ToKu KOpOoTKOro 3aMbIKaHUA
B 9TEKTPMYECKIX CeTAX,
COIep>KalNX COBPEMEHHbIE
KaOenpHble muHIn 6-500 KB

YOK 621.315.21

AKTUBHbIE U MHAYKTUBHbIE COMPOTUBIIEHUA BO3AYWHbIX U Kabenb-
HbIX FIMHMMA BaXXHbl AJNIA pacyeTa Nnobbix HOpMasribHbIX U aBapPUN-
HbIX peXXUMoB paboTbl ceTu. B 4acTHOCTU, OHM HYX>XHbI ANA onpe-
AerNeHUA TOKOB KOPOTKOro 3aMbiKaHUA CETU, OT KOTOPbIX 3aBUCUT
BbiGOp ceueHusn npoeoaoB u Kabeneun, a Takxke Bbi6Gop BbiKNIOUaTe-
nen. B HacTofAee BpeMa B pacyeTbl 3aKnaabiBaloTCA HeBepHble
napameTpbl KabesnbHbIX IMHUNA, UTO MPUBOAUT K 3AHUIKEHUIO TOKOB
KOpPOTKOro 3aMbikaHuA ceTu. Mcnonb3oBaHMe KOPPEKTHbIX 3Ha4e-
HMMA COMPOTUBJIEHUMX NPAMOM U HYJIeBOMU NocnepoBaresibHOCTU CMo-
CO6GHO NOBBLICUTb TOKU KOPOTKOro 3ambikaHua o 20-30% u 6onee.

AOAmurtpues M.B.,
K.T.H., HAy4HbIN
pefakTop XypHana
«ONEKTPO3HEPTUA.
Mepenava

1 pacnpegeneHue»

KnioueBble cnosa:
TOK KOPOTKOro
3aMblkaHus, Bo3adyLUHas
NUHKSA, KabenbHas
NUHUA, 0aHOMasHbIN
kabenb, CLUMTbIN
NONUaTUMEH, NPoaOrbHOe
CONpoTUBIEHNE

NNHUK, NpsiMas
nocneanoBaTenbHOCTb,
HyneBas
nocrnenoBaTenbHOCTb,
3a3eMIeHne aKpaHoB

WHUK anekTponepenayn knaccos 6-500 kB
UrpatoT KYeByIo Porib B Nepegaye u pacnpe-
JerneHun anektTpuyeckon aHeprun. [Mapame-
TPbl IMHUIA OKa3bIBalOT CBOE BMUAHME Ha LUU-

POKUIN NepeveHb XapakTePUCTUK SNEKTPUYECKON CETH:

— NoTepu akKTUBHOW N peaKTUBHOW MOLLHOCTY;

— YPOBHM HampshKeHus B y3nax cetu;

— TOKM KOPOTKOIO 3aMbIKaHUS.

[ns pacyeta HOpMaribHbIX U aBapUMHbBIX PEXMMOB
paboTbl CETN BaXXHO MCMOMb30BaTb KOPPEKTHbIE 3HaYe-
HMS NapamMeTpoB NIMHUIW MO MPSMOWN U HYNEBOW nocne-
A0BaTenbHOCTSIM, CPean KOTOPbIX pasnuyaoT:
NpoAorbHOE akTMBHOE conpoTueneHne (R4, Ry);
NPOAOIbHOE MHAYKTUBHOE conpoTmerenne (X4, Xo);
nonepeyHyto eMkocTb (Cq, Cp).

Hwke B cTaTbe OUEHVMM Te MocreacTBusl, KOTopble

MOXET MMEeTb HEeBEpHOe 3afaHne NnapameTpoB JINHWN

npu pacyeTe TOKOB KOPOTKOro 3amblkaHus (K3). Ctout

HaMOMHUTb, 4YTO TOKM K3 murpatot KroveByo ponb npu

NPOEKTUPOBAHUN 3NEeKTpUYeCcKnx ceten. Hanpumep,

OHW OKa3blBaKOT HEMOCPEACTBEHHOE BUSIHUE:

— Ha BbI6Op ceyeHns NpoBoAOB 1 TpocoB BJl, a Takke
Ha BbIOOp ceyeHusa xun n akpaHoB KJ1 (Bonpocskl
TEPMMNYECKOWN CTOMKOCTK);

— Ha BbIOOp KpenneHnsa ToKoBeayLLMX YacTen (Bonpo-
Cbl ANHAMMNYECKON CTONKOCTN);

— Ha BbIOOp BbIKIHOYaTENen (BONPOChI OTKIOYaOLLEN
cnocobHocT);

— Ha HacCTpOWKY penernHoun 3amTbl U1 aBTOMaTUKW;

— Ha noTeHumanbl 3a3eMnSALNX YCTPOMCTB n 6es-
OMNacHOCTb NepcoHana;

Ha 3NEeKTPOMarHMTHYH COBMECTMMOCTb (BOMPOCHI

MarHUTHOro nons).

[anee, paccyxpast o Tokax K3, He Oygem pac-
cmaTpmBaTb €MKOCTb fIMHWW, @ OCHOBHOE BHWMaHue
yOernvm TOJIbKO NPOoAoSbHbIM napametpam Ry, Ro u X4,
Xo. Takoe gonyuieHme CBA3aHO C TeM, YTO eMKOCTb
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nmHun Cq, Cyp, KaK NMpaBuno, He BNUdeT Ha BeNUYUHY
Toka K3 (3aecb He yunTbiBaeM 3aMbikaHME Ha 3EMITIO).
Moaxoabl k onpegeneHno NPoaosbHbIX NapaMeTpoB
OTNMYaloTCsa B 3aBMCUMMOCTM OT TOW nocregoBatesib-
HOCTK, O KOTOPOW naeT pedb. Ecnu conpotmeneHus R,
n X4 0ObIYHO HaxXOAAT MyTEM pacyeToB MO WU3BECTHbLIM
dopmynam, To CoOnpoTMBIEHNa Ry 1 X,, HaNPOTUB, Bbl-
YUCNAKT NUWb KOCBEHHO — MyTEM YMHOXEHUS YXe
HangeHHbIX Rq1 1 X4 HA NpPUBEAEHHbIE B HOPMATUBHbIX
OOKyMEeHTax TUNOBble COOTHOWEHUS Ry / Ry 1 Xo / X4:

Ro =Rq-Ro/Ry,
X0=X1'X0/X1.

B crtatbe gagum oOueHKYy nocneacTtBuaM TOro, YTo
B KabenbHbIX ceTax Hawern cTpaHbl anga KJl ncnonbay-
FOTCSl HEBEPHbIE:

— opmynbl ansa pacyeta Ry n Xy;
— npencraBneHns 0 COOTHOLWEHUAX Ry / Ry 1 Xq / Xy.

B vacTHOCTM, nokaxem, YTO MCMoNb3oBaHME HeBep-
HbIX NpoaornbHbIX napameTpoB KJ1 cnocobHo npuBoanTb
K 3aHmxkeHuto TokoB K3, a peanbHble 3HadeHus TokoB K3
B kabenbHbIX ceTax MoryT okasaTbcs 4o 20—-30% 6onbLue.

OtmeTum, yto pacyeT TokoB K3 genaetca MHOrumu
opraHusaumsiMy (MPOEKTHbIMU, Hay4HbIMKM, Crnyx6amm
pexumos POY/OLY), ogHako Bce OHW MCMOMb3ykT Ans
3TUX Lenen cneumannu3mpoBaHHble KOMMNbIOTEPHLIE NPO-
rpamMmmbl, KOTOPbIM U3NULLHE JOBEPSIOT (Tak Kak NpuHs-
TO nonaraTtb, YTO KOMMbIOTEP «HE MOXET OLLIMOATHCS»).
Ha camom e gene ykasaHHble NporpaMMbl OCHOBaHbI
Ha HeBEepHbIX NPeacTaBfeHnsX O NapameTpax NpsiMon
n Hynesow nocneposatenbHocTn KJI, MOCKOMbKy, Ha-
npumep, OT UX Nonb3oBaTtenen gaxe He Tpebyetcs 3a-
[aBaTb TaKyl BaXHEWLLY UHOpMaLMIo, Kak ceveHme
3KPaHOB N CXEMa UX 3a3eMIIEHMS.

NAPAMETPbI KJ1 U3 KATANOroB
KaTtanorn kabenbHbiIX 3aBOOOB M HEKOTOPbIE OTpacre-
Bble CTaHOapTbl cogepXaT OOHM U Te e OYeHb NPOoCTble
dopmynbl Ana pacdeta npofornbHbIX napametpoB Kl
npsmMonr nocnegoBartenbHOCTU. Mo npuynMHaMm, KoTopble
NosICHMM No3xe, byaem o6o3HavyaTb Takne KaTanoXHble
napameTpbl Kak Ry 1 Xqq:

Ri1 = Rit™ - lkp,
X11 = @L1™ - Ikp,

raoe Ryy* n L11* — NOroHHble 3Ha4YeHUs1 akTUBHOIO COMpo-
TUBMNEHUS N UHAYKTUBHOCTU; ®» = 27tf — Kpyroeasi 4acTto-
Ta (f = 50 "u); lkn — onuHa K.

AKmMuUHoe cornpomuerneHue:

Rit* = Kn - p/ Fx,

raoe Fy — nonepevyHoe CeyYeHne Xunbl; py — YOernbHoe
aKTMBHOE COMPOTUBIIEHME MaTepuana Xunbl (3aBUCUT
OT TemnepaTypbl, NpPY KOTOPOW HeobXxoaMMo onpene-
nnte napameTtpbl KI); Kn — koadpdumumeHT nosepx-
HOCTHOro adbdekTa, 3aBUCALLMIA OT CEYEHUS XKUNbl Fy
(y megHou xunel Kn = 1 + 1,15, y antoM1MHNEBON Xnnbl
Kn=1+1,06).

B cnyyae aBycTOpoHHero 3asemnerus akpaHos KT,
cornacHo [1, 2], B HUX HaBOAATCS NepeMeHHble TOKU I3
N BO3HMKAKT NOTEPU aKTUBHOW MOLLHOCTU P3. Toku I
1 notepu P; yBENUUMBaOTCH Mo Mepe pocTa:
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— paccTtosaHusa mexay dasamu s;
— CeyveHusa akpaHa Fs.

AKTMBHOE COMPOTMBIEHME MPSAMOKN NocrenoBaTesb-
HOCTK R4* 0BsA3aTenbHO AOMKHO YYUTbIBATb OCHOBHbIE
WCTOYHMKN NOTepb akTUBHOW molHocTu KIT — un note-
pu B Xunax Py, 1 NoTepun B 3kpaHax P;. Cnegosarterb-
HO, B Criyyae ABYCTOPOHHEro 3a3emrieHns akpaHoB KJl
B popmyne anda Rq* obazarenbHO JOMKHO NPUCYTCTBO-
BaTb HE TOMNbKO CcevyeHne Fy, HO TaKkke BENMUYUHBLI s N Fa,
OT KOTOpPbIX 3aBUCUT Psy.

Ecnun nocmoTpeTb Ha NnpuBeAeHHYH0 Bbillie (opMyny
OJ151 aKTMBHOIO COMPOTUBIIEHUS, TO B HEWN OTCYTCTBYHOT §
n F3, @ 3HauMT Takasi hopmyrna y4nmTbIBaeT TOSMbKO MO-
Tepu B Xunax Py U He y4uUTbIBaeT NoTepb B 9KpaHax Ps.
Takvm obpasom, gaHHas popmMyna npMMeHnMa TOMbKO
ansa KI co cnegyrowmnmm cxemamu, He NMELLMMN TO-
KOB 1 NOTepb B akpaHax [1, 2]

— OOHOCTOPOHHEE 3a3eMIIeHNE;
— TpaHCMno3nuus 3KpaHOoB.

WMTak, akTMBHOE COMPOTUBIIEHME MPSIMOW MOCneno-
BatenbHocTu KJ1, koTopoe gaeT oopMyna 13 Katanoros,
ny4ywe obo3Hayatb He R¢*, a uHa4ye — nycTb Rq¢*.

UHOykmueHOCMb:

L11* = LBH* + _Ho ln(L),
21 71
rae po = 4n - 107 TH/M — mMarHuTHasi NOCTOsIHHASA; s —
cpenHee no Tpacce KI1 pacctosHue mexay ocamu ¢as;
ry — paguyc xunbl; Lgy* = 0,05 - 10-° 'H/M — BHYTpeH-
HSIS1 MHOYKTUBHOCTb XWITbI.

lMocne nepeBoda BCEX BEMUYMH U3 Pa3MepPHOCTU

H/M B paamepHOCTb MIH/KM:

Ly1*=0,05+0,2n (i)
71

Mpn AByCTOPOHHEM 3a3emneHun akpaHoB KJ1 B HuX
NPOXOAAT HaBeLEHHblE TOKU I3, KOTOpble TemM BorbLue,
yem 6onbLue y KIT pacctosiHue mexay daszamu s 1 ceve-
HWe 3KpaHa Fy. OTU 3KpaHHbIE TOKM CBOUM MarHUTHbIM
nonem ocrnabnsawT MarHMTHOE Nnose TOKOB Xun Ly, 1 no-
atomy y KJ1 cHuxaeTcst UHOYKTUBHOCTb NPSIMOM nocrie-
JoBaTenbHOCTU Lq*.

Ecnu nocmoTpeTb Ha NpUBEAEHHYIO Bbile opMyny
ONS UHOYKTUBHOCTU, TO B HEW OTCYTCTBYET ceveHune Fy,
a 3HauuT bopMyna He yuuTbiBaeT HaBELEHHbIX TOKOB
B 9KpaHax Iz. Takum obpasom, dopmyna npumeHuma
Tonbko Ans KJl co crnegyowmmm cxemamm, He UMeroLL M-
MM TOKOB U NOTEPb B 3KkpaHax [1, 2]:

— OAHOCTOPOHHEE 3a3eMrIeHME;
— TpaHCno3nuus 3KpaHoB.

WTak, MHOYKTMBHOCTb NPSIMOM NocreoBaTensHOCTU
K, koTopyto gaet dpopmyna 13 katanora, nydwe obo-
3HayvaTb He L¢*, @ uHa4ye — nycTb Lq*.

Ewe pa3 obpatum BHUMaHue, 4to anga nobon Kl
C [BYCTOPOHHMM 3a3eMfIeHMEM 3KpPaHOB MNpPOAOIb-
Hasg mHAaykTnBHocTb KJ1 npsmon nocrnenoBaTensHOCTU
L{* Bcerga OyaoeT MeHblUe 3HaveHus Lq* n3 karanora.
B yacTHoOCTW, 9TO O3Ha4vaeT, YTO B KabenbHbIX CETSX,
rae mHoro KJ1 ¢ ABYCTOPOHHMM 3a3eMieHneM 3KpaHoB
(06bI4HO 3TO ceTn 6-35 kB), peanbHble TOKM Tpexdas-
Horo K3 okaxyTcs ©ornblue 3HayeHuin, paccUnTaHHbIX
C MOMOLLbIO KaTarnoros.
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BakntodeHue no napamempam u3 kamamnozos. ®op-
Mynbl Ans npodonbHblix napametpoB K1 npamon no-
crnenoBaTenbHOCTU, KOTOpble NPMBEAEHbI B KaTanorax
kabenbHbIX 3aBOAOB, MOMYT WCMONb30BaTbCA WCKMIO-
yntenbHo ana KIT ¢ OAHOCTOPOHHUM 3a3eMslEHVMEM
9KpPaHOB MMM MUX TPaHCNo3nuuen, a ans gByCTOPOHHErO
3a3eMreHns 9KpaHoOB OHM He rogsaTcs. Mockonbky KaTta-
1norM He AaloT pasbACHEHUN Ha 3TOT CYET, TO Y UHXe-
HepoB CkragblBaeTcd OLWMOOYHOE BreyaTneHne, 4To
KaTanoxHble OpMyrbl SBASIOTCA YHMBEPCarbHbIMU
1 npumeHnMbl ansa nobon KIl.

CnepnyeTt OTMETUTB, YTO 3a4acTyro B Katanorax gop-
Mynbl Rq1* n Lq1* ykasbiBatoTca 6€3 MHOEKCoB «1», npo-
CTO Kak R* n L*. 3TO NpMBOOUT K TOMY, YTO MHXEHEpbI
BOCNPMHMMAIOT UX HE KaK napameTpbl NpsMoun nocne-
O0BaTenbHOCTY, a Kak yHuBepcanbHble napameTtpbl KI1,
cnpaseanvBeble 1 ANS NPSMOW, 1 A58 HYNeBOW nocneno-
BaTenbHOCTEW, YTO ByaeT HeBepHbIM. Ha camom gene
napameTpbl KI1 no Hyneeon nocrnegoBaTenbHOCTU MOTYT
B pa3bl OTNMYaTLCS OT NapamMeTpoB Mo NpsiMon — pac-
CMOTPVM 3TOT BOMPOC Jarnee.

NMAPAMETPbLI K1 U3 CTAHOAPTOB

Kak npaBuno, craHgapTbl cogepxaT Te Xe caMmble
dopmynbl Ans napamMeTpoB MPsAMOW nocnegoBaTtenb-
HOCTM, YTO MpUBOAATCA B KabenbHbIX Katanorax. [daH-
Hble (POpMyrbl BepHbl ANs psida Cxem 3a3eMileHus
3KpaHoB, HO He Ansa Bcex. OgHako, BHE 3aBWCUMOCTU
OT CXEeMbl 3a3eMeHNs 9KpaHoB, MO Takum hopmynam
HVKaK Henb3s paccyMTaTb NapamMeTpbl HyrneBon nocne-
[0BaTenbHOCTY.

[nsa oueHkn napamMeTpoB HyrneBow nocriegoBaTterb-
HOCTW UCMONb3YyIT cTaHaapT [3], rae AaHa nHdpopmauums
n no BJ1, n no KIl. Hanpumep, cornacHo n. 4.2.5 ans BJ1
xapaktepHo Xo / X4 = 2,0 + 5,5, @ KOHKPETHbIE 3HAYEHUS
3aBUWCSAT OT CBOWCTB TPOCOB M yucna uenen BJI1 (tabnu-
ua 1). BugHo, 4TO Yem nyuLle TPOoChl NPOBOASAT TOK, TEM
MeHblue ByaeT BenuumHa Xq / X4. Hanpumep, ecnu 6bl
Tpochkl BJ1, kak akpaHbl COBPEMEHHbIX Kabenen, MoOXHO
ObIN10 Obl M3roTaBnNUBaTb HE CTamnbHBIMK (UM U3 cnna-
BOB antOMWUHKSA), @ YACTO MEAHbIMW, NpUyYeM BOoNbLIOro
CeveHusi, TO BMOMHe BEPOSATHO, YTo Ans BJ1 nonyynnock
Obl paxe Xo / X1 < 1.

Ona KIl cormacHo n. 4.2.6 «ConpoTuBneHue Hy-
NneBon nocnegoBaTenbHOCTU Kabenen 3aBUCUT OT
Xapaktepa uX MNpOKNagku, Hamumuus WnuM OTCYTCTBUS
npoBoAsiLLen 0BOMOYKM, CONPOTUBMAEHUS 3a3eMieHun
npoBogsLLern 060omnoykn (ecrnm oHa MMeeTCs) U apyrnx
dakTopoB. [pyn NpubnmxeHHbIX pacyeTax OMnyCTUMO
NPUHUMATbY:

Xol/ X1 =3,5+4)5,
R0/R1 =10.

BugHo, yto, B uenom, ana BJ1 n KJ1 cooTHoLweHne
Xo / X4 cornacHo ctaHgapty [3] npumMepHO OOUHAKOBO.
OpHako 3gecb ctouT 0bpaTuTb BHUMaHue, 4to [3] ony-
onvkoBaH B 1998 rogy, Korga OMUHUPYHOLWUMK Gbinn
kabenun ¢ GymaxkHon n3onaumen, He UMerLne MeHbIX
NPOBOMOYHbIX 9KpaHoB. [MoseneHne y KJT Takux akpa-
HOB (B N. 4.2.6 ux Ha3bIBalOT «NpoBoasLlas obonoykay),
pasymeeTcs, cywectBeHHO namennt ana Kl tunosble
COOTHoLLEeHUs Xq / Xj.

CoBpeMeHHble kabenu ¢ n3onaumen n3 CLUNTOro no-
nunatuneHa (Cr13) obssaTtenbHO OCHALLAKTCA XOpPOLUO
NPOBOASALLMMY MEAHBLIMU 3KpaHaMMI, @ 3HAYUT AN TaKnx
KIN cnegyet oxunpaTte CHWXeHus Xq / X4, npyyemM BNoTb
80 Xo I X4 < 1. MNony4yaetcs, 4To npuBegeHHble B [3] 3Ha-
yeHus Xo / X4 = 3,5 + 4,5 B HacTosLee BpeMsi, CKopee
BCEr0, Y>Ke He MOryT MPUMEHSITLCS.

Ecnu o6patutbes k Tabnuue 1 anga BJ1, To Tam yeTko
yKasblBaeTCH, YTO BNWSIHUE CBOWCTB TPOCOB Ha Xq / X
NPOUNCXOAUT UCKIMIOYUTENBHO NPU YCIOBUN 3a3eMIEHNS
TPOCOB, TO €CTb MNpu obecneyeHnn BO3MOXHOCTM MPO-
XOXAEHUS NO HUM TOKOB. AHanornyHas cutyaums byagert
n ansa KI1 — nosiBneHre XopoLo NpoBOAAWLMX MEAHbIX
3KpaHOB CMOCOBHO CHU3UTb Xq / X4, HO TOMbKO €cnu no
HUM obecneyeHa BO3MOXXHOCTb MPOXOXKAEHMS TOKOB.

Ecnu akpaHbl KIT 0gHOCTOPOHHE 3a3eMreHbl, TO TOKM
HYNeBOW MOCreaoBaTeNbHOCTM TaM MPOXOAUTb HE MO-
ryT (Qaxe ecnv aKpaHbl CAenaHbl U3 Meau), a 3HauuT
cooTHoweHune Xq / X4 = 3,5 + 4,5 ctaHgapTa [3], no Bcen
BUONUMOCTM, 30ECb HE yTPaTUO akTyarnbHOCTb. YTO Xe
KacaeTca 4BYCTOPOHHEro 3asemneHus akpaHoB KI1 unm
MX TPaHCNO3UUMW, TO TOKM HYNEBOW MOCreAoBaTellb-
HOCTK Ge3 NpobnemM 3ambIKalTCA MO TakMM 3KpaHaM,
a 3HauuT cooTHoLleHune Xq / X1 ByaeT meHbLue, 4em B [3],
BNMOTb A0 Xo / X1 < 1.

Wtak, B coBpemeHHon kabenbHon cetn gns Kl cnpa-
BeanuBo He Xq / X4 = 3,5 + 4,5, kak nonaranocb paHee,
a MeHbLUMe COOTHoLlEeHus, BNoTb A0 Xo / Xy < 1. 3710
03HayvaerT, YTo B KabenbHbIX CETAX TOKM ogHodasHoro K3
Ha camMOM fere MOryT okasaTbCH CyLLECTBEHHO Gonblue
TeX 3Ha4YeHW, KOTOpbIE paccyYUTbiBaANIUCb paHee C Mo-
MOLLbIO MapameTpoB 13 [3].

KOPPEKTHbLIE NAPAMETPbI Kn

B [1, 2] npegonoxeHbl hopMynbl AN pacyeta Nnpogonb-
HbIX MnapameTpoB coBpeMeHHbIX K1, BbINOMHEHHbIX
3KpaHMpoBaHHbIMK Kabenamu. 3Tn popmynbl y4nUTbIBa-
0T OCHOBHbIE BNMsOLWME PaKTopbl, B TOM YUcre:
— CXeMy 3a3eMIIeHNsi 9KPaHOB;
— CceyeHue N matepuan 3KpaHoB.;
— paccTosiHne mexay kabenamu;
— nocnegoBaTenbHOCTb (MPAMYIO, HyMeBYIO).

[nana3zoH nameHeHus napametpos KJ1, paccumTaHHbIX
no [1, 2], 6bin aaH B ctatbe [4] n npogybnuposaH B Tabnu-

Tabn. 1. CootHoweHue X, / X4 ansa BJ1 B 3aBUCUMOCTU OT TPOCOB U Yucna ueneu (nNo gaHHbIM [3])

Xo / X4
XapakTtepuctuka BIl
1 uenb 2 uenu
bes 3azeMneHHbIX TpOCoB 3,5 55
C 3a3eMrneHHbIMK TpocaMu 13 cTanm 3,0 4,7
C 3a3eMIieHHbIMM TPOCaMM 13 XOPOLLO NPOBOASALLMX MaTepmanoB 2,0 3,0
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Ta6n. 2. KoppekTHbie napamMeTpbl coBpeMeHHbIX KI1 (mo aaHHbIM cTaTtbu [4])

Mpsamasa nocnegoBaTenbHOCTb

HyneBas nocnepgoBaTenbHOCTb

Cxema 3a3emnieHus akpaHoB KJl

R4 X4 Ro / Ry Xo I X4
OpQHOCTOPOHHEE 3a3eMrieHne R X 3+15 4 +25
TpaHcno3numsa akpaHoB " " 2+30 0,25+2
[IBycTOpOHHEE 3a3emneHne (1,01 +5) - Ry (0,45 +0,99) - Xy4 1+20 05+2

ue 2 (ans pacdeTta conpoTMBNEHUA Ryq 1 X44 BEPHbI NpK-

BedeHHbIe Bbile (hopMyrbl 13 kKabenbHbIX kKaTanoros). 3

Tabnmupl 2 MOXHO caenaTh criegyoLLme BbIBOAb:

— napameTpbl npamon nocneposatenbHocTn KJT npu
OBYCTOPOHHEM 3a3eMIIEHNM IKPAHOB MOryT 3aMETHO
OTNNYaTbLCS OT KaTanoXHbIX Ry 1 X441, CNpaBeannBbIX
WCKIMIOYNTENBHO ANS OOHOCTOPOHHErO 3a3eMIieHus
3KPaHOB UMM UX TPAHCMO3NLNW;

— napameTpbl Hyneson nocnegosatenbHocTn  KJl
3aMeTHO OTnmMYyarTca OoT craHgapTta [3], npuyem
ocobeHHo cnegyeTt obpaTtuTb BHMMaHME Ha BO3MOX-
HOCTb cuTyauum Xo / X4 < 1.

NMPUMEP OLLEHKUM TOKA
TPEX®A3HOIO K3

PaccmoTpum npocTyio pagumanbHyko KabenbHyk CeTb,
NMokasaHHy Ha pucyHke 1. B aTon cxeme oueHMM TOK
Iy TpexdasHoro K3 B koHue K. YkasaHHbIN TOK MOXET
ObITb HYXEH, Hanpumep, ANnd Bblbopa CeYeHUM Xun
N 3KpaHoB kabeneu, NOOKMOYEHHbIX NocreaoBaTenbHO
¢ paccmatpmaemon KJl (tTakume kabenm Ha cxeme yc-
NIOBHO 0603HaY4eHbl kak «Harpyskay).

[ns onpegeneHHOCTU MONOXWMM, 4YTO pedb uaet
o cetn knacca 110 kB ¢ BHyTpPEeHHUM CONPOTUBMNEHU-
em X¢c = 2 OM 1 HanbonbwmMm paboynm HanpspkeHuem
Unp = 127 kB. MycTb KI1 110 kB nmeeT gnuHy lky = 5 km
N BbiMNONHeHa ogHodasHbIMKM Kabenamyu € MegHbIMM
xunom Fy = 1000 mm?2 1 akpaHoM Fs = 240 mm2. IMycTb
kabenu nodasHo yrnoxeHbl B TPU MOMMMEPHbIX TPyObl
anametpom D = 225 MM kaxgon (Tpybbl pacnonaratot-
CS1 BMNMOTHYO APYr K APYry NMy4YKOM, TO €CTb COMKHYTbIM
TPEYronbHNKOM).

lNMapamempsi KJ1 no kamanoey. [pu cedeHun
Fx = 1000 mM? onisi Meau, COrmacHo [2], MOXHO NPUHSITb
Kn =1,151 1 py = 2 - 108 Om-m. Torga no popmyne us
Karanora Hangem:

R41* = 23 MOM/KM,

Ry =23-5=115mMOm.
[ns oaHodpasHoro kabens 110 kB npu Fy = 1000 Mm?
paguyc xunbl ry = 18,8 MM, guameTp kabens d = 80 mm.

Mpn npoknagke a3 COMKHYTbIM TpeyroribHMKOM pac-
CcTosiHME mexay ocsimu ¢as 6bino 6bl s = d = 80 mm, oa-

CeTb '

Hako kabenn nodasHo pasmeLLeHbl B Tpybax, 1 No3Tomy
cnepyet NpuHATb s = D = 225 mm. Torga no hopmyne mn3
Karanora Hanaem:

Ly1* = 0,546 MIH/KM,
X141 =(2n - 50) - 0,546 - 5 = 858 mOwm.

KoppekmHbie napamempei KI [1, 2]. Ecnn y KI1 BbI-
NMOMHEHO OOHOCTOPOHHEE 3a3eMrleHne 3KPaHOB UMK UX
TpaHcno3numa, To Torgaa hopMynbl Katamora BepHbI,
1 NOMy4nMm:

Ri1=R4; = 0,115 Owm,
X=Xy = 0,858 Owm.

Ecnu y KJ1 BbINOMHEHO OBYCTOPOHHEE 3a3eMrieHne
3KpaHOB, TO (POpPMYyrbl Katarora Ha Takon crnyyan He
pacnpocTpaHstoTes. [ns meaHoro akpaHa Fas = 240 Mm?
onpegenum (Tabnuupl 1a n 16 13 ctatom [4]):

R, =3,85" Ry =3,85-0,115 = 0,443 Owm,
X1=0,472 - X41 = 0,472 - 0,858 = 0,405 Om.

OueHka moka mpexghazHozo K3. Tok TpexdasHoro

K3 B koHLe KJ1:

Teis) = Ec
TR e+ X2

rae Xc=2 OM U Ec= Upp / N3 =127 /3 = 73 kB.

Ecnu 3anoxute B popmyny napametpbl Ry = 0,115 Om
n Xy = 0,858 Om cornacHo katanory (MMeHHO OHU UC-
Nonb3ylTCsA B CNeumanm3npoBaHHbIX NporpamMmmax pac-
yeTta TokoB K3), T0 Toraa Tok K3 B koHUe KJl coctaBut
I[((3) = 25,5 KA.

Ecnu 3anoxutb B hopmyny napameTpbl Ry = 0,443 Om
n X; = 0,405 Owm, KoTOpble cnpaBeanuebl ANs OBYCTO-
POHHErO 3a3eMIIEHUSI 3KPAHOB 1 OTCYTCTBYHOT B KaTarno-
re, To Torga Tok K3 B koHue KJT cocTaBuT Igs) = 29,9 KA,
4yTO Ha 17% Gonblue.

Wtak, peanbHbin Tok K3 okasancsa Ha 17% Oonblue
3HayeHus1, KoTopoe ObINIo HaWAeHOo C WUCMNONb30BaHK-
eM chopMyn KaTtanora, He YYUTbIBAIOLLMX BCE Pa3HOO-
Opasne NpUMEHSIEMbIX HA MPaAKTUKE CXEM 3a3eMIIeHUs]
3KpaHoB. BugHo, 4To KaTanoxHble hopmyrnbl MOryT ga-
BaTb 3aMETHbIE OLLUMOKM B pacyeTe TOKOB TpexdasHoro
K3 kabenbHow ceTu.
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KABEAbHDbIE

ANNMHWMUA

NMPUMEP OLLEHKU TOKA
OOHO®A3HOIO K3

B ycnosusax npegpiayLiero npumepa nonoxum, 4to Kl
110 kB umeeT TpaHcno3numio akpaHoB (OQHOCTOPOHHEE
3azemneHne anga KIl anuHom 5 kM oBblMHO He npume-
HMMO). Torga napameTpbl MpPSAMOV NOocnefoBaTernbHO-
ctm — Ry = 0,115 Om un X4 = 0,858 Om, HO TpebytoTca
elle 1 napamMeTpbl HyNeBOW NOCNeaoBaTeNlbHOCTY.

lMapamempsbi KJ1 no cmaHdapmy [3]. CornacHo [3]
npumem Ry / Ry =10 un Xq / X4 = 3,5. Torga

Ro=0,115-10=1,15 Om,
Xo=0,858 - 3,5=3,0 Om.

KoppekmHbie napamempsi K/1 [1, 2]. Onpegenum
(tTabnuubl 3a n 36 u3 ctatbu [4]), 4TO cnpaBeannBo
Ro / Ry = 5,2 n XO / Xq = 0,25 TOF,D,a

Ro=0,115-5,2=0,6 Owm,
X0 =0,858 - 0,25=0,215 Om.

OueHka moka oOHogha3zHoeo K3. Tok ogHOogasHoro
K3 B koHue KIT:
3E.

T V@R, Rof + (20Xe + X) + (X + )P

Ix3

Ecnun 3anoxuts B opMyny napameTpbl HyrneBown
nocrnegoBatesnibHOCTU [3], KOTOpble crnpaBennvBbl ANs
yctapeBwunx KI1 ¢ GymaxkHOW msonauuen, To nomnyvymm
Ixy = 20,3 KA. Ecnmn 3anoxute B dhopmMyrny KOppeKT-
Hble napameTpbl coBpemeHHbIX KJT ¢ Cl3-usonsaumen
no [1, 2], To nonyunm Iy = 27,5 kA, 4to Ha 35%
GonbLue.

Utak, peanbHbii Tok K3 okasancs Ha 35% 6onbLue
3Ha4yeHus1, KoTopoe BbINO HangeHO C MCMOoMb30BaHWEM
dopmMy”n CTaHAapTa, HE YYUTLIBAKOLLIErO, YTO COBPEMEH-
Hble KJ1 nmeloT xopollo npoBoAsLlime 3akpaHbl. BuaHo,
4YTO cooTHoWweHus Ry / R1 n Xo / X4 n3 ctaHgapta [3] mo-
ryT JaBaTb 3aMeTHble OWNOKM B pacyeTe TOKOB OHO-
dasHoro K3 kabernbHol ceTu.

3AKINMIOYEHMUE
1. MNapameTpbl npsamon nocnegoBatensHocTn KJ1, no-
BCEMECTHO ucCMonb3yemble B pacdetax TokoB K3

CeTU, ABNAKTCA BEPHbIMWU TOJIbKO MpU yCcroBun OT-
CyTCTBUSI TOKOB B 3KpaHax kabenewn, 4To XxapakTepHoO
WCKIMIOYNTENBHO ANS OQHOCTOPOHHEro 3aseMIleHus
3KpaHOB MK UX TpaHcnoanumu. Npun AByCTOPOHHEM
3a3emrieHun akpaHoB napametpbl KJT moryT cyuie-
CTBEHHO OTnn4yaTbCA.

. MapameTtpbl Hyneson nocnegosatensHocTn KIl, no-

BCEMECTHO Ucnonb3yemble B pacyetax TokoB K3
CeTU, ABNAKTCA BEPHbIMU TONBKO AJ1A CTapbIX Kabe-
newn ¢ ymaxkHon msonaumen. [na coppemeHHbix Kl
¢ ClN3-m3onsaumen, KOTopble OCHALLAKTCA MEOHbIMMN
3KpaHamu (3a4acTyto BONbLUOrO ceyeHus), napame-
Tpbl KIT MOryT CyLLECTBEHHO OTNMYaTbLCS.

. B npoekTHbIX opraHuMsaumsax 1M B AWUCMNETYEPCKUX

cnyxbax POY/OOY wcnonb3ykTca cneuvanvau-
pOBaHHble MporpamMmmbl pacdeta TokoB K3, ogHako
OObIYHO 3aTPyAHUTENbHO MNOMY4YMTb MHOPMaLuio
0 Tex hopmynax, KOTopble UCNOMb3YHT NPOrpaMMbl.
BmecTe ¢ TeM, MOXXHO NpeanoXxuTb NPOCTOe NpaBu-
110 NPOBEPKNU MPOrpaMM Ha WX NPUMEHMMOCTb Ans
pacyetoB TokoB K3 kabenbHON ceTu: He pekoMeHay-
eTcsa oBepATb TEM NMporpamMmmam, KoTopble He Tpeby-
0T OT MONb30BaTENS UCXOAHbIX AaHHbIX:

0 CXeMe 3a3eMrieHns IKpaHoB kabenew;

0 CevYeHnn 3KpaHoB Kabenen;

0 MaTtepuare 3KpaHoB kabenei;

0 paccTosHUM Mexay kabenamm KI1.

. B ctatbe 6b1510 NokasaHo, YTO NCNoMb30BaHMeE B pac-

yeTax HekoppekTHbIX napameTpos KJT cnocobHo npu-
BOAWTb K HEMPUATHbIM ctoprpu3aM. Tak B kaberb-
HbIX CETAX peanbHble TokM K3 MoryT okasartbcs o
20-30% Bblle pacyeTHbIX 3HadYeHun. Hanpumep,
B CcTaTbe ObINM pacCMOTPEHbI Cryvaun, Koraa yTo4YHe-
Hue napameTpoB KJ1 nprBeno kK pocTy Toka:

Ha 17% pns TpexdasHoro K3;

Ha 35% pnst ogHodpbasHoro K3.

. PexomeHayeTcs BHECTM HEOOX0OOMMbIE MPaBKM B Ka-

OenbHble KaTanoru, B HOPMATMBHbIE [OKYMEHTbI,
B anroputmbl paboTbl KOMMbIOTEPHbLIX MNPOrpamMm
pacyeTta TokoB K3, 4To6bl CnpaBuTb CNOXMBLLYIOCS
CUTYyaLMio C HEBEPHbIM pacyeToM MPOAOIbHbLIX Na-
pameTpoB coBpeMeHHbIX KJ1.
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