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Puc. 3.4

KpuBbile i5(f) W ia(f) MOTYT BbiTb MOCTPORHSI Ha OAHOM rpachiike. TpH BbIGOPe MaCLITaGHbIX ACMeHHi 110 OCAM FPaUKOB YIHTIBEAIOTCA MAKCHMATHbIE 3HAUEHUA COOTBETCTBYIOWMX BEMIHUH.
[In7 ToKa U HAMPAXEHIA LienecooBpasHO MPHHATL B 1 CM Mo 1 MA 1 1 B COOTBETCTBEHHO. MacluTa’ o 0cH BpeMeHH OpeaenseTcA ANHTENLHOCTLI0 MEpeXoAHoro MpoLiecca. VI3secTHo, 4To
SKCTIOHEHLANGHbIE hYHKLWN 38 BEMA { = 37 HIMEHAETCA Ha 95% OT CBORTO MaKCUMANBHOTO 3HaueHA. TOrAa MOXHO MPUHAT, 4TO NepEXOAHbI MPOLIECC B Lenax NepBoro nopaaka
3aKaHWWBAETCA Uepe3 37C NOTPELIHOCTLI0 5%. YUNTLIBaR (3.5), NONYUMM ANA ARHHOT CXEMBI tres o = 37= 8,4 MKC. [INA NOCTPOEHIA PachiKa YAOGHO NPUHATE MACLITAG N0 OCH BPEMeHN 2 MKC

Blcm

4. PacueT ToKa i(f) ONepaTopHLIM METOOM.
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Y

Puc. 35

[INA COCTORHUR Ueni pi ¢ O (puc. 3.2) COCTABNAETCA OMEpaTopHan CxeMa 3aMELLeHIR, KOTOPaR YNTLIEAET HE3ABICHMbIE HAUaMbHbIE YCTOBUA B BiAE AOTONHATENSHLIX (PACHETHbIX)
UCTOMHIIKOB HanpsixerUs Liy (0) un ug(0)/p. B AakHoli 3a8aue Takit HCTouHMKoM GyaeT Lix(0) (puc. 3.5)

Vicronis3ys 3akok Owma, B OnlepaTopHoli chophie, 3aniuen

39

7A@ Uss( p) MOXET BbiTb HaIACHO 110 METOAY Y3NOBbIX HANpAXEHHiL
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E 1 1
5570 (m5)
Uar (P)=—7 1 T s (3.10)

—+ +
R Ry+pl Rt Ry

MoacTagnan (3.10) & (3.9), nonyuun

E (Ry+Ry)+[R(Ry+R)] Lip(0)p

B ) Mor e A v AR D]

Mocre 4Y1CNoBbIX NOACTaHOBOK

155107 + 10410 F(p)
p(p+346.10) pF(p)

L(p)

Vicron3yA Teopeny pasnoXeHis, Hailaen opiriHan Toka

_Ef0), Flp) o 104107

- m0) piFler) 346107
46 03)+1,04 0% _s4g10%
+ 5 e =
—~346 10

3
= [371,442'346 1o 'j MA,

KOTOpOE COBMAAAET C BuipaseHie (3.6), NoNyYeHHbIM KTaCCHIECKIM METOAOM.




image10.png
Tunosas sapaya T3.2

CxeMa Leni, puseaeHHan Ha pic. 3.7 &, COREPKUT eMKkocTs C = 10 ndh i conpoTHanenwa Ky = 1 kOM, R, = 3R, = 3 kOM. Ha BXOAe Lienh AeliCTBYeT MPAMOYTOMbHLI MMMYC (piC. 3.8)
ANMTENSHOCTBIO 1, = 60 HC U aMANNTYAOT U, = 4 B. BLINONHATL PaCHeTs B COOTBETCTBMN C 3adaHHeM k 3afave 3.2

PeweHne

1. PacyeT NepexoaHoil 1 UMNYTICHOI XapaKTEPUCTHK KITACCHIECKIM METOZOM.

1.1. TMepexoaHan XapakTepiICTIika e PACCUNTLIBEAETCH, Kak NePeXoAHOI MPOLIECC B Bie TOKa UM HANPSIKEHIA, Bb3BaHHbIT BKITIOUEHIEM LienH C HYMEBLIMI HauaNbHLIMI YCTOBAMI Ha
MOCTORHHOE HaNpsikeHite 1 B. B COOTBETCTRME C 3TUM COCTABNAGTCA CXeMa BKTIOHEHHR (puc. 3.7 6) , Ha KoTopoii £ = 1 B. B 3agaue onpeaensieTca nepexofHas xapaktepictuka g, (t) no

HaMPFKEHUIO OTHOCHTENSHO BLIXOAHOTO KOKTYPa R, C', 1I0STOMY MOXHO 3amiicaTs, uTo:

£2(t)= i, () clt) = Rt rucle)= RoC B 1uols), .11

Hanpsixenite §=3R B Cxeme Ha piic. 3.7 6 MOKeT GbiTb PACCHUTAHO C MOMOLLSHO 0BLeli hopMyTTb (3.3) pacueTa NepexoaHsIX MPOLIECCOB B Cemax Nepeoro nopaka

R
J=2 >
u(f)
R R
u; & 2 up
T M
o veg -
. P 4 ot

Puc37
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e gy =tc(®) = 1 B; p — KOPeHs XapaKTepUCTIYECKOrO YPABHEHUR, HAXOMWTCA U3 ONepaTopHOro conpoTueneHun cxembl Z(p)= R;+ R, +1/pC. n pased p=1f(R;+R,)C;
NOCTORHHA HHTErPUPOBAHHA HAXOAUTCA U3 PACCMOTPEHNA 14¢:(t) Mpu ¢ = 0,

g (0, )= ugy + A= 0 (Hynesoe HauansHoe ycrosue)

Otkyaa A=-ugy, =-1. OkoHuaTensHo

rae 7, =40 .10~? ¢ — NoCToRHHaRA BpeMeHN Lenu.

Moactaenan B=3R & (3.11), nonyuuns:

=1-0.25¢ 4010
OBpaTuTs BHIMaHIe, UTO g, () B (3.12) ONpeaenAeTCcA TOMsKO SMeMeHTaMIt Leni it He 3aBHCUT H OT TOKOB, HU OT HaMpAKeHH

1.2 VvnynsCiias xapaKkTepiicTka Lem h(f) ecTi MPOU3IB0AHaR OT NepeXoaHoit XapaKTepHCTUkit h(f) = g (). OAHAKO CMIeAYeT YuecTs, 4To, eCT NePEXOaHaR XapakTepICTHKa OTIMNHA OT HyNA
pi £ = 0, T.e. UMEET CKa4oK MpH ¢ = 0, To MU AU(DEPEHLMPOBaHIN NORENAETCA AOONHTEN5HO Caraemoe:

h(f) = g(0)d () + g¢ (1)
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B paccvatpusaemoli 3agave g,(0) = 0,75, nostomy

'

hy(t)=0,755(¢)+ 6,25-106¢ 40107+ 1)
e d (6 — MYNsCHA chyHKUUA (chyHKUUA [lupaKa).
2. Pacuer BLIXOMHOTO HANPSPKEHNA 11 (¢ ) BpEMEHHSIM METoaOs.
2.1 Vicnons3osase niTerpana floanens.
V13 13BECTHSIX UeTuIpeX (hopMyn UHTerpana [oatens Hauboniee OBl xapakTep vieeT hopiyna ina
.
us(t)=u(0)g2(t)+ [u(z)g(t—7)dz (314)

0

& 0GO3HAUEHIAX BEMMIIH U MOHATUT], MDHHATBIX B PACCMaTPUBAEMOli 3aAake. MepEMEHHON UHTErPHPOBaHIA B (3.14) AEMAETCA t (e NyTaTb C NOCTORHHOM BPEMEHN 7).

BXoaHOe HanpsikeHite 1;(t ) MMeeT (hopMy IPAMOYFONBHOro UMAYNBCa (PUC. 3.8), aHAMMTUUECKAR 3aMUC KOTOPOTO MOXET BbiTh NPeacTasneHa Kak

(3.15)

ey [0 TP OSESE,
g 0 mputzt,

W3 (3.15) cneayer, 4o 14;(0) = U; u uTo npoussoatan 15 (t ) = 0 unu ana nepemerolt  —ej(z) = 0.

UICTIO YUaCTHIKOB UHTErPUPOBaHIA B (3.14) ONPEAGNAETCA UICIOM YJACTKOB B (YKL, OMUCLIBAIOLEH BXOLHON CHTHAN, B KOTOPLIX OHa HerpepbiHa  Aicdepexwpyena [1, c. 188]. Ana
hyHKUMH (3.15) TaKNX YUACTKOB B BU UHTEPBANOB BpemeHit ABa: 0 <t <t, W f, <t <. HeOBXOAUMOCTb yueTa BTOPOrO yuacTka, koraa i;(t)= 0, 0BLACHAETCA Tem, uTo 3a BpeMA

ReElCTBUA UMMYNbCa B PEaKTHBHbIX SNEMEHTaX e HaKaNMHBaeTCA SHEPTUA IMEKTPHYECKOTO U MATHUTHOTO MoNell, KOTOpas MOCTle OKOHYAHHA UMNYMbCa MOCTENEHHO YGLIBAET A0 HyNS,
C03/12BaA HANPSKEHUE 1 TOKN B Lienk. AHank3 3TiX BENUYMH 1 NPOBOAUTCA B MHTEpBarne t > t,
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BaxHeileli XapaKTepHOi 0COBEHHOCTLIO annapaTa UHTerpana [lioaMiena ABNAETCA T0, UTO MPH 3AMACH PEaKLM LeN Ha KAXOM HOBOM UHTEDBAMe BPEMEHIt HaMiME CKAYKOOBPAsHOrO
M3MEHEHIA BXOJHOMO CUTHanNa B HauankHbIii MOMEHT PaccMaTpHBaeMOro UHTEPBANA YUNTLIBAETCA AOMONHUTENLHbIM CriaraemMsIM B1aa

AUg(t-1),
e D U - aunmiryaa ckaska;
t,, — MOMEHT eliCTBUA CKayKa.
YATLIBaA CKagaHHOE, 3aMALEM BXORHOE HANPAXEHHE Lien B CooTBeTCTaMe ¢ (3.14) 1 (3.12):

ANA uHTEpBana BpeMeHn 0 <t <t,

6
510% (3 1)

4-

:
uglt)=Us ga(t)+ [0-go(s—7)ar 4-(170,25 o ‘”6‘j
0

N7 UHTEPBANA BPEMeHN 1, <t < o

5

uplt)=Us g(e)+ [0-g5(t- 1)z~ Uy g5lt-t,)=
0 @17

s s s
:4-[170,252’25‘” ‘}4-[170,252’25‘” ("‘u)jzs,ztxe’z“” A

2.2 Vicnonb30BaHite HHTerpana HanoxeHuA.

B OTrMite OT UHTerpana [0aMenA B UHTETDae HMOKEHIA He YHUTLIBAIOTCA AOMOMHUTEHIMM CNAraeMbiMit CKaukl BXOLHOTO HAMPAXEHIS:
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uy(t)= j.Ul(t)-hz(tft)dT,@ 18)
o

C yueTom (3.13) peakwyt (3.18) 3aAaHHOM LENi Ha MPAMOYFOMHLI UMMYNC GyAeT pasHa:

ANA uHTepBana Bpemenn 0 <t <t,
g 6
wy(t)= jU,{0,75 5(r)+62510%.%10 ("’)}dr !
0

Vcron3ya dunsTyiollee CBOCTE0 iMnybCHoii d -chyku [1. cTp. 173], monyuimm

:
6 (¢ - 6

uz(r):4-0,75+4j5,25.106,_;25m (0) g 2 g 2510

o

[INA UHTepBana BpeMeH t, <t < o

4y
w,(t)= [U{OJS 8(z)+6,25-10%% ‘”6("’)}1”
0

:
+ ][(0%/,)0,75 5(r—1,)+0-6,25-10%5510° ("’)}dr:
[

s o s
:4-0,75+[225m fu 71]525‘” P 4.0,75 =348 210

CpaBHeHite pe3ynsTaToB PaceTos HaNPFKeHIA 14y (£ ) C 1CMONb30BaHIIEM UHTErpanoB HanoXeHits 1 [JoaMens NoKa3bIBaET, 4TO OHY COBMaJaIoT Mexay CoBoiL.
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3. TIoCTpOEHIIe BpEMEHHOI AUarpamMMl BXOIHOTO U BEIXOIHOTO HaMPSPKeHIL

[IMarpama BLIXOLHOTO HaNPSIKEHIA CTPOHTCA C UCTIONb30BaHHEM (hopiy (3.16) 1 (3.17) nyTem NOACTAHOBKH B HUX COOTBETCTBYIOLX MOMEHTOB BpEMeHi. Pe3ynbTaTsl pacieTos CBOAATCA
& TabmLy 5.

Tabmuya 5
Bpems, 0 03z, | 06z, G by, ty 41y |ty +21p|t, +37;
HC 0 18 36 60 60 100 140 180
“ g 4 4 4 4 0 0 0 0
w g 3 34 36 38 08 028 | 003 | 001
u, 54 uyB
4 4
3 3
2 2
1 1
0 20 40 60 4, He 0 20 40 o0 80 100 120 140 160 180 & #c
Puc38

V3 Tabrusl 5 BUAHO, 4TO 14, (t) B MOMEHT t =1, paccuTLIBAeTCA ABaXALE NPM t,_ N0 opmyne (3.16), a npy f,, N0 hopmyne (3.17). ViMeHHo Npw Takoii METOAWKE MOXHO ONPENenuTs
6yaeT N ckauKkooBpaHoe HaMeHeHIE B (hopie BbIXORHOTO CHTHAMA B MOMEHT U3MEHEHIA (YHKLIM, OMICHIBaIoLLeIl BXOAHOT CHTHAM, KaK 5TO 1 0K3aHo B PACCMATPHEAEMOM NUMEpe.
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BLiGOp pacueTHbiX TOueK B UHTEpEane t>#, ONPEAENAETCA BPEMEHEM 3aTyXaloWero MepexofHOro MpoUecca, KOTOpOE 3ABCHT OT MOCTOSHHOW BpEMeHH Wemi, pasHoii
7;=(R+ Ry)C= 1 +3)10% 107! =40 ke

BpewenHble AMArpanMs! BXOAHOTO U BbIXORHOMO HAMPFRXEHI NOKa3aHs! Ha pic. 3.9.

4. Pacuer KoMmneKcHolt CeKTpansHoi inoTHocTH exoaroro U jw) nebixoaroro U,(jw ) curvanos.

1A paCHeTa KOMITIEKCHOI CTIeKTPansHOT MOTHOCTH HEMepHOANECKOTO CHIHATTA {f) MPOU3BOMSHOT hOPMb! HCTIOMb3YETCA MPAMOE PEoBpa3oBaHie dypbe:
Fljo)= [flt)e ™ a

[INA 3812HHOTO BXOAHOTO CiTHana (3.15) peoBpasosaniie dypue AaeT BipaxeHiie

KoMneKcHas CriekTpansHas MMOTHOCTL BLIXOAHOTO CHTHaNa HaXoAuTCA Mo hopiyne

Uyljw)= H(jo)U,(jo).(320)

rae H(jw) — KoMInexcHan nepesaTouHan (yHKUMA Lenu o HanpskeHuio. yHkuuA H(ja) HaxoAUTCA Kak OTHOLIGHIE KOMMMEKCHORO 3HaUeHIA FapMOHUUECKOro HanpsxeHna U, Ha
BLIXO/E Lienkt K KOMMMEKCHOMY 3Ha4YEHs rapMOHIYECKOro HanpsikeHns U ; OVl e YacToTbl, NPUNOXEHHOMY KO BXOAy Lierni:
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[InA CXeMb, MpHBEAGHHOT Ha PUC. 3.7 & NerKo MonyJiTs:

1 1 U,
u,=|Ry- jLr={Ry-j L | — %
=) [2 jac]’ [2 jac] 7

Ry+Ry— j—
1t /QC
Torna
L joRC oy
R1+R2—]i 1+ jo( Ry + Ry )C
wC

Auanits (3.21) NO3BONAET CAENATS BIBO, YTO KOMANEKCHAR NepeAaToHHas (YHKLIA LeMi M0 HATIDAXEHIN OPEAENAETCA TOMSKO SNeMEHTaMI LMt 1 ABNAETCA Ge3pa3MepHoli BeMUHOL

Vicronays (3.19) 1 (3.21), Haxoauh no (3.20) CeKTpansHyko MMOTHOCTL BbIXOAHOTO CHrHarNa

2U,(1+ joR,C)
RTIPR
ai+ jo(R, + Ry)C]

Usljm

5. Pacvet rpacpukos mogyneit |U; (o), | H(jo)| u [U;(ja)|

Vs Buipasken (3.19), (3.21) U (3.22) nerko nony4iT MOAYNH: CMIEKTPaTHO/i MNOTHOCTH BXOAHOTO HAMPSIKEHIA

= 03000 - Ll e 029

®
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5. Pacvet rpacpukos mogyneit |U; (o), | H(jo)| u [U;(ja)|

Vs Buipasken (3.19), (3.21) U (3.22) nerko nony4iT MOAYNH: CMIEKTPaTHO/i MNOTHOCTH BXOAHOTO HAMPSIKEHIA

= 03000 - Ll e 029
KOMITEKCHOR NepEAATONHOT (oYHKLH (MTTUTYAHO-4aCTOTHAR XaPAKTEpHCTYKA Ler)
Hlo)=|H(jo)|= 712* (or,CY (324
1+@?(R;+R, YO
CIEKTPaTTHOT MTOTHOCTH BIXOAHOTO HAMPFKEHHS
ot 1+ (@R, CY
Uple)=[U,(je)|=—Ltan =t |- (325)
o 2 \1+0?(R+ R, FC
Ui(f)107 Bc
250
200
150
100
50

1 10 20 30 0 30 7 Ty
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1 10 20 30 0 50 7 MTy

U(f)107) B
250
200
150
100
50

1 10 20 30 0 50 7 MTy
Puc3.10

[InA NOCTPORHIA rPAchitKOB MOMyHeHHbIX hYHKLWT HEOBXOAUMO BbIOPaTL PACHETHbIe TOUKH MO 4ACTOTe. YUTeM, UTO CMIeKTpansHas MMOTHOCTL OAUHONHOTO MPAMOYFOMGHOTO MMMYMbCA
J3MEPAETCA B BONLT X CekyHAAX [B x C] i 4TO OHa OBPALACTCA B HOMb Ha YacToTax f = 1ft, , 2/, , 3/t, 1. TI0STOMY AOMIOMHUTENSHO BLIGHDAIOTCA MPOMEXYTOUHSIE TOUKI MEXAY STUMM

uacToTami. MakcuMansHas 4actota & CoOTBeTCTalE C 3aAaHuem pagHa 3/60 x 109 =50 x 106 [y = 50 M. PesynoTaTul pacteTos o (3.23) , (3.25) caoaum & Taby 6.
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Tabniua 6

LML | 08 pac | t(w)10° Bxc|  H@) | U,(w)10® Bxc
0 0 240 1 240

83 521 153 075 115

166 1042 o 075 o

29 157 51 075 38

333 209 o 075 o

416 261 31 075 2
50 314 o 075 o

Mo AaHHsIM TaBMLL! 6 CTpoUM rpachikit (puc. 3.10)
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Tunosas sapaya T4.1

Cxewa UM, npiiBeeHHas Ha piic. 4.4, COEPXUT PESHCTOP C COMPOTUBNEHHEM R, = 3 KOM, KOHIGHCATOP C eMKOCTbI0 C; = 25 HO) W UHAYKTUBHOCTL L; = 25 MIH. B 0BlLell Cxeme BKoeHIA

(puc. 4.1) At ucTouruk curkana ¢ 3[IC g - 5.,J30° B 1 4actoTo f= 5 kTl BINOMHITS PacueTs, ykasakHbie B 3agave 4.1

PeweHue.
1. Pacuet A-napaneTpos Ul

3anarsiit U coBpatt o -06paskofi cxeme ¢ T-BxoR0M. COMMAcHo PUC. 4.3 AR TaKoli CXeM! A-NapameTph| HaXoATCA Mo hopynan:

e z, = jol; = j27-5-10°-25-107 = ;785 Om:

Toraa nonysm
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785¢7%0°

=1 T2 14024077 20014 0220930747
32606/
Aiz2= 785
AZI:%:O;H.IOJZJZZD;
3260~
4z2=1

2. PacueT xapaKTepHCTUHeckiIX napameTpos Ul

K xapakTepiicTiuecki napametpam UM OTHOCATCA XapaKTepucTideckie COMpOTHBMeHHA Z; CO CTOPOHb! 3aXUMOB 1 — 1¢ U Zg; CO CTOPOHbI 3aXWMOB 2 — 2¢ , @ Takke
XapaKTepUCTHIECKaR NOCTOAHHAA Nlepeaasit I, . OHit MOTYT Gl HailAeHs! C MOMOLL5I0 A-NapameTpos:

1785
031-103¢/5° .0,93614°

Io=d+ B =nJArr Aoy + Az A2 )=

zln[\/o,%e”“ 1+ \/7852'79UD .031-107¢75° ]:

=1650 4705 Om;

:1n[1,34ei23v3”j In1,34+ j233° 0,29 + j23,3°,
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rae A, = 0,29 Hr — xapakTepHcTuieckoe ocnatnerite;
B, =23,3° — XapaKTepiiCTIveCkan basosan NOCTORHHAA

3. PacueT BXOAHbIX COMPOTHBMeH .

Broaroe conpoTueneite U UMEET CMbIC TOMsKO MU HAMAHMN HArpy3Ki. ECTM COPOTHEMEHHE HArpy3Ki PABHO XapaKTepHCTUHECKoMy ConpoTUEneHito Url, To TaKoii pexi paBoTs! UM
Ha3bIBaeTCA COMaCOBaHHbIM, €CTH He PABHO, TO — HECOMMACOBaHHbIM.

ECIU BXOAHOE COMPOTHENEHIE PACCUITLIEAETCA CO CTOPOHSI 3XIMOB 1 — 1¢ , TO OHO MOXET B HallaeHo 1o hopiyne

€CTH CO CTOPOH! 3aXIMOB 2 — 2¢, T — 10 hopuyne

Zex.2

B cOMacoBaKHOM pexiiMe, T.e. Koraa z =1650/205° Om.a Zr = _ 7., ~1530 /405", nonyun
Zx Z

Zea

093¢ 16502755 1 785 _ 1167 + 996 + j785 _
0731_10732123“ _16502_726.5“ o] 033+ /0,39 +1

Ny

axl

557° o
J2300T _15300507° Ong

1,30¢7163°
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1-15300745° 4 j785 _ 1160+ /994 + ;785

Zex2= 5 = == =
031107277 15300705+ 0o3p/* 021+ 042409+ j0.22
756,3° N
22T 66007265 oy
1,2807%°

B PexiMe HECOMmacoBaHHOro BKioueHIA UM, koraa |Z ¢, | =33000m,a Z - = 2| Z; | = 3060 Om, nonyui:

- 093274° 3300 + /785 _ 2980+ 742+ 785 _

- L
03110727 330011 094+ 04+
j27° °
35067 160007154 Ong
1,08¢7115°
P 1-3060 + 785 B 3160 7144° B
Zoz= ° - -
031107277 3060 + 093074 08T+ J03T 09+ j0.22
J144° .
_3160e7 1000 om
1,86¢7154°

AHaNI3 MONYeHHbIX PE3yNbTATos MOATBEPKAAET USBECTHOR MOTIOXEHHE TEOpHiH O TOM, 4TO BXORHOE COTPOTUENEHIE COMACOBaHHO HarpyXeHHoro UMl PaBHo ero XapakTepuCTHIeckomy
conpoTiEneHttio.

4. AHani3 POXOXAEHIA CHIHANA B CHCTEMe: UCTOuHMK cHrHana — T — Harpyaka
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C 3T0/i Uensio B CxeMe, NPUBEAEHHON Ha PHC. 4.1, HEOBXOAUMO PACCUNTATS 3HAUEHUA HANDAKEHM Uz, U, M TOKOB I; U ;. 3TH BENUUMHLI Nrko MOTYT HaliAeHs! C NOMOLLI0 YDABHEHMTH
nepenayn Yl anA A-napameTpos:

Up=AyUs+ 451
2iT a2 —12—2} (43)
I =AU+ 4221

TIpeaBapiTeNsHO HAXORNTCA HanprKeHHe

Tora s ypaswenna U, = A, ;U , + A, U 5 /Z,, onpenensem

Tok I MoxeT GbiTb Haiies Mo o (4.3), Mo no dopuyne

Port UT 8 CxeMe OLieHIIBAETCA Yepes ero padoyee ocnabneHie
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1, Uply
242

.47

1 T09+ 0224021+ 042
165027%6%°

0,93¢714° 4 785£790°

=22 _-195B;

1,95 o
S 21,1810 e % A

1650 ¢/26
Tok I, paccuumasHsii o (4.6)

5¢790° _ o
L= 1677w
21530 7407

coBnagaer ¢ peayn-TaTom pacueta I; no (4.3).
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3uavenn U i I 8 OXeie Ha PIC. 4.5 KaXOATCA MDH 71, = 7 | =153 ¢/40:5° - Okeaiao, uro 8 oTom crysae

1 D
Up==E=250"",
2

E 505%0°

2 _1e107 s
2Zr 2.530.70°

0 225716310 3
195-1,18-107° 2

A=

" 1, 1n1,77=0,29 Hn
2

Texe BenuiHLI B CTy4ae HeCOMMaCoBAHHOMO BKTIOUeHI UM, Te. MpU Z, = 3300 O, Z = 3080 OMM 7', 1 — 1690 ¢/154° OM, ByayT uvieTs Haviesia

1,8¢710° 1,8¢74°
j0° 1 091,022+ ,0238
300

093¢/ 1 785¢
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740°

SLE 178
1016777
1,781 3
=220 054100 4y
3300
E 5¢730° : o
L=—= = 106107 A

Zr+Z'ex! 3060416907547
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PaBouee ocnatnetuie cornacto (4.7) Gyaer
Ap:llniz,s-o,sz-lo 0,38 Hn
21,78-0,54-10

AHanits paceTos nokaswisaer, 4To paBouee ocnabnenie U Mpu HeCOracoBaHHoM BKTioueHM 0,38 Hn Gorblue, en npi COMMacoBaHHoM BKTo4eHint 0,29 HN, 4To U CrleAoBano oxiaaTs.
Kpoe Toro paGouee ocnabiiesie B pexiiiie COMMacOBaHHOrO BKioueHI U paBHo XapaKTepHCTIHECKoMy ocnatneHtio U, paccuiTarHomy & . 2

5. PacyeT KOMEKCHO/i MepeaaTouHON (KL
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CornacHo puc. 4.1 KoMMNeKcHas nepefaTouHan thyHkLA UM no Hanpsxeruio Hja )= U, /U ; . Vicnonsaya nepeoe ypasHeHite 13 CHCTeMbI (4.3), nerko nonyuTs, 4to
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B pexiMe X0M0CTOro Xoaa, T.e. N Z,, = =0 U npit wactote f; =5 Ky

H(joy)= =107

An g03.14°

Mogayn nepeaaTouHoli (oyHkuun H (w; ) okasanca boblue eAuHiLb! HECMOTPA Ha To, 4To UM AEnAeTCA naccuBHbiM. Ho, Tk B cxeMe UTT UMEIOTCA UHAYKTUBHOCTL 1 @MKOCTS, TO BO3HUKAIOT
DE30HAHCHbIE ABMEHIA, KOTOPbIE 1 MPHBOAAT K YBENHUEHUIO BLXOAHOTO HAMDFKEHUR N0 CDABHEHHIO C BXOAHIM.

ECTU y4UTLIBaIOTCA Harpy3kit Url, To BBOAUTCA NOHATHE paBoveli nepeaaTouHoi dyHkui
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Tunosas sanaua T4.2
B COMACOBaHHO HATPYXEHHOII Ha BXORE I BLIXOAE ANVHHOT M (pHc. 4.5) C napaveTpami:
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BOMHOR0E CoMpoTHENeHHe — 7, = 4~/10° O,

=(0,1+0,35) 1k,
paccuiTaTs Hanpsixenite w(x,t) Ha PACCTORHUM X = 6 KM OT Hauana MMHUM, eclii 3.4.C.

KOS(DHLMEHT PACTPOCTPaHEHHA —

e(t) =155 sin(wt -120") MB
Pewetme

3aNHIeM KOMITIEKCHOE 3HBYEHHE aMITHTYAbI 3.A.C.

E,, =155 0 B 0,155~/ 0°B

PacchOTPiM CXeMy 3aMeLeHIR BXOAHOTO COCPEAOTOHEHHORO Yana AMHHOM Mtk (piic. 4.6) npit ycrosi, uto Z = Z

10 3aKOHY OMa AR OAHOKOHTYPHOI! CXeMb! 3aMeLIEHIR PACCHHTLIBAEM KOMITEKCHYIO aMITYLY BXOIHOTO ToKa MHIL

0,155.710° 3 00
=P 103810010 A

225 g.40.10°
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TOK Ha PACCTORHUM X ONPEAETIATCA 10 YPABHEHIO NajatoLiedt Gerylyeit Bonks.
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3HAYEHHE APTYMEHTA KOMTIEKCHOTO BLIaXEHIA TOKa).

KOMRNEKCHYI0 aMANHTYy HCKOMOTO HAMPAXEHItA HAXOMUM N0 3aKoHY OMa [iNA Geryljeii BonHe:
Uy (x)= Iy (x)Z5 =1,063-10 /170" 40710" = 42531026120 B =
o
=42,530/10" yB,
MG3TOMY HCKOMAR 32BUCUMOCTI MIHOBEHHOTO 3HAYEHIA HANDSKEHIA HA 38/1aHHOM PACCTORHINA X = 6 KM UMEET B

1(x,t)=42,53 Sm(mt+120”)MB.
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Tunosas sapaya T3.1

Liens (puc. 3.2 &) COAEPKAT PESHCTOPLI Ry = 1 KOM, Ry = 1,5 kOM, Ry = 0,5 KOM, Ry = 2,5 KOM, HHAYKTUBHOCTS L = 6,3 MIH i UCTONHUK NOCTORHHOTO HanpsxeHiA E = 9 B. B MoMeHT £ = 0
MDOVCXOAUT pasMbIkaHIe KTiowa K W B LieMi BO3HUKAET NepexoaHoi MpoLecc. TPeBYeTCA: PACCUTaTL OCHOBHbIE XapaKTEPHCTIKIN POLECCa; MOMyHiTL BbPAXEHNA ANA TOKOB (), ixlf)
HanPKEHUA U (f) KNACCH|ECKIIM METOZI0B; NOCTPONTS FPachikit YKA3aHHLIX TOKOB  HAMPSIKEHUT; PACCHUTAT TOK i(f) OMIepaTOpHbIM METOAOM.

Ry Ry
R, i
E iz B3
L
4
Puc32
Pewetme

1. Haxoaum TOKH i, i, i W HANPFXEHHE Uy B TP MOMEHTA BpeMeHi t = 0_, 0y 1t ¥.

1.1 MoMeHT { = 0_ OH COOTBETCTBYeT CTALMOHADHOMY COCTORHINO LienH 0 KOMMYTaLii. B STOM COCTORHIN PESHCTOP R 3aKOPOUEH KIIo4oM K i He BNUAET Ha paGoTy Lien. Cama cxema (puc
3.2 &) npeacTaBNAeT CoGOii Lieflb, B KOToPOl 1y (0_) = 0, N03TOMy OHa MOXET GbiTb PACCHUTaHa 110 CTIeAYIOLLYIM hopMynant

_ 9 =6,5-107 A=65mA;
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5(0)=1(0.) Ry :6,5-10'3-0,5-103:16m_
AT R YRy 15+05) 100

i(0-)=4(0_) R :67'5.1073.15.103:49MA.
BTN RR (1sv0s) 10

1.2. MoMeHT £ = 0... 3T0 NlepBOe MrHOBEHite NOCNe PAsMbIKaHIA KTioka. B COOTBETCTBHE C 3aKOHOM KOMMYTaLi

i5(0,)=0,(0-)=1,6 MA. (<5

OCTankHble BenuitHL HaxoauM fyTem COCTABNEHNR U PLLIEHHA CUICTEMb! YDABHEHWT 0 3aKoHam KHpXrocha, oniChIBatoLLyiX aNeKTPHIECKO® COCTORHIE LieM B MOMEHT = 0.. (puc. 3.2 6):

i1(0,) =iz (0, )~ i3 (0, )=0
R0+ Ry 1 (0, )+ug (0,)=F .
(B3 +Ry) 13(0,)+ R 5(0,)=2

TloCrIe CTOBIX NOACTAHOBOK C yueToM (3.1) monyunt
§(0,)-1,6-107 50, )=0
10% 4(0,)+1,5-10°1,6-107 +11; (0, )=9 (.
(0,5+2,5) 10%;(0, )+10° 4(0,)=9

Pelwas CUCTeMy, Haxomih:

i1(0, )=3,45 MA, i3(0,)=1,85 MA, u;(0,)=3,15B. (62
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1.3 MoMeHT £ = ¥. O3HauaeT HoB0e CTaUyioHapHOE COCTORHIE LS OCTE OKOHYAHIA NEPEXOAHOT0 Mpoliecca. BHelle cxeva Lemi mpit{ = ¥ cooTaeTcTayer pic. 3.2 6, mpudem (=) =0 4

TOKII PACCUHTLIBAIOTCA 10 (hOpHYNaNE

if ()= Z 4 45107 A= 4,5mA; 3 5
R1+RZ(R3 +Ry) R (05+25) 103 R+ Ry _45-107-(05+25) 10 CamAs
Ry+ Ry+ Ry 1,5+405+2,5 Ry+ Ri+ Ry (1,5+05+25) 10°

i( (

2. Pacuer TOkoB iy(f), i3{f) U HaMpAKeHH U () MOCNe KOMMYTaLIM KACCHYECKIM METOROM.

MepexoaHsiii IPOLECC B Lensix Nepeoro NOPAAKA (C OHIM PEaKTUEHBIM SMEMEHTOM) OMUCLIBAETCA YpABHEHIeM Bida

F(E)=fop + foa(t)= frp + A 7, (3.3)
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A€ f, = F(¥) — MDUHYK7IeHHAR COCTABNAIOWAR HCKOMOI BENMUUHL, PABHAR € JHAUeHINo Npit { = ¥; f.o(f) — CB0G0AHAR COCTABNAIOWAR; A — NOCTORHHAR UHTErDUDOBAHI, p — KOpeHs
XapaKTepUCTHIECKOTO YPABHEHIR, ONPEAENAHOL B KOHEUHOM WTOre AMMTENbHOCTL MEPEeXOAHOro MpoLiecca. Tak Kak p ABNAETCA oblueli BEMMMMHON ANA BCEX TOKOB U HAMpSKeHM B
KOHKDETHOI! Lieni, TO pacueT NepexoAHoro MPOLIECCa LenecooBpasHo HauaTs € ONpeaeneHIs p.

2.1. XapaKTepiicTHieckoe ypasHeHite AR pacieTa p COCTABNALTCA M0 ONepaTOpHON CeMe 3aMelLeHIs, oTpaxalolueii paBoTy Lenit nocie KOMMYTaL, 1 NoKa3aHHOT Ha pic. 3.3

LRt 4R

Z(p)= .
(#) R+ pL+ Ryt Ry

Tpwtiias Z( p) = 0, MOMY-iIM XapaKTEPHCTIHECKOE ypaBHeHie

AR+ Ry)
R+ Ryt Ry

L+ Ry +

PelueHie ypaBHEHIA JaeT KOpeHs

Bennunxa

ot 1
[p] 357-10°

28100 ¢ = 28me  (3.5)

HA3BIBAETCA MOCTORHHOM BPEMEHN LIenH
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22 Pacuet ixll).

B cootseTcramm ¢ (3.3) sanwent
()= ig + 4y P
YuiTen, 410 izq = i2(¥) = 3 MA. Benuty Ay Hailiem U3 pACCMOTDEHIA i2(0;) C Y4ETOM HEIABUCHMOTO HauamsHOrO YCroBHA (3.1);
i(0,)=3+4 e#P=16mA.
Otiya A; = 1,6 -3 =14 Toraa

iy(t)= [371,4 &7 ‘”z'j MA. (3.6)

2.3 Pacuer u ).

BOCNONb3yeMCA 3aKOHOM OMa AR HHAYKTHEHOCTI
3 3
u;(t)= %:6,3-10'3%[371,4 3710 ‘j-103 =315 30t 37)

2.4 PacueT ix(t). BeAeTcA aHanoruHo pacuery if)

()i + Ay =15+ 4y P

(0, )=15+4 =185 MA; 4 =035.

13(2):(1,5+035 2'357‘”3‘1 MA. (3.8)
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2.5 MpoBepKa MPABUTLHOCTH PACHETOB MPOU3BOANTCA MyTeM aHani3a BuipaxeHi (3.6), (3.7) i (3.8) B MOMEHTb! BpeMeHi t = 0 1t ¥

i,(0)=1,6 MA;
13(0)=1,85 MA;

u;(0)=315 MA;  uy (0)=0.

TlonyieHHble 3HaueHIA BCEX BENUUNH COBMAAAIOT C Pe3ybTaTaMi PACHETOR & . 1

3. MocTpoeite MpachikoB MEPexoAHoro poLecca

iy0) =3 mA.

iz () =15 MA.

[InA MOCTPORHIA FPachUIKOB HEOBXOAUMO COCTABHTL TaBMMLY 3HaUEHMT: ix(f), i3(1), Uy (f) B PA3MMHbIe MOMeHTBI BpeveHt (Tabnia 3)

Tabniua 3

t 0 057 z 157 27 3z 47
[ 0 14 28 22 56 84 112
T 16 216 25 27 28 293 297
A 185 T 163 158 154 151 15
w B 375 19 116 07 041 0,16 0,06





