2. HenomHoe OCHAIleHWE JJIEKTPUYECKHX CceTe HMU(POBBIMH TPHOOpaMH
yueTa JIIEKTPUUECKOW IHEpPruu o0pa3yeT B DIIEKTPUUECKUX CXeMax HeHaOro-
naeMble (parMeHThl, TJe €IMHCTBEHHBIM HCTOYHHKOM HH(pOpMAIMK O TIapaMer-
pax pexuma sBISIOTCS CE30HHBIC 3aMepHl.

3. JlocTaTO4HO TOYHOE MOJENMpOBaHHE TpadUKOB HArpy30K HeHaOIoaae-
MBIX (PParMEHTOB DIICKTPUIECKUX CXEM IPH MaJOM YHCIIC U3BECTHBIX 3HAUCHUM
BO3MOKHO Ha OCHOBE (paKTOPHOTO CTaTHCTHYECKOTO aHAJIN3a MOCTOSHHO PEru-
CTPUPYEMBIX TpaUKOB HAOIIOIAEMBIX (PParMEHTOB CXEM.
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ONPEAEJEHUE 30HbI MEXKIY®A3HOI'O IOBPEKAEHUSA
B BO31YIIHbBIX PACHHPEJEJUTEJIBHbBIX
SJIEKTPUYECKUX CETAX

Kamnpa. texu. nayk, nou. KAJJEHTUOHOK E. B.

benopyccruii nayuonanvhulil mexnuyeckuil yHusepcumen

Bo3aymasie TUHUH 3JIEKTPOTIepeIavr SIBISIFOTCS HAan00JIee TTOBPEKIACMBIMH
AJIEMEHTAMU DJICKTPUYECKON CeTH M TPeOYIOT 3HAYUTENBHBIX MAaTEPHATbHBIX,
SHEPTeTUYECKUX M JIFOACKUX PECYpCOB IJIsl yCTpaHEHHS MmoBpexkaeHuid. Kak mo-
Ka3bIBACT OIBIT DKCIUTYaTaIldH AJICKTPHUECKHUX CETEH, OONbIIas 4acTh BPEMEHHU
MPH BOCCTAHOBJICHUU SJICKTPOCHA0KEHUS OTPEOUTENEH YXOAUT Ha OTHICKAHUE
MecTa TOBPEXIeHUS [1]. YCKOPHUTH 3TOT MPOIECC MOXKHO C MTOMOIIBIO TUCTaH-
IIMOHHBIX METOJIOB M CPEJICTB OTPEACICHHS PACCTOSHUS 0 MECTa TIOBPEXKICHHS
B PaCHpe/ICIIMTEIIBHBIX AJIEKTpUYecKux ceTsax. OnHako pa3HooOpasue BHUIOB
¥ XapakTepa MOBPEKICHUH, a TAKKEe CTPYKTYPHI U YCIOBUH paOOTHI JIEKTpHUe-
CKUX CETell HE MO3BOJISAET MOJIYYUTh KaKOW-JIMOO YHHBEPCAIBHBIA METOJ| OIpe-
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JIeNleHus] MeCT TOoBpexIeHui. Eme 0ojee CI0KHO CO3/1aTh yHHBEPCAIBHBIN
puOOp, KOTOPHIN YJIOBIETBOPSUT OBl BCEM TPEOOBAHUSIM, CTOSIINM TEpe]] CeTe-
BBIMU IIPEAMIPUSATUSIMHI B YACTH OMPEACIICHUS MECT TIOBPEKICHIIM.

Haubonee n3BecTHbIMEH M pa3pabOTaHHBIMH JUTsSI ONPENIEICHUsT MECT TIOBpe-
xnaeHus (OMII) Bo3myIIHBIX JIMHUHM 3JEKTpOINepeaaud SBISIFOTCS JBE TPYIIIBI
METOJIOB: OCHOBaHHBIC Ha M3MEPEHHHM W (PUKCAIMM MapaMeTPOB aBapUHHOTO
peXrMa B MOMEHT KOPOTKOTO 3aMBIKaHU, a Takke O0a3upyromuecs Ha u3Mepe-
HUY BPEMEHHBIX UHTEPBAJIOB PACIPOCTPAHEHUS DIICKTPOMATHUTHBIX BOJIH BJIOJIb
BO3IYITHOW JIMHUW WM CICHHAIBHO CHOPMUPOBAHHBIX IS ITHX IIENIeH HM-
ynbcoB. [10CKONBKY M3MEpEHUsT MHTEPBAIOB BPEMEHU MPOU3BOJSATCS CPEICT-
BaMH UMITYyJIbCHON TEXHUKH, TO 3Ta IPYIIa METOJOB MOIYy4YMIa HA3BAHUE UM-
Ty JTHCHBIX.

Jis pacmipenenuTenbHBIX JIEKTPUYECKUAX CETel HamOosee MepCreKTUBHOM
SIBJISIETCSI TIEPBasi TPYIIIa METOJIOB, KOTOPHIE TTOYYIIIA Ha3BaHUE IMapaMeTpude-
CKHUX, TaK KaK OHM OCHOBAHbI Ha U3MEPEHUH PEKUMHBIX MMapaMEeTPOB U 3HAHUU
rapaMeTpoB CXEMEBI dJeKTpuueckoir cetu. Crneayer oTMeTuTh, uto B bemopyc-
ckoil sHeprocucteme BrepBble B CCCP s ITHUCTaHIIMOHHOTO OIpeseieHus
MECTa TMOBPEXKACHUS CTaJlW HUCIOJb30BaTh (UKCHUPYIOUIUE MPUOOPHI TOKOBBIC
(®IIT), xoTOphIe TPH BO3HMKHOBEHHUH TMOBPEXKACHUS M3MEPSUIA U 3aIIOMUHAIN
TOK 00paTHOU mocienoBareinbHOCTH. Jlanee ¢ momonibio nmokazanuii OIIT u 3a-
paHee MOCTPOSHHBIX HOMOTPaMM HITH CXEM CETH C 3KBUTOBBIMH JIMHHSIMHU OTIPE-
JIEJISIIOTCS HECKOJIBKO BEPOSTHBIX MECT MOBPEXKACHUS WM PagdyC 30HBI €ro
pacnionoxenus [2]. OnxHako IIMPOKOTO pacHpOCTPAaHEHHS JaHHBIH METOJ
B DHEPrOCUCTEMAaX HE MOJYYW], TaK KaK OH IO3BOJISIET JUCTAHLIUMOHHO OMIpeJe-
JIUTh PACCTOSIHUAE TOJILKO JI0 MECT JIBYX()a3HBIX KOPOTKHUX 3aMbIKAHUH, KOTOPHIC
coctaBistoT Beero 10-15 % ot o0miero xoiaudecTBa MOBPEXACHUNH B BO3IYII-
HBIX PaclpeeIUTENbHbBIX AIEKTPUUECKHUX CETSIX.

JanpHeluM pa3BUTHEM TapaMETPUYECKUX METOJOB SIBJISIETCS HCIOJIB30-
BaHUE (PUKCHPYIOIIUX HHIUKATOPOB corpoTtuBieHus [3]. B aTom cmyuae pac-
crossHUE MecTa Mexaydasznoro K3 onpenensiercs mo dhopmyie

Using

Ix = Rn ' (1)
1Xo,

rae K, — Koo pUIHueHT, yYUThIBAIOMHiA K03 GUITMEHTHI TpaHChOpMAIIH H3Me-
puTenpHBIX TpaHcdopMaTopos Toka M HanpsbkeHus; U = Uy — Uy, — pasHocTb
HanpsHKeHUH noBpexaeHHbIX gas; | = |y — lg2 — pasHOCTE TOKOB MOBPEXK/IEH-
HBIX (ha3; @ — yron casura mexay U u |; xo; — yaenbHOe HHAYKTUBHOE COIPO-
TUBJICHUE MPAMOIA IOCIEA0BATEILHOCTH.

OnHako Mpy pacyeTHOM ONPENENIEHUH PACCTOSHUS 10 MECTa MEX Ly pa3Horo
MOBPEKACHUS BO3MOXKHBI 3HAUUTENbHBIE MOTPELIHOCTH OTHOCHTENBHO (hakTu-
yeckux pacctogHuit 10 Mecta K3. [IpHunHBl HETOYHOTO pacdyeTHOTO OINpeee-
HUSI MECTa IOBPEXACHHUs BECbMa Pa3iIMuHbl. Tak, aBTOPOM JUIsI CXEMBI pacipe-
JETUTEIbHON CETH, NMPHUBEICHHOW Ha pHC. 1, BBIIOJIHEHBI PacdeThl PEXHUMOB
mexnaydasueix K3 B Toukax K1, K2, K3 ¢ ucronb3oBaHneM MaTeMaTHYECKOM
mozemu Simuline, Bxomsimeii B coctaB mporpaMMHoro komrurekca Matlab 7.5 [4].
B tabn. 1 nns npumepa npuBeAeHB! pe3yIbTaThl pacyeToOB NapaMeTpOB aBapUid-
HOTO peXuMma, onpejeneHus paccrosuust |, 10 mecra tpexdasnoro K3 (mo ¢op-
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myse (1)). OTHocuTeNnbHas TOTPEIIHOCTh onpeneneHus |, paccunTeiBaeTcs 1o

BBIPAXCHUIO
(R
5= | e 2
¢
rze |y — dbakTnueckoe paccrosuue 1o Mecta K3.
10+j6 20 +j10
TM25
30 +j15
TM40
AC-35
AC-35
10 xB TM63 0,65 157
T/IH-10000/110 '
A AC-35 A9-35 AC- AC- /AC-35 TM63
(k- /
32 |H177 2,29 9,94 ¥ 30 %01 15
K1 AC-25 K3
2,69
TM25 ACD5 TMA40
: - 20 +j10
AC-25 W@% J
10 +j6 K2
2,3
TM25
10 + j6
Puc. 1. IlpuHiunuaneHas cxeMa paciupeAeIUTeNbHOM JIEKTPUIEeCKON CeTH
HanpsbkenueM 10 kB
Tabnuya 1
3HaveHHUs1 NIapaMeTPOB aABAPHITHOI0 Pe;KUMA H Pe3y/IbTaThl PacyeToB
npu Tpexdazubix K3 B ajekTpuyeckoii ceTn
Mecto K3 | 3nauenue | Bexrop mexaydas- | Bekrop pasnoctu | PacuerHoe
(Touka), nepexon- |Horo HampspkeHus U g TOKOB | ap paccrosuue | Ilorpem-
(bakTHUecKOe | HOro Compo- JI0 MecTa HOCTh
paccTosiHue, | THBJIEHHS Mo- ®asa, rpaj. Mo- | ®asa, | poppesce- 3, %
KM R,, Om nyms, B ayne, B | Tpan. | g I, kM
1 1589 66,4 494 -56,7 5,92 85
| Iilé 5 10 5140 152,5 459 -40,6 6,19 93,4
L 30 9761 168,2 344 -19,2 8,91 178,4
1 3252 170,3 453 -50,1 11,35 7,1
| 521’0 6 10 6102 162,1 413 -37,5 12,09 14,1
b ’ 30 9968 172,5 317 -18,8 15,03 41,8
1 4446 173,6 414 47,5 17,22 0,1
| 531’7 2 10 6810 168,1 380 -35,5 17,42 13
b ’ 30 10126 175,3 297 -18,6 19,97 16,1

Ha puc. 2 nprBeneHsl OTHOCUTENBHBIE TIOTPEITHOCTH OMPEIEICHUS PacCTosI-
HUS 710 Mecta TpexdaszHoro K3 oT 3HaueHHs MEPEeXOAHOTO CONMPOTHUBIICHUS
B Mecte K3 (11 mpumepa npunsta Touka K2) u Mecta noBpexxaeHus (A71s npu-
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Mepa MpUHAT pexkuM 1pu R, = 10 OM). AHanu3 npeacTaBIeHHBIX 3aBUCHMOCTEH
MIOKA3bIBAET, YTO HAIWYME IIEPEXOJHOTO conpoTusieHus B Mecte K3 nmpusour
K YBEJIIMUYEHHUIO TIOTPEITHOCTH O M TeM OoJjblne, yeM BeImie R;. DTo cBsI3aHO
C METOJMYECKON MOTPENTHOCTHI0 HEyYeTa aKTUBHOM COCTAaBIIAIOUIEN B pacuer-
HoM BbIpakeHnH (1). [lpu ynanennn mecra tpexdasnoro K3 ot rojgosHoro yua-
CTKa IOTPEIIHOCTh O, HaoOOpOT, CHMXAeTCs. DTO CBSA3aHO B OCHOBHOM
C HEy4YEeTOM TOKOB HAarpy3Kd M HOTPEITHOCTSIMU TpaHC(HOPMATOPOB TOKa, KOTO-
prie pu K3 Ha rojoBHOM ydacTke pabOTarOT B PEKHMME HACHIIECHHUS WU OIU3-
koM K Hemy. [lo Mepe ymanenus Touku tpexdaznoro K3 or muraromei mop-
CTaHIIMM OTHOCUTEJIbHAS IOIPEIIHOCTh YMEHBIIIAETCH.

3, %
10
80

60
40

20

30 R,,Om

0

=4
[y
ot
N
oSt

0 3,2 10,6 172 | xum

Puc. 2. 3aBUCHMOCTH OTHOCUTEJIBHBIX MOTPELIHOCTEI ONPEIeNCHUs PACCTOSHUS
1o mecta Tpexdaszabix K3: 1 — oT 3HaYeHUS epeX0AHOTO CONPOTUBIECHHS R,
B MECTE TTOBPEK/ICHHUS; 2 — OT MecTa Bo3HHKHOBeHHUs Tpexdasnoro K3 (1)

TouHocTh pacuera paccrostHuA 10 MecTa K3 MOXXHO MOBBICHTH, €CITU HE
npeHeOperary myHTUpytommu mertro K3 Tokamu Harpysku. llpocretimnnyto
KOPPEKLUIO MOKHO BBITIOJIHUTH IO BBIPAXKEHHUIO [5]

| =K, Llsin 0. 3)

n

rae |, — TUHEeWHBIH TOK B pekuMe, peAmecTByoomemM K3,

B aBapuiiHoM pexxume TOK Harpy3Kd HE paBeH J10aBapUMHOMY, HECKOJbKO
HWKE U3-332 CHIDKCHUSI HANpPsDKCHMsI HA IIUHAX MOTPEOUTENci. YMEHbBIICHHE
TOKa Harpy3ku npu K3 3a cueT CHUKEHUS HANPSDKEHUST MOXKHO YYeCTbh, OTpe/ie-
JIsisl paCCTOSIHUE JI0 MecTa MKy (ha3sHOro moBpexaeHus Mo Gopmye [5]

|-k, —%  sing, @)
U
[
0

rae Uy — muHeliHOE HalpsDKEHUE B peKUMe, TIpeamecTByomeM K3,
BrimosnHeHHBIE pacdeThl PacCTOSIHMN 10 MecTa Tpex- W AByx¢asHbix K3

MOKa3ajy, YTO TOYHOCTh JWUCTAHIIMOHHOTO OINPENENICHHsI PACCTOSHHUN 0 MECT

nospexaeHuii nmo gopmyie (3) Bozpacraer 10 6 % u no popmyne (4) — o 11 %.
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Becbma mpuBiekaTenbHBIM SIBISETCS HCIIONBF30BAaHHE MTHOBEHHBIX 3Hade-
HUH DIEKTPUYECKUX BEIUYWH, IIUPOKO NPUMEHSEMBIX B PEJICHHOW 3aIluTe
[6, 7]. Tem Gosee 4TO MOMOKUTEILHBIA OIBIT MCIOIL30BAHNS TAKOTO TIOIX0a
OIlpefeNicHHsT MecTa KOPOTKOTO 3aMbIKaHHs Ha JIMHHUAX PaclpelenuTeNbHbIX
cereil B oObeMe (PyHKIMH MHUKPONPOLIECCOPHBIX TOKOBBIX 3aIUT MmeeTcs [8].
B aToMm ciydae paccTosiHME 1O MecTa MOBPEKACHHUS Ha OCHOBE JBYX 3aMEpOB
PEKUMHBIX TTapaMETPOB MOKHO OIIPEEITUTh IO hopMyIie

=i, i | 5)
(if +13) %5

rae iy, Ug, i1, U, — 3HAUCHUS BEJIMYMH TOKOB U HAINIPSHKEHHUI Ha BXoje HU(poBo-

T'0 U3MEPHUTEIILHOTO OpraHa COOTBETCTBEHHO B JIFOObBIC J1Ba MOMEHTA BPEMEHH.

Ipu tpex- u aByxdazubix K3 B 3aMepax MpUHATHL: U = Uy — Up; | = i, — ip.

Ha puc. 3 npuBeeHbI OTHOCHTEIIBHBIC MOTPELITHOCTH OTPEICICHUS PACCTOS-
HHS 10 MECTa TIOBPEKICHHUSI HAa OCHOBE JBYX 3aMEPOB OT 3HAYCHHS MEPEXOTHO-
ro comnpoTusieHus B Mecte K3 (s mpuMepa MpUHAT aBapUUHBIA PEKUM TPH
R, = 10 Om) u Mecta moBpexaeHus (s mpumMepa npuHsara Touka K2). Comoc-
TaBHUTENbHBIA aHAM3 MPEICTABICHHBIX 3aBUCUMOCTEH Ha pHc. 2 U 3 MOKa3bIBa-
€T, YTO METO/] IBYX 3aMEPOB 3HAUUTEIBHO YBEINYNBACT TOYHOCTD ONPECTCHUSI
PACCTOSHUS JI0 MECTa TIOBPEKICHUS.

Merto/ IBYX 3aMEpOB WIIM, KaK €r0 HHOT/IAa Ha3bIBAIOT, METO IByX BHIOOPOK
MMeeT HU3KYI0 TOYHOCTh IPH OTJIIMYHM CHTHAIIOB OT CHHYCOHIanbHbIX. He3aBu-
CHMOCTB PE3yJIbTaTOB OT (JOPMBI CUTHAJIOB TO3BOJISIET MOJIYYUTh METOJ Ha OC-
HOBe Iu((depeHInaTbHOTO YpaBHEHUS JIMHUK. B 3TOM ciiy4yae paccTosiHHe 10
MecTa MOBPEXKICHUS OnpeesseTcs o Gpopmyiie

iU, —iu
- 1Yy — Yy
Ix _Kn .t ..t ' (6)
(iyl; =51, ) @pXoy
rae i/, iy — NpOU3BO/IHBIC TOKOB B IEPBBI M BTOPO MOMEHTHI 3aMEpOB Mapa-
METPOB PEKHMA; Mg — YIIIOBAsi CKOPOCTb.
5, %

60

40

20

]
30 R,Om

—4
N
o
N
N1

0 3.2 10,6 172 1 xum

i

Puc. 3. 3aBUCHMOCTH OTHOCUTEJIBHBIX MOTPELIHOCTEI ONPEIeNCHUs PACCTOSHUS
ot MecTa TpexdaszHeix K3 mo MeTomy nByx 3aMepoB: 1 — OT 3HaUEHHS EPEXOTHOTO
CONpOTHBICHHS R, B MecTe mOBpexIeHus; 2 — OT MecTa BO3HUKHOBeHus Tpexdasznoro K3 (1)
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Kak moxaszanu pe3ynpTaThl pacdeToB, MOTPEIIHOCTh AaHHOIO METOJa OIpe-
JeTICHNs] PACCTOSHUS O MECTa MOBPEKACHUS He mpeBblmaet 15 %. OxHako npu
peanu3anry ero B ycTpoicTBax MOMCKa MOBPEXKICHUH HEOOXOIUMO YUUTHIBATS,
YTO TOYHOCTh B ONPEAETICHUM PAcCTOSHUS 10 MecTa MOBPEXKAECHUS 3aBUCUT OT
MPaBUJIBHOCTH W3MEPEHUI MPU HATUYUH AYTH B MECTe TOBPEXKIECHHUS U OH MO~
BEP)KEH BIMSIHUIO ITOMEX.

Crenyer OTMETUTbh, YTO PACUETHOE PACCTOSHHUE IO MECTa MOBPEXICHHUS, T10-
JYyYEHHOE C TIOMOIIBIO HcTonb3yemoro Merona OMII, nomKHO cOmpoBOXKAATHCS
nHpopMaed o 30He 00X0la U OCMOTpa JHMHUH, T. €. YacTH JIMHUHU, HaXOIsd-
nieiics mo 06e CTOPOHBI OT PACUETHOT'O MECTa MOBPEKACHHUSL.

«30Ha 00X04a M OCMOTpa JHMHHUH dJIEKTpoIepenadn» spisercs QyHIameH-
TanbHBIM NoHATHEM OMII. OToMy MOHATHIO HE yJensercs JOCTaTOYHOTO BHU-
MaHUs, XOTsI UMEHHO OHO JIOKUTCSI B OCHOBY OpPT'aHM3alLIMHU MTOMCKa MECT TOBpe-
KICHUS.

Kak ObL10 ycTaHOBIIEHO B MpPEABIAYIIUX pacdyeTax, HU OAWH M3 HCIOJb3Ye-
MBIX METOAOB HE MO3BOJISIET ONPENETUTh TOYHO PACCTOSHUE A0 MECTa HOBPEXK-
JleHus. DTo Tak Has3blBaeMas MeTtoaudeckas morpemsocts OMII. Kpome Ttoro,
MpUYMHAMHA HETOYHOCTH OIPEJEIIEHUS PacCTOSHUSA A0 MECTa MOBPEXKJICHUS SIB-
JISIOTCS:

e XapakTep MOBPEKICHUS (AyTOBOE MM METAIITHIECKOE);

e BIMSIHUE TOKOB Harpy3KH;

e OTBETBJICHUE HA JIMHUM JJIEKTPONEpenayd, T. €. CIOXHas KOH(UTYpaLus
3JIEKTPUYECKOH pacipeeTuTeNbHON CeTH;

e BJIMSIHUE MApaNJIENIbHBIX JIMHUH;

e BIIMsIHUE OANUTKH MecTa K3;

e MOTPEUTHOCTH TPAaHC(HOPMATOPOB TOKA U HATIPSIKCHUS;

¢ HECHHYCOUAAJIBHOCTH ITApaMeTPOB PEXKHUMA;

* HETOYHOCTh MH(OPMAIMK O IapaMeTPax IEMEHTOB IEKTPUUECKOH CeTH;

e TIOTPENIHOCTH U3MEPEHUN U 00pabOTKN UHPOPMAIIHH.

Taxkum oOpazom, JI000H pacdeT paccTOSIHUS IO MECTa MOBPEXKICHHS AACT
npuOIMKeHHOe 3HaueHne. Tak Kak Ha pe3ysbTaT pacdyera BIUSIOT OYEHb MHO-
rve He3aBUCHMBIE CITydyaiHble ()aKTOphl, YKa3aHHbBIE BBILIE, TO KaXIbId U3 3TUX
(haKTOpOB MOPOKIACT YACTHYIO OMIMOKY. OJHAKO, MOCKOJIbKY YHCIIO 3TUX (hak-
TOPOB BeChbMa BEJIMKO, MX COBOKYITHOE JEHCTBHE MOPOKIAET 3aMETHYIO CyM-
MapHYIO OITHOKY.

PaccmarpuBas cymmapHyIo ommiOKy Kak CyMMY OYE€Hb OOJIBLIOrO 4Mciia B3a-
MMHO HE3aBHCHUMBIX YaCTHBIX OIINOOK, MBI BIpPaBe 3aKIIOYUTH (COIJIACHO LIEH-
TpaJbHOM TpenenbHO Teopeme A. M. JlsamyHoBa), 4yTO cyMMapHas OIIMOKa
UMeeT pachpeneicHue, ONM3Koe K HOPMalbHOMY, T. €. 30HY HOBPEKACHUS.
OnbIT JUCTAaHIMOHHOTO OMNpPEAETeHUs PACCTOSHUS JI0 MecTa TOBPEKIACHUS
B asiekTpudeckux ceTsax 110 kB u Bellle MOATBEPKAAET CIIPABEIMBOCTH TAKOTO
3axmoueHus [9]. AnajormuHas wH(OpManus IS pacupedeTTUTeNbHBIX dJeK-
TPUYECKHUX CEeTell B HACTOsIIEEe BPeMsl OTCYTCTBYET, ITOCKOJIBKY (YHKLUS AMC-
TaHuuoHHOro OMII npakTHUYecKH HEe peanus3yerTcs.

Jl514 OBBILIEHHS] TOYHOCTH U JOCTOBEPHOCTH ompeneieHusa mecra K3 B Bo3-
IOYLIHBIX paclpeAeIUTENbHBIX 3JIEKTPUUECKUX CETAX MpEeAIaraeTcs:

1. PaccTosiHue 10 MecTa MOBPEXAECHUS PACCUUTHIBAThH 110 HECKOJIBKHUM aHa-
JUTHYECKUM BbIpaXKeHHsIM, Hanprmep (4)—(6), Ha OCHOBE MHOTOKpPATHOTO 3aMe-
pa mapaMeTpoB aBapUHHOTO PEXHMMA, T. €. TMOJYYECHHUS PAAa BO3MOXKHBIX MECT
moBpexkaenuii I, Io, ..., I,
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2. BBIMONHUTD CTATUCTHYECKYIO O0pabOTKY MONYyYEHHBIX PACUYCTHBIX JaH-
HBIX C OIPE/ICIICHUEM:
e MATEMATUIECKOTO OXHUIAHMS KaKk Hanbolee BepoaTHoro mecra K3

I, =zn:|,./n, ™)
i=1

rae N — KOJIM4YECTBO PAaCYCTHBIX JaHHBIX;
e IOBCPUTCIIBHOI'O MHTCPBajia C 3a)Z[aHHOI>’I HaJICXKHOCTHIO, KOTOpLIﬁ IIpUHU-
MacCTCA KaK 30Ha 06XO,Z[a " OCMOTpPA JIMHUU IJICKTponepcaadn

(=01 /) <1, <( +t,0,/n), (8)

rae t, — KBaHTHIb paclpesielieHus; G, — CpeJHee KBaJpaTUYHOE OTKJIOHEHHE
OT MaTeMaTU4ecKoro okuaanus mecra K3.

B kauectBe mpumepa mpu BO3HUKHOBeHHH Tpex¢aszHoro K3 B Touke K2
(puc. 1) onpeneneHsl pacCTOSHUS A0 MECTa MOBPEX/IEHHS IO PACYETHBIM BBIpa-
xeHusM (4)—(6) mpu Tpex 3amepax MmapaMeTpoB aBapUIHOTO PeKHMa M H3MEHe-
auii R, =1; 5; 10 OMm.

[Tomydennsie 3HaueHus paccTostHUN 10 Mecta K3 cBeneHs! B Tab. 2.

Tabnuya 2
PacueTHble paccTosinusi 10 MecTa Tpexdasnoro K3, km

| 1040 | 11,00 | 1359 | 1103 | 11,50 | 1242 | 1060 | 10,01 | 1032

B JAAaHHOM CJIy4a€ MAaTEMATUYCCKOC OXKUAAaHUC MCCTA MMOBPCIKACHUS

_
I, =Z|i/9=11,2 KM.

i=1

Taxum 06p8.30M, MOrpC€HOCTh B OMIPCACICHUN MECTA IMOBPCKACHUA COCTAB-
JIACT

8:11,2—10,6

100 % =5,6 %,
10,6

YTO BIIOJIHE COIVIACYETCS CO CTATUCTHYCCKHMMH JaHHBIMH IO JIMHUSAM DJIEKTPO-
nepenaun 110 kB u Bbime — 5,79 % [9].
Ormpenenum TUCTICPCHIO PACUSTHBIX PACCTOSHHINA 10 MECTa MOBPEKICHUS

9 _ 2
D =| > (-1, | /8=131xv’.
i=1

Cpe}:[Hee KBaApaTUIHOC OTKJIIOHCHHUEC OT MAaTCMATUYCCKOTO OXHUAaHUA MECTa
TIOBPEKIACHUA

o, =D, =L14 xm.

30HY MOMCKa MeCTa MOBPEXKICHUS ONPEIeTUM MyTeM pacueTa JOBEPHTEINb-
HOT'O MHTEpBaja ¢ HaaexxkHoCcThIo 0,95:
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I -t /n=11,2-2,31-114/4/9 =10,3 xu;

L+t /n=11,2+2,31-1,14//9 =12,1 xu,

rae t, = 2,31 cornacHo Tabiu. 6 npunoxenus [10].
Takum o6pazom, ¢ HaAeKHOCTHIO 0,95 MOXHO yTBEpXKIaTh, YTO MECTO IIO-
BPEXKACHHSI HAXOIHUTCS B 30HE 00X04a M OCMOTpPA JIMHUH

103 km<Il, < 12,1 kM.

JlimHa 30HBI OCMOTpa JIMHUM TS HAXOXKICHHUS MeCTa MOBPEKICHHUS COCTaB-
asger (12,1 — 10,3) = 1,8 xm. O6mas amuHa |y paccMarpuBaeMoil ceTu paBHa
28,3 kM. Takum oOpa3oM, Ui HAXOXKJICHHS MECTa MOBPESKICHUS HEOOXO0IUMO
ocmoTpeth (1,8/28,3)-100 % = 6,3 % NPOTSHIKEHHOCTH BO3AYIIHON JTUHUH JICK-
TpOIIEepEIauH.

BbIB O 1 bl

1. Ha ocHOBe aHanm3a W3BECTHBIX METOJOB AJISI ONPEACICHUSI MECT MEXIY-
(ha3HBIX MOBPEXKIEHUI B AIIEKTPHUECKUX CETAX (BBICOKO- M HHU3KOYACTOTHBIE,
JVCTaHLMOHHBIE U TONOrpa)uiyecKue) YCTaHOBJIECHO, YTO H3-3a APCBOBUAHOM
CTPYKTYPBI BO3AYIIHBIX PACHPEICIUTEIbHBIX 3JIEKTPHUECKUX CETEeH, pa3sH000-
pasus BUJOB M XapakTepa MOBPEXIECHUN HU OJUH U3 HUX HE YIOBJIETBOPSET CO-
BPEMEHHBIM TPEOOBAHUAM II0 TOYHOCTHU OIIPEICIICHUS PAaCCTOSHUS 10 MECTa I10-
BPEXKJICHMUSL.

2. PacueTHBIM IyTeM Ha OCHOBE M3MEPEHHUS PEKUMHBIX MapaMeTpOB 3JIEK-
TPUYECKOH CeTH OIpelesieHbl PAaCCTOSIHUA 10 MECT MeXAy(a3HbIX HMOBpEXKae-
HUH, UCTIONB3Ys MapaMeTpudeckre MeToasl. Ha ocHOBE pacyeToB yCTaHOBIEHO,
YTO HanboJiee TOYHO Ha OCHOBE M3MEPEHUI Ha MUTAIONIeH OJCTaHIIHU OTIpe/e-
JICHHE PACCTOSHUM 10 Tpex- U ABYX(a3HbIX KOPOTKUX 3aMBIKAHUH MOXXET OBITH
BBITIOJTHEHO TPH MCIIOJIB30BaHUM METO/I0B MTHOBEHHBIX 3HA4eHMH TOKa U Ha-
MPSDKEHUS.

3. Jlna ompezneneHus 30HBI U HanOosee BEPOSTHOIO MecTa MEXIy(pa3HOro
MOBPEXICHUS B DJEKTPUUECKUX PACTPENEIUTEIbHBIX CETAX MPEIOKEHO pac-
CTOSIHHE JI0 MECTa TMOBPEXKJICHHS pACCUUTHIBATH 10 TPEM-UeThIpeM aHaJUTHYe-
CKUM BBIPa)K€HHUSAM HA OCHOBE JAaHHBIX MHOTOKPAaTHOTO M3MEPEHUS NapaMeTPOB
aBapUIHOTO peXHMa C MOCIEAYIOUIed CTaTHCTUYECKOW 00pabOTKON IMOTyueH-
HBIX JIaHHBIX.
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OIIEHKA YKOHOMHWYECKOM Y®PEKTUBHOCTH
WCIOJIb30BAHUS HAKOIIUTEJEN DJJEKTPOOHEPT U
B DHEPI'OCUCTEME

Kanj. Texn. Hayk YEPHEIIKHHM A. M.

benopyccxuii nayuonanshulil mexnuyeckuil yHusepcumen

B Tedenme mocnemHEro AECATHIETHS OTMEUYaeTCs] yCTONYMBas TEHIACHIIHS
pacmpenus cepbl MPAKTHYECKOTO TMPUMEHEHUs HAaKOMHUTENEeH 3IeKTpOodHep-
ruu [1]. 3HaganpHO MCHONB3yeMble B OCHOBHOM B Ka4e€CTBE aKKyMYJISTOPHBIX
Oarapeif © WCTOYHHKOB OecrepeOOHHOT0 MUTAHUS HArpy30K HEOOJBIION MOII-
HOCTHU B HACTOSIIIEE BPeMs HAKOIIUTENN PACCMAaTPUBAIOTCS B KAYECTBE OHON U3
BKHEHWIITMX COCTABIISAIONINX 3JIEKTPOIHEPTEeTHKH OYAyIIero Kak HEOThEeMIIEMBbIH
BJIEMEHT «HUHTEIJIEKTYaJIbHBIX AJIEKTPOIHEPreTuueckux cucrem» [2, 3]. OcHoB-
HBIMH JIBIDKYIIIUMHU CHJIAMH, CIIOCOOCTBYIOIUME 00JIe€ MPUCTAIILHOMY H3yue-
HUIO aCIICKTOB MPUMCHCHUSA TEXHOJIOTHI COXpaHCHHA DHECPIrUuu B OOJIBIIION DIIEK-
TPOSHEPTEeTHKE, SBISIOTCSA TEHISHIINH YBEIMUYEHHS T€Hepalnyd Ha OCHOBE BO-
300HOBISIEMBIX HMCTOYHHKOB HSHEPTUU (B MEPBYIO OuYepeAb, SHEPIHU BETpa),
3HAYUTEIILHBIN POCT B OOJIBILIMHCTBE OHEPTOCUCTEM CTOUMOCTH IJICKTPOSHEPIUHN
B MHKOBBIC Yachl [4], Bo3pacTaronrie TpeOOBaHUS K HAIECKHOCTH DJIEKTPOCHAO-
KEHUS U BompocaM dKojorud. OCHOBHOE CBOMCTBO HAaKOMHUTENEH — CHOCO0-
HOCTh aKKyMYyJIMPOBaTh »BJEKTPOIHEPTHI0 C €€ TMOoCieAylonlel Bbllauen
B HY)KHOE BpeMs — UMeeT 0co00e 3HaueHHe I CO3/IaHUs MPUHIAITNAIBHO HO-
BbIX METOAUK ONTUMAJIBHOI'O YIIPABJIICHUA SOHEPTOCUCTCMAMMU.

Ha coBpemennom stame o0mas ycTaHOBJIEHHAs MOIIHOCTH HCIOJB3YEeMbIX
B MHpe HakomuTenel anekTposHepruu npessimaer 127 I'Bt [1, 3]. Ilopsaaka
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