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Pedepar. 3amaueli MexaHHUECKOro pacueTa TMOKHX NPOBOIOB PACHPEAEIUTENFHBIX YCTPOMCTB
U BO3AYLIHBIX JUHUH ABIAETCS ONpeeleHHe CTPEeN MPoBeca M TSHKEHHH B PasIHUHBIX PEXHUMAx
KIMMaTH4ecKuXx Bo3zercTBuil. [IpoBox ¢ paBHOMEPHO pacmnpeereHHOH Harpy3Koil paccMaTpuBa-
eTcs KaKk OJHOpOAHAas 'HOKasi HUTh, UMEIoIas ouepTanue napadosusl. Cocpe1oTOueHHbIE HAPY3KH
OT PaCMoOpOK, 3arpaUTEIbHBIX IIAPOB, NUICH(OB, OTMAEK K MEKTPUIECKHM ammaparaM H Ipyrux
9JIEMEHTOB 3aMEHSIOTCS paclpeieIeHHoH o nposiery. Ha npumMepe nposera 6e3 HaTSDKHBIX THP-
JISTHI, M30JIITOPOB PAacCMaTpUBAaeTCs JEWCTBUE HA MPOBOJ COCPEIOTOUYEHHBIX HArpy3oK, Ompene-
JSIeTCS MOTPEIIHOCTh IIPH 3aMEHE COCPEIOTOYCHHBIX CHJI PaBHOMEPHO DACIPEAENICHHOH BIOJIb
npojera Harpyskoil. Crpena mpoBeca A SKBHBAIEHTHOTO IIPOBOAA OIPEAEINISIETCS C ITOMOIIBIO
k03 dULMEeHTa YBEIMYEHUS CTPEIIBI IPOBECca, 00YCIOBICHHOTO HATMYUEM COCPEIOTOYECHHBIX CHIL.
CocTaBIeHO ypaBHEHHE COCTOSHHS, KOTOPOE MO3BOJIAET ONPEACNIUTh TSHKEHHE MOCIIe N3MEHCHUS
YHClIa COCPEOTOUCHHBIX HArpy30K, HampUMep IMOC/e YCTAHOBKH PAcloOpOK, MOJABCIIMBAHUS 3a-
rpaJuTeNbHBIX LIAPOB, KpeluleHns oTnaek. [IpuBeaeHa 3aBUCHMOCTh MaKCUMAIbHOM CTpeIsl Mpo-
Beca OT YHCIIa COCPENOTOYCHHBIX cril. JlaHo ompeneneHne K03 QUINEHTY COCPeTOTOUEHHBIX CHII
KaK OTHOILIEHHIO CyMMbI COCPENOTOUEHHBIX HAarpy30K K Becy NpOBOJA B MpoJsieTe. Y CTaHOBIEHA
CBSA3b MEX1y KO3()(GHUIMEHTaMH Harpy3KH, yBEIMYEHHUsS CTPEINbI IpoBeca U KO3(QGUIMEHTOM Co-
CPeOTOUYEHHBIX CHII BBIBeNeHBI (opMyIIbl ONpeiesIeHns OTPEIIHOCTH 3aMEHbI COCPEIOTOUCH-
HBIX CHJI PaBHOMEPHO DPaclpeleNeHHON Harpy3kod HO JUIMHE NposeTa Kak (YHKIMH OT 4HCIa
COCPEIOTOYEHHBIX CHI M Kodddummenta cocpenoToueHHbIX cmil. Iloka3aHO yMeHbIIEHHE IO-
TPENIHOCTH IPH YBEINYEHHUH YHCIIa COCPEJOTOUCHHBIX CHII. bosiee TOUHbIH pacueT MeXaHHIeCKHX
HaMpsHKEHUI U CTpelT IpoBeca BO3MOXKEH MPH MPUMEHEHHH BEKTOPHO-NapaMeTPUIECKOro MeToa
pacdeTa rHOKOI OIIMHOBKH pacHpeieUTeNbHBIX YCTPOICTB M IPOBOJOB BO3AYIIHEIX JIMHMI, I1e
TOJIOXKEHA PacueTHast MOJENb NPOBOJIOB B BUAE TMOKOH yNpyroi HUTH C y4ETOM IPOCTPAHCTBEH-
HOT'O PACIOJIOKEHHS BCEX KOHCTPYKTHBHBIX 3JIEMEHTOB.
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Mechanical Calculation of Flexible Wires
when the Concentrated Forces
are Replaced by a Distributed Load

Y. V. Bladyko"
UBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The objective of mechanical calculation of flexible wires of substations and overhead
lines is to determine the sag and tension in different climatic conditions. A wire with a uniformly
distributed load is considered as a homogeneous flexible thread having the form of a parabola.
Concentrated loads from spacers, barrier balls, stubs, taps to electrical apparatus and other ele-
ments are replaced with the one distributed over the span. On behalf of a span without tension
springs of insulators the action of concentrated loads on the wire is considered, an error is deter-
mined when replacing the concentrated forces with the one uniformly distributed along the span
by the load. The sag for the equivalent wire is determined with the aid of the ratio of the increase
of the sag, due to the presence of concentrated forces. An equation of state has been drawn up
which makes it possible to determine the tension after changing the number of concentrated loads,
e.g., after installing spacers, hanging the barrier balls, fixing the taps. The dependence of the ma-
ximum sag on the number of concentrated forces is given. The definition of the coefficient of con-
centrated forces as the ratio of the sum of the concentrated loads to the weight of the wire in the
span is presented. A relationship between the load factors, the increase of the sag and the coeffi-
cient of concentrated forces is established. The formula has been deduced for determining the error
in the replacement of concentrated forces by a uniformly distributed load along the span as a func-
tion of the number of concentrated forces and the coefficient of concentrated forces. A decrease
in the error with an increase in the number of concentrated forces has been demonstrated. A more
accurate calculation of mechanical tensions and sag is possible with the use of a vector-parametric
method for calculating the flexible busbar of substations and air-line wires, where the design mo-
del of wires in the form of a flexible elastic thread is placed, taking into account the spatial dispo-
sition of all structural elements.

Keywords: sag, tension, flexible thread, chain line, parabola, equation of state, span, equivalent
wire, load factor

For citation: Bladyko Y. V. (2018) Mechanical Calculation of Flexible Wires when the Concentrated
Forces are Replaced by a Distributed Load. Energetika. Proc. CIS Higher Educ. Inst. and Power
Eng. Assoc. 61 (2) 97-107. DOI: 10.21122/1029-7448-2018-61-2-97-107 (in Russian)

3ajgauell MEXaHHYECKOro pacyera TMOKHMX IPOBOJIOB PACIpPENEIUTEIbHBIX
ycrpoiictB (PY) u Bozaymmnbix nunuii (BJI) sBiseTcs onpenenenue cTpen mpo-
BeCa U THKEHUH B Pa3IMYHBIX PEKUMaX KIMMATUYECKUX BO3JACHCTBUM. AKTY-
anpHas MpobJjeMa COBPEMEHHOM 3JIEKTPOIHEPreTUKH — NMpOoeKTHpoBaHue PY c
YMEHBIIEHHBIMU rabapuTaMu U KOMIAkTHbIX BJI, uTo moBeimaer TpeGoBaHuUs
K UX pacueTy, o0ecrevyeHuro B J1r000i Touke mpoisieta HeoOxoaumeix mo I1YD
MUHHMAJIBHBIX PACCTOSIHUN JIO Pa3iIMYHBIX OOBEKTOB INPH BCEX BO3MOMKHBIX
BUJaX HArpy30K, NMPHUHATHIX NPH MPOEKTUPOBAHWHU (TOJIONEN, BEeTep H Ap.).
B MexanumueckoM pacuete T'HOKMX MPOBOJOB COCPEAOTOYEHHBIE HArpy3KH
OT pPacropoK, 3arpauTeIbHbIX IapOB, TUPISIHI U30JSTOPOB, IUIEH(OB, OTHACK
K OJIGKTPUYECKHM ammnaparaM ¥ JpYyTHX SJEMEHTOB 3aMEHSAIOTCA paclpenie-
nenHo mo mposety [1]. Llems craThu — ompeaeneHUE MOTPENIHOCTH TaKOMH
3aMEHBI.
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B npubnmxeHHBIX MeTolax IPOBOA C PaBHOMEPHO pAacCIpeAeiICHHOH Ha-
Ipy3Koi OOBIYHO paccMaTpUBaeTCsl KaK OJHOPOAHAs I'MOKash HUTh, MMEOLIast
ouepranue napadoinsl. PacueT Takoil HUTH MPOU3BOAUTCA 10 YPaBHEHHIO COCTO-
SIHAS, BBIBOJ KOTOpPOTO OCHOBAaH Ha CPAaBHEHUM JUIMH HUTH NPU PA3IUYHBIX
KIIMMAaTHYECKHUX YCIOBUAX M pa3HOM Harpy>keHud [1].

IIpoBox ¢ HECKOJNBKMMH pPa3INYHBIMH BHIAAMH HAarpy3o0K JOJDKEH paccMaT-
pHUBaThCS Kak KOMOWHHpOBaHHasA, T. €. HEOAHOPOIHAasi THOKask HUTh, HE MMEIO-
11as IaBHOTO O4epTaHus mapabobl o Beell auHe nposeta. [lnaBHocTs ouep-
TaHUS HapyllaeTcss B MeCTax IPUMBIKAHHS PAaBHOMEPHO pacHpeesIEHHBIX
Harpy3oK pasHOW MHTEHCHUBHOCTH M B MECTAaX INPHIIOKEHUS COCPENOTOUYECHHBIX
cui. Ene Oonee crnoxHoe odepTaHue KpUBOM MPOBHUCAHUS IIPOBOJA HOITYy4aeTCs
MIpY OJTHOBPEMEHHOM JAEHCTBUU Pa3IMUHBIX HArpy30K B JBYX B3aUMHO IEpIICH-
TUKYJSPHBIX HAIllPaBIECHUSX — BEPTUKAIBHOM U MONEPEYHOM T'OPU30HTAIBHOM.
B Takux cnydasdx AnvMHa HEONHOPOAHON HUTH JOJDKHA ONPEAEIATHCS KaK CyMMa
IUIMH OTHENIbHBIX YYaCTKOB, Ha KOTOPBIX COXPAaHSAETCA OYepTaHUE MapadoJIbl
(MM yCTIOBHO COXpaHseTCs, HAapUMep, IIPH Harpy3Ke OT JSHCTBUS BETPa).

B metoauke [1] ypaBHEHHE COCTOSIHUSA MPOBOJA HE OTIMYAETCS MO CTPYKTY-
pe OT OOBIYHOTO YPaBHEHHS COCTOSIHMSA, 110 KOTOPOMY PAaCCUHUTBHIBAIOTCS IPOBO-
ma BJI ¢ paBHOMepHO pacrpeneieHHBIMH Harpy3kamu. Ho misi Toro d9toOsr
ypaBHEHHE OBLIO MPUMEHHMO JUIi HEOJHOPOAHOM HHUTH, €€ 3aMEHSIOT MpuBe-
JCHHOW (IKBUBAJICHTHOW) OJHOPOJHOW HUTHIO, YTO JOCTUTaeTCs MyTEM BBele-
HUSl TIPUBEJICHHOW (SKBUBAJICHTHON) PaBHOMEPHO PACIIPENEICHHON MO JITHHE
npojera Harpy3ku. [IpuBeneHHas Harpyska ONpEAeNseTCs U3 yCIOBHS paBEH-
CTBa JUIMHBI OJHOPOJHON HUTU C PAaBHOMEPHO PACIPEICIICHHON NPUBEIEHHON
Harpy3Koi ajnnHe KOMOWHMPOBAaHHOH HHUTH C PacHpeieieHHBIMH Harpy3Kamu
pa3HOi MHTEHCHBHOCTH U B OOIIEM CiIyyae TaKkKe AJMHE HUTU C COCPEJOTOUYEH-
HbIMHM Harpy3KaMH pa3HOM BEJIMYMHBI, NPWIOKEHHBIMH B Pa3JIM4YHBIX MeECTax
IpoJIeTa.

JnuHa HeoqHOpOIHOW (KOMOMHUPOBAHHOW) HUTH OTpEAEIsieTCs MMyTeM WH-
TErpupoBaHus TU(QepeHInalIbHOIO YpaBHEHUsI HUTH 10 yyacTkam. s mepe-
X0Jla OT HEOAHOPOJAHON HUTH K SKBHBAJECHTHON OJHOPOIHON MpH 000N cxeme
3arpyKeHHs TMpOJeTa OmpelesieTcs MepexoqHblii kodddunuent K, Ha3biBae-
MBIl KO3 uIMeHTOM Harpy3ku. [IpuBeieHHas Harpys3ka BBIYHCISIETCS Kak
MIPOU3BE/ICHUE BEINYMH PaBHOMEPHO PACHpPENENIEHHON HATpy3KW U1 JaHHOTO
poBoa 1 K03 PUIMeHTa Harpy3KH.

B GonpmmHCTBE ciay4aeB TPYJOEMKOTO HETOCPEACTBEHHOTO WHTETPUpPOBa-
HUS TI0 Y4YacTKaM MOXHO BOCTIOJB30BAaThCS NMPHUEMOM MEPEMHOKEHHUS S0P
«0anoYHBIX» TIOMEPEYHBIX CUII — MpueMoM Bepemaruna [2]. MoryTt ObITh HUC-
TIOJIE30BaHBI U APYTUE MPUOIMKEHHBIE CIIOCOOEI [3, 4].

B cratbe Ha mpumepe mponera 0e3 HAaTSDKHBIX THPIJISHZ HM30JIATOPOB pac-
cMaTpuBaeTCs JAeMCTBHE Ha MPOBOJ COCPENOTOUCHHBIX HArPY30K, ONMPEAETAeTC s
MOTPENIHOCTh MIPU 3aMEHE COCPETOTOYEHHBIX CHJI PABHOMEPHO PaCIIpe IeIeHHOM
BJIOJIb IIPOJIETA HATPY3KOH.

I'mbkast ogHOpOIHAs HepacTsHKUMas TsDKeslask HUTh € 3aKPEIJICHHBIMU KOH-
aMH B OJHOPOJHOM T'PaBUTAIMOHHOM ToJie MpUHUMAaeT (GopMy LENHOH Ju-
Hu [5].



FO. B. Braovixo
100 MexaHndeckuit pacyeT THOKHX TOKOIPOBOIOB IPH 3aMEHE COCPEIOTOYCHHBIX CHIL. ..

Ilo ypaBHEHMIO LIETTHOM JIMHUM CTpeJia MPOBeca B CEpPEeIMHE MpoJieTa

efot) ]

rne a = H/q; | — nnuna nponera; H — TshkeHHe B IpoBoJe (TOPU30HTANIbHAS CO-
CTaBIISIIOIIAs ); ¢ — IOTOHHBIN BEC IPOBOJA.

JnuHa npoBona
/
L=2a-sh| —|.
2a

[IpakTudecku TOT k€ pe3yabTaT JaeT CyMMa Pa3IOKEHHS TUTIEPOOTNISCKON
(hyHKIIMH B CTETICHHOH psix (psim Makitopena)

12 l4 qlz q3l4
= + t=t =t
Jo 22.2ta 2%.414° 8H 384H°
TIPH ITTUHE TIPOBOIA
13 15 q2[3 q415

L=1

+ + +... + + +...
22.314% 2%.5.4% 24H? 1920H*

VYyurtbiBas, 4TO AJI BCTPCUAIOIIMXCS HA MPAKTHKE CIIydaeB 2a >> [, MOJib-
3YIOTCS TOJIKO MEPBBIM CJIaracMbIM, COOTBETCTBYIOILIUM IIPEACTABICHHIO IIPO-
BOJ1a apabodoii [1]:

_ql
fo SH’

YTO AaeT norpemHocTs nopsaka 0,2 %.
JlnuHa npoBoJia ONpeaensieTcs Ipu 3TOM Kak

qZZS
24H?
CTpena npOBeca IJIA DKBUBAJICHTHOI'O HpOBOZ[a
g’k P
- 8H

L=1+

Jo

2

rae Ky — ko3pdUIneHT yBeIUdeHHs CTPEbl IPoBeca, 00yCIOBICHHbINH HaTNYH-
€M COCPEIOTOUYCHHBIX CHJI, THPJSHJ H30JISITOPOB, PACIOPOK, 3arpaguTelIbHBIX
1apoB, OTHACK.

JlnmMHa SKBUBaJIEHTHOTO TTPOBOJIA
273 -2
K
L= Z + ql—z,
24H

rae K — ko3 GUIHeHT Harpy3Ky.
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PacuerHas Mojens mposiera mokaszana Ha puc. la.

a

b
4 P, P, P, B
{ YV Y 1B
q(x)

Puc. 1. PacueTHast cxema IpojieTa: a — IIPOBOJI C BEPTUKAJIGHBIMH HAarpy3KaMH,
pacrpeeaeHHBIME g(X) ¥ COCPEOTOYEHHBIME P;; b — IpoBoA B BUJe MPOCTOIT pa3pe3Hoii 6anku
C OIApHUPHEIMU ONIOPAaMH, 3arpyKEHHOH TaK ke, KaK U MPOBOJ

Fig. 1. Estimated span scheme: a — wire with vertical distributed loads g(x)
and concentrated loads P;; b — wire in the form of a simple split beam
with hinged supports, loaded in the same way as the wire

Beprukanbubie peakiyu A U B (puc. 1b) MOXHO Ha3BaTh 0aJ0YHBIMHU PeaK-
LUSIMH, KaK 3TO PUHATO, HAIIPUMED, IIPU OIPEAETICHUN BEPTUKAIBHBIX PEAKLUHI
TpEXUIAPHUPHOM apKu WIJIM BAHTOBBIX CHCTEM [5].

CocraBuM ypaBHEHHE MOMEHTOB OTHOCHUTEIBHO KaKOTO-HUOYIb MPOU3BOIIb-
HO BBIOPAHHOTO CEYEHUsI IPOBOJA C KOOPAUHATAMH X U Y OT BCEX BHEIIHUX CHJI,
PAcCIIOJIOKEHHBIX CIIEBA OT 3TOTO CEYEHUs. Y UUTHIBAsL, YTO N3IMOAIOIINI MOMEHT
B II000OM CeueHHMHU NPOBo/a (KaKk '’MOKOM HUTH) PaBeH HYJIO, OIy4duM [1]

D M=Ax-Y M, -> M,-Hy=0,

rae A — onopHas 6anoyHas peakiys; x, y — KOOpJAUHATHI IPOBOAa; M, — cyMMa
MOMEHTOB paclpeieeHHbIX Harpy30K; Mp — CyMMa MOMEHTOB COCPEIOTOUYECH-
HBIX CHIL

Anrebpanyeckas CyMMa MOMEHTOB BEPTHUKAIBHBIX CHJI, BXOJSIIUX B 3TO pa-
BEHCTBO, YMCJICHHO PaBHA U3rM0a0IeMy MOMEHTY, KOTOPbII BO3HUK OBl B IIPO-
CTOH OJHOMPOJETHOW Oajike C HMIAPHUPHBIMH OIOpPaMH, 3arpy:KEHHOH Tak e,
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Kak mpoBoa. O603Havass STOT OATOYHBIN M3rHOaromMid MOMEHT depe3 M(x), mo-
JYIUM

yE— ()

Tak xkak M(x) ecTh IepeMEHHAs BEIMYNHA 0aJJOYHOTO M3THOAIOIIETO MOMEH-
Ta B 3aBUCUMOCTH OT a0CIIUCCHI X, TO 110 Gopmyde (1) MokeT OBITH OnpezeieHa
CTpesia mpoBeca B JJr000M MecTe MpoJieTa.

B cepemnne mponmera x=1[/2, m MakcuMaibHasg CTpena MpoBeca fy=

=y=M(/2)/H.

[MpuBencHHas (FKBUBaJICHTHAs ) HArpy3ka ¢ = gk .

Hampspkenue B nmpoBoje ¢ = H/F, rae F — miomanb ceueHus mpoBoa.

OmnpenenuB Jsl BCEX PEKUMOB SKBUBAICHTHBIC TIOTOHHBIE ¢ M YIEIbHbBIE
¥=q/F Harpysku, COCTaBISCTCs ypaBHEHHE COCTOsHHA. [Ipu 3TOM Ciexyer
YYUTBIBATh YIIPYroe M TEMIepaTypHOEe YIUIMHEHUS MpoBojaa Ha jumHe /. Torma
MOJTyYUM Pa3HOCTh IJIMH MPOBOJA B ABYX PEXHMax, U3 KOTOPHIX OIMH HCXOI-
HBIH (¢ nHAEKCOM 0):

PP, RPL

= e — 2403 E(G—GO)+(XII (t—l‘o),

OTKyza

~2 2 r2 2

YEl YoEl

yra Oyl Gt @)
0

rae v=vK; Y, =7,K,; £ — Momyap ynpyrocTd mpoBoja; o. — kKodhduuueHt
TEMIIEPaTypHOI0 YAJUHEHUs [IPOBOJA; ¢ — TEMIIEpaTypa poBoJa.

[Ipu HewsMeHHOW TemmepaType ¢ = fy=const ypaBHEHHE COCTOSHHS (2)
MOJKHO 3alMcaTh B BUJIE

q'I’EFK’ q.’EFK,
H-1———=H, -2 —°
24H 24H]

VYpaBHEHHE COCTOSHHS TO3BOJIICT ONPENCIUTH TSHKEHHE MOCIIE M3MEHEHHS
YHCIa COCPENOTOYEHHBIX HArpy3oK, HalpuMmep IOCiieé YCTaHOBKHM PaclopoK,
MIOJIBEILIMBAHHNS 3aTPaIUTEIbHBIX IAPOB, KPETJICHUS OTIAeK.

Kos¢pduunent Harpy3Ku MpH OTCYTCTBHU HATSDKHBIX THUPIISHA H30JIATOPOB
Y OJJMHAKOBBIX BBICOTaX MOJIBECa MPOBOJOB Ha omnopax [1]

1 1|
K*>=1+129—=> Pab, + P’ab, +
QIZZ‘ o’r Z

+2| Ba, Y \Pb+Pa,y Pb+...+P,_,a,,> Pb+PF,_a, Pb, ||
2 3

n-1
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rae Q =gl — Bec mpoBoja B mpoiiete 0e3 yueTa mpoBuca; a; = li/(n + 1) — pac-
CTOSIHUE JI0 ONOpHI 4 i-i COCPeAOTOUEHHOM CHIIBI IIPU UX PaBHOMEPHOH paccra-
HOBKE BIIOJIb miponeta; b;=[—a;=I(n + 1 —i)/(n + 1) — paccrostHue /10 OmMOpsI B
i-i cocpemnoToYeHHON cuibl, P;= P/n — Bec i-i COCPENOTOYCHHON HArpy3KH;
P — cymMapHBIii Bec BCeX COCPEIOTOYEHHBIX HArpy30K; # — YUCIO COCPEelOTO-
YEHHBIX CUJI B TIPOJIETE.

[Tocme moaCcTaHOBKH TTOTYyINM

n+2KP+n+2

K*(n)=1+2
n+1 n

2
K2,

rae Kp = P/Q — k03¢ dUIHEHT COCPeOTOYCHHBIX CUIL.
[Tpu GonbIIOM YKCIIE COCPENOTOYCHHBIX CHIT KOO (MUIIMEHT HArpy3Ku

K =limK(n)=1+K,. 3)

n—0
[Tocne pacyera OMOPHBIX OATOYHBIX pEaKITUi
A=B=(Q+ P)2=0( +Kp)/2
110 (1) MOXKHO OTIpeIeTUTh, MAaKCUMAITLHYIO CTPEITy IpoBEca

nl

11gl* Pl Pl &(1 i j
n)=—| —+———- —— .
fo() H 8 4 n FH\2 n+l
ITocne ynpoliieHus moyqyuM
qlsz(”)

0(”)_ 8H ? (4)

rae
1
Kf(n)=1+KP(l+—j.
n

I[Ipy n» — oo mPOBOA MOKHO CYHTATh 3arpy’KeHHBIM pacHpeaeIcHHON
Harpyskoit ¢ + P/l = g(1 + Kp), T. e. ko3 dunnent Harpysku K = K(oo) =1 + Kp,
YTO MOATBEPKIACT paHee MOTyYeHHOe BeIpaxkeHue (3).

ITpn pa3HBIX BBICOTaX TOYEK ITOJBECA MPOBOJA CTPENBI MPOBECA OMpEes-
IOTCS TEM JKe ITyTeM, YTO M IPHU OJMHAKOBOM BHICOTE TOYEK MOABECA, TaK KaK
(dopmyna OaOUHBIX peakuii B 000MX CIy4asx UMEET OJWHAKOBYIO CTPYKTYPY,
HpUYEM BEC IIPOBOJIA MOXKET OBITh MPUHAT C YIETOM YKJIOHA.

[Ipn coBMECTHOM AEHCTBHUHM BEPTHKAIBHBIX M TOPH30HTAIBHBIX HArpy30K
CTpeJNbl MpoBeca M TOPU30OHTAIBHBIE OTKIOHEHUS! HaXOISIT HE3aBUCHUMO B IBYX
B3aMIMHO TTEPIEHINKYISIPHBIX TIOCKOCTSX M0 hopmye (1).

PacueTsl BBIMONHSIINCH IS CIIEAYIOIINX MCXOMHBIX JAQHHBIX: UIMHA TpOJIe-
ta BJI /=400 m; npoBox 264/34 ACSR c¢ moronusiM BecoMm ¢ = 0,98 naH/m,
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IUIOMABI0 TONEPedHOro cedenus F =297,8 Mm’, MomyneMm ympyroctu E =
= 7400 gaH/mm*; Tsoxenne H = 1608 naH; cyMMapHbIii BeC COCPEIOTOUCHHBIX
Harpy3ok B mpojiete P = 35 maH. PaccmaTtpuBaiics nposier 6e3 HaTsDKHBIX THP-
JISIHJL U30JITOPOB, C OAMHAKOBBIMHM BBICOTaMHU IIOZBECAa, 0€3 BETpa U IoJIoJeAa,
¢ HeM3MeHHBIM TspkeHueM. st PY npnuna mponera / = 40 m. 3aBHCHMOCTH Mak-
CUMaJIbHOM cTpebl mpoBeca nposera BJI oT uncna cocpeioToOueHHbIX CUIT TIPU-
BEJIEHa Ha puUC. 2, TO e A nposera PY — Ha puc. 3.

14,5
Jo(n), M
14.,0:
1
13,5
A TS eseeses
13,0
0 5 10 15 n

Puc. 2. 3aBUCUMOCTb CTpeIIbl IIPOBECA MIPOJIETA BO3LYLIHOM IMHUM OT YHUCIIA COCPEIOTOUCHHBIX
cui: 1 — pacder o opmyne (4); 2 — cTpena npoBeca IKBHBAICHTHOTO MPOBOIA

Fig. 2. Dependence of the boom of the sag of overhead line span sag on the number of concentrated
forces: 1 — calculation by the formula (4); 2 — boom of the sag of the equivalent cable

0,35
Jo(n), M
0,30
1
0.25, .
2 %’—9“6-6-—9-4%6—6-0
0,20
0 5 10 15 n

Puc. 3. 3aBECEMOCTB CTpeIBI IIpOBeca MPOoJIeTa PacIIpeaeInTEIEHOTO yCTPOHCTBa
OT YHCJIa COCPEAOTOUYCHHBIX CHII: | — pacuer 1o dhopmyie (4);
2 — cTpera nmpoBeca S5KBUBAICHTHOTO NPOBOAA

Fig. 3. Dependence of the boom of the sag span of the switchgear on the number of concentrated
forces: 1 — calculation by the formula (4); 2 — boom of the sag of the equivalent cable

Kak BuaHO U3 puc. 2, HauOOoJIbIIas a0COIOTHAS TOTPEIIHOCTD mpu =1 co-
CTaBJISIET OKOJIO OJTHOTO METPA, YTO HE MO3BOJUTEIILHO ISl IPOCKTUPOBAHHSI.
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JIist 9acTHOTO citydasi, KOrjia B CepeInHe TpoJieTa JSUCTBYET OJHA COCPEO-
TOUCHHAs CHJIa, CTPEJia MpoBeca

poL]alvp 1 _gl']_daFK,
" Hml 2 2 8 SH

9

rac
K, =1+2K,.

Koaddummment Harpy3kd npu OZHOW COCPEIOTOYCHHOW CHIIE B CEpeIauHE
MpoJjieTa onpeaenseTcs mno Gpopmyse

2

K =1432 43 L =1+3K,(1+K,).
q! q!

OTHOCHUTENbHAS TOTPELIIHOCTh OT 3aMEHBI COCPEAOTOUCHHBIX CHJI paBHOMED-
HO pacrpeeIeHHON Harpy3Koi 1o JJIMHE MpoJieTa

g’(1+K,) 4K, (n)
_So(@)—fo() _ gH 8H  __ 1
A gl’K ; (n) Lenl 1 b

8H K,

)

Kak cmemyer u3 puc. 2, MOTPEIIHOCTh OT 3aMEHHI 7 = 1 coCcpemoTOUYeHHOM
CHJIBI PaBHOMEPHO paclpeieieHHOW Harpy3kod mo amuHe mpornera BJI coc-
taBsiet 7,5 %, npun=3 — 10 2,7 %, nmpun=5— 10 1,6 %, npun=7—nmo 1,2 %.
Jns nponera PY (puc. 3) mpu n = 1 morpemHocts Bozpactaet a0 32 %. Takum
00pa3om, cample OONBIIHE MOTPEITHOCTH 3aMEHBI COCPEIOTOUYCHHBIX CHIJI pac-
npeaeNIeHHOW Harpy3Koi OyayT npu UX MaioM 4ucie. Beipaxkenue (5) mo3Bosis-
€T OIIEHUTH MOTPEITHOCTh MPHU JIFOOOM YHUCIIE COCPEIOTOYCHHBIX CHIT 1 U KO3(]-
¢uruente Kp.

[Ipu HanMMYMM HATSHKHBIX THUPJSHA M30JSTOPOB, & TAKXKE MPU YUETe BETPO-
BOM HAarpy3Kd TOTPEUIHOCTh BO3PACTAaeT M3-32 HCKAXKEHUS (OPMBI CHCTEMBI
«TCUPISHABI HM30JSATOPOB — IMPOBOA», OTKIOHEHHS COCTABISIONIUX MPOXOMIST
B pa3HBIX INIOCKOCTSIX. B [6] mMoOKa3aHO yBEeNIWUYEHHE IOTPEHTHOCTH C POCTOM
JUTMHBI TUPJISTHIBI M30J1ATOpOB. Hanmuue ormaek TpeOyer ydera Mx pealbHOTO
pacriosioxkerust B PY. Meronuka [1] MokeT OBITh pacpoCTpaHeHa Ha TPOJICTHI
C TUPJISHIAMHU H30JSATOPOB, 3arpaUTEILHBIMU IAPaMU, BETPOM, TOJIOJIECIOM.
OpHaKo TOTPEIIHOCTh 3aMEHBI COCPENOTOYCHHBIX CHJI PaBHOMEPHO pacmpere-
JIEHHON Harpy3Koi BO3pacTaer.

Boiniee TouHBINA pacdyeT MEXaHUYECKUX HAMPSXKEHUH BO3MOXKEH MPU TIPUME-
HEHUU BEKTOPHO-TIApAMETPHYCCKOT0 METOJa pacueTa THOKOW OIMMHOBKH PY
u npoBonoB BJL, rae monokeHa pacyeTHas MOJENb MPOBOJIOB B BHAEC TMOKOM
ynpyroit Hutu [6-8].
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Juddepennmanpaple ypaBHEHHS BTOPOTO TOPSIKA, OMUCHIBAIOIINE CTATH-
Ky THOKOH ymnpyroit HUTH [6], SABISIOTCS HENMMHEHHBIMU. VX YHICIIEHHOE perire-
HUE MPOU3BOIUTCS Pa3HOCTHBIM MeTonoM ¢ momornpio OBM [8—10]. Cucre-
Ma KOHEYHO-PA3HOCTHBIX YPAaBHEHHU peIIaeTcs Ha OCHOBE BIOKEHHBIX IPYT
B JIpyra WTEpanuii: OTHOCUTEIHLHO KOOPAWMHAT, TSKCHUS WM JJIUHBI MMPOBOA.
[Ipu Hanu4YMu COCPEOTOUYCHHBIX HATPY30K B BHJE OTBETBICHHH K 3JIEKTpUYE-
CKHMM armaparam J00aBIISICTCS eIlle OJHA UTEepaIUsd 0 KOOPAMHATAM TOYECK UX
KperuieHus K THOKUM muHaM PY. DT koopauHaThl ABISIOTCS (PyHKIMEH TshKe-
HUS B OTIAlKe, a OHO B CBOIO OYEpPE/h 3aBUCUT OT MOJIOKEHUs IpoBoa. [Ipons-
BOJILHOE DPACIIOJIOKEHHE OTIAeK JaeT COCTABISIONINE COCPENOTOYCHHBIX CHII,
JIEHCTBYIONTNE BO BCeX HampabiieHHsXx. Kak mokazaHo B [6], pacxoxkmeHue pe-
3yJbTAaTOB 1O [1] MOXHO CHU3UTH MpHU O0JIee TOYHOM 3aJaHHUHM STHUX COCTaBJIs-
fommx. PazpaboTanHas mporpaMma Mo3BOJISIET YUECTh 10 TPEX OTHaeK, A0 ABYX
HuUIeH(GOB W TUPISHA H30JSITOPOB, B TO BpeMs Kak MeTojuka [1] maer npu ma-
JIOM YHCJIE COCPEIOTOUEHHBIX HArPYy30K HAaHOOJBILYIO MOTPEIIHOCTb.

BbIBO/IbI

1. lano omnpeneneHrue KOIPPUIUEHTY COCPEIOTOUCHHBIX CHIl Kp KaK OTHO-
IIEHUIO CYyMMBI COCPEOTOUYEHHBIX Harpy30K K BECYy MPOBOJIa B TIPOJIETE.

2. YcraHoBIIeHa CBA3b MEXKAY Ko3(hGUIMeHTOM Harpy3ku K u ko3dduimeH-
TOM COCPEOTOUCHHBIX CUII Kp.

3. YcraHoBIeHa CBA3b MEXAY KOS (UIIMECHTOM YBEITHUYEHUS CTPEIbI TIPOBE-
ca K;, 00ycIIOBIIEHHBIM HaJIMYUEM COCPEJOTOUEHHBIX HArpy30K, U KodduLueH-
TOM COCPEIOTOUYCHHBIX CUII Kp.

4. BeiBenieHbI (hOPMYJIBI OIMPEICIICHUST MOTPEIIHOCTA 3aMEHBI COCPENOTO-
YEHHBIX CHJI paBHOMEPHO paCIpeesIeHHOW Harpy3KOH IO JUIHHE TpoJieTa Kak
(YHKIIMU OT YHCIa COCPEOTOYCHHBIX CHII 7 U KO3 (dHUIMEeHTa COCpe0TOYCH-
HBIX cni Kp. [loka3aHo yMeHbIIIEHHE MTOTPEITHOCTH MIPH YBEITUYEHUHN YHCIIa CO-
CPEIOTOYEHHBIX CHII /.

5. Bornee To4HBIN pacueT MEXaHUYECKUX HAIPSDKEHUH M CTPEIT MPOoBeca BO3-
MOJKEH TP PUMEHEHHH BEKTOPHO-TIAPAMETPUIECKOTO METO/Ia pacueTa rHOKOM
OIIIMHOBKY PaCIPe/ICIUTEIBHBIX YCTPOUCTB U MPOBOJIOB BO3IYIIHBIX JIMHUH, TIC
MOJIO’KEHA pacyeTHas MOJICNb MPOBOJIOB B BUJIC THOKOH YIIPYroi HUTH C Y4€TOM
MPOCTPAHCTBEHHOT'O PACIIONIOKEHUS BCEX KOHCTPYKTUBHBIX 3JIEMEHTOB.

JIUTEPATYPA

1. BomrasikoBuy, A. JI. Pacyer npoBoaoB noacranmuii u 6onpmmx nepexonos JIDIT / A. JI. Bom-
nsakoBuu. JI.: Dneprus, 1975. 248 c.

2. Kauypun, B. K. T'ubkue uutu ¢ mansivu crpenkamu / B. K. Kauypun. M.: Tocrexusaar, 1956.
224 c.

3. Posanos, I'. H. Hexotopbie BOmpock! pacuera MeXaHH4eCKoi 4acTu Bo3ayIiHbIX junui / I H. Po-
3aHoB. M.; JL.: ['ocaneprousaar, 1954. 224 c.

4. Tep-Mkpr4an, JI. H. Mexanuueckuii pacuer npoBoaoB s oTKpbIThiX moactanumid / JI H. Tep-
Mkpruan // Dnextpudectso. 1935. Ne 4. C. 35-45.



Y. V. Bladyko
Mechanical Calculation of Flexible Wires when the Concentrated Forces are Replaced. .. 107

10.

. I'masynoB, A. A. OCHOBBI MEXaHUYECKON 4acTH BO3AYLIHBIX JMHUH 21ekTponepenauu. T. 1:

Pabora u pacuer npoBogoB u TpocoB / A. A. I'mazynos. M; JL.: Tocaneprousaar, 1956. 192 c.

. Ctpemok, M. 1. UncneHnblid MeTox pacdyera CTaTHKU rHOKoi ommHOBKH OPY B pasnudHbIX

pexumax kiuMaTHdeckux Bosaeiicteuii / M. U. Crpemok, U. U. Cepreii, 1O. B. Brnagsiko //
Ouepreruka. 13B. Beicil. yue6. 3aBenenuii. 1983. Ne 8. C. 8-14.

. AHanu3 neiicTBHS TOJIOJEIHO-BETPOBBIX M 3JIEKTPOJMHAMHUYECKUX HArpy30K B MpOJETax C

IIPOM3BOJIBHBIM pacroioxkeHueM rnposonos / V. W. Cepreit [u np.] // OHepreruxa. 13B. BoICII.
yue0. 3aBeneHuit u suepr. ooveaunennit CHI'. 2012. Ne 1. C. 38—44.

. Ctpemok, M. 1. Pacuer na OBM craruku rudkoii ommHoBku PY / M. U. Crpemok, U. . Cep-

reii, 10. B. Briagpiko / HayuHble ¥ npuKiIagHble mpoOieMbl SHepreTuku: Mexaen. c6. Bom. 12.
Munck: Bemmaiim. mk., 1985. C. 75-79.

. Crpemokx, M. U. IIporpamMma MexaHHYECKOTo pacdera 'MOKOW OIIMHOBKM PY B pasziamyHbIX

pexumax kimMmarnieckux Bosaericteuit / M. U. Crpemok, U. U. Cepreii, 0. B. bragpixo //
WuB. No "'oc®DAIT — T1007594, nns. Ne POAIT BCCP — 00143. Munck, 1984. 12 c.

Crpentok, M. 1. UucneHHbI METO MEXaHHMYECKOTO pacyera FTHOKHX TOKOIPOBOAOB JJIEKTPO-
ycraHoBok sHeprocucteM / M. U. Crpemok, U. U. Cepreii, 0. B. brnageiko // DHepreruka.
W3B. BeIclI. yueO. 3aBenenuil. 1995. Ne 3—4. C. 21-29.

[octynuna 28.11.2017  INoanucana B meyats 05.02.2018  Omy6nukoBana onnaiin 30.03.2018

10.

REFERENCES

. Boshnyakovich A. D. (1975) Calculation of the Wires of Substations and of Large Transitions

of Transmission Lines. Leningrad, Energia Publ. 248 (in Russian).

. Kachurin V. K. (1956) Flexible Threads with Small Sags. Moscow, Gostekhizdat Publ. 224 (in

Russian).

. Rozanov G. N. (1954) Some Issues of Calculating the Mechanical Part of Air Lines. Moscow;

Leningrad, Gosenergoizdat Publ. 224 (in Russian).

. Ter-Mkrtchan L. N. (1935) Mechanical Calculation of Wires for Open Substations. Elektrich-

estvo [Electricity], (4), 3545 (in Russian).

. Glazunov A. A. (1956) Fundamentals of the Mechanical Part of Overhead Transmission

Lines. Vol.1. Work and Calculation of Wires and Cables. Moscow; Leningrad, Gosenergo-
izdat Publ. 192 (in Russian).

. Strelyuk M. L., Sergey I. 1., Bladyko Y. V. (1983) Numerical Method for Calculating the Sta-

tics of a Flexible Busbars in Various Modes of Climatic Influences. Energetika. Izvestiya Vys-
shikh Uchebnykh Zavedenii [Energetika. Proceedings of the CIS Higher Educational Institu-
tions], (8), 814 (in Russian).

. Sergey I. 1., Bladyko Y. V., Panamarenka Y. G., Tsemekhman B. D., Tarasov V. E. (2012)

Analysis of the Effect of Ice-Wind and Electrodynamic Loads in Spans with Arbitrary
Arrangement of Wires. Energetika. Izvestiva Vysshikh Uchebnykh Zavedenii i Energeti-
cheskikh Ob’edenenii SNG = Energetika. Proceedings of the CIS Higher Educational Institu-
tions and Power Engineering Associations, (1), 38—44 (in Russian).

. Strelyuk M. L., Sergey I. 1., Bladyko Yu. V. (1985) Calculation on the Computer of Statics of

a Flexible Busbars of the Switchgear. Scientific and Applied Problems of Power Engineering.
Minsk, Vysheishaya Shkola [Higher School] Publ., (12), 75-79 (in Russian).

. Strelyuk M. L., Sergey L. L., Bladyko Yu. V. (1984) Program of Mechanical Calculation of the

Flexible Busbars of the Switchgear in Various Types of Climatic Influences. Accession
Number GosFAP — P007594, Accession Number of RFAP of the BSSR — 00143. Minsk. 12
(in Russian).

Strelyuk M. L., Sergei 1. 1., Bladyko Y. V. (1995) Numerical Method of Mechanical Calcu-
lation of Flexible Current Conductors of Power Plants of Power Systems. Energetika. Izvestiya
Vysshikh Uchebnykh Zavedenii [Energetika. Proceedings of the CIS Higher Educational Insti-
tutions], (3—4), 21-29 (in Russian).

Received: 28 November 2017  Accepted: 5 February 2018  Published online: 30 March 2018





