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Mema pobomu. Busnauenns @niugy napamempis Mepesic 3 PISHUMU PEICUMaMUu HeUmpani Ha Hanpyey Hyibogoi
noci008HOCHI.

Memoou Oocnidxcennn. Memooonozis 0ocioxcenHs: 6A3yEMbC HA 3A2ANbHIU MeopPil eNeKmMpPOMexHIKU i, 30Kpemda,
Ha MemoOoi CUMEMPUYHUX CKIAOOBUX.

Ompumani pesynomamu. Po3pobneno mamemamuyny mooenv 05t 6CIMAHOGIEHH XAPAKMepy 3MIHU HANpyeu Hy-
160801 NOCIO0BHOCMI 015 PI3SHUX pexCumie Helumpani mepedxci. Bcmanosneno 3sHauenHs Hanpye HYIb080i NOCIi008HOC-
mi ma Kymie Midxc 8eKmopom Hanpyeu @azu 3 HecCUMempicto ma 6eKmopoM HAnpyeu Hy1b080i NOCIIO08HOCHI 3A1€HCHO
8i0 EMHICHOI Hecumempii, EMHOCMI Ma AKMUBHO20 ONOPY I301AYii MepediCi OJis PISHUX PedHCUMi8 HeUmpaii.

Hayxoea nosusna. Ilposedeni 00cniodicentss NOKA3aau, wo Haubiivue 3p0OCmManis Hanpyau Hy1b080i NOCIi006HO-
cmi 8i03HAYAEMbCs Npu EMHOCMI Hecumempii, sixa cmanosums 10...30% 6i0 emrocmi izonsyii mepedci. Ilpuvomy nati-
Ointbu cymmesuil 6NAU6 8IOHOCHA EMHICHA HeCUMempisi [3048Yil npu 3MiHI 3HAYEHb EMHOCMI Mepedici 8IOHOCHO 3eMill
HAOA€E HA BeNUYUNY HANPY2U HYIbOBOI NOCIIO08HOCI 6 MEPENCAX 3 KOMNEHCOBAHOIO HEUMPAINIO | NPAKMUYHO GUKIIO-
YAEMBbCA NPU NOGHICTIO [3071b0GAHIL HEUMPATIL MEPeNCi BIOHOCHO 3eMIi.

Ilpaxmuuna yinnicms. /{13 peanvrux napamempis mepexci 3a pe3yibmamamy meopemuinux ma eKcnepumenma-
JIBHUX OOCNIONCEHb MOJNCHA CYOUMU NpO Npaye30amHuicms iCHYIOYUX 3acobig 3axucmy ma UKOpUucmosyeamu ix npu
PO3POOYI HOBUX NPUHYUNIG | NPUCMPOIE 3aXUCTY.

Knrouosi cnosa: nanpyza; Hynvoea nociioognicme; Hecumempis; i3071606aHa HElIMPAIb; KOMREHCOAHA Hellm-
Datb; mepedxca 3 pe3ucmopom y Helmpaiii.

L. BCTYII Hpyruii cTynine (pe3epBHUIT) 3aXUCTY Bijl 3aMHUKaHb
Ha 3eMITI0 BUKOHYETECS, B OCHOBHOMY, Ha MaKCHMaJIbHUX

B enexrpuunnx MEpexax TIPHUYUX MIANPUEMCTE  peje HaNIPYTH, SAKi pearyroTh Ha PiBEHb HAIPYTH HyJIHOBOI
Hanpyrotoo monan 1 kB BixnosinHo no [1] Ta ramys3eBUX  ocmigoBHOCTI.

mpaBwil OC3MEKU Mepe0avaeThCsl 3aCTOCYBAaHHS JBOCTY-
MHYACTOTO 3aXKCTY BiJl OJHO(MA3HUX 3aMUKAHb HA 3EMITIO
3 JI€10 Ha BIAKIIOYEHHS.

[pane3naTHICTh HOTO CTYIEHS 3aXUCTY Ha IiJCTaBi
KIJIBKOCTI CIIpaljboBYBaHb IpH 3adikcoBaHMX Ta He3adik-
COBaHMX BiMOBax IEPIIOTO CTYIECHS OLHEHA EHEproc-

JlociimKeHHs CBIT4aTh, O y Kap'epHUX PO3MOJIiIb- Jy’K0aMH SIK HE3a10BLIbHA.

HHUX MepeXax NPYTHi CTYIiHb Ma€ JIOCUTh BEIUKHHA Bij-

3axXUCT CHpaIbOBYE MPU MOBHX Ta AYrOBUX 3a-
COTOK XMOHUX crpaipoByBasb (10...30 %). PatiboBye TIput TPy a

] MHUKaHHSX. YCTaBKa 3a 4acoM JIpyroro CTyIEHs He JI0-
Onmi€ro 3 MPHYNH HENPABHIBHOTO CIPALEOBYBAHHS  3p0715€ BIZICTPOIOBATHCS BiJl IBOX CTYIEHIB 3aXHUCTIB, L0

3aXMCTy CJIIA BBAXATH TIOABY HANIPYTH HECUMETDII 33 BII-  pai(f0r0Th 3a HAMPSIMOM HYJIbOBOT MOCITiTIOBHOCTI.

CYTHOCTI Y MEpEXi 3aMUKaHHS Ha 3eMITIO. . . .
prFI/II/I CTYIIIHb BUABJIACTHCA 61J'IBH_I YyTIUBUM 3a

II. AHAJII3 JTOCJIKEHB I ITYBJIIKAIIA MEepIInil CTYMIHBb 32aXUCTY TI0 CTPYMY.

Ha mincraBi pe3ynpTaTiB ONMUTYBAHHS €HEPTOCITYKO
MiAPHEMCTB MOXKHA BiI3HAYUTH: JOCBIN EKCIDTyaTamii
MIEPIIOTO Ta JAPYToro CTYIEHIB 3aXUCTY BiJ 3aMHUKaHb Ha
3eMITIO BiIOOpakae IXHIO HE3a0BUIbHY pOOOTY, IO HPH-
3BOAUTH 10 HEBHUIIPABIAAHUX BiJKIIOYCHb JDKEPENa JKHB-
JeHHs (CeKuii mWH MiACTaHIii) 1, BIAMOBIIHO, TOB'SI3aHO
31 3HAYHMMHU CKOHOMIYHHUMH 30MTKAaMH BiJl IPOCTOIO Be-
JIMKOT KUTBKOCTI MpHUY0100yBHUX MallIKH.

3a OWiHKOIO eKCIUTyaTaliiHUKIB Mix 9ac poOOTH 3a- 1. META POBOTH

XHCTY MamTB‘MiCHe BUIIAZIKK Bi/:_lMOBH TEPKOHOBHUX PCIIC J1s1 mpaBUIBHOTO BUOOpPY 3ac00iB 3aXMCTY, OLIHKU
Ta HamIBMNPOBIIHUKOBHX MpHIaniB. JIo TOro * 3a3Ha¥a-  yoxMBOCTI CTBOPEHHS HOBHX IPUHIMIIB T4 IPHCTPOIB
FOTBCSL YaCTi BiAMOBHU 3aXHCTy [pH NyTOBUX 3aMUKAHHAX  3axpcTy HOTPiOHO MOCHIAWTH BIUIMB HECHMETpIl Ha aMIl-
Ha 3€MIIIO, 8 TaKOK HECCIICKTUBH1 BINKIIOYCHHA. nmitynHi Ta ($a3oBi mapamerpu HaNpyrd HyJIbOBOI MOCHI-

B nanuit yac HalOLIBII MOMIMPEHUMH TUITAMH 3aXH-
CTY BiJl 3aMHKaHb Ha 3eMJIIO (TIEPLIMI CTYIIHB) € TaK 3Ba-
Hi cripsiMmoBaHi 3axuct [2], [3].

3a BiATYKaMH €HEProciy0 MigIpHUEMCTB, 3 ypaxy-
BaHHSM CepelHbOl KITBKOCTI CHpallbOBYBaHb MPHCTPOIB,
BiZICOTKa TPYNOBUX BIAKIIOYEHb NMPHU CTIHKUX 3aMHUKaH-
HSX, MPale3laTHICTh NEpIIOro CTYNEHs 3aXHCTy X He
3aJI0BOJIbHSIE.
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JIOBHOCTI IIPH Pi3HUX peXHUMax poOOTH HEUTpalli MEepexi.

IV. BUKJIAJEHHSI OCHOBHOI'Y MATEPHAJLY 1
AHAJII3 OTPUMAHHUX PE3YJIBTATIB

VY TNOTyXHiif eHepreTH4Hil CHCTeMi TPUKYTHHK JIi-
HIHHHX HAmpyT YTBOPIOE OPCTKY cucTeMy. Moro moso-
JKEHHS IIOJ0 TOYKH BiJUTIKYy BH3HAYA€THCS IPOBIITHOCTS-
MH Ha 3€MJIIO Ha 3aTHUCKadYax JHKepelia Ta B IHIIHX TOYKax
CHUCTEMH.

CHMETpUYHOMY TPHUKYTHHKY JTiHIHHUX HAMpyT Bif-
MOBiTae cuMeTpuyHa 3ipka ¢azoux Hanpyr [4], [5]. Oxn-
HaK, [I¢ CIPaBE/UTMBO TUTBKH IPH HYJIbOBOMY MOTEHIIAI]
HEeHTpasi BiTHOCHO 3eMJIi, III0 Ma€ MiCIe TIPpH TOBHiH cH-
MeTpii 1307l (a3, sKa CKIagaeThes 3 aKTHUBHOTO OTIOPY
Ta EMHOCTI MEpExXi.

3anexHICTh MapaMeTpiB HYITBOBOI TOCHTiJOBHOCTI
BiJl aKTHBHHUX OIIOPIiB 130JAIii PO3TIITHYTa JOCHUTH JCTa-
neHO [6], [7].

[ikaBUM € JOCIiIKEHHsI BIUTMBY €MHOCTEH (a3 me-
PeXi BiTHOCHO 3eMITi. BennuuHa 1mux éMHOCTE! TTOBHICTIO
BH3HAYA€ TMOJOXCHHS TPUKYTHUKA JTIHIMHUX HANpPyT Bif-
HOCHO 3€MIJIL.

€MHOCTI MK (pazamMu He BIUIMBAIOTH HA MOTEHIIAI
CHCTEMH ILI0JI0 3eMJIi: BOHH yTBOPIOIOTh IIUIAX VISl B3ae-
MHOTO OOMiHY CTpyMy MiX (pazamu, CTBOPIOIOYH J0/aT-
KOBE HaBaHTAXXEHHs B KOHTYPI, SIKUH CKIIQIA€THCS 3 MPO-
BOJIiB Ta OOMOTOK TpaHC(opmaropa.

3 iHmoro OOKy, JJIsl 3apsAAHUX CTPYMIB, LIO TEUYTh
Ha 3eMJII0, HEMA€E NUISXY JUIsl TIOBEPHEHHS, SKIIO CHCTeMa
He 3'eAHaHa i3 3emiero. 3a mepmmM 3akoHoM Kipxroda
OCTaHHS BiJlirpa€ poJib By3Ja CXEMH 1 CyMa BCiX CTPYMiB,
110 MPUTIKAIOTH 10 HHOTO, IOPIBHIOE HYITIO.

[To3HAUMBIIY TPH BEKTOPHU HAIPYTH BIHOCHO 3€MUIi

UAes UB(:) UC(:) OTPUMAEMO:
Uge Yg+Upe Yp+Uce Yo =0 (1
Hexaii nesika Touka, 0 JIS)KUTh BCEPEIUHI TPUKYT-
HUKa JIHIHHUX Hamnpyr, Mae noteHmian 3emii. Hampyru
BiTHOCHO 3€MJIi, HAallpyT¥ BiIHOCHO HEHTpalli Ta 3MilIeH-
Hs HEUTpami TOB's3aHI TaKUMHU CIiBBITHOIICHHSME [4],

[5], [8]:

UAerA +U0
Upe =Up +Up 2)
UCe:UC +U0

Bonn crpaBemmmBi s Oynp-sikoi GpopMu TpUKYT-
HUKa HamNpyTH, a He TIIBKH cUMeTpuyHoi. Cyma TpBOX
(a3Hux MmoTokiB TpH(a3HUX CHUIOBHX TpPaHCHOPMATOPIB
TOYHO JAOPiBHIOE HYJIO.

e cnpaBemnuBoO i UIS HAMPYT, IHAYKOBAHHUX MU
MTOTOKaMH B TPHOX (pa3zax, Mo MPHU3BOIUTE IO CIiBBiTHO-
IICHHS, SIKE BIU3HAYAE MOJIOKCHHS HYIbOBOI TOUKH:

U, +Up+Up=0 (3)
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CniBBinHonreHHs (2) ta (3) 103BOJISIOTH HAAATH BU-
pasy (1) Takoi inTepnperauii. CTpyMH CHCTEMHU Ha 3€MJIIO

14=(U +Up)-Yy
Ip=(Ug+Up) -Yp
Ic=(Uc+Uy)-Yc
MOXYTb OyTH TIeperpyIoBaHi Ta IpeAcTaBieHi y BUIIISIIL:
(U4 Y +Ug Yp+Uc Yo )+ Uy - (Yy+Yp+Y0)=0 (4)

Bupa3 y nepmmx IyKKax € CTpyMOM, KA IPOTiKaB
O0m Ha 3eMITfO, SIKOM HANPYTH MPOBOIIB BITHOCHO 3EMITi
JIOPIBHIOBAJIM HanpyraM (a3 BiJHOCHO HeUTpaJIi.

Cyma 1BoXx uieHiB Bupasy (4) 3rigHo i3 3akoHoM Ki-
pxroda nopiBHIOE Hyir0. SIkmo emMHOCTI Ha 3emio Cy,
C3, Cc piBHI MK c00010, TIEpIINI WICH piBHAHHS HA TiI-
crasi (3) 3HUKaE.

[Ipu upoMy i Apyruil 4ieH MOBUHEH CTaTH PiBHUM
HYJIIO, a, 0TXke, 1 Uy = 0. TakuM 9uHOM, HEUTpAIh CHMET-
pudaHOi Tpru(a3HOI CUCTEMH, IO 3HAXOAUTHCS B PIBHOBA-
31, Ma€ MOTEHIAII 3EMIIi.

[Ipu 3'enHanH] OAHOTO 3 TPHOX MPOBOAIB (a3 i3 3em-
Je0 3MIHM JIHIHHOT Hampyru He BigOYBaeThCs, SKIIO
JOKEPEJIO XKHUBJICHHS JOCUTH TTOTYKHE.

Juis nocmimKeHHs HalpyTH HYJIBOBOI MOCIITOBHOCTI
HEOOXiTHO CKJIACTH CXEMY 3aMiIleHHS PO3MOAIIFHOI Me-
pexi, sika mpenacTaBise co0OK CYKYNHICTh CXeM 3aMmi-
IIEHHS OKPEMHUX EJIEMEHTIB 3 ypaxXyBaHHSIM HACTYITHUX
puIymess [8]:

1) cucrema EPC mxeperna )XUBICHHS CHMETPHYHA Ta
HE MiCTUTh BUIIHAX TAPMOHIHHUX;

2) piBHOMIpHO PO3MOJiJIEHI EMHOCTI Ta OIOpPHU 130-
naril pa3 Mepexi BIIHOCHO 3eMJIi 3aMiHEHI 30cepeipke-
HUMU;

3) axkTuBHI Ta IHIYKTUBHI OIOPH IMPOBOJIIB JIHIN
NPUIHATI pIBHUMH HYJIIO;
4) iHOYKTHUBHICTH IpOCeNs, IO KOMICHCYeE, HE 3a-

JEKUTH BiJl IPUKJIAIEHOI HAIIPYTH, a aKTUBHI BTPATH iMi-
TYIOTBCSI aKTHBHOIO NIPOBIIHICTIO;

5) akTHBHUH OIIp 1 iHIYKTUBHICTH OOMOTOK TpaHC-
(hopmaropa, 10 KUBHUTH, PiBHI HYJIIO.

3 ypaxyBaHHSM BHIIEBUKIIAJIEHOIO, CXEMH 3aMi-
IIEHHS PO3NOAUILHOI Mepexi 0e3 ypaxyBaHHsS HaBaHTa-
JKEHHS! IS IOCTIJDKEHHS HallpyTH HYJIbOBOI TIOCITIIOBHO-
CTI B PEeXHMi, IO BCTAHOBHBCS, NMPU PI3HUX peXHMax
poboTH HeHTpani MaloTh BUIJISAA, INPEICTABICHUHA Ha
puc.112.

Ha cxemax 3aMillleHHsS PO3MOAUIBHOT Mepexi Io-
3HAYEHO:

Y4, Yp, Yo — KOMIUTEKCHI MPOBIAHOCTI i30is1miil (a3
BIJIHOCHO 3eMiTi;

Yy = Yx — IpOBIiAHICTH MPHUCTPOIO, IO KOMITCHCYE;
Yy = Ygr — IpoBiAHICTE pe3ucTopa B HEUTpalli;

y — IPOBiIHICTB, SIKA BU3HAYAE HECUMETPIIO 130JIAMii
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Mepexki BITHOCHO 3eMIIi.

Pucynok 1. Cxema 3aMmimieHHS Mepexi 3 130JbOBaHOIO
HEUTpaIuTio 1 JociikeHHs Uy

3

ko

Pucynok 2. Cxema 3aMiIlleHHS KOMIIEHCOBAHOI Mepexi
Ta MEpeXi 3 pe3UCTOPOM y HelTpaii

IMpn ckmaganHi MaremaTH4HOI Mopeni mepeabaua-
€ThCS, 11[0:

* Y HOPMaJbHOMY peXHMi poOOTH Mepexi MpoBif-
HOCTI KOXKHOI (ha3u piBHI MiX COOOI0;

* pazni EPC mepexi piBHI 32 BETHYHHOIO 1 3CYHYTI
ojHa BigHocHO oaHoI Ha 120°;

* MOTYXKHICTh TpaHc(hOpPMaTOpa, 110 KUBUTH, HE 00-
MEXEHa.

Taxi mpuITymeHHs, BpaxOBYIOUH BiTHOCHO HEBEJIH-
Ky TPOTSDKHICTB JiHIA PO3NOAUIEHUX MEpeX, M0 BiIXO-
JISITh, TO3BOJISIIOTH CIPOCTUTH MAaTEMAaTHYHI BUBCICHHS 1
MEPETBOPCHHA, aJI€ IPHU LIbOMY NMPAKTUYHO HE BILJIMBATU-
MYTh Ha TOYHICTb KiHIIEBUX PE3yJIbTATIB.

Jna mpencraBieHoi Ha puc. 1 cxeMu 3aMileHHS
3rigHo 3 mepmuM 3akoHoM Kipxroda MoxHa 3amucaru:

jA+jB+jC+j3 =0
abo
Uge Yy+Up, Yp+Uc, Yo +U 40 y=0

3 ypaxyBanHsM Y, =Yp=Yc=7Y 1iBupasis (2) Ta
(3) orpumyemo:

(3-Y+y)-Uy+y-Uy=0 (5)

3amiHuBIM y BUpa3i (5) MpOBiTHOCTI iX 3HAUCHHS-
M Y=1/R+joC Tta y=joC;orpumaemo Bupas (6)
JUTA HAaIPpYTH HYJIbOBOi TOCTIJOBHOCTI, BUPAKECHUN Uepes3
rapaMeTpy eNeKTPHIHOT Mepexi:

29

3R+ jo-(3C+Cyp)

Uy=

(6)

__ UAC‘)CLZ
(3/RF +@° -(3C+Cy)

slo-3cv )+ j3/R)

me R i C — BIANOBIIHO aKTUBHUI OIip Ta €EMHICTH 130-
il onniel dasu Mepeski BitHocHO 3emii; Cy; — €MHICTb
HECHMeTPii.

Jiroue 3HauYeHHS HANPYTW HYJIBOBOI MOCIIJOBHOCTI
IIpU HECHMETpii B Mepexi 3 130JIbOBAHOI0 HEUTpaLTIO,
BUpakeHe Yepe3 (asHy Hampyry Ta rnapamerpu i30Jsmil
Mepexi:

w-C
Uy=Ug 4

JOIRP +(3-0-C+o-Cy

Kyt Mix BekTopoM Hanpyru ¢a3u 3 HeCUMETPI€lo Ta
BEKTOPOM HAIIPyTd HYJIbOBOI ITOCIIJOBHOCTI BU3HAYAETH-
csl 3 BUpasy:

:]80°+al”ct _—
o1 8o R(3C+Cy)

PesynbraTi po3paxyHKiB mapaMeTpiB Harpyra Hy-
JIbOBOI TOCIIIIOBHOCTI NpeJCTaBIIeH] IrpadiyHuMK 3a1exk-
HOCTSIMH.

Ha puc. 3 HaBeneHi xapakTepHi KpWBi 3MIHM 3Ha-
YEHHsI HANPYTW 3MILIEHHS] HEHTpaii Npu pi3HUX Mapame-
Tpax pO3MOJAUIEHOI Mepexi, EMHICHOI HecUMeTpii Ta iX
MO€/THAHHSX.

KpuBi 3MiHM KyTa BEKTOpa HAIpyrd HYJIHOBOI ITO-
CJIIZIOBHOCTI NIPE/ICTaBJICHI Ha puc. 4.

Jlnst Mepeski 3 KOMIIEHCOBaHOI HEHTPAIITIO 3TiTHO 3
nepirM 3akoHoM Kipxroda:

Ty+lg+lc+ig+13=0 (7
3 ypaxyBaHHsAM TOTO, 10

Ix =Up-(1/Rg - j(1/wl))

HaTpyra HyJIHOBOi MOCTITOBHOCTI Yepe3 MapamMeTph Me-
PEXi TiCIs BiAMOBIAHNX MEPETBOPEHDb BU3HAYAETHCS:

3/R+1/Rg + j(30w-C+aw-Cy~1/(wl))

Uy =

Jiroue 3HaYeHHS HANpPYTW HYJIHOBOI ITOCIIJOBHOCTI
IIPU €MHICHIH HecHMeTpii B Mepexi 3 KOMIIEHCOBaHOIO
HEUTPaJUTI0 BUSHAYAETHCS BUPA30OM:

w-C
Up=Ug - X

\/(3/R +1/Rg )} +(30-C+a-Cy - 1/(coL))2

Kyt Mix BekTopoM Hanpyru ¢a3u 3 HECHMETPI€Io Ta
BEKTOPOM HaIpyry HyJbOBOI MOCIIiI0BHOCTI:
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3/R+1/Rg
®-(3C+Cy)~1/(wl)

@; =180°+arctg

/3
1 I
0,3
! 2. 3 |4
=TS
0,003 1{
0 0.2 04 0.6 08 Cp,mxd

Pucynok 3. Hanpyra HyJ150BO1 IOCITITOBHOCTI B MEPEIXKI 3
130JIbOBAHOI0 HEHUTPAILIIO B 3AJIEXKHOCTI BiJ €MHOCTI He-
cumeTtpii pu R = 5 kOm ta C (Mx®), mo nopiBHIOE: 1 —
1,0;2-2,0;3-3,0;4—-4,0;5-5,0

(Pno
270 ———— I
I R Ea e VA
260
2
250 \ 7|
240
230
3
220
4
210
200 3
190 _—7
i
180
0 02 0.4 0.6 0.8 Cp, Mx®

Pucynok 4. 3anexHicts (a3u Hanpyra HyJIbOBOI ITOCIIi-
JIOBHOCTI B MEPEXi 3 130JIbOBAHOIO HEHTPAILTIO BiJ] EMHO-
cti Hecumerpii mpu C (Mk®P) i R (kOM) BiImoBinHO piB-
mux: 1-0,111;2-1,0tal1;3-0,1Tal10;4-50T1al;5

30

—10tal;6-1,0Ta10;7—-5,0Ta 10; 8—10Ta 10

[Ipn po3paxyHKy mapaMeTpu Mepeski 3MiHIOBAIUCS
Y JIOCHUTH IIMPOKOMY Jialia30Hi MOKJIMBUX 3HAUYCHb aKTH-
BHOTO OTIOpY 130JIAIIii Ta EMHOCTI BiTHOCHO 3eMJIi pO3IIO-
TUTBHAX MEPEeXK.

Pexxum xoMneHcauii eMHICHUX CTPYMIB NpHiMaBcCs
PE30HAHCHHUM 1 3 PI3HUM CTYIEHEM pO3JIajay JyroracHoi
KOTYILIKH, SIK y OiK HeIOKOMIIeHcaIlil, TaK i B OiK 1mepeko-
MIIEHCaIil.

Ha puc. 5 1 6 HaBeneHi XxapakTepHi 3aJIe)KHOCTI 3Mi-
HU BEJMYUHM 1 KyTa Hampyrd HyJIbOBOI IOCIIJIOBHOCTI
JUI pI3HUX MapaMeTpiB MepeXi Ta pPEeKUMIB HajallTy-
BaHHS JyroracHOi KOTYIIKH.

A
1 — —
1 /___.—-—-""'"-_____
?1——
003 .{
0,003
0 0,2 04 06 08 Cgpmxd

Pucynox 5. 3anexxHicTh HaPYTH HYJIHOBOI MOCHITOBHOC-
Ti B MEpeXi 3 KOMIICHCOBAHOIO HEHTPAJLTIO IPH PE30HAH-
CHOMY HaJIAIITYBaHHI AyroracHOi KOTYIIKH, BiJl EMHOCTI
Hecumetpii mpu C (Mx®P) piBHomy: 1 — 0,1; 2 — 2,0; 3 —
4,0;4-5,0

s mpenacTaBiaeHOl Ha pUC. 2 CXEMH 3aMillleHHS
PO3MOAUTBEHOT MEpexki 3 HEUTPaJUTIo, 3a3eMJICHOIO Yepe3
pesucrop i npuiiMatoun Yz = 1 / Ry  anaznoriyuao (7)
MO>KHA 3alHCaTH:

Iy+lg+lc+Iig+i3=0

[Micnst BiAMOBIAHWX TIiICTAHOBOK 1 IIEPETBOPECHD
OTPUMAEMO BHpPAa3 Ul BU3HAUCHHS HAMPYTH HYJIHOBOT
IIOCITOBHOCTI:

3R+1/Ry + j(3w-C+@-Cy)

Uy =
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Jliroue 3HauCHHs HANpPYTW HYJIHOBOI ITOCIIIOBHOCTI
IIPY €MHICHIM HECUMETpii B Mepexi 3 pe3ucTOpPOM y Hel-
Tpai BU3HAYAETHCS:

w-C
Uy=Ugp- A

\/(3/R+1/RN)2 +(3a)-C+a)-Cﬂ)2

KyT Mixx BekTOpOoM HampyTH (a3 3 HECUMETPIEIO Ta
BEKTOPOM HaIlpyT'H HYJIHOBOI IIOCTIJOBHOCTI BU3HAYa€Th-
Csl 3a BUPA3oM:

R+1/R
(01 = ]800 + arcth
3w-C+w- Cﬂ
q’l:n
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2
260 AN
\ A
250
\\
240 =
230 £
220
210
200
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180
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Pucynok 6. 3anexHicTh a3y HAIPYTH HYJIBOBOI ITOCITi-
JOBHOCTI Bix emHOCTI HecumeTpii mpu C (MK®D) i R (kOm)
BinnosingHo piBHEX: 1 —1011;2—-0,1 Ta 1; 3 — 10 Ta 10;
4-0,1Tal0

ITpu po3paxyHkax IirO4Oro 3HAYEHHS Ta KyTa Ha-
NpYyr¥ HECUMETPIi MapameTpu po3MOJiUILHOI Mepexi 3Mi-
HIOBAJIMCSl TAaKOX Y JIOCHTh HIMPOKHX Mexax. Bemuuuna
OTIOpY pe3ucTopa B HEHTpaJli BU3HAYasIacs 32 YMOBH:

Ry=(1/3..2/3)-X¢

Ha puc. 7 Ta 8 HaBeneHi KpuBi 3MiHA 3HAYEHHS Ta
KyTa BEKTOpa HAalPyT'y HYJIbOBOI MOCIIOBHOCTI B MEPEXKi
3 PE3UCTOPOM y HEHTpaJIi.

[IpoBeneHuit aHami3 pe3yNbTaTiB JOCIIIKEHb Ja€

31

MOXJIMBICT BCTAHOBHUTH XapakKTep 3MiHM BEJIWYHMHHU Ha-
NPYTd HYJHOBOI ITOCIIJIOBHOCTI 3aJIeKHO BiJI €MHICHOT
HecuMeTpii, EMHOCTI Ta aKTUBHOTO OIOpY i30JIs1ii Mepe-
K1 IS pI3HUX PEXKHUMIB HEHTpaIti.

VY pexumi i3071b0BaHOT HEHTpasll Hanpyra HeCUMET-
pii 30inbIIyeThCS 32 3MIHU BEIMYMHH €MHOCTI MEpexi
BigHOCcHO 3emi Bif 10 Mk®D 10 0,5 MkD.

U,

0,03

0,003

EJ.-O' 0.8 Cp MED

04

Pucynok 7. Hampyra HyJIp0BOi MOCTIIOBHOCTI 3aJICKHO
Bix emHOCTI HecumeTpii mpu R = 5 kOMm 1 C (Mx®D), mo
nopiBaioe: 1 -0,5;2—-1;3-3,0;4-5,0
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Pucynoxk 8. 3anexHicts (a3u Hanpyra HyJIbOBOI ITOCIII-
JIOBHOCTI B MEPEXi 3 pE3UCTOPOM B HEHTpasli BiJ €MHOCTI
nHecumetpii npu C (Mk®D) i R (kOM) BiamosiHO piBHUX: 1
-0,111;2-1Tal;3—-5T1al1;4-10Ta1;5-0,1 Ta 10;
6-11al10;7-5T1210;8—-107Ta 10

3rayHe 301IBIICHAS HAIPYTH HYJIHOBOI TOCIIiJOBHO-
CTi criocTepiraeTbcsi y pasi 3poCTaHHS €MHOCTI HECHMET-
pii.

Ha xapaxrep 30inbmenns U, 3anexHo Big C; Benu-
YUHA €MHOCTI MEpeXi Ta aKTUBHOTO OIOPY i30JAmii He
BIUTUBAIOT.

VY Mepexi 3 KOMIEHCOBAHOI0 HEWTpalIio IpH Pe3o-
HaHCHOMY PEXMMI HaJlaIllITyBaHHS JyrOracHOI KOTYIIKH,
Hanpyra HyJIbOBOI HOCIIZOBHOCTI 301IBIIYETHCS 31 3pOC-
TaHHSIM €MHOCTi HECHMETDii.

Y pa3i 30iblIeHHS] aKTUBHOTO OIOPY 13011 Me-
peXi XapakTep 3pOCTaHHS HANPYTH 3MIIICHHSA HEWTpasi
3MIHIOETHCSI — HAPOCTAaHHS BiZIOyBa€THCS IUIABHIIIIE.

VY pexumi mepeKkoMIIeHcarii 301iMbIIeHHs €MHOCTI
HECHMETpii CIPHYUHIE 3pOCTAaHHS HANPYTH HYJIHOBOI
NOCIIZOBHOCTI TUM OiNblile, YUM BHUIIMHA aKTHBHUH OMIp
130JIAIIIT MEepexKi.

VY pexxnmi HeZOKOMIIEH CaNii XapakTep 3MiHH Harpy-
TH 3MIMIEHHS HEUTpasi aHAJOTIYHWN XapakTepy 3MiHH
IIPY PE30HAHCHOMY PEXXNMI HalAIITyBaHHS KOTYIIKH.

[Tpuyomy, BeaM4YMHA HAIIPYTHd HECUMETPIi Jeno Me-
HIIIA, HDK TIPY PE30HAHCHOMY PEKHMI.

VY Mepexi 3 pe3sucTopoM y HeHTpaii Hampyra HyJbo-
BOI MOCJIIZIOBHOCTI 301IBIIYETHCS 31 3pOCTaHHAIM €MHOCTI

32

HecUMeTpii.

[Ipu 30ipIIeHHI aKTHBHOTO OMOPY 130JIALIT Mepexi
TaKOXX CIIOCTEPIraeTbcs 3POCTAHHS HANPYTH 3MIIICHHS
HeHTpat.

I3 30iMBIICHHSAM €MHOCTI MEpeKi BITHOCHO 3eMIIi
BEJINYMHA HAIIPYTH HECUMETPIil 3HMKY€ETHCS.

Ha BenmuuuHy KyTa MiXK BEKTOpOM Hanpyru ¢asu 3
HECHMETPI€I0 Ta BEKTOPOM HANpyrd HyJIHOBOI ITOCIIIOB-
HOCTI TaKOX BIUIMBA€ 3HAYCHHS] €EMHOCTI HECUMETPIi.

Jnst pi3HUX pEeXUMIB POOOTHM HEWTpasli Bij3Haua-
I0ThCS TaKi 0COOIMBOCTI:

* 3a [HIIUX PIBHUX YMOB MCHIIIA 3MiHa KyTa MiX Be-
KTOpOM Hampyru (a3u 3 HECHMETPI€I0 Ta BEKTOPOM Ha-
MIPYTH HYJIBOBOi MOCTIIOBHOCTI BifOYBA€THCS B MEPEXKi 3
PE3UCTOPOM y HEWTpai;

* Hali0bIIa 3aJeXHICTh KyTa HANpYTH HYJIHOBOI
MIOCITIZIOBHOCTI BiJl MapaMeTpiB 130JLii crocTepiraeTbes
Yy MepexKi 3 i30JIbOBAHOI0 HEHTPAILITIO.

[Ipu pi3Hiit eMHOCTI HEecUMETPIi Ta 3MiHI MapaMeTpiB
Mepexi B peallbHUX Mexkax, (a3oBUil KyT Hampyru Hy-
JIOBOI IOCIIJIOBHOCTI 3MIHIOETBCS B JliamaszoHi Bix 270°
Jo 180°.

Haiibinpime 3pocTaHHs HANpyTH HYJIBOBOI MTOCIiIO-
BHOCTI BIJI3HAYa€ThCS MPU EMHOCTI HECHUMETpIi, sika cTa-
HOBHTH 10...30% Bix EMHOCTI 130JIAIIIT MEPEKI.

[onmanpme 301IbpIICHAS YaCTKA €MHOCTI HECHMETPii
HaJa€ BIJHOCHO MEHIIMH BIUIMB Ha HANPYTy 3MillCHHSA
HelTpati.

Haii0inpin cyTTeBUIl BIUIMB BiHOCHA €MHICHA He-
CHUMETpis 130Jmii mpH 3MiHI 3HAYEHb E€MHOCTI MeEpexi
BIJIHOCHO 3eMJIi HAJIa€ Ha BENMYMHY HANpPYTH HYJIBOBOI
MOCTITOBHOCTI B MepeXkax 3 KOMIIEHCOBAHOIO HEHTPaJLITIO
1 MIPaKTUYHO BUKIIOYAETHCS MPH MOBHICTIO 130JIbOBaHIN
HeHTpai Mepexi BiTHOCHO 3EMITi.

V.BUCHOBKH

AHaJTi3yI0YM HAsBHI METOIU Ta 3aCO0HM 3aXHUCTY Bij
onHo¢a3sHUX 3aMHMKaHb Ha 3emiro [9] — [17], , MoxHa
c(hOpMyITIOBaTH NICBHI BUCHOBKH.

i peanpHEX apaMeTpiB Mepexi 3a pe3yIbTaTaMu
TEOPETHYHHX Ta EKCIIEPUMEHTAIBHUX JOCTIHKEHb MOXKHA
CYyIUTH TPO Mpaine3IaTHICTh ICHYIOUHUX 3aC00IB 3aXHCTy
Ta BUKOPUCTOBYBATHU IX NPU pO3pOOILi HOBUX NPUHIIMUIIB i
IIPUCTPOIB 3aXUCTY.

Mo>kHa 3 YIeBHEHICTIO CKa3aTH, 10 IPYTUi CTYIiHb
3aXHUCTY Bix 0HO(A3HUX 3aMUKaHb Ha 3eMITIO TIPH MTEBHil
€MHICHIH HecmMeTpii 130Jmii Mepexi Oyae mpalrfoBaTH
XI/I6HO, TUM CaMHUM IMPU3BOAAYN OO BilIKJ'[IO‘IeHHSI JOKEpEe-
J1a JKMBJIEHHS 1, BIIITOBIIHO, 3HAYHUX €KOHOMIYHUX 30MT-
KiB Yepe3 MpoCTOl TEXHOJIOTIYHOTO 00J1aIHAHHS.

Juis BUKITIOUEHHS XHUOHOI POOOTH IPYTroro CTYIEHS
3aXHMCTy HEOOXITHO pO3pOONSATH 3aXWUCHHUHA TPHUCTPIi,
IPYHTYIOUHCh Ha HOBOMY HPHWHIIMIII, [0 BKIIIOYAE, OKPIM
KOHTPOJIIO HANPYTH HYJIBOBOI MOCTIIOBHOCTI, IHIINK Ta-
pameTp, SKUH He 3aJeKUTh BiJl EMHOCTI HECHUMETpii Me-
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pexi.

3axHCTH MEpIIOro CTYMEHs MMPU EMHICHIH HECUMET-
pii TaKOX MOXXYTh TIOMIJIKOBO IPAIfOBAaTH, OCKIIBKH (ha-
30Bl XapaKTEPUCTHKH MapaMeTpiB HYJIbOBOI HOCIIiIOBHO-
CTi aHAJIOTIYHI peXXUMy O0JHO(DA3HOrO 3aMUKAHHS Ha 3eM-
JIO.

Takosx BapTO 3BEpHYTH yBary Ha MOXKJIMBI JI0JaTKO-
Bl BTpaTH eJEKTpOeHeprii y objanHaHHI NMPH 3HIDKEHHI
skocTi Hampyru [18], ockinbky XMOHE CHpalbOBYBaHHS
abo BiZIMOBa MPUCTPOIB 3aXUCTY ONOCEPEJKOBAHO BILIH-
BAIOTh 1 Ha MIOKA3HHUKH SIKOCTI EJIEKTPUYHOI eHeprii.
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STUDY OF UNBALANCE VOLTAGE IN THREE-PHASE NETWORKS
WITH DIFFERENT NEUTRAL MODES

STEPANENKO Ph.D, Associate professor, Associate professor of the Department of Electric Power
Y.V. Engineering, Dnipro University of Technology, Dnipro, Ukraine, e-mail:
stepanenko.yu.v@nmu.one, ORCID: 0000-0001-5999-1927

Purpose.Determination of the influence of network parameters with different neutral modes on the zero-sequence
voltage

Methodology. The research methodology is based on the general theory of electrical engineering and, in particu-
lar, on the method of symmetrical components.

Findings. A mathematical model has been developed to establish the nature of the zero-sequence voltage change
for different modes of the network neutral. The value of the zero-sequence voltages and the angles between the phase
voltage vector with asymmetry and the zero-sequence voltage vector depending on the capacitive asymmetry, capaci-
tance and active resistance of the network insulation for different neutral modes are established.

Originality. Conducted studies have shown that the largest increase in the zero-sequence voltage is observed at
the asymmetry capacity, which is 10...30% of the network insulation capacity. Moreover, the relative capacitive asym-
metry of the insulation when changing the values of the capacitance of the network relative to the ground has the most
significant effect on the value of the zero-sequence voltage in networks with a compensated neutral and is practically
excluded when the neutral of the network is completely isolated relative to the ground.

Practical value. For real parameters of the network, based on the results of theoretical and experimental studies,
it is possible to judge the efficiency of existing protection devices and use them in the development of new principles
and protection devices.

Keywords: voltage; zero sequence; asymmetry; isolated neutral; compensated neutral; network with a resistor in
the neutral.
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