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PaccmoTpeHa pabota HoBOro anropMtmMa onpegerieHns Mecta noBpeXxaeHus
Ha NUHUSX HanpsxeHunem 6-35 kB ¢ OOHOCTOPOHHUM nuTaHuem. BxogHom uWH-
dopmaumen ong AaHHOro anropuTma SBMASIOTCS TOMNbKO pesynbTaTbl ONepaTUBHO-
ro KOHTPONs TOKOB KOPOTKOro 3aMblKaHus MmoBpexaeHHbIX das. CaenaH aHanus
BNUsIHUA Ha paboTy JAHHOro anropuTma crnegyrowmx akTopoB: B1uaa KOpPOTKOro
3aMblKaHUs, NEPEXOOHOr0 COMPOTUBIIEHNS B MECTE MOBPEXAEHUS, MOrPeLHOCTH
TpaHCcOpPMaTOpPOB TOKa, BEMMYMHBI HArpy3ku NMHUM, MOLLHOCTU M COMpPOTUBHE-
HUS MUTaoLWeNn cUcTeMsl, NMOFPELLHOCTU pacyeTa TOKOB KOPOTKOrO 3amblkaHus B
Hauyane u koHue nuHun. OLeHOoYHbIe NapamMeTpbl YKka3aHHOro anropuTtMa onpeae-
NeHnsa MecTa NOBPEXAEHNS C y4eTOM 0003HAYEHHbIX BNUSAOLWUX (DaKTOPOB Mony-
YeHbl METOAOM BbIYUCMMTENBHOIO 3KCNepuMMeHTa. AHanua pesynbTaToB NpoBe-
OEHHOro MOAENMPOBaHUA Nokasar, YTO XapakTep U3MEeHEeHUs OTHOCUMTENBHOW No-
rPELUHOCTU OMpeferneHnsi Mecta KOPOTKOrO 3amMblKaHWs MpU pasnuyHbIX Buaax
NOBPEXAEHUA NPUMEPHO OAMHAKOBbIN. [Mpy 3TOM YpPOBHU YKa3aHHbIX OTHOCK-
TEnNbHbIX NOrpPeLUHOCTEN OT BO3OEWCTBUS BCEX BMUSIOLINX (DAaKTOPOB MOryT ObiTh
MEHbLLIE, YeM TONbKO OT OAHOrO U3 HUX. ATO OOBLSACHAETCA B3aMMHOW KOMMEHCa-
UMEeN BNUSAHMS Ha 3HAYEHUS] OTHOCUTENbHbIX MOrPELIHOCTEN PasnMyHbIX dhakTo-
poB. [laHHOe 06CTOATENLCTBO HEOOXOAMMO Y4MTbiBaTb NPW BbINOMHEHUU COOT-
BETCTBYIOLLMX OLLEeHOK NS HauxyaLero cny4yasi.

[NpencraBneHbl QUHaAMMYECKME XapaKTepuCTUKM paboTbl paccMaTpuBaemMoro
anroputMa onpegeneHnss MecTta MoBpeXOeHWs, NO3BONSAOWME OLEHUTL BpeMS
ero paboTbl B pa3nuyHbIX pexuMax. x aHanma cBuaeTenbCTBYET O NpaKTUYECKM
He OTNNYaLWMNXCH B KONIMYECTBEHHOM M KQ4YE€CTBEHHOM OTHOLLEHMUSIX 3aBMCUMO-
CTAX O4NS pasnuMyHbIX HArpy3oK U BMAOB NoBpexaeHui. B xoge oueHkn pesynbTa-
TOB BbIMOJSIHEHHbIX UCCreoBaHMIM 0bpalleHO BHUMaHUe Ha TO, YTO, KOHTpOnupysi
B PeXUMe KOPOTKUX 3aMblkaHWiA TONbKO OAMH NapameTp, a MMEHHO TOK KOPOTKMX
3aMblKaHUR, BMOSTHE BO3MOXHO C NPMEMMEMON AOCTOBEPHOCTLIO OnpeaenuTe Me-
CTO NOBpPEXAEHMS.

KnioueBble crioBa: aHepreTuka, peneiHas 3alwuTa, onpegeneHue mecTa no-
BpeXaeHusl.

Mn. 8. bubnwuorp.: 11 Ha3B.



DETECTION OF FAULT LOCATION
ON THE POWER LINES 6-35 kV WITH UNILATERAL FEED

ROMANIUK F. A., SHEVALDIN M. A.

Belorussian National Technical University

The paper describes new algorithm of detecting the fault location for the power
lines 6-35 kV with unilateral feed. The results of operational control of the short-
circuit current for the faulted phases are the only initial data needed for the fault
location algorithm. Analysis of the impact of the type of short circuit, transition re-
sistance at the damaged point, errors of current transformers, load of the line,
power and resistance of supply system, calculation errors of short-circuit currents
at the beginning and at the end of the line on the performance of this algorithm
is also performed. Estimated parameters of the algorithm of detecting ‘the fault
location based on identified influencing factors were established by method of
computational experiment. Analysis of the simulation results performed shows that
the variation of the relative error in the fault location determination for different
types of faults is about the same. Moreover levels of these relative errors from the
effects of all influencing factors can be less than just from one of them. This is due
to the mutual compensation of the various factors’ influence on values of relative
errors. This fact must be taken into consideration when performing the corre-
sponding estimates for the worst case scenario.

This paper presents the dynamic characteristics of this algorithm for detecting
the fault location that allows estimating the time of detecting the fault location
in different modes. Their analysis shows that there is almost no difference in quan-
titative and qualitative dependencies for different loads and types of faults. As the
evaluation of results performed it should be noted that by means of the control
only one parameter in short current mode, i.e. the short-circuit current, it is pos-
sibly with acceptable accuracy to detect the fault location.

Keywords: power engineering, relay protection, detection of fault location.
Fig. 8. Ref.: 11 titles.

OCHOBHBIMH TIOBPEKACHUSIMH Ha JIMHUAX HampsokenueM 6-35 kB ¢ ogHo-
CTOPOHHUM TMHUTAHHUEM SIBIAIOTCA KopoTkue 3ambikanusa (K3). Hammume mocto-
BepHOH nH(popManuu o Mecte K3 MoXeT ObITh BBITOJHO MCIOIB30BAHO JUIA MO-
BBIIICHNST TEXHUYECKOTO COBEPIICHCTBA TOKOBBIX 3alllUT TaKUX NHHUN. Ecnu
YCTaHOBIJIEHO, yTO MecTo K3 HaxonuTcs Ha 3amuiiaeMoi JIMHNH, TO MPEIOCTaB-
JsieTcs BO3MOXKHOCTD /7Sl €€ OTKJIIoueHHs 0e3 BhiIep Kk BpemeHH. Koraa me-
cto K3 pacnonoxxeHo 3a npenenaMy yka3aHHOM JIMHUH, TO €€ OTKIIOYEHHE MPo-
W3BOJIMTCS C BBIICPKKOI BpemenH [ 1-5].

MecTo TOBpEk)ACHHUsSI MOXKET OBITh YCTAHOBJICHO MO BEIMYUHE PACUETHOTO
OTHOCHUTEIBHOTO 3HAUYEHHs PACCTOSHHS OT MECTa YCTAHOBKU 3aIUTHI O TOY-
ku noBpexaeHus lg. Ecmu I, To Mecto K3 Haxomutcs Ha 3aIuInaeMoi Ju-
HUM, B TIPOTUBHOM CIIydae OHO PAacIOJIOXKEHO 3a €e IMpelesiaMH Ha CMEXKHOM
yJacTKe.

B ocHoBy ompezenenus |~ MOTYT OBITH MOJOKEHBI CICAYIONINE COOOpaKe-
Husi. VI3BecTHO, uTO KpuBas u3MeHeHus: Toka K3 Braons mauauu I = f(l.) umeer
crianaromuii xapakrep (puc. 1). IIpu atom O6ymem nonarars, uro 1/l u l. cBs3a-
HbI JIMHEHOU 3aBucuMocThio 1/l = f(l.), nokazanHoi Ha puc. 1.

BocnonbzoBaBumcs s npeacrasnenust 1/l = f(l.) ypaBHenuem mnps-
MOi, TpOXOAAIIeH Yepe3 IBe TOUKU Ha IIOCKOCTH ¢ koopaumHatamu (0, 1/lg)
u (1, /1)), mocne ero pazpenieHnst OTHOCHTENBHO |y momyunm
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| = Ik(0)|k(1) (1)
kK — 1

l*(lk(o) - Ik(l)) + Ik(l)
rie lg, Iy — Toxu K3 npu noBpexienusx cooTBeTCTBEHHO B TouKax |.= 0

ul.=1.

1
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Puc. 1. 3aBucumoctu |y u 1/l ot oTHOCHTENBHO# JyTHHbI THHEY |, B pexume K3

Bripaxenwue (1) mo3BomnseT paccunthiBaTh Toku K3 Kak mpu Tpex-, Tak U MpH
AByX(ha3HbIX MOBPEKIEHUAX B PA3IMYHBIX TOYKaxX JuHUU. [Ipu sTom lyo) 1 Iy
JOJDKHBI OBITH BEIYUCIICHBI 3apaHee U COOTBETCTBOBaTh BUAY K3, uTo He coBceM
ynobuo. C menpro nmpuaganus (1) ompeaeneHHol YHUBEPCATbHOCTH MPEACTABUM
€ro B CIEAYIOLIEM BH/E:

3) 13

(m) _ klk(o) Ik(l)
ko 3) 3) 3)
L(Leoy — Ley) + ey

, )

rie K — koa(hdurmenT, 3aBUCAIIMNA OT BHIA TOBPEKACHUS, P Tpexdaszusix K3
= - RG] 3)
k = 1, a npu aByx¢asusix K3 k = /3/2; lioy 1 liq — Toxu K3 npu tpexdas-

HBIX MMOBPCIKACHUAX COOTBETCTBCHHO B TOUYKAX I* =0mu I* =1.

Bripaxkenue (2) MokeT OBITH HMCIIONB30BaHO Ui pacdeTa TOKOB JBYX-
(m =2) u Tpexdasubix (M = 3) K3 npu MoBpekKACHUAX B PA3TUIHBIX TOYKAX JIU-

HHH, CCJIN HU3BCCTHHI IIE:(?)) n |l52) IIJ'IH OLICHKHN AJOCTOBCPHOCTU PC3YyJIbTATOB,

HONYYaeMbIX C TIOMONIBIO (2), BHIMOIHEHO CPABHEHUE PEANBHBIX U PacUCTHBIX
KpUBBIX crafganus TokoB K3 mpu paboTe JMHUM Ha XOJOCTOM XOIY
1 METAJTMUECKUX TOBPEXKACHHUIX, KOTOpBIE TIpecTaBieHbl Ha puc. 2. [Tpu sTom
B Ka4yecTBE BXOMANINX B (2) TOKOB HCIIOJIb30BaIM UX IEPBUYHbIE 3HAYECHUS, YTO
HCKITI0YAET TIOTPEITHOCTH TPpaHC(HOopMaIHH.

AHanu3 NpeACTaBICHHBIX Ha PHUC. 2 PE3yNbTaTOB CBHIACTEIBCTBYET O MpaK-
TUYECKH TIOJTHOM COBIIJICHHH KPWUBBIX W3MEHEHUS PEalbHBIX U PACUETHBIX TO-
koB K3. D10 maer ocHoBaHME It IOMyYeHUS U3 (2) BEIpaKEHUS ISl OIpeee-
st | ipu m3BectHOM 1™

(3) My ®
_ (klk(o) B Ik )Ik(l)

STTE) 3 yp(m -
(Ik(O) - Ik(l))lk

©)
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Puc. 2. Kpussie ciananust Tokos K3: 1, 2 — peanpHBIe 1 pacueTHBIE TOKHU Ipu Tpex(as3Heix K3;
3, 4 — To xe npu aByxda3usix K3

Bripaxkenue (3) MOkeT OBITh MCIIONB30BAHO JUISI OTIEPATHBHOTO BBISBICHUSI
B pEaJbHOM BPEMEHH MECTa IMOBPEXXICHUS HAa JHHUHU 1O 3a(HKCHPOBAHHOMY

snavennio Toka |™. Jlns BEIGOpa COOTBETCTBYIOMETO 3Ha4EHHs K, BXOAAUIErO

B (3), HEe0OX0IMMO 3HATH BUJ KOPOTKOTO 3aMbBIKaHUs. ECIN M3BECTHRI HAaMOOIh-
mee |max 1 HanMenbiee |y, 3Ha4eHus] TOKOB (a3 JIMHUW, TO PEeKUM JIBYX(Pa3HO-
ro K3 Oyzer umeTs MecTo mpu

max____ ' min >0,5, (4)

B mpoTuBHOM citydae K3 siBisiercst Tpexdasuniv [6-8].

ITpu Bbruucienun ly= mo (3) B kadectne Ilfm) Jy4dll€ BCEro HCIIONb30BaTh

cpeqHee 3HAYCHHE U3 TPEX WM JABYX TOKOB MOBPEXIEHHBIX (a3 B COOTBETCTBUHU
¢ Buzom K3.

0060011351 U3TOKEHHOE BHIIIIE, CICAYET OTMETHTh, YTO alTOPUTM OIpeelie-
Hus Mecta noBpexeHust (OMII) peanusyercs Ha BpeMEHHOM WHTEpBaJe CyIe-
crBoBanusa K3. Ilpu sTom ¢pukcupyrorcst Toku (a3 JIMHUM, U3 KOTOPBIX BBLAETS-
I0TCSl HanOoJblIee U HAMMEHbIIIee 3HAYCHHUSI C TOCIEAYIONINM yCTaHOBICHHUEM
o HuM Buaa K3 cormacHo (4). 3atem, B cooTBeTcTBUH ¢ BHuoM K3, BeIOMpa-
10TC HeoOXoIuMble 3Ha4yeHUs Kodd¢uumenta K M ycpeTHEHHbIC BEIUYUHBI

TOKa |ém). IMocie 3T0T0 C NCIIONIB30BAHUEM (3) OnpeacIsACTCs MECTO BO3MOXKHO-

T'O TIOBPEXKICHUSI.

Cnenyer oTMETUTh, 4TO K anroputMy OMII npu ero ucnonb30BaHUM AJIS
menel 3aIWTHl TPEIBSIBISAIOTCS JKECTKHE TPeOOBaHUS IO OBICTPONEHCT-
BHUIO. BbIicOKass TOUHOCTH pacueTa ly« B OONBIIMHCTBE CilydacB He TpeOyercs,
TaK KaK MECTO MOBPEKIACHH (PUKCUPYETCS Ha MPEAMET €ro BOSHUKHOBEHUS Ha
3alUIIacMON JTMHUN WIIM 3a e mpenenamMu. VCKiodeHneM SBISIOTCS OTpe3-
KM B KOHIIE JTMHUM HWJIM BOJM3U €r0 Ha CMEKHOM ydacTke. boibmme morpemi-
HOCTH ompeenieHus Iy« B ykasaHHBIX MecTaXx MOTYT 00yCJIOBIMBATE COKpaIe-
HHE 30HBI MTHOBEHHOTO OTKJIIOUeHHs K3 3amMTON MM €€ HECEIEKTUBHBIE
EUCTBUS.

C y4eroM TOTO, YTO OTEPATUBHOE BBISBICHUE MECTA TIOBPEKICHUS B Peallb-
HOM BpPEMEHHU OYIET OCYIIECTBILITHCS 0 3aUKCHPOBAHHOMY BTOPUIHOMY 3Ha-

)
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YCHUIO TOKa , @ TAKXKEC IMMPUHHUMas BO BHUMAHUC PYTUC O6CTO$IT€JILCTBa,



OyzaeM mojarath, YTO Ha JOCTOBEPHOCTH |+ Hambomee CyIeCTBEHHOE BIUSHHE
OKa3bIBAIOT CIEAYIOMINE (PaKTOPHI:

e BUJT KOPOTKOI'O 3aMBIKAHMUS;

e TIEPEXOHOE COMPOTHBIICHUE B MECTE TIOBPEKICHMUS;

e TIOTPEITHOCTH TPaHC(HOPMATOPOB TOKA;

e Harpy3Ka JIMHUY;

e MOIITHOCTH ¥ COIPOTHUBIICHHE MUTAIOIIEH CHCTEMB;

e MOTPEUIHOCTH pacyeTa TOKOB KOPOTKOIO 3aMbIKaHUSl B Hauyaje U KOHLE
JIMHUU.

B kxadecTBe OIIEHOYHBIX NMapaMeTPOB, XapaKTEPU3YIOLIUX CTENEHb BIMSIHUSA
YKa3aHHBIX BBIIE (aKTOPOB HA JOCTOBEPHOCTH YCTAaHOBJIEHHS MeECTa TOBpE-
JKICHUS Ha JIMHUAX HampsbkeHueMm 6—35 kB ¢ 0IHOCTOpOHHUM NMUTaHUEM, MOTYT
OBITh BEIOpPAHBI OTHOCHTEIIbHAS TIOTPEIIHOCTD M BPeMsl onpeaeaeHust |y«

OTHOCHTENIbHYIO MMOTPENIHOCT OMPEaeICHUs |« MOXKHO pacCUMTaTh IO BbI-
paKEHUIO

8=I"*I—_I*~100 %, (5)

%

rae ly~ — OTHOCHTENbHOE pacueTHOE PACCTOSIHUE JI0 MECTa MoBpekaAeHus; I+ —
OTHOCHUTEJbHOE (DAKTHUECKOE PACCTOSIHUE JI0 MECTA IIOBPEKICHHUS.

[Ipu 3TOM B cilydae ITOJIOKUTEIBHBIX 3HAUCHHU O PACUETHBIC PAaCCTOSHHUS
OyayT Ooublie, a IpU OTPHUIIATEBHBIX — MEHBIIIE (DAaKTHIECKHX.

Bpewms onpenenenus ly«, xapakrepusytoriee ObICTPOACHCTBUE METO/IA, TPEI-
CTaBJIseT co00il BpeMEHHOW MHTEpPBajJ OT MOMEHTa BO3HMKHOBeHHUsS K3 mo Mo-
MEHTa BPEMEHH, M0 MCTCYCHUH KOTOPOTO OTKIOHEHHE |y« OT yCTaHOBHBIIETOCS
3Ha4YeHHs He TpeBbImaeT +5 %.

OneHoyHble MapaMeTphl OMMCAHHOTO BbIIe anroputMa OMII ¢ yuerom o6o-
3HAYEHHBIX BIHMAIOMUX (PaKTOPOB MOIyUYEHBI METOJOM BBIYHCIUTEIHHOTO JKC-
nepuMeHTa. Ero peanuzaius ocyIecTBIAIach C UCIMOJIb30BAHUEM KOMIIBIOTEp-
HOM IporpamMMbl, B OCHOBY KOTOpPOH ITOJIOK€HA MaTeMaTH4yecKash MOJAEb pac-
npeaenutenbHod cetu 6-35 kB [9]. Ilporpamma mo3BOJIIET ONPENENATH
OLIEHOYHBIE MapaMeTpsl MPU U3MEHEHUH OJIHOTO, HECKOJIBKUX WM OJHOBPEMEH-
HO BCEX MEPEUNCICHHBIX BBIILIE BIUSIOMUX (PAKTOPOB.

OTHOCHTEINBHBIE TOrPEIIHOCTH O onpeencHust e npu pasnuynbix Bugax K3
Ha JINHUU C OJHOCTOPOHHHUM NMHTAaHUEM TIPH MOBPEKIACHUAX B Pa3TUIHBIX TOY-
Kax C y4eTOM BIMAHHUS HanOojee 3HAUMMBIX (aKTOPOB NPUBEAEHBI Ha puc. 3-5.
IMpu stom eciu |+ < 1, To mectom K3 siBnsiercst 3amuiaemas, a npu |« > 1 —
CME’KHas! JIMHUS.

B pesynbraTe BBITOTHEHHBIX METOIOM BBIYMCIUTENBHOTO SKCIIEPUMEHTA UC-
CJICIOBaHUH YCTaHOBIICHO, YTO MPH padOTe JMHUHU B PEKUMAax XOJIOCTOr0 Xo1a 1
Metanueckux K3 obecnednBaeTcss OAMHAKOBBIM XapakTep HW3MEHEHHUS II0-
IPEHIHOCTel O mpu onpeeaeHun | kak npu Tpex-, Tak u npu AByX(HasHbIX MO-
BpexkaeHusx (puc. 3a). Harpyska nuauii 00yclnoBIMBaET MOSIBICHUE PAa3IMUUi B
MOTPENTHOCTAX O TpHu IBYX- M Tpexdasupix K3. OnHako B pexnume MaKCHMailb-
HOW Harpy3Kd JIMHUM HauOoJblIee PaCXOXKICHUE B MOTPELIHOCTAX O B 3aBHUCH-
moctu oT Buna K3 He npesbimaer 5 %. C yBenuyeHneM Harpy3Kd JHHUN 3HaYe-
HUS O BO3PACTAIOT 110 MOJIYJIO (puc. 30).
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Puc. 3. OTHOCHTEIBHBIE TOTPEIIHOCTH onpeaeneHus |y mpu pasmuuHbix Bugax K3
W BEJIMYMHAX HATrpy3Ku JIMHUU: ) — KpHUBasi PpeIeNIbHBIX TOrPEITHOCTEH;
a— 1 —npu tpexdasnom K3 u |, = 0; 2 — ipu aByxdasnom K3 # s, = 0;
3 — mpu Tpexdasznom K3 u IHarp = IHarp'maX; 4 — nipu aByxhaznom K3 u IHarp = IHarp.maX;
6 — npu tpexdaznom K3: 1 —npu S,y = 0; 2 — 11pu Sy = 0,255, maxs
3- npu SHarp = OYSSH.maX; 4 - npu SHarp = SHAmax
a
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Puc. 4. OTHOCUTEIBHEBIE TIOTPCITHOCTHU OTIPEACIICHUSA Ik* npu TpeX(i)a3HOM K3:
0 — KpuBas NpeacJIbHbIX l'lO[‘pe[L[HOCTei’I; a — IpH pa3JIMYHBIX MOIIHOCTAX CUCTEMBI:
1- npu Scnc‘r = S3a)1an; 2~ npua Scm;T = Zszanaﬂ; 3- npua Scum— = 01583auau;
[ IpH pa3JIMYHBIX BEJINYHWHAX MEPEXOJHOI0 CONNPOTUBIICHUA 1- npu Rnep = 0;
2- npu Rnep = Rnepzar{aH; 3- npua Rnep = 2Rnep.3aﬂau

5, %!

-15

o5l
Puc. 5. OTHOCHTE IbHBIE HOIPEMIHOCTH onpeaeseHus | mpu tpexdaznom K3 ¢ yuerom
norperHocteit pacuera T0koB K3 (I ), Ik lka)) B Hauaie u B KOHIIE 3aIlMIAEMBIX Y4ACTKOB:
0 — kpuBas npesienbHbIX MOrpemnocTed; 1 —mpu lygy = lkoy lkay = lkwy ey = I
2 - i 16 =09y W =l Wz = 09Ny 3—pu 1fg) = 0,95k 1y = 1,05k,
lk2) = 0.95h; 4 —mput Iy = hop ley= Ll Nk =l
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[Ipu pabGoTe AMHMM Kak Ha XOJOCTOM XOJy, TaK M B PEKUME HArpy3Kd
MOTPENTHOCTH O TPHU JABYX- U TpeX(a3HbIX MOBPEKICHUSAX SIBISIOTCS OTPHUIlA-
tenmsHBIME TIpH K3 1 Ha 3amminaeMom, 1 Ha CMEXHOM y4acTkax. C yBenndeHneM
MOIIHOCTH MHUTAIOIICH CHCTEMBI MOTPEIIHOCTH & ONpeeeHus |y~ BO3pacTarT
[0 MOJYJIO, OCTaBasCh OTPUIATEIBHBIMU IO 3HaKy (puc. 4a). Ilpu om-
pPEAENeHHOM 3HAYEHHH MOIIHOCTH CHUCTEMBI O MOTYT HMETh IOJIOXKUTEIb-
HbI 3HaK. Hamnuune mepexoiHOro compoTuBieHHs Ry B MeCTe MOBpEXAE-
HHs 00yCJIOBJIMBAET yBEJIUYEHHE O, U TeM Oouiblle, YeM BbIIE Ry, (puc. 40).
[Ipu 5TOM & MOTYT U3MEHSTh 3HAK U 3HAYUTEIBHO BO3PACTATh MO0 MOIYJIIO NPU
MEPEeMEIICHUY MECTA MTOBPEXKICHUS B HANIPABJICHUU UCTOYHUKA ITUTAHUS.

[Ipu ompeneneHnn Mecta MOBPEXKACHUS C UCHOJb30BaHHEM (3) JOJDKHBI
OBITh 3apaHee paccCUWTaHbl YPOBHU TOKOB TpexdazHoro K3 B Hawanme m KOHIE
COOTBETCTBYIOIINX yYacTKOB ceTH. TodHOCTh pacuera TokoB K3 Oynmer oxasbl-
BaTh BIMSHUE HA MOTPENIHOCTD & onpeaeneHus . MI3MeHeHne OTHOCHTENLHBIX
MOTPENTHOCTEN & B 3aBUCMIMOCTH OT MECTa TOBPEXKEHHS U MOTPEITHOCTEH pac-
yera TokoB K3 ¢ ydyeTom 3Haka mokazaHo Ha puc. 5. X aHanu3 CBHAETENbCT-
BYEeT O TOM, YTO NPH U3MEHEHHH IMOTPEIIHOCTH pacueTa TOKOB K3 B mmamazo-
He =10 % IOmoNHUTENbHAS TOTPEIIHOCTD OTpeeeHus |y« He BBIXOAWT 3a mpe-
nensl £15 %.

Cy1iecTBeHHBIE 3HAYEHHUS O KaK IMOJOXKHUTEIHHOTO, TaK M OTPUIATEIHLHOTO
3HAKOB IS BCeX BIHSIONINX (hakTopoB (puc. 3—5) mmeror mecto npu K3 Ha ro-
soBHOM yuactke JuHUH (I+< 0,25). D10 00BSICHAETCSA BIUSHUEM TOTPEITHOCTEH
TpaHCc(OPMATOPOB TOKA, KOTOPBIC MPHU MOBPEKACHUAX HA YKAa3aHHOM Yy4acT-
Ke paboTarT B peXMMaxX HACBIIEHHS WiIN Onm3kux K HUM. [lo Mepe ynaneHus
TOYKH TOBPEKICHUS OT MCTOYHHWKA THTAHUSA O CHWKAIOTCA, MOTYT H3MEHSThH
3HAK W BO3PACTaTh 110 MOIYIIIO NP HepeMerneHnn Toukn K3 K KOHITy CMEXHOM
JIUHUH,

OTHOCHTEINIBHBIC TOTPEIIHOCTH O ompenencHus | mpu Tpex- u aByxdasHbix
K3 u ogHOBpEeMEHHOM BO3JIEHCTBUH BCEX BIMSAIOIMIUX (PAKTOPOB IMPEICTABICHBI
Ha puc. 6.

6,%

-15

Puc. 6. OTHOCHTENBHbIE TOrpemHOCTH onpeneneHus lx mpu Riep = 2Ruep samam Screr = 2Ssazan;
Liarp = liarp.maxs Ié(o) = 1,1l I‘:(z) = 1,1l 0 — xpuBas npe/iebHBIX TOTPEITHOCTEH;

1 — npu Tpexdaznom K3; 2 — npu nByxdasnom K3

AHanu3 NpeCcTaBICHHBIX 3aBUCHMMOCTEH IOKa3bIBAeT, YTO XapakTep H3Me-
HEHHs O MPH Pa3IMYHBIX BUAAX MOBPEXKACHHH NMPUMEPHO OAMHAKOBBHIN. [lpu
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3TOM YPOBHHU MOTPEUIHOCTEH & OT BO3ACHCTBUS BCeX BIHUSIOMNX (PAKTOPOB MO-
T'YT OBITh MEHBIIIE, YeM TOJBKO OT OJHOTO M3 HUX. DTO OOBSICHAETCS B3aUMHOU
KOMIICHCAIMEH BIUSHUI Ha 3HAYCHUS O Pa3IUYHBIX QakTopoB. JlaHHOE 00CTOS-
TEJIHCTBO HEOOXOAMMO YUUTHIBATH IIPH BBHITIOJTHEHUH COOTBETCTBYIOUIUX OIICHOK
U HauxXyaumero ciry4das.

IIpencrarnennas Ha puc. 3—6 KpuBas MPEACIbHBIX TOorpemHocTe «0»
OrpaHMYMBAET 00JACTh OMYCTUMBIX 3HAUEHHU O, IPU KOTOPBIX 00eCIeunBaeT-
ca noctoBepHoe omnpeneneHne Mecra K3. Ilpu moBpexaeHUsX Ha 3allyiinae-
moit muaun (I-< 1) nocroBeproe OMII Oyaet obecredeHo, eciu Bce 3HaAYCHUS O
pacnonoxeHnsl B obnactu, neBee kpuBoil «0». B mpotuBHOM ciydyae mecto K3
OyZeT yCTaHOBJIEHO HEBEPHO W MM OKAXXETCA CMEXKHas JUHHS. JTO MpHUBENET
K COKpAIICHHIO0 30Hbl MTHOBEHHOTO OTKiItoueHus K3, n moBpexaeHus Ha 3aniu-
IaeMOM JIMHUU OyIyT OTKIIIOYATHCS MEIJICHHOEHCTBYIOIEH CTYIICHBIO 3allu-
THI C BBIJICP)KKOH BPEMEHHU.

IMpu K3 na cmexnoi muauu (I« >1) moctoBepHoe OMII Oyner obecnedeHo
MIPY YCJIOBHH, YTO BCE BO3MOKHBIE 3HAYCHUS O PACIIONOKEHBI B 00IACTH, IIpaBee
kpuBoit «0». B mpotuBHOM ciydae mecto K3 OyzeT yCTaHOBIEHO HEBEPHO W UM
OKayKeTCsl 3alluiiaeMasi JIMHU, YTO MOBJIEUET 3a COOOH HECETEKTUBHYIO paboTy
3aIATHL. J[71 MCKITIOUEHUST HEeCEIeKTUBHON paboTs! 3amuThl mpu K3 3a mpeme-
namu muHAH (| > 1) |y« He 10o/DKeH MpeBbIIaTh 3HAYEHUSI, PACCUUTHIBAEMOTO 110
BBIPAKCHHIO

I, :1_|6|max (6)
P 100

r/1e |O|max — MAKCHMaJbHAs BEJIMYMHA MOAYJSI MOTPEITHOCTH M3 O0JIACTH 3HaYe-
HUH, HAXOISAIIUXCS JIeBee NPEeeibHOM KpuBOH «0», 11 pa3IuYHbIX BIASIONINX
(hakTOpOB ¥ BUIOB MOBPEXICHMI HA yuyacTke |, > 1.

Hcxons w3 momydeHHBIX METOJOM BBIYMCIUTEIHFHOTO IKCIEPUMEHTA ypPOB-
Hel O JUIs pa3IUuYHBIX PSKUMOB pabOThl JIMHUKM U BUIOB K3 B COOTBETCTRYIO-
IIMX TOYKAX, a TAKXKE C YUYETOM BIHUSIOMIMX (HAKTOPOB MPHUHSB |O|max = 15 %, mo-
ayunm lp» = 0,85, TIpu stom ecimm |« < 0,85, To Oyner mpunuMarscs, yro K3
HAXOJWTCS Ha 3alUIacMOi JIMHUK, B IPOTHBHOM ClIy4yae — 3a ¢ IpeaeiaMu.
CrnemyeT OTMETHTbH, YTO C yMEHbBIICHUEM |~ cOKpamiaeTcs 30Ha MIHOBEHHOTO
orkimouecHust K3.

JluramMuyeckue xapakrepuctuku anropurma OMII, mo3Bosstonue OlEHUTh
BpEMsl OIPEJICIICHUS] MECTa TIOBPEXKIICHUS B PA3IUYHBIX PEXKHMaX, MpEACTaBIie-
HBI Ha puc. 7, 8. X aHamM3 CBUIETETBCTBYET O MPAKTHUYECKH HE OTINIAIONTUXCS
B KOJIMYECTBCHHOM M KA4Y€CTBEHHOM OTHOIIEHUSIX 3aBUCUMOCTAX JUIS Pa3iiny-
HBIX Harpy3oK M BUJIOB MoBpexaeHuil. Pazpaborannsiii anroputm OMII obec-
MeynBaeT HaxoxaecHwe mecta moBpexnenus 3a (0,02—0,03) c, uro sBusieTcs
BHojiHe npuemiemsiM [10, 11].

OreHuBasi pe3yJibTaThl BBITOJHEHHBIX HCCIIEIOBaHUN, HEOOX0auMo oOpa-
TUTh BHUMaHHE HA TO, YTO, KOHTPOIHPYS B pexume K3 TonpKko oauH mapamerp,
a nMeHHO Tok K3, BrosiHE BO3MOXKHO C IPUEMIIEMOI TOCTOBEPHOCTEHIO OTIpejie-
JIUTh MECTO MTOBPEKICHUS.

12



2,0 2,0
l,,o0.¢e. I,o0.¢e.
15 15
1,0 1,0
05 0,5
0,01 0,02 0,03 004 tc 0,06 0,01 0,02 003 004 tc 0,06
Puc. 7. Nunamugeckue xapakrepuctuku OMIT npu Tpex- (a) u ayxdasznom (0) K3 u I, = 0:

1-mpul-=05;2-1,0;3-15

a

2,0 2,0
I, o.e 3 I, o0.e.
1,5 f 15

2 X
1,0 / 1,0

1-
05 va 05

0.

0,01 0,02 0,03 004 tc 0,06 0,01 002 003 004 tc 0,06

Puc. 8. lunamuueckue xapakrepuctuku padorst OMII mpu tpex- (a)
u aByxdazaom (6) K3 u Ly = luarpmax: 1=mpu 1, =0,5,2-1,0,3-1,5

BBIB O bl

1. Onpenenenue MecTa NOBPEKIEHUS Ha JIMHUAX HampsbkeHuem 6-35 kB
C OIHOCTOPOHHHUM IHUTAHHUEM C HMPUEMIIEMOI JOCTOBEPHOCTHIO BO3MOXKHO TOJIb-
KO TI0 pe3yJbTaTaM OIEPaTHBHOTO KOHTPOJIS TOKOB KOPOTKOTO 3aMBIKaHHS IT0-
BPEKACHHBIX (ha3.

2. Undopmanus o mecre K3 MoxeT ObITh HCIOJIB30BAaHA IS IMOBBIIIC-
HUSl TEXHUYIECKOTO COBEPIICHCTBA TOKOBBIX 3aIIUT JIMHHUN PaCIpeleTuTeIbHBIX
cereit 6-35 xB.
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