1 PARAMETRE ELEKTRICKYCH ZARIADENI
Priklad 1.1
Vypocitajte parametre zariadenéasti elektrizanej suUstavy pdéh obr. 1.1
v pomernych hodnotach, ak,=100 MVA aU,, =400 kV. Zostavte nahradné schémy
v suslednej, spatnej a néinej zloZkovej sustave.

Zadané parametre:
Gl =G2: S, =200 MVA, U, = 15,75 KV Xq9 = 195 %,

G3: S, =100 MVA, U, = 10,5 kV,Xq0, = 180 %,
T1: S, =450 MVA, p = (415/16/16) kV k12 = 16 %,Uk13 = 15 %,Uk3 = 17 %,
APy = 700 kW,APk13 =750 kW,Aszg =720 kW,io =6 %,Apo =1,2 %,
T2: S, =400 MVA, p = (420/120) kV ux = 13 %,APx = 700 kW,ip = 5,5 %,
Apo =1,2 %,
T3: S, =120 MVA, p = (115/11) kV ux = 15 %,APy = 360 kW,ip = 4,5 %,
Apo =14 %,
v1: Z,=0,298° QRm*, | = 120 km,
v2: Z,=0,48"70Rm™, | = 35 km,
v3: Z;=0,428°* QRm™, | = 55 km,
ol: S=40 MVA, cosp = 0,92, induktivny charakter taZe,
02: P =25 MW, cosp = 0,95, induktivny charakter gaZe.
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Obr. 1.1 Zapojeniéésti elektrizanej sustavy

RieSenie:
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Nahradnéd schéma v spétnej zloZkovej sustave jadstate zapojenim identickd ako
suslednd, v spatnej sa vSak neuplgt zdroje napatia (nekreslia sa zdroje). Spatséasa sa
odliSuje od suslednej hodnotami impedancii, respktancii téivych strojov, t.j. generatorov
G1, G2, a G3. Nahradné schémy v suslednej &inejozloZzkovej sustave su na obr.1.2
a obr.1.3.



e

Zo01

Obr.1.3 Nahradna schéma pre getd zlozkovu sustavu



2 PARAMETRE VONKAJSICH VEDENI

Priklad 2.1

Vypocitajte parametre elektrického vedenia o napatikMQ,, Z; ,Gi, Cy, Co, Ciz, Y1

pod’a obr. 2.1 s fazovymi vod&tini AlFe6 s parametrami:

- priemer lana = 19103 m

- koeficienté = 0,809

- jednotkova rezistancia lafg = 0,156QEmM™

- maximalny priehyb fazovych vo&v frax= 7,5 m

- ¢inné straty v priégnej vetveAPyigne = 100 WEm™
Pri vypaite kapacit uvazujte vplyv uzéimvacieho lana.

Parametre uzenovacieho lana AlFe6:
- priemer lana = 16103 m
- maximalny priehyb fazovych voghv frax= 7,5 m

| '.'.,I

151 m

|
RieSenie:
Vz4jomné vzdialenosti fdzovych véov:
D, =+(25+ 26)* +(167- 1517 = 5345m
D,, =/(26+34) +(151+135) = 621m
D, =+/(34- 257 +(167-135) = 3324m
D =3/D,, (D,, D,, =3/ 534562116324 = 4796m
Indukénog’ vodica na jednotku idky:
3/D,, D, D
L, =200"OnY—2—2—2=2010"n 4’_7396 =1287010°H [km™
rtf 950107 0809



Impedancia vodia na jednotku iiky:
Z, =R + j [, = 0156+ j (128710 = 0433/ Qkm™

VySka vodtov nad zemou:
hl = Hl _g |j:max = 1617_§ D7,5= 11,7 m

h,=H, —%Dfmax :15,1—§D7,5=10,1m

h3 = H3 _gmfmax =1315_§EV15: 85m

h=3/h, Oh, th, =3/117 101085 = 1005m

Vlastny potencialovy koeficient:

p=18010° n 2" =1800° o1 212015

=137,7700° km[F*
r 9500

Vzdialenosti vodiov a zrkadlovych obrazov:

D,, =+/(25+ 26)* +(117 +101) = 22389m

D,, =+(26+ 34) +(101+ 85)° = 19544m

D, =+/(34-25)° + (117 +85)° = 2022m

D' =3/D,, (D, (D, =3/ 2238902219544 = 20683m

Vzajomny potencialovy koeficient, vypitany metdédou zrkadlenia:

p,, =18010° (n 2 =1810° (n2X%3= 2630710° km (F*
D 4796

Vyska uzemovacieho lana nad zemou:

h,=H, —%Dfmax = 21,2—§D7,5=162m

Vzdialenosti fazovych vodov a uzemovacieho lana:
D, =+ 25 +(162-117) = 5148m

D,, =1/ 26% +(162-101) = 6631m

D,, =342 +(162-85) = 8417m

Vzdialenosti fazovych vodov a obrazu uzefovacieho lana:
D, =+ 25 +(162+117f = 2801m

D, =+ 26 +(162+101 = 2643m

D, =134 +(162+85) = 2493m




Potencialovy koeficient uzetmvacieho lana:

P, =18010° [ﬂnZ[—hZ' =1810° [ﬂn% =14952[10° km[F™

r

zl

Vz4jomny potenciélovy koeficient fazovy v@di uzeniiovacie lano:
Dlzl’ DDZZI’ |:IDSZI’

= 249810° km [F™*

P, , =18010° Dm\/

1zl 2z| 3zl

Koeficientps — vplyv uzeniiovacieho lana:
) ZL 02, _1{249800°f

= 5 = 417300° km[F*
pzl,zl + (ZL _1) |:pzll,zIZ 14952 ELO + O

Kapacita vodia na jednotku idky:
1 1
C. =

_ i o
(p=n)-(p.=p.) @377 26307 acF ~ oo/ 20" FHkm

Kapacita vodia vai zemi:
C.= 1 = 1
° (p-p.)+2p, - p.) (13777- 4173 +20{26307- 4173)10°

=562010° Flkm™

Vzajomna kapacita medzi vahi:
C,, =C,[C,{p, - p,)= 897M0° [562M00° [[26307- 4173 110° = 1116010° Fkm™

Zvod vodta:
AI:)priecne _ 100

VI f1000°)

= 826107° Skm™

Admitancia vodia na jednotku kiky:
Y, =G, + [T, = 826[10° + j [wBI7[10° = 22810° [&/®%*° Skm™



Priklad 2.2

Vypocitajte parametre elektrického vedenia o napatilkd0Q,, Z; ,Gi, Cy, Co, Ciz, Y1
pod’a obr. 2.2 s fazovymi vo&ini AlFe6, usporiadané v trojzvazku, s parametrami:
priemer lanal = 29,6310 m
koeficienté = 0,8177

- jednotkové rezistancia laf = 0,0645Qkm™

- zvazkovy kroka=0,4 m

- maximalny priehyb fazovych vothv frax =9 m

- &inné straty v prignej vetveAPpyigne = 300 WRm™
Pri vypaite kapacit zanedbajte vplyv uzgovacich lan.
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Obr. 2.2 Stoziar 400 kV vedenia — typ portal
RieSenie:

Vzajomné vzdialenosti fazovych védv:
D,=D,;=12m
D;=24m

Geometricka vzdialends/odi¢ov:
D =3/D,, D,,[D,, =¥1201224 = 1512m

Nahradny polomer zvazku:
-3
r, =4ni p" = i/g P00 023t = or33m
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Kde: polomer kruznice trojzvazko

p=—2 _= O'4n= 0231m
2[$in— 2[38Iin—
n 3

Indukénog’ vodi¢a na jednotku ldky:

3/D,, D,, D 3
L =200*0n Y2 "2 "5 =210“[n 12012124 . 0,9596(10 °H [km™
r, B/& 01333/08177

Impedancia vodia na jednotku kiky:
— Ri ; _ 0,0645 . -3 _ jB485 -1
Z, =2+l = 3 + j [0[D,959610° = 0302[&" ™ Q[km
n

VySka vodEov nad zemou:

h=h=h=H —gﬂmax=18—§[9:12m

h=3/h Oh, th, =¥120202=12m

Vlastny potencialovy koeficient:

p=18010° El]nz—[h =1810° [ﬂn%= 9352010° km[F*

zv

Vzajomny potencialovy koeficient, vypitany zjednoduSenou metodou:

2 2
p,, =18010° Eﬂn—MI;D =1801C° [in VMZ;SES;LZZ = 1132010° km [F

Kapacita vodia na jednotku idku:

1 1
C = = =121710° Flkm™
' p-p, (9352-1132)01CF° =

Kapacita vodia vai zemi:
C, = 1 . ! = 861M10° Flkm™
p+20p, (9352+2M132)010°

Vzajomna kapacita medzi vahi:
C, =C,[C,[p,=1217007°[86110°[113210° = 118610° Fkm™

Zvod vodta:
G1 — AI::;)riecne _ 300

U?  (s0000°f

= 18750107 Stkm™

Admitancia vodia na jednotku iiky:
Y, =G, + j [wIC, = 18750107 + j wA217010° = 382310° [&/®*" Skm™
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3 PARAMETRE KABLOVYCH VEDENI
Priklad 3.1

Vypotitajte vékost strat zvodom na vedeni o napati 220 kVizke | = 100 km.
Izolagny odpor vedeni& = 6 MQERm ™,
Straty na 1 km kkky vedenia:

2 2
P, =3W,0,,=3U, f:U—Z=(220L.3)=8066667Wka’1

zvod —

Straty na celejidke vedenia = 100 km:
P, =P, 1 =8066667100=806667 kW

Priklad 3.2

Vypogitajte Cy, Ly, X, I, I, APg, G kébla: 10 — AYKCY 3x 150 mnf, ak st zname
parametret; = 4,5 mmyt, = 0,5 mm{z = 3,6 mmg, = 4, tgo = 101072

Cu plast’

izolacia

plast

S=lt? = r=\/§:1{@:6,91mm
T T

a=20+20 =2[691+2[45= 2282mm
a 2282

=2 -2
- ° cos(30°) cos(30°

onvlo

cod30’)= j= LaL75mm

R=b+r +t,, +t, = 13175+ 691+ 45+ 05= 25085mm

12



2 _ 2 2 2
s=— L gogR b>_ 1 g 2385 ~ 13175
002422, RE 002424 25085691
2 2 2 2
(R DT e
= [og R) - [og e 085/ _ 1101km F
0,0242%, 3 0024204 3
1 1
Cl = =
5-J 433641101
c- 1 1
J+20F 43364+ 21101
C'=C,[C[# =0,3091D15291101= 0052uF [km™
2282
691
X, = wl = 207(f (L = 207(50(D,288710°° = 0,0907Q km™

= 4,3364uF

= 0,3091uF km™

= 01529uF (km™

L, = 0460og2 + 005= 046(log + 005=0,2887mH Ckm™
r

tgé’z:—G = lc=1.[tgd

C

G=—=-6= = w[C, [ig 0 = 27(50(0,309110° 1010 = 971110°° SCkm™
R Uf Uf Uf

l. =w[C, U, =20760[0,309110° D@ = 0,5606A (km™

NE

|, =1 g J=0560610102 = 0,0561A [km™

AP, =U, O, = 1000 1 5561= 323893W km

NE

Priklad 3.3

Vypocitajte parametre 3 — Zilového kabla s Al s, ktorého rozmery su:
vodi¢ Al 300 mnf
hrubka izolacie: tp = 3,75 mm

S=lt? = r:\E:J@: 9772mm
JT Vi

a=20+200 =2[B772+2[B75= 27044mm
a 27044

): 15614mm

&
&

= 2 .- 2
- ° 005(30") cos(30°

oNvlo

005(30" ) =
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R=b+r+t = 29136 mm
2 _ 2 -
_ 1 llog R -b" _ 1 llog 29134 - 15614
0,0242L¢, RO 00242042 2913400772

2 2 2 2
1+(Rj +(bj 1+(29134j +(15514j
_ 1 T b R) _ 1 log 15614 29134
0,0242[%, 3 0,024204,2 3
c- 1 _ 1
Y 5-9 32208-0,9902
c- 1 _ 1
0+2[ 32208+2[0,9902
C'=C, [C ¥ =0,4483D]1920,9902= 0082uFkm™

L, = 04600og2 + 005= 046(log 2977944
r

=3,2208km [uF*

=0,9902km uF™*

= 0,4483uF km™

= 0192uFkm™

+ 005=0,2534mH km™

X, =wlL =207 [L = 2 7%0[0,253410° = 0,0796Q [km™
Priklad 3.4

VypogitajteL, C; jednoZilového kabla s parametra®iz 240 mni, hribka izolacie
t=20 mmg = 3,4.

Iovovy plast

S=lt? = r:\/E:W/E):S,Mmm
T T

R=r+t=874+20= 2874mm

2874 + 005=0,2878mH km™

L, = 0460og~ + 005= 046(log
r

X, =wlL =2070F (L = 90411107 = 0,0904Q [km™
_ 00242k, _ 0,0242(B4 _

-1
o of 10g 2 0159uF (km
r 874
-2 —2
L, = HA0TEE | o5 MILOTEBA | 455 62874mH km ™
C, 0159

14



Priklad 3.5

VypogitajteLs, C; 3-Zilového kébla s parametrarBi= 300 mmi, ¢ = 4,2,t; = 4 mm,
t, = 2 mm, prfom kazda Zila ma kovovy plas

S=rlt? = r:\/E:W/@:&??mm
T T

R=r+t,=977+4=1377mm

R 1377
= 0460og— + 005= 04600
L g r g 9,77

+005= 0118mH km™

_00242¢, _ 00242042
a a 1377
977

C,

= 0682uF (km™

R
log— log
r

15



4 DLHE VEDENIA
Priklad 4.1

Vedenie 400 kV f¥ky | = 150 km mé nasledovné parametre:
Z,=03@* Qkm™, Y, =380107° &% Skm™.

Vypocitajte:
komplexny koeficient Sirenialw y;
vinovl impedanciy,
prirodzeny vykon vedeni§,,
Pomocou telegrafnych rovnimmogénneho vedeniaypccitajte:
hodnoty napati&)i;, prudul ; a vykonuS; na z&iatku vedenia,
celkoveé vykonové stratS.,
Ubytok napéatia\U.
Pomocou nadhradnéhid-¢lanku vypditajte:
hodnoty napati&);, prudul; a vykonuS; na z&iatku vedenia,
celkové straty\S;, pozdzne straty\Spozdizne Priecne straty\Spriecne a kapacitny
nabijaci vykorQc.
Ubytok napéatia\U.
Ak na konci vedenia je napati¢,. =230[&'° kV a odoberany vykon je induktivneho
charakteruP, =600MW a cosgp, = 095.

RieSenie:
y = JZ, Y, =+ 03[* [BE10® [@/* =10677010° [&/*° radlkm™
j85 o
Z,= Lo O3e 28097577 Q
\Y, | 3800°@®

¢ U?__(s0000°f

= — =56944[&'" MVA
Z, 2809757@'*

Rovnice homogénneho vedenia:
Uy =U, [eost(y @)+ 1, [Z, [Sinh(y )

I, =1, GosHy m)+% [Sinh{y )

0

Najskdr musime vypitat’ prad na konci vedenia:
Pz @—i@z 6OOD-06 ®—1ﬂ81949

=2 =% _ 035 = 9153318% 179 A
3W,  3W; 3230010 @ "

RieSenie pomocou homogénneho vedenia:
U,, = 230110 @™ Etosl‘(10677|10'3 -l m50)+ 9153318@ ¥ [2809757(e ** Binh(10677ﬂ0'3 (&% EL50)

U, = 246170/ kv

16



23010° @'®

W E|nh(1,0677|__10_3 @j 865 D.SO)

|, =9153318& /789 m:osr(10677ﬂ0‘3 [@/%° EIL50)+

|, =8764461& ™% A

S =30, [ll* = 3[24617010° (&35 [8764461&/287% = 64727[@297%° MVA

AS.=5,-5,=5 - P it = 647270100 @17 _ 60000 1 inases
cosg, 095

AS, = 16974&/"%% MVA
AU =U, —-U, =24617&'™% - 230" = 40294[&'7®¥kV
RieSenie pomocou nahradnéhdlanku II:
Uy ] [A B [U,
I, | |c D|]1,
Prenosové konsStanty:
y = JZ, Y, =+ 03[@* [BE10® [@/* =10677010° @/*° radlkm™

Zy _,. 03 [@'% 150(88M0° &% 150
2

A=D=1+ 1 =0,9873[&/ 0"

B =2 =03[@'%* [150=45&'%

- i85’ 6 )88 _ ]
cC=Y [€1+ ij =3810° &/ EL50[E1+ 0ste ﬂ50[3f 10°(e ﬂ‘:’oj = 5,66370107* [& %!

U,=A, +B0O,
U, =098732/°°7 (23010° @'° +45[&/® 9153318% 9% = 246282/ kv

|, =CU,, +D0,
|, =5663700" &% 230010° [@'° + 09873/ [9153318%& /*#
|, =8764271& 7P A

S, =3, O, =3[2462810° [&/™"® [8764271&"™***" = 64754&""%* MVA

AS.=5-S5,=§ - B i - gaz5an1cf e _ 8000 - jamses
cosp, 095

AS, = 17434&'7%°% MVA

AU =U,; —U, =24628[&"%*" - 230[e"” = 40466 'KV

17



As | L3MU?_ 30{40466010°f

ozdizne — * p— :108,24@“850 MVA
pozd z 03[ 1™ 1150

priecne —

AS, = % v B2 +3mwz)= % (B8O &/ E:L50E[BE(24628E103)2 - 3[6230&03)2]

AS = 97088& % MVA

priecne —

Q, =Im(AS,....) = 97029MVAr

priecne)

18



Priklad 4.2

Vedenim 400 kV sa ma dodavaykon 500 MW s dinnikom cosg = 0,95. Utte
presnym rieSenim napatie a prud, vykortiamik na zdiatku vedenia, ak predpokladame na
konci vedenia napatid, = 400 kV.

R, = 0,0293QKm* C, = 12,25 nfkm™ L; = 0,9645 mHkm™
X1 = 0,303QKm™ G =0 | = 400 km

U, =AU, +B0, U, =U, [GosHy )+ |, (7, inh(y )

,=CU,+D0, Il=%&inh(ytl])+lzﬁzosi(ytl])

0

; = |Z - [R+ilwl, _ [00293+[2r(500,964510° _ | 03044@'*" _
VY, |G+, 0+ j RB0MA225M107° 384850107 [&/%°

Z,=2812397& %" Q

y=yZ, 1Y, =R+ | L,)[{G, + | IT,) =/(0,0293+ | 27 (50M,964510° ) {j 277 B0122510°) =
y =/-1166110° + | [0,112810° = V1171500° (@747 =1082310° (& ¥'%* radkm

y =B+ ) =52153110° + j (108110 radkm™
y 0 =(0,0209+ j [D,4324rad a [ = 0,4324rad= 247747

cosHj [r ) = cogar ) sinh(j (r ) = j $in(a 0)

sinh{y ) =sinh(B 01+ j (& ) =

= sinh(8 ) [@osH j [ () + cosH,8 ) in(j [ ) =

=sinh(B ) [coda )+ j [@osHA ) Bin(a ) =

= 5inh(0,0209 0247747 ) + | [£0sH0,0209 Bin(247747 ) =
=0,01898+ j [0,4191= 0,4195(&!""47

cosHy ) =cosHA M+ j Lar ) =

= cosHB ) eosH j Lar ) +sinh(B ) $inh(j [&r 1) =

= cosH B ) oda M)+ j Binh(B 1) Bin(a ) =

= cosH{0,0209) ©0g24,7747 )+ | [3inh0,0209 (247747 ) =
=0,9082+ j [0,00876= 09082/ %

P 500010°

= 2 = =7596714& %% A
V3, [Gosp, /30000 (095

2
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Uy =Uy E\'OSF(?’ D])"' l,[Z, E‘Binh(y [[]) =
_ 400010°
NG

= 0,20973910° (@5 + 89,626 11107 [@/55*Z =

= 20973010° + j [202400° + 35821510° + j (B215631C° =
= 2455515010° + j [B4180310° = 259582 %% kv

|:(D’9082|}j[0553 + 759,67144}_]&8’195 [2812397&_] 21T m’4195|}j|]37,407’ -

U, = 40000°

J3
U, =25958kV (9= 18923)
U,, =3[, =4496057kV

= 23094 kV

|, =1, [&osHy Eﬂ)+%@inh(y )=

0

40010
J3@2812397@ 127"

=6899335& % +3444726[2'°"" =6564208+ j [1353739=6702346[&'"1%% A
=  a=11,652° ¢=9—a=18923°-11,652°= 7,27°

= 7596714 "% [0,9082(e' " + [0,4195@) 37407 =

P =43, O, [Cosp, =517,7422MW
Priklad 4.3
Je dané 400 kV vedenie nasledovnych parameRow:0,G; = 0,L; = 0,95 mHkm ™,

Ci =12 nfm™, | = 400 km. Vyp@itajte U, al, pri chode naprazdno za predpokladu, Ze
Ui, =420 kV.

U1=A|]J2+B|:|2 = U2:
|,=ClU,+D0, = I,=CU,

y=Z, 1Y, = (R +j L, )G, +  IT,) = j /L, [T,

y=p+]la

a = wi/L, [T, = 207505/(095107° [200){12[10°° [200) = 1,060710°° radrkm™
a 1'=1,0607(10°° [#00= 0,42429rad
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A= cosHy ) = cosH j (& 1) = coda ) = cog0,42429 = 091133

095107
= [=2 =28136Q
\/ \/ \/ 1210° 13
. j . . 3
. =CWU = C=—E1;|n I)=—————[3inl0,42429 = 46310
1 2 7 f‘(y ) 28136 ( 9 J [

0

460865(10°

|,=C U, =j146310° GT j [0,3893kA I, — kapacitny prad
Qu = l\% 1, = 9439 MVATr Q. =U,, 0, =/3[#200D,3893= 28318 MVAr
Priklad 4.4

Vedenim 220 kV, fEky 100 km je zasobovany odbetatevykonomP, = 100 MW,
cos¢@, = 0,85 ind. Vypeitajte vykon P; na zd&iatku vedenia, ak sU zname parametre:
Z,=0,085 +0,43QEm™, Y, =j2,68510° SKm™.

Pouzite nahradny , T¢lanok.

o e B L T o <
Zg 1 %4
U
1 - u Uz
U,=AU,+B0,
|,=CU,+D0,
A=D=1+ ZZ[Y B:Z[€1+ ZH) c=Y

Z =7, =(0085+ j (043)[100= 85+ j 3= 438327 Q
Y =Y, = j [(268510° [100= j [(2685[10* S= 268510 [&'*° S
[Y =(85+ j (#3)[] (12685[10 = —0,011546+ j [D,002286

- P, ___100010°
> J3W,Gosp, ~/3[220010°[DB5
cosp, = 085 = ¢, =arcco$085) = 3179
l,, =1, [Eosp, = 308743(D85= 2624319A
|, =1, Bing, = 30874300527 = - j [1626405A
, = 2624319~ | [1626405A

=308743& B9 A
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A=D=1+ ZZ[Y -14L 0’011546;‘ (0002289 _ ) 964227+ | 0,001143= 09942278 ™

B=27 [ﬁ“ z 45/) _ 43p3p™ [ﬁ e 0011546 Eo,00228e)j T

U, = AU, + B0, =0994227&/°%%° 2000’ + 43704078 [BO8743@ 1BV =

V3
=126283810° [&/°%¢ + 13493M10° [@'“7%% =
=1262837 + j 145468+ 9198759+ | [9871367=13548246+ j (1001684 =

=1358523[&'*** v
U, =1358523[&/** Vv 9 =423

C=Y = j 268510
|,=CU,+D0, = 268510 [&* 2000, 0,994227&/™°*° [308743& ™" =

NE

= 34104@*° +306961[& '®"% = | [134104+ 2611095 j 1613904=
= 2611095~ j 127286=290482[&1%>"° A

¢, =(U,)-(1,) = 423 - (- 2579 )= 3002
P, =3[, [, [tosg, = 3[135852290482[¢0g 3002 )=102506 MW
A, = R.=P, 9o 102506-100

R 102506

(100= 245%

alebo inym sp6sobom:

A
L Z4 > I,
| I
—_— I —_—
Ul AT A U:
Y Li]

o .- O

|, =262432- j[162639=308743 """ A
Z _85+](43

Z =85+ j[43Q
2 2

= 425+ j[R15= 21916[&/"%#¢ Q
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Y = | (268510* S

AU =1, % =308743@ ®'"7 (R1916[@'7*#'® = 67664117 V

AU’ =4612089+ j[4951055V

u, = 22000° _ 1 761 7p59v

V3

U =AU'+U, =4612089+ j [4951055+127017059=131629148+ j [4951055=
=131722229(&' 2% v

| =U [Y =131722229[@/™"* [P685M10™* [@/%° = 35367[@/°** =-1329+ j [(135342A
l,=1,+1 =U LY =262432- | 162639+ (- 1329+ j [ 35342) =

=261103- j 127297=290481[& 12 A
AU" =1, % =290481e ™" [R1916[7**® =
=6366182[&'"***" =3846598+ | 5072668V
U, =AU"+U =3846598+ j [5072668+131629148+ j [4951055=
=135475746+ j 10023723=135846063&'** V
¢, =(U,)~(1,) = 423 (- 25001 ) = 30221
P, =3[, [, [tosg, = 31135846290481¢o 30221 ) =102291MW
Priklad 4.5
Vypocitajte pomery na z#atku vedenia, ak su zndme elektrické parametrek¥00
vedenia, tZky 300 km, a na konci vedenia sa odobera vyRoa 440 MW pri cosp, = 0,95,

U, = 400 kV,R; = 0,087QERm 2, L; = 0,964 mHKm ™, C; = 12,18410° FRm %, G = 0. Paet
vodic¢ov vo zvazkun = 3. Rieste 7' ¢lankom.

z=2,0= R+ jwn)a= B i fu-

. ( 0287 + j 2OTI50 E0964m0‘3j [300= 87+ j (008 = 9127[&™ Q
Y =V, 0=(G, + | [T, )0 = | 207501218410 (B00= j (1147110°S
YE: | (D573010°S

P 44000°

=66850&"" A

2

= 2 =

J3U,, [Gosp, ~/3A00MC° (D95
cosp, =095 = ¢, =arcco$095) = 181’
|, = 668508 1™ = 637075 j (20874 A
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400010°
J3
| =1, +1,=jM13233+637075- j [(20874=635835- | (7567 =647322[& " A
AU = | [Z =647322[2 """ [D127@/®*° =1254576+ j (5773368=59081079(&/7""* V
U, =U,+AU = 400010°
J3

= 24348587+ j [(5773368= 250237010 [@/™3* v

[j C0573010° = j [13233A

Y
|C2=U2[—)§

+1254576+ | [5773368=

le, =U, E—E =250237010° [@'"*** [0573[107° [@'"*° =-33084+ j [139521=14339[&'"*** A

|, =1, +1 =—33084+ j [139521+ 635835- j (7567 = 602751+ j [(63851=606124[&/"*" A
¢, =(U,)—(1,)=1334 - 605 = 729

B =31, 0, [tosg, =3 ({3 250237)1606124(¢0] 729 ) = 451346 MW

AP = P, - P, = 451346~ 440= 11346 MW

Ap,, :EELOO: 11346 100= 251%
P, 451346
Priklad 4.6

Urcite presnym rieSenim napétie a prad n&iatku 300 km vedenia, ak; = Zj,
avedenie je bezstratovédalej si zname parametre®, = 0QEmM™>, L; =1 mHEm™,
C;=1210° FRm™, G =0,U, = 400 kV,S = S,

-3
zO:Jz:\/E:W/ WO” _ »g86750
Y, \yc, Viz2mo
y =2, 1Y, = /R + |, ){G, + | WIT,) = j w0/, [T, = j (2r[50RE/110° 120107
y=p+ijla

y =a =1,08828107° radlkm™
a [1=1,0882810"° [(B00O= 0,326483885ad

cosHj [ ) = coda 1) = coq0,326483885p= 09471758656
sinh(j (& ) = j Bin(a ) = j (3in(0,326483885p= j [0,320714639

| Uy - 40000 _ o0
? 7, +/3[288p75
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U, =U,lcosHy[l)+1,1Z,[sinh(y[I)=
_ 400010’
V3

= 2187409274+ j [7406583875= 2309401 26[&""%%° Vv

[0,947176+800288675L] [0,3207146=

Il=%Binh(y )+ 1, [eosHy ) =

0

400010°

= =Y [,3207146+8000D,947176= 757,7408+ j [2565718= 800[&/ 15 A
J3288675

Priklad 4.7

Urcite presnym rieSenim napétie aprad naciatku 300 km vedenia, ak
predpokladame na konci vededia= Z,. Dalej st zname parametre:
Ry = 0,03QE&m™, L; =1 mHRm™, Cy=1210° FRm™, G=1,510° Skm™,
U =U, =400 KkV,Ux =230 kV,S =S, f =50 Hz.

Z,=R +jwl, = 003+ j (2Or[f (110" = 003+ j [D,31416= 0,315589&'*** Q
Y, =G+ jlC, =1500°+ j ROr501210° =
= 150107 + j [3,7699(10°° = 37699310°° [&'*"* S

j(B4545 )
Z,= L= [ OSI089E — _5gq3367 = 280029~ | (131930
Y, 37699310° [!®%7?

y=+Z, Y, = J 0,315589¢'®**° [8,7699310°° [&'®¥"* =1,0907559107° [&'®"** =
= 540722610 - j [1,08941510°° radkm™
yl =4I+ jlall =001622- j[032682rad a0 =0,32682rad=187254

cosHj & 1) = codar ) sinh(j [ ) = j $in(a )

cosHy 0)=cosHpA O + j (a 0) =

= cosH8 ) [tosHj (r (1) + sinh(4 0) Gin(j [&r 0) =

=cosHB ) koda O) + j Binh(4 0) sin(a ) =

= cosH{0,01629 (04187254 ) + j 5inh(0,01629 [3in(187254 ) =
=X + j [Y = 0,9472055 & 0?1503

sinh(y M) =sinh(B0+ j [y ) =

= sinh(8 ) [eosH j &r ) + cosH B ) 8in(j & ) =

= sinh(g ) @oda )+ j tosH B ) Bin(a ) =

= sinh(0,01629 (04187254 )+ | [©osH0,016235in(187254 )=
= X + j [Y = 0,32144685@577505
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_Y; U

S PT 7z, Z,

_ Uz _ 400° _ -j2p135 _ -

S =—==—=%= . =553002[& =55242679F | [25215986VIVA
p 22 ZO 289,33&1 [B6135

coss _ S, _553002010° _ 0999
P 552426797

p

.S, _55300208" %
? J3mw,  J3moomc?

=79819[@2F1% A

U, =U,, [cosHy [1)+1,[Z,[sinhy[I)=
_ 400010
J3

= 218744774 ™% + 7423504077 = 2222925+ | [7535294= 2347169 [&/"%*° V

[0,9472053%' "% +79819[&/"*°® 28933’ **** [0,32144685' *™***° =

|1=%Binf‘(y [I])+ Izm:os}(y []]):

0

__ 40000°
/328933 21
= 756050/ + 2565758/ ¥ = 75583+ | [29105= 8099292/ A

[D,321446858/** +79819[&/™"* (094720558 ™5 =
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5 KOMPENZACIA VEDENI

Priklad 5.1

Kompenzujte reaktanciu 6 kV vedenia sériovym koazdémrom tak aby sa uUbytok
napatia zmensil na 1/3 hodnoty ubytku napatia nglarnovaného vedenia. Kondenzator

Mt

vedenia sUR; = 0,61QRmM %, X; = 0,35QKm ™.

1=15 km
P=1MW
cosP=048
sin@ =056
R=R 0= 06115= 915Q
X =X, = 03515=525Q
P e
| = = =120281A
J3U [tosp ~/3[BLI0° D8
Ubytok napétia pred kompenzaciou:
Au=RO,+X 0,
Au=RII [cosg + X [I [sing = 915[120281( 08+ 525[120281( 0,6 =125934V
Au 125934
Au,, =—100= [100= 3635%
*~ U 600 035%
V3
Ubytok napétia po kompenzacii:
Au, = % [Au =%El259,34: 419,/81V
Au 419,781
Au,,, =—%100= ~——1100=1212%
%~y 6010° 2Lz
V3
Au, = R0 [Bosg +(X — X, )0 Bing = RO [@osg +k X [ [3ing
kde: k=2"Xe
X

= kX 0O Bing = Au, - RO [Tosp
_ Au, —RII [cosp _ 41978- 915112028108 _

: ~1,2159
X [ 3ing 525(12028108

Xo =-kX + X = X [fl-k) = 525[f1+1,2159 = 11633Q

c=_1 = = 273627uF

wX. 20750011633

Najv&sSia stélos napatia sa zaisti, ak kondenzéator umiestnime 8lo#Adialenosti od
z&iatku vedenia.
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U] |  Au=XcIsin®
ﬂuc
100
NfMJ
T — — Alug | Aun

| — —
I
|
I
I
I
I

1/3L L

Na konci vedenia je napatié.

Uy = +Aug —Au = 22 + X [ [3ing - (R0 [osp + X 1 [3ing)

73 73
Uy = 65[503 + 116331202810,6 -125934 = 3044299V

U,, =3, =~/3[3044299=527288V
Au, =41978V  Au,, = 72708V
Au, =~/3[Au, =+/3125934= 218124V

Au,, =%MUZ =72708V

Au.
2
Au.

vSeobecne: Au, =

Aully, = [

125934

15
I, =5km

0, =41978

Priklad 5.2

Je dané 400 kV vedenie nasledovnych parametra\8 8 350 AlFe 6;

L; = 0,9675 mikm™, C; = 1210° FIRm™, | = 500 km.
Vypocitajte Uy, 11 a nabijaci vykorQ,; pri chode naprazdno za predpokladulUze= 420 kV
(R zanedbajte).

Navrhnite kompenzéciu chodu naprdzdno pri zachoyaaimienky U,, = 440 kV.
TImivku treba zapoii na koniec vedenia.

1,=0

U
U, =%

y=yZ,0Y, = LW = | WBR/LT = |

a = wG/L, [T, = 20r503/0,967510° M2010° =1,07045107° radkm™
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all =0,53522rad
A= cosHj [&r 1) = codar 1) = 0860156

U,=—=———-=4882832kV
A 086017

= b o (0967507 Hg39450
C, 12[10

. ) . 1 . . _
|, =CU C= El— Binlag @)= j 3———[3in(0,53522 = 796231073
1 2 J Z ( ) J 283945 ( 3 14

\

I, =ClU, =j 1,7962310° EI% = j [0,50638KA
|1,/ =050638kA = nabijaci prud naprazdno, leo= 0

Nabijaci vykon: Q. =+/3 [#20D,5063810° = 368368 MVAr

Kompenzéacia chodu naprazdno:
U, =AU, +B0,
B = j [z, Bin(a ) = j (28136[3in(0,53529 = j 144823311
420= 0860171440+ j 144823313 (- j)OI
420-378466= 250544311,

41534

, =——— = 016578kA
25054433

Vykon timivky:

Q, 3[—Iﬂ)[0)16578— 126 MVAr

V3
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6 JEDNOSMERNE PRENOSY

L, L+

L, l Uz

lufzu~ B

Priklad 6.1

Pis=Ppc =7

Aka je prenosova schoprniogednosmerného prenosu s napatim blizkym kritickému
napatiu korony, ak prenosova schophesiedavého prenosu s napatim blizkym kritickému

napatiu je 500 MVA?
_ L

le =——
0,95
Uk~:kﬁjtﬂog%
d
=2k Dog—
r
Uc. _1 U, o Y _
U_::_E Uk~—Uf—\/§ U-=U.=—"=U =20,
U,=20,.=2RU,_ ﬂJ—Z
is /3
U.=20,_
Zatazite’nod’ pri striedavom je nizsid, = ——
0,95
S, =\/§|:UJ (. — vykon pri striedavom prude
_u.n, _mu_ 4 _Bw,o _ 4 y
V3 095 fg/‘ 095 30095

P, = 140405 = 1404(500=701/54MW
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Priklad 6.2

Pis = Ppc = ?
is DC
Aka je prenosova schoprtogednosmerného prenosu, ak jednosmerné vedenie ma

rovnakd hmotnas ako striedavé vedenie a prenosova schaprsdgedavého vedenia je
500 MVA?

G. =G,
3OLO7r ¥ ? Oy = 200 Or 0 2 Oy

M =20 =r =t q/g

Ak je v&Si polomer, mbZe hw&Sie aj napatie.
Kritické napéatie kordny je linearne zavislé od pobkru vodéa, takZze je mozné zvysi

napatie jednosmerného prenosu.
2 ,
\/; sa zanedba

o K 1og? E{f[”og qf ﬁ 1%

Y 2mkim, [nogg 211 [nogr

is Is

Nebude rovnaky prierez, ale bude rovnaka hustatdupr

0':—:—
A A
A, T e Bs_
=1 B==1_E—F=I_ =1_ 1500
IA\~ ﬂl] 7@2
3
Prenosové schopnosti pri jednosmernom prenose:
Pjs :Ujs |:Ijs
U.
AkU,_=U,_; U, =$; U =u_=-2=
J3 2
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K=K ="T1]= is = z :_mjz
U. U, 213 2 2 V2
2 3 3
4 V3 _ 405
P.=U 0 =——m, 050 602 = [S. = 245[S.
BoTETE 2 V3 V203

P = 245[(500=1225MW

Priklad 6.3
Pis =Ppc =?

Aka je prenosova schoprtogednosmerného prenosu, ak prenosova sch@pnos
striedavého prenosu f&= 500 MVA pri rovnakych izoknych hladinach,) a prierezoch?

SkaSobné razové napétie

U = W, U.=o:
4 17
AU, =17W_
U's
AU, :17[-12—’
Ujsziamuf
17

2
U, =2m@dz= 272w,
173

is 9
I

0,95
P, =U, O, = 272U, O = = 165305

P, = 1653500=8265 MW
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Priklad 6.4

APJ'S = APDC =7?
Aké su straty vykonu pri jednosmernom a striedavmr@nose s napatim blizkym
kritickému napatiu korény, ak sa prenasa rovnakkowypri striedavom aj jednosmernom

prenoseSy = 500 MVA, cosp = 0,95, R= 0,03QEm™, | = 200 km, U, = 400 kV. Aky je
pomer strat?

AP =3[R D2—3EIREE j
cosyp

jszZDstDIjs

P =P, U,2U,

P =J3W,0_Cosp=+3W,0,; P,=U, 0, = U./0,=+3W,0,
|j :\/§mJZ DW:\/ngZ DW:§DIW

VR 4 4

is —mjz
V3

Pre rovnake kritické napatie korony :%EUJZ;

AP _=2[R_02=2[R [ég'jzﬂ]z _9[R a2
is — s —js T s T 4 W T g s W
4 8
2
AP = 3[|REll—
cos ¢

— =S _ 50000
S T 3w, +3@oond
l, = |_[Bosp = 721687(D95= 6856 A
AP =3[D03[200((721687)* = 9375MW

AP, = g R, 07 = g [D03200C{6856) = 3L73MW

=721687A

AP
l]: g ¢ =095 @? 0338, —= _ S 0338
AP 8 AP 9375
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Priklad 6.5

APJ'S = APDC =?

Aké su straty vykonu pri jednosmernom a striedavpranose, ak jednosmerné
vedenie ma rovnaku hmotrtoako striedavé vedenie a prendSa sa rovnaky vykioobpch
vedeniach. Aky je pomer strat?

Sy = 500 MVA, cosp = 0,95,R = 0,03QKm ™, | = 200 km,U, = 400 kV.
AP =7, AP =7

Ujs Dljs =\/§sz |:IW

|JS=\/§mJZ DW:\{EEUZ DW:\/:‘_)’B/EEJZ DW,UJs:isz

U, AW, 4 J2
V2

G.=G,

30LrR° (=20 3. [

30’ =20

r.= %l]js

stzlogl_::oD |2= | IZE?F_E -
A, i 2 937 HDT 3 3

2
Aaszm,-su,-i=zai;mtﬁﬁfﬁuwj 22025 ;1o

316
|_ = S _ 500 _ 721687A, |, =cosg_= 095(721687=685603A
T J3w, 3@ P "
AP =3[R 072 —:-’>EDO3E:1200D7215872 9375MW
AP, :%ER EII\,ZV :%ED,O?>E:200[6855052 =141MW
Pomer strat:
AP
s — ﬂ =01504
AP 9375
AP, } (RO, 2

= Etos¢ = 01504

Tanil)

34



Priklad 6.6

APJ'S = APDC =?

Aké su vykonoveé straty jednosmerného prenosu, edpgmkladame rovnakeé izclae
hladiny a rovnaky prierez ako pri striedavom pr&foPrendSa sa rovnaky vykon obidvoma
vedeniami.

Sy =500 MVA, cosp = 0,95,R- = Rs = 0,03QEm™, | = 200 km,U, = 400 kV.

RieSenie:

P =P

Is ~

UjsDjs :\/§|IUZDIW

3w, . _4B3w,n, _+3E31a7
| = 2(,, = 2 W 0
Ty, 22, 22

i 1733 ¢

W = 063750,

2[4

w
17G/3 ¢

Pre rovnake izotmeé hladiny U, =

Pre rovnaky priere#\ = A, potomR=R =R
AP, =2[R 0 = 2[R[D,6375 O, = 08128Ry,
AP. =3[R0O?

S _ 500
" J3Ww, +/3@00

I =721687A ; I, =1_[tosp =685603A

AP = 0,8128[D03[200(685603 = 2,2923MW
AP =3[D03[200[721687° = 9375MW

AP, 22923
AP~ 9375

=0,2445

AP, 08128R03Z _ 08128

5 [¢os ¢ = 0,270933¢0S ¢ = 0,2445
AP | 3
3RI_W
cosy
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Priklad 6.7

AU, =AU, =7

Aky je Ubytok napatia jednosmerného prenosu privgueke s napatim blizkym
kritickému napatiu korony, ak pozndme pomery stiggho prenosu?
S. =500 MVA, cosp = 0,95,R = 0,03QKm ™, | = 200 km X, = 0,3QERm™, U, = 400 kV.

RieSenie:
AU_=R.O,+X 0O, AU].S:ZEIR].SEIIjs
3
R=R,=R Us#zU_ |;S=ZD‘\N akP~=F’jS

3
AU, =2[R, O, =2ERJ.SB§EIW =2 R0,

U. RO, +X.0O, _ Ztﬁhﬂj :%[(ﬂﬂgf[ﬂgqﬁ)

U, §DREIIW 3 R,
2
A
JA ||_
X,
Z
4 a
< > lw
R
X, _ 03
tgf=—L=—""=10 cosp = 095
9é R " 003 s¢ = 09
&= 84289 ¢ = 18195
tg(18195) = 0,3287
S 500010°
|=— > = =721688A
J3 /31200

Iy = | [osp = 72169[095=685603A

|, =1 [3ing = 72169[0,31225= 225348A tgg = l—L =0,3287
W
3 1 3 1 ~ _
AU, == AU_=> [AU_ = 035[176345 = 617022V
2 (1+tgégg) 2 (1+10D,3287)

AU_=R0O, + X, O, = 003200685603+ 03[200(225348=4113618+1352088=176345V
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Priklad 6.8

Aky je ubytok napéatia jednosmerného prenosu zapmidddu rovnakej hmotnosti
vedenia ako ma vedenie striedavého prenosu? Pgrevabytky napati. Vedeniami sa
prenasa rovnaky vykon.

S. =500 MVA, cosp = 0,95,R = 0,03QEm ™, | = 200 km X, = 0,3QEmM™, U, = 400 kV.

RieSenie:
Ris¢R~ P~:Pis:>|js:\/§a/§DW RJ'S:EDR
4 3
AU, =2[R, [, —2E R G@Eﬂw =£[R 0,
3 4 3

AU _RO,+X 0, 3 [ X0 =@[(ﬂ+tgmg¢)
AU, 2 2 R 0O, 2

2,

3
tgé =10

V2

tg¢ = 0,3287 AU = [AU_
9¢ * J3ri+10m,3287)
l,, =685603A AU ,, = 01905176345 = 33594 V
|, =225348A
AU_=176345V
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Priklad 6.9

AKy je ubytok napatia jednosmerného prenosu prinasych izolgnych hladinach
a prierezoch jednosmerného a striedavého prenosd@riami sa prenasa rovnaky vykon.

RieSenie:
s =r.; Rg=R
_ _ 317
Ps=P. =1, —TDIW
AU =2[R 0, =2[R GS[EEIIW =£ER a,,
8 4

AU. _RI,+X. [, _ 4
= = +tgél
AU, T 317 a7 L e¢tiod)
is 2 (R0,

317 51

AU, = = [AU_ = 0,2974AU _
* 7 4ffi+tgé dgg) 41{1+1000,3287)

AU_=176345V

AU =0,2974(176345=52447V
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