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AHANI3 MATEMATUYHUX MOOENEW NIHIX ENEKTPOMNEPEQAMI

B pobomi oocnidocysanacs mamemamuuna mooenvb 00HO20 3 elleMeHmi8 CUCHeMU eleKMmpONnOoCMAYaHHs — JIHIU
enekmponepeoaui. Mamemamuyna mooenb 0036074€ OOCHIONCYBAMU eKCHLYAMAYIUHI PedcUMU eleKMPUUHUX MepediC.
Mamemamuuna modenv niHil erexmponepedaui 8i0o0paxdcae 6ci 0coOMUB0CMI (I3UYHUX NpPOYecié Npu CMamux i
nepexionux pexcumax ma 3abesneyye OOCMAMHIO MOYHICMb pe3yiomamis. Bud mamemamuunoi moleni niHil
ejleKmponepeoayi 3anedxcums 8i0 NPUUHAMUX CHPOUEHb, 8 3AIeHCHOCII 8i0 nocmasieHol 3a0aui docuioxcenus. Memoro
oanoi pobomu € aunaniz mamemamuyHoi Mooeni Ninii erexmponepedayi 0nsi OOCTIONCEHHST PENCUMIE POOOMU CUCmeMU
eNeKMPONOCAYANHS, 3 MONCIUGICMIO i1 3ACMOCYBAHHA OAsL YPAXYBAHHA BCIX KOHCMPYKMUBHUX O0COOIUSocmell
nogimpAHUX ma KabeavHux Jinitl enekmponepeoaui.

Knrwouosi cnosa: mamemamuuna mooenn, cucmema eneKmponocmauanHs, iHil ereKkmponepeoaui, cmaini
Dpedxcumu, nepexioni pexcumu, nogimpani ainii enekmponepeoaui, KkadenvHi Ainii enekmponepeoayi.

IlocTanoBka npodJemMu.

JociimpkeHHIO peXXuMiB poOOTH €NEKTPUYHUX MEPEX HMPUCBSIUEHO 3HAYHY KUIBKICTH poOi. s mocmimkeHp miHINA
eNeKTpoIiepe/iadi B HUX HAaBEICHO pi3HOMaHiTHI MaremartnuHi mozenm [1, 2]. HaiiGimpmia yBara B mmx po6oTax
TIPUAUSETBCS €OUHOMY MHIXOXy, SKAW BpaxoBYBaB OW BCi 0cOOMMBOCTI (Di3MUHUX TMPOLECIB SAK CTANIHX, TaK i
TIEPEeXiTHUX PEXXUMIB Ta, KpiM TOTO, 3a0e3edyBaB JOCTAaTHIO TOYHICTh OTPUMAaHUX PE3yJIbTaTIB.

AHaJji3 nonepeaHix A0c/IiKeHb.

st miHif enexTponepenadi HEOOXiMHO BpaxoBYBaTH iX KOHCTPYKTHBHE BHKOHAHHS, TOMY iX MOJIENb € CKIaJHUM
€JIEMEHTOM CHUCTEMH eJIeKTporiocTadanHs. KpiM TOro, BOHM € 34aTHUMH €HepyBaTH 3HAUHY €MHICHY IOTYKHICTb, fKa,
B CBOIO Yepry, HE 3aJIeKUTh BiJl OTY)KHOCTI Niepeiayi. B crainux pexxnmax BOHA BIUTUBAE HAa MOTOKOPO3IO/IT B MEPEXIi;
B MEPEXiIHUX peXnMax BH3HAYa€ BEJIMYMHY pe30HAaHCHOI mnepeHanpyrd. [IpuiiHsTa MaremaTHyHa MOJENb JIiHIN
eJIeKTpoIepeiadl IPYHTYEThCS Ha ACSIKUX CHPOILNEHHSX, SIK1 3aJIeKaTh BiJl 3a/1a4i JOCIIIPKESHHSL.

®opMy.TI0BAaHHS METH CTATTI.

MeTtoro cTarTi € JOCHiJKeHHs YHiBepcajbHOI MaTeMaTHYHOI MOJeli JIiHii eneKkTponepenadi B CHCTEMI
€JIEKTPOTIOCTaYaHHs, Ky MOXKHa 3aCTOCOBYBATH IJISI PI3HUX PEXHUMIB BPaxOBYIOUHM BCi KOHCTPYKTHUBHI OCOOJIMBOCTI
TIOBITPSHAX Ta KaOCIBHUX JIiHIN eIIeKTpoIepeIadi.

OcHoBHUIT MaTepiaa J0CITiIZKeHb.

BuxinHumu I1aHMMH MaTeMaTHYHOTO MojetoBaHHs enekTpoeneprernyHux cucteM (EEC) € maremarnyni mozeni
okpemux enementiB EEC. HaniifHicTh 1 TOYHICTP OTPUMaHUX PE3yJIbTAaTiB MOJIEIIOBAHHS 3aJISKUTH BiJl TOUHOCTI IIMX
mozenedi. Tum Mojeneidl 3aleXuTh BiJ MOYAaTKOBHUX TNPHWHATHX CHPONICHb, AKI B CBOIO UYEPry BHM3HAYAIOTHCS
CKJIaHICTIO (I3UKM TpoleciB. 3aBAaHHS MiJBUIIEHHS TOYHOCTI MOJCNIOBaHHsA aBapiiinux mporeciB B EEC
00yMOBJIEHO 3HAYHUM YycKiaaHeHHsM cydacHux EEC Ta iX oOmajgHaHHS, MIBHIKOIIIOYMM pEICHHHM 3aXHCTOM,
ABTOMAaTHKOIO YIPABIIHHS aBapifHUMH CUTYyalisIMH Ta BIPOBAPKEHHSIM OIJIbII BHCOKONIBHIKICHOTO KOMYTAIifHOTO
o0naHaHHS.

OHI€I0 3 TPUYMH 3HAYHOT KUTBKOCTI CEpPHO3HUX aBapiiHUX CHUTYaIlill y CHCTEMI € BiJICYTHICTh ITOBHOT Ta HaAIWHOT
iHpopMauii 151 MOJENIIOBaHHS PSKUMIB MpU NpoekTyBaHHI Ta ekciuryatanii EEC. Po3pobka matemartiuHoi mMozeni
TpudazHoi niHIT enekTponepenayi, o 3ade3nedye ajeKBaTHE BiOOpakeHHS SK HOPMAJBHHX, TaK W aBapiiHUX
MIPOIIECIB, € aKTYaJIbHOIO.

Jis MaTeMaTHYHOTO MOJENIOBAaHHs eNeKTpUYHUX JiHii enekrponepenaui (JIEIT) 3actocoByerhcsi cucrema
mudepeHniiHNX PiBHSIHHD EKBIBAICHTHOI cxeMHu 3aMimieHHs. [IpaBa yacThHa pIiBHSHb € YacTHMHHOIO TOXIiTHOIO 3a
JIOBXXHHOIO.
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ne L, - iHayKkTHBHICTS KOJIa BiANOBiAHOI 7 -TOT dasu minii i 3emumi; L, - moaaTkoBa iHAYKTHBHICTH KOJa BiAMOBIZHOT
(hasm i 3emi, 0OYMOBIICHA JIAIIIC MATHITHAM MOTOKOM 3eMiTi; M - B3a€MHA IHAYKTUBHICTH MiXk OyIlb-IKAMHU JBOMA 3

TpboX (a3 i 3emiiero; I, - aKTUBHMIA OITip MPOBOAY BiAMOBIAHOI i -TO1 hasu JiHil; I, - akTUBHHUH omip 3a3emiueHHs; C
- emHicTb (asa-zemis; C,,, - MbkdasHa eMHICTB; i, I, I, - MUTTEBI 3HaueHHs dasHuX cTpymiB; U,, Uy, U, - MUTTEBI

3Hadenns Qasuoi mampyru; |,

. - IOBXHWHA [ -i JiHii enekTporepenadi; i, - MHUTTEBI 3HAYEHHS CTPYMY HYJIHOBOI

[OCJIIIOBHOCTI
i = Ia -Hb +IC

f=2—2 ¢

3

U, - MUTT€EBI 3HAYCHHS HAIIPYTU HYJIBOBOI IIOCIIOBHOCTI;
U = Ua + Ub + UC

= —2—2 ¢

3

B maremarnuniii mogeni JIEIT cmin BpaxoByBaTé eeKT KOPOHYBaHHS, IO BIUIMBA€ Ha BTPATH MOTY)XHOCTI. Lle
METOJI BUIIpaBAaHWH y BUKopucTanHi as KopoTkux JIEIT (moBitpsiai 1o 250 kM, kabembHi 10 50 kM).

s ypaxyBaHHSI CTPYMIB 1 HANPYyT HYJIBOBOI MOCIIIOBHOCTI MOXKHA BUKOPUCTOBYBATH 1HIIY CUCTEMY KOOPAMHAT
o, B, 0, mepeBaroro SKOi € MOEJHAHHS TAPAMETPIB HYJIBOBOI IMOCIIIOBHOCTI SIK ISl HAIIPYTH, TaK 1 AJISl CTPyMIB
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me i, iB iga Uy, Ug , U, - MUTTEBi 3HAYCHHs CTPYMIB i Hanpyr B cuctemi koopaunar o, B, 0; r, L, C - akrusuuii
orip, iHAYKTUBHICTb, €MHICTh TpH(a3HOI JiHIl A4 MO3UTUBHOI Ta HEraTUBHOI MmocnuifgoBHOCTEH; Iy, Ly, C, - akTuBHUIi

OI1ip, CAaMOIHYKTHBHICTh, EMHICTh TPU(A3HOT JiHIT U1 HYJIHOBOI ITOCIITOBHOCTI.

AXTHBHI Ta peakTUBHI mapameTpu (puc. 1) BU3HAYAIOThCA 32 BiIOMHMH BHpa3aMH, SKi BPaXOBYIOTh MOXIIHBI
BapianTH KoHcTpyKuii Tpudazanx JIEII. CkiamHicTs BU3HAYCHHS MAlOTh IMapaMeTpH HYJIHOBOI MOCTIIOBHOCTI, TaKi SIK
IHIYKTUBHICTh Ta €MHICTh MDK JiHIAMH Ta 3emielo, 4yepe3 TicHuil BmumB cycignix JIEIL. Jlna JIEII Bucoxoi Tta
HAJIBUCOKOT HAIIPYTH JOIJILHO BPaxOBYBaTH CKiH-€(EeKT JUIsl HYJIbOBOI ITOCIiTOBHOCTI.
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Pucynox 1 — Exeieanenmua cxema 3amieHHs CUCIeMU eleKMpOnoCmadants
AKTUBHUM OIIip 3eMJIi 3aJI€KUTh BiJ 4acToTH f 3BOPOTHOrO CTpyMYy:
_ 2104
r,=fn°10 3
Bin nmpakTH4HO HE 3aJIKUTh BiJl TUTOMOI POBITHOCTI 3EMJIL.

I'mubuHa MPOHUKHEHHS 3BOPOTHOTO CTPYMY B 3¢MJIi BU3HAYAETHCS:

h - 2,065

_S 4
Jf-y-10° @

[HIYKTHBHICTH POBOY, 0OYMOBIICHa MarHiTHIM IIOTOKOM B 3€MJIi:

L, =2In[ h, j-lo‘4
2h,

h,, -cepenHbO reoMeTpUYHA BUCOTA IPOBO/IIB HAJI 3EMJIEIO.

3 (3) 1 (4) oueBUAHOIO € MpsIMa 3AJICKHICTh CTPYMY B 3€MJIi BiJf HOTO YacTOTH, sIKa BiTOOPa)KAETHCS €KBIBAJICHTHIM
KOHTYPOM 3 PO3MOAIJICHIMH YU 30CepeKeHNMH ITapaMeTpaMu. [lapaMeTpy IbOro KOHTYPY BH3HAYAIOTHCS 38 YMOBH:
. 1 1
= (5)

arrio L, 1 (o)+io L (o)

K - HOMep KOHTYpY, N - KiNbKICTh EKBIBAIEHTHUX KOHTYPIB.

Ie mo3BoJIsIE BpaxOBYBaTH CKiH-e(DEKT, CTPYMH HABOJKH, KOHCTPYKIIIIO JIiHIT eJIEKTpOoTepeiayi.

Bucnosku.

MaremarnyHa MoJIeJb JIiHII eleKkTponepenadi Uit TOCTIDKSHHS! PEeXHMIB POOOTH CHCTEMH €JIeKTPONOCTavyaHHS
npoaHani3oBaHa. BoHa 3aCTOCOBYEThCSI 3 METOK) BpaxyBaHHS KOHCTPYKTUBHHX OCOOJNMBOCTEH MOBITPSHHX Ta
KaOeNpHUX JIiHIHM eJeKTporepenayi, CKiH-e(exT.
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Analysis of mathematical models of transmission lines. This paper investigates a mathematical model of one
elements of the power supply system - power transmission lines. The type of models depends on the initial
simplifications, which in turn are determined by the complexity of the physics of processes. The task of improving the
accuracy of modeling of emergency processes in the power system is due to the significant complexity of modern
power systems and their equipment, high-speed relay protection, automation of emergency management and the
introduction of higher-speed switching equipment. One of the reasons for a significant number of serious emergencies
in the system is the lack of complete and reliable information for modeling modes in the design and operation of power
systems. The development of a mathematical model of a three-phase power line, which provides adequate reflection of
both norma and emergency processes, is relevant. The advanced mathematical model of power transmission lines
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alows to investigate various operational modes of electric networks. The improved mathematical model of the power
transmission line reflects all the features of physical processes at state modes and transient process and provides
sufficient accuracy of the results. The type of mathematical model of power transmission lines depends on the accepted
simplifications, depending on the task of research. The purpose of thiswork is to analyze the mathematical model of the
power transmission line to study the modes of operation of the power supply system, with the possibility of its
application to take into account all the design features of overhead and cable power lines. The mathematical model of
the power line for the study of the modes of operation of the power supply system is analyzed. It is used to take into
account the design features of overhead and cable power lines, skin effect.

Keywords. mathematical model, power supply system, transmission lines, steady-state modes, transient modes,
overhead transmission lines, cable transmission lines.
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