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AHHOTALUMUA

BBepeHune. OObEKTOM MCCrEefoBaHUS ABNAIOTCA KOHCTPYKLMM BO3AYLUHBIX NTMHUIA anekTponepeaayn (BJ1), Bkntoyas dyH-
[aMeHTbl; NpeaMeToM — AencTBUTeNbHas padota KoHeTpykuui (APK) Ha aTanax »xu3HeHHoro umkna (KLL) BI (ctpouTens-
CTBO, 3KCMNIyaTaums 1 PeKOHCTPYKLMS), Kak JIMHENHOTO COOPYXXEHWS, YTO ONpeAensAeT NpakTUYecKyto 3Ha4MMOCTb CTaTbu.
Llenb onpenensetca HeobxoanMocTbio obecneveHust Tpebyemolr HopMaTUBHOW HaAEXHOCTU byHKLUMOHUpoBaHus BJIl. 3a-
nadm paboTbl — n3yyeHve akTopoB AencTBUTENbHON paboTbl BJ1 Ha aTanax XKLI.

MaTepuanbl u Metoabl. [lencTBuTenbHas pabota KOHCTpyKuuid BJT, kak COBOKYMHOCTb pearibHbIX OTKIIOHEHWUI XapakTe-
PVCTVK 3NIEMEHTOB OT HOPMATMBHbIX 3HAYEHWUI, YCTaHOBIEHa B BMUAE KOHKPETHbIX (hakTopoB. PakTop aBapuiHbIX MOBPEX-
OEHWUIA KOHCTPYKLUMIA, B TOM YMCrne nageHve onop, Takke oTHeceH k [IPK. MNocne pemMoHTa nnm pekoHCTpyKuMK, HanpumMep,
C 3aMeHOV MOBPEXAEHHbIX 1 yNaBLUMX OMnop, NMB0 € 3aMeHON CTapbIX MPOBOAOB HA HOBblE MHHOBALIMOHHBIE, 3KCNIyaTaums
npopomkeHa B coctase XKLI.

Pesynbratbl. [TpeacTtaBneH peanbHbi NpYMep YCNeLIHOW pekoHCTpykuum BJ1 220 kB ¢ 3ameHo NpoBOAOB Ha HOBbIE WH-
HOBaLIMOHHbIE C 3230POM, OTMMYaloLLMECS NepeMeLLeHNEM TOKONPOBOASALLEN YacTW OTHOCUTENbHO HECYLLEro cepaeyHuKa
B YCIOBMSIX BbICOKOTEMMNEpPaTYpHbIX AedopmaLnin. BoaMoXXHOCTb Takon pekoHCTpykuum BJ1 obycnoBneHa noBbILLEHHOM
MPOYHOCTBIO U MOHWKEHHBIM AVaMeTPOM HOBOTO MPOBOAA C YNIIOTHEHHBIM CeYeHneM. OTO MO3BONUIO MOABECUTL HOBblE
WMHHOBAaLMOHHbIE NPOBOAA M rPO303aLLMTHbIE TPOChI HA CTapble OMopbl C YCUINEHHbIMU (PyHAAMEHTaMM, YTO 3HAYUTENBHO
COKpaTumno 3atpaTbl Mpy peKoHCTpyKuumn BJ1.

BbiBoabl. [1aHHbIV MOAXOA Aarn BO3MOXHOCTb MPUMEHNUTL CTapble ONopbl AN NOABECKN HOBbIX MPOBOAOB M rPO303aLLUUTHO-
ro Tpoca. Npu atom nponyckHasi cnocobHocTb BJ1 220 kB Bo3pocna Ha 60 % un 6onee. XKL npeacraeneH HoBow rpaduye-
CKOW MO[IENbI — «KPUBOW XMU3HWY», rpadvik KOTOPOW, Kak M3MEeHeHWe MOoToKa OTKa3oB W MO BPEMEHHOW OCU T, COCTaBMeH
13 TPEX OCHOBHBIX 3TaMoOB: CTPOUTENBLCTBO C NPMPabOTKOW, HOPMarnbHas aKCnyaTaums U U3HOC. YKasaHHbI rpaduk npea-
NOXeH ANs onMcaHus npolecca nocnenyoLle PeKOHCTPYKLMN Kak YETBEPTOrO OCHOBHOTO 3Tana C NpoAJieHneM BpeMeH-
Hom ocu B cocTase Hosoro XKL BJ1.

KINKOYEBBIE CITOBA: cTanbHble KOHCTPYKLUW, BO3AYLUHbIE NIMHUW 3MeKTpornepeaayu, AencTeuTenbHas paboTta KOHCTPYK-
LA, onopsbl, NpoBoAa 1 rpo303alLMTHbIe TPOChl, MPorpeccupytoLee obpyLueHre, aTanbl U MOAENN XU3HEHHOTO LuKna, pe-
KOHCTPYKLWS
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ABSTRACT

Introduction. The object of the study is the structures of overhead power lines (OPL), including their foundations; the sub-
ject is the actual performance of these structures (APS) at the various stages of the OPL life cycle (LC) (construction,
operation and reconstruction), as a linear structure, which determines the practical significance of this paper. The aim is
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determined by the need to ensure the required regulatory reliability of OPL operation. The objectives of the study are to
investigate the factors affecting the actual performance of OPL at the various stages of their life cycle.

Materials and methods. The actual operation of overhead line structures, as a set of real deviations of the characteristics
of the elements from the standard values, is defined in the form of specific factors. The factor of emergency damage to
structures, including the collapse of poles, is also included in the actual operation of structures. After repair or reconstruc-
tion, such as the replacement of damaged and collapsed poles or the replacement of old wires with new innovative wires,
the operation continues as part of the life cycle.

Results. This is a real example of the successful reconstruction of a 220 kV overhead line, where the wires were replaced
with new innovative wires with a gap, which allow the current-carrying part to move relative to the supporting core un-
der high-temperature deformations. This reconstruction is possible due to the increased strength and reduced diameter
of the new wire with a compact cross-section. This allowed the new innovative wires and lightning rods to be hung on old
poles with reinforced foundations, significantly reducing the cost of the overhead line reconstruction.

Conclusions. This approach allowed the use of old poles for suspending new wires and a lightning protection cable. As
a result, the capacity of the 220 kV overhead line increased by 60 % or more. The life cycle is represented by a new graphi-
cal model, the “life curve”, which shows the change in the failure rate w over time 1. The curve consists of three main stages:
break-in, normal operation, and wear. This graph is proposed to describe the process of subsequent reconstruction as
the fourth main stage, with an extended time axis as part of the new life cycle of the overhead line.

KEYWORDS: steel structures, overhead power lines, actual structural performance, supports, wires, and lightning rods,
progressive collapse, life cycle stages and models, and reconstruction
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BBEJIEHHUE

Joxnax mo naHHOW TeMaTHKe OBII MpECTaB-
neH asropoM Ha VIII MexayHapogHoM cumnosuyme
PAACH «AxktyanbpHble TTPOOJIIEMbl KOMIIBIOTEPHOTO
MOJICTTUPOBAHNS KOHCTPYKIIMHA M COOPYKEHHI», TPO-
BEIEHHOM B TaMOOBCKOM TOCYIapCTBEHHOM TEXHHYE-
ckom yuHuBepcutete 17-21 mas 2023 1. [1]. Tepmun
«neificTBUTENbHAs paboTa KOHCTPYKIIHI), COTIIACHO
m. 4.2 CIT 16.13330.2017 «CtanbHble KOHCTPYKIIUN,
OTpakaeT «YTOUHEHHBbIC PACUETHBIE CXEMBbI M pac-
YETHBIE MPEANOCHUIKH, KOTOPhIE YCOBEPILIEHCTBYIOT
OCHOBHBIE PacueTHbIE MOJIEIH, IPUBEACHHbBIC B ACH-
CTBYIOIIMX HOPMax, B LEJSIX obecrieueHust OobIien
MIPOYHOCTH, KECTKOCTH 1 HaJIS)KHOCTH CTPOUTEIHHBIX
koHCTpyKIHi» (CK). TepMHHBI «CTPOUTETBCTBO U pe-
KOHCTPYKILHSA», KaK CBSI3aHHBIE IOCIEA0BATEIbHBIC
IIPOLIECCHI CO3JaHMUS 1 OOHOBIICHUS BO3IYIIHBIX JIMHUN
anektponepenaun (BJI), HanpsMyro cOnpsiKeHsI ¢ Mo-
HaTueM xku3HeHHoro nukia (KL) BJI. ITo Texaugecko-
My PeriaMeHTy 0 Oe30MaCHOCTH 3aHUI U COOPYIKEHHIA
(Ne 384-@3 ot 30.12.2009) «KU3HEHHBIN MK 3/1aHUS
UM COOPY’KEHUSI — NEPUOJl BPEMEHH, B TEUEHUE KO-
TOPOTO OCYIIECTBIISIIOTCSI WHXKEHEPHBIE M3BICKAHMUS,
IIPOCKTHPOBAHUE, CTPOUTEIIBCTBO, IKCILTyaTalus, pe-
KOHCTPYKIHUSA, TEKYyIINH W KalUTaJIbHBIH PEMOHTHI,
CHOC JTMOO KOHCEpBAlMs 3/1aHUSI WIN COOPY>KEHUS»,
BKJTIOYAs BO3AYIIHBIC INHUH 3JIEKTpOIIepeadn. 3a1ada
ananuza JKII[ BJI otHocutcst x aeiictBuTebHOM pabo-
te koHcTpykimi (APK) [2], nmeer BrIcOKHI ypOBEHB
HOBU3HBI M COCTABIISIET OCHOBHYIO LIEJb ITyOJIMKaIUH.

AKTyaJbHOCTh CTaThu 00yCIJIOBIICHA 3HAYMTENb-
HOH NPOTSDKEHHOCTBIO OTedecTBeHHBIX BJI HanpspkeHu-
em 0,4-750 kB, mocruraromeii 2,5 MIIH KM 110 JJAHHBIM

ITAO «PocceTtun», a Takxke UX HETOCTATOUYHO YIOBJIET-
BOPUTECJIbHBIM TEXHUYCCKUM COCTOSIHUCM. ITo JaHHBIM
[Monoxxenus ITAO «Poccetn» «O ennHO# TEXHUUECKOM
MOJTUTHKE B AJIEKTpOCceTeBOM Komiuiekce» (2017 T.)
CYLIECTBEHHAs! J0JIisi 000PYIOBaHHs XapaKTepPHU3yeTcs
CBEpXHOPMATHUBHBIM CPOKOM cIykObI. Tak, 1mo cocro-
sstHuto Ha 2016 T. HaXOmsATCs B AKCIUTyaTaruu Oosee
35 met: BJI 220-330 kB — 52 %, 110 kB — 61 %,
35 kB — 63 %, a ob1mias 10 TEXHOJIOTHYECKUX Ha-
PYIICHUH B 2JIEKTPOCETEBOM KOMIDIEKCE TI0 TIPUINHAM,
CBA3aHHBIM CO CTapeHHeM (M3HOCOM) 00O0pYIOBaHUSA
M KOHCTpyKIuil o uroram 2015 r., cocraBuna 24 %.
TpeGoBanus neiicTByromero [1og0KeHUST 0 TEXHUYE-
ckoll nomutuke [TAO «®enepanbHas ceTeBas KoMmIa-
Hus EnunHoit sHepretndeckoit cucremsn (ITAO «DCK
EBC») 2024 r. pacipocTpaHsIOTCSl HA HKCILTyaTHpye-
MBIC U TIpOoeKTHUpyeMbIe BJI 111 HOBOTO CTPOUTENBCTBRA,
PEKOHCTPYKUUHU U TEXHUUYECKOrO MEPEBOOPYKEHHUS
u yuuteiBarotrcs B pamkax JKIL[ BJI. 3mecws TpeOye-
MBIl YPOBCHb HOBH3HBI OCHOBAH Ha aHAIUTHUYCCKOM
0030pe HayYHO-TEXHUYECKOH JIUTEPaTYPhl C PaccMO-
TpeHnueM usBecTHbIX Mojenei XKII konctpykuuit BJI,
M0 CPaBHEHMIO C KOTOPBIMH MPEJIOKEHHAS aBTOPOM
nmwxkenepHas monensb XKL, onuckiBaromas TeXHUYE-
CKOe cOoCTosiHME coopyskeHus ¢ yuetom JIPK B Teuenue
BPEMEHU CTPOUTEINILCTBA U dKCcIulyarauuu BJI, a Takxe
MoCIeNyolell peKOHCTPYKIIMH, 001a/jaeT HOBU3HOM.
OOBEKTOM HCCIIENOBaHUS SIBISIOTCS KOHCTPYKIMU BJI,
BKITIOUas (yHaaMeHTsl, mpeametom — JIPK Ha stamax
JKII B mpouecce CTpOUTENbCTBA, IKCILITyaTallud U pe-
KOHCTpyKIuu BJL.

B coBmecTHOI poccuiiCKO-HEMEIIKOM MOHOTIpa-
(un [3] u3ydaroTcs BOIPOCH! pacdera yCHINBAaeMbIX
KOHCTPYKIWH, ()YHIAMEHTOB U OCHOBAHUH PEKOHCTPY-
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UPYEMBIX 3JAHUM U COOPYKEHUM, IOATBEPKIACTCS
W3BECTHAsl UCTHHA O BBICOKOH 2((EKTUBHOCTH WHBE-
CTHUIUH, HAIIPaBICHHBIX HA MX TEXHUYECKOE MEPeBO-
OpYy’KeHHE U PEKOHCTPYKIIHIO M0 CPABHEHUIO C HOBBIM
CTPOUTENLCTBOM. B crnemyromux nmpuMepax mpeacras-
JICHBI MaTepHaIbl, IIOCBSIICHHbIE BApDUAHTaM yIpaBiie-
nust XKL BJI Ha ocHOBe OLIEHKH ¥ MPOTHO3UPOBAHUS €€
TEXHUUYECKOTO COCTOSHUSA, B YACTHOCTH, IIPUBOJISIINE
K HEOOXOAMMOCTH BBIOOpA HANpPABIICHUS HA PEKOH-
crpykuuto BJL.

B nepBoM npumepe paccMaTprBaeTcsi METOMKA pe-
koHcTpyknuu BJI kak mosranHas cuctemMa yrpaBieHHs
MozepHu3anuei orop BJI ¢ yaerom TpeboBaHMiA IKCILTY-
aTaryy ¥ HaJeKHOCTH SHEPrOCHAOKEHHS TOTpeOuTeNnei,
paspaborannas B JloHOACCKON HAITMOHATTLHON aKaeMUU
CTPOUTENBCTBA U apXUTEKTYpHI [4, 5]. [Ipeanoxen an-
TOPUTM OLICHKHM TEXHUYECKOTO COCTOSHHS KOHCTPYKIHHA
onop u QpynnamentoB BJI, skcruryarupyembix Oosee
30 neT, Ha OCHOBE PE3yAbTATOB CMEIMATU3UPOBAHHOTO
o0cIe10BaHus C MCIIOJIb30BAHUEM OTPACIEBOIO POC-
cuiickoro crangapta ITAO «Poccetn» CTO 56947007-
29.240.55.111-2011" u CIT 13-102-2003? ¢ pa3paboTKoii
3aKJIFOUEHUS] O TEXHUUYECKOM COCTOSHUM KOHCTPYKIMH
BJI u ordera, BKIIOUAIOLIETO ONpPEEICHHE OCTaTOU-
HOTO pecypca U 00beMOB peKOHCTPYKIMH. [losTanusre
pacdeTsl KOHCTPYKIUI U JeWCTBHS HA OCHOBAHUH pa3-
paboTaHHON METOIMKH, B TOM UHCIIC CMETHBIE PACUETHI,
TIOKa3aJIM BBICOKHI skoHOMHUUecKkHi addexr 40 % ot pe-
koHCcTpyKunu BJI 220 kB ¢ 3ameHoil 1 00HOBICHHEM
KOHCTPYKLHM 10 CPABHEHUIO CO CTPOUTEIBCTBOM HOBOM
BJI [4].

Bropoii npumep packpbiBaeT COBpEMEHHBIE MOJIe-
JIM BBICOKOTO ypoBH# 110 ynpasienuto KL BJI, kotopsie
MIPOBOMATCS B YpalIbCKOM (eliepaibHOM YHHBEPCHUTE-
Te umeHnu nepsoro Ilpesunenra Poccun b.H. Enpuu-
Ha T0J] PyKOBOJCTBOM mpodeccopo M. Xamscmaa,
C.A. I'pomienko u B CouiiCKOM TEXHHYECKUM YHUBEP-
curete npodeccopom [1. bormanoseiM [6]. [Ipemnaraercs
pa3paboTka MPOTHO3HBIX MOJENeH, a Ha UX OCHOBE —
(hopMHpOBaHE HOBBIX TTOJIXOJIOB K OIIEHKE OCTATOYHOTO
pecypca u addexrrBHOI cuctemsl yrpasnernus JKI BJL.
Tak, oOy4arorast BRIOOpKa JUIsl OICHKH cocTostHUsS BJI
110 kB Bkitouana 160 npumepos, rae Kaxjaas U3 nap
BBIOOPOK COOTBETCTBOBAJIA OIPEIETICHHOMY COCTOSHHIO
cucTeMsl. 151 BEIMMCIUTEIBHOTO TIPUMEpa MPON3BEICH
aHaJIN3 COCTOSHUS Ha 0a3e Pe3yJabTaToB TEXHUIECCKON
JUAarHOCTHUKU M UCTBITAHWH OJHOTO M3 KOMIIOHEHTOB
BJI — usonsamun.

! Crarpapt OAO «®CK EDC» CTO 56947007-29.240.55.111—
2011. Metonmyeckue yKa3aHHA MO OIIEHKE TEXHHIECKOTO CO-
crosinust BJI u ocrarounoro pecypca komnoHeHtoB BJI. M. :
OAO «DCK EDCp, 2011. 85 c. URL: https://www.fsk-ees.ru/
upload/docs/sto_56947007-29.240.55.111-2011.pdf

2 CIT 13-102-2003. IpaBuia 06CIea0Banks HECYIIUX CTPOH-
TEJIbHBIX KOHCTPYKLNH 31aHui 1 coopyxkeHuit. M. : Toccrpoit
P®, 2004. 31 c.
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B Tpersem mpumepe mpeacTaBieH MPOEKT PEKOH-
crpykuuu BJI 220 kB B Kutae ¢ pacuerom ctoumMocT
monHoro JXKI[ 10 1 mocie TeXHUYecKoil TpaHchopma-
uu [7]. Ang pacdera cTOUMOCTH JBYyX pa3HbIx JKI]
UCIIOJIb30BAaH METOJ YHCTOH ro0BOI CTOMMOCTH C JTUC-
KOHTUPOBaHHBIMH IIPUBEACHHBIMU 3aTparaMu Ui NPV.
Croumocts XK1 BKITIOUana CyMMy MPSIMBIX, KOCBEHHBIX
W PYTHX 3aTpaT B TEYCHUE BCETO [IUKJIa, HEOOXOANMBIX
JUTSL IPOEKTHPOBAHUSI, NCCIIEIOBAaHUH 1 pa3pabOTOK, 13-
TOTOBJICHHSI, TEXHIYECKOTO OOCITY)KUBaHUS U TapaHTHHA
JI0O MOMEHTA BBIBOJIA U3 AKCILTyaTanuu. [IpuMep npuse-
JIeH JUIs1 y4acTKa MpOTSKEHHOCTBIO 4174 M MarucTpalib-
Hoit omHouenHow BJI 220 kB Ha ene300eTOHHBIX Tpo-
MEXYTOYHBIX ONOpax, BBEACHHON B JKCILTyaTaluio
B nekadpe 1993 r. u skcrryarupyromeiics 25 iet. Yya-
CTOK COCTABJICH JIByMsl aHKEPHO-YIJIOBBIMHU H JIECSTHIO
MPOMEKyTOUHbIMU omopaMu. Kaxnas dasza cocrout
U3 JByX poBozoB ceyenreM 300/40 mm?. JIo HacTymTe-
HUSI IPEAETBHOM NPOJOIKUTEIBHOCTH 3KCIUTyaTalluu
o0bekTa (30 1eT) ocranock 5 yer. B maHHBINH MOMEHT
clleayeT BhIOpaTh OMH M3 JBYX BO3MOXKHBIX BapHaH-
TOB Oyaymiero aisi 00bEKTa: BBIBOJ U3 3KCILUTyaTalllu
n Bo3BeneHue HoBoi BJI 220 kB nnbo TexHMueckas
monepuuzauusi BJI. B aToif 3agaue npocTeie BbIUUce-
HUS TToKa3and 3()(HEeKTUBHOCT PEKOHCTPYKIIUH: TOI0-
Basi croumocTh nosnnoro XKL no mpeoOpazoBanus u-
HuH coctaBmia 435 321 roaHp, a rogoBass CTOUMOCThH
nonuoro XL mocne pexoHCcTpykmuu Bcero 210 435
10aHel, uto skoHomMuuecku 3pdexkruBuert Ha 107 %
unu B 2,07 paza. DxoHoMHuecKast Moziensb 3arpat Ha JKL]
COOPY’KEHUSI COfiepIKaa CIEIyIOINE PACXOIbI:

* IEepPBOHAYAIBHYIO CTOMMOCTb, BKITIOYAIOIIYIO 3a-
TpaThl Ha IPHOOpETEHIE 000PYI0BaHMS, 3aTPAThl HA TIPO-
eKTHPOBAHHUE, CTPOUTEIECTBO, IEMOHTAX U IPYTHUE 3aTpa-
TBI JIO ITyCKa B 9KCILTyaTaIHIo;

* DKCIUTyaTallMOHHBIE PACXO/bl, B TOM YHCJIE pac-
XOIIBI Ha TIepeaady U MoTPeOIeHUE MEKTPOIHEPTUH 000-
pyZnOBaHHEM, IEPUOINIECKOE KOMIUIEKCHOE TeXHHUYe-
CKoe 00CITy)KMBaHHE;

* CTOMMOCTbH KOHTPOJISI 1 TEXHUUECKOTO 00CITY KN~
BaHMS;

* CTOMMOCTbH IIOTEPb IPU OTKA3€ U3-3a MpeKpalie-
HUS QYHKIAOHUPOBAHUS (IIEKTPOCHAOKEHHUS TTOTpE-
Outereil) Mo NpuUYMHE aBapuu;

* CTOMMOCTbH BBIBOJA M3 DKCILUTyaTalluH, BKJIIOUAs
Pacxozbl Ha IEMOHTaK, TPAHCTIOPT, CKIIAIMPOBAHHUE, TIPO-
Be/ICHHE TOPTOB U APYTHE COMyTCTBYIOIIUE 3aTpaThl [7].

B derBeproM mpumepe npuBeaeH AoKiIax [pu
Bpennana «PekOHCTPYKIUS CYIIECTBYIOMINX BO3IYII-
HBIX JTUHUHN »JIeKTporiepenadn» (Asctpanus) [8], mpea-
cTaBJIeHHBIN Ha ceccun B2-203 (2004) MexmyHapoa-
HOTO COBETa MO OOJIBIIMM 3JIEKTPUUECKUM CHCTEMaM
Bbicokoro Harpsbkenus (Conseil International des Grands
Réseaux Electriques — CIGRE). Eure B seka6pe 2000 1.
pabouas rpymma 13 BO-3 HccnenoBaTeTbckoro KOMHUTE-
Ta B2 ony6nukoBana O6porropy 175 «Ympasnenue cyie-
cTByromuMu BJI», B KOTOpo# NpeacTaBiIeHa OCHOBHAs
3aj1aua — BOCCTAHOBJICHHE TIPOEKTHOTO CPOKaA CITYKOBI
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sKcIutyatTupyemsbix BJI myTem mpoBezieHUs] pEMOHTHBIX
pabot, 0becreunBalONX CHIDKEHIE BEPOATHOCTH BHI-
xona BJI u3 ¢ynkunonnpoBanus. @akTnyeckuii cpok
ciryOb1 BJI BeIXOAMT 32 mipejienbl pacyetHOro — 50 Jiert,
OIIpeieNIsieT MpeielTbl TEXHUUECKON ITPUTOHOCTHU U KO-
HOMHYECKOTO CPOKa CITY>KOBI M TPEOYET MPOICHHS TeX-
HUYECKOTO cpoka ciyx0bl. Kpome Toro, cymiectByer
npoOiieMa MOBBIIIEHHS IPOITyCKHOU criocobHoct BJI,
410 TpeOyeT pa3paboTku A3PPEKTUBHBIX CTPATCTUH €
MozepHH3aru. {1 permenHust STuX npooOiIeM BhITOTHS-
I0TCSI IIMPOKUE MCCIICIOBAHMS 110 N3YyUCHUIO MEXaHH3-
MOB JIETpaIalliil KOHCTPYKIUH, COBEPLUICHCTBOBAHHIO
METOIOB JUATHOCTUKHU M CIIOCO00B BoccTaHoBiIeHN BJI.
Hanpumep, BMecTO peMOHTa IPOBOIOB IETIECO00Pa3HO
3aMEHSTh UX COBPEMEHHBIMHU 3 PEKTHBHBIMH TPOBOJIA-
MH, 00€CIeUNBAIOIIMMH MOBBIIIEHHE TPOITYCKHOM CIT0-
cobnoctu BJI. dyHaaMeHThI, KaK MPaBHIIO, HAXOSTCS
B Y/IOBJIETBOPHUTEIHLHOM COCTOSTHUH B OTJIUHE OT OTIOp-
HBIX KOHCTPYKIMH, Y KOTOPBIX PUCKH, CBI3aHHBIC C Me-
XaHW3MaMH JeTpaIalliy ¥ aBAPUHHBIMU BO3/ICHCTBUSIMU,
BapbUPYIOTCS OT Ae(OopMaIiii KOHCTPYKIMH [0 MOJTHO-
TO pa3pyLICHUs, MPUBOASAIIETO K ITOTEpe padoToCIo-
coboHocTH TMHUH. OOBIYHO KOHCTPYKIMH 3a3eMIICHUS
TaKKe 3HAUMTENILHO ITOBPEXKIAIOTCS TIPU SKCILTyaTalluy
ot xoppo3uu. IIponsBogurensHocts BJI onpenensiercs
KaK SKCILTyaTallMOHHAs TOTOBHOCTB, IIPOIIOPIHMOHAIBHAS
CPOKY ciry>k0bl. OnTHMaJIbHAsI TOYKa BOCCTAHOBIICHUS
IpeJCcTaBisieT co00 MOMEHT, KOTia MpejiesibHbIe 3aTpa-
ThbI Ha [IPOIOJDKEHHUE SKcITyarauuu BJI paBHbI cpenneit
JTONTOCPOYHOM CTOMMOCTH BOCCTAaHOBIICHU [§].
[IpuBeieHHBIE BBIIE TPUMEPHI CBHIETEIBCTBYIOT
0 BbIcOKO# 3dexTuBHOCTH 0OHOBIEeHUs1 BJI mocpen-

CTBOM PEKOHCTPYKIMH, HAIIPUMEP C 3aMEHOH cTapo-
T0 CTaJCAIFOMUHUCBOTO MIPOBO/IAa HA MHHOBAI[MOHHBIN
BBICOKOA((EKTUBHBII CTalIeaIFOMUHUEBbI KOMITAKTH-
POBaHHBIN IPOBOJ, OTVINYAIOLIUICSA BBICOKOH MPOITYCK-
HOW CTTIOCOOHOCTHIO, TEPMOCTOUKOCTBHIO, JKECTKOCTEIO,
CTOWKOCTBIO K BO3/ICHCTBHUIO MOBBIIICHHBIX BETPOBBIX
1 TOJIOJICTHBIX HATPY30K, MOBBIIICHHBIM YKCILTyaTaIlH-
oHHBIM pecypcoM [9, 10]. Takum oOpa3om, aHaIH3 CO-
crosiHusi KOHCTpYKuui BJI ¢ yueTom ux neiicTBUTEb-
HOH paboTsl Ha »Tanax JXL| ompexnenser TOTOBHOCTH
KOHCTPYKIMH ISl BBIOPAaHHOTO BapHaHTa PEKOHCTPYK-
muu BJI.

MATEPHUAJIBI I METO/bI

DaKTOpPHI ACHCTBUTEIbHOI Pad0ThI KOHCTPYKIHMIA
B m. 11.1 TOCT 27751-2014% yTBepxpaercs,
YTO pacyeTHBIE MOJICNN (CXEMBI) CTPOUTEIBHBIX 00b-
€KTOB JOJDKHBI OTPaKaTh NEHCTBUTEIBHBIC YCIOBUS
uX pabOTHI U COOTBETCTBOBATh PACCMATPHBAEMOM pac-
4eTHOH cuTyaruu. Bersisnennsie paxropsr PK sBns-
I0TCSI IEPBUYHBIMH, IPUCYTCTBYIOLIMMHU B IEPBUYHON
pacdYeTHOH cxeMe COOpYKEHHS (10 pa3pylIeHHs) Co-
miacHo 1. 1.3.12 ¥ NOHWKAIOIMMHU JIMOO MTOBBIIIAI0-
[IMMHU HECYIIYEO CITIOCOOHOCTHh KOHCTPYKIHH (puc. 1).
Takue (HhakTOpPBI MPEACTABIAIOT MEPBONPHUNHY
M MOTYT TPUBECTH K aBAPHHHBIM MOBPEKJICHNUSM KOH-
CTPYKLMH [IPU MOCIEAYIOIEM BO3I€HCTBUY BHEIIHUX

3TOCT 27751-2014. Haie)XHOCTh CTPOUTEIBbHBIX KOHCTPYK-
uuit u ocHoBanuid. OcHoBHBIE nonoxkeHust (EN 1990:2002).

M. : Crangaprunagopm, 2015. 14 c.

Puc. 1. Ciyck oxnonenHoit BJI 220 kB «Morowa — 3uoBo» ¢ conku u nepexof depe3 TpaHCCHOMPCKYIO MarucTpanb u 3a-

Mep3arontyro p. Amazap (3abaiikamse, 09.2022)
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Harpys3okK, €CJIh HC 3aHUMAaTbCs MPEBCHTUBHBIM YCHUJIC-
HueM KoHcTpykuuil BJI, Harpumep, mocpeacTBoM «ay-
TPHUTEpHBIX KOHCTPYKIMH (TIepecexarontuecst Gpepmsl,
cBsi3M, quadparMbl WK 0aiKu, 00CCIICUHBAOIIHE TOBbI-
IIEHHYIO KECTKOCTh)» 10 1. 1.3.3. B ¢cBs3u ¢ mpoMBbIII-
JICHHBIM OCBOGHHEM OTHAJIEHHbIX TeppuToprii Kpaitne-
ro Cesepa, Cubupu u Jlanpaero Boctoka coBpeMeHHbIE
JIMHWM 3JIEKTPOTIEPEIadn BO3BOASATCS B ITOYTH HEJJOCTYTI-
HBIX YCIIOBHSX TOp U 0e310poxbs (puc. 1), 9to cymie-
CTBCHHO BJIMACT Ha KaYC€CTBO BLIITOJTHECHUA TPaHCIIOPT-
HBIX ¥ CTPOUTEITFHO-MOHTaXHBIX padot (CMP).

Becbma onacHbIME U151 DYHKIIMOHUPOBAHUS 00b-
CKTa SABJIAIOTCA OBPCIKICHMS, BbI3bIBAIOIINE HACTYILIC-
Hue Tporpeccupyromero oopymenus (I10) korcTpyk-
Ui, KOTOpble MOTYT IPHUBECTU K JIABUHOOOPA3HOMY
UX pa3pyLICHUIO, €CIIU HE BBIMOIHATH 0COOBIE 3aIUT-
HBIE MEPHI 110 00ECIIEUCHHUIO )KUBYUECTH 3AaHUI U CO-
opyxenuii [11-16]. Takum oOpazom, mepBUUHBIE (ak-
TOPbI, @ UMEHHO AC(PEKThl PHU M3TOTOBICHUU KOH-
CTPYKLHI, IPEBHIIAIONIAE HOPMATHBHBIC IOMTyCKU*
5. 6.7.8.9.10. 11 ' gag ¥ CBEPXHOPMATHUBHBIC TOBPEIKACHHS
KOHCTPYKIHI ITPH TPAHCIIOPTHPOBKE, YCTAHOBKE U IKC-
IUTyaTaluy KOHCTPYKIUH, PEACTABIAIOT 3HAYUTEIb-
HBIE PUCKH ISl HAZIGKHOM SKCIUTyaTalluy KOHCTPYKIMH
onop BJI (puc. 2) [17-33].

Takne mepBUYHBIE (AKTOPHI HEOOXOAUMO BEI-
SBIISITH TIPU OCMOTPAX, OCBUJCTEIBCTBOBAHNU U 00-
CJIEIOBAHUU U YCTPAHATH IIPU CTPOUTENIBLCTBE, Ilja-
HOBBIX PEMOHTaX M PEKOHCTPYKIMHM B COOTBETCTBUU
¢ TpeOOBaHUSIMU HOPMATUBHOM JOKyMeHTamuu" > 678,
K nepBuunbiM daxropam JPK, npencrapistonmm ¢u-
3UYECKHE OTKIOHEHUS! OT HOPMATHBHBIX 3HAYCHUH Ma-

4 CI120.13330.2016. Harpysku 1 Bo3zieiictust (pezt. ot 30.12.2020).
M. : Crarmaprundopm. 147 c.

5 CI1296.1325800.2017. 3nanust u coopysxkenwusi. OcoOble BO3-
neiicteus. M. : Cranmapruadopm. 30 c.

¢ CIT 76.13330.2016. DrekTpoTeXHUIECKUE YCTPOHCTBA. AKTY-
ammsupoBanHas pepakims CHull 3.05.06-85. M. : MuHcTpoit
Poccuu, 2016. 90 c.

"PJ134.20.504-94. TuroBast HHCTPYKIHS 110 IKCILTyaTaIiH BO3-
IIYITHBIX JIMHHAHN dNIeKTponiepenadn HanpsokerneM 35-800 kB :
yTB. 19.09.1994 JlemapTamMeHTOM 3JIEKTPUUECKUX CETEH
PAO «EDC Poccum». M. : dupma OPI'POC, 1996. 122 c.

8 O6 yrBepxkaeHun [IpaBui paccienoBaHus IPUYHH aBapuii
B JIEKTPOIHEPTEeTHKE M HHIMACHTOB B AJICKTPOIHEPIETHKE :
[Mocranosnenue [IpaBurenscrBa PO ot 29.09.2025 Ne 1489.
M. : TITAO «Poccern», 2025. 33 c.

°TOCT P 57193-2016. CucremHasi ¥ iporpaMMHas HHIKe-
Hepus. [Iponeccrl sxmu3neHHOT0 nIMKiIa cucteM (ISO/IEC/EEE
15288:2015, NEQ). M. : Crannapruadopm, 2016. 98 c.
""TOCT P 58087-2018. Equnas sHepreTrdeckas cucremMa
Y U30JIMPOBAHHO PabOTAONINE YHEPTOCUCTEMBL. DJIeKTpHYe-
CKHE CETH.

'1'CTT 333.1325800.2020. MrdpopManinoHHOE MOAEITHPOBAHUE
B cTpoutenbeTBe. [IpaBuna ¢popmupoBanus nHPOPMAIHOH-
HOIT MOzieNT 0OBEKTOB Ha PA3IMYHBIX CTAAUSX KH3HEHHOTO
mukta. M. : Craagapruagopm, 2020. 286 c.
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paMeTpoB, KOTOPBIE MOTYT BI3BATh IPOTPECCUPYIOLIEe
oOpyurenue nepeoro pona (I10-1) anemeHTOB U camoi
KOHCTpYyKuuu ornops! BJI, Bkirodast ee nmajeHue, oTHe-
CCHBI CJIE/TyOIIHE!

1) nedeKThl N3TOTOBICHUS U TIOBPEXKACHUS dIie-
MEHTOB ¥ COEIMHEHUII;

2) BepTHUKAIbHBIE U TOPU3OHTAIBHBIC MIEpEMeIe-
HUSI (DYHIAaMEHTOB, NX HEpaBHOMEpHAsI 0CAJIKa WU Jie-
IUTaHAINA, HETOYHOCTh COOPKH M MOHTAaKa, OTKJIOHE-
Hus ocu onop BJI ot BepTukany;

3) BO3IEHCTBHUS B3pbIBA, IT0XKapa, 3eMJICTPSICEHHS,
nedopManiy rpyHTOBOTO OCHOBaHUSI M CBEPXPACUETHBIX
KIIMMAaTU4ECKUX Harpy3oK U Jpyrue, IPUBOASIINE K T10-
BPEXICHUIO U MaJICHUIO ONOpHI B pesynbrare [10-1;

4) aBapuifHbIE OBPEXK/ICHHS HIIEMEHTOB M KOHCT-
PYKIHMI ITpHU BHE3AITHOM Yy/IAJCHUU 3JIEMEHTa U3 KOH-
CTPYKINH (HarpuMep, IPH HE3aKOHHOW pa3bopke ormo-
PBI WK BaHJAJIN3ME);

5) KOPPO3UOHHBIN U3HOC KOHCTPYKIIUI.

B pesynbrare sokansHOro paspyiiesus (. 1.35.8)°
13 TIEPBUYHON pacueTHOHW CXEMBI, OCIIa0IeHHON mep-
BuuHbIME (akTopamu JIPK (1. 1.3.1)%, o6pasyercst BTo-
pHUYHAsI pacueTHasi CXeMa «ITyTeM MCKJIIOYEHHS OJJHOTO
WJIN HECKOJBKUX HECYIINX KOHCTPYKTHBHBIX JIEMEH-
TOB, PACIOJIOKEHHBIX B 30HE JOKAJIBHOTO pa3pylie-
Hus» (1. 1.3.5). Tlocne BbIxoa U3 CTPOST KPUTHUCCKUX
AJIEMEHTOB U TaJICHUS OTTOPBI BO3MOYKHBI Pa3pyIleHHs
KOHCTpPYKIMH coceqnux onop BJI n3-3a 3HaunTeIbHBIX
YCWJINH B MPOBO/AX M TPO30TPOCAX M HACTYIUICHUS
I1O Broporo poxa (IT0-2). K BropuuHbiM (akTopam
JIPK MO’XXHO OTHECTH CJeIyIOIIHe, Kak MPaBuiio, Mpei-
CTaBJISIIOLIME COOO0 aBapHUifHbIE TPOLECCHI C pa3pylie-
HUEM TpYIII ONOp, KOTOpbIE B COOTBETCTBUU € [TV -7
«IIpaBuna ycTpOWCTBa 3JIEKTPOYCTAHOBOK» 2 ClieayeT
BKJIFOYHTB B COCTAB aBApUIHBIX PEIKHUMOB IPH 00pbIBE
MIPOBOJIOB, TPO30TPOCOB, TUPJISIHA HU30JISITOPOB U Tajie-
HuH onop. [Ipu 3TOM npn aHaIM3e NEPBUYHBIX M BTO-
PUYHBIX (PAaKTOPOB TPeOyeTCsl pacCMaTPUBATh (PH3UKO-
MareMaTHueCcK1ue MOJIEIIH, ONUCHIBAIOIINE CUCTEMHBIH
Xapakrep padoThl U B3aUMOJICHCTBHS AJIEMEHTOB U KOH-
CTPYKLIMMA:

1) xoHCTpYKIHit OTIOp, (DYHIAMEHTOB ¥ TPYHTOBO-
TO OCHOBaHHUS;

2) onop, IPOBOIOB, IPO30TPOCOB, U3OJISITOPOB B €11~
HOI MexaHn4YecKol cTpykType BJI, kak BAHTOBO-CTepaKHE-
BOM CHCTEMBI,

3) BJI, kak BaHTOBO-CTEP>KHEBBIX CUCTEM CO CTPYK-
TYPHBIM pE3epBUPOBAHNEM KOHCTPYKLIHUI MOCPEACTBOM
CHEHaIbHBIX ONOP MOOHMIIBHOTO pe3epBa sl SKCTPEH-
HOI 3aMEeHbI TIOBPEKICHHBIX HOPMAJIBHBIX OTIOP IS TI0-
BBILICHUS HKCIUTyaTallMOHHON HA/Ie)KHOCTH Ha CTAaJUU
aKcruTyaTamumu [16].

CnenoBarensno, JIPK, npeacrapnstomas COBOKyI-
HOCTb PEaJbHBIX OTKJIOHEHUH XapaKTepUCTHK (MM Ta-
pPaMeTpoB) ee IEMEHTOB OT HOPMAaTUBHOTO (TIPOEKTHOTO)

12 TIpaBuiia yCTpONWCTBA SIEKTPOYCTAaHOBOK. 7-¢ u3jt. (ITYD-7).
M., 2003. URL: https://pue-7.ru/pue_7.pdf
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SAEKTpOrnepeAayn Ha aranax XmM3HeHHOro Unkaa

Puc. 2. [Tpumeps! OBpeXICHNUS U aBapUU CTPOUTENBHBIX KOHCTpYKUUi BJI: ¢ — npenaBapuiiHblii HAKJIOH aHKEPHO-YTJIOBOH

oropbl ¥220-1 1o npuyrHe MOPO3HOTO BBIMYYUBaHUs (QYHIAMEHTOB H3-32 HEPACUSTHOIO MPOMEP3aHHUs TPYHTOBOTO OCHOBA-

Hus (3abaiikanse, 12.2022); b — onHa U3 ABYX yNaBIIMX MIPOMEXYTOYHBIX OJHOLENHBIX ornop Tumna 211220-1-6.8 no npuunne

CBEepXpacyeTHBIX BETPOBbIX Harpy3ok (Mpkyrckas obmacts, 11.2019)

COCTOSIHUSI, BBISIBJISIETCS B BUJI€ KOHKPETHBIX (DaKTOPOB
B pe3yJbTare 0CMOTpa, OCBUICTEIbCTBOBAHUS WIIH 00-
CJIEJIOBaHUS CTPOSIIUXCS U DKCIUTyaTHupyeMbix BJI.
3HaunTenbHOE BiaMsHUe Ha cocrosHue CK okaspiBaer
KOPpPO3HMOHHAs cpefia aTMOC(epsl, B KOTOPOH 3KCILTY-
arupytotes ornopsl BJI, a Takke mpoJoIKUTENBHOCTD
MX 9KCIUTyaTalyu.

IIpounoctueie pacuetsl CK BJI, nmeromux uc-
K )KEHHYIO (popMy IO IPHUYMHE OTKIOHEHHS CTalIbHbBIX
OTIOp OT BEPTHKAIBHON OCH, a TaKXKe IMPH HEPaBHO-
MEpPHOH yCTaHOBKE (DyHJAMEHTOB, ITOKa3all YBEIH-
YeHHE YCHINH B HECYIINX dJIEMEHTax B mpenenax 5 %
MIPH YCIOBUHW HEIIPEBBIMICHUS! OTKIOHEHUH TOIYCTH-
MBbIX 3HAQYEHUI 10 HOPMATUBHO-TEXHUUECKON JOKYMEH-
taruu® > %78, ABapuitHbIC MOBPEKICHHUS KOHCTPYKIIHIA
(puc. 2, a), BKIO9as MageHUE OMOP JIMHAK DIIEKTPO-
nepenaun (puc. 2, b), mpeprBAlOIINX HOPMAJIbHOE
dyaknuonnposanue BJI ¢ mpexpamenneM nepenadn
3JIEKTPOIHEPTUU MOTPEOUTEINAM, TAKKE OTHOCATCA
K KaTeTOpPHUU ACHCTBUTEIBHON pabOThl KOHCTPYKITHA.

IToce peMoHTa UM PEKOHCTPYKIUHU, HAIPUMEP
C 3aMEHOH yHaBIIMX OMOp, IKCIUTyaTalus MpoIoJIKa-
ercsa B coctae JKII. B cooTBeTcTBHM ¢ mMpHU3HAKaMHU
TEXHOJIOTMUECKUX HapylleHuil (aBapuil) B 3JIEKTpo-
sHepreTuke, chopmMynrpoBaHHbIMY B Tir1. 7 u 8 [IpaBuin
pacciie[oBaHUs IPUYNH aBapuil B IEKTPOIHEPTETHKE
U MHIHHUJACHTOB B 3HeKTp03HCpFeTI/IKeS, K aBapusiM OT-
HocsiTest otkitouenus BII 110 kB u Brlle ¢ mpexpaiiie-
HUEM 2JIEKTPOCHAOKEHHSI ITOTpeduTENeil MOIIHOCTBIO
100 MBrT u 6onee.

PE3VYJIBTATHBI UCCJIEJOBAHUA

[IpuBencHHBIC BRI IPAMEPHI CBUACTEIBCTBYIOT
0 BBICOKOH A(h(PeKTUBHOCTH OOHOBICHHUS OCHOBHBIX
2JIEMEHTOB Wi KoMIoHeHToB BJI mocpeacTBoMm 3ame-
HBI CTApPOro CTAlCATIOMUHIEBOTO TIPOBO/IA HA MHHOBA-
[UOHHBIN BBICOKOA((PEKTUBHBIN CTATCATIOMUHUEBBIN

KOMITaKTHPOBAaHHBIH MTPOBOJI, OTIMYAIOLIUICS BBICO-
KO MPOITyCKHON CIIOCOOHOCTHIO, TEPMOCTOUKOCTBIO,
JKECTKOCTBIO, CTOMKOCTBIO K BO3JICHCTBHIO TOBBIIICH-
HBIX BETPOBBIX U TOJIOJECAHBIX HATPY30K, IOBBIIIEHHBIM
9KCILTyaTaIlHOHHBIM pecypcoM [9]. Hossrit mpoBox co-
CTaBJICH M3 IUIACTHYECKN /1e(hOPMUPOBAHHBIX ITPOBO-
JIOK TpamnemnenaibHoro win Z-o0pa3Horo mpoguis,
YTO 3HAYUTEJIBHO MOBBIIIACT KOI(PGUIMEHT 3aIoiHe-
HUS pabOYero CeueHwusl, JTOBOAS €ro MOYTH JI0 SINHH-
1bI, @ 3HAYUT, CYIICCTBECHHO MOHMXXACT JUaMETP HOBO-
IO TIPOBO/IA U TOJIOJIEIHO-BETPOBbIC HATPY3KH Ha OTOPBI
COOTBETCTBEHHO, 00€CIIeunBast BO3MOKHOCTb ITOJIBECKU
HOBBIX IIPOBOIOB HAa CTapbIe OMmopHI [9].

Crapsrit npoext BJI 220 kB Brmonaes B 1958 1. Po-
CTOBCKUM OTJICJICHUEM ITPOEKTHOTO HHCTUTYTA «Ternto-
IEKTPOIIPOCKT», a JINHUS ObLIA IIOCTPOCHA U BBEJIE-
Ha B dKcIuryaTanuio B 1960 . B cBsi3u ¢ 3aBepiieHu-
€M pacueTHOro cpoka skcrryaranuu (50 ser), a Takxe
OOHyJIEHMEM CTOMMOCTH OOBEKTa W aMOPTU3ALHNOH-
HBIX OTYHCIICHHH MOTpedoBasiack pekoHCTpykuus BJI
220 kB «Adunckas — Kpemvckas» (KpacHomapckunii
Kpaif) (MpoTsHKEHHOCTh 68,4 KM, CTaphlidl MPOBOI Map-
k1 ACO-300, rpo3zo3amuTsslil Tpoc C-70, cTans Map-
TeHoBckast Mapku CT3M ist orop, cBau kene300eToH-
HbIe aimuHOU 5,0 M u ceuenuem 0,3 X 0,3 m). B utone
2008 1. opuranoi LlenTpa MHKUHUPHHTA BO3IYIIHBIX
muani 3exrponepenadn (LIUBIT) AO «mxeHepHbIi
Hentp EDC — ®upma OPI'POC» mox pyKoBOACTBOM
aBropa n HadanpHuka [[VIBJI P.C. KaBepuHnoii mpo-
BEJICHO TEXHUYECKOE 0OCIIeJOBAHNE CTPOUTEIBHBIX
koHCTpyKIHit B coorBercTtBuu ¢ CIT 13-102-20032,
CBUJICTEIIbCTBYIOIIEE O PAOOTOCIIOCOOHOM U PEMOHTO-
MPUTOJTHOM COCTOSHHHU MeTauIOKOHCTpykuui BJI,
HO OIPaHUYEHHO PabOTOCIIOCOOHOM COCTOSTHUH JKEJIe30-
OCTOHHBIX CBAaMHBIX POCTBEPKOB aHKEPHO-YTITOBBIX
omop. 3arem B JeTHe-oceHHUH nepuon 2008 1. ObuI
BBINTOJTHEH BOCCTAHOBUTENBHBIN PEMOHT C YCHIICHHEM
JKEIe300€TOHHBIX POCTBEPKOB. A B okTsA0pe 2009 T
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npoBeneHa pekoHcTpykuus BJI 220 kB «Adwurnckas —
Kpbimckas» 110 npoexTy U cuiaMu U3BECTHON B CTpaHE
Hay4HO-NIPOU3BOACTBEHHON KoMnanuu AO «3nekTpo-
CeTBCTPOUTIPOCKT» (T. MOCKBa) MPH YIaCTHH aBTOPA,
OCYIIECTBIISBIIETO TEXHUYECKUH HaI30p CO CTOPOHBI
3akazunka [TAO «DCK EDC» (puc. 3) [10].

HoBbIli MHHOBAIIMOHHBIM CTajicaJIFOMUHHUEBBINA
npoBoz ¢ 3a30poM GTACSR 217/49 J-Power Systems
(SlmoHwms) BKITIOYAaET HAPYKHYIO TOKOHECYITYIO 9acTh
U3 TEPMOCTOWKOTO aJIOMHHHEBOTO CIUIaBa CEYCHH-
em 217 mm? ¢ monmyctumoi Temmeparypoii 150 °C,
a He 80 °C kax mna obsranoro mposoma AC-300,
IIPH 3TOM IPOIMYCKHAsi CIOCOOHOCTh HOBOTO BBICOKO-
TEeMIIepaTypHOTO NMPOBO/ia MoBkIIIeHa B 1,6 paza [11].
Hecymmii cepneunnk cedenreM 49 MM? W3TOTOBIECH
U3 BBICOKOTIPOYHBIX OLIMHKOBAHHBIX CTAJIBHBIX IIPOBO-
JIOK, a 3a30p MEXIY CEpACUYHHKOM M HAapY>KHOW TOKO-
Hecymield 000JI0YKOH 3aroHEeH 0c000 BSI3KOW TEpMO-
CTOMKOM CMa3KoM, 00ecIieunBaromeil uX B3aUMHbBIE
nepemenienus npu temmeparype 10 240 °C. Bozmox-
HOCTh pexoHcTpykuuu BJI 220 kB ¢ 3ameHoii nposona
Ha BBICOKO3()()EKTHBHBIN MPOBOJ HOBOTO ITOKOJICHHS
00ycIIoBII€HA NTOHMKEHHBIM JAMaMETPOM HOBOTO IPO-
Boja. Tak, pasHHIla B JuamMeTpax CTaporo ¥ HOBOTO
MIpOBOZAa cocTaBmia 3,2 MM, IMAMETP HOBOTO ITPOBO-
Ja MeHble Ha 13,6 %, mpu 3TOM pacueTHbIC Harpy3Ku
Ha IPOBOZA U OIOPBI B pacdyeTax peKoHCTpyKuuu BJI
220 kB 0111 MPUHATHI COOTBETCTBEHHO HIKE, YTO IO3BO-
JIMJIO IPUMEHHTH CTapble MPOMEKYTOUHbIE U aHKEPHO-
YIJIOBBIE OMOPBI C OOHOBJICHHBIMU (YHIAMEHTAMH
JUISl IOZIBECKK HOBOTO MPOBOJIA M TPO30TPOCA, B TO XKe
BpEMsI JJICKTPHYECKas IIPOIYCKHAs CIOCOOHOCTD JaH-
Hoii BJI 220 xB Bo3pocna Ha 60 %. B crpykType 3arpar
Ha KOHCTPYKIIMU M Marepuajbl CTOMMOCTb MPOBOJIOB

o0brunoro ucnonaenus mo 'OCT 839-2019 «IIposo-
Jla HEM30JIMPOBAHHBIC JUISI BO3AYIIHBIX JTMHHUH HJICK-
Tpomnepenaun. TeXHHUECKUE YCIOBHUSI» ' cocTaBseT
11 %, npu 3TOM caMy0 OOJIBIIYIO JOJIFO UMEIOT OHOPHI
n QpyngameHTsl — 75 % (Tadim.).

Tabnuiia cocraBiieHa Ha OCHOBaHMH JaHHBIX [TAO
«lleHTp MHXUHUPUHTA U YIIPABJIECHUS CTPOUTEIBECTBOM
Enunoii sneprernueckoii cucrems» (LIUYC EDC), BbI-
momHuBIINM B 2014 . aHaMM3 CMETHOH TOKYMEHTAIHH
BJI 220 kB c¢ nenbio onpeaencHus CTPYyKTypHI 3aTpar
py IpUMeHeHnn o0brgHoro nposoa mo 'OCT 839—
2019'3, Ha 6a3e KOTOPOTO aBTOPOM YCTAHOBJICHA CTPYK-
Typa 3aTpar AJsl pa3HbIX YpPOBHEH CTOMMOCTH HOBOTO
nposoza. Takum 00pa3oM, HECMOTPsI Ha CyILIIECTBEHHbIE
3aTparsl 10 3aMeHe 0OBIYHOTO MPOBOJA Ha HOBBIM, CTO-
HMMOCTH IPHOOPETEHHsI KOTOPOTO OKa3anach B 4 pasa J10-
poxe 00br4HOTO, 3aKazunk-nHBecTOp [TAO «PCK EDCy»
MPUHAT pelleHne 1o pexkoHcTpykuuu BJI 220 xB
«Adunckas — KpbiMckas» u3-3a noBbleHus Ha 60 %
MPOITYCKHOM CITIOCOOHOCTH, Kak miaBHOW (yHKmu BJI,
¥ BOCCTAHOBJICHUS 3HAYMTEIBHONW 4acTH OallaHCOBOM
CTOMMOCTH JIMHHU.

CreayrommM pe3ysIbTaToM UCCIIeIOBAHHUS SIBIISICT-
cst nmxeHepHast mozens JKL] BJI, paspaborannast aBTo-
pom. TexHuko-3KOHOMIYECKHEe Mozenu onucaHmst YKL
U MIOJTyYeHHBIE PE3YJIbTaThI, TPE/ICTABICHHBIC B TPUME-
pax BBenenus, Toka3bIBaroOT BHICOKYIO 3(h()EKTHBHOCTD
HallpaBJIeHUs] Ha pekoHCTpykuuio BJI, kak npasuio,
BBITIOJTHSIEMYIO TIOCPEJICTBOM 3aMEHBI ITPOBOJIOB Ha CO-
BpEMEHHbIE KOMITAKTHPOBAHHBIE MIPOBOJIA C YIIJIOTHEH-

BTOCT 839-2019. ITpoBosia HEU30IMPOBAHHBIE [UISI BO3IYIII-
HBIX JIMHHH 3J1eKTpornepenaun. TexHuueckue ycunoBus. M. :
Crannmaptuadopm, 2019. 43 c.

Puc. 3. Pexoncrpykius BJI 220 kB «Adwumnckast — KpsiMckas» ¢ 3amMeHo# ctapsix mpoBooB Tuma ACO-300 Ha BeICOKOTEMIIE-

parypnsie ipoBoza turma GTACSR 217/49 amonckoit kommannu J-Power Systems ¢ HCTIONb30BaHIEM COBPEMEHHON TEXHOIIO-

THU «MOHTaX IOJT TshKeHHEeM» [12]
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Crpykrypa 3arpar Ha komroHeHTbl BJI 220 kB mpu n3MeHeHnH CTOMMOCTH IIPOBOIOB 10 CPABHEHUIO € 6a3MCOM — IPOBOIOM

no F'OCT 839-2019"

KomnonenTsr BJI Jomns xomrmoHeHTOoB B 001meit croumoctr BJI 220 kB 1u1st pa3HBIX ypOBHEH CTOMMOCTH IPOBOJA
OTHOCHUTEIBHO HOpMasbHOTO poBoza o 'OCT 839-2019%, %
o 'OCT 839-2019" B 2 pa3a J0poxKe B 4 pasa nopoxe B 10 pa3 nopoxe
Ormopst 40,0 36,0 30,1 20,1
DyHIaMEHThI 35,0 31,5 26,3 17,6
IIpoBona 11,0 20,0 33,1 55,3
I'po3oTrpocer 8,0 7,0 6,0 4,0
Uzonsuus 5,0 4.5 4,0 2,5
Apwmarypa 1,0 1,0 7,5 0,5
HUroro, % 100,0 100,0 100,0 100,0

HBIM CEYeHHEM, 00J1aAat0MINe MOBBIIIEHHON MPOITYCK-
HOM CITOCOOHOCTBHIO, a TaKXKe IPO3OTPOCH C 3aMEHON
Ha MOJHHE3AIINIICHHbIC CTAIbHBIE TPOCHI, CTOHKNE
K pacKpy4HBAaHMIO TOCie yaapa MoiHuH. OCHOBHAs
uzes TakoW PEKOHCTPYKIMHU 3aKIIFOUAETCSI B COXpaHe-
HHUH KOHCTPYKIUH OTOp, IMEIOIINX TTOHMKEHHYIO HECY-
IIyIO CIIOCOOHOCTD, TIO3TOMY HAarpy>K€HHBIX IPOBOIAMHU
U IPO30TPOCAMH C HOHMKEHHBIMA MEXaHHUECKIMH Ha-
Tpy3KaMH, HO 00€CTIEUNBAIOIINMH KITI0UEBbIe (DyHKINH
0 TIiepesiaue AEeKTPOIHEPTUN U CHUIKEHUHU HATPy30K
Ha HUX Ul JajbHEHIero npumeneHus. CMeTHas cTo-
UMOCTh CTPOUTENIBHBIX KOHCTPYKIIUI — omnop u QyH-
JTAMEHTOB, KaK mpaBmito, focturaet 70—-80 % ot obmieit
CTOMMOCTH cTpouTenbeTBa BJI, onpenenss HeoOxomu-
MOCTb TPUCTAIBHOTO OTHOWICHHS K KOHCTPYKTUBHOMN
YaCcTH MIPU CTPOUTENILCTBE M IKCILTyaTaLlUH.

Mogens XKL coopyxenust, oTHOcserocst Kk BJI,
ONHMCHIBACTCS «KPHUBOHW XMU3HW», I'paUK KOTOPOH,
KaK M3MEHEHHUE MOTOKA OTKA30B () 110 BPEMEHHOH OCH T,
COCTOWT U3 TPEX TIABHBIX 3TAIOB: CTPOUTENBCTBO (IIPH-
paboTKa), HopMaIbHast HKCILTyaTalus 1 H3HOC (puc. 4).

Jnst moctpoenust rpaduka MCIOIB30BAHBI PE3y-
JBTATHl CTATUCTHUYECKHX nccienoBannii AO «Dupma

OPI'POC» [19], momy4eHHBIX TOA PYKOBOICTBOM BBI-
Jaonierocs uHxenepa-ucneliraresnst JI.B. fIkosiesa,
1 AO «HTLpnekTposHepreTHKM», MOTyIeHHBIX H3BECT-
ueiMH nccnenoBarensiva C.B. KpsutoBemv n JI.B. Tuma-
moBoit [20, 21], a B HUYC EDC — N.M. I'anmmackapo-
BbIM [22], a Takke B JloHOacCKoi HAITMOHATLHOW aKajie-
MHH 10 CTPOUTENBCTBY U apXuTeKType [23-26] moxn py-
KOBOZICTBOM JIOKTOPa TEXHUYIECKNX HaykK, pogeccopa,
pekropa E.B. Topoxosa. Ha ocHOBaHnM M3y4eHus IOTOKa
0TKa30B Ha 3kcruryatupyemsix BJI 35-750 kB 3a mmm-
TenbHbIN nepuon JI.B. SIkoBnes onpenenus npenensHo
JIOITy CTUMBIE 3HAYEHHS 3TOTO ITOKA3aTelsl HaJIeKHOCTH —
YIEIbHOW aBapUMHOCTH JJIs pa3HbIX KJIACCOB HAIps-
JKeHUH He3aBUCHMO OoT Marepuaina omop: BJI 110 kB —
0, 1,1 orkasos na 100 xm omuorenHo# BJI B rox;
220 kB — 0,6; 330 kB — 0,5; 500 kB — 0,4; 750 kB —
0,3. B Hacrosmee BpeMs yKa3aHHBIC TOKA3aTENN PHHSTHI
KaK MaKCHMaJIbHO JIOIyCTHMBIE B COCTaBE IOKa3aTeeh
MPOrPECCUBHOCTH B COOTBETCTBUH C TpeOoBaHmsamH I1o-
noxenns [TAO «Poccetn» «O ennHON TEXHUYECKON TI0-
JIUTHKE B 2IEKTPOCETEBOM KoMITIekce» (2017 ).

Ipu mpoeKTHPOBaHMH CIIETYET 3aKIIa/1bIBATh, @ Ha CTa-
JUSIX CTPOUTENBCTBA M AKCIITyaTalliy HE MPEBbIIIAThH

C, ropt

30 40 50

Puc. 4. ['paduk sxu3HEHHOTO MK («KpuBast sku3H» ) BJI 110-750 kB ¢ pa3HbIMEI BpeMEHHBIMH OCSIMHU, HCXOMS U3 TIPENIETBHO J0-

ITyCTUMBIX 3HAYCHUH YACIFHON aBapUIHOCTH (O TS Pa3HBIX KJIACCOB HAPSHKEHUH (ITyHKTHPHBIE JIMHUH ), TocTpoeH st BJI 110 kB
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H.A. CeHbKUH

Tpe6yeMI>IX YHCJICHHBIX JOIMYCTUMBIX 3HAYEHUH I10 OT-
Ka3aM , B YaCTHOCTH, Ha dTarax npupaboTKu U U3HO-
ca OT KOPPO3UOHHBIX N0TePh. BJI MOXKHO npencTaBuTh
B BUJC CUCTCMBI, COCTOS[H.IGﬁ M3 I'pynIbl B3aUMOCBSI-
3aHHBIX KOMIIOHEHTOB (OIOpHI, (PYHJIaMEHTbI, IPOBO/IA,
TPO30TPOCHI, U30JIAIINS, APMATYPa, YCTPOMCTBA 3AIIUTHI
OT MepeHanpPsHKEHHH ), IPUYeM KOTOpast B COOTBETCTBUU
cm. 4 TOCT P 57193-2016° umeet CBO#t KU3HEHHBIIM
UK, TTOIpa3aesisieMblii Ha CTaJUW WU MOCIeI0Ba-
TCJIbBHBIC DTaIlbl.

IlepBrIif 3Tam (3Tam CTPOUTEIBCTBA C MpHUpa-
00TKOH — y4acTok a—b—c Ha puc. 4) XapaKkTepusyeT-
Csl CyIIECTBEHHBIM YPOBHEM OTKa30B KOHCTPYKILIMH
0 MpUYrHE 1e(PEKTOB U MOBPEKACHUH, BOZHUKAIOIINX
IIPH BBINOJIHEHUN TPAHCIIOPTHBIX, ITIOIPY304HO-pa3rpy-
30YHBIX U CTPOUTECIHbHO-MOHTaXXHBIX pa60T. Ycunenue
CTPOUTECIIBHOI'O KOHTPOJIA, TCXHUYECKOTI'O 1 aBTOPCKOT'O
HaJ30pa Ha TIEPBOM JTarle, a Takke Ha3HaueHUe TapaH-
TUWHOTO CpOKa He MeHee 3—5 JIeT B JOTOBOpE MoApsiIa
Ha ctpouTenabcTBO BJI ¢ 11e51b10 KOHTPOJIS U MCTIpaBIie-
HUS TIOAPSTHBIX OMTUOOK U Opaka JOJKHBI 00€CTICIUTh
Haiexamiee kagectso CMP ¢ moHmkenneM 1moTtoka or-

Ka30B JI0 HOPMAaTUBHOTO 3Ha4eHus ®, = 1,1 oTka3 B roxg

11

Ha 100 xkm BJI 110 kB (BepxHuuit nyr(;KTup Ha puc. 4).
[TpomomKHUTENEHOCTS BTOPOTO 3Tarna (HopMasbHast 9KC-
TTyaTaims, y9acTok c—d Ha puc. 4) onpeaensercs, npe-
K€ BCEro, ypoBHEM aHTHKOppOSPIOHHOﬁ 3alIUTHI dJIC-
MeHTOB CK, B yCIOBHAX MPOMBIIIJICHHON aTMOCheps
cranbpHas KOHCTpykuus BJI Tepser ropsiayo OLUHKOB-
Ky 3a 15-25 5eT B 3aBUCHMOCTH OT IIEPBOHAYAIHHON
tonmuHel [23, 32]. Ha mocnennem Tpetbem dTane CK
HNMCEIOT KOPPO3MOHHBIC TOBPEKACHUA B 3aBUCUMOCTHU
OT arpeccUBHOCTH aTMoc(epbl (YU4acTOK IKCILTyaTaluu
d—e Ha puc. 4), «KpuUBbIE KU3HN» C KOXPDHUIIUSHTAMH
0,4-0,6 B 3aBUCUMOCTH OT KOPPO3UOHHBIX XapaKTepH-
ctuk armocdepsl [32]. 3aecs moTpedyercss 0OHOBIIE-
HUE aHTUKOPPO3MOHHOM 3aIIUTHI CTATBHBIX U XKEJIe30-
OETOHHBIX KOHCTPYKIIMH, a TAK)Ke YCHJICHNE U 3aMEHa
anemenToB CK. Kak BapuaHT, Ha 3TOM 3Tare 1eneco-
00pa3HO BBHIMOIHUTH 3()(HEKTHBHYIO PEKOHCTPYKIIUIO
C 3aMEHOU MpPOBOJA HA COBPEMEHHBIN KOMIAKTHUPO-
BaHHBIH, MMPHU TMOBBIIIIEHUHU MPOIYCKHON CITOCOOHOCTH
BJI Harpy3ku OT roJiojielHO-BETPOBBIX BO3J1EUCTBUMN
Ha OMOPBI CHUYKAIOTCS B CBSA3H C YMEHBIICHUEM JHa-
MeTpa IPOBOJIOB.

IIpennaraercs paspaborannsiii rpaduk XKII BJI
BKJIFOUUTH B COCTAB OCHOBHBIX Mpriiokenuit [lacopra
Ha skcrutyatupyemyto BJI, oos3arensroro mist BJI 35 kB
u Boimre o FOCT P 58087-2018°. IIpuuem yka3aHHbIi
rpaduK peKOMEH/yeTCsl IPUMEHHUTD JUISl TEXHUYECKO-
TO OITHCAHHUS MpoIlecca MOCISAYIONIeH PEKOHCTPYKIHH
C IPOJIJICHEM BPEMEHHOW OCH B COCTaBE HOBOW MOJIEIIN
YKU3HEHHOTO 1uKia BJL
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3AKJTIOYEHHUE

®DaxTOpBI IHCTBUTEIHHONW paOOTHI, BO3ACHCTRY-
IolMe Ha KOHCTpykuuu onop BJI, uMeror npupoaHslii
U aHTPOIOT€HHBIN XapaKTep U MPeJCTABIAIOT OTKIOHE-
HUSI XapaKTePUCTUK HAIPsHIKEHHO-/1e(hOPMHUPOBAHHOTO
COCTOSIHUS OT HOPMAaTUBHBIX 3HAYEHUI B TEUEHUE BCETO
JKIT BJI, BKJTFOYAIOIIETO 3TAIbl CTPOUTEIHCTBA, SKCILTY-
aTauuu U pekoHcTpykuuu BJL.

Beieyka3anubie ()akTOpbl MOTYT ObITh IEPBUYHBI-
MU, BO3HUKAIOIIUMU OT MPUPOIHBIX I aHTPOIOTEeH-
HBIX BO3/IEHCTBUI, KOTOPBIE MOT'YT IPUBECTH K ITPOIrpeC-
CUpYIOIIEMy OOpYILIECHHIO IEPBOI0 Pojia C paspylie-
HUEM KOHCTPYKLMH U najeHueM onopsl BJI, kotopoe,
B CBOIO OY€pe/b, MOXKET BBI3BAaTh HACTYIJICHUE BTO-
PUYHBIX (PAKTOPOB, MPUBOAAIINX K IIPOTPECCHPYIOLIIE-
My OOpYILICHHIO BTOPOTO POAA C MaJleHHEM CMEXKHBIX
OTIOP PSAOM € IIEPBOH yIaBIIEH, YTO MOXKET IPOUZONTH
Ha JIF000M 3Tarle XKM3HEHHOTO IHKJIA.

IIponecchel TEXHMUECKOTO U aBTOPCKOTO HAA30pa,
CTPOHUTEIBHOTO KOHTPOJIS TOJKHBI THIATEIBHO BBIION-
HSATBHCS, 0COOCHHO Ha CTAINN CTPOUTENLCTBA, IPH MIPO-
M3BOJICTBE TPAHCHOPTHBIX U CTPOUTEITHHO-MOHTAXKHBIX
paboT nns obecredeHus TpeOyeMoll HaleKHOCTH
Ha nocneayronux dtanax JKII.

Kak npaBuiio, HanOosbIee KOINIeCTBO MPUPOI-
HBIX U aHTPOIIOTCHHBIX BO3/ICHCTBUI BO3HUKAET Ha Ca-
MOM IIPOJOJKUTEIEHOM JTale IKCIUTyaTalluH, IIPUBOIS-
KX K TOSIBJIEHUIO TIEPBUYHBIX U BTOPUUYHBIX (PAKTOPOB
JICUCTBUTEIILHOW pabOTHI KOHCTPYKLMH, KOTOPBIE MOTYT
CTaTh MPUYMHON OCIa0IEHUs] KOHCTPYKIMU U IIPOTpec-
CHPYIOIIETO OOpYIICHUsI IEPBOTO U BTOPOTO POJIOB, I10-
3TOMY aKTyaJIbHBIMH OyIlyT pETyJsIpHbIE OCMOTPBI U OC-
BUIETENILCTBOBAHUS KOHCTpyKuuii onop BJIL.

Ha sTane pekoHCTPyKINHN 11e1eco00pa3Ho MOBTOP-
HO MPUMEHHUTH KOHCTPYKIMH U ()yHAaMEHTBI CYILIECTBY-
IOMIMX OIOP, YTO JIOJKHO OBITH OCHOBAHO HA PE3YIIbTa-
Tax o0CIe0BaHUs OCHOBHBIX HECYIINX KOHCTPYKIMHA
C aHAJM30M UX JCHCTBHUTEIHFHON pabOTHI U PE3yIETaTOB
UX YCHJICHUSI.

Ha ocnose ouenku mopneneit ynpasienust XKL mo-
JIy4€H BBIBOJI O BBICOKOH d(()EKTUBHOCTH PEKOHCTPYK-
UM TI0O CPABHEHHUIO CO CTPOUTENHLCTBOM HOBOU BJI,
0COOEHHO B pe3yJbTaTe 3aMeHbI IPOBOJIOB HA MHHOBA-
LUOHHBIE IPOBOJIa HOBOIO MOKOJIEHNUSI, OTINYAIOIIHECS
MOHMKEHHBIMU MEXaHHYECKUMHU Harpy3KaMH Ha CyIIe-
CTBYIOIIME ONOPBI U MO3BOJSAIONINE 3HAYUTEIBHOE MO-
BBILIIEHUE TIPOITYCKHOM criocoOHocTH BJI.

Paspaborana umxenepast mozens XKL BJI ¢ rpadu-
KOM «KPHUBOI1 JKU3HW», COCTABJIEHHBIM U3 TPEX KIFOYEBBIX
9TaroB (CTPOUTEILCTBO C MPUPAOOTKOM, HOpMaJTbHAS IKC-
IUTyaTalys ¥ U3HOC), KOTOPBIH IPU PEKOHCTPYKLIUX POJI-
JIEBAETCsl YETBEPTHIM ATANIOM B COCTABE HOBOM MOJEIH
JKM3HEHHOTO 1IMKIIA.
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INTRODUCTION

A paper on this topic was presented by the author
at the 8th RAASN International Symposium “Current Is-
sues in Computer Modelling of Structures and Buildings”,
held at Tambov State Technical University on 17-21 May
2023 [1]. The term “actual performance of structures”, in
accordance with clause 4.2 of CP 16.13330.2017 “Steel
Structures”, reflects “refined calculation schemes and
design assumptions that improve the basic design mod-
els set out in current standards, with the aim of ensuring
greater strength, stiffness and reliability of building struc-
tures” (BS). The terms “construction and reconstruction”,
as related sequential processes of creating and upgrad-
ing overhead power lines (OPL), are directly linked
to the concept of the OPL’s life cycle (LC). According to
the Technical Regulations on the Safety of Buildings and
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Structures (No. 384-FZ of 30 December 2009), “the life
cycle of a building or structure is the period of time dur-
ing which engineering surveys, design, construction,
operation, reconstruction, routine and major repairs,
demolition or conservation of a building or structure”,
including overhead power lines. The task of analyzing
the life cycle of overhead power lines relates to the actual
performance of structures (APS) [2], is highly innovative
and constitutes the main objective of this publication.
The relevance of this paper stems from the consid-
erable length of Russia’s 0.4—750 kV overhead power
lines, which, according to PJSC “Rosseti”, extends to
2.5 million kilometres, as well as their unsatisfactory
technical condition. According to the provisions of PJISC
“Rosseti” “Regulations on a Unified Technical Policy in
the Power Grid Complex” (2017), a significant propor-
tion of the equipment has exceeded its standard service



Actual operation of overhead power line structures at stages of the life cycle

P. 72-91

life. Thus, as of 2016, the following have been in op-
eration for more than 35 years: 220-330 kV overhead
lines — 52 %, 110 kV — 61 %, 35 kV — 63 %, whilst
the total proportion of operational disruptions in the pow-
er grid complex due to ageing (wear and tear) of equip-
ment and structures stood at 24 % as of the end of 2015.
The requirements of the current Technical Policy Regu-
lations of PJSC “Federal Grid Company of the Unified
Energy System” (PJSC “FGC UES”) 2024 apply to op-
erational and planned overhead lines for new construc-
tion, reconstruction and technical refurbishment, and
are taken into account within the life cycle of overhead
lines. Here, the required level of novelty is based on an
analytical review of scientific and technical literature, in-
cluding an examination of known life cycle models for
power line structures; in comparison with these, the au-
thor’s proposed engineering life cycle model — which
describes the technical condition of the structure, taking
into account structural damage during the construction
and operation of the power line, as well as subsequent
refurbishment—is novel. The object of the study is pow-
er line structures, including foundations; the subject is
structural damage during the life cycle stages of power
line construction, operation and reconstruction.

A joint Russian-German monograph [3] examines
issues relating to the design of reinforced structures,
foundations and base plates for builings and structu-
res undergoing refurbishment, confirming the well-
known fact that investments in their technical upgrading
and refurbishment are highly cost-effective compared to
new construction. The following examples present mate-
rial on options for managing the life cycle of overhead
lines based on the assessment and forecasting of their
technical condition, in particular those leading to the need
to opt for the reconstruction of overhead lines.

The first example examines a methodology for
the reconstruction of overhead power lines as a phased
management system for the modernization of power line
supports, taking into account operational requirements
and the reliability of power supply to consumers, devel-
oped at the Donbas National Academy of Civil Engineer-
ing and Architecture [4, 5]. An algorithm is proposed for
assessing the technical condition of power line tower
structures and foundations that have been in operation for
over 30 years, based on the results of a specialized survey
using the Russian industry standard of PJSC “Rosseti” STO
56947007-29.240.55.111-2011" and CP 13-102-20032
with the preparation of a conclusion on the technical con-
dition of the power line structures and a report includ-

! Standard of OJSC “FSK UES” STO 56947007-29.240.55.111—
2011. Guidelines for assessing the technical condition of overhead
power lines and the remaining service life of their components.
Moscow, OJSC “FSK UES”, 2011; 85. URL: https://www.fsk-ees.
ru/upload/docs/sto56947007-29.240.55.111-2011.pdf

2 CP 13-102-2003. Rules for the inspection of load-bearing
structural elements of buildings and structures. Moscow, Gos-
stroy RF, 2004; 31.

ing the determination of the remaining service life and
the scope of reconstruction. Step-by-step structural calcu-
lations and analyses based on the developed methodology,
including cost estimates, demonstrated a high economic
benefit of 40 % from the reconstruction of the 220 kV
overhead line with the replacement and refurbishment
of structures compared to the construction of a new over-
head line [4].

The second example highlights modern high-
level models for managing the lifecycle of overhead
lines, which are being developed at the Ural Federal
University named after the First President of Russia,
B.N. Yeltsin, under the supervision of Professors I. Hal-
jasmaa and S.A. Groshenko, and at Sofia Technical Uni-
versity by Professor D. Bogdanov [6]. The proposal in-
volves the development of predictive models and, based
on these, the formulation of new approaches to assessing
remaining service life and an effective system for manag-
ing the lifecycle of power lines. Thus, the training sample
for assessing the condition of a 110 kV power line com-
prised 160 instances, where each pair of samples cor-
responded to a specific system condition. For the com-
putational example, a condition analysis was performed
based on the results of technical diagnostics and tests
of one of the overhead line components — the insulation.

The third example presents a project for the refur-
bishment of a 220 kV overhead line in China, including
a calculation of the total life-cycle cost before and after
the technical upgrade [7]. The net present value (NPV)
method, using discounted present value, was used to cal-
culate the cost of the two different life cycles. The life
cycle cost included the sum of direct, indirect and other
costs throughout the entire cycle, necessary for design,
research and development, manufacturing, maintenance
and warranties until decommissioning. An example is
given for a 4,174 m section of a 220 kV single-circuit
overhead line on reinforced concrete intermediate sup-
ports, commissioned in December 1993 and in opera-
tion for 25 years. The section comprises two anchor-
corner supports and ten intermediate supports. Each
phase consists of two conductors with a cross-section
of 300/40 mm?. There are 5 years remaining until the fa-
cility reaches its maximum service life (30 years). At
this stage, one of two possible options for the facility’s
future must be selected: decommissioning and construc-
tion of a new 220 kV overhead line, or technical mod-
ernization of the existing overhead line. In this case,
simple calculations demonstrated the cost-effectiveness
of the refurbishment: the annual cost of the full life cycle
prior to the line’s conversion was 435,321 yuan, whilst
the annual cost of the full life cycle following the refur-
bishment was just 210,435 yuan, representing a 107 %
improvement in cost-effectiveness, or 2.07 times more
cost-effective. The economic model of the facility’s life-
cycle costs included the following expenses:

« the initial cost, including the cost of purchasing
equipment, design, construction, dismantling and other
costs prior to commissioning;
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* operating costs, including the cost of electricity
transmission and consumption by the equipment, and
periodic comprehensive maintenance;

* the cost of monitoring and maintenance;

* the cost of losses resulting from a failure caused
by the cessation of operations (supply of electricity to
consumers) due to an accident;

* the cost of decommissioning, including expenses
for dismantling, transport, storage, tendering and other
associated costs [7].

The fourth example is Gary Brennan’s paper “Ret-
rofitting Existing Overhead Power Lines” (Australia) [8],
presented at session B2-203 (2004) of the International
Council on Large Electric Systems (Conseil Internatio-
nal des Grands Réseaux Electriques — CIGRE). Back
in December 2000, Working Group 13 of Subcommittee
BO-3 of Research Committee B2 published Brochure 175
“Management of Existing Overhead Lines”, which sets
out the main objective: to restore the design service life
of operational overhead lines by carrying out maintenance
work that reduces the probability of the overhead line fail-
ing. The actual service life of power lines exceeds the de-
sign life of 50 years, determines the limits of technical
suitability and economic service life, and requires the ex-
tension of the technical service life. Furthermore, there is
the issue of increasing the transmission capacity of power
lines, which necessitates the development of effective
modernization strategies. To address these issues, exten-
sive research is being carried out to investigate the mecha-
nisms of structural degradation and to improve diagnostic
methods and techniques for the restoration of overhead
lines. For example, rather than repairing the conduc-
tors, it is advisable to replace them with modern, high-
performance conductors that increase the transmission
capacity of the overhead lines. Foundations are generally
in satisfactory condition, unlike support structures, where
the risks associated with degradation mechanisms and
accidental impacts range from structural deformation to
complete collapse, leading to the loss of line operability.
Grounding structures are also typically subject to signifi-
cant damage from corrosion during operation. The perfor-
mance of an overhead line is defined as operational readi-
ness, proportional to its service life. The optimal point
for replacement is the point at which the marginal cost
of continuing to operate the overhead line equals the av-
erage long-term cost of replacement [8].

The examples given above demonstrate the high
effectiveness of upgrading overhead lines through refur-
bishment, for example by replacing old steel-aluminium
conductors with innovative, high-performance compacted
steel-aluminium conductors, which are characterized by
high current-carrying capacity, heat resistance, rigidity,
resistance to increased wind and ice loads, and an ex-
tended service life [9, 10]. Thus, an analysis of the condi-
tion of overhead line structures, taking into account their
actual performance at various stages of their life cycle,
determines the suitability of the structures for the selected
overhead line reconstruction option.
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MATERIALS AND METHODS

Factors affecting the actual performance
of structures

Clause 11.1 of GOST 27751-2014° states that de-
sign models (schemes) for building structures must reflect
the actual conditions of their operation and correspond to
the design situation under consideration. The identified
APS factors are primary factors present in the primary
design scheme of the structure (prior to failure) in accor-
dance with clause 1.3.12, and they either reduce or in-
crease the load-bearing capacity of the structure (Fig. 1).

Such factors constitute the root cause and may lead
to catastrophic structural failure under subsequent external
loads unless preventive measures are taken to reinforce
the power line structures, for example, by means of ’out-
rigger structures (intersecting trusses, ties, diaphragms
or beams providing increased stiffness) as per clause 1.3.3.
In connection with the industrial development of remote
areas of the Far North, Siberia and the Far East, modern
power lines are being constructed in the almost inaccessi-
ble conditions of mountainous and roadless terrain (Fig. 1),
which significantly affects the quality of transport and con-
struction and installation works (CIW).

Damage that triggers progressive collapse (PC) of
structures poses a significant threat to the operational in-
tegrity of a facility; such damage can lead to a cascade
of failures unless specific protective measures are imple-
mented to ensure the resilience of buildings and struc-
tures [11-16]. Thus, primary factors, namely defects
in the manufacture of structures exceeding regulatory
tolerances* > & 7% % , as well as damage to structures

3 GOST 27751-2014. Structural reliability of building struc-
tures and foundations. General principles (EN 1990:2002).
Moscow, Standardinform, 2015; 14.

4CP20.13330.2016. Loads and Actions (revised 30 December
2020). Moscow, Standardinform; 147.

5 CP 296.1325800.2017. Buildings and structures. Special ef-
fects. Moscow, Standardinform; 30.

¢ CP 76.13330.2016. Electrical equipment. Updated edi-
tion of SNiP 3.05.06-85. Moscow, Ministry of Construction
of Russia, 2016; 90.

7' ST 34.20.504-94. Standard Operating Instructions for 35—
800 kV Overhead Power Lines: approved on 19 September
1994 by the Electrical Networks Department of RAO “UES
of Russia”. Moscow, ORGRES, 1996; 122.

8 The Approval of the Rules for Investigating the Causes
of Accidents and Incidents in the Electricity Sector: Resolu-
tion of the Government of the Russian Federation No. 1489
of 29 September 2025. Moscow, PJSC “Rosseti”, 2025; 33.

? GOST R 57193-2016. Systems and software engineer-
ing. System lifecycle processes (ISO/IEC/EEE 15288:2015,
NEQ). Moscow, Standardinform, 2016; 98.

1" GOST R 58087-2018. Unified Energy System and Isolated
Power Systems. Electrical Networks.Specification for over-
head power lines with a voltage of 35 kV and above. Moscow,
Standardinform, 2018; 23.

1'CP 333.1325800.2020. Information Modelling in Construc-
tion. Rules for the Creation of Information Models of Struc-
tures at Various Stages of the Life Cycle. Moscow, Stan-
dardinform, 2020; 286.
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Fig. 1. The descent of the 220 kV single-circuit overhead line “Mogoch — Zilovo” from the hill and its crossing of the Trans-
Siberian Railway and the freezing Amazar River (Transbaikal region, September 2022)

exceeding regulatory limits during transport, installation
and operation, pose significant risks to the reliable opera-
tion of power line support structures (Fig. 2) [17-33].

Such primary factors must be identified during in-
spections, surveys and assessments, and rectified during
construction, scheduled maintenance and refurbishment
in accordance with the requirements of regulatory docu-
mentation* > %78 The following are classified as primary
factors of structural damage, representing physical de-
viations from the standard values of parameters which
may cause progressive collapse of the first kind (PC-1)
of structural elements and the power line support struc-
ture itself, including its collapse:

1) manufacturing defects and damage to compo-
nents and connections;

2) vertical and horizontal movements of foundations,
their uneven settlement or warping, inaccuracies in assem-
bly and installation, and deviations of the power line sup-
port axes from the vertical;

3) the effects of explosions, fire, earthquakes, soil
deformation and climatic loads exceeding design lim-
its, and other factors leading to damage and the collapse
of a support as a result of PC-1;

4) accidental damage to components and structures
caused by the sudden removal of a component from
the structure (for example, due to unauthorized disman-
tling of a support or vandalism);

5) corrosion-induced wear of structures.

Asa resultoflocal failure (clause 1.35.8)* of the primary
design model, which has been weakened by the prima-
ry APS factors (clause 1.3.1)%, a secondary design model
is formed “by excluding one or more load-bearing struc-
tural elements located within the zone of local failure”
(clause 1.3.5). Following the failure of critical elements
and the collapse of a support, the structures of adjacent
power line supports may fail due to significant stresses in
the conductors and lightning arresters and the occurrence
of a second-order failure (PC-2). The following may be
classified as secondary factors of APS, typically represent-
ing emergency processes involving the failure of groups
of supports, which, in accordance with RIE-7 “Rules for
the Installation of Electrical Installations™'?, should be
included in the scope of emergency modes in the event
of the breakage of conductors, lightning arresters, insulator
strings and the collapse of supports. In this context, when
analyzing primary and secondary factors, it is necessary
to consider physical and mathematical models describing
the systemic nature of the operation and interaction of ele-
ments and structures:

1) the design of supports, foundations and ground
anchors;

2) supports, conductors, lightning arresters and insu-
lators within the unified mechanical structure of the over-
head line, as a cable-and-pole system;

12 Rules for the Installation of Electrical Systems. 7th ed.
(PUE-7). Moscow, 2003. URL.: https://pue-7.ru/pue_7.pdf
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Fig. 2. Examples of damage and failures in power line structures: @ — pre-failure tilt of an U220-1 anchor-corner support
caused by frost heave of the foundations due to unanticipated freezing of the subsoil (Transbaikal region, December 2022);
b — one of two fallen intermediate single-chain supports of type 2P220-1-6.8 due to wind loads exceeding design values

(Irkutsk Region, Nov 2019)

3) overhead lines as cable-and-pole systems with
structural redundancy provided by special mobile re-
serve supports for the emergency replacement of dam-
aged standard supports, thereby enhancing operational
reliability during the operational phase [16].

Consequently, the condition of the power line, rep-
resenting the aggregate of actual deviations in the charac-
teristics (or parameters) of its components from the stan-
dard (design) condition, is identified in the form of specific
factors following an inspection, survey or assessment
of power lines under construction or in operation.
The corrosive atmospheric environment in which power
line supports are operated, as well as the duration of their
operation, has a significant impact on the condition
of the structural integrity.

Structural analyses of power line supports, which
are distorted due to the deviation of steel towers from
the vertical axis, as well as in cases of uneven founda-
tion installation, have shown an increase in stresses in
load-bearing elements of up to 5 %, provided that the de-
viations do not exceed the permissible values specified
in the technical standards and regulations* > %78 Emer-
gency damage to structures (Fig. 2, a), including the col-
lapse of power line supports (Fig. 2, b), which inter-
rupts the normal operation of the power line and ceases
the transmission of electricity to consumers, also falls
within the category of actual structural performance.

Following repairs or refurbishment — for example,
the replacement of fallen supports — operation contin-
ues as part of the operational cycle. In accordance with
the criteria for operational disruptions (accidents) in the
electricity sector, as set out in paragraphs 7 and 8 of
the Rules for Investigating the Causes of Accidents and
Incidents in the Electricity Sector®, accidents include
outages of 110 kV overhead lines and above resulting in
the interruption of power supply to consumers with a ca-
pacity of 100 MW or more.
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RESEARCH RESULTS

The examples given above demonstrate the high
effectiveness of upgrading key elements or components
of overhead power lines by replacing old steel-aluminium
wire with innovative, high-performance compacted steel-
aluminium wire, which is characterized by high current-
carrying capacity, heat resistance, rigidity, resistance to
increased wind and ice loads, and an extended service
life [9]. The new conductor consists of plastically de-
formed wires with a trapezoidal or Z-shaped profile, which
significantly increases the cross-sectional fill factor, bring-
ing it close to one; consequently, this substantially reduces
the diameter of the new conductor and the ice and wind
loads on the supports, respectively, making it possible to
suspend new conductors from existing supports [9].

The original design for the 220 kV overhead line was
completed in 1958 by the Rostov branch of the “Teploele-
ktroproekt” design institute, and the line was constructed
and commissioned in 1960. Due to the expiry of the es-
timated service life (50 years), as well as the asset’s val-
ue and depreciation charges reaching zero, reconstruc-
tion of the 220 kV “Afipskaya — Krymskaya” overhead
line was required (Krasnodar Krai) (length 68.4 km, old
ASO-300 conductor, S-70 lightning protection wire,
St3M open-hearth steel for supports, reinforced concrete
piles 5.0 m long and 0.3 x 0.3 m in cross-section). In
July 2008, a team from the Centre for Overhead Power
Line Engineering (COPLE) of JSC “Engineering Cen-
tre of the UES — ORGRES Firm”, led by the author and
the head of COPLE, R.S. Kaverina, carried out a technical
inspection of the structural elements in accordance with
CP 13-102-20032, which confirmed that the metal struc-
tures of the power line were in a serviceable and repairable
condition, but that the reinforced concrete pile grillage
of the anchor-corner supports was in a limited serviceable
condition. Subsequently, during the summer and autumn
of 2008, restoration work was carried out, including the re-
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Fig. 3. Reconstruction of the 220 kV “Afipskaya — Krymskaya” overhead line, involving the replacement of old ASO-300
conductors with high-temperature GTACSR 217/49 conductors manufactured by the Japanese company J-Power Systems, using

modern “tension-assisted installation” technology [12]

inforcement of the reinforced concrete grillage. And in Oc-
tober 2009, the 220 kV “Afipskaya — Krymskaya” overhead
line was reconstructed according to a design by and using
the resources of the nationally renowned research and pro-
duction company JSC “Elektrosetstroyproekt” (Moscow),
with the participation of the author, who carried out techni-
cal supervision on behalf of the client, PJSC “FSK UES”
(Fig. 3) [10].

The new innovative GTACSR 217/49 J-Power Sys-
tems steel-aluminium stranded conductor (Japan) features
an outer current-carrying layer made of a heat-resistant al-
uminium alloy with a cross-sectional area of 217 mm? and
a permissible temperature of 150 °C, rather than 80 °C as
with standard AC-300 cable; the current-carrying capac-
ity of this new high-temperature cable has been increased
by a factor of 1.6 [11]. The 49 mm? conductor core is
made of high-strength galvanized steel wires, and the gap
between the core and the outer current-carrying sheath
is filled with a particularly viscous heat-resistant grease,
ensuring their relative movement at temperatures up to
240 °C. The feasibility of upgrading the 220 kV overhead
line by replacing the conductor with a new-generation,
high-efficiency conductor is due to the reduced diameter
of the new conductor. The difference in diameter between
the old and new conductors was 3.2 mm, with the new
conductor being 13.6 % smaller in diameter, whilst the de-
sign loads on the conductors and supports in the 220 kV
overhead line reconstruction calculations were set lower
accordingly, which allowed the use of the old intermedi-
ate and anchor-corner supports with upgraded foundations
for suspending the new conductor and lightning conductor,
whilst the electrical capacity of this 220 kV overhead line
increased by 60 %. In the cost structure for structures and
materials, the cost of standard conductors in accordance

with GOST 839-2019 “Uninsulated conductors for over-
head power lines. Technical specifications”* accounts for
11 %, whilst supports and foundations account for the larg-
est share — 75 % (Table).

The Table was compiled on the basis of data from
PJSC “Engineering and Construction Management Cen-
tre of the Unified Energy System” (ECMC UES), which
in 2014 carried out an analysis of the cost estimate docu-
mentation for the 220 kV overhead line with the aim of de-
termining the cost structure when using standard wire in
accordance with GOST 839-2019"3, on the basis of which
the author has established the cost structure for different
price levels of the new wire. Thus, despite the significant
costs involved in replacing conventional wire with new
wire, the purchase price of which turned out to be four
times higher than that of conventional wire, the client-
investor, PJSC “FSK UES”, decided to reconstruct
the 220 kV “Afipskaya — Krymskaya” 220 kV overhead
line due to a 60 % increase in transmission capacity —
the main function of the overhead line — and the recovery
of a significant portion of the line”s book value.

The next result of the study is an engineering model
of the power line”’s life cycle, developed by the author.
The technical and economic models describing the life
cycle and the results obtained, as illustrated in the exam-
ples in the Introduction, demonstrate the high effective-
ness of the approach to power line refurbishment, which
is usually carried out by replacing the conductors with
modern compacted conductors with a densified cross-
section, offering increased current-carrying capacity, as
well as replacing the lightning protection wires with light-

13 GOST 839-2019. Uninsulated conductors for overhead power
lines. Technical specifications. Moscow, Standardinform, 2019;
43.
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Cost structure for 220 kV overhead line components with changes in the cost of wires compared to the baseline — wire

according to GOST 839-2019"

Overhead line The share of components in the total cost of a 220 kV overhead power line for different levels
components of wire cost relative to a standard wire according to GOST 839-2019", %

in accordance with twice as expensive four times as 10 times more

GOST 839-2019" expensive expensive
Supports 40.0 36.0 30.1 20.1
Foundations 35.0 315 26.3 17.6
Wires 11.0 20.0 33.1 55.3
Lightning rods 8.0 7.0 6.0 4.0
Insulation 5.0 4.5 4.0 2.5
Reinforcement bars 1.0 1.0 7.5 0.5
Total, % 100.0 100.0 100.0 100.0

ning-protected steel cables that are resistant to unwinding
following a lightning strike. The main idea behind such
a refurbishment is to retain the structures of supports with
reduced load-bearing capacity, which are therefore load-
ed with conductors and lightning arresters subjected to
lower mechanical loads, but which still perform key func-
tions in power transmission and have their loads reduced
for continued use. The estimated cost of structural ele-
ments — supports and foundations — typically accounts
for 70-80 % of the total cost of power line construction,
highlighting the need for close attention to structural as-
pects during both construction and operation.

The life cycle model of a power line-related struc-
ture is described by a “life curve”, the graph of which —
showing the variation in the failure rate ® over the time
axis T — consists of three main stages: construction
(running-in), normal operation and wear and tear (Fig. 4).

The graph was constructed using the results of sta-
tistical studies conducted by JSC “ORGRES” [19], under
the supervision of the distinguished test engineer L.V. Ya-
kovlev, and by JSC “NTCseleektroenergetiki”, carried
out by the renowned researchers S.V. Krylov and L.V. Ti-

masheva [20, 21], as well as at the Central Information
and Computing Centre of the Unified Energy System
(ECMC UES) by .M. Galiaskarev [22], and at the Don-
bas National Academy of Construction and Architecture
[23-26] under the supervision of Doctor of Technical
Sciences, Professor and Rector E.V. Gorokhov. Based
on a study of the failure rate on operational 35-750 kV
overhead lines over a long period, L.V. Yakovlev deter-
mined the maximum permissible values of this reliability
indicator — the specific failure rate — for different volt-
age classes, regardless of the material of the supports:
110 kV power lines — o, = 1.1 failures per 100 km
of single-circuit power line per year; 220 kV — 0.6;
330kV —0.5; 500 kV — 0.4; 750 kV — 0.3. Currently,
these indicators are accepted as the maximum permis-
sible values within the framework of progressivity in-
dicators in accordance with the requirements of PJSC
“Rosseti” Regulation “A Unified Technical Policy in
the Power Grid Complex” (2017).

During the design phase, the required numerical
limits for failure rates ® must be incorporated; during
the construction and operation phases, these limits must

{, years

30 40 50

Fig. 4. Life cycle graph (“life curve”) for 110-750 kV power lines with different time scales, based on the maximum permis-
sible values of the specific failure rate o for different voltage classes (dotted lines), plotted for 110 kV power lines
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not be exceeded, particularly during the running-in and
wear phases due to corrosion losses. An overhead line
can be represented as a system consisting of a group
of interconnected components (supports, foundations,
conductors, lightning arresters, insulation, hardware,
surge protection devices), which, in accordance with
clause 4 of GOST R 57193-2016°, has its own life cycle,
divided into stages or successive phases.

The first stage (the construction and commissioning
stage — section a—b—c in Fig. 4) is characterized by a sig-
nificant rate of structural failure due to defects and damage
arising during transport, loading and unloading, and con-
struction and installation works. Strengthening of construc-
tion supervision, technical and design supervision during
the first stage, as well as the stipulation of a warranty pe-
riod of at least 35 years in the contract for the construction
of the overhead line, with the aim of monitoring and rectify-
ing contractor errors and defects, should ensure the appro-
priate quality of construction and installation works, reduc-
ing the failure rate to the standard value o ,, = 1, 1 failure
per year per 100 km of 110 kV power line (upper dotted
line in Fig. 4). The duration of the second stage (normal op-
eration, section c—d in Fig. 4) is determined primarily by
the level of corrosion protection of the transmission line
components; in an industrial atmosphere, the hot-dip gal-
vanized coating on a steel transmission line structure wears
away within 15-25 years, depending on the initial thickness
[23, 32]. In the final third stage, the structural components
develop corrosion damage depending on the aggressive-
ness of the atmosphere (operational section d—e in Fig. 4),
with “life curves” having coefficients of 0.4-0.6 depend-
ing on the atmospheric corrosion characteristics [32]. Here,
it will be necessary to renew the anti-corrosion protection
of steel and reinforced concrete structures, as well as to re-
inforce and replace elements of the overhead line. Alterna-
tively, at this stage it is advisable to carry out an effective
refurbishment involving the replacement of the wire with
a modern compacted type; whilst increasing the transmis-
sion capacity of the overhead line, the loads from ice and
wind effects on the supports are reduced due to the smaller
wire diameter.

It is proposed that the developed power line life
cycle chart be included among the main appendices to
the Technical Specification for the power line in opera-
tion, which is mandatory for power lines of 35 kV and
above in accordance with GOST R 58087-2018. Further-
more, it is recommended that this schedule be used for
the technical description of the subsequent reconstruction
process, with the timeline extended as part of the new
overhead line life cycle model.

CONCLUSION

The operational factors affecting power line support
structures are of both natural and man-made origin and
result in deviations in the stress-strain state from standard
values throughout the entire life cycle of the power line,
encompassing the construction, operation and refurbish-
ment phases.

The above factors may be primary, arising from nat-
ural or anthropogenic influences, which may lead to pro-
gressive collapse of the first kind with structural failure
and the fall of the power line support, which, in turn, may
trigger secondary factors leading to progressive collapse
of the second type, with the collapse of adjacent towers
near the first one to fall, which may occur at any stage
of the life cycle.

Technical and design supervision, as well as con-
struction monitoring, must be carried out meticulously,
particularly during the construction phase and whilst
transport and construction-and-installation works are
being carried out, in order to ensure the required reli-
ability during subsequent stages of the structure”s life
cycle.

As arule, the greatest number of natural and man-
made impacts occur during the longest operational phase,
leading to the emergence of primary and secondary fac-
tors affecting the actual performance of structures, which
may cause structural weakening and progressive collapse
of the first and second types; therefore, regular inspections
and surveys of power line support structures will be es-
sential.

During the reconstruction phase, it is advisable to
reuse the structures and foundations of existing supports,
which should be based on the results of an inspection of
the main load-bearing structures, including an analysis
of their actual performance and the results of their rein-
forcement.

Based on an assessment of life cycle management
models, it has been concluded that reconstruction is high-
ly effective compared to the construction of a new power
line, particularly as a result of replacing the conductors
with innovative new-generation conductors, which are
characterized by reduced mechanical loads on existing
towers and allow for a significant increase in the power
line”’s transmission capacity.

An engineering model of the overhead line’s life
cycle has been developed, featuring a “life cycle curve”
comprising three key stages (construction and commis-
sioning, normal operation, and wear and tear), which is
extended to include a fourth stage as part of the new life
cycle model during refurbishment.
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