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PacuetHoe 3aganue

. Jlyist 3ajlaHHOM LIeTM paccuuTaTh nepeaaTounyro gyHkuuio H(p). 3anucars H(p) B

KaHOHUYECKOM (hopme, onpesienuTh W, U Q.

. Ilo monmydyennoit H(p) paccuutath AUX nenu H(w) u1 ®UX 11(S9051 o(w) .

[Toctpoutrs mnonyuennsie H(f) u ¢o(f), rae fzzﬁ B Juana3oHe YacToT
T

0< f <4f,.

. Mameputb H(f) u ¢(f) nma 3agaHHOM Iiemd Ha Ja0OpaTOPHOM CTEHJIE JUIs

BBIOpAaHHOTO Auana3zoHa yacTotT (okojio 10 Touek). HanecTn nony4yeHHble TOUKM Ha
rpaduku H(f) u ¢(f), mocrpoeHHbIe B 11.2.

. [Momyunts AUX u ®UX B cucreme DesignLab. BeiBectn rpaduku yka3zaHHBIX

3aBUCUMOCTEN M CpaBHUTH UX C rpadukamu H(f) u ¢(f), moaydeHHBIMH B 11.2.

. HaiiTu nepexoqHyro XxapakTepUCTHKY h(t) 3aAaHHON 1eNH KJIACCUYECKUM CIIOCOOOM

U HUCIoNb3ys mpeoOpazoBanue Jlammaca i mosydyeHHOW B 1.1 mepenaToyHoOM

¢yukuuu H(p). Ioctpouts h(t) B nuamazone 0<t< % , TIe a — KoduimeHT

3aTyXaHus JId Clydas KOMIUIEKCHO CONPSDKEHHBIX KOPHEW XapaKTEPUCTHUYECKOTO
ypaBHeHuss (P, =-a* jo,) WIM MOIYJIb HAWMEHBIIETO KOPHS JUIA Cirydas

JNEHUCTBUTEIIBHBIX PA3JIMYHBIX KOPHEH (p, = p,) .

. U3meputp h(t) (momyuuTs ocmuiiorpamMmy). B kadecTBe BXOAHOrO CHTrHana

UCIOJb30BaTh MeEaHAp ¢ nepuoaoM T >4/« (o ompeneneHa B 1.5). BriBectu

MOJIyYEHHYIO OCHMJIOTPaMMYy U CPaBHUTH € TpaUKOM, MOTYYSHHBIM B I1.5.

[Tonmyuuts h(t) B cucreme DesignLab. BeiBectu rpaduk mojaydeHHON 3aBUCIMOCTH

Y CPaBHUTH €r0 C rpaiKoOM, MOJIY4YECHHBIM B I1.5.



1. Pacuer nepenarounont hyuaximu H(p)

B 3amanHOi 1enu 3aMeHseM WHIYKTUBHBIM SJEMEHT €ro CXeMOH 3aMelleHus,
MOJIYYCHHOMN paHee B JIabopaTopHOU padoTe

rL L
— 3
,rae 1, =109 Om, L=31 mI'H.

[Tonyuaem clienyromnyto cxemy Jijisi pacyeTa nepeaTouHon PyHKIUK
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2. Pacuér ammummryaHo-dactotHoit H(®) 1 ha3zo-yactorHOM O(®) XapakTEPUCTUK
LS.

[ToncraBnsisi p = jo B BeipakeHue 1yist H(p), noayuum H(jw)

Hje) = % >

(jo)? +a(;)(ja))+a)§ (a)g —0)2)+ j&a)

AUX n @UX onpenensitoTca Kak MOJyJb U apryMeHT H(jw)
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[Tonmyuennsie ¢ moMoripio makera Mathcad 3aBucumoctu H(f) u o(f), mpuBeaeHbI

COOTBETCTBEHHO Ha puc.2a u 26 mus auamasona yactor 0< f <4f,, t.e. 0<f <6000 Iy
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3. Usmepenre AUX 1 @YX 3a1aHHOM 1IEITH HA JIJADOPATOPHOM CTEHJIE.

Ha puc.3a npuBenena cxema mig usmepenuss AUX- H(f) u ®UX -¢(f). Ko Bxony
cxembl ( 3axuMbl «1» m  «0» ) momkmtouaercsa reHeparop ( Gen ) mpu 3aJlaHHOM
CUHYCOUJAIILHOM HaIIPsKEHUU Ul(t)zU1m Sin(27rf +@), rae U, -aMIUIMTY/a HANPSKEHUs

(U, =5B), f-tekymias gactota (0< f <6000/7%).

1-p1if  kaHan ocipuuiorpada JUis  M3MEPEHUS BXOJHOTO HampsbkeHus U, (t)
MOKTFOYACTCS KO BXOy ( 3aKuUMBI «1» 1 «0»), a 2-i KaHaN )11 U3MEPECHHS BBIXOJIHOTO
nanpsokerns U, (t)=U,, sin(2z f +¢,) - k Berxomy (3auMbI «2» 1 «0»).

Ha puc.30 cxemaTHYHO TOKa3aH METOJI ONPEIENICHUsT pa3HOCTH Pa3 ¢ =g, — ¢, Uepes3

3anepxku 1,y u i, Hanpsbkenun U, (t) 1 U,(t) COOTBETCTBEHHO.
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om ocyunnozpagha



Wsmepennnpie 3nadeHust U, U, ,At, T cBeeHBI B TaOIMITy, TJI€ TaKXKE MPUBEICHBI
PACCUMTAHHBIC BEJIMYUHBL H U ¢ .
f 300 | 700 |1200 |1500 |1800 |2200 |2600 | 3000 |3600 |4400 |5800
[7y]
Ui 500 [4,80 (4,28 (4,16 (4,28 (466 (4,76 [484 [4,92 |500 |5,05
8]
U,, 510 [5,40 |550 (488 (392 (264 [184 1,44 |0,92 |0,61 |0,50
8]
H:Uzm 1,08 |1,125(1,29 |1,17 |0,916|0,58 |0,386 | 0,297 |0,187 | 0,122 | 0,10
Ulm
At -95 -105 |-150 |-174 |-183 |-177 |-155 |-140 |-120 |-102 |-81,4
[MKC]
'|':}/f 3333 | 1428 | 833,3 | 666,7 | 555,6 | 454,5 | 384,6 | 333,3 | 277,8 | 227,3 | 172,4
[MKC]
wZSOOog -10,3 | -26,5 | -64,8 | -93,9 | -118 |-140 |-145 |-151 |-156 |-162 |-170
[epad]

[Tonyuennsie 3HaueHuss H(f) u ¢(f) obo3HadeHBI HA Tpadukax puc. 2a u puc. 20

3HAa4YKOM X.

4. Pacuer AUX n ®UX B cucteme Designlab.

B cucreme DesignLab cobupaem 3amannHyio cxemy (puc.4a), MPOBOJUM aHAJIH3
YaCTOTHBIX XapaKTEpUCTUK B paCCYUTAHHOM auana3oHe 100 /y < f <30000 /'y .
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5. Pacuert nepexoanoii xapakrepuctuku h(t).

5.1. Pacuyer KJ1aCCUYECKHUM METOJIOM.

BozgeiictBue enunnuHod ¢yHkumu 1(t) Ha BXoAe LENMH MOJICIHUPYETCS
MOAKIIOYEHUEM K Lenu ucroyHuka nocrossHHoil DJIC E=1 B npu HyneBbIX HadaJIbHBIX

yenoBusx U, (0)=0, i (0)=0 (cm. puc.5a).

L rq

t=0 r
I - L__i_J i N * -
E=1B I L 'Ct: * YU, ()=h(t)
U4 ()=1() c 3

Puc.5a
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IIpy 1DpUMEHEHHM KJIACCHYECKOr0 METOJA peakuus uenu, T.e. U,(t)=h(t),
pacCcUUTBLIBACTCA TaK:

U,(t) =U.(t) = U2ycm.(t) +U,,,. (1),
rae U, -3HaueHHE U, B yCTAHOBHUBILIEMCS PEIKUME,

U,,, - cBOOOIHASI COCTABISIONIAS.

Bennuuny U,,, MOXHO HalTH M3 CX€MBI JUIl YCTaHOBMBIIErocs pexuma (mpu

t — co YCTaHaBJIMBAKOTCS NOCTOSIHHBIC TOKU U HaHpH)KeHI/IH), HpI/IBG,I[eHHOﬁ Ha pI/ICS6

e
E=1B IL yer. D # Uyer
¢

2
Puc.56

N3 cxembl puc.506 caexyer:

. E-r,
U2ycm. = ILycm, . rZ =< = 0’97953 ~ 0’983
R+r+r,

Jns onpenenenust Buaa U,, cOCTaBUM XapaKTEpUCTHUYECKOE YPaBHEHHE U HalJeM
€ro KOpHH.

XapaKTEepUCTUYECKOE YPAaBHEHUE MOXHO MOJIYYUTh, IPUPABHAB K HYIIO BXOJHOE
conpotuBienue Z (P) cxembl puc.5a OTHOCHTEILHO TOYEK pas3pbiBa BETBU C

WHJIYKTUBHOCTHIO L (WJIM KOHAEHCATOPOM) MpH 3ambikaHuu uctounrnka IJ[C (cM.puc.5B)

I’13=rL+ r1 ZBX(p) p|_
— [ — Y

1/pC —— r, D

Puc.58
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1
rz—C
Z,(P) =1, +pL+—"o =0
r,+——
pC
r,+ pL+
1+ prC
p%+ p L+r,r,C Lhth g
r,LC r,LC

p2 +p & + i + i 1+ r1_3 =0
L r,C| LC r,
Hcnonb3yst 0003HaueHHs, BBeJeHHble B M.l mpu pacuere H(p), MOOIyIUM

XapaKTepUCTHUECKOE YPABHCHHE B BH/IE:
@,
p’+—=2p+aw; =0,
Q

YTO COOTBETCTBYET PABEHCTBY HYJIFO 3HAMEHATENS BhIpakeHus s H(p) .

KopHu xapaktepucTudeckoro ypaBHeHHs OyAyT paBHBI

a)o N ;oé ___on -l gt o, —-3499+ j8497 [%]

T.e. o =3499 E, o, =8497 e :
c c

JI7151 KOMIUIEKCHO COTPSKEHHBIX KOpHEH U, (t) MOXeT OBITh 3alicaHo B BUJC
U,,, (t) =e[Acos(w,t)+ Bsin(w,t)],
riae A u B —1ipou3BosIbHBIE TOCTOSIHHBIE.
Torma ma U, (t) = h(t) moxyuum
U, (t) = h(t) = 0,98 + &' [Acos(w,t) + Bsin(a,t)).

[TocTosiHHbIE A ¥ B onpenenstoTcst 3 Ha4aJIbHbIX YCIOBHIA:

_ du, _dU.
U,(0)=U.(0) n at 0)= at (0).
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Ol'[peI[eJ'II/IM YKAa3aHHBbIC HAYAJIBHBIC YCJIOBUA

U,(0)=Uc(0)=0

du, (t)

du, . du. 1.
EO="2E 0= 0), Tk i) =C £

Jlyist cxeMbl prc.5a MOKHO 3anucath 1mo 1 —my 3akony Kupxroda

02O _g

2 2

0 =1, 01,0 =i, -2 -

(0)_' c©@ _g,

. . du
Bennunnsl A u B Haliiem U3 cuctemsl ypaBHEHH 1iid U, (0) # dtz 0)

U, (t) =0,98 + e *[Acos(w,t)+ Bsin(w,t)]

d;JZ (t) = —ae “[Acos(a,t)+ Bsin(w,t)]+ e[~ Ao, sin(w,t)+ Ba, cos(w,t)]

U,(0)=098+A=0

du —~ A=-098B : B=-% 4=-0,4036 B.
dZ(O)——aA+a) B=0 o,

OkoHYaTenbHO noJiyyaem st h(t)
h(t) =U, (t) = 0,98 — e ****'[0,98c0s(8497 t) + 0,40365in(8497 t)], rme t B cex.

5.2. Pacuer h(t) ¢ nomouisio npeobpazosanus Jlamnaca mwisg H(P).

[IpeobpazoBanue Jlamnaca pyHkuuu h(t) ompeaensieTcs COOTHOIICHUEM
£[h@)]= H®) ' e H (p) -mepenatounast GpyHkips (cMm.i. 1)
p

H(p) _ by _F(p)
p p("*qp”"OJ F,(p)

3HameHaTenb F,(p) MOXKHO ITpeoOpa3oBaTh K BUAY:

p2+%p+co§=(p+oz)2+a)2

.
ce
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H(p)
p

YTtoOBI BOCITOJIE30BATHCS Ta6J'II/IHaMI/I Hp€06pa?>0BaHI/ISI Jlannaca 3anuiiem

BHUJIE :

H(p) a A(p+a) Ba){:e. bO
p =E+( +af + o’ +( +af + o’ B o
p 8. p c8. p(pZ_i_QO p+a)§j

a(p2 + % p+a)§J+ Ap(p+a)+Bpo,
Q b,

p(p2+(g’p+a)§j p(p2+2°p+a)§]

501041

[IpupaBHUBasg B YHCIUTENSAX MOJYYEHHOIO paBEeHCTBA KOA(P(UIMEHTHl MpHU
OJIMHAKOBBIX CTEIEHSX P , HOJIYYUM CHCTEMY YPaBHEHUH Ui onpeneneHns a , A u B

aw? =h,
a+A=0 =

o,
a—2+Ax+Bw, =0

2
B 1 _o979~098

Toraa nonyunm

H(p) 098 098(p+a) 0,40360,,

p P (p+af+a? (p+af+a?

C noMouipio Ta6J'II/III COOTBCTCTBHUA MEKAY OPUTMHAJIOM U I/1306pa}KCHI/ICM I[MoJIy4Yum
H(p)

JUTSL U300pakeHus
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h(t) = 0,98 — 0,98e ™ cos(w,, t)— 0,4036e " sin(w,, t)=
= 0,98 — e >*°"[0,98 cos(8497t ) + 0,40365in(8497t)] B,

YTO COOTBETCTBYET NOJIYYEHHOMY BhIpakeHUIo Wi h(t) B m.5.1.

4
Ha pwuc.5r nmoctpoeHa moisiydyeHHasi 3aBUCUMOCTh h(t) B nuanasoHe 0<t<— win
a

0<t<20 wmc

14

12

Na
K
0a

04

0z

o 0.001 0.0015 0.002

Puc.5r

6. DKCIEepUMEHTAIBHOE OIPEICICHHE EPEXOHOM XapakTepucTuku h(t).

CxeMma u3MepeHus npuBeacHa Ha puc. 3a. Ko BXoay cxeMbl mojaeTcss HanpshKeHHE
B BUJIE ME€aHJpa C JUIUTEIbHOCTHIO uMityibca 2,0 Mc u ammiutygoir 1 B. Ilonyuennas
ocHuuIorpaMmma mnpuBeaeHa Ha puc.6, rae U, (1) o0o3HaueHa OpaH)KEBBIM IIBETOM, a

U&hlx. (t) = h(t) -CHUHUM.
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7. Pacuer h(t) B cucteme DesignlLab .

B DesignLab  cobupaem cxemy, mpuBeneHHyro Ha puc.4a. Ha Bxom momaem
enMHUYHBIA uMmnynesc. [lomydennsiii rpaduk mis h(t)B amamaszone 0<t<20 wmc

IIPUBENICH Ha puc.’/.
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