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PE®EPAT

Po6ota mictuts 107 cTopinok, 54 pucyHkis, 21 Tabnuus. byno Bukopucrano 25
TDKeped.

AKTYaJbHICTh TeMH aKTyaJbHICTh TEMH MOSICHIOETHCS THM, IIO B HAlll Yac
I’ €IHaHHS 10 MEPEX JOCHTb KOIITOPUCHE, MPU YOMY HOTPIOHO IUIATUTH 32
CJICKTPOCHEPTI0, SKa B MalOyTHbOMY Oyne 3pocratd. A eHeprisd, ao0yra 3
BiTHOBJIIOBAJIBHUX JIKEpPEJ, Ma€ IMOPIBHIHO HU3bKY COOIBapTICTh, aje HE 3aBXKIU
noctynHa. KomOiHyBaHHS BUKOPHUCTAaHHS PI3HHMX JDKEpEN €Heprii NpuU3BOJIUTH 10O
3a0IIaKCHHS] €HEeprii, Ta JO03BOJSE €KOHOMHUTH KOIITH. A BJIOCKOHAJIEHHS CHCTEM
KEpyBaHHSA pPO3MOJAUIOM JKEpEd €Hepro3ade3lneyeHHs: JO03BOJISIE 30UIBIINTH IO

E€KOHOMIIO.

Merta pOﬁOTI/I: I'[iI[BI/IHIGHHSI e(beKTI/IBHOCTi dBTOMATHU30BaHUX CHCTCM

KCPYBaHH:A pOSHOI[iJ'IOM JOKCPCII CHCPI 03a0e31IeueHHS HiI[l'IpHGMCTBa.

3amavi KoCaiTKeHHA:

1. BukoHatu orisia JiTeparypu 3 TeMU JOCHIKCHHS. Po3rsiHyTH cydacHi
CUCTEMU KepyBaHHS PO3TOIIJIOM JIKEPENI eHepro3ade3neyeHHs MmianmprueMCTBA.

2. Po3ryisiHyTH TUTSIXM BJOCKOHAJIGHHS CHUCTEM KEepyBaHHS PO3IMOALIOM JHKEpen
eHepro3ade3neyeHHs MipUEMCTBA.

3. Po3pobutu cucteMy KepyBaHHS PO3IMOAIIOM JKEped eHeproszade3rneueHHs
MIPUEMCTRA.

4. IlpoBectu iMiTalliiiHe MOJIEIIOBAHHS PO3POOJIEHOI CUCTEMHU 3a JIOMTOMOTOI0
Matlab/Simulink.

5. HaBectn pe3ynbTaTu JOCHIKEHb PO3POOJIEHOI CHUCTEMH KEpyBaHHS
PO3IOIIIOM JHKEpell eHepro3ade3nedeHHs MiANMpUueMCTBA.

O0'exT nOCTIIZKEHHS1 — TIPOIEC PO3MONUTY JDKEepell eHepro3abe3rnedeHHs
H1IPUEMCTBA.

IIpeaMer moc/aizKeHHs1 - CUCTEMA CHUCTEMa KEPYBAHHS PO3MOIIIOM JDHKEepen

eHepro3ade3neveHHs MiIMPUEMCTBA.



Metoam MOCHiI:KeHHSI: aHami3y, MOPIBHSAHHS, CTATUCTUKH, IOCIHIIKEHHS,
IMITaIIfHOTO MOJCITIOBAHHS, TPOCKTYBaHHSI.

HaykoBa HOBHM3HA OTpUMaHUX peE3yJNbTATIB MOJSITa€ y BIAOCKOHAJICHHI
ICHYIOYMX  aBTOMAaTHM30BaHMX  CHUCTEM  KEpyBaHHS  PO3MOJLIIOM  JIKEpel
eHepro3a0e3neueHHs miAnprueMCTBA.

IIpakTuyHe 3HAYeHHH OJCP>KAHUX PE3YJIbTATIB: PO3POOJICHY MaTeMaTHYHY
MOJIeNIb ONTUMAIBHOTO PO3MOAUTY JKEpeN eHeprozade3nedyeHHsT MiANpUEMCTBA
MOKHa 3aCTOCOBYBAaTH Ha IMPAaKTUIl TNPU MPOCKTYBaHHI aBTOMATUYHHX CHCTEM
KEepyBaHHS.

[IpeacraBiena maricrepcbka JucepTalis IpUCBIYEHA pO3pOOLl aBTOMAaTUYHOI
CUCTEMHU KEPYBAaHHS PO3MNOAUIOM JDKEpENl €Hepro3ade3NeyeHHsl MiANpPUEMCTBA.
BukoHaHO oryisi TiTepaTypu 3 TEMU JOCIIKEHHS, 32 PE3yJIbTaTaMH SKOTO BU3HAYEHO
aKTyaJbHICTh PO3POOKM cucteM KepyBaHHA. OKpiM TOro, JOBEIAEHO, IO HUHI
3aCTOCYBaHHS aJIbTEPHATUBHUX JKEPEN €HEprii € akTyalbHUM. BcTaHOBIEHO, 110
3aBASIKM BHUKOPHUCTAHHIO aJIbTEPHATUBHUX JKEPEN €EHEprii Ta MpaBHUIBHOMY
PO3MOIJIEHH] JKEpesl €HEeprii MO>KHAa 3MEHIIUTH BUTpaTH MIANPUEMCTBA Ha
CJIEKTPOCHEPTIIO.

[IpencraBiieHO pO3pOOKY CTPYKTYpHOI Ta (PYHKIIOHAIBHOI CXEM CHUCTEMU
KEpYBaHHS PpO3MOJALIIOM JDKEpeld eHepro3ade3NeyeHHs, a TaKoXX HaBEIeHO
JIOCITIJIXKEHHSI CUCTEMHU KepyBaHHA y 0OpaHiil CUCTeM1 iMITaIlIfHOTO MOJICITFOBAHHS.

KurouoBi cioBa: mxepena eHepro3zade3leyueHHs, COHSUHA €HEpris, BITPOBa

eHepris, e(eKTUBHICTD, JOCIIKCHHS, IMITaIlliTHE MOCITFOBAHHS.



ABSTRACT

The work contains 107 pages, 54 figures, 21 tables. 25 sources were used.

The relevance of the topic is due to the fact that nowadays the connection to
the networks is quite expensive, and you have to pay for electricity, which will grow
in the future. And energy from renewable sources has a relatively low cost, but not
always available. Combining the use of different energy sources leads to energy
savings and saves money. And the improvement of control systems for the distribution
of energy sources can increase these savings.

Purpose: increasing the efficiency of automated control systems for the
distribution of energy sources of the enterprise.

Objectives of research:

1. Review the literature on the research topic. Consider modern management
systems for the distribution of energy sources of the enterprise.

2. Consider ways to improve management systems for the distribution of energy
sources of the enterprise.

3. Develop a management system for the distribution of energy sources of the
enterprise.

4. Carry out simulation modeling of the developed system using Matlab /
Simulink.

5. To give results of researches of the developed system of management of
distribution of sources of power supply of the enterprise.

Object of research: the process of distribution of energy sources of the
enterprise.

Subject of research: an automatic control system for the distribution of energy
sources of the enterprise.

Research methods: analysis, comparison, statistics, research, simulation,
design.



The scientific novelty of the obtained results is the improvement of the existing
automated control systems for the distribution of energy sources of the enterprise..

Practical significance of the obtained results: the developed mathematical
model of optimal distribution of energy supply sources of the enterprise can be applied
in practice at designing of automatic control systems..

This paper is devoted to the development of an automatic control system for the
distribution of energy sources of the enterprise. A review of the literature on the
research topic was performed, the results of which determined the relevance of the
development of control systems. In addition, it has been proven that the use of
alternative energy sources is relevant today. It is established that due to the use of
alternative energy sources and the correct distribution of energy sources it is possible
to reduce the company's electricity costs.

The development of structural and functional schemes of the control system for
the distribution of energy sources is presented, as well as the study of the control system
in the selected simulation system.

Key words: energy supply sources, solar energy, wind energy, efficiency,

research, simulation modeling.
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HEPEJIIK YMOBHHUX ITIO3HAYEHb, CUMBOJIIB, CKOPOYEHbD I
TEPMIHIB

PB — po3nojiniene BUpOOHUIITBO.

PI" — posnioniGena renepartisi.

BJIE — BiTHOBIBBaJIbHI JIXKEpesia eHeprii.
BEC — BiTpoBa enexkTpocTaHiis.

AKB — akymynsaropHa 6aTapes.

JAI'Y — nu3enb-reHepaTopHa yCTaHOBKA.
JE3 — mxepeno enepro3zade3neyeHHs.
JIHIIC — nBoHamnpaBjiieHU IEPETBOPIOBAY CTPYMY.
BEY — BiTpoBa enexkTpuyHa yCTaHOBKA.
®EYVY — doToenekTpuyHa yCTaHOBKA.

CK — cunoBuii KOMyTaTop.

BII — 6anactHuii mpucTpiil.

[TJIK — nmporpaMoBaHuii TOTTYHUN KOHTPOJIED.



BCTYII

AkTyanpHICTh TeMmH. Posmosinene BupoOHunTBo (PB) abo posmnominena
rerepamis (PI') enextpoeneprii epeKTHBHO MOEIHYE TEXHOJOTIYHI JOCSTHEHHS,
BBO/ISIYM HOB1 KOMITOHEHTH €HEPrOCUCTEMH, MOKpAIllEHE YIPABIIIHHS, BIHOBIIOBaHI
JoKepenia, MPOCTHH 3B'S30K Ta BEO-TEXHOJOTI], BIAKPUBAIOUN IIIAX JJIS TaK 3BAHUX
IHTEJIEKTYIbHUX MEpexX. TEeXHOJOrisl pO3MOJIICHOI TeHepallii 3HaXOAWThCS Ha
MepeTHHI EHEPrOCUCTEM, CUIIOBOT €JICKTPOHIKU, TEXHIKH YIIPaBII1HHS, BITHOBIIOBAHUX
JKEpel EHeprii Ta CHUCTeM 3B'A3KY, SIKI HE € B3a€MOBHUKIIOYHUMH. Kirodosi
OCOOJIMBOCTI 1HTErpallli BIJHOBIIOBAHUX JDKEpPET €HEprii y pOo3MOAUIbYY MEPEKY
BKJIIOYAIOTh MIHIMI3allll0 BTpaT, CTAOUIbHICTh HANpPyTH, TMOKPAIIEHHS SKOCTI
CJIEKTPOCHEPT1] Ta HU3bKY BapTICTh CIIOKUBAHHS, 3yMOBJICHY OaraTUMU MPUPOTHUMU

peCypCaMu, TAKUMU AK COHAYHA abo BiTpOBa CHGpI’iSI.

Bunukaroua B ycbOMy CBIT1 TEHJEHIISA AEPETYIIOBAaHHS PUHKY €J1EKTPOCHEpPril
IOCITY’KUJa OCHOBOI IIOMITHOTO TMpOrpecy B MapajurMi po3MOJLICHOI YHu
po3ocepepkeHo1  TeHepamii 3 JONOMOrOH  BUKOPUCTAHHS  HEBEJIMKHUX
(GOTOECNEKTPUYHUX UM BITPSHUX €JIEKTPOCTAHIIIN Ta yCYHEHHS HEMHUHYYUX HEIOMIKIB,
SK-OT BIJIKJIFOYEHHSI €JIEKTPOEHEPrii, HU3bKa SKICTh, PEryjlOBaHHS Hampyru Ta
30UTbLIEHHSI BTPAT KOMIIOHEHTIB y KOMEpUIHIN Ta moOyToBii iHppacTpykTypi. Ll
HEBCJIMKI €JIGKTPOCTAHIIl, BCTAHOBJICHI Ha CTaHIISIX, HE TUIBKKH 3a0€3IeUyIoTh
SKICHIII TOCITYyTH CIIOXKMBadyaM sIK PE3EepBHI JKepesa, ajie TaKoX YCYBalTh
3a0pyaHEHHS, BUKUIU TAPHUKOBUX T'a31B Ta TJI00aIbHE MOTEILIIHHS.

3acTocyBaHHSA BITPSHMX Ta COHSYHUX EJICKTPOCTAHIIA TMOTYXKHICTIO BIJ
nekuibkox KBT 1o MBT B 1aHMil 4ac € 4aCTUHOIO PO3NOALIEHUX €HEPropecypceiB, sKi
BKJIFOYAIOTh pearyroyi HaBaHTaXXEHHS 1 HakomudeHHs eHeprii. Ile Takox 3HUKYE
noTpedy y pO3MIMPEHHI pO3MOAUTy Ta Mepeaadi 3 ypaxyBaHHSM OCHOBHHUX BHUMOT
BEJIMYE3HUX eJieKTpocTaHii. Haitbinbin npuBabiiviBa nepcrneKkTuBa Mojsrae B TOMy,
mo BJIE BCTaHOBIIOETHCS HABKOJIO MEPEXKIi, sIKa 3HAXOIUTHCS OJU3BKO JO CTOPOHU

CIOKMBaya, 1100 MIHIMI3yBaTH BTPATH MOTY>KHOCTI Ta MaJ{IHHS HAIIPYTH.



BropoBamxkenns PI' 3 BUKOpUCTaHHSM BITHOBIIIOBAHUX JIXKEPEN €HEPTii BUT1THO
JUIs cTalumizanii eHeprocucTeMu Ta 3a0e3nedeHHsT HallHHOCTI TP 3HMKEHHI BUTpAT
Ha reHepaiio Ta po3noaii. [llo6 moBHicTio BuKopucTaT noteHmiany PI', morpioHa
HaJIliHA CUCTEMA KepyBaHHS.

Mera poOoru: minBHIIEHHS e()EKTUBHOCTI aBTOMAaTH30BAaHUX CHCTEM
KEepyBaHHS PO3MOALIOM JIKEpEN eHepro3ade3neyeHHs miAnpueMcTBa.

3amagi J0CIIHKEHHS:

1. BukoHaTH OryIsAm JiTepaTypu 3 TEMHU NOCHIKEHHs. Po3risHyTH cydacHi
CUCTEMHU KEpyBaHHsI pO3MOJILIIOM JHKEPEN eHepro3ade3nevyeH s NiAIprueMCTBa.

2. PO3rasiHyTH LUISAXW BAOCKOHAJIEHHS CUCTEM KE€PYBaHHS PO3MOLIOM JIXKEepen
eHepro3ade3neyeHHs MiIMpPUEMCTBA.

3. Po3pobutu cucremy KepyBaHHS pO3MOJALIOM JHKEpes eHepro3ade3neueHHs
H1AIPUEMCTBA.

4. TlpoBectu imiTaIlliHEe MOJIEITIOBAHHS PO3POOJIEHOT CUCTEMH 3a JIONIOMOTOI0
Matlab/Simulink.

5. HaBectn pe3ynbTaTu JOCHIKEHb pPO3POOJIEHOI CUCTEMH KEpYBaHHS
PO3MOILIOM JIPKEpeN eHepro3ade3nedeHHs miAnpueMcTBa.

O0'ekT n0CaiTKeHHSI — TPOIEC PO3MOAUTY JKEpesl eHepro3ade3neueHHs
H1IPUEMCTBA.

IIpeamMer noc/igskeHHs1 - aBTOMAaTH4YHA CHUCTEMa KEPYBAaHHS PO3IOALIOM
JKepen eHepro3ade3neueHHsl MiAIpUEMCTBA.

MeToau IOCTiIKEHHSI: aHaTI3y, TNMOPIBHSIHHS, CTATUCTHKH, JOCIIKCHHS,
IMITAlIHHOTO MOJEIIIOBAHHS, TPOCKTYBaHHSI.

HaykoBa HOBHM3HA OTpUMaHUX pE3yJIbTATIB TOJSATa€ y BIOCKOHAJICHHI
ICHYIOYMX  aBTOMATH30BAaHUX  CHUCTEM  KEPYBaHHS  PO3MOAUIOM  JDKEpen
eHepro3ade3neyeHHs MimpUeEMCTBA.

IIpakTuyHe 3HAYEHHH OJICP)KAHUX PE3YJIbTATIB: PO3POOJICHY MAaTeMaTHUHY
MOJIENIb ONTHUMAJIBHOTO PO3MOJAUTY JKEPEN eHepro3ade3NedeHHs IMiANPUEMCTBA
MOKHa 3aCTOCOBYBAaTH Ha TMPAKTUI[l TMPU TMPOCKTYBaHHI aBTOMATHYHUX CHCTEM

KEpyBaHHS.
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1 0TJIA A JUTEPATYPHU 3 TEMU JOCJIIKEHHSA. CYUACHI
CUCTEMMU KEPYBAHHSA PO3ITOAIVIOM /IKEPEJI
EHEPI'O3ABE3INNEYEHHS IIIAITPUEMCTBA

1.1 AkTyajabHicTh KepyBaHHsI PO3MOIiJIOM JKepesl eHepro3zade3nedeHHs!
niAnpueMCcTBA

3pocTaHHs eHEPrOCIOKUBAHHS € XapaKTEPHOIO PUCOI0 CYy4acHOro JtocTBa. J{o
HEJJaBHBOTO Yacy PO3BUTOK E€HEPreTUKH HE 3yCTpiuaB MPUHIMUIIOBUX TPYAHOIIIB,
OCKUJIbKH 301IbIIEHHS] BUPOOHUIITBA €HEPTii BIAOYBAJIOCS B OCHOBHOMY 3a PaxXyHOK
30UTBIIEHHS BUAOOYTKY KOPUCHUX KOMAJIUH (IPUPOAHUIM ra3, HadTa, Byriuis), JOCUTh
3pydHHX B croxkuBaHHi. [lo TemepimHboro wyacy Ouibmie 75% enekrpoeHeprii
BUPOOJIIETHCA 32 PAXYHOK CIIAIFOBAHHS MIHEPAIBHOTO 1 OPraHIvYHOTO NaJIMBa.

OpHak eHepreTMka B)KE€ CbOTOJHI 3ITKHYJAcsd 3 BHCHAKEHHSAM CBOET
TPaAUIIMHOI CHPOBHUHHOI 0a3u B CUITy 0OMEXXEHOCTI KOTIAJIMH €HEPreTUYHUX PECYPCIB.
Kpim Toro, HadTa, ra3 i Byriyuisl € iHHOIO CUPOBUHOIO ISl XIMIYHOT IPOMHUCIIOBOCTI.

30epiraTi BUCOKI TEMIIA PO3BUTKY €HEPreTHKU LUISIXOM BUKOPUCTAHHS JIUIIIE
TpaJMIIHUX BHUKOIHUX JOKEpeJl €eHeprii crae Bce Baxye. 3a0pyIHEHHS
HABKOJIMILIHBOTO CEPEOBUILA TPOIYKTAMH 3TOPSIHHS 1 IEpEePOOKH BUKOITHUX JKEpel
€HEeprii, TOJOBHUM YMHOM BYTUUIS Ta SAEPHOTO MajuBa, € MPUYMHOKO MOTIPIICHHS
€KOJIOTIYHOI cuTyaIlii Ha 3eMJil. YiKe MPU CydaCHUX MaciiTabax BUpOOHUIITBA €HEPTii
MO>KJIMB1 HE3BOPOTHI HEOE3MEeUH1 3MIHU KIIIMATYy.

[ToniOHuMu  oOCTaBMHAMM  BU3HAYAEThCA  3POCTAIOYUMN  IHTEpeC 10
MOHOBJIIOBAHUX JIPKEpENl €Heprii, HIMPOKEe BUKOPUCTAHHS SIKUX B MalOyTHbOMY HE
IpU3Beie JO MOPYUIEHHS €KOJOTIYHOro OanaHcy 3emii.

CamMe TOMy TIiAMPUEMCTBA TMParHyTh TEpPEeHTH O  3aCTOCYBaHHS
aIbTePHATHBHUX JKEPEN eHepril 3a/1/1s MiABUIEeHHS eHeproedexTuBHOCTi [1].

P03BUTOK 1 BUKOPUCTaHHS BiIHOBIIIOBAJIBHUX JDKEpPE €Heprii, B TOMY YUCHl 1
BITPOBHX, € OJJHUM 3 IHCTPYMEHTIB MPOTHUIi1 3MIHAM KJIIMAaTy, sIKI B 1HIIOMY BHUIIAJIKy
TOPKHYTBCSI BCIX 3a MPOTHO3aMHU BUEHUX B HEAAJEKOMY MallOyTHbOMY. YKpaiHa Iie

SBUIIE HEe 00iiijie, aJ’Ke BXKE ChOTOJHI CIIOCTEPIraloThCs 3MIHU B 3BUYHUX I1IX0J1aX



11

CUILCHKOTOCTIOAAPCHKOTO BUPOOHUIITBA, CIPUYMHEH] HECTaOUIBHICTIO MOTOJAHHUX
MaTepHIB, K1 TAKOXK MOXYTh BUKIMKATH PU3UKU B Tally31 XapuoBOi OE3MEKH.

KpiMm 1mporo, nomarkoBum aprymeHToM Ha kopuctb BJIE € Toii ¢akTt, mo
MDKHApOJIHUN IMIDK YKpaiHu O0e3mocepeHbo MOB'I3aHUM 3 BUKOHAHHSM HHUM CBOIX
MDKHApOJIHUX 3000B's3aHb, B TOMY UYHCIl B YaCTHHI 3MCHIICHHS BHUKHIIB 1
3a0pyIHEHHS HaBKOJIMIIIHBOTO CEPEIOBUIIIA.

Takum 4MHOM, PO3BUTOK BIAHOBIIIOBAJILHUX, B TOMY UHCI1 BITPOBUX 1 COHIUYHUX
JDKepen eHeprii, € TO3UTHBHUM (AKTOpPOM TMpHU AOCTIDKEHHI BUPOOHHIITBA
CJIEKTPOCHEPTi.

Od4eBuaHO, IO 3aBASKHM BUKOPUCTAHHIO aJbTEPHATHBHUX JDKEPENI €HEpTii Ta
NpaBUIBHOMY PO3MOAUICHHI JOKEpeJl €eHEeprii MOKHa 3MEHIIMTH BUTPATU
HIIPUEMCTBA Ha €JIEKTPOEHEPTIIO.

Enepris BIiTpyY - 11e IEpETBOPEHHS BITPOBOI €HEPrii B KOPUCHUI BUJT €HEPrii 3a
JIOTIOMOT'O10 BITPSIHUX TypOiH, BITPOBUX HACOCIB a0 BITPHUII.

JIroi1 3aCTOCOBYIOTH €HEPTit0 BITPy MpoTsArom He MeHIe 5500 pokiB. CrioyaTKy
il 3aCTOCOBYBaJIM B MOpEIUIaBaHHI 1 Juig BEHTWJIALIL OyAiBens. [lepinl BITpsHI MIMHU
MOYaJiv 3aCTOCOBYBATH B 7 B. H.€. JUIsl 3pOIIICHHS 1 CTBOPEHHS Oopo1iiHa B AdraHicTasi,
Ipani ta [TakucraHi.

[TosiBa BOASHUX HACOCIB CTAJI0 MOXKJIMBUM 3aBJSIKUA TOIIMPEHHIO 1O BCHOMY
CBITY 3aJI3HMYHOTO TPAHCTIOPTY (MApOBUX JTIOKOMOTHUBIB), JIs SKOTO 1 3A1HCHIOBAIIN
B1JIKAYKY BOJIU 3 CBEPAJIOBHH.

CbOroJiHi €Heprisi BITPY PO3TISAAETHCS K IbTEPHATHBA TOPIOYMX KOPUCHUX
KOIAJIUH 3aBJIIKA TOMY, 1[0 BOHA € MOIIUPEHOI0 (PUCYHOK 1.1), BIIHOBIIIOBAJILHOIO,

YHUCTOIO 1 HE CTBOPIOE TAPHUKOBUX T'a3iB.
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Pucynok 1.1 - CsiToBuii moteniiian Bitpy [1]

BuxopuctanHs BITpOBOT €HEPIeTHKHU B CBITI 3pOCTa€ PEKOPAHUMH TEMITAMH, 1,
3T1JIHO 3 MPUHHATOI0 B €Bpocoro3i mporpamu, 10 2030 poky yacTKa eJIeKTPOEHEPTii,
BUPOOJICHOT 3 BIJHOBIIOBAHUX JIKEpes, MoBUHHA ckiactu He MeHme 30%. 1o
crocyeTbcss Ykpainu, To 1 >xoBTHS 2014 poky KaOMiH TakoX 3aTBepJuB
HanionanbHuil 1uaH i 3 pO3BUTKY BiIHOBIIIOBAHO1 €HEPTETHKHU.

JIOKyMeHT, B TOMY YMCIIi, iepeadadae, 1o yepes n'sTh POKiB MOHOBIIOBAaHUMU
JoKepeniaMu eHeprii B Ykpaini mae BupoOistucs He menie 11% enexkrpoeneprii. Ase
11€1 METH HE OYJI0 TOCITHYTO.

3rigHo ckopuroBanoi « Eneprernunoi ctparerii Ykpainu Ha nepion g0 2030 r.»
B Hamii kpaiHi B 2030 p moBuHHO BuUpoOmsATHCS He MeHme 30% Bim Bei€i
€JIEKTPOEHEPTii 3 MOHOBIIOBaHUX Jkepen eneprii (B/IE), Takux sik conue, BiTep, BOAU
pIYOK Ta iH.

VYkpaiHna BoJIOfll€ 3HAYHUMM pPecypcaMu BITPOBOI €Heprii 1 3aBASKA CBOIM
MPUPOTHO-KITIMATHYHUM XapaKTEPUCTUKAM MOKE BUMTH Ha OJIHE 3 MPOBITHUX MICIIb
B CBITI 10 BUKOPHCTaHHIO eHeprii BiTpy. Lle mokasye akTyanbHICTh 3aCTOCYBaHHS

BITPOBOI €Heprii Juisi eHepro3ade3neyeHHs miIpHUeEMCTB.
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Koxna kpaina BcraHoBmoe cBoi HopmMu Ta Bumoru 10 BEC. JlokymMeHTH, siki

pernamenTyioTh BuMoru 10 BEC aeskux 3apyOikHUX KpaiH, MpencTaBiIeH] y BUTIISII

pucynka 1.2.
CLLA Kanapa Himeuunsa [Hais Kutai
v US FERC v PLUS v ENTSO-E v CERC ¥ China Electric
v ERCOT v Canadian v VDE v Central Electricity Power Research
v 1SO New England electrical code v VDN Authority Institute
v NERC ¥ Manitoba Hydro v BDEW v Southern v Beijing State Grid
i Corporation
v IEEE ¥ BC Hydro v Tennet TSO Regional  Power g
7 PRC v CAN/CSA / DN Committee v National Energy
v Minist of Non- Administration
v ng_ v Hﬂp' v an_ Y
conventional v AQSIQ
Energy Sources v State Grid
¥ Indian Centre for Corporation

Wind Energy v Wap.
Technology

v" Bureau of Indian

Standards

v Wap.

Pucynox 1.2 — OCHOBHI TOKYMEHTH, 5IK1 periaMeHTyI0Th BuMoru 10 BEC

VY Garathox CBITOBMX HOPMAaTHUBHUX JOKYMEHTax BKa3zaHo, o BEC moBuHHa
OyTH B 3M031 aBTOMaTUYHO PETYJIIOBATH HAIIPYTy B €IEKTPUUHIN Mepexi [2].

OCKUIBKM HEMOJKJIMBO BUKOHATH OJIHOYACHO PETyYJIIOBAHHS HAIPYTd 1 COS O,
BIIXWJICHHS 000X YCTaBOK BHUPINIYIOThCSA, BUKOPUCTOBYIOUM KOC(DIIIEHT, SKHIA
HA3UBAETHCS «KOSDIIIEHTOM CTATU3MY», 200 TIPOCTO «CTATUZM).

Bci BEC noBunHi BriatoyaTucs B peryiatoBanHs U / Q eHeprocucTeMu TUM ke
YUHOM, IO 1 TpaauiiiHil enektpocrtanilii. KoopawHariss peryiroBaHHS HANpyTH
3MIIACHIOETBCS ONEpPATOpaMU CHUCTEM PO3MOALLY 1 Mepejadi eJIeKTPUYHOI eHeprii B
MEpEeKi 3araJibHOTO MPU3HAYEHHS.

Ha pucynky 1.3 mnpencraBieHe peryatoBaHHS Halpyrd 3a JIOMOMOIOKO

Koe(ilieHTa cTaTu3My.
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Pucynok 1.3- PerymoBaHHs HalIpyT# 3a JOMOMOTO0 KoedilieHTa ctatusmy [2]

Ha pucynky 1.4 mnpeacraBiieHi XapaKTepUCTUKM pPOOOTH CTaHIIITHOTO

peryinsropa.

Omax

Odroop

Umax

Oselp

Umin

Qdroop

Omin

Pucynox 1.4-XapakrepucTuku poOOTH CTaHI[IHHOTO PETyIaTopa Npy peryatoBaHHI

HAMPYTH 3 YPaxyBaHHAM «CTaTH3MY» 1 «30HOK HEUYTIMBOCTI» [2]

[Ipuknan peryjitoBaHHsS HANPYyTy MPEICTABICHUN HA PUCYHKY 1.5.
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Pucynox 1.5 - [lpukian peryntoBanHs Hanpyru [2]

B nesxkux pgokymentax mpencraBieHi npukiamn moxaeni BEC y ckmami EC

(pucyHok 1.6).

System B

Touxka >
TIIPHMHKAHHA i HV

Wind Farm

Pucynoxk 1.6 - Ipuknag moaeni BEC B ckaai EC [2]



16

Bumoru no cridikocti BEC npu npoBanax nanpyru B Kanani, Inaii, Kurai

MOKEMO TIPEACTaBUTH Yy BUTIIsII pucyHka 1.7 [3]

(20 Umnon)

Yac

(©)

Pucynok 1.7 - Bumoru 0 CTIHKOCTI MpH npoBaiax Hanpyru [3]

Bumoru 10 ydacTi B perystoBaHHI 4aCcTOTH MPEJCTaBIICH] HA pUCYHKY 1.8.

Active power

0 o o o o o

o

-k == =
i 1

4T.00

T T T T
50.00 I 51.00 5200 Frequency [Hz]

Pucynok 1.8 - Bumoru 10 y4acTi B peryinoBaHHi 4actoTu [3]
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Bci  namamtyBaHHS — 3aaloThesl 32 JIIIOYMM  3HAYeHHAM.  J[kepeno
eHepro3al0e3rneueHHs TMOBMHHO OyTH BiAKIIOYEHE a00 3yNMUHEHE, SKIIO0 BUMIPSHI
3HAYCHHS BUXOMAATH 3a TPAHUIIl JOTMYCTUMHX 3HAYCHb.

Takox akTyaJbHO 3aCTOCOBYBATH €HEprito coHlis. [loBHa cepenHs MOTYXHICTh
COHSIYHOTO BUIIPOMIHIOBaHHA Ha 3emuo craHoBuTh 1,2-10Y Br, T06TO Ha ommy
JT0IUHY Nipuraaae 61u3pko 30 MBT [4].

[ToTyXHICTh COHSYHOTO BUIPOMIHIOBAHHS 3aJICKUTh BiJ[ ITUPOTH MICIIEBOCTI,
nopu poky i 1o6u. KpiMm TOro, moTyXHICTh COHIYHOTO BUIIPOMIHIOBAHHS TTPAKTUIHO
nocsirae moBepxHi 3emuni (TOOTO 3a BUKJIIOYEHHSM BTpaT y aTtMmocdepi), 3aJeKHUTh
TaKOX 1 BIJl cTaHy arMoc(epu (HasBHOCTI XMap, TymMaHy, nuiay Ttouo). Tak sk cTaH
aTMoC(epH 3aeKUTh BiJl 0araTbOX BUIIAJKOBUX YHHHHKIB, TO J00OBI 1 piuHI rpadiku
HAJIXO/HKCHHS COHSIYHO1 €HePTii MaroTh CKIAHUIN XapakTep.

Cymapna consiyHa pazianis E, Bkiodae B ceb¢ BUITPOMIHIOBaHHS, 110 11a/1a€ HA

TOPU30HTAJIbHY 3€MHY MOBEPXHIO, BOX BUIB: Ipsime 1 iudysHe [7]:

Ecyum = Ep + Efpsina, (1.1)

ne E,, — nmpsMe COHSYHE BUIIPOMIHIOBAHHS (sBJIf€ COOOI MOTIK
BUMNPOMIHIOBaHHS, 110 HAJIXOJUTh BiJl COHSIYHOIO JIUCKA 1 BUMIPIOETHCS B IUIOIINHI,
NEPHEHANKYJIAPHIA COHTYHUM IPOMEHSM );

E, — nudy3He BUNPOMIHIOBAHHS (HAIXOAMTHh HAa 3€MJIIO BIJ] 1HILOI YAaCTHUHU
HeOecHOI miBcdepu, po3CIIOI0UNUCH PU MPOXOKEHH] uepe3 aTMochepy);

o — Bucota COHIS — KyT Y BEpPTUKAJIbHIN IMUIOMMHI (KYT MTIIHAOMY Ha
TOPU30HTOM).

3HaTH BUCOTY COHIIS Ayxe BaxnBo. [Ipu Benukiit Bucoti CoHIIsl 301IbIITY€EThCS
YHUCJIO CBITJIOBHUX T'OJIMH, M1/ 9ac SKUX MOYKHA aKyMYJTIOBaTH COHSYHY €HEPrito, B TOMY
quCi 1 )11 3a0e3MeYeHHsT €eHePreTUKOTO TMIINPUEMCTRA.

KinbkicTh cOHSYHOT pajianii B pi3HUX MICHEBOCTAX YKpaiHU CUIIBHO 3aJICKUTh
Bl iXx reorpadiyHUX XapaKTePUCTUK, KiIiMaTy (I HaBITh MIKPOKIIMATY) 1 BaKKO

MIPOTHO30BaHUX (haKTOPIB.
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BaxxnnBorw XapakTEpUCTHKOIO paaiallifHOTO PEXUMY € TaKOXK TPHUBAJICTh
COHSIYHOTO CSITHHS. Y 3aJ€KHOCTI BiJl CE30HHHX OCOOJMBOCTEH JOOOBOTO XOIY
XMapHOCTI B TOMY YH 1HIIOMY pailOH1 PETioHy Mepioau 3 Oe3nepepBHOIO TPUBATICTIO
COHSIYHOTO CSBa MOXYTh BIIHOCUTHUCS JIO PI3HUX YacTUH IHA. OcTaHHS 0OCTaBUHA
Ma€ BaYXJIMBE 3HAYCHHS IS OLIHKYA HAJIXO/HKEHHSI COHAYHOI pajiaiii 10 IpUHOMHHUX
MMOBEPXOHb, OCKIJILKU HAWO1IbIIa IHTEHCUBHICTD 11 CIIOCTEPITaEThCs B O0ITHIO TOPY.
Tomy BakiuBO, 100 came Ha Il Yac MpuIrajgaia MakCUMallbHa MOBTOPIOBAHICTb
COHSIYHOTO CSAWBA.

HaiiBaxxnuBimry posib B €eKTHBHIA poOOTI TeliOyCTAHOBKU TPa€ TaK CaMo
ONTUMAaJIbHA OpIEHTAaLlsl MpUiiMaya COHSYHOI €HEeprii, fKa BU3HAYAEThCS TpPbOMa

OCHOBHMMM KyTaMH — IIMPOTOIO0 MICISI pO3TalllyBaHHsS MpUiiMada ¢, rOAMHHUKOBUM

KyTOM @, cxuieHHsM CoHlis J (pucyHok 1.9).

C

Pucynok 1.9 — Cxema ysiBHOTO pyxy CoHIlst 10 HeOy [4]
Kapra po3noBcio/iKeHHsI COHSYHOI €Heprii Ha MOBepXH1 3emill HaBeleHa Ha

pucysky 1.10.



19
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Pucynok 1.10 - KapTa po3noBCroPKeHHS COHSYHOI eHeprii Ha moBepxHi 3emi [4]
HatiGinem akTyansHuM € Bukopuctanas BJIE niis HeBemukux miAnpueMCTB 31
3MIHHUM T'padikoM HABaHTAXKEHHS, K JI0JATKOBI T€HEPYIOUl MOTYKHOCTI.
OCHOBHUM B TaKUX CHUCTEMax OyJie JKMBIICHHs BiJl MEPEXi, 1HII €IeMEHTH
OyIyTh BUKOHYBATH JOMOMIXHY (DYHKIIit0 TPU HEOOXiTHOCTI.

[Tpuxnan Takoi cucreMu eHepro3ade3neueHHs HaBeAeHUI Ha pucyHky 1.11.

Consuni poromoxy.i

Tiopuaauii
i KOHTpO.TED

Mepexa

Hixnpuemcreo IusepTop

AKyMy.ISITOpHA
daTapest

Birporenepatop

Pucynok 1.11 — IIpuxnan cucremu eHepro3adbe3nedyeHHs 3 3aCTOCYBaHHIM

BJIE



20

[Ipu3HaueHHs €IEMEHTIB CXEMHU:

1) Consuni (hOTOMOYJI — TOAATKOBE JKEPEIIO CHEPTii, MABUIIYE HATIHHICTh
CUCTEMU;

2) BiTporeneparop - BUpoOJisie TUM OLIbIIIE €HEPTii, YUM BHUIIE MBUAKICTH BITPY
(Bim 3 m/c);

3) TI'iOpuagHuii KOHTpoJep — MepeAae 3apsA]l Ha aKyMyJsTOpU Ta 3yMHUHSE
CUCTEMY INPHU HAJIUILIKY €HEPT1i;

4) [aBepTOp - MEPETBOPIOE MOCTIMHUN CTPYM Ha 3MIHHUIA.

Kpim 11boro, MoKyTh OyTH BCTAaHOBJICHI:

5) Akymyisaropra Oarapest (Li-ion, Li-Polymer) — 3anacae enekrpoeHepriio ta
32 HEOOX1THOCTI BKHJIA€ ii B MEPEKY.

6) 'a3oTypOinHa ycraHoBKa. ['a30TypOiHHA yCTaHOBKA MOKE THYYKO pearyBaTH
Ha 3MIHH B eHeprii BiTpi Ta CoHIle, 3T1a)KyI0Ud KOJMBAaHHSA Y BUPOOJICHHI €JIEKTPUKU
BiJl IIUX JpKkepen. ['a30TypOiHHaA ycTaHOBKA 3/1aTHA OyJe 3MIHIOBATH MOTYKHICTb, 110
BUpOOJIsieThCA, 30epiratoun Bucokuid KK/ HaBIiTH Mpu 4acTKOBOMY HaBaHTA)KEHHI.
BiaMiHHI BIaCTUBOCTI B TOMY, IO B Fa30TypOIHHIN €IEKTPOCTAHIIT MOXKHA 3HH)KYBAaTH
MOTYXXHICT, 0e3 3HayHoi mkoau im. I[lo Mipi HeoOXigHOCTI Ta30TypOiHOBa
€JIEKTPOCTaHLIs MPALOBATUME Ha TIOBHY MOTY>KHICTb.

[{i B1acTUBOCTI JO3BOJISIIOTH MIANPUEMCTBY OpaTH MEHIIE €IEKTPOCHeprii 3
MepexXi, BUPIBHIOBATH HAMPYTY, MIABUIIYIOTh HAAIMHICTh, HAKOMTUIYBATH CHEPTIIO B
nepioJ il HU3bKOI BApTOCTI Ta BUAABATH €JIEKTPOCHEPTII0 Y MEPi0Ji BUCOKOT BAPTOCTI.

Takum uunoM, 3actocyBanHss BJIE B cucremax eHeproszabe3nedeHHs
MiIPUEMCTBA € AKTyaJTbHAM.

OkpiM 1OTO, TIOCTAa€E TMHTaHHA B KEPyBaHHI PO3MOAUIOM JIKEpe
CHepro3ade3rneucHHs 33,11 3MEHIIICHHS BUTpaT Ha elleKTpoeHepriio [5,6].

BukoHaeMo MOCTaHOBKY 3aJ1a4yl ONTUMI3AIlll BAPTOCTI 3aKyNKHU €JIEKTPOEHEPTii
3 Bukopuctanssm B/IE.

Jlnst mignpueMcTBa BimoMHE Tpadik €HEProClOXKUBAHHS, SKUW OMUCYETHCS
nepioguyHoro ¢yHkiieo D(t) 3 nmepiogom T, mo aopiBHIOE oAHINA 1001, Ta Tpadik

3MIHU Tapudy IpOTATOM 100U, III0 OMUCYEThCS PYHKITIEIO Cc(t). Hexaii miampuemMcTBO



21

Mae MOXJIMBICTh HAKOIMMYEHHS €JEKTpoeHeprii B akymyistopax. [lorpiGHo
BU3HAUUTH N000BUH rpadik 3aKyIiBIl €IEKTPOCHEPrii, 0 3abe3nedye MiHIMalbHI
CyMapHi BUTPATH Ta HEOOX1THHI 00cAT HaKomu4IyBadiB [5].

[Ipy 1bOMY BBaXKa€ThCs, IO BHUTPATH Ha KymiBiao enekrpoeHeprii Cp
OOYHCITIOIOTHCS K TOOYTOK 00CSTY 3aKyIUIEHOT €JIEKTPOSHEPTii Ta MOTOYHOI BapTOCTI
3riHO 3 TapudoM, a BUTpaTu Ha 30epiranus enekTpoeHeprii Cs BU3HAYAIOTHCS JIUIIIE
aMOPTHU3aI[iHHUMH BiJlpaXyBaHHSMHU Ha MPUAOAaHHS HAKONMWYYBadiB 32 YMOBH, IIIO
H0oro BapTICTh MPOMOPIIiiiHa 10 00CsTy.

Cymaphi Butpatu Cgyy - L€ CyMa BUTpaT Ha 3aKyIBIIO €JIEKTPOEHEprii 3
€HEpProMepesxi Ta Ha 30epiraHHs eJIeKTPOCHEPTil B HAKOIIMYYBavyax Ta BUZHAYAETHCA 32
dbopmyiioro:

Ceym = Cp + Cs. (1.1)

Buxoasuu 13 NOCTAaHOBKHM 3aBJIAaHHS, BUTPATH HA 30€piraHHsl €JIEKTPOEHEprii
MOXYTbh OyTH PO3paxoBaHi 3aJICKHICTIO:

Cs = apg max(X(1)), (1.2)

JI€ apg - T0OOBA aMOPTH3allisl HAKOTIMYYBAYiB y po3paxyHKy Ha 1 kBt-rox:

X(®) = [;(P() - D(1))dt + X,, (1.3)
ne P(t)i D(t)- KiJbKICTh €JIEKTPOCHEPTil, 0 KYMy€eThCS 1 CIIOKHUBAETHCS 3a
OJIMHUIIIO Yacy;

Xo - HEOOXiAHUN 3alMIIOK Ha T[OYaTOK PO3PaxyHKOBOTO Tepiody, IO

BU3HavaeThes 3 ymoBu X(1)>0.

Burparu Ha 3akymiBitto enekrpoeHeprii 3a nepion (0.t) MoxyTs OyTu oOuuncIieHi

K.
t
Cp = J, P(Mc.(D)dr. (1.4)
Takum 4yrHOM, HEOOX1THO BUPIIIUTH ONTUMI3AIlIHY 3a7a4y:
P(1)=?: Ceyu(P(8)) » min. (1.5)

[Tpu iboMy 00OcsaT HaKOMYYBa4iB MOKHA po3paxyBartu 3a popmyioro (1.3). s

(GyHKLIT CMIOKUBAHHS MOYKHA 3aIMCATH JIBI YMOBHU:

J, P(t)dt = [, D(t)dt. (1.6)
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YmMmoBa (1.6) - piBHICTh CyMapHOI 3aKyIUICHOT Ta CIIOXKHUTO1 €JIEeKTPOSHEeprii 3a
7100y;

P(t) = 0. (1.7)

OyHKIIIs HE MOXKe HaO0yBaTH HEraTUBHUX 3HAYEHb, OCKIJIBKHU 1€ 03HA4aJo 0, 110
CJIIEKTPOCHEPT1S KIPOTAETHCS» Y MEPEKY.

CuiseigHomenss (1.5) 1 (1.6) HeckJ1alHO BUKOHATH, SKIIIO BU3HAYUTH (DYHKIIIO
3akymiBii P(e) uepe3 macimraOyBanus ¢yukmii f(t), obmacts 3HaueHb (QYHKINI SK
R(e[0,y], ne y - nmeska nojgaTHa KOHCTAaHTa, 3HAYCHHS SKOI JUIS 3PYYHOCTI
00YHCIICHb MOXE OyTH MPUAHATO PIBHUM OUHHMII [6].

@DYHKII0 3aKyIBI1 MOKHA 3aIIUCATH TaK:

_ foTD(‘r)d‘r

P(t) = ——
© 3 fdr

f(®. (1.8)

VY takomy (hopmystoBaHHI 3aBIaHHS 3BOJUTHCS 110 3HAXODKeHHS QyHKINT f{(t).
Ile 3aBmaHHS BIJHOCUTBHCS /10 KJIACY HEKOPEKTHO MOCTABJIEHUX, 1 MOT0 BUPIIICHHS
Oyze 3anexxaTume BiJ (OpMH, B K1 HOT0 IIYKAaTUMYTh [6].

[Tonryk BeTWYMH 3aKyIiBII1 €JIEKTPOEHEPTIi HAa KO)KHOMY 1IHTEpPBAJIi € 3aBIaHHIM
OaratokpuTepiaJibHOI onTUMIi3alii. PeryiatoBaru 1 onTuMi3yBaTh (PyHKIIIO 3aKyIBII
P(t) 3 ypaxyBanusM BJIE MOXIMBO 3aBASIKM 3aCTOCYBAaHHIO CHCTEM KEpyBaHHS

PO3IIOIIIIOM JKEpEIl eHepro3ade3neyeHHS.

1.2 AHaji3 npuHIUNIB pPo0OTH CHUCTeM KePYBaHHS PO3MOJALIOM IkKepeJt

eHepro3ade3nevYeHHs! MiANPUEMCTBA

PosrnsaeMo mpuHIMIT poOOTH CHCTEM KEpYBaHHS PO3MOJIIJIOM JDKEpel
eHepro3ade3neueHHs MiAMPUEMCTBA Ha IPUKIIaAl QYHKIIIOHATBHOT CXeMH, HaBEACHOT

Ha pucyHKy 1.12 [7].
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Pucynok 1.12 — [Ipuknag pyHKIIOHATBHOI CXEMHU CUCTEMHU KEPyBaHHS PO3MOALIOM

JOKepe eHepro3ade3nevyeHHs MianpueMcTBa [7]

Ha pucynky 1.12 npencrasneni HactynHi no3HaueHHs: K1 - kontponep KbH;
K3 - 3aranpHuii kouTposep moayns; K2 - konrponep JJHIIC; 1.1 - konTpOas ctpymy
CTymeHs; 1.2 - TaHIIOTM KOHTPOJIIO Ta YNPaBIiHHS BHYTPIIHBOI cuiioBoi cxemu Kb;

1.4 ta 2.1 - KOHTPOJIb Ta BUMIPIOBAHHS BHUXIJIHUX €JIEKTPUYHUX MapameTpis; 2.2 -

JIAHITIOTH KOHTPOJIIO Ta YIPaBJIiHHS BHYTPINIHBOIO cmiioBoto cxemoro JIHIIC; 2.3

KOHTPOJIb Ta BUMIPIOBAaHHA eJNeKTpUuHuX mapamerpiB Ha crtopoHi AKb; JIHIIC

JMBOHampaBieHui meperBoptoBad ctpymy; AKB - akymynsaropra Oarapes; KbH

KCPOBAHC OajacTHe HaBaHTaKCHHS.
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Jlxepena moTy»KHOCTI B JIaH1M cXeMi OAUISIIOTHCS Ha J[B1 KaTeropii:

1) mpoBigHI Kepeaa €HEeProKOMIUIEKCY, IO 3aJal0Th YacTOTy Ta HaIpyry
CIIEKTPOMEPEXKI:

- AI'Y (sx OCHOBHE JKEpeno, 110 3aJa€ HAMPYTy MEPExKi);

- JHIIC i3 migkmouenumu AKDB (y pexxumi poO0TH aBTOHOMHOTO 1HBEPTOpPA);

2) BejeHl1 JpKepena, siKi MiJIaTOBYIOThCS i HaMpyTry MEpeKi Ta TeHEPYIOTh
MOTYXHICTb Y MEPEXKY:

- BEY;

- COEY.

Juzenb-reneparopHa yctaHoBka (I3) € OCHOBHHUM TPOBIJHUM JIKEPETIOM
MOTYXHOCTI Ta TapaHTOBAHUM JIKEPEJIOM BHJIaul MOTY>KHOCTI B TPUBAJIOMY PEKUMI
(32 HasABHOCTI BIAMOBIAHOTO 3amacy nanuBa). Jluzenb-reHeparopHa yCTaHOBKA B
CUCTEM1 JMHAMIYHOIO PETYJIOBAHHS HE PpO3TIANAE€ThCS K OO0'€KT aKTUBHOIO
YIPaBJIiHHS, OCKUIBKA Ma€ BJIACHY 3aMKHYTY CUCTEMY JUHAMIYHOIO PETYyJIIOBAHHSA 3
METOI0 MIATPUMKHM 3aJlaHOi Hampyrd Ta dYacToTH reHeparopa. Kontponepu
3MIACHIOIOTh aBTOMAaTWYHUK 3amyck/3ynuHky JI'Y 1numxom JAuMCTaHLIMHOIO
KepyBaHHs 3a mpotokojioM Modbus, Modbus TCP abo auckperHuMu peneiHUMH
CUTHAJIaMH. Y BUMAJIKY, SIKILO cyMa MoTyxHocTel Bix mxepen I1 ta 12, ycepennena 3a
nepion T, mepeBuIye 3arajibHy CIIOKHUBAHY MOTY>KHICTh, IPH TOCATHEHHI MAKCUMYMY
BukopuctanHsa eHeprii BJIE (sk Hacnmiok, MakCMMajdbHOI €KOHOMIi JM3eIHHOTO
NajanBa), 3aBJIsSKH pOOOTI CUCTEMH KEPYBaHHS 1CHY€E MOXIJIUBICTh BIJKIJIFOUEHHS BCIX
YCTaHOBOK €HEPrOKOMILIEKCY.

VY uboMy Bumanky nposinHuM kepenoM crae JJHIIC, skuil mepexoauts y
pPEXUM aBTOHOMHOTO IHBEPTOpPA Ta (POPMYE HANIPYTy MEPEKI.

3aranbHa CMOKMBaHA MOTY>KHICTh MIIPUEMCTBA BUBHAYAETHCS SIK:

Pcn (T) = PHp (T) + PBT(T) + PBH (T) + PKBH (T) (19)

ne Pen(T) - 3arasibHa crioxkuBaHa MOTYKHICTh, ycepenHeHa 3a nepioxa T;

Pup(T) - MOTYXHICTB, IO CHOXHBAETHCS TPIOPUTETHUMHU HABAHTAKCHHSIMHU,

ycepenHena 3a nepiona T;
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Pu(T) - moTyxHICTh, CIIO)KUBAaHA BTOPUHHUMH HABAaHTAKCHHSIMH, YCEPEIHCHA
3a iepioxa T;

Psu(T) - MOTYXHICTH CIIO)KMBAHHS CHCTEMH BJIACHHUX MTOTPEO EHEPTOKOMILIEKCY,
ycepenHeHa 3a nepioa T;

Pweu(T) - MakcHMaabHa TOTY)KHICTB, SIKA MOYKE OYTH BCTAHOBJICHA CHCTEMOIO
ynpasiinas 3a niepiog T maius KBH.

Cucrema ynpaniinas Binkmodae 'Y 1 nepexonuts Ha JIHIIC sk Ha npoBigHe
JDKEpeIio 3riIHO YMOBHU:

Pee(T) > Peu(T) + P, (1.10)

ne Ppye(T)— cymapHa enekTpuyHa NOTYKHICTb, III0 TEHEPYETHCS B MEPEIKY Bifl

ycix mxepen notyxHocTl Ha 0a3l BJIE (cyma notyxxnoctelt 11 Ta 12), ycepeanena 3a
nepioxa T;

Pxs - Kopuaop Oe€3leKu 3a TMOTYKHICTIO, IOCTIMHA BEJIMYMHA, WIO0
BCTAHOBITIOETHCS IIEPCOHATIOM 200 OOUHUCITIOETHCS AITOPUTMAaMHK MIPOTHO3Y [7].

Tako> B 1aHiil cucTeMi MOKHa Mepen0auynT ONTUMizailito 3rijHo 3 (1.5).

Y upomy pexumi nependadaerbes podora JHIIC 13 30BHimHBOI0O AKB y
pexumi 1uKIigHOTO 3apsay/po3psaay AKDbB 13 3amaHo0 TiaMOMHOIO IHMKIIYHOTO
po3psany AWip axs (kBT ron).

Jist posyminas npuniumny ¢yukiionyBanns JIHIIC Baxxmuso 3HaTH, o JJHIIC
K TIPOBIJHE JDKEPENO EHeprii CTBOproe Hampyry (i3 3aJaHO0 aMIUITYJI0I0 Ta
4acToTO) Mepexi (mpu BiakioueHoMy JII'Y) Takox 1 B nepiofn 3apany AKb (nmpu
B1J1I0OpP1 MOTY>KHOCTI 13 MEpExKi).

Takum unnom, JIHIIC 3 AKDB cTtBOproe Hanpyry Mepexi 0e3nepepBHO Y BCIX
nepepaxoBaHux pexumax: mij yac 3apsny AKb, npu nepexoni AKb 3 pexxumy 3apsiay
B peXuM po3psiny, mia gac po3psay AKD 1 mpu mepexoni AKbB 3 pexxumy pospsiay B
pexxum 3apsany. et migxin 3abesnedye MoxauBicTh BukopuctanHs AKBb 3
aBTOHOMi€r0 5...10 XB mpu mOTyXHOCTI 3apsay/po3psay 10 % Big MakcUManbHOT
CTHOYKUBAHOI MOTYHOCTI B €HEPTrOKOMILJIEKCI.

[HmMMu  croBamu, [UIsi  (QYHKIIIOHYBaHHS CHCTEMH eHepros3abe3meueHHs

noctatabo 3actocyBaHHsi AKbB emuicTio, mopiBHsiHHOTO 3 HOMIHamoM AKD aBapiitHoro
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€JIEKTPOIIOCTavYaHHsI, ajie Mpu 1pomy ciijl BukopuctoByBatu AKbB 13 minBuiieHum

YHCIIOM IHUKIIIB 3apsy/po3psay [8].

1.3 Orasigx  cy4yacHMX CHCTeM KepPYBaHHSI PO3MOIIIOM  JIsKepes

eHepro3ade3neYyeHHs MiANPUEMCTBA

BignostoBaH1 pkeperia eHeprii BiiirpaBaTUMyTh BaXKJIUBY POJib y MallOyTHIN
eJIEKTpOMepexi. 3alIeKHO BiJl reorpadiyHOTO MOJIOKEHHSI Ta MEPEXKEBOI CTPYKTYpHU
BOHU MOXYTbh OyTH 200 B aBTOHOMHOMY, a00 B MIAKIOYEHOMY JI0 MEPEX1 CTaHI.

Ha pucynky 1.13 nmokazaHo OfHOJIIHIMHY CXEMY PO3MOIIILY0I MEPEXKI, Ha KN
HaBaHTAXXEHHS Ta T€HEepallis BCiX CMOKUBAYiB Ha KOXKHIN (a3l MOJIETIOI0THCS €TMHUM

Ta HABAHTA>KCHHSM.

S
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Pucynok 1.13 — OanosmiHiiiHa cxema po31oaias40i Mepexi [8]

He3Bakaroun Ha pexuM MIIKIOYEHHS 0 MEPEXi, OCHOBHUM IpPHU3HAUYECHHSIM
LUX pECypciB € 3HWIKEHHS BHUTpAaT Ha CHOXHMBaHHS enekTpoeHeprii. Ilpore 3

TEXHIYHOTO MOTJISTY MK IIUMH JIBOMA PEKUMaMU ITiIKJIFOUCHHS € PI3HHUIIS.
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B aBTOHOMHOMY pexuMi 3a3BHuYail TOJOBHOIO METOI0 € - 30amaHCcyBaTH
TeHepalilo Ta HaBaHTAXEHHs, 00 YHUKHYTH BIJKIIIOUYEHHS HABaHTAXKEHHS, IO
HeOaxkaHo [8].

OnHak y peXuMi MiAKIIOUCHHS JO MEPEeXi, OCKUIBKMA MATPUMKA MEpEexKi
JOCTYITHA, aucOanaHc MoOKe OyTH MOMyIIeHWA TeBHOIO Miporo. OmHaK 3HAYHUMA
nucOaiaHc MK TEHEpalli€lo Ta HaBaHTAKEHHSIM MOXKE CHPUYMHUTU MpoOJieMH 3
SKICTIO €JICKTPOCHEPT1i.

Posznoninene kepyBaHHS - 1€ e()EKTUBHUIA MIAXIJ 10 yNPaBIiHHSI MaOyTHIMU
IHTEJIEKTYIbHUMHU MEPEKaMHU 3 PO3MOAUICHUMH PeCypcamu.

VY jiTtepaTypi BUCBITJIIOBAJIOCS YIPABIIHHS PO3MOAUICHOI E€HEPreTUYHOIO
CHUCTEMOIO 3 BUKOPHUCTAaHHSM BiIHOBIIOBaHUX jpkepen. OmHa 3 mepiux pooiT Oyna
ommyOikoBana B 2001 polii Ta CTOCY€EThCS THTENEKTYAIbHOTO YIIPABIIHHS €HEPTIEI0 3
ypaxyBaHHSIM TaKHUX JIKEpEN €Heprii, K (POTOENEeKTpUYHI, BITPSHI Ta TpaaWLIiHI
CJICKTPOCTaHIIIi, @ TaKOX OINTHUMI3alli CUCTEMU 3 BUKOPHUCTAHHIM EHEPTreTUYHUX,
€KOJIOTTUHHMX Ta €EKOHOMIYHUX KpUTEPIiB [9].

OpHuM 13 MIIXO/IB, BUKOPUCTAHUX Yy HACTYIHI POKH, OyB AMCHETYEPCHKHIA
KOHTPOJIb 3 YPaXyBaHHSIM Pi3HUX CTPYKTYP JJI PO3MOIITICHUX EHEPTETHUHUX CUCTEM:
aBTOHOMHA CHCTEMa, 110 BKJIIOYAE JKepesia eHeprii BiTpy Ta conus [ 10], abo cucrema,
MiJKIF0YeHa 10 Mepexi [11], BkiIroyaroum BITPOBI Ta COHSYHI JpKepella eHeprii e
PO3IIIAIAI0THCS KIJIbKA CTPATEriil IUCTIETYEPCHKOTO YIIPABITIHHS.

3anpomnoHOBaHa CTPYKTypa YIPaBIIHHS PO3MOMAITBYOI0 MEpEeXKero, sKa
KOOPJIMHYE JIeK1IbKa pkepen eHepro3adesneuenns ([IE3), nokazano Ha pucynky 1.14
[10].

Jlns posnoauieHoro kepyBaHHs Kuibkoma JIE3 mepen0ayaeThcs HAsIBHICTh
KaHaiy 3B's13Ky Mixk cyciaHimu JIE3.

Kpim Toro, icHye Kepywouuil areHT, 3BaHMHU JIJAEPOM, SIKHUI KOHTPOIIOE

3aBaHTaXKCHHS MEPEXKi Ta iHiire koopauHaiito [IE3 mopasy, komau e HeoOXiaHo.
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KomyHikanilHi 3B'I3KH

Pucynok 1.14 — CtpykTypa yrnpasiiHHS po3Moiipuor0 Mepeskero [10]

o6 koopmunyBatu JI3E myis KepyBaHHS HAaBaHTAKEHHSAM, IJIs MEPExl
MPOMOHYETHCS PO3TIIIATH TPU PEKUMHU KepyBaHHS po0oTor0. Lli pexumu kepyBaHHS
MEpPEKEI0 MoKa3zaHi Ha pUCyHKY 1.15, 11 sikoro cOopMOBaHO YOTUPU OOMEKEHHS,
10 BU3HAYAIOTh PEKUMU YIIPABIIHHS MEPEXKEIO.

SIKIII0 3aBaHTaXCHHS MEPEIKi 3HAXOUTHCS B OaskaHoMY jiama3oHi (Sq%". 1 Sy
), Mepeka B HopMaibHOMY cTaHi. OTxe, Hemae notpedu y koopauHariiii JI3E Ha ocHoBi
BUMOI MEpeXi, 1 BOHM MOXYTh IMpaLIOBaTH B HOPMAJIbHOMY pexuMi. SKmio

3aBaHTAXKCHHS Mepexki nepeBuiye Sq%"

., MEpeka MepexouTh Y PEKUM KEpyBaHHS
MpU BHCOKOMY HaBaHTaXeHHI. Y 1pomy pexkumi ynpasiiHHs JI3E moBuHHI OyTH
CKOOpIMHOBAHI JIJIS 3aps/KaHHS Ta 3HUKEHHS HaBaHTAXKCHHSI Ha Mepexy. JlomaTkoBo,

SKIO 3aBaHTAXEHHS MEpeki MeHIme Sq*°"™

. M€pexa NEPEXOAUTh B PEKUM BHUCOKOTO
CIOKUBaHHS, 1110 03Hauae, 110 JI3E noBuHH1 OyTH CKOOPAMHOBAHI 1JIs1 PO3BAHTAKEHHS

Ta SBHMKCHHS HABAHTAXKCHHSA HAa MCPCIKY.
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Pucynok 1.15 — Pexxumu kepyBanHs Mepexero [10]

CucrteMa KepyBaHHS 1 PO3MOJLTY 32 BU3HAUCHHSIM IOB'sI3aHA 3 MOHITOPUHIOM
JAHUX Yy peajbHOMY 4Yaci. YTpaBIiHHS MOKE BUKOHYBAaTHUCS 4Ye€pe3 IIBHJIKHIA
JIBOCTOPOHHIN 1HU(POBUI 3B'I30K 3a JOMOMOTOI BIPOBAKEHHS TEXHOJIOTTYHUX
piteHs B iHppacTpykTypy eHepromnocradanns [11].

Takox MoOXxJIMBa IHTErpamiss MDK  MIKpOMepeXamMud Ta  BCEpEAMHI
CJIEKTPOCHEPTeTUYHOI KOMIMAaH1i, MNPUCTPOSIMHU, 110 TE€HEPYIOTh BIJHOBIIOBAHY
CHEpPTito, MPUCTPOSMU CIIOKMBUYMX HAaBAaHTAXCHb Ta CTOPOHHIMH OpraHi3allisMH,
TaKUMHU SIK CIIO>KMBaYl, MOCTAYaIbHUKU YK PETYJIIOI0Y1 OpraHi3alii.

EdexTuBHE BHUKOpPHUCTaHHS €MHOCTI 30€piraHHs BUSBWIOCA €(PEKTUBHUM
PIIIICHHSM TI1BUIIEHHS MPOJAYKTUBHOCTI IUX PO3MOAUICHUX CUCTEM, Ha K1 CHIIHHO
BIUIMBAE BUITAJIKOBICTh €HEPrii, 10 3a0e3MeUYyeThCsl BIIHOBIIOBAHUMU JKEPEIaMHu.
TakuM 4MHOM, CHCTEMa MIKPOBITPY BHUKOPUCTOBYE aKyMYJSTOpHUH OJIOK siIK Oydep
JUIS TIePIOJIIB BUCOKOTO HABAaHTAXXEHHS, a TaKOX JUIS MIATPUMKH HOPM SKOCTI
eJIEKTPOEHepTii, a B [12] cucreMu ynpaBiiHHS €HEPri€l0 MIHIMI3YIOTh BIIKIIIOUEHHS
CJIEKTPOCHEPT1l JUIsl KPUTUYHUX HABAaHTaXXEHb, 1 MAKCUMAJIbHO BUKOPHCTOBYBATU

B1IHOBJIFOBAHI JIKepesia eHeprii.
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[HI1 mpukiIaau cucTeM BKIOYAlOTh BUKOpUcTaHHS cucteM SCADA nis
peaitizamii CHCTeMH YIPaBIiHHSA PO3MOIUICHUMHA CHEePreTHYHHMH cucteMamu [13].
OnHak HaWOUIBII IIMPOKO BHUKOPHMCTOBYBAHMM IIIJAXOJOM OCTaHHI KiJIbKa POKIB €
ONTUMAJIbHE YINPaBIIHHA IIUMU cucTeMamu: B [14] HNpONOHYEThCS ONTHUMAbHA
CTpaTeris YNpaBIiHHA IS 130JIbOBAHOI CHUCTEMH Il KOOPAWHAII HaKOITHMYEHHS
€Heprii Ta JU3eJIbHUX TEeHEepaTopiB Il MaKCUMAaJbHOTO MPOHUKHEHHS BITPY MpHU
30€peKeHHI €KOHOMIYHOCTI CUCTEMH Ta HOpMajbHI po0OUl XapaKTEPUCTUKH; B [15]
MPOTMOHYETHCSI CXEMa MPOTHO30BAHOTO YIPABIIHHA €KOHOMIYHOIO MOJEIUIIO 3aiJis
JIOCSITHEHHSI ONTUMAJIbHUX €KOHOMIYHUX TMOKA3HUKIB B €KCIUTyaTalllfHUX BHUTpaTax
MIKpOMEpEXK1, aje HEe BpaxOBYIOUM TEpPMIHY CIykOum Oartapei; B pobOotri [16]
IPOMOHYEThCSI HOBHM MIAX1J JO YNPaBIIHHA MPOTHO3YBAHHSM PO3MOALICHOI
€KOHOMIYHOI MOJIEJI1, 3aCHOBAaHUH Ha JUCUIIATUBHOCTI, 11100 103BOJIMTH KOPUCTYBayaM
MIKpPOMEpPEXK ONTHMI3yBaTH CBOI BJAacHI BUTOJIM, aj€ 3aCTOCYHOK BPAaXxOBY€E TILIbKH
JDKepea COHSIYHOT eHeprii.

PosrnsHemMo (pyHKIIOHANIBHI CXEMH CHUCTEM KEpPYBaHHSI PO3MOJIIOM JIKEpes
eHepro3ade3neyeHHs MiIMPUEMCTBA.

[Mpuknan ¢pyHKIIOHATBEHOT CXeMH, HaBeAeHOT B po0OoTi [7], mpeacTaBiieHui Ha

pucyHky 1.16.
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Pucynok 1.16 — Ilpuknan GyHKIIIOHAIEHOT CXeMU CHCTEMU KepyBaHHS [7]
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JBonamnpasiienuii nepersoproBau ctpymy JAHIIC € nepeTBoproBauem cTpymy,
IO TEPETBOPIOE 3MIHHHUM CTpyM Mepexki Ha mocTiiHuil ctpym AKDB 3 mepeGirom
eneprii Bix mepexi 10 AKbB (pexum 3apsay AKB) B mepion criokuBaHHs €HEprii, Ta
noctiiHoro ctpymy AKD 110 3MiHHOTO CTpyMy Mepeski 3 mpoTikaHHsIM eHeprii Big AKbB
10 mepexi (pexxkum pospsany AKB) y mepioa BupoOHHUIITBa eHeprii. Sk moka3aHo BUIIIE,
JIHIIC Buctymae sk mpoBifHe JKepeno npu BiakmoueHux JAI'Y Ta mepeBuilieHHS
BUpoOseHoi yctaHoBkamu BJIE motyxHocTi coxkuBanHs. s JIHIIC BukopucTano
Cy4JacHY CXeMy Ha OCHOBI CTaTUYHOTO 1HBEPTOPA.

VY ckiagl TUIIOBOTO KOMIUIEKTY MepexeBoi yctaHoBKM BEY mpencraBnena
HACTYyITHUM OOJaJHAHHIM: BITPOKOJIECO 13 CUHXPOHHUM T'€HEpaTOpOM Ha MOCTIMHHMX
MarHiTax; BUIIPSAMIISY 3 KOHTPOJIEPOM YIPABIIIHHS TYpO1HOO (TOHI0JIO0) Y KOMILJIEKTI
3 peryiboBaHUM Oanactom; MmepexeBuil iHBepTop BEY Jlanuii TUoBHiA KOMILJIEKT
MPOIOHY€EThCS OUIBIIICTIO BUpOOHUKIB y BUrisiali BEY moryxwictio Big 30 mo 200
KkBT.

MepexeBuii 1HBeprop BEY 3 mormsay ¢QyHKIIOHYBaHHS € IHBEPTOPOM,
BEJICHUM MEPEXKEIO.

Jlyist 1boro 1HBEpTOpa OOOB'SI3KOBA HASIBHICTH HANpyru, ToOTO, cepiitHi BEY
3/1aTHI (DYHKIIIOHYBATH JIMLIE 332 HAABHOCTI HANpyru (Ipu 3HUKHEHH1 Hanpyru BEY
BIJIKJIFOYAIOTHCSL B PEKMMI 3aXUCTYy «BTpaTa Mepexi»). Y 3arajbHOMY BHUIIAJKY, IO
O3S AAEThCA, Mepexka 3aaaeThes Hanpyroto 1Y uu nanpyroro JTHIIC.

VY ITAM nepenbdayeHo MOXKJIMBICTh 3MIHM HAaCTYIMHHUX MapaMeTpiB YIPaBIIHHS
BEYVY:

- 00MEKEeHHS BUX1AHOI MOTYKHOCTI Ha 3aJJaHOMY PiBHI;

- 00OMEXEeHHS KpYTOCTI 3MiHM MOTY>XHOCTI yacy (dP/dt) Ha 3aganomMy piBHi.

Buxigna notyxnicts BEY Moxe Oyt oOMexeHa 3BepXy 3a/laHuM 3HAUCHHSIM
Ha MEeBHUI NepioJ1 yacy, a KpyTICTh 3MIHU BUX1IHOI MOTY>KHOCTI MOKe OyTH 0OMeKeHa
3a gacom (dP/dt) [7].

COEY 3 mornsay BuIadi MOTYXHOCTI B eHeprocucreMy anaioriuna BEY.

Kinnesum npuctpoem COEY e inBeptop, Benenuit mepexero (sik 1 BEY). Haltuactime
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B iHBepTropax COEY @dyHKIII0O 0OMEXEHHs BHXIJIHOI TOTYXKHOCTI 3BEPXy HE
nepeadayeHo.

Kinpkicte CODY y Bumaaky He OOMEXEHa, OCKIUIbKU JDKEPETO € BEACHOIO
MEpEeXelo, Yy 3arajlbHOMy BHUIAJKy MOXJIMBA YCTAaHOBKA Oy/Ib-sKOi KUIBKOCTI
napajeiabHO NPAIIOIUMX JKepen [§].

VY3araapHIOIOY0I0 YMOBOIO JUHAMIYHOTO TMEPEPO3MNOJLITY TOTYXKHOCTI €
BUKOHAHHSI CITIBBIIHOIIICHHS 0ajlaHCy MOTYKHOCTEH: TMTOTYKHICTh CIIO)KMBAHOI €HEprii
B pEXHMi, [0 BCTAHOBWUJIACS, TOBHMHHA JOPIBHIOBATH MOTY>KHOCTI T€HEPOBAHOI
eHeprii. bananc moTy>kHocTel 3a0e3neuye cTadiIi3aliio YacTOTH Ta HAIIPYT'H MEPEXKI.

BropoBamxeHHs MoAI0HOT CUCTEMHU JI03BOJIMIIO 3HU3UTHU:

- BUTPATH eJeKTpoeHeprii Ha BiacHi notpedu 3 510 qo 160 tuc. kBrroa (611b1u
HIX Y 3 pa3n);

- BUTpATy Au3eIbHOro nanuea 3 719 no 416 tuc. 1 Ha pik (Ha 40%);

- 06csru BukuaiB CO2 Ha 600 T

Bce 1ie Bka3ye Ha e()eKTHUBHICTb 3aIPONIOHOBAHOI CUCTEMHU B poOOTI [8].

Takoxx po3risHEMO CHCTEMY KepyBaHHsS, SKa HaBelaeHa B poboti [17].
CrpoueHa OJIOK-CXxeMa, IO UIIOCTPYE CTPYKTYPY €HEPropo3MOJIIEHOI CHCTEMH,

MpEICTaBJICHA HA PUCYHKY 1.17.
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Pucynok 1.17 — Crpoiiena 6710k-cxema, 1110 1TI0CTPYE CTPYKTYPY

eHepropo3mnoiieHoi cucremu [17]
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VY cucreMy BXOIATHb JIBa JIKEpesia €Heprii, 3aCHOBaHI Ha TIEpPETBOPEHHI
BITHOBJIIOBAHOI €Heprii: BiTpsiHa TypOiHa Ta doToenexkTpuyHi maneni. L{i mxepena
BBOJATH CTpyMU lwr 1 Ipy B IPOMIKHHMIA JTAHIIOT TOCTIHHOTO CTPYMY, 1 3BIJICH MOTIK
eHeprii Moxe OyTH nepefaHuil ado JOKaJbHYy MEpexy, abo, 3pelITor, Mepexy abo
OaTapeto.

VY nepiromy BUMAKY, TOKK MEPEkKa MIJKII0YEHA Ta TOCTYIHA, OJIOK 3 HAIMCOM
«Inverter/APF» axktuByBye ¢GyHKIIIO (PUIBTpa aKTUBHOI MOTYKHOCTI Ta MOXKE
3a0e3MeUnTH BOCIPSMOBAHY TIepenady eHeprii, 3a0e3meuylouyd BUMOTH IO SKOCTI
CJIEKTPOCHEPTII IS TKITIOUEHHS IO MEPEexi.

SIK110 BITHOBIIIOBAHI JIPKEPENa BUPOOJISIIOTH OLIbIIE €HEPrii, HIXK MOTPIOHO 11t
3aJJOBOJICHHS MICIIEBUX CIOXXHBAYiB, a TaKOX 3a/J0BOJICHHS BHMOT JO 3apsaHUX
Oarapeil, mepefgadya eHeprii B MepeXy BHUKOHYETbCS Ha OCHOBI EHEPreTUYHOIO
OanaHcy.

OpHak, SIKIIO €Heprii, 110 HaAXOAUTD 13 BIAHOBIIOBAHUX JIKEPENl, HEOCTATHHO
1 HEOOX1THO 3a0€3MEeUNTH OTIK €HEePrii 3 Mepexi [ 3apsKaHHs aKyMyJIaTopa, TO/l
iaBepTop / APF mpairtoe B pexxumi LLIVM Bunpsimisiua. SIkmo mepexa HeOCTYIHA,
ook «IaBeptop/APF» mpairtoe nuiiie sk iHBepTOp HANIPYTH,

Jpyruii BUMAOK BIJIHOCUTHCS 0 MEPEXOay 3/Ha akyMyssTop. BaximBoro
YMOBOIO € T€, 1110 HAaKJIAJaeTbCsd Ha CUCTEMY KpUTEPIil MPOTYKTUBHOCTI, 110 MOKA3ye
piBEHb 3a0€3MEUCHHS PEXKUMY PETYIISIPHOT 3apsAKU/po3psiiku OaTapei (HaCKUIbKH 11e
MO>KJIMBO, BpPaxOBYIOUM, IO 1 BiJHOBIIIOBaHI JpKepesa, 1 HABAaHTaXEHHS MAaloTh
BUIIAJIKOB1 XapaKTEPUCTUKH).

Ils BuUMOra BBOAWTHCS 3a JOMOMOTOK KEpPyBaHHS JBOHAIPABICHUM
neperBoproBaueM "C dc-dc" ogHOYacHO 3 IHIIOK OJHOYACHOK BHUMOTOIO:
3MEHIIICHHSIM TIepe/iadl eHeprii.

IepapxiuHa cucTema KepyBaHHS MICTUTh JBa PiBHI: HUKHIN PIBEHb KEPYBaHHS,
KWW BITHOCUTHCS JIO0 CUCTEM KEPYBaHHS, 10 HAJIEKATh JO KOMIIOHEHTIB CUCTEMH, 1
OUTBIII BUCOKWUM PIBEHb, IO BIMHOCUTHCA JO0 KEPyBaHHA IMOTOKAMHU €HEprii, 3
ypaxyBaHHSM 3MIIIAHOTO KPUTEPIIO, SIKUH BPaXOBYE BapTICTh EHEPTii, a TAKOXK TEPMIH

ciry:x0u 6artapei.
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PeanizoBanuii HUXKHIM piBEHb JJII BITPOCHEPreTUYHOI CUCTEMHU 3abe3neuye
ONTUMAaJbHI PEKUMU BITPSHOI TypOiHH (3 MOTIISAY HAa €HEPTETUYHHM KPUTEPiit), TOOTO
3a0e3nedye MakCUMasIbHE MEPETBOPEHHS MOTYKHOCTI B 00J1aCTi 2 (PEKUM 4aCTKOBOTO
HaBaHTAXXEHHS) Ta 0OMEXEHHS MOTYXHOCTI B 00y1acTi 3 (06sacTh poOOTH 3 TOBHUM
HaBaHTAXKCHHSIM).

Kepytoue pilieHHs AJ1 COHSIYHOI €HEPreTUYHOI cucTeMu 3abe3nedye podoTy Ha
ONTUMAJIbHUX PEKUMAX XaPAKTEPUCTHUK, IO IPYHTYIOTHCSI HA MaTeMAaTUYHIA MO/l
doroenexTpuyHoi maneni. Cuctema ympasminHs «lHBepTOop/APF)» BUKOHYE pexum
[IIM iuBepTOp/BUNIPSIMIISIY, 3a0€3MeUyI0Ur PIBEHb BUXIJHOT HAIIPYTH Ta BUMOTHU J0O
SKOCTI €JIEKTPOEHEPT1i, N0 MPEeA'IBISIOTHCS 10 (PLIBTPA AKTUBHOT OTYKHOCTI.

Cucrtema ympapiinHa neperBoproBada «C dc-dc» 3abesneuye HampsMm 1
IHTEHCUBHICTh €HEPTii, 1110 TepeaacTbcs. Buluit piBeHb YIpaBiIiHHA peai30BaHUM Yy
«boul IHTENEeKTyalbHOr0 YIPABIiHHSA T4 KOHTPOJIIO ONEepariny.

VYpaBiiHHS CHCTEMOIO BHUIIOIO PIBHS IOB'A3aHE 3 PO3POOKOI0 AITOPUTMY
VIOPABIIHHS, SIKAWA BIANOBIJAE 3a MEpeAady eJIeKTPOEHEprii MK KOMIOHEHTAMH
CHUCTEMH: BIHOBIIOBAaHMMH JKEpEaMUd EHEprii, 3araJibHOJOCTYITHOIO MEpPEkKelo,
HaKOIMWYyBa4yeM eHeprii (6arapeero) Ta JIOKaTbHOI MEpPEekero (HABAHTAKEHHSIM).

®dyHKITIOHATBHA CXEeMa CUCTEMHU KEpyBaHHsI, sSKa MpejcTaBieHa B pooorti [18],

HaBeJieHa Ha pUCYHKY 1.18.
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Pucynok 1.18 - @yHkIliOHaIbHA CX€Ma CUCTEMHU KEPYBaHHSI PO3MOI1JIOM
JOKEpEN eHepro3ade3neyeHHs

B moni6HMX cucremMax KepyBaHHS HEOOXITHO 3aCTOCOBYBATH PETYIISTOPH.
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Ha pucynky 1.19 nokazana ctpyktypHa cxema cuctemu 3 [1IJ[-perynstopom.
[MIJ]-perynaTop MOpiBHIOE BHUMIpsSHE 3HAUYEHHs mporecy Y 3 3aJaHUM OIOPHUM
3HauYeHHAM Y o. [ToTiM pi3HHMIIS, 4 TOMIIIKA, €, 00POOISETHCS ITIs1 pO3paxyHKY HOBOTO
Bx17HOTO Mporecy U.

Lle#i HoOBHWII BXigHUM mnporec Oyae HaMaratucs HaONMM3UTH 3HAYCHHS

BI/IMipI-OBaHOFO IMponuecCy a0 3a1aHOIr0 3HAYCHH:I.

y
2052 PID |—"» System :

Pucynok 1.19 — CtpykTypHa cxema CUCTEMU KepyBaHHS 13 3aMKHYTUM KOHTYPOM Ha

ocHosi [1I/I-perynaropa

ANbTEpHATHUBOK CHCTEM1 YIOpPaBIIHHSA 13 3aMKHYTHM KOHTYpPOM € CHCTEMa
YIPABIIHHS 3 BIAKPUTUM KOHTYpOM. BikpuTuii KOHTYp ynpaBiiHHs (0€3 3BOPOTHOTO
3B'SI3Ky) y OaraThOX BHWITQJIKAX HE € 3aJ0BUIBHUM, 1 MOTO 3aCTOCYBaHHS 4YacTO
HEMOKJIBO Yepe3 BIACTUBOCTI CUCTEMH.

Ha BigmiHy Bim mpoctux anroputmiB ympasininas, [1IJI-perynsrop 3matHuit
YIOPABJISITH IPOLIECOM, IPYHTYIOUUCH HA MOT0 1CTOpIi 1 IIBUAKOCTI 3MiHU. Lle nae OiibI
TOYHMM 1 CTa0IIbHUN METO]T yIPaBIIIHHSL.

Pucynok 1.20 mokaszye cxemue pimenss III/-perymnsropa, ne Tp, Ti, 1 Td
MO3HAYalOTh IMOCTIMHI 4Yacy MPOMNOPUIAHOI, I1HTErpajbHOi 1 JudepeHIiaaIbHOl

CKJIAQJIOBUX BIJIITOBIIHO.
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Pucynoxk 1.20 — Cxema I /]-perynsitopa

[Tponopiiitna ckiragoBa

[Iponopuiitna cknagoBa (I1) gae kepyrouuit curHaia MOPOMOPIIAHO [0
oOuucnenoi nomuiku. Ha pucynky 1.21 cramioHapHa noMuika B 3HA4Y€HHI
CUCTEMHOTO TIpolLleCy 3'SBISIETbCS TMICIAS 3MIHM omopHoro curHamy (ref).

Bukopucranns 3aHanro Benukoro [1-uieHa 1acTh HECTIUKY CUCTEMY.

121

Pucynox 1.21 — Biaryk I[I-perynstopa Ha CXOAMHKOBY 3MIHY OIIOPHOTO CUTHAITY

InterpanbHa ckiagoBa. IHrerpanmbHa ckiagoBa (I) sBasie coboro cymy
nonepeaHix MmoMmiok. [lincymMOByBaHHS MOMHJIKM TpUBAaTUME 1O THUX TMip, MOKU

3HAQ4YEHHSI CUCTEMHOTO TIPOIIECY HE CTaHe JOPIBHIOBATH MOTPIOHOMY 3HAYEHHIO.
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Pucynok 1.22 nokasye crymnindactuil Biaryk I ta Il-perynstopis. Ak BugHO 13
pucynka, Biaryk Ill-perynsaropa He Mae CTalliOHapHOTO TOMUWJIKH, a BIATYK I-

pETyIsaTOpa € AyXKE TOBITHHUM.

— p|
-——— ref

Pucynox 1.22 — Biaryk I- ta [1I-koHTposepa Ha CXOIUHKOBY 3MiHY OMTOPHOTO
CUTHaIy

Hudepeniiiina ckiagoBa

Hudepenmianbia ckianoBa (/) sBisie cobor0 MBUAKICTh 3MIHM TTOMUJIKH.
JlonaBaHHsI 11i€1 CKJIaJIOBOI MOKpAIIly€ BIITYK CUCTEMU HA PaNTOBY 3MiHY ii CTaHy.

Pucynoxk 1.23 noxkasye Biaryku /[l 1 I1/] koutponepa. Biaryk I1/I-konTpomnepa
Jla€ MBUJIIE 3pOCTaHHS 3HaYEHHs npoliecy, Hix [1-koHTpoep.

[I-perynsTop Aae HalKpally MPOAYKTUBHICTh, OCKUIBKM BUKOPHCTOBYE BCI
ckianoBi pazom. Pucynok 1.24 mopisuroe I1, IT1, 1 [TI[-perynsaropu. I1I mokpamrye I1,

BUJIAJIMBIIN CTallloHapHY NoMUJIIKY, a [11]] mokparnrye I1I OuTbl MIBUAKKUM BIATYKOM.
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Pucynok 1.23 — Biaryk /I- ta [1/]-koHTposepa Ha CXOJIMHKOBY 3MiHY OIOPHOTO

CUTHaIy
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Pucynok 1.24 — Binryk I1-, I1I- Ta III[I-perynsropa Ha CXOAMHKOBY 3MiHY OIIOPHOTO
CUTHaILy
Takum yumHOM, akTyanbHO BuUKOpucToByBatH [II/I-perynarop B cucrtemi

KEpyBaHHS.
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Toit ¢akT, 1m0 MOTYXHICTh, HEOOX1AHA JJII HABAHTAXKEHHS, 1 TOTYXKHICTh, 1110
BUXOJIUTH 13 BIIHOBIIOBAHUX JDKEPEN €HEPrii, € BUMIQAKOBUMH BETUYMHAMH, BU3HAYAE
0e3iu cUTyallii, SKUMU HEOOX1THO KepyBaTH.

HasBhicTe OaTapei Ayxe BaKJIMBa HE JIMINE SIK HAKONMUYYBaud HAJJTUIIKOBOI
eHeprii 3 BIIHOBIIOBAHUX JKepen (10 CHpHsie MoAayl eHeprii Ha HaBaHTAXKEHHS i
yac AeIIUTy eHeprii), a i K «JIaT4uK» pIBHS 3apsiay.

3miHa Hanpyru Oartapei, sika 6e3MmocepeIHbO MOB'sA3aHa 13 3al1aCeHOI0 EHEPTIEIO,
3HAYHOIO MIPOI0 BiOOpakae €HEPreTUYHUN KOHTEKCT PO3MOALICHOI cuctemu. llei
KOHTEKCT MOKHa OXapaKTepu3yBaTH HAaOOpPOM CTaHiB, B SIKUX MOXXE 3HAXOAUTHUCA
IHTErpoBaHa cuUcTeMa. BekTop «cTaHiB» MoOXe OyTH BHU3HAYEHHUN: MOTOYHUM
3HAQYCHHSIM Hanpyru Oatapei, Vp, sIka BBa)KAa€ThCS MPOMOPILIMHOI HAKOMUYEHIN
eHeprii B CUCTEMI, 3MIHOIO HAaKOIUYEHO1 eHeprii AV Ta MporHo30BaHUM 3HAYEHHSIM
MOTY>KHOCTI JIJI BIAHOBJIIOBAHUX JIKEPEJT EHEprii Ta HaBaHTaXEHHS, dep.

BuxopucrtanHas mporHosiB s KOKHOTO 3 TPbOX CTYINEHIB HEPO3YMHO Ta
HAJMIPHO; BaXJIMBUI IPOrHO3 AEPIUUTY/HAJIUILIKY €HEPrii B pO3NOAUIEHIA CUCTEMI,
TOOTO PI3HUL MIXK OTY>KHICTIO BIIHOBJIIOBaHUX JKEPEIT €HEPrii Ta HAaBaHTAXKEHHSIM.
OT1xe, cTanu, K1 BiTOOpax)aroTh KOHTEKCT €HEeprii CUCTeMH, MOXKYTh OyTH BU3HAUCHI
BEKTOPOM:

x5 = [V, AV, de,]". (1.12)

Ha ocHOBI IUX CTaHIB CUCTEMa yNPaBIIiHHS BCTAHOBJIIOE HAMIPSIMOK Ta BEJIMUUHY
nepeaayl eJeKTPOSHEPTii Mk PO3MOIIIEHOI0 CUCTEMOIO Ta MEPEXKEIO.

AJTOPUTM YIIPaBIiHHSA MOXE PO3TJISAATH JIBA MiIX0/U, a CaMe:

- [Tigxig 9iTKOTO TUTY, SKUW BUKOPUCTOBYE MPOCTUI AJITOPUTM PO3ITi3HABAHHS
«KOHTPOJIbHUX cUTyalii». TyT BapTO BIIMITUTH TaKl IUCKPETHI KOMaH/IH:

C:1 : BaxMBHH mepexin i3 Mepexi B posnoiieny cucremy (Pgs = 100%);

C, : mepeHeceHHs cepeIoBHUIIa 3 Mepexki y po3noaiieny cuctemy (Pg= 50%);

Cs : mepenaua HyIis B po3noniieny cucremy (Pgs = 0%);

C, : mepeHeceHHs CepeIOBHIIA 3 PO3IOIUIEHOI cucTeMu 10 Mepexi (Pgs = 50 %);

Cs : BakMBUH mepexin i3 po3noaineHoi cucremu 10 Mepexi (Pgs = 100 %).
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- [Tiaxiq HEUITKOTO TUITY, Y SKOMY €HEePIreTUYHUN CTaH CUCTEMH OIIIHIOETHCS Y
JIHTBICTUYHUX T€PMiHaX. Y IbOMY BUIAJKy IPUHLHUIT YIIPABIIHHI, TOKa3aHUN BHUIIIE,
30epiraerbcsi, aje BCl 3MIHHI, 3aisHI B CHCTEMI, BKJIIOYAIOYM KOMAHIY, IO
BCTAHOBJIIOE€ HAINpPSMOK Ta BEIUYHMHY Iepefadl eHeprii, OTPUMYIOThCS 3 HEYITKOIO
OIIIHKOIO, a 3aKOH YIPABIIHHSI BUXOUTH 33 JOTIOMOT'OF0 HEYITKOTO BUBOJLY.

OruiHkKa ABOX MIAXO/IB MOKA3ye, 0 HEYITKUHN MAXIJ JT03BOJISIE O1IBIIT TOHKO
KOHTPOJIIOBATH Tlepeaauy eHeprii. MeTo1, 3acHOBaHUHM Ha YITKUX 3MIHHUX, MOXKE OyTH
OpPEJICTaBICHUNA SK OKPEeMHH BHUIMAJOK HEYITKUX METOJIB, KOJIM B peamizarii
BUKOPUCTOBYIOTHCS CIELialibHI (DYHKIIT MPUHATIEKHOCTI, IO JO3BOJSE YHUKHYTHU
OOYMCIIEHHS BIJCTaH1 M1 BEKTOpaMH.

[IpoekTyBaHHST Ta TECTYBaHHS CHCTEMH VIPABIIHHSA BEPXHBOTO PIBHSA
BUKOHYETBHCS 3 YpaxyBaHHSIM KUIBKOX CIIEHApIiB pekuMiB poObotu. CTBOpPEHHS IHX
CIICHApIiB MOB'I3aHE 3 TAKUMU BUMOTAMHU:

- TECTyBaHHS POOOTH CHUCTEMHM y PI3HUX CHUTYaIlisiX MOBUHHE BiOyBaTUCSA 13
BIJIHOBJIIOBaHUMH JKepenamu eHeprii. Jlns mnoOynoBH pO3MOAUIEHOI CUCTEMU
HEOOX1JTHO BPaXOBYBAaTH SIK MIHIMYM JIBa PEKUMHU: JITHIN Ta 3MMOBUI;

- TECTYBaHHsS pOOOTH CHUCTEMH Y JABOX peXUMax poOOTH aKyMYJISTOPHOI
Oarapei: OydepHOMY pexuMi, II0 BBAXKAETHCA CTAHJAPTHUM, Ta MNEPIOJUYHOMY
pEeXHUMI, B IKOMY IIUKJIM 3apsJPKaHHS Ta PO3PSAIKH B1IOYBAIOTHCS M1 4aC HOPMAJIbHOT
poOOTH po3noALIeHOT cucTeMu. L1 UK peKOMEHTYIOThCS JUTsl 301IBIIICHHS TEPMIHY
CITy>k0u Oarapei.

Ha panomy erami ans cucteM KepyBaHHS BapTO BWAUIMTH IE ¥ 3amady
MPOTHO3YBaHHS MOTY>KHOCTI Bl aIbTEPHATUBHUX JXKEpPEJ €Heprii.

AJTOpUTMU MPOTHO3YBAaHHS B CUCTEMaxX KepyBaHHS MOXYTh OyTH peaii3oBaHi
Ha OCHOBI JHIWHUX Mojeneit yacoBux psaniB AR ta ARMA. Tlpote pesynbTaTu, siKi
MOXYTh OyTH OTpPHUMaHi 3 JOMOMOTOI IHUX KJIACUYHUX QJITOPUTMIB, MOXYTh
BIJIPI3HSUTHACS 3aJIEKHO BiJ (DI3MYHOI TPUPOIN MPOTHO30BAHOTO YACOBOTO PSTY.

Takum 9YMHOM, CEpeIHBO- Ta JOBTOCTPOKOBI KOMIIOHEHTH IIBHJIKOCTI BITPY
MalOTh aBTOKOPEJALIMHY (DYHKIIIIO 3 JQy’K€ MOBUIBHOIO CHAaJHOK0 3MIHOIO, IO Ja€

xXopoury MOJKJIUBICTB IJIs1 IPOTHO3YBAHHA.
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Xopotii pe3yabTaTu, OTpUMaHi B IIbOMY BUIAJIKY, LTFOCTPYE 3pa30K, TOKa3aHUN
Ha pUCYHKY 1.25, nme BpaxoByBajHCsl Pi3HI 3HAYEHHS MEX MPOTHO3YBAaHHA NpHU
BUKOpHCTaHHI Mozeni Tuiry ARMA.

15 I

Prediction 10 min
Prediction 20 min
Prediction 30 min
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Pucynok 1.25 — IIporao3yBaHHs MBUAKOCTI BITPY y CUCTeMI KepyBaHHs [17]

BiactuBocTi TypOy/neHTHOCTI Ay»e OJM3bKi A0 BJIACTHUBOCTEH O1JIOro 1Iymy,
OCKUIBKH (DUIBTP AJI CKJIAJOBOI TYpOYJIEHTHOCTI Ma€ APYTHM MOPSAOK 3 YHITAPHUM
HAJIJTUIITKOM TTOTIOCIB. Y IIUX YMOBaX aBTOKOpEIAIiiiHa QYHKIIIS Ma€ MBUAKY CHIATHY
Bapiailito, 1, OTXKe, MPOTHO3YBaHHS JyXe YCKIagHEeHE (0COOJIMBO MPU BUKOPUCTAHHI
JTy>K€ TMPOCTHX MX0/1B, TAKUX SIK JIIHIMHI PETUKTOPH ).

Sk yxe 3ragyBasiocsi, TpOrHO30BaHa 3MIHHA B CUCTEMI - 1€ PI3HULIA MK CYyMOIO
MOTYXXHOCTEH BIJHOBIIIOBAHUX JIKEPEN EHEPTil Ta MOTYKHICTIO, 1110 CIIOKUBAETHCS MO
HAaBaHTA)XCHHIO. Y IIbOMY BHUMAJKY € JIBa KOMIIOHEHTH, SIKI CEPHO3HO OOMEXYIOTh
XapaKTepUCTHKU TMpOrHo3yBaHHA. OIWH i3 HUX — 1€ TypOYJICHTHHUN KOMITOHEHT
HIBUIKOCTI BITpY. [HIIMI — BUMAKOBA 3MiHA MOTY>KHOCTI HAaBaHTa)KE€HHs (JIOKaJIbHA

Mepexa).
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OCKITbKM  CepelIHE 3HA4YE€HHS I1IbOI0 HABAaHTAKECHHS HUXKYE, BIJCOTKOBI
BUIIAJKOBI1 3MIHH MOTY>KHOCTI Ba)XIHBIIII (MIPH MIKIIOYSHHI Ta BIAKIIOYSHHI Pi3HUX

CIOKMBaYiB), 1 MPOTHO3YBAaHHA HAJIUIIKY/A€(PILUTY MOTY>KHOCTI YTPYAHEHE.

1.4 Onmc wnigmpuemMcTBa Ui BIPOBAIKEHHSI CHCTEMH KepyBaHHA

PO3MOAIJIOM [IKepeJ eHepro3ade3nevyeHHs:

[IponoHoBaHy cucTeMy KepyBaHHS PO3IOIIIOM JDKEepel Oy1eMo TOCHIKyBaTH

Ha MPUKIIAAl MIIPUEMCTBA «30psa-MaImpoexT.

POSTaIHYBaHHﬂ OIMCAaHOr0 00’€KTa MMpOACMOHCTPOBAHC Ha CYIIYTHHKOBHX

3HIMKax (puCyHOK 1.26).

byniBnst mMae B cBOeMy CKJaal JEKUIbKa MPHUMIIMIEHb, B TOMY YHCHI IIeX

MEXaHIYHOi 0OPOOKH.

-3
CHHIQAA) s

B R HIOGA T A

F

Pucynok 1.26 - CynyTHUKOBUI 3HIMOK 00’ €KTY

Jlo ckiamy 1exy MexaHidHOi OOpOOKM BXOJUTH JCKUIbKA MPUMIIIEHB, IO
o0JamToBaHi 3riIHO 31 CTaHJApPTaMU JUIsl IPOMUCIIOBUX 00’ €KTiB. [lio1a ocHOBHOTO
3aJly 13 BCTAHOBJICHMM OCHOBHUM OOJIaJIHAHHSIM Y BUIJISIZII CTAaHKIB ckianae 185 M2,

Jlo 3aranbHOT o 1exy, mo ckaanae 300 M2, BXOANUTH TAKOK OKPEME NPHUMIILECHHS
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13 BEHTWISALIMHUM OOJIaIHAHHAM, I1JICOOHE MPHUMIIIECHHS, CKJIaJ, a TaKOX IyHKT
KEPyBaHHS Ta CIOCTEPEKEHHS Iuiomero 33 M%. CxeMaTMdHMI IIIaH pO3MillleHHS
TEXHOJIOTIYHOTO O0JIaJIHaHHA, Ta PO3/IJICHHS MPUMIIIECHHS Ha 30HU 300pa)kKeHO Ha

pucysky 1.27.

(GO,
(GO}
3 5 5
o @ < ;
= L
T
o NPUMILLEHHA Fywer Kepysansn Cknapg A

Pucynok 1.27 — [1nan po3tamryBanHs 001agHaHHS 3aBOIY

EnexTpuuna cTpykTypHa cxema 00’ €KTy HaBejieHa Ha pucyHKy 1.28.

>
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Pucynok 1.28 — EnektpuuHa cTpykTypHa cxema 00’ €KTy
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1.5 BucHoBku 10 po3aiay 1

Buxonsum 3 orisay nitepaTypu 3 TeMH TOCHIIDKEHHS, SKHI HaBeIEHUUH Y
po3auii 1, MOKHA BCTAaHOBUTH, 11O THUIIOBA CHCTEMa KEPYBAHHS PO3IMOALIOM JKepen
eHepro3adesneueHHs 3 3actocyBaHHsAM BJIE mianmpumeMcTtBa MoXxe ckiaagaTucs 3
HACTYMHUX CKJIAJIOBUX €JIEMEHTIB:

- KOHTPOJIEPIB;

- IEPETBOPIOBAYIB CTPYMY;

- Oe3mocepeHbO JKEPEI EHEpPro3adbe3neueHHs;

- JJAHLIOT1B KOHTPOJIIO Ta YIPABIIHHS;

- aKyMYJISITOPHUX OaTapei;

- IHBEPTOPIB.

OkpiM 1[bOTO, CHUCTEMH KEPYBaHHSI MOXYTh JIOJATKOBO  BKJIIOYATH
IHTEJIEKTyaJIbHI MOJTYJIi POTHO3YBAHHSI.

BusiBneHo HacTymHi nepeBard iCHYHOUHMX PIIIEHb BiJI 3aCTOCYBaHHS CUCTEM
KEepyBaHHA PO3MOJLIOM €JIEKTpoeHeprii 3 3actocyBaHHsM BJIE:

- 3BMEHIIICHHS BUTpPAT eNeKTpoeHeprii Ha BiacH1 notpedu Ha 30%;

- 3MEHILICHHS BapTOCTI eHepro3adesneueHHs: Ha 30%;

OcHOBHOIO MPOOJIEMOIO 3aCTOCYBAHHS CUCTEM KEPYBAHHS PO3IMOLIOM JHKEpel
eHepro3abesneueHHs 3 3actocyBaHHsM BJIE € edekTuBHICTh, €KOHOMIYHA
JOLIIBHICTB Ta €KOJIOT14HICTh. Halikpallll icCHyt041 pillIeHHs] J103BOJIAIOTH EKOHOMUTH
Ha enekTpoeHeprii 10 30% Ta 3MeHITyBaTH BUKUAM BYTJIEKUCIOTO Ta3y a0 15%, Tomi
K JIesK1 3 pllIEHb MAIOTh BEJIMKUN CPOK OKYMHOCTI. Marictepchka qucepTtarilis Oyze
HaIpaBJieHa Ha MOKPaIIeHHs KX MOKa3HUKIB. Came TOMY B MeXaX BUKOHAHHS POOOTH
Oyae po3poOseHa TMepCleKTHBHA CHCTEMa KEpyBaHHS PO3IMOAUIOM JKEpell
eHeprosabesnedeHHs 3 3actocyBaHHaM BJIE Ta oOpane Bce HeoOXiHEe 0OJaHAHHS

JUIs 11 peaizarii.
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2 B1IOCKOHAJIEHHS CUCTEM KEPYBAHHA PO3ITOA1IJIOM JI’KEPEJI
EHEPI'O3ABE3INEYEHHS IIIAITPUEMCTBA

2.1 Po3po0Kka cTPYKTYPHOI CXeMH CHCTEeMH KePYBaHHSA PO3INOAIIOM JKepeJl

eHepro3ade3neYyeHHs MiANPUEMCTBA

B Mexax maHoro po3iiny poOOTH BUKOHAEMO pO3pOOKY CHUCTEMHU KEpYyBaHHS
PO3IOIIIOM JDKEpENI eHepro3zade3nedyeHHs IMANMPUEMCTBA, a TaKoX MmiadepeMo
OCHOBHE OOJaJHaHHS Ta YCTaTKyBaHHS JUIsl MHOro peami3alli Ha MPUKIAII
MIPUEMCTRA.

Jlns 3a0e3nedyeHHs Oe3Me4YHOro, HaAIHOTO, €()EKTUBHOTO Ta €KOHOMIYHOTO
(GYHKI[IOHYBAaHHSI CHCTEM €HEpPro3ade3NeueHHs] 3 3aCTOCYBaHHSM BIJHOBIIOBAHUX
JUKEpeNl eHeprii HeoOXiJiHa CHelliali3oBaHa aBTOMAaTHYHA CUCTEMa KEpPyBaHHS Ta
KOHTPOJTIO.

Haiivactime npu modynoBi ACK mnomiOHHX YCTaHOBOK BHKOPHUCTOBYETHCS
niaxig (CTpykTypa) JELEeHTPalli30BAaHOTO YIPaBJIiHHS, KOJW Kepyroda CcHCTeMma
MPEJCTABISAETbCS Y BUIJISAI CYKYIMHOCTI JIOKQJIbHUX (aBTOHOMHHUX) aBTOMATHYHUX
CUCTEM YIIpaBJIIHHS, KOKHA 3 KX Ma€ BJIACHY JIOTIKY yrpaBiinHa 00'ektamu. ACK
TaKUX YCTaHOBOK € He3B'si3annumu, Bouu (PEY, BEY, npuctpoi cuinoBoi eleKTpoHIKH
1 T.J.) SIBISIIOTH COOOI0 CYKYMHICTh HE3AJICKHUX 332 KEPOBAHUMH IapamMeTpamu
00'€KTIB.

[Ipy upoMy cami CHUCTEMH, 3TIIHO 3 IXHIMU MPUHLMIIAMH, € CYKYIHICTIO
B3aemornoB's3anux eneMmeHnTtiB (PEY, BEY, npuctpoi cuioBoi e1eKTpoHiKH 1 T.1.), a
T€, 110 BOHU B 3/1e01IBIIOTO (PYHKIIIOHYIOTh «BIJJOKPEMIICEHO» 3 TOYKU 30py CUCTEMU
VOpPABIIHHSA, IIBUAIIE € X HEIONIKOM, HIX mepeBaroto. CTBOPEHHS CHCTEMH
KEpyBaHHS 3 IIEHTPATI30BAHOIO CTPYKTYpPOIO, KOJIM BOHA € B3a€EMOIIOB'SI3aHOIO, 3
TOJIOBHUM IIEHTPAJIBHUM KEPYIOUMM IPUCTPOEM, 3'€THAHUM OaraThbMa KaHAJIaMU
3B'SI3Ky 3 00'ekTOM (200 00'ekTamMu) yMpaBIiHHSI, JO3BOJISIE CYTTEBO PO3IMIUPUTH
dbynkmii ACK, a Takox 3a0e3NeuyuTd NPHUHIIMIIOBO HOBI MOXIMBOCTI. Y HHX

3'SIBISIETHCS 1€PAPXIUHICTD, OAraTOpiBHEBICTh, PEATI3YETHCS MO HA MIJCUCTEMHU -
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BIJTHOCHO HE3aJIe’KH1 YaCTMHHM CUCTEMHU, IO MAIOTh BJIACTUBOCTI, SIK1 MalOTh MIIJIb,
Ha JIOCSTHEHHS SIKOi BOHH OP1EHTOBAHI.

CTpyKTypHi CXeMHU CUCTEM KepyBaHHS MOXXYTh OyTH 0Oy/10BaHi K HA OCHOBI
aHaAJIOTOBHX, TakK 1 IUCKpeTHUX (1udpoBuX) 3aco6iB. [lepii, Sk mpaBuiIo, peaaizoBaHi
Ha 1HTErpajgbHIA MIKpOCXeMOTEXHii. BoHM € crerianizoBaHUMH MIKpOCXEMaMH, B
SKUX arapaTHo, TOOTO 3a JOIMOMOTOI0 OKPEMHUX CXEMHHUX E€JIEMEHTIB Ta 3B'S3KIB MIX
HUMHM, peajizoBaHui neBHUN HaOlp QyHKIINA. B aHAIOroBUX IHTErpallbHUX CXEMax
BUXIZIHMWA Ta BXIIHUW CUTHAIW TOB's3aH1 Oe3nepepBHOIO GyHKIIE. OCHOBHUMHU
By3JlaMU TIOAIOHMX CXE€M € KOMIIapaTopH, MiJICUiIoBadl, OyepHi Kackaaud Ta 1H.
AHaNOroBl CXE€MH XapaKTEPU3YIOTbCA BHUCOKOIO IIBHJKOJIEI, alle OOMEXYIOTh
moxuBocTi ACK.

JIMCKpeTH1 CUCTEMU YNPaBIIIHHS MOXKYTh OYTH peaii3oBaHi K Ha IHTErpaIbHIl
MIKPOCXEMOTEXHILI, TaK 1 Ha MIKPOIIPOLIECOPHIi TeXHIMl. Y HUPPOBUX 1HTErPATBLHUX
cXeMmax BXIJHUN Ta BHUXITHUNA CcurHaiu € JuckpetHumu. Cepen 1mudpoBHUX
IHTETpaJIbHUX CXEM, 3aCTOCOBYBAaHMX Y CHCTEMax KepyBaHHS, CIiJl 3a3HAYUTH CXEMU
TPAH3UCTOPHO-TPAH3UCTOPHOI JIOTIKM, 1 HaBITh CXEMH Ha METaJOOKHCHUX
HAaIIBIPOBITHUKOBUX TPAH3UCTOPAX.

OngHuM 13 TEPCNEeKTUBHUX UUISXIB YJOCKOHAJIEHHS CHUCTEM YIPABIIHHS €
BUKOPUCTAHHSA MIKPOTPOIECOPHOi TexHIKM CHCTEMH KEepyBaHHS, IO MICTSTh
MIKpPOIIPOILIECOPHI KOMIUIEKTH, JO03BOJIAIOTh €(EKTUBHIINIEC BUPINIYBATH 3aBIaHHS
PEryIIOBAHHS BUX1IHUX ApAMETPIB Ta peasli3yBaTH MIUOMINKA TOTOYHUN KOHTPOJIb 32
pOOOTOI0 CHCTEMH YIIPABIIIHHS, a TaKOX 3a0€3MEUYUTH OLIbIIT TOYHY JT1arHOCTUKY il
By3JiB Ta eneMeHTiB. OCHOBHOIO )K€ MEPEeBaror0 3aCTOCYBaHHS MiKPOIPOIIECOPHUX
KOMILJIEKTIB € MOKJIMBICTh IIMPOKOi YHI(iKalii anmapaTHUX 3aco0iB CHUCTEMH
kepyBaHHA. [Ipu 1bOMYy pI3HOMaHITHICTh (YHKIIA 3a0€3MeYy€eThCS PO3POOKOI0
BIJIOBIJTHUX MPOTrpaM KepyBaHHS.

[Ile HemaBHO a0 HEAOJIKIB MIKPOMPOIIECOPHOI TEXHOJIOTIT BIJHOCHIN iX
HEJOCTaTHIO IIBUIKOAIIO, IPOTE 3apa3 HAa PHUHKY EJIEKTPOHHUX KOMIIOHEHTIB

MPOMOHYEThCST 0€3114 TUIIB MIKPOIPOLIECOPHUX KOMIUIEKTIB PI3HUX BUPOOHUKIB, 1
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0arato 3 HUX BOJIOJIIOTh JJOCTATHHOIO OOUHCIIIOBAILHOKO MOTYKHICTIO JJIsI peatizalii
HEOOX1THUX (PYHKITIH.

VY nmeskux BUmMaakax (3a MOTpeOM) MOXKE 3aCTOCOBYBATHCA 1 KOMOIHOBaHWMN
npuHiun modyaosu ACK.

BpaxoBytoun BuilleHaBeACHE Ta 3T1AHO 3 OTJIAI0M JITepaTypH, SKUi HaBEACHUI
y TEepIIOMY PO3JAUT MaricTepchbkoi AucepTallli, BUKOHAEMO PO3POOKY CTPYKTYPHOI

CXEMH CHUCTEMH KEpYBaHHS, sIKa MPEACTaBICHA HA PUCYHKY 2.1.

bioku renepauii eneprii [eperropioBanLHoO-po3noALILHHI G0k Crnoxupay

N o
DEY V Yar D"r’“"?“““ T Banacrauii npuerpiit
NPHCTPIiH
<—| < <1
Varompkyioumii — :> N — HapauTaxeHHs
BEY npuctpiii T Bydep 4 luseprop IMIHHOTO CTPYMY
i )
L
|
<— < Buiok kontpome
N N Varojukyiounii
5 CK .
- ' | i IARRAAAN
) N Sapanmo- Bitok KomTporio
03PALAYI0HI
AKB Ke A poapALAEY

ApHCTpii

Pucynok 2.1 — CTpykTypHa cxema CUCTEeMH KEpYBaHHSI PO3IMOALIOM JHKEepen

eHepro3ade3neueHHs

CtpykTypHa OnoOK-cxema CKiamaeThcsi 3 HactynHux Onokis: PEY; BEY;
mepexxa; AKb; cunmoBuit komyrtatop (CK); y3romkyroui npuctpoi, OanacTHHA
npuctpiii (bII); 6ydep; iHBepTOp; HABaHTaXXEHHS 3MIHHOTO CTPYMY (CITOKHBaY); 0JI0K
KOHTPOJIIO 1 MPOTHO3YBaHHS.

Buxoasun 3 (QyHKIIOHAIBHUX OCOOJMBOCTEH €JEMEHTIB, BOHM YMOBHO
o0'eTHaH] B YOTUPH TPYyNH: OJIOKM reHepallii eHeprii, NepeTBOPIOBAIBHO-PO3MOILTBHI

0JIOKH, CIIO’KMBAY Ta CUCTEMA KOHTPOJIIO 1 MPOTHO3YBAHHS.
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Jo 6:10ki1B renepartii Hanexatb: ®EY, BEY, notyxHicts mepexi 10kB ta AKbD.
TakuMm 4MHOM, € 1Ba HEKEpOBaHUX NepBUHHUX nepeTBoproBaya (DEY ta BEY); onun
«KBa3i-KepoBaHMI» (HAaKONMMYIyBad) Ta ojHe KepoBaHe kepeino (AKB), mo
3abe3reuye Oe3repeliiiHe eEKTPOKUBIICHHS CIIOYKHBAYa.

[TepeTBOPrOBATLHO-PO3MOAUTHHI OJIOKH - 1€ €JIEMEHTH CHUJIOBOi CJIEKTPOHIKH,
B3a€EMOIIOB'sI3aH1  «MIKPOMEPEKEI0» IOCTIMHOTO CTPYyMY, IO BUKOHYIOTH (PYHKIIIT
NEPETBOPEHHS, PO3MOILTY Ta PETYIIOBAHHS €JIEKTPUUHOT EHEPTII.

[Tpunaimn QyHKIIOHYBaHHS CUCTEMHU.

[lepBuHHI MOTOKM €HEPrii BIJHOBIIOBAHUX JIKEpPET NEPETBOPIOIOTHCS Ha
eneKkTpuuHy eHeprito. [loTiM enexkTpuyHa €Hepris HaAXOAWTh Ha BIIMOBIAHI IJIS
KOXXHOT €HEPTrOYCTaHOBKH Y3TOKYBaTLHOTO MTPUCTPOIO:

- y3ropkyrounii ipuctpii ®EY 3xilicHIOE BigOip MaKCHMAaJIBHOI MOTYKHOCTI
BIJl HBOI'O TMIPU 30BHIIIHIX YMOBax, IO TOCTIMHO 3MIHIOIOTbCA (COHSYHE
BUIIPOMIHIOBaHHS, TeMIlepaTypa IMEpPETBOPIOBaYa) MUISIXOM Y3TO/HKEHHS CBOTO
BHYTPIIIHBOI'O ONOPY 3 onopoMm jkepena. [Ipu poboTi nmpuctpiil 3amacae eHepriio y
BJIACHOMY KOHJICHCATOpi, a NpH IMEpPEeBUIICHHI HANpyru mnepenae ii g0 Oydepy
CUCTEMU;

- y3rojqxkyBanebHuil npuctpii BEY 3piiicHioe ananoriuny ¢yukiiio OEVY.
Pi3Huts nosisirae iuiiie y HasiBHOCTI BUTIPSIMIISYA;

- Y3TOJDKYIOUMM TpHCTpiit Big Mmepexi 10xkB 3piiicHIOE aKTHBHY KOPEKIIiO
koedimienTa notyxHocTi. Ha BiAMIHY BiA MonepeAHiX IBOX MPHUCTPOIB MOJISTae B
QITOPUTMI KEPYBaHHS.

Y Bumagky 3 BEY BukopucroByerbcs Bunpsmiasd. MOXIMBE Takox
CXEMOTEXHIYHE pilleHHs 0e3 BUKOPUCTaHHS BUIPSAMIISIYA 3aBISIKA BUKOPHUCTAHHIO
1IBUIIYIOYOTO IMITYJILCHOTO TIEPETBOPIOBAYA IMPAIIOI0YOT0 1 3 HETaTHBHOIO, 1
MTO3UTUBHOIO HAMIBXBWIHOIO 3MIHHOTO CTPYMY.

Y CYKYmHOCTI  Y3TO/DKYBaJlbHI ~ TPHUCTPOi  YTBOPIOIOTH  IMITYJILCHUHN
MEePETBOPIOBAY, IO 3IMCHIOE (YHKINIO IMJCYMOBYBAaHHS €HEPTii BiJl JKEpen

eHepro3ade3neyeHHs.
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Buoau y3romkyBanibHUX pucTpoiB, BII Ta iHBepTOpa miakiatoueHi 10 0ydepa
(Oarapei cymepkoHACHCATOPIB a00 EIeKTPUYHHX KOHJICHCATOPiB), B SKOMY
BiIOyBa€eThCSl Hakomu4ueHHs eHeprii. [loTiM BoHa mepenaeThCcs 1HBEPTOPY, 3apSIHO-
PO3pSAHOMY MPHUCTPOIO JUIsl HAKOMIMYEHHSI eHeprii Ta 06anacTHOTO MPUCTPOIO y pasi
HAJUMIIKY eNeKTpu4yHoi eHeprii. Bydep - me manka, ske 31MiliCHIOE OalaHC MiX
CIIO’KUBAHHSM Ta BUPOOJICHHSAM €JIEKTPUYHOI EHEePTii.

OcHOBHUM MapaMeTpoM, 110 XapakTepusye OanaHc € Hampyra Oydepa. Skiio
Hampyra BHINE BCTAaHOBJIECHOTO 3HAYEHHS, TO TOJAETHCS KOMAaHJa Ha BiJABEICHHS
3aifBOi eHeprii, sika, B mepiry uyepry nournHae HakonuuyBatuca B AKbB, a npu noBHiit
3apsanul AKD - cnoxkuBarucs 6aiacTHUM HaBaHTaXeHHAM. ko Hanpyra Ha Oydepi
HUKY€ BCTAHOBJIEHOTO 3HAYEHHS, 110 03HAYAE MEPEBULIECHHS BEJIMYMHU CIIOKUBAHHSA
eHeprii HaJl BUpOOJICHHSIM, MTOAE€THCSI KOMaH/a Ha 3aBaHTAXKEHHSA J10JaTKOBOT €HEPrii
y 6ydep Big AKB. KinbkicTh enekTpoeHeprii, sKa miaBOAUTHCS a00 BIABOAUTHCS BiJl
Oydepa, no3BoIsg€ 30epiraTu Hanpyry 0ydepa B paMkax HOPMOBAHOTO.

[HBepTOp 3abesneuye cHoKUBaya EICKTPUYHOI CHEPri€l0 y HEoOXiaHii
KUJIBKOCTI Ta HaJeXH1H gakocTi. [Ipu poOOoTI cucTeMu mapaiesnbHO 3 IHIIOK MEPEKEI0
BiH (DYHKITIOHY€ CHHXPOHHO 13 HEIO.

[Ipane3natHicTh Ta KOHTPOJb BCix eneMeHTiB ACK sik okpeMo, Tak 1 3arajiom
31ACHIOE aBTOMAaTUYHA CUCTEMa KOHTPOJIIO Ta MPOTHO3YBaHHS.

CunmoBuil ~ KOMYyTaTtop  3MAIMCHIOE  €JEKTpPUYHE  TEepPEeMUKAHHS  Bij
y3roJIKyBaJIbHOTO MPHUCTPOI0 HA HABAHTAKEHHSI Ta HABNAKHU 32 HEOOXITHICTIO, IO
Bu3HavaeTbes anroputmamu ACK cucremu.

OkpiM 1BOTO, 10 CTPYKTYpPHOI CHUCTEMH KEpYBaHHS PO3MOAIIOM JKepes
eHepro3ade3neueHHs J0JaHO OJIOK MPOTHO3YBaHHS MOTOJM, 32 JIOMOMOTOI0 SIKOTO
MO’KHa BCTAHOBHUTH NPOTHO30BaHy MOTY)KHICTb, IKYy MO>KHA oTpuMatu 3aBasku BJIE.

Jlanuii 010K He € 000B’I3KOBUM, IPOTE MOXKE 3aCTOCOBYBATUCS B TOJIIOHUX CUCTEMAX.

2.2 Po3poOka (PyHKIIOHAJIBHOI CXeMH CHCTEMH KEpPYBAHHSI PO3MOALIOM

JKepeJ eHepro3ade3nedyeHHs MiIMPUEMCTBA
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@OyHKIIOHATbHA ~ CXe€Ma CUCTEeMHM  KEpyBaHHS  PO3MOMAITIOM  JIKepen
eHepro3a0e3meueHHsl MiANPUEMCTBA, [0 BHU3HAYa€ ONTHUMAJbHI MapaMeTpu

CKJIQ/Ia€ThCS 3 ABOX B3a€MO3AIECKHUX OJOKIB (PUCYHOK 2.2).

Cnoxueay

]

Brpam HapaHTaweHHA

P, BT DC-ACP, BT

CoHA4He COHAYHMiA
At —» R Br/m? B, Br—H P, BTDC-DCP, BT
BUNPOMIHIOBAHHA nepeTsopBay .

Y3rogmyounii
6ok

R E—
t KoHTpone,
> | — H

\J ~ ponep

> R.BT/M"  Birposuii
BiTpoBuii NoTiK poBuu p,BT[—* P,BTAC-DCP, BT
»| V, m/c nepeTsopiosay

Mepexa —

AKYMYNATOPHA
Barapes

Pucynok 2.2 — dyHkIirioHalbHA CXeMa CUCTEMU KepyBaHHS PO3MOIIIIOM JIKEPel

eHepro3ade3nevyeHHs MiANpUeEMCTBA

[lepmmii 6ok BHU3HA4ae onTUMalibHUN ckiaa Ta mapamerpu BJIE. [Ipyra
YacTUHA BHU3Haya€ KOE(DIIIEHTH BUKOPUCTAHHS YCTAHOBOK Ta KOPUTYE CKiIajd Ta
napametpu BJIE abo Bu3Hauae CTymiHb ydacTi (Y4acTKy MOKPUTTS HaBaHTaKCHHS)
KOMIIEHCYIOUOTO €JIEMEHTA €JIEKTPOIIOCTAYaHHS CIIOKUBAYa.

OyHKIIOHAIbHA MOJIeNIb PO3po0JieHa iepapxiyHa, OJIOKM, MPEACTaBJICHI Ha
pucyHky 2.2, o0'eqHani B rpynu (miacucTeMu) (PYHKITIOHAIBHO TMOB'sI3aHUX OJIOKIB,
BCEpEAMHI MIJCUCTEM TNEPIIOrO piBHS, J€, B CBOI 4Yepre, pO3TAaIIOBYIOTHCS
M1JICUCTEMU APYTOTO PiBHSL.

Posrasinemo noknagnine 61oku GyHkmioHansHoi cxemu (Cyomoment).

B Onomi «COHsUHE BUIIPOMIHIOBAHHS»  JOCHIIKYETHCS TMPUAMATIbHUAN
MaigaHIuK. MoKe BHKOHYBATHCS PO3PAXyHOK SIK JUIsi TOPU3OHTAIBHOTO, TaK 1
HaXWIEHOTO IiJl NMEBHUM KYyTOM JI0 TOPU30HTY ab0 OpIEHTOBAHOIO HAa COHIIE
NpUAMAaIbHOTO MaiJaH4YuKa, a TaKOoX IS BXIJIHOI amnepTypu KOHIEHTparTopa i3

CHCTEMOIO CTEeKEHHS 3a COHIleM. B nanomy 010111 BU3HAaYa€ThCs COHAYHA pajliallis, o
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IPUXOAUTH MPHU MPO30piit aTMocdepi 1 OyAb-SIKOTO TUITY NMPUUMANBbHOI IO IKH
IPOTSATOM YChOTO PO3PAXyHKOBOTO MEPIOAY AJIsl POTISIHYTOI MiCIIE€BOCTI.

Ha ocHoBi oTpuManux naHux (OpMYyeTbCS MAacHB PO3MOMALTY B 4Yacl €Heprii
COHSIYHOT'O BUIPOMIHIOBAHHS.

Bxigaumu mapameTrpamu OJIOKy €: mupoTta [°]; cepeaHbOMICAYHI 3HAUYCHHS
CyMH MpsaMoi coHsiuHOi1 pamiamii [M/x/M ] Ta cyMu pO3CIsSIHOI COHSYHOI paiari
[MJx/M?] 3a cepeHiX YMOB XMapHOCTI; CepelHE KBaJpaTWUHE BiJXHJICHHS
CepenHbOoi JOOOBOT KiITPKOCTI 3arabHOI XMapHOCTI, [0anu]; cepeaHs KUTbKICTh SICHUX
Ta MOXMYpPUX JIHIB 3a 3arajbHOI XMapHOCTIi; MOBTOPIOBaHICTh sicHoro (0-2 Oann),
HamiBsicHoro (3-7 Oanu) Ta moxmyporo (8-10 OamiB) cTtaHy HeOa 3a 3arajbHOIO
XMAapHICTIO, KyT HaXWIy MpUAMaIbHOTO MaiJaHuYMKa IO TOPU30HTY.

B 6011 «®EY» po3paxoByeThcsi cepelHbOMICSYHA MIBUAKICTH BITPY Ta HOTO
koedimieHnT Bapiauii [loTiM BpaxoBYIOTbCSI BUIPABIEHHS HA MICLEBICTh 1 BUCOTY, a
TaK0X BU3HAYAIOTHCS NMapaMEeTPU PO3IMOALTY, 3TIJHO SIKUX 1 TEHEPY€EThCS MacHB, IO
OMKCYE 3MIHY HIBUIKOCTI BITpY. BXigHMMM mapaMeTpamu OJOKY €: cepeHs MICSUHa
HIBUIKICTh BITPY [M/C]; KOeiieHT Bapiallii IMBUAKOCTI BITPY; HOBTOPIOBAHICTH [%o]
PI3HMX TpajaIiii MBUAKOCTI BITPY; rpajallis MBUAKOCTI BITPY.

Bin cyOMozeneil reHepyr4UMX MPHUCTPOIB JaHI HAAXOAATh y cyOmojeni
MEePETBOPIOBATIBHUX  MPUCTPOiB  «CoHAYHUN  TepeTBoproBau»,  «BiTpoBwii
MEPETBOPIOBAYY, 1110 SBIISIOTH COOOI0 MIACUCTEMH (DYHKITIOHAIBHO MOB'A3aHUX OJIOKIB,
MOJICTIOIOYUX TPOIECH, IO XapaKTEepU3ylOTh MEPETBOPEHHSI MOTOKIB MEPBUHHOTO
JDKepeIa eHeprii B elIeKTPUKY.

Bxinnumu napamerpamu 050Ky «COHSUHMI NEpETBOPIOBAY» €: KOE(PILIEHT
ceitnonponyckanus ®EY; KK/ ®EVY; mnoma ®EVY, [M]; koediieHT 3amoBHEHHS
wiomi ®EY ¢doroenekTpuuHuMu niepeTBOprOBaYaMH; KOEQIIIEHT HEY3TOHKEHOCTI
®OEY; remneparypa noskimis [K].

Bximnumu mapamerpamu 050Ky «BiTpsHUN TIepeTBOprOBauY» € ILIOIIA
MOTIEPEYHOTO Tepepi3y MOBITPSHOTO TOTOKY, IO MPUXOIUTH Ha BITPOKOJIECO
(BiAMITHA TLJIOMIA), [M]; MaKCUMaJlbHA IIBUIKICTH BITPY, [M/C]; BEKTOp IIBUIKOCTEH

BiTpy, KK]I reneparopa.
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Cyomoneni «DC-DCy», «AC-DC» ta «DC-AC» - miacuctemu, 10 BPaxoOBYeE
BTPATH €NIEKTPUIHOT EHEPrii uepe3 y3roHKeHHS eIEKTPUIHHUX XapaKTEPUCTHK CTPYMY.
Berynaum mapamerpom mux 61mokiB € KK/ BiAMOBiIHUX epeTBOPIOBAYIB.

biok «Btpatu» - migcucrema, 0 MOJEIIOE BTpPATH E€JIECKTPUYHOI €HEeprii
NPOBITHUKIB cUCTeMHU. BcTymHuit mapamerp OJOKY — MOTOJUHHI cepefHi 1000Bi
BTpatH, [BT].

brnox «HaBanTaxkeHHs» - miJicucTeMa, 10 BPaXOBY€E BJacHI MOTPEOU CUCTEMHU.
Bxigaum nmapameTpom OJIOKY € cepeiHE HaBaHTaKCHHS.

binok «CnoxuBau» - TiJCHCTEMa, IO BpPaxoOBy€e HEOOXIiJIHI MOTPeOH
€JIEKTPOEHEPTii crokuBaya. BXinHuii mapametrp OJIOKy —HABAHTa)KE€HHS CIOKHMBayda
[kBT].

brox «AKbB» - mijicucreMa, 0 BpaxoBy€e MpolieC aKyMYJIIOBaHHS Ta reHepartii
HAKOMMYE€HOI €HEPrii.

broku mincuctemu peanizytoTh (QPYHKIT KOHTPOJIO, AePiuTy Ta mpodilury
€JIEKTPUYHOI €Heprii B CUCTEMI, a TAKOXK BPaxOBYIOTh BUPOOJIEHHS YU HAKOMMYEHHS
eneprii Ab.

Berynmuumu napamerpamu 0710ky €: emHicTh AB, [A-T0o]; HOMiHaNbHA HaTIpyTa
Ab, [B]; monmyctuma rnubuna pospsaay Ab; koedimient camopospsay Ab; KKJI
3apsiIHO- po3psaHoro uukiny Ab.

brnox  «KoHTponep»  BHUKOHYE  pETYyJIOBaHHS  pPO3MOAUIOM  JIKEpel

eHepro3ade3neyeHHs MimpUEMCTBA.

2.3 BuOip esieMeHTIiB cucTeM KepyBaHHS

Buxonaemo BuOip o0aiHaHHS JIJIs peastizailii CHCTEMH KEpYBaHHSI PO3IO/I1IOM
JDKepen eHepro3ade3nevyeHHS.

Beprtukanpanii  (opToronanbhuii) BiTporeHeparop MAGLEV e omnum 13
HaMKpalux y CBITI 32 CYKYIHICTIO TEXHIYHUX XapaKTEPUCTHK, Y HbOMY MO€THAHO

KKl ropu3oHTalnbHMX Ta MepeBarud BEPTUKAIbHHX BITPOr€HEPaTOpiB. 3aBASKU
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HOBITHIM TEXHOJIOT1SIM Ta CEpIMHOMY BHUPOOHUIITBY IIeH BITPOTEHEPATOP MOXKE
JT03BOJIUTH MPAKTUYHO OYIb-XTO.

3aBAsKkd  BiANpanbOBaHIA  TeOMeTpii  JiomaTed  BiTporeHeparopa  —
BiTporeHepaTop Maglev npaktuyHo Oe3mymHui. Mae ayke 4yJOBHNA 30BHINIHIN
BUTJIAJI. OpUTiHAJIbHA TipOCKOMiuHA (popMa pOTOpa B CYKYIHOCTI 3 ONTHMAaJIbHUM
npodiaeM JonaTei.

OpuriHajibHa 30BHIIIHICTE HE 3aBakae nomaratucs peanbHoro KKJI, mio
IPAKTHYHO HAOJIKAETHCS JO HOMIHANY 3a OyAb-sIKOro HampsMKy BiTpy. Jlana
KOHCTPYKIIisl CTIHKA IO CUJILHOTO BITPY (JIOBUTH MOPHUBH BITPIB), 31aTHA BUTPUMATH
yparaHHUi BiTep.

Bitporeneparop Maglev 3a0e3neueHuid JnuIme OJHUM  HIJIIUITHUKOM
(SIMOHCHKOTO BUPOOHUIITBA 3 6araToOpa3oBUM 3a11acOM MIIHOCTI).

Bitporeneparop Maglev 3a paxyHOK 3aMKHyTOlI (QopMH Jomared Ta
KOMITaKTHOCTI ()OopM MOXKHAa MOHTYBaTH B Oe3mocepenHii  OIU3BKOCTI 0
HNIJIPUEMCTB, Ha BIAMIHY BiJl TOPU3OHTANbHUX, I SIKMX HEOOXIJHUM 3aXHCT
BIJICTaHHI Yepe3 MiABUIIEHY IIYMHICTh Ta BIOpaLio.

OCHOBHOIO  TMepeBarold  BEPTUKAJIBHOTO  BiTporeHeparopa Maglev €
BUKOPUCTAHHS TEXHOJIOTIi MAarHiTHO1 JieBiTalii. BHacIiAOK LBOTO OCATAETHCS
HAJIHHICTh ONOPHOT YaCTUHU TeHepaTopa. Tpeda Opatu 10 yBaru, 1o ropu30HTAIbHI
reHepaTopy MaloTh OMOPHUN MIJINIUIHUK, a Y BEPTUKAIBHOTO BITPOT€HEpaTopa
Maglev 3a paxyHOK NpUHLMIY Mar”iTHOi JIeBITalli pOTOp T€HEpaTopa BHUCHUTH Y
HOBITPI, 3a PAXyHOK IIbOIO JIOCSTAETHCS JIETKE CTPYTyBaHHS pOTOpa BXKe MpU
HalMEHIIX MIBUIKOCTSX BITPY.

BukopucTaHHs BUCOKOEHEPT€TUYHUX MArHiTiB y pOTOp1 reHepaTopa Ha OCHOBI
PIAKICHO3EMENIbHUX CIUIABIB JIaJI0 MOKIIMBICTh BUKOPUCTAHHS OE3IIITKOBOTO METOTY
3HATTS eHeprii. bararonoytocHICTh po3TalllyBaHHS MArHiTiB T'€HepaTopa H03BOJISIE
JOCSITaTh HOMIHAIIBHOT TOTYXKHOCT1 Ha Mayinx obopoTtax. Ha Buxoii reHeparop BUaae
Tpuda3HUil CTPyM 3MIHHOI HAIIPYTH.

Buxonsuu 3 1poro, Kepyr4YuCh TEXHIYHHMM JIaHUMHU 3 BITPOT€HEPaTOPIB,

BUBUYCHOTO Ta MPOAHATI30BaHOTO OOJaAHAHHS, JIJIT CUCTEMHU KEPYBAHHS PO3MOIIIOM
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reHepailii exekrpoeneprii Ha 6a31 BJIE 6ynyTs Bctanoneni BEY noryxnictio 1kBT.
Y 1poMy BHUMNAAKYy MOKHA BHOpAaTH YCTAHOBKM MOKJIMBE TIOE€IHAHHS KLUTBKOX
reHepaTopiB I MiJCYMOBYBaHHS BUX1IHOI MOTYy>KHOCTI 10 100 kBT.

Ha pucynky 2.3 300pakeH0 oauH 13 BapiaHTiB BcTaHoBjieHHs BEY Maglev

1000.

Pucynok 2.3 — Bapiantu BctanoBinenns BEY [20]

[Ipu BuOOp1 COHSYHMX OaTapeil ciiiji BpaXxOBYBATH iX MOTYXHICTb, BapTICTh,
PO3MIpU Ta IHIII TEXHIYHI XapaKTEPUCTHKH, a TAKOX TapaHTIMHI TEpMIHHM, HaJaHI
BUPOOHUKOM.

Y xomi pochipkeHb OyJI0 BHUBYEHO Ta MPOAHAII30BAHO OOJaJHAHHS
(bOTOECNEKTPUYHUX €JIEMEHTIB, K1 MAIMAYTh 1Jis 3a0€3MEUCeHHsI eNeKTPONOCTauYaHHs
CMIOXKMBAYIB Ta 3aCTOCYBAHHS B CUCTEMI PO3MOIIJICHOT reHepartii eHeprii.

Buxonsuu 3 1mporo, 0yno obpano consuny oOartapero SilaSolar 350Bt PERC
(5BB).

30BHIIIHIN BUTJIA TaKoi OaTapei npecTaBiIeHUil Ha pUCYHKY 2.4.
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Pucynok 2.4 - Consiuna 6arapest SilaSolar 350BT PERC ( 5BB ) [20]

Tabmuus 2.1 — Xapakrepuctuka constaanx moayniB SIM 350 PERC (5BB)

3HayeHHS

SIM350 PERC (5BB)

3aranpH1 apaMeTpu

Mopenn
Tun Momnoxkpuctaniuauit PERC
[ToTyxHICTB 350 Barr
KinbkicTh enemMeHTiB 72mt (6x12)
Po3mip enemeHTiB 156 x 156 mm
EdextuBnicts Mmonyins, % 18,03
EdextuBHicTh KOMipKH, %0 20,60
CoHSYHUI €JIeMEHT PERC 5BB (5 bus bar)

Crtpok cityx0u He MeHie 30 pokiB

[TaminHS TOTY>KHOCTI 3a 12 .
He outpie 10%

POKIB

[Tapinns notyxHocTi 3a 30 .
He Oubie 20%

POKIB

5 pokiB

I"apanTis

[HI11 XapaKTepuCTHUKU
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Marepian paMku AHOJIOBaHHH aJTIFOMIHIEBUHN CILJIaB
[lepenne ckio TekctypoBaHe, 3arapToBaHe yJ1apo-MillHe
Kiac A
KinpkicTh miomiB, T 3
[Tposix 0,9M 3 KOHEKTOpamMu
MC4 €
BitpoBe HaBaHTa)KeHHS 10 24001 1a (244 kr Ha KBagpaTHUI METP)
CHiroBe HaBaHTaKEHHS 10 5400I1a (550 xr Ha KBagpaTHUN METP)
MicTOCTINKICTB Makc. niamerp 25MM, Makc. IIBUAKICTh 83 KM/TOJT
Ceptudikatu TUV:IEC 61215 Edition 11 / IEC 61730 I and Il
TemnepatypHi pexuMu
Po6oua Temmnieparypa Biz1 -40°C no +85°C
["aGaputu,Bara:
JloBxurHa 1956 Mmm
[Iupuna 992 MM
Bucora 45 mMm
3arajgpHa TII0MA 1,62 m?
Bara 23 kr

[Tpu BOOP1 1HBEPTOPIB y XO/1 AOCTIIKEHb OyJI0 BUBYEHO Ta MPOAHATI30BaAHO
oOnaiHaHHS 1HBEPTOPIB.

Buxoasun 3 1poro momepeaHro Oyno obpano imBeprop MAIT SINE
DOMINATOR UPS (pucynok 2.5).
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Pucynok 2.5 — Inseprop MAII SINE DOMINATOR UPS [20]

Onnak Hagam OyJo BCTaHOBJIEHO, IO OOMajgHaHHSA KommaHii «MikpoApT» €
€KOHOMIYHO HEBHT1THUM, OCKIJIbKA MaKCUMaJIbHa BXiJHA HampyTa B iHBepTOPiB 48 B,
BIIIOBIHO MiIBUIEHHS  HAMpyTru [IUIIXOM  MOCIIJOBHOIO  3'€IHAHHSA
(hOTOCIEKTPUYHUX €JIIEMEHTIB 3 METOIO 3MEHIIICHHS KIJIbKOCTI IHBEPTOPIB, BUXOJISTUH 3
(dbiHAHCOBHUX MipKyBaHb, JUISI EKOHOMIYHOT BUTOAH HE € MOKJIBUM.

Buxoasuu 3 iporo, 6yso o6pano inBeptop SILA PRO MH. 30BHiHi#i BUTIIAL

MPEACTABICHUIN HA PUCYHKY 2.6.

Pucynok 2.6 — 3osuimnii Burisia SILA PRO MH [20]

I'opunni iaBepropu SILA PRO MH wne xomOiHOBaHI 1HBEpTOpH/3apsiiHi

npuctpoi notyxHictio Bij 3 000 1o 10 000 kBT i3 BOyj0BaHUM KOHTPOJIEPOM 3apsiy,
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3 MOJXJIMBICTIO pOOOTH SIK B PEXKUMI aBTOHOMHOTO, TaK 1 B PEXUMI MEPEKHOTO
iHBepTOpa 3 (YHKIIEO MiIMINTYBaHHS €HEPrii B Mepexy, A 3abe3meueHHs
0e3nepeOitHOro KMBIICHHS, 3 MOXJIMBICTIO BHOOPY MPIOPUTETIB 3apsKaHHS Ta
HaBaHTAXXEHHS, TapajeibHOTO TMIAKIIOYEHHS Ta QYHKINT BiggaaeHoro (dyepes
IHTEPHET) MOHITOPUHTY.

INopuani iHBepTOopu SILA PRO (MH-cepii) ocHalieHi CyXuM KOHTaKTOM (JIJ1st
KEpyBaHHS T€HEPATOPOM) Ta MOKIIMBICTIO MapajeilbHOr0 MIAKIIOYEHHS 10 6
IPUCTPOIB 3 MAKCUMAIIbHOIO OTYKHicTIO 10 600 KBT.

s cepis igeasbHO TigidAe [JIi BUKOPUCTAHHS Yy CKJIAAl COHSYHOI
CJEKTPOCTAHIll, a TakoX JJIsi opraizamii Oe3mepebiiiHoro (aBapiiiHOIO)
€JIEKTPOTIOCTAaYaHHS.

Oco0nuBocri:

- Uucra cuHycoiia Ha BUXO/I1;

- Tpu da3u;

- Mikporpo1ecopHe yIpaBiHHS;

- BOynoBaHe CTeXEHHS 3a TOYHOIO MaKCUMalIbHOIWO mnoTyxHIcTIO (TMII)
COHSIYHOI OaTapei - 21IT;

- Jlexinbpka pexxuMiB poOOTH: TTapaieibHO 3 MEPEXKEI0, aBTOHOMHO, TTapasieIbHO
3 MEPEXKEI0 B PEXKHUMI PE3EPBHOTO JIXKEpera;

- Benukuii pigkokpucTamiyHuil AUCTUICH BioOpaXkae BCIO OCHOBHY 1H(opMaIrio
po poOOTY CUCTEMU COHSIYHOTO EJIEKTPONOCTaYaHHS,

- MoxxymBOCTI JuIs 3'€MHAHHS 3 KOMI'IOTEPOM JIJII MOHITOPUHTY POOOTH
CHCTEMH €JICKTPOMOCTaYaHHS;

- PerymroBanHs 3apsigHoro crpymy makcumym 10 200A;

- OyHKIIISI MOHITOPUHTY Y€pe3 CTUIbHUKOBY MEPEXKY;

OCHOBHI PEXUMHU:

1. Grid-tie (3'emHanmit i3 Mepexero) . Y [bOMY PEKUMI IHBEPTOP MPALIOE SIK
3BUYANHHUIN MEPEKEBHUI (POTOCTEKTPUIHHN 1THBEPTOP. AKYMYJISITOPH B IIbOMY PEKUMI

HE NOTPIOHI.


https://e-solarpower.ru/solar/inverter/invaccessories/modul-snmp-sila-clone-ru/
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2. Grid-tie with backup (3'eqHanui 13 MEpEkKEIO 3 pe3epByBaHHs). Y IIbLOMY
PEXHMI 1HBEPTOP MpAIIOE IK MEPEKEBHI (HOTOETEKTPUUHUN 1HBEPTOP, alie 30epirae
Ipale3aTHICTh MiJl Yac 3HUKHEHHS MepexXl 3a paxyHOK MiJKIIOYEHHS A0 podoTH
akymyssaTopiB. Hammumku eHeprii Bl COHSYHUX Oartapeil, HE CIOXHUTI
aKyMyJISITOpaMH Ha 3apsij] Ta HABAHTAXKCHHSM, CIIPSIMOBYIOTBCS JIO MEPEKI.

3. Off-grid (aBToHOMHHI). Y 1IbOMY pEXKHMI IHBEPTOP MpaIroe Oe3 Biiadi
eHeprii B Mepexy. 30epiraerbCcsi MOXKIUBICTh 3apsly aKyMYyJSTOPIB Ta YKUBJICHHS
HABaHTAKCHHS BiJI MEPEXi UH reHepaTopa

Xapaxkrepuctuku iHBepTopiB Ty SILA PRO mnpeacrasneni y Tabmmii 2.2.

Tabmuusg 2.2 - Xapakrepuctuku iHBepropiB Tuny SILA PRO

3arajibH1 TapaMeTpu 3HaYCHHS
Mopnens Cucrema Tpuda3zHuX IHBEPTOPIB

SILAPRO

Tun npuctporo besrpancpopmaropuuii

Kinbkicts a3 Tpu

[Topt KOMyHIKaIIi1 RS-232/USB, CAN Interface, |-
Wire
DyHKIIS B1IJIaJICHOTO KEPYBaHHS €

ta MoHiTopuHry ( SNMP Card

JIOAATKOBO )

@DyHKIlI MOHITOPUHTY Yepe3 €

mepexy (GPRS Card nonatkoso)

[TapanenbHe miIKIIOYEHHS Tak
KOe(ILIEHT MOTY>KHOCTI > 0,99
MakcumanbHUI KOeilieHT 96%
neperBopenHsa (DC/AC)
dopMa BUXITHOTO CUTHAITY Yuctuit cunyc
MakcuManbHui KoedIIieHT 91%

neperBopenHsa (DC/AC)
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[Ipu po3paxyHKy Ta BUOOP1 MOTYKHOCTI CUIIOBOTO TpaHC(hopMaTopa KEPYIOThCS
rpadikoM cepeaHbOJO00BOIO Ta MOBHOTO AKTUBHOTO HABAaHTA)KCHHS MiJICTAHINI, a
TaKOX TPUBATICTIO MAKCUMAJIBHOTO HABAHTAKCHHS.

Axmio rpadik poOOTH MIACTAHINT XapaKTePU3y€EThCS KOPOTKOYACHUM MIKOBUM
pexuMoM TOTYKHOCTI — 30 xB abo Oumpme 1 rogwHH, TO TpaHChOpPMATOP
MpaioBaTUME y HEIOBAaHTAXXEHOMY peXuMi. ToMmy BHUTIJHINIE MiAOUpaTH
TpaHchopMaTop 13 TMOTYXKHICTIO, HAOJIMKEHOI0 JO0 TPHUBAJIOr0 MAaKCUMAaIbHOTO
HABAaHTAKCHHA Ta TOBHICTIO BUKOPHUCTOBYBATH IEPEBAHTAXYBAJIbHI MOYKIJIUBOCTI
TpaHchopMaTopa 3 ypaxyBaHHSIM CHUCTEMAaTHYHHMX MEPEBaHTAXEHb Y HOPMAJIbLHOMY
pexkumi [20].

VY peanpHUX YMOBax 3HAYCHHS MPHUIIYCTUMOTO HABAaHTAXCHHS BH3HAYAETHCS
Koe(DIIiEHTOM TMOYaTKOBOTO 3aBaHTaKeHHsA. Ha BuOIp BeMMUYMHM HaBaHTAKEHHS
BIJTUBAE TEMIIEpaTypa HABKOJHWIIHBLOTO TIOBITPS, B SKOMY 3HaXOJUTHCS
TpaHchopMaTop, 110 MPAIIIOE.

KoedirnieHT 3aBaHTaXXEHHS 3aBXKIU MEHIIIE OJUHUILII.

VY xox1 nociimkeHsb Oyi0 BUBUEHO IPOAHAII30BaHe 00J1aTHAHHS CYXUX CUIIOBUX
TpaHchOpMaTopiB.

Cyxi nuti TpanchopmaTtopu HezaxuileHoro BukoHaHHa (IP00, Ge3 koxyxa)
BUTOTOBJIAIOTECS 13 BBogamu BH Tta I1H, Bukonanumu 1g mia'eqHanHs kadeiaeM ado
muHaMu  (THY4KMMH muHamu).  TpancopmaTtopu  3aXHIEHOTO  BHUKOHAHHS
BUTOTOBIIIIOTHCS 3 BBeACHHsIMU BH BcepeamHi kokyxa i TiT'eTHAHHS KaOemem,
BBeneHHs Kk [TH MoXyTh posramoByBaTHCS BCEpeAWHI KOXKyXa JJIA i€ THAHHS
kabesieM a0 BUBEJICHI HA JIax JJIsl PUETHAHHS ITUHAMH.

TpanchopmaTtopu BUTOTOBISAIOTECA 13 BBeaeHHs MU [IH, posramoBanumMu Ha
OluHiii (By3bKill) CTOpOHI 3ax. KOXyxa. TpaHchopmMaTopd KOMIUICKTYIOTHCS
oomoTtkamu SIEMENS. Knac HarpiBocTiiikocTi 1305s1ii - F.

Buxoasun 3 miporo Oyno oopano obmagnanus aTSE 160 kBA. BAT «I'pyma
PYCEHEPI'OPECYPC». Kpaina-Bupobuuk CrnoBauunna, ToproBa mapka BEZ
Transformatory (pucynox 2.7).


https://www.kesch.ru/catalog/silovye-transformatory/
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Pucynok 2.7 — 3opnimHii Bursi TSE 160 kBA 0,4/10 kB IP 21 — 31 [20]

CrangapTHa KOMIUIEKTaLlls BKIIIOYAE:

- Tpanchopmatop BH — 10 xB; I1bB £2x2.5%, ITH — 0,4 kB; A/Yn-11, 50 I'm;

- Tepmonatruuku PTC (6 mT.);

- Enextponne tepmopene MSF220VU.

VY mpoekToBaHiii miAcTaHIi TpaHC(HOPMATOPOM TaKOXK HEOOX1THO BCTAHOBHUTHU
cuiIoBUi BuMHKay komyTtalii mepexi 10 kB. Bumukaui HeoOXigHO BHOMpaTu 3a
HOMIHAJIBHUM CTPYMOM. Y XOAl JOCHIKEHb OyJ0 BHBYCHO Ta IPOAHAIII30BAHO
o0JaTHaHHSI.

Buxoasuu 3 11p0ro 0ysi0 00paHo BakyyMHuii Bumukay kommanii « TABPUJIA

EJIEKTPUK» tumy BB/TEL-10-12,5-630A nns Bcix BapiaHTIB CTPYKTYPHHUX CXEM
(pucyHok 2.8).

Pucynok 2.8 — Bakyymuwnii Bumrikau [20]
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KitouoBuM eneMeHTOM (DYHKIIIOHAIBHOT CXEMH CUCTEMU KEPYBaHHS € CUCTEMa
00poOKu 1HpopMartii (koHTposep). Came ToMy Hepiry 4epry noTpiOHO BU3HAUUTHUCS 3
KoHTposiepoM. KoHTposiep MOBHHEH BUKOHYBATH BCl MOKJIAJICHI HA HHOTO (PYHKIIII, a
TaKOXX MaTd SKOMOra MEHIIY BapTiCTh, NOMYCTUMY HAIIHHICTh, OyTH TOCTATHBHO
JIETKUM Y TIPOTpaMyBaHHI. 3a MU TTapamMeTpaMu OyJI0 TPUHHSTO PIlIEHHS TOPIBHITH
JIBA TUIK KOHTpOJEpiB: mporpamoBaHi Jjoriuni koHtpojiepu (IIJIK) Ta
MIKPOKOHTPOJIEPH.

[TJIK maroTh HaCTYyIHI IiepeBar nepea MiKpoOKOHTPOJIEpaMH:

- binpma wamifiHicTe. [IJIK MOXyTh CTaOUIBHO MpalioBaTH B yMOBax
MIJBUIIICHOT BOJIOTOCTI, €JEKTPUYHUX TEpelIkoj, BiOpamiid Ta B 1HIIUX
HECTIPUATIMBUX YMOBAX, Y IKHX MIKPOKOHTPOJIEP MPAIFOBATH Ha 37]aTCH 30BCIM.

- [Ipoctora nporpamysanns. [IJIK MaroTh y cBoeEMy po3mnopsiikeHH1 rpadivni
MOBH IIporpaMyBaHHsi, Taki sik Functional Block Diagram ta Ladder Diagram. 1{i moBu
porpamMyBaHHsI y’K€ MPOCTI B 3aCBOEHHI, 1 HABITh MaJIOJOCBIIYEHUN CHEIialicT
MOX€e MOT0 3anporpamyBaTy;

- IIpoctora o6cayroByBanus. IIJIK mqyke mpocTo mepenporpamyBaTH, SKIIO
BUHUKAE TaKa HEOOX1HICTh, 1 IPU IbOMY HE MOPYIITYEThCS] TEXHIYHUN MTPOIIEC.

- Bucokuii piBenp cranmaptuzaiii. [IJIK myxe Jierko BUKOPUCTOBYBaTH 3
PI3HOMaHITHUMH JaTYMKaMU, CEHCOpaMU Ta TMPUBOJAMH, iX JIETKO MOHTYBAaTH Ha
CHeIiajgbHl peUKH 3aBISIKA BUCOKOMY PIBHIO CTaHIapTH3AIII].

MIKpOKOHTpPOJIEPH B CBOIO YEPTy MAIOTh TaKi epeBaru:

- Huzbka Bapricth. TUNOBHIT MIKPOKOHTPOJIEp Ma€ BapTICTh JIUIIE Y NEKIJIbKA
nosapiB, mpu Tomy 110 BapTicTh [IJIK Hepigko carae coTeHb J0J1apiB.

- Manuii po3amMip. MikpOKOHTpOJIepH 3aMalOTh Iy>K€ Majlo MICIIs, IO JO3BOJISIE
MOHTYBATH X y MPUCTPOI TAKUM YHHOM, IO iX MPAKTUIHO HEMOMITHO.

- Bucoka mBuakicts 00poOku iHpopmarii. Yactota podbotu IJIK 3a3Buuait
O1nbIa, Hixk 8 MI'11, a Mmoxke caratu 72 MI'11 Ta Oinblire.

- Bucoxa 3H0cocTiiiKicTh BuXo/iB. Buxomamu I1JIK sBisroThes pene, sKi He
NpU3HA4YeHl JJi1 dYacToi Ta IIBUIAKOI 3MiHM cTaHy. Hacammepen Buxoau

MIKPOKOHTPOJIEPIB JIETKO MOXKYTh 3MIHIOBaTH CBii CTaH 6araTo pasiB 3a CEKYHIY.
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Cucrema, 110 po3po0iseThCs, Ha NOTPEOYE BiJl KOHTPOJIEPA JIETKOCTI MOHTAXKY,
JIETKOCT1 OOCIIyTOBYBaHHS Ta TaKOi BENWKOi HajiiHOCTI. HaBmaku, aeski mepeBaru
[TJIK, Taxi siK IErKiCTh IpOrpaMyBaHHS, € HEOAKAHUMU y CUCTEMI, 1110 PO3POOISETHCS,
30BciM. [Ipu mpomy yci HaBelleHI IepeBard MIKPOKOHTPOJIEPIB € BarOMUMHM IS
CUCTEMH, IO PO3pOOIsSeThCs. TakuM 4YUHOM, OYyJO0 MPHUUHATO pIMIEHHS B SKOCTI
cucteM o0poOKu 1H(PopMaIlii BUKOPUCTOBYBATH MIKPOKOHTPOJIEP.

OCKUIbKM TOMYJSIPHI  MIKPOKOHTPOJEPU MAIOTh BEJIHMKY KIUIBKICTh YKe
CTBOpPEHHUX Mporpam, ApaiBepiB, JOKyMEHTaIlli Ta MalTh MIATPUMKY CYCIHIJIbCTBA,
OyJ10 IPUITHATO PIIICHHS OOMPATH MIKPOKOHTPOJIEP caMe 13 HAMMOMyJISIPHIIIUX CEPI.

OCHOBHY [1OJII0 PUHKY PO3AUIAIOTH M1 COO0I0 MIKPOKOHTPOJIEPH HACTYIHHUX
cepiit:

- AVR;

- PIC;

ARM Cortex.

JIist nopiBHSAHHS OyA0 B3SITO KIJIbKA MOITYJISIPHUX KOHTPOJIEPIB, SIK1 3HAXOASITHCS
NpUOJIM3HO B O/IHIH LIIHOBIN KaTeroplii.
[TopiBHsimpHA 1H(MOpPMaIlis HaBeeHa B Tabui 2.3.

Tabmuusg 2.3 — IopiBHsuIbHA 1HPOPMALLIST MIKPOKOHTPOJIEPIB

STM32F100 | ATmega48 | ATtinyl3 | PIC16
[TapameTp
C4T16B PA-PU A-SSU | F505-1/SL
Cepenus 1ina $0.42 $0.78 $0.42 $0.49
06’em flash-mam’sati (ROM,
16 xbaiit 4 xbaiita | 1 kbaiit | 1 xbaiT
nam’siTi Iporpam
O6’em omnepaTUBHOI IaM’sITi
4096 baiit | 512 baiit | 64 baiita | 72 baiita
(RAM, mam’s1Ti JaHUX)
TakToBa yacrora 24 MI'y 20 MI'x 20MI'ny | 20 MI'mg
JIiHiit BBOY/BUBOTY 37 23 6 12
16 xananiB | 8 kaHamniB | 4 KaHaiy
AT 0
12 6it 10 6it 10 61t
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IHAII 12-6GiTHui 0 0 0
USART 2 1 0 0

SPI 1 1 1 0

12C 1 1 0 0
KinbkicTe TalimepiB 5 3 1 1
DMA 7 xaHaIB 0 0 0

Sx BugHO 13 Tabmumi 2.1, mikpokoHTposiep STM32 3a BciMa mapamerpaMu
nepeBepIIye 1HII MIKPOKOHTpoJepu JaHoi kareropii. OKpiM HaBeAeHUX Yy TaOIuIll
JAHUX, TaKOoXX BapTO MNPUUHATH 1O yBaru, 10 MikpokoHTposiepu ARM e 32-
PO3PSAHUMHU, 110 03HAYAE MOKJIIUBICTh pOOOTH 3 32-0ITHUMU JAHUMU 33 OJUH TaKT
nporiecopa (it 8-01THUX MIKPOKOHTPOJIEPIB IS LIbOTO MOTPEOYETHCS 3HAYHO O1IbIIIa
KIJIBKICTh TaKTiB).

[Ile omHi€r0 OCOONMBICTIO BUKOPUCTaHHS MiKpokoHTposiepiB STM32 € moBHa
amapaTHa CyMICHICTh B M€XaX OJJTHOTO KOPITYCYy, TOOTO SIKIIO 32 SIKUMOCh IPUYUHAMHU
HE BUCTAuYa€ PECypCIB 3aKJIAJEHOrO JI0 CXEMHU MIKPOKOHTpPOJEpa, 3aBXKAU MOKHA Ha
Horo Micrie BHasiTé 1HIIMKA TOTPIOHUN MiKpoKOoHTpoJep. [Ipu mpoMmy i1HOII MOXKe
3HAI00UTHCS JIMILE HEBEJIMKA 3MIHA POrPaMH, 1 TAKUX 3MIH B POTpaMi, SIK MPABUJIO,
HEOOX1THO 3p0OUTH 3HAYHO MEHIIIE, HIXK HAITPUKJIa/1 IIPU IIEPEHECEHH1 IPOTPaMHU 3 MK
MIKpoKOoHTpoJsiepamu AVR.

JUisi  BUKOpPUCTaHHS y JUIUIOMHOMY TMPOEKTI Oysno oOpaHO Bepciro
MikpokoHTpoJiepa cepii STM32: STM32F103C6.

3aranbHi XapaKTEpUCTUKHU JAHOTO MIKPOKOHTpOJIepa HaBeACHO y Tabnuili 2.4.

Tabnuusg 2.4— Xapakrepuctuku Mikpokontposiepa STM32F103C6

[Tapamerp 3HavYeHHs

Snpo ARM Cortex-M3

MaxkcumalibHa 4acToTa
72 MI't

sanpa

O6’em maM’4T1 porpam 32 xbaiit
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Turm mam’siTi mporpam FLASH
O06’eM onepaTUBHOL
10 xbaiit
mam’sITi
KinpKicTh BXO1B/BUXO/IIB 37
[aTepdeiicu CAN, I?C, IrDA, LIN, SPI, UART/USART, USB
DMA, Motor Control PWM, PDR, POR, PVD,
[Tepudepis
PWM, Temp Sensor, WDT

ALIIT/ LHAIT A/D 10x12b

Hanpyra xuBneHHs 2 -36B

[ndopmariiitna B3aemoisi MOKe BIOyBaTHCS 3a JOMOMOroro iHTepdeicy 1-
Wire, sikuit OyB po3pobienuii y kinmi 90x pokis ¢ipmoro Dallas Semiconductor, sika 3
2001 poky € yactuHor Kommanii Maxim Integrated. Lleit inTepdeiic perasameHTOBaHO
PO3pOOHMKAMU JIJIs1 3aCTOCYBAaHHS B YOTUPbOX OCHOBHUX Cpepax-aoaaTKax:

- 00cIyroByBaHHs NPHUCTPOIB, SIKI yrmakoBaHl B crenianbHi kopnycu CAN f5
(panime MicroCAN), st BUpilIeHHS 3aBAaHb 1AeHTH(]IKaIl, ayTeHTUdiKalii,
aBTOpU3allii, 3aXUCTy 1H(OpMAaIlii, KOHTPOIIO JOCTYIy, 3a0€3MEUCHHS €IIEKTPOHHUX
IJIaTEX1B, IEPEHECEHHs a00 nepeTBopeHHs iHdopmarlii (TexHonoris iButton);

- IporpamMyBaHHs BOYIOBAHOI MaM'sIT1 IHTETPAJIbHIUX KOMIIOHEHTIB;

- 1geHTU(dIKallg €JeMEHTIB OOJaJHaHHSA 1 3aXUCT JOCTYIy J0 PEecypciB
€JIEKTPOHHOI anaparypu,

- €JICMEHTH 1 CUCTeMH aBTOMaTH3allii (TexHoJoris 1-Wire-mepex).

[lepmmii 13 UKMX HaNpsMKiB, MOB'SI3aHUA B TOMY YHUCIl 3 OOCIyrOBYBaHHSIM
npucTpoiB i1Button, siki ayxe MIUpPOKO momupeHe B CBITIL. [pyruit 3 ycmixom
3a0e3rnedye MOXKJIMBICTh JIeTKoi repeOdynoBu (YHKIIN  HamiBOPOBIIHUKOBUX
KOMIIOHEHTIB, BUpOOJIeHHX KommaHielo Maxim Integrated 1 MaioTh Maiy KUIbKICTb
30BHILIHIX BUBOIB. TpeTiil 103BOIsIE 3a0€3MEUNTH HEIOPOTY, ajie TOCUTh €(PEKTUBHY
imeHTudikaimito 1 HaAIMHUNA 3aXUCT caMoro pizHoMaHiTHOTO oOnagHanHs. Ilo

CTOCYETBCSI UYETBEPTOTO 3aCTOCYBAaHHS, TO peami3ailii JOKAIbHUX PO3MOIIICHUX



66

cucteM Ha 0a3i 1-Wire-mMepex € onTUMaibHUM JiJIsi 0araThbOX MPAKTUYHUX 3aBJIaHb
aBTOMAaTH3aIIii.

[Tpu po6oTi 3 MOIaTKaMU, JIe BUXITHUN CUTHAJ CHCTEMH IIOBUHEH 3MiHIOBATHCS
BIJIMOBITHO /10 OTIOPHOT'O 3HAYEHHSI, MOTPIOEH aJrOpUTM YIIPaBIIiHHS.

[IpoTsirom mOBroro yacy B 00JacTi ympaBlliHHS BHKOPUCTOBYBajocs Oarato
pimens, ane [1IJ]-perynstopu MOKyTh CTaTH "MIPOMHUCIOBUM CTaHIAPTOM" Yepe3 CBOIO

MPOCTOTY 1 BUCOKY MPOJYKTUBHICTb.

2.4 Po3poOka mMaTeMaTHYHOI MOJej]i CHCTeMH KepyBaHHsS PO3MOAiJIOM

JKepeJ1 eHepro3ade3nedyeHHs MiIMPUEMCTBA

OmarM 13 3aBAaHb  CHCTEMH  KEpyBaHHS  PO3MOAUIOM  JDKEpeln
eHepro3a0e3meueHHs] MiMPUEMCTBA € BH3HAYEHHS ONTUMANIbHOTO CKJIamy Ta
napameTpiB CUCTEMH 3 ypaxyBaHHSIM peajJbHUX KIIMAaTHYHUX YMOB €KCILTyarailii,
XapaKTepUCTHK OOJaJHAHHSA, IO BHUKOPHUCTOBYETHCA, a TaKOX OCOOIUBOCTEH
CIIO’KMBaya, BKJIIOYAIOYM OYiKYBaH1 3MIHHI Ipadiku CTIOKUBAHHS €HEPTii.

KpurepiemM onTumanbHOCTI 11 MaTEMaTUYHOI MOJIETl € MIHIMyM BUTpaT 3a
eJIEKTPOTIOCTAaYaHHsI CIHOXKMBada. Bu3HauyBaHUMHU MapamMeTpaMd € ONTHUMAaJIbHI
noTyxHocTi moayniB BJIE Ta emHOCTI akymynsiTopHux Oatapei.

YMOBOW0 3a0e3meueHHs] TapaHTOBAHOTO EJEKTPOINOCTaYaHHS CIIOXKHBAYa €
JTOTPUMAHHSI €HEPTreTUYHOTO OalaHCy M1k BUPOOJIEHHSM Ta CIIOKUBAHHSIM MIPOTATOM
ychoro TepMiHy ekcruryatarii. Cmin 3asHaumTH, mo i1 BJIE xapaktephi Taki
BJIACTUBOCTI, SIK MEPEPUBYACTICTb 1 MEPIOJIUYHICTh, 1 BOJHOYAC Maja MIHJIMBICTh
BEJTUYMHU €HEPTOPECypCiB PIK Y PiK.

ToMy mig 4Yac MOCTAaHOBKM MaTeMaTWYHOI MOJENi CHUCTEMH KEpyBaHHS €
CKJIQJICHHSI €HEPTreTHYHOTO OajaHcy, AJs SIKOTO ONTHUMAIBHOTO PO3TIISIaTH TEepiof,
pIBHUIT OJTHOMY POKY.

Toni BUpa3 eHepreTUYHOro 0anaHcy 3anuIleThCs TaK:

P = Phor + Ph + Phm, (2.1)

3ar



67

i . .
e P;;F - BI/Ip06JICHHH CIICKTPHUYHO1 CHEPTI1l CHEProyCTaHOBKaMH 3a PIK, kBT-
roz;

l:)piq

nor - 00CAT eIEKTPUYHOI CHEPTii, SIKUH BU3HAYAETHCS OTpeOaMu CIIOXKUBaya,

3a pik, KBT-TO;
iy .
P -00cAT eneKTpUYHOI eHeprii, 0 BH3HAYAETHCS BIACHUMH IMOTPEOAMH
KOMOIHOBAHO1 CUCTEMH IIPOTATOM POKY, KBT-rox;

pid
PBTpaTI/I

- 00cAr eJeKTPUYHOI €Heprii, KU BHU3HAYA€ThCs BTpaTamu B k-my
€JIEMEHTI CUCTEMH €JIeKTPONOCTaYaHHsI, IPOTATOM POKY, KBT-ro.

3aranom enepropecypcu aeskux BJIE nmocTiitHi Ta 106pe NporHo3yroThCs JIUIIE
3a TpHUBaJl NEPIOJM Yacy, Kl piBHI Micamo abo poky. IIpu npomy HeoOXiTHO
BI/I3HAYHUTH, 1110 MOTOKHU CHEPTi X JKEPEN 32 MICSIh BIIHOCHO MOCTINHI 3 pOKY Ha
pIK TUIbKK JJI1 TIEBHOTO MICSIS, @ BiJl OJHOTO KAJEHAAPHOIO MICSIS J0 1HIIOTO
3HAQYEHHS I[MX PECypciB HE TIOCTIMHI Ta 3MIHIOIOThCS Y 3HAYHUX MEXKax.
[Iporno3yBaHHs Ha KOPOTKI MEPIOU Yacy Ba)KKe, TOMY IO MPUXIJ €HEPrii COHIIS Ta
BITPY 3JIEXKUTH B1J] 0aratbox (aktopiB. Hagxo1»KeHHsI COHSIYHOI pajiialli OMUCY€eThCS
GbyHKITIEO BIJ Yacy, IO CKIAAAEThCSA 3 ACTEPMIHOBAHOI (JICHB-HIY, MICAIb, PIK, SKa
BU3HAYAEThCs TeoMerpieto 3emisi-CoHIlle) Ta BUIAIKOBOI (KJIIMAT, METEOPOJIOTis)
CKJIQJJOBHX.

CrnoxuBay XapaKTepU3yeTbCS HEPIBHOMIPHUM CIIOKMBAHHIM  EJIEKTPUYHOT
€Heprii 3a KOPOTKI IHTepBaJIA Yacy - 100y, Ta BIAHOCHO MOCTIHHUM CIIOKUBAHHSM 32
TPUBAJI MPOMIKKH Yacy — MICSIb 200 piK. Y 3B'SI3KY 3 UM TaKl YCTAaHOBKH BUMAararoTh
BUKOPUCTAHHS HAKOMWYYyBadiB €HEPrii, sIKi 3A1ACHIOIOTh KOMIIEHCAIlI0 (PO3MOIi)
eHeprii y 3B'SI3Ky 3 HEPIBHICTIO CMOKUBAHHS Ta T'eHepallli NUISIXOM aKyMYJIIOBaHHSI
eHeprii B mepioau ii HAIMIIKY Ta BUAAdl ii B MOMeHTH Aedinuty. OCKiIbKA
aKyMyJIATOpHI Oartapei 34aTHI MPOTATOM TPHUBAJIOr0 yacy 30epiraTh eJeKTpUUYHY
eHeprito (MicsIli), BOHU MOXYTh 3aCTOCOBYBAaTHUCH 1 JJISI CE30HHOTO BHUPIBHIOBAHHS
BUPOOJICHHS Ta CIIOKUBAHHS.

Takum YMHOM, PU BU3HAUEHHI TOTYKHOCT1 TEHEPYIOUUX MTPUCTPOIB, JOCTATHIX

11 3a0e3leUeHHs]  CJICKTPOIOCTAaYaHHS  CIOXKMBada HEOOXIAHO  pO3risgaTv
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BUKOHAHHS €HEpPreTMyHoro OayiaHcy 3 ypaxyBaHHsM BukopuctanHs AKDB Ha
CEpEeIHbOPIYHHM, CePETHHOMICIYHAA Ta CEPEeIHBOTOAMHHUN mepioau. OmHaK SKIO
P €JEKTPOTIOCTaYaHHI BUKOPUCTOBYETHCSA KEPOBAHE JDKEPENIO abo € IMiIKITFOUCHHS
0 enekTtpuyHoi Mepexi, To AKDB BuOMparOTbCS MO-IHIIOMY NPHUHITUITY 1 TpHU
ONTUMI3allii He PO3IIAAAIOTECA. [XHSA TONOBHA MeTa B IIbOMY BHMAJKY - 3a0€3MeunTH
CJICKTPUYHOIO €HEPTI€I0 CMOXKMBAaYa y MOMEHTH 4acy Majioro HaBaHTaXeHHs. OHak
iX cyij; BpaXxOBYyBaTH HaJajl ITiJ1 Yac epeBipku (MOJICIIFOBaHHS ) pOOOTH CUCTEMH.

Bukonaemo po3poOky MaTeMaTHIHOI MOJIEITI 3 YpaxXyBaHHSM BHUIIEHABEICHOTO.

[IlykoMi 3MiHHI — MOTY>KHOCTI €HEpProycTaHoBok Ha ocHOBI BIE Ta emHicTh
HaKOMMMYyBava B OJTHOMY BHUITJIKY, & TAKOX MOTYKHOCTI €HEPrOyCTAaHOBOK B 1HIIIOMY
(K0JIM KOMITEHCalllsl 311MCHIOETHCS HE TUTbKH 3a paxyHOK AKDB), sik1 mpuiiMatoTh neBHI
3HAYEHHS, 3T1JTHO 3 X TUIIOPO3MIPHUM PSIJIOM.

TakuMm 9yrHOM, B MaTeMaTH4HIN MoJieii € N mykoBuX 3MiHHUX X; (I = 1,2 ... n).
JIucKkpeTH1 3HAYEeHHS KOXKHOI 3MIHHOI X, 3a7aHl 3T1IHO 3 THIOPO3MIPHUM PSI0M
BUKOPUCTOBYBAHOTO YCTaTKyBaHHS. /[0 ONTHUMallbHOrO pIMIEHHS Ma€ YBIUTH A
3MiHHUX (A<N).

KoHiii 3MIHHIM X BIJAMOBIOA€ JBIMKOBa 3MiHHA Oj. SKII0 B pe3yibTaTi
pO3B'sI3aHHS 3a/1a4i Oj, TO 3MIHHA Xj BXOJIUTh IO ONTUMAJILHOTO PillleHHs; Ko ;= 0,
TO HI.

VY 11p0My BUIAJKY IIIbOBA (PYHKINISI CKIATAETHCS 3 TUCKPETHUX Ta JABIHKOBHX
3MIHHHUX.

Z(X1, X9 e Xy, 01, Oy, .. Op) = MiN. (2.2)

Kpurepiii onTtumanbHOCTI, TOOTO €KCTpEMyM UIIbOBOI (YHKIII — MIHIMYM
BUTpAT.

Hacrtymnne oOMexxeHHs, sike HeOO0X1HO HAKJIACTH Ha MaTeMaTUYHy MOJECIb - 11e
3HU3UTH BapTICTh CIIOKUBAHOT €JICKTPOCHEPTIi 3 MepexKi. PaxyHKH 3a eTeKTpOeHEPrito

JUTS CTIO’KMBaua B 3a37aiieriap 3a1anomy iHTepBaii [0, T] mpencraBiieHi y BUTIISIL:

E = [ (a45Pys(t) — a5y Pig (1)))d, (2.3)
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JI€ Ogs 1 Osg -KOE(DILIEHTH, IO NPEACTABIAIOTh LIHY Ha IEpPETIKaHHA
eJIEKTPOCHEPTIi B MEPEXKY Ta 3 Hel BIAMIOBITHO.

L1i r1iHM 3MIHIOIOTHCS 3aJICKHO BiJ] 3aKOHOJIABCTBA KOXKHOT Kpainu. J{is Ykpainu
NPUAMEMO Qg5 = A5y = 1.

Ha piBHi HaBaHTa)KeHHS MMOTIK HEPTii 3 MEPEKi TOPIBHIOE MgsPys(t), e 1gs -KK/]
JAHITIOTa TIEPEXO0/Ty B MEpEeski IO HaBaHTa)XKEHHA. TOYHO Tak caMo MOTIK €Heprii, 110
HIepEeIaEThCsl B MEPEXKY BiJ JKEpEl i, 3pelIToro, Bil Oarapei, CTAHOBHUTH NsqPsq (1), 1e
Nsg— KKJI manirora nepemMrukanss BiJl HaBaHTaXeHHs 10 Mepexi. Ha nmepenauy eneprii
B JIaHIIO31, JIO SIKOTO BXOJUTh AaKyMyJATOp, TaKOX BIUIUBAE €(EKTUBHICTD
aKyMyJIsITopa, Ne.

BaxnnBoio 3MIHHOIO, SIKa HE € «BUJIMMOIO» B piBHSHHI (2.4), € 3MiHa €Heprii,
3araceHoi B OaTapei.

Cuctema ynpapjliHHs PO3MOJIIIEHOI0 CHCTEMOIO MOKe BIIMBaTH Ha Pyg(t) abo
Py, (t) B piBHsHHI (2,4), BILIMBAIOYM HA HAKOIMYEHY €HEPIIIO.

I[To cyTi, Ha 3MiHHY E BIuMBaroTh Tpu (hakTOpHU: MOTYKHICTh, 1110 BUPOOISIETHCS
BiTHOBJIIOBaHUMH JDKEpEIaMH €HEprii; HaBaHTAKCHHS, Ta KOMAaHJa, M0 MOJA€ThCS
CUCTEMOIO KepyBaHHS, SIka BU3HA4Ya€ 3MIHY €HEPrii, 3amaceHoi B 0arapei.

106 miaTpuMyBaTH 3aBaHTAXEHHS MEPEkK1 B MPUUHATHOMY Jialla3oHi, MepIry
MeTy OyJ0 BH3HAYEHO IIJISTXOM yTPUMaHHS 3aBaHTAKCHHS MEPEeXi B KPUTUYHHUX
Mexax:

ST < § < §goms, (2.4)

Kpim Toro, mjo0 maTtu crnpaBeqIMBUN po3NoALl MK aekuibkoma ESS, npyra

MCTa CUCTCMHU KCPYBAHHA BU3HAYACTHCA TAKUM CHiBBi,Z[HOI_HeHHSIMI

P _ P _ P

Makc . pMakc . pMakc'
Py P; Py

(2.5)

Skio KpuTHYHI 0OMEKEHHS 17151 BUPOOHUIITBA UM CIIOKUBAHHS MMOPYIITYIOThCS,
koxHe J[3E moumHae oHOBmOBaTH CBIM 1H(OpMaIidHMIA CTaH, SK 3a3HAYEHO B
piBHsSHHIX (2.6) 1 (2.7):

golt] = [t — t] + k(S[t] = S7°7); (2.6)
glt] = glt — ts] + k(S[t] = S°™). (2.7)
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[IoitHO KOHTpONED iHIMmiOe KepyBaHHs, JI3E OHOBIIOIOTH CBiil iHGOpMaIiitHui

CTaH Ha OCHOBI aJITOPUTMY KOHCEHCYCY 3T1IHO 3 PIBHIHHSIM:
gilt] = Xjen, dijglt]. (2.8)

Ipynrytounch Ha oGuucieniii indopmamii npo cran JI3E, 3HaueHHs it
HeoOx11HOo1 noTyxHocTi [I3E Oyne oHOBJIEHO 3a HACTYITHOIO (hOPMYJIOHO:

Pt] = ei[e]Pye. (2.9)

[HIIM# BaXKITUBUN KPUTEPIH, 10 PO3TISAAETHCS TSl YIPABIIHHS PO3MOALIECHOIO
CUCTEMOIO, - 11€ 30UJIbILIEHH TEPMIHY CIYy>KOM Oartapei i, TAKMM YUHOM, IT1/IBUILIEHHS
CTIHKOCTI CUCTEMH.

Bucoka BapTicTh 0aTapei 1 Toi (haKT, 110 1i TEPMiH CIY)OH 3aJeKUTh BiJl YMOB
eKCIUTyaTallli, BUIIPAaBIOBYIOTh BUMOTY /10 CUCTEMM KEepyBaHHS, 11100 3a0e3MeunTH
SAKOMOTa OUTBIIUNA TEPMiH CITy)Ou OaTapei.

[Tepuium BapiaHTOM MOXe OyTH 3a0€3MEUEHHS UKy 3aps/IKU Ta PO3PSIKH 3
HOMIHAJIBHOK  MBUAKICTIO.  OCKUIBKA  TOTYXKHICTb, IO  BHUPOOJISETHCS
BIJIHOBJIIOBaHUMH JKEpEIaMu €HEprii, 1 CHOXUBAaHHSA MeEpexXl € BUNAIKOBUMHU
BEJIMUYMHAMM, 1IEH T1IX11 MOYKE MPU3BECTH JI0 BEIIMKHUX PAaXyHKIB 3a €JIEKTPOCHEPTIIO
yepe3 piBHAHHA (2.3).

Hpyruil BapiaHT MOXe€ MOJIATaTH Yy 3alpOBaKEHHI PEKUMY, SIKUUA 3HIKYE
BapTICTh PaXyHKIB 3a €JIEKTPOCHEPTIIO.

OpHak Takui MiAXiJ MOXKE MPU3BECTH JO BHCOKOI YacCTOTH B IMEpPEeMHKAYax
3apsKaHHSA-PO3PSAIKAHHA aKyMyJIATOpa, 0 HETaTHMBHO MO3HAYAETHCS HA TEPMiHI
ciryx06u Oartapei.

106 ITPOJIOBKHUTH TEpPMiH CITyKOU Oatapei, HIBUJKICTD
3apsKAHHS/PO3PsKaHHS TOBUHHA OyTH HAa HU3bKOMY PiBHI.

Kpim Toro, mo6 3axuctutu 6arapero, BaXKIMBO YHUKATH TITMOOKUX PO3PSIiB, a
OaTapero HeOOX1JHO MATPUMYBATH B YMOBaX HOMIHAJIBHOTO HAaBaHTAKCHHSI.

Hexait Nt* - uucnom mepemukanb 3apsny / po3psiiy, SKi 3HAXOIATHCS B
inTepBan [0 T], B Tol vac sk OaTapest MATPUMYETHCS 3apSIHKEHOI0 HA HOMIHAJIbHE

SHA4YCHHA 3 TOITYCKOM E.
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[TlinTpumka Hanpyru Oatapei B 00JacTi HOMIHAJIBHOTO CTaHY HaBaHTaKCHHS
MOX€ BHUKOHYBAaTHCS 3a JIONIOMOTOIO CHCTEMH VYIpaBIiHHSA, SKa 3a0e3nedye
aJIeKBaTHUM TMOTIK €Heprii B PO3MOAUICHY CHUCTEMY (3 ypaxyBaHHSIM BHUIAJKOBOCTI
HaBaHTAXXEHHS Ta BIJHOBJIIOBAHUX JDKEpPEI EHeprii) BIAMOBIIHO JIO BUMOT, SKi
Ipe. ' ABISAI0THCA KpUTEPieEM e(hEeKTUBHOCTI.

Lle#t kpuTepiii BpaxoBye /1B BUMOTH: CKOPOUCHHS paXyHKIB 32 €IEKTPOCHEPT IO,

E , 1 KimbKicTh IepeMuKadiB 3apsanay / po3psany, Nt° 1 popmyna (2.4) naGyBae BUTTISLY:

I =[] (agsPys(t) — asgPsg(1)))dt + YN, (2.10)
1e y- e (haxkTop, M0 3BaXKye JBa WICHU KPUTEPItO0 ePEKTUBHOCTI.

[e¥ YMHHUK 3aJIEKUTH B1Jl BAPTOCTI MEPETIKAHHS €JIEKTPOCHEPTii B MEPEKY Ta
3 Hei, ePEeKTHUBHOCTI TMepefadyl MK JDKepellaMH Ta MEpPEkKe, a TaKOoXK BIJ
BJIACTUBOCTEH HAKOMUYyBaya.

BaxnnBoio 0COONMBICTIO E€HEPropoO3MOJIUICHUX CHCTEM € BUCOKOYACTOTHI
KOJIMBAaHHS TMOTY>KHOCTI, IO TMOJAEThCS JDKEpEIoM BITPY (depe3 TypOylIeHTHY
CKJIaJIOBY IIBHJIKOCTI BITPY), a 1HOAI ¥ TIOTY)KHOCTI, IO CIOXHBAETHCH,
HAaBaHTAKCHHS.

[li xonmuBaHHS MOXYTh BHUKIMKATH YacTl TMEPEMHUKAHHS MIXK pEKUMaMU
3apsAKAHHSA/PO3PSIAKM B KOHTYpl KEpyBaHHSA HAIpyrow Oarapei, 110 HEraTUuBHO
BIUIMBAE HA TEPMIH CIy>kO0u Oartapei.

Kpurepiii  onTumanpbHOCTI  MaTEeMaTH4YHOI  MOJEIl 3 YpaXxyBaHHSIM
BUIIIEHABEICHOTO MOYKEMO TEePEMUCaTH HACTYITHUM YHHOM:

CopyNagy1 61 + CopyNagy: & + - CopyNogy; & +
+cpeyNisy1 041 + CoeyNBEy2 Gipa + -+ CBEyN1§}3C§r5i+g + (2.11)
+CasCARL O+ g+1 + CaBCARD Girg+2 + - CABCAE Giagap — Min,

1€ Cogy, CRgy - MUTOMa BapTicTh BT BcranoBnenoi moryxHocti @EY, BEY,
BIMOBiAHO, TpH./BT;

Cap - TATOMA BapTiCTh BCTaHOBJIEHOI eMHocTi AB npu Hanpysi UM, B 3a

BECh TEPMIH eKCIuTyaTarlii, TpH./ATo;
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NBET , NBSL ... - BimmoBinHi THIOpO3MipHOMY psy 0ONamHAHHS BCTAHOBIEH]

notyxHocti ®EY, BEY Bianosigno, BT;

CBCT

AE1--- - Bcranosiieni emuocti AKB npu Hanpy3si Uag"OM

, Aron.

KoeoimienTn BHU3HAYaIOTHCSA BUXOIMYM 3 KIIMAaTHYHUX YMOB EKCILTyaTarlii
00paHoi MICIIEBOCTI Ta XapaKTEPUCTUK BUKOPUCTOBYBAHOTO YCTATKYBaHHSI.

['paHnuyH1 YMOBU HE 3alUCYIOTHCS, OCKIIBKM MOKJIMBI 3HAYEHHS JTUCKPETHUX
3MIHHUX € 33JITaHAMH, a 3HAYCHHS TUCKPETHUX 3MIHHUX MOke Oyt nmmie 0 un 1. 3a
Takoi (popMarizallii He MOYKHa CTBEP/IKYBaTH MPO TOUYHICTh OTPUMAHUX PE3yJIbTATIB,
OCKUJIbKU BPaxOBYIOTHCS JCSIKI YUHHUKH.

[To-nepuie, koediumieHT rHOUHU po3psiny (BukopuctanHs eHeprii) AKDB
3aJIeKUTH BiJl HEOOX1THOT €Heprii Ta BU3HAYa€ BUJABaHy PO3psIHY eMHICTh AD.

[lo-npyre, HetouHicTh ysBiaeHHs AKDB y BHpasi sk caMoCTiiiHOro keperna
eHeprii HeoOX1IHO BPaxOBYBAaTH 3 3aIIPOBA/IKEHHSAM JI0JATKOBOTO OOMEKEHHS.

Bono popmyroTbes BUX0194H 3 TOTO, 110 Ab € JkepenoM eHeprii, BUpOOIeHHs
SAKOro 0€e3M0CepeIHbO 3aJEKUTh BlJl BUPOOJIEHHS MOAYJIiB, IO T€HEPYIOTh, HA OCHOBI
BJIE.

Tonmi cepenHbopiuHEe BUPOOJICHHS €HEproyctaHoBkamMu Ha ocHOBI BJIE mae
MEpPEeBUIIyBaTH HEOOXIJHE CEepeAHbOPIYHE HABAaHTAXEHHS 3  ypaxyBaHHSIM
Koe(irieHTa BTpaT Ha KOMIIEHCAIlII0 eJIEKTpUYHO1 eHeprii, Tooto, BTpatr y AKb. Ane
IpU BOMY CKJIQJIHO TOYHO OI[IHUTH BEJTMYUHY KOMIIEHCOBAHOI €HEpTii.

Takum uYwHOM, Yy 3B'S3Ky 3 BHIIECBUKIAACHUMHU (akTOpamMu pIIICHHS
MPU3BOIUTh J0 HETOYHHMX PE3YJIbTATiB, TOMY NPHUHHATO PIMICHHS BHU3HAYATH
ONTUMAJIbHUM CKJIAJl Ta TapaMeTPU KEPyBaHHSA METOJOM MOCTIAOBHUX ITE€palliil.

Po3spaxyHkoBuii MeTOJ TMOJNSATaE |y TOKPOKOBIM  TEpeBIpIli  pPiBHSHB
MaTeMaTUYHOI MOJeNi, CTBOPEHUX [JI1 CEepeIHbOi J000BOI TOJAMHU KOXKHOTO
KaJICHJAPHOTO MICSIISI BChOTO PO3PaXyHKOBOTO TIEPIOTY 3 YpaxXyBaHHAM HAKOITMYEHHS
eneprii AKb:

ks (At )NEST ke At + ks (At )NEST ko At! + Chs (AL ) UEME, = W, (at!),(2.12)

Ac:



73

+Chs(At] JURSM = kRgd" (At))CHRE (Ac,_, )k (At URR™, (213)
|~Che(A8)JURSM| < kARECRE VR mas, (2.14)
e CHAK (Atlj_l) — HaKoTUIeHa B monepeaHii MoMeHT yacy enepriss AKb, Arog;

k3¥. - koedimieHt, mo xapakTepumsye 3MiHy eMmHOCTi AB 3amexHO Bix
HOTOYHOT'O PO3PATHOTO CTPyMY, LIO0 BU3HAYAETHCA KOEPIIIEHTOM PO3psALy, SIKUH, B
CBOIO Yepry, BU3HAYAETHCS BUXOISIUN 3 HEOOX1THOT KOMIIEHCAIlii eHeprii;

Nap — KK akymynsTopaux 6arapei.

Ockinbky 3a3Buyaid HaBoAATh Juiie KKJI Bcboro 3aps1HO-po3psIHOTO LUKIY,
BiH BPaxOBY€THCS OJIMH Pa3 MPH 3apsiLli.

Hakomnenna B monepenHiit MoMeHT 4yacy eHneprisi AKb BuzHauaeTscs sk:

chak(atl_ ) = F1 + cl(at]_,) + Cig¥(atl ). (2.15)

[1ix yac nmepeBipKU KOKHOT'O KPOKY BPaXOBYEThCS 3arajibHa KUIbKICTh €HEpTi,

Ky Ab 37aTHI HAKOTTMYUTH 32 TPOMDKOK 4Yacy:
HAK UHOM < CBCT jyHoM
2. Caks (At _)Uks CRicsUns " K hks: (2.19)

[lepeBipui miUISIraloTh ycl MOJIMBI KOMOIHAIl pPO3MOAUTY MOTYXHOCTI 3
ypaxyBaHHSM 33JaHOT0 TUIOPO3MIPHOTO PSAY YCTaTKyBaHHS, 110 BUKOPUCTOBYETHCS
B HII.

3HaliieH1 TAKUM YHHOM TTapaMeTpH €JIEMEHTIB CUCTEMHU KEPYBaHHS PO3MOI1ITIOM
J3E € y3araqbHEHUMH, OCKUIbKM B HMX BUKOPUCTOBYIOTHCSI CEpPEIHI 3HAUYEHHS, 110
BU3HAYAKOTh BUPA3H CIIPOILEHUMH.

Tomy micas iX BHM3HAYeHHS JOLIJIBHO MPOBECTH MOJEIIOBAHHS pPOOOTH
MPOTATOM YCHOTO PO3PaXyHKOBOTO TEPIOy: - MpoaHami3yBaTH ii (hyHKIIIOHYBaHHS,

NEPEBIPUTH ONTUMAJIbHI MTAPAMETPH; BHECTH KOPUTYBAHHS.
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binem Toro, nanms BuUplmieHHS 3aaadi  onTUMIZalli MOTpiOHI KoedilieHTH
BUKOPHCTAaHHS €HEPrOyCTAaHOBOK, IO XapaKTePU3YIOTh KIIIMATHYHI YMOBU OOpaHOl
MICIIEBOCTI, & TAKOK XapaKTEPUCTUKN BUKOPUCTOBYBAHOT'O 00JIaTHAHHS.

Takum 4YMHOM, 3arajJibHa METOJMKA BU3HAYEHHS ONTHUMAJIBHOIO CKJIAIy Ta
napametpiB ACK JI3E Burnsanae tak:

1. 3a pgomomMoror MaTEeMaTHMYHOI MOJIeNll BHU3HAYAKOTHCA KOCDIIIEHTH
BUKOPUCTAaHHS €HEProyCTaHOBOK 3a IHTEPBaJ 4acy, 110 JOPIBHIOE CepeIHbOA000BIM
TOJIMHI KOKHOTO KaJICHIAPHOTO MICSIIS pPO3PaXyHKOBOTO MEPioay (POKY);

2. Po3paxyHKOBUM METOJIOM BU3HAYAETHCA MONEPEIHIN ONTUMATBLHUN CKIIa] Ta
napamMeTpH CUCTEMH;

3. 3a 10mOMOror0 MareMaTUYHOT MOJIEIIl CUCTEMU JIaH1 NEePEBIPAIOTHCS Ta, IPU
HEOOX1THOCT1, KOPUTYIOThCSI.

[TepeBaroro po3po0JIECHOTO METOAY € Te, IO BiH JI03BOJISIE PO3MOIIIUTH
ONTUMAJIbHI BaplaHTH Yy MOPSIKY 3pOcTaHHs iX BapTocTi. Lle mo3Bomsie Hamami npu
HEraTUBHOMY pE€3yJIbTaTl MEPEBIPKU MOMEPEIHIX ONTUMIZALIAHUX JAHUX BIApPa3y XK

MEPEXO/IUTH JI0 HACTYITHOTO BapiaHTa.

2.4 BUCHOBKH /10 po3aiiay 2

ABTOMaTHYHA CUCTEMa KEPYBaHHS PO3MOIIJIOM JIKEepes eHepro3ade3neueHHs
MINPUEMCTBA CKiamaeTbess 3 HactynmHux OjokiB: ®PEY; BEY; mepexa; AKD;
cunouii  komytatop (CK); y3romkyroui npuctpoi; OamactaHuit mpuctpiii (BII);
Oydep; 1HBEpPTOP; HABAHTAXKEHHS 3MIHHOTO CTPyMYy (CIOkHUBay); OJIOK KOHTPOJIIO 1
MIPOTHO3YBAHHS.

Bces cuctema kepyBaHHS po3/iijieHa Ha YOTUPU FPYIU: OJIOKH reHeparlii eHeprii,
MePETBOPIOBATILHO-PO3NOAUIBHI  OJIOKM, CHOXHBAa4 Ta CHUCTEMa KOHTPOJO 1
MIPOTHO3YBAHHS.

Jo 6:10ki1B renepartii Hanexatb: ®EY, BEY, notyxHicts mepexi 10kB ta AKbD.

€ nBa HekepoBaHWX TepBUHHUX mepeTBoproBada (PEY Tta BEY); omun «kBasi-
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KepoBaHMit» (HakomuuyBad) Ta ojgHe KepoBaHe mxepeio (AKB), mo 3abesmneuye
Oe3mnepebiitHe eeKTPOKUBICHHS CIIOKUBAYa.

[TepeTBOpPrOBATLHO-PO3MOAUTHHI OJIOKH - 1€ €JIEMEHTH CHUJIOBOi CJIEKTPOHIKH,
B3a€EMOIIOB'sI3aH1  «MIKPOMEPEKEI0» IOCTIMHOTO CTPYyMYy, IO BUKOHYIOTH (PYHKIIIT

NEPETBOPEHHS, PO3MOALLY Ta PETYIIOBAHHS €IEKTPUYHOT €Heprii.
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3 TOCJIJIKEHHS PO3POBJIEHOI CUCTEMM KEPYBAHHS
PO3ITOAIJIOM JKEPEJI EHEPI'O3ABE3INEYEHHS IITAITPUEMCTBA

3.1 Bubip cepegoBuina MoaejI0BAaHHS

B Mexax gaHoro po3airy poOOTH BUKOHAEMO JTOCIIIKEHHS CHCTEMHU KEPYBaHHS
PO3IOIIIIOM JHKEpell eHepro3ade3nedeHHs MiIMPUEMCTBA Y CEPEIOBHII IMITAIIITHOTO
MOJICTIOBAaHHSI.

[IpoekTyBaHHSI Cyd4acHHX CHCTEM KEpYyBaHHS HEMOXJIMBO 0€3 BUKOPHUCTAHHS
MaTEMaTUYHOTO MOJICNIIOBAHHS, M0 TIOSICHIOEThCS, HacamIiepesl, CKJIAIHICTIO
IIPOMHUCIIOBUX O0'€KTIB.

[Ipu bOMy MIMPOKE MOMIMPEHHS MPUAOATU MaTEMaTUYHI MMAKETH, Cepel] SIKUX
OJIHMM 3 HaWBIJOMIIIUX 1 MPHCTOCOBAHUX JJIs 1HXKCHEPHHUX IMOTPEO € Cepe/IOBUILE
MATLAB.

Ho cknaxy MATLAB BxoasTh kisibka nakeTtiB posmmpenHs (Toolboxes), 1mo
NpU3HAYEH! g PIMIEHHS 3aBJaHb KEpyBaHHS Ta IMITALITHOTO MOJENIOBAaHHS,
3okpema Control System Toolbox i1 Simulink. Control System Toolbox mnpaioe 3
Oe3nepepBHUMHU Ta JTUCKPETHUMHU MOJCISIMH CHUCTEM Y BUTIIANI TEpeaaTOYHUX
(GyHKIH, @ TAKOXK 3 MOJIEJISIMU Y IIPOCTOP1 CTAHIB 1 JO3BOJISIE BUPILTYBATH K KIACHYHI
3aBJIaHHS, TaK 1 3aBJaHHS Cy4acHOI Teopii KEpyBaHHs: pO3paxoByBaTH JUHAMIYHI Ta
YaCTOTHI XapaKTEPHUCTHUKH; MPOCKTYBaTH PETYISITOPH YACTOTHHUMH Ta KOPEHEBHUMH
METO/IAMH; CUHTE3yBaTH ONTHUMAJIbHI CUCTEMHU KEpYBaHHS; BUPILIYBAaTH CTaI[lOHAPHI
piBHsHHS JIamyHoBa, Pukkari Ta iH.

XC0S — 1e mporpama, sika BXOJIUTH JIO CKJIQJy CHCTEMH MaTEMaTHYHOTO
mojemoBants Scilab i Hamae po3poOHHKAM MOMKIMBOCTI MPOEKTYBaHHS CHUCTEM B
00J1acTi aBTOMATHKH, MEXaHIKH, T1APaBIIKH 1 €JICKTPOHIKH, @ TAKOK CHCTEM MacOBOTO
00CITyroByBaHHS.

XC0S € rpaiuyHMM IHTEPAKTHBHUM CEPEIIOBHIINEM, B OCHOBI SKOTO JICKHUTH

OJIOYHE MOJIEITFOBAHHS.
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JlonaTok Mpu3HAYCHUN JIs1 BUPIMICHHS 3aBAaHb TUHAMIYHOTO 1 CUTYaIliifHOTO
MOJICITIOBAHHSI CHUCTEM, TIPOIIECIB, MPUCTPOIB, a TAKOXK TECTYBAHHS Ta aHAJI3Y ITUX
CUCTEM.

I[Ipy 1pOMy MonenboBaHUM  00'ekT (cUCTeMa, MPUCTPIM, TPoIlEeC)
IPECTaBISIETbCA TpadivyHO CBOEIO (PYHKIIIOHATHHOIO CXEMOIO, IO BKIIOYAE OJIOKU
€JIEMEHTIB CUCTEMH 1 3B'SI3KM MK HUMH.

[Ipukiax OCHOBHMX BIKOH IOKa3aHO Ha pUCYHKY 3.1.

¥ Simple Thermostat (CAProgram Files\scilab-5'5 T\modules\ecos\demos\Simple Thermostatzcos) . -8 X

baltn Mpaskz Bua Mogenmposamme dopmar Mmcipymenie Cnpasxa

B ER SR AR COAR|O

Swpe_Thermeatat (C¥rogram Fleaveish-5 5 1imoduescosdemsiSmals_Thermastat 7002) - Keas

\mw% oal @

Séleeto' ‘

amid

"‘JL—‘-+>—~f>—J:

gereretor

dailn Umcpymente Npaska Cnpaska

AL SN =R L

Ipagm<ccroe onno 20011

Pucynoxk 3.1 - PoGoui BikHa Xcos: a) [Tpukinax Xcos-moneni 0) PesynbraTh ii

pobotu



78

[TakeT XCOS BBaXKa€ThCS OJHUM 3 KpallUX MAKETIB 3 BIAKPUTUM KOJIOM JIJIs
MOJICITIOBAaHHSI OJIOYHO 3aJaHUX (arperaTHUX) MOJeNeHd JWHAMIYHMX CHUCTEM 1 €
rpaiyHIM 1HTEPAKTUBHUM CEPEIOBUINEM, 3a JOMOMOTOI0 SKOTO MOXKHA poOHUTH
IMITaIli0, TECTYBaHHS, aHAJI13 TUHAMIYHUX CUCTEM.

3a pomomororo XCOS MOKHA CTBOPIOBAaTHM CHCTEMHU YIPABIIHHA, CHCTEMHU
00pOOKHU CUTHAJIIB, CHCTEMH 3B'A3KY, MOJENI OYIb-IKUX JUHAMIYHUX CUCTEM.

Xcos crBopennii  po3pooHukamu  Scilab i Bigpizuserscs Big  Scilab Tuwm,
mo Scilab — e mepm 3a Bce BUCOKOpiBHEBa MOBa MPOTPAaMyBAaHHS 3 BiIOBiTHOIO
000JIOHKOI0, a XCOS — 11e cucTemMa rpadiyHOro MOJIEIIOBAHHS HA OCHOBI OJIOK-CXEM,
AKa CKJIAJIA€ThCS 3 MOIMEPETHbO CKOMMILOBAHUX 010JT10TEK.

JIist ipeiCTaBIeHHS TPOLIECIB 1 CUTHAIIB MOKHA BUKOPUCTOBYBATH P13HI OJ0KHU
Bi3yalizarlii.

Y cucremi  MonaenboBaHUMK  00'€KT  (cucTeMa, MPUCTPi, mpouec)
MIPEICTABIIAETHCS OJIOK-CXEMOIO, IO BKIIFOYAE OJIOKU €JIEMEHTIB CUCTEMH 1 3B'SI3KY MIXK
HUMU. DYHKIIOHAIBHI OJIOKH €JIEMEHTIB MOJIEJIbOBAHOI CUCTEMH MOXKYThb, B CBOIO
yepry, MpPeACTaBIsATH BKIAJIEHI MIJICHCTEMH 31 CBOEK OPTraHI3alll€l0, YTBOPIOKOYH
1epapxi4Hi CTPYKTYPH.

biioku, 10 BKJIIOYAIOTHCS B CTBOPIOBAHY MOJIE€Nb, MOKYTh OyTH TIOB'SI3aH1 OJUH
3 OJHUM SIK 32 1H(POPMAIII€I0, TaK 1 IO YIPaBIIHHIO.

3a iHdopMaIliitHuM 3'€THaHHIM TIEPENA0THCS JIaH1, a M0 KEPYIOUUM — CUTHAIU
akTuBarlli. BJIOKM TakoX MOXYTh MaTH 1H(POPMaLIIifHI Ta KEPYIOUl BXOIH 1 BUXO/H.

Sx npaBuio, iHGOpMAaIIiitHI BXOJAH 1 BUXOIU OJOKIB PO3TAIIOBYIOTHCS 3IIiBa 1
MpaBoOpYY BiJl 300pakeHHs OJIOKY, a Kepyroul 3BepXy 1 3HU3Y. T 3B'SI3Ky 3aJI€KUTh
B1J1 OJIOKY 1 JIOTiKH poOOTH Mojeni. JlaHl, SKuMH OOMIHIOIOTHCSI OJIOKH, MOXKYTh OyTH
CKaJSIpHUMHU BEIIMYMHAMHU, BEKTOpaMU a00 MAaTPHUIIMU JIOBUILHOT PO3MIPHOCTI

(pucyHok 3.2).
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R Meperntn nan o X U I S .

Manitpn MNepernsag

@ Q| &

MNepernag nanitgp

J Manitpu

----- # Recently Used Blocks
----- . numw e

du / dt
..... # Pozpuem CLES ¥ = Cx+Du

----- # [IMCKPETHI AMHEMIYHI CHETEMH CLINDUMMY_f CLSS DERIV
----- # BusHaqeHHA TabnudHUX 3HaYeHE

----- # Obpobka nogii
----- # MaTteMaTirdHi onepawyi

----- # Onepaujii Hag MaTPHLIAMA
..... Jump

» EJjencrpwta 1/s FID [A.B.C.D)
----- # Line

----- # TMopt i ninoucrema INTEGRAL_f INTEGRAL_m PID TCLSS
----- 4 Bu3Ha4eHHA Nepexodie Yepes HyNe
----- # MapwpyTuzaua curHanis

----- # Obpofka curHanis

----- # Hesstuin nuuus Variable
----- & MpumiTikia "f"!ﬂb‘ delay

..... # TpucTpoi peecTpaLi TIME_DELAY  WARIABLE_DELAY
..... # [Ixepena curHanis

..... # TMpuknanw Bnokis

..... # Tepmorigpasniyni Dnowm

----- M DyHKUIT, BM3HIYEH] KOPUCT YBaYEM

Pucynox 3.2 — Ilepernsa mamitpu 6J10KiB

- it A a SRk @ Odiiy " -
|EE| Bes-naseu - 20:05:37 - Xcos | = B8] X |
Paitn 3Iminnt MNepernng Mogenwosanna @opmar Horpymentn Josigka
Bes-HazeM - 20:05:37 - Xoos 2
. =

Pucynox 3.3 — BikHo pempakTopa

[ToTy>xHuUM 3aco00M JOCHIDKEHHSI Ta CHHTE3y JIWHAMIYHUX CHUCTEM €

CEpEeNOBHUIIE Bi3yaJIbHOTO MOeoBaHHA Simulink.
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Jlns Haitbuibi epextuBHOrO BUKOopuctanuss MATLAB npu ananisi Ta cuHTe31
CHUCTEM aBTOMAaTHMYHOTO KepyBaHHS HEOOXiJHO BMITH TMpalioBaTH 3 yciMa
CHeIliaTi30BaHUMH MMaKeTaMHU PO3IIUPEHHS, SKI BUT1IHO JOMOBHIOIOTH OJIUH OJIHOTO.
3p03yM1JI0, 1110 BUKOPUCTAHHS I[UX MAaKETIB HEMOXKJIMBO O€3 BOJIOJIHHS HABUYKAMU
po6otu B MATLAB.

MATLAB — 1ie ojHa 13 HalOUIBII JTOCKOHAJIMX, PETEIBHO OMpallbOBaHUX Ta
NepeBIPEHUX YaCOM CUCTEM aBTOMATHU3allll MaTEMaTUYHUX PO3PAXYHKIB, MOOY10BaHA
Ha PO3UIMPEHOMY IPEICTaBICHHI 1 BUKOPUCTaHHI MAaTPUYHUX OTepallii.

OpHi€ero 3 HaWBAKIUBINIMX 3a/lad CHUCTEMH 3aBXIU OyJI0 TpEICTaBIICHHS
KOpPUCTyBauyaM IIOTY>KHOI MOBHU MpOTrpaMyBaHHs, OpPIEHTOBAHOI Ha TEXHIYHI Ta
MaTe€MaTU4yHl PO3paxyHKH 1 3JaTHOTO MEPEBEPIIUTH MOMIMBOCTI TPATULIMHUX MOB
porpamMyBaHHS.

[Ipyu upomy ocobiuMBa yBara NOPUAULUIACH SK MIJBUINECHHIO IBUIKOCTI
oOYHuCIIeHb, TaK 1 ajamnTaili CUCTEMH 10 PIIICHHS HaWpI3HOMAHITHIMIUX 3aja4
KopucTyBadiB [23,24,25].

Baxxnusoro nepesaroto cucteMu MATLAB € ii BIIKpHUTICTb.

Cucrema MATLAB mnoctaBis€eTbcsi CyMICHO 3 OCHOBHUM PO3IIUPEHHSIM
SIMULINK, sike 3a0e3nedye Bi3yalbHO — OpPIEHTOBAHY MIATOTOBKY IMITALIHUX
MoOJIeJIel CUCTEM PI3HOMAHITHOTO IPU3HAYCHHS.

Mopenb MOXKe MaTu iepapXiuHy CTPYKTYPY, TOOTO CKJIaAaTUCS 3 MOJIENIEH O1TbII
HU3BKOTO PiBHS, IPH YOMY YHUCJIO PIBHIB 1€papXii MPAaKTUUYHO HEOOMEKEHO.

B mopiBHAHHI 3 1HIIMMU TapaMeTpaMHu MOJCIIOBAHHS, KOPHUCTYBad4 MOXKE
3aJlaBaTi crocid 3MiHK MOJEJIBHOTO Yacy (3 MOCTIMHUM a00 MePEMIHHUM KPOKOM), a
TaK0>X YMOBH 3aKIHYCHHSI MOJICITIOBAHHSI.

B xomi MoaetoBaHHS Ma€ThCsl MOXKJIMBICTH CIIOCTEPIraTH 3a IpoIecaMu, IO
MPOTIKAIOTh B CUCTEMI.

XapakTepUCTUKH, K1 IIIKABJISITH KOPUCTYyBada MOKYTh OyTH TIPE/ICTABIICHI SIK B
YHUCIIOBIM, Tak 1 B rpadiuniit Gopmi. Kpim Toro, iCHye MOXKJIMBICTh BKJIIOYCHHS [0

CKJIaJly MOJieJ 3ac001B aHIMaIlii.
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Takum uymHOM, 3a JonoMorow po3mupeHHs nakety MATLAB, a came
SIMULINK, moxHa cpopmyBatu imitamiitny moaens ACY.

OCHOBHMMH TIepeBaraMu JaHOTO CEPEIOBHILA MOKHA BBAXKATH HACTYTIHI:

- MOXKJIMBICTB aHaJi3y MO/l B pealbHOMY MacIiTadi Jacy, 3 MOCTIHHUM abo
JTUCKPETHUM KPOKOM MOJICIIIOBAHHS,

- 3pyYHHM Ta HE Ty’Ke CKIIaHUM 1HTepdeiic ToaaTKy 1uist poOOTH 3 €IEMEHTaMU
MO/ Ta 3 MOJIEJUTIO B IILJIOMY;

- HAsBHICTH IIUPOKOI MAJITPU 1HCTPYMEHTIB Ta KOHCTPYKTHUBHUX OJIOKIB JJIs
OOYIOBH Ta JIOCTIHKEHHS MOJICTIL;

- JIOCUTh TMPOCTUH CHOCIO KOHCTPYIOBAHHS MOJEINI HUISXOM MEpPETITyBaHHS
KOMITOHEHTIB B po004y 00J1aCTh;

- MOKJIMBICTh MTOOYZOBU MOJENI 3 BUKOpUCTaHHAM Mertony Monte — Kapio,
TOOTO peakuiil Ha BIUIMBU BHUITAJIKOBOTO XapaKkTepy;

- 3a0e3MeueHHsl 3pyYHOTO Ta HArJsAgHOrO BI3yaJlbHOTO KOHTPOJIIO 34
MOBEAIHKOI0, CTBOPEHOI KOPUCTYBAYEM BIPTYaJIbHOI CUCTEMHU;

- MOKJIUBICTh (POPMYBaHHSI «BKJIQJICHOCTI» BEPIINH, TOOTO MPEACTaBICHHS X
HE3aIeKHUMH TTicucTemamu [23].

[aTepdeiic cucremu npeacTaBiaeHUi Ha pUucyHKy 3.4.

R PR ETo)| R ) ¢ |

VARIABLE

& i, New Varable L Analyze Code +a T (@ Preferences L% (2) & Communty

e s | W] &

{2 Open Variable v £ Run and Time [} setPath ks

Data Workspace |, CiearWorkspace v/ Clear Commands ~ ~ il arael - -
VARIABLE CO0E SIMULINK ENVIRONMENT RESOURCES )

About MATLAB X |

1 ledat:
= ledata_utfxml
4\ matisb.exe

[=] mbuild.bat

[E] mecbat

(=] mexbat

mexpl
[%] mexext.bat

«| Ready

Pucynox 3.4 — Intepdetic cucremu Matlab R 2017a
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BaxnmBoro mepeBaroro BukopuctanHs nporpamu MATLAB € MOXIuBICThH
NEPETrJIsIIaTh 1 HAOYHO KOPUTYBATU Tpadiki.

binpuricTs mporpam MoAENIOBaHHS 1030aBIIEHI Li€1 BaXKIJIUBO1 QYHKITIT.

BpaxoByroun KiHIIEBY METY, BUOIp 3yNMHUMO Ha CEPEIOBHILI MOJEIIOBAHHS

Matlab/Simulink.

3.2 MogeawBaHHA i aHaJdi3 oTpuMaHux pe3yuabrariB. IlopiBHsIHHA 3

iCHyr0OUMMHM pilieHHIMH

3 YpaxyBaHHAM  BHINCHABCACHOI'O, BHKOHA€MO I[OCJ'IiI[)KeHHH CHUCTCEMHU
KCPYBAaHHA KCPCIIaMU eHepr03a663HequH5{ HiI[HpI/IeMCTBa. Cucrema HaBCICHA Ha

pUCYHKY 3.5.

Pucynok 3.5 — ImiTamiitna Moaens cuctemu kepyBanns B Matlab/Simulink

CtpykTypHa ONOK-cXxema CKlajmaeThcsi 3 HactynmHux OnokiB: ®PEY; BEY;
mepexxa; AKb; cunmoBuit komyrtatop (CK); y3romkyroui npuctpoi, OanacTHHA
npuctpiii (bIT); 6ydep; iHBepTOp; HAaBaHTaXEHHS 3MIHHOTO CTPYMY (CIIOKHBaY); 0JI0K

KOHTPOJIIO 1 MPOTHO3YBaHHS.
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xema 050Ky BEY npencrasnena Ha pucyHky 3.6.
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\‘W Filch_angle
angle [

Fitch_angle-cen!

irollert

Pucynok 3.6 — Cxema 61oky BEY

Cxema 610Ky «Mepexay» HaBeJIeHa Ha pUCYHKY 3.7.

Pucynok 3.7 — Cxema 610Ky «Mepexa» 3 y3roJKyIOUUMH TPUCTPOSIMU

£

i
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Cxema 65oky «®EY)» HaBelieHa Ha pUCYHKY 3.8.

e
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[ — o
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e 3
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. = =T o
Vo e
= i
i :E)f o
E m .
\akag 3 Ser -
1 Discrete
4 Mean value 0
“bc
i
I ] R
1 = “roc1
5[ vor |
“pc2
o3
Discrete ER
o

Pucynok 3.8 — Cxema 010Ky «PEY»

Cxema 0510Ky «BJIOK KOHTpPOJIIO 1 IPOTrHO3yBaHH» HABEJAECHUM Ha pUCYHKY 3.9.

Display2

AA
W

Series RLC Branch1

\
1

e Display
“ve

Dicplay

. l
Mostett {"_’I” Z@ Diodet | Voltags Messuraments

Diaplars
4
RE Fow
Gontrotier
2 .

LOAD Power Acd

Pucynox 3.9 — Cxema 610Ky «biiok KOHTPOITIO 1 MPOTHO3YBAHHS

brnox BHUBOIY pe3ynabTaTiB IMITAIIITHOTO MOJENIOBAaHHS MpEACTaBICHUN Ha

pucysky 3.10.



Fromé

85

il +ve RE Power

LOAD Power|

| FC

Load

Qut1 —s .

PV

BMS 1

[FP]

Fuel cell Power

» PV

Load

»

Wind

Gotod

PV

[wp]

Wind Power

Pucynok 3.10 — biok BUBOy pe3yibTaTiB IMITAIIITHOTO MOJIETIOBAHHS

|—4I—P FC
\—b Load

»([FCCR]

Outl

[ ]

FC

Cxema cuJI0BOro KOMyTaTopa HaBeJIeHa Ha pUCyHKyY 3.11.

RE Power|

[pp]

Goto3

Scope

T

Fromg

jolar Power

Add

LOAD Powerf+—

BMS 1

[FP)

Load

9 B O

PV

Fuel cell Power

[wp)

| Load

Wind

Gotod

PV

Wind Power

I—4|—' FC

\—' Load

Out1

iy

FC

Pucynok 3.11 — Cxema cunoBoro Komyraropa

»{[FCCE]

Gotod

Secope

B saxocTi BuXiHuX nanux 0yno oOpano napamerpu BJIE, siki monepeaHbo 0yau

oOpaHi y Ipyromy po3ziiai poOoTH.

B sKxocTi BUXIAHMX JaHWUX 3 HABaHTAXXEHHS 3aBOJY MNPUIAMEMO [aHi, fKi

NpeaCTaBlieHl y BUTIIAA1 Tabmuii 3.1.




Ta6mung 3.1 — I'padik HaBaHTaKEHb 3aBOTY
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3HaueHHS Tpusanicts
[TotyxxHoCTi, MBT INomguu J110

8 t1=356 rox 14,33
6,4 t,=730 rox 30,44

6 t3=356 rox 14,33
5,12 t4=374 ron 15,6
48 ts=374 rox 15,6

4 té=356 rox 14,33
3,2 t;=730 rox 30,44
2,56 ts=374 ron 15,6
2,4 to=1068 rox 44,54

2 t10=356 rox 14,33
1,92 t11=1122 rox 48,04
1,6 t12=730 rox 30,44
1,28 t13=374 ron 15,6
1,2 t14=712 Ton 29,69
0,96 t15=748 rox 31,19

3uMOBHI Ta NiTHIA rpadik HaBAaHTAKEHHS MPEICTaBIICHI Ha PUCYHKY 3.12 i

pucysky 3.13.
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P, MBT

1 I j% ___________________________________
2 I—‘—l

0 240 480 720 90 00 M40 1680 1920 260 2400 2640 2880 3120 3360 3600 340 4080 4272 t.ron

T T T T T T T T T T T T T

a w20 30 40 B s0 T 80 % W0 M0 0 B0 B0 B B0 170 176 GLpio

Pucynox 3.12 — 3umoBuii rpadixk HaBaHTaKEHHS 3aBO/Y

P, MBT

R j\;| ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
i|—

0 240 480 720 960 1200 W40 1680 1920 2160 2400 2640 2680 3120 3360 3600 3840 4080 4320 4488 1 TOA

g w20 30 40 0 s0 0 8 X w0 w0 120 B0 KO0 B0 w0 170 180 187 toamie

Pucynox 3.13 — JliTHi# rpadik HaBaHTa)KEHHS 3aBO/Y

PesynbraTi Mo/ieNIIOBaHHS HAaBE/ICHI Ha PUCYHKAX HIDKYE.

Wind Power
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_2000 L 1 1 L | 1 L 1 1
] 0.05 01 0.15 02 0.25 03 0.35 04 0.45 05

Time

Pucynok 3.14 — PesynbsraTtu MoaentoBanus 111 BEY (3uma)
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Pucynok 3.15 — Pesynbsratu MoaentoBanus 1t OEY (3uma)

PesynbpraTtun mogemtoBanus 111 AKbB npencrasieni Ha pucyHky 3.16.
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Pucynok 3.16 — Pesynbratu monentoBanus ainst AKb (3uma)
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Pucynok 3.17 — Pesynbratu monemtoBanns Ayt BEY (i1ito)
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Pucynoxk 3.18 — PesynwTatu MmogentoBanus st AKB (71iTo)
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[ToTpebu B enexkTpoeHeprii [js 3aBOJy, BUXOASYU 3 TpadiKy HaBaHTAXKEHb,
nopiBHIOIOTH 267321 kB1*pik, mo nopisaioe 29xBT1-roz.

Enextpoenepris, sika Bupobiena oopanumu JI3E 6e3 ypaxyBaHHS MOTYKHOCTI
Mepexi, craHoBuTh 11 kBT-rog (BcTaHOBIEHO B pe3yibTaTi  IMITAIlIMHOTO
MOJICITIOBaHHs). TakuM YWHOM, BUTPATH €JIEKTPOCHEPTIi 3 MEpeXi CTAaHOBUTUMYTH
19.51 kBt-rox. 3HmwkeHHs BTpaT enekTpoeHeprii BigOymocs Ha 11 kBt-rox, mio
ctaHoBUTh 36,05% Bij 3arajibHUX OTPEO €IEKTPOSHEPTIi ISl 3aBOTY.

Cuctema kepyBanHsi 3 3actocyBaHHsiM JI3E mpamtoe cnpaBHo. KonTposep
TaKOX MPAIIOE CIIPABHO 3T1THO 3 PO3POOJICHOI0 MATEMATHYHOIO MOCILITIO.

@parMeHT JIICTUHTY NpOrpaMH A peajizamii iMiTamiitHoi moxeni (OJok
PO3MOJiAYy) HaBEACHUN y N0JIaTKy A.

BukoHaeMo MOpIBHSHHSI OTpPUMaHUX PE3YJIbTATIB 3 BXKE BIJOMUMH Y BHIJISII
Tabmui 3.2.

Tabnuus 3.2 — [opiBHSIHHSI OTPUMAaHUX PE3yJIbTaTIB

Bigomi Otpumane .
[Tapamerp . _ Pi3uuns, %
pieHHs pileHHS
3MEHIIEHHS BUTPaT
. 30 36,05 6,05
ejeKkTpoeHeprii, %
3MEHIIIeHHS BapTOCTI
30 36,05 6,05
eHepros3adesnedeHHs , %
Takum  ymHOM,  poO3po0JeHAa  CHUCTEMa  KEpyBaHHI  JDKEpeIamMu

eHepro3ade3neueHHs MiPUEMCTBA € OUTbII €()eKTUBHOO B MOPIBHAHHI 3 ICHYIOUUMU
anajoramu. CucrteMa TMpaIfoe€ COPABHO, IO MOXKE KazaTH TPO MOMIJIMBICTh
3aCTOCYBAaHHS pPO3POOJIGHOTO pIlICHHS Ha TMPaKTUIl IS EHepro3ade3redyeHHs

nianpueMcTB 3 3actocyBanHs BJIE.
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3.4 BucHoBKHM 10 po3aiay 3

B pesymprari HammMcaHHS ~TPETHOTO PO3MITY BHUKOHAHE JOCIHIIKCHHS
pO3po0JIeHOT CHCTEeMHM KEpyBaHHS PO3MOIIOM JDKEpENT EHeprozade3rneyeHHsI
HiAIPUEMCTBA.

JIJiss pO3TASHYTOTO MiANPHUEMCTBA 3HIDKEHHS BTpAT €JIEKTPOSHEeprii BimOysocs
Ha 11 kBr-rox, mo cranoButh 36,05% Bix 3arayibHUX MOTPEO €IEKTpOEHEePTii IS
3apomy. Came TOMy MOKHAa BCTAHOBUTH, IO 3MEHIIEHHS  BapTOCTI
eHepro3ade3NnedyeHHs] TakoX CTaHOBUTH 36,05%, mo Ha 6,05% Oublne BiJ BITOMHUX
aHanoriB. I[lokasHukn poOOTH aBTOMATUYHOI CHUCTEMH KEpPyBaHHS IIEPEBEPIIIIIN
MOKa3HUKHU ICHYIOUUX aHAJIOTIB, 110 KaK€ 32 BUCOKY €(PEKTUBHICTh 3alPOIIOHOBAHOTO

pILIEHHS.



4 PO3POBJIEHHA CTAPTAII-ITPOEKTY

4.1 MoxKJIMBOCTI 3aIlyCKY NPOEKTY
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Po3poOka crapTam-npoekTy 3acHOBaHAa Ha BJOCKOHAJICHHI aBTOMAaTH30BaHUX

CUCTEM KepyBaHHS PO3MOJILTY JIKEPEN eHepro3ade3nedyeHHs MmiANnpueEMCTBA.

[TpoananizoBaHo Ta MOJAAHO y BUIIISII TaOIUIh [27]:

— 3MICT 171€T;

- MOJKJIMBI HaIIPpAMKH 3aCTOCYBAHH,

— OCHOBHI BHUT'OJIH, 110 MOXE OTPUMAaTH KOPUCTYBad TOBapy (3a KOKHUM

HaIpsIMKOM 3aCTOCYBaHH!);

— YUM BIJIPI3HSIOTH BiJl ICHYIOUMX AHAJIOTIB Ta 3aMIHHUKIB.

B tabnuui 4.1 npencraBineHuii onuc 1€ crapTan-npoeKTy

Tabmuusg 4.1 - Onwuc iA€ei cTapTan-mpoexTy

Hanpsamkn
3micT imei ITepeBaru
3aCTOCYBAHHS
1. 3meHmIeHHS
BapTOCTI Bapricth
Brockonanena cucrema
€JIEKTPOCHEPT i
KEepyBaHHS [KEpeTIaMH
. 2. OnTuManbHun
po3noaity _ _
po3moaUI 3pYy4HICTb
€HEPro3a0e3neyeHHs
€JIEKTPOCHEPT i
MIIITPUEMCTBA
3. Bucoka
EdexTuBHicTh
e(DEeKTUBHICTD

AHani3z  TOTEHILIHHUX

TEXHIKO-EKOHOMIYHHUX

MPOTO3UIIISIMU KOHKYPEHTIB nepeadayae:

— BU3HAUEHHS  MeEpesiKy

XapaKTEPUCTHK;

nepeBar  TMOPIBHSIHO

TEXHIKO-EKOHOMIYHUX  BJIACTUBOCTEH

Ta
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— BU3HAUYEHHSI MOIMEPEIHBOr0 KOJIa KOHKYPEHTIB a00 TOBapiB-3aMIHHUKIB
Y1 TOBapiB-aHAJIOTIB, 10 BXKE ICHYIOTh Ha PUHKY, Ta MPOBEAEHHs 300py iH(pOopMarrii
MIOJI0 3HAYEHb TEXHIKO-€KOHOMIYHMX MOKA3HUKIB IS 1/1e1 BJIACHOTO MPOEKTY Ta
MIPOCKTIB KOHKYPEHTIB.

AHaOTH TPEACTaBICHOI CHCTEMH: ICHYIOYl CHCTEMH KEpyBaHHS PO3MOILITY

JOKCPCII CHCpF0336€3H€‘{CHH5{ HiI[l'[pI/I(?MCTBa.

4.2 TexHOJIOTIYHUI ayuT

B Mexax gaHoro miipo3iny IpOBEICHO ayIUT TEXHOJIOT1, 32 JOTIOMOTOI0 SIKOT
MO>KHA peaji3yBaTH iJIet0 MPOCKTY.
BuzHaueHHs TEXHOJIOTTYHOI 31HCHEHHOCT] 1711 MPOEKTY mepeadadae aHai3
TaKHUX CKJIaa0BUX (TaOmauis 4.2):
— 3a KOO TEXHOJIOTI€I0 Oy1e BUTOTOBJICHO TOBAP 3T1THO i€ MPOEKTY;
— YH ICHYIOTh TaKl TEXHOJIOTII YU iX MOTPIOHO PO3pOOUTH/AOTIPAIIOBATH;

— YH JOCTYMHI TaKl TEXHOJIOT1i aBTOpaM MPOEKTY.

Tabmuus 4.2 - TexHonoriyHa 371HCHEHHICTD 171€1 TPOEKTY

No TexHomorii ii HasBHicTh JoctymHicTh
Ines mpoekty o ' .
/T peamnizamii TEXHOJIOT11 TEXHOJIOT1!
[IporpamHui
3acoou Hassni HocTtynHo
Bnockonanena
CUCTEMa KepyBaHHS
CoeraipHe
1 | mxepenamu po3noalTy
MpOrpaMHe
eHepro3ade3neuyeHHs
. 3a0e3MeYeHHs HasBH1 HoctynHo
MiIITPUEMCTBA
Ta

yCTaTKyBaHHS




4.3 Po3po0.,1eHHS pMHKOBOI cTpaTerii NpoeKTy
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Bu3nauenHns PHHKOBHUX MO)KJ'II/IBOCTCﬁ, IK1 MOJKHA BHUKOPHUCTATHU HiI[ gac

PUHKOBOTO BIPOBAKEHHS MPOEKTY, Ta PUHKOBHX 3arpo3, sIKi MOXKYTh MEPEIIKOAUTH

peamizaiii TpPOEKTy, Ja€ 3MOTY CIUIaHYBaTH HalpsIMA PO3BUTKY TMPOEKTY 13

ypaxyBaHHSM CTaHy PHUHKOBOTO CEpEIOBHINA, MOTPeO MOTCHIIMHUX KIIIEHTIB Ta

IIPOTIO3HUIIIH MPOEKTIB- KOHKYPEHTIB. CrioYaTKy MPOBOJATH aHAJI3 MOMUTY: HAsIBHICTD

HOITUTY, 0OCSIT, TMHAMIKa PO3BUTKY PHHKY (Ta0I. 4.3).

Tabmuus 4.3 - TlonepenHs XxapakTepuCTUKa MOTEHIIMHOTO PUHKY CTapTaI-MpoOeKTy

No o
y [Toxa3HukM cTaHy pUHKY (HaMEHYBaHHS) XapakTepucTuka
/11
1. KinpKicTh TOJTOBHUX TPABIIIB, O 2
2. 3aranpHui 00CAT IPOJIAXK, TPH/YM.OT 118000
3. Jlunamika puUHKY (SIKICHA OIIIHKA) 3pocrae
4 HasiBHiCTH OOMEXEHB 1J1s1 BXO1y (BKa3aTH BinnoBmroBanibH1
' XapakTep 0OMEKEHbD ) JpKepena eHeprii
5 Crnenu@divyai BUMOTH 0 CTaHAAapTHU3aLlll Ta c
' ceprudikarii
CepenHs HoOpMa peHTA0EILHOCTI B rajry3i ado 1o
6. P pMap 4 150%
pUHKY,%

Cepennst HopMa peHTa0eIbHOCTI B ramy3i (a00 Mo pHUHKY) MOPIBHIOETHCA 13

OaHKIBCHKHM B1JICOTKOM Ha BKJIQJIEHHS. 3a Pe3yJIbTaTaMH MOMEPEAHHOTO OI[IHIOBAHHS

PHHOK € HpI/IBa6J'II/IBI/IM JJIA BXOIXKCHHA.

Hanani BH3HAYalOTh MOTEHIIHI TPynu KIIEHTIB, iX XapaKTEpUCTUKH, Ta

(opMyIOTh OPIEHTOBHHMIA MTEPETIK BUMOT JI0 TOBAPY I KOXKHOI rpymH (Tad:. 4.4).
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[Ticnst BUBHaUYE€HHS MOTEHIIIHHUX TPYH KJI1E€HTIB MPOBEICHUIN aHaI3 PUHKOBOTO
CepeIOBHINA: CKJIaIeHI TabauIll (PakTopiB, IO CIPHUSIIOTH PUHKOBOMY BIIPOBIKEHHIO
MPOEKTY, Ta (PaKTOPiB, 0 HOMY NEPEIIKOIKAIOTh.

dakTopu 3arpo3 MpeaCTaBiIeH] y BUTIISLA1 Tabauii 4.5.

Tabmuns 4.4 - XapakTepucTHKa MOTEHIIIHHUX KIIEHTIB CTAPTAN-TIPOCKTY

LinsoBa BiaminHOCTI ¥
[ToTpeba, ayJIuTOPIs MOBEIIHII PI3HUX .
Ne . _ . Bumoru crioxusaviB 10
o gpopmye (I1HOBI MOTEHLIHUX
n/m . TOBapy
PUHOK CEerMEeHTH IJTbOBUX TPYII
PUHKY) KJIIEHTIB

[ToBeninky KiieHTa

bopMyIOThH
KepyBannsa | [TignpuemcTsa, norpeou; o
. o MiHIMaabHO MOKIMBA
1 | posnoxinoM | oprasizauii, 0co0IMBOCTEH .
o BapTICTh €NIEKTPOEHEPrii
eHeprii 3aBoja KyMiBJi Ta
eKCIuTyaTarii

TOBapy HEMae

Tabmuis 4.5 - @akTopu 3arpo3

Ne . :
/ dakTop 3MICT 3arpo3u MosxiiBa peakiisi KoMnaHii
n/m
HasBHicTb [ToTpiGHi Ir0AM 3 BUCOKUM Tomryx kBanigixosaroro
1 | xBaniikoBaH | JOCBiIOM PoGOTH 3 PO3POOKH fiepconaty
UX KaJpiB CUCTEM KEpyBaHHS
[ToTpeba B Heo0xiaH1 BUCOKI yMOBH ISt VYkinaga"Hs JOTOBOPIB 3

pecypcax TEeXHIYHOI peai3artii KOMEPIIIHHUMHU OpTaHi3aIlisiMH
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Hanani npoBenenuii anaai3 mpoIo3uIlii: BA3HAYEHI 3arajbHi pUCH KOHKYPEHIIii

Ha pUHKY (Tabm. 4.6)

Ta6nuis 4.6 - CryrneHeBUid aHali3 KOHKYPEHIIT Ha PUHKY

Oco0muBoCTI
KOHKYPEHTHOTO

cepeoBHIIa

B YOMY IIPOABIIACTHCA JaHA

XapaKTCPHUCTHUKA

BruiuB Ha QisIIBHICTH

PUEMCTBA

1. Omiromnomnis

Ha puHKy npHUCyTHSI BITHOCHO HEBEJIMKa
KUIBKICTB PIlIEHb, SIK1 T03BOJISIOTH
aBTOMAaTHU30BAHO KE€PYBATH JHKEpEIaMU

eHepro3ade3nedyeHHs MiANpueEMCTBA

[TimBuIyBaTH SKICTH
TOBapy 3a paxyHOK
BUKOPUCTAHHS
MepPEeI0BHUX

TEXHOJIOT1H

2. 3a piBHEM
KOHKYPEHTHOI
00poTHOHU

HaIllOHAJILHUN

Micue3HaxopkeHHs pipM He
00OMEKYETBCS TEPUTOPIAIBHO; 0(IcH

PO3MIIIIEHO Y PI3HUX MiCTax

CrtBOproBaTH BeO-calT

KOMIIaH11

3. 3a ramy3eBoro
O3HAKOI: BHYTPIIII

HBOTAITy3eBa

ExoHomiuHa 00poThOa MK pI3HUMU
TOBApOBUPOOHUKAMHU, SIK1 JIFOTh B OJTHIHN
rajry3i eKOHOMIKH, BUPOOJISIOTH 1
peanizyroTh 0OJIHAKOB1 TOBapH Ta
TEXHOJIOT1i, 110 33I0BOJIBHSIOTH OJHY U

Ty camy noTpeOy.

CrnigkyBatu 3a
HOBITHIMH
TEXHOJIOTIIMU, Ta
po3poOKaMu

KOHKYPEHTIB

Ha ocHoBiI aHamizy KOHKypeHIlli, HaBeaeHOoro B TaOu. 4.6, a Takox 13

ypaxyBaHHSAM XapaKTEPUCTHUK 11T MPOEKTY, BUMOT CIIOKUBAYiB 10 TOBAPY BU3HAYEHO

Ta OOIPYHTOBAHO Mepenik GakTopiB KOHKYPEHTOCIIPOMOKHOCTI. AHaJI3 0()OPMIIEHO Y

BUrsial Tadaui 4.7.
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No ®dakTo
P : OOrpyHTYBaHHS
I/TT | KOHKYPEHTOCTIPOMO>KHOCTI
: Heo0ximHo po3pobutu epeKTHBHY CUCTEM
CtyniHb 3a10BOJICHHS posp q) Y Y
1. KEPYBaHHS PO3IMOIIOM JKEPEI
noTped KopucTyBaya
eHepro3ade3neyeHHs
SIKicTh pO3pOOKH 3 TOUKH
2. 30py ONTUMAJILHOCTI EdexTuBHicTh
[IOKa3HUKIB HAIHHOCTI
3 HasiBHiCTh HayKOBHX Heo0xi1Ha HasgBHICTh HAYKOBUX KaJIpiB 3
pecypciB BHCOKHM JIOCB1JIOM poOOTH
4 ExoHomMiuHUMI Cepenns 1iHa IpoayKTy

CHJILHUX Ta CJa0KHX CTOPIH CTapTan-npoekty (tadmurs 4.8).

Tabmus 4.8 - TlopiBHSUIBHHIM aHATI3 CHIIBHUX Ta CIa0KHX CTOPIH MPOCKTY

3a BU3HAYEHUMHU (PAaKTOpaMH KOHKYPEHTOCHPOMOKHOCTI HPOBOJSATH aHai3

pecypciB

No ®dakTo banu
P . 3|21 +1 | 42 | 43
1/TI | KOHKYpeHTOCIpoMoskHocTi | 1-20
CrymiHb 3aI0BOJICHHS
1. YHIHE 591 20 +
noTped KOpUCTyBaya
SxicTb po3pOOKH 3 TOUKU
2. 30py ONTUMAIBHOCTI 20 +
IMOKa3HUKIB HAAIMHOCT1
HasgBHicTb HAYKOBUX
3. Y 20 +
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ExonOoMIUHHI 20

Po3pobiieHHs pUHKOBOI CTpaTerii MepuiMM KpPOKOM Mepeadayae BU3HAYCHHS

cTpaTerii OXOIUIGHHS PHUHKY: ONHUC I[UIbOBUX TPYyH TOTEHIIHHUX CHOKHUBAYiB
(Tabm. 4.9).

Tabmuis 4.9 - Bubip mib0BUX TPYI MOTEHLIMHUX CTIOKHBAYiB

Omnuc podinro ['oToBHICTH OpieHTOBHUI
. . IaTencunict | [IpocroTa
Ne |  1UIBOBOI rpynu | CHOKUBAYiB | TOIMHUT B MEXax
. _ b KOHKYpEHILIi | BXOOYy Y
n/m ITOTEHLIMHUX CIPUMHATH | LUIBOBOI Py .
B CEIrMEHTI CEerMEHT
KJIIEHTIB MIPOIYKT (cerMeHTy)
Po3poOHuku
1. I'otoBi Bucoknii Hwuzbka Cepenns
CUCTEM
2. Kopucrysaui I'oToBi Bucokuii Cepenns Cepenns

Tabmuus 4.10 - Busnauenns 6a30B0i cTparerii pO3BUTKY

st poboTu B OOpaHMX CETMEHTax PHUHKY C(HOPMOBAHO 0a30BY CTpaTeriio
po3BuTKY (Tabmuis 4.10).

Kirouosi
KOHKYPEHTOCTI
yp. p bazoBa
No ) OMO>KH1 HO3UII1T )
Crparerisi OXOIUICHHS] pUHKY . . CTpateris
n/o BIJAIIOBIJHO 10
. 03BUTK
oOpaHoi P Y
aIbTEPHATUBH
. Crpareris
3a paxyHOK BEJIMKUX MOXJTHBOCTEH ITO Butpartu Ha .
1. , i JJIEPCTBA HA
00’emax 30yTy TOBapiB BUPOOHMIITBO
BUTpaTax
Crpareris
2. Hajanus ToBapy BaKIMBUX DopmyBaHHs pateri
MOMHTY Ha nudepeHIiaiii
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/o

Crparterisi OXOIUICHHS] pUHKY

Kirouosi

KOHKYPEHTOCIIP

) bazosa
OMO>KHI1 TO3ULIT

cTpaTeris
PO3BUTKY

BIJIIIOBITHO 10
oOpanoi
aNbTCPHATUBU

BIAMITHHUX

BJIACTUBOCTEMN.

BUCOKOC(EKTUB
HY CUCTEMY

B pesynbrari ananizy ooupaemo crpateriro qudepentiaiii. Hactymanm kpokom

€ BUOIp cTpaTerii KOHKYpPeHTHOT moBeiHKU (Tadumi 4.11)

Tabmuus 4.11 - BuzHaueHHs 0a30B0Oi cTpaTerii KOHKYPEHTHOI TOBEAIHKU

Yu e Yu Oye KoMmnaHis Yu Oye KoMmnaHis
Ne IIPOEKT ITyKaTH HOBUX KOITIFOBaTHU OCHOBHI Crpareris
/_ "mepronp CIIO’KHBaYiB, a00 XapaKTEPUCTUKU KOHKYPEHTHOL
i oxiaueM" | 3a0HMpaTH ICHYIOUMX Y | TOBapy KOHKYPEHTA, 1 NOBEIIHKH ™
Ha PUHKY? KOHKYPEHTIB? AK1?
1. Hi Tax Hi Crpateri
«naep»

Busnadaemo crparerito mo3uiiitoBanus (tadmuis 4.12)

Tabmuis 4.12 - BusHaueHHs cTpaTerii Mo3uilioHyBaHHS

Kirouosi ) o )
Ne bazosa ) BuGip acomiamnii, siki MaroTh
Bumoru 1o ToBapy ) KOHKYPEHTOCIIPOMOXHI )
n/ ) } .| crpateris ) copMyBaTH KOMIUIEKCHY MTO3UILIII0
L1JIbOBOI ayIUTOpIi MO3UL1T BIACHOTO
1} PO3BUTKY BJIACHOTO MPOEKTY (TPH KIFOUOBHUX )
cTapTarn- MpOeKTy
ABTOMaTH30BaHa
ucTeMa K HHS . . .
) cHctema kepysa Hudepenn | Cepenns 1iHa, BUCOKa HayxoeMmHicTh, ciiBopars,
AXepenamu 1ari1 AKICTh, TOCTYITHICTh HaIIAHICTD
pO3MoOiTy 3
3a0e3MeyeHHIM
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MiHIMaJIbHOT BapTOCTI

€JIEKTPOCHEepPTii

4.4 Po3po0/1eHHsI MAPKETHHIOBOI MPOrpaMu CTAPTAN-NPOEKTY

Buznauenusa

KIIOUOBUX ~ TIEpeBar  KOHIICMINi TOTEHIIIHOTO  TOBapy

npeacTaBiieHe B Ta0bmwmii 4.13.

Tabmuis 4.13 - BusHaueHHsI KITFOYOBHX ITepeBar KOHIIEMIIT TOTSHIIITHOTO TOBapy

Ne KirouoBi nepeBaru nepen
Buroza, siKy nporonye _ .
1/ [Totpeba . KOHKypeHTamu (icHyroui abo
TEXHOJIOT151 . .

I TaKl, 10 HOTPIOHO CTBOPUTH

EdexTnBHa

cucrTema 3 .

o 3pYYHICTb, . .
1. MiHIMaJIbHOIO . [TinBumeHHs eheKTUBHOCTI

. e(eKTUBHICTb
BAPTICTIO
eJIEKTPOCHEePTil

Hanani po3po0:sitoTh TpUpiBHEBY MAPKETHHTOBY MOJIEbh TOBAPY: YTOYHIOIOTh

17Ie10 MPOAYKTY Ta/abo mociayru, Woro ¢i3uuHi CKIaJA0B1, 0COOIMBOCTI MPOIIECY HOTO

HajaHHA (Tadmui 4.14).

Ta6nuis 4.14 - Onuc TppOX PiBHIB MOJIEI TOBAPY

PiBH1 TOBapy

CyTHICTb Ta CKJIaJIOB1

I. ToBap 3a

3alyMOM

ABTOMaTH30BaHa CHUCTEMa KEPYBAHHS JKEPETAMH PO3IOALTY

eJICKTPOEHEPT1] MiMTPUEMCTBA

BnactuBocTi/xapakTepucTiKu M/Hm |  Bp/Tx /Ta/E/Op
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1. Hu3bka 1iHa y NOpiBHSHHI 3 M Bp
KOHKYpPEHTaMHU
1L Tosap y 2. Bucoka Ha{iiHICTh M Tx
peabHOMY 3. EdpexTuBHICTD M Tx
BUKOHAHHI

AxicTh: €hEeKTUBHICTD, IIBUIAKOISA

[TaxyBaHHA: -

MapKa: «ABTOMATCHCTEM)

I11. Tosap i3 Jlo mpoaxKy rapaHTis

MAKPUIICHHAM | TTic 19 nposaxky o6cIyroByBaHHs, HATAIITYBaHHS.

3a paxyHOK 4OT0 TOTEHIIIIHUI TOBap Oy/ie 3aXHUIIEHO Bi/l KOMIOBAHHS: 3aXUCT

1HTEJIEKTyaJIbHOI BIACHOCTI

3axuct po3poOJEHOr0 TMPOAYKTY Oyae periiaMeHTyBaTuci SK 3aXHUCT
IHTENEKTYaJIbHOI BIIACHOCTI TOBApY.
Bu3zHaueHHs1 MeX BCTaHOBJIEHHS L[IHU MIPEICTABICHE y BUTIIA I Tabnuii 4.15.

Taomuus 4.15 - BusHayeHHsS MeK BCTAHOBJIEHHS I1HU

' _ . ' Bepxns Ta HUKHSA

PiBenn min . PiBenn noxomaiB

No PiBens mid Ha . ME>K1 BCTAHOBJIEHHS
Ha TOBapHu- L{JILOBOI TPYIIH .

/1 TOBapH- aHAJIOTH [[IHA Ha
3aMIHHUKHA CIOKWBaylB

TOBAP/TIOCIYTY
100 Tuc...300 500 Tuc rpH. 1
1. — 100 tuc — 140 tuc rpH.
TUC TPH BHILIE
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Tak sik HanamTyBaHHs 00J1aJHAHHSA Y KIHIIEBOTO KOPUCTYBaya MOTpedye MeBHUX
npodeciiHuX HABHUKIB BiJ MEPCOHANy 1 OOJIaqHAHHS HAJAIITOBYIOThH MiJ] KOXKHOTO
KII€HTA 1HAMBIAYyalbHO, TO 30yT JOLUIIBHO MTPOBOAWTH BIACHUMHU CHJIAMHU 0e€3

3aCTOCYBaHHs ITOCEPEIHUKIB [27].

4.5 BucHOBKH 10 po3aiay 4

1. Po3poOneHo crapranm-mpoeKkT MI0JI0 PO3POOKM aBTOMATU30BAHOI CHUCTEMH
KEepYyBaHHs JUKEpeIaMH pO3NOJILITY €IeKTPOSHEeprii.

2. [IpoBeaeHo aHai3 NOTEHIIMHUX TEXHIKO-EKOHOMIYHHUX N€peBar MOpiBHSIHO 3
IPONO3ULISIMU KOHKYpPEHTIB. BU3HaueHO, 1110 TEXHOJIOTIS MepeBa)xkae HAMOIMKIMX
KOHKYPEHTIB B €KOHOMIUHHUX Ta TEXHOJIOTTYHUX XapaKTEPUCTHKAX.

3. JlocimkeHo pUHKOBI 3arpo3u Ta PUHKOBI MOXJIMBOCTI, SIKI CKJIQJalOTh Ha
OCHOB1 aHam3y ¢akTopiB 3arpo3 Ta (QaKTOpiB MOMXJIHUBOCTEH MapKETHHTOBOIO
cepenoBuia. Po3po0ieHO PUHKOBY CTpPATErit0 MPOEKTY Ta MAPKETUHIOBY IPOrpamy
CTapTan-MpOEKTY.

4. B pe3ynbTati aHaI3y BUSHAYECHO, IO BEPXHS Ta HIKHS MEX1 BCTAHOBJICHHS

1iHu Ha ToBap/mocayry — 100 tuc rpH. — 140 THC rpH.
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BUCHOBKHA

3a pe3ynapTaTaMy HAIlMCAaHHS MariCTepchbKoi aucepTanii MoxHa chopMyBaTH
HACTYITHI BUCHOBKH:

1. BignosmoBani mxepena eneprii (BIE) - nie mkepena eHeprii HaltOmmxk4oro
MaiiOyTHhOr0. BOHM XapakTepHu3ylOThCSl €KOJOTIYHOI YHCTOTOIO, BHCOKOIO
0e31eKoro, a iX pecypcu B 6arato pa3iB MEPEBUINYIOTh JOCTYITHI JIJISl OTJISIAY MTOTpeOn
B €HEprii BChOIO JIOJACTBA. AJjie, He3Bakaroun Ha Bci mo3uTuBHI skocti BJIE, im
IpUTaMaHHl 1 HEIOJIKHA, OCHOBHUMH 3 SKHUX € Maja IIUIbHICTh, HEPIBHOMIPHICTb
reorpaigyHOr0 poO3MOJUTy Ta HecTaOlIbHICTh (1000Ba, CE30HHA, TIOTOHA)
CHEPreTUYHUX MOTOKIB. HeJoCKOHANICTh TEXHOJIOTIM TaKoK OOMEXKye iX IIMpOKe
NOIIUPEHHS, MPOTE BUPILIEHHS [IUX NpodiieM MOXIHBE. Bike 3apa3 piBeHb pO3BUTKY
CyyacHOlT HAayKM 1 TEXHIKM JO3BOJIAE€ YCHIIMIHO BUKOpucToByBatn BJIE s
€HEPronoCcTavyaHHs CII0KUBaY1B y HU3L1 BUMA/IKIB.

2. IlimBumut ePEeKTUBHICTH CHUCTEM EHepro3abe3nedyeHHS MOXKHA 3aBIISIKH
BUKOPUCTAHHIO CHCTEMU KEPYBaHHS PO3IMOILIOM JIKEpENT eHepro3ade3nedeHHs, aKa
3IaTHA JIO OMEPATHUBHOTO PO3Mi3HABaHHS KOHKPETHHUX CHUTYaIlii, 0 BUHUKAIOTH y
CUCTEMI, Ta peakilii Ha HUX BianoBigHO. [logiOHOTO poMy cuCcTeMH MOXYTh OyTH HE
IPOCTO HOBITHIMH CHCTEMaMHu €Hepro3ade3nedyeHHs, a W YacTUHOK PO3BHUTKY
Cy4acHOi eHepreThku — KoHueniii Smart Grids («po3yMHI» MEpexKi).

3. B pe3ynbTaTi HanmrcaHHs MaricTepchbkoi qucepTarllii Oyiau BUKOHAHI HACTYITHI
3ajaul:

3.1. BukonaHo orusj JitepaTypu 3 T€MH JTOCHIKEHHA. PO3risHyTO CcydacHi
CUCTEMU KepyBaHHS PO3MOIIIIOM JKEPEN eHepro3adbe3neyeHHs mianprueMCTBa.

3.2. PosrisgHyTO NUISIXM BAOCKOHAJICHHS CHCTEM KEpyBaHHS PO3IOIIIOM
JOKepen eHepro3ade3neueHHs MiAIpHEMCTBA.

3.3. Po3pob6uieno CUCTEMY KepyBaHHS PO3MOILIIOM JOKEpe
eHepro3ade3neueHHs MimpUEMCTBA.

3.4. [IlpoeneHo iMiTamiifHE MOJCIIOBAHHS PO3pOOJIEHOT CHCTEMH 3a

nonomororo Matlab/Simulink.
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3.5. HaBeneHo pe3ynabTaTH IOCHIIKEHb PO3POOICHOI CUCTEMH KEpyBaHHS
PO3MOLIOM JIKEpEN eHepro3ade3nedeHHs miAIpUeEMCTBA.

3.6. Po3pobneno crapran-npoekT. [IpoBeneHo aHai3 MOTCHIIIMHUX TEXHIKO-
CeKOHOMIYHUX TIepeBar TMOPIBHSHO 3 IMPOIO3HUIIISIMH KOHKYPEHTIB. Bu3HaueHo, 110
TEXHOJIOT'1S MepeBakae HaHOIMKINX KOHKYPEHTIB B €EKOHOMIUHUX Ta TEXHOJOTTYHUX
XapaKTepPUCTUKAX.

B pesynpTaTi MOCHIKEHH PO3POOJECHOI CHUCTEMH KEepyBaHHS pO3IMOJITIOM
JOKEpeIT eHepro3ade3neyeHHs M AnmprueMCcTBa OyII0 3’ ICOBAaHO, IO €JIEKTPOCHEPT s, SKa
Bupobiiena oopanumu JI3E 6e3 ypaxyBaHHS OTYHOCT1 Mepexki, cTaHOBUTH 11 kBT-
roji. TakuM 4MHOM, BUTPATHU €IEKTPOCHEPTIi 3 Mepexi ctanoBUTUMYTh 19.51 kBT-rom.
3HIKEHHS BTPAT €JIEKTPOSHEPTii Al HaBeACHOTo mpukiany ckiagae 11 kBr-rox, mo
cTaHoBUTh 36,05% BiJ 3araJibHUX MOTPeO eNeKTpoeHeprii s 3aBoAy. [cHyroui
pILIEHHS TO3BOJISUIM €KOHOMUTH BUTpaATU Ha enektpoeHeprito 10 30%. Po3pobiena
CHCTEMa J1a€ pe3ybTaTy 3MEHIIIEHHS BUKOPUCTAHHS €JIEKTpoeHeprii 3 Mepesxi Ha 20%

Kpalll, B IOPIBHSIHHI 3 pe3yJIbTaTaMH 1CHYIOUHUX CUCTEM.
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