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CTPYKTYPYBAHHS BTPAT NOTYKHOCTI B EJJEKTPUYHIN MEPEXI
3 YPAXYBAHHAM B3AEMOBIUVINBY PI3HUX YNHHUKIB

Pozensanymo naseni nioxoou 0o po3paxyHxy empam ni0 uac nepeoavi Mpam3umHoi HOMYHICHOCHII,
nepesazu i HeQOAIKU IXHbO2O NPAKMUYHO20 3ACmOocy8ants. T1oKa3ano MONCIUBOCE 3ACMOCYBAHHS MEMOJY
PO3DAXYHKY MPAH3UMHUX 6MPAm, 3ACHOBAHO20 HA GUKOPUCMAHMI MAmpuyi 8y37108UX ONOpPIE Mmepexci i
HABAHMAIICEHHA Y 8Y3NAX, OIS PI3HUX NIOX00I6 00 GUSHAYEHHS MPAHZUMHUX GIMPATN.

Knwuosi cnosa: mpanzum nomysicHOCMI, MPAH3UMHI HABAHMAICYBATLHI 6MPAMU, MAMPUYT 8Y3106UX
0nopis, HeOOHOPIOHICMb MepediCi, CKIAOHUKU 6MPAam.

Beryn. HasiBHa npo6iema 10BOJIi HU3BKUX PIBHIB PEHTA0EIBHOCTI IESKUX €HEPronocTayaabHUX
komrnanii (EK) 3mymye mykatu HOBI HIIXOQM 10 peaii3allii MeXaHI3MIB BU3HAUEHHS BTpPAT
EJICKTPOCHEPrii B €NEeKTpUYHUX Mepexax. Llel mepmioueproBuil mokasHUK €KOHOMIYHOCTI TXHBOT
po6otu BimoOpaxkae epeKTUBHICTH eHepro30yToBoi misuibHOCTI EK, cBimunTh mpo mpobnemu, siki
NOTPeOYIOTh CYYaCHHUX PpO3B’SA3KIB y PO3BUTKY, PEKOHCTPYKIIi W TEXHIYHOMY IEpEeOCHAIIeHHI
CJIEKTPUYHUX MEpEeX, B YJOCKOHAJIEHHI METOJIB 1 3aco0IB iXHbOI eKCIUTyaTallii i KepyBaHHS, y
MIIBUILEHHI TOYHOCTI OOJIKY €JNeKTPOeHEeprii, €(pEeKTUBHOCTI 300py TIpOLIOBUX KOIITIB 3a
MOCTAaBJICHY CIIOKUBAYaM €JIEKTPOCHEPTIO 1 TOIIIO.

3arajgoM 3pOCTaHHS BTpAaT €HEpPrii B EJNEKTPUYHUX Mepekax BU3HAUAETHCS [I€I0 JOCUTh
00’€KTUBHUX 3aKOHOMIPHOCTEH Yy PO3BUTKY BCi€i eHepreTuku. llepexin 10 pUHKOBUX BIJHOCHH,
KOPCTKE perjlaMeHTYBaHHs ONTOBUM puHKOM enektpoeHeprii (OPE) 3aBanTa)keHHs OJIOKIB
€JIEKTPOCTAHII 3apa3 OuIbIIe TPYHTYETHCS Ha KPHUTEPILIX BapTOCTi enekrtpoeHeprii. Lle Takox
MPU3BOJUTH 10 MIJBUILEHHS HEPIBHOMIPHOCTI 3aBAHTaXXEHHS OCHOBHOI CHCTEMOYTBOPIOBAJIBHOT
MEpeki, JIeKOJIM 3YMOBIIOIOYM 30UIBIIEHHS TPAH3UTHOI NOTY)KHOCTI HaBITh B PO3MOJUIBYUX
mepeskax EK. Ha cporomni TexHonOriuHI BTpaTH B Mepexax Jeskux ykpaiHcbkux EK
MEPEBUILYIOTh AHAJIOTTYH1 MOKA3HUKY IHIIUX €BPONEHCHKUX KpAiH.

IlocTanoBka npodJemu. 3akoHoaaBua 0asa, mpuitHsaTa B Pocii [1], ABctpanii [2], cBITIUTE TIPO
HEOOXITHICTh METOJUYHO OOIPYHTOBAHOI'O PO3MOJUTY BTpaT y Mepexax MDK JileH3laTaMH SK
OJIHOTO 3 YMHHHMKIB KOHKYPEHTOCIPOMOXHOCTI €HEpProlOCTaBHUKIB 1 Jsibepanizauii pHHKY
esieKTpoeHeprii. B enekrpoeHepreTuuHiil rainy3i YKpaiHu MJIaHYIOTh YIIPOBAIKEHHS MOJEI PUHKY
JBOCTOPOHHIX JIOTOBOPIB 1 OadaHCYBaJlbHOTO PHHKY €JIEKTPOEHEPTii, M0 3HAYHO PO3IIUPIOE
MOJIMBOCTI MOCTAaYaJIbHUKIB, CIOKMBAyiB 1 BUPOOHUKIB €JIEKTpOEHEprii. 3riHO 3 MPUIHATUM Yy
xoBTHI 2013 p. BepxoBHow Panoro VYkpainu 3axony "IIpo OCHOBU (QYHKIIOHYBaHHS PUHKY
enekTpoeneprii Ykpainu" 3 2017 p. mependadeHO MOXKIUBICTH CBOOOM BHOOPY MOCTadaabHUKA
€JIEKTPOCHEPTii HUISIXOM YKJIaJlaHHS IBOCTOPOHHIX JOTOBOPIB, & TAKOX NMPUAOAHHS €JIEKTPOEHeprii
Ha CIIOTOBOMY PUHKY.

st giticHoi mibepanizaiii puHKY eJeKTpOoeHepTii W 3a0e3reueHHs OJTHAaKOBUX YMOB ISl BCIX
HOro yyacHUKIB TpeOa BpaxoBYBAaTHU CKJIAJHUK TPAH3UTHUX HABAHTaXyBaJbHUX BTpaT. PoOutH 1e
HEOOXITHO, YPaXOBYIOUH SIK 3aKOHU €JIEKTPOTEXHIKH, TaK 1 eEKOHOMIUHI YAHHUKH.

Merta crarTi — PO3MISIHYTH MOXJIMBOCTI CTPYKTYPYBaHHsI BTpaT MOTYKHOCTI BiJl TPAH3UTHUX
MIOTOKIB Ha OCHOBI METO/Y PO3PaxyHKY BTPAT 3 BUKOPUCTAHHSIM MaTpPHIIl BY3JIOBHX OIOPIB MEPEXI
I TOTY)KHOCTEH y By3J1aX, ypaXxOBYIOUM B3a€EMOBIUIMB PI3HOMAHITHUX YHHHHUKIB.

AHaniz nyOJaikamii. 3aBaaHHA JOCIHUDKEHHS W BHU3HAUEHHS SBULIA TPaH3UTHUX BTpPAT
posrignanu me B 70 — 80-x pokax MuHyi0ro croiirta. OaHak y nepioJ pyHKLUIOHYBAHHS €IMHOT
€HeprocucTeMu, Lo ImepedyBaja B JIEp)KaBHIA BIIACHOCTI, BOHO MaJl0 CyTO TEOPETUYHUH,
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€JIEKTPOTEXHIUHUI XapaKTep 1 BAKOHYBAJIOCh 13 METOIO MOUIYKY 10JIaTKOBUX MOKIMBOCTEH aHAII3y
pexuMiB  pobotu wmepexi. [o mpuknamy, "BxkaziBku..."[3] po3poOieHy BIAMOBIAHO [0
3atBepkeHoro Minenepro CCCP «KoopauHalluOHHOTO TlaHA MPOJOJDKEHHUS, JabHEUIIEro
pa3BUTHSI M BHEJPEHHUS pabOT MO CHMXKEHUIO MOTEPh YHEPIHU B AIEKTPUUYECKHUX CeTsX Ha 1976 —
1978 rr.». YV poborax [4, 5] ume nutaHHA pO3IJsAJaid TaKoX 1 B KOHTEKCTI YTOUHEHHS M
MIABUIIEHHS TPO30POCTI B3aEMOPO3PAXyHKIB MK €HEprood’eaHaHHSIMU. Buxomasuum 3 OCHOBHHX
MOJIOKEHbB, YKa3aHUX y [6, 7], CTajo MOXJIWBHM BU3HAYUTH (PaKTUUHI BUTPATH MOTYXHOCTI (200
€JIEKTPOCHEPrii SIK IHTErpaJibHOI XapaKTEpUCTUKH) Ha il mepefady J10 KOXHOTO CIIOKHBaya,
IPYHTYIOUHCh Ha €JNEeKTPOTEXHIYHMX 3aKOHaxX 1 peajibHO BioOpakarouu Mipy BUKOPHCTAHHS
eJIEKTpUYHOI Mepexi. Jlanl po3riasHeMo BIMIHHI MOJKJIMBOCTI 3aCTOCYBAaHHSI METOJY PO3PaxyHKY
BTpaT NOTY)KHOCTI BiJ] TPAH3UTHHUX ME€PETOKIB 3 BUKOPUCTAHHSIM MaTpHUIIl BY3JI0BHX OIIOPIB MEPEXI
1 MOTY>KHOCTI y By3Jax.

OcHoBHi MaTtepianu nociaigxkeHHsi. HaBeremo OCHOBHI 3aCTOCOBYBaHI Ha NMPaKTULI METOIU
pO3paxyHKy BTpaT IMOTYXHOCTI W €Heprii B MepexkaX, 3yMOBJIEHUX TPaH3UTHUMU MEPETOKAMHU
(TpaH3UTHI BTpaTH):

— OpSIMUX PO3PAaxXyHKIB E€JIEKTPUYHUX PEXKHUMIB MEpexXl TpaH3UTepa Ha KOXXKHOMY YacOBOMY
IHTEepBaJl HA OCHOB1 PO3PAaXyHKOBOI CXEMHU MEpPEXki i JaHUX MPO PEKUMHI apaMeTpH BY3JIB, SKi
OTPUMYIOTh 13 CHCTEMH TEJIEBUMIPIOBaHb, 3 BHU3HAYEHHSIM CEPEJHIX BTpaT MOTY)XHOCTI M
EJICKTPOCHEPTii 32 PO3PaXyHKOBUN TEPIOI;

— Ha OCHOBI HOPMAaTUBHOI XapaKTEpUCTUKU BTPAT MOTYKHOCTI (€HEprii) B MEpexki TpaH3UTepa,
sgKa BIIOOpa)kae 3aJeKHICTh BTpPAT MOTYKHOCTI (€HEprii) BiA MEPEeTOKIB, OTPUMAHy UUISIXOM
anpoKcUMallli pe3ylbTaTiB 3a3Jajleriylb MPOBEICHUX BaplaHTHUX PO3PAXYHKIB EIEKTPUYHUX
PEXUMIB MEpeXki TPaH3UTEPA;

— Ha OCHOBI HOpPMAaTUBIB TpPAaH3UTHUX BTPAaT MOTYKHOCTI (eHeprii), IO € YacTKaMu
(mpoueHTamMM) BiJ BIATIOBITHUX 3HaYEHb TPAH3UTHUX IEPETOKIB.

Puc. 1. Pi3Hi migxoau 10 BU3HAYEHHS TPAH3UTHUX BTpaT

I3 mux mnepepaxoBaHMX METOMIB HaWOUIbII OOIPYHTOBAHUM YBaXKalOTh NEPIIUH, TOMY
3YNUHUMOCS Ha HBOMY JETalbHImIEe. 3TIIHO 3 METOJOM MPSIMHUX PO3PaXyHKIB JUII KOXKHOTO
IHTEepBaJly Yacy BUKOHYIOTh PO3paxXyHOK HaBaHTa)XyBaJIbHHUX BTPAT y MEpekax TpaH3UTepa Yy JBOX
pexXuMax:

* aKTUYHOMY, Y SIKOMY TPaH3UTHA OTYXKHICTh BiANOBinae P,
* PO3paxyHKOBOMY, Y IKOMY TpaH3HTHA MOTYKHicTh P, =0.

Btpatu nmoTy)XHOCTI BiJ] TPaH3UTHOI'O NEPETOKY B ACSIKUHA MOMEHT 4dacy B [1] mpomoHywooTh
BH3HA4YaTH 32 POPMYIIOI0:

APmp.:AP]_APZ’ (1)

ne AP, u AP, — cyMapHI HaBaHTa)XXyBaJlbHI BTpaTH IOTYXKHOCTI B Mepexax TpaH3uTepa y
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BIANOBIIHUX peskumMax. [lig yac npoBeeHHsI PO3PaXyHKIB Y €HEPrOCUCTEMI-TPAH3UTEPL B IPYTOMY
PEeXHUMI1 MOBUHHI OyTH 30€peKeH1 3HaYCHHS:
yCIX aKTUBHHUX HOTYKHOCTEH reHepaTopis;
— HaIpyru y BCIX By3JaX, /i€ BOHA PETYII0ETHCS;

yCIX aKTUBHHX 1 pEaKTUBHUX HABAHTAXKEHb;
[0 MOKJIMBOCTI, Koe(iieHTIB TpaHchopmalii (KpiM THX, SKI 3MIHIOIOTHCS 3a YMOBamu
MIATPUMKU HAIPYT Y KOHTPOJBHUX TOYKAX).

B 000x pexnmax Mae OyTd OJMH 1 TOH ke OajaHCyBaJbHMM By30J. 3MiHY HaBaHTaXEHb Yy
MpUMMaIbHIA CUCTEM1 BUKOHYIOTh 32 PAXyHOK 3MEHIIEHHSI aKTUBHUX 1 pEAKTUBHUX MOTYXHOCTEH
HaBaHTaXyBaJbHUX BY3JIIB MPONOPLIAHO Yy BCIX By3/lax. 3MIHY HaBaHTaXXEHb BY3JIIB TIeHeparil
IIPOBOJIATH HA BCIX EJIEKTPOCTAHIIIAX, 1[0 OEPYTh Y4aCTh y PETYIIOBAHHI PEKUMIB.

YMoBa 30epexeHHs BY3JIOBHX HAIpyr y PEeryibOBaHUX BY3JIaX HE € 3aMOPYKOIO 1MEHTUYHOCTI
BY3JIOBHX HAmpyr y peuITi By3/1iB MEpeXl B HABaHTaXyBaJbHUX PEKMMax, U0 po3risiiarTh. Ta i
JI0JTAaTKOBO 3aCTOCOBAaHE 3 LI€I0 METOI pEryjioBaHHS TaK0X MPU3BOAUTH JO YacTKOBOTO
HIBEJIIOBAHHS TPHUHIIMIY HAKIaAaHHS W 3HIWKEHHsS JOCTOBIPHOCTI OTPUMYBAHUX pE3Yy/bTaTiB.
OOHyNeHHs BYy3JIIB HABaHTa)KEHHS 3yMOBJIIOE MMIJBUILEHHS PIBHS HAMpPYT 1, K HACHIIOK, 3HUKEHHS
PO3paxyHKOBOI'O 3HAUEHHSI BTPAT HOPIBHAHO 3 (PAKTUUHUM.

VY [8] po3rmsiiaroTh MiAXiA 10 PO3PaxyHKy TPAH3UTHUX BTPAT, KOJM OCTAHHI IPOINOHYIOTH
BU3HAYaTU K 3HAUYEHHS BTpaT y JIOCIIIKYBaHIM Mepexi 32 BUMKHEHUX 6/1dCHUX HABAHTaXEHb 1
re”epauii. bepyun 10 yBaru KBaJpaTH4HY 3aJI€KHICTh BTPAT, CIIOCTEPIraEMO, 110 B IbOMY BHUIIAJIKy
3HAYEHHS TPAaH3UTHUX BTPAT Oy/e CYyTTEBO MEHIIUM. 3a3HAYMMO TAKOXK, IO L€ MO’KHA BUKOHATH
0e3 pO3paxyHKOBHX YTPYAHEHb IJIsi PETriOHANBbHOI JOCHIPKYBAaHOI CHUCTEMH, SKa CKJIaJa€e B
3arajibHId PO3PAXyHKOBINA CXEMI €JIEKTPUUHOT MEPEXKi MeHusy dacTuny. st Kpanoro HaOIMKeHHS
3HAY€Hb HAINPYT B €JIEKTPUYHIA Mepexi A0 BUXIIHUX YBaKalOTh 3a MOTPIOHE BBOJIUTH B OJIUH 13
30BHIIIHIX (BIZHOCHO JOCIIKYBAHOI CHUCTEMH) BY3JIIB I'€HEpaTop, OAHAKOBUH 3a MOTYXKHICTIO
OanaHcy ii moTyKHOCTeH. 3BepTaeMo yBary Ha npoOiemy (ikcallii By3JI0BUX HAIpyr SIK HEOOXITHY
YMOBY IOCTOBIPHOCT1 PO3PaxyHKYy.

[IpoimtocTpyeMo poO3IIsTHYTI BUIIE MIIXOIM Ha MPUKIIAIl BUSHAUYCHHS TPAH3UTHUX BTPAT JEAKOT
enekrpoeHepreruuHoi cuctemu EEC2, Buxoasun 3 ymoB Haanumiky resepauii B EEC1 u gedinuty
ii B EEC3 (puc. 1):

EC2 EC2 EC2
APmp. = AR _APEcs_O, (2)

Snaep. -

e APWffz — TpaH3uTHI BTpatn eHeprocucremu EEC2, MBrT; APEEC2 — cymapHi Brpatu B EEC2,

. . . EC2
3YMOBJIEHI BJIACHUMHU HaBaHTa)XEHHSIMHU 1 TpaH3uToM y cymbkHy EEC3, MBT; APS £C3 _,~ BTpaTu

Hazp. —

eneprocucremMu EEC2 3a BifcyrHocrti Tpan3uty B cymikny EEC3, MBT; a6o

AP, = APLc; (3)

Snaep._

EC2 . . . .
ne APmp. — TpaH3uTHI BTpatu eHeprocucreMu EEC2, MBT, siki BU3Ha4alOTh 32 YMOB BIICYTHOCTI

BiacHUX HaBaHTaxkeHb EEC?2 3a HasgBHOCTI TpaH3uty B cymikHy EEC3, MBT.

HasiBHICTP LIMX JBOX MIOXOMIB 3MYILYE 3aJyMaTHCs IPO MPaBUIBHICTh PO3B’A3KY MOCTaBICHOL
3a/ayi, HE3Ba)KAalOUW Ha Te, IO 3a3BMYail NPSIMHI METOJ pO3paxyHKY BBa)KalOTh HaHOLIbII
obrpyntoBanuM. OJIHI€I0 3 BUMOT YIPOBAKYBAHOTO 3aKOHOJABCTBA, & TAKOXK OJIHUM 13 TOJIOBHUX
YUHHUKIB CIpaBeIuBOTO U npo3oporo gynkuionyBanHs OPE 3rigHo 31 ct. 14 "[lnara 3a goctyn
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1o mepex" aupektuBu Ne2009/72/€C € neouckpuminayitinuti docmyn 10 €IEKTPUIHUX MEPEXK:

«l. Ilnama, axy 3acmocogyioms onepamopu mepexici 3a 00Cmyn 00 Mmepedic, NOBUHHA Oymu
npo30poio, NOBUHHA 8PAX0BY8AMU HeODXIOHICMb Mepedicesoi be3nexu Ui 8i0oopaxcamu hakmuiHo
NOHeCeHi 3ampamu..., NOBUHHA 3ACMOCO8YBAMUCS HA HEOUCKPUMIHAYIUHIL OCHOS8I, ...NOBUHHA
BCMAHOBIIOBAMUCS O€3 YPAXYBAHHS 8i00ANEHOCMI.

2. 'V eunaoky wneobxionocmi piseHb mapuis, sAKi 3acmocosyromev O SUPOOHUKIE i/4u
CNOJICUBAYIB, NOGUHEH ... BPAXOBYBAMU GETUYUUHY BMPAN 8 MEPEICT Ul 3YMOBIEH] NePesaHMadiCeHH s,
a maxodic ineeCMuYiluni 3ampamu Ha IHOPACMPYKMyp)y ... ».

Jlnia virocTpalii IMCKpUMIHALlii, SIka BUHUKAE, PO3TISHEMO YMOBH, Ha SIKUX BUKOHYETHCS BIIITYCK
eJIeKTpoeHeprii [uist "BiacHUX'" CIHOKHMBaudiB OKPEMO B3ATOro eHeprooO’eaHanHs. He moBuHHO
ICHYBaTH MpPIOPUTETHOCTI CIIOKMBAYiB 3a MIPUHLMIIOM pPO3PaxyHKy BTpaT IMiJ 4Yac MEPEeTOKYy
MOTYKHOCTI (3 ypaxyBaHHSIM KBaJIpaTU4YHOI 3aJie)KHOCTI BTpar). Hampukian, BTpatu i JesIKOTO
cnoxkuBaya Ne 1 BHM3HA4alOTh 3a BIICYTHOCTI HAaBaHTaXEHHS B Mepexi (MIHIMalbHI), A
crokuBaya No 2 — 3a HasBHOCTI NEPETOKY 10 HaBaHTakeHHS Ne 1 (yxe 3anexarb BiJl 3HAUEHHS
OO HABAHTAXKEHHS), Js criokuBada Ne 3 — 3a HasBHOCTI HaBaHTakeHHs Ne 2 1 Ne 3 1 1. 1.
OdyeBuHO, IO TAaKWK PO3PAXyHOK Oyne HeclpaBeaIuBHM MI0A0 (DIHAHCOBOI OIUIATH 33 TEXHIYHI
BTpaTH MOTYXHOCT1 (€JIEKTpOeHeprii), skl BUHUKAIOTh M Yac il moctadyaHHsA. Ti1 ) BUCHOBKHU
MOHa 3p0oOUTH U PO3IIIAJA0UM MIIXOAM 10 BU3HAUYEHHS TPAH3UTHUX BTPAT, IPOLIIOCTPOBAHUX HA
puc. 1 3a Bupazamu (2), (3). Y pesynbrari oTpuMyeMo a00 3aBUINEHHS BEIUYMHU TPAH3UTHHUX
BTpaT Ha kopucth EEC2, abo ix 3anmxeHHs Ha kopuctb EEC3. Bunaerscs nmpaBuiibHUM Te, 1110
J0JIaTKOBE "HaKHUJaHHA" Ha BJIACHI EPETOKH TPaH3UTY NOTykHOCTI B cymikHy EEC 1 nmoB’s3aHi 3
UM JIOJJaTKOB1 BTPAaTH MOBHWHHI OyTH KOMIIEHCOBaHI. AJie BIAMOBIIHO J0 BHUIICHABEICHOT JIOTIKH,
MOPYILIEHO OCHOBHI MPUHIIUIIH JIOCTYILY /10 €JIEKTPUYHOI MEPEkK1 Ha OJJTHAKOBUX YMOBaXx.

Te, mo migBULIEHHS PIBHS CHOXKHUBAaHHS B OyIb-sKi TOULl MEpeXi 3yMOBIIOE BIIIOBIIHE
MIIBUILIEHHS BTPAT Ha MepeAaBaHHs MOTYKHOCTI J0 IHIIMX CIIOXKUBAYiB, HE MOTPeOye TOBEIACHHS.
[IponoHy0Th BUKOPUCTOBYBAaTH Takuil METOJ pPO3paxyHKy BTpaT, 3a JIOIMOMOTOIO SKOTO MOKHA
Oyio 0 3a0e3MeunuTH CIpaBeUIMBUIN 1 MPO3OPUN 1X PO3MOJLT K YISl CIIOKHUBAYIB OKPEMO B3SITOT
EEC, Tak i 3a i MexxaMu.

Metoa 3 BHKOPMCTAHHAM MAaTpPHIi BY3J0BHX ONOPiB Mepe:Ki, KpiM pO3B’A3KYy OCHOBHOI
MIOCTABJICHOI 3ajJaui, JAa€ 1ie i JA0JaTKOBY MOXJIMBICTh BHJUICHHS 13 CyMapHUX BTpaT aKTHUBHOI
MOTYKHOCTI CKJIa/IHUKa, 3yMOBJIEHOT'O HEOJHOPIIHICTIO CKJIaIHO3aMKHEHO1 €JIEKTPUYHOT MEPEXKI.

Brpatu akTUBHOI MOTYXHOCTI, 3yMOBJIEHI TPAH3UTOM HOTY)KHOCTI JI0 JESKOTO CIOXKHBaya k
€JIEKTPUYHOI Mepexi 3 n+/ By3iiB (CHOKMBAUIB) MPEJICTABIISIIOTh Y BUIJISAL CyMHU JIBOX CKJIATHHUKIB
[6, 7]:

AP(k)=AP,, (k)+5P,, (k) @)
ne AP, — MiHiMaibHe 3HA4YCHHS BTPAT aKTUBHOI MOTYxHOCTi; OFP,, — M0JaTKOBi BTpatd B

3aMKHYTIA MEpEeXi, Kl BA3HAYAI0Th 3T1IHO 3 BUpa3aMu (5) dyepes 3a7aBajibHl CTPYMH y By3Jiax:

AP(k) =T D R+ D R

(5)
5P<k>don. =Juk ZJa,-Ak,,- +J zJijk,j’

=0 =0

ne J,, J, — aKTUBHHMIi 1 PEaKTHBHUN CKJIAIHUKH CTPYMIB y By3iax, R — MarTpuis eKOHOMIYHHX

BY3JIOBHX OIOPIB Mepexi, A — MaTpullsl By3JIOBUX OMOPIB MEPEXi, K1 XapaKTepHU3yIOTh J10/1aTKOBI
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BTpaTH aKTUBHOT MMOTYXHOCTI.
3a 10CTaTHBOI JOCTOBIPHOCTI BUXIAHUX AAHUX IO HABAHTAXKEHHSX Y BY3JlaX, HABaHTaXyBaJlbH1
TPaH3UTHI BTPAaTH MO’KHA BH3HAYaTH HAaBITh 0€3 pO3paxyHKy BCTAHOBJIEHOTO PEXUMY M

BU3HAYCHHS CTPYMIB y BiTKaxX Mepexi. BuIiieHHs MiHIMaIbHO MOXKIIMBOTO CKJIaHHUKa BTpatr AP .

i 101aTKOBOTO CKiagHuKa BTpaT OF,,, , 00yMOBICHOI HEOTHOPITHICTIO MEPEXKi, 1a€ MOXKJIUBICTD

on. >
JUIs ONTHMI3alli TPAaH3UTHUX BTpPAT AaKTHUBHOI NMOTYXHOCTI BUKOPUCTOBYBATHU TUIBKH CKJIaJHHUK
OP,

oon. *

IIpuxknan po3paxyHky

Jlis gparMeHTy TpaH3UTHOI Mepexi
(puc. 2) nmpuBeneMO  PE3yJbTATH

pO3paxyHKiB  3a  3allpOMOHOBAHUM 283+ j219 COR
MeroaoM. Hexaii By3on Ne 7 cyMiKHUI 3 @
MEpEexKero, AKa XapaKTEePU3yEThCS s
HaJUIMIIIKOBOIO TEHEPAIl€l0, a BY30J] H:
No 5 cymikHUI 3 AEPITUTHOIO MEPEXKEIO. s W 7 e
HapaHTaskeHHs B IOCIIIKYBaHIll MepeKi 1 \ED
HE 3MIHIOIOTHCS, a 3HAYECHHS BIIOODPY 3 o o
HOTYXKHOCTI  Ie(pIUTHOI  MEPEKEIO - = =
OymemMo  30imbmyBaTH.  Pe3ynbratu ) & I
pPO3paxyHKiB 3Be/IeHO B Ta0m. 1. = 3 (" =

37+ j30 N e 1-I8 e

CyMapHe CIOXHMBaHHS HaBaHTAXKEHBb
JOCITIPKYBaHOT Mepexi (0e3 BpaxyBaHHS Puc. 2. ®parmenT cxemu mMepexi 220 kB
HaBaHTaXeHHs By3na Ne 5) ckimamae S=771+j408 MBA.

Tabmuns 1

PesynbTaTi po3paxyHkiB BTpaT 1Jis ¢pparMeHTa Mepeski

CyMmapHi BTpaTH B Brpam, 3YMOBJICHL HaBanrtaxeHHst Brpatu sin Brpatu, 3ymoBiieHi
. MIEPETOKOM MOTY)KHOCTI 10 BJIACHUX
Mepexi, MBT By3sa Ne5, HABAHTAKEHHIM
By3n1a Ne 5, MBT S MBA HaBaHTaXKEHb, s Ne 5. MBr
AP, min oP JIOJL. AP, min opP JOJL. ’ MBr yaa e,
2,893 0,080 0,0 0,0 0,0 2,973 0,0
3,977 0,094 0,613 0,150 33+j21 3,307 0,763
5,347 0,140 1,514 0,609 66 +j 42 3,363 2,123
8,949 0,323 4,177 0,245 132 +j 84 4,850 4,422
11,181 0,461 5,939 0,384 165 + j105 5,319 6,323
26,648 1,616 19,057 1,541 330 + j210 7,666 20,598

VY po3risiHyTOMY MpHUKIAAl BTPaTH, 3yMOBJICHI BJIACHUM HAaBaHTAXEHHSM, CIIBPO3MIpHI 3
BTpaTaMM, 3YMOBJIEHHUMH TPaH3UTOM IOTY)KHOCTI B CYMDKHY MEPEXY YK€ IIiJI Yac MEepPeTOKy

notyxkHocti  S;=132+;84 MBA, mo ckinagae 18% BrnacHoro cnoxupanHa. Llei acnekr

000B’SI3KOBO HEOOXITHO BpaxoBYBaTH M MiJ 4Yac IPOBEJIEHHS B3a€MOPO3pPaxyHKIB, 1 Ha eTari
TEXHIKO-€KOHOMIYHOTO OOIpYHTYBAaHHSI PO3BUTKY MEPEXi, a TaKOX MiJ Yac MiJKIOYEHHS HOBUX
CIOKMBauiB ab0 JpKepen eNeKTPOEHEprii, 0cOOJIMBO HETpaaulLiiiHUX 1 BiAHOBHMX. llpu npomy
MOKJIMBE 3MEHIICHHS YaCTHHH BTPAT Bil TPAH3UTY €JIEKTPOEHEPTii.

[lin yac BUKOPHUCTAHHS MpAMO20 Memody pO3pAXyHKI¢ CyMapHI BTPAaTH TPaH3UTHOI Mepexi
3JIMIIAIOTRCS Ha PiBHI 2,97 MBT (He3anexHO Bin 3HAYEHHS TpaH3HUTY). DAKTUYHO YHACITIIOK
TAaKoOro MiaX0Jy BUHHUKAE NUCKPUMIHALIA 3a MPUHIUIIOM JOCTYNY JO0 BUKOPUCTaHHS TPaH3UTHOI
Mepexl. 3acTOCOBYIOUU MemoO i3 GUKOPUCMAHHAM Mampuyb 6y3108UX ONopie mepedici i
BU3HAUEHHSA BTpaT Ha IepeAady NOTY)KHOCTI JI0 BYy3Jla CIIOXKUBAaHHSA, 6pAX08YIOMb GNIUG

HABAHMAIICEHb 6CIX 8Y3/168 MEPEIICI.
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—— 1 —cymapHi BTpartu B JiHisAX TPaH3UTHOT MEPEXKi;
----2 — BTpaTH, 3yMOBJICHI IEPETOKOM MOTY>KHOCTI 70 ,,BIIaCHUX "~ HABAHTAKEHD;
- 3 — BTpaTH, 3yMOBJIEHI TPAaH3UTOM MOTYKHOCTI B CYMDKHY AePiLIUTHY MEPEKY;

----- 4 — BTpaTH, 3yMOBJICHI IIEPETOKOM IIOTY>KHOCTI JI0 ,,BlIaCHUX”~ HaBaHTaXeHb 03

ypaxyBaHHS HEJIHIMHOI 3aJIeKHOCTI BiJl TPAH3UTY B CyMIKHY Ae(ilUTHY

MEpEKY.

Puc.3. 3anexHicTh BTpaT Bl 00CATIB TPAaH3UTHOTO HABAHTAKEHHS

Ha puc. 3 npuBeneHo 3ajieXHOCTI BTpaT B TPaH3UTHIM Mepeki, 3yMOBJIEHHMX BJIACHUMU 1
TPaH3UTHUMHU TNE€peTOKaMU.  Pe3ynpTaTH po3paxyHKIB IOKa3ylOTh, IO BTpPaTH, 3yMOBIIEHI
MIEPETOKOM MOTYKHOCT1 /10 BJIACHUX HaBaHTAXKE€Hb Mepeki (KpuBa 2), HENIHIAHO 3aleXHI BiA
o0csriB Tpan3uty. HeniHiliHO 30UIbIIYIOTHCS 1 BTPATU B MEPEXI Bil TPAH3UTHOTO MEPETOKY (KpUBa
3). Lli BTpatu BUALIEHO 13 CyMapHUX BTpaT, BIIOME iXHE TOYHE 3HA4eHHS. ToOTO, 3aJIeKHO Bif
Y3rOo/DKEHUX MDK TTOCTaBHHKOM 1 CIOKMBayeM JIOMOBIICHOCTEH, € MOMJIHMBICTH OOIPYHTOBAHO
BIJTHOCUTH KOMIICHCAII0 TPAaH3UTHUX BTPAT Ha CYMDKHY Je(DIIUTHY Mepexy abo Mepexy 3
HaJTHIIIKOBOIO TEHEPAITIE0 UM PO3TOAUIATH iX BIIMOBIIHO 10 MIpH B3aEMOBIUIMBY 1O BUpa3ax (5).

BucnoBkn. Metoj po3paxyHKy BTpaT MOTYXHOCTI B €JIEKTPUYHIA Mepekl Bif TPaH3UTHUX
MIEPETOKIB 3 BUKOPUCTAHHSM MATPHIIl BY3JI0BUX ONOPIB MEPEXi W MOTYKHOCTI Y By3JlaX J0O3BOJISIE
BU3HAYATU TPAH3UTHI BTPATU MOTY)KHOCTI, BUAUISIOUM X 13 CyMapHUX BTpPAaT, 1 BCTAHOBJIIOBATH iX
3aJeXKHICTh Bl HaBaHTaXeHb (TeHepauii) y By3nax. lle mae MOXIMBICTH, y CBOIO uepry,
BCTAHOBUTH aJIPECHICTH 1 3HaYEHHsI TPAH3UTHUX BTPAT Y MEPEXk1 Bil KOHKPETHUX criokuBayiB. [Tpu
1[bOMY 3allPOTIOHOBAHMM METOJ J03BOJISIE BpaxyBaTH BIUIMB TPAH3UTHHUX IMEPETOKIB HA BTpaTH
MOTYKHOCTI BIJI BJIACHUX HAaBAHTAXEHb Y MEPEXi, a TaKOX B3a€MOBILIUB — BIUIUB Ha 3HAUYEHHS
TPaH3UTHUX BTPAT BIACHUX HABAHTAKE€Hb MEPEK1 TPaH3UTEPA.

3anponoHOBaHUN METOJ /J03BOJIE€ CTPYKTYPYBAaTH BTPATH MOTYXKHOCTI B €JIEKTPUYHINA Mepexi
3a CKJIQJHUKAMHM 3 YpaxyBaHHSM B3a€MOBIUIMBY PI3HUX YMHHHUKIB. 3’SBIISE€THCS MOXIJIMBICTD
CTBOPEHHSI aBTOMAaTUYHOI CHUCTEMHU BU3HAUEHHS BTpAaT €JEKTPOCHEPTrii Ha 3a/JlaHOMy HPOMDKKY
yacy, sika JJO3BOJISIE BPaXOBYBATH HEJIHIMHY 3aJIEKHICTh YCIX CKJIQJHUKIB Bl MEPETOKIB, a TaAKOX
BIUIUB HAa HUX 3MIHHUX rpaQikiB HaBaHTa)KEHb MEPEXK1 1 TPAH3UTHUX MEPETOKIB. Y SIKOCT1 BUXITHUX
JAHUX BHUKOPUCTOBYIOTH IapaMeTpH Mepexi W mapamerpu pexumy, siki popmyrorscs OIK, mo
3a0e3neyye BUZHAYCHHS BTPAT, y TOMY YKCJI1 Bl TPAH3UTHUX MEPETOKIB y TEMII1 IIPOIIECY.
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JlaHi mpo 3HAYEHHS OKPEMHUX CKJIQJHUKIB BTPaT MOTY)KHOCTI ¥ €JNeKTPOEHEeprii B Mepexi
JI03BOJIAIOTh YYaCHUKAM €HEPTrOPUHKY OUTBII TOYHO W 00’€KTUBHO BH3HAYATHCS 3 MOXJIUBUMH
BapiaHTaMU €JIEKTPOIIOCTauyaHHs W BUOMpATU 3 HUX ONTUMaidbHUM. [HQOpMamis Npo CKIaJIHUKU
BTpaT B EJEKTPUYHUX MeEpekax 1 3aJeKHOCTI iX Bl YMHHUKIB YIUIMBY JO3BOJISIIOTH OLIBII
00’€KTUBHO BHUPINIYBAaTH 3a/ady MpO iX KOMIEHcAIll0 BciMa ydacHukamu. lle crpusie peamizarii
MOYKJIMBOCTI BUKOHAHHS YMOBHU HEJIUCKPUMIHALIHHOTO JOCTYITY 10 MEPEXK.

SIK MU BIEBHUJIUCBH, ICHYE JIEKUIbKA LUISIXIB 3aCTOCYBAaHHS LIOIO METOAY, 1 OaJlaHC TPAH3UTHUX
BTpaT MOXHa OyJe CKJIaJaTd 3aJeKHO Bl JOMOBIJIEHOCTEH JABOCTOPOHHIX JOrOBOPIB, a TaKOX
OPUMHATTS B MalOyTHPOMY OCHOBOIIOJIOKHUX  pIIEHh IO  3aKOHOJaBYid 06a3li B
eNeKTpPOCHEepreTUdHI chepl. MOXKIMBOCTI MPAKTUYHOTO 3aCTOCYBAaHHS METO/Y, HaBEIEHI B I
CTaTTi, € CYTO TEXHIYHUM 3ac000M pO3paxyHKy, IHUTaHHA K (PIHAHCOBO-EKOHOMIYHOL
B3a€EMOKOMIICHCALlIT IOKU 3aJIUIIAI0THCS BIIKPUTUMHU.
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ENERGETICS AND ELECTRICAL ENGINEERING

N. V. Semeniuk

STRUCTURING OF POWER LOSSES IN ELECTRIC ENERGY GRID,
TAKING INTO ACCOUNT THE INTERACTION OF DIFFFERENT
FACTORS

The paper considers the existing approaches to calculation of losses emerging while power transmission,
the pros and cons of their practical application. The possibilities of application of the method of transit
losses calculation, using the matrices of node resistances of electric grid and nodes power for various
approaches to determination of transit losses are shown.

Key words: power transit, transit power load losses, matrices of node resistances, network
inhomogeneity, losses components.

Introduction. The existing problem of rather low profitability of some energy-supplying
companies (ESC) urges to look for the new approaches of power loss calculation in electric energy
grids . This primary index of their economical functioning indicates both the efficiency of ESC
energy distribution, and reveals the problems appealing to up-to-date solutions of development,
reconstruction and technical re-equipment of electricity grids; improvement of methods and means of
their operation and control; enhancement of energy metering accuracy, effectiveness of collection
policy for already consumed electricity etc.

On the whole, the increase of power losses in electric energy grids is specified by a number of
rather objective laws of energy sector development. Transition to the market relations stipulates for
tough policy of the wholesale market of electric energy (WME) concerning the load mode of
generating assets which nowadays is more dependent on electric energy cost price criteria. This also
results in more irregular load of the backbone network, sometimes causing overlap of transit power
fluxes even in distribution networks of ESC. At present, power load losses in the networks of some
Ukrainian ESC exceed the similar indexes of other European countries.

Problem statement. Official laws in Russia [1], Australia [2] indicate the necessity of
methodically reasonable sharing of grid losses among all the market players, as a factor of
competitiveness of energy-supplying companies and energy market liberalization. It is planned to
change over the energy market model to the system of bilateral contracts and balancing market in
Ukrainian electric power industry. That will really give much more possibilities to suppliers,
consumers, and producers of electric energy. According to the law passed in October, 2013 by
Supreme Rada of Ukraine, "About the fundamentals of electric energy market operation in Ukraine",
as from the year 2017 it will be possible to choose independently the electric energy supplier by
contracting the bilateral agreements, and also by purchasing the electric energy at spot energy
market.

Obviously it is required to take into account the component of transit load losses in order to
provide the real liberalization of WME and equal conditions for each market player. And the problem
solution is to be based both on the theory of electric technology and economic factors.

The aim of the article is to consider the possibilities of structuring the network power losses
caused by transit fluxes using the method of losses calculation, applying the matrix of node
resistances of electric grid and node loads, taking into account the interaction of different factors .

Analysis of the published articles. The problem of research and definition of transit loss
phenomenon has been considered as far back as in the 1970s and '80s. However when the single
energy system belonged to government property, the transit loss problem had a purely theoretical or
electrotechnical character and its solution was just an additional way to analyze the electric network
operation. As for the example, the "Instructions..."[3] were developed according to the
«Coordination plan of continuation, further development, and application of the works for the
Hayxkogi npami BHTY, 2014, Ne 1 1
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decrease of electric energy losses in the electric energy networks during 1976 — 1978 years»
approved by the Ministry of Electric Energy of the USSR. In [4, 5] this problem was also considered
as a mean for specification and clarification of mutual accounts of the energy companies. Proceeding
from the concepts, specified in [6, 7], it became possible to determine the factual power losses (or
electric energy losses as an integral value) caused while transmission to every consumer on the basis
of laws of electric engineering and representing the actual degree of electric network usage. Further
we consider the different possibilities of the method of losses calculation application, based on the
matrix of node resistances of electric grid and node loads.

Basic statements. Let us list main practically applied methods of calculation the power and
energy losses in the network caused by transit power fluxes (transit losses):

— of direct computations of energy operation modes of transit ESC network at each time slice on
the basis of equivalent network model and the data of operation node parameters, obtained through
the telemetry system; determination of average power and electric energy losses for the estimated
period;

— on the basis of characteristic of rate power (energy) loss in transit network. The characteristic
is a dependence of power (energy) losses on power fluxes obtained by means of approximation of
the results of previously performed variation calculations of the transit ESC network operation
modes;

— on the basis of rate quotas of power (energy) losses, representing as a percentage of
corresponding values of transit power fluxes.

Fig. 1. Different approaches to transit losses determination

The first one of the mentioned above methods is considered to be the most grounded so let us
scrutinize it more thoroughly. According to the direct computation method, power load losses in
transit energy grids are calculated for each time slice in two operation modes:

» real operation mode when transit power equals P

tr.”

* calculated operation mode when transit power equals P, =0.
Power losses at a time moment caused by transit flux [1] are to be determined by the formula:

AP, = AP —AP,, (1)

where AP, and AP, _ total power load losses in the transit networks for corresponding operation

modes. Besides ,while carrying out calculations in transit energy system in the second operation
mode the following values must be kept:

— all the active powers of generators;

— voltages in all the nodes where it is regulated;

— all the active and reactive loads;

— if possible, transformation ratios (except for those, being changed according to the condition of
Haykosi npani BHTY, 2014, Ne 1 2
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voltage maintaining in control points).

One and the same balance node is to be chosen for both operation modes. Change of the loads in
the receiving energy system is performed by decreasing of active and reactive powers in load nodes
proportionally for each node. Variation of loads in generating nodes is to be carried out at all the
power plants engaged in mode regulation.

We would like to draw your attention to the fact that the condition of node voltages maintaining
in regulated nodes doesn't guarantee the identity of the node voltages in the rest of nodes of the
network for the considered load modes. And what is more, additional voltage regulation results also
in partial neglecting of the superposition principle thus lowering the reliability of obtained results.
Zeroing of load nodes stipulates voltage rise, and as a result, decrease of calculated value of power
losses as compared with factual one.

In [8] the approach to calculation of transit power losses is considered. They are supposed to be
determined as the value of power losses in the investigated grid when its own loads and generation
are disconnected. As the losses have a square law variation, it is obvious that in this case the value of
transit losses will be considerably less .It should be noted that it can be performed without any
computation difficulties for regional investigated energy system, constituting smaller part in common
calculated circuit of electric grid. For better approximation of voltage values in electric grid to initial
values it seems to be expedient to introduce in one of external (relatively investigated system ) nodes
the generator its power being equal to the power balance of the tested energy system.

We would like to draw your attention to the problem of node voltages fixation as a necessary
condition of computation reliability.

Let us illustrate the above- mentioned approaches on the example of power losses determination
in a certain electric energy system EES "2", proceeding from the assumption of generation excess in
the EES "1" and power shortage in EES "3" (Fig. 1):

AB:?SZ — AF)ZESZ _APESZ (2)

S(ES3,,40)=0

where AP™? —is transit losses in the EES "2" energy system, MW; AP’* are total power losses in

.

the EES "2", caused by its own loads and transit of power into EES "3", MW.
or

ABfSZ — AP9C2 (3)

S(ES2)104a=0"°

where AP™? — are transit losses in EES "2", MW, defined in case of zero loads and generation of

EES "2" and transit power fluxes into contiguous EES "3", MW.

Existence of these two approaches arises doubts regarding the correct solution of the suggested
problem in spite of the fact that direct computation method is believed to be the most substantiated.
One of the requirements of the introduced legislation and one of the main factors of fair and
transparent operation of WME according to the Article 14 "Charges for access to grids" stated in the
Directive 2009/72/EU — is non-discriminatory grids access:

«l. Charges applied by grids operators for access to grids shall be transparent, take into
account the need for grid security and reflect actual costs incurred in ... and must be applied in a
non-discriminatory manner. Those charges shall not be distance-related.

2. Where appropriate, the level of the tariffs applied to producers and/or consumers shall ... take
into account the amount of network losses and congestion caused, and investment costs for
infrastructurey.

To illustrate the revealed discrimination let us consider the conditions of electricity supply to
"mner" consumers of separately taken utility. There should be no privileged consumers by the
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principle of losses calculation caused by power transfer (taking into account square law dependence
of losses). For example, losses for certain consumer Ne 1 are defined if loads in the grid are missing
(minimal losses), for consumer Ne 2 — with power transfer to consumer Ne 1 (depend on the value of
this load), for consumer Ne 3 — if loads Ne 2 and Ne 3 etc. are available Obviously that such approach
will not be fair, regarding payment for technical losses of electric power while its transfer. The same
conclusions can be drawn while considering the approaches to transit losses determination, illustrated
in Fig.1, by the expressions (2), (3). As a result ,we obtain either overstatement of transient losses
value in favor of ESEC "2", or understatement in favor of EES "3". It is seems to be true that power
transit, overlap on own transfers into neighboring EEC and additional losses must be compensated.
Although by applying the above-mentioned approaches we violate the main principles of non-
discriminatory access to grids.

It goes without saying that consumption growth in any part of the grid causes the corresponding
increase of losses for power transfer to the rest of consumers. In is suggested to use such method of
power loss calculation by means of which their fair and transparent distribution both for the
consumers of separately taken EES and outside it could be provided.

Method of node resistances of grid matrix, besides the solution of the main problem solves
the problem, provides additional opportunity to allocate from total losses of active power the
component, caused by inhomogeneity of complex loop electric grid.

Active power losses caused by power transmission to certain consumer k of electric grid ,
consisting of n+17 nodes (consumers) are represented as a sum of two components [6, 7]:

AP(k) = APy, (k) + 6P, (k) 4)

where AP, — minimal value of active power losses; 0P, — additional active power losses in

complex loop network which are computed by the expressions (5) through node currents:

AP (k). . =T Z(;Jajmk,.i +J Z(;JpjiRk,j,
j= J=

5P<k>z)on. =Juk Z(;JaiAk,.i +J Z(;Jijk,.i’ )
j= Jj=

where J,, J, — active and reactive components of node currents, R — matrix of economic node

resistances of electric grid, A — matrix of node resistances that characterize additional active power
losses.

That is, in case of sufficient reliability of initial data, regarding node consumption input data we
can define network losses even without computation of steady state mode and line currents.

Separation of components of minimal power losses AP, and additional inhomogeneity losses oP,,
provides the possibility to optimize active power transit network losses just only by the

componentoP, ;, .
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Sample calculations.

This method is applied to compute
power loss in the transit electricity circuit
shown in Fig.2. Let the node Ne7 be
contiguous with the grid, characterized
by excessive generation, and the node

No5 is adjacent to certain deficit grid. S, = =
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Loads of the investigated transit network do not change, and power cotake-off value of a deficit
network is gradually increased. Results of the computations are shown in Table 1.

Total consumption of investigated grid load (except for load of the node Ne5) equals
S=771+j408 MW. In the considered example losses , caused by own consumption are almost equal
to losses caused by power transit in contiguous grid, when power transfer is S‘5 =132+j84 MW,
representing 18% of inner consumption. This aspect should be taken into account as an important
factor while account reconciliation, technical and economic assessment of network development, and

connection of new consumers or generation, especially renewable sources of energy. So transit
network losses can be partially decreased.

Table 1

Results of power losses computation for the fragment of electric grid

Total power losses Losses caused by power Qonsumptlon Grid losses caused by | Grid losses caused
. . transfer to the node Ne 5, in the node ..
in the grid, MW loads of "inside" by load of the
MW Nes, S, consumers, MW node Ne 5, MW
APmin 5Padd. APmin 5Padd. MWA ’ -
2,893 0,080 0,0 0,0 0,0 2,973 0,0
3,977 0,094 0,613 0,150 33+j21 3,307 0,763
5,347 0,140 1,514 0,609 66 +j42 3,363 2,123
8,949 0,323 4,177 0,245 132 +j 84 4,850 4,422
11,181 0,461 5,939 0,384 165 + j105 5,319 6,323
26,648 1,616 19,057 1,541 330 +j210 7,666 20,598

In case we use the direct computation method, total power losses of transit electric grid remain
at the level of 2.973 MW independently on the overlap transit power flux. In this way, consumers of
a deficit network are discriminated in their right to network access. The method using the matrices of
node resistances allows determination of active power losses caused by power transmission to every
consumption node allowing for loads of all network nodes.
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—— 1 —total losses in transmission lines of transit grid;
----2 —losses caused by power transfer to the "inside" consumers;
- 3 —losses caused by overlap power fluxes to contiguous deficit network;

..... 4 —losses caused by power transfer to the "inside" consumers, without taking into
account square law variation and power transmission into contignuous deficit
network.

Fig. 3. Dependency of grid losses on the volume of transit power fluxes

Fig. 3 shows the dependencies of transit network losses on transit and overlap power fluxes. So
we can see that network losses caused by power transmission to the "own" consumers (curve 2) are
in nonlinear relationship with overlap transit power fluxes. Network losses caused by overlap power
flux to neighboring deficit network are also increased according the nonlinear law (curve 3). These
losses are separated out of total network losses as an exact value. Thus if there is corresponding
legislation signed by ESC and electricity consumer, they have the possibility of grounded allocation
of network losses costs to contiguous deficit ESC or the ESC with excessive generation, or allocate
them due to the degree of mutual influence by the expressions (5).

Conclusions. Method of calculation of active power network losses caused by transit fluxes
applying the matrices of node resistances of electric network and node loads allows determination of
overlap transit flux losses by separating out of total network losses, and establish their dependency
on loads (generation) in network nodes. Moreover, here is a way to address transit network losses to
every electricity consumer; to determine how overlap transit fluxes influence network losses caused
by power transmission to the "own" consumers; and conversely, to determine how overlap power
fluxes to neighboring deficit network effect upon network losses caused by power transmission to
the "inner" consumers of the network.

This method allows structuring of power losses in electric energy network into components
subject to interaction of different factors. So there is a possibility to create automated system of
power loss allocation at every time slice, which takes into account non-linear dependency of all
active loss components on transit fluxes, with interaction of changing load patterns and transit power
fluxes. Input data are network model parameters and mode parameters from operating information
complex that provides loss allocation, and transit loss allocation in a real time mode.

Resulting values of components of network active power (energy) losses give market players the
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ability to exactly and objectively clarify the possible electricity supply opportunities and choose the
optimal one. Information on network loss components and their dependency on interaction factors
allows for objective problem solution of loss compensation by every system operator. It facilitates
the realization of non-discriminatory access to networks.

We arrive at a conclusion that there are different ways to apply the suggested method, and transit
power losses are to be balanced and mutually accounted depending on the bilateral agreements, and
future legislation of electric power industry. Listed in the article possibilities of practical applying of
the method are exceptionally engineering means of computation, although questions of financial
compensation between transmission system operators are still undecided.
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