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Pedepat. IHTEeHCHBHOCTD AIICKTPOANHAMHIECKOTO NEHCTBHUS TOKOB KOPOTKOTO 3aMbIkaHms (K3)
Ha TuOKUe MPOBOJHUKY BO3MYLIHBIX JIMHUH 3aBHCUT OT BenudMHBI TokOoB K3. BBOI HOBBIX MoOIII-
HOCTEeH Hen30eKHO CONMPOBOXKIAAETCS POCTOM TOKOB K3 B y31max sHeprocucremsl, o3ToMy HeoO=
XOIUMOCTb OTPaHUYCHUS ITHKOB TSDKEHUH, Bo3HHKaromux npu K3, Ha ompeneneHHOM STame pas-
BUTHS DHEPIOCHUCTEMBI MOKET MPHUOOPECTH 0co0yI0 akTyanbHOCTh. IIpn Tokax K3 Oomee 40 kA
MEXAHUUYECKUE YCHIIMS M CMELIEHHUs MPOBOJOB MOTYT OKa3bIBaTh PEIIAIONIEe BIMSHHE HA KOH-
CTPYKTHBHOE BBINIOJIHCHUE TMOKOM ONIMHOBKY KaK C OJMHOYHBIMH IPOBOJAMH, TaK ¥ C pacIlel-
JeHHbIMU (a3amMu. B CBsI3M ¢ 3TUM BO3HUKJIA HEOOXOAUMOCTH Pa3pabOTKH M UCIIONB30BAHUS HO-
BBIX KOHCTPYKTHUBHBIX JIEMEHTOB, MOBBIIIAIOIINX IEKTPOANHAMHYECKYIO CTOMKOCTh THOKHX HIMH
OTKPBITBIX PacCIpeAeIUTENbHBIX YCTpoiicTB. OJHUM M3 TaKuX DJIEMEHTOB SIBISIETCS AeMIipep Ts-
xeHust. Jlemiidep ycTaHaBIMBACTCS MEXKIY HOPTAIOM U THPJISIHAOH M30JIITOPOB M OFPaHUYHUBACT
nepeady HexenaTeNbHbIX YCHIIMH Ha MOPTaibl IPH KOPOTKUX 3aMbIKaHHAX. Pazpaboran yncnen-
HBII METOZ pacdera IUHAMUKH T'MOKIX IPOBOJHUKOB PACIIPEIETUTEIbHBIX YCTPOUCTB U BO3IYII-
HBIX JIMHUH TIPH KOPOTKOM 3aMBIKaHUH C y4E€TOM BIMSHUS JeMI(epoB TsHKeHHs. [JaHHBIH MeTox
ObLI MCHOJBb30BaH 111 MOJU(MHUKALUKM KOMIIBIOTEPHOIl IPOrpaMMbl pacdeTa 3JIeKTPOJHHAMHYC-
ckoit croiikoctu. C IOMOIIBI0O KOMIBIOTEPHOH IPOrpaMMbl NOKa3aHO, YTO YCTAHOBKA AeMIipepa
TSDKEHMS TTO3BOJIIET Ccpe3aTh IHKH TSDKEHUH IPOBOAA TPH KOPOTKOM 3aMBIKAHWUHM B HadaJbHOM
CTafMHU JBWKEHUS] NMPOBOAHUKOB. OIHAKo B MpojeTax OoMbIION IMHBI MOCHE CPabaThIBAHUS
neMrdepa BO3MOXKHO MOSIBIICHHE HOBBIX BCIIJIECKOB TSDKECHUS, OOYCIOBIICHHBIX PE3KOH OCTAaHOB-
KO IpoBoJa.
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Evaluation of the Efficiency of the Device for Limiting Tension
of the Wire in.a Short Circuit
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UBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The intensity of the electrodynamic action of currents of a short circuit on the flexible
conductors of overhead lines depends on the magnitude of currents of short-circuit. The commis-
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sioning of new capacities is inevitably accompanied by an increase in short circuit currents in
the nodes of the grid, so the need to limit peaks of tension arising in a short-circuit can acquire a
special relevance at a certain stage of development of the power system. At short circuit currents
over 40 kA the mechanical force and displacement of the wires can have a decisive influence on
the structural performance of flexible bus as of single wires as well as of split phases. In this re-
gard there is a need for the development and use of new structural elements enhancing electro-
dynamic stability of flexible busbars of outdoor switchgear. One such element is a tension damper.
The damper is installed between the portal and the insulator string and limits the transmission
of undesirable forces on the portals in a short circuit. The numerical method of calculation of dy-
namics of flexible wires of switchgear and overhead lines in a short-circuit taking into account
influence of a tension damper has been developed. This method was used for modification of the
computer program of calculation of electrodynamic stability. With the aid of the computer pro-
gram it was demonstrated that the installation of the tension damper makes it possible to cut off
peaks of the tension of wire in a short circuit at the initial stage of movement of the conductors.
However, in spans of a great length after the actuation of the damper the occurrence of new bursts
of tension is possible due to the sudden stop of the wire.

Keywords: power engineering, electrodynamic stability, damper of tension

For citation: Sergey I. I., Panamarenka E. G., Potachits Ya. V. (2017) Evaluation of the Efficien-
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BBenenne

DNEKTPOAMHAMUYECKOE JCHCTBUE OOJBIINX TOKOB KOPOTKOTO 3aMBIKAHHS
BBI3BIBAET KOJIeOaHUS THOKHUX TPOBOJHUKOB CO 3HAYUTEIFHOW aMIUIUTYAOH, 9TO
MPUBOINT K BO3PACTAHHIO THKEHUS MPOBOJHUKOB M COMPOBOXKIACTCS yIAPHBI-
MU AUHAMUYECKUMHU Harpy3kamu, JEHCTBYIOIIMMHU Ha MPOBOJIA, U3OJISILIUOHHEIC
M OIOpHBIE KOHCTPYKUHMH BO3AymHBIX nuHUN (BJI) m pacrnpenenurenpHBIX
yctpotictB (PY). Takne Harpy3ku MOTYT BBI3BAaTh HAPYIICHUE MEXaHWYICCKOM
npouyHocTH eMeHToB BJI u PV. [lo ycrnoButo 3nekTpoguHaMHYECKOW CTOMKO-
CTH MaKCHMaJbHbIe TSDKEHUS MPoBoAOoB Npu K3 HE MOMDKHBI MPEBHIIATh UX JI0-
MyCTUMBIX 3HaueHu# [1]. JomycTumble TSXKEHUS OMPENESIOTCs MPEeAesioM Me-
XaHUYECKOU MPOYHOCTHU MPOBOAOB, U3OISIIUOHHBIX U ONIOPHBIX KOHCTPYKIIHIL.

MHTEHCUBHOCTh JJICKTPOAMHAMHYECKOTO JeHCTBUS TokoB K3 Ha THmOKHe
npoBoguuku BJI 3aBucut ot BenuuuHbl TokoB K3. BBom HOBBIX MoIIHOCTEH
HEU30€KHO COIPOBOXK/ACTCS POCTOM TOKOB K3 B y3max 3HEproCHUCTEMSI, IMO-
3TOMY HEOOXOAMMOCTh OTPAaHWYEHHS MUKOB TSHKEHHH, BO3HUKaromux npu K3,
Ha OTIpEICIICHHOM 3Tare Pa3BUTUS SHEPTOCHCTEMBI MOXKET IPUOOPECTH 0CO0YIO
aKTyasbHOCTh. Heo0X0MMMOCTh OTpaHHUYCHUSI MAKCHMAJIbHBIX TSXKEHUH MTPOBO-
o ipu K3 moaTBeprkaaeTcs y)ke MOSBUBIIUMICS TyONHKAIMSIMA MTATEHTOB Ha
OTPaHUYUTEIN TSDKCHUS [2] U TPeUIOKEHUIMU (PUPM — MPOU3BOAUTENCH 3TUX
ycTpoicTs [3].

OcHoBHasl YacTh

B marepuanax ¢upmsr Israel Electric Corporation [1] omumcan narteHT Ha
OTPaHUYHTENb TsDKCHHH (meMriidep), KOTOPHI, TT0 YTBEPKIACHUIO aBTOPOB, -
¢dextuBHO orpannumuBaeT (Ha 20 % u Oosiee) MUKH TSHKEHUH PpoBoJoB pu K3.

Hemnep TSHOKEHUHM ycTaHaBIMBAEeTCS MEXKAY TPaBepCOM OMOpHI (mopTaja)
U TUPJSIHAON M30JIATOPOB M OTPAaHMYMBACT IEpeaady HeKeNaTebHBIX yCHIIUH
Ha onopHble KoHCTpykimu npu K3. Konctpykuus aemmndepa n npuHIHMITAATL-
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Hasg cxeMma CTaJuii ero paboThl mpeacTaBieHsl Ha puc. 1 [2]. CymiecTByOT U
npyrue Mmoaudukanuu aemmdepor Tsoxenus. Hanpumep, B [3] onrcano ycTpoii-
CTBO KOHTPOJIS HATSHKEHUS MPOBOJA, KOTOPOE OTIMYACTCS OT KOHCTPYKIIMH Ha
puc. | HaTUYueM OrpaHUYUTENS X01a.
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Puc. 1. TlpunnunuanpHas cxema paboTsl feMidepa TsKeHHs

Fig.1. The schematic diagram of operation of the damper of tension

Kak BugHo u3 puc. 1, mox aelicTBHEeM HaTSHKEHUS MMPOBOJA 3a CUET IUIACTH-
4yeckol JeopManuu MpoUCXomsT pasrubanue aeMiidepa B MECTE COCIMHCHHUSI
3BeHa 3 ¢ OCHOBaHHEM jAeMIidepa U MOBOPOT 3BEHA 3 OTHOCUTEIHHO OCH IIap-
HUPHOTO KpeIuleHHus K 3BeHy 1. 3BeHbs 2 U 4 MpH 3TOM HAXOAATCS B HCXOAHOM
MOJIO’KEHUH 3a c4eT uX Ooubiiei xecTkocT. [locie nocTmkenns npeaensHoro
MOJIOKEHHUS 3BEHOM 3 yroJl MKy HUM W 3BEHOM | (pukcupyercs u B AajbHEH-
meM He MeHsercsi. Ha 3akmountensHoM atane paboTel geMiipepa IpOUCXOIUT
TTOBOPOT 3BEHBEB 2 1 4 aHAJIOTUYHO 3BeHbsIM | 1 3.

[IpousBoguTenn ycTpOHCTB JUIsl KOHTPOJISL HATsDKEHMs MpoBoda (memmde-
POB) PEKOMEHAYIOT TaKKe MCHOJIb30BaHUE STUX YCTPOMCTB AJISl CHIDKEHHS CTa-
THYECKHUX HATrPy30K OT TOJIONICNA, HAMIIAHUS CHETa, TIOBAJIEHHBIX JepeBbeB [3].
B nanHOM cnydae cHW)KEHHME Harpy3KH MmpH cpabaThIBaHUU AeMIlipepa MPOHCXOo-
JWT TUIABHO M HE COMPSDKEHO ‘¢ KoNeOaHUsIMU TIPOBOAHUKOB. Y CTPOMCTBa 3ape-
KOMEHI0BaH ce0s Kak MpOCThIe W HaJe)KHBIE B DKCIUTyaTal[il CPEICTBA 3alllH-
THI JIMHUH OT TIOBBIILICHHBIX MEXaHUYECKUX HANPSIKEHHUH.

B ciyuae e K3 yBenudenue Harpy3ku Ha OHOPBI MPOUCXOJUT M3-3a KOJe-
OaHMil TPOBOAHUKOB ¢ OOINBIION aMIUHTy10H. PaboTa nemmndepa B Takux ycio-
BUSIX ellle He M3y4eHa, U 3(PeKTUBHOCT ero npuMeHenus npu K3 tpebyet no-
MOJHUTENBEHOU OleHKH. [loaToMy 3amadell HMCCIIEIOBaHMS SBISUIACH OLEHKA
BO3MOXKHOCTH MPUMEHEHUS NeMI(EepoB M OTPaHUYCHUS MaKCUMAbHBIX TS-
XKeHui TuOKux mpoBogoB mpu K3. Jlist perieHust ykazaHHOW 3ajadu Obuia co-
CTaBJICHA yMPOIICHHAs pacyeTHAs CXeMa OTPaHUIUTENS TSHKEHUH, B KOTOPOU OH
MPEJICTaBIeH TIPYKUHOW C KeCTKOCThio C,, COOTBETCTBYIOIIEH >KECTKOCTH
nemrndepa (puc. 2).

PacuerHas cxema QparmMenTta mnponera ¢ THOKUMH MPOBOJHUKAMH, B KOTO-
POM yCTaHOBIIEH AeMIIhep THKEHHs, TPeICTaBIeHa Ha pHC. 3.
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Omnopa [pyxuna
P 2 P 1

IIposon

Hemndep TsoxeHns

Puc. 2. PacueTHast cxema JUIsl MaTeMaTHIECKOTO MOJIEIMPOBAHMS JUHAMUKH JAemIidepa
(P1, P, — cuubl, AeiicTByOMIME Ha ieMIIep TSHKSHHS )

Fig. 2. The settlement scheme for mathematical modelling of dynamics of the damper
(Py, P, — forces operating on the damper of tension)

C, M, C, M, M, C,
é | IIposox + U3omsaropsl O_/V\/\/\—E

Puc. 3. PacuetHast cxema pparMenTa nposera ¢ THOKAMH IIPOBOIHUKAMHE U JeMII(epoM:
C,, — ympyrasi kecTKOCTb nopTana; C, — ynpyras *ecTKocTh Aemindepa;
M, — npuBeieHHas Macca TopTana; M, — Macca aemigepa

Fig. 3. The settlement scheme of a fragment of a span with flexible conductors and the damper:
C, — elastic stiffness of the portal; C, — elastic stiffness of the damper;
M, — the specified mass of the portal; A, — mass of the damper

Ha OCHOBEC CXCMBI, Hpe}ICTaBHCHHOfI Ha pI/IC. 3, COCTaBJICHA MaTCMAaTHUUYCCKas
MOACJIb pacqua. B Hef/'l HpOBO}.‘{HI/IKI/I " HaATAKHBIC FI/IpJ'ISIH,Z[LI I/I3OJ'I}1TOp0B (HpI/I
WX HaJM4YWH) MOPEACTABISIOTCS THUOKAMHU YIPYTHMH HUTSAMH, UISI KOTOPBIX
ypaBHeHI/ISI X IBHUKCHUSA l'IpI/I K3 3aIIUCBIBAKOTCA B CHGHYIOIIIGM BUJC:

0(_0R) = ©0°R1
—| T |[+P=p—=
oS\ s ot? 2

, 1)
e S — fyrosas KOOpAHMHATA TI0 JUIMHE MPOBOJa, M; t — Bpems, ¢; R — paamyc-
BEKTOP, ONPEICISIONINA MPOCTPAHCTBEHHOE MOJI0KEHUE MMPOBOJIOB, M; T — MO-
nynb Tsokenns, H; P — BeKTOp cyMMapHOTO YCHIIHS, JEHCTBYIOIIETO HA eIHHH-
Iy JUTHHBI TIPpoBOa, H; p — Macca euHUIBI UTMHBI TPOBOAA (MITH THPJISH H30-
JISITOPOB), KI/M.

MarteMaTHueckoe OMHCAaHWe JWHAMUKH TOPTATOB W JeMrdepa THKSHHS
mpu K3 mpomsBoauTcsi OOBIKHOBEHHBIMH HETMHEHHBIMU TH(D(EpEeHITNATEHEIMI
YPaBHEHUSAMH MEPBOTO MOPSIIKA

d*x dx
X+ fﬂE:TMH’ (2)
rae C, — muHelHas yrpyras )ecTKocTh aemidepa, H/M; X — koopanHata BIOJb
npoieTa, M; f, — nmuHeiiHas BA3KOCTHAS XKeCTKOCTD AeMitpepa, KI/¢; Ty — MTHO-
BEHHOE 3HAYCHHUE TSHKSHUS MpoBoJia, H.
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Kak mnokazano B [4], meMngpupyroIIre CBOHNCTBA 3JI€MEHTOB TOKOBEAYIIHX
KOHCTPYKITUI B IIEJIOM TO3BOJISIOT 3aMETHO CHU3WUTh MaKCHMaJbHBIE TSKCHHS
mpoBoioB. OpHako yrnpyrue aegopMmanuy 3JIEMEHTOB IMPOJieTa MOTYT IpPUBO-
JUTh K YBEIMYCHUIO €ro JUIMHBI, & COOTBETCTBEHHO K YBEJIUYCHHUIO MpOBECa
MPOBOJIOB U HEJOITyCTUMOMY CONMXKCHHIO WM JaKe CXJIECTHIBAHUIO (Da3HBIX
MPOBOJHUKOB Mexay coOoi. [losTomy BBIOOp ONTHMAaNBHBIX IapamMeTPOB
JIeMI(EepoB THKSHUH sBISETCS 3anaded uccienoBaHus. JKectkocTh nemmde-
pa C, nomkHa OBITh MEHBINE 10 BEJIWYHHE, YeM YIpyras >KeCTKOCTh MPOBOJA
WM TIOPTalia, KOTOPBIE CIIYy)KaT BEPXHEW TpaHUIICH MCKOMOW >KECTKOCTH Orpa-
HUYUTEINS TSHKEHUH.

CoBmectHoe pemrerre (1) u (2) MO3BONIAET ONEHUTH BIUSHHAC YIPYTOH II0-
JNATIIMBOCTH JieMI(epa Ha BEIWYHHY TSKEHHUH M BO3MOXKHOE YMCHBIICHUE
Mex1y(ha3HbIX PAaCCTOSHUI B Ipollecce KoJiebanuii MpoBOJHUKOB. C MOMOIIBIO
pa3paboTaHHON MaTeMaTHYeCKOH MOJeNn MpPOBEACHAa OIEHKa BO3MOMXKHOCTH
MpUMEHEHus aeMIiepa Ui yMEHbIIEHHS THKOB TSHKEHUH.

Cuctema ypasaenuii (1) u (2) permaeTcs YMCICHHBIM METOAOM, HCIIOIb30Ba-
HUE KOTOPOTO MPHUMEHUTEIHFHO K THOKUM TOKOBEIYIIUM KOHCTPYKIHUSM 00OC-
HOBaHO B [4] u [5]. Pa3paboTaHHBIN YHCIEHHBIN aJITOPUTM pacueTa THUHAMUKHI
MIPOBOJHUKOB C YYETOM JeMidepa TSHKEHHI ObLT IPUMEHEH Ul MOAU(UKAIIIH
koMmbroTepHoit porpammbl LINEDY S+ [6]. C ee moMomIbio Jij1si TOATBEPIK/Ie-
HUs 3G(EKTUBHOCTH HCIONB30BaHUS JeMIiepa TsSHKEHUH MPOBEICHBI PACUCThI
mpu K3 mist TUmoBoro mpojera OTKPBITOTO paclpeleIUTEeNBHOr0 yCTPOUCT-
Ba (OPY) 110 kB mmmHOi#1 27 M, pe3yapTaThl KOTOPBIX TPEICTABICHBI Ha prC. 4, 5.

Kak BugHO M3 puc. 4, ycTaHOBKa JeMI(EpOB IT03BOJSIECT YMCHBIIUTh ITHK
TSOKEHUS TIPU OTKIIOHCHHU TPOBOJHHUKOB Tpmax HAa 13 % W muk mpu maneHuu
Tamax Ha 24 %.

7 T
T,KIS‘I B /\ T3max “

4 fTZmax \ I\ N

‘s ST

: 2P LA

) y < ITA AR\
I . S
0 02 04 06 08 10 12 14 tc 18

Puc. 4. Tsxenns B NPOBOJHMKAX IPU KOPOTKUX 3aMbIKAHMIX:
—— —KECTKOe KpeIUICHHE MPOBOAOB; —— — C JeMiidepom
Fig. 4. Tension in the conductors in a short-circuit:

—— —rigid attachment of wires; — — with the damper

B T0 xe Bpems cpabateiBaHue qemndepa TSHKESHUH COMTPOBOXKIACTCS YBEIH-
YeHHUEM pa3Maxa TOPU30HTAIBHBIX KOJICOAHUH TPOBOJAHUKOB B 00€ CTOPOHBI OT
HX HAYAJIBHOTO TIOMOKEHUS Vimax T V2max, YTO MOXKET MPUBECTH K HEOMYCTUMO-
My COJNMKCHHIO TPOBOJHHUKOB coceqHux (a3. B pacuerHom ciydae (puc. 5)
YBEIUYCHHE pa3Maxa Kojiebanuit coctaBmwio 7 % u cOMMKEHNe COCETHHX IPO-
BOJIHUKOB HE TIPEBBICHIIO JOMYCTUMBIX 3HAUYCHUH.
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Puc. 5. TpaexTopus IBUKESHUS IPOBOJIOB:

—— — JKECTKOE KpEeIUIeHHE IIPOBOJIOB; —— — ¢ AeMnepom

Fig. 5. Trajectories of the movement of wires:
— —rigid attachment of wires; — — with the damper

ITomoOHbIe pe3ynbTaThl UMEIOT MECTO Ui APYIUX KJIACCOB HANPSDKEHHMS,
JUITMHBI 1 MapKu NpoBoja. TspkeHHsl B IPOBOJAX M pa3Max UX KoyieOaHui B UTO-
re OyIOyT ONpeAeNsiTbCS >KECTKOCTBhIO ycTaHoBieHHoro aemndepa C,. Xecrt-
KOCThb Jemmngepa, TakuM o0pa3oM, H0JDKHA HUMETh HEKOTOpPOE ONTHMAajbHOE
3HAa4YeHUE, NMPH KOTOPOM CYLIECTBEHHO YMEHBINAIOTCS IWHAMUYECKHE TsDKe-
HUS U B TO K€ BpeMs OTKJIOHCHHMS HE IPEBBICAT AOILYCTHMBIX 3HAa4EHUIl.
s onpenenenus ontuMmyma C, ObUT IPOBENEH Psii pacueTOB JUIS TUIIOBBIX
nposietoB PY 110-220 kB B pasznmunbix pexxumax K3 ¢ yueTom HauyalbHBIX
ycinoBuid. PacueTsl BBRITONMHEHBI Tpu npomospkutensHoctn K3, pasmoit 0,1 c,
B pacyeTe Ha cpabaThIBAHWE OCHOBHOW OBICTPOJEHCTBYIOIIECH 3alIUTHI Oe3 BbI-
JEPKKH BPEMEHU.

PacuetHyro xectkocTh Jemidepa TSOKEHUS IPUHHUMAId B JUanaso-
e (1-100) -10° zaH/m. 3a opueHTHp Gpaty H3MEPEHHYIO KECTKOCTh MOPTAIIb-
HOW KoHCTpykuuu B rabapurax OPY 110 xB B ombite LABORELEC, pas-
uyto 64 -10° zaH/m [7]. B yKa3aHHOM [MAama3oHE MPOM3BETH PACUYET MaK-
CHUMAaJIbHBIX TSDKEHMH IpoBOAHUKOB Ipu K3 Ha cTaguu uMX OTTaJKUBAHUS T omax
W TaJeHUS T3max, PE3YABTATHI KOTOPOTO MpEJCTaBlIeHbl Ha puc. 6. 13 rpaduka
BUJHO, YTO C IIOBBIIIEHHEM >KECTKOCTH JeMIldepa yBEJINYHUBAIOTCS U MaKCHU-
MAaJIbHBIE TSXKEHUSA. YPOBEHb TSOHKEHUH Ha CTaJuM HaJeHHs IPOBOAA HECKOJIBKO
BBIIIIE, YeM Ha CTAaIHH OTTAJKUBAHHS.

700

I110;08,2A7M f=4% Em——
Tmax, AaH Ik = K
ﬂzs% /\ Topras
500
J Doruax
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e e
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f=4%]
— P |
300 ___/—"'""-_
200 b— f=5%]
0 20 40 &0 C-10%, maH/m 100

Puc. 6. TsoxeHust Typay IPH KOPOTKOM 3aMBIKaHHH

Fig. 6. Tension T, in a short-circuit
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AHanmm3 pacyeTHBIX JHarpaMM TSHKCHUH MOKa3bIBACT, YTO C YMEHBIICHHEM
JKEeCTKocTH nemidepa ycunuBaercs 3QdekT cpe3a mukoB TsokeHuit. OmHaKo,
€CII TOBOPUTH 00 DSJEKTPOJMHAMHYECKOW CTOMKOCTH B IIEJIOM, HEoO0X0oIu-
MO y4YecTh eIlle OJIMH MOKa3aTellb — MHHAMAJIbHBIE MeXayda3Hble paccTos-
HUS 8min TIPHA KOJICOAHMIX MPOBOTHUKOB [8].

B BrIOpanHOM muana3zone m3MmeHeHuss C, MPOU3BENIN pacuyeT COMMKEHUH
npoBoHUKOB Tpu K3. 3aBUCHMOCTH MaKCHMAaIbHBIX CONMKEHUN HAa CTaguu
CBOOOTHOTO ABMXKEHUS OT mapameTpa C, MpeAcTaBlIeHb Ha puc. 7. W3 rpadu-
KOB BHJIHO, YTO 3aBUCHUMOCTh amin = f(C,) uMeeT makcumym nipu m3meneHnn C,
B muamasone (15-35) - 10° qaH/M. DTH 3HAYCHHS MOTYT CIIy)XWTb OPHCHTH-
poM Jutst BEIOOpa pabodeit )KkecTKOCTH AeMIidepa, Tak Kak MaKCUMaIbHBIC TsDKE-
HUS B JJAHHOM JIMalla30HE eIlle¢ He JIOCTUTIN CBOMX IHUKOB M COCTABIISIOT TOJb-
ko 50-75 % OT aHaJOTMYHBIX BEJWYMH NPU YKECTKOM KPETJICHHH MPOBOIHU-
KoB (0e3 nemmdepa).

z2,0

110%B. 27

min, M ¥ I,=20%h

1,6

1.4 /
\// e

1,2

l

]

1,0
0 20 40 60 C10°, maH/M 100

Puc. 7. MunumanbsHble MeXAyha3Hble PaCCTOSHUS A, IPU KOPOTKOM 3aMBbIKAHUH
Fig. 7. The minimum interphase distances am;, in a short-circuit

Ha ocHOBe NpOBECHHOTO BEIYUCIHUTEIHHOTO IKCIICPUMEHTA MOXKHO CEIATh
BBIBOJI, YTO NPU BHIOOpE MapamMerpoB Aemiidepa HEOOXOIMMO YYUTHIBATH €rO
BIMSIHUE KaK Ha Cpe3 THKCHWH, TaKk M Ha CONIDKEHHE MPOBOJHHKOB. BhIOOp
neMndepa ¢ MHHHUMAJIBHOM JKECTKOCTHIO HE OOECIICUYMBACT aBTOMATHYECKU
JIEKTPOIMHAMHUYECKYIO CTOMKOCTH IponeTa [9].

B mporiecce uccienoBaHmii MoJiels eMidepa Oblia yCOBEpIICHCTBOBAHA C
y4ETOM peaibHBIX XapaKTEPUCTUK ero cpadarbiBaHMs. VICIonb30BaIu MOJIEIH
MPYXUHBI, KOTOpas B HOpMalbHOM pexume pabotel (mo K3) mmeer Goms-
NIYIO )KECTKOCTh U TIpakTHYecku He Aedopmupyercs. [locne Bo3nukHOBeHUsT K3
MPOBOJHUKH HAYMHAIOT JBUTATHCS MO/ BO3JACHCTBHEM JIICKTPOIMHAMUYECKHX
YCHIIMiA, MTPH 3TOM BO3PACTAIOT TSDKEHHS M HATPY3KH Ha OMOPHI M JeMI(EpHI.
IMpu nocrikennu Harpysku B (1,6-2,1) f [3] (f — HoMuHANBHAS HArpy3Ka JAEMII-
¢epa 1o crpaBOYHBIM JaHHBIM) IPOUCXOIUT cpabaThiBaHue nemidepa. B anro-
pPUTME TPOTPaMMbI 3TOT MOMEHT YYUTHIBACTCS PE3KHM YMEHBIICHHEM JKECTKO-
CTH TIPYKHMHBI, YTO TIO3BOJISIET JeMIdepy HavaTh y/uiMHeHue. Ecnu B mporec-
ce K3 ymnmunenne D pocturaet KOHEYHOW BEIWYMHBI, OOYCIOBICHHOW KOHCT-
PYKIIMEH YCTPOWCTBA, TO MPYXXHHA CHOBa MPUOOpETaeT OOJNBIIYIO )KECTKOCTh
1 miporiecc AedopMariy mpakTHYSCKH MpeKpamacTcs.
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K xommprotepHoii mporpamme LINEDYS+ co3mana 6a3a HaHHBIX € Iapa-
METpaMH YCTPOUCTB KOHTPOJISl HATSXKCHHUSI, YTO MO3BOJISIET IyTEM MPOBEICHHUS
cepuil pacyeToB MoJ00paTh ONTHMAJIbHOE PEUICHHE MO BBIOOPY MapaMeTpoOB
nemrdepa. BrimonaeHo uccnenoBanue 3QQEKTHBHOCTH MPUMEHEHUs JeMide-
POB Ui OTpaHUYCHUS MMUKOB TSHKECHUH MPU KOPOTKOM 3aMbIKaHWH. [[1s1 3TOTO
B dKCIIepUMeHTanbHOM Tposiere 330 kB mpoBeIeHbI pacyeThl JUHAMUKHA THOKUX
npoBoaHUKOB Tipu K3 ¢ nemmdepom u 6e3 Hero. PesynbTaThl pacdeTa mnpeacTas-
JIeHBI Ha puc. §, 9.

10

T, xH A
/ \( Bes nemndepa
& |
f’-\ C nemndepom /—\\
4 /"—_—-‘ N
0 0,1 02 0,3 04 tc 05

3 b 3

Puc. 8. Pacuer TsDKeHUS B IIPOJIETE C YCTAHOBKOM femiipepa u 6e3 Hero: mpoiet 330 kB;
JulnHa npojieta 48 M; TOK KOPOTKOro 3aMblkaHus 30 kA

Fig. 8. Calculation of a tension in a span with installation of the damper and without the damper:
the span is of 330 kV; the span length is 48 m; the current of a short-circuit is 30 kA
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Puc. 9. Y nnmunenne pemmngepa nIpu KOPOTKOM 3aMbIKaHUN

Fig. 9. Lengthening of the damper in a short-circuit

Ha puc. 8 mpencraBnena auarpaMmMa TSOKEHHH B IPOJIETE C YCTAHOBJICHHBIM
nemndepom U 6e3 Hero. Pe3ynmbTaThl SKCIIEpUMEHTa MOKa3ald, YTO MUK TKe-
HUH npu ycTaHoBKe Aemiiepa ymeHbImmics Ha 40 % Juia TaHHOTO MPoJieTa MpH
toke K3, pasaom 30 xA. [Ipouecc yanuaenus aemmndepa A0 CBoel mpeaenbHOR
BeanunHbl D = 260 MM oTpaxen Ha puc. 9. Jlemmndep cpaboTan mpu A0CTHKeE-
HUM TsDKeHus B 5 kKH, uTo 6nu3ko k BenuuuHe 2f 11 BHIOpaHHOTO yCTpOHCTRA,
1 JATBHEUITHH POCT TSHKCHHSI PAKTHISCKH MpeKpaTmwics (puc. 9).

AHanu3upys MPUBEACHHBIC TUArPAMMbI, MOKHO CJIENIaTh BHIBOJ 00 3(deK-
TUBHOCTH AemIipepa npu K3 1 BOZMOKHOCTH CHIDKEHHS C €0 MOMOIIBIO TTePBO-
o TIMKa TSHKEHUS, a COOTBETCTBEHHO W HATPy30K HA OMOPHBIE KOHCTPYKITUU.
Taroke st TunoBoro nposiera OPY 330 kB mmHOM 48 M OBUTH BBITIONHEHEI HC-
CJICZIOBaHUS BIMSHUS TapaMeTpa D Ha BeMMUMHY cpe3a MEepBOrO MUKa TSHKSHUS.
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B pacduerax wucmois3oBanu gemrdepsl ¢ ymiuHeHueM D, paBusiM 260, 390
n 520 MM [3]. Tox K3 usmensu B npegenax 20-50 kA. Bo Bcex pacueTHBIX
CIydYasiX Cpe3 TSHKCHHU ObUT OJIMHAKOB, YTO OOBSCHIETCS JAOCTHIKCHUEM ITHKA
TSOKEHUS eIlle 10 MOMEHTA yIJIMHEHUs Aemiidepa N0 MpeAeTbHONW BETHYUHBIL.
Kak Bumno u3 puc. 10, muk Tsoxenust (oxonmo 5 kH) mocturaercs 3a 0,09 c,
a MakcuMmalibHOe yanuHeHue aemidepa — depes 0,50 c. D10 XapakTepHO IS
CpPaBHHUTEIHHO KOPOTKUX MposeToB. ClieoBaTeNbHO, B TAKUX CIydasx JOCTa-
TOYHO YCTaHOBKH JieMIipepa ¢ HAMMEHBIINM YJTuHeHueM D.

Pacuersr B mpostere mmuO# 150 M (XapakTepHO IS JIMHHHA DJIEKTPOIIepe-
Jla4uM) ¢ yCTaHOBKOWM Ooree mMomrHoro aemmdepa npu D = 260 (390; 520) mm mo-
Ka3aJld aHAJIOTWYHBIE PE3y/bTAThl, KaK U JUIs KOPOTKOro mpojeTta. OaHaKo B
JUTMHHBIX TPOJIeTaX TOCJe JOCTHKECHHUS MaKCHMaJbHON BBITSDKKH JeMIidepa
BO3HUKAET JOMOJHUTEIbHBIA MUK TSHKEHUS 1,e; OT PE3KOM OCTAHOBKH JIBUKCHHS
npoBoga (puc. 10). MoMeHT BO3HUKHOBEHHS 1., COOTBETCTBYET MOMEHTY MakK-
CHUMaJIbHOTO y/uIMHeHus nemrdepa. Yem Oosiee MaccuBHBIM OyJeT TPOBOJ
u yeM Ooutbie Tok K3, TeM JONONMHUTENbHEIN UK TSHKEHHS 00JIBIIIE,

25
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Puc. 10. lomomHUTENBHBII MUK TSDKEHUS T, TTOCIIE cpabaThiBaHus Aemiidepa
B mipostete a0l 150 M

Fig. 10. Additional peak of a tension 7., after the operation of the damper
ina span of 150 m long

U3 puc. 10 BUAHO, YTO MHK TSHKEHUS OT PE3KOH OCTaHOBKH Io.; MPOBOIA
MPUBOIUT K TOSIBICHUIO KoJeOaHMIi TPOBOJA C MOBBIILICHHON YacTOTOH U B UTO-
re BBI3BIBACT BCIUIECKH TSDKEHHsI, KOTOPBIX MpPHU OTCYTCTBUH Jemmdepa He
Habmromanoch. Jns aHanu3a BausHMUA paboued mmHbl Aemndepa D Ha Benu-
YUHY JONOJHUTENBHOTO NMHKA T,e; W TMOCIEAYIONIMX NMHKOB TSDKCHHWH MHpoBe-
mm pacdersl B mpoiete mmHOW 150 M mpu D =260 (390; 520) mm (puc. 11).
W3 amarpammel Ha puc. 11 BuAHO, YTO M3MeHeHHe UMHBI D mpaktuuecku He
BJIMSICT HA BEINYMHY MAKCUMYMOB TSKCHUS Tax, @ JHIIb U3MEHAET MOMEHT HX
HaCTYIJICHHUSI.

Kak oTmeuanock Bbllle, MpU WCHONB30BAaHUM AeMiidepa OyIAeT W3MEHSITHCS
HE TOJIBKO TSDKEHHE, HO M MPOBEC MPOBOJA B MPOJETe M3-32 YJUIMHEHUS AEMII-
¢epa, 4TO MPEANONOKHUTEIBHO JAOJHKHO MPUBECTH K YMEHBIICHHIO MEXAydas-
HBIX PACCTOSHUH d4-¢ TIPU IBHKEHUU TMOKHUX TPOBOJAHHUKOB.
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Puc. 11. 3aBUCUMOCTD TSDKCHHS OT yUTHHEHHUS qeMidepa

Fig. 11. Dependence of a tension on lengthening of the damper

Jlns olleHKY BIMAHUA yJUIMHeHHA AeMindepa D Ha BEIHMIHUHY dg-gmin TPOBEIH
pacuets! 1uia nposiera JunHo#M 48 M npu Toke K3 30 KA, pe3ynbTaTsl KOTOPOTO
MIPUBEICHBI B Ta0M. 1.

Tabauya 1
3aBHCHMOCTL MEKAY(PAZHBIX PACCTOAHUIA @y pmin OT YAJIMHEHUs1 Jemnipepa D

Dependence of the interphase distances ag.gmin 0N lengthening of the damper D

D, MM 0 260 390 520
Ap-pmin, M 1,65 1,26 0 0
T, KH 172 12,0 10,3 10,3

[lo nHpOpMaLMU MPOU3BOIUTENEH, YCTAHOBKA YCTPOHCTB KOHTPOJSA HATS-
xeHus (memmdepos) B mpoierax OPY wmm JIDII sddexrnBHa Kak cpenctBo
CHIDKEHHS CTaTU4eCKUX Harpy3ok. OnHako, aHamM3Upys MPHUBEICHHBIC BHIIIE
quarpamMmbl B Ta0i. 1, MOXHO clienath BRIBOJ, YTO MPHMEHEHHE MX B KaYeCTBE
nemndepos pr K3 He Bcerma 3¢ (eKTHBHO HM3-32 BO3MOXXKHOCTH YBEITHUYCHHUS
TSOKEHUH 1 pUCKa HEAOMYCTUMOTO COMIKEHHS IPOBOAHUKOB [10].

BbIBO/JbIL

1. Pa3paboTan uuClieHHBIH METOA pacyeTa IWHAMUKUA TMOKMX MPOBOIHUKOB
pacipeenuTeIbHbIX YCTPOMCTB U BO3AYIIHBIX JIMHUHM NP KOPOTKOM 3aMbIKa-
HUM C YYETOM BIIMSHHS AeMndepoB TspkeHus. [laHHbI MeTo] ObUI MpUMEHEH
IUTE MOJU(HKALINN KOMITBIOTEPHOH MPOrpaMMbl pacueTa JIEeKTPOANHAMUYECKON
CTOMKOCTH.

2.C momouipl0 KOMIBIOTEPHOW NpOrpaMMbl TOKa3aHO, YTO YCTaHOBKa
nemrdepa TSHKEHHs TO3BOJISIET Cpe3aTh MUKH TSDKEHHH MPOBOJA MPH KOPOTKOM
3aMbIKaHUU B HAYaJIbHOM CTauM IBM)KEHUS] IPOBOAHUKOB. OIHAKO B MPOJIETAX
OONBILION ATUHBI TIOCHIe cpadaThiBaHus JeMidepa BOZMOKHO MOsIBICHHE HOBBIX
BCIUIECKOB TSOKCHHUS, 00YCIIOBJICHHBIX PE3KOH OCTAHOBKOH MPOBO/IA.

3. CormacHo pacueTtam, cpabaTeiBaHue AeMIihepa MPH KOPOTKOM 3aMbIKaHHUH
IMPUBOIUT K YBCIIMUCHUIO MIPOBECA MPOBOJOB U TCM CAMbBIM IMOBBIIIACT PUCK HE-
JIOITYCTHMOTO COJIMIKECHUS MPOBOTHUKOB COCETHUX (a3,

4. AHanu3 mpoBEeNEHHBIX HUCCIICAOBAaHMUHN IOKa3al, YTO YCTPOWCTBA OrpaHH-
YeHUs TSHKEHHS He Beeraa 3 GEeKTHBHBI TPU KOPOTKOM 3aMBIKaHUH.
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