3adaHue-3
UccnedoeaHue ycmaHoeuewe20cs npouecca cucmemal rnpu npou3eosIHOM eHelwHeM eo3delicmeuu

. Pasnoxutb B pag cdypbe BHELWHee BO3OeNCTBUe

. MNony4nTb cnekTp BXOHOMo BO3A4EeNCTBUSA

. OcylecTBNTb NPOBEPKY Pa3NOXeHUs

. MNMocTtpounTb BxogHOM curHan B Multisim14 B Buge aekomnosnumm NCTOYHUKOB MUTaHUA C pasHbIMW YacToTaMu

. MNpuBecTun nepexodHbIn npouecc Ansa uccnegyemon cuctemsl B Multisim14

. MpuBecTn pelueHne 3agavm METOAOM-MIPOCMPaHCME0 COCMOsIHUU, NPUBECTU NepPEXofHbIN NpoLecc

. MpwBecTn yacToHble xapakTepucTukn (A4 X, PYX) nccnegyemon cuctemMsl 1 BbiAEUTb HA YAaCTOTHOW XapakTe pUCTUKM
3Ha4YeHUst YacTo BXOO4HOro curHana

8. MNpuBecTu rpark BLIXOOAHOW BENUYMHLI B BUAE padnoxeHus B pag dypbe MCMorb3ys YaCTOHYI0 XapakTepuUCTUKy

NO b WN -

NMPUMEP BbINOJIHEHUA

3apgaHa PyHkumA

t:=0,.01..1
1
fl():= |t2 if 0<t<—
2 _
I
1
(1-t)2 if —<t<1
2 0.75[
0 otherwise
f1(t) 0.5r
Mpeobpasyem ee Ha uHTepBan T=0.05 0.25F
t
T,=005 f(t):= fl(—) f f } |
T 0 0.25 0.5 0.75 1
t
1) Paznoxumb e psid ¢pypbe eHewHee 8o3delicmaue
2. 1
t:=0,000.T. 2T w0=—=  fo=—=20
T T
1.21
n
0.8
f(t) 0.67
0.47
0.2
0 0013 0025 0038  0.05
t
Onpepensiem K03 prLMEHTbI pa3noxeHust Pypbe
2 (T 2 (T 1 0
M=5 k:=0..M a = ?J f(t)-cos(w0-k-t) dt bk = ?J f(t)-sin(w0-k-t) dt 0.405
0 0 0
a= 0 b= 0
—-0.045 0
a, M 0 0
E() = I Z ((ak-cos(wO-k-t) + bk-sm(wO-k-t))) —0.016 0

k=1



Mpeobpasyem pasnoxeHue Tak YTo-Obl BxogHou curHan f(t) cocTosin M3 KoMMNo3UuMKM CUHYCoMAanbHbIX NCTOYHUKOB

B M
By = ia b, Fl():= |2°| © 3 (|By {0kt + arg(B)
k=1
127 |B | _ arg(Bk) _
I P k deg

ﬁos 7 \'\‘ 1 90
F() o o / \ 0.405 -90
F1(0)0 4 \\ '," N 0 -73.594
oL ./ \ 0.045 -90
" | \,"l : N\ 0 -129.486
0 0.025 0.05 0.075 0.1 0.016 -90

2) OmHocumenbHbIl 6K1a0 2apPMOHUK- criekmp exo0Ho20 cuzHana

Bk
B_k =if| k = O,T,Bk
n3 rpa(bvu(a BMOHO, YTO CUTHan

0.6 dopmmpyetcs
N3 HEYETHbIX rapMOHUK

0.5
0.4
E[B_k| 0.3
0.2

0.1
0

1o
arg(Bk)

T a |Bk| = = k'fO =
deg 0

i 1 90
%0'8 0.405 -90 20
-Log 0 -73.594 40
F_l(t?o i 0.045 -90 60
0 -129.486 80
0.21 0.016 -90 100

0 0.025 0.05 0.075 0.1

t

4) Paboma e Multisim14. ®opmupyem 2eHepamop mpey2osibHbIX My/1bCco8 8 sude GeKOMIMO3UyuU UCMOYHUKO8

numaHus ¢ pa3HbIMU 4Yacmomamu




+

V1
)I],IIHE- Vpk
100 Hz

(e

é

(]

1

900

E3
)0.045 Vpk

60 Hz
-a0°

El
)L‘Ldﬂﬁ Vpk

(5

20 Hz
907
Eo

— 0.5V

0

AMITUMY O YA CHIO N ghazossiii ceus
HCHIOUHUIKOS HCTHOUHIIRKOS HCHIOYHIIKOS
|Bk| - k-fo = a.rg{BH :

1 0 deg
0.405 - T
0 40 90

0.045 60 -0
0 a0 -an
0.016 100 90
-90

O HOCMIOAHHOZ0 HCHIOUH K qﬁﬂ?ﬂ He H:I.'.?ﬂ'.Hﬂ.'

Grapher View O ot
File Edit View Graph Trace Cursor Legend Tools Help
E &9 X (A A &G @ R E DA
Transient Analysis l
[eH
Transient Analysis
125
1.00 -
E 750.00m -
% 500.00
UM A
£
L]
= 250.00m -
0.00 -
-250.00m
0 25m 50m 75m 100m
Time (s)
Vid)
e [

dopumupyem Vepapxmieckun brok-gen

C O4HUM BXOM 1 OOHMM BbIXO40M




Hierarchical Block Properties x

File name of hierarchical blodk:

gen Browse... HB1

Mumber of input pins: |:| é — I
Mumber of output pins: EI gen

HB1/102
L vs
G,)u.m 6 Vpk
- <100 Hz MM Oa YaCHON ghazoentii ceuz
90° LCHOYH UKOE HCIMOYHUKOE HCHOYHUKOE
7 o
B |- arel B |
k Cfo = &(By)
HB1/101 4 ko = — =
o Ty m
~. 10.045 Vpk 0.405 I
— 60 Hz 20 Sl s
90° 0 40
6 0.045 &0 -90
1] a0 -a0
V3 -a0
T 0.016
G,)u.m& Vpk E— 100 o
- 20 Hz
5 .90° 018 NOCMOAHHOZO UCHOYHUKA ghaza He HyHcHa!
V2
— 05V
T




5. MNpuBecTn nepexogHbIv Npouecc Ans uccnegyemon cuctemsl B Multisim14

HanpsxeHus Ha anemeHmax

V(HB1/102)-V(1) V(1)-V(2) V(2)
[N
L
HB1MO2 .. 1 . 2
0.1H 100
0 gen C
=—100pF
0
[eH
Transient Analysis
1.25 | [ 100m
1.00 -
- 60m
750.00m 1
= L 20m
g 500.00
E UM
}o
= L -20m
250.00m -
- -B0m
0.00 -
-250.00m -100m
0 25m E0m 75m 100m
Time (s)
D‘v"[hbh’mE} IE‘-.-"[E} Evnw[z}




6) MpvBecTu pelleHre 3aga4n METOAOM-MPOCMpPaHCME0 coOCMOsiHUll, NPUBECTUN NEPeEXoaHbIA nNpoLecc

R. U FIt R -
LY+ Ri+ U=FIQ) d;- R;_ U, HO d; R F1(1)
dt dt L L L dt L L (lj il 7
= . + L
1
cdy=; dy=L dyl | L o W 0
dt dt C dt C

3afaeM 3Ha4YeHVsi NapaMeTPOB CXEMbl B COOTBETCBUM C BapuaHTOM

-6
L=0.1 R,=10 = 100-10
R -1
L oL B0
A= maTpuLa cCocToAHNUA Bl(t):=| L BekTop npaBbix YacTten
0

D(t,x) ;= A-x + B1(t) paclwmpeHHasi maTpuua

34ecb NPUBECTU CXeMy COOTBETCBYHOLWYH BapuaHTy!!!

{:' x=UR
- . , .
- Wip) I
y=F1ft) e
: .

lMpoBepka KopHEN xapaKTepUCTUHYECKOrO ypaBHEHWS

, -50 + 312.25i 1 solve,p  (-50.0 + 312.25i
eigenvals(A) = . — +p-L+R - ]
—50 — 312.25i Cp float,5 =\ -50.0 — 312.25i
- o 0
A= 300 i=0.N X = rkﬁxed[(oj,O,TG,N,D}
t:= x<0> Up = x<2> HanpsikeHne Ha KoHOeHcaTope
. SV
lL =X OK MHOYKTUBHOCTU
Ug =iR Hanpsi»keHne Ha conpoTuBreHun

Up = FI(t) - Ug - Uc HanpsikeHne Ha MHOYKTUBHOCTM



1.257 -0.1
I =0.06
0.75
-0.02
Uc 0.5 Ur
~0.02
0.25
: : : 55— 0.06
0 0.025 \/ 0.05 0075\ 0.1

-0.25- ——0.1

Al

- U\/ v V\/

-0.2-

BuaHo 4TO Yy Hac nonHoe coBnageHue rpadukos

1. EMKocTb paboTaer Kak HM3KO4ACTOHbI PUNBLTP (MHOTO HU3KMX YacToT)

2. AKTUBHOE COMPOTUBIIEHNE KaK MONOCOBOWN (PUNbTP (CpenHee KONMMYeCcTBO HU3KMX U BbICOKMX HYacToT)
3. VIHOYKTMBHOCTb paboTaeT Kak BbICOKOYACTOHbIN (OUnbTP (MHOrO BBICOKUX YaCTOT)

7) MpuBecTu YacToHble xapakTepucTuku (A4 X, YX) nccnegyemort CUCTEMbI U BbIAENUTb HA YACTOTHOW Xap ak Te pUCTUKU 3Ha4EHNS
YacTO BXQOQHOro curHana

Haxooum nepenaToqHyo (OYHKLMIO CUCTEMBI

eAnHn4yHaa Marpuua

B B
1= identity(2) p-X(p) = AX(p) + % (Ip — A)X(p) = %

—_

1
X(p) 1 - -1 7
—= =W(p) = | L W(p)=Ip—-A) L
B(p) (p) oA W(p) = (I'p — A) )



10.0-p BEpPXHASA CTpOKa

100.0-p + p2 + 100000.0 nepeparoyHasi yHKUMS Toka
W(p) float,4 — 100 yepes MHOKYTBHOCTb
0.01'p + 0.0001~p2 + 10.0 HwkHAa cTpoka nepegaTtoqHas oyHKUMS

Hanps>XXeHna Ha KoHaeHcaTope

CTpoMM 4acTOHblE XapaKTepUCTUKN  A(w) = W(i-w)

YacToHasa xapakTepucTuvka Ans Toka MHOKYTBHOCTU UKW AN HAaNpsXXeHWs Ha akTUBHOM COMPOTUBMEHUU
ARp(w) = A(w)0

1000.0-w” 1.0e6-w — 100w
AR(w) rectangular — + ‘1

w4 - l90000.0-<.u2 + 1.0e10 w4 - 190000.0~w2 + 1.0e10

YacToHas xapaKkTepucTuka ANns HAaNPsPKEeHUst Ha KOHAeHcaTope

Ac(w) = A(w)1

10:(100000.0-% - 1.0e10) 1.0e7-w .
Ac(w) rectangular — — - ‘1

w4 - 190000.O-w2 + 1.0e10 w4 - l90000.0~w2 + 1.0e10

YacTtoHas XapakTepucTtuka ana HanpsaxeHua Ha UHOYKTUBHOCTU

Wi (p) = W(p),p-L Ap(w) = W (i-w)

22 - 100000.0) 100.0-w° .
Ay (w) rectangular — + ‘1

w4 - 190000.O-w2 + 1.0e10 w4 - l90000.0~w2 + 1.0e10

Bolgensiem nepBble 3-4acTOTbl COOTBETCBYIOLLME BXOQHOMY CUrHamny

wo = (W0 3-w0 5-w0)’ w:=0.01,1..1000

AYX 1 ®YX ana Toka MHAYKTUBHOCTU UMK, YTO TOXE caMmoe, ANS Hanps>keHNst Ha ak TUBHOM C ONpOTMBNEHNAN



{:' x=UR
o0y ) , .
R — e | Wip) -
v=FlIf1)
. i
0.1 x
|AR(w)| 0075t arg( Ap(w)) 1]
|TR(W00)| arg(AR(woo))
coe Yy
0.0 A i
l‘ilé(““’l” :rf(. (o)) 0 250 500 750 1x10°
[Ag(wos) arg( Ap(wo,))
L 0.025f ooe -1
f f ! _r
250 500 750 1x10°
W, W0, WO, W0y W, Wo(, Wo 1, w0y
AYX 1 ®YX ana HanpstkeHUst Ha KoHaeHcaropa
L L1
¥id ¥ - X
U . x=Us || —= Wip) S
. T i
3.2021 |
0 250 500 750 1x10°
Ac(w)| 24027 e
|— | arg(AC(w)) 0.785]
|AC(w00)| (A ( ))
arg woy
|Ac(w01)| 1.601] 0oo I
000 arg(AC(wol))_ 1.571
|Ac(wo) oo
L 0.801T arg( Ac(woz))
Yy
~2.356F
250 500 750 1x10°
~3.142

W, Wo(, WO, W0y

W, Wo(, WO, WOy



AYX 1 ®YX ana HanpssKeHUst Ha UHAOYKTUBHOCTU

- Wip)

i C—|—
. |
3.2031 3.142
|AL(w)| 2.402 5356
|TL(WOO)| arg( ( ))
A
[Ag(wor)| 10T esulen ))157r-
o) eaptem)t
0.801T arg(AL( 02))
o0
0.785F
0 250 500 750 1x10°
W, W0, WO, W0oH I 3
0 250 500 750 1x10

W, Wo(, WO, WOy

8) MNpuBecTu rpacdhuk BbIXOQHOW BEMUYMHBI B BUAE pasnoxeHus B psig dypbe Mcnonb3yst YHacTOHY0 3apak TEpUCTUKY

B M
Fo(t) = | | |AC(0)| Z (|Bk|~|AC(w0~k)|-sin(u.>0-k~t+arg(Bk>+arg(AC(ka))))
k=1
B
FR(t) := u |AR(0)| Z (|Bk|~|AR(w0~k)| -sin(wO-k-t + arg(Bk> + arg(AR(wO-k))>)

B M
Fp (1) = g ‘A7 (0) + Z (|Bk| : |AL(wO~k)| -sin(wO-k-t + arg(Bk) + arg(AL(wO-k))>)
k=1



1.21

) g

Uc. o4t

0.21

-0.2"

0.1

0.05
Fr(t)-R

0.03

- 0.05]

-0.r

0.06




