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CHUHTE3 JIUCKPETHBIX CHCTEM YHNPABJIEHUSA
o MOAVJBLIIOMY ONTHMYMY

1. X. Koyeey6, E. B. Koauea, 10. B. I'y6aps, A. B. Cserauunuii

Ha ocHeBe METOANKHM CHHTe3a JAHCKPEIHLIX CHCTEM YOparJeHHA uz
YCJAOBHI MOAYJABHOTO ONTHMYMAa MDPHBOAATCH COOTHOIMEHIIA, HO3BOJISIONLTE
IIPOH3BOJUTE BHIGOP TNapaMeTpoB UHGPOBLIX DETryadTOpOB B OJHOKPATHO 1
JBYKpaTHO-HUTerpupyomeil cucremax. [aa pasiuuHelx  THIIOR U pPOBEIX
HHTErpaTOPOB BHIIONHEH aHaJH2 JHHAMHYECKHX CBOHCTB paccMOTPEHHLX
CHCTEM.

ACCMATPHBAIOTCS nuckpertnele CHCTeMH yODaBA€HHSA, CO-
crosilie U3 HenpepuBaOl gacrtu (00BeKTa) H LH@APOBHIX pery-
JatopoB, K awmannsy @ CHHTE3y TaKHX CHCTeM B HACTOsUiee BpeMA JIpo-
ABJAACTCH TOBHINENHBII HHTEpPeC B CBA3U C INHPOKHM BHEADEHHEM A1
neqefl ynpasiedus mMuxpoIBM. K paccMarpusaeMOMy KJaaccy MOMHG OT-
HECTH COBpeMeHHuie LOudPOAHATOTOBLIE CHCTEMBl 2JASKTPOAPUBOAOB. K3
BCEro wMunoroofpasusd MeToNOB CHHTe3a AHCKDETHBIX CHCremM  paccMarpu-
BaeTcd BLIOOP NAPAMETPOB PEryJATOPOB 13 YCJAOBHAX MOLYJBHOLO ONTH-
MYMa, KOTOPBIl Hallle MUHPOKOe NPUMEHEHHEe B NPAKTHKE NPOEKTHpPOBa-
HHA HEMPEepPHIBHBIX CHCTeM MOAYMHEHHOro peryJupoBanus [l].
Ilepeparounas QynKsa IMCKPETHON 3aMKHYTOM CHCTEMbl BCArJA MO-
xer OHTh npeobpasoBaHa K BHAY

. Kele == - K¥(2),
rie k—ko3dpdunuent nepesaud 3aMxHYTOH CHCTCMUL,
by£b,2--0,2" 5. £ 5,2 Hiz) ;
Aot az+4a,z2 ...+ a,z" E G(z)'

Kpagpar Mogy/as aMmauTyAHO-4aCTOTHON XapaKTepPUCTHKH 3aMKHYTOH
CHCTEeMBI

K (2) = K*(1) = 1.

A2Q) = K*(jQ) K#(—jQ) = k- K*(jR) - K (—jQ) =£*M(Q),

rae K(jR) = fi(z)z=ej:2r.

= = L. : Bo—%~2'§8i'COS iol ]\J(Q)
M(Q)=E*(jR)K*(—/R)= 5 iy -7 R L

Ty ©)

Ag+2- 25 Ajrcosiorl
=i

Bi= 2 bybuy Aj= 20,5 ‘ | @)
i=0 =0 :

T—nepuox KsaHTOBAHHA 10 BpeMeHd JuckperHofi cucremer; M(Q) —
KBAaZpaT HOPMHDOBAHHON  aMMIMTYAHO-YaCTOTHON XApAKTEPACTHKH,

M) = 1.
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Tax xak A%(2) ¢ TOUHOCTBIO A0 NOCTOAHHOIO MHOXHUTE/S COBHAAAeT

¢ M{2), ycioBaa ONTHMM3ALUH [0 MOAYJIO AMIVIMTYHHO-4aCTOTHOH Xa-
PaKTEPUCTUKH MOCYT OblTb 34NMHCAHLI B BUAE
M () =0, A4”\9)~—O; vy ML) = 0,
-0 -0 @0
ITH yCJIoBHS BbIHOAHﬁmic;I ecau [2]
N()=R'\2); N(Q)=R"(2); ..; NO()=R(Q). (3)

C yueroM (1) u (3} nocne BEIUHTAHUS U3 Kamaoro MOCAeAYIOLLErO
YC/IOBHS j ONTHMH3AUHMA C/IAraeMex, 00palUlAnMUXCA B HYJb B CHAY Tpe-
GoBaHUN NPLABIAYINErO YCA0BHA j—l OKOHYATEJNLHO HMeeM

m j—1

D i (4)

v=/ =0 = =
Konnuecrso HOCJIGJIOBaTeJIbHo BLIIOJIHAGMBIX YC/IOBUI / DpaBHO KO-
JHUECTBY BAPBUPYEMBIX IADAMETPOB.
B tom cayuae, xoraa HOpMYIpOBKa nepenaro4yHoli QyHKUUE HE Bbl«

MOJIHAJACE, TO €CTh i( (1)1, aesyiwo qacm ypaBHeHHH (4) CaeAyer yM-
j 2 .

HOXHUTh Ha (Za ) , @ TPaBYIO —Ha Zb }

¢ ==

Puc. 1

PaceMotpuy OCOOEHHOCTI/I CHHTe3a O/JHOKPATHO UHTECPUPYIOUIel CHC-
TeMul, npelcTaBieHHOf Ha puc. 1. OHa BKIOUAeT NUCKDETHBI PEryasrop
¢ nepefaroyHoid QyHKUuel

D kT2 -
(2) = = 5)
IKCTPANOAATOD HYJIEBOro MNOpfAAka C Qukcaudell na mepuox 7 u 00bexr
¢ nepenarounoll QydKIueH )
e— P
Wo(p) = o (©)
Well) = 3 :
° Iip+1

Bpemsa sanasasiBanis ;- LT npucyme 1460 00B2KTy, 1:HO00 BHOCHTCH Au-
CKP@THBIM DPEry/aTOPOM NpPH DLaJH3alHN ATODHTMA HHTErPADOBARUI.
[Mepegarotunas QyHKUHS 3aMKHYTOH CHCTEMBI [3]
KA | Wo(p) |

: D-&(Z) o2 Z.\.k F) } bob,2 -
.l[X-w\Z) = ( = ’,_1 J(\Vo(p)\ :{1~ T az + a2zza (/,
I (g ) '-ZA( 7|
rae )
by=(d*—ad)kT; by=(1—d)kT; auz(d*—/—d)k}"—kd,
ay=(1=d*)eT—(14+d); @,=1; A=1— 3

Z : -
vid=ceT )\:7_ Za—CUMBOJA MOAHDHIUPOBAHHOLO Z-1peo3pa3oBaHud,




CHHT€2 JHCKPETHBIX CHCTeM yNpaBJeHHH ’ ii

Onpesenuy x03DQHLUERT yCuAeHHA PA3OMKHYTOR CHCTEMDI £ U3 yc-
JOBHSA MOAY/BHOTO omrumyma. BapbhpyeMetil mapamerp ofus, mosToMmy

‘=1 u rtpebyercsa peimoanenue ycaosua (K*(z)=K*(z), m=1, n=2)
By= A, +44,, (8)
rie Bi=b,b;; A,=a,a,+a,a,; A,=a.a,.
M3 nocacauero ypasmeans ¢ yderou (7) nHaxoaum:
1 1—d
S N g sy

[lepexopuan dyuxuus cacTeMbl TP HAHLEHHOM Kospdunuenre £
HMeeT BHJ

2 1
}l(IZT) = Z‘i{ K# (Z).Z—wl} =] — _S‘I—I’T; (0&2‘*—-@2)"/‘)'51[1(716-«1[——'.1)),

; 1—d
[l b am) A SR, e — :

i [\jjm

<o
|

=gV 4d* —d)F(d; 8) +4d = (T +dj + —

k]

— +2(14d)(1—a* | F(d, S| —(1=d*]’F(d, &);
6 = arctg—: \
a

e Plla—ti4p]
B VA gy I Ve s e v 2a+4d)%

Viccaenosanue mnepexoanoft Gyakimau MOKA33/10, YTO ee MAaKCAMYM
h(nT)=h(n,T) uMmeer mecto npu

(i

y :[:‘:; 1 0,99(9) j

rae £—CUMBOJ LEJ0f 4acTu;
g
9, = arctg ‘ o’ + p? d

ST TTZa¥d

[lpu stom A,(27) 1,05 npu m06GOM 3HAUEHHY W10 m o zamasamsannn
£, T, TO eCTh mepexoAHble MPOUSCCH OTJIHYAIOTCT MAMOR KOAeSarenabHO-
Crbio. Bpems xe JfoCTHXEHHS TEepexOfHofl MYHKIHEH MAKCHMAaJdbHOLO
suadenus A,(nT) pacter c yseanueHueMm sanadinisasud, [Ipu A>1 u fa="ts
Had/ojaeTC yMenbllenne ObCTPOLeACTBHS B 2 u GOJee pas.

Ilpu orcyrersunm 3anmasasiBasus u A<<0,5 MakCHMYM HepexonHoil
dyHkuin pocruraercs npum  n,~E[2=/k], a coorsercrByomee BpeMsa
n,1~2=[;, KoTOpOe CcOBNafaeT C aHAMOTHYHBIM BHPANKEHHEM /s Hermpe-
peiBHBIX cuereM. Kpowme toro, mpi 4<{0,5—0,6 Beauunna xosdduunenra %
C AOCTaTOYHOM CTENEHBIO TOUHOCTH MOKET GLITh ONPENE/NEHA U3 YPABHEHHA

1
2077 + ¢,

DopMyabl Aad KoapUUUMEHTa YyculeHuda k, HaffeHHBE /s pery-
AATOPOB, BHIMOMHAOUIX UHTETPHPOBAHKE HO JAPYTHM aJATOPHTMAM, TDPHUBE-
AeHH B Tabauue, ;

k
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Ta6anua

D=} l - obwasn opuyaa | E=0 4 =1 | DL &0

Bl 4 b 1—d & I—d | 1

z—1 i T 1—d+t2d Ti+d |- T34 | 2(T %6y
&l 1 I—d 1 1—d | 1 1—d 1

z—1 1’*3(1 —d) - 24t T3=d - 5--3,1[ TRE
RIEFI I 14 11-@ Ui=d | 1
2e—1) T 2(i—d+tdy T2 \T9—d)| 2Tt IRtk

M3 ¢opmyn rabauubl BUAHO, UTO Ipu A<l 3amasiLiBaHue B CHCTE-
M€ MoxeT OHThb Y49TEHO yBE/JHYCHHECM HHCPIUOHROITH 00'BbEKTa HA BEJAH-~
YHHY f,, Y4er e BJHMAHAA KBAHTOBAHHA [0 BPEMEHHM 3aBHUCHT OT THna
HHTerparopd. A

Belosnny pacyer mapaMerpos ABYKPaTHO- HHTEI‘DHPYPOLU,GH CHCTEMEBL
pHC. 2, B KOTOPOH C [eJbl0 CHIKEHHS KOAeOaTeJbHOCTH IePexX0MHOTO
1pomecca Mo  YHpap/AIouIeMy BO3ACHCTBHIO OCYINECTB/IAETCS HHTErpab-
HbIl, @ 110 KaHaly O0paTHoli CBSI3H-—HHTErPANbHO-IPONOPUAOHANBHEIA 34~
KOHLI DEry/IHpOBAHH, BapbupyemuiMi napaMerpaMu OyAeM CYuTarh Kosd-
QUUUEHTH /&y U k.

ﬂepexu 'OUHAA PYHKLIESZ 3aMEHYTOH CHCTEMBI

x(nl) biz-6,%2

Lz = = == 5 (9
K*(2) gini) R R e A s -4 b

rae
by=010q; by=0,105; Qy=—0C;—0; @ =c1ty—Cs-+142d;

Ay =C36y—2~—d; Ay=1; ¢;=k,T; ¢,=c;+1;

3 =R(T— T\ +dly); cy=k[(1-d\T\—dT]; d=e* h= et
5 1
Hwmeem j=2; m=2; n=3; K*(2) = K*(z). [loatomy ycaoBus onTHMu3a-
LUK (4) ﬂdeOpeTE}OT BR]
B, + 4B, = A, 4 44, + 94,; \

10
ba** _‘\)I'i) I X ( )
CoBMeCTHOE pelleHHe ypaBHeHHI (10; ¢ yuetoM (2) u {9) maer
/164 -2 )

(4 1= 3} V :———7= ‘T‘ /.') ;,1

1_..‘, = ~
fy = — 7 VR T (11)

‘ d— 2—2k,71
2 — A —-—;~ - 1 }
. , [.: % -7 é . Ky 4

Puc. 2
B ToM cayuae, KOrJa HHTErpHApPOBAHHE B CHCTEME DHC, 2 pefeTcsd B

COOTBETCTBHU C MepefaTouHOl QyHKUHed
k,T(z4 1)
D*(z)

A Ok ]y ‘ e
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COOTBETCTBEHHO UMeeM

o2 (13)
| et
Crenyer OoTMETHTB, UTO NpUMEHEHHE UHTErpatopa ¢ nepejaTouHon

byrxnuelrt D¥(z) = —;w!_; OUeBUJIHO, He onpasnano. Padora CHCTEMB! C

<

TAKUM PETyJsTOPOM 3KBuBaJAeHTHA pabore ¢ peryasatopoM (5) w 3amasiwi-
BaHHeM f, =7-}-/, 6GoasmiuMm, ueM wua nepuon. unaMuyeckue c¢BolicTea
TAKOW CHCTEMBl MOTYT GHITH HH3KHMH. :

AHanus JAVHAMHUKE CHCTeMH DHC. 2, BHmomHenuwdt Ha LIBM ¢ uc-
NOTL30BAHHEM METONd TIPOCTPAHCTBA COCTOSHUMN, CBHAETENACTBYET O Ma-
JOI K0Ne6aTeNLHOCTH Tepex0nnoro mponecca (MakcUMa bHOe —3HaYeHHe
h(nT) npu mo6eix A<"10 wue npessimraer 1,09). BHCTPOneiCTBIE CHCTEM B
npu A<2 TPAKTHYECKA He 3aBUCHT OT THNA HHTErpuposawus. llpu A>2
HECKONBKO GoJiee BHICOKOE GLICTPOREfiCTBIe 00eCneunBaeTCs NPH HHTET -
PUPOBAHMM B COOTBeTCTBHHU € NMEpeRaTOYHON (yukuHed (H).

Hanpumep, npu  X=5 umeem n,=4, h(nT)=1,074 u n,=5,
hy(nT)=1,089 coorseTerrenno npu D*(z) onpeneasemom u3 {b) u (12),
[pu maneix X (A<C0,5)  MakcuMyM mepexoiuofi dbyrxnun  pocruraercs
npu n.E[10/A]. :

Ananus seipaxennit (11) n (13) noxaswmBaer, uro npu A< 10 napa-
MeTPBl CHCTEMBl C JOCTATOUHON CTENEeHLIO TOUHOCTH ONpPEeeNsioTes U3

VpaBHeHuH
. 1 " 1 D kT2 ;
L T T T B
] 1 " k27(2+])
Y S ST 0Ty T amoErny TP DY) =

Ecan uuTerpanbHo-nponopunoNansHe 3aKOH pPeryiupoBaHHS  OCY-
IECTBIAETCS KaK MO  KaHany OOpaTHOH CBA3W, TaK W N0 YIOPABJASAIOLIEMY
BO3/NCHCTBHIO, TO NPH HACTPOiiKe cHCTeMbl 1o ypasuenmusm [(11) u (13)
KOmeGaTeqbHOCTE CHCTEMBl  BO3pacraer. Makcumanbuoe snauenue A(n7)
BoapacraeT oT 1,44 nmo 1,61 npu usmenennu A or 0,1 no 10.

B saxmouenne crenyer 0TMETHTE, UTO NPH CHHTE3E CHCTEMBI, OBBEKT
KOTOPOH COJMEPHHT aHAJNOrOBHIN KOHTYD PEryJMPOBAHUS C NEepPeaTOTHOH -
dyuxnues ;

D TR BTl
B KayeCTBe MEepPBOro TNPUOMMXKEHHS MOXHO BOCHOJb3OBATHCH MOJYYEHHB"
MH 3I1ech (OpMyJaM¥, 3dMEHNB KOHTYD amepuOAMYeCKHM 3BEHOM C [O-
CTOSIHHOH BpeMeHu 7.

Ty 2T

JUTEPATYVPA

L Jle6enes E. JI. u gp. Vopaplenue BEHTUJIBHBIMHU 3NEKTPCNPUBOIAME NOCTOAHHOTO
Toxa.—M.: Dueprug, 1970. 199 c.

.Konmerys I. X, Tonouxo O. V. OnrumMusanug cuctem YNPABIEHNT BeHTHIBHBIMH
SAEKTPONPHBOAAMHE 110  MOAYMN®  aMIAATYLHO-9acTGTHOR XapaKTePUCTHKN, —
SrxexkTpoMexaHuka, 1977, Ne 6, c. 679684,

. Becexepckufi B. A, [Tonos E. TI. Teopus CHCTEM aBTOMATHYECKOIO peryaupo-
sanus.—M.: Hayka, 1972, 768 c.

[}

WV ]

Pykonuch nocTynuia
05. 04. 82



