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Paccunraem Toku

ZyZiyR , , 11.4-4j.7 .
Zyw = L1+ Ly + =25j+07 + - - = 1.99 + 5.36j Om
ZyZiy+ RZy, + ZyR 11.4-4j + 7-4) + 11.4.7
Ea 400 —j.
[, = — = ————— =2437-6555 A I, = 69.93.¢ I %0 A
Zow  1.99 + 5.36j
ZyR 11.4.7
Tng = Iay - = (24.37 - 65.55))- . . = -19.5-4756] A
ZyZiy+ R-Zy, + ZeR 1144+ 7-4) + 11.4.7
Tpy = 51.4.¢ ) 11229 A
ZyZ, 11.4-4
L = Ly, — = (24.37 — 65.55j))- . ) =27.18 - 11.14) A
ZyZiy+ R-Zy, + ZeR 11.4-4j + 7-4) + 1147
Ly = 29.37-¢ 1 22 A
Zi R 47
Iy, = Ly 2 = (24.37 - 65.55)). A = 16.69 - 6.84] A
ZyZiy+ R-Zy, + ZR 1144+ 7-4) + 11.4.7
I, = 18.04¢ ) 22 A

OJIC ocranbHbIX (a3

. 2m
RE}
Ep = Exe = 200 — 346.41j B
.27
ury
Ec = Epe =200 + 346.41] B
Toku nenu
.27
_J.T j-170.4
Iy = Iase = —68.95 + 11.67j A Iy, = 69.93¢ A
.27
—j— |
Igr = Iar-e . -23.24 - 17.97j A Igg = 29.37.3_1’142'29 A
.27
_J.T j-127.71
Igy = Iayre = -31.44 + 40.67j A Iy, = 514¢ " A
.27
—j— |
Igy = Iage - -14.27 — 11.03j A Ig, = 13_04.6_1’142'29 A



Toy = Lyre ° = 44.58 + 53.88] A Toy = 69.93.¢) 204

. 2w

) i.97.71
Icg = lage ~ =-3.94+29.11j A Icg = 29.37:¢ 7"

. 2m

S i.7.71
Ieg = Iage ~ = 5094 + 6.9j A Iog= 514"

. 2m

S i.97.71
Iy = Iage ~ =—2.42 + 17.87 A Ic, = 18.04-¢) 7"

In = In, + In, + Ioy = 24.37 — 65.55] + —68.95 + 11.67j + 44.58 + 53.88j=0 A

HanpsixeHus Ha ydacTkax Henu

U = LieZyy = (2437 — 65.55))-2.5] = 163.86 + 60.93] B
Ug, = Iy Zy, = (=68.95 + 11.67j)-2.5] = —29.17 — 172.37j B
Ucp = Iy Zy, = (44.58 + 53.88))-2.5] = —134.7 + 111.45] B
Uy = IayZi, = (2437 — 65.55))-0.7j = 45.88 + 17.06j B
Ugy = InyZiy = (—68.95 + 11.67j)-0.7j = —8.17 — 48.26 B
Ucy = IogZiy = (44.58 + 53.88))-0.7j = —37.72 + 31.21j B
Uar = Lig'R = (27.18 — 11.14j)-7 = 190.25 — 77.99] B
Ugg = Igg'R = (-23.24 — 17.97j)-7 = —162.67 — 125.77j B
Ucg = Icg'R = (=3.94 + 29.11j)-7 = —27.59 + 203.76] B
Upx = IagZin = (=19.5 — 47.56))-4j = 190.25 — 77.99j B
Ugy = IppZiy = (-31.44 + 40.67))-4j = —162.67 — 125.77] B
Ucy = lenZiy = (50.94 + 6.9))-4j = —27.59 + 203.76j B

Upp = IawZy = (16.69 — 6.84j)-11.4 = 190.25 — 77.99; B

Uy, = 174.82.6 204

Up, = 174.82.¢ 199

Ug, = 174.82.¢ 1404

Uy, = 48.95.¢ 204

Up, = 48.95.¢ 1770

U, = 48.95-¢ 1404

Upg = 205.62.¢ 1 22%

Upgg = 205.62.¢ ) 1422

Ucg = 205.62.¢ 7771

Un, = 205.62:¢ 2%

Ug, = 205.62.¢ 1422

U, = 205.62:¢ 777!

Uy = 205.62.¢ 1222



~j-142.29

Upy = IpyZy = (-14.27 — 11.03j)-11.4 = —162.67 — 125.77] B Up,, = 205.62-¢ B

Ucy = logZy = (242 + 17.87))-11.4 = =27.59 + 203.76j B Ugy = 205.62.¢ 77! B
[Mokazanus mpudopos

Ip = |Tps| = 69.93 A

Uy = |Upg — Upg| = [-162.67 - 125.77j - (190.25 — 77.99))| = 356.14 B

1.2 OnpenenuM aKTHBHYIO B PEaKTHBHYIO MOITHOCTH CHMMETPUYHON HATPY3KH

P, = 3Ua, T oy = (16.69 + 6.84])-3-(190.25 — 77.99j) = 1.11 x 10° Br

Py = 3Uap-T*ap = (27.18 + 11.14})-3-(190.25 — 77.99j) = 1.81 x 10° Br
P,y + Py = 2.92x 10° Br

Qu = Manl*axZin = (195 + 47.56))-3-(~19.5 — 47.56))-4j = 3.17 x 10° Bap

Q. = 31y, TF oy Zyr = (2437 + 65.55)-3-(24.37 — 65.55))-2.5] = 3.67j x 10° Bap

Qy = 3ay*arZy, = (2437 + 65.557)-3-(24.37 — 65.55j)-0.7j = 1.03j x 104 Bap

. 4 . 4 . 4 . 4
Q=0Q;+Qr+Q; =3.17jx 10 +3.67jx 10 + 1.03jx 10 = 7.87j x 10 Bap
MoImHOCTh HCTOIHU KA

S = 3.1, E, = 3-(24.37 + 65.55])-400 = 2.92 x 10" + 7.87 x 10"
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PacuerHas cxema ¢a3el A A1 IPSMOH IOCHIE 10BATENh HOCTH

b Za oy L

|Aﬂ1
—@—H ]
|Aﬁ1

ml Un 5

CocTaBum YpaBHEHUC JIA HpHMOﬁ OCJICA0BATCIIbHOCTH

Ea 400

Zy+Z1yn 2.5§+0.7j
E. = _ — 216.95 — 33.83j
kel 1 11 1 1 1 !

— +
er+ Zln le[ ZH

—_— +
25i+07] 4 114

—-i-8.86
) B

1 1

B, =219.57¢

B

- =027 + 1.74 Om

Z. = _
kel 1 1 1 1 1 1

Zir+ 272y, le{ Zy 2.5]+ 0.7 4j 114
Eowl = a1 Zse1 + Ual

Pagernas cxema ¢a3sr A 1t 00paTHOH IO CIETOBATEIBHOCTH

|}L\ﬂz er Zzn |l£\H2 ZH

— ]
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CocTaBuM ypaBHEHHUE 1T 00PaTHOM MOCIE0BAaTEIbHOCTH

1 1
Z. = - ~0.09+] Om
ke 1 1 1 1 1 1 !

—+ . .+ .+
Zoe+Zyy  Zoy Zy  j+07) 25 114

0=TarZywr + Uno



Pagernas cxema ¢a3bl A 1S HYIIEBOH IIOC JIe0BATE JIHOCTH

|Aﬂ0 Zor ZOﬂ |AH0 ZH
] — —e— ——

Iy [] =0 | |Uso

CocTaBum YpaBHCHUC JIA Hy]'[eBOﬁ IOCJICAOBATCIIbHOCTH

1 1
Z = = =1.14 + 3.42j Om
9kB( 1 1 1 1 i)
_— + — +
Zar+ Zor+ Zoy  Zy  2j+05j+ 13 114

0 =IpgZoggo + Uao
Ipng=0 MTOCKWIBbKY aBapUIHBIA PEXXUM HE TPEyCMaTp MBACT 3aMBbIKAHHUE Ha 3EMITIO
UAO = _IAO'ZBKBO = —0(114 + 342]) =0

CocTaBuM HeTOCTAIONIKE 3 YPABHCHHUS HCXOMIS M3 Xa PaKTepa IOBP CHKACHHUSI

Uc=Ug

Ice+1g=0

I»,=0

CocTaBuM 13 MOTYICHHBIX yPaBHEHU I CHCTEMY U TIPUBEIEM UX K CHMMETPUYHBIM COCTABIIIIOMINM (a3sr A
In1"Zoge1 + Uar = Eggei

I Zogy + Uaz =0
2 2

UC:UB a'UA1+a ~UA2+UA0:a ~UA1+a~UA2+UA0
2 2

IC+IB:O a~IA1 + a 'IA2+ IA0+ a 'IAl + a~IA2+IA0:O

PeHII/IM CI/ICTeMy METOAOM IO C TAHOBOK
Ia1Zsw1 + Uat = Egget

T2 Zon + Uan = 0
2 2
a~UA1 + a 'UAZ =a 'UAl + a~UA2

2 2
a~IA1 + a 'IAZ + a 'IAl + a~IA2 =0



Ual = Esw1 — Ia1'Zsw1
Uaz = 1A Zsis2

a'(EakBl - IAl'ZakBl) + az'(_IAZ'ZakBZ) = az'(EakBl - IAl'ZakBl) + a'(_IAZ'ZakBZ)

2 2
a~IA1 + a 'IAZ + a 'IAl + a~IA2 =0

2 2 2
(a - a)'IAl'ZakBl + (a —a )'IAZ'ZakBZ = (a - a)'EakBl

(a + a2)~IA1 + (a + a2)~IA2 =0
Ian1Zoker = 1a2'Zoxs2 = Eoxa
o1 +142=0

Iao = —Iay

Ia1Zowt + Ta1Zoe2 = Esat

Eoa1 216.95 — 33.83j
Tar = Z,H,I(Blafzm2 T 027+ 1.74j + 0.0; i ~192 - 7044 A
Ly = Iy = 1.92 + 79.44 A
Uas = Eval = Lat-Zol = 216.95 — 33.83) — (0.27 + 1.74j)-(~1.92 — 79.44j) = 79.59 — 9 B
Ups = LayZoy = (0.09 + )-[~(1.92 + 79.44})] = 79.59 — 9j A

Toku u HapsHKEHUA HA HE CUMMCETPUYHOM YIaCTKE

= IAl + IA2 + IAO =-192 - 7944_] +1.92 + 7944_] +0=0 A

s
|

Iy = a2 Dy + aly + Tyg = (<192 — 79.44})-(<0.5 + 0.87])> + (1.92 + 79.44))-(<0.5 + 0.87j) + 0 = —137.6 + 3.3A

—
a
|

—adyy + a4t e + Iag = (—1.92 — 79.44))-(=0.5 + 0.87) + (1.92 + 79.44})-(—0.5 + 0.87))> + 0 = 137.6 — 3.32A

c
>
[

= Up + Upy + Upg = 79.59 — 9 + 79.59 — 9j + 0 = 159.18 — 18.01] B
Ug = a2-Up; + a-Upy + Ung = (79.59 — 9))-(<0.5 + 0.87))° + (79.59 — 9j)-(—0.5 + 0.87)) + 0 = —79.59 + 9] B

—aUpy +a - Ugy + Uxg = (79.59 — 9))-(<0.5 + 0.87j) + (79.59 — 9))-(~0.5 + 0.87))° + 0= ~79.59 + 9] B

c
o)
|



Omnpenennm ¢ a3HbIe TOKH TEHEpaTOpa

IAnl'(er + Zln) +Uar = Epg

Ex—-Uar 400 - (79.59 - 9j)

Ly, = - —2.81 — 100.13] A
A g+ 7y, 251+ 0.7 !
iy = U A1959-9) _ g5, 4 82 A
er + ZZJI _] + 07]
—Uao -0
IAJ'IO = = O A

Zoo+ Zoy  05j+13)
Ty, = Loy + Lo + Tago = 2.81 — 100.13] + 5.3 + 46.82j + 0 = 8.11 — 53.31]
Io, = a°Loy + alap + Iago = (2.81 — 100.13))-(-0.5 + 0.87)% + (5.3 + 46.82))-(-0.5 + 0.87j) + 0 = —131.31 + 2
Tey = alay + a2Tap + Iago = (2.81 = 100.13))-(-0.5 + 0.87)) + (5.3 + 46.82))-(~0.5 + 0.87))> + 0 = 123.2 + 24.

OnpenennM TMHEHHBIC HANPSHKCHUS TeHeparopa

Uag + IanZir— Ign-Zir = EA — Ep

400 — (-200 — 346.41j) — (8.11 — 53.31j)-2.5j + (-131.31 + 28.81j)-2.5] =

Uap = EA = Ep = Ian - Zyp + Iy -2y,
Upap = 394.7 — 2.15 B

Upc = Eg — Ec = IgyZyp + logZyp = 200 — 346.41j — (=200 + 346.41j) — (~131.31 + 28.81j)-2.5] + (123.2 + 2¢
Upc = 10.75 — 56.53j B

Uca = Be = Ep — Iy Zy, + Ly, - Zy, = —200 + 346.41j — 400 — (1232 + 24.51j)-2.5] + (8.1 — 53.31j)-2.5] = —40
Ucy = —405.46 + 58.68) B

ITpoBepyM BEIIOTHEHHE IEPBOIO U BTOpOro 3akoHa Kupxroda

I, +1Ig, + 1o, = 8.11—5331j+ —131.31 + 28.81j + 123.2 + 24.51j = 0
Upp + Uge+ Upa = 394.7 — 2.15) + 10.75 — 56.53] + —405.46 + 58.68j = 0

3axons! Kuproga BEIIOMHAIOT Cst



3. HecunyconnaneHBIH peXUM B CHMMET PUYHOH Tpex(a3HOH mernu
ea = Eq1/2-5in(314t) + Ep3+/2-sin(942t + 30deg) + Eas+/2-sin(1570t — 60deg)
Eo1 = EA=400 B

j-30
EA3 = O.5~EA1~eJ deg

= 173.21 + 100j B
Exs = 0.3-Exe ) 008 _ 60— 103.92 B

2.1 Pacuer 11 nepBoOii rapMOH UKU 9KBH BaJICHTEH PACcU€Ty B IIEP BOM IIYHKTE

Iy = Iy, = 24.37 — 65.55j A
Tag = Iag= —19.5 — 47.56; A
Ippi = Lg =27.18 - 11.14) A
It = Ly = 16.69 — 6.84i A
Iy = Ig, = 6895+ 1167 A

Uy; = Ugr — Ucr = —162.67 — 125.77j — (-27.59 + 203.76j) = —135.08 — 329.:Bj
TpeTss TapMOHHKA COOTBETCTBYET HAIIPSDKCHH IO HYJICBOH MTOCIIE[0BATEIbHO CTH

DKBHBAJICHTHAS CXeMa JUISI TPEThei FapMOHUKH

L Lor Lon L

|An3 |AH3
—@-H —+—{—

|AR3

37x (] R

PaccuuTaem TOkU TpeTbell FTapMOHUKU

Z = 375+ 3Zy. + 3Z +£—32'+305'+313'+L4.7—434+114'
9KB3 3r Or On 7 +R i) 9] -] 114+ 7 . 4]

Ea3 173.21 + 100j
Lys = - 3 _ 1271 - 1036 A s = 164¢
Zows 434+ 114

-j-39.17

11.4
IAR3 = IAJI3' = (1271 - 1036_])— =7.88 — 642] A
11.4+7

H

-j-39.17

IAR3 =10.16-¢ A



Iz = Iags - = (12.71 - 10.36j)-#
Ty = 6.24-¢ 92017 A

Toxu nenu

Igs = oz = 12.71 — 10.36j A

Igrs = Iar3 = 7.88 — 6.42] A

Igys = Iauz = 4.84 — 3.94j A

Icns = Ias = 12.71 — 10.36j A

Icrs = Iar3 = 7.88 — 6.42j A

Icws = Iauz = 4.84 — 3.945 A

_484-394f A
Iy = 164 V3217
Igps = 10.16.¢ 92017
Tz = 6.24¢ V3217
legs = 16.4-c 13017
Tegs = 10.16.¢ 32717
Ty = 6.24-¢ 13017

A

A

OmnpenennM COCTABISIOMNE TOKA B aMIIEPMETPE M HaNPSsDKEHUS Ha BATBTMETPE U TPE Theil ra PMOHUKH

Ugrs = Igrz'R = (7.88 — 6.42j)-7 = 55.13 — 44.92j B
Uars = Iar3'R = (7.88 — 6.42j)-7 = 55.13 — 44.92j B
Uys = Uprs = Uarz = 0 B
Iy = Igy = 12.71 — 10.36j A
IsTas rapMOHHKa COOTBET CTBYET OOPATHOMN MTOCIIEI0BATEIFHOC TH
EAZ
|ass L L2 |5 L
—@—H —{—1 -
|AR5 |AEJS
R [
PaccuuTaem TOKY IATON TapMOHUKU
ZySZyyR 11.4-5-2.55-7
Zows = SZop + 5Zpy + A = 5+ 507+ : Y
Z,5Zy, + R-5Zy, + Z,R 11.4-5-2.5] + 7-5-2.5] + 11.4.7
Eas 60 - 103.92j —j
Lo = - )~ 707 - 8.88; A Iys = 1135.¢ ) /12833
Z. 55 3.87 + 9.84;j

=3.87 + 9.8:Om



ZyR 1147

Tazs = lass: = (-7.07 - 8.88))- = 3514124 A
M 2,57, + Ri5Z5, + 2R ( ! 11.4-5:2.5j + 7-5-2.5j + 11.4.7 !
Lgs = 3.72:¢ 1000 A
2wy 11.4-5.2.5]
Iars = Iass: —— = (-7.07 - 8.88j)- : ) - 221-626) A
Zy5Zon+ R52y, + ZyR 11.4-5:2.5] + 7-5-2.5j + 11.4.7
IARS = 664e_J 1094 A
ZoxR 5.2.5).7
Tans = ans: . = (-7.07 - 8.88j)- . L —_135-385 A
Zy5Zon+ R-525, + ZyR 11.4-5:2.5j + 7-5-2.5j + 11.4.7
Tpms = 4.08:¢ 1109 A
. 2w
J.T -j-8.53
Igs = Iyse - = 11.22— 1.68] A Ig,s = 1135¢ 1% A
. 2w
J.T j-10.6
Igrs = Iagrs-e =6.53 + 1.22] A Ipps = 6.64-¢ A
. 2w
Igys = Iagse = 0.68 — 3.66j A Iggs = 372¢ V7 A
. 2w
J.T j-10.6
Igus = Ianse =4.01 + 0.75j A Ip,s = 4.08¢ A
. 2w
_J.T j-111.47
Iews = Iasse =415+ 1056 A Ieps = 1135¢ 7 A
. 2m
_J.T i-130.6
Icrs = Iars-e = —4.32 + 5.04] A Icgs = 6.64-¢ A
. 2w
_J.T j-40.6
Icas = Iagse =2.82 + 2.42j A Ions = 3.72:¢ 7 A
27

. j-130.6
Icns = Ianse S - 265+ 3.1j A Ieus = 4.08-¢ A



OmnpenennM COCTABIIOMNE TOKA B aMIIEPMETpPE M HaNPsDKEHUS Ha BATBTMETPE U TPE Theil ra pMOHUKH

Uggs = IgpsR = (6.53 + 1.22j)-7 = 45.69 + 8.55j B
Upgs = LigsR = (=2.21 — 6.26))-7 = —15.44 — 43 85j B
Uys = Uggs — Uags = 61.13 + 52.4j B

Ips = Ig,s = 11.22 — 1.68; A

2.2 BbluyciMM IOKa3aHUs BAIbTMETPA U aMIepMeTpa

I, = J(|IA1|)2 + (|1A3|)2+ (|1A5|)2 = \/(|—68.95 +11.67j]))% + (]12.71 = 1036)])* + (|11.22 - 1.68)])* = 72.72

Uy = \/(|UVl|)2 + (|UV3|)2 + (|UV5|)2 = \/(|—135.08 = 320.53i)% + (J0])* + (]61.13 + 52.4j|)* = 365.13 B

2.3 3ammmeM MTHOBEHHBIE 3HAUEHHSI TApMOHHK H Pe3yISTHPYIOIee 3HaYe HUS TOKa aMIIepMeT pa

ia1(t) = |Ta|\/2-sin(314t + arg(Iy;)) = 69.93-\/2-sin(314-t + 2.97) A
in3(t) = |Tas|\/2:sin(942t + arg(Iy3)) = 16.4/2-sin(942-t - 0.68) A
ins(t) = |Ias| \/2:sin(1570t + arg(I,s)) = 11.35- 2~sin(1.57>< 104 - 0.15) A

ig() = ia1(1) + iaz(t) + ips(t) = 16.4/2-5in(942:t — 0.68) + 69.93[2-sin(314-t + 2.97) + 11.35-\/§-sin(1.57 < 10°
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