IIpumep 4.1 Cucrem 6e3 PU

Sc=1,42+j0,2 1
C

3 A B 2
U,=1,04 I S5=0,6+j0,022

[Tomarouu 3a rpankute (Per unit)

I'panrka R X G' B
B-C 0,24 0,32 0 0,04
A-C 0,12 0,16 0 0,02
A-B 024 0,32 0 0,04

ITogpenyBame Ha jazIuTe:

PQ jaznu
PU jaznu

Jazoi co mo3Hat HanoH (S)

3a l'ayc-3ajaesioBHOT MeTO MOAPEIYBAHKETO HE €
HEOIIXO/IHO, HO BO OBOj CJIy4aj TOA € HANPABEHO 3apaau
crnopenda co pelieHujaTa 100MeHn CO APYTruTe MeTOAN

[Tomarormwm 3a jazimre (Per unit)

Jazom P Q

U 0 Tun P.06p.

A ? ?

104 0 S 3

C -142 02 ? ? PQ 1

B 06 0022 ? ? PQ 2

U® -10+j00 Ua=104 U =10+j0,0

ITomaToru 3a rpankuTe (Per unit)

I'panka R X G B

B-C 12 0,24 0,32 0 0,04

A-C 13 0,12 0,16 0 0,02

A-B  2-3 0,24 032 0 0,04
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IIpumep 4.1 Cucrem 6e3 PU

1 [TomaToru 3a rpankuTe (Per unit)

1 I'panka R X G B
B-C 12 0,24 0,32 0 0,04
A-C 1-3 0,12 0,16 0 0,02
A-B 2-3 0,24 0,32 0 0,04

Sc=1,42+j0,2
C

3 A B 2
U,=1,04 I S5=0,6+j0,022 YA g=

T 1
Zng 024+0,32

15— j2

X'A_B = O+ J0,04

11 5 p
Zg.c 024+j0,32

X’B_C - O + JO, 04

Ygc=

R
Zc.a 012+0,16

Yo-a= 34

XIC_A = 0 + J0,0Z



IIpumep 4.1 Cucrem 6e3 PU
Yap=15-j2 Y aA_g=0+j0,04

!B_C :1,5—12 !IB_C :O+J0,04
Yea=3-14 Y'c_ A =0+j0,02

Sc=1,42+j0,2 1 Yapn=Yc a+Ya g+ %-(\_('C—A +\_('A—B) =45-]5,97
c

Ygg=Ypc+Ya-B +%'(\_('B—C +\_('A—B)

=15-j2+15-j2+3-(j0,04 + j0,04) = 3 j3,96

Yecc=Yc-Aa+YBC +%'(X'C—A +\_('B—C)

2
Sg=0,6+j0,022 =3-j4+15-j2+3-(j0,04+j0,02) =45 j5,97

3 A B
U,=1,04 I

Yea=Yac="Yca=—(8-J4)=-3+j4
Yo =Ypc =-Yp-c =—(15-j2)=-15+)2
Yag=Ypa =-Ya p=—(15-]2)=-15+]2

C B A C B A
Cl| 45 -15 30 -597 2,00 4,00|(C
Y=B|-15 30 -15(+j 2,00 -39 2,00|B
Al-30 -15 45 4,00 2,00 -597|A



IIpumep 4.1 Cucrem 6e3 PU

ug = | e ~YcaUg) ~Ycala

Yee (U (O))
~142-j(-0.2) _ (-1.5+2)-(1+]0) - (-3+j4)- (1,04+)0)
L (1+0)
- 4,5- 5,97
_32-j59%

= o7 (0,8942636 — j0,1380547)
_J ,

1 |Py-
L_J(Bl)zY Rt ~YpcUE -Ypala
BB (U(O))

0,6-j(0,022)
(1+j0)

—(-1,5+ j2)-(0,8942636 — j0,1380547 ) — (—1,5+j2)-(1,04+j0)

3-j3,96
— j0,022 +1,065286 — j1,995609 + 1,56 — j2,08
3-j3,96
~ 3,225286 - j4,097610
- 3-j3,96

= (1,049462 + j0,01941949)



IIpumep 4.1 Cucrem 6e3 PU
AU —u® U9 — (08942636 - j0,1380547) — (1+ j0)
= (-0,1057364 — j0,1380547)
AU —ud —uQ) = (1,049462 + j0,01941949) — (1+ jO)
= (—0,049462 — j0,01941949)

£=10" = ‘AL_JQ)‘ >el ‘AL_J%)‘ > g

ug): 1 PC—JQC v BU(1) ~YeaUa Q(BZ)Z 1 PB_JQB YBCU(Z)

Yec (U (1)) YBs u (1)) ~Yeala

,,Jouro** pemenne nocie 10 uau 11 urepamumu:
U9 = (0,8637032 - j0,1255576) = 0,87 -e 1827

U 49 — (1,029677 + j0,02482077) = 1,03- e3¢

] B

Q(VH) _U (v)




IIpumep 4.1 Cucrem 6e3 PU

>> GS

,lTouno* pemenue co MATLAB

primer.4.01; Sbaz=1 MVA; Ubaz=1 kV; eps=le-005

Y =
4.5000 - 5.97001
-1.5000 + 2.00001
-3.0000 + 4.00001

(+1.000000 j+0.000000)
(-1.420000 j-0.200000)

it=10; max dU=9.96715e-006

U= (+0.863703 j-0.125558)
U= ( +0.86 j -0.13)
U= 0.873 exp(j-8.271)

Szad= (-1.420000 j-0.200000)
Spres= (-1.419979 3-0.199986)
ds= (-0.000021 j-0.000014)

Zagubi
>>

(+0.216843 j+0.191400)

-1.5000 + 2.00001
3.0000 - 3.9600i
-1.5000 + 2.00001

(+1.000000 j+0.000000)
(+0.600000 j+0.022000)

(+1.029677 j+0.024821)
( +1.03 j +0.02)
1.030 exp(j+1.381)

-3.0000 + 4.00001
-1.5000 + 2.00001
4.5000 - 5.97001

(+1.040000 j+0.000000)
(+0.000000 j+0.000000)

(+1.040000 35+0.000000)
( +1.04 j +0.00)
1.040 exp(j+0.000)

(+0.600000 j+0.022000)
(+0.599998 j+0.022000)
(+0.000002 j-0.000000)

(+0.000000 3+0.000000)
(+1.036843 j+0.369400)



IIpumep 4.1 Cucrem 6e3 PU

,,JOuHO* pemienne co nporpam Hanuimad B0 FORTRAN
Vlezni podatoci za grankite

R X G'xE-06 B'xE-06 Prenosen odnos
A - B 0.2400000 0.3200000 0.000000 40000.00 1.00/ 1.00
B - C 0.2400000 0.3200000 0.000000 40000.00 1.00/ 1.00
A - C 0.1200000 0.1600000 0.000000 20000.00 1.00/ 1.00

Jazol P Q U Theta Tip Ubaz
C -1.420000 -0.2000000 ? ? PQ 1.00
B 0.6000000 0.2200000E-01 ? ? PQ 1.00
A ? ? 1.040000 0.000000 S 1.00

Parametri od pi-ekv. semi

3-2 Y, Y'/2( 1.500000 j -2.000000 )( 0.000000 j 0.2000000E-01)
2-1 Y, Y'/2( 1.500000 j -2.000000 )( 0.000000 j 0.2000000E-01)
3-1 Y, Y'/2( 3.000000 j -4.000000 )( 0.000000 j5 0.1000000E-01)
Formiranje na matricata Y so inspekcija na mrezata
Matrica G Matrica B
C B A C B A
C 4.500000 -1.500000 -3.000000 C -5.970000 2.000000 4.000000
B -1.500000 3.000000 -1.500000 B 2.000000 -3.960000 2.000000
A -3.000000 -1.500000 4.500000 A 4.000000 2.000000 -5.970000

Resenie so Gauss-Seidel-ov metod; alfa= 1.000000 ; eps= 1.0000001E-05



IIpumep 4.1 Cucrem 6e3 PU

,,JOuHO* pemienne co nporpam Hanuimad B0 FORTRAN

Naponi vo jazlite posle 11.0 iteracii; (dU)max= 0.3883947E-05 < 0.1000000E-04

( E +3J F ) U [ejth (rad.)] ) Ulejth] )
C ( 0.8636993 j-0.1255583 ) ( 0.8727780 ej-0.1443614 ) 0.87 ej -8.27130)
B ( 1.029675 j 0.2482079E-01) ( 1.029974 ej 0.2410079E-01) ( 1.03 ej 1.38087)
A ( 1.040000 j 0.000000 ) ( 1.040000 ej 0.000000 )« 1.04 ej 0.00000)

( P +J Q ) ( P +J Q ) ( dp +J do )
C (PQ) ( -1.420000 3-0.2000000 ) ( -1.419992 §-0.1999947 ) (-0.8344650E-05 j-0.5319715E-05)
B (PQ) ( 0.6000000 j 0.2200000E-01) ( 0.5999990 j 0.2199967E-01) ( 0.1072884E-05 j 0.3259629E-06)
A(S ) ( 0.000000 3 0.000000 )( 1.036860 j 0.3694165 )( 0.000000 3 0.000000 )

Zagubi: ( 0.2168670 j 0.1914215 )



I"ayc-3ajaesioB meTon

 IIpumep 4.2
U, =(112+ jO) kV
;3—4 3
L MVA
§4 §3 ]
;1_4 ;2_3 S, -24 - 18i -
S, -36 - 17.433i
1 2 j
S, -17 - 10.5366i1
§1 ;1—2 §2 "
— I\ ™ §4 :
1 & & 4
>_Ci > | > | > |
Q/uS
0 Z, 1.2+4i
Zi, 2.4+8i
Z,4 3.6+12i
Zsy, 2.4+8i
Yo1 0+39i
Yoo 0+52i
Yo3 0+65i
Y04 0+52i




I"ayc-3ajaesioB meTon

 IIpumep 4.2
>> GS
primer.4.02; Sbaz=100 MVA; Ubaz=110 kV; eps=1le-005
Y =

12.4885 -41.62371i -8.3257 +27.7523i 0 -4.1628 +13.8761i1

-8.3257 +27.75231i 11.1009 -36.9968i -2.7752 + 9.2508i 0

0 -2.7752 + 9.2508i 6.9381 -23.1190i -4.1628 +13.87611i

-4.1628 +13.87611 0 -4.1628 +13.87611 8.3257 -27.74601
U= (+1.000000 j+0.000000) (+1.000000 3j3+0.000000) (+1.000000 j+0.000000) (+1.018182 3j3+0.000000)
S= (-0.240000 j-0.180000) (-0.360000 j-0.174331) (-0.170000 j-0.105366) (+0.000000 j+0.000000)

it=16; max dU=7.72643e-006

a
|

(+0.991141 j-0.023956) (+0.986013 j-0.029892) (+0.999323 j-0.017440) (+1.018182 3+0.000000)
U= 0.991431 exp(j-1.385) 0.986466 exp(j-1.736) 0.999475 exp(j-1.000) 1.018182 exp(j+0.000)
= 109.057373 exp(j-1.385) 108.511217 exp(j-1.736) 109.942291 exp(j-1.000) 112.000000 exp (j+0.000)

(e
|

Szad= (-0.240000 j-0.180000) (-0.360000 j-0.174331) (-0.170000 j-0.105366) (+0.000000 j+0.000000)
Spres= (-0.239815 j-0.179916) (-0.359975 j-0.174317) (-0.170000 j-0.105365) (+0.779404 j+0.466504)
ds= (-0.000185 j-0.000084) (-0.000025 j-0.000014) (-0.000000 3j-0.000001)

Zagubi (+0.940360 3j+0.680734)
>>



I"ayc-3ajaesioB meTox

clear;

load('primer.4.02.mat') ;

Ubaz = Unom; Us = Us / Ubaz; Zbaz = Ubaz*2 / Sbaz;

S =S / Sbaz;

Ygr = inv(Zgr / Zbaz);

Y = A'*Ygr*A;

nj = length(Y);

% naponi na jazlite vo nultata iteracija

for i =1 : nj-1; U(i) = complex(Unom / Ubaz,0.); end; U(nj) = complex(Us,0.);
disp (sprintf ('Sbaz=%d MVA; Ubaz=%d kV; eps=%g',Sbaz, Ubaz, eps)):;

Y
sl = sprintf('\nU='); s2 = 'S=";
for i =1 : nj;
sl = [sl, sprintf(' (%+7f j%$+7f)',real(U(i)) ,imag(U(i)))]1;
s2 = [s2, sprintf(' (%+7f j%$+7f)',real(S(i)),imag(S(i)))1]1;
end

disp(sl); disp(s2);
[it,U,max_dU] = gauss_seidel nlr(Y,S,U,eps,nj);
Inj = complex(0.,0.); for i =1 : nj; Inj = Inj + ¥Y(nj,i) * U(i); end; S(nj) = U(nj) * conj(Inj):;
% Inj i S(nj) - struja i moknost injektirani vo jazolot nj, soodvetno
disp(sprintf ('\nit=%2d; max dU=%g',it, max_dU)) ;
sl = sprintf('\nU="); s2 = 'U='; s3 = 'U='; sd4 = sprintf('\nS=");
for i =1 : nj;
sl = [sl, sprintf(' (%+7f j%$+7f)',real(U(i)) ,imag(U(i)))]1;
s2 = [s2, sprintf(' (%+6.2f j%+6.2f)',real(U(i) * Ubaz),imag(U(i) * Ubaz))];
s3 = [s3, sprintf(' %6.2f exp(j%+6.3f)',abs(U(i)) * Ubaz, 180. * angle(U(i))/pi)]:;
s4 [s4, sprintf(' (%+7.3f j%$+7.3f)',real(S(i) * Sbaz) ,imag(S(i) * Sbaz))];
end

disp(sl); disp(s2); disp(s3); disp(s4);
Zagubi = complex(0.,0.); for i = 1:nj; Zagubi = Zagubi + S(i); end %for

disp(sprintf ('Zagubi (%+7f j%+7f)',real(Zagubi * Sbaz), imag(Zagubi * Sbaz)));
2020 4.2-11



I"ayc-3ajaesnoB meron

function [it,U,max dU] = gauss_seidel nlr(Y,S,U,eps,nj)

o

Gauss-Seidel za sistemi nelinearni ravenki
it = 0;
max dU = 1 / eps;
while max dU >= eps
it =it + 1;
max dU=0;
for i =1 : nj-1
Ul = conj(S(i)/U(i));
for =1 : i-1
Ul = Ul - Y(i,3)*U(3);
end %for
for j = i+l : nj
Ul = Ul - Y(i,3)*U(3);
end %for
Ul =Ul / Y(i,i); % Ul napon vo novata iteracija vo jazolot i
dU = Ul - U(i); % U vo relativni edinici
max dU = max([max dU,abs(dU)]);
U(1)=U(1i) + dU;
end %for

end %while
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T'ayc-3ajoenoe memoo 3a cucmem co jaziu co konmpoaupan nanon (PU jazan)

i~ -1 n
ui(v—i-l): 1 . I:)I JQI _ X ZX U ; i=1,2,“',n; i =S
i |=i+1

1=1
-1 n *
QM =Im{u; - 17} =1 {U Z(Y.. U.)}= {Q.M (Vi -U{D) +u-3(vy L_J.M)}
=1 I=i
Qi(v+1) _Q HOT Qmm :> Q len Q HOT) Ql(v+1) _Qi(HOT.) > leax :> QI = Q'max _Qi(HOT.)
U (D) 1 JQ. ZY U ZY UM = E0D 4 0D
Yii (U(V)) |=1 |=i+1

(v+1) o
6"+ = arctan[ E(V”) ) U =U; - (cos g + jsing V)
i



ITpumep 4.3 Cucrem co PU [MoxaTorw 3a jasaure (per unit)

S.=1,42+j0,2 1 Jason P Q U 6 Tun P.op.

C 1 A ? ?7 104 0 S 3

C -142-02 ? ? PQ 1

B 06 ? 105 7? PU 2

U,=1,04 I Pz=0,6 Ua =104
Ug=1,05
[Tomaroru 3a rpankute (per unit)

I'panka R X G B
B-C 1-2 0,24 0,32 0 0,04
A-C 1-3 0,12 0,16 0 0,02
A-B 2-3 0,24 0,32 0 0,04

C B A C B A
C| 45 -15 30 -597 2,00 4,00|C
Y=B|-15 30 -15(+j 2,00 -39 2,00|B
Al-30 -15 45 4,00 200 -597|A



IIpumep 4.3 Cucrem co PU

Se=1,42+j0,2 1
C

1 1 |R-1JQ 0
UE) = | = -YogUR) ~YcaUa
Tce (Qg)))

A : I ) “142-3(202) (15, jp).(1,05+0) - (-3+j4)- (L04+]0)
U,=1,04 Pg=0,6 _ (1+j0)
Ugo1,05 4,5- j5,97
3,275 j6,06

— _ = (0,9109837 — j0,1380950)
4,5 j5,97

AU g) U g> uy) g)) =(0,9109837 — j0,1380950) — (1+ jO) = (—0,08901632 — j0,1380950)

AU =0,1642989 > ¢



ITpumep 4.3 Cucrem co PU

[IpecmeTka Ha peakTUBHATa MOKHOCT BO Ja30JI0T co no3Hat HaroH (PU jazon)

* 332 HAIIOHOT Ha ja30J0T B ja KopucTuMe BpeaHOCTA O/ MPETXO/HATA UTEpAIlH]a

Qi(v”)=Im{ui-L?}=Im{uié(\1n-uu)} {Um Z( ) ol g( N U(v))}

2
Qél) _ |m{ug)) 'Y ge ug) ‘*‘UED,O)

* O * *
Ygg +Q(B)'\LBA'QA}

o2 * )

QY = Im{l 05% -(3+J3,96) +1,05-[ (~1,5+ j2)-(0,9109837 — j0,1380950) + (~1,5+ j2)-1,04 ]}

QY =0,05133483



ITpumep 4.3 Cucrem co PU

. ~(1)
1 1 | Ps—-1Qp 1
Llfa): : = —YpcU¢e —YgaUa

YBg (L_J(BO))

0,6 j0,05133438
(1,05+j0)°

—(-15+j2)-(0,9109837 — j0,1380950) — (-1,5+j2)-(1, 04+j0)}

3-j3,96
0,6 j0,05133438+1,090286 — j2,029110 +1,56 — j2,08
3-j3,96

3221714 - j4,158

3-j3,96 £
O _ B | 0,01150605)
=(1,058717 + j0,01150605) Og” = afcta”(—E él) j = afCta”( 1058717 ) 0,01086749 rad

ud —ug -(coseél) + jsin eél))
=1,05-(c0s0,01086749 + jsin0,01086749)
— (1,049938 + j0,01141064)

1 1 0
AUY —y® _y©

— (1,04 j0,01141064)—(1,05+ jO -
(1,049938 + j0,01141064) - (1,05 + jO) AU =1,1410874-102 > ¢

_ (—6, 2.107° + jo,01141064)



ITpumep 4.3 Cucrem co PU

AU =0,1642989 > ¢ AU =1,1410874-1072 > ¢

,,JOUHO‘ pemieHue mnocie 12 nrepanuu
9

U = (0,8717921 - j0,1294288) = 0,88-¢ 1845

U £2) = (1,049970 + 0,007892412) = 1,05 £1043
Qg =0,1268152



ITpumep 4.3 Cucrem co PU

Vlezni podatoci za grankite

R X G'xE-06
A - B 0.2400000 0.3200000 0.000000
B - C 0.2400000 0.3200000 0.000000
A - C 0.1200000 0.1600000 0.000000
Vlezni podatoci za jazlite

Jazol P Q U

C -1.420000 -0.2000000 ?

B 0.6000000 ? 1.050000

A ? ? 1.040000
Parametri od pi-ekv. semi
3-2 Y, Y'/2( 1.500000 j -2.000000
2-1 Y, Y'/2( 1.500000 j -2.000000
3-1 Y, Y'/2( 3.000000 j -4.000000

,,TOUHO* peteHue nocie 12 ureparuu:

B'xE-06 Prenosen odnos
40000.00 1.00/ 1.00
40000.00 1.00/ 1.00
20000.00 1.00/ 1.00
Theta Tip Ubaz

? PQ 1.00
? PV 1.00
0.000000 S 1.00

)( 0.000000
)( 0.000000
)( 0.000000

j 0.2000000E-01)
j 0.2000000E-01)
j 0.1000000E-01)

Formiranje na matricata Y so inspekcija na mrezata

Matrica G

C B A
C 4.500000 -1.500000 -3.000000
B -1.500000 3.000000 -1.500000

A -3.000000 -1.500000 4.500000

Matrica B

C B A
C -5.970000 2.000000 4.000000
B 2.000000 -3.960000 2.000000
A 4.000000 2.000000 -5.970000



ITpumep 4.3 Cucrem co PU

Resenie so Gauss-Seidel-ov metod; alfa= 1.000000 ; eps= 1.0000001E-05

Naponi vo jazlite posle 12.0 iteracii; (dU)max= 0.5779788E-05 < 0.1000000E-04

( E +3 F ) (U [ejth (rad.)] ) ( Ulejth] )
C ( 0.8717921 §-0.1294288 ) ( 0.8813475 ej-0.1473864 ) 0.88 ej -8.44462)
B ( 1.049970 j 0.7892406E-02) ( 1.050000 ej 0.7516648E-02) ( 1.05 ej 0.43067)
A ( 1.040000 j 0.000000 ) ( 1.040000 ej 0.000000 ) ( 1.04 ej 0.00000)

( P +3J Q ) ( P +3J Q ) ( dp +J dQ )
C(PQ) ( -1.420000 j-0.2000000 ) ( -1.419991 j-0.2000037 ) (-0.9417534E-05 j 0.3725290E-05)
B (PV) ( 0.6000000 j 0.000000 ) ( 0.6000146 j 0.1268152 ) (-0.1460314E-04 j 0.000000 )
A(S ) ( 0.000000 j 0.000000 )( 1.031262 j 0.2550521 ) (. 0.000000 j 0.000000 )

Zagubi: ( 0.2112861 j 0.1818636 )



IIpumep 4.4 Cucrem 0e3 PU jazam
Sc=1,5+j1,0 1

C 1

3 A B 2
QA:].,OS I §B:O,6+j0,4

[Tomaromwm 3a jazimre (per unit)

Jazom P Q U 6 Tum P.Oop.
A ? ? 1050 S 3
C -15-10 ? 2?2 PQ 1
B 06 04 ? ? PQ 2

U9 =10 uP =10 Ua =105

o0 =0 o0=0 65=0
n-1=2;,q=2

[Tomaromuu 3a rpankute (per unit)

I'panka R X G B

B-C 1-2 0 032 0 0,04

A-C 1-3 0O 016 0 0,02

A-B 2-3 0O 0,08 0 0,01

Y - = —j12,5
YA-B Za s 032 J
Yoo = 1 _ _ 1 —j6,25
ZC—A J0,16
L _ 1 3125




IIpumep 4.4 Cucrem 0e3 PU jazam
Sc=1,5+j1,0 1
C

1

3 A B 2
QA:].,OS I §B:O,6+j0,4

Yaa=Yc-a+Ya-B +%'(\_(’C—A +XIA—B)

——6,25— j125+3-(j0,02+ j0,01) = j18,735

Yee=Yp-ct+YA-B +%-(X'B—c +\_('A—B)

= —j3,125— j125+3-(j0,04 + j0,01) = —j15,6

Yec=Yc-Aa+YBC +%'(\_(’C—A +X'B—C)

= —6,25— 3,125+ -(j0,02 + j0,04) = —9,345

IToxaroru 3a rpankute (per unit)

I'panka R X G B
B-C 1-2 0 0,32 0 0,04
A-C 1-3 0 0,16 0 0,02
A-B 2-3 0 0,08 0 0,01
Yo = 1 :_1 =—j12,5
Zpa-g J0,32
ZC—A JO,16
1 L =-]3,125

ec 7 032
Yea=Yac=-Yc A =—(-]625)=j6,25
Yes =Ypc =—Yg-c =—(-3,125)= 3,125
Yag =Ypa =—Ya g =—(-j125)=j12,5

C B A
—9,345 3125 6,250 |C
Y=j 3125 -15600 12500|B
6,250 12,500 -18,735|A



IIpumep 4.4 Cucrem 0e3 PU jazam

[IpecMeTanu UHjEKTUPAHU MOKHOCTH BO ja3JIMTE MPE]] IIpBaTa UTEpaluja;

Ocs =00 -0 =0  Oca=00 -0, =0

PO =G;-U?+U;- DU, (G, -cosb, + B, -sind,, )

npecMeTaHa
kea,;

=G U +UY -[U ). (G - €080 + Bgg -SiNOg ) +U . - (Gp - COSO, + Bey -sinGCA)]
=0-1,0°+1,0-/1,0-(0-1+3125-0)+1,05-(0-1+6,25-0)|=0 <Y =B

Opc =00 600 =0 Opa =03 ~0, =0

PO =G, U2 +U;- DU, (G, -cosb, + B, -sind, )

npecMeTaHa
kea,;

=G, U +UY -[Uéo) (Gge €080 + By SN0, ) +U 5 - (Gga - 0805, + Bga -sineBA)}
~0-1,02+1,0.[1,0-(0-1+3125-0)+1,05-(0-0+12,5.0)]=0 &Y =B



IIpumep 4.4 Cucrem 0e3 PU jazam

[IpecMeTanu UHjEKTUPAHU MOKHOCTH BO ja3JIMTE MPE]] IIpBaTa UTEpaluja;

Ocs =02 -6 =0

Ocn =0 -0, =0

QY =-B;-U’+U;- > U, (G, -sin6, — B, -cose,)

1 |
kE(Xi

= B, -UY +UY -[U ). (Ggg -SiNBg — Beg - 005 ) + U, - (Gep - SINO, — Bea -cos@CA)]
=—(-9,345)-1,0° +1,0-[1,0-(0-0-3,125-1) +1,05-(0-0-6,25-1) | =-0,3425

OBc = Hg))_g(co) =0

=—B.-U"+U (0)

Q U 0 g’ —0p =0
éo) . iUl +U; E K ~(Gik -sinB,, — B, .coseik) BA =0 ~0Ua

npecMeTan
ke Qi

=B, -UY +U -[Uéo) (Gge *SiNB. — By - €080, ) +U 5 - (Gga -SiNO,, — By -cosGBA)]
=—(-15,6)-1,0+1,0-[1,0-(0-0-3,125-1) +1,05-(0-0-12,5-1) | = 0,65



IIpumep 4.4 Cucrem 0e3 PU jazam

[IpecMeTanu UHjEKTUPAHU MOKHOCTH BO ja3JIMTE MPE]] IIpBaTa UTEpaluja;

[Tomarorwm 3a jazmure (per unit)

Jazon P Q U 0 Tum P.op.
A ? ? 1050 S 3
cC -15-10 ? ?2 PQ 1
B 06 04 ? ? PQ 2

PO, RO =-L5-0--15
AR =Py ... ~Pop, =0,6-0=06
AQ®=Q, -QP =-1,0-(-0,3425)=-0,6575

3a/1aacHa nmpecMeTaHa

AQV=Q, -QP =0,4-(-0,65)=1,05

3ajaeHa npecMeTaHa



IIpumep 4.4 Cucrem 0e3 PU jazam

[IpecMeTka Ha €JIEMEHTUTE O/1 jJaKOOM]JaHOT

H N 40,
M L][AU/U}

n=3-(n-1=2)

|

Hoyo
Moo

Hee
Hgc
Mcc
| Mgc

|

q=2
Nzxz} .{ A6y,
L2><2 4x 4 (AU/U )
Hece Ncc Nep
Hgs Npc Ngp
Mcg Lec Les
Mgg Lgc Lgp

£

2><1:|4X1 |:

AOc
AOg

APy, q

AP
AP
AQc

AQle :|4><1

AQp |



IIpumep 4.4 Cucrem 0e3 PU jazam : :
[TpecMeTKa Ha €JIE€MEHTUTE O] JAKOOUjaHOT

- Ade T
(Hee Heg Nec Negl| | A6g | [ AR
Hgc Hes Nec Ngs||AUc | | APs
Mcc Mce Lee Les || Uc AQc
| Mgc Mgg Lgc Lee | |AUp | [AQg]

Ug

cPR, :
Hij =glj=ui Uj (GU Slneij — BijCOSHij)

HCB = LCB = UC 'UB . (GCB -sin HCB - BCB . COS@CB) =10-10- (O— 3,125) =-3,125
HBC = LBC = UB 'UC '(GBC -sin HBC - BBC 'COSHBc) = 1,01,0(0—3,125) =-3125

CyOmarpunara H e cumeTpuyHa caMo BO HyJITaTa urepanuja 3aToa mro 0; = 0; =0!

L'J:HU ; J-‘/—‘l

LCB = —3,125 LBC - —3,125



IIpumep 4.4 Cucrem 0e3 PU jazam

[IpecMeTKka Ha €1EMEHTHUTE O JaAKOOH]aHOT

ABC
Hce Hee Nec Nep | | ABg ARc
Hgc Hps Npc Npp | | AU APg
Mce Mceg Lee Lee || Uc AQc
 Mpc Mg Lgc Leg | |AUg | |AQg
Ug
oP, - B
H =—i-_B -U?’=-0.
i aei I I anp eeeeeeee
Hee =—Bec-U&—Qc  =—(-9,345)-1° —(-0,3425) = 9,6875

Lec =—Bee UZ+Q =—(-9,345)-1° +(-0,3425) = 9,025

=—(-15,6) 12+ (—O, 65) =14,95

eeeeeeee

Lgg =—Bgs 'UEZsB T QBHP



IIpumep 4.4 Cucrem 0e3 PU jazam

Hee Hes
Hgc Hpp
Mce Mcp
Mpc Mpgg
Y=G+)B
N;; = A 1y, =G; -U?+P =0
HpCCMeTaHa
I
oP, .
Nlj @UI U _Ui Uj (Glj 'COSGij + BIJ ‘Slneij)ZO
M” :%:_Gii U|2 + Pin ecMeTaHa :O
89i p
Mij __Nij =0
19,6875 —3,125; 0
3125 16,25: 0 0
0 0: 9,025 -3,125
i 0 0 3,125 14,95

0]

- _(AUB/UB)(O)_

Aol
o)
(aucu )

AP
APg
AQc
AQp

~1,5]
0,6
—0,6575
1,05 |




IIpumep 4.4 Cucrem 0e3 PU jazam

["aycoBa enumuHaImja

bunejku cyomarpunute N u M ce enHakBu Ha Hy’sa, peliaBamMe JBa HE3aBUCHU CUCTEMa
JIMHEAPHU PABEHKU CO IO JIBE€ HEMO3HATH

0
) 1 -0,3225806] | A6y | _[-0,1548387 1 —0,3471259 (AUC/UC)O ~0,0730352
%1 3125 16,25 0,6

0
N 3,125 1495 | (AU 5 /Ug)© 1,05
1 -0,3225806] [ A6l | [-01548387 1 -0,34712597 | (AU /U ) 0) 00730352
0 1524194 |70 | | 01161291 0 1386523 (AUg/Ug) 08217655
. [1 -03225806 A6®] T-01548387 [1 —0,3471259} (AUG/U ) 00730352
.d . =
0 1 AQ(BO) 0,0076190 0 1 (AUg/U ) 0, 0592681



IIpumep 4.4 Cucrem 0e3 PU jazam

(0)
1 -032258067 | A Q(CO) - [-0,1548387 {1 —0,3471259] (AUc/U ) _ [—0,0730352}
0 1] 4@ || 0,0076190 0 L | (aug/ug)? | L 00592681
IToBparHa 3ameHa
(0) _ (0)
NG’ =-0,1548387 — AGy’ -(~0,3225806) (AUG /U C)(O) _ 0,0730852— (AU /U B)(O) 0.0502681
=-0,1548387 - 0,0076190-(~0,3225806)  _ 1 5730350 (_0.0730352) . 0,0592681
= -0,1523810 00524617

Hanonwu Ha jaznurte mocie nppara utepaiuja;

00 =0 1+ A0 =0+ 402 = 01523810 rad UY =U© +(aUC U )P U =1,0+(-00524617) 1,0

(1) A0) . 1 50 (0) = 0,9475383
05 =65 +Af5 =0+ A6y =0,0076190 rad Q@ o ©
Ug’ =Ug’ +(AUg/Ug)"”’ -Ug’ =1,0+0,0592681-1,0
=1,059268

Touno pemenne (€=0,001) mocie Tpu ureparuu

max(‘AP(s)‘, ‘AQ(?’)‘) =6,735325-10%° U —0,9221041.¢79%" U —104784.61037



IIpumep 4.5 Cucrem co PU jaziam
Sc=1,5+j1,0 1
C

3 A B 2

Ug =103 P4=0,6

[Tomaromwm 3a jasnute (per unit)

Jazom P Q U 6 Tum P.Op.
A ? ? 1050 S 3
cC -15-10 ? ? PQ 1
B 06 ? 103 ? PU 2

69 =0 Ua =105
9(80):() Oa =0
n-1=2;q9=1 Ug =103

u® =10

|

IToxgaroru 3a rpankute (per unit)

I'panka R X G B
B-C 1-2 0 0,32 0 0,04
A-C 1-3 0 0,16 0 0,02
A-B 2-3 0 0,08 0 0,01

Y=j 3125 -15600

Hoyo
My,

C B A
—9,345 3,125 6,250 |C
12,500 |B

6,250 12,500 -18,735|A

Nm]{ Ao }{Aple
Lig | [(AU/U) | [AQua

|



IIpumep 4.5 Cucrem co PU jaziam

[IpecMeTanu UHjEKTUPAHU MOKHOCTH BO ja3JIMTE MPE]] IIpBaTa UTEpaluja;

P =0 ARV =P R
Pos =0 DRV =Po  —F2
QéoiM :_Bii'Uiz"'Ui'ZUk'(G

keo;

=-B.- U

O fUg(

—(—9,345) -1,02 +1,0-[1,03

0 0
AQé ) = chaﬂe}[a - érl)

. +SINO,

C B A
=-15-0=-15 9345 3125  6250]C
Y =j 3125 -15600 12,500 |B
=0,6-0=0,6 6,250 12,500 -18,735|A

Ocg =00~ 65 =0
Oca =07 ~0p =0

— B, - c0s6,, )

Geg -SiNOgg — Beg -€080c5 ) +U , - (Gea +SiNB, — By -COSO, ) |

(0-0-3,125-1)+1,05-(0-0~6,25-1) ] = -0, 4362507

=-1,0—(-0,4362507) = —-0,5637493



IIpumep 4.5 Cucrem co PU jaziam

[IpecmeTka Ha €JIEMEHTUTE O] JAKOOUJaHOT

Hij =L ; J#i

0 0
R _ Opc =05 -0 =0
—ZUi Uj (G” Slngij - BijCOSHij) 0 _ (9(0) 0. -0
i BA —YB YA~

Hij =

HCB = UC ‘U B (GCB -sin QCB - BCB . COS@CB) =10-1,03- (O— 3,125) =-3,21875

HBC = UB 'UC '(GBC -Sin QBC — BBC 'COSQBc) = 1,031,0(0—3,125) =-3,21875



IIpumep 4.5 Cucrem co PU jaziam

. . O O
[IpecmeTka Ha €JIEMEHTUTE O] JAKOOUJaHOT Opc = ,9%3) _o9_g
0
Heg =—Bgg-Ugg = Qs Opp =0 —0, =0
0 2 .
Qénlemema =-Bji-U{" +Ui- 2 Uy (G -sindy — By -costy )
kea;

= _BBB Ué +UB |:Ué0) '(GBC ~Sin¢9|3c — BBC ‘COS@Bc)'l‘UA ‘(GBA ~Sinz9|3A - BBA ‘COSQBA ):|

= —(~15,6)-1,03% +1,03-[1,0-(0-0~3,125-1) +1,05-(0-0~12,5-1) ] = -0,1874602

Heg = —Bgg 'UéB _QBHP

CCCCCCCC



IIpumep 4.5 Cucrem co PU jaziam

[IpecmeTka Ha €JIEMEHTUTE O] JAKOOUJaHOT

: oP, 2 AR .
Y=jB N;= 20, - Ui=G;-Ur+R =0 N;= éUIJ Uj=U;-U;j-(Gj-cosd;j + By -sindj) =0
50.
Mii:&:_Gii'UiZJrI:)inecmHa =0 Mjj =—N;jj =0
00, :
9,78125 -3,21875 | 0 AH(C?) ~15
321875 16,7375 ol a6y |- 0.6
0 0 ' 8,908749 ©)| | _-05637493




IIpumep 4.5 Cucrem co PU jaziam

[IpecmeTka Ha €JIEMEHTUTE O] JAKOOUJaHOT

. i 0 ]
078125 —3,21875 0 A6%) ~15
321875 16,7375 ol-|  add |- 0,6
0 018908749 | I (ar1_ a1 YO | | —05637493
0 08908749 | (auc/u)® | [-05637493

0 —
(AU /U )( ) _ 205637493 _ ) 0630804
¢ 8,908749

) =y {1+ (AU /U C)(O)} ~1,0-[1+(~0,0632804) ] = 0,9367196



IIpumep 4.5 Cucrem co PU jaziam
PemaBame Ha CUCTEMOT PaBEHKU

"1 -03200735] [ A6 | [-0.533546]
0 1567829 70 | | 01063898

"1 -03200735] [ A6 | [-0.1533546]
0 1] A0l® || 00067858

A6 = 01533546 - A6\ - (~0,3290735)
— ~0,1533546 — 0,0067858 - (~0,3290735)
— _0,1511216

oD =0l + 260 =0+ A6Y) = 01511216 rad
o =60 1+ A0l =0+ A6 =0,0067858 rad

Touno pemenue (€=0,001) mocne Tpu uTepanuu

max(4P,AQ®) = 5,602857-10

. o 3 - o —
u(ég) — 0,9149080 . e—j9,52 u( ) — 1’03 e+j0,39 QB 0,1307233



IIpumep 4.5 Cucrem co PU jaziam

Vlezni podatoci za grankite

R X G'xE-06 B'xE-06 Prenosen odnos
A - B 0.000000 0.8000000E-01 0.000000 10000.00 1.00/ 1.00
B -C 0.000000 0.3200000 0.000000 40000.00 1.00/ 1.00
A - C 0.000000 0.1600000 0.000000 20000.00 1.00/ 1.00

Jazol P Q U Theta Tip Ubaz
C -1.500000 -1.000000 ? ? PQ 1.00
B 0.6000000 ? 1.030000 ? PV 1.00
A ? ? 1.050000 0.000000 S 1.00

Parametri od pi-ekv. semi

3-2 Y, Y'/2( 0.000000 j -12.50000 )( 0.000000 j 0.5000000E-02)
2-1 Y, Y'/2( 0.000000 j -3.125000 )( 0.000000 j3 0.2000000E-01)
3-1 Y, Y'/2( 0.000000 j -6.250000 )( 0.000000 j5 0.1000000E-01)
Formiranje na matricata Y so inspekcija na mrezata
Matrica G Matrica B
C B C B A A
C 0.000000 0.000000 0.000000 C -9.345000 3.125000 6.250000
B 0.000000 0.000000 0.000000 B 3.125000 -15.60000 12.50000
A 0.000000 0.000000 0.000000 A 6.250000 12.50000 -18.73500



IIpumep 4.5 Cucrem co PU jaziam

Jakobijan i (dP,dQ) Resenie (1 iter):
C B C dp,dQ d(th) ,d

C 9.781250 -3.218750 0.000000 -1.500000 C -0.151121e6

B -3.218750 16.73750 0.000000 0.6000000 B 0.6785803E-02

C 0.000000 0.000000 8.908751 -0.5637503 C -0.6328051E-01

Naponi vo jazlite posle 3.0 iteracii; (dP,dQ)max= 0.4947186E-05 < 0.1000000E-02

( E +J F )« U [ejth (rad.)] ) Ul[e]jth] )
C ( 0.9023085 j-0.1513129 ) ( 0.9149078 ej-0.1661494 ) 0.91 ej -9.51966)
B ( 1.029976 j 0.7085219E-02) ( 1.030000 ej 0.6878908E-02) ( 1.03 ej 0.39413)
A ( 1.050000 j 0.000000 ) ( 1.050000 ej 0.000000 ) |« 1.05 ej 0.00000)

( P +3 Q ) ( P +3 Q ) ( dp +J do )
C(PQ) ( -1.500000 j -1.000000 ) ( -1.499996 j-0.9999951 ) (-0.3576279E-05 j-0.4947186E-05)
B (PV) ( 0.6000000 j 0.000000 ) ( 0.5999988 j 0.1307233 ) ( 0.1251698E-05 j 0.000000 )
A(S ) ( 0.000000 j 0.000000 ) ( 0.8999976 j 1.215507 )( 0.000000 j 0.000000 )

Zagubi: (-0.5960464E-07 j 0.3462354



IIpumep 4.6 Cucrem 0e3 PU jazam

[TomaToru 3a rpankute (Per unit) [MomaTorm 3a jasmute (per unit)
Sg=08+]j0,4 1 I'panka R X G B Jason P Q U 0 Tun P.6p.
B A-B 3-1 024 032 0 0,0 A ? ?7 104 0 S 3
B-C 1-2 012 0,16 0 0,0 B 08 04 ? ?2 PQ 1
A-C 3-2 006 008 0 0,0 C 02 01 ? 2?2 PQ 2
YA g = 1 _ L —15- |2
Za s 024+(032
1 1
Un=104 5. —02+j01] CA Zoa 006+j008 =
1 1 . U(O)=1O U(O):lo UA=1,04
Ygc= = ——=3-j4 0 Yem =4
Zg ¢ 012+)016 @(E?) -0 @g)) _0 0Oa=0
Yaa=Yc_a+Ya_B +%'(X'C—A +X'A—B) =7,5-]9,97
n=3 Yga.3
Yeg =Yg c+Yap+3:(Y'B-c+Y A-B)=45-]597
Yecc=Yc-A+YB-C +%'(X’C—A +X’B—C) =9,0-J11,96
Yos =Yac =Yg-c =~(30-j40)=-30+J40 45 30 -15] [-597 400 200]B
Yag=Yga=-Ya_g=—(15-j2)=-15+j2 Y= 30 90 -60|+j 400 -1196 8,00|C

) i -150 -6,0 75 2,00 8,00 -9,97 |A
Yac=Yca=-Ya_c=-(60-]j8,0)=-6,0+j80



ITpumep 4.6 Cucrem 6e3 PU jazian Pemenne co lbytH-PadcoHos meton

u® =10 UL =10 Ua =104 45 30 -15] [-597 400 2,00]B
69 -0 6P -0 0a=0 Y=| 30 90 —60[+j 400 -1196 800(C

-150 60 75 2,00 8,00 -9,97|A

PO =Gy -UY +UY -[u ). (Geg - €08Bge + By -5iNBge ) +U , - (G, - C0SOg, + By -sineBA)]

pecM

=4,5-1,0°+1,0-[1,0-(-3,0-1+4,0-0)+1,04-(-1,5-1+2,0-0) | =-0,06

pecM

PO =G -UD +U Y [ UE (o 00805 + Bg -5iN0g ) + U, - (Gag - COSOc, + By -5iN0, )|
=9,0-1,0°+1,0-[1,0-(-3,0-1+4,0-0)+1,04-(—6,0-0+8,0-0) | =-0,24

QY =By U +U JUE (g -siNOgc — Byg -C0805 ) +U 5 +(Ggy -SiNO, — By -COS0, ) |
=—(-5,97)-1,0°+1,0-[1,0-(-3,0-0-4,0-1)+1,04-(-1,5-0-2,0-1) | =-0,11

Q((;Oz =B, UL +ul -[U ). (Ggg -SiNBcg — Beg - 0805 ) +U , - (Geyp - SINO, — By -cosGCA)]
— —(~11,96)-1,0?+1,0-[1,0-(~3,0-0~4,0-1)+1,04-(~6,0-0-8,0-1) ] =~0,36



IIpumep 4.6 Cucrem 0e3 PU jazam

[Tomarorw 3a jaznure (per unit)

Jazon P Q U 0 Tum P.Op.
A ? ?7 104 0 S 3
B -08 04 ? ? PQ 1
cC 02 01 ?2 ? PQ 2

ARY =R, -R) =-08-(-0,06)=-0,74

naze

AP =P,

naze

0
AQé ) = QBL[az[eHa

0
AQé ) = QCnaﬂeHa

LR, =0,2-(-0,24)=0,44

_ 0
BnpeCMeTaHa

=-0,4—(-0,11)=-0,299

eV
CnpeCMeTaHa

- 0,1-(-0,36) = 0,46

Pemrenue co Ibyru-PagconoB meron

BRIEA

n=3—->(n-1=2)
q=2
|:H2x2 :[Aple
Mj.o

AQy

N2><2:|' AB7,1
L2><2 (AU/U)le

|



ITpumep 4.6 Cucrem 6e3 PU jazian Pemenne co lbytH-PadcoHos meton

HBC = LBC = UB 'UC '(GBC -sin QBC — BBC 'COSQBc) 21,0'1,0'(—3,0'0—4,()'1) =-4,0
HCB = LCB = UC 'UB '(GCB -sin HCB — BCB 'COSHCB) =1,0'1,0'(—3,0'0—4,0'1) =-4,0
~(~5,97)-1 ~(~0,11) = 6,08

—(-5,97)-1* +(-0,11) =5,86

Hgg = —Bgg 'UEZ«;B _QBHP

eeeeeeee

LBB = _BBB ‘U éB + QBHpmmHa =
Bcc U2 —QC =—(—1l,96)-l2 —(—0,36)212,32

B -Us +Q. =—(-11,96)-1° +(-0,36) =116

eeeeeeeeee

 =4,5-12+(-0,06) = 4,44

Mgy = —Ggg -UZ+P,  =-4,5.12+(-0,06)=—4,56

IpecMeTaHa

=9,0-12 +(-0,24)=8,76

9,0-1 +(~0,24) = 9,24

- — . 2 e —
M CC o GCC UC + Pcnpecme'raﬂa

NBC = _MBC = UB 'UC '(GBC 'COSHBC + BBC 'SinHBc) =1'1'(—3,0'1+ 4,00) =-3,0
NCB = _MCB :UC 'UB '(GCB 'COSHCB + BCB 'SinHCB) =1'1°(—3,0'1+ 4,00) =-3,0



ITpumep 4.6 Cucrem 6e3 PU jazian Pemenne co lbytH-PadcoHos meton

_ - 0 1 - _
608 -40444 -30 A% -0,74
40 1232 -30 876|| A6Y 0,44

456 30 58 -40| (AUg/U ) | |-029
30 -9,24  —40 116 0 0,46
- = Haueue)@] Lose.
A0Q | 1-0,06536043"
A6Q | | 001633411
AU EO) | -0,08142716
(0| | 0,01546949
AU | L 1

oY) | [-0,06536043
oV | | 001633411

u | [09185728
u((}) | 1,015470



|

IIpumep 4.7 Cucrem co PU jasiu

Sg=0,7

Ug=102 °

A

Up =104

C

Sc=03 I
Ug =13

Pemrenue co Ibyru-PagconoB meros

6,324
—4,2024

12,772

=

A6
A6

0)
0)

i3l

0,7 —(~0,06119964)
0,3—(~0,03089943)

|

[Tomarorwm 3a jaznure (per unit)

Jazqiu P Q U 0 Tum P.0Op

A ? ?7 104 0 S 3

B 07 102 ? PU 1

?
c 03 ? 103 ? PU 2

N=3=Y3.3
n—-1=2; C]:O:> H2><2
Nn-1=2,g=0=L=M=N=0

[TomaTonu 3a rpankute (per unit)

I'panka R X G' B'
A-B 0,24 032 0 0,02
B-C 0,12 0,16 0 0,04
A-C 0,06 008 0 0,04

0,3308994 u®

C

= |:_O,6388004:| [L—J(B)] _ |:1,02 . e—j0,1072443

1.03- e—j0,009378656

|



IIpumep 4.7 Cucrem co PU jazau

Vlezni podatoci za grankite

R X G'xE-06 B'xE-06 Prenosen odnos
A - C 0.6000000E-01 0.8000000E-01 0.000000 40000.00 1.00/ 1.00
C - B 0.1200000 0.1600000 0.000000 40000.00 1.00/ 1.00
A - B 0.2400000 0.3200000 0.000000 20000.00 1.00/ 1.00

Jazol P Q U Theta Tip Ubaz
B-0.7000000 ? 1.020000 ? PV 1.00
C 0.3000000 ? 1.030000 ? PV 1.00
A ? ? 1.040000 0.000000 S 1.00

Parametri od pi-ekv. semi

3-2 Y, Y'/2( 6.000000 j -8.000000 )( 0.000000 j 0.2000000E-01)
2-1 Y, Y'/2( 3.000000 j -4.000000 )( 0.000000 j3 0.2000000E-01)
3-1 Y, Y'/2( 1.500000 j -2.000000 )( 0.000000 j5 0.1000000E-01)
Formiranje na matricata Y so inspekcija na mrezata
Matrica G Matrica B
B C A B C A
B 4.500000 -3.000000 -1.500000 B -5.970000 4.000000 2.000000
C -3.000000 9.000000 -6.000000 C 4.000000 -11.96000 8.000000

A -1.500000 -6.000000 7.500000 A 2.000000 8.000000 -9.970000



IIpumep 4.7 Cucrem co PU jasiu

Jakobijan i (dP,dQ) Resenie 1 iter:
B C dp,dQ d(th) ,d

B 6.324000 -4.202400 -0.6388004 B -0.1072444

C -4.202400 12.77200 0.3308994 C -0.9378655E-02

Naponi vo jazlite posle 3.0 iteracii; (dP,dQ)max= 0.7748604E-06 < 0.1000000E-02

( E +3J F ) U [ejth (rad.)] ) U[ejth] )
B ( 1.013391 j-0.1159241 ) ( 1.020000 ej-0.1138972 ) 1.02 ej -6.52583)
C ( 1.029915 j-0.1319624E-01) ( 1.030000 ej-0.1281224E-01) ( 1.03 ej -0.73409)
A ( 1.040000 j 0.000000 ) ( 1.040000 ej 0.000000 )« 1.04 ej 0.00000)

( P +3 Q ) ( P +J Q ) ( dp +J do )
B (PV) (-0.7000000 j 0.000000 ) (-0.6999992 j 0.4212851 ) (-0.7748604E-06 j 0.000000 )
C (PV) ( 0.3000000 3 0.000000 ) ( 0.2999998 §-0.2971937 ) ( 0.2086163E-06 j 0.000000 )
A(S ) ( 0.000000 3 0.000000 ) ( 0.4553522 §-0.1563840 )( 0.000000 3 0.000000 )

Zagubi: ( 0.5535278E-01 j-0.3229260E-01)



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

Sc=1,5+j1,0 1
C

A B 2
QA:].,OS I §B:016+j014

U =10 u® =10 Ux=105

09 =0 0,=0
69 -0 ° a

n-1=2;q=2

BéxZ! Bé'xZ

[Tomarouu 3a rpankure (per unit)

I'panka R X G B
B-C 1-2 0 0,32 0 0,04
A-C 1-3 0 0,16 0 0,02
A-B 2-3 0 0,08 0 0,01

[Tomaromwm 3a jasimre (per unit)

Jazom P Q U 6 Tum P.Oop.

A ? ?7 1050 S 3

C 15 10 ? ? PQ 1

B 06 04 ? ? PQ 2

C B A
—9,345 3125 6,250 |C
Y =j 3125 -15600 12500|B
6,250 12,500 -18,735|A



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam
Marpuna B’

I'h 3aHCMAapyBaMC HAIIPCUHHUTC I'PAHKHU O TT-CKBUBAJICHTHUTC ICMHU U AKTUBHUTC OTIIOPHOCTHU
Ha HAJOJIZKHUTC I'PAHKHU

Bécz( 1, 1 j:(i+ij=9,375
Xcg Xc.a) (032 016

C B
[ 9375 -3125|C
= , 1 1 1 1
~3125 15625|B Bpg = + = + = 15,625
Xc.s Xp_a, L032 008



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

Marpuna B” — marpuna B co cipoTrBeH 3HaK

® B

g | 9345 -3125]C

T 7227\ 3125 15600 |B
C B

, | 9375 -3125|C
-3,125 15,625|B



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-utepaiuja 3a mpecMeTka Ha (pa3HUTE ariivi Ha HaIIOHUTE

[IpecmeTka Ha MHJEKTUPAHUTE AKTUBHU MOKHOCTH

PO =G, -UZ?+U;- Y U, (G, -cosh, + B, -sind, )

pecMeTaHa
kea;

— IB " e - ()(0) e 0) e O énp)eCMeTaHa o 0 APC( ) - Pcdadena Pc(frzsmetana ’5 115
Y | I ’ | ] :
E(l'lp)ecmemx-m B( ) Bdaden I B(pris etan - O, 6 - O = 0’ 6

oy |20 00 _[1520) [-15
| aP©@u© | L0610 |06



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-uTepainuja 3a mpecMeTKa Ha (pa3HUTE ariivi HAa HAIIOHUTE

" 9,375 31251 [ 460

C B 3125 15625] | 7gl0)

. [ 9375 -3125]C -
5 :[—3,125 15,625}8 "1 -0,3333333] [ A6
0 1458333] | 5 g0

1 -0,3333333] [ A0 ]
0 1 Agg))

A6 =016 A6l . (~0,3333333)

=-0,16—-6,857146-107°- (—0,3333333)
=-0,1577143

0% =60l + A0lY =0,0-01577143 = —0,1577143

o =09 + A6l? =0,0+6,857146-107% = 6,857146-1073

[-15
0,6

0,16
0,1

016
6,857146-10°



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-utepaiyja 3a npecMeTka Ha €()eKTUBHUTE BPEAHOCTH HA HATIOHUTE
[IpecmeTka Ha UHJEKTUPAHUTE PEAKTUBHU MOKHOCTH

QY =-B;-U}+U;- Y U, (G, -sind, —B, -coso,, )
kea;

IpecM.

Q¥ =-B.-UY +uO -[u O (Geg -sinOL — By €050 ) +U , -(Gey -sindl) — B, -cosegl)]
oL =6 — 0, =-01577143-0=-0,1577143

oL = 0¥ — o = 01577143 6,857146.103 = —0,1645714
QY =—(-9,345)-1’ +1,0-{1-[ 0-3,125-cos(~0,1645714) | +1,05-[ 0~ 6,25-cos(~0,1577143) |}
= -0,2188292

AQY =Q. -Q¥  =-1,0-(-0,2188292)=-0,7811708

eeeeeeeeee



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-utepaiyja 3a npecMeTka Ha €()eKTUBHUTE BPEAHOCTH HA HATIOHUTE
[IpecmeTka Ha UHJEKTUPAHUTE PEAKTUBHU MOKHOCTH

QY =-B;-U}+U;- Y U, (G, sind, —B, -coso, )
kea;

QY =~Bog UL +UL | UL (Gyq -sin6LL — By 0SB )+U . (G -sinOL) — By -cOSBE) )|
od) = oY — o) = _gll) — 01645714

oL =Y — 0, =6857146-1072 —0,0 = 68571461073

1,0-[ 0-3,125-c0s(0,1645714) | +
QY =—(~15,6)-1,02+1,0-

TIpecM.

1,05:[0-12,5-cos(6,857146107
~ ~0,6074686

AQY =Qy  —QF)  =0,4—(-0,6074686)=1,007469

;4,07 [-0781 )
AQ/U {AQC JUE }{ 0,78 1708/1,0}2[ 0,7811708}

AQg’) /ug’) 1,007469/1,0 1,007469



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-utepanuja 3a mpecMeTka Ha €(DeKTUBHUTE BPEHOCTH Ha HAIIOHUTE

¢ B aquu | 0781708
B — 9,345 -3125|C o 1,007469
3125 15600 B
9,345 -3125] AU | [-0,7811708
-3125 15,600 | AU éO) | 1,007469

0 1455499 0) 0,7462423

[1 —0,3344035] Aul _{—8,359239-102}
AU

| -8,359239.1072

0 1 01 [ 51270561072 }

{1 —0,3344035} Au
AU

AU = _8350239.1072 — AU Y - (-0,3344035)
= -8,359239-10 - (5,127056 10 ) (~0,3344035)

— —6,644734-107



FDC — XB — Ilpumep 4.4 cuctem 06e3 PU jaziam

[Tony-utepanuja 3a mpecMeTka Ha €(DeKTUBHUTE BPEHOCTH Ha HAIIOHUTE

AUY | [-6,644734-10°
AUY | | 5,127056-10°

U =0l + AU =10- 6644734102 = 0,9335527

U =u® 1 AU =1,0+5127056-102 =1,051271

oy | [ -0,1577143
o | |6,857146-10°°
U = 0,0335527.¢ 104577143 UW 1051271 1685714610°

,,Jouno** pemenue (€=10-) mocne uetnpu ureparmu  Pemenue co IbyTH-PadcoHOB MeTox

— . _j9’4o . o
Jc =09221520-¢ U =0,9221041.¢7194

U g =1047850-¢ 1037 U —1,04784.¢+1037



FDC — XB — Ilpumep 4.5 cucrem co PU jazau

Sc=1,5+j1,0 1
C

3 A B 2

Ug =103 $=0,6

U® =10 Uz=103 Ua =105
60 =0 05 =0 0a=0
n-1=2;q=1 B2, Bix

ITonmaroru 3a rpankute (per unit)

I'panka R X G B

B-C 1-2 0 032 0 0,04

A-C 1-3 0 0,16 0 0,02

A-B 2-3 0 008 0 0,01

[Tomaromwm 3a jaznute (per unit)

Jazom P Q U 6 Tum P.Op.

A ? ? 1050 S 3

c -15-10 ? ?2 PQ 1

B 06 ? 103 ? PU 2

C B A
—9,345 3125 6,250 |C
Y =j 3125 -15600 12500|B
6,250 12,500 -18,735|A



FDC — XB — IIpumep 4.5 cucrem co PU jaznu C B A

—9,345 3,125 6,250 |C
Y =j 3125 -15600 12,5500|B
6,250 12,500 -18,735|A

Marpuna B' — ru 3anemapyBaMe Hanpe4yHUTEe TPAHKA M AKTUBHUTE OTIIOPHOCT HA
peIHNTE TPAHKHU

B':_ i’ |,J:1’-.,n 1’ |¢J
1 X _
jepi 1)
Bi,i: Xi’ i:l’...’n_l C B
Jeai 717 o _[ 9375 -3125]C
1 1 123125 15,625|B
Beg = Bge =— =— - -3125
XcoB 0,32
B&C:( 1 1 j:(i+ij=9,375
Xc_p  Xc-a 0,32 016
C
1 1 1 1
BLo — = 4 =15,625 .
o8 (Xcs XBA) (0,32 0,08) B” = —B,,; =[9,345]C



FDC — XB — Ilpumep 4.5 cucrem co PU jazau

[Tony-utepaiuja 3a mpecMeTka Ha (pa3HUTE ariivi Ha HaIIOHUTE

(0) _ ) _ (0) e A
V=B 56, =60 6" =0, 05 = =0 AR =R o =712 70=00
r=j ik k ki P(O) — AP(O) —P P(O) —06-0=06
B B B B B —V,VU—VU—V,

AP/U = APC(:O)/ ngo) _|-15/10| | -15
L arug | {o, 6/1 03} B {0,5825243}



FDC — XB — Ilpumep 4.5 cucrem co PU jazau

[Tony-utepaiuja 3a mpecMeTka Ha (pa3HUTE ariivi Ha HaIIOHUTE

C B
0) 1 (0) [ 9375 -3125]C
AP U ~1,5/1,0 15 B =
PO o {o 6 { 03}{0 5825243} [_3’125 1628
AP jug | LO.6/L ’
_ (0) ] _
9375 31251 |A6c"| | Lo 269 = 016- 269 .(~0,3333333)
3125 15625 | A9© | | 05825243 .
B _ —~_0,16-5,65881-107% -(~0,3333333)
- ——0,1581137
1 -03333333] | A6l | [ -016
0 1458333] | 7pl?) - 10,0825243
P - oD =0l + A6lY =0,0-01581137 =-01581137
(1 -0,3333333] | A0 | [-016
0 1 | pg® | |565881.107
- J1A%] L oY =0\ + A0l =0,0+565881-1073 =5,65881-10~



C

FDC — XB — Ilpumep 4.5 cucrem co PU jazau
B" =[9,345|C

[Tony-utepaiyja 3a npecmMeTka Ha €(heKTUBHUTE BPEIHOCTH HA HAIIOHUTE

QY =-B;-U2+U,- Y U, (G, sin6, — B, -cosb, )

kea,;

QY ==Bee U +UL[ Uy +(Gog -5in6EY — Bog 0080 )+ U, -Gy -sin6L) — B, -cosof )|

L =0l _ o) = 01581137 -565881-1073 = -0,1637725

oL =0 — 9, =—01581137 -0 =—0,1581137

1,031 0—-3,125-cos(—-0,1637725) |+
&t [ B

1,05-[ 0—6,25-cos(-0,1581137) |
=-0,3113203

0 0
AQé ) = chaue}{a - él’l)

eeeeeeeee

=-1,0- (—O, 3113203) =-0,6886797



FDC — XB — Ilpumep 4.5 cucrem co PU jazau

[Tony-utepanuja 3a npecMeTKka Ha €()eKTUBHUTE BPEAHOCTU HA HATIOHUTE

AQéO) = QCWHa — ((:on =-1,0- (—O, 3113203) =-0,6886797
AQ/U = {AQ(CO) /uéo)] —[-0,6886797,/1,0] = [0,6886797] c
9,345- AU = —0,6886797 B"=[9,345]C
AU - ZO8B857OT_ 4 173605
9,345
UP =ul? + AU =1,0-0,073695= 0926305
. : 3
u (Cl) _ 0.926305. ¢ 101581137 U gl) _103. ¢~ 156588110
Touno pemienne (¢=102) mocie yeTnpu urepanuu Pewenme co IbytH-PadcoroB MeTox
(4) 4 4  _ 1074
‘AP —3246069-10% |AQ = 254154210
max max
3 - o
Ug =103 e+1039 U =09149080-¢ 12
Uc =09149503.¢719%2" () _103.6+1039" Qg =0,1307233
— ¢ Qg =0,1305642 Jp =103-¢ e



IIpumep 4.10 3a cucrem 0e3 PU jazam

Sg =08+ 0,4 1

B

[Tomarorwm 3a rpankute (per unit)

[TomaToru 3a jaznute (per unit)

U =104

Yaa =YcoatYa g+

2

Yeg =Yg c+Yap+3(Y'Bc+YaB)=45-]597

Yecc=Yc-Aa+YB-—cC +%'(\—(,C‘A +\—(,B_C) =9.0-]11.96

XCB = XBC = _XB—C = —(3,0 — J4,0) = —3,0 + J4,0

Yag=Ypa =—Ya g=—(15-j2)=-15+)2

I'panka R X G' B' Jazon P Q U 0 Tum P.O.
A-B 024 032 0 0,02 A ? ? 1040 S 3
B.C 012 016 0 0,04 B 08 04 ? 2?2 PQ 1
A-C 006 008 0 004 C 02 01 2?2 ? PU 2
0) _ (0) _ _
N=3 Yaua U =10 UL =10 Us =104
(0) _ 0) _ =
I §C =0,2+j0,1 ‘95 =0 90 =0 QA 0
Yo g= L 1_ =15-j2
Za_g 024+0,32
(\_('C—A +\_('A—B) =7,5-]9,97 Yo = 1 _ 1_ =6-j8
- Zc.a 0,06+ 0,08
Yo c=o = =34
Zg.c 012+i016
45 -30 -15 —5,97 400 200|B
Y= -30 90 -60|+j 4,00 -119 8,00|C
-150 -6,0 75 2,00 8,00 -9,97|A

Yac=Yca=-Ya c=—(60-]80)=-6,0+j8,0



IIpumep 4.10 3a cucrem 6e3 PU jasim Pemenue co Ibyru-PadconoB meron

PO =Gy U +U | UY(Geg -COSOgc + By -5iN0c ) +U . +(Ggy - COSOg, + By -Sind, ) |
=4,5-1,0°+1,0-[1,0-(-3,0-1+4,0-0)+1,04-(-1,5-1+2,0-0) | =-0,06

Péop) ™ -Uéo)z +U -[U 0. (Ggg +€0S0g + Beg -SiNOcg )+ U, - (Gac - COSO¢n + Bea -sinGCA)]
=9,0-1,0°+1,0-[1,0-(-3,0-1+4,0-0)+1,04-(—6,0-0+8,0-0) | =-0,24

QY =-B,-UY +ul -[Uéo) (Gge *SiNOg. — By - €005 ) +U 5 - (Gga -SiNO,, — Bga -coseBA)}

pecM.

=—(-5,97)-1,0°+1,0-[1,0-(-3,0-0-4,0-1)+1,04-(-1,5-0-2,0-1) | =-0,11

Qéoz =—B..-U® +uY -[U ). (Ggg -SiNBcg — Beg - 005 ) +U , - (Gep - SINO, — Bea -cosGCA)]
~(-11,96)-1,0°+1,0-/1,0-(-3,0-0-4,0-1)+1,04-(-6,0-0-8,0-1) | =-0,36

APO=p, -PO = —0,8—(—0,06) —_0,74 [HN} [ AG } {AP}
nazeta pecM. M L AU / U AQ
0) _ 0 _ _
AR =P, —F) . =02-(-024)=0,44 n=35(n-1=2)
QY =0, ~QF) =-0.4-(-01)=-0299 -2
0 0 Hy.o No.o ABr1 | [ APy
DQé) =Qc,... ~ c(:i - 0’1_(_0’36) =-0,46 Ma.2  Laxo | [(AU/U), AQ2x1



IIpumep 4.10 3a cucrem 6e3 PU jazin Pemienne co Ibyru-PadgconoB meron

Hpc = Lgc =Ug ‘Uc - (Gpge -Sinfgc — Bge - €0sOpc) =1,0-1,0-(-3,0-0-4,0-1) =—4,0
Hcg = Leg =Uc -Ug -(Geg -Sinfcg — Beg -€080cg) =1,0-1,0-(-3,0-0-4,0-1) = —4,0
Hes =—Bgg Ugs — Qs =—(-5,97)-1° ~(-0,11)=6,08

Lgg =—Bgg ‘Ugs + Qg =—(-5,97)-1" +(-0,11)=5,86

Hee =—Bee -Uc—Qc  =—(-11,96)-1" - (-0,36) =12,32

Lec =—Bec U +Qc =—(-11,96)-1° +(-0,36) =116

Ngg = Ggs 'UEZ; + PBnpeCM_ =4,5.1° +(—0,06) =444
Mgy =—Ggg -UZ + Pe, . = —4,5-1% +(-0,06) = —4,56

Nee =G "UZ + PCHpeCM' =9,0-1° +(—O,24) =8,76

Mg = -G -US + Pcnpem. =-9,0-1° + (—O, 24)=-9,24
Ngc =—Mpc =Ug -Uc -(Gge - €0s0gc + Bge -5infpc) =1-1-(-3,0-1+4,0-0) = -3,0
Neg =—Mcg =Uc -Up - (Geg - €0SOcg + Beg -Sinfcg) =1-1-(-3,0-1+4,0-0) =-3,0



IIpumep 4.10 3a cucrem 6e3 PU jazin Pemienne co Ibyru-PadgconoB meron

608 -40 444 -30 AG(B) 0,74
40 1232 -30 876|| A6 | | 044
456 3058 -40||(aUgug)” | |-029

30 924 40 116 0
L ; | _(AUC/UC)( )_ i 0,46_
A6Y) | [-006536043 o] [-006536043
A0Q | | 001633411 oD | | 001633411
aul9 || -0,08142716 )
AUl | L 001546949 ud| [o9185728

ud | 1,015470




ITpumep 4.10 3a cucrem 6e3 PU jazam Pemenne co FDC - XB

Marpuna B’ — ru 3anemapyBaMe HAanpeYHUTE I'PAHKN M AKTUBHHUTE OTIIOPHOCT HA
PeIHNTE TPAHKHU

BéxZ! Bé'xZ
Bjj = - i; Lj=1-n=1 i#]
X
JEIB| ! J 1 1 1
, 1 . Bgg = + ——+——1=9,375
Bii: — 1=1---n-1 XC—B XB—A 0,16 032
Jea; i_j
B C Bce = 1 + 1 (i —) 18,75
Xeeg  XcZa 0,16 0,08
9,375 -6,25|B
= Bhc =Bl =— -~ = -~ —_625
-6,25 18,75|C BC CB Xe g 016 ,

JazcHa

AP =P, PR =0,2-(-0,24)=0,44

JaicHa

©,y©O | 1-0,74/1,07 [-0,74 9,375 —6,25] |09 | [-074
P o | oo || ows)  Loza sars) || owa
AP ju | | 044/20 | | 044 6,25 18,75 | A4 0,44

R[] L]0

ARY =R, -PR” =-0,8-(-0,06)=-0,74



ITpumep 4.10 3a cucrem 6e3 PU jazam Pemenne co FDC - XB

5,97 _4,00} B AQy =Qy  —QF =-0,4—(-0,2686629)=-0,6686629

BH:_B —
2x2 [—4,00 11,96 |C

AQY =Q.  —QF =0,1-(-0,5579596)=0,6579596

AQUU = AQ¥ /U | [-06686629/10] [-0,6686629
AQQ® /Ul || 06579596/10] | 0,6579596

WS
N

597 -4,00] | AUy’ | [-0,6686629
~4,00 11,96 AU((:O) | 0,6579596

U | _[uf |, [aul|_[10-00968457] [09031543
u® | (uO | |au®| [10+0,0226235] | 10226235



Ipumep 4.10 3a cucrem 0e3 PU jazam

» TouHo* pemenne (€=107)

IbytH-Padcon FDC - XB

U | |0,9019585.71407 UGS |_|09020121.¢ 1406

U | | 1008814.¢710% U | | 10088527109
(@] :

S| 1-0,7999992 - j0,3999994 §a) —0,7995011 - j0,4002431

s¥|=| 01999992+ j0,1000010 §(CZ) =| 0,2000007+J0,9991580

s 0,6856035+ j0,3165739 S| L 06844019 +]0,3167574

AS = 0,0856035+ j0,01657556 AS =0,08550143+ j0,0164302



IIpumep 4.10 3a cucrem 6e3 PU jazaum Pemenne co mpuoamken merox — DC Load Flow

B22
Bi}”:_ i o0, j=1-n=1 i#]j BI,?;,B: 1 + 1 — 1 4 1 ~ 9,375
jep; Xi- Xcs Xg.a) \016 032
1 e 1 1 1 1
Bi!i!!: Z i, |:1,...’n_1 BCC = —+ = —+ :18’75
jea; Xi-] Xc-g Xc-a/) \016 0,08
1 1
Brr = Beg = — =— =-6,25
BC CB XC—B 016
B C

B,,,_[9,375 —6,25}5 o _| 08 9375 —625][0g] [-08] [6g] [-0,08533333
-6,25 18,75|C 0,2 -6,25 18,75] |6c| | 02| |g. |=|-0,02285714

0 0,0
5 0p-08 5 _O8=0c p _Oa—fc A
A-B — X B-C — A-C

A-B XB_C Xa—c




Ipumep 4.10 3a cucrem 0e3 PU jazam

Pemenne co npudamxen meroxg — DC Load Flow

Exemuer AKTHBHA MOKHOCT HA IIOYETOKOT

Paznuka (%) AKTHBHa MOKHOCT Ha KpajoT Paznuka (%)

i—k (per unit) (per unit)
,, JouHa“ [Tpubnmxna ,, JouHa“ [Tpubnmxaa
A-C 0,3335541 0,2857143 14,3 —-0,3260143 —0,2857143 12,4
C-B 0,5260140 0,4857143 7,7 —-0,4836297 —-0,4857143 -0,4
A-B 0,3520495 0,3142857 10,7 —-0,3163692 —0,3142857 0,7

Siot = Pt +JQ =Uy - Iy =Uy - [(Uk_ul)'YkI"‘Uk' 5

Sjk =Rk +JQk =Uy -1y =Uy - [(U

AS =0,0856035+ j0,01657556

*

x x (Y'kl)*}

~U)-Yio +Uy -

(Y'kl)*]
2

AS =0,08550143 + j0,0164302

AS =0,08560443+ j0,01657708



IIpumep 4.10 3a cuctem 0e3 PU jasiam
B a ce onpenenu marpunara Y ako ce HCKJIY4Hd IPAHKATA
A-B
45 -30 -15 5,97 400 2,00|B
Y= -30 90 -60|+j 4,00 -1196 8,00|C

B—-
-150 60 75 200 800 —9,97|A
A C Yag=15-j2,0
Yan=Yaan-Yag—3 Y A-B=75-9,97-15+j2,0-0,01=6,0- 7,98 Y'sn_g=j0,02
30 -30 0] [-398 4,00 0]B
Yae=YBa=Ya+Ya g=-15+]j2+15-)2=0 y |30 90 -60|+j 400 -1196 800|C
0 -60 6,0 0 800 -798|A

OI{ MaTpuuara Ha aAMUATAHIUA J1a C€ onpeae/iaT pCAHUTEC UMIICAAHIIUA HA I'PAHKUTE

1 : 1 :
YeB =YBC = YB-Copy = Zoo - -30+j40=>2Zp_c,,, = 30+ 40" 0,12+ j0,16
— Db~ %ekv. ' !
1 : 1 :
Yac=Yca="YA Cgy, = Zne - 60+180=Za-cy, = gq, g0~ 006 +10.08
—MA " ekv. ! !
Yae=—"YAa By, =5 =0+J0=Za ¢, =

ZA_ Bekv.



Ipumep 4.11 — Cucrem co PU jaziam

Sg=07 5 I [Tomaroruwm 3a rpankute (Per unit) [onaronu 3a rpankute (Per unit)

Ug =102 I'panka R X G B Jasom P Q U 0 Tunm P.op.
A-B 024 032 0 0,02 A ? ?7 104 0 S 3
B-C 0,12 016 0 0,04 B 07 ? 102 ? PQ 1
A-C 0,06 008 0 0,04 C 03 ? 103°? PQ 2

A C
Up=104  s.=03] N=3=Y 3,3
Ug =13 n-1=2,9=0=Hy,;

IbyTH-Padcon

—4,2024 12,772

n-1=2;,q=0=Bj,,; B"=0

6,324 420241 | A0l | [-0,7-(-0,06119964)] [-0,6388004] U | [102.¢ 101072443
' a ~| 03308994 (D) |~ | 1,03. ¢~10.009378656

A H(C?) 0,3—(—0,03089943)

FDC - XB

—6,250 18,75

Uc

(1)

[ 9,375 —6,25} {AQ(BO)]_[—0,7—(—0,06119964)/1,02}_{—0,6262749} lugl_{1,02@—10,07120287}

N 0,3—(-0,03089943)/1,03

0,3212616

103- e—j0,006600340

IC

C



