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Pedepar:

1. Incepranifina po60Ta IpUCBIY€HA PO3BS13aHHIO BaXKJIMBOI HAYKOBO-TIPUKJIAIHOI IPOGJIEMU 3 BLOCKOHAJIEHHS
3a3€MJIIOBAJIbHYX [IPUCTPOIB €JIEKTPOYCTAHOBOK LIJIIXOM ONTHMi3allii KOHCTPYKTUBHUX [1apaMETPiB I1pU
IIPOEKTYBaHHi 200 NpU NOBEJ€HHI O HOPMATUBHUX 3HaUY€Hb [TAPAMETPIB CKJIAIHUX KOMOIHOBAaHUX 3a3€MJIIOBAiB
IIiI0YMX €JIEKTPOYCTaHOBOK LIJISIXOM BUKOPUCTAHHS LITYYHUX €JIEKTPO/IB 3a3€MJIEHHS MiJBULEHOI TPOBiAHOCTI
PO3TiKaHHIO, a TAKOX IIJIIXOM ypaxyBaHHSIM [IPUPOAHUX 30CEPEeIKEHUX 3a3eMJII0BauiB. Y nucepTauiiiHiil po6oTi
IIPOBEIEHO aHaJli3 MAaTEMAaTUYHUX MOJIEJIEN 3a3€MJIIOBAJIbHUX IIPUCTPOIB, pE3yJIbTAaTOM PO3PAXYHKY SIKUX € Halpyra
IOTUKY, HAIIPyra Ha 3a3€MJIIOBAJIbHOMY IIPMCTPOI Ta 1oro omip. [lokazaHa akTyasbHICTb HQYKOBO-TEXHIYHOIO

OOIrpyHTYBaHHS BUOOPY HAIIPSIMKY OITHMMI3allii KOHCTPYKTHBHUX [1apaMeTPiB 3a3€MJIIOBAJIbHUX ITPUCTPOIB IiI0UNX



BUCOKOBOJIbTHUX €HEeProo6'eKTiB. Briepiue 3arrporoHOBAHO METO]], 3aMillleHHSI IPUPOJHOTO 30CEPEIKEHOTO
3a3€MJII0BAYa CYKYIIHICTIO €JIEKTPOIIB JJIs1 YPaxyBaHHS IPUPOIHOI IPOBIIHOCTI PO3TIKaHHIO CTPYMY 3 apMaTypu
3aJ1i306€TOHHUX CTIilOK i IiIHOXHUKIB IIPU pO3paxyHKax CKJIaJHUX 3a3€MJIIOBAJIbHUX IIPUCTPOIB
€JIEKTPOYCTaHOBOK. EKBiBasIeHTHA MOJI€JIb Y BUIJISAi CYKYITHOCTI JIiHIMHUX €JIEKTPOJIiB BUOMPAETHCS BilIIOBIAHO 1O
IBOX PiIBHO3HAYHMX KPUTEPIiB, BpPAaXOBYIOUM TaKi €JIEKTPUYHI XapaKTePUCTUKY Y JBOLIAPOBiH 3eMli, IK HaOJIMKEHHS
I10 OIOPY i HAOJIMKEHHS I10 MOTEeHIlialy TOYOK Ha [1I0BEpPXHi 3eMJIi. Biepiue 3arpornoHoBaHO METO]I, BLOCKOHAJIEHHS
(onTuMizaii) KOHCTPYKTUBHHUX [TapaMETPiB 3a3€MJIIOBAJIBHUX [IPUCTPOIB i3 BUKOPUCTAHHSIM €JIEKTPOZiB MifBUILIEHO]
[IPOBIZHOCTI po3TiKaHHI0. OTPMMAaHO HOBE TEXHIYHE PIllIEHHS — €JIEKTPOJ, 3a3€MJIEHHS MM BULIEHOI ITPOBIZHOCTI
PO3TIKaHHIO, SIKUH Peasli3yeThCs SIK BEPTUKAJIBHUI €JIEKTPOJ, 3 CTPYMOIIPOBITHUX aHTUKOPO3iTHUM ITOKPUTTSIM,
PO3MillleHUI B 0OMeXeHOMY 00Cs13i IpibHOAMCIIEpCHOTrO TEXHIYHOTO ByIJlel 0. Po3B's3aHa 3a7a4a 3amilleHHS
3a3HAYEHOro ejeKkTpoga. [lobyoBaHa MaTeMaTUYHA MOJIEJIb HEEKBIIOTEHIITHOTO 3a3€MJII0BAJIbBHOTO MTPUCTPOIO
€JIEKTPOYCTAHOBOK, SIKa BiJJPi3HSAETHCS BiJ] iCHYIOUMX ypaXyBaHHSIM 00’'€MHUX 3a3€MJII0BAUiB, PO3TAIOBAHUX Y
IIPOBiJHOMY [IBOLIAPOBOMY HaIliBIIPOCTOPi. BKazaHa MOJieJb 03BOJIsIE BBECTY ITPUPOJHI 3a3€MJII0OBaYi, a came
CTiMKM Ta MiJHOKHUKY, & TAKOK BEPTUKAJIbHUM €JIEKTPO IiABUILEHOI [IPOBIIHOCTI PO3TIKAHHIO B PO3PAXyYHOK
HOPMOBAHMX [TapaMeTPiB 3a3€MJIIOBAJILHOTO NPUCTPOIO Y BUIJIAA] CYKYITHOCTI IPSIMOJIIHIMHUX €JIEKTPOIIB.
Po3pobsieHa Mozesb lae MOXJINBICTb OTPUMATH YTOYHEHI IapaMeTpH 3a3eMJII0BAJIBHOTO IIPUCTPOIO
€JIEKTPOYCTaHOBOK. Po3pobisieHa MaTeMaTHYHa MOJIeJlb PO3PaxXyHKy HaBe[eHOTro IOTEHLiany eJeKTPoLy,
PO3TallOBAHOTO B HKHBOMY 1l1api ABOLIAPOBOI pO3PaXxyHKOBOI MOZEJII 3€MJIi, @ TAKOXK Ha [OBIJIbHIN BifCTaHi Bif,
[IOBEPXHIi 3eMJIi y IBOIIAPOBOMY I'PYHTI, HA OCHOBI pilllEeHHA 3a7a4i PO MOTEHIiaj eJIEKTPUYHOTO I10J11 TOYKOBOTO
IKepesa cTpyMy. OTpMMaHO aHAJIITUYHI BUPa3y B3a€EMHUX i BJIACHUX OINOPiB BEPTUKAJIBHUX i TOPU3OHTAJIBHUX
€JIEKTPOJiB 17151 PO3PaxXyHKiB CKJIaJIHUAX 3a3€MJII0OBAJIbHUX NIPUCTPOIB CTOCOBHO BKa3aHOT'O BUINAMIKY PO3TallyBaHHs
TOPU30HTAJIbHUX €JIEKTPOLiB. PO3p06I€HO METOM MOZEIIIOBAHHS €JIEKTPOJIA 3a3€MJIIOBAJIBHOTO IIPUCTPOIO

i BUIIEHOI IPOBIAHOCTI pO3TiKaHHS SIK PO3PAXYHKOBOI CYKYITHOCTI IPSIMOJIiHITHUX €JIEKTPOJIiB, SIKUI
BiIpi3HSIE€THCS Bif| iCHYIOUMX OOIPYHTYBaHHSIM Ha OCHOBI JOCSITHEHHS 3a/1aHOr0 HAOJIMKEHHS! €JIeKTPUYHUX
XapaKTEPUCTHUK B IPOLIECI HAPOIYBaHHSI CYKYITHOCTI IPSIMOJIiHIMHYX €JIEKTPO[IiB 10 PIBHO3HAYHUX XapaKTE€PUCTUK
€TaJIOHHOI MOJIEJII, 10 NO3BOJISIE BPaXyBaTH 3a3HAYEHI 323€MJII0OBAY] B PO3PAXYHKY CKJIAJHOIO 3a3€MJII0BAJIbHOTO
npucTtpoio. Ha ocHOBI CTBOpeHUX MaTeMaTUYHUX MOJiesiell po3pobieHo ITPorpaMHi 3acobu, siki 6yJ10 BUKOPHUCTaHO
IIPY PO3PAXYHKY €JIEKTPUYHOTO 110151, YIOCKOHAJIEHO aJTOPUTM PO3PaXyHKY CKJIAIHUX HEEKBIIOTEHLiTHMX
3a3eMJIIOBAJIbHYX [IPUCTPOIB, 110 AO3BOJIIE€ OTPUMATY YTOYHEHI 3HAYEHHS PO3IOALY ITOTEeHiany Ha TEPUTOPIL
€JIEKTPOYCTaHOBKU. HOBI 0JI0>KEHHS, B TOPIBHSIHHI 3 BilOMUMU PilI€HHSIMH, CKJIaIal0ThCS B 00JIiKY IIPOBiTHOCTI
00'€eMHHX 3a3€MJII0OBAYiB CYKyIIHICTIO BEPTUKAJIbHUX i TOPU3OHTAJIbHUX €JIEKTPOZiB, 1110 OOIPYHTOBaHA I10
PIBHO3HAYHMM €JIEKTPUYHUM XapaKTEPUCTUKAM CTOCOBHO JIBOIIAPOBOi MOZEJI €J1IeKTPOHHOI CTPYKTYPH 3€MJI.
BukopurcTaHHS 3aIIPOIIOHOBAHOIO AJITOPUTMY PO3PaxyHKY B eJIeKTpUYHUX Mepeskax AK «XapkiBo6ieHepro»
IIO3BOJIVJIM BU3HAYMTH 3HAYEHHS PO3IO/iITY [TOTEHIiaiB IPY KOPOTKOMY 3aMUKaHHI Ha €JIEKTPUYHIN mifcTaHLii 3
yPpaxyBaHHSM BILIMBY IIPOBiAHOCTI IPUPOJHUX 30CEPEIKEHUX 3a3€MJII0BaviB. Po3pobiieHi esekTpoay NifgBUILEHO]
[IPOBIZHOCTI PO3TiKAHHIO 3MOHTOBAHI SK JOCIiAHO-IIPOMUCIIOBI 3pa3ku Ha [1C «Opmxkonikiaze-110 kB» AK
«XapKiBoGs1eHepro». Ix 3acTocyBaHHs 3a6€3Me4nsI0 3HUKEHHS PO3PaXyHKOBUX 3HaUEHb HAMPYTH JIOTUKY B THX
Mmicugx Ha BPII-110 kB nifgcraniii, fe BOHU NePEBULIYBAJIN [IPUITYCTUMI, 0 3HaY€Hb $Ki CYTTEBO MEHIIE
IIPUNTYCTUMMUX; Y OCKOHAJIEHN aJITOPUTM PO3PaXyHKy CKJIAIHUX HEEKBIlTOTEHLiaIbHUX 3a3€MJIIOBAJIBHAX

IIPUCTPOIB Ta OKpeMi 33a4i MOZIeTI0OBaHHS 06’'€eMHUX 3a3€MJII0BaYiB 6y opopmMIIeHi K TUIIIOMHI po6OTH.

2. The thesis is devoted to the important scientific and applied problem solution in improving the electrical
installations grounding devices by optimizing the design parameters of complex combined grounding systems of
projected or existing electrical installations by using manufactured high conductivity ground electrodes, as well as
by taking into account natural concentrated grounds. Have been applied induced potential method and methods
for computing branched electrical circuits with distributed parameters, a technique of solving a point electrical
current source electric potential problem, so as to create a mathematical model for a non-equipotential. In
addition, methods of matrix theory, linear system solving, and programming for mathematical model realization
have been employed along with physical testing methods for theoretical conclusions verification. The method of



natural concentrated grounds substitution by the set of electrodes taking natural current spreading conductivity
of concrete pole armature into account for complicated grounding connections calculation is offered. An
equivalent model as a set of linear electrodes in accordance with equivalent electric characteristics such as the
resistance approximation and the approach of the points potential on the earth surface in two-layer ground is
chosen. The optimization method of ground grid structural parameters with the use of grounding electrodes of
increased current spreading conductivity has been invented. The new engineering solution is got is the grounding
electrode of increased current spreading conductivity, which will be realized as a vertical electrode with current
installing antirust coating, placed in the limited volume of fine-dyspersated technical carbon. The task of its
substitution by the set of electrodes for calculation of complicated unequipotential grounding connections has
been solved. The mathematical model of non-potential grounding device of electrical installations has been built,
which differs from the existing taking into account of volumetric grounding, located in a conducting two-layer
semi-space. The developed model allows the introduction of natural grounding, namely racks and soles, as well as
a vertical electrode of high conductivity, in grounding device normalized parameters computation, by the set of
rectilinear electrodes. The introduced model makes it possible to get the grounding device specified parameters.
Based on the solution to the electric potential problem for a point electrical current source, a mathematical model
of the induced potential calculation for electrode, located in the lower layer of a two-layered model of land, as well
as at an arbitrary distance from the surface of the earth in a two-layered soil, has been built. Expressions of mutual
and own resistances of vertical and horizontal electrodes for calculation of complicated grounding connections as
it applies to the location of horizontal electrodes in the understratum of two-layer electric structure of earth are
got. On the basis of the created mathematical models, the software tools that were used in calculating the electric
field were developed. The technique for determining the short-circuit currents distribution along the electrodes
and potentials in the nodes of the electrical installation grounding device has been developed. It is shown that the
developed solution use of the given problem makes it possible to reveal the most safe in terms of electromagnetic
compatibility of the electrical installation area for laying information and control circles on them. The algorithm
for calculating complex nonequipotential grounding grids in view of volumetric grounders electrical conductivity
has been Improved. The method of natural concentrated grounders substitution by the set of electrodes taking
them into account in the algorithm of electric characteristics calculation for complicated grounding connections
of electric installation is offered. The using of the proposed calculation algorithm in the electric grids of JSC
"Kharkivoblenergo" made it possible to determine the values of the potential distribution at short circuit in an
electrical substation taking into account the influence of the conductivity of natural concentrated grounds.
Developed electrodes of increased current spreading conductivity are mounted as experimental and industrial
samples at Substation Ordzhonikidze-110 kV, JSC "Kharkivoblenergo". Their application ensured reduction of the
design values of the contact voltage in those places on the GRP-110 kV substation, where they exceeded the
permissible ones, to values significantly lower than the permissible ones.
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