18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

MeTogmyeckme pekomeHaaumMmn no HanMcaHm, opopPMIEHUIO U
3alMTe KOHTPO/IbHOM PaboThl

KoHTponbHas pabota (c_work.html#3)
3apava 1 (c_work.html#3.1)
3apayva 2 (c_work.html#3.2)

KoHTponbHaA paboTa

3apauva l

3afa4a noceALLeHa aHaNM3y NepexoaHOro NpoLecca B Lenun NepBoro NopaaKa, coaeprkallemn
PE3NCTOPbI, KOHAEHCATOP AU UHAYKTUBHOCTb. B MOMEHT BpemeHu t = 0 nponcxoanT
nepekntoYeHne Knoda K, B pesynibtaTte Yero B LLenM BO3HMKAET NepexoiHom npouecc.

1. Mepepucyinte cxemy uenu (cm. puc. 1) ans Bawero BapuaHTa (Tabnnua 1).
2. BoinuwunTe uncnoBbie gaHHble ansa Bawero BapuaHTta (Tabnunua 2).
3. PaccumnTainTe BCe TOKM U HanpaxeHue Ha C uan L B Tpu momeHTa Bpemenun t: O, I, ¥.

4. PaccumTaiite KNacCUYECKMM METOAOM NEPEXOAHbIN NPOLECC B BUAE 1 [r) , 1’2[3) ) I3 [z) B
cxemax 1 -5, Ij[i) , I3 [t) , uL[r) B cxemax 6 — 10. lNpoBepbTe NPaBUIbHOCTb PacHeTos,

BbINO/IHEHHbIX B M. 4, NyTEM CONOCTaBAEHUA UX C pe3ynbTaTamMu pacyeTos B . 3.

A
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

RI lij K

Puc. 1

5. MocTpoinTe rpadmKmn nepexoaHbiX TOKOB U HaNPAXKEHMA, pacCcuMTaHHbIX B M. 4. OnpegenuTe
ANIUTENBHOCTb NEPEXOAHOro NpoLLecca, COOTBETCTBYHOLLYIO Nepexoay Lenu B yCTaHoBMBLIEECS
COCTOAHME C NOrpewwHocTblo 5%. A
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6. PaccunTaite TOK i; onepaTopHbIM METOAOM.

Tabnunua 1

BapuaHTbl
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BapuaHTbl

OT1 00 go 09
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Ot 20 go 29

Ot 30 go 39

0140 po 49

OT1 50 go 59

OT1 60 go 69

OTr70 0079

Ot 80 go 89

0190 go 99
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

Tunosana 3agava T1

LUenb (puc. 2 a) cogepxuT pesmctopbl R; =1 KOM, R, = 1,5 KOm, Rz = 0,5 KOM, Rs = 2,5 KOMm,
WHAOYKTUBHOCTb L = 6,3 MIH M UICTOYHUK NOCTOAHHOrO HanpAaxkeHnAa £ =9 B. B momeHT t =0
NPOUCXOAMUT Pa3mblKaHMe KNtoya K 1 B LLenM BO3HMKaEeT nepexogHom npouecc. TpebyeTca:
paccynTaTb OCHOBHbIE XapPaKTEPUCTUKM NPOLLECCA; MOAYYUTb BblParkeHMA ANA TOKOB ix(t), i3(t)
N HanpaxeHua u;(t) KnaccMyeckMm MeToaoB; NOCTPOUTb FPAadUKM YKa3aHHbIX TOKOB U
HanNpPAXKeHWM; paccunTaTtb TOK i»(t) onepaTopHbIM METOA0M.

Puc 2
PeweHune

1. Haxoaum TOKM iy, i», i3 W HANPAXKEHME U; B TPU MOMeHTa BpemeHn t=0_, 0, n ¥.

1.1. MomeHT t = 0_. OH cooTBeTCTBYEeT CTAaLLMOHAPHOMY COCTOAHUIO Lenu 40 KOMMyTaumu. B
3TOM COCTOAHWUU PE3UCTOP R4 3aKOpOUEH Kato4Yom K 1 He BanseT Ha paboTy uenn. Cama cxema
(puc. 2 a) npeacrtasnaeT coboit uenb, B KoTopon u;(0-) = 0, NO3TOMY OHa MOXKeT bbITb
paccyMTaHa no caeayowmm popmynam:

i (0_)= iﬁ = > =6,5-1077 A=65MA;
B2t (), 1505 )
iy + Ay 1.5+05
[l -31 [l 3
(0] =iy (0} 6510705 12 1.6 mA:
Ry+ Ry (1,5+05) 10
" -3- " 3
(0] =i (0.} 6510715107y

Ry+R;  (1,5+05) 10°

1.2. MomeHT t = 0,. 3TO NepBOe MrHOBEHMWE NOCae Pa3MbIKaHWUSA Katoua. B cooTBeTcTBUE C
3aKOHOM KOMMYTaLUM

i2(0,)=i3(0_)=1,6 MA. (3.1)

OcTanbHble BENNYUHbBI HAXO4UM nytem CoCtaB/i1eHNA U pelleHNA CUCTEMDI ypaBHEHMVI no

3aKoHam Knpxroda, onmcbiBatoWMX 3NEKTPUYECKOE COCTOSIHUE Lenu B MOMeHT t = 0, (puc. 2
6):

A
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18.11.2020 KoHTponbHast paboTa. DneKTPOTEXHMKE, SMEeKTPOHMKA 1 CXEMOTEXHMKA (4acTb 1)
0(0,)-153(0,)-i3(0,)=0
R 40, )+ Ry i3(0, )+uy (0, )=E".
(R3+Rq) i3(0,)+R §(0,)=E

Mocne YncnoBbIX NOACTAHOBOK € y4eTom (3.1) nonyynm:

-

5(0,)-1,6-107" —5(0, )=0

.'\.l'

107 4 (0,)+1,5-10°-1,6-107 +; (0, )=9

(0,5+2,5) 1073{0, )+107 5(0,)=9

Pewasn Cuctemy, Haxoamm:

(0, )=3,45MA, i3(0, =185 MA, u;(0,)=3,15B. (3.2)
R, R,
& &,
2 [];
[
Puc. 3

1.3. MomeHT t = ¥. O3Ha4aeT HOBOEe CTaLMOHapHOe COCTOAHME Lenu Nocae OKOHYaHMA
nepexogHoro npouecca. BHewHe cxema uenu npu t = ¥ COOTBETCTBYET pUC. 2 6, Npuyem
uL[m): 0 , a TOKM paccumnTbiBatoTCA No popmynam:

()= RE[ER3+R4): 15 [n;zs) = 45107 A=4,5mA;
Ry + 1+ 27/ ]
Ry + R+ Ay [ 1,5+D,5+2,5}
45-107-(0,5+2,5) 10
Ry+Ry+ Ry (1,5+05+2,5) 10°
3 0)=f{w)-fh(w]=45-3=15MA.

3
=3 MA;

2. Pacuet TOKOB iy(t), i3(t) n HanpAXKeHUAa u,(t) nocne KOMMYTaLUKN KNACCUYECKMM METOAOM.

MepexoAHbl NPOLLECC B LIENAX NepBoro nopsaka (C o4HMM peakTUBHbIM 31eMEHTOM)
ONUCbIBaeTCA ypaBHEHNEM BMAA

(8= fp + o (1) = frp + 4 &7, (3.3)

rae fnp = f (¥) — NPUHYAEHHAA COCTABNAIOLLAA UCKOMOW BE/IMUMHDI, PaBHAsA €€ 3Ha4YeHMI0 NPy
t =¥ f..(t) — cBOBOAHAA cocTaBnAlOWan; A — NOCTOAHHAA UHTETPUPOBAHUA; P — KOPEHb
XapaKTepMCTUYECKOro ypaBHeHMUA, onpeaenatoLmii B KOHEUHOM MUTOre AJIMTERBHOCTD

file:///C:/Users/Asus/Desktop/YHuBep/5 cemecTp/AneKkTpoTexHrKa, ANeKTPOHMKa 1 cxeMoTexHuka (4acTtb 1)/course221_2/pages/c_work.html#3.2 5/19



18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

nepexoaHoro npouecca. Tak Kak p ABNAeTCA obLuien BeIMYNHOM ANA BCEX TOKOB U
HanpAXeHU B KOHKPETHOM LLlenu, TO pacyeT NepexoaHoro npoLecca LenecoobpasHo HavyaTb
c onpeaeneHus p.

2.1. XapaKTepucTMyeckoe ypaBHeHME A/1a pacyeTa p COCTaBASAETCA No ONnepaTopHOM cxeme
3aMmelLeHus, oTpaxkatowen paboTy Lenun nocie KOMMyTaLMn, U NOKa3aHHOM Ha puc. 3.

Z(p)- R+ (Ry+pL)( R +5a)

fy+ pl+ Ay + iy
MpuHnumasn Z( p) = 0, NoAyYNM XapaKTepUCTMHeCKoe ypaBHeHne
B[Ry + By)
Rl + R3 + R4
PeleHune ypaBHeHMA AaeT KOpeHb

=0.

PL+ Ry +

1 {0,5+25
R2+R1[R3+R4) [1?5+1[D5 25)} 3

R +R +0,5+2,

p=- T S - —_357-10°.  (3.4)
L 6,310
BennynHa
t=i=;3=2,8-1ﬂ_6 c =238Mkc  (3.5)
lp| 357-10

Ha3bIBAETCA MOCTOAHHOW BPEMEHM LENMW.
2.2. Pacuer is(t).

B cooTtBeTcTBUM C (3.3) 3anuwem:
. o F’f
12[3)—12@4'}11 as

Yutem, YT iznp = ix(¥) = 3 MA. BennunHy A; Haiaem ns paccmoTpenus ix(0,) ¢ yuetom
He3aBMCMMOro HayanbHoro ycnosua (3.1):

(0,)=3+4 ¢ "=16wmA.
OTkypa A;=1,6-3=-1,4. Torga

3
i(t)= (3—1,4 g 2710 f] MA. (3.6)

2.3. Pacuet u/(t).

Bocnonb3yemcaA 3akoHom Oma gnsa MUHAYKTUBHOCTHU

] 3 3
g (t)= rji:fs,:a-uzﬁi 3-14 P70 07 =315 £ @3
dt dt

2.4. Pacuer i3(t). Begetca aHanornyHo pacyety is(t).

13[3): 13@ + Az épi :1,5 + AE é'pi. /\
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3
i5(t)= (1,5+ 035 71! -’*] MA.

KoHTporbHas paGoTa. DnekTpoTeXHUKa, ANEKTPOHKUKA M CXEMOTEXHMKA (YacTb 1)

i3{0,)=15+.4 =185 MA; 4 =035.

(3.8)

2.5. MNpoBepKa NpaBU/IbHOCTM PacyeToB NPOU3BOAMUTCA NyTEM aHaNM3a BbiparkeHui (3.6), (3.7)

n (3.8) B MOMeHTbI BpemeHn t =0 n ¥.

i2(0)=1,6 MA; iz[e0) =3 MA.

i2(0)=1,85 MA; i3(0)=1,5 MA.

1z (0)=3,15 MA;

ug (c0)=0.

lNony4yeHHble 3HaYeHMA BCeX BEZIMYUH COBNAAJAIOT C pe3y/sibTaTamum pacyeTtos B n. 1.

3. MNocTpoeHune rpaduKoB NepexoaHoro npouecca.

[Ona noctpoeHusa rpadpmMKoB HEOBXOANMMO COCTaBUTb TabaULy 3HaYeHWM ix(t), i3(t), u,(t) B

pa3NnYHble MOMEHTbI BpemeHu (Tabanua 3).

Tabnnua 3
t 0 0,5t t 15t 2t 3t 4t
t, MKC 0 1,4 2,8 4,2 5,6 8,4 11,2
Iy , MA 1,6 2,16 2,5 2,7 2,8 2,93 2,97
i , MA 1,85 1,71 1,63 1,58 1,54 1,51 1,5
iy , B 3,15 1,9 1,16 0,7 0,41 0,16 0,06
L mAY t;, 51
j -
1 —— ] -
a 2 7] 0 12t mxc
Puc. 4

KpuBble is(t) u i3(t) moryT 6bITb NOCTPOEHbI Ha 0ogAHOM rpadumke. Mpu Bbibope MaclTabHbIX

,El,eI'IeHVIl‘;I no ocAm Fpa(bMKOB YUNTbIBAOTCA MaKCUMaAJIbHbl€ 3Ha4Ye€HNA COOTBETCTBYHOLLUNX

BENMYMH. [1nA TOKa U HanpsaXeHuAa uenecoobpasHo npmHAaTb B 1 cmno 1 mMA ML B
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

cooTBeTcTBEHHO. MacwTab no ocu BpemeHu onpeaensaeTca AIMTeIbHOCTbIO NepexoaHoro
npouecca. M3BecTHO, YTO IKCNOHEHUMabHble GYHKLNM 33 BpemsA t = 3t uameHsaeTca Ha 95%
OT CBOEro MAaKCMMANIbHOIO 3HaYeHMA. Toraa MOXKHO NPUHATb, YTO NEPEXOAHbIN NpoLecc B
LenAx NepBoro NopAAKa 3akaHYMBaeTcA Yyepes 3t ¢ norpewHocTblo 5%. Yuntbieas (3.5),
NONYYUM ANA AaHHOMN CXeMbl trep np = 3t = 8,4 MKC. [1na nocTpoeHna rpaduKka yao6HO NpUHATD
MmacLliTab no ocu BpeMeHu 2 MKC B 1 cm.

4. PacueT TOKa i»(t) onepaTopHbIM METOAOM.

£ L(p) a Ry
|

R I_I Y 5(p]
o e e
pL
L(p)
b

Puc. 5

Ans coctoaHma uenu npum t 3 0 (puc. 2) cocTaBnAeTcs onepaTopHas Cxema 3amelleHuns,
KOTOpas y4MTbIBAET HE3AaBUCUMbIE Haya/ibHble YCNOBUA B BUAE AOMNOJHUTENbHbIX (PacyeTHbIX)
MCTOYHMKOB HanpsaxxeHus Li;(0) unu uc(0)/p. B 4aHHOM 3aga4e TaKMM UCTOYHUKOM ByaeT
Li»(0) (pwuc. 5).

Ucnonb3ya 3akoH Oma, B onepaTtopHOM popme, 3anuiem

L{p)= Hab [;2):;2 [D), (3.9)

rae Ugp( p) MoxKeT BbITb HAMAEHO MO METOAY Y3/10BbIX HAMPAXKEHUN:

F 1 I (ﬂ) 1
P -
PR By + plL
Uab (P)=—7 T : (3.10)
Rl Rz + pL R3 + R4

Moactasnas (3.10) 8 (3.9), nonyumm

E (Ry+Ry)+[R(Ry+Ry)| Liy(0)p
pl(Ry+ L) (Ry+Ry)+ R(Ry+Ry)+ Ry(Ry+ pL) |

MNocne yncnosbIX NOACTAHOBOK

Lp)=

A
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_1,55-107p + 1,04-10° _ F(p)
plp+346-10°) PRy (p)

I p)

Mcnonb3ya Teopemy pasnosKeHus, Halgem OpUrnMHa ToKa:

107
32[5): FE(G)-F Ff(;pf) Ep;r:%_k
m0) piFslps) 346 -10
N 1,55-103(- 346 -10% }+ 1,04 107 et _

_346 -10°
3
~ [3—1,44e'34ﬁ'1“ f] MA,

KOTopoe coBnagaeT ¢ BbipaxeHue (3.6), NoNy4eHHbIM KNacCUYECKMM METOA0M.

3aaava 2

3agava noceALLeHA BPpEMEHHOMY M YaCTOTHOMY (CNEeKTpasibHOMY) MeTo4aM pacyeTa peakumm
LLenei Ha CUrHa/bl NPOun3BO/IbHOM GOpPMbI. B KauecTBe TaKoro CMrHana Ucnosib3yeTca MMMNyAbC
NPAMOYroNbHOM GOpPMbI (BUAEOMMNYALC).

dnekTpuyeckne cxemol Lenen (puc. 6) cogepxat emkoctv C MAN MHAYKTUBHOCTHU L, a TaKKe
conpotusneHua R. [ina Bcex BapmaHToB [y = 3 f;. B cxemax, rae umeetca conpotmsneHue fy
, €ro BennunHa F; = 0,2 ;. Bo Bcex cxemax BXOAHbIM HanpsAKeHnem u;[t) ABnaeTca

NPAMOYTO/IbHbIA UMMYNbC AJIMTENBHOCTLIO &, M amnanTyaon U;.

1. Mepepucyinte cxemy Bawero BapuaHTa (cm. Tabn. 1 n puc. 6). Boinnwnte UCXxoaHble gaHHble
Bawero BapuaHTa (Tabnuua 4).

Tabnuua 4

BapuaHTbl C,npunnl, K, kOm t,,, HC ;B
MKIH

A

9/19



18.11.2020
OT1 00 go 09
Ot 10 go 19
Ot 20 go 29
Ot 30 go 39
OT140 go 49
OT1 50 go 59
OT 60 oo 69
OTr70 g0 79
Ot 80 go 89

0190 go 99
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KoHTporbHas paGoTa. DnekTpoTeXHUKa, ANEKTPOHKUKA M CXEMOTEXHMKA (YacTb 1)

1

1

2,5

BpemeHHOI meTog, pacyeTa

2. PaccumntainTe nepexofHyio £ (r) N UMNYNbCHYO hg[t) XapPaKTepPUCTUKM Lenn no

HaNPAMKEHUIO KNAaCCUYECKMM UM ONepaTopHbIM meToaamu (no Bbibopy).
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

£ £
o— 1 o o— 1 +—<
i R, Fodiy i R, ==
i~y %4 r > %4
I il

Puc.6
3. PaccumnTainTe peakuumto Lenu B BUAE BbIXOAHOTO HaNPAXKEHUN 1i; [r) ncnonb3ya:
e uHTerpan Aroamens;

® WMHTErpasn HaJIoXKeHus.

A
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)

1. NocTpoiiTe BpemeHHble gMarpaMmbl BXOAHOTO M BbIXOAHOFO HAMNPAMXKEHUN.
YacToTHbI meTog, pacyeTa

5. PaccunTainTe KOMNAEKCHbIe cnekTpasibHble NJI0THOCTU BXOAHOIO U;[jm) 1 BbIXOAHOTO
Uj.[jm) CUTHaNoB.

6. Paccuntaite n noctpovite rpadukn moaynen |U;[jm)| = U;[m),

Usljmw)|==Us(m)n
MOZYNA KOMMJIEKCHOM NepeaaToyHON PyHKLUKM Lenu | H(_;'mﬂ: H[m), KaK QYHKUUM OT

LIMK/INYECKOI yacToTbl f B AnanasoHe yactot 0 - 3/, .
Tunosas 3agava T2

Cxema uenu, npuseseHHan Ha puc. 7 a, cogepRnt emrkoctb C = 10 nd 1 conpoTtmeneHmna f; =
1kOm, E; = 3F; =3 kOm. Ha Bxoze uenu aeincTeyeT NpsiMoyro/ibHbIN MMMYNbC (puc. 8)
ANNTENbHOCTLIO B, = 60 HC 1 amnanTygon U; =4 B. BbINOAHWUTL pacyeTbl B COOTBETCTBUM C
3ajaHMeM K 3aga4e 2.

PeweHune
1. PacueT nepexoaHOM U MMMNY/IbCHOM XapPaKTEPUCTMK KNAaCCUYECKUM METOLO0M.

1.1. MNepexoaHan XxapaKTEPUCTMKA LLENMM PACCUMUTLIBAETCA, KaK NEPEXOAHOM NPOLLeCcC B BUAE
TOKA MW HanpAXeHUA, BbI3BAHHbIN BKAIOYEHNEM LLENU C HYN1I€BbIMW HaYa/IbHbIMWN YCA0BUAMM
Ha NOCTOAHHOE HanpsaXeHue 1 B. B cooTBeTCcTBME C 3TUM COCTaBNALTCA CXEMA BK/IHOYEHUA
(puc. 7 6) , Ha kKoTopow E = 1 B. B 3agaue onpepenserca nepexofHan XxapakTepucTmka 2 ; (z)
MO HanNpPAXXeHW OTHOCUTE/IbHO BbIXOAHOTO KOHTYpa [, T, NOSTOMY MOXHO 3anucaTb, YTo:

d
galt)=ug, (t)+uclt)= Ryilt )+uclt)= R‘?C%Jr uc(t), (3.11)

HanpaxeHune L=3F B cxeme Ha puc. 3.7 6 moxeT bbITb paccynTaHO C MOMOLLbIO 0bLwen
dopmynbl (3.3) pacyeTa nepexoaHbIX NPOLECCOB B CXeMax NMepBOro NopsaaKa:

t
ug[r)= Uoup T Ae?,

R

pee’

O
Py,
b=
Ty

Puc.7

A
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18.11.2020 KoHTponbHasi paboTa. OneKkTpoTexHuKa, aNeKTPOoHMKa U CXeMoTexXHMKa (YacTb 1)
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rae gy = u.g[oo) =1 B; p — KOpeHb XapaKTEPUCTUYECKOrO YPaBHEHUA, HAXOAMUTCA U3

onepaTopHOro CONpPoTMBAEHUA cxembl Z(p )= By + Ry + 1/pC,npasen p=I/(R; + R, )C;

NOCTOAHHAA MHTErPUPOBAHUA HAXOAMTCA U3 PACCMOTPEHUA 1t~ [r) nput =0, :
Iy [{3'+ )= Loy +A=0 (Hynesoe HavanbHOe ycnoswe).

OTkypa A=—ugy, =—1. OKOHYaTENbHO

3 3
wo(t)=1-te F+RIC _j_, 401070

rae ¢; =40 .10~ ? & — nocToAHHasA BpemeHM Lenu.

Noactasnaa &=3F 8 (3.11), nonyunm:
¢

g;(i)zﬁ;@% I—e T |4+1-¢

_1-025¢ 401077

O6paTtTb BHUMaHWUE, 4TO g [r) B (3.12) onpeaenaerca TONbKO 3NeMeHTaMM LUenu 1 He

3aBUCUT HU OT TOKOB, HU OT Hal'lpﬂ)-KEHVIﬁ.

1.2 UmnynbcHasa xapaKTepucTUKa Lenu h(t) ectb NponsBoaHaA OT NepexoaHom
XapaKkTepuctuku h(t) = g¢ (t). OgHaKo cneayeT yyecTb, YTO, EC/IN NepexoaHaa XapaKTepmcTmMKa
OT/INYHA OT HynA Npu t = 0, T.e. UMeeT CKa4oK npu t = 0, To Nnpun anddepeHUMpoBaHUU
NoABNAETCA AOMNONIHUTENIbHOE CNAaraemoe:

h(t) = g(0)d (t) + g¢ (t).
B paccmatpusaemon 3agave g, [D) = 0,75, noatomy

t
hy(t)=0,755(1)+6,25.10%¢ 4010

=, (3.13)

roe d (t) — umnynbcHas oyHKUMA (GyHKUMA Anpaka).
2. PacyeT BbIXOAHOMO HaNPAMXKEHUA ii; [r) BPEMEHHbIM METOAO0B.
2.1. Ucnonb3oBaHue nHTerpana Aroamens.

N3 n3BecTHbIX YeTblpex GopmMyn nHTerpana roamena Hanbonee obwmin xapaktep nmeet
dbopmyna suaa

wp(t)=1;(0)g5(t)+ }u} (z)gs(t—1)dr (3.14)
o

B 0603HaYeHMAX BEIMUMH U NOHATUIN, MPUHATLIX B paccMaTpmuBaemol 3agave. MNepemeHHoOM
nHTerpmposaHua B (3.14) asnaetca t (He NyTaTb C NOCTOAHHOWN BpeMeHN T;) A\
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BxogHoe HanpsKeHne u;[tjl nmeeT GopMy NPAMOYronbHOro umnynbca (puc. 3.8),
dHa/INTN4YEeCKaA 3anncCb KOTOPOIro MOXKeT ObITb npeacraBaeHa Kak

U, npH 0=t <t

()= * (3.15)

0 mpHi=zi,.

M3 (3.15) cheayer, 4to u;[r_'}')= Lf; 1 4TO Npon3BOAHaA u}[rjl =0 naun gna nepemMeHHom
r—uj(r)=0.

Yncno yyacTHMKoOB MHTerpupoBaHus B (3.14) onpegenaerca YNCAOM YH4aACTKOB B QYHKLUN,
ONUCbIBAKOLLLEN BXOAHOM CUTHA/, B KOTOPbIX OHa HenpepbiBHa 1 aguddepeHumpyema [1, c.
188]. Ana dpyHKumm (3.15) TaKMX y4acTKOB B BUAE MHTepBasoB BpeMeHn aBa: 0 £t <t,, 1

t, =t < 0. HeobxoAnMmocTb yyeTa BTOPOro y4acTka, Koraa uf[r)= (3, 06bACHAETCA TeMm, YTO 33

Bpema AeWCTBMA MMMNYNbCa B PEaKTUBHbIX 3/1eMeHTaXx Lienun HaKaniMBaeTtca aHeprua
3NEKTPUYECKOro N MarHUTHOTO NoJieit, KoTopas Noc/ie OKOHYaHUA UMMY/IbCa NOCTENEHHO
ybbIBaeT 40 HyNA, CO3/1aBan HanpAXeHne 1 TOKK B Lenu. AHanu3 sTUX BEIMYUH U NPOBOAUTCA
B UHTEpBane t =t,,.

BakHellwel xapaKTepHO 0CO6eHHOCTbIO annapaTta UHTerpana Aioamensa ABAseTca To, YTo
Npv 3anNncK peakumu Lenun Ha KaXkoM HOBOM UHTepBasie BpeMeHU Hanmumne
CKaYKo0bpPa3HOro MU3MeHeHMA BXOAHOIO CUrHaNA B Ha4Ya/ibHbIi MOMEHT pacCMaTPMBAEMOro
NHTEepPBaaa y4UTbIBAETCA AOMNONHUTE/IbHbIM C/laraeMbiM BUAA

AUglt—t,),
roe D U —amnauntyaa CKayka;
t,, — MOMEHT LeNCTBMA CKauKa.

YunTbiBaA ckazaHHOeE, 3anuLLemM BbIXOAHOE HanpsKeHne uenu B cootsetctame ¢ (3.14) n
(3.12):
ANA UHTepBasa BpemMeHun ) <t <t

¢
uplt)=U; go(t)+ [0-go(t—7)dr =4- (1— 0,25 e‘25'1“6‘*J _q_ o 510% (346)
¥,

AN UHTEPBANA BPEMEHWU &, =t < =2

¢

u,(t)=U, g5t )+ _[D golt-T)dr-U; g5t -1,)=
a (3.17)

f & 6
:4.{1_{}’255—25-10 :]_4_{1_(},252—25.10 (‘t_:”)]=3,485_25'1” 3.

2.2. Uicnonb3oBaHWe MHTerpana HaaoXKeHuA.

B otinume ot nHTerpana ltoamena B MHTErpase HasoXXeHua He Yy4NTbIBaKTCA
AO0NONHUTENbHbIMU CNharaemMbiMU CKa4KU BXOAHOIO HAaNpAXeHNA: A
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¢
wy(t)= [U(z)-holt - 1)dr, (3.18)
o

C yyetom (3.13) peakuums (3.18) 3agaHHOM LEeNU HA NPAMOYIobHbIN UMNYbC ByaeT paBHa:

ANA UHTepBana BpemeHn (@ <t <t
z 6

us(t)= [U; [U,TS 5(r)+6,25.10% 1" (f‘f)}df '
0

Ncnonb3ya puabTpytoee cBOMCTBO MMNyAbcHOM d -dyHKumK [1. cTp. 173], nonyymum

by
B TR
up(t)=4-0,75+4[6,25-10° > t-2)gr =g _ B0
a
[Ana vHTepBana BPEMEHU t, =t < 0
i 6 _-25108(t-¢)
uy(t)= IU;[ID,?S 5(r)+6,25-10% :|f,f1'+
o

i
+ I[[ﬂ _U,%0,75 8(z ¢, )+ 0-6.25 108 210" 'i"*‘f)}dﬁ

ty
2510%¢ ~25108 -25-108¢
=4.0,75+ | e ¥—-1|e -4-0,75 =3,48¢ .
CpaBHeHMe pe3y/1bTaToB PAaCYeTOB HANPAXEHNA 1i; [r) C UICNONb30BAHNEM MHTErPaoB
HanoXeHuA u [lroamena NOKa3bIBAET, YTO OHM COBMNAAAOT MeXKay COOOoM.

3. nOCTDOEHMe BpeMeHHOﬁ Auarpammsl BXogHOro " BbIXogHoro HaﬂpHHeHMﬁ.

[narpamma BbIXOAHOIo HanpAXeHMs CTPOUTCA C ucnosibzoBaHmem dopmyn (3.16) n (3.17)
nyTem NoACTaHOBKM B HUX COOTBETCTBYHOLWMX MOMEHTOB BPEMEHM. Pe3ynbTaTtbl pacyeToB
CBOAATCA B Tabanuy 5.

Tabnnua 5
Bpema, O 0,3t,, 0,61, fy By t,+1ry t,+2t; t,+31;
HC 0 18 36 60 60 100 140 180
iy, B 4 4 4 4 0 0 0 0
1y, B 3 3,4 3,6 3,8 0,8 0,28 0,03 0,01

A
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HI,B“ HQ,B‘

4 4

S 3

2F 2

r !

@ 20 40 of f,,;!fﬂ‘ ] 200 40 af  &O I 12D 140 1ad 180 Jf,'f_{ﬂ‘
Puc.8

M3 Tabnunubl 5 BUAHO, YTO 1y [I) B MOMEHT t =1, paccyMTbiBaeTCA ABaXAbl: Npu & no
dopmyne (3.16), a npu I, no popmyne (3.17). UMeHHO Npu TaKON METOAMKE MOXKHO

onpeaenntb byaeT M ckaykoobpasHoe nameHeHne B popme BbIXOAHOIO CUTHANA B MOMEHT
n3meHeHns GYHKLUMN, ONUCLIBAOLLEN BXOAHOW CUTHAA, KaK 3TO M NOKa3aHo B
paccMaTpMBaeMOM Npumepe.

Bbibop pacyeTHbIX TOYEK B UHTEpBase ¢ »t,, ONpeAenaeTca BpeMeHeM 3aTyXatoLero

nepexoaHoro npoLecca, KOTOPoe 3aBUCUT OT NOCTOAHHON BPEMEHMW Lenu, paBHOM
r;=(R;+ R;)C=[1+310° 101 =40 He.
BpeMeHHbIe Anarpammbl BXOAHOTO 1 BbIXO4HOTIO HanmeeHMﬁ NMOKa3aHbl Ha pPUC. 9.

4. PacyeT KOMMNEKCHOM CNeKTPasibHOM NJIOTHOCTU BXOAHOMO U;[;‘m) ¥ BbIxogHoro L7, [ja:)

CUTHaNoB.

[nAa pacyeTa KOMNJIEKCHOM CNEKTPaIbHON NNOTHOCTU Henepunoanyeckoro curHana f(t)
Npoun3BobHOM GOpMbI MCNONb3YeTcs Npsimoe npeobpasoBaHne Pypbe:

[l
Fljmw)= jf(r)e_jmt dt .
— oo
[na 3aaaHHOrO BXOAHOrO curHana (3.15) npeobpasosaHue Pypbe faeT BbiparkeHUe

by . .
U jw)= U] e I g = i(l—e_jmu),
0 S

KoTopoe nocne npeobpasoBaHuit (B KOHTPOAbHOM paboTe NOKasaTb 3TW NpeobpasoBaHUA)
npuHUMaeT bonee yaobHyo popmy

3t
- -
Uﬂjm)=%sz’nm—?e 2 =UIIHT2€ 2 . (3.19)
i
2

KomnneKkcHaa cnekTpanbHasa NJOTHOCTb BbIXOAHOIO CUTHAMA HaxoAnTcA no ¢opmyne

U;ljw)=Hlje) Ul jo), (3.20)

A
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roe H[_;’m) — KOMMJIEKCHAA NepeaaTodHas QyHKLUMA Lenu no HanpsaxkeHuto. PyHKuma H[_;’m)
HAaXOAMTCA KaK OTHOLUEHWNE KOMM/IEKCHOTO 3HaYeHWUA rAPMOHMYECKOTO HanpaKkeHua L ; Ha
BbIXOJ€ Lienn K KOMM/IEKCHOMY 3Ha4eHUA rapMOHNYECKOro HanpaeHnA L ; TOWM e YacToTbl,

NPUNOXKEHHOMY KO BXOAy Lenwu:
H{jw)=U,/U;.

[nAa cxembl, NpUBEAEHHOM Ha pUC. 7 a NETKO NONYYUTb:

4 o f Lr;
(To=|8Ba=- j— |[=| B> - —
= [2 ijJ_ [2 jmc]

R+ Ry — j—
A 44 ij

Torpga

E A

2 —J—= .
H[jﬂ.‘-l:lZ @’ _ f-+ jﬂJRQC ' (3.21)

R£+R2—.F'i I+ jol B + By )C
a

AHanus (3.21) no3BonAeT caenatb BbIBOA, YTO KOMMJ/IEKCHAA NepeaaTovyHan GyHKUMA Lenu no
HaNpPAXEHUIO oNpeaenaeTca TONIbKO 3NeMeHTaMM Uuenu n aenaetca bespasmepHon
BEIMHYMHOMN.

Ucnonb3ya (3.19) n (3.21), Haxoaum no (3.20) cnekTpanbHYO NJOTHOCTb BbIXOAHOMO CUrHANa:

_ Lty
U1+ joRC)  wt, T3 (322)
w1+ jo(R; + Ry )C]

Usljm)=

H{jw )| n|U;(jw)

M3 BbiparkeHnit (3.19), (3.21) n (3.22) nerko NoAy4YMTb MOAYAN: CNEKTPAIbHOM NAOTHOCTH

5. Pacuyet rpadukoB moaynem |U;[;’m)

’

BXOA4HOIO HanpAxXeHnA

s’ ; (3.23)

00|73 - 2L b

KOMMNJIEKCHOM NepeaaToyHon GYyHKUMKM (aMNIUTYAHO-4aCTOTHAA XapaKTepPUCTMKa Lenm)

I+ (@R,CY

; (3.24)
I+ @? (R + R, Y2

Hlo)=|H[jo)|=

CI'IeKTpal'IbHOI‘/JI NAOTHOCTU BbIXOAHOTO HaNpAXeHUA

2
UE(E_)) _ |U2 [J?ﬂ"_]) | _ EUI‘ B li:'fu I+ [WREC)

. (3.25)
@ 2 Vi+@?(R;+ R, FC?

A
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U f) 107 B

250
200
150
10

5

4

i
i}
)

0 10 20 30 40 50 1 MTy

Us( 1110~ B
250
200
150
100
50

a0 50§ MTy
Pnc.10

118 NOCTPOeHMA rpadUKOB NoAyHeHHbIX GYHKLMM HEOBXOAMMO BbIGPaTh PacyeTHbIE TOUKM MO
yacToTe. Y4Tem, YTO CNeKTPanbHaA NIOTHOCTb OAMHOYHOTO NPAMOYTObHOTO MMMY/bCA
M3MepAeTCcA B BOALT X ceKyHAax [B x c] n 4To oHa obpallaeTca B HOMb Ha YacToTax

=1, , 2}, 3/, vT.a. No3TOMY LONONHUTENBHO BbIBMPAKOTCA MPOMEKYTOUYHBIE TOUKM
MeXAy 3TMMM YacToTamu. MaKcMManbHaa YacToTa B COOTBETCTBME C 3aZaHueM pasHa 3/60 x
10 =50 x 10° Iy = 50 MIy,. PesynbTaThl pacyetos no (3.23) | (3.25) ceogum B Tabaumuy 6.

Tabnuua 6

f, MTy »-10%, paa/c U,(w)1077,Bxc  Hla) Uylw )10, Bxc

A
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0
8,3
16,6
24,9
33,3
41,6
50

Mo gaHHbIM Tabanupl 6 ctponm rpadumkm (puc. 10).
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52,1
104,2
157
209
261
314

KoHTporbHas paGoTa. DnekTpoTeXHUKa, ANEKTPOHKUKA M CXEMOTEXHMKA (YacTb 1)

240
153
0
51
0
31
0

1

0,75
0,75
0,75
0,75
0,75
0,75

240
115
0
38
0
23

A
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