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CospemeHHass cmpykmypa 31ekmponompeb-
neHus onpedensiemcs pacwupsouwelcs HenuHed-
HoU Haepyskol, xapakmep Komopol onpedeneH
an2opummom  (yHKUUOHUPOBAHUS  LUCMOYHUKO8
8MOPUYHO20 3nekmponumanus. 1o amol npu-
YuHe 3HepaocHabXalowue opaaHu3ayuu CmonkHy-
Nuchb ¢ cepbesHoli npobremoll «3apaxeHus» pac-
npedenumerbHbIX cemeli 8bICLWUMU NO OMHOWE-
HUIO K NPOMbIWIEHHOU Yacmome 2apMOHUKaMU.
Lnsa cHUXeHuUs 8biClUUX 2apPMOHUK 8 CTy4yae Heus-
MEHHO020 HENUHEUH020 CONPOMUBEHUS Hagpy3Ku
803MOXHO NPUMEHEHUE (hUbMPOKOMNEHCUPYHO-
Wux ycmpolicme Ha OCHO8e NacCuBHbIX (burib-
mpos. BbinonHeHo yucneHHoe ModenuposaHue
cemu ¢ npednazaemoll cxemoli GhunbMPOKOMNEH-
cupyrowe2o ycmpoticmea U npou3gedéH pacyém
HadéxHocmu, dokasbigarowuli, Ymo uCnosbL308a-
Hue 4embipéxyye8o20 ¢unbmpa obecneqyugaem
Hapabomky Ha omkas, 6IU3KyK K CpOKaMm Cryx0bl
OCHOBH020 ~ CeMeso20  3nekmpoobopydosaHus.
[Mpednazaemasi mononoeusi Ghunbmpa cocmoum
u3 mpéx eemeeli ¢ mpemsi UOEHMUYHbIMU CONpPO-
mueneHusMu U 00H020 HelimpanbH020 omeems-
nexus. [JaHHas cxema no360nsem ymMeHbWUmb
obwiee Konuyecmeo PEaKMUBHbIX 3EMEHMO8,
obpasyrowux ¢hunbmp, U nosbicumb 3KOHOMUYeE-
CKyt0 acbghekmusHocmb, Hanpumep cemeli ocee-
WeHUSI, 8 CPaBHEHUU ¢ MPadULUOHHbIMU CXEMaMU.
C nomowbto makoll cxembl obpasyemcs cunosoli
unemp ¢ 38yMS PE30HAHCHBIMU Yacmomamu.
O0Ha pe3oHaHCHas1 Yacmoma — On1si 2apPMOHUK mo-
K08, 0bpasylwux CUMMEMPUYHbIE COCMABIISI-
wue npamoll u obpamHoli nocredosamenibHOCMU,
a emopasi pe3oHaHcHas Yyacmoma — Ofisi MOKo8,
obpasyrouwux cucmemy Hynegol nocrnedogamernb-
Hocmu. [ns peanusayuu cxembl UCNOMb3yrmMCs
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MO/IbKO  naccueHble  anemeHmbl.  [pueedeHs!
cmamuyeckue U QuHaMu4yecKue Xapakmepucmuku
numatowel cemu ¢ npednazaemol  cxemol
unbmMpoKOMNeHcUpyrLWe20 ycmpolicmea no pe-
3ynbmamam YucrneHHo2o modenupogaHus. [pose-
0eH cpasHUMenbHbIl pacyem HadexHocmu, noo-
meepx0arwul, 4Ymo nNPUMEHeHUe 4-ny4ego2o
¢unbmpa coxpaHsem yposeHb Hapabomku Ha om-
Ka3 OCHOBHbIX 3nemeHmos cemu. OueHka yposHs
HadexXHOCMU 8bIno/IHeHa no Memoduke yyema
HalexHocmu Kaxd020 drieMeHma CxXeMbl, yyacm-
gyrowie20 8 anaopumme npeobpasosaHus 3snek-
mpuYeckux eenuyuH. [JaHHas Memoduka no3eons-
em y4yecmb UHMEHCUBHOCMb OMKa308 8 MEeYeHue
cpoka cnyxbbl ycmpoticmea. B coomeemcemeuu ¢
memoOuKkol pacyem npousgodumcs Memodom
«\ - Xapakmepucmuk», OCHOBaHHbIM Ha UHMEH-
CUBHOCMU 0MKa308 KoMnneKkmyrwux uddenud u
nonpasoyHbIX KOIPUUUEHMaX, y4umbI8arUUX
pearibHble YCr08USs U PEXUMbI 3KCNnIyamayuu.
Knro4eeble cnosa: HadexHocmb, ¢hunbmpo-
KOMNeHcupyrowee  ycmpolcmeo,  HesluHelHas
Haapy3ka, 2apMOHUYeCKUe cocmaensrujue.

Modern structure of energy consumption is de-
termined by expanding the nonlinear load, the na-
ture of which is determined by the algorithm of
functioning of secondary power supply. For this
reason power supplying organizations faced a seri-
ous problem of "contamination" distribution net-
works higher relative to industrial frequency har-
monics. To reduce higher harmonics in the case of
continued non-linear load resistance is possible to
use filter-based devices passive filters. Numerical
modeling of a network with the proposed scheme of
the filter-device is made and the calculation of reli-
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ability, proving that the use of four-pointed filter
provides mean time to failure close to the time of
the service core network equipment is executed.
The proposed filter topology consists of three
branches with three identical resistors and a neutral
branch. This scheme allows reducing the total
number of reactive elements forming the filter, and
to increase economic efficiency, such as lighting
networks, compared to traditional schemes. By
means of such scheme the power filter with two
resonant frequencies is formed. One resonant fre-
quency is for harmonic currents forming the sym-
metric components of direct and reverse sequenc-
es, and the second resonant frequency is for the
currents, forming a system of zero sequence. For
the implementation of the scheme only passive el-
ements are used. Static and dynamic characteris-
tics of a power line with the offered scheme of the
filter-device by the results of numerical modeling
are given. Comparative calculation of reliability,
confirming that the use of 4-prong filter keeps the
level of the time between failures of basic elements
of a network is made. The assessment of the level
of reliability is made on the accounting of the relia-
bility of each circuit element involved in the algo-
rithm for the conversion of electrical quantities. This
technique allows taking into account the failure rate
during the service time of the device. In accordance
with the methodology of the calculation is produced
by the "A- parameters”, based on the failure rate of
components and correction factors that take into
account the real conditions and modes of opera-
tion.

Keywords: reliability, filter-device, the nonlinear
load, harmonic components.

Beepenune. CoBpeMeHHast CTpyKTypa anekTpo-
notpebneHns onpegensieTcs  paclmMpstoLlencs
HESIMHENHOW HarpyskoW, XapakTep KOTOpOM ornpe-
[€eneH anroputMoM (PYHKLMOHUPOBAHWUS UCTOYHM-
KOB BTOpWYHOrO anektponutanus (MB3). Mo atoi
NpUYKMHe SHeprocHabxaloLe opraHusalnn CTork-
HYNUCb C Cepbes3Hoi NpobnemMon «3apaxeHus»
pacnpefenuTenbHbIX CeTen BbICLUMMM MO OTHOLLe-
HWIO K NPOMBILLIIEHHON YaCcTOTe rapMOHUKaMM.

Takum 0Bpa3om, akTyanbHbIM SBASETCA peLue-
HWe 3a4auv unbTpaLmm BbICLIMX FTapMOHUK [1].

[INs CHWXeHWs BbICLUMX FapMOHWK, B Cny4ae
HEW3MEHHOTO  HESIMHEMHOTO  COMPOTUBIIEHUS
Harpy3ku, BO3MOXHO MPUMEHEHUE (UNbTPOKOM-
NEHCUPYIOLLMX YCTPOACTB Ha OCHOBE MACCUBHbIX
(PUnbTPOB.

MaccuBHbIn  GunbTp rapmoHuk (MOl npep-
CTaBnsieT  MAcCUBHY0  YaCTOTHO-CENEKTUBHYIO
Lenb, obecneynBaroLLlyto nogaeneHne unn ocnab-
NEHMe BbICIUMX TAPMOHWK, TEHEepUpYeMbIX Henu-
HeiHoW Harpy3kon [2, 3]. OCHOBHbIMM [OCTOWH-
CTBaMM NACcCUBHbIX (UNbTPOB ABMSKOTCA UX MPO-
CTOTa M 9KOHOMUYHOCTb. OHK AeLleBbl, He TpebytoT
perynspHoro  06CnyXuBaHus, MOrYT BbINOMHATL
OLHOBPEMEHHO (PYHKLWW Kak MogaBneHus rapmo-
HWK, TaK 1 KOPPEKLMM KOIPULMEHTA MOLLHOCTM.

OCHOBHO1 TpaaMLMOHHOM KOHGMrypaumen MOr
SBnsSeTCA  nocnefoBaTtesbHbI - KonebaTenbHbIi
KOHTYp (pucC. 1), HACTPOEHHBIN Ha YacToTy onpeae-
NEHHOW rapMOHuKK. [1ns OJHOBPEMEHHOTO noaas-
NEHMS HECKOSBbKMUX rapMOHMK UCMOMb3YHT LUMPOKO-
MOSIOCHbIe (OUNBTPbI. XapaKTEPUCTUKN NaCCUBHbIX
(bMNbTPOB AOCTATOMHO NOAPO6HO onncaHb! B [4-9].

BknioveHne nocneposatenbHOro konebarens-
HOTO KOHTypa B Kaxayto asy TpexdasHon ceTu
He BblI3bIBAET CUMMETPUPYIOLLEro acpdekTa.

= C

Puc. 1. [Nocned0osamerbHbIl KonebamesibHbIl KOHMYyp
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[nsi CUMMETPUPOBAHMA MUTAIOLLEN CETU U CHU-
KEHWNS BIUSHWS BbICLIMX TAPMOHWK HEMUHENHOM
Harpy3ku MepcrnekTMBHBIM ABNSETCH UCNONb3oBa-
HWe B TpexdasHoi ceT unbTpa, COEANHEHHOTO
no Cxeme «3Be3fa» C YETbIPbMS OTBETBIIEHUAMM
(puc. 2) [10].

PaccmatpuBaemass  TOMoforMs  MO3BONSET
YMEHbLWUTL 0bLiee KONMYECTBO PeakTUBHbIX ane-
MEHTOB, 06pasytoLLMX UNbTP, U NOBbLICUTL SKOHO-
MUYECKYl)  3(h(DEKTUBHOCTb, Hanpumep ceTei
OCBELLEHNS, B CPABHEHUN C TPaaULUMOHHBIMK CXe-
mamm [11].

C NomoLLbH Takom cxeMbl 06pa3yeTcst CUIoBOM
(UNbTP € ABYMS pe30HaHCHbIMK Yactotamun. OgHa
pe30HaHCHas YactoTa — Ans rapMOHUK TOKOB, 06-
pasyoLLMX CUMMETPUYHbIE COCTaBNSOLME NPSAMON
1 obpaTHOM NoCneaoBaTeNbHOCTH, a BTopas pe3o-
HaHCHas 4acTota — [ns TOKOB, oBpasyowmx cu-
CTeMy HyneBoi nocnegosatensHoCcTW. ns peanu-

1588 Ve I
S8 Ve B

3auMM CXeMbl MCMOMNb3YKTCA TOMBbKO MACCUBHbIE
9NEeMEHTbI.

Mpepnaraemast TOMONOMUS COCTOWUT M3 TPEX
BETBEW C TPEMS WOEHTUYHBIMU CONPOTUBNEHNAMM
Zo W OQHOTO HENTPanbHOro OTBETBNEHUS Zo.

[ng OUEHKM HaLEXHOCTU YeTbIpexnyyeBoro
cunbTpa Bbin NpoBeaeH pacyeT [12].

B cOOTBETCTBUW C METOAMKOWM pacyeT npou3Bo-
OUNcs METOAOM «A-XapaKTepUCTUK», OCHOBaHHbLIM
Ha VHTEHCMBHOCTW OTKA30B KOMMMEKTYIOLMX U3ae-
NWA 1 NONPaBOYHbLIX KOIPPUUMEHTAX, YUMTbIBALO-
LMX peasnbHble YCNOBUS W PEXMMbI 3KCIyaTalmu.
[Mpu 3TOM NPUHUMANUCh CrieayoLwme JONYLLEHMS:

1) oTKa3bl komnnekTylowmx ugenun (KW) as-
NA0TCS CNyYanHbIMKU HE3ABUCUMBIMM COBBITUAMMY;

2) ogHoBpeMeHHO fBa u bonee KW oTkasatb He
MOryT;

3) nHTeHcuBHOCTb 0TKa3oB (M10) KW B TeueHue
Cpoka cnyx0bl B OOHNX 1 TEX e pabounx pexummax
W YCIIOBWAX SKCMyaTaLuum SBNSETCA NOCTOSHHOM.

a
b
-

Zep

N

-0

Puc. 2. «38e30a» ¢ yembIpbMs 0meemeneHusMu

/HTEHCUBHOCTL 0TKa30B 610Ka, COCTOALLEro 13
m KOMNNEKTYLWNX n3genwi, onpegenanacb Kak

A=) 4,

1

roe Ai — WHTEHCMBHOCTb 0TKa3oB i-ro K/ B pabo-
YMX PeXnUMax v yCroBusiX.

CpeqaHsis HapaboTka Gnoka Ha OTka3 onpege-
nanack Kak

T==.
A

MHTeHcuBHOCTL 0TKa30B KW onpegensnack kak

A=lyay 8y,
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roe Ao— WMHTEHCUBHOCTb 0Tka3oB KW B Hopmanb-
HbIX pexuMax U  YCnoBusX  dKChnyaTauum;
as,az,...an — NONPaBOYHblE KOAPDULNEHTDI.

3HaveHne A o 1 nonpaBoYHble KOIPULMEHTDI
onpegensnucb no Tabnuuam, nNpeacTaBneHHbIM B
[12].

1. OUNbTPOKOMMEHCUPYIOLLEE  YCTPOWUCTBO
(PKY) cocTosino u3 cnegytoLmx 6mokos:

1) 6nok ynpasneHus Tokom (BYT) (puc. 3),

2) 6noK uUnbTpaLmMm B ABYX UCMOMHEHUSIX:

— ogHoasHbi (BPO) (puc. 4);

— Tpexasmbin (BPT) (puc. 5).

Bnok ynpaBneHus TOKOM COCTOSN U3 cregyto-
LMX SNIEMEHTOB: KOHAeHcaTop, 2 pesucTopa, 4
avopa u 8 naek, Kotopble ¢ nosuuuin obecneveHmns
HaJeXXHOCTW COEAMHANNCH NOCNeA0BaTeNbHO.

P

brnok dunbTpauum ogHoasHbIM cocToAN U3 5
apoccenen, 5 kKoHaeHcaTopos, 5 peauctopos 1 10
OONTOBLIX COEAMHEHWA, a Onok dunbTpauum
TpexdasHblil — 13 4 gpoccenen, 3 KOHAEHCATOPOB
n 8 GONTOBLIX COEAMHEHWI, KOTOpble C MO3ULMiA
obecrneyeHnss HafexHOCTU TaKkke COeaWHSANUCH
nocrneaoBaTenbHo.

2. Bpems aktusHoi pabotbl OKY 3a cyTku co-
cTaBnano 12 yacos.

3. KoacpdpmumeHT Harpy3sku anementoB Ki=0,7.

4. Ycnosusa akcnnyartauuy — nose ¢ koadpuumn-
eHTom 1,0.

5. Knumart — xonoaHbin ¢ koaduumertom 1,0.

6. KauectBo 0b6CnyxuBaHus — ynpaeneHve ar-
peratamu ¢ KoappuumneHTom 2.

Ringo

D1N4148
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- D1N4148 c2

Puc. 3. briok ynpaeneHusi mokom
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Puc. 4. briok punbmpayuu 00HoGha3Hb Il
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Obwmn MonpaBOYHbIN
a=0,7-1,0-1,3-2=1,82.

WHTEHCMBHOCTb  OTKa3oB Onoka ynpaBneHus
TOKOM:

ovoasl 0,1-10°-4=0,4-10"°;

KO3 ULMEHT

peaucTopsl 0,008-10°-2=0,016-10"°;
koHaercatop 0,3-10°.1=0,3-10°;
naiku 0,001-10°-8=0,008-10°.
Wroro 0,724-107°-1/u.

Puc. 5. briok punbmpayuu mpexgasHaiti

Bcero ¢ yyeTom nonpaBoyHOro KoaguLmeHTa
A=182-0,724-10°=1,32-10"°-1/u.
HapaboTka Ha oTka3

10°

T= 5= 0,76-10° yacos.

WHTEHCMBHOCTb  OTKa30B 6noka unbTpauum
0AHOA3Horo:

uHayktverHoctn 0,15-10°-5=0,75-10°;
koHaeHcatopbl 0,15-10°.5=0,75-10"°;

GonToBble coeanHerns 0,1-10°-10=1,0-10"°.

Wroro 2,5-107° -1/,

Bcero ¢ y4eTom nonpaBoYHbIX KOIMULIMEHTOB
A=182-2,5-10° =4,55-10"° -1 /uac.
10°

" 4,55

/IHTEHCMBHOCTb OTKa30B 6roka (unbTpaumm

T

=0,22-10°4acos.

TpexdasHoro:
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WHOYKTUBHOCTY
0,15-10°-4=0,6-10"°;
KOHOEHcaTopb!
0,15-10°.3=0,45-10"° :
BonToBble coeanHeHusa 0,1-10°-8=0,8-10°;
Wtoro 1,95-10°-1/.
Bcero ¢ yyeTom nonpaBoYHbIX KOIPULMEHTOB
A=1,82-1,95-10"° =3,55-10"° -1/uac.

10°

T= =0,28-10° yacos.

WHTeHcuBHOCTL 0TKazoB OKY, coctoswero u3
BYT n B®O

A=A +A,=132-10°+4,55.10"° =5,87-10° 1/u.

Hapabotka Ha otkas T = 1/A = 105,87 =
170358 yacos, nnu 19 ner.

WHTeHcuBHOCTL OTKazoB OKY, coctosiwero u3
BYT n BOT:

A=A, +A,=132-10"°+3,55-10° =4,87-10° 1/ uac

HapaboTka Ha otka3 T = 1/A = 106/4,87 =
205339 yacos, unu 23 roga.

B pesynbTate OpPUEHTUPOBOYHBLIX pPaCYeToB
HaZEXHOCTU (PUNbTPOKOMMNEHCUPYIOLLETO YCTPOK-
CTBa Ha dTane TeXHUYEecKoro MPeasioKeHns ycra-
HOBEHO, YTO HapaboTka Ha OTka3 coctasuna 19
net n 23 roga, 4To COMOCTaBUMO CO CPOKOM CITyX-
Obl  OCHOBHOMO  9NeKTPoObOpyAOBaHUS  CUCTEM
3NeKTPOCHabKEHNS.

KoadpdhmumeHTbl Harpy3ok anemeHToB 6rokoB
pekoMeHayeTCs ycTaHaBnueaTh He Gonee 3Have-
HWA, NPUHATBIX NPK pacyeTax HageXHOCTH.

BbiBoabl

1. M3 pe3ynbTaToB pacyeta BWAHO, YTO Hapa-
GoTka 4yacoB Ha oTkaz OKY ueTbipexnyyeBoil
CTPYKTYPbl HE YCTynaeT TPaauUMOHHOW OAHONMU-
HEeNHOW Cxeme, YTO AaeT OCHOBaHWe yTBepXaaTb
00 yBennyeHu 3KOHOMWYECKON IPGEKTUBHOCTM
npu ee UCnonb3oBaHWK, HaNpUMeEpP B CETAX OCBe-
LEHUS.

2. [laHHast cxema no3sonseT cHuauTb Ha 30 %
KONIMYECTBO UCMOMNb3YEeMbIX PEAKTUBHbLIX dNeMeH-
TOB, 0Bpa3yoLLMX PUNLTP, YTO CHUXAET ero CTou-
MOCTb W MOBbILIAET SHProdMEKTUBHOCTL INEKT-
POYCTaHOBKM.
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