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AHHOTaums. TpoBas HanpsXKeHWs OAHOW W3 MoKasaTe/el KayecTBa 3/1EeKTPO3HEpPruu,
KOTOPbIA CYLLUECTBEHHO B/IMSIET W XapaKTepusyeTcs AOMYyCTUMbIMKA MpoBasiamMmu. PacCMOTPEHbI
BOMNPOCbI YCTPaHEHUS1 OTPULLATE/ILHOTO BIMSHWSA 3TOrO nokasatens. Mposasibl HANPSXKeHWst 00bIYHO
MPOUCXOAUT  WK3-32 HEUCNPaBHOCTE B  3/IEKTPUYECKMX  CETAX WU 3N1eKTPOYCTaHOBKax
noTpebuTeneil, a Takxke MpPW MOAKIHOYEHUM MOLLHON Harpysku. OTcrofa crefyeT [Ba Buja
MpoBa/ia: MCYE3HOBEHWME HarnpshkeHWs U rybokas npocafka HanpskeHus. B nepsom cnydae
MPOBaJT HanpPsHKEHUS CBA3AH OTK/IIOUYEHUEM 3/IEKTPUYECKMX CETEN MO Pas/IMyHbIM NpUYMHaM, BO
BTOPOM C/lyyae MpOBa/l HamnpspkeHwWe CBA3aH Mpu paboTe MOLUHBIX 3/1eKTponoTpebutenein. OHW
noTpe6nss  OoNblUME TOKWM  Bbi3blBAOT OO/bLUME TMOTEPU HaNPSHKEHWS, BCMELACTBME  Yero,
MPOUCXOAUT TNYOOKOE CHYKEHWe HanpsXKeHns. [AnTeNnbHOCTU NpoBasia 3aBUCKT B MEPBOM Cly4ae
BpemeHeM paboTbl AMNB v ABP, a BO BTOPOM Ciy4vae [/IMTENbHOCTU 3aBUCUT OT BPEMEHM
paboTbl TEXHOIOMMYECKOro 060py0BaHNSA A1S BbINO/IHEHWUS TEXHOIOMMYECKON paboTbl.

CornacHo[1] LNMTENBHOCTH nposasia  HanpsXeHus paccmaTpuBaroTCA Kak
3NIEKTPOMAarHMTHast Momexa, WHTEHCMBHOCTb KOTOPOW OnNpefenseTcs Kak HarnpsykeHue, Tak W
LJIMTENBHOCTBIO. [/IMTENbHOCTL NPOBasa HaNPSHKEHNA MOXET ObITb 40 1 MUHYTHI [1].

B TpexasHbIX cucTeMax 3/1eKTPOCHAOXKEHNSA 33 HaYasio MPoBaia HanpsXXeHNs NPUHUMAKOT
MOMEHT, KOrja HanpspbkeHve XoTs 6bl OgHOW M3 (ha3 nafaeT HubKe MOPOBOrO 3HAYeHWe Havano
nposasa HanpsXKeHWs, 3a OKOHYaHWe npoBafa HanNPsXKeHUA MPUHUMAaKOT MOMEHT Korja
Hanps>keHue BO BCeX (pa3ax BO3pacTaeT [0 NMOPOBOro 3Ha4YEeHUS OKOHYaHWe NpoBasia HanpsiXKeHus.

CornacHo [1] AnnTeNbHOCTU MPOBa HanMpPsXXeHMs U Knaccuduumpyetcs 6 sngos, ot 0,01
cekyHA Ao 60 cekyHZ, a BeNMYMHA OCTaTOYHOIO HanpsXKeHUs OT OMOPHOro HanpsXeHus
Knaccudguumpyetcs Ha 5 Bugos ot 90% go 5%.

[Mo3TOMy OCHOBbI pacyeTa MpoBasiia ABNAETCA OMNpefeneHne BEMYMH  OCTaTOYHOIO
HanpsXeHWsa B MpoueHTaxX. PacCMOTPeHbl BOMPOChI YCTPaHeHUs OTPULIATENIbHOTO B/ISIHUA 3TOr0
rnokasarens.

KnoueBble croBa: nposasi, MAINTE/IbHOCTb, 4acCcTOTa MOBTOPEHUA, Ha4dasi0 MPoBasia,
noporosoe 3Ha4eHne, BEPOATHOCTb, KOHEL, NnpoBa/la.

CALCULATION OF FAILURE DURING OPERATION VOLTAGE POWER
CONSUMPTION WITH A SHARP CHANGE OF OPERATION MODE
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Annotation. Voltage dips usually occur due to malfunctions in electrical networks or
electrical installations of consumers, as well as when connecting a powerful load. Hence, there are
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two types of failure, the disappearance of the voltage and the deep setting of the voltage. In the first
case, the failure of the voltage is caused by the disconnection of the electrical networks for various
reasons, in the second case, the voltage failure is associated with the operation of powerful electric
consumers. They consume large currents cause large voltage losses, resulting in a deep voltage
drop. The duration of the failure depends, in the first case, on the operation time of the automatic
reclosure or the automatic transfer system, and in the second case the duration depends on the time
of operation of the technological equipment for performing the technological work.

According to [1], the duration of the voltage dip is considered as an electromagnetic
interference, the intensity of which is defined as the voltage with duration. The duration of the
voltage drop can be up to 1 minute [1].

In three-phase power supply systems, the beginning of the voltage dip is taken to be the
moment when the voltages of at least one of the phases fall below the threshold value of the
beginning of the voltage dip, and the moment when the voltage in all phases increases the threshold
value of the end of the voltage dip.

According to [1], the duration of the voltage dip is 6 types, from 0.01 seconds to 60 seconds,
and the residual voltage value from the reference voltage is classified into 5 kinds from 90% to 5%.

Therefore, the basis for calculating the failure is the determination of the residual voltage in
percent. The issues of eliminating the negative impact of this indicator.

Keywords: failure, durability, repetition rate, start failure, threshold, probability, the end of
failure.

CornacHo [1] npoBanbl HanpsXKeHUs O0ObIYHO MPOUCXOAUT WK3-3a HEWUCNPaBHOCTM B
ANEKTPUYECKUX CETAX WM 3NeKTPOYCTaHOBKax MNOTpebutenieid, a Takke npu NOAKIHYEHNUN
MOLLIHOCTI Harpyskwu.

MpuunHoi nposana HanpskeHns (MH) SBNAIOTCA KOPOTKME 3aMblKaHWsi, MepeMeHHbIN
PEXUM PaboTbl, HEKOTOPbIX MOLLHbIX NMPUEMHUKOB 3/1EKTPO3IHEPT M NMPOMbILLIEHHOCTY.

MH xapakTepusyeTca crefytloWwuMn napameTpamu, LnTesIbHOCTbIO (Atn) K ry6uHON
nposana (4U/n ). Xapaktep npvsenem B puc.l

t'u

HM

AWl =UO0-AU
Puc. 1 MNMapameTpbl NpoBasia HaNPSHKEHUS.
tHtK—+Hayvano v koHey nposana. 1TElocTaTouyHOe HanpsxeHue. 1H- HOMWHaIbHOE
HanpsbkeHue. B [1] 60nbluoe BHUMaHWe yaenseTcsa MNMH, Bo3HMKatoLLee B U3yyeHnmn Ks.

B cuctemax 3C NpPOMbILWAEHHBLIX MPEANPUATUA, 4acTO MPUMEHSOTCS pas3nyHble 33,
KOTOpoe COO6M0AaeT MOBTOPHO- KPaTKO BPEMEHHLIM  peXumamMu  paboTbl, 3TO  MOLUHbIE
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CBOEBPEMEHHbIE anmnapaTbl KOHTaKTHbIE, CTbIKOBbIE LLOBHbIE M Apyrve. A Takxe, HekoTopble 133
Mo pexxumy paboTbl YaCTO 3anyCcKalTCA M OCTaHABNMBAIOTCA. TakxKe pPexuMbl paboTbl Bbl3blBAOT
O0/MbLUME MOTEPU HAMPSHKEHWE CETAX, YTO MPUBOLAT K YMEHbLLUEHWUIO YPOBHW HAMNPSHXKEHUA B
3axkumax Maa.

Mpn T1H npveMHUKM MOryT TepATb MUTaHWE W OTKIYaloTCA, K 3TOMY OYeHb
YyBCTBUTE/IbHbI MarHUTHbIE NMyCKaTeNn, Nammbl HaKa/lbIBaHUS.

PaccMoTpMM pexxuMm paboTbl MallMH KOHTaKTHOW CBapku. Puc.2 npuBefeH rpamku
Harpysku 0,4 KB NoACTaHLyW, NUTAIOLLEN 60/bLLOE YAC/IO CThIKOBbLIX CBAPOUHBIX MaLUVH. [2]

Puc. 1 lpaguk Harpy3ks Ha wuHax 0,4 KB noactaHumu, nuTatowerr 60nbLloe YKUCo
CTbIKOBbIX CBapPOYHbIX MaLLVH.

MWKOBble TOKWM [OCTUraeT 3a KpPaTKOBPEMEHHbIA MPOMEXYTOK BpeMeHU 60blie 2,6 KA.
[/MTeNbHOCTb HECKO/IbKO CEeKYHS,
[nnTenbHOCTAM  TOKOBOW
Harpyskm no  rpaguky  (2)
CrNaXMBaHWEe 3HaYeHne TOKOBOM
Harpysku no [AUTeNIbHOCTU  Ha
puc.1

Puc.2 I'pathnk ToKa 04HO(A3HON MHOrOTOHEYHON MALLWHBI.
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»

Puc.3 npefenbHble N3MEHEHUS TOKOB MHOTOTOYEYHOI CBapKM.

Puc.4 Tpagmky TOKOB TpexdhasHOW MHOrOTOYEYHOM MallMHbl NPU MO0YepesHOM BK/IHOUEHWM
TpaHchopmMaTopos.

Onpegenum MH npu paboTe KOHTaKTHOW CBapkuW. [nsi 3TOr0 MaluMHa KOHTaKTHOW CBapKu
nosly4aroT NUTaHne No MarnucTpasibHOMY LUMHOMNPOBOAY.

Kak BugHO 13 puc.l 3a nepuog BpemeHn 160 cekyHp TOK pasHbii 1800 A nosTopseTcs
6onee 10 pa3. AnnTenbHOCTM OT 110 HECKONbKO CeKyHA. TOK paBHbIi 2400 A noBTopseTca 6oee
7 pa3. AnutenbHocT OT 1 40 3 CEeKYHA.

== Kc

Puc.4 cxema NUTaHUs MalnH KOHTaKTHOW ceapku (KC).
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(Ke)
AU, = U, — AU, B (1)

AU — notepu HamnpsikeHUs cetu, %
AU=Ipc Zy, L (2)
rne [, .- MUKOBBIN TOK CBapKH. A
Zy; — YIAEbHOE TIOJIHOE CONPOTHBJIEHHE MarkuCTpaJbHOro MMHONpoBona. Om/m
L- nnmna yyactka muaum ot TII no 3akuma TparchopMaropa KOHTAKTHOH CBapKH.
@opmyna (1) cnpaBemsnuBa s OAHOH MammHBL DaKTHYECKH Ha NPOHM3BOJICTBE
ONHOBPEMEHHO BBIMOJHAIOTCS HECKOJIPKO MAIIMH KOHTAKTHOM CBAPKM M HMX IIUKOBBIE TOKH
CYMMUPYIOTCS, CO37aBasi OOJbIINE MOTEPU HAINpsDKeHHUs. B pesynbprare B ceTH pe3KO CHUXKAETCS
HaIpPsKEHUE, T.€ BO3HUKAETCS MPOBAL.
BepositHocTe Bm ogHOBpeMeHHOH padoThl M CBAPOYHBIX MAIIHMH U3 OOLIETo YNCia MAlINH
n, TOJYYalOIIUX INHTAaHHE OT MAHHOW CETH, OINpPENeNseTcss Ha OCHOBAHMM OWHOMHHAJBHOTO
pacnpeneneHusl.
By, = (7t - TIBy (1 — TIBy)™™™ (3)
[1By= BEpOATHOCTH BBIMONHEHUsT ONHON MamuHbL Ecnu hakTuueckoit mpomOmKUTEIbHOCTH

BKIIFOUCHUA MAIlIMHbBI pa3dHad, TO UCMOJIB3YHOTCA CPEAHCE 3HAYCHHC!
_ HB¢1+HB¢2+"'+HB¢n
TBycp = 4)

n

B ¢BsA31 ¢ 3TUM CPENHIO0 MIMTENBHOCTD OOBIMHOTO UMITYJILCA, Ly cp

HBq;.cp (1_HB¢.cp)

t = 5

mep Acp[m(l_HB¢.cp)+(n—m)HB¢_K3] ( )
raoe /1Cp - CpenHssA YaCTOTa BBIMOJHEHUS MALIHH.

A+A,_ 1. 44

R = T (6)
Cpennsist vactora fcp m UMIYJIbCOB.
fcp = m/tm.cp (7
MaxkcumasbHbIH TMKOBBIN TOK
b =S¥ i By + B [S1 12 Ty (1~ TBy,) ®)

rae [ —cratuyeckuil Ko3((QUIUEHT COOTBETCTBYIOIINN BEPOSITHOCTH IPEBBIIIEHUS M OT
CPEIHEro 3HAUYCHUsI.

Ecnu mammHa nMeeT OTMHAKOBBIE TAPAMETPHI

Ecnu, W3BECTHBI TOJNBKO MACHOPTHBIE AAHHBIE MAIIUH, TO PACYETHBIH MaKCHMAJIbHBIN
MMUKOBBIN TOK

Imn = 0.865K3,  TIBy, ¢p X7 uaci + ﬂ\/HBq).Cp(l — By ) 21 12001 K3ep (10)
I'me K3 koappuumeHT 3arpy3ku onpenenum NoTepy HaNpsDKEHUs B MATAIOINEH CeTH

AUvM =Im.n-Zyp- L (11)
Bemnuuna MMpoBaJia HAMMPSAXKCHUA

AU =U — AUm (12)

Paccmorpum IIH mpu mycke KpyHMHBIX ACHHXPOHHBIX MAIIMH C KOPOTKO 3aMKHYTBIM
potopoM. YacTblii MyCK M OCTAHOBKA 3TUX MAILINH MPUBOIUM INTyOOKOH MOCaaKe HANPSIKEHUs, 3TO
MOJKET BJHMATh Ha PEXHM pabOThl KOMMYTAIL[MOHHBIX aIllapaToB, MPHOOPOB, OCOOEHHO CHIIBHO
pearupyroT Ha 3T0 u3MeHeHust [I193 0cobo 4yBCTBUTEIBHBIM K MAJIBIM OTKJIOHEHUSIM HAIPSIKEHUS.
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[Torepn HanpsDKEHUS B MUTAKOLIYIO CETh MPH MyCKeE.

AU, = I, L(Ry cos ¢, + xo * singy,) (13)

I,, — myckoBoii TOK paBHBIN (5+ 7)1;

Ry, Xo — yZienbHOe conpoTuBieHne TMHUA OM/M,

COS @, , Sin ¢,, — 3HaUeHUe KOCUHYyC “Pu”, cuHyc “¢u” npu myckoBoM pexxkume. Kpome Toro
MYCKOBOM PEXXUM XapaKTepU3yeTCs JUINTENbHOCTBIO Mycka . Ilocie sToro mposepsieM ycioBue o
ToM, uto I193 npu ITH He oTkrovaeTcs u3 ceTu.

6U =2 Uy (14)

Upw — TAe paGodyee MUHMMAIbHOE HAMPsDKEHHME TPU 3Ha4eHMU KOToporo I19D ocraetcs
BKJIFOYEHHBIM (HarpuMep: KOHTakTop). CHsDKeHUE HANpPsDKEHHST Ha 32KUMaxX KOHTAKTOpa.

U= Une‘% (15)

T, — MOCTOSIHHOE BPEMEHH M KaTYLIKH.

BriBoOx:

1. IIpyn u3ydyeHnu nposasia HaNpspDKeHHE HEOOXOMMO YUUTHIBATD HE TOJBKO peskuM K3,
a pexxum padotsr [193.

2. Jns nonHOW xapaktepuctuku IIH Heobxomumo ompenenste rmiyOuHy mpoBaja
4acTOoTa MOBTOpPEHUs HO, B [1] 3To He yka3aHo.

3. [Iupe ncnoap30Ball BEPOSITHBIE METOABI pacyeTa.

4, ToyHo ompenenuTe BENTUYMHBI OCTATOYHOTO HAIPSDKEHUS B %, OT OIOPHOTrO
HATPSKEHUS.

5. Ha neiicTByrOIUX SIEKTPUYECKHX CETAX M YCJIOBUSX IPOU3BOACTBA COOpaTh

uHpopmauuro o ITH u ero niurenpHOCTH A1 0OOOCHOBAHUS MH)KEHEPHBIX METOAOB PacyeTa.
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