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BBEJIEHUE

Jucuunauna «Teopus asToMaTH4ecKOro yrnpapJleHHs» HUMEET LEbio
H3yYCHHE TEOPETMYECKHX OCHOB M METOJOB aHaqW3a W CHHTe3a OOBLEKTOB H
CHCTEM aBTOMATHYECKOro ynpaelienusa. OcBoeHse H3yvaeMoro Kypca no3BojiHT
OyAywuM CHEHanMCTaM CaMOCTOSTENbHO pelarh TakWe 3alayvd, CToAlMe
rnepej MH)KEHEpPaMM IO ABTOMATHM3allMW, Kak pacdeT W HAacTpoHKa KOHTYpOB
peryJMpoBaHHAs U YIIPaBIeHHs CIOXKHBIX TEXHUHECKHX CHCTEM.

JINs  3aKperuleHust TEOpeTHYeckoro MaTtepHana M TpHoOpeTeHHs
MPaKTHYeCKMX  HaBBIKOB  CTYAEHTY Mpeajaraercs  BBINOJHHTE  KYpC
nabopatopHelx paboT, NpegycMaTpUBAalOIIHi Kak [pPaKTHYeCKWe 3alaHui,
NOCBALEHHbIE H3YUEHHIO MaTeMaTH4YeCKOro ONHMCAaHWA CHCTEeM YIpaB/IeHHA,
pa3IUYHbIX THITOBLIX 3BeHBEB M HX XapaKTepHCTHK, TAK H HHIXKEHEDHbIC 3a]1a4H,
CBA3aHHBIE C  JETAIbHBIM  aHAJIM30M CHCTEM  YHpaBjieHWs H, [1pH
HEODXONMMOCTH, CHHTE30M CHCTEM C  HCNONMb30BAHWEM  Pa3NHYHBIX
MaTeMaTMYeCKHX [1aKeToB, B TOM uncie i naketa MATLAB.

Paspaboransple MeTOAMYECKHE yKa3laHWs NpelHasHayeHel A
3aKperneHns 3HAHHK O crocofax MaTeMaTH4yeCKOro H rpadYecKoro OnHCaHHs
3BEHbEB CHCTEM AaBTOMaTudeckoro ympasienus. OcHOBHOE BHHMaHHE
y/IeseTCs U3YUEHHIO Pa3MYHbIX THIIOBBIX 3BEHLEB W WX XapaKTEPHCTHK.

Hcxoxuple faHHble [N BhiMonHeHus naGoparoproit  paborst
NpUBeIEHbl B KOHLE METOIWYEcKHX ykazanuil. [lna obnervyeHus BBIMONHEHHS
paBGOoTHl B METOIMYECKAX YKa3aHHAX NpuBeer npumMep pacyeta. C uensto Gonee
ray6oKOro M3yHeHHs MPEACTABIEHHOrO MarepHana CTYIEHTY Hpejularaercs
o6paTHTHCS K yueOHbIM 110cOOHAM, CIIMCOK KOTOPBIX INpWBEIEH B KOHUE

METOMYECKHX YKa3aHuH.
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Onp.1: Jlunamudeckoe 3BeHO — YCTPOHCTBO moboro dusuuecko
ro

BHIa H '\‘oHC'I‘P_\K‘I'HEHOI‘O Oti)OpMﬂBHHﬂ, OIMTHChLIBaemoe ,HH(IJ(IDEPCHLIH&J’IBH[;]M
ypa BHEHHEM.

B COOTBETCTBHH € JTHM KnacCH(MUKalHA 3BEHLEB MNpPOH3BOAHTLCS

uMeHHo 1o BAAY JuddepeHIIHANIbHBIX YPABHEHHH.
O6o3HauyiM BXOJHYIO [EpeMEHHYIO0 3BEeHa 4epes CHTHam u(r)
3

BBIXOHYIO — yepe3 y(t) (pucyHok 1).

BXO01 BBIXOA
——— %" S3HeR0 & [T
u(z) (1)

Pucynok 1 — JlnHaMHYecKOe 3BEHO CUCTEMBI YIIpaBJIEHHA

B 3Benssx NO3UYUOHHO20, CIMAMUYEecKo20 Mmuna BXOJIHOH H BBIXO/IHOH

CH

Habl B YCTaHOBMBUIEMCH peKHMe CBs3aHbl JIMHeHHOH 3aBHCHMOCTLIO

y(t)= '

Y()=ku(t). Kospdpuument npomopumonansuoctd k Mexiy BXOLHBIM H

BBIX = . ! !
OAHBIM CHTHanmaMu npencTapigeT co6oi KoIpGHUMEHT nepexauy 3peHa (B

Clty4yae
yHae, ecnm  Qusmueckas NpPHPOAA CHMIHANOB  pasiMyHad, HHaue =

Koappuunent YCUJIGHHS).

B 3penbsx uwmezpupyrowezo muna NMHEHHOH 3aBUCAMOCTRIO
dy(®) _ i
hkeE u(t) cBA3AHBI IPOUIBOAHAS BLIXOAHOTO CMUrHANA W BXOIHOH curHan B

YCTAHOBHBLUEMCH peKHME.

B 3Benbsx Oudhepenyupyroujezo muna TMHERHOH 3aBHCHMOCTHIO

du( )

y(t)= B YCTAQHOBMBLIEMCsi pexHMe CBA3AHLI BRIXOJIHOH CHTHAl H
dt E

IIpOU3BOJIHAS BXOAHOIO.

B Ta6mue | npHBenens nepefaTouHsie GYHKIHH OCHOBHbBIX THIOBBIX

3BEHbLEB.
Onp. 2: [Tog THIOBBIM 3BEHOM MOHHMAeTCA Takoe 3BeHOo, KOTopoe

OIlHChIBAETCAH ,D,H(b(bepEHuHaﬂbHL]M YpaBHEHHUEM HE BhbIllIe BTOPOro nopAnKa.

Tabmauna | — Tunoskie 3BEHBA

Ne Tun 3peHa | Tlepeparounas GyEKUHS
1 BeasinepLUHoHHOe | W(p)= k
L W =

2 i Anepﬂgnuqecxoe 1-ro nops/Ka \ (p)= 1+Tp
A

3 § ATMepHOAHIECKOE 2-T0 TOPsIKA \ W(p)= 5 Tp < J
=

4 & KonebaTensHoe \ W(p)= T+ 2 Tp T

W

5 KoHcepBaTHBHOE \ (p)= 5 Tz 4\

6 g WaeanbHoe HHTErpHpyiolIee \ W(p)= J
2

7 g MIHTerpupyoiee ¢ 3aMe/uIeHiIeM \ W(p) = p (l +Tp) j
= k(1+ Tp)

8 = Hzonpomuoe \ W(p)=

olglEs v Uneansuoe anddepeniupyromee | W(p)= kP 2

R )

10 % % JlupepeHUpYIONIEe ¢ 3aMeIUICHHEM W(p)= T+ Tp

s dopeupyiolee W(p) = k(l+Tp)

12 3Bero ¢ 3anadibiBaHueM W(p)=ke™

el
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i AHHAMAYECKHX CBOJICTB 3BEHbEB HCIOAB3YIOT 8pesetpie
Mng oUERRG2

paxmepucmuKiL. K BpeMEHHBIM XAPAKTCPHCTHKAM OTHOCSATCR
Xapan / i

’ 1+ bl €
OIHL

ii pyHKIHH H MMITYJTbCHOM nepexonHoit GyHkuu,
1 .‘i‘\‘[“.‘\“.”“”‘ L2

rpapuKH g !

0 1 ”c"pk'\("lﬂﬂ){ (I)}r}lh‘lll!ﬂ. HIH NepexoaHas xapaK'repMcha,
np. 2 Y5H

onger  cobof fepeXOAHBIl MPOLECC HA BLIXOAC 3BeHa,

npelCT:

WA MOpH fojade Ha €ro BXOA CKHLIKOOGPa'JHOro L i)
:iU\Hjt,'-\'.'lil‘]I!i.l ; i
paBHOII emunie. Takoe BXOAHOE BO3JIEHCTBHE HasbiBaeTCA

peqUuiHE CKa4dKa

- smynenyamou q’)wrm;um} Wi ynxyuel  Xesucaiida, u
YuuHUYHOU cm g

y603Ha4ACTCA u(t) = 1(2):

0, nput <0,

1
1, mput>0. )

l(l):«{

[padux QyHKLHH Xepncaiina MpUBeJieH Ha pUCYHKe 2.

h([”

Pucysok 2 — QyHKUHA Xepucaija

; 1)
Onp. 4: Umnynbcras nepexonnas QyHKUus, HIH (pynkums Beca w(t),

KUHIO
npencrapnseT coboil peakUuio 3BeHa HA eJMHHYHYIO My ALCHYI0 GyH !

denvmd-
MOJHHY Ha ero BXoJ. EouHu4HasA UMAYIbCHAA pyHKyus, W ‘

; enyaroil
dyryus 8(t), npencrasaser coboi MPOU3BOAHYIO OT eAMHUHHOA CTYTCHHEE

QY ERL.

HAenbra-dpynKims ToAECTBENNO paBHa HyMO MOBCIOAY, KPOME TOUKH
t=0, rae oHa cTpemutca k GeckoHeuwnocTH. [lenbTa-QyHKIHA TaKOKe
HaskIBaCTCH hyniyuel [Jupaka w ONpenenieTca BhIpaKeHHEM:

Sy ol @)
0, mput=0.

Ipadux dpynkunu dupaka npusenen Ha pucyHKe 3.
S(t) 4

8

Pucynok 3 — ®ynxnus [{upaxa

Mexay nepejaTouHoii ¢yHxkuueil B n300paxenusx Jlannaca,
nepexonHol QyHKuHell M MMIYTLCHOH TepexonHo# OQyHKUHeHd CymecTByeT

B3aHMHOOIHO3HAYHOE cooTBeTCTBHE [1].

Jlns 3BeHa, NpHBENEHHOrO0 HA PHCYHKe |, cnpase/umBO Clexyromee

COOTHOLIEHHE:
Y(s)= W(S)U(s). 3)
M3 onpeneneHHs MepexonHoil QyHKUHHM CleayeT, YTO NpH nojade Ha
BXOZ 3BeHa curHana u(t) =1(t), na seixone ero Gymer curnan y(t) =h(t). Tax
kak npr atoM U(s)=L{I(1)}= /s n Y(s)=L{h()}, To u3 ypasxenus (3)

MOy YHM:

L{h(t)} = W(s)ls. @)



o 3agaHHOH NEPeNaTouHOH (yHKuuy Imena o

TakHM o6pa3oM, e
L OlIHO obpaTHoro npcoGpmoualma TH BbIpaXcenye ik
;I1‘:-;‘v\'n qHof yHKUHH: 1
-1
h(t)=L {W(s);}. )
AHANOI HYHBIH BBRIBOJA cnpaBeJUTHB H JUIS HMIYJILCHOHR nePCXO,uHoﬁ
Mm“.( oif IHITB pasuuILei, 4To u(t)=98(1), Us)=L{5(1)} =1, Torna
i w(t) = L' {W(s)}. ©
M3 momy4eHHBIX CcOOTHOUIEHHH  MOXHO . BBIBECTH BLID@KeHie,
3BIBAIONIEE nepexoaHyIo H HUMITYILCHYIO TIEPEXOIHYIO DYHKIIH cHeTeMyr:
il ]
h(t) = IW(T)dT A )
(]
3 YacToTHBIC (GyHKIHH H XapaKTepHCTHKH

Baxueiimell xapaKTepHCTHKOH IMHAMH4ECKOro 3BCHA ABIIACTCA €ro

wacmomHas nepeoamoyHas PyHKYUR. YacToTHas nepefaToynas QyHKIUHS JIErko
[

nony4aeTcs H3 06bYHOH nepeAaTouHOH QYHKIHH MOJICTAHOBKOH p = jO, T.€.

W(jo)=W(p) (8)

p=jo

UacroTHas mepenatodHas GyHKIHA W(jo) mnpeacrasiser oGOk
KOMILIEKCHOE 4HC/O, MOMYJh KOTOPOro paBeH OTHOIICHHIO AMILTHTY LB
BLIXONHOM BETMUMHH K AMIUIMTYJe BXOAHOH, @ apryMeHT = casury (a3
BLIXOJIHOH BEJMYHMHBI IO OTHOLIEHHIO K pxonHo#. YacroTHad nepejaToyHasi

(yskuus MoxeT ObITh NpEACTABIIEHA B BUAC:

W(jo) = A(@)e™® = Uo) + jV(0), (9)

3fech .
A(w)=| W(jo)| - aMnisTy Has 4acTOTHAA XapAKTEPHCTHKA (AUX);

o(0) = arg W(jo) - dasopas yacTOTHas XapakTEPHCTHKA (®UX);

U(w) = Re W(jo) - semecrsennas sactotnas xapakrepuctuka (BUX);
V(o) =Im W(jo) - Muumas vactornan xapakrepuctuka (MUX).

Ha xomnnekcinolt nnockocts wactorthas nepenarouHas  GyHKIHA
ONpEACNACT BEKTOp, JUIHHA KoTOporo pasHa A(m), a apryMeHT paseH yriy
p(w), 06paaosammmy 9THM BEKTOPOM C MONOKHTENLHON neficTBHTENLHOA
I10J1yOChlO, YTO BHAHO IO pucyHkKy 4. [oporpad storo sexkrtopa, T.e. KPHBYIO,
ONUCBIBAEMYIO KOHIOM BekTopa W(jw) np# uimenenwuw yactorsl or 0 go o«

MM OT -0 JI0 -+, HAIBIBAIOT aMAAUMYyOHO-a30e0l  HACMOMHOU

xapaxkmepucnmuxou (ADX) unu 2odoepaghom Hatixeucma.

Im 4
0=>-00 U(w) =0
0 o ¢(w) i Re
A(m) E
V((D) y

PucyHok 4 - AMIUIHTYIHO-()a30Bas HacTOTHAN XapaKTEPHCTHKA

Jng HaxoXIeHHs BELECTBEHHOH M MHHMOH dacTefi YacTOTHOM
[epefaToyHOH QYHKIMH YacTo ObIBaeT HeoOX0AHMO 0CBOGOIMTECS OT MHHMOK
4yacTd B ee 3HaMeHarese. JUIs 3TOro ciieqyeT ee YHCIHTENb H 3HaMEHaTelb

YMHOXHTB Ha COHpK)KCHHHﬁ 3HAMEHATEIIHO MHOXHTEIIb. Harrpuuep, €CIH

k
e E
)= ey
TO
W('m)— e TR0 .(1—ij)_k(l—ij)= S
BISTETO G+ TR ETe) I-(To)y T 1+Te
U(w) via)
9



qae AMIUTHTYJHAA HACTOTHASN XapakTepucrika Wheer

B oOmeM ey

pia: A(m)=‘/U2(m)+va(m » |

(10) |

hasoBas yacToTHaA xapaKTepHCTHKA: |
aga 30 (m) ; : | [
?(@) =28 ) too k=0, (1) |

X X HCTHK CHCTe \ :
[Tpn mOCTPOCHHH YaCTOTHBIX XapaKTep M, COCTOAIMX y3

coeHHEHHBIX  THMOBLIX  SBEHLES, yaoGHo

: NOJIb30BaTH;
jeCKOJIBKHX *OBaThey ﬁ

1 BHIYHCICHHS MOIYIS H apryMeHTa Ko

',’h‘,ﬂ\'}\)IMHMH ﬂpaBH.’laM

ysxundt [1]:
| Moy s NPOH3BCACHHA Z=2,°2,"...-Z, KOMIUIGKCHBIX  umcen

110 MOyJIEH COMHOKHTEEH:
2 =[z]-lza] -+ |zl
yMMe apryMeHTOB COMHOXKHTEJeH:

argZ =argz, +argz, +...+argz,.

pﬂBSH HPOHEBEHCHI

;(5'1.:2")‘ ;

a apryMeHT — C

i“

2 moxyns ApobH KOMIIEKCHBIX SHCEI Z=z /z, Danen

mozynen:

[zl
A=z

4 apryMeHT — PA3HOCTH ¢ PryMEHTOB HHCIHTENA H : JaM¢

argZ=argz, —arszz
Tpn HccneOBaHHH CHCTEM YNPABJICHHA am

XapakTepHCTHKH y/I06HO CTPOHTD B norapa(MEIECKHX K
focTpoerHe TOUHBIX TPAQHKOB JIOrapuPMUYECKHX
3Benben TpebyeT J0CTaTOHHO TPYAOEMKHX Bmmmﬁ,

yao6Ho [M0JIb30BAThCA npuﬁmwt v
N0rapuMHIECKHMH XapaKTePHCTHKAMH. e

Iponorapudmupyem Boipakenue (9):

10

In W(jo) = In A(0)+ jp(o). (16)
M3 suipaxenns (16) swano, wro ACpBOe CARracMOE ONpeAeaseT
NOZAPUPMUNECKYIO aMnaumydnyio wacmomyso xapasmepucmuxy (JIAYX), a

BTOPOE — A02apupmuseckyio ghazoeyio wacmommyso xapaxmepucmuxy (JIOUX).
JIAYX crpoutcs B BHne sasucumocts 20lgA(m) or lgm, a JIOHX » smac

3aBHCHMOCTH () oT lgw.

Hcnonb3oBanne  fOrapudMEHeckmy  XSpaxTepHCTHK  [0IBOANET
JOCTATOYHO MPOCTO CTPOHTh YACTOTHBIE XAPAXTEPHCTHEH CHCTEML, cocTosmed
H3 HECKOIBKHX 3BEHBEB, T.K. €CNH Nponorapidumposats swpawense (12) M

TOMYYHM, YTO JorapH(M MOIYNs NpOH3IBEAEHHE pased cymme norapiudmos
MOJyJIeH COMHOXHTeNe:

lgA(@) =Y IgA, (). an
®a3oBasg YACTOTHAN XAPAKTEPHCTHKA CTPOMTCH B JOTEPHHMIHMECKOM

Mmaciitabe ToNBKO Mo ocH abeucee, T.e. Ha3soBLIlt CABKT HENOYKH IBEHLES W TAK

MOTy4aeTcs MPOCTO B BHIE CYMMBI (a30BhIX CABHIOS HA OTASABLHLIX IBEHLAX,
4TO BHAHO M3 BEIPAXKEHHS (13).

Ha ocm wyactor o06bMHO yKaswmBaloT nebo 3Easeswe lgo, Toraa

eIMHHIEH NPHPAINEHHS ABNAETCA OfHA dexada, nubo 3saxenne camoll HacToTL
o.

Onp. 5: MHTepBan 4acToT, OTIHYANOMAXCS Apyr ot apyra 8 10 pas

HAIBIBAIOT JIeKanod M OOBIYHO NMPHHHMAIOT 33 CAMHHLY JorapHdMurecxoro
macmtaba [2].

Kak Guino ormedeno panee, mns nocrpoenus JIAUX waxomures
senuyuHa 201g A(w), kotopas oGosnavaercs L(®)u smpaxaercs 8 neunbenax.

JleunGen paser onHoi necstoil Gena.

11



Onp-6: Ben — norapadMHYECKad eIHHHIA, KOTOpast coorp

5 “TCTRyer
 cpaTHOMY YBETHHICHHIO MOLIHOCTH, T.€. 1 Gen cootsercrayer Ycun
JECHTRAES Fee eHHH

5 10 pas, 2 Gena — B 100 pas 1 T.&. [2].

MOLIHOC
i1[‘0}1:131KW‘L‘TP"P)’CM MOpAAOK NOCTPOCHHA ACHMNTOTHYeckoi JIAYyx

v iene
ya NpHMEPC

anepuommecxoro 3BeHA NEpPBOro TOpsjaKa ¢ Mepenatoy
HOK

hyHKUHEH

e

W = 7
(P) 1+Tp
JaruueM YacTOTHYIO nepeaaTtouHyro QYHKIHIO 3BeHa:
: k
W(jo)=————:
1+ Tjw

BpigeldB pealbHYl0O H MHHMYIO HacTH YACTOTHOH MNepenaTounoi
bVHKUHH, MOTY4HM BRIpAXKEHHSA JUIA AMITHTYHOH H  (aszosoii A
XapaKTepPHCTHK:

k

A S e e
@)= 4l

¢o(w) = —arctg(Tw).
Iponorapu¢mupyem BhIp@KEHHE JUIA aMIUTUTYIHOH 4acTOTHOH

XapaKTEepHCTHKH:
L(0) = 201gk —201g/(Tw)? +1.
Jins mpoctoTsl moctpoekus npH © <1/T nipeHebperaloT caraeMbiM
To TIOJ KOPHEM, T.K. OHO MeHbIIe eIHHHIIbI, 8 IIPH O > /T - enunuiei. Toraa

Belpaxerne 11 acumnrotadeckodi JIAUX anepHOIHYECKOro 3BeHa MOXKHO

3anucaTth B BHLE:

20lgk npu o <I/T,

L(w) =
201gk-20lgTe npu o >1/T.

Omp. 7: Yacrorsl, Ha KOTOpbIX ACHMIITOTHYECKHE JIAUX

[IPETEPIIEBAIOT H3/10M, HA3BIBAIOTCA CONPATAIOLIHMH YaCcTOTaMH YR

12

-y

JUIS NOCTpoeHHa ackMnToTHueckod JIAUX CHCTEMBI C NPOM3BONBHOH

nepefaToyHoR  dyHkuued uneo6xoEMO npesBapUTENBHO 3ANMCATE €€ B
creayrolleM BHe:

K ITw.o), (18)
p =1

W(p)=

rae k - o6muni k03bhHUHEHT YCHIEHHSA CHCTEMBI;

V - nopadoK acmamusma CHCTeMbl, KOTOPEIH ONpeNenieTcs HHCIOM
HlealbHEIX HHTerPHPYIONIHX 3BEHBEB B CHCTEME;

W (p) - nepenarouHas (yHKUHA THNOBOro 3BeHA C eIHHAIHBIM
k03¢ HUHEHTOM YCHIIEHNS, 8 N - YHCJIO THIOBBIX 3BEHLER.

[TpaBHIO NMOCTPOSHHS aCHMITOTHUECKHX JIAYX:

| 3anmcarh MEpeNaToyHylo QYHKIHIO CHCTEMEI B BHIC COCAMHEHMA
THITOBLIX 3BEHBEB COrNAacHo BbipaxeHHIo(18);

2 BBIYMCINTH BEJIHYHHY HAYaJIbHOTO YCHIEHHS PABHYIO 201gk;

3 onpedendTh BCe CONpAralomHe HacToTel H TI0CHeOBaTEeNbHO
MPOHYMEPOBATh HUX;

4  OTMETHUTH BCE éonpxraromne JaCTOTHI HA OCH aOCIIHCC;

5 ormeruts Touky (lgo=0; L=20lgk) na KOOpAHHATHOH
IUIOCKOCTH;

6 depe3 OTMEYEHHYIO TOYKY MpOBECTH NEpBYIO ACHMITOTY nox
HaxIoHOM -V 20 nB/nex 1o MepBOH YacTOThl CONPHKEHHA,

7 clemyrolas acHMIITOTa POBOAMTCA OT KOHUIA riepeOil aCHMITOTHI
JI0 CeMyIoled YacTOThl COTPSHKEHHA MO HAKIOHOM +20-a nb/nex, npu 3TOM
a ompenenseT MOPSAOK 3BeHa, a 3HAK 3aBHCHT OT TOro, B YUCIIATENe HIIH

3HaMeHaTresé COOTBETCTBEHHO HAXOAHTCH MHOXHTEJIb, COﬂCp)KﬂllIﬂﬁ 4acToTy

CIIPAXKEHUSA Ha KOHILE nam{oﬁ ACHMIITOTBI.

13



ra  06pasoM CTpOSTCS TOC/EAYIOUIHE  ACHMIITOTL: -ty 2 CcyMMa Hanp: i B mobo
AKEHUH B M KOHTYpe paBHa Hyo.

g T8
onpaTaromied 4acToThl ®;, A0 4
CANTITOTA yaqunacTes OT © P w AONRETOTM 03 o YpaBHCHHA 3CKTPHYECKONA LEnH:
 raercsl 9ACTOTOH @ - ;
aTOM HAKIOH ompenensercH : —  ypaBHenMe BKTHBHOTO conpoTHanenns R:
ocneminx  scinreoT SEPSIEEEEE coBolt HpaMy10, Kronex U(t) = ()R ; (19)
gaquaaeTcs OT qacToTel @, ¥ YXOOHT B 6ecKOHEYHOCTh, IIPH 3TOM €e HaKJIoH — ypasHenne konaencaropa C:
b BHIPEXKCHHIO ~20-(d—b) nb/nek, rae d — mopaxok du
i(t)=C—(L) (20)
dt ’

pyner cuoracmaosa'r
gRaMeHaTeld nepenaroqnoﬂ dyHKUHH, 8 b — MOPAAOK WHCH e
rje i(t) — TOK, MPOTEKAIOMIMH Yepe3 KOHACHCATOP;

oii JIAYUX sceraa Oynet OTpHUATEIBHBIH, YTO ABNAETCH

HAKJIOH BCHMHTGTH‘-!GCK
cnecTBHEM H3 paBHnia Q)quecxoﬁ peann3yeMOCTH CHCTEMBI L e
- di(t)
V=l @n
4 JnexTpHUeCKHE HEMH '
b rje i(f) — TOK, POTEKAONIHHA Yepe3 KOHACHCATOP.

JlrHaMHYCCKHE 3peHbS  CHCTEMBl  YNPaBJICHH MoryT  OmbITh ‘]

qHBIMH MO CBOCH usmHeckoll MPHPOAS:
n. Haubonee mnpocTo TaKHe 3BeHbA MOTYT OBITH

pasiid 3JIEKTPHYIECKHE, MeXaHH4YECKHE,

rw]pasnuqecxne H T.

cOCTEBJEHBl H3 3NEKTPHYECKHX R-, C- u L-31eMEHTOB, MOZENH KOTOPBIX

npHBe/cHbl Ha PHCYHKE S,

a 6 6

i(t) L) it

u(r) T R u() T ==/ U(r) T L :
B | | i

PHCYHOK 5 — DeMeHTHI /IeKTPHHECKHX 37IeMEHTOB

VpaBHeHHA MEKTPHHECKOH LIENH COCTABIAMOTCA Ha OCHOBE 3aKOHOB

Kipxroda, mpeictapmiommx CoGoOfi yYCAOBHA HENPEPLBHOCTH TOKOD ;
PaBHOBECHSA HAIPKEHHH: :

1 cymma TokoB B moGOM y3/e paBHa HYJIO;
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5 [Ipamep pHIMOJHEHAA paboThi

Ha pucyl{h‘c 6 npH peleHa 3JIeKTPHYECKas CXEMA THITOBOTO 3BCHA, r/e

R=1.6 kOM, @ C=2 Mx®.

v.0 | g T [ Ve

PO

PucyHoK 6 — DeKTpHUecKas cxema

Jlns 3aiaHHOH 3JIeKTPHYECKOil CXEMBbI HEeOOXOAHMO:
| cocraBuTh AH(depeHUHATIBHOC ypaBHEHHE;

7 3anHcaTh NepefaTodHyIo (G YHKIHIO;

3 onpeleNuTh MO noay4eHHOH nepenatouHoit QYHKIHH THI 3BeHA
KJH COeAHHEHHA 3BEHBEB;

4 paiiTH BRIp&XEHHs JUIA MOCTPOCHHA BPEMEHHBIX XapaKTEPHCTHK,
npuBecTH TabJHIE! sHaqenuii, TOCTPOHTH BpeMEHHBIC XapaKTCPHCTHKH,

5 HafiTH BhIpaXeHHMA JUIA MNOCTPOCHHA YACTOTHBIX XapaKTEpHCTHK
(AUX, ®UX, AQX, JIAUX, JI®YX), npHBecTH TabIHLB] 3HAYEHHH, TIOCTPOHTD

YaCTOTHBIE xapaxrepncmxn,

Pelensne.
B cOOTBETCTBHH ¢ nepBeiM 3akoHoM Kupxroda nmeeM:
() =i (1)=i.(t).
Bropoii 3aKoH is eAHHCTBEHHOrO KOHTYpa janMuIeTcs Kak:
U ()+ U ()-U, () =0.
Cornacto seipaxennsm (19) 1 (20) sanqumeM:

dU.(1)

U, (0=i, ()R, ic()=C—F
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Hanpsxenne w#a konpencarope U (1) aBaseTci BBIXOIHBIM
nanpsxenneM, T.e. U (t)=U_ (1). Torma, Ha ocHOBaHHH nomy4eHHbIX
COOTHOLUICHHH, 3aHIIEM:

U, (1) =CpU_ (DR +U__ (1),
rae p - oneparop AupdepeHuHpoBanHs.
Pa3fenuB BLIXOAHOE HANPSKEHWE HA BXOAHOE Mbl MONYTHM

BhIpKEHHE JUTA NepeAaTouHON QyHKIHK 3BeHa:

W(p) =

Tp1+ 7 rae T=CR =0.0032c.

Wtak, Mo BHAY TepenaToyHodl QyHKIMH MOKHO CAENaTh BEIBOX, HTO
Gputa TPUBEEHA OJEKTPHYECKas CXeMa anepHONHHEecKoro 3IneHa nepBoro
MOPSAKA.

Jlnsi HaXOXAEHHs ePexXoAHON QyHKIHH BOCIOMBIYEMCH BBIpOKEHHEM
(5)-
1

H(s) = W(s)U(s) == =

Jlns Toro uToGbl HafTH opurEHan h(t) HeoGXOAMMO BRIpLKEHHE UL
uszobpaxenns H(s) pasbuth Ha JIEMEHTapHBIS npobu u mno Tabmmue
u306paxkenmii Jlannaca (mpunoxende A) HAHTH OpUTHHAILI 3neMeHTapHbIX

npobeii.

Rk
e
s Ts+l B=-T.

Torna BeIpakeHHE [IA TIEPEXONHOH QYHKIH OyzneT HMeTh BUIL

-
h(l)=L-l{-1--— 1 }=1—CT =1_e-JI2,5I'
S

s+1/T
M3 TONYueHHOTO BbIPAKEHMS  JUIR nepexoxnoil  yHxkupn B

COOTBETCTBHH C BhIpAKeHHeM (7) nosmyunm:

17



_d() (312,56,
w(t) = dt

CoctagnM TaBHLY jpayeniii M TMOCTPOMM MO Hel BpeMeHuble

.\ILI[UKTL‘PHC’IHKH 3peHa.

5 e
2 or 0 312,5
0,001 | 0,268384371 | 228,6299
0,005 | 0,790388613 | 65,50356
0,01 | 0,956063066 | 13,73029
0,02 | 0,998069546 | 0,603267

0,1 1]8,38E-12
& T

wlt)

; e - e o 7] 7o -z

Pucynok 7 — BpeMeHrHbIe XapaKTepHCTHKH allepHOAHYECKOro 36eHa

Bripaxenue 1ns yacToTHOH mepeaToOYHON QYHKIHH:

W(jn)=——.
()= 5032jm+1
Mz maxoknenus seipakenus mwis AYX n OUYX Heobxoaumo
BLUICTHTL pealbHyl0 H MEHMYIO YaCTH YaCTOTHOH NnepeAaToqHOH QYHKIHK:

W(jn)= l 1-0.0032jw 1 . 0.00320
] : o 5 il S
0.0032jo+1 1-0.0032jo 1.024-10%w?+1 ~1.024-10%w’ +1

18
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Cornacro puipaxennam (10) u (11)
:
AYE ,Il+(0.00’32m) " 1 ;
1.024-10%w’ +1  /1.024-10% 0 +1
¢(o) = —arctg(0.00320) .

CoctaBuM TaGnuuy 3HaveHwd ® nocrpoum mno Hell YACTOTHBIE
XapaKTePHCTHKH 3BEHA.

o A(w) (o)
0 1 0
0,001 | 0,952424 | -0,00018
0,01 |10,298275 | -0,00183
0,1(0,031235|-0,01833
0,2 |0,015623 | -0,03667
0,5| 0,00625 |-0,09167
1]0,003125 |-0,18335
10]0,000312 | -1,83284
100 | 3,12E-05 | -17,7447
1000 | 3,12E-06 | -72,646
10000 | 3,12E-07 | -88,2101
1000000 | 3,13E-09 | -89,9821

A®) *1
n

0

Pucynok 8 — YacTOTHBIE XapakTepPHCTHKH allepHOHYECKOro 38eHa
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Im & i
® =
R
-0
Pucynok 9 — AMIIHTY iHO-(a30

Jins noctpoenns JIAYUX Heobxa

napameTpeI: T

20igk =0 15, v=0, ®, S

L), 08
we)."




7 Bapuantel saannil

Pﬂﬁ [ Snexrpuseckan cxema
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7 Bonpocn! 1O pabore s

| Yro HalbIBAETCA HAMIMECKHM 3BeroM?

accH (pUUHPYIOTCA FHEHLI CHETEMBI ynpann&nm

2 Kax KA
Hofl H BBEIXOAHOM CHIHAILL n sn

3 Kak cBasaHbl BXOZ
wHTErpHpylouero andpeperupyloiero -mnon*?
Uro HA3RIBAETCH THIOBBIM apenom?

4
[lepeuncauTe W NPHBEHTE MEPEAATOUHBIE q;yam {

5
|BeHben CHCTEM YIpanienus?
6 [lepevucante BpeMeHHbIe XAPAKTEPHCTUKN?

7 Yro naisipacTes nepexoanon (pyHKumner?

12 Kax WAXOAMTCH AMIUIMTY/HAs YACTOTHAA Xapa

saganioii nepeaarounol GyHKunu?

nepenatounoi QpynKuHn?
14 [lepeuncinTe NpaBua BLIMMCACHHS MOLYIS
(ymxumii? e
15 Yro wassipaercs norapudMuyeckol am
XapaKTepHCTHKON? e
16 Kak  crpoutes norapudmusueckas ¢ '-
Xaparepucruxa? A
17 Yro naswipaercs AW?

Aunprouteriko B, '
Yueb. noc:ocs_ﬁa;.-. :
1990, ~256¢.
Kyponatkiit
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