[Ipumep pacuéra 3a/1auu MO NEPEXOIHBIM MTPOIECCAM KIACCUUYECKUM METOJI0OM

(3amanue 4)

1. TloctaHoBKa 3a1a4n
Bri6upato 3amauy u3 tabmuiet 4.1. [Tycts 310 Oynmet BapuanT 17. Bam
BapUaHT OMpPEEISIETCS 0 IBYM TociieqHuM 1udpam Barrero
CTyJeH4Yeckoro omiera. MTak, mocTaHOBKa 3a/1a4u:
Hano: Hcxonnas cxema — puc. 4.8 , Kak ykazaHo B Ta0i1. 4.1

E=120B, L1=10 mI'", C1= 10 Mx® ,
R1=20 Om, R2= 80 OmM, R3= 1000 Owm,
R4= 1000 Om

2. Peuuenue

0. Onpenensem Bun kmouda K - kmroy K - «HOpManbHO 3aMKHYT».

1. Haxomum Hezapucumbie HadanbHbie yenosus (HHY) u3 pacuera
YCTaHOBUBIIETOCS PEKUMA 10 KOMMYTAIMH, TO €CTh It BpeMeHu [
pasHoe 1=(0-).

J{ns1 5TOr0 pUcyeM JTOKOMMYTAIIMOHHYIO CXEMY — C YYETOM TOTO , YTO T10

MOCTOSTHHOMY TOKY MHIYKTUBHOCTH L1 mipeBparaercs B K.3., a éMkocTh C1

B X.X. (pa3pwiB). s ynobcTBa pacuéTa MOMETUM OYKBaMH y3JIbI CXEMBI.



Puc. 4.1.1 -JlokoMMyTallMOHHAsI cXemMa
(t=0-)

3neck: HeszaBucuMble HaUadbHBIE YCIOBUS 3TO:
- TOK 4yepe3 uHayKTHBHOCTE L1 i, (0 —) = i,(0 —);
- Hanpsxenue Ha éMkoctr C1 1 uc (0 —) = ugp (0 —);

PaccuuTtaeM ux no uzBecTHsIM (popmysiam (3akoH Oma, 3akoHbl Kupxroda,
HKBUBAJICHTHOE MPEe0OpPa30BaHUE COMPOTUBIICHUHN):

0 (0-) =iy (0 ) =M 0T =20 g1y

"~ 1000
. E
I'ne uab(o _) = l(O _) ) R34 = R1T2+R34 . R34 =
120 1000-1000  120-500
= - = =100 [B]
20 + 80 4+ -L000-1000 1000 + 1000 100 + 500
1000 + 1000

- U, (0-) = Uy, (0=) = i,(0 =) * Ry = 0,1 - 1000 = 100 [B]

1 3pauenns HHY i, (0 —), uc, (0 —) OymyT ucnonb30BaHbl B JalbHEHIIMX

pacqéTaX, B 4aCTHOCTH, AJIA OIPCACICHUS ITOCTOAHHBIX HHTCIPUPOBAHMA.

2. HaxoxxneHue 1puHy KI€HHOM COCTaBIAIONIEH U3 pacueTa
YCTaHOBUBIIETOCS PEXUMA B IOCIEKOMMYTAllMOHHON LEIH,, TO €CTh

s Bpemenn  { paBaomy {=(0+).



J1J1s 5TOTO pUCYeM MOCIEKOMMYTAIMOHHYIO CXEMY — OTISITh K€ C
Y4E€TOM TOTO , YTO MO TOCTOSTHHOMY TOKY WHIYKTUBHOCTH L1
npeBpaniaeTcs B K.3., a €MKocTh C1 B x.X. (pa3phiB).

inp.(0+) Ru 9‘ |1T’(0+) a

> . [Tocne xkommyTanuu kiaod K
Rs Ru OyAeT pa3oMKHYT, TO3TOMY
(&)1
L BEeTBb ¢ R3 nckimrouaercs u3
E 1
i2np.(0+) MOCIIEKOMMYTAIIMOHHOW CXEMBI.

R 2 Tb b

Puc. 4.1.2 - [locnekoMmMyTallmoOHHAs
cxema (t=0+) 371€ech: - TOK 4epe3

MHIYKTUBHOCT L1: iy ) (0 +) = i34, (0 +);

- Hanpsokenne Ha éMkocTd C1 1wy, ¢ (0 4) = Uy gp(0 +);

. . E 120
Paccunraem ux: iy, (0+) =i, (0+) = = =
P : R{+R,+R,  20+80+1000

120

=—=10,109 [A] ;

1100
Unpe, (04) = Uy qp(0+) =iy, (04) R, = 0,109 1000 =
109 [B];

"1 O1u 3Havenus iy, (0 —), uy, ¢, (0 —) Tak sxe OyayT MCIIONB30BaHbI B

I[ElJ'II)HCfIIHHX pacqéTax I OIIPCACIICHUS ITOCTOAHHBIX HHTCIPUPOBAHUA.

3. CocraBieHne XapaKTepUCTHUECKOTO YPaBHEHUS U OMPEICTICHUE €ro
KOpHEW.

Crioco0 cocTaBieHUs! XapaKTepUCTUYECKOTrO ypaBHeHUs (XY) noapoOHo

OMMCaH B JIEKIUU 5 4acThb 1.

XapaKTepUCTUUECKOE YPABHEHUE COCTABIISIETCS JJI [TOCIIEKOMMYTAIIMOHHON LETIH.
OnuH 13 METOAOB COCTaBJIEHUS XY MPEACTABICH HUXKE:

1. 3anucath BhIpaXE€HHUE JJIs1 BXOJHOTO KOMIUIEKCHOTO COMPOTHUBIICHUSI CO
CTOPOHBI JTF000 U3 BETBEH B MOCICKOMMYTAIIUOHHON CXEeMe — Ha
IICPEMEHHOM TOKE, JIAKE €CJIM JIaHa IIeb NOCTOSHHOIO ToKa!

2. TlpousBecTH 3aMeHY KOHCTPYKIIUH J * @ = P TJi€ p — BeJIMYMHA, oOpaTHas

MOCTOSTHHOM BpEMEHU MEPEX0IHOTO mpoliecca T.



3. IlpupaBHuBaeM 310 BbIpaxkeHHe Kk 0 U 1ajee HaX0 UM KOPHU
XapaKTEPUCTUUECKOTO YPABHEHUS ;.

Urak, coctaBnsiem XY A M0CIEKOMMYTAIlMOHHOM 1enu - puc. 4.1.3 ¢
y9ETOM BBITIIEU3I0’KEHHBIX COOOpaKEHUH.

Puc. 4.1.3 - [TocnekoMMyTallmOHHAS
cxema (t=0+) mo mepeMeHHOMY TOKY

.1
R4 /j'a)C1
Zab=R1+R2+j'(l)L1+ =
1
R4+ /](,l)Cl
1
e pey Ry
R4_|_pT PRy g
1

:(P'R4'C1+1)'(R1+R2+P'L1)+R4:0
pR4(:1+1

Hanee: p-Ry-C;- (R +R)+p? Ry Cy-Li+p-Li+Ry, =
=p? Ry Ci-Li+p Ry C-(Ry+R)+ L) +R, =0
A=R,-C;-L; =1000-10-1076-10-10"3=100-10"°
B=R, C;-(Ri+R)+ L, =
=1000- 10-107°-(20+80) +10-10"3 = 1010-10"*
C= R,=1000;

VD=+yB2—4-4-C=/(1010-10"3)2 —4-100-10-5-1000 =

=+/1020100-10- 106 — 400000 - 10~6 = 787,47 - 1073 ;

—B++VD —1010-10"3+787,47-1073
p1= = & = 3937 [ P34/,
2-A 2:-100-10-6




—-B—+D —1010-10"%—787,47-1073
2:A 2-100-107°

Py = = —8987 | P3%/,

Hrak, monydyeHsl KOpHU XY, OHU OTPULIATEIIBHBIE U JCUCTBUTEIIBHBIC.

4. 3anuch BeIpaXXEHUsI CBOOOIHON COCTABISIONICH HCKOMOM (DYHKIIUH B

dbopme, onpenensseMoil BUIOM HalWIEHHBIX KOPHEH.
JIJ1s1 HaIIero KCKOMoro Toka iy umeeM peurerre OJY BTOpPOH CTENEHU:

iZ W = Al . e—3937t + AZ ] e—8987t

5. OnpeﬂeﬂeHHe INOCTOAHHBIX UHTCTPHUPOBAHUA Al! Az C ITIOMOIIIBIO

HavyaJbHBIX YCIOBUHM U 3ak0HOB Kupxroda.

Tak kak y Hac jBe Hen3BecTHBIX A1, Ay, TO MoyyaeM BTOpoe ypaBHEHHE
u3 niepBoro (s iy ), tuddepeHuupys ero:
iy, =—3937-A; e 373789874, - e 8%7¢

[ToacrasisieM B 00e Gpopmystsl (s ip ., U i'z ) BpeMa t=0u

TI0JTy4aeM CJIELYIONIYIO CUCTEMY YPaBHEHHIA:
i ;(0)=A41+A;
iy (0) = —3937- A,—89874,

Haitnem i, .,(0), ucnonb3ys HauanbHbIe yCIOBHS, HAlIEHHBIE B II. 1. 1
1 2, 1 hopmyiy 715l TOJHOTO (OOLIEro) peieHus JUHEHHOTO
maddepennmanbHoro ypaBHenns : Ly () = lpy, (E) + 15 5 (L)

Jns momenta kommytamun 1=0 © 1, ,(0) = i5,,(0) +1,,(0)

H, COTJIACHO 1My 3aKOHY KOMMYTAIIUH, HAIIl HCKOMBIM MOJIHBIA TOK
i, ,, (0 —) 6wt paBen Toky i1 (0 —), a 9T0 TOK Uepe3 UHIYKTUBHOCTD
L1, To , ciretoBaTeNbHO U B MOMEHT KommyTarmu t =0 oH coxpaHnser
310 3Havenue: ip . (0) =i (0 —) = 0,1 |A]->10 HHY no .1
Hamiero pacuéta. Jlanee, nocne kommyranuu, iy, (0 +) pasen cymme

npuHYKAeHHOH I55, (0 +) 1 cBo6oHBIX cocTaBnsomux I o (0 + ).



Tok @y, (1) = 0,109 [A] 6bu1 HalizeH B 11. 2 HAIIETO pacyeTa U SBIAETCS

HEHW3MEHHBIM B YCTaHOBUBIIEMCS pexume. OTCroa, MOCTaBIISISA 3TH
HHY B Hamy popmyny mis i, ,(0 ) nonyyaem:

1,(0) =13, (0)+i3,,(0)= 01=0109 + ip(0), orxyna
nonydaem I, (0)=0,1-0,109 = —-0,009

Baoicno: ucnonv3zyiime vlutenpugedénnoe paccyyicoenue 0
HAX04COeHUsL CB0OOOHOL COCMABIAIOULCU MOKA UTU HANPANCEHUSL OIS

momenma epemenu =0 ¢ Bawux 3a0auax.

Jlanee, mojcTapiseM HalieHHoe 3HaueHne I, ., (0 ) B cucremy

YypaBHEHHI M HaXOJUM MOCTOSTHHBIE HHTerpupoBanus A4, Ao :
i .,(0) =—0,009 = A1 + A
iy ., (0) = (=0,009) = —3937 - A,—89874,

oI .
_ i CB(0+)—pzlz CB(0+) _ 0—(—8987)-(—0,009) _ —80,883 — .
4, = P1—D2 ~ —3937-(—8987) ~ 5050 0,016;

A, =i (0+)—A; =—0,009— (—0,016) = 0,007;

6. Haxoxxnenue nckoMoi BEeJITMYUHBI KaK CYMMBbI TPUHYKJIEHHOM ¥ CBOOOTHOM
COCTAaBJISFOLIUX.

3anuiieM Hallle OKOHYATENbHOE pemmenue s i, ,(T):
iZ () = i2np.(t) + iZ () = i2np.(t) + Al -eP1t + AZ -eP2t =
= 0,109 — 0,016 - e 3?37t + 0,007 - 78987t [A4]

6. Ilocrpoenue rpadvka HalIeHHON (HYHKIIUN BO BPEMEHH.

J1y1st TpaMOTHOTO TOCTPOSHUS rpaduKa MepexoHOTO MpoIecca i TOKa

i y ) .1
i, ,(t), ucnonssyercs cremyrommii npuém: £; =1 - m:
1

Tai=0 tg=0-—=0 i,,(0)=0,109— 0,016 + 0,007 = 0,1

1
4l
| OtmeTnM, uto i, ,(0) neiicrBurensHo copnamaer ¢ i1 (0 —) = 0,1!
1 1

‘3937 — 3937 L

Huai=1 t;, =1

u



_3937._ 1 _ _8987-_ 1 _

i, (t;) =0,109—0,016 -e 3937 + 0,007 - e 3937 =
= 0,109 — 0,016 -e 1 + 0,007 - e %28 =
— 0,109 — 0,0059 + 0,000714 = 0,103814 :

. 1 2
Junl=2 &, =25 =5[]
i,.,(,)=0109—-0,016 -e 3937 4+ 0,007 - e 3937 =

= 0,109 — 0,016 -2 + 0,007 - e 40 = 0,109 — 0,0021 ==
0,1069; utak ganee s i = 3,4, ...
iy () =0,109—0,016 - +0,007- e =0,109 ;

| OtmetiMm, uTo i, ,(90) coBmamaer ¢ iy, (£) = 0,109 !

Crpoum rpaduk i, ,(t) mo roukam &g, tq, t,, £ = o (puc. 4.1.4)

0,109 fr = = = = = = — = -

0,1

1 1 t (cex )>

| |
0 ti= 1/3937 1= 2/3937

Puc. 4.1.3 - 'paduk nmepexoqHOr0 mporecca HCKOMon GyHIuH ( I2 (t))

3ameuanne 1 Ecnu B xone Bartiero perenust ObIIu MOTy4eHbI
KOMITJIEKCHO-CONPSIKEHHBIE KOPHY XapaKTEPUCTUUECKOTO YPaBHEHHUSI, TO
CJIEIyET BOCHOJIb30BAThCSI METOJINKOW, YKA3aHHOW B JIEKIIMH S5 4acTh 1.
dopmMma mepexoaHOTo mpoIecca - 3aTyXaroluid KojaebaTeIbHbIN poliece
(3BOH).

3ameuanue 2 Ecnu B xozne Bamero penienust Obun moy4yeHbl

I[GP'ICTBHTGHI)HI)IG 1 PaBHBIC KOPHN XapaKTCPHUCTUYCCKOT'O YpaBHCHHA, TO



¢dbopma mepexoTHOTO MPOIIeCcCca MOKET UMETh «IKCTPEMYM).

[TorpoOyiiTe paccYUTaTh €0 CAMOCTOSATEIHHO.



