1. Pacuer TMEPEXOAHOIO MpoICccca B JIMHCHHOM BHGKT])I/I‘{CCKOI;’I TECIIH 110 CTOSIHHOI'O TOKa KJIIACCUYCCKHMM METOIOM

L
R IL L
— M

EC‘) [

Toxu 1 HaTPSDKEHKST 10 KOMMY ALl

E@ (

Tok KaTylIKH1 1 HAIIPSDKECHUE KOHACHCAropa 10 KOMMYyTallin

E 100-V
iLO = = = 0541 A
- R] + R2 130-Q + 55-Q

uco_ = iLO_'RZ = 0.541-A-55-Q2=29.73V

Ypasrenws 1o 3akoHaM Kupxrodda s nerm nocsie KoMMyTarym

Iepgbiii 3akoH Kupxrodda

ip, =ic +igp = C-u'c + iy
Bropoii 3akon Kupxrodda

up +uc="Liy+uc=E

up + iRZ'RZ = L'i'L + iRZ'RZ =E

L = 0.2H
C =100-10" °F
: R, = 1300
IRz R, = 550
Rz E = 100V
#
IR2



TTo 3akoHY KOMMYyTaIN
iLO = iLO_ = 0541 A

Uco = uCo_ =29.73V

OcrasbHbIE TOKU 1 HAMPSDKEHIST Cpasy T0cie KOMMYTallin

Uco 29.73-V
iRZO = - = = 0541 A
R, 55.Q

iCO = iLO - iRZO = 0541A— 0541A: OA

urp = E—ugy = 100-V = 29.73.V = 7027V

HpOI/IBBOIIHI)Ie TOKOB U HaHpiDKeH[/]ﬁ B MOMCHT KOMMYTallin

: —12 2
1co 9.992 x 10 -A — 12 kg-
U'co = F = —+ =-9992 x 10 12xgm
A~s4
Uro 351.351-V
i'yg=— = —— = 351351 —
L H S
. Ueo  —9.992x 10 kg A lmis 3 A
'Ry = — = =-1817x 10 ~—
R, 55.0 s
. . . -1 -13, -1 A
ICO = 1L0—1R20 = 351351AS ——1.817>< 10 'A'S :351351:
—12 2 2
9.992 x 10 kg _ 17 ke-
Uy = —U'cy = - EM _999p x 107 123EM
4 4
A'S A'S

Toxu n HanpsHKCHUA B YCTAaHOBUBIIEMCA PEXUME

uLy =0V

E 100-V
iy =— = ——=18I8A

R, 5

E 100-V

1 =— = ——=18I8A
R2y R2 5
ucy = ipayRy = 1.818:A-55:0 = 100V
icy = OA

CBOOOIHBIE COCTABIISIOIIHE TOKOB 1 HATPSDKECHAH B MOMEHT KOMMYTAIlHH
o = iro — iry = 0.541-A— 1.818:A = -1278 A

iceo = ico — icy = “0-A-0-A=0A

iRac0 = irao — ipyy = 0.541-A - 1.818-A = —1.278 A



U = U — Uy = 70.27-V-0-V="7027V
Ucep = Ugp — Ucy = 29.73-V —100-V =-7027V

XapaKTepHCTU4eCKOE YPaBHEHUE

pL

Z(D) | —1— [] R,

! R
— R,
-C
Z(p) = p-L + 11) -0
— +R
pC
L R+L +LR—0
p 2 p-C p-C 2

pZCRzL + pL + R2 =0

Hatinem xopau
6 3k -m2
a=CRyL = 100-10° “F-55.Q:02H= 1.1 x 10~ —2—
2
As
b=L=02H=02H

¢ =R,=55Q

D= b - 4ac = (02H)’ - 41.1x 10 Skg-A >m>s 1.55.Q = —0.202 H

2
~b ++/D ~0.2H +-0.202-H !
- " = (-90.909 + 204.293j) —
S

P1

2a 21.0x 107 Skg A Zm?s
2
~b-\D _02-H - y~0.202.H |
P = = VD _ - = (-90.909 — 204.293))
a S

2-1.1 x 10_3-kg-A_ 22

o = Re(p)) = -90.909
S

wy = Im(p;) = 204.293 !
S



IlepexoHblii IpoLieCcC NEPUOMUECKHNA

3armieM BeIpaKEHUe CBOOOIHOM CO CTAaBIISFOIIEH TOKa KaTyIIKH B 0OIIEM BH/E
() = Ap-e™ sin(wyrt + )

Haiinem xoapdurmentst

o = Ayp-sin(ipy)

L) = 110 = ccApe™ sin(wyt + @) + worAj-e™ cos(wy t + 9y

i'LO = OL'A]'SiIl(QP]) + UJ()'A]'COS((PI)

iL 0

A= —
s1n(ap1)
iLCO . iLCO . iLcO

1o = OL'.—'SIII((P]) + UJo'.—'COS((.Pl) = OL'ILCO + UJ()'—

s1n(np1) s1n(np1) tan(tpl)

W irco 2042935 L—1278-A
(py = atan| —————— | = atan = -0.837
Lo = lLeo 351351-As | — —90.909-s —1.278-A

irco ~1.278-A

A= ——— =

sin(p)  sin(-0.837)

90.909-t

. 204.293 t
() = Ape™ sin(wyt + @) + iy = 1.818-A+ 1.72~A~sin(— - 0.837)~e s
S

AHaNIOrM4HoO 151 APYrHX TOKOB M HANPSDKEHUN

woriraco 2042935 1—1278-A
P, = atan| ———— | = atan = 1.152

'R20 = Q“IR2c0 _1817x 10 P As 1= 2009095 L—1.278.A

A = iR2¢0 _ —1.278-A 1398 A
2 sinpy)  sin(1152)

90.909-t

: 204.293-t
(1) = Aye™ t-sin(w().t + @) + ipyy = 1.818-A+ —1.398~A-sm(T + 1.152j~e s

woriceo 2042935 1—0-A
(3 = atan| — | = atan =0

o = lceo 351351-A's | — —90.909-5s —0-A

i'CO = OL'A3'SiIl(QP3) + U)O'A3'COS((.P3) = UJO'A3



" -1
1Co 351.351-A-
Ay=— = 222200 _1maA

“o 2042935 |

90.909-t
204.293- j N
—_0 .e
S

ic(t) = A3-e0"t-sin(wo-t+ @3) + icy = 1.72-A~sin(

Wy Uceo 204293-5~ 1.=70.27.V
atan | = atan =1.152
Uco ~ liceo 9992 x 10 ZkgA” Lmis Y= 2009095 1.=7027.v

P4

Ucceo -70.27-V
Ag=———v = — = -76.914V
s1n(up4) sin(1.152)

90.909-t

204.293-t

S

uc(t) = A4-e°"t~sin(w0-t +@g) + ucy = 100V + —76.914-V-sin( s

+ 1.152j~e
2042935 17027V

Wo ULco
(ps = atan| — = atan =1.152
ULo ~ OliLeo 9.992 x 10 ZkgA” Lm’s Y = 200.909-s 1.7027-V

ULco 70.27-V
Ay = —2 = — = 76914V
s1n(up5) sin(1.152)

90.909-t

S

204.293-t

ur(t) = ugy + A5~ea't-sin(w0~t + LPS) = 76.914-V~sin(
s

+ 1.152)-6

Be1momsnM npoBepKy U1l HAMATBHBIX YCITOBUNA

iL(0) = 0.541 A io= 0541 A
ic(0)=0A ico=0A

ir2(0) = 0.541 A iRa0 = 0.541 A
uc(0) = 29.73 V uce = 29.73V
ug(0) = 7027V u= 7027V

Paccyer BbImonHeH BEpHO



Paccunraem 3HageHms (GyHKIWI B manasoHe Bpemenu ot 0,005 o 0,05 ¢

ty = 0s,0.005s..0.05s

uc(tk) =

29.73

59.784

101.655

117.3

110.8

100.188

95.774

97.123

99.796

101.024

t, = . . .
k s le(tk) = lL(tk) = lc(tk) = uL(tk) =
_g 0.541 0.541 0 70.27
510 1.087 2.018 0.931| | 40216
et 1.848 2.465 0617| | -1.655
0.015 2.133 2.167 0.034 173
0.02 2.015 1.788 20.226 1108
0.025
1.822 1.658 0.164| | -0.188
0.03 1.741 1.724 20.017 4.226
0.035 1.766 1.82 0.054 2.877
0.04 1.814 1.858 0.043 0.204
0.045 1.837 1.843 6.602-103| | -1.024
0.05 1.832 1.819 0013| | -0.761
1 -3
T=——=4472x 10 s
[pi]

tyy = 5T =0.022s

100.761




TMocrponM rpahyKe HCKOMBIX BEITHHHH

iRa(t)

i (9

ic()




uc(t)

10

u ()

V

04



2. Pacuer TMEPEXOAHOIO MpoICccca B JIMHCHHOM BHGKT])I/I‘{CCKOI;'I TICTIN 110 CTOSIHHOI'O TOKA OIEPparopHbIM METOI0M

E
Ri IL L

36

Tok KaTylllK1 HanpspKCHUE KOHACHCAropa 10 1 B MOMCHT KOMMYTallii BO3bMEM W3 rlpez[bmymeﬁ 4acTtu

iLO = 0541 A
Uco = 29.73V

HayansHbie YyCinoBus

iRZO = 0541 A
iCO = OA

Upo = 7027V

CocraBHM OIEparopHy0 CXeMy 3aMeLCHAS

iL[]I_ |L(S) Sl_

_@‘*NY\1 i

> T,
S

M300parkeHre HanpsDKeHnsT MeX Ty y3i1amu 1o Jlariacy

||42(S)
R

E Uco

— 4+ ILOL p———

S s

+
s-L 1 :
E S 'L'C'R2'llc0 + S'iLo'L'R2 + ER2
Uja(s) = | " T 5
—+— + — s-(s -L-C-Ry +s:L + R2>
R2 s-LL 1

IR2

R:

L = 0.2H
C =100-10" °F
R, = 1309
R, = 550
E = 100V



2 . .
s"L-CRyugg + siitg LRy + ERy [simplify 275 % 10”%v-0 + 2.973 x 10" A H-Q:s + 1635 x 10 FH-V-Qs

Uja(s) =
2 float, 8 16 . 2 18 13 3
s\s-L-C-Ry + s:L + R, Ix 10 -Hs +275x%x 10 -Q-s+ 55x 10 "-F-H-Q:-s
Toku BeTBeit
E L uco
—_— 1 . —
s 0 s R,
I (s) = - .
1 1 Rz'S'L R2 + s-L
Rz'_c —_— + —_—
sL + s 1 ssC Ry+sL
Ry + —
2 s-C
L) simplify 1« 1021V + 1.081 x 10'5-A-Hs + 3.865 x 10/ -F-V-Q-s + 5.946 x 10 - A-F-H-Q-5>
L(S =
float, 8
s(55% 1020+ 2% 105 ks + 11x 100 F 105
E L Uuco
—_— 1 . —
s W0 R, s
IC(S) = . —
1 1 1 Rz'S'L
Rz'_ Rz + — _
oL+ s-C s-C ssC Ry+sL
1
Ry + —
2 s-C
simplif 18 15 15
() plify  F.(3.865x 10 °-V-Q + —5.946 x 10 °-H-V-s + 5.946 x 10 °-A-H-Q-s
c(s =
float, 8
55% 10200+ 2% 10 8 Hs+ 1.1 x 1010 P10
Uja(s)
Ira(s) =
2
simplify 275 % 1012V 4+ 2.973 x 10°-A-H-s + 1.635 x 10 -F-H-V-s>
Ira(s) float, 8 -

5.5% 10-H's> + 1513 x 10205 + 3.025 x 10 -F-H-Q-5°



8.
90.909-t 3 " > 1-sinh| t- [—
- . 8.264 x 107-H+ =5 x 10 -F-Q
4545x10 ¢ T Jcoshl t - A -
FH.Q
invlaplace, s
. 1.818-V
i (t) = I(s) |float,8 = a =
simplify
90.909-t
- 8 9
- . - 8.264 x 10 -H+ -5 x 10™-
. 3062x 10 e B 4014 % 10" H-V-sinh| 3.162 x 107 ¢ - -
invlaplace, s 2 2
ic(t) = Ie(s) |float,8 =
simplify
90.909-t
1x10° 605x10°| " Fo 3
. 1.278-V-cosh| 0.091-t- - = ‘e ' 1.081 x 10”-A-sinh
invlaplace, s ) F-H
ieo(8) = Teo(s) | simplif 1.818-V F-Q N
i = s = _
R2 R2 simplify Q Q
float, 8 F-
IIposepum s t=0
ir(0) = 0.541 A irg= 0541 A
ic(0)=0A icg=0A
ir2(0) = 0.541 A iRao = 0.541 A
"Toku paccyuTaHbl BEPHO
Harpspxenue Ha Karyike
90.909-t  5.946 x 104-A-sinh 0.0'
simplify 1 x 106 6.05 x 106 RO
t) = ipo(t)-R = 100-V + =70.27-V-cosh| 0.091 -t- - . +
uc(t) = ira(t)-Ry float, 8 cos P~ e

.0’

Harpspxenue Ha KoHIEHCaTOpe



90.909-t  5.946 x 104-A-sinh

simplify _ 6 6 .
uL(t) = E - ue(t) = 1% 10 %V 1 7027-V-cosh| 0.001.¢. [ 110 803 x 10 4 RO
float, 8 2 2 F-H
F.Q
IIpoBepum
u (0) = 70.27V up= 7027V
ue(0) = 2973V ueo = 29.73V
Hanpspkenue paccauraHo BEpHO
Paccurraem 3nadenms pyHKImMiA B uanazone Bpemen ot 0,005 mo 0,05 ¢
ty = 0s,0.005s..0.05s
t, = . . .
K 1R2(tk) = 1L(tk) = lc(tk) = uL(tk) = uC(tk) =
1
_2 0.541|A 0.541 8 o*| 7027}V 29.73|V
>'10 1.087 2.018 0.931| | 40216 59.784
0.01 1.848 2.465 0.617 -1.655 101.655
0.015 2.133 2.167 0.034 17.3 117.3
et 2.015 1.788 20.226 -10.8 110.8
0.025 1.822 1.658 20.164| | -0.188 100.188
0.03 1.741 1.724 -0.017 4.226 95.774
0.035 1.766 1.82 0.054 2.877 97.123
0.04 1.814 1.858 0.043 0.204 99.796
0.045 1.837 1.843 6.602-103| | -1.024 101.024
0.05 1.832 1.819 20.013 20.761 100.761
1
T=——=0.011s
|o

tgy = 57 =0.055s



iRa(1)
iL(v

ic()




uc(t)

10

ug (1)

V

04



