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MOPIBHSIHHSI CTPYMIB KOPOTKOI'O 3AMUKAHHSI
EJIEKTPUYHOI MEPEKI 6(10) kB Ta 20 kB

Anomayia: Y cmammi pozensanymo mamemamuune MOOeN08aHHs OLISIHKU eeKMPULHOL Mepedici i MOOenio8anHsl
PedACUMIB KOPOMKO20 3AMUKAHHA 05 eeKMPUUHUX Po3nodintbyux mepexc Hanpyeor 6, 10, 20 kB. Ha 6a3i ompumarux
pe3ynbmamie npoamanizoeano pieHv Cmpymie KOpPOMKO20 3AMUKAHMA O eNeKMPUUHUX MepexC Di3HUX K1dacig
nanpyau: 6, 10, 20 kB. Hagedeno Oami nogimpanux ma KabenbHUXx jiHill erekmponepeoadi. /[emanbHo po32aAHYMO
PO3PAXYHOK Mpu@asHo20 KOPOMKO20 3AMUKAHHA, MAK 5K PO3PAXYHKU KOPOMKO20 3AMUKAHHA € NepeUHHUM
00CNiOIHCEHHAM, KOAU NIAHYEMbCS PO3POOKA, MOOEPHI3ayis ab0 po3UWUPEHHS eIeKMPOeHep2eMUiHOI CUCmeMu.

Kniouogi cnoga: mamemamuune mM00en106anHA, e1eKMPUUHA MePeEIHCa, KOPOMKeE 3AMUKAHHA, PiGeHb CHIPYMIE
KOpPOMKO020 3aMUKAHHS, NOGIMPAHI ma KabeabHi NiHil enekmponepeoaui.

[ocTtanoBka mpodaemu. [IpuumHOO OUTBIIOCTI aBapiii B €NEKTPOYCTaHOBKaX € KopoTki 3ammkaHHA (K3), sxi
BUHHMKAIOTh BHACIIZOK MOPYIIEHHS €JIEKTPUYHOI MIIIHOCTI 130J1s11ii CTPYMONPOBITHUX YacTHH. KopoTke 3aMUKaHHS —
Ile eJCeKTPUYHE 3 €THAHHS IBOX TOYOK EIIEKTPUYHOTO KOJIa 3 pi3HUMH 3HAUYCHHSAMH TOTEHIIaTy, He IependadeHe
KOHCTPYKLIEI0 MPUCTPOIO, SIKE MOPYIIY€e HOro HopManbHy poOoTy. KopoTke 3aMUKaHHS MOXKE€ BUHUKATH B PE3yJIbTaTi
MOPYIICHHS 130JIAMii CTPYMOBEAYYHX €JIEeMEHTIB a00 MEXaHIYHOrO JOTHUKY HEI30JIbOBaHUX eNeMEeHTIB. Takox
KOPOTKMM 3aMHUKaHHSIM Ha3MBAIOTh CTaH, KOJH OIip HABAHTAXKEHHS MEHIIIE BHYTPILIIHHOTO OIIOPY JDKEPEIIa KUBJICHHS.

[TpyuunHYM TakuX MOpPYNIEHb PI3HOMAHITHI: CTapiHHSI 1301411, OOpPMBH MTPOBOAIB MOBITPSHUX JIHIN eJeKTporepeaadi,
MEXaHIYHI TIOMIKO/DKEHHS 130mii KaOempHMX JiHIM Tpu 3eMenbHHX po0oTax, yHapu OJNMCKaBKH B JiHIil
enekTporiepenaui ta iHmi. Yacrime 3a Bce K3 BinOyBaroTbesi uepe3 IepexifiHUIl OIip, HANpHKIAJ dYepe3 OIlip
€JIeKTPUYHOI IyTH, K BHHUKAE B MICII IMOIIKO/DKEHHS i30imii. [HKomm BuHUKaIOTh MetaniuHi K3 mpu sxux omip
€JIEKTPUYHOI JIyTH Ma€ Jy’Ke MaJie 3HaYeHHsL.

AHaJti3 nonepeaHix gociaimxKenb. B TpudasHuX eIeKTpoycTaHOBKaX BUHHMKAIOTh TpHdasHi Ta qeodaszni K3. Kpim
TOTO, B TpU(A3HUX MEPEKax 3 HArIyXO 3a3eMIIEHOI0 HEWTPAILTIO TAKOXK MOXKYTh BUHMKATH oxHO(a3Hi Ta asodasni K3
Ha 3emuto. [Ipu TpudazHomy K3 Bcei (asu Mepexi 3HAXOAATHCS B OMHAKOBHX YMOBaX TOMY HOIO Ha3WMBaKOTh
cumerprunuM. [lpu iammx Bugax K3 y koxHIA (as3i Mepexi MpOTIKaroTh Pi3HI CTPyMH, Y 3B’SI3KY 3 YAM BEKTOPHI
JiarpamMu CTpPyMiB Ta Halpyr'W CKPUBJIIOIOTHCS. Taki 3aMHKaHHS Ha3WBAlOTh HECUMETPUYHUMHU. KOpOTKi 3aMUKaHHs, K
MPaBHJIO, CYMPOBOKYIOTHCS 30UTBIICHHAM CTPYyMy Y TMOMIKOMKEHMX (ha3ax A0 BEIMYHMHH, sIKA B JEKUIbKa pa3iB
MIePEBHIIY€ HOMIHATbHE 3HAYCHHSL.

[porikanuas ctpymy K3 € KopoTko4acHUM, TOMY HPHU3BOANUTE 10 KOPOTKOYACHOTO 301BIICHHS BTPAT EIEKTPUIHOI
€Heprii B NMPOBIAHMKAX Ta KOHTAaKTaX, IO CYNPOBOKYETHCS IX CHIIBHMM HarpiBaHHsM. IleperpiB cTpyMonpoBimzHHX
YaCTMH MOXE IPU3BECTH JO LIBHIKOTO CTAapiHHSA Ta PyHHYBaHHS i30Jsllii, 3BapIOBaHHS Ta BUTOPAHHS KOHTAKTIiB
eIeKTPUYHUX amapaTiB, BTPaTH MEXaHIYHOI MIITHOCTI IMMH Ta MPOBiAHWKIB. [IpoBiTHHKN Ta KOMYyTawidHI TPUCTPOL
MOBHHHI BUTPUMYBATH HarpiB CTpyMaMH KOPOTKOTO 3aMUKaHHs, TOOTO OyTH TepMiuHO cTiiikumu. [IpotikaHHs cTpymy
K3 Takox CympoBOIKYETbCS 3HAYHUMH EIEKTPOAWHAMIYHUMH 3YCHIUIIMH MDK TNpoBigHHKamMu. CTPyMOIPOBiIHI
YaCTMHH, KOMYTalifiHiI armapaTH Ta €JIeKTPUYHI MallMH{A HOBHHHI OyTH CKOHCTpPYHOBaHI TaKMM YHHOM, 1100 BOHHU
BUTPUMYBAJIK 0€3 TOIIKO/PKEHHS 3yCHIUIA, sKi BUHUKatOTh npu K3. ToOTO BOHM MOBHMHHI OyTH €JIEKTPOIUHAMIYHO
critikumu. KopoTki 3aMHKaHHS CYyIPOBOKYIOTECS TIOHIKEHHSIM PIBHS HAIIPYTH B CNEKTPUIHI I Mepexi, 0COOTUBO OIS
MICIISI IOIIKODKEHHSL.

Hacminkamu K3 € [1]:

1. TennoBi abo TepmiuHi BBy cTpyMy K3 Ha eneMeHTH elNeKTpH4HOI cucTeMH (pO3M’SIKIICHHS, BUILIABIISHHS
MeTaly, BUNATIOBAHHS 1301111, pyHHYBaHHS KOHTAKTiB).

2. luHamivHi Iii, 0 BHHAKAIOTh MK CTPYMOBEIYYHUMH MIPOBITHUKAMHU.

3. Pi3ke 3HmKeHHS Hanpyry B Mictii K3.

4. Tlpu TpuBajomy 3HWKeHHI Hanpyru Ha 30-40% Bix HOMiHajIbHOTO (Ha 4Yac Ounbmie 1 C) IBUTYHH HOYHMHAIOTh
3YTHHSTHCSL.

5. IlepepBu B eNEKTPOIIOCTAYaHHI.

6. ITopymieHHs CTIMKOCTI OKPEMHUX €JIEMEHTIB 1 peKUMY €IeKTPOCHEPIeTHYHOT CUCTEMH B 1IIJIOMY.

7. Buropansst eleMEHTIB €l1eKTPOYCTaHOBOK.

Metor0o nanHoi crTaTi JOCTIDKEHHS BEJIMYMHHM CTPYMIB KOPOTKOTO 3aMHUKaHHS B 3aJIeKHOCTI BiJ THITY
KOHCTPYKTHBHOTO BUKOHAHHS JIiHIH enekTpornepenadi i HomiHansHOi Hanpyru: 6(10) kB i 20 kB.

© Ckpunnux C.0O., llleina I'.0., 2020
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BukinaneHHsi OCHOBHOTO Marepiajqy JociiukeHHsl. J[OCHiDKEHHS KOPOTKMX 3aMHKaHb B EHEProCHCTEMI €
OCHOBHUM KpPOKOM Yy IUIaHYyBaHHI CyYacHUX EJNEKTPUYHHUX Mepex. JOoCHiKeHHS MpPOBOAATHCS 3 BUKOPHCTaHHSIM
KOMII’FOTEPHOTO IPOTPaMHOI0 3a0e3MeUeHHsI, CIIOYAaTKy IUITXOM MOJICIIOBAHHS CHCTEMH, a MOTIM IMITYIOUYHM TTOMHJIKH.
HecnpaBHicTs 3a3BWuail NMpU3BOOWTH IO MiABHIICHHS CTPyMy, IIO MPOTIKAE B €IEMEHTaX Mepexi, i SAKmo He
3a0e3nedyeTbesl HAIIMHUM 3aXUCT, MOXKE CTaTH IMPUYMHOIO IOIIKO/PKEHHS B CHJIOBOMY INPHCTPOi i MOAAnbLIOMY
po3BUTKY aBapii. TakuM YMHOM, pPO3paxyHKH KOPOTKOTO 3aMHMKaHHS € IEPBUHHHUM IOCIIIKEHHSIM, KOJIH IIaHYETHCS
po3pobKa, MosiepHi3alis a0 PO3IMUPEHHS CHEPTOCUCTEMH.

Haiimenmny iimoBipHicTs Mae Tpudasne K3. ¥V Oararthox Bumagkax TpudasHe K3 mos’s3ano 3 HafOLIbIT BAXKKUMHU
HACITIIKAMH, OCKUTBKH BOHO BHUKJIMKA€ HAHOUTBI 3HAUEHHS HeOaNaHCIB MOTYKHOCTI Ha BaaX TeHepaTopiB. BuBueHHS
NepeXiIHUX MPOLECIB TOUNHAETHCS 3 PEKUMY TpU(a3HOr0o 3aMUKAHHS B CHITY HOr0 BiTHOCHOI IPOCTOTH B ITOPIBHSIHHI 3
IHIIMMU BUJJTAMH HECHMETPIi.

VY OurbmIOCTI BHNAJAKIB MPU aHATI3I 1 pO3paxyHKy HEpEeXiJHOrO PEKUMY €JIEKTPUYHOI CHCTEeMH IependadaeTbes
CKJIaJJaHHS PO3PaxXyHKOBOI CXEMH 3aMIIIeHHS, B SAKid MapamMeTpH ii elleMEeHTIB BH3HAYAIOTHCS B IMEHOBAHHX abo
BIJTHOCHUX OJMHUIIIX. ENeKTpryHa cxema 3aMillleHHs] BUKOPHUCTOBYETHCS ISl TTOJAIIBIIOTO JOCTIDKEHHS MepexiTHIX
MIPOLIECIB B EJIEKTPOSHEPTreTUYHIN CUCTEMI.

BusHaueHHS €1EKTPUYHUX 1 €JIEKTPOMArHITHUX BEIWYMH Y BIAHOCHUX OJUHUILIX IMIMPOKO 3aCTOCOBYETHCS B TEOPii
eJIeKTpUYHMX MamuH. lle 0OyMOBIIEHO THM, IO ICTOTHO CIPOLIYE TEOPETUYHI BHUKIAJKW 1 HaJlae pe3ysbraram
y3araJpbHEHUH BHJ B MPAKTUYHHUX PO3paxyHKax CTpyMiB i 3ammmrkoBux Hampyr mpu K3. Ilig BimHOCHWM 3HAYEHHSM
Oy/b-SIKOT BEIMYNHH PO3YMIIOTh 11 BiIHOIIEHHS 10 1HINOI OJJHOMMEHHOT BEJIMYMHY, TPUHHATO] 3a 6a30oBy. OTxe, nepen
THUM SIK IPEJCTaBUTH OY/1b-Ki BEJIMYUHH B BiJIHOCHUX OJUHUIIAX, Tpeba BUOpaTu 0asucHi oguumi [2, 3].

Ba3ncHUX eNeKTPUYHMX OJMHHIL YOTHPH: NOTYkHicTh S, Hanpyra U, ctpym |, omip Z,. Oxmak Tineku JBi
(Oynp-siKi) 3 IIMX YOTHPHOX € HE3AICKHUMH, TOOTO MOXYTh OYTH NPHUHHSTI AOBUIBHMM YHHOM. 3 IIPAKTHYHOI TOYKH
30py HaMOLIBII JOLITBHO B AKOCTi HE3aIEKHUX OA3MCHUX OXMHUIE npuiHaTH S, Ta U, . IHIIi BenMunHM 3HAXOAATHCS

Ha 1X OCHOBI. ba3zucHwmii cTpyMm:
S
l;=—=—— )
'\/g ‘U 6

Jlyis  eTanpbHOTO aHaji3y KOPOTKHMX 3aMHKaHb IMPOBEACMO MOCIIOBAHHS CHEPreTHYHOI CHUCTEMH B IMAKETI
npukitagaux nporpam MATLAB, a came Simulink.

PosrissHeMoO AUISIHKY pO3HOUTEY0i Mepexi eHepreTuyHoi cuctemu 20 kB, 10 kB, 6 kB 3 nBoMa He3ane:KHUMHU
JDKEpeTaMy JKUBIICHHS TIOTYKHICTIO 63 MBT Ta JTiHIsIMA eJIeKTPOIIoCTaYaHHs 3 30CepeKEHUMH TTapaMeTpamu (puc. 1).
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Pucynok 1 — Cxema modeni enepeemuunoi po3nooitbHoi cucmemu 3 OHCepenrom HCUeiLeHHs

MakcrManabHa TOTYXHICTh JDKepena j>KuBJIeHHs ckiagae 63 MBA. TlopiBHseMO 3Ha4YeHHS CTPyMy KOPOTKOTO
3aMHUKaHHS B ITOBITPSHUX Ta KaOENbHUX JIHIH eJeKTporepenadi 3 BpaxyBaHHSIM MIiHIMaIbHOI'O Ta MaKCHMalIbHOTO
nepepisy 1ux ApoTiB [4, 5, 6]. [lapamerpu JiHii enekTpornepenadi mpuBeacHi y Tadm. 1.

BazwucHi ctpymu:
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Tabauns 1 — [Tapamerpu niHii enekTponocTtadants 6-20 kB

. TTutomuit [Turomuit IIntoma peakTuBHa
Tun minii Hanpyra Hepepis AKTUBHUM OITip IHAYKTUBHUM OITip €MHICTh
KB MM Om/xkM Om/xkM MKCM/KM
1 20 35 0,89 0,445 2,56
1 20 185 0,167 0,384 2,92
KJI 20 35 0,89 0,129 69
KJI 20 185 0,167 0,101 127,5
1 10 (6) 35 0,89 0,391 2,92
I 10 (6) 185 0,167 0,339 3,4
KJI 10 35 0,89 0,095 107
KJI 10 185 0,167 0,077 200
KJI 6 35 0,89 0,087 127.,8
KJI 6 185 0,167 0,073 325
Bu3sHaveHHs akTHBHOTO il iHAYKTHBHOT'O OIOPY JIiHil enekTponepenadi (B.o.) (tabiu. 2):
R =R;- US_:2 (2)
X, =X, -1 US_; ®)
Tabnuist 2 — [Mapamerpu JIiHIN eIEKTPONOCTa4YaHHS B eNEKTPHYHHUX Mepekax 6-20 kB
Tum minii Hallzgyra Heg;ph AKTHBHHI?I:z.ip nimii R, IH)IyKTI/IBHI/Ij(():Iip minii X,
1 20 35 1,401 0,701
1 20 185 0,263 0,605
KJI 20 35 1,401 0,203
KJI 20 185 0,263 0,159
I 10 35 5,607 2,463
1 10 185 1,052 2,136
KJI 10 35 5,607 0,599
KII 10 185 1,052 0,485
I 6 35 15,575 6,842
1 6 185 2,922 5,932
KJI 6 35 15,575 1,522
KJI 6 185 2,922 1,277
AHaniTHYHAHN BUpa3 ISl BA3HAUCHHS CTPYMY KOPOTKOT'O 3aMHMKaHHSI, a caMe TPH(]a3HOro KOPOTKOTO 3aMHUKaHHS:
| = E | (4)

PospaxoBani crpymu tpudaznoro K3 mis pisHHX mapameTpiB 3B€ACHO IO TaON. 3 Ta HaBEIEHO OCIHIOTPaMHU
3aJIeXKHOCTI BEJIMYMHHU CTPYMY BiZITOBITHO JI0 TApaMeTPiB JIiHIi eJleKTporiepenayi Ta KJ1aciB Harnpyru puc. 2-4.

23



ISSN 2074-2630 Haykosi npaui JouHTY. Cepia: « Enexkmpomexnika i enepeemuxax» Nel(22) 2020

Tabmunst 3 — Crpym K3 nipu pi3HuX KOHCTPYKTUBHHX BUKOHaHHsX JIET]

Tun i Haigyra Heh;;;pis Crpym KOpOTKOll:) samukanas |
1 20 35 1619
I 20 185 2883
KJI 20 35 1732
KJI 20 185 4795
1 10 35 1305
1 10 185 2450
KJI 10 35 1379
KJI 10 185 3960
1 6 35 1101
1 6 185 2066
KJI 6 35 1164
KJI 6 185 3360

Pucynox 3 — Ocyunoepama nepexionoeo npoyecy nanpyeu ma cmpymy K3 6 xabenwniti ninii' 10 kB.
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Pucynox 4 — Ocyunoepama nepexionoeo npoyecy nanpyeu ma cmpymy K3 6 kabenwvriii ninii 6 kB.

BucnoBkm. [Ipu 30iiblIeHI HAPYTH B €IEKTPUYHIN CHCTEMI MiZBHIIYETHCS 3arajibHa HaBaHTa)KyBallbHa 3][aTHICTh
Mepexi, 0 B CBOIO YEPTy HaJa€e MOXKIIMBICTD MTOCTauYaHHSI SIKICHOI eNIEKTPUYHOI eHeprii Ha OubIry BifcTaHbs. B mpomeci
TIOPIBHSHHS THIy JIiHIA eleKTporepeaadi Tpeda 3a3Ha4yMTH, IO IIepeBarn Mae KabelbHa JIiHIA eJeKTporepenadi. 3a
pe3ysbTaTaMi pO3paxyHKy CTPYMIB KOPOTKOTO 3aMHMKaHHS MOXKHA 3pOOHMTH BHCHOBOK, IIO B MepeXkax 3 OlIbIINM
nepepizoM JiHII Ta Ourbmoro Hampyroro crpymu K3 Marore Ounbiry BenuyuHy. TakuM YHHOM, NpH IEpexoji
CJIEKTPUYHKUX Mepex Ha Buimil kiac Hanpyru 20 kB ctpymu K3 36inbiieno Ha 43 % B HOpIBHSHHI 3 €IEKTPUYHOIO
Mepexxeto Hampyroio 6 kB. Takuil aHami3 mokasye, OO BaXJIMBICTh HAAIHHOTO EJIEKTPOXXHMBIECHHS B CHCTEMI
€JIEKTPOIIOCTaYaHHs JUIsl BUINMX KJAaciB Hampyru MOBMHHA OyTH Ha BHCOKOMY piBHI Ta MaTd OOJlaJHaHHS s
3armobiraHHs aBapiiHUX cUTYyalii. B momanpmomy mraHyeThCs pO3pOOUTH CHCTEMAaTH30BaHUN PO3paxyHOK cTpyMiB K3
JuIsl OLIBLIOTO PsIY JIiHIH eJleKTporiepeiadi B CUCTEMI PO3IIOIUTY eJIEKTPHYHOT eHeprii.
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S. SKRYPNYK, A. SHEINA
State Institution of Higher Education «Donetsk National Technical University»

Short circuits currents comparison of 6 (10) kV and 20 kV. Most failures in electrical installations are caused by
short circuits (short circuits), which occur as a result of a failure in the electrical strength of the insulation of the
conductive parts. A short circuit is an electrical connection of two points of an electric circuit with different values of
potential, which is not provided by the design of the device, which interferes with its normal operation. Short circuits
may result from a failure of the insulation of the current-carrying elements or the mechanical contact of the non-
insulated elements. Also called a short circuit is a condition where the load resistance is less than the internal resistance
of the power source.
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The reasons for such violations are various: aging of insulation, breakages of wires of overhead transmission lines,
mechanical damages of isolation of cable lines at ground works, lightning strikes in the transmission line and others.
Most often, short-circuits occur through transient resistance, such as through the resistance of an electric arc that occurs
at the point of damage to the insulation. Sometimes there are metallic short circuits in which the resistance of the
electric arc is very small.

The study of short circuits in the power grid is a major step in the design of modern electrical networks. The research is
conducted using computer software, first by modeling the system and then simulating errors. A malfunction usually
leads to an increase in the current flowing in the lines, and failure to provide reliable protection can result in damage to
the power unit. Thus, short-circuit calculations are the primary consideration when designing, upgrading, or expanding
a power system.

The three-phase short circuit is the least likely. However, in many cases, the three-phase short circuit is associated with
the most severe consequences, as it causes the highest power imbalances on the shafts of the generators. The study of
transients begins with the mode of three-phase closure due to its relative simplicity in comparison with other types of
asymmetry.

In most cases, the analysis and calculation of the transient regime of the electrical system involves the preparation of a
calculated scheme of substitution, in which the parameters of its elements are determined in named or relative units.
The electrical substitution circuitry is used to further study the transients in the power system.

The definition of electrical and electromagnetic quantities in relative units is widely used in the theory of electric
machines. This is because it significantly simplifies the theoretical calculations and gives the results a generalized view
in the practical calculations of currents and residual voltages at the short circuit. By the relative value of any value is
understood as its relation to another value of the same name, taken as the base. So, before presenting any quantities in
relative units, we need to choose the basic units.

In the electrical system with increased voltages, the overall load capacity of the network increases, which in turn makes
it possible to supply high-quality electrical energy over a greater distance. In the process of comparing the type of
transmission lines, it should be noted that the advantages of the cable transmission line. According to the results of the
calculation of short-circuit currents, it can be concluded that in networks with a larger line cross-section and a higher
voltage, the short-circuit currents are larger. Thus, during the transition of the electric networks to the higher voltage
class of 20 kV, the currents of the KZ increased by 43% compared to the 6 kV electric network. This analysis shows
that the importance of reliable power supply in the power supply system for high voltage classes must be high and have
equipment to prevent emergencies. In the future, it is planned to develop a systematic calculation of short-circuit
currents for a number of transmission lines and to conduct mathematical modeling in the system of applications for the
study of transient processes at short circuits.

Keywords: mathematical modeling, electrical network, short circuit, current level of short circuit, overhead and
cable transmission lines.
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