaum
NPUKIAJOM Takux eHepreTuyHux cucreM. 100 «yBIMKHYTH CBITJIO», BOHHU
npu3HayeHi s 3a0e3MeyeHHsT HaAIMHOI MOTYXHOCTI IUISIXOM — BKIIFOUEHHS
JIOKaJbHUX TE€HEPATOPHUX YCTAHOBOK / CHCTEM, 3aCHOBAaHMX Ha TMOHOBIIIOBAHUX 1
3BUYANMHUX JpKepernax eHeprii, cUcTeM 30epiraHHsi €Heprii Ta HaBaHTAKEHHsS Ha
CIOKMBaHHS eHeprii. BoHM MaroTh MOXJIMBICTH MPAIIOBATH B MiAKIIOYEHOMY 0
Mepexi pexxumi (TIKITI0YEHOMY 10 OCHOBHOI €IIEKTPUIHOI Mepeki) ab0 OCTpIBHOMY
pexumi  (BIIKJIFOYEHWH BIJT OCHOBHOI eJeKTpuuHOi Mepexi). Kpim Toro,
nependadaeTscsi, mo MicroGrid BimirpaBaTMMe ICTOTHY pOJIb Yy CHCTeMax

€JIEKTPOINOCTAaYaHHs, MIIBUINYIOUYM €(PEKTHUBHICTh PO3MOJIIIY eJIeKTPOCHeprii Ta
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e(deKTUBHICTh BUTpPAT (MPOSBISETHCS B YCTAHOBII JDKEpEN >KUBJICHHS MMOOJIN3Y
HaBaHTaXXeHb crnoxuBayiB). MicroGrid OynyioTh Bce Oulblle 1 OUTbIIE B PI3HHUX
Kpainax i1 micix. OgHak, K 1 y BUMAAKY 3 OUTBIIICTIO HOBUX TEXHOJIOTINA, BUHUKIIN
KUIbka moTped 1 BUKIMKIB. OJHa 3 OCHOBHHMX MpOOJEM TOJisrae y 3a0e3leueHH1
BIJIMOBIAHOT «CYMICHOCT1», OCKUIbKH MicroGrid CKIagaeThCs 3 HU3KH PI3HOPITHUX
3'€THAHMX KOMITOHEHTIB, MOOYJOBaHMX 1 IMOCTABJICHUX PI3HUMH OpTaHi3alisiMH 3
PI3HOMAHITHUMH IUJIIMU 1, UMOBIPHO, 3a IHIIMMHU TpoTokosamu. lle migkpecitoe
HEOOXITHICTh 3a0e3leyeHHs1 Oe3MepelKoJHOro OoOMiHYy 1H(OpMAIEd MK HOro
KOMITOHEHTaMH.

Mikpomepexi 3a0e3nedyloTh MPOHUKHEHHSI PO3MOAUICHUX EHEPreTUYHHUX
pecypciB (PEP) 3aBasku cBOiil 37aTHOCTI 3a0e3nedyyBaTH 3pYyYHUH MeEXaHI3M
B3a€MO3B'A3KY MiXk noctadaabHukamu PEP, o0'ektamu Ta arperaropamu, siki MOBUHHI
OyTH 1HTErpoBaHI B KPUTHYHY 1HQPACTPYKTYypy JOCTaBKU e€Heprii. Mepexesi
MIKPOMEpEXK1 BH3HAYAIOTBCA SK EKOCHUCTEMA B3aEMOMIIOYMX Ta ABTOHOMHHX
MIKpOMEpEeX 3 TOYKaMH 3'€HaHHS SK [0 KOMYHaJbHOI €JeKTPOEHEpPreTUYHOI
CHUCTEMH, TaK 1 JJO OJHOPIBHEBOI MIKpOMEpexi, 10 3abe3leuye THYUKYy peakililo Ha
CTUXI1HHI TMXa, a TAKOXK 3/IaTHICTh BIAHOBUTH BCIO CHUCTEMY PO3MOJILTY Ta Iepeaadi 3
CKJIQJIOBUX MIKPOMEPEXK. IIJISTXOM CKOOPJIMHOBAHUX pecTaBpariiinux mii. L{imicHuit
MOTJISA Ha K1I0ep(P13UUHY MEPEXKEBY CUCTEMY YNPABIIIHHS MIKPOMEPEKELO - LI€ CIOCIO
IIABUIIEHHS CTIHKOCTI.

[IIBuaKe BIPOBAIKEHHSA TEXHOJOTIA MIKpOMEPEX OOYMOBIIEHE arpeCMBHUMHU
IIJISIMM  1HTeTpallli BIJHOBIIIOBAHMX JIKEpENl €Heprii, BCTAHOBJICHUMHU OaraTbMma
koMyHanbHUME ciyx0amu CILIA. Ii ryuni tisi npu3BOIsATh 10 30UIBIIEHHS PO3MIPY
Mepexl, CKJIATHOCTI €KCIUTyaTallii, HaJ3BUYaiHO HECTaOUIbHMX eKCIUTyaTalliiHux
YMOB 13 HEOOXIAHICTIO OTpUMaHHS 1H(OpMaIlli B peKMMi peaTbHOTO Yacy Ha BUMOTY.
[Tocunene BIPOBAKEHHS MEPEKEBUX MPHUBATHUX Ta KOMYHAJIBHHUX MIKPOMEPEK,
NOB’SI3aHUX 4Yepe3 PI3ZHOPIAHI KOMyHIKaiiiHi Mepexi iHtepHeTy peued (IoT) 3
JOJAHUMH 1HTEJCKTYaIbHUMH TMOJILOBUMHU MpHUCTposiMU (Hampukiaan, AMI) Ta
JaTYMKaMd, TPU3BOAUTH JI0 CYTTEBUX 3MIH Yy TapaaurMax YHpaBJliHHA

CJIEKTPUYHUMH Mepekamu Ta 3B'si3Ky. Lli HOBi cuctemu enepro loT yckmanneni 3
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TOYKH 30py EKCIUTyaTalliHUX BUMOT, MOTpeOd MaricTpaibHOi Mepexi 3B'A3Ky Ta
B3aeMOJIl JaHux. Po3mojaineHi apXiTEeKTypu yIpaBIiHHS MIKPOMEPEKEIO 32 CBOEIO
CYTTIO TIOKJIAJJAalOThCS Ha TICHY B3a€MOJII0 MK KiOep- Ta (pi3UYHUM PIBHSIMU; OTKE,
MepexeBi 1HhopMalliifHi CHCTEeMH € OCHOBHUMHU KOMIIOHEHTaMHU MIKPOMEPEK.

Po6ota Bukonana B pamkax HJIP kadenpu Ne 2218 3a temoro: "I'ereporeHHa
Mepeka 300py, mepemadi Ta oOpoOku iH(oOpMaIii IS CUCTEMH PO3MOIICHOT
redepaiii MicroGrid." (Homep nepskaBHoi peectpariii - Ne 0119U001184)

O0’exT Hoc/IiIKeHHS

[Tporec crBoperns cucremu MicroGrid

IIpeameTt nocaigKeHHsI

MonudikoBana oHTOJIOTIYHA MOAENb cucteMu MicroGrid

Mera

[MigummT  epeKTUBHICT, CTBOpPeHHS cucTtemu MicroGrid 3a paxyHOK
1o0yI0BH Ta 3aCTOCYBAaHHS OHTOJIOTTYHOI MOJIETII.

3amaui

- IlpoanamizyBatu mnpoOseMu 1OOYyAOBH Ta IHTErpamidi OHTOJOTTYHUX

Mozenen

- IIpoananizyBaTu CTpyKTypy Ta XapakTepuctuku cuctemu MicroGrid

- TlpoBecTu aHasi3 TEXHOJOT1M PO3MOILICHOTO PEECTPY

- JlocmiauTu 0co0aMBOCTI OHTONOTIYHOI MoAeai cuctemu MicroGrid

-  MoaudikyBatu oHTosNOrTYHY Moaesb MicroGrid

- Po3pobutu crapran-npoext

- OuiHUTH 3anPOIIOHOBAHE PIIICHHS
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PO3JILI 1

OI'JISAJI OHTOJOI'TYHOI MOJIEJII TA CIIOCOBIB NIOBYJIOBU
CUCTEMMU MICROGRID

1.1 OnTos0TiYHA MOEJIb TA il MPEACTABICHHS

OHTOJIOTIST — 1€ 3arajJbHONPUNHATA 1 3arajbHOJAOCTYIIHA KOHIIETITYyaTi3aiis
NeBHOI 00J1acTi 3HaHb (CBITY, CEpPEOBUINA), sIKa MICTUTh 0a3uc ISl MOJCITIOBAHHS
mi€i o0nacTi 3HaHB 1 BU3HAYAE TMPOTOKOIW I B3a€EMOMII MDK areHTaMu, sKi
BUKOPUCTOBYIOTh 3HAHHS 3 II1€i 00acTi, 1, HAPEIITI, BKJIIOYAE JOMOBIEHOCTI PO
MIPEJICTABIICHHS] TEOPETUUYHUX OCHOB JIJaHO1 00JIaCT1 3HAHb.

PozButok posnoainernx 1C TicHO MOB's13aHe 3 KOHIENTyalTi3allii OHTOJOTIYHUX
KaTeropiii, BJOCKOHAJEHHSM 1€pApXiYHUX CTPYKTYp 3HAHb Ha BCIX pIBHIX,
1mo0y10Bo10 (hOpMaIbHOI CUCTEMH aKCIOM 1 00OMEXEHb, SIK1 3a0€3MeUyI0Th BUPIIICHHS
3aBAaHb IHTErpalii TeTEPOreHHUX PECypCiB 3HaHb 1 JaHUX IS MIIATPUMKU
edextrHOi B3aemonii IC. ¥V crpykrypy posnoaiieHux IC [1] BxoasTe pizHOpiaHi
0a3u 3HaHb, 10 MAalwTh BJIACHI JOKaJIbHI 1H(GOpPMAIIiHI MOAENl 3 Pi3HUMHU
CTaHJapTaMHU OMUCY 1 MPEACTaBICHHS MaHMWX 1 3HaHb. [Ipu 3AUTTI X B TIOOATBHY
MOJIEJIb MOPOJKYEThCS 0€3111Y KOH(IIIKTIB: BUKOPUCTAHHS PI13HOI TEPMIHOJIOTI IpH
MO3HAYEHH] CXOXKHUX MOHATH MpeaMeTHol obnacti IC; HeoqHOpIHICTE crienudikaIini
Ha PIBHI MOJENBHOI 1 TOHATIMHOI CEeMaHTHKH; 1MeHTU(IKAIlsI Ta TEPETBOPEHHS
HEOJHOPIIHUX CTPYKTYpP JIAaHUX 1 3HaHb. Bce 11e poOuth mpodieMy 1HTerpallii J10CUTh
CKJIaIHOIO 1 6araTopiBHEBOIO, JUIsI BUPIIIEHHS SIKOI CJIiJl B OOOB'S3KOBOMY MOPSIKY
Opatu 10 yBaru ik CTPyKTYpHI Ta CHHTaKCH4YHI BIIMIHHOCTI MOJEJIEH TaHMX 1 3HAHb,
Kl TOPODKYIOTh CXEMAaTHUYHY TIe€TEepOTreHHICTh, TaK 1 CEMAHTUYHI BJIACTHUBOCTI
00'eKTIB JaHUX Il 3a0€3MEeUeHHS CMUCJIOBOI 1HTEpOIepabeIbHOCTI JaHUX 1 T03BOTY
CEMaHTUYHUX KOH(IIIKTIB.

[IpomonyeThcst MOIEIb IHTETpAIlll HEOAHOPITHUX JTaHUX 1 3HAHB PO3MOUICHUX
IC, sika 3BOAMTHCS 110 MOOYMOBHU BiIOOpa)KEHb 1 BCTAHOBJICHHS B3a€EMO3B'S3KIB Y
€IMHII OHTOJIOTIYHOI MOJIET 3 YpaXyBaHHIM y3rOJI)KEHHS MHOXKUHHUX oHTOJOTH IC

Ha PIBHSIX MOJENBHOI 1 MOHATIHHOI cemaHTuKH. CKIAIHICTh MOJCII BUOMPAETHCA,
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3aJIEKHOCTEM.

Y pimeHHi npobieMu iHTerpalii BaXXJIMBY POJIb BIAIrpae OHTOJIOTIYHA MOJEIb
IPEICTAaBIICHHS JaHUX 31 CBOEIO CIEUU(PIYHOI0 CEMAaHTUKOIO, SIKa HaJa€ MEXaH13MU
opraHizaiiii poOOTHM 3 JaHUMH JJIg KIHIIEBOTO KopucTyBauda. [ 3abesreueHHs
CEMaHTHYHOI 1HTEPONEpadeTbHOCTI HEOAHOPIIHUX PECYpCiB JaHUX Ta 3HAHb B
KOHTEKCTI mpeameTHoi oOmacTi IC HeoOXigHO 3'sAcyBaTH CHIIBHICTH 1 BIAMIHHOCTI
OHTOJIOTIM, 10 JIeKaTb B iX OCHOBI, Y3TOJUTH HEOJHOPIJHI OHTOJOTIYHI
crenudikamii 1 Ha 0a3l BIAMOBIIHOCTEM OHTOJOTIYHUX MOJENEH, 3I1HCHIOBATH
nepeTBopeHHsa 1HpopMmanii . Sk Hacmigok, 3a0e3neuyeTrhcs CHiIbHA poOoTa
HEOJHOPIAHUX JAaHUX 1 3HaHb B KOHTEKCTI mpeameTHoi obisacti IC Ha ceMaHTUYHO
3HAYyIIOMY PiBHI.

CydacHi MeToAM 1HTEerpaiii OHTOJOTIA MOKHa PO3IUIMTH HA JBa THUIH: 3
3aMIMICHHSIM  HOBOI ~ OHTOJIOTIEI0  BHUXIJHUX  (HOBOCTBOPEHA  OHTOJIOTIA
BUKOPUCTOBYETHCSI 3aMICTh IHTETPOBAHMX) 1 31 CHUJIBHUM BHKOPUCTAHHSIM
IHTErpOBaHOI 1 BUXIAHMX OHTOJNOTIM . Meroau Jpyroro TUIy MalOTh OUIbIILY
THYYKICTh, OCKUIBKH  JIO3BOJISIIOTH  OUIBIIOI0  MIporo 30epertu 1 Hajam
BUKOPUCTOBYBAaTH CTPYKTYPY B)KE€ HAsSBHMX OHTOJIOTIH. Y TOW ke dYac, y pasi
BUKOPHUCTAHHS OJHI€T rI100aabHOT OHTONOT1T, HEOOX1JHO BKJIIOYATH B HET BCE TEPMIHU
BUXIJIHUX OHTOJIOTIM, IO TSTHE 3a COOOI TPYIHOII, IMOB'S3aHl 3 TIEepeOyI0BOIO
3B'SI3KIB 3 YK€ HasBHUMH TE€PMIHAMH 1 JO3BOJIOM CEMAHTUYHUX KOH(IIKTIB. 3 wi€i
NPUYUHU METOJIM TIEPIIOrO THITY BHSIBISIFOTHCS 3aCTOCOBHI JIMIIIE B TOMY BHITAJIKY,
KON Habip 1HTErpOBAaHUX OHTOJIOTIN BIAOMMIA 3a37aeriab 1 HOro PO3IMIMPEHHS HE

nependayaeThesl.
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OHTONOrIA 3AARY s e ™| sapavai : $venuent —
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Puc. 1.1 OnTosioris BUpIilIEHHS 3a/1a4

IIpo06siemu iHTerpauii Ta BigoOpaxeHHs1 OHTOJIOTIYHUX MOJesIeH
[Ipobnema iHTerpamii JaHuUX 1 3HAaHb XapaKTEPU3YETHCA  BEIUKOIO
PI3HOMAaHITHICTIO TTOCTAHOBOK 3aja4, IMiIXOAIB 1 METOIB, BUKOPUCTOBYBAHUX JII iX
BUpIIIEHHs. Y 3araJlbHOMY BUNAAKy 3anada [2] iHTerpamii moyisira€e B TakOMY
JIOTIYHOMY 00'€/IHaHHI JIaHUX, 1110 HAJIEKATh PI3HOPLAHUM JKEpenaMm, sike 3a0e3nedye
€IMHE ySBIICHHS 1 OTIEPYBAaHHS IUMHU JAHUMHU.
Ha choromHimHii 1eHh MOXXHA BUAUIMTH TPU OCHOBHI CKJIQJIOBI MPOOJIEMHU
1HTerpari JaHux 1 3HaHb:
- po3poOka cxem IHTerpaiii, o 3a0e3MeuyloTh  yHi(IKOBaHe
MPEJCTaBIICHHS JTAaHUX PI3HUX JDKEpeNl Ha OCHOBI €IMHOI OHTOJIOTIYHOT
MoJenl
- BHUPOOJIEHHS B1IOOpaKEHb M1’k OHTOJIOTTYHUMH MOJEISIMU
- po3poOka croco0iB MaHITyIIOBAHHS
[Ipn iHTEerpamii OHTONOTIA JUIsl Y3TO/PKEHHS MPUKIAJHUX KOHTEKCTIB
HEOOX1HO BUPIIIUTHU TaKi 3aBJIaHHS:
- 3B'sa3yBaHHs cnenudikaniii iHpopMaIiHUX JKeped 31 cnenudikaisaMu

peAMEeTHOT 00J1acTi JIJisl BiI0OpaKeHHS X HESIBHOT CEMaHTUKH
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- TpuBeNEHHS (QopMali3MiB PpI3HMX OHTOJOTIH 1O OJHOTO  AJis
MO>KJIMBOCTI MOPIBHSIHHS YSIBJIEHB IIPO MPEIMETHY 00JacTh

- BiJOOpaXeHHA OHTOJOTIYHUX KOHTEKCTIB B OAHOMY Qopmanizmi 3
METOIO iX Y3TO>KCHHSI

- CEeMaHTHUYHE 3B'S3yBaHHS €JIEMEHTIB OO0'€KTHUX cXeM 1H(pOpMaIliiHUX
JDKepenl 1 po3B's3yBaHOI HaJA HUMH 3aBAaHHS HAa OCHOBI 3B'SI3KY
OHTOJIOTIYHUX TOHATH

3 HaWOLIbII 3arajgbHOI TOYKM 30py BaXKIMBICTh 3aBJaHHS B1IOOpaKEHHS
OHTOJIOTIA OOyMOBJIEHa THM (DaKTOM, IO IMOTYXKHICTb 3HaHb, YKIAJECHUX B
OHTOJIOTISIX, MPOSBISETHLCA B MOBHIM Mipl TIIBKH B TOMY BUMAJIKY, KOJU BJIA€THCA
BpaxyBaTH B3a€EMO3B'SI3KY HE3aJIC)KHUX OHTOJIOTIN - BCTAHOBJICHHS (DAKTy MOIIOHOCTI
CYTHOCTEH B PI3HMX OHTOJIOTISIX O3HAYa€ BHIIYYCHHS 3 IUX OHTOJIOTIM JOJATKOBHX
3HaHb.

[Ipobiiema BiOOpa)KEHHS OHTOJIOTIM € aKTyaJIbHOKO 3 CaMOro IOoYaTKy
BUKOPUCTAHHSI OHTOJIOT1M MpU CTBOpPEHH1 1H(QOpPMAIIHHUX CUCTEM. AHAJI3 CTaHy
JIOCHIJDKEHb BIANOBIAHMX METOJMIB IIOKa3aB, IO I TeMa JOCIIIKeHa J0cCl
HEJ0CTaTHbO TJIMOO0KO. Po3po0isioTbcsi METOAM, B OCHOBHOMY, HedopMasbHI 1
MaloTh 0314 BIJKPUTUX MUTaHb. [ OBOPSYM MPO HEOAHOPITHI OHTOJOTIT, MM MaEMO
Ha yBa3l, 10 ABI (200 OUIbILIE) OHTOJOTI MO-PI3HOMY ONHCYIOTh OJIHY U Ty X
npeaMeTHy 00JacTh a00 OJIM3bKI MpeaMeTHI 00J1aCTl 3 TOYKH 30PY PI3HUX CHIJIBHOT.

BigoOpaxxeHHsI OHTOJIOTiH € HEBII'€MHOI0 YaCTHUHOK OUIBIIOCTI 3aBJaHb
y3roJIKCHHSI OHTOJIOT1H, TaKUX SIK 3JIMTTS, BUPIBHIOBAHHS OHTOJIOTIN, MOAMQIKAIlIS
OJTHI€T OHTOJIOTT JJISI TOCATHEHHS OAHOPIHOCTI 3 1HIIOTO. BigoOpakeHHsT OHTOJOTI]
MOJISITA€ B 3HAXOJ/PKCHHI CEMAaHTUYHHUX 3B'S3KIB MOMIOHMX €JEMEHTIB 3 PI3HHUX
OHTOJIOT1H. BUpIBHIOBaHHS OHTOJIOTIH TMOJIATA€ B TOMY, 11100 BCTAHOBHUTH Pi3HI BUIU
BIZIMOBITHOCTI (200 3B'SI3KYy) MIXK JABOMa OHTOJIOTiSIMH, a MOTIM MOBTOPHO 30€perTu
BUXIJHI OHTOJIOTIT 1 TaKUM YHMHOM HaJalli BUKOPUCTOBYBATH 1H(pOpMAIII0 OJIMH
onHoro. OO'eqHaHHS OHTOJIOTINA - TeHepallis OAHIEl Y3TrOoJKEeHOI OHTOJIOTII 3 JBOX

BUXITHUX.
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3aBnaHHs IHTErpanii BU3HAYAETHCS SK MPOLIEC BCTAHOBJICHHS BiIOOpaKEHHS
HEOJHOPIIHUX OHTOJIOTIH Ha PIiBHI BIAMOBIIHOCTI 3 MOJKJIMBICTIO PO3IIMPEHHS
6e3miul onepariii (Coco6iB MaHIMyIOBaHHS ) HaJl HUMU HAa CEMAaHTHUYHO 3HAYYIIOMY
piBHI. Takuii miaxia 103BOJMTH BU3HAYUTH CEMAHTUYHO MPIOPUTETHI 00'€KTH JaHUX 1
3HaHb JUIA iX TIOJAHHSA JO MOJENl IHTerpaili, a TakoXX YCYHYTH JyOJrOBaHHS 1
MPOTUPIUYS CYTHOCTEH 1 3B'AI3KiB Ha PIBHI IMPEeIMETHOI 00JacTi Ta 00'€KTIB JaHHX 3
obJacteil iHTerpaii.

JUist peamizamii miAXoAy 3anpOIIOHOBAaHUM alITOPUTM, SIKHWA BKJIIOYAE B cede 6

oreparlii, 1o BUKOHYIOTHCS MTOCIIJOBHO, /IJIs BiT0OpaKeHHs OHTOJOT1i (puc. 1.2).

noAiGHocT

Bxig %’7 lmna“iw
=

) v )| e [} e | e W ‘ —

Puc. 1.2 Tlpouiec BimoOpakeHHs

1. ®yHkuis TpaHCHAUII OHTOJIOTIM (aHami3 €JIEMEHTIB OHTOJOrIi), TOOTO
NEPETBOPEHHS 10 OAHOTO (OpMaTy TMOYATKOBOTO YSBIICHHS OHTOJIOTIH, 3a3BHYaid
npu3BoAaTh 10 dopmary RDF (S), Tomy mo BiH BBaXXaeTbCs CTaHIAPTHUM TpHU
pOOOTI 3 OHTOJIOTISIMH.

2. Bubip HacTymHOro KpOKy TIONIYKY KaHauaariB. Bubip excrepTom
AITOPUTMY MOIIYKY CEMaHTUYHOI OJIM3BKOCTI 1 CEMAHTUYHOTO BiJICTaHI MIXK MapaMu
KOHIICIITIB, B 3aJICKHOCTI B1JI IOCTABJIEHOI METH.

3. OGuncnenHs MOAIOHOCTI, BU3HAYEHHS TOMIOHOCTEH MIXK TMapamu TMOHATH
OHTOJIOT1H, OOYHCIIIOETHCS HA €Tarl 31CTaBJICHHS OHTOJIOTIH.

4. Arperauis nonioHocTed, TOOTO 00'€eTHAHHS CYTHOCTEW B OJHE IiJICYMKOBE
3HA4YEeHHS, MIATBEPKEHHs BigoOpakeHHs 3B's3kiB. Cepen map 301rIMcs CyTHOCTEH
BUOUPAETHCS Ta, Y SIKIM Mipa CEMaHTUYHOI OJM3BKOCTI OUIBIINE, MOPIT MOAIOHOCTI
BUOWPAETHCS EBPUCTUIHHIM.

5. Intepnperarisi, popMyBaHHS BITOOpKEHHS MK €JIEMEHTaMHU OHTOJIOTINA Ha
MiJCTaBl MoAiOHOCTEN. 3iCTaBJICHHS HA3B TOHSTH, MPUBIACHEHHS OOpaHOMY Kjacy

CUHTE30BAHOI0 IMEHI BiJ JIBOX 1HIIINX.
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6. ITepariss (MOBTOpPEHHSI IEKUJIBKOX KPOKIB aIrOpUTMY), IPOXOJIUTH B KUIbKa
€TaIiB 1 3yMUHSIETHCS, KOJIM HE MOKE 3HANTH HOBUX B1JI00pa’KEHb.

OCHOBHMMH KPHUTEPISIMU QJITOPUTMY BIIOOPaKEHHS €EMEHTIB 1HTETPOBAaHUX
OHTOJIOTIN € OJU3BKICTh 1 HECYNEePEeWwIMBICTh SKOI MAEThCS HAa yBa3l MOHSATIMHOL

CEMAaHTHKH.
1.2 Orasa cucremu MicroGrid

1.2.1 Onuc cucreMu

AG0 mo i”HmOMY MikpoMmepeka [3] - 1me JioKalmbHa EHEpProcucTema, sKa
nependayae CTBOPEHHSI Ha TMEBHIA TEPUTOPIi BIACHUX E€HEPIOMEPEKEBUX CTPYKTYP
3MaTHUX MpalOBaTU B TOMY YHUCJl aBTOHOMHO. BoHa siBisie co0or0 MaciiTaboBaHe
pIIIICHHS, SIKE MOXKE€ BHUKOPHUCTOBYBATHCH 3a JEKUIBKOMA CIIEHAPIIMH, BiJI OKPEMUX
OyIiBedb 0 IIIUX TPOMaJ, MOXKE OCHAIATUCS THYYKUMH 3aco0aMu 3B'A3KYy, SKi
JI03BOJISIIOTH KOHTPOJIFOBATH 1 YIPABISATH BCiMa €HEPIeTUYHUMHU pPECcypcamH JaHOi
CUCTEMH.

MicroGrid Bkitouae Hal0lp TeHEpyr4uX JpKepea 1 Hadlp CHOKHUBayiB.
['enepyroui 00'ekTH TpeACTaBiICHI KOMOIHAIIEIO TPATUIIHHUX JOKEpEN, IO
MpalpoTh Ha Au3eNl (qu3enb-TeHepatopu) abo raszi (ra3o-NOpIIHEBl JBUTYHH),
ManuMmu rigpocraduisMu 1 BJIE (B OCHOBHOMY BITPOYCTAHOBKAMH 1 COHSYHHMH
cTaHiisMu). MoxumBa Oy/ib-sKka KOMOIHAIIIS 3a3HAYEHUX JKEPE, 1 AKIIO0 OCHOBHOIO
npuurHolo s BukopucTanHs BJIE € uuncro ekoHomiunuit edext (cyOcuuii,
rapantoBaHuii Tapud i T. 1.) AOGO 3HIKEHHS BHUTPAT OCHOBHOTO IMaJIMBa, TO THII
JpKepernia eNeKTpoeHeprii 0coOJMBOrO 3HAaYeHHS He Mae. Bapto Big3HAUWTH, IO
3aMIIIEHHS TPAJAMIIIHHOTO JKepesia «3€JICHUM» TaKOXK IMO3UTHUBHO BIII0'€ThCs Ha
€KOJIOTIYHOMY acCIeKTi. SKIo KIHIIEBOMY CHOKWBAY€Bl BAXJIMBO 3HU3UTHU IIKIJIUBI
BUKUW BIJ TPAIULIMHUX JHKEPEN 1 MOJIMIIATA PIBEHb XUTTSA, TO JJIS BJIACHHKIB
re"epailii 3actocyBanus B/IE mie 1 3HIKye OnoJaTKyBaHHS 3a IIKIAJIUBI BUKUIU. Y
JesKMX KpaiHax Iieil (akTtop cTaB BuplmanibHUM 711 3actocyBanHs BJIE B

JIOKaJIbHHUX MCPECKaAX.
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OcHoBHi HeratuBH1 (pakTopu 3actocyBanHa BJIE 1 iX BIUIMBY Ha JIOKaJIbHY
MEPEKY KPUIOTHCS B CAMOMY MPHUHIIHUIT BUPOOJICHHS €HEPTii, TaK sIK BOHA 3aJIC)KUTh
B1JI KJTIMAaTUYHUX YMOB. Hampukiaj, BUKITIOUA€THCS YUCTO OCTPIBHOI PEKUM POOOTH:
B/IE BiaKII0O4arOThCS OMIEPaTOPOM MEPEXi MPH MOSBI OCTPIBHOTO PEKUMY, B SIKOMY
OepyTh ydacTh abo Oynu O 3adisHI TUIBKKM albTepHATUBHI Jpkepena. Jlpyruii
BOXIUBUNA (haKTOp - II€ BHCOKA BOJATWIIBHICTH TpHU BUPOOJEHHI camoi eHeprii.

Takox MOKHa BII3HAYUTH CJIa0KY MMPOTHO30BaHICTh 00CATY BUPOOJICHOT €HEPrii.

1.2.2 Tunu mepe:xxk MicroGrid
e KammycHi MiKpoMepexi

[0 KaMITyCHUX MIKPOMEPEK € arperyBaHHs 1CHYI0UYO1 reHeparlii Ha MicIi 3
KIJIbKOMa HaBaHTAKEHHSIMU, PO3TalllOBAHUMH B TICHIM reorpadii, 1€ BIACHUK JETKO
Kepye HUMHU

e (CrnoxyyeHi MIKpOMepexi

Microgrid Moxxe 0OCIyroByBaTH IEKUIbKa THUCAY KIIIEHTIB 1 MIATPUMYBATH
IIPOHUKHEHHSI MICIIEBOI €HEepTii (EJIEKTPOCHEepris, OMaJieHHS Ta OXOJIO/HKeHHS). Y
MIKPOCEPEAOBHUILI JJIsl CIUIBHOTU AESKI OyIMHKU MOKYTh MaTH JEsIKI TOHOBJIIOBaHI
JoKepena, ikl MOXKYTh 3a0€3MeUUTH 1X MOMUT, a TAKOXK iXHI CYCIIM B MeXaX OJIHI€l
rpoMagu. Takok BOHA MOKE€ MaTH IIEHTPAi30BaHHMM a0 KUIbKa PO3MOIICHUX
cxoBHIl eHeprii. Takl MikpocepenoBUIla MOXYTh OyTH y (OpMi 3MIHHOTO CTPYMY 1
MOCTIHHOTO ~ CTPyMy, 3'€AHAHUX pPAa30M Yepe3 JIBOHANPABIECHUW  CHIJIOBUU
€JIEKTPOHHUU NEPETBOPIOBAY.

e BinnaneHi MikpoMepexi

Ili mikpocepeaoBuIla HIKOJIHM HE MIAKIIOYAIOTHCS 10 OCHOBHOI MEpEeXKi, uepes
€KOHOMIYHI MUTaHHs a00 reorpadiyHe MOJOKEHHS, 1 3aMICTh LBOT0 MPaIOITh B
OCTPIBHOMY pEXUMi,. SIK TpaBUIO, MIKPOCEPEIOBHUIIE «I03a EIEKTPOMEPEKEION
moOyZI0BaHO B pailoHax, SIKI 3HAXOMATHCS MAJEKO BiA Oynb-sKoi 1HPPACTPYKTypH
nepeaadi 1 po3moaAuTy 1, OT)KE, HE MalTh 3B'A3KY 3 KOMYHAJIbHOI MEpEekKero.

JlocmipkeHHsT TOKa3aiM, HI0 eKCIUTyaTallis BiJJalieHuX pailoHiB a00 OCTpPIBHHX
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MIKpOCETEH, Jie MepeBaaroTh BIAHOBJIIOBAHI JKEpeNa €Heprii, 3MEHIIUTh BapTiCTh
BUPOOHUIITBA CJICKTPOCHEPTII 3a Yac ICHYBaHHS TaKUX IMPOEKTIB.

Benuki BimmaneHi pailoHH MOXKYTh 3a0€3MeuyBaTHCS KUTbKOMa HE3aJIC)KHUMHU
MIKpOMEpeKaMH, KOXKHa 3 SKHX Ma€ 1HIIOTO BJacHHUKa (omeparopa). Xoda Taki
MIKPOCEPE/IOBHINIA  TPATUILINHO PpO3pOOJICHI SK EHEepPreTHYHl CcaMOJOCTaTHI,
MepepuBYaCTi MOHOBIIOBaHI JKEpesla Ta iX HECHOJiBaHI Ta PI3Ki 3MIHHM MOXYTb
BUKJIMKATH HECIOJIBaHUN HEMOMIK €Heprii abo HaaAMIpHY TeHepalilo B IUX
MiKkpocepeaoBuiax. Lle HeraiftHo npu3Beae 10 HENPUIUHATHOIO BIIXUIIEHHS HANPYTU
ab0 4YactoTu B MIKpoMmepexy. JlJis yCyHEHHS TakMX CHUTyalld MO>XHAa TUMYacOBO
3'€IHATH TaKl MIKpOMEPEX1 3 BIIMOBITHUM CYCIJTHIM MIKPOCEPEAOBHILEM JIJIsi OOMIHY
MOTYKHICTIO 1 MOJIMIIEHHS BIIXWICHb HANpyru 1 yacTtoTH. Lle mMoxHa gocartu 3a
JIOTIOMOTOI0 IIEpEMHKAauya Ha OCHOBI CHJIOBOi €JIEKTPOHIKM TICHSI HaJIeKHOI
CHUHXpOHI3alii abo uYepe3 3BOPOTHE MIJKIIOYEHHS JBOX CHJIOBUX EJIEKTPOHHHUX
MepEeTBOPIOBAYIB 1 MICIs MIATBEPAKEHHSI CTaOUIBHOCTI HOBOI cucTeMU. BuzHaueHHs
HEOOX1THOCTI B3a€EMO3B'SI3KY CYCIJIHIX MIKpOMEPEX 1 3HAXOHKCHHS BIMOBIIHOTO
MIKpPOCEPEIOBUINA JJIs CIIOJYYCHHSI MOXKEe OyTH JOCSITHYTO 3a JIONMOMOTO TiXO/IIB
onTuMizallii abo IPUHHATTS PIIICHb.

e Mikpomepexi Il BOEHHHX 0a3
[{1 MiKpoMepeKi aKTUBHO PO3TOPTAIOTHCA 3 OpPIEHTALIEI0 K Ha (I3UYHY, TakK 1
Ha Ki0epOe3reKy BIMChKOBUX 00'€KTIB 3 METOIO 3a0e3MeUeHHsT HaJliiHOT €HepreTHKU
0e3 onopu Ha OCHOBHY MEPEKY.
e KoMepiiiiHi Ta IPOMHUCIOBI MIKpOMEPEXI
i Turu MikpoMepexi MBUAKO 103piBatoTh y [liBHIUHIN AMepull Ta A31aTChKO-
TuxookeaHCHKOMY PETi0HI; OJHAK BIJACYTHICTh AOOpE BIAOMHUX CTaHIAAPTIB JJIS IUX
TUIIB MiKpoceTeil oOMexye iX y riobanpHoMy MaciiTadi. OCHOBHUMHU NMPUYHMHAMU
BCTAHOBJICHHSI TPOMHCIIOBOI MIKpOMEpexki € Oe3neka eNeKTPOKUBIEHHS Ta i
HaAiliHiCTh. IcHye OaraTo BHUpPOOHMYMX TIPOIECIB, B SIKUX IEPEPUBAHHSA
€HEeprornocTayaHHsi MOXE MPU3BECTU 10 BEIUKUX BTPAT JOXOJIB 1 TPUBAJIOTO Hacy
3anycky. IIpomucioBi MikpoMmepexi MOXYThb OyTH po3poOJieH1 IS MOCTavyaHHS

MIPOMHUCIIOBUX MPOIIECIB, a TAKOX MOXYTb IHTEIpyBaTH BHUPOOHMIITBO TEIIOBOI Ta



21

enextpuunoi eneprii (TELl), mo XuBUTbCA BiJ BITHOBIIOBAHUX JDKEPEN Ta
nepepoOKr BiIX0/iB; 30epiraHHs eHeprii Moxke JT0JaTKOBO BUKOPUCTOBYBATHUCS JIS

ONITUMI3AIli] Onepamii MUX MiJCUCTEM.

OcHoBHi komnoHenT MicroGrid:

CnoXueaHHA

NokanbHana reHepaduin 36epiranHa eHeprii

MicroGrid

Touyka 3aranbHoro 3B'A3Ky

Puc. 1.3 OcHoBHI koMIoHeHTH cuctemMu MicroGrid

e JlokanbHas reHeparris
Mikpomepexxka mpecTaBiisie pi3HI TUIM JKepea TeHepallii, siKl CIOXUBaIOTh
CICKTPOCHEPTi0, OmMaJeHHs Ta oxoio/KeHHs. Ili okepena mMoOmUIAIOTBCS Ha JBi
OCHOBHI T'pyNH - JpKepesa TEeIIOBOI €Heprii (Hampukiaa, reHepaTopu NPUPOAHOTO
razy abo Oiorazy abo MiKpo KOMOIHOBaHi) Ta JKepesia BIJHOBJIIOBAHOI TeHeparlii
(HampuKIa, BITpOTEHEPATOPH, COHSIUHI OaTapei).
o (CroXUBaHHS
Y MiKpoMepeki CIOKHMBAaHHS IPOCTO BIJHOCHUTHCS 10 €IEMEHTIB, SKi
CIIO’KUBAIOTh €JIEKTPOSHEPTit0, TEIJIO 1 OXOJOHKEHHS, SIK1 BapitOIOTHCS BiJl OKPEMUX

MPUCTPOIB 70 OCBITJICHHSI, ONATIOBAILHOT CUCTEMH OyJMHKIB, KOMEPIIMHUX IIEHTPIB
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1 T.71. Y BHMAKy KOHTPOJIHOBAaHUX HABAHTAXEHB, CIIOKMUBAHHS €JICKTPOEHEPTIi MOXKeE
OyTH 3MIHEHO B 3aJICKHOCTI B1JI MEPEXKI.
e 30epiraHHs eHeprii

VY MikpoMmepexxax 30epiraHHsi €Heprii 3/laTHe BUKOHYBATH KUIbKa (DYHKIIIH,
TaKHX SIK 3a0€3MEeUYEHHS SIKOCT1 €JIEKTPOCHEPTii, BKIIOYAIOYU PETYIIOBAHHS YacTOTH 1
HANpyTH, 3TJa/PKyBaHHS BHUXOAY BIJHOBIIOBAHUX JKEpeNl €Heprii, 3a0e3nedeHHs
PE3EPBHOTO JKUBJICHHS JUIi CHCTEMM 1 BIIrpae BHUPIMIATIBHY POJb y ONTHMI3ZAIl]
BUTpaT. BoHa BKJIIOYa€E BCI €JNEKTPUYHI, TUCKY, TI'paBiTalliiiHl, MaxOBUKOBI Ta
TEeXHOJIOT1i 30epiranHs Termia. Koo B MiKpomepeki € KuUIbKa 3amaM'sTOBYHOUHX
OPUCTPOIB €HEpPrii 3 PI3HUMHU €MHOCTSIMH, Oa)XXaHO KOOPJMHYBAaTH iX 3apsjKy 1
PO3PSAKY TAaKMM YHMHOM, 0O MEHIIMI 3amac eHeprii He po3psAKaBcs MIBUALIE, HIK
T1, IO MaKOTh OUIBII MOTYXHOCTI. Takox OakaHo, 1100 MEHIIHH He OYB MOBHICTIO
3apsAJKEHUN JI0 THUX, XTO Ma€ Oulbll MoTykHOcTi. Ile mMoxe OyTu AocCSIrHyTO 3a
JOTIOMOT'OK0 CKOOPJIMHOBAHOTO KOHTPOJIIO 32 30€pIiraHHsM €HEPrii Ha OCHOBI IXHBOT'O
CTaHy 3apsgy. Ko BUKOPHUCTOBYIOTHCSA KiJIbKa CHCTEM 30epiraHHs eHeprii
(MOXJTMBO, MPALIOIOTh 32 PI3HUMH TEXHOJIOTISIMHU), 1 BOHU KEPYIOThCS YHIKaJIbHUM
6iokoM kouTpomto (Energy Management System - EMS), iepapxiune ymnpaBiiHHS,
3aCHOBaHE Ha apxiTeKTypl master / slaves, Moxke 3a0e3nmeunTy HalKparl omnepairiii,
0COOJIMBO B OCTPIBHOMY PEXUMI

e Touka 3arajJibHOTO 3B'SI3KY

Ile Touka B €JIEKTPUYHOMY JIAHI[O31, € MIKpOMEpeXka 3'€lHaHa 3 OCHOBHOIO
Mepexer. Mikpomepexi, sfKI He MaloTh 133, Ha3UMBAIOTHCS 130JIbOBAHUMHU
MIKpOCEpEIOBHINaMHU, SKI 3a3BUYAll TPEJICTABIICHI Y BUIAJKY BiIJajieHUX 00'€KTIB
(HampuKIaa, BIAJQJICHUX Tpomaa abo BIAJAJEHUX MPOMHUCIOBUX OO0'€KTIB), €
B3a€MO3B'SA30K 3 OCHOBHOIO MEPEKEI0 HEMOXJIMBUN Yepe3 TEXHIYHI YU €KOHOMIYHI

00OMEKEHHS.

1.2.3 T'onoBHi npuHumMnm nodygosu cucreMu MicroGrid:

- Buxopucrtanus teopii paxTais.
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®pakTanu € CKIaJHAMH CUCTEMaMH, CTBOPEHI IUIIXOM MOBTOPEHHS MPOCTHX
MojIeNel, MoaIOHNX 10 Hel camoi, Ha Bcix piBHAX. MicroGrid moGymoBaHo Ha 6a3i
MOHATTS (DpakTaiiB 3 BY3IMIB 1 3'€THAHB, /1€ KOXKEH BY30JI BKIIIOUA€E B ceO€ JIOKAIBHO
ontuMmizoBaHi PEP 1 HaBanTaxkeHHs. KokeH By301 He3aJeXHUM 1 3IaTHHUM
IpaIloBaTH K aBTOHOMHO, TaK 1 B KOOPJIMHAIIIT 3 MAaKpO-CUCTEMaMHU.

I{s xoHIEMIIisT CIpOILye MOOYJOBY CHUCTEMH, TaK SIK CJICKTPHUYHA MeEpeka
CKJIaJIa€ThCcsl 3 KOMOiHAIlli CTaOIIbHUX 1 ONTUMI30BAaHMX OJIOKIB, SIKI MPAIIOIOTH B
koopauHaiii. Taka apXiTekTypa Moxke OyTH pPO3IIMpPEHAa OKPEMUMH KOMIIOHEHTAMH,
AK1 yTBOPIOBATUMYTh BCE OLIBII 1 OUIBII CKIIAH1 1 O1JIBILI CUCTEMHU.

- Posnoxainena iepapxis.

MacmTaboBaHICTh CUCTEMH 3a0€3MeUyeEThCS MPOrPaMHUM 3a0€3MEUYECHHSIM Ha
KO)KHOMY 13 piBHIB Mepexi. KoxkeH By30s BKIO4Yae B cebe JIOTIKY, 1 3/1aTeH
IpairoBaTd AaBTOHOMHO a00 3 3a JIOMOMOTOI CHUTHAJIB IIEHTPaJi30BaHOTO
yopaBiiHHSA. Buxig 3a Mexl TpaauliiHOI KOMAaHIHO-KOHTPOJBHOI apXITEKTYpH
ICHYIOYOi €JICKTPUYHOT MEpEeXi, J03BOJIAE€ BHUPIIIYBATH BCE CKIAIHIII TPOOIeMH
KOHTpOJII0O Ta omntumizauii. Po3monuieHi cucremMu 3a0e3MeyyroTh IHTETpaliio 1
KOOpAWHAINI0 3Ha4HO Oumbmioi kKimbkocti PEP, mo Baxko peanmizyBatu uepes

IIEHTpaJIi30BaHl CHCTEMH.

ANMHICTPATOP
O ®
1. Tyfmixaniz sageKu - -
2. Obpobka abaHe HTOM 3armATy I9s . ™~ \
3. SHIDKEHHA JTOKATBHOr 0 R @ ( ‘
4. BuxoHaHHA 3 ATEKH 7 - Ke
5. dhixcania afMHI CTPAT Op OB pyrota
BHK OHAHHA a7 BKH @ cucTeMa
- /
[T amH cHHE j\i\ ;

Puc. 1.5 CxeMma BigmpaitoBaHHsI METOAY IyOiKalii-IimICcKu
OnnuM 3 HaWmomupeHimux 3actrocyBanb MicroGrid € peanizaiiis po3yMHHUX

OyauHkiB Ta OyniBenb. KokeH po3yMHUN OyIWHOK MICTUTH PI3HOMaHITHUN HaOip
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KEpOBaHUX EHEPreTHYHUX PECypcCiB, B TOMY YHCI1 COHSYHI MaHENl, aKyMyJISTOpPHI
Oatapei Ta peryiboBaHi HAaBaHTAXKEHHSI.

MicroGrid cuctemMu MOXYTh BHUKOPHUCTOBYBAaTH BIIACHUN KOMYHIKalllMHUN
IPOTOKOJI, 3aCHOBaHUW Ha METOJl MyOJIKaIii-MIAMUCKA B CHCTEMI OOMIHY
noBigomieHHsMH (puc. 1.5).

Jlns 3a0e3nedeHHs 3B'A3Ky, IEHTpaldbHMI KoopauHaTtop 1 KoxkeH PEP
JI0JTAl0OTHCS B SIKOCTI Y4acCHUKIB B cucTeMi. KojkeH y4acHUK BUKOPUCTOBYE CHUCTEMY,
o6 omyOJiKyBaTH CBifl cTaTyc 1 MIANKCATUCA HAa TMOBIJOMJICHHS BiJ 1HIIUX
YYACHMKIB, Kl MOTIM MOXYTb OyTH BHUKOpucTaHl. lle cTBoproe ciabo 3B's3aHy 1
MmaciitaboBany cuctemy, 1e PEP MoxyTs OyTu nonani abo BuitydeHi 06€3 iCTOTHOTO
BIUIMBY Ha 1HIIl YACTUHU CUCTEMH.

Jami OynyTh mepeurcieHi JesKl TeXHOJIOrI, K1 Jal0Th 3MOT'y BTUTIOBATH el
MicroGrid B KUTTS:

CuioBa ejieKTpoHiKka

HoBe mokoiHHS CHIJIOBOT €JIEKTPOHIKH ICTOTHO CHUPAETHCS Ha BUKOPUCTAHHS
BOY/IOBAaHUX KOHTpOJIEpiB. BIANOBIIHO BOHM JEriie 1HTErPYHOThCA B KOMIT'HOTEPHI
MEpexi.

- HamiBnpoBinHukoBi TpancopmaTopH, sIKi MOKPAIYIOTh SKICTh €HEprii,
JO3BOJISIIOTh 1HJMBIIyalli3yBaTH HapamMeTpu 1 JOCITTH «IU(POBOTO»
SKOCT1 MPOAYKIIi1, 0 TTOCTABJISIETHCS] €HEPTi.

- IlpuBogy mist epekTUBHOI IHTETpallli BITPOBUX '€HEPATOPIB B MEPEKY.

- HamiBnpoBinHHUKOBI 1301101041

- IIpuctpoi BuMiproBaHHS BEKTOPIB CTPYMIB 1 HAMPYT, 10 IHTETPYIOTHCS B
CHUCTEMH PEIIEUHOI 0 3aXUCTY.

IIporpamue 3a0e3neyeHHst

- CepBic-opi€HTOBaH1 apXITEKTYpPHU

- CemaHTH4HI BeO-cepBicH

- Mera-Moerni MoTaHHs 3HAHb

- OHTOJIOTIYHI MOJENTI

Komn'worepHe 001a1HAHHS aBTOMATH3ANIT
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BOynoBaHi KOHTpoJiepH, Taki MOKOJIHHSA BIJJAJICHUX TEPMIHAIBHUX

npuctpoiB (RTU), inTenexryanbhi npuctpoi ynpasiinas (IED)

be3npoToBi Mepexi JaTUMKIB

Teopii i TexHOJIOTiI yIPaBJIiHHA

- Heminifine ynpaBiaiHHS, IITYYHUR 1HTEICKT, HEUPOHHI MEpexi, MOl
IHTEJIEKTYaIbHOTO yIIPaBIIHHS

- MynbTHareHTHI CUCTEMHU, CUCTEMHU PO3MOJICHUX NPUUHATH PIIIECHb
3aCHOBaH1 Ha KOHCEHCYCI Ta Me€XaHi3MaX roJIOCYBaHHS

- Hosi Texnosorii po3noainenHs aBromartu3aiiii (IEC 61499)

MepexeBi TeXHOJI0TII

[Iporokonu Bucokoro piBua (IEC 61850, GOOSE, DNP3)

[IIupoxocmMyroBi MPOBIAHI Ta 0E3MPOBIIHI MEPEXKi

Komymikartii uepe3 cuioi minii (PLC - Power line communication)

CTpyKTypa CUCTEMH 3 PO3NOJUICHUMU €HEPTEeTUYHUMHU pecypcaMu 300paxkeHa
Ha puc. 1.4.

Cucrema  MicroGrid  ol'egHye  anpTepHATHBHI  JpKepena  €Heprii
(boToreneparopu, BITPOYCTAHOBKH), aKyMyJISITOpHI Oartapei, TpaaulliiHI JKepea
eHeprii (Iu3enbHI reHepaTopy, MaJIuBHI €JIEMEHTH) Ta KePOBaHI HABaHTAXKEHHS JJIs
3a0€3MeUYeHHs eHEPreTUYHNX MOTPeO CIOKUBAYIB.

BaxnuBuMM 3aiayaMy CUCTEMU € 3a0€3MEUEHHSI €KOHOMIIO €HEprii , B TOMY
YuCIi 1 poOOTY BCIET CUCTEMHU B aBTOHOMHOMY PEKHUMI.

Jlnst onmTuMizallii Ta KOHTPOJIO B CHCTEMI BUKOPHUCTOBYIOTHCS AITOPUTMH
JUHAMIYHOTO YIPaBIiHHSA, K1 KOHTPOJIOI0TH pecypcu. Koxxen PEP koHTpomtoeThes 1
KEepY€EThCS JIOKAIBHO, alle HOro po0oTa KOOPAMHYETHCS Yepe3 ILIEHTPAIbHY CHUCTEMY
KepyBaHHS. AJTOPUTMU KEPYBAHHS MPAIIOIOTh B PEXKUMI PEATHHOTO Yacy s
OonTUMI3allli HABAaHTAKEHHSI MEPEXi Ta 3a0e3MeUeHHs] HaIIMHOTO0 €HEePronocTavyaHHs

eHeprii.
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Puc. 1.4 CrpykTypa 3 po3MOAIIEHUMH €HEPrETUYHUMH pecypcamMmu

1.3 XapaxkrepucTuku Ta 00Jacti 3actocyBanus cucremu MicroGrid

IigBunieHHs1 eeKTUBHOCTI €EHEPrOCIOKUBAHHSA

[TeBne nigBuIeHHST €()EKTUBHOCTI €HEPTOCIIOKUBAHHSI MOXKE OYTH JOCSATHYTO
3a paXyHOK 3HM)KCHHS MIKOBUX HaBaHTaKeHb. Lle mocsraeTscst BBEIEHHSIM CIIOTOBOTO
PUHKY €JIEKTPOCHEPTil 3 MOKJIMBICTIO IMHAMIYHOTO BCTAHOBJICHHS I[IHU Ha OHJIAIH-
PUHKY @)K J0 KIHIIEBOro croxuBaya. [Ipu HassBHOCTI 1HpOpMalii TPo NOTOYHY I[iHY,
cuctemMa HaOyBa€ €JIEMEHTH CaMOPETYIIOBAaHHS, CTUMYJIOIOUM  CIIOKUBAdiB
BIJIMOBHUTHCS BiJl JEIKUX TMOCIYyr a00 TepeHecTw ix Ha iHmmi 4yac. Komm'roTepHi
TEXHOJIOT1i HaJalTh BEIMKUNA HaOlp BIANOBIAHUX CEPBICIB, HampUKIaa: 30ip
JETANBbHUX PE3YIbTAaTIB BHUMIPIOBAaHb CHEPrOCIOXHBAHHA aX O KOXXHOTO
€JIEKTPOIpUIaay 1 MOJAHHS iX CIIOXUBayeBl B peajbHOMY 4Yaci (smart metering),
MOJKJIMBICTh aBTOMATHYHOTO 3HIDKCHHS CIIOKHBAHHS IMPH 3POCTAaHHI IIHW MUISTXOM
BIIKJTFOYCHHSI HETPIOPUTETHUX HABaHTaXeHb, 1 T.1. [lopsa 3 muM, TOCHIIHKYIOTHCS
MOXKJIMBOCTI 30€peKeHOi eHeprii B MepioJd HU3bKUX I1H, 3 BUKOPUCTAHHSIM B
nepiogy MIKOBOTO TOMUTY. BIiAMOBiAHI TEXHONOTI] BKIIOYAIOTh aKyMYJSITOPHI

Oatapei, KOHIIEHCATOpH, a TaKOXX MEXaHIYHI CHCTEMH, HAMPUKIAJ, CTUCHEHHS
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noBiTpsi. OMHAK, MOCHIDKEHHS MOKa3ylTh, MO0 O1IbIIa YaCTHUHA 3 ITUX TEXHOJOTIN
€KOHOMIYHO HepeHTabelIbHA B IaHWH Yac.

IlonoBaI0BaHI :Kepesia eHepril

[cHyroui TEXHOJIOTII TMOKM HE JO03BOJSIOTH JOCSATTH CTIMKUX CHCTEM
noOyaoBanux Ha 100% BHUKOpPHCTaHHI MOHOBIIOBAaHUX JIKEpeNl eHeprii (BiTep,
conre). IuTerpamis Takux Kepen 3 TpaAWIIMHUMU TIOB'i3aHa 3 OaraTbMa
npoOjieMamMu. 3aBAaHHS JUHAMIYHOTO OajlaHCy CIIOKMBAaHHS 1 TEHepallii MoXKe
BHUpILIYBATUCS SIK Ha Makpo, Tak 1 Ha Mikpo piBHI. Konuenuis MicroGrid nonsirae B
TOMYy, 1100 JOCSTTH ONTUMAJIbHOTO CHIBBIJHOIICHHS MIX TEHEpali€ro 1
CIOKMBAHHSIM Ha PIBHI MIKpO-pailoHy abo cenulila, MPUITyCKaro4H, 10 B 0araThox
JIOMOTOCIIOZJaPCTBAX MPUCYTHI BJIACHI T'€HEPYIOUl MOTYKHOCTI, 1 CUCTeMa PO3MOALTY
JI03BOJISIE TIPO/IABATH €HEPTito cycijjaM abo KymyBaTH ii B Mipy HEOOX1HOCTI.

Eaextpomo0ii

ABTOMOO1I, 11O 3apsIKAIOTHCS B PO3ETKH, € PEAJIbHICTIO ChOTOAHIIIHBOIO
nusi. [IpakTiaHO HEmMae po301KHOCTEN Cepell EKCIEPTIB 1 B TOMY, IO 11 TEXHOJIOT1s
CTaHE JIOMIHYIOYOK B HaWOMMK4l poOKM 1 Jecatwmitrs. Hackiabku cucteMu
€JIEKTPOIIOCTAaYaHHs TOTOBI A0 I1€1 paAuKaIbHOT 3MIHU?

B nmanwmii yac BegyThcs MIMPOKI MOCHiKeHHA B HampsmMky V2G (vehicle to
grid). Benuye3Hi mnepcrneKkTHBU 1HMOPMALIMHUX TEXHOJOTIM B 3B'SI3KY 3 LHM.
«Po3ymHi» aBTOMOOUTI, MiAKIIOYEH] A0 [HTEpHETY 1 BOJOMIIOTH 1H(MOPMAIIIEID TIPO
CBOCM MICII€3HAXO/KeHHS, OyAyTh 3/1aTHI TUIaHYBAaTH HANO1IBII ONTUMAJIbHE MICIIE 1
yac migzapanku. o mis uporo HeoOximHo? B mepury uepry, craHmapTd OOMiHY
iH(pOopMarri€ero, cTanaapT (HI3UIHOTO MIAKITIOYEHHS 70 eIEKTPOMEPEKI.

B 3B's13Ky 3 MM, 1HTEpec MPeACTaBISIOTh 1 TEXHOJIOTII 0€3poTOBOI Mnepenayi
EJIEKTPOCHEePTii (HapHUKIa] IHIYKTUBHOI a00 €MKOCTHO1). BiAmoBiaH1 TeXHOJOTII € 1
JOCSITTIA  BUCOKOi e(eKTUBHOCTI Tepenadi. be3nporoBa mepemaya eHEprii MoOxe
ICTOTHO TMOJIETIIUTA CTBOPEHHS 1HQPACTPYKTYpH MIA3apsAIKHA, aXK [0 TOTO, WIO0
mig3apsaka Oyze 3/1HCHIOBATUCS Ha KO)KHOMY CBITIIO(hOPI, a pO3paxyHKH 332 €HEPrito

OylyTh IPOBOJAUTHUCS B €JIEKTPOHHIHN hopMmi.
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HanpilinicTe, cTadiabHicTD i 0e3meKka

EnexTpoMepexi € KpUTUYHOIO 1H(GPACTPYKTYPOIO CYyCHUIbCTBA. 3a0€3MeUeHHS
CTaOLIPHOCTI, HAAIHHOCTI 1 Oe3neku iX (YHKI[IOHYBaHHS € OJHUM 3 aOCONIOTHHX
IIPIOPUTETIB B TOCTIKCHHSIX.

OpHi€ro 3 XapakTEPUCTHUK, 3a3HAUCHUX Y BCIX «IPOTPAMHHUX» TOKYMEHTaX €
«CaMOJIIKYBaHHS», IO BKJIOYaE B ceOe¢ aBTOMATHYHY TIarHOCTHKY 1 JIIKBIJAIliO
aBapiii, HEJOMYIICHHS KaCKaJHUX BIJIKIIOUYEHb, IIIBUKE BIIHOBJICHHS 1M0OJ1a4ul €HEPTii
Ha BIJKIIIOYEHI TUISHKH. TpaauuiiHuil croci0 BUPIMICHHS LHMX 3aBJaHb IOJSATA€ B
BUKOPUCTaHHI 1€PAPXIYHOI CTPYKTYpH NPUUHATTS pimieHb. OgHaK, OCTaHHIM 4acoM
aKTUBHO BEAYThCA pOOOTH B 001acCTi peaizallii cTpaTerii po3noAiIeHOro MPUHHSATTS
pillicHh aBTOHOMHHMMH JIOKQJIbLHUMH KOHTPOJIEpaMH, B3aEMOIFOUNMHU OJIFH 3 OJTHUM.

Cnin 3a3Hauutd, 1mo MicroGrid moB'sizye eHepreTudHy 1HPPACTPYKTypy 3
KOMYHIKaIIHHUMU 1HPpacTpykTypaMu (IHTEPHET, CTIILHUKOBHUH 3B'S30K), 110 MOXE
MaTH SK MMO3UTHBHI, TaK 1 HETaTUBHI HACIIJIKHU JJIsT HaJIMHOCTI 000X.

Obaacri 3acrocyBanns MicroGrid

OcHOBHMMH 00JacTIMU 3aCTOCYBaHHS JAHOI CHCTEMH € PErioHd 3
KPUTUYHUMHU TOTpeOaMH PE3epPBHOIO TOCTAYAHHS Ta PETIOHM 3 HECHPUSTIMBUM
kiiMatoM. [IpukiiamoM TakuxX pETiOHIB € YHIBEPCUTETChKI Ta KOPIOpaTUBHI
MICTEYKa, CTAJI0HH, Y IOPTH, BUPOOHNY1 30HU Ta TEPUTOPIi BIHCHKOBUX YaCTHH.

OpnuM 3 HAWOUIBIIMX TEPIIUX 3aMOBHHKIB pimeHb Smart Microgrid cranm
MyHIinunangiTeTd mrary KoHHeKkTukyT. "3a ocTaHHI JBa POKH MO TEPUTOPIi HALIOTO
HITaTy MIPOHECIIOCS KiJIbKa yparaHiB, Kl I'ATh pa3iB MOIIKOIKYBAIN IIEHTPAI30BaHy
MepexKy enekrponepenadi, - kake Anekc Kpeiiri (Alex Kragie), onuH 3 KepiBHUKIB
JenapTaMeHTyY CHEPreTUKH 1 OXOPOHHU MPUPOIU IBOTO IMITATy. - Y TaKUX BHUMAJKaX
TPOMAJISTHU PO OOYPIOIOTHCS, ajie JIUIIE O TUX Mip, MOKH HE MI3HAIOTHCA, CKITbKA
KOIITY€E YKJIaJAaHHs KaOemto mij 3emiiero”.

CxeMa aBTOHOMHOI'O €HEpPronocTauyaHHs HalBaKIIMBIIIKUX 00’ €KTIB MpH aBapii

Ha 30BHIIIHIA Mepexi 300pakeHo Ha puc. 1.5.
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Puc. 1.6 ABapiiina cutyariisi B Mepexi

MikpoMepe:xi 3/1aTHI MOM'SIKIIUTH €HEepPreTH4YHI npodsieMu 1mrary. B manwmii
yac BOHM OyAylOTbCd B JEB'ATU MYHIIUNAIbHUX YTBOPEHHSIX KOHHEKTHUKYTY.
"MikpoMmepexi 100pe MacuTadyroThes, - 3a3Hayae Anekc Kpeiiri, - ane Hail micra
Ty’Ke IIIbHO 3a0y/I0BaHI 1 BIAPI3HAIOTECS BHUCOKOK CKym4ueHicTio. Hampukmanm, B
bpimxnopti BigAUIeHHS TMOMIIIi, MOXKEXKHA OXOpoHa 1 OYyIWHOK MpecTapiinx
po3TramioBaHi B OesnocepenHid Oau3bKocTi oauH A0 oaHoro. Y Xaprdopai Ha
'ATa4Ky J11aMEeTPOM B JIEKUIbKAa COTEHb METPIB PO3TAIIOBYIOTHCS IIKOJA, OyIUHOK
JUIS JTFOJIEH TTOXHWJIOTO BiKY, O€H303ampaBKa 1 MPOAYKTOBUM Mara3uH".

Kpeiiri BBaxae, M0 B TaKMX MICTaX MIKPOMEPEXKI MOXYTh TrapaHTyBaTH
OesrepebiitHe eHepromnocTayaHds 0aHKiB, BOJJOOYMCHUX CIIOPY/, allTeK 1 AepKaBHUX
nputyikiB: "Hama mera mossrae B TOMy, 1100 MiABUIIMTH O€3MEKy TPOMAJsiH 1
3PYYHICTh KHUTTS B pa3i BIAKIIOUEHHS €JIEKTPOCHEprii. SIKIO MpUpoIHI KaTaKIi3MH

CTal0Th HOPMOIO, TO TOTPIOHO OyAyBaTHU HAJIMHIIII CUCTEMU
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PerioH 3 HecnpUATAMBHM KNimaToMm

Puc. 1.7 O6nacti 3actocyBanns cucremu MicroGrid

Bignaneni perionu € npyroto obiactio 3actocyBanns cuctemu MicroGrid.

Enepretuuni MikpoMmepexi po3ropTaioTh B CaMHX pPI3HHUX MICIAX SK B
PO3BUHEHHUX, TakK 1 B KpaiHaX, 10 pO3BUBaIOThCS. 3a cioBamu Teppi Mona (Terry
Mohn), romoBHOro BHKOHaBUOTO aupektopa kommanii General Microgrids 3 Can-
Hiero (mrar KanidopHis), 1eBoBy yacTKy O0i3HeCcy HOTO KOMIIaHisl BEJI€ 32 KOPIOHOM,
eNeKTpU(IKYyEMO CUIbCHKI paHOHM B TaKUX KpaiHax, sk Kenis 1 [Hais. "Mu npairoemo
3 ypAllaMH THUX KpaiH, /e eHepreTudyHa 1HPpacTpyKTypa pOo3BHHEHA Ty>K€ MOTaHO'",
TOBOPUTH BiH, JOJIaI04H, 1110, B 3aJIEKHOCTI BiJl MICIIEBUX YMOB, SIK JKEPEJIO €Heprii
JUTSI MIKPOCETEH BUCTYIIAIOTh aKyMYJISTOPHI 200 coHsiuHi ((hoToenekTpuyHi) 6arapei.

"Mu He OymyeMo AOBT1 JIiHIT €JIEKTporepeaadi, a nmepeaacMo €HEpriio uepes
pPO3MOJITIEHI CUCTEMH MIKpPOMEpPEX, - 3a3Hadae Teppi Mon. - Ile mo3Bossie

CTBOPIOBATH JIBOHAIPABJICHI MOTOKW €Heprii. SIK TIIbKM B TEBHIA 30HI BUHUKAE



31

HAJJIMIIOK €Heprii, Il 30Ha CTa€ JKEpesoM eHeprii [uid CyCciaHixX cin 1 cemuin”. 3a
cioBaMu MoHa, eHepris, 10 BUPOOISETHCA WOro MIKpOMEPEXK, BUKOPUCTOBYETHCS
BUKJTFOYHO JIJIi OYMINECHHS BOJHU. TaKUM YHHOM, MIKPOMEpEeXi, PO3TOpHYTI HOTO
KOMIIaHI€10, OTOMAaraloTh IiJIBUIYBATH BpOXKai, aje HE BUKOPUCTOBYIOTHCS IS
PO3BUTKY MEPEKEBUX 3'€THAHb.

Ha BinMiny Bif KpaiH, 110 pO3BUBAIOTHCS, B IPOMHUCIOBO PO3BHHEHOMY CBITI
MIKpOMEpEX1 MO’KHA, KPIM IHIIOTO, BUKOPUCTOBYBATHU ISl PO3BUTKY MEPEKEBHUX
3'enHanb. "JlocTyn B IHTEpHET MOXKHA MIATPUMYBATH 32 JOIIOMOTOIO K O€3pOTOBUX,
TakK 1 MPOBIJHUX KaHAIB, - 3a3Hayae AJekc 1. - MeHemkepu KOXXHOI €HepreTUYHO1
MIKpOMEpeXi OyayTh cami BHpIIIYBaTH, SK 3IIACHIOBATH KOMYHIKaIii 3
MaKCUMaJbHOIO €(PEKTUBHICTIO".

Mikpomepexi 0e3yMOBHO € dYacTHHOK IHTepHeTy peueir. "fkmio IHTepHer
pedeit po3yMITH SIK 3/IaTHICTh 1HTEJIEKTYaJIbHUX MPUCTPOIB 0 OOMIHY 1H(OpMAIII€IO,
- kaxe [lon CeHnrosemna, - TO Ha €JIEMEHTApHOMY pIBHI 1I€ O3Ha4aTUMe OOMIH
JaHUMU Tpo  (YHKIIOHYBAaHHSA PO3MOJUIEHUX PECypciB MK  eJeMEHTaMH
€HEepPreTUYHOI MEepexi Ta oneparopamMu. 3roJoM Takui 1HPOPMALITHII 0OMIH MOXKe

IIPUBECTH JI0 CTBOPEHHsI 0araTopiBHEBOI apXITEKTYpH YIpaBIiHHS .
1.4 3acTocyBaHHS XMAPHMX CXOBHUIIl B OHTOJIOTIYHHUX MO/eJIsIX

XMapHe CXOBHINE - II€ MOJEIb XMapHUX OOYHCIICHb, fKa Tependadae
30epiraHHsl JaHUX B MEPEXi IHTEPHET 3a JIOMOMOTOI0 MOCTavYalibHUKA XMapHUX
00UYHCITIOBAJILHUX PECYPCIB, SIKUM HaJla€ CXOBHIIE JaHUX SK CEpBiCc 1 3a0e3meuye
yHOpaBIiHHS HUM. XMapHE CXOBUIIE HA/A€ThCAd HAa BUMOTY B HEOOXiIHOMY 00cCs3i,
OIIauy€eThCsl 3a (PAKTOM BHUKOPUCTAHHS 1 1M030aBisie BiJg HEOOXIAHOCTI KyIyBaTu
BJIacHy 1H(pacTpyKkTypy IJsi 30epiranHs JaHux 1 KepyBatu Hero. lle 3abesneuye
THYYKICTh, TJI00aJbHY MaclITabOBaHICTh 1 HaAlMHICTh. [laHl qocTynHI B OyIb-Kuii
qac 1 B Oy/1b-IKOMY MICIIl.

XMapHe CXOBHUIIE MOYKHA KYIUTH y CTOPOHHBOI'O IMOCTadyajJbHUKA XMapHUX
CEPBICIB, KU BOJIOJII€ pECypCcaMy CXOBUIIA JAHUX, YIIPABIIIE€ HUMU 1 HAJA€ TOCTYII

A0 HHUX 4YCpPEC3 iHTepHeT 3 OIlIaTOIO 3a q)aKTOM BHUKOPHUCTAHHA. IlocTravanbHUKH
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XMapHUX CXOBHWII BIJNOBIAAIOTH 3@ CTaH pecypciB, Oe3neKy 1 HaAliHICTb,
3a0€3MeuyoUun JOCTYHICTh JaHUX JJIS JJOJIaTKIB KJIIE€HTIB 10 BChOMY CBITY.

JlonaTku OTPUMYIOTH JOCTYN JO XMapHOTO CXOBHUIIA Yepe3 TpaaulliiiHi
npotokoysn 30epiraHHs JgaHux abo OesmocepenHbo uepe3 APIL. Barato
MOCTa4YaIbHUKIB MPOMOHYIOTh JOAATKOBI CEPBICH, NMPU3HAYECHI JUIS 3aXUCTY, 300Dy 1
aHali3y JaHUX y BETUYE3HUX MacIITadax, a TAKOXK YIPaBIiHHSI HUMHU.

IlepeBarn xmMapHoro 30epiranns:

CykymHa BapTICTh BOJIOJIHHS

3aBAsKM XMapHOMY CXOBHILIA BaM HE MOTPIOHO KyIyBaTHU OOJIaIHAHHA,
BUJIIJISITA PECYPCH JUIsl CXOBHINA a00 BUTpAdaTH KOIITH HA Te€, IO «KOJIU-HEOYIb
CTaHe B Haroi». Bu Moxxere gomaBaTi a00 BHAAISATH PECYpCH HA BUMOTY, IIBHAKO
3MIHIOBATH MPOYKTUBHICTh Ta TEPMiH 30epiranss. | npu npboMy B Oynere IIaTuTu
TIJIBKA 32 BUKOPUCTOBYBaH1 pecypcu. JlaHi, ki BUKOPHUCTOBYIOThCS HE TaK 4acTo,
MO’KHa aBTOMATHUYHO IMEpEMINIaTH Ha OUIbII €KOHOMIYHI PIBHI 3a MpaBUJIaMH, SKI
JIETKO KOHTposroBatu. L{e n103BosIsie 3a06€e3neYnTi €eKOHOMIIO TIPH BEJIMKUX 00CsTax.

Yac 10 po3ropraHHA

Konu rpymu po3poOku TroToBi 10 3aIllyCKy MpPOEKTIB, 1HPPACTPYyKTypa HE
NMOBUHHA iX CTpUMyBaTH. XMapHe cxoBuine n103Bojsie IT-daxiBisgM mBHAKO
BUJUISATH HEOOX1IHUM MpOCTip A 30€piraHHs JaHuX came TOJ1, KOJH 1€ TOTPIOHO.
B pesynbrati IT-¢haxiBii MOXKYTh 30C€pEAUTHCS HA BUPIIIEHHI CKIIATHUX TIPOOIIeM,
MOB'A3aHUX 3 J0JAaTKaMHU, a HE Ha MUTAHHSAX YOPABIIHHS CHCTEMamH 30epiraHHs
TaHUX.

Ynpagainusa ingopmauicro

[{enTpasnizoBaHe CXOBHUIIE B XMapi CTBOPIOE BEJIMUE3HI MOKIIMBOCTI JIJI1 HOBUX
MPUKJIAAIB BUKOPUCTAHHA. BUKOPHCTOBYIOUM TONITHKW YMPABIIHHS JKATTEBUM
IMKJIOM B XMapHOMY CXOBHIIIl, MOYKHA BHUPINIYBAaTH Ba)KJIMB1 3aBJIaHHS, TIOB'SI3aH1 3
YIOPaBIIHHAM 1H(GOpPMAIII€l0, BKIOYAIOUYM aBTOMAaTUYHUA PO3MOJALT 3a PIBHSAMU 200
OJIOKyBaHHS JaHUX 3 METOIO JOTPUMAHHS BUMOT.

OHTOJIOTISt PO3IIIAIAETHCA SIK OJIHA 3 TOJOBHUX CKJIAJOBHX CEMaHTUYHOIO

IHTEpHETY, 10 BUKOPUCTOBYETHCS AJIs MIPEICTABICHHS, MPUAOAHHS Ta BUKOPUCTAHHS
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3HaHb, 00 JOMOMOTTH MaITMHAM 3PO3YMITH 3MICT 3MICTy Pi3HHX BeO-peCypcCiB, 110
30UIbIIYE  MOKJIMBOCTI  aBTOMATUM30BaHOiI 00poOku  iHdopmaiii. OHTOIOTIA
3a0e3neuye 100pe BU3HAYCHHUM CIOBHHUK, KU BHU3HA4a€ Pi3HI FeTEPOTeHHI pecypcu
naHux  abo  (Qaiiam, BKIOYAOYM  CTPYKTYpPOBaHI,  HANIBCTPYKTYpHI  Ta

HECTPYKTYpOBaH1 (paiiiim.

OHTONOTIYHA
MOAEND

GEMAHTHYHI META A AHI

GTPYRTYPOBAHI META AARI

JAHIL: GTPYKTYPHI YH HEGTPYRTVPHI

Puc. 1.8 Ilipamina MeTaanux BiJl CHHTAKCHUCY JIO CEMAHTHKHU
[cHyOTH Pi3HI METOIM MOOYI0BM a00 MOBTOPHOTO BUKOPHCTAHHS OHTOJIOTIM.
Meron I'proninrepa 1 dokca n1odpe MAXOAUTH Il BUSHAUEHHSI OOCSTY OHTOJIOTII.
l'onoBna mnpuunna Bukopuctanus OWL - 1e 3maTHICTh 11i€i MOBH OHTOJIOTii
pO3IIMpIOBATHCS B MalOyTHROMY  BIJNOBIAHO 0 MOTPeOd  KIIEHTIB  SK
pexkomengoBanoro W3C cinoBauka irotoro 2014 poxy (W3C) 1 mpencraBist co00r0
pi3HI ceMaHTH4HI BigHOCUHU. [0 moTpiOHO BiJ OHTOJOTIT B TAKOMY CTaHi:
- IgenTtudikariiss pecypcy: omucye AOMEH, IM'A Ta TeMy pPeCypcy, KpiMm
aBTOpA, Ta KIFOYOBI CIOBa
- CTpykTypa pekypcii: Omucye 3B'SI30K MiXK pPI3HUMU KOMIIOHEHTIB
BCEpEIUHI pecypcy
- AAMIHICTpYBaHHS: II€ JO3BOJHTH aBTOpH3allii Ta MpaBa Ha 3MiHY
JOKYMEHTIB. MeToAoJorid CKJIaJa€eTbecsl 3 M'STH OCHOBHMX €TalliB.

[lepma ¢a3a nasuBaetbcs «Daza cmeumdikaii», sika OMUCYE L,
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chepy, o0macTb Ta OOMEXEHHSI OHTOJIOTis. J[pyruii eram Ha3WBaA€THCA
«KonuenryansHoro (a3orw», sSka BUIMNOBIZaE€ 3a PpoO3poOKYy Ta
Oprasizaiio pi3HHX KJaciB, €K3eMIULIPIB Ta BiMHOCWH. Tpers daza —
«®aza BHOpPOBAKEHHS», KA BUKOPUCTOBYE OHTOJIOTIIO, SIKA MICTUTh
O0m3bK0 93 Kj1aciB, BKJIIOYAKOYHM CEPBEPH PEILIIKH, KJIaCH KOPUCTYBayiB
1 (haiistiB, HA JOJIATOK JIO0 PI3HUX BJIACTUBOCTEH, BKITFOYAIOYN THITH JaHUX
1 BJIACTUBOCTI OO'€KTiB, Taki sK aij, 0 CTBOPIOE MPUBLICI, MICIE
perutik 1 gatu monudikanii. YerBepTa ¢asa - ue «Paza po3yMiHHS», IKa
MEPEBIPAETHCSA 3 BUKOPUCTAHHAM METOY JUIsl IEPEBIPKHU 1€papXii KaciB
1 HeBiaMoBiAHOCTI. B Toit wac sk octanHsa ¢aza € «Ddaza omiHKM», KA
OLIIHIOE OHTOJIOTIIO BIAMOBIAHO JO MPOCTOTH, CYMICHOCTI, BepCii,

AKUTTEBOTO ITUKITY 1 €KCIIPECUBHOCTI.
1.5 TexHo0rii po3moaiieHOr0 peecTpy

Benennsi 3anuciB 3aBxau OyJio IIEHTpali30BaHUM MPOIECOM, IO BHUMAaras
TOBIpH 10 cy0’ekTa ¢hopMyBaHHS, BEJCHHS 1 30epiranHs peectpy. €IUHI peecTpH 3
1€EpapXIYHUM JOCTYIIOM, SIKI MOIIMPIOIOTHCS, OLIIHIOIOTHCS 1 PEJArylOThCsl MEPEKEIO
YYaCHHKIB, 1ICHYBaJIM JIABHO, aji¢ KOHIEMIIIIO0 JACIEHTPATI30BaHOTO, PO3MOIIICHOrO 1
OC3MOBOPOTHOTO PEECTPY BHEpINEe OyJIO peai30oBaHO TEXHOJOTIEID PO3TOJIIICHOTO
peectpy (TPP). TPP € npoaykTtoM pO3BUTKY MIPUHTOBUX TEXHOJIOTIH, IO
BUKOPUCTOBYIOThCSI |HTEpHETOM, TakMX SIK €JIEKTPOHHA TIOIITa, MOIIUPEHHS
MY3WYHUX YM IHIIUX Menia-(paitmiB Tta iHTepHer-Tenedonis. Ilepenaul x BiaacHOCTI
Ha aKTHBH 3a JOMOMOrolo [HTEpHETy Ha 3aBajil cTaBajia BiJICYTHICTh MEXaHI3MIB, SKi
0 rapaHTyBaJid, IO AKTUB TMEPEIAEThCA HOTO CHPaBXKHIM BIACHUKOM, a TaKOX

MEXaH13MIB 3aXUCTY BiJl TOJBIMHOTO BUTPAYaHHSI.

1.5.1 Orasaa TexHoJiorii

VY 2008 p. y biniit kauzi 6iTK0oTHA «bBITKOIH: MIPUHTOBA CUCTEMa €JIEKTPOHHOT
TOTIBKM» OYJI0 3amporoOHOBAHO 1HHOBALIMHUNA MiAXiA A0 TpaHcdepy KOIITIB, IO

BUPIIIIYBaB MPOOJIeMy 3anmo0iraHHsl MOJABIHHOMY BUTpadYaHHIO y JICLICHTPaIi30BaHIM
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MIaTDKHIA cucteMi. ba3oBa TexHonoris Aig OITKOTHA OTpuMasia Ha3By OJOKUYEHHY,
10 Mo3Havae crocid opraxizaiii 1 30epiranHs iHdopMallii Ta TpaH3aKIIi y BUTIISIL
JIAHITIOKKA OJIOKIB. 3rooM OyJI0 BUHAWIEHO IHIII CIIOCOOW opraHizamii TpaHchepy
aKTHBIB y MIPUHTOBIH Mepexi, 1Mo NpuBeiao 10 (GOpMYyBaHHS TEPMIHY «TEXHOJIOT1S
PO3MOIIEHOTO PEECTPY», adK MO3HAYATH HIUPIILY KATETOPit0 TEXHOJIOT1H.

Texnomoris posnoxainenoro peectpy (TPP) — me migxim mo 3amwmcy i
NOIIMPEHHSI JIaHUX cepel 0araTbOX pEeecTpiB JaHUX, KOXKEH 3 SKHUX MICTUTh
AHAJIOTIYHI 3alMCH 1 KOJEKTUBHO MIATPUMYETHCA 1 KOHTPOIIOETHCA PO3MOAUIEHOIO
MEpEeXKEe  KOMI'IOTEPHHX  CEpBEpIB, sKI  Ha3WBaIOTh By3naMu  (nodes).
HaitBaxxusimoro inHoBaiiero TPP € Te, 1110 KOHTPOJIb Ha/I peECTPOM 3IMCHIOE HE Ha
OJlHA yCTaHOBa, a KuIbka a00 BCl YYaCHUKHM CHCTEMU — 3aJIe)KHO BIJ THUILY
po3MoiieHoro peectpy. @akTuuHo B posnojaiieHomy peectpi (PP) sxonen okpemuii
YYaCHUK MEpEeXi HEe MOXE TOTIOBHUTH PEECTP 1 KOJEH OKPEMUN YUaCHUK HE MOXKE
3aTBEPIUTH HOB1 JIOMOBHEHHS N0 peecTpy. HaTomicTh BH3HAYCHHWH Hamepen
JEIEHTPANII30BaHUN MEXaHI3M KOHCEHCYCY BUKOPUCTOBYETHCS JJISl TATBEPIKCHHS
HOBHX 3aIUCIB, IICJISI YOTO BOHU BHOCATHCS 70 peectpy. TPP no3Bosisie yyacHuKawm,
Kl KEPYIOThCS JIMIIE BIACHUMHU IHTEpECaMM, Yy IMIPUHTOBIA MEpPEeki KOJIECKTHUBHO
3aMuCcyBaTH TEPEBIPEH1 NlaHl, HAMPUKIIAJ, 3alUCH MPO TPaH3aKIlii, 0e3 3amydeHHs
TPETHOI CTOPOHHM, 1[0 KOPUCTYETHCS 3arajibHOIO JOBIPOI. YCYHEHHS IEHTPaIbHOTO
y4acCHMKa MOK€ HE JIMIIE 3JCIICBUTH Olepallii, aje W MOCWINTH iXHIO Oe3MeKy,
OCKIJTbKM O3HAaua€ YCYHEHHS €IWHOI TOYKHM aTaKk Ha MeEpexy. AOW MOIIKOIUTH
peeCTp, aTakyryoMmy IMOTPIOHO 3700yTH KOHTPOJb HaJ OUIBIIICTIO CEPBEPIB Y
Mepexi. TexHomoriss pO3MOAIEHOTO  PEECTPY  CIHPAETHCA HA  KOHIEMIT
kpunrorpadii, Teopii 1rop 1 MIPUHTOBUX MEPEKEBUX BIIHOCUH. KitouoBuMu
0COOIMBOCTSIMU TEXHOJIOT1T PO3MOIITIEHOTO PEECTPY €:

1) po3noniyieHa mpUpoa peecTpy

2) MexaHi13M KOHCEHCYCY

3) kpunrorpadiuyHi MeXaH13MH

brnokueitn, ocob6auBuii Tun TPP, BukopuctoBye kpunrorpadiuHi i

QITOPUTMIYHI METOJIM CTBOPEHHS 1 MEPEBIPKM MOCTIHHO 3POCTAIOUUX JaHUX, 0e3
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MO>KJIMBOCTI IXHBOT'O 3MEHILIEHHS, 1110 HaOyBae (hOpMHU JIaHIIOTa TaK 3BaHUX «OJIOKIB

TpaH3aKI».

D._° ¢ W ZIN S __

Puc. 2.9 LlenTpanizoBana mepexa i OJ0KUeiHH

Bbynp-ska enexkTpoHHaA IUIaTiKHA CUCTEMa IMOBUHHA MaTH HaAIWHUNA METOJ
3aMycy TpaH3akUild, 3 TOYHICTIO SIKOTO MOrojxyBaiuca O yci ydacHUkHU. Jlis
JCIIEHTPaII30BaHOl CUCTEM, 1€ CTBOPIOE JABa BUKIMKU. Ilepmmit — ne po3poOka
0€3MeyHoro 1 HaJliHOTO METONY ISl TONOBHEHHs MyOjiyHoro peectpy. Apyruit —
3a0e3MedYeHHs] KOOpAMHAIlT pecypciB 1 CTBOPEHHS HEOOXITHUX CTUMYJIB IS
BKJIQJICHHS KOpPUCTyBayaMu pecypciB y Bepu(ikalilo TpaH3akUiid B yMOBax
BIJICYTHOCTI IIEHTPAJbHOTO OpraHy BefeHHs peecTpy. [lmaTHuk y naHiidi cucremi
CTBOPIOE MOBIAOMJICHHS 3 TPhOMa OCHOBHMMHM €JIEMEHTaMM: MOCUJIAHHS Ha MHUHYILY
TpPaH3aKI1l0, Yepe3 SKy BIH OTPUMAaB KOILUTH, aJApPECH IS OIUIaTH 1 CyMH, Ky BiH
cIutayye KoxxHOMY. KibKiCTh KOIITIB, 1110 HAJICUIIAE€THCS HA KOXKHY ajpecy, 6epeTbes
3 MONEpeNHIX TpaH3aKIii, 10 HasBHI B Mepexi s nepeBipku. CTBOPHUBIIH
MOBIJIOMJICHHSI, TUIATHUK CTaBUTh IU(pOBHUM miamuc, abu MiATBEPAUTH, IO BiH
KOHTPOJIIOE BiAMOBIAHY anpecy. lludposi miamucu 3a0e3mneuyroTh MaTeMaTHYHE
MIJITBEPPKCHHS, 110 TIeBHE TMOBIJIOMJIEHHS OyJI0 3aTBEpPPKEHE TMEBHOK 0CO0O0IO.
Bonu € 3acrocyBanHsiM kpumnrorpadii myOIiqHOTO KIFO4a, IO CIHPAETHCS HA JBa
BIJIOKpEMJICH], ajl¢ MaTeMAaTHYHO B3a€MOTIOB’SI3aH1 KJIIOYi: OJWUH MPUBATHUN 1 OJHH

nyOMiyHui. AJpeca KOIITIB € PI3HOBUIOM IyOJIIYHOTO KJIH04a, TOOTO TaKoOTro, IO
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MOBIAOMJISIETbCS  YYaCHMKaM CHCTeMH. AJpecu 1 IXHI TNpUBaTHI KIOYl €
BUIAIKOBUMH TTOTOKaMHU OyKBEHO-ITU(POBUX 3HAKIB.

Bu3HayanpbHOIO PUCOIO PO3IMOAUICHOI TUIATIKHOT CHCTEMH € CIIOCIO, y SKui
JOCSITA€ThCS KOHCEHCYC MO0 OY/Ib-KO1 IPOIOHOBAHO1 3MiHU peecTpy. JJocsIrHeHHs
KOHCEHCYCY MIX JIFOJIbMH B MEPEXi, JIe HIXTO HE MOXKe OyTH IIIJIKOM IEBHUM, KOMY
MOKHa JTOBIPSATH, JOBrOo OyJIO HEPO3B’SI3aHOIO0 3a/1a4ucio B IApUHI KOMIT IOTEPHUX
HayK. J{J 1bOro HEJOCTaTHBHO 3a0€3MEUUTH TOJIOCYBaHHS KOPHUCTYBadiB 3a TE, Yd
MPUIHATH NPONOHOBAaHY 3MiHY. AJKe 3a3BUYail OJHIA 0CO01 HECKIJIAJHO CTBOPHUTH
0araTto By3/iB y KOMII IOTEpHIM Mepexi, 100 CIIOTBOPUTH rojiocyBaHHs. HaToMicTh
CUCTEMHU HU(PPOBUX BAIIOT BUKOPUCTOBYIOTH TEOPIIO 1TOP 1 BU3HAIOTH, IO cama IO
co01 Oylib-sika MPOIMOHOBAHA 3MIHA JI0 PEECTPY € JelieBoro po3MoBoto (cheap talk).
OcTaHHs € TEPMIHOM 3 TEOPIi Irop, SIKU 03Ha4Ya€ KOMYHIKAI[IIO 10 MOYaTKy TPpH, 11O,
HEe MOTpeOyIoUr 3HAYHUX BUTPAT, MporpaMmye Xif rpu. s Toro, mo6 nmponoHoOBaHy
3MIHY JI0 peecTpy OyJI0 NPUUHSATO 1HIIUMU SIK ICTHHY, T, XTO MPONOHYIOTh 3MIHY —
MaiHepH, 10 BepuPiKyOTh TpaH3aKI[ii — MOBUHHI MPOJIEMOHCTPYBATH, IO TTOHECIH

BUTPATH Ha Fr€HEpPYBaHHS L1€i MPOMO3HIIII.

1.5.2 OcHoBHI mapameTpu

1) Baokuelin

briokdeitH - 1me TeXHOJIOTisS PO3MOAUICHOTO PEECTPY, SAKa IOCTIMHO 3aIlucye
CIMCOK TpaH3aKIiM, Kl Ha3UBalOThCs Oyiokamu. Mepexka OJOKYEHHIB BiaMivae
TPaH3aKIlii MUITXOM XEITyBaHHs iX y MOCTIHHUN JaHII0XK0K Proof-0f-Work (PoW) Ha
OCHOBI XeIlly, YTBOPIOIOYH 3alucC, SIKHH HEMOXKJIMBO 3MIHUTH 0e3 mnepepodku PoW.
PoW - 1ie mporec 3HaXOKEHHS Nonce, BUMAJAKOBOI BEJIMYMHU, SIKa J1a€ XeIry OJIOKY
HEOOXiTHI HynbhOBI OiTH. By3o0y, skuii reHepye TpaH3akIlli, 10 PEECTPYIOTHCS B
0JIOKUElHI, TPAHCJIIOE TPAaH3aKLii Ha BCl BY3JIM B MepeKi OJOKYeHH. J[esKl KOHKpeTH1
BY37M, BIJIOMiI $IK MaiHepu, 30MpAarOTh TpaH3akKIilii, HE BKIIOYEHI JO0 OJIOKy, 1
HaMararoTbCsl pO3rajiaTh KpUOTOrpadidHy ToJIOBOJIOMKY Tij HazBoro PoW. Bysom,
SIKAW TIEPIITUM BUPIIITYE TOJIOBOJIOMKY, T€HEPY€E HOBUM OJIOK 1 TpaHCIIO€ OJIOK Ha BCl

By371H. By3nu npuiiMaroTh GJIOK JHIlIe B TOMY BUIAJAKY, SIKIIO BC1 TPaH3aKLii B HHOMY
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€ JIACHUMU 1 Te He BUTpaueHl. | OJOK MiIKIIIOYAETHCS 0 MOMEPEAHBOTO OJIOKY
TICIIs TePeBIPKU OJIOKY.
2) Tpanzaxuii

Tpan3zakiiist € 3aco0oM mnepeaayl iHGopMaIli s 3anucy B OJIOKYECHH 1HIITAM
By3JaM. KoskHa TpaH3akiiis BUMarae JiiMcHOTo 1u(poBoro mianucy, SKUi Moxe OyTH
chopMOBaHMIl 3a JOMOMOTOI IMGPOBUX KIIOYIB, MO0 OyTH BKIIOYCHUM Y
OsokueitH. BukopucranHs nudpoBOoro mianmucy 3adesnedye ayTeHTU(dikaiio Ta
BIIMOBY BiJ reHepaTtopa TpaHzakimiii. KoxkHa TpaH3akiisi nepeBIpI€TbCs
KOHCEHCYCOM OLIBIIOCTI BY3JIB-YYAaCHHUKIB 1 HIKOJIM He Moxke Oytu crepra. lle
HA3UBAETHCS ITUTICHICTIO JaHUX.

3) IpuBaTHMit OI0KUCHH

IcHye nBa Tunu OJOKYEHMHIB: 3araJibHOJOCTYNMHUN Ta mpuBaTHUU. [lyOmiunuii
onokueiin, takuii sk OiTkoin (BTC) a6o edip (ETH), mMoxe mo3BoauTH By3jiam
VYACHHUKIB BXOJAWTH B Mepexy Oe3 Oyab-Skux oOMexeHb. Y Wi Mepexi Bci
TpaH3aKIIil MePEeBIPSAIOTHCS Ta CMUIBHO BUKOPUCTOBYIOTHCS yCiMa BY3JIaMH. 3 1HIIIOTO
OOKy, y NIpHBaTHOMY OJIOKYEHHI BY3JIM-YYaCHUKH, SIKI MOXYTb OpaTh ydacTb y
mpoliecax YUTaHH, MUChMa Ta KOHCEHCYCY, 3a3/lajieriib BU3HayatoThes. Kpim Toro,
3a HEOOXITHOCTI MOXHA JI0AaBaTH a00 BUAAIATA KOHKPETHI BY3JH. TakMM YHUHOM,
MPUBATHUN OJIOKUYEHH HE MOXE MOTPANMTH [0 MEpPEXKl 3JIOBMUCHUX BY3IIB 1
3a0e3mneuye JOCTaTHIM 3aXxUCT 6e3 Takoro mporiecy, sisk PoW. Kpim toro, BapTicTs i
gyac OOpoOKM MOXYTh OYTU 3MEHIIEHI, OCKUIBKU JOCSTAEThCA KOHCEHCYC MIiX

IMoNnepeaAHbO IMPU3HAYCHUMHA BY3JIaMU-YYaCHHUKaMU.
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BucHoBku

1. Jlnst Toro mo0 migABUIIUTH ePeKTUBHICTh T0OYy10BU cuctemu MicroGrid
NOTPiOHO TIPOAHAI3YBaTH OHTOJOTIYHI Mojeni. Ha ocHOBI aHai3y BHUSBIICHI
nepeBard IMoOyJ0OBM CUCTEM Ha OCHOBI OHTOJIOTIYHMX MOJENEH, OTJISHYTI
npoOJieMH 1HTEerparlii 1 mpeJACTaBICHHS CaMUX MOJIENICH.

2. [IpoananizyBaBIIM CTPYKTYPY, METOAM MOOYIOBH, XapaKTEPUCTHUKU Ta
obnacTi 3actocyBaHHa cuctemMu MicroGrid, MoXHa 3pOOUTH TIEBHI BUCHOBKHU
I[0JI0 TOLIJIBHOCTI 1 KOPUCTI 3aCTOCYBaHHS JIAHOI CUCTEMHU B PI3HUX YMOBAX, il
MepeBaru Ta HeJO0JIIKA, OCHOBHI TPOOJIEMHU SIKI BUPILIYE AaHa CUCTEMH, a TaKOX
HIOQHCH ii MO0y I0BH.

3. Ha ocHOBI aHami3y TEXHOJIOT1 PO3MOAIIEHOIO PEECTPY MOXKHA 3pOOUTH
BHCHOBKHM MPO MOKJIMBICTb Ta HEOOXIJHICTh iX BHUKOPHUCTAHHS B MEPEXKI

MicroGrid.
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PO3/1 2
OHTOJIOTTYHA MOJIEJH TA MTPOTOTUII CACTEMHU MICROGRID

2.1 OnToJsoriuna moaeuan cucremu MicroGrid

OnepaTuBHA CYMICHICTb € OJTHUM 3 BOXXJIUBUX (DAKTOPIB JIJIsi CUCTEM YIPABIIIHHS
Microgrid, OCKIJIEKM MIKPOCEPEIOBHIIIE € T1IMHOXKHUHOIO JIOMEHY €HEPrOCUCTEMH, JIE
JDKepena  reHepanii, OCOOJMBO  BiAHOBIIOBAaHI, IIUPOKO  PO3MOJUICHI Ta
EKCIUTyaTYIOThCSl ~ CHCTEMaMH  YIOPABIIHHS ~ BUPOOHHUIITBOM  BiJl  PI3HUX
MOCTa4yaJNbHUKIB. KpIM TOro, TakoX € pO3ropTaHHs MPUCTPOIB 30€epiraHHd Ta
NEPETBOPEHHS €HEprii, 110 MOXKe I11e O1IbIlIe YCKIATHUTH acCleKTH (PYHKI[IOHAIBHOT
CyMicHOCTI Bci€l cucTeMu. /[l 130Jb0BAHOTO MIKPOCEPEIOBUINA TTOBHICTIO
PO3MOIIJIEHa CUCTEMA YIIPaBIIHHS MAX0AUTH 0e3 neHTpaibHoi cuctemMu SCADA, ne
KO’KEH KOHTpOJIEp Mpallo€ aBTOHOMHO B KOOpAMHALI 3 IHIIUMHU KOHTPOJIEPAMHU.
Xoua KOH(irypailisi KOHTpoJiepa B TaKMX CHCTEMaX MOKe€ OyTM BHKOHaHa 3a
JOTIOMOTOK0  MPOCTHX 1HCTPYMEHTIB MapaMeTpu3alllii Ha OCHOBI E€JIEKTPOHHHUX
TaOHIlb, MPoOJieMa BUHUKAE, KOJU KOMIIOHEHTH CHUCTEMHU TPETIX CTOPIH MOBHHHI
OyTH IHTETPOBAHI B CUCTEMY.

CriibHOIO  OCOONMBICTIO CHUCTEM  PO3MOJIJICHOI TreHeparii Ha OCHOBI
BIJTHOBJIIOBAHOI €Heprii abo MiKpo-JKepen € 1HTepdeiich CHIIOBOT EJIEeKTPOHIKH,
HEOOXITHI JJIi TEPEeTBOPEHHS €HEeprii JpKepela BUXOAY Ha CITKY HamnpyrH.
3araapHONPUMHITO BUKOPUCTOBYBATH 1€pApXiuHy CTPYKTYpPY KEpyBaHHSA JUIs
ynpasiiHHs cuctemoro MicroGrid. IepapxiuHa CTpyKTypa, SIK MPaBUiO, CKIIAIa€ThCs
3 TPHOX IMIUPOKUX IIAPIB:

[lepBuHHMIT KOHTPOJIb, SIKWM CTAOLTI3ye YaCTOTY 1 HAMpyTy 3a JOMOMOTOIO
KOHTPOJIEPIB;

BropuHHu KOHTPOJIB, IO KOMIEHCYE BIAXUJICHHS CTAJIOTO CTaHy B HAmpys3i 1
YacTOTI1, BUKJIMKAHI IEPBUHHUM KOHTPOJIEM;

TpeTuHHUI KOHTPOJIb, KUK BpPaxOBYE €KOHOMIYHI MIPKYBaHHS 1 BH3Hauae
MOTY)XHICTh TOTOKY MIDK MIKPOCEPEIOBHILIEM 1 KOMYHAJIBHOIO MEPEXKEIo IS

JOCSITHEHHST ONTUMAaJbHOI poOoTu. i1 cucteMn MIKpOMEpEKi KOMYHIKalllifHa
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1HppacTpyKTypa TakoX Mae BUpIIIaIbHE 3HAUYEHHS, 1 BOHA BUMAarae OyTH THYUYKOIO,
MacimTaboBaHOO Ta Oe3leyHor0. ApPXITeKTypa 3B'A3Ky IOBUHHA Oa3yBaTHCS Ha
CTaHJAPTHIM MPOTOKOJII Ta CTAHJAPTHIA OHTOJIOTTUHINA MOJIEI.

Cucrema MicroGrid € MiniaTiopHoto Bepcieto SmartGrid. Bona moxe matu
JeKUTbKa €HEproOJIoKiB, M0 0a3ylOThCAd Ha IOHOBJIIOBAHUX 1 HEBIJHOBIIOBAHUX
pecypcax, 1 HaBaHTaXyBaJIbHI OWHUIN. SK TIpaBUIO, KOXKHA MIKpOMepexa
po3po0JIeHa 1 HaJlallITOBAaHA JIJIsl CIELIAIbHUX MOTPeO B JKUBJICHHI M0AaTKiB. BoHa
MOke OyTH po3poOJieHa AJid PI3HUX 3aCTOCYBaHb, TAKHX SIK: HEMOPYILIHE JHKEPEIO
KUBJICHHS I KPUTHYHUX HABAHTAKCHb, PE3CPBHE KOMIIOBAHHS IS BiIKITFOUCHHS
KUBJICHHSI TOJOBHOI MeEpexXi, pe3epBHE KOMIIOBAHHS I SIKOCTI EJIEKTPOEHEPTii,
HE3QJIC)KHE BHUPOOHUITBO EJIEKTPOEHEprii Tomo. 1 KoHpirypamii. OCKUIbKU
MIKpOMEpeka CUcTeMa CKianaerbes 3 Aekiabkox PEP, 1 HaBaHTakeHb, SIKI MOXKYTb
OyTH BIiJ pI3HUX MOCTAYaJIbHUKIB, JYyXE€ BaXXJIUBO MaTH I1HTEpornepadeNbHICTh B
cucteMi MicroGrid.

[Tnarpopma Microgrid Plus Control System (MPCS) [12], npeacraBieHa Ha
puc. 2.1, Hamae MoAyJIpHE Ta MacimITabOBaHE PIIICHHs, AK€ 00'€JHY€e MOHOBIIOBaHI
JoKepenia eJIEKTPOCHEprii B MIKpOMEpEeXi, SIKi paHillie MpalioBald BUKIIOYHO Ha
BUKOITHOMY TaJuBi, 3a0e3Meuylour Mpu IbOMYy CTabOllbHE, Oe3neuHe Ta HaJiiHe
eHepronocradyaniga. MPCS nocsirae BUCOKOTO TPOHUKHEHHS MIKOBUX MMOHOBIIFOBAHUX
JOKEpeN eHeprii y BITPOBUX / MWU3EIBHUX 1 COHSYHUX / JU3CIBHUX EHEPreTUUHUX
CUCTEMaxX, MAaKCHMIi3ylOUM E€KOHOMII0 NaJMBa Ta IMOCTA4Yar04d HAAIiHY EHeprito
AKOCTI1 €JIeKTpOMEepexi y BiJaNeHUX Miclsax. OnepaTuBHa CyMICHICTb €, 0€3yMOBHO,
HEOOXITHOIO TIEPEIYMOBOIO I I1i€i apXiTekTypu. [liATpuMyBaHUN TOTYXKHICTIO
koHTposiepa ABB RTUS500 1 MicroSCADA Pro, MPCS 3naTHuil 3a/10BOJBHUTH
HaBUMOTHBIIHI KOHTPOJIb, SCADA 1 BUMOTH 3B’S3KY, 110 JO3BOJISIFOTH KIHIIEBUM
KOPUCTYBa4aM OCTAaTOYHO TEPEKPUTH PO3PUB MK TEHEPAIEI0 Ta YIPaBIIHHAM
mepexero st Microgrid. MPCS  no3Bossie  po3mojuieHit cucTtemi reHepartii

€JIEKTPOCHEPT1] MPaIfOBAaTH aBTOMATUYHO.
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Hontponep Hontnonep Hontponep
BE CXOBHMLUA TeHeparopa

onmnen Mepe:xa 3B'43KY

CE S

Koxtponep
3'cAHaHb

MOHITOPMHT Ta HANALLTYBAHHA CUCTEMM

Puc. 2.1 Ornsan cucremu ynpasmiaas Microgrid

HaBenena Ha puc. 2.1 ycraHoBka BIJOOpakae ICHYHOYY KOHIEMIIIO
JELEHTPAI30BaHOTO aJTOPUTMY YIIPABIIHHSA 1 Ja€ 3MOTY CHCTEMI IpaltoBaTu
JIOCUTh aBTOHOMHO. B naHuit yac iHxkeHepHHU Ta KOHGITypaliiHui MiaX1i1 CUCTEMU
MicroGrid He € cTaHgapTH30BaHUM, SK aBTOMAaTH3allis miAcTaHiii. Po3mmpenHs
IH)KEHEpHOT'0 MIiAXO0My Ha MiACTaHINT I cuctemMu Microgrid € HOCHTh IIKaBUM
pimeHHsiM. [Tpote miaxia 1HXKEHEpHOi MiACTaHIlI MOXK€ HE MIAXOAUTH IJISI TaKol
CUCTEMH, OCKUIbKM BUMAara€ OUIbII THYYKI Ta yHIBepcaidbHI (PYHKIIi. AJTOpUTMHU
VOpaBJIiHHS TOBUHHI OYTHM HallalITOBaHI JIi KOXKHOI KOHKPETHOI YCTaHOBKH,
BKJIIOYAIOYM cxeMy 3B's3Ky. Jlyig KoH(irypaiii KOHTpoJiepiB HEOOXIJHO BHKOHATH
KUIbKa JUHAMIYHUX MOJICNIOBaHb, SIKI MOTPEOYIOTh JETATbHOTO MOJEIIOBAHHS IS
nuHaMiyHUX sBUIl. [luTaHHS ToNmsArae B TOMY, Y MOXHA, 1 SKIIO Tak, SK
BUKOPUCTOBYBaTH ICHYIOYl CTaHAApTH Ta iXHI MOJENl JaHUX 1 MEXaHi3Mu
KOMYHIKaIlli B KOHTEKCTI MikpoMmepex. Kpim Toro, icHye morpeba y 30epekeHHi
BJIACHUX IHCTPYMEHTIB JIS 1HXKEHEpIB, Ta TECTyBaHHS OTpuMaHoi cuctemu. Lle
J0JTIATKOBE 3yCHILISA, SIKe OYJI0 IPUIHHATHUM TSI KOJIUIITHIX MEHIITMX CUCTEM, ajie CTa€e
BY3bKHM MICIIEM JIJISl PO3TOPTAHHS BEIMKHUX 1 CKIAHUX MIKPOMEPEIXK.

MPCS npusHaueHuil I yOpaBiIiHHS Ta KOHTPOJIO  PO3MOIITIEHUX
€JIEKTPOCTAHLIIA Ta HaBaHTaKEHb, 10 BUKOPHUCTOBYIOTh BIJHOBIIOBAaHI Ta

HEBIIHOBIIOBaH1 JpKepena eHeprii. KokeH eneKTpuuHui TPUCTpid Ha3MBAETHCS
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By3J0M. By3nu crninbHO OynyrOTh MepexXy OJHOPAHTOBUX BY3JIB, L0 MPEICTaBIISIE
co00I0 BCIO CHCTEMY MIKpoMepeki. By3nn CHigkyroThCs pa3om, 3/1aTHI NMpUHMATH
MpaBWJIbHE PIIICHHS Yy KOXKHIA KOHKPETHIH CUTyallli. 3B'SI30K MK OJIHOPAHTOBUMU
By3JlaMU JIOCSTA€TbCA 3a JIONMOMOTOI0 JBOX PI3HUX THUIIIB KOMYHIKallIHHOTO
IPOTOKOIY, sIKi 0a3ytoTbcs Ha ctangaptHoMy Ethernet TCP / IP a6o UDP. [IBa
croco0u 3B's13Ky, III0 BUKOPUCTOBYIOTbCA Mepexkero MPCS:

Tpancasimisi: KpUTHYHI TIOBIAOMJICHHSI TMEpENaloThbcsi B CHUCTEMI Ha
neploanyHii ocHOBI1. KOHTposep au3enbHOro reHeparopa, Hapukiia, myoaikye cBiid
MMOTOYHUM CTaH Il BCIX IHIIMX OJHOPAHIOBUX Mepex. ba3dyrouuch Ha HamaHii
iH(dOopMaIlli, 1HII TpPUCTPOT NPUNMAIOT, ABTOHOMHI PIllIEHHS IS 3aITyCKY, 3yIMUHKA
ab0 KOpUTYBaHHS CBOiX TOYOK BCTAaHOBJICHHH.

Point to Point : Menm BakiuBa Ui 4Yacy iH(opMallis, HampUKIal, 3aIuc
naHux a0o 30BHINIHI KOMaHJM oOmeparopa Jisg OKpPeMOi 0COO0M KOHTpOJEpiB
KEpYIOTbCS MPOTOKOJIOM 3B'SI3KYy TOUKa-TOUKa. L[ KOMyHIKalliiiHa Mepeka J03BOJISIE
BCTAHOBJIIOBAaTH Ta BBOAWTH B ekciutyatarito MPCS, 30ip nmanux ycix
KOHTPOJIbOBAHUX TOYOK, JUCTAHLIMHE OHOBJIEHHS Ta KOH(Irypauio napameTpiB Ta
BIJIJTAJICHUH JTIOCTYI J0 BCIX JTaHUX €JIEKTPOCTAHITIH.

ChisibHa  OHTOJIOTIYHA  MOJENb  3a0e3nedye  3arajbHe  PO3IMOAUICHHS
VOPABIIHCHKOI 1H(OpMAIi AJI1 CHUCTEM, MEPeX, JOJNATKIB 1 TOCIYyr, a TaKOX
JI03BOJISIE  PO3IIMPIOBATH MOKJIIMBOCTI TMOCTadaibHUKIB. Y 1eHTpi yBarm CIM
rOJJOBHUM YMHOM € OpTraHi3aliiiHi CTPYKTYpW PI3HUX KOMIIOHEHTIB y paMKax
iHTenekTyabHoi Mepexi. CemantuuHa mozenb CIM mMoxe OyTu BupaxeHa 3a
normoMororw yHidikoBaHoi moBu MozemoBanHs (UML). Mogens crangapty [IEC
61970-301 omucye KOMINOHEHTH €HEProCUCTEMM Ha €JIEKTPUYHOMY PiBHI 1 3B'SI3KU
MK KoXHUM KommoHeHToM. IEC 6196811 mommproe moxens 301, mo6 oxomuTH
1HIIT1 acriekTy 0OMiHY 1H(GOPMAIIIE€I0 PO MPOrpaMHE 3a0€3MEeUeHHS B €HEPTOCUCTEMI,
TakKi SIK BIJICTEKEHHS aKTHBIB, IUIaHYBaHHS pOOOTH, BUCTABIICHHS PAXYHKIB KIII€HTIB.

Icuye motpeba y BusnadenHi kiacy Controller 3 kontekcty MPCS. Microgrid
Controller - 1e mpuctpiii i3 BOymI0BaHOI (YHKI[IEID KOHTPOJIO JUIS JOCSITHEHHS

BHUCOKOTO MPOHUKHEHHS TOHOBIIIOBAHUX T€HEPATOPiB 1 CTaOIBHOCTI MOTY>KHOCTI.
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Bin moxxe OyTu mpencraBieHuil y BUrAal oOmagHaHHs, oO'egHanoro B CIM
GeneratingUnit, aje moTiM BiH BTpavae 1IGHTUYHICTH SIK akTuB Microgrid. Microgrid
Controller, sik BmacHuil Kjac, Mae aTpuOyTH HAOOPY MOTYKHOCTEN 1 ABTOMAaTUYHOTO
KepyBaHHs, 1 0araTto I1HIIOrO B 3aJCKHOCTI BiJl THIYy T'e€HEpaTopa, sl SKOTO BiH
BUKOPUCTOBY€TbCs. [[ns aTpuOyTiB HajamryBaHHs KoOHTposiepa, moxaens CIM
noBUHHA OyTH po3pobieHa, 3BepHyBmuch 10 IEC 61850, ockinbku IEC 61850
BU3HAYA€ CTAaHJAPTHI XapaKTEPUCTUKH KOHTpoJepa. Y YMNpaBliHHI Ta Olepamisx 3
po3noainy BaxkiauBo po3pizHatu Microgrid Controller Bij iHIIMX aKTHBIB, OCKUIBKU
BOHU MalOTh CHEIiajbHI aTpu0yTH a0 acoriariii.

Y poboTi [4] po3pobiieHi 3aranbHi 1HQOpPMAIHI MOJIETl CUCTEM TeHeparlii
B1JIHOBJIFOBAHOI €HEPrii: (POTOENEKTPUYHOI CUCTEMU BUPOOHUIITBA €JIEKTPOECHEPTIi Ta
cucteMu BUpOOHUITBA eHeprii BiTpy. Posmmpenuit CIM posnopineHoi pecypcHoi
CUCTEMH 3 aJCKBAaTHUMHU aTpuOyTaMu CTBOPUTH OCHOBY JJii CTBOPEHHS
IHTEpaKTUBHOI CHUCTEMHM JDKepena Ta HaBaHTaxeHHS. OgHaK A THILYy CHCTEMHU
yOpaBiiHHS, onvcanoi B po3aii I, 6inbm cxoxe posmupenHs CIM Burmspae, sik

MOKa3aHo Ha puc. 2.2

class PVController /
i \

+PVContrals  0."

PVMeasurement

measurementType: String[0.1] PVController
phases: PhaseCode [0..1]

£ 5 rogress: 0.1
unitMultiplier: UnitMultiplier [0..1] ﬁ':‘:::m&f.’ri [gc??ean[u !

" 0.1
unitSymbol: UnitSymbol [0..1] unitMultiplier: UnitMultiplier [0..1]

b\ unitSymbol: UnitSy mbol [0..1]

‘ Amlag PVSetPoint
maxValue: Float [0..1] +Analog +PVSetPoint
minValue: Float [0.1] 0.1
normalValue: Float [0..1] K?
positiveFlowin: Boolean[0..1]

+ + + +

¥ + 4

mexValue: Float [0..1]
minValue: Float [0..1]
normalValue: Float [0..1]
value: Float [0..1]

0.1

e 4+ 4

e+ +

i Command
Discrs 0..1 +Discrete ~Conmand

+ maxValue Integer [0.1] ol normalValue Integer [0..1]
+ minValue: Integer [0..1] + value Integer [0.1]
+ nornelValue: Integer [0.1]

0.”
+Discretes

+ValueAlia sSet X
ValueToAlias | +Values +ValueAliasSet
—Va!ue-\nasm—c N i
[ P | |

Puc. 2.2 Koutponep CE na 6a3i CIM Moneni UML
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VY miii mogem IIBK konTponep siBise coboro kimac koHTposepiB Microgrid
tumnty ControlType, 1 BiH Oyje BKIoYaTu B cebe Bech Hallp aTpuOyTiB, HEOOXITHUX
I KOHTpOJIepa OCHOBHOTO 00JIaIHAHHSA, @ TAKOK BTOPUHHOTO KOHTpOJepa

VY 3B"3ky 3 TuM, mo CIM € abcTpakTHOIO 1 HE3aNeXHOK Bif MIaTHOPMHU
MOJIEJUTIO, BOHA OXOIUTIOE BEJIMKY 00JacTh 3acTocyBaHHsA. OnHak, m1o0 3acToCyBaTu
CIM, HeoOXimHO BHU3HAYMTH IEBHI TEXHOJOTii BimoOpakeHHs. PosmmproBaHa MoBa
posmiTku (XML) 1 pamku omucy pecypciB (RDF) - 1me TexHomorii, mis sSKUX
BU3HA4YeHO BinoOpaxkeHHsA. B nimomy CIM BHKOPHUCTOBYETHCS AJIA JBOX OCHOBHHUX
LUJICH: OJIUH - THKAMCYJIAIIS [UIMX MOJIeJIed €eHEprocucTeM, a IHIITUN - OOMIH TaHUMU
MDK qoaaTkamu [13].

3 NOSBOIO MIKPOMEPEXK, CUCTEMHU PO3MOJLIY 3HAXOIATHCS B 3HAYHIM Mipi, 1 3
HEJAaBHBOTO 3POCTAIOYOr0 IHTEPECy M0 KOHIIEHIIN 1HTEICKTyaJIbHUX MEpex Oyne
OUTBbIII BAKJIMBUM MOJICJIIOBATA Ta OIIHIOBATH HAasABHI NPUCTPOI 30HITYBaHHSI,
KOHTPOJIIO Ta 3B's3Ky. TakuM 4MHOM, 3a0€3MEeUEeHHs 1HTEpOIepadbeIbHOCTI 3HAYHOIO
MIpOIO CIIUPA€ThCS HA CIUJIbHI CEMAaHTHYHI MOJEN EHEProCHUCTEMH, SKi
KOHTPOJIIOI0Y1 CY0'€KTH MOXYTh BUKOPUCTOBYBATH IJIsl MPUUHSATTS PIlIEHb. XOua
ceMaHTH4Ha Mojenb npesacrabieHa B IEC 61970, CIM [14] nocsrae mporo Ha piBHI
eHeprocucTeM MK noxatkamu, crangapT IEC 61850 Bce mie HEOOXimHHMM mJIs
3a0€3MeueHHs] MOJIeNl JOCTymy 10 1H(popmalli Ta (yHKIIH KOHTPOJIIO, SIKI MalOTh
HEOOX1JHY THYUYKICTh Ha PiBHI TOJIS.

IEC 61850

IEC 61850 - me cepisi craHmapTiB, MPU3HAYCHUX IJis 3a0e3MedeHHs CTINKOi
B3aeMoaii cucrem aBToMartuzamii miactaHuii. Jlokyment IEC 61850-5 wmictuth
BuMoru 10 moaenei npuctpoi. IEC 61850-7-4 Buznayae LN 1 kiacu naHux, ajne He
Hajgae crnerudikamii LN mns QyHKIIOHATHPHUX MOXKIUBOCTEH, HEOOXITHHMX JIs

ynpasiiaas PEP.
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IEC61850 LNs

MG [TapameTpn MG
Konrposnep P P .
BE - - XapakTepuCcTHKH
; 1 Kondirypauist D P
MG .
Konrpounep KoHTposth Craryc
CE : : T
MG Posknan KonTpoas jiii
Kourpoub
3" €JIHaHb -
—— 1 Craryc - BumipioBanns 1
MG MOTYXKHOCTI
Kontposb Bumipn
resepaTropa

Sanuc noc.rliﬂommCTei';I

Puc. 2.3 Hab6ip mapametpiB koHTpoJiepa BigoOpaxenHs B [EC 61850 LN

Jloriynuit npuctpii PEP Bu3Hauae ekcrutyaraliiifHi XapakTepUCTHUKUA OJHOTO
npuctporo PEP, HezamexHo Bin Tumy rerepatopa abo asuryna. IEC 61850-7-420
3a0e3mneuye HEOOXiJIHYy OCHOBY JIsi pO3POOKH CHUCTEMHM YIPABIIHHA, a TaKOX IS
3a0€3Me4YeHHs] CYyMICHOCTI 3 ICHYIOUMMHU Ta MaHOYTHIMHM MPUCTPOSMU KOHTPOIIO Ta
MOHITOPUHTY.

Mognens IEC 61850 [14] 1y COHSYHOrO KOHTpOJIEpa 3/aTHA MOJCTIOBATH
YVIOpaBIiHHSA, OJM3bKY A0 MpoIecy, ajie He Moke OyTH JIETKO a0CcTparoBaHa Jyis
noTped MOJENIOBaHHS eNeKTpuuHUX Mepe. HaBmaku, B sikocti npukiany, CIM mae
3arajpbHy MATPUMKY JIJI1 CTATUYHOTO Ta TMHAMIYHOTO MOJICITIOBAaHHS HaBaHTa)KCHHS,
SK 11€ HEOOXITHO B JI0JaTKaX MEPEKEBOTO aHalli3y, TOJl SIK 11 OyJio O JAy’Ke BaXKKO
orpumatu 3 moaem [EC 61850. IcHyrotrs 3HauHi 0OMiHM ganuMu Mk piBHeM [EC
61850 1 piBHem CIM, siki BUMararoTh BUCOKOT CyMICHOCTI MK JBOMa CTaHJAapTaMHU.
[Ipote, depe3 pizHi Toukw 30py Ta HezanexHy esoiorito, I[EC 61850 1 CIM He
CyMICHI OJWH 3 OJHHMM, 1 3ICTaBJIeHHS JaHUX MK CTaHJapTaMu, MO CYTi,
0o0poOsHCst cnenialibHuM criocodoM. lle mpu3Beno A0 3HAYHUX MUTaHb 100
CYMICHOCTI Ta Y3TO/UKEHOCTI JAHUX y PI3HUX peai3allisix, 1o T03BOJSE MHUCIUTH,
IO OHTOJIOTIYHA MOJIENb € JI0Ka30M MailOyTHBOTO 3 TOYKH 30pY aBTOMATH30BaHOL
cuctemu ymnpasiinHa. Takum unaOM, OPC UA 3acmyroBye Ha aHami3 3 KOHTEKCTY

po3roprtanHs Ta pyHkuionyBanHs MPCS.
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class IEC61850 Infromation Model/

AbstractLNsCommon::
DomainLN

+ Beh: ENS[0.1]

+ Health: ENS [0..1]
AbstractLNsCommon:: + InRef ORG [0.1]
StatisticsLN + Mir: SPS[0.1]
PR —— + Mod:ENC0.1]
+ CldntvPer: ING [0..1] / =PIt LPL 1
(AbstractLNsCommon:: A typ: E_[‘G IU.-‘.
FunctionLN + ClcMsth: ENG [0..1]
[+ Cic\Mod: ENG [0..1]
+ Blk SPS[0..1] + ClcNxtTmms: ING [0..1]
+ BlkRef ORG [0.1] + ClcRfPer: ING [0..1]
+ CIcRfTyp: ENG [0..1]
+ CleSrc ORG[0..1] AbstractlLNsCommon::
+ ClcStr SPC[0..1] AutomaticControlLN
+ InSyn: ORG [0..1]
+ NumSubUntv: ING [0..1] + Auto: SPC[0..1]
~ — A/
ControlledLN PV Module::DRCC
+ CmdBlk: SPC [0..1] + AutoManCtl: SPC [0..1]
Absﬂ’actLst)mon:: OpCntRs: INC [0..1 + DE op: SPC [0..1]
s PV Module::FSEQ T DEfomnt U1
+ Loc SPS[0.1] + GenComectKiPa: APC [0..1]
+ LocKey: SPS[0.1] + Auto: SPC[0..1] *+ GenComectMaxps: APC [0..1]
+ LocSta: SPC[0..1] + SeqStat: INS [0..1] + GenComrectMinPa: APC [0..1]
+ Start: SPC[0..1] + GenPActSmocthPa: APC [0..1]
+ StepPos: SPS[0..1] + GenPldealSmoothPa: APC
+ Stop: SPC + PDeadbandPctPa: APC [0..1]
+ StopCmpl: SPS[0..1] + PNomPa: ASG [0..1]
+ StCmpl: SPS[0..1] + PSet20maPa: APC
+ PSetdmaPa: APC
PV Module:-DRCS : zgigesacsr*al‘.(achunFs APC
PV Module::DRCT &
+ AutoMan: SPS [0..1] + PSetleostCommsPa: APC
+ ConverterPAvail20maPa: MV [0..1] + DERNum: ING [0..1] + PSetM ectPa: APC
PV Module::MMXU + rterPAvailémaPa: MV [0..1] + DERtyp: ING [0..1] + PSetMaxDownPa: APC
+ ConverterSolrad20maPa: MV [0..1] + GridldPa: ING [0..1] + PSetMaxUpPa: APC
+ ConverterPAvail20maPa: MV [0..1] + ConverterSolrad4maPa: MV [0..1] + LodRampRte: ING + PSetSlowDownPa: APC
+ ConverterPAvail4maPa: MV [0..1] + ECPConn: SPS[0..1] + MsxVarLim: ASG [0..1] + PslLimitedPAvailPa: APC
+ PmFNoisePa: MV [0..1] + Loz SPS[0..1] + MaxWLim: ASG [0..1] + PsLimitedPSetMaxDownFa: APC
+ Pml a: MV [0..1] + ModOffAval: SPS [0..1] - ePctPa: MV [0..1] + PslLimitedPSetPa: APC
+ PmPNeisePa: MV [0..1] + ModOffUnav: SPS [0..1] + ePctPa: MV + QSet20msPs: APC
+ PmPwrfctNoisePa: MV + ModOnAval: SPS [0..1] + StopDITms: ING [0..1) + QSetdmaPa: APC
+ PmQNoisePa: MV [0..1] + ModOnConn: SPS [0..1] + StDITms: ING [0..1] + RecloseAttemptPa: ING [0..1]
+ PmUNoisePa: MV [0..1] + OpTmh: INS + UnitPs: ING [0..1) + TRecloseDlyPa: ING [0..1]

Puc. 2.4 Kontposep CE na ocuosi IEC 61850

OPC UA

Cranpapt [EC 62541, Open Platform Communication Unified Architecture
(OPC UA) - me mmpoko NOMMPEHWH CTaHAApT y TPOMUCIOBHX, OYHiBEIbHUX,
dabpuunux obnactsax aBromarusarii. OPC UA no3Bosisie By3naM HajaBaTH JlaHi B
peaqbHOMYy 4aci, MeTaJlaHi HaBKOJHUIIHBOI'O CEpPEJIOBMINA 1 HABITh JlaHi, 10 HE
0o0pOOJISAIOTHCS, 1HIIMM BY3JIaM YHIKaJIbHUM 1 HE3aleXHUM BiJl TJIATHOPMHU
cnocobom. OPC UA - ne moBHa cuctemMa KOMYHIKalii, 10 Mae iH(opmaliiiHy
MOJENIb 1 aJpecCHUl MpOCTip ISl MPEACTABICHHS 1H(OpMaLii B CTPYKTYpOBAHOMY
BUTIISA, aOctpakTHi API, 3axumieHy wmojaenb 3B'SI3KY Ta BiIOOpaKEHHS 3
npoTokosiamu 3B's3ky. Ha puc. 5 mokazanuit npuxiaj inpopmariiiinoi mojent OPC

UA nns kontpouiepa CE.
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class OPC UA Infromation Model ,/

PV Controller

Conﬁgur‘a!lon tat
PV Configuration Slaus

PV Status

Control Measurements

N\
\

Communication  Parameters
Parameters \

PV

PV Rated Measurements

Parameters

PV

Communication
Parameters

Auto
Control

e /// Measurements
Set- . Voltage/ Frequency Voltage N
PV Auto Control Point Control ' Control Measurements
Contios PV Current
/ N\ Meas urements
PV SetPoint PV Voltage
Control Control

Puc. 2.5 ITndpopmariiiina mogens OPC UA nnsa xontponepa CE

Cument ™\

PV Frequency PV Voltage
Control Measurements

JUisi CTBOPEHHS aJpecHOro MpPOCTOPY BY3JIM NMOBUHHI OyTH peasi3oBaHi Ta
3'elHaHl MK CcOOOI0 TMOCWUJIaHHSAMU. BU3HAaueHHs BY3/IIB BHMAarae IMpU3HAYECHHS
BIJIMOBITHUX 3HaueHb aTpuOyTaMm. [lpaBuna ympaBiiHHS TpolleCaMu CTBOPEHHS Ta
MoaudiKalii BHU3HAYAIOTHCA CTAHAAPTOM 1 HA3UBAIOTBCS MOJEIUIIO  aJPECHOIrO
npocropy. Enementu OPC UA ObjectType 1 DataType € aGcTpakTHUM eeMEHTOM,
iX eK3eMIuIsip He MOKe OyTH CTBOPEHUU 1 WOTO HE MOXXHA BUKOPUCTOBYBATU IS
30epiranHs JaHux KoHTpoJiepa. OO0'eKT 1 3MIHHa MOXYTh MaTH CBIA €K3EeMIUIApP 1
MOXYTh YTpUMyBaTu naHi koHTposepa. st MPCS, B nepury yepry, BU3Ha4aeThCs
aapecuuii npocTtip ControllerType. O6'ektamu 11boro Tuny € koHdirypauis PV, PV
Control, PV Status i PV Measurements. JIyis BCix 1ux 00'€KTiB BU3HAYEH] BiIITOBIIHI
tunu. Lleit xxe ControllerType BUKOPUCTOBY€ETbCS sl 1IHCTANSMIT OyAb-sIKUX 1HIIUX
koHTposepiB B MPCS. [ns BimoOpaxkeHHss mnoBeaiHku MPCS Tum mnocuiaHHS
FlowTo BUKOpPHCTOBY€THCS JIsi B3a€MO3'€THAHHS BIATOBIIHMX O0'€KTIB 1 HaJaHHS
KJIIEHTaM KOpOoTKuxX nuisaxiB neperysaay. Lle Bcranosmoe HierarchicalReferences Bin
MOYaTKOBOTr0 00'€KTa 10 00'€KTa MPU3HAYCHHS.

3a BusHaueHHsM MPCS [16] € HEBiI'€MHOIO YacTHHOI IHTEJICKTYaJbHOI

mepexi. [nrerpamis MPCS nepenbadae HeoOXigHICTH OOMiHY iH(OpMaIi€r0 Mix
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BY3JIaMHd OJIHOTO 1 TOTO X JIOMEHY. XO4Ya ICHYIOTh CTaHIApTH, SKi 1€ TOTPIOHO
pO3poOHUTH, OUIBIIICT, HEOOXITHUX CTAHJIAPTIB BXKe ICHYIOTh. Ha kanb, OUIBIIICTH 3
HUX OynM po3poOJieH! CaMOCTIHO AJisi BUpIMIEHHS MpoOJeMH IHTErpailii CUCTEM B
oOMexeH1 00JlacTi 3aCTOCYBaHHS 1 TOMYy HE€ MarOTh CHIJIBLHOI MOJIENl JaHUX abo
HaBITh 3arajbHOTO MiJAXOAY /0 MOJICIIOBAHHS 3 TOYKU 30PY BCI€i 1HTEIEKTyalIbHOI
Mepexi. Sk pe3yabTaT, KOKeH 1HTepdeiic Mk CUCTEMaMHu, SIKi He OXOIUICHI OJHUM 1
TUM JK€ CTaHJapTOM, BHMAarae BiJOOpakeHHs ab0 TMepeTBOPEHHS 3 OIHOTO
cTtagaaptHoro Qopmarty B iHmMA. Kpim Toro, icHye morpeba y B1I0Opa’KeHHI
MoJiesiel TaHuX BiJl BIacHUX (opmaTiB 10 CTaHAAPTHUX (POpMaTiB, KOJIU CUCTEMHUI
iHTepdeic B3arai He MIATPUMYE KOJHOTO CTaHAApTy. TakuM YUHOM, HEOOX1JTHO
chopMyIIOBaTH OHTOJIOTIIO, 3@ JIOMIOMOIOK SIKOi BCl CTaHAAQpTHI Ta BIIACHI
CEMaHTUYHI MOJIeJl MOXYTh OyTH BiOOpakeHI Ha CTaHAApPTHIN 1H(OpMaIiiHINA
MOJIENI.

Jlns Toro, mo6 BIAMOBICTA HA TOJOBHE MUTAHHS JOCTIIKEHHS, SIK1 (paKTOpU
BIUTMBAIOTh Ha I1HTEPOIEpabeNbHICTh CHUCTEMHU, MOTPIOHE KUIbKICHE BU3HAYCHHS
cyMmicHOCTI. [23] mae oryisi AOCTYITHUX METPUYHHUX CUCTEM B3aeMoJll cucteMm. Tomy
HaIIll 3aX0JW ONEePAaTUBHOT CYMICHOCTI MOBHHHI ITOKJIAJIATUCS HA JIEKIIbKa 1CHYHOUHX
KUTBKICHUX 3aXO0/[1B B3a€MO/IIi.

JInst JOCSTHEHHSI CUCTEMH, II0 MAa€ BUCOKUM MOTEHIan sl B3aemonii, [24]
BU3HAYEHO YOTUPHU BIIACTUBOCTI, SKUM MOBHWHHA BIAMOBIIATA apXiTEKTypa CUCTEMH.
[Torenmian MPCS s iHTeponepaOenbHOCTI BUMIPIOETHCS OLIHKOIO LUX YOTHPHOX
BiactuBoctei, a MPCS - nyxe iHTeponepalenbHOi, OCKUIBKA BOHA € BIAKPHUTOLO,
BIJIOKPEMJICHOIO, JCTICHTPATI30BaHOI 1 3py4HOIO cucteMoro. Tabmwums I mae ommc
i koxxkHoro 3 BiactuBocTed mopo MPCS. Ockinekun MPCS 3a10BOSIBHSE BCIO
171eHTH(IKOBaHY BJIACTUBICTH JJII BUMIPIOBAHHS CYMICHOCTI, OHTOJIOTIYHE 030PO€EHHS

CTa€ BEJIMKOIO HEOOXITHICTIO.
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Taomung 2.1
Mipu cymicHocti 1yt MPCS
BnactuBicth Xapakrepuctuku MPCS
Bigkputicth Kontponepu MOXYTh OoyTH

Mo M (IKOBaHI Ta HaJIAIITOBaH1

BinokpemieHicTh Koxken koHTposiep (PyHKIIIOHAIBHO
BIJIOKpEMJICHUH B1JT 1HIIINX

JlenieHTpani3oBaHiCTh KoxeHn KoHTposiep i€ 31 CBO€IO
JIOKaJI130BaHOIO LIJLJTIO [IUITXOM
B3a€EMOJIII 3 1HIIIOI0 YaCTUHOI CUCTEMU

['HyukicTh HaJIAIITYBaHHS KinbkicTh mapameTpiB KOTPI MOMKIMBO
3MIHUTH

[HmmMm BaxiuBuM actiektoM MPCS € xoHTekcTHUN KOHTpoJib. Hampukiman,
JU3EJIbHUN TEHEepaTop MNPUIMUHSAE MpaIfoBaTH aBTOMATUYHO, KOJM BiJHOBJIIOBaHA
reHepaiisi Ta 30epiraHHs 3JaTHI 3aJ0BOJIBHUTH €HEPreTU4YHI TMOTpeOu BCIX
HaBaHTaXeHb.  OCKUIBKA  TOPOJKEHHS  BIJIHOBIIOBAIBHUX  JDKEPENT  Mae
nepepuBuactuii xapakrtep, MPCS mnoBuHHa 3a0e3neuyBaTd mnependadyBaHi Ta
HernependayyBaHi MOAIl /Il KOXKHOTO 3 KOHTPOJIEPIB reHeparlii, a ajs Toro, mob
JIOCSITTH TOT'O K, MOJCJIFOBAHHS HAa OCHOB1 OHTOJIOTII cTa€e icTOTHUM. Moae1i0BaHHS,
3aCHOBaHEe Ha OHTOJIOTIYHIM Moje/i, MOKe MNPeACTABJIATH WiJi TreHepauii,
CKOOPAMHOBAHUI KOHTPOJIb i MPOrHO3yBaHHSA reHepauii.

[aterpamis MPCS B po3ymMHYy Mepexy nependadae HEOOXIAHICTH OOMiHY
iHdopMaIli€l0 MDK PI3HUMH BY3JIaMH OJHOTO 1 TOro 3> JgomeHy. KinieBoro
npoOJieMO0 Mpu po3ropTanHi cymicHoro pimeHHs MPCS e nepenaya abcTpakTHOT
iHdopMmamii MK KOXHUM By3JloM. OJIHaK HEMOXJIMBO TNepelaBaTH aOCTPaKTHY
iH(dopMaIlito BiJ OJHOTO By3jda JI0 1HIIOTO 4Yepe3 Mepexky. TakuMm YHWHOM, ICHYE
OCHOBHA HEOOXIAHICTh OJHO3HAYHOTO TEpeKany aOCTpakTHOi 1H(opmalii B

JBIMKOBI JaHI.
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Omnepauiiino cymicHa mozaens MPCS moBuHHa 1aeHTH(DIKYBaTH OHTOJIOTIIO
0a30BHX MoOJeNiel, IIyKaTd BIANOBIAHY MOJACHb BITOOPKEHHS 1 aBTOMATHYHO
reHepyBaTH BUXITHUN Koj nependaudyBaHoi iHpopmariitHoi mozaeni. [Ipu3nadyena
mozenb 1t MPCS 6yna Busnauena ssk OPC UA, 0OCHOBHI IPUYMHU SKOT:

- OPC UA nagae meTta-moJienb 1 pO3IIUPIOETHCS 00'€KTHO-OPIEHTOBAHA
iH(pOopMaIriiina MOIeITh

- HasBHi cTangapTHI MeTOAW MAOCTYIIHI JJig BigoOpa)X€HHsS Mojelei
eneprocuctem 3 OPC UA

- Indopmamiiina moaens OPC UA npomnoHye sik OCIyTH ImyOumiKanii, Tak 1
KIIIEHT-CEPBED, 110 € GYHIAMEHTAIHPHOK HEOOX1THICTIO JIJI1 KOMYHIKaIlii
MPCS mepexi

HetanbHa pobota 3 renepartii moneneit OPC UA 3 MeToro koH}IrypyBaHHS Ta

BCTAaHOBJICHHA KOHTPOJICPA Ha 3B'S130K KOHTPOJICpaA OIIMCaHa Ha pHUcC. 6.

N
ﬂropﬁotary Models CIM Models IEC 61850 Modh

0

Model
Libraries

MPCS Meta
Model

L] | grmmemes

MPCS CONFIGURATION Service
and OPERATION Model

I Mapping to OPC UA I
K /@amatic Model GeneraD /
| |

Client Server Communication

Solar Model Wind Model Generator Model Storage Model

8 g g g

Publish Subscribe Controller to Controller Communication

Puc. 2.6: OnTojoriuna mojeib cucteMu MicroGrid
MogenbpHi 010J110TeKH BKJIIOYAIOTh MoAeni craHmaptiB, Taki sk CIM, IEC
61850, a Takoxx cmeriajgbHI MATEeHTOBaHI MOJEN ToMeHy. Pemosurtopiii 3abe3neuye
MIPEACTABJICHHSI BCIX TUIIB ()I3UYHUX 1 JIOTTYHUX 00'€KTIB, SIK1 HEOOX1/THI B JIOMEHI.
Cnyx6a indopwmarriinoi moaem MPCS. Cxosuiie iHGopMaIiifHoi MoAeI Mae

HiATPUMYBaTH:
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- besneune 30epiranHs iH(opmarii ans koxxkHoro MG KoHTpojepa B
koH(irypaiii i po6oti MPCS Ta cxoBuina

- KonTtpons noctyny a0 indopmaniitnoi moaeni MPCS

- TloBimomieHHsS TOTPIOHMM KOHTpoOJEpaM IIOA0 OyIb-SIKMX 3MiH B
MOJIEIL

Kpim Toro, ciyx0a iHpopMaLiiHUX MOAENEH TaKoXK Ma€ JOCTYM J0 MOAeei
Bl KOXXKHOTO 3 KOHTposepiB Mepexi MPCS. Cuyx6a iHdopmarniiiHoi Mopeni
BH3Haua€ BXIAHY OHTOJIOTIIO 1 BigoOpaxkae ii B OPC UA BiANOBIAHO A0 TIpaBuil.
[licns Toro, sk BiIOOpa)K€HHS BUKOHAHO, MOJENI ABTOMATHUYHO TE€HEPYIOTHCA 1
pPO3rOpPTAIOTHCST HA IIJILOBOMY KOHTPOJIEPl 3a JIOMOMOTOI0 3B'SI3KY KIIIEHTCHKOTO
cepsepa.

MeTta-moaei

Merta-mMo/ien1i  BUKOPUCTOBYIOTHCSI JUIsl BHU3HAYEHHS 3arajibHUX O0O0'€KTIB 1
aTpuOyTIB, a TAKOX JIJIsl PO3PI3HEHHS MEBHUX ACHEKTIB 00'€KTa, MPEACTaBICHOTO B
iH(dopmaIiiHii Mozeni. SIK moka3aHo Ha puc. 2.7, MeTa-MOJIeNIb MiCTUTh:

ControllerModel, sikuii omucye MeToAM, BIACTUBOCTI, 3MIHHI, BU3HAYCHHS
MOCHJIaHb 1 BU3BHAUCHHS aTpHOyTIB (DI3UYHOTO0 KOHTPOJIEpa, IKU BUKOPUCTOBYETHCS
111 KepyBaHHs 3agaHoro [IE/].

ConfigurationModel, ska omnucye, sK OOpOOJSIOTHCA BIACTUBOCTI Ta
BU3HAYCHHs aTpuOyTiB Moxaeni. Hanpuknan, ansa cneuudiuaoi Mmoaeni koHbIirypartii
KOHTpOJIEpa BCTAHOBIIOBATUMETHCS IIBUAKICTh MyOiKalli B MEpexl MapaMeTpiB
KOHTpoJIepa.

StructuralModel, sika ommcye iepapxir0 MPUCTPOIB y CHUCTEMI 1 BITHOIICHHS

MDK HUMH. BiH MICTUTb MOCUJIaHHS HA BU3HAYCHHS Ta BUBHAUYCHHS aTPUOYTIB.
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class MPCS Meta Model/

MPC SMetamodel
StructuralDefinition ControllerModelDefinition ConfigurationModelDefinition
isCointainment - meodel = MPCS.controller - model = MPCS. configuration

isHierarchical

name

RcfounceAttrIbuuTypo] ControllerType ] onfigurationType
A\ A\ .

|
:

] |
I }
| I

|
| |

'
«instanceOf» «instanceOfs «instanceOfs»
| |
MPC SMogel l | I
| I
| I
| :
| ControllerModel ConfigurationModel PVModel
|
| e =B description
| >
| B
- obje
: ‘ - properties: ||
| o1 4s variables: [)
| +from 1|- version
+contains |* model: [)
L methods: []
Reference
name
PVObject
objectid

Puc. 2.7 Meta-moneins MPCS
Crpyktypa MPCS Oyne neneHtpaiizoBaHa, JiIe KOXEH KOHTpPOJEp
11eHTUIKY€eThCA B TiM ke 1epapxii, Toal sk Microgrid Congurator Oyze Ha 1HIIOMY
piBHI iepapxii. Bci momeni O6ynmu 6 JSON, 3acHoBaHi Ha BHM3HAYEHIN cXxewmi.
Busnauenuit PVModel - ne 06'ekTHa MoJemb, sSKa € PEIpe3CHTAIlIEl0 KOHTpoJepa
o10 mojieni PV 1 Mae HaOip 000B'sI3KOBUX aTpUOYTIB:
- objectld: ynikanpHMit 11eHTH(IKaTOp 00'€KTA.
- Im's o0'exTa (sik BU3HaUeHO Ha puc. 2.7 PVObject).
- model: 1nenTUdikaTop, 1O MOCUIAETbCS HAa Mojenb, Hanpukiaa, OPC
UA, IEC 61850, CIM To1o
Mogens BigoOpaxeHHsSI MICTUTh IMpaBHJIa OHTOJOTTYHOTO BiOOpakKeHHS BiJl
pi3HOMaHITHHX 1H(OpMaIiiHuX Mojeneit no aapecHoro mpocropy OPC UA.

Cucrema OPC UA Hamae MOXKIMBICTh 3ICTAaBUTH Ta pealli3yBaTU OyIb-sKy
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iHpopMariiiny mozens, Taky gk [EC 61850, CIM Tomio, BUKOPUCTOBYIOUH 0a30Bi
enemeHTH aapecHoro mnpoctopy OPC UA. Opnak 3aranbHe BiJI0Opa)KeHHs
00'ekTHOTO BU3Ha4YeHHS MK oO0'ektamu agpecHoro mpoctopy OPC UA ixmmmu
00'extamMu 1HGOPMAIIIHHOT MOJIEeJIl BUMAra€eThCs K 3arajibHe rpaMaTHKH.

ABTOMatu3oBaHe BioOpaxkeHHsa ajapecHoro mnpoctopy CIM nmo OPC UA
JOCATAETHCST 32 JIOMIOMOTOI0 METOAY Ta poO0Yoro MmoTOKy, OmucaHoro B [25].
Binob6paxenns MCK 61850 SCL go OPC UA moscHioetbess B [7], sxkui
CHOpPSIMOBAaHUM HA MOJIMIIEHHS TWHAMIYHOI PEKOHCTPYKIIi apxiTektyp Smart Grid 1
BBEJICHHS HEOOXIHOI CYMICHOCTI MDK 1HXXEHEPHHUMH IHCTPYMEHTaMHU pI3HUX
BUpoOHuKiB. Taki o Merogu KaprorpadyBaHHsS MOXXHaA  ©aratopasoBo
BUKOPUCTOBYBATH U PYHKIIOHYBaHHS Ta iHXeHepii cuctemu MPCS.

Curnamu MPCS MoxyTh OyTH HEOOXiJHI JJIs BIJOOpaXKEHHS B CTEK 3B'SI3KY
OPC UA He3zanexHO BiJl KOHCTPYKIIIi, IUISIXOM MOJAUTY Ha aJpecHl MPOCTOPH, 1 Lieh
MIPOIIEC CIIPOIIYETHCS MUIAXOM FrapMOHI3aIlii KOHCTPYKIIiT KOHTPOJiepa 31 CTaHIapTOM.

AJbTEpHATUBHUM METOJIOM PO3BUTKY OyJio O BIPOBAHKCHHS CHCTEMH
ynpasiiHHS 0e3 BukopuctanHg mojeni OPC UA. Sk TUIbKM cucTeMa yIpaBiliHHS €
(GYHKIIOHATBHOIO, CTBOPIOETHCS BIAOOPAKEHHS 3 I1HAMBIAYaTbHOTO 1HTEp(deicy
CUCTEMU yHIpaBiiHHS 70 1HTepdeiiciB anpecHoro mpocropy OPC UA. 1is npaktuka €
3arajbHOI0, OCOOIMBO CEpPEJ] CUCTEM YNPABIIHHS, SIKI OyJIM pO3pO0IIeH] 10 HIMPOKOrO
BIIPOBAKCHHSI CTAHAAPTY 1 3r0I0M OyJiv ajiantoBaHi s iHTerpaiii B cucremu OPC
UA. IlpakTuuHui HEOOJIIK IBOT0 MIAXOAY IMOJSIra€e B TOMY, IO IHTErpaTopu Ta
1HKEHEpH 3MYILEHI MpalloBaTH 3 CUCTEMaMH, OCKUIBKM BOHHM MOBHHHI PO3YMITH
cucteMy 3 000X CTOpiH BioOpakeHHs. binbm TOro, cuctema yIpaBiHHS, IO
0a3yeThCs HA CYMICHIA MOJIENI JaHUX, HAJa€ KOHTPOJEPU MOKIIUBICTh M1 AKIIOUEHHS
Ta BIATBOPEHHS. Y pE3yJNbTaTi CHUCTEMa OTPUMYE TIEpeBard MaciiTabOBaHOCTI,
CTIWKOCTI Ta HAJIHHOCTI.

Jns miaTpuUMKHA PI3HUX BHUMOT JA0JatkiB, abctpaktHi mociayru OPC UA
MOXYTh OyTH 3ICTaBJICHI 3 PI3HUMH MPOTOKOJaMHU. 3abe3nedeHHs AOCTYIHE IS
KOAyBaHHS Ta mH(ppyBaHHs naHuX. JloCcTymHO BiloOpa)keHHs aOCTPAKTHUX MOCTYT

OPC UA 1o BeO-cepsiciB IIpoTokompHoro mporokony npoctymy (SOAP) Ta
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6inapnoro OPC UA. Be6-cepBicu SOAP BUKOpHUCTOBYIOTH OOMIH JaHUMH Ha OCHOBI
XML 1 6inapuumii kon OPC UA BukopucTOBY€E OIHApHY KOJIOBAaHY Nepenavy 1aHux. Y
Bumaiky MPCS, OPC UA 6axxano HajcuiaHHs moBigomieHs PubSub mo mokamsanx
mepexxkax (LAN), ski nmepemaBatumyTh AaHi mo mnpotokoiry UDP (User Datagram
Protocol) 3a monomororo OPC UA Server (Publisher) mist cioxxuBanust Oyab-sSKUM
gucioM aBropu3oBanux KiaieHTIB OPC UA (aboHeHTiB) .

Bumie npeacrasnena monens UML nna CIM, IEC 61850 1 OPC UA mis onHiel
3 migcuctem MPCS. Jlani BoHa HaMaraeTbesl AOCSITTH B3aemMocymicHocTi MPCS,
MOXKJINBO, BpaxoOBYIOUM cCydacHi craHmapth. OpHak, BpPaxOBYIOYH 3POCTAHHS
BHCOKOPO3MOJLJIEHOT MeEpexki IHTENEKTyalbHUX MEpeX, MH 3alpOoloHYyBaJU
dbopmymoBanHs oHrtojyorii s MPCS Ha OCHOBI THpUHHATTS Ta 1HTErparii
CTaHAAPTHUX 1H(QOpPMAIIHHUX MOJENIed €HEeProCUCTEeM JI0 MOMEepPeHbO BU3HAYECHOI
mozaeni OPC UA. Apena OPC UA mniaTpumye iHTErpamilo pi3HOMAaHITHHX
MIPOTOKOJIIB 1 MOJENIEH JaHUX 3 HYJbOBOI BAPTICTIO IS MEPEXOAY Bl OYyIb-sIKOT
iHdopmarnitnoi moaeni 1o iHpopmaiitHoi mogeni OPC UA. Sk HacTynmHuil Kpok, MU
0 po3poOMSIM JOKYMEHT JJIi METOAOJIOTIi MPOEKTYBaHHS Oulbll (HOPMaNIBHO:
3aMpOBaKEHHS 3aMPONOHOBAHOT (PYHKIIT /10 ICHYIOUMX IHCTPYMEHTIB 1 miaTtdopm,

AK1 B KIHIIEBOMY I1JICYMKY J03BOJISITh po3roptanHs rmosst MPCS.
2.2. Pexomenaauii nmo 3acToCyBaHHIO OHTOJIOTiYHOT MOAeTi

Po3rnsiHyTy Bullle MOJENIb MOKHA yJIOCKOHAJIUTH 32 JONOMOIOI0 BHUBEICHHS
OKpPEMHX €JIEMEHTIB 10 XMAPHOTO CXOBUIIIA, 3 YPaxXyBaHHSAM KOHCTPYKIIH MO0Yy10BU
naHoi Mepexi. Jlana Mojens npejacTaBieHa Ha puc 2.8.

Takox mo xmapHoro cxosuima s gomaB CBA — Control Block of Analysis,
AKUM BUKOHYE (QYHKIIIO KoJiekTopa iH(opmalii Ta ii aHali3y, B CBOIO 4epry BiH
CKJIQZIA€EThCS 3 €JIEMEHTY KOHTPOJIIO IiHU (I[IHOBUHM (paKToOpi) Ta €IEeMEHTy 300py
iHdopmarii mpo moromHi ymoBu (moroaHiit ¢akrop). Came 11 ¢akropu 1 OyayTh

BIINIMBATHU HA ITOAAJIBIITY OHTI/IMiBaHiIO CUCTCMU.
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Puc. 2.8 Ynockonanena onrosoriyaa moaeib MicroGrid

Ha puc. 2.9 nokazana 3amponoHoBaHa MOJIeNlb IIIHOYTBOPEHHS B PeajbHOMY
yaci. EKL] ontumizye miHy s cucteMu 0e3 ypaxyBaHHs iXHBOI BiAnoBiai. EnemeHT
L[IHOBO1 MPOMO3HUIIii MOKa3ye JIeTajJbHE CIIOXKUBAHHS €HEPrii 110 Aa€ 3MOTY OTpUMAaTH
TOYHY KapTHHY Ta Jito4i mpomnosuilii. CTpyKTypa ajJropuTMy HaJa€ Orjisifi TOTO, SIK
npamtoe cropoHa EKIl 1 sk BiANOBiAb CHUCTEMH TMOBHHHA OYyTH I1HTETpOBaHa B

3araJloHy MOACIIb.
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Puc. 2.9 Monenb popMyBaHHS LIHU AJII CUCTEMU

B 650k yrmipaBniHHA 3 aHai3y TaKOK BKJFOUEHUN €JIEMEHT 300py JaHUX PO
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MOHITOPMHT Ta HANAWITYBAHHA CHCTEMM

Puc. 2.10 Y nockonanena mosens ynpasiinas MicroGrid
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BucHoBku

1. Ha ocHoBi anamizy onrosoriunoi mopeni MicroGrid, BusHayeni ii
CKJIaZIOB1, OCHOBHI CTaHJAPTH Ha SKWX MOOYyI0BaHa JaHa cucTema. J{ocmimkeHo
CTPYKTYpY POOOTH KOHTPOJIEPIB, X BAXKIMBICTh Y JaHIH CTPYKTYpl, B3AEMOJIIO
OJIUH 3 OJIHMM, a TaKOX 3 1HIKUMHU erdeMeHTamu cuctemu. Crangapt OPC UA
JI03BOJISIE By3/1aM HaJaBaTH JaHl B peajbHOMY Yaci, MeTajaHi HaBKOJUITHLOTO
CepeZIOBHINA 1 HaBITh JIaHi, IO HE 0OPOOIISIIOTHCS, 1HIIIMM BY3J1aM YHIKAJIbHUM 1
HE3aJIEeKHUM BiJ miaTdgopmu crnocodboMm. Mera-mMoeni BUKOPUCTOBYIOTBCS JUIS
BU3HAYECHHS 3arajibHUX O0'€KTIB 1 aTpUOYTIB, a TAKOXK JJIs1 pO3PI3HEHHS MEBHUX
acnekTiB 00'ekTa, mpeacTaBieHOro B iHGopmaiiitHiii mozaeni. Ha ocHOBI 1ux
JlaHUX 1 M00y10BaHa OHTOJIOT1YHa Moaesib MicroGrid.

2. MoandikoBaHO OHTOJIOTTYHY MOJIENb 32 JIOMOMOTOI0 BUBEJICHHS TIEBHUX
€JIEMEHTIB JI0 XMapHOTO CXOBHIIA, Ta 3aCTOCYBaHHs OJOKY aHalli3y MOTO/IHIX Ta
HIHOBUX (QakTopiB. Take pilmleHHd MOKpalye eQeKTHUBHICTh M00YyAO0BH
OHTOJIOTIYHOI MOJeNi, Ta JO0JA€ TEeBHY THYUYKICTh B 30€peXeHHI JaHUX 3a
paxyHOK XMapHHMX CXOBHUII, OJIOK YINpaBJIIHHS AaHAJII30M B CBOK Yepry
3a0e3nedye cucTeMy 1H(POpPMAII€0 MPO pealibHy I[IHYy Ha €JIEKTPOCHEPriio Ha
PUHKY, a TaKOXX 30HMpae MOTOJHI JlaHi, KOTPl MOXYTh OYTH 3aCTOCOBaH1 MpH

MPOTHO3YBaHHI POOOTHU CUCTEMHU.
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PO3/11 3

TEXHOJIOI'TI PO3MOAIJIEHOI'O PEECTPY B OHTOJIOT TUHIM
MOJAEJI CUCTEMHA MICROGRID

3.1 Baoxkueitn B MicroGrid

MicroGrid BUKOPHCTOBYE JBOCTOPOHHI MOTOKHU €JIEKTpOeHeprii Ta iHdopMarrii
[30] B pexxumi peabHOTO Yacy MiK MOCTAa4aJbHUKAMU Ta CIIOXKHUBAYaMK CHEPIil s
CTBOPCHHS IIMPOKO PO3IMOAUICHOI aBTOMAaTU30BAaHOI MEPEXi JOCTAaBKH EHEPTii.
MikpoMepeka € aBTOHOMHOIO EHEPrOMEpekerd B MajuxX TIpoMajax, Iio
BUKOPHUCTOBYE BiJHOBIIOBaHYy eHeprito Ta cuctemy 30epiranus eneprii (C3E), Ta
3abe3neuye 1aTGopMy MJiS TOPTIBIl €HEPri€l0, IO BUPOOISETHCS HA MICHSX, Y
MeXaxX CBO€I IpOMaJIu.

-
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Puc. 3.1 MicroGrid Ha ocHOBI OJioKueitHy

b

J

Sk mokazaHo Ha MaIOHKY 1, MiKpoMepexa 0a3yeThCsi Ha TMPHUBATHIA MEpexKi
0JIOKUYElHIB, KA MOKe OpaTH y4acTh JIMIIE B aBTOPU30BaHUX By3iax. BiH Moxe OyTu
CaMOJIOCTAaTHIM Ha MOTY)KHOCTI Ha HEBEJTUKHUX TEPUTOPIAX 1 € JOMOBHEHHSAM J10
icHyrounx eneprocucteM. KoxkeH By30J1 MiKpoMepeki po3/IijieHU Ha JB1 KaTeropii:
CIIOKMBAY, SIKOMY IOTpiIOHA eHepris s CHOXXKUBAaHHS BJAOMa, a00 BHPOOHUK 3

(OTOETEKTPUIHOIO CHUCTEMOI0 (WM 1HINOI0), 3JaTHOIO BUPOOJSATH TIOHOBIIOBAHY
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eHeprito caMm. | KOXeH BYy30J1 - 1€ PO3YyMHHUH MiM, J€ MPUCTPOI MiAKIIOYEHI 10

Intepuery 1 matotb C3E, sikuii Mmoxke 30epiratu npuadoany abo BUpOOJIEHy €HEPrio.
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Devices and energy storage ~ = P

Puc. 3.2 Po3ymuuii 6yAMHOK B MEpesKi MPUBATHOTO OJIOKYCHHY
3.1 EHeproMeHeI:KMEHT B Mepe:Ki

Po3ymumii OynuHok [32] Ha ocHOBI OJIOKUEHHY MOXe 30epiraTd €Hepriro, o
BUKOPUCTOBY€EThCS B OyanHKy, yepe3 C3E. CroxkuBadi, SKUM MOTPiIOHA €HEpris JJis
CIOKMBAHHS, KYIYIOTh €HEPril0 y CHOXKMBaudiB. | BOHU 3apsXKaloTh EHEPri€Io
MPUCTPI HaKOMUYEHHs eHeprii B OynuHKy. CrioxuBayl BUPOOISIOTh BIIHOBIIOBAHY
EHEPTril0 CaMOCTIHHO 3a JIOMOMOT0I0 (POTOEIEKTPUYHOI CUCTEMH Ta 30epiraroTh ii B
HAKOMHUYYyBayi €HEPTil ISl MPOJIaKy eHeprii crokuBadaM. Buiesraganuii JoMariHii
MaliHep MOXE IEHTpali30BaHO 00pobnaTtu mani 3 ycix mpuctpoiB ta C3E Ta
30epiraT JgaHi y migKmodeHin xmapHii[33] cucremi abo CXOBHWI JaHHX.
BuxopucroBytoun 30epekeHi aHi, JOMalllHii MaifHep MOXe 3HAaTHU MOTOYHUM CTaH,
1CTOpiI0 POOOTH, BUKOPHUCTAHHS €HEPTii KOXKHOTO MPUCTPOI0, BUXIAHY E€HEPrilo Ta
KUIBKICTh €HEpIii, 110 3aJIMIIAETHCS B MPUCTPOI HAKOMMWYEeHHs eHeprii. KpiM 1pboro,
JNOCTyMHAa JoJaTKoBa 1HdoOpMaIlis, sSKa MOXe OyTH BHUKOpPHUCTaHA ISl PI3HUX
nporpam. OmHaK 3amporoHOBaHA IUTaTGopMa TOPTIBII EHEPTi€l0 BUMArae JIHIIe
1H(opMallii Mpo BUKOPUCTAHHS €HEPrii KOKHOTO MPUCTPOIO Ta KUIBKICTh €HEpPrii, 110

3aJIUIIAE€THCS B IPUCTPOI HAKOMTUYECHHS €HEePrii.
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Set Price Convey purchase

intention and matc
transaction.

Puc. 3.3 Ipomec Topriiti eHepriero

Punok enektpoeHeprii MiKpoMepexk Ha OCHOBI OJIoKuYelHy 3abe3reuye
JeleHTpai3allio 1 atMoc@epy T0BIpU MK MOKYIISIMU Ta TOCTAYaIbHUKAMHU, B SIKUX
BOHUM MOXYTh BUIBHO TOPryBaTH 0e€3 HEOOXITHOCTI IEHTPasli30BaHOI JOBIPEHOI
TpeThoi cToponu. He3Baxarouu Ha BCi 111 epeBaru, MexXaHi3M ayKI[lOHy Ha OJOKYEHH
HE € TOBHICTIO O0€3MeYHMM 1 HachpaBAl € BpPA3IMBUM JIO MEBHUX aTak Ha
KOHpiAeHIiHICTh. OfHier0 3 TakuX HanaaiB [34] € BUCHOBOK B IKOMY CYNPOTHBHHUK
npoOye pi3HI KOMOIHAIii 3amUTaHHS / MPOMO3ULIi 3 METOK IMPOTHO3YBAaHHS Ta
OTpPMMaHHS 3HaHb NpPO BIANOBIAHE pe3yibratu aykuiony. llle ogna araka, sika
BUMarae ocoOJMBa yBara NpH po3poOill MeXaHi3My ayKI[IOHy BHUTIK MPUBATHOI
iHdopmamii  ¢i3MYyHUX Oci0 uepe3 NOBTOPIOBAHICTh aykiioHy. Hanpuknan,
€HEeproayKIioH! 3 MIKpOMEpEeX 3a3BUYail MOBTOPIOETHCS 4Yepe3 NMEBHUN MPOMIKOK
qacy, TAKUM YUHOM, TICBHUH MiKa3KW 3aBXKAN 3aTUIIAIOTHCS Y BUTIISAL 1CTOPUYHIX
3amuCciB, SIKI Hajaldl MOXYTh BUKOPUCTOBYBATHCS JJII BHUCHOBKY Ha OCOOHUCTY
iHdopmartito. [logonmanHs TakMX MHUTAHb CTA€ CKIAIHINAM Yy TMPO30PHI Crocid
3aBJISIKM TEXHOJIOT11 OJIOKYEHHY.

OCHOBHI IlepeBaru 3aCTOCYBaHHS OJIOKYEHHY:

* MakcumizyBaHHS JOXOIY MEPEKI.
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* BBeneHHs MexaHI3My NMOMIPHUX BUTpAT, O€3MEYHHUI Ta MPUBATHUN PUHOK
JUIST MIKPOMEPEIK

» KoHbigeHiHICTh 3asIBOK OKPEMUX YUYaCHUKIB.

BuninieHHs Ta BUMIATH 31HCHIOIOTHCS, JOTPUMYIOUUCH KOHKPETHUX TIPABUIIL:

1) IpaBwio posmoaity: Mera mnpaBwia po3noninry [36] monsrae B 0OYHCIICHHI
ONTUMAJILHOTO HAa0OPYy YYAaCHHUKIB BIJMOBIAHO JO IMYHKTIB 3 METOK MaKCHMi3arlii
COIIIAJILHOTO I0OPOOYTY MOPS 13 CTBOPEHHSIM XOPOIIUX JOXOIB.

2) IlpaBuio ormatu: Ha JWHAMIYHOMY I[IHOBOMY ayKIliOHi, OIUIaTa, SIKYy MOBHHEH
CIUIATUTH KOXXEH YYacCHUK TOPTiB, OOYMCIIOETHCS Ha IMiJCTaBl "mKoau" #oro
MPUCYTHOCTI $IKy BIH 3aBJa€ IHIIMM Yy4YacHUKam TopriB. Lle MoxkHa cropocTuTw,
CKa3aBIIM SIK PI3HUII0O MK CYKYITHOIO CYMOIO 3asBOK IHIIMX Y4YacHHKIB 0e€3
MEPEMOXKIIS 1 HAaKOMUYYBaJIbHY CyMy 3asBOK IHIIMX YYaCHUKIB, KOJIM MEPEMOKEIIb
BKJIIOUAETHCS 70 TMpaBuia po3noainy. Lled mimatik Takox BigoMuil sk '"coiliajabHa

BapTICTh".

c
Flow Switch controller
Energy Trading Node

Microgrid / Buyers /
Prosumer Bidders

Puc. 3.4 CucremMHa MOJIENb CTpATETi1, 1110 ONMKUCYE MOBHUH CIIEHapii ayKIliIOHY
MIDX MIKPOMEPEXKEI0, MOKYMISIMU Ta eHeproHocisiMu mepexi Ta ETN, nopsin 13

1H(popMaIiTHUM MPeICTaBICHHSIM €HEprii Ta MOTOKY JaHUX.
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Kepytoui By3nu (ETN) ynoBHOBaxkeHi BHI0OyBaTH HOBI OJIOKM B Mepexi,
3MIIMCHIOIOUHN Tponec KoHCeHCYcy. OCHOBHOIO MPUYMHOI BUKOPUCTAHHS OJIOKYEHHY
[37] € cipustHHS By3ITiB, SIKI HE MarOTh BUCOKOI OOUMCITIOBAIBHOI MOTYXHOCTI. Takum
YUHOM, BY3JIM, SIKI HE MOXXYTh BHUPIIIMTH CKJaaHI KpunTorpadiuHi TOJOBOJIOMKHU
TaKOX MOXKYTh OpaTH y4acTh Yy MPOIeCi TOPTiBJIi.

1) CyO'ekt 30epiranas manux "brooku": wmepexa OJOKYeHHY Beme
HelHpopMaIliiHUM O0MIK TpaH3akuiki y ¢dopmi gaHux 00'ekTH 30epiraHHs, IO
Ha3uBaroThCd "Omokamm". Ll OIOKM € BIIMOBOCTIMKMMH, JIHIIC IJOJAIOTHCS, Ta
MOIIUPIOIOTECA MK yCIMa BYy3JaMU KOHCEHCYCY, IO HIATPUMYIOTH OJOKYEHH. Y
ctparerii ETN € By3iamMu KOHCEHCYCY, 3a sIKI BIANOBIAAIOTH J0JaBaHHS OJIOKIB B
Mepexy. JloOyBaHHs Ta 30epiraHHs HOBOrO OJIOKY B Mepeka BHUMAara€ BHCOKOT
00YHUCITIOBANIbHOT MOTY>KHOCTI. Tomy Oyno o6pano ETN sik aBTOpuTeTHI BY3/H, SIKi
KOHTPOJTIOIOTH Tpoliec koHceHcycy. ETN 30upae, 00po0iisie, yrpaBiise Ta epeBipse
ix JokanpH1 3anucu Tpansakuid. ETN 30upatore 3amucu, nepeBipsioTh iX (3a
JIOTIOMOTOI0 KOHCEHCYCY), a TOTIM CTPYKTypyHTe Ii 3amucu B OJOKH MIiCHA
mudpyBaHHsa. Ak TUIbKM OJIOK AOJA€ThCS 10 OJOKYEHY (Yepe3 MexaHI3M
KOHCEHCYCY, BU3HAUYECHHM Hajaji), BIH CTa€ 3araJibHOJOCTYITHUM JJIS BCIX BY3JiB
(ToOTO KOpUCTYBaUiB MIKPOMEPEXKI, MPOAABIIB, MOKyNIiB Ta ETN), onHak 1ie# 3amuc
3axXuIIEeHuH B Qanbcudikailiii, TOMy 11 By3JId MOXYTb JIUILE MEPETIIAIaTh JaHl 1 He
MOJK€ TX 3MIHHUTH.

2) MexaHi3M KOHCeHcycy: Y il poOOTI MU BUKOPUCTOBYEMO JTOKa3H alrOpUTM
koHceHcycy pobotu (Proof of Work - PoW), saxuii Tako € OCHOBOIO TEXHOJIOTI1
oiTkoiny. Bysnu konceHcycy (Takox Bimomi sk ETN) oOuparoThCcsi 3a B3a€MHOIO
3roIoK0 Mk yciMa ydyacHUKamu By3miB. Lli By3nu He € MOCTIMHUMH 1 MOXYTh OyTH
3MIHEH1 3r0JIOM, SIKIIO SKUWCHh BY30J1 HE BIAMOBIIAE FOPUAMYHUAM MTPABUIIAM.

Koncencyc 1momo miarBepmkeHas poodotu (POW) 3abesmeuye 3mopoBa
KOHKYPEHIIisl cepel MaWHIHT-BY3J/IiB 1 KOKEH MaillHepa OTpUMY€E BHHAropoAdy MicCJIs
YCHIMHOTO BUIOOYTKY 0510Ky. binbiie Toro, POW MeHm cxunpHuii 10 atak 0e3neku
B MOPIBHSAHHI 3 1HIIMMH MEXaHI3MU KOHCEHCYCY, OCKIJIbKH 3JIOBMHUCHHKY MOTPIOHO

KOHTPOJIOBATH MiHIMYM 51% 00UYMCIIOBANIBHOI MOTY>KHOCTI AJIsi TOTO, 100 371aMaTu
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BCIO Mepexy. [[ns Toro, o0 mogatu HOBHM 3amuc TpaH3akiii B 6mokueitHi, Bci ETN
B Mepexi MNoBHMHHI Jgocsrath koHceHcycy. Koncencyc [38] PoW 3aGesmeuye
J0JJaBaHHSI 3aKOHHUX JIaHUX N0 OJOKYeWHy pa3oM 13 TrapaHTi€lo, M0 B HEMae
KOH(UTIKTY TpaH3akilii Ta icTopuyHux AaHux. PoW BukopucroByethesa st ETN y
JaHIA cTpaTerii, HoAIOHUHN 0 MeXaHI13My BUKOPUCTOBYBAHHS B TEXHOJIOT11 OITKOTH, B
AKIi € yHIKaJlbHAa XEII-BeIMYMHA TEHEPYEThCS Iopa3y pa3oM 13 TEBHOIO
TOJIOBOJIOMKOIO JUIS KOXXHOTO HOBOTO OJIOKY, SKMH TOTpiOHO BHUI00YyBaTH B
OsiokueliHl. Lle KOHKpEeTHO yHIKaJIbHE XEII-3HAYEHHS CIIY>)KUTh CIIOJIYYHOIO JIAHKOIO
MDXK HEIIOJIaBHO JOJAHUM 1 TMOMNEpeaHIM OJIOKOM Yy IboMYy JIaHItOKKY. ETN
BUPIIIYIOTh TOJIOBOJIOMKY (LIJIIXOM 3HAXOJpKeHHs AiiicHoro PoW) mns BuUmOOYyTKy
0JIOKY B MEpPEXi, 1, TAKUM YHHOM, BOHU TaKOX 3MararoThCsi Mk c00010, 100 J01aTH
6110k sikomora mBuie. [1og10HuM YMHOM 00epTa€EThCs 1 111 KOHKYPEHIlisSl BUCTYMATH
3a HavmBuamuii ETN, gkuil oTpuMy€e HAropogd MOHETH KOXHOIO pasy, KOJIU
N0J1aeThca HOBUM 00K y OnokueiiHi. [1ix yac npouecy koHceHcycy ETN mepesipsie
ayKI[IOHH1 3aMKCH, CTPYKTYPYHUTE 11l 3aMKUCH Y BUTJISAAI HOBOTO OJIOK JJis MEPEBIPKU
omoky Bix iHmmx ETN mig wac PoW mnponec koHcencycy. Tak camo MicroGrid 3
MaKCHUMaJIbHUM BHECKOM y MEPEKY TaK0XX OTPUMYE 3a0XOUCHHS Y BUTJISIII MOHET 3
BiamoBigauX ETN. Li 3a0X04eHHS cyKaTh Haropo0io 10 CTUMYJIIOBATUME O1JIbIIIe
MIKpOMEpeX OpaTh ydacTb B AYKI[IOHHOMY MpOIECi 1 BHECTH Oluiblle eHeprii B
MEPEKY.

OHTOJI0TIYHA MOEJb CUCTEMU

Cucrema CKJIaIa€ThCs 3 TPHOX OCHOBHUX opraHizamii [39], To0To Mikpomepexk
(iHTerpoBanux 3 OynuHKamu), OyAWHKIB / OyAiBeab TOKYMIB Ta 3 TEXHOJOTII
pO3MOIIEHOTO peecTpy. MikpoMmepexa Moxe OyTH pPO3yMHUM OyAuMHKOM abo
Mepexkero OYJIUHKIB, 3IJaTHUX BUPOOJISTH CHEPTi0 3 PI3HUX BITHOBIIOBAHUX JIKEPEI
€Heprii, TAKuX SK COHSYHA €HEepris, BiTEp, TOmo. MiKpoMepeki € aBTOHOMHUMHU Ta
MOXYTh KUBUTH MIAKIIOUCHI OyAWMHKH, 1 HABITh HAJJIMIIOK €JIEKTPOEHEPrii MOKHA
nponatu Mepexi. KojkHa MikpoMepeka Ma€e €eMHICTh JIJIsl 30epiranHs, e BOHa MOXe
30epiraTu HaJUIMIIOK €Heprii, sika Moxe OyTH BHUKOpUCTaHa Il TOPriBial abo

BUKOPUCTaHHA B MOMEHT noTpebu. IlomiOHMM YMHOM Il MIKPOMEpEKi TaKOX
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MOB'sI3aH1 3 JIEIKUMHU IHIIUMH OyAMHKaMH Ta OyIiBISIMH, sIKI HE € aBTOHOMHHMH Ta
noTpeOyIOTh MOCTIHHOTO TOCTaYaHHsS €JIEKTPOCHEPrii (sIke 3a3BHYail HaJIXOAUTh BiJ
enekTpomepexHoi ctaHmii). LI OyauHku / OyOIWHOK MOXKYTh MOMPOCHUTU
MIKPOMEPEKi MPOoAaTH iX J0JATKOBY €HEprito, 100 3apoOuTH MeBHUM pUOYyTOK. L1s
TOPTiBIISL TPU3BOAUTH 10 POPMYBaHHS ayKIIOHHOI CTpATErii, SKa BUKOPUCTOBYETHCS
JUIA 3MIACHEHHS BHJIy TOPTiBIi, B SIKOMY KOXXEH y4YaCHUK OyJe 3aJ0BOJICHUH 1
OTpUMa€ TI€BHI mepeBaru. TpaauIiiiHl ayKUIOHW 3a3BUYail MPOBOJATHCS 32
JIOTIOMOTOI0 TIOCEPEAHMKA a00 IIEHTpaIi30BaHOro aykilioHepa. OHaK LEHTPATbHUM
ayKIIOHICT Ma€ MEBHI HEAOJIKH 1 MOXXE CHPUYMHUTU BUTOKH JOBIpH, O€3MEKH Ta
koH(ieHiiHOoCcT. OCh HACTYITHA CYTHICThH III€1 CTpATETIi - 11e PO3MOo/IlJIieHa KHUTa Ha
OCHOBI OyiokueitHy. Sk oOroBoproBasocss panime [27], OnokuedH - 11
JIEIEHTPANII30BaHUI PO3MOUICHUN peecTp, SKui 3a0e3rneuye KOPEKTHICTh 3alHCIB Y
BCiii Mepexi. Lleit kpok 3miiicHiOeThCs 3a jgomomororo ETN, ski mpairorwTh SK
Opokepu, MO0 3a0€3MEUYUTH JTOCTYN MOKYMIIB Ta MIKPOMEPEXK 3 METOI0 TOPTIBII
enepriero. Koxxaa mikpomepeska Hajacumnae 3anmut 10 ETN npo HaaMipHY e1eKTpUIHY
€HEepriro pa3oM 13 MIHIMAIbHOWO IiHOW mpoaaxy. ETN oronomye npoctynHy
KUTBKICTh €Heprii moKynisM y Mepexi. [ToTiM mokytii eHeprii mogarTh CBOi 3aBKU
B Mepexy, a ETN mpoBoauTh aykKIlloH Ta 30iraeTbCs 3 MapaMy TOPTiBIIl €HEPTIEI0
MIKpOMEpeX Ta TNOKyniiB eHeprii. Tum He MeHme, iHTerpamis OJOKYEHY
KOHCOPIIIYMY B ayKI[IOH MIKpOMEPEX BHUPIIINAJIA TIEBHI MUTAHHA O€3MEeKU Ta JOBIPH,
aje 4yepe3 CBOI MYOIIYHICTh BOHA TaKOXX BHUKIMKAE BEJIHMKY KUIBKICTh 3arpo3
KoHbIACHIIHHOCTI. J{nHaMIuHME XapakTep pi3HO1 KoHbiAeHIiiHOCTI [40] rapanrye,
[0 CYNPOTUBHHUK MOKE HE MATH 3MOTH 3pOOUTH BUCHOBOK PO OY/b-SKy MPUBATHY
iHdopMaIil0 MpO YyYacHUKIB ayKIioHIB. He3Bakaroum Ha 3arajJlbHOJOCTYIHICTb
pe3ynbTaTiB ayKIioHy, AudepeHIiiioBaHa KOHGIIEHIIIHHICTh € OTHIEI0 3 HAWOLIBII
ONTHUMAJIbHUX CTpaTeriii, sika 30epirae KoH]iACHIIIHICTS, aykiioHy. Kpim Toro
cuctema 3abe3reuye MpaBAvBICTh Ta MAKCUMIZAIII0 JOXOIY MEpexi 3a JI0MOMOIOK0

MeXaHi3My ayKIl10HiB.
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Puc. 3.5 IloBHa oHTONOTIYHA MOzEb cuctemu MicroGrid
3.2 JleraabHi BiToMoCTi Mpo TOpProei onepaiii B Mmepexi

1) Inimiamizaiis mapamMeTpiB 1 pojieil: y paMKax yrojau, KOKeH y4aCHHK TOPTIB 1
npojaBenb (GOPMYEThCS 3aKOHHUM CyO’€KTOM micis odimiidHoi peectpariii B
JOBIpEHOMY  opraHi, ToOTO 0a30Biifi  CTaHIl 1HTEJEKTyaJdbHOI  MEpexi,
KOHTPOJIOBaHIN JIep>kaBHUMU opraHamu. [1i gac peecTparlii areHT 3asBis€e, Y1 X04e
BIH TpHUENHATUCS SK TOKYyNelb YW mnpoaaBelb. l[Ipu3HaueHi pojl HE MOKHA
3MIHIOBAaTH TIiJI 4Yac ayKI[IOHy, 1, SKIIO BIAOYAYTbCS 3MiHH, JIOBEJIEThCS
MepepeecTpyBaTUCH HA HOBY. SIK TITBKH areHT MPUETHYETHCS 10 MEPEkKl OJIOKUYCHHIB,
BIH OTPUMY€E CBiil BIIKPUTUH Ta 3aKPUTHUN KITHOY JUIS 3IMCHEHHS KpUNTOrpadiuHmx

TpaH3akuid y Mepexi. [logiOHMM YMHOM BHKOPHCTAHO aJITOPUTM ILH(PPOBOTO
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MIANUCY eTINTUYHOI KPUBOI JJIsl TOTO, 100 3A1HCHIOBATH KpUNTOrpadiuHi TpaH3aKLii
B MEPEXKi.

Koxen areHT y Mepexi ieHTH(]IKYEThCS 3a JOMOMOTOI0 HOTO CHpPaBXKHBOI
inentuanocti [40], BimkpuTOro Kiro4a Ta mpuBaTHOro Kitoya. OpraH ympaBiiHHS
BIJIMOBIJIA€ 32 HAJIaHHS KOXKHOMY areHTy JOJIAaHOTO CHHUCKY BIAKPUTOTO KIIIOYA,
MPUBATHOTO KJII0OYa Ta aapecu ramaniyl. llei kaprorpadidynuii CIMCOK, OCOOIMBO
aZjpecd raMaHiliB, MO>KHa BUKOPHUCTOBYBATH JIJIsl MPOBEACHHS ayKIIOHY Ta TOPTIBIII
micnst go3Boity ETN miei ob6nacti. [lyn mam'siti, skuii 10JaTKOBO MIAKIIOUEHUHN 110
JNEUEHTPAI30BaHOl PO3MOAUICHOI KHUTH, 30epirae 3amuc KOXHOTO ayKI[IOHYy Ta
TpaH3akilii B Mepexi. Lleil 3amuc piBHOMIPHO OHOBIIOETHCS YEPE3 PO3MOIICHY
kHuUry yepe3 ETN.

2) 306ip 3asBOK Ta mepeaymoB aykiiony: I[licms iHimiamizamii mapameTpiB Ta
poJiell HaCTYITHUM KPOKOM € peKjiaMa JOCTYITHUX EHEPreTUYHUX CJOTIB Ta 30ip
3asBOK, 110 3AiHcHIOeThea 3a nonomororo ETN. ETN 30upae iHdopmailito mnpo
TOCTYITHY €HEPrilo 3 yCiX MIKPOMEPEXK IIOA0 3a3/alieri b BU3HaUCHOI reorpadidHoi
BIJICTaHI, 1€ TaKOX MOXE 3aJie’KaTh BiJ BIJACTaHI, 1 KOHIEIMIIS €HEPreTUYHOIrO
IHTEpHETY MOXXe OyTH BHKOPHUCTAaHA JUIsi TOTO, 1100 ONTHMAJbHO HAMPABIATH
enepriro. 3romom ETN mnepenaroTh 110 €HEPrir0 BCIM JOCTYIHUM TMOKYIISAM Y
Mepexi. [ToTiM mokytii nepeBipsAOTh HasIBHY €HEPriio Ta HaJlaloTh CBO1 BIJIMOBII Ha
ETN. ETN 30upae 3asBKu Ta TPOBOJIUTH ayKI10H, BAKOPUCTOBYIOUH 3alPOMIOHOBAHY
CTpaTerio.

3) IlpoBenenHs aykiioHy: MexaHi3M ayKIIOHY B Mepexki Tpaiwe 3a
CTpateriero, y ki OepyTh y4yacTh yCl HasiBHI BY3JIM, a MEPEMOXKIl BU3HAYAIOTHCS
BIJIMOBIAHO JO iX 3asBOK Ta HasBHUX eHepreTuuHux cioTiB. Ockiunibku ETN 3i0pas
ycl1 3asiBKM MOKYIILIB, BIH MPOBOJUTH AyKIIIOH, a MOTIM JI0AaTKOBO MOJU(IKy€E HOTO,
o0 MOKpAIUTH KOHQIAEHIIIHHICTh, BUKOPUCTOBYIOUN Pi3HY KOH(IACHIIINHICTS, 1
MakcuMizyBatu jaoxif. [lomiOHuM 4YuHOM, 4dYepe3 TMEeBHUNM MPOMIDKOK dacy,
MIKpOMEpeXi, M0 3a0e3MeYnIi MaKCUMAJIbHY KUIBKICTh €HEeprii, CTUMYIIOIOTHCS Y
Burisiii MoHeT. Ilopsan 3 uwmm, ETN, mo Burpae MexaHi3M KOHCEHCYCY,

BUHAropoI)Ky€ThCSl IEBHUMH MOHETaMH BIATOBITHO 7O CTpATerii.
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4) IlnmatixHl Ta ayauTopchki omeparii: Ilicmst 3aBeprieHHS ayKI[iOHY BCi
MOKYMI[l CIUIAY4yIOTh PO3paxoOBaHy CyMy MIKpOMEpPEKaM Yepe3 ajpecy ramaHIs
KOHKpEeTHOi Mikpomepexi. [lokymi mepekianaioTb MOHETH 31 CBOTO TaMaHIls Ha
raMaHellb MiKpOMepexi, SIKMi Hajam 30upae cyMy Ta MepeBips€ ii 3a JOMOMOTOI0
mudpoBoro mignmucy. Il 3arBepmkeHi 3amuck  UUQPPOBUX MIANMUCIB  Hagam
HaacunaroTtecsd ETN ms ayaury.

5) Ilposenennst koncencycy PoW [31]: Uepes meBHuii mpomixkok dacy ETN
30MparoTh yCl 3alHMCH €HEprii Ta TpaH3aKLiid MOHET y CBOil JIOKaJIbHIA Mepexi,
mUQpyOTh iX, a MOTIM 3aXMILIA0Th, BHUKOPUCTOBYIOUM IupoBuil mianuc. Llei
nporec Mmu@pyBaHHS Ta MIAMUCAHHS 3AIMCHIOETBCSA JIs 3a0€3MEUCHHS TOYHOCTI,
JIOCTOBIPHOCTI Ta HE3MIHHOCTI AaHuX. [1OTiM 111 3amucu TpaH3akiiil 00'€THYIOThCH,
mo0 copMyBaTH CTPYKTYpy, MOAIOHY 10 OJIOKY, fKa TaKOX MICTUTh aJpecy
NonepeIHLOTO 0JIOKY B JaHII0KKY. Kpim Toro, ETN o6uucitoe xemi-3Ha4eHHsI [IbOro
0JIOKY HaJl BUMAJKOBUM 3HAYEHHSM nonce (Hampukiaji, X), o0 BUI0O0YTH HOTrO B
JIAHITIOKKY, BUKOPUCTOBYIOUM KoHceHcyc PoW. KoHceHcyc 3miiCHIOETRCS T10/110HO
70 METOZYy KOHCEHCYCY OITKOiHIB, IPH SIKOMY MITKa 4acy, X€lI-3HAYEeHHs Ta KOPIHb
Tpan3akilii Merkle BUKOpUCTOBYIOThCSI JJI1 BU3HAUEHHS XEII-3HAYEHHS BiJIMOBITHO
70 TpyAHOINIB, Hanpukiaa 3HaueHHs HashV (x + Pdata) < ConsensusDifficulty).
[IBuaKicT BUAOOYTKY Ta A0JaBaHHs 0JI0KIB 3ayiexuTh Bl ConsensusDifficulty, sika
€ 3MIHHOIO CYTHICTIO, 1 BIATIOBITHO 3MIHIOETHCS OpraHaMy BIIAad ISl KOHTPOJIO
IIBUJIKOCTI BUJOOYTKY OJIOKIB. Y [JaHOMY MeEXaHi3Mi CKJIQJHICTh KOHCEHCYCY
BapIIOETHCA, 00 MEPEKOHATHCS, 1110 KOXKEH OJIOK 10OYyBaeThecs MpuHaiMH1 uepes 10
XBUJIMH.

6) JonaBaHHs Ta nepeBipka OJOKY 3a IOTTIOMOI'0K0 KOHCEHCYCY:

HavimBummuit ETN, sxuii gocar PoW, crae kepiBHUKOM IIbOTO TPOIECY
KOHCeHcycy. [lani 1eit kepiBHUK Tiepeiac CKOMITUTLOBAHUM OJIOK Ha BCl aBTOPU30BaHI1
By31 ETN [40], ki 3MiiCHIOIOTh ayMT I[LOTO OJIOKY JIJIs 3a0e3MeueHHs MepeBipKU
Ta B3aeMHoro Harmsigy B mepexi. Lli ETN TpaHcniooTh CBiif 3BIT B MEpexi MiCs
aynuty oTpumaHoro 0yoky. Ilicis mporo xkoxkeH ETN mopiBHIOE CBIN pe3ysbTaT 3

pesynpratoM iHImmMX ETN B wmepexi. Lleit pesynbraT mnopiBHSHHS Hajami
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HAJICUJIAEThCSI B Mepexy pazoM 13 miamucoM kokHoro ETN. Tlotim kepiBHUK
NPOBOJUTH CTATUCTHUYHUNA aHaMI3 JaHMUX, 1100 MEepPEeKOHATHUCS, 10 B OJOILl HEMae
KOHGIIKTY. SKIo GJIOK BUIBHHM BiJl KOH(IIKTIB, TOMI OJOK TONAETHCS O MEPExKi
OJIOKYEHHIB Yy XPOHOJIOTIYHOMY TOpPSAJKY. 3arajbHUA 4Yac, HEOOXIOHWN s
JOCSITHEHHSI KOHCEHCYCY, CTAaHOBUTH 10 XBUIJIMH, 1110 HE 3aJICKUTh BiJl pO3MIPY BY3IIIB
y Mepexi. OgHak, SKI0 BUHUKAE OyIb-sSkuil KOHQIIKT abo Oyab-akuii ETN He
CXBaJIto€ OJIOK, TOA1 KEPIBHUK BCEOIUHO aHAJI3Yy€e BC1 PE3ybTaTH Ta Mepeiae CIipHUMA
0si0k 3H0BY Ha Bcl ETN 115 moBTropHOro ayauty. Ilicias nboro moBTOPIOETHCA TOU
caMuil TIpoliec, 1 pe3yJabTaTh 3HOBY aHamizyroTrhesi s Bcix ETN pazom 3 ix
KutblieBUMH Tianucamu. ILlsg xopecrongenmiss Mk ETN gomomarae piiité 1o

ckomnpometoBaHoro ETN, sikuit 3rogqom Hece BiJINMOBIAAIBHICTb.

3.3 EHepro-uiHOBHii PUHOK Ta OLiHKA KOPUCHOCTI

T T T T T T T T T
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Puc. 3.7 CepenHe crioKuBaHHS peCypciB OYIMHKOM
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Puc. 3.8 BunoOyTok enekTpoeHeprii 3a paxyHOK COHSIYHHX OaTapeit
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Tabmums 3.1
[{iHu Ha eJIEKTPOEHEPTIIO M0 TOJIMHAM
n p (byHT 32 KBTrom) t (uac)
1 0.03 1
2 0.029 2
3 0.028 3
4 0.025 4
5 0.025 5
6 0.025 6
7 0.042 7
8 0.03 8
9 0.042 9
10 0.045 10
11 0.05 11
12 0.04 12
13 0.053 13
14 0.04 14
15 0.039 15
16 0.042 16
17 0.057 17
18 0.08 18
19 0.07 19
20 0.06 20
21 0.059 21
22 0.042 22
23 0.04 23
24 0.03 24
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Hama cucrema cnoxuBae 24000 kBt B nens. [Ipu cnoxusanni 1000 kBt 3a

KOJXHY I'OAUHY Hallla CUCTEMA 34 ICHb BUTPATUTD!:

S1 =YY% p; x 1000 = 1065 rponIoBUX OJUHHIb

Opnak, Ko MU OyZeM KYIUISITH X0o4a O MOJIOBUHY €JEKTPOEHEPTii0 BHOYI, TO

OTPUMAEMO:

S, =2x Y% p; x1000+ Y12, p; x 1000 = 894 rpomoByX OMHHII

i=

ExKoHOMIS CTAHOBUTH

E=S; — S, =171 rpomoBux ouHUIIL

KoedilieHT KOpUCHOCTI CTAHOBUTH

S
K===1.222
S2
BucHoBxku
1. Ha ocHoBi anami3zy ontosoriunoi mozeni MicroGrid Ta TexXHOJIOTIH

PO3MOIJIEHOTO peecTpy OyJo 3ampoloOHOBAaHO 3aCTOCYBaTH TEXHOJIOTIIO
OJIOKUEHHY JIJIsl TPaBUIILHOTO OOJIIKY €JIEKTPOSHEPTIi B CHCTEMI.

2. Byno BcTaHOBIIEHO, IO PUHOK €JIEKTPOCHEPrii MIKpOMEPEX Ha OCHOBI
OokuelHy 3a0e3reuye JereHTpaizalio 1 arMochepy T0BIpH MK MOKYIIISMH
Ta MOCTaYaJIbHUKAMHU, B IKMX BOHH MOXYTb BUTbHO TOPryBaTH 0€3 HeOOX1AHOCTI
LEHTPaII30BaHOi IOBIPEHOT TPETHOI CTOPOHHU.

3. [Ipoanasni3yBaBIM PUHOK EJIEKTPOCHEPrii Ta MOMJIMBOCTI TOPTIBJI 3a
paxyHoOK OjokueliHy OyB miJpaxoBaHUW KoOeQII€HT I[IHOBOI KOPHUCHOCTI

CUCTCMU.
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PO3/ILT 4
PO3POBKA CTAPTAII-IIPOEKTY

B mpomy po3gini Oyae mpoBeaeHO aHalli3 cTapTamn mpoekTy «MoaudikoBaHa
OHTOJIOTIYHA Moenb cuctemu MicroGridy.

['0710BHOIO TPHYMHOIO, IO SKIM cTapTamu IOBCIOJHO pPEali3yloThes 1 B
MOTAJIBIIIOMY YCITIIITHO ICHYIOTh 1 PO3BUBAIOTHCS, € TIOBUIBHICTH 1 HEMTOBOPOTKICTH
BEJIMKUX KOMIAaHiH, 0 YCHIITHO BUKOPHUCTOBYIOTH YK€ HAasiBHI MPOIYKTH, 3aMiCTh
TOro, 100 CTBOPIOBATH 1 pO3pOOJISITH HOBI. TOOTO TOJOBHOIO MEPEBAro0 CTApTaIliB
BBAXKAETHCS MOOUIBHICTh TMpPH BTUICHHI HOBUX 1JIeH, IO JI03BOJISI€ CKJIACTH

KOHKYPEHI[1}0 BEJIMKUM KOMIIAHISIM.
4.1 Onumc ixei mpoekTy

[nest mpoexTy moJjsirae y BUKOPUCTaHHI TEXHOJIOTIH PO3MOJiIIEHOTO PEECTPY B
oHToJyoriuanX Mojensax MicroGrid st mokpamieHHsST €KOHOMIYHHMX ITOKa3HUKIB
CHCTEMH.

VY tabmuii 4.1 300pakeHo 3MICT i€l Ta MOKJIMB1 0a30B1 MOTEHIIIWHI PUHKH, B

MeXax SIKUX NOTPIOHO LIYKATH TPyNHU NOTEHLIMHUX KIIIEHTIB.

Tabmuus 4.1.
Omnuc 17€e1 cTapTar mpoeKTy
3micr el Hampsamku Buroau nis kopucryBada
3aCTOCYBAaHHS
Buxopuctanas ~ TeXHOIOTiH MiKpOMGpC)Ki 3pyLIHI/II71 00K
PO3TOJINIEHOTO  peecTpy B eJIeKTPOCHeprii
OFTOJIOTTHAIX MOASTEX | Pynok emextpoeneprii | KepyBanms IpoLecaMu
cuctemu MicroGrid P P py PH
OOMIHY eJIeKTpOeHeprii

[IporoHyeThcsl BIOCKOHANEHA OHTOJOTIYHA Mojaeib cuctemu MicroGrid.
3araipbHOI0O METOIO MPOTOHOBAHOI MOZENiI € BUKOPHUCTAHHS  TEXHOJIOTIH
PO3MOAUICHOTO PEECTPY ISl 3pYUHOTO OOJIKY Ta MOKIMBOCTI 3/1HCHIOBATH TOPTOBI

omepailii 3 eIeKTPOEHEPTIEIO.
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Jlami mpoBOAMMO aHaNi3 TOTEHIIIMHUX TEXHIKO-EKOHOMIYHUX IepeBar iaei
MOPIBHSHO 13 TIPOTIO3UIIISIMU KOHKYPEHTIB:

—  BH3HAYAEMO TMEPENIK  TEXHIKO-€KOHOMIYHUX  BJIACTUBOCTEH  Ta
XapaKTEePUCTHK 171€T;

—  BHM3HAYaeMO IOMNEPEIHE KOJIO KOHKYPEHTIB (IIPOEKTIB-KOHKYPEHTIB) ab0
TOBapiB-3aMIHHUKIB YU TOBApiB-aHAJIOTIB, 110 BXKE ICHYIOTh HA PUHKY;

—  MPOBOAWMO TIOPIBHSUIPHUM aHaNi3 TMOKA3HWKIB: IS BIIACHOI imel
BHU3HAYECHO MOKA3HUKH, 1110 MAIOTh

— a) ripuri 3HauenHs (W, crnadki);

—  0) ananoriuni (N, HeHTpasbH1) 3HAYCHHS;

—  B) Kpaiii 3HaueHHs (S, cwibHi) (Tabi. 5.2).

Ta6mums 4.2.
Bu3HaueHHs CUIIBHUX, CIA0KUX Ta HEUTPAIBHUX XapaKTEPUCTHK 11€1 MPOEKTY
XapakTepucTu (TOTeH11iH1) TOBAPH/KOHIEMIII{ W N S
No | xu mpoekty KOHKYPEHTIB
Miit 3BUUaitHa Mepexa
MIPOEKT
ITopir Bxoay Cepenniit Cepenniit +
1
KopucryBanbs Cepenniit Cepenniit +
2 UUBbKAN
IOCBI
CralinbHICTE Bucoknii CepenHiii +
3 poboTtu
I'HyukicTh Bucoxnii Cepenniit +
4

Pe3ynpraT MOJeIIOBaHHS MiATBEPKYIOTh, IO 3alpOIIOHOBaHA MOEb
CTaOlIbHIIIA HA THYUKIIIA HIXK KOHKYPEHTH.
4.2 TexHOJIOTIYHMI ayIUT ifiei MPOeKTy
B mekax maHoro miapo3diny MPOBOJWMO ayAWT TEXHOJOTII, 32 JOMOMOTOIO
SIKOT MOYKHA peati3yBaTH 171et0 CTBOPECHHS MPOEKTY.
BusHaueHHs TEXHOJOTIYHOI 31MCHEHHOCT1 171ei MpOoeKTy mepeadadae aHami3

CKJIAJIOBUX AK1 BKa3aHl B Ta0iauil 4.3.



Tabmuis 4.3. TexHonoriuHa 31HCHEHHICTD 1711 IPOEKTY

Ines mpoekTy Texnomnorii ii | HasBHiCTD JlocTymHICTh
peaizarrii TEXHOJIOT1H .
TEXHOJIOT1H
/n
. CrarucTuka Hassua OCTYyITHA
Monudikaris Hocty
OHTOJIOTOYHOI MOZIEI ExcniepumenTan Hasasna HocrynHa
MicroGrid bHI JOCIIIIPKEHHS
TecryBanus HasaBna HocrynHa
OO6pana TexHoJIoTis peaizanii i1ei MpoeKTy: HasiBHA Ta TOCTYIHA HA PUHKY

B poboti Oyno mpenacTaBieHO BapiaHT TEXHIYHOI peami3amii mpoekty. Jlms
HOBHOLIHHOTO 3allyCKy MPOAYKT MOTpeOye AOONpalioBaHb, aje BCsA TeXHIYHa Oaza

HasiBHA HAa PUHKY 1 TPOEKT MOKJIMBUHN ISl peaizalii.
4.3 AHaJ1i3 pUHKOBHX MOKJIMBOCTEH 3aIIyCKY CTAPTAIl MPOEKTY

JUis  BOPOBa/UKEHHS TNPOEKTY, HEOOXIHO TMPOBECTH aHall3 PHHKOBHUX
MOKJIMBOCTEN, TOOTO aHaI3 pU3UKIB Ta 3arp03 JUIsl BPOBAIKEHHS IIPOEKTY HA PUHOK.
Lle n03BOJISIE OLIHUTU AKTYaJbHICTh HALIOTO MPOEKTY.
CroyaTky mpoBeIeMO aHalli3 TMOIMUTY: HAasBHICTh MOMUTY, OOCST, JHUHAMIKa

PO3BHUTKY pUHKY (Tabmuiist 4.4).

Ta6nuns 4.4.
HOHGpC}IHH XapaKTCPHUCTHUKA HOTCHHiﬁHOFO PHUHKY CTApPTAIl-IIPOCKTY

Ne [Toka3HUKM cTaHy pUHKY (HaliMEHyBaHH) XapakTepucTuKa
1 KinbkicTh roloBHUX IpaBliB, 0]1 3
2 3aranbHuil 00CAT NPOJaXK, TPH/YM.0A 15000 rpu
3 JluHamika puHKY (SIKICHA OIIiHKA) 3pocTatoua
4 HasiBHicTh 0OMeXeHb 1715 BXOY (BKa3aTH XapakTep HasiBHich

0OMeKeHb) ceprudikariit
5 Cepennst HopMa peHTa0eNbHOCTI B raiy3i (abo 1o 18%

pPUHKY), %
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PenTabenbHICTh - 1€ MOKA3HUK €KOHOMIYHOI €(EKTUBHOCTI BHUKOPUCTAHHS
pecypciB abo iHBecTullii. BiH moka3ye Baajliocs 4Yu HE BAAJIOCS IOBEPHYTH
BKJIQJICHHS 1 Ha CKUTbKH. Cyas4uu ¢ JaHHUX TAaOJUIll PUHOK € TPHUBAOIMBHUM JIJIS
BXOJI>KEHHS.

byno mnpoanamizoBaHo OaraTo JpKepen, SKi CBII4aTh, IO TOMHT Ha
MIKpOMEpPEXi, K 1 TEXHOJOTIi PO3MOIIJICHOTO PEECTPY, HMIOPOKY 3POCTAE M Mae
Jy>Ke TO3UTHUBHY TEHICHIIIIO Ha PO3BUTOK

[{inmpoBa ayAUTOPIs MPOEKTY — KOMIIAHII SIKI BAKOPUCTOBYIOTh MIKPOMEPEXI
JUISL peasti3aliii 3aKpUTHX €HEPrOCUCTEM.
Hanani Bu3Ha4uaeMo MOTEHIIIMHI TPy KITIEHTIB!
Tabomurg 4.5.

XapakTepucTuKa MOTEHIIMHUX KIIEHTIB CTapTa-MPOEKTY

[{inmpoBa BinMinHOCTI Yy
No MoTpeta, mo popmye ay;I.HTopi‘a HOBCI[iHIIi‘ Pi3HI/IX BHMorg
i PHHOK (uispoOBI TOTEHIIIHHMX CIOXHBAYiB 10
CeTMEHTH [ITBOBUX TPYII TOBapy
PHHKY) KJIIEHTIB
1 HaniitnicTs cucremu Binnaneni Bapricts npoexty. | [lokpamienus
perionu 3 HaIIIHHOCTI
MTOHOBITIOBAHUMH CHCTEMH
pecypcamu
2 3pyuHHii 00K Po3pobHuku Bapricts npoekry. | [lokparienns
3aKpPUTHX 00Ky
eJIEKTPOMEPEX eJIEKTpOeHerpii

VY 3B’3Ky 3 TUM, 110 ayAUTOpis Ta cepa B LIJIOMY OOIIMPHA, TEHACHII TyXKe
9acTO Y IIBUJKO 3MIHIOIOTBCS 1 TMOTPIOHO WIBUIKO aJanTyBaTUCA Il HUX,
NOTEHIIIIHI KIIEHTU TaKOX L€ PO3yMIIOTh, Ta HAMAararThCS BIPOBAHKYBATH Y
IPOEKTH HOBI Ta aKTyaJbHI METO/M.

[Tpu 3acTocyBaHH1 AJaHOI TEXHOJIOT1 ICHYIOTh TIEBHI 3arpo3u. (Tadmuis 4.6)
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Taomurg 4.6.
dakTopu 3arpo3
Ne . .
i dakTop 3MICT 3arpo3u MoxuBa peakiiisi KoMmnaHii
1. [Toruty Bnockonanenns moxe BusiButucs | [lepepaxyHok BapTocTei 1is
HE HACTUJILKH MOTPIOHUM. MiATBEPIHKCHHS €()eKTHBHOCTI
2. Exonomiuna 3pocTtanHs iHIISIIT [Torryk MOKIUBOCTEH 15
JICIICBIIOTO TECTyBaHHS
3. Konkypenuis MosxnuBo Oyae po3poOiaeHuit 301IbIIEHHS MTEPEBIPOK Ta
O1TbII eHeproeeKTHBa CUCTEMA rapHUX BIATYKIB
4. HaykoBo- [IIBuaKM PO3BUTOK HAYKH MOHITOPUHT HAYKOBUX HOBUH
TEeXHIYHA Ta MOLIYK HOBUX IUISIXIB
BJIOCKOHAJICHHSI IIPOCKTY

[licns anamizy KOHKYpPEHIIl MpoBeAeMO OUIbII JeTadbHUM aHaji3 yYMOB

KOHKYpEeHIIii B raimy3i(taoi. 4.7).

Tabnuus 4.7.
AHaJti3 KOHKYpeHIIii B ranysi 3a M. [loprepom
. [ToTenui-
[Ipsami remt Tosapu-
HHI1 [TocrauanbHuk . .
KOHKYPEHTH B Kiientu 3aMiH-
. KOHKYpPEH- u
. rajysi HUKHU
Cki1agoBl TH
aHayi3 o . . o
Y 3BUYaliHI MoxxinBi Hesxichi
MicroGrid HOBI LlinoyTBOpEHHS 3amaui 3aMiH-
CUCTEMH HUKH
BucnoBkn | Hemae Brucokoi Hosi BrummBaroTe Ha Kiientu MoxyTb
KOHKYpPEHIIii, CUCTEMH I[IHOYTBOPEHHS TUKTYIOTh HETraTUBHO
OCKUIbKHU MOTEHLIHHO OCHOBHI BIUIMHYTH
po3po0ieHa MOKYTh MaTu YMOBU Ha Ha
CUCTEMa BXkKe nepeBary HaJ PUHKY aBTOPUTET
IepeBepuIye po3po0IeHUM IPOAYKTY
ICHYIOUI. HaMH.

Ha ocHOBI mpoBeneHoro anamizy MokHa c(OpMYBaTH NEpeTiK OCHOBHHUX

(akTopiB, AKi CBIIYATh MPO BUCOKY KOHKYPEHTOCIIPOMOKHICTh MPOeKTy (Tadi. 4.8).
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Taomuis 4.8.

OOrpyHTyBaHHS (haKTOPIB KOHKYPEHTOCITPOMOKHOCTI

No daxrop OOrpyHTYBaHHS (yaBeﬂeHHs{ YHHHUKIB, 10 p06J15'ITB
. (axTop A1 MOPIBHSAHHSA KOHKYPEHTHHX ITPOEKTIB
n/n KOHKYPEHTOCIIPOMOYKHOCTI
3HAYYILIUM)

1 [ina [{ina iHTerpaIris BIUIMBAE HA MPUHAHATTS PIICHHS. A
HAaIlla IiHa BUT1JIHIIIE, HIK Y aHAJIOTB.

2 AKTyanbHICTb Bnockonanena  cuctema,  e(QEKTHUBHICTh  AKOi
JIOBE/ICHA.

3 [Tonut AKTHBHA TEHJEHI[S] Ta PO3BUTOK PUHKY CBIIYHTB,
11O TTOITUT €

4 ['HyukicTh € MOXIMBICTH moAanmbimoi  Momudikamii  Ta
peanmizamii uis OyAb-SIKUX 3aBJaHb IOB'A3aHUX 3
ONITUMI3AIlIEI0 TIPOLIECIB

5 IunoBamiiinicTs 3asBnse, 1O YyKpalHCbKa Hayka — JOCTOMHUM
KOHKYPEHT.

@diHaTpPHUM  €TaloOM PHUHKOBOTO aHANI3y MOXJIMBOCTEH BIPOBAKEHHS
npoekty € ckiaamanas SWOT-anamizy (matpurmi anamizy cuibHuX (Strength) Ta
cnabkux (Weak) ctopin, 3arpo3 (Troubles) Ta moxnuBocteit (Opportunities) (Ta0:.
4.9) Ha OCHOBI BUIIJICHNX PUHKOBHUX 3arpo3 Ta MOXKJIMBOCTEH, Ta CHUIBHHX 1 CITAOKUX
ctopin (tabn. 4.10). Ilepemik pUHKOBUX 3arpo3 Ta PHUHKOBUX MOXJIHMBOCTEH
CKJIQJIA€EThCS HAa OCHOBI aHamizy (akTopiB 3arpo3 Ta (PaKkTOpiB MOMKIMBOCTEH
MapKETHUHIOBOTO CEpelOBUIIA. PUHKOBI 3arpo3d Ta PUHKOBI MOXJIMBOCTI €
HaCiIKaMU (TMPOTHO30BAHMMH PE3yJIbTaTaMu) BIUIMBY (DaKTOPIB, 1, HA BIAMIHY BiJ

HUX, I1I€ HE € peaJi30BaHMMH Ha PUHKY Ta MalOTh I€BHY WUMOBIPHICTb 3/111ICHEHHS.

Tabmus 4.9.

[TopiBHSAIBHUMN aHANI3 CUIBHUX Ta CITA0KUX CTOPIH

PeliTuHr TOBapiB-KOHKYPEHTIB Y
Ne dakrop banu )
. MOPIBHSHHS 3 IPOEKTOM
n/n KOHKypeHTocrpoMokHocTi | 1-20
-3 |2 |-1 10 +1 | +2 | +3
1 [ina 18 +
2 AKTyaJnbHICTb 18 +
3 [Tonut 18 +
4 ['ayukicTh 19 +
S) [HHOBaMiHICTE 19 +
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3 tabmuup 4.9 ta 4.10 mo $axTopu KOHKYPEHTHOCIPOMOXKHOCTI J103BOJISITH
BUITH Ha PUHOK, ajie yCMiXy MOXHa Oyle MOCATTH JIMIIE 3a PaxyHOK SKiCHOT
peatizarlii Ta MpoayMaHOT MapKETUHTOBOI MOJIITUKH.

Taomurs 4.10.

SWOT- anani3z ctapTan-npoexTy

CWIbHI CTOPOHH:

1. IuHOBaLiNHICTE;
2. Bapricts.

3. T'myukictb

4. AKXTyanpHICTh

CnabKi CTOPOHU:
1) BiacyTHiCcTb A0BipH;
2) Benuka BuTpara pecypcis 10

CcaMuXx npoz[anciB Ha peKilaMy

MOoKIHUBOCTI:
301IbIICHHS TPOAAK;
OTpuMaHHS Aep>KaBHUX 3aMOBJICHb
Ha OTPUMaHHS HOCIIYT;
Po3mmpenHs puHKy 3a paxyHOK

1HO3eMHHUX 3aMOBHUKIB;

3arposu:
— lliHOBa KOHKYpEHIIis B 3B’SI3KY 3
MIOSIBOIO HOBUX I'PaBIIiB HA PHHKY.
— Pi3ka 3MmiHa KypCcy I'pUBHI MOXe
NPUBECTH JI0 3MEHIIICHHS MOTIHTY,

0C00JINBO 3 OOKY MaJIUX QipM.

4. OtpuMaHHs TEHAEPiB HAa MOCIYTH.

Ile 3HOBY MmMATBEPIKYE, IO HABITh HE3BAKAIOYM HAa CBOIO creludiky, Harl
MIPOEKT MOTpeOy€e 3HAYHUX 3yCHJIb AJI TOTrO, 100 YBIUTH y PUHOK, 3apikcyBaTuCs Ta

IIPOTIOHYBATH CBOi MOJIMBOCTI CBOIM KJII€EHTaM

Ha ocnoBi SWOT-anamnizy po3po0JisieMo abTepHATUBU PUHKOBOI.
Ta6mmmsa 4.11.

AJIbTEpHATUBY PUHKOBOT'O BIIPOBAKEHHS CTAPTal-IIPOECKTY

AnbpTepHaTHBa

Ne (Opi€EHTOBHUI KOMILIEKC
/1 3aX0/1iB) PUHKOBOI
MOBEIIHKI

HMoBIpHICTh OTpUMaHHS

. Ctpoku peanizarii
pecypciB

1 Crparerisa HelTpamizanii
PUHKOBHX 3arpo3
CHWJIBHUMHU CTOPOHAMH
cTapramny

80% 3 micsi

2 Crparerist KOMIIEHcAIi1
CJIa0KUX CTOPIH CTapTaIy
HassBHUMH PUHKOBHMH
MOYKJIMBOCTSIMU

70% 6 micsami

3 Crparerist BUXOIY 3 PUHKY 80% 6 MiCSIIIB
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3 3a3HaYCHHUX aJbTEPHATUB OOMPAEMO CTPATET1I0 KOMIIEH ALl CTaOKUX CTOPiH

CcTapTalily HaaBHUMHW PUHKOBHUMH MOJKIIMBOCTSAMMU.

4.4 Po3p0obJeHHsI PUHKOBOI CTPaTerii mpoekTy

Po3pobisieHHs pUHKOBOI CTpaTerii MepumrM KpOKOM Nependayae BU3HAUYCHHS

CTpaTerii OXOIJICHHS! PUHKY: OMUC IJTLOBUX IPYII MOTEHIIHHUX CIIOKHUBAYIB.

Tabmuis 4.12.

BuOip niapoBUX rpym NOTEHIIHHUX CIIOXKUBAYIB

OpieHTOBHUI
Omnuc npoduito ['OTOBHICTH | MOIUT B .
. i . InrencusHicts | IIpocrora
Ne IBOBOI TPYITH CTMOXHBAYIB | MEXax
o . . . KOHKYpEHLIi B | BXOAY Y
n/n HNOTEHIIIMHUX CIPUHHATH | LIJIBOBOI .
. CerMEeHTI CeTMEHT
KJIIEHTIB MPOAYKT rpynu
(cermeHTy)
Bimnaneni perionu 3
1 BIIHOBJIFOBAHUMH Tak Bucoknii Cepenns Cepenns
pecypcamu
3akpuTi .
2 p Taxk Cepenniii Cepenns Cepenns
€HEPTOCHCTEMH
SIki 1inpoB1 rpynu oOpaHo:
ITix yac ananizy nOTEHIIWHUX TPYI CIOKKUBaviB OyJI0 NPUITHATO PIIeHHS M0 KOMMaHis Oye
nparoBaTy i3 00oMa rpynaMu KOpUCTYBayiB i B MailOyTHOMY BHOMPATH BEKTOPH MOJATBIIOTO
POO3BUTKY

Jist po6oTH 3 BUOpaHUM LUTOBUMHU TPYIIaMH KOPUCTYBadiB PUHKY HEOOX1THO

chopMyBaTu 0a30BYy CTPATETIIO PO3BUTKY.

BusnaueHHst 6a30B0i cTpaTerii po3BUTKY

Taomurs 4.13.

KirouoBi
Obpana . . bazoBa
Ne Crparerisa KOHKYPEHTOCIIPOMOKH1 .
anbTepHaTHBA e . CTpaTerist
n/m OXOIUIEHHSI PUHKY | MO3ULIi BIAMOBITHO [0 %
PO3BUTKY MPOEKTY N PO3BUTKY
00paHoi aJbTepHATUBU
. IIlepemoBrHH 3
ITincunenns . . | Buokpemnenns nepesar
.| KOMOaHisIMH,  SIK1 .
CWIIBHUX  CTOpIH [OTO croco0y y | Crpareris
MIPEJICTaBIISIIOTh . A
1 cTapramny 3a OB oy | TPOMOBOMY  EKBIBATIEHTI | MI/KPINICHHS
paxyHOK pUHKOBHX ., ey Ui MaiOyTHIX | CBOiX IepeBar
. MOTEHLIMHUAX .
MO>KJIMBOCTEN . CIIO’KMBAYIB.
KJIIEHTIB
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HactynmauM kKpokoM € BuOip cTpaTerii KOHKYpeHTHOI moBeniHku (Tadu. 4.14).
Taomurg 4.14.

BusHnauenHns 6a30B0i cTpaTerii KOHKYpEHTHOI MOBEAIHKU

Yu Oyne )
YA Ywu Oyne kommaHist
KOMIIaHis .
KOMIIOBaTH )
Uu € mpoekT IIYKaTH HOBUX OCHOBH Crpareris
Nen/m | «mepuonpoxianem» Ha | CHOXKMBaYiB, KOHKYPEHTHO{
XapaKTePUCTHKH !
pUHKY? abo 3abuparu ToBa HOBEIIHKU
ICHYIOUHX Y Py
) KOHKYPEHTA, 1 sIK1?
KOHKYPEHTIB?
Hi 3abuparu Hi Crpareris
ICHYIOUHX i AKPIMIICHHS
CBOIX IlepeBar

Ha ocHOBI BUMOI CIOXHBayiB 3 OOPaHOTO CETMEHTY J0 IMOCTadaJIbHHKA 1

OPOAYKTY, a TaKoXX B 3aJeXKHOCTI BiJ CTparerii po3BUTKY Ta CTpaTerii

KOHKYPEHTHOI  TNOBEAIHKH  pO3poOJsiEMO  CTpaTeriro  MO3WLIIOBAaHHA  sKa

BU3HAUYAETHCS Y (OpMYBaHHS PUHKOBOI TMO3MIII, 3a SIKUM CIIOXHBadl MarOTh
171eHTU(IKYBATH MPOEKT.

Tabmunsa 4.15.

BusnaueHHs ctparerii mo3uilioHyBaHHS

Bubip acomianii, siki

Bumoru Kirouosi
bazoBa . MaroTh c(hopMyBaTH
No 710 TOBapy ) KOHKYPEHTOCTIPOMOXKHi .
; - CTpareris KOMIUIEKCHY TTO3UIIII0
/1 UILOBOI O3HUIlI1 BIIACHOTO
PO3BUTKY BJIACHOTO TIPOEKTY
ayauTopii CTapTan-mpoeKTy
(TpH KITIOYOBHX)
1 [linkoBa BinkpuTticth O0i3HaHICTH CBOr'O I'Hy4KicTb.
MiATpUMKA bi o) MPOYKTY, TOMIOMOTa B 3py4HicTb.
Ha erarri BHPIIIEHHS 1HTerparii. IKiCTB.
1HTerpanii IIATaHb dopMyBaHHS

JIOSTIBHOCTI 1
MPUXUIBHOCTI
CIIO’KUBAYiB,
MiITPUMKA BX1THUX

6ap’epiB.
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PesynbraToM gaHOrO MIAPO3NUTY € CHCTeMa PIMIeHb IIMOJA0 PHUHKOBOI
MOBE/IIHKK KOMIIaH1i, BOHA BU3HAYA€E B IKOMY HampsiMi Oyjie MpalroBaTH KOMITaHis Ha
PUHKY

4.5 Po3po0JieHHSI MAPKETUHIOBOI IPOrPaMHU CTAPTAN-NIPOEKTY

[Tig yac po3poOiieHHsT MApPKETHUHTOBOI IIPOTPaMU TIEPIITUM KPOKOM € po3poOKa
MapKETHHTOBOI KOHIEMIl TOBapy, SKUH OTpUMae croxuBad. Y Tabmuii 4.16
MiJICYMOBYEMO PE3yJIbTaTH aHANi3y KOHKYPEHTOCIIPOMOXHOCTI TOBApYy.

Tabmums 4.16.

BuzHaueHHs KIIIOUOBUX MEpeBar KOHIEIIII TOBapy

KirodoBi nepeBaru nepes
Burona, sxy . -
Ne mi/m [ToTpeba KOHKypeHTaMu (icHyro4i abo
MIPOIIOHYE TOBAP . )
TakKi, 1o NOTPIOHO CTBOPUTH)
1 KonkypeHTocnpoMoKHOCTI VHIKaJIbHICTD, Jlerka iHTerpamiss MeTOay Ta
3py4HICTh Mo diKaris mix noTpedu
BucHoBku

Y nman"HoMmy po3aut OyJ0o TPEACTaBICHO CTApTam-NPOEKT Il MPOCYBaHHS
3arpornoHoBaHoi mMojeni cucremu MicroGrid. bBynu mpoanaiizoBaHi K PH3UKH,
3arposu TaK 1 IepeBaru Hamoi MoOJIel cepen KOHKYPEHTIB

Pe3ynpTaToM MpoeKTy € cTpaTeris BUXOAy Ha PUHOK, MAPKETUHTOBUM TUIaH Ta
oOpani cTparerii cmiBmpaii 3 MaiOyTHIMU(TIOTEHIIIMHUMHU) KIIEHTaMH. 3a PaxyHOK
aHayi3zy TakoX OyJo BHUSBIEHO, IO BIPOBA/PKEHHS HAIMIOI MOENI MOTCHIIHHUM
KIIIEHTaM € peaJlbHa MOXJIMBICTh, aje ISl IIbOTO ITOTPIOHO MaTH CHellialbHi
cepTu(ikaTi, TPOBOJUTH TECTYBaHHS, JaH1, MOXJIMBICTh 1HTErpallii HAIIOTO METOIY
B MIPOEKT KJIIEHTIB U TaK Jai.

["any3p Mae ayke MO3UTHBHY TEHACHIIIO Ta PO3BUTOK Y BCbOMY CBITI, II€
BKazy€ Ha Te, IO SKIO MPaBWIbHO MITIATH A0 BUXOAY Ha PHUHOK, CBIA 0OCST

KIIIEHTIB 000B’ I3KOBO OTPUMAEMO.
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PO3JILI 5
OIIIHKA 3ATTIPOITIOHOBAHOTO PIIIEHHS

CrangapTHuil miaxia mo modyaoBu cuctemMu MicroGrid MokHA pO3IiIIUTH Ha
OCHOBHI €TaIu:
IHonepenHiii eran
Ha panomy erami HEOOXiZHO YCBIIOMHUTH OCHOBHI Il Ta 3aBJaHHS
MalOyTHBOTO MPOEKTY. s 1bOro 0OroBOPIOIOTH KOHIIETIIIO CHUCTEMHU, KIIIOUOBI
TEXHIYHI MOMEHTH, TEPMIHH 1 OOCSATM BHUKOHYBAHUX pOOIT, a TakoX BapTICTh 1
mxepena (inancyBaHHs. [licyMKoM MONEpeIHbOrO €Taimy, KpiM y3TrOJKEHUX YMOB
MalOyTHHOTO  JIOTOBOPY, IOBMHEH CTaTH  Mepmud 1  HAWrOJOBHIIIWN
dyHIaMeHTAIbHUN TPOEKTHUH TOKYMEHT - CTaTyT MPOEKTY.
CraryT NOpoOEKTy BHM3HAYa€ HACTYIIHI TPUHIMIIOBI MOMEHTH, IIOB'sI3aHI 3
MPOIECOM PO3POOKH Ta BIpoBaKeHHs cucteMu MicroGrid:
- KopoTkuii onuc mpoekTy, 1iji Ta 3aBAaHHS CTBOPEHHS CUCTEMH.
- 3araJbHUI OMUC CKIaAy POOIT.
- Mex1 IpoeKTy: TepMiHHU, OIODKET, NepeniK 00'eKTIB aBTOMAaTH3allli.
- Onuc mpoaykTy: MEpeNiK MOCTaBJSETHCS anapaTHOro 1 MpOTrpaMHOro
3a0e3IeYeHHs, THI 1 KIJIBKICTB JIIEH31H 1 T.]I.
- OpranxizauiifHa CTPyKTypa MPOEKTY: CIUCOK 1 POl YHACHUKIB MTPOEKTHOL
rpymnu 3 00Ky BUKOHABIIS 1 3aMOBHHKA, 1X BIJITOBIIAJIbHICT 1 000B'SI3KH,
CUCTEeMa JIOKYMEHTOOOITY TPOCKTY.
- OcCHOBHI eTanu PO3pOOKM Ta BIPOBA/KEHHS CUCTEMHU, IUIaH-Tpadik ix
peaizariii.
- HaiiOinp1n 3Hauyn[l pu3MKM HEBUKOHAHHS 3000B'si3aHb 32 MPOEKTOM, a
TaKOX CIIOCOOM MiHIMI3aIlli PU3UKIB.
[HIIMMU crOBamMM, CTaTyT MPOEKTY - 1€ caMe CTaTyT, KA pO3pOoOISIe€ThCs
KEPIBHUKOM TMPOEKTY CHIIbHO 3 OCHOBHUMH YYaCHMKAMH TIPOEKTHOI TPYIIH,
3aTBEPKYETHCS] KEPIBHUIITBOM BUKOHABIS 1 3aMOBHHKA 1 HE TIOBUHEH KOPUTYBATUCS

IPOTATOM BChOTO Yacy cTBopeHHs cuctemu MicroGrid.
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3aBepIICHHSM IONEPEAHBOrO €Tally MOXKHAa BBa)XKaTWU MOMEHT, KOJHU
MiJIUCAaHUN JIOTOBIp HA TOCIYTHM 3 PO3pPOOKH Ta BIPOBAIKEHHS CHUCTEMH 1
3aTBEPJKEHUIN CTATyT MPOEKTY.

30ip BuMor

Jlo 11bOro MOMEHTY BCl KJIIOUOB1 (Irypu - YYaCHHKU NPOEKTY BH3HAYEHI, 1
HIIO HE 3aBa)ka€ MOYaTH 30MpaTH 1 CTBEPHKyBaTH BUMOTH 10 MaOyTHHOT CUCTEMH.
[IpeacTaBHUKM BUKOHABISI CHUIKYIOTbCS 3 MalOyTHIMH KOpPUCTyBayamH Ta
aJAMIHICTpaTOpaMU CHUCTEMH, a TAKOXK 3 IX KEpiBHUUTBOM. B Xozai oOcTexeHHs He
TIIbKH CHCTEMATH3YIOThCS BHUMOTH 1 MOOa)KaHHS 10 BIPOBAIKYBAHOTO PILICHHSM,
ajyie 1 aHal3yeThbCsl JOKyMEHTAIlsl, sIka TOBUHHA CTAaTH JIKEPEJIOM BUXITHHUX JaHUX
cucreMu, abo (hopMyBaHHS SKOi MIOBUHHO OYTH B PE3YJIbTATI ABTOMATH30BAHO.

PesynbraroMm pgaHoro eramy Mae CTaTd MOsIBA TEXHIYHOIO 3aBJaHHS Ha
pPO3pOOKY 1 BIPOBAIKEHHSI CUCTEMH. TeXHIUHE 3aBJaHHS MOBUHHO Oa3yBaTHCS Ha
YMOBax JIOrOBOPY Ta BUMOTH, BUKJIAJEH1 B CTaTyT1 MPOEKTY, TaK1 SIK:

- [lpu3HaueHHd 1 UJII CTBOPEHHS CUCTEMHU.

- Omnuc o0'ekta aBTOMaTH3alli 1 OCHOBHHMX aBTOMAaTH30BaHUX OI3HEC-
IIPOLIECIB.

- Bumoru 10 cucremu: BUMOTH JI0 CTPYKTYpH; (DYHKIIIH (3aBlIaHb), IO
BUPIIIYIOTBCS CUCTEMOIO; BUMOTH JI0 TEXHIYHOTO 1 OpraHizauiiHOro
3a0€e3MmeueH s, BAMOTH OO0 HaAIMHOCTI, O€3MEKH, TOIIIO.

- Ckyag 1 3MICT pOOIT 31 CTBOPEHHS 1H()OPMAIIHOT CUCTEMHU.

- Ilopsaok KOHTPOIIO 1 MpUMaHHS pe3yJIbTaTIB POOIT.

- Bumoru no ckmamy poOitT 3 MIATOTOBKM O0'€KTa aBTOMAaTH3aIlii IS
3amycKy 1H(QOpMaIIiHOI CUCTEMU B €KCILTyaTallio.

- Bumorm 10 ckiiaxy NOpPOEKTHOI Ta IPU3HAYEHOI Uil KOpUCTyBada
JIOKyMEHTAITi1.

3aBeplieHHs eTamny 300py BUMOT - II€ TBEPXKCHHS 3aMOBHUKOM TEXHIYHOTO
3aBlaHHA. Y JESKUX BHUMAJIKaX y 3aMOBHHKA JIO MOYATKy pOOIT 32 MPOEKTOM BKE
ICHy€ TeXHIYHE 3aBJaHHS (BXOJIUTh JI0 CKJIAAy KOHKYPCHOI JOKyMeHTalii). ¥ 1boMy

BUIAJKy pe3yNbTaTh OOCTEKEHHA Ta 300py BHUMOI (PIKCYIOThCSI B NPUBATHUX
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TEXHIYHUX 3aBAAHHAX, SKI JETANI3YIOTh 1 KOHKPETH3YIOTh 3arajibHi BUMOTH O
iH(opMaIiitHOT cCUCTeMH, MPEJICTABJICH] B TIOYATKOBOMY TEXHIYHOMY 3aBJaHHI.
IIpoexkTyBaHHs
Ha npomy etarmi ieTajibHO MPOEKTYIOTHCS BCI CIIEHapii, MOB's13aH1 3 pO3pOOKOIO
1 BIOPOBAKEHHAM CHUCTeMU. PoOUTbCS 1€ BIANOBIAHO JO YMOB CEpEAOBHINA
(cuctemHoro naHamadTy) Ta BUMOTAaMH JI0 1HTErpailii CTBOPIOBAHOI CHCTEMH 3 yKe
HAsiBHUMH 1 €KCILUTyaTOBaHUMH. Pe3ynbTaToMm erary NpoeKTyBaHHS MOBHUHHO CTAaTU
0(OpMJIEHHSI HACTYTHUX PO3IUIIB TEXHIYHOTO (KOHUENTYAIBHOI0) TPOEKTY
- ApxiTekTypa iHPOpMaLIiHOI CUCTEMHU.
- Onuc ctpykTyp iH(popmariitHoro cxopuia (6a3u JaHUX).
- IlpoexkTHl pilmieHHs, NOpPEACTaBIEH] JI€TaJbHUM OIKMCOM CIIEHApIiB
aBTOMATHU3aIlll BCIX, SIKUX TOPKAETHCS BIPOBAIKEHHSIM CUCTEMHU O13HEC
IIPOLIECIB.
- CueHapii iHTErparii.
- Jlxepena BHUXITHUX JIaHUX 1 BaplaHTHU MOYATKOBOTO 1H(GOpPMAIIITHOTO
HAMIOBHEHHSI CCTEMH.
- Konneniisi po3mexxyBaHHsS MpaB JIOCTYIy 0 JaHUX Ha OCHOBI poOJei
KOPHUCTYBauyiB, 1110 BU3HAYAIOTh, B TOMY YHCJI1, 1X TOBHOBAKECHHSI.
- Kownueniiisi HaBUaHHS KOPUCTYBay1B CUCTEMHU.
Peanizanin
Eran peamizamii Bcix BuMor g0 cuctemu MicroGrid, BukiageHux y
TexHiyHOMY 3aBAaHHI Ta TEXHIYHOMY MPOEKTI. Y 1ei mepio ] BUKOHABEIb PO3pO0IIsie
BC1 HEOOX1IHI TTPOrpaMHi KOMIIOHEHTH, CTBOPIOE CTPYKTYpH 0a3u JaHUX, BUPOOIISIE
YCTaHOBKY, HACTPOMKY 1 TECTyBaHHS BCiX KOMIIOHEHTIB CUCTEMH Ha CBOIN TEPUTOPIi,
IMITy€e clieHapii 1HTerpailii, TOIO. 3aBepIleHHs eTaly peani3aiii MmiITBepIKy€eThCs
MOSIBOI0 TaKWX TMPOCKTHUX JOKYMEHTIB, SK KEpIBHHUIITBO IO BCTAHOBIICHHIO Ta
HAJIarO/KCHHIO CHUCTEMH, MpOorpaMa i METOAWKAa BHUMPOOYyBaHb CHCTEMH, a TaKOX
mabIoH 6a3u TaHKX 1 PEECTPY BCIX BUKOHAHUX MPOTPAMHUX PO3POOOK.
BizyansHe mpeactaBieHHs eTariB cTBopeHHs cucteMu MicroGrid 300pakeHe

Ha puc. 5.1
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NONEPEAHIA
ETAR

3bIP BHMOT

NPOEKTYBAHHA

PEANI3AUIA

Puc. 5.1 Etanu ctBopenns cucremu MicroGrid

MOo>IMBICTh 3aCTOCYBAaHHS! OHTOJIOTTYHUX MOJIEJIEH MOB's3aHa 3 TUM, 1110
Oaratro oprasizailiii MarOTh Hallp 3araJiIbHUX PUC 1 3aBJaHb. HasgBHICTH CHUIBHOCTI
JI03BOJIsIE BUKOPUCTOBYBATH T'OTOBI PIIIEHHS B yMOBaX KOHKPETHOTO CUCTEMH 1 MOTO
3aBaaHb. Hampuxman, Outbmiicts cuctem MicroGrid Bupillye THUIIOBI 3aBIaHHS B
3a0€3IeUeHHI eJIEKTPOEHEPTIEI0, 3a0€3MeUeHHs HAaIMHOCTI, aBTOHOMHOCTI. B pamkax

TaKHX 3aBJAaHb BUOIP OHTOJIOTTYHOI MOJIeN1 OyJie BUMPABIaHUM 1 €(PEKTUBHUM.
Jlis Toro mo6 OHTOJIOTIYHA MOJENb MOIJVIa OyTH CKOMIIOHOBaHa 3 THUIIOBUX
pillieHb, HEOOX1HO, 100 B KOXHIA 1H(GOpMAIIHIA CUCTEMI B MaKCUMaJbHOMY

CTYTICHI BUKOPUCTOBYBAJIMCS CTaHAPTHI TEXHOJIOT1T aBTOMATH3aIli1 TIPOIIECIB:

YHOPAaBIIIHHS €JIEKTPOHHUMHU JOKYMEHTaMU

ITPOCKTYBAHHsA, MOACIIIOBAHHA Ta aHani3y CKJIaAHUX CUCTEM

(h1HaHCOBO-EKOHOMIYHOTO aHaJI3y JiSIIbHOCTI

CUCTEMH MIATPUMKHU TPUUHATTS PillIeHb
[Tpu ctBOpenHi cuctemu MicroGrid Ha 6a31 OHTOJIOTIYHOI MOJEII OpTraHi3arlis
BUOUpae o/1HY a00 JIEKIJIbKA ICHYIOUMX HA PUHKY TOTOBHX MOJIENEH, UM TO CTBOPEHUX

1] 3aKa3, 1 BOPOBAKYE iX y BIACHI MiAPO3/1JIHM, aBBTOMATU3YIOUH X JTISIIbHICTb.
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NONEPEAHIA ETAN

OHTONOTIYHA

Peanisauia

Puc 5.2 Etanu ctBopenns cuctemMu MicroGrid 3a 1OITOMOT00 OHTOJIOTTYHOT
MoJel
OcHOBHI mepeBara BHUKOPUCTAHHA OHTOJIOTIYHOI MOJENl TMOoJsirae vy
BUKJTFOYCHHI TUMYACOBUX BHUTPAT HA PO3POOKY CHUCTEMH, a KpiM TOTO, TAKUW MiIX1]

Mae TakKi MepeBaru:

HasBHICTh CYIIPOBOY CUCTEMH PO3POOHHKOM

- peTenbHE TECTyBaHHS MPOMOHOBAHOI CUCTEMH PO3POOHUKOM

- 3MEHIICHHS KUJIBKOCTI ITepalii Ha TECTYBaHHS CUCTEMHU

- SIKICHE JJOKYMEHTYBaHHS CUCTEMU

- MeploAMYHI MOMIMIIEHHS a00 YAOCKOHAIEHHS CUCTEMH PO3POOHUKOM

-  MOJXJIMBICTh 30CEPEAMTH PECYypCH oOpraHizaiii Ha MATPUMKY pPoOOTH

CUCTEMH, a He Ha po3poOili
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He3Baxkatoun Ha JOCUTH Baromi IepeBard, 4acTo 3acCTOCYBaHHS TOTOBHX
Mojieniel Bele N0 3aiBUX (DIHAHCOBUX BUTPAT HA CYIPOBIJ CUCTEMH, a TaKOX JO
CKJIQHOCTI HApOIMyBaHHA ii (YHKIH, IO YCKIAJAHIOE TOJAIBIIHA PO3BUTOK
CHUCTEMH Ta PO3IMIUPEHHS 11 (PYHKI[IOHATIBLHOCTI.

BucHoBku

Ha ocHoBi aHanizy etamiB cTBopeHHs cuctemMu MicroGrid, 6yno BUSBIEHO, IO
cucteMa KoTpa Oyjlie CTBOpPEHA Ha OCHOBI OHTOJIOT1YHOI MOJEJNI 3 BHUKOPUCTAHHSIM
TEXHOJIOT1A PO3MOJUICHOT0 PEECTPY Mae Jyxe Oararo mnepeBar B MOPIBHAHHI 31
3BUYANHUM MIAX0A0M, CEPEJI epeBar MOKHA BUIUTUTH:

- peTeNbHE TECTYBaHHS OHTOJIOTTYHOI MO
- 3MEHIICHHS Yacy Ha PO3TOPTaHHS CUCTEMHU
- MOXJIMBICTBH 3aCTOCOBaHHS B MaliOyTHHOMY

- BHXIJl HA PUHOK €JIEKTPOEHEPTii

JOBIPEH1 BIJTHOCHUHH BCEPENHI CUCTEMU
Opnak He 001MIUIOCH 1 0€3 HEMOIIKIB — Ha PO3IIUPEHHSI CUCTEMU MOXKE TITH
Oararo yacy, a TakoX (iHaHcoBHUX pecypciB. HeoOxigHa miaTpumka

BHCOKOCIIEI1aTI30BaHUX POOITHHUKIB.
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3AT'AJIBHI BUCHOBKMH 110 POBOTI

1. Ha ocHOBI mpoBeZieHOTO aHaji3y BUSBIEHI mepeBard moOya0BU CHCTEM Ha
OCHOBI OHTOJIOTIYHUX Mojeler Ta KiacudikoBaHO MpoOIEeMU I1HTErpamii 1
MIPE/ICTaBICHHS OHTOJIOTTYHUX MOJIEIIEH.

2. IlpoanamizoBaHo MeTOAM TNOOYJOBHM Ta XapaKTEPUCTUKU CHCTEMHU
MicroGrid, mo nmokasano, B YoMy IepeBaru Takoi CUCTEMH, Ta SKI caMe MpodieMu
Bupimrye MicroGrid.

3. Ha ocHoBi aHam3y onTonoriunoi moaeini MicroGrid, Bu3HaueHi ii CkJ1aJioBl,
OCHOBHI €JIEMEHTH Ha SIKHX MOOY/I0BaHAa JIaHa CUCTEMA.

4. Ilpu mocnipKeHHI TEXHOJOTIN PO3MOAIIEHOTO PeecTpy OYyJI0 BCTAaHOBJIEHO,
0 camMe 3a PaxyHOK I[bOTO MO’KHA MOJIEPHI3YBAaTU BXKE€ ICHYIOUY OHTOJIOTTYHY
MOJIeTIb CHCTEMH.

5. MoaudikoBano oHTOJIOTTYHY Mojieiab MicroGrid 3a J0MOMOT0r0 BUBEACHHS
YaCTUHU €JIEMEHTIB JO XMapHOTO CXOBHWINA, a TaKOX 3aCTOCYBAaHHSI TEXHOJIOT1H
PO3MOJIIEHOTO PEECTPY. 3ampolOHOBAHE pIIICHHS MOKpallye e(eKTUBHICTD
noOy0BH OHTOJIOTIYHOT MOJIENIl, Ta I0JIa€ HAIIMHICTh y 30epiranHi Ta o0JiKy JaHUX,
a TaKO>X THYYKOCTI B 30€pEKEHHI JaHUX 33 PAXYHOK XMAPHUX CXOBHIL.

6. @1HAIBHOIO YaCTUHOI POOOTH CTajla PO3pOOKa CTapTaN-NPOEKTY, B OCHOBI
SKOTO JISKUTh BUKOPUCTAHHS TIPEICTaBIICHOI cucTeMu. B pe3ynbrati Oyino 3po0ieHo
BHUCHOBOK, [0 NMPOEKT MOXE CTaTH OCHOBOIO YCHIIIHOTO MPOEKTY 4Yepe3 BULICHI
TepeBar Ta 3akiajieHl MeXaHi3Mu POOOTH.

7. TlokazaHo, 110 3ampPOINIOHOBaHA OHTOJIOTIYHA MoJieinh MicroGrid 3a paxyHOK,
TOTO, 10 00’€IHY€ B COO1 €JIEMEHTU PI3HUX €TamiB CTBOPEHHSI CUCTEMHU, Ma€ TakKi
MepeBard 3MEHIICHHS Yacy Ha PO3TOPTaHHS CUCTEMHU Ta MOXKJIMBICTh MHOKHMHHOTO
3aCTOCYBaHHA. 3a paxyHOK BUKOPHCTAHHS TEXHOJOTIH pO3MOMIIICHOTO PEECTPY
3 ABJISIETHCSI MOXKJIUBICTH KOHTPOJIIO Ta OOJIIKY MPOIeCy OOMIHY €JeKTPOEHEPTIEI0

MDK piI3HUMH MikpoMmepekamu. [[iHoBuit koedimieHT KOPUCHOCTI CUCTEMU CTAHOBHTH

=1.222.
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