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AKTMBHOM MOLLLHOCTM
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MpepcraBneHbl hopMynbl ANS pacyeTa ANMTENbHO AOMYCTMMbIX TOKOB M MOTepb
AKTMBHOM MOLLHOCTH ANSl BO3AYLUHbIX NIMHMM 3MeKTpornepeAaym B yCNOBUSX ecTe-
CTBEHHOM M BbIHY>XA€HHOM KOHBEKLMM ANS M3ONMPOBAHHbIX M HEM3ONMPOBAHHbIX
npoeogHuKOB. KoppekTHoe onpeaeneHe MaKCMManNbHbIX TOKOBbIX HarpysoK
MrpaeT BaXKHYIO ponb B 3(P(heKTMBHOM MCMONb30BaHMM HarpPy304YHON CNOCOBGHOCTH
NMHMIA 3NeKTponepeaaYM, a YTOYHeHMe pacyeTa NoTepb aKTMBHOM MOLLHOCTM SIBASI-
eTCsl OCHOBOM AN NOBbILEHMSI 3KOHOMMYHOCTH nepefaun 3Heprum. MonyyeHHble
pe3ynbTatbl MOryT ObITh MCMONbL30OBaHbLI NPM BbIGOpPE MEepPONPMUSATHH, HaNpPaBeH-
HbIX Ha YBenMYeHHe NPONYCKHOM CMOCOBGHOCTH BO3AYLUHLIX IMHMM M CHMMKEHME MNO-
Tepb 3HepPruu.

KnioueBble CnoBa: BO3fyLUHbIe NIMHMM 3MEKTpONepeAayM, Temnepartypa NpPoBofa,
ypaBHeHMe Tennosoro 6anaHca, NOTepPM aKTMBHOM MOLLHOCTM, TeMNepaTypHasa 3a-
BMCMMOCTb COMPOTUBAEHHS, ANMTENLHO JOMYCTUMbIH TOK.

Beepenue. CoraacHo uccaepoBaHuaM [1], B pas-
HBIX CIleHapusiX pa3BUTHUs dHepreTuku (Accelerated,
Net Zero, New Momentum) AOAST 3A€KTPOIHEPTUU
B 0o611eM noTpebreHuu sHepruu B 2050 roay Bo3pacTeT
B 1,9—2,4 pa3za no cpaBHenuio ¢ 2019 ropom (puc. 1).
I'AOGaABHBINU CIIPOC Ha 3AEKTPOIHEPTUIO OYAET PACTU
Ha 1,7—5 % B rop Ao 2050 ropa [1]. B aGcoaroTHEIX
3HAQUEHHUAX OJKMAAETCd, YTO TeHepanus 3SAeKTpude-
CKOM 3Hepruu Mo BCeM BHUAAM NIPOM3BOACTBA COCTABUT
okonro 58 TIBTu (Accelerated), 64 IIBtu (Net Zero)
u 50 TIBTu (New Momentum) (puc. 2) [1]. DTo cBsizaHO
C OTPOMHBLIM OOIIUM YBeAWYeHHEeM TAOOAaABHOTO CIIPO-
ca Ha dAEKTPOIHEPTUIO, IPUYeM OCHOBHAs 4acCThb ITO-
TO POCTa MPUXOAUTCA Ha Pa3BUBAIOIIAECS CTPaHEI [2].
[To yKasaHHBIM HOpPUYMHAM BO3HHUKAeT INOTPeOHOCTH
YBeAUYeHUs IMPOIYCKHOW CIIOCOOHOCTU AMHUN JAEK-
Tpomnepeaauu [3— 10].

B Poccum OCHOBOIOAQrarOIIUMU AOKYMEHTAMU AASA
pelleHust 3TOW HPOOAEMBI SBASIIOTCS: PacIOpsKeHHe
[TpaBureabcTBa P® ot 09.06.2020 Ne 1523-p «O6 yT-
BEP)KAEHUM OHepreTUYecKoM crparterum Poccuiickou
Depeparuu Ha epuop A0 2035 ropa» [11]. KaroueBbiM
nmokasaTeareM 3(PPEKTUBHOCTUA PabOTHl IAEKTPOCETEBO-
TO KOMIIAEKCA SIBASIETCSI YPOBEHbB II0TePh 9AEKTPOIHEP-
rum B dAekTpuueckux cerax. CoraacHo [11], k 2024
roAYy YPOBEHB IIOTEPh He AOAJKEH IpeBbIaTh — 9,8 %,
a K 2035 ropy — He 6oaee 7,3 %.

TouHBIN pacyeT NOTepPh aKTUBHOM MOIIHOCTH IIpU
nepepade 3AEKTPOIHEPTUU  SBASETCS HeOOXOAMMBIM
YCAOBHEM AAs oOecliedeHMsI SKOHOMUYHOCTH AQHHO-
ro mporecca. B ¢Boio oduepeab, MOBHIIIIEHHE TOYHOCTHU
pacueTta TpeOGyeT A€TAaABHOTO y4ueTa BCEero MHOrooGpa-
3usi PAKTOPOB, OT KOTOPHIX 3aBUCUT BeAWUYUHA IOTePh
[12].

Pacuernbie ¢opmyasbl. [locTaBAeHHass 3apada IIo-
BBILIEHNs IIPOIYCKHOM CIIOCOOHOCTU (TOKOB B IIPOBO-
AHUIKE) eCTeCTBEHHO IIPUBOAUT K YBEAWUEHHUIO IIOTEPD,
a CAepOBaTeAbHO, M K POCTy TeMIepaTypbl. Makcu-
MaAbHO AOIIyCTHMasl TeMIlepaTypa NPOBOAHUKA Orpa-
HHYeHa ABYMsl paKTOPaMHU:

— MaKCHUMAaAbHBIM  AONYCTHUMBIM  IIPOBUCAHUEM
TIPOBOAA AMHUM JAEKTPOIIepeAauy;

— TeMIIepaTypHLIM IIPEAEAOM IIOBPEKACHUS IIPO-
BOAHUKA.

AaHHBIA (DaKT BCTylaeT B IIPOTUBOpeUYHe C JKeAae-
MO HeOOXOAVWMOCTBIO YBEAMUEHUsI IMPOITyCKHOM CIIO-
COOHOCTH.

CAepyeT  OTMETHTh, UYTO, KpOMe 3aBHUCHUMOCTHU
OT Harpy3KY, 3HaUeHHe TeMIlepaTyphl CAOKHEIM o6pa-
30M 3@BUCHUT OT IIOTOAHBIX YCAOBHUM ¥ CBOWCTB IIPOBO-
AHMKOB AMHHHU 3AeKTponepepad. AOCTH)KeHHe MaKCH-
MaAbHOM NPONYCKHOW CIOCOOHOCTU IPU AOIyCTUMOM
TeMIlepaType IIPOBOAA SBASETCS Ba)KHOM 3apavel. Eé
pelileHre 0a3upyeTcs Ha 3HAHUU COAHEYHOI'O M3AyUe-
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Puc. 3. Ilpoueccs! nepepayu TenAa oT AMHUA
B OKpYy’Kamwiyio cpeay [18]

HHSI, KOHBEKTUBHOTO U PAAMAIIMOHHOTO OXAAKACHUS,
a Takyke (PU3NUYECKUX CBOMCTB IIPOBOAOB AMHUU IAEK-
TPOIIEPEAQT.

OTMeTHM HECKOABKO HOPMAaTUBHBIX AOKYMEHTOB
M OIIPEAEAEHUS IIPEAEABHBIX TOKOBBIX HArpy3o0kK
IO YCAOBUSIM COXPaHEHUS MEXaHHMYEeCKOH INPOYHOCTHU
HEM30AMPOBAHHBIX ITPOBOAOB M AOIYCTHMBIX TabapwH-
TOB BO3AYHIHBEIX AMHHHU [13—15]. 3a pybe>xoMm cylie-
CTBYIOT ABa CTQHAAPTa AAST ONPEAEAEHUS TEIAOBBIX
XapaKTepUCTUK BO3AYILIHOM AMHHUN JAEKTpOIIepeAad,
a mmenHo cta"papT CIGRE 207 u cranpapt [EEE 738
[13, 14], KOTOpBIE MOKHO HCIIOAB30BaTb AASL OIIpEAe-
AEHHSI MaKCHMaAbHO AOITyCTUMON HAarpyskd Heu3o-

auposanHoro nposopnuka. Ctanpaptel IEEE 1 CIGRE
COTAACOBAHBI B MCIIOAB30OBAHHWHK KOHIEIIIIUKM TEIIAOBOT'O
0araHCa, B KOTOPOU BBIAGAAIOIEECs TEIIAO YpaBHOBe-
IIMBAETCSI MPOIeCCOM oxXaakpeHus [16]. Takum oOpa-
30M, B NPOBOAHHKAX TEINAO He Hakamaupaercs. O0a
MeTOAQ He MMEIOT CYIeCTBEHHOM DPa3HMIBI B CBOMX
pe3yabraTax [17].

[Mpoueccel mepepauu Temaa OT AMHUK B OKpYyJKa-
IOIIYIO CpeAy IoKasaHbl Ha puc. 3 [18]. TemrompuTox
TIPOBOAHUKA OOYCAOBAEH COAHEUHOU pajpualuell U Ha-
pr30‘lHLIMI/I nmorepamMu aKTHBHOfI MOIIITHOCTH, a OTAQ4Ya
TeIAA OCYLIECTBASIETCS IIyTeM KOHBEKIIMU M TEIIAOBBIM
WU3AYYEHHEM.

YpaBHeHUe TennaoBoro 6asanca, corracHo CIGRE
207 [13, 19]:

P}.—|—Pm+PS+Pl.=PC+P[+PW, (1)
TAE PJ — oMuuYecKHe IOTepu MOIIHOCTH, BT/M;
P — moTepu MOIIHOCTH, OOYCAOBAEHHBIE BUXPEBBI-
MU TOKaMu P ¥ rucTepe3ucoM MaTepUanoB Ph, Bt/m;
PS — WHTEHCUBHOCTbL COAHEUHOW pajpuanuu, Bt/m;
P, — moTepu MOIIHOCTH, OOYCAOBACHHBIE KOPOHHBIM

paspsiaoM, BT/M; P, — MOIIHOCTB, OTAABAeMasi ITyTeM
KOHBEKTUBHOTO TeNmAOOOMeHa, BT/M; P — MOIIHOCTD,
OTAA@BaeMas IyTeM U3AydeHUs, Br/m; P — mouiHOCTH,
OTAABaeMasl IyTeM HuclapeHus, Br/m.

Beawuunamu P,, P, P, MOXHO mnpeHe0pedb Ipu
NIPaKTUYeCKUX pacyeTax. TakKuM oOpa3oM, ypaBHeHUe
(1) yopocTturcs po:

AP,+P =P +P, (2)

rae AP, = P/ + P, — Harpy3o4Hble MIOTEPU MOIITHOCTH,
Br/m.

Anst Boraucaenust P, P, P ACIIOAB3YIOTCS (DOPMYABL
[13]:

Ps = dnp.As.qcoAH' (3)

Pv: = dnp. KOH T (esnem - eUKp)’ (4)

Pr = dnp Mg, CO ! ( z:lem - To‘l‘(p) 4 (5)

rAe dnp — AHAMEeTp IIPOBOAQ, M; As — IIOTAOIIATEeAb-

Hasi CIIOCOOHOCTH IIPOBOAA AAS COAHEYHOU M3O0AS-
uuu; g, ~— CyMMapHas COAHeYHas papuanwmst, Br/m;

o, — KOI(DDUIMEHT TEIAOOTAAYH, AASL €CTECTBEH-
HOW KOHBEKIIMU WCIOAB3YeTCs O, . AAS  BBIHYXK-
AEHHOU KOHBEKIVUU WCIIOAB3YeTCs O, Bt/ (Mm% K);
ey —~ TEMIIEPATypa BHEIIHeH MOBEPXHOCTH MPOBO-
Aq, °C; GOKP — TeMIeparypa OKpy’Karouein cpepsl, °C;
€, — KO3(h(PUITMEHT YEePHOTHI MOBEPXHOCTU IPOBOAJ;
C, = 5,67:10~% — mocrosHHasA U3AyYeHUsI aGCOAIOTHO
4yepHOro Teaa, Br/(mM* K*); T~ — aBGCOAIOTHasE TeMIle-
parypa BHELIHEeN IIOBEPXHOCTU IIPOBOAA, K; TDKP — ab-
COAIOTHAs TeMIlepaTypa OKpy’Karolle cpeasl, K.
YroO®w! onpepernts AP, g, 0 0 O  WCITOAB-
COAH BblH ecm np

3YI0TCS CAepyroiue gopmyasl [20, c. 135—137]:

AP, =1* Rfl+a-0,]=APfl+a-0,]=

APl +a-0,,.]
=—0r — mews — AP+ -0
1—Q'AP0 'Suj 0[ BHeLu]y (6)
qcmu = ksm.qs,np.Sin(ps + Tc'qs,pacc' (7)
k,(P-V)*®
o, =0044 7 e (
okp ~ “np

™

€202 (881) ¥ 5N JMHLO3IF NIGHhAVH UMIDNO

WIUHX3LOdINIVE U VIINLIIdIHE

=
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0 -0
o m:0'0749. L.4M, (9)
ToKp dnp
0 AP, .S
0,, = 0,00 + AP, - S,, =~ T 250 Ow - (10)
-0 AP, S,

rae I — TOK B mpoBoAe, A; R — IOroHHOE aKTUBHOE
COIIPOTUBAEHUE IIEPEMEHHOMY TOKY IIPU TeMIlepaType
0 °C, OM/M; 0. — TeMIIepaTypHLIN KO3 PUITUEHT dAEK-
TPUYECKOTO compoTuBreHus, 1/°C; an — TeMIepary-
pa Xuawl mpoBopa, °C; AP =I,'R, — TIOTepU aKTUB-
HOM MOIITHOCTH, PACCUUTAHHBIE IO COIPOTUBAEHUIO,

mpuBepersomy Kk 0 °C, Br/m; S, = ! -In oy
21k, d,

TEIIAOBOE COIPOTHUBAeHUe uzoasanmu, M-K/Br; Xw
KO2(PUITHEHT TEeNAOIIPOBOAHOCTH u3oasinuu Bt/ (MK);
d, — AMaMeTp TOKOIPOBOAMAIIEH JKUABI MIPOBOAQ, M;

’ AF)O
APy = 1—o-AP,-S,,
HOCTH IIPU YCAOBHH, UTO TeMIlepaTypa IOBepXHOCTHU
npoBopa pasHa 0 °C, Br/M; k — xosdduumeHnr 3a-
TEHEHHOCTH; g, — TMAOTHOCTh IIPSIMOM COAHEYHOM pa-
AMAITUM Ha IMOBEPXHOCTD, MEePIEHANKYASIPHYIO COAHEY-
HEIM AydaM, BT/M% @, — yroa MeXXAy OCBhIO IPOBOAA
U HAIPABACHHEM COAHEUHBIX AyYeH, IPaAyC; q ..
NAOTHOCTB IIOTOKA PAacCesTHHOW COAHEUHOM papualluu,
Br/M% k, — KO3 DUIIMEHT, XapaKTePU3YIOMUH yroA
aTaku BeTpa; P — arMmocdepHoe paBaenue, Ila; V —
CKOPOCTBb BETPa, M/C.

[MToacTaBasisg ypaBHeHuUd (3, 4, 5, 6) B ypaBHeHUe (2),
TIOAYYUM:

OTEepPU AKTUBHOM MOIII-

Apé.[1+a'esnem]+dnp-As'qco/u«l =
= dnp a on n(esuem - em(p)+
td, moe,  Co(Th —TL)- (11)

[Tepenecem dnp-As-ch B IIPABYIO YaCTh yPaBHEHUs

1 BBIHECEM dnp KakK OOIIINYM MHOXUTEAD:

APO’ : [1 +a- emzew] =
—d Olyon * n(eBHem - eoKp ) + ) (12)
o +n € -C ( Biem o«p) A G conn

AAsT cAydasi BBIHYKA€HHOM KOHBEKIIUMHU C TIOMOIIBIO
ypaBHeHUi (8, 12) noaryuum:

=d
“"|:+rc-

AAsT HaXOKAeHUsT 0

AP - [l+0a-0,,.,]=
g Tc(emzem - eoxp ) + :| (13)
-C (T:Heuz Toip) As *qcomn

npeobpasyem opmyay (13):

BHew

dnp : (xm.,m : Tc(ezmem - eoxp) = AP' ’ [1 +a- eBnew] -
_dnp T g, -C ( Bieuz To‘)‘(p) np 'As 'qcoxm' (14)

B pesyabraTe AeneHHS A€BOM M NPaBOU 4YacCTHU
Ha d_ 'O T HAMAEM:
np BbIH

AP} -[1+0-0

_ BHEW ] _
BHEW OKp d

o) * T

np BBIH

4 4
-C ( BHeW Toxp) + As . qco/m .
o o ' T

BbIH BbIH

n

(15)

Omnpeaerrm 6, 33 CUET BBIHOCA OOIIIETO MHOJKUTE-
A O T M TIepeHoca Goxp B IIPaBYIO 9aCTh YPaBHEHMUSI:

BBIH

1

0 =0 e
BHEW OKp + Oy, o T x
APO/ '[1+(x"esnew]_
« d

np

~ 78, ColThs ~ T )+ A, - 0o (16)
CooTHouleHue (16) sBAsgeTcss 6@30BBIM ypaBHEeHUEM
A HAXOXKAGHMSA O WTepallMOHHBIM CIIOCOOOM.
BrIBepeM BBIpa’keHUE AAST AAUTEABHO AOIYCTHMOTO
TOKa. TeMIepaTypa BHELIHEN IIOBEPXHOCTU IIPOBOAQ
U TeMIlepaTypa KUABI IPUHUMAIOTCS IPEAEABHO AOITY-
ctuMbIMu. [TopcTaBAasieM ypaBHeHHd (6) B ypaBHeHUe

(13):

Ison . RO[l +a- enp.gon] =
aBblH . Tc(eBHEHLgOH - eDKp ) +

-G, T.,)- A, qm] (17)

Breurgon

=d
”"Ln-

Pasperum Ha R, [1 +o-0 J U IPUBEAEM AEBYIO

4aCTb K I€PBOU CTEIEeHU:

np.gon

d Qo n(aauem.gon - eaKp ) +
I _ np + - C ( B:euz gon oKp ) A qCOAH . ( 18)
gon Rolt+0-0,, 0]

CooTHouleHue (18) sBasgeTcsa 6a30BBIM ypaBHEHUEM
AN HAXOKACHUSA I | MTePAIOHHEIM CIIOCOGOM.
[TpoBepeM aHaAAOTUUHBIE IIPeOOpPA30BaHUS  AAS
€CTEeCTBEHHOU KOHBEKIIMU, MUCIOAB3yHA ypaBHeHus (9,

12):

AP, [1+a-0,,,]=
0 0749 EHELH OK _
_ 1 ] Enexu oKp ) (19)
mlew OKP A qCDAIl

YPGBHGHI/IG TEIIAOBOTI'O OanaHca AN eCTeCTBEeHHOU
KOHBEKIIHH:

AP, -[l+a-0
n-00749 [P

np M ‘ TOKP

4
+m 811 : CO (Tsuem

BHEU ] -

: (esnem - eoKp )125 +

=d (20)

m(p ) A "G eonn

Anst HaxoxAeHust O, mpeoGpasyem dopmyay (20):

AP} -[1+a-0
P

Bﬂem] -

d,, -m- 00749 -
= VT = : (esﬂem - eoxp )1'25 +

g, Gyl ~TE))—d,

+d

np

p 'As 'qccvm N (21)

HYTeM HECAOXXHBIX npeo6pa3OBaHHﬁ IIOAYYUM:



4fd

9 _g )5 np
( BHEW oKp) - 0’0749 x
APO, ) [1 +a- eEHelU] _
TDK i
e, Gl ~Ta) | . (22)
+ A Qe

Omnpepearm O . AASL OTOTO IPUBEAEM YpaBHEHHe
K TIePBOU CTeIeHU U IepeHeceM ew B IIPaBYIO 4YacCThb

YpaBHEHUS:
eBHEHl = 90Kp +
APO,'[1+0‘.emdem]_ v
d
np
T \/ ColTlun — TS+ || (23)
- 0,0749 P P
+ AS . qCCVlll

[TpoBepeM aHaNOTWUYHBIE NPEOOpPa30BaHUSI U AAS
HaXOKAEHUSI AAUTEABHO AOTYCTUMOTO TOKa. IloacTaB-
AseM ypaBHeHUs (0) B ypaBHeHue (20):

2 R, ~[1+a~9,lp.gon]=
n-0,0749 p 1,25
_ dnp M TOKP ( BHew.gon oxp) + . (24)
+n- €y C (Tﬂtlelu gon oxp) A "o

Paspenum ypaBuenue Ha R, [1 +a - enp_gmj U TIpUBe-
AEM AeBYIO YaCTh YPaBHEHUsl K [IePBOU CTENeHMU:

0019 [P oy
dnp M TOKP ( e eDKp) ’
I _ + T e, C ( Biemgon - Toip )_ AS "Deomn (25)
gon RO ) l_l +a- enp.g(mJ .

[MoayuenHble ypaBHeHusA (16, 23), a Takke (18, 25)
WUCIOAB3YEM AAS HAXOXKAEHHS COOTBETCTBEHHO 6
u Igm1 HUTEePanOHHBIM CIIOCOOOM.

1

BHEW

okl =9 4+ ——x
e aBblIl . TE
APy - [1 vo-0ll,]
x d,, , (26)
T -C ( 134116111 Toip ) + As G conn
ol —g 4
BrEWw oKp
0,8
AP -[t+a 0% ]

d,,

4\/ dnp Toxp ( 4 4 ) ' (27)
YT '—TE'SH' EHEm_TGKp
n-0,0749 p

+ A Goo

aBblH : Tc(em{em.gon - em(p ) +

d
np 4
- C ( BHEW. gon

I[}Hl] axp) A qCOAH , (28)

oo " Rlira6

np.gonJ

[k+1] _

Igun

-0,0749 p

Tci Y '(emﬂzem‘gon - 901([7 )125 +
d,| T
4 4
_ tm-g, - C (Tmlew gon UKP)_ AS "o (29)
R, - [1 +a- an‘gon]

rae k — HoMmep uTepanuy; eBHeul.gDn = Ynpgon ~
_ I;OH[k] R,-S, - [l+a- 9 — IPEAEABHO AOIYCTH-

Mast TeMnepaTypa BHEIITHOH IIOBEPXHOCTH IIPOBOAQ, °C.
[MoTepu 3AEKTPUYECKOM SHEPIUM OIPEAEATIOTCS
MEeTOAOM CPeAHHUX Harpys3ok [21]:

AW = AP, -k, -k, - k3 -t, (30)

rae k, — roadduimeHT norepb B apmarype; k, — Ko-
adunrenT pazanuusg rpaduKoOB aKTUBHOM U PEaKTUB-
HOU MOIHOCTH; Kk, — Koo dunuent Gpopmel rpaduka
CyMMapHOM HAarpyskH; [ — HIPOAOAKUTEABHOCTh HH-
TepBaaa, .

CoraacHo IpeACTaBAeHHBIM popMyAaM, paspaboTa-
HBI ¥ 3apPEruCTPUPOBAHEI IIPOrpaMMBI pacdeTa [22, 23].
AATOPUTM IIpOTPaMMEI [23] IpeACcTaBAeH Ha puc. 4 —0.
B macTosimiee BpeMsi MPOXOAUT PEruCTpaIiys IporpaMm-
MBI Ha $I3BIKe IIPOrpaMMUpPOBaHUs Java, 0OBbeAUHSIO-
1Ie¥ IporpaMMEl, IPpeACTaBA€HHEBIe B [22, 23].

IIpumep pacuera. [IpousBepeM npuMep pacuera
TeMIlepaTyphl IIPOBOAA U IIOTePh aKTUBHOM MOIIHO-
ctu B 1poBope ACCR-405-T16 B cAydae BBIHY KAEHHOU
KOHBEKITUH.

HcxopHBIE AaHHBIE:

6, = —20 °C; R, = 1369:107* Om/m; P =
—100 000 I'Ta; V =1 M/c; k, = 1, o = 0,0043 1/°C;

BrinyskieHHas KOHBEKIHMSA: I0TYCTHMBIH TOK M TIOTEPH SHEPIHH

— oK B oKkHe I, A;
— HOTOHHOE CONPOTHBICHHE KB T,y OM/M;
— PAIMC KMJTBL T, 1 PAHYC POBOJA T, M;
TEIUIONPOBOAHOCTL M3onsimy A, B/(M-K);
Hauaso — TeMtepaTypHBI KoO(OIMEHT AKTHBHOTO CONpOTHBIEIHHS , 1/°C;
~ Temeparypa okpyatouieii cpeas O, , °C
A J —armocd nasnenue P, [a;
Baox
~ K03, HEPHOTHI I0BEPXHOCTH NPOBOAA €,;
MCXOJIHBIX ~ A=======r) A
~ ToTY K b JUIS 1
JIAHHBIX 2 ¢
~ koopprmment sarercnrocTn k 3
~ YOIl MKy OCBIO IIPOBO/IA M HANIPABICHHEM COMHEUHBIX Jy4ei ¢
~ TOTHOCTH HpAMOl Comteuol panattin q, , BT/
— IIOTHOCTE paccesiHOfi conneunoii pamaunn q, ., Br/v’;
— A MHARL, M.
— cKOpOCTH BeTpa v, M/C.
Kodmiment yria araxn serpa, k|
e =K Qg upSIN @+ G poce { ~ TOrOHHAS MOWHOCTH COHEYHOrO HanyyeHns, Br/m
_ TMOTepH aKTHBHOI MOIIHOCTH, PACCUNTAHHELE 110
AP=T'r, CONPOTHRICHIIO. MPHBEICHROMY K 0 °C. BT/AL
vy
1 r:
S,=5—5—In— — TeruoBoe conporusienue n3onsuum, M-K/Br
24,
vy
AP AP,  TOTepH AKTHBHO MOIIHOCTH TPH YCTOBHIL WO
= T—cAP S “TeMIepaTypa HOBEPXHOCTH OB paeHa 0 °C. Br/x
vy
d,=2r;
=0,,+273,15;

Top=Oux

C,=5,67-10"%,0,,.,=60

Y
0,044-k-(P-v)"*
auw: 0.4
(d5Tes)

.| —swBop pacuera: 1 - pacuer revmeparypt npososa;
2 PACHET JUIMTEIBHO 10Ty CTHMOTO TOKA

Puc. 4. Axropurm pacyera (dacts 1)
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[ Toww=05, 27305 ]

IR
non_ l}mu
161]

AAAAA

<0,00001

K 1]
[

Qoo = kam-qsynp-sin(ps + T, e — 0,7-500-sin(45) +

+ 7100 = 561,487 Br/m, (32)

AP = IR, = 1370%1,236-10~* = 232,007 Br/m, (33)

d
s, - 1 n 2w :i.ln 00201 _ 0MK/Br, (34)
2mh.  d, 2n 00201
A —— AR
1-o-AP,-S,.
232,007

= = 232007Bt/™M, (39)
1-0,0043 - 232,007 -0

T, =6, + 27315 = 253,15K, (36)
0,6
thlH = 0'044 kv (P V)0,4 =
OKp : dnp

1- (100000 - 1)*°

(25315 - 0,020 1)0,4 = 22952 BT/(MZ.K). (37)

= 0,044

[Nepsoe nmpubamxenune 0, W = 60 °C.
Hurna 1:

=0 K + 27315 =

BHEW BH
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(o]

H

=60 + 273,15 = 333,15 K, (38)
Puc. 5. AAxropur™ pacdera (dacts 2)
Ol = 0,,, + ——x
i aBblH : TE
AP, i+ o 0% ]
x d,, =
- T 8n : CO( Biew - Toip)+ As ! qcozm
= L] Beisox IE:{,
=60 + - X
22952 -1
AP=AP,(1+¢©,,)1:10”
232,007 - [1 + 0,0043 - 60]
Beison: X 010201 =
A — - 0,6-C,(33315% — 253,15*)+ 0,6 - 561,487
=173983°C . (39)
1 2
2 Pacuer AW; l :1:03¢¢uuucm::Z:z:;af[::”y'}:;kl TTposepka |emw[k+11 -0, | = 173,983 — 60 =
Beonk,, k, ky, t #eeneeaens PuQk, ) 113,392 > 0,001
I ks £ el Lluxa 2:
AW=AP-k, kKt Twem = 447133 K: eBﬂem[kH] = 211,495 °C:
b, =6 W =37511>0,001.
Hurna 3:
T, .. = 484645K;60, K+ = 214802 °C;
Puc. 6. AAropur™ pacuyera (dacts 3)
|GBHM“‘+‘1 — Gmw["1| = 3,307 > 0,001.
_— 0,0201 w; 9., = 500 Bt/™m?%; Dy poce = 100 Bt/m?% Llura 4:
k, = 0,7 0, =45%¢ = 0,6; As = 0,6; I = 1370 A.
VcnoAb3ys IPUBEACHHBIE BHIIIE YPaBHEHUS: T, .. = 487952K;60, K+ = 214825°C;
__ Ry 6,51 —6,..W = 0023 >0,001.
* 14+0a-25
104 Llukna 5:
1369107 _ 1,236 107 Om/M (31)

T 1+0,0043-25



T, = 487,975 K; 6, [i= 214,825 °C;

BHEW

lo e — eanem[kll = 4-107°9< 0,001.

BHe!

_ emlem + APO ) Suz _

0,
’ 1 - A})f ! SUQ
214825+ 232,007 - 0
1-0,0043 - 232,007 - 0

= 214825 °C, (40)

AP =ARl+a-0,,] =
= 232,007 - [1+0,0043 - 214,825] =

= 446,322 Bt/M. (41)

AOCTOBEPHOCTb BBIUMCAEHUU C HCIOAB30BAHUEM
IpOrpaMMHOro Kommaekca [22, 23] u cranpapra OAO
«®OCK E3C» [15] npeacraBaeHa B [20, c. 141]. Aocro-
BEPHOCTL pacyeToB OBbIA@ TaK)Ke IOATBepsKAeHa [24,
25] B pe3yAbTaTe CpaBHEHUs C BBIYMCAEHUSIMU, OCHO-
BanHbIMU Ha cTraHpapTax CIGRE 207, IEEE 738.

PesyabTaThl npuMeHeHHs pa3paOOTaHHBEIX IIPO-
rpaMM TPEACTaBAEHBl Ha puc. 7, 8 IpHM yKa3aHHBIX
BBIIIE YCAOBUSX.

3axkaroyeHne. [ToayueHBl ypaBHEHUS AAS HaXOJKAe-
HUSI AAUTEABHO AOIIYCTUMBIX TOKOB M IIOTePb aKTUBHOMN
MOIIHOCTHA IIPOBOAOB BOB3AYIIHBIX AWHHM, OTAMYAIO-
IIUXCST OT M3BECTHBLIX TEM, YTO OHH ITO3BOASIOT C €AU-
HBIX MO3UIUHA TTPOBOAUTH PAacUeThl HEM30ANPOBAHHBIX
U U30AMPOBAHHBIX IPOBOAOB B YCAOBUSAX €CTECTBEHHOMU
U BBIHY>KA€HHOW KOHBEKIIMHU IIPU ydueTe TeMIlepaTyphl
TOKOIIPOBOAAIINX JKUA M TeMIlepaTyphbl OBEPXHOCTHU
NIPOBOAA. BHeaApeHMe MOAYyUeHHBIX pe3yALTaTOB B IIPO-
eKTHYIO PACUeTHYIO U JKCIAYATAlMOHHYIO NPAKTUKY
BOBAYIIHBIX AWHUH OAEKTPOIHEPTETUYECKUX CHUCTEM
obeclnleurBaeT paclIMpeHUe BO3MOJKHOCTEN IO pas-
paboTKe Mep Ha MOBBIIIeHHe KauecTBa OOOCHOBAHUSA

1500
1426

1400

Lnom, 1309

1200

1100

50 40 30 20 10 0 -10 -20 -30 -40 -50

em(p, °C
Puc. 7. AAUTEABHO AONYCTHMBII TOK nmpoBoAa ACCR-405-T16

500

435

400

300
APt,

kB1/xMm -

100

0 200 400 600 800 1000 1200 1400
LA

Puc. 8. ITorepu akTuBHO¥M MouHOCTH nMpoBoAa ACCR-405-T16

HOPMaTUBOB U BEIOOpA MEPONPUSATUN IO YMeHBIIeHUIO
IIOTephb, HAa YMeHbIIIeHNe 3aTpaT Ha TPAHCIOPTUPOBKY
SAEKTPUYECKOM 3HEPTUH 3a CUeT YMeHBIIIeHHs 0Teph,
Ha MOAEPHHU3ALMIO CYLIECTBYIOLIUX IIPOrPAMMHBIX
CPEACTB IIO pacyeTy IOTePh 3AEKTPUUYECKON 3HEePIruu
C MeHBIINM, 4YeM paHee KOAMYECTBOM AOIYIIEHUN,
Ha MOBHIIIEHNU 3(M(MEKTUBHOCTA BHEAPEHUs HOBBIX
TUIIOB IIPOBOAOB.

AOCTOBEPHOCTb BBIUMCAEHUN II0 pa3paboTaHHBIM
IporpaMMaM IIOATBEPJKAQETCS CPaBHEHHEM CO CTaH-
papramu CIGRE 207 u IEEE 738.
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THE ANALYSIS OF CONTINUOUS
ADMISSIBLE CURRENTS AND ACTIVE
POWER LOSSES IN OVERHEAD
POWER LINES TAKING

INTO ACCOUNT CLIMATIC FACTORS

Formulas for calculating continuous admissible currents and active power losses
for overhead power transmission lines under conditions of natural and forced
convection for insulated and non-insulated conductors are presented. The correct
determination of maximum current loads plays an important role in the efficient
use of the load capacity of power transmission lines, and the refinement of the
calculation of active power losses is the basis for increasing the efficiency of energy
transmission. The results obtained can be used in the selection of measures aimed at
increasing the capacity of overhead lines and reducing energy losses.

Keywords: overhead power lines, wire temperature, heat balance equation, active
power losses, temperature dependence of resistance, continuous admissible current.
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