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CYYACHI TEHJIEHIIIi IOBYJIOBU TA KEPYBAHHS
PEXKUMAMM EJIEKTPOEHEPTETUYHUX MEPEXK

B cmammi poszenanymo ocobaueocmi moodepuizayii ma no6yoosu 6 inmeiekmyaibHux eieKmpuyHux Mepesic
32iono konyenyii Smart Grid, a makodc nepcnekmueHi HanpsMKUu Kepy8auHs pexlcumamu 6 yux mepecax. Hasedeni
CKAa008I emanoHHOl apximekmypu ma 3Hauumi npoyecu Ons IHMENEKMYAIbHUX eNeKMPUUHUX Mepedic, OaHa
Xapakmepucmuka akmuGHUX CHOMNCUBAYIS, GIPMYATbHUX eNIeKMPUYHUX CIAHYI Ma MIKpomepedic, K eleMeHmia, ujo
CYmMmeEBO GNAUBAIOMb HA PENCUMU QYHKYIOHYBAHHA eleKmpuuHux mepedic. Ilpedcmaeneno ocobausocmi peanizayii
cucmem KepyBaHHs PedCUMAaMU eleKMPUYHUX MepedC 3 BUKOPUCIAHHAM IEpApXii pieHie KepyeawHs ma npoyecis i
MEXHON02I 011 Kepy68aHHsl eleKMPOMASHIMHUMU NPOYEeCamu 8 pPedcumi peanbhoz2o uacy. Jlana xapaxmepucmuxa
MYTbMAEHMHUX CUCEeM KepPY8AHHA 3 BUKOPUCMAHHAM apXIMeKmypu HA APUHYUNAX WMYYHO20 IHMENeKmy,
peakmusHoi ma  2ibpuonoi  apximexmyp. Busnaueno cgepu ma MexHONO2IYHI  HANPAMKU — ONMUMIZAYL]
eNeKMPONOCMAYANHS I3 3ACMOCYSAHHIM NPUCTPOIB CUN0B0T eNeKMPOHIKU Y BUOLIEHUX MEPENCAX.

Knrouosi cnoea: enexmpoenepeemuuni mepedici, konyenyis Smart Grid, 6azoea apximexmypa, axmueHuil
CnoXCu8ad, 8ipmyanvbHa el1eKmpoCmanyis, MiKpoMepedtca, MyIbmuaeeHmHne Kepye8anHts, CUN08a eeKmpoHiKa.

Kupunenko Anekcanap BacunbeBud, akan. HAH Ykpaussl, mpod., TUpeKTop

Hucruryt snektponunamukn HAH Ykpaunsl, 03057, Ykpauna, . Kues, np-t [Tobensr, 56, Ten. +380 44 456-01-51;
e-mail: kyrylenko@ied.org.ua

Jenuciok Cepreii IlerpoBud, 1-p TexH. HayK, pod., TUPEKTOp

HucTUTyT 3HEprocOepeKeHUs] W HSHEProMeHEeHKMEHTa HaIMoHaIbHOrO TEXHUYECKOTO VHHBEPCHUTET Y KPaHWHBI
«KueBckuii momuTexHMYecKUi HHCTUTYTY, 03056, Ykpauna, r. Kues, yn. boprrarosckas, 115/3, ten. +380 44 454-93-
77; e-mail: spdens@ukr.net

COBPEMEHHBIE TEHAEHIUU ITOCTPOEHUSA U YIIPABJIEHU A
PEXKUMAMM SJIEKTPOSHEPTETUYECKUX CETEN

B cmamwe paccmompenvl ocobennocmu MooepHu3ayuu U NOCMPOEHUst 8 UHMELIEKMYAIbHbIX dNeKMPUIECKUX
cemetl coznacho konyenyuu Smart Grid, a maxowce nepcnekmueHvle HANPAGIEHUs YNPAGIEHUS PEHCUMAMU 8 IMUX
cemsx. Ilpusedenvl cocmasnsiowue dMATOHHOU APXUMEKMYPbl U 3HAYUMbIE NPOYECCbl OAsi UHMEIEKMYAIbHbIX
INEKMPUYECKUx cemetl, 0aHA XAPAKMEPUCMUKA AKIMUBHBIX Nompedumenetl, UPMYaIbHbIX INEKMPUYECKUX CIMAHYUll U
MUKpOcemel, KaK 2JeMeHMO08, KOMOpble CYWECMBEHHO GNUSLIOM HA PeNCUMbl (DYHKYUOHUPOBAHUS DJIEKMPUUECKUX
cemeil. Ilpedcmaenenvl ocobeHHOCMU pearu3ayuy CUcmem YAPAGIEHUS PEeNCUMAMU DJIeKMPUHeCKUx cemei ¢
UCNONb308AHUEM UEPAPXUU YPOBHEU YNPAGLEHUsl U NPOYECcOo8 U MEeXHOA02UUl OJisi YNPAeieHUs. d1eKMpPOMASHUMHbIMU
npoyeccamiu 8 pexcume peanbHo20 epeMeHU. Jana Xapakmepucmuka MyJTbMUd2eHmHbIX CUCMeM YNPAaeleHUus ¢
UCNONb30BAHUEM APXUMEKMYPbL HA NPUHYUNAX UCKYCCIMBEHHO20 UHMELIEKMA, PeaKMUBHOU U 2UOPUOHOL APXUMEKTYD.
Onpedenenvi cihepuvl u mexHonOZUUECKUEe HANPABTIEHUS ONMUMUZAYUU INEKIMPOCHADICEHUSL C NPUMEHEHUeM YCMPOUCE
CUNI0BOTL INEKMPOHUKYU 6 8bIOCTEHHBIX CEMSIX.

Knrwouessle cnosa: snexmposanepeemuueckue cemu, konyenyust Smart Grid, 6az06as apxumexmypa, akmueHbwlil
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MODERN TENDENCIES OF CONSTRUCTION AND MANAGEMENT MODES OF
ELECTROENERGY NETWORKS

In the article the features of the modernization and construction of smart grids under the concept of Smart
Grid, and promising areas of management regimes in these networks. These components of the reference architecture
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and important processes for smart grids, given the characteristics of active users, virtual power plants and Microgrid
as elements that significantly affect the modes of operation of electrical networks. Presented by the peculiarities of
systems management regimes of electrical networks using a hierarchy of levels and control processes and technologies
to control electromagnetic processes in real time. The characteristic multi-agent control systems using the architecture
on the principles of artificial intelligence, reactive and hybrid architectures. Defined scope and technological optimize
power using power electronics devices in the selected network.

Keywords: electricity network, the concept of Smart Grid, basic architecture, prosumer, virtual power plant,
Microgrid, multi-agent control, power electronics.

Beryn

CrpaTeriyHor0 METOK PO3BUTKY E€JIIEKTPOEHEPreTUUHOI0 KOMILIEKCY YKpaiHM € moOyaoBa
iHTeNnekTyanbHuX enekTpuyHux Mepexxk (IEM) — Smart Grid sk mmargopMu Ui pUHKOBHX,
YIIPaBIIHCHKUX Ta TEXHOJOTTYHUX IHHOBAIIH, 110 320€3MeYNTh MePEXiT O HOBOTO PIiBHS PO3BUTKY
YKpaiHCBhKOT eneKkTpoeHepreTuku [5, 7, 8]. CTBOpeHHs IHTENEKTyalIbHO1 CUCTEMH — 1Ie (POpMyBaHHS
HOBO1 iH(OpMAaIiiiHO-€HEePreTUYHOI CTPYKTYPH, OCHOBY $IKOi CKJIaar0Th Cy4YacHi CHJIOBI Ta
iHpoOpMariiiHi TexHOJOoril, cucremMa e(pEeKTHBHUX PHHKIB EJIEKTPOCHEPrii Ta CYIMyTHIX MOCIyT
(cucremuux, iHpopMamiiftHux Ta iHIMUX) [8—11].

3yNMMHUMOCH Ha 3arajibHUX MOJ0KEHHSX, SKI BUSHAYMIIM K KI04Y0oBi ipu popmyBanHi [EM.
Copok gerBepta Cecist CITPE (2631 ceprast 2012 p.) Bunimana 10 KIFOUOBUX TEXHIYHUX IMUTAHbB,
AKi € TIPEeIMETOM OCHOBHO{ yBaru B pO3BUTKY €JEKTPHYHUX Mepex [5]:

— TOsiBA AKTHBHHUX pO3MOJUIBHUX MEpPEeX 3 JABOHANPABICHUMHU IIOTOKaMH Ha piBHI
PO3MOILTY, & TAKOXK 3 MEPEKaMHU OUTBIIT BUCOKOTO PIBHS;

— 3aCTOCYBaHHS PO3BMHEHOT CHCTEMH BUMIPIOBAaHb Ta 3a0€3MeUeHHs 3p0CTard0i NoTpedu B
oOmiHi iHdopMmartiero;

— 3pocTaroue 3actocyBaHHs BUCOKOBOJLTHHX JIEIT moctiitHOTO cTpymy, a TaKo MPUCTPOiB
cunoBoi enekTpoHiku (CE) Ha BCix piBHSX Hampyry; iX BIUIMB Ha SIKICTh €JIEKTPOEHEPTii, KepyBaHHS
1 HAIIHHICTh CUCTEMH; CTAHIAPTU3AIIIS,

— HEOOXIIHICTHP PO3BUTKY Ta MAacOBOTO BIIPOBA/DKEHHS CHCTEM  HAKOTMYCHHS
€JIEKTPOEHEPTii; OIliHKA X BIUTMBY Ha PO3BUTOK 1 (PYHKIIIOHYBAHHS €HEPreTHUYHUX CHCTEM;

— HOB1 KOHIENIii MmoOyJ0BH CHUCTEM KepyBaHHS 3 YpaxyBaHHSIM AaKTHBHOI B3aeMOJii
CTIOKHMBAYIB 1 pI3HUX TUIIIB €JIEKTPOCTAHIIIH;

— HOBI KOHIIETIi 3aXHCTy, IO BPaxOBYIOTh PO3BUTOK MEPEX 1 Pi3HI XapaKTepPUCTUKU
€JIEKTPOCTAHIIIN;

— HOBI1 KOHIIETIIIT TUTAHYBAHHS 3 YpaXyBaHHAM 3POCTAIOUUX €KOJOTTYHIX 0OMEXEeHb, HOBUX
TEXHOJIOTTYHUX PIllIeHb TSI KepyBaHHS MOTOKAaMH aKTUBHOI Ta PEaKTUBHOI MMOTY>KHOCTI;

— HOBI IHCTPYMEHTH TE€XHIYHOI OIIHKU (DYHKI[IOHYBaHHS €NEKTPUYHHX MEPEX, 0OyMOBJICHI
HOBHMMH XapaKTEPUCTUKAMU CIIOKHBaya, BUPOOHHUKA Ta MEPEXKI;

— 3pOCTaHHS TPOMYCKHUX TOTYXHOCTEH 1 BHUKOPHCTAaHHS TOBITPSHUX, ITII3EMHUX Ta
MiIBOJHUX 1H(QPACTPYKTYp, BIUIMB iX BHUKOPHCTAaHHS Ha TEXHIYHY pOOOTOCHPOMOXKHICTH i
HA/IIHHICTh MEPEeXKi;

— 3pocratoya HEOOXigHICTh iH(OPMYBaHHSA 3aliKaBICHHX CTOPIH MpO TEXHIYHI Ta
KOMEPLIiHI HACITIIKH.

[Tpu peanizamii iHTENEKTyaJIbHIX MEPEX Ha €BPONEHCHKOMY PUHKY OyiaM BH3HAaHI OCHOBHI
10 xpokiB, SIKi MUIATAIOTh peanizaiii Ta 6araTo 3 SKUX TICHO MOB'A3aHi MK co6oto [14]:

— 3a0e3MevyeHHs] HOPMAaTUBHUX CTUMYIIB Ul IHHOBalIfHMX iHBecTHLid B Mepexi (2011-
2020 p.p.);

— po3pobka mozeneit punky (2011-2020 pp.);

— BCTAHOBJICHHS CTAaHIAPTIB Ta 3a0€3MeUYeHHs 3aXUCTy JNaHuX 1 KoHpineHmiiHoCTi (2011-
2014 p.p.);

— TECTYBaHHS 3 BHKOPHCTAHHSAM JEMOHCTPAIIHHUX MPOEKTIB Ta 0OMiH 3HaHHsAMH (2011-
2018 pp.);

— pO3ropTaHHs IHTENEKTyaJIbHUX BUMipIOBaHb — NMoiH(popMoBaHi kiienT (2012-2020 p.p.);

— MOHlTOpI/IHF Ta KEPYBAHHS MePekaMH 13 po3ocepemkenoto reHepartieto (2012-2020 p.p.);

— pyX Ilo iHTerpauii MiCIIeBOrO i HEHTPAJIbHOTO OallaHCYBaHHS Ui BCIX THIIB I'eHeparii
(20152021 p.p. Ta pami);
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— arperariisi po3ocepemkenux mrepen eaeprii (2015-2021 p.p. ta gami);

— IHTerpauis y BEJMKHX MacumTabax e-MoOLUIiB, ONaJIeHHS, OXOJIOPKEHHSA Ta 30epiraHHs
(2015-2021 p.p. Ta mami);

— PyX A0 peasibHO1 y4acTi CII0KHBayviB B eHepropuHky (2015-2021 pp. ta gamni).

Ha cporoani Buainsersest Tpu nmokoiHHS Smart Grid, 110 103BOJISIE TTOCTIIOBHO PyXaTHUCS
1o 1TboBoi Momeni [12, 13, 15, 16]:

Smart Grid 1.0 — craH eneKTpOeHEepreTUYHOi IHPPACTPYKTYpHU, IPHU SKOMY OKpeMi
MPUCTPOI Ta 00’€KTU CHUCTEMHU MOXKYTh HIAKIIOYATHCA 1O Mepexi 0e3 BUKOPUCTAHHS €IUHUX
nu(ppoBHUX CTAaHAAPTIB;

— Smart Grid 2.0 — cTaH eIeKTPOEHEePreTUYHO1 IHPPACTPYKTYPHU, MIPU SIKOMY MIIKIIOUEHHS
OyIb-SIKUX BY3JIIB CUCTEMH MOXJIMBO TUIBKM IPU YMOBI mHepexony Ha eauHuil [P-mporokon Ta
BKJIIOUEHUX B €JUHY IHTerpoBaHy [P-mepexy;

— Smart Grid 3.0 — rHy4Yka eHepreTM4yHa cUcCTeMa, sKka 0a3yeTbCs HaA NPUHIIMIAX
JEIEHTPAII30BAHOTO KEPYBAHHS Ta PIBHOMPABHOCTI CIIOKUBAYA 1 MOCTAYaIbHUKA.

B npomueci po3sutky IEM Benuka yBara npuauiserscs po3po0ii 6a3oBux apxirtekryp [10,
12-15]. Apxitextypa IEM — xoHnentyaibHa Moieib 1 3aranbHa opranizanist IEC 3 touku 3opy ii
BUKOpPUCTaHHS a00 po3poOKu. ApXITeKTypa BKJIOUYae B ceOe TeXHIYHI Ta Au10B1 (0i3Hec) mojeni 1
TEXHIYHI BUMOTH, SIK1 pa3oM TepenarTh 3araibHe ysaBieHHS mpo IEM. ApxirekTypa BTUIIOE Ha
BHCOKOMY pIBHI IPUHLIMIM Ta BHUMOTHU, SIKUM pPO3pOOJIIOBaHI MpPOrpaMy Ta CHCTEMHU IOBHHHI
3a/10BoJIbHATU. ETanonHa apxiTekTypa — Habip ysBJIE€Hb (CXEM) 1 ONUCIB, SIK1 CIyXKaThb OCHOBOIO IS
00rOBOpEHHSI XapaKTEPUCTHK, BapiaHTIB BUKOPHCTAHHS, TIOBEAIHKH, IHTEepdeiciB, BHUMOT i
cranaaptis IEM. EtanonHa apxitekTypa HE € OCTaTOYHOIO apXITEKTypOIO0 KOHKPETHOI CUCTEMH, a,
CKopiIlle, € iIHCTPYMEHTOM ISl OITUCY, OOTOBOPEHHS Ta PO3pOOKH ITi€T apXiTeKTypH.

3aranpHa Moaens Smart Grid (Smart Grid Architecture Model — SGAM), po3pobieHa
kopnopariie;o CEN-CENELEC-ETSI Smart Grid - Coordination Group (puc. 1) [11-14].

Information
Management

Power System il
Equipment & / Vet
Energy Conversion Enterprise
Operation

Station

Generation \-.. \
Transrnrssmﬂ‘\; :

Distribution

Field

Process

Customer
Premises

Domains

Puc. 1. 3aranpna monens Smart Grid Architecture Model — SGAM

[Ipy  CTBOpEHHI €TaJIOHHUX  AapXITEeKTyp  BpPAaxOBYETbCS, 110  IHTEJIEKTyalbHA
€JIEKTPOCHEPreTUYHAa MepeXka SBJsle  CcOO0X0 MepeXy HOBOIO IOKOJIHHSA, fKa CTBOpEHa 3
3aCTOCYBAaHHSM MYJIbTUAr€HTHOTO NPUHIUIY OpraHizamii Ta KepyBaHHsS i1 (YHKIIOHYBaHHS 1
PO3BUTKOM 1 OpIEHTOBaHAa Ha 3a0e3neyeHHs eQEeKTUBHOTO BUKOPHCTAHHSA BCIX pecypciB
(IpUpOIHUX, COLIAIbHO-BUPOOHUYMX Ta JIIOJACHKHUX), U1 HaAIHHOTO, SKICHOTO Ta €()EeKTHUBHOIO
€HEeprornocTayaHHs CIIOXKHBaviB, 32 PaXyHOK T'HY4YKOl B3aeMoAii BCiX ii cy0'ekTiB (BCiX BHIIB
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reHeparii, eJIeKTPUYHUX MEpPEeX 1 CIOKMBadiB), HA OCHOBI CyYaCHHX TEXHOJOTTYHHX 3aco0iB i
€IMHOT IHTEJIEKTYaJIbHOIO 1€papX1yHOT CUCTEMU KEPYBaHHS.

Huszkoro nposigaux kommanii (EPRI, NIST, IBM, Cisco Ta iHIUX) 311iiCHEHO BHILICHHS
3Hauymux npouecis aia IEM 3 po3aiieHHsAM iX 3a BU3HAYCHOK MHOXXHHOIO JIOMEHIB [6, 12, 13,
16]. 3ynuHUMOCH Ha ITbOMY OLIBII IETATBHO.

EnepreruuHi pyHKHM i peryjiroBaHHs

1. Opranizamisgs TOpriBjii Ha pEriOHAIBHOMY KOHKYPCHTHOMY €IIEKTPOCHEPTETUIHOMY
PHUHKY.

KepyBannsi Ta pyHKIIOHYBAHHSI €EHEPIrOCUCTEM.

2. ABTOMaTHYHA aKTyalli3allisg mapaMeTpiB 3arajabHO1 Ta JOKaIi30BaHUX ITU(DPOBUX Moaeen
E€HEePTrOCUCTEMH (€HEeproKiIacTepa).

3. OuiHIOBaHHA CTaHY EHEPrOCUCTEMH 3a JAaHUMU TEJICBUMIPIOBAHb.

4. ABTOMaTH4HE KepyBaHHS HAMIPYrOlO 1 pEaKTUBHOIO MOTYXKHICTIO B €HEPrOKJIacTepi.

MaricTpaJibHi Ta po3noAILHI Mepexi

5. CaMOBIIHOBJICHHS MEpeXi B aBapiiHOMY peXuUMi 3 BUKOPHUCTAHHSM YAOCKOHAJEHOI
CUCTEMH aBTOMATHKHU.

6. ABTOMaTHYHE KEPYBaHHS MEPEKEI0 B HOPMAILHOMY PEXHUMI.

7. KepyBaHHsS akTMBaMuU Ha OCHOBI IHTerpaiii IHTEJIEKTyaJIbHOTO JIarHOCTHYHOTO
00JIaTHaHHSA 3 CHCTEMOIO KepyBaHHsI OCHOBHUMH (oHaamu mianpueMmctBa (EAM-cucrema).

I'enepauisi Ta BeJIUKI cniokuBavi

8. ABTOMATH30BaHUN pPO3paxyHOK 1 KEpyBaHHS ycTaBKaMH MpUCTpoiB P3i1A reHepyroumx
00'€KTIB 1 TPOMUCIIOBHX CITOKMBAYIB B PEXKUMI peabHOTO Yacy.

9. MOHITOPHHT SKOCTI €IEKTPOEHEPTIi /IS TPOMHCIIOBUX CIIOKHBAYIB.

10. TexHONOTIYHE TPUETHAHHS IPOMUCIOBUX CIIOKHUBAYIB JI0 €ICKTPUIHUX MEPEK.

Mauii Ta cepeaHi cnnoxkuBayi, eHepro30yToBi KOMIAaHIl i cepBic-npoBaiiiepu

11. HaganHs mocayr Ha OCHOBI On-line MOHITOPHUHTY CTIOKUBAHHS €HEPTOPECYPCIB.

12. IadopmyBaHHs crnokuBadiB NMpo (aKTHYHI Ta MPOTHO30BaHI Tapudu, CHOKUBAHHI
€HEePTropecypciB B PEKUMI PEaIbHOTO Yacy.

13. 3miHa co’kMBayeM HABAaHTAKEHHsI Y TIEBHI MIEP10JIM Yacy Ha OCHOB1 KEPYIOUMX CUTHAIIIB
(kepyBaHHS TTOITUTOM).

14. binmiar (3 dyHKITIEO NMpeadULIiHTa) B on-line pexxumi.

Maga enepreruka: HBJIE, po3noainena resepanisi, HAKONu4YyBayi eHeprii

15. KepyBanHs B pexuMi peanbHOTO 4acy oO'ekramu po3ocepemxeHoi renepanii (PI),
MIIKTIOUYEHUMH 10 MEPEXi.

16. PoGoTa BIOCKOHAJIEHOT CHCTEMHU aBTOMATHUKH PO3MOAUIBHOT Mepexi 3 o0'ektamu PT'.

17. IlnanyBaHHs MiIKITIOYCHHS 00'€KTa PO30CEPEHKEHOT reHepaltii 10 Mepexi.

bynu mpoananizoBaHi Ta onpaiboBaHi e IUIHH Psij MPOIECiB, IKI € MEHII aKTyaJlbHUMU,
ajie IOCUTh 3HAYUMHUMHU JIJIs1 TIOOYZOBU apXITEKTYPH:

KepyBanHsi Ta pyHKUIOHYBAHHSI EHEPrOCUCTEM

1. IlpoTnaBapiiine aBTOMaTHYHE KEPYBaHHS.

2. CucrteMu MOHITOPHHTY pEXKHMY, peecTpalii aBapiiHMX TMOJIM Ta 1arHOCTUKH
oOagHaHHS.

3. TexHonoriuH1 00'€KTOB1 aBTOMATHUKH.

4. OyHKIIIOHYBaHHS PEJIEHHOTO 3aXHUCTY Ta MEPEKEBOT aBTOMATHKHU.

5. ABTOMAaTHKa KEpyBaHHS PEKUMOM 1 CTAHOM OOJIaIHAHHS.

6. TexHoJIOT11 OIIEpaTUBHOTO MEPCOHAITY.

Maui Ta cepeaHi crnokuBadvi, eHepro30yToBi Kommnadii i cepBic-npoBaiiaepu

7. LliHoyTBOpEeHHS (pO3paxyHOK HEPETyIhOBAHMX ITiH).

8. ®opmyBaHHS 00CSTIB MOKYIHOI €Heprii Ta popMyBaHHS 3asBKH Ha 3aKylKy Ha PUHKY.

[TuTaHHS 3acTOCYBaHHS HOBHUX TEXHOJIOTIH B CEKTOpPlI MariCTpalbHUX Ta PO3MOAUIBHUX
Mepex [9—16] € oqaum 13 KirodoBuX. [Ipu 11poMy MOBa itie Tpo:
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— IHHOBAIl1l{H1 KOMIIOHEHTH Ta TEXHOJIOT1i (aKyMYJIIOBaHHSI €JI€KTPOEHEPrii; HaANPOBIAHICTS;
CTPYyMOOOMEXyBaJIbHI HPUCTPOI; LU(POBI MIACTAHIN; Mepenadya eHeprii MOCTIMHUM CTPYMOM;
KEpOBaHi eJIeKTponepeadi 3MIHHOTO CTPYMY);

— HOBI TEXHOJIOTI1 JUIsl CUCTEM MOHITOPHHTY Ta 3aXUCTY BiJl 30BHIIIHIX BIUIUBIB (KOHTPOIIO
Ta 3aXUCT B1Jl 30BHILUIHIX BIUIMBIB; MOHITOPUHT Ta JA1arHOCTHKA €IEKTPUUYHUX MEPEK);

— CHUCTEMH KepyBaHHS 3 HOBHMH TEXHOJIOTIYHUMH PIIEHHAMH (alallTUBHE aBTOMAaTH30BaHE
1 aBTOMaTUYHE KepyBaHHs; IHTEIEKTyalbHE KEpPYBaHH:).

B iHTenexTyanbHUX Mepekax, Ha BIIMIHY BiJ TPaAMLIMHUX, IIHUPOKO BUKOPUCTOBYIOTHCS
HOBI1 TEXHOJIOTIUHI PIlICHHS IPU peaji3allii HiIoro psay CHCTEM:

MixcucTeMHi MikIep:KaBHI Mepexki:

— OLIIHKA ITOTOYHOTO CTaHy (peXUMY) Iepeaadi;

— aBTOMATWYHHMI KOHTPOJb 3aBaHTAXKEHHS Iepefadi Ta BUIa4a KEPYIOUHX BIUIUBIB Ha
PO3BaHTAXECHHS MPY BUHUKHEHH1 ITePEBaHTAKECHHSI.

CucTeMOyTBOPIOIOYi Mepeski eHepreTHYHUX CHCTeM:

— aBTOMATHMYHHUU KOHTPOJIb IOBY3JIOBOTO OajaHCy aKTHBHOI Ta PEaKTUBHOI MOTYKHOCTI,
OIIiHKA BTPAT €JIEKTPUIHOI EHeprii;

— KOHTPOJIb HAIIPyTH B 0a3MCHUX TOUKAX MEPEXi;

— OLIIHKA [TOTOYHOTO CTaHY (PEKUMY) MEPEKi;

— MEpeKeBi eJIEMEHTH, SIKi 3MIHIOIOTh TOTIOJIOTII0 MEPEXKi 3TIHO KEPYIOUHX BILIMBIB;

— aBTOMATHYHHUI KOHTPOJIO 3aBaHTAKECHHS KPUTUYHUX MIEPEPi3iB 3 BUIAAYCIO

KEpYIOYHX BIUIMBIB HA PO3BAHTAKCHHS;

— PEryJIIOBaHHS YacCTOTH 1 MIATPUMKH OallaHCy aKTHBHOI MOTYXHOCTI Y BiJOKpEMIIEHUX
eHepropaifioHax B aBapiiHUX CHTYaIlisX;

— aBTOMAaTH30BaHa PEKOHQIrypallis eTeKTPUIHUX MEPEXK;

— MOHITOPHUHT TMEPEeXiJHUX TPOIECiB 3 BHUKOPHCTAHHSIM CHHXPOHI30BAaHMX BEKTOPHHUX
BHUMIpPIOBaHb.

Po3noainbHi Mepeski 3araibHOr0 KOPUCTYBAHHS:

— aBTOMaTHYHHI KOHTPOJIb TIOBY3JIOBOTO OalaHCy aKTHBHOI Ta PEaKTHBHO1 MOTYKHOCTI;

— KOHTPOJTb SIKOCTI €IEKTPOCHEPTii Y By3J1aX MEpexi;

— IIEHTpaJli30BaHe aBTOMATHYHE KEPYBaHHS HAaBAaHTAKCHHSM CIIOKHBAYIB;

— KepOBaHi MepeKeB1 €JIEMEHTH, SIKi 3MIHIOIOTh ITapaMeTPH MEPexi;

— YOPaBIIHHSA U1 TIATPUMKH OallaHCy MPU BUAUICHHI BY3J1iB Ha 130JIb0BaHy po0OTY;

— KOHTPOJIb Ta KEPYBaHHS HAIMHICTIO €JIEKTPOIIOCTaYaHHSI.

B pe3ymbraTi pO3BUTKY CHUCTEM IHTENEKTYaJbHHX EJIEKTPOMEPEK 1 CTBOPEHHS CHUCTEM
Tperboro mokodiHHA  Smart Grid 3.0 3»IBUThCSA IHia HU3KAa HU3KA HOBHX BIIACTHBOCTEH
IHTETIEKTYaIbHUX CUCTEM:

— PO3BUTOK CHCTEM PO30CEPEHKCHOI TeHepallii Ta JJOCTyNm YCiX BHIIB TreHepamii i
CTMOXHBAYIB JI0 PUHKY €IEKTPOCHEPTil Ta MOCIYT eIeKTPOMEPEKEBOI IHPPACTPYKTYPH;

— aKTUBI3aIlis CIIO’KMBAYIB €NEKTPOCHEPTii 32 paXyHOK 1X OCHAIICHHS «IHTEIEKTYalIbHUMMI
crucTeMaMu O0JIIKY 3 MOKJIMBICTIO ONIEPATHBHOTO CUTYALlIHOTO KEPYBAaHHS CKJIAJIOM 1 MOTYKHICTIO
HIKITIOYCHUX EIEKTPOYCTaHOBOK;

— onTuMizaiiss BUPOOJEHHS 1 CIOKMBAHHS EJIEKTPOEHEprii 3a paxyHOK pErylIOBaHHS
HAaBaHTAXCHHSA 3 MAaKCHUMaJIbHUM YpaxyBaHHSIM BHMOT CIIO)KMBaYiB, a TaKOXX IIBUIICHHS
MPOIMYCKHOT CITPOMOKHOCTI JIiHIN eJeKTponepeaadi;

— MaKCHMaJbHa CaMOI1arHOCTHKA, MOTEPEHKEHHSI CUCTEMHHX 3001B, PO3BUTOK TEXHOJIOTIH
CaMOBIZHOBJICHHS CXEM €JIEKTPONIOCTadYaHHS;

— BUKOPHCTaHHS ONTUMAJbHUX IHCTPYMEHTIB 1 TEXHOJIOTI eKkcrulyaramii Ta
00CITyroByBaHHS;

— MIJBUILEHHS PIBHS MOHITOPUHTY CTaHy EJIEKTpPOMEpeX Ta ii eleMEeHTIB 3 OTJsay Ha
3HIDKEHHS BIUTMBY Ha HABKOIMITHE CEpeOBHINE, 3 00poOIeHHIM iHpOopMaIlii B peKUMi peaTbHOTO
qacy.
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[Tpu noOynoB cydyacHux IEM Ta peanizaiii cydacHUX NporpaMHHUX Ta anapaTHUX 3acoOiB
cucreM kepyBaHHs it IEM HeoOXigHO BpaxoBYBaTH IOSIBY B €IEKTPOCHEPTETHYHUX CHCTEMax
AaKTUBHUX CIIOKHMBAUiB, BIpTyanbHUX enekrpocraniliii (VPP) ta mikpomepex — Microgrid [5, 7-10].

AKTHBHI crioKuBayi

OpHier0 3 KITIOYOBHX (PYHKITIOHATHHUX XapaKTEPUCTHK cydacHWX [EM 3rimHo KOHIeTIil
Smart Grid € MoTHBaIisl aKTUBHOI MOBEMIHKM KIiHIIEBOTO CIHOXKMBAda, MiJ SKOK PO3YyMIETHCS
3a0e3neueHHs] MOKJIMBOCTI CaMOCTIMHOI 3MIHHM CIIO)KMBadyaMH OOCSTiB 1 (yHKIIOHAIBHUX
BJIACTUBOCTEH (PIBHS HAIIMHOCTI, SIKOCTI TOIO) OJIEP’KYBAHO1 EIEKTPOEHeprii Ha ImicTaBi OamaHcy
CBOiX MOTpPed 1 MOXKJIMBOCTEH €JIEKTPOECHEPreTUYHOI CUCTEMH 3 BUKOPUCTaHHAM 1Hdopmarii mpo
XapaKTEPUCTUKHU L1H, OOCSITH MOCTABOK €JIEKTPOEHEPTii, HAaIIHHOCTI, SIKOCTI Ta I1HII. AKTHBHHH
CTHOXHBAY — 1€ YYaCHUK CTIOKUBYOTO PUHKY €IIEKTPOCHEPTii, SKHH Ma€ MOKIIMBICTh BUXOASIYH 31
CBOIX MOTpeO ONTUMI3yBaTH rpadik 3aBaHTKEHHS CBOIX MOTYXKHOCTEH SK 3 METOIO MiHIMIi3aIlil
BUTpPAT Ha EIIEKTPOCHEPTiI0, TaK i 3 METOI OTPUMAHHS IOXOIY Bill MPOJNAXy €IEKTPOCHEprii Ta
HOTY>KHOCTI.

3acTocyBaHHS 11€0JIOTii AKTUBHOTO CIIOKHMBaya TPU3BENO JIO TOSBH IUIOTO PAIY
NO3UTHBHUX €(EeKTIB B MEpEKi Ta eHeprocucremi (4, 5, 9-12]:

— 3HIDKEHHSI KaIliTaIbHUX 1 OTepamifHuX BUTPAT HA MaricTpajabHI MEpexi MpH MiABHIICHHI
CHCTEMHOI HaIHHOCTI Ta HaIHHOCTI €NEKTPONOCTAaYaHHsI BETUKUX CIIOXKHBAYIB, IMiKITIOUYECHUX JI0
€HEepPrOCUCTEM;

— 3HWKCHHS MOTPEOU B pe3epBi MEPEKEBUX MOTY)KHOCTEH B €HEPrOCHUCTEMi, MPUCTPOSX
KOMIICHCAIi] peaKTHBHOI OTYXHOCTI Ta BUTPAT HA iX eKCIUTyaTalii;

— ONTUMI3aIlisl pPEeXHMIB 3aBAHTAKEHHS CHEPrOCHCTEMI Ta 3HIDKEHHS BHUTpAT Ha
KOMIICHCAIIIIO BTPAT MOTYKHOCTI Ta €JIEKTPOCHEPTii B eHEProCHCTEMI,

— 3HWKEHHS BHUTpAaT Ha KOMIIGHCAIil0 30MTKIB BiJ aBapiiHUX OOMEXEHb B I0Jadi
MOTY>KHOCTI Ta €Heprii y By3JIM KUBJICHHS PO3IOIUIBHUX MEPEX (MEpEexk CIIOKMBAYiB) 1 Ha aBapiiHi
PEMOHTH B €HEPrOCUCTEMI;

— 3HIDKCHHS IKOBHX HABAaHTAXXEHb 1 MOTPeOM B TEHEPYIOUUX TMOTYXKHOCTAX JUIS iX
3a0e3neueHHs 1 MIATPUMKH HOPMaTUBHUX PE3€pPBiB;

— BHpIBHIOBaHHS Tpadika HaBaHTOKEHHS EHEPrOCUCTEMH, 3HW)KEHHS TOTpeOn B
MaHEBPEHUX TMOTY)KHOCTSIX, 3HIKEHHS BUMOT JI0 OOOB'S3KOBOTO  BHYTPIIIHBOJI000BOTO
HaBaHTAXCHHs 00JaTHAHHS €JIeKTPOCTAHIIIN;

— HOBI MOXJIHMBOCTI Ui TIATPUMKH CHUCTEMHOI HAJIMHOCTI 3a pPaXxyHOK OIEPaTHBHOTO
KEepYBaHHsS PEKMMaMH, BIACHUMHU TE€HEPYIOUMMH 1 aKKyMYJITIOIOUMMHU TOTYXHOCTSMHU BEITUKOTO
CTIOXKHBAYa.

AKTUBHUI CIOXHMBa4 Ma€ TPaBO BHOMpPATH: PEKHUM CBOTO EIEKTPOCIIOXKUBAHHS Y
BIJIMIOBITHOCTI 3 HEOOXIAHICTIO BUKOHAHHS CBOIX BHPOOHHYMX IUIAHIB MO BUITYCKY MPOIYKIIil abo
3a0e3neueHHs] CHEPri€l0  JOMOTOCIOJAapCTBa, ONTUMI3yIOUM CBOi BHUTPAaTH Ha TOKYIKY
€JIEKTpOEHEPrii 13 30BHINIHIX PHUHKIB; CTYIIHb CBO€I y4acTi y HaJaHHI JOJATKOBUX MOCIYT, IO
NOJISTAlOTh Y HaJaHHI KEPOBAHMX AKTHBHHMX 1 PEAKTHBHHX HABAaHTAXKEHb (TIOTY)KHOCTEH) uis
KepyBaHHs 3 OOKy CHCTEMHOTO OIIepaTropa; yMOBU 3aBaHTA)XCHHS BIACHOI MOTYXHOCTI (3a ii
HasIBHOCTI), U1 (popMyBaHHS 3asIBKM HA y4acTb Yy KYIIBIIi / MPOJaXy €IEKTPOEHEPrii Ha ONTOBOMY
Ta po3ApiOHOMY pUHKAX.

BipryansHi enekrpocranuii (Virtual Power Plan — VPP)

Buxopucranus VPP noB's3aHO 3 MOKIIMBICTIO IIEHTPATi30BAHOTO arperyBaHHs €HEprii, 1Mo
BUPOOIISIETCS PO30CEPEHIKEHOI0 TEHEPAIli€lo, 3a IOMOMOTor0 TexHoJorii Smart Grid 3 moanpo0
rapMoOHi3aIli€ro i€l TeHeparii 3 rpadikaMu HaBaHTXKCHHS IHAWBIAYaTbHUX CHOXKHUBadiB [9—14].
OynkiionyBanas VPP moB's3aHO 3 MOXKIIMBICTIO KOMEPIIIMHUX CIOXKUBAUiB KYIyBaTH MOTYXHICTh
Ha ONTOBOMY PHHKY 3a JIOIOMOTOKO ayKI[IOHY OO'€KTIB pPO30CEpE/KEHOI r'eHepallii B KOPOTKi
NPOMDKKH Yacy (IKOBE CIOKHUBaHHSA). BipTyalibHa eNeKTpOCTaHIIs — 1€ CTPYKTYpa, 0 00'€THye B
co0i eIeMEeHTH TPHOX BUJIIB:

— PO3MOJUIEHI TeHepaTopu (BITPOYCTaHOBKH, (poTOENEeKTpHUHi cTaHIii, MiHi-Ta MiKpoTEL]
Ta iH.);
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— CIIOKMBAYi-pEryJISITOPH HaBaHTAXXEHHS — MOOYTOB1 Ta mpomuciioBi. [Io0yToB1 cioxuBadi
€ HaiOLTBII JIETKO KEPOBAHWMH HaBaHTAKEHHAMHU. KepoBaHICTh HABAHTA)XKEHHS IMPOMHUCIOBHX
CTMOXHMBA4YiB B OCHOBHOMY 3aJIS)KUTh BiJl THYYKOCTI iX TEXHOJOTIYHHMX mporeciB. s meskux
MPOIECiB THYYKICTh MiABUIIYIOTH 32 PAXyHOK CHCTEM aKyMYITIOBaHHSI €HEprii;

— CHCTEMH aKyMyJtoBaHHS eHeprii. L{i cmcreMu MOXyTh HAKONUYYBAaTH €HEPTiI0 B PI3HUX
dhopmax (TETIOBOI, ENEKTPUIHOI, MEXaHI4HOT Ta XiMiuHOT). [[1s1 MOOYTOBHX CIOKHMBAYIB HAMOLIBII
MIIXOIIIMM BapiaHTOM € aKyMYJTIOBaHHS Ternia (10 peKuMax poOOTH TEII0AKYMYJIIOI0Yi CUCTEMHU
nobpe xoopauHyroThcs 3 MIKpoTELL). Crucrema akymyitoBaHHS €HEprii BHOUPAETHCS BUXOASIUH 3
oOmacTi 3acTOCyBaHHS Ta BapTOCTI HAKONMHWYYBa4iB 3 YypaxyBaHHIM, IPH HEOOXIIHOCTI,
reorpagiyHOTO YNHHHKA.

3a3Buyail BIpTyasibHI €IEKTPOCTAHIII MPUEIHYIOTHCS O MEPEXi CepeHhOT0 ab0 HU3BKOI
Hanpyru. EneMeHT BipTyanbHOT eNeKTPOCTAHIIi MOKYTh PO3TAIIOBYBATUCS HA 3HAYHHUX BiJICTAHIX
omuH Bin oxgHoro. KepyBanus VPP 3pilicHioeThcst aucraHimiiiHo uepe3 cuctemy EMS (Energy
Management System), sika mpuiiMae iHGOpPMAIIiFO PO MOTOYHUI CTaH KOKHOT CHEPTOYyCTaHOBKH 1
nepeqae Ha HUX Kepyrodi curHanu. Y EMS BUKOpUCTOBYIOThCA TJI0OabHA CYMyTHUKOBA CUCTEMa
Hagiranii (GPS), 3a momomororo sKoi 3MIHCHIOETHCS CHHXPOHI3AIlisi BUMIPIOBAaHb KOMIUIEKCHUX
3Ha4eHb CTpyMy Ta / ab0 HAmpyrn Ha BCIX EHEProycTaHOBKaxX BIPTyalbHOI €JIEKTPOCTAHIIII.
[Tpuctpoi s Takux BuMiproBanb HazuBaoTh PMU (Phasor Measurement Units).

Bumorn no VPP-pimens: HafiliHiCTh, €HEProeQeKTHBHICTb, HHU3bKI EKCIUTyaTalliifHi
BUTPATH, HU3bKI BUKU/IU, EKOJIOTIUYHICTh, 3pYUHICTh EKCIUTyaTallii, Maia moTpeda B 00CIyroByBaHH1
Ta PEMOHTI, XOPOLINH KIIiMaT y nmpuMimieHHi 3 VPP, HU3bKa KamiTalIoMiCTKICTb.

BipryanbHa enekTpoCTaHLiST MOXE€ MaTdh SK KOMEpIiiHe TpU3HA4YeHHS (TPOJax
eJIEKTPOeHeprii Ha ONTOBHMH PWHOK), TaK 1 TEXHIYHE NMPU3HAYEHHS (CHCTEMHI MOCIYTH - TaKi SK
pEryaioBaHHS YacTOTH 1 aKTUBHOI MOTYKHOCTI, MIATPUMKA SKOCTI €IeKTpOEHeprii Tomo) ado x
o0'emqHyBaTi 00MIBI 111 PyHKITII.

Mikpomepe:xi — Microgrid

CrorosHi 3HAaXOIATh IIMPOKE 3aCTOCYBaHHS JOKaiubHI cucrtemu Microgrid [9, 11-13].
[Tpobnema onrtumizamii MiAKITIOYEHHS MajinX BHPOOHUKIB €Heprii 10 3arajibHOi Mepexi — Ie
npobsiemMa BiICYTHOCTI epeKTUBHUX TeXHOJOTii. JlocmimkenHs B uiid obmacti po3nouaB Pobept X.
Jlaccetrep (Robert H. Lasseter), mpodecop eneKkTpoTexHIKM BiCKOHTCHKOTO YHIBEpCHUTETY B
Meniconi (CHIA). IlepeBaru MiKpoMepeXeBHX TEXHOJIOTI — 3HMKEHHs BTpAT €Heprii, 3pOCTaHHs
e(EeKTUBHOCTI Ta JIOCTYIMHOCT1 HQJAIHHOTO BUCOKOSIKICHOTO €HEPrornoCTayaHHs.

JlokanpHa cuctema Microgrid BKIIOYae, SK TpaBWIIO, KUTbKa JpDKEpen TeHepamii Ta
PO3MOAUIBHUX IMIICTaHIINA, KOMIUIEKCH 30epeXEeHHS eHeprii, peryisiTopu MOTOKIB eNeKTPOeHeprii,
mo no3BoJsie Microgrid QyHKIIOHYBaTH SK B aBTOHOMHOMY PEXHMi, Tak i OyTH 3B’A3aHOIO 13
30BHILIHBOI eHeprocucreMoro. Microgrid 3abe3neuye MmigBULICHHS HAAIHHOCTI €HEPronoCTayaHHs
32 paxyHOK OIEPAaTUBHOTO TEPEKIIOUEHHS CIIOKHMBAYiB MDK 3arajbHOI0 E€HEprocHUCTEMOIO i
MICIIEBUMH JDKEpEeaMy €HEprii y BHUMAIKy NEpeBaHTaXEeHb Ta CTpUOKiB Hampyru. I[lepeBaramm
MIKPOMEPEKEBUX TEXHOJOTIH € iXHS JIerka Ta IIBUJKA ajanTallisi 0 CHOXXUBAadiB Ha MPOTHBArY
[EHTPAII30BaHUM CHCTEMaM €HEpPronoCTadyaHHs.

Koopaunanis cuctem Microgrid B IHTeNIEKTyalIbHIN MepexXi 3IHICHIOETHCS Ha PI3HUX PIBHIX
Hampyru 3a gonomoroto [10-12]:

— LlenTpy kepyBanHs rpymnoto Microgrid (Bucoka Hanpyra po3noUIbHOT MEpexi);

— Microgrid koopauaaTopa (Smart KOHIIEHTpaTop) (CepeHs Ta HU3bKa HAIpyra);

— I'onmoBHO1 cuctemu kepyBanHsi Microgrid (cepeaHs Ta HU3bKa Hampyra).

@aktnyHo cucremMu Microgrid BUMaraioTh CTBOPEHHS «IIEHTPAJIbHOI HEPBOBOI CHCTEMI»
JUTSE KEPYBAHHS OTEpaIlisiMU PO3MOJILUTY PECYpCiB y CBOIl 30HI: po30CepeKeHl pecypcH MOBUHHI
Oyru 00'elHAaHI Ta ONTUMI30BaHI; PECypCH MOBHHHI 3'IBUTHCS Yy CHCTEMHHX OIEPaTOpIB SK
«BIpTyaJIbHI TEHEpAaToOpW», L0 € IHTErpoBaHI B cucreMy mocradanHsa. Hampukian, ['omoBna
cucreMa KepyBaHHsi Microgrid BKiIIO4ae po30cepe/KeHy TeHepallilo, KepoBaHI HAaBAaHTAKEHHS,
po30cepepKeHe aKyMYJTFOBaHHS CHEpTil.
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KepyBanus pe:xkumamu IEM

Bumoru no cyyacnux cucrtem kepyBanus [EM [1-3, 5, 7, 10-12]:

— TIIBHUIIEHHS CTYTICHS aBTOMATH3allil KEpYBaHHS B MMOE€THAHHI 3 €()EKTUBHUMH CHCTEMaMU
JUIS NPUMHATTS pillIeHb ONIepaTUBHUM IIEPCOHAIIOM;

— Y3TO/DKGHHs OajaHcy 1HTEpeciB CyO0'€KTIB EJIEKTPOCHEPTCTHKH Ta CIIOKHBAYIB
eJIeKTpOEHEePrii 32 YMOBHU MiHIMi3allii BUTpAT Ha €HEProNOCTaYaHHs Ta MOCTYTH;

— MakCHMallbHE BHMKOPHCTAaHHS MOJJIMBOCTEH TEXHOJIOTIYHOI 0a3W EHEpreTHKH mpu
MiHIMi3allil pi3HOTO POAY OOMEXKEHb;

— 3aJy4eHHs CIIOKMBAYiB J0 KEPYBAHHS €JICKTPOCHEPTrEeTHYHOIO CHCTEMOIO B aBapiliHUX
CUTYAalliSIX 3 ypaXyBaHHSAM iX eKOHOMIYHHX 1HTEPECIB;

— MaKCHMaJbHO MOXKJIMBA IIBUIKICT IPUHHATTS PillieHb I0JI0 3MiHU YMOB BUKOPHCTaHHS
eJIEKTPOEHEepIii, B Mepllly uepry, y Hernepea0auyyBaHuX CUTYaLisX;

— MOHITOPUHT CTIHKOCTI CHCTEMH B pEaJbHOMY 4Yaci, AMHAMIYHE IPOTHO3YBaHHS Ta
IIPEBEHTHBHA PEAKIIisl HA 3MiHY YMOB 30BHILIHBOI'O CEPEI0BUILA;

— MOXJIMBOCTI peKOHQITyparlii YaCTHH CUCTEMH NIPH aBapIMHUX CUTYAIisIX 3 BiAHOBICHHIM
HOPMAaJILHOTO PEXHUMY;

— 3aXHCT CHUCTeM KepyBaHHSA Ta I1H(OPMAIIITHOTO MPOCTOPY BiJ MIJIECIIPSIMOBAHUX
€JICKTPOMAarHiTHUX BILUIMBIB 1 KiOepaTax.

lepapxist piBHIB kepyBaHHS B IEM po3KpHBa€e MOHATTS «IHTEIEKTyalbHI MEpEeXi» SK
CYKyIHICTh  €JIEKTPOEHEPTeTUYHUX Ta  1HGOPMAIIHHO-KOMYHIKAIlIMHUX  TEXHOJIOTIH, M0
MPEJCTABISAIOTh MOXIUBICTh Oinbll edexktuBHOrO KepyBanHa EEC 3a paxyHok oOMiHy Ta
KEpyBaHHs TEXHOJIOTIYHOI Ta MapKEeTHHroBor iHdopmariiero. HaBememo iepapxis piBHIB
(«sxocTi») kepyBanus B [EM [1-3, 5]:

6. InTenexTyanbHe KepyBaHHS — CUCTEMa KepyBaHHS 3 BOy10OBaHUMHU (DYHKLISIMU IITYYHOTO
IHTETIeKTY, 10 3IIHCHIOIOTH (PYHKIIIT BU3HAUCHHS METH.

5. InTenexTyanbHe KepyBaHHS — CUCTEMa KepyBaHHS 3 BOy1OBaHUMHU (DYHKLISIMU IITYYHOTO
iHTENneKTy 6e3 (PyHKIIT BU3HAUCHHS METH.

4. AnanTuBHE KepyBaHHS — 3MIHHM HapaMeTpiB peryisaropa ado CTPYKTypU peryisropa B
3aJIeKHOCTI BiJ] 3MiHU MapaMeTpiB 00'ekTa KepyBaHHs a00 30BHIIIHIX 30ypeHb, 10 JiIOTh HAa 00'€KT
KEpyBaHH:.

3. PobGacTHe kepyBaHHSI — CTiKe KepyBaHHS IPU ICHYIOUMX 3MIHAaX IapameTpiB 00'exTa
KepyBaHHs a00 30BHINTHIX O0yPEHHS, 10 MIFOTh Ha 00'€KT KEpyBaHHS.

2. [To3uuiiine KepyBaHHSA — KEPYBaHHS 33/1aHUM CTAaHOM 00'€KTa KepyBaHHS.

[Iporpamue kepyBaHHs — K€pyBaHHS 33JaHOIO TPAEKTOPI€IO PyXy 00'eKTa.

Ha mmxuunx piBHsx 1 Ta 2 3amisHO Jumie o0’€KT KepyBaHHs, TOJI SIK BUKOHAHHS 5 Ta 6
PiBHIB TOTpeOy€e BUKOPUCTAHHS XMapPHUX TEXHOJIOT1M.

SIk mpuKkIIaa HaBeIeMO IMepesiik MPOLECiB 1 TEXHOJIOTH MpH KepyBaHHI B pealbHOMY 4aci
3rigHo noMeny «KepyBaHHs Ta QyHKIIOHYBaHHS eHeprocuctem» [5, 12, 13, 16]:

— OI[IHKA CTaHy OTOYHOT'O PEXHUMY;

— JIO3BIJ OMEpPaTHUBHUX 3asBOK, IMEPEBIpPKA TEXHOJOTIYHOI JOIMyCTUMOCTI Ta MOKJIMBOCTI
IPOBEICHHS OCTABOK €HEPTii 32 MPSIMUMU JIOTOBOPAMU;

— KepyBaHHsS TNepeMUKaHHAMH MepexeBoro obOmagHanHs (JIEII, Tpanchopmaropis) i
BKJTIOYECHHSIM / BIIKJTIOYSHHSIM T€HEPYI4oro 00JaiHaHHS;

— TIPOBEJICHHSI TIPOIIEYp PUHKIB €JIEKTPOCHEPTI;

— on-line KepyBaHHS EHEProCHCTEMOI0O B HOPMAJILHOMY peXHMi (aBTOMaTW4HE 1
JICTIETYEPChKE PEKUMHE KepyBaHHS; IIEHTPaJIi30BaHEe KEPYBAaHHS Ta CaMO JIUCTIETUEPU3AITis

— IEeHTpajli30BaHe MpOTHaBapiiiHe KepyBaHHs pekxuMamH Ha Benukux Teputopisx (OEC,
obnenepro, eneprokiaacrepu, Microgrid) (WAMPAC);

— JIOKaJlbHE, y TOMY WYHCIHi, aJanTHBHE (MyJIbTHAreHTHHH MPUHLUI) MHpOTHaBapiiiHe
KepyBaHHS pe)KHUMaMHU;

— KEpYBaHHS €JEKTPOCIIOKUBAHHAM (y TOMY YHCI, PEBEPCUBHMM) Ha OCHOBI PUHKOBOI
IiHH;
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— TpoTHaBapiifHe Ta pEKWMHE KEpyBaHHS EJIEKTPOCIOKMBAHHSAM Ha OCHOBI YydYacTi
CTHOXXHMBAYIB y PUHKAX CUCTEMHHUX ITOCITYT;

— 0OMEXEHHS eNIEKTPOCIIOKUBAHHS Y BIIIIOBIIHOCTI 3 TIOTOBIPHUMU 0OCSTaMH IMOCTaYyaHHS i
OTUIATH;

— on-line AiarHOCTHKA MEPEIKEBOTO Ta TEHEPYIOUOTO 0018/ THAHHS.

OcHOBHI TEXHOJIOT1i IHTENEKTyallbHOTO KepyBaHHs B IEM [2, 3, 5]:

1. MynbTHareHTHI CHCTEMH KEpyBaHHS — KOOpDIWHALIS CHCTEM KEpyBaHHI 3
BUKOPDUCTAaHHAM CHCTEMH MOHITOPHHTY TepexifHux pexumiB 1 npuctpoie  FACTS,
CaMOBIJJHOBJICHHS PAaliOHHUX EJIEKTPOCHEPTeTHYHUX CHUCTEM, KEPYBaHHs IOTIMTOM Ha MICIEBHX
TOPrOBUX MalJaHYMKAX.

2. lTy4ni HeHpOoHHI Mepexi 1 HelpoMepekeBi CHCTEMH KEPYBaHHS, aCOIIaTUBHUHN TIOIIYK
JUIs iIeHTUQIKAII] Ta KepyBaHHS, €KCIIEPTHI CHCTEMH — paHHE BUSBJICHHS 1 JIOKaJi3aIlis
nepeaaBapifHuX PeXHUMIB, BIpTyalbHEe MOJICTIOBAHHS 1 3HIDKEHHS MOPSAAKY MOJIENeH, TOPaJHUKA
oTepaTopa, TPEHAKEPH.

3. TexHousorisi aJanTUBHOTO BEKTOPHOTO KEPYBaHHS THYYKUMH CHUCTEMaMH 3MIHHOTO
CTpyMy — NEPBHHHE 1 BTOPUHHE aBTOMAaTHYHE KEPyBaHHS HAIPYrolo i peaKTUBHOIO MOTYKHICTIO,
JOONTHMI3aIlisl PEXUMIB IO PEaKTHBHOI TOTYKHOCTI B Mexax Trpadika HaBaHTaKEHHS,
BCTaHOBJICHOTO CHUCTEMHHUM OIEPATOPOM.

4. AmanTuBHI MOJENO0Yi IATGOPMH peaTbHOTO 4acy — MOJENIOBAHHS Ta ONTHMI3allis
PEXUMIB 32 PEAKTHBHOIO TIOTYXXHICTIO, MOHITOPHHT TOIIOJIOT1i MEPEX 1 aanTairis MOJeJiel, MIOTHI
NPOEKTH JUIS BIATIPALIOBAHHSA CUCTEM KEPYBaHHS Ta MOHITOPHHTY.

5. TexHomorii TpPOEKTyBaHHS, CTBOPEHHA 1 MIATPUMKHA B Tpane3JaTHOMY CTaHi
BeJIMKOMAcIITabHUX cucTeM mnepenadi iHgopmanii B I[EM — cucremHuii anami3, Bepudikais ta
BaNigalisi CHUCTEMH, MOJEIIOBAaHHS Ta MOHITOPHHI TapameTpiB iH(opMariifHoi Mepexi s
CBOE€YACHOTO BH3HAYCHHS MPOOJIEMHUX TUITHOK B iH(popManiiiHii ctpykrypi IEM.

6. TexHouoTis aaNTUBHOTO AaBTOMATUYHOTO KEPYBaHHsS JJIsl BiJHOBIIOBAHUX JDKEPET
€Heprii, y TOMY YUCIIi BITPOBUX, MPUINBHHUX, COHIYHUX, Y T.4. B IEPCIIEKTUBI KOCMIYHUX COHSYHUX
€JICKTPOCTAHIIIN.

7. TexHonorii CTBOpPEHHS Cy4acHUX JIIOJUHO-MAIIMHHMUX iHTep(eiciB Ha OCHOBI
3aCTOCYBaHHS NEPCOHATBHUX MOOUIBHUX IHTENEKTyaJbHUX IPHUCTPOIB BBEICHHS / BHUBEICHHS
iHpopmamii, s 3a0e3MeYeHHs THYYKOTO KEpyBaHHS B PO3MOIUICHIA CTPYKTYypi «pecypc —
KOPHCTYBa9».

Ha cporoani 30inbpmrytoTscst 00csaru iHdopManii Uit NpUHHATTS OOrPYHTOBAaHHUX PIllIeHb,
10 BUMArae 3Ha4HOTO Yacy Ha ii mepefayy B UEHTP 1 BIAMOBIAHY 00poOKy. I1inBUIITyIOTECSI BAMOTH
70 KOMIUICKCHOCTI BUPIINIEHHS 3aBJaHb 3a0€3MeueHHs HAJIMHOCTI Ta SIKOCTi, MiABUIICHHS
€KOHOMIYHOCTI, SIK IIPY MMOTOYHOMY (DYHKIIIOHYBaHHI, TaK 1 IPH PO3BUTKY €HEProcucreMu. Tomy B
OCHOBY CHCTEMH KEPYBaHHS IHTEJIEKTYAJIbHOIO CHUCTEMOIO y OUIBIIOCTI BUMNAIKIB Mae OyTu
MOKJIAJICHO MYJIBTUAreHTHUH MiAXiA, B paMKax SKOi (OpPMYyeThCsl PO3IMOJAUIEHA aBTOMAaTH30BaHA
CHUCTEMa peaJbHOro uvacy, 1o 3a0e3ledye B3a€EMOAID  IEPCOHATY  IHTEIEKTyalbHOI
€JIEKTPOCHEPTeTUYHOI CHCTEMH 3 aBTOMATH30BAaHUMH 1 aBTOMAaTUYHUMHU KOMILUIEKCAMH KEpYBaHHS
[2, 3,5, 10-14].

IlepeBaru MmynpTHareHTHUX cucreM kepyBanHa (MACK):

1 mapametpiB Oe3mocepeHbO B polieci GyHKIIIOHYBaHHS;

— 3aCTOCYBaHHS JTMHAMIYHOTO MOJENIOBAHHS B pealbHOMY Yaci 3 MPOrHO3YBAHHSAM CTaHY
€HEepPrOCUCTEMU;

— oprasizailist po3noiJIeHOro iHPOPMAaLIHO-TEXHOJIOTTYHOTO TPOCTOPY, CHHXPOHI30BAHOTO
OOMIHOM 1 ONTHUMI3AIlIEI0 B3a€MOJIIi MDK PI3HUMH TMiJICHCTEMaMH, MOXIIUBICTH iH(opMaliitHOro
0OMIHY HE TUIbKH JJaHUMHU, aJie ¥ 3HAHHSIMU;

— 3aCTOCYBaHHS MapajeIbHUX 00YHNCIIeHb, K1 JO3BOJISIIOTH PI3KO IMiIBULITUTH IIBHIKOIIIO Ta
Ha TMOPSIOK EKOHOMUTH 0OUYUCITIOBAJIBHI PECYPCH;
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— 37aTHICTh 3/1MCHIOBAaTH KEPYBaHHS CTAHOM TEXHIYHHMX KOMIUIEKCIB 1 CHCTEM Ha OCHOBI
PO3MOJUIEHUX MEpPEeXeBUX THPOPMaLIHUX MEpeX 1 THY4KOi 1HPPAaCTPYKTYpH OOUMCIIOBATIBHUX
KOMITOHEHTIB.

MosxnuBocti MACK: monaudikamiss cTpykTypu 1 mapameTpiB Oe3rnocepeqHbO B MpoIieci
(GYHKIIOHYBaHHS; 3aCTOCYBaHHSI IMHAMIYHOTO MOJIETIIOBAHHS B pEAIbHOMY 4acl 3 MPOTHO3YBaHHIM
CTaHy; OpraHizailisi pO3MOJUICHOTO0 KEepyBaHHS 3 ONTHUMIZAIlIEI0 B3a€EMOJIi MK MIICUCTEMaMU;
MOXJIMBICTh OOMIHY SIK JaHUMH, TaK 1 3HAHHSAMHU, TapajieiabHl OOYHMCIICHHS, IO IIBUIIYIOThH
HIBUAKICTH OOYMCIIEHb MPU €KOHOMIi OOYMCIIOBAIBHUX PECYpCIB; KEpYBaHHS CTAHOM TEXHIYHHX
KOMIUIEKCIB 1 CHCTEM Ha OCHOBI PO3MOIUICHHX MEPEeKEBUX IHPOPMALIHHIX MEpPEeX 1 THYYKOIO
HPPACTPYKTYpH 0OUNCITIOBATBHUX KOMITIOHEHTIB.

Habynu nommpenns tpu tunu apxirektypu MACK. Apximexkmypa MACK na npunyunax
WIMYYHO20 IHmMeNeKmy BHUKOPHCTOBYE METOAM 1 3aCO0M CHMBOJBHOTO MPEICTABICHHS 3HAHb.
OOMEXEeHICTh apXiTeKTypu — BiJCYTHICTh HiJICHCTEMH MOJEIIOBAHHS /ISl MPOTHO3YBaHHS CBOE]
MOBE/IIHKHM, TIOBEIIHKM IHIIWX areHTIB 1 30BHINIHBOTO CEpeNOBHIIA. 3a0€3MeUy€eThCsl CTBOPCHHS
TOYHOI 1 MOBHOI MOJIENI CKJIAJHOTO OaraTopiBHEBOTO Ta 0araTo3B'SI3HOTO IWHAMIYHOTO 00'€KTa,
penpe3eHTOBaHOI CIUTPHOTOI0 B3aEMOIIOUYMX AareHTiB, a TAaKOXX CHCTEMH KEpyBaHHS TaKUM
00'eKTOM Y JaHiil apXiTEeKTypi HEMOYKITUBO.

Peakmuena apximexmypa BUKOPHCTOBYE METOJH 1 3aCO0M CHMBOJBHOTO TMPEICTABICHHS
3HaHb. OOMEXKEHICTh apXITEKTYpH — BIACYTHICThH IIICHCTEMH MOJCITIOBAHHS JJISI MPOTHO3YBAHHS
CBO€1 MOBEMIHKH, TMOBEIIHKHM IHIIWX areHTIB 1 30BHIHBOTO ceperoBumia. CTBOPEHHS TOYHOI i
MOBHOT MOJIENl CKJIQJHOTO OaraTOpiBHEBOTO Ta 0arato3B'sI3HOTO JUHAMIYHOTO 00'eKTa,
pENpe3eHTOBAaHOI CIUTPHOTOI B3AaEMOIIOYMX AareHTiB, a TAaKOXX CHCTEMH KEpyBaHHS TaKUM
00'eKTOM y JaHiil apXiTeKTypi HEMOXKIIUBO.

Tiopuona apximexmypa peanizye quHaMiuny opranizamiiny mojaeins MACK IEM i mictuth
MEHTAJbHY Ta PEaKTHBHY MiJICUCTEMHU 3 JIOTIOBHEHHSIM ii CHCTEMOIO MOJeNoBaHHA. JlaHa MoJenb
JIO3BOJISIE 3a0€3MEUUTH areHTy MOXIIMBICTb BUOOPY CTpaTerii JOCSATHEHHS LIl 1 MeBHUX A y
paMkax oOpaHOi CTpaTerii, a TaKOXX 3a0€3MEYNTH MOMJIMBICTh THYYKOT KOPHTYBaHHS i€papXii B
CTPYKTYPi CUCTEMH IHTEJIEKTYaIbHOTO KEPYBaHHSI.

Opranizaniina moxens MACK omnmcyerscsi 6araroakTOpHMM BEKTOPOM CTaHy BCi€l
cykynHocti areHtiB MACK, Tomy mominbHO BHUKOpUCTOBYBaTH TiOpuaHy apxirekrypy MACK,
JIOTIOBHEHY CHCTEMOIO MOJETIOBAHHS, IO JO3BOJIsIE areHTy 3a0e3nmeunTd BuOip crparterii i
BUKOHATH Mii 7151 JOCSATHEHHS LIel 00paHoi cTpaTterii i THy4Ky KOpUTYBaHHS i€papXiif B CTPYKTYypi
CHCTEMH IHTEJIEKTYaJIbHOTO KepyBaHHSI.

Apxitekrypa MACK wmae micTuTu:

— cmeuianizoBaHi 0a3u 3HaHb (OHTOJIOTiH) Ui mOAaHHS iH(OpMaLIfHUX MOTPEO
(YHKIIOHYBaHHS PI3HUX areHTIB;

— Mojen mporeciB  (PYHKIIOHATHHO TIOBHOI IMJICUCTEMH CIEI[Iali30BaHUX AareHTIB,
320e3MeuyroTh MOIIYK, VSIBJICHHS, 00poOKY Ta po3moauieHHs iH(opMaIii;

— MIJICHCTEMY ITPOTHO3YIOUOTO MOCTIOBAHHS;

— migcucreMy (OpMyBaHHS KPUTEPIiB 1 0OMEXKEHbD;

— TIJCUCTEMY MOJICNIIOBAHHS Ta KOOpIMHAIIl B3aeMOil MDK areHTamu, Oprasizamii
KOOIIEPATUBHOTO TOBEAIHKHU, 3a0e3neueHHs iHPOPMaLiifHO-TeXHOJIOTYHOT B3a€EMOJIII 1 CyMICHOCTI
arcHTIB;

— migcucreMy (opMyBaHHS KEpPYIOUHX BIUIMBIB 1 peani3aiii KepyBaHHS;

— MiJICUCTEMY aHaJli3y 1 MIaHyBaHHS.

[TobynoBy cyuacaux IEM, 3okpema, 3 BukopucranHsm MACK, Tta 3abe3nedeHHs
e(eKTUBHOTO KEPYBaHHS €JIEKTPOCHEPTETUYHUMH MPOLIECAMH JIO3BOJISIE 3aCTOCYBAaHHS PI3HUX THITH
npuctpoiB CE (puc. 2 Ta Tabn. 1). 3a3Ha4nMo, M0 KOMIUICKCHUH MiAXiJ] 10 OLIHKA Ta MOAANBIIOL
onTuMi3alii eleKTpoMarHiTHUX mpoueciB B IEM BKkIIO4ae HaCTyIHI CKJIAJOBi: aHali3 OOMIHHHX
IpoIleciB; aHaAII3 CKIA0BUX BTpaT enekrpoeneprii; ananiz EMC ta axocrti enektpoeHeprii. Biacue
3a/1a4i Ta KpuTepii onTuMiszailii enekrponocradanss B [EM HaBeneHo B Ta0m. 2
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3a pe3yabTaTaMH MPOBEJIEHOTO aHali3y MOKHA c(pOpMyBaTH HACTYIHI HAIPSIMKU PO3BUTKY
iHTeneKkTyanbHux enekrpomepex OEC Ykpainu

— peamnizanis AepKaBHOT MOJITUKY MpU NoOy10B1 KoHUen i Smart Grid;

— 3ampoBa/pKEHHs Ta peanizamii Smart Grid B pamMKkax MOJI0KEHb BIAMOBIIHOT «IOPOKHBOT
KapTH»;

— HapOILyBaHHS MOTYKHOCTEH 1 eeKTUBHOCTI €KCILTyaTallli MEpexK;

— CTBOPEHHSI CTUMYJTIOIOYMX €KOHOMIYHHUX 1 3aKOHOJaBYMX MEXaHI13MIB, SIK1 JO3BOJISTUMYTh
Ha JIep>KaBHOMY pIBHI IPUCKOPUTHU BIIPOBAKEHHS MEPEAOBUX KOHIIEMIIIH, IHIIIaTUB Ta PIIICHb;

— IHTerpailis TeIeKOMYHIKAIIIHOT Ta eHepreTuYHOi IHPPacTPYKTypH KpaiHu;

— B3a€MO/Iisl PO3NOIUIBHUX 1 TPAHCIIOPTHUX CHUCTEM;

— JIoCTaBKa 1 peaji3allis pecypciB KIHLIEBOMY CIIOKHBAYEBi,;

— aBTOMAaTHU30BaH1 CUCTEMH BUMIpPIOBaHb, 300py JaHUX Ta 00JIIKY;

— TEXHOJIOT1i 00pOOKH 3HAUHUX MAacHBIB JaHUX Y Mepexkax Smart Grid;

— 3a0e3nedyeHHs KOH]IIeHI[IITHOCT1 Ta Oe3MeKu AJaHuxX y Mepexax Smart Grid;

— PO3MOALUIEH] Ta BIJJAJIEH] CUCTEMH 300pYy AAHUX 1 KEPYBaHHS IPUCTPOSIMU;

— poJib TEJNEKOMYHIKAlIHHUX OIEpaTopiB 1 ONepaTopiB MAaIIMHHO-MAIIMHHOI B3aeMOAIT
M2M npu no6yn0Bi Ta KepyBaHHs Mepexamu Smart Grid;

— po3po6Oka crangaptiB aiisa IEM Ykpainu;

— Data-11eHTpH 115 €IeKTPOCHEPT €TUKH;

— asibTepHaTHBHA eHepretuka, VPP 1 Microgrid;

— MYJIbTHAreHTHI CUCTEMH KepyBaHHS;

— 3a0e31ne4yeHHs €PEeKTUBHOI pOOOTH aKTUBHHUX CIIOKMBAYIB.

MaricrpansHi

BECA — .
enekKTpOoOMER e
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A 4
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ere KT pOmMeE D e
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CNOoOMHMEBa

AKTHMBEBHKEA
- CNnox#H1MEead

Y

D006

- BECZ2

BEC — BipTyansHa enexskTpocTaHLis

Puc. 2. OcnoBHi cdepu 3actocyBanHs npuctpois CE

Tabmums 1
Ne | Tun CE CEl |CE2 |CE3 |CE4 [CES |CE6
3/n
1 | CrangaptHa mnepemada eHeprii MHOCTIMHMM CTpymMoM | + + + +
(ITETIC)
2 | IIETIC Ha ocHOBI iHBEpTOpa HAPYyTu
3 | FACTS Tta FACDS, y 1u. CTAKOM (crarmunmii | + | + +
KOMTIEHCATOP)

92 N29(128) ceHTsiGpb 2014, crell Buinyck, Tom 2, SHEPMTOCBEPEXKEHVE » SHEPIETUIKA « SHEPTOAYAUT



CUJIOBAS SJIEKTPOHUKA U QJIEKTPOSOHEPI'ETUKA

[Iponosxenns Tabmuti 1

4 | CraTtnuHi THPUCTOPHI KOMIIEHCATOPH + + + +
5 | YuidikoBaHi KOHTPOJIEPU MTOTOKY €HEPTii + + + +
6 | IuBepTOpH Hampyru Ta CTPyMYy, B T.4. OaraTopiBHEB1 + + +
7 | lloTykH1 BUIpSAMISYl 3 PpEryalOBaHHSAM BHUXITHOTO | + + + +
CUTHAITY
[IepeTBOpIOBayl 4aCTOTH, €IEKTPOIPUBILT + + +
9 | PeaxktopHi rpynu, KOMyTOBaH1 BUMHKa4YaMu +
10 | KepoBaHni mIyHTyr04i peakTopud 3 MIAMarHidyBaHHsSM | +
MOCTIHHUM CTPYMOM
11 | HanmiBnpoBiAHUKOBI 130J1F0F0Y1 TPUCTPOT + + + +
12 | Komyraropu Ta nepepupadi + + + + +
13 | BcTaBku MOCTIIIHOTO CTpyMyY + +
14 | AxtuBHI QUIBTPU (KOMIIEHCATOPH) CIIOTBOPEHD + + + +

Taomms 2

OnruMmizargiiiga 3amgayda

Kputepii ontumizarii

Minimizaltis aMmrutityan /o Ta AiF09oro 3Ha4deHHS Ip cTpymy, O | [a — IamiN;
BiIOMpA€ETHCS Bijl TeHeparopa Ip — Ipmin
MiHiMi3a1lis BCTAHOBJIEHOT MOTY>KHOCT1 00JIaTHAHHS S S — Smin

AHaii3 HepIBHOMIPHOCTI IeHepallii / COKUBaHHS €J1eKTPOeHeprii
p(t) 32 aKTUBHOIO TTOTYXHICTIO P

| p(0) = P | — PuiN

AmHani3z cymapHOi akTUBHOI P Ta peakTUBHOI () MOTYXHOCTEH,
0JIHOYACHO MPUETHAHUX 10 Mepexi Jukepen PT°

Ppr < Pprrp;

Opr < Oprre

Minimizanisg 0OMiHHNX npoueciB (00MIHHOT MOTYX)HOCTI Jog)

Qo — QopMIN

MiHimi3alis J0JAaTKOBUX BTpaT eJleKTpoeHeprii (MOTYXHOCTI
Opusze Qo)

QCD - QCD,MIN

AHami3 CTIMKOCTI Ta HAaIIHHOCTI pOOOTH CHUCTEMH 3a CTPYMOM
Ta/41 HAINPYyTroio

AU/AIT < 8U;
AI/AIT < 6]

MiHiMi3allis 3alaHOTO PIBHS EJIEKTPOMArHITHOI CYMICHOCTI 3a
0OMIHHOIO NOTYKHICTIO J0p . BULIIMX TAPMOHIK

Q0b,0 — QoB,oMIN
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