OIIEPATOPHBIN METOJI PACUETA ITEPEXOJIHBIX
[TPOLHECCOB

B onepatopHoM MeTozae JJId pacyeTa IMepEeXOaHbIX MPOIECCOB UCIOJIb-
3yeTcs npeodpazoBanue Jlamaca. [Ipu atom quddepeHnmanibHble 1 HHTE-
rpajbHbIC ONepaluv HaJ (PYHKIUSIMHU BPEMEHH (OpUTHMHAIAMH) 3aMEHSIOT
anreOpanyecKUMHM OTepallusIMU HaJ UX MHTETPAIbLHBIMUA NPeoOpa3oBaHUsI-
MH (M300paKECHUSIMHU ).

DTalbl pacyeTa ONepPaTOPHLIM METOIOM:

1. Haxoanm HesaBncumbie HadanbHble yenosust I, (0 ), u .(0).

2. Haxoaum n300pake€Hus HCTOYHUKOB CUTHAJIa M MACCUBHBIX 3JIEMEH-
TOB ¥ COCTABJISIEM ONIEPATOPHYIO CXEMY 3aAMEIICHUS 1ICTIH.

3. B onepatopHoii cXe€Me 3aMEIICHMUST PAaCCUMTHIBAEM H300paKEHUS TO-
KOB U HAIIPAXKECHUM.

4. IlepexoauM OT M300pak€HUH K OopuruHaiaM ((pyHKIHSM BPEMEHH)
TOKOB Y HAIIPSKEHUU.
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IIpsimoe npeoOpa3oBanue Jlaniaca

[Iycts f (l‘) YIOBIETBOPSIET YCIOBHSM:
1.f(t>:Oant<O;
2. Ilpu t >0 ‘f(t)‘ <Me"™, tne M >0;¢,>0 - mobbie neii-

CTBUTEJILHBIE YHCIA (MOTYT OBITh OYEHB OOJIBIIINE).

Takyro QyHKIHIO f (l‘ ) Ha3bIBal0 (DYHKIMEW OrPpaHUYEHHOIO POCTA.

4

mt

>

0

N
Mecot
1)

Bce peanbHble PYHKIIMM TOKOB ¥ HANPSKEHUI
ABJISIFOTCS QYHKIUSIMU OTPAHUYECHHOT'O POCTA.

> [
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Ecmn f (t ) yaoBiaeTBopsieT yciaoBusM (1) m (2), To wuHTErpan

f f (f )e_ptdl‘ = F ( p) CXOJUTCS a0COJIIOTHO Y HA3bIBACTCS npsAMoOe npe-
0

oopazoeanue Jlannaca. 3nech oneparop Jlamnaca (KOMIUIEKCHas mepe-
MEeHHas) p — C + jw, npudeM Re p = ¢ > ¢,.
[Ipsimoe npeoOpazoBanue Jlammaca Oygem 0003Ha4aTh COOTBETCTBUEM:

/()7 F(p)

Opurunan  M3o0paxeHue
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N3o00paxenue npocrediux GyHKUUA

1(1‘ ) - eqMHUYHasA QYHKIUS (QYyHKIMS BKIIOYCHMS )

A ° ]
1 i 1(¢>T;;

1 S |
cpta cp—Jjo

OcHOBHbIE CBOMICTBA MPeoOpa3oBaHus

1. JInHEHHOCTS: f1< )—i-f2( ) ( >‘|‘F (p)

DKCIIOHEHTA €
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2. CBOMCTBO KOMMYTAaTMBHOCTH I10 OTHOIIEHHMIO K orepanusm Re u

Jm:
Ecnu f(t)%F(p),HqueM f(t)z Ref(l‘)—l—ijf(l‘),To:

Ref(t);ReF<p) u Jmf(t);JmF<p).
Jot :cOSa)t+jSina)t; — = pz—l-ja)2.
*p—JjoO p +o

P ,Sina)t%pz_a:wz.

[Ipumep: e

Torna: cos Wt = 5 5
° p _|_a)

3. M300pakeHne MpoOu3BOHOM.

Eemn f(1)=F (p).10 f'(¢)=pF (p)~ /(0).
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31ech: f(()) = f(0+) - 3HAYEHME f(t) B MoMeHT f = ()

p- onepatop auphepeHIUPOBAHUS ;
4. N300pakeHne HHTErpaa.
o t o I ( p)
f(t)=F<p). Uurerpan LP(t) = ff(t)dt=—.
[ O [ p
l - orepaTop UHTErPUPOBAHUSI.
P
5. Teopema 3ana3apIBaHU.
]A 1(-t,) cxoaHas GpyHKIUS: f(t)fF(p),
0 to - ¢ f(t—t())Te’”OF(p)




[Ipumep.
Haiitn n3o0paxxeHue uMIyJibca.

>

1)
71

(1)

-1(t-1)

HMITyJIbC paBeH Pa3HOCTU ABYX (PYHKIIUN
BKITIOUECHHS f(t) = 1(t> — l(t — T).
N300pakeHne UMIyIbca:

F(p)=— e =—(1-c ")

PacueT nepexoaHoro npouecca npu Hy-
JIEBbIX HAYAJIbHBIX YCJIOBHAX

JTo kommyTaruu (1 =0 )
£ (0)=0,u,(0)
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Haiitu TOK 1 <t )
[locne koMMyTaLuu:

JInddepenimansHoe ypaBHEHHE: e(t) = Ri(l‘) - L Z:; | 1 jidt.
0
[Ipeobpasyem 1o Jlamacy: E(p) = R](p) + pL[(p) + %](p).
P

B oneparopHOM ypaBHEHUMU:
R - akTuBHOE ConmpoTuBIEHUE;
PpL - vaayKTHBHOE COMPOTHBIIEHHE B OIIEPATOPHOM hopMe;

1

—— - EMKOCTHOE COIPOTHUBIICHUE B ONEPATOPHOU (hopme.

pC
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OnepaTopHaﬂ CXEMa 3aMCIICHUIA IIPHU HYJICBBIX

HAa4YaJIbHBIX YCIIOBHAX

—— (P) (P)
L E(p E(p
oo /()= = Z0)
CDE(p) e R—I—pL—I—pC p

1
Z(p)=R+ pL—+ Yl OTIEPAaTOPHOE COMIPOTUBIICHUE IIETIH.
P

[IpaBuno: OneparoprHoe conporusienue Z( p ) MOXKHO HONYyYUTH K3
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1
komruiekcHoro Z( jw ) = R+ jwL + —— 3amenoii jo — p.

joC
OnepaTopHOE COONPOTUBJICHHUE M OIEpPaTOpPHAs CXE€Ma 3aMEIICHUS UMe-
I0T 00OOIIEHHBINA XapaKTep U MNO3BOJISIOT pPellaTh 3aJauyu OpU JIIOOOM BO3-
JICYICTBUU.

OrmeparopHas IPOBOIUMOCTE Y ( p) —

Z(p)

3Has M300pakeHNe TOKa, HalijieM opuruHa: [ ( p)=i(t).

10
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OnepaTOpHaﬂ CXEMa 3aMCIHICHUA YYaCTKa HCIIN ITPHU HCHYJICBBIX
HAaYaJbHbIX YC/JI0OBUAX

) O, et) !
>—|: "’"’Y‘—o—| |—o m li% /? >
a 7 k
i1(2)

o xommytaumu nupu §=0_ nmeem: i, (O_) =1, <O+> =1, <O),
u.(0_)=u.(0,)=U.(0).

Jna t > 0 (mociiekoMMyTallMOHHBIN PEKNM) 3aMMIIEM ypaBHEHHE:

di 17,
s =—e(t)+iR+L [i(t)dr+U.(0).
[IpeoOpa3zyeM ypaBHeHue 110 Jlamnacy:

u
a’t C

11
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Uy (p)=—E(p)+RI(p)+ pLI(p)-Li, (0) +p%1 (p)+ Ui())
U,(p)+E(p)+Li(0)— U (0)
N300paxenne Toka: | ( p) — ; P
R+ pL+——
pC

210 3akoH Oma B omepaTOpHOM (popMe IS ydacTKa IIENH, COJCP KaIIEro
DJ1C 1 HaYaJIbHBIE YCIIOBUSL.

Bmece: Li, (O) — BHYTpeHHUM HCTOYHUK IJIC, 00yCIOBICHHBIM

HA4aJIbHBIM 3aIllaCOM MAarHUTHOM OHCPIrun B HHAYKTHBHOCTH IIPpH

i,(0)=0.

12
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i), 1), Lo

ML(ly me(p)

”L(t)Tme (p): pL[(p)—LiL (O)
Buyrtpennuii ucrounuk 3J1C Li, (O) HanpasJIeH COrJIacHo TOKy [ ( p).
U (0)
P

00YCJIOBJICHHBII HAYaIbHBIM 3aIIaCOM DJIEKTPUUYECKOM DHEPIUU B KOHJIECH-
carope npu U - (O> = 0.

B omnepatopHoM ypaBHEHUU - BHYTpeHHUM HUCTOUYHUK I]IC,

13
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i) LY %) @

ey = L
m lC[ d m]/pg \{ﬁg
uc(t) Una(p)
. 1 U.(0
uC(t):umd(t)=Umd(p):—]<p> | C( )
Y pC p

Uc(0)
P

Baytpennuii ucroyHuk J3/1C HAIPAaBJICH BCTPEYHO TOKY [ < p)

B pesynbTare nojiygaeM OonepaTOpHYIO CXEMY 3aMEIICHUS ydacTKa I11e-
A TIPU HEHYJIEBBIX Ha4YaJbHBIX YCIOBUAX:

14
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L) )

l. U, (0) E(p) bp)
>—_|:'|~—~’3Lw§—.-{ N (N
a n b m) N AN/

Li(p) pC

3akonsl Kupxroga B oneparopHou gpopme

hiv) L(p) [lepBeiii 3akoH Kupxroda
o L(p)+1,(p) = 1L(p)+L(p)

L(p) Ii(p)

15
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Bropoii 3akoH Kupxrogda

B A

J111 MTHOBEHHBIX 3HAYE€HUM 110 BTOpoMy 3akoHy Kupxroda:

L8 Ri (1) + [ i+ U (0) =6, (1) + e, (1).
B onef)aTopHoﬁ dbopwme:

B.A. Anexun. DnektporexHuka. Koncnekr neknuii. 2012
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PLL(P)+ Ri(p) + = 1s(p) = B (p)+ B (p) + L1 0) - 2=

dopmynnpoBKa BToporo 3akoHa Kupxroda B onepatopHoi

dbopme:

B 11000M KOHType OIlepaTOpHOM CXEMBbI 3aMEIICHUS anreopandecKkas
CyMMa IIPOU3BEJICHUM OINEPATOPHBIX TOKOB Ha ONEPATOPHBIE COMPOTHUBIIC-
HUS paBHA aareOpamyecKou CyMME HM300paKE€HHMH pealbHBbIX MCTOYHHUKOB
OJ1C 1 BHyTpeHHUX UCTOUYHUKOB DJIC.

3akoHsl Oma n Kupxroda B onmepaTOpHOH CXEME 3aMEIICHUS BBIIIOJI-
HstoTCsa. Clie1oBaTeIbHO, pacyeThl MOXKHO IPOBOAUTH JIHOOBIM METOA0M
pacyeTa [eneu MOCTOSSHHOIO M TapMOHMYECKOIr0 TOKA.

17
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[Ipumep:

i, () ) rig)-1

—
'™ __rwv\m

1=1I'n pL=p U
20m
20Mm

Ri=20m | | Ry=2 Om
<> E=2B \@ () E/p=2/p

- ) =0

1. Pacuer pexumMa 10 KOMMYTAlUu: I, (0) =14.

2. HaxonuM n300pakeHUs HMCTOYHMKA CHUTHalia, BHyTpeHHHEe JI/C u
OIIEPATOPHBIE COMTPOTUBIICHUS LICTIHU:

e(t>:2B;E(p)ng-c, LiL(O>:1FHAle-c, pL=p-1 Owm.

P

CocTaBisgeM ONEePaTOPHYIO CXEMY 3aMEIICHMUS.
3. HaxoauMm n3o0pakeHue TOKa:

18
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2

. — 41
](p>:E(p>+LlL(O>:P __2+p |
pL - R R, p+1 p(p-l-l)
R + R,

4. Ilepexooum om uzoodpasricenus K OpuZUHALy MmoKa.

CnocoObI nepexoa:

a. O0paTHOE NpeoOpa3zoBaHUE Hannaca
c+ joo

i(t)=—— [ I(p)e”dp.

C]OO

0. Ilo Tabnaumam Hp606paBOBaHI/IH Jlammaca.

B. Ilo meopeme paznosrcenus npu npoCcmvlx KOPHAX:

B.A. Anexun. DnektporexHuka. Koncnekr neknuii. 2012
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Caip 4l)
)=S0~ 5o

JOJI2KHA OBITH HpaBHHBHOﬁ — CTCIICHb YHNCJINTCJIA MCHb-

A(p)
B(p)

1€ CTENCHN 3HAMEHATEIIS.
1. Haxoaum KopHU 3HaMeHaTes: B ( p) =0,p ( p+ 1) = 0,

1
xopau: p, = 0, p, :—lz.

2. HaxouM npoM3BOIHYO 3HaMeHaTels: B’ ( p) =2p+1.

JpoOb

3. Haxomuwm:

A(p,)=2 4(p,)=1B'(p,)=1B'(p,)=—1.

4. Haxoaum opuruHai ToKa Mo GopMyJie pa3aoxKeHUS:

20
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i(t)= Alp) Pt Alp,) e’ =2e" —le"' =2—¢".

I Ipumeuanue.
Ecnn oguH 3 KOpHEN paBEH HYJIIO, OPUTHMHAJ COJCPKHUT ITOCTOSHHYIO
COCTaBJISIOIIY 0.

Ocol0eHHOCTH pacyera npu rapmonuuyeckoun I/1C

it)»

<> y . e(t)=FE sinwt.
e(t

Haiitu Tok i('t ).

=0

21
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Vi)

. _ —=m —Jo
1. Pacuer pexxuma 10 kommyTtamun: [, = [ e ’".

R +R,+ joL
MrHoBeHHOE 3HaYeHUE: I, (t) =1 Sin(a)t — gﬂ).

IIpu ¢ = 0, HavaneHOE ycIOBHE: I, (O+> =1 Sl'n(—(D).

CnocoObI pelieHus:
a) Pacuet nia perictButenbsHON Gpopmel D JC:

e(t)=E, sinot=E —; @ >
° p _|_ 0,
0, :
E, — -+ Li, (O)
, P To
Haxoaum n3o0paxenue Toka: [ ( p) —
R, + pL

C0XHBIE BBIYUCIICHU !

22
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0) Pacuet st koMmmekcHou popmbl DIC:

3 « E

3aMeHUM e(t) Ha E(t>:Eme] = —
*p—Jjw

KoMiiekcHast pyHKIHS BPEMEHH I TOKA:

) s
"+ jLi (0)
(1)= 212
. R, + pL

To4HUK D J[C HamoO B35 Th MHUMBIM.

Haxoaum i(l‘) = Jmi (t)

B) IIpuMeHUM MmemoO omoenenus NPUHYHCOEHHO20 PedCUMa Om CB0-
O000HO20.

2. PacyeT npuHYXJIEHHOTO PEKUMa CUMBOJIMYECKUM METOIOM:

(s e(t)=FE sinwt BuyTpeHHuii wnc-

23
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Loy = R, -I-n}wL =1,,,e" 1, <t> =1,y sm(a)t T 9”2)9

i (0. )=1, sing,.

3. OnpenensieM HadaabHBIC YCIOBUS JJ1 CBOOOIHBIX COCTABJISIIOIINX.
iLce <O+> — iL (0+> o ian <0+ )

4. CoCTaBJIsIEM OMEPATOPHYIO CXEMY 3aMEIICHUSA IS CBOOOJHBIX CO-

CTABJIAIOIIIHNX.
Les(p)
—>

Haxoanum cBOOOTHEBIN TOK:
1 ° Rl
B Li, (O) _1y

]ce<p>_R _I_pL?iLC(;(O—I—)e - .
1
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5. HaxonuMm moJIHBIN TOK:

iL <t> — ian (t> T iLce <t> — ]mnp

Sin(a)t—l—g02)+

che
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