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BCTYII

[Tpubmmuzno 50% manuBHUX pecypciB (HadTa, Ta3, ypaH, BYTrULIA)
BUKOPUCTOBYIOTHCS JIJI1 BUPOOHUIITBA TEIUIO- Ta eleKTpoeHeprii. EnekTpoenepris
HeoOX1/IHa B yCiX Taly3sX BUpOOHHUIITBA.

Enektpoenepretuka mae Oe3nocepeqHiil BIUIMB Ha HApOJHE TOCIOAAPCTBO.
JlocTaTHs KUIBKICTh €JEKTPOSHEprii € pyIIeM Iporpecy B IMIJNPHEMCTBAX Ta
BUpOOHUITBaX. i1 TMEBHUX peErioHiB YKpaiHU eJeKTpOeHepreTHKa BU3HAYA€
TEPUTOPIATLHO-BUPOOHUYHMIA KOMILJIEKC Ta BEKTOP PO3BUTKY perioHy [1].

B Vkpaini Ai0Th Takl BHAM €JIEKTPOCTAHUIN: TEIJIOEJEKTPOCTaHII Ta
TEIJI0ENEKTPOLIEHTPAJI, T1JIpO- 1 T1APOAKYMYJIALINHI €JeKTPOCTaHIlli, aTOMHI, Ta
BIJTHOBJIIOBAJILHUX JUKEpesl eHeprii (coHie, BiTep Toio). EHeprocucremu
(oO’enHaHHS ~ €JNIEKTPOCTAHUINA)  3AIMCHIOIOTH  T€HEPYBaHHS,  IOJaJbIIe
TPAHCIIOPTYBaHHS Ta PO3MOAUI E€JIEKTPUYHOI €Heprii MK pPI3HUMHU THUIAMH
crnioxuBauvis [2].

Po3ranryBanHsI €NEeKTPOCHEPTETUYHNX KOMILJIEKCIB 3aJ€KUTh BiJ MaJMBHO-
EHEPreTUYHUX PpEeCcypciB Ta 3alUTy CHOXHUBAdiB. [CHYIOTh Taki MPUHIUIN
pO3TallyBaHHS Ta PO3BUTKY: KOHIEHTpALISl €JIEKTPOEHEPrii; KOMOIHYBaHHS
BUPOOHUIITBA TEIIa Ta €JIEKTPOCHEPTii; OCBOEHHS MPUPOJIHUX PECYPCIB.

Enepretuka — ocHOBa pO3BUTKY rocmnojapcTBa. Bona 3abe3neuye
TEXHOJIOT1YHI MPOLIECH B IPOMHMCIIOBOCTI, 1a€ TEIUIO 1 CBITIO oasM. Lle cuctema
rajy3eil, 10 OXOIUIIOE NAJIWBHY MPOMHCIOBICTh Ta EJIEKTPOCHEPreTUKy 3 IiX
MiIPUEMCTBAMHU, KOMYHIKAIISIMU, CHUCTEMaMU KEpyBaHHs, HAyKOBO-JOCIIIHOIO
6azoro. IlignpueMcTBa €HEpPreTHKUM BEOYTh PO3BIJIKY, OCBOEHHSA, NEPEPOOKY Ta
JIOTIPABIICHHS €HEPTOHOCIIB, BUPOOHMIITBO Ta MIEpEeAaBaHHs €JICKTPOCHEPTil 1 Teria.

Jlo oxaHi€l, 13 TakuX raixy3eil BIAHOCIThCA HA(TOra30BUAOOYBHUN CEKTOP, 0O
mpoiec TMIATOTOBKM HadTth 1 Ta3zy € Oe3mepepBHMM. Tak, M0 XK Take
Ha(TOra30BUIO00YBHUNM CEKTOpP - Taly3b BAXKKOI MPOMMCIOBOCTI, MiAMPHUEMCTBA
AKO1 pO3BIIYIOThb, BUJI0OYBAIOTh 1 MEpPepoOIIsitoTh HAdTy Ta ras3, TPAHCHOPTYIOTH 1

30epiraroTh ix.


https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%A1%D0%B2%D1%96%D1%82%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%92%D0%B0%D0%B6%D0%BA%D0%B0_%D0%BF%D1%80%D0%BE%D0%BC%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%BE%D1%80%D0%BE%D0%B7%D0%B2%D1%96%D0%B4%D1%83%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D1%96_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B8

8

BinHocuTbcs BOHA /10 NPOMHUCIOBUX CIIOKHMBAYiB: 1€ MIANPUEMCTBA Ta
BUPOOHUYI 00'€KTH, SIKI BUKOPUCTOBYIOTH EJIEKTPOCHEPrit0 Al pOOOTH MAIluH,
o0J1aTHaHHS, OCBITJICHHS Ta 1HIIMX MIPOIleCciB BUpoOHUIITBA. [IpoMuCIIOBI criokuBayi
MOXXYTh MaTH BENUKI MOTpeOUM B EJIEKTPOCHEprii 1 4YacTo MaroTh CIellandbHi
MIACTAHIi NI TOCTAa4aHHS BEIUKHX OOCSTIB CTpyMy. Alle 4depe3 po3B's3aHy
Pocilicekoro ®enepaitieto BiiHY NPOTH YKpaiHM Ta HaBMHCHI pakeTHI OOCTpLIU
POCIMCHKMMH  BIMiCbKAMU EHEPreTUYHOTO YCTaTKyBaHHS YKpaiHu (BYTUIbBHHUX
enexkrpoctanmii, TELl, rigpoenekTpocrtaHiiii, TpaHchOpMaTOPHUX IIiJICTAHIIIH,
JIEIT) na nouatky >k0BTHs 2022 poKy, B yKpaiHChKiil EHEPreTHUHIA CUCTEMI CTAIUCS
300i B enektponocrayanHi. [loBropHi paketHi o0cTpinu PO nuBiIbHOT €HEPreTUYHO1
1H(PACTPYKTYPH, MPU3BEIH JIO aBaAPIMHUX BUMKHEHB €JIEKTPOEHEPTii MaiKe 1Mo BCii
KpaiHi. Byke Ha mouaTKy nmcTomana, Ha 3axojli YKpaiHW MOYaldd 3aCTOCOBYBATH
rpadikd BISUIOBUX  BUMKHEHb €JIEKTPOEHEPTii, ajie  3roJJOM  yKPaiHCHhKUM
€HepreTUKaM BJAJIOCs MOJAroIUTH BEJIMKY YaCTUHY 00saqHanHs. [lomansIn Bopoxi
pakeTHi oOcTpi 23 nucTomazga 1 HECTaTOK 3amacHOTO eJIeKTPOoOoOJIaIHAHHS,
COPUYMHUIIM III€ 3HAYHIIIE TMOTIPIICHHS CTAHOBUINA B EHEPrOCHUCTEMI 1 BXKE
HETUIAHOBUX BUMKHEHb HAIPYTH IO BCii kpaiHi [3].

Boanoyac, eHepreTnyHa CKpyTa MiAIITOBXY€E YKPaiHCHKY MPOMUCIOBICTh 10
BUTOTOBJICHHS YHIKAJIbHUX ISl Y KpaiHU €eHEpreTHYHuX 00’ €KTiB, a00 MOIEpHI3AIIiI0

cBOT0 O01agHAHHS.


https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B5_%D0%B2%D1%82%D0%BE%D1%80%D0%B3%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B2_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%83_(2022)
https://uk.wikipedia.org/wiki/%D0%91%D0%BE%D0%BC%D0%B1%D0%B0%D1%80%D0%B4%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%BD%D1%96%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D1%8F%D0%BB%D0%BE%D0%B2%D1%96_%D0%B2%D0%B8%D0%BC%D0%BA%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F
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PO3/11 1 3ATAJILHI BIZIOMOCTI ITPO OF’EKT MOJAEPHI3ALIT

1.1 IIpu3HAYEHHS YCTAHOBKH NEPBUHHOI NiAT0TOBKH HadTH

YcranoBku nepBuHHOI migroroBku Hadtu (YIIIIH) dopmyroTbes BiAMOBIIHO
no Ilpoekty oOmamTyBaHHS pOJOBUINA, IO PO3POOISIETHCS CIELIaTi30BaHOIO
IIPOCKTHOIO OpTraHizaiieio (MpOeKTHUM 1HCTUTYTOM). BoHU 3a0e3medyroTh mporiec
TPAHCIIOPTYBaHHS MO TPyOOIrpoBoAax HadTH, BOAM 1 ra3y BiJ CBEPIJIOBHH [0
neHTpasibHoro 30ipHoro myHkty (L[3I1).

Bunobyra 3 miactiB HaTa TPaHCIIOPTYETHCS Mij J1€X0 HAOPY TUCKY HA THPJIL
CBEpIJIOBHH, ab0 TepeKkadyeTbcss Hacocamu. Ha neskux pojaoBuiiax, mpu
ropoucTomy penbedi MICHEBOCTI, Ji TPAHCHOPTYBAaHHA BHUA00YTOi HadTH
BUKOPUCTOBYIOTh PI3ZHUIIO TI'€OJIE3UYHHMX BIJIMITOK BXIJAHOI Ta BHUXIJAHOI TOYOK
TpybonpoBoxay. [Ipu 36upanni HagpTH, MOTPIOHO BUMIPIOBATH KUIBKICTH BUI00YTOI
MPOJYKIN MO KOXHIA CBEPJJIOBUHI I OJep>KaHHs iHGopMailii HeoOX1HOI mpu
MPOEKTYBaHHI EKCIUTyaTallli CBEpPJUIOBUH, KOHTPOJIIO Ta PEryJjlOBaHHI PO3POOKHU
POJIOBHILIA.

TexHomoris ofep>kaHHs TOBAPHOI MPOAYKIIi CKIAJAETHCA 3 TEXHOJIOTTYHHUX
MPOIIECIB cemnapallii, cradiizalii, 3HeBOJHEHHS (JleeMyJibcallii) 1 3HECOJICHHs HaTH,
OUMIIEHHS CTIYHOT BOJM BiJl YACTOK €MYJIbIOBaHO1 Ha()TH Ta MEXaHIYHUX JOMIIIOK,
a TaKOK OCYIITyBaHHS (Bl BOASHOI IMapy) i OUUILEHHS (B1J] CIPKOBOJHIO Ta T1I0KCHUTY
BYTJIEII0) Ha(TOBOTO Tasy.

[lepBuHHa miArOoTOBKa BUAOOYTOI Ha TmpoMHCIax HaQTH 3yMOBIIEHA
HEOOX1HICTIO 3MEHIIEHHS TPAHCIIOPTHUX BUTPAT, 3alI00ITaHHSI YTBOPEHHS CTIMKUX
HapTOBUX  eMyJbCiH, TiAPaTOYTBOPEHHS B  Ta30mpoBOjaxX, 30epeKeHHS
OPUINMaNbHOCTI  BOAOHATHITAJBHUX  CBEPUIOBUH, 3MEHIICHHS  KOPO31MHOIO
pYHHYBaHHS  BHYTPIIIHBOIPOMHUCIOBOTO 1  3aBOACHKOTO  OONaAHAHHA Ta
TPYOOTIPOBO/IIB 1] Yac TPAHCIIOPTYBaHHS Ha(TH, Ta3y 1 BOJH.

30upanHHs 1 MArOTOBKA HAPTH — 1€ €JIMHA CUCTEMa TEXHOJIOTTYHUX MPOILIECIB,

ne 30upaHHS TOENHYETHCS 3 MiAroTOBKOIO HadTu. CydacHa cuctema 30uMpaHHS


https://uk.wikipedia.org/wiki/%D0%97%D0%B1%D0%B8%D1%80%D0%B0%D0%BD%D0%BD%D1%8F_%D1%96_%D0%BF%D1%96%D0%B4%D0%B3%D0%BE%D1%82%D0%BE%D0%B2%D0%BA%D0%B0_%D0%BD%D0%B0%D1%84%D1%82%D0%B8
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Ha(TH 1 TOMYTHOTO Ta3y Ta iX MIArOTOBKU — L€ CKJIQAHUM TEXHOJOTTYHUI KOMILIEKC
TpyOOTNpPOBOIIB Ta OJOYHOTO aBTOMATH30BAaHOTO 00JIaJHAHHS.

TpyOompoBigHi cuctemMu 300py 1 miaArotoBku Hadtu (HadTo-, BOMIO-, raso-,
MPOAYKTOMPOBOAM) CTAHOBJISITH OCHOBHY YaCTHHY BHUTPAaT Ha OOJNAIITyBaHHS
Ha(TOBHX IPOMUCIIB. IX JOBKMHA CTAHOBMTH COTHI KiJIOMETpPiB Ha HEBEIHKHX 32
IUIOIIEIO POAOBHUINAX, & JUIsSl 3HAYHHX 33 pO3MIpaMHU 0csirae 0ararbox 1€CATKIB TUCSIY
kimometpiB. [lpakTudHo BCl TpyOONpPOBOAM B CHCTEMax IPOMHUCIOBOTO 300py
(BuKuIHI JTiHIT, 301pHI Ta TOBapHI KOJIEKTOPH) € IMiI3EMHUMH HAIlIPHUMH CHCTEMaMHU
3 pobouuM TuckoM Big 1 — 3 MIla. MeToro npoMHCIOBOI MIATOTOBKA HAPTH € ii

Jlerasalrisi, 3HEBOJHEHHS, 3HECOJCHHS Ta CTa01I13a11isl.

1.2 ObaagHaHHs 11 BUA0OYBaHHS HATOra30BOAsIHOI CyMinni

Bepcrar-kavanka (puc. 1.1) — arperar s NpUBEICHHS B JiF0 TIMOMHHOTO
Hacoca MpU MEXaHI30BaHIM eKcIulyaTalli Ha(TOBUX CBEPAJIOBUH. 3BOPOTHO-
MOCTYMAJbHUN PyX IUTyH)Kepa MIMOWHHOTO Hacoca TMepefacThcsl Yepe3 IITAHTH 1
mTOK. Bepcrar-kayanka BCTAHOBIIIOETHCS HA PYHIAMEHTI HaJl TUPJIOM CBEPAJIOBUHHU.

Ha mnnardgopmy BCTaHOBIIOIOTBCS PEAYKTOpP Ta EJIEeKTPOABUTYH. I[HOAI1
€JICKTPOJIBUTYH PO3TaIIOBaHuH 11 raTdopmoro. OcTaHHIN BapiaHT Ma€ MiABUIICHY
HeOe3MeKy, TOMY TBUKOPUCTOBYEThCA pIAKO. EIEKTpOABUTYH 3'€IHYEThCSA 13
3HWKYBQJIBHUM PEAYKTOPOM uepe3 KIMHOPEMIHHY nepenady. PenykTtop, y cBoro
4yepry, 3'€IHYEThCS 3 OAJIaHCUPOM uepe3 KPUBOIIMITHO-IIATYHHUN MexaHizMm. [lei
MEXaHI3M TMEepeTBOPIOE 00epTaIbHUN pyX Bajdy pEeAyKTopa Yy 3BOPOTHO-
MOCTyNanbHUN pyx Oanmancupy. CraHiiis yrpasiaiHHs € madoro, B sSKiil po3TanioBaHa
enekTpoanapatypa. [lobnu3y cranuii ynpaBiaiHHS (a00 mpsiMO Ha Hii) BUBEACHO
py4He raJpMo BepcraTa-kadaiaku. Ha camiii cTaHIii kepyBaHHS PO3TAIIOBAHUN KITIOY
(nmst 3aMuKaHHS eeKTpoMepexi) Ta ammepmeTp. OCTaHHI — OyXKe BaKIWBHMA
€JIEMEHT, 0COOJMBO Yy poOOTI omeparopa BuaoOyTky HadTu Ta raszy. Hynboa
MO3HAYKa y aMIlepMeTpa TOCTAaBJICHA B CEPEAMHY IIIKalu, a CTPUIKA-TIOKaXKIUK

pPyXa€TbCsa TO HCTaTUBHY, TO IIO3UTHUBHY o6nacte. Came 3a Bi,Z[XHJIeHH}IM BIIIBO-


https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D0%B8%D0%B1%D0%B8%D0%BD%D0%BD%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D0%B8%D0%B1%D0%B8%D0%BD%D0%BD%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%BA%D1%81%D0%BF%D0%BB%D1%83%D0%B0%D1%82%D0%B0%D1%86%D1%96%D1%8F_%D0%BD%D0%B0%D1%84%D1%82%D0%BE%D0%B2%D0%B8%D1%85_%D1%81%D0%B2%D0%B5%D1%80%D0%B4%D0%BB%D0%BE%D0%B2%D0%B8%D0%BD&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%97%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D0%BE-%D0%BF%D0%BE%D1%81%D1%82%D1%83%D0%BF%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%80%D1%83%D1%85&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%97%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D0%BE-%D0%BF%D0%BE%D1%81%D1%82%D1%83%D0%BF%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%80%D1%83%D1%85&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%B4%D0%B0%D0%BC%D0%B5%D0%BD%D1%82
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BIIPABO OMNEPAaTOp BH3HAUAE HABAHTAKEHHS HAa BEPCTAT - BIAXWJICHHA B OOW/BI
CTOPOHU TOBUHHI OyTH MNPUOIU3HO PIBHUMH. SKIIO X yMOBa pIBHOCTI HE

BHKOHYE€TBHCS, 3BHAYUTDH BEPCTAT IIPALO€ BXOJIOCTY.

L

Pucynok 1.1 — Bepcrar — kayanka

AcuHxpoHHMI nBUTYH (puc. 1.2) - 11e TpudasHa MalIMHA 3MIHHOTO CTPYMY,
KA BUKOPHCTOBYEThCS JJIsi MEPETBOPEHHS €IeKTPMYHOI eHeprii B MeXaHiuHy. Ii
roJIOBHA BIMIHHICTH BiJl IHIIUX TUITIB MOTOPIB B TOMY, III0 MIBHUAKICTb 00€pTaHHS
poTOpa BIACTA€ BiJ MIBUAKOCTI MarHiTHOrO moJjisA. [[iarma3oH MOTY>KHOCTEH TaKux
MOTOPIB Jy>K€ IIUPOKHUH: BiJ KUIBKOX COT€Hb BaT JI0 KUIBKOX THCSAY KijoBaT. [Tpu
[IbOMY 3arajJbHUN MPUCTPIN Ta TPUHITUT POOOTH ACHHXPOHHOTO IBUTYHA OJTHAKOBHIMA

JUIsl BCIX rabapuTiB Ta MOAU(DIKaIIM [TUX MaIIUH.
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Pucynok 1.2 — ACUHXpOHHHI IBUTYH

Croci6 aii: Ha 0OMOTKY cTaTopa MoAAa€ThCsl 3MIHHA HAIPyTa, MiJl €10 SKOi B
oOMOTKax mpoTikae TpudaszHa cucrema cTpyMiB. OCKIIBKH 0OMOTKAa aCHHXPOHHOI
MalllMHU MPOCTOPOBO 3pYIIEHI OAHA BiIHOCHO oAHOI Ha 120 rpagyciB, TOOTO B
CUMETPUYHIM CUCTEMI CTPYMH B IIMX 0OMOTKax MatoTh (a3oBuii 3cyB B 120 rpagycis,
B TAKMX 0OMOTKaX CTBOPIOETHCS 00epTOBE MarHiTHe noJie. O0epTOoBE MarHiTHE MoJie,
NEPETUHAIOYU TPOBITHUKHA OOMOTKH POTOPA, IHAYKYE B HUX €JIEKTPOPYUIiHY CUIy,
I1]T A1€10 SIKOT B 0OMOTII pOTOpa MPOTIKAE CTPYM, KOTPUM CIIOTBOPIOE MArHITHE MOJIE
cTaTopa 301IbIIYIOUN HOTO CHEprito, IO Bele 10 BUHUKHCHHS €JICKTPOMAarHiTHOL
CWJIH, TIJ] JIIE0 SIKOi pOTOp MOYMHAe ooepTatucs (i OUIbII MPOCTOTO MOSICHEHHS,
MOYKHA MOCTIATHCS Ha CUTy AMIIepa, 1110 Ji€ Ha MPOBIIHUKUA OOMOTKH pOTOpa, KOTpi
3HaXOAATHCS B MarHiTHOMY moJii craropa). [1lo6 B oomoTiii potopa Bunukana EPC,
Tpeba abu MBUAKICTH 00EpPTaHHS POTOpa BIAPI3HSIIACA BiJ IIBHJIKOCTI 0OEpTaHHS
MoJjsi cTaTopa, ToOTO 00epTOBE MMOJIE CTaTOpa 3rOJ0M BTATYE POTOP Y HECKIHUEHHY
TOHUTBY, HIOW TOW HaMaraeTbCs HAa3JOTHATH MarHiTHE MOJIe, ajie HIKOJIM He JOCATae
YCIIIXY.

Marnithuii nyckaud IIMJI3220 O*2B (puc. 1.3) — enekTpoMexaHiuHUN

KOMYTalllHUN anapaT, MPU3HAYCHUN Il KEPYBaHHS )KUBJICHHSM €JIEKTPOJIBUTYHIB!


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%80%D1%83%D1%88%D1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%90%D0%BC%D0%BF%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
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iX MyCKy, pO3roHy, 3a0e3neYeHHs] HenepepBHOi pOOOTH, BIJIKJIIFOUEHHS )KUBJICHHS Ta

3aXUCTY €JEKTPOJABUTYHIB BiJ] IEPEBAHTAKEHbD.

Pucynox 1.3 — Marnithuii myckau [IMJ13220 O*2b

KoHcTpykTuBHO Tyckad — I11e¢ KOMOIHAIS yCiX KOMYTaIllMHHUX 3aco0iB,
NOTPIOHUX AJIs 3aIllyCKy Ta 3yNHMHKHU €JIEKTPOJBUIYHA, Y MO€AHAHHI 3 HAJEKHUM
3aXHMCTOM BIJ] MepeBaHTakeHb. [lyckad y cBOiil OCHOBI MICTUTh KOHTaKTOp, KU
YKOMIUIEKTOBAaHO  JOJATKOBUMHU  IpWJIaJaMH: TEIUIOBUM  pejie, IUIaBKUMHU
3armoOiKHUKaMH, KHOMIKAMH KEpYyBaHHS Ta JOJATKOBOIO KOHTAKTHOIO TPYIOI UH
aBTOMATOM JIJIsl ITYCKY €JIEKTPOJIBUTYHA.

[Tyckaui gmst 3amycky moTyxkHux (Bim 1 kBT 1 Oinbmie) JaBUTYHIB
00JTAIITOBYIOTHCS MTPUCTPOSMU TACIHHS SJIEKTPUYHOI AyTH (IyroracHa Kkamepa), sKa
BUHHMKAE IIJI Yac KOMYyTallli MiXK CHJIOBUMH KOHTaKTaM{ ITyCKada BHACIIJIOK
IHAYKTUBHOI TPUPOAM HABaHTa)XEHHA. TeIjioBe pese, sSIKe BXOAMTH A0 CKIATy
mycKaya, 3axuiiae OOMOTKY JBUTYHa, a BIATaK 1 MEpPEXYy JKUBICHHS, BIJ
NepEeBaHTAXKEHb, ajle He 3a0e3Meuye 3aXUCT MEPEX BiJl KOPOTKUX 3aMUKaHb. Kpim
TOro0, MycKad He O0OB'S3KOBO Mae (yHKIIO po3'eqHaHHs. Tak 3BaHI 3axWIIeHI U
KOMOIHOBaHI ITyCcKadl KpiM 3aXUCTy MEPEX BiJl KOPOTKHUX 3aMUKaHb, 3a0€3MeUyI0Th
1 BUKOHAHHS (PYHKIIIT po3'€IHAHHS.

ABroMatnuHui BUMUKa4 (puc. 1.4) - 11e KOHTAaKTHUN KOMYTaIliHHUI anapar,

1o CHpOMO)KHI/Iﬁ BMHKATH, IMPOBOJUTH Tda BUMHKATHU CTPYM HABAHTAXKCHHA, KOJIU


https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D0%B5
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D0%B1%D1%96%D0%B6%D0%BD%D0%B8%D0%BA_(%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%94%D1%83%D0%B3%D0%BE%D0%B3%D0%B0%D1%81%D0%BD%D0%B0_%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D1%83%D0%B3%D0%BE%D0%B3%D0%B0%D1%81%D0%BD%D0%B0_%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82_(%D0%B4%D0%B5%D1%82%D0%B0%D0%BB%D1%8C)
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
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CIICKTPHUYHC KOJO B pO60‘10My CTaHi, d TAaKOX BMHUKATH, IIPOBOIUTHU IIPOTATIOM

MIEBHOTO BCTAHOBJICHOT'O Yacy 1 BUMUKATH aBapiiiHUiA CTPyM B €JIEKTPUIHOMY KOJI.

Pucynox 1.4 — ABTOMaTHYHUN BUMHKAY

ABTOMaTHYHUN BUMHKA4 TPHU3HAYCHO I HEYACTHX BMHKAHb/BUMHKAHb
(xoya aBTOMATHMYHI BUMHKAYl TPOBIAHUX (IpM, MOXYTh MaTH KOMYTaIlilHY
ButpuBaiicte a0 20000 HUKIIB YBIMKHEHO/BUMKHEHO, a MOAYJbHI BHUMMKaYl
HaBaHTaxkeHHS — 110 100000 1ukiB 1 mpairoBaTH 3a Temneparypu Bia -30 go +60 °C
Ta Bosiorocti 95 %), a TakoX IS 3aXHCTy KaOemiB Ta KIHIIEBUX CIIOKHBAYIB BiJ
MePEBAHTAXEHHS 1 KOPOTKOTO 3aMHKaHHS. ABTOMAaTH4YHI BUMHKA4l MOXYTh MaTH
JI0JTATKOB1 HE3aJICKHI BiJl CTPyMYy HaBaHTAXKEHHsI, PO3YIIUIIOBAYl 3 JOMOMIKHUMH
KOHTaKTaMHM CHUTHai3ailii Ta/abo MOTOpPHI MPUBOJAM, JJISI BIAAAJICHOTO KEpyBaHHS
BUMHMKadeM. MeXaHi3M pPO3YCIUICHHS TPUBOAWTBCA B IO OJHUM 3 JIBOX

PO3YITUTIOBAYIB: TETUIOBUM 200 MAarHITHUM:


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B5_%D0%BA%D0%BE%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BA%D0%B0%D0%B1%D0%B5%D0%BB%D1%8C
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TeroBuil po3'enHyBau sBisie €000 OiMeTaneBy IUIACTHHY, KOTpa
HArpiBa€ThCS CTPYMOM, SIKMH HEro mpoTikae. [lig yac mpoTikaHHS CTpyMy, BHIIE
JIOITYCTUMOT'O 3HA4YeHHs, OiMeTaneBa IJACTHHA BUTMHAETHCS 1 MPUBOAUTH 1O il
MeXaHi3M po3deruieHHs. Yac chpanbOBYBaHHS 3aJICKUTh BiJl BEJIUYUHU CTPYMY,
KOTPHUH MPOTIKa€e KPi3b aBTOMATUIHUN BUMHUKA4Y 1 MOKE 3MIHIOBATUCS BiJl KITHKOX
CEeKyHJ[ 10 ToAMHH. MIiHIMaIbHUN CTPyM, 3a SIKOrO TEIUJIOBUH PO3'€HYyBay Mae
CrIparboByBaTH 3a 4yac He Outbmie 1 roguan (ipu In < 63 A) abo 2 roaus (mpu In >
63 A) cranoButh (3rigHo JACTY EN 60898-1:2014) 1,45 Bix HOMIHAJILHOTO CTPYMY
3ano0ikHUKAa. HanmamryBaHHS CTpymMy CHpalbOBYBaHHS BHKOHYETHCA IIIJI 4Yac
BUI'OTOBJICHHSI MPUCTPOIO Ha 3aBOJI pPEryJioBajJbHUM TI'BUHTOM. Ha BiaMiHy Bif
IUTABKOTO  3all00DKHMKA, AaBTOMAaTUYHUN BHUMHUKAa4 TOTOBHM IO HACTYIHOIO
BUKOPHUCTAHHS IMICJIsI OXOJIO>)KEHHS O1MeTaeBOi MIaCTUHU. ABTOMAaTUYHI BUMHKAY1
Kl pO3paxoBaHI [JIi BUKOPUCTAHHA B KOJaX IOCTIHHOTO CTPyMy, HE MAalOTh
TEIJIOBOTO PO3'€HyBaya, TIIBKH €JICKTPOMATrHITHUH COJICHOiN, aje OUIBIIICTh
aBTOMAaTHYHUX BHUMHUKAdiB BioMHX Mapok (Hampukiax Schneider Electric)
pO3paxoBaHMX HA BUKOPUCTAHHS B Mepexax 3MIHHOTO CTPYMY, MOXYTh
3aCTOCOBYBAaTUCA W [JIsl 3aXUCTy KIJI TOCTIHHOrO CTpymMy, 3 OOOB'SI3KOBUM
KOPUT'YBAHHSIM HOMIHQJIBHOT'O CTPYMY 3T1JHO TaOJIUIb, HATAHUX BUPOOHHUKOM.

MarniTHu# (MUTTEBUIA) PO3'€IHYBAY SIBJISIE COOOIO COJICHOIM, PyXOME OCeps
SIKOTO, TaKOXX MOXE€ NPUBOAUTH B Jil0 MeXaHi3M posuemieHHs. CTpyw, 1110
IIPOXOUTH KPi3b 3aMOODKHHK, Tede 0OMOTKOIO COJICHOI/Ia Ta BUKJIMKAE BTATYBAHHS
ocepasl y pasi epeBUIIeHHs 3aJ]aHoro nopory. MuTTeBuii po3'eAHyBay, Ha BIAMIHY
BiJl TEIUIOBOTO, CIPAIbOBYE AYyXK€ IIBUIAKO (YaCTKM CEKYH/IM), aje 3a 3HAYHO
OUIBLIOr0 MEPEBUILEHHS CTPYMY: B 2-14 pa3iB BiJl HOMiHaTY (aBTOMaTHYH1 BUMHKAYl
noausitorbess Ha TUnu A, B, C 1 D, 3anexHO Bil YYyTJIUBOCTI MHUTTEBOTO
po3dirutroBaya). ABTOMAaTW4YHI BUMHUKAudl 3 KpUBOIO pozueruieHHs D (kpaTHicTh
cupartoBanfas 10-14 Bijg HOMIHATY), BUKOPUCTOBYIOTHCSI B €JIIEKTPUYHUX KOJIAX 3
BEJIMKUMHU IyCKOBUMH CTpyMaMH, HalpHKIad Uil TYCKy AaCHHXPOHHUX
EJICKTPOJIBUTYHIB 200 BMUKaHHS CHIIOBUX TpaHchopmaTopiB. Bumukaui 3 kpuBoro B

pOSp&XOBaHi Ha 3aXHMCT OCBITIIOBAILHUX MCPECIK Ta IOAOBXKCHHUX CICKTPUYHUX JIHIHA.


https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%27%D1%94%D0%B4%D0%BD%D1%83%D0%B2%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%94%D0%A1%D0%A2%D0%A3
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D0%B1%D1%96%D0%B6%D0%BD%D0%B8%D0%BA_(%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B5%D0%BD%D0%BE%D1%97%D0%B4
https://uk.wikipedia.org/wiki/Schneider_Electric
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%9E%D1%81%D0%B5%D1%80%D0%B4%D1%8F
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D0%B2%D0%B8%D1%82%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
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ABTOMaTH 3 KpuBOIO po3ueruieHHs C HaWOIIbII PO3MOBCIOKEHI B MOOYTOBUX

CIICKTPUYHUX MCPECIKaAX CITO’KMBaYiB.

'- = S

Pucynox 1.5 — IloBiTpsHi JiHii enekTponepenay

[MoBiTpsHi JiHIT enektponepenad (puc. 1.5) - umiHi® ans nepeaaBaHHS
EJIEKTPUYHOI €HEepTii Mo MPOBOJIaxX, MIABIIICHUX Y MOBITP1 10 OMOP 3a JOTIOMOTOO
130JIATOPIB Ta CIHELiabHOI apMaTypu. € OJIHIEI0 3 OCHOBHUX JIAHOK €HEPreTUYHOI
CUCTeMH, SIKa TpPU3HA4YeHa i TepefdaBaHHS Ta PO3MOJLITY €NEeKTPUYHOI eHeprii
Harpyroto 70 i monaj 1 kB 6e3 3miHu 11 mapameTpis.

[ToBITpsSsHUMH JIHISIMU €JIEKTpoINepeadl TaKoX MepearoTh 1HPOpMaLIio 3a
JIOTIOMOT'OX0 BUCOKOYAcTOTHUX curHamB abo BOJIII. Bonn BUKOPUCTOBYIOTBCS ISt
TUCTIETYEPCHKOTO KEepPyBaHHs, TMEpelaBaHHs TEIEMETPUYHUX JMJaHWX, CHUTHAIIB
peneHOro 3axucTy Ta MpOTHaBapiiiHOI aBTOMAaTUKHU. ONOpu MOBITPSHUX JIHIN
eJeKTponepeaadyl — JepeB'siHi, 3al1300€TOHHI, MeTaJieBl 200 KoMIo3uTHI. Onopu
MOKYTh BCTAHOBITIOBATHCH OE3MOCEPENHBO Y ITPYHT a00 Ha (hyHIaMEeHTax.

[ToBiTpsHI JiHIT CKIa1al0ThCA 3 TAKMX OCHOBHUX KOHCTPYKTUBHHUX €JIEMEHTIB:

1 IIpoBomiB pi3HUX KOHCTPYKII Ta TeEpepi3iB, SKUMHU MEPEHAEThCS
ENEKTPUYHUN CTPYM.

2 T'po303axMCHHX TPOCIB, SIKI 3aXUIAIOTH JIHIT BiI TPO30BHUX PO3PSIIIB.


https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%BD%D1%96%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%BD%D1%96%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D0%BB%D1%8F%D1%82%D0%BE%D1%80_(%D0%B2%D0%B8%D1%80%D1%96%D0%B1)
https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D0%BE%D0%BA%D0%BE%D0%BD%D0%BD%D0%BE-%D0%BE%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BB%D1%96%D0%BD%D1%96%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%BE%D0%B7%D0%BE%D0%B7%D0%B0%D1%85%D0%B8%D1%81%D0%BD%D0%B8%D0%B9_%D1%82%D1%80%D0%BE%D1%81
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3 Omnop pi3HUX TUMIB — JIJIs1 MiJBIIIYBAHHS MPOBO/IIB Ta TPO303aXUCHUX
TPOCIB.

4 I30nsTOpiB @00 TIPJISHA 130JATOPIB JJIA 13071111 TPOBOMIB  Bif
3a3eMJICHUX YaCTHH OMOPH.

5 JliniitHoi apMaTypH, siKa CIYKHUTh 7151 KPIIUICHHS MPOBOIIB 1 TPOCIB JI0
130JIATOPIB Ta OIOP, a TAKOX JIJIs 3'€THAHHS MPOBOJIIB 1 TPOCIB.

6 3aszeMiroBajbHUX MPHUCTPOIB Ta PO3PSIHUKIB, 5KI 3a0€3MeuyloTh
BIJIBE/ICHHS CTPYMIB OJIUCKABKU Y 3€MIIIO.

JInst mOBITPAHOI JIiHIT eJeKTponepesadl BUKOPUCTOBYIOTh HEI30J1b0BaH1 abo
3aXMINEeH] MOJIMEPHOIO 130JIA111€10 OaraToKuJbHI alfOMiHIEB] a00 CTajieatOMiHIEB]
IPOBOJM 3 AHTUKOPO3IMHMM 3allOBHEHHAM ab0 03 HbOro, piAlle - OHO- YU
0araTtoXuibHI CTAJIEB] POBOJIH.

KommektHa Tpancdopmaropna mifcraniis (KTII) (puc. 1.6) - npusHayeHa
JUISL TIpUOMY, TIEPETBOPEHHS 1 PO3MOJUTY €IEeKTpUYHOT eHeprii TpudazHoro
3MIHHOrO CTpyMy YacTtoToro 50I'm B cucTteMax 3 TIIyX03a3eMJIEHOK HEUTpauIio
TpaHchopMaTopa Ha CTOPOHI HUXKYOI HATIPYTH B CUTbCHKUX €IIEKTPUUHUX MEPEkKax.

KommnektHi Tpancdopmatophi miacranuii tuny IIKTII BUroToBistoThCS B
3araJbHOTIPOMHUCIOBOMY BHUKOHAHHI 1 KOMIUICKTYIOTHCS MAacCASHUMU ab0 CyXUMH
CHUJIOBUMH TpaHchopMaTopamu MoTykHicTio 25, 40, 63, 100, 160, 250, 400, 630 kBA
Ha Hanpyry 10 (6)/0,4 kB Ttpudaznoro 3miHHoro crpymy vactororo 50 I'm 1 €
NepecyBHI OgHOTpaHC(HOpPMATOPHI MIJACTaHI] 30BHINIHBOI YCTAHOBKH, KIOCKOBI,
TYIHUKOBOTO THUIY 3 KaOeasHuM ab0 noBiTpstHUM BBOAOM. [IKTII BumyckaroThcs sk 3

[IyX03a3eMJICHOI0 HEUTPAILTIO, TaK 1 3 130JIbOBAHOIO HEUTPAILITIO.


https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D0%BB%D1%8F%D1%82%D0%BE%D1%80_(%D0%B2%D0%B8%D1%80%D1%96%D0%B1)
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D1%80%D1%8F%D0%B4%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%83%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
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Pucynok 1.6 — KommuiektHa TpancpopMaTopHa MmiICTaHIIs

TpanchopMaropHa miCTaHIIs Ma€ TaKi CKJIaJ0B1 YaCTHHM:

— BIICIK PO3NOAUTEHOTO IPUCTPOIO 3 00Ky Buloi Hanpyru [I1BH;
— BIJICIK CHJIOBOTO TpaHchopMaropa;

— BIICIK PO3MOAUTBHOTO IPUCTPOIO 3 00Ky HMk40i Hanpyru PITHH.

Bixcik I[IBH B cebe Bkiroyae:

18
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— po3'eqHyBa4 a00 BUMUKA4 HABAHTAKEHHS,

— BUCOKOBOJIbTHI 3ano0ikHuKH [TIKT-6(10) kB;

— BUCOKOBOJIbTHI po3psiaHuku PBO-6(10) kB.

Bizcik cunoBoro tpanchopmaropa B cebe BKIIOYAE:

— cwioBuid TpaHchopmatop (HOMiHaIBEHOIO MOTYKHIcTIO 100 ... 630 kBA),
3T1JIHO 3asBKY 3aMOBHUKA.

Bincik PITHH B cebe Brirovae:

— BBiIHUH aBTOMaTHYHUIN BuMuKad 70 630 (1000) A;

— BIOXIOHI JIHIT CHOKHMBA4YiB B KUIBKOCTI A0 6 IIT. 3 aBTOMAaTHYHHUMU
BUMHKaYaMU;

— pene KoHTpouro cTpyMiB BUTOKY PY-380 (YAKN);

— OJIOK 3arajbHOTO 00JIIKY €JIEKTPOCHEPTI (3a OakaHHSAM 3aMOBHUKA);

— aBTOMATHYHE BKJIIOYEHHS (iepHUX JiH1H (13 3aCTOCYBAaHHSM ITyCKayiB).

[Tixcraniis 3abe3neyye:

— 3aXHMCT IUIICHOCTI JIAaHITIOTa 3a3eMJICHHS BIIX1THHUX JITHIHT;

— MIAKIIOYEHHS 30BHINIHBOTO OCBITJIICHHS 13 3aXHCTOM BIiJT KOPOTKOI'O
3aMUKaHHS (32 OakaHHSIM 3aMOBHHKA);

— KOHTPOJIb ONOPY 130JIALIT SIK M1J HAIPYTOI0 MPUENTHAHD, K1 BIIXOIATh, TaK
1y BIIKTIOYEHOMY CTaHI.

B ugactuni Bumor Oe3neku IIKTII Bigmosigarors JICTY 22789-94, a Ttakox
«(IYE», «llpaBun TeXHIYHOI eKCIUTyaTailii eJIeKTPOYCTAHOBOK CIIOKHBAYay,
«CHull», ICTY 3335-96 1 BUMOTam MOXKEKHOI Oe3IeKH.

ITKTTII Bigmosigarots Bumoram TY VYV 31.1-35036863-004:2009.

1.3. 3aBaaHHSI KOMILJIEKCHOT0 OOIPYHTYBAHHS PO3BUTKY AKTHUBHMX

i30J1bOBaHUX CHCTEM CJICKTPONMOCTAYAHHA

BpaxoByroun macmTabu i301b0BaHMX cucteM enekTpornoctadans (CE),
BCIO CYKYITHICTh BUMOT JI0 iX PO3BUTKY Ta (h)YHKIIIOHYBaHHS i 3a0e3medeHHs

€KOHOMIYHOCTI, HaJIIMHOCT1 €JIEKTPOIOCTauYaHHs Ta SIKOCTI €JEeKTPOeHeprii, 1, sK
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HACJ1I0K, BUCOKY TPYAOMICTKICTh MOJIEJIIOBAaHHSI BCHOTO KOMIUIEKCY, HEOOX1THUX

JUTSL JETANBHOTO OOJiKY (haKkTOpiB Ta YMOB, NOIIJIBHO PO3TISAATH 1€papXidyHUN

MIAX1 0 BUPIMIGHHS 3a7ad  OOIPYHTYBaHHS. PO3BUTKY IIMX CHCTEM,

BUKOPHCTOBYIOYM METOIWYHI TTopanu [3-4]. Ha miacTasi y3araibHEHHS iCHYFOYOTO

JIOCBily TPOEKTYBAaHHSA CHCTEM EJIEKTPOMOCTAYaHHA 3 ypaxyBaHHSM 11€0J0rii

1epapX14HOTO MIX0/1y 3arajibHa MpoodiemMa O0IpyHTYBaHHS PO3BUTKY TAKHUX CUCTEM

IIPEJICTABISIETECS Y BUTIISAI TPHOX TOCHIIOBHUX eTalliB [5]:

1. OOrpyHTYyBaHHS ONTUMAJIbHO1 3MIHU CE, 101(0) BU3HAYAETHCS
B32€MOPO3TAIITYBAHHSIM 1 B3a€EMO3B'I3KOM E€JIEMEHTIB Y CUCTEMI.

2. KommiekcHa — omTumiszailisi ~ CTPYKTYpd  Ta  T[apaMmeTpiB  CHUCTEMH
CJICKTPOIOCTAYaHHS 3 ypaxyBaHHSM BUMOI JO 11 aKTHUBHOCTI, HaA1HHOCTI
€JIEKTPOIIOCTAaYaHHsI, IKOCT1 €JIEKTPUYHOI €HEPrii Ta EKOHOMIYHOI €()eKTUBHOCTI
OPUNHATUX PIIIICHb.

3. HocnimxeHHs: yMOB (DYHKIIIOHYBaHHS MaOyTHbOI CUCTEMH €JIEKTPOIIOCTaYaHHs
Ha OCHOBI JIETAJbHOIO aHali3y il HOpMaJbHUX, aBapIMHUX, MICIASABAPIMHUX Ta
IHIIUX pexxuMiB podotn HeoOxigHOI0 YMOBOIO € BUKOHAHHS 301IBIIICHUX BUMOT
710 TTapaMeTPiB PEKUMIB, HAAIHHOCTI €JIEKTPONIOCTAYaHHS CIIO’KMBAY1B Ta SIKOCTI
€JIEKTPOEHEPrii 3 ypaxXyBaHHSIM KOHKPETHMX 3acO0IB Ta 3axOJiB MO0
3a0€e3Me4YeHHs] aKTUBHOCTI CUCTEMH €JIEKTPOTIOCTaYaHHS.

3apyOiKHI PO3pOOKM Yy IbOMY HampsMi aHaTI3ylOThCsA y orsiai [6].

PosrisHyTo muTaHHS TUTaHYBaHHS TUCTaHIIM Ta MEPEXKEBOI CTPYKTYPH K IS

HOPMAJIbHUX PEXKUMIB pPOOOTH, Tak 1 JJig aBapiiHux. MarematuuHi Mojeni Ta

METOAM KOMIUIEKCHOI ~ONTHMI3alii CTPYKTypd Ta TMapaMeTpiB  CHUCTEM

CJICKTPOIIOCTAYaHHsI, Y TOMY YHCIl 3 ypaxyBaHHSM PO3MOJIIJICHOT TeHepailii,

po3rasaaThes y [6-9]. MeToaAn4HO Ta MPaKTUYHO HEOMpPaIlbOBAHUM € KOMILIEKC

3aBllaHb JIOCHI[DKEHHS yMOB (yHKUIOHYyBaHHS MaiOyTHix akTuBHUX CE.

PosrisiHemo cienudiky 1Ib0T0 HAMPSIMY Ha MPUKIIAaX HU3KH 3aBIaHb.

3 mornsAy aHali30BaHOI MPOOJIEMU CTaHOBUTH IHTEPEC, 3 JOMOMOIOI0

aKTUBHUX 3aCO01B 1 3aX0/11B MOX€E OYTH JOCSTHYTO BUKOHAHHS 30UIBIIEHUX BUMOT
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10/10 HAIIMHOCT1 €JIEKTPOIIOCTaYaHHs CIIOKMBAYIB Ta SKOCTI €JIEKTPUYHOI €HEePTii
3 ypaxyBaHHSM €KOHOMIYHOT eekTuBHOCTI PpyHKuioHyBaHHs CE.

HaniiiHicTh eleKTporocTayaHHsl CIOXUBAa4ylB BU3HAYAETHCS HAa OCHOBI
pPO3paxyHKIB HAIIHHOCTI PO3MOALIHYOI EICKTPUYHOT MEPEXKi MIJITXOM BU3HAUYCHHSI
il cmabKuX MICIlb, CTOCOBHO SIKMX JOIIJILHO PEKOMEHIYyBaTH 3aXOIU IOJI0
MIJBUIICHHS HAAIMHOCTI eJEeKTPUYHOI Mepekl Ta, 3pEIITOr, HaIIMHOCTI
CJICKTPOIIOCTAYaHHsI KOHKPETHHX CIOXKKBadiB. Y poboTi [5] 3 1Mi€r0 MeToro
pO3MIISIIAETbCA  3aBJAAHHS PO3PAXyHKY PEXKUMHOI HAIIMHOCTI PO3MOALIBUOL
€JIEKTPUYHOI Mepexi. BlacTUBICTh aKTUBHOCTI CUCTEM €JIEKTPOIIOCTaYaHHs y pasi
JOCSITAETBCS 3 JOTMOMOTOI0 KOOPAWMHOBAHUX I JUCTAHIIIHHO KEPOBAHUX
KOMYTAI[IHHUX amapariB 13 €IMHOI0 METOI0 peKOHPITypaIllii eJIeKTPUIHOI MEPEXki B
niciasaBapliHUX CTaHaX CHUCTEMH, 1 HABIThb CHCTEM YIPAaBIIHHSA YCTaHOBKaMU
posnoauienoi  renepamii.  CTOCOBHO  MpoOJEMU  PO3BUTKY  CHUCTEMHU
CJIEKTPOIIOCTAYaHHs ~ MOTPIOHO  BHUPINIYBaTH 3aBAaHHS NP0  ONTUMAJIbHE
PO3MILIEHHS TAKUX IPUCTPOIB [6-7] 3 ypaxyBaHHSAM HEBU3HAUYECHOCTI 1HOpMAIIii Ha
MEPCIEKTUBY Ta MHOKMHHOCTI 30BHIIIHIX yMOB po3BUTKY CE.

SKICTh €NEeKTpOSHEepTii I CHCTEM EJICKTPOIOCTaYaHHs, IO MPaIlOI0Th
napasnerbHO 3 BUCOKOBOJIBTHOIO €IEKTPOCHEPTETUYHOIO CHCTEMOI0, BU3HAUAETHCS
PIBHSIMH HAPYTH Yy By3JlaX CXEMH, HassBHICTIO TAPMOHIK HANPYT 1 CTPyMiB, PI3HUM
32 BEJIMYMHOIO (HECUMETPUYHMM) HaBaHTAXKEHHSM 1O (azax TpudazHoi CUCTEMHU.
Jst 130mpoBanux CE 10 11bOTO MEpetiKy T0Aat0ThCS BUMOTH JI0 PIBHIB HAIIPYTH Ta
YaCTOTH.

OCHOBHI TPOEKTHI 3aBJaHHS II1€1 CKJIAA0BOi MpOOJEeMH TMOB's3aHl 3
ONTHUMI3alli€l0 CKIaay, MapaMeTpiB Ta pPO3MIIIEHHS 3a3HaYe€HUX MPHUCTPOIB
0e3MepepBHOTO 1 TUCKPETHOTO YHPABJIIHHSA JIJIsl HAJaHHS BJIACTUBOCTI aKTUBHOCTI
PO3MOAUTEHOT €IEKTPUIHOT MEPEXKI.

Opuiero 3 HAWMOMIMPEHIMIMX 3aBAaHb 3a0€3MEUCHHS EKOHOMIYHOI
e(deKTUBHOCTI (DYHKIIIOHYBaHHS TAaCUBHHUX (L0 HE MICTITh JKEpes) CUCTEM
€JIEKTPOIIOCTauYaHHsl € MIHIMI3allisl BTPAaT aKTUBHOI MOTY)KHOCTI Y PO3MOILIbYIN

CICKTPUYHIA Mepexi. Y pas3l JKepen po3MNoJiIeHOI reHepallii J10JaTKOBO MOXKE
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MiHiMiBYBaTI/ICH BUTpaTa IaJiiBa NOHMH YCTAHOBKAMH. 3a3HaueH1 3aBJaHH

BEJIMKOI0 MIPOI0 MarOTh €KCIUTyaTallliHUN XapakTep, MPOT€ BOHU BAXKJIMBI U y

IJIaH1 PO3MIIIEHHS YCTAHOBOK PO3IOIiJICHOT I'eHepallli Ta KOMyTalllifHUX arapariB

JUIT PO3MHUKAHHS KUIBLIEBOI CTPYKTYpU €JEKTPUYHOI Mepexi, 0 3aBJaHHS

po3BuTKy. [Ipu BpaxyBaHHI aKTHBHOCTI criokuBadiB 3aBnaHHs B3aemonii CE Ta

CIOKMBa4iB MaloTh BUpilIyBaTuch coiibHO. IIlo cTocyeThes po3moauibyoi

CJIEKTPUYHOI MEPEKi OJHIEI0 3 OCHOBHHMX 3aC0O01B yNMpaBIiHHS € peKoH]irypartis

MEPEXKi 3 JOIMMOMOTOK0 TUCTAHIITHO KepOBAaHMX KOMYTalliMHUX armapaTis [7].

[Ipn onTumizaiii 1000BHX rpadikiB HAaBaHTAXEHHS E€HEProCHOKHWBAHHS,

30KpEMa 3a YYacTI0O AKTHUBHUX CIIOKMBAadiB, BHUKOPHCTOBYETHCS CaMOCTIMHHUI

kputepi [8]. TakuM 4YuHOM, 3arajbHe 3aBJaHHS, IO KOOPAMHYE B3aEMOJIIIO

CHUCTEMH €JICKTPOIOCTauYaHHs Ta CIIOKMBaYiB, € 0araTOKpUTEPiaIbHOIO.

3 YpaxXyBaHHAM BUKIaACHOI'O HpO6HCMy I[OCJIiII)KGHHH YMOB

GyHKIIOHYBaHHS MaiOyTHHOI aKTUBHOI CHUCTEMH €JIEKTPOIOCTa4aHHs HEOOX1IHO

PO3IIIAJIaTH y CKJIAJIl IBOX B3a€MOIMOB'I3aHUX TPy 3aB/IaHb:

OIlIHKAa BUKOHAHHS 30UIBIICHUX BUMOT JI0 MapaMEeTpiB PEKUMY 3a yMOB
HAJIAHOCTI €JIEKTPONOCTAYaHHsI CIIOKUBAYIB Ta SIKOCT1 €JIEKTPUYHOI eHepril
[UIIXOM PO3PaxyHKiB BiAMOBITHUX PEXKUMIB 3 YPaXyBAHHIM iX EKOHOMIUHOT
e(eKTUBHOCTI 3a 3aJlaHUX PO3PAXYHKOBUX YMOB BIAMOBIHO /10 YWHHHUX
METOJUYHUX JOKYMEHTIB (Jep’KaBHI Ta raidy3eBl CTaHIApPTH, METOAUYHI
pEKOMEeH/ 1Al Ta 1H.), a TAKOXK 3pOCTaHHS BUMOT CIIOKHBAYIB;

IpY HEBUKOHAHHI 3a3HAYEHUX 30UTBIICHUX BUMOT JI0 TTApaMETPIB PEKUMY
OoOTpyHTYBaHHsI HEOOX1THUX 3aC001B Ta 3aX0/11B 111010 BBEJICHHS NTapaMeTpiB
peKUMY Yy JOMYyCTHUMI MEXI NUIAXOM peKOHQIrypaiii CXeMu CHUCTEMHU
€JICKTPOIIOCTAYaHHs Ta YIPABIIHHS ii MapaMeTpaMu y PO3IJIIHYTHUX BHUIIE
aCTeKTax; MpH IIbOMY BHUPIMIYIOTHCS 3aBIaHHS BUOOPY CKIIany, apaMeTpiB
Ta MICIIb PO3MIIIICHHS 3aC001B peKOH]ITYpaIlii Ta ynpaBiIiHHS MapaMeTpaMu
cxeMu (KOMyTallHUX amapartiB, 0 KOMIIEHCYIOTh MHPHUCTPOIB PI3HOTO

MpPU3HAYEHHS Ta 1H.).
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Cnii HarojJoCUTH Ha HEOOXITHOCTI KOOpJWHAII PI3HUX 3aBJaHb
oOrpyHTyBaHHs 3ac00iB pexondirypaiii CE, ix ckiany, mapaMeTpiB 1 po3MilIeHHS
3 ypaxyBaHHSIM pealbHO 0araToliTbOBOIO BUKOPUCTAHHS ITuX KOmTiB. Kpurepiem
opu 1bOMY MOXKe OyTH MIHIMYM BHTpaT Ha 3a3Hau€Hl KOWITH A Oe3midi
MO>KJIMBOCTEH TX BUKOpHUCTAaHHS. Ha maHuii MOMEHT AOCTIHKEHO Pi3HI MiAX0aU 10
dbopmamizallii oKkpeMUX 3aBAaHb aHaji3oBaHOI rpynu [3, 6, 8], KoopauHaliiiHa

3aJiava 3aJIMIIAa€ThCA IMOKH 110 IPAKTUIHO HCI[OCJ'IiI[)KeHOIO.

1.4. MeTroau4Hi migxoau 10 BUpillleHHA 32/1a4 ONTUMI3alil CTPYKTypH Ta

napaMeTpiB AKTHBHHUX i30J1bOBAHUX CHUCTEM CJICKTpPONMOCTAYaHHA

HaiiGinpmr  BaKJIMBUM ~ MOMEHTOM MiJ Yac IUIAHYBAaHHA PO3BUTKY
130IbOBAaHUX CHUCTEM € OITUMI3allisl CKJIaly TEeHEepYyIouux Kepen. Tunm Ta
NOTY>XHICTh KOKHOTO 3 KOMIIOHEHTIB CHCTEMHU BIUIMBa€E Ha 0Oe3mepeOiiHICTh Ta
AKICTh eJIeKTpornocTadyanHs. O4eBUIHO, 0 HA BUOIP CKJIAQy TeHepailii 1CTOTHO
BIJTMBAIOTh BUMOTH CIIOKUBAYIB €JIEKTPUIHOI HEPTii.

[cHytOTH pi3HI METOAM ONTHUMI3alli TEHEepyIUYuX MNOTYyXHOcTeh. B
OCHOBHOMY JIJISI IUX METO/IIB BUKOPUCTOBYIOThCS TaKl KpUTEPIi:

1.Hamiitui.
2.EKOHOMIYHI.
3.ExooriuHi.

HaniiinicTh enexTpornocTayaHHs Ta BapTICTh BUPOOHUIITBA €IIEKTPOEHEPTIT —
JIBa OCHOBH1 KPUTEPIi, IKI BUKOPUCTOBYIOTHCA JIJIsl CHCTEMHOT'O OIHCY 130JIbOBAHO1
CUCTEeMU. Y BapTICTh BUPOOHUIITBA BXOJSATH KalliTallbHI BUTPATH, EKCILTyaTaIliiH1
BUTPATU Ta €KOJOTiYHI BUTpaTh. YacCTKOBO €KOJIOTIUHUWA KpUTEPi Moxke OyTH
BpaxoBaHUI B EKOHOMIYHUX BUTpATax y BUTJISA/I OIJIATH 32 HETATUBHUI BIUIMB Ha
JOBKULIS. 3a HasABHOCTI KIIBKOX KpPHUTEpIiB, 3a JOMOMOTOI0 SKHX MOXE
3MIACHIOBATUCA ONTHUMI3allisl CTPYKTYpU TeHepalii 130JbOBaHUX CHUCTEM, II€

3aBJIaHHS HEOOX1HO BUPINTYBATH SIK OaraToKpuTepiaibHy.
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Huni icHye nocuth 0Oarato METOIB BHUpIIIEHHS OaraTOKpUTEepiaIbHUX
3aBaafb [8-9]. Y 3B'13Ky 3 mibepanizalli€ro eIeKTPOSHEPTeTUKH, TIOSBOI0 CYYaCHUX
130JIbOBAaHMX CHCTEM, PO3POOKH Ta JOCHIDKCHHS Yy I[bOMY HampsMi HaOyiIu
CYTTEBOTO PO3BUTKY.

Y pob6oTi [9] po3rasHyTO MiaXia A0 OaraTOKpUTEpiaTbHOTO MOCHIHKCHHS
PO3BUTKY €IIEKTpOCHepreTMuyHuX cucreM. lLleit miaxim, ©Oa3yrounch Ha
(dbyHIaMEHTAIbHUX TOJIOKEHHSAX TEOopii KOPUCHOCTI, O3BOJIsAE€ 00'€qHATH Pi3HI
METOJM aHaji3y KpPUTEPiiB y Mpolleci OOIPYHTYBaHHS PIIIEHb 32 YMOB DPI3HHUX
nepeBar.

MosxrBe BUKOPUCTaHHS METOIy Ha OCHOB1 BH3HaueHHs MHOXuHH [lapeTo
[10]. Bin 3acToCcOBYETBCS /I OaraTOKpUTEpialIbHUX 3aBJaHb, SIKI MICTATh KIHIICBY
MHOXHHY MOJIMBUX PIIIEHb 1 MAlOTh Ha L1l MHOKMHI Ha01p KIIbKOX KPUTEPIiB,
K1 TOTP1OHO MiHIMI3yBaTH a00 MaKCUMIi3yBaTH.

baratokputepiaibHe 3aBJaHHS YacTO 3BOJUTHCS JO OJHOKPUTEPIATBHOTO.
[eit migxig nependadyae BUKOPUCTAHHSA CYHEPKPUTEPIO SIK CKAISAPHOT (DYHKIIIT
BEKTOPHOTO aprymeHTy [15]:

qo(x)=q0q1(x),q2(x),...,qp(x), (1.1)

ne q 1(x),q 2(X),... , q p (x) — kpuTepii, X — aNbTepHATUBA 3 MHOXHHHU X

Burnsg GyHkiii q o 3a7€KUTh Bl BKJIATy KOXKHOTO OKPEMOTO KPHUTEPIIO 70
3arajbHOTO CyMHEpKpUTEpito. SK MpaBuUiio, y IbOMY BHUMAIKY 3aCTOCOBYIOTHCS

aJUTHBHI Ta MYJbTUITIKATUBHI (QYHKIIII BUAY:

p

o=y aa 12

i=1
p

1-g0=| [a-Biaw, (1.3)
i=1

Je a ;Ta ;- BaroBl KO€(illI€HTH.
OCHOBHOIO CKJIQIHICTIO I[bOT'O METOJIy € BU3HAUCHHS BaroBUX KOe(]illi€eHTIB

a; ado f[; . € nyOmikauii [8-9], y SKHX ONHWCAHO BUKOPHUCTAHHS KPUTEPIIO 3
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aJIMTUBHOIO (DYHKIIIEIO TPU PO3paXyHKY HaBeleHUX BUTpat. [Ipu po3paxyHkax y 1
BUTpATU OYyJM BKIIFOYCHI KaIliTalbHI BKJIQJCHHS, TIOTOYHI BUTPATH Ta 30UTKH Bif
nepepB eJIEKTPONOCTaAUYaHHS.

Moske OyTH BUKOPHCTaHHI METOA MOCIiMoBHUX TOoCcTymok [9-10]. B ocHOBI
TAKOrO METOAY JIeKUTh TOCTyJaT, [0, SK MpaBWIO, MPUBATHI KpUTEPil
HEpIBHO3HAYHI Ta X MOXKHA PaHXKyBaTH SK 3HAYYyH[iCTh. CriouaTKy BHOMPAETHCS
HaWBaXJIMBIIINN KPUTEPIi, a 1HII KPUTEPIT, 10 3ATMIIIINCS, 38/1al0ThCS y BUTIISII
oOMexxeHb. | 3a TakuxX yMOB JJIs1 0OpaHOT0 KPUTEPII0 BUPIIIYETHCS ONTUMI3AIlIHHE
3apnaHHsA. [loTiM poOUTHCS TOCTyNKa 3a 3HAWIEHUM ONTUMYMOM IEPIIOTO
KPUTEPII0 Ta ONTUMIZYEThCA IpYrui Kputepid. I Tak gami iTepamiiiHO MOXHa
OTpUMATH PO3B'A3aHHS OaraTOKpUTEPiaIbHOTO 3aBJAaHHS.

Ane nans BUpINICHHS 3aBJaHHS KOMIUIEKCHOTO PO3BUTKY aKTHBHHX
130JIbOBAHUX CUCTEM €JIEKTPOIOCTauYaHHS TPU BUKOPUCTAHHI MEpEePaXxOBaHUX BUIIIE
METO/I1B ONTUMI3aIlli BIICYTHE €PEKTUBHE Y3rOJPKEHHA. Y 3B'SI3KY 3 IIUM IIpodiiemMa
OaraToKpuTepiaJIbHOI ONTHMI3alli CTPYKTYpU Ta IMapaMEeTpiB TaKUX CHCTEM €
aKTyaJIbHUM 3aBJIaHHSM, SIK€ TTOTPeO0y€e HOBUX MIAXOMAIB A0 CBOTO PIIlICHHS.

3aBAskd 1HTErpauii re’epauii Ta IHIIUX (aKTOpPIB IUIAHYBAaHHS aKTHUBHOI
CUCTEMH €JICKTPOIIOCTaYaHHs ICTOTHO BIIPI3HAETHCS Bif TpamuiiitHoi [10-14].
BaxnuBoio  BIAMIHHICTIO € MOXJIMBICTH aBTOMATHYHOI  peKOH(iryparii
EJIEKTPUYHOT MEPEXI.

Pexondirypariis € BaxiIuBOW (YHKIIEIO sSKa J03BOJIIE 3MIHIOBATH
MEepEeTIKaHHS MOTY>KHOCTI B PO3MOILIBFYMX EJIECKTPUYHUX MEpeXaxX MUIIXOM 3MIHU
CTaHy KOMYTAallIfHUX amnapariB, IpU LIbOMY HE MOPYIIYIOYH POOOUYHUX OOMEXKEHb.
Pexondirypartito 1011JIbHO BUKOPUCTOBYBaTUME 3MEHINIEHHS BTPAT, OalaHCYBaHHS
1 HABaHTa)KCHHS 1 BIIHOBJICHHSI CUCTEMH y pa3i aBapiiHUX curyarii [15- 17].

JInst TakuxX IIed JOIUIPHO BUKOPUCTOBYBATH AaBTOMATHYHI KOMYTYHOUI
MPUCTPOI 3 AUCTAHIIHHUM KepyBaHHsM [17]. BusHaueHHs onTUManbHOT KITHKOCTI
TaKUX MPUCTPOIB Ta IXHE ONTHUMAJILHE PO3TAIITYBAHHS € BAXJIMBUM 3aBIAHHSIM MPU

IUTAaHYBaHH1 PO3BUTKY aKTUBHOI PO3MOALIEHOI MEPEXKi.
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IcHye nmocuth BeaWKa KUIBKICTH POOIT, MPHUCBSIYCHUX IUIAHYBaHHIO
ONTUMAJIBHOTO PO3MIMIEHHS KOMYTYBJIBHUX TPUCTPOIB I MOXKIHUBOCTEH
pekoHpirypaiii po3noauibuoi Mepexi. 30KpemMa TaKHX IJIed 3aCTOCOBYIOTHCS
eBPUCTUYHHUI aJITOPUTM KOMOIHATOPHOTO MOIIyKy [18], sikuit BUKOPHUCTOBYETHCS
BU3HAYEHHS ONTUMAIBHOTO PIBHS MEPEKEBOT aBTOMATHU3ALIIi.

TakoXx BHUKOPUCTOBYETHCA METOJl aHamizy iepapxiit [19, 20] Bu3HaueHHs
MICI[b yCTaHOBKHM JIMCTAHI[ITHO KEpOBaHUX IMEPEMHUKAYiB B PO3MOIUIHUUX
CJIEKTPUYHUX Mepexax. Y poboti [20] TakoX IMOKa3aHO BIUIMB PI3HUX MPaBUII
PO3MILIEHHSI KOMYTYIOUMX MPUCTPOIB y PO3MOAUIBYMX MEpexax Ha pi3HI
MOKA3HUKU HAJIAHOCTI.

Y poGoti [21] mpomoHyeThcsi aBTOMAaTHYHA MPOIEAypa PO3PAXYHKY,
3aCHOBaHA Ha MPUHIIUII ONTUMAaIBHOCTI benmmmana /st BU3HaueHHS ONTHMAIbHOTO
YHCJia Ta IMOJOXKEHHS aBTOMAaTHYHMX KOMYTAIIMHUX CEKI[IHHUX MPHUCTPOIB IS
pagialbHUX €IEKTPUIHUX MEPEK.

Jlnsg  BU3HAUYEHHS  MICUb  PO3MILIEHHS  JUCTAHIIMHO  KEpPOBaHUX
KOMYTYBJIbHHX MPUCTPOIB Ta YCTAHOBOK PO3MOILJIEHOT TeHEepaIlli y po3moIiIbaux
Mepekax 3 METOK IMIABUINCHHS HaJIMHOCTI aBTOpamMu podotu  [24]
BUKOPUCTOBYETHCSI MYPAIIMHUIN alrOpUTM. Y poOOTI [25] 3ampOonoHOBAHO MiJIXI1/,
3aCHOBAHMI HA PO3MO/ILIII €IEKTPUYHOI PO3MOAIBHOT MEPEXi Ha KiJIbKa 30H.

VY po60oTi [20] po3riisiHyTO WUMOBIPHICHUN MIAX1A 0 aKTUBHOI PO3MOILIBHOI
MEpeXi 3 ypaxyBaHHSIM YMPAaBIIHHS TOMUTOM [IJIsi 3BUYAHOI HE130710BaHOL
cuctemu. HeBu3HaueHOCTI, MOB'sI3aHI 13 COHAYHOIO pajialli€lo, HABAaHTAKCHHSIM Ta
MaiOyTHIM 3pPOCTAHHSM HABAaHTAXCHHS, MOJEIIOIOTHCS (PYHKIIAMH IIIJIBHOCTI
nMoBipHocTi. Ha nymky aBTopa 11i€i poOOTH, 11elf METOA OJTHOYACHO 3BOAUTH IO
MIHIMYMY 3arajbHi eKCIUTyaTal[liHl BHUTpAaTH Ta 3arajbHl BTpaTd B JIHIAX.
[IpomoHyIOTECS aKTHBHI CXEMH YIPABIIHHS, BKIIOYAIOUN Y3TO/DKCHE KEpYyBaHHSI
piBHEM Hampyru Ta aJanTUBHE KepyBaHHS KOEQIIIEHTOM NOTyxHOCTi. [lns
reHepyBaHHs (QYHKIIN MIUIBHOCTI KMOBIPHOCTI 3aCTOCOBAHO METOJ] MOJICIIFOBAHHSI
MomnTte-Kapio, a ans BupimeHHs 3a7adi OaraTOKpUTEpiaibHOlT OMTHMI3aIii

3aCTOCOBYETBCSI METOJ BaroBUxX Koe(dilieHTiB. 3amporOHOBaHUW  METOJ
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BUKOPUCTOBYETHCS JJI OLIHKU BIUIMBY BBEJICHHS T'€HEpallli Ha OCHOBI COHSYHUX
CJIEKTPOCTAHIIH Ha PO3MOAIIBYY MEPEXKY 3 TOIJSAY BIUIMBY TEXHIYHUX Ta
EKOHOMIYHHMX acmekTiB. KpiM Toro, 3amponoHOBaHWil METO/ /103BOJISIE€ OLIHUTU
TEeXHIYHI Ta EKOHOMIYHI HACTIAKY TIiJ] 9ac peKOHpIrypaiii po3moaiIbunx MEPEK.

Y poboti [22] po3missHYTO MOJAETh 0araTOCTYMIHYACTOrO IUTAHYBaHHS
aKTUBHOI pO3MOJIIIILHOT MEpEXKi, B SIKIH € HAKOMMMYyBayl €Heprii. Y 3anponoHOBaHii
MOJIETl PO3TJISINAIOThCA SIK KamiTalbHI BKJIAJEHHS, 1 eKCIUTyaTalliHi BHUTpaTH.
Takox aHami3y€eThCsl MiABUIICHHS HAIHHOCTI €JIEKTPONOCTaYyaHHs 3 JOIMOMOTOI0
BUKOPHCTAaHHS HAKOMWYyBadiB. Ha KoXHOMY eTami TUTaHyBaHHS yYMOBH POOOTH
JUIATBCS Ha KUIbKAa THUIOBUX JAEHHMX CLEHapiiB Ta EKCTPEeMaJIbHUW CUEeHapii
(BUIIQJOK TMIKOBOTO HABAHTAXKEHHS), 10 0a3yloThCsl HA JaHUX MPOTHO3Y. Y
3alpOINOHOBAHINA  MOJENIl  ONTHUMI3YIOThCSL  JOBIOCTPOKOBI  PIIICHHS  IIOJ0
IUTAaHYBaHHS CHCTEMH, y TOMY YHCII 3a PaxXyHOK JOJaBaHHS €JIEeMEHTIB Ta
pekoHpirypaiiii cxem, BIPOBaHKEHHSI HAKOMUYYBaUiB €JIEKTPUYHOT €HEprii.

Takox y po0OoTi [25] AoBeneHO, 10 BUKOPUCTAHHS CUCTEMH HAKOITUYYBAYIB
eHeprii € epeKTUBHUM CIIOCOOOM TiBUILEHHS MPOIYKTUBHOCTI TE€HEPATOPIB, Ta
HaBOJATHCS METOAM ONTUMIZAIli TaKuX AaKTUBHUX PO3MOJUIBYMX MEPEK.
3anpomnoHOBaHO JBOETAHUM METOJ IS TJIaHYBaHHS ONTHMAJIBHOTO CKJIaxy
YCTAaHOBOK PO3IOALIEHOT reHepallii 3 ypaxyBaHHSIM HaKONMUYyBadiB €JIEKTPUYHOI
eneprii. Ha mepiiomy erami BU3HA4arOTh MICISl BCTAHOBJIGHHS Ta IOYaTKOBY
MOTYXHICTh YCTAHOBOK PO3IOAIICHOI reHepallii, a Ha ApyroMy eTarii BU3HA4Yat0ThCs
ONTUMAaJIbHI MOXJIMBOCTI BCTAHOBJICHHS TaKMX T€HEPATOpIB JJII MaKCHUMi3allii
1HBECTULIIMHUX TepeBar, cTablIbHOCTI HAPYTry B CUCTEMI Ta MiHIMI3alli BTpaT y
miHigx. Ha npyromy etami 3a JOIOMOTOI0 MyPaIInHOTO aJrOPUTMY BU3HAYAIOTHCS
ontuMasibHi 3a Ilapeto pimenHs. [loTiM BU3HayalOThCS Miclsl Ta HapaMmeTpu
HAKOMWYyBaYiB €JICKTPUUHOI EHEePTii.

3anponoHOBaHi MIAXOAW B MOBHOMY OO0CS31 3a/I0BOJIBHSIIOTH BUMOTAaM IO
IJIaHYBaHHS PO3BUTKY 130JIbOBAHUX CUCTEM, OCOOJIMBO 3 YpaXyBaHHSAM POCIACHKOL
cnerudiku. 30KpeMa, II€ CTOCYEThCA JIESIKUX 130JbOBAaHUX pAMOHIB 3

EKCTpEMaJIbHUM KJIIMAaTOM Ta KOHKPETHUMHU reorpadiuHMMU yMOBaMH, € €
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niaBuIIeH! pu3uku Ta BUMoru g0 CE, y ToMy 4ucil 3 TOYKH 30py HaJIMHOCTI
€JIEKTPOIIOCTauYaHHsI CIIOXKMBAUiB, 1CTOTHO BUI. ToMy HEOOXiIHO BpaxoBYyBaTH
XapakTepHI OCOOJMBOCTI Ta MPaKTHYHI MOTPEOH 130Jb0BAHMX PAMOHIB T 4ac
nporieciB manyBaHHs CE. V 3B's13Ky 3 UM HEOOX1THUN KOMIUICKCHUHN T X111, SKHM
JI03BOJIUTh PO3BUBATU AKTHBHICTH E€JIEKTPUYHOI MEpeXi, y TOMY YHCIl 3a
JIOTIOMOT010 peKOoH(DIrypaiiii, a TakoX KepyBaHHs €JIEKTPOCIOKUBAHHIM. Takoxk
BQXJIMBUM MOMEHTOM € 3aCTOCYBAHHS HAKOMUYYBadiB €JIEKTPUUHOI €HEprii I
aKTUBHHX 130JIbOBAHUX CHUCTEM €JEKTpornocTadyaHHs. ToMy HEOOXiJIHO pO3pOoOUTH
JIETAJIbH1 MOJIEN1, IK1 ORI 3aCTOCOBHI JIO TAaKUX 130JIbOBAHUX CHCTEM.
OCHOBHUMHM TUTIAMH HAKOIIMYYBaYiB €IEKTPUYHOI eHeprii € [26-29]:
- Oarapei, Jge SK TEXHOJOTII0 30epiraHHsd  BHUKOPUCTOBYETHCS
€JIEKTPOXIMIYHA €HEPTis;
- CyIep-MaxOBHKH, y IKMX BUKOPUCTOBYEThCS €HEPTisl €IEKTPOMEXAHIUHOT
CUCTEMU;
- "aanposiaHi MarHiTHI KoTywmku (CIIIH) - 30epiranns eHeprii y BUTIIsAI1
MarHiTHOTO MOJIS;

- eNeKTpHUYHI KOHJEHCATOPH, 30KpeMa CyNepKOHICHCATOPH;

- T1IPOAKyMYJIIOIOYl CTaHIIIT;

- HAKONMUYyBaul Ha OCHOBI CTUCHEHOTO TMOBITPS.

Haii611b1 nommpeHoro yepe3 100pi TEXHIYHI XapaKTEPUCTUKH 1 MOKIMBOCTI
HaKOTIMYCHHS BEJUKHX OOCATIB €HEPTii € TEXHOJIOTIS 3 BUKOPUCTAHHSM OaTapeit
pi3Hux tumiB [4, 6, 7, 13]. EHepris 30epiraerbest y BUTIISIL €JEKTPOXIMIUHOT €HEepril
B Ha0OOpi 3 KUIBKOX OCEPEJKiB, 3'€IHAHUX IMOCIII0BHO, a00 MapajeabHo, abo 3a
3MINIAHOI0 CXEMOIO, IS TIOCATHEHHSI HEOOX1THOTO PiBHS HAMPYTd Ta HEOOXITHOT
MOTYXKHOCTI. BOHM MOXYTh 3a0€3IIEUYNUTH BEIMKY MOTYKHICTb CUCTEMHU TPOTATOM
KOPOTKOTO 4acy a00 BHIady HEBEIUKOi KITBKOCTI €Heprii JJisi OLIbII TPUBAJIOTO
1HTepBally. Bennky MOTyXHICTh MOXHA JAOCATTH ILISXOM IMiJKIIOYEHHS OUIbIIOT
KUTBKOCTI MOJTYJTIB.

CynepmaxoBHK — II€ €JIEKTpOMEXaHIdHa CHUCTeMa, sika 30epirae eHepriio y

dbopmi KiHETHYHOI eHeprii. L{g TexHoorisa 103BOJIsS€ IMIBU/IIIE HAKOMUYYBATH Ta
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BiJiZIaBaTH y MEPEKY EHEPriio, HIK TEXHOJIOTIS 3 BHKOpUCTaHHSAM Oatapeit [13].
OCHOBHUMMU TIepeBaramMu Ili€i TEXHOJIOTII €:

- BHCOKAa HaJIHHICTB;

- TpuBaJui TepMiH ekcrutyaTanii (15-20 pokis);

- BHcOKa edexTuBHIcTH (90-95%);

- BeJMKa KUIbKICTh IUKITIB "3apsn-po3psan” (Big 10 000 1o 100 000);

- II0JI0 HU3bKa BapTICTh;

- IIBUAKUAM 3apsij] Ta pO3PsiI.

1.5. MopeJi Ta MeTOIM OLIHKH TA 320€3MeYeHHA HAAIMHOCTI CHCTEM

CJICKTPONMOCTAYAHHA

JIns OLIHKK HAAIHHOCTI €JIEKTPONOoCTayaHHs CIOXKHBayiB 130jboBaHuX CE
HEOOX1THO MepeayCciM PO3TIISHYTH MOKAa3HUKH HAIIMHOCTI, SIKI MOYKHA PO3ILIUTH
Ha TP OCHOBHI Tpymu [12, 14]:

- Modicausicmo TOJ11, 30KpeMa, MOKIIMBICTh BIIMOBH €JIEMEHTAa CUCTEMH,
- iHmeHCcusHicmb TN, 30KpeMa KUIbKICTh BIIMOB €JIEMEHTIB B OJIMHUITIO YacCy;
- cepeOnsi mpusanicms TOAIl (MaTeMAaTHUYHE OYIKYBaHHS), 30KpeMa, CepeaHs
TPUBATICTh Yacy MIX BIJIMOBaMH €JIEMEHTIB CHUCTEMH, CEPEIHs TPHUBATICTh
BIJHOBJICHHS ITICJIS BIIMOBH.
Cnix BUAUIMTH TakKi OCHOBHI MIAXOJH, SIKI 3aCTOCOBYIOTBCS JIsS aHATI3Y
HAJIHHOCTI CHCTEM €JICKTPOIOCTAYaHHS:
- 3aCTOCYBaHHsI aHAJTITUYHUX METO/IIB;
- IMITaliliHE MOJEIIOBaHHS.

AHQJIITUYHI METOJIW JI03BOJISIIOTH 3a0€3MeYuTH OUIbIl KOPOTKUM Yac
00YMCIEHb, aHDK 3a IMITaLiliHOrO MoaearoBaHHs. OOuaBa Il MIAXOOU JAIOTh
MPAKTUYHO OJIHAKOBI pe3yibTaTH, aje TMpH IMITAIIHHOMY MOJIEIIOBaHH1
EHEPrOCUCTEMHU € MOXKJIMBICTh 3MOJICTIOBATH 3 BEJIMKOIO JeTali3alico. Y Oyab-
SKOMY BHWITQJIKy 3arajbHa TpPOIEAypa, IO 3aCTOCOBYETHCS B TOMY Ta IHIIOMY

mixo/aax, MpUOIN3HO oaHaKoBa [14].
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3MiHa CTaHy CUCTEMH BiJIOyBa€eThCA a00 TUCKPETHO, a0 Oe3nepepBHO y yaci
Ta TIPOCTOPI, 1 € MOKIIUBICTH HOTO aHATITUYHOTO onucy [15, 16]. 3 BukopucTaHHIM
111€7 METOJIMKU BBAXKAETHCH, 110 B CUCTEMI HEMAE Mam'sTi, TOOTO TMepexij 3 OJHOTO
CTaHy B IHILIWH HE 3aJeKaTHME Bl TOTO B AKOMY CTaHi 3HaXOJAWJacs CUCTEMa 10
EPEXOTY.

HacmipaBai  MOXJIMBE  BUKOPUCTaHHST ~ METOJly 3 ypaxXyBaHHAM
MTyaCCOHOBCKOTO TIpo1iecy. Y IbOMY BUTIAJKY MTepea0adaeThCs, M0 MOTIK MO IiiH, 110
BiI0OYBAIOThCS B Yaci, Ma€ MeBHI BAACTHBOCTI. TakuMH BIIaCTUBOCTIMH € [17]:

- WMOBIPHICTb JAEAKOI KIJTBKOCTI MO1M € MPOMOPIIIITHOIO BETUYUHOIO JOBXKUHU
4acoOBOI'0 1HTEPBAIY;
- WMOBIPHICTB JBOX 1 OUIbIIIE TIO/I1 32 IHTEPBAI Yacy MparHyTUME HyJIs Y pasi,

KOJIM TPUBAJIICTh JAHOTO TUMYACOBOTO IHTEPBAJTY IparHe HyJIs;

- mopii, mo BiAOyBalOThCA Ha OYIb-IKMX THMYACOBHX I1HTEpBaJIaX, IO

NepeXpenryroThCs, € HE3aISKHUMH MK CO0010.

VY pobori [18] mpencraBieHuit epeKTUBHUN METOI, SIKUH BHUKOPHUCTOBYE
TOTIOJIOTII0 €JIEKTPUYHOI MEpEXi, B OCHOBI SIKOTO JICKHTHh 3aCTOCYBAaHHS TPbhOX
TUIIIB JAHUX: MPO CTPYKTYPY Mepexi, IHPOopMalio Mpo eleMEHTH, 1H(popMallito
PO 3aXHCT.

IcHyIOTH aHaMTHYHI Ta MOJEIIOYl METOAM aHal3y CTaHiB poboTH
eJIeMEHTIB cucTeMu. [Ipu BUKOpPUCTaHHI aHaJITUYHOTO METOAY IMOTPIOHO JIMIIe
OJIHOPA30BO pO3paxyBaTH CTaH eJeMeHTa. BUKOpUCTaHHS MOJETIOIYNX METOIIB
JI03BOJISIE PO3paxyBaTH Kijbka ctaHiB [15].

3aBaandg 3a0es3neuends HaminHocti CE  wMmae BKIOYaTH KOMILUIEKC
TEXHIYHUX, EKOHOMIYHUX Ta OpraHi3alliitHIX 3aXO0/1B, sIKi MaIOTh OyTH CIIpsIMOBaH1
Ha CKOpOYEHHS 30MTKIB BiJ MOPYUIEHHS HOPMAJILHOTO PEKUMY €HEPrOCHCTEMH.
30Kkpema, HeOOXITHO 3aCTOCOBYBATH HACTYIHI 3axoau [14-15]:

- 3MIMCHUTH BUOIp KpUTEPIiB HAIIMHOCTI Ta X KUIBKICHUX XapaKTePUCTHK;
- MPOBOJUTU BUIMPOOYBAaHHA HA HAJIWHICTD YMHHOTO OOJIaJHAHHS, 3POOUTH

IIPOTHO3HI1 OIIHKH;
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- 3a1dcHUTH BUOIp onTuManbHOi cTpykTypu CE 3a kputepieM HamaiHHOCTI SIK
MIPOCKTOBAHUX, TaK 1 PEKOHCTPYHOBAHHMX;

- 3a0e3ne4yuTH HeoOX1JH1 TEXHIYHI Ta eKCIUTyaTalliifH1 XapaKTepUCTUKHA POOOTH
001aHAHHS,;

- ONTHUMI3YBaTU MIPOrPaMu EKCIUTyaTallil CHCTEMH €JIEKTPOIIOCTauYaHHs 3 TOUKU
30py 3a0€3MeUeHHS HaJIIHHOCTI (oOrpyHTYBaHHS TIJIAHOBO-
MOTIEPEKYBATHPHIUX PEMOHTIB, HOPM 3allaCHUX YaCTHUH Ta METOIB PEMOHTY
o0J1aTHaHHS).

OcoOuBICTIO 130JIOBAHMX CUCTEM € MEHIIA 1HEPUIMHICTh, TOOTO OYyb-siKa
30BHIIIHS 14 IIBUIIE BIJOMBAETHCS HA POOOTI 130JIbOBAHOI CUCTEMHU.

HaiironoBHimia npo6iieMa 130JIb0BAaHUX CUCTEM €JIEKTPOIIOCTauYaHHs — y pasi
BUHHUKHEHHS Je(IIUTy MNOTYKHOCTI 4YM aBapli HEMae MOXKJIMBOCTI OTPUMATH
HEOOX1THY MOTY>KHICTb 330BHI. 3 Ti€l K MPUYUHU MOTPIOEH CYBOPIIIMMA MIIX1A 0
oprasizaiiii MIaHOBO-TONEPEIHKYBATILHUX PEMOHTIB.

TakuM 4MHOM, BUHUKAE TOCTpa HEOOXIJHICTh ypaxyBaHHSI BUMOT
HAJIWHOCTI Y MOJIeJII KOMIJIEKCHOI ONTUMI3aIlll CTPYKTYPH Ta IMapaMeTpiB

akTUBHOI 130J10BaHO01 CE.

1.6 Ipuuunu aiast moaepHizanii 3auenuiaisebkoi YIITTH

Enexrpoxusnenns 3auvenmiiBcbkoi YKIIIT Ta VIIIIH 3piicHIOETBCS BiX
KOMIUIEKTHUX  TpaHchopmaTtopHux  miactanmin  KTII-150 Tta  KTII-151,
posramoBanux Ha 3ademwiiBcbkii YKIIIT Ta VIIIIH. KTII-150 wmicTuth
tpanchopmarop TM-100/10/0,4-63kBA, no3Bonena notyxHicth 54 kBt, KTII-151
tpanchopmarop TM-100/10/0,4- 100xkBA, no3BojeHa MOTYXHICTH 85 KBT.
Kusnenns KTII-150 i KTII-151 3a6e3neuyerbest Bim migcranmii [1C-110/35/10
"Hosi Camxapu" HoBocamxapcebkoi dinii BAT "llontaBao6nenepro"” mo minii T1J1-
10 kB, ¢igep P-16 "Manuii Kobensuok". Pe3epBHE KHUBJIEHHS BIJICYTHE.

AHBTepHaTI/IBOIO ObOMY € — JIN3CJIbHA eHeKTpOCTaHHiH 3 aBTOMAaTH4YHHMM BBOJOM

pe3epBy.
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JusenbHa enekrpoctaniis (puc. 1.7 a, 1.7 6) (1u3enb-reHepaTropHa yCTaHOBKA,
Iu3enb-TeHepaTop) — Hepyxoma a0o TepecyBHAa EHEpPreTMYHa YCTaHOBKA,
oOjamHaHa oqHUM a00 JNEKUIbKOMa eJIeKTPUYHUMH T'eHEpaToOpaMy 3 MPUBOJIOM Bij

JN3EIbHOTO ABUTYHA BHYTPIIIHBOTO 3rOPSHHS.

\
t’.l'_,-- “

6)

Pucynok 1.7 — JIuzenbHa e1eKTPOCTAHITIS


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D1%96%D1%88%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%BD%D1%8F
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Bapro BpaxoByBaTH, 110 TEpMIHM JAW3€IbHA E€IEKTPOCTAHIIIS, JU3EIb-
CJICKTPUYHMI arperar i Ju3eIb-TeHEPaTop HE € CHHOHIMAaMHU:

— JIM3eNIb-TEHEPATOp — YCTAHOBKA, fKa CKJIAJA€Tbcd 3 KOHCTPYKTHUBHO
00'eTHAaHUX, TU3EJILHOTO JIBUTYHA 1 FeHepaTopa.

— JU3eb-eNEeKTPUUHUIN arperat HaTOMICTh, Ma€ — JHU3ENb-TeHEpaTop, a TAaKOX
JOTIOMDKHI CKJIAZIOB1: pamy, MIPHUJIaAN KOHTPOJIIO, MAJIMBHUN OaK.

— JIM3elIbHA E€JIeKTPOCTaHIllsl — 1€ HepyxoMma a0o MepecyBHa yCTaHOBKA Ha
OCHOBI JIM3€JIb-€JICKTPUYHOTO arperary, sika J0JaTKOBO, Ma€: MpUiaau s
PO3MOIIICHHS €TIEKTPOSHEPTii, MPUCTPOi aBTOMATHUKH, IyJIbT KEPyBaHHS.
3a3Buuai, Taki eJIeKTPOCTaHIIIi TOETHYIOTh Y CO01 TeHEpaTOp 3MIHHOTO CTPYMY

ta JIB3 (1BUTryH BHYTPILIHBOTO 3rOPsIHHS), SIKI BCTAHOBJICHO HA CTaJEBId pami, a
TaKOXXK CHUCTEMY KOHTPOJIIO Ta KepyBaHHS ycTaHOBKOIO. /IB3 mpuBoauth 1o pyxy
CUHXPOHHUHN ab0 aCUHXPOHHUI €NeKTpUYHUMN renepaTop. JBUTryH Ta eleKTpUUHHIMA
reHepaTop 3'€IHYI0ThCsl a00 Hampsamy diaHieMm, abo depe3 aemndepHy mydhry. ¥V
HEPLUIOMY BUIAJKY, BAKOPUCTOBYETHCS ABOXOIMOPHUI reHepaTop, ToOTO reHepaTop,
AKUI Ma€ JBa ONOPHUX WIAMWIMHUKA, a y APYroMy - 3 OJHHM OINOPHUM
HITATTHAKOM (OJTHO-OTIOPHHMIA).

Taki ycTaHOBKHM PO3PI3HSIOTH 3a: BHUXIJHOIO TMOTYXXHICTIO; BHJOM CTPYyMY
(3miHHMEA 3-(a3uuil, ogqHO(A3HUKM, MOCTIHHMIA); BUXITHOIO HAIIPYTOI0 Ta 4aCTOTOIO
ctpymy (Hampukian 50, 60, 400 I'ty). Takox, AU3ENIBbHI €IEKTPOCTAHINT TOAUISIIOTHCS
3a BUJIOM OXOJIOJKEHHS: MOBITPsHE ab0 piauHHE. EnexkTtpocTaHlli MOBITPSHOTO
THUITy, MOXYTbh MpaltoBatu 6e3nepepBHO He Outbiie 10 roauH, micas Hporo iM Tpeda
OXOJIOJUKYBAaTHCS 1-2 roawHHW. 3a3BU4Yail, 1€ HEBEJIWKI EJIEKTPOCTAHIi Majoi
MNOTYXHOCTI, iX 1€ HA3MBAaIOTh MOPTATMBHUMU (mepeHocHUMHM). EnexTpocrtaniii
PIAMHHOTO croco0y OXOJIOKEHHSI MOXKYTh IMpaltoBaTu 0e3 3yMUHKHU I[1I10A000BO 1
MOPIBHSHO 3 TIEPEHOCHUMHM, TaKl arperatd MaroTh OUIbIII PO3MIpU 1 BiJIMOBITHO

OUIbIIY MOTY>KHICTb.


https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A4%D0%BB%D0%B0%D0%BD%D0%B5%D1%86%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D1%83%D1%84%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D1%88%D0%B8%D0%BF%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D1%83%D0%B6%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D1%84%D0%B0%D0%B7%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%BD%D0%B0%D0%BF%D1%80%D1%83%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D1%86
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%B8%D0%BD%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D1%83%D0%B6%D0%BD%D1%96%D1%81%D1%82%D1%8C
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Jlu3enbHa €IeKTPOCTAHIIIS CKIAAAEThCS:

— Jleueyn. JIBUTYH € IKEpEIOM MEXaHIYHO1 €Heprii, MOOH 3aIyCTUTH TeHePaTOp
1 BUPOOJSTH €NEKTPUKY. 31e0UTBIIOro, AHU3EIbHI JIBUTYHU € HAHOLIbII
BUKOPHCTOBYBAaHUMHM Yepe3 1X MEXaHIYHI, €KOJIOT14H1 1 EKOHOMIUHI BUTOJIH.

— bnok kepyeanus osucyna. KOHTpojep ABUTYHA € MEXaHIYHHM MPHUCTPOEM
(BiAIIEHTPOBHUI PETYJIATOP), MPU3HAYCHHUM JUIS MIATPUMKH ITOCTIHHOT YaCTOTH
oOepTaHHsl JABUTYHa 3aJJii BUMOI HaBaHTaxeHHs. llIBuakicte nBuryHa,
0e3mocepelHbO TOB'SA3aHO 3 BHUXIJHOI YacTOTOI Te€HEpaTopa 3MiHHOTO
CTPyMy, OTXKe Oynab-fika 3MiHA IIBUJKOCTI MOro oOepTaHHs, BIJIMBAE Ha
Y4aCTOTY BUXIJHOTO CTPYMY.

— Enexmpuuna cucmema. BrnacHa ejnexkTpuyHa cucteMa JBUTryHa, Mae 12 B abo
24 B, nocriitHoi Hanpyr# (MiHyc Ha 3emiil). CucTeMa MICTUTh: €JIeKTPUUHUN
cTapTep, aKyMyJsITOpHI Oatapei Ta gaBadl poOO4YMX W aBapiiiHUX CHUTHAMTIB.
[TepeBakHO, TBUTYH Ma€ JaBad TUCKY MAacTHJIa, TEMIIEPATypH Ta €ICKTPUIHE
HABaHTAKEHHS Ha TeHeparop. Y NEPECYBHHUX EJIEKTPOCTAHIIISIX HEBEJIHUKOI
MOTYKHOCTI, 17151 30yI>KEHHS €JIEKTPOPYIIIHHOI CHIIM Y HEPYXOMHUX 0OMOTKax
CTaTopa, BUKOPUCTOBYIOTHCA MOCTIMHI (HaifyacTiie HeOAUMOBI) MarHiTH, a y
reHepaTopax BEJIUKOi MOTY>KHOCTI, JJIsi KUBJICHHS OOMOTKM 30Y/DKCHHS Ha
pOTOp1 (ETEKTPOMArHITIB), BAKOPUCTOBYETHCS, TaK 3BaHE, MpsSIMe 30yHKEHHS
BiJI aKyMyJATOPHUX OaTapei, a Mmicis JOCSITHEHHS HOMIHAJIBHUX OOEpPTIB,
reHepaTop MNEepexXoquTh Ha CcaMO30y/KEHHA Kpi3b HaIIBIPOBIIHUKOBI
BUIPSMJISYI.

— Cucmema 0xo0100xcenns. OXONOIKEHHs JBUTYHA, MOXE 3J1HCHIOBATHCS 34
JIOTIOMOT 010 BOJIY, MacTHIa a00 moBITps. CHcTEMa MOBITPSHOTO OXOJIOIKEHHS
CKJIAZIAETHCA 3 TIOTY)KHOTO BEHTHIIATOPA XOJIOAHOTO TOBITPS, 110 TPOXOIUTh
y3I0BXK cucteM aBuryHa. CucteMa OXOJIOJKEHHS BOJA/MAcTUIO MICTHUTh
pamiatop, 13 BOYJOBaHUM BEHTHIISITOPOM, 3a/JII OXOJIOKEHHS CKJIaJIOBUX

AU3CJIbHOI'O JIBHUI'YHA.


https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D1%96_%D0%BA%D0%BE%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D1%96_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B8
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D1%96%D1%87%D0%BD%D1%96_%D1%96%D0%BD%D1%82%D0%B5%D1%80%D0%B5%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D1%82%D0%B5%D1%80_(%D0%B0%D0%B2%D1%82%D0%BE)
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BA%D1%83%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://uk.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D0%B0%D0%BD%D1%82%D0%B0%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%80%D1%83%D1%88%D1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%BE%D1%80_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D1%96%D1%82
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%BE%D1%80_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%96%D0%B2%D0%BF%D1%80%D0%BE%D0%B2%D1%96%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%96_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4%D0%B8
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D1%80%D1%8F%D0%BC%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD%D0%B0_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D1%96%D1%88%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B3%D0%BE%D1%80%D1%8F%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%82%D0%B8%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F
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— I'enepamop 3minnoco cmpymy. BuxigHa enekTpuuHa €HEpris, BUPOOISIEThCS
32 JOTIOMOTOI0 EJIEKTPOMAIIMHHOTO TeHEepaTtopa, 3 CaMO30Yy/DKCHHSIM, Ta
CaMOPETYJIIOBAaHHSAM CTPYMY, OTK€ M, MAarHITHOTO MOJIS 30y IKEHHS.

— llanuenuii 6ax. JInzenp-reHepaTop Mae NATMBHUM OaK €MHICTIO, 3a3BHUYal, Ha
HE MEHIIIe 8 TOJUH pOOOTH 3a TOBHOTO HABAaHTAKEHHSI.

— Bibpoizonayis. T'enepatop, 3AeOLIBIIIOT0, OCHAIMEHUW TMPUCTOCYBAHHSIMU
IPOTH JABUTTIHHS, SIKI MPU3HAYEHO ISl 3MEHIIEHHS BiOpallii BiJl JBUTYHA-
redHeparopa. Lli amopTusaropm, 3a3BHuai, pPO3TAMIOBYIOTHCS MiXK 0a30BHM
JIBUTYHOM, TEHEPATOPOM, MTPHIIAOBOIO MTAHEILTIO Ta PaMoOIo.

— I'nywnux i euxnonna cucmema. Ha JBUTYHI BCTaHOBJIGHO TJIYIIHUK Ta
BUXJIONIHY TpyOy MJid 3HWKEHHS pIBHS IIyMy W BIABEACHHS MPOJYKTIB
3TOPSIHHA.

— Cucmema kepysanus. Moxxe mnependadaTd pydyHe abo aBTOMaTUYHE
KepyBaHHS Ju3elib-eJeKTpocTaniiero. Cucrema pydyHOro KepyBaHHS,
3a3BUYail MICTUThH KIIFOUYl KEpYBaHHS 3aJIs1 MOTEPEIHHOTO CTBOPEHHS THCKY
MacTuja Ta YBIMKHEHHS cTapTepa 1 Ma€ mpuiiaf, KOTpl HaAaOTh JOKJIAJHI
JaHl PO CHCTEMY, Ky BCTAHOBJICHO Ha reHepaTopi. ABTOMaTHYHA CHCTEMa
KEepyBaHHS, MOXE MIATPUMYBATH JTU3EIb-TEHEPATOpP y poOOYOMYy CTaHl Ta
3a0e3MeYnTH MOro aBTOMATHYHUN 3aIyCK Ta 3YMUHKY y pa3l HaJI3BUYANHUX
oA (3HECTPYMJIICHHS).

— Buxionuti asmomamuynuil eumuxay. Jns 3aXUCTy TeHepaTopa, MepeBa)xHO,
BUKOPUCTOBYIOTh aBTOMAaTUYHUN BUMHKAHY.

Taki eeKTpOoCTaHIlii Ta yCTAaHOBKH, 3aCTOCOBYIOTHCS SIK OCHOBHI, pe3epBH1 200
aBapiiiHl JpKepena eJeKTPOCHEprii, I CIOXWBa4diB OIHO- abo Tpuda3HOro
3MIHHOTO CTpyMy, JUIsl €HEpPro3a0e3ledyeHHs BaXTOBUX CEJHIN, BUPOOHUIITBA,
YCTAaHOBOK 3B'SI3KY, MOJILOBUX a€pOJPOMIB Ta aepOINOPTIB, MOJIBOBUX IIMUTANTIB,
JTAYHUX OYJTWHKIB, IJIs1 €JICKTPOKUBIICHHS TEIJIOBO31B, MiBOJHUX YOBHIB Ta 1HIIO1
TEXHIKH, a TaKOX SK CHJIOBa YCTaHOBKa Kap'€pHUX CAMOCKHUIIB, apMIMCHKUX
TPAHCIIOPTHUX 3ac00iB, aBTOMOOLTIB 3 TIOPUIHUMHU JU3EIb-CICKTPUUHUMU

ABUTYHAMH TOIIO.


https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B8%D0%B2%D0%BD%D0%B8%D0%B9_%D0%B1%D0%B0%D0%BA
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B1%D1%80%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D0%BE%D1%80%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%93%D0%BB%D1%83%D1%88%D0%BD%D0%B8%D0%BA_(%D0%B0%D0%BA%D1%83%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D1%84%D1%96%D0%BB%D1%8C%D1%82%D1%80)
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D1%82%D0%B5%D1%80_(%D0%B0%D0%B2%D1%82%D0%BE)
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%B5%D1%80%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%B5%D1%80%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%B5%D0%BA%D0%BE%D0%BC%D1%83%D0%BD%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%97
https://uk.wikipedia.org/wiki/%D0%90%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B7
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D1%87%D0%BE%D0%B2%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B0_%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B1%D1%80%D0%B8%D0%B4%D0%BD%D0%B5_%D0%B0%D0%B2%D1%82%D0%BE
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ABTOMaTHYHHUI BBiJI pe3epBYy, aBTOMAT BBIMKHEHH: pe3epBy, ABP(puc. 1.8) —
MIPUCTPIiiA, TPU3HAYEHUH JIT aBTOMATUIHOTO TTIEPEMUKAHHS CTIOKMUBaya Ha PE3EPBHE

JOKCPCIIO CIICKTPOIIOCTAYAaHHA Y pa3i Bi,Z[KJIIO“ICHHfI OCHOBHOTIO.

L L R
doSSHS
® ° = ® o

_ FrOMEN)®
TO03-63/4P AUTOMATIC TRANSFER SWITC
I 63 A Utiiization Category AC-33i8
Us ACAO0V ATSE class 8
Ul(Main circult) ACA00V Fraquency S0/80Hz
Ulrnp(Main ciroult) 4V . lom:7 65KA lonSkA ( =
Standard IEC/ENS0047-6-1 TOMZN ELECTRSC COL_LTIL

Pucynox 1.8 — ABToMaTH4HMIA BB1J] pe3€pBY, AaBTOMAT BBIMKHEHHSI PE3EPBY

[Ipoiiec aBTOMAaTHYHOTO BBIMKHEHHSI Pe3epBY Ha3WBa€ThCs «poboTa ABPy.
Bianosinno no IlpaBun ynamryBaHHS €JlIEKTPOYCTaHOBOK, mpuctpoi ABP mMaroTh
nepeadavyaTUcs NIl BIAHOBJICHHS >KUBJICHHS CMOXKHUBAYiB LIJISXOM aBTOMAaTHYHOTO
MIPUEHAHHS PE3EPBHOTO JDKEpEsia KUBJEHHS 13 BUMKHEHHS poOOUYOro pkepena
YKUBJICHHS, 10 MPU3BOAUTH J0 3HECTPYMJICHHS €JIEKTPOYCTAHOBOK CIIOKMBAYa.

Mae He MeHIIIe TBOX BXOJIIB KUBJICHHS: OJJMH OCHOBHHH (B1Jl IKOT'O TTOCTIHO
MpaIfioe HaBAaHTAXEHHS) Ta OJUH 4M Oinbiie — pe3epBHi. ABP cripsmoBanuii Ha
M1IBUIIICHHS HAaJIIMHOCT1 CUCTEMH €JIEKTPOIIOCTaYaHHs.

ABP noBrHEH BUKOHYBAaTH MEPEKIIOYCHHS HA PE3EPBHUN BBIJ 32 MiHIMAJIBHO
MOXJIMBUM Yac MicJisl BIKJIIOYEHHS poO0UYOTO JKEpesa eHeprii.

[Tpuctpiit ABP mae 3abe3nedyBaTyi MOXKIMBICTh HOTO [1i B pa3i 3HUKHEHHS
HaIpyTy Ha MIWHAX JKUBJICHOTO €JIEMEHTA, BUKIIMKAHOTO OY/b-IKOI0 MPUYUHOIO, Y

tomy yucii K3 Ha nux muHax.


https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0_%D1%83%D0%BB%D0%B0%D1%88%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
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B 3anexHoCTi Bl BUpOOHMKA, MOXKJIMBA peaii3allisl pi3HUX CXEM JyTrOBOTrO
3axucty ABP 114 3MeHIIeHHS MOMIKOKEHHS BiJl KOPOTKOTO 3aMHUKaHHs. MOXIHBI
peanizaris QyHkIii 3aTpuMku nnepemukanis ABP 1 ¢pyHKIii HanamTyBaHHs MOPOTiB
nepeMUKaHHs Ha pe3epB. Hanpukiam, mpu 3amycKy MOTYKHUX ABUTYHIB HA CTOPOHI
cnokuBayva, cxema ABP moBuHHA irHOpYBaTH MPOCiAaHHS HAIIPYTH.

Peanizariro cxem ABP 3xilicHIOI0OTE Ha pi3HIM KOMIIOHEHTHIN 0asi, 30kpema
PO3MOBCIO/IKEH1 Taki KOHCTPYKI[iT ABP: Ha KOHTakTOpax, Ha pyOMIIBHUKAX 3 MOTOP-
OPUBOJIOM, HA AaBTOMAaTHYHUX BUMHKAuax, Ha aBTOMATUYHUX IEpeMHKayax
MEPEKUTHOTO THUITY 3 COJICHOITHWUM MPHUBOJIOM, IO BKIIOYAIOTh B ce0e MEXaHIUHY
KOMYTallliHy YacTHUHA, MIKPOIPOLIECOPHUN OJOK YIpPABIIHHS, & TAKOXK MaHENb
IHIWKAIT 1 yIpaBIIiHHS.

Xapaxkrepuctuku ABP. 3rigno JICTY IEC 60947-6-1: 2007 [3], ocHOBHUMU
xapakrepuctukamu ABP/ITIKO e

— Kuac ta MeTos kepyBaHHS EepeMHUKAILHOTO O0IaIHAHHS;

— KUIBKiCTh mOIIOCIB;

— Bun ctpymy;

— Po0Go4a 1mocitgoBHICTB;

— HominanbHi Ta rpaHuyH1 3Ha4Y€HHS poO0YO0i HANPyTH / CTPyMY / 4acTOTH;
— HomiHanbH1 BMUKaJIbHA Ta BUMHUKaIbHA 3JaTHOCTI,

— XapaKTepucTuKku KopoTkoro 3amukanHs (K3);

— HowmiHanbHa BMUKaJIbHA 3/IaTHICTh 32 KOPOTKOTO 3aMuKaHHs (Icm);
— HowmiHanbHa BUMHKaIbHA 3/IaTHICTh 32 KOPOTKOTO 3amukaHHs (Icn);
— HowminanbHa cuia yMOBHOTO CTPYMY KOPOTKOTO 3aMHUKAHHS;

— HominanbHa cuia KOpoTKOYaCHO BUTPUMYBAHOTO CTPYMY;

[Tpuctpoi ABP/AIIKO po3zaineni Ha Tpu kiacu PC, CB, CC B 3ajie’KHOCTI BiJ
3IaTHOCTI BUTPUMYBATH KOPOTKe 3aMuKaHHsA. KoHCcTpykTHBHE BuKOHaHHS ABP Mae
nependavaTé MexaHi3M OJIOKYBaHHS, MO0 3armoOIrTH MOKJIMBOCTI OJHOYACHOTO
MiAKTIOYeHHS 10 HOPMAJIBHOTO 1 aJbTEPHATUBHOTO JIKEpPEJ eJICKTPOXKHUBICHHS 3a

BCcix ymMoB. ABP moBMHHI NpoNTH BU3HA4YE€HI CTaHIApPTOM BUIPOOYBaHHS, OyTH


https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B2%D1%96%D0%B4_%D1%80%D0%B5%D0%B7%D0%B5%D1%80%D0%B2%D1%83#cite_note-:1-3
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D1%82%D0%BA%D0%B5_%D0%B7%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D1%82%D0%BA%D0%B5_%D0%B7%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D1%80%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
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cepTu(iKOBaHMMHU 1 MaTH BIJAMNOBIJHE MapKyBaHHS BUPDOOHMKAa HaHECEHE Ha
MPUCTPiH, 10 BKIIIOYAE B cebe Ha3By ab0 TOProBy MapKy BHPOOHHKA, TO3HAYCHHS
abo cepiiiHUi HOMEp OOJIalHAHHA, KJIac OO0JIaJHAHHS, HOMEpP CTaHIAPTYy SKOMY
BIJIMOBiAa€ OOJIaHAHHS, HOMIHaJbHY po0OOYy HAmpyry Ta YacTOTy, 3HAYCHHS
po6oYoro cTpyMy Ipu HOMIHAJIBHIN HAMPYy31 Ta YaCTOTI, KATETOPII0 3aCTOCYBAHHS.

Tak HaBIIIO BCTAHOBIIOBATH JMU3EJIbHY €JIEKTPOCTAHIII0 3 aBTOMATOM
BBIMKHEHHSI PE3€pBY:

— ABP 1ns  renepatopa 3a0esneuye  Oe3lepepBHUI  MpoIec podOTH
enekTpoobaguanus 3avenuiiBebkoi YKIID 1 VIIIIH. Tak, pyunuii 3amyck
TeX Mae micie OyTH, ajie aBTOMAaTHKa B Pa3u CIPOIILYE KOHTPOJb 3aMMyCKiB 1
3YMUHOK. BJIOK aBTOMaTUYHOTO BBEJICHHS PE3EPBY BUKIIIOYAE YUACTh JIFOAUHU
B 3aITyCKy pe3epBHOro kupieHHs. Lle 3pyunime, mBuaiie i 0e3neunime. Bin
3a0e3neyye CeNeKTUBHICTh JIAHIIOTa 33 HHU3BKOTO EHEPrOCHOKHWBaHHS,
OCKIJTbKM BIH TMOTPIOEH TUIBKM B MOMEHT IEPEMUKAHHS 3 OCHOBHOTO
’KUBJICHHS Ha PE3EpPBHE.

— ABTOMATHYHUNA B3BOJ PE3E€pPBY JKHUBJICHHS HE3aMIHHUWA 3a HECTaOlIbHOI
Mepexi abo 3a 11 BimcyTHocTi. [Ipyu 1bOMYy MIAKITIOYEHHS BiIOYBa€ThHCS
MUTTEBO 200 3 MIHIMAIbHOIO 3aTPUMKOIO 4acy. ABTO3amycK OEH3MHOBHX 1
IU3EIIbHUX TEeHepaTopiB 3amolirae poOOTI KOHTPOJbOBAHUX CHUCTEM B

aBapiiHOMY peXHUMI.


https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%BA%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
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PO3A1JI 2 TEXHOJIOI'TYHA YACTHUHA
2.1. MeTtoaoJiorist iEpapxiyHOro maxoay 10 OOIPyHTYBAHHS PO3BUTKY

AKTHUBHMX i30JIbOBAHUX CHCTEM CJICKTPOIMOCTAYaHHA

3aBnaHHsl ONTHMI3aIlli PO3BUTKY T'€HEPYIOUMX MOTYXHOCTEH Ta MEpexeBOi
CTPYKTYpPH € O0'€MHUM, TOMY JJisi 1i BUPIMICHHS JTOIUIBHO 3aCTOCYBaTH MPUHIIMUIL
naexommosuii. [Ipu oOrpyHTyBaHHI PO3BUTKY HEOOXITHO BPAaxOBYBATH TOMOJIOTIIO
PO3MOAUIBYOT MEPEXKi Ta 3aX0/IU 11010 3a0e3MeUYeHHs i aKTUBHOCTI 3 YpaXyBaHHIM
30BHIIIHIX YMOB PO3BUTKY, TAKUX SIK:

- MPOTHO3 MEPCMEKTUBHOTO CIIOKUBAHHS €IIEKTPUIHOI CHEPril;
- OOMEXEHHS 110/I0 BUKOPUCTAHHS MaiuBa (00CATIB Ta IIiH);

- 3aCTOCYBaHHS MIOHOBIIOBAaHUX JHKEPEN EHEePrii;

- TEpMiHU CHOPYKEHHS F€HEPYIOUMX MOTYKHOCTEH Ta JiHii;
- (1HaHCOB1 MOXJIMBOCTI.

IIpu popmyBanHi koHuenuii po3BUTKY CE HE0OX1THO B MOJIEN1 BPaXOBYBATH
HAJIMHICTh €JIEKTPOIIOCTAYaHHS Ta SKICTh EJIEKTPUYHOT €HEprii, TaK K 11e HaHOUIbII
BOXJIMBI  (SIK  yXKe€ 3a3Hayanocd  padime)  Kputepili  (yHKLIIOHYBaHHS
EJIEKTPOCHEPTETUYHUX CHUCTEM.

TpanuiiiiHo THMYACOBHI pO3paXyHKOBHI MEPI0J i/l Yac PO3TIISTY PO3BUTKY
BEJIMKOI €JIEKTPOEHEePreTUYHOi cuctemMu craHoBuTh 10-15-20 pokis [21]. Ilpu
pO3IJIS/I  130JbOBAHUX CHUCTEM EJIEKTPOINOCTauYaHHs JOLUIBHO OOMEXYyBaTHCS
tuMyacoBuM Tepiogom 10 pokiB. el miaxim oOyMOBIEHHII HHM3KOIO MPUYHH.
Hacammnepen, ckiagHo ClIpOTHO3yBaTH €HEPTrOCTIOKUBAHHS B 130JIbOBAHUX CHCTEMaX
Ha OUTBIIT TPUBAJIU TEPMiH, TaK K. y HUX 3a3BUYail MEPEBAKAIOThH CIIOXKUBAYl 13
JOCUTh KOPOTKMM TOPWU30HTOM IUIAaHYBaHHsS HaBaHTaKeHHs. JlaHi crmoxuBadi
MEPEeBaKHO 3aJICKUTH B1Jl PUHKOBOI Ta MOJITUYHOI cutyarllii. baraTto crnoxxuBauiB y
TaKUX CHCTEMaxX € CHPOBUHHUMH BHUJAOOYBHUMHU MIAMPUEMCTBAMH, IO TaKOX
HaKJIaJla€ JO0JAaTKOBI OOMEXKEHHS MO0 TEPMIHIB iXHbOro (DYHKI[IOHYBaHHS.
Hamnpukinaz, 3 Touku 30py BUUEPITHOCTI 3amaciB pOJIOBHII, 3MIHU I[IH HA CHPOBUHY,

3MIHU TOJITHYHOI cuTyalii. Takok OCTaHHIMH pOKaMH HaMIiTWUJAci TEHJICHIIIS



40

OyIIBHUIITBA MOOUTHPHUX MOJYJIBHUX BUJIOOYBHUX Ta MEPEPOOHUX MIAMPUEMCTB, SIKI
y pa3i 3MiHU PHUHKOBOI KOH'IOHKTYPU MOXXYTh JOCHUTH IIBHJKO 30UTbIIyBaTH a0o
3MEHIIIYBAaTU MOTY>KHICTh. 3 1HIIOTO OOKY, TEPMIH OKYITHOCTI TaKMX CIIOKHBAYIB 1
BIJIMOBIHO CHCTEM EJIEKTPONOCTAaYaHHsI, K MPaBUIIO, CTAaHOBUTHh MeHIe 10 pokiB.
BiamosinHo, y 11e#i nepion 3a0e3neuyeThCcsi TOBEPHEHHS 1HBECTHUIIIN Ta OTPUMaHHS
pUOYTKY.

V 3B'SI3Ky 3 MOXJIMBOIO BEJTMKOIO MIHJIMBICTIO CTIO’KMBAHHS €JIEKTPOCHEPTIi 32
pOKaMH, MOJIE/b MMOBUHHA JI03BOJISITU PO3TJISAATH PO3BUTOK 130JIbOBAHOI CUCTEMU
€JIEKTPOIIOCTAYaHHS B TUHAMILI Ta BHOCUTH KOPEKTUBH MPOTATOM TEPMIHY CITYKOU
cuctemMd. ToOTO. TOBMHHA OYTH MOXJIMBICTh BpPAaXOBYBATH TMOTY>XHOCTI, IO
JI0JTAaTKOBO BBOJIATHCS (BUBOMSITHCS) 32 pokaMu. TakuM YMHOM, BUMOTOIO JIO MOJIET1
€ MOXJIUBICTD MPEICTABIIATH PO3PAXYHKOBHH MEPIOJ] 32 POKAMHU.

[Ipu ¢dopmyBaHHI MoOzENl JOLIIBHO KamiTallbHI BKJIAJACHHS OY/IBHHUIITBO
HOBHUX T'€HEpaTOpiB 1 MEpPEeKEeBUM 1HPPACTPYKTYPU BIHOCUTH JO POKY BBEICHHS
HOBOTO 00'exTa. Y pa3i BBEACHHS HOBUX IHPPACTPYKTYPHHUX 00'€EKTIB MPOTITOM POKY
Taka MOJIETIb Ma€ JTI03BOJISITH BPAXOBYBATH SIK KalliTaJdbHI BUTPATH HA CIIOPYJKEHHS
JaHUX 00'€KTIB y MOTOYHOMY POILIl, TaK 1 BUTPATH HA €KCILTyaTallil0 bOT0 X POKY.

[Ipu 3amMci KOMIUIEKCHOTO KPUTEPIIO0 ONTUMI3ALil CTPYKTYPH T'€HEPYHOUHUX
MOTYXXHOCTEW Ta JHIA IITbOBY (PYHKIIIIO YMOBHO MOKHA PO3TJISAJATH SIK CyMy
KamiTaIbHUX BUTPAT Ha CHOPY/HKEHHS (JEMOHTaX) TEHEpaTopiB Ta CyMy
eKCIUTyaTalliiHuX BUTpaAT (MOCTIMHUX Ta 3MIHHMX). HeoOXimHiCTh BpaxoByBaTu
BapTICTh JEMOHTaXy OO0'€KTIB TIOB'S3aHa 3 TUM, IO TPH JOBTOCTPOKOBOMY
IUTAaHYBAaHHI  PO3BUTKY  €JEKTPOCHEPreTUYHUX CHUCTEM MOXKE BUHHUKHYTH
HEOOXITHICTh MOBHOTO BHMBEACHHS 1X 3 €KCIUTyaTtarlii (3aKiHYeHHS HOPMATHBHOTO
TEPMIHY €KCIUTyaTallii, 3MiHM HaBaHTa)KCHHS Ta 1H.), @00 iX 3aMiHU Ha 1HII (3MiHA
HABAHTAKCHHS, TMOsSBa OUIBII JOCKOHAJIUX HU3BKMMU  CKCIUTyaTalliiHUMHU
BUTpaTaMu, 3MiHa CTPYKTYpH TaJIMBa Ta iH.).

Kpurepiii ontumizaliii KaniTalbHUX BUTpAT Ta €KCIUTyaTalliHUX BUTpAT HA
reHEePYyIoUl MOTYKHOCTI BKJIIOYAE 1 HAKOMUYYyBadl €JIEKTPUYHOI eHeprii. B manomy

BUIIAJIKY, HAKOMMYYyBayl eJIEKTPUYHOI €HEPrii JOIIBHO PO3IIISAATH SIK TEHEPATOPH,
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TOMY WO TYT HWAEThCA MPO KalliTaJlbHI BUTPATH Ta EKCIUTyaTalliiiHl BUTpaTH.
[Mpunimn poOoTH HakomudyBaya (3apsAn-po3ps]) HE BIUIUBAE Ha Ii BUTpATH, 1
BIJIMOBIHO, HA KPUTEPIH ONTUMI3AIlI].

[Tpu dopmanizanii 3anucy oOMexeHb i1 KPUTEPiI0 HEOOX1JHO BPaxOBYBaTH
OOMEXEeHHsI, 1[0 HAKJIAJAIOThCA Ha ONTUMIZAIliHY (QYHKIIIO SIK y HOPMAJIbHOMY
peXuMi poOOTH, TaK 1 B aBapiiiHUX.

Sk 3aranbHUM MiAX1J BUPIMICHHS MPOOJEeMH MPOMOHYETHCS BUKOPHCTAHHS
1meostorii nekommosuilii bennepca [24], He3BakarO4M Ha Te, 10 € 1HII METOIH |23,
24]. Bubip gaHOrO METOJy 3yMOBIIEHHWH HOTO HaMOIIBIIOI MOMYJISPHICTIO TpU
BUPIIICHH] MOAIOHUX 3aBAaHb, a TAKOXX TUM, 110 BIH JI03BOJISIE CIILJIBHO BUPIITYBaTH
3a/1aul ONTUMI3allli CKJIaay TeHEPYIOUUX MOTYKHOCTEN Ta MEPEKEBOI CTPYKTYPH.

Merton nexommosuilii benaepca oaHa 13 4aCTO BUKOPHUCTOBYBAHUX METO/IIB
JUTSI 3aBJJaHb KOMOTHATOPHOT ONTHUMI3AIlli 1 MOKe OYyTH BUKOPUCTAHUN HA BUPIIIICHHS
CKJIaJTHUX 3aBIaHb [24].

Merton bennepca O0yso 3anpornoHOBaHO Ha BUPIIICHHS] MAacIITAOHUX 3aB/laHb
3MIIIAHOTO YaCTKOBO-IIJIOYMCENTHHOTO JIHIHHOTO MpOoTrpaMyBaHHs. B 0CHOBI JIeKUTh
JIEKOMIO3UIIIsl BUX1JTHOT 3a/1a4l Ha JB1 Mi/13aJja4l MEHIIOi po3MipHOCTi [24]. B ogHiit
3 TaKWUX TMiJ3a7a4 MPEACTABJICHI IIJIOUYUCENIbHI 3MiHHI (MiA3aBIaHHS 3 LUIUMHU
3MIHHUMH), a B IHIINK TiA3a7a4l BUKOPUCTOBYIOTHCS O€3MEepepBHI 3MiHHI
(mia3aBaaHHA 3 JIHIKHUMHM 3MIHHAMH). 32 paXyHOK JOJaBaHHS HOBHX OOMEKEHb
(BiciueHb) BIIOYBAEThCS 3BY>KEHHSI OOJACTI LITICHOT Mifg3anayi. Y CBOIO 4Yepry,
MiJ3aBIaHHS JIHIMHUX 3MIHHUX BHUKOPHUCTOBYETHCS [IJII CTBOPEHHS HOBHX
00OME3K€eHb, a TAKOXK JJI IEPEBIPKU PIILICHHS MM1/13a/1a41 [[UTMX 3MIHHUX, 3 TOUYKH 30py
ontuManbHoCTI [24].

Ak npaBuio, maicrep-3aBaaHHs (MaiicTep-poOiieMa) € MUIOK 3ajayueto, a
Mi3aBAaHHS € 3aBIaHHAMH JIHIKHOTO TporpamyBaHHs. [Ipu BupimieHHI KOXHOI
mig3anayi, BUKOPUCTOBYEThCA O€3Y MOJABIMHMX 3MIHHMX, SKI OTpUMaHl Ta
BUKOPHUCTOBYIOTHCSI JIJIsl CTBOPEHHS BificiueHb benaepca s maiictep-3aBaanus. 11

BIJICIYEHHSIMU y pa3i CJIiJI MaTH Ha yBa3i JOJaTKOBI OOMEeKeHHs (HEPIBHOCTI).
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2.2 MaremaTnuHa popmaJtizanisi 3agaui

3aBmaHHs onTUMI3aIlli PpO3BUTKY akTHBHOI i30ib0BaHoi CE Bxitouae
ONTHMI3aIliI0 TEHEPYIOUNX MOTYKHOCTEH Ta omTuMmizamiro Mepexi. J[is HaogHOCTI
CHiJl 3amUcaTH OKPEMO KpUTepii omTUMizallii Jjisl TeHepYIUHUX IMOTYXHOCTEH Ta
MEPEXKEBOi CTPYKTYpH. SIK OCHOBY NPUWHATO OCHOBHI MPUHIMIHN MIIXOLY,
3arporoHoBaHoro [26].

J1J1st reHepyroUHX MOTYKHOCTEH KPUTEPiit ONTUMI3AIIlT 3alUCY€EThCS TaK:

T CG T EG
ZG = min Z ZZ[CILQ '(Xlg_Xl(g—l))] -+ ZKGLQ'*'
TG |g=11=1 g=1 t=1
@2.1)
T B EG T UG
+ Z Z DTy ~ 00 Py + Z Z DGy (Xicg—1) — Xig)
g=1b=1 i=1 g=1k=1

1€ [ — HOMEp ICHYIOUOT'0 T€HepaTopa;
[ — Homep renepartopa, 110 NepeadavaeThCs 10 YCTAHOBKHY;
k — HOMEDp reHeparopa, 1o MepeadaYacThCs 0 IEMOHTAXKY;
b — HomMep mepiony QyHKIIIOHYBaHHS Y piuHOMY Tpadiky;
TG - Tun reHepaTopa, HaNpUKIA[, COHSYHI €JIEMEHTH, BITPOEHEpPreTHuyHa
YCTaHOBKa TOILIO;
g - HOMEp pOKY IUIaHyBaHHS;
B - Hucno niepioniB GyHKIIOHYBaHHS B piYHOMY Tpadiky;
CG — KITBKICTh NepeadadyBaHuX A0 BCTAHOBIIEHHs (OyiBHUIITBA) F€HEPATOPIB;
T — ropy30HT IUIaHyBaHHS Y POKaXx;
EG — KiIBpKICTh ICHYIOUHX TEHEPATOPIB;
Cl iy - KamiTaJbHI BUTPATH HA CIIOPYKEHHS reHepaTopa | Ha pik g ;
DT ipg— TpuBamicTh niepiony QPyHKIIOHYBaHHS b TeHepaTopa I Ha PiK ¢ ;
OC ipg— eKcrulyaTaliiiHi BUTPATH NpU poOOTI reHepaTopa [ MPOTATroM Mepioay

byHKITIOHYBaHHS b Ha PIK g ;
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X 1g— OiHapHa CckJazoBa, MOB'A3aHa 3 TeHepaTopoM [ , mependadyBaHOMY 10
BCTAHOBIICHHS Ha PiK g ; cTaH 1: Bubpanuii, 0: He Bubpanuii (X 1g-1)< X 19) ;

X kg — OlHapHa CKJa70Ba, MOB'S3aHa 3 TEHEPATOPOM Kk , 10 mepeadadaeThes
10 IEMOHTaXY Ha PiK g ; ctaH 1: oOpanuii, 0: He 00panuil (X k1)< X rg) ;

PG ipg — OTYXKHICTh MAKITIOYEHUX T€HEPATOPIB | y TIepio PyHKIIOHYBaHHS
b Ha pik g ;

DG iy - BUTpaTH HA JEMOHTAX F€HEPATOPA;

KG ig - mOCTIiHI BUTpATH, MOB'SI3aH1 3 €KCIUTyaTaIll€l0 TEHEPATOPa;

UG — KIIbKICTh T€HEpaTopiB, 10 MepeadavaroThCs 10 JEMOHTAXKY.

Jis  BpaxyBaHHS OCOOJIMBOCTEM  KOXHOTO THUIy TI€HEepaTopiB Ta
cUCTeMaTHu3allll aHali3y JOUUIbHIIIE 3alucaTh KpUTEpid ONTUMI3allii OKpeMo IS
KOYKHOTO MOXJIMBOTO THITy, a MOTIM MIJCyMYyBaTH 3arajbHuid pe3yabpTar. Lld
oOcTaBrHA BUKIIMKAaHA TUM, 1110 HaBITh OJHOTUIIHI (3 TOUYKHU 30py CIocoOy reHepartii
€JIEKTPUYHOI €HEPTii) MOXKYTh CYTTEBO BIAPIZHATHUCSA 3a MOTYKHICTIO, TEXHOJIOT1IMH
reHepallii Ta IHIIUMH XapaKTePUCTUKAMH.

[Tepmra cknagoBa KpuTepito onTuMizaliii (2.1) Bkirovae KamitaabHi BATPATH HA
criopykeHHs reneparopa | Ha pik g .

Hpyra cknagoBa KG iy BKIIOUa€ MOCTIMHI eKCIUTyartalliiai Butpatu. o miei
CKJIaZIOBOi BXOJIATh BUTPATH Ha OOCIYrOBYIOUMI MEPCOHAI 1 HE 3aJ€XKaTh BlJl YMOB
Ta 4yacy (YyHKI[IOHyBaHHsI arperary. TakuM YWHOM, Il CKJIQJ0OBa € TIOCTIHHOIO
BEJIMUYHHOIO.

Tpetst cknagoBa dopmynu (2.1) BKiIOYae BUTpaTH Ha MAJUMBHY CKIIAJIOBY.
Muoxuaukom DT g BpaxOBYeTbCA TPUBAIICTh (DYHKIIOHYBAHHS (YUCIO TOIAUH
BUKOPUCTAaHHSI BCTAHOBJICHOI TOTYKHOCTI) Ha pIK KOXHOTO reHeparopa. Cif
3a3HAYMTH, 1110 1[I BUTPATHU 3aJIeKATh Bl YMOB 1 4acy (PyHKIIIOHyBaHHS T€HepaTopa.
Hamnpukiazn, BoHU JOPIBHIOIOTH HYJIIO Y pa3i HoTo rnepedyBaHHs B HEPOOOUOMY CTaHi.

YerBepTuil CcKIagHUK KpuTepito (2.1) m03BoJiss€e BpaxoBYBaTH BapTICTh
JIeMOHTaxXy reHepaTopiB. Ockuibku po3risgHyTa i3ompoBaHa CE € TexXHIYHOIO
CHUCTEMOIO, III0 PO3BUBAETHCA, 1 B MOBHIA Mipl 3aJIEKUTH Bl MakKpo- 1 MIKpPO-

€KOHOMIYHOI CHUTYyaIlll B KpaiHl Ta CBITi, pIBHA PO3BUTKY TE€XHIKH 1 TEXHOJIOTIH, TO
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MOX€ BUHUKHYTH TOTpeOa B JEMOHTaXI YacTHMHU reHeparTopiB. Jlana motpeda B
JEMOHTaX1 BUHUKAE B TOMY BHITQJIKy, KOJIM, HANPHWKIIAJ, BUHUKAE HEOOXITHICTH
3aMIHM arperary Ha OUIbII MOTY>KHHUHM 1 eKOHOMIYHUHN, CTapiHHA TeHepaTopa, abo y
pas3i ifloro BUBEOEHHS 3 POOOTH y 3B'SI3KY 31 3MIHOIO CTPYKTYPH HABaHTaKCHHS
CIIO’KMBAYiB (3MiHA TEXHOJIOTIi, 3MiHA €KOHOMIYHOI CHUTYaIlii TOIIO).

Jlns MepexeBOi CTPYKTYPH KpUTEPI ONTUMI3AIIl BUTJISaTUME TaK:

T CL
Z, =min Zz iy R o S, SN, 1

(2.2)
T EL T B EL
ZZ ZZZNJDQ Cibg " PLjbg
: ]: = b=1]=1

JIe N — HOMEP JIiHii, 110 IJIAHYEThHCS,

J — HOMeEp ICHYIOYOT JIiHIi;

g - HOMep POKY TJIaHyBaHHS;

CL — XiIbKICTh 3aIJIAHOBAHUX JIIHIHN;

T — ropy30HT TUTaHyBaHHS Y POKaX;

EL — KiNbKICTh ICHYIOUUX JIIHIMH;

CN ng - KaniTanbH1 BUTPATH HA 3aIUIAHOBAHY JIIHIIO 11 HA PIK ¢ ;

NT jbg— TpuBamicTh niepiogy GyHKIIOHYBaHHS b Ha piK g JiHIl j ;

NC jpg— exciutyaTalliiiii BUTpaTH JIiHI1 j IPOTATOM Iepioay (QyHKIIIOHYBaHHS
b napik g ;

X nt— GiHapHa CKJIaJ0Ba, MOB'sI3aHA 3 3aTUTAHOBAHOIO JITHIEIO N HA PIK g ; CTaH
1: BuOpano, 0: He BUOpaHO;

PL jpg - mepenana noTy>HICTb 110 JiHIT j MPOTIToM nepioay GyHKIIIOHYBaHHS
b Hapik g ;

KN j4- mOCTIiiHI BUTPATH, OB'SI3aH1 3 €KCILTyaTalli€ro JIIHIT | .

[Tepma cknagoBa y ¢opmyii (2.2) BU3HaUae BUTpATH HA OyAIBHUIITBO HOBUX

JHIA 71T MEPEKEBOT CTPYKTYPH.
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Jlpyra ckiajoBa aHaJIOTi4YHA BUKOPUCTaHIM y Bupasi (2.1) mis reHepyroumnx
ITOTY>KHOCTEM.

Tpets cknagoBa y 11 ¢hopmylli BpaxoBye eKCIUTyaTalliiiHi BUTpaTH (30KpemMa
BTpaTH JiHi1).

[TincymMkoBa 1ibOoBa (PYHKIISI ONTUMI3aLli PO3BUTKY 130Jb0BAHOI CHCTEMHU
€JICKTPOINOCTAYaHHs BKJIIOYAE BUTPATH HA PO3BUTOK TE€HEPYIOUMX arperariB Ta
BUTPATH HA PO3BUTOK EJIEKTPUIHOI MEPEKI:

Z=Z¢+7Z, (2.3)

Takum 4ymHOM, Ha OCHOBI (2.3) Ta 3 BUKOPUCTAHHSIM CKJIQJOBHUX, IO
OMUCYIOTHCS 3a JOMIOMOToto BupasiB (2.1) ta (2.2) miacymMKkoBa 1i150Ba QyHKIIIs Oyie
BUTJISIIATA HACTYITHUM YHHOM:

T CG

Z = min Z Z Z[Cllg - (Xyg — Xyg-1)] +

TG |g=11=1

EG T EG

I B
Z 2 DTy, “0Ci, Pl + Z Z Kty +

g=1b=1i=1 g=1i=

e (24)

T CL
Z Gkg (Xk(g 1) — ng) z Z[CNng ) (Xng i Xn(g—l))] +
= i

g: k=1 g= n=1
E

T B
+ZZKNJ'9+ZZ NTjpg * NCjpg * PLjpg

OOMmesxeHHs i€l HUTbOBOT (PYHKIIIT YMOBHO MOKHA PO3OUTH KUIbKa IPYIL:

1. OOwmexenns (2.5) - (2.15) mnpencTaBisiOTh HASBHICTh KamiTally
1HBECTULIIMHMX (POH/IB HA PIK, TPOEKTHY MOTYKHICTh PECYpPCIB 32 PIK, MAKCUMAJIbHY
KUIBKICTh OJIMHUIIb TEHEPATOPIB 1 JIiHIM, SKi OyAyTh J0JIaHl B PIK IMJaHyBaHHS Ta
MPOTHO30BAHOTO MMOYATKy TEPMiHIB OYIiBHHIITBA, BiAMOBIIHO [26].

JIJisi HAOYHOCTI OKpeMO 3amucaHi OOMEXKEHHS, TOB'SI3aHI 3 TEHEPYIOUUMH
notyxkHocTsaMu (2.5) - (2.11) Ta mepexxkeBoro cTpykTyporo (2.12) - (2.15) mms

KOXXHOI'O pOKYy € .
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['enepyrodi mOTY>KHOCTI:

CG
Y Clg - (g = Xigg-1)) < €7, (9=12,..,T) 2.5)
=1
CcG
Z G (s~ Figra) UG, (g=12..T) 2.6)
[=1
CcG
Y (g = Xigg-n) < UGN, (9=12...T), @.7)
=1
uc
Z Bl (i — Ko S5 (g=12..,T), (2.8)
k=1
e
Y Cleg - (Xig = Xiig-n) < UDG,, =1, (2.9)
k=1
cG
Z(xkg ~Xiipis) < UDN,, (=T8T (2.10)
k=1
=02, T
Xig =0,ecm g < (T, 9 ) (2.11)
(=12....665,

ne CIG i - BcTaHOBIEHA TIOTYXHICTH TeHeparopa [, mepemnOadyBaHOTO 0
BCTAHOBJICHHS B PIK g ;

CZ - kamiTaJlbH1 BUTPATH HA CHOPYAKEHHS T€HEPaTOpIB HA PIK g ;

UCG :— cymapHa MakcuMajbHa MOTY>KHICTh T€HEPATOPIB, 110 TOJAETHCS HA PIK ¢ ;

CT |- HeoOXiIHUY Yac JUIS BCTAHOBJICHHS Ta 3aIlyCcKy TeHepaTtopa [ B po0oTy B pik g
;

UGN - BepxHS MeXka KIJIbKOCTI T€HEPaTOPiB, 1110 BBOASATHCA B PIK g ;

CIG rg— BCcTaHOBJIEHA MTOTYKHICTh FeHepaTopa k , mepedauyBaHOTO O IEMOHTAXY
Ha PIK g ;

CD 4- xamiTanbHI BUTPATH Ha IEMOHTAX T'€HEpaTOPIB HA PIK ¢ ;

UDG 4— cymapHa MakcuMajbHa MOTYXHICTh T€HEPATOPIB, 10 JEMOHTYIOTHCS B PiK
9;

UDN - BepxHs MeXka KIJIbKOCT1 T€HEpaTopiB, 110 BUBOAATHCS 3 pOOOTH, HA PIK g
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Jlns reHepaTopiB, 110 BUBOASATHCS 3 POOOTH (IEMOHTOBAHHMX), OOMEXEHHS,
aHasoriuue (2.11), BBOIUTH HE MA€ CEHCY, OCKUIBKH Yac IEMOHTAXy T€HEepaTOpiB HE
BIUIMBAa€ Ha PO3BUTOK cucTemu. Lle ThM, 1m0 y pa3i BUBEOEHHS 3 €KCILUTyaTallii
reHepaTopa BpPaxOBYEThCS uac HOro 3ynmuUHKW (MPUIUHEHHS eKCIuTyartaiii), a
TPUBANICTh JEMOHTAXY y pa3i HEMae 3HAUCHHS.

MepexeBa CTpyKTypa:

CL
Z o~ K — Ry ST, g=12..,T), (2.12)
n=1
CL
Z LChy “(Xing —Xingg=1y) € UCLy; (g=12,..,T). (2.13)
n=1
CL
Z(Xng — Xn(g-1)) < ULN,, (g =12, ... T} (2.14)
n=1
Xng = 0,ecmn g < CT;, (=12 .. L)% = 12 ..,€CL), (2.15)

ne LC ng— nporyckHa 34aTHICTh 3aIlJJaHOBAHO1 JIIHIL 1 ;

CX g4- KamiTanbHI BUTPATH HA CIIOPY/KEHHS JIIHIN Ha PIK t ;

UCL 4 - CymapHa MakcuMasibHa MPOMYCKHA 3/IaTHICTh JIIHIHN, 1110 JOAAETHCS B
pik g ;

CT »- HeoOxiaHuM yac 111 OyAIBHUIITBA Ta 3aIyCKY JIiHIT 1 B poOOTY B PIK g

ULN 4 - BepxHiil JTIMIT KIJIbKOCTI BBEICHUX JIIHIN Ha PIK g .

2. 3arajbHa BCTAHOBJIEHA MOTYXKHICTh NependadyyBaHUX A0 BCTAaHOBICHHS
reHEepaTopiB Ta ICHYIOUUX T'€HEepaTOpiB MOBUHHA BIANOBIAATH CyMi MPOrHO30BaHOI
MOTY>KHOCTI MOIMUTY MIKOBOTO HaBAaHTAXKEHHS Ta pe3epBiB. MaTeMaTHYHUI BUpaA3

TS IIbOTO OOMEIKEHHS MOYKHA 3aIIiMcaT, 0a3yrounch Ha poooTi [26]:

EG CG UG
Y ClGig + ) CAPy - Xig + ) ClGyg - Xieg = PDyg + PRy,

i=1 =1 k=1

(g=12..,T),

(2.16)
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ne CIG iy— BCTaHOBJICHA MOTYXKHICTH ICHYIOUOTO TeHepaTopa i ,

PD b,y — TpOTHO30BaHE HABAHTAXEHHS CHCTEMH IMPOTATOM IEPioay
(GyHKIIOHYBaHHS b Ha pIK g ;

PR g — TpOrHO30BaHa MOTY)KHICTh PE3EPBY CHCTEMHU IMPOTATOM IEPiony
(GyHKITIOHYBaHHS b Ha PIK g .

3.CuctemHi ooMexeHHs [ iCHyIouuX JiH1H

(B-—84) 2
ﬂﬂ.__jzzi.=:0~ (-17)

ne f ca- mepeTik Mix By3jamu Cid ;
0 ¢, 0 ¢ — xyTi HanpyTu y By3Jax C i d BIANOBIAHO; Z ¢4 - TOBHMIA OITip JIiHIT
Mix By3iaamu Cid .

Jlns nepenbadyBaHuX JiHiA [26]:

(9 9d)

fea — <M,(1-X,) n€cd, (2.18)

ne M - Beluke IMO3UTUBHE YHCIIO.

BcranoBnieHa MOTY»KHICTh ICHYIOUMX T€HEPATOPIB Y POIll g
PGi_q,min = PGi_q < PGig,max; (2.19)

ne PG igmin— HUOKHS MeXa MOTY>KHOCTI FeHeparopa [ 'y poui g ;
PG igmax - BEpXHS MeXa MOTYKHOCTI reHepaTopa i y poItl g .

Bupo06iieHHst enekTpoeHeprii iCHyIOUMMHU TeHEpaTopaMu Ha piK g

Z PGMQ-"’“" ' DTbt S z PGbig ' DTDy = Z PGbig,max : DTbg ’ (2.20)
b=1 b=1 b=1

BepxHsi Ta HIXKHS MEX1 TOTYKHOCTI KOXXHOTO OKPEMOTO TreHeparopa y Oyab-

KU MOMEHT 4acy (3aJIe)KHO BiJ] THILY)
PGimin < PG( < PGimux, (2.21)
PGimin < PG; < PGimax - (2.22)

Bupo06iieHHs enexkTpoeHeprii MOAIMBUME (MOTEHI[IHHUME ) T€HEpaTOpaMu piK
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B B B
Z PGblg,min Y DTbg ' Xlg < Z PGblg ' DThg < PGblg,max ' Xlg j DTbgr
b=1 b=1

b=1
(=12, B)i{t=12,..,C0).
OOMexeHHs, TOB'SI3aHI 3 MPOIYCKHOIO CIPOMOXKHICTIO JiHIM aKTUBHOT

MOTY>KHOCTI

_PLj,max < fcd < PL;’.max.
(2.24)
-PLn,max < fcd < PLn.max.

ne f cqa- mepeTiKaHHs 0 JIiHIT BiJl KpamnKu ¢ 10 TOYKH d ;

C , d - IHAEKCH IIUH; | — IHACKC ICHYI0YOT JIIHIT; N — IHACKC MIaHOBAHOT JIiHil.

Takox e oomexeHHs (2.23) no3Boiisge yHipiKyBaTH HUIbOBY (DYHKIIIFO ISt
IeHEPATOPIB Ta HAKOMMYYBayiB €JIEKTPUYHOI €HEPrii, OCKUIbKH JT03BOJISIE HE OpaTH
0 YyBard HampsAMOK TNOTOKY TMOTY>KHOCTI B JiHIi (OMUCYy€ MOKJIUBICTD
JBOHAIIPABJIEHUX IOTOKIB MOTYKHOCTI).

OOMekeHHS 1010 TTPOITYCKHO1 CITPOMOKHOCTI KaHIU1aTa B JIiHI1

|feal < PLypmax * Xng )

(2.25)
(n€c,d),
4. OOMeXeHHS MOB'sI3aH1 3 BUMOI'aMH 111010 HaiHHOCTI [26]:
ND
DT, Z Thibg S E
WL P8 (2.26)
=1
(g=1,2,..,T)

1ie h — HOMep TOYKH ITiIKITFOUYCHHS HaBaHTaKCHHS;

ND - KUIBKICTh TOYOK MIJKJIFOUEHHS HaBaHTAKEHHS,

7 ;- HEJIOBIIIYCTKA €JIEKTPOCHEPTii B TOUIIl /1 |

E pg- momyctuMuii  piBEHb HENOBIAMYCTKH EIIEKTPOEHEPTii B  MepioA
(GbyHKLIOHYBaHHA b Ha PIK g ;

DT pg—TpuBanicTh nepiony (pyHKI[IOHYBaHHS b Ha pIK g .
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5. OOMeXeHHs 3a CyMapHUM OaaHCOM

EG

) PGy — PNy = PL =0, (2.27)
i=1
PG, = PGi, + PGjg, (2.28)
ne PG ig ' - DOTYXKHICTh 0e3mocepenHbo reHeparopiB (63 ypaxyBaHHs

HAKOIMYyBaYiB €JIEKTPUYHOI €Heprii);
PG iy - MOTYKHICTh HAKOIIMYYBaYiB €NEKTPUYHOI HAKOIIMYYBAUiB €HEPTil;
PN 4- nOTYyXHICTh HABAHTAKEHHA Ha PiK g ; PL g— BTpatu Ha piK g .

6. O6MexeHHs o0 OanaHcy y By3il EL ,

El,
PGi. + PG+ ) fic—PN.—PL.=0 (2.29)
j=1

ne PG . - NOTYXHICTh T€HEPATOPIB, MiAKIIOYEHUX 10 BY3Ja C |
PG i " - NOTYXKHICTh HAKONUYYBAYiB €JEKTPHUYHOI €HEPii, MiAKIIOYEHUX 10
BYy3JIa C ;

f jc- TOTIK JHISMH, 10 BiIXOIATH BiJ By3Ja C |

PN .- cymapHa MOTY>KHICTh HaBaHTAXKEHHSI, I IKIFOYEHOTO JI0 BYy3Ja C |

EL .— nomep niHIH|, TIIKIIOYEHUX 10 BY3JIa C |

PL .- BTpatu y By31i C .

7. OOMeKeHHs Ha MICLIE PO3TallyBaHHs 1HQPACTPYKTYpH

OOmexeHHST Ha MiCIsl PO3MIIICHHS TependadyyBaHUX TEHEpPaTOpIB CIIiJI
"mpuB's3aTu" 10 BY3JTiB PO3MOALTLYOT Mepexi [26].

D. = PGy — PN,, (2.30)

ne D - nediuut noTyKHOCTI y BY3JII C .

MOXIMBUM BUPIMICHHSAM I1€1 MPOOJEMHU € MIAKIIOUEHHS JI0 I[bOTO BYy3Jia
BIJIMOBIAHOT 10JJaTKOBOT MOTY>KHOCTI:

CG,

Z GGy 5D, 2.31)

le=1

ne lc — inaexe J0JaTKOBUX TeHepaTopiB, 1110 MiAKII0UAI0THCA 0 By3Ja C |
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CIG ic— MOTYXHICTh JOJATKOBUX T'€HEPATOPIB, IO MiJKIIOYAIOTHCS 0 By3Ja

CG c— HOMEp JOJATKOBUX TEHEPATOPIB, IO MiAKIIOYAIOTHCS /10 BYy3JIa C .
MexaHni3M BH3HaueHHS e(DiIUTy MOTY>KHOCTI y By3JaxX MNpPEJCTaBICHUN Y
po3aui 5 miei poOoTH.
TakuMm 9uHOM, MiTKITIOYCHHS TOIATKOBUX T€HEPATOPIB 70 By3Ja 3 AehiluTOM
MOTY>KHOCTI JIO3BOJIUTH 3HU3UTH TMEPETIKaHHA MOTYKHOCTI M)XK By3JIaMU MEPEXKI.
3aranpHe pIBHSHHS OajaHCy HpH MIAKIIOYEHHI TOAATKOBUX T'€HEPaTOpiB Ta
JIHINA BUTIAAATHME TaK:
CG, EG,

EL, CL;
Z CIG,. + Z(PG{C + PGL!) + Z i Z fo|=PN.—PL,=0, (232)
=1 J=1 1

=1 [ n=
ne CL .— HoMep IJIaHOBAHOI JIIHI1, 10 MiAKIIOYAETHCS J10 By3Ja C |
CG - HOMep reHepaTopa, 1o nepeadavaeTbCs A0 MiAKIIOUCHHS 10 By3Ja C |
EG c-HOMep reHepaTopa, MiAKII0YEeHOTo 10 By3Ja C |
CIG ic— BcTaHOBJIEHA MOTYKHICTB [ - TOT'O T'€HEPATOPa, 1110 MiIKITIYAETHCS 10
BYy3JIa C .
Cnig Matu Ha yBasi, IO 10 KOKHOTO By3J1a MOXKe OYTH MIAKITIOYEHA KiHIEBA
KUTBKICTh T€HEPATOPIB.
[ <1imax, (2.33)
ne | max — MAaKCHMQJIBHO MOJXJIMBA KUIBKICTh MIAKIIOUYEHUX [0 By3Ja
reHepaTopiB.
AHanoriyHO 0OMEeXEHHS Ha KUIbKICTh T€HEPaTOPiB, IO MiAKIIOYAIOTHCA, 0
KOXKHOTO BYy3J1a € 1 0OMEKEHHS Ha KITBKICTh MIAKITIOYECHUX JIHIHN.
J = max, (2.34)
€ J max — MaKCHUMaJbHO MOXJIMBA KUIBKICTh MIAKIIOYEHUX JI0 BYy3Ja

reHepaTopiB.
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8. OOMexeHHS, TIOB'sA3aH1 3 TUTIOM T€HEPATOPIB.

[Ipu nmtaHyBaHHI TEHEPYIOUHX MOTYKHOCTEH BUHUKAE MTUTAHHS BUOOPY THUITY
YCTaHOBOK, II0 T€HEPYIOTh. TOMy HEOOXiTHO BpaxOBYBaTH OOMEKEHHS, IO € JJIs
KOXXHOTO TUITY, SIKi 00YMOBJICHI HOTO TEXHIYHUMHU OCOOIUBOCTSIMHU.

PG i< PG 16, (2.35)

ne PG 16, - MOTYXXHICTh KOKHOTO T€HEPATOpa, 3aJI€KHO BiJl TUITY

OnTumizailisi BAKOHYEThCS JIJI1 BU3HAYCHHST MICI[b PO3MIIIICHHS Ta 00CSTiB
3acO0IB yMOpaBJiHHS, M0 3a0e3MeuyloTh aKTHUBHICTh 130JIbOBAHOI CHCTEMH
CJICKTPONOCTaYaHHsI T1J] Yac BUKOHAHHS BUMOI HAAIMHOCTI, SKOCTI Ta
e(hEeKTUBHOCTI.

OpHi€l0 3 KIIOYOBUX MpoOJIeM € BHCOKAa PO3MIPHICTH 3arajbHOi 3ajadi
onTuMi3alii PO3BUTKY AKTHUBHOI 130JbOBAHOI CHCTEMHU EJIEKTPOIOCTAYaHHS, IO
CTBOPIOE CYTTEBI TPYAHOIII 13a popMalizailii mpobdsiemu, 1 3a i BupimieHHi. Tomy y
3B'SI3KY 31 CKJIQJHICTIO MaTeMAaTHYHOIO anapary, 110 BUKOPUCTOBYETHCS B METO/I
nexkoMIiosuilii benjepca npu BUpileHH] Mig3aBlaHb 0OTPYHTOBAHO HEOOXITHICTh
BUKOPHCTAHHS TIOCIITOBHOTO HAOJMKCHHS 10 ONTHMAJIBHHMX 3HA4YCHb, IO |

nepeadoavace JaHa METOJIUKA.
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PO3I1J1 3. PEKOHCTPYKIIA CUCTEMHU EJIEKTPOIIOCTAYAHHA

3.1 Buxigni x1aHi 1l NPOeKTYBAHHS

JIificHUM pO3/1JIOM MPOEKTY Nepe10adaeThes:

BcTaHOBJICHHS npoekTtoBanux JI'Y 0,4 kB (2 mr);

BCTaHOBJIEHH: npoekToBanux mad ABP (2 mr) B enextpommrosiit YIIITH,
npueaHanHs npoektoBaHoro JI'Y 10 iCHyIOUOTO MPUCTPOIO 3aXHCHOTO
3a3eMJICHHS;

BCTaHOBJEHHs1 mnpoekToBaHux JII'Y-0,4 kB Ha icHyroul (QyHIaMeHTH
(3a111300€ TOHHI TIJTUTH);

3a3eMJICHHS MPOEKTOBAaHOIro oOyianHaHHs; -nipokiaganHs KJI-0,4 kB ta
KOHTPOJIbHUX KalemiB 1o Teputopii 3amoBHuMKa Mix PY-0,4 B
enexkrpowmwmToBoi YIIIIH ra AT'Y;

ynamtyBaHHa ABP B PY-0,4 kB icHytouoro npumiiieHHs €IeKTPOIIUTOBOT
VIIIIH nns  3abe3nedyeHHs Oe3mepeOitHOTO JKUBJICHHS CIOXKHBAviB
enexTpuuHoi eHeprii 0,4 kB, aBTOMaTH4YHE NEPEKIIIOUCHHS MIXK: OCHOBHUM

BBOJIOM Ne 1 ta JII'Y1 ta ocHOBHHM BBOAOM Ne 2 ta JI['Y2.

[Ipn BUKOHAaHHI POOOYOTO MPOEKTY BUKOPUCTOBYBAJIMCS: JOBIAKOBI JaHi 3

TEXHIYHUX XapaKTEPUCTUK EJIEKTPOTEXHIYHOrO OO0JaJiHaHHg Ta KaOeabHOl

MIPOYKITI, IKI BUKOPUCTOBYIOTHCS TPH PEKOHCTPYKITT MEPEK.

PoGounii mpoekT po3poOseHuil  BIAMOBIAHO JO BHUMOI  HACTYITHHX

HOPMATUBHUX JIOKYMCHTiBI

3araneui - JIBH B.1.2-2:2006 «HaBantaxxenns 1 BmmBuA. Hopwmu

POCKTYBAHHS»;

- IbBH A.2.2-3-2014 «Ckmag Ta 3MICT TPOEKTHOI JOKYMEHTaIii Ha

OyIIBHHUIITBOY;

- ACTY b A.2.4-4:2009 «OcHOBHI BHUMOTM 10 IPOEKTHOI Ta poOOYOi

JIOKyMEHTAIli1»;
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- noctanoBa KMYVY Ne466 Bixg 13 kBiTHs 2011 p. «/leski nuTaHHS BUKOHAHHS
MiAroTOBUYMX 1 OyaiBeabHUX poOiT» B penakii Bia 18.03.2020 p.;

- JIbH A.3.2-2-2009 CCBII. «Oxopona mpaii 1 nOpoMuciioBa Oe3neka B
OyniBHANTBI. OCHOBHI TIOJIOKCHHSY,;

- Iloxexna 6e3nexa - HAIIb A.01.001-2014 IlpaBuna moxkexHOi Oe3NeKku B
VYkpaini (Haka3 MBC VYkpainu Bijg 30.12.2014 p. Ne1417);

- JIBH B.1.1-7-2016 «Iloxexna Oe3nexka 00 €KTiB OYIIBHHIITBA. 3araiabHi
BUMOTH;

- Iloxexna 6e3neka - HAIIb A.01.001-2014 «IIpaBuna noxxexHoi Oe3neku B
VYkpaini»;

- ABH B.1.1-7-2016 «lIloxexHna Oe3neka 00’€KTiB OymiBHUIITBA. 3arajibHi

BHMOTHY;
- Enextpobesneka - HCTY b A.3.2-13:2011 «byiBHHIITBO.
Enexrpobesneunicte.  3arampHi  Bumorm»; -  CHull  3.05.06-85

«DNEKTPOTEXHUYECKUE YCTPOUCTBAY;

- HITAOII 40.1-1.21-98 «IlpaBuna 6e3meyHoi eKCITyaTallii eJIeKTPOyCTaHOBOK
CIIO>KWBAYIB»;

- IlpaBuna ynamryBaHHS €JIEKTPOYCTaHOBOK;

- HITAOII 40.1-1.32-01 «IIpaBuna OynoBu €JIEKTPOYCTaHOBOK.
EnexTpoobiaiHaHHA clielialIbHUX YCTAHOBOKY;

- OxopoHa HaBKOJUIIHbOTO cepenoBuima - JIbH A.2.2-1-2003 «IIpoekTyBaHHS.
Ckraz 1 3MiCT MaTepiajliB OLIIHKH BILTMBY Ha HaBKoyHIIHE cepeaopuiie (OBHC)
pU MPOEKTYBAHHSA 1 OyIIBHUIITBI M1IPUEMCTB, OYJAUHKIB 1 CIIOPY»;

- EnextpomarnitHe BumnpominioBanHa - JICH 239-96 «/lepxaBHi caHiTapHi
HOpPMHM 1 TMpaBWia 3aXUCTy HACEJCHHS BiJl BIUIUBY €JEKTPOMArHITHUX
BUIPOMIHIOBAHbBY.

B nilicHoMy po06o4oMy MPOEKTI HAJJaHO OCHOBHI PIIICHHS 3 PEKOHCTPYKIIIT

CUCTEMH €JIEKTpONOCcTayaHHs Ta 3a0e3nedeHHs Oe3nepepBHOi poOOTH 00J1aJHAHHS

JIKC.
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3.2. KopoTka xapakTepucTuKa 00’€KTY NPOEKTYBaHHSA

Jiticauit pobounii MpoeKkT po3poOJIeHUM 1JIsi BUKOHAHHS BUMOT TEXHIYHOTO
3aBJIaHHS Ha MPOEKTYBAHHS Ui 3a0e3MeueHHs Oe3nepepBHOi poOOTH 00JIaqHAHHS
VIIIIH  3awenwmiBka 3a  aapecoro:  YkpaiHa, IlomraBcbka — 00macTs,
HoBocanxapcbkuit  p-on, 3auenwiiBcbkuii YKIIHIT 3a mnepmor oco0nuBoro
KaTeropi€ro HaIIMHOCTI eJleKTponiocTadants. Touka npueanans: ceximii muH 0,4 kB
enekrpomutoBoi JIKC. Hampyra B Toumi mnpuennanna 0,4 xB. O6’ektom
MIPOCKTYBAHHS € E€JEMEHTH EJIEKTPUYHUX MEpEeX, AKl € CKIaJOBUMU YaCTHHAMHU
po3noAUTbYMX Mepex 3aranpHoro npusHaueHHs 0,4-110 xB. Jlanum npoexrom
nependavyaeTbcsi  BUKOHaHHS  poOit: 1.1 JliicHUM  pO3IiIOM  TPOEKTY
nepea0avaeThes:

- BcTaHoBJeHHs npoekToBanux 'Y 0,4 kB (2 mr);

- BCTaHOBJIeHHs npoekToBaHuXx mad ABP (2 mT) B enekrpouturosiit YIIIIH;

- mnpuegHaHHs mpoekToBaHoro JI'Y 10 iCHyHOYOro mpUCTPOIO 3aXHUCHOTO
3a3€MJICHHS;

- BCTaHOBJNeHHs mnpoekTtoBaHux JI'Y-0,4 kB Ha icHytoul ¢dyHgamenTu
(3a11300€TOHHI TUIUTH);

- 3a3eMJICHHS IPOEKTOBAHOTO 00JIaTHAHHS;

- mpoknanans KJI-0,4 kB Ta KOHTpoJIbHUX KaOesiB Mo TepUTOpii 3aMOBHHUKA
Mk PY-0,4 kB enextporurosoi YIIIIH ta AI'Y;

- ynamtyBaHHs ABP B PY-0,4 kB icHytouoro nmpumiiieHHsi eIeKTpOIUTOBOT
VIIIIH nns 3abe3nedeHHs  Oe3nepeOiifHOTO  KUBJICHHS — CIIOXKHBAuiB
enekTpuuHoi eHeprii 0,4 kB, aBToOMaTH4YHE MEPEKITIOYCHHS MiK: OCHOBHHUM
BBogoM Ne 1 Ta JII'Y1 Ta ocHoBHuM BBogom Ne 2 Ta JII'Y2. JAI'Y
MOCTAYal0ThCS 3aMOBHUKOM. PEKOHCTpYKIISI CHCTEMH E€JIEKTPOINOCTaYaHHS

3TiAHO PO3paxyHKY BiAHOCATHCA A0 Kiacy HacmiakiB CCl.

Jnis 3nivicHenHs OyaiBHUITBA poOoue kpecnenns «llnan Bcranosnenus ATV,

Ta nipoxnanannas KJI», o BXOauTh 10 KOMIUIEKTY pOOOYUX KPECICHb, € OJHOYACHO
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OyIiBEeJIbHUM T€HEpATbHUM IIAHOM. Y SKOCTI MiJJOCHOBU JJIsi T€HEPATbHOTO TUTAHY

BUKOPHCTOBYETHCS TOIOI€OI€3MYHA 3HIOMKa.

BBid N1 BBid N22
{8id icx. kom. N#1 PY-0,4 xB) (Bid Ary)
Wit (12) w21 (22)
BB2-Hz 15(1x240) Waga ABP LIABP1 (WABP2). BEBWS-1 11x(1x240)
CxeMa enekmpuyHa NPUHUUNIQASHA
QFL1 |, LyPEN E QF21 |, L, LyPEN
1600A 1000A
-l W ]| » |||
QF1.2 arF2.2
AllB1 1 208 Kyii Kvz1  20A palpalca
1A1 2A2
A A ~—
N N
of :
C C
0F13 aF23
16A 1BA
\ KV11  KM21 KH—“ KH—U KV11 KM11 KV21 \
1 ~ 3 A s 8 NG 4
A KM2.
KM1.1 KH_IZ £2 KM2.1
- NS
KM1.2 HL1 _— _— HL2 KM2.2
234 ® 6 o
\I\Km.z A sz/l/
SN B 2
S C N
N
Ppacy=500 xBm
cos f= 0.8
lpacy=903 1BA
Ll LLaly
t-.
H
PEN
aF3
16A
3p
w31 (3.2), Wit (4.2),
BB2-Hz 15(1x240) BBAWB-1 4x2.,5
—— flo exemu llo cxemu
= Bracsux nomped BnacHux nomped
ary ary
1S xBm, 0,38 xB

15 xBm, 0,38 B

Pucynok 3.1 — [Ilaga ABP. Cxema enexTpuyHa IpUHIIAIIOBA
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Pucynox 3.2 — OnHoniHilHA cXeMa MPOEKTYEMOTO PEe3EPBHOTO KUBJICHHS.

30BHIIIIHE €JIEKTPOIIOCTaYaHHs

Hna 3axucry PY-0,4 kB BHKOpHCTOBY€TBCS aBTOMATUYHUN BHUMHMKA4
NS1000N na 1000 A. 903,18 < 1000.

3a3eMJIEHHSI T€HEepaTopa BUKOHYETHCS BiJl ICHYIOUOTO MPUCTPOIO 3aXMCHOTO
3azeMyieHHS. Omip MPUCTPOIO 3aXHCHOTO 3a3€MJIEHHS HE MOBHHEH IMEPEBUIIYBATH
3Ha4eHHs 4 Om.

Jns migkmouenHs npoektoBanoro JAI'Y go PVY-0,4 kB BUKOpPHUCTOBYEThCS

kabens BBOIIIB-1 11x(1x240), sikuii mpokIagaeTbcsi B TPU HATKH Ha (asy.
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3.3 O0rpyHTYBaHHS HEOOXiTHOCTI BU3HAYECHHS MapaMeTPiB HAKONMYYyBayviB

eJICKTPUYHOI eHepril

Sk 3a3Hayanocs, y CTPYKTypl 130JIbOBAaHUX CHCTEM EJIEKTPOIOCTaYaHHS
MPOTMOHYETHCSI AKTUBHO BHUKOPUCTOBYBATH JpKepena reHeparii. I Tyr HeoOxigHO
po3pobuTu  crocoOu  3abe3neueHHs ~ 0e3mepeOiftHOTO  eleKTPONOCTadaHHs
CTHOXKMBAYiB 32 YMOB HECTAIllOHAPHOCTI poOOTH reHeparopiB. BupimeHHs 1€l
npoOJieMH MOKHA pealli3yBaTH JeKiJIbKOMa CIIOCOOaMM:

— 332 pPaxXyHOK 3aCTOCYBaHHS HAaKONHM4YyBayiB €JIEKTPUYHOI €Heprii, 1o

BCTAHOBITIOIOThCS B 1301b0Bany CE;

— 32 paXyHOK BUKOPHUCTAHHS JIOJIATKOBUX TPAAMUIIINHUX JKEpEIT TeHepallii;

— 3a JIOIOMOIOI0 3aCTOCYBAHHSI METOAMKHU YIIPaBIIHHS IONUTOM, TOOTO 3a
paxyHOK JnedopmyBaHHS TpadikiB HABAHTAXKEHbD;

— KOMOIHAIIE€I0 BUIIE3raaHUX CIIOCOOIB.

HaiiGiap11 1mikaBUMH Ta MEPCIIEKTUBHUMU € TIEPIINUNA Ta TPETii crocobw, i,
MPUPOIHO, iX KOMOTHAITIS.

Bu3HaueHHs1 OoNTUMaIbHUX MMapaMeTPiB HAKOMMYYBAUIB €JIEKTPUUHOT €HEeprii
s 13oapoBaHuX CE mpoBoauThes Hacammepend 13 TEXHIYHUX Ta €KOHOMIYHHMX
MipKyBaHb. 3arajibHe 3aBJaHHS 3a3BHUYail BUPIIIYETHCS SK JBOETAIHE: BUXOISMUH,
nepur 3a BCE, 3 TEXHIYHUX CHOpPYHA, BUOUPAETbCS TMOTYXHICTb 1 €EMHICTD
HAKOIMWYyBaya, a MOTIM, 3 ypaxyBaHHSM €KOHOMIYHO1 OI[IHKH, BUOMPAETHCA HOTO
tun. Taka TMOCTaHOBKAa 3aBIaHHSI € KOMIUIGKCHOIO, HE3BaKalOUW Ha JesKi
cupomieHHs. [lpu BuOOpPI MOTYKHOCTI Ta €MHOCTI HAKOTHMYYyBadiB BCE OJHO
JIOBOJIUTHCS BpAXOBYBATH €KOHOMIUHY CKJIJIOBY, @ IPU BUOOP1 TUIY — 1 TEXHIUHY.

OCHOBHOIO METOIO € BU3BHAUEHHS JIBOX MapaMeTPiB: MOTY>KHOCTI Ta EMHOCTI
HAKOMWYYyBaviB €JIeKTpU4YHOi1 eHeprii. Bubip Tumy HakomuyyBadiB €JIEKTPUYHOI
€HEeprii 311MCHIOETHCS TICS BUBHAYEHHS IUX MapaMeTpiB, BIIMOBIIHO 10 chepH ix
3aCTOCYBaHHS, EKOHOMIYHUX, TeorpadiyHUX, TEXHIYHUX Ta 1HIITUX MapaMeTpiB.

OueBugHO, 110 Tipu GyHKIIOHYBaHHI 130a50BaHUX CEC 13 BUKOpUCTaHHSM

reHepaTopiB, IMOCTIMHO BUHUKAIOTh He30alaHCOBaHI cHUTyallli. 3acTOCyBaHHS
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HAaKOMM4YYyBaviB SKpa3 1 HEOOXiHE 3HIKEHHS HMOBIPHOCTI BUHMKHEHHS JTaHUX
cutyamii. Y poOOoTi mpu po3paxyHKax 3a TO3WUTHUBHI 3HAYCHHS HeOaJaHCIB
NPUIAHATO CUTYAIlii, y SKUX TeHepallis MePEeBUIILye TOMUT, 00 SIK HETaTUBHI - KOJU
MOTIUT TEPEBHIIYE TEHEPAITITO.

OcHOBHI TMapaMeTpyd HAKONWYYBayiB EJIEKTPUYHOI E€Heprii MOXKHa
pO3paxyBaTH, BUKOPUCTOBYIOUH TaKi CITiBBiTHOIICHHS.

[ToTyXHICTh HAKONINYYBAY1B €JICKTPUYHOI EHEPT1i:
Piaxon = max|AP|, (3.1)

ne A P — pi3HULA MK CyMapHOIO NOTYKHICTIO TEHEPYIOUUX JKEPEN B 1301b0BaHIN
CUCTEMI Ta NOTYKHICTIO CITO’KUBAYIB JUIsl JAHOTO PEXKUMY.

€MHICTD HaKOHHqYBa‘{iB BU3HAYA€TLCA 3a TAKUM BHUPA30M!

_ max([f[4P]dt)

EHaKOH -

(3.2)

nHaKOl’l

T 1 waxon — KKJ]I HaKOMIUUyBauiB €JIEKTPUYHOT €HEPTI.

[Tix yac mociimkeHHs 0ysI0 PO3TIIAHYTO K NMPUKIIAJ TecToBa 1301p0BaHa CE.
Jlnst po3paxyHKIB BHUKOPUCTOBYBaJIacs MpOrpamMu, po3poOJieHI B CEpeIOBHUILI
MatLab. Sk kepoBaHi reHepyroui pkepeiaa B Hili BUKOPHUCTOBYIOTHCS JTH3EIIb-
reHepaTopH.

VY 1poMy JIOCHIIKEHHI 3aCTOCOBAHO METOJ| LIJIECHPsIMOBAHOI IMiTamii. Y
[[bOMY BHITQJIKy BUKOPHUCTOBYETHCS Mepedip pi3HUX BapiaHTIB, 30KpeMa, 3 PI3HOIO
4acTKOo reHepaiiii. L{e 103BoJisie 7aTH BiAMOBI AL HA MUTAHHS, 1110 BiIOYBaTUMETHCS
3a PI3HUX TapaMmeTpiB y KOXKHOMY OKpeMomy Bumaaky. Lls meTomuka mo3Bodsie
3HAWTH ONTUMAJILHUHN BapiaHT PIIICHHS.

VY BciX cueHapisix BpaxoByBajacsi HasBHICTb HAKOMMYYBa4lB €JIEKTPUYHOL
€Heprii, BCTAHOBJICHA MOTYXKHICTh KX BU3HAYAETHCS K PI3HUIIS MK CyMapHOIO
BCTAHOBJICHOIO MOTYKHICTIO, 1[0 TEHEPYETHCS MPU BUKOPUCTAHHI BIJHOBIIOBAHUX

JKEpeN eHeprii, Ta MiHIMAJIbHOIO TIOTY)KHICTIO HaBaHTAKEHHS:

Paaxon = (Pur + Pys) = min(Piary ), (3.3)

1€ P o — NOTYXXHICTb, 1110 T€HEPYETHCS BITPOCHEPIreTHYHUMHU YCTaHOBKAMU;
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P §c— NOTYXHICTb, IO TEHEPYETHCS COHTYHUMU €JIEKTPOCTAHLISMU;

P yarp - IOTYXHICTh HABAHTAYKEHHSI.

VY Mogeni, MmO po3MIAJAETbCsl, TPUUHATO, U0 CyMapHa IOTYXHICTb, LIO
BUPOOJISIETbCA TeHepaTOopaMH, MOBMHHA OyTH CBiIOMO OUlbllle camMe BEIWYHHH
MIHIMQJIbHOI ~ TOTYXKHOCTI  HaBaHTakeHHs. Jlana  oOcraBuHa  J03BOJISIE
HAaKOIMYYBaTH HAaJMIPHY €HEpriio (IOHAJ Ty, KA MIIUIA Ha TOKPUTTS MOTOYHOTO
HABaHTA)XCHHA), OCKUIBKH OJHUM 13 TMPHIYIICHb MPU MOJETIOBAHHI € Te€, IO
3reHepOBaHa €JEKTPOEHEPris, Mae NPIOPUTET INPU 3aroBHEHHI Tpadika
HAaBAHTAKEHHA. TpaauliiiHi reHepaTopu Ha BUKOIHOMY MaiuBi (y pa3i JU3eIIbHI)
BUKOPHUCTOBYIOTHCS JIUIIE TO/1, KOJIM CyMapHa MOTY>KHICTh JPKEPEN MOHOBIIOBAHOT
€Heprii Ta HAKONUYYBayiB HEJAOCTATHSI MOKPUTTSI IOTOYHOTO HAaBAHTAXKEHHS.

[Ipy BH3HAUYEHHI BapTOCTI EJIEKTPUYHOI €Heprii (3 ypaxyBaHHAM
eKCIUTyaTal[liHUX BUTpAT, BKJIIOYAIOUM NAJIMUBHY CKJIaJ0BY), IO BHUPOOISAETHCS

JM3€JIbHIMHU T€HEPATOPaMH, BUKOPUCTOBYBAJIACS HACTYIIHA KBaApaTH4Ha (DyHKIIis
C(P)=a*P*+b-P+c ., (34)

BukopucranHs METONMKH, 3alpONOHOBAHOI B JaHid poOOTi, 3a0e3meuuTh
MIJBUILIEHHA €()EKTUBHOCTI pOOOTH 130JbOBAHUX CHCTEM 3 PO3MOALICHOIO
TeHepaIli€lo, JacTh MOXKIHUBICTh KOMIUIEKCHO ONTHMAIbHO KEpyBaTH PEXUMaMH

Oy/Ib-5IKO1 130JIbOBAHOT CUCTEMU €JIEKTPOIIOCTAYaHHS.
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PO3/ILJT 4. BUBIP BAPIAHTIB CTPYKTYPU AKTUBHOI
PO3MNOAIABHOI EJJEKTPUYHOI MEPEXKI 130JI0BAHOI CUCTEMU
EJEKTPOIIOCTAYAHHAA

Poznin mpucssuenuit BUOOpY BapiaHTIB palliOHAIbHOI CTPYKTYpH aKTUBHOI
PO3MOAUIBHOI  €JIEKTPUYHOI MEpeXi 130JIbOBAHOI CHUCTEMHU €JEKTPOIOCTaYaHHS.
PosrnsnaeTscst anroput™ (QopMyBaHHS ONTHMAIbHOTO BapiaHTa BUXIIHOI CXEMH
€JICKTPUYHOI MEpPEeXKi, pealTi30BaHUil KOMOIHATOPHHM crocoooM. DopmyBaHHS
31CTaBHUX BapiaHTIB CXEMH 3 ypaxyBaHHSIM ONTHUMAJIbHOIO BapiaHTa (0a30Ba cxema)
3MIMCHIOETBCS E€KCIIEPTHO 32 KPUTEPIEM MIHIMYMY BHUTpaT 32 CHOPYIKECHHS
eJIEKTPUYHOI Mepesxki. Jlam BUpIlIyeTbes 3aBAaHHS PEKOHCTPYKIN 0a30BOI cxeMu
€JIEKTPUYHOI PO3MOJALIBYOI MEpeXkl 3 METOI HaJaHHsS 1l BJIACTUBOCTI aKTUBHOCTI
IUJISIXOM BBEACHHS J10JaTKOBUX HOPMAaJbHO PO3IMKHEHHMX JiHIM 3 KOMyTallliHUMH
amapataMu, 10 JUCTaHLINHO KepYIOThbcs (HUMH MOXYTbh OyTH pekiioysepu). Ilpu
IbOMY BHUKOPHUCTOBYETHCS MOHATTA ONEPALIMHUX 30H, SIKI € CYKYITHICTIO €JIEMEHTIB
cxeMu, 00'emHaHMX 3a (YHKI[IOHAJIBLHOIO O3HAKOK, IO BHU3HAYAETHCS JIOT1KOIO
poOOTH AMCTAHIITHO KEPOBAHUX KOMYyTallMHMUX anapatiB. Lle HeoOxiqHO 3 MeToro
3a0e3neyeHHs] HaAIMHOCTI EeJEeKTPONOCTAaYaHHS MAaKCUMAJIbHO MOJKJIMBOTO YHCIA
CIIO’KMBAYIB 32 JOTIOMOTOI0 PEKOH(ITYpaIlli cCXeMU MepexkKi 3a MiHIMAJIbHOI KITBKOCTI
JOJTaTKOBUX JIIHIN 1 TUCTAHLIMHO KEPOBaHMWX KOMYTAI[IHHUX anapaTiB JUisl BUMIAKIB

B1JIMOB KOHKPETHHX €JIEMECHTIB MEPEXKI.

4.1 BuOip BapiaHTIB cXeM PO3NOAIJIBLHOI eJIEKTPUYHOI MepesKi BPaXOBYIOUH iX

PEKOHCTPYKUIiIO 32 KPUTEPiEM MiHIMyMy BUTPAT HA il CIOPY/I2KEHHS

dopmyBanHsa cxemu 1301p0BaHO0i CE BU3HAUa€ThCS B3a€MOPO3TAITyBAHHAM
€JIEMEHTIB CUCTEMU E€JICKTPOIIOCTAYaHHsI, iX B3a€EMO3B'I3KOM, a TAKOXK 1X 3'€THAHHAM
y (opmi meBHOT CTpykTypu. Tomy HEOOXIIHO PO3IJISHYTH 3aBIaHHS BHOOPY
ONTUMAJIBHOI CXEMH aKTHBHOI PO3MOJUIHHOI EJIEeKTPUYHOT MEPEXi 130JIbOBAHOI

CUCTCMHU CIICKTPOIIOCTaAYaHHS.
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Ak mnpaBumio, BiIOMO, A€ po3TamioBaHi (abo OyayBaTUMyThCS) OCHOBHI
JDKepesa eHeprii, MICIs po3TalllyBaHHs CIIOKHUBayiB (1, BIIMOBIAHO, HABAHTAXKEHD ), a
TaKOK BIJCTaHI.

[Ipu mnnanyBanHi BHOIp pallOHAIBHOI CXEMH MEPEeXl € CKIATHUM
KOMOIHATOPHUM 3aBIaHHSIM. METOI0 TaKOro 3aBJaHHSA € MOIIYK ONTHMAaJbHOTO
pIILIEHHSI, TP IKOMY CHCTeMa Iiepeadi Ta po3MnoIiay eIeKTPUYHOT €Heprii OBHICTIO
3aJI0BOJILHSLIHM O ToTped crokuBayis [ 16].

B naHoMy Bumajaky mpu BUPIIIEHHI 3ajadl ONTUMIZAIli PO3MOAUIHYO]
€JEKTPUYHOI MEpeXl JOLUUIBHO BHUKOPUCTAaHHA KOMOIHATOPHOTO METOAY 3a
KpuTepieM MiHIMyMy BUTpatT. He3Bakarouu Ha Te, 1O JJIs LIbOTO MOTPIOEH JOCHUTH
BEJIMKUI yac, Takui epedip € HalOUIbI yHIBEPCAITBHUM METOIOM PIIICHHS.

Meroau, 10 BUKOPHCTOBYIOTHCS I KOMOIHATOPHOI ONTHMI3alli YMOBHO
MOJIUISIIOTHCS. Ha HAOIMKEH]1 Ta TOYHI. 30KpeMa, 0 TOYHHUX METOJIB BIIHOCSATHCS:
METO/J] ITIOBHOTO NEepebopy, METO HESIBHOTO Nepedopy, METOJ T'UIOK Ta KOPJOHIB,
METOJ AMHAMIYHOrO mporpamyBaHHs Ta 1H [27]. Y poOOTI BUKOPUCTAHO CHOCIO
IIOBHOTO ITepedopy.

VY nepiomy erarni HEOOX1THO BUBHAYUTH NouyaTkoBYy KoH(pirypatiro CE. Bona
BU3HAYAETHCS, TMEpPeayCiM, TEXHOJOrI€E BUPOOHUILTBA Ta reorpadiuHuM
pO3TaIlyBaHHSIM CIIOKUBayiB (HABAaHTAXKEHB), 110 y BUIAJKY OJHO3HAYHO BU3HAYAE
TOmoJIOTiyH1 BiacTtuBocTi Mepexi. Ha puc. 4.1 mnpencraBieHo 0a3oBy cxemy
po3noauibuoi  Mepexi 13oimpoBaHoi CE, ska Oyna oOpana KoMOIHATOPHUM
QITOPUTMOM 32 KPUTEPIEM MIHIMyMY BUTpAT Ha ii criopypkeHHs. J{Jis aHanizoBaHoi
B paMKax eauHOro mpukiany izompoBaHoi CE XapakTepHO MOCUTH UIUTBHE
PO3MIIIEHHS CTIOKUBAYiB 1 HASBHICTh KOPOTKUX JIHIA MK BY3JIaMH PO3MOIIBHOT

€JIEKTPUYHOT MEPEXKI, IO PO3TIATAETHCS.
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Pucynox 4.1 — bazoBa cxemMa po3no/IiiIb40i eIeKTPUIHOT MEepexi

Jlani HeoOX1THO BU3HAYUTH KUIBKICTh Ta MICIS PO3MIIICHHS TOAaTKOBHX
3'€IHYBaJIbHUX JIIHIM 3 AUCTAHI[INHO KEPOBAaHMMHU KOMYTAI[IHHUMHU arapaTamMu Jis
HaJaHHS PO3NOLIBYOL €IEKTPUYHOI MEPEXKI IKOCTI aKTUBHOCTI.

3 MeTow 3a0e3leueHHss MOXIMBOCTEeH pekoHpirypamii chopMoBaHOi
€JIEKTPUYHOI Mepekl HaJaHHS I1d BIACTUBOCTI AKTHUBHOCTI BUKOPHUCTOBYETHCS
MOHATTS ONEpaIiiiHuX 30H. BOHU € CyKYITHICTIO €J1eMEHTIB CXeMH, 00'€IHaHUX 3a
TOTOJIOTIYHOK O3HAKOI. 30HYBAaHHS JT03BOJISIE MPOBOAMTH BiJHOBIEHHS POOOTH
MEpEeXi MPpU aBapiiHUX CUTYaIlIX HUITXOM BUKJIFOYEHHS TMOIIKOJKEHUX IISTHOK
cxeM. TakuM YHWHOM, peani3yloTbCsl MOXMJIMBOCTI 3a0e3nedeHHs HaaiiHOCTI
€JIEKTPONOCTAYaHHsI ~MAaKCHUMAJIbHOTO  4YHUCJla CIOXHWBAa4ylB 32  JOMNOMOTOIO
pekoH(pirypaiii cxeMu Mepexi MpH MiHIMaIbHINH KITBKOCTI JOJATKOBHX JIHIN 1
KEpOBaHUX KOMYTAIlIMHUX arapatiB MPU BIAMOBaX KOHKPETHUX €JIEMEHTIB MEPEKi.
Cnij 3a3Ha4uTH, 11O JiHIT 3 AUCTAHIIMHO KEPOBAaHUMHU KOMYTallIHHUMHU arapaTaMu

y HOPMaJIbHOMY PEXHMI 3HAaXOJAThCS Yy BIAKIIOYEHOMY CTaHI, TOMy Mepexa y
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HOpMaJbHOMY CTaHi (QyHKIIIOHYye sK pamianeHa. [li  diHI TpamTh pob
aBTOMATUYHOTO BKITIOUCHHSI PE3EPBY Y pa3i aBapiiiHOI CUTYyallii 3a paaiaibHOT CXeMH,
TOOTO, 3a BIJICYTHOCTI MOKJIMBOCTI OTPUMAHHS BiJl OCHOBHOTO JpKepelia. 3aBIaHHs
BUOOpY OomnepaiiiHuX 30H MOYKHA BUPIIIUTH 3 JJOTIOMOTOI0 KOMOIHaTOPHOTO METO.Y,
ajye y pa3i BUKOPUCTOBYETHCS EKCIIEPTHUH METOMA. SIK MPUKIaa BUKOPUCTOBYETHCS
OJIVH 13 BapiaHTIB PEKOHCTPYHOBAHOI PO3MOILILHOI €IEKTPUUIHOT MEPEXKI.

Takum umHOM, Ui 1i€i 30HH 3MIHIOETHCS HAIPsIM KUBJICHHS BY3JIB
HaBaHTAXXEHHS Ta B1AOYBAEThCA PEKOHDITypallis CTPYKTYpH €JIECKTPUYHOI MEPExi.
Ane 3a Takoi pexkoHiryparii akTUBHOI pO3MOAUIHLHOI MEpEXi omepalliiina 3oHa |
nepedyBaTuMe Yy 3HA4HIA BIACTaHl BiA JpKepena >xuBleHHs (puc.4.l). 1 TyT
BIIOYBA€ThCS 3HIDKCHHS BEIWYMHM HAnmpyrd Ha mmmHax miactadmii [11 o
Herpunyctumoro piBHA [19]. 3a paxyHOK Aii 3aXHCTy MIHIMAJIbHOI Hamnpyr#
BIJIKJIFOYA€THCA YaCTHHA HABAaHTAXEHHS, SKE MIAKIOYEHO a0 uux ImuH. [Iporte
30epIraeThCsl €NEKTPOINOCTAYaHHsI CIIOKMUBAYIB, AKI MAIOTh IMIJKIIOYEHHS 0 IINH
migcranmu 111, T12 1 T13.

MoskiMBHM THITNH clieHapiid. Y pa3i KOpOTKOTo 3aMUKaHHs Ha JiHii JI1-2 BoHa
BIJIKJIFOYA€THCA 3aXUCTOM. BinOyBaeTbcsi aBTOMaTUYHE BBEJICHHS PE3EPBHOI JIIHIL
JI3-4, nro 3a0e3neuye eNEeKTPONOCTaYaHHs CIOXKHUBAUiB, SIK1 MIIKIOYEHI 0 IIUH
mifctaniii [12 ta [13. AnanorigyHo y pasi KOpOTKOTro 3aMUKaHHs Ha JiHii JI2-3 ta 1i
BIJIKJIFOUEHHSI 3aXMCTOM, BIJIOYBA€ThCS aBTOMATUYHE BKJIIOYEHHS PE3EpPBHOI JIIHIL
JI3-4, mo no3BoJisge€ 3a0€3MEUNTH €JICKTPOIIOCTaYaHHsl MIAKIIOUYCHUX 10 TiACTaHIIIT
I13 criosxuBadiB. Y paszi KOPOTKOTO 3aMUKAHHS Ha IMHAX TiacTanmii [13 BkiroyeHHs
pesepBHOi JiHil JI3-4 He BiAOynmeThcs, ajie B TOM KE€ Yac EJIEKTPONOCTavdaHHs
criokuBaviB, migkmodeHux a0 muH [11 1 T12 moxe OyTu 3abe3medeHo 3a paxyHOK
JoKepenia >KUBJICHHS MPU BIAKIIOYeHH] JiiHii JI2-3.

B onepayitinii 30ni 2 pexondirypaiiisi CHCTeMH BiOYBaTUMEThCS aHAJIOTTYHO.
VY pasi BiIMOBH €JIECMEHTIB, SIKi pO3TalllOBaH1 B I[iif 30HI, aBBTOMAaTHYHO BMHKAETHCS
pesepBHa JiHisg JI3-8. I Tyt 30epiraeTbcs eNeKTpONOCTayaHHS CIOKUBAYIB,
MIIKIIOUYEHUX JIO IITUH 11€1 30HU, 3aJIEKHO BiJl IILOTO, SIKHM €JIEMEHT BUUIIIOB JIaTTy.

ITlin yac amapii Ha mmHax migctanmii [18 minis JI3-8 He BBOAUTHCS B poOOTY,
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€JIEKTPONOCTAaYaHHs 1HIIMX CIIOKMBA4iB MOXK€ 31HCHIOBATHChH BIJ JIKepena
’KUBJICHHS MIPH BIAKIIOUeHH1 diHii JI§-9.

Y pa3i BIIMOBH €JIEMEHTA, IO 3HAXOAUTLCA B onepayiuuii 30Hi 3,
peKoH}Irypallisi pO3MOAIIBHOI Mepexi He MmpoBaauThes. Lle mos's3aHo 3 TUM, 11O
30HA Ma€ CTPYKTYPY, MPOBECTH PEKOHQITYpaLIiiO IKOT HEMOXKIIMBO.

B onepayitniii 30ni 4 npu Buxoml 3 nagy il JI0-6 pexondirypartis
MIPOBOAMTHCS 32 AHAJIOTIYHUM CIICHAPIEM, SIK 1 JUI onepauiiHux 30H 11 2. Y upomy
BUIAJIKY 3a TaKOi aBapiiiHO1 CUTYyaIlli aBTOMAaTUYHO BBOJAUTLCS B JIIF0 pe3epBHA JIiHIS
JI4-11.

B onepayiniii 30ni pexongicypayis 5 Bi10yBa€eThCA aHATIOTIYHO MOIMEPETHIM
[UIIXOM aBTOMATUYHOTO BKJIIOYEHHS pe3epBHOT JiHii JI6-7.

3a migcyMKaMHu po3risay (PYHKIIOHYBaHHSI OMEpAIiiHUX 30H HEOOXiTHO
BIJI3HAYUTH, 1110 CKOOPJMHOBAHI omeparlli JUCTaHIIMHO KEPOBAaHUX KOMYTAIlIMHUX
amapaTiB II[0JI0 BKJIIOYEHHS Ta BIJIKIIOUCHHS JIiHIM 3a0€3MeuyroTh aKTHBHICTh
PO3MOIIBLYOT €IEKTPUUHOT Mepeki. JlaHi CKOOpAMHOBAHI Orepallii 3/I1IMCHIOITHCA 3
JTOTIOMOTOI0  (DYHKIIIOHAIPHUX  MOXJIMBOCTEH  JHCTAHIIMHO  KEPOBaHUX

KOMYyTaIliiiHux amnapartis [20].

4.2. ®opMyBaHHS HALJMIIKOBOI0 HA0OPY CXeM JJIfl MOAAJbIIOT0 OB
00I'PYHTOBAHOI0 BUOOPY PalliOHAJILHOI CXeMHM 3 YPAXyBAHHAM BHMOT

HagiliHOCTI

Ha nactynHomy etarmi ekcepTHO (GOpMYIOThCS KiJIbKa OJUM3bKUX MIHIMYMIB
BUTpAT BapiaHTIB PO3MOAUIBYUOT €NeKTpuUHOi Mepexi. lle 3mificHoeThes s
NOJANBUIOTO iX JETAJbHOTO aHaMi3y 3 TOYKH 30pYy HaAliHOCTI Ta BUOOpPY 3aXO[1B
o0 3a0e3neueHHs] HaAIMHOCTI. Y pa3i MOXyTb OyTH HE3HA4YH1 BIIXWUJICHHS BiA
pEe3yNbTaTIiB PO3PAXYHKIB 32 KPUTEPIEM MIHIMYMY BHTpPAT 3a CIOPYHKCHHS
PO3MOAUTBYOT EJIEKTPUYHOT MEPEKI.

Habip cxeM gopmyeThcsi 3 METOIO HE MPOIMYCTUTH ONTUMAIbHOIO BapiaHTa

CXEMHU TPH MOAATBIIIOMY aHalli31 HAIHHOCTI.
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IIpu BuOOpPi1 3iCTaBHUX BapiaHTIB PEKOHCTPYMOBAHOI CXE€MH aKTHUBHOI
PO3MOAUIBHOI MEPEXi MOXe OyTH BUKOPUCTAHUI METOJ] IIOBHOTO Tepedopy. VY miit
poOOTI 11e 3aBAaHHS BUPIIIEHO 3a JIOMOMOTOI0 €KCIIEPTHOTO aHamizy. Po3risHyTo
pi3HI BapiaHTH CXE€M, B SIKHX BHUKOPHUCTOBYETHCS pi3HA KIJIBKICTH MEPEMUYOK, 1
BIJIMOBIHO BUTPATHU HA CIIOPY/IKEHHSI TAKUX PO3MOALITFYUX MEpPEX OyTyTh PI3HUMHU.

B pesynbTaTi Oysi0 BUSBICHO YOTHPH OCHOBHI BapiaHTH CXEM PO3IMOIIbLHOI
Mepexi, Kl MalOTh MiHIMAIbHY KUTBKICTh JOJATKOBUX 3'€IHYBaJIbHUX JiHIN. Bubip
IIMX BaplaHTIB CXEM 3JIIMICHEHO 3 KPUTEPII0 MIHIMYyMY KaIliTAIbHUX BUTpaT.

Ha pucynkax 4.2 - 4.5 npeacraBiieHl i YOTUPH BapiaHTH CXEM aKTHBHOI
pO3M0AUIbHOI Mepexi 13051b0BaHOi CE, AKi1 po3riasgatoTbes K TECTOBUI NPUKIIAI.

Bapianm 1 (puc. 4.2) B nanomy BapiaHTi Py HOPMATBLHOMY PEKHUMI pOOOTH
PO3MOJIIBLHOI €JIEeKTpUYHOI Mepexi pesepBHi miHii JI3-4, JI3-8, JI6-7, JI4-11
3HAXOAATHCA Y BIIKIIOUEHOMY cTaHl. [likmoueHHs nux JiHii B1I0yBAETHCS TIITBKH
y pa3l BUXOAY 3 Jaay OyIp-IKOro €JeMEHTa CXEMHM, pO3TallOBaHOTO B OJHIN 3
onepauifHuX 30H PO3MOAUIBHOI €JIEKTPUYHOI Mepexi. TakuM YMHOM, € MOKIIUBICTD
MIPOBECTH PEKOHDITYpAIi0 PO3MOAIHYOI SICKTPUUHOT MEPEXKI TAKUM YHHOM, 1100
MyHKTU B1AOOPY MOTY>KHOCTI (IMiICTaHLIi), M0 3a0€3Meuy0Th €JIeKTPOIOCTaYaHHs
CIIO’KMBAYIB, 3aJUIIAIKNCS B pOOOUOMY CTaHI.

Bapianm 2 (puc. 4.3). lna uporo Bapianta minii JI3-4, JI3-8, JI6-7, JI4-11 B
HOPMaJILHOMY PEXKHMI BIIKIIOUEHI 1 BKIIIOUAIOTHCS MPU BIAMOBAX €JIEMEHTIB. Tum
caMUM BIZIOYBa€eTbCAd PEKOH(ITYpalliss MEpeki TaKUM YUHOM, 1100 HEYIIKOJKEH1
MYHKTH BiI0OPY MOTYKHOCTI 3aJIMIIIATUCS Y Mpale31aTHOMY CTaHi.

Bapiaum 3 (puc. 4.4) BiJpi3HSETHCS BiJ NEPIIOrO BapiaHTa THUM, IO Y
HOPMAJILHOMY PEeXUMI POOOTH €IEeKTPOTIOCTauYaHHs MyHKTIB B1IOOPY MOTYKHOCTI
peanizoBaHO 3a I1HIIOK cXxeMolo. TakoX y LbOMY BapiaHTI PEKOHCTPYHOBaHOI
€JEKTPUYHOT PO3MOAUIBHOT Mepexi 1CTOTHO BUJI0O3MIHEHA cxema
esiekTponioctauanHs. JKuBIeHHS MyHKTY BiIOOpy moTyxHocTi [16 31ilicHIOEThCS Y
HOPMAJILHOMY pekuMi 3a nonomoroto JiHii JI0-6. Kpim Toro, y il cxemi € e psia
BIIMIHHOCTEH. Y I[bOMYy BapiaHTI CXEMH AaKTHBHOI PO3MOJAUILHOI EJIEKTPUYHOI

Mepexi B HOpMaJIbHOMY PeXXUMI BiakIroueHi Jinii JI4-5 JI3-8 JI6-7 JI4-11.
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J12-11

Pucynox 4.2 — Ilepuuii BapiaHT CXeMH aKTUBHO1 PO3MOIIILHOT MEPExkKi

130;10BaH01 CE
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JlaH1 JiHIT BKJIFOYAIOTHCS JIMIIE y pa3l BUXOAY 3 JIaJly SKOTOCH 13 €JIEMEHTIB
PO3MOAUIFYOT EIEKTPUIHOI MEPEXi, TOOTO. TaK camo SIK 1 B TIOTEPEIHIX BUTAIKAX
JI03BOJISIIOTH MEPEKOH(DIrypyBaT PO3IIIIHYTY MEPEKY TaKUM YUHOM, 100 MyHKTH
BiI0OPY MOTYKHOCTI (MMiICTaHIIIT), [0 3aTUIIMIINCS, 3JIUIIAINCS B POOOTI.

Bapianm 4 (puc. 4.5) B manoMmy BapiaHTi peKOHCTPYHOBAaHOI PO3IOIIIBHOT
Mepexi y HopMmaidbHOMYy ctaHi JiHil JI3-4, JI9-10, JI6-7 3HaxonmdTthcs Yy
BIJIKJIFOUEHOMY CTaHl. Y I[il cxeMi € J0JaTKOBa JIiHisA, II0 3B'SI3y€ MK COOOI0
nigcranmii 110 ta 111, a Tako)X HU3KY I1HIIMX 3MIH TMOPIBHSHO 3 IOIEPETHIMH
cxemamu. [[iIKIF0YeHHS JIIHIM, I10 3HAXOASITHCS B HOPMAJIbHO BIIKJIFOYEHOMY CTaHi,
Bi/IOYBAa€ThCS TaKOX Yy pa3l BUXOAY 3 Jiaay OyIb-SIKOTO €JIEMEHTa CXEMH,
PO3TAIIOBAHOTO B O/IHIN 3 ONEpalliiHUX 30H PO3NOAUIBYOI EIEKTPUUHOI MEPEXI.

Bukopuctanas po3poOJIeHMX METOMIB J103BOJISIE€ 3a0€3MEUUTH IT1IBUILIECHHS
e(eKTUBHOCT1 POOOTH 130JIbOBAHUX CUCTEM Ta JIa€ MOXIIUBICTh peajizailii IpUHIUITY

aKTUBHOCTI PO3MOAUIBHOI Mepexi 13051b0BaHoi CE.
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BUCHOBKHA

Y MarictepcbKiii poboTi po3po0IeHO METOI0JIOT1H0 OOTPYHTYBAHHS PO3BUTKY
aKTUBHUX 130JIbOBAHMX CHCTEM EJICKTPOIIOCTAaYaHHS Ha OCHOBI 1€papXidHOTO
IiAX0ay, L0 JO03BOJISiE OOTPYHTOBYBAaTH CTBOPEHHS HOBHX Ta PEKOHCTPYKILIO
ICHYIOUMX CHCTEM. Y TIOCKOHAJIEHO MO/JIEJI1 pO3B'sI3aHHS 337a4 PO3BUTKY 13071bOBAaHUX
CHCTEM EJICKTPOMOCTaYaHHS.

Po3pobneno MeroauuHi 3acaayd BUPIMICHHS 3aBAaHb PO3BUTKY aKTHBHHX
130JJbOBAHUX CHUCTEM EJEKTPOINOCTAYaHHSA 3 YpaxyBaHHSIM BHMOI HAIIMHOCTI
CJIEKTPOTIOCTAYaHHs, SKOCTI €NEKTPOeHEeprii Ta BHUKOPUCTAHHS KepyBaHHSA
€JIEKTPOCTIOKUBAHHSM.

Po3po0OneHo MeToauuHi 3acajid BHU3HAYEHHS ONTHMAJbHUX IapaMeTpiB
HAKOIMWYYyBaviB eJNeKTpuyHOi eHeprii B 13oip0BaHuX CE 13 BHCOKOIO YaCTKOIO
redepaiiii Ha 0a3i BIJIHOBIIOBaHUX JDKEpEN €Heprii 3 BUKOPUCTAHHAM METOMIY
uinecnpsiMoBanoi  imitamii. Ile 1o3Boisie BHOpaTH ONTUMAalbHI MapaMeTpH
HAKOIMYyBa4iB HA OCHOBI TEXHIYHUX Ta EKOHOMIYHUX KPUTEPIiB.

[Toka3aHo HEOOXITHICTh BUKOPUCTAHHS MPUHIMIY AKTHUBHOCTI 130JIbOBAHOI
PO3MOIILYOI SJICKTPUYHOI MEPEX1 Ta MOXIUBICTH Horo peanizaiii. Po3po6ieHo
MeTon  3abe3neueHHs HAJIHHOCTI AKTUBHUX 130JIbOBAaHUX CUCTEM
€JIEKTPOIIOCTAYaHHsl Y BUIIISIAL peKOHPIrypalii po3noaiiIb40i eIeKTPUIHOI MEPExi.

Jlist 3a0e3nedeHHst He0OX1THOT IKOCT1 €JeKTPUYHOI eHeprii B 1301b0BaHnX CE
PO3pO0IECHO METOAMKY PO3MOIIIICHOT0 MOHITOPUHTY Ta YIIPABIIHHS TAaPMOHIMHUMU
KOJIMBAaHHSIMH CTPYMY Ta Hampyru. MeToauka J03BOJISIE BU3HAYATH JDKEPETIO
TapMOHIMHUX KOJMBaHb Ta 3HU3UTU PIBEHb FAPMOHIK y MEPEXKi 3 BUKOPUCTAHHSIM

HOBUX TEXHIYHUX PILIIEHb.
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Honmatox A

CHAPTER 1 GENERAL INFORMATION ABOUT THE OBJECT OF
MODERNIZATION

1.1Purpose of the primary oil preparation installation

Installations of primary oil preparation (UPPN) are formed in accordance with
the field development project , which is developed by a specialized design
organization (design institute). They ensure the process of transportation of oil,
water and gas through pipelines from the wells to the central collection point (CCP).

Extracted oil from formations is transported under the influence of pressure at
the wellhead, or is pumped by pumps. In some deposits, with a hilly terrain, the
difference in geodetic marks of the entry and exit points of the pipeline is used to
transport the extracted oil. When collecting oil, it is necessary to measure the amount
of extracted products for each well to obtain information necessary for the design of
well operation, control and regulation of field development.

The technology of obtaining commercial products consists of technological
processes of separation, stabilization, dehydration (deemulsification) and
desalination of oil, purification of waste water from particles of emulsified oil and
mechanical impurities, as well as drying (from water vapor) and purification (from
hydrogen sulfide and carbon dioxide) of petroleum gas .

The primary preparation of oil produced in the fields is due to the need to
reduce transport costs, prevent the formation of stable oil emulsions, hydrate
formation in gas pipelines, and maintain acceptability water injection wells,
reduction of corrosive destruction of internal industrial and factory equipment and
pipelines during the transportation of oil, gas and water.

Oil gathering and preparation is a single system of technological processes
where gathering is combined with oil preparation. The modern system of collecting
oil and associated gas and their preparation is a complex technological complex of

pipelines and block automated equipment.


https://uk.wikipedia.org/wiki/%D0%97%D0%B1%D0%B8%D1%80%D0%B0%D0%BD%D0%BD%D1%8F_%D1%96_%D0%BF%D1%96%D0%B4%D0%B3%D0%BE%D1%82%D0%BE%D0%B2%D0%BA%D0%B0_%D0%BD%D0%B0%D1%84%D1%82%D0%B8
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Pipeline systems for collecting and preparing oil (oil, water, gas, and product
pipelines) constitute the main part of the costs for arranging oil fields. Their length
Is hundreds of kilometers in small deposits, and for large deposits it reaches many
tens of thousands of kilometers. Practically all pipelines in industrial collection
systems (discharge lines, collective and commodity collectors) are underground
pressure systems with an operating pressure of 1 — 3 MPa. The purpose of industrial

oil preparation is its degassing, dehydration, desalination and stabilization.

1.2Equipment for extraction of oil-gas-water mixture

The rocking machine (Fig. 1.1) is a unit for activating the submersible pump

during the mechanized operation of oil wells . The reciprocating movement of the

submersible pump plunger is transmitted through rods and a rod. The rocking

machine is installed on the foundation above the mouth of the well.

A gearbox and an electric motor are installed on the platform. Sometimes the
electric motor is located under the platform. The last option has an increased risk, so
itis used rarely _ The electric motor is connected to the reduction gear through a V-
belt transmission. The reducer, in turn, is connected to the balancer through a crank
-connecting mechanism. This mechanism converts the rotary motion of the gearbox
shaft into the reciprocating motion of the balancer. The control station is a cabinet
in which electrical equipment is located. Near the control station (or right on it) the
manual brake of the rocking machine is placed. At the control station itself there is
a key (for closing the power grid) and an ammeter. The latter is a very important
element, especially in the work of an oil and gas production operator. The zero mark
of the ammeter is placed in the middle of the scale, and the pointer moves from
negative to positive region. It is by the left-right deviation that the operator
determines the load on the machine - the deviations in both directions should be
approximately equal. If the condition of equality is not fulfilled, then the machine is
idle.


https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D0%B8%D0%B1%D0%B8%D0%BD%D0%BD%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D0%B8%D0%B1%D0%B8%D0%BD%D0%BD%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%BA%D1%81%D0%BF%D0%BB%D1%83%D0%B0%D1%82%D0%B0%D1%86%D1%96%D1%8F_%D0%BD%D0%B0%D1%84%D1%82%D0%BE%D0%B2%D0%B8%D1%85_%D1%81%D0%B2%D0%B5%D1%80%D0%B4%D0%BB%D0%BE%D0%B2%D0%B8%D0%BD&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%97%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D0%BE-%D0%BF%D0%BE%D1%81%D1%82%D1%83%D0%BF%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%80%D1%83%D1%85&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%B4%D0%B0%D0%BC%D0%B5%D0%BD%D1%82
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Figure 1.1 - Machine - rocker

An induction motor (Fig. 1.2) is a three-phase alternating current machine
used to convert electrical energy into mechanical energy. Its main difference from
other types of motors is that the speed of rotation of the rotor lags behind the speed
of the magnetic field. The power range of such motors is very wide: from several
hundred watts to several thousand kilowatts. At the same time, the general device
and principle of operation of an asynchronous motor is the same for all dimensions

and modifications of these machines.
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Figure 1.2 - Asynchronous motor

Mode of action: an alternating voltage is applied to the stator winding, under
the influence of which a three-phase system of currents flows in the windings. Since
the windings of an asynchronous machine are spatially shifted relative to each other
by 120 degrees, that is, in a symmetrical system, the currents in these windings have
a phase shift of 120 degrees, a rotating magnetic field is created in such windings.
The rotating magnetic field, crossing the conductors of the rotor winding, induces
an electromotive force in them, under the influence of which a current flows in the
rotor winding, which distorts the magnetic field of the stator, increasing its energy,
which leads to the emergence of an electromagnetic force, under the influence of
which the rotor begins to rotate (for a simpler explanation, you can refer to Ampere's
force acting on the conductors of the rotor winding, which are in the magnetic field
of the stator). In order for an EMF to occur in the rotor winding, the speed of rotation
of the rotor must be different from the speed of rotation of the stator field, that is,
the rotating field of the stator eventually pulls the rotor into an endless chase, as if it
IS trying to catch up with the magnetic field, but never succeeds.

Magnetic starter PML3220 O*2B (Fig. 1.3) — electromechanical switching
device , designed to control the power supply of electric motors : their start-up,


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%80%D1%83%D1%88%D1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%90%D0%BC%D0%BF%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%90%D0%BC%D0%BF%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
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acceleration, ensuring uninterrupted operation, power cut-off and protection of

electric motors from overloads.

Figure 1.3 — Magnetic starter PML3220 O*2B

Structurally, the starter is a combination of all the switching means required
to start and stop an electric motor, combined with adequate overload protection. The
starter basically contains a contactor , which is equipped with additional devices: a

thermal relay , fuses , control buttons and an additional contact group or an automatic

machine for starting the electric motor.
Starters for starting powerful (from 1 kW and more) engines are equipped with

devices for extinguishing the electric arc ( arc extinguishing chamber ), which occurs

during switching between the power contacts of the starter due to the inductive
nature of the load. The thermal relay, which is part of the starter, protects the motor
winding, and therefore the power supply network, from overloads, but does not
protect networks from short circuits. In addition, the starter does not necessarily have
a disconnection function. The so-called protected and combined starters, in addition
to protecting networks from short circuits, also provide the function of
disconnection.

A circuit breaker (Fig. 1.4) is a contact switching device capable of turning
on, conducting and turning off the load current when the electrical circuit is in
working condition, as well as turning on, conducting and turning off the emergency

current in the electrical circuit for a certain set time .


https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D0%B5
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D0%B1%D1%96%D0%B6%D0%BD%D0%B8%D0%BA_(%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%94%D1%83%D0%B3%D0%BE%D0%B3%D0%B0%D1%81%D0%BD%D0%B0_%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D1%83%D0%B3%D0%BE%D0%B3%D0%B0%D1%81%D0%BD%D0%B0_%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82_(%D0%B4%D0%B5%D1%82%D0%B0%D0%BB%D1%8C)
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B5_%D0%BA%D0%BE%D0%BB%D0%BE
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Figure 1.4 - Automatic switch

The circuit breaker is designed for infrequent on / off (although the circuit
breakers of leading companies can have a switching endurance of up to 20,000 on
/off cycles, and modular load switches - up to 100,000 cycles and operate at
temperatures from -30 to +60 °C and humidity of 95% ), as well as to protect cables
and end users from overload and short circuit. Circuit breakers may have additional
current-independent loads, releases with auxiliary alarm contacts, and/or motor
drives for remote control of the circuit breaker. The release mechanism is actuated
by one of two releases : thermal or magnetic:

The thermal disconnector is a bimetallic plate that is heated by the current
flowing through it. During the flow of current, higher than the permissible value, the
bimetallic plate bends and activates the decoupling mechanism. The tripping time
depends on the amount of current that flows through the circuit breaker and can vary

from a few seconds to an hour. The minimum current at which the thermal


https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BA%D0%B0%D0%B1%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BA%D0%B0%D0%B1%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D0%B0
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disconnector must operate for no more than 1 hour (at In <63 A) or 2 hours (at In >
63 A) is (according to DSTU EN 60898-1:2014) 1.45 of the nominal fuse current .
Setting the tripping current is performed during the manufacture of the device at the
factory with an adjusting screw. Unlike a fuse, a circuit breaker is ready for the next
use after the bimetallic plate has cooled. Automatic switches designed for use in
direct current circuits do not have a thermal disconnector, only an electromagnetic
solenoid , but most automatic switches of well-known brands (for example,
Schneider Electric ) designed for use in alternating current networks , can also be
used to protect direct current circuits, with mandatory adjustment of the rated current
according to the tables provided by the manufacturer.

The magnetic (momentary) disconnector is a solenoid, the moving core of
which can also actuate the decoupling mechanism. The current passing through the
fuse flows through the coil of the solenoid and causes the core to retract if a set
threshold is exceeded. An instantaneous disconnector, in contrast to a thermal
disconnector, operates very quickly (fractions of a second), but with a much higher
overcurrent: 2-14 times the nominal (automatic circuit breakers are divided into
types A, B, C and D, depending on the sensitivity of the instantaneous uncoupling ).
Automatic switches with a tripping curve D (multiplicity of tripping 10-14 from the
nominal), are used in electric circuits with large starting currents, for example, for
starting asynchronous electric motors or turning on power transformers . Switches
with curve B are designed to protect lighting networks and extended electrical lines
. Automata with a tripping curve C are the most widespread in consumer electrical

networks.


https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%27%D1%94%D0%B4%D0%BD%D1%83%D0%B2%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%94%D0%A1%D0%A2%D0%A3
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D0%B1%D1%96%D0%B6%D0%BD%D0%B8%D0%BA_(%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B5%D0%BD%D0%BE%D1%97%D0%B4
https://uk.wikipedia.org/wiki/Schneider_Electric
https://uk.wikipedia.org/wiki/Schneider_Electric
https://uk.wikipedia.org/wiki/Schneider_Electric
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%9E%D1%81%D0%B5%D1%80%D0%B4%D1%8F
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D0%B2%D0%B8%D1%82%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
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Figure 1.5 - Overhead power lines

power lines (Fig. 1.5) - a line for the transmission of electrical energy through

wires suspended in the air to supports with the help of insulators and special fittings.

It is one of the main links of the energy system, which is designed for the
transmission and distribution of electric energy with a voltage of up to and over 1
kV without changing its parameters.

Overhead power lines also transmit information with the help of high-
frequency signals or VOLP . They are used for dispatch control, transmission of

telemetry data, relay protection signals and emergency automation. The supports of

overhead power lines are wooden, reinforced concrete, metal or composite. Supports

can be installed directly in the soil or on foundations.
Overhead lines consist of the following main structural elements:
2 Wires of various constructions and cross-sections that transmit electric
current.
3 Lightning protective cables that protect lines from lightning discharges.
4 Support of various types — for hanging wires and lightning protection
cables.
5 Insulators or garlands of insulators to isolate the wires from the

grounded parts of the support.


https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%BD%D1%96%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D0%BB%D1%8F%D1%82%D0%BE%D1%80_(%D0%B2%D0%B8%D1%80%D1%96%D0%B1)
https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D0%BE%D0%BA%D0%BE%D0%BD%D0%BD%D0%BE-%D0%BE%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BB%D1%96%D0%BD%D1%96%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D1%96
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%BE%D0%B7%D0%BE%D0%B7%D0%B0%D1%85%D0%B8%D1%81%D0%BD%D0%B8%D0%B9_%D1%82%D1%80%D0%BE%D1%81
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_%D0%BF%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F%D0%BD%D0%BE%D1%97_%D0%BB%D1%96%D0%BD%D1%96%D1%97_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%86%D0%B7%D0%BE%D0%BB%D1%8F%D1%82%D0%BE%D1%80_(%D0%B2%D0%B8%D1%80%D1%96%D0%B1)
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6 Linear armature, which is used to fasten wires and cables to insulators
and supports, as well as to connect wires and cables.
7 Grounding devices and arresters , which ensure the discharge of
lightning currents into the ground.
Uninsulated or polymer-insulated multi-core aluminum or steel-aluminum
wires with or without anti-corrosion filling are used for the overhead power line,

rarely single or multi-core steel wires.
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Figure 1.6 — Complete transformer substation


https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D1%80%D1%8F%D0%B4%D0%BD%D0%B8%D0%BA
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The complete transformer substation (KTP) (Fig. 1.6) is designed for

reception, transformation and distribution of electrical energy of three-phase
alternating current with a frequency of 50Hz in systems with a deaf-grounded neutral

of the transformer on the lower voltage side in rural electrical networks.

Complete transformer substations of the PCTP type are manufactured in
general industrial design and equipped with oil or dry power transformers with a
capacity of 25, 40, 63, 100, 160, 250, 400, 630 kVA at a voltage of 10 (6)/0.4 kV

three-phase alternating current with a frequency of 50 Hz and there are mobile

single-transformer substations of external installation, kiosk, dead-end type with
cable or air input. PCTPs are produced both with a solidly grounded neutral and with
an isolated neutral.

The transformer substation has the following components:

— the compartment of the distribution device on the side of the higher voltage
of the PVN;

— power transformer compartment;

— compartment of the distribution device on the lower voltage side of the
substation.

The PVN compartment includes:

— disconnector or load switch;

— high-voltage fuses PKT-6(10) kV;

— high-voltage arresters RVO-6(10) kV.

The power transformer compartment includes:

— a power transformer (with a nominal power of 100 ... 630 kVA ), according
to the Customer's application.

The RPNN section includes:

— input circuit breaker up to 630 (1000) A,

— outgoing lines of consumers in the amount of up to 6 pcs. with automatic
switches;

— leakage current monitoring relay RU-380 (UAKI);

— block of general electricity accounting (at the request of the Customer);


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%83%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
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— automatic switching on of feeder lines (using starters).

The substation provides:

— protection of the integrity of the grounding circuit of outgoing lines;

— connection of external lighting with protection against short circuit (at the
request of the Customer);

— control of the insulation resistance both under the voltage of the outgoing
connections and in the disconnected state.

In terms of safety requirements, PCTPs comply with DSTU 22789-94, as well
as "PUE", "Rules for technical operation of consumer electrical installations", *
SNiP ", DSTU 3335-96 and fire safety requirements.

PCTP meet the requirements of TU U 31.1-35036863-004:2009.

1.3. The task of comprehensive substantiation of the development of active

isolated power supply systems

Taking into account the scale of isolated power supply systems (EPS), the
entire set of requirements for their development and operation to ensure economy,
reliability of power supply and power quality, and, as a result, the high complexity
of modeling the entire complex, necessary for detailed accounting of factors and
conditions, it is advisable to consider a hierarchical approach to solving
justification problems. development of these systems, using methodical advice [3-
4]. Based on the generalization of the existing experience in the design of power
supply systems, taking into account the ideology of the hierarchical approach, the
general problem of justifying the development of such systems is presented in the
form of three consecutive stages [5]:

4. Justification of the optimal change of SE, which is determined by the mutual
arrangement and interconnection of elements in the system.
5. Comprehensive optimization of the structure and parameters of the power

supply system, taking into account requirements for its activity, reliability of
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power supply, quality of electric energy and economic efficiency of the
decisions made.

6. Study of the conditions of operation of the future power supply system based on
a detailed analysis of its normal, emergency, post-accident and other modes of
operation. A necessary condition is the fulfillment of increased requirements for
mode parameters, reliability of power supply to consumers and quality of
electricity, taking into account specific means and measures to ensure the
activity of the power supply system.

Foreign developments in this direction are analyzed in the review [6]. The
issue of distance planning and network structure for both normal and emergency
modes of operation is considered. Mathematical models and methods of complex
optimization of the structure and parameters of power supply systems, including
taking into account distributed generation, are considered in [6-9].
Methodologically and practically, the set of tasks of researching the conditions of
operation of future active SEs is undeveloped. Let's consider the specifics of this
direction on the examples of a number of tasks.

From the point of view of the analyzed problem, it is interesting that with
the help of active means and measures, it is possible to achieve the fulfillment of
increased requirements regarding the reliability of electricity supply to consumers
and the quality of electric energy, taking into account the economic efficiency of
the operation of the CE.

The reliability of electricity supply to consumers is determined on the basis
of calculations of the reliability of the distribution electricity network by
identifying its weak points, in relation to which it is advisable to recommend
measures to increase the reliability of the electricity network and, ultimately, the
reliability of electricity supply to specific consumers. In work [5], for this purpose,
the task of calculating the mode reliability of the distribution electric network is
considered. The property of the activity of power supply systems in this case is
achieved with the help of coordinated actions of remotely controlled switching

devices with the sole purpose of reconfiguring the electrical network in post-
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emergency states of the system, and even control systems of distributed generation
installations. With regard to the problem of the development of the power supply
system, it is necessary to solve the problem of optimal placement of such devices
[6-7], taking into account the uncertainty of the information on the future and the
multiplicity of external conditions of the development of SE.

The quality of electricity for power supply systems operating in parallel with
the high-voltage power system is determined by the voltage levels in the nodes of
the circuit, the presence of harmonics voltages and currents, different in size
(asymmetrical) load on the phases of a three-phase system. For isolated CEs,
requirements for voltage and frequency levels are added to this list.

The main design tasks of this component of the problem are related to the
optimization of the composition, parameters and placement of the specified devices
of continuous and discrete control to provide the property of the activity of the
distribution electric network.

One of the most common tasks of ensuring the economic efficiency of the
operation of passive (not containing sources) power supply systems is the
minimization of active power losses in the distribution electric network. In the case
of sources of distributed generation, fuel consumption by these units can be
additionally minimized. These tasks are largely operational in nature, but they are
also important in terms of placing distributed generation installations and switching
devices for opening the ring structure of the electrical network, which is a
development task. Taking into account the activity of consumers, the tasks of
interaction between the CE and consumers should be solved jointly. As for the
electrical distribution network, one of the main means of management is the
reconfiguration of the network with the help of remotely controlled switching
devices [7].

An independent criterion is used when optimizing daily energy consumption
load schedules, in particular with the participation of active consumers [8]. Thus,
the general task coordinating the interaction of the electricity supply system and

consumers is multi-criteria.
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Taking into account the above, the problem of researching the conditions of
functioning of the future active power supply system must be considered as part of
two interrelated groups of tasks:

- assessment of the fulfillment of the increased requirements for mode
parameters under the conditions of reliability of electricity supply to
consumers and the quality of electric energy by means of calculations of the
corresponding modes taking into account their economic efficiency under
the specified calculation conditions in accordance with current
methodological documents (state and industry standards, methodological
recommendations, etc.), as well as growth consumer requirements;

- in case of non-fulfillment of the specified increased requirements for mode
parameters, justification of the necessary means and measures to introduce
the mode parameters into permissible limits by reconfiguring the power
supply system scheme and managing its parameters in the aspects discussed
above; at the same time, the tasks of choosing the composition, parameters,
and locations of means of reconfiguration and control of circuit parameters
(switching devices that compensate for devices of various purposes, etc.)
are solved.

It should be emphasized the need to coordinate various tasks of
substantiating means of reconfiguration of SE, their composition, parameters and
placement, taking into account the real multi-purpose use of these funds. At the
same time, the criterion can be the minimum expenditure on the specified funds for
the many possibilities of their use. At the moment, various approaches to the
formalization of individual tasks of the analyzed group have been studied [3, 6, 8],

the coordination task remains practically unexplored so far.
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1.4. Methodical approaches to solving problems of optimizing the structure

and parameters of active isolated power supply systems

The most important point when planning the development of isolated
systems is the optimization of the composition of generating sources. The type and
power of each of the system components affects the continuity and quality of the
power supply. It is obvious that the choice of generation composition is
significantly influenced by the requirements of electricity consumers.

There are various methods of optimizing generating capacities . The
following criteria are mainly used for these methods:

4.Reliable.
5.Economical.
6.Ecological.

Reliability of power supply and cost of power generation are the two main
criteria used for the system description of an isolated system. The cost of
production includes capital costs, operating costs and environmental costs. In part,
the ecological criterion can be taken into account in the economic costs in the form
of payment for the negative impact on the environment. In the presence of several
criteria, which can be used to optimize the generation structure of isolated systems,
this task must be solved as a multi-criteria one.

Currently, there are quite a few methods for solving multi-criteria problems
[8-9 ]. In connection with the liberalization of the electric power industry, the
emergence of modern isolated systems, development and research in this direction
have gained significant development.

In [9], an approach to a multi-criteria study of the development of electric
power systems is considered. This approach, based on the fundamental provisions
of the utility theory, allows combining different methods of criteria analysis in the

process of justifying decisions under the conditions of various advantages.
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It is possible to use the method based on the definition of the Pareto set [10].

It is applied to multi-criteria problems that contain a finite set of possible solutions

and have a set of several criteria on this set to be minimized or maximized.

A multi-criteria task is often reduced to a single-criteria task . This approach

involves the use of a supercriterion as a scalar function of a vector argument [15]:
qo(xX)=q0q1(x),q2(x),...,qp(x), (1.1)

where g 1(x), g 2(x),..., g p ( x) are criteria, x is an alternative from

the set X..

View of the function g , depends on the contribution of each individual
criterion to the general supercriterion . As a rule, in this case, additive and

multiplicative functions of the form are used:

p

qO:ZaiQi , (1.2)

i=1
p

1-g0=| [a- B, (1.3)

i=1
where a ;and S ;- weighting factors.

The main difficulty of this method is the determination of the weighting
factors a ;or ;. There are publications [8-9] that describe the use of a criterion
with an additive function when calculating the specified costs. When calculating
these costs, capital investments, current costs and losses from power supply
interruptions were included.

The method of successive concessions can be used [9-10]. This method is
based on the postulate that, as a rule, private criteria are unequal and can be ranked
in terms of importance. First, the most important criterion is selected, and the
remaining criteria are set as constraints. And under such conditions, the
optimization task is solved for the selected criterion. Then a concession is made on
the found optimum of the first criterion and the second criterion is optimized. And
so on, iteratively it is possible to obtain a solution to a multi-criteria problem.

But to solve the task of complex development of active isolated power

supply systems when using the optimization methods listed above, there is no
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effective coordination. In this regard, the problem of multi-criteria optimization of
the structure and parameters of such systems is an urgent task that requires new
approaches to its solution.

Due to the integration of generation and other factors, the planning of an
active power supply system is significantly different from the traditional one [10-
14]. An important difference is the possibility of automatic reconfiguration of the
electrical network.

Reconfiguration is an important function that allows you to change the flow
of power in distribution networks by changing the state of switching devices, while
not violating operational limitations. Reconfiguration is expediently used to reduce
losses, balance and load, and restore the system in case of emergency situations
[15-17].

For such purposes, it is advisable to use automatic switching devices with
remote control [17]. Determining the optimal number of such devices and their
optimal location is an important task when planning the development of an active
distribution network.

There is a fairly large number of works devoted to planning the optimal
placement of switching devices for the possibilities of reconfiguration of the
distribution network. In particular, the heuristic combinatorial search algorithm
[18] is used for such purposes, which is used to determine the optimal level of
network automation.

The method of analyzing hierarchies [19, 20] is also used to determine the
installation locations of remote-controlled switches in electrical distribution
networks. The work [20] also shows the influence of different rules for placing
switching devices in distribution networks on various reliability indicators.

In [21], an automatic calculation procedure based on the Bellman optimality
principle is proposed for determining the optimal number and position of automatic
switching sectional devices for radial electrical networks.

To determine the locations of remotely controlled switching devices and

distributed generation installations in distribution networks in order to increase
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reliability, the authors of the work [24] use the ant algorithm. In [25], an approach
based on the division of the electric distribution network into several zones is
proposed.

The work [20] considered a probabilistic approach to an active distribution
network taking into account demand management for a conventional non-isolated
system. Uncertainties related to solar radiation, load and future load growth are
modeled by probability density functions. According to the author of this paper,
this method simultaneously minimizes the total operating costs and total losses in
the lines. Active control schemes are proposed, including coherent voltage level
control and adaptive power factor control. The Monte Carlo simulation method is
used to generate probability density functions, and the method of weighting
coefficients is used to solve the multi-criteria optimization problem. The proposed
method is used to evaluate the impact of the introduction of generation based on
solar power plants on the distribution network from the point of view of the impact
of technical and economic aspects. In addition, the proposed method makes it
possible to assess the technical and economic consequences during the
reconfiguration of distribution networks.

In [22], a multi-stage planning model of an active distribution network,
which includes energy storage, is considered. In the proposed model, both capital
investments and operational costs are considered. The improvement of the
reliability of electricity supply with the use of storage devices is also analyzed. At
each stage of planning, operating conditions are divided into several typical daily
scenarios and an extreme scenario (peak load case) based on forecast data. In the
proposed model, long-term decisions regarding the planning of the system are
optimized, including due to the addition of elements and reconfiguration of
schemes, the introduction of electric energy storage.

Also, work [25] proved that the use of a system of energy storage is an
effective way to increase the productivity of generators, and methods of
optimization of such active distribution networks are given. A two-stage method is

proposed for planning the optimal composition of distributed generation
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installations taking into account electric energy storage. At the first stage, the
installation locations and initial power of distributed generation installations are
determined, and at the second stage, the optimal possibilities of installing such
generators are determined to maximize investment benefits, system voltage
stability and minimize line losses. At the second stage, Pareto-optimal solutions
are determined using the ant algorithm. Then the locations and parameters of the
electric energy storage devices are determined.

The proposed approaches fully satisfy the requirements for planning the
development of isolated systems, especially taking into account the Russian
specifics. In particular, this applies to some isolated areas with extreme climate and
specific geographical conditions, where there are increased risks and requirements
for CE, including from the point of view of the reliability of electricity supply to
consumers, are significantly higher. Therefore, it is necessary to take into account
the characteristic features and practical needs of isolated areas during the SE
planning processes. In this regard, a comprehensive approach is needed, which will
allow developing the activity of the electric network, including through
reconfiguration , as well as power consumption management. Also an important
point is the use of electrical energy storage for active isolated power supply
systems. Therefore, it is necessary to develop detailed models that are more
applicable to such isolated systems.

The main types of electric energy storage are [26-29]:

- batteries, where electrochemical energy is used as a storage technology;

- super flywheels, which use the energy of an electromechanical system;

- superconducting magnetic coils (SPIN) - energy storage in the form of a

magnetic field;

- electric capacitors, in particular supercapacitors ;

- hydraulic storage stations;

- accumulators based on compressed air.

The technology using different types of batteries is the most common due to

good technical characteristics and the ability to store large amounts of energy [4,
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6, 7, 13]. Energy is stored in the form of electrochemical energy in a set of several

cells connected in series, or in parallel, or in a mixed scheme, to achieve the
required voltage level and required power. They can provide a large amount of
power to the system for a short time or output a small amount of energy for a longer
interval. High capacity can be achieved by connecting more modules.

A flywheel is an electromechanical system that stores energy in the form of
kinetic energy. This technology makes it possible to accumulate and supply energy
to the network faster than the technology using batteries [13]. The main advantages
of this technology are:

- high reliability;

- long service life (15-20 years);

- high efficiency (90-95%);

- alarge number of “charge-discharge” cycles (from 10,000 to 100,000);
- relatively low cost;

- fast charge and discharge.

1.5. Models and methods of assessing and ensuring the reliability of power

supply systems

To assess the reliability of electricity supply to consumers of isolated CEs,
it is necessary to first of all consider the reliability indicators, which can be divided
into three main groups [12, 14]:

- the possibility of an event, in particular, the possibility of failure of a system
element;

- the intensity of events, in particular the number of element failures per unit of
time;

- the average duration of the event (mathematical expectation), in particular, the
average duration of time between failures of system elements, the average
duration of recovery after a failure.
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The following main approaches that are used to analyze the reliability of
power supply systems should be highlighted:

- application of analytical methods;

- simulation modeling.

Analytical methods make it possible to provide a shorter calculation time
than during simulation modeling. Both of these approaches give almost the same
results, but in simulation modeling of the power system, it is possible to model with
great detail. In any case, the general procedure used in both approaches is
approximately the same [14].

The change in the state of the system occurs either discretely or continuously
In time and space, and it is possible to describe it analytically [15, 16]. With the
use of this technique, it is assumed that the system has no memory, that is, the
transition from one state to another will not depend on the state the system was in
before the transition.

In fact, it is possible to use the method taking into account the Poisson
process. In this case, it is assumed that the flow of events occurring in time has
certain properties. These properties are [17]:

- the probability of a certain number of events is proportional to the length of
the time interval;

- the probability of two or more events per time interval tends to zero if the
duration of the given time interval tends to zero;

- events occurring at any intersecting time intervals are mutually independent.

The work [18] presents an effective method that uses the topology of the
electrical network, which is based on the application of three types of data: about
the network structure, information about elements, information about protection.

There are analytical and modeling methods for analyzing the states of
operation of system elements. When using the analytical method, you only need to
calculate the state of the element once. The use of modeling methods allows you to

calculate several states [15].



96

The task of ensuring the reliability of the CE should include a set of
technical, economic and organizational measures, which should be aimed at
reducing losses from a violation of the normal regime of the power system. In
particular, it is necessary to apply the following measures [14-15]:

- choose reliability criteria and their quantitative characteristics;

- conduct tests on the reliability of current equipment, make predictive
assessments;

- to choose the optimal structure of the CE according to the criterion of
reliability of both designed and reconstructed ones;

- ensure the necessary technical and operational characteristics of the
equipment;

- optimize the operation programs of the power supply system from the point
of view of ensuring reliability (substantiation of scheduled and preventive
repairs, norms of spare parts and methods of equipment repair).

A feature of isolated systems is less inertia, that is, any external action is
more quickly reflected in the work of the isolated system.

The main problem of isolated power supply systems is that in the event of a
power shortage or an accident, there is no way to get the necessary power from the
outside. For the same reason, a stricter approach to the organization of planned and
preventive repairs is needed.

Thus, there is an urgent need to take into account reliability requirements in
the model of complex optimization of the structure and parameters of an active
isolated CE.

1.6 Reasons for the modernization of Zachepylivsk UPPN

Power supply of Zachepylivska UKPG and UPPN is carried out from
complete transformer substations KTP-150 and KTP-151, located on 3achepylivska
UKPG and UPPN. KTP-150 contains transformer TM-100/10/0.4-63kVA,
authorized power 54 kW, KTP-151 transformer TM-100/10/0.4-100kVA,
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authorized power 85 kW. KTP-150 and KTP-151 are powered by substation PS-
110/35/10 "Novi Sanzhary" of the Novosanzhary branch of OJSC
"Poltavaoblenergo™ along the PL-10 kV line, feeder F-16 "Maly Kobelyachok ".
There is no backup power. An alternative to this is a diesel power plant with
automatic reserve input.

Diesel power plant (Fig. 1.7 a, 1.7 b) (diesel generator set, diesel generator) is

a stationary or mobile power plant equipped with one or several electric generators

driven by a diesel internal combustion engine .

It should be noted that the terms diesel power plant, diesel electric unit and
diesel generator are not synonymous:

— diesel generator — an installation consisting of a constructively combined
diesel engine and generator.

— diesel-electric unit, on the other hand, has a diesel-generator, as well as
auxiliary components: a frame, control devices , a fuel tank.

— a diesel power plant is a stationary or mobile installation based on a diesel-
electric unit, which additionally has: devices for power distribution,
automation devices , and a control panel.

Typically, such power plants combine an alternating current generator and an
internal combustion engine (ICE) mounted on a steel frame, as well as a control and
management system for the installation. The internal combustion engine drives a
synchronous or asynchronous electric generator . The engine and electric generator
are connected either directly with a flange or through a damping coupling . In the
first case, a two-support generator is used, that is, a generator that has two support

bearings , and in the second - with one support bearing (single-support).


https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D1%96%D1%88%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%BD%D1%8F
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https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A4%D0%BB%D0%B0%D0%BD%D0%B5%D1%86%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D1%83%D1%84%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D1%88%D0%B8%D0%BF%D0%BD%D0%B8%D0%BA
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Figure 1.7 — Diesel power plant

Such installations are distinguished by: output power ; type of current (
alternating 3-phase , single-phase, constant ); output voltage and current frequency
(for example, 50, 60, 400 Hz ). Also, diesel power plants are divided by the type of


https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D1%83%D0%B6%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D1%84%D0%B0%D0%B7%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%BD%D0%B0%D0%BF%D1%80%D1%83%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D1%86
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cooling: air or liquid. Air-type power plants can work continuously for no more than
10 hours, after which they need to cool down for 1-2 hours. Usually, these are small
power plants of low power, they are also called portable. Power plants of the liquid
cooling method can work non-stop around the clock, and compared to portable units,

such units have larger sizes and, accordingly, greater power .

The diesel power plant consists of:

— Engine . An engine is a source of mechanical energy to start a generator and

produce electricity. Mostly, diesel engines are the most used because of their

mechanical , environmental and economic benefits.

— Engine control unit . The engine controller is a mechanical device ( centrifugal
regulator ) designed to maintain a constant engine speed for load
requirements. The speed of the engine is directly related to the output
frequency of the alternator, so any change in its rotation speed affects the
output frequency.

— Electrical system . Own electrical system of the engine, has 12 V or 24 V,
constant voltage (minus on the ground). The system includes: an electric

starter , rechargeable batteries and transmitters of working and emergency

signals . Preferably, the engine has a sensor for oil pressure, temperature and
electrical load on the generator. In low-power mobile power plants ,

permanent (most often neodymium) magnets are used to excite the

electromotive force in the stationary stator windings , and in high-power

generators, the so-called direct excitation from storage batteries is used to
power the excitation winding on the rotor (electromagnets) . and after
reaching the nominal revolutions, the generator switches to self-excitation

through semiconductors rectifiers .

— Cooling system . Engine cooling can be done with water, oil or air . The air
cooling system consists of a powerful cold air fan that passes along the engine
systems. The water/oil cooling system includes a radiator with a built-in fan

to cool the diesel engine components.


https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%B8%D0%BD%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%B8%D0%BD%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D1%83%D0%B6%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D1%96_%D0%BA%D0%BE%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D1%96_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B8
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D1%96%D1%87%D0%BD%D1%96_%D1%96%D0%BD%D1%82%D0%B5%D1%80%D0%B5%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D1%82%D0%B5%D1%80_(%D0%B0%D0%B2%D1%82%D0%BE)
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BA%D1%83%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://uk.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D0%B0%D0%BD%D1%82%D0%B0%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D1%96%D1%82
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%80%D1%83%D1%88%D1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%80%D1%83%D1%88%D1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%BE%D1%80_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%BE%D1%80_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%96%D0%B2%D0%BF%D1%80%D0%BE%D0%B2%D1%96%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%96_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4%D0%B8
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D1%80%D1%8F%D0%BC%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B2%D0%B8%D0%B3%D1%83%D0%BD%D0%B0_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D1%96%D1%88%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B3%D0%BE%D1%80%D1%8F%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%82%D0%B8%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F

100

— Alternating current generator . The output electrical energy is produced using

an electric machine generator with self-excitation and self-regulation of the
current, therefore, of the excitation magnetic field.

— Fuel tank . The diesel generator has a fuel tank with a capacity, usually, for at
least 8 hours of operation at full load.

— Vibration isolation . The generator, for the most part, is equipped with anti-
vibration devices, which are designed to reduce vibration from the generator

engine. These shock absorbers are usually located between the base engine,

alternator, dash and frame.

— Muffler and exhaust system . The engine is equipped with a muffler and an
exhaust pipe to reduce the noise level and remove combustion products.

— Management system . May provide for manual or automatic control of the
diesel power plant. A manual control system usually includes control switches
to pre-build oil pressure and engage the starter and has instruments that
provide detailed information about the system installed on the generator. The

automatic control system can maintain the diesel generator in working

condition and ensure its automatic start and stop in case of emergency events
(power loss).

— Output automatic switch . An automatic switch is mainly used to protect the

generator.
Such power plants and installations are used as main, reserve or emergency

sources of electricity for consumers of single- or three-phase alternating current , for

power supply of shift villages, production, communication facilities , field airfields

and airports , field hospitals, country houses, for power supply of diesel locomotives

, sSubmarines and other equipment, as well as the power plant of quarry dump trucks,

army vehicles, cars with hybrid diesel-electric engines, etc.

Automatic input of reserve, automatic switch-on of reserve, AVR (Fig. 1.8) is
a device designed for automatic switching of the consumer to the reserve source of

power supply in case of disconnection of the main one.


https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%B7%D0%BC%D1%96%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D1%80%D1%83%D0%BC%D1%83
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B8%D0%B2%D0%BD%D0%B8%D0%B9_%D0%B1%D0%B0%D0%BA
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B1%D1%80%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D0%BE%D1%80%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%93%D0%BB%D1%83%D1%88%D0%BD%D0%B8%D0%BA_(%D0%B0%D0%BA%D1%83%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D1%84%D1%96%D0%BB%D1%8C%D1%82%D1%80)
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D1%82%D0%B5%D1%80_(%D0%B0%D0%B2%D1%82%D0%BE)
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%B5%D1%80%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%B5%D1%80%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%BC%D1%96%D0%BD%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%B5%D0%BA%D0%BE%D0%BC%D1%83%D0%BD%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%97
https://uk.wikipedia.org/wiki/%D0%90%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B7
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B7
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D1%87%D0%BE%D0%B2%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%B0_%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B1%D1%80%D0%B8%D0%B4%D0%BD%D0%B5_%D0%B0%D0%B2%D1%82%D0%BE
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Figure 1.8 — Automatic reserve input, automatic reserve activation

The process of automatic activation of the reserve is called "AVR operation”.

According to the Rules for the arrangement of electrical installations , AVR devices

must be provided to restore power to consumers by automatically connecting a
backup power source when the working power source is turned off, which leads to
de-energization of the consumer's electrical installations.

It has at least two power inputs: one main (from which the load is constantly
running) and one or more backups. AVR is aimed at improving the reliability of the

power supply system .

The AVR must switch to the backup input in the shortest possible time after
disconnecting the working energy source.

The AVR device must provide the possibility of its operation in the event of a
voltage loss on the buses of the powered element caused by any reason, including a
short circuit on these buses.

Depending on the manufacturer, it is possible to implement different arc
protection schemes of AVR to reduce damage from short circuits. It is possible to

implement the AVR switching delay function and the function of setting thresholds


https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0_%D1%83%D0%BB%D0%B0%D1%88%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
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for switching to reserve. For example, when starting powerful motors on the
consumer side, the AVR circuit must ignore voltage sag.

AVR schemes are implemented on a different component basis, in particular,

the following AVR designs are widespread: on contactors , on circuit breakers with

a motor drive, on automatic switches , on automatic switches of the toggle type with

a solenoid drive, which include a mechanical switching part, a microprocessor
control unit, as well as the display and control panel.
Characteristics of AVR. According to DSTU IEC 60947-6-1: 2007 [3] , the

main characteristics of AVR/PKO are

— Class and method of control of switching equipment;

— Number of poles;

— Type of current;

— Work sequence;

— Nominal and limit values of operating voltage / current / frequency;

— Nominal switching and switching capabilities;

— Short circuit characteristics (short circuit);

— Nominal short-circuit switching capacity ( Ilcm);

— Nominal short-circuit breaking capacity ( Icn) ;

— Nominal strength of the conditional short-circuit current;

— Nominal strength of short-term withstand current;

AVR/APKO devices are divided into three classes RS, SV, SS depending on

the ability to withstand a short circuit . The design of the AVR must provide for a
blocking mechanism to prevent the possibility of simultaneous connection to normal
and alternative power sources under all conditions. AVRs must pass the tests defined
by the standard , be certified and have the appropriate marking of the manufacturer
applied to the device, which includes the name or trademark of the manufacturer,
the designation or serial number of the equipment, the class of the equipment, the
number of the standard to which the equipment corresponds, the nominal operating
voltage and frequency, the value operating current at rated voltage and frequency,

application category.


https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B0%D0%BA%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B8%D0%BC%D0%B8%D0%BA%D0%B0%D1%87
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B2%D0%B2%D1%96%D0%B4_%D1%80%D0%B5%D0%B7%D0%B5%D1%80%D0%B2%D1%83#cite_note-:1-3
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D1%82%D0%BA%D0%B5_%D0%B7%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D1%82%D0%BA%D0%B5_%D0%B7%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D1%80%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D1%80%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_(%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%BA%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
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So why install a diesel power plant with an automatic switch on reserve:

— AVR for the generator ensures continuous operation of the electrical
equipment of Zachepylivska UKPG and UPPN. Yes, manual start-up also has
its place, but automation makes it much easier to control starts and stops. The
unit of automatic input of the reserve excludes the participation of a person in
starting the reserve power. It is more convenient, faster and safer. It provides
selectivity of the circuit with low power consumption, since it is needed only
at the moment of switching from the main power to the backup.

— Automatic platooning of the power reserve is indispensable in case of an
unstable network or in its absence. At the same time, the connection occurs
instantly or with a minimal time delay. Auto-start of gasoline and diesel

generators prevents operation of controlled systems in emergency mode.
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