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3anpononosano mamemamuuny Mooenb NOKA3HUKA AKOCMI YHKYIOHYBANHSA TOKANLHOL eNeKmPUdHOi cucmemu, aKa
8paxogye banancogy HaoditiHicms ma AKicmy Hanpyeu. 3a 3anponoHOGAHUM NOKAZHUKOM GUKOHAHO OYIHIOBAHHS GNIUGY
BIOHOBIIOBAHUX OdCepell eleKMPUdHOL eHepeii Ha QYHKYIOHATbHY 20MOBHICIb PO3NOOINbHOI eNeKmPUdHOi Mepedxci 3a-

bezneuumu HaodllHe i AKICHe eleKMpOonoCmMa4aHHsL.

IMocranoBka npodseMu. BukopucranHs BiTHOBIIIO-
BaHMX JDKEpell eHeprii Ha ChbOTOJHI € BayKJIIMBUM HaIPSM-
KOM PO3BUTKY EHEpPreTHKH YKpaiHH SIK 3 €KOHOMIYHHX,
TaK i 3 MOJITUYHUX MIpKyBaHb. 3 OJHOTO OOKY piBEHb
3a20€3Me4YeHOCT] BIACHUMH TEPBUHHUMH E€HEPrOHOCIsIMU
HE JI03BOJIIE TOBOPUTH MO EHEPTEeTHYHY HE3AICKHICTH
KpaiHd, a 3 iHmoro — YKpaiHa Ma€e BEJIHKHHA MOTEHIIAN y
ramys3i BiTHOBIIOBaHOI €HEPTeTUKH.

AHani3 octraHHiX gociaimxedHb i myOsikanmii. Ha
ChOTOJIHI HAMITHBCS 1 peali3yeTbcsi Ha MPAKTHILI MOCTY-
MOBHI TIEpEXiJ BiJ CYTO IICHTPATI30BaHOT MOJEII €JICKT-
pOIIOCTaYaHHs CIOKMBauiB, OCHOBOIO SIKOT € MOTYXHI
TEIUIOBI Ta aTOMHI SJICKTPUYHI CTaHIIii, T0 KOMOIHOBaHOI,
KOJIM YaCTHHA EJIEKTPOEHeprii BHPOOISETHCS po3ocepe-
mxeanmu pxepenamu (PJIE). Bonu nparrorots 6e3moce-
PEIHBO Y PO3MOIUTPHAX EISKTPUYHUX MEpEeKaX, pO3BaH-
TaXyIO4l THM CaMHM MaricTpaibHi Mepexi. Po3nomineHi
SIIEKTPUYHI MepeXi MPH IIbOMY Ha0YBalOTh PUCH JOKAaJb-
Hoi enextpuyaHoi cucremu (JIEC).

OCKIJBKH €NeKTPUYHI MEPEXi €HeProCUCTEM MPOEK-
TYBaJIUCS 1 CIIOPYAKYBaJHCA 32 YMOB IICHTPAJIi30BaHOTO
eJIEKTpoIocTayanHs, To po3oynoBa B Hux PJIE mopomxkye
HOBI HeXapaKkTepHi Il MHUHYJIOTO Iepiofy npobyiemu i
3aja4i. BoHM 3yMOBIIeHi, B Iepiy 4epry, HecTabiIbHICTIO
TeHEpYBaHHs BiIHOBJIIOBAaHUX JDKEpENl EJEKTPOEHEpTii
(BJE) uepe3 npupoHy 3aJIeKHICTh IX BiJ HAaBKOJIHMIIHBO-
ro cepenoBuina. ToMy BHHHKAa€ HEOOXITHICTH y OIHIO-
BaHHI BBy BJIE Ha (QyHKIiIOHAaNBHY TOTOBHICTH pO3-
MOITPHAX EJEKTPUIHUX Mepexk. OCKUTBKH PO3IOAUTHHI
enekTpuyHi Mepexi B moeananHi 3 PJ/IE BexyTs cebe sk
JIEC, To HEeoOXigHO OIIHUTH SKICTh iX (PYHKIIOHYBaHHS,
TOOTO OIIHUTH F'OTOBHICTE CUCTEMH 3a0€3IIEUNTH CIIOKH-
BaYiB HATIIHUM 1 SIKICHUM €JIEKTPOIIOCTAYaHHSIM.

Meta crarTti. MeToto craTTi € no0ynoBa MaTeMaTH-
YHOT MOJIelTi MoKa3HuKa sikocTi (pyHkiionysanus JIEC, 3a
SIKUM MOJKJIMBO BHKOHATH OLiHIOBaHHs BIuMBy BJ/IE Ha
(YHKIIOHAJIbHY TOTOBHICTH PO3IMOJUIBHUX EJIEKTPUIHUX
MEpEexX.

OcHoBHi MaTepianu nocaimxenns. OCHOBHI QyHK-
mii JIEC — 3a0e3meueHHsT HAOIMHOTO Ta SIKICHOI'O €JIEKT-
poroctadanHs. [ 3abe3nedeHHsT HAIHHOTO EIEeKTpPO-
MMOCTAa4aHHS CHCTeMa Mae 3a0e3MednTH BiAMOBIIHUH pi-
BEeHb CTPYKTYpHOI Ta (yHKIiOHaIbHOI HaxiitHOCTi [3].
B/IE BruiuBae Ha 0ajaHCOBY HaiifHICTh, CKJIAJIOBY (yH-
KUiOHAJIBbHOI HazilHicTh. Ilix 0anaHCOBON HAMIMHICTIO
PO3yMilOTh OalaHC BUPOOHHUIITBA 1 CIIOXKMUBAHHS EJIEKTPH-
4yHOI eHeprii 0e3 BpaxyBaHHS OOMeXeHb 3 1i mepemadi.

Yepes croro HecTabinbHicTs BJIE cTBOpIOE HEOMHO3HAY-
HUH BIUIMB Ha OanaHcoBy HafiiHicTh. Ha pucynky 1 mo-
KazaHo 3MiHy nobOoBoro rpadika naBantaxenHs JIEC i
nmoboBuii rpadix podotu BJIE. Anani3z noboBux rpadikis
JTO3BOJISIE TOBOPHUTH TIPO HECHIBHANAHHSI MaKCHMYyMiB
rerepamnii B/IE i HaBaHTaXeHHs, 1[0 HETaTUBHO BIUINBAE
Ha 3abes3mnedeHHs OamaHcy. HapomryBaHHA HOTYXHOCTEH
B/IE gacTKkoBO MOXKe IMTOKpamuTy OamaHCOBY HAAiHHICTB,
aje 1e MO)Ke HETaTHBHO BIUIMHYTH Ha SKICTh HANpPYTH.
Heonno3naunuii BimuB BJIE MoxHa BpaxyBaTtu B MoKas-
HHUKOBI IKOCTI (DYHKI[IOHYBaHHS IUIIXOM BBEJCHHS KO-
¢imienTta 3ade3neYeHHs 0aJaHCy 3a MOTYKHICTIO:
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Pucynok 1 — I'pagix po6oru BJE B JIEC

B 3anexHOCTI BiJi CIiBBiIHOIICHHS T€HEPOBAHOI ITO-
tyxHocti B/IE i ciokxuBaHOi mMOTYXHOCTI Ha (inepi, 10
SKOTO TIJKIIOYCHO DKEPENo, SKICTh HANPYTH MOXE 3Mi-
HIOBAaTHCh. TOMY B MTOKa3HUKOBI SKOCTI (PYHKIIIOHYBaHHS
HEOOXigHO BpaxyBaTH fAKiCTh Hampyrd. llpomoHyeTbes
BBECTH KOE(IIiEHT SKOCTI HAIIPYTH:
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Jie j— HOMEp By3la HABAHTAKCHHS, pyj;j — IMOBIp-

HICTh 3HAXO/KCHHS BiAXWIICHHS HANPYTH y BY3Ii j B

MeXaxX HOPMH MPOTSATOM J00H i .

ImoBipHICTB pUij MOJKHA BH3HAYUTH 32 (POPMYIIOIO:
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Cnoci0 BU3HAuUeHHsS 4YacOBUX NPOMDKKIB #] Ta 1)
LTIOCTPYETHCS HA PUCYHKY 2.

Pucynok 2 — I'pagik 3MiHM BiIXWIICHHS HAIIPYTH y BY3Ji
MPOTArOM J00M 1 001aCTh HOPMATUBHHUX MEX 1X 3MIHH

3 BpaxyBaHHSIM 3alpPONOHOBaHMX KOEQILi€HTIB I0-
Ka3HUK siKocTi ¢pyHkuionyBanus JIEC Oyzne matu Bua:
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Pi= 365 ).

[Mokaszuuk sikocti ¢ynkiionyBanns JIEC mnpuiimae
3Ha4YeHHs B Mexkax Bin 0 g0 1. 3 aHamizy 3MiHu Koedirie-

HTIB, SIKi BXOAATh B Kk, 3pO3yMilo, IO 4nMM OrKde

3HA4YCHHS MOKa3HWKa 110 |, TuM Oinpmna (yHKIiOHATBEHA
roroBHicTs JIEC 3a0e3medyBaT HamilHE 1 SIKiCHE €NEKT-
pOTIOCTaYaHHS CIIOKHUBAYIB.

OrintoBanns BiumBy BJIE 3a moka3HHMKOM SIKOCTI
(YHKI[IOHYBaHHSI.
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Pucynok 3 — ®@parment cxemu JIEC

BukoHaeMO OI[IHIOBaHHS MOKa3HUKA SKOCTI (YHKIIi-
OHYBaHHs JJIsi ()ParMeHTy pO3MOJUIBHOT EeNeKTPUYHOT
Mepexi 3 COHYHO0 enekrpuyHoro craHuiero (CEC) npu-
enHaHOW0 y By3i 998 ta manoro ['EC mpueanaHowo y By3-
ai 999 (muB. puc. 3), TunoBi 1000Bi rpadiky I HaBaH-
taxxeHHsi, CEC Ta 'EC nokazaHo Ha pUCyHKY 4.

CKOpHCTaBIIUCH CTATUCTUYHUMH JaHUMU 33 MUHY-
JIMH PiK IPOBEAECHO PO3PaxyHOK, PE3yIbTAaTH SKOTO TOKa-
3aHO Ha PUCYHKax 5 — 7.

P, %

1001~ =

50 ]

I .

0
1 12.5 % BT
HaBaHT AXKCH HA
— CEC
— TEC

Pucynoxk 4 — Tunosi rpagiky, siKi BAKOPUCTOBYBa-
JIMCH TMiJ] 4yac PO3paxyHKy

BimoBiiHO 70 pUCYHKA 5 MaKCUMajbHE 3HAYCHHS,
SIKe MOXE MPUAMATH MOKA3HUK SIKOCTI (PyHKIIOHYBaHHSI,
cranoBHTh 0,58. [TOSCHIOETHCS 1€ 3HAYHOIO HECTAOLIbHI-
ctio CEC. 3HmxKeHHs 3HaYEHHS MOKA3HHUKA ITICIA JOCHT-
HEHHSI TPUKPATHOT'O TIEPEBUIICHHS 3MC€HEPOBAHOI MOTYX-
HOCTI HaJ CHOXHBaHHSIM 3yMOBIICHE 3aBaHTAKECHHIM
Mepexi 1, IK HacJliZI0K, MOTIpIIEHHS IKOCT] HAIPYTH.

ks 0.6
N
0.5 // \\\
N

0.4 [

0.3

0.

01 2.25 45 6.75 9 11.25 13.5

Ecge
H

PucyHok 5 — I'padik 3MiHN TOKa3HUKA SIKOCTI (DYHKITIO-
HYBaHHS BiJl €JIEKTpUYHOI eHeprii Bupoodiienoi na CEC

Binbie 3Ha4eHHS TOKAa3HHUKA SKOCTI (PYHKIIOHYBaH-
Hi mig 4ac BukopuctaHHsa Tiuteku Manmoi T'EC (mus.
pHC. 6) 3yMOBJIECHO 3HAYHO CTAOUTBHHIIIAM PEXUMOM Te-
Heparii i TeBHHMH MOJIHMBOCTSAMHU TIEPEPO3MOALTY i
MIPOTSTOM JOOH.

Amnaniz cymicuoi pobotu CEC ta 'EC BuKOHYBaBCs
B 3ajexHocTi Bix gonboBoi ydacti [EC B reHepyBanHi



MOTY>KHOCTI (IUB. pHc. 7). PO3TIsSHYTO 9OTHPH BHUIIAIKH:
10%, 50%, 100% Tta 150% Bix HOMiIHANBHOI TeHEpamii
I'EC, mpu upomy nortyxuicts CEC Binnosigae HoMiHa-
JIBHIH.
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Pucynok 6 — I'padix 3MiHM MOKa3HUKA SKOCTI (QYHKIIIO-
HYBaHHs BiJ eneKTpuyHoi eHeprii Bupooduenoi Ha 'EC
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Pucynox 7 — I'padix 3MiHE TOKa3HHUKA SIKOCTi (DyHKITIO-
HYBaHHS BiJI €JIEKTPHUYHOI eHEepTii BUPOOICHOI CyMICHO Ha
CECrtalEC

3a pe3ynbTaTaMH MOJEIIOBAHHS MOXKHAa TOBOPUTHU
PO MOXKJIMBICTB, IiJ Yac CyMiCHOi POOOTH, peryiboBa-
Hux (I'EC) ta ymoBHo peryiboBanux (CEC) minTpumyBa-
T (yHKUioHaNBHY roToBHICTH JIEC B mEeBHHMX Mexkax.
Tak npu 10-tu% 3aBantaxxenHi 'EC Bxe crocrepiraers-
Cs TIJBHUINCHHSA TOKAa3HHWKA SKOCTI (DYHKIIOHYBaHHS i
BITHOCHO CTaOLTBHOTO WOT0 YTPUMAHHS MiJ 9ac MOJallb-
LIIOT0 3pOCTaHHS 00’€My IeHEepOBaHOI eIEKTPHUYHOI eHep-
rii CEC. 3HmKkeHHs MOKa3HUKA SKOCTi (YHKIIOHYBaHHS
Ha TPOMIXKKY 3HA4eHb apryMeHTy Bing 4 mo 6, a TMOTIM
3pocTaHHs (MIPOMDKOK Bif 6 10 12) MOSCHIOEThCS HEraTH-
BHUM BIBOM CEC 0co61mBO Ha SKiCTh HANPYTH, a I10-
Tim perymoBanbHuM edekrom I'EC B miarpumii rpadika
cnoxxuBanHs. OnHak, skmo rpadik podoru 'EC aukry-
€TbCsl TpaiKOM CIIOKMBAHHS, TO HApOIIyBaHHS MOTYX-
Hocti ['EC Mae ceHc nuiie B IEBHOMY MIPOMIXKKY, OCKiJIb-
KM 30UIBIICHHS TOTY>KHOCTI HPU3BOJHUTH JI0 3BY)KEHHS
obnacri, B skiii JIEC Moke mpairoBaTé 3 BiIIOBiTHHM
PiBHEM SIKOCTi (D)YHKI[IOHYBaHHSI.

BucHoBku
B crarTi 3ampornoHoBaHO MaTEMATHIHY MOJENH IO-

Ka3HMKA SIKOCTI (PYHKLIOHYBaHHS JOKAJIbHOI €NEeKTPUIHOT
Mepexi, SIKUI T03BOJISIE BpaXxyBaTH (PyHKIIOHANBEHY TOTO-
BHICTh JI0 3a0C3MCUCHHS HAJIMHOTO 1 SKICHOTO CJICKTPO-
nocrayanHs. [Toka3HUK /103BOJISE BHKOHYBAaTH OLIHIO-
BanHs BIuMBY BJIE Ha (yHKIIOHANBHY TOTOBHICTH PO3-
MOJUIHLHAX EICKTPUYHUX MEPEIK.

AmHani3 pe3ysbTaTiB OLIHIOBaHHS (YHKIIOHAJIBHUX
MoxJirBocTel peanbHo icHytouoi JIEC 3 CEC ta manoro
I'EC moka3aB afeKkBaTHICTh 3aIPONIOHOBAHOI MOJEMI I10-
Ka3HHKa SIKOCT1 (PYHKITIOHYBaHHS.

KpiM 1160ro Mo’kHa 3pOOHTH BUCHOBOK PO MOXKIIHU-
BICTh BUKOPWCTAHHS IAHWX AaHANI3y UL PO3B’SI3aHHA
NPOEKTHUX 3a/1a4: BU3HAYEHHS JOLIIBHUX MEX po30yno-
Bu BJ/IE Ta Bu3HaueHHs rpadikis ix cymicHOT poOOTH.
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AHHOTAIUSA

OLEHKA BJIMSIHUSA HA KAYECTBO
®YHKIMOHUPOBAHMS JIOKAJTBHOM
JEKTPUUECKOM CUCTEMBI
BO3OBHOBJIAEMBIX HICTOYHUKOB
SJEKTPUYECKOM SHEPT N

Jlexnrok I1. /1., Komap B. A., Cobuyk /1. C.

IIpeonosiceno mamemamuueckylo Mooenb noxkasame-
JIA Kauecmea YHKYUOHUPOBAHUS TOKANLHOU dNeKmpue-
CKOU cucmemul, KOMOpAs yuumvigaem OAIAHCOBYI0 HA-
OedicHoCcmb U Kavecmeo Hanpsadicenus. 1lo npeonooicen-
HOMY HOKA3AMeno BbINOIHEHO OYEeHUBAHUEe GIUAHUS G0-
300HOBIAEMbIX UCHOYHUKOG DJIEKMPUHECKOU dHepeUuUu Hd
DYHKYUOHANLHYIO — 20MOBHOCMb  PACHPEOeUMeNbHOU
9NEeKMPUYecKoll cemu obecneuums HA0eNCHOe U Kauecm-
BeHHOE DNeKMPOnRUmMAanue.

Abstract

ESTIMATION OF INFLUENCE ON FUNCTION
QUALITY OF LOCAL ELECTRICAL SYSTEM OF
RENEWABLE SOURCES OF ENERGY

P. Lezhnyuk, V. Komar, D. Sobchuk

A mathematical model of the quality index of func-
tioning local grid system that takes into account security
and quality carrying voltage is proposed at the paper.
This index performed evaluating the impact of renewable
generation on the functional readiness of distribution
mains to provide reliable and quality power supply.



