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BiHHMIBKHI HAIlIOHATTFHUM TEXHIYHUHN YHIBEPCUTET,
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TOB «lloginbchbKuii €HEPrOKOHCAITHHT

KOMIIVIEKCHE OIIHIOBAHHSA E@EKTHUBHOCTI
BCTAHOBJIEHHA JJOJATKOBUX JI)KEPEJI PEAKTUBHOI
MNOTYXHOCTI Y PO3IIOAIVIBHUX EJIEKTPUYHUX
MEPEXAX

Mema. Pospobnenns memooy KOMNIEKCHO20 OYIHIOBAHHA epeKmusHocmi 6CmaHo8ieHHs odicepei
peaxmuenoi nomyacrocmi ([{PII) 6 erexmpuunux mepesicax.

Memoouxka. Ilokasnuk eghekmusnocmi OMpUMano WIIXOM NOEOHAHHA MemoOdy OYIHIOBAHHSA AKOCHII
@DYHKYIOHYBAHHA eNleKmpomepedic Ha OCHO8I mepedic Mapkosa ma memody iHmMepaanrbHo2o anHanizy empam
elleKmpoeHepelii.

Pesynomamu. Po3pobienuti nokasHuk 00368015€ B0OCKOHAIUMU NOCMAHOBKY 3a0ayi onmumizayii

posmiwenns J{PII 6 enekmpuunux mepesxicax ma niosuyumu aKicms ii po36 's3auHs..
Haykoea mnoesusmna. 3anponoHogano memoo opmyeanHs NOKA3HUKA 2apaHMOBAHOI  epeKmusHOCmi
enposaooicernnss KPII, saxuii 3a6e3neuye ii 00HO3HAUHE KOMNAEKCHE OYIHIOBAHHS 3 YPAXYBAHHAM HAOIUHOCHI
enekmpomepedxci, AKocmi Hanpy2u y il 8y31ax, a maKoxiC MOYHOCMI GUSHAYEHHs BIONYCKY Md 6mpam
elleKmpoenepeii.

Ilpakmuuna 3navumicms. Ancopummu onmumizayii posmiwenns APII, wo nobyoosani na ocHogi
PO3pobaenoeo Memoody 0036018i0mb Oe3 GMPYUAHHL AHATIMUKA 8 OOYUCTIOBANLHULL NPOYeC GUIYHUMU 3
0bacmi NOUWLYKY ONMUMATbHUX PO36 A3Ki6 (hpasmenmu mepedic, 0isi AKUX OYIHIOBAHHS PedbHO20 eheKkmy €
VCKIAOHEHUM AO0 HEMOJICTUBUM Yepe3 4acmi 8i0MOo8U ma 8i0CYymHiCmb 3aco0ie8 MOHImopuH2y pexcumis. Lle
nioguugye 00IPYHMOBAHICMb MEXHIUHUX Pilletb.

Knrouosi cnosa: po3nolinbhi enekmpuuHni mepedci, KOMHeHCAYis peakmusHOi NOMYNCHOCHI,
OYIHI0BAHHS eheKMUBHOCI, KOMNAEKCHUL NOKAZHUK, AKICMb QYYHKYIOHYE8AHHS, IHMEPEANTbHUL AHATI3.

Beryn. Po3noaineHi enektpuani mepexi 10(6) kB ta 0.4 kB, y sSIkux 30cepeykeHO OCHOBHY
YaCTKy BTpaT €JIEKTPOCHEPTii, MalOTh HU3bKY HAMIMHICTh, XapaKTEPU3YIOThCS HEBIAMOBITHICTIO
rmapamMeTpiB OCHOBHOTO OOJIaJJHAaHHS HOBUM YMOBaM €KCIUTyaTallii, HEJIOCKOHAJICTIO CHCTEM
pENIeHHOTO 3aXMCTy Ta aBTOMATHKH, CKIAIHICTIO PE3E€pPBYBAHHS, a OTXKE MaJl0 MPHCTOCOBAHI IS
BIIPOBADKEHHSI TPYNOBOT KoMIieHcanii peakTuBHOI motyxuocti (KPIT) [1].

Po3BUTOK MicLIeBUX BiJHOBIIIOBAaHUX JDKepel, 30kpeMa ¢oroenekTpuunux cranuiii (PEC),
Jla€ TIEBHI TepeBard, HaNpHUKIa[, 3HWKEHHS EKOJIOTIYHOIO HABAHTAXKEHHS, Y4acThb AOOHEHTIB Y
BUPOOHUIITBI €Heprii, miaBUIIeHHS HamidHOCTI EM, 3HmkeHHs BTpar. OmHak 301IbIICHHS iX
KUTBKOCTI yCKIJIaIHIOE mocTaHoBKY 3aaadi KPII [2], o moB’s3aH0 3 ypaXyBaHHSIM SIKOCTI HAalpyTH B
ymoBax HeBu3HaueHocTi TeHepyBaHHs OEC. HoBi BuaM CHOXHBadiB TaKOX 3YMOBIIOIOTH
HeoOXimHIcTh 3MiH moctaHoBku 3amaui KPII. Tak, nHanpuknaa, 3a 3pocTaHHsS TOMHUTY Ha
eJeKTPOMOO1TI HEOOXiTHO BpaxOBYBAaTH 3HWXKEHHsS Hampyrn B EM mig 9ac BUKOpPUCTaHHS
IIBUJIKICHUX 3apsiIHUX CTaHiii [3].

Uepe3 HETOCKOHATICTh CHUCTEM TEXHIYHOIO Ta KOMEpIIHOTro OOJiKy eJeKTpoeHeprii B
eNIeKTpUYHUX Mepexkax 3amaui  ontumizamii KPII  po3s’s3yioTbes B yMOBax 4acTKOBOT
HeBU3HA4YeHOCTI [4].

Orxe, nmns 3abe3nedyeHHs edektuBHOI poOotu JIPII B Takux Mepexax HEOOXiTHO
BpPaxOBYBaTH BIUIUB SIKOCTI Mepek Ha (DYHKIIOHYBaHHS JDKEpEI Ie Ha CTafil mpoeKkTyBaHHS [5],

103



Mexamponni cucmemu. Enepzoeghekmuenicmos ma
pecypcosbepedicennsn

Mechatronic Systems. Energy Efficiency & Resource
Saving

ISSN 1813 - 6796
BICHUK KHYTJ Ne4 (124), 2018

HEO0OX1THO KOMIUIEKCHO OIliHIoBaTH edeKT Bia BrupoBamxkeHHs J[PII, mo moB’s3aHuii 31 3HIKEHHIM
BTpaT EJIEKTPOSHEPTii Ta MiABUINEHHSM SKOCTI HAINpPyrd, BPaXxOBYIOUHM OOMEKEHICTh BHXITHOT
iHdopmarrii Ta piBeHb HagiHOCTI EM.

IlocTranoBka 3aaaui. [lepeBakHO, ONTUMI3YIOUN PEKUMH €IEKTPOMEPEK 32 PEAKTHBHOIO
MOTYXKHICTIO OIIHIOIOTh €(eKT 3MEHIICHHS BTpAT eJIEKTPOEHeprii y HarypajibHOMYy, a0o
rpomioBoMy Bupasi [4]. B skocTi BIIIMBOBUX (PaKTOpIiB BpPaxoOBYIOTH KOH(QIrypailiro, ITacHBHI
napameTpu Ta piBHI Hampyru B EM, a Takoxk Koe]imi€eHTH TOTYXHOCTI Ta oOcCsTU
enekTpocnoxuBanHs [6, 7]. OxHak, KpiM O3HaueHHX (PaKTOpIB HEOOXINHO BpaxOBYBaTH 3MiHU
PSKUMHUX MTapaMeTpiB JDKEPEN Ta eNEKTPOMEpeX, a GOpMaIbHUIA MTOKa3HUK Ma€ OyTH MPUAaTHHUM
JUTS BAKOPUCTAHHS y ONTUMI3AI[iifHUX po3paxyHKax [8].

Jlnst  OliHIOBAaHHS CKJIAMOBOI TMOKa3HWKA edekTuBHOCTI (ynkmionyBanas JIPII, mro
MoB’s13aHa 3 HaJiiHICTIO EM 1011i71bHO BUKOPUCTOBYBATH METOJIM, TOOYI0BaH1 Ha MiJACTaBl TeOpil
MapKOBChKHX TmporeciB [9]. BoHu naroTh MOXIJIHMBICTH OTPUMATH MPUAATHI O HPAKTHYHOTO
3aCTOCYBaHHA MaTeMaTH4YHI MOjedl IMOBIpHOCTI mpare3gatHoro crany EM 3 ypaxyBaHHAM
MIPOILIECIB MOIIKOKCHHS Ta BiJHOBICHHSI.

[Ticns imenTudikanii vacTkoBo mpare3faTHuX ctaHiB EM Ta Bu3HaueHHS X WMOBIpHOCTEH
Ha MmijacTaBl cucreMu audepeHIiiinux piBHIHb Koamoroposa [9], MokHa y3araJbHEHO OIIIHUTH
e(eKTUBHICTh (DYHKITIOHYBaHHS PO3IMOIIBLHOI MEpeXi y BUTIISAI MOJEN TPOIIOBUX HAIXO/KEHb
BiJI mepenadi enekrpoeHeprii mepexxamu [10]:

=D, W -E. +[ (b, — b, )W by -AW |EL (b, b, )W, (1)

xe by, byy — BimmosinHo, Tapud Ha nepenady 1 KBT-rox enexkTpoeHeprii eleKTpUIHIMA

MepeXaMHy Ta BapTiCTh BTPAT €IEKTPOCHEPTii;

Dix, Dy — BIAMOBIHO, MUTOMA BapTICTh HEAOBIAMYIIEHOT Ta HEIKICHOT €JICKTPOCHEPTI;

W ta AW — kopucHuil BiAMycK enekTpoeHeprii crioxuBadam EM Ta po3paxyHKOBI BTpaTH
eJIEKTPOEHEprii MpOTATOM 3aJaHoro iHTepBasly d4acy 1 3a yMOBH BIJCYTHOCTI MEpepB Yy
eNIeKTPOIIOCTaYaHHS,

E., Ei — BiInoBigHO, MOKAa3HUKHU SKOCTiI (QyHKIioHyBaHHS EM y kputepianbHiii ¢opmi,

OTpHUMaHi 3 ypaxyBaHHSM Ta 0e3 BpaXyBaHHS SIKOCT1 €JIeKTPUYHOT eHeprii:

n+k n

d 1 n vy vl
el R .

n n+k
E.= Z i - Z Pi.
i=1 i=n+1
ne pi — iMoBipHicTh nepedyBanHs EM y i-my craHi;
PJ-[A] — IMOBIPHICTH TOTO, IO BIAXWJCHHS HANpyru s j-ro crany EM BimmoBimae

U,.<u

poryctumuM MexkaM (U pin <Uj 5 <Up);

vil - enementn MaTpHIll MIEPEXOIiB, 5Kl € alreOpaiyHUMHU CyMaMH IHTCHCUBHOCTEH BiJIMOB
A Ta IHTEHCUBHOCTEH BiHOBIICHHS W [9];

N, K — KiIbKicTh poOOYMX Ta HEpOOOUMX cTaHiB y rpadi craniB EM.

BukopucToByroun OMUcaHMi MiAXiJ IOI0 OIIHIOBAHHS SIKOCTI €IEKTPOMEPEX y TOETHAHHI
3 IHTEpBAJbHUM aHAJI30M BTpAT ENEKTPOCHEprii B Mepekax Oylo 3ampONOHOBAHO METOJ
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OJTHO3HAYHOT'O KOMIIJICKCHOTO OI[IHIOBAHHS TapaHTOBAaHOTO €(EKTy BiJ KOMIICHCAIll pPEaKTUBHOI
MOTY>KHOCTI.

PesyabraTn gociaimkensb. BcranosnenHs nopatkoBux JIPII mpakTHyHO HE BIUIMBa€E Ha
CTPYKTYPHY HaJiiHiCTh po3moaiapHol Mepexi ( E: =const), a Takox 00CSAT KOPUCHOTO BiIITYCKY

enekTpoeHeprii  crmokuBayam (W =const), ofHaK CyYTTE€BO BIUIMBAE HA PEKUMH ii poOOTH.
Buxonsun 3 1mporo, 3HaueHHs BTpaT enekrpoeHeprii AW Ta moka3HMK sikocTi E. Oymyts

3MIHIOBATHUCS. 3 ypaxyBaHHSM HaBeJIEHOTO e(pEeKTUBHICTh €JIeKTpoMepexk micis BctaHoBieHHs J(PIT
MO>KHA OI[IHUTH 32 BUPA3OM:

My =, W - By +[ (B, =By )W~y - AW, |EZ (b, =b,, )W, (3)
ne E,«, AW, — BIONOBiZHO, 3HaYCHHsS IOKa3HHKA SKOCTI (QyHKLIOHyBaHHA E. Ta BTpaT

enexkTpoeHeprii B Mepexi micist BcranosneHHs JIPIT wa k-iti migcraniii. BukopucroByrouu (1) ta
(3) Oynu BHOKpEMIICHI JTOJATKOBI TPOIIOBI HAIXOKEHHs 3aBIsKu BrpoBamkeHHio JIPII, ski e
OCHOBHHM JIKEPEJIOM 1X OKYITHOCTI:
Ally =TI, =TT =b,, ‘W (Ex —E. ) +byy (AW —AW, ) E. (4)
3 (4) BunHO, mo npubyTtkoBicTh KPII 3anexxuts He nuie Bijg mapaMeTpiB Ta XapaKTEPUCTHK
JDKEepENl PEaKTHBHOI TOTY)XHOCTI, aje W Big pIBHA 3HOIIEHOCTI OCHOBHOTO OOJIaJHAHHS
eJIEKTPOMEPEXKi, y sKiH Il JuKepena BOpoBakytoThesl. [loka3sHuK eeKTUBHOCTI (DYHKIIIOHYBAaHHS
JPII (4), BUSABIAETHCS YYTIMBUM SIK 1O PEXUMIB pobotu enekrpomepexi ta JPII (mepma
CKJIaJI0Ba), TaK 1 JO HaAIWHOCTI TPAHCIIOPTYBAHHS EJEKTPOCHEPrii MepekaMu (Apyra CKIIaJoBa).
Buxonsuu 3 115010, BiH MOXKe OyTH 3aCTOCOBAaHWW HE JIMIIE JJIS ONTHUMI3allii cXeM MpHUETHAHHS
JIPIT Ha eTarni TeXHIKO-€KOHOMIYHOTO OOTPYHTYBaHHS, a ¥ JIJIs1 OI[IHIOBaHHS SIKOCT1 Ta CBOE€YACHOCTI
KepYyBaJbHUX BIUIMBIB 3 ONTUMI3allli MEpeTiKaHb peakTUBHOI MOTyXHOCTI B EM, a omxke, s
ONITUMI3aIlil HalIaro/PKyBaIbHUX TapaMeTpiB JIOKAIbHUX aBTOMATH30BaHUX CHCTEM KepyBaHHS
JPII. Bukopucranas (4), sK LiTbOBOI (YHKIII Ui MPOSKTHUX Ta EKCIUTyaTalliiHUX 3a1ad
JI03BOJISIE peajli3yBaTh KOMIUIEKCHHH Miaxia 1o 3abe3nedeHHs e(eKTUBHOCTI (PYHKIIOHYBaHHS
JIPII y po3noAiibHUX Mepekax eHeprornocTayaabHUX KOMITaHiH.
Opnnak, uepe3 OOMEXeHICTh 1H(GOPMALIWHOTO 3a0€3MEeUYEeHHSI PO3MOAIBHUX MEpex
JeTepMIHOBaH1 3HAYEHHS KOPUCHOTO Biamycky W Ta BTpar enekTpoeHeprii AW, AW, Ha IpaKTHILll He

MOXYTh OyTH Bu3HaucHi [4]. BukopucroByrouM pe3ynbTaTd BUMIpPIB Ta iHGOPMAIIIO CHUCTEM
TEXHIYHOTO Ta KOMEPIIIHHOTO OOJIIKY €JIeKTPOCHEprii MOXKHA OI[IHUTH 1HTEpBaJId HEBHU3HAYEHOCTI

Wiax] T2 [AWqin; AW

BKa3aHMX IapameTpiB ( [W max ] max ]

min min ), 10 SKUX BOHH HaJle)aTh 3 TICBHOIO
IMOBIpHICTIO. J[J151 TPaKTUYHUX PO3PaxyHKIB BUSBISIETHCS JOCTAaTHBOIO 3a0€3MEeUeHHs IMOBIPHOCTI
Ha piBai 0.95 [4], moO 3yMOBIIOE WIMPHHY IHTEpBAJy HEBH3HAa4eHOCTI *208y, ae Oy -
CepeIHBOKBAAPATHYHE BIIXUICHHS BiJ] MATEMAaTUYHOTO 3HAYCHHSI.

Jlist omiHIOBaHHSI rapaHToBaHOro edekty Bif BrupoBamkeHHs JIPIT Buxomsum 3 (4) crmig
BUKOPUCTOBYBAaTH 3HAYCHHS BIJITYCKY EJIEKTPOCHEPrii Ta BTpaT, IO BiJAMOBINAIOTh HIDKHIN MEXi
iHTepBay HeBH3Ha4YeHOCTI. [IpuiiMaroun monepenHbo Po3paxoBaHi 3HAYCHHS KOPUCHOTO BIIITYCKY

W ta Brpar enexrpoeneprii AW, AW, 3a maremaruuHi CHOAIBaHHSA, HEOOX1IHI 3HAYEHHS MOXKHA

MO/IaTH y BUIJISII:
Wiin =W (1_ ZSW); AW, = AW (1_ 28,5 ); AW, min = AW, (1_ 208 5 )' (5)

105



Mexamponni cucmemu. Enepzoeghekmuenicmos ma
pecypcosbepedicennsn

Mechatronic Systems. Energy Efficiency & Resource
Saving

ISSN 1813 - 6796
BICHUK KHYTJ Ne4 (124), 2018

ne 8§, Ta §,, — BIANOBIJHO, CEPEIHbOKBAJIPATHUYHI BIAXWIEHHS KOPUCHOIO BIAMYCKY Ta
BTpAT EJIEKTPOCHEPTI], 110 MOKYTh OyTH BU3HAYCHI 32 METOJMKaMH 3 [4], mpuuomy &, <8, -

[lepenucaBmu (4) 3 ypaxyBaHHSIM HEIOCKOHAJIOCTI BUX1IHOI 1H(GOpMAIIii OTPUMAHO HUKHIO
MEXY IHTEpBaJly HEBHU3HAYEHOCTI JOJATKOBUX HAIXOMKeHb Bix BrpoBamkenHs [IPII, ska
XapakTepHu3ye rapaHToBaHui edekt 3 imoBipHicTio 0.95:

. S 8AW .
Allinin = AT (1-8p1); 8 =2 1+ év;mk ek [ (6)

sk

b
Ko :bA—WdAWk* -dE,+,

HsL

1e Or — BIANOBIAAE PO3Maxy BIIXUIECHHS BEIMYUHU All, ;

K,z — KOEQILI€HT, AKUil XapaKTepu3ye CIIBBIIHOLICHHS €(EKTy BiJ 3MEHIIEHHs BTpaT Ta

T IBUIIICHHS SIKOCTI €JIeKTpoeHeprii 3aBasiku BcraHoBineHHIO JIPII na k-Tiit migcTanii;
dAW. Tta dE« — BiZHOCHI 3MEHINEHHsA BTPAT EJIEKTPOCHEPTrii Ta MOKa3HHUKA SKOCTI

¢dbynkmionyBanHas EM, oriHeHHX 3a MaTeMaTUYHUMH CIIO[IBaHHSIMHU:
AW — AW, Eyx —E«
dAW, = ————%; dE. =———". (7)
w Ex
3a1eKHOCTI KOMIUIEKCHOTO MNOKa3HuKa epekTuBHOCTI All, ., Bil BIIIMBOBUX (PaKkTOpiB

OyJs0 MOCHIIKEHO Ha MpuKiIani po3noautbHOi Mepexi 10 kB, mo ckmamaerses 3 30 migcraHiii
10/0,4 kB (BcranoBieHa notyxHicTh 4395 kBA) Ta 59 moBiTpsHux miHIA (cymapHa MoBxkuHA 41
KM). MaremaTuyHe CIOMAIBaHHS PIYHOTO KOPHCHOTO BIAIYCKY €JEKTPOCHEpPrii CIoKMBayaM
CTaHOBHUTH 3.54 miuH. KBT*roa. Maremaruune crioziBaHHsi BTpar enektpoeneprii B miHisx 10 kB,
poO3paxoBaHe 3a METOAOM CEpelHIX HaBaHTaXeHb ckiamae (.28 muH. kBr*rog. MakcumanbHe
BIIXWJICHHS Hampyrd, 3adikcoBaHe Ha IIWHAX MiJICTaHUIA ckiagae 7%, MO0 TOBOPUTH IIPO
NOpYIIEHHS 00OMeXeHb 3a Hanpyrowo y mepexi (B« < El). OmHak 1i mopymeHHs MOXYTh OyTH

yCyHeHi 3aBIskH BcTaHoBiIeHHIO J[PII.
Ha croponi 10 kB miacranmii 10/0,4 kB 3 HaifHWk4Y0I0 Hampyrow OyJa0 iMITOBaHO
BcranoBiieHHs JIPIT 3 moryxHocTsamu Bim 50 mo 500 xBap. KoedilieHT SKOCTI eleKTpoMepexi

BapiroBaBcs y Jiama3oHi Ei 6(0.7;0.997) IIISXOM 3MiHM IHTEHCHBHOCTI BIJMOB OKpEMHX JiHIN

enexktponepenayi. CepelHbOKBaApaTUYHI BIAXUIEHHA 5, Ta J§,, 3MIHIOBAINCS B JAlala30HaX, 110
XapaKkTepHi JUIs pealbHHX eleKTpuuHux Mepex 10(6) kB: 8, €(0.02;0.15), 38,y €(0.10.4).

PesynbTaTi po3paxyHKIB MOAaHO HA PUCYHKY.

Amnaiizyroun Bupa3 (6) Ta pe3yabTaTd OOYKMCIIOBAIBHOTO CKCIIEPUMEHTY (IHB. pHUC.) OyII0
OTPUMAHO HACTYITHI BUCHOBKH IIOJI0 BIUIMBY HaaiitHOCTI EM Ta iHdopMmariiftHoro 3a0e3mneueHHs Ha
po3B’s3ku 3amadi ontuMizarlii KPII. [Ins enekTpuyHuX Mepek, siKi uepe3 3HOIIEHICTh OCHOBHOTO
oOJllaHaHHS MAalOTh HU3bKY CTPYKTYPHY HajilHICTh (pHUC., a), OYIKyBaHWUH 1, BiAIOBITHO,
rapaHTOBaHWK €(EeKT BiJ 3MEHIICHHs BTPAT Ta peryiatoBaHHS Hanpyru 3aBisku KPIT 3sHmkyeTbes
(o 30%). Tomy st fioro OIiHIOBaHHS HEOOXiTHO BIOCKOHATIIOBATH iH(OpMAaIliiiHEe 3a0€3MeUeHHS,
10 YacTO JJisl 3HOLICHUX, HEHAIMHNX MepeX BUSBISETHCS TEXHIYHO HEAOUIIPHUM. Buxomsdn 3
1poro, oOrpyHTOBaHe 3anpoBa/pkeHHs 3axodiB 3 KPII morpebye momepenHboi pPeKOHCTPYKIIiT
Mepex JJ1s 3a0e3neYeHHs] HopMaTUBHUX 3HaueHb nokasHuKiB SAIDI ta SAIFI.
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Puc. Biuins HagiiiHoCTI Mepe:x Ta TOYHOCTI iHpopmaniiiHoro 3a0e3nevyeHHs Ha eQeKTUBHICTH
KOMIIeHcallil peaKTHBHOI MOTYKHOCTI

Sxmo edexr Big BrnpoBamkeHHs J[PII 3ymoBieHuil, mepeBakHO, MiJBUIIEHHSIM SKOCTI
Hamnpyrd, TO OCOOJMBY YBary CiiJi NPUAUTITA TOYHOCTI BH3HAUEHHS KOPHCHOTO BIAIYCKY
eIeKTpoeHeprii J,, Ta po3noainty ioro mMix mifcranuisimu EM. ¥V npomy Bunaaxy npupoaso dE,.

BUSBISETHCS icTOTHO Ounmbmie 3a dAW. (puc., 0), mo 3rigHo (6), cipuuuHse 301IbIICHHS BIUTUBY
d,, Ha po3Max BIAXMWJICHHS 3HAU€Hb OLIHIOBAHOTO e(eKTy O (pUC., B) 1, IK HACIIIIOK, HA 3HAYECHHS

rapanToBaHoro edexry Bix Bcranoienns J(PII (puc., r).

Sxmo 3amaga KPII B enmekTpoMepekax TMojsrae y 3MEHIICHHI HAJIWIIKOBHX BTpaT
€JeKTPOCHEprii, TO s OIlIHIOBaHHA €(EKTy OCHOBHY YyBary CIiJl NPUIUITUTH 3MEHIIECHHIO
METOAMYHOI Ta 1H(POpMAIiitHOT MOXHUOOK iX BHU3HAYEHHS (pHUC., 1), OCKUIBKUA 3HAYHI BiIXWJICHHS
PO3PaxXyHKOBHX BTPAT MPU3BOASATH A0 BIUIMBY iX 3MIHM Ha 3HaYEHHS rapaHTOBAHOIO eeKTy (puc.,
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e). A 11e MOXKe PU3BOJUTH 0 XUOHUX PIIICHB 100 onTUMalibHOI moTykHocTi JIPII. TIpakTuka
MOKa3ye, M0 y CJICKTPUYHUX MEPEkKax, MU SIKHX BTPATH HE MOXYTh OyTH OIlIHEHI 3 HAJICKHOIO
TouHicTIO (3, >0.4), ontumansHy noryxHicts JPIT Q, ., BHU3HAYUTH HEMOXIUBO. AXKe,

3pOCTaHHs BTPAT JUIA 3HAYEHB MOTYXKHOCTI Q; > Q; .. CYNPOBOIKYETHCA 3MECHUICHHAM BiIXUJICHHSA

Oaw» @ OTKE 3pocTaHHsAM pospaxyHkoBoro egekrty Bix KPII. Takum 4YMHOM oONTHMAalbHI

notyxHocti [IPI1 BHUSBISIOTBCS 3aBUIIEHMMH, LI0 HETaTUBHO BIUIMBAa€ Ha PEHTAOENbHICTD
BCTaHOBJICHHS PUCTPOIB.

Jlnst mocmikeHHsl BIUUBY (haKTOPIB HAIIMHOCTI €IEKTPOMEPEX Ta SAKOCTI 1HPOPMAIiifHOTO
3a0e3neueHHs] Ha pe3ysbTaTH PO3B’s3aHHs 3afadi ontuMizauii po3mimenas JPIl y enekrpuunux
Mepexax Oyl0 3acTOCOBAaHO aBTOPChKUN mporpamuuii komiuiekc «BTPATH-10». 3a iioro
J0IOMOrol0 OyJ0 po3paxoBaHO BIIXWIEHHS §,, Ta J,, , 3@ METOAMKOIO, BUKIaaeHOwO B [4]. Hami

OyJi0 BU3HAUCHO Micls BCTaHOBJIEHHs Ta motyxkHocti JPIl ans ¢pparmenty enexkrpomepex 10/0,4
kB 0e3 ypaxyBaHHS HaJIIHHOCTI Ta MTOXWOOK BU3HAYCHHS €JIEKTPUYHUX MapaMeTpiB (32 OUIKYBaHUM
edheKTOM) Ta 3 ypaxyBaHHSM BKazaHuX (akTopiB (3a rapanToBaHuM edektoM) (Tadmn. 1). ms o6ox
BapiaHTIB OyJI0 pO3pax0BaHO rapaHTOBaHMI €(EKT Ta OLIHEHO HOro BiaXuiaeHHs (Tad. 2).

Tabnuys 1.
Po3mimenns JIPII B esiekTtpomepe:xax 10/0,4 kB nuist 3a0e3nedyeHH MaKCUMAJIBHOTO e()eKTy
Onrtumizartis ogikyBaHoro edekry (cxema 1) OnTtumizartis rapaHToBaHoro edekTy (cxema 2)
. . . ITincranmis Qi ours . . . IMigcrammist | Qi our
Ilincranmis ®dinep 10/0.4 KB KBap Ilincranmis ®dinep 10/0.4 KB KBap
TIT "Hosa" ®-113| TII-496 200 TIT "Hosa" ®-113 TI1-496 200
TIT "Hosa" ®-111| TII-292 70 TIT "Hosa" D-111 TI1-292 70
TIT "Hosa" ®-106( TII-297 70 TIT "TliBHiuHA" ®-204 | TII-429 70
TII "3axigna"  |[®-167| TII-260 60 TII "3axigHa" ®-167 | TII-260 60
TIT "TIpomuciosa" |D-265( TII-234 60 TII "Hosa" ®-111 TII-74 60
TIT "Hosa" ®-113| TII-205 40 TIT "3axingna" O-167 TII-369 40
TII "Hosa" ®-113| TII-587 40 TII "Hosa" ®-106 | TII-113 40
TII "Hosa" ®-106 TII-12 30 TII "3axigna" d-167 TII-630 30
TII "Hosa" ®-106| TII-225 30 TII "3axigna" ®-167 TII-650 30

Pesynbratn ananizy epexTuBHOCTI po3MmimieHHs JPII B enekTpuuHUX Mepekax MOoKa3ajH,
10 BpaxyBaHHS AKOCTi BuxinHoi iH(opmanii msa 3anaui KPIT go3somnse cyrreBo (6ina 10%, abo
500 THc. TpH/pIK) MiABUINATH TrapaHToBaHWi cdekT (tabm. 3). YV BHMaAKy, KOJIH MEpetiK
MOTEHIIMHUX MICI[b BCTAHOBJICHHS OOMEXKEHHH JIMIIE TEXHIYHUMH MOMKJIMBOCTIMH IiJCTAaHIIIMN,
KUTBKICTh JOJAaTKOBO BcTaHoBieHHX JIPII 3 BHKOpPHCTaHHSM 3alpOMOHOBAHOTO KPHUTEPIIO
ONTUMABHOCTI BUSABIISIETHCSI MEHINOIO. 3 TIepemiKy Mepex aiis BcraHoBieHHs J[PII aBromatnyno
BUKJTIOYAIOTHCS MEPEXi 3 YaCTUMH BiJMOBAaMH Ta MEpeXi 3 HHU3BKOIO SKICTIO 1H(OpMALIHHOTO
3a0e3neueHHs.
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Tabnuys 2.
OuiHoBaHHA rapanToBaHoro edgexkry a5 BapiantiB po3mimeHHs /[PII B esiekTpomepexax
Edexr Bix BupoBamkenns JIPI1 3mina
) ) Po3mimenns JIPI1 3a | Po3mimenns JPII 3a TapaHTOBaHOTO
Hasga mincranuii cxemoro 1 cxemolo 2 edpexry KPII
FISKIPONEPSE ALy, | Allgmin | A, | Allgmin | o rpu %
THC.TpH | THC.TpH | THC.TpH | THC.TpH
Bci migcTanmii 5051,5 4296,9 4983,8 4797,0 500,1 10,4
TII "3axigna" 799,5 704.,8 617,7 587,0 -117,8 -20,1
TII "TIpomucnosa" 440,2 376,8 409,5 393,1 16,4 4.2
TII "Hosa" 3459,6 2930,9 3405,7 3278,3 347,4 10,6
TII "Ienrpanbua - - 128,6 118,3 118,3 -
TII "MliBneHHa" 67,0 33,9 206,6 205,1 171,2 83,5
TII "MiBHiuHA" 285,1 250,4 2259 215,1 -35,4 -16,5
TII "TexHosoriyna" - - - - - -

Ipumimra. PosmiwjenHs 000amko8ux 0xcepeil pPeakmueHoi NOMYNICHOCMI SUKOHY8ANOCs 3d
Makcumymy ouikysanoz2o egpexmy (cxema 1) ma maxcumymy eapanmosanozo epexmy (cxema 2)

Kpumepiem

BucHOBKM. 3HayHa 3HOLICHICTb OCHOBHOTO OOJIQJHAHHS PO3MOAUIBHUX ENEeKTPUIHHUX
Mepek YKpaiHu, a TaKOXK iX HEIOCTaTHS OCHAIIEHICTh 3ac00aMM TEJICBUMIPIOBAHb Ta TEXHIYHOTO
MOHITOPHHTY 3YMOBJIIO€ HEOOXITHICTh ypaxyBaHHS O3HAuC€HUX (PAKTOpPIB MMiJ Yac TUTAHYBAaHHS
3ax0/IiB 110/I0 3MEHIICHHs BTPAT Ta IiJBUILEHHS SKOCT1 HApyrd B Mepekax. TakuM YUHOM, JUIs
noctaHoBku 3amadi omtumizamii KPII, sk QyHKIito Meru, cimig 3acTOCOBYBAaTH KOMILJIEKCHI
MMOKAa3HUKH €(PEKTUBHOCTI.

3a pe3ymbTaTaMH TEOPETUYHUX Ta MPAKTUYHUX JOCTI/DKEHb 3alpOMOHOBAHO METOJ
(bopMyBaHHSI KOMILJICKCHOTO TIOKa3HHMKa rapaHToBaHoi edexkrtuBHOCTI BripoBapkeHHss KPII, mo Ha
BIIMiHY BiJ BiTOMHUX, BPaXOBY€ HAIIMHICTh €NEKTPOMEPEIXKI, SIKICTh HANPYTu y il By3Nax, a TaKOX
TOYHICTh BH3HAYCHHS KOPUCHOTO BIAIMYCKY Ta BTpar enekTpoeHeprii. lle m1o3Bosie aBTOMaTHYHO,
0e3 3amydeHHs (axiBIiB 10 GOPMYBaHH OOUYHMCIIOBATHHOTO EKCIIEPUMEHTY, BUIYUUTH 3 TIEPEITIKY
MOTEHIIHHUX MicIb BcTaHoBieHHs [IPII dhparmeHTn Mepex 3 4aCTUMHU BiIMOBaMH Ta BiJICYTHICTIO
3ac001B MOHITOPUHTY PEKHUMiB. TakuM YHHOM MPUHMAIOTHCS OUTBIT OOTPYHTOBAHI PIlIEHHS 1010
MICIIb IPUETHAHHS Ta ONTUMANTBHUX MOTYkHOCTer JIPII.
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KOMILIEKCHE OLIIHIOBAHHSI E@EKTUBHOCTI BCTAHOBJIEHHS
TOJATKOBUX JUKEPEJ PEAKTUBHOI MMOTY>KHOCTI Y PO3NOALIBHUX
EJEKTPUUYHUX MEPEJKAX
KYJIMK B. B.", BYPUKIH O. B.", [IIPHSK B. M.~

* . -~ . “ . -~ .
Binnuyskuti nayionansHuii mexuiyHuil yHisepcumenm,
Kk . o
TOB «Ilo0inbcoKuil eHepeoKOHCAMUHE )

Iens. Paspabomxa memooa KOMIIEKCHOU OYEHKU IPPEKmusHocmu paccmanosku UCmoOYHUKO
peaxmugnou mownocmu (MPM) 6 snexmpuueckux cemsix.

Memoouka. Iloxazamenv 3¢ppexmusnocmu noayyen nymem 00veOUHEHUS Memood OYEeHKU
Kayecmsea yHKYUOHUPOBAHUSL DNeKMPUYECKUX cemell Ha ocHoge cemell Mapkosa u memooa unmepaanrbHo2o
AHAIU3a NOMeEPb INEKMPOIHEPSUL.

Pesynomamel. [lonyuennvlii nokazameib NO3B0JAemM YCOBEPUIEHCMBOBAMb NOCMAHOBKY 3a0aYU
onmumusayuu pasmewenuss UPM 6 anexmpuyeckux cemsx u nogblcums Kauecmeo ee PeueHusl.

Hayunaa mnosusna. Ilpeonoscen memoo ¢opmupoganuss nokasamens 2apaHmuposaHuol
agppexmuenocmu paccmanoexu UPM, xomopwitl obecneyusaem ee 0OHO3HAUHYIO KOMWIEKCHYIO OYEHK) C
VUEMOM HAOEHCHOCMU INEKMPULECKOU CemuU, KA4ecmed HANPSiCeHUs. 6 ee Y3laX, d MaKice MOYHOCmU
onpeodeneHusi OMNycKa u nomepb 1eKmpoIHepeUlL.

Ilpakmuueckan 3nauumocms. Aneopummvl onmumusayuu pasmewenus UPM, nocmpoennvie na
OCHOBe paspabomannHo20 Memooa no36oNsiom 0e3 eMeulamenbCmed CRneyuamucma 6 GblYUCIUMEeNbHbLI
npoyecc UCKIOYUMb U3 0OAACMU NOUCKA ONMUMANbHbIX peulenull @pazmenmosl cemu, OISl KOMOPbIX
OyeHUBaHUe PedarbH020 Ipghexma 3ampyOHEeHO UL HeBO3MOIICHO U3-3a YACMbIX OMKA306 ULU OMCYMCMEUSL
cpeodcme MOHUMOPUH2A PEHCUMOS. DMO nogbluiaem 0O0CHOBAHHOCTIb MEXHUYECKUX PEUEHUI.

Knrouesvie cnoea: pacnpedenumenvhvle 2IeKMPUYECKUe Cemu, KOMREHCAYUs pPeakmueHoll
MowHOCIU, OYeHusanue IPPEKMUGHOCMU, KOMIIEKCHBII NOKA3AmMenb, Ka4ecmeo (QYHKYUOHUPOBAHUS,
UHMEPBATLHBIL AHAU3.

COMPREHENSIVE EVALUATION OF THE EFFECTIVENESS OF INSTALLING THE
REACTIVE POWER SOURCIES IN DISTRIBUTION ELECTRIC GRIDS
KULYK V.", BURYKIN O.", PIRNYAK V.™

“Vinnytsya National Technical University,
“Podilsky Energoconsulting Ltd.

Goal. To develop a method for assessing the effectiveness of reactive power sources (RPS) in
electrical grids.

Methodology. The efficiency indicator was obtained as a result of combining the method of assessing
the quality of the functioning of electrical grids on the basis of Markov networks and the method of interval
analysis of energy losses.

Findings. The efficiency index improves the formulation of the problem of optimizing the connection
of the RPS to electrical networks. It improves the quality of this task.

Originality. A new method of forming an indicator of the guaranteed effectiveness of the installing
the RPS is obtained. It provides an unambiguous comprehensive evaluation of efficiency, takes into account
the reliability of the electrical network, the quality of the voltage in its nodes, the accuracy of calculating the
released and lost electricity.

Practical value. The method makes it possible to construct more efficient algorithms for optimizing
the connection of RPS. They allow excluding from the search area optimal solutions "indefinite” fragments
of the network without the help of an analyst. Estimation of the real effect is difficult or impossible for such
fragments due to frequent failures or lack of monitoring devices. This correction of the search area improves
the quality of the solution.

Key words: distribution electric grids, reactive power compensation, effectiveness estimation,
complex indicator, quality of functioning, interval analysis.
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